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For convenience therefore this introduction is

divided into five main sections, each dealing with a

particﬁlar aspect of the published work. These divisions

are:-

1.

2,

3,

Lo

The reactions of aldehydes and ketones with active
methylene grouﬁs.
The reactions of cyanoacetamide with 1:3-diketones.

The reactions of cyanoacetamide with olefinic ketones

‘and felated compounds.

The structure of Y-ketoamides,

‘The reactions of 1:2-diketones with active methylene

 ‘groups.



_3_

1. The reactions of aldéhydes_ahd ketones with active

methylene groups

(a) Historical

Wurtzj discovered ﬁhe seif condensation of

acetaldehyde to,3—hydroxybutyraldehyde (I1I) in the presence
of h&drogen'chloride or sodium bicarbonate, and later2
dempnstrated that it loses water'on distillation to yield
crotonaldehyde (IV),
CH.,.CHO + CH .CHO--a CH,.CH.CH,.CHO —» CH,.CH = CH.CHO
3 3 3 | 2 3
' OH
(I11) (IV)

Su.bsequently3 caustic soda was introduced as.a
condensing agent, and since then 6ther strong bases. For
example, acetone condenses to diacetone alcohol (V) in the
presence of barium hydroxideu. Frequently the aldol phase
immediately loses water to give the unsaturated products
directly. Thus, benzaldehyde and acetone give benzylidene

acetone (VI);(compare ClaisonB).

i
.CH3.QO°CH3 + CH3.CO.CH; —> CHB.E.CHZ.CO.CHB
' H
(V)
Ph,CHO + CH3.00.CH; —> Ph.CH = GH.CO. CHy

(V1)
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In the same way, benzaldehyde and ethyl acetate yield

ethylcinnamate (VII) in the presence of sodium ethoxide5.
PhoCH = CHoCOOEt ROCH2°R'
(ViI) . (VIII)

Malonic écid (VIII; R = R' = cpoﬁ), ethyl aceto-
acetate (VIIT; R = CH,CO, R' = COOEt) ethyl cysnoacetate
(VIII; R = CN, R' = COOEt) and other compounds with two
electrophilic substituents attached to the methylene group,
react much more readily than simple aldehydes, ketones and

6

esters. Knoevenagel  found that ammonia and primary or
secondary amines promote reaction with these compounds and
ketones or aldehydes. In general compounds with such active
methylene groups can cause ether mono- or di-substitution.

Both classes of product will now be discussed.

(p) Structures

(1) Mono-substitution products
Arométic aldehydes react With malonic acid in the
presence of organic bases to give the a,fB-unsaturated acids
.(IX# R = H, R'j: Ph, R'' = H or COOH), depending upon whether

or not carbon dioxide is eliminated6’7.

R'' ' R.C R"
ReR'oC'_‘(c Me.R.C=C/R }&QC
- R

0OH R | COOEt
(IX) x) (x1)
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Acetone and cyanoacetic ester (VIII; R = CN, R' = COOEt)

in the presence of diethylamine give a mixture containing
the cyano-ester (X; R = Me, R' = CN, R'' = COOEt)e.

Similar products (X; R = H or alkyl, R' and R'' = CN, COOH,
COOEt, NO,, etc.) result by using, in the place of ethyl
cyanoacetate, 6ther comppunds containing active methylene

. group89’10’11. When the chain length of the aldehyde or
kefone exceeds three carbon atoms B, Y-unsaturated compounds
(XI; R = H or alkyl, R' = alkyl or aryl, R'' = CN, COOEt,
eté,) resulf as well, and may often constitute the main or
sole product of the reaction. Thus, for example, phenyl-

. acetaldehyde and ethyl cyanoacetate give styryl cyanoacetic
ester (XI; R = H, R' = Ph, R'' = CN) under the influence of

12, and cyclohexanone yields a mixture of the a,f-

diethylamine
and B,Y-olefinic products (XII) and (XIII) (7% and 93%
respectively) when reacted with ethylcyanoacetate in the

presence of sodium ethoxide13’1u.

O Do

(X11) (XI11)
The effects of various bases on the condensation
of aldehydes with malonic acid have been studied'?. Whereas
most bases give predomihently B, Y=unsaturated acids pyridine,

which is most often used, gives mainly Q;B-unsaturated
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-compounds and is therefore an atypical reagent.

(ii) Disubstitution products

In additién,té the unsaturated products described
aﬁove, saturated compounds can also be obtained. These
- result eithér py direct reaction- of the carbonyl compound
with tﬁo molecﬁles of the 'active methylene' compounds using
the séme'bases, or by further reaction of tﬂe latter with an
intermediate mono-substitution product. Compounds such as (XIV;

REHTOr alkyl, R' = alkyl, R'' and R'" = CN, COOH, COOEt, NO,
etc.)6’11f?:'form in this way. For example, acetone and
ethyl cyanoacetate in the presence of diethylamine give (xv)
(Komppa)s.

R\C/ CH.R"'.R"' M'e\C/CH._,CN.COOEt

RY \CH.R''.R™ Me/ \GH.CN.COOEt

(XIV) (xv)

Two special cases of theée reactions occur between ketones
or aldehydes. and a) ethyl cyanoadetate in the presence of

ethanolic ammonia, b) cyano acetamide under the influence

of caustic soda or piperidine.

17 18

a) This reaction, developed by Guareschi and co-workers
giveS'cyclic'imides (xviz; R.& R; = alkyl). These are
presumably_fbrmed by loss of ammonia from the intermediates
(XVI) in which the two cyano and two amido groups are cis

as shown.



CN— CH~—CONH,, -
. ¢ . . R .
R__|_R' R\ . \g  CH, . COOH
i R RV \\CHZ.COOH
CN—CH—CONH,, C .
(XVI) (XVII) (XVIII)

The structures of these products were proved by facile acid
~ hydrolysis to B,B-disubstituted glutaric acids (XVIII; R and
R' = alkyl). |

The corresponding reaction with aldehydes leads to

stable'pyridine_derivatives19-(XIX).

GN ,OH

¢ My
o OH
(X1X)

b) This reaction leads to cyclic imino-imides (XXI; R and R'
= alkyl) when ketones are used20’21. They are formed by the
inferaction of the cyano and amido groups in the trans inter-

mediates (XX; R and R' = alkyl).

NH CO—CH—CN CONH . CN, CONH
2 R C[‘ 2
R—C—R' ' NH R.CGH
g R ' :
CN——CH-—CONH2 CN o CH.CN.CONH2
(xx) C(xxT) (XX11)

The imino-imides usually constitute the main products (95-98%)
but small amounts of -the .imides (XVII) often result. Aldehydes

give the opeh chain product822’23 (XXII; R = alkyl), which



in ethanolic solution with céﬁstic soda or piperidine
form the imino-imides (XXI; R = H, R' = alkyl).

The mono-imino-imides can be cyclised further,
by cbld sodium ethoxide, to di-imino-imides (XX11I; R = H,
| or alkyl, R' = alkyl). All of these products undergo acid

hydrolysis to B-substituted glutaric acids.

oy
O
' CONH,

(XXTII) .(XXIV)

The compounds deséfibed above are generally the

only products of the reaction of cyanoacetamide with aldehydes

and ketones, but in a few caseg?! 22

unsaturated products,
which react further with cyanoacetamide, have been isolated.
For example, cyclohexanone forms (XXIV) by reaction with an
€quivalent of cyanoacetamide.
i
R—(C—S-C—R

‘R
(Xxv)
Disecondary ketones (XEY; R = alkyl, R! = R'' = H) react
with cyanoacetamide giving poor yields of the above products,
‘but if one of the substituents is tertiary (XXV; R = R' =

alkyl, R'' = H) no reaction occurs (see Kon and Thorpe21).




( é) Mechanisms

Barly studies had revealed that an apparently
" essential factor for all thesé”reactions was an enolisable
ketdne, The following mechanism Was therefore assumed13’24
for the reaction of ketones with ethyl cyanoacetate, which
reaction is typical of the whole series:-
R.CH,00R' & R.CH=C,R' CH+ON.COOBt popop ., o

iH CH.CN.COOEt

This mechanism explains satisfactorily the production of
B,Y-unsaturated products but not of the a,B-isomers, which
were usually attributed to a rearrangement of the former.
In 1921 Ingold1u pointed out a more plaﬁsible route involving
‘addition to the double bond, and explaining the production of

the a,B- as well as the B.Y-unsaturated form more convincingly

by loss of water from the initial addition product (XXVI),

| CH.CN.COOEt " I.CN.COOEt
. -1, CH,CRCOOEL . '
R.CH_f.R oG R.CH,.(C.R — R.CH,.L.R' 4+ HLO
OH (XXVI) OH
H.CN.COOEt
+ H20
R.CH=C.R'

Ingold supported this mechanism by a study of the reactions
of ethyl cyanoacetate with o~ and B-hydroxy esters, (XXVII;
R and R' = H or alkyl) and (XXVIII; R and R' = H or alkyl)

respectively, in the presence of sodium ethoxide. The
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prodﬁcts are all B-substituted cyanoesters (XXX; R and R'
= H or alkyl), a result only understandable if the un-
saturated intermediates (XXIX) are first formed, which
.fhen add sodio cyanoacetic ester:-

U
R.R .T.CHZCOOEt « B0

OH (XXVII)

' B R.R'.C=CHCOOEt CHgCNCOOE® R.R'G.CH,COOEt
R.R'.CH.CH.COOEt_~T —

' : 2 (XXIX) H.CN.COOEt

H (XXVIII) '
: . (30x)
CH,<OH.COOEt
(XXXI)

Glycollic ester (XXXI), which cannot lose a molecule of water
to give an unsaturated intermediate, does not react. Later

25

.work by Corson and Kohler casts doubt on the correctness
of either mechanism, by showing that ethyl benzoyl formate
(XXXII), which is incapable of keto-enol tautomerism, reacts
with cyanoacetic ester, in the presence of most bases, to
éive the hydroxy product (XXXIII). This easily loses water

to form the unsaturated cyano ester (XXXIV).

H
'Ph;?oj + OCH,.CN,COOEt —>  Ph.C.CH.CN.COOEt
COOEt COOEt
(XXXIT) l (XXXIII)
' Ph.C=C.CN.COOEt
iOOEt

(XxXXIV)
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These facts led to the currently accepted mechanism26 in
which an aldol condensation occurs between ketones and
aldéhydes and active methylene groups, the initial adduct
immediatély losing a molécule of water in most cases tb
give unsaturated products.

The formation of the disubstituted products has
been assumed to proceed in two stages1u’27. In the first
the unsaturated compounds described above are obtained.
These then add a further molecule of the ‘'active methylene'
compound to the double bond, under the influence of either
sodium ethoxide (Michael addition) or piperidine (Knoevenagel

addition). Using acetone and ethyl cyanoacetate as typical

reagents the sieps are:-

CH CH.CN.COOEt

CHy\ "8 CH,.CN.COOEt CHy O N
L SN : c£3<c — //
CHB/ : CHB/ OOE# CH.¢ \CH. CN.COOEt

2. The reaction of cyanoacetamide with 1:3-diketones

(a) Structures

The presence of two keto groups in oﬁe of the

. reactants makes possible, in the light of the previous
discussions, a iarge number of products., Thus to detail
only two of them, reaction between two molecules of cyano-

acetamide and one of diketone could lead to (XXXV) or (XXXVI).
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R
‘>:=C.CN. CONE,.
C

jc:c .CN. COgt).
R

(XxxVI)

In fact reaction occurs between one molecule of
each of the reactants with elimination of two molecules of
wéter, under the influence of triethylamine28 or piperidine29.
AromaticBo as- well as aliphatic diketones react. The products

are 3-cyano—u;6-disﬂbstituted—2-pyridones (XXXVIII; R =
alkyl or aryl, R' = alkyl, aryl or COOEt).

R' | ]
co GH,. CN N\ CN
+ - + 2 H20
IHZ 0.NH, R 0
R.CO H
(XXXVII) (XXXVIII)

() Mechanism
With 1:3-diketones it is possible for both an
enolic hydroxy- and a keto-group to be present at the same
time: - _
' —_
RoCO.CHleOoR' A wma R.COOCH=C.R'
OH

Both aldol and Michael (or Knoevenagel) additions

are therefore possible, Ingold31 has in fact considered

this problem and pointed out that one of these additions

will probably predominate depending upon the electron dis-
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placements in the molecule. Consider the system (XXXIX)

and the ionisation of cyanoacetamide, which will be aided

b - | o
y bases o 8 y
~Ge—CH===C~
A M
(XXXIX)
CH,.CN.CONHz, ¢  CH.CN.COMHp + H'

The symbols M and A stand for "Michael" and
"Aldol" additions respectively, and the arrows indicate the
' direction of the elctron migrations operative in each case.
If M is greater than A the Michael reaction will
dbviéusly'be favoured and the cyanoacetamide anion will
become attached to Cys which in this case is the more positive

centre. The mechanism is then:-

e | r OH 1
/ I.OH CN CN
/ H.cCN R' "
2 R! 0
H + j — HO - ,
Rl

| 0.NH
0 . 2 i H

Similarly, if A is greater than M an aldol mechanism leads

to attachment of the cyanoacetamide at Co Thus:-

R! ~ R' OH ' '
J:o CN CN
/ THz,CN .
H + - R 0 -> R 0
?I CO.NH N, .
H H

R.C.OH o
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The orientation of the groups is dlfferent for each
mechanlsm, but unfortunately- the dlrectlon of enolisation
is not fully establlshed for unsymmetrical 1:3-diketones,
and moreover the exteht'of M and A will be influenced by
the adjacent groups R and R'.

| Bardhan howeverz8 prefers the latter mechanism
since with ethyl-2:L4~dioxovalerate (XXXVII; R = Me, R' =
COOEt), in which the enolism is plausibly in the direction
of the L-keto group, the product is the pyridone (XXXVIII;
R = Me, R' = COOEt). However, an eﬁoiicrform does not
" necessarily enter into the mechaﬁism at éll. “An aldol

addition at one keto group and interaction of the amido

group with the other would lead to the foilowing mechanism:-

" R OH ] R
R.CO : . '
/ H,.CN _ CN CN
H 2 - | 'R N
2 0 R! 0
CO. NH,, O
R'nCO .
_ L H . H

3. The reaction of cyanocacetamide with olefinicketones and

related éompounds

(a) a,B-0lefinic Ketones

Cyanoacetamide reacts with ao,B-unsaturated ketones

(XL.) in the presence of Michael's (sodium ethoxide) or

Knoevenagel's (plperldlne) catalysts3 ‘. With piperidine as
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condensing agent hydroxyniperidones (XLI) result. These.
yleld monomethyl derivatives (XLII) w1th methyl iodide,

' and in the presence of hydrogen chloride or hot acetic
anhydride lose a molecule of water to form the unsaturated
.products (XLIII), which result directly when sodium ethoxide

is used as the catalyst.

_ ‘CH.R R R
g
R'. j/, R' CN R' CN R! CN
11 1t
R”. 0 R o R o R" o
H Me
- H H
(x) (xLI) (xT.II) (XLIII)

(b) Hydroxy- and methoxymethylene ketones

When methoxymethylene ketones (}CLIV) react with
cyanoacetamide in the presence of sodium ethoxide the methoxy
group and a molecule of water are eliminated, to yield the
pyridones'(XLV)BB, Thus, methoxymethylene acetoacetic ester
_-(XLIv; R'= Me, R' = COOEt) and cyanoacetamide give 3-cyano-

5-ethoxycarbonyl-6-methyl-2-pyridone (XIV; R = Me, R' = COOEt).

