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Synthetic Oxytocics Related to the Trgot Alkaloids

Blucidation of the structure of the ewgob alkaldids,
which has been reviewed by Glennt has led to the synthesis ox
partial synthesis of many related compounds in the hope that
these would similarly show oxytocic ectivity. By this means,
in addition to the possibility of discovering compounds of
value in obstetrics, some general ¥eélationship between chemical
otructure and oxytoecic activity may have beon demonstrable,
Unfortunately, despite the synthesis of numerous compounds with
significant oxytocic activity, these aims remain largely
unrealised; no completely synthetic compound related to lymergic
acid (I, R = OH) has found general clinical acceptance as an
oxytocic, nor has any structural feature or combination of
features been shown to be consistently associated with oxytocie

activity.




Oxytocics have been classified by de Jongh? into two
groups each with a oharacteristic type of action and corrasponding
c¢linical application. The first group produces an accentuation
of the normal rhythmic contractions of the uterus at term and has
e trensient effect - propertios which ave ideal for the induction
of labour. For this purpose oxytocin is normally used, since it
combines the desired type of oxytocic action with & minimum of
side~cffects, Oxytocin was first synthesised by du Vigneaud
and co~workerei while the synthetic route of Boissonnas and his
colleagues‘ has led to the commercinl production of a synthetic
oxytocin ('Syntocinon', Sendoy Ltd.). The synthesis of péptide
analoguesAof higher potency has recently been reported,g"’v but
these inveétigatione are outwith the scope of the present work
and will not be disocussed further;

Hore powerful and sustained action on the uterus,; leading
to tetanic contractions in largexr dosage, is shown by the second
group of oxytocics of which ergometrine (I; R = NHOH (CHy )OI, Off)
is typical. This setion is employed in obstetrics‘to contract
the uterus at the completion of labour. Post-partum haemorrhage
is thereby limited by the pressure of the constricted uterine

muscle mass on the blo&d vessels of the evacuated uterus, Small

repeated doses may also be given during the puerperium to hasten



in#olution of the uterus in cases where this would otherwise be
delayed.a Oxytocic action of this type would be expected from
compounds related to or derived from lysergic acid.

Bvaluation of potential oxytocics is complicated by the
difficulty in anasessment of oxytocic activity due to the extreme
variebility of uterine response, Results may vary widely
depending on the choice of technique (isolated tissue preparations
giving different responses from wteri in sibu), upon the choice
of exporimental animal or on the endoorine bhalance of the same
animal on the different oocasicns? In addition the relative
poteneies of oxytocics on the human uterus have been shown on
occasions to bear little relationship to those observed in
experimental animalse?*o This males it almost impossible to
compare oxytocic activities as determined by different techniques
and renders clinical assessment of pharmacological results even
more difficult than usual. No attempt will therefore be made to
compare quantitatively the oxytooic sctivities of compounde in the
present discussion, but only to indicate those which showed
gignificant activily under the- experimental conditions which were
empiloyed.

Almost all the structural features which have been shown

to be associalbed with the oxytocle metivity of lysergic acid



derivatives (unsaturwﬁioh in the 9-10 positionii configuration

at G(B), nature and configur:ﬁ:on of the substituent at 0(,)13)
ere associated with Ring D offlysergioc acid molecule (I, R = OH)
It is not surprising therefore that most synthetic oxytocies
modelled on lysergilc acid have included structures related to

this ring or to open~chain analogues of it; that is to

substitutadtauamino acido.

Derivatives of Aliphaticw ~Amlno Acids.

(a) 2-gubstituted 3-Aninopropionic Aeid Derivatives. Despite

the similexrity of such compounds to Ring D of lysergic acid,
only one, 2~bensyle3-methyleminopropionic acid (II) has been
reporteé.ia This compound was prepared by a Mannich condensa-
tion of bvengylmalonic acid, formaldehyde and methylamine,
followed by decarboxylation.

PheCH, CH(COOI), + HeCHO + I, NMe —> PhaCll, «C. (COOH ), OH, Nile
' \L hoat

PheCH, +CH (COOH)CH, IHMe
(11) |
¥ields were poor and the produet tended to decompose
with formation of methylamine and benszylaerylic acid, No

oxytocic activity was reported.



(v) Dexrivatives of N~-Substituted Aliphatice ~aimino Acids (III).

A wide variety of carboxylsubstibuents in compounds of this type
has been reported (IIIs R" = O, OCHy to OCgH,, , NHy, NHCHy to
NHCzH,, » N(CHy )y, N(CyHg5), eta), Albthough such simple esters
ond amides of lysergic écid have little or no oxytocic activity,
many synthetic analogues of this type are actlve as oxytocics.
Only a few alkanolamides (R = NHOILCH, OH or mﬁcn(m}a JCH, OH)
have been reported despite the fact that lysergic acid derivative
of this type are most potent. oxytocilcs.
El!OR”
CH, = c\i«za |
N ~R
/
R (IXI)
A direct synthesis of the propaanolamide of H-tetra-
hydronaphthyl-Nemethyl=3=-aminopropionic acid (IV) has been

14?16
¢laimed by Marini-Dettolo and co-workers,

U + BC1y + CH, G ONHCIH(CHy )OI, OH
«

N(CH, )+ CH, CH, CONMLCH(CH, )CH, OH
(1v)



Phe intercmediatey, 3~bromopropionic acid propanolamide
wag stated to have been prepared from the corresponding acid
chloride aud 2-aminopropanol, Both the intermediate and final
products are described as oils, no solid derivatives are
described, no ylelds are quoted and the only analytical figures
are for nitrogen, In a later papexﬁa 8 melting point for the
hydrochloride of the final product is given (en unusual derivetive
for amino-alcohols) but no analytical or other data. It is
interesting to note thet no further alkanolamides have been
doscribed in the large subsequent output of this school, despite
the marked oxytocic activity claimed fox this compound.

Alkaﬁolamides have aleo been prepared in this series
from the corresponding acid azidés, the method used by Stoll}a
for hisp pertial synthesis of ergometrine. Daltzly and co-workera1
prepared the ethanclamides of yinge-substituted Hu(zlaphenylethyl)
wiemethyled=-aninoproplonic acids by wreaction of the acid azide
with ethanolamine. Yields were poor due to incomplote
oextraction of the water-soluble azide from the aqueous reactiion
mixture. The products showed lesms oxytooic action than the
cormesponding methyl esters, in marked conbtrast to the related
1yaergic agid derivatlilves,

The ease of addition of amines to acrylic acid derlvative:

and the ready reactivity of mostw -halogeno aliphatic acids with



amines has led to the synthesis ofianamino aliphatic acids with
a8 wide wrange of Nesubstituents.

Relating thesé N-substituted compounds to lysergic
acid, ring C may he replaeed’by a fragment consisting of two
methylene groups, rings A and E being represented by an indole

nucleus (V).

QOR
Gl - CH,

\ﬁ Ol

/ .

G,

\

LeH, (V)

L

Compounds of this type (V3 R = W(U,Hz), end R = OCHy) have been
prepameﬁ*s and shown to have slight oxytocide actlon,

If wing B is omitted and ring ¢ again ropresented by
two moethylene groups (VI), some oxytocic activity is again shown,
this being greatly potentisted by the inclusion of methoxy
rinémsubstituentmiv The ethyl estor of the 3y4~dimethoxy -
phenyl compound showed o maximum activity zmongst the compounds

8
testeds he same workers'® showed that shortening of the chain



between the carboxyl and amino groups to form aminoacetic acid

derivatives resultod in loss of oxybtocic action, but that

increase in length of thies chain up to six methylene groups

did not adversely affect activity.

COR
!
B,C = G,

N
o,
GH, & CH,

(vx)

Related compounds with a centre of asymmebry correspondm
ing to that atb G(s) in lysergic acid (VII) were prepared by
: 19
Plieningew.

(i} OR

0,6 - GH )
i T,

/ e
s (Vi1)

i

R

The two atereoisomexic forms differed in their oxytocic action,



meximum activity being shown by the ethyl eater of the laevo
form having a parametlloxy ring-substituent (VII; R = 00, Hg,
Rt = OCHy ). The usefulness of these compounds was limited
by their low stability in agueous solution,

A serics of 3-aminopropionic acid derivatives (VIII)
with a saturated ring system corresponding teo that of »ing C
in lysergic acid and an aromatic ring corresponding to ring A
has been prepared by Marini-Bettolo and co-workers from
j-halogenopropionic acid derivatives and 2-methylamino=-1,2,%,4«

tetrahydronaphthalene.

coR OR

! []]

CH,— Ol ¢.— CT,
\

. /
/ > |
()L (VIir) e (1)

Compound (VIIIy R = N(C,Hg), ) was shown to have activity on

the isolated uterus of the rat and guinea pig comparable with
that of ergometrine%o The correaponding glyocinamide derivative
(Ixy R = N(Ggﬁﬁ)g) wag also shown $o have an oxytocic asction

072 )
in animel @xperimentsf élthough independent clinical investiga-~
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10
tion  showed it to be 1inactive on the human uberus in doses
up to 20 mg. This may be contrasted with the findings of

18
Baltzly  for Ne(2~phenylethyl)-smino esters and also with the

a2

work of Geerien and Liske - on similar Ne{2-naphthyl)=substituted
amino~acid amides, in both of which oxytocle activity in animals
wag shown only by compounds with two or movre methylene groups
separating the amino and carboxyl functions.

Confirmation of Marini-Bettolo's findings was . obtalned
when much simpler glycinamides were shown to have oxytocic

9
activity in animal experiments. TBven such a simple compound

as NyN,II',N'=tetraethylglycinanlde was active on cat and rabbit

21123
uberi in gitu and in vitro. The resemblaunce of these compound

to exgomelrine is so remote however bthat their mode of action may

be completely unrelated to that of the ergot alkeloids.

Derivatives of Piperidine.

(a) Metrabydronicotinic Acid Derivatives. Since dihydrolysergic

acid derivatives have little oxytocic aotionﬁl analogues with

a saturated ring system corresponding to ring D of lysergic acid
would not be expected te show high aetiviity if their mode of
sctilon were the same, It would therefore appear: profitable

to attempt the synihesis of compounds having a single unsaturated

bond in the ring corresponding to ring D of lysergic acid., Few



11

such compounds have in faet bheen roeported dnd they have not

shown sufficient activity compared with paturated derivabives

to stimulate further research in this field. Pliéningerée
prepared a compound (X or XI) of moderste oxybtocic action but
does not appear to have prepared amides which would have moxe
closely appreached ergometrine in structure. Attempts to
prepare alkanolamides of Ne(3'eindolylmethyl)el,2,5,6~tetrahydro-

24
nicotinic acid were unsuccessful,

COM0H; QO0CH,
. |
_Nom, | & NeH
~N
/ On, / Gl
- | 4 |
NS N
ociy (X) OC/H3 (x1)

2t
(v) 2-8ubstituted Piperidine Derivatives. Akkerman and Veldstra

preparcd compounds of structure (XITI) in which the indole
nuclouy corresponding to vings A and B of lysergic acid is
Jjoined by a single methylene group to a piperidine ring

correaponding to a saturated ring D.
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N ~R

(x11)

Some compounds of this types lecking ving C, were
shown to have considerable oxytocic action%ﬁ which was
greatest in the Nemethyl derivative (XIT, R = Me). Conmpounds
with a carboxyl substituent in the piperidine ring corréspcnding
to that at 0(.) in lysexrgic acid were quite ianactive. Despite
the improved synthetic route of Bader and Oroshnikf’ 2~{31m
indolylmethyl)-piperidine derivatives axe difficult to prepare
and were shown to have lower oxytbtocic activity than the more
readily accessible Nh(ﬁ«indolylmethyl)m@ipari&ines-

¢) NeIndolylmethylpiperidine Derivatbives. The first
(¢) Y .

gompounde of thic type were described by Hoffmann and Hchellenw
bergga who prepared Ne{(2-indolymethyl)~piperidine, which they
stabed to have oxytocic activity. More closely related to
lysergic acid ave the Ne(3~indolymetbyl)=piperidine derivatives

. 29
(XIIXI) prepared by Akkerman, de Jongh and Veldstra.



Gy
/

=

(x1x1)

Dxrbooic aptivity of thepe conpounds, was highor dthan thot of
tho corvesponding Z-piporidine substitated compounds, and wnn
sinilarly loet on Inclusion of n Jecarboxyl substituent in the
piperidine ringiﬂ indeod nome S~carboxyi dorivetives showed on
inhibitory sotion on witering coniroastion. The effect of Lho
gontipuration of the courboxyl substibupnt ot 0(5) in the
piperiﬁige ring and of %he optical activity of {the Reaminopwopano,
usad in the propovation of propanolenides was invesblgatod, but
no conclugions could ho reachod, since all isomers were virbtually
inonotive ap oxytocies. OGrentost petivity wes shown by the
29y bmbrinothyipiperidine derivative, but this wos unstabie,
The more stable and highly active 2,6«dimeshylpiperidine compound
has undergone succepsiul ailinical tri&laa but doos not eppoar
o be evaldlable in Britain st the prosont time,

Oxybocle motivity hep also beoou meported for Hesubsitituted
pip&éiﬁine derivetives which heny 1it§1é gtruetural rosemblonce

to lysergie acid, Substibuonte conferring esignificant oxytocic



—
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eation inolude %eﬁrahyﬁrunaphthylm&thyl?aanﬂ substitutod henzylia
Votave and P&ﬂvalavé?g heve investigated o large number of
Nebonaylpipcvidines with mothoxzy cwbotituonts in the aromatic
pueloue and chown that N-(3y4~dimethonyboneyl)=piperidine wos
the moat potont oxybocic (comparable with the findings of
Boaltoly gﬁ%@@i? Lor N~onbatituted aliphatie anino acido).

(4) Sepubstiivtod Nipecobie Acld Derdvatives.  Only one compound

Tty R

of this class (KIE)ﬁ hoo hoeen xﬁpoxtadiﬁ It hed low oxytocic
aativity.  Thy nheveoshenistyy of thio compound, which hogo
throo asymmetric contres, was not investigoded in detail,
adthough 1% wag obsorvod thot dietillotion yiolded a mixture

o poacenabes which differed from that obtoined in the initiel

Poobion.
Vs HIA
W
HiN
OCH;

(xiv)

Derivatives of fwinoline.

owinoline may be congidorod as s fusoed ring syseten
raloted o iugs G and D of lysergic acldy a simllarity vhich

is dnecrceped by the reduetion of thoe hoterooyelice ring to form




15

1,243y4~tetrabydroguineline and substitution of a carboxyl

group in bthe 3w~position (XV).

Go R
N R

(xv)

Tetrahydroguinoline derivatives of thic type were prepared by
Cain, Plampin and ﬁam?é and by:Koalle and Kamijaﬁs. Considerable
oxytocic activity was shown where R = NH C,iy and r' = CHy o
Correnponding derivatives of gquinoline were inactive as
oxy%ocies%ﬁ

The welleknown oxytoclie action of guinine led Pouwels
and Voldstra§6 to investigete the effect of modification of the
molecule of quinine (Vi3 R = O00Hyy R' = O, R" = CHsCH,) on
its oxybocic action. This sction was found to be unchanged
in related compounds where R = [ and RY = I oxr @1, despite the
fact that such compounds were inactive as antimalarials, In
compounds whewe R'' = (QO0Hy more closely analogous with lysergic

acid, no oxytocic acltion wan ohserved.

i - R

(XvI)
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Derivotives of Iysergdc Acid.

i 18
Stollls partiel syntheslo of ergometrine by reaction

of lysergic acid amide with 2-~aminopropancl. opened the way +to
preparation of a lavge numbex of velated semi-synbhetic ami%zézs"
many with oxytocic action greater than that of the naturally
oceurrving alkaloids. A further stimalus to this work was the
discovexry by Hofmaﬂh?o thet the diethylamide was a powerful
hallucinogen, It is remorkable that one of the most aotive
cxyvocics amongst these compounds, and the only analogue to
echieve clinical use in obstetrics ils Delysexgic acid (+)w
buﬁanolamide(?)tor nethylergometrine, which was one of the first
to bhe aynthesiaedfa Thig compound has about one end a half times
the oxytaéic action of ergometrine in the human.

The most potent oxytociles so far weported appear‘to be
the lysergic acld eyeloalkyl &midas,se & homologoug series
reaching maximum exytocic activity at Cg, the cyclopentyl amide.
This shows about filve times the activity of ergometrine on the
rabbit uterus in gitun. The relative activities in situ in the
rot and guinea plg were similar, although the sensitivity of

these animals wes lower.

Various attenpts to modify the lysexrgic ncid molecule

. 41748 %48 .
in other ways do not appear to have led to amides of

greater oxytocic activity than those of lysergic acid iteelf.
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Gompounds Unrelated to Lyserglc Acid.

Oxytocic action has heen shown by a number of compounds
bearing little or no velationship to either lysergic acid or
oxytocing fLor cxample many sympatholytic drugs and antie-
higstaminics show oxytocic action ap A gide~cffeets Such
compounds, which are not directly related to the present work,

. L] o g‘z
have been reviewed by de Jongh.

Conolusion.

