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A smooth and mild procedure is reported for the N-amination of «-
amino acid and peptide derivatives with cyclohexanespiro-3'-
oxaziridine; the chiral integrity is preserved throughout.

Since 1960 great interest has been focussed on the synthesis' ~®
of a-hydrazino carboxylic acids due to their diverse biological
activity.”~7 Related compounds serve as chiral auxiliaries in
asymmetric syntheses.®> Nevertheless, no simple and mild
method for N-amination of amino acid and peptide derivatives
has been published up to now. Difficulties have been encoun-
tered? in such an attempt with hydroxylamine-O-sulfonic acid.
The amination by chloramine of a deprotonated N-acyl amino-
nitrile was reported.? but this method required extremely
strong base (NaH/DMSO).? A third procedure,>*%° prepar-
ation of an urea from the appropriate amino acid (derivative)

followed by treatment with alkaline hypochlorite solution to
bring about N—N bond formation, has recently been signifi-
cantly improved.®® However, this process®? is unsuitable for
substrates sensitive to the harsh reaction conditions of the
Hofmann (Shestakov) rearrangement.® The reported* multi-
step approach is disfavored, because of the mutagenic nature of
the N-nitroso intermediates.® Asymmetric syntheses® seem to
be attractive mainly for producing hydrazino acids correspond-
ing to unnatural a-amino acids.

Now we wish to report here, that our method for the synthesis of
a-hydrazino carboxylic acid derivatives by N-amination with
oxaziridines!®~'2 also proved to be useful for the amination of
the free N-terminus of peptides. The readily available
cyclohexanespiro-3'-oxaziridine 1'2 was applied as aminating
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agent in the process. The starting materials,!®!4 amino acid and
dipeptide esters 2,'3-16 were treated with a toluene!” solution of
reagent 1 in slight excess, usually at 80—90°C for several hours.
Hydrazino compound 3 was extracted with cold diluted aqueous
acid, and conveniently derivatized for characterization by ad-
mixing the buffered aqueous solution with 4-nitrobenzaldehyde
(4) dissolved in methanol or tetrahydrofuran. The yellow hy-
drazones 5 were obtained in 6—56 % yield'® by flash chroma-
tography'® and/or crystallization. Physical and spectral data are
collected in Tables 1 and 2.'® Racemization was not observed.
Thus, 5¢ could not be detected by TLC in crude 5b prepared
from 2b,2° although a mixture of the corresponding dia-
stereoisomers 5b and 5S¢, synthesized starting from Boc-(R,S)-
Ala-(S)-Pro-OBzl was clearly separated by chromato-
graphy.?1:22

toluene

80-90°C, 2-6h

L
~60~80 %

NH
(|) + H-AA-AAZ-OR

1 2

ozN@-wo ()

aq. MeOH or THF, 25°C
6-56 %

ozN—Q—CH:N—AA‘-AAZ-OR

5

[HaN-AAI-AAZ-OR]
3

The moderate yield of the hydrazones Sa—g are partly the
consequence of incomplete condensation reaction of hydrazines
3 with the aldehyde 4. The amination step itself often proceeds
with high yield.?? This statement, as well as the preparative value
of this method, is demonstrated by a straightforward synthesis
of tripeptide 6, in which N-aminated proline is incorporated. In
this reaction sequence the amination of dipeptide ester 2d was
followed by the DCC-mediated acylation of hydrazino com-
pound 3d with Z-proline to afford hydrazide 6 in fair yield.

1. 1/oluene
80-90°C, 5h
2.DCC/Z-Pro

CHClz/aq. NaCl
Pro-Leu-OCH3 —?i/iq—a——> Z-Pro-NH-Pro-Leu-OCHj

2d 6
(6= Z-AA-NH-AAZ-AA%-OCH3)

—NH—?‘H—CO— —NH'(FH—CO—- ~NH—CH—C0- ~NH—CH—CO— —N—CH=CO-

nCH3 pCHy sCH=CHs CHICHs) EC{'SH/(},Hz
-Ala- ;,H(%:H;;)z rClHQ Val- 72
-Leu- LHs -Pro-

-lle-

Products of this type may serve as versatile building blocks for
larger peptides containing hydrazino acid residues. The scope of
the recorded procedure is under investigations.?*

Table 1. Hydrazones 5 Prepared

"H-NMR (CDCl;/TMS)®

s, J(Hz)

(]

MS (70 eV)

mjz (%)

IR (neat)
v(em™1)

Molecular

mp (°C)
(solvent)

Method Reaction Yield?

