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thyroacetic acids, were the most potent compounds
tested. In the test system employed, VII and XIII
were as potent as L-T one of the most active hypo-
cholesteremic thyromimetic agents reported in the
literature.

It can be seen that replacement of the 3’-iodine atom
in VII with an isopropy! group has had no effect on
hypocholesteremic activity (compare VII with XIII).
This finding is consistent with previous observations
noted with compounds containing an alanine side
chain. Although the number of compounds screened
was quite small it appears that a structure-function
relationship does exist. Maximum activity resides
in those compounds with a two-carbon side chain and a
3’-lodine atom or isopropyl group (VII, VIII, and
XIII). Increasing or decreasing the length of the side
chain or replacing the 3’-iodine or isopropyl group with
hydrogen decreases cholesterol-lowering activity. For-
mation of the methyl ether in most cases also somewhat
lessens hypocholesteremic activity (compare VII with
VIID).

A more comprehensive study of the thyromimetic
activities of VII and XIII has been reported re-
cently .2
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Prasyia CHOLESTEROL VALUES
Compound no. Activity®
1 0.030
11 < .001
111 .030
1v .040
\Y 025
VI .006
VII 1.000
VI 0.500
IN < .001
X < .001
XI .060
XII 030
XIII 1.000

@ Activity is expressed in terms of I~T; having an arbitrary
value of 1.
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A series of aminoacyladenines was prepared by a procedure involving the condensation of the carbobenzoxy
derivatives of glycine, alanine, valine, leucine, isoleucine, and phenylalanine with adenine by the carbodiimide

method with dimethyl sulfoxide as the solvent.

Chemical, spectral, and chromatographic characteristics of the

above compounds are described. Neither rat organ homogenates nor a variety of proteolytic enzymes hydro-
lyzed the aminoacyladenines, with the exception of leucine aminopeptidase, which showed activity against L-

leucyladenine.

Interest in aminoacylamidopurines and specifically
aminoacyladenines stems from the observation that
ribonucleic acids (RNA) isolated by a variety of meth-
ods contain amino acids or peptides.?® Aside from
the binding of amino acids by ester linkage to the ter-
minal ribose moiety of soluble RN A ¢ other binding sites
have not been definitely established. It is conceivable
that high molecular weight RNA may bind amino
acids as acid anhydrides similar to the amino acid
nucleotidates found in yeast” or as amides by combina-
tion of the carboxyl group of the amino acids with the
amino nitrogen of adenine, guanine, and the cytosines,

This paper describes the synthesis and properties of a
series of aminoacyladenines as a preliminary step in
establishing whether or not such compounds occur in
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nucleic acids or nucleoproteins.

Results and Discussion

The aminoacyladenines were prepared by condensing
a carbobenzoxyamino acid (Z-amino acid) and adenine
in dimethyl sulfoxide solution with N, N’-dicyclo-
hexylcarbodiimide (DCC) aund decarbobenzoxylating
the product with anhydrous HBr in glacial acetic acid.

HOCOCHRNHZ
+
HNH HNCOCHRNHZ HNCOCHRNH;
N N N
N7 DCC Nz HBr N~
K \> W\ \> Hoae | | \>
N N N N
H H H
Adenine Z-Aminoacyladenine Aminoacyladenine

The values for C, H, and N (Table I) of both carbo-
benzoxy- and aminoacyladenines support a structure
having an amino acid : adenine ratio of 1.

The physical properties and behavior on paper chro-
matograms of both carbobenzoxy- and aminoacylade-
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MELTING POINTS AND ANALYTICAL DATA OF AMINOACYLADENIN Ex

’ ~—Curbon, 7% - ~—Hydrogen, ;% Nitrogew, )