It i evident that no sinmple xelationship has been
shown to exist beltween chemical structure and oxytocic aotivitj.
Thig hap meant that the choice of compounds for synthesis and
pharmacological testing has necessarily been empirical. It
has been shown in many cagses, parbicularly in the piperidine
serles, bthat compounds siructurally related to ergometrine
have been far less active thon similar compounds less closely
rolateds It may well be that the mode of osction of such
compounds iffers fundamentally from that of lysergic acid
derivativesy d4dn some cages thelr acbion on obher smooth muscle
hag boen shown to be the opposite to that of @rgometrineia

A new approach Lo the design of oxytoclca is offered by
recont detailed studies of the configuration at G(.)and the
conformation of lysergic acid, isolysergic acid and their

derivatives, which are discussed in the following section,
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Since isolysergic acid (with an axial carboxyl substituent

et G(8>)prcduee$ derivatives of negligible oxylocie aetivity
compared with those of lysergic zcid (whieh has an equatorial
carboxyl ﬂuhstituent)ﬁa it appeara that the spacial relationship
between the carboxyl substituent and neighbouring atoms is of
importance in determining the activity of the ergot alkaloids,
The synthesis of models of similar moleculer shape seems
therefore to be worthy of investigation,

A nore fundamental study of sbtruoture-action relabtione
ships in oxyﬁécios is limited by lack of knowledge of the
detailed biochonistry of nterine muscular contraction, which
appears to be different from that of other smooth muaalei Ao
far as the production of clinically uveseful oxytocics ids
concerned, the total synthesis of lysergic eeid by Woodward's
group“ may lead to the commercial produstion of synthetic
lysergic scid; the emides of which are still the most powerful
Imown oxylocics, and which ave lknown to have a satisfactorlly

low toxicity..
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The Stercochemistry of Lysergic and Isolysergic Acids and

their Derivatives.

Tarly work on the stereochemistry of the lysergilc
acids has been reviewed by Glenni The original supposition
that lysergic acid (I, R = Of) and isolysergic acid were
double~bond tautomers was disproved by the work of Stoll
and his collaborators agid it was clear by 1949 that the two

acids differed only by the configuration at C(.). It was
not possible however at thils point to decide which of the
two possible epimeric forms was represented by lysergic and
which by isolysergic acid.

The stereolsomeric pairs of lysergic or isolysergic
acids must differ in their configurations at C(gy since thie
is the only remaining centre of asymmetry. The following
discussion relates to the D series, which ocours in the
alkaloids of ergot, and the configuration at G(;) is therefore
congtant.

The methods of conformational analysis, developed by
Barton‘5 in studiea of the steroids and-triterpenes,‘were
first applied by CuokaOn:Q6 to compounds contalning six-membered
heterocyclic rings, including riﬁ% D of lysergic and isolysergio
acids and their derivatives. antulaﬁiné a pseudo=~boat

conformation for ring D and arbitrarily assigning a position



20

above the ring for the hydrogen substituent at c(,), two
configurations (XVII and vaiI) at 0(.) are possible. The
theoretical thermodynsmic etabilities of both of these
epimeric forms were considered by Cookson to be similar, since
examination of accurate models indicates that distance between
the ~COOH group and neighbounring atoms'are conparable in each
case. The findings of Smith and Timmis‘? that equilibration
of lysexrgic écid with boiling water produces approximately
equalvprcportions of each epimer, were quoted as sliowing that
the two epimeric forms were in fact of comparable stability.

The greater basic strengths of isolysergic acid and
ergometrinine as compared with lysergic acid and ergometrine
were considered by Cookson to indicate that the carboxyl and
amino groups were spaclally more separated in isolysergic than
in lyserpgilc acid, indicating that lysergic acid would have
structure (XVIII) and isolysergic acid structure (XVII).

A different interpretation of the differences in pk
values between lyserglc and isolysergic aeids was made by
Stenlakete who roasoned that inductive effects through the
carbon chain must be identical in both epimers, and that
variation in basic strength can only be attributed to differences

in the eleetrostatic interaction of charged groups, the



XVIL XVIII
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2l

- +
equilibriun being €00 H N Heg

> 0o0” WiHe + H.
Considering the base.-conjugate acids as dibasic acids and
reasoning by analogy with c¢is and trans isomers of other
dibasic acids, Stenlake concluded that closer proximity of

the amino and carboxyl groups should have a hage~gstrengthening

effect, a directly opposite conclusion from that of Cookson.
This would mean that (Cookson's assunplions regarding the
confipguration at G(a) for lysewrgic and isolysergic acide would
also be incerrect, lyserglc acid now being considered as having
the equatoriel carboxyl group (XVII) and isolysergic the axial
(%vIII).

The pseudo~-boat conformation for ring D, propounded
by Cookson, was also criticised, since its only oxperimental
basis lay in the report that neilther lysergic nor isolysergic
acid was preferentially formed on equilibration. Against this,
Stenlake guoted evidence that equilibration of the ergot
alkaloids with ethanolic potessium hydroxide produced always
a preponderance of lysergic acid typess Iyserglc acid is also
much more reactive with diazomethane than ie isolysergic acid,
This greater stabilility and reactiviity of lysergic acid and its
derivatives would indicate that repulsive non-bonded interactions
between the carboxyl group and neighbouring atoms should be less

for this acid than for isolysergic acid. Assuming a pseudo~hoat
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conformation for ring D however, Cookson conmidered that such
interactions would be‘egually favoured in both epimers, whereas
Stenlake indicated that lsolysergic acid having a chair form for
ring D (XX) would show grester steric hindrance of the corhoxyl
group than would the chailr form of lysergic acid (XIX).

The postulated chailr structure for Ying D, associated
with an equatorial carboxyl at 0(3) for lysergic acid and an
axial carboxyl for isolysergile acid received strong support from
Stoll and co»workerat’ Accurate determinations of epimeric
equilibria were mede by observing mutarotation of a number of
lysergic acid derivatives in dilute methanolic potassium hydroxide.
It was found that equilibrium favoured the lysergic acid forms
of secondary amine derivatives such as the dimethyl~ and
diethylamides, indioating the greater thermodynamic stability of
lysergic acid dialkylamides as compared with those of isolysergio
acid. The observation that lysergic acid derivatives of primany
amines gave equilibrium mixtures conteining comparable amounts
of both epimeric forms was explained by the fact that hydrogen
bonding could occur in the isolysergic acid amides where the
carboxylamido group is near to the amino group. The resultant
pix-membered ring @ould well confer on this molecule a

stabllity comparable with thatof lysergic acid derivatives, as
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was the cases The equilibria of the dialkylamides in which
no such hydrogen bonding could ccour were therefore considered
to be more significant. |

Hydrogen«bhonding in monoalkyl amides of isolysergic
ecid was also: considered to he responsible for the difference
in pK value between these and the corresponding amides of
lysergic acid (A pK between lysergic acid monoethyl amide
and isolysergic acid monoethyl amide = 0.26). The
comparatively large differences in pK value between the
dialkylamides (ApK between the diethylamides of lysergic and
isolysergic acids = 1,15) obtained by Stoll seem to be anomelous,
since the proximity or otherwise to the ring nitrogen of the
completely substituted dialkylsmido group would not be expected
to have any appreciable effect on the lonisation of the former.
8toll wes in agreement with Stenlake regarding the interpretaw
tion of‘diﬁferennes in pK value for lysergic and isolysergic
acilds.

The observation that lysergic acid'derivativea are more
slowly eluted from alumina chromatograms than are the correspond~
ing isolysexrgic acid derivatives was inteipreted by Stoll as
offering additional evidence for the existence of an equatorial
carboxyl group in lysergic and an axial carboxyl in isolysergic

peide.
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The stereochendsbry of the dihydrolyssrgic acldo,
plthonzh not dirveotly roloted to the prosent woxk, ls of
inﬁeiemt‘ainca there ds 1ittle doubi that dheir saturatoed,
piperidine«iike rinzg D has o choely conformobion. Comporison
of the proporties of mbmbers of this oseries with those of
carrosponding opimexs in the lyvergie acid series should
thorefore offer valuable ovidence as %o the conformation of
eing D in the Iattor.

The dihydrolysergie ocids provent o more conplex
problem, since saturation of the olhylenle bend in ring D
produces o furthor aoymnotric centre, ot G, ) (Poxmuls XHI)e
Phis moans that dihydrolysergic and dibydroisolysergio acids
can cach oxlet in two forms, one having o cig fuslon of vings €
ond b (struobures XiIV and XXEV), tho other a trans Pusion

(A%LT and XXILTL).

H
Gatalytic hydrogonsiion of lypergic acld producos

oaly one of bthoe 4wo possible dlhydro derivatives (dihydrolysergic
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acid I) whereas isolyserglc acid yields two dihydro ecids,
One of these, produced malnly on slow hydrogenation in the
prosence of palladium catalyst, giveé dihydrolysergic acid I
on eplmerisation and is therefore designated dihydroisolysergic
acid I. The other, dihydroisolysergic acid II, is faveured
on rapid hydrogenation in the presence of o platinum catalyst
and yielded on epimerisation the previously unknown dihydroe
lysergic scild if&o

The configuration of these compounds was fired
discussad by Geoksonfﬁ who conpidered, by comparison of fhe
theoretical relative stabilities of the possible forms, that
dihydrolysexrgle acid I should have an equatorial carboxyl and
trans wing fusion (structure XXIL), dibydroisolysergic acid I
an axial carboxyl and trans ring fusion (XXIIT) and dihydroisoe
lysergic acid II an axial carboxyl and ¢ips ring fusion (xx1v).
Dihydrolysexrgic acid II had not at that time been isolated.
Cookson's ingenious explan&tion of the formation of only
ﬂihydrolysérgic acid I on hydrogenation of lysergie acid, in
terms of cetalyst hindrence, was unfarﬁunaﬁely based on a false
premise concerning the configuretion of lysergic acid, although
the configuration which he ascribed to dihydrolysergic acid I
proved to be in agreement with the findings of later workers,

Comparison of the dissocietion constante of the three
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available dilhydro acids by Stenlakeai showed that dihydro-
lysergic acld I and dibydrolsolysergic acid II had very
similar pKo values, significantly lower than that of
dihydrolsolysergic acid I, This was interpreted as showing
that dibydroisolysergilce acld IT has an equatorial carboxyl
(Xxv) at O(e)! contrary o Gookson's findinge, while the
conclusions regarding confligurations ab C(a) for the other two
avallable dibydro aclds were in agreement with those of Cookson,
The isolation of dibydrolysergic acld II allowed Stoll
and him co~workers‘g 10 carry out & very thorough invesitigation
into the sitereochemistry of the dihydro acids. BStenlaketls
conclusions from the pk values of the acids were confirmed and
gompleted by the publication of values for dihydrolysergic acid
I and ity dewivatives, which indiceted that this epimey has a
bagic strength comparable with thet of dibydroisolysergic acid I
indicating an axial carboxyl substituent at G(‘) structure (XXIV).
Many other experimental findings were adduced by Stoll
all leading to the conclusion that the carboxyl at 0(.) hag an
equatorial configuration in dihydrolyecrgic acid I and dihydrow-
isolysergic ncid 1II, and an axisl coniiguration in dihydrow~
lysergic acid II and dihydroisolysergle acid I. The formex
pair of acids awe more yeactive (%.e. show less steric

hindrance) their formation is favoured on equilibration, btheir
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8eamino anaiogues are more resistant to deamination, they have
a slowver rate of elution fron aluminé chromatograms and their
esters show infrared absorption spectra which by analogy with
comparable steroids were considered teo be characteristic of an
oquatorial carboxyl substituent. Corresponding 8~hydroxy-
ergolines similarly showed infrarod absorption spectra
characteristic of an equatorial hydroxyl substituent.

Only in the case of the nor series of dihydroacids
were anomelous results observed, possibly due to hydrogene
bonding of the secondary amino group producing a distortion of
ring D into a pseudo~boat conformation.

The assignment of a trans C-D ring~junction to dihydro
- lyserpgle acid I and dihydroisolysergic acid I ond a cis junction
to dibhydroisolysergic aclid II, which Cookeon had deduced from
theoretical considerations of confmmm¢im@a analysis was given
experimental support by S8itoll, who considered that the formation
of mainly dihydroisolysergic acid I on glow hydfogenation of
isolysergic acild and of dihydroisolysergic acid II on rapid
hydrogenation was evidence of irans addition in the former and
cis addition in the latter case. Dihydrolysergic acid II would
he expected to have structure (XXIV) il.es with a cis C-D ring

junotion as in the epimeric dibydroisolysergic acid II (XXV).
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The properitles of lysergic acld and isolysergic aocids
and their derivativea are seen to he compavable in all cases
with those of corresponding epimers in the dihydro series,.
The relationship between pX values, the stability of derivatives,
the relative rates of reaction and the chromatographic
characteristics in both serises show a related and distinctive
patterns This offers strong evidence that ring D exists in the
same conformation (i.e., a chair) in both the lysergic acid and

the dihydrolysergic acid serles.
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Styryl Substituted pliphatic W-Amino-Acids

The first part of the present investigation was
concerned with the preparation of N-gubstituted Eustyryludkamino
aliphatic acids as possible oxytocic agents., Formula (XXVI)
shows how the dimethylaminopropionic acid derivative may be
considered as an openw~chain analogue of ring D of lysergic acid
(I, R = ﬁH?s including an ethylenic bond corresponding to the
9«10 double=-bond in lysergic acid. The phenyl group is in a

poaition corresponding to that of wing A of lysergic acid.

c':oon
CH — GH,
He < W0l
Q} ™ 13
ol GHy
yd
2
' K (XAVI)
\ .

The only 2~gubstitubted %-dimethylaminopropionic acids’
previously réportedﬁa which had a benzyl or naphthylmethyl
substituent in the 2~position, bear less resomblance to
lysergic acid.

Preparation of 2-~styryle=3-dimethylaminopropionic acid

should be possible by a Mannich reaction of styrylacetic acid
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(or ester), formaldehyde and dimebhylamines

PheCHsCH CH,COOH + HCHO + HN(Me), _s Ph.CHl:CH CH. (COOH)CH, W(Me),,
if the Z~-melhylene group of styryl acetic acid were sufficiently
reactive. No analogous reactions with styrylacetic acid were
found in the literature, the only observations on the reactivity
of the 2«methylene group being those of Ivanov :and Ps]n.m:.ic:hnﬁ”a
who considered that it had the same order of reactivity as the
corresponding group in phenylacetic acid. The latter is known
not to react with formeldehyde and primary or secondary amiﬁam
although paranitro~ and 2,4~dinitrophenylacetic acids do so
react.aa

Degpite this evidence it might be expecbted that the
presence of a vinyl group in conjugation with the phenyl nucleus
would dincrease its elecironegabive character and hence the
reacltivity of the adjacent methylene group. A Mennich reaction
wag accordingly attempted.,

Resctions using ethyl styrylacetate digsolved in a
series of aliphetic alcoohols yielded ohly unchanged starting
materials, even after heating under raflux in p-amyl alcohol
for three days. Heating at 206° for 6 hr. in a secaled tube
in the absence of solvent produced slight decomposition but no
appreciable yield of high~bolling base, An squeous solution of

the dimethylamince salt of styrylacetic acid heated under reflux



with formeldehyde solubion gave almost guantitative recovery

of unchanged aoid. Similarly unsuccessful was an attempted
reaction of ethyl styrylacelate, dimethylamine and paraformaldehyd
heafed under veflux in an anhydrous system consisting of glaczgiif
acid with o traée of acetic anhydride.

Since it appeared that the reactivity of the 2-methylene
group in sbtyrylacetic acid was too low to permit reaction, an
additional actilvating group was required. Norris and B.'!.:3.(.335;.6313t
had successfully carried out Maunnich reactions of the same type
with phenylmalénic acid, the vinologue of which, styrylmalonic

acid was known.s.2 Treatment of styrylmalonic acid with formalde-
hyde and dimethylamine in agueous solubtion at 0° resulted in an
immediate reaction with spontaneous decarboxylation. The
required amino=-acid could be recovered only in small yield
however (as its pierate), the major product produced after
overnight standing at 0® being an amorphous acid. This acid forme
with para~bromophenacyl bromide a crystelline derivative, analysis
of which indicated that styvylacrylic acld (XXVII) had been
produced by deamination of the required product.
Ph. CH:CH CH(COOH), + HCHO + HN(Me),» Ph CH:CH C(COOH), CH,W(le),
NH(Me), + Ph CH :CH C:CH, ¢<— Ph CHs:CH ca(eooa)dhﬂam(me; o+ 00,
coon

(Xxv1I1)
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Such decomposition of Zesubstituted dialkylaminopropionic acids
is well known.s4 and is o commonly used method for the preparation
of substituted acpylic acids. Tho Zestyryl-substituted dimethyl-
aminopropionic acid appears however to be much more lahile than
the benzyl- and naphthylmethyl-substituted compounds deseribed
compoundsg

by Norris and Blicke, since the latter{did not decarhoxylate
spontancously and withstood heating at 1l25°=-13%0° for 15 min.
followed by esterificatien in ethanolic hydrogen ohlorid.ei.3

A gimilax reaction using methylamine in place of dimethyl-
anine gave only a trace of amino-acid, which formed a crystalline
picrate, but in quantities too small to allow characterisation.
The main product was an acid ldentical with that obtained in the
previous preparation.

The unexpectedly low stability of 2«styryle3-sminoprope
ionic acids made further investigation of these compounds pointles
and the homologous 2estyryle~4=dimethylaminobutyric acid was next
investigated. The increasc In chain length between the
dimethylaminoe and carboxyl groups would be expected to reduce the
tendency to deamination, while the oxytocic action of derivatives
of comparshle N-substituted aminoscids was found by Phillips
and Baltzlyﬁa to be largely uwnaffected by increase in this

chain-length.

