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ABSTRACT
SINTHESIS OF LABELED ORGANIC COMPOUNDS
Bo Me Tolbert and David Kritchevsky
N Radiation Iaboratory
University of Galifornia.,v Berkeley%

.+ ABSTRACT

* A review 'of thef'.techniql;eé-' and moc.e'dﬁrevs' associated with the use of |
tracer elements in arganic chemistry is “p&eséz}fc_ed, _Techniques for the
manipulation and the synthesis"into organie:_c‘empgmag of the isotopes
of carbon, hydrogen,' nitrogen, axygen, sulfur and the halogens are out-
‘lined. | | |

For publicatien' in book, ®Organic Techniques,™ edited by R.V.V. Nicholls,

to be published by Reinhold Pubiishir;g Gompanyo

(*#) A portion of the work described in this paper was spomscred by the
- UsSe Atomic Energy Commission.




UCRL~1866
el

SYNTHESIS OF IABELED ORGANIC COMPOUNDS

by _

Bo M, Tolbert and David Kritcheveky
‘Radiation Iaboratary

University of California, Berkeley

Nov ember, 1951

_To be pub.‘lished in book, _"Qrganie Teclmiques, " edited by R.V.V. Nicholls,
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: UoSs Atam:.c Energy COnnnissmn.
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Anong the newer tools available to the organic chemist today'ére.radié—
active isotopes and abnormal concentrations of rare stable isotopes of the
elements which he uses, These isotopeé have made possible new appfoaches,
to many fundamental probléms, such as mechanism studies; they have o£feréd
numerous new analytical methods,.and in the field of bioclogical chemistry -
they have been the key égent in many new studies, particularly of the,type
where the path and fate of labeled atoms, molecules, and even'bactefia aﬁd 
viruges are to be determined. In industrial chemistry these special isotopes
can be used both in research studies and in plant process control,aﬁd &eveidp—v
ment, As yet their applications have only begun - much of the work since the war
" has been directed toward the develomment of techniques and equimment such as
preparing or isolating the desired isdtopes; develomment of analytical tools
gsuch as mass spectrometers, Geiger-Mueller counters and other radioacfive'éssay
equipnent, spéCial methods for handling radicactive material and the'synthesis
of needed compounds and intermediates containing the radiocactive and stable
isotopes., |

| In this chapter we shall present a fundamental review of inféfmétion.for
those isotopes that are commonly available fér-studies in organic chemistry'and
then discuss methods of synthesis and purification of l?beled compounds. It is
not felt possible to adequately cover the elements other than carbon and those
elements which forﬁ carbon-elenent bonds, excluding metallb—organic and chelate
compounds,., This limitation is neceséary becausevionic and cﬁelaﬁe'compounds of
.almost every element in’ the periodic-table'canvbe rrepared; to cover all of these
radioactive matals would require a complete book in itself. Compounds:such as
sulfates and phosphates will also not be considered, but the radiochemistry

of sulfur in covalent bonds will be reviewed.



=5= ) UCRIL~-1866

... We have also made no attempt to describe in detail a'number_of correlated
techniques of primary_importapqeﬂto workers dealing with isotopic compounds.
Thrge of the more important of these are the theory of measurement of_radio—
..active materials (Geiger counters, rproportional. counters and ioﬁization chambers),

neasurement of stable isotope concentrations and methods for the application of

isotopes for the solution of specific types of problems., Excellent general

and specific discussions of these subjects are to be-fouhd in current literature
(1 thtough 21).

. Igio'vtop_es Available: -

: Although thefé are a number of isotopes, either stable or radicactive, of
aﬁy element in the’periodic table, only a limited number of ﬁhese have practical
applications for tracer experiments. Thus we find listed in the table of isotépes
(22) five isotopes of carbon with masses of 10,11,12,13 and 14. Of these, 10

~ has so short a half-life, .20 seconds, that its use is experimentally impractical
N in most tracer experiments. Carbon 12 is the abundant natural occcurring isotope,
and Carbon 11, with a half-life of 20.5 minutes, depends upon the immediate
availaﬁiiity of a cyelotron to prepafe the radicactive material as needed and
is useful only for special.t&pes of short-~term experiments. This leaves ¢13 ang
Cl4 as important isotopes for tracer studies with this element. |

Carbon. As previously mentioned, Carbon 13, which is the naturally occurring,
_less abundant isotopey and Carbon 1/, which is a long-lived (5700 years) béta‘
_ eﬁitter, are .the tWO_impbrtént isotopes of this element for tracer work. Of -
~ these twq_isotopes,xcl4_is_more_important and is used more extensively; this is
Jdﬁe-to.seveyal factoﬁs: a) assay of C14 is faster and leés expensive than that
of Cl? (the lattér requires an accurate and expensive mass spectrograrh which

can measure'only a small number of samples per day. . Carbon 14 can be measured

in simple and relatiVely’inexpensive counting apparatuses which handle a
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fairly large number of samples per day); b) the dilution which can be measured
 in ¢ tracer studies is much l;rger by several factors of 10 than is possible
with ¢13; 'and\c) equally important, the dilution possible per unit of isotope
cost for CL4 is greater than that for ¢l3, | -

The factors that initially slowed down the extensive use of G-l4 are
rapidly being overcome. These include availability of the isbtoﬁe in forms
other than barium carbonate, health hazard considerations (see later discus-
sion) lack of adequate analyticél tools to measure the very séft beta emis-
sioh,‘and need for development work in synthesis problemé.' 4

ﬂxdrogeﬁ. Two isotopes of'hydrogegugxeuévailqble for tracer studies,.l
deuterium and tritium (H® and H3), Deuterium, which 1s the ie,ss common stable
isotope of hydrogen, can be readily assayed with a mags spéctrometer as hydro~-
gen gas, or by sensitive ﬁhysical measurements on water, such as the density |
(23)-or refractive index {23,24). Nbss,spectrograph_meééurements of'deuteriuﬁ
as wgter are not practicaivbecaﬁse of water absorption bn analytfcal equipment.

Tritium, which is a Very soft beta emitter, can be effectively analyzed , -
only as a gas either in a counter tube or in an ionization chamber (25,26,27).
It can be deteéted in gas floﬁ-counters such as the Nucleameter (28) or "Q*
gas counter (29, 30, 31), but self-absorption of the sample ﬁakes this a'very
inefficient method. In"contrast to thesemdifficu;ties§ however, the isotope
is available in large quantities at a very reasonable cost by nuclear syn-
thesis in the atomic pile. ‘This availability of tfitium'mékes it possible to
consider large scale tracer studies with the isotope. Thusioné could éasily
study process problems iﬁ a small chemical factory or a iarge pilot plant with
a curie of tritium (cost, $100). |

Beforeriéotopes of carbon were readily'available for tracer:experiments,

deuterium Was extensively used to mark carbon atoms. The possibility of hydrogeh‘
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exchange under the conditions of the experiment, and the need to pfqve the
absence of such an effect, togethernwith'the cost of analysis, has reduced
_such‘use_qf tritium and deujerium to thosg cases where synthetic difﬁiculties,
health'hazards or cost problems-COnt:ginQigat@_the use of carbon isotopes,

tCareful_consideration must always be given ﬁp the possibilities of large
isgtope_effects in the use and assay of deuﬁerium and tritium. BEven the pas-
:isgge”of such a gas mixture through a tubeaor érifice‘in a méss spectrometer
“.fpr»assay:can p?ngce chgnges_in isotope concentrations, and large effects
can be found in biqlogical systems.,
. Nitrogen and Oxygen. Nitrogen and oxygen are distinguished in organic

W_tfacer_chemistry by having no useable radicactive isotopes; only_concentrated

o sampleé.qf_stable rare isotopes are available to the expsrimenter, and the

., hass spectrograph is needed for analyti¢al measurenments., Nitrogen 15 and

, oXygen lS are the isotopes co@monly used in experimental work. Although there

o017

~is another,stable_isotope of axygen, 0™', its natural concentration is very

. low and it has not yet been offered for sale.

- 7§g;§g;o Only one isotope of sulfur is commercially available tovthe
organic phemist for tracer experiments, namely sulfur 35. The radiation of
Athis»isotppe ig very comparable to carbon 14 {0,169 mev ﬁ.particle compared with
» an.15§'mevuﬁ fram carbon 14), so that counting equipment for solid sam?les of

_one isotope may be'used_for_the other (32).
12

’Althoughfc may be readily cleaned from the surface of laboratory equipment
,sﬁch as beakers, sulfur is much more difficult to remove, so that cross contami-
nation can be a more serious'prdblem in work with this isotope. .

Halogens., The radiocactive isotopes of the halides thét are commercially
availableiforﬁfraqgr studies are ‘Fls9 0136, Br®? and 113;, No stable isotopes
in abnormal concentrations are available,

Fluorine 18, a fairly hard B-emitter with a half-life of 112 nminutes, is

usually prepared using a cyclotron. This has seriously limited tracer studies
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on fluorides. Ghlorine; bromine and iodine each posseSSés a numbér of pile-
prbduced radicactive isotopes which could be used fér trécef works, but thpSe
listed as commercially évailable are éonvenient to use from fhe.étandpoint of
long half-life and energetic radiation for easy counting and méy be prepared
by neutron bowbardment in atomic piles in a pure form. -

In Tgble I data for the commonly used isotopes’in 6rgahi¢ chemisﬁry are
listed. Natural concentrations, radiation energies andThalf;lifés éﬁe given,
More extensive information on the isotopes can be fOund in standard tables of
isotopes (22,33). | , | ,

Source of Isotopes. Concentrations of the four stablelraré isétopes,1013,
D, le, and Glg'may be purchésed from several firms; theseﬂére listed in Table II.
Most of the radiocactive isotépes are available to:research wéﬁkers through the
Isotopes Division of the U.S. Atpmié_Energy Cpmmission,wthevﬁﬂdorédo hﬁning and
Refining (1944) Limited, Canada5forﬂthé Atpmic‘ﬁhefgy Reséarch-Estabiishmeht,
England; Useful compounds synthesized from thege isotbpés.cén be.pmrchaseé,
either from the prime supplier or from a number of manufacturing and_reséarch

companies. <these are listed in Table III.

Health Hazards of Radicactive Isotopess: -

The irradiation hazards of the radiocactive isoctopes tﬁat have been discussed
can be divided into two classés on the basis of the type and energy of radiation,
half life of fhe isotope, and rate of elimination and lOGalizatidﬁ of the element
in the body. They are (1) those of negligible.to'slight-hazard, which includé Cll.

18 ¢35 1%, T ana ¢*

F ‘and (2) those of more severe hazard; which include'I131
and Br82. Any of these materials can be classified as a sévere.hézaré from a
radiation point of view if enough fadioactivity is handled, and alternately,
neither 1131 or Br82 is particularly dangerous if used in small quantities‘(B?,

38,39).
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.250 (6%)

Co-
Table I . A
Commonly Useci isotbpes il‘l'v Orgeniec Chemistry
o Natural -Radiation (Mev) - B
Element | Concentration Beta Gamma, , Half—life
¢t — ] 095 noy | 20.5 min,
¢ 1.1% Stable - -
¢ | 12 dis./min./ | 0.156 no vy 5700 yro
D 0.0156% Stable - —
T : 000185 HQY : lZleyfro
. 0}8 | o.20i% Stable" _— —
2 | 0.3 Stable - -
83-5 e - 06169 no y 8’701 days
| 8 - B 0,95 (208)  noy | 112 min,
D _ 0.6 (8a%) - '
6236 - 0.64 " novy 2 x 10° gz |
Bro?’ — 00465 0.547 | 34 hr.
. . ) 00737 . .
. 1,35
31 - 0.314 0s638 | 8.0 days |
0,500 - o
368
0283
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Table II

Source of Isotopes (34, 35, 36)

UCRL- 1866

Production
Isotope Source Form - From whom obtained
¢t Cyclotron bombardment co Private arrangement
with cyclotron facilities
813 Exchange reaction  KCN Eastman Kodek Co., Rocheéter,
_ New York o
(a)
o4 Monic pile bombardrent | BaCOs (a), (b)e
. ‘ Nazc 3 (G) :
D Electrolysis of water D0 Stuart Oxygen Co.,
L San Francisco, California
T Atomic pile bombardment | Tp (b), (e).
le Exchange reaction NHANOB Eastman Kodak Co., Rochester,
‘ New York 2
'018 Electrolysis of water B0, Hy0 Stuart Oxygen Co,,
s ‘ San Francisco, California
535 Atomic pile bombardment | S, HS0, (a), (b), (c)
Fl8 Cyclotron bombardment variable _ Private arrangement with
: ' cyclotron facilities
c136 Atomic pile bombardment | KC1 (b), (clo
prS2 Atomic pile bombardment | KBr (v), (e)e
NH,Br (a)
131 . . ' : .
I Atomic pile bombardment | NaI (a), (b), (c)o

(a) Atomic Energy Research Establishment, Harwell, Berks., England

(b) Isotopes Division, U. Se Atomic Energy Commission, Oak Ridge, Tenn., USA

(¢) Eldorado Mining and Refining (1944) Limited, P.O., Box 379, Ottawa, Canada
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Table III

Organizations Offering
Special Labeled Compounds for Sale

Write for further in-

~ formation

Isotope Forms available Organization
7
¢l No special forms '
cl3 KCN, GH,I, BaCO, Eastman Kodak Co., Rochester, New York.
clé A variety of common Isotopes DlVlSlon, UsSeA.EsCoy; Oak Ridge, Tenn,
and special compounds. § AERE, Harwell, Berks., England.
Write for further Tracerlab9 Inco, Boston, Mass,
information. Texas Research Corp., Renner, Texas.
' : Southern Research Inst., Birmingham, Ala.
Radiocactive Products, Inc., Detroit, Mich.
U.S. Testing Labs., Inc., Hoboken, New Jersey.
Nuclear Inst. and Chem. Co., Chicago, Ill.
D D, Stuart Oxygen Co., San Francisco, Cal.
T No speciel forms | |
N15 HNO KNO,, Eastman Kodak Co., Rochester, New York.
_pota531u% phthalamide : ’
0l® - No special compounds
835 - A variety of compounds. | Isotopes Division, A.E.C., Oak Ridge, Tenn.
Write for further Tracerlab, Inc., Boston, Mass.
< information. Texas Research Gorp., Renner, Texas,
Abbott Laboratories, North Chicago, Ill.
‘ A.E.R.E,, Harwell, Berks, England,
Fi8 No special forms
0136 No special forms
Br82 Br,, inorganic bromides | “A.E.R.E., Harwell, Berks., England.
' "and alkyl bromides '
1131 A variety of compoundse | A.E.R.E.;, Harwell, Berks., England.

Abbott Laboratories; North Chicago, I1l.
Texas Research Corp., Renner, Texas.
Tracerlab, Inc., Boston, Mass.
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121 ang Br82, Iodine owes its particuler hazard to the ability of the

thyroid to localize this element, Since this isotope poéseSSes several fairly energetic
Y rays aé well as several B particles, considerable radiation can be delivered |
o the thyroid in a short time. In a normal adult about 20 and 25% of a_dose.bf
\Nalljl will be concentrated in the thyroid and approximately i/B‘pb of T13L 4n
the gland will produce 0.1 rep/day. rhe’use,of'5o to 100 peuries of I13L in the
. laboratory ééftainly does not present ;ny'special'problém from'this'point of
view sineg'the probability.of injesting'the entire quantity'is small, Kamen
hgs calculated that 200 jlcuries of Ilgl:is a safe maximum total dosage figure (7).
Bromine 82 is the only othef isotope discussed in this chapter fhat is a
v emitter. Although it does not have the localizing sction of iodine, -the short
half life often requires the manipulétidn of large quantities of the isétope;
and under such conditions :adiation to the hands and body should be Qa#efully
monitored. . | | | |
Cl; and F;8o Carbon ll does notvpresent a seridus long-term radiation prob-
lém becausé bf its 20 minute half lifeq, The same consideration applies té Fl8
which has a half life of 112 min, With bbth of these isotopes, howgver, adequate
Shielding for the hands is.required ;n working up large qﬁantitieé-of Activity
during the early time stages of a given experiment; glass of 1uci£e shields will
uéﬁéily serve to stop the féifly energetié @\particleso
| Q;Eéo Although 013§ has a long half}life and is a strdﬁg'ﬁ emitter, the turn-
over time of this element in the body is fairly rapid and there is small probability
of %océﬁéatiqné In\oné meaéufement on a normal adult a 15 day_half life for elimina-
tion hés been observed (40). | . | |
Carbon 14, The fate of ¢4 in the Body is very much a function of the type
of compound in which it is ingested and; to a lesser extent, of the mode of inges~-

fiono Thus far there has been only a limited amount of information on this subject
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for either énimals or humans, but tﬁis is répidly beiné cqrrected.. In general,
if the radioactivity is in the form of simple organic molecules'caéable of
belng metabolized to 002 in the body then, following 1ngestlon of the material,
the radloact1v1ty will be found widely distributed in all tissues and to the
greatest‘extent will be excreted as carbon dioxide in the breath (41 through
47). | | S |
The‘types_of compounds which have been shown to be r;pidly handled in
thié menner are aliphatic fatty acids, amino écids, aliphatic alcohols, sugars
and maﬁy dthér compounds normally found in the body. The most complete study
on aﬁj one such com?ound has been done with glycine—2-0l4 in mice and ﬁan (43,
46, 48) In the study on mlce, which was made for six weeks, it was shown
that 80 to 90% of the 1n3ected activity was excreted in this perlod of time,
No selectlve'holdup of activity in the bone or soft tissue was found within
this time and the maximum helf time for ellmlnatlon of act1v1ty from the tis-
sues was 10. to 12 daySo
The studles.on humans have shown a similar pattern for,thevperiod of six

weeks, buﬁ Ionger.studies‘with more complete measurements have introduced sevefal
exten31onso When glyc:.ne-2—-Cl4 is admlnlstered intravenously to humans, about
30% of the activity is ellmlnated as C 4'02 with a half time of 3 hours, another
BQ% is eliminated with a half time of 30 hours and 30% more is exhaled with a
half time of lQ to 12 days. (43).  A>total of about 85% of the injected dosé is
éxéreted_in this menner in the breathe The urinary excretion of carbon-14, _
which constitutes some 10% of the iﬁjected dose was represépted by three half
times of 6 hours, 2 1/2 days and 50 days (48). | |

| The remaining activity in the tissue, 2 to 5%, slowly decreases with a half
time bf approximately 50 days, but‘there was evidence.for a yet slower‘compenent

of elimination of 014..
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The studies of Skipper, gioglo,»(42,49) on the hazards of the use of Cl4
based. on work with sodium bicarbonate givenvby intraperitoheal iﬁjections have
shown that after 24 hours only 1.37% of the injected dose is left in the tis-
sues, and that this figure decreases slowly thereafter (1 wko, 0.62%; 4 wks.,
0.13%; and 12 wks., 0.12%).- From this data the authors.calculated that 50 ﬁco
of cl4 injected as NaHCru'O3 would be required to prbduce 0.1 rep. exposure in
a 70 kilogrem man, assuming uniform distribution and comparable metabolism
of ¢ in man and mouse, except for the weight factor.
| Longgr studies on the bones of these mice showed long-term components 6f
incorpora£ed carbon 14, probably similar to thosé observed for glyciﬁeo The
naﬁure of the bone distribution has been discussed ﬁy Skipper and also by
Bloom (50).

General corfelation of data for the long-term excreﬁion of many different
compounds is now needed. Until these are available; each éompound is_a.prob; :
lem in itself with regard to dosage. Brues and Buchanan's tentative maximum

14

retained dose of BOchuries G for man is still avreasohable figure on which
to base safety considerations. (51)0 |
Compounds which are so abnormal to the biological system that they cannot
be broken ué or enter into the metabolic c¢ycle of the body are either retained
in some reservoir sﬁch as the spleen or liver for long turnover.times.or are
eliminated, usually via the urine of feces, and most probably with the bile for
the "latter case. In this elimination process‘the'molecule may be conjugated,
hydroxylated or otherwise modified to feauce toxicity and increase solubility.
Common examples of such compounds are the drugs. Thus, stilbamidine-amidine-
C%A.(52), methadon-1-G14 (53), dibenzénthracene-‘?—Gl4 (54), morphine-@N—methyl-hGl4

(55) and codeine-N-methyl-Cl4 (55) have all shown a small or negligible oxidation’
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to CIAOé in‘the‘aniﬁal'ﬁodj‘and‘hafe been eiiminatedaﬁoétl&'byrﬁhe”ﬁrihe and
feces. In certain diseeseé stilbamidine hay be retained in the liVer'fornleng
periods of time (52), B | |

Trit:.um° Tritium oxide9 when taken 1nto the body9 is rapldly equllibrated
'firsﬁ wiﬁh the water of the plasma and then w1th the total body watero This

actiVity'thenaslowly decreases esnthe.body wetef.is'eliminated:and-replaced;
The half timé for the turnover of this body water 1s-9 to 14 days in man (56)
and it can be decreased to as llttle as 2 1/2 days by augmenting the normal
water 1ntakeo When HTO is inhaleds almost all of the’ 1nspired actlvlty is t&ken
into- the body fluldsy but 1nhalatlon of HT results in only about 0. 05% of the
activity appearlng in the body (56).

In g recent study of retention of tritium in mice when adminisfered.ae i
the'oxide9 a biological half 1life bf 1.l dé&s.for the body‘ﬁafer was measured
and a curve for tissue-bound tritium determined which was resolved into two
componentSVOf 9 ané 90 dsys half time. These two eoﬁponenfs represent‘eompefable
binding‘eapacity and constitute about 17% ef'the;activiuy present in the body
water (57). | | | -
| Tritium presents little fadiation hazard because of the low eneréy of its
B particle and its @iform body distributiono' Kamen (7) hésfcalcuia{ed £hat,

14 milllcurles of trltlum would be requlred to produce a total dose of 1.0 rep
in a 70 kg man. : | o ‘

Sﬁlfur 35o This radloactlve 1sot0pe does not present an appreclable radia~
tionAhaZardo The radlatlon is very soft and the half llfe only 87 dayso The
body absorptlon and turnover is in great part a functlon of the mode of 1ngec-
.‘tlono Orelly 1njested sulfur and sulfate i8 not used much in bcdy metabolic

synthesis (58)0 Sulfur 35 is usually manipulated 51mllarly to 014
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Bremstrahlen. An additional radiation factor needs to be conéidered when
.F18.

handling large quantities of P emitters of low energies such as Cl4, SBS“br
Although these P particles will not penétrate substantial container walls sﬁch

as a glass vessel, the soft X-rays or "bremstrahlen" produced by B bombardment
of the salts and vessel walls can produce a110cal radiation field. This radia-
tion becomes appreciable.at the 50 to 100 millicurie level for C4 and if larger
quantities 'of radiocactivity are hendled for long périods of time,vradiation
dosage to the hands shouid be checkédpn v

Equipment for Radiosctive Work (59 through 66): -

Most organic tracer chemistry can be accbmplished with a minimm amount of
. specialized laboratory faciliﬁies. Any clean, well-ventilated room is satisfac-
tory. A good hood is necessary for,radioactive:work. Even with_tracgr level
work with materials that are presumably not harmful if ingested, it is desirable
to eliminate intake of radiocactivity if this can;beudone.

The problems of cross cdﬁtamination»rgquire that ﬁhe radioactive laboratory
be kept clean, and that, insofar as possible,'the walls, floor, benches and hood
be constructed of non=porous materials that are easiiy.decontaminatedo It is
usually necegsary to keep very high level and low level work separated}to eli-
minate this cross contamination. |
Radiogctiviti Determingtions: -

The:e-are‘g number of methods of varyiné sensitivity ;nd_precision for
radioactive -assgy in t;acer worke. The choice of the method will depend on 1)-
the nature of radiation of the isotopes to be used in the studies, 2) desired
sénsitivity,,B) needed durability ér ruggedness, 4) desired precision and 5)
coste Further special consiaerafion such as directional counters for in vivo

work must also be consideredg
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Geiger-Muller. Counterss .The most common methodAof-radioactivejassay is .

'by_meahs of the GeigereMuiler tube ‘and -a scaler. For organic chemical work,
Go M. tubes may be conveniently divided into four classes, 1) thick-walled
tubes for use with y emitters, such.as 1131 and Br829 2) thick-end window

- tubes {greater. than 3 mg./ém,2~window) for use with hard B emitters, as C11,

F;s and\QlBég.B)vthinuend window tubes for use with soft,B-emitters as CL4 .
and,S3§ and 4) Geiger tubes‘in.which”the:sample_is:placed:in the tube .itself
for use with soft B emitters (flow—typé.counters); .

