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CYANAMIDEs A POSSIBLE KEY COMPOUND IN CHEMICAL EVOLUTION 'f”}fhffd;i L
Gary Steinman*“. Richard M. Lemmon and Melvin Calvin {ij;gf@@;;]“""
‘.~ Lawrence Radiation Laboratory and Department of Chémistry P )
) - University of California, Begkaley 4, California ) SR ST
The results reported from many laboratories over the past dacadal™?
make it clear that all of the necessary biological monomers could havo'baen;~§ ;Qilw
formed on the primitive earth, By "biological monomers" we mean comp&undslv,ﬁtff7
such as the amino acids (on the way to proteins), the simple sugars (on
the way to carbohydrates and nucleic acids), and the purines (on the . .}:f';iu SO
way to nucleic acids). - There is no doubt that such compounds would have ,}ﬁjrﬂ4«- e
- been formed on the earth under its assumed early atmosphere (compdsed N
mostly of CHy, NHz, N,, H,0 and Hp).
There now looms the problem of finding reasonable mechanisms by which
- the biological monomers may have condensed to form the polymers under pri- 'HVFE -

mitive earth cqnditions.:The condensations under consideration (amino acids
sugars ’

. to proteins,, sugars to carbohydrates,/to sugar phosphates, purines to nuclee=- . = -

oo e
s

sides, and nucleosides to nucleotides) are all dehydration reactions, and a : .

number of suggestions have been made as to how they took place. One of them f:“;“f“"

is that a dohydrating conditions could have arisen in evaporating ponds.$ 

A second is that the reaction may have taken place upon coatact with suit-

able mineral surfacos.6 However, it seems to us that a more likely approach

to the problem of biological polymer appeéraqcea would be to find conditigns ';”7

that would result in dehydrations7inIdilute'gqueous wmadia.
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‘our attention was drawn to HCHN plus UV light, and to the aarbodiimidas.7
The substituted carbodiimides are widely used to effect dehydration con-_'§7

" . densations, for example, of amino acids to peptides,

~ both these examples, water may be present in the reaction mixture. How-_'*w"'7“'
, éver. there is little reason to suppose that any significant quantity °f'L';";; ,Efz”i”

" the dialkyl carbodiimides werae present on the primitive earth, A more “-{f'ifﬁgﬂﬁ;,:

orthophosphoric acid to. glugose-6-phosphate; (b) adenosine plus orthophose

- freshly prepared for us by Dr. Horst Koaller by the dehydrosulfurization :;;‘115:
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In considering compounds that can effect dehydration polymerizations L:fﬁxfff gfj\

8,9 and of alcohols

(including sugars) with phosphoric acid to fdrm phosphate eatera;lo in

likely candidate is cyanamide itself, a compound which hydrolyzes rela=

tively slowly, that was probably present on the primifive earth, and

that is a tautomer of carbodiimide (HoR-CE N HN=C=lH),

We have tested the effect of cyanamide, or its dimer, in promoting

the following condensations in dilute aqueous'solutions: (a) glucose plus ?fffﬁ 2

phoric acld to adehosihe-S'-phqsphate; (c)‘orthophoaphoric acid to pyro=- ,;f,:&'*'ﬁ;ﬂﬁ

phosphorie acid; (d) glucose to diaaccharides; and (a) amino acids to

dipeptides. l

Materialé and Methods. = In all our experiments (with one exception " ,;
stated below) the cyénamide was used in tﬁa form of its dimer;-HQN-C(ﬂNH)NHCQ;E“:?;Q' i%
This compound, labeled "cyanamide", was obtained from Eastman., Its melting if{jﬁji;fJLig
point'(209°) and its méleéular weight (86, by Rast détarminatioﬁ) corr§S¢,ft;iji;}£.}i-

ponded to the dimér. The monomer, used in some of our experiments, was

i

of th;ourea by HgO« Its melting point was.43°, _"
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For the glucose=6-phosphate experiments, 0.64 uymoles of chromato=
graphically purified glucose (containing 1.6 uc of Cln) and 1.0 mg of

cyanamide dimer was dissolved in 1 ml of 0.01 E_Ha

PO,. The solution (pH 2) uasT'lg.fiL

allowed to stand for 19 hours at room temperature. Carrier glucose=6- ’fi?ﬂQ‘i;;fl

phosphate was then added and the entire solution was paper chromatographed
(first solvent system: methanol-16 N NH OH-water (611:3 by volums); second s

solvents methanol-ethanol—water (9:9:2 by volume)). The sugars and sugar

phosphates were located on-the completed chromatogram with a benzidine spray,;'f‘;i"f;fﬁ

,radioactivity was located by exposure of x-ray £filmg to the chromatogram.
An identical experiment was performed using 0.5 mg of frashlylprepared

monomer in place of theAcyanamide dimer,

Thé possible formation of adéndsine-s'-phosphate was determined as {l i
follows: Chromatographically-purlfied clY-1abeled adenosine (0.29 pmoles, :
and

0.38 pc), 2.6 mi of 0.01 M cyanamide (dimer),/ 0.4 ml of 0,06 Q_HaPou,(final'ﬁ_fg’
- l A-. ° R 14

pH 2.2) were éllcwed.:o stand for 4.5 hours at room temperature. Carriérf

adenosine-5$~phosphate (AMP) was added and the mixture paper chromatographédﬁ%wff:7;:f

(fipst solvents organic phase from a uzleAn-butanol-acetlc acidfwater'
‘mixture} second.sgolvent: isopropanolfwater (u:l)).‘ Tho position}of fho o
AMP was located by a shadowgram, the radioactivity by X-ray film. Another fffff';"‘
exPerimant was Performad with all conditions identical with those abovo.~;?;L“5”

