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Abstract—S5,6-Dihydro-2H-1,3-thiazin-4(3H)-ones 2-10 related to the natural antituberculytic Mycobacidine 1, have
been synthesised. Some of the compounds of types 2. 3 and 5 proved highly active in vitro against Mycobacterium
tuberculosis typ. humanus (H;;R,), but the in vitro activities are diminished or suspended in the presence of

biotine.

We wish to report here on the synthesis of some 6-
membered ring analogs of the natural antituberculotic
(—)-4-oxo-2-thiazolidinehaxanoic acid (Mycobacidine,
Actithiazic acid, Antibiotic A, 1).' The following types of
compounds were synthesised: (3,4,5,6 - tetrahydro - 4 -
0Xx0 - 2H - 1,3 - thiazin - 2 - yl) - alkanoic acids and/or the
corresponding esters (2, R?=R*=H; R=H, Me, Et;
n =0, 2-5), the related amide 3 and ureide 4, the 2-methyl
derivative 2 (R2=Me, R*=H, R=Et, n=0), the 3-

methyl derivative 2 (R*=R=H, R*=Me, n=5), p -
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yl)phenoxyacetic acids and/or the corresponding esters §
(X =H, Br; R =H, Et) the related nitrile 6, certain 5,6 -
dihydro - 2H - 1,3 - thiazin - 4(3H) - ones 7, bearing no
functional groups in the side chain, and the 2H - 1,3 -
banzothiazin - 4(3H) - one derivatives 8-10.

The esters of type 2, 5, 8 (R#H) and 9 and the
compounds 6, 7 and 10 were obtained by condensing
3-mercaptopropionamide,” its N-methyl derivative and
2-mercaptobenzamide,’ respectively, with methyl and
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Table 2. In titro activities of some compounds against Myco-

T ST MY TN
baci. lUDCILUlUblb iy, ) in JUoOs- mculuun

Minimal inhibitory

concentration

Compound (ug/mb)
2, n=0,R=E{,R?=R’=H 25.0
n=2 R=Me R?=R}*=H 25.0
n=4,R=R’=R*=H 12.5
n=4,R=E, R?=R*’=H 6.2

n=5R=R’=R*=H 0.06

n=5R=E,R*=R’=H 0.015

n=0,R=Et,R?=Me,R*=H 25.0
n=5R=R*=H,R*=Me 25.0

3 0.15
4 12.5
5, R=X=H 6.2

R=Et, X=H 0.03
R=H,X=Br 106.0
R=Et, X=Br 12.5
6 250
7, R=R'=Me 50.0
R'+R"=(CH,), 25.0
R +R"=(CH,); 25.0
R'=p-HOCH,, R"= 25.0
R'= p-EtOOC-CH,, R" 100.0
R'= 3 4,5-(Me0),CH,, R"= H 25.0
R’ 3.5-Br,-4-HOCH,, R"=H 100.0
=PhCH,,R"=H 250
8, R =H 100.0
9 100.0
10 +R"=(CH,); 100.0

INH 0.03
Streptomycine sulfate 0.1

Rifampicine 0.01
pL-Mycobacidine {pL-actithiazic acid) 0.1

tMaximum drug concentration tested: 100 ug/ml.

ethyl w-formylalkanoates, ethyl pyruvate, ethyl 4-for-
mylphenoxyacetates, the appropriate benzaldehydes,
acyclic and alicyclic ketones, respectively, in the
presence of boron rifiuoride etherates (Method A) or dry
hydrogen chloride (Method B). Method A, when applied

to the synthesis of the ethyl ester of racemic Myco-

bacidine, furnished better yields than the procedure

described in literature’® which uses p-toluenesulfonic
acid as the catalyst. Part of the 2-arylthiazinones
obtained, viz. compounds 7 (R’ =Ph, p-CIC;H, and p-
MeOC¢H,; R” = H) have been earlier obtained by inter-
acting 3-mercaptopropionic acid with ammonia and the
appropriate. aromatic aldehydes;* the yields, however,
were considerably lower.t The acids of type 2 and §
(R=H) were obtained either by alkaline hydrolysis of
the corresponding esters (R = Me, Et) (Method C) or by
condensation of w-formylalkanoic acids with 3-mercap-
topropionamide according to Method B. The ureide 4
was obtained by allowing to react the acid 2 R=R*=
R’ =H, n=>35) with DCC; k u_yululyala of this pruduul
furnished the amide 3. The methods of preparation,
yields, m.ps and microanalytical data of all compounds
prepared are listed in Table 1.

