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S . ABSTRACT

wa

Reactiané of gmaternary salfs’of NN-~disubstituted
thioamides havé been studied. Treatment of the amidiniwnm
salt (14) with sone nucleophiles gave novel compounds,

2 strange rearrangenent reaction being observed with
potassium thiocyanate. BRI O

The action of reducing agents on a-dialkylamino-
G-methylthiceyanides was investlgated, The methylthiow
group of cyanide (25a) was, surprisingly reduced o
hydrogen by prinary 2liphatic mono- and di-omines; wita
morpholine an intriguing rearrangement occurred.

The mechanism of "eyanohydrolysis” of conpound (25z)
to {26¢) which we previously reported wag currently
estrblished by 130 N.n.r, spectrescopy; and desulphuri-
sation of some qge-methylthioccyanides with meihyl iodide
wes achteved. . !

Some novel éompounas ﬁefe isolated from reaction

of the dithiocarbamidium salt (42) with nucleophiles.

-



CHAPTER OND

INTRODUCTION



PREBARATION  OF. . NN-DISJBSTITUTED _THIOAYIDES AND
S-ALKYL, _ QUATERNARY _ SLATS

N-Disubstituted thioamides(1) are readily synthe-
1-8

9

gised by the Willgerodt-Kindler reaction or Prom

tihie amides with phosphorus pentasulphide. The former
resction' ° entails the heatin, of a ketone, an
aldehyde, or sometimes an alcohol with approxinately
equimolar amounts of sulphur andi a dry amine. Generally,
a secondary aliphatic emine, but sometimes a primary
amine or even anhydrous ammonia is used,

In this investipation, HN-disubstituted thiocamides(1)
haveg alse been made by & method which is essentially
8 modification of the Willgerodt-Ilindler nrocedure:
boliling a mixture of an aldehyie, a secondary amine

salt and sulphur in the presence of anhydrous sodlum

Ll

acetate in dry pyridine. 4
R
~
R~-C-N
u “\RE
8
| 1
R : e R1, Rz, op NR1R2
a CgHg- " morpholino
b g—Cl.CSHh- D moypholino

c 06H5- . h R1 = R2 = Me
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GH3—'i'
Q-10.CgHy ~
Clg~ . -
He
R—(CH3)2N.C6HA-
(CHS)QCH-
(033)20§~

morpholino
norpholino

morpholino

R1 = R2 = Mg

R = R® = e
morpholino
morpholinec
merpholino

Ix‘..'t = R2 = Me

The corregponding S-alkyl guaternary salts{2) were

outained in hirh yields by treating NY.disubstituted

thiocamides(1) with simple alkyl halides.

organic salts are known t¢ be reactive compounds.

r}

/ _
R“C.Fﬁq\2 e
1.3 R

g 2
B
Gyt
p~C1.CgH, -
C s~
G-

I
T
CE

El;gixmﬁguﬂ@lﬁg

moxp holino

morpholino

1 2

R =R = Me

morphelino

8,10a,11

These

Me
Me
Me
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e C6H5GH2~ . morpholino Me
£ g-HO.CgHy - . morpholino .. Me

CH5" S o R1 = R2 = Me - - Me

. o 1 2 S

He o oo R' = R® = Me T e
i p-(Cdz),M.Cgify~ morpholino . Me
J p-GH50.0gH, - morpholino .  le
& (Cily),Cii- morpholino ... e
1 (0i5),08- o R =RPame Me
m Q—(CH3)2N.C6HA- morpholinoe Me,Cil

The quaternary compournds react additively with many
nucl eophiles often in aqueous solution at room temperature.
Buch reactions usually result in the elimination of the
alkylthiow group in an alkaline medium or may lead to
the elimination of the disubstituted amino-~ group in
acidic medium. The reaction of thiohenzomorpholide
methiodide(2a) with semicarbazide is typical and
illustrative, ) ) P

On reacting the quaternaryﬁéélt (2a) with
semicarbazide hydrochloride in aqueous ethanol, Chabrier
and Renard12 ocbtained 1-g-methythiobenzylidenesemicarbazide

(3), the morpholino- group being lost. On the other
hand, Peak and Stansfield8 showed that under alkaline

Lo
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conditi.nes eliminatidn'of‘methanethiol bccurréd instead
of morpholine to give 1-~a-morphelincbenzylidene-

semicarbazide(l).

- Aeidds meddun -
—_ ?':N:}) | - " ; -}IPhC:_N.I}iH:.GONHQ
U oaie 1® | Sue
| 2 | o HZN‘M.CON‘{2 - .I B .. G '1
28 : R
Alkaling neddunypnc.y, N,Co. MY,

| ~MeSH ‘
. :..#! | . ._ . I\Oj
Y Lt I H-

3 have demonstrated thot

Gompper and Elser
treatment wit h bases of S-alkyl quaternary salts(2) which
have hydrogen in the alpha position to the quaternary
carbon atom may cause the elimination of hydrogen halide
resulting in the formati on of ketene SN-acetals(5):

these szseprve as useful intermediates ard compounds

(53 Rl - ) give rise to :,,rnaunines(6).“Jr
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/C:Cir—l-.'\ BRul®s 0= N
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I:P. = alkyl or aryl; R1 = alkyl, arylor i
x -
R.,‘? = alkyl; F{3 = alkyl or I'TRBR" = morpholino].

REVIEW _OF _TiE_SYNTHETIC _APPLICATIONS OF TiE

- ..

QUATERNARY _SALTS OF _NN-DISUBSTITUTED THIOAWIDES

It was not until very recently that the chemistry

of S-alkyl quaternary salts(2) was extensively investi-
gated though study began about twenty five years--ago.
The reactions of the methiodide(2a) with semicarbazide
by Chabrier and Rena.rd.12 (1950) and Peak and Sta.nsfielclb
(1952) have been mentioned,

The latter authors also showed that this salt
cordensed with thiosemicarbaziae under acid or neutral
comiitions with, presumably, the intermediate formation
of compound(7) which, however, was too unstable for
igolation since it cyclised to 2-amino=5-phenyl-
143,4~thiadiazole(8) with the loss of methanethiol,



The gpontaneocus éybiiéatibn ﬁaé in contrast to the

behaviour of the oxygen analogue (3) which did not

eyelise,
B | fn“i; N — N
Pl‘l.? = NN, NH'CS'NHQ . Ph»-ll /l.IL—'NHz

loo

| _ _ .
} Thegse authors further found8 that under basic
conditions, for eXxample in agueous potaseium hydrogen
carbonate or in pyridine, preferably in the presence of

a strong base such as diethylamine or triethykaming,

the condensation of methiodide(2a) with thiosemicarbazide
took a different course and 1-g-morpholincbenzylidenethio-~
semicarbazide(9) was obtained, methanethiol being
eliminated instead of morpholine. This compound wag
soluble in dilute acids but was rapidly cyclised to
2-amino-5-phenyl-1, 3=4-thiadiazole(8)., It was much

morﬁ stable to alkali but was cyclised by long beiling

with aleoholic potassium hydroxide teo 3-mercapto-S-phenyle

1,2,l~-triazole(10),
PhczN.NH.cs.NHé' R -1\ A——

P L*HSH

ho

F i

b
-y
o



Ghabrie;.énd Henard12 observed that a solution of
the =lt (2a) in agueous emmonia soon deposited an oil
which later solidified and finally redissolved, the end
products heing benzamidine and morpholine hydriodide.
Pealr and StansfieldB examined this solid and found that
its properties were consistent with its formulaticn as
a pseudo-base (11) corresponding to the hypothetical
quaternary hydroxide(12)., The sibstance was almost

neutral but was reconverted by hydrovgen iodide into

the original salt{2a). S
R
o o wae s OH
+ <} |
PheCx=HN B (i === Ph«C=:
LT < PR 1€:>
SMle " _ . Se
12 _ e   | + 1

When boiled with agueocus ethanol it géve a mixture of
benzomorpholide and thicbenzomorpholide(da) which could
be formed by losg of either methanethiol or methanol
from the pseudo-base(4t),

Pealr and Stansfield8 also found that dithiocarboxylic
esters could be formed by treating the methiodides(2)
with hydrogen sulphide. The salt{2a) reacted readily

with hydrogen sulphide in pyridine or ethanol to give



methyl dithiobenzoate in good yield. The methiodides
(2d) and (2e) similarly gave methyl dithioacetate and

methyl phenyldithiocacetate respectively,

Ph - ¢ ?ééN _ H2% . Ph.Cs.SMe
e ™ bl
2a
Me - ? ?-N | *328 Me.CB.8Me
Me Ie 7
pas !

PR CH, - C - b H8 PhCH,.CS, 8Me

..'L,Mé ©  mE

12 have shown that in ethanol

Chabrier and Renard
the methiodide(2a) reacted with methylamine giving
NN'-dimethylbenzamidine, while diethylamine afforded

mainly thiobenzomorpholide(i1a) with some benzodiethylamide.

Me

=
Ph « C =_. Me. NH
SMe NHMe

2a

—



Ph-C-N } Et,M Ph - C - § b + Ph-C-1Et,
| o\ i I I h
SMe  § 8 0
28 1a

Peak and Stansfield,8 however, have demonstrated
that wder anhydrcus comditi ons the reaction with primary
and secondary amines proceeded differently. Thus the
salt(2a) reacted with aniline giving N-phenylbenz-
imidylmorpholinium iodide(13). With morpholine the

quaternary amidinium compound(1l;) was formed.

Ph - - ) + PRy = Ph-G=N.Ph.H]
D
wilhd -
2a
13

{5
Ph—?‘;él‘OIe-l-H]i} -Ph_c<’@ ©

BMe C:J

2a 14

— —

Much later, St.ansfield11 treated the quaternary

salt(2a) with hydrazine hydrate at room temperature and
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obtained an orange - coloured oll which quickly solidi-
fied to yield a mixture of bis{a-4'-morpholino-
benzylidene) hydrazine (15), the amidrazone (16) amd =

smoll amount of thicbenzomorpholide(ia).

o, = -0 | Ll '”
[:; \\] | \j] Ph.C=F.NH,
. N/ g ¥ _ N

Ph - C =N~ N = G - Ph 0 . - .

15

In 1965 Mukaiyama a}ad hig co-workers15

reacted
thiobenzodimethylamide methiodide(2c) with active
methylene compounds and with heavy metal salts., They also
treated it with sodium ethanethliolate in dry ether at

room temperature and obtained NN-dimethylbenzamide

ethylmethylmercaptal (17) in fairly good yield,

Ph - C - IMe., + Bt3Na
BN
e f:)

2¢

This graup found that diethyl g-dimethylamino—
benzylidenemal onate(18) was produced in 56% yield with

the eveolution of methanethiol when a suspension of the



ET

11

cuaternary gsalt(2c) ahd the mohosodium galt of diethyl

0
malonate in dry dioxane was stirred at 8 for 2h.

CO.Et —  Nle =
o | O &
y oor 2T Fe2 oot
Ph - (f - Ne, + NaCH _ |Ph - C - CH
:QD o ~ i 10
Sie © | COLBt Sie \mgl‘t}
2¢ T eSH
Me
_ 0O .3
w _.:1, Ph d— c -~ G\
: CO LB,
18

Similar results were obtained by treating
methiodide(2c) with the monosodium salts of other active
methylene compounds, such as ethyl acetoscetate, ethyl
cyancacetate, acetylacetone and nitromethane.

When g-phenylencdiamine was reacted with the
salt(2¢) at rosm temperature in ethancl, 2-phenylbensz-
imidazole(19) was isolated in high yield. In a similar
way , 2-phenylbenzoxazole(20) was prepared in good yield

by reaction between o-amincphenol and the methiodide(2c).
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N,
Ph - C -_N!.Ie
| --MeS o

_AH -
3'13 2 Me N‘-izl
2¢ 19
Ph - c - DMe “\/[ - MesH ? [@ /;-P‘t
- N
St-{e Me
2¢ =

Yamaguchi and his co—workars16 reported that the
treatment of the salts(2) with Crignard reagents gave

carbonyl compounds after hydrolysis.

3
. R .
R-0C-n" ROMgX, R c|: " -!Ei)
TS 3R P L Nge
SMe I@ Me
21
R.CQ.R3

For example, when thioformomorpholide methiodide was
reacted with phenylmagnesium branide, benzaldehyde was
obtained in 80% yield.



Ph

, i
H-0 o X P Ememn, 6-0-1F O poy
| J ("I...:J =3 ) ‘ orar. )
e 1 . SMNe 80%-_)

Similarly, reaction of thichenzomorpholide methiodide(2a)
with phenylmagnesium bromide gave benzophenone in g7%
yield; other aldehydes and ketones were also obtained
(55 - 57% yielda). o R

Same of tile compounds (21) were isolated as oils,
for example compound (21; R = H; NR'RZ = morpholine;

3

R = Me?CH), which on heating in benzene gave the

enamine (22).

CHMe o .
H -~ (lj - ;) ffe‘ﬂfz‘c?ﬁe‘) Mezc:CHﬂﬁ ;‘ + MeSH
Qe

Boiling thicformomorpholide methiodide with benzylmagnesivm

chloride in benzene produced compound (23) in poor yield.

AN

) )
H-C - Ph CH, #gll_ PhCH=CH-{ p
| 7o o 2
Sl e I Bengene 0%
- 25% =
We have recently treated the S-alkyl quaternary
salts(2) with other nucleophiles. '0° Thus NN-disubstitus:’

amidoximes(24) were obtained from the action of
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hydroxyammonium chloride on compounds (2a) ard (2c¢c) in
presgence ol excegs sodium acetate in aqueous solution

at room temperature, methanethio being evolved,

R
R~C - H/
| \~R2
HNOH
2l
R R' 2%, or M'R?
i 66}15- morpholino
b Csﬂs"‘ R1 = R2 = Me

On reacting most of the salts(2) with agueous
potassi um cyanide at room temperature, we obtained

S-alkyl quaternary cymideB(EE)-mc

compounds which showed
unusal retention of both the alkylthio- and disubstituted
amino- groups. In the present investigation, however,
three new quaternary cyanides (25; g, h, and i) were

prepared using the general procedure deacribed above,

('JN /R1
RulC = N\

| 2

e R



B 2LE% onm'R?
a Gﬁ3— .“;_9 - morpholino -
b CglCHy " morpholina
e Ciz= R = R? = Me

The quaternary cyanides(25; R = alkyl) have been

shown °® 4o be the precursors of the cyanocamides(&6),

e.c. treatment of tle eyanide (25e) with aqueous

potasgium cyanide at room temperature gave the corres-

ponding cyanoamide(26b), ey

cN CONH,,

Y o, - & - 3
PhOH, - cl: - g_%o%g‘;g) PHCH, - l -

SMe B )

Recently the synthesis of 1,5-dihydro=1,2,3,4-thia
(SIV} triazoles(Q?) in high yields from the quaternary

salts of Ni-disubstituted thiocamides and sodium azide

1
wag reported by Mathew and Stanlisld. 7

RS N\g | N
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léi = aryl or alkyl; R2 = alkyl; R3 = Ru

3pM = morpholinol.

