EXTENSION OF MICHAEL’S REACTION PART I

By TRIENDRA NATH GHOSH AND PRAPHOULLA CHANDRA GUHA

'Hp]]]pl]ﬂ(, Appenrodt, Michael and Thal (Ber., 1914, &7, 473) have
st.mhfd t;ho action of compounds containing the’unsatilrat:ed syst(;mt;
(=N, N=N with sodium in ethereal solution, and the structure of
the additive compounds established from a study of the products ob-
tained by the action of water and carbon dioxide. There is no record
of work m which unsaturated compounds of the above type have been

made to react with the sodium derivatives of organic eompounds con-
taiming active methylene groups.

In parts I and II of this series (J. Indian Chem. Soc., 1930, 17,
264-273), the action of sodium derivatives of urethane on unsaturated
esters, 1socyanates and i1sothiocyanates has been studied. The work has
now been further extended to determine whether unsaturated systems
hke N=N, C=N, would lend themselves to ordinary Michael’s con-
densation in forming additive compounds with sodium derivatives of
acetoacetic ester, cyanacetic ester, acetylacetone and urethane. |

Phenyl azo-carboxylic ester reacts with the sodium derivatives of
ethyl acetoacetate, ethyl cyanacetate and acetylacetone to yield B-N-
carbethoxyacetylmethyl-g-phenylcarbazinic ester (I), g-N-carbethoxy-
cyanomethyl- g-phenylcarbazinic ester (II) and B-N-diacetylmethyl-N-
phenylearbazinic ester (ITI) respectively.

CH,CO-CHNa:CO,Et NPh—NNa—CO,Et

PhN=N -C t - >
= (!“H(COCH:,)'COZEt
PhAN—NH':CO,Et PhN—NH—-CO,Et PthT-—-NH ~CO,Et
(IIH(COCHS)'COZEt (.I:H(CN)'CozEt CH(C(I)ICHJ)Z
(I - (1) (111)

The yiclds of these compounds are generally very poor]j Tlf;eyq?t’{iﬁgf
stable in presence of cold dilute alkali and hot aclc!._ fecfhefq;zon o
compound (I) into phenyl isocyanide on hydro]}‘sm far R e »
the direct attachment of the acetoacetic ester grouping

nitrogen atom. ' e of
Ethyl phem'lﬂzacarboxylatc reacts ?.rith t]}e so;ln(lgra(;e:;ﬁ:li cll:e ;:;1
urethane to form an unstable intermediate produc ’
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presence of acids, gets readily hydrolysed into urethane and g-N.
hydroxy-8-phenylcarbazinic ester (1V).

NH(Na)CO,Et PhN-N(Na)-CO,Et
PhN =N-CO,Et — — |
NH-CO,Et

(IV a)

|

PhN-NH-CO, Et

|
OH

(1V)

On treatment with aqueous alkali compound IV yiclds the spar-

ingly soluble potassium salt (V) from which acids liberate the com-
pound VI.

PhN —NH—CO,Et PhN——N PhN——-N
| —KOH> | | S g | I
OH O——C-0OK O——-C-OH
(V) (V1)
PhN—NH—CO,K PhN—NH—CO,H
l |
OH OH
(V a) (VlIa)

Though compounds (V) and (VI) with their water of crystallisation
agree with the composition of potassium-8-hydroxyphenyl carbazinate
(PhN(OH)-NH-CO,K) and the carbazinic acid respectively, the ring
structure (V) and (VI) have been aseribed on the basis of the following
facts : (a) compound (VI) cannot be esterified, (b) on treatment with
ethyl iodide it gives the compound (VII) and not (IV), (c¢) the corre-
sponding tolyl substituted compound (VIII) does not contain any water
of crystallisation and hence cannot possess an open chain structure
like (VI a), and (d) though the potassium salts and esters of carbazinic

acld and substituted carbazinic acids are known to exist, no such
free acid 1s known,
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The compound (V) gives with ethyl jod;
. . hyl 10did s
corresponding ethyl and methyl derivatives (V1) and. (1L oo,

tively : —
PhN——
i ll\( PhT.__._N
O——C-OEt 0——<|:l-ome
(V1) (V1Ia)

Ethyl p-tolylazocarboxylate reacts similarly with the sodium derivative

of urethane to yield the compound (VIII). the ; i :
(VIII a) could not, however, be isolated. > the intermediate product

Cs¢H,(CH,)—N—NH—CO, Et C¢H,(CH,)—N—N

OH 7 l "

O——C-OH

(VIIIa) (VIII)

~ Ethyl azodicarboxylate CO,Et-N=N-CO.Et with the sodium
derivative of acetoacetic ester gives similarly N-carbethoxyacetylmethyl-
hydrazodicarboxylic ester (IX).

