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THE >C=S —»>C=0 TRANSFORMATION USING THE SOFT NO®-SPECIES
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Abstract - The reaction of NaNO, in acidic solution with thio-
carbonyl compounds has been studied. Secondary- and tertiary
thioamides, 1-benzyl-hexahydro-2H-azepine-2-thione, 5-ethyl-
5-phenyl thiobarbituric acid, certain thiourea derivatives,
2H=-1-benzopyran-2-thione, 0,0-diphenyl-thiocarbonic ester,
0,S-diphenyl-dithiocarbonic ester, N,N-dimethyl-S-phenyl~di-
thiocarbamatic ester, N-ethyl-N-phenyl-0O-ethyl-thiocarbamatic
ester are all converted into the corresponding carbonvl-anal-
ogues. 4,4"-Bis(dimethylamino)-thiobenzophenone (Michler's thio-

0040-4020/82/091163-06$03.00/0
Pergamon Press Ltd.

ketone) gives 3-nitro-I, dibis
room temperature. At (~10 °C)-

?

dimethylamino )~benzophenone at
-5 L) the expected oxo compound

is obtained as the main product together with 4-(N-nitroso-
methylamino )-4~(dimethylamino)-benzophenone.

The formation of carbonyl compounds
from the corresponding thio-analogues
can be achieved by a variety of meth-
ods, using nitric acid,! alkyl ni-
trites,? benzenselenic anhydride,3 se-
lenium dioxide,* diaryl selenoxide,S
dimethyl selenoxide,é diaryltellurox-
ide,” I,-DMSO,® alkoxides and hydrox-
ide® with different degrees of success.

A recent note!® about the forma-
tion of N,Nﬁdisubstituted urea from
the corresponding thiourea prompts us
to publish these results at this stage
of the investigation.

This paper reports on the reac-
tion of N0®

HCL) with thiocarbonyl compounds to

in water (from NaNO, and

give the corresponding oxo-analogues,
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§on leave from Faculty of Science, As-
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and mechanistic considerations are e-
laborated according to the Hard and
Soft Acids and Bases {HSAB) principle.
Included is also a method for the prep-
aration of thiocarbamates from the cor-
responding carbamates using 2,4~bis(4-
methoxyphenyl)-1,3,2,4~dithiadiphos-
phetane-2,4~disulfide (LR) as thiation

reagent,

STARTING MATERIAL

The thio compounds are easily
prepared according to known methods or
are commercially available.

The thiocarbamates® are synthe-
sized from the corresponding carba-
mates using 2,4~bis(4-methoxyphenyl)~
1,3,2,4-dithiadiphosphetane-2,4-di~
sulfide (LR) as thiation reagent. As
LR is known to be a very efficient
thiation reagent for ketones,!! carbox-
amides,?’?-'8% esters and S-substituted
thiocesters,'?+'® lactones,!? lactames

and amides,?®° and enaminones,?! the
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reaction of LR with carbamates has been
studied and found to give reasonable

yields of thiocarbamates (1 —2).

R ¥ 1
1 LR 1
SN-C-0-Et ——  >N-C-0-Et
Ry 1 R, 2
1,2 a: Ry =R; =H
b: Ry = C3Hg; R, = Ph
et Ry = Hy R, = C,Hg

RESULTS AND DISCUSSION

When excess of NaNO, is added to
thiocarbonyl compounds in 4 M HCL, the
corresponding carbenyl compounds are
isolated in high yields after a short
reaction time (Table 1). The nitrosa-
tion of primary thioamides gives 1,2,4=
thiadiazole derivatives.?? Besides the
carbonyl compounds elemental sulfur in
equivalent amounts is isolated. The
tertiary thioamides (3, 4) are all
smoothly transformed into the corre-

sponding amides.

5
[ 1
R-C—N:R
3 R
a: R = Ph;y R ,R, = =(CH,),-0=(CH, )~
b: R = CHy; R; ,R; = -(CH, 2’0‘(CH232‘
c: R = CHy3 R, ,R, = =(CH; )~
)
A
R-C-N]
4 Rg
at R = Phy R, = R, = CH,
b: R = H; R, = Phy R; = CH,

The highest yield is obtained
with N-phenylthioacetamide, 4b, (97%)
and the lowest with N-thiobenzoyl-mor-
pholine, 3Ja, (88%).

The yields of secondary amides
from the corresponding thioamides, 3,
are slightly lower than found for ter=-
tiary amides. Thus the yields vary
from 60%, Se, to 97% for N-benzyl-pro-
panthioamide, 2d.

