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N-Substituted thioformylhydroxylamine derivatives represented by the

general formula ,N-C. were synthesized and examined for antimicro-
HO/\H

bial activity. These compounds were analogues of an antibiotic thioformin
which was confirmed to be N-methyl-N-thioformylhydroxylamine.

In the earlier paper of this series1}, it was reported that YG 73 (I) of a Pseudo-
monas origin was a cupric complex of an acidic substance named thioformin (II),
which could be synthesized by treating N-methylhydroxylamine with potassium
dithioformate.

Soon after the structure determination of II, the fact that such a simple thiohydro-
xamic acid derivative as II possesses significant antimicrobial activity prompted us to
synthesize structural analogues of II. The analogues represented in the general for-

mula III were readily prepared by the following methods.
R\ yS

)N-Cf (III)
ho/\h

Method A : Direct thioformylation of N-substituted hydroxylamines with potassium
dithioformate.

XN-H >- XN--C^
HO/ HCSSK HO/ \H

An aqueous solution of N-substituted hydroxylamine was reacted with an excess of

a

n aqueous solution of potassium dithioformate at room temperature.
Method B : Replacement of the carbonyl oxygen in N-formyl-N-substituted hydroxyl-

amine by sulfur.

H0/ HCOOHorHCOOMem/ \R P2S5 m/ \R

The N-substituted hydroxylamine was first formylated with an excess of methyl-
formate or formic acid by the usual method and the hydroxamic acid derivative thus

obtained was treated with phosphorus pentasulfide in a solvent such as dioxane, benzene
or pyridine at 20~40°C for the replacement reaction.

Some of physicochemical and biological properties of the iron (ferric) complexes
of analogues synthesized by the above methods are summarized in Table 1. Com-

* Presented at the 176th meeting of Japan Antibiotics Research Association, Nov. 20, 1970.
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Table 1. Physicochemical and antimicrobial properties of synthetic
thioformin analogues (Fe complex)

rR\ ysi

C o m p o u n d R F o r m u la M.  p .
( -C )

E le m e n t a l

a n a ly s is  ( % )
M . W .

A n t i m ic r o b ia l

a c t i v it y  :

C a l c d .  F o u n d C a l c d .  F o u n d S. aur eus E. col i20 9 P  N I H J

I V

V

V I

V I I

V I I I

I X

X

C H 3

C 2 H 5

( C H 3 ) 2 C H

H

/

> - C H 2 -

C l - S  > - C H 2 -

C 6 H 12 N o O 3 S 3 F e

C 9 H 18 N 8 O 8 S 8 F e

C 12 H 24 N 3O 3S 3 F e

Q i  H o eN oO o S o F e

C 2 1 H 1 8N 3 O 3 S 3 F e

C 2 4 H 2 ,N 3 0 3 S o F e

C o , H 2 1  C lo N o O o S oF e

> 2 5 0
( 1 8 4

s i n t e r )

1 4 1

1 3 0 - 1 3 2

1 5 1

1 5 7 - 1 5 9

1 5 1 ~ 1 5 2

1 8 3 - 1 8 4

C  2 2 . 0 9

H  3 . 6 8

N  1 2 A

C  2 9 . 3 4

H A A

N  l l . 4 1

C  3 5 . 1 3

H  5 . i

N  1 0 . 2 5

C  4 7 . 5 4

H  6 . 7 9

N  7 . 9 2

C  4 9 . 2 2

H  3 . 5 2

N  8 . 2 0

C  5 1 . 9 9

H  4 . 3 3

N  7 . 5 8

C  4 3 . 7 7

H  3 . 1 9

N  6 . 3 8

22 .  2 2

3 . 7 2

12.  6 929.  3 24 . 9 8

ll.  2 235.  0 55.  8 510.  0 647.  0 26 . 8 1

7 . 5 3

48 .  6 13 . 6 6

8 . 1 2

51 .  2 64 . 3 4

8 . 1 2

43 .  3 63 . 4 6

6 . 1 0

3 2 6

3 6 8

4 1 0

5 3 0

5 1 2

5 5 4

6 5 8

* *

3 5 6

3 9 6

5 4 2

5 2 1

5 4 4

6 4 2

1 . 5 6

0 .  7 8
0 .  7 8
0 .  7 8

2 5

3 . 1 2

3 . 1 2

1 2 . 5

6 .  2 5
6 .  2 5

2 5

1 0 0

1 0 0

6 . 2 5

Determined by agar dilution method (M.I.C. : ^g/ml)
: Undetermined because of low solubility in CHC13

pounds V, VI and VII were
synthesized by both methods

A and B,and VIII, IX and X
were synthesized by method

B. Molecular weights of the
compounds were determined

by the VPO method in chloro-
form. Main absorption peaks

observed in the IR and UV
spectra of these compounds

are also listed in Table 2.
As briefly described in

Table 2. IR and UV maxima of thioformin
analogues (Fe complex)