CO,EtN=N-CO,Et CHsCOCHNaCO,Et CO,EtN-NH-CO,Et

>

I
. CHAc'CO,Et
(1X)

The conclusion to be drawn from the inactivity of azobenzene in such
reactions is that for Michael’s condensation with systems like (-N=N-),
it is essential that there should be at least one strongly negative group
attached to one of the nirtogen atoms. An analogous observation was
made by Ingold and Weaver (J. C. 8., 1925, 127, 378) about the in-
activity of the ketens in their a.d_d1t1on to azobenzene though the
addition took place quite readily with p}nenylazocglrbo_xyhc e,ster' and
azodicarboxylic ester. Ingold’s explanation of this difference which
is based on the assumption that the carbethoxy group has much smaller
affinity demand than phenyl, is equally applicable to the present

mstance.

It was next contemplated to study Michael’s condensation with com-

pounds congining the mmstued groupin, (S0 0 S
y ’ 4 n : 3 N~ =
substituted by the negative groups p enl‘}O:Et,. (iii) CO.Et-N=CHPh,

like (i) PhN=CHPh, (ii) PhN=CH-C
2

"
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(iv) PhAN=C(CO,Et),, (v) CO,Et-N=CH'CO,Et, (vi) CO,Et'N =
C(CO,Et),. Of these above six types,” only compounds i and ii
are known. They do not lend themselves to ordinary Michael’s con-
densation. The inactivity of phenylazomethinecarboxylic ester as
distinet from the reactivity of phenylazocarboxylic ester is perhaps due
to the group (-N=CH-) inducing some basic character to the former.

As it was not possible to study Michael’s condensation with com-
pounds of type (1v), no such compound being known in literature, the
addition reaction of mesoxalic ester phenylhydrazone, in which, like
(iv), there are two negative (CO,Et) groups attached to the unsatu-
rated carbon atom, has been studied. This reacts with the sodium
derivative of ethyl- acetoacetate, malonate and cyanacetate yielding
additive compounds all of which get easily hydrolysed and suffer dis-
ruption giving the compound (X). |

PhNH-N:C(CO,Ey, —HNAIRCOEL = ppNH-N-CNa(CO,Ey),

|
' CHR-CO,Et
acid PhNH—NH—-CH(CO,Et)CO,H (R = CO,Et, CN or
= (X) COCH,).
PhN=N-CH(CO,Et):CO,H PhNH—-NH -CH, -CO,H
(XI) (XII)

The structure of (X) is confirmed by the following facts: (1)
against alkali 1t titrates as a monobasic acid, (2) it is oxidised by
ferric chloride to an azo-derivative (XI), (3) it gets easily hydrolysed
by alcoholic potash to phenylhydrazine acetic acid (XII).

It was planned at this stage to utilise the applicability of Michael’s
reaction with mustard oils and isocyanates (cf. Ghosh and Guha, J.
Indian Chem. Soc., 1930, 7, 165) for the synthesis of pyridine deri-
vatives. (Carbethoxythiocarbimide was accordingly condensed with the

CH,CO':CHNa:CO,Et ,N(Na)-CO,Et.
CO,EtN:C:S >scd
\CHAcCO,Et
NH-CO,H
SC< ’ |
CHAC-CO,Et acid
(I

—

——.

mp iare being page X I) in this
laboratory. 4 o prepare compounds of the type (1Il) to (VI)
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sodium derivative of acetoacetic ester resultine ; :
2sulting in th :
carbethoxy-aceto-acetyl carbamic acid (XIII)g. ¢ formation of thio-

The acid (XIII) after esterification was treated wi
L L] . th
proportion of sodium ethylate with the hope of gettir:;l them];;)}lri?élilzg
compound (XIV) by elimination of a molecule of aleohol (cf. Scheiber

and Miessel, Ber., 1915, 48, 238: Mavuranathan a :
Inst. Sci., 1933, 15A, 131): Y an and Guba, J. Indian

NH NH
CS/\CO E
COzEt-CE/CHa >  CO,EtCH CH,
&6 ¥
' (XIV)

but, our expectation has not been fulfilled, as from the reaction mix-
ture, only the original ester and a very small quantity of red viscous
hiquid could be isolated.

