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ABSTRACT

In the present work some of the synthetic applications

of S-alkyl quaternary salts of NK-disub-stituted thioamides
were investigated,

NN-Disubstituted tliioamides which were prepared by the
Willgerodt

KlIndler procedure, 1-8 or from the amides with

phosphorus pentasul phide9 were reacted With simple

akyl halides to give S-alkyl quaternary saltsin good yields.
The reaction of the quaternary salts With

hydroxy lamine hydrochloride produced NN-disubstituted
amidoximes, while treatment of the quaternary salts

with potassium cyanide gave novel S-alkyl quaternary
cyanides some of which hydrolysed to cyanoamides

under surprisingly mild conditions
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INTRODUCTION

NN-Disubstituted thioamides(I) are readily

1 -—
prepared by the Willgerodt - Kindler reaction 6 or

from the amides with phosphorus pentasulphide.9
These thioamides give gord yields of S-alkyl quaternary
salts {(II) when treated with simple alkyl halides.8'1o
The quate:mary salts are of synthetic value as inter-
mediates since they react additively with many nucleo-
philes, often in aqueocus solution at room temperature
and usually with elimination of the alkythio - or

disubstituted aminoc - group.8’1o’11

Alternatively, the treatment of the quaternary
salts with bases may cause the elimination of hydrogen

)1'2

halide giving ketene SN-acetals(III which are also

useful intermediates themselves,

5 8CH
R Py |72 R
R-c-8, R-CzN, R =-C=0C-58,
R ® R P R
§CH,
I I 111

[R = al}Q"l or aI‘YI; R1 = R2 = alkyl or

NNR1R2 = morphalino].



WILLGERODT ON:

The Willgerodt reaction1'7 proper is the reaction
of alkyl aryl ketones with agueous ammonium phlysulphide
at about 200° in a sealed tube to form aryl substituted
aliphatic acid amides, together with smaller amounts of
the corresponding ammonium salts of the carboxylic
acids, The coversion of acetophenone into phenylacetam-

ide and ammponium phenylacetate could serve as an

illustration.
G - CHs (NH) )58y ~CH,CONH, +
o HO 7

The net result of the reaction is the reduction of the
carbonyl group to a methylene group and the oxidation
of the terminal methyl group.

The sulphur in polysulphides acts as a thiolating
agent; the presence of small amounts of hydrogen
-ulphide has a favourable effect on thiolation. This
reaction has been applied to a number of completely

aliphatic ketones, For example, pinacolone is converted



inio f~-butylacetamide and 2~-heptanone into heptamide.

KI 'S MODIFICATION:

A substantial modification of the Willgerocdt
reaction was devised by Kindler.1"8 The Indler variation
consists in heating the ketone with approximately eguimo-
lecular amounts of sulphur and a dry amine instead of
agqueous ammonium polysulphide. A thiocamide is formed
as the principal product and on hydrolysis with acid
or alkell affords the carboxylic acid, usually in good
vield. Generally, a secondary aliphatic amine but
geomeétimes a primary amine or even anhydrous ammonia is
tvesd. Morpholine is well suited to the Kindler version
of the Willgerodt reaction; it is cheap, and its boiling
point (128°) makes possible the use of open apparatus
in place of an autoclave or bomb tube.

Aryl-substituted oclefines and acetylenes are
transforrzzd into amides under the conditions of both the

Willgerodt and Kindler procedures:



06H5G=CH—h—

T G6H50H200NH2

G g C=CCH;
C H OH=C > CgHsCH,CH,CONH,

Kindler's modification of the Willgerodt reaction
has since been extended to aldehydés and alcohols as

starting materials.

MECHANISM OF WILLGERODT REACTION:
The mechanism of the Willgerodt reaction is not

clear, The possibility that the ketone first undergoes
reduction at the carbonyl group to form a hydrocarban'
which is subsequently oxidised at the terminal methyl
greup was rejected when it was found that an alkyl
substituent such as the ethyl group is unaffected under
the conditions that bring about the reaction with ketones,
Willgerodt considered it unlikely that the oxidation of
the terminal methyl group of the ketone could precede

the final reductive step in which the carbonyl group
would be converted into a methylene unit, since there

is no evidence for intermediate keto-acids and since the



latter cannot be converted into amides by the ammonium
peolysulphide reagent,

lie concluded that the oxygen atom of the alkyl
aryl ketone can, in some unknown way, wander to the
end of the chain, or, in effect, exchange place with two
hydrogen atoms of the methyl group to form an aldehyde
isomeric with the ketone, The aldehyde would then
react With sulphur and ammonia to produce the amide and
hydrogen sulphide; indeed aldehydes are known to yield
amides under these conditions,

Kindler suggesated that the reaction may proceed
by a nigration of the aryl group to the carbon atom
alpha to the carbonyl group in acetophenone; the original
carbonyl group would thus become the thiocamide Iunction
of the final product. To accommodate ketones higher
than acetophenone, for example, propiophenone, he
postulated migration of the phenyl group to the end
of the chain, two or more atoms removed from the
carbonyl group. First, he stated, there is the prelimi-
nary formation of the hydramine(IV), which adds sulphur
to give an amine sulphide(V)., This is dehydrated to
(VI), and then the final thicamide is formed in a

rearrangement which results in the simultaneous



migration of the sulphur atom, the aryl radical, and

a terminal hydgrogen atom,

& ®
| }’mz S-1R,,
|
ArGOH,Cily ArCCH,CHy -_H—O')Z
|
ol én
v v
o 4
S.N R l 5

W | ——y R NCCHCH A
VI VII

However, evidence against this mechanism is
recorded in Willgerodt's observation that
isovalerophenore(VIII) gives, after hydrolysis,
a-methyl-Y -phenylbutyric gcid (IX). According to
Kindler's hypothesis the B-methyl isomer (X) should
result, That IX is the product seems highly probable,

s
06}15000}1203(033)2 B 3 06H50H20H20H000H
VIII IX
&
HOOCCH,, H‘.‘.!{206H5

X



On the basis of three facts - that no change in
the carlon skeleton occurs during the reaction; that all
members of a family of isomeric aliphatic carbonyl
compounds, differing from one another only in the »Hositio
of the oilyren atom, form the same final product; and
that unsaturated hydrocarbons can undergo reactions
very similar to the Willgerodt and Kindler reactions of
ketones - De Tar and Carmack13 have argued that there
must be one fundamental mechanism involving preliminary
formation aof a labile intermediate which has an
umsaturated carbon - carbon bond in the side chain,
They have postulated a series of reactions involving
the stepwisc addition, elimination, and readdition of
the elements of simple molecules such as ammonisa,
amines, sulphur, water or hydrogen sulphide, the net
result being the migration of the functional grouvp along
the chain, Irreversible oxidation by the action of
sulphur, when the function reaches the terminal position,
produces a thioamide. The type of process is illustrated

schematically as follows:



OH

~ 4 —— e e L] ] i ——
R'uOC:{QGH3 + RQNH R r{‘CHQGHB

NR,
RWC=CIHCH, —mmve—> R'C=CCH, =—— R'CH=CCH
D gm——— 3 — | 3
NR
2
! :
R'CH,CH=CH e RGHEGEGH s R'GH2 =CH2
{ = N |
NR2 NR2
TRy
[ R = alkyl or H J

That a carbonamide rather than a thicamide is
iselated in the Willgerodt reaction with agueous
ammonia does not constitute an argument againet the
above schene, for hot agucous ammonia 18 known to convert
thioamides into carbonamides. The isomerization of
straight - chain acetylenic compounds {(with and without
aromatic substituents) to products having the acetylens
function in the terminal position is known t¢ take place
in the presence of sodamide. The assumption that such
ungaturated substances are intermediates in the Willgerodt
reaction offers an eéxplanation of the appecarance of

certain by-products.



Tetrahydronaphthoic acid, isolated in small
amounts from the reaction of ethyl 6-tetralyl ketone
with morpholine and sulphur, may arise from an oxidative
attaclk by sulphur on an unsaturated intermediate. The
presence of traces of thiophenesg in the reaction mixtures
is explicable when it is considered that olefines and
sulphur react at elevated temperatures to give hydrogen
sulphide and thiophenes and that acetylenes also give
thidphenes but with 1little evolution of hydrogen sulphide.

PREPARATION OF NN-DISUBSTITUTED THIOAMIDES _AND
QUATERIARY _ SALTS.

In the present investigation some NN-disubstituted

thicamides Were made by the Willgerodt - Kindler
procedure: thiobenzomorpholide(XI), Lb-chlorothio-
benzomorpholide(XII), thiosalicylmorpholide(XIII),
thiobenzodimethylamide (XIV) and phenylthioace tmorpho-
1ide(XV) while thioacetmorpholide(XVI) and thioform=-
dimethylamide(XVII) were prepared by the action of

phosphorus pentasulphide on the amides.

IS a%s

XI XII |
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The S-alkyl quaternary salt, thiobenzomorpholide
methiodide (XVIII) was obtained by heating a mixture of
thiobenzomorpholide (XI) and iodomethane under reflux,
The positive charge can be delocalized on nitrogen,
sulphur or carbon. Similarly, the gquaternary salts:

(X1x), (xx), (XxX1), (XXIT), (XATIT) and (XIV) were made
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fpom the corresponding NN-disubstituted thicamides in

good yields.

_/ >
BGH3

XVIII

XX XXI
</ \ CH Q,:'--N/ p GH3 - c’:_l[_>
— s‘fc‘% © écn? —/ 1@
XXIT XXIII
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PREVIOUS _INVESTIGATIONS WITH GUATERNARY
SALTS OF NN-DISUBSTITUTED _THIOAMIDES .

S-Alkyl guaternary salts of thioamides have been
known to be quite reactive compounds.

Chabrier and Re'.narciﬂm

have treated the quaternary
salt{VIII) with semicarbazide hydrochloride in aqueous
ethanol and obtained 4-a.methylihiobengylidene
gemicarbazide{¥AV). Peak and Stansfieldg have found that
mder alkaline conditions semicarbazide condensed with
the quaternary salt{XVIII) with the elimination of
methanethiol instead of morpholine hydricdide to give

1-a~morpholincbenzylidene semicarbazide (XAVI),

idic? PhCﬂN'NH Co. NH,

PhC-— N E) HN N\ 33 "13

01{3 T84, N, NHCONH |
XVII1
Alkalinea P}IC{:T-NcNHJGOoNHE
—CHBSH :
()
. XXVT

Quite recently Mukaiyama and his co-workers10

have treated thicbenzodimethylamide methiodide(iXI)
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with active methylene compounds and heavy metal saltis,
They caused the gquaternary salt(XXI) to react with
gsodium ethanethiolate in dry ether at room temperature
and obtained NN-dimethylbenzamide methylethylmercaptal
(XXVII) in fairly good yield.

/c iy
Ph - C =N + GQH SNa >

;;”'éﬂ}"" 5 - NaI 7

“~CH
SOH, > &

XXX
Ph
Cis~ i - cl; - 5CHy
S |
CHy 8CoHg
XXvix

These workers also found that diethyl
a~dime thylaminobenzylidene malp?ate(XXVIII) was produced
in 56% yield, with the evolution of methanethiol when
g suspension of the guaternary salt(XXI) and the

monosodiwe salt of ethyl malonate in dry dioxan was

stirved at 80° for 2h.,



1

CH 20,01
3 27275
Ph - C_g 5 + 1 T
i @ SCHg 0,0 ,H
8CHy © oVl
XXT
Ph CO.C.H
CHy \ sretets .
-G - CH 7
SCHz « 56%
Ph
cH3\ é /002C2H5
CHy »~ 7 7 % 7 “co.o.n
2Yotg
XXVIIT

Similar results were obtained by treating the
quaternary salt(XXI) with the monosodium salts of other
sctive methylene compounds, such as ethyl acetioacetate,

ethyl cyancacetate, acetylacetone and nitromethane,

MITHODS OF TPREDPARATION OF AMIDOXTMES.:

The amidoxime function(XXIX)15 can be considered
either as an gnide{XXX) in which the oxXygen atom of
the cavbonyl group has been replaced by an isonitroso

group, or as amidine(XXXI) whoss hydrogen of the imido
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group has been exchanged for a hydroxy radical; they are
also related to the hydroxamic acids(XOOLII).

