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50 Mol9, KOH erhiclten wir in einer Ausbeute von 60 bis
70%, 2-Benzylimino-4,4-diphenyl-imidazolidin-5-on (la,
weisse Nadeln, Smp.” und Misch-Smp. mit authentischem
Priparat®: 240-241°C), bzw. 2-f-Morpholinodthylimino-
4,4-diphenyl-imidazolidin-5-on {Ib, weisse Nadeln, Smp.
und Misch-Smp. mit authentischem Praparat®: 194 bis
195°C). In Stellung 3 substitnierte Isomeren (I¢ bzw. @)
konnten im Reaktionsprodukt nicht aufgefunden werden.

(Cets)s © €o a: R=H, R =CgH,CH,~
HN\C/N-‘R b: R=H, R'=0CHN-C,H,~

’ ¢: R=CgH,CH,-, R'=H
1 N-R’ d: R=OCHN-C,H-, R'=H

Wurde jedoch die Menge des eingesetzten Kalium-
hydroxids auf 10 Mol9%, verringert, so erhielten wir im
Falle des Benzylguanidins als Reaktionsprodukt ein Ge-
misch, aus welchem durch Chromatographie an Brock-
mannschem Aluminiumoxyd neben 209, d. Th. Ia 459%
d. Th. des isomeren 3-Benzyl-5,5-diphenyl-glykocyami-
dins (I¢, weisse Plittchen, Smp. und Misch-Smp. mit
authentischem Priparat®: 164-166°C) isoliert werden
konnten. Im Falle des N-f-Morpholinodthyl-guanidins
wurde durch einfache Kristallisation des Reaktions-
produktes das 3-f-Morpholinodthyl-5, 5-diphenyl-glyko-
cyamidin (Id, weisse Prismen, Smp. und Misch-Smp. mit
authentischem Priparat!®: 198-199°C]) in einer Ausbeute
von 60%, erhalten; das isomere 15 liess sich im Reaktions-
produkt nicht auffinden. In Abwesenheit von Kalium-
hydroxid konnten 599, I¢, hingegen kein Ia isoliert wer-
den. Fiir die Kondensation von Benzil mit Guanidinen
zu Glykocyamidinen ist also die Verwendung eines be-
sonderen alkalischen Kondensationsmittels nicht immer
notwendig.

Da, wie aus besonders angestellten Versuchen hervor-
geht, I¢ beim Kochen seiner alkoholischen Losung in
Gegenwart von 1/, Mol Kaliumhydroxid teilweise zu Ia
umgelagert wird, kann der Einfluss des Kaliumhydr-
oxids auf die Orientation bei der Kondensation viel-
leicht durch die Annahme einer nachtvdglichen Umlage-
rung der primir stets gebildeten 3-substituierten 3, 3-
Diphenyl-glykocyamidine durch das Kaliumhydroxid in
die entsprechenden 2-(subst. Imino)-4, 4-diphenyl-imida-
zolidin-5-one erklirt werden.
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Summary

Condensation of benzil with two monosubstituted
guanidines in the presence of 50 mol9% of potassium
hydroxide leads to the formation of 2-(subst. imino)-4, 4-
diphenyl-imidazolidin-5-ones (Ia, b); by reduction of the
potassium hydroxide used the formation of these pro-
ducts is more or less driven back in favour of the formation
of 3-substituted 35, 5-diphenyl-glycocyamidines (I¢, 4). A
possible explanation for these orientation phenomena is
given.

7 Alle Schmelzpunkte unkorrigiert.

& K. LemperT, J. BREUER und M. LEmpPERT-SRETER, Chem. Ber.
92, 235 (1959).

? Dargestellt durch Aminolyse des S-Methylderivates des 5,5-
Diphenyl-2-thichydantoins mittels 8-Morpholinoithylamin (eigener
unverdffentlichter Versuch),

10 K, LEmMPERT, J.BREUER, M.LEMPERT-SRETER, I.PATAKY
und K. Pre1Feg, Magyar Kém. Folyodirat (Ung. Z. Chem.) 64, 110
(1959).
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Effect of Mg++
on the Reactivity of Ribonucleic Acid!