R ‘ H
N\ N
' 0 R 0 ?o
R! CN-
R' \§H.0Me R' CH.OH

(XLIV) (X)) | (XLVI)
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The corresponding reactlon w1th hydroxymethylene

ketones (XLVI) also gives the pyridones (XLV)Bu
(¢) Mechanisms

The reactions described above have a feature in
common.: the methyléne group of the cyanoacetamide reacts
by_addition to the doublg boﬁds, as is.proved by the con-
figufafion of the products. The mechanisms therefore involve
-'a Michael or Knoevenagel addition at this centre rather than
an Aldél reaction with the keto .group (seé page 12 for a

discussion of these reactions). The mechanisms can therefore

. be written in the general form:-

H
' N
R. CO 0.NH,, HO 0 () R 0
- R7| - —_ :
R'.C CH,. CN R' CN R' CN
XH.R". 1t "
@)
H
R 0
R' CN

When R'' is OH or OMe loss of water (two molecules), or
water and methanol; leads to the pyridones (XLV) (route B),
but when R'' is alkyl,'aryl or similar groups, loss of a

molecule of water gives (XLIII) (route A).
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d

gﬁj Discussion

The implication of the results given in the
previous pages 1is that a,B-olefinic bonds are more reactive
towards.active methylenes than are keto groups., It does
not follow that this will invarisbly be sp. Ingold et al.>”
have pointed out that élkyl and aryl groups adjacent to a
double bond inhibif additions of the Michael and Knoevenagel

types, and that the effect incrgases with the size of the
group. Steric factors are probably involved as well as
electronic effects. Strongly electrophilic substituents
.on the other hand, aid addition. The same groups have
similar effects on the aldol reaction, for the obvious
reason that they inhibit or promote, in the same way, the
electron migrations necessary for the reactions to occur.
When the substituents are all of one type these factors
have little influence on the course of a reaction, but with

dissimilar substituents become of great importance.

4. The structure of Y-ketoamides

(2) Historical

Beilstein36 first suggested that Y-ketoamides
' méy, due to interaction between the keté and amido groups,
exist as cyclic compounds. In the case of levulinamide
the three possibilities which must be considered are. the

open chain (XILVII), pyrrolidorie (XLVIII) and furanone (XLIX),
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structures.

- ' | 0]
CH,. CO NHp. ___<§H —<

Bpociy Ay fw e
(XLVII) Me . Me .
B (XLVIII) (XLIX) (L)

Although'Wolff37 claims that on heating to its
Iﬁelting point levulinamide loses Water to give a crystalline
nitrogenous product (L; ?) other workers38 have not been able
to confirm fhis. If correct it would dispose of the amino-
furanone.structufe for levulinamide, as this compound would
be expected to lose ammonia rather than water.

The various studies on Y-ketoamides are conveniently
divided into (b) Saturated and (c¢) a,B-unsaturated Y-keto-
amidéé respectively.

(b) Saturated Y-ketoamides

(1)_Evidence against a cyclic formulation

Lukes and Prelog (loc.cit.) were the first to
stﬁdy fhe problem systematically. They prepared 5-hydroxy-
2-pyrrolidones (LII) by reacting N-substituted succinimides

(LI; R = Me, or Ph) with Grignard reagents.

| SR + RfMgBr - ‘ §R - I NR
: R'

(L1) | ' (;II) | ' (LIII)
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The products lose water on reduced pressure
distillation yielding unsaturated pyrrolones (LIII), a
reaction reminiscent of Wolff's observation with levulin-
amide., |

For comparative purposes they also prepared N-
methyi levulinamide and levulinanilide by reacting a)

methylamine, and b) aniline with angelica lactone (LIV).

- H,. CONHR —<
0O + R.NH2 - "~ or/ R or/ 0
e CH,,. COMe | . —7(NHR
. Me Me
(LIV) (LV) (Lvi) (LVII)

Three stfucturés (Lv; LVI; and LVII; R = Me or Ph) are
possible for these products. On heating under reduced
pressure iqss_of water occurs, a fact arguing against the
furanone formulafions (LVII). The N-methyl compound is an
0il which reacts with aniline to &ield a crystalline acid,
whereas the pyrrolidone (LII; R = R' = Me) is a solid

., unreactive towards aniline. The conclusion to be drawn

-fromlthe quoted facts is that the two cémpounds are different.

Similarly the anilide and N-phenyl-hydroxypyrrolidone (LII;
R = Ph, R' = Me) differ, since only the former gives a
crystalline anil. Despite identical melting points for the

above compounds, no mixed melting points are recorded,
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The pyrrolidone and furanone structuresfor N-
methyl- and N-phenyl-levulinamide having thus been disproved,

the compounds must be the open chain forms.

'(ii) Evidence supporting the hydroxypyrrolidone

;ormulation

Recently Walton39 has criticised the above work
and presentedlevidence tﬁat Lukes and Prelog had in fact
obtained cyclic products from angelica lactone and amines,

He reacted the lactones (LVIII; R = Me or Ph) with ammonia
| and primary amines and showed that thé products are hydroxy-
pyrroiidones, identical with the compounds obtained by
reacting N—substituted succinimides with Grignard reagents

' (compare page 18).

0 Ph.CO. (CH,) .. COOH

2)2

(LVIII) (L1%)

Thus Y-ketoamides are cyclic h&droxypyrrolidones.
The propefties off the compounds are in accord with this.
Théy are amphoteric, a property unexpected in a simple keto-
amide, and they are not easily hydrolysed by caustic soda,
a fact which:argues against the presence of a free amido
‘group. The products from the above lactones and secondary

amines must be open chain compounds, and in contrast to the
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,-pyrrdlidones are not amphoteric and easily yield B-
‘benzoylpropionic acid (LIX) with hot caustic soda.

(e) o,B-Unsaturated Y-ketoamides

(i) The amides and anilide: of B-p-bromobenzoyl

crotonic acid (LX)

' Recently“o 5-hydroxypyrrolinones (LXI; R = H;

R' = H, Me, or Ph) have been prepared by reaction of the
chlbride of the above acid with ammonia, methylamine and
aniline. The presence of the allylic tertiary hydroxy group
'is demohstrated by the solubility of the compounds in dilute
caustic soda, and by the formation of monomethyl ethers (LXI;
_R = Me, R' = H, Me, or Ph) on reaction with methanol and
hydrogen chloride.

Me Me === Me CO.NH

N\ - , 2
=CH9 COOH BI‘. 0621}4 0 C=C
co ' CO
. / ) Rl
Br'CGHu Br.C6H:/
(LX) (LX1) (LXII)

Reaction of the trans acid chloride with ammonia in the
absénce of ultra-violet light, leads to an isomeric amide
with-quite different properties. Ior example, it is in-
soluble in dilute caustic soda and does not yield a methyl
derivative. ‘It is the trans amide (LXII) and in the presence

of light-rapidly changes to the cyeclic form,
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(ii) Other hydroxzp&rrolinones

The reaction of benzoylformaniiide (LXIV) with
the acétophenones (LXIII; R = H or Br) leads to open chain
Y-ketoanilides (LXV; R = H or Br), which under the influence
lof hydrogen chloride lose a molecule of water and cyclise

to the hydroxypyrrolinones (LXVI; R = H, R' = H or Br).

R<<:::j>-co.CH3 + iO.CO.NH.Ph - R4<Z;;:>»CO.CHé.?.CO.NH.Ph
| h | Ph
(LXIII) (LXIV) : (LxV)
| Ph
1
R .C6Hu 0
RO” My
- Ph
(LxVI)

These, with gthanolic or methanolic hydrogen chloride, yiéld
ethyl and methyl ethers (LXVI; R = Me, or Et, R' = H or Br).
. It appears therefore that the N-phenyl group gives some
stability to the open chain Y-ketoanilides (LXV; R = H or
Br), but the ease of cyclisation shows that the effect is
not véry ﬁronounced. :
. (d) Summary

The conclusion to be drawn from the work described
‘in the preceding pages, is that in general Y-ketoamides are

cyclic pyrrolidone. and pyrrolinone derivatives. The ring
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- structure enhances the stability of the amido'group, and
the hydroxy group accounts for the weak_lacidity° Steric
factors may confer some stabiiity to an open chain form
of some Y-ketoamides, and it has been observed that for
two Y-ketoanilides (page 22) the N-phenyl group does so

“to some extent.

50 The Reaction of 1:2-diketones with active methylene groups
| Very little attention has been devoted to such
reactions. Benzil and ethyl malonate in the presence of
sodium ethoxide give (LXVII; R = COOH)*2, and the same
.diketone reacts with ethyl cyanoacetate under the influence
of piperidine to give an excellent yield of the cyano-ester
(LxVII; R = oN)*3. It is also claimed, without analytical
evidence, that in the presence of a large excess of the base .
the latter reaction gives a small amount of the disubstitution
product (LXVIII).

P Ph //CH.CN.COOEt
' O0Et \\T\\CH CN
| 2o .CN.COOEt
PH

co

/

(LXVII) (LXVIII)

Ph

Although cyanoacetamide has not been reacted with 1:2-
diketones it has been shownm'L that cyanoacetic hydrazides

(LXIX) react with these diketones, undér the influence of
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. bases, to give pyridazinones (LXX) .

CN
: R' 0
CN.CH,.CO. NR.NH, -
. _ - RH HR
(LXIX) |
(Lxx)

These'reactioﬁs emphasise the fendency for six membered
heterocyclic rings to form in preference to open chain
compounds, and it remains to be seen Wheﬁher or not five

' membered riﬁgs form in the same way from 1:2-diketones and

cyanoacetamide,
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THEORETICAL

This work is aa investigation of the reactions
between cyanoacetamide and 1:2-diketones., It was originally
- undertaken because of fheilikelihood that the.reaction would
- follow a course similar to that for 1:3-diketones. Thus

Bardhan28 23

-and WagtendonK and Weiburg“” have shown that
acetylacetone and cyanoacetamide under basic conditions
(triethylamine or piperidine) give 3=-cyano-4:6-dimethyl-2-
pyridaﬁe (I), By analogy the products from 1:2-diketones
would be the pyrrolenones (11), Which.were in fact desired
as intermadiatés°

e

| o Repeer-CN
 Me 0 R1:=jLO
~ - N
H
(1) (11)
The reaction; however, takes a differént course and in the
foilowing pagas the atructures and further reactions of the
products ara discussed., This discussion is divided into
three sections as follows:-
1; Reaction of one molecule of cyanocacetamide with benzil.
2. Reaction of cyanoacetamide . with aliphatic 1:2-diketones
and with the pyrrolinone described in (1),

'3. The glutaro-dilactones and attempts to synthesise them,
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1. The reaction of one molecule of cyanoacetamide with benzil

When benzil reacts wifh cyanoacetamide under the
influence of either piperidine or sodium ethoxide an excellent
-yieid of a colourless crystalline solid results, _This
analysés as C17H1u03N2, a formula suggesting %hat addition
has taken place between one molecule of the diketone and
one of the cyanoacetamide. On recrystallisation from aqueous
pyridine a molecule of water is lost and a furthef product
is obtained, which also results by proloﬁged refluxing in a
‘benzene- solution., When this new compound is further re-
crystallised from aqueous ethanol the original product is
recovefed. lThese facts strongly suggest that the initial
product isolates aé a simple hydrate in which the water
molecule is very loosely boﬁnd.

The above products also result: from the reaction
of ‘ethyl 3—benzoy1;2—cyanocinnamate (III) and ethanolic
ammonia under reflux. They must therefore be derived from
3-benzoyl-2-cyanocinnamamide (IV), and hence contain the a-
cyano-cinnamoyl grouping.

Ph ' P CN Ph

\ | Ph
o COOEt o  CONH, > 0
HO

o pf Ph( | \E
N (IIm) (1IV) (V)
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Confirmation of these conclusions is obtained from the
ultra—fiolet spectra of the two products. Coenen and
Pestener”5 have-shown that the a-cyano-cinnamoyl group

gives a characteristic absorption maximum at gbout 290 mu.
Both of the above compound exhibit this peak, as does the
ester (III), confirming the presence of the grouping in

all thrée. Absorption data are listed in Table I (page 29).

- Both the anhydride and hydrate are unreactive to
hydroxylamine, semicarbazide and 2:4-~dinitrophenylhydrazine,
For these reasons the éimple structure (IV) must be held in
doubt. An alternative (V), in which the keto éroup is masked
by interaction with the adjoiﬁing amide group to give a cyclic
structure, has also to be considered.

The open chain form (IV) is only tenable if steric
hindrance about'the keto group can be established. To
investigate this possibility etﬁyl~3-benzoyl—2-cyanocinnamate
(II1), synthesised by condensation between benzil and ethyl-
cyanoacetate in the presence of piperidine (cf. Béchéruj),
has been subjected to a comparative examination. This ester
does'not yield either an oxime or a 2:u-dinitropheﬁylhydrazone
under the usual conditions, This can only be due to steric
hindrance, since in this case there is no way of masking the
keto group. Because of the similarity between (III) and

(IV) the latter structure would be expected to lack ketonic
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proberties. Despite this, furthqr work showé conclﬁéiﬁely
that (V) is in fact correct. The evidence for this is
conveniently divided.into (a) evidence for the absence of

a keto group, and (b)'evidence for the presence of a tertiary
hydroxy group.

(a) Evidence for the absence of a keto group

This evidence comes from specfral examination in
the ultra-violet and infra-red regions.

(i) Ultra-violet spectra

Some related compounds have already been examined
in the ultra-violet between 200 and 300 mp. by Browne and
Lutz{‘-L6 who have studied 3-benzoylcinnamic acid (VI; R = H)
and its cyclic (VII; R = Me) and open chain (VI; R = Me)
meth&l esters. They have associéted the free benzoyl group
in these compounds and in 3—benzoyi-3—phenylpropionic acid
(VII_I) , with a strong band near 245 myu. ((max. R 12,000)
and have shown that the cyclic structures (VII) do not
exhiﬁit this band, but show only a single cinnamoyl peak

near 275 mp.

P . Pha=— P
=CH, COOR Pgl IO H.CH2.COOH
/QO : K RO "0 co .
Ph _ o : PH/_
(VI) (viI) (Viiz)
The spectrum of the cyanoester (III) in ethanol supports the
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C. Cyclic methyl ester (VII; R-pe)
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generality of these authors' work, as it shows the expected
benzoyl and a-cyanocinnamoyl bands at 2,7 my. and 285 mu.

réspectively.
TABLE I

Ultra-violet absorptions

Cinnambyl Band | Benzoyl Band

Compound .

