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;1"for 15-1odophenol and ﬁ-tert -butylphenol .4 S is small and posmve Th1s must be
'.due to desolvation. of the. phenoland. gel T Lo

' .. Again,. p-tert. -butylphenol is-an exceptlon The decrease in free energy is
. entirely. associated ‘with an increase. in entropy, which suggests that the adsorptlon
of p-tert -butylphenol is controlled by some steric: process . S
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,;_.‘Tetrazole analogues ‘'of amino aelds and peptldes

o] Il. Paper and thl”‘r-layer chromatography of tetrazole analogues of

Lt E (L); .tetrazole analogues of amino: acrds (II)1-3—-the compounds
vz_m whlch the carboxyl group is replaced by a 5-tetrazoly1 group——-exlst m a zw1ttenon
fo g frer e pra i St e _ . R i

A number of tetrazole analogues of amino ac1ds were prepared and charac—
"tensed in'the first paper?® of this series. As a further part of the study the chromato-
'fgraphlc ‘behaviour: of these’ compounds was' 1nvest1gated and the sens1t1v1ty of the
'.' reactlon with.hinhydrin was: determined.- ‘
g - The physrca.l and: chem1ca1 propertles of tetrazole analogues of amino ac1ds -are
-\:very ‘similarto: ‘the’ propertles of amino acids. They are soluble in water, alkalis,
aqueous: ac1ds, and: sparmgly soluble ‘or 1nsoluble in organic ‘solvents. All tetrazole
~'analogues of amino acids have high’ meltmg points, and all decompose at, the meltmg
‘temperatures. The dlssoc1atlon constants of the tetrazole analogues of'the’ ammo a.c1ds
arei-comparable to the’ respectlve constants for the amino acids." e |
& ‘3‘-"-.-_'sWe propose that the tetramle ana.logues of amino acids, as a group, should be

;f ] Chmmafog 45T (1970) 310-3!3
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called aminoalkyltetrazolesand abbreviated to AT: In'order to: empha51se ‘the: analogy‘
between a particular ammoalkyltetrazole and igs correspondmg amino acid we:suggest-

* that'the common:name of the:amino‘acid followed by the word tetrazole is used; For

example, the tétrazole analogue!of:alanine would be called ‘alaninetetrazole”; and for
shorthand notation written-as’AlaT:

Experimental

‘Three adsorbents were used:(A) Whatman paper No. 1; (B): pre-coated cellulose
TLC plates:(Merck DC'Fertigplatten: Cellulose F);and:(C) silica'gel TL.C plates (Merck -
K1ese1ge1 Q). boaseinh

» Silica. gel TLC plates were prepared by the following method: 6 g: Slhca Gel G
were shaken:vigorously inan erlenmeyer flask with 12 ml of:distilled water-for about"
2'min: The slurry was spread evenly on a:dry:plate (20 X -20.cm) and-then:the plate
was:dried at room temperature for-about 24 h..

‘The 'solvent systems used:'weré: S, methanol-water(7:3)%; .S, m-propanol-
water (4:I)%; Sy, n-butanol-acetic acid-water (4:1:1)8.7; S,, pyridine~isoamyl alcohol-"

TABLE ‘Is:

CHROMATOGRAPHIC ‘DATA FOR' AMINO ACIDS AND THEIR' TETRAZOLE ANALOGUES

Solvents: Sy, ‘methanol=water (7:73)i"Sq, n-propanol—water (4:'1)7
S, pyridine—isoamyl alcohol-water (7 7: 6); Sg, phenol-water (3 : 1, w/w). Adsorben

Ss, n-‘butanol—acetlc ‘acid-water (4:1
1 A, Whatman paper N

-B, cellulose TLC plates (Merck DC -~ Fertigplatten .Cellulose F); C, silica gel TLC plates (Merck Kieselge
Techmque ascending; length of development 24 cm (Whatman paper) or 10 cm (TLC plates).,