= alkyl or
MR



CHAPTER TWO

RESULTS AND DISCUSSION
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JHE WITLGERODT-IIINDLER REACTION

We *lave previously reported10f the synthesis of

thiogalicylmorpholide (1f) in good yield from .
galicylaldehyde, an indication that the ‘Willgerodt-Ilindler
procedure is of general scope, N S N
In the present investigation;.thioiabbutyrumcrphnlide
(11z) was made in 78% yield by reacting iscbutyraldehyde,
sulphur and morpholine under the Willgercodt-Findler
conditiong, despite steric hindrance. The success of
the synthesia of this thioamide further establishee the
wide applicability of this synthetic procedure.. .
Thiolisobutyrodimethylamide (11) was obtained in
71% yteld when a mixture of isobutyraldehyde, sulphur,
dimethylammonium chloride, and anhydrous aodium acetste

wag bolled in dry pyridine, a modification of the

Willgerodt~Kindler procedure. &
TR S

ABR _ SPECTRA OF NN-DISUBSTITUTED TdAIO0AUIDES
The n.m.r. spectra of NN-disubstituted thioamides (1)
show interesting features, particularly in connection

L

with the N~substituents, = "
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The two methyl substituents of the dimethylamino-
group in thiobenzo- (1¢) ard thioiscbutyro- ”
dimethylamide (11) are non-equivalent; the former show
multiplets at 63,0 and 3.6 (Fig, 1) whilst the latter
give singlets at 3.40 and 3.50 (rig. 2). -

It is well-~known that n.m.r. spectra of
NN-di substituted amides and thicamides exhibit separate
Blgnals for the groups gis- and trang- to the oxygen
or gsulphur atom. _ O aae

Rotation about the carbon-nitrogen bond of an
amide (28)19 is hirdered by participation in the ground
state of the limiting structures (29), though in the
cage of a substituted benzamide, a resonance contribu~-
tion (30) reduces the C=N character amd therefore the
rotation threshold.

9 C 1
R R
R - cl-i&f: “~—> R-C= Gz?f\/
o 2
28 o 22 39

Thioamides show greater resistance to free rotation
than amides. The non-equivalence of the two methyl
groups of thiodimethylamides (1c) and (11) is therefore

understandable.



mb

€M<
O

™o

i
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frucht et Q;EO have shown that in general for

-

IiN~di substituted amnides in arcmatic solvents the signals
associated with the N-substitvents Lrang- to the carbonyl
oxygen are upfield. HNo generalisation was made regarding
the sirnal positions in non-aromatic solvents. Althau; n
the N.m.rs spectra of thicamides (1ec) and (11) were

run in deuteriochloroform, it is, nevertheless,
conceivable to agsign the downfield signal to the
li-methyl group gis- to the thiocarbenyl sulphur mainly

on grounds of inductive effect.

The signals due to the morpholino- group of
thiobehzo~ (1a) and thioisobutyro- morpholide (1k) are
interesting, The morpholino- group of thicamide (1a)
is represented by two triplets at 8L.4 and 3.8 (each
2H4) and a singlet at 3.60 (4d) (Fig. 3)., The fact
that the four methylene groups are non-eguivalent is
not surprising since the real structure of thiobenzo-
morpholide is not (1a) but a hybrid which includes
contributions from the other canonical forms (31) and
(32). Restricted rotation about the carbon-nitrogen
bond explains the non-egquivalence of the four

methylene groups.,
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the Nemethylene gis- to the thiocearbonyl sulphur, the.
multiplet 7t 3.8 ig probaply due to a triplet ond

ginglet which have merged,

POIPARATION AND REACTIONS OF  AMIDINIUM__ SALTS

-y =y Lot i A S, gl . g M

In this study the amidiniuvm salt (m)8 was prepared
In high yicld by heating o mixture of thicbenzomorphelide

methiodide (2a) and morpholine.

Ph-C:,Pi} + HID -%—} Ph“??fg@]:e

KRt o8 ;

Reaction of salt (14) with agueous potassium
cyanide ot room temperature gove guantitotively

aa-dimorpholincbenzyl cyanide (33).

| . ‘: w, - o
Ph-?fé? g;;%l}[,_ Ph-(%‘,_@
Ei) ?fﬂ' E: R fi Eﬁ] R

R o A ) 5:
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This expected product was characterised by it s spectral
properties and elemental analysis. Its fairly high
melting point (160°) and slight sclubility in ether
sugegest that it has aprreciable ionic character.

A characteristic feature of campound (33) was
the absence of cyanide group absorption between 2300
and 2000 cm"1 (Fig. 5). This was not a surprise consi-
dering the reports about the i.r, absorption of this
group. Vitson and Grifi‘ith21 have found that there is
a marked variation in absorption intensity of various
types of nitriles, varying from very strong to undetec-
table., Jesson and Thompson22 have also shown that
the cyanide band intensi ty appears to be more susceptible
than its frequency to structural influences and other
factors,. Bellamy,z3 however, states that low intensities
are not easy to0 explain in simple chemical terms, and
are probably due to interaction effects, which are too
small to have much influence on the freguency but,
produce significant changes in intensities.

The intenei ty due to C=N atretching is variable;
it is generally astrong but is lowered by electron -
withd rawi ng groupa.zh However, compound (33) has

electron-donating groups.



a

We share the opinion of Jegson and Thompaon22 and
suggest that the absence of 1.r, cyanide absorotion by
compound (33) may be due largely to structural influences.

The nem.r. spectrum of cyanide (33) was simple
(Fig. 6) considering the extensive steric hindrance in
its molecular constitution., The snectrum showed a
singlet at 87.43 (54, 06:45), a triplet at 3,7 (8H, two
CH,=0-LH,) (J 3H,) and a multiplet at 2.6 (8H, two
CH,~N-CH,).

On stirring a mixture of the amidinium salt (14)
and agueous potassium thiocyanate at room temperature
for 12h, the amidinium thiocyanate (34) was produced
in good yield together with a smaller amount of

thiobenzomorpholide (1a)e.

O £ . a

ag KSCH Ph--(I‘! -*@ Sy *

- O S
- 3 2R

The thiocyanate (34) was characterised by elemental
anelysi s, by its spectral properties, and by its
picrate. Its insolubility in ether and its high melting
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point (2%-—2‘550) suggest that it existe predaminantly
in ioniec form., It showed very strong thiocyanate
absorption at 2040 c:.1_1 (Pig. 7).

The surprising formation of thioamide (1a)
appears e€xplicable by steric factors and neighbouring
group participation. The covalent intermediate (35)
rérhaps undergoes mesomerism for steric rcasons to give
the thiocyanate (34) and also afforde thicamide (1a)

bynedchbouring group participation.

4} SCN I'O

/l l "

PheC 7 ag KSCN Ph-G-O < Phc "
l —s)

Experiments were carried out to establish the

mechani sm of the formation of thiobenzomorpholide (1a).
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Reaction of the amidinium thiocyanate (34) and
agueous potassium thiocyanate was repeated in the
presence of potassium iodide to create the original
reaction conditions but the attempt led to the recovery
of the thiocyanate (34). Beiling a mixture of the
amidinium salt (34) andl potassium thiocyanate in
acetonitrile also led to recovery of starting mnaterial.

Prom the above results it appears that the anidinium
thioeyanate (3l) is not the precursor of thiobenzo=-
morpholide (1a), which probably arises from some other
intermediate.

Then amidinium iodide (14) was treated with sodium
methexide benzomorpholide was obtained in poor yield,

A simple mechanism for this reaction would entail
formation of the intermediate (37) which may lose
N-methylmorpholine to give the amide.

O o Lo
PheC 77 Me%.;q_) Ph—(i}@ - Ph—(;-O

O e

S ——

2L

The amidinium salt (14) was recovered unchanged

from reaction with methylmagnesium icdide., It was



hoped to isolate compound (38) which would probably
after hydrolysis give a carbonyl cempound. Carbonyl
compounds are usually formed by treating quaternary

.1
salts (2) with Grignard reagents, followed by hydrolysis.

A i’

FhC ¥ + MeMgl —%—> Ph-c_O
|12 2 |

) &
1k 38

Attempts made to prepare the amidinium salt (39)
by the reaction of thiobenzodimethylamide methiodide (2¢)
with dime thylamine proved abortive. Treating the
methiodide (2¢) with aqueous dimethylamine gave
thiocbenzodimethylamide (4c) in poor yield, whereas the
treatment of salt (2c) with alcoholic dimethylamine
solution produced not only the thioamide (1c¢) in poor
rield, but also dimethylammonium iodide in excellent
yield.

e
Ph-C-Ne, alcoholic Ma,NH -
s © 32
20 s Ph-(i‘mmiaz +
S
1c
27%
Hea%ala

96k



Dimethylammonium jodide ﬁas probably formed also
with aqueous dimethylamine, but could not be isolated
becauge 1t is extremely water-scluble. Formation of
thiobenzodimethylamide (1¢) could be explained by

hydrolysis. £

0 |
H,.0 P N N
Ph-?a_'}@we? —£ Ph“f"me’a ~Ne0d Ph"‘;} Rde,,
sile 15 1 ale 8
~+  Hl — I'.IGQ:NHEI

e
Similarly, the methiodide (2¢) with diethylamine
failed to give the expected amidinium salt (L40), but

gave the thioamide (1c¢) and diethylammonium iodide.

_ NMe2
e
—eme> Pu-G{p 1
NE+t
Et,. NH o
Ph-C-TMe, U Lo
Site f@ ' S . @ e
,. cmmmeiemDy  PheC-Me, + Et,Wi.T
2 : o oy
o de T T0R
T 23%

The course of this reaction san be explained by a

two—-step mechanism, the first step shows the formation
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of the thiocamide (41e¢) and ethylmethyleammonium iodide
which reacts with oxcegs of the amine in the second

atep w0 give diethylammonlum iodide and diethyle

=
methylamine, |
Btep 1: : R *’
Et,NH 2 C
FPh-C=Me, 275 Ph-C-Te, + EtMeNt I
R 1 " i
;}:'ﬁ - Sfe BN 8
} 28 o ic
—S_'t.‘ep ;;o "'::Il'x;_-.

Et2MeNH I 275 Etzl‘J‘HQI + EtEMeN

PREPARATION  AND _REACTIONS _OF _ NiS§ ~TETRAMETAYL-
DITHIOCARBANIDIUN _ IODIDE

The thiocester, methyl Q_ij-dimethyldithiocarbamate
(41) was made as reported by Ainley et g;_l‘.% by treating
a mixture of agueous solutions of dimethylamine and
sodium hydroxide with carbon disulphide, followed by
the addition of dimethylsulphate. It was alsc prepared
by reacting sodium dimethyldithiocarbamate with methyl
icdide, T T

*’l’ A
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Quarternisation of the thiocester (41) wiih methyl

iodide to the salt (L2) was carried out by the method of

Hartke et 51,1_.26
Me N - C - 8ie Mel Me N « C - SMe
2 I et 2 é@ IC-)
8 e
C4N b2

Treatnent of the salt (42) with agueous potassium cyanide
at room temperature gave dimethylaminobis (methylthio)-
methyl eyanide (43) in high yield. The product was

characterised by its spectral properties and elemental

analysis,
EN
e, N = C ~. e + aq.KCH Me,N = C - Side
TR e o 2|
Me Sile
b2 43

Compound (L43) gave weak cyanide absorption at
2220 on™' (Fig, 9) and aborbed at A, 275 mm in ethanol
(egn 93) (Pig. 10). From the very low intensity 1t
would seem that the latter is a forbidden transition and
could be attributed to n = NI" transition. The n.m.r.

spectrun (neat) of compound (43) is extremely simple,
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showing two singlets at §2.60 (Cﬂ3.N.CHB) and at 2,33
( two 0335) (Fig. 11).

The eyanide (43) was expected to result from the
reaction, but it was also expected that it would undergo
Weyanohydrolysis” to give the cyancamide (44). Ve have
already shown ©® that with guaternary cyanides (253
R = alkyl) in some cases "cyanohydrolysis" does occur,

e.seo compound (25g) gives the cyanoamide (26¢) under

the same conditions.

CN CONH2
MeS - E:} - Nle, + aq,KCN—%> MeS -~ f;‘» - Nie,
BMe CHN
43 Ly
CN GOI\'H2
| I
e - (I} - Mez + ags¥CN —2> MNe - (il - I%Ie2
Slie CN
K08, 268

The inability of the cyanide (1443) to undergo

"eyanohydrolysis" could be due to steric hindrance,
Reaction of the salt (L2) with agueous hydroxy-

ammonium chloride in presence of' excess sodium acetate

at room temperature gave bis(methylthio)formaldoxime (45)



o—é-’-o—é--
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in pather poor yield, instead of the expected prodvet (15).

= MO
7
1.1e?_r»:_:_c_:__éme HyNOH, FCL MeS L5
Sile I@ Mez‘szﬁa
L2 ~——d-=> Me,N - G = KO
NHO ¥
L8

This reaction was surprising because under basic
conditions we expected the elimination of the methylthio-
groups as we earlier obaervedmb on treatment of the
quaternary salts (2) with hydroxyammonium clloride under
similar conditions which led to the isclation of
amidoximes (24),

1

R R‘}
fed o H, NOH, HC1 B R
— - . e
| i@ \_2 . I B
Sie RIe MeCU,va NoH
2 2l

The formaldoxime (45) showed broad absorption of

medium intensity at 3250 (bonded O-H) and also absorption

of medium intensity at 1600 cn~' (C = N). Its n.m.r.

spectrum showed a ginglet at 89.40 (0H) and also the
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non~eouivalence ol the two methylthio- groups, although
the signals almost coincided (singlets at 2,50 and
2.45) (Fig. 12).

The carbon-nitrogen bond hag paprtial double bond
character hence the hyvdroxyl group remains fixXed cis-
to one methylthio~ group and trang- to the other,

M Sle

es\ -
C
il

N
~

45

The downfield signal could probably be assigned to tie

HO

methylthio- group gis- to the hydroxyl group on grounds
of inductlive effect, but this ie not conclusive and the
nuclear Overhauser effect would probably give a more
definitive solution,

The mechanism of formation of formaldoxime (45)
is probably simple, involving loss of dimethylamine

from the intermediate (47).

. MeS
}DN Lped !‘I Mo n h
] "—?‘”a % Hes}nix).‘f

Me, N - Site H,NOH 2

C - H,NOi J

T?@ MezN - C ~ BMe
ane” T | L s
43 uz '

2
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S8imilariy, treatment of salt (42) with an agueous
solution of semicarbazide hydrochloride in presence of
excene sodiun acetate at room temperature afforded
bis(methylthio)rormaldehyde semicarbazone (48) in modest
yleld and not comwourd (49) which one would explect to

result from the basic medium.

L MeS
LO% //G:N.NH.CO:Hz
e o —= . 48
Siie Q®
MeCOENa
Hg Kes MezN-CzN.NH.CON‘:I2
lll?i.I‘Ei.f.'iC)I\iH..l
Lo

The semicarbazone (48) showed strong absorptions
at 3475 (free Nd), 3175 (NH bonded), 1700 (C0) and at
1600 om™" (C=11)(Fige 13)e The n.m.r. spectrum of
semicarbazone (48) showed absorption at 68.40 (11,
br s, M), 5.90 (24, br s, N4,), 2.50 and 2.40 (each
SHy 8, sciij) (Pig. 14).

