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THE aADIATI0N SENSITIVIZY 2F CYSThLLINE 
r0Q1 J G$LQR1DE 

R. M. Lernmon and R. O I4ndb1om 

CrystatUne choline chloride, UCH3)3NCRzCHzQiCr. has been shown 1 ' 2  
to have an entremely high radi*tion sensitivity Its Q value (molecules decom-
posed per 100 cv of Lcpit energy) ranges from 100 to 100?  dependIng on both the 
method of irradiation (fast electrons. gamma rays, or C beta particles) and 
the rate of energy input In contrast, practicaUy an organic compounds, regard 
less of structure or physical state, are decomposed by IonizIng radIation with Cl 
values In the range of 1 to 10. In order to shed light an the mechanism of this 
unique radiation sensitivity. the foliowing Investigations have been carried outz 
(1) NIneteen crystalline analogs of choline chloride were prepared and the radla. 
don sensitividec of these compound. determined (Z) The radiation sensitivity 
of crystalline choline chlorido was comp&re8 with that of the compound In solution. 
(3) The rate of decomposition of the crystalline compoun4 at tow temperatuxca 
was determined. (4) The nature of the free radicals Involved In the radiation do-
compo*itlon was Investigated by the method of electron-spin resonance spectra. 
scopy. 

£XPEIUMZNTAL 

Preparation of Choline Anslo, 

The other cb*ltn.e salts (bromide. Iodide nitrate, sulfate, acetate, and 
4 	cyanide) were prepared from commercial choline chloride by conversion to the 

quaternary base with AgZO,  foliowcd either by titration with the appropriate acid 
or by passage through an Lon.ezchauge cetunn containing the desired replaceable 
anion. The preparation of the carniUne hydrochloride, 
j(CH3)3NC112CB(OH)CR2C00HJ'Cl', has been described previously. 3  The z.. 
hydrexypropyt trimetbyl ammonium chloride was prepared by reacting trirnethyt-
amine with 1chLoro-2-prcpanot in aueoua-alcoboUc solution. The ethyl analogs 
of choline chloride (with one, two or three methyl groups replaced by a like 
number of ethyl groups) were eynthcslze4 by reacting either methyl iodide or 
ethyl Iodide with the approprIate aminoethanol. followed by conversion of the 
iodide to chloride. The phenyl analog was prepared from dimethylartiline and 
ethylene ebtorchydrin. Dimethyt bis (Zhydronyethyl) ammoniurn chloride was 
obtained from the reaction of two Z7oos of methyl Iodide with one mote of 
dicthanotamlne followed by conversion of the Iodide to chloride. The Z-bydzox-
yetbyl trimethyt pboapbonium chloride was synthesized from trimethylpbosphirte 4  
and ethylene chlorobydrin. 

Itadialton Laboratory and Dopartrnónt of Chemistry. tinivereity of California,. 
Berkeley, California. 
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All the choline analogs were recrystallised from ethanoli.water or 
dlmethyliormamlcie sotttions. Acceptable carbon, hydrogen, nitrogen, and 
halogen analyses aU wIthin 0 3% of the calculated values) were obtained for all 
the analogs used In this work. 

la4latiori Proce4uz'ee 

Two sources of radiation were jjse4 In this work A 35  Mev linear alec-
tron accelerator and e 100-curie Co6  'i-ray source A description of these 
sources, their use In the Irradiationexperiments. and the estimation of radia-
tion doses were given previously1 • For the low-temperature irradiatione, 
nftrogen gas (from boiled lictdd nitrogen) was forced through the target area at 
such a rate that the sample was malntatue4 at 470*2O. 

AnalyticaL Procedure a 

Three analytical techntqtzes were used to determine the extent of radiation 
decomposition of the choline analogs Two of thf as (retneckate analysis and 
paper chromatography) were described earlisr4 The third procedure was go 
precipitate the undecómpoaed choline analog with sodium tetraphenylboron. 

£1ectrOn.pin Resonance Spectra 

Th electron-spin resonance (SR) spectra were taken at a frequency of 
9.6 X 10' cycles per second on a recordIng differentiating spectrometer similar 
to the one develèped by Bertuger 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 F centers. The upper half was than cooled 
and the tube Inverted so that the .arn$e was situated in glass which had no pars' 
magnetism.. 