Prod- Amino Acid,

(CHCly)

Formula®

Time

()

Peptide,

(%)

Moieties

uct

3240, 1735, 1642,

—52°
(€=2)

Ala-Pro-OBu-¢

390 (M*, 4); 334 (6);
289 (2); 192 (100); 174

@

1.43 (d, 3H, J = 7, CHCH,); 1.45 (s, 9H, 1-C,H,);
1.9-2.2 (m, 4H, f2-CH,, y>-CH,); 3.63, 3.74 (m,

C] 9H26N405

oil
(390.4)

39

B

Sa

2H, §2-CH,); 4.40 (dd, 1H, J =84, «*CH); 4.41

1596, 1512, 1338,

850

9,

(m, 1H, J=3x%x7, 9, «'-CH); 6.48 (d, 1H, J

NH); 7.65 (d, 2H, J

9, H-2, H-6); 7.68 (s, 1H, CH

9, H-3, H-5)

N); 8.18 (d, 2H, J
1.38 (d, 3H, J = 7, CHCH,); 1.95-2.26 (m, 4H, §*

394

6);

149 (2); 108 (11); 107
(9); 91 (34); 70 (53)

(<1); 316 (2); 204 (3);
192 (100); 168 (11);

24 (M*,

s Jgem = 12.5,

2
6, NH); 7.35 (m,

1H, J

522 (2d,
H,pom); 762 (d, 2H, J

(m, 1H, J =3x7, 6, «*-CH); 4.60 (dd, 1H, J =8,
5.10,

CH, + y2-CH,); 3.67, 3.76 (m, 2H, 62-CH,); 4.44
3.5, a*-CH);

CO,CH,); 639 (d.

3230, 1742, 1642,
1596, 1515, 1339,
850, 750, 695

—95°
(c=1)

C3,H24N4Os

oil
(424.5)

23¢

Cd

Ala-Pro-OBzl

9, H-2, H-6); 7.69 (s, 1H,

5

SYNTHESIS

6); 394

192 (100); 168 (7); 149
(2); 108 (8); 107 (6); 91

(< 1): 316 (1); 204 (2);
(30); 70 (43)

424 (M™,

9, H-2, H-
-3,

8.5, 3.5, a?-

, H-3, H-5)

=9

8 ,2H, J

8.15 (d

N);
1.41 (d, 3H, J =7, CHCH.); 1.9-2.3 (m, 4H, g2

CH); 5.07 (s, 2H, CO,CH,); 6.40 (d, 1H, J =7,

CH + y2-CH,); 3.60, 3.93 (m, 2H, §2-CH,); 4.46 (q.
NH); 7.35 (m, 5H,...); 7.60 (d, 2H, J

1H, J =7, a'-CH); 4.56 (dd, 1H, J
6); 7.63 (s, 1 H, CH=N); 812 (d, 2H, J=9, H

H-5)

CH

3230, 1747, 1647,
1599, 1518, 1342,

850, 752, 698

2)

+27°

(c

C3,H2,N,O;

(424.5)

oil

6f

Cd

(R)-Ala-(S)-
Pro-OBzl

5S¢
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Table 3. 13C-NMR Data of 6 (CDCl;/TMS), 6*

Amino Acid Assignments
Component

C, Cs C, Cs Cco
AA! 59.8 290 224 473 171.5°
(Pro)
AA? 68.5 249 21.7 55.9 173.4°
(Pro)
AA3 50.9 40.3 2541 229 172.9°
(Leuw)

2 Other signals: § = 51.8 (OCH,); 67.5 (CH,C¢Hj); 156.5 (CO,CH,);
127.9, 128.2, 128.6, 136.3 (Cyrom)-
® Assignments may be interchanged.

