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ISCTOPIN BTUDIES ON THUE RADIATION DECOMPOSITION

. OF CRYSTALLINE CHOLINE CHLORIDEL#?2

Righard M, lLewacn and Margsret A. Snith
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{1) The work described in this paper wes zponsored by the Us 5. Atonic
Ensrgy Cosmisslion, . :
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Carbonelie gad dayterius-labeliad choline chloridass wers used
aiudy the mechanien of the radiolysis of crystalline ¢holing cﬁloride.
Thesa studies demonstrate that; during the highly-sonsitive radiation
decemposition, (1) the carbinol group of the ethanol molety beacomes
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the aldahyde group of the resultant acetal&ahyde, {2) no hydrogens are

2 or from the trimethylamino group, (3) the hydrogens of
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tha athanol moiety are highly moblle, and (4) intermolscular hydrogen

transfers take place.
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This papar is ;d?t o a coentingling otudy of the extracrdingry

radiation we"altiv’t/ of crystalline choline chloride, [(CHy)

(5%

..I:‘ -" ) 31 r‘;,“ e -
) gHCH,CHa0HI*C1,

B.5

o2

o’ (o8 " Vs T

a ooapound that decemposes with G values as high as 55,000,%s

4 2

{3} uc O, Lindblom, Rs Ms Lemmony and M, Calvin, J. Am, Chea, Soa, 9
26484 (1981). , ;

(8) R, ¥, Lemwmon, P, K. Gordon, M, A, Parsens, and P, Mazzetti, ibid,
80, 2730 (1858),

(5) R, ¥. Lemmon, ¥. A. Parsons, and OU. ¥. Chin, ibid, 77, 4133 (1955),
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mediate between choline chloride and one of its principal radielysis
praducta, acetaldehyde. Such a structure was based on the electron gpin

resonénce speclira obtu*neu frem shlectively deuterated, irradiated cheline

chloride., To test this possibility, in the present work [(CH3 HCHaC R, O“]*Cl’

wig preparad and decompesed by slectron ivradiation. The distridbution of
radioactivity was then determined in the resultent acetaldehyde.
re movenants of hyﬂrcﬁen atoms’ durrnr t y radiation decoupoasition

H xuﬂrxmontu on the following deuterated

choliness [(673)aﬂCHQCHgOEE 1™, [{CHg)aN ,N2Cnmhﬂj*0
[(CHy ) HCH,CO,0RT+CI ;. L(CHy) NCH,CH,ODI*CL™, and [(cm3)3wcnwcnmunl?c1“

The resultant principal products, €ri mu;h;l aaine and scetaldehyde, were

pupified by gas chravdtﬁ@raphy and thelr deuteriuwn contents determined

" by mass aTt”TPQﬂCODyc

-

Prevavation of Labeled Compounds,~~The method For *hﬂ preparation of

M, ) A HCHACH 40T C L™ was the condensation of ethyl bromeacetate~1-Cl¥




- F
3 vith dinmethylaming to give the ethyl ester of N MN-dimethy 101/cinm

reduction of the latter campound to N, ~Iiweth/l.ain sethanel, and

£
i
o
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auaternization with mathyl iodides The resultant c;olins fodide was

thon aonveprted to the chloride,” Details of thiz preparaticn have been
aiven praviously.®? The final preduct was reerystallized from ethanol-

\

) (8) ", mi+H and R, M, Lemmong Unt»mr.ihy f Califeornia Radiation
| : ] Labcratoﬁy Report Hoe. UCRL- 2 § June 1960 Pe 27y
: " . X o, _ .

