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172. (p-Phenylazophenyl)-isopropyloxycarbonyl, a New Protecting
Group for Peptide Synthesis

by Aung Tun-Kyi and Robert Schwyzer

Institut fiir Molekularbiologie und Biophysik
Eidgenéssische Technische Hochschule CH-8093 Zirich

(9. V1. 76)

Summary. The preparation and properties of thirty two N{«)-[2-(p-phenylazophenyl)-iso-
propylcarbonyl]-amino-acids and derivatives are described. The new coloured protecting group
(AZOC-) can be easily and selectively removed with mild acid treatment, much the same as the
2-(biphenyl)-isopropyloxycarbonyl (BPOC-)group. It is introduced via quite stable and yet
reactive, crystalline intermediates, AZOC-OPh and AZOC-Na.

The aim of this work was to develop a new amino-protecting group that combines
certain advantages of earlier coloured groups [1] with those of the 2-(p-diphenyl)-

CHy 0
O -E2E-
CH3

AZOC —

isopropyloxycarbonyl group (DPOC-, BPOC-)1} [2] or, for that matter, of the 2-
phenyl-isopropyloxycarbonyl group (PPOC-) [2] [4]. The new 2-(p-phenylazophenyl)-
isopropyloxycarbonyl-group has, as an N(«)-protecting group for amino-acids, the
following properties:

1) it can be introduced wia stable, yet reactive, and crystalline intermediates such
as its phenyl ester (AZOC-OPh) or acid azide (AZOC-N3);

2) it can be removed under practically the same mildly acidic conditions and with
the same yields and velocities as the BPOC-group, leaving other (side-chain)
protecting groups intact;

3) the colour facilitates the operations of purification and isclation by chromato-

graphic and distribution techniques [Amax = 320--330 nm, ¢ = 2.105-4.105 in
ethanol];

4) the colour allows for an exact estimation of the reaction time needed for a complete
removal of the protective group prior to a next coupling step (this could be an
essential advantage for solid-phase synthesis).

1) Abbreviations according to the recommendations of the “IUPAC-IUB Commission on
Biochemical Nomenclature”, p.e. Eur. J. Biochemistry 7, 375 (1967), and [3].
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Thus, the ease and specificity of removal distinguish AZOC-favourably from the
earlier coloured groups (p.e. PZ-) its colour offers an advantage over the BPOC-
group. The free AZOC-amino-acids appear to be somewhat more stable than BPOC-
amino-acids.

The synthesis of reactive intermediates was carried out as follows:

CH;y CH3  CHjMg-1

3o e und Yo —— { IN=Nd Ht0 ———

v

@N:N@—C—OH AZOC - OPh
CH,

NH, -NH HNO

—2 72 . AZOC-NHNH; ———2 5 AZOC-N,

Phenyl-[2-(p-phenylazophenyl)-isopropyl}-carbonate (AZOC-OPh) is a stable
crystalline solid. NMR. indicated no deterioration at room temperature after 3
months. It reacts readily either with the benzyl-trimethylammonium (Triton B)
salts of amino-acids {2} in dimethylformamide (DMF), procedure B, or preferably
with the tetramethyl-guanidine (TMG) salts in dimethylsulfoxide (DMSO), procedure
A. Excess quantities of AZOC-OPh can often be recovered unchanged from the
reaction mixtures.

2-(p-Phenylazophenyl}-isopropyloxycarbonyl-azide, AZOC-N3, is also crystalline
and quite stable (p.e. for months at 0°). It was reacted with amino-acids in DMSO +
TMG, procedure C.

The amino-acid derivatives are quite stable as such, however, most of them were
converted to and stored as either cyclohexylamine (CHA} or dicyclohexylamine
(DCHA) salts (see Table).

Experimental Part

M.p. were determined in open capillary tubes and are not corrected. The usual isolation
procedure of products from a reaction mixture comprises extraction into an organic solvent
(ethyl acetate, ether, dichloromethane, or chloroform), washing of the organic phase with aqueous
acid (mostly 1M citric acid), transfer of acidic products into aqueous alcali and back into fresh
organic phase when required, washing with water, drying with conc. NaCl-solution followed by
anhydrous sodium- or magnesium-sulfate, filtration, and evaporation of the solvent in a rotatory
evaporator at 30—40° under reduced pressure (10 to 0.01 Torr). Analytical samples were dried at
20° and 0.001 Torr for 24 hours.

