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For convenience thisrefore t h i s introduction i s 
divided into f i v e main sections, each dealing with a 
p a r t i c u l a r aspect of the published work. These divisions 
are:-

1. The reactions of aldehydes and ketones with active 
methylene groups, , 

2. The reactions of cyanoacetaraide with 1:3-diketones, 
3. The reactions of cyanoacetamide with o l e f i n i c ketones 

and related compounds. 
ij.. The structure of Y-ketoamides. 
5. The reactions of 1:2-diketones with active methylene 

•groups. 
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1. The reactions of aldehydes and ketones with active 
methylene groups 
(a) H i s t o r i c a l 

Wurtz^ discovered the self condensation of 
acetaldehyde to .3-hydroxyhutyraldehyde ( I I I ) i n the presence 

2 
of hydrogen chloride or sodiim hicarhonate, and l a t e r 
demonstrated that i t loses v/ater" on d i s t i l l a t i o n to y i e l d 
crotonaldehyde ( I V ) . 
GĤ .GHO + GH,.CHO -> CH,.CH.CHo.CHO -» CH,.CH = CH.CHO 3 3 3 j 3 

OH 
( I I I ) (IV) 

Suhsequently-^ caustic soda was introduced as.a 
condensing agent, and since then other strong "bases. For 
example, acetone condenses to diacetone alcohol (V) i n the 
presence of barium hydroxide^. Erequently the aldol phase 
immediately loses water to give the imsaturated products 
d i r e c t l y . Thus, benzaldehiyde and acetone give benzylidene 
acetone (Vl) " (compare Claison-^). 

CH^.COcCH^ + CĤ .CO.CĤ  — > CĤ .C.CHg.CO.CĤ  
i] E 

(V) 

Ph.CHO + GĤ .CO.CĤ  — > Ph.CH = GH.CO.CĤ  
(VI) 
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I n the same way, tenzaldehyde and ethyl acetate y i e l d 
ethylcinnamate ( V I l ) i n the presence of sodium ethoxide^. 

Ph.CH = CH.COOEt R.CHg.R' 
(VII ) " ( V I I I ) 

Malonic acid ( V I I I ; R = R* = COOH), ethyl aceto-
acetate ( V I I I ; R = CĤ CO, R' = COOEt) ethyl cyanoacetate 
( V I I I ; R = ON, R' = COOEt) and other compounds with two 
el e c t r o p h i l i c substituents attached to the methylene group, 
react much more readily than simple aldehydes, ketones and 
esters. Knoevenagel^ found that ammonia and primary or 
secondary amines promote reaction with these compounds and 
ketones or aldehydes. I n general compounds with such active 
methylene groups can cause ether mono- or di-suhsti t u t i o n . 
Both classes of product w i l l now "be discussed, 

(h) Structures 
( i ) Mono-substitution products 

Aromatic aldeliydes react with malonic acid i n the 
presence of organic hases to give the a,P-unsaturated acids 
.(IX; R = H, R' = Ph, R" = H or COOH), depending upon whether 
or not carhon dioxide i s eliminated^ 

<" yR' Rf.CHx R" 

Me.R.C=c( ^ . C H ( 
DOH R/ ^COOEt 

(IX) (X) (XI) 
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Acetone and cyanoacetic ester ( V I I I ; R = GN, R' = GOOEt) 
i n the presence of diethylamine give a mixture containing 
the cyano-ester (X; R = Me, R' = GN, R" = GOOEt)®. 
Similar products (X; R = H or a l k y l , R' and R" = CN, GOOH, 
GOOEt, NOgj etc.) result by using, i n the place of ethyl 
cyanoacetate, other compounds containing active methylene 

9 10 1 "1 
groups ' ' . When the chain length of the aldehyde or 
ketone exceeds three carbon atoms 0,Y-unsaturated compounds 
(XIJ R = H or a l k y l , R' = a l k y l or a r y l , R" = GN, GOOEt, 
etco) r e s i i l t as w e l l , and may often constitute the main or 
sole product of the reaction. Thus, f o r example, phenyl-
acetaldehyde and ethyl cyanoacetate give s t y r y l cyanoacetic 
ester ( X I ; R = H, R' = Ph, R" = GN) \mder the influence of 
diethylamine , and cyclohexanone yields a mixture of the a,3-
and 3,Y-olefinic products ( X I l ) and ( X I I l ) {Tfo and 93% 

respectively) when reacted w i t h ethylcyanoacetate i n the 
presence of sodium ethoxide^ 

\00Et \ / NjOOEt 
(XI I ) ( X I I I ) 

The effects of various bases on the condensation 
of aldehydes with malonic acid have been s t u d i e d ^ . Whereas 
most bases give predominently 3,Y-unsaturated acids pyridine, 
vifhich i s most often used, gives mainly a,3-unsaturated 
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16 compounds and i s therefore an atypical reagent, 
( i i ) D i suhstitution products 

I n addition.to the unsaturated products described 
above, saturated compounds can also be obtained. These 
resialt either by direct reaction of the carbonyl compound 
With two molecules of the 'active methylene' compounds using 
the same bases, or by fur t h e r reaction of the l a t t e r with an 
intermediate mono-substitution product. Compounds such as(XIV; 

R^HIor a l k y i , R' = a l k y l , R" and R'" = CN, COOH, COOEt, NOg 
etc.)^*^^'' ' form i n t h i s way. For example, acetone and 
ethyl cyanoacetate i n the presence of diethylamine give (XV) 
(Korappa)®. 

R>^^^CH.R".R'" Me ̂^^CH.CN. COOEt 
R'/ \CH.R".R"' Me/ \cH.CN.COOEt 

(XIV,) (XV) 
TWO special cases of these reactions occur between ketones 
or aldehydes. and a) ethyl cyanoacetate i n the presence of 
ethanolic ammonia, b) cyano acetamide under the influence 
of caustic soda or piperidine. 
a) This reaction, developed by Guareschi^^ and co-workers^® 
gives cyclic imides (XVII; R & R' = a l k y l ) . These are 
pres\jmably formed by loss of ammonia from the intermediates 
(XVl) i n which the two cyano and two araido groups are cis 
as shown. 
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CN—CH—CONH, 
R—C—R' 
CW—CH—CONH, 

c 
(XVI) 

R^ yCHg.COOH 
R'/ NcHg.COOH 

CI 
t 

(XVII) (XVIII) 
The structures of these products were proved by f a c i l e acid 
hydrolysis to 3,0-disubstituted g l u t a r i c acids (XVIII; R and 
R' = a l k y l ) . 

The corresponding reaction with aldehydes leads to 
stable pyridine derivatives^^ (XIX). 

CN ,0H 

NH^CO—QH—CN CONH, 

(XIX) 
b) This reaction leads to cyclic imino-imides (XXI; R and R' 

20 21 
= a l k y l ) when ketones are used ' . They are formed by the 
in t e r a c t i o n of the cyano and amido groups i n the trans i n t e r 
mediates (XX; R and R' = a l k y l ) , 

CpNH„ 

c 

(XX) (XXI) 
The imino-imides usually constitute the main products (95-98JS) 
but small amounts of the ..imides (XVIl) often r e s u l t . Aldehydes 
give the open chain products22,23 ( x x i l ; R = a l k y l ) , which 

1= R—G—R' 
I 

CN—CH—CONH, 

(j!H.CN. 
R.CH 
CH.CN.CONH, t 

(XXII) 
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i n ethanolic solution with caustic soda or piperidine 
form the imino-imides (XXI; R = H, R' = a l k y l ) . 

The mono-imino-imides can be cyclised f\irther, 
by cold sodium ethoxide, to di-imino-imides (XXIII; R = H, 
or a l k y l , R' = a l k y l ) . A l l of these products \mdergo acid 
hydrolysis to 3-substituted g l u t a r i c acids. 

m 
.GN 
GONH5 

NĤ  ^0 
(XXIII) .(XXIV) 

The compounds described above are generally the 
only products of the reaction of cyanoacetamide with aldehydes 

21 23 
and ketones, but i n a few cases ' unsaturated products, 
which react f u r t h e r with cyanoacet amide, have been isolated. 
For example, cyclohexanone forms (XXIV) by reaction with an 
equivalent of cyanoacet amide. 

I H . 
R — R 

i R 

Disecondary ketones (XXV; R = a l k y l , R' = R*' = H) react 
v;ith cyanoacetamide giving poor yields of the above products, 
but i f one of the substituents i s t e r t i a r y (XXV; R = R' = 
al k y l , . R'' = H) no reaction occurs (see Kon and Thorpe ). 
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(c) Mechanisms 
Early studies had revealed that an apparently 

essential f a c t o r f o r a l l these reactions was an enolisable 
ketone. The following mechanism was therefore assimied''^'^^ 
f o r the reaction,of ketones with ethyl cyanoacetate, which 
reaction i s t y p i c a l of the whole series:-
R.GHgGOR' R.GH=C.R' Ĉ .GN. GOOEt R,CH=C.R + OH 

OH CH.GN.GOOEt 
This mechanism explains s a t i s f a c t o r i l y the production of 
3,Y-unsaturated products but not of the a,3-isomers, which 
were usually a t t r i b u t e d to a rearrangement of the former. 
I n 1921 Ingold^^ pointed out a more plausible route involving 
addition to the double bond, and explaining the production of 
the a,3- as well as the 3«Y-unsaturated form more convincingly 
by loss of water from the i n i t i a l addition product (XXVl), 

CH.GN.COOEt C.CN.GOOEt 
R.GH=(j;.R'' GĤ lNtGOOEt R.cHg.d.R' > R.GHo-C.R' + Ĥ O 

OH (XXVI) OH 
i 
CH.CN.GOOEt 
I + HgO 

R.GH=G.R' 
Ingold supported t h i s mechanism by a study of the reactions 
of ethyl cyanoacetate with a- and 3-hydroxy esters, (XXVII; 
R and R' = H or a l k y l ) and (XXVIII; R and R' = H or alkyl) 
respectively, i n the presence of sodium ethoxide. The 
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products are a l l 0-substituted cyanoesters (XXX; R and R' 
= H or a l k y l ) , a r e s u l t only understandable i f the un
saturated intermediates (XXIX) are f i r s t formed, which 
then add sodio cyanoacetic ester:-
R.R'.G.CHgCOOEt _ j j q 

OH ( X X V I I ) \ ^ ̂  
R.R'.C=CHCOOEt CHgCI-iCOOEt R.Rtc.cH^COOEt 

R.R'.CH.GH. COOEt ^ * ' 
I "^2° (XXIX) in.CN.COOEt 
OH (XXVIII) 

(XXX) 
CHgiOH.COOEt 

(XXXI) 
G l y c o l l i c ester (XXXl), 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 e i t h e r mechanism, by showing that ethyl benzoyl formate 
(XXXIl), which i s incapable of keto-enol tautomerism, reacts 
w i t h cyanoacetic ester, i n the presence of most bases, to 
give the hydroxy product (XXXIIl), This easily loses water 
to form the unsaturated cyano ester (XXXIV). 

f 
Ph.(j;0 + CHg.CN.COOEt — > Ph.C.CH.CN. COOEt 

COOEt COOEt 
(XXXII) I (XXXIII) 

Ph.C=C.CN.COOEt 
COOEt 
(XXXIV) 
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26 These facts l e d to the currently accepted mechanism i n 
w^hich an aldol condensation occurs between ketones and 
aldehydes and active methylene groups, the i n i t i a l adduct 
immediately losing a molecule of water i n most cases to 
give unsaturated products. 

The formation of the disubstituted products has 
been assumed to proceed i n two s t a g e s ^ I n the f i r s t 
the unsaturated compounds described above are obtained. 
These then add a fu r t h e r molecule of the 'active methylene' 
compound to the double bond, under the influence of either 
sodium ethoxide (Michael addition) or piperidine (Knoevenagel 
add i t i o n ) . Using acetone and ethyl cyanoacetate as t y p i c a l 
reagents the steps are:-

C H ^ ^ ^ GHg.GN. GOOEt GH^^^GN GH^/CH.GN. GOOEt 
GHy' G H ^ XJOOEt GHy^\;H.GN. GOOEt 

2, The reaction of cyanoacetamide with 1; 3-diketones 
(a) Structures 

The presence of two keto groups i n one of the 
reactants makes possible, i n the l i g h t of the previous 
discussions, a large number of products. Thus to d e t a i l 
only two of them, reaction between two molecules of cyano
acetamide and one of diketone could lead to (XXXV) or (XXXVl). 
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R 
' 3=C.CN.C0HJ|.. 

m ciC 
ju_ \;=c.cN.coj f̂j:̂ ,, 
••• • • R' 

(XXXV) (XXXVI) 
I n f a c t reaction occurs between one molecule of 

each of the reactants with elimination of two molecules of 28 29 water, under tlie influence of triethylamine or piperidine 
Aromatic-^^ as well as al i p h a t i c diketones react. The products 
are 3-cyano-U:6-disubstituted-2-pyridones (XXXVIII; R = 
a l k y l or a r y l , R' = a l k y l , a r y l or COOEt).. 

R' 
I 

CH 
l.CO 

CO CĤ .CN / + M (I + 2 H 0 
Hg CO.NHg '̂̂  ^ 

(XXXVIII) 
R. 
(XXXVII) 

(b) Mechanism 
With 1:3-diketones i t i s possible f o r both an 

enolic hydroxy- and a keto-group to be present at the same 
time:-

R.CO.CH2.CO.R' ^ R.CO.CH=C.R' 
OH 

Both aldol and Michael (or Knoevenagel) additions 
31 

are therefore possible, Ingold-^ has i n fact considered 
t h i s problem and pointed out that one of these additions 
w i l l probably predominate depending upon the electron dis-
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placements i n the molecule, Gonsider the system (XXXIX) 
and the ionisation of cyanoacetamide, which w i l l be aided 
by bases:-

a 
4 

3 Y -GH=5=G-

(XXXIX) 
GHg.CN.GOjT^ ^ CH.GN.G0JIH2. + H"̂  

The symbols M and A stand f o r "Michael" and 
"Aldol" additions respectively, and the arrows indicate the 
di r e c t i o n of the elctron migrations operative i n each case. 

I f M i s greater than A the Michael reaction w i l l 
obviously be favoured and the cyanoacetamide anion w i l l 
become attached to Gy» which i n t h i s case i s the more positive 
centre. The mechanism i s then:-

OH 
-GN ;.0H 

CH + 
:'io 

CHg 
CO. 

,CN 
NH, 

Sim i l a r l y , i f A i s greater than M an aldol mechanism leads 
to attachment of the cyanoacetamide at Ĉ f, Thus:-

R' 

/ 
H 

CHg.i ,GN 
CO.NHo 

R.G.OH 
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The o r i e n t a t i o n of the groups i s d i f f e r e n t f o r each 
mechanism, but unfortunately the direction of enolisation 
i s not f u l l y established f o r Tonsymmetrical 1:3-diketones, 
and moreover the extent of M and A w i l l be influenced by 
the adjacent groups R and R', 

28 
Bardhan hov/ever prefers the l a t t e r mechanism 

since w i t h ethyl-2:i;-dioxovalerate (XXXVII; R = Me, R' = 
COOEt), i n which the enolism i s plausibly i n the direction 
of the U-keto group, the product i s the pyridone (XXXVIII; 
R = Me, R' = COOEt), However, an enolic form does not 
necessarily enter i n t o the mechanism at a l l . An aldol 
addition at one keto group and i n t e r a c t i o n of the amido 
group with the other would lead to the following mechanism:-

R.CO 

CO.NH 
R' .CO 

CN 

2 

R OH 

3. The reaction of cyanoacetamide with olefinic ketones and 
related compounds 
(a) a,6-01efinic Ketones 

Cyanoacetamide reacts with a,3-unsaturated ketones 
(XL) i n the presence of Michael's (sodium ethoxide) or 
Knoevenagel' s (piperidine) catalysts-^^;. With piperidine as 
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condensing agent hydroxypiperidones (XLl) resul t . These, 
y i e l d raonomethyl derivatives (XLIl) with methyl iodide, 
and i n the presence of hydrogen chloride or hot acetic 
anhydride lose a molecule of water to form the msaturated 
products ( X L I I I ) , v/hich result d i r e c t l y when sodium ethoxide 
i s used as the catalyst. 

GH.R R R 
R'. R'-/\-GN R'-ZS-GN 
R".io ^ A > 0 ^ X > 0 

HO^lT MeO Y 
H H 

(XL) (XLI) (XLII) (XLIII) 
(b) Hydroxy- and methoxymethylene ketones 

When raethoxymethylene ketones (XLIV) react with 
cyanoacetaraide i n the presence of sodium ethoxide the methoxy 
group and a molecule pf water are eliminated, to y i e l d the 
pyridones (XLV)-^-^. Thus, methoxymetliylene acetoacetic ester 
(XLIV; R = Me, R' = GOOEt) and cyanoacetamide give 3-cyano-
5-e.thoxycarbonyl-6-methyl-2-pyridone (XLV; R = Me, R' = GOOEt) 

R H R^ 
GO R-/ N=° 90 A A 

R' CH.OMe R' CH.OH 
(XLIV) (XLV) (XLVI) 
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The corresponding reaction with hydroxymethylene 
ketones (XLVl) also gives the pyridones (XLV)-^^. 

(c) Mechanisms 
The reactions described above have, a feature i n 

common: the methylene group of the cyanoacetamide reacts 
by addition to the double bonds, as i s proved by the con
f i g u r a t i o n of the products. The mechanisms therefore involve 
a Michael or Knoevenagel addition at t h i s centre rather than 
an Aldol reaction with the keto group (see page 12 f o r a 
discussion of these reactions). The mechanisms can therefore 
be w r i t t e n i n the general form:-

H 
R. 
R'.C 

(jO (jJO. 