The antimycobacterial activities of the compounds 2-
10 were determined in wvitro using Mycobacterium
tuberculosis typ. humanus (H,,R.) in Dubos-medium."

iThe latter method has been extended to the synthesis of
N- subsntuted derivatives by applymg pnmary amines instead of

ammuma For le'ld.ﬂlb of the latter proceuure see Refs. 5 and 6.

J. NYITRAI et al.

The minimum inhibitory concentrations (MIC) of some
compounds, new and known; are listed in Table 2.
Several new compounds showed remarkable MIC values.
High activity in the 4 - oxo - 3,4,5,6 - tetrahydro -2H -

112 thinzina cariae (comnonnde 2-4) ig

annarently
1,0 - ulaZine SONCS (COMPOUnEs «—5; 15,

apparently,
connected with the presence of a medium length carbon
chain attached to C(2) and bearing a carboxyl or modified
carboxyl (ester or amide) group at its remote end.

Substitution of the hydrogen atom attached to the ring
nitrogen atom even by a methyl group results in
significant decrease of the activity. The carbon chain
which connects the thiazine ring and the (modified) car-
boxyl group may, on the other hand, be replaced without
diminution of the activity by p-CH,-0-CsH,.

The in vitro activities of even the most promising
compounds of the present series are diminished or sus-
pended in the presence of biotine Therefore, these
\,ulupuuudo pruvcd inactive in vivo \iﬁ mice), as has
earlier been found to be the case with Mycobacidine 1.'
A detailed report on the microbiological screening will be
published elsewhere.

EXPERIMENTAL
3-Acetylthio-N-methylpropionamide

A mixture of N-methyiacrylamide'' (8.5 g; 0.1 moie), thioacetic
acid (6.2 ml; 0.1 mole) and MeOH (30 ml) was refluxed for 30 min
under nitrogen. The solvent was evaporated in vacuo, and the
yellow oily residue was crystallized from CCl, and recrystallized
from benzene-light petroleum to yield 5.2 ¢ (31%) of the title
compound, m.p. 77-9°. (Found: C, 44.61; H, 6.46; N, 8.46.
C4H, ,NO,S (161.23) requires: C, 44.69; H, 6.88; N, 8.69%).

3-Mercapto-N-methylpropionamide

3-Acetylthio-N -methylpropionamide (7.70 g; 48 mmoles) was
refluxed for 5 hr with anhyd MeOH (30 ml) in which metallic Na
(0.1g) had been dissolved. The mixture was neutralized with
anhyd methanolic HCI and evaporated to dryness in vacuo. The
residue was extracted for 5 hr with boiling ether under nitrogen
or argon in a Soxhlet apparatus. The ethereal soln was
evaporaled to dryness to yield 4.60g (81%) of the crude title
compound (IR, film: NH 3300 and 1580-60, SH 2550, amide I
1650 cm™") which was used without further purification.

Ethyl 2,6-dibromo-4-formylphenoxyacetate
3,5-Dibromo-4-hydroxybenzaldehyde'® and ethyl bromoacetate
(20 mmoles, each) were refluxed with anhyd EtOH (40 ml), in
which metallic Na (20 mmoles) had been dissolved, until the soln
became neutral (about 2 hr). Water was added to the hot soln
until the product just started to precipitate. The crude product

o %) srne 1gad withant foarthar nrifiantioan
{lll.p. 95—'1%} was uayd vvl{huut fux{hm puuﬁ\.nuuu.

General method for the condensation of aromatic aldehydes,
acyclic and alicyclic ketones, w-formylalkanoic acids, their
esters, ethyl pyruvate and ethyl 4-formylphenoxyacetates with
3-mercaptopropionamide,2 its N-methyl derivative and 2-mer-
captobenzamide® in the presence of BF, (Method A)

The mercaptoptopionamides (13 mmoles) and the mercap-

capionlonior 14es (15 mmole s} angd e merc

tobenzamide (10 mmoles), respectively, were refluxed under
nitrogen or argon for 1-4hr with BF;-Me,0 or BF;-Et,0
(10 mmoles) and the appropriate aldehyde, ketone, oxo acid and
its ester, respectively, (10 mmoies) in anhyd dioxane (i00 mi).
The inorganic precipitates were filtered off and washed with
anhyd dioxane. The combined filtrates and washings were
evaporated to dryness in vacuo. The residues were triturated
with water and neutralized by adding crystalline NaHCO,. In
case the resulting crude products were non-crystalline, they were
taken up in ether or CHCl;; the solns were dried (MgSO,) and

evaporated to dryness. The residues were crystallized from sui-

table solvents; alternatively, some of the ester type products
were subjected to hydrolysis directly.