Compoand? Formals M.op., ¢ Caled. I'ouml Caled. I'oand Calinl. [Pt
Z-tily-Ad Ci:HiuN 603 234-235 5353 5.4 4.30 4.23 25.8 25 .6
Z-l,-:\la-Ad CmHmNso;( 218220 &.)6_.") -_)(5‘ () 4.71 4.01 2407 3
Z-n1-Ala-Ad CieH 16N 03 231-233 56.5H 55,0 E 4.70 247 0
Z-u1-Val-Ad CisHaNO; 183-185 SN 5.2 144 545 228 2201
Z-1-Leu-Ad C1oH1:N¢O3 149-150 H9.7 5908 H.70 G.0H 220 22
Z-1-Ileu-Ad CyoHaaN Oy 196-197 5.7 299 H.70 6.1 2200 22 0)
Z-ni-Ilen-Ad CisHa:NO; 182184 897 00 5 5.70 5.90 22.G 2200
Z-1.-Phe-Ad CaaHagN 6Oy 207209 65.5 63 .5 4 80 5. 07 20.2 207
Z-m1.-Phe-Ad C2QH~30N6()3 IN1-183 63.5 H3.5 480 4.90 20.2 0.2
Adenine” C;H;N; 360 dec, 44 .4 5.7 518 5.0
Cilv-Ad CoH N0 165280 dec. 43.7 43 .2 4.15 4.23 43.7 434
1-Ahi-Ad CsHpoN O 152154 46,6 43.8 4.86 5.25 40.7 EI
bL-Val-Ad CpoH14NO 146-148 H1.4 49.5 5.9 .03 35.9 5H.8
L-Lei-Ad C1HeNO 138-140 N33 a2.6 6. 45 653 N3N BE )
L-Tlen-Ad CiiHiN6O 145-147 533 5.4 6,45 (.52 33,8 3R
L-Phe-Ad CiH1aNO 102-105 H. 8 584 1.96 4.86 2.9 20

~ T'he ubbreviations used are those accepted by the Journal of Biological Chemistry fur naming of peptides. ¢ Capillary melting points
are corrected. ¢ Carbon, hydrogen, and nitregen analyses were done by Weiler and Strauss, Oxford, England. ¢ Adenine is included
as a standard for comparison.

TasLe 1l
Puystieal AND CHROMATOGRAPHIC PROPERTIES OF AMINOACYLADENINES

Amax. €nax ~—Optical cotationt—m— R solvent”

Cuapoand myu' X 1073 lelfp. dew, e, ¢ \ B C
Z-Gly-Ad 280 13.0 0.7 0. 44} 0.73
Z-1-Ala-Ad 281 15.3 —658.0 2% 0806 0,56 0,81
Z-m1.-Val-Ad 281 13.5 0. 90 0.65 .85
Z-1-Leu-Ad 2872 13.0 —45 .0 26 .91 .64 0. 806
Z-1.-Tleu-Ad 252 13.0 —28.5H 24 0.1 066 0.5
7-1-Phe-Ad 282 13.5 +21.5 2] 0.t 0,60 0 83
Glyv-Ad 280 125 (27 0,016 (), 62
r-Ala-Ad 282 125 —12.4 24 0. 49 0. 006 0.71
DL-Val-Ad 282 10.2 0.74 0,30 075
L-len-Ad 282 121 +4.2 27 076 .30 .81
L-Heu-Ad 282 12 +14.06 23 0.77 0,35 .78
1.-Phe-Ad 282 1501 +44 0 27 .70 (.10 0. 74

* Concentrations and solvent employed were 5-7 X 1078 3 in methanol. ? Optical rotations in all cases were determined on 1€}
solutions in methanol. ¢ 8olvent A: ethanol-M ammonium acetate pH 7.5, 7:3. Solvent B: methanol. Solvent C: methanol-
glacial neetic acid-water, 12:3:5.  In all cases only one spot was observed. Spots were located visually with an ultraviolet L.

nines are shown in Table 11, The nltraviolet absorp- L&
tion spectrum of carbobenzoxy-L-isolencyladenine, (Z- . /\\
L-Ileu-Ad) with an absorption maximum at 280 mu ;/ \
(IMig. 1) is characteristic of all the carbobenzoxyamino- 0.6 ; \,\
acyladenines.  Removal of the earbobenzoxy group oo /./ “
results in minor changes in absorption in regions bhelow z /
260 and above 300 mu (I'ig. 2).
L& 3 .2
g
s ; 0.1
- 5
/ " N
NI \
N i 220 230 260 280 360 320 20 360
= | /”X/ | Wave length, iy,
E‘ / \ Fig. 2.--Ultraviolet absorption spectriin of 5.8 X 107 M .-
o \/ \ isoleucyladenine in methanol.
‘ Ividence for the structure of carbobenzoxy- and
r aminoacyladenines was obtained from deamination of
; these compounds, Wilson® and Schein? have shown that
[e e . - - 3 . .
. oD 1w . \
240 260 980 400 390 adenine yields 1 mole of nitrogen with nitrous acid at

Carbobenzoxyaminoacyladenines

Wave length, .