In order to investigate the ESR spectrum of Irradiated choline chloride it 
was necessary to prepare the compound selectively deutezated (hydrogen atoms 
completely replaced by deuterlum stout.) in the methyl groups. on the a-carbon 
of the ethanol group, or on the *carbon of the ethanol group. The methyl-
deuterated compound was synthesized by the methylation of ethanolamlne with 
CD3Br this latter compound was made from completely deuterated acetic acid 

• by the Hunadiecker (silver sètt) reaction. The a-deuterated choline chloride was 
prepared from the reduction of ethyl N. N-dimethytglycine with LIAID4, £$iowed 
by quaterutsatton with methyl Lodde. The .deuterated compound was prepared 
by the followIng route: CD3CO2D rGD2CO2C2H5 - 

(CH3)2NCD2CO2C2H5 	(CH3)2NCD2CHzOH 	[(Cfl 3) 3NCD2CHaOH]Cl 

R1tSULTS 

DeccmosiUon of Crystalline Choline Matog 

The data obtained from the irradiation of crystalline choUne 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. 

-2-  %CLAsSIFIED 
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TA3LE I 

Rad,latton iecotnpoejtjun of Cryatlftue ChoUnt Mtalop 

• C VaLtze at 10 Dcc ornpoltton 
CoiDpound rast eLectrons y rays 

((CN3)3NCH2Cfl4Qff} + Ct 98 3$4 
UCfl3)3NCfl2CN2Ofl] 	Br' 	. 

. 	 30 92 
1,0 2.5 

(4CN3)3NCH2Cff 2 QNJ+ NO3 1.4 4.9 
r(3)3a2cN2oIj 	$04 14 29 

f CH3C Oz 8.2 11 
1(CH)314CHOH)' czr • 	

• 19 • 	 • 	 16 

1(Cl3)3HCftzCj4zQCóC131 	cr 	• 2.7 . 3.6 
(.(cH3)3NcH2C$2c1*20)1f1+ cto.•  1.9 	. 	

• 4.8 
ftca3)3Ncn2cH(oH}n3 ] 	ci 	

• 67 6.9 
• 	 • 16 

UCH3)(CH2CH(Q1t)GH2CO2HJC1 14 14 
5NcHacE2oJ 	Ci 	• 6.1 	• .• 	 .. 	 26 

(C4H 	
NCN2Cfl2o1iJ Cl' 6.0 7.9 

• 	

. 5,5 14 
C . 

4.8 1.9 

1(cfl3)2N(cM2cuon)24 'Cl- 	. •. . 	
• 5.6 	• 14 

1(C1f3)31H4CR2c1J 	Cl - 443 2.6 
UCN3)3NCH2CH3).CI' 	 • 	

• 1.6 	• 
• 	 1,7 

UCH3)3Pc1!cn2oi]+ CL 	 . 	
• 4.9 4.9 

ICLASS{FED 
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A comparison of the radiation sensitivities of normal and deuterated 
choline chloride Is presented in Table IL 

TAB1J U 
RadiaUon Sensitivity of Normal and Deuterated Choline Chlorides 

- 	 Copond 	 Ova1u 5  

Choline chloride, ((CH3)3NCH2CH20H1Cr 	 75 

o-d analog, 	[(CHS)3xc- H2,CD ZOH,) +C r 	 30 

-d analog. 	[(CH3)3NGD2CH2OH) CJ7 	 67 

Med analog, 	1(CD3)3NCH1CHZ 0II) +Clm 	 80 

(a) Each sample received 2,5 )C l0  rads of C060-radiation during a period of 
13 

DeçtstUon of Choline Chloride in Solution 

The 0 values found for choline chloride in water or ethanol solutions are 
recorded in Table M. 

Radiation Sensitivity of Choline Chloride in Solution 
Cone. Megarads % molecules dceornp. 0 Solvent mg. /mi. (y rays) Decomp. soti. 

Water 9.4 4.3 15 2.2 
3 16 20 2.9 

52 16 14 3.2 
II  130 18, 15 44 

205 58 18 4.4 
405 Ifl 16 

----------- ________------ _______________________-------- 

	

Abe. EtOH 24 
	

126 	 5 	 28 
U 	99 
	

108 	 3 	 1,9 

Irradiation of Crystalline Choline Chloride at 170 0  

Eighteen samples of crystalline choline chloride were iradtated in the 
electron beam at -170 tZO°. The ampLea all received 4X 100  rads., an energy 
dose which would cause 10% decompositiol at room temperature. Five of the 
samples were kept at -196 0  untll analyses. The samples were then dissolved 
in water as they were warming up to room tOmperature, and the analyses then 
performed. Other samples were kept at room temperature for varying times 
before solution and analysis. The amounts of decomposition in these Aalmptes 
are recorded In Table IV. 

