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The reactions of N-tosyl-0-2,4,6-trimethylbenzylhydroxylamine with primary alkyl halides yielded the pro-
tected hydroxylamines. The simultaneous cleavage of N-tosyl- and 0-2,4,6-trimethylbenzyl groups with hydrogen
bromide in acetic acid gave the corresponding N-monoalkylated hydroxylamines such as N-benzylhydroxylamine,
1-amino-3-hydroxyaminopropane and pr-3-hydroxyamino-2-aminopropionic acid.

Syntheses of naturally-occurring hydroxylamines,?
which exist as hydroxamates or N-nitroso derivatives,
have been accomplished using various methods in-
cluding method A to E;

Method A: Zinc dust reduction of nitro group? in
aqueous solution containing ammonium chloride.

Method B: Acid hydrolysis or hydrazinolysis of
nitrone,® which is obtainable by the reaction of alkyl
halides or acrylic acid derivatives with the appropriate
aldoxime in the presence of base.

Method C: Direct conversion of alkyl halides? by
hydroxylamine itself in the absence or presence of
solvents.

Method D: Reduction of oxime.?

Method E: Hydrolysis of oxazirane,® which is ob-
tained by the oxidation of Schiff’s base.

In our previous papers, N-tosyl-O-benzylhydroxyl-
amine (I) has been used for the syntheses of alanosine,?
5-N-hydroxy-L-ornithine,® rhodotorulic acid,” and fer-
richrome.l® The N-protecting tosyl group of I is
always deprotected by the action of 369, hydrogen
bromide in acetic acid, while the O-protecting benzyl
group, after the MN-acylation, is deblocked by the
hydrogenation. In some cases,® N-tosyl and O-benzyl
groups may be removed simultaneously by the treat-
ment with 369, hydrogen bromide-acetic acid after
long days, but in almost all cases, benzyl group re-
mained intact with the action of this reagent.

In this paper, we describe a new reagent for the
syntheses of N-monosubstituted hydroxylamines; N-
. tosyl-0-2,4,6-trimethylbenzylhydroxylamine (II). 2,4,6-
Trimethylbenzyl group has been used for the first time
by Stewart!) for the masking of carboxyl groups in
the peptide chemistry and is known to be acid-sensitive.
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The reagent (II) was prepared according to the
procedure® for the analogue (I); the tosylation of
0-2,4,6-trimethylbenzylhydroxylamine, which was pre-
pared by the 2,4,6-trimethylbenzylation of N-carbo-
ethoxyhydroxylamine and the subsequent alkaline
hydrolysis, afforded II. Using this reagent, N-benzyl-
hydroxylamine (III), 1-amino-3-hydroxyaminopropane
(IV), and brL-3-hydroxyamino-2-aminopropionic acid
(pL-V) were synthesized.

Synthesis of N-Benzylhydroxylamine (III) and the Condi-

tions of the Removal of the Protecting Groups.
Reaction of benzyl chloride and II in the presence of
sodium methoxide gave N-benzyl-N-tosyl-0-2,4,6-tri-
methylbenzylhydroxylamine (VI).
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Fig. 1. Tos: tosyl, TMB: 2,4,6-trimethylbenzyl.

i: hydrogen bromide-acetic acid
ii: trifluoroacetic acid

The treatment of VI with 369, hydrogen bromide-
acetic acid in the presence of phenol gave III. 189,
Hydrogen bromide-acetic acid was also effective for the
simultaneous removal of the two protecting groups.
The use of trifluoroacetic acid as a deprotecting agent
gave another result; only the 2,4,6-trimethylbenzyl
group was removed and the N-tosyl group remained
intact. The product was N-benzyl-N-tosylhydroxyl-
amine, whose structure was determined by the ele-
mental analysis, IR, and NMR spectra. Absorption
of N-hydroxy group of VII appeared at 3360 cm~! in
IR and ¢ 10.19 in NMR.

Synthesis of 1-Amino-3-hydroxyaminopropane (1V).
1-Amino-3-hydroxyaminopropane (IV) is a component
of schizokinen, an iron-transport compound from
Bacillus megaterium and was synthesized by Neilands
et al.?) by method A. The higher analogues of IV,
1-amino-4-hydroxyaminobutane®) and 1-amino-5-hy-
droxyaminopentane,2d-¢) were also synthesized previous-
ly by the same method. Condensation of 3-bromo-
propylphthalimide and II in the presence of sodium
methoxide gave Il-phthalimido-3-(N-tosyl-N-2,4,6-tri-
methylbenzyloxy)aminopropane (VIII). VIII was con-
verted by the action of hydrazine hydrate to l-amino-
3-(N-tosyl- N-2,4,6-trimethylbenzyloxy) aminopropane-
(IX), which was identified as the hydrochloride. The
action of 369, hydrogen bromide-acetic acid on IX
gave IV as the di-hydrobromide.