‘ethery its apecific activity was 0,28 yo/umole, The elemental analysis

s Cy 43.,45% {calculated 43,01} H, 9.77% (calculated 18,11)3 Ciy

25 G?u {enloulated 25.41).
The [(CDg)aHCH,CHA0HITCL™ and [(CHg)3HCDCH,0RTC1™ uaed ware

sasples of the comy cunﬂq whoza praeparations and properties ware pres

(7) Re O. Lindblem, University of Califernia Radiation Laboratory Report

Hoe UCRL~8910, October 19, 195%,
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Th@.[(Cﬁ3)3NCﬁ2CDZOH]*le was prepa%ed following the sane procedurs
W A cutlined‘abové for tha Cluwlabelad.canpcund. In this case, no CI* was
iﬁvclvad, aﬁdiLiﬁng {from Eeta ﬁydri&e39 Inc, Bavérly, Mass,) was
used iﬁ plage o?‘iiAng‘ Thb Wﬂn B éctfmn obtained on the product was
identical t& hat prev1ouslj revortod for éeuterated choline chloride
in which the O~math;1ﬂne proton contri sution wasg mAssing and the
Hemathy lana p@akiwas sharpenad by the elimination of hyparfine'intaraéticns.s
The fdentity of the compound was alﬁo detaerminad fhrough satisfactory ele-

mental analyses. ' :




» not exchange

i
H,CH,OD]HCL~ and [(CH,)4NCHACD,00]YCL" vere prapared by

£y
o -~

digeoclving undeuterated (or O-nathylene deuterated) cheline chloride In

b

5o

& lurpe excens of 8¢ 0. :The solution was evaporated toe dryness and

2
the deuterated coupound was recrystzllized from N H«dimethylfornauide,

.
S D res

afore using this solvent for recrystalllization, we established by NMR
spectroscopy that the carbonyl-bound hydrogen atom 0“ the solvent wnqld

ith B,0. The identities of the deuterated choline chlorides

=5

»

wore established by € and H analysls. It was not pogsible to cbtain a .

chack of the ruoltieg by MMR spectroscopy since no suitable aprotic

“golvent cculd be found,

A : T A & : ,
Irradiations.--The CL¥-labeled erystalliine choline chloride was
irradiated with ths electron besan of @ 3-5 Haev linedr acoelerator. The
deuteriun-labeled cholines were irradiated with 000 Araysi the irradiation

techniques have been deseribed prnviounly. . There is 1little differonce

betwesn the effects of plectron beaws and X rays in the radiolysis of
¢holine chlorides The choige of the radiation is merely one of cone

venlonce., In all experiments the padiation dose given (2«8 x 168 rags)

WAS ;uffici&nt to cause approximataly 10% decompozition. DPirect deted-

mina tlana £ the asmounts of deconpositien were not wade.
" 4
ﬁaﬂt n‘nydewcl* Depradations,~-After an irpadistion the sealed

tuba containing the choline chloride was opened and the contents dig~

solved in water at 0% Inactive acetaldehyde was added as car rier, and

umad for two hours while & ztrsam of
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welive passed through it, carrying the acetaldehyde into a liquid

then pluced in an
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{cz bath and cold, dilute, basic KM¥n0, was added., After tae scluticn



‘was stirrad for an hour, excess KMul, was deccmposed with

B

-

250, and

the aixture was acidified with H,8C, 2nd stesm distilled. The distillate
£

was titrated to neutrality with standard HaCH (thus giving the yleld of
acetic #eid) and evaporated to deynass,

‘The resultant sodiun acetate was decomposed into CO, and methylamine

with la¥, and Ha80, {Schmidt reaction--details gilven sraviously®), The
: 3 25YY A ] i)

avolved CO Jp was swept by hellum into a trap cooled by liquid oxygen.

The CO, was transferred o a vacuun line where It was dried (passage

i

hrcm&b a trap at hBO )9 detarnined manometrically, and transferred to
ﬁn‘&éﬁ"“uioﬂ ‘chamber for radicactivity wmeasurement. This deterﬁination
wae made by uuzn E viﬁ rating-reed electrometer and the "rate of chérge"
metaod.‘

\

The mathylamine was recoversd by making the solution (from which

the CO, had been penerated) basic and codistilling water and sethylamine

into a cold trap. The phenylusthylthicurea of the methylamine was then

prepared by allowing the latter compound to diffuse into a flask containing
an agueous solution of 3ne % l%OTQAOCVuHBtC.S The ory 0“315 of phenyl-
i pheny