: Amax. | €max. | Mmax. € max.
III 285 11,890 247 | 15,350
(V) hydrate 292 | 11,760 - -
(V) - anhydrous 293 | 11,043 - -

(ii) Infra-red spectra

The infra-red spectra of the ester (III), the
hydrate and the anhydride have heen compared in the carbonyl
region (5-6 Ww.). While the ester shows two bands at 5.85
and 6.65 L. the other two compounds each show only a single
peak at 5.85 p. It can be arqued that the peak at 6.05 u.
for the ester is due to the benzoyl group that. it admittedly
contains, and that the suppression of this band in the cases
of the hydrate and anhydride must indicate that neither contain
such a centre. The 5.85 L. bands can be plausibly assigned
to the ester carbon&l in (III) and to a lactam carbonyl in

the other compounds. The evidence for this is conveniently

discussed at this point.
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The primary amide group is well-known to show
a pair of bands near 5.9 and 6.1 M. The latter band is
the so-called amide (II) band which originétes in N-H
stretching oscillations (cf. Bellamyu7 and WeisSbergerua).
The emide (II) vand has usually about a third of the
intensity of the amide (I) band. Lactams do not appear
to exhibit this pair, but only the carbonyl frequency. As
the-bands at 5,85 u. have not been resolved in the above
cdmpounds it must be held that the evidence from these
spectra not only indicates the absence of a benzoyl group

in the hydrate and anhydride, but also the presence of a

lactam ring, and hence supports the ring structure (V).

(b) Evidence for the presence of a tertiary hydroxy group
(1) Aciditi

Both the hydrate and anhydride dissolve in cold
dilute aqueoﬁs ﬁaustic soda, yielding yellow solutions from
which the hydrate precipitates on acidification. Neither
is soluble in sodium bicarbonate solution. This weak acidity
is att:ibuted to the presence of a tertiary hydroxy group,
allylic to the double bond; Similar pfbperties have been
'réported for H=-p-bromophenyl-5-hydroxy-4-methyl-2-pyrrolinone
(IX; R = Me, B' = Br.CgH,) by Hill and Lutz*C,
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R Ph CN
=0 . 0
H N/ R )
. H R

(1) | (x)

~ (ii) Ether formation

. Reaction of either the.hydrate or the anhydride
with ethanol (or methanol) in the presence of dilute hydro-
chldric acid leads to the same water-free hono-ethyl (or
-methyl) derivatives. As these products are not soluble in
'dilﬁte alkali they cannot contain an allylic hydroxy group,
a-fact which points to their structures. They must be the
- O-ethers (X; R = H, R' = Me or Et), This is confirmed by
a Zeisel determination on the methyl derivative .

In view of the weak acidity previouély attributed
to the ailylic hydroxy group in the parent compounds, these
derivatives may be regarded as péeudo esters,

| The cyclic nature of the methyl derivative is
.furthef supported by its infra-red spectrum which exhibits
a single band at 5.85 p. which has been previously shown
(page 29) to be best attributed to a lactam carbonyl.

These facts therefore support the pyrrolinone
sérﬁcture (V)o

(1iii) Action of dimethyl sulphate

With dimethyl sulphate in the presence of caustic
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soda the hydrate (or the anhydride) yields a mixture of two
products, a mono- and a dimethyl derivative. The 'mono’
dissolves in dilute alkali whereas the 'di' is insoluble.
This fact, which was used to separate the compounds, also
indicates their structures. Thus the 'mono' must have a
free allylic hydroxy group to account for ité acidity. It
is thereforé a 1-methyl-5-hydroxy-2-pyrrolinone (X; R = Me;
R' = H), whereas the 'di', which lacks the acidity, must be
a 1-methyl-5-methoxy-2-pyrrolinone (X; R = R' = Me).
These deductioné are confirmed by the results of

Zeisel estimations. The cyclic nature of the mono-methyl
derivative is also confirmed by its ultra-violet spectrum

.which'shows a single a-cyano-cinna@?l band at 288 mu.
(€ pax, = 115690,

(iv) The action of acetic anhydride

~ The hydrate (or the anhydride) reacts with acetic
anhydride in pyridine under reflux to.give_a diacetate.
This ﬁroduct is not soluble in cold dilute glkali and hence.
does not contain an allylic h&droxy group, It is therefore
giventhe structure (X; R=R' = COCHB). This derivative
provides further evidence for the pyrrolinone formulation
(V) in that it confirms_the presence of two reactivecentres.

The use of other acylating reagents, namely,

acefyl, benzyl and p.toluene sulphonjl chlorides, does not

r
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lead to either mono- or di- derivatives, no reaction
occuring with ‘these reagents,

(c) Recapitulation

The cohdensaﬁion of benzil with one molecule of
cyanoacetamide under'the influence of piperidine leads to
a ‘monohydrate WHich easily loses water to give an anhydrous
product C17H1202N2. The same products result. from the
‘reaction of ethyl-3-benzoyl-2-cyanocinnamate (III) with
poiling ethanolip ammonia., The& must therefore contain
the a-cyanocinnamoyl group, and are most probably derived
from 3-benzoyl-2-cyanocinnamamide (IV),

Neither.of the compounds react with hydroxylamine,
semicarbazide or 2:4-dinitrophenylhydrazine. They therefore
either do not contain a keto group, or this centre is maSked
by steric hindrance. Two structures (IV) and (V) are

‘therefore indicated.

‘ Supporf for the second of these alternatives comes
from a study of the infra-red and ultra-violet spectra of
_the,products. In the infra-red both absorb strongly only
'at 5.85 Mo (in the carbonyl region), whereas the relatea
- keto-ester (III) has a further peak at 6.05 w. attributable
to itslﬁenzoyl group. The ultra-violet spectra reveal only
aﬁ a~-cyanocinnamoyl band near 295 mp. ﬁhereas (III) has in
addition a bepzoyl peak at 2,5 mu; These facts can only be

explained on the cyclic formulation (V).

1

Wl
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Chemical evidence supports these views by showing
the presence of an allylic tértiary hydroxy grbup; The
compoﬁnds dissolve in cold dilute caustic soda, but not in
sodium bicarbonate solution. The weak acidity is attributed
to the hydroxy group and is further demonstrated by the
production of O-ethers with alcohols and mineral acid, Di-
methyl sulphate causes N and O-ﬁ methylation giving two
products, and acetic anhydride in boiling pyridine leads to
a diacetate, These results can only be explained by the
‘cyclic structure (V). Hence the pyrrolone structure is
confirmed,

" In addition to the cyclic, o,B-unsaturated-Y-
" ketoamide described by Hill and Lutz (loc.cit.), the cycli-
sation of (XI; R = H or Br).to the corresponding pyrrolinones
. (XII; R = H or Br, R' = H) in the presence of hydrogen chloride
has been described, and also the preparation of the methyl

and ethyl ethers (XII; R = Br, R' = Me -or Et)h1.
OH '

- " =—=Ph
R-@-CO.CHz.CLPh R'Céﬁg:l l o
. ) o ]
(!O.NH.?h . R lgh
(X1) - (XI1)

(d) Further experiments with the pyrrolinone (V)

(1) Alkaline hydrolysis

.a) When the pyrrolinone (V) or its hydrate is boiled
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with dilute caustig soda an acid is formed, which spon-
taneously loses,cafbon-dioxide on acidification of its
alkaline solution; Analysis of the product feads to the
formula C16H1302N. The cpmpouﬁd does not react with

| hydroxylamine, phenylhydrazine of 2:u-diﬁitrophenylhydrazine,
which indicates the absence of a free keto group. It is

not acid to sodium bicarbonate solution, but dissolves in
cold dilute sodium hydroxide to give a colourless solution,
ffom which it precipitates unchanged on acidification. These
properties are in accord with the presence of a 5-hydroxy—_
.pyrrolinone ring (see page 30) and hence the structure (XIII)
is indicated, formed by hydrolysis of the cyano group of (V)

and subsequent decarboxylation.

Ph 0 Ph,t
e | || U
HO>\N/_o A ANV

H H - R

(xI1I) (XIV) (xv)

The ultra-violet spectrum of the product is,

however, incompatible with the pyrrolinone formulation,
there "being a peak at 208 my. (Gmax. = 18,700) and no
maximum near'275 mu. as would be expected if the compound
possessed the cinnamoyl group in (XIII), (compare Browne and
Lutz, ;gg.gig.). This suggests that the cinnamoyl grouping

has been disrupted by an intramolecular rearrangement involving



€ x 1070

Ultra-violet Spectra (in ethanol).
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aa-Diphenylsuccinimide.
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2000ofrom aa-diphenylsuccinic acid.
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a phenyl group. Two possible structures for the hydrolysis
producf must therefore be considered. These are the 2:2-
.diphénylpyrrolidin—B:5-dione (XIV) and a,a~-diphenylsuccinimide
(XV; R = H) formulations. Of these (XIV) is eliminated by
the non-ketonic nature of the hydrolysis product and also
by its failure to produce a red édlour with ferric chloride
solution, a fact which argues against the pfesence of the
highly labile keto-enol system in (XIV). The diphenyl-
succinimide étructuregis therefore indicated, and is con-
sistent with the properties listéd above, Thus the solubility
in alkali is'attributable to the weak acidity of the N-H group.

Methylation of the compound with dimethyl sulphate
'leads to a crystalline monomethyl derivative, m.p. 88—900,
undepressed by admixture with an authentic sample of a,a-
diphenyl-N-methylsuccinimide (XV; R = Me) prepared from a,a-
diphenylsuccinic and methylaminéug. The hydrolysis product
is therefore a,a-diphenylsuccinimide (XV; R = H) and this is
confirmed by the identity of its melting point and mixed
melting point witﬁ that of an authentic specimenu9, Me Do
ﬁu1-142°C., which also has the same ultra-violet spectrum.

. b) Mechanism
The rearrangement of. (XVI) to diphenylhydantoin

(XVII) in the presence of caustic soda has been reported to

involve a pinacol-pinacolone rearrangement?O,
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(1)

Ph —NH |
o Jo
H
(XVII)

In the rearrangement of (V) therefore hydration

of the a,p-double ﬁond may lead to the following mechanism:-

: OH
Phep==-CN P
F ):o — F 0
HO Ny HO Ny
H H

| Ph—R

HO
- H

0

l acid

Ph
2 + €O,
0 0

H

However, the pinacol-pinacolone rearrangement is usually

induced by strong acids.,

A preferable mechanism, analogous -

to the benzil-benzilic acid rearrangement (compare Ingold51)

which is also conducted under alkaline conditions, is the

following:-

Ph CN Ph

PEI I - P
0]

HO” My

Ph,~ R
— 2
- od__ FO
N

l acid

Ph,,-
2 + CO2
0 0

H
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The.oyano group is hydrolysed at some stage during the
reaction, the exact point being uncertain as indicated

by the symbol R in the above structures.

(ii) Attempts at dehydration

It was hoped at this stage fhét the removal of
the elements of water from the pyrrolinone (V) to give
the pyrrolenone (II; R = Ph) wouid be readily accomplished.
Suchlhas not proved to oe the case, The_following experi-

ments have not yielded the desifed compound,

a) Prolonged heating at the meltihg point in a stream of
'dry.nitrogen causes decomposition of both the pyrrolinone
and its hydpate. Examination of the resulting black tars

" has not 1ed'to identifiable products.

b)_In the presenoe of an equivalent of phosphorus pentoxide
in benzene (or chlorofonm) the pyrrolinone and its hydrate
yield only the anhydrous pyrrolinone together w1th a small

”amount of a red gum.

c) Brief heating with phosphorus oxychloride leads to
amorphous products which cannot be reorystallised. Analysis

of the crude dried solids does not lead to formulase from
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which probable structures can be deduced.

__d) Acetic anhydride in the cold is without effect and under
~ more vigorous conditions. blue solutions rapidly form, which
on prolonged heéting deposit black tars., Evaporation of
such solutions before tar formation leads to black solids
which cannot be recr&stalliséd. Attempts to resolve the
products on alumina columns, eluting with a variety of
solvents, is unsuccessful in effecting any purification.

e) Cold concentrated sulphuric acid is without effect.

Under more vigorous conditions decomposition occurs.

) Polyphosphdric acid has been Widely used as a cyclising
ageﬁt52’53. The reaction of the pyrrolinone (V) or its

- hydrate with polyphosphoric acids of various strengths

(see Bell5u) does not lead to the desired product. Yellow
‘amorphous solids, which recrystallise (with difficulty) from

aciad
only acetic (80%), result from these reactions. As none of

the prqduct:\melt no ready criterion of purity is available
and analysés of several samples have not given consistenp
figures. - The products may in fact be polymeré.

The pyrrolenone ring thus appears to be difficult
to synthesise from (V), and may even be too unstable to

exist at. all.



-0~

2. The reaction of c&anoacetamide with aliphatic 1:2-

diketones and with the pyrrolinone (V) described in (1).’
A. Diagetyl |
When diacetyl and cyanoacetamide react ﬁnder the

influence of pipéridine a colourless, crystalline, high-
melting solid results. It is appreciably soluble only in
water and hot ethanol, being almost insoluble in other
media. Reaction conditions for good yields are remarkably
critical. Although water is a suitable solvent in which
to conduct the reaction, better yields are obtained by the
use of ethanol, probably as a result of the compound's much
;ower.solubilitj in this medium., . In order to avoid the
production of dark by-products of uncertain constitution,
the temperatufe must be maintained between 50 and 60°c.
Observance of these conditions together with gradual sddition
'of;the diacetyl to a well-stirred solution of the other
reactants leads to én excellent yield of the product described,
in a high state of purity.
(a) Structure of the product

Analysis for C, H, and N leads to the formula
C1OH1203NM indicating that one molecule of diaéetyl and
two molecules of cyanoacetamide react with elimination of

one molecule of water. Five possible structures (XVIII; R
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= Me) - (XXII; R = Me) must therefore be considered.

R CH.'CN.CONHZ
N\~

CH. CN. CONH,, RC

co
(XVIII)
R
. _ CH.ON.CONH,
\C=C ° CIJO CONH2 R CN
| oH |
c{ 0
/ “CH,CN.CONH HO/ My
R 2 H
(Xx1) (XxX11)

The following experiments provide a basis for
choice between these alternatives.
(i) The compound: does not react with hydroxylamine; semi-
carbazide, phenylhydrazine or 2:u-diniirophenylhydrazine.
It therefore either contains no free keto group or steric
hindrance by the adjacent groups screehs this centre and
thereby prevents reaction. The firsﬂ of these alternatives
eliminates the simple: :structure (xvin ; R = Me) and the
monocyclic structure (XIX; R = Me) if further evidence can
bé produced. | '
(ii) Dilute potassium ﬁermanganate solution is not decolourised

by addition to a solution of the compound in water. This
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indicates the absence of éthylenic linkages in the molecule.
The ultra-violet spectrum does not exhibit a peak near
210 mp. showing that the compound has no a,B-unsaturation. .
(iii) The compound does not react with acetyl, benzoyl, or
DP.toluene sulphonyl chlorides nor with acetic anhydride.
This points to the absence of a hydroxy group in the B-
position with respect to the amido and cyano groups, for
a compound possessing this group would be expected either
to'form esters or to easily dehydrate during the attempts
" to prepare them.,

Points (ii) and (1ii) thus dispose of (XX1; R =
Me) as a possible sfructure for the high melting compound.
(iv) The compound is recovered unchanged after prolonged
"refluxing in an aqueous solution. This indicates fhe
absence of an imino-group in the molecule, and hence that
(XIX; R = Me) and (XX; R = Me) are not correct. Such
structures would be expected to hydrolysé.under the action
of boiling water to yield the corresponding imides (cf.
Thorpe et al., loc.cit.).
(v) Thorpe and his co-workers?0221:22,23 pove <hown that
* the simple imino-imides (XXIII; R = alkyl) and (XXIV; R =
alkyl) yield crystalline mono- and di-.platini-chlorides
respectively when reacted with cold platinic chloride

éolution. No such derivative is precipitated employing a
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solution of the above compound in the same way. The
inference from this is that it does not have an imino-
imide ringm and therefore that the configurations (XIX;

R = Me) and (XX; R = Me) do not represent its structure.