Reaction of the sodio derivative of ethyl styrylacetate
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A
with dimethylaminoethyl chloride produced the required ethyl
2=8byryled=dimethylaninobutyrate (XXVIII)J

Fhe CH:CH CHNa COOEt + Cl UHéGHéN(Me)z—éPh.CHSCH OH(GOOEt)CHéﬂﬂgﬂ

(1e),
(XXvIZII)

- gontrary to the findings of Ivanov and pehonichniy ’ that
styrylacetic acid does not form & sodio derivative. The product
was an oil of the required equaivalent welght which did not form
crystalline saltsy the picrate of the corresponding scid was
however crystalline and suitable for characterisation,

Yields wore pooxr when the reasction was carried out in dry
ethanol at reflux temperature for 2 hr. To ensure complete
formation of the sodiloc derivative in a further attempt, the ester
and sodium ethoxide in ethanol were heated initally under reflux
for 2 hr. before addition of the dimethylaminoethylchloride.

The yield was not changed appreciably. On increasing the time
of initdal refluxing to 18 hr., none of the required base was
obtained.

The non-bagic produet of the above reactions was Ffound to
consist predominantly of a high-boiling, vexry viscous liquid.

This yielded on saponification an acid much higher in melting poin
than styrylacetic acid, but having the same elemental analysis and
eguivalent weight, Since this acid had an approximate molecular

weight about twice that of siyrylacetic acid, it was considered
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that dimerisation must have occurred in preference to the
desired condensation, \

An attempt to limit dimerisation by heating the ester
with 'molecular' sodium in xylene resulted in the rapid formae
tion of a red resin, presumably by polymerisstion of the ethyl
styéylacetaﬁe, wilthout any evolution of hydrogen which would
have indicated formation of & sodio dexivative.

When the sodlo derivative was prepared in ethanol,
drﬁed in vacuo then heated with a solution of dimethylaminoethyl
chloride in xylene, the total yield of high-~boiling base was
greatly inoreased, but only a minor proportion of this was the
reguired product, the yield of which wamr sbout the same as
previously. The remainder of the basic fraction could not he
distilled without decomposition and did not form any cryetalline
saltes It may have contained condensation producte of ethyl
styrylacetate ?alymers-with_dim@%hylamincethyl chloride,

The gtabllity of 2~styryle-d-dimethylaminobutyriec acid
was low, although much greater then that of the homologous
proplonic acid derivative., The ester base wes seen to darken in
a few days on storage at room temperature in a sealed container,
and resinified completely within weeks. The nature of this
decomposition was not clear since the resinous product did not
form cxystallisable derivatives and could not readily be

choracterised.
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Because of the apparently inherent lack of stability of
Nesubstituted 2«styryleo-anino-acids, other possible synthetic
routes to these compounds wexe not cxploved and work in this

dirvection wag discontinued.
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Alkanolamides of Amino~Acids.

The ethanolamides and proganolamiﬂés of 3edimethylamnino=
propionic ascid (XXIX)y nicotinic acid (XXX), l-methylhexahydrow
nicotinic acid (XXXI) and lemethylel,2,5,6~tetrahydronicotinic
acid (arecaidines XXXTL) were prepared because of the structural
relationship between these acids and ving D of lysergic acid (I)
and hence between their propanclamides and the corrvesponding

fragment of ecrgometrine.

COOH COO0H ¢ 0K COoH
b | —\ ’
CH, - CI i RTY
1, c{ 1, /._____\N C T, 7 un,
W - Gl T '
/
Gy
B _ (%xIX%) (XxX) (%xx1) (XXXIT)

Phis relationship was considered sufficient to make the compounds
of potential value as oxytocics, eapecially'sinee other amides

of simple Nesubstitubed 3waminopropionio scid derivatives had
been shown by Rosen and co-workera’ to have oxytocic activity.

It has also been shown in the course of the present study thut
the propanolamides of (XXIX), (XXXI) and (XXXII) have their
corboxylanide and their amino groups in a steric eonfiﬁuraﬁion
related to that of ergometrine and different from that of the

pharmacologically inert ergometrinine.

These amino~-acids and thelr alkanolanides. were
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additionally of use as model substances of known conformation,
the physical preperties of which could be compared with those

of lysergic and isolysergic acide in order to elleit information
about the detailed sterecchemistry of the latter., WThis aspect
will be dealt with in more detall in the third part of this
discussion.

Synthesig of alkanalamidea is oomplicated by the fact
that. acylation of amino~alcohols may take place in three wayst-
N~acylation, giving the required aikanolami&e; R CONH(GHé)nOH,
O-acylation, giving an alkylamino esters R GOO(GHé)nNHz and

OyN-diacylation to give an 0,N-bis~acyl structures R COO(CH, )nNH
CO R,

No practical problem ig presented by the iormatién of
amino=esters, since amino~ogters and alkanolamides are gencerally
readily intercounvertible. The acyl migration involved has long

58 %¢a ' ‘
been known and ‘the mechanism of the reaction was discussed

87 568
by Phillips and Baltzly and Welsh, ° all of whom postulated an
intermediste cyclisation to form hydroxyoxazolidine derivatives,
since tho formation of such a cyelic intermediate would be
favoured in amino=-alcohols with amino and hydroxyl groups in
5960261 62

close proximity, TFodor and co-workers have studied

the kinetics of Nz=0 acyl migration as an eid to the elucidation

of the stereochemistry of diastercomeric amnino-alcohols,
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Koczka and Fodowﬁs were able to confdrm the previously postulated
reaction mechanism by isolation and charactorisation of the
cyclic intermediate. Fodorts investigations were concerned

with fairly complox aminowalcohols and simple acyleting agents
guch as benzoyl chloride, whereas the present work involved
simple aminOmaléohola and more complex acylating agents, but

the general principles should apply to both,

In most cases amide is formed rapldly and completely
in cold aqueous alkaline solution, while ester formation occurs
rather more slowly and less completely in ethanolic hydrogen
chloxide, Pormation of 0O,N-bis~acyl compounds is to be
avoided, since ﬁheee are not readily convertible to either of

the monoacyl forms,

Aminolyaia.

The gimplest method of amide formation is the aminolysis
of an ester by healting under reflux with a primary or secondary
amine .

heat

R COOCHy + R'NH, .——» R CONII R' + QH;OH
This method has been widely used for the preparation of
alkanolamides of longe-chain faitty acids which are of commercial

84
importance as foam-stabilisers, =Acylation occurs predomine

antly if there is an excess of amino-alcohol present or if the
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reaction is carried out in the presence of a base~catalyst
such as sodium methoxide, otherwide some Dwacylation also takes
place t0o give the unwanted OyN~big acyl compoundf‘

The major disadvantage of this method is that aminoe
aloohols react with esters only at temperatures which tend to
cause decomposition oxr racemisation of thermolabile products.
Attempts to preparaxg;gggetrina, for example, by heating
D-lysergic acid methyl ester with (+)-2-aminobutanol were carried
out by Semanakﬁ} 5@rnj'and zikéhia who obtained a 55% yield of
o mixture of the (+)=-2-butanolamides of D end L-lysergic and D
and L~isolysergic acids. More thermostable esters, such as
those of nipecotica9 and le-methylnipecotic aciassv howvever gave
good yilelds of alkanolamides by this route.

| The technique used in the present work was to heat the
methyl or ethyl ester with a lawrge excess of ethanolamine or (4)=
2-aminopropanol in a flagk fitted with o fractionating column
capable of separating ethanol or methanol from the less-volatile
amino~galcohol. By this means the alcohol produced during
aninolysis wes continually removed from the system, thereby
shifting the reaotion equilibriun in favour of the required amide.
A further advantage is that the course of the reaction may be
followed by measurement of the amount of aleohol produced, the

end being marked by & rise in the temperature at the stillehead
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to bthe boiling point of bthe amino~alcohol. After removal of
the excess of amino~alcohol by distillation in vacuo,s the
syrupy reaction product was purified where possible by
orystallisation of its acid oxalata.

Phe propanoclamide of nicotinic acid and the previounsly
knownﬁ7 ethanolemides of lemethylhexahydronicotinic and nicoiinic
acide were prepared by aminolysis as described, and characterised
as their crystalline acid oxalates,

The propanolamide of Wemethylhexahydronicotinie acid was
probably formed, since the required amount of pure alcohol was
recovered during the reaection.  The product, a hygroscopic amor-
phous semi~solld, coudd not however be crystallised, nor did it
appear to form any orystalline salts, Aoyl migration by
treatment with ethanolic hydrogen chloride, which yields a
cryotalline aminoester dihydrochloride with l-methylhexahydrow-
nicotinic acid ethanalamidei? failed to gilve a crystalline
product in the case of the propanolamide,  Attempted purification
of the base by shortwpath distillation under high vacuum ylelded
an amorphous product with an equivalent weight on potentiometric
titration 9 per cent above the caleulated value for the prapanol~‘
omide.

The ethanoclamide of 3wdimethylaminopropionic acid could
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not be prepared by aminolysis of its ester, since the
temperature of 140~180° required for reaction caused deamination
of the product, shown by evolution of dimethylamine along with
ethanol, The other reaction product was a red vresin which was
not characterised since il formed no crystalline derivatives
and was not distillabley it may well have bean a polymerised
acrylic acid amides A similar reaction reported by Baltzly and
GOmWOTkGfBivuﬂing othyl N=(2'-phenylothyl)-N-methyle3~anino-
propionate and ethanolamine produced the required amide

tin pooxr yield with difficulty', but details were not given.

A repeat attempt with prolonged heating at 100° (at which
tenperature desmination does not ocecur) produced no reaction
whatever,

Arecaidine methyl ester (arscoline) hested under reflux
with ethenolamine resulted in acylation, as shown by cvolution
of methanol. The product yielded a crystalline oxalate which,
however, did not have the required clemental analysis for
ereceidine ethanolamlde acid oxalate, had a melting point much
higher than that of othexr oxalates in This series and wa&?
atypically, sparingly soluble in absolute ethanol, The
analysis indicated that addition of ethanolamine to the ayfw-

double bond of arecaildine may have occurred,
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A~ CONH CH,CH, Ol NH CH, CH, OH

I\ + NH,CH, CH,0H — 3 o CONH Clip Gl OH
N N’J
Cll; CH,

This is supported by the finding'thaﬁ the ultraviolet absorption
of a hydrochloride prepared from the oxalate (Fig.l) differed
from that of arecoline hydrobromide in not having a maximum at
205 mp characteristic of o,f-unsaturated earboxyiic acid
derivatives, Addition of ammonis to arecaidine under similar
conditions has been reported by Karrer and Ruckstulﬁv

A related reaction attempted by Wheeler and co~w0rkere?‘
in which the ethyl ester of 1-(3iin&olylmethyl)~guvacine wap
heated with ethanolamine, resulted in the formation of a red
regin from which no crystallisable product could be isolated.

Aminolysis of arecoline and esters of 3~dimethylaminoprope
ionic acid with (4)-2-aminopropanol was not attempted, since this
amino~alcohol is not easily obtained and there wes no evidence
to suggest that it would react satisfactorily where ethanolamine
did not,

An attempt to prepare areceidine 2-aminoethyl este: by

~ester interchange under acid conditions, meliing together

orecaidine methyl ester hydrohromide and ethanolamine hydrohromide,
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was unsuccessful, decomposition occurring before any evolution

of methanol which would have indicated reaction.

Acild Anhydrides

Amides are formed resdily by the reaction of acid
anhydrides (including mixed anhydrides)with ammonia or primary
oY secondary amines

I Rt
—3 R CONp,,

L4

R COX + HN gy

+ HX

This method is gonerally satisfactory for the preparation of
amides of labile substances (assuming that the acid anbydride is
available) since reaction occurs at moderate temperatures,

Reaction of acid anhydrides and amino=alcohols may
produce 0, N, or O,N-bis acyl derivatives as doscribed in the
previous segtion, and one of the main problems in the present
work has been this non-gpecificity, particularly the formation
of OyN~bis-acyl compounds.

The mixed anhydride which has been longest und most
widely used is the acid chloride, one of the first ethanolamides
reported.eB being prepared from benzoyl chloride and ethanolamine,
Acid chlorides appeaﬁ_tq have found little favour however in the
preparation of alkanolamides from smino-agide. Attempis to
prepare ergometrine from the acid chloride of lysergic acid
and 2-aminopropanol have been described, but led only to

69
rosinous products.
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The acid chloride hydrochloride of 3~dimethylaminoprope
ionic acid was formed readily by heating the amino-acid
hydrochloride with a large excess of thionyl chloride at a
temperature of 60-70°, (Higher temperatures caused discolouraw
tion end ultimate resinification of the product). A sabtig-
factorily pure sample of the acid chloride hydrochloride was
obtained by evaporation of excess thionyl ohloride in vacuo
followed by washing of the crystalline residue with dry light
petroleum until the washings were colourless. The product
reacted vigorously with dry ethanol to form almost pure ethyl
3«dimethylaminopropionate hydrochloride. Heating the acid
chloride hydrochloride at 100° produced immediate darkening and
decomposition. The acid chloride base, produced hy treating
a solution of the'hydroohloride in chloroform with an equi=
mpleoul&r proportion of triethylamine, was even more labile
than the hydrochloride and resinified undex the heat of
neutralisation unless the mixing was done with very efficient
stirring and cooling. One attempted reaction of the acid
chloride base with ethanolamine at low temperatures resulted
in the formation of 3~dimethylaminopropionic acid dimethylamidesj
presumably dimethylamine produced by deamination of 3-dimethyl=
aminopropionyl chloride base had reacted more readily with

unchanged acid chloride than had the ethanolamine.
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Treatment of 3~dimethylaminopropionyl chloride
hydrochloride in dry chloroform with an equimolar proportion
of ethanolamine yielded mainly the dihydrochloride of the (,Hw
big-acyl derivative (XXXIII) with a small yileld of the amincester

dinydrochloride (XXXIV).

2N (CHy), CH, CH, COC1,HCL + NH, CH, CH, OH —N(CHy ),CIL)E ONHCH, CH, 00 0fIL,),
N(CHy ), i 2HC1,

(XXXI1I)
N(CHy ), CH, CH, COCR.HOL + NH,CH, CH, OH ~ N(CH, ), CH, CH, C 00CH, C1,, NH,

2101,
(Xxx1Iv)

The two reaction products were easily separable, since
the dihydrochloride of the bigw=acyl coﬁpound (X¥X1II) is readily
soluble in chlowoform, whereas the amino~ester dihydrochloride
(XXXIV) is almost insoluble, The big~acyl compound was
characterigsed as its orystalline pilorate, since its dihydro-
chloride was exceedingly deliquescent.

Yields of aminomester (XXXIV) varied inexplicably between
10 and 20% of theory and on one occesion reached 50 per cent.,
Recovery of bis compound (XXXIII) varied inversely as that of
aminow~esgter, |

On no eccasion was alkanolamide identified ap a reaction
product. Thig may be contrasted with the findings of previous

68170971

workera . | who isolated alkanolamides as the major products

from acid ohloride ~ amino-alcohol reactions under similar
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conditions, though using acids other than amino-acids. 'This
raises the question whether the amino-ester in the present
reactions was produced by an initial Ow-acylation or by
N~acylation followed by acyl migration, a matter which will be
discussed later in this section.

Treatment of the amino-ester dihydrochloride (XXXIV)
with aqueous alkali produced 0—-N acyl migration to yield the

required ethanolamide (XXXV).

n(er _ afBHR-e © CONHGIL CI
Iy )o CHy CH, COOCH, CH, NH,, o 2HC1 .~ . N(CHy ), CH, CIL, CONHCIL, CH, OH

(XXXV)
This was characterised as its acid oxalate and succinate, the
only ecxrystalline derivatives which could be prepared.

Attenpts to purify the ethanolamide base (a viscous oil)
by short-path distillation under high vacuum produced partial
deamination, shown by loss of dimethylamine and production of a
distillate deficient in basic nitrogen. This decomposition was
found to be reversible, treatment of the distillate with excess
dimeth&lamine resulting in a compound of the required equivalent
welght.

N(Cily ), CH, CH, CONICH, CH, OH ——= NH(CH, ), -+ CH, :CIIC ONHCIL, CH,OH

Treatment of the ethanolamide with an excess of ethanolic

hydrogen chloride did not regenerate amino-ester dihydrochloride,
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This indicdtes that the amino-ester dihydrochloride formed
initielly was unlikely to have been 2 secondary product of N—0
acyl migration, but was probably a primary reaction product.

If this were tho case, it wonld follow that the O,N~big-acyl
compound must have ﬁean formed by N~acylation of an initially
produced Ow~acyl compound.

In an attempt to suppress the formation of bis compound
in a further reasction, tho amount of ethanolamine was doubled.
The effect was the reveorse of that intended, since bhis compound
wasg now formed exclusively and no amino-ester could be recovered.
This unexpected result led to an investigation of the effeet of
alkelinity and acidity on the course of the reaction, since the
oxcese ethanolamine had been in the form of its free base.

Addition of an inert base to benzoyl chloride and
ethanolamine was shown by Brinzinger and Koddebuach71 to promote
OyNehis aoylation and it was thought possible that the excess of
ethanolamine base may have had & similar base-catalysing effect
in the present ocase. 70 test this hypothesis, a reaction was
carried out using equimolecular proportions of an inert base
(triethylamine ), 3~dimethylaminopropionyl chloride hydrochloride
and ethanolamine in chloroform. This yielded only bis compound

indicating that O,N-bis acylation was indeed favoured under bosic
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conditions in this reaction, and that the basifying effect of
the excess ethanolamine used in the previous attempt had had

a greater influence in potentiating bis compound formation than
the concentration effect had had in suppressing it,

Since Owacyiation appeared to be the initial reaction,
increased formation of bls compound under basic conditions
would indicate that it was Neacylation which was being base-
catalysed. This is analogous with the acylating action of
carboxylic acids, amide formation with amines bveing base»cataiysed
while ester formation with alcohols is acid-catalysed.