Compound (XIII) as also those obtained from acetylacetone and
ethyl malonate, contain a free carboxyl group. It is not easy to locate
definitely the position of this group in these compounds; still, by ana-
logv with compound (XVI) 1n which the COOH group must have
been derived from the CO,Et attached to nitrogen—the conversion of
one of the acetyl groups into a free carboxyl befng unlikely—the fr?,e
carboxyl groups in compounds (XIII) and (XV) have been shown

attached to the end nitrogen atoms.

| NH-CO,H
CHN& (CozEt)g SC/ 2

CO,EtN:C:S —————7 "\ ((C0,Et),
(XV)
CHNa(COCH,); _  NHCOES

CO,EtN:C:S — \CH(COCH,),

Hydrolysis

CO,H-NH-CS:CH(COCHy); <
(XVI)
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Carbethoxythiocarbimide gives with ethyl cyanacetate, thiocarbe-
thoxycyanoacetylcarbamic ester (XVII) which in presence of cold al-
kali gets hydrolysed into X'VIIL.

_/NH:CO,Et _NH'CO,H
SCQ KoH >~ |
CH (CN)-CO,Et N CH(CN)-CO, Et
(XViI) (XVIII)

Compounds (XIII), (XV), (XVI) and (XVIII) could not be con-
verted into the thioamides by the removal of carbon dioxide as they
all suffered decomposition during heating.

EXPERIMENTAL.

Ethyl phenylazocarboxylate and acetoacetic ester: Formation of
B-N-carbethozyacetylmethyl-phenylcarbazinic ester (1).—Sodium wire
(1.2 g.) was added to a solution of acetoacetic ester (6.5 g.) in dry ether
(150 c.c.) when the sodium derivative of ethylacetoacetate separated
out gradually as a white precipitate with profuse evolution of hydrogen
during 2-3 hours. To this was then added ethyl phenylazocarboxylate
(9 g., prepared according to the method of Widman, Ber., 1895, 28,
1927) and the reaction mixture allowed to stand overnight. The solu-
tion gradually assumed a dark violet colour, and smelt distinctly of
phenylisocyanide. Next morning the precipitate was filtered, washed
with ether and absolute alecohol, and then dissolved in water. The
aqueous solution, on being acidified with dilute hydrochloric acid, gave
a red semi-solid which after being freed from tarry matters by treat-
ment wth ether was crystallised twice from absolute aleohol in colour-
less prisms m.p. 103-104°; yield 1.5 g. (Found: N, 9.204.
C,,H,,0,N, requires N, 9.09 per cent.).

N-g-carbethoxycyanomethyl-phenylcarbazinic ester (1I).—Ethyl
phenylazocarboxylate (9 g.) was added to dry ether (150 c.c.) contain-
ing the sodium derivative of ethylcyanacetate (6.8 g.) in suspension.
After standing for 2-3 days the separated precipitate was dissolved in
cold water and the aqueous solution, on acidification, gave a semi-solid
which after ether treatment was crystallised from water in colourless

needles m.p. 69-70° (Found : N, 14.81. C, ,H,,O,N, requires N, 14.43
per cent.).

B-N-diacetylmethyl-phenylearbazinic ester (11I).—The ester (9.0
g.) was added to an ether suspension of sodium derivative of acetylace-
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tone (6.1 g.). The reaction proceeded ver

aft-qr 48 hours. tI‘]'u? aqueous solution of the separated sodium deri-
vative gave on acidification a semi-solid which crystallised from aleo-

hol in  colourless needles m.p. 130-131° (F :
¢, I,,0,N, requires N, 10.07 per cent.). (Yound: N, 10.34.

Y slowly and was COmplete

8-N- hydroxy-phenylearbazinic ester (IV).—An aqueous solution
of the reddish brown sodium salt obtained similarly to the foregoin
compounds from phenylazocarboxylic ester and sodium urethane gav%
on acidification with dilute hydrochloric acid a dark red heavy l’iquid
the ethereal solution of which, on slow evaporation, deposited a reddish
brown crystalline compound and was purified by crystallisation from
alcohol (after anmmal charcoal treatment) in colourless prisms m.p.
178-179° (decomp.). It is insoluble in cold alkali and is unaffected
by oxudising agents (Found : N, 14.29; C, 55.1; H, 6.30. C.H ,O.N,
requires N, 14.28; C, 55.10; H, 6.12 per cent.). s

Potasstum-g-N-hydroxy-phenylearbazinate (V).—The clear solu-
tion obtained by heating compound (IV) with a small quantity of
normal solution of caustic potash, deposited shining colourless plates
on cooling, purified further by dissolving in absolute alcohol and preci-
pitating by ether; m.p. 135-136° (Found: N, 13.57. CH.ON,K
requires N, 13.59 per cent.). The preparation of compounds (IV) and
(V) was repeated about half a dozen times.