On the basis of spectrophotometric, optical rotation,
and sedimentation data HascHEMEYER ¢f al.? have con-
cluded that tobacco mosaic virus nucleic acid (TMV-RNA)
may exist in two forms showing a random coil configura-
tion in water and a more structured configuration in the
presence of salts. One of the most characteristic features
of the latter is its markedly lower ultraviolet absorption
(hypochromicity). Salt dependent changes in configura-
tion accompanicd by a decrease in ultraviolet absorption
have also been found in synthetic polyribonucleotides®$,
and are believed to be brought about by purine pyrimi-
dine hydrogen bonds similar to those in DNA®S, If a
similar bonding occurred in ribonucleic acid the change
in configuration could well be reflected in the reactivity
of the bases which might become vnreactive in the hy-
drogen bonded state, I'urthermore, the quantitative de-
termination of the extent to which the bases become un-
reactive would seem important for a closer understanding
of the changes which take place in the configuration
of RNA,

Table I

Formaldehyde binding and hypochromic effect at various ratios of
MgCl, to RNA-phosphorus

Mg+t Formaldehyde bound | Hypochromic Effect*
RNA-P RNA-Amino groups Ae 260 mp
0 (no Mg} 0-95 o
0-0003 0:99 e
0-03 097 - 33%
0-3 0:50 -13:5%
3 0-36 - 14:5%

* The hypochromic cffect was determined by adding 0-1 ml of
various MgCl, solutions to 0-8 ml of a TMV-RNA solution,

o5 mg of TMV-RNA was incubated with 0-19% formaldchyde Ci4
{containing 850 c.p.m./pM) at room temperature (21°C) for 48 h.
Total volume 0-6 ml. The samples were then cooled and the nucleid
acid precipitated with 2 vol. of cold aleohol and a drop of 3 M am-
monium acetate pH 50, The sediment was taken up in 0-3 ml of
icecold water and reprecipitated 5 times to remove all unbound
formaldchyde. Care was taken to keep the temperature always at
or below 0°C. Of the final solution of -3 ml in water 0-2 ml were
placed in a counting dish and dried in vacwo, and 0-005 ml were
diluted to I ml and used for the determination of the absorbance at
260 my.

Formaldehyde was shown in an carlier report? to react
with the amino groups of the bases of RNA. The extent
to which the reaction occurs in the presence and absence
of Mg++ was therefore studicd (Table 1), and it became
evident that less formaldchyde was bound by the struc-
tured than by the random coil form. HASCHEMEYER el al.
have found that the Mg*t concentration at which the
change to the more structured form of RNA takes place

1 Aided by a grant from The National Foundation,

2 R. HascHEMEYER, 3. SiNGER, and H., FraenkeL-ConraT, Proc.
nat. Acad, Sci,, Wash, in press.

3 R.C. WarNER, J. biol. Chem. 229, 711 (1957).

¢ G. FrisenrieLp, D. R Davies, and A, Ricu, J. Amer, chem,
Soc. 79, 2023 (1957).

5 A. Riciiand D. R, Davies, J. Amer. chem, Soc, 78, 3548 (1956).

8 J.D. Watson and F. H. C. Crick, Cold Spring Harbor Sym-
posia quant. Biol. XVIII (1953).

* M. StakueLIN, Biochem, biophys. Acta 29, 110 (1958).
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is a function of the RNA concentration, the reaction ap-
proaching completion when 0-5-1 molecule of Mgt+ is
present per molecule of RNA phosphorus. In Table I the
results are therefore presented on the basis of a Mgt++/
RNA-P ratio and show a parallelity between the formal-
dehyde reaction and the hypochromic effect. From a
quantitative point of view it may be interesting to note
that in the absence of salts the same number of formal-
dehyde molecules are bound as there are amino groups
present and that this amount is reduced by about 659,
in the presence of higher Mg++ concentrations. Similar
values have been obtained with TMV-RNA in 1072 to
107! M potassium chloride as well as with TMV-RNA
prepared by means of metal containing phenol2.

This strongly suggests that the amino groups of the
purine and pyrimidine bases are involved in the formation
of thismore structured form of RN A, Mg+*+ has been shown
to favour the formation of double and triple stranded
helices through hydrogen bonds between base-pairing
polyribonucleotides® 4, probably through its effect on the
negative changes of the phosphate groups. The amino
groups lose their reactivity under these conditions?. From
an analogy with these models it may be inferred that a
base pairing of the purine and pyrimidine bases takes
place in RNA also. If this were the case the results would
indicate that about 809%, of all the theoretically possible
hydrogen bonds have been formed, since purines are
present in about 189, excess over the pyrimidines in
TMV-RNAS3, Not all the bases, therefore, could become
involved in hydrogen bonding. The unreactivity of the
bases does not necessarily permit the conclusion, however,
that hydrogen bonds have been formed since other ways
are also conceivable by which the amino groups might be
blocked. ZuBay? hasrecently postulated that in denatured
DNA Mgt++ might chelate with the adenine and guanine
bases. But it seems unlikely that this would be the way
by which Mg+t+ changes the configuration of RNA, since
similar changes in configuration have also been observed
by higher concentrations of monovalent ions and since
under these conditions the hypochromic effect is not re-
versed by versene10.