There is a natural division of this last, type of G. M.‘Tubé‘into those

~units used for solid samples and.those used for gaseoug‘sampleso - A number of

~-models of the flow-type gas. counter for,solidvsampleﬁéﬁ%commercially available
(60) and are of particular interest-in’low level assaye. -The lack'of window i
absorptlon in this counter makes it useful for cl4 and CERS and it may even be
used forrdetectlon aftrltlum, although the self absorptlon of the solid sample
-is very largeo Because of the. quenching action of small qmountS'of.alr_that
. are sometimes difficult to .eliminate from the tube and;sample,_this unit is
somewhat less precise for routine work than-the.firét three types of Géiger—-
Muller tubes. | B
GeigermMullef countipg of gaseous samples-of-lOernergy rgdiations can
be made much more sensitive than is possible with solid,samples»(a), This is
due to two reasons: .l),thé selffabgprption_of'the sample is almogt completely
eliminatéd.gndvz)_much greaier sample_siz?s-can commonly be used. This tech- |

nique is generally used for -low-level carbon 14 and for tritium assay (67).

(a) The exception to this generalization is.-found.in the excellent low-level
~ counting of carbon 14 as elementary carbon done by E. C. Andersony
Jo Ro Arnold and We. F. Libby, Rev. Sci. Instre, 22, 225 (1951).-
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Proportional Counters. Proportional counters designed to count solid

samples in a flow-ﬁype windowless tube offer an excellent assay ihstrument

for Cl4 and 535; The sensitivity of such an instrument is the same as a com-

- pérable Geiger counter and the gas (usually methane) is not as sensitive to

smell amou£t$ of air., Thus; considerably greater precision is routinely

possible. A commerecial examble of such a unit is the Nucleometer (70),
Proportional counting of gaseous samples is comparable in sensitivity

to tﬁe gaseous Go M. counting just mentioned or to thé ionization chamber

method described below (68, 69)° Although a single commercial inétrument

is not available at presenﬁ for this work, component parts such as the power

supply, linear amplifier and scaler can be purchased and assembled.

Scintillation Counters. A recent development in the technique of radio-

active measurement is the seintillation counter, which makes use of a photo-
miltiplier tube and a phésphor which is semsitive to radiation (71, 72, 73).
The instrument is very useful for directional counting. For counting gamma
rays it is much more efficient than the G. M. tube.

Ionization Chambers. (20, 21, 74). Ionization chambers are used in a

wide variety of counting levels in radiochemist:y,‘but their greatest use in
 organic chemistry is for low-level activity and for precision assay of soft
radiation samples. Thus this method of radioactivity»méasurement is used with
tritium and cerbon 14; the sample can be conveniently introduced into'the‘
chamber as gas, Caly, Hy or GH, for tritium or CO, for carbon l4e A Lindeman
électrometer or a sensitive direct current.@mplifier can be used for current
measurements for medium activity work or a vibrating reed electrometer for
low lével worke. The latter unit is preferable in both cases, however, since

it can be connected to an automatic recorders.
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The sensitivity.of the ionization chamber and the gas counter are com-
parable for G4 (about 0.0l dis./min./mg. barium carbonate) and both offer
special advantages in certain types.of industrial and biological research.
While it is possible using Go M. tubes and solid samples tovstudyvbiological :
reactions in small animals, such as mice and rats with one to 50 fcuries of
0149 the amount of radioactivity required for larger animals, such as man, is
too great, both from the cost and radiation viewpoint. Thus, if 1 uecurie
would serve for an experiment in a 20 gram mouse, 3 millicuries would bei
needed in a 60 kgo human. For such experiments ionization chambers or gas

3

ecounters are almost a necessity; these instruments are 10° to 10° times more
sensitive than solid counters.

In development work on a pilot plant scale or with a small industrial
unit, the use of such sensitive measurements make studies possible with a
reasOngble ﬂiﬁancialvoqtlay=for_radioactivé materialsAand a negligible con-
tamination problem. Since the ioﬁization chamber, the vibrating reed elé(.:tr'o«=
meter and a good recording potentioneter cen assay carbon 14 to 1% precision,
this method is particularly useful in mechenism, rate and isotope effect

studies.

Isotopic Synthesiss -

Preliminarz,Considerationso A number of special-consideration§ should be

made before a synthesis of a labeled organic compound is begun. They include
such fgctors‘as the desired specific activity of the final product, amount of
activity avallable for the synthesisp and the effect of raaioactive decgy in
work with short half life isotopes.

| The’desired specific activity in'terms of.radibactivity per unit of weight

will depend on the use to be made of the organic compound. Thus, if one desires
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Br®2 labeled dibromobenzene to study a reaction mechanism, the specific activity
of the dibromobenzene prepared should be low enough so that the samples can be

~ easily counted without special dilution and yet high enough so thét any radio-
activity incorporated into products of side reactions could be measured to the
needed accuracy. Actual activities needed depends on the isotopes, the experi-
ment and the counting equipment.

If the synthesiged fadioactive compound is to be used in a biological.
experiment in which extensive dilution with inactive material occurs, then:
quite high specific activity compounds are necesséryo Thus, 1 ucurie of clé
per milligram organic compound has been found in this laboratory to be a con~
venient minimum specific activity for carbon metabolic studies with .amino
acids, fatty acids and metabolic intermediates. With such an activity'ievel ‘
sufficient radiocactivity can be given in one dose for in 2129 and in vitro
work and &et with smell enough mass of material to gvoid drastic'flooding of
the‘bioiogipal system. For drugs much higher specific activities may be
necessary if the prescribed dose is small, as it is, for example, in stil-

béstrolo

‘ From the specific activity'required for the éxperiment and the amouﬂt of
activity available for the synthesis the scale of the reaction may be calcu—
lated. Thus, if ome has 10 millicuries of Cl4 (value 5360) and desires to
prepare sodium acetate-1-C 14 with a specific activity of 5 ucuries/mg., the
reaction would have to be done on a 24o4 mmole scale. Alternately, ir one.
were stﬁdying a reaction mechanism aﬁd desired the sodium acetate to have a
specific activity of 10% dis./min./mg., the préparatioﬁ:cbuld be carried out

on a 22 grem scale using but 0.1 millicurie of G (value #3.60) (b). With

9

(b) 1 mco = 262.x 107 dis./min,
: . - 9
Scale of reaction = Total activit - Os1 x 2,2 x 107 _ 22,000 mg.
Desired sp. acte 10,000

22 grams
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_.other isotopes similar calculations can be made. .If the half life is short,
the decay losses during the preparation and the experiment must be considered
-80 that the final specific activity is high enough to give needed countigg
-, precisione. |

For stable isotopes a comparable calculation of the required specific
activity must be made using the precision of,the spectrometer, the accuracy
needed in the resulté, and the dilution expected in the experiment, In
general much less diiution is possible W%th stable isoctopes for a given amount
of material than is possibie with the radiocactive xﬁaterials° However, for,v
oxygen and nitrogen trécer exﬁeriments theré are no radioactive substitutes
and in some biblogical experiments the lack of radiation hazard.of the stable
isotopes makes their use mandatory. | .

- Carbon 11 and fluorine 18 require very rapid synthetic procedure, Since.

thesé two isotopes are usually made by cycletron bombardment, this also means
that research with them is only conveniently carried out in the immediate
environs o a nuclear particle accelerator.

Sﬁandard small-scale organic reactions are usually adequate fof 014, 013,
Nl59 le end D with such modification of: existing procedufe as is necessarye
The value of the material calls for procedures_g;ying a good yield and atten-
tion\must be giveh to the nature of the starting material. As indicated
previously, syntheses with radioactive isotopes will vary from large scale
to micro reactiongvdependiﬁg on_ﬁhe specific activity of the final product and
the smount of labeled material available.

Since it is often neceésary:to make radiochemical syntheses on a high

yield and small scale, special considerations must be given to the adaptability

of a prepaeration to such.work, to the detection and elimination of radiocactive
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impurities from small emounts of product and to methods available for hendling
the compounds. If there is any question as to the exact position of label,
degradation of the product may be necessary. |

Choice of Synthesis Method. One of the best methods for the production of

radiochemically pure labeled compounds is to develpp or adopt a synthetic
method which will either produce a pure compound directly or give a mixture .
of materials from which the desired product can be easily separated in a pure form.
Thus, it ﬁay seem practical to prepare alanine-3-G% (C*HBCHNHQQOzH) by the con-
densation of G*HBI with sodium acetamidomalonic ester foiiowed by hydrolysis and
decarboxylation~of the intermediate thus formed. Actualiy it is found that this
method will lead to a product containing small emounts of labeled sarcosine
(N-methylglycine) (75). The separation of these two isomers is not easy on a
small scale in good yields. Therefore, the preparation of this labeled alanine
from labeled methyl icdide by condensation with alkeli phthalimidomalinic_ester.
is '‘a more satisfactory method. Alternately, one can pfepare propionic»B-»G14
acid and by bromination and amination of the acid make alanine (75) labeled with
.carbon 14,

| Chromatographye. Adsérption-and partition chromatography have found an
important place in radiochemical preparations both as an analytical technique
and as a.purification procedufeo The techniques are easily adapted to small
scale work and are capable‘of producing a very pure product with negligible
loss. (76; 77)e Recent advances in the preparation and use of ion éxchange
resins and of paper chromatography has further extended the range and applica-
bility of these methods to radiochemistry (78).

Some typical examples of the>use of chromatography in radioorganic chemistry

are as follows: ' The separation and purification of amino acid mixtures together
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with various inorganic salts in the synthesis of amino acids by the use éf'
ion exchange resins (75, 795 80); the separation of plant acids on silica
gel in photosynthesis studies (81); the purification and isolation of
labeled cholesterol and other steroids on alumina (82); the purification of
iodine 131 labeled thyroxine by one and two dimensional paper chromatography
(83); and the separation of‘labeled glucose and frucfose on hydrated mag=
nesium acid silicate by elution with 95% ethanol (84).

| One and two dimensional pap;r chromatography combined with radieauto-
graphs of the paper is oné of the most powerfullgnalyﬁical tools available -
for the investigations of unknown mixtures of radiochemicals. Thus, in
photosynfhesis studies with radioactive carbon dioxide, two dimensional
paper chromatography'has been extensively used to identify the compounds
fofmed (85, 86, 87)s Figure l. Paper chromatography and rédioautographs»-'
is one of the best ways to check a norn-volatile radioactive synthetic
product to make sure it does pot contain any other labeled compounds (75;
795 88). |

Vacuum system manipulation of volatile compounds., When small amounts

of vélatile organic compounds must be transferred from one container to
another, extensive surface adsorption and volatilization losses may occur by
the use of conventional handling methods. In‘such instances, a distillation
transfer in a simple vacuum line can often give excellent results (12, 89, 90).
Thus one can easily handle a few hundredths of a ml. to 1 ml. of such compounds
as.methyl iodide, ethanol or acetic acid with very small losses. Under these
conditions radiation hazards due to possible inhalsation of the materigl is
also minimized, since the compound is never exposed to the air (12).- See -

Figure 2
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Alternate procedures for the handling of volatile radiocactive compounds
include the use of a sweep systém with a carrier inert gas (such as nitr@gen
or helium) and the use of an organic solvent to reduce the partial pressure |
of the radicactive compounds ﬁo the point where losées bééome negligible.
The'first of these systems is important where liquid air is not available,
and labeled carbdn dioxide must be tfansferred, as in a Grignard reaction.

Isotdpic dilution., A convenient method for the quantitative anealysis

of a mixture of material for one component is by isotope dilutibno This
technique ié particularly useful if it is very difficult or impossiblelﬁo
quantitatively isolate the desired componehto This procedure may be used
either to measure the amount of a radioactive compoﬁnd in an unknown mixture,
or by use of a labéled diluent, to determige the quantity of the normsl
material in the mixture (91). |

The experimental procedure is very simple for radioactive matérialgo
When the unknown mixture is not labeled9 a known weight of the given'co;r
ponent éontaining a known specific radiocactivity is added to the mixture.
This compound ié then isolated pure from the mixture in sufficient quantity
for analytical purposes. The decrease in the original specific activity of
the component is used to determine the amoUnt of the compound in the mixture,

If an unknown amount of a radiocactive compound is present in a mixture
coﬁtaining_no other labeled materials it can be similarly analyzed. A known
gquantity (weight) of tﬁe mixture containing a known amount of radiocactivity is
added to a known weight of the compound (inactive), By suitable purificatioh
a small emount of the pure compound is isolated. From the specific activiﬁyd.
of this material the true specific activity of the radioactive compound (and‘

the percent thereof in the mixture) can be calculated.
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.The simple relationships which may be formulated for radiocactive isotopes
are usually not satisfactory when stable isetopes are used, Here, the natufal
concentration of the isotope in the unlabeled material-is often appreciable,
In such instances; more elaborate equations are necessary to solve for the
amount of desired material in the original unknown mixture. Equations‘for'the
calculation are given by a number of authors (92, 93, 94).

Partition. For certain special types of purification and analysis; par-
tition of eompounds between immiscible solvents or counter-—current extraction
offers some very useful possibilities (95, 96). Hand manipulation of sepa~
ratory fumnels or counter-current extraction units may be used in such work
(97, 98, 99)o The method is particularly useful for isolation and identifi-
cation of small quantities of material and fpr analysis of mixtures of complex
" compounds from biological sources. |

Degradation. The degradation of an organic compound to determine the
positions of isotopic labeling is an impertant procedﬁre,in many tracer |
studies. In the synthesis of radiocactive compounds it is used to confirm
ihe synthetic procedure if there is any question on the nature of the reac~
tiony; and it is, of course, of prime importénce in any mechanism studies.

The techniquee used in such degradation studies are quite varied but
usually consist of some type of selective oxidation or decarboxylation reac-
tion., A number of typiceal degradation procedﬁres are listed below .as examples:

a) Degradation of acetic acid by decarboxylation of barium acetate to

002'(carbqn 1) and acetone, followed by elkaline potassium triiodide
. oxidation of the acetone to give iodoform (carbon 2). (100, 101)
- b) Begradation of lactic or propionic acid by chromic acid oxidation
to CO, (carbon 1) and acetic acid, which can then be degraded as

described above (102,103),
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Degradation of pyfuvic acid by oxidation to GOé (carbon 1) with ceric
sulfate (104, 105). |
Degradation of sugars in general and glucose in particular by (1) fer;
mentaﬁion‘oxidation to lactic acid followed by degradation of the lac~-
tic acid as describred above (103); (2) fractional oxidation of the
sugar and various derivatives with lead tetraaceﬁate (106); (3) frac-
tional periodate oxidation (107). |

Degradation of propylene by oxidation with permanganate or ozone to
CO, (carbon 1) and'aceﬁic acid, which was further degraded as des-

cribed above (108).

Degradation of benzoic acid by decarboxylation with sodium ezide in

concentrated sulfuric acidachlbrofofm solution (Schmidt reactioﬁ)
(109)..

Degradation of ethyl aleohol by sulfuric-chromic acid oxidation to
acetic acid, followed by degradation of the gcetic acid as described

above (110).

Degradation of succinic acid by the Curtius reaction to give 002

(carbons 1 and 4) and ethylenediemine (carbons 2 andVB) (111).
Degradation of labeled cholesterol using oxidaﬁion and pyrolysis of

derivatives (112)o
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. GARBON

Much of the chemistry 1nvolved in the synthe31s of compounds containing
1sotopic carbon is, essentlally9 the chem;stry of one and two carbon compounds.
Once the proper lntermedlates are avallable9 thelr incorporatlon into more‘comr
| plex organiec compounds is limited onky by‘the 1ngenu1ty of the investigator.

Inasmuch as mang of the one and two carbon 1ntermed1ates are gasges or
volatile llqulds and since small quantltles of materlal are generally used in
efforts to obtain the highest possible speclflc act1v1ty9 vacuum techniques
and flow systems play an important role in many of these syntheseéo Because
of the low pressuies uéédg:félati?elybunstable compounds may be distilled and
‘the materials @ont,é,ined ‘within a closed system for the duration of the experi-
nent. |

The form in which the particular carbon isotope is available determines the
initial steps in its utilization, 'Isotopic ecarbon is from prime suppliérs as
carbon ménoxidemGllg sodium cyanide-Gl3 and barium carbonate-C1%, Carbon-14 is
also available in the form of a variety of organic compounds. |

One carbon compoundgé-

As has already been pointed out, the preparation of one carbon intermediates
in good yields and in a high state of purity holds.the key to success of many
synthetic operations involving isotopic carbon. Of the one carbon compounds,
carbon:dioxides sodium or potassium cyanide and methyl iodide are the most widely
usedo Formaldehyde and diazomethane have also found agplication in various syn=
theses.

A satisfactory method for the preparaﬁion of potassium cyanide, isotopically
labeled9 from barium carbonate involvesAreduétion of carbon dioxide with potassium
and>ammonia3

A
g*o? + 4K + NHy 3 KC"N + KH + 2KOH
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This method has been used to prepare potas51um cyanlde-C (1) and potass1um
cyani_deuc14 (2) from the c0rreSponding barium carbonate in yields of 90-96%,
Recently an impfoved method for the preperetion of the required potassiiun
mirror has been reported (3). | o |

Eydrogen Cyenidezo - Eight-tenths of a gram of clean potassium

was.wiped with a dry towel and dropped to‘the bottom of a!nitrogen'
filled Pyrex tube 10 b} 400 mm. A constriction was then quickly
made about L cm. from the top and the tube-was evacuated to 0,01l mme
Hg through flexible rubber tubing. Before melﬁing the potassium,
the whole tube was brushed with a hot flame to remove as mﬁch
residual minerél oil as possible; The pctassium was then melted
}and'the still Warm‘tube was shaken‘horizontally to distribute
the potassium‘throughout its length; When cocl £he tube was
clamped in a horizontal pos1tlon ‘and individual spots of the
lower surface were heated with a tlny flame while the other sur-
faces were cooled with a wet clothe With practice, a mirror |
coverlng 95% of the inner. surface is obtalnede | |

The carbon dioxide from 850 mngo of Ba01403 (cao 3=6%;
C8ao 85 ﬂb) and 179 ngo BaCO3, and 2. O mmole of NH3 were con-
densed in the-reactlon tube with llqu1d nltrogeno The tube
was.eealed off et the consﬁricticn'and piaced in e eteel bemb
tubeo

By keeping the nichrome~wound furnace at red heat, the
steel bomb tube endlthe gyfei'tube ihside it could be brought
to 620° C, in eight minutes (deterﬁined iﬁ'"&fy runs" wifh a

Chromel=-Alumnel thermocouple) and then held at that temperature »
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by reducing the inputhvoitage., Afper»twelve minutes more, the
jsfeelipube was removed,_cooled, and opened. The Pyrex tube
dwas_chilled in liquid nitrogen and the (generelly) small resi-
duel éreseﬁre released by heating with a hot f;ame,
The small amount of unreacted metal and the hydrldes vere
decomposed w1th ethyl alcohol and water, The suspension was
»transferred to a generatlng flask on the vacuum llneo The
aloohol and dlesolvedvgases were removed in zgggg, formic acid was
added» and the hydrogen cya.nide vas distilled into a trap along
| with about l cCa of water. (With inactive 002, the yield here
is 90—96%, average d92% )
The preparatlon of sodium cyan1de—Cl4 by sodlum aélde reduction of radio-
active barlum carbonate has been carrled out in 80% yield (4):
NaN3 + BaC 03 __-A—>NaC N + N, + Ba0 + 05 |
Abrams (5) has prepared radloeqyan;de in average yields of 60~70% by the follow-'
ing method: ._ | | . -
-0*02 + 2Mg 5 20* + 2Mg0
¢’ + NHB ....mﬂ__).nc*m + H2' |
Another preparatlon of radloactlve'cyanide involves the decomposition of tri-
: phenylacetonltgale—l-()l4 w1th sodlum as shown below (6)
_ (06H5)30Na ——)-(0611 )3 -c*00H __>(06H )30.0 ONH2 —-—>(06H5) C-C"N
Na

e (06H )301{ + NaC N
Et0H

- McCarter (7) has recently reported a synthesis of qyanide-014~in 90% yield by -
heating a mixture of potassium carbonate-Cl4 and zinc dust in a stream of

ammonias
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Preparation of 014;Cyanide from CL4-Garbonate’. - Powdered

anhydrous.Cl4-potassium'carbonéte'(O;Odl:mole) was thorbughiy
mixed with approximately 1 g. of zinc dust’ (Reagent grade) and
the mixture was transferred to a'porcelain‘cOmbustioh boat
(Coors Size 2). Thé boat was then placed in a Vycorlcoﬁbus—
tion tube (750 mm. in length and 19 mm. inside diameter) con-
tainingv3f4 go of iron wire (0.0l inch diameter "for standardiz-
ing") in the form of a loose ball océupying the mid-portion of
the tube. The boat was pusﬁed into the tube until it touched
the iron wire, | ‘ |

'The end of the tube nearestjthe iron wire was connected
to an apparatus for the'preparationyéf dry ammonia‘gasa. The
other end was attached to a glass tube dipping beneath the
surfaée of water in'a teét~tubé in order to serve aé an indica~
tor of the rate of flow of the gas. Ammonia was prepared by
- warming concdo, aﬁmonium hydrgxide and driéd‘by paséing through
two towers of calcium 6xide and one of sodium hydrbxide pellets.
A stream of ammonia was allowed to flow through the tube and
when the éir in the apparﬁtus'had been displacéd the central
portion of the combustion tube (that part occupied by the boat
and irén wire) was‘héated electrically at 650° for 4 houréo
During this time the flow of ‘gas was maintained at a rapid
rate but not so rapid as to force water out of the t‘ést=-tube°
Thefflow of ammonia was continued while thé tube Was alioWed'

to cool to room temperature,
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) Ihe boat and ipslcgntepts were thgn:trépsferred{to an ap-
pgratug»fof the aiétiliatiopvof.hyd:ogéﬁ cygﬁideo.lThe,poaf was
iplaced in a,sgitable erle@meyer’flgskiconpegtgd to a water=cooled
condensérAgnd_ZS m;f qf wgte; waszgéded. vThe_pip of the cqndenser :
dipped below,theisurgacg of‘gn excess (20%) of the theoretical
‘amount, of ;:g sodium orvéotasgium hydroxide. The contents of

_ the flask_waé‘then acidiﬁied by the‘adﬁition_of 2 N sulfuric

, acidﬂand was heated gently until l5 #o_ZO ml., of distillate had
been coilectedo The elkaline cyanide ;Qlution.was then evapo=
rated to dryness in vacuo or used directly. |

~ Analysis by the argentimetric method of the distillate

obtained in several exﬁeriments showed yields of_88—93% of
theory wifh an average yield of 90%. The specific acﬁivity
_pf'GlA;lébéledvcyanide prepared by this procedure was un-
qhangedjf?om ?pat qf pqtéssium carbonate.used as the start=
ing material. .Ql4jlabeled'p§tassium carbonate was reﬁdily
vobtaineq by pasgingVCIAOZ into é slight‘exéess_of 4 N potas=
sium hydroxide and pvaporating‘the solution to dryness.
The yield of gygnide was'décreasedAby heating the reac-
_tion_mixture.below6306 or o,ver}6’7_O°° It was found that
the convers;oﬁ'could Ee.agcomplished in highervyields_in an .

.. iron tube but the prqduct thqs obtaiqeq was less pure than
that obtained using the procedure described in this com=
munication. N o o

Labeled barium cyanide has been prepared by reduction-of isotopic barium car-

bonate with ammonia at 850° (8).
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Labeled methanol has been prepared in good yields by the reduétiqn of carbon
dioxide over a potassium oxide-copper oxide-alumina catalyst (9)s

Direct Reduction of Carbon Dioxide with Hydrogengq ~ The carbon

dioxide is generated in an evacuated system froﬁ barium . carbonate
.b} the action Qf cpncgntrated sulfurié acid dropped from a.
pressure~equalizing funnel. The dio;idg is condensed in a
liquid=nitrogen trap, and the'air which hadrbeen entrapped in
the barium carbonate is pumped-off. The amount of carbon
dioxide used in a reduction‘may be checked by measurement of
its préssure in a,system of known VOluméo

The carbonldioxide is feduced in a smallAhydrogenatipn
bomb with a free volume of 300 c¢ec., The bomﬁ containing the
catalyst is‘warmed with a flame and evacuated to a pfessure
of 30 microns. The bomb is then hglf immersgd in liquid nitrogen,
and ﬁhe carbon dioxide is distilled in. The final pressure in
'the system of such a distillation inpo an iron bomb cannot
usually be reduced below about 40 to 50‘micrqnso

After introduction'oﬁﬁthe carbon dioxide, the bomb is

closed, removed from the line, and warmed to room temperature,

and hydrogen is added to 4,000 psi. (Caution: Do not add

hydrogen until the bomb is warm, for steel is brittle when

very c@ldo>v A booster pump is needed.bo addlthe hydrogen at
sufficient pxi"essureo Care must be taken when the hydrogen_is
foreced into the bomb that the pressure of hydrogen on the
supply side is alwéys higher than the pressure in the bomb;

this eliminates any possibility of carbon dioxide flowing‘: ,
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back into the storage tanks or booster pump. .A higﬁwpressure
gauge should be placed-on the pump side of the system as well
‘as on the reaction vessel.