Melting points are uncorrected, [«]3’ values were measured on a
POLAMAT A polarimeter. IR spectra were taken on a Nicolet 1705X
FTIR spectrophotometer. Mass spectra were measured on an AEI
MS902 apparatus (70 eV, direct inlet). "H-NMR spectra were recorded
on Varian XL 100 (100 MHz) and Varian XL 400 (400 MHz) spec-
{trometers at 60°C; 13C-NMR (25 MHz) spectra were measured using a
Varian XL 100 instrument. Flash chromatography was performed
according to the literature'® on silica gel columns (Merck’s Kieselgel 60,
No.9385, 40-63 pm). Analytical TLC plates were purchased from
Merck (No. 5554).

N-Amination of Amino Acid and Peptide Derivatives, Typical Procedures:
Method A. Methyl N-amino-(S)-prolyl-( S)-leucinate 4-Nitrophenyl-
hydrazone (Sd): A 0.1 M toluene solution of cyclohexanespiro-3'-oxazir-
idine (1; 45 mL, 4.5 mmol) is added to methyl (S)-prolyl-(5)-leucinate
(0.73 g, 3.0 mmol) and stirred under an inert atmosphere at 80-90°C
for 5h. The reaction is monitored with TLC. The consumption of the
reagent 1 can be followed by iodometric titration.'? A 10% aq. H,S0,
(7 mL) is added to the ice cooled, stirred mixture. The toluene phase is
separated and extracted again with ice-cold 10% H,50, (3 x4 mL).
The combined cold water layer is washed with ether (2x5mL), and
cautiously concentrated (foaming!) in vacuo using an oil pump
(< 20°C) to remove the remaining cyclohexanone. Crushed ice (20 g) is
added and the stirred acidic solution is neutralized by dropwise addition
of 10% aq. KHCO, (about 40 mL) at 5-10°C, poured slowly into a
stirred solution of 4-nitrobenzaldehyde (4; 0.45 g, 3.0 mmol) in McOH
(150 mL) preheated to 45°C. The mixture is stirred at room tempera-
ture for 2 h, and diluted with water (500 mL). The product is extracted
with CHCI, (1 x 100 mL, 5 x 20 mL), the collected organic layer is then
washed with brine (15mL), dried (Na,SO,) and stripped off the
solvent. Flash chromatography (cyclohexane/EtOAc, 1:1, column di-
mension: 25 x 4 cm) affords 5d as a yellow oil; yield: 0.66 g (56 %).

Several related simple peptide derivatives (e.g. 2e, g) have succesfully
been aminated analogously. Details are given in Tables 1 and 2. In special
cases some modifications are advisable to minimize certain side reactions.

Method B (for moderately acid sensitive substrates): tert-Butyl ester
group is stable enough to survive a brief exposure to ice-cold diluted
strong mineral acid. Hence, compounds 2a and 2f are treated as above
but the concentration of the obtained aqueous solutions is omitted, and
the derivatization with aldehyde 4 is performed immediately.*®

Method C (for substrates prone to form piperazinediones). Amination of
benzyl (R,S)-alanyl-( S }-prolinate: CF3CO,H (10 mL) is added to an ice
cooled, stirred solution of benzyl N-tert-butyloxycarbonyl-(R,S)-alanyl-
(S)-prolinate (3.77 g, 10.0 mmol) in CHCl; (10mL). The mixture is
stirred for 1 h at 0°C, concentrated in vacuo, then poured into a stirred
mixture of crushed ice (100 g) and sat. ag. NaHCO; solution (200 mL).
The organic phase is separated, and the aqueous solution is extracted
with CHCl, (4 x 15mL). The combined organic layer is quickly dried
(Na,S0,)in a refrigerator, and admixed with a 0.1 M toluene solution of
cyclohexanespiro-3"-oxaziridine (180mlL, 18 mmol). The mixture is
stirred at 60°C under argon overnight, and worked up as described above
(Method A), but 4-nitrobenzaldehyde is dissolved in THF instead of
MeOH. Purification of the crude product by flash chromatography
(cyclohexane/EtOAc, 1.5: 1, column dimension: 30 x 5 cm) results in two
epimeric products 5b and 5c.