Under these conditions the cor-
responding N-nitrosamides are never

isolated. The formation of 2-pyridine-

TABLE 1. Experiment data for the >=S —=>=0 transformation

Comoua  FUCHILHS emersiie gt feeon
3a 1 20 88°® B
3b i 20 9336 B
3c 3 20 9231 B
&3 % 20 9las B
4p ¥ 20 97°¢ B
a 4 20 6540 B
5b 3 20 7141 B
3¢ 3 20 80%2 B
5d % 20 8743 B
5e bo bs 6022 B
6 2 20 8144 A
vd 1% 45 ghe0 A
8a 3 20 3840 A
8b 3 20 6040 A
8¢ % 20 9845 A
9 22 bs 6430 A
12 20 45 15¢8* A
1 25 5 86+ A
b b 45 hore* A

2c 20 45 3849 A

»
Based on GLC and structure identity, yields calculated by GLC



The \C=S - \C=0 transformation

/ /
s
)
R=-C~NH=R,
2
a: R = R, = Ph
b: R = Ph; R; = Ph-CH,
£t R = R, = Ph-CH,
d: R = CH;~CH,; R, = Ph«CH,-
CH,
CH

3

carboxamide-N-(2,6-dimethylphenyl )22
might be of pharmaceutical interest
because it is shown to have local an-
aesthetic effect.
The thiolactam, 1-benzylhexahy-
dro-2H-azepine-2-thione, 6, gives the
corresponding oxo compound in 81% yield,
and 5-ethyl-5-phenyl-thio~barbituric
acid, 7, yields the corresponding oxo

compound in 64% yield.

H
On =
S
s Ph “r-
! H
Vi

i
Ph
[

The treatment of the thiourea
derivatives, 8, with NaNO, in 4 M HCY
and CH,CL, gives a smooth reaction and
the urea derivatives are isolated in
the highest being
98% (N,N'-dihexyl-thiourea,8c) and the
lowest 38% (N,N,N’,N’-tetramethylthio-

different yields,

urea, 8a). Mono-substituted thioureas
produce intractable mixtures of prod-

ucts.

R it R,

~ Ve

R/N-C-N‘R

2 3
8

a:t R =R, =R, =Ry, = CHy
b: R =R, =Ry, =CHy3 R = H
c: R =R, = CgHy;3 Ry = R; = H

The thiolactone 2H-1-benzopyran-
2-thione, 9, reacts similary and
gives 2H-1-benzopyran-2-one in 64%

yield.
L

When 4,4'-bis(dimethylamino }=thio-
benzophenone (Michler's thioketone), 10,
in 4 M HCZ and
CH;C%,, 3-nitro-4,4-bis(dimethylamino)-

is reacted with NaNO,
benzophenone,2?4:25 11, is obtained

(98%), the structure of which is proved
by MS, 'H NMR,

microanalyses and mass spectrum (M* =

and microanalyses. The

313) correspond to the composition
CioHygN305.

the mass spectra are, M'-NQ, M'-NO,

Other observed peaks in

which are characteristic for nitro
compounds.?®® The !H NMR spectra show 7
aromatic hydrogens (& 6.5-8.2) and 12
aliphatic ones (6 3.0).

S
Me 1l Me NaNO
<0)<<0)-X "
Me’ Me
10

0
Me\N-f: :)-E@N’Me L
—_— + T Ss
Me” \Me 8
NO;
n

Nitrosation of 10 at (-10)-(-5) C
gives 4,¥-bis(dimethylamino)-benzophe~
none (Michler's ketone) as the main
product (67%) and also 4=(N-nitroso-
methylamino)-4¥-(dimethylamino)-benzo-
phenone,27-30 The structure of the
main product (Michler's ketone) is
proved by m.p. and mixed m.p., while
the second known product,®® is charac-
terized by physical data and MS, from
which the following peaks are observed:
M* (283, 44%), M*-NO (253, 100%), M -
NO-CO (225, 100%) (for mass spectra of
nitroso compounds, see ref.31). The 'H
NMR spectra show the presence of 8 ar-
omatic hydrogens (6§ 6.60-8.32) and 9
aliphatic ones (5 3-10).

The thiono compounds, 12-15, can
also be transformed into the carbonyl

analogues:

S
i '
R-X-C-Y-R
12: X =Y =0; R =R’ = Ph
13: X = S3 Y =03 R = R’ = Ph
_1_:x=s;m'=n§cn)a;n=ph
15: X = 03 YR’ = N(Ph){(CoH;); R = CpHg

Attempts to transform a protected
thiodipeptide: Z-Glyt-Gly-OEt into the
corresponding protected dipeptide yields
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several products in low yields beside
the protected dipeptide. The protected
dipeptide is observed in TLC and MS.
The formation of oxo compounds
from the corresponding thiono compounds
can be accounted for by the HSAB prin-
ciple.?2:33 The soft (borderline) acid
NO® (I) attacks the soft sulfur of the
thiocarbonyl (II) under formation of a
S-nitroso intermediate (III) which can
be detected by UV spectrsocopy; the S~
nitroso intermediate is known to show

absorption at 340 nm.24

S S=NO
) [ | H, 0
N® 4+ -C- — C- =
I IT III
(¢]

The S-nitroso intermediate is hy=-
drolyzed by the solvent, and IV is
formed together with elemental sulfur,
A detailed kinetic and mechanistic
study will be presented shortly in a

separate paper.