NOH 0 NH NOH
it it ] i
G RG\ RC\NH RC\
NH, NH, o OH
XXIX XXX XTI e vani

The name "amidoxime" was first used dy Tiemam116
who carried out the structural diagnosis of this class
of compounds. Not only are monoamidoximes known, but
also diamidoximes{XXXIII) containing two amidoxime

groups and polyamidoximes containing more than two

amidoxime groups.

NOH NOH
N\ [
C « R = 0
¥, N,
XXXIIT

Tiemann recognised that amidoximes may be present in

two tgntomeric forms,

NOH HOH
i ’

RC and
\ <

NH,

with the former heing predominant,



16

Monoamidoximes are prepared by the following

me thod g

A, ACTTON OF HYDROXYLAMINE ON NITRILES
%’UH

iy

The experimental procedure16 consists in liberating
hydroxylamine from its hydrochloride using sodium
carbonate, adding an eéquivalent amount of nitrile and
enough alcohel to obtain a clear solution, and ke2eping
the mixture at €0-80° during a few hours, This is the
most used process for the preparation of amidoXximeg.
Aromatic «nidoximes generslly arc obtained in begter
yields than are aliphatic, Lower members show very
high golubility in water and ethanol and this renders

isolation tedious.

B. ACTION OF HYTROXVLAMINE ON AMIDES OR THIQAMTDES

Hydroxylamine as a rule does not react with anides,
17,18

Thig method has only been reported for the
preparation of two amidoximes:
HO NOH 0~
7 ] and Ph-C
i, \ . / \Mz
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Some aromatic amidoximes have been prepared by the

action of hydroxylamine on thioamides.19'22
S NOH
R g H ==——=3) R g H,5
- Le & - +

Hydroxylamine is liberated from its hydrochloride by an
equivalent amount of aqueous scdium carbonate., The
thioamide is then introduced and ethanol is added until
the mixture is clear, The solution is refluxed for a

few hours and the amidoxime isolated.

C. REDUCTION O TROSOLIC NI C DS
Amnidoximes can be obtained by reduction of nitrosolie
acids with hydrogen sulphide.2’
NOH NOH
I 1]
Ph - Q\NO ~ eﬂzs — Phpq\ﬂna . Hzo + 28

Amidoximes have also been prepared by catalytic reduction
of nitrolic acids.za

NOH HO NOH

H { 7
g;c - (caa)n-c\ma H, ( Pt) ;9- (CHZ)“-C(N%
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D. ONIA ON X 1D
CHLORIDES | CHLOROXIMES
Hydroximic acid chlorides are formed by direct

chlorination of aldoximés. These compounds react

easily with ammonia to yield amidoximea.25’26
NOH e
It
Ph - C + NH C1
Ph - C + 2NH; ——> \ L
Ne1 . g
E, CT P OXY DOXIMES

Hydroximic acid chlorides alsoc react with hydroxy-

lamine to form oXyamidoximes, This reaction was used

by Ley and Ulrich27 to prepare benzoxyamidoxime,
NOH NOH
" i
Ph - C + NH,0F ——) Ph - C + HC1
\c1 \ NHOH

This compound is then reduced with sulphur dioxide to
the corregponding amidoxinme,

NOH NOH
Ph g 80, P g
- e
\naog — 7 \NHz
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F. ACTION OF HYDROXYLAMINE ON IMINOETHERS

This reaction was reported by P*inner28 and Loasen29

whe obtained benzamidoxime by treating ethyl iminobenzoate

with hydroxylamine,

NOH }}oa
I
Ph - C + NH,0§ ——3 Ph -C + C_H.0H
2 \ 275
No CyHg NH,

S8ince Lenzonitrile is the starting material for the
synthesis of the iminoether, this reaction is not a
practical method for the synthesis of amidoximes (compare
with the more direct method A).

G. ACTION OF HYDROXYLAMINE ON AMIDINE HYDROCHIORIDES

28

Pinner™ " prepared benzamidoxime by dreating benzami-

dine hydrochloride with hydroxylamine,

NH NOH
I I
-C NH,O0H =) -C C
Ph \Nﬁz.ml + NH, Ph N, * N, C1

This reaction has no practical interest since amidines
generally are obtained from nitriles, thioamides, or

iminoethers (compare with methods A, B and F).
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H, ACTIQN OF AMMONIA ON OXIMINOETHERS
When heated in a pressure bottle for 8 h at 1750,

an alcoholic sclution of ammonia and ethyl beénzhydroxamic

acid yields benzamidoximm}o
NOH NOH
If I
Ph - C + N, === Ph - C + OC,H.OH
\ 00235 3 \Nﬂe gl

This reaction has not found general application.

I, ACRION OF _FO E N DE: 3
According to C»onduche31 formgmidoxime reacts with
aromatic aldehydes, leading to an aldol condensation,

0 NOH NOH

l h 4

Ph - C\ + H - C\ —_ PhGHOIﬂ\
H NH, NH,

Mangelamidoxime is the only compound that has been

prepared by this method,

Je TION NIA ON GLYO E PEROXIDES
On treatment with ammonium hydroxide phenylglycoxime
peroxide yields an oximinoamidoxime.n"}u

NOH
Ph(C,N,0,)H NHE OH Ph—E-{g\NH
OH "2
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Another example is the reaction of dibenzoylgly-

oxime peroxide with ammonium hydroxide.35
Pnco-'c': ?-Co-Ph ——
\ ¥
N N __)‘L—_)
\ /
'y P
NOH
It
PhCO-({B‘-G\ + PhCOOH
Non o

Diamidoximes can be prepared by reactions analogous
to those described for the synthesis of monoamidoximes.
The most usual synthesis is still the Tiemann method
(dinitrile plus hydroxylamine), Highest yields are
cbtained if free hydroxylamine in butanol is used. ?
This procedure also facilitates the isolation of the
product, With high molecular weight dinitriles an excess
of hydroxylamine is needed to obtain good yields,

Polymers containing the amidoxime function have
been obtained dy Schouteden37"39 by treating a polyacry-
Initrile of low molecular weight with slight excess of

hydroxylamine,
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1 - —
r - e GHCH oy memee
G HCH e + NHOH — { 5 0211
j CW ‘ + Xl
b n \\NHE
- -nn

SYNTHESIS ~AND REACTIONS OF NN-DISUBSTITUTED AMINOXIMES

In the present investigatiom NN-disubstltuted
monoamidoximes were prepared by reacting S-alkyl
guaternary salts of NN-disubstituted thisamides with
hydroxylamine hydrochloride, The process involved the
addition of the quaternary sclt to a solution of
hydroxylamine hydrochloride and excess sodium acetate
in water. On gentle shaking of the resulting solution,
the corresponding agmidoxime precipitated immediately as
a colourless crystalline compound. The two Ni-disubati-
tuted amidoximes derived from quaternary salts ( see
Table 1) were g-4'-morpholincbenzaldoxine (XXXIV) and
a-dimethylaminobenzaldoxime (XXXV),

NOH

7N_E YD
—/ O\

X1V




Thiosalicylmorpholide methiodide (XX) gave no
amidoximeé when treated with hydroxflamine hydrochloride
in the presence of excess sodium acetate.

The amidoxime (XXXIV) did not appear to react
with Pehling's solution even after prolonged boiling.
The mixitupe of the amidoxime (XXXIV) and 90% formic
acid which was boiled for 21 h yielded no solid
product while the compound (XXXIV) also did not show

any appreciable reaction on treatment with aniline,
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TARLE 1: NOH 1
i R
R-C - zﬂmm
Al IDOXI.DS
wl 4 -.u . |ionECULAR ANALYS HM. 9 q!am:m_o:w R. SPEC _ﬂ,zmqoﬂ | en™)
w %Hg * u.m -mun HQOE_MCH?P H < ﬁﬁ%ﬁmjﬂhl& I.IT e-lw . _l hl—
! -m. C H N {A sh(nw){€ sh
ol - . - T ciratfe: — w e me o e ————— . ——
T 3 ]
e _ _ 6l .1 6.9 13.4 3280m, 2920vs, 1620m,
Ph 75 $29-122° Cy 48y, M50, (AL.1)](6.8)1(13.6)) 263 2700 }1600w, 11208, 970s,
T ~ -jomu ﬂoomc
H. - - . sm s le @ wom = o a2 W ee sowm - |ﬂ. - e e s =2 a e v A wew N e — - —
_ f “ ! “ ] | . “ : )
: '3 : : : 1 6549 ! 74 4 17.0 ¢ ” +32L0m, 2920vs, 1620r, !
{ PhiMe!Me | 66  1121-123% CgHypN0 ” {255 12300/ :
| o . : (65.9)1(7.3): (17.1); 111008, 970s, 780s, 700s
__!ILI:M SR S | R DTS M AR DN INUU SO DU

* FOUND VALUES ABOVE, REQUIRED VALUES 1IN BRACKETS BELOW.
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SYNTHESIS AND REACTIONS OF QUATERNARY CYANIDES

AND _CYANOAMIDES

Treatment of the guaternary salts with potassium
cyanide solution in water at room temperature yielded
novel guaternary cyanidea: Thus G-methylthio-q=l'-
morpholinobenzyl cyanide(XXXVI), p-chloro-G-methylthio-
a-l~-morpholinobenzyl cyanide(XXXVII), G-methylthio-a-
dimethylaminobenzyl cyanide(XXXVIII), 1-methylthio-1-
(' =morpholino)ethyl cyamide(XXXIX), 1-methylthio=1-
(4'morpholino)-2-phenylethyl cyanide(XL) and @-methylthio-
a-dimethylaminomethyl cyanide(XLI) (see Table 2) Were
made from the corresponding S-alkyl quaternary salts,
On treatment of thiosalicylmorpholide methiodide (XX)
with potassium cyanide solution a reddish solid compound

was obtained which decomposed readily on exposure to air,

CN

CN

-/ 0\ L/ 0\
4 C~— Cc1 / \ C-N
O Dan,

3
XXVI KXVIT
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CN

C
7 N\ ! Al b/ 0\
S0H; - R
XXXVIII XXXTX

/N S, ro e
) CHy- C = N HeOCa=N
. L. Lc \GH3
Hy Hy

XL LI

Working under similar conditiones Stanafieldho
synthesised p-dimethylamino-a-l'-morpholino-t-isopropyl-
thiobenzyl cyanide(XLII) by treating p-dimethylamino-l-
a-isopropylthiobenzylidenemorpholinium iodide with

potassium cyanide solution (see Table 2).