SYNTHESIS

5b yield (based on 10.0 mmol protected dipeptide): 0.43g (10%);
R; = 0.4 (ether); [¢]3° = —91° (¢ = 1, CHCly).

C,oH,N, Oy calc. C58.15 H7.19 N 14.28

(392.5) found 57.82 7.44 14.39

The same compound with identical spectral properties is prepared from
2b freshly liberated from HCl-Ala-Pro-OBzl in CHCl..

5¢; yield: 0.26 g (6 %); R; = 0.3 (ether). Physical and spectral character-
istics are listed in Tables 1 and 2.

Methyl N-(N-Benzyloxycarbonyl-(.S)-prolyl-amino)-(S)-prolyl-(S)-
leucinate (6):

The amination of (S)-prolyl-(S)-leucine methyl ester (0.73 g, 3.0 mmol)
is carried out as given under Method A. The neutralized aqueous
solution of hydrazine 3d is added dropwise to a vigorously stirred
mixture of N,N-dicyclohexylcarbodiimide (0.69 g, 3.3 mmol), N-
carbobenzyloxy-(S)-proline (0.75g, 3.0 mmol) dissolved in CHCl,
(75mL) and brine (75 mL) at + 5°C under argon during a period of 10
min. The stirring is continued at + 5°C for 2h and at ambient
temperature overnight. The mixture is diluted with sat. aq. NaHCO;
(50 mL). filtered, and the organic layer is separated. The water phase is
then extracted with CHCl, (4 x 10 mL), the collected organic layer is
washed with sat. aq. NaHCOj; (10 mL), dried (Na,SO,) and evaporated
in vacuo. The residue is taken up in ether (70ml), filtered and
evaporated. Flash chromatography (CHCI;/MeOH, 30:1 — 10:1,
column dimension: 30 x 5cm) gives 6 as a colorless oil; vield: 1.10 g
(75%); [«]3% = — 109° (¢ = 2.5, CHCly).

C,sH;N, O, cale. C61.46 H743 N 1147

(488.6) found 61.13 7.68 11.20

MS: mfz (%): 488 (0.9, M*); 316 (80); 241 (13): 208 (100): 204 (7). 111
(52); 108 (13); 107 (10); 91 (86).

IR (neat): v = 3260, 3060, 3035, 1749, 1675 (v br), 1538, 698 cm ™ '
'H-NMR (CDCl,/TMS, 400 MHz): 6 = 0.93,0.98 [24,6H. J=7Hz
each, CH(CH,),]; 1.4-2.5 (m, 11 H, fi'-CH,. p>-CH,, *-CH,. y'-
CH,, y-CH,, y*-CH); 3.31 (dd, 1H. J =9, 6 Hz, «>-CH); 3.47-3.80
(m, 4H, 6!-CH,, *-CH,); 3.64 (s, 3H. OCH,): 4.32 (dd, 1 H, J = 8.5,
2.5Hz, a!-CH); 443 (q. 1H, J = 3x 7.5 Hz, x3-CH); 5.14 + 5.20 (2d.
2H, Jyp = 12.5Hz, CO,CH,); 7.36 (8, 5SHyeom)s 7.7 (br, 1H, NHN):
8.38 (d, 1H, J=7.5Hz, NH).

13C-NMR: see Table 3.

Similar coupling reaction of 3d with mixed anhydride Z-Pro-0O-CO.Et
offers no advantage over the reported method.

We are indebted to A. Géméry, S. Hoily and L. Radics for spectral
analyses.
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(23) Unstable hydrazino compounds 3 could be isolated in the form of
salts (e.g. with HCI), however these derivatives proved to be oily,
amorphous or strongly hygroscopic. A related work in progress
deals with the synthesis of crystalline #-hydrazino acids and their
salts.

(24) Attempted amination of Ser-Ile-OCHj resulted in a rather con-
taminated form of the corresponding hydrazone 5, probably due
to side reactions at the hydroxy group of serine.

(25) Cold 0.5 M agq. citric acid can also be applied for extraction of acid
labile products 3 giving no higher yield in the case of 5a.
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