Fig. 1.—--Ultraviolet absorption spectrum of 5 X 107 M carbo-
benzoxy-L-isoleucyladenine in methanol.

room temperatnre.

18) D WL Wilson, J. Biol. Chem., 56, 183 (1023).
) A H. Schein, J. Med. Pharn. Chem., B, 302 (1952).
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did not yield any nitrogen with nitrous acid. A mixture 0.8

of 1 mole of adenine and 1 mole of phenylalanine yielded 07

2 moles of amino nitrogen, while 1 mole of Gly-Ad,

L-Ala-Ad, and pr-Val-Ad each yielded 1.0 mole of amino 08

nitrogen. Slightly higher yields of nitrogen were ob- 5

tained from r-Leu-Ad (1.2 moles), L-Ileu-Ad (1.2 moles), '7520"

and 1-Phe-Ad (1.1 moles). The excess nitrogen from j°0_4

the latter three compounds may be derived from partial £

hydrolysis of the aminoacyladenines in the acetic acid— 503

nitrous acid solution during deamination. It is evident 0.2

that there are no free amino groups in carbobenzoxy-

aminoacyladenines and one free amino nitrogen in the 0.1

aminoacyladenines. Of the various sites for substitu- T —

tion on the adenine molecule, these data support sub- 220 240 260 280 300 320 340 360

stitution on the 6-amino group. Deamination of
adenine containing an amino acid substituent at any
position but the 6-amino N would yield two moles of
nitrogen per mole of compound.

Treatment of carbobenzoxyaminoacyladenines with
either N HCI or N NaOH at 100° for 1 hr. resulted
in complete hydrolysis of the amide bond between the
carbobenzoxyaminoacyl moiety and adenine. Milder
conditions, 0.5 N NaOH for 20 min. at 100°, sufficed
to hydrolyze aminoacyladenines to yield 1 mole of free
adenine per mole of aminoacyladenine. Calculation of
the extent of hydrolysis was based on the absorbance
ratio 260/275 mp and is described in a subsequent
section. The reaction was also followed by paper
chromatography and, where possible, by measuring
the increase in ninhydrin-reacting material during
the heating pericd.

The ultraviolet absorption spectra of aminoacylade-
nine solutions in water and in methanol changed on
standing at room temperature for short periods of time.
Since the compounds were to be utilized for enzymatic
studies it was necessary to determine their stability in
aqueous solutions at various pH values. In acidic
media the absorption maximum of Gly-Ad is at 275
my.  After 90 hr. at pH 2 the peak at 275 mu is re-
placed by a broad absorption band with a peak at 263

mu (Fig. 3). At pH 12 (Fig. 4) the absorption peak of
0.8} 0 HOURS l
3. !
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Fig. 3.—Chuanges in the ultraviolet absorption spectruin of
6.0 X 1073 A glycyladenine solution as a function of time at
pH 2.

Gly-Ad at 280 muy is rapidly replaced by a peak at 269
my, representing hydrolysis to adenine. Confirmation
was obtained by chromatography of aliquots at different
tinme intervals; there was an increase in intensity of an

Wave length, mu.

Fig. 4.—Changes in the ultraviolet absorption spectrum of a
6.0 X 107 M glycyladenine solution as a function of time at
pH 12.
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Fig. 5.—Changes in the ultraviolet absorption spectrum of
a 6.0 X 103 M glvcyladenine solution as a function of time
at pH 7.

adenine spot, a decrease in intensity of the Gly-Ad
spot, and an increase with time of a ninhydrin-reactive
spot corresponding to glycine. At pH 7 (Fig. 5),
major spectral changes in Gly-Ad occur in a region
(310 mu) not associated with simple hydrolysis, the
significance of which has not been established.

Stability studies were also carried out at other pH
values and with other aminoacyladenines. The results
were not significantly different from those with Gly-Ad.