\ 0
NH R-C-R NH
NH

(XXI1II) (XXIV)
The-evidence so far bresented argues against the four
possibilities (XVIIIQXXI; R = Me) and consequently the
pyrrolidone formulation (XXII; R = Me) is preferred.
Further work shows that this is in fact correct.

(b) Evidence supporting the pyrrolidone structure

This evidence is conveniently divided into (i)
evidence for the presence of a pyrrolidone ring'- the effect
- of cold concentrated sulphuric acid, (ii) evidence against
the possibility of formation of an imino-imide ring - the
effect of sodium ethoxide.

(i) Evidence for the presence .of a pyrrolidone ring ~ the

effect of cold concentrated sulphuric acid

The compound dissolves in cold 90% sulphuric
acid., This solution, on dilution after 36 hurs, gradually
deposits colourless crystals of a8 high-melting acid,. Analyéis

1eadS:to the fofmula C1OH1305N3 and titration with standard
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sodium hydroxide solution gives an equivalent weight of
256-(C1OH1305N3 requires 255). The product is therefore
a monb-basic acid and contains oﬁe carboxyl group.

This acid is unreactive towards hydroxylamine,
semicarbazide and 2:4-dinitrophenylhydrazine., This indicates
the probab;e'absence 6f a free keto group, and would be
explainéd by the interaction of keto and amido groups to
form a.pyrrolidone ring.

The simplest explanation of these facts is that
.Qgg amido group hydrolyses to a carboxyl group and that one
cyand gfoup hydro%yses to an amido group, This is consistent
with the presence of only one amide group in the molecule and
hence with the pyrrolidone structure. In this molecule it
might be'§gppg§gg that the two differently sited cyano groups
would have different rates of hydrolysis, thus accounting for

the reaction of only one of them under the conditions described.

CH.R'.R"
" NH
R R N 0
0 R
HO" ' R
i 0
. © H I
(xxv) H
(xxvI)

On the basis of this conception of the course of

the reaction the acid has therefore the structure (XXV; R =
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Me; R' = COOH; either R" = CONHQ, R'"™ = CN; or R'" = CN,
R"' = CONH,).
The. production of this acid therefore shows that

.the compound contains one protected amido-group and that

on hydrolysis ketonic properties are not\produced. It

aiso shows that the two cyano groupé are differently
situated with respect to adjacent groups and thus argues

ih favour of the presence of a pyrrolidone ring in the
molecule. This reaction does not preclude the bicyclic
structure (XX; R = Me) as an intermediate in the hydrolysis.
CqﬁverSion of this to the imide (XXVI; R = Me) would then
be expected (cf. Thorpe et al., loc.cit.), and addition of
water to the imide grouping would lead to two possible acids
" Cyofty 055, OF Which (XV; R = Me, R' = CN, R" = CONH,, R™

= COOH) is a third possibility for the high melting acid.
| Thé latter possibility is considered to be unlikely.
_Thorpé aﬁd his associates have shown that the imino-imides
.(XXIIi and XXIV; R = alkyl) are converted by cold concentrated
sulphuric acid to the corresponding imides. These are stable
under the reaction conditions employed, and it seems unlikely
that (XXVI; R = Me) would be hydrolysed to the mono acid.

- In_the next section it will be shown that the route is in

fact not possiblé.
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(;i).Evidence against the possibility of formation of an

imino-imide ring - the effect of sodium ethoxide

The presence of the pyrrolidone ring is established
ﬁy the above experiments and in addition the possible presence
of a second six-membered imino-imide ring is discounted.

The absolute configuration of the pyrrolidone has not yet
been fully ascertained, howe?er, since two formulations
are possible., The cyano and cyanoacetaﬁido substituents
can have two possible arrangements with respect to each
othef; above and below the pyrrolidone ring.

_ If they are cis then interaction Between them
would lead to the bicyclic imino-imide (XX; R = Me). The
evidence for this is provided by the work of Thorpe.gg al.

- (loc.cit.) who have shown that the condensation of aliphatic
ketones with cyanoacetamide, under basic conditions, gives
imino-imides (XXIII; R = alkyl). In these the cyano and
amido groups are cis with respect to each other, and under
the influence of cold sodium ethogide ring closure occurs

giving the bicyclic imino-imides (XXIV; R = alkyl), which
separate as sodio derivatives. Solution of the salts in

water and écidification with acetic acid leads fo the sodium
free compounds.
| If in the pyrraiidones the configuration is trans

only the monocyclic structure (XXII; R = Me) is possible.
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The pyrrolidone does not react with cold ethanolic
sodium ethoxide. Unchanged starting material is recovered
even after several hours shaking. This observation provides
strbng evidence against a cis formulation. The compound
C10H12°3Nh is therefore the pyrrolidone (XXII; R = Me) in
which the configuration of the cyano and cyanoacetamido

substituents is trans,.

(¢) Recapitulation

The reaction of diacetyl with c¢yanoacetamide

under the influence of piperidine leads to a product
C1OH1203N4‘ Five possible strgcturescan be envisaged for
this; These are the formulationé (XIV-XVIII; R = Me).

The compound does not react with hydroxylamine,
semicarbazidé, phenylhydrazine or 2:4-dinitrophenylhydrazine.
This fact.indicates that it contains no free keto group, |
It does not yield derivatives with acyl or p.toluenesulphonyl
chlorides nor with acetic anhydride. This indicates that
unhindéred hydroxy groups are not present. Potassium perman-
ganate solution is not decolourised by the compound, a fact
whiéhlindicates the absence of ethylenic linkages. a,B-
Unsaturation is shown to be'absent by the ultra-violet
absorptién spectrum which exhibits no maximum near 210 mu.

Boiling water is without effect, which argues against the

Presence of an imino-imide ring. This is also supported by
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the non-fonnafion of a platinichloride,

The above facté eliminate the four alternatives
(XVIII-XXI; R = Me) and thus only the pyrrolidone structure
(XXII; R = Me) is left for consideration.

| This structure is supported by hydrolytic studies
‘with (i) cold concentrated sulphuric acid, and (ii) cold
sodium ethoxide, With the former reagent a non-ketonic
O:N, results, most plausibly by hydrolysis of

10%13%53
one cyano and one amido group to an amido and carboxyl group

acid C

respectively. Thus, the compound contains only one free amido
group., The other is hence prbtected.by interaction with ‘the
keto group and so the compound coﬁtains the pyrrolidone ring.
"+ The pyrrolidone does not react with cold ethanolic sodium
ethoxide,

It has been shown that these results are best
éxplained'by the pyrrolidone structure in which the cyano
and cyanoacetamido substituents are trans with respect to
one another. Consequently the bicyclic structure (XX; R =
Me) cannot be formed, and hence cannot participate as an
intermediate in any of the reactions detailed above,

The pyrrolidone structure with the trans configur-
étion described is therefore proved, and fully explains the
observed properties of ﬁhe compound. C1OH1203Nu’ obtained from

the reaction of diacetyl and cyanoacetamide.
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(d) Attempts to obtain other reaction products

(i) The effects of bases other than piperidine in the
reaction have been studied.  No other reaction products to

- that described above have been isolated.

‘a) Sodium ethoxide - This base in the cold leads to rapid

formation of dark solutidns, probably due to polymerisation
of the diacetyl. These solutions after evaporation and
titration with dilute.hydrochloric acid, yield black aqueous
solutions which gradually deposit a small amount of the acid
C10H1305N3 (see page 43).

b) Sodium hydroxide - leads to the rapid formation of dark

solutions from which a small amount of the pyrrolidone
separates over- several days. Cyanoacetamide can be recovered
from the mother liquors but no diacetyl can be ether extracted.

c)_PXridine and secondary or tertiary amines (diethylamine

and triethylamine) - are ineffective in promoting reaction.
The cyanoacetamide can be recovered after several days. The
diketone, however, is destroyed since it cannot be recovered.

d) Sodium acetate - causes only slow destruction of the di-

ketone, but the cyanoacetamide can be quantitatively recovered.
- (41) Sulphuric acid has also been employed as a possible
catal&st. It is dineffective in promoting reaction. The

diacetyl can be recovered even after several days.
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(iii) Refluxing the reactants in agueous or ethanolic
solution without the use of condensing agents leads to no
reaction, nor aré products obtained by adding diacetyl to

fused cyanoacetamide.

B, Similar products obtained from other 1:2-diketones and

from the pyrrolinone (V)

- Dipropionyl and dibutyryl react with 2 molecules
of cyanoacetamide to yiel@ products C12H1603Nu and C1uH2003Nu
~respectively. Considerable alteration of the reaction
.conditions are necessary with the latter diketone, from wﬁich
thé product is obtained in only low yield (10%). The piperidine
is added dropwise,in the form of a 10% aqueous solution, to
é cold, stirred aqueous solution of the other reactants.
The product separates after a few minutes as o0il which
raﬁidly solidifies and is filtered off after several days,
during which time fu;thér small quantities of the products
are formed. Bpth of the above compounds are high melting
solids which are appreciably soluble only in hot ethylene
glycol, from which they are in fact recrystallised.

| Under reflux in ethanol the pyrrolinone (V) (or

ifé hydrate) adds a further molecule of cyanoacetamide to
give a high melting solid 020H1603Nu' This compound is
almost insoluble in normal solvents even in the hot.

The fbrmulae of thése products suggest that they
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are in fact similar to the product from diacetyl and cyano-
acetamide. They would therefore be the pyrrolidones (XVIII;
R = Et; Pr and Ph). Comparison of their properties with
those of the dimethyl pyrrolidone leads to the conclusion
that they in fact db have similar structures. The proof

of this is conveniently divided into (a) chemical evidence
(p) spectroscopic evidence.

(a) Chemical evidence

(i) The compounds do not react with 2:4~dinitrophenyl-
hydrazine., Because of their great insolubilities in normal
'solvents attempts to prepare such derivatives have to be
- conducted in 90% sulphuric acid (cf. Brady55). The compounds
do not therefore appear to contain any free keto groups.

(ii) They dissolve in cold 90% sulphuric acid (gentle
warming is necessary in the case of the diphenyl analogue)
and the solutions ﬁbtained on dilution after 48 hours, slowly
deposit colourless high melting solids,

‘ " The diethyl analogue yields a mono-basic acid
012H1705N3, probably the pyrrolidone (XXV; R = Et, R' =

COOH; either R'' = CONHZ, R" = CN; or R'' CN, R™ = CONHZ).
The dipropyl analogue gives a non-acidic pProduct analysing as
.C1uH2306N3’ No satisfactory structure can be deduced for
this product which may be a mixture. The diphenyl c¢ompound

yields by a similar reaction a non-acidic product C18H1703N3,
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a'formula which indicates thét the expected acid has lost

- carbon dioxide. The_prodﬁct is therefore the pyrrolidone
(XXV; R = Ph; R' = H; either R"' = CONH2, R'" = CN; or R"

= CN; R' = CONH2). This product is usually contaminated
With'unreacted material from which it can be extracted with
hot ethylene glycol., The product from the dipropyl analogue
may'possibly be a similar mixture but no separation is
possible in this case. The chemical evidence thus supports
the pyrrolidone formulation for the compounds.,

(b) Spectroscopic evidence

. (1) Ultra-violet spectra

Only the diphenyl analogue has been studied in
the ultra-violet region. It was hoped ﬁo confirm for this
compound. the absence of a free benzoyl group, which wéuld
be expected to absorb near 245 mp. (cf. Browne and Lutz,
lgg.g;;.%-gnd also to show that it contains no a-cyanocinnamoyl
grouping with a characteristic.absorption band near 295 my.
The_aliphatic analogues would not be expected to absorb in
this region.

No absorption maxima are in fact observed near
24,5 mp. and 295.mu. The diphenyl compound does not therefore
contain a free benzoyl group nor the a-cyanocinnamoyl group.
lThé presence of the pyrrolidone ring is therefore confirmed
.for this compound, and by analogy it may reasonably be

assumed that the aliphatic compounds are also similar,
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(ii) Infra-red spectra

| The infra-red spectra of the dimethyl, dipropyl,
and;diphenyl cbmpounds, in nujol mull, have been compared.
Their great similarity confirms that all three must have
similar structufes, but no unambiguous evidence for the
pyrrolidoné formulations can be obtained from them. The
difficuities arising at this point are as follows:-
'a) The insolubilities of the compounds in suitable solvents
makes it necesséry-to-use the solids fdr measurements in
the infra-red. The location of bands is less certain under
these ¢onditions._
p) Chromophores such as the amido, imino, and keto groups
exhibit their most characteristic absorptions in the 5-6 p.
region and as these groups are in fact the very ones needing
consideration, assignments are rendered difficult,
c) The combination of these two factors makes considerable
overlapping very'probable, thus creating further uncertainties.

Despite these difficulties the following assignments

are tentatively-made on the basis of the pyrrolidone structures

for which other evidence has been presented.
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Frequency ' Assignment

5,90 . Free amide and Y-lactam carbonyls

6,05 p. The amide (II) band (N-H stretching)

due to the free amide group.

The rather weak bands near 2.85 are tentatively assigned

to the tertiary hydroxy group, but may well be N-H stretching
frequencies., A further band at 8.7 pu. is also consistent
with the presence of the hydroxy group in these compounds.

It is significant that the S—hydroxypyrrolinone (V) shows
such a maximum whereas the derived 5-methoxypyrrolinone (X;

R = H, R' = Me) does not. Bellamy and Weissberger (loc.cit.)
both discuss the infra-red absorptions of organic compounds
in some detail, and these sources provide the basis on
_whiéh the assignments are made. |

(¢) Recapitulation

The condensation of 1:2-diketones with two mole-
cules of cyanoacetamide in the presence of piperidine is
accompanied by 1osé of a molecule of water and production
of the pyrrolidones (XXII; R = Me, Et, Pr, and Ph) in
which the cyano and cyanoacetamide substituents are trans

with respect to each other, above and below the pyrrolidone
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ring.  In the preceding pages these structures have been
supported by chemical and spectroscopic evidence which

has eliminated other alternative structures.

(d) Probable Mechanism

. The reaction of benzil with one molecule of
cyanoacetamide to yield the pyrrolinone (V), which can
be further reacted with a second molecule of cyanoacetamide
to give the .pyrrolidone (XXII; R = Ph),1points to the
mechéniSm, sincé it is probable-fhat two similar steps

occur_With the aliphatic diketones. The proposed mechanism

is: -
1. _ 'R })H ] R CN
: =0 \C—CH.CI\T.CONHQ 0
- + CH,CN.CONH, - | udb:
o 2 2 0 1/ ™
;_ s H
R ' R . '
: . - (XXVII)
. GH. CN. CONH,,
2. R cN , R+—CN '
RI I + CH,.CN.CONH, -
. JO 0
HO/ \/ HO/ My

-H
(i) The first stage is a Knoevénagel reaction between
one keto group of the diketones and the active methylene
group of cyanoacetamide ﬁo give - a,B-unsaturated-Y-ketoamides
Which probab;y immediately cyclise to the 3-cyano-L:5-dialkyl
(onﬁphenyi)-5—hydroxy—24pyrrolinones (XXVII). These are

probably rapid reactions.
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(1i) The second stage is an example of the Knoevenagel
addition of the cyanoacetamide to the a,B-double bond of
(XXVII) to give the pyrrolidones. In the aliphafic series
this appears also to be a rapid stage, but with benzil a
much.slower addition occurs, and then only at elevated
temperatures. Steric hindrance_Prdbably retards this

reaction.