%H.R" 

NH, 
CHg.CN 

(A) 
R'-LJ-CN 

I " 

When R'' i s OH or OMe loss of water (two molecules), or 
water and methano]} leads to the pyridones (XLV) (route B), 
but when R'' i s a l k y l , a r y l or similar groups, loss of a 
moleciale of water gives ( X L I I l ) (route A), 
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(V) Discussion 
The implication of the results given i n the 

previous pages i s that a,3-olefinic honds are more reactive 
towards active methylenes than are keto groups. I t does 

"55 
not f o l l o w that t h i s w i l l invariably "be so. Ingold et a l . 
have pointed out that a l k y l and a r y l groups adjacent to a 
douhle "bond i n h i b i t additions of the Michael and Knoevenagel 
types, and that the e f f e c t increases with the size of the 
group. Steric factors are prolaahly involved as well as 
electronic effects. Strongly e l e c t r o p h i l i c suhstituents 
on the other hand, aid addition. The same groups have 
similar effects on the aldol reaction, f o r the ohvious 
reason that they i n h i b i t or promote, i n the same way, the 
electron migrations necessary f o r the reactions to occur. 
When the suhstituents are a l l of one type these factors 
have l i t t l e influence on the course of a reaction, but with 
d i s s i m i l a r substituents become of great importance. 

The structure of Y-ketoamides 
(a ) • H i s t o r i c a l 

Beilstein-^^ f i r s t suggested that Y-ketoamides 
may, due to i n t e r a c t i o n between the keto and amido groups, 
exist as cyclic compounds. I n the case of levulinamide 
the three p o s s i b i l i t i e s which must be considered are the 
open chain (XLVIl), pyrrolidohe (XLVIII) and furanone (XLIX), 
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structures. 

(XLIX) 

2 •"̂ •'""3 
(XLVII) ^® 

(XLVIII) 
Although W o l f f c l a i m s that on heating to i t s 

melting point levulinamide loses water to give a c r y s t a l l i n e 
•20 

nitrogenous product (L; ?) other workers-^ have not heen ahle 
to confirm t h i s . I f correct i t would dispose of the amino-
furanone .structure f o r levulinamide, as t h i s compound would 
he expected to lose ammonia rather than water. 

The various studies on Y-ketoamides are conveniently-
divided i n t o (b) Saturated and (c) a,3-'unsaturated Y-keto
amides respectively. 

(h) Saturated Y-ketoamides 
( i ) Evidence against a cyclic formulation 

Lukes and Prelog ( l o c . c i t . ) were the f i r s t to 
study the problem systematically. They prepared 5-hydroxy-
2-pyrrolidones ( L I l ) by reacting N-substituted succinimides 
( L I ; R = Me, or Ph) wi t h Grignard reagents. 

) N R + R'MgBr -> N̂H 
A)H ^ ^ R ' ^R' 

(LI) ( L I I ) ( L I I I ) 
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The products lose water on reduced pressure 
d i s t i l l a t i o n y i e l d i n g imsaturated pyrrolones ( L I I l ) , a 
reaction reminiscent of Wolff's observation with l e v u l i n 
amide. 

For comparative purposes they also prepared N-
methyl levulinamide and l e v u l i n a n i l i d e by reacting a) 
methylamine, and b) anil i n e with angelica lactone (LIV), 

f 2 - OOHHE + R.M^ -» or/ 
^ CHg.COMe 

Me 
(LIV) (LV) (LVI) (LVII) 

Three structures (LV; LVI; and LVII; R = Me or Ph) are 
possible f o r these products. On heating under reduced 
pressure loss of water occurs, a fac t arguing against the 
furanone formulations ( L V I l ) , The N-metliyl compound i s an 
o i l which reacts w i t h aniline to y i e l d a c r y s t a l l i n e acid, 
whereas the pyrrolidone ( L I I ; R = E' = Me) i s a s o l i d 
unreactive towards a n i l i n e . The conclusion to be drawn 
from the quoted facts i s that the two compounds are dif f e r e n t , 
S i m i l a r l y the a n i l i d e and N-phenyl-hydroxypyrrolidone ( L I I ; 
R = Ph, R' = Me) d i f f e r , since only the former gives a 
c r y s t a l l i n e a n i l . Despite i d e n t i c a l melting points f o r the 
above compounds, no mixed melting points are recorded. 
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The pyrrolidone and furanone structures f o r N-
methyl- and N-phenyl-levulinamide having thus been disproved, 
the compounds must be the open chain forms. 

( i i ) Evidence supporting the hydroxypyrrolidone 
formulation 

Recently Walton-'^ has c r i t i c i s e d the above work 
and presented evidence that L\akes and Prelog had i n fact 
obtained c y c l i c products from angelica lactone and amines. 
He reacted the lactones ( L V I I I ; R = Me or Ph) with ammonia 
and primary amines and showed that the products are hydroxy-
pyrroiidones, i d e n t i c a l w i t h the compounds obtained by 
reacting N-substituted succinimides with Grignard reagents 
(compare page 18). 

Ph.C0.(CH2)2.C00H 

(LIX) 
( L V I I I ) 

Thus Y-ketoamides are cyclic hydroxypyrrolidones. 
The properties of the compounds are i n accord with t h i s . 
They are amphoteric, a property unexpected i n a simple keto-
amide, and they are not easily hydrolysed by caustic soda, 
a f a c t 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 i n contrast to the 
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pyrrolidones are not amphoteric and easily y i e l d 0-
benzoylpropionic acid (LIX) with hot caustic soda, 

(c) a,P-Unsaturated Y-ketoamides 
( i ) The amides and anilide:- of 3-p-bromobenzoyl 

crotonic acid (LX) 
Recently^^ 5-hydroxypyrrolinones (LXI; R = H; 

R' = H, Me, or Ph) have been prepared by reaction of the 
chloride of the above acid with ammonia, methylamine and 
a n i l i n e . The presence of the a l l y l i c t e r t i a r y hydroxy group 
i s demonstrated by the s o l u b i l i t y of the compounds i n d i l u t e 
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 
Ĝ=CH.COOH Br.CgH,>̂  ^Q^C^ 

.CO CO 
S^-C6\^ Br.CgH^ 

(LX) (LXI) (LXI I ) 
Reaction of the trans acid chloride with ammonia i n the 
absence of u l t r a - v i o l e t l i g h t , leads to an isomeric amide 
with q.uite d i f f e r e n t properties. For example, i t i s i n 
soluble i n d i l u t e caustic soda and does not y i e l d a methyl 
deriva t i v e . I t i s the trans. amide (LXIl) and i n the presence 
of l i g h t r a p idly changes to the cyclic form. 
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( i i ) Other hydroxypyrrolinones" 
The reaction of benzoylformanilide (LXIV) with 

the acetophenones ( L X I I I ; R = H or Br) leads to open chain 
Y-ketoanilides (LXV; R = H or B r ) , which under the influence 
of hydrogen chloride lose a molecule of water and cyclise 
to the hydroxypyrrolinones (LXVI; R = H, R' = H or Br). 

OH 
.CĤ  + QO.CO.NH.Ph R-/ \-CO.GHo.C!.CO.NH.Ph CO.CO.NH.Ph R-^^^CO.GHg.lj;. 

Ph Pt Ph 
(L X I I I ) (LXIV) (LXV) 

R 
r 
Ph 

(LXVI) 
These, with ethanolic or methanolic hydrogen chloride, y i e l d 
e t h yl and methyl ethers (LXVI; R =.Me, or Et, R' = H or Br). 
I t appears therefore that the N-phenyl group gives some 
s t a b i l i t y to the open chain Y-ketoanilides (LXV; R = H or 
Br ) , but the ease of cy c l i s a t i o n shows that the effect i s 
not very pronounced, 

(d) Summary 
The conclusion to be drawn from the work described 

i n the preceding pages, i s that i n general Y-ketoamides are 
cyclic pyrrolidone. and pyrrolinone derivatives. The r i n g 
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structure enhances the s t a b i l i t y of the amido group, and 
the hydroxy group accounts f o r the weak ac i d i t y . Steric 
factors may confer some s t a b i l i t y to an open chain form 
of some Y-ketoamides, and i t has been observed that f o r 
two Y-ketoanilides (page 22) the W-phenyl group does so 
to some extent, 

5o The Reaction of 1;2-diketones with active methylene groups 
Very l i t t l e attention has been devoted to such 

reactions. Benzil and ett i y l malonate i n the presence of 
sodium ethoxide give (LXVII; R = COOH).̂ ,̂ and the same 
diketone reacts with ethyl cyanoacetate under the influence 
of piperidine to give an excellent y i e l d of the cyano-ester 
(LXVII; R = CN)^^, I t i s also claimed, without analytical 
evidence, that i n the presence of a large excess of the base 
the l a t t e r reaction gives a small amount of the dis u b s t i t u t i o n 
product (LXVIIl)o 

Ph .CH.CN.COOEt 

OOEt 
/ 

CH.CN.COOEt 
Ph' 

(LXVII) (LXVIII) 
Although cyanoacetamide has not been reacted with l: 2-
diketones i t has been shown^ that cyanoacetic hydrazides 
(LXIX) react with these diketones, under the influence of 
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bases, to give pyridazinones (LXX). 

CN.CHg.CO.NR.NHg 

(LXIX) 

These reactions emphasise the tendency f o r six membered 
heterocyclic rings to form i n preference to open chain 
compoimds, and i t remains to be, seen whether or not f i v e 
membered rings form i n the same way from 1:2-diketones and 
cyanoacetamide. 
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THEORETICAL 

This work i s an investigation of the reactions 
between cyanoacetamide and 1:2-diketones. I t was o r i g i n a l l y 
undertaken because of the l i k e l i h o o d that the reaction would 
f o l l o w a course similar to that f o r 1:3-diketones. Thus 
Bardhan and WagtendonK. and Weiburg ^ have shown that 
acetylacetone and cyanoacetamide under basic conditions 
(triethylamine or piperidine) give 3-cyano-i<.:6-dimethyl-2-
pyridone ( l ) . By analogy the products from 1:2-diketones 
would be the pyrrolenones ( l l ) , which were i n fact desired 
as intermediates. 

-CN. Rn r-CN 
Me4I >0 R-

H 
( I ) ( I I ) 

The reaction, however, takes a di f f e r e n t course and i n the 
following pages the structures and further reactions of the 
products are discussed. This discussion i s divided into 
three sections as follows:-
1. Reaction of one molecule of cyanoacetamide with benzil. 
2. Reaction of cyanoacetamide with a l i p h a t i c 1:2-diketones 

and with the pyrrolinone described i n ( l ) . 
3. The glutaro-dilactones and attempts to synthesise them. 
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1. The reaction of one moleciHe of cyanoacetamide with benzil 

When benzil reacts with cyanoacetamide under the 
influence of ei t h e r piperidine or sodium ethoxide an excellent 
y i e l d of a colourless c r y s t a l l i n e s o l i d results. This 
analyses as C^-Ji^^O^Ng* a formula suggesting that addition 
has taken place between one molecule of the diketone and 
one of the cyanoacetamide. On r e c r y s t a l l i s a t i o n from aqueous 
pyridine a molecule of water i s l o s t and a fiu'ther product 
i s obtained, v/hich also results by prolonged r e f l u x i n g i n a 
•benzene-solution. When t h i s new compound i s further re-
c r y s t a l l i s e d from aqueous ethanol the or i g i n a l product i s 
recovered. These fa c t s strongly suggest that the i n i t i a l 
product isolates as a simple hydrate i n which the water 
molecule i s very loosely boijnd. 

The above products also result.' from the reaction 
of ethyl 3-benzoyl-2-cyanocinnainate ( I I I ) and ethanolic 
ammonia imder r e f l u x . They must therefore be derived from 
3-ben2oyl-2-cyanocinnamamide ( I V ) , and hence contain the a-
cyanb-cinnamoyl grouping. 

Ph j3N • Pl\ CN Ph CN 

COOEt 
\

CN Ph C 

= < . W 
^« C 30NH, CO """"2 \l U p / HOAN/ H 

(IV) (V) 
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Confirmation of these conclusions i s obtained from the 
u l t r a - v i o l e t spectra of the two products. Coenen' and 
Pestener^-^ have shown that the a-cyano-cinnamoyl group 
gives a characteristic absorption maximum at about 290 m|i. 
Both of the above compo\ind& exhibit t h i s peak, as does the 
ester ( i l l ) , confirming the presence of the grouping i n 
a l l three. Absorption data are l i s t e d i n Table I (page 29). 

Both the anhydride and hydrate are unreactive to 
hydroxylamine, semicarbazide and 2:i|.-dinitrophenylhydrazine, 
For these reasons the simple structure (IV) must be held i n 
doubt. An alternative (V), i n which the keto group i s masked 
by in t e r a c t i o n w ith the adjoining amide group to give a cyclic 
structure, has also to be considered. 

The open chain form (IV) i s only tenable i f steric 
hindrance about the keto group can be established. To 
investigate t h i s p o s s i b i l i t y ethyl -3-benzoyl-2-cyanocinnamate 
( I I I ) ,, synthesised by condensation between benzil and e t h y l -
cyanoacetate i n the presence of piperidine ( c f , Baich^r^-^), 
has been subjected to a comparative examination. This ester 
does not y i e l d e i t h e r an oxime or a 2:l4.-dinitrophenylhydrazone 
under the usual conditions. This can only be due to st e r i c 
hindrance, since i n t h i s case there i s no way of masking the 
keto group. Because of the s i m i l a r i t y between ( i l l ) and 
(IV) the l a t t e r structure would be expected to lack ketonic 
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properties. Despite t h i s , f i i r t h e r work shows conclusively 
that (V) i s i n f a c t correct. The evidence f o r t h i s i s 
conveniently divided.into (a) evidence f o r the absence of 
a keto group, and (b) evidence f o r the presence of a t e r t i a r y 
hydroxy group. 
(a) Evidence f o r the absence of a keto group 

This evidence comes from spectral examination i n 
the u l t r a - v i o l e t and infra-red regions. 

( i ) U l t r a - v i o l e t spectra 
Some related compounds have already been examined 

i n the u l t r a - v i o l e t between 200 and 300 m|i. by Browne and 
Lutz^^ who have studied 3-benzoylcinnamic acid (VI; R = H) 
and i t s cyclic ( V I I ; R = Me) and open chain (VI; R = Me) 
methyl esters. They have associated the free benzoyl group 
i n these compounds and i n 3-benzoyl-3-phenylpropionic acid 
( V I I I ) , with a strong band near 2h5 mp., (^ «tf 12,000) 

V max. 
and have shown that the cyclic structures ( V I l ) do not 
exhibit t h i s band, but show only a single cinnaraoyl peak 
near 275 mp.. 

Ph-=CH.COOR PhJ LQ tlH.CHg.COOH 
^ 0 ^ 0 ^ CO 

PH^ 
(VI) ( V I I ) ( V I I I ) 

The spectrijm of the cyanoester ( i l l ) i n ethanol supports the 
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generality.of these authors' work,.as i t shows the expected 
benzoyl and a-cyanocinnamoyl bands at 2kl m|i, and 2 8 5 mii. 
respectively. 

TABLE I 
Ul t r a - v i o l e t absorptions 

Compound 
Cinnamoyl Band Benzoyl Band 

Compound 
^max. ( max. ^max. ^ max. 

I I I 2 8 5 11 , 8 9 0 2 U 7 1 5 , 3 5 0 

(V) hydrate 2 9 2 11 , 7 6 0 - -
(V) anhydrous 2 9 3 11,01+3 - -

( i i ) I n fra-red spectra 
The i n f r a - r e d spectra of the ester ( i l l ) , the 

hydrate and the anhydride have been compared i n the carbonyl 
region (5-6 p..). While the ester shows two bands at 5.85 
and 6.05 \L. the other two compounds each show only a sjJigle 
peak at 5o85 I t can be arqued that the peak at 6,05 M-. 
f o r the ester i s due to the benzoyl group that - i t admittedly 
contains, and that the suppression of t h i s band i n the cases 
of the hydrate and anhydride must indicate that neither contain 
such a centre. The 5.85 p.. bands can be plausibly assigned 
to the ester carbonyl i n ( I I I ) and to a lactam carbonyl i n 
the other compounds. The evidence f o r t h i s i s conveniently 
discussed at t h i s point. 



Infra-red Spectra ( i n nu.iol mull), 
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The primary amide group i s well-known to show 
a p a i r of laands near 5 - 9 and 601 | i . The l a t t e r hand i s 
the so-called amide ( I I ) hand which originates in N-H 
stretching o s c i l l a t i o n s ( c f . Bellamy^"^ and Weissherger^^). 
The amide ( l l ) hand has usually ah out a th i r d of the 
i n t e n s i t y of the amide ( l ) hand. Lactams do not appear 
to exhihit t h i s pair, hut only the carhonyl frequency. As 
the hands at 5 . 8 5 p.. have not heen resolved in the ahove 
compounds i t must he held that the evidence from these 
spectra not only indicates the ahsence of a henzoyl group 
i n the hydrate and anliydride, hut also the presence of a 
lactam ring, and hence supports the ring structure (v). 

(h) Evidence for the presence of a t e r t i a r y hydroxy group 
( i ) Acidity 

Both the hydrate and anhydride dissolve i n cold 
d i l u t e aqueous caustic soda, yielding yellow solutions from 
which the hydrate precipitates on a c i d i f i c a t i o n . Neither 
i s soluhle in sodium hicarhonate solution. This weak acidity 
i s attrihuted to the presence of a t e r t i a r y hydroxy group, 
a l l y l i c to the douhle hond. Similar properties have heen 
reported for 5-p-hromophenyl-5-hydroxy-U-methyl-2-pyrrolinone 
(iX; R = Me, R' = Br.CgH^) hy H i l l and Lutz^°. 
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CN 
R'v Ph. 