Enzymatic Studies.—In order to establish whether
aminoacyladenines may or may not exist in tissues, the
susceptibility of these compounds to hydrolysis by vari-
ous enzymes and tissue preparations was studied. Com-
mercial preparations of pepsin, trypsin, a-chymotiypsin,
papain, ficin, bromelin, pancreatin, acylase, and leucine
aminopeptidase were incubated with aminoacylade-
nines. Hydrolysis was measured by the change in
absorbance ratio 260/275 mu. As a standard for the
calculation of hydrolysis, the absorbance of different
proportions of pure aminoacyladenine and adenine in
acid solution was measured at 260 and 275 mu. The
absorbance ratio 260/275 was determined for each
proportion. This ratio is a constant for each pure
compound; it varies linearly from 0.56 for aminoacyl-
adenine to 1.71 for adenine and hence can be used to
calculate the extent of hydrolysis of aminoacyladenines.
Incubation mixtures of aminoacyladenines and enzyme
were acidified after 1 hr. at 37° and the per cent of hy-
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drolysis was determined.  Suitable enzyme and sub-
strate controls were carvied through the procedure to
correct  experimental  values for absorption by the
enzyme and for spontancons hydrolysis of the substrate.

No significant enzyvinatic activity was observed for
the aminoaeyladenines except for the pair, t-leneyl-
adenine and leucine amiuopeptidase.  Iu this case
approximately 25% hvdrolysis occirred.  Similar ex-
periments were condneted nsing rat organ homogenates
of liver, kidvey, braiu, heart, spleen, intestinal mucosa,
muscle, and g preparved 11 0.25 Y sucroxe. No sig-
nificant hiydrolysis above that of the experiinental varia-
tions i the snbstrate and enzyvine cootrols was ob-
taed with any of the homogcenates.

Satuples of aminoacyladenives were tested for growth
ihibitory effeets against @ vdten enltures of cells of the
KB line at the Cancer Chemotherapy National Serviee
Center. Noue of the compounds zhowed sunfficient
autitimnor activity to warrant further testng.

Experimental

6-(N-Carbobenzoxy ;aminoacyladenines.-—"I'lic  N-curhobenz-
oxy derivatives of glyeine, r-alanine, vr-vedine, i-lencine, 1-
isolencine, and r-phenvlalanine were prepared essentially by the
method of Bergniann ard Zervas."  Adenine ( Nutritionsd Bio-
ehemienls Co.d, the respective earbobenzoxyamino aeid, and
NN -dievelohexylenrbodiimide (Aldricle Chemicals Coo in the
molar proportion F: b were dissolved in hot 180°7 dimethyl
salfoxide (0.4 M/ adenine; and allowed to cool at roonms temperature
for 4% hr.  Large needles of dicyelohexylaren Tormed and were
removed by filtration. The Hltrate was evaporated to dryness
at 70°% vu vacoo and the residne wis suspended in warm tohlene
and filtered.  The ipsohible residite was extracted snecessively in
a Soxhlet extractor with toluene, ethyl ncetate, and ether. The
insohible residue was Hnally washed with three portions ol 0.5
N HOT to remove nunreacted adenine, then with Ha0) and dried.

In the preparation of Z-Val-Ad, Z-l.en-Ad, Z-Hea-Ad, and
Z-Phe-Ad, removal ol dimethyl sulloxide yielded an oily sus-
npensiod ricther than o salid.  The oily suspensions were miscible
with hot tohiene.  Resichinl adenine was removed by liltration,
aud, after removal of the toluenc from the Lltrate o racoe, o
clear oil was obtained.  Addition of c¢ther to the oils of Z-ni-
Val-Ad and Z-1-Phe-Ad resulted in the (ormcion of o heavy phase
which solidified an standing for 24 hr. at room temperatire.
With Z-1-Leu-Ad and Z-v-Hen-Ad addition of ether did not
enase the formation of a beavy phase, but when the ¢lear ethereal
solhutions were shaken with 3 NaHCOy; and allowed (o stand at
room  temperatare for 24 hr., the earbobenzoxyaminoaceyvlade-
nines erystallized in plates at the ether-aqueons NaHCO, inter-
phase.  Reeryvstallization  was  effected  from cthanol-ether,
Yields varied from 90 far Z-vi-Val-Ad to 30, tar Z-1-Phe-Ad,
with yields of approximately IR for Z-Glyv-Ad, Z-1-Aln-Ad,
Z~1-Leu-Ad, nnd Z-1.-Tlen-Ad.