The non-equivalence of the methylthio- groups and
the assignment of signals to them could be explained as
for the formaldoxime (45) above, and the mechanism of

the reaction is probably similar.
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Boiling a mixture of salt (42) and nitromethane
under reflux in benzene effected the demethylation of
the salt to the thioester (41) in poor yield. The

expected product (50) wac not obtained.

- ey Ne, N-C8SMe

A 235 20
HeplifaSie | + Moy eiiene u
3l e p j ) 3
X'"+ MBEN = ~
42 M.,
20,

A sinmilar demethylation of salt (42) occurred in
poor yield when it was boiled alone in benzene. The
demethylation at 80O of salt (L2) precludes its use for
reactions at elevated temperatures.

Stansfield11 cbaerved demethylation of methiodide
(oa), m.p. 1580 (dec.) ziving thiobenzomorpholide (1a)
at glightly below its me . ting point.

- 8 A o 0 s
Phle@Ole-’:ﬁ?? PhEO

a8 1a
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Reaction of galt (42) ard excess aniline gave
direthylamnonium jodide and _S_—methyl-—;f_?f&liphcnyli gothioure=

were isoltated in high and low ylelds respectively.

Me, l=C-8Me 4+ PhNH,—> Me, NI, I + MeS-C
2 Tr' e 2 2 2 g
sm? A N:1.,Ph

b2
Both products were characterised by their spectral
propertics, The n.m.r., spectrum of the thiourea showed
sbgorption at 57.2(1pH, m,2CgH;), 5.60 (14, br s, NH)
and 2,30 (3%, s, sCHz) (Fig. 15).

A mechanism involving tetrahedral intermediate

appears feasible to explain this reaction,

Sie
Step 1. B |
. e —_—
Me N - C‘;-éﬁul‘g + PhNH, “o Me, N - Cf - Sye
e NHPh

43
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Step 2: ;'_" ale
- — Sile
A1 b= Me.Nd | Ph.N - é-f‘NHPh
PhINH MeS—-G-I‘MeZ 2 * N
|
NHPh | B R
Al JeSH
v
@ @ Phli _NHPh
Me NH.I C
272 |
SMe

Treatment of methiodide (42) with morpholine gave
an extremely hygroscopic colourless compound, MeDe
266-297° (dec.) containing nitrogen and iodine, but whose
elemental analysis did not fit the expected guanidinium

salt (51). \
A

A0

MezN,._-' %_-?@S?é + HO ——k MezN_ - (iJ@
SMe , @
u .

21
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PREPARATION _OF _S-ALKYL QUATERNARY _CYANIDES AID
CYANOAMIDES

In the present investigation tihe guaternary cyanides
(25) were synthesised by treating each of the salts (2)
with agueous potassium cyanide sclution as reported
by us.wc Thus compounds (25g, h, and i) were characte-
rised in the present study, after isclation by the general
procedure,

The cyanoemides (26) were also made as we previously
deccribed 104 by reacting salts (23 R = alkyl) with excess
aqueous potassium cyanide solution at room temperature.
In the present investigation agqueous sodium cyanide
solution was fourd to give similar products.

104 that salt (2g) with excess aqueous

We reported
potagsium cyanide gave only the cyanoamide (26c) rapidly
at room temperature in 21% yield; the isolation of its
precursor (25g) was not achieved., However, on ocurrently
repeating this experiment both the quaternary cyanide
(25g) and the cyanoamide (26¢) were cbtained in poor
yields. One most interesting achievement was the further
isolation of the iminonitrile (52) though in poor
yield, Thisg compound was characterised by its spectral

properties and elemental analysis.



- L ' ?N
| ?N | ?ONHQ C=NH
Me-CelMe, aqd@g&}Me_CﬁNMez + He-C-lle, + Me—C-Mﬂez
& e T é | I
Blle o Me CN SMe
2 o 25 - 26e 52
o 2% | 15% 28%

The cyanides (25g, h and i) cach showed very weak
-1 _
cyanide absorption at 2220 em  (Pigs. 16, 17, andt 18),
10
characteristic of the cyanides we previously made. ¢
ey Mujol) 32uow (i),

2220vy (C=EN), and 1600 cm“1 (C=N) (Fig. 19)5 59,50 (45,

The iminonitrile (52) showed v

br s, N1), 2.30 {6d, s, Gﬂ3.N.CH3) and 2.20 (3H, s, S.GHB),

the latter two being incompletely resclved and at 1.60
(34, s, C.CHg) (Fig. 20). _
. 4500)

It absorbed at lma max

« 235nm in ethanol (e
(Fig. 21). This intense absorption could be due to
I-n?* transition.

Vhen the methiodide (2g) was treated with aqueous
potassium cyanide solution in equimolar amounts at room

temperature only the cyanide (25g) was ¢btained in high yield-

: CN
!
Me-C_Ne + ag KCN ———> Me-C-Nfe
K 1 88% St ©
e | mole e -
22K

1 mole
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That the cyanides (25; R = alkyl) are the precursors
of the cyanoamides (26) has been reported by us; this
was illustrated by reaction of the cyanide (25e) with
aqueous potassium cyanide at room temperature which nave

the expected cyanocamide (26b).1oe

CN COI‘IHQ
! ™\ aq.XCN ’
; q.K H o0 o
PhCH, - (-I‘» - N —~——> PnCH, ? O
SMS 50% CH
2%€e 26b

The observation was further establisghed during the

present study since similar treatment of cyanide (25g)

gave cyanoamide (26¢c) in good yield.

oN CoN,,
e - & - Rio, 2de ECT ye - f:J - Tile,

la.ie CN

252 26¢

However, it is interesting to note that the cyanide
(2513 also R = alkyl) did not give the corresponding
cyanoanide (53) under similar conditions; only the starting

material was recovered,



8 8 R 8 3 ? 8 R e -

¥ T B B S e etans cosasns §l
ISSRUAIsIY baRRRaRS) ¥ 1 5
1t i
4 -
4+ t
T T
1 e i
88 88 e
. T Jf 1 ]
i1 e §
. e T 2
+ R d Al et
;vTr TITT T
8 11t Hs
. ! v
ittt . i '
r’ 410w :
’L*W i
1 T
3 1
-
T aH
] RYet 1 |
+HH |
1+ ™
+ 24 jesset
LRl pbe o 1
Bl & & &
H T
T T
i
treegde -
1 888 1
red
i
14
11
.1t
+ t-- +
vt f 2 ad
1
+
S HF
HHHE "
i -+ .
L]
HITHR :
+ . 4 4+
e OB Bi¢
t 1 T .
aa s ¥
: .
8
- =
b + +11
¥ -
t
I L 1
e A5 fhastaassits)
IBARRSARARERIRRLY
I jeess i H
1 + 1 .
T I a
diaed it
sa I
e +
15254 s
s .
[+ ++
-
i
|
T
T
I I
]
I I
T 1 -~
. 3
: £
- 3
10 ;

g8 8 R 8 8 9 8 & .g& o©
dueRHIwsues)




8

R 8

% R

Q

»
i

TR E T T
IFERIRARY HiRaRaRa Rt BRREAERIA Hir
srtrrapeaferriiidictoraryderr 1333358851 .
AR R HTEE -
: -
45Lan0441 .
I et s L A H P L

prtr

e
shrrar
rba o b

Fprpreret
e

R e

Pranh

hye

crreregas
R aahd
Srratieet

L

rogbbrrir

SSEL 508004 I8

+

3
BTy

sen

Tt

ey bt
HHHH
HEHH

Tt o-:_t

.

.R,...

...i. rhe

POSON

R
rertebant
bere
baeg

i

frrereset

NS}

WAVELENGTH MICRON

PEE A S a— |
i .

oy
-

Jduejjlsued)

wavenumber




L2

CN CONH
Me | Me __ | e
TOH ) - ﬂ’ 4+ ag KON —H—> CH-C « Ii >
N - |
u Y | Me
¥ Me CN
251 a2

This observation further estatlishes the fact that steric

hindrance is unfavourable to "cyanchydrolysis".

THE MECHANISM OF "CYAMNDHYDROLYSIS"

The hydrolysis of quaternary cyanides to the
cyancamides at room temperature is most unusual;'hydrolysis
of nitriles to amides entails more drastic conditions.z?
For example, in the hydrolysis of benzyl cyanide to an
anide the golution of the nitrile in concentrated sulvhuric
acid is kept at 80-900 for 5 min, then poured inte cold
water.,

The formation of cyanoamides from guaternary salts
suggests that two cyanide groups are incorporated
simultaneously or at different times in some intermediate,
from which one of the cyanide groups becomes hydrolysed
to the amido- group. However, it appears clear that
both ecyanide groups do not replace the leaving groups

simultaneously, since a guaternary cyanide can give a

cyanocamide under similar conditions - a fact which we
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have fully established.

10g

We have previously postulated a mechanism

of "eyanohyirolysis" which involves neighbouring group

participation,
44 R ’10—-(':=N 4 H -C=N4£,
| s © _R I R
ReCoN —3» R-CL N —>RrR-0cZn”
l ‘Rz (i \Rz 7 \ p2
SlMe SMe @c
o
= l
RA
0 N R
> i
C - NH R~-C.N
| T e | \g2
R_-¢C - K CN
| R2
CN
26

The isolation of the iminonitrile (56) together
with the cyanide (25g) and the cyanocamide (26c) from
treatment of salt (2g) with aqueous potassium cyanide
suggested the formulation oﬂ_’_girferent mechani sm of
eyanchydrolysis which shows the iminonitrile (52) as

an intermediate.



CHN
|
Me-—C;-_M(ez aq.KCN & Me-C-Nie, -
l'd 1@ e
Slie ale
Lo ] r
o4 AT
0
e,
| <
He-—-C—R.IB2
|
CN
26¢

HO-C=NH
|
Me=C=IMe
|
cH

L ]
-

If the iminonitrile (52) were in fact an intermee

diate as postulated, it should on hydrolysis in basic

medium give the cyanoamide (26c); this it did when

stirred in aqueous potassium hydrocgen carbonate at

room temperature.

'8 CONH,,
_ aq. KH
M.e-c—mez 1%

bee

a2
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The success of this reaction tended to egtablish
the above mechanism ¢o same extent. With the
iminonitrile (52) as an intermediate it would therefore
appear.thnt it is the cyanide group of the guaternary
cyanide vhich is hydrolysed to the amido- group. To
confirm this, experiments were carried ocut with
isotopically enriched K130N.

Treatment of cyanide (25g) with aqueous potassium
ceyanide gave cyanoamide (26c); the peaks in the 13g
n.m.r, spectrum of the cyancamide, containing only
natural abundance of 150, were identified (Fig., 22)
by conparison with known chemical shifts for
SR 20a,b,c,d

The unlabelled cyznide (25g) was similarly
treated with aqueous K150N; the 130 NeMere. spectrum of
the cyanecamide produced showed that both cyano- and
carbonyl- groupe were labelled to approximately the
same extent (Fig. 23), The chemical shifts were the
same as in the spectrum of the unlabelled cyanocamide (26e¢).

Treatment of the iminonitrile (52) with aqueous
potassium cyanide gave the cyanoamide (26c¢) in very

poor yield.
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(;JN
C=H ?ONHz
) aq. KCN
]‘116—?-&-3:102 _w Me_c_mez
/4
SHe IH
52 26¢

Similar treatment of the iminonitrile (52) with

enriched ﬂ150N afforded the cyancamide, whose 130

30 labelling at both cyano-

NeMesr, spectrum showed 3
and amido- groups t0 the same extent (Fig. 24).

It is thus impossible to say which of the cjyanide
grouvpe is hydrolysed. The above mechanism in which the
iminonitrile (52) is an intermediate is therefore not
feasible, The iminonitrile (52) could simply be a
bye-product which reverts to the cyanide (25g) by loss

of one hydrogen cyanide molecule,

CN
| ?N
Me-C=TMe HCN
SMe ~HCN i
258 ‘
SMe
22

Equal labelling of cyano- and amido- groups
suggests the intermediacy of a symmetrical compound,
probably the malononitrile (54). We treated salt (2g)
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with nercuric cyanide to obtain this intermédiate
using the procedure of Yamaguchi et _;.29 who synthe-

sised it similarly from thiocacetdimethylamide ethiodilde.

CN
Me~C-Nle, Hg(GN)e |
VD = — lie~C-Mie,
24,

The oil we obtained had b.p. 76-77%/20mm Hg as
reported29 for the malononitrile (54), but our product
was not homogeneous to t.l.c., gave a compPlex n.m.r.
spectrum, and resisted attempts to purify it. Perhaps
significantly, no spsctral properties were reported for
this compound. Our oil, with agueous potassium

cyanide, gave cyanoamide (26¢), however.

M e_?-;x_m ;é. Hg(CN)a aq.iCN M 9'?"“‘62
@ =3 O3 smmsemneelly
SMe CN
22 26¢

“rom all evidence it therefore seems most probable
that malononitrile (54) is an intermediate in
"eyanohydrolysis", though the selective hydrolysis of



only one of its cyano- groups is unexplained.

CHN CN
| " |
R . K.CHN
Me-C-Ilie,  ag. KCN. Me-C-Me, 227V, Me-C-MMe,
e 12 Sie CN
22 20K S5h
0 Lﬁzo
?N (IJO NH,,
] Me-tlz-raaez
Me—({) ~Nie, fik
&1 B8 26
e
REACTIONS _OF _ QUATSRNARY _CYANIDES WITH _RANEY

NIGKEL _AND __SODIUM _ BOROHYDRIDE

When a mixture of cyanide (25a) and commercial
activated pelleti zed Raney nickel was boiled unier
reflux in benzene, the starting material was obtained

and not the expected reduction product (55),

CI}N CN
|
PheC _O Activated I-tama-;s,v'I / Ph-—C-O
| nickel |
Me H

252 22
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Similar treatment of cyanide (25c¢c) gave a dark brown oil
which was too small to be characterised, whilst cyanide
(25€) gave the eiimination product (56), characterised

by its special preperties and elemental analysis.

CN CN

| Activated |
PhCiiz—?—I Raney nickel S PhHC B:—G—O

25e 83% 56

On beiling under reflux a benzene solution of
cyanide (25e) alone, compound (56) was isolated in very

poor yield.

N é} ?N
PhCH-.C= ———— PhCH=Cw
2| O Benzene O
Qe 3% 56
25¢

Thus the commercial Raney nickel did not appear to
reduce the guaternary cyanides as expected; although the
elimination preduct (56) was obtained by thermal decom-
position of cyanide (2ke) in 3% yield, the excellent
yield of campound (56) cobtained with activated Raney
nickel suggests that this reagent probably assisted

desulphurisation, #further attempts were made to effect
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the desulphurisation of cyanides (25) using freshly

prepared Raney nichcl.jo
Boiling unler reflux a benzene sclution of cyanide

(25a) and freshly prepered nickel gave the expected

product (55) in low yield. Jompound (55) was characterised

by its spectral properties aml elemental analysis. Its

i.r. spectrum showed weak cyanide absorption (Fig. 25).