C o m p o u n d I R : e ' c m " 1      U V :  X n

I V 1 5 5 7 ,  1 1 5 3 ,  9 2 0 ,  8 9 7 ,  8 6 4 2 5 4 ,  3 7 4 s h ,  5 1 5  ( M e O H )

V 1 5 4 3 ,  1 1 4 5 ,  9 0 3 ,  8 8 3 2 5 5 ,  3 8 0 s h ,  5 3 5  ( M e O H )

V I 1 5 3 0 ,  1 1 4 2 ,  1 0 6 2 ,  9 2 8 ,

8 9 7 ,  8 4 3

2 5 6 ,  3 7 4 s h ,  5 4 0  ( M e O H )

V I I 1 5 2 7 ,  1 1 3 2 ,  9 1 0 ,  8 9 5 2 5 6 ,  3 7 4 ,  5 4 0  ( M e O H )

V I I I 1 5 0 8 ,  1 3 3 2 ,  1 2 1 8 ,  9 1 0 ,  8 5 5 2 8 5  ( C H C 18 )

I X 1 5 3 8 ,  1 3 5 0 ,  1 2 0 6 ,  1 1 4 2 ,
9 1 8 ,  8 3 3

1 5 8 6 ,  1 5 4 5 ,  1 4 9 4 ,  1 3 4 0 ,
1 1 7 0 ,  1 1 4 5 ,  1 1 0 0 ,  1 0 2 0 ,
9 2 2 ,  9 0 8 ,  8 1 8

2 5 4 ,  3 7 4 ,  5 2 4  ( C H C 1 8 )

X 3 7 0 ,  5 2 5 ,  6 3 0  ( C H C L )

Table 1, these analogues showed similar antimicrobial activity to the parent thiofor-

min iron complex (IV). Detailed examination of the biological activity of these com-

p

ounds is now under progress.

Thioformin itself was first synthesized by the method A but it was also synthesized

b

y method B (R=CH3).

Extention of the method B may give a way to synthesize the analogues which are
represented by the general formula XL

l\,

,/;

HO/ \R'

(XI)
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Physicochemical and biological properties of the compounds in these categories
will be reported later.

Experimental

N-Ethyl-N-thioformylhydroxylamine (V). Method A
An aqueous solution of N-ethylhydroxylamine oxalate (10g, 94.3 mmol) was reacted

with an aqueous solution of potassium dithioformate2) (80 ml, 209 mmol) at room tempera-
ture. The reaction mixture was adjusted to pH 1.0 with cone, hydrochloric acid. Extrac-
tion with chloroform followed by evaporation of the solvent in vacuo afforded a crude
product (2.6g). For purification, this was dissolved in chloroform and the chloroform
solution was shaken with an excess of an aqueous solution of cupric sulfate to yield a
copper complex of V. The organic layer was evaporated in vacuo to yield a residue, which
was treated with ether to give black crystals of N-ethyl-N-thioformylhydroxylamine copper
complex (3.28 g). The free form was then regenerated from the complex by treating with
H2S gas in chloroform. Finally, the product was purified by vacuum distillation to give
pure N-ethyl-N-thioformylhydroxylamine as a colorless oil (2.28 g), b. p. 68-69°C at 5 mm;
UV, Ct?H 273nm; IR, ^qauxid1550, 1145cm"1; NMR (r values in CC1J, 8.6 (3H, t), 6.1
(2H, q), 1.22(1H, s) and 0.16 (1H, s). By adding an aqueous solution of ferric chloride to
an ethanol solution of V, ferric complex of V was obtained.

N-Isopropyl-N-thioformylhydroxylamine (VI). Method A
N-Isopropylhydroxylamine oxalate (12 g, 100 mmol in 120 ml of water) was reacted with

aqueous solution of potassium dithioformate (80 ml, 209 mmol). The crude product thus
obtained (3.9g) was converted into the copper complex of VI (5.1g). Regeneration with
H2S and vacuum distillation gave the free form of N-isopropy-N-thioformylhydroxylamine as.

c

olorless oil (3.8g), b. p. 66-67°C at 5 mm; UV, ,Ca°H 272nm; IR, ^JiSid 1540, 1147cm"1;

NMR (r values in COC13), 8.55 (6H, d), 5.85 (1H, m), 1.35 (1H, s) and -0.1 (1H, s).

