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Abstract

A séarch was made for the termination mechanism in the radical-

induced decomposition of irradiated crystalline c¢holine chloride. It
appears that the chéin propagating radical CH3éHOH or °CH2éH20Ho |
- terminates by reaction with another radical [possxbly (CH3)3N ] that
propagates znto its VlClnltYo Other possible radical termination

mechanisms, .such as dimerization to a butanediol, or dispfoportiéﬁa—

tion to ethanol and acetaldehyde, appear to play only_nég;igible ?q;esokﬁﬁ«
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Crystalline choline chloride, [(CHg)3NCH,CH,0HI'CL™, is of
considerable interest to radiation chemists because of its extra-

‘ordinarily high decomposition G value. Under certain conditions of

irradiation, it decomposes by ‘a chain reaction that gives G(-H) values

as high as 55,000.2 The anomolous radiation sensitivity is shown.only'}

by the crystalline form; in solution, the compound exhibits normal
radiation stability.® The main radiolysis products are trimethylamine

and acetaldéhyde.u

(2) R. 0. Lindblom, R. M. Lemmon, and M. Calvin, J. Aﬁ._Chem. Soc. 83,

2u84 (1961).

_(3) R. M. Lemmon, et al., ibid. 80, 2730 (1958).

(4) B, M. Tolbert, et al., ibid. 75, 1867 (1953).

- Electron spin resonance studies of the irradiated crystals have

shown the appearance of a free radical with a'postdlated structure

- approximating *CH,CH 0H «» CH2C326H2. This structure appears to be

stabilized ﬁy hydrogen bonding and by crystal cage effects. Kinetic

studies indicate that the e.s.r.-observed radical acts to initiate,

rather than to propagate, the chain reaction.?

In the present work a study waé made of the fate of the observed a

free radical among the possible dimerization products, l,4-butanediol

- -and 2,3-butanediol, and the disproportionation product, ethanol. The

results of this work give greater wgight,fo the previously-postulated -

radical termination mechanism? (reaction with a different radical that

propagates into the viéini;y). .

R N
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'«preparation of the chloride from either the bromide or iodide shortly
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Exderimental

Compounds Used.~-Two different 14c-1abeled choline chiorides
were used in this work. The first, [(CH3)3NCH21“C320H]+C1‘. was
prepared in this laboratory from commercially available ethyl bromo-

acetate-1-14C (the procedure was described previouslyS5).. The second, .

(5) R, M. Lemmon and M. A. Smith, J. Am, Chem. Soc. 85, 1395 (1963).

[(ca3)3N1“c3214c520u3*c1“, was prepared from the labeled bromide that

_'was obtained from Nuclear Research Chemicéls, Inc., Orlando, Florida. .

' In the cases of both labeled choline chlorides we had evidence [(1)

N

before use, (2) paper chromatography] that the -:compounds were radio-
pure.
* The 2,3-butanediol, used as a carrier in the search for the

labeled compound, was obtained from L. Light and Co., Colnbrook,

England. The l.u-butanediqi was obtained from Eastman Qrganic,Chémicals.'

»
The trimethylsilylether derivatives of both diols were prepared by the

‘ procedure of Sweealey, g}:__al.6

(6) C. C. Sweeley, et al., Jo Am. Chem. Soc. 85, 2u97 (1963).

In the thin-layer chromatographig purification of the ethanol
carrier, the ethanol was converted to phenylurethane by reaction with
phenylisocyanate according to standard procedureso7

(7) S. M. McElvain, "The Characterization of Organic COmpounds,"
MacMillan Co., New York, 1953, pp. 199’2000

Crit e
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Irradiations.=-The 1%C-labeled crystalline choline chloride was

"irradiated either by Cob0 y rays or by an electron beam from a linear

accelerator. In all cases the sample temperature was kept between 25-35°,

At a given dose rate and total dose, there is no difference between the

._ offects of Y rays and elecfron beams on the choline chloride's decompo-

v
-

sition. The choice of the radiatiom used was merely one of convenience., .

The choline chloride samples were all giQen a total radiation dose
of approximately 50 megarads. This dose results in approximately 12%
decomposition of the choiine and higher total doses aré'knqwn to have
little effgct in producing further decomposition.2 All irradiated samples

were allowed to stand at room temperature for sufficient time (about 20,

. Al

hours) to allow the maximum (12%) decomposition to take pléce° } , '

Ethanol Determinations.=-=-Both gas-liquid chromatpgraphy (GLC) and -

'._xhin-layer chromatography (TLC) of the phenylurethane derivative were

-used to determine the radioactivity in the ethanol. The GLC was carried

out on commercial instruments (Wilkens Instrument Co. models 90 and 350A). -

' These instruments were equipped with flow-through gas proportional -

counters that permitted monitoring any radioactivity in a GLC peak.
More accurate measurements of the total‘activity in a trapped GLC pgakv_f

‘Wwere made by 1iquid scintillation counting.