The compound (VI) was obtained from an aqueous solution of the
potassium salt on acidification with dilnte hydrochloric acid and was
crystallised from dilute aleohol in colourless needles; m.p. 214-216°.
It cannot be esterified and is not oxidised by ferric chloride (Found :
N, 16.70. C,H,O,N,, H,O requires N, 16.66 per cent.).

Action of methyliodide on compound (V) : Formation of compound
(VIIa).—An alcoholic solution of the potassium salt (V) was boiled
under reflux with an excess of methyliodide during half-an-hour. The
alcoholic solution after being freed from the separated potassium iodide
was evaporated to dryness; the residue cr'ysf;a]hsed fr.om dllqte ?]CO]]O-]
in colourless needles, m.p. 128-129°. It is insoluble in alkali (T'ound :

N, 17.15. C,H,O,N, requires N, 17.07 per cent.).

' ivati as similarly obtained
The corresponding ethyl derivative (VII) was simiiarl .
and crysta-llisedli'rom dgilute “lcohol in colourless needles, m.p. 130-131°

(Found : N, 15.48. CH,O,N, requires N, 15.72 per cent.).

p-Tolylazocarboxylic ester and urethane : Formation of compound

: in' the case of the
— hod of procedure was the same as 1n t _ ,
I()Ye{.}i]c:))lis ér-giilepcryfifdm(IV).l The aqueous solution of the reddish brown
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sodium salt gave on acidification a tarry mass “-'lli'C]‘l on ether treatment
yielded a small quantity of brown solid crystallising from alcohol in
colourless plates; m.p. 168-170°. It is soluble in cold dilute alkali and
is precipitated unchanged by acids (Found: N, 17.32. C,H,O,N,

requires N, 17.07 per cent.).

8-N-carbethoxyacetylmethylhydrazine dicarboxylic ester (IX).—
Azodicarboxvlic ester (5.8 g.; prepared according to the method of In-
gold J. C. S., 1925, 127, 381) was added to the sodium derivative of
acetoacetic ester (5.1 g.) in ethereal suspension and the mixture allowed
to stand for a dayv. An aqueous solution of the separated sodium deri-
vative on acidification with dilute hydrochloric acid, gave a semi-solid
which crystallised from benzene; m.p. 74-75°; yield 5 g. (Found:
N, 9.03. C_H,,O.N, requires N, 9.21 per cent.).

Mesoxalic esterphenylhydrazone and acetoacetic ester . Formation
of phenylhydrazine malonic mono ester (X).—The aqucous solution of
the reaction product, on acidification, gave a precipitate which crystal-
lised from alcohol in beautiful yellowish needles, m.p. 110-111°. 1t
19 soluble in sodium bicarbonate solution and is precipitated unchanged
by acids (Found: N, 11.93; M.W. by titration, 235. C,H,,O,N,
requires N, 11.76 per cent.; M.W., 238).

The compound (m.p. 110-111°) obtained from mesoxalic ester-
phenylhydrazone and the sodium derivative of malonic ester or cyna-
cetic ester, was proved to be identical with compound (X) by the mixed
melting point method and also by analysis.

The azo-compound (XI).—Compound (X) on being boiled with
aqueous ferric chloride during two hours gave a red precipitate which
crystallised from aleohol in reddish-brown prisms, m.p. 174-176°

(Found : N, 11.62. C,H,,O,N, requires N, 11.86 per cent.).

Hydrolysis of compound (X): Formation of compound (XII).—
The compound (X) was heated under reflux with 15 per cent. alcoholic
potash for about half-an-hour when the yellowish potassium salt sepa-
rated out. It was dissolved in water and acidified with dilute hydro-
(_:hloric acid when a yellow solid was obtained crystallising from aleohol
in yellow needles; m.p. 152-153°. It is soluble in aqueous sodium
bicarbonate (Found: N, 16.51. C,H,,O,N, requires N, 16.86 per

cent.). Its dentity with phenylhydrazinoacetic acid (m.p. 153°)
(Monatsh., 17, 631) was established.