Shriner and R. €. Fusen, "Identifleation of Organiec Compounds”,

{(8) Ry L, 8
$iley and Eonz, New Yorh, He Yus 21845, po 18,

s

moth wiuega (ident zt; gstablished by wmeltipg point and elemental analysis)
were washed with Heﬁ@ﬁ@, dried, and their specific activity ‘determined by
liquid seintillation counting. 2

purification of the Tvolved Acetzlde hwne and Trimethylamine,~-The

irradizted chollns chlorids sampla tuba was cooled in liquid nitrogen and

cpened. It was then zttached to & vacuwn line and volatile components

vacuun~distilied into a trap suitable for introduzing the sample Inte &
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A~350, 10% hy 1/4" dimethyls

of 90 ce per minute, at room temperature, the acataldehyde 1s c¢leanly

separated (retention timey 11 minutes) from all other volatile materials

ne was recovered,; after the acetaldehyde was removed,

2.
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by making alkaline the solution of the ir rradiated choline. The velatile
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tion enly of &

cleanly :.ﬂﬂratcd (retention times

aphic condit

wis also swept over into 2 cold (-1869) trap from which
matopraph. Using the game chromato-
ions as described above For acotaldehyde (with the excep—

flow rate of 60 cc perm

a

inute) the trimethylemine is also

S miﬁutvs) feom other volatile

compounds (traces of dimethylanmine and acetaldshyde).
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Contents of Dvolved Acetaldehyde and

The amounts of

datermined by
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additional eche
was made by ph

iodine wapor,

-

deuterium in the chromatographically-purified gases were
cﬁservatién@ of tha enhane ¢ﬁents,'ov lack of it, of guch

QG (Ci,BCDOY, 45 (CHpDCHO), and 3C (CDIY) for écetaldehydc.
deuterign in trimethylanine would result in ephancement éf
58 ig the maj\r peak for ordiﬁary trimethylamine). &n

sek of the deuterium in the methyl group of acetaldehyde

otolyzing part of the acetaldehyde, in the presence of

@0

following the procedure of Blacet and Heldman.” The

(8} F, E. Blacet and J. D. Heldman, J. As, Chem. Soc. 64, 889 {13u42).

pesultant meth

and the pragene

1 ledide contains the methyl proup of the zcetaldshyde

¥

g of deyteriun is reflacted in the appearance of psaks
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s==The mass spectral data
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st Mt

Yass Spectral ¢ our Data)

| and for *Fl°
| » : Hass T Ci Rldehyde
i ' ‘,‘,';/‘.;) > .‘t‘-a?>.I° T/‘D.tg 3
| 29 108.0 16¢,0 100,0 100.0 100.0
| 30 L Yok 1.4 Lok 1.b
| 3 2647 3. ) 2343 286.0 27.8 -
| 44 45,7 54.9 59,2 48,7 49,5
| us 1:2 343 2.8 2.4 2.5
| ;
| 46 (T 0.3 Ve small Ve sn2ll v, small
| Relative peak heights
| ; ?30¢ugﬁnt arade 4fter GLC purification on dimethylsulfolane
-
|
| The data of Table II clearly indicate that there is little, if any,
|
‘. /'.
! 7 involvement of the methyl protons in the radiolysis of crystalline
; s choline chloride. ~ The mass spsctrunt of the acetaldeh; is alnost
! ; Identical to that of the acetaldehyde from o"dwnarj cﬁo-¢“b. There ia
' Y 0
| 2 slight enhancement of the mass 45 peak, but this increzse is so small
: .
1 . 0 % » . '3
| as to be of dublous ﬁignlflcancaﬁ
ahiyde fan (an{)ﬁd NnCHs 0T C1 . ~=The mase spectral data
ara Lsemtﬁd-in Table III,
Table TII
i Hase Speetral -Data® for CH3CHO (AP.I. Catalog) and for
8 " Aeetaldenyde from [(C “3)3PCJqCu0J«T*ul'
Masg ' Douterated Acetaldehyde
{mia) CHACHO Septe 1 Expte. 2 Expts 3
a
23 100.0 100.40 100 .8 100.0
a0 M 4,8 5,2 87
7 %3 115 SN Y 1146 3.9 3.4
Kb 6, & B C28.% 8.9 228
L3 s 30,2 23¢9 32.4
HE Gk i 14,8 1ho b 23.9
: L7 o ‘ 2:8 2% 2e2

“Relative peak heights
PRI T 8 S e N Y R el it W s e A S NGEr TA T i R e e SIS i SRR T a MUSKSRERE S L s el SRR RS S et R
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