27
(0333 1
| \\w
TABLE 2: R-C.TnN
* ~R?
CYANTDES 5CH;
i . e B —— == L
2 | ; _ MOLBCWLAR] AwaALYSTS | UpV. SPEC, |T, R, FEC.
R {YIELD| XK. P. B. P. ESTIANOL ' NUJQL |
g ! FORMULA ¥ - - I
m | c 3 N sh(nn){e sh
EPR Se— isaiens | evem ] . e
_ : m “ . 62.8 | 6.4 | 11.2 2920vs, 222(
'
[ =4 v g ﬁ
Ph _ 99 _ﬂ._...\_mow - Cy3Hyglp08] | 255 _L_ooo 1600vw, 112
“ | ' :mm 8_? mv_ﬂj.mu 1040s, 870v:
. _ “ , Ovs, 710
._l.i!t - .!..T. | e i 1_. m } e s s mene e -w; - L...P‘.o,
: ‘ { 1 : H 5 64.0 : 6.8 | 13.4 } ) L | 2920vs, 222(
' Ph ‘Me 1Me : 99 + 0% ¢ - ¢ G H, N,Si ” : 1255 12100 ;1600ww, U2
: ! " 3 : " H :E.:;m.mxcm.% : ﬂmoqm. 700v:
et e st bt e i sl o - . sty et s - —n | ——— ey S— — v . ool ”| L”.|I.-|..... . - .I.i-...' =
! 4. X : - ! N | 461 | 7.9 + 21.0 . | .mwmof. 222¢
: ' (o} " ' . - \ w m
_ H ' Me (Me | L6 | - (102™"15mm , omméozmm { | " : Nil “zh_. 1680vs, 11
: . ” | L Em 2) i (7.7)1(21.5) i 10L0s, 630s,
.rn._.....w..:..l ﬂ Il.....{.r.l....»l _..i..r _ - lnl . i....!...“.- R p— +
+ L ) _ _ 63.9 J ﬂ 13.2 ! mwmo<m- 222
= = S : : | b 16108, 1150,
AN i TI Lo '68-69° _ - 1Cy7HseN Om_ ; , - - :moqm__ 100(
Ne 7 : M { \ C17125%3 | 950s, 838Cs,
. _ . ﬁ?.ov? .8)1 (13.2)] | gt
I -:LEL-:..._:.::_: R S A S S B

ABOVE,

* POUND VALUES
5Y R, 7,

+ PREPARED 0¥ T/ SFIELD;

REQUIRED VALUES TII
METHYLITHIO~GROUP

BRACKETS BELOW,

DEING REPLACED

BY

ISOPR OPYLTHIO~LROL
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The quatefnary cyanide (XXXVIII) which was here
ocbtained as a colouriéss crystalline compound has been
clalimed to have been synthesised by Mukaiyama and his

Q
co-Worker Ei-T

as a liguid substance,

The reaction of thioscetmorpholide methiodide{XXIII)
with potassium cyanide solution not only gave the
quaternary cyanide(¥XXIX) but also the cyanoamide,
2-cyano-2,4'—morpholinopropionamnide (XLIII). 1In the
sane way the quaternary cyanide(XL) and 2-~cyano=2,4'.-
morpholino-3~phenylpropionamide(XLIV) were obtained from
the reaction of phenylthiocacetmorpholide methiodide
(XXII) with potassium cyanide solution., The reaction
- of thicacetdimethylamide methiodide with potassium
ceyanide solution gielded only the cyanocamide, Z2ecyano-
ondimethylaninopropionamide (XLV) (see Tsble 3); the
expected guaternary cyanide (XLVI) was not obtained,

co NH,,

ONH,
C'"I—(E—N/“X’ < )—-CH-C-—N

XLITT XLIV



30

CONH CN
2 Gl | g
CHy = C = N{ CHy - C = N3
| CHgy Lc * CHs
CN Hy
XLV XLVI

The quaternary cyanide@{XXVI) underwent acid
hydrolysis producing ethyl benzoate(XLVII),

2
CN
XXXVI XLVIT

This quaternary cyanide also showed very slight
indication of base hydrolysis.



TABLE 3: _ R
R -G -nx"
CYANOAN IDES * S p2
CN
Illla’.l—l ' - .:.‘I.Il.'
4 5 MOTECULAR] ANALYSTIS
R R R® | YIELD %} M. P. -1
¥ ORMULAR C = N
Ai_rl ) 52.4 | 7.1 | 22.7
Me ! 38 159-160"| CoH, N0
= skl 87137321 (52.5)] (7.1) | (23.0)
AII %. PR PE—— -— - o
@.ﬁ - ! O. mr.-m @om .—m.N
4 4 11 204=205"{C,, H, -N=0
5 [ . WH7372 64.,9)| (6.6) |(16.3)
. s SR JE—
. 5.0 7.9 | 29.8
Me Me Me 21 1L49-151 ommddzuo
(51.1)}(7.8)1(29.8)
¢ FOUND VALUES ABOVE, REQUIRED VALUES IN BRACKETS BELOW,

fa s msamw ——

I. R. SPEC. [NUJOLJen™

1

.

3400vs, 3200vs, 2920vs,
2220w, 17008, 1600m,
1120vs, 10208, 8%0s, 700s

R A

-—— -

e mw e ——

3400 - 3160ve, 2920ve,
2220w, 1700vs, 4600m,
1120vs, 1020m, 890m, 700m

j

33808, 3200m, 2220vw,
1630vs, 1600w, 1130m,
1100w, 980m, 845m.
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On treatment with nickel-aluminium alloy the
quaternary cyanide (XXXVI) was degraded to a-l4'-rorpho-
linophenylacetamide (XLVIII) which gave a yellow
picrate (XLIX) with saturated alcoholic picric acid
soclution, 7The elementgl analytical figures for the

picrate were consistent with its formula as represented

by XLIX,
CN ONH
/N & M =-A, /N oy
g - . aq NaOH >
CH3
XXV XLVIIT

OH
NO
cl:orrﬂ2 O N 2
CH -N — ¢, gi, g¥50g
XLVIII Op XLIX

The quaternary cyanide(XL) was caused to react with
potassiun cyanide solution producing the cyanoamide(XLIV)

at room temperature,
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©£H2—G - ? aq KCN -9@ CHQ-T-N
SCHy

AL LIV

The attempted reaction of the cyanide (XXXVI) with
benzonitirile, hydroxylamine hydrochloride, urea,
O-nitrobenzaldehyde, acetonitrile, or iodomethane
yielded no pure product. Boiling the quaternary
cyanide (CXVI) with toluene gave unchanged starting
material, while apparently there was no reaction
between the cyanide(XL) and sodium azide,

Unlike the amide(XLVIII), the cyanoamides(XLIII),
(XLIV) and (XLV) formed no picrates with saturated
alecoholic picric acid solution., The cyanocamide (XLIV)
did not appear to give any reaction with hydroxylamine

hydrochloride.

ATTEMPTED - ONS__WIT: U
SALTS

All efforts to caumse the quaternary salt(XVIII)
to react with either potassium thiocyanate or

Chloramine - T proved abortive, while the attempted



reaction of this salt with mercuric cyanide yielded
a yellow compound which appeared to be a méercuric salt,
1-Methyl-l~methylthiopyridinium iodide (L), =2
vinylogue of previous quaternary salts, did not appear
to give any reaction when treated with either hydroxi-
lamine hydrochloride or potassium cyanige€.
The isothiuronium salt, SNN'-trimethyl-NN'-dipheny-
lthiurnium iodide (LI) could not be caused to react

with potassium cyanide solution at room temperature,

NZ

I ®
GH} IG




DISCUBSION

THE WI'LGERODT -~ KINDLER REACTION

The successful synthesis of thiosalicylmorpholide
(XIII) in good yield from salicylaldehyde, a rather
complex compound because of the presence of a hydroxyl
group in its molecular constitution, is an indication
that the Willgerodt - Kindler procedure is of very
general scope and will indeed he applicable to a variety

of compounds,

SYNTHESIS AND RECACTIONS OF NN-DISUBSTITUTED
AMTDOX IMES

The reaction of quaternary salts with hydroxylamine
hydrochloride is of considerable utility fon the
preparation of NN-disubstituted amidoximes., The reaction
occurs at room temperature and the amidoximes are
ocbtained in goed yields.

It is reported that some aromatic amidoximes have
been made by the reaction of hydroxylamine hydrochloride

19-22

on thicanides. The literation of hydroxylauine

35



36

from its hydrochloride is effected by agueous sodium
carbonate, The thicamide is introcuduced and ethanol
is added until the miXture becomes clear., The solution
is then hented under reflux for a few hours,

Theoretically it may seem as if the preparation of
amidoximes from quaternary salts is more time - consuming
than the procedure which involves the use of thiocamides,
This in practice is not true. The conversion of rost
thicamides into quaternary salts usually comes to
completion in about 10 min, while the reaction of the
quaternary salts with hydroxylamine hydrochloride takes
place most readily at room temperature to produce the
amidoximes. On the other hand, the synthesis of amido-
ximes from thiocoamides entails heating under reflux,

The former method has a wider scopeé and its faster rate
of reaction is an added advantage over the latter
procedure,

No amidoxime was formed from treating thiosali=
cylmorpholide methiodide (XX) with hydroxylamine
hydrochloride in the presencec of sodium acetate; this
might be due to the presence of the hydroXxyl group
in the guaternary salt which endows it with acidic
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character, thus preventing any apparent reaction from
occurring under these conditions,

The use of sodium acetate in the synthesis of
amidoximes from quaternary salts was necessary to
liberate hydroxylamine from ite hydrochloride., The
omission of sodium acetate prevented the formation of
amidoximes. A mild acidic medium (pH 6) appeared to
be the optimunm.

The mechanism of this synthesis from Qquaternary
salts can Lbe illustrated with the preparation of the
compound (ITLXIV).

H —NOH
| A “\(
- l
630313
4
é
- NOH
/ T
7\ t_N/ \

XXXIV
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Although Tiemann recognised that amidoximes uay
be in two tautomeric forms, the twe NN-disubstiiunted
anidoxines (COLIV) and (XXXV) from thiobenzomorphiolide
methiodide (XVIII) and thiocbenzodimethylamide
methiodide (¥XI) respectively do not exhibit tautomcrism
as there is no hydrogen directly attached to the
nitrogen of the amino - group. The compound (NXXIV)
did not undergo any change in configuration under
thermal influence as the i.r., spectrum of the melt did
not differ from that of the original compound,

The amidoxime (XXXIV) yielded nothing substantial
with 904 fomic acid even after heating the mixXture
under reflux for 21 h, It was thought that a Beckmann
rearranrencnt would take place as does wWith some
oximes under similar reaction conditions. The addition
of sodium chloride to the sclution {ormed, failed to
eause tihe scparation of any derivative,.

Aniline did not appear to react with the anidoxime
(XLXIV), this is not surprising as it has been reported
that aniline reacts directly on only acetamidoxime and
formanidoxine hydrochloride forming the corresponding

N-gubstituted amidoxime at 80 - 90o with the evolution
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of lim:ucania...i‘vI b2 The compound (XXXIV) has a disubstitu=
ted amino - group and this indeed explains why no reace’

tion occurred,

The amidoximes (XXXIV) and (XXXV) gave shoulders
and not peaks in the u.v. region, the fomer, for
example, giving a shoulder at A sh 263 nm (€ gh 2700)

in ethanol (see Fig. 1).

SYNTHESIS _AND REACTIONS OF QUATERNARY CYANIDES
AND _CYA;QAMIDES

The procedure employed for the synthesis of

quaternary cyanides from S-alkyl quaternary salts of
Nll-dji subsiituted thioamides 1is céertainly a general one.

10 have reported

Mukaiyama and his collaborators
the preparation of Q-methylthio-a-dimethylaminobenzyl
epanide (CCXVIII) as a liquid (b. p. 93 - 94%/2mm) in
6L yield by refluxing a mixture of thiobenzodimethyle
amide methiodide (XXI) ond potassium cyanide in dry
benzene., This particular guaternary cyanide was obtained
as a colourless crystalline solid (m.p.hoo) at room

temperature in 99% yield by merely adding thiobenzo-
dimethylamide methiodide (XXI) to a solution of
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potassium c¢yanide in water. The relative egse with
which the synthesis was carried out coupled with high
yield giyes this method a pride of place when compared
with Mukaiyama and his co-workers' procedure,

Previous investigated reactions of S-alkyl quater-
nary salts of NN-disubstituted thioamides involved the
elimination of either the alkythio- or the disubstituted
amino - group., The synthesis of quaternary cyanides
with retention of both groups is almost unique and this
suggests that these compounds may have peculiar
structures,

The quaternary cyanides were found to be stable
compounds, The solid product obtained when thiosali-
cylmorpholide methiodide (XX) was treated with potassium
cyanide solution decomposed readily on exposure to air,
The instability could be explained on the basis of
liability to oxidation conferred on the product, which
appeared to possess some features of a quaternary
cyanide, by the hydroxyl group present in the molecule,
One striking thing common to all the solid cyanides is
that they melted at low temperatures,
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fhe liguid quaternary cyanide (XXXIX) from
thicacetmorpholide methiodide (XXII) decomposed when
distilled iy vacuo at 142°/50mm. The n.m.r. specirum
of' the distillate differed considerably from that of
the original cyanide (QCCLIX). |

In the »resent investigation, it was observaed that
if the salt used had a methyl or benzyl group attached
to the quaternary carbon atom, treatment with aqueouvs
potassiwn cyanide at room temperature gave both the

quaternary cyanide and the cyanoamide,
CcN

/111 l /R1
R = C.=.N RwCwN +
i ® Np? NS + QQ.LEG_N_) \ N\ r?
olods scH
S 3
CONH
2 9
|
R C m"Rz
| \R
cy

rR = lie or PhCE*Iz; RL R2 = alkyl or N!‘.’R‘I R2 = morpholino] P

Thus, as mentioned earlier, the reaction of

phenylihioacetmorpholide methiodide (XXII) with
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potassium cyanide solution at room temperature produced
the gquaternary cyanide (XL) and the cyanoamide (XLIV),
Both products were probably not produced simultaneously
since the treatment of the cyanide (XL) with potassiunm
tyanide solution under similar reaction conditions

yield a solid substance whose i,r. spectrum was identical

with that of the cyanoamide (XLIV).