No. Amino ‘Tetrazjale?‘ . "Ry values in solvent systems
acid. ' analogue ' - —
. of S, , S, S, Ss Sy
amino . . ——— — et e e e
acid Adsorbent. Adsorbent Adsorbent Adsorbent - Adsor
4 B C A B C .4 B C A B C A
1 Gly : 0.55 0.52 0.46 0.11 0.15:-0.25 0©0.0Q9 0.11 0,22 ' 0.16 0.13 . 0.20 .0.38
T2 GlyT 0.57 0.54 ©0.56 0.18 0.23 0,47 0O.I4 ©O.13 0,39 0©0.27 0.25.0.36 0.40
3 f-Ala 0.64 0.62 0.38 0.16 0.20°0.I7 ©0.I9 0,22 0.3 ' ©0.16 0.I4 0.2 . 0.64
4 A B-AlaT 0.64 0.61 0.50 0©.25 0.29 0.38 “0.19 0.1 040  0.27 0.26 0,34 0.60
5 Ala K 0.71 0.1 0,50 0.2I 0.270.32  ©0.20 0.22 0.30 0.21.0.19 ©0.28 .0.55
6 AlaT 0.72 0.73 0.58 0.30 0.38-0.53 ''0.27 0.28 0.47 0.34 0.33 ©.47 0:57
7 Pro 0.72 0.71 0.38 0.27 0.30 0.I7 0.25 0.26 0.19  0.23 0.22' 0,17 0.88
8 ProT 0.73 ©0.7I 0.49 0.34 0.40:0.33 0.3 0.3I 0.33 . 0.36 0.35:0:29 0.87°
9 Abut 0.76 0.78 0.52 0.31 0.37 '0.39 0.32 0.32 0.35 +0.26 0.26 0.33 :.0.67
10 AbutT 0.78 o0.80 o0.59 0.44 0.54 0.62 "0.45 0.42 0.55 0.44 ©0.43 0.50 0.69
IX Val 0.78 0.80 0.53 0.42 0.46 0.40 ©0.46 0.44 0.42 0.34 0.32 0.34 :0.73
12 ValT 0.80 0.81 o0.59 0.54 0.62 .0.63 0.55 0.54 0.63 0.52 0.47:0.58 0.74
13 Nva : 0.78 0.81 0.54 0.46 0.5I':0.40 0.49 0.5 0.48 0.36" 0.37 0.36 :o0.77
14. NvaT 0.79 0.83 0.59 0.61 0.66.0.62- '0.59 0.63 0.60 0.54 0.52 '0.58 0.76
15 Ile . : 0.80 0.85 0.55 0.55 0.60:0.43 ©0.58 0.6I 0.50 043/ 0.43 0.48 0.80
16 IleT 0.81 0.86 0.60 0.66 0.72.0.66 ~“0.65 0.70 0.65 0.60 0.59 0.60 0.79
17 Phe 0.72 0,72 0.58 0.49. 0.54 '0.55 0.53 0.51 0.59 0.49: 0.47 ©0.52 +~0.8%7
18 - PheT 0.74 0.75 0.63 0.61 0.68 0.7I "0.62 0.62 0.70 0.64 0.63 ©0.58 0.81
19 Leu 0.81 0.82 o0.55 0.55 0.63 0.54 0.6I 0.60 0.61 0.48" 0.44 0.49 . 0.82
20 LeuT 0.83 0.83 0.60 0.67 0.75:0.75 0.7r 0.69 ©.72 0.65 ‘' 0.60'0.66 0.80
271 Cys/BZL/ 0.71 0.7I 0.59 0.6I 0.70 0.63 0.58 0.66 0.62.// 0.65:0.63 0.62 0.86
22 CysT/BZL/ o.73 0.73 0.70 0,69 o0.77 o.72 0.66 0,73 0.72 0.73 0.72 0.68 0.83

s Symbols in this paper are according to SCHWYZER et al .M.