CN CHN

| [
Ph—C—I‘O Freahly prepared 3 Ph-G-O
| Raney nickel !

Sie H
25a 23% 25

Similar treatment with cyanides (25¢ and e) gave respec-
tively an oil and a solid, m.p. us_u8°, both in small
amounts too small to characterise.
Freshly prepared Raney nickel thus appears to be a
better desulphurising agent than the cammercial form,
Treatment of cyanide (25a) with sodium borohydride
in isopropanol led to isolation of compound (55) in

low yield.
?N _ CN
N ; |
md Y B ()
SMe 33% H

233 L5
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This reduction was a2 much cleaner and faster reaction

than with freshly prepared Raney nickel arnd tie yield

wasg hirherv,

IR

QUATERNARY _CYANIDES WITH _AMINES

i XIn the present investigation, a novel reductibﬂlwas
effected with aliphatic primary amines as reduclng agents.
When a mixture of cyanide (25a) and excess ethyleno—
diamine was boiled under reflux in benzene, the reduction
product (55) and 2—phenyl-&2-imidazoline (57) were
obtained in fair and very low yields respctively. he
imidazoline (57) was characterised by its spectral
properties, its elemental anaylsis and that of its
rplierate. Benzaldehyde was isolated by steam distile
lation of the crude $roduct and was characterised by its
dinitrophenylhydrazone wiose l1.r. spectrum was identical

with that of an authentic sample.

cN IR B oN

|
|
Y an : A 1 |
Ph-G-R_P + WE,0HCHN 5o e Ph—f-U o
que . Excess ,,‘ “ . H | |
25 | o L 5%% | ?
Ce? N -
N | + PnCHO B
NNH-CH, A £

T
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- There was nc appreciable preaciion when cranide (25a)
was boiled with an eguimolapr awmount of ethylenediamine
in benzene.

| J°ﬁEthylenediamine has never been reported as a
reducing agent; this diamine, is however, empleyed as a
complexing axgent in the preparstion of aryl c:,ranides.31
After the reaction of an aryl halide with cuprous cyanide
to form & nitrile, added ethylenediamine 60mplexes with
cuprous and cupric ions and facilitates isolation of

the nitrile, The other application of ethylenediamine

i in connection with propargylic rearrangement,32
Strong bases such as sodium amide and n-butyllithium

40 not rearrange 3-hexyne within 72h at room tempeératurc.
However, the combination of such bases amd ethylenediamine
rearranges S—hexyne rapidly.

N Reaction of cyanide (25a) with excess of two other
aliphatic amines: 1,2~diamino- and 1,3-diamino-propane
gave compound (55) in L1% and 63% yields respectively;
similar treatment of cyanide (25a) with n-butylamine also
afforded the reduction product (55) in 28% yield. ..

- A variety of bivalent sulphur compounds act as
sulphenylating reagents towards amines, giving |

sulphenamides; most routes to these compounds are of

this type.-- The cyanide (253) may act in tide way
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with fomation of the reduction product (55) and simul-
taneous production of a sulphenamide (58). By loss of
methane 5hiol the sulvhenamide (58) may then ;ive the
imine (59) which would decompose to other proiucts,
The intermediate (60) may alsc be formed as a side
prodvet from which the observed imidazoline (57) might
arige in the case of ethylenediamine,

. CIN]O RCH,NHSMe 37 &%
Ph_é_O + RCH,NH AR + ROHpNSMe o

2 H
| 28  ROH=NH - Products

Sle 55
25 o =
if R=CH,NH
Ph—?-l(} _ e,
NHCHR
60
N | H®+ HON
NH- CH,
7 4

The source of benzaldehyde formed on sgteam
distillation of the crude product is unknowni it may be
formed by hydrolysis of the redmction product (55).
Although its formation does not give any clue to the
mechanism of the reduction reaction, nevertheless, 1t
confims the presence of the benzylidene group (PhCH()
in compound (55).
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The reaction of cyanide (253) with morpholine was
curious and intriguing. When mixed with excesgs morpholine
and the solution boiled under reflux, the expected
covalent compourd (33) was obtained in modest yield; in
addition the amidinium salt (34) was isolated in Loor

vield together with traces of thiobenzomorpholide (1a).

ox ox \
Ph—?-O +y_p L Ph—?—@ + Ph-(f:;g;(;/JJr Ph_.(i_rO

SCN

Qe Excess 3 A, 8
. SSRGS .
33 3l Trace

L35 28%
Repeating the experiment with equimolar amounts of
reactants led to the isolation of the amidinium
thiocyanate (34) in 10% yield amd recovery of some
starting material,
Heating the cyanide (25e) with an equimolar amount

of morpholine gave the alkene (56) in very poor yield.

CN oN
! I
P, G- P + af_p A5  Pron=C-x_p
o3 MesH
Be 1 mole 56
et : 15%

1 mole
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The covalent cyanide (25a) could exist in cquilibrium
with the ionic forms (61) and (62)., The latter may
react with morpholine to sive the intermediate (63) amd
hence the isolated compound (33%) which may prssess

some ionic character (64).

oN e - cN +H@ CN - ow
Ph—(‘i—@ - Ph—é;ﬂlﬂaﬁf - Ph—("}-}@ - Phec-§ P

fi‘Me s Shye (;E)l SOOI /IEL. n H+ K

e R dyer
P:?@@ T 8- ﬂ\( | -

hie ‘=GN g ~ Pn ‘,(/;‘-J

N Oxidation by air of the methanethiol produced to
dimethyl disulphide would be favoured by the medium of
high pH. Perhaps the cyanide ion present would then
effect nucleophilic figsion of the disulphide bond to
give methyl thiocyanate, which could react with compound
(6L4) affording the amidinium thiocyanate (34) by

nucleophilic displacement,
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. o]
AleSH =
& <
MeS.8Me + CN - MeBCN B SMe

G O

N 9
HeSCN + Ph—G_-{'b —» MeCN + Ph-C

e s X
C;j aN O scN

(< 2L

Me3.8Me + H20

Thiobenzomorpholide (1a) may arise by elimination
of dimethyl sulphide from the intermediate (65) which
might be formed by a nucleophilic displacement reaction
between compound (61) and methanethiolate ion, The
thioamide (1a) could alsc arise directly from the
guaternary cyanide (25a) by loss of methyl cyanide,
Another possible source of the thioamide (1a) is the
pseudo-base (11) which may be formed by nucleophilic
displacement reaction of camnound (61) with hydroxide ion.

Me
|
e b Ble , PnC-X_)
a“"’ x

I

SMe
- 65
-HeQS ?FI
f g
Ph"c"@ MeCN Ph"‘i"@ - Ph"‘."’@
g SMe
la i ¥ §

2228
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REACTIONS OF QUATERNARY OYANIDRES WITH METHYL, JIO0DIDE

The stereoselective desulphurisation of thiiranes
with methyl icdide has been reported by Helmkamp and

Pettitt, *

whe for example, obtainod gig-2-butene,
iodine and trimethylsulphonium iodide in approximately
egrivalent amounts rrom treatment of cisg=2,35-dimethyl-

thiirane with methyl iodide in refluxing acetone,

Me Me

>—‘7< ' Me - g / Me =)
S

o H + 3Mel~—9 ~
| _“H’,G = G"NNH + 12 + MeBSI

.

Tlig suggested”the siﬁilar treatment of +the
quaternary cyanides. When a mixture ol the cyanide
(25e¢) amd excess methyl iodide wag stirred at room
temperature the unsaturated comnound (56) was cbtained
in excellemt yield; likewise boiling the reactants in
acetone under reflux gave compound (56) also in good

¥ield and trimethylsulpheonium lodide in poor yield.

.
.?:.\_ Ty
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v

oN

o R.T | -
N B w3 PHOH=C-F_J
' P 91"0
. [4 - ’rd . . ié
Phe nzz-c': 0% Mer | =
tMe . b &«
. | LRELUE S proHeCoi P+ MegST
__ . 5 .. . 3%

-‘-.-4.-1"'-‘

Similar treatment of the more sterically hindered
cyanide (25i) with excess methyl iodide at room tempera-
ture gave no reaction even after long stirring. However,
when the eyanide and excess methyl lodide was beiled in
acetone under reflux trimethylsulphonium iodide was

‘obtained,and also a colourless oil, b.p. 620/15mm Hg,
\

. Whose spectral properties suggest the alkene (66).

Dne
LR

st cmae

IE.T. .
-—-_—-—-a- No reaction

o -
Me l f
;CH_C-BE >  MeI |
, _ : o
Me -
i Me | @
AR B 25 N A T
A -~ J
Phi . Me

T BRI S 66 - L
Stirring of a mixture of cyanide {(25a) and excess

methyl iodide at room temperature resulted in recovery
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of the starting material as also did the boiling wnder

reflux of the substances in acetone.

E.L. 5> Mo reaction
Loy
Ph—G—-]}{} Mel -
I .
Ble ) : o
S ReflX S Mo reaction

The desulphurisation of cyanide (25e) probably
involves initial formation of the sulphenium coapound
(67), which iz the precursor of compound (56). Reaction
of dimethyl sulphide formed with methyl iodide would then
give trimethylsulphonium iodide. The formation of
trialkylsulphonium halides frcn treatment of thioethers

35

with alkyl halides ig well known.

oN ““H_ e 7 cn

I |
PhGriQ-(;J-@ Mel, Phcq-—c-..—@ P PHCH=C-§_9+ le,S
e %EMB = 58 :
l_ @ ? I_. J/IJIGI
22 o 67 s

¥Mo-BI
"3
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REACTION _OF QUATERNARY CYANIDES WITH MERCURIC
CYANIDE

Mercuric cyanide has been used a8s a desulphurising
agent by Yamaguchi et 81.227°° In order to extend
forther this reaction, mercuric cyanide was added to &
solution of cyanide (25a) in acetonitrile and the mixture
stirred at room temperature, The reaction gave the
expected malononitrile (68) in excellent yield; the
product was characterised by ite spectral properties and

clemental analysis.

on oN
Co Hg (CN) N l_
Pt O mdn)
Sie - Hg(SMe), N
25a 99% 68

The i.r. spectrum of the malononitrile (68)
surprisingly showed complete absence of cyanide absorption
despite the presence of two cyano- groups in the
molecule (Fig. 26).

g
© This desulphurisation could be explained by the
bonding interaction of mercuric ion toward sulphur

36

atom. The ‘interaction of mercuric ion is explicable
by the hard aml soft acids and bases pr'im:i'.ple;3-’r

by this concept méercuric ion, being a soft acid, would
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fori a strong bbnd wifh méthylthio- group, which is a
80Tt base. |

Cn the ovher hand, a dislkylamino- group has been
reported36 to be an excellent electren donor and is most
effective for the elimination of an alkylthio~ group ag
an alkylthiolate anion. Thus the electron~donating
function of the morpholino- group would enhance the
elimination of the methylthio~ group as a methylthiolate
rd on.s X - .- o . S

Treatmeﬁt of thelbenzy1ISUbstituted éyanide (25e)
with mercuric cyanide afforded the elimination product
(56) in quantitative yield, whilst the cyanide (25c¢)

gave a colourless solid which was too small to be charac-

teriaed,
?N - i o
I
PhOHz-CI‘—O Hg(CN) , PhOI-I:G-l\O o
Qe _MeSH s
' . B6
2%e o100k o e 'L .

ATTEMPTED RESOCLUTION OF A4 QUATERNARY CYANIDE
The presence of a chiral centre in the cyanides (25)
prompted several effatsin this investigation to obtain

cyanide (25a) in an optically active form, either by

Lot
Ly
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resolution or by asymmetric synthesis,

When this cyanide was chromatographed in chlordorm
on a column of D-lactose it was found that various
fractions of efluent showed no optical activity.

Many methods have been used for resolution of
compounds which do not pussess a functional group capable
of salt formation with an optically active acid or base.>"
One of such methods is chromatography over optically
acti;sre adsorbenta.39’u0 o141 42,45 In principle the
enantiomers should move down the column at different
rates and should be separable. This has heen succesafully
accomplished with paper and column chromatography. For
example, DL-mandelic acid has been almost completely

.
resolved by column chromatography on starch.m’"u" and

DL-cysteine has been resolved by paper chrmatography.us
Separations involving spas chromatography with a column
packed with an cptically active adsorbent has only
recently been accompli ahed.h'?

Considering the various reported successes in
resolution of compounds by chromatography, we were
therefore surprised at our failure to resolve cyanide

(25a) over D-lactose.
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Crystcllisation from an optically active solvent has
al . 0 becen used for resolution of compounds.ua We
employed this technique by recrystallising cyanide (25a)
from D-limonene, but the substance obtained was also
optically inactive.

Optically active substances have been obtained by
agymmetric swn‘the:ais.L"9 Buch synthesis ugually involves
the use of active substrate or active reagent. Active
catalyst or solvent has been used; also reactions in
presence of circularly polarized light5o have effected
agymmetric synthesis,

In the present investigation unsuccessful attempts
were made to produce an optically active form of cyanide
(25a) by asymmetric synthesis; treatment of
thiobenzomorpholide methiodide (2a) with agueous
potassium cyanide in the presence of D-glucos:z at room
temperature gave an optically inactive compound, as did
also the treatment of a solution of the methiodide (2a)
in chloroform with potassium cyanide in the presence of
diethylaminoethyl (DEAE) cellulose, The latter is preared
by treating a high~purity wéod cellulose with
2-chloroethyldiethylamine hydrochloride.51



¥

S
(€]
=

s
o

@
R - O + CICH,CH,NEt, - ROCH,CH,NHE$, 01

Ebellulosej . _ EPEQE-Cellulose]
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In the present study, also, a mixture of the
methiodlide (2a) and the cyanige form of DEAE.Cellulose
in chloreform, was stirred at room temperature, but the
reaction gave an inactive product.