. H R 

(IX) (X) 

( i i ) Ether formation 

Reaction of either the hydrate or the anhydride 

with ethanol (or methanol) i n the presence of dilute hydro

chl o r i c acid leads to the same water-free mono-ethyl (or 

-methyl) derivativeSo As these products are not soluhle i n 

dil u t e a l k a l i they cannot contain an a l l y l i c hydroxy group, 

a f a c t which points to thei r structures. They must "be the 

0-ethers (X; R = H, R* = Me or Et)o This i s confirmed "by 

a Z e i s e l determination on the methyl derivative . 

In view of the weak a c i d i t y previously attributed 

to the a l l y l i c hydroxy group i n the parent compounds, these 

derivatives may "be regarded as pseudo esterso 

The c y c l i c nature of the methyl derivative i s 

further supported "by i t s infra-red spectrum which exhibits 

a single band at 5 o 8 5 M-o which has been previously shown 

(page 2 9 ) to be best attributed to a lactam carbonyl. 

These f a c t s therefore support the pyrrolinone • 

structure (V), 

( i i i ) Action of dimethyl sulphate 

With dimethyl sulphate i n the presence of caustic 
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soda the hydrate (or the anhydride) yields a mixture of tv/o 
products, a mono- and a dimethyl derivative. The 'mono' 
dissolves i n dilute a l k a l i whereas the 'di' i s insoluble. 
This f a c t , which was used to separate the compounds, also 
indicates t h e i r structures. Thus the 'mono' must have 'a 
free a l l y l i c hydroxy group to account for i t s a c i d i t y . I t 
i s therefore a 1-metliyl -5-hydroxy -2-pyrrolinone (X; R = Me; 
R' = H) , whereas the 'di', which lacks the acidi t y , must he 
a 1-methyl-5-methoxy-2-pyrrolinone (Xj R = R' = Me), 

These deductions are confirmed hy the results of 
Zeisel estimations. The c y c l i c nature of the mono-methyl 
derivative i s also confirmed hy i t s u l t r a - v i o l e t spectrum 
which shows a single a-cyano-cinnam^l hand at 2 8 8 m|i, 

( i v ) The action of acetic anhydride 

The hydrate (or the an2iydride) reacts with acetic 
anhydride in pyridine under reflux to give a diacetate. 
This product i s not soluhle i n cold dilute a l k a l i and hence, 
does not contain an a l l y l i c hydroxy group. I t i s therefore 
giventhe structure (X; R = R' = COCH^). This derivative 
provides further evidence for the pyrrolinone fomiTilation 
(V) i n that i t confirms the presence of tv/o reactive centres. 

The use of other acylating reagents, namely, 
ac e t y l , h e n ^ l and p-toluene sulphonyl chlorides, does not 
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lead to either mono- or d i - derivatives, no reaction 
occuring with these reagentSo 
(c) Recapitulation 

The condensation of benzil v/ith one molecule of 
cyanoacetamide under the influence of piperidine leads to 
a monohydrate whiGh e a s i l y loses water to give an anhydrous 
product ^J^J^J\2^^2' same products result, from the 

reaction of ethyl-'3-benzoyl-2-cyanocinnamate ( i l l ) with 
b o i l i n g ethanolic ammonia. They must therefore contain 
the a-cyanocinnamoyl group, and are most probably derived 
from 3-benzoyl-2-cyanocinnamamide ( I V ) . 

Neither of the compounds react with hydroxylamine, 
semicarbazide or 2:JL|.-dinitrophenylliydrazine. They therefore 
either do not contain a keto group, or t h i s centre i s mas-ked 
by s t e r i c hindrance. Two structures (IV) and (V) are 
therefore indicated. 

Support for the second of these alternatives comes 
from a study of the infra-red and u l t r a - v i o l e t spectra of 
the products. I n the infra-red both absorb strongly only 
at 5 . 8 5 M-. ( i n the carbonyl region), whereas the related 
keto-ester ( i l l ) has a further peak at 6 . 0 5 attributable 
to i t s benzoyl group. The u l t r a - v i o l e t spectra reveal only 
an a-cyanocinnamoyl band near 2 9 5 m|jL. whereas ( i l l ) has in 
addition a benzoyl peak at 21+5 mpi. These facts can only be 
explained on the c y c l i c formiilation (V). 
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Chemical evidence supports these views hy showing 
the presence of an a l l y l i c t e r t i a r y hydroxy group. The 
compounds dissolve i n cold dilute caustic soda, hut not i n 
sodium hicarhonate solution. The weak, .acidity i s attrihuted 
to the hydroxy group and i s further demonstrated hy the 
production of 0-ethers with alcohols and mineral acid. Di
methyl s;ilphate causes N and 0-N methylation giving two 
products, and acetic anhydride in hoiling pyridine leads to 
a diacetate. These res u l t s can only he explained hy the 
c y c l i c structure (V). Hence the pyrrolpne structure i s 
confirmed. 

In addition to the c y c l i c , a,0-unsaturated-Y-
ketoamide descrihed hy H i l l and Lutz ( l o c . c i t , ) , the c y c l i -
sation of (XI; R = H or Br) to the corresponding pyrrolinones 
( X I I ; R = H or Br, R' = H) in the presence of hydrogen chloride 
has heen descrihed, and also the preparation of the methyl 
and ethyl ethers ( X I I ; R = Br, R' = Me or Et)^''. 

°« Ph 
R-/ VcO.CHg.i.Ph ^'^e\ _Q 

Jo.NH. Ph 
(XI) ( X I I ) 

(d) Further experiments with the pyrrolinone (V) 
( i ) Alkaline hydrolysis 

a) When the pyrrolinone (V) or i t s hydrate i s hoiled 
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with d i l u t e caustic soda an acid i s formed, which spon
taneously loses carbon dioxide on a c i d i f i c a t i o n of i t s 
alkaline solution. Analysis of the product I'eads to the 
formula C^gH^^OgN. The compound does not react v/ith 
hydroxylamine, phenylhydrazine or 2:Z;-dinitrophenylhydrazine, 
which indicates the absence of a free keto group. I t i s 
not acid to sodium bicarbonate solution, but dissolves i n 
cold d i l u t e sodium hydroxide to give a colourless solution, 
from which i t precipitates unchanged on a c i d i f i c a t i o n . These 
properties are i n accord with the presence of a 5-hydroxy-
pyrrolinone ring (see page 30) and hence the structure ( X I I l ) 
i s indicated, formed by hydrolysis of the cyano group of (V) 
and subsequent decarboxylation. • 

Ph-p=, 0=1 1 Php', , 
Ph. 
xr̂  X J=0 Ph^-l > 0 0=1 >( .=0 

H H R 
( X I I I ) (XIV) (XV) 
The u l t r a - v i o l e t spectrum of the product i s , 

however, incompatible with the pyrrolinone formialation, 
there being a peak at 208 mp.. ( f = 18 ,700) and no 
maximum near 275 mM-. as would be expected i f the compound 
possessed the cinnamoyl group i n ( X I I l ) , (compare Browne and 
Lutz, l o c . c i t . ) . This suggests that the cinnamoyl grouping 
has been disrupted by an intramolecular rearrangement involving 
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a phenyl group. Two possible structures for the hydrolysis 
product must therefore be considered. These are the 2:2-

. diphenylpyrrolidin - 3 : 5-dione (XIV) and a,a-diphenylsuccinimide 
(XV; R = H) formulations. Of these (XIV) i s eliminated by 
the non-ketonic nature of the hydrolysis product and also 
by i t s f a i l u r e to produce a red colour with f e r r i c chloride 
solution, a fact which argues against the presence of the 
highly- l a b i l e keto-enol system i n (XIV). The diphenyl-
succinimide structure.is therefore indicated, and i s con
si s t e n t with the properties l i s t e d above. Thus the s o l u b i l i t y 
i n a l k a l i i s attributable to the weak acidi t y of the N-H group. 

Methylation of the compound v/ith dimethyl sulphate 
leads to a c r y s t a l l i n e monomethyl derivative, m.p. 8 8 - 9 0 ° , 

mdepressed by admixture with an authentic sample of a,a-
diphenyl-N-methylsuccinimide (XV; R = Me) prepared from a,a-
diphenylsuccinic and methylamine^^. The hydrolysis product 
i s therefore a,a-diphenylsuccinimide (XV; R = H) and this i s 
confirmed by the identity of i t s melting point and mixed 
melting point with that of an authentic specimen^^, m.p. 
1I|.1-1i|.2°C., which also has the same u l t r a - v i o l e t spectrum, 

b) Mechanism 

The rearrangement of (XVl) to diphenylhydantoin 
(XVII) i n the presence of caustic soda has been reported to 
involve a pinacol-pinacolone rearrangement50^ 
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OH 
Ph^r-^H 
P: 
HO 1 > « 

P h ^ N H 

H H . 
(XVI) (XVII) 
I n the rearrangement of (V) therefore hydration 

of the a,0-double bond may lead to the following mechanism:-
OH 
Ph^ 

H 

CN Ph, 
H( 
HO 

H 

I acid 
P h g r — 1 

CO, 

H 
However, the pinacol-pinacolone rearrangement i s usually 
induced by strong acids. A preferable mechanism, analogous 
to the be n z i l - b e n z i l i c acid rearrangement (compare Ingold^'') 
which i s also conducted \inder alkaline conditions, i s the 
following:-

Ph• •CN 

H 

Ph-p-=pR Ph, 2 
04 1=0 

H i acid 
Phg'j 

CO, 

H 
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The cyano group i s hydrolysed at some stage during the 
reaction, the exact point being uncertain as indicated 
by the symbol R i n the above structures. 

( i i ) Attempts at dehydration 

I t was hoped at t h i s stage that the removal of 
the elements of water from the pyrrolinone (V) to give 
the pyrrolenone ( I I ; R = Ph) would be readily accomplished. 
Such has not proved to be the case. The following experi
ments have not yielded the desired compound. 

a) Prolonged heating at the melting point i n a stream of 
dry.nitrogen causes decomposition of both the pyrrolinone 
and i t s hydrate. Examination of the resulting black tars 
has not led to ide n t i f i a b l e products. 

b) I n the presence of an equivalent of phosphorus pentoxide 
i n benzene (or chlorofom) the pyrrolinone and i t s hydrate 
y i e l d only the anhydrous pyrrolinone together with a small 
amount of a red gum. 

c) B r i e f heating with phosphorus oxychloride leads to 
amorphous products which cannot be r e c r y s t a l l i s e d . Analysis 
of the crude dried solids does not lead to formulae from 
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v/hich probable structures can be deduced. 
d) Acetic anhydride i n the cold is' without effect and under 
more vigorous conditions; blue solutions rapidly form, v/hich 
on prolonged heating deposit black t a r s . Evaporation of 
such solutions before tar formation leads to black solids 
which cannot be r e c r y s t a l l i s e d . Attempts to resolve the 
products on alumina colimins, eluting with a variety of 
solvents, i s unsuccessful i n effecting any purification. 
e) Cold concentrated sulphuric acid i s without effect. 
Under more vigorous conditions decomposition occurs. 
f ) Polyphosphoric acid has been widely used as a cy c l i s i n g 
ageht^^'^-^. The reaction of the pyrrolinone (v) or i t s 
hydrate with polyphosphoric acids of various strengths 

".ow (see B e l l ^ ^ ) does not lead to the desired product. Yellt 
amorphous s o l i d s , which r e c r y s t a l l i s e (with d i f f i c u l t y ) from acid 
only a c e t i c . ( 8 0 % ) , r e s u l t from these reactions. As none of 

A 
the products melt no ready c r i t e r i o n of purity i s available 
and analyses of several samples have not given consistent 
figures. The products may i n fact be polymers. 

The pyrrolenone ring thus appears to be d i f f i c u l t 
to synthesise from (v), and may even be too unstable to 
e x i s t at a l l . 
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2. The reaction of cyanoacetamide with aliphatic 1:2-
dlketones and with the pyrrolinone (V) described i n d ) . 
A. Diacetyl 

When diacetyl and cyanoacetamide react under the 
Influence of piperidine a colourless, c r y s t a l l i n e , high-
melting s o l i d r e s u l t s . I t i s appreciably soluble only i n 
water and hot ethanol, being almost Insoluble in other 
media. Reaction conditions for good yields are remarkably 
c r i t i c a l . Although v/ater i s a suitable solvent i n which 
to conduct the reaction, better yields are obtained by the 
use of ethanol, probably as a result of the compoimd's much 
lower s o l u b i l i t y in t h i s medium. . I n order to avoid the 
production of dark by-products of uncertain constitution, 
the temperature must be maintained between 50 and 60°C. 
Observance of these conditions together with gradual addition 
of the diacetyl to a w e l l - s t i r r e d solution of the other 
reactants leads to an excellent y i e l d of the product described, 
i n a high state of purity, 
(a) Structure of the product 

Analysis for C, H, and N leads to the formula 
'̂ 10̂ 12*̂ 3̂ 14. i^<^icating that one molecule of diacetyl and 
two molecules of cyanoacetamide react with elimination of 
one molecule of water. Five possible structures (XVIII; R 



= Me) - (XXII; R = Me) must therefore be considered. 
R " CH.CN.CONHo 

ioCH.a^. CONH, 

( X V I I I ) (XIX) 

/—m\ 
CN-^ N=NH 
R 4 — ^ 

R-J 
HI 

^ 0 
:o N 

H 
(XX) 

\;=C.CN.CONH„ 

^CH.CN.CONTIg 

CH.CN.CONH, 
R -r-CN 

H O A N ^ ° 
H 

(XXI) (XXII) 
The following experiments provide a basis for 

choice between these alternatives. 
( l ) The compounds does not react with hydroxylamine, semi
carbazide, phenylhydrazine or 2:I|.-dlnltrophenylhydrazlne. 
I t therefore either contains no free keto group or s t e r i c 
hindrance by the adjacent groups screens t h i s centre and 
thereby prevents reaction. The f i r s t of these alternatives 
eliminates the simple::strueture (XVIII; R = Me) and the 
monocyclic structure (XIX; R = Me) i f further evidence can 
be produced, 
( i i ) Dilute potassium permanganate solution i s not decolourised 
by addition to a solution of the compound i n water. This 
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indicates the absence of ethylenlc linkages in the molecule, 
The i i l t r a - v i o l e t spectrum does not exhibit a peak near 
210 rail, showing that the compound has no a,3-unsaturation. 
( i i i ) The compound does not react with acetyl, benzoyl, or 
£.toluene sulphonyl chlorides nor with acetic anhydride. 
This points to the absence of a hydroxy group i n the 0-
position with respect to the amldo and cyano groups, for 

a compound possessing t h i s group would be expected either 
to form esters or to e a s i l y dehydrate during the attempts 
to prepare them. 

Points ( l l ) and ( i l l ) thus dispose of (XXI; R = 
Me) as a possible structure for the high melting compound. 
(iv ) The compound i s recovered unchanged after prolonged 
refluxlng i n an aqueous solution. This indicates the 
absence of an imlno-group i n the molecule, and hence that 
(XIX; R = Me) and (XX; R = Me) are not correct. Such 
structures would be expected to hydrolyse.under the action 
of b o i l i n g water to y i e l d the corresponding Iraides ( c f . 
Thorpe et a l . , l o c . c i t . ) . 
(v) Thorpe and h i s co-workers »^' J ' ^ - ^ J - ^ - ^ ^lave shown that 
the simple imino-lmides (XXIII; R = alkyl) and (XXIV; R = 
a l k y l ) y i e l d c r y s t a l l i n e mono- and d l - platinl-chlorides 
respectively v/hen reacted with cold p l a t i n l c chloride 
solution. No such derivative i s precipitated employing a 
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solutlon of the above compound in the same way. The 
Inference from t h i s i s that i t does not have an imino-
Imlde ring,, and therefore that the configurations (XIX; 
R = Me) and (XX; R = Me) do not represent i t s structure. 

CN JD' ^ .0 

NH R-C-R NH 
R\ 

ÔNHg M or N̂H 

( X X I I I ) (XXIV) 
The evidence so f a r presented argues against the four 
p o s s i b i l i t i e s (XVIII-XXI; R = Me) and consequently the 
pyrrolldone formialation (XXII; R = Me) i s preferred. 
Further work shows that t h i s i s i n fact correct, 
(b) Evidence supporting the pyrrolidone stinicture 

This evidence i s conveniently divided into ( i ) 
evidence for the presence of a pyrrolidone ring - the effect 
of cold concentrated sulphuric acid, ( l l ) evidence against 
the p o s s i b i l i t y of formation of an imlno-imlde ring - the 
effect of sodium ethoxlde. 
( i ) Evidence for the presence of a pyrrolidone ring - the 

effe c t of cold concentrated sulphuric acid 

The compound dissolves i n cold 90% sulphuric 
acid. This solution, on dilut i o n after 36 hurs, gradually 
deposits colourless c r y s t a l s of a high-melting acid. Analysis 
leads to the formula C.-,H, ̂ Or-N, and t i t r a t i o n with standard 

10 13 5 3 
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sodium hydroxide solution gives an equivalent weight of 
256 (C^QH^^O^N^ requires 255)• The product i s therefore 
a mono-hasic acid and contains one carhoxyl group. 

This acid i s unreactive towards hydroxylamine, 
semicarhazide and 2:l4.-dinitrophenylhydrazine. This indicates 
the prohahle ahsence of a free keto group, and would he 
explained hy the interaction of keto and amido groups to 
form a pyrrolidone ring. 