EXPERIMENTAL

'!H NMR spectra are recorded at 60
MHz on a Varian EM 360 spectrometer.
13C NMR spectra at 20 MHz on a Varian
CFT 20 spectrometer. TMS is used ae in-
ternal standard. IR spectra are rec-
orded on a Bechman IR-18 spectrometer.
Mass spectra are recorded at a Micro-
mass 7070 F spectrometer operating at
70 eV using direct inlet. Microana-
lyses are carried out by Levens Kemiske
Fabrik, DK-2750 Ballerup (Microanalyt-

ical Laboratory).

General procedure for the formation of
thionocarbamates

Starting compound (0.02 mol) and
LR (0.015 mol) were heated in 50 ml an-
hydrous xylene until no more of the
starting material could be detected
(TLC). After cooling to room tempera-
ture, the excess of LR was filtered
off, Then the reaction mixture was
evaporated on silica gel under reduced

pressure and applied to a silica gel

column using ether-petroleum as eluent.
The reaction conditions (temp./C for a
period of X h) and the physical data
are given below.

Compound 2a*7 140 ¢, 22 h, yield
71%, m.p. 37 C, MS [m/e (% rel.int.)]
105{(100), 76(12).

Compound 2b%® 140 ¢, 24 h, yiela
76%, liq. [m/e (% rel.int.)] 209(50),
180(7), 148(33), 120(100%).

Compound 2¢** 140 ¢, 2 h, yield
62%, 1iq. [m/e (% rel.int.)] 133(100),
104(21), 88(16), 72(44).

The >=S —>=0 transformation
General procedures

A: Thiocarbonyl compound (0.01
mol) is mixed with 20-40 ml of HC1l and
CH,Cl, under vigorous stirring. Then
0.015 mol of NaNO, in 10 ml H,0 is ad-
ded. Reaction times and temperatures
are given in Table 1., The phases are
separated; the water phase is extract-
ed with CH,Cl, and the combined organ-
ic layers are washed with H,0, filter~
ed and dried (MgSO,). Evaporation of
the solvent gives the oxo compound
which is checked by MS, 'H NMR, IRm.p.
(b.p.), and by comparison with authen-
tic oxo compound.

B: Thiocarbonyl compound (0.0 mal)
is mixed with 20-40 ml 4 M HC1l and
0.015 mol NaNO; in 10 ml H;O is added
under vigorous stirring. Reaction
times and temperatures are given in
Table 1. The reaction mixture is neu-
tralized with NaOH, extracted with
CH;Cl, and the combined organic layers
are washed with H,0 and dried (MgSO,).
Evaporation of the solvent gives the
oxo compound which is checked by MS,
H NMR, IR (m.p.(b.p.)) and by compar-~

ison with authentic oxo compound.

Nitrosation of 4,4-bis(dimethyl-
amino J-thiobenzophenone (Michler's
thioketone). Michler's thioketone

(2.84 g, 0.01 mol) is mixed with 25 ml
4 M HC1 and 50 ml CH,Cl, under vigor-

ous stirring to which 0.04 mol of NaNO,
in 20 ml H,0 is added. The reaction is
complete after 15 min. The phases are

separated; the water phase neutralized

with NaHCO, and extracted with CH,Cl,.
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The combined organic layers are col-
lected and washed with H; O and dried
(Mgso, ). Evaporation of the solvent
gives 3.06 g (98%) of 3-nitro-4,4~bis-
(dimethylamino)-benzophenone which is
recrystallized from MeOH, m.p. 144
(1it.28 /144 ). MS: [m/e (rel.int.)]:
313 (M*,100), 296(65), 283(18), 267
(36), 266(60), 255(9), 254(44), 251
(44), 225(36), 210(27). 'H NMR, &
(cpc1, ): 6.50-8.20 (7H,m) aromatic,
3.00 (12H,s) aliphatic. (Anal., Found:
C 64.49, H 6.15, N 13.53. Calc. for
CiyHygN3O3: C 65.17, H 6.07, N 13,42
%).

The same reaction as above is
repeated at (=10)-(-5) C for 0.5 h and
then stirred for another 1.5 h at roam
temperature. The mixture of the two
products is separated and purified by
fractional crystallization (MeOH).

4 ,¥-Bis(dimethylamino)-benzophenone
(Michler's ketone) is isolated in 67%,
m.p. and mixed m.p. with an authentic
sample gives no depression. h-(N-ni-
trosomethylamino)~l-dimethylaminoben~
zophenone is isolated in 22%, m.p. 183
¢ (1it.2* 183 ). MS: [m/e (rel.int.)jt
283(M*,44), 268(40), 255(55), 254(100)
253(100), 237(36), 225(100), 210(64),
1H NMR, 6§ (CDCl,): 6.60-8.32 (8H,m) a-
romatic, 3.10 (9H,s) aliphatic.
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