P

Ph - C _O @ . .o

{: &

gle I9 4+ ROCH,CHNHBi, CN ~ (2)-Bh-C-{ 9
<8 u _ o o Me
| A

N.M,R, _BPEGTRA OF QUATERNARY GYANIDES
10h

-

We have ahown that the n.m.r. spectra of thé:
guaternary cyanides (25) proevide interesting Features,
particularly with regard tc the morpholino- substituent.
For those cases in which the quaternary carbon atom has
an aromatic substituent as in coampounds (25a,b, and h)
the methylene protons next to nitrogen show a cunplex
pattern of ten symmetrical peaks centred at §2.6

(Figs, 27, 28, anl 29). For alkyl-substituted cyanides

(254, e, and 1) these protons show a simpler pattern
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i

similar ornnearly a6 to the'methylene protons next to

the oxygen atom {Figs. 30, 31, and 32).
.1. C - oN
o { — ;
R~-C-=1H !
|
’ Sie i
: 25
b. R =.E'GlC6Hu— . }H“;¥?%
ho R = E‘CEIEO .C 6HL|.-
i. R = (CHg)CH-

Spin decoupling experiments in the former case (25a)
showed that the spectra couvld be simplified to more
ezsily uwnderstandable patterns (Pig..33). Iriadiation
of the §2.6 multiplet caused the 3.6 triplet to collapse
to a singlet, suggesting that all four protons adjacent
to the oxygen atom have the same chemic2l) shift., On the
other hand, jirradiation of the §3.6 signal simplified
the 2.6 signet to an AB guartet (J 11Hz). The coupling

congtant in this case is of the order of magnitude
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expected for geminal coupling, and this suggests that
the two protons of each methylene next to the nitrogen
atom are non-equivalent,

10k the difference in

We previously explained
behaviour of methylenes next to nitrogen from those adja-
cent to oxygen in terms of conformational rigidity
imposed by the bulky substituents on the ni trogen end
of the morpholino- group. S8Since no such restriction
exists at the oxygen end, this means that the only confor-
mational changes which the morpholino-six-membe red
ring can undergo would be the chair-boat ring inversion.
The chaji n~boat conversion would be gufficient to equalise
the chemical shifts of protons Hr and Hs but not of

Hm and dn (Fig. 34).

®ig.34t Chair conformation of morpholino-group in aryl
substi tuted quaternary cyanides,
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We also postulated that a field due to aromatic ring
current operates at the N-methylene protons of the aryl
substituted canpounds, and this taken together with
conformational rigidity would give rise to the observed
spectral pattern.

In cyanide (25e) from phenylthioacetmorpholide
methiodide (2e), although a phenyl group is present, it
is further removed from the methylene¢ protons next to
nitrogen, am is mo»e free to rotate than the phenyl
substituent in cyanide (25a) (Figs. 27 amd 31). This
difference might be sufficient to cause the observed
effect, since the influence of ring currents depends on
direction and distance. In support of this, it is
interesting to note that the methylene proton patterns in
cyandde (25e) are more complex than those of the
cofresponding protons in cyanide (25d) (TFigs. 30 and 31).

We suggested that a test of this hypothesis could

be carried out by susbstituting el ectron-withdrawing

or - donating groups at the para-position in cyanide (25a),

since such substituents would affect the size of the
ring current and hence the complexity of the signals
for methylene protons next to nitrogen. However, no

change was observed in the spectral pattern of the
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p-chlorophenyl homologue (25b) (Fig. 28). 8Similarly the
spectral pattern of the p-methoxy compound (253), made
in the present investigation, did not vary from that of
cyanide (25a) (Figs. 27 ami 29).

The Nem.r. spectrum of compound (55) or the
malononitrile (68) shows that the signal due to the
methylenes next to oxygen has the same pattern as that

of the methylenes adjacent to nitrogen, each set being

represented by a triplet (Figs. 35 and 36).

CN CN
Ph-C:l-}O Ph-(}-lo
H CN
55 £8

Spin decoupling shows that the methylene groups next
to oxygen in compound (55) are equivalent, while those
ad jacent to nitrogen are also equivalent.

We strongly suggest that the bulk of the methylthio-
group in the cyanides which have an aromatic substituent
contributes largely to the observed spectral pattern of
the methylene groups next to nitrogen. The hydrogen
atom and the cyano- group in campounds (55) and (68)
respectively do not present such a steric problem, hence

the simpler spectral patterns observed with both compounds.
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From the present investigation it thus gppears that
conformational rigidity imposed by the bulky substituents
on the nitrogen end of the morphelino- group 18 mainly
qfresponsible for the difference in behaviour of methyleéenes
next te nitrogen from those ad jacent to oxymen. There
might also bhe some contribution towards the observed
f:spectral pattern by ring current effect ags we suggested
in our previous study.10h | | h

The N-methylenes appear to affect the arcmatic

Bas signal pattern; models of aryl substituted cyanides

=;Iprovide emple evidence. The spectrum of cyanide (25a)

;'or its p~chloro- {25b) or p-methoxy {25h) phenyl
homologue shows & camnplex signal for the aromatic group,
whereas that of the benzyl substituted cyanide (256)
f shows a singlet for that group (Figs. 27, 28, 29 amd 31).
The simple aromatic signal in the latter case could be
explained by the fact that the phenyl group amnd the
N-methylene protons are farther apart.

The spectrum of cyanide (25e} also shows that the
methylene protons of the benzyl group are non-equivalent,
being represented by an AB gquartet,in which only three

pPeaks are seen centred at $3.2, the fourth peak hidden



70

under the complex multiplet centred at 2.9 for the
N-methylenes (Tig. 31). The two methylene protons of

o2 hence their

the benzyl group are diastereotopic,
non-equivalence.
The methyl groups of the isopropyl group in cyanide

e

(25i) are also diastereotopic” amd non-equivalent, being

represented as expected by two doublets (Fig. 32).

MISCELLANEOUS _REACTIONS

() In the present investigation an attempt was made to

dehydrate the cyanoamide (26c) with the expectation of
obtaining the maloncnitrile (54) using Krynitsky and
Cahart's procedure,53 employing thienyl chloride as
dehydrating agent. The only solid product isolated in
trace amount gave weak i.r. absorption at 2200 cn™"

ard an n.m.r. singlet at §3.70.

CoNH,, CN
| |

Me - C - Mie, 80C1, Me - C - Mde,
| i a |
26¢ 54

Attempted dehydration of the cyanoamide (26¢) with

54

IIN'-dicyclohexylcarbodiimide”  gave only recovered

starting material.



(b) Addition of excegs morpholine to phenylthio-
acetmorpholide methiodide (2e) resulted in a spontaneous

reaction; on huating the mixture for &h, methanethiol

_ was profusely evolved while the alkene (69) and

morpholinium iodide were isolated in poor and guantitative
yields respectively, and were characterised by their

spectral propertles ard elemental analyses,

PhCH, - C - R, ﬂ@ | PROH = ?/I{} @ &

&) 12
Sle -MeSH . [23
2¢ 1005

2

11%
Pear ad Stansfield8 who earlier carried out this

reaction obtained the quaternary amidinium iodide (70)
or the isomeric hydriodide (71), but not in analytically
pure gtate. However, they did not mention the molar
proportions of the reactants in their procedure,

PhGHZ -— C ;’

I} @ (_} :

i I i :
J . -
[p] Tk -

. n
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The hydriodide (71) formed probably reacts in our

cagse with excess morpheoline to give the isclated producis.

(¢) fThiobenzomorphoiide (1a) was obtained in low yield
when a mixjure cof the methiodide (2a) anmd formamidine
acetate in water was stirred at room temperature ropr 8&h

in the presence of excess sodlum acetate.

@> H,0
Ph .- c - I I = { >
SMe ﬂj Me 0 Na L
2a o RN TS

The pgeudo-base (11) probably formed in the medium would

give the thioamide (41a) attended by loss of methanol.

OH
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CHAPTER THREE

EXPERIMNMENTAL
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i.
GENERAL,, - Flemental microanalysls was done by Scandinavien
Microanalytical Laboratories, Denmark. Melting points
(uncorrceted) wer: determined with a Gallenkamp melting
point apparatus ard a Kofler uol stage microscope.
The p.oe.r. Spécira were meagured with a Varian T-60

. . 13 Y
instrument whilst ‘¢ n-Mm.rs. Spectra were obitained on o

Varion -100FT gpectrometer. ALl py,m.r. ard D.m.T.
- chemicel shilfts are relative to itetramethylsilane as
internal standard,
. I.». meagurements were made with a Unicam SP1200
and Perkin-Elmer 700 instruments. |
The w.v. spuctra were determined on Unicam SP80OOB
sﬁectrometer. Mass gpectra were reocowdad with M8 § and

MS 12 instruments,

'Eiggkgnggmonghgl;@gﬁngl,B5 - Morpholine (52.,08; 1.5 mol)
snd benzaldehyde {(L2.5g; 1.0 mol) were added at the same
time to sulphur (19.,2g; 1.5 atoms). An exothermic
reaction occcurred with separation of two layers. The
mixture was heated under reflux for 3h onZéteam bath,
During the reaction n dark brown oil resulted which

sometimes solldified.

.

g
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The dark brown product was dissolved in boiling
ethanol (800 ml). <The solution was filtered from a
little sulphur, and allowed to cool in a refrigerator.
The golden~-yellow needles of thiobenzomorpholide were
filtered off and dried (73-73; 90%). The compound was
recrystallised from light p3troleum (b.p.80-100°);

2 137-138°),
In the srme way the following NN-disubstituted

)
meped35-136° (L1it.~

thioamides were made; starting materials, reaction times
and yields being given parenthetically in order:
p=Chlorothiobenzomorpholide (1b). ~ (p-Chlorobenzaldehyic,

10h; 76%); yellow crystals from ethanol, m.p. 141 -142°
(Found: c, Bli«75; H; 5.03 N, 6.0. ©C H1201NOS requires

C, 54.7; H, 5.0; N, 5.8%).

11

Enenyl thiogcetmorpholide (4 3_)..5 . (ficetophenone; 17h;
83%); light yellow crystals from ethanol, m.p.76-77°
(11t.2° 76-77°)-

Thiosalicylmorpholide (1£)'°1 _ Salicylaidenyde; 3h; 80%);
deep yellow crystals from ethanol, m.p.166-—16?° (lit.mi

165-167°).
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p=Dinctlid Al nothi cbenzonorpholide (11).27% -
(p-Pinethylaniancbenzaldchyde; 3h; 95%); bright yellow
erystals from ethnol, m.n. 1390 (1“;.57;1 137-—1380).

p=tethoxythichenzomorpholide (_1_,1')."3 - {Anisaldchiyde; 3h;

99%); golden yellow needles from ethanol, m.p.108-109°

8

(11t.° 109-110°).

MQ_acemcmnolidc__ﬁg_l.58 ~ Acctmorpholide (20.0g;

0,16 mol) dissolved in carbon disulphide (100 ml) was
added in portions to phosphorus pentasulphide (3L.4g;
0.33 mol) and the mixture was gently shaken and oceca-
sionally cooled in ice. After all the acetmorpholide
solution had been added, the mixture wag stirred magne-
tically Tor 3h amd then boiled under rellux for 3h on

a gsteam bath,

The mixture wz2s cooled in ice; warm water (300 ml)
was added to decompose the phogphorus compounds and the
mixture was set aside ocvernight.

The product was extracted four times with chlorofomm
(total 600 ml) aml the extract was dried. The solvent
was evaporated leaving an oil vhich golidified on cooling.
The product was dried (22,.5g; 95%). Recrystallisation

from ethanol (charcoal) gave colourlese rods of
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thioacctmorpholide, m.p.89-90° (lit.58 89-90°).

The following NN--disubstituted thicamides were
prepared in the same way from acid amides; starting
materials, rcaction times nnl yields are given in paren--

thesis in order:

Thioacetdimgthylamide (1g). - (iN-Dimethylacetamide; 1.5h:
92%); colourless crystzls from light petroleum (b.p.
80—1000) (charcoal), m.p.?ho (Found: C, 46.8; 1, 849;
N, 13.6, C),HyN8 requires C, U6.635 Hy B.73 N, 1346)

Mfgg@;@;gﬂéx;@_migg_(im@..s 9 . (Dimethylformamide; 2h;
82%) ; almost colourless liquid, b.p.120°/17mr.~. Her (lit.ss
97°%/12nn Hg).
Thigbenzodimethylanide _(_j_c_:_)_.so- Benzaldehyde (21.2g;
0.2 mol) was added 2ll at once to a 25-30% w/v solution of
dimethylomine in water (108 ml; 0.6 mol), On shaking
mechanically some heat was produced and the mixture
became warm and was cooled in ice.

Shaking was continued overnight in a closed flask,
the mixture was poured into a separatory funnel and the

upper layer of the aminal was separated and dried
(Nazsc}u) (31.1g). Its n.m.r. spectrum (neat ligquid)
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g}
Agreed with the aminal structure; §7.20 (5i, s, aromatic),
%.3%28 {14,s, mathine group), 2.10 (12,5, Cour methyl
groups). The aminal which remained oan the sodium sulphate
was recovered by washing 1t with dimethylformomide
{40 ml) = decanting it into the main product. Sulphur
(9.6g; 0.3 atom) and toluene-p-sulphonic acid (0.4g) were
then ndded. ¥ o
No reaction occurred in the cold, but on heating
on a steam bath under reflux the mixture rapidly became
dark brown and dimiethylamine was rapidly evolved, Uns
evolution with frothing was complete in 5 min. After
heating for 30 min. the mixture was cooled in iece and water
| (140 ml) was ndded, thus precipitating an oil.
i On ice-co0ling, shoaking and seeding the oil
golidified as yellow granules, which were filtered off,
waghed and dried (42.0g). The product was recrystallised
from light petroleunm (80—1000). On cooling and seeding
the 0il which firat separated solidified. The yellow
erystals were crushed, filtered off ard dried (25.3g;
88%) 5 meps65-66° (114.°9 67°).

Thioiscbutyrodimethylamide (11). - Iscbutyraldehyde

(14.4g; 0.2 mol), dimethylommonium chloride (32.6g;

[
|



78

O.4 mol), anhydwous sodium acetate (32.8g; O.4 1rol) and
gulphur (12.8g; 0.4 atom) in dry pyridine (800 ml) were
boiled under reflux (air condenser) for 3h. The dark
brown mixture was cooled 2ard poured into dilute hydro-
chloric ncid (2N; 40O ml), concentratéd hydrochloric
acid (80 ml) was added and the product allowed to stand
overnight in a refrigerator, The o0il was extracted rour
times with dichloromethane (total 11) and the extract
washed with dilute hydrochloric acid (2N; 500 ml) then
with saturated sodium hydrogen carbonate solution (11).
The selution was dried, and the solvent evaporated
leaving a dark oil, which was digstilled giving
beDo64~66/10mm Hg (Found: €,55.0; H, 9.9; N, 10.4.
CglyzM8 requires G, 55.0; H, 9.9;5 N, 10.7%);
Vhax (1iquid film) 2920vs, 1500vs, 1275vs, 11588, 1010vs
cm"1; G(GD015) 3.50 (3H, N-CHgz), 3.40 (3H, s, the other
N"CHB)’ 3,0 (1H, m, methine group), 1.2 (6H, 4, MeEC).

Thi oi sobutyromorpholide {k). - Morpholine (52.3g;
0.6 mol) and isobutyraldehyde (28.8g; 0.4 mol) were

agded at once to sulphur (19.2g; 0.6 atom). There was
an immediate exothermic reaction; the mixture was boilecd

under reflux for 16h in a heating mantle, The dark oil
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was poured into water (300 ml) and cxtracted three times
with dichloromethune (total 500 ml).

i The combined extracts were washed with water (250 ml)
and dried., After evaporating the golvent, dilute
hydrochloric ncid (2W; 200 ml) was odded to the black
viscous 0il, which on shaking and trituration began to
erystaliise, The mixturce was cooled in ice with shoking
for 3h and the product was filtervd off and washed
repeatedly with cold dilute hydrochleric acid (2N; total
100 ml), then with watcr.