The reduction of the carbon dioxide may proceed with an
initial pressure of 3,500 psi (room temperature), but this
is very close to'the point where reduction is incomplete. An
initial pressure of 4,000 psi (final pfessure, 7,000 psi) is
preferable., The bomb is heated six hours at 285° C. The
products of the reduction and the remaining carbonvdioxide
are caught in a combination spiral and sintered-glasp disk
trap cooled in liquid nitrogem; the hydrogen is discharged ’
from the bomb through the'spifal system at a rate of 1-2 '1/min..
The remaining'products and the contents of the sintered~glass
trap are distilled from the warmed bomb into the larger trap
on the line. -,

The carbon dioxide that is not reduced is separated
from the water-methanél mixture by distillation of the |
product through a spiral trap éooled in a Dry Ice bath., The
reméining carbon dioxide is usually 3-4% of the initial gas.

The catalyst has been found to be sloﬁiy poisoned; it is
unreliable when ﬁsea for more than two reductions and, preferably,
the catalyst should be used only once. The effici‘enoy' of any
" given bateh of catalyst should be tested with an inactive run
before use with radiocactive material., The yield is found to be
about 85% to 90% based én carbon dioxide. The product contains
appreciablé quantities of water, which cannot be separated from

the methanol.
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Methzmolméll (9) and methanol-C1# (11) have been prepared by the reduction of
methyl formate labeled with the reépeétiye isotope over coppér chromite. In this
procedure, only the formic acid moiety of the ester is'labeled, thus causing a
dilution in the final producte | ' -
Direct reduction of isotopic carbon dioxide with lithium aluminum hydride (12)
has also been used to prébare‘labeled methanols
40, + JLLATH, —— L1K1(0CH,), + 2L1A10,
LiAlH, + 4ROH ———> LiA1(0R) , 4,
- 1441(0CH,) | * AROH =114 (OR), + C*H,0H
ROH = n-butyl carbitol "
The reaction as outlined above was carried out in diethyl carbitol wiﬁh n-butyl
carbitol_Serving as the decomposing aleohol. In lithium aluminum hydride reduc-
£ion5'it has been noted that fission of the solvent ether may:take place during
the course of the reaction which, in cases as micro syntheses, may introduce
impurities which are hard to sepéréte from the desired préduct° Butyl carbitol
was used in an effort to avoid low bolling contaminants and to afford a solvent
from which the lower boiling methanol could be easily separated. Ina study of
this reaction it was observed that using tetrahydrofurfuroxy tetrahydropyrane-
as the solvent for the.reducing agent and tetrahydrofurfuryl alcohol for alcholysis,
methanol was obtained in 90% yield with only water and formaldehyde és impurities
(13)s Further work (14) has shown that w1th dlethylene glycol diethyl ether as
the solvent for the lithium aluminum hydride and benzyl alcoholg dlethylene
glycol mdnobutyl ether or ethylene glycol mpnopheqyl ether for alcoholysis yields
~ of isotopic methanol of 68-77% were obtained‘(baséd-oﬁ conversion to methyl iodide)o
When tetrahydropyran was used as solven£ for>lithium aluminum hydride and alcholysis

was ecarried out with diethylene glycol monobutyl ether, the yield was 66%. It is

P
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adviseable to be aware of .the possibility of fission products of the solvent
whenever this reaction is carried outa

Conversion of methanol to methyl iodide can eésily be carried out by heat-
ing with hydrogen iodide (10,11) or with phosphorus and iodine (9). In both
- cases cited, conversion of carbon dioxide to metnylAiodide via methanol can
be carried out uninterruptediyo A typical example follows:

9

Conversion of Methanol to Methyl lodide’. - Into a Carius tube

sealed to an 8-mm stopcock; 10 grams of iodine are introduced
through a long-stemmed funnel. The tube is chilled in Dry Ice
or liquid'air (to prevent reaction of iodine and phosphorus)g
and 2 grams of red phosphorus and 3 ml. of water added. The water
" reduces the pressure in the tube (during the following reaction)
since the hydrogen iodide formed disscolves in it; the water does
not interfere with the conversion of the methanol to methyl
iodided
The tube is evacuated, and the methanol or methanol-water
mixture is distilled in. .The tube'ié removed from the line, and
the stopcock is clamped on., A water jacket is added to the
upper half .of the tube, and the reaction mixture is warmed
carefully (if necessary a éold bath is usgd to control the
initial reaction). The reaction mixtufé is refluxed for 1 hour
on the steam bath; then the tube is transferred to the vacuum
line and- the methyl iodide, together with part of the water,
“hydrogen iodide, and phosphine, is distilled, with pumping, into
a trap and then distilled into a reaction vessel (about 100-ce

volume) containing 10 ml. of water. This vessel is removed from
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the line, warmed to room temperature, and shaken vigorpusly about
1 minute, It is then reconnected to the liﬁe, and the methyl
jodide along with. some water is distilled into a reaction tibe
containing 4 to 5 grams of phosphorus pentoxide. This tube is
removed from the line, warmed to room temperature, and shaken
intermittently for half an hour. The phosphorus pentoxide reaéts
with most of the phosphine and dries the methyl iodide; enough
should be used to ieave some dry powder after the methyl iodide
is distilledo The methyl iodide is transferred to a storage ves-
sel in vacuo. The yield‘is about 95% based on methanol.
- Labeled diazémethane has been prepared from methylamine¥613.(15)° The details
'folléws

Preparation of Methylamine Sulphatel®. - 12C-Methylphthalimide (3°19 g.)

" from phthalimide and labeled meﬁhyl iodide was heated under -
reflux with constant~-boiling hydrochloric acid (7 mlo, 100%
excess) for 4 hours, the crystals depositeéd in the ¢ondenser
being washed down with more acid from timeito time. The reaction
mixture was cooled to 0°, made alkaline with sodium hydroxide,
and distilled in a Kjeldehl ammonia-distillation apparatus; the
distillate was collected under l°038N=sulphuric acid (19°00 ml. ). |
0°18 Ml. of l°OONmmethylamin§ solution was required to neutralise the
excess of acid, so that-l9fé millimoles (100%) of methylemine had

~distilled. lBCwMethylamine sulphate was obtained:hy evaporating

~ the solution to dryness. _

To a 3°55M=solution of methylamine sulphate (5°00 coco,
17°75 millimcles) was added 1ON-potassium hydroxide solution

(3255 ceo)o Mesityl oxide 4°5 cc.) was run dropwise into the
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magnetically stirred solution at Oo, then the reaction mixture

was allowed to warm to room temperature during 2 hours. The

solution was cooled to 0° again, and acetic acid (4°5 cc.)

added dropwise followed by a solution of sodium nitrite

(5 go in 7 cco. of water). Finally, the nitroso-compound

was extracted (continuously) with ether from the Teaction

product, and diazomethane generated from the extract as

described above; 20°9 millimoles of diazomethane (59%)
“‘Were thereby obtained. In two experiments on the 5=

millimoles scale, the yield was 40%.

Isotopic formic acid has been prepared”by the reduction of potassium bicar-
bonate-CL¥ (11), by hydrolysis of sodium cyanide-»ﬁ14 (16), reduction of carbon
. dioxide-CM with 14 thium borohydride (17) and oxidation of formaldehyde with
"superoxol" (18). A typical experiment is detailed heres |

Potassium Bicarbonatello - 151,7 mg, of barium carbonate, con=

taining approximately 0.94 millicurie of L%, were placed in the
reaction chamber connected to a dropping funnel and;, via an inlet
tube, to & trap. The separatory funnel contained 10 ml. of 40
per cent perchloric acid. Inside the trap was placed a glass
test=tube, 18x180 mm., the side of which carried a small vent-
"hole 60 to 70 mm. from the bottom. In this tube, which was

used later as the glass linér for the hydrogenation bomb, was
placed 1.0 ml. of 0.832 N potassium hydroxide solutién° .The

trap and contents were cooled in a dry ice-cellosolve mixture,
and the apparatus was flushed out with a stream of carbon

dioxide-free nitrogen gas. The alkeli trap was then cooled in
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liquid nitrogen, and‘the perchl&ric acid solution was added
‘dropwise to the barium carbonate, with a slow stream of nitrogen
passing through the apparatus. After 45 minutes thé stop~-cock
connecting the the trap and separatory funnel was closed,vthe
trap was evacuated by means of an oil pump to 1 or 2 mm. pres-
sure, and the second stop-cock was closed.  The evacuated trap
was allowed to stand at room temperature for 24 hours. |

The contents of the trap were refrozen by means of a dry
ice-cellosolve mixture, and a small aﬁount of carbon dioxide
gas remaining iﬁ the trap was.flushed out by means of a
stream of nitrogen gas; and collected in a scrubber containing
barium hydroxide. To the frozen solution in the trap were
added 2 to 3 mlo‘Of an aqueous suspenéion containing 50 to 100 mg.
of freshly prepared palladium black catalyst; and this mixture
was allowed to freeze as a layer above the carbonate-bicarbonate
solution, The test=tube containing the frozen mixture was
| "removed from the trap and sealed off at the top. The 1iquid
was alléwed»to melt, a drop of phenophthalein solution was
added through the side vent-hole, and 0.1 N sulfuric acid was
added until the solution was only faintly pinks |

Potassium Formaete. = The tube containing the potassium bicar-

bonate and palladium black catalyst was placed in an Aminco
high pressure hydrogenation bomb. The apparatus was filled
with hydrogen at tank pressure (approximately 100 atmospheres)
"and heated at 70° with shaking for 24 hours. The hydrogenation
mixture was then filtered to remove the catalyst. To this éolur

tion were added 258 mg. of non-isotopic potassium formate, and
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the solution was evaporated 1o a semisolid mass in a stream of
-+ hot, dry air. The material was dried further in vacuo over
vphosphorus pentoxide and powdered.by means of a glass rod.

Methyl. Formate. = To the dry, powdered potassium formate was

. added 0.6 mls of freshly distilled methyl sulfate in such a
manner:.as to wet the ground glass joint of the flask. The
reaction flask was heated slowly over a period of 2 hours to
a temperature of 185°, by means of an oil bath, with a slow

- stream of nitrogen péssing through the apparatus. The methyl
formate was ¢ondensed in trgp, which was cooled in aidry ice-

- ggllosolve mixtureé_ The uncondensed gases were passed through
.a.bﬁrium hydroxide scrubber. The volume of methyl formate
collected in the_béttom of the trap was approximately 0.2 ml.-

Methyl formaie'may bé-prepared by treating labeled potassium.formate with methyl
sulfate (11) or by heating sodium formate, methanol and sulfuric acid in a
microdistillation apparatus (10). .

Labeled‘formaldehyde-hasfbeén prepared in 50-60% yields by partial oxidation
of methanol over copper oxide (19,20); in 65-70% yield using a molybdenum-
vanadium catalyst (21) and in 75-80f yield with a molybdenum-iron catalyst (22).

: - . .
A typical experiment is detaileds ’

Formaldehydemﬂ;é’}so-=vThe catalyst for this oxidation is prepared

by covering a copper scrgen,withia;heavy layer of freshly

- precipitated copper hydroxidea The hydroxide is precipitated

- from a cupric,nit;atensblution by the addition of dilute
ammonium hydroxide; the precipitaﬁe is washed with water several

- - times. The copper sdreen is then rolled, put into a quaftz
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tube (11 mm 0.d., 25 cm long) » dried, and réduced with hydrogen

‘&t 400° to 500° G, The methanol, which contains the water

produced by the reduction of carbon diéxide with hydrogen,

is carried over the catalyst bed (heated at 600° C) with a

slow stream of air. To achigve the correct proportions of

air and alcohol, the water—methénol mixture is heated in a

small bubbler to about 70° C and the air is bubbled through

ito The reductlon products are caught in another small

bubbler containing 1 ml of water. Unabsorbed gases are

passed through a copper oxide furnaée, and the carbon dioxide

produced is gbsorbed in sodium hydroxide. The yield is

found to be 50 to 60% based on methanol or 45 to 55% based

on carbon dioxide. | |
A synthesis of formaldehydé—cl4 from methy1é614facetate follows this scheme (23):

Q1 : ’ " H,0
N ‘ 2 9 . £ —2—% ;

Urea~G has been prepared from barium carbonate via barium‘cérbide and
barium cyanide (24)° Labeled.urea has also been obtained by direct reaction
ofvisotopic carboh dioxide and ammonia, ét high preééures (25) and by reaction
of phosgene and ammonla (25), o ‘ | |

Reduction of carbon d10x1de==61l with zine has yielded carbon monoxide-C11
(26) and reduction of caleium carbonate=C1> with yine has yielded carbon
‘ménoxide~0l3 (27). Labeled carbon mp#oxide can also be obtained by exchange
between carbon monoxide and labeled carbon dioxide (28). Treatment of isotopic
carbon monoxide with chlorine yields labeled phosgene (26).

Othér interesting one carbon compouﬁds which have recently been reported are
cyanamidefClA, preparéd by reduction of barium carbonate with ammonia in the

presence of sodium azide (29), nitromethane from methyl iodide (30,31) and
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methane (32)’prepared'by,ygdup§§gn of ggnbon dioxid¢ over a nickel-thoria catalyst.
Chlorination Qf thisvproduct,yields,parbon tetrachloride—clh_(32)9 |

Details of many syntheges of one cafboq_cpmpounds may be found in Calvin's
"Isotopic Carbon'., (33) e

Establishment of a Carbon-Carbon Bond:-

Thcumost common and most‘readily available one carbon intermediates are
carbon dioxide aqd cyanide and ingqrpqration of a carbon isotope into any larger
molecule must, of necessity, center about ﬁethods for formaﬁion of carbon~carbon
bonds involving these inte?mediatese Thus{ carbonation of a Grignard reagent with
isotopic carbon dioxide or tregtment of a suitable halide with labeled cyanide
are the most widely used steps in work involving radiocarbon. The number of
carboxyl labeled acids wtich have been prépared is too great to be detailed here.
) Expcllgnt»expositions conggrning the details of tbe carbonation of Grignard
reagents have been published (34,35).. A synthesis of acetic acid-1-C1#, which
has been used to prepare carboxyl labeled acids through.C—Z in yields of betﬁer
thah 90% (36); is detailed below:

‘Acetic Acid=1-gM4 350 - The apparatus used for the synthesis

' is shown'ih Figureé 3, The essential features are: a mani-
fold H, attached to a high-vacuum system and carrying outlets

~ for éttachihg'ﬁhe reaction flask‘g, the carbon dioxide gene-

" rator F and G, a manometer Q;'and‘an inlet B for nitrogen.
The-Carbonaﬁion'flask K is fitted swith an induction stifr;r :
and is'pear;shapéd'in order to permit freezing the Grignard
soluﬁion withdut'danger'qf cracking the flask. = The carbon
dibxidé’génerator Consisté of an Eflénme&er‘flask gvfor
barium carbonate and a compensated funnel F for sulfuric

“acid, vAn'EfléhmeyerAflask'is used in order to have the



-4,8~ , UCRL ~1866

'barium carbonate in. as shallow a pile as possible, to Facilitate
coptact with the sulfuric acid. If the charge oflbarium car-
bonate is large enough to fill the flask to more ﬁhan one—fifth
of its total volume, a larger flask is substituted: In this.
1 case, a round-bottom flésk is used since large Erlenmeyer flasks
may collapse when evacuated. A drying tube E is placed betweeﬁ
the generator and the manifold. The manometer C is the simple
opén mercury type. e
‘The flask Q‘is_charged with 3.535 grams (17.9 mmoles) of

barium radiccarbonate, the funngl § with 25 ml. of concentrated
sulfuric acid (5-8 ml. of acid per gram of barium carbonate),
and the carbon dioxide generator is assémbied and éttacﬁgd to
. the maniforld. The.system is evacuated to a pressure of about
0.1 micron, stopcock A is closed, and the system is tested

for leaks. Then purévnitrogeﬁ is admitted throuéhvg until
- atmospheric pressure is reached; excess nitrogen passes out
ﬁhrough'phe ma‘ndmc__t.cr° ‘The plug ﬂ‘is remov&d, and 40 ml,
(2506'mmoles) of . a Ooéh.ﬂ solution of methylmagnesium iodide

is placed in flask.g by means of a pipet previously flushed
‘with nitrogen and operated by_a hypodehnic syringe. The
Grignard soiutibn ts diluted'with 25 ml. of dry-ether, and
. plug M is quickly replaced. ‘Stopcobk é is closed; and a bath
of nitrogen is placed about 5, .Stopcock A is sligﬁtly opened
for a moment to removounitgogen and prevent an appreciable
amount of it from being trapped in the solidifying solution;
tﬁe stopcock is closed when the ether commences to beil. When

the contents of the flask have been frozen,solid,-g is opened .
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again, and the system is evacuated to a pressure of 0,1 micron,

- Then A is closed, apd the”liquid-nit?ngn is replaced by:a bath
at -20°, When the contents of the flask have come to thermal
,.equilibrium'witp‘thc-bath,.thc;stirrer is started and carbona-
tion ‘is effected by dropping:sulfﬁric.acid.onto the barium'

- carbonate, The acid:is -added cautiously at first, so that the
ihitial surge of gas does not carry out_particles of barium
carbonate, then.as.rapiQIy”as possible without allowing the
.pressure -to exceed 50 cm., When the,initial evolution has sub-
sided, flask é’is'warméd with a.small flame to dissolve. most

"of ‘the barium sulfate and théreby facilitate.reéction of remain-
' ing”cafbonéte; %n‘additian,.the heating serves to expel the

last traces,of_gas from”thewacid, -TheAaﬁnometer reading becomes
. constant -in:5 to .15 minutes.

'Since the presence of ether vapor interfcres.&ith the
diffusion of carbon dioxide when the pressure of. the carbon
dioxide has fallen to a value near that of the ether, the
flask K is again imme%sed.in.liquid nitrogen to draw any
iremaining»carbon dioxide. into E, the stopcock at H is closed,
the flask is égain warmed to -200, and stirring is continuéd
- for 10 minutes. Nitrogen is then admitted to the system, and
10 ml. of sulfuricvacidkis added to hydrolyze the reaction
- product. ‘A 30% excess of silver sulfate is added to K, which
is still immersed in. the cooling bath,‘and~the mixture is
sﬁirred 5 minutes, The flask_g'is then removed from the
manifold and fitted with-a'fréctionating head, -and the ether

-1s removed by distillation, -
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The acetic 301d 1s obtalned by steam dlstlllatlon, and
the dlotlllate is neutrallzed w1th standardlzed sodium hydroxide.
" The yield, detcrmined from thc amount of alkali fequired, is
89—9&%.'1Aftc; filtfatiéh to remove a small émount of sediment
which may be preSent, evaporatlon of the solutlon gives pure
sodium acetate, whose welght agrees closelyvvlth that cal-
culated from the tltratlon value,
Details for preparation of a ﬁumbérlof'other carbcxyl 1 abeled acids are available
(37,38). |
In coﬁnccﬁiéh with the:prepaf;tionuof”Gribnard reagents, Glascock and Arrol.
(39) have reported the prepara tlon of ethyl magneolum iodide in 55% yields by
allow1ng gaseous ethyl iodide to react‘with a magnesium mirror. This technique
) may be a hclp in certain small scale vacuum line work.,
Carbonyl labcled a01ds have also been prepared by several other methods,
Carbonation of the correspondlngxllth;um alkyls with isotopic carbon dioxide
has yieldéd carboxyl iabéled”nicotinic (AQ), p-aminobenzoic (40) and veratric
acids (41): - | -

Li - o C*OOLA A C*OOH

: : , +
L ooty + 0x0y N0 | 2 0ct3
A o,
Veratric Acid (3,4-Dimethoxjbenzoic Acid-Carboxyl-c'#) 4%.-

A solution of n;butyllithiﬁm is prepared by refluxing overnight,
‘ in.én atmésphefe of purified nitrogen, a mixture of 2.5 grams of
lithium, cut inte small pieces, and 10 grams of n-butyl chloride, -
~‘dissol§ed in 20 .ml. of pentane. Then 80 ml. of pentane is added,
- and the solution is filtered anaerobically. The clear,'colorlcss

filtrate is found to be 0,632 M in butyllithium by adding excess
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standardized acid to an aliquot and titrating the excess acid with
standardized base, |

| _ The vacuum s&stem is evecuated and filled with nitrogen as
usual. Then 20,0 @1..(12,6 mmoles) of bytyllithium solution is
‘ picetted idto the carbonation flask,vand the pentane is distilled
in vacﬁum until‘about l‘ml. femainc, The carbonetion flask is
‘chdlled; dcdcabout éO ml; of d;y.efﬁer is distilled in from a
vflask attached'ﬁc the'manifold; The stirrer ié ruc‘for a moment
to mix the butylllthlum and ether, then stopped The solution_
is fr@zen w1th llquld nltrogen, and 30 ml, more ether is dis-
tllled in. This too is frozenob Purlfled nltrogen is admetted
to the s;scem, and h 08 grams (18 8 mmoles) of h-bromeveratrole,
dlssolved in a llttle ether, is added When this has frczen, the
system is. evacuated and the manlfold closed off from the pump.

The llquld nltrogen is replaced by 1sopropanol chllled to

—609, and as soon as the contents of the carbonation flask have
‘become oufflclentl& fluid the stlrrer is started. A pre01p1—
tatlon of pure white Veratrylllthlum‘commences in a few mlnutes,
and stirring is contlnued for 15 minutes to permit the reactlon
Jtc become complete. Carbonatlon is. effected at -60° as rapldly
ves p0351ble (7 mlnutes) with carbon dlox1de from 1. 25 grams
:(6035 mmoles) of radioactive barlumvcarbonate. Nitrogen is
admitted. to the system, and 10 ml. of concentrated hydrochloric
acid is added to the reaction mixture.  The appearance of a deep
- réd color .i_s,reported° The ccoling bath is removed, and the con-
tents of the: flask are stiﬁredfas they warm up. The acid is
cxtfacted from the reaction mixture with ether, then taken into

- sodium hydroxide, The water solution is warmed to remove ether,
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treated with charcoal, filteréd, and acidified. The reported
yield of veratric acid is 1.03 grams (89.6%Z of theory based on
barium carbonate); m.p., 176-178 uncor.; neutralization equi-
valent 184 (calculated, 182). No halide can be detected in the
preduct by sodium fusion, | |
- The preparation of 9-fluorenecarboxylic acid—carboxyl—clh by carbonation éﬂ
the appropriat# sodium_derivative has been described (42), and the Arndt-Eistert
synthesis haé been used to prepare pehnylacetic—l—C13 acid from carboxyl labeléd |
benzoic acid (AB)
Treatment of a halide w1th isotopic. cyanide followed by hydrelysis of the
resulting nltrlle has also been used for the synthesis of carboxyl labeled acids.
The synthe81s of malonic, acid-1-C¥ is detailed below (AA)

Nalon:Lc_Acld—l-Cll+ bh | Ten grams of chloroacetic acid is

dissolved in 15 ml. of water in a 100-ml. round-bottomed flask,
AThebsolution is warmed to 50°®, neutralized with sedium car-
bonate (6 grams), and cooled to ro§m temperature., To the
slightly alkaline distiilate from a cyanide prepafation is
added enough inactive sodium‘cyanide to make a total bf 6 grams
of this salt; the final volume of cyanide solution should be
about 15 ml, .The cyanide and chlorocacetate solutions are mixed
rapidly and heated on the steam bath for 40 minutes,

" The sclution is cooled, and ﬁo it is added slowly 5 grams
of s0lid sodium:hydroxide; when all the solid is dissolved the
flask is warmed slowly on the steam bath and so heated for 1 1/2
hours. The last traces of ammonia are removed by bubbling
steam thfough the hot solution for 10 minutes; A sblution of
8 grams of anhydrous calcium chleride in 30 ml. of water is

warmed to 50° and added slowly to the hot sodium malonate
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solution. The precipitate of calcium malonate becomesvcrystalline
on stariding 15-20 hours. The calcium malonate is filtered and
washed with several 10-ml., pdrtioné of ice-cold water, and sucked
dry.
The dfied calcium malonate is placed in a 200 ml. beaker,
surrounded by an ice bath, with. 15-20 mlo.of reagent—gfade ether. .
The two are mixed to a paste which is treated with 1 ml, of 12 N
hydrodhléric acidvfor each gram of dry salt; the acid is added
dropwise at first. The solution is'transferred to a centinuous
eXtractor, and ether extraction is‘éarricd out until no more
malonic acid -is obtained; 12 hours should be allowed for this step.
The product obtained by concentration of the ether solution
is recrystallized from éther—pctroleum éthér'mixturc, if a very
pure product is desired. Yield (crude product) 8.4 grams, 76%
‘based on cﬁloréacetic acid, m.p. 1320 or higher;
Analysis (reCrystaliized product). Calculated for C3H,0,:
Csy 34.62; H, 3.87
- Found: C, 34.68; H, 3.82
- Treatment -6f optically active chlorides with isétopic cyanide followed by
| hydrelysis is a. good method fér the prgparation of optically active, lébeied acids,
A symmetrically labeled citric acid hgs been prepared in optically pure form by
treatment of an isomer of g-chloro-f-carboxy-ghydroxybutyric acid with sodium
cyanide-0% folloved by hydrolysis (45.)

