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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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THE RADIATION SENSITIV ITY OF GRYSIALLINE
3 QMMDE

R. M. Lommon and R. C. Liadblom

Crystailine choline chisrids, [(CHy )sNGH,CH,0H] YC1”, has been shown!’?
ta have an extremely high radiation sens ﬁevity Its (& value {molecules decom-
posed per 100 ev of input energy) ranges from 100 to 100? depending on both the
method of irradiation (fast clectrons, gamma rays, or C1¢ beta particles) and

the rate of energy input. In contrast, practically all organic compounds, regard-
less of structure or physical state, are decomposed by ionizing radiation with G
values in the range of 1 to 10. In order to shed light on the mechanism of this
unique radiation sensitivity, the following investigations have been carried outs

(1) Nineteen crystalline analogs of choline chloride were prepared and the radia-
tion sensgitivities of these compounds determined. (2) The radiation sensitivity

of crystalline choline chloride was compsared with that of the cotnpound in solution.
(3) The rate of decomposition of the crystalline compound at low temperatures
was determined. (4) The nature of the free radicals javolved in the radiation de-
composition was investigated by the method of olactxon-spin resonance Spectro-

scopy.
EXPERDAENTAL

Preparation of Choline Analogs

The other choline salta (bromide, igdide, nitrate, sulfate, acetate, and
cyauide) were prepared {rom commercial choline chloride by couvereion to the
quaternary base with Ag20, followed either by titration with the appropriate acid
or by passage through an ion-exchange column containing the desired replacesble
anion. The preparation of the carnitine hydrochloride,
{{CH3)3NCHCH(OH)CH,COOH ] *C1™, has been described previously. 3 The 2-
hydroxypropyl trimethyl ammoniam chlorida was prepared by reacting trimethyl-
amine with }-chloro-2-propanol in aqueous-alcoholic solution. The ethyl analogs
of choline chloride {with one, two, or three methyl groups replaced by a like
number of ethyl groups) were synthesized by reacting either methyl iodide or
ethyl fodide with the appropriate aminoé¢thanol, followed by coaversion of the
iodide to chloride. The phenyl analog was prepared from dimethylaniline and
ethylene chlorchydrin, Dimethyl bie {2-hydroxyethyl) ammonium chloride was
obtained from the reaction of two moles of methyl iodide with one mole of
diethanolamine, followed by conversion of the iodide to chloride. The 2-hydrox-
yethyl trimethyl phosphonium chloride was synthesized from trimethylphosphine®
and ethylene chlorchydrin.

¥ Radlatlon Laboratory and Departmént of Chemistry, University of Galifornia,.
Berkeley, California.
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All the choline analogs were recrystallized from ethanol-water or
dimethylformamide solutions. Acceptable carbon, hydrogen, nitrogen, and
halogen analyses {all within 0. 3% of the calculated values) were obtained for all
the analogs used in this work. -

Jrradiation Pro@a@uea :

. Two sources of radiation were gsed in this work: A 3«5 Mev linear c¢lec-
tron accelerator and a 100-curie Cob y~ray asource. A description of these
sources, their use in the irradiation experiments, and the estimation of radia-
tion doses were given previously. L3 For the low-temperature irradiations,
nitrogen gas {from boiled liquid nitrogen) was forced through the target area at
such a rate that the sample was maintained at <1 702209.

Analytical Pfocsdures

Three analytical techniques were uaed to determine the extent of radiation
decomposition of the choline analogs. Two of thfoe {reineckate analysis and
paper chromatography) were described earlier.® The third procedure was &
precipitate the undecomposed choline analog with sodium tetraphenylboron.

Electron-8pin Resonance Spectra

Thg electron-spin resonance (ESR) spectra were taken at a frequency of
9.6 X 107 cycles per second on a recording differentiating spectrometer similar
to the one developed by Beringer and Castle. 7 Before a sample was placed in the
cavity, the upper half of the tube in which it was contained was annealed in a
burner flame in order to remove the ¥ centers. The upper half was then cooled
and the tube {nverted so that the sample was situated in glass which had no para-
magnetism.