It did not seem possible to prevent O-acylation by
any means short of blocking the hydroxyl group of the amino -
alcohol, so it was decided to concentrate on the production in
good yield of the amino-ester, (XXXIV) which could easily be
converted to alkanolamide by treatment with alkali, Since
Negcylation, which was now to be avoided, appeared to be basew
catalysed, reaction was attempted under acid conditions, using
ethanolamine hydrochloride and 3-dimethylaminopropionyl chloride
hydrochloride in dry chloroform.

Despite the insolubility in chloroform of ethanolamine
hydrochloride, it wap found that a suspension of the finely
powdered amino-alcohol hydrochloride reacted on heating under
reflux with a chloroform solution of the acid chloride hydrochlor-

ide. Roaction, which could be followed by observing the
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evolution of hydrogen chloride, was complebe in about two hours
ond vesulted in a T5% yield of the requirved amino-ester
dihydrochloride, with little decompositions. Convergion- to
alkanolamide (¥XXV) was carried out as described previously.

A similar reaction carwvied out with the homologoun

(#)-2waminopropanol hydrochloride gave yiclds of erystalline

(i)mQuaminapropyl 3'maimeﬁhyléminQPTOPion&te dihydrochloride:
varying betweon 5 and 46%. The pervcentage yield generally
diminished as the scale wasg increased. The major product,
& non~crystallisable hydrochloride, presumably O,Nﬁggg;compound,
wag produced in quantities varying ilunversely as the yield of
amino-cygters This materisl could not be characterised since it
did not appear to Fform any crystellisable derivatives,

(i)uZ«AminQprépyl §ndimethylaminoPropionate was converted
to the corresponding propanolamide as before. The product, on
oily base, was characterised as its erystalline acid oxalate,
(Its succinate was also orystalline but excessively deliquescent).
Treatment of the propanolamide with ethanolic hydrogen chloride
failed to regenerate aminopropyl ester dihydrochloride as wase
also the came with the ethanclamide of 3-dimethylaminopropionic
801id.

Preparation of the ethanolamide of le~methylhexahydro-

nicotinic acid through its aecid chloride hydrochloride and
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aninoethyl ester might appear to be of mainly theoretical
interest,y, since this ethanolomide is more siﬁply prodqced in
good yield by aminolysie of the ethyl ester?v Investigation
of the process wag however of practical interest, since it
gerved as a model for the synthesis of alkanolamides of the
related, but much less readlily available, areceoidine.
l-Methylhexahydronicotinic acid hydrochloride was
readlily converted to 1its aoid chloride hydrochloride am already
described for 3~dimethylaminopropionic acid hydrochloride. The
thermostable, white ckystalline product reacted readily with dry
ethanol to yield ethyl le-methylhexahydronicotinate hydrochloride.
Reaction of the acid chloride hydrochloride with finely-powdered
ethanolamine hydrochloride in dry chleroform, as was used for the
dime thylaminopropionic acid derivatives, gave only 5% yield of
the required amino ester dibydrochloride (XXXVI).

cool GOOCH, CH, NH,
+NI, CH, O, OHJICL e L + HO1
c? JHC1 8" 2 Hel
s CH
(XXXVI)

(This compound had previously been propared by Phillips and

Baltzly®”? from the ethanolemide of hexehydronicotinic ncid by
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acyl migration on treatment with ethanolic hydrogen chloride).
The major product of reaction, characterised ag its

picrate, was the 0,N~bis acyl compound (XXAVII)

coo1 | " COOCH, O, WH GO
2 L 4 NI, CIL, Gl OH4HOL. —
N-  Hol W

N7 .2HC1
Gl Hil CH,

(xxxviI)
The mexked difference in hehaviour between the acid ehloride
hydrochlorides of l-methylhexahydronicotinic and 3-dimethylamino-
propioanlc acids on reaction with ethanolamine hydrochloride in
chloroform (the former producing mainly Oy N=his acyl compound,
the latber O~acyl) did not appear to be due to differences in
reactivities, since both aclds are of very similar strengthe and
have the-sameAfunctional groups in the same steérie relationship
(see the iast part of this discussion). The mein difference
observed between the two acid chloride hydrochlorides was that
j=~dimethylamninopropionyl chloride hydrochloride is moderately
gsoluble in the chloroform used as resction medium, whereas
l-~methylhexahydronicotinyl chloride hydrochloride is less soluhle,
which meant that reaction of the latlter was somewhat slower
(6 nr. as compared with 2 hr.). Although it was not clear why
this should have affected the nature of the veaction, the effect

of the solvent appeared to be worthy of further investigation.



A reaction in dry tetwehydrofuran gave the same
result as with chloroform, but this could be explained by the
fact that l-methylhemahydronicobinyl chloxide hydrochloride is
not very soluble in this solvent elther. NWo suitably inewd
solvent conld be found in which the acid chloride hydrochloride
ig more soluble than it is in chloroform.

Reavbion of l-methylhexehydronicotinyl chloride
hydroshloride with a slight excess of ethanolamine hydroochloride
in the absence of solvent was next investigateds Although both
compounds ave crystalline solids, it is possible %o prepare
& eubectic mixbure of reasonably low melbing point by mixing the
finely~-powdered rveactante intimately. (Vhie could be done
without exposure to moisture by tyviturating the powders
together under dry light petroleum which was subsequently removed).
The mixed powders formed o melt on heating to about 100 to 120°.
Evolution of hydwogen chloride occurred st once and continued
vigorously for about 20 min,, after which further heating
produced no more hydrogen chloride and the reection wes assumed
to be complete. The yield of pure amino~ester dibhydrochlovide
was TO% of theoreticals It appearad that the higher concenbtzae
“tion of reactants and resultant shorter reaction time had
depressed the formation of unwanted 0,N~bis compound, buﬁ the

reagon for this was not evidaent,
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An attempted preparation of the (+)=2-ominopropyl ester
of lemethylhexahydronicotinie ascid by reaction of l-methylhexaw=
hydronicotinyl chloride hydrochloride and (+)-2-aminopropanol
hydrochloride in the absence of sblvent produced & reaction,
evidenced by evolution of hydrogen chloride, but the product
wag highly deliquescént and could not be corystellised. It
soened probable that the compound was inherently non-crystallise
able, since catalytic reduction of pure (x)-2'-aminopropyl
lemethyl=1,2,5,6=~tetrahydronicotinate dihydrochloride (evecaidine
(+)w2=aminopropyl ester dihydrochloride) produced a gimilar
non-¢rystallisable deliquescent hydrochloride. Treatment of
the hydrochlorides with aqueous alkeli gave amorphous hygroscopic
semi~solids, which again did not form any orystalline derivatives.

The aminoethyl ester of arecaildine wos now prepared by
reaotion of the acid chloride hydrochloride (prepeared as hefore)
with ethanolamine hydrochloride by heating in the absence of
solvent. The reaction wimt exactly as described for
l-methylhexahydronicotinyl chloride hydrochloride, the required
aminoester dihydrochloride (XXXVIII, R = H) being produced in
good yield. This was the only mebthod by which this compound
could be prepared «~ attempts to carry oubt a similar réaction in
chloroform gave no crystalline product while unsuccessful

attempts at aminolysis and ester-interchange of arecoline
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have already been deseribed, The (i)-aminoprOpyl ester

vas similarly obtained satisfactorily es its crystelline

dihydrochloride, 0
. &2 '
N\~ cocl | X— COO0CH,CH NI,
L HCl + NH,CH CH, OH + HOL
, —> 2HC1L
NCHy HOL1 N
CH,
(XAXVIIT)

Troatment of an aqueous solubion of the amino-ester
dihydrochlorides (XXXVIII3 RelH, CH, )with alkall to produce a
pH value of 11«12 resulted in acyl migration %o form alkanole .
amides, which were stable on subsequent neuitralisation of the
solution, Tormation of alkanolamide could be demonstrated by
potentiometyric titration of aliquot portions of the solubtion,
It is seen (Fige2) that the equivaiant weight of the aminoester
dihydrochloride is exactly doubled after treatment with dilute
allkaliy also the neutralisation curve in the former case is
typical of a diacid baspe, in the latter of a monoacid base.
This result could only be atitributed to 0— N acyl migration

with consequent loss of a basic nitrogen atoms

A +
m— 0 O0CH,, CIL, WL, m- CONH. OH, G, OH

NCHy NG,
w* nt

Similaxr results and conclusions were reported by
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Phillips and Baltzlyavin gtudies of the closely-related
ethanolamide of lumethylhexahydxonicotinic acid.

Atvempts to isolate and charscterise the acecaidine
alkanolamides were complicated by the high water~solubility
of their bases, making extraction by organic solvents difficult
and incomplete. The bases were hygroscopic semiesolidse which
could not be distilled end which did not form any crystalline
derivatives. A orystalline oxalate prepared from the ethanole
anide base and a slight excess of oxalic acld in ethanol proved
to be the aminoethyl-ester oxalate, N—+0 acyl migration having
presumably occurred during preparation of the salt. Amino-ester
formation with such a weak acid as oxalic is exceptional,
indicating that equilibrium in the Ne== O-acyl system favoure
the Owacyl form to an unusnal extent in this case,

Since the yields of arecaidine alkanolamide bases were
so markedly reduced on attempbed exiraction from the agueous
alkaline solution in which they were formed, and since thers
was little advantage in such an extraction, the neutrsalised
aqueous solution was used directly for pK' determinations
end for pharmacologlcal invéstblgation.

The acid chloride hydwrochloride of 3-dimethylamino=-
propionic acld decomposed below the meliting point of any

eutectic mixture of it with ethanolamine hydrochloride oxr
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2~amilnopropanol hydrochloride, thereby preventing acylation
in the absence of solvent.

The propanolamide of 3~dimethylaminopropionic acid was

now the only one of the required compounds for which no satisfactoxry

synthesis was available. A new route was therefore investigated
in which j-dimethylaminopropionyl chloride was treated with the
ethyl ester of a primary 2-amino acid to form a dipeptide ester
which was then reduced to the alkanolamide by means of lithium
aluninium hydride., This method had the advantage that the
meterial reacting with the acid chloride had only one reactive
group, bthereby reducing the likelihood of unwanted side-reactions.
Preliminary attempts were carried out using ethyl
glycinate, which reacted readily with the acid chloride hydro-
chloride on heating under reflux in chloroform to give the
required dipepti&e ester hydrochloride (XXXIX) in good yteld,
N(CHy ), CH, CH, COCl. HCL + NH, GH, 0000, Hy -> N(CI ), CH, CH, CONH |

CH, CO0C, Hy » HCL.
(XXXIX)

The product, which was crystalline but deliguescent, was converted
to its base by treatment of a suspension in dry-ether with an
excess of dry ammonia (separation of the hése from alkaline
aqueous solution being diffiocult because of its high water

solubility).
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aluminium
Roduotion of the dipeptide~estor (XAXIA) with Lithium [

hydride wen complicatod by the prosence In the moleosule of two
voduaible corboxyl groups. It is known howevoy thad the eeterx
curboxyl is muech more eoasily reduced thoem Lo an amide corboxyl
(paxtionlarly with an ﬂnsuhatituent)?n end there arc exanples

in the literature of selective reduction of asbers in the presence
of amidesza'?ﬁ In the present caso it was found possible, by
control of time, temperature and proportions of resctants to
voduee the dipeptide ester 0 the roquired eithevolamide in good

yield by means of lithium cluminiun hydride in dry ether,

(O, ), OH, OH, CONE G, C000, H S N(CIL; ), OI, OH, € ONH

G, O, O

_Alhhough this method of prepavotion has no advanbes
over praviously uged metheds for the ethounolamide of Hedimetbyle
aninopropionic acid, it served as o nodel for the prepsrotion of
the corresponding (and not otherwise wreodily scecspible)
propanolamnide, which was prepored in good yicld by the semo
method, substituting ethyl (4)-Reaninopropioncte for the ethyl
glyeinate.

Propoaration of alkanclamiden by veduction of dipoptide
caters should have o conslderable advantsage fox the synthesis of
anides of opileally active aninvealeohols, since opticelly active

aminomacids are aveilable and the nild conditions of reosction



should not tend to cause racemisation. Such a preparation was
not attempted however in the present work, since evidence for

a relationship between optical activity of amino-alcohols and
oxytocic action of lysergic acid amides prepared from them is
eonflictingﬁa’7ﬁand it was felt that preparation of pure
stereoisomers in the present series could well await a demonstra-
tion of some oxytocic activity by the racemates.

Other mixed anhydrides have been used for the prepara~
tion of amides, notably the acid azide which was used by Stoll
and co-workers in their partial synthesis of amides of lysexgic
and isolysergic acidé% The main disadvantage of this route was
that the intermediate hydrazide was always formed as the racemic
hydrazide of Isolysergic acid which required epimerisation and
resolution before converting to acid azide. This problem did
not arise in the present series; since no asymmetric centres
are present in the amino-acids which were used.

Attempts to prepare the acid awide of arecaidine were
unsuccessful. The hydrazide, prepareé from arecoline and
hydrazine hydrate by the method of Saparazé and treated with
nitrous acid as described by f:i’c.oll’;a showed no sign of having
reacted and did not.give any ether or chloroform eixtractive.

The aqueous solution on evaporation in vacuo yielded arecaidine

hydvrazide, indicating that reaction had probably not occurved,
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although it is possible that a highly water-soluble acid azlde
may have been formed and subsequently hydrolysed during the
evaporation of the water.

Preparation of the acid azide of 3-dimethylamino-
proplonic acld was not attempted, since Ourtiusvv found that
treatment of its hydraside with nitrous acid failed to produce
the reguired azide,

Recent investigations into the synthesgis of polypeptides
have stinulated the attention of many workers to the reaction of
aoid.anhydrides’ and amino-acids, and a number of new acid
anhydri&ea have been prepared and used for this purpose,
Gaurbrechtsﬁ hags reviewed this development and studied the
application of various mixed enhydrides of lysergic acid to the
preparation of alkanolamides. IHe found that the most satise
factory acid anhydride was the acid sulphate, which had many
advantages over the acld azide previously omployed. This route
was not employed in the present work, since the problems involved
in the use of acid chlorides hed largely been solved beforo the
puklication of Garbrechts paper. It is noteworthy that the
acid sulphate of lysergic acid, as well as its acid nzide,
produced mainly Neacylatlon of amino.aloohols, which railses the
guestion whether the tendency to O~acylation in the present

geries was due to the chloride or to the amino-acid congtituent
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of the mixed anhydride, It appears probable that it is the
amino-acid moiety which is responsible however, since most other
) , . 6870717y
ecid chlorides areo known to favour N-scylation of amino-slcohols,
with predominant formatlon ¢f alkanolamides.
The methods which have been described in this section

and the resulits obtained with different amino-acids ave summarised

in Table I.
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Pharmnecological fction .

Pharmacological investigation of the alkanolamides
described in this seotion (for which the author is indebted to
Dr. 8. Nanjappa of the Depdrtménﬁ of Bxperimental Pharmacology,
University of Glasgow) showed that none of these compounds had
demonstbtrable ox&tocic aotivity on the isoléted oestrous rat
uterus in concentrations up to L mg/ml.

The propanolamide of arecaidine inhibited acetylcholine-
induced contractions of the oestrous rat uterus in concentrations
of 0,075 = 0.3 mgs /mle, an effect also showby higher concentra=-
tions of the propanolanide of dimethylaminopropionic acid (0.3 =
1.0 mg./hl.) and by the ethanolamides of Nemethylhexahydroe
nicotinic acid (1 mg./ml,) and 3-dimethylaminopropionic acid
(0a7 = 1 mgo/nl.).

No effect on cat blood-pressure was shown by any of the
compounds in doses up to 5 mgv/Kg., nor did they have any
inhibitory effect on the acbtion of adrenaline or noradrenaline
on cat blood-preusure.

The lack of oxytoecic action shown by these alkanolamides
reflects bthe findings of sarlier workers who reported that the
alkanolamides of derivatives of W-amine aliphatic acidéﬂTﬁiB
piperidine-carboxylic acid;ﬁ) and tei;ra,hydroquinoliné55 wers

either inert as oxytocics or else showed much less activity than
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did corresponding esters or simple alkylamides. Amongst purely
synthetic compounds, only the propanclamide of N~tetrahydro-
naphthyl-N-methyl-3-aminopropionic acid (IV) is reported to
have marked oxytocic acticity ('comparable with crgometrine on
the isolated uterus of the gulnea pig and rabbit')t"iswie

It does not seem possible in the light of present
evidence to speculate on the nature of the conitribution made by
the ¢erboxylamido group to the oxytocic activity of the ergot
alkaloids and semi-synthetic iysergio acid amides, but it
appears that the alkenolamido group le specific in potentiating

oxytocic action in only a very small range of compounds,
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tonic Dissoclation of Amino-Acids, Amino-Fsters and Amino-

Alkanclamides .

The appevent dissociation constants (pK'e values) of the
alkanolemides descwribed in the precoding section, as well as
these of corresponding acids and esters and related compounds
were determined potentiometrically in order to provide evidence
for an assignment of conformetion Lo thesse substances, By analogy
with the apparent dissociation constants of lysergic and igo-
lysergic acldey ergometrine and ergometrinine, additional evidence
was obtained for the previously postulated conformetion of ring

D and configuration at G(a) in these compounds.

Method of Determination of pK!a‘valuqs

The potentiometric determination of pKt'a valucs hap
been fully discussed by Simon and co«workerazeyvg’ao The
relationship between values obtainad by this method and thermow~
dynamic values (pK'a) at a given temperature is known to be
affected by concentration, solvent and the properties of the
electrodes and meter which are used.