Table I1

Hypochromic effect in the presence of various formaldehyde and
Mg++ concentrations (¢ 260 my)

fg:c‘:::fgg:; H,0  [3x10~5MgCl,|10~5 MgCl, |10~ MgCl,
— 0-940 0-930 0-840 0-820
019 0-940 0-930 0-840 0-820
0-2%, 0-950 0-945 0-860 0-840
0-5%, 0-980 0-970 0-900 0-875 -
1-09, 0-990 0-985 0-970 0-950

Yeast RNA!! was incubated for 48 h at room temperature with the

concentrations of formaldehyde and MgCl, indicated and the ab-

sorption at 260 mp. dermined. Glass distilled water was used through-
out the experiment

Interestingely in our experiments we have found no
changes in the ultraviolet spectrum of ribonucleic acids
upon treatment with formaldehyde in contrast to the

8 K. K. REpb1, Biochem. biophys. Acta 23, 208 (1957).

? G. Zusay, Biochem. biophys. Acta 32, 233 (1959).

10 H, FRAENKEL-CONRAT, Personal communication.

I A, M. Crustrierp, K. C. Smite, and F.W. ALrex, J. biol.
Chem. 216, 185 (1954).
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earlier report by FRAENKEL-ConraT!2, The difference
can be accounted for by the different concentrations of
formaldehyde which were used. The effect of various con-
centrations of formaldehyde upon the optical properties
of nucleic acid is shown in Table II. Formaldehyde in
concentrations of 0-19;, which earlier experiments? have
shown to suffice for complete reaction of all amino groups
of the nucleic acid do not cause any increase in its ultra-
violet absorption. An increase occurs only with higher
concentrations and is especially evident in the presence
of Mgt++.

It seems likely that at low concentrations formal-
dehyde reacts by forming a monomethylol derivative
(-NH-CH,OH) whereas at higher concentrations a di-
methylol derivative (-N=(CH,OH),) is formed which
would be responsible for the spectroscopic changes. The
larger increasc in the presence of Mg++ could be an in-
dication that formaldehyde at higher concentrations
causes a reversal of the salt dependent change in configu-
ration of RNA, The absence of any spectroscopic
changes at low concentrations indicates that under these
conditions formaldehyde does not alter in any way the
configuration of the RNA molecule. The stoichiometric
relationship between the formaldehyde bound and the
amino groups present as well as the evidence that under
the conditions of the reaction (0-1%) only the mono-
methylol derivative is formed lend further support to the
conclusion that in a salt free medium all amino groups
are free and reactive and the reduction in formaldehyde
binding by 65%, upon the addition of Mg+t is a true ex-
pression of the number of amino groups which through
hydrogen bonding or by some other means have become
unreactive.

The author wishes to thank Dr. W.M. STaNLEY and Dr. H,
FrRAENKEL-CONRAT for their interest and stimulating criticism.

M. STAEHELIN*

Virus Labovatory, University of California, Berkeley,
September 3, 7959.

Zusammenfassung

Die Nukleinsdure des Tabakmosaikvirus kann in zwei
Formen vorliegen. In salzfreiem Milieu sind sdmtliche
Aminogruppen frei und reagieren mit Formaldehyd, wih-
rend in Gegenwart von Mg+t nur etwa 359, reaktions-
fahig bleiben. Diese Verinderung, die parallel mit dem
hypochromen Effekt einhergeht, deutet darauf hin, dass
unter dem Einfluss von Mgt+ die Basen gegenseitige
Beziehungen eingehen und dadurch dem Molekiil eine
geordnete rdumliche Konfiguration geben.

12 S, ZaMENHOF, G. GriBoFF, and N. MarurLo, Biochem. bio-
phys. Acta 13, 459 (1954},

13 This might explain why formaldehyde, although at 0-19%, it
does not react with DNA, leads to inactivation of the transforming
principle of bacteria at 8% 11,

* Present Address: Physiologisch-chemisches Institut der Uni-
versitit, Basel (Switzerland).

Alkaloids of Apocynaceae IV',
Dregamine, a New Alkaloid from
Voacanga dregei E. M.

In continuation of our studies of alkaloids from different
species of the family Apocynaceae, we have examined a

1 Alkaloids of Apocynaceae III, M. Gorman, N. NEuss, J. A,
Devrup, and N. J. CoNg, J. Amer. chem. Soc. (1959), in press.