The simplest explanation of these facts i s that 
one amido group hydrolyses to a carhoxyl group and that one 
cyano group hydrolyses to an amido group. This i s consistent 
with the presence of only one amide group in the molecule and 
hence with the pyrrolidone structiire. I n this molecule i t 
might he supposed that the tv/o diffe r e n t l y s i t e d cyano groups 
would have different rates of hydrolysis, thus accounting for 
the reaction of only one of them -under the conditions descrihed. 

CH.R'.R" 
R"' 

(XXV) 

On the hasis of t h i s conception of the course of 
the reaction' the acid has therefore the structure (XXV; R = 

(XXVI) 
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Me, R' = COOH; either R" = COm^, R'" = CN; or R" = GN, 
R"' = CONHg). 

The. production of t h i s acid therefore shov/s that 
the compound contains one protected amido^-group and that 
on hydrolysis ketonic properties are not produced. I t 
also shows that the two cyano groups are d i f f e r e n t l y 
situated with respect to adjacent groups and thus argues 
i n favour of the presence of a pyrrolidone r i n g i n the 
molecule. This reaction does not preclude the "bicyclic 
structure (XXj R = Me) as an intermediate i n the hydrolysis. 
Conversion of t h i s to the imide (XXVI; R = Me) would then 
he expected ( c f . Thorpe et a l , , l o c c i t . ) t and addition of 
water to the imide grouping would lead to two possihle acids 
°10^13°5^3' °^ which (XXV; R = Me, R' = CN, R" = CONHg, R"' 
= COOH) i s a t h i r d p o s s i h i l i t y f o r the high melting acid. 

T?ie l a t t e r p o s s i b i l i t y i s considered to he unlikely. 
Thorpe and his associates have shown that the imino-imides 
(XXIII and XXIV; R = alkyl)' are converted hy cold concentrated 
sulphuric acid to the corresponding iraides. These are stable 
ynder the reaction conditions employed, and i t seems un l i k e l y 
that (XXVI; R = Me) would he liydrolysed to the mono acid. 
In_ the next section i t w i l l he shown that the route i s i n 
fac t not possible. 
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( i i ) Evidence against the p o s s i b i l i t y of formation of an 
imino-imide r i n g - the effect of sodium ethoxide 

The presence of the pyrrolidone r i n g i s established 
"by the above experiments and i n addition the possible presence 
of a second six-membered imino-imide r i n g i s discounted. 
The absolute configuration of the pyrrolidone has not yet 
been f i i l l y ascertained, hovrever, since two formulations 
are possible. The cyano and cyanoacetamido substituents 
can have two possible arrangements with respect to each 
other, above and belov/ the pyrrolidone r i n g . 

I f they are cis then interaction betv/een them 
woiild lead to the b i c y c l i c imino-imide (XX; R = Me). The 
evidence f o r t h i s i s provided by the work of Thorpe et a l . 
(loCoCit.) who have shown that the condensation of aliphatic 
ketones with cyanoacetamide, under basic conditions, gives 
imino-imides ( X X I I I ; R = a l k y l ) . I n these the cyano and 
amido groups are cis with respect to each other, and imder 
the influence of cold sodium ethoxide r i n g closure occurs 
giving the b i c y c l i c imino-imides (XXIV; R = alkyl), which 
separate as sodio derivatives. Solution of the salts i n 
water and a c i d i f i c a t i o n with acetic acid leads to the sodium 
free compounds. 

I f i n the pyrrolidones the configuration i s trans-
only the monocyclic structure (XXII; R = Me) i s possible. 
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The pyrrolidone does not react with cold ethanolic 
sodium ethoxide. Unchanged s t a r t i n g material i s recovered 
even a f t e r several hours shaking. This observation provides 
strong evidence against a cis formulation. The compound 
^10^'^12^3\ therefore the pyrrolidone (XXII; R = Me) i n 
which the configuration of the cyano and cyanoacetamido 
substituents i s trans, 
(c) Recapitulation 

The reaction of diacetyl with cyanoacetamide 
under the influence of piperidine leads to a product 
^10^12^3^1+' ^ive possible structures can be envisaged f o r 
thiso These are the formiilations (XIV-XVIII; R = Me). 

The compound does not react with hydroxylamine, 
semicarbazide, phenylhydrazine or 2:U-d.inltrophenylhydrazine. 
This f a c t indicates that i t contains no free keto group. 
I t does not y i e l d derivatives with acyl or £. toluene sulphonyl 
chlorides nor with acetic anhydride. This indicates that 
unhindered hydroxy groups are not present. Potassium perman
ganate solution i s not decolourised by the compound, a fact 
which indicates the absence of ethylenic linkages. a,3-
Unsaturation i s shown to be absent by the u l t r a - v i o l e t 
absorption spectrum which exhibits no maximum near 210 m|i. 
B o i l i n g water i s without e f f e c t , which argues against the 
presence of an imino-imide r i n g . This i s also supported by 
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the non-foimation of a p l a t i n i c h l o r i d e . 
The above facts eliminate the four alternatives 

(XVIII-XXI; R = Me) and thus only the pyrrolidone structure 
(XXII; R = Me) i s l e f t f o r consideration. 

This structure i s supported by hydrolytic studies 
with ( i ) cold concentrated sulphuric acid^ and ( i i ) cold 
sodium ethoxide. With the former reagent a non-ketonic 
acid C^QH^^O^N^ r e s i i l t s , most plausibly by hydrolysis of 
one cyano and one amido group to an amido and carboxyl group 
respectively. Thus, the compound contains only one free amido 
group. The other i s hence protected by interaction with the 
keto group and so the compound contains the pyrrolidone r i n g . 
The pyrrolidone does not react with cold ethanolic sodium 
ethoxide» 

I t has been shown that these results are best 
explained by the pyrrolidone structure i n which the cyano 
and cyanoacetaraido substituents are trans with respect to 
one another. Consequently the b i c y c l i c structure (XX; R = 
Me) cannot be formed, and hence cannot participate as an 
intermediate i n any of the reactions detailed above. 

The pyrrolidone structure with the trans configur
ation described i s therefore proved, and f u l l y explains the 
observed properties of the compound '^^Q^^2^^k' from 
the reaction of diacetyl and cyanoacetamide. 



(d) Attempts to obtain other reaction products 
( i ) The effects of bases other than piperidine i n the 

reaction have been studied. No other reaction products to 
that described above have been isolated. 
a) Sodium ethoxide - This base i n the cold leads to rapid 
formation of dark solutions, probably due to polymerisation 
of the di a c e t y l . These solutions a f t e r evaporation and 
t i t r a t i o n with d i l u t e hydrochloric acid, y i e l d black aqueous 
solutions which gradually deposit a small amount of the acid 

0^13°5^3 P^S® 
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) Pyridine and secondary or t e r t i a r y amines (dietliylamine 
and triethylaraine) - are ine f f e c t i v e i n promoting reaction. 
The cyanpacetaraide can be recovered a f t e r several days. The 
diketone, however, i s destroyed since i t cannot be recovered. 
d) Sodiimi acetate - causes only slow destruction of the d i 
ketone, but the cyanoacetamide can be quantitatively recovered, 

( i i ) Sulphuric acid has also been employed as a possible 
catalyst. I t i s i n e f f e c t i v e i n promoting reaction. The 
diacetyl can be recovered even aft e r several days. 
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( i i i ) Refluxing the reactants i n aqueous or ethanolic 
sol u t i o n without the use of condensing agents leads to no 
reaction, nor are products obtained by adding diacetyl to 
fused cyanoacetamide. 
B. Similar products obtained from other 1;2-diketones and 

from the pyrrolinone (V) 
Dipropionyl and d i b u t y r y l react with 2 molecules 

of cyanoacetamide to y i e l d products C^2^16'^3\ ^1i4.^20^3\ 
respectively. Considerable a l t e r a t i o n of the reaction 
conditions are necessary with the l a t t e r diketone, from which 
the product i s obtained i n only low y i e l d (10%). The piperidine 
i s added dropwiseiin the form of a 10% aqueous solution, to 
a cold, s t i r r e d aqueous solution of the other reactants. 
The product separates a f t e r a few minutes as o i l which 
r a p i d l y s o l i d i f i e s and i s f i l t e r e d o f f after several days, 
during which time f u r t h e r small quantities of the products 
are foimed. Both of the above compounds are high melting 
solids which are appreciably soluble only i n hot ethylene 
g l y c o l , from which they are i n fact r e c r y s t a l l i s e d . 

Under r e f l u x i n ethanol the pyrrolinone (V) (or 
i t s hydrate) adds a f u r t h e r molecule of cyanoacetamide to 
give a high melting s o l i d '^20^^S^3^U.' '^^^^ compoimd i s 
almost insoluble i n normal solvents even i n the hot. 

The formulae of these products suggest that they 
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are i n f a c t similar to the product from diacetyl and cyano-
acetamide. They would therefore be the pyrrolidones (XVIII; 
R = Et; Pr and Ph). Comparison of t h e i r properties with 
those of the dimethyl pyrrolidone leads to the conclusion 
that they i n fact do have similar structTores. The proof 
of t h i s i s conveniently divided into (a) chemical evidence 
(b) spectroscopic evidence, 
(a) Chemical evidence 

( i ) The compounds do not react with 2:i4.-dinitrophenyl-
hydrazine. Because of t h e i r great i n s o l u b i l i t i e s i n normal 
solvents attempts to prepare such derivatives have to be 
conducted i n 90% sulphuric acid ( c f . Brady^^). The compoimds 
do not therefore appear to contain any free keto groups. 

( i i ) They dissolve i n cold SOffo sulphuric acid (gentle 
warming i s necessary i n the case of the diphenyl analogue) 
and the solutions obtained on d i l u t i o n a f t e r ij.8 hours, slov/ly 
deposit colourless high melting solids. 

The d i e t h y l analogue yields a mono-basic acid 
^12^17^5^3* P̂ °''3̂ 1̂y pyrrolidone •(XXV; R = Et, R' = 

COOH; either R" = CONH2, R"' = CN; or R" OT, R'" = CONHg). 
The dipropyl analogue gives a non-acidic product analysing as 
Ĉ Ĥg'jOgN̂ . No satisfactory structure can be deduced f o r 
t h i s product which may be a mixture. The diphenyl compound 
yields by a similar reaction a non-acidic product Ĉ gĤ Ô̂ N̂ , 



-52-

a formula which indicates that the expected acid has l o s t 
carbon dioxide. The product i s therefore the pyrrolidone 
(XXV; R = Ph; R' = H; either R" = CONHg, R'" = CN; or R" 
= CN; R*" = CONHg). This product i s usually contaminated 
with imreacted material from which i t can be extracted with 
hot ethylene gl y c o l . The product from the dipropyl analogue 
may possibly be a similar mixture but no separation i s 
possible i n t h i s case. The chemical evidence thus supports 
the pyrrolidone formulation f o r the compounds, 
(b) Spectroscopic evidence 

( i ) U l t r a - v i o l e t spectra 

Only the diphenyl analogue has been studied i n 
the u l t r a - v i o l e t region. I t was hoped to confirm f o r t h i s 
corapoimd- the absence of a free benzoyl group, which v/ould 
be expected to absorb near 21+5 m|j,. ( c f . Browne and Lutz, 
l o c . c i t . ) , and also to show that i t contains no a-cyanocinnamoyl 
grouping with a characteristic absorption band near 295 mp,.-
The a l i p h a t i c analogues would not be expected to absorb i n 
t h i s region. 

No absorption maxima are i n fact observed near 
2U5 m|j.. and 295 m|i. The diphenyl compoxmd does not therefore 
contain a free benzoyl group nor the a-cyanocinnamoyl group. 
The presence of the pyrrolidone r i n g i s therefore confirmed 
f o r t h i s compound, and by analogy i t may reasonably be 
assumed that the a l i p h a t i c compounds are also similar. 



U l t r a - v i o l e t Spectra. 

200 250 
Wavelength mji. 

A (XXII;R=Me),in water. ,. 

B (XXII;R=Ph),in ethanol. 

300 
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( i i ) I n f r a - r e d spectra 
The in f r a - r e d spectra of the dimethyl, dipropyl, 

and diphenyl compounds, i n nujol mull, have been compared. 
Their great s i m i l a r i t y confirms that a l l three must have 
sim i l a r structures, but no unambiguous evidence f o r the 
pyrrolidone formulations can be obtained from them. The 
d i f f i c u l t i e s a r i s i n g at t h i s point are as follov/s:-
a) The i n s o l u b i l i t i e s of the compounds i n suitable solvents 
makes i t necessary to use the solids f o r measurements i n 
the infra-red. The location of bands i s less certain under 
these conditions. 
b) Chromophores such as the amido, imino, and keto groups 
exhib i t t h e i r most characteristic absorptions i n the 5-6 |J., 
region and as these groups are i n fact the very ones needing 
consideration, assignments are rendered d i f f i c u l t . 
c) The combination of these two factors makes considerable 
overlapping very probable, thus creating further uncertainties. 

Despite these d i f f i c i i l t i e s the follov/ing-.assignments 
are t e n t a t i v e l y made on the basis of the pyrrolidbne structures 
f o r which other evidence has been presented. 



Infra-red Spectra ( i n nu.jol mull), 



Frequency Assignment 

5.90 I I . Free amide and Y-lactam carbonyls 

6.05 M.. The amide ( l l ) band (N-H stretching) 
due to the free amide group. 

The rather weak bands near 2,85 are t e n t a t i v e l y assigned 
to the t e r t i a r y hydroxy group, but may well be N-H stretching 
frequencies, A f u r t h e r band at 8.7 i s also consistent 
virith the presence of the hydroxy group i n these compounds. 
I t i s s i g n i f i c a n t that the 5-hydroxypyrrolinone (V) shows 
such a maximum whereas the derived 5-niethoxypyrrolinone (X; 
R = H, R' = Me) does not. Bellamy and Weissberge."!: ( l o c . c i t . ) 
both discuss the in f r a - r e d absorptions of organic compounds 
i n some d e t a i l , and these sources provide the basis on 
which the assignments are made, 
(c) Recapitulation 

The condensation of 1:2-diketones with two mole
cules of cyanoacetamide i n the presence of piperidine i s 
accompanied by loss of a molecule of water and production 
of the pyrrolidones (XXII; R =? Me, Et, Pr, and Ph) i n 
which the cyano and cyanoacetamide substituents are trans 
w i t h respect to each other, above and below the pyrrolidone 
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r i n g . I n 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 y i e l d the pyrrolinone (V), which can 
be f u r t h e r reacted with a second molecule of cyanoacetamide 
to give the pyrrolidone (XXII; R = Ph),i points to the 
mechanism, since i t i s probable that two similar steps 
occur with the a l i p h a t i c diketones. The proposed mechanism 
i s : -

1. 

+ CHgCN.CONHg 

i OH 
\-CH.GN. i , CONH, 

•CN 

HoAj^/ 
H 

\=0 

(XXVII) 
CH.CN.CONĤ  

2. R R I I CN 
CHg.CN.CONHg 

HC^N/ 
• H 

R 

HO' 

•CN 

( i ) The f i r s t stage i s a Knoevenagel reaction between 
one keto group of the diketones and the active methylene 
group of cyanoacetamide to give a, 3-unsaturated-Y-ketoamides 
which probably immediately cyclise to the 3-cyano-i4.: 5- d i a l k y l 
(on/iphenyl)-5-hydroxy-2-pyrrolinones (XXVIl). These are 
probably rapid reactions. 
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( i i ) The second stage i s an example of the Knoevenagel 
addition of the cyanoacetamide to the a,3-double bond of 
(XXVII) to give the pyrrolidones. I n the alip h a t i c series 
t h i s appears also to be a rapid stage, but with benzil a 
much slower addition o c c T i r s , and then only at elevated 
temperatures. Steric hindrance probably retards t h i s 
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 p a r t i a l hydrolysis (pages 
k3 and 51)^ are boiled with 8 N.sulphuric acid (or 8 0 % 
sulphuric acid i n the case of diphenyl compounds) they are 
converted to non-nitrogenous products, which analyse as 

^a^^o\'^^o^Sk\' ^^2^^e,\ ^18^1 A ' '̂ ^̂ ^̂  "'̂ ''̂  
obtained i n the following yields from the corresponding 
pyrrolidone. 

Pyrrolidone 
XVII; R = Product Yield % 

Me W o ^ 95 

Et °io^"iA 95 

Pr • 1̂2̂ 18°!+ 90 
Ph °l8" l A 10 
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(b) Properties 
( i ) A c i d i t y 

The products are not acid towards sodiimi bicarbonate 
solution nor are they soluble i n cold d i l u t e sodium hydroxide. " 
Their solutions i n b o i l i n g water, however, may be t i t r a t e d 
with standard a l k a l i , and hence th e i r equivalent v/eights 
can be determined. These correspond to half the molecular 
weights calculated on the above formulas. . Two potential 
carboxylic acid groups are thus indicated f o r the compounds, 
a f a c t which suggests the presence of either two lactone 
rings, or less l i k e l y , two ester groups or an anhydride group. 