The low concentration (0.00% M.) used in the present
worlk avoided the concentration effect as far as poséible,
Preliminary attempts at still lower concentration (0,002 1i.)

yielded similar values, but the end-points were less digstinct,

76
thereby reducing the reproducibility of determinstions. (Simon
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reporbed satisfactory results with 0.00%% M. soclutions of
organic acids im wvarious solvents). This low concentration
hag the additional advantage of economy in materials as well
as allowing titration in aqueous solution of sparingly water-
soluble compounds . Trrors due to traces of undesired
eleatrolyte, especially carbonate, were minimised by passage
of water and alkali through ion~exchange resins immediately
before use and by bubbling cerbon dioxide free nitrogen through
the system during titration. The solvent effect, which was
appreciable in this high dilvtion, was corrected for by an
experimentally~deteormined blank as described by Taguesi Harria‘z
and Simonz9

Water was used as solvent throughout, except in the
titration of lysergic and isolysergic acids bthe potassium salts
of which were precipitated from aqueous solubion before
halfeneutrality had been reached. 'The addition of a small
proportion of ethyl cellosolve was sufficient to keep these
acids in solubtion however, and repeatb &éterminationﬂ at different
low concentrations of cellosolve showed no appreciable or
consistent variation, indicating that the a2dded solvent had
little effect (Table 2). Agreement of pK'a values calculated
from three points on the titration curves similarly indicated
that ionisation in these low cellosolve concentrations wae |

substantially the same as that in water. The hydrophilic
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character of the alkanolemido group potentiates wabter-solubility
sufficiently to allow the titration of ergometrine and ergometrin-
ine in agueous goluiion, All other compounds investigated were
guite soluble in water.

The use of en agueous system avoids the considerable
varigtion from the thermodynemic value produced by high
concentrations of non~agueous solvents?8983’84 as well ag
providing an indication of the behaviour of bthe compounds under
physiological conditions, Tt also allows confirmation of &
pK!' value by simple calculation from a number of points on the
newbraligation curve.

Errors inherent in the method of pH determination
were avoided as for as possible by frequent standardisotion
of the meter and electrodes agaiust buffers of known pH value
and by careful temperature control. The use of a standard teche
nigue throughout ensured that the values obbtained, 1If not
necaegssarily identical with the thermodynamic values, should
be comparable with one another, The reproducibility of
replicate detorminations and of values calculated from different
points on the same neutralisation curve (Pables 2, 3, 4) is
seen to decvease as the pK'a value (and hence the end-point)
departs from a value of T,y as might be exﬁeotea. The differences

in pK'a value which form the basig of the following discussion
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are however much greater than the largest wvariation obgerved in
any single value, and the validity of the conclusions, which are
essentially of a gualitative rather than a guantitative nature,

is unaffected.

Discugsion of Findings.

N-Methylhexahydronicotinlic acid. Aliphatic amino-acids

such as j-dimethylaminopropionice acid are known to exist in
solution in the gzig-zag open~chain form (XIL) in which the iwo
charged groups are remote. (This conclusion originally

derived by Neubergerps from differences in pK' value between
acids and esters has been supported by measurements of dipole
distancessf’av By analogy it would appear therefore that the
preferred conformation of N-methylhexebydronicotinic acid in
solution should be that in which the two charged groups are
remote as in (XILI) (COOH equatorial) rather than as in (XLII)
(CooH axial). That such a conformation represents the preferred
structure for N-methylhexahydronicotinic acid may also be

deduced theoretically by analogy with similar c¢yclohexane sysﬁems
on the grounds that a single substituent will adopt the more
stable eguatorial configuration (the orientation of the Nemethyl
group may be ignovred, since tertiary nitrogen groups are not

resolvable into optical enantiomorphs). On the other hand such
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conformational analogies are of doubtful value when charged
groups are involved, since it is known that both steric and
glaotrical repulsion between ring substituents are factors which
can affect conformational stability?a

Introduction of a carboxyl group into the molecule of
an aliphatic amine is base-weakening. The effect is influenced
by the position of the carboxyl group in relation to the amino
group:a EBxamination of molecular models indicates that there
is identical chain and spacial separation of -0, and >N Me H*
groups in 3-dimetbylaminopropionic acid (XL) and N-methylhexae
hydronicotiniec acid provided the latter occupies the conformation
(XLI)s Consequently we should expect these two substances to
have dissociation constants of the same order.

Second acid dissociation constants (which are more
clearly indicative of the structural features concerned) for
these two amino~acids are given in Table 2. The pK'a value
of 3-dimethylominopropionic acid (9.85) is seen to be distinctly
lower than that of the corresponding primary amino~acid,
B-alonine (10.36)%°  This is in agreement with the observations
of Bredig?O and Hall and Sprinkle91 who showed that whereas the
introduction of a single methyl group into a primary amine gives
a small increase in pK value, introduction of a second methyl

group to form a tertiary amine produces a marked fall in pK value.
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A similar lowering of pK value in passing from secondary to
tertiary base has been observed with corresponding pairs of
dihydronorlysergic and dihydrolysergic acidstg The concordance
of pK' values for 3-dimethylaminopropionic acid (92.8%5) and
N-methylhoxahydronicotinic acid (9.70) clearly demonstrates

that the steric relationship of basic and acidie groups is the
same (at least in solution) in both acids. This not only
supports the conformational assignment (XLI) for Nemethylhexa~
hydronicotinic apid, but also the valldity of the general
principles of conformational analysis to compounds of this

type.

Lysergic and igolysergic acids. Apparent ionic

dissociation constants for these acids obtained in the prosent
work (Teble 2) are in general agreement with those obtained

less precisely by (raig and aouworkewsga The interpretation of
these figures by Stenlake‘a and by 5toll and co—workers‘g therefore
romaine unaffected.

95 #04 990
Bogonine and V ~eggonine. Findlay assigned the

structures (XLIII) and (XLIV) to ecgonine and y -cegonine

respecbively, and these conformational assignments have since
96 797

been confirmed by Fodor, Kovacs and Weisz, Second acid

dissociation constants for these compounds determined in the
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progent work ave given in Tabloe 2, The expected basewsbtrengthen~
ing effect when the carboxyl group is in close spacial proximity
to the ring-N is observed in the mueh higher wvalue for ecgonine
(XLIIIy pK'a 10.85) than in P -ccgonine (XLIVs pK'a 9.68).
These results therefore provide a perallel which supports the
conformational assignments proposed for the G(a) carboxyl in
dihydrolysergic and lysergilo acidafs’sl Whilst the agreoment
betveen the pK'a velue for Y-cogonine (9.68) and N-methylhexa-
hydronicotinic acid (9.70) would appear to provide further
evidence for the assignment of an equatorial carboxyl in
#’necgonine, (XL1LI) this agreement must be regarded as fortuitous,
ag it takes no account of either the methylene bridge or the
0(4) hydroxyl in the latter substance, Differences in pK'a
value between acid~cster pairs in the two seriec have therefore
been examined.,

Aeid-epler differences. It was established by

88
Neubexrger  that the difference in ionic dissocilation constant

between an aminowacid and its ester (ﬂ@K(e provides a

ater))
measure of the distbtance hetween the two charged groups of the
amino=~acid zwiuterion,ZSPK(ester) increasing with increasing
proximity of the groups. The assunptions made do not permit

the use of dissociation constants for accurate meagurement of

such distances, but this in no way invalidates the use szxpx(ester
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in a qualitative sense. "he date in Taeble 3 shows that there

is reasonable correlation betweenl&pK(eﬂter) values for
N-methylhexahydronicotinic aciq (X138 /\ 1::1{(9 5 ter)l‘%)’ arccaidine
(x1v3 /\ pK(aSter)l.?)?) and ¥ -ecgounine (XLIVy /\ P (ontor) 1.47)

in all of which the carboxyl is equatorial. 3I-Dimethylamino-
propionic acid in which there is a comparable spacial relation-
ship between the COOH and N Me groups also has /\ PK(ester)

1.25, On the other hand/\ 'px( osboy) TOT cogonine (XLIII)s
A‘px(eater) 1¢63), in which the carboxyl is axial, is signifi-
cantly greater.

The influence of structural features such as the
ethylenic bond of arecaidine in seen to be larygely concelled
outb wheni}px(gsbgr) values are considered. DBoth arecaildine
and its methyl ester are weaker bases than the corresponding
dihydro compounds by about 0.7 pK units, yebt their A\ ﬁx(ester)
velues are very similar (see Table 3). This concordance of
lSPK(@st@r) values demonstrates that this oyclic double bond
does not materilally alter the space relationship of the
carboxyl and ring-nitrogen groups, and supporis the view that
guch wunesaturated ringe adopt the cyclohexene-~like semi=-chair
conformation (XLV).

The effect of the hydroxyl groups in the ecgonine

series is obviously more complex. /A pK Tor benzoylecgonine
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(calculated from measurements by Kolthoffga) is 3.1%, compared
with ApK 1,63 for ecegonine, This large difference could be
ageribed to hydrogen-bond formation between the adjacent
hydroxyl and carboxyl groups in ecgonine and ils methyl ester,
Such a hydrogen hond would have opposite effects in acid and
egtor, and it is observed that whereas the pK!' value of
ecgonine (10.91) is less than that of benzoylecgonine (11.8),
the pK' value of cogonine methyl ester (9.22) is greater than
that of cocaine (8.80),

Acid-propanclamide differences. Comparison OfZXPK(ester)

values for lysergic aclid and isolysergic acid (I) in agueous
solution was limited by the low water-solubility of most
lysergic acid derivatives, Since the acids themselves were
only titratable in very low concentration and in the presence
of some added organic solvent, it did not seem likely that
their esters could be titrated in any predominantly agueous
systems This difficuliy was overcome by determining pK!

values of the more water-soluble propanclamides (ergometrine
end ergometrinine; I, R = NHCH(CH; )CH, OH) and comparing these
acid ~ propanolamide differences (ZSPK(amide)) with acide
propanolamide differences for 3-dimethylaminopropionic acid and
arecaidine and with acid~cthanolamide differences for 3-dimethyl-

aminopropionic acid, N-methylhexahydronicotinic acid and arecaidine



A further advantage of this procedure was that it
provided direct evidence for the detailed stereochemistry of
the pharmacologically-active ergometrine in aqueous eolution.

Table 4 shows that there is excellent agreement between
the A pK(amide) values for lysergic acid =crgometrine (‘ﬂ_px(amide)
1.03}4§¢ﬁimg§hylaminopropionic seid =propenolamide (llPK(amide)
1.03) and arecaildine ~propanolemide (ZSPK(amide) 1.00). Velues
for the-ethanolamidées are comparable, a slight variation being
shown only by the ethanolamide of 3-dimethylaminopropionic acid
(llpk(amida) 1.20)s By anslogy with the A px(estar) valuee, this
conformity of A PK(amiae) values offers evidence that the carboxyle
ring nitrogen dilstance i similar in all these compounds, This
wonld be consistent with the adoption of a chair conformation
by wing D of lygergic acid and exrgomebrine, combined with an
equatorial carboxyl subgtituent at G(a) (structure XIX)
corresponding to structures (XLI), (XLIV) end (XLV) for
the other amino~acide.

The higher‘a‘PK(amida) value for isolysergic scid -
ergomebrinine (1.50) provides confirmation for the validity of
the above interpretation and for the existence of an axial
carboxyl substituent at G(e) in the isolysergic acid series,

gince the c¢loser proximity of the ionised carboxylic acid and
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ring nitrogen groups produced by such a configuration (Xxﬁ
wonld have a base~strengthening effect in the free aoid,éa,ég
whereas the effect of a proximate carboxypropanolamido group
wonld only be the reolatively weak one due to hydrogen bonding
with the amide and hydroxyl hydrogen atoms. The effect of
such bonding would be the same as that already discussed for
ecgonine methyl ester, the pK'a value of\the isolysergic acid
propanolamnide being increased and thereby reducing the(&pK(amiﬁe)
value as compared with thezipx(eﬂﬁ@r) value where hydrogen
bonding could not cccur., Thig is shown clearly in values
published by St01l's school for the dihydroisolysergic acid
seriea (for dihydroisolysergic acid I and its meﬁoethyl amide,
A PK(ooper) = 2085 A PR iia0) = 1.97)s The effect is much
less marked in the dihydrolysergic acid series where the groups
concerned are more widely separated, (for dihydrolysergic acid I
7A) pK(aa'ber) = 1le65, APK(amida) = 1lelT)e ("the differences
in actual value between 8toll's figures and those in the present
work are doubtless due to the use of 80% cellosolve as solvent
by Stoll). It followa that the A pK<amid®)‘value does not vary
80 much with differences in distance between the carboxyl and

ring-nitbrogen groups as doss the A pK( value, The

ester)
relatively small (though significant) differences between the
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A‘pg@amide) values for lysergic and isolysergic acids would
therefore probably have corresponded to a much greater differw
ence inl&pK(ester) values for the same compoﬁnds, if these hed
been determinable in an aqueous sysbem, The two methods
should accordingly be equally valid as a means of comparing
differences in distance between charged groups in related
molecules, although the sensitivity of the Apzc-(@swr) method

will be higher.,
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Conclusions

(a) . leMethylhexahydronicotinic acid and 3~dimethylamino-
propionic acid appear to have the same spacial relationship of
carboxyl and amino groups, ag indicated by their similar pK'a
values., From the known steric structure of 3-dimethylamino=-
propionic acid (XL) it may be deduced that l-methylhexahydro-
nicotinic acid has structure (XLI).

(v) 'The spacial separation of carboxyl and amino groups in
jw=dimethylaminopropionic acid, l-methylhexahydronicotinic acid,
arecaidine and Y-ecgonine and their esters is considered to be
similar, since these compounds all have gimilar A PK(eater)
values. This would indicate that the last three compounds have
structures (XLt), (XLV) and (XLIV) reepectively. The higher
éﬁpx(ester) value for ecgonine is in accoxdance with the

known axial configuration of the carboxyl substituent in this
compound (XLIII).

(o) (oncordance of A\ pK( values for 3e~dimethylamino-

amide)
propionic acld, le-methylhexahydronigobinic acid, arccaidine

and lysergic acld and their alkancolamides offers evidence for
the existence of a sgimilar spacial relationship of carboxyl and

amino groups in all of these compounds, consigtent with the

adoption of structure (XIX) by lysergic acid and a corresponding
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Ior i ¢ '} ¥ oh e
configuration for ergometrine, The higher A pk(amide)gvaiue
for isolysergic acid supports the previously postulated éteric
structure for this compound (XX) and for ergometrinine in

aqueous solution,
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Melting points are uncorrected,
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Preparation of 3-Dimethylamino-2-siyrylpropionic Acid

(i) Attempted Mannich condensation of ethyl styrylacetate,

formaldohyde snd dimethylomine.

(a) BEthyl styrylacetate, prepared by the method of Linstead
and Williams?a (095 goy 04005 mole) in ethanol (3.5 ml.) was
heated under reflux for 4 hr, with dimethylamine hydrochloride
(045 g4y 0.005 mole) and 40% aqueous solution of formaldehyde
(0¢95 ml,)s The ethanol was removed by evaporation in vacuo,
the residue dimsolved in water (2 mll), acidified with hydrochloric
acid and extracted with ether. FEvaporation of the ether in
vacuo yielded 0,90 g. of unchanged ethyl siyrylacelate,

The agueous fraoction remaining after the ether extraction
was basifioed with solubtion of sodium hydroxide and again
extracted with ebther, The ethereal exbtract yielded on
evaporation in vecuo 24 mg. of an oily residue which failed to
form a crystalline hydrochloride or picrate.
(b) Substitution of methancl for the ethanol and increase in
the time of refluxing te T2 hr, gave the same result.
(e) = The reaction was repeated using butanol as solvent and
replacing the solution of formeldehyde by paraformaldehyde (0.4 g.)
Heating under reflux for 72 hr, yielded 26 mg. of non-volatile
bagic material vhich did not form a erystalline hydrochloride

or plcrate.
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(a) The previoﬁa reaction was repeated using amyl alcohol

as solvent. The same wrosult was obtained.

(e) A mixture of ethyl styrylacetate (04,95 gzes 0,005 mole),
dimethylamine hydrochloride (0.45 g¢y 0,005 mole) and para-
formaldehyde (0.3 g.) was heated in a sealed tube at 206° for

6 hre A yield of 28 mg. of non-volatile base similar to that
d@scribed in the previous reactlions was obtained.

(f) Dimethylamine (0.23 g4, 0,005 mole) was dissolved in a
mixture of acetic acid (4 ml.) and acetic anhydride (0.4 ml,).
Bthyl styrylocetate (0.95 gey 0,005 mole) and pareformaldehyde
(0e3 go) were added and the mixture heated under reflux for

6 hre Most of the solvent was removed by evaporation in vacuo,
the residve mixéd with water (15 ml.) and extracted with ether.
The ether extract yilelded on evaporation 0.9 g. of unchanged
ethyl styrylacetate. The residual équeous fraction was bagified
with sodiunm hydroxide and again extracted with ether to yield

a small trace éf basié naterial on evaporation.

(e) Styrylacetic acid (0.8 gy 0.005 mole) was suspended in
waber, dimethylamine (0.23 g., 0.005 mole) ndded and the mixture
stirréd until solution was effected. Solution of formaldehyde
40% (1 ml,) was added and the mixture heatod under reflux for

6 hre The solution was cooled and acidified with hydrochloric

acid to pive a precipitate of unchanged styrylacetioc acid.
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Exbraction of the supernatant liguid with cther yielded more
unchanged acidy; the total recovery being 0.78 g.