\ 0
PHCH, - C_=_N + CNy PhCH, = C = N +
2 éb 5 9 24.KCN, 2 "
Hy © SCH,
XXIT X1,

CN YOl

Y | r/ ~ e} '
PECH, - CI: - 1~.\ 0 + aguJONy PhCH, - ? - N
SGH3 CN

e LIV
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Similarly the gquaternary cyanide (XXXIX) from
thioacetmorpholide methiodide (XXIII) was hydrolysed
to the cysnoamide (XLIII).

CN Co
AN . m@ N
CHy - ? - h\. 7 ag KC ;a GH3 ? /
SC!I:,s o CN
XXXIX XLIII

The reaction of thiocacetdimethylamide methiocdide
with potassium cyanide solution yielded only the
cyancamide (XLV), This could mean that as the quaternary
cyanide (XLVI) was being produced, it was all rapidly
hydrolysed to the cyanoamide (XLV).

CH : :
: " . cE
- s cl:r&; NeH cN|c c v, ’
i ~0 w ;
LY
XLVI
Cont, G
..J: -/
CcH
CN o

XLv



The rate of cyanohydrolysis of the cyanide (XXXIX)

to the cyanoamide (XLIII) was faster than that ol {he
cyanide (X.) to the cyanoamide (XLIV). That of the
quaternary cyanide (MLVI) to the cyancamide (XLV)

was mucly faster thmm either of the two cases meéntioned
ahove; there was complete cyvanohydrolysis of this
coapounc to the cyanoamide,

I'he hydrolysis of these guaternary cyanides to the
cyanoanides under such mild conditions was surpriscin:.
Less steric hindrance might he aaong the factors
resporsinhle for this unusual hydrolysis of the quater-
nary cywides. On grounds of steric hindrance com)ound
(XLI) fron thioformdimethylamidec methiodide ((XIV)
wonld he expected to undergo cyanohydrolysis most readily;
this was not the case and an explanation for this conrld
he the possilility of this compound existing predomi-
nantly in o neutral tautomeric form,

T'he usual hydrolysis of nitriles to amides entails
more drastic condit.it::m:a."‘o Por example, in the
hydrolysis of benzyl cyanide to an amide the solvtion
of the nitrile in concentrated sulphuric acid is l:ept

at 30 - 900 for 5 min, then poured into cold water.,
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The mechanism which accounts for the very ready
cyanohydrolysis of the quaternary cyanides to cyano-
amides seems very much open and in need of definitive
investicgation. It is not unlikely that the siructure
of the quaternary cyanides may facilitate the hydrolysis
reaction among other factors. The quaternary cyanides
(LIT) could be partially ionised existing in the resonan
hybrid forms (LIII), (LIV), (LV) and (LVI) shown below,

C=N 1 C=N
| yf\_’./R (=] |
R-CG=N_ 5, — CiHy 8 |[R-C , &y

ﬁ‘ \R l I R

IJUH} J \RQ
LII LIII

, @ @ O
C =N C =N C ‘.-E/‘J
) |~

| R - U i _R

LIV LV LVI

R2 = alkyl or NNR1R2 =

[R = i, alkyl or aryl; R'
mnrpholino].
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The fact that the quaternary cyanides might exist
in several hybrid forms explains why they are stable
compounds. In the cyanides (LII; R = Me or PhCH,)
inductive effect enhances the chances of losing tle
alkylthio - group and in the resonance hybrid (LV)
cyanohydrolysis to the cyancamide can be effected with
an a=lactan (LVII) being produced as an intermediate.

The mechanism is pestulated schematically as follows:

@ 0H
C =N \c=E/ﬁH@
l/_/ o |/ e
ol aP* oH, ?;1“01; -
N 5 P
R R
Ly Tl
0“*(':-NH
R-b/R1
|
s
N 2
LVII
H-0-0C = NH
N | O\G NH
R- C = GN [~ =4
e > R-c-oy
N2 i R
N
N o2



L7

#lternatively, thec mechanism of the cyanohydrolysis
reaction a.pears explainable by steric factors -nd
neishbouring group participation., Tt seems that in the
process the cyanide group of the quaternary cyanide is
hydrolysed to the amido-group, while the methylthio-

group is lost.

C=zN C=g
R-Ce<N R -« C'N D
He0-0C=%NH
H -C =N/, U| R!
R
R-J}-N\{g et R"?'N\RQ =)
R
1 by
CH
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The acid hydrolysis of the quaternary cyanide
(XOWI) giving ethyl benzoate (XLVII) ean only be
explained on grounds of decarbonylation. The cymnide
group io alcoholysed to the ethoxycarbomyl group,
while both the methylthio- and the morpholino - groups
are hydrolysed to the carbonyl group. With subsecuent
elinination of a carbon monoxide molecule from the

a=keto ester formed, e¢thyl benzoate (XLVII) is produced.

Ch 2Tg
/ r/- b + C,H 0H,H01 — / \UUQG
TXIVT . %

) il e
/ 0\002}15

ALVIT

With nickel - aluminium alloy in sodium hydroxide
solvtion the quaternary cyanide (XAXVI) was degraded
to the amide (XLVIII) isolated as its picrate. During
the nrocess of degradation the cyanide group is probably
hydrolysed to the amido - group; the postulated mechanism

for this reaction is schematically represented as shown

below:
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a )
o H-0 =N
./ \-}é
Ph -C = N Ni_-Aly, Ph-CH-N -
| NaOH
JC'IB
AAVI
: i
1% c = ¥
@°~C = 1H 5 |
é i Ph - CH - N -
Ph - CH - 1
0=C - NH
|
Ph - Ci{ -« N
AVIII

3ince sodium azide solution is alkaline like

potassium cyanide solution, it was thought that the
forner would effeect the hydrolysis of the eyamide (Z41.)
to the azidoamide (LVIII) in a manner analogous %0

the reaction of this quaternary cyanide with potassium
cyanide solution resulting in the formation of the
cyanoanide (XLIV). Thc exvected gzidoamide (LVIII)
was not obtained when ithe compound (XI.) was treated

with scdium azide solution.



B liJN
/ \ GE—IQ -C -N
_— |
SGHB
7L
7 N
CN
7\ ‘ —
CH, = C = N + aq Nalyg -
= I
SCH5
XL

LVITI

The attempted reaction of the quaternary
eyanide (XAXVI) with acetonitrile yielded a compound

whose i.r. spectrum was identical with that of the
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starting material; this tends to suggest that this
quaternary cyanide does not exist as a 1,3-dipole since
acetonitrile is known to participate in 1,3-dipolar
addition reactions, It should, however, be mentioned
that acetomitrile is not a good 1,3-dipolarophile and
s0 the possibility of the cyanide (XXXVI) existing as
a 1,3=dipole cannot be ruled out,

A characteric feature of the quaternary cyanides
was the lack of strong i.r. absorption due to the
cyanide group between 2300 and 2000 cm"1. All the
guatcrnary cyanides, for example, compound (XXVII)
from L~chlorothiobenzomorpholide methiodide (XIX)

(see Pig. 2) gave very weak absoeption at 2220 en™! as
Nujol mulls or liquid films,

10 have reported

Mukaiyama and his collaborators
that the quaternary cyanide (XXXVIII) from thioheénzo-
dimethylamide methiodide (XXI) which they obtained as
a liquid (this compound was obtained as a solid in the
course oi' the present investigation) gave a cyanide

group absorption at 2300 cm"1; they however, did not

elaborate on the band intensity.
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The absence of a strong absorption due to the
cysmide group between 2300 and 2000 em™! was not a
surprise for Kitson and Griffi'bhl‘d'L have found that there
1s a marked variation in intensity of wvarious types of
nitriles, the band varying from very strong to undetec-
table, Jesson and ThOmpsonu5 have also shown that the
cyanide greoup band intensity appears to be more suscep-
tible than its freguency to structural influences and
other factors. Bellamy,u6 however, feels that low
intensitics are not easy te explain in simple chemical
terms, and says that the most likely eXplanation is
probably due to interaction effects, which are too
snall to have much influence on the freguency but,
nevertheless, produce significant changes in intensities,

The intensity due to carbon-nitrogen triple bond
stretehing vibration is variable; it is generally
strong bui 1s loweradby clectron - withdrawing groups.uT
However, these quaternary cyanides have electron -
donating pgroups.

The present author strongly shares the same Opihibh

with Bellamy and suggests that an intramolecular

interaction may occur in each quaternary cyanide
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involving the alkylthio - and the cyahide grovps: the
gulphur oi' the alkylthio = group supplying e¢lectrons
as it wer»e to the elsctron - deficient carbvon of the
cyanide giroun. Thig situntion arises as a result of
the movenent of electrons to the nitrogen end of
the cyanide group; the nitropen therelore bears a
nepative chrrge while the carbon of the cyanide group
beconcs positively charged.
Thus the quaternary cyanides (I.II) may be assigned
an alternative cyclic dipolar structure (LIX).
a1l e b
Nsc\‘ut‘{;-N(Rg' ) ._N=o\—\c": - v 2
. 53(33713,1 L 503{3
e SRR LIX
In the necutral form (LII) the guaternary cysnides are
expected wo give absorption in the i.r. region between
2300 =ad 2000 cm—1 dueé to carbou-nitrogen triple bond
while in the cyclic dipolar form (LIX) they shomld give
gbsorption that can be assigned to carbon-nitrogen
double bond streteching vibration. It should be mentioned

that these cyanides as represénted by the cyclic
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resoinance hybrid (LV) may possibly give i.r. absorption
due to carbon - nitrogen dovblc bond.

In Tact all the guaternary cyanides gave weak
absorption at 2220 em~! due to the cyanide group and
also bLetwecen 1680 and 1580 cm"1 due to carbon-nitrogen
double bond streteching vibration. The form in which
each quaternary cyanide exists predominantly may be
explained on the basis of the band inteénsity due o
either carbon - nitrogen triple bend or carbon - nitroger
double hond,

Thus for the quaternary cyanide (XLI) from thio-
forndincthylamide methiodide (XXIV) which gave a very
weak absorntion at 2220 cm-1 and a very strong onc at
1680 cm"q, the equilibrium is likely to be morc towards
the cyclic dipolar form (I.IX). In the case of the
cyanide (XXXVII) from 4-chlorothiocbenzomorpholide
me thiodide (XIX) which gave a very weak absorption at
2220 cm  and also a very weak one at 1580 cm-1, the
equilibrivm will 1lie between the acyclic and the
cyclic dipolar forms (LII) and (LIX) respectively.