A c i d i f i c a t i o n of the solutions obtained by b o i l i n g 
with d i l u t e caustic soda regenerates the o r i g i n a l neutral 
compounds, a f a c t which points to the f i r s t of these alternatives 

( i i ) The action of 2;U-dinitrophenylhydrazine 
The a l i p h a t i c analogues react with t h i s reagent 

y i e l d i n g pale yellow products. These analyse as mono 2:^-
dinitrophenylhydrazones i n the cases of the dimethyl and 
dipropyl analogues. The d i e t h y l product has not been obtained 
i n a pure state despite the use of chromatographic techniques, 
but appears to be similar i n nature. The diphenyl analogue 
does not react w i t h t h i s reagent, nor with hydroxylamine, 
semicarbazide or phenylhydrazine. This may be due to the 
influence of s t e r i c hindrance. 
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(c) Structure 
Consideration of the formulae and properties of 

the products leads to two alternatives f o r t h e i r structures. 
These are the dilactone (XXVIII; R = R' = Me, Et, Pr, and 
Ph) and the keto anhydride (XXIX; R = Me, Et, Pr, and Ph) 
formulations,. 

R! 
(XXVIII) (XXIX) 

R'CO—G—R 
CHg.COOH 

CHg.COOH 
(XXX) 

The formation of these compounds i n acid, and t h e i r regener
ation by acids a f t e r alkaline hydrolysis points to the dilactone 
structures, but i t would be expected that they would y i e l d d i -
derivatives w i t h 2:l4.-dinitrophenylhydrazine, unless steric 
hindrance prevents t h i s . Emery-̂  has shown that 3-acetyl-
g l u t a r i c acid (XXX; R = H, R' = Me) gives the dilactone (XXVIlIj 
R = H, R' = Me) i n the presence of hydrochloric acid and that 
t h i s yields a di-derivatiye (XXXI; R = H, R* = Me) when reacted 
with phenylhydrazine i n acetic acid. 

0 

R 
-NH.Ph 

Ph IT-NH.I 

(XXXI) (XXXII) (XXXIII) 

-NH.R ft 
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I n order to obtain evidence f o r the dilactone 

s t r u c t u r e , therefore, the dimethyl compound has heen f u r t h e r 

i n v e s t i g a t e d and the r e s u l t s w i l l now "be presented, 

(d) F u r t h e r r e a c t i o n s of the dimethyl analogue 

( i ) R eaction with phenylhydrazine i n a c e t i c a c i d under 

r e f l u x leads to a c r y s t a l l i n e s o l i d ^20^22^^)+* ^ formula 

showing that two moleciiles of phenylhydrazine and one of 

the compound have r e a c t e d with e l i m i n a t i o n of water. T h i s 

d i - d e r i v a t i v e i s analogous to Emery's product from ( X X V I I I ; 

R = H, R' = Me) and phenylhydrazine, and protahly has a 

s i m i l a r s t r u c t u r e (XXXI; R = R' = Me). 

( i i ) Reaction with e t h a n o l i c ammonia leads to a c r y s t a l l i n e 

nitrogenous product CgH^^O^W, showing that one molec\ile of 

ammonia has re a c t e d with one of the compound with e l i m i n a t i o n 

of a molec\ale of water. Reaction with 2:i4.-dinitrophenyl-

hydrazine leads to a mono-derivative i d e n t i c a l with the 

product obtained Toy r e a c t i n g the mono-2:L|.-dinitrophenyl-

hydrazine d e r i v a t i v e (page 57) with e t h a n o l i c ammonia. The 

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

R " = H) and ( X X X I I I ; R = R' = Me, R " = 2:i;-(N02)2CgH^). 

S i m i l a r products (XXXII; R = R " = H, R' = Me) and ( X X X I I I ; 

R = H, R' = Me, R'' = Ph) have heen prepared from the d i l a c t o n e 

(XXVIi;^ R = H, R' = Me).(Emery,loc.cit.). 
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( i i l ) The dimethyl compound i s not oxidised "by 
alka l i n e hypotromite or hypochlorite nor does reaction 
w i t h iodine and caustic soda y i e l d any iodoform. The 
ahsence of a free acetyl group i s therefore indicated, 
providing f u r t h e r argument against the keto-anhydride 
formulations 

The dilactone structure i s hence confirmed f o r 
the dimethyl compound, and hy analogy the d i e t h y l , dipropyl 
and diphenyl analogues have similar structiires. 

Attempts to react the diphenyl dilactone with 
ethanolic ammonia are unsuccessful, prohaljly due to s t e r i c 
hindrance hy the hulky phenyl substituents. 
(e) Recapitulation 

Hydrolysis of the pyrrolidones (XXII; R = Me, 
Et, Pr and Ph) w i t h strong sulphuric acid under r e f l u x , 
leads to neutral c r y s t a l l i n e products which hy analysis, 
and hy t h e i r t i t r a t i o n w i t h standard a l k a l i , are shown to 
"be e i t h e r the dilactones (XXVIII; R = R* = Me, Et, Pr, and 
Ph) or the keto-anhydrides (XXIX; R = Me, Et, Pr and Ph). 
A c i d i f i c a t i o n of the solutions obtained "by h o i l i n g with 
a l k a l i causes regeneration of the neutral compounds, a 
f a c t which favours the dilactoner. formulation. On the other 
hand, the a l i p h a t i c compounds y i e l d only mono-derivatives 
w i t h 2:i4.-diniti?ophenylhydrazine. This i s more i n accord 
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with the keto-anhydride structure. 
Further reactions with the dimethyl analogue, 

however, show:;; conclusively that i t has the dilactone 
structureo With phenyl hydrazine i n t o i l i n g acetic acid 
i t y i elds aljiis.^phenyJbydrazone, a derivative shown hy 
Emery ( l o c c i t . ) to he characteristic of a similar d i 
lactone (XXVIII; R = H, R* = Me). Two other characteristic 
derivatives are obtained hy reacting the dilactone with 
ethanolic ammonia to give a lactam-lactone (XXXII; R = R' = 
Me, R"= H) which gives a mono-derivative with 2:l4.-dinitro-
phenylhydrazine. 

The diphenyl analogue i s i n e r t to these reagents, 
hut i t s physical properties suggest that i t has the same 
structure. 

Hence, the dilactone formulation i s proved f o r 
the dimethyl analogue, and hy analogy f o r the d i e t h y l , 
dipropyl and diphenyl analogues, 
( f ) Attempts at synthesis 

The dimethyl dilactone was chosen f o r these 
attempts as i n general s t a r t i n g materials of known structure 
are more rea d i l y availableo 

( i ) P i t t i g and Roth^^ have prepared several s i m i l a r 
dilactones (XXXIV; R = a l k y l or a r y l ) hy the reaction of 
the sodium s a l t of t r i c a r h a l l y l i c acid (XXXV; R = H) with 
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acid anhydrides at 13O-IUO C. f o r several hours. P i t t i g 
and Salomon^® have also prepared the dilactone (XXXVl) i n 
% y i e l d "by a s i m i l a r route from a,a,e-trimethyltricar'ballylic 
(camphoronic) acid and acetic anhydride. 

0 

CHg.COOH Me Me 
R—C—COOH 

CHg.COOH 

-Me 

(xxxv) 
(xmv) 

Me 
(XXXVI) 

3-Methyl t r i c a r h a l l y l i c acid (XXXY; R = Me) i n the form of 
i t s sodium s a l t , does not react with acetic anhydride even 
under r e f l u x f o r several days. The potassium and ammonium 
salt s are s i m i l a r l y unreactive and benzoyl peroxide, sodium 
acetate and small amounts of acetyl chloride are ineffective 
i n promoting the reaction. The unchanged acid i s quanti-
. t a t i v e l y recovered from these reactions. 

The use of the free acid i n r e f l i i x i n g acetic 
anhydride ( c f . McEwen and Mehta^^) does not lead to reaction, 
nor are products obtained by the use of acetyl chloride. 

A possible explanation of the above \mreactivity 
l i e s i n the fac t that the 0-position i s f u l l y substituted. 
I f i t i s postulated that dilactone formation requires an 
eas i l y polarisable C-H bond on t h i s atom, the f a i l u r e to 
obtain the required dilactone from 3-methyl t r i c a r b a l l y l i c 
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acid i s explained. The following mechanism i s therefore 
suggested:-

CHg.COONa 
NaOOC -LH 

CHg.COONa 
CĤ CO/̂  

CH; 

NaOOC—C -H 
CHg.CO.O.COCĤ  

iHg.COONa 

^ C H , HOOO-O-
I 

f-CH, 
CHg— 

CHg—do 
NaOOC-C—CJ-CH, 

DH 
CHg—COONa , 

Apart from the anomoly of the camphoronic acid 
reaction ( l o c . c i t . ) there i s no data i n the l i t e r a t u r e 
contradicting t h i s mechanism. The isolated case of 
camphoronic acid may, i n view of the low y i e l d , he due to 
t h i s acid containing an impurity. I t i s suggested that 
t h i s may he a:a: Y - t r i m e t h y l t r i c a r h a l l y l i c acid. 

( i i ) A second possible route to .the dimethyl dilactone 
i s from acetyl-methyl-malonic acid (XXXVIIl). This with 
t h i o n y l chloride or phosphorus pentachloride might y i e l d 
the d i c h l o r i d e , which with diazometliane would give the 
corresponding diazo-ketone (XXXIX). Reaction of t h i s with 
moist s i l v e r oxide would then lead to the ketoglutaric acid 
(XL) and thence to the dimethyl dilactone. 



-61;-

Me\ /COOH 
MeCo/\x)OH 
(XXXVIII) 

Me, /30C1 
MeCO^XX)Cl 

Me 

^ 0 ^ 

MevyCOCHNg 
MeCO^^OCHNg 

(XXXIX) 

Mê  yCHgCOOH 
MeCÔ ĈHgCOOH 

Me (XL). 

The d i e t h y l ester of acetyl-methyl-malonic acid does not, 
however, y i e l d the required acid on hydrolysis. With 
sodium hydroxide a sa l t i s obtained, which on a c i d i f i c a t i o n 
yields methyl malonic acid (XLl). 

JCOOE 
Me-CH( 

ĈOOH 
(XLI) 

( i l i ) I t has been reported^^ that the reaction of methyl 
ethyl ketone and formaldehyde imder the influence of d i l u t e 
caustic soda, leads to mixtures from which 3:3-bis-hydroxy-
methyl-2-butanone (XLII) can be isolated. This compound 
has been prepared i n low y i e l d . I t was proposed to employ 
the following.route to the required diketone:- (X = Br, CI, 
or I ) . 
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CHgOH 
Me.CO—C—Me 

CHgOH 
(XLII) 

HX CH2X 2KCN Me.CO—C—Me f 
c: 

(XLin; 

CHgCN 
Me.CO—C—Me 

C H g X 

i 
CHgCN 
acid 

hydrolysis 

-0^ 
Me 

With concentrated hydrochloric acid, however, a mixture i s 
obtained which does not fractionate, and which, from 
a n a l y t i c a l results on a sample of a d i s t i l l e d specimen, 
appears t o have only about h a l f the required amount of 
chlorine. Cold hydrogen bromide, either i n the gaseous 
form or i n concentrated aqueous solution, leads to a 
colourless l i q u i d , b o i l i n g point l08°/5 ram., which contains 
only h a l f the required amount of bromine and has not been 
f u r t h e r investigated, (compare Descombe^^). At elevated 
temperature black tars are formed, and s i m i l a r l y tars 
r e s u l t when hydrogen iodide i s used. 

An alt e r n a t i v e route to the iodide ( X L I I I ; X = I ) 
from the bis-£-toluenesulphonate (XLVII^-p.MeCgHi^SO^*") by 
reaction with sodium iodide (compare Baer and Pischer^^) 
has proved unsuccessful. ^.Toluene sulphonyl chloride reacts 
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with the dihydroxyketone ( X L I I ) i n the presence of p i p e r i d i n e 

or c a u s t i c soda, to y i e l d an o i l which does not give the 

r e q u i r e d iodide with the reagents described. 

The d i l a c t o n e s t r u c t u r e of the dimethyl horaologue 

has not t h e r e f o r e been confirmed by an independent s y n t h e s i s , 

but the chemical evidence presented i n previous pages 

n e v e r t h e l e s s points c o n c l u s i v e l y to such formulations f o r 

the h y d r o l y s i s products, 
Goooo 



-67r-

Summary 
One molecule of benzil and one molec\ile of cyano-

acetamide react i n the presence of piperidine to y i e l d a 
non-ketonic hydroxypyrrolinone (V), i n the f o m of a hydrate 
from which the anhydrous (V) i s obtained by r e c r y s t a l l i s a t i o n 
from pyridine or by b o i l i n g i n benzene. The same products 
result;:from reaction of ethyl-3-'benzoyl-2-cyanocinnamate ( i l l ) 
w i t h ethanolic ammonia. 

The u l t r a - v i o l e t spectra of the hydrate and 
pyrrolinone are consistent with the hydroxypyrrolinone 
structures, there being cinnamoyl absorption at 290 mji., but 
no benzoyl band near 2 i ; 5 m|io I n contrast ( i l l ) has two peaks 
at 2k7 and 2 8 5 m|ji. 

The i n f r a - r e d spectra are also i n accord with the 
cycl i c stCTlotures, (V). and i t s hydrate each having a single 
peak at 5 o 8 5 \io whereas ( I I I ) has an additional benzoyl peak 
at 6 . 0 5 Ho 

The presence of the a l l y l i c hydroxyl group accounts 
f o r the weak a c i d i t y . Both hydrate and pyrrolinone dissolve 
i n d i l u t e caustic soda and on a c i d i f i c a t i o n of the solution 
so obtained the hydrate precipitates. With methanol (or 
ethanol) containing hydrogen chloride 0-alkyl derivatives 
(X; R = H, R* = Me or Et) are obtained and dimethyl sulphate 
gives an N-methyl and an 0:N-dimethyl derivative. Acetic 
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anhydride i n hot pyridine yields a diacetate. 
When the pyrrolinone (or i t s hydrate) i s boiled 

with d i l u t e caustic soda a rearrangement involving the 2-
phenyl substituent occurs and the product i s a,a-diphenyl-
succihimide. This i s confirmed by the i d e n t i t y of the 
melting point and mixed melting point with an authentic 
sample, which has'the same \ i l t r a - v i o l e t spectrum, and by 
methylation with dimethyl sulphate to give a,a-diphenyl-N-
methyl succinimide, i d e n t i c a l with a genuine sample. 

Diacetyl, dipropionyl, and d i b u t y r y l 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 
f u r t h e r reaction of (V) with a molecule of cyanoacetamide. 

The pyrrolidone formulations are supported by the 
u l t r a - v i o l e t spectra of the dimethyl and diphenyl compounds, 
which have no absorption maxima? due to a,3-unsaturation or 
a benzoyl group» 

Since on b o i l i n g with water no ammonia i s evolved 
and since no reaction occurs wi-6h cold ethanolic sodium 
ethoxide, the cyano and cyanoacetamido groups are trans, f o r 
i f c is i n t e r a c t i o n between them would be expected to y i e l d 
easily hydrolysed imino-imides (XX; R = Me, Et, Pr, and Ph). 
Hydrolysis with cold 90fo sulphxiric acid gives mono-=basic acids. 
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probably (XXVj R = Me or Et, R' = COOH, either R̂ 'sCONHg, 
R"' = CN, or R" = CN, R"' = COKHg). The diphenyl acid 
loses carbon dioxide to give a non-acidlciproduct, 

When either the above acids or the pyrrolidones 
are refluxed with 8 N, sulphuric acid (or 80^ i n the case of 
the diphenyl analogues) they are converted to the dilactones 
(XXVIII; R = R* = Me, Et, Pr, and Ph). The a l i p h a t i c compounds 
y i e l d mono-derivatives with 2:U-dinitrophenylhydrazine. The 
dimethyl analogue has been most f u l l y investigated and a 
mono-lactam and i t s 2:U-dinitrophenylhydrazine derivative 
have been prepared as well as a di-derivative with phenyl-
hydrazine i n acetic acid. 

Attempts to synthesise the dimethyl dilactone 
from 0-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 o Cyanoacetamide was prepared from ethylcyanoacetate and 
araraonia^^, r e c r y s t a l l i s e d from ethanol and af t e r drying at 
100° f o r several hours to remove a l l traces of ammonia ( c f . 
Kon and T h o r p e ) i t melted at 121°, 

2, Diacetyl was prepared from the monoxime^^ by Olivier's 
method a solution of diacetyl monoxime (101 grams; 
1.0 mole) and sodium n i t r i t e (170 grams; 2.0 moles) i n water 
(2,800 mis.) was s t i r r e d and cooled to 15° while 18% sulphuric 
acid (5i+0 mis.) was slowly added through a tube reaching to 
the bottom of the reaction vessel. After f i v e days at 
room.temperaturethe solution was saturated with anhydrous 
sodium sulphate, allowed to stand u n t i l the sodim sulphate 
decahydrate had c r y s t a l l i s e d and the aqueous layer decanted.. 
The crystals were washed w i t h a l i t t l e cold water (50 mis.), 
the aqueous solution and washings d i s t i l l e d \ m t i l no more 
diketone d i s t i l l e d with the water and the d i s t i l l a t e then 
extracted with ether. After drying over sodium sulphate 
the extracts were evaporated at 60° to a yellow o i l which 
was d i s t i l l e d t o give diacetyl (66 grams; 76.79^), b.p. 
86-88°. 

3. Dibutyryl and dipropionyl were prepared by an adaptation 
of. the method used by Ruggli and Zeller^^ to prepare several 
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diketones from the corresponding acyloins. 
(a) A solution of propionoin^^ (17 grams; 0.124.7 moles) 

and metlianol (7,5 mis.) i n 70^ aqueous acetic acid (870 mis.) 
was refluxed f o r ^ hr, with cupric acetate (52.5 grams; 
0,35 moles). The precipitated copper oxide was f i l t e r e d , 
the f i l t r a t e neutralised with satiirated sodium carbonate 
solution and then ether extracted. The combined extracts, 
a f t e r drying over sodium sulphate, were f i l t e r e d and 
evaporated to a yellow o i l which was d i s t i l l e d under 
reduced pressure t o give dipropionyl (15.5 grams; 93%)» 
b.p. U8-52°/l3 mm. 