(ii) Monnich condensation of siyrylmalénic acid, formaldehyde and

dimethylamnine.

Styryilmalonic acid (1.03 gs, 0.05 mole), prepared by the
method of Ivanov and Esehanichmiiﬁz wap dissolved in 60% aqueous
solution of dimethylemine (0,38 ml.) and treated with 40%
solution of formaldehyde (0.4 ml.) at 0°. There was an immediate
trangient effervescence: The mixdture was left overnight at 0°,
acidified with dilute hydrochloric acid, and the amorphous solid
which separated was extracted wilh etheor, Evaporation of the
ethereal extract gg.xgggg’yialded 0442 ge of a solid which could
not be crystallised butwhich gave a crystalline derivative with
pebromophenacyl bromide, meps 142° (from ethanol), probably
p-bromophenacyl 2-~sgtyrylacrylalc. (Found s 0y60.53 Hy4,01y
Bry20.8s Gy oH, 4058y requires 0,61,41y Hy4.013 Bry21.3).

The aqueous fraction remaining after extraction of the aoid
vas treated with a glight excess of sodium bicarbonate and
extracted with ether to remove eny unchanged dimethylamine, then
o slight excess of solution of sodium picrate was added. On the
addition of a few drops of dilute hydrochloric acid, crystals
(23 mgey 0e9%) meps 146° (from othanol) of the -pilcrate of

3edinethylanino~2-gtyrylpropionic acid were obteined. (Founds
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Cy51053 M,4e5) Ny1243s O, gH, N, 05 Tequires C,50,93 Hede5y Ny12.5).

(111) Attemplted preparation of 3-methylaminow~2-styrylpropionic agcid.

The preceding reaction was repeated,s replacing the
dimethylamine by an equivalent amount of methylamine, The acidic
froction obtained was identicsl with that from the previous
reaction, A pierate meps 114° was obtained ap described above,

but in guantity too small for recrystallisation and characterisa-

tiona.
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Preparation of 4-Dimethylamino-2-styrylbutyrie Acid.

(a) Sodium (04575 gey 0.025 mole) was dissolved in dry ethanol
(20 ml,) and ethyl siyrylacetate (4.75 g+, 0.025 mole) added with
gtirring and cooling. Afber 60 hr. at room tempersture the
nixture was treated with a solution of dimethylaminoethyl chloride
(obtained from dimethylaminoethyl chloride hydrochloride, %.58 g.,
04025 mole) in xylene (7 ml.) added dropwise with continuous
stirring. On heating under reflux for 2 hr. a whité precipitate
wag obtained. The mixture was cooled, acidified with dilute
hydrochloric acid, extracted with ether and the ethereal extract
reserved. The aqueous fraction was basified with solution of
ammonia and again extracted with ether. The ether extract was
dried over anhydrous sodium sulphate, eveporated in vacuo and the
oily residue fractionally distilled in vacuo to yield 0,92 g.,
14% of a colourless viscous 0il, beps 100-110° 0.4 mm., nh8 ,
1.515, probably ethyl A~dimethylamino-2~gtyrylbutyrate.
(Equivalent weight by potentiometric titration, 258 C,glhz 0, N

reguires equivalent welght 261).

The product resinified and darkened rapidly on storage.

The pilerate of this base was initially oily but slowly
formed crystals mepe. 106° (from aqueous ethanol)of the picrate

of 4~dimethylamino=-2-styrylbutyric acid. (Founds C,51.43 H,4.7s




86

Wyl2s2e Gyl , 05N, requives C,51,95 1y4.83N,12,1).
(v) The reaction was repeated, heating the sodium ethoxide
and ethyl styrylacetate under veflux for 2 hr. initially. The
non-basic ether-soluble fraction was again rescrved. The‘
yield of base, identical with that from the previous reaction
was 0.88 gey 13%.
(a) The initial period of heating under reflux was increased
to 18 hiv. No basic material was recovered.

The non-hasic ethexreal firactions from the previous
- reactions were combined and fractionally distilled in vacuo
to yield, in addition to unchanged ethyl styrylacetate, 14.9 g.
of a very viscous yellow liguid b.p. 206-208° 0.8 mm. The
latter was hydrolysed by heating under reflux for 30 min. with
ethanolic potassium hydroxide. removal of the alecohol by
efaporation in vacuo, acidification with hydrochloric acid and
extraction with ether produced an acid, m.p. 153° (from benzene
and light petroleum), probably o dimer of styrylacetic acid
(Found: G,T4.23 Hy6,63 eoquivalent weight by potentiometric
titration, 164y approximete molecular weight from freezing-
point depression of camphor, 294. Co 055 04 reguires C,74.1y
H,6,2y equivalent weight, 162y molecular weight, 324).
Styrylacetic acid has mep. 54°%.

(d) Bthyl styrylacetate (4475 gey 04025 mole) was added to
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tmolecular! sodium (0,575 ges 0.025 mole) suspended in xylene
(30 mi,)s No reaction wag evident in the coldy on warming

a red resin was formed without evolution of hydrogen.

(e) The first reaotion in the series was repeated, adding

the dimethylamninoethyl chloride at a temperature of =-30°,
leaving 48 hr. at 0° then for four days at room temperature.

The non~basic e%hgmusoluble fraction consisted entirvely of.
ethyl styrylacebate and none of the required basic product wase
obtained.

(£) The sodio derivative of ethyl styrylacetate was prepared
as in the first reaction of the series, the aleohol removed by
eveporation in vacuo and the residue dried in 8 vacuum desicocator
over phosphorus pentoxide for 48 hr. The residue was suspended
in xylene (40 ml,) and a solution of dimethylaminoethyl chloride
(from 3,58 g. of hydrochloride, 0,025 mole) in xylene (20 ml,.)
was added, The mixture was heated under reflux with stirring
for 20 min, 'Phe basic product, isolated as before, (3.8 g.)
yielded on fractional distillation 0.5 ge of the required base.
The remainder could not be distilled at a pressure of 0.1 mm.
and did not form a crystalline picrate or hydrochloride,

(&) The previous reaction was repeated twice, heating under
reflux for 7 min, and for 2 hr, Recoveries of the desired

base were 0.7 gey 11% and 0,65 g., L0% respectively.
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Alkanolamides of j-Dimethylominopropionic Acid.

(i) Reagtion of ethyl 3-dimethylamninoproplonate and ethanolamine.

(a) Lgual volumes of e¢thyl 3~dimethyleminoproplonate,
prepared by the method of Adamsonﬁoo(l4.5 Gey Oul mole) and
ethanolamine were heated together in a still fitted with a
short fractionating colummn so that the fraction distilling
helow 90° was conbinually removod, After 6.12 ge of
digtillate had been obtained no mowve product of this boiling-
range could be separated and heating was discontinued. The
presonce of an alcohol in the distillate was indicated by a
positive iodoform reaclion (theoretical yield of ethanol, 4.6 g.).
Addition of alcoholic solution of plcric acid to the distillate
gave orystals of dimethylomine picrate, m.pe 150° undepressed
on mixture with the picrate of aulthentic dimethylamine,

The residue in the still was fractionally distilled at
1 mme pressure, After a forewrun of cthanolamine there was
obtained a few drops of olly liguid distilling over a range of
140~190°, The residue was brown and resinous and could not be
distilled. HNeither it nor the distillate formed crystalline
hydrochlorides, pilcrates or oxalates.
(b) A repeat reaction in which the ester and ebhanolamine
were heated together at 100° for 4 hr., yielded only unchanged

starting material.



(i)

89

Reaction of j-dimethylaminopropionyl chloride hydrochloride and

ethanolamine.

(a) A suspension of 3«~dimethylaminopropionic acid hydrochloride
(6412 gay 0«04 mole) in thionyl chloride (20 ml,) was heated in

o water bath at 65° until effervescence ceased and the mixture
became clear. Heating above this temperature caused resinifica-
tiona sxoess thionyl chloride was removed by evaporation in vacuo
and the whive crysialline wesidue washed with light petroleum and
again dried in vacuo. The acid chloride hydrochloride so

obtained was suspended in dvy chloroform (20 ml.) and treated with
a - solubtion of ethanolamine (2444 ge5 0.04 mole) in dry chloroform
(10 ml,) added in one quantity at room bemperasture with stirring.
After standing overnight at room btemperature, the chloroform was

removed by evaporation in vacuo and the gyrupy residue dried in

yacuo over poltessium hydroxide. Bthanol (30 ml,) was added and

pet aside overnight at 0°., The corystalline residue was filtered

of £ and recrystallised from aqueous ethanol to give Z2-aminoethyl

3'ewdimothylominopropionate dihydrochloride (L.l gey 12%) mop. 181°,

(Founds €,3%5.9y HyTeTs Ny12,03 CL,30.6, Coli, 50, N, 01, requires
C336403 HeTaTp Npl2,0, CL,30,5).

The algoholic mother~liquors left after removal of the amino
egter dihydrochloride were concentrated in vacuo and treated with

dry ether to yield 4.1 g. 50% of a déliquescent hydrochloride,
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meps +54° which formed on the addition of sodium picrate

solution the dipigrate of 0, Wy~-big-(3-dimethylaminopropionyl )=
f'-'\.P. )4.@" . ' ’ :
&thanolamine.[(?ounds - Cadle05% Hydeby WelTa3s Cpallyy 050,

reguives Cp40423 Hpde33 WylT46)e

(iii) Reaction of 3~dimethyleminopropionyl chloride hydrochloride and

ethanolamine in the prepence of triethylamine,

(a) A suspension in chloroforn (20 mls) of 5-dimethylaminoe
propilonyl chloride hydrochloride (0.02 mole) prepared as described
in the previous vescbion was treated with trlethylamine (2.02 gey
0.02 mole) added dropwise with stirring and cooling, thon with

o solution of ethanolamine (1.22 ges 0,02 mole) in chloroform

(10 mls) added in one quantity. There was an immediate exothermic
reaction and a dark-brown colour developed, The mixture, after
standing at room temperature for 4 hr.,became homogeneous, It

wag cooled to 0°, sheaken with e slight excess of solution of
sodium hydroxide and the chlovoform layer separated. The

aqueous phase was exbracted with two further portions of chloro
form (20 ml.) and the combined chloroform extracts dried over
sodium sulphate and evaporated in vaguo. The oily liquid
obtained (5.3 g., 80%) yiolded a hydrochloride m.ps. 154° and
pilcerate meps 147° undépressed on mixture with the corresponding
derivatives of 0, N,~big-(dimethylaminopropionyl)~-cthanolamine

from the previous reaction.



91

(v) The previous veaction was repeated, keeping the
reacbants at o bemperebure below 0° and adding the ethanclamine
gsolution slowly with continual stivring. The mixture was

kept at 0° overnight, then the repultlng suspension was
filtered to yield ethanolamine hydrochloxide (1.96 g+, 100%).
The filtrate was shaken with a slight excess of solution of
sodium hydroxide, the chloroform layer separated and the
aqueous phase exbtracted with a further two portions of
chlovoform (20 ml,). 'The combined chloroform fractions were
dried over anhydrous sodium sulphate and evaporated to yield

a brownish oily liguid (130 mge.) which formed on itreatment with

alcoholic picric aeid, the picrate of %-dimethylaminopropionic

acid dimethylomide mepe 131° (from ebthanol) undepressed on

nixture with the picrate ofthe amide produced b& reaction of
j=dimethylaminopropionyl chloride hydrochloride and an excess
of dimethylamine. (Found: Cy42.9% H,5.43 0,%5.83 W,18.2.
CyigHy 0Ny mequives G,41.83 H,5.13 0,34043 W,18,7).

(¢) A suspension of 3~dimethylamninopropionyl chloride
hydrochloride (0.05 mole prepared from 3~dimethylaminopropioniec
acid hydrochloride, T.6% gs) in dry chloroform (50 ml,) was
added slowly with stireing to & solution of ethanolamine

(6410 Ges 0.10 mole) in dry ehloroform (20 ml.), the

temperature being kept below 0° throughout. The suspension

wvas left overnight at room temperature then filtered., The
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residue (1343 g.) was recrystallised from @th@nol;ethex to
give 5,5 g. of othanolamine hydrochloride., The concentrated
muthernliquors’on treatment with sodium pilerate solution gave
a plcrate, meps 147°, undepressed on mixture with the picrate
of the bie compound from previous reactions.

The original chloroform filtrate was treated with a
glight exc@mé of solution of sodium hydroxide and the basic
fragtion obtained as described in the previous preparation,
The base (L+31 ge) formed a picrate which waé identical with

that of the bis compound obltained previously.

(iv) Reaction of 3w-dimebthylaminopropionyl ehloride hydrochloride

with ethenolamine hydrochloride to yield 2~aminocethyl 3'-

dimethylaminopropionate dihydrochloride.

A suspension of j~dimethylaminopropionyl chloride
hydrochloride (0,05 mole) in dry chloroform (30 ml.) was
treated with ethanolamine hydrochloride (4485 gy 0.05 mole)
which had been finely powdered by levigation under dry light-
petroleum, No immediste reaction was evident, but, on hoating
undey weflux, hydrogen chloride was evolved and the amount of
insoluble matter incrcaned. After 2 hr., evolution of
hydreggn chloride ceased, the mixture wag allowed to cool and
the chloroform removed by evaporation in yacue. The residue

was dissolved in a minimum gquantity of boiling ethanol,
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filtered and allowed 4o cool, yielding 2=-amincethyl %'
dimethylaminopropiovate dihydrochloride (75 gey) mepe 181°,
identical with that obtained previously. TIvaporation of the
mother liquors yielded a further 1,0 ge of product and & total
yield of 845 ge (T5%)s

(v) Proparetion of 2-(3-dimethyleminopropionamido)ethancl from

2=ominoethyl %) -dimethylaninopropionste dihydrochlorides

A solution of 2-aminoethyl 3'sdimethylaminopropionate
dihydrochloride (7«5 gvs 04053 mole) in a minimum volume of
water was shaken with chloroform (30 ml.) and treated under
cooling with a slight excess of potassium hydroxide dissolved
in & minimum of waber. Phe mixture was well shaken, the
chloroform separated and the residue exbracted with a further
two portions of chloroform (30 ml,)s The combined chloroform
extracts were dried over exsiccated magnesium sulphste and the
chloroform removed by evaporation in vacuo 0 leave 3.0 g,
57% of an oil, n%?, 1477 probably slightly impure 2«(31-
dimethylaminopropionamido )~ethanol. (Pound equivalent woeight,
potentlometric, 164, 165, Oyl 40, N, wequires 160).

Short-path distillation of the il at & pressure of
0¢8 mm, yielded & colourless oily distillate of bep. 155-160°,
Some loss of vacuum occurred during heating, and there was o
small residue of volatile base in the solid carbon dioxide —

acebone cooled vapour trap. Thig bage gave a picrate mep. 150°
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undepressed on mixture with the picrate of authentlic dimethyle
anine . ’

The distillate fraction of bepse 155~160° had n;a, 1,489
end an equivalent weight of 193, A portion of it was mixed
with an excess of dimethylamine and left at wroom temperabure
for 48 hr, Bxceas dimethylamine was removed by heating to
100° in vacuo and the equivalent welght of the residue found
to be 166 . : - .

'Bouimolecular proportions of the base (W.Wt. 166) and
oxalic acid woere separately‘dissoive& in ﬁinimum amounts of
ethanol and mixed. The é£hanol wals removed by distillation
in vacuo and the reaultan%‘s&rup treated ﬁith'boiling acetone,
This gove, on cooling, crystais.m.p, 8%‘ (from acetone) of

2= (31 -dime thylaninopropionamido)-cthanol acid oxalate. (Founds

0’4501‘ II,704§ N,ll.(). Cg]ila()emla I‘@quires 0’4.5.2’ I‘I’?OZ’
Melle2)e

The succinete of 2«(%!'-dimethylaminopropionamido)-cthanol

wag prepared ap desceribed for the oxalate, using 2 moles of
1
base to eaeh¥mole of suceinic acid, It consisted of hygroscopie
crystols, meps 108° (from acetone). (Founds Cs49.5 3 He8.8 3
Ngl2e8 « ©,gHeg 0l requires C,49.32¢ H,8.683 ,12.78).
Attempte to prepare crystalline picrates, picrolonates,

hydrochlorides and naphthylisocyanates of the base were

unsuccesgful.
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(vi) Bthyl 2~(§}»dimethylaminoprqyionamido)~aeatate.

A suspension of 3-dimethylaminopropionyl chloride
hydrochloride (0.05 mole) in dry chloroform (30 ml.) was breated
with a solubtion of ethyl eminoacetate (5.15 gey 0405 mole) in
chloroform (20 ml.) added in one quantity. The mixture was
heated under roflux until no further hydrogen chloride was
evolved (about 2 hr.,) and the chlovoform removed by evaporation
in vacuo to leave 9.8 g. (82%) of a guamy solid which cnystaliise&
on kuneading under dry ethex. Recxystallisation from ethanol-ether
gove crystals mepe 124° of a highly deliquescent substance,
probably slightly impure ethyl 2~(3LdimethylaminoPropionamido)m
acetate hydrochloride (Founds CLl, 161 Cgll, 03 1,C1 requires
¢ly1l4.9). Repeated wecrystallisation did not improve tho
analysig,

The hydrochloride was auépended in dry ether (30 ml,)
and dry ommonia passed through it for 10 min. with continual
atirring. The product was filtered, the solld resuspended in
éther'and the process rep&ated. After a third repetitioﬁ the
ebthereal fractions were combined and the ether removed by
evaporation in vacuo. The olily residue was left overnight in

a desiccator at 0.% mm. pressure in the presence of potassium

hydroxide and paraffin wax to yield cthyl 2~(3£dimethx}amino~

propionamido)~acetate, n;a,‘l.4621. (FPounds Cy55.63 1,063
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N’lsusi 091{13031% I‘unireﬂ 0,53.5‘ 11’899. N,l.ﬁ.g)p

(vii) Preparation of 2~(3'-aminopropionamide)~ethanol by reduction

of ethyl 2-(3'~aminopropionamido)~acetate,

Bthyl 2-(3t=dimethylaminopropionamido)=acetate (3 gey
0.0015 mole) was dissolved in dry ether (30 ml.) and treated
with lithium aluminium hydride (0.68 g., 0,002 mole) added in
small portions with continuwous stirring snd ice~cooling. The
mixture was allowed to attain room~temperature with continuing
constant stirring, the excess of lithium aluminium hydride was
decomposed by the addition of moist ether followed by picces
of ice, and the product was filtered. The solid residue, on
extraction with chloroform and evaporation of the extracgt
in vacuo yielded an oily base (L.l gey 46%) which formed an
oxalate identical with the acid oxalate of 2-(3'~dimethylaminom
propionamido )~ethanol obtained previously.