OH | % OH
S R 1) NaC N . |
C1CH,~C~CH,, COOH. ¥ HOOC™~CH,,-C~CH,COOH
N - 2)HYG HO 7 '
COOH , COOH
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14

Myrisﬁic’acid—l-clh has been prcpared by refluxing potsssium cyanide-C™ with

excess trldecylbromlde in ethanol for three days and hydroly51s of the product
(38).

- The synthesis. of labeied aliphaﬁic compounds in which the label is at some
pésition oﬁﬁer than the functional groups involves convérsion of one or another
of.the fuﬁétionally labeled intermediates to the desired compound. The syn-
thesis of'labeled leng chain aliphatic acids with fﬁe-labei at some position
in the chain has béén carried oﬁt in sev'cralbways° ‘Crandall and Gurin (46)
prepared n-octanocic acid—2—C14 by reduction of ethyl hexanoate-1-Cl4 with 1ithium
"aluminum hydride, conversioﬁ of the alcohol to the bromide and condensation with
sodium ethylmaloﬁateo Saponification and decarboxylation gave the desired acid.
Treatment of an acid chloride with a dialkyl cadmium and reductioh of the resulting
keﬁome may also be used, with either of the condensing portions being labeled.
Palmitic acid-6-C1# (47) and octanoic acid-7-Cl¥ (h8,h9) have been prepared in this

way. The reaction sequence for palmitic acid-6-C14 follows:

%0 _ _ .
2 3t
ClonlMgBr__\ C]_OHZIC 02H ~ —> CyHy C70,CH5
_ .Hz _
(ClOHZIC H2) Ldé__(_;a_ ClOH21C H Br(__(,loHZIC H OH
1) CH3020(0H2)30001
2) KOH ' . W-K. ’ ‘
——— CygHnC HZC(CH2)3002H > CyoHoC Ho(CHy, 1,C0H
O : .

Of the several ways available to carry out any of these syntheses, it is often best

to investigate each in an effort to find a process which gives the optimum yield.

Clh

Thus propancl-1l- has been:prepared by reduction of propionic acid l—Clh with

LiAth (50), by hydrogenation of propyl propionate over copper chromite (51) and
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by high-pressure reduction of propionic acid (52). A detailed synthesis for

propyl bromide via propyl alcohel from prepienic acid is given below:

Pr*c';)panol%l--ClLF 52° - Sodium'propidnate-l-clh (lohh g.s 15,0 mmoles,
5.5 x 104 dis./min,./mg.) was dissolved in 5 ml. water and treatéd
with 15 ml. wet packéd Dowax 50 cation exchange rcéin (250—500
mesh) to convert the éalt to the free acid. The mixture was
thoroughly stirred, filtered, and the’filtfate plus washing;
added to a wet Cd—Nl hydrox1de slurry prepared as follows In
a 50 ml. cetnrifuge tube l 70 g. cadmium chlorides2- 1/2 HZO
(7 43 mmoles) and 0.2l g. nickel nitrate hexahydrate (0.83 mmoles)
were dlssolved in 10 ml, water. Excess sodium hydroxide was
added and the pre01p1tatc collected by centrlfugatlon and
washed 3-4 times with watero
The resultlng solutlon of Cd-Ni proplonate was evaporated
to dryness on a ;team'bath using an air stream. (Note: In a
test reéction;xacidificati§n of the Cd—Ni'propionate followed
by steam distillation of the acid showed that the conversion
of sodium propionate to the dry Cd-Ni salt was quantitative.)
The dry mixture was transferred to a 115 ml. stainless steel
hydrogenation bomb containing 1.5 g. cepper chromite catalyst.
The bomb was maintained at a prcssufc of 50 microns for 4-8
hours to remove final traces of water., It was observed that
the presence of‘méisture ét this point markedly reduced yields,
The bomb was‘pressured to 3500 psi with electrolytic hydro-
gen and heated at 240°C, with shaking for nine hours. When
-cooled, the bomb was transferred.to a vacuum line andlthe hydrogen
released through a iiquid nitrogen-cooled spiral trap containing

a sintered glass disk. After evacuation, the bomb was held at
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reduced presSure for five hours while- warmed to approximately
;ég*ﬂ ' 80°C with an infra red lamp and the distillate collected in
| the cold trap° The product cdnsisted~of 1.14 g. of a sclution
.of 74% ptopanol in water (94L% &ield) The sample was oxidized
- to carbon diox1de and converted to barium carbonate fer radie-
activity measurements° Calculated specific activity, 8.9 x lO3
dis. /min. /ug. BaCO3; found, 8.5 x 103 dis./min./mg. éaCOB.

Propyl—l—ClhBromideo= The prepanol-water mixture from the

reduction was converted to the Bromide using 4 ml. phosphorus
tribremide, washed with water and dried over phosphorus pen-
toxide, The yield was 1.26 g; or 73% from propanol.

Prqpyl—l—clh Iodide, - A propanol—water mixture prepared as

described above was treeted with 10 g, iodine, 0.62 g. red
phosphorus and 3.ml° water, The propyl iodide was-washed
with water and dried o#er phesphorus i)entoxide° The yield.
was 86% frem the alcohol. | |
Among the non—fudctionally labeled compouﬁds{ methyl labeled acetic acid is
a very important intermediate in tarious other syntheses. Carbonation of the
Grignard reasent formed from methyl iodide-Cll (53) is a good direct method:

The Preparation of Sodiam Acetate Labeled With Radioactive

Carbon in the Methyl Group, 530 - A 150 m‘l° conical reactien

.flask containing 50 ml. of dry ether and O;S gm., of magnesium
turnings, was chilled with liguid nitrogen and 1 ml. (2,28 gm.)
of methyl iodide distilled in., The reaction vessel was closed
off and the ether refluxed 1 hour. The feaction flask was then
cooled to -20° and earbon dioxide, that had been dried by passing

through‘a'spiral immersed in dry ice-acetone and freed of oxygen

{
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and nitrogen by éondensing with liquid air an& evacuating -

at low pressures, was added until a pressure of about 30 cm.

was maintained in‘the‘system° Stirring was thcﬁ continued for

10 minutes, The reaction vessel was removed from the line and

opened in the hood and thé cold (-20° to -50°) Gfignard com~

plex decomposed with 15 ml. éf 6 N sulfuric acid.. After decom-

positien, an édditional 35 ml. of water were added. 5 gm. of

siiver sulfaﬁc were added to precipitate the iodide pfcsent°

The ether was distilled éff.and the acetic acid was steam-

distilléd from the reaction mixture with about 300 ml. of

water. This distillate'was ékactly neutralized with 1 N

sodiuﬁ.hydrqxide solution with a glass .electrode, evaporated

to a small volume, filtered, evaporated to dryﬁess, and dried

in vacuo at 1072 mm, pressure, The yield of white anhydrous

sodium acetate wgs 70 td 75 ber cent, the titration and

weighings agreeing within a few tenths per cent,
a recent synthcéis of méthyl labeied acetié acid from methanol whigh does not
involve preparatlon of methyl 1od1de has been reported (54). This nethod involves
the formation of acetonltrlle—Z clk by treatment of methyl—Clh hydrogen sulfate with
potassium cyanlde ‘and proceeds in 87% yleld° Anker (55) has prepared sodium acetate-
2—013 from iabéled sodium cyanide by an ingenious method in&olfing preparation of
p-hydréx&benzaldimine hydrechloride: |

OH

C H
2MaCN + znt—azn(c3), O S H0cgH, 0K = M - KO
\LZn
_C*HB
: CrO3
CL3HC00H & —

CH
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Other compounds shichimay serve as useful intermediates include acetoacetic
acid which has been prcpgrcd labeled‘in the 1, the 3 and the 1 and 3vpositions
with carbon-13 (56). The synthetic routes are outlined below:

(1) 2CH;C 0, Bt CHa ™ #CH,~C" 0,8t
0

» o : . T *

(2) CH3C"0,CHg + Mg + BrCH,(0 Bt mmmmer CHBﬁ .(‘HZCOZEt‘,
(§]

. ¥ : Nt

(3) CHBCOZCHB + Mg + BrCHz(, OzEt‘——-—’. v CH3(IJ|CH2C' OZEtY
o .

Syntheses of malonic acid-2-Clk by treatment of bromdacetic—Z-—Cl4 acid with
cyanide followed by hydreolysis and by decarbonylation of ea.:»calace‘oic.--2-Cll+ acid have
been reported (57). A recent synthesis of labeled malonic acid, which proceeds in

84% yield has been reported (58).

vpyruvic acid has been prepared labeled in‘the 1,2 or 2,3 pesitions with

carbon-14 (59).
HC*N
. CHg CHC: = CH3CHOHC™O,H (A)

- HeN |
HC™ C"He—> C"H3C" HO————— C"H5C"HOHCOOH (B)

KMnO . NaOH
(4) or (B)——> CH,CHOHCO,Bu S—— CH40C0,Bu ——— CH;COCO,Na

i
0

o ; ' . CuCN . .
. AC_HBCAO,ZH ..‘f PBIT3 —_— CH3C-’\-OBI‘——-—-—’ CHBCWOCN_‘ CHBC“-COOH

|
Alkanes anu Alkenes: - o ' : 0

Using known methods, it has been possible to-synthesize a variety of alkanes
labeledfwithvisopopic_éarbdn (60). Methane-C13 was prepared by treatment of

labeled méthylmagngsium iedide with water, Propane—l—CB,.n—butane—l—C13 and
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n-butane-1-C14 were prepared by the following reactién scheme:: .-

LlAlHA
RBr + RGN — RGN — Rre¥0 SR — g H?_OH——\RC HoBr
+ | Mg
(R C g ,n-Cat-) RC"Hy €— — RC"HpMgBr

Butane-1-C14 was also prepared byﬁhydrogenation of the labcied butene obtained
_upon treating éllyl bromide withwisdtopic‘methylmagnesiﬁm i@dide°,>ISObutahe—l—013
and isobutane-1-Cl#* were prepared by treating acetone with the appropriate

1abéled Grignard reagent’ and conversien of the addition product to labeled t-butyi
iodideﬁwhich, upon heating in the presence of hydrogen iodide, yielded isobufe_ne°

-Hydrogenation gave the desired labeled'isobutané° Isobutane-21013-was prepared in

. the foliowing way:

13 (CHB)ZUOA 13 v CHBMgI
_KC N > CH3C N———ACHBC OzR———-\ (CH3)BC OMgI—\ (CH3)3C
| qulnoline

H. -
1 )

-cl3- c—— =

CHs % 3-CHy CH,,
CHB

| Among ‘the unsaturated compounds, acetylene-Cll (1) and acetylene- ~clh (61,62)
have been prepared from barium carbide. Hydrogenatiqn of acetylene—ClAVto
ethylene—Clh has been réported'(63“)e P;qpéne—l;clkvh@slbeep'prebéredvby the
pyrolysis of n-propyl;l-Clh—trimethylamménium hydroxide (64). lTﬁis was found to
be the moét satiéfactory method, most of the other methods tried resulted in a
 proton shift, l;Butene—h—Clh-has been prepared by tfeating allyl bromide with
methylmagnesium—ClA—iodide (65).

Few syntheses of ring labeled aromatic compeunds have been reported‘and. as
yet no really satisfactory methods are avallable° Toluene—l 3 5-C 14 ‘has been
prepared from sodlum pyruvate—Z— lh (66) Uvitic acid is one of the intermed-

jatess -
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CH,COOH |

HaHO H_SO Cud N

LCH clhoco Na -——_‘ ( — .2 quinoline
3 2 Co0  COOH

Aromatic Compounds: -~

The synthesis of toluene; benzoic acid and benzene, all ring labeled, has

been reported by a reaction scheme which is outlined and detailed below (67):

. : MgBr " CH,OH ' CH

CH3C 02t « (CH,)% ¢ o
o N [

) COOH CH,

AN

.@K

A Synthesis of Benzene, Teluene, and Benzoic Acid Labeled in the

Ring with Isotepic Carbon 670 ~ The synthesis of carbexyl-labeled

ethyl;acetatg was accomplished by carBonation of methyl magnesium
iodideAwith isotopic carbon dioxide, folléwed'by reaction of the
sédium acetate with diethyl sulfate in é mg@ivication of the pro- .
cedure of Sakami, Evans, and Gurin; Preparation of lwmethyl—
_-cyclehcxanol—l labeled on carbon 1 was achleVﬂd by reactlon of
-carboxyl-labcled ethyl acetate w1th the Grignard reagent from
pentamethylene dibremide according te the procedure of Grignard
and Vignen, Déhydratien éf the carbinel with iodine as des-
~ cribed by Mosher afforded l;methylcyclohexene, which was cenverted
.to toluene By vapor-phase dehydrégenation over platinized asbestoes.
~The benzoic acid, prepared by oxidation of teluene with p@ﬁassium

permanganété, underwent smooth decarboxylation on treatment with
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copper oxide and quinoline., The o?erall yields ff@m barium car-
bonate varied from 35 to 50% for toluene, from 3 to LO% for benzeic
acid, and frem 25 to 4O% for benzene.
Cycllzatlon of l—heptene 1-CL4 over copper chromite ylelds labeled t@luene, with a
isotoepic carbon atom appearing in the ring or in the methyl group (68) Conden—
sation of acetone-2-Ci% to mesitylene—l,3,5—014 has_been effected (69).
The syntheses of several poelynuclear hydrecarbons have been carried out,
but in all cases via cyclization of a labeled garbexylic acid. The carcino-
gens 1,2,5,6-dibenzanthracene-9-C14 (70) and 20 methylcholanthféne-ll-014 (71)
have been prepared by knewn methecds starting from naphtheic acid-2-C1% and
naphthoic acid—l-Clh, respectively. Wagnerirearrangement of 9—f1uorenylcarbinoi—
'}Q»Clﬁ has yielded phenanthrene-9—01h (42); the‘carbinal Qas prepared from the
ester by reduction with lithium aluminum hydride. Fluorene-9-CM* (72) has been
prepared from o-phenylbenzoic acid—l—Cll‘L° The reperted Syﬁfﬁé;ié‘éf  -tetralone-
1—Clhb(38) épcns the way to synthesis of ring labeled naphthaléne derivatives,
oynthe51s of cyclohexanone—2 ~C 14 starting with cyclopentanone and labeled

hydrogen cyanide and using the Tiffeneau rearrangement in one step has been re-~

ported (73)., The reaction scheme is this:

f f?& | %ﬁzﬁz 0
 uc'm ] | o, | HONO o ij
| 25 _

4

Amino Acids} -
The synthesis of carben labeled amine acids may be carried out accerding te
general methods available in the literature,
Theisimplest synthesis of an geamino acid invelves bromination ef a carboxylic’
acid follewed by amination:
Br NH

CH2COOH 2%  R-CHCOOH EEEEN R-CH-COOK

I - .
" Br. NH

2
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This methed isiespecially useful in isetepic synthesesvsince it permits
labéling_anywhere in.the m@ledulé. Leucine—-l—_Cll'+ and leﬁcine-Z-ClA have been
’,prepared'in this manner (74). A detéiled synthesis of glycing-Z—Clhvis des—
‘cribed (75): ' ‘

Chloreacetic Acid /.- A platinum boat charged with 1.4081 gm.

.of‘carboxyl-labeled anhydrous s®diumvacetate wés placed in a
horizontal glass tube aﬁa dried in vacue at 3 x 1072 mn, of Hg
fer 2/ hours, vThe tube waé then connected to a train of three
traps, each of_which was ce®led withban isopropyl aicoh®l-dry
icé ﬁixture; the last trép waé protected with.é calcium chleride
tube, Gaseous hydrogen chleride, dfied with coﬁéehtrated sul-
furic acid, drierite, and anhydréus aluminuﬁ chlo}ide, was
passed slewiy through the traih. The tube was gradually heatcd
and the liberated acetic acid distilled into the traps. When
the reaction was complete, the three traps were connected to the
vacuum liné and the contents were distilled inte a small reactioen
vessel (Figﬁre L), which was cooied with liquid nitregen. The
preduct contéined iO te 15 per cent water and a considerable
amount of gaseous\hydragen chloride, The reaction vessel, pro-
tected by a low témperature condcnser cooled with iseprepyl
alcohol-dry ice and fitted with a calcium chleride tube, was
warmed to rooem temperéture? -0065 gn, of aceﬁic anhydride was
added and the mixture was refluxed for 1/2 hour t@.remeve the
water, A miﬁturé of 0,02 gm. of i@dine, 0.04 gm. of bh@Spherus,
and 0.08 gm. of phosphérus pentachloride was added, and dry
chlerine was passéd through the éystem at feflux temperature for

2 1/2 hours (see Figure 4)-
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After the chlorlnatlon was completed, all of the material
in the condenser and in the gas 1n1et tube was dlstllledvln zgggg
back 1nto the reaction vessel which was cooled in llquld nltrogen°
The chloroscetlc acid was then purlfled by fractlonal subllmatlon '
in vacue onte a cold finger cendenser. filled with pewdered dry ice,
The yleld of pure preduct was 1.52 gm,, m;ﬁc'éoé, nhich is 67

per cent based on anhydrous sodium acetate, o |
Glxcinea— A mixture of 3.2 gm., of powdered ammoniun csroonate,
10 ml. of concentrated ammonla, and 4 ml, ef water was heated in
Aa small three-neck flask, which was fltted through ground glass
>301nts to a pressure—eouallzed dropolng funnel a Lleblg condenser
and a thermometere After the salt had dlssolved 1. Olh gm. of
carboxyl—labeled chloroacetlc ac1d in 3 ml° of water were added
dropw1se through the dropplng funnel at such a rate that the
'temverature of the solutlon dld not rlse above 600 -The ‘mixture
‘ was held at 60 for 6 hours and was then allowed to stand for 12
hours at reem temperatureﬂ The solutlon was then concentrated until
1tsvtemperature reached 112 The dlstlllate showed only very
sllght radloactlvny° The yellow1sh oOlHtl@ﬂ was cooled teo 7O
and 15 ml° of absolute methanol were added slowly w1th agltatlon0
The mlxture was cooled in a refrlgerator for l hourav The pre-
'c1p1tate was flltered and Nashed w1th methanol and ether°

| The yleld of pure whlte crystals, wh1ch showed no trace of
chlorlde ien, was 0, 5& gm. or 70 per cent (m P 225 , w1th
decomp051tlon)° C 32 02 H 6, 78: calculated, c 3?002, H 6.78.
Upon concentratlon, the mcther liquor gave 0908I:gm° @f‘glycine
Which increased the yield to 0262 gm, or 79 per cent, based on

chleroacetic acid.
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The chlereacetic acid used had a tetal activity @f_é99
micrecuries, The glycine had a speéific activity of 6.3 x ZLCLF
' counts per minute per mg. and a total activity of 299 micro-
curies, From distillates and mother liguers, 50.4 microcuries
were recevered,
The familiar sequence of the Strecker synthesis:
RCHO + Hcm;_____-;R-fH-CN —————--\R—(|JH-COOH

NH2 ' NH

. 2 .
has been‘abplied to isetopic syntheses. Carbexyl labeled leucine (38) and alanine
(2,76) have been prepared by this method.

Alanine-2-C13 has been prepared frem hydrogen cyanide—013 using the reaction

sequence outlined belew (77):

H H H H
- o ‘ % — [ .
Ci5CHO + CICH,00Na ¢ NaG"N— CeisCH = G-C™N—2Cy C =C-C'NCH,C ~0-c"00 8
o COOH. - lLiCHB
" CaMnO, . . .
CH3(l3H-coo {——CesCH mCH—?—CHj d—— OXTME—C4H0H = CH-C-CH,
- , (|
NHCOC4Hs NHCOCH 0

Alanlhe-2-013

The same scheme has been appliéd to the synthesis of alanine-2-C¥ (78). Anker (79)

.has prepared alanine-zfclh in near quantitative yield by hydregenatien @f‘the phenyl-

hydrazene of pyrn'uvic-.’a—Chu*wacido

The acetamidemalenic ester type of synthesis has lent itself tolthe prepara-
tién of many amin@ acids labeled at’ carben atoms @tﬁer than the carbexy. Vari—
atiens of this methed includéd acylation éf the amine groeup by groups ether than
acetyl and us; of derivatives of the equally reactive cyaneacetic acid, It is

pessible, of course, te label eitherof the condensing pertiens,
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Using this methed, t.I'ypt.ophane—3—CuL has been synthesized by the cendensation

of gramine (3-indalyl-methyl-Clh—diméthjlamine)'ﬁith ethyl dcetamidomalonate (80):

. : CH(CO2ET:) s ( )
HCA CH,N(CHs) , NHCOCHs, ~H,C(CO_Et
g , SN - (CHg) 80, NHCOH
' NaOEt 1) NaeH
2) &
— CH,CHCOOH 3) HpS0,

LI"ypt,ophane—Z-Cll+ has been pr= zpared by condensatleé ef gramlne with ethyl acetamido-
cyaneacetate—Z—Clh (38). Lysing, ernithine and tyrosine, all:labeled_atvaZ, have |
been prepared from labeled ethyl acetamidocyan®acetaté (81). Condensation ef aceta-
midemalenic ester and ethyl bromoacetate-2-CL4 has been used t@,prcpére aspartic

acid—B-ClA (38)° Leucine—BeClA and leucing—h—Clh have been prepared‘via the scheme

shown belew (82): - (Let R equal (CHB)ZCH_)

H3Q\ ); ~ C%Oz CH; } B ) : y. B
I L X 0y ’ C . <
o CHMEBr ———> > SCHC QOH——:—-)RC, H,0H ————>RC"H Br
3 3 ' :
acetamidemaleonate
RC hz?HCOZH
NH,

CH3C 02H —_— CHBC CH3 ————9 CH3

'.II-—O'—".I‘

CH3 -f—————s.(CH3)QCWHBr-—-—) as abeve
Serine—B-ClA has been pr pared bj the candensatl@n of f@rmaldehyde—clz+ wnth ethyl
p—n1tr©benzam1d@mal@nate (83) and ethyl °cetam1d®mal@nate (21)

1 ' ! »
clh,0 + HG(CO2Bt ), ——— H0014H2?(c02Et)2 ———>  HOGL4H,CHCOOH
NHCOR ‘ “ NHCOR NH
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Hlstldlne—l—Clh h&o been prepared by the C@ndensatlen @f h—chler&methyl—
1m1da2®le w1th ethyl acetamldQCJan@ -C h-acetate (84). The synthe31s of the

acetamldgcyan@gcetape is eutlined:

Nacth oLy HoNO  clhy

_ 14
;e - | 7n Sl |
S
010H2002Et——f—————5 CH,C0,EL -——f———==ﬁcozmt T heg0 CHNHCOCH 5
" HON " COuEt

Methi@nine labeled with 013 and SBL ﬁas'be;n.prepared (85) by a methed which

centers abeut the condensation of lébeled benzyl;ﬁ—chleroethylsulfide with ethyl

sedigphthalihin@malenatca -Phenylalanine labeled in.the 1,3 and.5 pesitiens of

tﬁéﬂring~has"bcen prepared fr@mbpyruvic acid—Q—C;h. This cémp@und was cendensedl-
| ,3,5-CL4,

te give toluene which was cenverted te benzyl bremide-1,3,5~ Cendensation

of the;labeled beﬁzyl bromide with acetamidemalenic eétcr;gavg ring labeled:

phenylalanine'(Sé)r . |
| The Well-kn@wn Gabriél phthalimide synthesis has.been used te prepare'

gIYCihC“lf013 (53) frem isetepic potassium,cyanidéo‘

| . Ahether useful route to labeled amipo écids involyég'phq:ailact@nc‘synphesis.