3.. The glutaro-dilactones and attempts to synthesise them

(a) Preparation

_ When the pyrrolidones described above, or the
acids (XXV) derived from them by partial hydrolysis (pages
| 43 ‘and 5Q’are boiled with 8 N,sulphﬁric acid (or 80%
sulphuric acid in the case of diphenyl compounds) they are
converted to non-nitrogenous products, which analyse as
Csﬂ1ooh’-c10H1hoh’ C‘12H18OLl and C18H1hoh' These were
obtained in the following yields from the corresponding

pyrrolidone,
Pyrrolidone .
XVIT; R = Product Yield %
Me C8H1OOM 95
. Bt C1OH1MOM 95
- Pr - | ) C12H180u .90
Ph : C18H1u0u 10
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(b) Properties

(i) Acidity
The products are not acid towards sodium bicarbonate
solution nor are fhey soluble in cold dilute sodium hydroxide.'
Their solutions in boiling water, however, may be titrated
with standard alkali, and hence their equivalent weights
can be determined. These correspond to half the molecular
weiéhts calculated on the above formulae. Two potential
carboxylic acid groﬁps are thus.indicated'for the compounds,
a fact which suggests the presence of either two lactone.
rings, or less likely, two estef_groups or an anhydride group.
Acidification of the solutions obtained by boiling
with dilute caustic soda regenératés the original neutral
compounds, a fact which points to the first of these alternatives

(ii) The action of 2:4-dinitrophenylhydrazine

The aliphatic analogues react with this reagent
yielding pale yellow products. These analyse as mono 2:4~
dinitrophenylhydrazones in the cases of the dimethyl and
dipropyl analogues. The diethyl product has not been obtained
in a pure'state despite the use of chromatographic techniques,
but appears to be similar in nature. The diphenyl analogue
does not react with this reégent, nor with hydroxylamine,
semicarbazidé or phenylﬁydrazine. This may be due to the

influence of steric hindrance.
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(¢) Structure
Cénsideration of'the_fbrmulaa and properties of
the products leads to two alternatives for their structures.
'Thése are the dilactone (XXVIII; R = R' = Me, Et, Pr, and
- Ph) and the keto anhydride (XXIX; R = Me, Et, Pr, and Ph)

foz_'mﬁlationso
CH2.C00H
RCO
R'CO—0—R
R
CH,,. COOH
(XXIX) (XxxX)

The'fopmation of these compounds in acid, and their regener-
atipn by acids after alkaline hydrolysis points to the dilactone
structures, but it would be expected that they would yield di-
defivatives with 2:4-dinitrophenylhydrazine, unless steric
hindrance prevents this. Eme:r'.VS6 has shown that B-acetyl-
glutaric acid (XXX; R = H, R' = Me) gives the dilactone (XXVIIL;
R = H,'R' = Me) in the presence of hydrochloric acid and that
this yields a di-derivative (XXXI; R = H, R' = Me) when reacted
with ﬁhenylhydrazine in acetic acid,

' ;—NH.Ph R'
/ -+t Rl R D1

R R—

{___;iQNH:Ph . ‘f‘§§ | __H;:-ﬁH.R"

(Xxxx).' - (XXXII)  (XXXTIII)
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In order to obtain evidence for the dilactone
structure, thérefore, the dimethyl compound has been further
' investigated and the results will now be presented.

- (d) Further reactions of the dimethyl analogue

(i) Reaction with phenylhydrazine in acetic acid under

reflux leads to a crystalline solid CZOHQZOZNu’ a formula
showihg that two molecules of phenylhydrazine and one of
the compound have reacted with elimination of water., This
di-derivative is analogous to Emery's product from (XXVIII;
R = H, R' - Me) and phenylhydrazine, and probably has a

similar structure (XXXI; R = R' = Me),

(ii) Reaction with ethanolic ammonia leads to a crystalline

nitrogenous product.08H1103N, showing that one molecule of
.ammonia has reacted with one of the compound with elimination
'of a molecule of water. Reaction with Ziu—dinitfophenyl—
hydrazine leads to a mono-derivative identical with the
product obtained by reacting the mono-2:4-dinitrophenyl-
hydrazine derivative (page 57) with ethanolic ammonia. The

products are probably the lactam-lactone (XXXII; R = R' = Me,

R'' = H) and (XXXIII; R = R' = Me, R'' = 2:L|,-(-N02)206H3).
Similar products (XXXII; R = R'' = H, R' = Me) and (XXXIII;
R = H, R' = Me, R'"' = Ph) have been prepared from the dilactone

(XXVIIE R = H, R' = Me).(Emery,loc.cit.).
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(iii) The dimethyl compound is not oxidised by
alkaline hypobromite or hypochlorite nor does reaction
with lodine and caustic soda yield any iodoform. The
abéencé of a free acetyl grour is therefore indlcated,
providing further.argument against the keto-anhydride
formulations

The dilactone structure is hence confirmed for
the dimethyl compound, and by analogy the diethyl, dipropyl
| and diphenyl analogues have simllar structures.

Attempts to react the dlphenyl dilactone with
ethanolic ammonia are unsuccessful, probably due to steric
hindrance by the bulky phenyl substituents.

(e) Recapitulation

| Hydrolysis of the pyrrolidones (XXII; R = Me,
Et, Pr and Ph) with strong sulphuric acid under reflux,
leads to neutral crystalline products which by analysis,
.and by their titration with standard alkali, are shown to
be either the dilactonés (XXVIII; R = R' = Me, Et, Pr, and
Ph) or the keto-anhydrides (XXIX; R = Me, Et, Pr and Ph).
Acidification of the solutions obtained by boiling with
alkali causes regeneration of-thé neutral compounds, a
fact which favours the dilactone:: formulation. On the other
hand,-the aliphatic compounds yield only mono-derivatives
with 2:4-dinitrophenylhydrazine. This is more in accord
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with the keto-enhydride structure.

Further reactions with the dimethyl analogue,
':howevér, shoﬁﬁ'conclusively that it has the dilactone
structure. With phenyl hydrazine in boiling acetic acid
if; y;lélds a big=phenylhydrazone, a derivative shown by
Emery (loc.cit.) to be characteristic of a similar di-
lactone (XXVIII; R = H, R' = Me). Two other characteristic
derivatives are obtained by reacting the dilactone with
efhanolic emmonia to give a lactam-lactone (XXXII; R = R' =
'Me, R''= H) which gives a mono-derivative with 2:4-dinitro-
phepylhydrazine. _

The diphenyl analogue is inert to these reagénts,
buf its physical pr0perties suggest that it has the same
.structure. |

Hence, the dilactone formulation is proved for-
the dimethyl analogue, and by analogy for the diethyl,
dipropyl and diphenyl analogues.

(f) Attempts at synthesis

The dimethyl dilactone was chosen for these
attempts as in general starting materialé of known structure
are moré'readily avallable,

(1) Fittig and Roth?’ have prepared several similar
dilactones (XXXIV; R ; alkyl. or aryl) by the reaction of
the sodium salt of tricarballylic acid (XXXV; R = H) with
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acid anhydrides at 130-1uo°c. for several hours., Fittig

and Salomon®® have also prepared the dilactone (XXXVI) in

3% yield by a similar route from.a,a,B-trimethyltricarballylic
(camphoronic) acid and acetic anhydride,

CH,,. COOH |
i | Me
| ! . R—C=—COOH
a | l
Fa A | - CHp.00H - 0 | %
R S (xoav) Me
(xoxxav) : o (xxxvI)

B-Methyl tricarballylic acid (XXXV; R = Me) in the form of
its sodium salt, does not react with acetic anhydride even
under rgflux for several days. The potassium and ammonium
salts are similarly unreactive and benzoyl peroxide, sodium
acetate and sméll amounts of acetyl chloride are ineffective
in promoting the reéction. The unchanged acid is quanti-
.tatively recovered from these feactions.

The use of the free acid in refluxing acetic
anhydride (cf. McEwen and Mehta59).does not lead to reaction,
nof_are products obtained by the use of acetyl chloride.

A possible explanation of the above unreactivity
lies in the fact that the B-position is fully substituted.
If it is postulated that dilactone formation requires sn
easily polarisable C-H bond on this atom, the failure to

obtain the required diléctone from B-methyl tricarballylic
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acid is explained. The following mechanism is therefore

suggested:~ _ _
' CH,.COONga CH,.C0.0.COCH
2 2 3
_ - CH300\ |,
NaOOC—C—H + /p —>» NaOOC—C -H
GH300 )
CH,.COONa - H2.COONa

|

0
| —<0 CH5—QO | cnz-f?
——QO-GH3 — Hooc-c|:— {-CH; <— Na0OC-C— -gHB
—< CH,—CD CH2—680Na ,

Apart from the anomoly of the camphbronic‘acid

reaction (loc.cit.) there is no data in the literature
contradicting this mechanism, The isolated case of
camphdrdnic acid may, in view of the low yield, be due to
this acid containing an impurity. It is suggested that
this may be asa:Y-trimethyltricarballylic acid.

(ii) A second possible route to..the dimethyl dilactone
is from acetyl-methyl-malonic mcid (XXXVIII). This with
thionyl chloride or phosphorus pentachloride might yield
the.dichloride, which with diazomethane would give the
corresponding diazo-ketone (XXXIX). Reéction of this with

~ moist silver-oxide_would then lead to the ketoglutaric acid
. (XL) and thence to the dimethyl dilactone.
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Me\ ,COOH M oc1 Me\ ,COCHN
e\ — & .~ —_ >F<F 2
MeCO/ “COOH MeCO c1 MeCO” COCHN,,

(XXXVIII) | (XxxIX)

_ Me
M H,COOH
- a\
. " MeCO \CH2000H
7 o7

' The diethyl ester of acetyl-methyl-malonic acid does not,
_ bowever, yield the required acid on hydrolysis. With
‘sodium hydroxidé a éalt'is dbtaihed, which on acidification
yields methyl malonic acid (XLI).

| H<COOH

Me~-C
COOH
(xL1)

(ii1) 1t haé been reportéd§° that the reaction of methyl
.ethy; ketone and formaldehyde under the influence of dilute
'causfic soda, leads to mixtures from which 3: 3=-bis-hydroxy-
methyl-2-butanone (XLII) can be isolated. This compound
has-ﬁeen prepéred in low yield. It was proposed to employ
the rollowing_rouie-to the required diketone:- (X = Br, Cl1,

or I).



CH20H CH2X ' CH20N
| COHEX I 2KCN
"Me.CO—C—Me ' == Me,CO—~C~—Me ~p Me.CO—C—Me
| CH20H : , - CH2X CHch
(XLII) : (xL1n) |, acia
. hydrolysis

Me

0 010

Me

With concentrated hydrochloric acid, however, a mixture is
obtained which does not fractiénate, and which, from
anal&tical results on a sample of a distilled specimen,
appears to have only about half the required amount of
chlorine. Cold hydrogen bromide, either in the gaseous
-form or in concentrated aqueous solution, leads to a
colourless liquid,-boiling point 108°/5 mm., which contains
only half the reqﬁired amount of bromine and has not been
' Purther investigated, (compare DéécoMbe61); At elevated
tempergture black tars are formed, and.similarly tars
result when hydrogen iodide is used,

, An alternative route to the iodide (XLIII; X = I)
from the bis-p-toluenesulphonate (XLVIIEX?E.MecsﬂhSOB") by
| reactiop_ﬁith sodium iodide (compare Baer and Fischer62)

has provéd wsuccessful, p.Toluene sulphonyl chloride reacts
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with thg dihydroxyketone (XLII) in the presence of piperidine
. or caustic soda,. to yield an oil'which does not give the
' required jodide with the reagents described.

The dilactone structure of the dimethyl homologue
has not therefore been confirmed by an independant synthesis,
" but the chemical evidence presented in previous pages
nevertheieSs points conclusively to such formulations for

the hydrolysis products,.

00(00____.
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Summgry

One molecule of benzil and one molecule of cyano-
acetamide react in the presence of piperidine to yield a
non-ketonic h&droxypyrrolinone (V), in the form of a hydrate
from which the anhydrous (V) is obtained by recrystallisation
from pyridine or by boiling in benzene. The same products
respltnfrom reaction of ethyl-3-benzoyl-2-cyanocinnamate (III)
with ethanolic ammonia, |

The ultra-violet spectrg of the hydrate and
pyrrolinone_are‘consistent with the hydroxypyrrolinone
stfudtures, there being cinnamoyl absorption at 290 mp., but
no benioyl band near 245 mp. In contrast (III) has two peaks
‘at 247 and 285 my, |

. The infra-red spectra are also in accord with the
cyciic structures, (V). and its hydrate each having a single
peak at 5.85 p. whereas (III) has an additional benzoyl peak
at 6.05 po.

The presence of the allylic hydroxyi group éccounts
for thé weak aci&it&. Both hydrate and pyrrolinone dissolve
in dilute caustic soda and on acidification of the solution
so obtained the hydrate precipitates. With methanol (or
ethanol) containing hydrogen chloride O-alkyl derivatives
(X; R = H, R' = Me or Et) are obtained and dimethyl sulphate
gives an N-methyl and an'O:N-dimethyl derivative, Acetic
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anhydride in hot pyridine yields a dlacetate.

When the pyrrolinone (or its hydrate) is boiled
with dilute caustic soda a rearrangement 1nvolying the 2-
.phenyi substituent occurs and the proéuct is a,a-diphenyl-
suceinimide. This is confirﬁed by.the identity of the
melting point and mixed melting point with an authentie
sample, which:has'the same ultra-violet spectrunm, and'by
methylation with dimethyltsulphate to give a,a-diphenyl-N- |
meth&l succinimide, identical with a genuine sample..

Diacetyl, dipropionyl, and dibutyryl react with
two molecules of cyanoacetamide with loss of a molecule‘
of water to.give the non-ketonic hydroxypyrrolidones (XXII;
‘R = Me, Et, or Pr) and a diphenyl analogue results by
' further reaction of (V) with a molecule of cyanocacetamide. '
The pyrrolidone formulations are supported by the
-ultra-violet spectra of the dimethyl and diphenyl compounds,
which have no absorption maxima. due to a,B-unsaturation or
a ben;oyl group.

Since on boiling with water no ammonia is evolved _
and sinee no reactien occurs with cold ethanolic sodium
ethdxide, the cyano and cyanoacetamido groups are trans, for
if cis interaction between them would be expected to yield
easily hydrolysed imino-imides (XX; R = Me, Et, Pr, and Ph).
Hydrolysis with cold 90% sulphuric acid gives mono-=basic-acids,
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probably (XXV; R = Me or Et, R' = COOH, either R'' =CONH,,

R"' = CN, or R'' = CN, R" = CONH2). The diphenyl acid

| loses carbon dioxide to give a non-acidic:product.