(b) Dibutyryl (16.8 grams; 81%), b.p. 58-62°/l3 mm., 
was prepared i n the same way, using butyroin^^ (21.1 grams) 
i i i the place of propionoin. 

1^0 Benzil was prepared from benzoin by the method of 
Clark and Dreger^^: 

A mixtiire of c r y s t a l l i n e copper sulphate (l+IO grams), 
technical pyridine (i+OO grams) and water (16O mis.) was 
s t i r r e d on a steam-bath u n t i l solution was complete. Crude 
benzoin (l69,6 grams) was added, the mixture heated and 
s t i r r e d f o r a f u r t h e r 2 hrs, and then cooled to s o l i d i f y the 
o i l y product. The copper sulphate-pyridine solution was 
decanted from the crude benzil which was then treated with 
b o i l i n g 10% hydrochloric acid (1,50 mis.). After cooling and 
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f i l t e r i n g , the s o l i d was r e c r y s t a l l i s e d from carbon t e t r a 
chloride to give yellow needles of benzil (li(.0 grams; 83^), 

m.p. 9U-95°. 

5. Ethyl. 3-henzoyl-2-cyanocinnamate ( c f . Bachij^^). 
A solution of benzil (6.3 grams; O.03 moles) i n 

eth y l cyanoacetate (6.8 grams; 0.06 moles) was treated at 
6 5 ° w i t h piperidine (0.5 grams), and a f t e r 2k hrs. at 6 5 - 7 0 ° 

the s o l i d product was extracted with a mixture of ether and 
ethanol (3:1; 200 mis.). After f i l t r a t i o n the extract was 
evaporated on a water-bath and the yellow residue r e c r y s t a l 

l i s e d from 70% aqueous ethanol to give colourless needles of 
the product (5 grams; 52.6^), m.p. 114.1°. Light absorption, 

2k7 m- ( ^ = 15 ,350) and 285 mp.. ( f = 11 ,890) i n 
ethanol, 5.85 and 6.05 Ji, i n nu^ol. 

6. U-Cyano-2:3-diphenyl-2-hydroxy-5-Qxo-i^-^-pyrroline 
(a) A solution of benzil (ij.1»9 grams; 0o2 moles) i n 

ethanol. (700 mis.) at 25° v/as s t i r r e d with a suspension of 
cyanoacetamide (16.7 grams; 0.2 moles) while piperidine 
(2i2 grams) was added dropwise. The r e s i i l t i n g solution 
was refliaxed f o r ̂  hr,, evaporated to dryness under reduced 
pressure, the yellow..residue washed with water and f i l t e r e d 
to give a colourless s o l i d which was r e c r y s t a l l i s e d from 
60fo ethanol to y i e l d colourless needles of the hydrate of 
U-cyano-2:3-di-phenyl-2-hydroxy-5-oxo-^-pyrroline (31.7 grams; 
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88.8%), mop. 170°. (Pound: C, 69,9; H, k>7; N, 9.U. 
°17^1U^2°3 requires C, 69,1;; H, l ; . 8 ; N, 9.5%). Light 
absorption X 292 mji. ( f = 11,760) i n ethanol, 
5.85 |JL. i n n u j o l . 

(b) The hydrate, a f t e r r e c r y s t a l l i s a t i o n from aqueous 
pyrid i n e , gave colourless needles of the anhydrous product, 
m.p. 186° . (Pound: C, 73.6; H, 1+.7; N, 9.9. ^^-^^^^2^2 

requires C, 73.9; H, k»k; N, 10,1%). Light absorption, 
^max. m» = 11,0U3) i n ethanol, 5,85 Ji. i n n u j o l . 

(c) The hydrate (2 grams) was refluxed f o r 8 hrs. i n 
benzene (20 mis.), the r e s u l t i n g colourless crystals f i l t e r e d 
and r e c r y s t a l l i s e d from benzene to y i e l d the anhydrous 
product, m,p. 183-186°, undepressed by admixture with a 
specimen prepared as above. 

(d) A similar procedure to that described above, using 
a sol u t i o n of sodium (l4 . , 6 grams; 0,2 atoms) i n ethanol 
(50 mis.) i n the place of piperidine, led to a bri g h t yellow 
solution which was poured into ice-cold 5 N. hydrochloric 
acid (200 mis.), d i l u t e d with water (500 mis.) and the 
r e s u l t i n g s o l i d f i l t e r e d to give a colourless product 
which was r e c r y s t a l l i s e d 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- s o l u t i o n of e t h y l 3-'ben2oyl-2- cyanocinnamate 

(1 gram) i n ethanol (30 mis.) was stood f o r k h r s . at 70° 

with concentrated aqueous ammonium hydroxide s o l u t i o n 

( s p . g r . 0 .88; 7 m i s , ) , the v o l o t i l e f r a c t i o n s then 

evaporated under reduced pressure and the residue r e c r y s t 

a l l i s e d from aqueous p y r i d i n e to give /+-cyano-23f-diphenyl-

2- hydroxy - 5-oxo-^-pyrroline (0,81 grams), ra.p. 1 8 6 ° , 

undepressed by admixture with a sample prepared as above. 

On r e c r y s t a l l i s a t i o n from 60^ aqueous ethanol 

the anhydrous compound gave the hydrate, m.p. 170°, 

undepressed by admixture with a specimen prepared as above. 

7. ij.-Cyano-2 :3-diphenyl-2-ethoxy -5-oxo-A^-pyrroline 

( a ) The hydrate (1 gram) was re f l u x e d f o r 15 mins, 

with ethanol (10 mis,) containing concentrated hydrochloric 

a c i d (2 m i s . ) , the solvent then evaporated under reduced 

p r e s s u r e and the res i d u e r e c r y s t a l l i s e d from ethanol to 

give c o l o u r l e s s needles of U-cyano-2 :3-diphenyl-2-ethoxy-

5-oxo-A'^-pyrrollne (0.86 grams),m.p. 18i+. (Pound: C, 7U .7; 

H, 5 .3; N ,9 .0 . C^^H^gNgOg re q u i r e s C ,75 .0; H, 5-3; N, 9.2fo). 

(b)A..similar procedure using the anhydrous hydroxy-

oxopyrroline (V) (1 gram) i n the place of the hydrate, l e d 

to the same ethoxy d e r i v a t i v e , m,p. 18U°, undepressed by 

admixture with the specimen prepared above. 
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8, li-Gyano--2!3-dl-phenyl-2-'methoxy-5-"'g<^->^^-T>yiToline 
A sim i l a r procedure to that used f o r the ethoxy 

derivative was followed using methanol i n the place of 
ethanol. The colourless residue, a f t e r evaporation of 
the solvent, was r e c r y s t a l l i s e d from methanol to y i e l d 
colourless needles of U-cyano-2; 3-diphenyl-2-methoxy-5-

oxo-iA?-pyrrol Ine (0.81+ grams), m.p, 19U°» (Found: C, 
7U-3; H, 5oO; N, 9.2; OMe, 10.3. C^8^1l|.^2°2 

C, 7i | .5; H, 1+.8; N, 9.7; OMe, 10.7?5). Light absorption, 
>max. 5.85 jx. i n nu^ol. 

9. U-Cyano-2-'hydroxy- and U-cyano'-2"methoxy-2; 3-diphenyl-
-1 -methyl- 5-oxo - i^^-pyrroline 
(a) Dimethyl sulphate (3.78 grams; 0.03 moles) was 

shaken f o r 1 hr. w i t h a cold solution of the hydrate (2.9 

grams; 0.01 moles) i n water (20 mis.) containing sodium 
hydroxide (1.32 grams; 0.03 moles). The precipitated s o l i d 
was f i l t e r e d , washed with 10% sodium hydroxide solution then 
water and r e c r y s t a l l i s e d from S0> aqueous ethanol to y i e l d 
colourless needles of U-cyano-2;3-diphenyl-2-methoxy-1-methyl-
5-oxon^-^-pyrrol ine (2,1 grams), m,p„ 1 5 8 ° . (Foiind: C, 75.0; 

H, 5.U; N, 8 .9j OMe, 12.9. Ĉ gĤ gNgOg requires G, 75.0; 

H, 5 .3; N, 9.2; OMe, 10.2%). 

On a c i d i f y i n g the combined f i l t r a t e and washings 
w i t h 10% sulphuric acid a s o l i d precipitated and on 
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r e c r y s t a l l i s a t i o n from 60?S aqueous ethanol gave colourless 
needles of l4.-cyaiio-2r 3-<ilphenyl-2-hydroxy-1 -methyl-5-oxo-

-pyrrolIne (0.8 grams), m.p, 2 2 2 ° . (Found: C, 7k»0; 
H, 4.6; N, 9 .5; OMe, 2.8o Ĉ gĤ î NgOg requires C, 7U.5; 

H, 1+.8; N, 9.7; OMe, N i l ^ ) o Light absorption, 
288 mjx. ( ( = 11,690) i n ethanol. 

(b) A similar procedure using the anhydrous (V) i n the 
place of the hydrate led to the same mono- and dimethyl 
products, m.pso 222° and 158° respectively, undepressed by 
admixture with the corresponding samples prepared from the 
hydrate. 

10. 2-Acetoxy-1 -acetyl-]4.-cyano-2; 3-diphenyl-5-oxo-^-^-pyT'roline. 
A solution of the hydrate (2 grams) i n pyridine 

(20 mis.) containing acetic anhydride (6 grams) was refluxed 
f o r 10 mins. and the resTilting red solution evaporated under 
reduced pressure to an o i l which s o l i d i f i e d on shaking with 
water^v The crude product was re c r y s t a l l i s e d from 70% aqueous 
acetone to y i e l d colourless needles of 2-acetoxy-1-acetyl-
U-cyaho-2;3-diphenyl-5-oxo-^^-pyrroline (1.15 grams; 47.0%), 

m.p, 1 5 9 ° . (Pound: C, 70.2; H, i;.^; N, 7.8. Cĝ Ĥ gNgÔ  
requires 0, 70,0; H, i+.U; N, 7 .8^). 

11. g.g-Diphenylsuccinic acid (c f . Long and M i l l e r ^ ^ ) . 
Sodium (5.i4- grams) was dissolved i n ethanol (abs; 

80 mis.), diphenylacetonitrile (19.1+ grams) added and the 
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mixture refluxed f o r 1 hr. After cooling to 50° ethyl 
bromoacetate (25 grams) was added with s t i r r i n g at such 
a rate as to cause gentle b o i l i n g of the ethanol, the 
mixture refluxed a f u r t h e r 3 hrs. and the v o l o t i l e fractions 
then evaporated under reduced pressure. The dark residue 
was s t i r r e d w i t h water (60 mis.) f o r ^ hr., the r e s i i l t i n g 
s o l i d f i l t e r e d and r e c r y s t a l l i s e d from 95% ethanol to give 
colourless needles (22 grams), m.p, 1 0 1 - 1 0 5 ° . These were 
heated on a steam-bath f o r 15 mins. with a solution of 
potassium hydroxide ( l 3 grams) i n ethanol (95%; 100 mis.), 
the solution cooled to 0°, and the colourless sodium salt 
f i l t e r e d . I t was dissolved i n water (80 mis.), the solution 
a c i d i f i e d with 5 N, hydrochloric acid, the colourless acid 
r e c r y s t a l l i s e d from ethanol as needles (18 grams), m.p. 178°, 
and then refluxed f o r 68 hrs. w i t h concentrated hydrochloric 
acid (200 mis.). The colourless product was f i l t e r e d , washed 
wit h water, dissolved i n 10% aqueous sodium hydroxide solution, 
then reprecipitated with 5 N. liydrochloric acid and recrystal
l i s e d from ethanol to give a,a-diphenylsucc:inic acid (l2.6 
grams; 67.1%), m.p. 170°. (Long and M i l l e r give 173 -175°) . 

12. g,g-Diphenylsuccinimide 
(a) An authentic specimen was prepared from the acid by 

the method of Long and M i l l e r ( l o c . c l t . ) ; -
A solution of a,a-diphenylsuccinic acid grams) 
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i n concentrated aqueous ammonium hydroxide solution (sp. gr. 
0,88; 50 mis.) was evaporated on an oil-b a t h which was gradually 
raised t o 2 1 0 ° . The residual o i l was cooled, dissolved i n 
b o i l i n g ethanol and the solution c h i l l e d to y i e l d a colourless 
s o l i d which a f t e r several r e c r y s t a l i i s a t i o n s from a benzene 

o 
/ p e t r o l (i+OrSo) mixture and from 50% aqueous ethanol gave 
a,a-diphenylsuccinimide (3.3 grams), m.p. lii.1-lU2°. Light 
a b s o r p t i o n , 2 0 8 miJi. ( f = 18,14.50) i n ethanol. max. 

(b) The hydrate ( I gram) was refluxed f o r 2 hrs. with an 
excess of 15% aqueous sodium hydroxide solution (20 mis.), 
the colourless solution then cooled, a c i d i f i e d with 5 N. 
hydrochloric acid and the o i l y product extracted with ether. 
The extracts were washed, dried over sodium sulphate, evaporated 
to an o i l which c r y s t a l l i s e d on standing and was rec r y s t a l l i s e d 
from 50% aqueous ethanol to y i e l d colourless plates of a,a-
diphenylsuccinimide (0.7 grams; 82.0%), m.p. l i | l - l i | .2° , 

. undepressed by admixture with an authentic sample prepared as 
above. (Pound: C, 76.3; H, 5.1+; N, 5.2. Calculated f o r 
Ĉ gĤ N̂Og C, 76.5; H, 5.2; N, 5.6%). Light absorption, 
^max. ^ 18»700) i n ethanol. 

(c) The anhydrous hydroxy-oxo-pyrroline (V) ( I gram), 
hydrolysed i n a sim i l a r way wi t h 15% sodium hydroxide solution 
(20 mis.) yielded aa-dipheiiylsuccinimide (0.7 grams), m.p. 
li|.1-1l+2° (from 50% aqueous ethanol), undepressed by admixture 
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w i t h specimens prepared as above from a,a-diphenylsuccinic 
acid and from the hydrate, 

13, g,g-Diphenyl-N-methylsuecinimide 
(a) A solution of g,g-diphenylsuccinic acid (I4. grams) i n 

25% aqueous methylamine solution (50 mis.) was d i s t i l l e d to 
dryness and the residue heated to 210° . After cooling the 
residue was r e c r y s t a l l i s e d from ethanol t o give g,g-diphenyl-
N-methylsuccinimide (2,9 grams), m,p. 8 9 - 9 1 ° . (Long and 
M i l l e r , l o c . c i t , give 8 8 - 9 0 ° ) . 

(b) A cold solution of g,g-diphenylBUCcinimide (0.5 grams; 
0.02 moles), prepared from the hydrate as described above, i n 
5% aqueous potassium hydroxide solution (i | . ,6 mis; 0.01+ moles) 
was shaken f o r 5 hrs. w i t h dimethyl sulphate (0.5 grams; 0.01+ 

moles). The o i l y product, isolated by decanting the aqueous-
layer, s o l i d i f i e d on washing with water and was r e c r y s t a l l i s e d 
from ethanol to y i e l d g,g-diphenyl-N-methylsucGlnimide (0.2 

grams; 37o7%)» in,p, 8 8 - 9 0 ° , undepressed by admixture with an 
authentic sample prepared from g,g-diphenylsuccinic acid, 
(Pound: C, 76.9; H, 5.9; N, 1+.9. Calculated f o r C^^^^NOg 
C, 77.0; H, 5o7; N, 5.3%). 

11+. Attempts to dehydrate U-cyano-2:3-diphenyl-2-]iydroxy-5-

nyn-/\^-pyrroline (V). 
(a) Reaction w i t h phosphorus pentoxide 

The following procedure was adopted i n several 
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attempts to effect dehydration using t h i s reagent: A 
solution of either the hydrated or anhydrous (V) (0.01 moles) 
i n dry benzene or dry chloroform (200 mis.) was s t i r r e d w i th 
a suspension of phosphorus pentoxide imder the conditions 
tabulated below. Af t e r completion of the reaction ice-
water (50 mis,) was added to the cooled s t i r r e d mixture, 
the organic layer evaporated under reduced pressure at 60°., 
the o i l y products s o l i d i f i e d with i c e , then f i l t e r e d and re
c r y s t a l l i s e d from aqueous pyridine. I n some cases a l i t t l e 
red pyridine-insoluble gxam was produced, which did not 
s o l i d i f y and was not f u r t h e r investigated. 

Starting 
Material 

Moles 
of 

P2O5 
Temp. Time Hrs. Solvent 

Product Starting 
Material 

Moles 
of 

P2O5 
Temp. Time Hrs. Solvent 

Grams m.p. Mixed m.p. 
with (V) 

Hydrate 0.02 Room 2 Chloroform 2.3 I8U-I86 18^-186 

(V) 0.01 Reflux 5 ir 2,0 185-186 185-186 

Hydrate 0.02 Room 6 I I 185-186 186 

(V) 0.10 Reflux 6 I I 1.8 182-185 I8U-I86 

(V) 0.01 Reflux 2 Benzene 2.3 18U-I86 18U-186 

(V) 0.10 Reflux 6 I I 2.3 186 186 



-81-

(b) Reaction with phosphorus oxychloride 
The hydroxy-oxo-pyrroline (V) or i t s hydrate (0,005 

moles) was s t i r r e d and heated on an o i l bath with pure phos
phorus oxychloride (20 mis.), as tabulated below. The v o l o t i l e 
f r a c t i o n s were then evaporated under reduced pressure and 
the residues shaken w i t h water (1G mis.) to decompose any 
phosphorus oxychloride s t i l l present. The products, except 
under the mildest conditions when no reaction occurred, were 
a l l amorphous solids which could not be r e c r y s t a l l i s e d . 
Analysis of some specimens a f t e r washing with ethanol, benzene 
and ether l e d to no satisfactory primary formulae. 