Clh

Phanylalanine—l,2—Clh (86,87) has been prepared frem glycine-1,2- u81ng thls ,

methed
| Phenylalanlne labeled with carb@n—lh in the rlng and w1th carben—lB in the

alpha carb@n has been prepared using the azlactene synthe31s (88). A~summary of

the steps 1nvalved is glven here:
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KON 75 NaOH - 2) E,0
13 13 13, ; 13
c HBI 5—-—»- [ HyON ——— G H3002Na BrC H260 H
" ’ j/unm 6 5cc;c;l
c 6H5conﬂé3nchza
60, HCL

" séveral other ‘'amino’ a¢id sjnth‘ééé‘s are worth noting. Reductive animation - -
of” aflphé' ketoglutaric acid-él,zf-cf.lfl" {from condensation of diethyl oxalate-l,'Z-cll* “
a‘nd diethyl succinate) ylelded glutamic acid=1,2-C14(89)

Tfeétment.- of ketoornithine with isotopic sodium thiécyanate gives thio-
histidine which, upon oxidation with ferric sulfate., ylelds labeled histidine
| @" (4=-im1daz olyl-z-cu)-alaninej {90). '

| The hydantoin synthesis has. been used to ptrepare tyrosine-Bncu (91,92),
* tymsine»l-cu (93), valine-2-G13 (94) and carbaxyl labeled tyrptoghane (95).
The synthesis of tyrosmemz-cu is- detalled belows

| c*on | - cocl c"Ho
‘——-——»@ @

OMe
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JDﬁ—Tyrésine—?—Clh 92, -’Carbonyl;labeled p-anisaldehyde is prepared
frem O.éh_gram_ofllabeled p-anisic acidé& the R@serimund‘.Method°
On the basis of the known yield in this synthesis, the quantity
of aldéhyde can be calculated to be 0.42 gram (3.08 mmoles). Te
the éldeh§de; contained in a 14 by iOO mm héavy wall Pyrex igniti@n
tube, is added 0.55 gram (5.5 muéles) of hydantein, 0.7 ml of dry
diéﬁhylamine, and 1.2 ml of dry pifidine, The tube 'is s ealed and
héated 72 héurs’iq_steam{ It i opened, and‘tﬁe solvent is removed
“in véCuﬁm aﬁ r@@m.temperatureg then pumping is continued 1;5 heurs
at 100%°. The residue is stirrﬁd with three 2-ml portiens of hot
water;';ach ﬁéftian being remaved'byva filter stick befere the
additien®ef the next. The yellow residue of anisalhydantein
weighted 0.60 gram after drying at 90®, This is a yield of 93% _
baged on anisaldeh&de and is in ggrge@ent with values around 90%
feund iQ piiet experiments with pure anisaldehyde,

“Té £he anisalhydantéi?, 5till centained in the ignitien
tube, is added O.lé gram of red_pﬁmsph@rus and Z,Alml‘pf freshly
distilled hydreidic acid (d, 1.7). A celd fin e;n, made from a
) mi»c@nical centrifuge tube, is hung in the mouth eof the test
.thé, ana the mixture is“refiu;;&té-;@ﬁrs; 0;63 gram of iodine
is thén,%dded, and the mixture is refluxed 5.5 heurs lenger.

The Solution is filtered inte-a 30-ml flask and evaperated

to d?yn¢§s”under vacuum at reem temperaturé;' Te remove as much
.hydri@dic_gcid as p@ssible; the residue is disselved in 5 ml of
water and the evaperatien is repeated; the residue is'then:dis-

selved in 5 ml of water., A yellew turbidity is present, which
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increases with di;uti®n, Wate;‘is added until no furth§:wincrease
in turbidity eccurs (25 ml), and the selutien iSMEiérified by cen~-.
trifugatién. The.soluti@n is then adjusted te pH.5 with cencen-
trated ammenia, and a slight ppecipitate which appears is’rem@vcd
by filtratien. Thé filtrate is cvaperaﬁed_ih vacuum, and the
residue is heated 15 minutes at’lQOQ. The residue is washed with.
water ente a filter, where it is well Washed with water,vfoll®wed
by alcehol. The yield is 1?7‘mg (36% based on anisalhydantein).
Reperted analysis eof a specimgnvprepared in this way;(starting )
with inactive ?arium,éarbénate): ( o | |
Analysis° Calculated f9r CnglNOB:VC,‘S?,éé; H, 6;2; Ny 7.74.

Feund: C, 58.15; H, 6.01; N, 7.76
. 58.24; 6.15 7.66

An interesting synthesis ef glycine is the follewing (2):
L : : Lo HAS L %
2HCHO + KC*N + NH;Cl —————3 H,C = NCH,C'N_H28Q)  H N = CH, - C'N
A 2 2" "TEoR 2 2
| Ba(OH)2
' % H,S0, . H
HoNCH ™0 H ¢m22bh — (H NeCHC"0,) 5Ba
Twe greups of investigaters (96,97) have used the fellewing reaction scheme

fer the synthesis @f 1ysine—e-ClA:

KGN + CL(CH,) ;Br ——AC1(CHg)3ClhN _ CH(gngt)z; NC* - (CH,)g - CH(CO4E),

tONO

Hol - CTHp(CHp)3 - ?HCOOH — Ha . NC™ ¥ (CHp)g = C = COSEt

M, - -~ NOH

Methi@ninc;methyl—clh has been prepared by methylatien ef S-benzylhomecysteine

with methyl iedide~-Ci4 (11).
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Other Compoundé:—

Other compounds of'biologiCal'intérest ﬁavé recently béén bfepared'labeled with
isotopic carbbno. | -

In the field of drugs, labeled codeine (98), demerol (99) and methadon (100) have
been prepared,'06deiﬁe was labeled with carbon-l4 in the 3-methoxy group by treatment
of pure m&éﬁﬁine—N—oxide‘with‘methyl iodide—dlh iﬁ’the.presence of sodium. Demerol |
was prepéred by reductiﬁe aikylatidn of h-phenyl—h—carbethoxypipefidine with labeled

formaldehyde and formic acid. The flow sheet for the methadon synthesis is given here:

11*' [H] | . | Per 3 :Mg 3¢ R
: —_— — " —\ ” ..
CHB'C O,H = CH3COZEt - CHBC Ho0H - CHBC HZBRQ CHBC HZMgBr

| $H3' ' CgHs - CHyo : ‘ ?6H5-%;
(CH3),N - ? - CHZ_—q? - CN. | \(CHB)ZN - ? - CH, - € - f - ﬁ H,CHy
H CeHs H _
: ) | . . 06H5

Syntheses of phenobarbital-2-Ct4 (101) ahd chloretone (1,1,1-trichloro-2-methyl-cl4-
2-propanoi3 (38)Phave élso been reported. |

Two synthégéé of labeied‘choline are Lnownoi Treatment of B-dimethylaminoethanol
with methyl iodide—Clh'gave cﬁdline fodide (102), which was readily converted to
labeled choliﬁé chioride and acetyi'éholin'ebchloride° In andthér‘series of  experi-
ments (103); labéled acetylene was éonverted to éthyiene and that to ethylene bromo-
'hydrino Treatment of the bromohydrinuwith trihethylamine gave choline bromide, which
was easily acetylated to acetylcholine bromide.’ .
In the field of purines, adenine lgbeled with isotopic ‘carbon in the 4 and 6

positions has been prepared (104). The synthesis involves condensation of phenyl-

azomalononitrile, labéled in the cyano. group, with formamidine hydrochloride.

Bthyl Formimino Ether Hydrochkloride 1040 - A four~necked flask
~was equipped with a mercury-sealed stirrer, a sintered glass

gas-dispersion tube, a calcium chloride drying tube, and an inlet
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tube for the introduction of hydrogen cyanide. The flask.was ;
surrounded by a bath (alcohol—Dry Ice) kept at -10 to —20° A
mlxture of one pound of commercial anhydrous ether and 225 cec.
(3.86 moles) of absolute ethyl alcohol was‘placed in the flask;-
The.stirrer was set in motion and the generation of hydrogen '
cyanide from h moles of sodium cyanide uas begun. When approxifd
mately 3 5 moles of the hydrogen cyanlde was collected a v1gorous _
stream of anhydrous hydroven chloride was passed in and contlnuedh DI
lfor ten minutes after the first appearance of turbldlty (total - R
'time,'thirty to forty-five minutes). The mixture was then'allowedlﬁh
to warm overnight, withoutvstirring, during which time the bath
temperature reached 10°. The bath was cooled to--ZOo and the - A
solvent waS'renOVed througn’the gas dispersionltube“by suction._md;mu»fm~
The re81dual solld was washed with two one-half pound portions |
of ether, and th- ether removed as before.‘ The whlte crystalllneﬁy;:
product (285 g., 90m based on hydrogen cyandle, in an experl— o
‘where it was measured accurately) was drled belefly in air
and stored in a tig htly stoppered bottle° The compound slowly
Kloses weight on exposure to air.

Anal. Lalcd for CBH7ON HCL: €1, 32 L ;. , B N
' Found: C1, 38.9 - S i

Formamidine Hydrochloride, - Ethyl formimino ether hydrochloridef*’””

(17.0 g., 0.18 mole) and 35 cc. of commercial absolute ethanol

were placed in a dry Carius tube equipped-with an inlet tube i-ﬂHOidith :

reaching an inch below the surface of the ethanol.  The inlet - - CHOLERCES
tube was arranged so as to be easily detached. - The tube”was
immersed in a Dry Ice-bath and connected to an ammonia generator.

- The generator’consisted of a flask‘proyided with a condenser
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and an.inleﬁ tube for the intfoducﬁion of air. A drying tower
filled with pellets of:potassium_hYdroXide was3placgd'on top 6f .
 the condenser. ’Ammoniumvnitrate'(8.8 g;; O.ll msle édntéining
) éé.v25vatomvper'ceht; excesé N;S in_the‘ammonium gfoup) which
had been dried over calcium-chloridefwas dissolved in 5-10 C.C.
of water and decomposedicaréfully by the addition of 11 cc; of
- 12'N potassium hydroxide. 'A_briék éﬁream Qf'air was drawn.
through the apparatus into an aciq tr§p_containing 5%‘aéueous
boric écid ahd.methyl &ibiét‘indicétof.:'Fiftecn minutes'éfte;Av
t the-aadition of the'poﬁassiﬁmuhydroiide, a:wétef—bath was placed
around thé gencrating flask, the rate of air;sweep was decreased
somewhét-énd the ba£h>was warmed gfa&ually to boiling in twenty
minutes. Aftef the bath had boiled.fér'fifteen minutes, iﬁ.
was peﬁovéd'aﬁd the solution'was'boiled'ovér a direct flame for
fifteen minutes. ' Little br'no_ammonia'remainéd_in the genéraﬁof.
The bomb tube, with its inlet tube detached and included,
“. Was sealed and heated fér two hours at iOOO, during which time -
‘the tube was shaken occasiénally; VThe tpbé Was cooled, -opened
and any excess ammonia waS»éollected in the aqueous boric acid
trap by drawing a stream of dry air thnougﬁ the inlet tube for
" thirty minutes while the tube was surrounded by a bath at 55-60°,
Usually with this ratio of feactants'no-éxcess ammonia was col-
lected. 'Aﬁmonia which was not récqver5b1e varied frém 0 to 8%.
The ‘hot ethanolic solution was filtered (thé residue is 99% pﬁre

ammonium chloride), the alcohol was evaporated by means of a
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stream of dry air, and the residual- formamidine hydrochloride ;. :
was -dried in vacuo over phosphorus pentoxide and sulfuric acid.’ -

anal,. Caled, for CH H JHC1: .Cl, Lh.l.
%ound Cl, 43.8
(The analysis was carried out on material contalnlng no- excess. N 15 )

Treatment of h,6;diamino—S—fromamido-clh pyrimidine hydrochloride with 4~formyl-
morpholine has yielded édeniner8fClh-(lO5); o S S et

R

In the carbohydrate field, Sowden (30,31) has succeeded in-przparing.D-glucose-

l—Clh~and D—mannose-l—Clh

by .condensation of labeled nitromethane:with D-abrinose
and conversion of iheresulting'nitroalcohols’to the corresponding hexoses, Treatment
of L-xyloscne with hydrogen cyanide-Clh has yielded L—ascorbic;acidal—clhl(106)0

Biotin.(ureido-c;h) (107) has been prepared in the following manner:

H2N NH2 ‘ . ". : 0
I b

HC == CH . o Alhn : . c

0

| ,H g —> /'\

H.C -.¢C . o . o HN. 1.

2\ 7\ )

. a0, bi=(h) Co0H
S - :

Several .syntheses of-labelea-steroidsrhave recently been reported. Chain
labeling of steroids can be more-readily accémplished than- can ring-labeling, since
intermediates are more resadily prepared and, in general, fewer steps are required
to complete the synthesis, - : L : o
Progesterone.e-2l—Cll+ has been synthesized by alkylétion with di’me:thyl—Cll‘L cadmium
of 3-ke£o-Al+—etiocholenpy1 chloride-(108) and 3—acetoxy-A5—etiocholenoyl chloride
(109). 1In the latter case the resulting é}s—proenenef3701—2o~one—21—014 acetate was

converted to progesterone by an Oppenauer oxidation.. The general method:
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COC1

T
+ Ca(c),

V.
O/

»u?hT%ééﬁment of éndrostene-B,l7-dionéF3—enol with labeled methylmagnesium iodide
hdé‘béén used to prepare l?—méthyl—clh-testostqroﬁé in good‘yield (109).

Recent, synthéses of chloresterol by treatmént of 25-ketonorcholesterol with
mcthylmagnesium‘iodide followed by dehydration‘and hydrogena@ion (110,111) can
serve as a hodel’for the preparation of C-26 labeled chblespgrol. The synthesis
of cholesterol—-Zé—ClA by'fhis meﬁhod, using radioactive meﬁhylmagnesium ibdide,
has been achieved (112). | |

| Synthesié‘of ring labeled steroids presents a different‘problem.‘ Total syn-~
thesis of steroid has been éccomblishcd in a few cases (113;11&,115,116)_and in
yields which brecludé the use of.iabéled intermediaﬁes. However, opening of a ring
with the loss of a carbon atom and replacing the 1ost‘atom‘with avcarbon isotope
offérs an attractive way for ring labeling of steroids,

14

The synthesis of cholestenone—B—Clh and chélestenone-h-c has been achieved

by Tufner (117,118)° The reaction scheme follows:

CH3 C"\.O206Hs

NaH

\ 4

or.

C=9 O;'

QU— . . om—————
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Treatment of the enol acetate of cholestenone with lithium aluminum hydride gives
cholesterol in good yield (119) Qino labeled cholesterol has been orepared fron ring

labeled cholestenone in this manner (120)°
0 . ' L Ac0”

Turner has succeeded in labeling the A rinn of testosterone in the same manner

'4

(118, 121) Tecently, the syntheSis of progesterone and desoxycorticosterone

.labeled in either the 3 or 4 position (122) has been reoorted, The method employed
involves. ozonization of 3 keto-l&h—etiocholenic aCid to open ring A and give a keto
aCld similar to that obtained by Turner (117) The methyl ester of this ac1d lo then
treated with labeled ethyl bronoacetate in a Reformatsky r@actlon° Simultaneously,
intermediate products undergo cyclization and dehydration to give the starting un--
saturated ketone, The side chains are added by kﬁowﬂ methods,

Treatment of the lactone'derived‘from the ring A keto acid with labeled methyl—
magnesium lodide gives a h-labeled steroid_in good yields and is an easier reaction
to,carry out than is the condensation with labeled phenyl acetate used by Turner.
This method has been applisd to the synthesis of Cholestenone~h—ClA and‘testos—
terone—h—Clh_(l23)° A study of the various methods available for incorporation of
isotopic oarbon'into ring A of cholestenone has shown (124) that thejyields'from
“the phenyl acetate coﬁdensation,'the Reformatsky reaotion and the Grignard reaotion
were-h5,30 and 70% respectively (calculated from ring A keto acid).

Dehydroiscandrosterone-16-C13 acetate (125) has been prepared in the following

manner:
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020H3

CHZCOOH

1) Ac,0

2) 5001

0,CH, ag '
CHZC*HZCONﬁz‘*f"""

AcO-

Aczo
N
rd

Biosy 3ol '_ met T -

Mény compounds which cannot be efficient;y synthesized in thé labqratory can be
prepargd conveniently by biosynthesis involv%hg plants, animals or microorganisms.

The advantages of this methodyare obvious, since it puts a much larger vafigty
of complicateq labeled compounds within the reach of the invéstigator, The limitations
of this method lie mainly in the fact that itvmay be wasteful qf bfecious labeléd
intermediates,‘ This is especially true of animai feeding experiments, where the
labeled compound beiﬁgbfed may be metabolically utilized in a variety of ways. It
is not usuaily possibchto label any'épecific position by this ﬁethod, which may prove
a drawback in spmc‘experiments. The yields'of the desired radioactivé products may

often be small and the isolation methods'léng and laborious.
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It is hotﬁﬁfégoégd to enumefa£éfaii'the.lébeieahﬁ;;QSOliénproduéts wﬁich can
be formcd.froé~the feeding of radioaétivevéubétrates. Many of these ha;e been des--
cribed in a recent review (126).

L;beled glucose or fructpse can be prepared from carbon dioxideaclh using

Turkish tobacco leaves (127). Labeled sucrose has been obtained by photosynthesis

us:.nb the leaves of Canna indica (127) and by an ingenious cnzymlc synth551s (128)

'Wthh can ylcld sucrose labeled in elther the glucose: or fructose portlon

' enzyme ... -
e . sucrose h.

fructose- glucoée—l—fructosidc—c

enzyme

glucose-Clh—l—phOSphate + fructosé — glucose-C b

-1- fructos1dc

Sugars labeled with c1rbon—lh have also been svnth351zed photosynthetlcally
by barley seedlings and carbon lede‘—Clh (129)

The biosynthesis of starch~C- 13 by bﬂan lsaves using isotopic carbon dioxide
has been discussed (130). |

Labeled digitoxin and nicotine have also been biosynthesized by plants growing
“in én'atmosphere of rgdiogctivc carbén dioxide (131,132)°

‘Biosynthesis by miérdorganisms can yield various labeled fatty acis. ThﬁS;

clostridium acidi-urici incorporates carbon 1 into acetic acid during the fermen-
" ‘tation of uric'acid in an atmosphere of carbon dioxide-CH (133). ~ About’ half of

the original radioactivity is utilized. Clostridium thermoaceticum utilizes 80%

14

of carbon dioxide-C™" for agetié acid synthesis (134) and B. rettgeri converts iso-

topic carbon dioxide into acetic and butyric acids (135). Fermentation of ethanol

by clostridium kluyveri results in'inCOrporatidn of activit& into butyric and
hexanoic acids (136). The experimental details for several syntheses involving

the use of microorganisms have been described in "ISotopic Carbon" (137).
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BiésyntheSis utilizing animals may either be carried out with the intact
animal or with tissue of organ homogenates or slices.. In general, the latter method
is the more satisfactory.

Liver homogenatss incubated with glycine-1-Cl4 yield labeled glutathione (138)
and the transformation of labeled acetate to amino acids in the intact rat has been
observed (139). The metabolic conversion of many.labeled compounds, in intact
animals and by tissue slices ﬁas been studied extensively, but in most cases the
producﬁs are isolated only in cnougthuantity to identify. Often, if the biosyn-
thesized material is of sufficiently high specific activity it may be diluted with
inactive material and be used in further expériments, The degradation studies done

14

on labeled cholesterol which was synthesized from acetate-C™ by liver slices is a

case in point. (140).
. The biosynthesis of uric acidvlabéled with carbon-14 has been studied using the
pigeon és the experimental animal and with-several radioactive substrates (141).

- Using labeled amino acids (gl;ycines*-l—-cuL and alanincfl-Clh) radioactive silk
has been prepared biosynthetically'(lh25 and labeled bufagin (143) has been ob-

tained from toads fed algae which had been exposed to isotépic carbon dioxide.



(1

(2)
(3)
(4)
(5)

(6)

(7)

(&)

(9)

(10)

(11)

C(12)

- (13)

(14)

(15)

(16)

(17)
(18)

(19)

(20)
(21)
(22)
(23)
(24)
(25)

Sc

79— UCRL-1866

REFERENCES
D, Cramer and G, B, Kistiakowsky, J. Biol. Chem. 137, 5&7?(19&1)
B, Loftfield, Nucleonics 1, No. 3, 54 (1947)
A. Box, Experientia.7, 258 (1951).
W. Adamson, J. Am. Chem. Soc., 69, 2564 (1947)

Abrams, Ibid., 71, 3835 (1949)

‘Belleau and R. D, H, Heard, Ibid., 72, 4268 (1950) -

A. McCarter, Ibid., 73, 483 (1951)

‘H. Zbarsky and J. Fischer, Can. J. Res. B27, 81 (1949)

M, Tolbert, J. Am. Chem. Soc., 69, 1529 (1947)

‘Harman, T. D, Stewart and 5. Ruben, Ibid., 64, 2293 (1942).

Melville, J. Rachele and E, Keller, J. Biol. Chem., 169, 419 (1947)
F. Nystrom, W, H. Yanko and W. G, Brown, J. Am, Chem. Soc., ZQ, 411 (1948).

D. Cox and R. J. Warne, Nature 165, 563 (1950)

'D. Cox, H. 3. Turner and R. J. Warne, J. Chem. Soc., 1950, 3167

D, Cox and R. J. Warne, Ibid., 1951, 1896

Gurin, Symposium on Uses of Isotopes in Biological Research, University of

Chicago, March 1947,

Jo
A,

M,

G, Burr, W. G. Brown and H. E. Heller, J. Am. Chem, Soc., 72, 2560 (1950).
Murray and A, R. Ronzio, AECU 834.

Calvin, C, Heidelberger, J. C. Reid, B. M. Tolbert and P. E. Yankwich -

"Isotopic Carbon," John Wiley and Sons, Inc., New York, 1949, p. 166.

Ce

AD
AQ

M,

Heidelberger, J, Biol, Chem., 179, 130 (1949)

Elwyn and D, B. Sprinsoﬁ, Ibid,, 184, héS (1950)

R. V. Arnstein, Nature 16L, 361 (1949)

R. Jones and W. J. Skraba, Science 110, 332 (1949)

Murray and A, R. Ronzio, J. Am., Chem. Soc., 71, 2245 (1949).

Calvin, et.al., "Isotopic Carbon,"‘p° 157



-80- : . UCRL -1866

-

ﬂ(éé) J. L. Hﬁston #nd T. H. Norris,AJ. Am. Chea. Soc.,.zg, 1968.(19h8) v
(27){ S.‘Wéihhbuée;llbid;; 19; Laé‘(léhs) '

(28) J. T. Kuﬁmer, Ibid., §2,¢é239 (1948)

(29) 8. V. S;Huching aqd F. w.‘Barpgs, Ibid,, 72, 3817 (1950)

(30) '/ J..C. Sowden, Science ;92, 229 (1949)

(31) J. C.AS§Qd§§,lJ, Biol. Chem., 180, 55 (1949)

(32) W. H. Beamer, J. Am. Chem. S0c., zg; 3900 (1948)

(33) M. Calvin, et.al., "Isotopic Carbon," pp. 151-171.