(viii) Preparation of (+)-2eaminopropyl 3'!'-dimetlhylaminopropionste

dihydrochloride.

Finely powdered (+)-2e-aminopropanol hydrochloride (0.76 g.,
0.02 mole) prepared by the method of Vogl and Pi')hma;o1 waes added
in one quantity to a suspension of 3-dimethylaminopropionyl
chloride hydrochloride (0.005 mole) in dry chloroform and

heated under reflux until no more hydrogen chloride was evolved

(about 45 min.). The chloroform was removed by ovaporation
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in wvacuo and the solid residue recrystallised from aqueous

ethanol to yield (+)~2-aminopropyl 3'~dimethylaminopropionate

dihydrochloride (0.47 g.) m.p. 189°, (Found: ,38.63 H,7.83

Nyllede CgHy 0, N, Cl, requires C€,38.93; H,8.13 N,11.3). Concentra-
tion of mother liguors yilelded a further 0.1l g. of products
total 0.58 g« (46%).

The residual fraction in the mother ligquors (0.49 g.)
could not be crystallised and did not give a crystallisable
picrate on treatment with sodium picrate solution,

Numerous repetitions of the reaction gave yields varying
from 5% to 46%. Increase in scale generally diminished the

percentage yield.

Preparation of (4)-2-(3'-dimethylaminopropionamido)~propanol from

(i)~2—aminopropzl 3t'edimethylaminopropionate dihydrochloride.

The method was identical with that described for the
corresponding ethanol derivative (Preparation No.(v) in this
section), An oily base was obtained which formed on treatment

with oxalic acid the acid oxalate of (¢)~2~5'«dimethylaminoproPion-

amido)=-propanol, m.p. 114° (from acetone-ethanol)., (Found:

C,45.8§ H’7-9§ N,lO.‘j. 010}]%006312 I‘equires 0,450;)-; H,?-é} N,10¢6)

The succinate was crystalline but excessiveiy deliguescent.

(+)-Ethyl 2-(3'~dimethylaminopropionamido)~propionate.
As described for the corresponding acetate (Preparation

No.(vi) in this section) 3~dimethylaminopropionyl chloride
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hydrochloride (0.05 mole) was treated with (+)wethyl 2-amino-
propionate to yield an extremely deliguescent hydrochloride,
mepe 96° (from ethenol-ether). (Founds Cl,14.3. G,y H,, Oy N,CL
requires Gly14.1).

Treatment of a suspension of this hydrochloride in dry
ether with excess dry ammonia as described previously gave

(+)-ethyl 2-(3'-dimebhyleninopropionanido)-propionate, &

i8
colourless oily np » 1.4558, (8478 oy 81%) (Found: Cy55.7
H,9.3’ N-’]-ZQQQ 010}%0031\'{,3 1’9(}_1&5.1’88 0'5516§ H,903§ N,l:’a.O).
Preparation of (4)~2=(3'-dimethylaminopropionamide)-propanol

by reduction of (+#)eethyl 2-(3!-dimethylaminopropionamido e

propionate,

The total product from the previous reaction was
dissolved in dry ether (50 ml,) and excess of lithium aluminium
hydride (2 g.) added in portions with stirring and ice~gooling.
Stirring was continued for 2 hr., auring which time the mixture
was allowed to come to room-temperature. Excess lithiunm
aluninium hydride was decomposed by the cautious addition of ice
and the produet filtered. The solid residue was extracted
twice with 50 mles portions of boiling ethanol, which were
combined and evaporated gg_xgggg:to a8 syrupy resldue. Thie

was exbtracted with 25 ml. of boilling ethanol, and the extract
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vas treated with ether to form an opalescent solution,. After
filtration, this was agaln evaporated in vacuo to yield 4.95 g.
(70%4) of a viscous oil; Oxelic acid (4 o¢.) was added as an
ethanolic solution and the resulting precipitate, consisting
mogtly of inorganio salts of oxalic acid, was removed by
filtration. The filtrate on evaporation to dryness and
extraction with boiling acetone gave crystals, m.p. 114°
identical with those of the acid oxalate of (4)=2~(3'~dimethyl-

dgminopropionamido)-propancl obtained previously,
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Mkenolanideos of Wicotlinde Acid ond Related fubstonces

2~(3 ' =llothylhoxahydronigotinamido)~ethanol seid oxalates -

The nethod of Phillips and ﬂaltwlyﬁ? was sodified an
followsy- 4 solution of lenethylhoxahydronicotinie acild
hydrochloride (3 frey 0e0L66 mole) in dry athanol (30 ml,) vas
paturated with hydrogen ohloride fhen heatod under reflux for
1 hre The mixbture was evaporated in vaecug to o syrup which
wap treated with a elight oxcess of 20/ agueocus sodium
hydroxide and at once extrasted with chloroform. The chloroform
extroct vas dried over anhydrous sodiuvm carbomte and the
chloroform removed by ovaporation jin vacue to yield 242 ge of

ethyl lenothylhexohydyonicotingtes Whe basgo was mixed with

excens othonolanine (2 mle) and hoated Lo 180° in a dipbtillaetion

flask Titted vith o shopt fractionating colunn. Ethanol, bepe
78° wap evolved for about 20 min., after which ne distilliste
koiling below 160° could be obtaiued and heabting was stopnod.
Bxeeso ethonolemine was removed by oveporation in vacuo to yield

2at ge 0f vigooug oil. Whe oil wos dissolved in o little

cethonol and mixed with o olight excess of an ethenolic solution

of oxalic acldy then evaporatod to a gyrup in vaguo. On

oxtraction with boiling acctone and cooling, 2~(1twnethylhoxse

hydeonicotinanido j=ethonol acid oxelato (1.8 gey 469}, maepe 124°

(from poectone) wos obtaineds (FPounde C,48.3 3 HyTedy HelOeOs
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Treatmeht of the product of this reaction with a large
excess of ethanolic hydrogen chloride gave crystals of
2~aminoethyl lt-methylhexahydronicotinate dihydrochloride,
nePs 216° (from eothenol).  Philllps and Bmltaly”give NepPe 214°

(ii) Preparation of 2-sminoethyl lmethylhexahydronicotinate

dihydroehloride from l-methylhexehydronicotinyl chloride

and ethenolemine hydrochloride. =~

(a) A suspengion of lemethylhexahydronicotinic acid
hydrochloride, prepared by the method of Preobrazhenskii and Fi%%%
(4449 2oy 0,025 mole) in thionyl chloride (25 ml.) was heated
under refilux for 15-20 min. until evolution of hydrogen
chloride ceaped and the mixture became homogeneous. IExcess
thionyl chloride was removed by evaporation in vacuo and the
crystalline residue washed with dry light petroleum until the
waphings were c¢olourless. Light petroleum was removed by
decantation followed by drying in vacuo and the product
suspended in dry chloroform (60 ml.). Finely powdered
ethanolsmine hydrochloride (2485 gey 0003 mole) wes added, and
the mixture heated under reflux until hydrogen chloride ceased
" to be evolved (5«6 br.)s The chloroform was cveporated in
vacuo and the residue disgolved in a miniumum volume of
boiling ethanol. On cooling, 2~aminoethyl l'-methylhexa-

hydronicotinate dihydrochloride (315 mges 5%), mepe 216°
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(from ethanol) wes obitained.

Fvaporation of %he alecoholic mother liquors geve 4.1 ge
of an uncrystallisable residue which was almost completely
soluble in chloroforme. The small portion of chloroform-
insoluble material was identical with the amincester dibydro-
chlorlde m.pe 216° obtained initially, The chleroform-soluble
portion could still not be ocrysballised, but yielded on treatment

with sodium pierate, 0,N-bis-(l-methylhexahydronicotinyl)=2-amino=

othanol diplcrate, m.p. 227° (dec,){from aqueons ethanol)

(Pounds G,43445 Hydeds Wy1645: Copls0oN, requires Cy43.7s
Hedeb3 Hyl6ad).

(b) The previous preparation was repeated, replacing the dry
chloeroform by dry tetrahydrofuran. The yield of aminoester
dihydrochloride was as before.

(e) The acid chloride hydrochloride was propared as jbefore
from le-methylhexahydronicotinic acid hydrochloride (018 g,
0,001 mole), The washed and dried produet was then mixed
intimately with dry and finely powdered ethanolamine hydrochloxide
(D12 gey 0,0012 mole) and heated slowly on an oil-baths. The
mixture melted at a bhath tempevature of about 120° and evolved
hydrogen chloride, whereupon heating was continued at 120%°-140°
until no more gas waec evolved -(about 20 min. ). It was then

allowed to cool and dissolved in a minimum guantity of boiling
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obhomol, which on cooling yiolded 177 mg. (68%) of cwystals
mepe 216° (fvom othanol) identical with the Pwaninccthyl 1ie

mobhylhiexohydronicotinate dibydrochloride obinined praviously.

(i4i) Abtenpbed provargtion of (%)ef-(L'emethylbexehydronicotinanide)«-

(iv)

proponod..

Bthyl lemothylhexaehydronicotinate (La7l Zey Ge0l mole)
was heatod with (4)-2~sninopropanol (2 mls) an dosceribed in
rosotion (i) of thip series. Reocbion octcurred with evolution
of ebhanol which wes complote afber 30 mine. The product, after
removel in vaguo of excess amninopropancl, weo somienolid, omorphous,
hygroseopie end did not form s evystallisable acid oxnlate. Shord
path Aietillation of the product {bath demporadure 120°, preseure
De 05 mue } govo o distillate similay in appoorvance, of equivalont
wolght (potentiometyic) 218s (The weoquired product C, oH, 0N,
has eguivalent wedght 200).

A poxrtion of the distillate was dissolvaed in ethanol and
saburated with hydrogen chloride. After standing overnight ot
roomn Lemperobure, the sthanel was wounoved by ceveporation in vaecuo
o leave @ very hygrosaople amorphous residus which could not

o &wyéﬁaliiﬂe&¢

Atbenpted preparation of (4)-#teaminopregml lemeithyihoxohyidrow
: : : AL

‘ndectinate %ya&ﬁahlawidq.

(o} The acld chloride hydrochloride, prapaved from Leneihydle
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hexehydronicotinie acid hydrochloride (0.18 ge, 0.001 mole), was
treated with (3ﬁ*2~amimﬂpraﬁanal hydrochloride (@.i4 ey ﬁ.9§12
molo) as deperibed in resctionii(c) of this serics. maactién
oceurred with evolution of hydrogen ehloride, but the pra&uwt
wae vepry hygroscopie and could not be eryatallised.

(b) (4)=2t=pminopropyl lemethyl=1,2,5,6~tctrabydronicotinate
dihydrochloride (Qe27 ey Cul0Ll mole), prepaved as deseribed in
renction (xii)of this series, was dissolved in water (5 mls)

and hydrogennted at aimoespherle pressure in the presence of a
platinun ozide catalyst, Reduction wes complete in 4 hre The
product, on evaperation to dryness in vacuo was again amorphous,
hygroscopice and could not be crystallised.

The nonecrystalline residue was treated with agueoun
alkali, extracted with chloroform, the &hlﬁrafdrm extract
evapornied to dryness in veouo and the residue treated with a
plight excess of ethanolio solution of oxalic acide The

T yesulbant oxnlate could not be erystaliised.
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Preparstion of Renicotinamide~ethanol.

Bthyl nicotinnbte (3402 geo, 0.02 mole)and €thanolumine
(%5 mla) wm?e treated as dencribed for the aarrésyﬁnﬁing reaction
with 1«m9thy1hﬁxahyéx0nimatinie acid (1) .  The produet left
aftor evaporation in vaguo of the excess ethenolarine erysiallised
apontancously and yielded, aftey recrystallisation from ascetone -
ather, 2enicotinanido-ethanol (2.9 gy 87%), mepe 90°.  Phillips

&7
ond Baltely  glve 89«90%, Z-Wicotinomido~ethanol ogid oxalote,

mepe 116°% (from vcotone) was prepsred as before. (Pounds Gy4704
MpdeO3 Hy10a0s Oyl s 06l requives Cy46.9y Hyde7s BHyL0s9H)e

Proparation of (4)=-2s-nicobinamido=-proponcl.

Preated as in the provious raéetidn, ethyl nicotinate
(3202 gy Cut2 mole) and (+)=-Resninopropancl (% nl.) yiolded 2.8 g,
(78%) of & basge which did not exystellise, butb which yielded, on

troatment with oxcess of oxalic soid, (4)-~Renicotinamido-propanol

acid oxolabe, Mepe 128° (from acetone)s.  {Founds 'C,49.33 Hy 5.5

ﬁ,li}gﬁo Gt 13‘%*&’3 Ejﬁ K‘&i@“iiﬁ‘ﬁﬂ 0’3}-&309‘ H’ﬁqgi H*l(}p‘!%)‘

Reaction of methyl l-mothylel,d,b,6-tetrabydronicotinete and

othanolanine.

Methyl lemethylel,2,5,6-~totrahydronicotinate hydrobronide
{Arecoline Hydrobromide BePela, Lol8 gey 0005 mole) was dissolved
in water (0.8 ml.) and treated with a solution of potassium

hydroxide (Oed o) in woter (0% mla)s The mixbure was extracted
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with tﬁreehsucaésaiée'pﬁrtions of chloroform (20 ml.), which
were combined, dried oﬁer anhydrous sodium carbonate and
evaporated to a syrup in vacuo, Aﬂ equal volume of ethanole
amine weas added and the mixture heated as described for the
previous two réﬁctiona to yield 0,774 &. of a viscous oil on
evaporatidn of excess ethanolamine, Treatment with en excess of
ethanolic solution of oxalic aclid gave & gummy residue which
orystallised from agueous methanol, m.p. 205-206° {dec.)
(Pounds €,49.0% H,7.63 W,11.0, 11.5%). This is not in
agreement with the required wvalues for 2!'-{l~methyle=l,2,5,6~
tetrahydronicotinanido )~ethanol acid oxalate (311H1508Né
roquires C,48.25 H,6.65 Ny10.20)e

The product may have been N,N-bismq-l-methyle3-(2 1=
hydroxyethyl)acarbonamidopiperidyﬂmethanolamine dioxalate
(CpaHgs Ng 0y reéuirea CydTe34 HyTely Npy11.5%) since a sample
of hydrochloride (prepared by treatqént of an agueous solution
of the oxalate with an equiva}ent amount of calcium chloride
golution and filtering) showed no absorption maximum between

29; and 250 mp, compared with arecoline hydrobromidewhich had
1%

1 cm.
(viii} Attempted preperation of l-methylel,2,5,6-tetrahydronicotinic

B = 563 at 205 mp (Pige 1)

acid azide.

l-Methyl-1,2,%5,6=-tetrahydronicotinic acid hydrazide
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(310 mges 0.002 mole) prepared by the method of Saparaze was
dissolved in 0.1 N hydrochloric acid (20 ml.) and cooled to 0,
Normal solution of sodium nitrite (2 ml,) was added in one portion
with vigorous stirring, which was continued during the further
gradual addition of Q.1 N hydrochloric acid until the solution

was Adistinetly acid to congowred paper. There wag no evidence

of any reaction.

The mixture was stirred for 5 nmin. at 0%, then neutralised
by the addition of N solution of sodium bicarbonate and extracted
with ether. The etherecal extract was dried over sodium sulphéte
in the dark at 0° for 15 min., then & portion was evaporated
in vacuo. A negligible amount of residue was obtained.

A chloroform extract of the agueous reaction mixture
similarly gave only a trece of residue on evaporation in vacuo.

The squeous phese was finally evaporated to drynees in vacuo
and the residue extracted with boiling benzene, which yielded on
cooling o small amount of crystalline material; meP. 156° (from
henzene) undepressed on mixture with the starting hydrazide,

(ix) Reaction of arecoline hydrobromide and ethanolamine hydrobromide.

Heating equal weights of arecoline hydrobromide and
ethanolamine hydrobromide on an oil bath up to 220° had no vigible
effect. Above 220° decomposition ocourred to yield a product

which could not be corystallised.
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(x) Preparotion of 2'waminoethyl lemethylel,?,5,6-tctrahydronicotinate
‘ W ) :

dihydrochloride.