S t a r t i n g 
Material Temp, Time 

Product 
St a r t i n g 
Material Temp, Time 

m,p. 
Analysis 

S t a r t i n g 
Material Temp, Time 

m,p. 
C H N 

(V) 65°C. 1 hr. 165-166°* 

Hydrate 65°C. 6 hrs. 166° • 

Hydrate 100°C. 6 hrs. I6i+-166°* 

(V) Reflux 15 mins. I n d e f i n i t e 
(V) Reflux 30 mins. >360° 76,2 U.1 11.6 

(V). Reflux 1 hr. >360° 

Hydrate Reflux 3 hrs. >360° 73.9 U.3 1 1 .i 

• These products were r e c r y s t a l l i s e d from 60% aqueous 
ethanol and shown to be the hydrate by means of mixed 
melting points. 
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(c) Reaction with acetic anhydride 
( i ) The hydrate (1,1+ grams) was ground to a paste 

w i t h acetic anhydride (5 mis.), the mixture stood f o r 15 hrs. 
at room temperature with occasional mixing and exclusion of 
moisture, then s t i r r e d w i th ice/water (100 mis.) to decompose 
the anhydride. The r e s u l t i n g s o l i d (1.36 grams) was r e c r y s t a l -
l i s e d from aqueous pyridine to give l+-cyano-2:3-diphenyl-2-

hydroxy -5-oxo-^-^-pyrroline, m.p. l 8 6 ° , undepressed by 
admixture w i t h an authentic specimen, 

( i i ) The anhydrous hydroxy-oxo-pyrroline (V) (2.0 

grams) was refluxed f o r 10 mins. i n acetic anhydride (5 mis.) 
and the dark solution evaporated xmder reduced pressure to a 
black t a r r y residue. No solvent suitable f o r r e c r y s t a l l i s a t i o n 
was discovered. A solution of the black residue (0.25 grams) 

o 
i n an ethanol/petrol (1+0--60) mixture ( l : 2 ; 5 mis.) was added 
to the top of an alumina column and eluted with the same 
mixture. No separation i n t o bands was obtained, and similar 
experiments employing mixtures of acetone/petrol, ether/ 
p e t r o l , and ether/acetone were also unsuccessful. Fractions 
of 10 mlSo were collected i n a l l cases, but the only residues 
obtained a f t e r evaporation were black t a r s . 

(d) Reaction with concentrated sulphuric acid 
( i ) Anhydrous (V) ( l gram) was s t i r r e d f o r 9 hrs. 

with cold concentrated siilphuric acid (20 mis.), the solution 
then poured into ice/water (70 mis.), the r e s i i l t i n g colourless 
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s o l i d f i l t e r e d and washed with water. After r e c r y s t a l l i s a t i o n 
from aqueous pyridine, unchanged (V) was obtained (0.86 grams), 
m.p, and mixed m,p, with an authentic sample 186°. 

( i i ) Anhydrous (V) (1 gram) was heated on a steam-
bath f o r 2 hrs. with concentrated sulphuric acid (20 mis.) 
the red solution cooled and poured i n t o water. The dark 
green s o l i d could not be r e c r y s t a l l i s e d . 

(e) Reaction w i t h polyphosphoric acids 
Polyphospheric acids were prepared by s t i r r i n g 

20 grams, of syrupy 85% jdiosphoric acid with the calculated 
quantity of phosphorus pentoxide. The temperature was kept 
below 80° by adding the oxide at a s u f f i c i e n t l y slow rate. 
I n t h i s way acids containing up to 8l|.% of phosphorus 
pentoxide were made. Stronger acids were prepared by adding 
the calculated amoiant of phosphorus pentoxide and then 
s t i r r i n g at 180° f o r 15 mins. ( c f . B e l l ^ ^ ) . 

The following proced\ire was adopted. The poly
phosphoric acid (20 grama.) was adjusted to the reaction 
temperature, the hydrated or anhydrous (V) (1 gram) added 
w i t h s t i r r i n g and a f t e r completion of the reaction ice/water 
(150 mis,) was added. The yellow solids so obtained were 
r e c r y s t a l l i s e d from 80% aqueous acetic acid. The res\ilts 
of analyses of some of them are detailed below:-
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Product 
Starting 
Material % 

P205 
Temp. 
OC. 

Time 
Hrs. m.p. Analysis Empirical 

Formula % 
P205 oc. C H N 

(V) 70 120* 1 2 >360 

Hydrate 70 80 1 - >360 

(V) 70 60 8 I86i 

Hydrate 80 120* 1 >360 70.1+ 1+.5 11.3 

Hydrate 80 80 3 >360 

Hydrate 80 60 10 ^aet 

Hydrate 85. 120** 1 >360 72.5 1+.1 11.1+ 

(V) 85 80 1+ >360 

(V) 85 60* 12 >360 72.0 1+.3 11.2 

(V) 90 120* 1 >360 

• The i n i t i a l temperature of 120° was allowed to f a l l 
spontaneously during the reaction, 

H 5 mis, of r e d i s t i l l e d phosphorus oxychloride were added 
to the reaction mixture, 

t These products were r e c r y s t a l l i s e d from aqueous pyridine and 
were shown by mixed melting points to be the anhydrous (V). 
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15. l+-Cyano-3-cyanoacetamido-2:3-dialkyl-2-hydroxy-5-

oxopyrrolidines 
(a) Diacetyl (10.75 grams; 0.125 moles) was added drop-

wise over ̂  hr. to a s t i r r e d solution of cyanoacetamide 
(21 grams; 0.25 moles) i n ethanol (95%; 150 mis.) at 50-60°. 

A f t e r a fu r t h e r 2 hrs, at t h i s temperature, the mixture was 
stood f o r 12 hrs. at room temperature, the precipitated s o l i d 
then f i l t e r e d , washed with ice-cold ethanol (10 mis.) and 
re c r y s t a l l i s e d from water to y i e l d colourless prisms of 1+-

cyano- 3-cyanoace t amido- 2:3-dime tfayl- 2-hydroxy- 5-oxopyr r o l i dine 
(26.5 grams; 90%), m,p. 289°. (Found: G, 50.8; H, 5.3; 

N, 2k.O. C^o^l2\°3 requires G, 50,8; H, 5.1; N, 23.8%). 

(b) By sub s t i t u t i n g dipropionyl ( l2,75 grams; 0,125 moles) 
f o r diacetyl i n the above reaction a colourless s o l i d was 
obtained v/hich was r e c r y s t a l l i s e d from glycol to y i e l d 
prisms of l|.-cyano-3-cyanoacetamldo-2:3-diethyl-2-hydroxy-5-

oxopyrrolidine (l6,27 grams; 1+9%), m.p. 325-326°. (Found: 
G, 51|..3; H, 6,0; N, 21,0„ (^^2^l6\^3 re<l^ires G, 5U.6; H, 6.1; 

N, 21.2%), 

(c) A solution of cyanoacetamide ( l6,8 grams; 0.2 moles) 
and d i b u t y r y l (ll+,2 grams; 0.1 moles) i n water (60 mis,) at 
room temperature was treated dropwise over 1 hr, with piperidine 
(2 grams) i n water (20 mis.). After 1+9 hrs. the coloiirless 
s o l i d was f i l t e r e d and washed with water (5 mis.), to y i e l d 
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colourless prisms of U-cyano-3-cyanoacetamido-2;3-dipropyl-
2-hydroxy-5-oxopyrrolidine (3.2 grams; 10.1%), m.p. 31+3°C. 
(from glyco:^. (Pound: C, 57.8:; H, 7.0; N, 19.1. ^^iJ^2o\^3 

requires C, 57.5; H, 6,8; N, 19,1%). 

16., l+-Cyano-3-cyanoacetamido-2:3-diphenyl-2-hydroxy-5-
oxopyrrolidine 

The hydrate of l+-cyano-2:3-diphenyl-2-hyd^oxy-5-
oxo-ZIi•^-py^roline (2.9 grams; 0.01 moles) was refluxed f o r 
80 hrs. i n ethanol (20 mis.) with cyanoacetamide (8.1+ grams; 
0.01 moles) and piperidlne ( l ml.).- The precipitated s o l i d 
was f i l t e r e d and p u r i f i e d by successive washings with b o i l i n g 
ether, acetone, ethanol and water to y i e l d colourless crystals 
of l+-cyano-3-cyanoacetamido-2:3-diphenyl-2-hydroxy-5-oxo-
p y r r o l i d i n e ( l , 9 grams; 53%), m.p. 1+26°. (Pound: C, 66,7; 
H, 1+.5; N, 15.1. ^20^Ae\^3 re<l^ires C, 66.7; H, i+.l+; N, 15.5%) 

17. 2:3-Disubstituted-3-carboxyacetamido-(or carboxycyano-
.: methyl)-lj.-cyano-(or amido)-2-hydroxy-5-oxopyrrolldines 
(XXV; R * = COOH, R"= CN or CONĤ . R"' = CONĤ  or CN). 

The oxopyrrolidin'es ( l gram)w^i'e dissolved with 
gentle warming i n 90% sulphuric acid (11.5 mis.) and the 
solutions immediately cooled and stood f o r 21+ hrs. After 
d i l u t i o n with ice-water (25 mis.), the solutions were stood 
f o r 36 lirs.,the colourless crystals f i l t e r e d , washed with 
water and c r y s t a l l i s e d as indicated below. Thus were prepared:-
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(a) 2.13-dimethyl- (0,8l grams; 75%), m,p, 33U° (from water). 
(Found: G, 1+7.1; H, 5.1;; N, 16.1; EW, 256. C^QH^^N^O^ 

requires G, 1+7,1; H, 5.1; N, 16.5%; EW, 255). 

(b) 2 : 3-Diethyl- (0.26 grams; 25%), m.p, 337-338° (from- aqueoas 
g l y c o l ) , (Pound: C, 51,0; H, 6,0; N, ll+,6. Ĉ ĝ ^̂ '̂ Ô  
requires G, 50.9; H, 6,0; N, 1^.8%). 

(c) The diphenyl-oxopyrrolidine gave by t h i s method 2:3-

diphenyl-3-acetamido-(or cyanomethyl)-li.-cyano-(or amido)-
2-hydroxy -5-oxopyrrolidine (0,1+7 grams; 51%), m.p. 338° 

(from g l y c o l ) , (Fo\md: G, 68,1; H, 5.1; N, 12,1+, 

°19^17^3°3 r ^ ' l ^ r s s G, 68.1; H, 5.1; N, 12,5%). 

18, Dilactones of 3-acyl-(or benzoyl) - P-alkyl-(or phenyl)-
g l u t a r i c acids. 
(a) (XXVIII; R = R* = Me) 

The dimethyl-oxopyrrolidine (XXII; R = Me) (5 grams) 
was refluxed f o r 2k hrs. with 8 N. sulphuric acid (20 mis.). 
On cooling coloTirless plates formed which were f i l t e r e d and 
re c r y s t a l l i s e d from water to y i e l d colourless plates of the 
dilactone of g-acetyl - 3-methylglutaric acid (3.1;3 grams; 95%), 

m.p. 11+8°. (Found: G, 56.5; H, 5.8; E.W. 85.0. CQH^QO^ 

requires G, 56.5; H, 5.9%. E.W.85.0). 

(b) A similar reaction using the acid (XXV; R = Me, R' = 
COOH, R" = GN or GONHg, R"' = GONHg or GN) ( l gram) and 8 N, 
sulphuric acid (5 mis,) l e d to colourless plates of the same 
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dilactone (0.62 grams), m.p, 11+8°, undepressed by admixture 
w i t h an authentic sample prepared as above, 

( i ) 2:l+-dinitrophenylhydrazine derivative 
A solution of the dilactone (0 .5 grams) i n ethanol 

(95%; 5 mis.) was heated at 100° f o r 10 mins. with 2:i+-
d i n i t rophenylhydraz ine (Oo3 grams), concentrated hydrochloric 
acid (0 .5 mis.) then added and on d i l u t i o n with water a yellow 
s o l i d precipitated. This on r e c r y s t a l l i s a t i o n from 60% 

aqueous ethanol yielded the 2;l+-dinitrophenylhydrazone ( l . O 

grams; 97%), m,p. 2 5 6 ° . (Pound: C, 1+8,0; H, 3.8; N, 15.7. 

^11+^11+^7 C, 1+8,0; H, l+.O; N, 16,0%), 

( i i ) lactam-lactone 
A solution of the dilactone ( l gram) i n ethanol 

(5 mis.) and concentrated ammonium hydroxide (sp. gr. 0.88; 

5 mis.) was refluxed f o r 2 hrs, then evaporated to dryness 
imder reduced pressure and the residue r e c r y s t a l l i s e d from 
benzene to y i e l d the lactam-lactone of 3-acetyl-3-methyl-
g l u t a r i c acid (0,8 grams; 83%), m.p, 1 8 7 - 1 8 8 ° . (Found: 
C , 56.9; H, 6 ,3; N, 8,i+, CgH^^NO^ requires C , 56.8; H, 6.5; 

N, 8.2%)o 

( i i i ) lactam-2:l+-dinitrophenylhydrazone 
a) A solution of the lactam-lactone (0.3 grams) 

i n ethanol (2 mis,) was refluxed f o r 10 mins. with 2:1+-

d i n i t rophenylhydraz ine (0 ,3 grams), concentrated hydrochloric 
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acid (0,5 mis,) then added, the solution d i l u t e d with water 
and the precipitated product r e c r y s t a l l i s e d from 60% aqueous 
ethanol to y i e l d the lac tarn- 2: l+-dinit rophenylhydrazone. m,p, 
300-308°, (Pound: G, l|l+,6; H, 3 .9; N, 18,7. Ĝ Ĥ̂ N̂̂ Og 
requires G, l+l+.l; H, 3 .9; N,. l8,l+%), 

b) The 2:l+-dinitrophenylhydrazone (0,3 grams) 
i n ethanol (2 mis,) was refluxed f o r 1 hr, with concentrated 
ammonium hydroxide solution (sp. gr, 0,88; 5 mis.), the 
solution evaporated to dryness under reduced pressiire and 
the residue r e c r y s t a l l i s e d from 60% aqueous ethanol to give 
yellow crystals of the lactam-2:i+-dinitrophenylhydrazone, 
m.p,. 300-308°, undepressed by admixture with the sample 
prepared above, 

( i v ) Bis-phenylhydrazine derivative 
A solution of the dilactone ( l gram; 0,06 moles) 

and phenylhydrazine (1,3 grams; 0,12 moles) i n g l a c i a l acetic 
acid (10 mis,) was refluxed f o r 8 hrs, the acetic acid 
removed under reduced pressure and the residue r e c r y s t a l l i s e d 
from methanol t o give the bis-phenylhydrazone (1,7 grams; 
87%), m,p, 232-233°. (Found: G, 68,2; H, 6.2; N, 15 .9 . 

GgQHggN^Ogrequires G, 68,5; H, 6,3; N, 16,0%), 
(c) (XXVIII: R = R' = Et) 

The diethyl-oxopyrrolidine (XXII; R = Et) (5 grams) 
was refluxed f o r 21; hrs, with 8 N, sulph\aric acid (20 rals,)^ 
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the cooled solution extracted with ether and the extracts 
dried over sodium sulphate. After evaporation of the ether 
the residue was r e c r y s t a l l i s e d from water to give coloxirless 
needles of the dilactone of g-ethyl-3-propionylglutaric acid 
(3.56 grams; 95%), ni,p, 100°. (Pound: C, 60.5; H, 7.3; 
E.W. 98.8, C^QH^^O^ 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, s\aph\iric acid (20 mis.), 
there was obtained a f t e r r e c r y s t a l l i s a t i o n from water, the 
dilactone of B-butyryl-g-propylglutaric acid (0.86 grams; 90%), 
m.p. 88-89°. (Pound: C, 63.9; H, 7.8; E.W. 112. C^2^^Q\ 

requires C, 63.7; H, 8.0%; E.W. 113). 2:U-Dinitrophenyl-
hydrazone. m.p, 235-238° (from 60% aqueous ethanol). (Pound: 
C, 52.8; H, 5.1+; N, 1i+.3. C^8^22\°7 requires C, 53.2; H, 5.1+; 
N, 13.8%), 

(e) (XXVIII; R = R' = Ph) 
A solution of the diphenyl-oxopyrrolidine (XXII; 

R = Ph) (10 grams) i n 80% sulphuric acid (100 mis.) was 
refluxed for 36 hrs. the mixture dilutedwith water and the 
product extracted with ether. The extracts were dried (sodium 
sulphate), evaporated on a water-bath and the residue re
c r y s t a l l i s e d fi»om 1+0% aqueous ethanol to give the dilactone 
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of g-Taehzoyl-g-phenylglutaric a c i d ( 0 . 6 3 grams; ^0%), m.p, 

2 0 3 - 2 G ] + ° . (Foxmd: C, 7 3 . 3 ; H, U . 9 ; E.W. 1 ^ 7 . C^e^iA 
r e q u i r e s C, 73«U; H, koQ%; E.W. 1 1 | 7 ) . 