(34) W. G. Dauben, J. C. Reid and P,'E,'Yénkyich, Anal. Chem.,'lz,v828 (1947)
(35) M. Calvin,vggnil., "Isotopic Carbon," p, 178

(36) B. M, Tolb;nt, P. T.-Adamé‘éﬁd’ﬁ. M..Nollér,rﬁnbublishcd)dataf

wﬂj(37)~ M. Calvin, et.al., "Isotopic Carbon,™" p. 180 ff.,

(38) C. E. Crompton énd N. H. Woodruff, Nucleonics Z; No. 3, 49 (l§56)_.'
(39) R. Glascock and W.‘J. Arrol, Nature 163, 61 (1949)

(L0) A, Murray, W.IW. Fo;emah'and W. Langham;va A@. Chém. Soc.,.zg; 1037 (1948)
(41). M, Caivin et.al., "Isotopic Carbon," p. 183 |

‘ (k2) ¢. J. Colligs; 3. Am. Ghem. Soc., 70, 2418>(1948)

4 (43) C. Huggett, R. T. Arnold and T, I. Taylor, Ibid.,. 6L, 3043 (1942)



- (bhb)
(45)
(L6)
(47)

(48)

(49)
(50)
(51)
(52)

(53)
(54)
(55)
(56)
(57)
(58)
(59)
(60)
(61)
(62)
(63)

(6)
(65)

(66)

(67)
(68)

(69)

81~ UCRL-1866

. Calvin; et.al., "Isotopic.Carbon," p. 191

BE.. Nllcos, C. Heidelberger and V. R. Potter, J. Am,:Chem..Soc., 72, 5019 (1950)
I, Crandall and S. Gurin, J. Biol, Chem., lﬁl, £29 (1949)

. Dauben, J. Am. Chem. Soc., 70, 1376 (1948)

. I. Crandall, 4. Brady and 9, Gu“lﬂ, J. Jlol Chvm., lﬁ; 345 (19A7)

Lorber, I, Cook and J. Nﬁynr, Ibld., 181 475 {(1349)
F, sttrbm,’w. H, Yanko and B. G.:Erown, J. Am. Chem. Socj, zg,.A4¥_(19h8).
4. Fries and M. Calvin, J. Am. uhwn. uoc., zg 2235 (1948)

T. A&dams, R..E, 3elff and B, M, lolaﬁrt "“yd%ovcnatﬂon of rattv Acids.
Alcohols," Unlvefoltv of California Ra jlltlon Laoor to"'v Report leOO (1951)

M. Tolbert, J 3101 Chem,, 173, 205 (1948)

M. Hess, J, Am. thm. Soc., 73, 4038'(1951)

3. Anke} J. Biol. bnem., 166 219, (lahé)

sakami,'wgia‘ Evans and S. Gurin, J. Am. Lhem.»ooc., 69, 1110 (1947)

A. Ropp, Ibid., 72, 4459 (1950)

M. Gal and A, T. Shulgin, 'J. Am. bhem, uoc., 73, 2938 (1951)

Calvin, et al., "I sotopic Carbon," 0, 209

D. dagner, D. P. Stevenson and Je W Otvos, J. Am. Chem. Soc., 72 5786 (1950)

J. Arrol and R. UImocock Nwtule 159, 810 (1947)

. J,-Arrdl and i, ulascock, J. Chem. uoc., l?h8, lSBh.

J. Arrol and R. Glascock, Nature 161, 932 (1948)
A. Fries and M. Calvin, J. am. Chem, Soc., 70, 2235 (1948)

3. Rieger and L. W. Biue, J. Org. Chem.'l_b,_, 505 (1949)

'M; Hug hes and J. C, Reid, ’Ibid.,:lh, 516:(19A9)

Fields, M A Led;fer and J, Rohan, oClence 109,. 35 (l9h9)

. B, Powell and B. M, LOlePt unpubllohwd data.

V. Grosse and b,:wp;nhouse,'oc1ence.;9£, 402 (1946)



(70)

(71)

(72)

(73)
(74)

(75)'
(76)-

(77)
(78)
(79)

(80)

(81)
(82)

(83)

(eL)
(85) .

(86)

(@7).

(88)
(89)
(90)

Ho

_82- | UCRI -1866

_Heidelberger, P. Brewsr and W. G..Dauben, J. 4m. Chem, Soc., 69, 1389 (1947)

G. Dauben, J. Org. Chem., 13, 313 (1948)

'E. Ray and C. R. Gciser, Science 192; 200 (1949)

T. Arnold, UCRL 451

Hauptmann, private communication.

osﬁw51d,”d.'Bioi Chem., 173, 207‘(l9h8)

Gurin and D, W. Wilson, Fed. Proc. l 114 (l9h2)

Shemin, J. Biol. Chem., 162, 297 (1946;

Baddiley,-(}° Ehrensvard and H. Nlloon, Ibld., 178, 399 (19h9)

5. Anker, Ibid., 176, 1333 (1948)

éeidcib-rg@r;'1bid.,179,'139'(19@9)

Fields, D. E. Walz and S. Hothchild, J. im. Chem. Soc., 73 1000 (1951)
J. Coon and 3. Gurin, J. Biol. bhem., 180, 1159 (19&9)

R. V. Arnsteln, Nature 164, 361 (1949)

“P. Bouthillier and 4. D'Iorio, Rev. Can. Biol., 9, 382 (1950)

W. Kilmer and‘V. duVigneaud, J. Biol. Chem., 154, 247 (1943)

Schepartz and 5. Gurin, Ibid., 180, 663 (1949)

“Gurin and A. M. Delluva, Ibid., 170, 545 (1947)

B. Lerner, Ibid., 181, 281 (1949)
Kogl, J., Halberstadt and T. Barendregt, Rec. trav. chim., 67, 387 (1949)

-Barsook, C. L. Deasy, A. J. Haagen-Omit, G. Keighley and P. H. Lowy, Ibid,

T 176, 1383 (1948)

(91)
(92)
+ (93)
(94)
(95)

J,o'

Je
R,

J.

C. Reid, Science 105, 208 (1947)

C. Reid and H. B. Jones, J. Biol. Chem., 174, 427 (1948)
B. Loftfield, J. Am. Chem. Soc., 72, 2499 (1950)
Anatol, Compt. rend. 230, 1471 (1950) :

W. Bond, J. Biol. Chem., 175, 531 (1948)



(96)
(97)
(98)
(99)

(100)

(101)

(102)

(103)

(10%)
(105)

(106)
(107)

(108)
(109)
(110)

(111)

(112)"

(113)
(114)
(115)
(116)

(117)
(118)

H,

-83- ' UCRL-1866

Barsook, C. L. Deasy, A. J. Haagen-Smit, G. Keighley and P. H. Lowy,  Ibid.,

176, 1383 (1948)

P.

Olynyk, D. B. Camp, A. M. Grlfflth, S Wblslow°k1 and R, W. Helkamp, J. Org.

Chem., 13, 465, (1948)

F.

N. H. Chang, J. F. Oneto, P. P. T. Sah, B, lM. Tolbert and H. Rapoport, Ibid.,

15, 634 (1950)

W

12,

BG

Tarpey, H. Hauptmann, B. M. Tolbert and H. Rapoport, J. Am, Chem. Soc.,
5126 (1950) S

M. Tolbert, F. Christenson, F. N. H. Chang and P. P. T, Sah, J. Org. Chem,

14, 525 (1949)

‘A,

D.

Murray and A. R. Ron21o, ALLU 86.
Chrlstenoon and B, M. folbcrt UCRL 396

1

L. Walz, . Pields and J. A, Glbbg, Jo Am, Chem. Soc., 73, 2968 (1951).

F. Lavallerl, J. F, ;1nker and A. Bendlch Ibld., 71, 533 (1949)

M. Clark and H. M. Kalckar, J. Chem, ooc., 1950 1029

L. Burns and C. G. Alng, Science lll 257 (1950)

B. Melville, J. G. Plcrce and C W H. Partridge, J. Biol. Chem., 180,

299 (1949).

: W'o

W

GQ

R.
Je.

],

Riegel and T. 5. Prout, J. Org. Chem., 13, 933 (1948).
B, MacPhillamy and C. R, Scholz, J. Biol. Chem., 178, 37 (1949).
X. Ryer, W, H. Gebert and N. H. Murrill, J. Am. Chem. Soc., 72, L247 (1950).

G. Dauben and H. L. Bradlow, Ibid., 72, 4248 (1950).

- G. Dauben and H, L, Bradlow, private communication,

E. Bachmann, W.. Cole and A, L, Wilds, J. Am. Chem., Soc., 61, 974 (1939).

3, Johnson, J. W. Petersen and C. D. Gutsche, Ibid., 67, 2274 (1945).
Anner and h. ﬂelscher, Axperlentld h, 25 (l9h8)

B. Noodward F. oonderhelmmr, D, Taub, K. Leusler and W. M, NcLamore,
Am. Chem. Soc. 73, 2043 (1951). o : ' ,

B. Turner, Ibid., 69, 726 (1947).

B. Turner, Ibid., 72, 579 (1950).



e UCRL -1866

(119) W. G. Dauben and J. F. Eastham, Ibid., 72, 2305 (1950).

(120) W. G, Dauben and J. F. Eastham, private communication.,

(121) R. B. Turner, Science 104, 248 (1947).

(122) _RQ D. H. Heard and P, Ziegler, J. Am. Chem. Soc., 72, 4328 (1950)

(123) G. Fujimoto, Ibid., 73, 1856 (1951). | o

(124) R. D. H. Heard and P. Ziegler, Ibid., 73, 4036 (1951).

(125) E. B. Hershberg, E. Schwenk and E. Stahl, Arch. Biochem. 19, 300 (1948).
(126) N, H. Woodruff and E. E. Fowler, Nucleonics 7, No. 2, 26 (1950).- |

(127) E. W. Putman, W. Z. Hassid, G. Krotkov and H. A. Barker, J. Biol. Chem., -
173, 785 (1948). . .

(128) N. Wolochol, E. W. Putman, M. Duedoroff, W. Z. Hassid and H. A. Barker, Ibid., |
180, 1237 (1949). - |

(129) S. Aranoff, H. A. Barker and M. Calvin, Ibid., 169, 459 (1947).
(130) L. G. Livingston and G. Medes, J. Gen. Physiol. 31, 75 (1947).
(131) E,M.K,Gﬁlhgede,E.Kﬁmm%]%d.Pmm.g,ym,(l%ﬁ%

(132) -E. M. K, Geiling, F. E. Kelsey, B. J. McIntosh and A. Canz, Science 108,
- 558, (1948)

‘(1335. H. A. Bafkcr, S. Ruﬁcn and J. V. Beck, Prdc. Nat} Acad. Sci., 26, 477 (19uo).
(134) H. A. Barkcr and M. D. Kamcn, Ibid., 31, 219, (1945).

(135) H. A, Barker, M. D. Kamen and V. Haas, Ibld., 31 355 (1945)

(136) H. A. Barker, M. D, Kamen and B. T, Bornsteln, Ibld., 31, 373 (l9h5)

(137) M. Calvin, et.al., "Isotoplc Carbon," p. 272 ff,

(138) K. Block, J. Biol, Chem., 179, 1245 (19u9)

(139) D. M. Greenbert and T. Winnick, Arch. ‘Biochem. 21, 166 (1949).

(140) H. N. Little and K. Bloch, J. Biol Chem., 183, 33 (1950).

(141) J. L. Karlsson and H. A _Barker, Ibid., 177, 597 (l9h9)

(142) C. Zameenik, R. B. Loftflcld M. L. Stephenson and C. M. Wllllams, 801vncc
109, 624, (19h9)

* - (143) J. Doull, K. P. DuBois and E. M. K. Geiling, Fed. Proc. 8, 286 (1949).



-85- UCRI~1866

~ HYDROGEN

There are three general ways in which a hydrogen labél'may be introduced into .
a compound: direct addition to an unsaturated linkage, replaccment of ‘hydrogen -
atoms already present or replacement of other atoms by heavy hydrogen.'.Syntheses
involving all these methods will be discussed. Most of the literature covering the
use.of heavy hydrogen describes uses of deutarium because, until recently, this
isotope alone was available; however, it‘mustbbc understood that'deutcrium'and
tritium are interchangeable, ’ : -

Hydroc nation of Double Bonds With Isotopic Hydrogen:—

There are many exampleo of the hydrogcnatlon of couble bonds using heavy hydroge
Schoenheimer and Rittenberg,partially hydrogenated linseed o0il in the presence of
palladium (1); the iodine number of the oil was reduced from 170 to 79.5 and 5.74.
atom percent of deuterium introduced., The syntheses of several deuterium labeled
acids, prepared by hydrogenation, has been described by Bloch and Rittenberg (2,3).

The prepa“atlon of methyl d —ll 12-1lithocholate by hydrogenatlon of methyl 3a-~acetoxy-

ﬁll-cholﬂnatﬁ w1th dcuterlum gas is descrlbed hcre (4)s.

11

Methyl d ll 12—L1thocholite4°— Methyl 3a-acetoxyh5 —cholenate

L3

was reducmd w1th 95 per. cent deuterlum gas in lO gm. oortlons
by use of 2 gm. of Pt02°H O 1n 125 ml. of acetic a01d—d The solution

was decanted from the catalyst and flltered qulckly, the same
catalyst was us=d to roduce about 150 gm. of productn The acetic
acid—d wds dist;lled_in a closed systeﬁ under dimiﬁished pressure
and was dsed rebeacediyoz The éccuﬁulation of dtmospheric Qater
in repeated cransfers; %iltfationo, etc,; andvthe use of 95 per

cenit deuterium gas account for the incorporation of less than the

. calculated amount of deuterium. When rigid precautions are taken
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to climinate these dilutions, the incorporatioﬁ of the isotope is
usually slightly in excess of theory° Tﬁé ﬁethyl acetoxy-d,-11,
iZ—lifhochloate was saponified with N' NaOH under a reflux for

1 hour, and the acid was esterified with methanol in the presence

of H Qoh at foom temperature, The product.containcd L.03 atoms
per cent excess deuterium (1.69 atoms of deuterium per mqle).

Tritium lébeled hexesterol has been obtained by the hydrogeﬁation of 2,3-di-(4-

hydroxyphenyl)-2,4-hexadiene (dicmestroi) wiﬁh tritium gas over palladium (5).

The reduction of an Unsafurated acetal with hsavy hydrogen provides a way of
&bt#inihg a labeled aldehyde, which'may be utilized in subsequent reactions. Leucine-
p,yha.and valine-p,yhd have been prepared fromviéopcntenél diethyl acetal and iso-
butenal diethyl acetal respectively by the ssries of reactions outlined below (6):

D H20

\ L A 2 F e o _2 N
7 (CHB)ZC = L(OEt)2 _+__> (CH3)2 CH -CH"( OBt)2 7t
. N . .. : KCN ..
" w
(CHB)Z—CH ~CH5>~CHO ———-———ANH (cH )‘2 CH* CH - {H-COOH
Y NH,

Reductive amination of kéto acids, using deuterium, has been used to prepare glutﬁmic
acid—a B -d (7) and deuterioalanine (2).

It has recently been shown (8) that in hydrogenatlons with isotopic hydrogen,
the equilibrium

———e
H2 f AcOT p— ‘HT + AcOH

plays a.very important part;° The acetic acid medium acts as an isotopic buffer, the
carboxyl isotopic concentration of which determines, to a large extent, the isotopic

ratlo of the hydrogen atoms belng 1ncorporuted into the compound belng hydro"cnatcd

A11

The reaction studied was the hydrogenatlon of methyl 3a-acetoxy- -cholcnate, using

v

deuterium and tritium. In this connectlon, 1t is 1nterest1ng to note that in the
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reductive amination of q—ketoglutaric’acid (7), the restilting glutamic acid contained
a much gréaier amount of deuterium when déuterium gas was used than when deuterium
oxide was used,

Tritium containing methanol has Been prepared by the hydrogenolysis of methyl
formate ovér a copper oxide—chromiumloxide cataljst (9)» The tritium labeled methanol
was converted to labeled mcthyl 1od1de by treatment with hydrogen iodide.

Rcolacement of Hydrogen Atoms by Isotqplc Hydrogen -

'Thc hydrogen exchange reactlon is the most popular method fér the introduction
of hwavy hydrogen into an organic molecule., The advantage of this reaction liFé in
the fact that many comolex conmounds may be readily 1ao¢led without resort to a scheme
of total synthes:.so |
o Aromatic compounds will exchange ring hydrogens when treated with aluminum
‘chloride and deutsrium chloride (10), When phenol is treated with anhydrous deuterium
chloride at>slight1y elevated temperatures exchange takes place in the 2,4 and 6 posi-
tions in the ring as well as in the hydroxyl g:f'oup_(ll)o Addition of heavy water to
the thionyl chloride givcs‘deuterium chloride readily°‘

In the presence of 80-90% deuterium sulfate many substances will readily undergo
hjdfogen eichange° This method has been used to.prepare deuterobenzene (12), deutero-
phenylalanine (13), deuteroalanine (14,15) and deuteroleucine (14,15). Tritium
labeled phenylalaniné (16) has‘also.been prepared in this way. Heavy sulfuric acid is
made by treating sulfur trioxide with deuterium (12) or tritium oxide (16). Several
fatty acids have been labeled using concentrated deuterium sulfate (17). One such
preparation is described here:

Exchange of Deuterium between Palmitic Acid and D2§QA—E7°-

Concentrated DZSOA’ 100 percent with respect to sulfuric acid,

and contalning 95 atom per cent of deuterium was prepared by
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dissolving 1 mole of SOé in 1 mole.of 95 per cent DZO‘ 1 gm. of
palmitic acid and 1.85 gm. of the 100 per.centszSOh were weighedi
into_a tést tube, and 0.186‘00. of‘95 per cent D2O added ﬁp bfing
the sulfuric acid concentration to 90 per cent. The neck of the
tube was drawn to a long capillafy and the tube placed in ﬁn oven
at 98-100° for 50 hours. The tube was opened and the dark amber
contents precipitated with water, and extfactcd with ether, ‘Thc
'cthqreal solution was ;xtracted with alcoholic KOH, and the alkaline:
solution acidified with dilute‘stOA and extracted again with ether.
By thiS-proceSS‘the iabile deuterium of the carboxyl grbup waé égmﬁ
pletely replaced by ordinary hydrogan After removal of thé well
dried ether the acid was recrystéllized frsm aqucoué acetdne, yielding
913 mg. of palmitic acid, m.p. 62;50,'containing h.323étom_pe; cent
of deuterium. Assuming that D and H atoms have the same affinity for
the carbon atoms, this corrssponds to an.gxchangc of 1.38 H atoms per
molecule, - | |
Similar tests on 1 gm. quantities of palmitic écid_with 95 and -
98 per cent D50, gave 764 and 593 mg. of acid containiﬁg 5.0k and 4.62
atom per denﬁ of deuterium respectively (corrésponding to 1.79 and 1.48
atoms of deuterium per moleéule); An experiment with 90 per cgnt DZSOL
at‘lBOo yielded 933 mg. of palmitic acid containing 4.6 atom per ccht of
deuterium (1.47 atoms of deuterium per molccuie).
‘The isotopic hydrogen enters the fatty acidsvin the alpha position under these
conditions. Milder conditions, such as use of dilﬁte acid with heavy water, also give
exchange. Labeled glycine (15), proline (15), cystine (15,18), tyrosine (15), glutamic

acid (15) arginine (18) and lysine (18) have all been p.repared by this method.
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Enolizable hydrogen atoms of. ketones can be replaced by treatment with alkali
and heavy -water.- In this way Ahecholcstenone was prepared by refluxingvé solution of
A5—cholcstenone-in alcoholic sodium h&droxidc containing D50 (lé.)° The cholestenone
thus obtained contained 4.75 atom per cent excess d euterium. Recrystallization of
this compound from a medium: containing a minute amount of base yielded a.pure product
which contained only 0.19 atom per cent excess deuterium. The foregoing demonstrates
the need of equilibration of hydrogen labeled compounds prior to use. It is generally
accepted that the heayy_ﬁydrogenrremaining after reflux of a labeled compound with
base may be regarded as being stéblybound°

Heating,of a -compound with heavy water and a suitable catalyst will give exten-
sive exchange: in many cases, -Thué, fatty acids treated with alkaline DéO and platinum
at 130o will take up considerable deuterium. - Labaled isocaproic acid has been ob-
tained in this manner (20). Deuterobenzene has been prepared by passing the vapors
of benzene and deuterium oxide over a.nickel'catalyst (21).

.‘ Deuterium labeled cholesterol has been prepared by heating cholesterol with heavy

water, acetic acid and active platinum at 125° for four days (22). Selenium was found
to give slow cxchahge and platinum alqnc; none.,

Deutero cholesterol <2, - One and one quarter gm, of platinum oxide

suspended in a mixture of 40 ml. of deuterio acetic acid (containing
60 atom per .cent D) and 13 ml. of 99 per cent D20 were reduced with
' ordinaryfhydrogen; the excess hydrogen was replaced by nitrogen and
12,5 gm. of cholesterol were added to the mixture. The reaction
.flask was.evacuated, sealed and shaken for three days in an.oven at
- 127°, The solvent was distilled off in vacuoj; the residue, which
contained appreciable amounts of .cholesteryl acetate, was taken up in

© _ ether, filtered, evaporated, and treated with 400 ml. of 95 per cent-
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ethanol containing & gm. of potassium hydroxide for A4 days at room
tcmpératﬁreo The alcoholic solution was chilled, the crystals were
filtered off, and a second crop was obtained by qoncgntrating the
filtrateo_ A third crop was secured from the mother li@uor by dilu-
tion with water and extraction with,ether° The combined crude sterol
fractions (7.5 gm.), after several recrystallizations from acetone,
yielded 4.9 gm. of cholesterol, m.p. 148° cofrec@cd,[ﬁ}%é = -390

(2 per cent in chloroform), The deuterium concentration was 4,16
atom per cent in excess,

Csing the identical technique with tritium oxide, tritium labeled cholesterocl

has been mrepered (22).

-

Ln o recent study of the deuteration of stercids (24) it was found thai although

the upiake in-

teok up apmracisble amcunts of the isclope

ks : : NN L Y SUNRIS S Iz -y 43 s 1=rdd -1
creased with more kelo groups rer molecule pnd wiln increasing uwnssiluwration. Iydrexy-

stercids wiCersent Johydralion and hydrogenolysls, bul Uiese effects could be reduced
Yy ceylation rricr to onchange. Verying tempercture, cotalyst and substrate in the
deuteraticn of 4—&nﬁrosten0»3,l7»dionc showed that 1itile exchange took place below

-

100°, nost in dilute sclution, The label in deubeorsiod chelesterel was found to be
s ;

o4, 1Y

L8k in the vicinity of the  -=3 hydroyl sysiem and 54% in the isorronyl group of the
. o o Gd Ty J .

A oreeccss fov the improved mreparcilon of deuterated compounds has recently been
Thiz wrocess is based uvcn careful rectification of the mixtures
resulting from cuclionge reactions. Preparation of CHBOD and CDBCCOD is described,
ag 15 the necessary ccuipment,

-

Leplacement of cther atons wilth 1s Lydroge

The intrcduction of isolopic hydrogen into 2 compound by replacement of another

element has beeci: uged in some cases to oblain labeled ccmpounds. Deuterobenzene has
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been prepared by the decarbuxylation of calcium mellitate in the presence of
Ca (OD), (26),,

Ga0 + D,0 —————= Ca{0D),

G4 (C05)¢Ca + 3Ca(0D), —_— . G¢b, + 6CaCO,

Various labeled alkanes, among them methane-d, propane-l-d, n~butane-1-d and
isobutane-2-d (27,28) and toluene-d {29} have been prepared by treating the approp-
riate Grignafd'reageﬁts with either déﬁierium oxids or deuterium sulfate._

. Decomposition of an aromgtic:diazonium salt using hypophosphorus acid in the
Presence of deuteriumnaxide {30) has been used to introduce deuterium into the
benzené nucleus. Benzene-d énd‘mpdeuterenitrobgnzene have been prepared in this
manner., |
“ " Elegant methods for intrcducing one or two atoms of isotopic hydrogen into a
single, known position in the steroid nucleus have been reported recently (31)e In
7L%£%jéase,‘7mbromocholestery1 benzoate was treated with ®Jeuterized® Banéy nickel t§
give cholesteryl-7-d benzoateo Treatment of the bramide with deuterium and 5% pal—
" ladium on charcoal also yielded cholesterylm7=d benzoateo

Edeuterized™

Raney Nickel

Reduction of 7-ketocholesterol acetate ethylene mercaptol with "deuterized” Raney'

nickel permits introduction of two atoms of deuterium into the 7 position.




121« The Raney nickel catalyst (W=4)

"Deuterizad" Raney Nicke
was prexcred by the method of Pavlic and Adkins E?avlic and Akkinég
J. Am. Chem, 5o, 68, 1471 (1946);} and was found o contain about
'165 cc. of hydrogen per cc. of catalyst (equivalent to about 0.7 g.
of dry nickel). To 100 cc. of Raney nickel catalyst,(under ethanol)
" was added 800 cc. of methyleyclohexane, The aleohol and any water

‘ Tpresent vere removed by aszeotropic distillation with methyleyclo-
hexane at 70° (bath tempersture) at 20 cme To the dry catalyst

was adéedl13¢5 ces of deuterium.oxide‘(99;9 per cent.) and 1 liter
‘of éry methyléyclohexaneo- The mixture was shaken well and warmed
for fifteen minutes. The equilibratad deuterium oxide was remo?ed
by azeotropic dis#illétibn'withvmethylcyclohexane@ This equili-
tration was ropéated five times with volumes of 13.5, 12.5 12,

- 12 and 11.5 cc. of deuterium oxide., The water from the last equili-

bration centained 88.5% deuterium oxide. - Dry methyleyclohexane was
“added st each squilibration to replace the amount distilled. After
the equilibration was complete, the "deuterized™ Raney nickel was

 ghaken with deuberium gas (95%).