RS
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water(7:7: 6)8 S, 3 phenol—water (3 I, g/g)" LS and were- prepared accordlng to the

hterature. . g

| 1% solutlons of . the amino acids (AA) and thelr tetrazole analogues (AT)"' in
o.xN: hydrochlonc acid were used for spotting. Sample spots were applied in amounts

of 10-30 ug (Whatman paper) or 1-10 ug (TLC plates). A 0.25% solution of ninhydrin

in acetone was used for the detection of the AA and AT on the chromatograms.

fResults and dzscusszon = -

'Rp values of AA and AT from comparatlve runs in ﬁve solvents are glven in
Table I.
‘ ‘The highest Ry values for AT were ‘observed in solvents S; and- S5 Both these
Syste_rns gave approximately the same Rp values for each pair involving the amino
acid and the corresponding tetrazole analogue of the amino acid. In the other solvent
systems studied (S,, S;, S,), the observed differences of Ry values for such correspond-
ing pairs were in range 0.05 to o. 24, the Rp value of the AT bemg, in general higher
than that of the AA. - :

Lower AA and AT (glycme, alanme, B- alamne, a—ammobutync acid and their
tetrazole analogues) developed with S;, S, or S, on silica gel TLC plates usually gave
hlgher RF values than those obtained for the other two adsorbents.

S4 (pvndlne—lsoamyl a]cohol—water) appeared to be the best system for the

'TABLE- I

SENSITIVITY OF THE TETRAZOLE ANALOGUES OF AMINO ACIDS TO THE NINHYDRIN REACTION ON
WHATMAN PAPER NO. I

w No. . Amino Tetrazole Sensitivity Colowr
- acid - analogue of (ug) of
: amino acid spotd
I Gly ' o.r (0.2)®» violet-brown
Y SRR GlyT . o2 brown-violet.
-3 p-Ala - : o (o.4)? violet
4 o B-AlaT 0:4 grey-blue
5 Ala - - . 0.2 (0.2)P violet .
. 6 : - AlaT . 0.3 - violet:
.7 Pro - . ‘ (0.5)® yellow-brown
08 ' ProT 3.0 yellow-orange
9 Abut » ‘ (o.1)® :violet
10 - AbutT 0.2 .violet
XX Val 0.2 (o.1)b violet
12 ValT 0.4 violet
13 “Nva . violet
I4 o« NvaT - 0.4 violet.
15 Ile - . fo.1)P wviolet
.16 - IleT 0.5 . . violet
x7 Phe . - 0.5 (0.7)b violet
I8 . PheT ;1.0 R ~violet
19 Leu ' (0.1)?  violet
.20 Leu'l‘ 0.4 « wviolet
‘21 Cys/BZL/ ' : . violet
22 - - CysT/BZL/ 0.5 S violet : .
a After.18 h.

b Reported by SAIFER AND Omzsm;s“'
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separation of aminoalkyltetrazoles not only because of differences in Ry values but
also because the spots after spraying with ninhydrin were dense and mtensely col-
oured. Development of AT by phenol-water ‘solvent system (S;) resulted 'in a low
sensitivity for the ninhydrin reaction. In spite' of thorough removal of phenol from
the chromatograms it was difficult to calculate the Ry values on Whatman paper and
cellulose TLC plates and very difficult on silica gel TLC plates, though the spots of
amino acids could be easily detected with ninhydrin on these plates.. v

After spraying the chromatograms with ninhydrin the tetrazole analogues of
amino acids gave a yellow colour. The spots cha.nged to. grey-brown and ﬁnally to
violet.

- The reactivity and sen51t1V1ty of the various amlnoalkyltetrazoles with nin-
hydrin was determined by the SAIFER AND ORESKES method!?; The limits of the
sensitivity of the tetrazole analogues of amino acids (Table II) are comparable w1th
the sensitivity values of the respectlve amino acids.

The author is grateful to Dr. B. LIBEREK for his interest in this work ahd for
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