Aminoacyladenines.——Treatinent ol (he carbobenzoxyaniino-
acviadenines with o 349 solution ol anhydrous HBr in glacial
acetie neid! resulted in removal of the carbobenzoxy groiups.
Ten grams of HBr solution per gram ol earbobenzoxy componnd
was stirred magnetieally Tor [ hr. at room temperature.  Sib-
sequtent dihrtion with anbydrous ether yielded a white solid which
was separated by filtration and washed with ether. The hydro-
bromide salt (90106, vieldt was dried 7 varvo over NaOH
pellets for 24 hr.

vy ML Berunann and L. Zeevas, Bee., 65, 1102 (1432,
111 DL Ben-Ishad, J. Org. Chem., 18, 62 (13154,

Vol o

Removal of HBr was elfected by trentinent of o chilled snspen-
sion of the salt in chlorofornr with an equimolar qnantity of tri-
ethylamine.  After being stirred for 10 min.. the thick whiie
precipitate which formed was collected on a hlter and wishel
siceessively with cold ehloroform and ether. Phe dry residne
was washed with wo minimal amonnt of ive-eold water and drieid
i eaceh over 00 Yields varied frooy 45020, 25 177, aver
all for the varions jamnoacyladenines.

Deamination with Nitrous Acid.---'I'he calenlined ampomnt of
mminosevladenine required to vield 0.5 mmole of nitragen was
digsolved in 10 ml of 509 acetie acid and deaminated for 30
mia. in o mixture of 30, NaNO; and glacial acetic acid ina Van
Slvke apina nitrogen apparatis'? The volmne o nitragen
evolved was corrected for temperatiure, pressure, and a reagent
blank.,  Canirals of adenine alone, an amina acid, v n mixtiree
of adenine and aminceaeid vielded ineaclovase the expected molay
quantities of nitrogen.

Stability Studies.—I"reshily prepared 5 X 105 W aminaaey i-
adenine in wetbanol was imedintely diluted ta 5 % 107> 3]
with wqneons sohitions of the Tollowing composition: .01 N
HCL pH 200 0,00 W phosplide bulter, pH 7.00 and 0,01V
NaOH, pl 12,0, Spectral enrves were recorded in i Beeknnm
DIN 2 recording spectrophotometer at saecessive 1hine intervials
against approprizte blank solitions.

Enzymes and Homogenates.—The activity of pepsin, trypsin
i Nutritional Biochemieals Corply, papain, Hein  Worthington
Biochemical Corp. i w-chivinotrypsing, panereatin, and bromelin
(Mann Researceh La i wis measured by the method ol Anson
nsing denatured bhemoglobin i Nutritional  Biochemieal Corp. s
in 0.1 M phogphate bulfer, pF 7.4 The plant protealytic
enzynies papaing fein, and bromelin were sccetivated by the additian
of 5 X 1078 W exvsteine. The prateslytic setiviiy ol pepsin
was determined at pH 20 Owe nulliliter of i« solittion cantaining
HO-T00 g of enzyme in the approprinte butler was added (o0 5 ml
of a2, denatured hemoglobin solntion similarly butlered,  The
ixtire was inenbated at 37° for 30 min.  The reaction was
terminated by the wddition of 57, trichloroncetic acid.  After
liltration, the solntion was made alkaline by the additiom of 0.5V
NaO and was treated with the Foline Ciaealtean rengent.?* T'he
abgorbance was measured at 660 Dy sggamst o similarly-treated
blank. The activities in terms of gmoles ol (yrosine formed /mg.
cnzyvimmewl 230 ming were valeulated from values o) standard
tvrosine sohitions (rewted in the smne manner. o (hese nnits,
the wetivities of eaeh enzyme were: pepsin, S trvpsing 2,70
ce-chivinotrypsin, LX: papain. 120 liein, 0.9: browelin, 058 and
panereatin, 0.3,

Acvlase (Pentex Iney activity was determined by measuring
the decrcase of absorbance of N-ncetvl-ni-methionine at 239
m. Lencine mninopeptidase ( Worthington Biochemieal Corp.
was assaved by measiring the decrease in absorbunee of L-lencine
amide o€ 258 di. @ The aetivities of these (wo cazyines, resper-
tively, were L4 and S mmoles of snbsteate hvdrolvaed .
af enzy e ml /30min.

A snspension containing 100 mg. wet welght of cach banog-
enate™ was added to the aminoacyladenines in pH 7.4 phosphate
bulfer and inaubated for | hro at $17° The reaction was halted
by the addition of trichloroncetic acid, the solntion was filtered.
and the wh=arbanee at 260 and 275 mg was measired.
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