' '-d.-lCho-

Raney Nigkel &
Raney hickel was 'added 2.00 go of 7—bromocholesterol benzoate in 250 cc.
of dry ethyl acetate. The mixture was shaken with deuterium (95%)

under atmospheric preséure for one houfo The catalyst was removed

by decantation and filtration with the aid of Celite. Because a
considerablé amount of the product remained adsorbed on the nickel,

if waS'necéssary'to wash the catalyét several times with ethyl acetate

to insure a quantitative recovery. The solvent was evaporated, and
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"{he'residue wis hydrolyzed with 50 cc. oflbenzene, 125 cc,Aof

~mzthanol and a solution of 5 g. of potassium hydroxide in‘5 cc of water,
After refluxing one hour the solvents were removed in vacuo, water wés
added- and the residue extracted with ether. The ether solution was
washed with water, dried over sodium sulfate and evéporated to dry-
ness, The semi—crystaliine residue, 1.68 g., was chromatographed on

- 30 g. of alumina.  The column was developed with.ligroin (b.p. 300), '
‘benzene: ligroin (1l:1), benzene and mixtures of ether and benzene, and
-mixtures of methanol and ether. From the benzene and bengene-ether (3:1)
gluates was obtained 960 mg. of crude 7-d-cholesterol, which ypon rechryé—
tallization frgmuqcetone gave 592 mg. ofupt.lrc-,?‘—d-_-cholesterol,Lm.,p° 148~
149°; (é]%E_ -40.5° + 2° (11.36 mg. in 2;06 ml. of chloroform);»the m.p.
of the admixture with undeuterated cholesterol was not depressed., From

© the mother liguor was obtained 250 mg. of 7~d-cholesterol with m.p. lh7.5;
1&8;50, giviﬁg a total of 8Ah.mg, (63%) of 7—d—cholesterol; Infrared
analysis of these samples revealed the présence of the characteristic

- absorption at ZiQQ cm,_l associated with the C—D‘bdnd¢ Juantitative

: analysis with the mass spectrometer indicated.that‘the 7—d—choiesterol
contained 1.55 atom per cent. excess deuterium, corresponding-to 0,71
atom deuterium per molecule,

Other Methods:-

Another method of preparing labeled compounds involved synthesis with labeled
intermediates, . The intermediates may be labeled by any one of the methods described
above.  The decarbcxylation of labeled malonic acid, prepared by exchange with heavy

water, yields methyl.labeled acetic acid (32) which can be used for further synthetic
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" work., Methionine, labeled in the methyl group, has been prepared by the following
reaction sequence (33):

homocysteine
D 2

’ ' D 30 P . 3
— HI 3

— (liq,)—> CH§SCH2CH2('3HCOOH

3 | NH.»

Deutéfoacctylene, prepared by treating calcium arbide with deuterium oxide,
has been polymerized to give dcuterobeﬁzene (3&);'mény othér syntheses with this
useful intermediate suggeét themselves, Deuteroacetylene has been converted to
deutcroacctaidehﬁdé (2).

An intereéﬁing synthesis of deuterocitric acid involviﬁg the éxidation of
oxalcitfomélié lactone with deuteriumn peroxide in'the_§rescnce of deuterium oxide

has bceﬁ:feportéd (35):

COH Co H
| 2 D70, . 2
S N
0= CTCO—C}IZ—_C—CHZ—COOH — Hooc-CHZ-Ic-CDZ-cooH
-0~ OH

Deuterium Peroxide (35):-

A solution of eight gm. of phosphorus pentoxide in 6 cc. of deuteérium oxide was
heated for a short‘timé, then cooled in an ice-salt mixture. Sodium peroxide was
addéd,'wiﬂh stir?ing, to a pH of 7;6 and the solution acidified with 2 cc. of phos-
‘phéric acid—d‘; Vacuum distillaiion yieldcd'3.8 cc. of 29% deuterium peroxide.

3
Optical Activity due to Isotopic Hydrogen:-

In connebtion with the’introduction of hydrogen isotopes into various molecules,
itvis'intcrsting'to note that deuterated compounds'may'be optically active where their
hydrogen aﬁalogs arc'ﬁpto
Alexander and Pinkus (36) reduced active trans 2-menthene with deuterium'and

e
i

obtained active 2,3-dideutero-trans-menthane:

X




-95- UCRI-1866

" An even mofe'striking example is the preparation of optically active afdeutgro—
ethylbenzene (37). The reduction of (-)qz—chloroethylbenzene ([éJZS -49.2°) with
lithium aluminum deuteride- llthlum deuterlde in t‘trahydrofuran gave an 80% ylcld or

(- )-A—deute“octhylbenzene (= 25 -0, 30 )

H H
| LiA1D, N

._.(ll—CHB T . '—-|C-CH3
c1 S - D

Ericdel—Craﬁts acetylation yielded optically active p-acetyl-i-deuteroethylbenzene
which gave an optically active oxiﬁe, Th¢ activity of the oxime was not affected by
Séveral{recrystallizations, and upon hydrélysis;ithe active ketone was fggenergtgdfvb
Recent reports (38) of the preparation of tritium labeled lithium,alumiqyg
hydride and lithium hydride makes these reagents available for similar experiments.

Biosynthetic Preparations:-

The biosynthetic prepafation of labeled compounds for further utilizapién finds
little application in the case of heavy hydrogen. The great dilution of bydrpgen atoms
ip the.body,}p}us phe*possibiliﬁies for exchange miiitates against the use ofﬁbi&—
synthesi§ﬂas gzgreparaﬁivg mcthpd° Many deuterium or tritium labeled compounds hav;“
been.iso;gt?d from animgl:t?ssues after feeding of heavy>water of a Jlabeled pfeéufs§fo
Deuterium oxide feeding has yielded labeléd cholesterol in rats (39) and simil§r w 
results have been shown with rabbits using trltlum (40). The feedlng of deutcrluﬁ
oxide to rats or mlce has resulted in the labellnv of a host of body comnonentse
‘Among those.isolated have been: glycine (41), aspartic-acid (41), glutamic acid
(41,42) proline (41), arginine (41), cystine (14,43), leucine (41) and tyr031ne "
(41,42,43). Compounds other than amino acids have been: . azalelc (42), heptoic (AZ),
palargonic (AZ),‘stearic (44) and palmitic (Ah) acids and glycogen (42,45,46),

Feeding of labeled precursors" other than water has glven ~hydroxybutyric acid

from deuterobutyric acid (47), glutamlc a01d and ornlth:.nn from deuteroprollne (48),
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‘ tyrosine from deuterophenylalanine (13.') a.nd cholesterol which has been obtained
after feeding deuteroleucine (20), deuterolsovaleric acid (20), deuteroethahol (49),
deuterobutyric (49), deutérﬁal_anine (A9_), »deuterovaleric acid (49) and deutero-
myrist.ic acid (40). |

. Using deutercacetate as a substrate, labeled succinic and citric acids have

been obtained as yeast metabolites (50).
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vYGEN
Incorporatlon of O18 1nto an organlc moleculv 1s generally achleved by exchance

between an OXJgen~conta1n1nv compound and H O18

Catalysts may be reqplred and, in-
neral alcoholic or Uhenollc oxygen does not exchange.
The following table, ‘taken from a rev1ew by Bentley (1) 1ndlcates the cxtent

of exchange undergone by a varlety of compounds under varlous condltlono.

Lomgound- ' T % -t_(Hrs.)» _ Catalzst _ _mxtent.-
Methanol 100 . 7 - o " 'None -
o 25 - 24, ° O.NHCL . = ‘None °
_ 25 48 'O.l N NaOH -~ None -
Glycerol 100 6 . . lNone -
Phenol - 25 T
Acetic acid 100 48 HC1 © . Slight -
100 L8 . KOH - Complete
100 - 48 » ~ None
Chloroacetic acid - 25 28 - Partial
Trichloroacetic acid : 25 42 B Complets -
n-Butyric acid | 100 2L : R R None
Fumaric acid N ' 25 o AA S * . None
: o 100 L5 _ ~ -+ Partial
Maleic acid 100 L5 _ Complete
Succinic acid . 130 -5 Complete’
Bengoic acid 100 4 0.1 N HC1 Complete
© 100 L : C B . Complete
Citric acid - Y 2 B " None
75 2, - o ' Complete
Phthalic acid " 100 20 3 © ' Slight
Terephthalic acid | 100 - 20 . Slight
Amyl acetate s o R None .-~

Acetaldshyde . ' 25 2, ' ' Complete
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(Continued)
- Compound - . TO% .t (Hrs.)_ " Catalyst . - Extent
Acetone. - ... 100 24 0,002 N HC1 Partial
: 25 ' 1 " 0.005 N NaCH Complete
25 1 . : . Complete
Acetamide - L 25 71 - . . None .
Benzamide. . ,.. ... ..~ .100 - 23 _ o None
Benzaldehyde ' ' 10 2 . :,: v' - Complete
Ureay_gﬁ? ‘l“_‘. ) S 25f - 5L N .- Nohe
.Glucose ... = - . . 1COo . 48
Fructdse - 5light
'Gal&ctosc V 1 atom
Xylose 100 . 20 L exchanges
Arabinose /.
Alloxan hydrate 25 430 87% exchange
Diphenylmethyl
carbinol : Co 95 10.5 None
o 95 22 KOH - None
Trimethyl carbinol 95 . 20 None
‘ 95 2 HZSOA . None
Trianisyl carbinol v : 95 43 None
: 95 21 H.30 Complete
o 277k , ,
Glycine o 100 2l None
" Glycine HC1 (pH 1.9) . 100 2L , Complete
Tyrosine 100 4O None
Diketopiperamine - 100 48 None
Glycylglycine 1100 21, None
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Mostorganic work involving 018 hds been in the fisld of rcaction mechanisms,
Hoberﬁs aﬁdefey'have stﬁdied the,kinetics.of:exchénge between Benzoic acid énd
water (2), the benzilic =cid re&r:angéﬁcnt (3) and £he7mechanism of ester hydrolysis;'
esterification and oﬁ&gen exbhange (4), all with H2018. .Hydrolyéis 6f.¥;butylolécténe
"in the presence of water containing heavy oﬁygen haé:yielded Yéhyd;bx&bﬁtyrié“acid
labeled in the carboxyl zroup wi£h_018:(5). o

In the bioclogical field,,isotopiq'oxygeﬁ has.bsep;gséd_aswgwyygggi_iy photo;”
synthesis»(é) where it was found that the oxygen inﬁolveé égééé from thejvéﬁer'rather
than the carbon dioxide. Thé phbtoreduction_reaétionvin ﬁhotosyntheéis ﬁ;s baan
recently studied With‘HZOIS (7). | . |

The fate of,fhé sulfate-018 group‘iﬁ~the.rabbit has beennstudicd‘(S); théi’i
sulfate radical being chosen because.it does not undergo cxchangéiwith_waier;jwhcreas

phosphate does,



(1)
(2)

(3)
(L)

(5)
(6)

(7)

- (8)
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NITROGEN

The introduction of heavy nitrogen into organic compounds involves the formgtion
of a carb;ﬁ—nitrogen linkage and use is made of ‘the many well-known procedures for
forming this bond., ”In‘almost every. case, compounds_cpntainingvisptopic nitrogen have
been prepared for biological studies and most of ‘the synthesesvcérrigd out, with this
isotope involve the preparation of aminoﬁacids,,purinesi on'iﬁtérmediates,leéding_.
towards one or the other class‘of,compounds.; N
Amino Acids:: |

A larte number of amino ‘acids have been oyntheoized via the reductlﬁe aﬁinatlon
(Knoop-Oesterlin) reaction. Schoenheimer dnd Ratner- (l) mdde a careful study of thls
feaction and found that conditions including a 50% alcoholic solut;qq, a palladium
catalyst and one equivaieﬁt of ammonia for éach keto group and one fof eaéh,cqrﬁox&l
group resulted in optimum yields. The non-amino nitrogen could be quantigatively |
recovered as N15H3 by distillation. Using this method, alanihe, phenylalanine;
tyrosine, norleucine, aspartic acid and glutamic acid were prepared (1).

The Knoop-Oesterlin reductionvhas also been used for the synthesis of
Y—phenyl—a—aminé-Nl5-butyric acid (2). |

The Gabriel phthalimide synthesis has been used for the preparation of glycine-Nl5
(1,3,4). A study of this reaction (l) indicates that use of a copper oxide catalyst
allows for reduction of the reaction temperature and that one step hydrolysis of the
intermediate phthalimino ester with acetic and. hydrochloric acis (5) increases the
yields, A method for preparation of phthalimide from isotopic ammonia and phthalic
acid has been re_portedfl)°

A modified Gabriel phthalimide aynthesis, employing diethyl sodium phthalimido-

malonate has been used for the preparation of proline—Nl5: (3)
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\ilok o+ BrCH(COgEL), ———> )\I-—CH(CGZEt)Z
v , ~ Br(CH,). Br
§o' o , Y 273

2 .
/c’/o | 1) alc, NaOH
—C=CH..C \ c——
N (: CH,CHCH BT — : 001
' H

~-

N

~G 2)"H,S0
No co,mt 27

This synthetic scheme has also been applied to the preparation of serene-iit> (6),

'Labeled serine has also been prepared by benzoylatioh of gly'cine-‘-Nl5 followed

by condensation with ethyl formate and reduction with sodium amalgam (3):

NaHg

\ CO5EL
. B . ) | < . 1 .
H21\1~CH2002bt_ + C,H 50001f-) I:THCHQ—LOZEt—)H(lJ—(JOzEt —y HOCHZ?—\JOZM,
- - Co HNCOC /H, NH
| YETS T2
Gl

‘Creatininealevhas'beenvmade by condensation of cyanamide—Nl5 with sarcosine-N

(7). The cyanamide is prepared from ammonia and, cyanogen bromide:

Goqe . BOH g " BrCN o
WL 0L X §-H > 15 o
b 3 o2

‘Modification of the Strecker synthesis using sodium cyanide in the presence of
isotopic ammonium chloride has yielded alanine—Nl5 (3),
A novel synthesis of arginine-QN15 has been worked out using the steps outlined

below:

15
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-1 ' .
N 5H20N + CH30H —————> ,Hzl\l'* = ?nN*Hz
. . . » IOGH»v

o3
,EHZ . o
(052)3 "“'"!'22‘.‘:1«*;52
| - hydro
HG«=NHSOZR+ H2N = G=N H2——'—_" NH . ______!9 Arginlne
CoE | 130}13 o (GHZ)
HGmNHSOZB,
c':aza

~ An elegant synthesis of proline and seVeral pyrldme deriva‘bives, #featuring
the replacement of a rmg axygen with N15 has been reported (8). ' The starting

materials are methyl coumalate and isotopic annnonia, The__s._teps .vare‘o_‘ :

ThL

G0,,CHL, - coH - - ~
) ) %*
e ,, O
' H W O | H

l PC1y

(A, o) Y 12 o
CO,H — CoH < H2 é—Hz———

H H20 : v H, HCl . .. H H

Tesar and Rittenberg (9) have made use of the techniqueof _partial breakdown of
a cyclic compofmd), followed by introduction of an iso'bopic atom in place of one
lost, in the synthesis of histidines ' R
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NHLBI,"
3N H3 + BrON ——> HN =0=NH e
", Co,B i*-g=0 T mgeo
¥*
! l -1 HN R
Cﬁﬁﬂmr"“%—*’m‘:‘ic < > mi=c c-No
I " _
: 3
NH, cN | rmn-c«-mz ;
A i |
|
® =O ?—N\ > J— : V| —(l; (_i,_lmz
CH
HN-G-*N 7 _,G_Nﬁz

The synthesis of the isotopic guam.dine is detailed herein {11):
' o= 4oTT gmo 3 moles) of isotopic -

ammonium _chloi‘ide, 10,1 atom per cent_Nl5 e’s:eess; w‘ere? ‘decda’n— -
posed,; speeial care being taken to .includ'e"mbistureo:" The
ammonia was carried into a ary 1ce—cooled baomb contaming
20 cco of absolute ethyl alcoholo A gas in.le'b tube, especially
constructed for this purpose, so as to £it the bomb tﬁbe was
usedg The small amount of ammonia that escabed wé.s cauéht in
a trap contaim.ng dilute sulfuric acido ﬂhan ‘bhe absorpbion
of ammonia in the alcohol was camplete, the bomb %ube was |
‘allowed to warm up to 0° and kept at this temperature in ige. /
- A solution of 3..18 gn. of freshly prepared cyanogen bremide in
5 cco of absolute ethyl alcchol was added, and the tube sealed

and heated to 105-110° for 96 hourss
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The length of time necessary erAthis_reactiqn was detgrmined
vby runhing‘a series of experimcﬁtsiwiph nop—isq£opic ammonia. The
.tubgs were heated to lldO for Variog§.l¢ngths of time and the con-
tents tested with ammoniacal silvérvnipyatevfor:thg presence of
cyanamide., At the'end of_96 hours ﬁhe tgst for cyénidc;was"ch_
sistently negative,
The tube was cooled in ice, opened, cﬁt off as straight as
possible, and the open end fire-polished. . The gas inlet tube wa;
1nserted and the excess émmonia blown off by a:slow stream of
excess ammonia (lO 1 atom per cent N7 15 eycebo) could thus ‘be
cgllected. The clear alcoholic solgtlgn,was slowly evaporated to
‘dryﬁess and £he residue dried in vacuo at room temperature. 4,02 gm.,
of guanldlne hydrobromide were cooled. ~Although this product was
not analytically purﬁ, it was found to be quite sa@isfaqtory for
A_the follow1ng condensation, v
Other N2 1abeled purines include isoguanine (12), uric acid (13), adenine (14)
~and orotic acid (15). All have been synthesized using standard msthods and labeled

intermediates. For the adenine synthesis, labeled formamide was prepared in this

manner: . . 15 h 15
- HC1 ‘ e;NH.HCl N H3 ‘ ¢=N H.HCL
HCN + C,H 5OH - ‘HC\ - HO_ 15
_ : . . ; -
002H5 N H2*
L, 6—D1am1no 5-phenylaquyr1m1d1ne 14,— In a one-liter Drlenmeyer

flask was placed 29 cc._(29 6 g., 0.318 mole) of aniline and 85 cc.
(1.02 moles) of concentrated hydrochloric acid. .Ice was added to
~the mixture to maintain a temperature of O to 50a Sodium nitrite

(35.5.g., 0.50 mole, assay 97%) in 50 Qc,‘of water was added in
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small portions, while.stirring. After ten minute;::5iAg; (0.63

mole) of anhydrous sodlum acetate in 100 cc. of water was added
followed by 33 g. (O 50 mole) of malononltrlle 1n 25 cc. of ethanol,.'
After thlrty mlnutes the phenylazomalonltrlle was collected by
filtration, washed with cold,water and drled 1n air. The materlal
may be fecrystéllized.from benzene (5 cc. per'g.) although the.
crude:material>could be used for the'following reéctiono"The‘yield
of recfystallized matefial‘was_AS-SZ 8., 55;60%,\ A'three;necked
flask was'provided with a Hershberg stirrer, avreflux condenser
(protected with a drying tube ) and two separatory funnels (one on
~top of the other). Formamidine hydrochloride prepared from 0.11

mole of ammonia was placed in the flask. To this was added.2O o .
(0.118 mole) ofvphenylazomalononitrilelin'30 cc of n—butanol,:

(dried by distillation).' In the bottom separatory funnel (connected

- to a drying tube)_was.piaced 2.9 gg.(O;IB mole) of(sodiﬁ@@ Dny

" n-butanol (lOOel5d cc,) from the prer funnel wae edded to the

sodium in smail noftions; The sodium bntoxidetsolntion'waeIadded to
the reaction mixture in sevefal portions; and the mixtnre reflnied
'gently for four honfs.,'The mixtufe was cooléd to 5° and the soiidi
COIiectedbe_filtration; The cake was washed alternately with
water-and alcohol and dried for a short time at 1100, yleld 15~ 18 oy
70-80%. This materlal was used 1n the next stcp ‘without’ further,

- purification, since the compound was difficult to recrystalllze° When
carefully dried ethanol was used as‘a(501vent for the'neaction the
vield was frequently as low asIBO%.

4,5, 6-Tr1am1nopyr1m1d1ne Sulfate. = 4, 6-D1am1no-5-ph-nylazopyr1m1d1ne ’

(4, 0g 2o, 0. 0186 mole) was added to a- boiling solutlon of hO cc. of water
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‘ and-6-¢bibf“e£hy1'ccllosolve containing 4 g. of zinc dust. The
‘mixture was boiled for 60-90 seconds»wﬁile'stirfing,"SUlfuric acid
(6 cc. of 18 N) was added to the hot solutién as rapidly as possible
' and the mixturefdéc61brized with'nofitévaﬁd”filteféd immediately,
A lower yield resulﬁed when the materisl was left in comtact with
‘acid. ‘Upon cédling 2.4-3.4 g. (55-78%) of precipitate was collected.
The A;S,g;triaminopyrimidine sulfate thus'obtdined'ﬁés used for the
next step. The material dogld be recrystallized from 2 N sulfurie
" acid (éolbc.'per‘g.)'with an 85% rscovery, _
Anal.” Calcd. for CAH7N§-HZSOAPH2O: N, 28.8
© Found N, 28,7 - |

Adenine Sulfate, = (a) 4,5,6-Trisminopyrimidine sulfate (0.78 g.)

and 9 cc, of anhydroﬁé formamide coﬁtaining 0.3 cc. of-98% formic
acid was heatéd in a bomb tube at 160-165° for fwo and. one-half .
hours. The contents of the tube were chilled and the insoluble
portion united with the residus on. concentration of thevfiltraﬁe
in vacuo at ca. 150°, The residues were recrystallized from

ca. 12 ce. of'2 N HyS0,; yisld, 0.62 . (952).

(b) 4,5,6—Triaminopyrimidine svlfate (5.0 go., 0,0207 mole)
wa.s dissélved in 25 c¢c., of anhydrous fromic acid while warming the
'mixture gently., The solution:was evapcrated to aryness by warming
gently in a stream of air,‘ The h,6—diamino-5~formylaminopyrimidine
was transferred to a‘Cériusvtube and 20 cc. of fofmamide added,
‘The tube was sealed and heated at 170° for two and one-half hours.
The contents of the tube were cocled and the mixture filtered. The
filtrate was evaporated to dryness and the two solid résidu&siwere |

recrystallized from 2 N sulfuric acid; yield, 3.1-3.5 g. (77-87%).
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The yield was lowersd when ths h,5,6—triaminopyrimiding_sulfatc was
boiled with formic acid or when the heating period in the formamide
was greater than two ‘and one-half hours. - '
Anal, Caled. for (CSHﬁNS}onZSOAfH20:, N, 36.3; S, 8.28,
~ Found N, 36.3; S, 8.50.

Atom per cent. excess Nt?

?.YA.SZ. Codﬁﬁef-qurrgnt distribution
revealed that the adenine sulfate was 98—100% hémqggnous with res-
pect to ultraviolet absorbing impurities.

';Exchangg Between le bf organic cqmpounds”and_othcr nifrog;n has been attempted
under mile conditions (16). It was fouﬁd that the nitrogen of various amino acids,
hippuric acids and the guanidiné group of arginins did not exchange with ﬁhe’nitro-
gen of other compounds in aqueous_Solu@ions at 100°, The nitrogen of urea may be

‘exchangable, but at a very slow rate even at 100°,

Biosynthetic Preparations:—
- The bibsynthesis of labeled nucleic acids by yeast has recently been reported

(17 . Using yeast of the Sacchéromyéés éefévisiac sprain and labeled ammonium

. sulfate as ‘the substraté,'nucleic acids wcré isolated. vAdaniﬁe picrate, guanine
sulfate ahd silver pyrimidines, all labeled with N15, were obtained from the

nucleic acids.



(1)
(2

(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)

(13)

(14)
- (15)

(16).

(17)

R.

R,

1765 (1937). e
- (3).
(L),

H.

F.

UCRI~1866

112
REFERENCES

‘Schosnheimer and S. Ratner, J. Biol. Chem. 127, 301 (1939).