Synthesis  of DL-3-Hydroxyamino-2-aminopropionic Acid
(pL-V). First synthesist:9 of pL-V was achieved
by method C; condensation of methyl rL- or pr-3-
chloro-2-acetaminopropionate (X) with hydroxylamine
in the absence of solvents and the subsequent acid
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Fig. 2. Phth: phthalyl

hydrolysis gave pL-V. In recent years, improved syn-
thesis®®) of pL-V using method B was reported; the
reaction of X with anti-benzaldoxime and the sub-
sequent acid hydrolysis gave pL-V in excellent yield.

The higher homologues of pr-V, 5-N-hydroxy-pr-
ornithine?®3¢,f:4d) and 6- N-hydroxy- pL-lysine,2b,3¢:4d)
were obtained by method A, B, or C.
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Fig. 3.

DL-2-Amino-3-(N-tosyl-N-2,4, 6-trimethylbenzyloxy)-
aminopropionic acid (XI) was synthesized, according
to the procedure? for DL-2-amino-3-(N-tosyl-N-ben-
zyloxy)aminopropionic acid, from ethyl 2,3-dibromo-
propionate and II as the starting materials. The
protected amino-hydroxyamino acid (XI) was con-
verted to DL-V by the treatment with 369, hydrogen
bromide-acetic acid in the presence of phenol at room
temperature.

Experimental

Melting points were determined with a Yanagimoto electric
micromelting point apparatus, unless otherwise indicated and
are uncorrected. Infrared spectra were recorded on a Hitachi
EPI G-3 spectrophotometer as KBr disk. Nuclear magnetic
resonance spectra were run on a Hitachi Perkin-Elmer R-20
High Resolution spectrometer, using tetramethylsilane as an
internal standard.

N-Carboethoxy-O-2,4,6-trimethylbenzylhydroxylamine. To
an ice-cooled solution of N-carboethoxyhydroxylamine (23.1 g,
0.22 mol) in methanol (50 ml) was added a solution of potas-
sium hydroxide (12.3g, 0.22 mol) in methanol (50 ml).
After stirring for 30 min, 2,4,6-trimethylbenzyl chloride
(33.7g, 0.2 mol) in methanol (50 ml) was added at room
temperature and the mixture was refluxed for 1 hr. The
precipitated potassium chloride was removed and the filtrate
was evaporated in vacuo. Ether (150 ml) and water (50 ml)
were added. The organic layer was separated and dried.
After evaporation of the solvent, the residue was distilled
to give a pure product. .Yield, 25.5g (53.8%); bp 148—
153 °C/0.9 mmHg.

Found: C, 65.40; H, 7.789%,.
65.80; H, 8.07%,.

O-2,4,6- Trimethylbenzylhydroxylamine. A mixture of
N-carboethoxy-0-2,4,6-trimethylbenzylhydroxylamine (47.5 g,
0.2 mol) and potassium hydroxide (45g, 0.8 mol) in water
(200 ml) was refluxed for 5 hr. After 12 hr, the crystallized
substance was collected and washed with water. Yield,
23.6g (70.6%). Recrystallization from ether-petroleum