When either the above acids or the pyrrolidones
are refluxed with‘SIN;sulphuric acid (or 80% in the case of
the diphenyl analogues) they are converted to the dilactones
(XXVIII; R = R' = Me, Et, Pr, and Ph). The aliphafic compounds
yield mono-derivatives with 2:4-dinitrophenylhydrazine. The
dimethyl analogue has been most fully investigated and a
-mono-lactam and its 2:4~-dinitrophenylhydrazine derivative
have.beén prepared as well as a di-derivative with phenyl-
hydrazine in acetic acid.
| Attempts to synthesise the dimethyl dilactone
from B-methyltricarballylic acid and acetic anhydride by
established methods have not been'successful nor have a

number of other possible routes.
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EXPERIMENTAL

-1.,annoacetamide was prepared from ethylcyanoacetate and

ammonia63, recrystallised from ethanol and after drying at
100° for several-hours to remove all traces of ammonia (cf.

Kon and Thorpe21):it melted at 121°.

2, Diacetxl was prepared from the monoxime®l by Olivier's
method 65: a.solution of diqcetyl monoxime (4101 grams;

1,0 mole) and sodium nitrite (4170 grams; 2.0 moles) in water
'(é,eoo mls.) was stirred and cooled to 15° while 18% sulphuric
acid (540 mls.) was slowly added through a tube reaching to
the bottom of the reaction vessel. After five days at

‘room_ temperaturethe solution was saturated with anhydrous
sodium sulphafe, allowed to stand until the sodium sulphate
decahydrate had crystallised and the aqueous layer decanted..
The crystals were washed with a little cold water (50 mls.),
the aqueous solution and washings distilled until no more
diketone distilled with the water and the distillate then
extracted wifh ether. After drying over sodium sulphate

the extracts were evaporated_at 60° to a yellow oil which
was distilled to give diacetyl (66 grams; 76.7%), beDe.
86-88°. -

3. Dibutyryl and dipropiégz; were prep&red by an adaptation

.of. the method used by Ruggli and Zeller66

to prepare several
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diketones from the corresponding acylﬁins.-

(a) A solution of propionoin67 (17 grams; 0.147 moles)
and meﬁhanol (7.5 mls.) in 70% aqueous acetic acid (870 mls.)
was refluxeq for % hr. with cupric acetate (52.5 grams;
0.35 moles)._ The precipitated'copper oxide was filtered,
‘the filtrate neutralised with saturated sodium carbonate
solution and then ether extracted. The combined extracts,
after drying over sodium éulphate, were filtered and
evaporated to a yellow o0il which was distilled under
reduced preséure to give dipropionyl (15.5 grams; 93%),
b.p. 48-52°/13 mm.

(b) Dibutyfyl (16.8 grams; 81%), b.p. 58-62°/13 mm.,
was prepared in the same way, using butyroin67 (21.1 grams)

in the place of propionoin.
Lo Benzil was prepared from benzoin68 by the method of
Clark and Dreger69:

B A mixture of crystalline copper sulphate (410 grams),
technical pyridine (LOO gresms) and water (160 mls.,) was
stirred on a steam-bath until solution was complete. Crude
benzoin'(169;6 grams) was added, the mixture heated and

. stirred for é further 2 hrs. and then cooled to solidify the
oily product; The.copper sulphate~pyridine solution was

decanted from the crude benzil which was fhen treated with

boiling 10% hydrochloric acid (150 mls.). After cooling and
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filtering, the so0lid was recrystallised from carbon tetra-

chloride to give yellow needles of benzil (440 grams; 83%),
mop. 9’-‘--9500 |

5. Ethyl 3-benzoyl-2-cyanocinnamate (cf. Bach&€r™>),

A solution of benzil (6.3 grams; 0,03 moles) in
ethy;'cyanoacetate (6.8 grams; 0.06 moles) was treated at
65° with piperidine (0.5 grams), and after 2 hrs, at 65-70°
the solid product was extracted with a mixture of ether and
ethanol (3:1; 200 mls.). After filtration the extract was

efaporated on a water-bath and the yellow residue recrystal-
lised from 70% aqueous ethanoi to give colourless needles of
the product (5 grams; 52.6%), m.p. 141°. Light absorption,
)\max. 21,7 myu. (( = 15,350) and 285 mp. (€ = 11,890) in
ethanol, 5.85 p. and 6,05 p. in nujoi.

6. L4-Cyano-2:3-diphenyl-2-hydroxy-5-0xo~N-pyrroline

(a) A so;utioh of benzil (41.9 grams; 0.2 moles) in
ethanol (700 mls.) at 25° was stirred with a suspension of
cyanoacetamide (16.7 grams; 0.2 molgs) while piperidine
(2.2 grams) was added dropwise., The resulting solution
was refiuxed for 3 hr., evaporated to dryness under reduced
pressure, the yellow residue washed with water and filtered
to give a colourless.solid which was recrystallised from

60% ethanol to yield colourless needles of the hydrate of

Y-cyano-2: 3-dipheny -2-§xgroxx:§-oxo-égggyrroline (31.7 grams;
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88.8%), m.p. 170°, (Found: C, 69.9; H, Le7; N, 9.l
CyH4,No05 requires C, 69.4; H, 4.8; N, 9.5%). Light
sbsorption A max, 292 M. (€ = 11,760) in ethanol,
5.85 pe. in nﬁjol.

(b) The hydrate, after recrystallisation frbm aqueous
pyridine, gave colourless needles of the anhydrous product,
m.p. 186°, (Found: G, 73.6; H, 4e7; N, 9.9, C, H, N0,
requires C, 73.9; H, L.43 N, 10.1%). Light absorption,
Mmax, 293 mi. (€= 11,043) in ethanol, 5.85 p. in nujol.

(¢c) The hydrate (2 grams) was refluxed for 8 hrs. in
benzene (20 mls.), the resulting colourless crystals filtered
and recrystallised from benzene to yield the anhydfous
Lprbduct, m.p. 183-186°, undepressed by admixture with a
specimen prepared.as above,

(d) A similar procedure to that described above, using
a solution of sodium (L.6 grams; 0.2 atoms) in ethanol
(50 mls,) in the place of pipéridine, led to a bright yellow
solution which was poured into ice-cold 5 N. hydrochloric
~acid (200 mls.), diluted with water (500 mls.) and the
resulting solid filtered to give a colourless product
which was recrystallised from 60% aqueous ethanol as
colourless needles of the hydrate (31.0 grams), m.p. 170°,

undepressed by admixture with an authentic sample prepared

as above,
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(e) A solution of ethyl 3-benzoyl-2- cyanocinnamate
(1'gram) in ethanol (30 mls.) was stood for 4 hrs. at 70°
with concentrated agueous ammonium hydroxide solution
(sp. gr. 0.88; 7 mls.), the volotile fractions then

evaporated under reduced pressure and the residue recryst-

"allised from aqueous pyridine to give L-cyano-23=-diphenyl-

2- hydroxy-S-oxo-A?-pyrroline (0.81 grams), m.p. 186°,

undepressed by admixture with a sample prepared as above.
On recrystallisation.from 60% aqueous ethanol

the-anhydrous-cpmpound_gavg the hydrate, m.p. 170°,

undepréssed by admixture with a specimen prepared as above.

| Te u-Cyano—Z:3-diphenyl-Z-ethoxy-5-oxo-4;3-pyrroline

(a) The hydrate (1 gram) was refluxed for 15 mins.
with ethanol (10 mls.) containing concentrated hydrochloric

aéid (2 mls.), the solvent then evaporated under reduced

- pressure and the residue recrystallised from ethanol to

give colourless needles of L-cyano-2:3-diphenyl-2-ethoxy-

5-oxdf4§3-pyrrpline (0.86 grams),m.p. 184. (Found: C, 7L.7;

H, 5.3; N,9.0. C19H16N202 requires C,75.0; H, 5.3; N, 9.2%).
(b)A..similar procedure ‘using the anhydrous hydroxy-
oxopyrroline (V) (1 gram) in the place of the hydrate, led

to the same ethoxy derivative, m.p. 18&0, undepressed by

* admixture with the specimen prepared above.
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8. L-Cyano-2:3-diphenyl-2-methoxy-5-0x0o-/\’-pyrroline
A similar procedure to that used for the ethoxy

derivative was followed using methanol in the place of
ethanol. The colourless residue, after evaporation of
the solvent, was recrystallised from methanol to yield

colourless needles of L-cyano-2:3-diphenyl-2-methoxy-5-

oquZS?-gzrroline_(O.Gu grams), m.p. 194°., (Found: C,
© 4.3; H, 5.0; N, 9.2; OMe, 10,3, C,gH, N0, requires
C, 74e5; H, 4e8; N, 9.7; OMe, 10.7%). Light absorption,

Mmax, 585 we in nujol,

9. u:Cyano-Z:derogy: and 4-cyano-2-methoxy-2: 3-diphenyl-
-1-methyj—;—oxo-Aéﬁgpygroline

(a) Dimethyl sulphate (3.78 grams; .0.03 moles) was
shaken for 1 hr. with a cold solution of the hydrate (2.9
grams; 0.01 moles) in water (20 mls.y containing sodium
hydroxide (41.32 grams; 0.03 moles). The precipitated solid
was filtered, Washed with 10% sodium hydroxide solution then
-:water and recrystallised from 60% aqueous ethanol to yield
colourless needles of Y-cyano~2: 3-diphenyl-2-methoxy-1-methyl-

j:ox0qZ§?1gyrroline (2.1 grams), m.p. 158°. (Found: C, 75.0;

H, 5.4; N, 8,9; OMe, 12.9. Cygfy N0, Tequires C, 75.0;
H, 5.3; N, 9.2; OMe, 10.2%).

~ On acidifying the combined filtrate and washings
with 10% sulphuric'acid a solid precipifated and on
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recrystallisation from 60% aqueous ethanol gave colourless

needles of L-cyano-2:3-diphenyl-2-hydroxy-1-methyl-5-o0x0o=

Zﬁ?-prroline (0.8 grams), m.p..222°. (Found: C, 74.0;
Hy, 4.6; N, 9.5; OMe, 2.8. C18H1uN202 requires C, 74.5;
H, L48; N, 9.7; OMe, Nil%). Light ebsorption, A
288 my. (€ = 11,690) in ethanol.

(b) A similar procedure using the anhydrous (V) in the
place of the hydrate led to the same mono- and dimethyi
products, m.ps. 222° and 158° respectively, pndepressed?by
admixture with the corresponding samples prepared from the

hydrate,

10..2—Acetoxy-1-acetxl-u-czano-2::—diphegzl-§-ox01é§?—pxgroline.

A solution of the hydrate (2 grams) in pyridine

(20 mls.) containing acetic anhydride (6 grams) was refluxed
for 10 mins. and the resultfng red soiution evaporated under
reduced ﬁressure to an o0il which solidified on shaking with

waterg, The crude product was recrystallised from 70% aqueous

acetone to yield colourless needles of 2-acetoxy-i-acetyl-

u-cyahb-zz3-diphenyl:j—oxo-Zﬁéfgyrroline (1.15 grams; 47.0%),
m.p. 159°. (Found: C, 70.2; H, L.l4; N, 7.8. CoyH,gN 0,
requires C, 70.,0; H, Lo.U4; N, 7.8%).

11, a,a-Diphenylsuccinic acid (cf. Long and Milleru?).
Sodium (5.4 grams) was dissolved in ethanol (ebs;

80 mls.), diphenylacetonitrile (19.4 grams) added and the
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mixture refluxed for 1 hr. After cooling to 50° ethyl
_bromoacetate (25 grams) was added with stirring at such

" a rate as to cause gentle boiling of the ethaeol, the

mixture refluxed a further 3 hrs, and the volotile fractions
'then-evaporated under reduced pressure. The dark residue

was stirred with ﬁater (60 mis.) for % hr., the resulting
solid filtered and recrystallised from 95% ethanol to give
colourless needles (22 grems), m.p. 101-105°. These were
heated on a steam-bath for 15 mins., with a solution of

. potassium hydroxide (13 grams) in ethanol (95%; 100 mls.),

the solution cooled to 0°, and the colourless sodium salt
filtered. It was dissolved in water (80 mls.), the solution
acidified with 5 N. hydrochloric acid,.the colourless acid
recrystallised from ethanol as.needies (18 grams), m.p. 178°,
and then refluxed for 68 hrs. with concentrated hydrochloric
acid (200 mls.). The colourless product was filtered, washed
with water, dissolved in 10% aqueous sodium hydroxide solution,
tﬁen reprecipitafed with 5 N. hydrochloric acid and recrystal-
lised from ethanol to give a,a—diphenylsﬁccinic acid (12.6

grams; 67.1%), m.p. 170°. (Long and Miller give 173-175%),

12. a,0-Diphenylsuccinimide

(a) An authentic specimen was prepared from the acid by
the method of Long and Miller (loc.cit.):-

A solution of a,a-diphenylsuccinic acid (4 grams)
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in concentrated aqueous ammonium hydroxide solution (sp. gr.
0.88; 50 mls.) was evépbrated on an oil-bath which was gradually
raised to.210°. The residual oil was cooled, dissolved in
boil}ng ethanol and the solution chilled to yield a colourless
solid which after several recrystellisations from a benzene

- /petroi (u67663 mixture and from 50% aqueous ethanol gave
a,a-diphenylsuccinimide (3.3 grams), m.p. 141-142°. Light

max, 208 m. (€= 18,4,50) in ethanol, "

(b) The hydrate (1 gram) was refluxed for 2 hrs. with an

absorption, A

excess of 15% aqueous sodium hydroxide solution (20 mls.),
ihe colourless solution then cooled, acidified with 5 N,
hydrochloric acid and the oily product extracted with ether,
The extracts were washed, dried over sodium sulphate, evaporated
to an oll which crystallised on standing and was recrystallised
from 50% aqueous ethanol to yield colourless plates of a,a~-
diphenylsuccinimide (0.7 grams; 82,0%), m.p. 141-142°,

_ﬁndepressed by admixturé with an authentic sample prepared as
gbove. (Found: C, 76.3; H, 5.43 N, 5.2. Calculated for
C,gHyaN0, C, 76.5; H, 5.2; N, 5.6%). Light absorption,

" Apag, 208 mu. (€ = 18,700) in ethanol.

| (e) ihe anhydrous hydroxy-oxo-pyrroline (V) (1 gram),

" hydrolysed in_a similar way with 15% sodium hydroxide solution
(20 mls.) yielded @a;diphéhylsuccinimide (0.7 grams), m.p.
1&%-1h2° (from 50% aqueous ethanol), undepressed by admixture
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with specimené prepared as above from a,a~-diphenylsucciniec

acid and from the hydrate.

13. a,0-Diphenyl-N-methylsuccinimide

(a) A solution of a,a-diphenylsuccinic acid (4 grams) in
25% aqueous methylamine solution (50 mls.) was distilled to
dryness and the residue heated to 210°. After cooling the
residue was recrystallised from ethanol to give a,a—diphen&l-
' N-methylsuccinimide (2.9 grams), m.p. 89-91°. (Long and
Miller, loc.cit. give 88-90°).