Schoenheimer, D. Rittesnberg 'and A, S. Keston) J. Am. Chem. Soc. 22,:

Shemin, J. Biol. Chem. 162 297 (1946)

Bloch and R. uchoenhelmer, Ibld 138 167 (1941)

Ratner and H. T. Clarke, J. im. Chem, Soc, 59, 200 (1937)
Stotten, J. Biol. Chem, 1k, 501 (1942)° ,

Bloéh, R. Schoenheimer and D. Rittenverg, Ibid., 138, 155 (1941).
R. Stotten and R, Schoenheimer, Tbid., 153, 113 (1944).

Tesar and D. thtenberg, Ibid,, 170, 35 (19@7)

F. H Allen Jnd C. V. Wilson, J. Km Chem., ooc° 65, 611 (l9h3)

A, Plentl and R. Schoenheimer, J. Biol. Chem., 153, 203 (l94h)..

Bendich, J. F. Tinker and G. B, Brown, J. Am. Chem. Soc. 70, 3109 (1948).

F. Cavalieri, V. E,.Blair and G. B. Brown, Ibid., 70, 12,0 (1948).

F. Cavalieri, J. F. Tinkcr and A, Bendich, Ibid., 71, 533 (l9h9)

Bergstrom, H.- anldoon, E. Hammersten, N. A. Eliasson, P. Reichard and
V. Ubisch, J. Biol, Chem. 177, 495 (1949). '

3. Kestoﬁ; D."Rittenberg and R, Schoenheimer3 Ibid., 127, 315 (1939).

J. DiCarlo, A. J. Schultz, P. M. Roll and G, B. Brown, Ibid., 180, 329 {194%}.



UCRL-1866."
113
_ SULFUR
Radioactive sulfur.may'oe used as eiﬁher tho g3k or 535_isotope; more work.
has been done with the luttef; .The‘lsotopio material is gone?ally avallablo'as
the sulfute‘and for use in organic work converslon to sulfide or éulfuf i.svnecessary°
An excellent procedure for conversion of oarium éulfato to sulfur is-aétailéd below (1):

Prqparatlon of Barium Sulfate Contalnlng ‘Radiosulfur 1

Dried barium sulfate’ (116 mg. )’ was spread in a thin layer on
a platinum boat and placed ina Vycor‘tube° The air was expelled
by a stream of hydrogen and the Vycor tube wus hoatcd at 900_10000
for two hours and then allowed to cool a slow stream of hydrogen
being maintained throughout ‘the reduction. The 1ssu1ng gases
were bubbled through an ébsorption train‘conSiSting of 6 cc. 6f
0.5 N sodium hydroxide in a small test-tube and 1 cc. in a second
ﬁhbe; | |
" The boat containing the barium sulfide” was placod'along"
*with S‘mg. of zinc dust in a 125-cc. ¥ 24/40 .Erlenmesrer flask |
" equipped with a sepérotory funriel and u_doli?ory.tube; The_dolivéry<
tube was attached to thc’oodium hydroxido absorption:train’usod
with the‘reduction of the barium sulfaue* and the:apparutus‘waé
swept with oxygen~free nitrogen, Twenty cubio centimeters of 6 N
phosphoric acid, which had been boiled wiuh about 5 mg. of zinc
dust to expel air and cooled someuhat, was placed in the sopafatory
funnel. This acid was dropped onto the barium sulfide* at such a |

, , %
rate as to produce a slow evolution of hydrogen sulfide , which

(*) An asterisk is used to indicate the presenc~ of radiosulfur in _
a compound, v :
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was absprbed in the sodium hydroxide scrubbers, When 81l the acid '
had beer added, the!%eaéfion'mixtufe was»wafméd éldwl"td;ifS'boilu
ing point, allowed to cool in a stream of nitrogen and swept with
nitrogen for.qne hour. .
Fiftgen cubic centimeters of 0,1 N iodine in potassium iodide
Cand 1 cc.;of_doncen%ratéd hydrochloric acid were placed in a 50-cc,

3L
w

centrifuge cone, The 6 cc. of sodium sulfide” solution from the
Tirst scrubbef“was:introduced at the bottom of the sélution by
meéhs_of'a lﬁné‘sieﬁQGPinpet:v"Thé“l éc; oftéolutioﬁ from)thc
secona sérﬁbber Wwas ;sed to wash the firsﬁ and the washings were
added to the iodine solution. The scrubbers wefe washed further

with small portions of water until a nitroprusside or lsad acetaté

test for the sulfhydryl group on the washings'was'ﬁegative;"The

A
#

portion of the transfer pipét coaﬁéd with sulfur” was then broken

off and piaced in the iodine solution. :After fifteen minutes the

excess iodine was destroyed wiﬁﬁ a few dfops of a freshly prepared
“solution of stannous chloride in 5 N hyarochlorié aqid;' When the
:}esulting suspension was allowed to stand Qvernighf, the free
'suifur*,éoagulatbd and waé then éolleﬁted by centfifugaﬁion;' The
‘preéibitdte was washed with water by cehtfifugation.énd decantaﬁibm;

Amino Acids: -
The sulfur containing amino acidé have all been prepared and in each synthesis

radioactive benzyl mercaptan has been employed. This intermediste may be prepared

in either of two ways. (2,?,4,5).
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Methionine—835 has been prepared via the phthalimidomalonib ester synthesis

: ~ CICHpCHQCL |
G5 SH——> C ¢H CHoSa > 06H5CH JSCH,,CH,CL
Sodium _
phthalamidomalonic
ester -
‘ ) , //O .
C4H 5 CH,SCH,CH,CHNH,COOH - € ggSH ' : )N-C <CH, CHS - CH,C H,
. C

& Neosms

Na | - B T )2

CH,T

1iq.:NH

3
CH SCH20H CHNHZCOOH

Using ethylene dichloride labeled with 013 Gilmer and du Vlgneaud (2) have syn-
thesized methionine containing both ¢3 and SBA.

In an imprqved method of.synthesis'for methionine and cysting,athg labeled
benzyl mercaptan is condensed with cthyﬂwZFchloquz-bcnzamidobutyrate KA) aﬁd with
efhyl ﬂ—chloro#?ﬁbenzamido propionate (6,7)vrespectively° ‘This yieldsxbcnzyl_
homocystein, 06H5CH SCH CH CHNH co H, in the first case énd ben;ylcysteine,

‘ 6HSCHZDCH CHNH CO H, in the second, The benzyl group’is thgn rgmoved with sodium

in liquid ammonia followed by methylation or oxidation, as is required. .

Cystine has also been prepared using the phthalimidomalonic ester synthesis (5):

1; Phthal. |
CHA~O 2) NeOH ‘
CglicCHoSH ——2—>  C H SCH,(1 ——————D C/HCH,SCH,CHIH, COLH
s HC1 Cets 67572
. 3) HC1
' l) Na
llq,ANH3

._Hogc-%-CHz-s*

NH2
Other Cdmpgunggg

Mistards labeled with 835 have also been prepared. The synthesis of

5,5'—dlchlarodiethyisulf1de-835 has been carried out in the following manners: (8)

-
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“1 - 1 . N iyt ® T r'T. SOCI . o N Q%'--
N5+ Glio-fiip ———) HOCH,CH,~C"~CH ,0F ,OH ——2—lgﬂm3 - (CICH,OH,) 55

In anothesr synthesis, the condensation of an active mercaptan with ethylene

chlorohydrin'was used (1)
: NaQH ¢ HOL N peg-crac
R".D l’l + ClCHf)»u 2‘\) _—'—é li.“ 3 "'( i 2 JHP;OIJ ——————-—& B*Q‘CHZ(}HZC].

(R = CgHsCHym, Gyig-)

'The synth"31s of labeled sulfanilsmide has been achieved (9) "In this
preparatlon, acetanilide was sulfonated with H 35Oa_and the acetyl sulfanilic acid
converted to h*&C@tYluulfanlly phlorld@ with phosphorus penteachloride, and to
N—acetyloulfanllamlde with ammonia. "H§dr§lyéis}§£elded the désired produét. The

preparation of the labeled sulfuric acid is described:

Preparation of labeled Suifuvic'ﬁcid 7. - In a 100 ml., 3 necked

- flask, fitted with a dr0001ng funnel a gas inlet tube and a
~reflux condenser, was placed 7 mM of Feo‘and 1 millicurie of 335
as_NaéS. ‘The condenser was fitted with 2 bubblers in each of
WhiCh was placed 5 mi. of conc.'HNOB, A slow stream of N, was
'_’ passed through the system, and 20 ml, 2.5 it HCL was Slowlysadd@d'
'through the dropplng funnel to release H b. Fihally, thé solu-
Itipn was bpiled for 2 z hr, The HZS which was swept inte the
bubbiers‘was thﬁs.oxidized to a mixture of sulfate and sulfur.
N thn‘ali of thé HaS had been generaﬁed, the cﬁnténts of>
:the bubblers were transferred to a 125 cc. br;anmeyar flask
containing 7 mM of flncly divided snlfur, w1th the ald of two

5 ml. portions of conc, HCl. The wqua regla m;xru“a mx]dlznd the

- sulfur to sulfate.
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The H,30), was recovered by adding the -acid mlAturcs, a drqp

at a time, to a 50 ml. centrifuge cone suspended in a stlrrcd 611
* ‘bath maintained at 160-170° C.- The Erlenmeyer flgskjwas'wééhé§
out>thorough1y with portions Qf HC1l and water. Heating of the .
concentrated Hy50, was continued for 15 min. after boiling had
. ceased, to igéurérf;hé§a1 of traces.bf nié%igﬁégid;y.
‘Among other compounds labeled with 535 which have recently been prepared is fctra—
ethylthiouram disulfide (10), prepared by fheAfollowing=reéction;sqqycnce:

vy, co— -

S¥4+ (05, ———05.5" NS+ cs;

‘ Bt - Et
3,  (CoHg)oNH - KOH 5 g5* Tt S————)"dl‘m - _SNesen?
2 > 4 N//h tenraunlonate Et7 g g \E¢,

Nt
Use of 2—(p—aminophenyl)-thiazole—835 has been reported (11) but ho preparative
scheme is availableo The synthesis of sulfathiazole in which the riﬁQQSulfur is
labeled has been carrisd out according to the flow sheet showﬁ:bcioa.(iz):
o s : 3% N };; l; foon
BaS  ———— st -————€> H2h C'NHZ

H N@ -Nbe AcO h@ b &-—*—;’

Thiourea-S°° has been synthasized in the manner deécribcdlbélow“(lj)lﬁ

%Preparatlon of H9b35 13 - The sulfur 1sotooe, ”35, as obtalned

from the ktomlc Bnergy Comm1551on, is in the form of barlum
sulfide in 0,05 E barium hydroxidcxsolutién; The qﬁéﬁtitative
precipitation of the sulfur ﬁaé'écéomﬁliShed by first trans-

ferring the solution into a 4O-ml’ ccnififugé cone, the tip of



»

13

[o4

i

e

ot

which had been drawn down to a diame

length of about 30 mm., then edding an

which was 05 N in b[drovnl oric chioride

r of about 7 mm. and

excess of a solution

and 0.1 N in cadmiun

chlorice, The quantlty of re agent should be sufficient to

nhutraln_z,n a]l the barium hyxroxlde an
tion to the mixture. The sulfur was
miwn sulfide. The precipitste was sep

and decanting the clear solution. ALL

d give an acidic reac-

thus precipitated as cad-

arated by centrifuging

e washing with water

‘

several times and centrifuging, the precipitate was dried while

still in the cong,

The quantibative conversion of ca
gen sulfide without the introduction
uccomnlluhcu by bfuﬁklﬂb off thu twp o)

the cadmium sulfide into a 200 mi. fila

dxlum sulfide fto hydro-
of o*heL gases was
£ the cone C“ﬂt&lﬂ¢15

sk into which had been

introduced 20 g. of metaphosphoric acid. Connecting the

flask to a Va cuum vyst em, evacuating to a pressurs of 0,005 mm.,,

then hesting tne a01d to b01¢1ng, SmMoo

H 5, As ou1ukly as ge nvrjted he H. O

thly freed the sulfur as

was removed from th

System, wh11\ %tlJl under vacuum, by frﬂm21nﬁ out the gas with

'llquld nluPO en into s round-uotio: sd

1 Y ™ s Tai 3 =
of a C&bl2;2 5 pu1¢fy1np 2 in, ¢u;“

equipped with a micro stopcock so that

could be weighsad, Cadmium sulfide, 71

Lh"end

Wil

—
&
o
o~
} =]
O
e
or
[¢]
[l
8

o

L4ia

<9 mges bCﬂtﬂLnLFF §.2%

of CdSBS, by thls procedurc gave 17.8 mg. of HJH?OQ@ suifide

(105%) .
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Thiourea Labeled with 835 - The standard syntheses of thlourea

using hydrogen sulfide utilize an excess of this gas° olnee in
" this instance the hydrogen sulfide is the limiting factor, the:
procedure was modified in suoh a manner as'to utilize oodpletely
all of the hydrogen sulfide eontainingvthe recioactive.isotope°
The flask oontaining the metaphosphorio ecid was removed
from the system and replaced by a lo-ml flat bottomed reaction -
flask contalnlng a magnetlc stirrer, 0.8 ml. of dlstllled water
and 25 mg. of cyanamlde (freshly prepared), and one small drop
of concentrated ammonium hdyrox_ldeo The contento of the flask
were ffozen'with liquid nitrogen, the vacuum was re—establlshed

2

taining the frozen gas. The reaction vessel was' closed off from

and the H, S was traneferredvinto-it by warming the flask con-

the system and Wae-allowed.to warm to room temperetufe°
The'mixture was then warmed to 40° and Wasrstirred con-
tinuodsly fof 2h hours with a magnetic stirrer° The solutioo
- was colored a falnt yellow, which dlsappeared after 6 hours,
followed by the appearance of a faint cloudlness° At the end
-of this period the contents of the flask were-traneferred 1ntol
a vacuum Subll@ator using alcohol. All solvent was removed‘oy
evaporation and the thiourea was'sublimed in a vacuum (0. O2—O 03 mm, )
at a temoerature'of.70—900' A hlgher temperature causes the sub-
llmgtlon of 1mpur1t1es whlohrlowored the meltlng p01nt of thedv
thiourea, | “
-Sincelfilms of oils or waxes materially riasie the tempefd-

ture of sublimation, it was found advantageous to remove all



v

1
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0il films by washiﬁg the residues first with petroleum ether,
then removing the ether‘aﬁd‘dissolving the thiourea in ethanol,
The sélvent Was thef rcmc&el by e Vaporatioﬁ_and the residue
was sublimed in a vacuum. ?he_isglaﬁion of thiourea by this
method is guantitative, The thiourea obtained, 35 mg. (92.2%

[

of the theorcebicel yield) melted at 171~173 . The compound

35

dicxide and 5

has rec entlv been accomplished (14,

o35

) X _ .

maC ~ Lo
320-390 7 * 2

Ov: E!O

T

Biosynthetic Pr égaranlon%

Biosynthetic pre ariflon of plutafhloneu”Bg from yeast (Saccharomyces

cerevisale, Frohbu:g.type) utilizing a substrate containing Padioactiva tariun

as

sulfate has been reported (15). Penicillin-5°- from P. chrysogenium iﬁu 76 strain )

using ”35 in the substrate and from P, nofatum (17) using radicactive sodium suifat

has been achieved. A specific activity of 0,05 mcflaﬁg was obtained in the formev
' l . - E "E : o 4 N e "
cases, It wasg noted that a concentration of 50 mc. . of 577 per liter did not affect
. »

the growth of the mold.
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HALOGENS
Bromine:~
Broﬁine is geﬂéréliy obtained és.the bromide, but if necessary can éasily:be
oxidized to bromine and uded as such directly, Its short half-life (34 hours) pre-
cludes any long fanée‘exbériments;ahd'nggeésitaies répid'ﬁe;nipﬁlétibn°
Howarth (1) treated KBr82@ This gas'was passgdvipto a solution of hydrogen
peroxide and p?ocaine H2N06HACOZCH20H2N_(CZH5)2 | to give'di‘brom_oprocaine° The entire

82,'required ninety minutes.

" operation, starting from potassium bromide-Br
. The bromination of equilin to yield 7,8-dibromoestrone has been carried out as
follows (2);

2o . L. "'

© S0, ———X Bry?

2 N Br
HO .

N

82

Bromination with bromine““ of several unsaturated.acids has been accomplished (3)

and triphenylethyléne has been_brominated to triphenylbromoethylene (4). The bromina-

,a~dimethylprogionic acid has also been

- *

tion ofAﬁ—(6—methoxy—2;naphthyl)—ﬁwethyl—a

reported (5). { o ; -

Jodine:~- L

131 82

The organic chemistry of iodine is very similar to that of bromine®<,

Isotopic iodine is obtained as the iodide and may either be used as such or oxidized
to iodine. . Several instances of incorporation of isotopic iodine into an aromatic

131

nucleus by means of the Sandmeyer reaction utilizing potassium iodide will be noted

later, ' R . oo T
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Direct iodination has been used in several cases, A solution of radioactive

lodide was oxidized with potassium iodate‘and_the resulting iodinelT used to iodinate

a-estradiol (6). The mono~ and diiodo131 estradiol derivatives were obtained. Prepa-

ration of mono- and diiodol3l thyroxine has also been accomplished (7,8)1

HO< _ »0 ‘ _CHZCH(NHZ)CozH HO - .0
T . NH,0H " : CH,CH(NH,) COH-
o , I I ‘

" Iodination of fluorescein with iodine131 chloride has yielded a’ diiodo compound

which is assumed to be the 4,5-diiodo derivative (9), and treatment of caséin with:

131

iodine has produced iodocasein (10). "

The synthesis of 2,5~diphenyl—3ap-iodophenyl»(1131)-tetraz6lium chloride (11)

has been carried out as follows::ﬂ

131 | 1 CeHaNH, s
Na1 o 4 NaNO, - + HCL Y13 6N NH

2
u6H5CH = N.NH06H5

Several preparations have been reported in which the Sandmeyer reaction is.used

131 penyl

"to prepare iodinelSlvlabeled'aromatic compounds., The synthesis of p-iodo
sulfonic acid from p-diazobenzonesulfonic acid and potassium jodidet3t (12) is an .

excellent example of this type of reaction and is detailed herein:



¥
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(12) =

Isotopic Pipsyl Chloride‘' "’/ /= To the radioactive iodine, in

.. solution, in the . form of iodide ion§ is added sufficient potas-

sium_iodide,to mgke a tot#l)oﬂf25tmg:‘ Thelsolution is adjusted
to a pH above 7 and evaporated to a volume of less than 0.5 ml.
The sample is transferred quantitatively, with the aid of several
small portions of water,;toﬁa4nyexftestftube and the volume is
reduced to about O,2lml.. A fey.smqll crystals of sodium sulfite
are added. After cooling,fgn;qqual volume‘of concentrated hydro-
chloric acidlis added followeq by 25 mg. of diazobenzenesulfonic

acid. After the initial evolution of nitrogen the sample is

‘warmed to -complste the reaction, The'tube is cooled again and

another 15 mg. éach of diazobenzenesulfonic acid and potaééiuﬁ
iodide are added and allowed to reégt‘a; before. The reaction mix-
ture is then saturateqvwith_sodiumvchloride and cooled, whereupon
the sodium salt of:pfiodophenylsulfonic acid,crystgllizes out .

The crystals aré_qentrifuged down and ‘washed with bring. The

combined mother licuor and washings are warmed and about 40 ng.

of non-isotopic sodium iodophenylsulfonate, in solution in a small
volume of wates.r, is added. Upon cooling, the added sodium salt

crystallizes out carrying down residual isotopic analog.. K This is

also centrifuged down and washed with brine and the procedure

repeated, ,fhe separate batches of sodium.salt‘are dried.and then
eacih 1s dissolved in about one ml. of phosphqrus,exychldride_con—
tqining a substantial excess of phosphorus pentachloride. The
batches are pooled and theAmixture is heated genﬁly to ensure
reaction. The reaction wixture is transferred to a separatory

1

funnel contuining ics-water and sbout 50 ml. of benzenz. OSmall

e
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portions'of benzene are used to facilitate the.transfer from.the
test tubes to the funnel. At .this ﬁoint, approximately 200 mg. of -
pure non-isotopic pipsyl chloride is added. ' The benzene layer is
washed several times with cold wéﬂer'to'rémové exceéss phosphorus
‘halides. The rate of hydrolysis of pipsyl chloride is negligible,
.under thesé conditions, as is indicated by the absenée'Of.any
appreciable amounts of radiocactivity in the waSh"Water,: The ben-
zene solution is dried ovér anhydrous sodium sulfate and the drying
~agent is washed with‘benzené until it is substantially free of
radioactivity°
The combined benzene solution is evaporaﬂed to a small volume
and transferred to a coid,finger micro4distillat10n apparaﬁus.
The benzene is evaporated in a stream of air and the pipsyl
chloride is distilled onto the ébld finger at 150° at a few mm.
of mercury pressure. ' The distilled material is washed.into a-
vessel with a minimum of 'benzene. 'At*tﬁis'péint mofevnon—isotopic
pipsyl chloride may be added to make a desired specific activity.
The pipsyl chloride must be completely dissolved and thofoughly
mixed to énsure isotopic homogeneity. Recrystallization may be
a¢hieved by adding petroleum ether to tﬁe benzene and concentrat-
ing the solution. The small amount of residual solvent is then
drawn off with a capillary.pipeﬁ and the crystals are dried at
700 for about one hour. The reagent has been successfully used

even when the last recrystallization was omitted.
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. . . . . , 131 ]
The use of the Sandmeyer reaction to prepare 2,4-dichloro-5-iodo 3 -phenoxyacetic

acid
: OEH,,COOH OCH,CO0E - . OCH,COOH
- ‘ o 131 »
(::] 1l — s ’J:::IWCI KI™2% %iJ:::B 1
y _ ‘ _
HoH ' e, . |

Ccl 2 . 01 = C1
has been noted (13,14). Other compounds prepared via this reaction include

2-~—iodo131

-3-nitrobenzoic acid (15) and trypan blue-iodinel3l (3,3'-dimethylbiphenyl-
L, 4=bis (2~azo¥l?hydroxy>8-iodb—3,6—nephthalene disulfonic acid) (16,17)0-
A fewvcompounds containing radiocactive iodine have been pfepared by exchange

\ ' C s ' ..o 131, . ; X . i '
between bound ilodine atoms and iodine in solution., The preparation of diethyl-

-iodolB} ethylamine hydrochloride (18) involved the following steps:

. o T . ) . N 13 1 ‘ \ 3¢
(CoHg)oNeligH, €1 80N (C5Hs),NCoH), CL ..gg%%gﬁg_>.(02H5)2mpznh1
HC1 ' : .

. - HC1.
(B5) 00,1 |

HC1
Labeled thyroxing has been prepared by direct exchange between thyroxine and radio-
active ilodide at pH 5 (85195, - The N-iodo—IlBl—acetyl derivatives qf several amino
acids have been prepared by treating the cor}ésponding N;brbﬁo— or'ﬂFchléroaéetyl

131

derivative with a solution of sodium iodide-I~© in acetone (20), .

Chlorine and Fluorine:-

The literature covering the use of the radioactive isotopes;of chlorine

and fluorine contains no record of the preparation of organic compounds lakeled

with'isotopes of either of these elements.,
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Fig, 1 - Dlstrlbutlon of a number of compounds found in photosynthesis studies of-algae on .
The origin is in the lower right-hand. corner. FGA is

phosphoglyceric acid; P-pyruvic is phosphopyrivic a01d. (AsA. Benson, et, al.,, Am. Chem,

soc., 72, 1710 (1950).



TO VAC. —=e——— : \

v MU 2750
. A , : : '
‘i 2 = 4 genoral utility vacvwn line ccuivned with tre:ticent vessels: a) trap; b) sprizl-

intercd 7luss tran used to senaratc orsuhic ~.sses from a non-condensible gas such as H2;
) vessel purtizlly fille! with glass beads and P,0, used to dry aliphatie halides; d)
vaching vessel contuining dilute 2lkali used to r&-6ve acid gases from volatile halides; e)
sraduated storas~ vegsel, . The uwper outlets on the linc sre for attachment of manometers
(B, Tolbert, 7. Christenson, F. Chung and ., Sah, J. Org. Chem., 14,

]
c

ané vacuuwm 3uses,
- 1 :
545,&]9A9). , : i



g

-130-

MU 2781

+

Fig. 3 -‘Gr'ignard carbonation apparatus
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