Caled for CyH,NO;: C,
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ether gave an analytical sample, mp 54—55 °C.
Found: C, 72.51; H, 8.95; N, 8.23%,. Calcd for C;,H,;NO:
G, 72.69; H, 9.15; N, 8.48%,.
N-Tospl-O-2,4,6-trimethylbenzylhydroxylamine  (II). To
an ice-cooled solution of 0-2,4,6-trimethylbenzylhydroxyl-
amine (16.5g, 0.1 mol) in pyridine (80 ml) was added a
solution of tosyl chloride (19.2g, 0.101 mol) in pyridine
(60 ml). Stirring was continued for another 5hr at room
temperature and then the solvent was evaporated in vacuo.
Ethyl acetate (150 ml) was added to the residue and washed
successively with 1M hydrochloric acid and water. The
organic layer was dried over magnesium sulfate and evaporated
in vacuo to give crystals. Yield, 26.8g (84%); mp 132—
134 °C. Recrystallization from ether—petroleum ether gave
an analytical sample, mp 135—136 °C.
Found: C, 63.85; H, 6.67; N, 4.329,.
NO,S: C, 63.92; H, 6.63; N, 4.399,.
N-Benzyl-N-tosyl-O-2,4,6-trimethylbenzylhydroxylamine (VI).
To a stirred solution of sodium (1.2 g) in methanol (150 ml)
were added II (14.8 g, 40 mmol) and benzyl chloride (6.3 g,
50 mmol) and then the mixture was refluxed for 3 hr. The
deposited crystals were collected and washed successively
with water and ether. Yield, 12.8g (78.1%); mp 128—
131 °C. Recrystallization from ethanol gave an analytical
sample, mp 129—131 °C.
Found: C, 70.22; H, 6.64; N, 3.38%,.
NO,S: G, 70.38; H, 6.65; N, 3.429%,.
N-Benzylhydroxylamine (I1I1). a): A solution of VI
(1.64 g, 4mmol) in 36% hydrogen bromide-acetic acid (10 ml)
containing phenol (1.5g) was stirred for 20 hr and then
concentrated in vacuo. To the residual oil was added ether
(30 ml) and water (10 ml). The aqueous layer was separated,
concentrated to a small volume, and adjusted to pH 8 with
solid sodium carbonate. The crystals were collected, after
the solution was stored in an ice box for 12 hr. Yield, 0.24 g
(49%); mp 56—56.5 °C (lit,» mp 57 or 58 °C). Recrys-
tallization from petroleum ether unchanged the mp. Tri-
phenyltetrazolium test was positive. IR: 3255 and 3150 cm 1.
b): III was also obtained from VI by the treatment with
18% hydrogen bromide- acetic acid. Yield, 32.7%,.
N-Benzyl-N-tosylhydroxylamine (VII). A solution of VI
(0.82 g, 2mmol) in trifluoroacetic acid (5ml) containing
phenol (0.4g) was stirred at room temperature for 20 hr.
The deposits were collected. Yield, 0.43 g (79.5%); mp 171
—173 °C. Recrystallization from ethanol gave an analytical
sample, mp 175—177 °C. This compound gave negative
ferric chloride and triphenyltetrazolium tests. IR: 3375,
1595, 1380 and 1170 cm-1. NMR (d;-DMSO): § 2.45
(s, 3H), 4.02 (s, 2H), 7.33, 7.50 and 7.84 (9H), and 10.18
(s, 1H).
Found: C, 60.58; H, 5.45; N, 5.00%,.
NO;S: G, 60.63; H, 5.45; N, 5.05%.
1-Phthalimido-3- (N-tosyl- N - 2, 4, 6 - trimethylbenzyloxy) aminopro-
pane (VIII), To a stirred solution of sodium (1.38 g,
60 mmol) in methanol (150 ml) were added 3-bromopropyl-
phthalimide (13.4 g, 50 mmol) and II (15.95g, 50 mmol).
The mixture was refluxed for 3 hr and concentrated in vacuo.
To the residue, water (50 ml) and ether (50 ml) were added
and the mixture was stirred for 5hr. Then crystals were
collected, dried and recrystallized from n-propyl alcohol.
Yield, 17.2 g (68.0%) ; mp 139—140 °C.
Found: C, 66.32; H, 6.17; N, 5.27%.
N,0,S: C, 66.38; H, 5.97; N, 5.53%,.
1-Amino-3-(N-tosyl-N- 2,4,6-trimethylbenzyloxy ) aminopropane
(IX). A suspension of VIII (2.53g, 5mmol) in
ethanol (130 ml) was warmed at 60—65 °C. To the resultant
solution, hydrazine hydrate (2.5g, 50 mmol) was added.