-4- 
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TABLE IV 

Radiations  i)ecornpoaitiou of Crystalline Choline Chloride-- 
frradlatlons at 1700  Storage at. Room Temperature 

Time of 	Storage, 	Average Percent 
No. of Samples 	 hours 	 Decooaition 

S. 	 0 	 0 
z 	 a 	 .1 
2' 	 4 	 5 
2 	. 	 7 	 7 
2 	 10 	 .7 
5 	 15 	 . 	9 

(a) 4X10' rads of 3 14ev eLectron. 

EkCtrOfl Spin Re*on*nce Spectra of Irradiated Cryatalliue Choline Chlorides 

The ESR derivative spectra of etectrowtrz'adtated crystalline choline 
chloride and some of its analogs are ahwn in flguree ia Lb, and Ic. The 
spectra of the douterated choline chLontdeo are compared In Irigure Z. 

GONGLW3IONS 

The following conclusion3 may be advanced concerning the mechanism of 
the radiation decomposition of choline chloride: 

I. The compound decomposes via a tree-radical cb.in mechanism. 
i. With the exception of choline bromide, no crystalline analog of choline 

chloride shows abnormal radiation Instability. 
Choline chloride In solution i.e stable towards lontaing rathatlon. The 

compoim's great radiation sensitivity is therefore a function only of its crystal 
etruture. 

The data of Table U show that a-deuterated choline chloride Is 
significantly Less radiatlon.aenatt*ve than the othør analog*. This indicates an 
£avolveme*t of the a position in the transition etate of either the propagating or 
terminating reaction of the free-radical chain mechanism, 

S. The tree radical in Irradiated, crystalline choline chloride has a 
half4ife of several hours at room temperature. 

6 The E.SR spectrum of irradiated, methyt-deuterated choline chloride 
is the same as that of the irradiated normal compouud this spectrum may be 
interpreted on the basis of an unshared electron interacting with four hydrogen 
atoms. The irradiated a- and deuterted eompernde both exblbi.t an ZSR 
spectrum which may be interpreted as an unpaired electron interacting with 
only two hydrogen atom.. In none of the ESR spectra is there any suggestion 
of nitrogen eplitt1ng" (three equal peaks). Since the unpaired electron appears 
to be shared equ4iy between the two carbon., it is probable that the free 
radical has an ethylene oxide structure. That is, the electrophilic character 
of the oxygen is felt equally by both carbon atomS. One resonance torn, of a 
radical that would catisfythe above Observetton is 

2 

4. 



E.S.R. DERIVATIVE SPECTRA FOR CHOLINE CHLORIDE AND ANALOGS 

la 

—Propyl Analog [(CH 3 )3 NCH 2CH2 CH2  OHJ Cl - 
Ib 

----Isopropyl Analog [(CH3)3NCH2CH—OH]+CI- 

CH3  
Ic 

.........Choline Iodide [(CH 3) 3 NCH2 CH2 OH]+I - - 	
Choline Cyanide [(CH3)3NCH2CH2OH]+CN- 

". 	
- Acetylcholine Chloride [(CH3)3NCH2CH200CCH]+CI- 

10gouss  
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I-.' / 	f \j,-•-... 	 + 
H3C\ H H 

Cr 

CHOLINE CHLORIDE 
?-d CHOLINE CHLORIDE 

- '- -d CHOLINE CHLORIDE 
----Me-d CHOLINE CHLORIDE 

rigure 2 
E8L Zeri.ttye Spectra of bouterated Cholin. Chioridea 
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1. The ES( spectra for irradiated choflne chloride and its propyl analog 
are similar. The same type of structure propoeed above for the radical ion of 
choline is compatible with the propyl analog signal. The ESR spectrum for the 
irradiated isopropyl analog is very similar to that of irradiated trinethylamine 
hydrochloride. It Is not obvloue what redical will ghe this structure, but is 
probably contains a nitrogen atom. The Lack of fine structure in the spectra 
obtained from choline iodide. choline cyanide, and acetyichotine chloride 
(Flguró Ic) makes difficult any conclusions about the radical obtained on the 
irradiation, of these compounds. 
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