}} The product wos shaken for L5 min with saturated
gogdjum gulphide solubtion to remove sulphur; the brown
erystalline product was Liltered off, waghed thoproughly
with water apd dried (54.0g; 78%). It was recrystallised
twice from light petroleum (b.p.60-800) (charcoal)

giving large colourleas leaflets of thioigobutyrg=
morpholids, mep. 41-02° (Found: C, 55.6; H, 8.8; N, 7+9.
GBH15NOS requires C, 55.6; H, 8.7; N, 8.1%); Vo ax (Nujol)
2900vs, 14€0vs, 1380s (doublet, sym-bending for GH3,
characteristic of isopropyl group), 1260s, 1220vs,
1120vs (C-0 stretch, CHQ-—O—CHE), 1005vs, 870s cm"1;
5(CD013) Lhol (2H, t, N-methylene gig~ to the
thiocarbonyl sulphur) (J 3Hz), 3.8 (6H, m, the other

l
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three methylene groups), 3.2 (14, m, methine group), 1.2
(6H, da, Mezﬂ).

Methyl Ni-dimethyldithiocarbamate (41) Methed (a)7 -

- -

A mixture of agucous dimethylomine solution (25/30% w/v;
176 ml), ngueous sodium hydroxide (31%; 96 ml) and water
100 ml) was treated with carbon disulphide (64 ml).

An exothermic renction occcurred zuxd an cil precipitated.
The mixture was left at room temperature for 1h.
Dimethyl sulphate (195 ml) wns added; an exothemmic
feaction began immedintely amd was controlled by keeping
the temperature at BO—MOO. The mixture wns then stirred
magnetically for 2h. S
| The ester was extracted four times with diethyl

ether (11) »nl the combined extracts were dried, amd

the sclvent wns evaporated; the yellow solid product was
filtered off and dried (89.0g; 89%). Reerystallisntion
from methrnol gave colourless prisms of the ester,
mepl5-16° (116,27 45-46°).

Method (b).~- Scdium dimethyldithiocarbamate dihydrate
(17.9g; 0.1 mol) suspended in methanol (30 ml) wns stirred
mogneticnlly nnd colled in ice whilst methyl iodide
{(14.2g; 0.1 mol) wns ndded dropwise over 10 min.

Stirring was continued at room temperature for 3h more,
and the mixture was allowed to stand overnight at room

tempe rature.
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The yellow oil wng poured inte water (150 ml) and
extracted three times with diisopropyl ether (total
300 ml); the combined extracts were washed with water
(60 m1) and dried. The solvent was eveporated amd the
remcining oil solidified on cooling in ice. The almosnt
colourless product was filtered off and dried (10.6g;
79%). Recrystallisation from methanol gave colourless

prisms, m.p.u5~h6° (lit.25 u5-u6°}.

Thi obenzomorpholide methiodide (2:1).8 - The thioamide (1a)

(20.723 0.1 mol), dry acetone (50 ml) and methyl iodide
(42,683 0.3 mol) were boiled urder reflux for 10 min,
moisture being excluded. The quaternary salt soon
crystallised out; most of the ncetone and methyl iodide
were then removed by evaporation.

Diethyl ether (100 ml) was added and the yellow
crystalline solid was washed with ether and quickly dried
(31.0g; 89%); light yellow plates from ethanol-ether,
mepe155-156° (decump.) 1it.S 158° (decomp.) .

In this way, other S-alkyl guaternary salts were
prepared, The products so obtained were used directly
for further reactions, but purification could often be

accomplished by dissolving them in absolute ethanol at
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room temperature and precipitating them in crystalline
form by slow addition of ether with stirring and seeding
if necess\ry.

! The gquaternary enlts are water-goluble, but are ;
gslowly decomposed even by atmospheric molisture, and meld
with decomposition (usually with liberation of methyl
jodide and regeneration of the thioamides).

The following quoternary salts were made from
thioamidesy reaction times and yields being given

parenthetically:

Phenylthioacetmorpholide methiodide {26!.8- (10 min; 78%);
colourless leafllets which turned light yellow on drying,

m.p.152-153° (decomp.) E:Lit.8 158°(decomp.)].

p=Chlorothichenzomorpholide methiodide (2b). - (10 ming

72%); pale yellow crystals, m.p.140-141° (decomp.)
|
Thiogalicylmorpholide methiodide (2f). - (10 min; 95%);

yellow crystals, m.p.150-1510 (decompe. )
pdethoxythiobenzomorpholide methiodide (2). - (10 min;
82%); yellow hairs, mep.141° (decomp.) 'Llit.8 142°

(decomp.)]

i

1

LA
oo



&3

p=Dimethylaminothiobenzonorpholide methiodide (2i)e—
0
(10 nin; 99%); yeollow erystols, m.pe169-171" (decomps)

(Ffound: C, Y42.8; H, 5.5; N, 7«1, C.lLI’EIE.IIIWzOS requires

(@]

12e 93 Hy Hely; Ty 7-1%).

P

]

ihioncet@orpholide mathjodide (2{‘,_).. - (30 nin; g8:2) s

yellow crystals, m.p.120-122° (aecanp.).

Thioancetdimethylamide methiodide (22). - (10 min; 100%);

very hygroscopic yellow=-bhrown crystals.

Thioformdimcthylamide methiodide (2h). - (10 min; 99%);

colourless crystals, m.p.119-12 . ( decomp. ).

Thi obenzodimethylamide methiodide (20).15 - (_'511; 96%) :

yellow crystnls from ncetone, m.p.1355-1 360 (dec omp.)

(Lit.!? 148-149°),

Thioigobutyromorpholide methiodide (2k). - (30 min; 65%);
yellow corystals, m.p.210-212° (decomp.).
Thioigobutyrodimethylanide methiodide (2¢). - (1h; 99%);

yellow crystals, m.pe118-119° (decomp.).

p-Dimethylaminothiobenzomorpholide isopropiodide (2m) 27P

(25h; 96%); yellow crystals, m.p.16u—165° (deconp.)
(11t.°"° 166°).
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MBS T trancthyldl thiocaranidiun Lodide (42) 2% -
The thioester (41) (13.5g; 0.1 mol) was dissolved in

methyl iodide (42.6g; 0.3 mol) and the mxiture was allowed
to stand at room temperanture for 24 Le The precipitated
bright yellow crystals were filteved off, washed with hot
acctone and dried (25.3g; 91%), Mepe95-96° (111-,..:26

95-96°),
8

LYeg-liorpholincbenzylidenemorpholinium iodide (1L), -

Thiobenzomorpholide methiodide (22.0g; 0.06 mol) and

morpholine (15 mol) were heated on 2 steam bath, moisture
being excluded. A vigororous reaction with evolution of
methanethiol occurred almost at once and heating weos
continued for 2h. The mixture was cooled and the solid
formed triturated with diethyl ether and dried (24.0g;
98%). Tie crude product was recrystallised from ethanol
giving pale yellow needles of the nmidinium iodide,

MeDe 290° (deconp.) ”lit.a '.291o (decomP-)i;

Reaction of the amidinium iodide (14) with sodiun
methoxide. - Sodium metal (10.0g; O.4l4 atom) was reacted

in portions with methanol (120 ml). The amidinium salt
(6.0g; 0.016 mol) wne added to the solution amd the

mixture was boiled under reflux on a steam bath for 1h,
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t Water (70 nl) was adided to the mixturs; this was
ektrmctca rour tines with dichlcorometh-ne (totol 250 nl).
The combined extracts werc woshed with wnter (250 ni)
tuxl dried, The salvent was evopornted; the o0l1 which
rerinined wns rulbed with ethanol (2 ml) while coolins in;
ice, md the colourlegs solid formed wag filtered off
anfl dried {0.33g; 171%).

| The product was recrystallised fron 1ight petroleun
(b.p.80~100"). TIts m.n. (74°) and i.r. spectrum were
identical with those of an authentic sample of

benzonorpholide.

odide (14) with potassium

Réaction of the amidinium i

gyanide.~ The anidiniun salt (10.0g; 0.026 mol) was
added to = solution of potnssium cyanide (36.,0g; 0«55 mol)
in water {300 ml), and the mixture was stirred magneti-
cally at preom temperature for 15h. The colourless solid
formed wes filtered off, washed witlh wnter and dried
(7.38g; 100%). Recrystallisation from ethanol gave
colourless crystals of g,n~-dinorpholincbenzyl cyquide
m.p.160° (Found: C, 66,93 H, 7.3; N, 1L45. Gy gHiny M50,
requires C, 66.,9; H, 7.3; N, 14.6%); Voo (Mujol) 2920vs,
1115ve (C-0 streteh, CH,-0-CH,), 1020vs, 875vs, 770s,
710vs c.-m_1; 5(033013) 7.43 (5H, g, aromatic), 3.7 (8H, t,
four —OCHQH) (5 31z), 2,6 (84, m, four —N3H2-).
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Attemnted reaction of the amidinium iodide (14) with
methylmagnesium iodides. - The amidinium =2l (5.0g; 0.013

mol) and methylmagnesium iodids Tfrom nognesium furnings
(048 0.02 atom) in methyl icdide (5.0g; 0.035 mol)
ard dry ether (25 ml)_ were mixed in dry ether (100 ml)
and poiled under reflux for 1h, after which the mixture
wos stirred magnetically for 3h.

i
.‘ Water (50 ml) was ndded armdl the mixture wos extrocted

tLree times with dichloromethane (total 0 ml). The
canbined extracts were woshed with water (150 ml) and
dried,

| The solvent wos evaporated; the remaining viscous
liquid solidified on scratching and the s0lid was dried
(0.15g), It was recrystallised from ethancl; its m,D.
and spectral properties were identical with those of the

starting materinl.

Reaction of the amidinium iodide (1L} with potasgsium

sy

thiocyanate. - The jodide (17.5g; 0.0L5 mol) was added

to a solution of potasaium thiocyanate (120.0g; 1.24 mol)
in water (250 ml) and the mixture stirred mognetically
at room temperature for 22h. The light yellow szolid

formed wos filtered off and dried.

I
l
|
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The product wns boiled with dichloromethane
(60 m1) ard the colourless solid was Tiltered off, washed
vith dichloromethane ind dried (9.3g; 65%). Recrysta=
llisation fron ethaiwol gave beautiful colourless needles
of lL—gq-morpholinobenzylidenemorpholinlum thiocyinate,
Mepe254-255° (Pound: G, 60413 H, 6463 Ny 13404
Cy6Hpq 113058 requires C, 60.2; H, 663 N, 131%); Vimax
(Nujol) 20u0Ovs (SCN), 1600vs, 1480s, 1320m, 1280vs,
1130vs(C~0 stretch, CH,-0-CH,), 1050m, 890s, 84Om, 780m

-1
cm .

The thiocyanate with agueous saturated sodium
picprate solution afforded the amidinium picrate which
fomed yellow cubic crystanls from ethanol, m.p.15h°
(11t.° 153°) (Pound: C, 51.5; 4, L.7; N, 1k.6. Calec.

Tor Coyio3M30y. @, 51.5; H, 4.7 N, 14.38).

The dichloromethone filtrate from the thiocyanate
was evoporated and the yellow solid wiich remained was
dried (Le25g; LG%). Recrystallisation from light
petroleun (b.p.80-100°) gave beaubiful needles of
thi obenzomorpholide, mepe136-137° (1it.”2 137-138°)
Found: C, 63,65 H, 6.3; N, 6,6, Calce. for 011}1131{)3:
C, 63.8; H, 6.3; N, 6.8%).
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potagsium tdocyanate. - The thiocyanate (2.0g; 0,0063 mol)

.-

Regetion of the amidinium thiocygnate (3L) with

was ndded to a solution of potassium thiocyanate
(25.08; 0.26 mol) in water (50 ml). The mixture w~s
hented under reflux on a steam bath for 10h. After
cooling, it wrs extracted with dichloromethane, Evapo-
ration of the solvent and recrystallisation of the solid
product from light petroleum gave benzomorpholide (0.24z;
20%) 5 its mepe(74°) amd i.r. spectrum were identical
with those of an authentic snmple.

Boiling o mixture of the amidinium thiocyanate and
potassium thiocyanate under reflux in acetonitrile gave

the starting material.

Reaction of the gorbamidium iodide (42) with potnssium
anidee -~ The iodide (8.0g; 0.029 mecl) was added to a

solution of potassium cyanide (20.0g; 0.31 mol) in water
(150 ml)e The solution turned turbid amdi an oil resulted,
methanethiol being evolved. The mixture was shaken for
2 min and cooled in a refrigerator for 1h.

The o0il was extracted four times with diehloromethane
(totnl %00 ml); the combined extracted were wnshed once
with water (150 ml) and dried. The solvent was evaporated

giving dimethylominobis(methylthio)methyl cyanide (43)

(5.08; 98%); b.p.58-60°/0.86mn Hg (Found: C, L1.0; H, 7.1;
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N, 16.1. CgH, N8, requires G, 40.9; H, 6.8;5 1, 15.9%) ;

o2 1.5246; spectral data have bean given in the results

section,

|
Reaction of the carbnmidium iodide (42) with aniline, -

o el Wl e s

Aniline (L.09g; 0.044 mol) wne added to the iodide (4.00g;
0,014 mol); there was an immediate exothermic reaction.
Bengene (%0 mol) was added and the mixture boiled under
reflux for 3h. It wos cooled ond the solid formed was
filtered oif ard dricd (1.85g; 74%). The compowr wag
recrystnllised from ethanocl; its m.p. ani speciral
properties were identical with those of dimethylaumonium
icdide.

i The solvent of the mother liguor wns evaporated,
the cil which remained was rubbed with ethanol and coocled
in a refrigerator overnight. The colecurless solid formed
wos filtered off and dried (0.%8g; 20%). Recrystalllsa-
tion from ethancol gave needles of S-methyl-
NN-diphenylisothiocurea, charncterised by its spectraol

61

properties; m.p.108° (11t.  109°); v, (Nujol) 3250e

(NH), 15703, 1480s, 1370m, 780 cmw1; for p.m.r. data

see results section.
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Reaction of the carbmmidium jodide (42) with
hydroxyammonium chloride. — The iodide (13.0g; 0.047 mol)

was added to a sclution of anhydrous sodium acetate
(70.08; 0,85 mol) ami hydroxyammonium crloride (6.0g;
0,086 wol) in water (150 nl). The mixture became turbid
witile some 0il precipitateds It was shaken for 3 ikin
and cooled in o refrlgerator for 3h.

The colourless selid wos filtered off omi dried
(2583 39%). Recrystallisation from light petroleum
(bep+80-100°) gave colourless big(methylthio)fommaldoxine
(145); mepe 74° (Found: C, 26.3; H, 5.1; N, 10.2.

033171‘{)82 requires C, 26.3; H, 5.1; N, 10.2%); spectr-l

dota in the results section.