Calcd for C,,Hy,~
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After stirring for 6 hr at 60—65 °C, the mixture was adjusted
to pH 5 with acetic acid and the precipitates were filtered
ofl. The filtrate was concentrated in vacuo and water (50 ml)
was added. Insoluble substance was removed and the
filtrate was extracted with ethyl acetate (50 ml). The
aqueous layer was evaporated. To the residual oil, ethanol
(20 ml) was added and evaporated. This operation was
repeated three times and finally water (30 ml) was added.
The solution was adjusted to pH 8 with 7% aq. ammonia
and extracted with ethyl acetate (50 mlx2). The organic
layer was dried over sodium sulfate and concentrated in vacuo
to give IX quantitatively as a colorless oil. IX was charac-
terized as the monohydrochloride monohydrate. Recrys-
tallization from methanol-ether gave an analytical sample.
mp 99—102 °C.
Found: G, 55.87; H, 7.27; N, 6.50%,. Calcd for CygHy,-
N,0;S-HCI-H,O: G, 55.73; H, 7.25; N, 6.50%,.
1-Amino-3-hydroxyaminopropane Dihydrobromide (IV+2HBr).
To the crude oil (IX), which was obtained from VIII (5 mmol)
as described above, phenol (2 g) and 369, hydrogen bromide-
acetic acid (10 ml) were added. After stirring for 24 hr at
room temperature, dry ether (150 ml) was added. The
deposited crystals were collected and washed with dry ether.
Yield, 1.13 g (90%). Recrystallization from methanol-ether
gave an analytical sample, mp 157—159 °C. Triphenyl-
tetrazolium test was positive.
Found: C, 14.77; H, 5.02; N, 10.97%,.
N,OBr,: C, 14.30; H, 4.80; N, 11.129%,.
Ethyl 2-Bromo-3-(N-tosyl-N-2, 4, 6- trimethylbenzyloxy ) aminopro-
pionate. To a solution of sodium (2.8g) in ethanol
(500 ml) was added II (31.9g, 0.1 mol). Then ethyl 2,3-
dibromopropionate (29 g, 0.11 mol) was added dropwise at
room temperature. After stirring for 12 hr, the deposited
crystals were collected and washed with water. Yield,
18 g. The filtrate was concentrated in vacuo to a small
volume to give 12 g of a second crop. Totalyield, 30 g (60%,).
Recrystallization from ethanol gave an analytical sample,
mp 98—99 °C. IR: 1740 cm-1,
Found: Br, 15.65%,. Calcd for C3,H,sNOySBr: Br, 16.03%,.
2-Bromo-3-(N-tosyl- N - 2,4,6- trimethylbenzyloxy ) aminopropionic
Acid. To a solution of the ester (12.5g, 25 mmol),
obtained as described above, in acetone (300 ml) was added
M sodium hydroxide (40 ml) and the mixture was stirred at
room temperature. After 72 hr, the solution was adjusted
to pH 4 with M citric acid and then concentrated in vacuo.
Ethyl acetate (300 ml) and water (100 ml) were added to the
residue and the organic layer was dried over sodium sulfate.
The solvent was removed to give a crystalline product. Yield,
8.1g (69%). Recrystallization from carbon tetrachloride
gave an analytical sample, mp 168—170 °C, IR: 1700 cm-1.
Found: Br, 16.93%,. Calcd for C;HyNOZSBr: Br, 16.999,.
DL-2-Amino-3- (N-tosyl-N-2, 4, 6-trimethylbenzyloxy ) aminopropio-
nic Acid (XI). A solution of the bromide (9.4 g, 20 mmol),
obtained as described above, in concd. aq. ammonia (500 ml)
was stored at room temperature for 10 days and then con-
centrated in vacuo to a small volume. After acidified with
acetic acid to pH 4, the crystals were collected and washed
successively with water, hot methanol and water. Yield,
5.3 g (65%); mp 189—191 °C (decomp.).
Found: C, 58.97; H, 6.47; N, 6.849%,.
N,O,S: C, 59.09; H, 6.45; N, 6.89%,.
pL-2-Amino-3-hydroxyaminopropionic ~ Acid  (pL-V). A
solution of XI (1.02 g, 2.5 mmol) in 36%, hydrogen bromide—
acetic acid (5 ml) containing phenol (1 g) was stirred at room
temperature. After 45 hr, dry ether (70 ml) was added.
The deposits were collected and dissolved in water. The
aqueous solution was extracted with ether and concentrated

Calcd for CH,,-

Calcd for CyoH,e-
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in vacuo. The residue redissolved in a small quantity of
water was adjusted to pH 8 with 7% aq. ammonia and
ethanol was added until the solution was cloudy. The
precipitated crystals were collected, after the solution was
stirred in an ice box for 12 hr. Yield, 0.17g (56.7%). Recry-
stallization from water—ethanol gave an analytical sample,
mp 167—168 °C (decomp.) in an open capillary in a liquid
bath (lit. mp 163—165°C (decomp.)*:9 180—181 °C
(decomp.)®). Triphenyltetrazolium test was positive. IR:
3275, 3250, 1635, 1585, and 1525 cm -1,
Found: C, 29.97; H, 6.57; N, 22.91%,.
N;O;: C, 30.00; H, 6.71; N, 23.33%,.