Prom the i.r. spectra of all the guaternary cyanides

it couvld be said that in no case does equilibrium lie
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mainly to the acyclic form (LII). This suggests that
the cyclic Torm (LIX) is 1likely to be predominant,

The cyanoamides (¥7III) and (XLIV) from thioacdt-
morpholide methiodide (XXIII) and phenylthiocacet—
morpholide methiodide (XXII) respectively gave weak
absorntion due to the cyanide group at 2220 cm-1, while
the cyanoanide (XI.V) from thioacetdimethylamide methio-
dide gave a very weak absorption at the same frequency.
By contrast the i.r. spectrum of cyanoacetamide showed
a stron. band due to the carbon - nitrogen triplc bond
at 2250 en” .

The gquaternary cyanides except XLI from thiof orn-
dimethylamide methiodide (XXIV) gave u,v. absorption,
Those of them which absorbed in the u,v, region gave
shoulders, the only exception being compound (XiXIX)
from thioacctmorpholide nethiodide (XIIII) which gave
a peak at A max 273nm (e max 250) in ethanol (see TMig,3
and 4)., T e ability of the quaternary cyanides to give
u.ve. absorption, while acetonitrile did not, suggests
that the iormer possess structures which favour u.v,.
absorption, or more importantly that they are dipolar

compomds, The fact that these compounds gave u,v,
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absorption helps indeed to strengthen the case for
their existence as cyclic dipolar compounds (LIX).

The gquaternary cyanide (XLI) from thioformdimethyl-
amide methiodide (XXIV) did not give u.v. absorption
in ethanol; only end abgsorption vas shown, This cyanide
like th< others might be expected to exist in the cyeclic
dipolar form. In fact from its i.r. absorption it was
earlier postulated that it would exist predominantly in
this form, However, the hydrogen which is attached
directly to the gquaternary carbon atom may migrate as
a proton to the negatively charged nitrogen giving rise
to a tautomeric form (LX) with tetravalent sulphur and
which is not dipolar., This cyclic neutral form may be
predominant in this case instead of the cyclic dipolar
one, and this would explain why this particular

quaternary cyanide did not give u.v. absorption.

N=C t!: N/CH3 (z? c rlJ’\N"'cH3
- C’ | \053 o ie’/ \CH3 €
- 33H3 ‘ﬁllﬂs
XLI
CH
Hi =C -C - N 2

AW \CH3

SCH3
LX
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lluch as the several resonance hybrids of the
quaternary cyanides discussed earlier, can account for
the u,v, absorption since they are dipolar species,
they, however, do not appear to give the explanation
for the lack of u,v, absorption of compound (XLI)
from thio.ormdimethylamide methiodide (X{IV),

Benzenc has u.v. absorption at A max 255 nm; the
quaternary cyanides (ZXXVI), (XAXVII) and (XLXVIII)
from thiobenzomorpholide methiodide (XVIII),
L4~chlorothiobenzomorpholide methiodide (XIX) ana
thiobenzodimethylamnide methiodide (ZXI) respectively
also absorbed at A sh 255 nm in ethanol., That the u.v,
absorption by these compounds was not due to benzene
was ectablished by their molar extincticn coefficients
ranging from 1000 - 2100 while that due to benzene in
cyclohexane is only 230. The cyanides (XXXIX) from
thioacetmorpholide methiodide (XXIII), and (XI) from
phenylthicacetmorpholide methiodide (XXII) gave u,v.
absorption at A max 273 nm (e max 250) and A sh 2380nnm
(¢ sh 1600) respectively. The u,v. absorption of each
quaternary cyanide may be assigned to an n - [I*

transition, this being the least energetic transition,
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I.ike cyanoacetamide, the cyanoamides made from
quatemeary salts did not give any u.v. absorption,
Probably no intramolecular interaction does occur in
tlem; this means that they do not exist as dipolar
conpounds, which explains the lack of u.,v. absoroition,

The n.m,r, spectra of the quaternary cyanides
provides interesting features, particularly with regard
to the worpholino-substituent. TFor those cases in
which the gquaternary carbon atom has an aromatic substi-
tuent as in compounds (XXKVI), (XVII) and (XLII)
from thiobenzomerpholide methiodide (XVIII), L-chloro-
thiobenzomorpholide methiodide (XIX) and p-dimetiyle—
amino=l—a~isopropythiobénzylidenemorpholinium iodide
respeciively, the methylene protons next to nitrogen
show a complex pattern of ten symmetrical peaks centred
at 62,6 (see Fig., 5). For alkyl-substituted quaternary
cyanides (X{XIX) from thioacetmorpholide methiodide
(XXI11) and (XL) from phenylthioacetmorpholide methiodide
(XX11), these protons show a simpler pattern sinilar to
the methylenes next to the oxygen atom (see Fig. 5).

Spin decoupling experiments in the former case

showed that the spectra could be simplified to more
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easily understandable patterns (see Fig.,7). Irradiation
of the 62.6 multiplet caused the 83,6 triplet to
collapse to a singlet, suggesting that all four protons
adjacent to the oxygen atom had the same chemical shift,
The collapsed signal wassdlightly displaced from the
position of the triplet, This could be explained by
the Lloch - Siegert e:['fer:.*t,,l"'8 which depends on the
gseparation of the resonances (the larger the separation
of resonances the amaller the effect) and on the scuare
of the power used, The effect is normally small, for
example, about 0.1Hz for a line decoupling a coupling
constant of 5Hz’ 100Hz away, but the Blech-Siegert
effect increases with use of increased decoupling power,
On the other hand, irradiation of the 63,6 signal
simplified the 62,6 signal to an AB guartet (J 11Hz).
The coupling canstant in this case is of the order of
magnitude expected for geminal coupling, and this
result suggests that the two protons of each methylene
next to the nitrogen atom are non-equivalent, These
results raise two major questions, First, why do the
me thylene groups adjacent to nitrogen behave differently
from those néxt to oxygen in the case of aryl-substituted

cyanides? Secondaly, why do alkyl substituents on the
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A fundamcntal factor which is at work in the se
compounds might be the ring current which, taken
topether with conformational rigidity would cause
the *Im »rotons to have dif ferent chemical shift from
the Hn vrotons. In the compund (XL) from phenyl thio-
acetmorpholide methiodide (XXII), although a phenyl
group is present, it is farther removed from thcse
protons, and is freer to rotate than the phenyl
substitvent in the cyanide (XXXVI) from thiobenzo-
morpholide methiodide (XVIII), and this differcnce iight
be sufficient to cause the observed effect, since the
influence of ring currents depends on direction and
di stance.,

In support o this, it is interesting to note that
the patterms due to thc protons IIm and fIn are sligatly
more complicated in the compound (XL) from phenyl-
thioacetmorpholide methiodide (XXII) than the eguivalent
protons in the qQuaternary cyanide (XXXIX) from
thioacetmorpholide methiodide (XAITI) (see Fige. 6 and
10). A test of this hypotheois could be carried out
by preparing the compound (XXXVI) with differcnt
substituents such as GH30, NO2 and so on at the

para position of the aromatic ring. These para



p—
-
-
—
-
-
=
-

e L SR




62

substituents, while not cavaing major steric chanies,
should sufficiently affect the size of the ring current
to effect noticeable degree of complication of methylene
signals next to nitrogen,

The mass spectrum of the S-alkyl quaternary
cyanide (XIXVI) from thiobenzomorpholide methiodide
(XVIII) showed no parent peak; the peak at M/E 201,1083
(m-czgs) was significant (see Table J). The case with
which the alkylthio - group is lost offers the nccessary
explanation far the absence of a parent peak; it is
this ready loss of the group that pives rise to the
earlier postulated several dipolar resonance hybrids

of this class of novel compounds,
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TABLE 4: MASS SPECTRAL
M/M ABUNDANCE | FRAGUENT LOST
U1.0357 Y429 G40y 4108
L2,0343 2 .60 CyqHy i 0
L, 0266 2,60 o;;m;wzmm
“ L5.0343 2439 “ Q._._m._.ar.mm
| 50.0158 2,39 | CgHy, 1,08
51,0224 7,48 Cq 317508
54,0329 173 QAQmAmaom
m 56,0498 5¢89 CAOuﬂomom
“ 63,0226 ! 1.73 u Cgtly 31,08
| 77,0376} 3.70  CoH,; 17,08
L 79.0550 1 1,29 | C5HgN,08
{ 8L.0U58 | 1.29 Coly 1S
m 86,0604 . 1,29 Cyligh®
89,0380 } 4.79 _ CgEy 4 N 08
91.0552 _ 6498 CgHgl,08
} 103,0432 m 3,26 CgHoN0
! 103,0560 1.29 CgH5N,0

|

M/B ABUNDAIICE
104,0501 6454
105.0723 2.8
114 ,0371 1451
115.0427 2.60
| 116.,0493 .35
m 117.0579 3,26

121,0118 3470

130,0653 18,32
p 133.0091 2.50
i 142,0536 1 3.52
P 147.0133 ] 1,07
¢ 157.0763 %  1.07
P 162.0370) 6,75
{ 170.0967 | 1.2
_ 154.0976 2.6
) 201.1033 100
|

- ———

DATA FOR a-METHYLTHIO-c-4'-MORPHOLINOBEITZYL CYANIDE (XXXVI)
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TABLE 4: MASS SPECTRAL DATA FOR a-METHYLTHIO-a-4'-MORFHOLINOBEI'ZYL CYANIDE (XXXVI)

MM ABUNDANCE | FRAGUENT LOST M/B ABUNDAICE | FRAGMENT LOST
41,0357 1,29 Cy oy 41,08 104.0501 6454 CgH, M08
L2,0343 2«60 CyqHy 51708 105.,0723 2,82 ommuzmo

| 4l ,0266 2,60 Cy 47y o158 14,0371 1651 CgHgNO

| L5.0343 2,39 ) Oy 4H,N,8 . 115,0427 2,60 CgH,NO

i 13 - ax =

| 50,0158 2.39 omwin_ﬂwom 116.,0493 h._..mm owh.rozom

_ 51,0224 “ 3,48 Cofly 571508 | 117.0579 3.26 | CgH NO |

“ 54,0329 1.73 C, oy 2108 121.0118 3.70 Cglig 4N,0

m 56,0498 5¢89 Cy oH4 o108 w 130,0653 18,32 C), HgNOS

| mu.ommm, .75 § amwammom ._ 133.0091 2450 ﬁommGgmom

| 77.0376 ) 3,70} CgH;4T,08 A ! 142.0536 | 3¢52 w o:mﬂoom .

i 79.0550 1 1,29 | C4igN,08 : . 47,0133 ] 1,07 | CgHy O “

| 8L.0U58 | 1.29 | CgHyls w { 157.0763} 1,07 : C3H,08 |

. 86,0604 , 1.29 | nmmmzm | ' 162,0370 ) 6,76 | C),HgNO )
89.0380 ) 4.79 “ Cgily 4 M08 M m 170.0967 m 1429 CH), 108 m
91,0552 6498 CgHglp08 ' _ 194.0976 2.60 C, N0 _

103.,0432 |  3.26 _ CgH, N0 \ ) 201.1033| 100 | CHzS
! G s




EXPERIMENTAL

Elemental microanalysis and molecular weight
determination by the Rast method were performed by the
Scandinavian Microanalytical Laboratories, Denmark,
Melting points were determined with a Galleénkamp
melting point apparatus and the Kofler hot stage
microscope and are uncorrected. The nuclear magnetic
resonance spectra were obtained with a Varian T-50
instrument using solution containing TMS as an internal
standard, Infrared measurements were made with a
Unicam 8P,1200 Grating Spectrophotometer, The
ultraviolet spectra were obtained with a Unican
8P.800P instrument, The mass spectrum was done by
I, C., I. Pharmaceutical Division, Cheshire, England,
while refractive index measurements were made with
Abbe '60' refractometer,

Acetone (AR) was dried with tolueéne-p-sulphonyl
chloride and redistilled. All other chemicals were of

high onality.

el
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Thicbenzomorpholide (X1):- Morpholine (52.08; 1.5 nol)
and benzaldehyde (42,5g; 1.0 mol) were added at the same
time to sulphur (19.2g; 1.5 atoms). An exothermic
reaction occurred with separation of two layers.
The mixture was heated under peflux for 3 h on a steam
bath. Drring the reaction a dark brown oil resulted
which sometimes solidified. The dark brown liquid was
poured into boiling ethanol (95%; 800 ml). The solution
was filtered from a iittle sulphur, and allowed to cool
in a refrigerator. The beautiful yellow needles of
thicbhenzonorpholide were filtered off next day and dried
yacug (72.1g; 87%); mep.135 - 1350(11t.8 135 - 136°);
v max (Nujol) 2920 vs (C-H stretch), 1110 vs (~Ci,00H,~
of morpholino- group), 8708, 760vs, 7008 em™.