In order to investigate the ESR spectrum of irradiated choline chloride it
wae necessary tc prepare the compound selectively deaterated (hydrogen atoms
completely replaced by deuterium atoms) in the methyl groups, on the c-carbon
of the ethanol group, or on the p-carbon of the ethanol group. The methyl~
deuterated compound was synthesized by the methylation of ethanolamine with
CD3Br; this latter compound was made {rom completely deuterated acetic acid
by the Hunsdlecker (cilver salt) reaction. The a-deuterated choline chloride was
prepared from the reduction of ethyl N, N-dimethylglycine with LiAlD,, followed
by quaternisation with methyl iodide. The P-deuterated compound was prepared
by the following routet CD3C0D ——3 BFCDCOCHy — >

(CH3)2NCQZGOZCZH5 Y (CHs)zNCBECHz'OH — [(CH3)3NCD26HZOH] *Ct .
RESULTS
Decomposition of Crystalline Choline Analogs

The data obtained from the irradiation of crystalline choline chloride and
its analogs are summarized in Table I. Since G values vary somewhat depending
on the percentage of decomposition, all these values were obtained at exactly
- 10% decomposition.

-2a

" UNCLASSIFIED



UCRL-3982

TABLE I

Radiation Decomposition of Crystalifne Choline Analogs

G Value st 10% Decomposition

Compound Fast electrons Y rays
- - [(CH3)3 NCH,CH, OH * C1- 9 954
{{CH3)3NCH,CH, CR] * Br* 30 - 92
[(CH3)sNCH,CH, OH) * 1~ 1.0 2.5
[{CH4)yNCH,CH, oM * Nos 1.4 4.9
[(CH3)gNCH,CH, 0H] § 50,° 14 29
[(CH3)3NCH,CH, 0] * CH60,™ g2 . .1
-'A'((me,)smcngcnzoa]’cw - 19 . 16
) ucu,;,ncazcngowcng}* ar 2.7 38
- uca,;;,mazengcuaom* c1e 9. 4.8
- lcH3)NCHCHORICH, ] * 1 6.7 o 6.9
[(CHg)yNCHcO,H] Y C1” S U 15
[(CH3)3NCRH,CH(OKICH,CO, K] * 1+ 14 N 14 | .
’*[tcﬁi)a INCH,CH, on] ¢t- | 6.1 26 e
““_'[‘Cz'éﬁimxzcuzw] ct_" 60 e :
uc;aﬂmncxzwzom’cr 5.8 e S
| [‘ngfssmzcnzeu] ct™ 48 1.9
[(CH3), NICH,CH,0H), ] * C1° . 86 14
[(CHg)yNCH,CH,C1]* CI- 4.3 2.6
[CH3}NCHCHg €1 1.6 B 1
[(CH3)3PCH,CH,OH) * C1” 49 4.9
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A comparison of the radiation eensitivities of normal and deuterated
choline chloride is presented in Table Il

TABLE 11
Radiation Sensitivity of Normal and Deuterated Choline Chlorides

Compound — G value®
_ Choline chloride, [(CHglyNCH,CH0R)*Cim 75
- a-d analog, [(CH4)3NCH,CD,0R) *C1- %0
p-d analog,  [{CHy)3NCD,CH, 0] *C1” - | 67
Me-d analog, [(CD3)yNCHCH, O8] *C1* - 80

" (a) Each sample received 2.:5X106 rads of Cob%.radiation during & period of
13 minutes. . .

Decompogition of Choline Chloride in Solution

The G values found for choline chloride in water or ethanel aolutions are
recorded in Table III,

TABLE IIt
Radiation Sensitivity of Choline Chloride in Solution .