- The phenylhydrazine salt was obtained by adding phenylhydrazine
(1 mol.) to an ether solution of the above compound (X, 1 mol.). The
white precipitate crystallised from ether in colourless plates, m.p.
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1214-125° (Found: N, 16.52 ! _
cent.). — (J”H”OdN-t requires N, 1(.18 per

Carbethoxrythiocarbimide ctoacetic .o P ' .
mrhrf}:{;.ryuct‘t-qacetylcarbamic (:;ltélcEg’fff)tt—?Ii{f{; qlfuo mmu*{) ’IL 0! o
the sodium d'crn*ative prepared in the usual mmme;'q ‘et?rgs . miilo'n't of
tion. a reddish yellow heavy liquid. For puriﬁca‘zig;l 1020;10;' e
the oil 1n ffodnm} bicarbonate after being thoroughly shz;k(;n hwi';all 10Ii:l Ot'
was acidified with hydrochloric aeid when a yellowish oil se )laiatlea
(I'ound : S, 13.44; M.W., 230. C.H,,0,NS requires S, i3..173 1::,{1'

o . 1 7 . r - F
cent.; ALA., 233). The liquid decomposes on slow heating even
under reduced pressure.

| The cthyl ester was obtained by boiling an absolute alcoholic solu-

Lo of t'he above acid with a small quantity of concentrated sulphuric
acid during eight hours.  The solution was then neutralised with cal-
cium carbonate, and the precipitate filtered off. The clear solution
after removal of aleohol was poured into water; the separated oil was
washed with water and then ether extracted. The ethereal solution
vielded a light brown mobile liquid which could not be distilled with-
out decomposition (Found: §, 11.82. C, H, O.NS requires S, 12.26
per cent.). , :

Attempt to effect ring closure of the above ester.—An alecoholic
solution of the ester (1 mol.) was heated under reflux for about 12
hours with sodium ethoxide (1 mol.), the alcohol distilled under re-
duced pressure and the solid residue dissolved in water. The aqueous
solution, on acidification, yielded a reddish liquid, the alkali-insoluble
portion of which was identified to be the original ester. The alkaline
solution, on acidification, gave a very small quantity of reddish viscous
liquid insoluble in sodium bicarbonate. It did not solidify in a vacuum
desiccator on long standing. It contained nitrogen and sulphur.

Thiodicarbethoxyacetylcarbamic acid (XV).—A toluene solution of
carbethoxythiocarbimide (7 g.; prepared according to the method of
Doran, J. C. S., 1896, 69, 326) was added to an ether suspension of
sodiomalonic ester obtained from malonic ester (8 g.) and sodium
(1.15 g.) and the mixture allowed to stand overnight. Most of thﬁ
separated white precipitate dissolved readily 1n water leaving a sma
portion undissolved. The aqueous solution, on ﬂCId_lﬁCEltl?l] gave 4
precipitate which crystallised from alcohol 1n yellowish Ipltl'SI::Sa 1111(11113&
70-72°; yield 6 g. It is soluble in sodium blcar{)qltllilfq\ 50 ll:)l‘ly:I(;itl"ltiUll
precipitated unchanged by acids (Found : %, 11'?21{{ S ation,
261. C,H, O,NS requires S, 12.16 per cent.; M.W., 20o).

d from acetic acid in beauti-
Tt contains sulphur but no

The water insoluble portion crys.st:;llise
ful colourless plates; m.p. 164-165°.
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nitrogen. The compound could not be further studied due to its ex-
tremely poor vield. S

Thiodiacetylacetocarbamic acid (XVI).—The aqueous solution of
the sodium derivative on acidification, gave a yellow precipitate which
ervstallised from dilute alcohol 1 yellow needles, m.p. 121-122° (de-
comp.) Found : S, 15.45; M.W. by titration, 201. C,H,0,NS requires
S, 15.76 per cent.; M.W., 203).

Thiocarbethoxycyanoacetylcarbamic ester (XVII).—The aqueous
solution of the sodium derivative gave on acidification, a semi-solid
which on keeping turned into a crystalline product. Tt crystallised
from acetic acid in colourless prismis m.p. 152-153° (decomp.)
(Found : N, 11.14. CH,,O,NS requires N, 11.47 per cent.). Tt
is 1nsoluble 1n alkali.

Hydrolysis of (XVII) into thiocarbethoxycyanoacetylecarbamic
acid (XVIII).—A mixture of the above ester (3 g.) and N/10 caustic
potash solution (50 c.c.) was allowed to stand for two days and then
acidified with dilute hdyrochloric acid; the resulting precipitate crystal-

lised from alcohol in colourless prisms m.p. 158-160° (decomp.)
(Found : N, 12.62; M.\W. by titration, 214. C,H,O,N,S requires N,
12.96 per cent.; M.W., 216).

[Accepted, 19-7-33.]
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