Reaction of the carbamdium iodide (42) with semicarbazide
hydrochloride. — The iodide (12.0g; 0.043 mol) was
added to 2 solution of semicarbazide hydrochloride (9.0g;

0,08 mol) nnd sodium ncetate trihydrate (60.0g; O.Ll mol)
in water (190 ml1). The mixture was shaken for 5 min and
cooled for 1h in a refrigerator,
The colowrless product was filtered off and dried
(3.18; LO%)., Recrystallisation from ethanol gove
o)formalde % ;m-P-'i25°

(Found: C, 27.0; H, 5.05 N, 23.8; 8, 35.6. C)HyN;08,
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requires C, 26,8; H, 5.0; N, 23.5; 5, 35.8%); spectral

data have been given in the results section.

Reacticn of the earbnmidium iodide (42) with moppholine. -
liorpholine (5 ml) wns added to the iecdide (%.0g; 0.01 1:0l);

an exothernic rencticn started imnediately. The miture
wag heated under reflux for 10 min, methanethiol beln;
given off. The colourless solid formed w:'s coolad,
triturated with ether (50 ml), filtered off, and dried
(3.6¢). It was recrystallised £rom ethanol; m.pe206=207"
(decomp.). The compound wns extremely hygroscopic;

it contnined nitrogen and iodine, but could not be

further characterised.

Reaction of the carbamidium iodide (42) with nitromethanec,-

A mixture of the iodide {(2.0g; 0.007 mol) and nitromethane
(2 m1) wos boiled under reflux in benzene (10 ml) for

2h, The golvent wns evaporated leaving an oil, On
ice-cooling the oil solidified giving a sticky substance
which was mibved with ethanol; the free-flowing solid

was filtered off and dried (0.22g; 23%). Recrystalli-
sntion fron methanol gave the thiocester (41),

MeDe 145-1460 (111:..25 145—1460), identical in spectral
properties with an authentic sample.



Boiling of the salt (42) alone in benzene ~lso gave

the thioester (41) in 28% yield.

g=tigthyltiio=g-L'-morpholincbenzyl cyvenide LESQlfoc. -
The gquoternary salt (2a) (3.0g; 0.0086 mol) wos added to
2 golution of potnssium cyanide (9.0g; 0.14 mol) in water
(75 11)es The mixture was cooled overnight in a refripge-
rator; the solid formed was filtered off :nd dried (2.1g;

99%). Recrystallisation from ethanol gave colourless

heavy crystals whose m.p. and i.r. spectrum were

identical with those previously reported10c for cyanide

(25a),
The following quaternary cyanides were prepared

similarly from the corpesponding thioamide methiodides,

crude yields being given in parenthesis:

P=Chloro~g-me thylthio—g-l—morpholinobenzyl cyanide

(25b)1oc.-Yellow crystals from ethancl, m.p.55-56o
(11t.70C 55-56°) (99%).

g=Ddngwlantno-g-no thyl thl 0 bengyl cyanide (270)'0°%.—

Colourless crystals from ethanol, mepe. LO° (lit.wc 40°)
(99%) .




93

Qe hyd=1~nethyl thiom1-morpholinop p opyl cyanide (25i).—
Colourless crystals from ethanol, mep.55° (98%) (Found:
C, 56.1; H, €.5; N, 12.9. C,,1,,N,08 requires G, 50.1;
3y Bolis W, 13.1%); v . (Muajol) 2220w(C=N), 1L60ve, 13iCe
(dovblet, cym-bending for 053, charscteristic of
igopropyl geoup), 1320w, 1280s, 1260vs, 1120vs, (C-0
etretch, 0212—0—031'2), 11008, 1070m, 1020vs, 9108, 880vs,
800vs an”'; 5(CDC1s) 3.7(LH, t, CHy=0-CH,) (J 3iz),
2,8(4H, m, CH,=N-CK,), 2.40(3H, s, SMe), 2.2(1H, m,
CH-), 1.3(3H, 4, Cue) (J LHz), 1.,1(3H, d, CMe) (J Y4Hz).

p=bethoxy—g~me thyl thio-g~4'-morpholincbenzyl ide

(25h) .~ p-Methoxythiobenzomorpholide methiodide (14.0g;

0,037 mol) was added to a solution of potassium cyanide
(4O +0g; 0462 mol) in water (200 ml) and the mixture
stirred for 20 min. The oil formed was extracted four
times with dichloromethane (total 500 ml); the cambined
extracts were washed with water (200 ml) and dried,
The solvent was evaporated leaving an oil, which was

triturated with 1ight petroleum (b.p.40-60°), then

cooled overnight in a refrigerator. The solid formed
wag filtered off and dried (5.1g; 50%). Recrystallisa-
tion from light petroleum (b.p.60-80°) (charcoal) gave
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colourless crystals of the guaternary cyanide,
m.p.lio-U41° (Founa: C, 60.4; H, 6.6; N, 10.1,

CypHyaN,0,8 requires C, 60.U4; H, 6,55 N, 10,1%) v o
(Mujol) 2220vw (C=N), 16008 (C=C, aromatic), 1500s, 1.&0s,
13808, 1250vs, 11758, 1120vs (C-0 stretch, CZIZ-O-C}{Q'),
1100m, 10305, 10003, 8758 em™ ' ; §(CDC15) 7.6 (2H, d,
aronatic) (J 10iz), 6.8 (2id, 4, aromatic) (J 10Hz),

380 (3H, s, Me), 3.7 (L3, t, cazuoac12) (o 3uz2), 2.7
(443, n, CHE-N;CHE), 2.00 (3H, s, Slie).

In the same woy the following quaternary cyanide was
made from the corresponding methiodided
{=Dinethylanino-i-ncthylthionethyl cyanide (25¢)'0%.—
Almost colourless liquid, b.p. 102°/15mm Hg (11t.1°°
102%/15mm Hg) (50%).

Preparation of cyanocamide (26)1_:)10(1 and quaternary
gyanide 5253!1O°.— Phenylthiocetmorpholide methiodide

(12.5g3 0.034 mol) wns added to a solution of potassiun

eyanide (36.,0g; 0.55 mol) in water (300 ml) and the
mixture stirred at room temperature for 70h. The oil
which reculted was extracted four times with dichloro-
methane (total 1.5 1); the combined extracts were washed

twice with water (total 600 ml) ani dried.
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The.solvent wag evaporated; light petroleum )
(b.p.80-1000; 120 ml) was added to the sticky substance
which remained and the mixture boiled. The brownish
crude product insoluble in light petroleum, was Liliered
off erd driec (1.1g; 12%). Recrystallisation from
ethanol gave 2 colourlegs solid whose me.P. and i.r.
gpectmm wWerg identical with these of the cyunocrnide
(250). %%

.i' The solvent of the filtrate was evaporated lesving
an oil which solidified when cooled in tue deep Ireeze
for 3 dayo. This was filtered off and dried (G.3g; 70%).
Recerystallisatiom'from light petroleunm (b.p.80-1000)

).100 having spectral

(charcoal) gave the cyanide (25e

‘  properties identical with those of an authentic sample.
Similar trecatment of thioacetmorpholide methiodide

with excess agqueous potassium cyanide gave the

cyanoamide (25&)1Od and the quaternary cyanide (25(1)10c

in 38% and 37% yields respectively; the i.r. spectrum

of each compound was identical with that of an authentic

sample,

e
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Ereparation of ovanomiide (26¢),'%% iminoniteile (52)
and guaternapy cyanide (25g).~ Thioacetdimethylomide
nethiodide (30.0g; 0«15 mol) was added to a soluiion of
sodiw: cyanide (80.0g; 1.23 mol) in wrter (480 ml) and
the nixture stirred ot room temperature for 30 min and
extracted four times with dichloronmethane (totnl 50C nl).
The corbined extracis were washed with water (150 ml)
and dried,

The solvent was evaporated leaving an almost colour-
less oily semi-solid residue. Light petroleun (b.p.60-80°;
100 ml) was added and the mixture heated on a steam bath.
The colourless golid wns filtered of f from the hot
solution, washed twice with hot light petroleum and dried
(3.0g; 15%). Recrystnllisation from ethanol gove colour-

less crystals of cyanoamide (250);10(1

its neps and i,.r,
spectrum were identical with those of an authentic
sanple.

On cooling the light petroleum filtrate a slightly
brovn o0il precipitated, which crystallised when placed in
the deep freeze., The s0lid was filtered off, washed with
cold 1light petroleum (b.p.40-60°) and dried (7.1g; 26%).
Recrystallistation from light petroleun (b.p.60-80°)

(charcoal) gave almost colourless cubic crystals of
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Jmdine thylanino-2g-inino=j-nethyl thiobutyroni trile,
Mepe5L=55° (Found: C, 49.1; H, 7+8; N, 2hele. Gy 51058
requires C, 49.1; Hy, 763 N, 24.6%)3 1ePe, Pelere N UaVe
sgpectral data have been given in results section; (M-cr)*
hizhest m/e (1.2% base peak), (H-dCH-gle)” base peak,

The light petroleum filtrate from the iminonitrile
vas evaporated to remove the sgolvent, the residual alnost
colourless product was distilled giving colourless
2-nethylthio-2-dimethylaminopropionitrile (L4.6g; 22%),
b,p.58-60"/2mm Hg (Found: C, 49.5; H, 8.4; N, 19u4.

CeHy N8 requires C, 50.0; H, 843; N, 19.5%); v, (licuid
£11m) 2250w (C=N), 1460vs, 1380w, 1270m, 1110s, 980m,
7508 on™'; §(CDC15) 2.4k (6H, s, Mey), 2.30 (38, s, Sle),
1.77 (3H, s, Gile); n2° 1.4816.

Reaction of thimacetdimethylamide methiodide with
potassiun cyanide in equimolar amounts gave only the

quaternary oyanide (25g) in 88% yield.

Reaction of iminonitrile (52) with potageium hydrogen
gapbonate.~ The iminonitrile (1.0g; 0.0059 mol) was

added to a solution of potassium hydrogen carbonate (10,0g;
0e1 mol) in water (50 ml) and the suspension stirred

for 18h. The mixture was extracted three times with
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dichlorometh ne (totel 200 ml), the combined extracts
were washed with water (100 ml) and dried,

The solvent was evaporated, light petroleum
(’b.p.?.:0-600) was odded to the remaining o0il ard some soliad
separited. The nixtwre was warmed, cooled, and the dari
s0lid was filtered off ond dried (C.1g; 12%). Recrystn-
l1ligation T'rom eth-nol gave the cyanonnide (iBfSr.-.),"(‘wl
its 1.r¢ spectrun heing identical with that of an autheutic

sanmple.

aotion of iminonitrile (52) with potassiua cyanide.—
The iminonitrile (0,5z; 0.003 mol) was dissolved by
warming in 1,2-dinethoxyethone (0,3 ml) 2nd 2 solution of
potassiun cyanide (0.5g3; 0,008 mol) in water (1 ml) was
added, Two loyers were formed; the mixture was shaken
mechanicnlly for L48h, Wnter (5 ml) was added to the pale
brovn nixture, which was then extracted with dichloro-
methane (20 ml); the extract was washed with water (5 ml)
and dried,

The solvent was evaporated, and the residual oil

triturated with boiling 1light petroleum (b.p.60-80°;
5 ml)., The solid formed was filtered off and dried
(25.5mg; 6%); its mepe and i.r. spectrum were identical
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H e -~ e Te o ~ 3 ) 1&1
with those of the cyanoanide (256c).

. . I i o
Treatuent of the iminonitrile witn K 2GN (37%
abelled) nlso gove the cyanonmide which shewed equal

130 labelling for the Cil amd C()Iu"-.-{2 ETroupsa.

Reaction of guaternary cyanides with potagsiun cyailde.—
The cyanide (25gz; from thiocetdimethylanide meihiodide)
(0e5¢3 0.0035 mol), potnssium cyanide (0.5g; 0,008 nol)
and water (1 ml) were shaken mechanically at room rempe-
rature for 72h, Water (5 ml) was added and the product
extracted with dichloromethnne (20 ml); the extract
vashed with water (5 ml) and dried.

The solvent wng evapvorated leaving some sticky
crystelline solid :, which was stirred with boiling light
petrolemwn (b.p.60-80"; 5 ml), filtered off and aried
(good yield); its i.r. spectrum was identical with that
of the cyanoauide (26c);10d (M=CcW)* highest m/e (1.2
base penk), ..‘GHBG(GE.') R‘Icz;_f base penl.

Reaction of t'e quaternary cyanide with K‘3 Cii (37%
labelled) nlso gave the cyanoamide which showed equal
136‘ labelling for CN and CONH2 groups and only natural

tbundance for the other C atoms; the positions of

absorption in ppm relative to T.M.S., were: 174.6 ( ;CO).



100

{
1200 (=C=l), 7h.1 L-?—). 4346 (0515.-1\1_0313), 27 +8 (0-0313).
Treatment of the quaternary cyanide (25i; fron
thioisobutyronorpholide methiodide) wit h agueous potassiun

cyaid e gave the starting material,

Reaction of quaterniyy cvanides with Zaney .uLQE;_c.?-.-é-O The
cyanide ‘25a; fror. shiohenzomorpholide methiodide) (3.5::
0,014 nol) wns added to o mixture of freshly prepared
Reney nickel3o (two teaspoonfuls) and benzene (60 ml),
and boiled under reflux for 4Oh; methanethiol beins given
off, The solution was filtered and the Raney nickel
washed several times with benzene,

The solvent was evaporated zcixl the remaining oil
ghowed sigie of crystrllisntions This was cooled in a
refrizerator, nnd the solid fomed filtered off 2nd dried
(0o84g; 23%)e Recrystallisation froa light petroleun
(h.p.BO-ﬂOOD) gave colourless crystals of
gl -norpholincbenzyl cyanide, ne.pe65° (Found: C, 74.U;
Hy 7403 N, 13.8. 012H14Né0 requires C, 71+3; H, 6.9;

Ny 1349%)3 v, (Mujol) 2220m (O=N), 1120ve (C-0 stretch,
CH,=0-CH,), 10758, 1010vs, 520s, 870vs, 800s cn”™ ' ;
8(CDC13) 7.5 (5, n, aromatic), 3.7 (4H, t, CHye0.CH,)

(3 31z}, 2,6 (44, t, CH,.N.CH,) (J 3Hz).
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In the swme wny treatment of cyanide (258; from
phenylthiocncetnorpholide methiodide) with freshly prepared
Raney nickel gove o 30lid (m.p.hfs.-l;.“_»o), too anall to
canracterise,

Binilor renction of cyanide (25¢; from thiobenzo-
dinethylonide methiodide) gave an oil, nalso too smoll to
characterise,

Tpeatnent of cvanide (252) with commercial cctivoted
pelletized Roney nickel yielded the starting meterisl;
with cyanide (25¢) an oil wnsg obtained, too small to
characterise, whilst cyanide(25e) gave
1-cyano-1-norpholino-2-phenylethylene (56) (83%), fron
ethanol, m.p. 100-101° (11t.%2 100-100.5°) (Found: C, 72.7;
4, 6,6; N, 13,0, Calec, for 013'r11“_1\120: C, 72.9; H, 6,53

Ny 13e1%); Vv (Mujol) 2220m (c=w), 1610s (C=C stretch),

nax
1115vs (C-0 stretch, CH,-0-Ci,).
Boiling a solution of ecyanide (25e) in benzene under

reflux nlso afforded the elimination product (56) (3%).