. except that the solution was adjusted to.pH 7 with NaOH,

amined by allowing 1 ml of a solution of 10 =2 M H3P04 (pH 2.1) (H“9207

.y HI

The production of inorganic pyrophosphate from orthophosphate was ex-,Wf” e

free) and 1072 M cyanamide (dimer) to stand for 10 hours At room tempera"ieé“;p.”"'“

_ ture. The solutlion was then paper chromatographed (ono-dimension) witb
the n-butanol-acotic acid~water solvent. The phosphates wcre located by
the ammonium molybdate 3pray.- _":"E_-!l'”;.#  ;'_‘ 'j . {?*5ﬂi;_{:';.f St
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Reaults and DlECUSaiono « The results recorded in Table I demvastrate

that cyanamide can induce the formation of the phosphomonocester between glu-"w~*“" *

Tl
A

B
.y

cose¢ and phosphoric acid. The dimer appears to be more ¢ffective than the
monoumer in aocompliéh%ng this reaction., While cyanamide dimer can induce
the formation of pyfophosphate from orthophosphate, the data of Table I
alzo demonstrate that pyrophosphate in the absence of cysnamide dimer does'

not phosphorylate glucose in dilute aqueous medium at roém-temperature.' Our

chromatograms also showed the presence of two other labeled products (possiblyf-hjv

sugar phosphata), but thezr identity has not been establishoa. It is interast-‘uf

ing to note that the phosphorylation raaction has occurred very promxnantly
‘on’ the primary alcohol grogp of the glucose., The relative apeed of phos~.

phorylation of the “others remains to be determined, SR

The corresponding dehyération reattion has been demonstrated with tha.}:kf*j;;-]l‘ﬁgff

formation of adénoéine~5'-phosphate from é&enosine and orthophosphoric b |

 acid under the influence of the cyanamide dimer, As far as we are aware,

this is thetfirst report of the f§rmation of AHP'under the sole influanca

of compounds and cpnditions.auch as would be expectad to exist on the pri-.!iV¥;;fj_;ﬂ:‘P”

mitive earth. While this reaation ogcurs at pid 2, it seems to be Veny-f  S
slow, if it occurs at all, at neutral pie Tha significance of this pi
effect with regard to thé mschanism of the r@actiou will be discussed

-below,
< We have shown that, ﬁndqr presumed primitivé earth conditions, cyana-

mide dimer will condense inorganic orthophosphate to give the Pyrophosphate.':“"“‘

linkage. This resemblas the reaction demonstrated by Todd in the formation

of an adenosxna-uridina pyrophosphate and of cytidine-5'7bhosphate.1; The_jli




TABLE I

UCRL-14473 " .

Formation of Glucose=-6-Phosphate

Compounds Present in Reaction Mixture

Glucocsge

Cyanamide
Monomer

Cyanamide
- Dimey

H PO,

H,Pp0

7

Formation of Glucose-6-Phosphate

. + - + - + (l.S%iyield from glﬁcose) L ;
+ - + + - v G " L e
* - - + g none detectable - |
| "?
P . * |
;
s e
. . l ’v ‘
{ i‘
P, ; , .
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conditions used for this reaction, howevaer, ware considerably different

from our own. The reactxon was carried cut in a vexy QOncentrated solution
and at elsvated temperatures. Ours was carried out in dilute solutlion at

rooum temperaturae.

Our attempts to demonstrate the dehydration polymerization of glucose

by the cyanamide dimer have indicated that ultraviolet ligh% is required to I

- induce some reaction of this type. The precise character of the product is o

not yot known to us. We have also subjectad dilute solutions of amino aclds .
to cyanamide dimer and ultraviolet light. Our early results suggest that

these conditions lead to the formation of peptides., It has praeviocusly

" been demonstrated that in nonaquecus media and at elevated temperatures - H;;iﬁ;ry__'%n

“(80~100°) dipeptides are formed by the action of cyanamide on acylated -

amino acids. 12

' Cyanamide dimer was unable to accomplish the dehydraticn of adenine
with ribose to produce adenosine, either by itself or with the assistance

of ultraviolet|light, This is to be contrasted with the successful formation .

of adenosine in the prosence of ultraviolet light and orthophosphate.s an  if'.= 3

experiment which we nave confirmed.
While no details of the mechanism of these dehydration reactions are
yet availchble to us, there are two experimental facts which might give some -

indications. These are that the dimer seems to be more effectiva in the de~ -

hydration reaction than the monomer, and, second, that the roaction goes }fﬂfg’”

b@wt at low pi. T&ase twWo, taken togethar, suggest that it ia the carbo~ o

dixmide form which is the effective agent and that it is effectiva by

N

virtue of its ability to'add & phosphoric acid moleculs across the carbp-l
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diimide doudle bond. If is known that in the crystals of the dimer there is_é large
component of the tautomer containing the substituted carbodiimide group,
H2N—-C(=N}{)-Nacm:~iﬁ,13 Thug, we expect with the dimer more of an amidinium |

phosphata intgrmediate which, presumably, is involved in ‘the dehydration'vz'e-'-fi]':"_‘:' ;

. action. Three of the principal resonance forms would be:

Wiy A L |
Hzx‘-l:-;«ac-uﬂz S Hzi?sc—uncl:-mz oy -Lan-c::ﬁﬂz_‘]"‘ - R
, . o B s '. . A - 5>.
0=P-04 - 0=P=0i . . HO-P=0 '
o . . .' o . o - .
AU ol
i
l u
A
.. I ‘
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