(b) A cold solution of a,a-diphenylsuccinimide (0.5 grams;
0.02 moles), prepared from the hydrate as described above, in
5% aqueous potassium hydroxide solution (4.6 mls; 0.0 moles)
waé shaken for 5 hrs. with dimethyl sulphate (0.5 grams; 0.04
moles). The oily product, isolated by decanting the agueous-
layer, solidified on washing with water and was recrystallised
from ethanol to yield o,o~diphenyl-N-methylsuceinimide (0.2
grams; 3797%), m.p. 88-90°, undepressed by admixture with an
authentic samble prepared from a,a-diphenylsuccinic acid.
(Found: C, 76.9; H, 5.9; N, 4.9, Calculated for 017H15N0
C, 77.0; H, 5:7; N, 5.3%).

1u. Attempts to dehydrate L-cyano-2: 3—d1phﬁgy1-2-hxgpo§z_§_
oxo-/\’-pyrroline (V).

(a)_Reaction with phosphorus pentoxide

Thé following procedure was adopted in several



-80~

attempts to effect dehydration using this reagent: A
solution of either the hydrated or anhydrous (V) (0.01 moles)
in dry benzene or dry chloroform (200 mls.) was stirred with
a suspension of phosphorus peﬁtoxide under the conditions
tabulated below. After completion of the reaction ice-
water (50 mls.) was added to.thé cooled stirred mixture,

the organic layer evaporated ﬁnder reduced pressure at 600.,
'the-oily products solidif'ied with ice, then filtered and re-
crystallised from agueous pyridine. In'some cases a little

red pyridine~-insoluble gum was produced, which did not

s0lidify and was not further investigated.

sterting)"ce™| remp. [F10° sotvent
P205 Grams| m.p. M;fgg ?&?'
HYdrate 0.02 | Room 2 Chloroforﬁ 2.3 {184~-186| 184-186
(V) 0.01 |Reflux| 5 " 2.0 [185-186] 185-186
Hydrate [0.02 |Room | 6 " 2.4 |185-186] 186
(V) {0.10 |Reflux| 6 " 1.8 [182-185| 184-186
(V) 0.01 |Reflux| 2 |Benzene 2+3 1184~-186| 184~-186
(V) 6.10 Reflux| 6 " 2.3 |186 186
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(b) Reaction with phosphorus oxychloride

The hydroxy-oxo-pyrroline (V) or its hydrate (0,005
moles) was stirred and heated on an 0il bath with pure phos-
phorus oxychloride (20 mls.), as tabulated below. The volotile
.fractions were then evaporated under reduced pressure and
the residues shaken with water (10 mls.) to decompose any
phosphorus oxychloride still present. The products, except
under the mildest conditions when no reaction occurred, were
all amorphous solids which could not be recrystallised.

Analysis of some specimens after washing with ethanol, benzene

and ether led to no satisfactory primary formulee.

: Product
ﬁzizﬁigf Temp. Time Analysis
 MePo
| C H N
(V) 65°C. |1 nr. 165-166°°
Hydrate |[65°C. | 6 hrs. |166° =
Hydrate |100°C. |6 hrs. | 164-166°"
(V) Reflux | 15 mins. | Indefinite |
(V) Reflux | 30 mins. | >360° 76.2 | 4ot | 11.6
(V). |Reflux |1 hr. >360° |
Hydrate |Reflux|'3 hrs. | >360° 73.9 | 4e3 | 1144

% These products were recrystallised from 60% aqueous
ethanol and shown to be the hydrate by means of mixed
melting points.
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(¢) Reaction with acetic anhydride
(1) The hydrate (1.4 grams) was ground to a paste

with acetic anhydride (5 mls.), the mixture stood for 15 hrs.
at room temperature with occasional mixing and exclusion of
mbisture, then stirfed with ice/water (4100 mls.) to decompose
the anhydride; The resulting solid (1.36 grams) was recrystal-
lised from aqueous pyridine to give 4-cyano-2:3-diphenyl- ~-2-

. hydroxy-5-ox0-Z\>-pyrroline, m.p. 186°, undepressed by
admixture_with an authentic specimen.

(i1) The anhydrbus hydroxy-oxo-pyrroline (V) (2.0
grams) was refluxed for 50 mins;_in acetic anhydride (5 mls.)
and the-dark'solution evaporated under reduced pressure to a
black tarry residue. No solvent suitable for recrystallisation
was discovered. A solution of the black residue (0.25 grams)
in an eﬁhanol/petrol (u0+663 mixture (1:2; 5 mls.) was added
to the top of an alumina column and eluted with the same
mixturé° No separation into bands was obtained, and similar
experiments employing mixtures of acetone/petrol, ether/
petrol, and ether/acetone were aiso unsuccessful. Fractions
of 10 mls., were collected in all cases, but thg only residues

obtained after ewaporation were black tars,

(d) Reaction with concentrated sulphuric acid
(1) Anhydrous (V) (1 grem) was stirred for 9 hrs.
with cold concentrated sulphuric acid (20 mls.), the solution

then poured into ice/water (70 mls.), the resulting colourless
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solid filtered and washed with water. After recrystallisation
from aqueous pyridine, unchanged (V) was obtained (0.86 grams),
M, Po and mixed m.p., with an authentic sample 186°,

(ii) Anhydrous (V) (1 gram) was heated on a steam-
bath for 2 hrs. with concentrated sulphuric acid (20 mls.)
the red solution cooled and poured into water. The dark
green solid could not be recrystallised.

(e) Reaction with polyphosphoric acids

Polyphosphoric acids were prepared by stirring
20 grams. of syrupy 85% phosphoric acid ﬁith the calculated
quantity of phosbhorus pentoxide. The temperature was kept
below 80° by adding the oxide at a sufficiently slow rate.
In this way acids containing up to 8u% of phosphorus
pentoxide were made; Stronger acids‘were prepared by adding
the calculated amount of phosphorus pentoxide and then
stirring at 180° for 15 mins. (cf. Be115h).

The folloﬁing procedure was adopted. The poly-
phosphoric acid (20 grams. ) waé adjusted to the reaction
temperature, the hydratéd or anhydrous (V) (1 gram) added
- with stirring and after completion of the reaction ice/water
(150 mls,) was added. The yellow solids so obtained were
. reéfystallised from 80% aqueous acetic acid, The results

of analyses of some of them are detailéd below: -
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Product

Starting | % | Temp. | Time [ _ ] Empirical
Material [ P05 | OC. |Hrs. [ mip. Analysis Formula

. °cC. ¢c | = | N
. s :

(V) 7 | 120 3 | >360
Hydraté. 7 | 8 1 -] >360
(V) 70 | 60 8 | 1861
Ryarate | 80 | 120" | 1 |>360 [ 70.4 |45 | 11.3 C, By, N0,
Hydrate | 80 | 80 | 3 |>360
Hydrate | 80 | 60 10 | 186%

. *x ’
Hydratg. 85. 120 1 >360 | 7245 | he1 | 114 C16H11N202

(V) 85 80 L | >360

- ;
(V) 85 | 60 12 [ >360 | 72,0 | 4.3 |11.2] C,;H,, N0,
v) | 90 |120% 1 | >360

* The initial temperature of 120° was allowed to fall
spontaneously during the reaction, :

# 5 mls, of redistilled phosphorus oxychloride were added
to the reaction mixture.

¥ _These products weré-recrystall;sed from agqueous pyridine and

were shown by'miied melting points to be the anhydrous (V).
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15+ L4=Cyano-3-cyanoacetamido-2; 3-dialkyl-2-hydroxy-5-

oxopyrrolidines

(a) Diacetyl (10.75 grams; 0.125 moles) was added drop-
wise over 1 hr. to a stirred solution of cyanoacetamide
(21 grams; 0.25 moles) in ethanol (95%; 150 mls.) at 50-60°.
After a further 2 hrs. at this temperature, the mixture was
stood for 12 Hrs. at room temperature, the precipitated solid
then filtered, Washeq with ice-cold ethanol (410 mls.) and
reéryétallised froﬁ watér to yleld colou;less prisms of 4-
'gyénofézgyanoacetamido-2:3—dimetgyl-2-hx§roxx:§-oxopyrrolidine
(26.5 grems; 90%), m.p. 289°. (Found: C, 50.8; H, 5.3;
N, 24.0. C1OH12Nu63 requires C, 50.8; H, 5.1; N, 23.8%).

(b) By substituting dipropiohyl (12475 grams; 0.125 moles)
for diacetyl in the above reaction a colourless solid was

obtained which was recrystallised from glycol to yield. .

prisms of 4:cyano-}-qganoacetamido-Z:3-diethy1-2-gygroxx75-
oxopxrrolidine (16.27 grams; 49%), m.p. 325-326°. (Fbund:

C, 54.3; Hy, 6.0; N, 21.0. C,oH,gN,05 Tequires C, 54.6; H, 6.1;
N, 21.2%). _

(¢) A solution of cyanoacetamide (16.8 grams; 0,2 moles)
and dibutyryl (14.2 grams; 0.1 moles) in water (60 mls.) at
room temperature was treatéd dropwise over 1 hr. with piperidine
(2 grams) in water (20 mls.). After 49 hrs. the colourless
s0lid was filtered and washéd with water (5 mls.), to yield
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colourless prisms of u-qyaﬁo-}-cyanoacetamido-2:3-dipropzl-

2-hydroxy-5-oxopyrrolidine (3.2 grams; 10.1%), m.p. 343°C.

(from glycol. (Founc;: C, 57.82';.H, 7.0; N, 19.1. cmHz(')Nuo3
requires C, 57.5; H, 6.8; N, 19,1%) .

16.:Q:CyanOQS-cygpoacetamido-2:3—diphenzl-2-hzdroxx-5-

oxopyrrolidine -

- The hydrate of L-cyano-2:3-diphenyl-2-hydroxy-5-
oxo-AB-pyrroline (2.9 grams; 0.01 moles) was refluxed for
80 hrs. in ethanoi (20 mls.) with cyénoacetamide (8.4 grams;
0.01 moles) and piperidine (1 ml.). The precipitated solid
was filtered and purified by successive washings with boiling
ether, acetone, eihanol and water to yield colourless crystals

of Li-cyano-3-cyanoacetamido-2: 3-diphenyl-2-hydroxy-5-o0xo-

pyrrolidine (1.9 grems; 53%), m.p. 426°. (Found: C, 66.7;

H, 4.5; N, 15.1. 020H16N’+03 requires C, 66.7; H, L.4; N, 15.5%).

17. 2:3-Disubstituted—3écarbogyacetamido-(or carboxycyano-

_.methyl) -h-cyano-(or amido)-2-hydroxy-5-oxopyrrolidines
(X0V; R ' = COOH, R''= CN or CONH,, R" = CONH, or CN).

The oxopyrrolidines (1 gram)were dissolved with
gentle warming in 90% sulphﬁric acid (11.5 mls.) and the
solutions immediately cooled and stood for 2, hrs, After
dilution with ice-water (25 mls.),. the solutions wére stood
for 36 hrs.,the colourless crystals filtered, washed with

wéter and crystallised as indicated below. Thus were prepared: -~



-87-

(a)'233-dimethx1: (0.81 grams; 75%), m.p. 334° (from water).
(Found: C, 47.1; H, 5.4; N, 16.4; EW, 256. C1OH13N305
requires C, 47.1; H, 5.1; N, 16.5%; EW, 255).

(b) 2:3-Diethyl- (0.26 grams; 25%), m.p. 337-338° (from' aguedis
_glycol), (Found: C, 51.0; H, 6.0; N, 14.6. C12H171\T305
requires C, 50.9; H, 6.0; N, 14.8%).

(¢) The diphenyl-oxopyrrolidine gave by this method 2:3-
diphenyl-3-acetamido-(or cyanomethyl)-h-cyano-(or amido)-

2-hydroxy-5-oxopyrrolidine (0.47 grams; 51%), m.p. 338°

(from glycol)., (Found: C, 68.1; H, 5¢1; N, 12.4.
c19H17N303_requires Cy 68.1; H, 5.1; N, 12.5%).

18, Dilactones of B-acyl-(or benzoyl)-p-alkyl-(or phenyl)-

glutaric acids.

(a) (XXVIII:; R = R' = Me)
The dimethyl-oxopyrrolidine (XXII; R = Me)(5 grams)

was refluxed for 24 hrs., with 8 N, sulphuric acid (20 mls.).
On cooling colourless plates formed which were filtered and

recrystallised from water to yield colourless plates of the

~dilactone of'B-acetyl-B-methglglutaric acid (3.43 grams; 95%),
m.p. 148°. (Found:.C, 56.5; H, 5.8; E.W. 85.0. CgH, 00,
requires C, 56.5; H, 5.9%. E.W.85,0). |

(b) A similar reaction using the acid (XXV; R = Me, R' =
'COOH, R''= CN or CONH,, R™ = coNH2 or CN) (1 gram) and 8 N,
sulphuric acid (5 mls.) led to colourless plates of the same
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dilactone (0,62 grams), M.Pe 1u8°, undepressed by admixture
with an authentic sample prepared as above.

(1) 2:4~-dinitrophenylhydrazine derivative

_ A solution of the dilactone (0.5 grams) in ethanol
(95%; 5 mls.) was heated at 100° for 10 mins. with 2:4-
dihitropheny}hydrazine (003 grams), concentrated hydrochloric
acid (0.5 mls.) then added and on dilution with water a yellow
solid precipitated. This on recrystallisation from 60%
aqueous ethanol yielded the 2:4~dinitrophenylhydrazone (1.0
grems; 97%), m.p. 256°. (Found: C, L48,0; H, 3.8; N, 15.7.
requires C, 48.0; H, 4.0; N, 16.0%). |

C1 B0 M,%7
' (ii) lactam-lactone

A solution of the dilactone (1 gram) in ethanol

_(5'mls.) and concentrated ammonium hydroxide (sp. gr. 0.88;
_5 mls.)-was refluxed for 2 hré. then evaporated to dryness
under reduced pressure and the residue recrystallised from

benzene to yield'the lactam-lactone of f-acetyl-f-methyl-

glutaric acid (0.8 grams; 83%), m.p. 187-188°, (Found:
C, 56.9; H, 6.3; N, 8.4 CgH, NO; requires C, 56.8; H, 6.5;
N, 8.2%). _

(1i1) lactam-2:4-dinitrophenylhydrazone

a) A solution of the lactam-lactone (0.3 grams)

in ethanol (2 mls.) was refluxed for 10 mins., with 2:4-

dinitrophenylhydrazine (0.3 grams), concentrated hydrochloric
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aéid'(O.S mls°) then added, the solution diluted with water
and the precipitated producf recrystallised from 60% aqueous
ethanol to yield the lactam-2:4-dinitrophenylhydrazone, m.p.
300-308% (Found: C, Uh.6;5 H, 3.9; N, 18.7. G, H, 5Ns0
requires C, 4lo1; H, 3.9; N, 18.4%). '

b) The 2:u—dinitrophenylhydfazone (0.3 grams)

" in ethenol (2 mls,) was refluxed for 1 hr. with concentrated
ammonium'hydroxide solution (sp. gre. 0;88; 5 mls.), the
solution evaporated to dryness under reduced pressure and
'thg residue recrystallised from 60% agueous ethanol to give
yellow crysfals of the lactam-2:4-dinitrophenylhydrazone,
mop.:300—308°, undepressed by admixture with the sample

prepared above, E _
(iv) Bis-phenylhydrazine derivative

, A solution of the dilactone (1 gram; 0,06 moles)
and phenylhydrazine (1.3 grams ; 6.12 moles) in glacial acetic
acid (10 mls.) was refluxed for 8 hrs. the acetic acid
removéd under reduced pressure and the residue recrystallised
. from methanol to give the bis-phenylhydrazone (1.7 grams;

87%), m.p. 232-233°. (Found: C, 68.2; H, 6.2; N, 15,9,
ootlool, O, requires C, 68.5; H, 6.3; N, 16.0%).