2-(p-Phenylazophenyl)-2-propanol. p-Phenylazo-acetophenone [5] was prepared from nitroso-
benzene and p-amino-acetophenone according to the general procedure used earlier [1]; yield
509%. The crystalline compound was reacted in ether with methyl-magnesium-iodide to produce
2-(p-phenylazophenyl)-2-propanol in 709, yield (after crystallization from ether/petroleum ether),
m.p. 85-8°.

Ci5H1eNgO (240.29) Cale. C74.98 H6.71 N 11.66%  Found C74.76 H6.82 N 11.869%

Phenyl-[2-(p-phenylazo-phenyl)-isopropyll-carbonate (AZOC-OPh). To a stirred solution of
7.2 g of 2-(p-phenylazo-phenyl)-2-propanol in 40 ml of dichloromethane and 3.6 ml of pyridine at
—5° was added dropwise over a period of 30 min a solution of 4.8 ml of phenyl-chloroformate
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dissolved in 20 ml of dichloromethane. A thick paste was gradually formed after the addition.
The reaction mixture was further stirred overnight at 0°. The resulting mixture was now quite
clear, except for a small amount of undissolved matter. 1t was diluted with 100 ml of dichloro-
methane and the product isolated with the usual procedure. Recrystallization from abs. ethanol:
9.2 g (889%), m.p. 100-3°.

CaaHgoN203 (360.39) Calc. €73.32 H 559 N7.77%  Found C73.14 H558 NB8.05%

2-(p- Phenylazo-phenyl)-isopropyloxycarbonyl-hydvazine, AZOC-NHNH,. 18 ml of hydrazine
hydrate werec added to the solution of 21.6 g of AZOC-OPh. The mixture was stirred at room
temp. for 18 h and then poured into much ice water. The product was isolated by thec usual pro-
cedure (cther; 1N NaOH; water; NaCl solution; MgS0Oy). Crystallisation from cther/petroleum
ether and diisopropyl-ether: 14.5 g (81%), m.p. 94-96°.

C16H1sN4O2 (298.33)  Calc. C64.37 H6.08 N18.77% Found C64.37 H6.11 N18.739%

2-(p- Phenylazo-phenyl)-isopropyl-oxycarbonyl-azide, AZOC Nz. This compound was prepared
essentially according to the procedurc of Sieber & Iselin [2] for BPOC-N3. Crystallisation from
petroleum cther. Yield 919%, m.p. 49-50°. Characteristic IR. absorption bands at 2810-2870,
2120-2160, 1705, 1445, and 1350-1360 cm™1,

CigH1sNsOs (309.31)  Cale. N 22,649, Found 22.70%

Preparation of N(a)-AZOC-amino-acids. - A) The AZOC-OPh{TMG procedure.
0.225 g (3 mmol) of glycine in 6 ml of DM SO were treated with 0.38 ml (3 mmol) of tetramethyl-
guanidine (TMG) and 1.08 g (3 mmol) of AZOC-OPh with gentle stirring at 50° for 4 h. The red,
crystalline product obtained by the usual isolation procedurc was rccrystallized from ether:
0.7 g (70%). ’

B) The AZOC-OPh|Triton procedure. The procedure is cssentially that of Sieber & Iselin [2]
for BPOC-derivatives. Example: AZOC - Phe - OH, DCHA, see Table.

C) The AZOC-N3/TMG procedure. 1.135 g (5 mmol) of S-acctamidomethyl-cysteine hydro-
chloride were suspended by stirring in 6 ml of dry DMF. 2.5 ml (20 mmol) of tetramethyl-guanidine
(TMG) were added, followed by 1.54 g (5 mmol) of solid AZOC-N3. After 31/ h at 45°, the product
obtained by the usual isolation procedure was dissolved in cther and converted to the cyclo-
hexylamine (CHA) salt. Crystallisation from petroleum cther: 1.9 g (68%).

Removal of the AZOC-Group. — Complete conversion of AZOC-glycine (0.1M) to glycine,
carbon dioxide, and 2-(p-phenylazophenyl)-2-propanol was achieved at room temp. in 5 min with
trifluoro-acetic acid/dichloromethane 1.5:98.5 (vfv), in 45 min with acetic acid/839, formic
acid/water 7:1:2 (vfv), and in 6 h with acetic acid/water 8:2 (v:v).
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