In the same way the following NN-disubstituted
thoanides were made; the starting materials, reaction
times and yields being given parenthﬁtically in order:
L=Chlorothiobenzonerpholide (X11):~ (L4-Chlorobenzal-
dehydes 10 h; 72%); yellow erystals, from ethanol;
mep.133-134°.

Phenylthiocacetmorpholide (XV):- (Acetophenone; 17 hj
82%); light yellow crystals, from ethanol; m.p.?6-77°.
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Thiosalicylmorpholide (XIII):- (Salicylaldehyde; 3 h,
79%); dark yellow crystals; from ethanol and driecd at
80°/17mn for 1% h; m.p.165-167°; v max (Nujol) 31LOm
(free 0H), 2920vs (C-H stretch), 1600m (C=C streich),
1110vs (-cagocﬂa- of morpholino-group), 1030vs,

760ve en™; 5(CDC13) 7.1 (m, 54, Cghy OH), 4.0(m, 81,
morpholino-group) ; G(GDCJ.3 + D20) 4,67 (s, 1H, DOH)
[Found: c, 59,0; H, 6.0; N, 6.1 011H13N02$ requires
C, 59.2; 4, 5.8; N, 6.4%].

Thiobenzodimethylamide (XIV):- Benzaldchyde (21,2g;
0.2 mol) was added all at once to a 25 - 30% w/v

solution of dimethyalmine in water (108 ml; 0.6 mol),
On shaking with an electric shaker some heat was
produced and the mixture became warm; and it was cooled
in ice, After shaking overnight in a closed flask, the
mixture was poured into a separatory funnel and the
upper layer of the aminal was separated and dried
(Nazsoh) (31.,10g). Its n.m.r. spectrum (neat liquid)
agreed with the aminal structure: §7.20 (s, 5H,
aromatic), %.38 (s, 1H, methine group), 2.10 (s, 12H,
four nethyl groups). The aminal which remained on the

sodium sulshate was recovered by washing the sodium
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sulphate with dimethylformamide (10 ml). Precipitated
sulphur (9.6g; 0.3. atom) and p-toluenesulphonic acid
(0.4g) werc added to the aminal in a 250 ml flaslk.

No reaction occurred in the cold, but on heating on a
steam bath under reflux the mixture rapidly became

dark brown and a gas with ammoniacal odour (MeQNH) was
rapidly evolved, The gas evolution was complete in

5 min and some frothing occurred, After heating for

30 min under reflux on a steam bath, the mixture was
cooled in ice and water (140 ml) was added, thus preci-
pitating an o0il, On ice-cooling, shaking and seeding,
the oil solidified as yellow granules, which were
filtered off, washed and dried (42.04g). The product
was recrystallised from boiling light petrclenm
(80-100°; 750 m1). ©On cooling and seeding, the oil
which first separated golidified. The yellow crystals
of thiobenzodimethylamide were crushed, filtered off
and dried in vacuo (2L.33g; 84.4%); m.p.35-36.

Thioacetmorpholide (XVI):- Acetmorpholide (20g;
0.155 mol) in carbon disulphide (100 ml) was added in
portions to phosphorus pentasulphide (3L.43g; 0,33 mol)

and the mixture was gently shaken and occasionally
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cooled in jce, After all the acetmorpholide in carbon
disulphide had been added, the mixture was stirred
magnetically for 3h and then boiled under refluX on a
steam bath for 3h, The mixture was cooled in ice;

warm water (300 ml) was added to decompose the phosphorus
compounds and the mixture was set aside overnight.

There was effervescence which persisted for a long time,
The product was extracted four times with chlorofoirm
(total 600 ml) and the chloroform layer was dried
(Na280h). The solvent was evaporated in vacuo leaving
an 0il which solidified on cooling. The crude thioacet-
morpholide was dried in vacuo (22.46g; 99.9%) and
recrystallised from absolute alcohol (99/100%) (charcoal)
giving colourless rods (12.68g): m.p.89-90° (lit.a 89°) s
v max (Nujol) 2920vs (C-H stretch), 1120vs (<CH,0CH,=

of morpholino-group), 1000vs, 870s, 830m, 600vs cm-1.

Thioformdimethylamide (XVII):- Dry dimethylformamide
(14.6g; 0.2 mol) dissolved in carbon disulphide (30 ml)

was added down the reflux condenser to a suspension of
phosphorus pentasulphide (Lh4.l4g; 0.2 mol) in carbon
disulphide (80 ml) in a 250 ml round bottomed flask

provided with double surface reflux condenser,



Much heat was produced and the solution was boiled
under reflux for 2h; the solid cake of phosphorus
compounds being broken with a glass rod. The mixture
was cooled and water (100 ml) was added cautiously in
small portions. After shaking and standing for Lh the
product was filtered with suction through Celite
Hyflosupercel to remove suspended solid, the material
on the fimnel being washed several times with chloro-
form. The Tiltrate and washings were transferred

to a scparatory funnel and extracted three times with
chloroform (total 120 ml). The combined extracts were
washed twice with water (total 100 ml), dried (IIaESOh)
and the solvent was evaporated in _vacuo (residue
20.08i), Distilling the oil in vacuo gave the thio-
formdimethylamide, an alsmot colourless liquid (10.Lg;
5844%); bep.120/17mm. No other fraction was obtained,.

Thiobenzomorpholide methiodide (XVIII):- Thiobenzo-
morpholide (XI) (20.7g; 0.1 mol) was placed in a 25 ml

round bottomed flask with dry acetone (50 ml); iodo-
methane (L2.6g; 19.5 ml; 0.3 mol) was added, and Ghe
mixture was boiled under reflux on a steam bath Tor

10 min. The quaternary salt soon crystallised ont;
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after 10 min boiling most of the acetone and iodomethane

were removed by evaporation, Diethyl ether (100 nml)

was added to the remaining solid, which was then

filtered off., The yellow quatérnary salt was washed

with more cther and quickly dried in vacuo (31,0g;

89%) ; m.p.155-1560 (decomp, ) [lit..8 158 (decomp.)];

vV max (Nujol) 2920vs (C-H stretch), 1580m (C=C stretch),

1110vs (-CH,0CH,= of morpholino-group), 770vs

710m cm-1.
Usingz the same procedure the following S-alkyl

quaternary salts were prepared; the starting materialg,

reaction times and yields being given parenthetically

in order:

Thioacetnorpholide methiodide (XXITII):- (Thioacet-

morpholide; 30 min; 97.6%); yellow crystals; m.p.120-122°.

L-Chloroihiobenzomorpholide methiodide (XIX):-

(4=Chlorothicbenzomorpholide; 10 min; 70%); pale yellow

crystals; m.p.1h0—1h1°.

Thiobenzodimethylamide methiodide (XXI):- (Thiocbenzo-

dimethylamides; 3h; 95.2%); yellow crystals; m.o.135-136°

(deconp, ).
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Phenylthiocacetmorpholide methiodide (XXII):-
(Phenylthioacetmorpholide; 10 min; 74,3%); colourless

leaflets which turned light yellow on drying;
m.p.152-153°,

Thiogalicyvlmorpholide methiodide (XX):- (Thicsalicyle
morpholide; 10 min; 93%; yellow crystals, from dry
acetone twice and dried at 80°/30mm for 2h; m.p.150-
151° (decomp.); v max (Nujol) 31LOm (free OH), 2920vs
(C-H streteh), 1600 (C=C stretch), 1110vs (-Gli2003{2-

of morpholino-group), 770vs cm-1.

Thioformdimethylamide methjodjde (XXIV):~ (Thioform-

dimethylamide) (XVII) (5.94g; 0.066 mol) was treated
with a solution of iodomethane (28,4g; 0.2 mol) in dry
acetone (20 ml), The mixture became hot and the
product separated, first as an oil which suddenly
solidified (bumping). The mixture was heated on a
steam bath for 10 min, cooled and ether (60 ml) was
added, The colourless solid was filtered off, washed
quickly several times with ether and dried jin vacuo
(15.28g; 99.8%); m.p.119-120°,



72

Acetmorpholide:~ Acetic anhydride (75.6g; 70 ml;

0.74 mol) was added to morpholine (210.0g; 2.4 mol)

and the mixture was gently shaken, A highly exothermic
reaction occurred and the mixture was cooled in ice
overnight. Diethyl ether (500 ml) was added to the
colourlesgs morpholinium acetate formed and warmed

gently on a steam bath. The salt was filtered off,
washed with more ether (100 ml) and dried in vacuo
(112,2g). Light petroleum (40-60°; 700 ml) was added

to the filtrate and the oil which resulted was collected
using a separatory funnel, Benzene (50 ml) was added

to the oil and later the solvent was evaporated in_vacuo.
The o0il was distilled in vacuo and acetmorpholidc was
obtained as a colourless oil (61.58g; 64.4%):
b.p.160-162°/17mm; v max (1iquid film) 2920vs (C-H
stretch), 1640s (carbonyl group), 1120vs (-CH,OCH,=-

of morpholino - group), 1000vs, 850s Cm_1.

g-it'Morpholinobenzaldoxime (XXXIV):- A mixture of
godium acetate (80.0g;:; 1.025 mol) and hydroxylamine

hydrochloride (2,0g; 0.0285 mol) was dissolved in
water (150 ml), Thicbenzomorpholide methiodide (XVIII)

(4.0g; 00,0114 mol) was added to the clear solution; the
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quaternary salt dissolved while traces of sulphur were
réemoved by decanting the solution. The solution
on gentle shaking immediately produced some colourless
precipitate which was cooled in ice, then filtered off
and dried in yvacuo (1.76g). The crude amidoxime (XXXIV)
was reerystallised from ethanol (95%) and light petro-
leunm (80-1000) and dried at 80/17mm for 1h; 6(001h +
T™™8) 8,17 (8, 1H, 0OH), 7.33 (s, 5H, phenyl group),
3.5 (¢, 44, two methylene groups adjacent to oxygen of
morpholino-group) (J5Hz), 2.9 (t, 4H, two methylene
groups adjacent to nitrogen of morpholino - group)
(J54z),

In the same Way the following NN-disubstituted
monoanidoxime was made:
a=Dime thyl auinobenzaldoxime (XXAV):- Colourless
crystals, from ethanol (95%) and light petroleum
(80-100°) and dried at 80/17mm for 1h; 8(cC1,, + T8)
8.33 (s, H, 0M), 7.33 (s, 54, phenyl group), 2,63
(s, 64, two methyl groups).

Attenpted reaction of thiosalicylmorpholide methiodide
(XX} with hydroxylamine hydrochloride:- A miXture of

godium acctate (80.0g; 1.025 mol) and hydroxylamine
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hydrochloride (2.0g; 0.0285 mol) was diseclved in water
(150 m1). Thiosalicylmorpholide methiodide (XX)
(4.16g; 0.,0114 mol) was added to the clear solution;
the gquaternary salt dissolved while traces of sulphur
vere remncved by decanting the solution. The solutian
was shaken gently and cooled in ice overnight, but no
derivative separated, Saturated solution of picric
acid was added to the solution dropwise but there was

still no precipitate,

Attempted reaction of a-4'-morpholinobenzaldoxime
(ORIV) with aniline:- Aniline (1.0 ml) was added to

the anidoxime (XAXIV) (O.h4g; 0.0019 mol) and tre

mixturc Was refluxed under air condenser for 1h, The
dark liquid formed was cooled in a refrigerator for
48h, but nothing separated, A small amount of the
dark liguid was rubbed with light petroleum (80-100°),

but again no derivative separated,

Attempted reanction of a-U'-morpholinohenzaldoxime
LOCIV) with Fehling's golution:- Srall amount of the
amidoxime (CXIV) was added to a mixture of equal
volumes of Fehling's solutions A and B; the mixture

was boiled on a stean bath for about 30 min, but the
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deep blue solution remained unchanged.