Renetion of cyanide (29a; fron thiobenzomorpholide
nethiodide) with sodiun borohydride.— Scdium borohydride
(3,03g; 0,08 mol) wns added in portions wi}hficc-ooolin&
to n solution of the cyanide (L.96g; 0.02‘,(1;:01) in

i
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isopropanol (230 ml) while stirring magnetically.
Stirrins wos continued for 15h nt roon tempernture, The
solvent was evoporated and water (80 nl) was added to the
rentinine colourless solid to dissolve excess sodiun
borohydridec.

The oil produced was extracted three times with
ether {total 250 ml); the combined extracts were washed
with water (100 ml) and dried., The solvent was evaporated
leaving rm oil, which solidified on cooling in = refrige-
rator for 30 nin. The product was filtered off and dried
(0.82g; 335)e Recrystallisation from ethanol gave
o=Ui'~noppholinobenzyl cyanide, whose i.r. spectrum wos

jdentienl with that of on authentic sample,

Reaction of cyanide (25a) with prinary gliphatic agines.—
Ethylenediamine (27.,0g; C.45 mol) was added to a solution
of the cyanide (10.0g; 0.04 mol) in benzene (60 ml) ~nd
the mixture boiled under reflux for 6h, The solvent

was evaporated leaving an oil { with two layers), Water
(30 ml) was ndded and the mixture scratched with
ice~cooling, The solid formed was filtered off and dried
(hebi2g; 54%). Recrystnllisation from ethancl gave
a-l4'=morpholinobenzyl cymnide, its i.r. spectrum being
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identicnl with that of on cuthentic somple,

The water in the aoueous filtrnte was evapornted
md the rennining oil cooled in n reflrigerator overnisht,
The solid forned wns filtered off and dried (0.67g3 115%).
Recrystallisation fron water gave light yellow cryvstnls
of 2-phenyl-AZ-imidnzoline, m«p.100° (1it.)> 100-101°)
(Found: C, 73.8; i, 6.9; N, 19,2, Czle, for Coilygily:

Cy TheO; H, 6,93 Iy 19,2%); v, (Mujol) 3200m ()3
1600n (C=17), 1500m, 14,600s, 13708, 980 0:1"1; §(CDC13) 7.6
(58, m, aromitic), 4,67 (1H, s, -NH-), 3,80 (4d, s, two
Cil, groups).

The imidazoline formed o picrate with agueous
sodium pigrate; it was recrystcllised from ethandy ReDs
239-2111° (deconp.) (Found: C, 48.0; Hy 3.6; Ny 18.7
Cy5ily 310, requires C, 48403 H, 3.5; N, 18.7%) «

On repeating the experinent, benzaldshyde was
obinined by steam distillation of the erude product; it
was characterised ns its dinitrophenylhydrazone, whose
i.rs spectrum wos identical with that of an amthentic
sample,

Treatnent of the quaternary cyanide with
ethylenediamine in equimolar amounts gave the starting

material,
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Reaction of the cynide with excess 1,2-dianino-
nd 1,3=dicniro-propene gave a-L'-norpholinobenzyl cycnide
in 44% and 63% yields respcectively; similoar treatment

with n-buvtylanine nlso afforded this product in 285 yield,

Reaction of cyanide (25a) with morpholine.— lorpholine
(6,093 0,07 mol) wns added to the cyanide (4,96g; 0.02 1:0l)
and the mixture boiled under rveflux (nir oondenser),
Within 5 min the solid completely dissolved giving a golden
yellow homogeneous solution; heating wns continued for
3e5h,

iJter ga 20 min some yellow solid begnn to crirsta-
llise, The mixture was cooled in ice, triturcted with
diisopropyl ether (130 ml), =2nd the colourless solid
filtered off nnd dried (1.8g; 28%)., Recrystollisation
fron eth:nol gave l-g-iiorpholinobenzyldenemorpholiniun
thiocyannte, whose i.r. spectrun wos identicanl with that
of an authentic sample,

The filtrate wns woshed five times wi th woter (totnl
300 ml) anl the ether solution dried. The solvent was
evaporated leaving some glightly sticky yellow solid,
which wes rubbed with ethanol, nnd the free-flowings solid
filtered and dried (2.49g; L3%). Recrystallisation from
ethanol gave qj,a-dimorpholinobenzyd cyanide, its spectral
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properties being identical with those of an authentic
sample.

Thiobenzomorpholide was isolcoted in trace anount
also from the reaction,

Repenting the experiment with equimolar amounts of
reactoants led to the isolation of the amidinium
thiocyannte (10%) and recovery of some starting naterial,

S8imilar treatment of cyanide (25e; frou phenyl-
thioncetnorpholide nethiodide) wiih morpholine in
equimol or anounts gove fecyano-i-morpholino-2-phenylethylzne
(155), its i.r. spectrum being identienl with that of

an suthentic specimen,

Reaction of cyanide (252) with nercuric cynnide.,— Mercuric
cyanide (5.06g; 002 nmol) was ndded in portions to a

magnetically stirred solution of the guatermary cyanide
(4.96g; 0,02 mol) in acetonitrile (60 ml). Stirring wos
continued for 7h, the yellow solid formed (mercuric
nethylthiolate) was filtered off and dried (3.03g).

The solvent of the filtrnte wns evaporated leaving an
almost colourless solid which was dried (L.5g; 99%).
Recryst-llisation from ethanol gave 2,47-morpholino-
2-phenylnalononiteile, mep.109-110° (Found: C, 68.6; i,
5.7; My 18.6. 0y3ily3N50 requives C, 68,75 H, 5¢7; N,
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1845/2) 5 Vo, (Majol) 1115vs (C-~0 streteh, Ci,=0-Ci,),
1090n, 9% vs, 970s, 9258, 875vs, 750vs cm—1; 5(&)013)
7.6 (5H, m, cromatic), 3.8 (hil, t, Cl,.0.0H,) (J 3lz),
2,7 (LH, t, Ci,eN.Ciy) (& 3Hz).

Sinilar treatment of cycnide (25e; fron phenyltiiio-
néetnorphiolide methiodide) with mercuric eyanide [nve
{=cyono=i=norpnolino-2~phenylcthylene (100%), itc i.re
gpectivm being identicel with that of on authentic snarle,
viiilst cycnide (25¢; from thiobenzodimethylamide
methiodide) gove ~ colourless solid too sntll to elinroc-

terisc.

Reaction of auaternary, oyanides with methyl 1043dC.~
Hethyl iodide {1kL.2¢; 0,10 mol) was ndded to a solution
of the cyanide (25e¢3; from phenylthioacetmorpholide
nethiolide) (5.2hg; 0.02 mol) in dry acetone (20 ml) and
the mixture boiled under reflux for 2h, The excess methyl
iodide ond ncetone were evaporated leuving an almost
colourless sclidy ether (4150 ml) was zdded ard the solid
triturated, filtered off, and dried (1.45g; 3(%).
Recrysitallisation from ethanol gave colourléess

trimwethylsulphonium icdide, its mepe and i«re. spectrun
being identical with those of an authentic samplee.
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The solvent of the filtrate wos evoaporated, the solid
obtoined wos rubbed with ethnnoel, and the colourless
compound riltered off and dricd (2.42g; 57%). Recrysta—
llisation from 1light petroleun (1.« 80-100°) gave
l=weyone.-{—norpholino-2-phenylethylene, whose i.r. apecetrun
whs identicdl with that of an authentic sample.

Trentnent of the cyanide with excess nethyl iodide
at room temperature gave the above alkene (B4%).

Boiling = mixture of the cynnide (25i; from
thioisobutyromorpholide gethiodide) and excess methyl
jodide under reflux gave, trimethylsulphonium iodide (L6%)
and an oil b.p.62°/15mm He, whose spectral propertics
sugge at 1-—cyano-1-morpholino-2-methylpropene {(92%),

There was noe reaction at roon temperature,

Bimilar treatment of cyanide (2523 (from

thiobenzomorpholide methiodide) gave no renction under

both conditions.,

g

Attenptod dehydration of cyanoamide (26¢: fronm

Miocbenzodimethylanide methiodide) with thionvl chloride.—
& mixture of the cyanoamide (3.5g; 0.C3 mol) and thionyl
chloride {15 ml) was boiled under reflux in benzene ;-

(150 m1) for 22h. The mixture wus cooled in ice, then
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erushed ice (100g) and water (400 ml) were ndded to
deconpose excoss thionyl chloride, Cold potassium
hydroxide solution (50%) was added with stirring until the
mixture was alkaline.

The two laycrs formed were separnted, and the aqueouc
layer exitractec swice with benzene (total 500 ml); the
combined extrnets were wanshed with sodium carbonnte solution
(1%; 250 ml), then twice with water (totsl 300 ml) and
dried.

The solvernt was evaporated and the remaining solid
was dried (0.05g) but was too small to char-cterise;

Vo (Mujol) 2220w cm"'1; 6(0}.)013) 307
attempted dehydration of the cycnoanide with

g_ﬁﬁ(l;cyclohe;wlcnrhodiimitle gave the starting material.

Reagtion, of, thiobenzodinethylonide methiodide (2¢) with
dimethylamine,— Dinethylamine solution in ethanol (33%,
w/w; 300 ml; 4.0i wol) was added to the methiodide (15.0g;
0,019 mol) and the mixture boiled was evaporated, the
renaining oily mass was cooled in ice, triturated with
ether (500 ml) and the brownish solid formed filtered off
and dried (8.,1g; 96%). Reerystallisation from ethonol
gnve colourless dimethylnmmonium iodide, its m.p. and i.r.
spectrum being identical with those of an authentic sample.
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The filtrate wans woshed with woter and the ether
golution dried and evaporsted. The renaining oil was
cooled amd scrotched, The solid iormed wns filtered off,
dricd (2.2g; 27%) ard recrystallised from ethancl; its
spectra propertics werc identical with those ol an
authentic speclinen of thiobenzodinethylamidee

bBoiling the methiodide with agqueous dimcthylamine
golution under reflux gave the thioanide (32%).

Reaction of the methiodide with diethylamine afforded
dinethylammoniun iodide (70%); its i.r. spectrun being
identical with that of an authentic sample (Found: C, 24,0;
H, 6.0; N, 6.9 Calc, for CuH121N: C, 23.,9; H, 6.0;

N, 7.0%), and also thiobenzodimethylamide (23%).

Reaction of phenylthioacetmorpholide methiodide (2e)

with moprpholine.— Morpholine (16 ml) was added to the
methiodide (20,0g; 0,06 mol); there was an immediate
exothémic reaction., The nixture was heated on a steam
bath for 8h, moisture being excluded. 1t was cooled,

the solid formed triturated with ether {120 ml), filtered
off am dried (11.83g; 100%). Recrystallisation from
ethanol gave colourléss morpholinium iodlde, its mepe. and
i.r, specetrum being identical with those of an authentic
sample (Found: C, 22.4; H, L.7; N, 6.5« Calc. for
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10
The ethereal filtrate was cvoporanted; the remoining
0il wos cooled in a refrigeprator for 1h and rubbed with
ethrnol. The celourlicss golid formed wis filtered off
md dried (1.52g; 11%). Recrystallisation from ethanol
gave colourless 1,1-dinorpholino-2-phenylethylene,
Mepa135-136" (Fouwnd: GC, 69495 I, 8.1} N, 10.1s Gyl iin0,
recuires C, 70¢1; H, 840; Iy, 10.2%)3; W (Majo1l)
1590s (C=C), 1580s, 11253, 1110vs (C~0 stretch, CﬁQ-O—Cjz),
10308, 9858, 890s cm'd; 6(0]3013) 7¢3 (5H, m, aromatic),
4.80 (13, 8, ~CI=C), 3.7 (8, m, two Cil,«04CH, groups) ,

3.1 (84, m, two 0312.I~I.CH2 groups) .

Reaction of thiobenzomorpholide methiodide (2a) with
formamidine ncetnte.~ The methiodide (6.98g; 0,02 mol)

was ndded to n solution of formamidine acetate (3.12g;

0.03 mol) ord sodium acetante trihydrote (100.0g; 0.74 mol)
in woter (220 ml) ~nd the mixture stirred magnetically
at room temperature for 8h, It wns extracted three tiues
with dichloromethane (total %00 ml), the combined extracts
were waghed twice with water (total 200 ml) and dried,

The solvent wns evaporanted and the premaining oil
triturated with light petroleum (b.p.40-60°; gg 3 ml)
with ilce-cooling. The so0lid formed was filtered off and
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dried (1.46g; 35%)e Recrystallisation from ethanol grve
thiocbenzomorpholide, its i.r. spectrum being identical

with that of ~n ~uthentic sample.

Reaction of thioscetdimethylomide methiodide (2¢) with
mercuric cyanide.— ‘iercuric eyonide (20.,2g; 0.08 nol)
was added t9 n solution of the methidodide (1940¢; 0«08 mol)
in agetonitrile (150 ml) am the mixture stirrel mecho-
merlly for 2,5he The yellow mercuric methylthiol~te was
filtered off ~nd dried (27.9g).

The filtrnote wna evopornted lenving saee brown oll
(9.6g); the crude praduct was distilled, b.p-76-770/2(ma
8. vy, (1iouid film) 2760s (Femethyl C-B streich),
2220n (C=N), 1580vs, 1480m, 1L440s, 1380m, 13508, 1190m,
10208 en™, Lossnigne test showed presence of nitrogen
aml obsence of sulphur amd hologen, However, it showed
several spots on a t.L.,c. plate.

Reaction of the oil with aqueous potasgsium cyanide

at room tempernture gnve the ecyanoamide (26¢).

Attenpted resolution of cyanide (25a).— The cyanide (25a)
(0e568; 0,002 mol) dissolved in o few ml of chloroform

was chromatographed in chloroform on 2 column of

D-lactose (BDH, opprox 27 cem X 2 cm)e Ten samples each
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of 25 ml of effluent were tnken :nd each samplc eXanined
in o qunrtz w.ve cell,

Virtunlly a1l the product ~ppenrcd in the third
freetion, This freoction, howvever, and other froctions
showed no optiecal rotatione.

Recrystalliscation of the cy~nide from D-1im onene

gove " incctive compound,.

Attempted asymmetric synthesis of cyanide (2%a).—
Anhydrous D-glucose (27.0g:; 0,15 mol) ond potussium cyanide

(97523 0.15 mol) were dissolved in water (75 ml); the
clear solution wis ndded to thiobenzomorpholide methiodide
(3.0g; 0,009 mol) thus precipitnting nn oil.

The mnixture was swirled ard left overnight in o
refrigerator; the oil was seeded with 2 few crystals of
the rrecenic gquaternary cyanide (252). The product wns
filtered off and dried, Its optical protation in chloroform
wvag negligivle,

Treatment of n solution of thiobenzomorpholide
me thiodide in chloroform with potassium cynnide in the
precence of DEAB-cellulose gave an optically inactive
compound, s dia also the treatment of the methiodide with

DE/E-cellulose in the cyanide form at room temperature.
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