: Conc, Megarads % . G o Molecules decomp.
Solvent . mg./ml. (Y rays) Decomp. TOU e.v. to soln.
Water 9.4 4.3 15 | 2.2

" 33 16 20 2.9
we oo 52 16 14 2.2
" 130 18 . 1% 4.4
" 208 . s 18 4.4
u 405 177 16 2.5
Abs. EtOH 24 128 5 2.8
2] . 1'9

99 108 3

' “feradiation of Cryetalline Choline Chloride at -170°

: Eighteon samples of crystalline choline chloride were irradiated in the
electron beam at ~1702£20°9, The samples all received 4X10° rads, an energy
dose which would cause 10% decomposition at room temperature. Five of the
samples were kept at <196° until analyses, The samples were then dissolved
in water as they were warming up to room temperature, and the analyses then
performed. Other samples were kept at reom temperature for varying times
before solution and analysis. The amounts of decomposition in these Samptes
are recorded in Table 1V, : :
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TABLE IV

Radiation® Decomposition of Cr-ymiune Choline Chloride~-
Irradiations at ~170%, Storage at Room Tempeorature

Time of Storage, Average Percent
No. of Samplas hours ) Decompogition
5 0 0
2 2 H
2 4 S
2 -1 7
2 - 10 7
5 15 9

() leo(’ rads of 3 Mev electrons

. Electron Spin Resonance Spectra of Irradiated Crystalline Choline Chlorides

The ESR derivative spectra of electron-irradiated crystalline choline .
chloride and some of ite analogs arve shown in Figures la, Ib, and lc. The
spectra of the deuterated choline chlorides are compared in Figure 2,

' CONC LUSIONS

" The following conclusions may be advanced concerning the mechanism of
the radiation decomposeition of choline chloride:

1. The compound decompeses via a free-radical chain mechanism.

2., With the excoption of choline bromide, no crystailine analog of choline
chloride shows abnormal radiation inetability.

- - 3. Choline chloride in solution {5 stable towards {oniging radiation. The
 compound’s grest radiation sencitivity is therefore a function only of its crystal
structure. : :

4, The data of Table Il show that a-deuterated cholire chloride is
sigaificantly less radiation-sensitive than ths other analogs. This indicates an
involvement of the a position in the transition state of either the propagating or
‘terminating reaction of the free«radicul ckain mechanism,

8. The free radical in irradiated, cryatalline choline chloride has a
half-life of several hours at room temperature.

6. The ESR spectrum of irradiated, methyl-deuterated choline chloride
is the same as that of the irradiated normal compound; this spectrum may be
interpreted ou the basis of an unshared electron interacting with four hydrogen
-'atoms., The irrediated a- and f«deuterated compounds both exhibit an ZSR -
apectrum which may be interpreted as an unpaired stectron interacting with
only two hydrogen atome. In none of the ESR specira ie there any suggestion
of nitrogen "splitting” (three equal poaks). Since the unpaired electron appears
te be shared equally between the two carbons, it s probable that the free :
. radical has an othylene oxide structuve. That {8, the electrophilic character
of the oxygen is felt equally by both carben atoms. One resonance form of @
radical that would satisfy the above observation is

H¢®ﬂ
*Z\opz
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E.S.R. DERIVATIVE SPECTRA FOR CHOLINE CHLORIDE AND. ANALOGS

..... Choline Ghloride [(GH,)3NCH,CH,OH]*CI- -
——Propyl Analog [(cu,)aNcrizcrichZOH]*cr o

-----------

¥ : ----Isopropyl Analog [{CH3); NCH, CH-OH] *cI
. : CH,
I - ‘

/

o Figwel S
ESR Derivative Spectra for Choline Chloride and Analoge
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ESR Derivative Spectra of Deuterated Choline Chlorides
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" 7. The E3R spectra for irradiated cholire chloride and its propyl analog
are similar, The same type of structure proposed above for the radical ion of
~ choline is compatible with the propyl analog signal., The ESR spectrum fer the

irradiated isopropyl analog is very similar to that of irradiated trimethylamine
hydrochloride. It is not cbviocus what radical will give this structure, but is
probably conteine a nitrogen atom. The lack of fine structure in the spectra
obtained from choline iodide, choline cyanide, and acetylcholine chloride
(Figure lc) makea difficult any conclusions about the radical obtained on the
irradiation of these compounds.
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