An acid chloride hydrochloride was prepared from le-methyl-
19245y O=totrabydronicotinic acid hydrochloride (0.89 g, 005
nole) as desceribed for the corresponding hexahyironiecotinic acid
derivativeii{a) and mixed intimately with finely powdercd ethanole-
anine hydrochloride (1 g.) Ly trituration under light petroleum.
The solvent was removed by decantation, the ©0lid reeidus dried
in vecuo and heated on an oil bath. Frothing end evolution of
hydrogen chloride occurred at about 140°, whereupon the temperature
was raised ﬁlawiy o 180° and meintained af that %@mp@#&£ure until
no furthor reaction was visible (abowut 20 min. ). After cooling,
the product was dissolved in a ninimun vélum& of boiling ethanol
which yielded on cooling 0s84 ges (6%%) of brownish platelets,
Rmaxysﬁallisatiﬁn from ethonol (charcoal) pave 2t-nminoethyl

lmothylelyfy6y6mtotrabydronicotinate dibydrochloride, meps

253“ (ﬂﬂu‘-.) (ﬁ‘@unﬁa G,d—liﬁ; ﬂgﬁ#?’ ﬁglf}a?ﬁ Gl,:‘a?»lg Ggl’{igiﬁaﬂéﬂlz
voquirven (42,08 HyTe03 11,1049% CL,27.6%).

(xi) Preporation of 2'e(lemethylel,2,5,6-tetrehydronisotinanide)~othanol

‘ L sa%mraﬁa& agueous solution of Z'eamincethyl lemethyle
132y 5y 0mtatrahydronicotinate ﬂihy&waéhlwri&a (1429 gvy 0.005 mole) .
was btreated with o slight excess of 407 agqueous potassiun hydroxide
and extvacted with three portions of chloroform (30 mls). The

combined chloroform extraets were dried over anhydrous sodium
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sulphate and evaporated in vacuo to a very viscous syrup.
Treatment with an ethanolic solution of a very slight excess of
oxalic acid gave a product (1.02 g.) m.p. 92° (from agueous
ethanoll Recrystallisation from methanol and acetone gave a
product w.p., 158° (dec,), but in poor yield. This material on
further recrystallisation from agueous acetone had mip. 92°,
undepressed on mixture with the originel product. (Found:

for oxalate, m.p. 92° C,40.63 H,7.73 N,8,8. Cy 4 Hy a0 Ny 3H, O
requires G,40.2y HyTe55 Ny8s5%).

Titration of a solution of the hydrochloride prepared
from this oxzalate as described in the final sectlion of this
work gave o neubralisation curve characteristic of a diacid
hasge,. The product must therefore have beon the oxalate of

2'~pminoethyl lnmathylul,Q,5,theﬁrahydronicotinateg

A further portion of 2'~amincethyl lemethylel,2,%5,6=
tetrahydronicotinaete hydrochloride (25.7 mgey Oel millimole)
was dissolved in electrolyte-free water (10 ml.,) and an aliquot
portion (2 mls, 0.02 millimole} titrated with carbonate-free
potassium hydroxide solution as described in the following
seetion, The volume required for complete neutralisation was
1,10 ml. and the titration curve (Fig.24) characteristic of
a diacid base. The remainder of the solution was adjusted to

a pH value of 13 by the addition of solution of potassium
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hydroxide and allowed to stand overnight. It was then brought
to pHZ by the addition of hydrochloric acid and made up to 10 ml.
with electrolyte~free water, A further aliquot portion (2.5 ml.,
0,02 millimole) was again titrated under identical conditions.
The wvolume reguired for complete neﬁtr&liaation vag now 0.512 ml.
and the neutralisation curve was itypical of that foﬁ a monoacid
base ag shown by comparison of the pll values at }, 2/5 and 1/5
neutrality (Pige2B). This indicated that 0N acyl-migration
had oceurred and that the solubtion contained the regquired 2'=

(1um®thg;~1.2,5.ﬁmtetrahydrcniaetinamido ~gbhanol.

Further attempts to prepare & crystalline oxalate of
this base were unsuccessful, as were attempis to prepare

crystalline succinates tartrates and phthalates,

Proparabion of (+)=2'-aninopropyl l-methyl-l,2,5,6=tetrahydro-

nicotinate dihydrochloride.

Using the method described for the corresponding amino-
ethyl ester (Wo. x in this pection) lemethyl~l,2,5,6-totraw
hydronicotinic acid hydrochloride (890 mge, 04005 mole) and
() ~2m=aminopropanol hydrochloride (1 g,) gave 825 mg, (61%)
of a cxysialline product which was recrystallised from Qﬁhénol
(charcoal) to.yieid (ijﬁa'«aminopropylllwmabhyl—l,?,s,éhtetrau
hydronicotinate dibydrochloride, meps 215° (decs)s (Founds

Cy43.93 HyTeds Ny10,05 €1,25.4. CoH, g0, N,C1, requires Cy44.3y
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HaTeadt HalOs3s (1,2642%)4

(#414) Proparebion of (#)=2~(lemethylel,?,d,6~tosrahydronicoyinanido)~
~ propenol.
~ (:r)=2=tninopropyl lemnothyl=l,2,5,6~tetrabydronicotinate

dihydrochloride was trested with alkali ap deseribed under
proporation Hoe, 21 in this secbion. The product was o
hygroscopic, amorphous semi-golid which failed o form a
erystallinable oxalete, suealnnte, plorate, tortrate or
phithalate.,

A solution of the dihydrochloride (27 mge, Osl millimole)
in water {10 ml.) wos then trested as desewibed in preparation
low ki of this section. A pordion squivalent to 0,02
millimole had an indtiol titre of 0,009 ml. of potaseiunm
hydroxnide solubtion and a titration curve typieal of that for
g dincid bose.  After trestment with alkali and neutralisation
the titre was 04,404 mle and the ouwrve characteristic of a monom
p0ld buse, indicating thot the solutlon conteined (ip)-2'w

(Lenothylels 2,5, 6-totrahydronigobinamide =nropenol,
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Determination of Yonic Dissociation Constants

Pr&paxationvaf materiale under test.

(a) Acids.

ZwDimethylaminopropionic Acid Hydrochloride, - Ethyl

3=dimethylaminopropionate prepared by the mothod of Adamsoniao
was heated under reflux for 3 hr. with concentrated hydrochlorie
acid., The solution, when evaporated to dryness and recrystalle
ised from ethenol gave the required product,; m.p. 191°,

Greshan gi‘ggioﬁ give m.p. 191-192°%,

I»Metnylml,2,5,6~tetrqu§;oniaotinic_Acid Hydrochlorides -~

Arecoline, prepared from commer¢ial arecoline hydrobromide,

was heated under reflux with concentrated hydrochloric acid for
3 hr. The scolution, evaporated to dryness and recrystallised
from ethanol~ether gave arecaldine hydrochloride, mepe 263°
(decomp,) Wohl and Jchnsan?ai give 262-263%°,

l-Methylhexahydronicotinic Acid. - l-Methyl-~1;2,5;6«tetrahydro-

nicotinic aeid hydrochloride (0.3 g.) in ethanol (10 ml.) was
hydrogenated at atmospheric pressure in the presence of a
platinum catalyst, The solution, after filbtration and
concentration, yielded the desired product, meps 175-175°
(from ethanol~ether)., Wintersbtein and Wainhagen?os glve mepPe

175°%.
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i8
Begonine Hydrochloride, =~ BEegonine ([a]g ~44415° (0,443 in

water)s Henry;oe(quotes [o:]:D ~ 45.,4°) was dissolved in a
siight excess of donc@ntrated hydrochloric acid and the
solution allowed spontaneously to evaporate to drynees over
potasgium hydroxide in vacuo, The resulting ecgonine
hydrochloride had m.p. 252° (dec.) biebermanniov £ives mePe
246°,

Ulicgonine Hydroechloride. =  Prepared by the method of

108
Einhorn and Marquart, m.p. 236°, Rinhorn and Marquart give

2364 %

Iysersgic Acid. - Prepared from ergotoxine by the method of

Stoll and Hoffmann, m.p. 239° (dec.) from water., Stoll and
110

Hoffmann give 240-250° (decCs).

Isolysergic Acld. = Prepared from lysergic acid by the method

47

of Smith and Timmis, wmep. 238° (dec.), from water. Stoll and
110 . ‘

Hoffmann give 2408245,

(v) Esters.

Bthyl 3-Dimethylaminopropionate Hydrochloride., -~ Ethyl

s=dimethylaminopropionate prepared by the method of Adamaonioo
was dispolved in dry ether and treated with excess of dxy
hydrogen chloride. The produdt, whon recrystallised from
gthanol~ether gave ethyl 3~dimethylaminopropionate hydrochloride,
Mmepel34®.
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Methyl l-Methyl~ly?,5,6~tetrahydronicotinate Hydrobromide. =

A commercial sample of arscoline hydrobromide was recrystallised
from ethanol to & constant m.pe of 172°. The Britieh
Phermaceutical Codex 1949 gives m.p. 168-1759,

Methyl l-Methylhexahydronicotinete lydrobromide. ~ Arecoline

hydrobromide (1 g.) in methanol (20 ml,) was hydrogenated at
atmospheric pressure in the presence of a platinum catalyst.
Hydwogenation was complete in 4 hr. The solution, after
filtration, was evaporated and the residue recrystallised from
a mixture of methanol and ethyl scetate (1:1l) to give methyl
l-methylhexahydronicotinate hydrobromide, m.ps 114° {(after dry-
ing in vacuo over phosphorus pentoxide). Preobrazhenskii and

102
Fisher give m.pe. 115-~116°, The product was highly deliquescent

Eegonine Methyl Beter Hydrochloride. - Prepared by the method of
: 142

Kinhorn snd Klein, 3m.@.4216“ (decs)» Dinhorn and Klein give

meps 212° (dec.).

W _~Gegonine Methyl Ester Hydrochloride. - Crudeq)-ecgonine

hydrochloriderwas dissolved in saturated methenolic hydrogen
chloride and the solution refluxed for 1 hr. The solution was
evaporated to dryness, the residue converited to base with
agueous gsodium carbonate (10%) and the base exbracted with
ether, The bage in the dry ether was treated with dry

hydrogen chloride and the precipitated hydrochloride recrystall-

ised from ethanol to givejkecgnnine nethyl ester hydrochloride,
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mepPe 197°. Mixed melting point with the hydrochloride from

authentic y =ecgonine methyl ester, 197°.

(¢) Amides.

Hydrochlorides of (#)}2«(3'-Dimethylaminopropionamido)propancl,

Qﬂ@'wDimathylaminoprepionamido)-ethanol and 2'~(l-Methylhexa-

hydronicotinamido)ethanol.

These were obtained, as described in the preceding
sectionyg, as acid oxalates and were converted in aqueous
solution to their hydrochlorides as followss:~ 0,1 millimole
of the mcid oxalate was disgolved in electrolyte-free water
(0.5 ml,) and treated with a very slight excess of solution
of caleium chloride, Precipitated calcium oxalate was removed
by centrifugation,washed,and the supernatant liquid plus
wagshings mede wp to 10 ml. with electrolyte-free water,

Aliquot portions of 2 ml, (equivalent to 0,02 millimole) were
used for cach determination.

Hydrochlorides of 2!'=(l-Methyl~l,2,5,6-tetrahydronicotinamido )~

ethanol and (+)=2'~=(l~Methyl=1l,2,5,6=tetrahydronicotinamido)-

propanol. - Prepared in scolution from the corresponding amino-
ester dihydroohlorides as described in Parts xi and xiii of
this wection

Bregometrine, Brgometrinine and 2-Nicotinamido~ethanol

Hydrochlorides., = The bages (0.02 millimole) were dissolved




116

in a known slight excegs of 0.5 N. hydrochloric acid

immediately before titration,

(ii) Reagents and solvents

(iii)

Carbonate~free potassium hydroxide solution was prepared
by the method of Steinbach and Freiaer,iia in which 0,05 N.
solubtion of potassium chloride in electrolybte~free waber is
pagsed through a column of strongly bagic ilon~exchange resin
(ZeBehs 400). Alkali was propared in small quantities as
reguired and stored in a speclally designed vessel to prevent
access of atmospheric carbon dioxide (see Fig.4).

Nitrogen was freed from carbon dioxide by passage through
soda=lime then bubbled through water at 25° to warm, humidify
and remove any entrained particles of soda-lime,

Electrolyte~free water was prepared by passing tap water
first through a 'Deminrolit! two~bed ion exchanger followed by
a mixed bed of strongly acidic and basic ion-exchange resine
inmediately before use,

Ethyl cellosolve was prepared from a commercial sample
which was fractionally distilled from solid potassium hydroxide,
the fraction of boiling-range 132-134° being taken.

Apparatus (Figed)

Titrations were carried out in a cylindrical glass cell

of about 8 ml. capacity which had been silicone-treated to

facilitate draining and washing. The cell rested in a copper
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cup which could be heated by means of circulating water from

a thermostatically~controlled reservoir to maintain the contents
of the cup at 25° + 0.1°. A magnetic rotor below the cell and
cup activated a stainless.steel stirrer. A separate glass cell
fitted with a drain tube was found to be convenient for waching
and standardising the electrodes.

A tDoran' micro-electrode assembly, fitted with a glass
capillary through which carbon dioxide~free nitrogen could be
bubbled, was arranged so that it could easily be lowered into
the cell, The pH meter used was & direct-resding type (Nlectroni
Industries Lid.) with a /A pH scale allowing accurate observation
to 0.01 units,.

Alkali from the reservolr was passed through a glass tube
to a two-~way adaptor attached to an '"Aglat' micrometer syringe
and to a glass cannula, thereby allowing the syringe to be
£illed and emptied without exposure of alkali‘ta the atmosphore.
The tip of the camnulas was just in contact with the surface of
the ligquid during titration.

(iv) Method

The material under test (0.02 millimole) in the form of

its hydrochloride was dissolved in such a volume of electrolyte~

free water that its caleulated volume on titration to half-

neutrality would be 4.0 ml. This solution was transferred
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to the thermostaetically-controlled cell and titrated potentio=-
metrically with carbonate~free potagsium hydroxide solution
from the micrometer syringe under o stream of carbon dioxide~free
nitrogen and stirring by means of the magnetic stirrer.

An experimentelly determined correction for solvent
effect was applied, based on the methods of Wagueai and Harrisaz
in the following waye. A blank tibtration wes carried out under
the same cenditionsfused in the test, whereby the material under
test was replaced by an equivalent guantity of carbon dioxide-fre
hydrochloric acid. The volumes of Q.05 N potassium hydroxide
solution required to rsise the pH value in the blank determinatio:
from 740 to various pre-selected values were determined accuratel;
from a mean of eight titrations. ¥rom this it was posgible to
determine solvent correcticns for any desired pH value by
interpolation. These aorrecﬁions'wera subtracted from the
obsexrved bLitres in the test determinations.

he procedure for converting oxalates to hydrochlorides
was shown to be satisfactory by cerrying out a blank titration
in which the oxalate under test was replaced by an eguivalent
anount of sodium oxalate. The titration curve did not differ
from that for an eguivalent.amount of sodium chloride.

For lysergic and isolysergic acide the method wes as

followss~  the acid (4 mg., 0,013 millimole) was suspended in a
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mixture of water and ethyl cellosolve calculated to give a
volume of 4 ml, and a known cellosolve concentration on titration
to halfeneutrality., The acid was digsolved by the addition of
an accurately measured volume of 0,05 N carbonate-free potassium
hydroxide (0.4 ml,) and immediately titrated with 0.05N hydro-
chloric acid, Titﬁation was discontinued if the acid was
precipitated, the end-point then being calculated from the
known-equivalence of the acid and alkali used. A solvent-
correction was caloulated as before from a blank titration in
which the lyserglc and isolysergic acids were omitted. A
separate correction was calculated for each concentration of

cellosolve.
(iv) Results.
Dissoclation constants were calcuiatea from the pH values
at 1, %/3 and. %/3 neutrality, a mean being taken of at least
two titrations. The second acid dissociation constant of amino
acides was taken., The results are tabulated in Tables 2, 3 and 4.

Details of a typical titration are as followes
Determination of pK'a value for methyl le-methylhexahydronicotinat

Weight of sample (as hydrobromide) 5.5 mg.

Volume of electrolyte~fresc water 3.8 ml,.



pH value Volume of 0.05N
potassium hydroxide
(1 unit = 0,0002 ml,)

480
7460
T+99
8,10
8,19
8.28
84357
8e43
8,51
8.60
8,70
8,98
9.10
917
9.22
9.38
D452
.62
.72

9.82

2500
2200
1900
1800
1700
1600
1500
1400
1300
1200

i@@@&

800
700
650

600
500
400
350
500

250

Volume of alkali at end-point = 2500 =~ 470

Volume of alkali at half-neutrality

Reading at half-neutrality = 1015 + 470

Reading at k/é neutrality

Reading at~g/§ neutrality

i

o
WS
Lgxn

2

e

+

= 2050 units,
P> 1015 unite.
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Volume corrected 4 pH
(v) dv
1830
17352
1635
15357
1440
1345
1250
1160
790
750 %3%7 = 0, 0017
710 263 = 0.0013
620 gé%g = 0.0018
540 0.14 _ 4.0018
800 .
0410
500 25§-n 0. 0025
Q.10 )
470 gaa*-ﬂ 0.0033
440 %éﬁg « 0.0033

= 1485 (Or 2500 ~ 1015

= 1485)
470 = 1824

470 = 1147
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Values of pH at these oorreoted titres were obtained by

interpolation in a graph (Fig*3) of pH value t oorreoted titre

and were as followsi-

At half neutrality 8*41 (- pK'a)

At 1/3 neutrality 8.11 (pX*a value =+ 8,11+ Log, 2 H8,41)
At z /7T neutrality 8,72 (pX*a value » 8,72 « Log, 2 H8,42)

Mean value for pX'a - 8.41.

14 14

Micro-titration apparatus. as rig, 4,
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