(e¢) (XXVIII; R = R' = Et)
The diethyl-oxopyrrolidine (XXII; R = Et) (5 grams)

C

was refluxed for 2l hrs., with 8 N, sulphuric acid (20 mls.)



-90-

the cboled solution extracted with ether and the extracts
dried over sodium sulphate, After evaporation of the ether
the residue was recrystallised from water to give colourless
needles of the dilactone of f-ethyl-g-propionylglutaric acid
(3.56 grams; 95%), m.p. 100°. (Found: C, 60.5; H, 7.3;

E.W. 98.8, C10H1hoh requires C, 60.6; H, 7.1%; E.W. 99.0).
~ The impure 2:l-dinitrophenylhydrazone had m.p. 228-239°,

(d) (XXVIII; R = R' = Pr)
In the same way, using the dipropyl-oxopyrrolidine
(XXII; R = Pr) (2.5 grams) and 8 N, sulphuric acid (20 mls.),

there was obtained after recrystallisation from water, the

' dilactone of B-butyryl-@-propylglutaric acid (0.86 grams; 90%),
' )
MePe 88-89°, (Found: C, 63.9; H, 7.8; E.W. 112, 012H180u
requires C, 63.7; H, 8.0%; E.W. 113). 2:4-Dinitrophenyl-
hydrazone, MeDP. 235-238° (from 60% aqueous ethanol). (Found:
C, 52.8; H, 50).'.; N, 1’-].030 C18H22N).|.07 I‘eq‘llires C, 5302; H’ 5.)4;
N, 13.8%).
(e) (XXVIII; R = R' = Ph)
A solution of the diphenyl-oxopyrrolidine (XXII;

R = Ph) (10 grgms) in 80% sulphuric acid (100 mls.) was
refluxed for 36 hrs. the mixture dilutedwith water and the
product extracted with ether. The extracts were dried (sodium
SUIphate), evaporated on a water-bath and the residue re-

crystallised from 4O% aqueous ethanol to give the dilactone
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of B-benzoyl-B-phenylglutaric acid (0.63 grams; 10%), m.D.

203-204°. (Found C, 73.3; H, 4.9; E.W. 1u7. C, 85,0,
requires ‘Cy 73.43 H 4o8%; E.W. 147).

19. Preparation ome-metgyltricarbal;ylic acid

(a) Ethyl-a-cyano-B-methylglutaconate (cf. Rogerson
‘and Thorpe?}),

A splutidn of sodium (11.5 grams) in ethanol
(250 mls.) was evaporated to dryness at 190° and 8 mm.
pressure. The sodium ethoxide was allowed to cool in vacuo
and thén treated with ethyl cyanoacetate (56.5 grams) followed
by ethyl acetoacetate (65 grams). The mixture was heated on
a steam-bath for # hr. then cooled, dissolved in water (300
mls.), acidified. with 5 N, hydrochloric acid and the
precipitated oil extracted with ether., After washing and
drying the extracts over sodium sulphate, the ether was
evaporated and the oily residue fractionated under reduced
pressure to give ethyl:a—cyano-B-methylglutaconate (58 grams;
5145%), boDe 170-172°/27 mm.
| (b) Ethx;ia,B-diqyano—B-methylglutarate (ct. Hope and

Sheldon7o)
A solution of ethyl:-a~cyano-B-methylglutaconate
(45 grams) in ethanol (95%; 250 mls.) was treated with a
solution of potassium cyanide (26 grams) in water (150 mls.),
coeled to 0° C. and then dropwise with-sﬁirriﬂg with 20%
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hydrochlorlc acid (3 moles). After 15 mins. at room temper-
ature the mixture was pourediinbp N, hydrochloric acid (1
1itre), the precipitated oil extracted with ether, the
extracts washed with 10% sodium bicarbonate solution and
dried over sodium sulphate. After_evaporation of the ether
-the residue was fractionated under redﬁced pressure .to give
ethyl=a, B-dicyano-B-methylglutarate (36.8 grams; 73%), b.D.
1814-188%/11 mm,

(c) B-methyltricafballxlic acid (cf. Hope and Sheldon,

loc, c1t ).

The above dicyano-ester (36.8 grams) was refluxed
with céncentrated hydrochloric acid (300 mls.) until a clear
solution wasndbfained (about 15 hrs.), the solution then
evaporated to dryness under reduced pressure and ﬁhe solid
’ residué extracted in a Soxlet ektractor with dry ether for
L da&sw After evaporation of the ether the residue was
'reérystallised from formic acid to give B-methyltricarballylic

“acid (16.1 grams; 58%), mop. 162-16u°°

20, Attempts to prepare the dilactone of B-acetyl—ﬁ-methxl:

glutaric acid from B—methyltrlcarballylic acid.

(a) B-Methyltricarballylic acid (3.8 grams; 0,02 moles)
was added to a.cold solution of sodium (1.38 grams; 0,06
atoms) in ethanol (abs;.50 mls.), the ethanol then evaporated

'under reduced pressure and the residue dried.in vacuo over
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phosphorus pentoxide. The sodium B-methyltricarballylate
s0 prepargd_was heated for 72'hps. at 130-1ﬁ0° with re-
distilled acetic anhydride (3.1-grams; 0.03 moles), the
excess anhydridé'then evaporated under reduced pressure
and thé dafk brown residue treated as follows:-
(1) Extracted with poiling ether. On evaporation of
the extracts.no residue was obtained.
(i1) -Extracted with boiling benzene. - On evaporation of
the extracts there was nd residue.
(1ii) Extracted with boiling chloroform. No residue was
: obfained on evaporation of the extracts.
(iv) The residue was dissolved in water (50 mls.) and
acidified with 5 N, hydrochloric acid. The solution
.was evaporated to dryness under reduced pressure and
the residue extracted éeveral times with boiling ether,
Onlevaporation of the'éther the extracts yielded pure
_B—methyltricarbaliylic acid (3.68 grams), m.p. 162-
16u°, undepressed by admixture with an authentic samplé.
(b) Sodium-B-methyltricarballylate (5.412 gfams; 0.02 moles)
prepared as above was refluxed for 18 hrs. with redistilled
acetyl chloride (25 mis.), the volotile fractions evaporated
. under reduced pressure and the residue extracted with (i)
7boiiing'ether, (i1) boiling chloroform, and (iii) boiling

benzene. None of the extracts yielded any product on
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evaporation. Thé extracted solid was dissol#ed in water

(10 mls.), the solution acidified with 5 N. hydrochloric

acid, then evaporated to dryness and the colourless residue
extracted with boiling ether. This extract was evaporated

to dfyness to give a colourless solid which was recrystallised
from formic acid to yield B-methyltricarballylic acid (3.71
grams), m.p. and mixed m.p. with an authentic sémple 162~
164°.,

(¢) B-Methyltricarballylic acid (3.8 grams; 0,02 moles)
was refluxed for 8 hrs. in acetic anhydride (25 mls.), the
excess anhydride then evaporated under reduced pressure and
the residue (3.8 grams) recrystallised from formic acid to

‘give unchanged B-methyltricarballylic acid, m.p. and mixed
m.p. With an authentic specimen 162-164°,

(d) Potassium B-methyltricarballylate (6.08 grams; 0,02
moles), prepared similarly to the sodium salt using potassium
ethoxide and f-methyltricarballylic acid, was heated for
72 hrs. at 130-140° with acetic anhydride (9.3 grams;

0.09 moles),' Extraction as before yielded no product and
‘the residue was converted by dilute hydrochloric acid as
before into B-methyltricarballylic acid (3.1 grams), m.p.
162-164° (from formic acid), undepressed by admixture with
an authentic sample,

(e) Ammonium B-methyltricarballylate (4.82 grams;
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0.02 moies), prepared by reduced pressure evaporation of

a solution of the acid (3.8 grams) in concentrated ammonium

‘hydroxide solution (sp. gr. 0.88; 20 mls.), similarly yielded

unchahged B-methyltricarballylic acid, m.p. and mixed m.p.
with an authentic specimen 162-164°, after reaction with
acetic anhydride (9.3 grams; 0,09 moles) at 4130-140° for
72 hrs. |

'21. Ethyl acetylmethylmalonate (cf. Michael''),

. Sodium (6.9 grams; 0.3 atoms) was dissolved in
ethanol (abs; 150 mls.) and the solution evaporated to
dryness at 190°,-tﬁe last traces of ethanpl beihg removed
at 5 nm, pressure., The foam of sodium ethoxide was allowed
to cool in vacuo, a solution of eth&l methylmalonate72
(52.2 grams; 6.3 moles) in dry benzene (200 mls.) then added
foliowed by dropwiée addition of a solution of acetyl chloride
(23,08 grams; 0,294 moles) in dry benzene (100 mls.) accompanied
by vigofous stirring. After the additioh was complete the
mixture was refluxed for % hr, then cooled, stirred with ice/
water (100 mls.) containing concentrated sulphuric acid
(2 mls.), and the benzene layer separated. The aqueous
layer was extracted once with benzene, the combined benzene
solutions dried over sodium sulphate and after evaporation
of the solvent the residue was fractionaﬁed under reduced

pressure, After a carnsiderable amount of low-boiling fore-run
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the product distilled at 130-132°/18 mm. (27.7 grams; 35%),
(Found; Cy, 55.6; Hy 7.3, Calculated for C10H16O5 C, 55.6;
H, 7.4%).

22, Attempts to prepare acetylmethylmalonic acid from the

di-ethyl ester

" (a) Hydrolysis with aqueous sodium hydroxide .

Ethyl acetylmethylmalonate (5 grams) was refluxed

" with 15% aqueous sodium hydroxide solution (30 'mls.) until

a clear solution was obtained, and the cooled solution then
treated with the equivalent volume of 2 N._hydrochloric acid.
- The ﬁatér was then evaporated. in a stream of warm dry air,
the residue extracted with boiling ethanol, the sodium
_chloride filteréd and the ethanol evaporated under reduced '
pressure to g;ve an oily.residue which solidified on standing.
After recrystallisation from ethyl acetate/petrol (u0r68)
colourless needles of methylmalonic acid (1.6 grams; 60%)
were dbtgined, MePo 133-13&0, undepressed by admixture with
an authentic sample prepared from ethyl methylmalonate in
the;same way.

(b).gydrolysis with ethanolic sodium hydroxide

Ethyl acetylmethylmalonate (5 grams) was refluxed
for % hr, in ethanol (abs. 50 mls.) with sodium hydroxide
(5.2 grams), the ethanol then evaporated under reduced

pressure, the residue dissol?ed in water and treated with
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the equivalent amount of 2 N, hydrochloric acid. The
solutign was then evaporated to dryness in a stream of
warm dr& air, the residue extracted with boiling ethanol
and the filtered extract evaporated to'drynesé under
redﬁeéd pressure. The residue was recrystallised from
ethylacetate/petrol (40-663 to give colourless needles

of methylmalonic acid (1.8 grams; 66%), Mo Pe 133-134°,
undepressed 5y admixture w;th an authentic sample prepared

as above from ethyl methylmalonate.

23. 3:3-bis-hydroxymethyl-butan-2-one (cf. Holmes and Morgan60)

" A mixture of L40% aqueous formaldehyde solution
(225 grams), ethyl-methyl-ketone (108 grems) and 2 N, agueous
sodium hydrdxide solution (25 mls.) was warmed until a
vigorous reaction éommenced. When this had subsided the
sélution was refluxed for + hr., the water evaporated under
reduced pressure on a steam-bath and the viscous residﬁe
distilled at 20-60 mm, pressure to a temperature of 250°,
' The colétrless distillate was rédistilled under reduced
pressure and the fraction, be.p. 138-142°/15 mm. (23 grams)
"was collected., It solidified on standing and was re-
crystallised from chloroform/petrol (40-60°) to give
needles of the product.(18.5'grams), m.p. 60%,
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24. Experiments with 3: 3-bis-hydroxymethyl-butan-2-one

(a) Reaction with concentrated hydrochloric acid

A solution of the dihydroxyketone (5 grams) in
cold concentrated hydrochloric acid (25 mls.) was stirred
for 72 hrs.sthe cloudy mixture thén diluted with ice/water
(100 mls.) and extracted with ether.  The extracts were
washed, dried over magnegium sulphate and evaporated to a
palé yellow oil which distilled without apparent fractionation
(through a twelve inch column pabked with Fenske spirals)
between 40 and 85°/25 mm. A sample b.p. 80-85°/25 mm. was
analysed. (Found: C, 43.6; H, 6.8; CL, 24.9. CGH, ,C10,
reQuires C, 47.8; H, 7.3; Cl, 23.6%). It therefore appeared
thét oniy one of the hydroxy groups had reacted.

(b) Reaction with anhydrous hydrogen chloride
| Dry hydrogen chloride gas was passed for L4 hrs.

into a solﬁtion of the dihydroxyketone (5 grams) in dry
ether (150 mls.), the mixture allowed to stand for a further
24 hrs., and then evaporated at 50° under reduced pressure to
an oil which decomposed to a black tar on attempting to
distill it at 15 mm.l

(¢) Reaction with anhydrous hydrogen bromide

The dihydroxyketone (5 grams) was stood for 2 hrs.
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in solution in ether (150 mls,) saturated with anhydrous
hxdrogen br@mide. The volotile fractions were then evapor-
ated at 50° under reduced pressure and the dark residual oil
dispilled under reduced pressure to give a pale yellow oil
(3.6 grams),'b.po 108/5 mm. (Found: Br, L4O.3. CgH, ,Bro,

61 reported that reaction

requires Br, 41.0%). (Déscombe
with hydrogen bromide led to an 0il, b.p. 106=107°/2 mm.).

(d) Reaction with p-toluene sulphonyl chloride

The dihydroxyketone (2.6& grams; 0,02 moles) was
added to an ice-cold solution of p-toluehe sulphonyl chloride
(7.62.grams;50.0u moles) in dry pyridine (10 mls.). After
2 hrs, at 0° the mixture ﬁas kept at room temperature for
18 hrs; and then poured into ice/water (200 mis.) contgining
concentrated sulphuric acid (2 mls.). The viscous oil was
isolated by dedanting the aqueous layer and dissolved in
chloroform, The chloroform solution waé washed with water,
dried over magnesium sulphate and evaporated to a colourless
oil..

A solution of this oil in dry acetone (50 mls.)
was heaped.to 90° for 10 hrs. in a sealed tube with sodium
iodide (6 grams), dry ether (50 mls.) then added, the solid
fi;téred and the solvents evaporated to yield a colourless

0il which did not distill at 0.2 nm.
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