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< : FORMATION GOF CYAHANIDE UNDER “PRINITIVE LARTH CONDITIONS

Abstracte The dimer of cﬁanamids; dicyandianide, iz formed
on the ultraviolet irrcdiation of dilute eyanide seolutions, and
by the elsctron irradiation of a methane-ammonia-vatsr mixturs.
Thase rezults further indicate that eyanamide may have played
ah important role in chemieal gvolution.

- - - N
& recent paper by Stelnman, ot al., hos point&é to cyanamide and its
diner, dleyandianide, as possible key compounds in cahamical evolution (1).
-These comgouﬁds cause the foprmation of pyrophosphate from orthophosphatg,
- Zluesse=U-phosphate from glucose and Hé?ﬁu% aad adenenlne=-§'=phosphate )
from adenosine and HgPOM; In 8ll these reactions appreciable yislds ) v
(1~3%) of products were obtained in & few hours from dilute (about one
millinolar) agueous solutions at room temperature, - R :  _ ;ﬂ
If eyananide played a major role in chemical svolution, it must
have been éormea steadily on the primitive Larth., Conseguently, we ‘
undertook to leok for cyanamide formation under the kinds-of "piimitive
tarth eonditions® (é;g.,.ultraviolat irvadiation of HCN solutions,
ionizing irradiatiens of CHuoﬁﬂ3-ﬁ2é mixtures) thaﬁ ara known to form ,
such biologically-impartan?.compounds as the amino acids (2), mﬁgava (3),
and adeninoe (4,5). |

Zxnepinental

Thz Jabeled cyanide, XI#CH (15.4 ue/ng) used in these exreriments

. wag obtained from the Cal Rad Corp., Burbank, Calif, The HI%CR was

prepared by rescting the KkI4¢H with concentrated sulfuric acid on a
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vacuum line and trapping the evolved HI8CH at 779K, Awsmonium eyanide
solutions were prapared by adding NH,OH solutions directly to the nlgH,
Contirol axpariments (chromatography of the unirradiated solutions)
showed the a&bsence of any detectable cyanamide or dicyvandiamida,

For the ultraviolet ‘rrad;a ions the sclutions (Table I);_weva
placad in quartz tubes and irradimted for 20 hours with ¢ high-pragsure
mercury érc (General Electric type A-HE) at 2 distance of 7.5 cm.
iring the irradiations the samplus were kept at 25-359 by aa airp
stream. After irradiatlonl the rz2action mixtures were evapcratéd to
dryness in vacun at room temperature, and the total {nonevolatile)
radicactivity determined. Aliquet portions were paper chromatographed -

on oxalic acid-washad Whatman Ho. K psper or on "idercl® chremztography

paper (J. C. Einzar Couy Hatzfald am Lder, West Germanyl. Ths ihitial’
gsclvent systems used were n-butsnolepropionic acidewater (75:36:43 by

vol.) and propanol-l6 N HiCi-water (6:3:11). Radioactive spots (sShown

by auteradicgranhs) that had the same RE voalues asz thosza for eyanamide

and dicyanéi&mida wara cut out, eluted, and co-chromatographed with

thne authentic compounds in (1) n~butanoleethanol-water (4:131) and

(2) isopropanol-mothancl~water (18:1:1). The cysnsmides and dicyandiae

mide were wade visible by spraying the paper with a solution of 5%

potatsium nitroprusside-10% Hadli-3% HaOpewater (2:1:5:15), |

i

o

The electron irradiations of the 18CHy=liliz-iiy0 mixture were carried

out as previocusly described (4), excapt that no H{y was used in the
prasent experinent, After the irradiation, the chromatographic ssarch

for cyansnide and dicyandiamide was donz In the same way as in the

cyenide solution-UV irradiations
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" Table I lists the conditions emploved and the results obtained in

the search for cyananmide and dicyendiamide.

Table I

-,

Fornation of Dicyandiamide in YPrimitive Tarth® Ixperiments
P

% Activity
Total Activity Fixed as Kone

Irvadiated, ue Yolatila Cpds. D

g ci%
Substrate
Convertaed to
foyandiaomide®

Enargy
Reactants Source
lml of 7.5 ® 1072
molar HLNCH uv

1 ml of 7.5 x 10-3
molar Hiyi%eH and
1.8 x 163 molar
Hilg LV

Chy,, Wi, Ho0 - @™ bea

iUCHy, Hilg, H50 "

10 7.3
10 3.2
550 2.4
S50 ) 1.2

A

1.9

3.5
0.02

6.002 -

SThare was no detectable eyanamlide monomay produced in thase

experinents.

peadily in both acidic and baslc solutions (6).

jowevey, the monomer is known to dlmarize

The above experiments reinforce the idea that the ¢ysnanide dimay

(dieyandiamide) was fonned én the pre-biotic Larth and that this com=

sound could have played 8 key role in chemical evolution.

Lawrence Radiation Laboratory

and Depaprtnant of Chemistry (8)
University of Califernia :
Borkelsy, California

Anveliese Schimpl (7)
Kichard 4. Lemmon

Helvin Calvin
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