Attennted reaction of g-l'-morpholincbenzaldoxine
(EIv) with formic acid:- PFormic acid (90%; 10 nl)

was added to the amidoxime (XXIV) (0.12g; 0,00058 mol)
and the nixture was boiled under reflux for 21h,

The solution was cooled in a refrigerator for 12h, but
no derivative separated, OSome sodium chloride was

added to the solution hut again there was no precipitate,

a=lethyl thio-a-L'-morpholinobenzyl cyanide (XXXVI):-
Thiobenzomorpholide methiodide (XVIII) (3.08;

0,0086 mol) was added to a solution of potassium
cyanide (9,0g; 0,1385 mol) in water (75 ml). The
solution quickly tumed turbid and an oily mase resultied
which later solidified, The nixture was left at room
temperature for 3h an' then cooled overnight in a
refrigcrator. The colourless guaternary cyanide (LCIVI)
was filtercd off, washed with water and dried in vacuo;
then recrystallised from e¢thanol (95%) and light
petroleun (80-100°) and dried at 56%/47mm for L5 ning
8(cC1, + ™€) 7.5 (m, 5H, phenyl group), 3.6 (t, L1,
two ne thylene groups adjacent to oxygen of morpholino-

group) J3Hz), 2.6 (m, 4H, two methylene groups
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ad jacent to nitrogen of morpholino-group), 1.97 (s,

34, methylthio-group); M.W.137,

The Tollowing gqguaternary cyanides were prepared

in the same way:

p=Chloro-g-methylthio-a-li-morpholincbenzyl cyanide

(XXXVII):~ Yellow crystals, from absolute alcohol

(99/100%) and 1light petroleum (80-100°) and dried in
¥acuo at room temperature for 3h; 8(CCl), + TMS) 7.5
(2@, 5H, phenyl group), 3.6 (t, 4H, two methylene
groups, adjacent to oXygen of morpholino-group)
(J3Hz), 2,6 (m, 4H, two methylene groups adjacent to
nitrogen of morpholino-group), 1.97 (s, 34, methylthio-
group) .

etl hio-a—dimethylaminobenzyl cyanide (XXXVIII):-
Colourless crystals, from light petroleum (80-1000)
(charcoal), ethanol (95%) and again light petroleum
(80-100°) and dried in_vacuo overnight at room tempera-
ture; §(CCl, + T™S) 7.5 (m, 5H, phenyl group), 2.37
(s, 6H, two methyl groups), 1.97 (8, 3H, methylthio-

group).,
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E-Dyg;gqggamino—a-u*-morpholgno—a:;SQQrOQgLEhigbcn;g;

i Rt o DR

cymide (XLIT):- p-Dimethylamino-l-a-Isopropylihio=
benzylidenemorpholinium iodide (1.h5g; 0.0035 riol)
was stirred at room tempcrature with a solution of
potassium cyanid (3.5g; 0.0554 mol) in water (20 ml)
for 1th, A pale yellow viscous 01l was gradually
formed,

The oil was extracted with diethyl ether (130 nl)
md the extract was washed three times with water,
dried (NaQSOh) and the solvent evaporated leaving a
pale ycllow oil,

Light petroleum (80-100%; 5 ml) was added and on
boiling the oil dissolved. The yelilow solutlion was
treated With charcoal and with aluminium oxide and
filtered twice. On cooling in a rcfrigerator 2 yellow
0oil separated which on rubbing and standing in a
refrigerator formed ycllow-white heavy crystals of the
guaternary cyanide (XLII). The product was filtered
off , washed twice with light potroleum (Lo-607), ana
dried in vacue at room temperature; 6(001u + TS)

7.5 (4, 28, aromatic, O - to Me,N) (781z), 6.5 (d, 2,

arematic, m = to Me,N) (J8Hz), 3.6 (t, Li, CHQOGHQ)
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(4d2), 2.99 (s, 6i, He,N), 2.7 (m, 53, CH,y-N-CH,
together with »CH-), 1.3 (4, 33, one of the CHz=C
groups) (J6Hz), 1.0 (d, 34, the other CHy-C group)
(76Hz).

1-Methylthio-1-dimethylaminomethyl cyanide (XLI):-
Thiof ormdimcthylamide methiodide (XXIV) (3.15g; 0.014

mol) was added to a solution of potassium cyanide
(13,583 0.208 mol) in water (115 ml). The solution
was shaken and cooled in a refrigerator for 2h, The oil
formed was cxtracted four times with chloroform (AR;
total 400 ml); the combined extracts were washed
twice with water (total 200 ml) and dricd (Ifay50)).
The solvent was evaporated in ygcuo (residue 3.093);
distilling the oil jin vacuo gave the quatcrnary
cyanide (XLI), an almost colourless liquid (0.82);
8(cCL, + MS) L.70 (s, 1H, 3C-H), 2.L0 (s, 6H, two
me thyl groups), 2.27 (s, 33, methylthio - group);
n85  1.4768.,

Preparation of 2-cyano=2,4'-morpholino-3-phenylpropion-

aaide (ALIV) and 1-methylthio=1-(L'-morpholing)-2-phenyl-
ethyl cyanide (X):- Phenylthioacetmorpholide mcthiodide

(12.48g; 0,034l mol) was added to a solution of potassium
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cyanide (36.0g; 0.5538 mol) in water (300 ml) and

the nmixture was stirred magnetically for 70h. The oil
which resulted was cooled in ice for 5h, but it did
not solidify. The oil was extracted four times with
dichloromethane (total!1} 1); the combined extracts
were washed twice with water (total 600 ml) and dried
(NaQSOh). The solvent was evaporated in vacuo; light
petroleunm (80—1000; 120 ml) was added to the sticky
oily substance which remained and the mixture was
boiled on a steam bath to remove tle stickiness.

The brownish crude product which was insoluble in light
petroleun (80-1000) was filtered off and dried in vacuo
(1.01g)e This was recrystallised twice from ethanol
(95%) and the colourless crystals of the Cyanoanide
(XLIV) obtained were dried at 80°/17mm for 13ih,

The filtrate obtained after filtering off the
crude cyanoamide, was evaporated in vacuo leaving an
0il which solidified when placed in the deep freeze
for 3 days. The light brown crude product was filtered
off and dried in vacuo (6.23g); then recrystallised
from light petroleum (80-100°) (charcoal) and the

colourless guaternary cyapide (XL) was filtered off



and driecd in vacuo at room temperature/17mm for 2l4h;
s(ccy,) 7.33 (s, 5, phenyl group), 3.7 (t, LH, two

methylene groups adjacent to oXygen of morpholino-

group) (J3Hz), (2H from -CH, an AB gquartet in which
only thrce peaks werec seen centred at 83,2, the fourth
peak being hidden under the complex multiplet centred
at §2.,9 for 4H of the two methylene groups adjacent to
nitrozen of morpholino-group) (J of the AB quartet
14Hz),

In the same way the following cyanoamide and
quaternary cyanide were made after stirring magnctice
11y the mixture of thioacetmorpholide methiodide (XXIII)
and potassium cyanide solution for 419h and cooling in

a refrigerator for 410hs

2-Cyano=24li' —morpholinopropionanide (XLIII):- Colourless
erystals, from benzene (charcoal) and dried at 80%/20mm

for 1h; 8(CDCly + THS) 7,27 (s, 1H, 03013), 6.50 (s,
2, 1H,), 3.8 (t, 4H, two methylens groups adjaccnt to
oxygen of morpholino-group) (J4Hz), 2.7 (m, LH, two
methylenc groups adjacent to nitrogen of morpholino-

group), 1.70 (s, 3H, methylthio - group),
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1-Methylthio-1-(4-morpholino)ethyl cyanide (XXXIX):-

Brownish yellow oil; o(cnc:.3 + ™8) 3,7 (triplet with

fine splittings, 4H, two methylene groups adjacent to
oxygen of morpholino - group) (J3Hz), 2.7 (triplet
with fine splittings, LH, two methylene groups adjacent
to nitrogen of morpholino - group) (J3Hz), 2.27 (s,

34, methylthic - group), 1.70 (s, 3H, methyl group).

0-2-dimeth ropionamide (XLV):~ Thioacet-
dimethylamide methiodide (5.88g; 0.024 mol) was added
to a solution of potassium cyanide (24.0g; 0.37 mol)
in water (200 ml); the mixture was stirred magnetically
for 3h, and then cooled overnight in a refrigerator,
The product was extracted four times with chloroform
(AR; total 500 ml); the combined extracts were Washed
twice with water (total 250 ml) and dried (Nay80) ).
The solvent was evaporated in vacuo; the oily maes
which resulted was rubbed with light petroleum (80-1000;
60 ml) and boiled on a steam bath to remove the
stickiness, The brownish crude product was filtered
of f, washed with cold light petroleum (80-100°) and
dried in vacuo (0.6g); then recrystallised from
absolute alcohol.(99/100%) and almost colourless
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erystals of the gyanoamide (XLV) were obtained and dried
at 80°/70mm for 13h; 8(CIC1ly + TM8) 7.27 (s, 11,

03013), 6.50 (bs, 2H, NH,), 2.40 (s, 6H, dimethylamino-
grovp), 1.67 (s, 3H, methyl group).

Acid hydrolysis of a-me¢thylthio-g-l'-morpholincbenzyl
gyanide XCIVI:~ The quaternary cyanide (XXXVI) (0.5g;

0.002 mol), ethanol (95%; 3 ml) and concentrated
hydrochloric acid (0.3 ml) were mixed together and
boiled under reflux for 2h on a steam bath, Immediately
there was a strong smell of mercaptan; lead acetate
paper Was turncd yellow by the mercaptan when placed
just above the condenger (the lead acetate paper lost
the yc¢llow colour when removed from the source of
mercaptan), When all the mercaptan had evolved the
reflux condenser was removed and thée mixture boiled to
evaporate the ethanol, After cooling in ice, water
(15 ml) wae added to the mixture, and the oil which
resulted vas extracted three times with diethyl cther
(total 15 m1l). The combined cxtracts were washed with
water (10 ml) and dried (Nazsou). The solvent vas
distillcd off leaving a colourless oll with a fruity
smell (0,3019g; 99.9%). The i.r. spectrum of the oil
wag identical with that of ethyl.benzoate (XLVII).
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Reaction of g-methylthio-a-l'-morpholinobenzyl
cyanide (XXXVI) with nickel - aluminium alloy:-

Bodium hydroxide solution (2N; 900 ml) was added to a

soluntion of the quaternary cyanide (XXXVI) (3.0¢3
0.0121 mol) in absolute alcohol (99/100%; 150 ml),
Nickel aluvminium alloy (50:503 12.0g) was added in
portions while the mixture was being stirred magnce-
tically at the reaction temperature of 30 - 35° for
18h. The reaction was exothermic, effervescence and
frothing being observed, The mixture was filterecd
through Celite Hyflosupercel; the nickel-aluminium

alloy was washed with absoluté alcohol (99/1000; 300 ml)
and the filtrate was extracted four times with dichloro-
methane (total 1 1). The combined extracts were washed
with water (300 ml) and dried (NaQBOh). The solvent

was evaporated in vacuo leaving some o0il, The oil was
cooled in ice, seeded, and light petroleum (4O - 60°)
was added and the product was triturated., The browm
crude product was filtered off, dried in vacuo (1.17g;
Lusi), then recrystallised twice from carbon tetrachloride
(AR) and the colourless crystals of the apide (XLVIII)
were filtercd of f and dried at 80°/18mm for 2h;

Mepe156 = 157°; Vv max (Nujol) 3uoom (NH free), 3160m



(171 bonded), 2920vs, (C-H streteh), 16808 (carbonyl
group), 1600w (N4 deformation), 1120vs (ASH2OCHQ-

of morwholine - group), 1010m, 880s, 710s, GLOvs cm_1;
{C1015) 7.53 (s, 5H, phenyl group), 7.03 (bs, 11, a
proton irom amido-group), 6,70 {(bs, 1H, the other

proton from amido~group), 3.9 {1, B, a proton attacihed
to the asymncetric carbon plus two methylene grouns
adjacent to oxygen of morpholino - group), 2.6 (%, 4il,
two nethylene groups adjacent to nitrogen of morpholingw

group) {(J3iz).