N-Cyclohexyl-N-thioformylhydroxylamine (VII). Method B

1) N-Cyclohexyl-N-formylhydroxylamine : N-Cyclohexyl hydroxylamine (5.76 g, 50

m

mol) was reacted with methyl formate (350 ml, 5.75 mol) overnight. The crude product
was taken up in chloroform, which was shaken with an aqueous solution of ferric chloride

to form the iron complex. The crude iron complex was purified by chromatography on
silica gel (Mallinckrodt SilicAR CC-7). The chloroform-methanol (95 : 5) eluates from
the column were evaporated under reduced pressure to give reddish brown needles of N-
cyclohexyl-N-formylhydroxylamine iron complex, m. p. 96-97°C. The free form was.

regenerated by treating with 1 N hydrochloric acid in chloroform solution. Recrystalliza-
tion from ether-petroleum ether afforded crystals of N-cyclohexyl-N-formylhydroxylamine

(3.94g) as colorless plates, m. p. 92-94°C.
Anal. Calcd. for C7H13NO2: C 58.72, H 9.15, N 9.78%.
Found: C 58.68, H 8.79, N 9.62%.

2) Replacement reaction : A dioxane solution (40 ml) of N-cyclohexyl-N-formylhydro-
xylamine (1.43g, 10mmol) was reacted with P2S5 (2.23g, 10mmol) for 10 hours at 35-
40°C. The crude product was taken up in chloroform and converted into its iron complex,,
which was purified by chromatography on silica gel by the manner described above (sol-

vent ; CHC13). Recrystallization from methanol gave crystals of N-cyclohexyl-N-thiofor-
mylhydroxylamine ferric complex (0.78 g) as black prisms. When the ferric complex (0.78 g)
was treated with cone, hydrochloric acid in chloroform solution, N-cyclohexyl-N-thiofor-

mylhydroxylamine was regenerated in the solution and it was then purified by vacuum
distillation to give a yellow oil (0.63g), b.p. 98-99°C at 1mm. It solidified to prism

crystals upon cooling, m.p. 35°C. UV, Cea°H 273nm; IR, i^13 1125, 1545cm"1; NMR

(r values in CDC13), 7.7-8.9 (10H, m), 6.25 (1H, m), 1.28 (1H, s) and 0.3-1.0 (1H, broad).

N-Phenyl-N-thioformylhydroxylamine (VIII). Method B
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1) N-Phenyl-N-formylhydroxylamine : The compound was synthesized by a slightly
modified method of Destraz3). Copper complex : green plates, m. p. 228~230°C (dec).
Free form : white plates, m. p. 70-71°C (Lit. 70-71°C3)).

2) Replacement reaction : N-Phenyl-N-formylhydroxylamine (0.41 g, 3 mmol in 10 ml
of dioxane) was reacted with P2S5 (0.57g, 3 mmol) at 35°C for 5 hours. The product was
converted into the ferric complex and recrystallized from CHCl3-MeOH as black prisms
of N-phenyl-N-thioformylhydroxylamine ferric complex (77 mg).

N-Benzyl-N-thioformylhydroxylamine (IX). Method B
1) N-Benzyl-N-formylhydroxylamine : Synthesis of this compound followed the

method of Jones4) with slight modification. Copper complex : m. p. 184~187°C (dec). Free

f

orm: m. p. 49-50°C (Lit. 49-50°C4)).

2) Replacement reaction : N-Benzyl-N-formylhydroxylamine (1.51 g, 10 mmol in 30
ml of dioxane) was reacted with P2S5 (2.22g, 10mmol) at 35-40°C for 6 hours. The
product was converted into ferric complex. Recrystallization from MeOH-CHCl3 gave
black needles of ferric complex (0.15 g).

N-(^-Chlorobenzyl)-N-thioformylhydroxylamine (X). Method B

1) N-(^>-Chlorobenzyl)-N-formylhydroxylamine : N-(/>-Chlorobenzyl)-hydroxylamine
(15.7g, 100 mmol) was formylated with methyl formate (100 ml, 1.65 mol) overnight. The
crude product was converted into the iron complex, which was recrystallized from MeOH-
CHC13 to yield red brown prisms of N-(^-chlorobenzyl)-N-formylhydroxylamine (13.21 g),
m.p. 210-'212°C. Regeneration and recrystallization from ether-petroleum ether afforded
colorless plates of N-(^-chlorobenzyl)-N-formylhydroxylamine (ll.ll g), m. p. 99-100°C.

Anal. Calcd. for C8H8C1NO2: C 51.77, H 4.34, N 7.54%.
Found: C 51.49, H 4.19, N7.48%.

UV, ffi?H 220.5, 248, 294nm; IR, j^uaio1 1655, 1619, 1556, 1496, 1398, 1350, 1100, 1024,
S20 and 755 cm'1.

2) Replacement reaction : N-(^>-Chlorobenzyl)-N-formylhydroxylamine (1.85 g, 10
mmol in 40 ml of dioxane) was reacted with P2S5 (2.22g, 10 mmol) at room temperature

f

or 10 hours. Recrystallization from MeOH-CHCl3 afforded black prisms of N-(^-chloro-
£>enzyl)-N-thioformylhydroxylamine ferric complex (1.4 g).
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