Calcd for C;H;-

Bibliography and Footnotes

1) Recent reviews of hydroxylamine derivatives: a)
B. Zeeh and H. Metzger, “Houben-Weyl: Methoden der
organischen Chemie,” Band, X/I, Georg Thieme Verlag,
Stuttgart (1971), pp. 1091—1279. b) P. A. S. Smith,
“The Chemistry of Open-chain Nitrogen Compounds,”
Vol. I1, Benjamin, New York (1966).

Recent reviews of naturally-occurring hydroxylamines: c¢)
H. Maehr, Pure Appl. Chem., 28, 603 (1971). d) J. B. Neilands,
Struct. Bond., 1, 59 (1966).

2) a) K. B. Mullis, J. R. Pollack, and J. B. Neilands,
Biochemistry, 10, 4894 (1971). b) S. J. Rogers and J. B.
Neilands, ibid., 3, 1850 (1964). c¢) W. Keller-Schierlein,
P. Mertens, V. Prelog, and A. Walser, Helv. Chim. Acta, 48,
710 (1965). d) R. F. C. Brown, G. Buchi, W. Keller-Schier-
lein, V. Prelog, and J. Renz, ibid., 43, 1868 (1960). e€)
H. Bickel, B. Fechtig, G. E. Hall, W. Keller-Schierlein, V.
Prelog, and E. Vischer, ibid., 43, 901 (1960). f) W. Keller-
Schierlein and B. Maurer, ibid., 52, 603 (1969).

3) a) E. Bellasio, F. Parravicini, A. Vigevani, and E.
Testa, Gazz. Chim. Ital., 98, 1014 (1968). b) E. Bellasio,
F. Parravicini, T. La Noce, and E. Testa, Ann. Chim, 58,
407 (1968). c) E. Buehler and G. B. Brown, J. Org. Chem.,
32, 265 (1967): some of the earlier synthetic methods of
o-N-hydroxy-pL-amino acids have been reviewed. d) E.
Falco and G. B. Brown, J. Med. Chem., 11, 142 (1968). e)
Y. Isowa and M. Sato, Japan 680165 (1973). f) Ref. lc)
pp. 608—609. g) C. N. Eaton, G. H. Denny, Jr., M. A.
Ryder, M. G. Ly, and R. D. Babson, J. Med. Chem., 16,
289 (1973); some of the precedent for this method of intro-
ducing hydroxylamino group are summarized.

4) a) T. La Noce, E. Bellasio, and E. Testa, Ann. Chim.,
58, 393 (1968). b) Y. Chigira, M. Masaki, and M. Ohta,
This Bulletin, 42, 224 (1969). c) G. C. Lancini, A. Diena,
and E. Lazzari, Tetrahedron Lett. 1966, 1769. d) G. C.
Lancini, E. Lazzari, and A. Diena, Farmaco, Ed. Sci., 24, 169
(1969). e) K. Kaminski and T. Sokolowska, Rocz. Chem., 47,
653 (1973). f) T. Takemoto, N. Takagi, T. Nakajima, S.
Arihara, and K. Koike, 16th Symposium papers on the
chemistry of natural products, Osaka, 1972, p. 256.

5) a) A. Murayama and S, Tamura, Agr. Biol. Chem.
(Tokyo), 34, 130 (1970). b) H. Feuer, B. F. Vincent, ]Jr.,
and R. S. Bartlett, J. Org. Chem., 30, 2877 (1965).

6) M. Ohno, H. Iinuma, N. Yagisawa, S. Shibahara,
Y. Suhara, S. Kondo, K. Maeda, and H. Umezawa, Chem.
Commun., 1973, 147.

7) Y. Isowa, H. Kurita, M. Ohmori, M. Sato, and K.
Mori, This Bulletin 46, 1847 (1973).

8) Y. Isowa, T. Takashima, M. Ohmori, H. Kurita, M.
Sato, and K. Mori, ibid., 45, 1461 (1972).

9) Idem, ibid., 45, 1467 (1972).

10) Y. Isowa, M. Ohmori, and H. Kurita, ibid., 47, 215
(1973).
11) F. H. C. Stewart, Aust. J. Chem., 19, 1067, 1511 (1966).