Reaction of a-l4'-morpholinophenylacetomide (XLVIIL)

with picric acid:- Absolute alcohol (99/100%; 0.6 nl)
was added to the amide (XLVIII) (0.71074g; 0.0005 i;01)

to dissolwve it with slight warming, Saturated alcoholic
picric acid solution (1% ml) was added and the udxiture
was set aside at room temperature for 26h mnd stratched
occasionally. The yellow plerate (XLIX) was filtercd
off, and dricd in yacug (0.16g; 73%). The crude
picrate was roecrystalliscd from absolute alcchol
(99/1005.), Filtered off and dried at 80°/20mm for 1h;
m.p.2h6 ~ 208%; v max (Nujol) 2920vs, 1700m, 1620,

1080m, 710m cm-1 [Found: G, 47.7; H, bJdy; X, 15,3,
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018?1191'!509 requires C, 48.1; H, 4.2; N, 15.5%].

Hydrolysis of 1-methylthio-1-(}'-morpholino)-2~phenyl-
ethyl cyanide ( E' ) with potasgium cyanide:- A solution
of potassium cyanide (L4,0g; 0,0615 mol) in water

(30 m1l) was added to a solution of the quaternary cyanide
(x1,) (1.0g; 0,0038 mol) in dioxan (AR; 1 ml), The
solution soon became turbid and an oil resulted.

The mixture was stirred magnetically for 9 days, The
0oil was extracted four timecs with dichloromethane
(total 800 ml) and the combined extracts were washed
twice with water (total 450 ml) and dried (Nazsou).

The solvent was evaporated in vacuo and some brownish
solid substance crystallised out; this was cooled in
ice, Light petroleum (80-100°; 100 ml) was added

to the product and the mixture was heated to boiling
on a steam bath., The crude product was filtered off,
washed with cold light petroleum (80-100°) and dricd in
yacuo (0.3g; 30.4%); then recrystallised from abgolute
aleohol (99/100%) filtered off and dricd in vacuo;
MePe0l = 2050. The i.r. spectrum of the colourless
product was identical with that of the cyanoamide (XLIV).
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The filtrate obtained after filtering off the solid
product, was evaporated in vacuo and the oil which
remained was cooled in the deep freeze for 5 days.

The solid product was filtered off and dried in vacuo;
its 1.r, spectrum was identical with that of the

quaternary cyanide (XL).

Attempted reaction of a-pmethylthio-a-li'-morpholing-
benzyd cyanide (OCIVI) with toluene:- Toluene (25 ml)
was added to the quaternary cyanide (XXXVI) (0.5¢;
0.002 mol) and the mixture was heated under reflux on
a steam bath for 2th., The solvent was evaporated jn
¥acug and on cooling the liquid (0.523g) which remained
erystals began to form, The mixtwe was rubbed with
light petroleum (40 - 60°%; 2 ml) and cooled in ice,

The crystals were filtered off and dried in vacuo
(0.hg). The i.r. spectrum of the product was identical
with that of the starting material,

Attempted reaction of G-methyl gh;g-g—g‘-mgl rpholino-

benzyl cyanide (OCXVI) with jodomethane:. Two drops of
iodomethane were added to a solution of the quatcrnary
cranide (XXXVI) in dry acetone, and the mixture was set

aside overnight in a stoppéred 5 ml conical flask.
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The solution remained clear; no derivative separated.

Attempted reaction of g-methylthio-a-li'-morpholino-

benzyl cyanide (OXVI) with benzgg;tr;;g':— The quater-
nary eyanide (XXxvI) (1.0g; 0.004 mol) was added to

benzonitrile (0.42g; 0.004 mol) and the mixture was
heated under reflux on a steam bath for 12h, The mixture
was coolced at room temperature for 1h and light petro-
leun (80 - 100%; 5 ml) was added. As colourlcss
crystals began to form the mixXture was cooled in ice,
The product was filtered off and dried in vacuo;
mepe74=75°; its i.r. spectrum did not differ from thot

of the quaternary cyanide (XXXVI).

Attempted reaction of a-methylthio—a-4'-morpholino-
benzyl cyvanide (XOXXVI) with hydroxylaminc hydrochloride:-

Water (LO ml) was added to a mixture of sodium acctate
(20,0g3; 0.244 mol) and hydroxylamine hydrochloride
(1.0 0,014 mol) and shaken, The quaternary cyanide
(xxv1) (0.5g¢; 0,002 mol) dissolved in terahydrofuran
(3 m1) was added to the clear solution. The mixture
which becaae turbid was stirred magnetically. Sone
colourless product precipitated after stirring for

30 min. The stirring was continucd for 2%h and the
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mixture was cooled in a refrigerator for 20 min.
The product was filtered off and dried jn vacuo; its
i.r, spectrum was similar to that of the starting

material,

Attempted rcaction of a-mcthylthio-G-l'-morpholino-
benzyl cysnide (XKAVI) with acetonitrile:- A mixture

of the quaternary cyanide (XXXVI) (0.5g; 0.002 mol) and
acetonitrile (5 ml) was heated under reflux for 3h,

The solvent was distillcd off and the oil which resulted
was cooled in a refrigerator overnight. The oil
golidified; the product was filtered off and dried

in vacuo (O.4lg); its 1.r. spectrum was identical with
that of the quaternary cyanide (XXXVI).

Attempted reaction of G-methylthio—g-d'-morpholinio-
benzyl cyanide (XXXVI) with urea:- The quaternary

eyanide (XOVI) (0.5g; 0.002 mol) was added to a solution
of urea (1.0g; 0.017 mol) in ethylene glycol (30 ml)

and the nixture was heated With stirring at 80 - 90°,

The purple solution was cooled in a refrigerator

overnight; no visible change was observed.
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Attempted base sis of G-me 0=G=l ' —morpho-
linobenzyl cyanide (XXXVI):- The quaternary cyanide
(XXxv1) (41.0g; 0.004 mol) was stirred magnetically with
a solution of potassium hydroxide (2.02; 0.036 mol)
in ethanol (95%; 20 ml) for 22h at room temperature,
Half oif the alcoholic solution was evaporated
in vacuo to remove the ethanol (95%) and water (10 nl)
was added, A brown oil resulted which on cooling and
rubbing partly crystallised. The somewhat sticky
solid was dried in vacuo. Its i.r. spectrum showed
presence of starting material but alsc some "amide"
might have been present (i.r. peaks at Ca V max 3400

1

and 3100 cm~ and carbonyl peak at Ca v max 1700 cm").

There was also a weak C=N peak at Cg VvV max 2200 cm-1.
The other half of the alcoholic solution was
allowed to stand at room temperature for 4 days.
A anall emount of crystals (large leaflets) had formed
and were filtered off and washed twice with a little
ice-cold ethanol and dried; V max 3400 - 3000vs (1i,),
2170vs (C=K), 1600s, 1L00s, 1070m, 8LOs, 710vs cu™ .
This compound contained nitrogen byt no sulphur

(Lassaizne's test)., It did not melt up to 260° and
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was probably a petassium salt since, on heating on a
spatuls it melted at a high temperature, then charred
and finally left a white residue. The compound Was

very soliuble in water,

Attempted reaction of 1-methylthio=1-(4'-merpholine)-

o-phenylethyl cyanide (X) with sodiunm agide:-

A solution of sodium azide (2.0g; 0.031 mol) in water
(10 m1) was added to o solution of the quaternary
eyanide (XL) (0.52g; 0.002 mol) in dioxan (AR; 0.6 ml),
An 0il »esulted and the mixture was stirred magnetically
for 62h., The oil was extrancted four times with
dichloronethane (total 500 ml); the combined extracts
were Washed with water (350 ml) and dried (Nagaoh).

The solvent was evaporated in _vacue leaving an oil.
Light petroleum (80 - 100°%; 10 m1) was added to she 0il;
the miXwure was bolled on a steam bath, then cooled

in iece mnd rubbed simultaneously. The oil did not
sollidily even after coeoling in the deep freeze i'or

L days; v max (Liquid film) 2920vs (C-H strcteh),
2220vw {CZ1T), 1640m, 1600vw, 1120vs (-CH200}12— of

morpholine-group), 700s em™ .
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Attempted reaction of 2-cyano-2,4'-morpholino-3-phenyl-
propionamide (XLIV) with hydroxylamine hydrochloride:-

The eyanocamide (XLIV) (0.202g; 0,00078 mol) was

added to a solution of sodium acetate (5.0g; 0,064 mol)
and hydroxylamine hydrochloride (0,2g; 0.0029 mol) in
water (10 ml), Dioxan (AR; 10 ml) was added to the
suspension and the mixture was stirred magnetically for
12h and cooled in a refrigerator overnight. The colour-
less solid product was filtered off and dried ip vacuo
(0,057g). The i,r. spectrum of the product was

similar to that of the starting material,

Attempted reaction of thiebenzgmorpholide methiodide

(XVI;I! with potassium thiogyanate:~ Thiobénzomorphow
lide methiodide (XVIII) (1.0g; 0.,0029 mol) was added to

a solution of potassium thiocyanate (3,0g; 0.03 mol)
in water (25 ml). The miXture was shaken gently and on
cooling In a refrigerator overnight the solution

turned turbid,
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Attempted reaction of SNN'-trimethyl-NN'-diphenylthiu-
ronium iodide (LI) with potassium cyanide:-
SNN' —Trime thyl-NN'-diphenylthiuronium iodide (LI)

(0.35g; 0.00088 mol) was added to a solution of
potassium cyanide (3.0g; 0.046 mol) in water (25 ml)
and the mixture was stirred magnetically overnight.

On cooling no derivative separated.

Attempted reaction of thiosalicylmorpholide methiodide (XX)
with potassium gyanide:- Thiosalicylmorpholide nethio=
dide (¥X) (4,20g; 0.0115 mol) was added to a solution

of potassium cyanide (12.0g; 0.185 mol) in water

(100 m1) and the miXxture was gently shaken,

Immediately some yellow sticky precipitate resulted,

The nixture was coocled in a refrigerator overnights

after cooling for 5 min someé reddish product mixed in
with the yellow precipitate was observed. The product
which completely turned red overnight was filtered off
and dried in vacuo (1.88g). The red product darkened

on exposure to air, The crude product was recrystallised
from 1ight petroleum (80 - 100°) (Charcoal) and again
from licht petroleum (80 - 100°) and dried in vacuo

at room tenmperature for 2h; m.p.89 - 90° (decomp.);
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vV max (Nujol) 3100vw (free OH), 2920vs (C-H stretch),
15808, 1110vs (-CH,0CH,- of morpholino - group),
10308, 850s, 7608 o™,

Attempted reaction of thiobenzomorpholide methiodide
II) with Chlor € — T:= Thiobeénzomorpholide

me thiodide (XVIII) (1,0g; 0.0029 mol) was added to a
solution of Chloramine-T (10.0g; 0.036 mol) in water
(75 m1). Some dark precipitate (probably due to the
presence of iodine) resulted, A few drops of saturated
gsodium thiosulphate solution were added; the brownish

solution became colourless while the dark precipitate

remained.
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