The crude oily compound 2 (n=0, R=Et, R*=R?=H) was
purified by chromatography through a coiumn of Brockmann
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grade II neutral alumina (10 g/1 g of compound 2, solvent: ben-
zene-MeOH, 10:2). The individual fractions of the eluate were
examined by TLC (Kieselgel G, solvent as above, detection with
I, vapour); those containing the desired product (R, 0.53) were
conbined and evaporated to dryness to yield a colourless crystal-
line product.

Compound 7 (R’ = p-Me,NC,NC¢Hg, R” = H) was obtained under
slightly different conditions, viz. by allowing the starting com-
pounds to interact for 24 hr at r.t. in the presence of 20 mmoles
of BF;-Et,0 with 10 mmoles of the aldehyde.

Ethyl ester of pL-Mycobacidine (1)

Mercaptoacetamide (8.25 g: 90.5 mmoles) was refluxed for 4 hr
with ethyl 6-formylhexanoate’ (13.0g; 75.5 mmoles) and
BF-Et,O (9.6ml; 75.5mmoles) in anhyd dioxane (100 mi)
according to Method A to yield 17.20 g (93%) of the title com-
pound, m.p. 49-50°, lit."Y m.p. 47-50°. The reported yields of
DL-Mycobacidine esters obtained in the presence of p-toluene-
sulfonic acid as the condensing agent are 10-50%.'

Condensations in the presence of HCl (Method B)

(a) 5S-Formylpentanoic acid, obtained from 2-hydroxycyclo-
hexanone (30 mmoles) as described by Baer,’ and 3-mercap-
topropionamide? (2.1g; 20 mmoles) were dissolved in anhyd
dioxane (30 ml). A stream of anhyd HCI was introduced for 2 hr
into the boiling soln. The crystalline precipitate of NH,Cl was
filtered off after cooling, the filtrate was evaporated to dryness in
vacuo, and the residue was crystallized from water or EtOAc.

(b} Compounds 7 (R'=Ph, p-Me,NCH, R’'=H) were
simitarly obtained by reacting 3-mercaptopropionamide with a
10% excess of the appropriate aldehyde.

General method for the hydrolysis of esters of types 2, 5 and 8
(Method C)

The esters (1 mmole) were stirred with 0.25 N aq NaOH soln
at room temp. until, according to TLC, the starting compound
has entirely been used up. In the case of very slightly soluble
esters 10% (by vol) EtOH was added. The resulting solns were
acidified under ice-water cooling with concd HCI to yield the
crystalline acids.

N,N' - Dicyclohexyl - N - [6 - [4 - oxo0 - 3,4,5,6 - tetrahydro - 2H -
1.3 - thiazolin - 2 - yDhexanoyl\urea 4

A mixture of the acid 2 (n=35, R=R*=R*=H) (3.90¢g;
15 mmoles), N-methylpiperazine (0.75g; 7.5 mmoles), dicyclo-
hexylcarbodi-imide (1.86 g: 9 mmoles) and anhyd DMF (20 ml)
was allowed to stand for 3 days at room temp. The resulting
dicyclohexyl urea was filtered off and the filtrate was evaporated
to dryness in vacuo. The residue was taken up in benzene
(100 m!) and extracted with two portions of N/1 NaOH (100 ml,

Tetra Vol. 34, No. 7—0.
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each) and water (100 ml). Acidification of the combined aqu solns
with conc. HCI furnished 1.20g (30.8%) of unreacted 2. The
benzene soln was evaporated to dryness to yield 1.20g of the
title compound (30.4%, based on the amount of carbodi-imide).

N - Cyclohexyl - 6 - (4 - oxo - 3,4,5,6 - tetrahydro - 2H - 1,3 -
thiazin - 2 - yhYhexanamide 3

Compound 4 (220 mg; 0.5 mmole) was refluxed with anhyd
N-methylpiperazine for 3hr during which period a stream of
anhyd HCI was introduced into the solution. The mixture was
evaporated to dryness, and the residue was triturated with
EtOAc to yield 50.2 mg (32%) of the title compound.

Acknowledgements—The authors thank Chinoin Pharmaceutical
Company, Budapest, for financial support, Mrs. 1. Batta and staff
for the microanalyses and Dr. P. Kolonits and staff for the IR
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