1 9 . P r e p a r a t i o n of. • 3 - m e t h y l t r i c a r ' b a l l y l i c a c i d 

(a) Ethyl^g-cyano-g-methylglutaconate ( c f . Rogerson 

and T h o r p e ^ ) o 

A s o l u t i o n of sodium ( 1 1 . 5 grams) i n ethanol 

( 2 5 0 mis.) was evaporated to dryness at 1 9 0 ° and 8 mm. 

p r e s s u r e . The sodium ethoxide was allowed to cool i n vacuo 

and then t r e a t e d w i t h e t h y l cyanoacetate ( 5 6 . 5 grams) followed 

hy e t h y l acetoacetate (65 grams). The mixture was heated on 

a steam-hath f o r i - h r . then cooled, d i s s o l v e d i n water ( 3 0 0 

m i s . ) , a c i d i f i e d , w ith 5 N. h y d r o c h l o r i c a c i d and the 

p r e c i p i t a t e d o i l e x t r a c t e d w i t h ether. A f t e r washing and 

drying the e x t r a c t s over sodium sulphate, the ether was 

evaporated and the o i l y r e s i d u e f r a c t i o n a t e d under reduced 

pressure to give ethyl>^a-cyano -3-methylglutaconate ( 5 8 grams; 

51.5 ^ ) , h.p. 1 7 0 - 1 7 2 ° / 2 7 mm. 

(b) Eth y l v• g,3 -dicyano-g-methylglutarate ( c f . Hope and 

Sheldon^^). 

A s o l u t i o n of ethyl--o-cyano-g-methylglutaconate 

(i | . 5 grams) i n ethanol (95?^; 2 5 0 mis.) was t r e a t e d with a 

s o l u t i o n of potassium cyanide ( 2 6 grams) i n water ( 1 5 0 mis.), 

cooled to 0 ° C. and then dropwise w i t h s t i r r i n g with 20% 
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h y d r o c h l o r i c a c i d ( 3 moles). A f t e r 1 5 mins. at room temper-

ature the mixture was poured i.nto5 No hydrochloric a c i d (1 

l i t r e ) , the p r e c i p i t a t e d o i l e x t r a c t e d with ether, the 

e x t r a c t s washed w i t h 10% sodiimi 'bicarhonate s o l u t i o n and 

d r i e d over sodium sulphate. A f t e r evaporation of the ether 

the residue was f r a c t i o n a t e d under reduced pressure to give 

ethyltm , 3-dicyano - 3-methylglutarate ( 3 6 . 8 grams; 7 3 % ) , h.p. 

1 8 1 + - 1 8 8 ° / 1 1 + mm, 

( c ) j S - m e t h y l t r i c a r h a l l y l i c a c i d ( c f . Hope and Sheldon, 

l o c . c i t . ) . 

The ahove dicyano-ester ( 3 6 . 8 grams) was r e f l u x e d 

with concentrated h y d r o c h l o r i c a c i d ( 3 0 0 mis.) u n t i l a c l e a r 

s o l u t i o n was ohtained (ahout 1 5 h r s . ) , the s o l u t i o n then 

evaporated to dryness under reduced pressure and the s o l i d 

r esidue e x t r a c t e d i n a S o x l e t e x t r a c t o r with dry ether f o r 

U days. A f t e r evaporation of the ether the residue was 

r e c r y s t a l l i s e d from formic a c i d to give P - m e t h y l t r i c a r l s a l l y l i c 

a c i d ( 1 6 . 1 gramsj 5 8 % ) , m.p. l 6 2 - l 6 i + ° . 

2 0 , Attempts to prepare the d i l a c t o n e of g-acetyl-g-methyl-

g l u t a r i c a c i d from 3 - m e t h y l t r i c a r T 3 a l l y l i c a c i d , 

(a) 0 - M e t h y l t r i c a r b a l l y l i c a c i d ( 3 . 8 grams; 0 . 0 2 moles) 

was added to a c o l d s o l u t i o n of sodium ( 1 . 3 8 grams; 0 . 0 6 

atoms) i n ethanol (ahs; 5 0 m i s . ) , the ethanol then evaporated 

under reduced pressure and the residue d r i e d . i n vacuo over 
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phosphorus pent oxide. The sodium 3 - m e t h y l t r i c a r ' b a l l y l a t e 

so prepared was heated f o r 72 h r s , at 1 3 0 - 1 1 4 . 0 ° with r e 

d i s t i l l e d a c e t i c anhydride ( 3 o 1 grams; 0 . 0 3 moles), the 

excess anhydride then evaporated under reduced pressure 

and the dark "brown re s i d u e t r e a t e d as f o l l o w s : -

( i ) E x t r a c t e d w i t h iDOiling ether. On evaporation of 

the e x t r a c t s no r e s i d u e was obtained. 

( i i ) E x t r a c t e d w i t h "boiling benzene. On evaporation of 

the e x t r a c t s there was no r e s i d u e . 

( i i i ) E x t r a c t e d w i t h "boiling chloroform. No residue was 

obtained on evaporation of the e x t r a c t s . 

( i v ) The residue was d i s s o l v e d i n water (50 mis.) and 

a c i d i f i e d w i t h 5 N. h y d r o c h l o r i c a c i d . The s o l u t i o n 

was evaporated to dryness under reduced pressure and 

the r e s i d u e e x t r a c t e d s e v e r a l times w i t h b o i l i n g ether. 

On evaporation of the ether the e x t r a c t s y i e l d e d p\ire 

3 - m e t h y l t r i c a r b a l l y l i c a c i d (3<.68 grams), m.p. l 6 2 -

l6i+°, undepressed by admixture w i t h an authentic sample. 

(b) S o d i u m - 3 - m e t h y l t r i c a r b a l l y l a t e (5.12 grams; 0.02 moles) 

prepared as above was r e f l u x e d f o r 18 h r s . with r e d i s t i l l e d 

a c e t y l c h l o r i d e (25 m i s . ) , the v o l o t i l e f r a c t i o n s evaporated 

under reduced p r e s s u r e and the residue extra c t e d w i t h ( i ) 

b o i l i n g ether, ( i i ) b o i l i n g chloroform, and ( i i i ) b o i l i n g 

benzene. None of the e x t r a c t s y i e l d e d any product on 



evaporation. The e x t r a c t e d s o l i d was d i s s o l v e d i n water 

(10 m i s . ) , the s o l u t i o n a c i d i f i e d with 5 N. hydrochloric 

a c i d , then evaporated to dryness and the c o l o u r l e s s residue 

e x t r a c t e d with "boiling e t h e r . T h i s e x t r a c t was evaporated 

to dryness to give a c o l o u r l e s s s o l i d which was r e c r y s t a l l i s e d 

from formic a c i d to y i e l d g - m e t h y l t r i c a r h a l l y l i c a c i d (3.71 

grams), m.po and mixed ra.p. with an a uthentic sample 162-

161|°. 

( c ) g - M e t h y l t r i c a r h a l l y l i c a c i d ( 3.8 grams; 0.02 moles) 

was r e f l u x e d f o r 8 h r s . i n a c e t i c anhydride (25 m i s . ) , the 

excess anhydride then evaporated under reduced pressure and 

the r e s i d u e ( 3.8 grams) r e c r y s t a l l i s e d from formic a c i d to 

give unchanged 3 - m e t h y l t r i c a r h a l l y l i c a c i d , m.p. and mixed 

m.p. w i t h an a u t h e n t i c specimen 162-I6i4.°« 

(d) Potassixan 3 - m e t h y l t r i c a r " b a l l y l a t e (6.08 grams; 0.02 

moles), prepared s i m i l a r l y to the sodiian s a l t using potassium 

ethoxide and g - m e t h y l t r i c a r h a l l y l i c a c i d , was heated f o r 

72 h r s , a t 130-1 i;0° with a c e t i c anhydride ( 9 . 3 grams; 

0 . 0 9 moles). E x t r a c t i o n as before y i e l d e d no product and 

the r e s i d u e was converted by d i l u t e h y d r o c h l o r i c a c i d as 

before i n t o 3 - m e t h y l t r i c a r b a l l y l i c a c i d (3.1 grams), m.p. 

162-161+° (from formic a c i d ) , undepressed by admixture w i t h 

an a u t h e n t i c sample. 

(e) Ammonium 3 - m e t h y l t r i c a r b a l l y l a t e ( I4 . .82 grams; 



-95-

0.02 moles), prepared by reduced pressure evaporation of 

a s o l u t i o n of the a c i d (3«8 grams) i n concentrated ammonium 

hydroxide s o l u t i o n ( s p , gr, 0.88; 20 m i s . ) , s i m i l a r l y y i e l d e d 

unchanged 3 - . m e t h y l t r i c a r b a l l y l i c a c i d , m.p. and mixed m.p. 

w i t h an authentic specimen 162-I6i;°, a f t e r r e a c t i o n with 

a c e t i c anhydride (9.3 grams; 0.09 moles) at 130-1^0° f o r 

72 hrso 

21. E t h y l acetylmethylmalonate ( c f . Michael^^). 

Soditrai (6.9 grams; 0.3 atoms) was d i s s o l v e d i n 

ethanol (abs; 150 mis.) and the s o l u t i o n evaporated to 

dryness a t 190°, the l a s t t r a c e s of ethanol being removed 

at 5 mm, p r e s s u r e . The foam of sodium ethoxide was allowed 

to cool i n vacuo, a s o l u t i o n of e t h y l methylmalonate^^ 

(52.2 grams; 0,3 moles) i n dry benzene (200 mis.) then added 

followed by dropwise a d d i t i o n of a s o l u t i o n of a c e t y l c h l o r i d e 

(23.08 grams; 0,29i4- moles) i n dry benzene (100 mis.) accompanied 

by vigorous s t i r r i n g . A f t e r the a d d i t i o n was complete the 

mixture was r e f l u x e d f o r ^ h r . then cooled, s t i r r e d with i c e / 

water (100 mis.) containing concentrated s u l p h u r i c a c i d 

(2 m i s . ) , and the benzene l a y e r separated. The aqueous 

l a y e r was e x t r a c t e d once w i t h benzene, the combined benzene 

s o l u t i o n s d r i e d over sodium siilphate and a f t e r evaporation 

of the solvent the residue was f r a c t i o n a t e d under reduced 

p r e s s u r e . A f t e r a considerable amount of low-boiling fore-run 
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the product d i s t i l l e d a t 1 3 0 - 1 3 2 ° / l 8 mm. ( 2 7 . 7 grams; 3 5 % ) , 

(Pound: C, 5 5 » 6 ; H, 7 . 3 . C a l c u l a t e d f o r C^QH^^O^ C, 5 5 . 6 ; 

H, 7.i+fo). 

2 2 , Attempts to prepare acetylmethylmalonic a c i d from the 

d i - e t h y l e s t e r 

(a) H y d r o l y s i s w i t h aqueous sodium hydroxide . 

E t h y l acetylmethylmalonate ( 5 grams) was re f l u x e d 

w ith 15% aqueous sodium hydroxide s o l u t i o n ( 3 0 mis.) i m t i l 

a c l e a r s o l u t i o n was obtained, and the cooled s o l u t i o n then 

t r e a t e d with the equivalent volume of 2 No hydrochloric a c i d . 

The water was then evaporated i n a stream of warm dry a i r , 

the residue e x t r a c t e d with b o i l i n g ethanol., the sodium 

c h l o r i d e f i l t e r e d and the ethanol evaporated under reduced 

p r e s s u r e to give an o i l y residue which s o l i d i f i e d on standing. 
o 

A f t e r r e c r y s t a l l i s a t i o n from e t h y l a c e t a t e / p e t r o l ( i ; 0 r ^ 0 ) 

c o l o u r l e s s needles of methylmalonic a c i d (1 .61+ grams; 
were obtained, m.po 1 3 3 - 1 3 ^ ° , undepressed by admixture with 

an a u t h e n t i c sample prepared from e t h y l methylmalonate i n 

the. same way, 

(b) H y d r o l y s i s w i t h e t h a n o l i c sodium hydroxide 

E t h y l acetylmethylmalonate ( 5 grams) was r e f l u x e d 

f o r ^ h r . i n ethanol (abs. 5 0 mis.) with sodium hydroxide 

( 5 . 2 grams), the ethanol then evaporated \mder reduced 

p r e s s u r e , the r e s i d u e d i s s o l v e d i n water and t r e a t e d with 
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the e q uivalent amoiint of 2 N, h y d r o c h l o r i c a c i d . The 

s o l u t i o n was then evaporated to dryness i n a stream of 

warm dry a i r , the r e s i d u e e x t r a c t e d with b o i l i n g ethanol 

and the f i l t e r e d e x t r a c t evaporated to dryness under 

reduced p r e s s u r e . The r e s i d u e was r e c r y s t a l l i s e d from 

e t h y l a c e t a t e / p e t r o l (1+0-60^ to give c o l o u r l e s s needles 

of methylmalonic a c i d ( 1 , 8 grams; 6 6 % ) , m,p, l 3 3 - 1 3 i | . ° , 

undepressed by admixture w i t h an authentic sample prepared 

as above from e t h y l methylmalonate, 

2 3 , 5 ; 3-bis-hydroxymethyl-butan - 2-one ( c f . Holmes and Morgan^^) 

A mixture of i|0% aqueous formaldehyde s o l u t i o n 

("225 grams), ethyl-methyl-ketone (108 grams) and 2 N, aqueous 

sodium hydroxide s o l u t i o n (25 mis,) was warmed u n t i l a 

vigorous r e a c t i o n commenced. When t h i s had subsided the 

s o l u t i o n was r e f l u x e d f o r ^ hr,, the water evaporated xinder 

reduced pressure on a steam-bath and the viscous residue 

d i s t i l l e d at 20-60 mm, pressure to a temperature of 250°, 

The c o l o u r l e s s d i s t i l l a t e was r e d i s t i l l e d under reduced 

p r e s s u r e and the f r a c t i o n , b , p o 138-1U2°/15 mm. (23 grams) 

was c o l l e c t e d . I t s o l i d i f i e d on standing and was r e 

c r y s t a l l i s e d from chloroform/petrol (14.0-60°) to give 

needles of the product (18,5 grams), m,p. 60°, 
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21+, Experiments with 3; 3-bis-hydroxymethyl-butan-2-one 

(a) Reaction with concentrated h y d r o c h l o r i c a c i d 

A s o l u t i o n of the dihydroxyketone (5 grams) i n 

c o l d concentrated h y d r o c h l o r i c a c i d (25 mis.) was s t i r r e d 

f o r 72 h r s , ,the cloudy mixture then d i l u t e d with ice/water 

(100 mis.) and e x t r a c t e d with ether. The e x t r a c t s were 

washed, d r i e d over magnesium sulphate and evaporated to a 

p a l e yellow o i l which d i s t i l l e d without apparent f r a c t i o n a t i o n 

(through a twelve inch column packed with Penske s p i r a l s ) 

between l\.0 and 85°/25 mm. A sample b.p, 80-85°/25 mm. was 

analysed. (Poimd: 0, U3.6; H, 6,8; 01, 2^.9. CgH^^ClOg 

r e q u i r e s C, I 4 . 7 . 8 ; H, 7.3; 01, 23.6%). I t therefore appeared 

that only one of the hydroxy groups had reacted. 

(b) Reaction with anliydrous hydrogen c h l o r i d e 

Dry hydrogen c h l o r i d e gas was passed f o r h r s . 

i n t o a s o l u t i o n of the dihydroxyketone (5 grams) i n dry 

ether (150 m i s . ) , the mixture allowed to stand f o r a f u r t h e r 

21+ h r s . and then evaporated at 50° under reduced pressure to 

an o i l which decomposed to a black t a r on attempting to 

d i s t i l l i t at 15 mm. 

( c ) Reaction w i t h anhydrous hydrogen bromide 

The dihydroxyketone (5 grams) was stood f o r 21+ h r s . 
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i n s o l u t i o n i n ether ( l 5 0 mis,) s a t u r a t e d with anliydrous 

hydrogen bromide. The v o l o t i l e f r a c t i o n s were then evapor

a t e d a t 5 0 ° under reduced press\ire and the dark r e s i d u a l o i l 

d i s t i l l e d under reduced pressure to give a pale yellow o i l 

(3.6 grams), b , p o 108/5 mm, {Pound: Br, U0,3. CgH^^BrOg 

r e q u i r e s Br, 1+1 ,0%), (Descombe^^ reported that r e a c t i o n 

w ith hydrogen bromide l e d to an o i l , b , p o 1 0 6 - l 0 7 ° / 2 ram,), 

(d) Reaction w i t h p-toluene sulphonyl c h l o r i d e 

The dihydroxyketone (2.614. grams; 0,02 moles) was 

added to an i c e - c o l d s o l u t i o n of p-toluene sulphonyl c h l o r i d e 

( 7.62 grams; 0,01+ moles) i n dry pyri d i n e (10 m i s . ) . A f t e r 

2 h r s . a t 0 ° the mixture was kept a t room temperature f o r 

1 8 h r s . and then poured i n t o ice/water (200 mis.) containing 

concentrated s u l p h u r i c a c i d ( 2 m i s , ) . The viscous o i l was 

i s o l a t e d by decanting the aqueous l a y e r and d i s s o l v e d i n 

chloroform. The chloroform s o l u t i o n was washed with water, 

d r i e d oyer magnesium sulphate aad evaporated to a c o l o u r l e s s 

o i l , 

A s o l u t i o n of t h i s o i l i n dry acetone (50 mis,) 

was heated to 90° f o r 10 h r s , i n a s e a l e d tube with sodium 

iodide (6 grams), dry ether (50 mis,) then added, the s o l i d 

f i l t e r e d and the s o l v e n t s evaporated to y i e l d a c o l o u r l e s s 

o i l which did not d i s t i l l a t 0 . 2 mm. 
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