A typical expefiment using GLC. was aé‘follpwsz' A sample of freshly-'f

prepared choline chloride (4.97 uc) was irradiated with an électron beam
A |

(total dose 5 x 107 rads, delivered over about hé;hasﬂo The sample was

dissolved in 500 A of ethanol carrier, and the ethanol was then removed

by vacuum transfer. A 200 A“aliquotfbf the ethanol was chromatographe&

4

on a Castorwax column (5', 1/u4%, 20% on 60/80 fifebrick,_gso' 15 ce He/min)vf’f
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in four 50-) injectioné. The ghromatographed ethanél samples were
combinéd, an aliquot withdrawn or radioactiyity assay, and the remainder
rechromatographed oﬂ B-cyanoethyl ether (5', 1/u4", 20% on 66/80 firebrick, 70°,
15 cc He/min). Again, an aliquot was withdrawn for radioactivity assay
" and, on the remainder, a third GLC purification was carried out on a |
Castqrwax column (5', 1/u4", 5% on.Pluoropak, 80°, 20 cc He/min)

Further determinations of the radiopurity of the ethanol (after
it was added as a carrier to irradiated choline chloride) were made by
means of thin-layer chromatography‘gf the phenylurethane derivative.?

-

The TLC plates were coated with A12033("Aluminum Oxide G" from Research:

\

Specialties,Co.; Richmond, Calif.) that contained 0.5% (by wt.) each of H- f”
I‘\

© zinc silicate and zinc sulfide. When this mixture)is used the entire.
TLC plate fluoresces under UV light except in the areas where UV-absorbing

"compounds are located.a- Préliminary.experiments showed that_negligible'4_'

(8) J. W. Sease, J. Am. Chem. Soc. 70, 3630 (1948).

| _
amounts of UV-absorbing material were removed from this Aly0z-phosphor

mixture Qhen it was slurried in acetone or ethanol; consgquentiy, the
. amount ofﬁrefhaneeluted from the TLC chromatqgramS'éouldlbe determined
: spec;rophofométrically (e = 1.67 x Lot at'237 mp). Two percent acetone
miguhexane, and 7.5% chloroform iﬁ hexane’weré'found to be goéd develqpipg“ﬁ
solvents. The besf results were.obtaiﬁed whén:the chromatograms werev |
run at épproximately 4o, | |

A typical experiment using TLC was as foilows: ,An irradiated
{5 = 107 rads) choline chloride-1,2-14%¢ sémplé (25 mg gontaining_Z.BS ﬁés

was dissolved in 500 A of methanol and 50 A of ethanol. The methanol

T T e
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was iemoved by GLC (in 50 A amounts).on as . 1/4" column of 20%
castorwax on 60/90 fircbrick, at roomvtemper “ure, with a helium flow
rate of‘37 ce/min. The cowbined ethanbl,frac ons were then transferred
on a vacuunm line into a flask containing 300 . of phenylisocyanate

(Aldrich Chemical Co., Milﬁaukee9 Wis.); usually the reaction mixture

!

was allowed to stand overnight. The .excess phehylisbcyanate was removed

" by evaporation, the resultant crystalline solid was dissolved in 10 cc -

__.——of acetone, and 200 A of this solution was streaked on each of five

A1203-TLC plates (20 x 20 cm), After the one&dimeﬁ;ienal development

~of the plates with 2% acetone in hexane, fhe'phenylﬁrethané streak from

s

cach plate was eluted with absolute ethanol and theieluates were coh—i\-"'

¢

bined. The phenylurethane was then rechromatographed using 7.5% chloro-
form in hexane as the solvent; a third chromatography was accomplished

' by a return to the origianl 2% acetone in hexane system.

Diol Purifications.--Initial attempts to purify the 2,3-butanediol

by GLC Wﬂre unsuccessful. The diol quickly attacks hot tungsten fila-

ments (of the GLC's thermal conductivity cell) and is thereby losf. In

addition, because of the low vapor pressure of the diol, it is necessary--»f S

to operate the GLC at 300°. At this temperature, even when the detector =

filaments were turned off, about 90% of the diol was destroyed during

its passage through the GLC column (poly m-phenyl ether). We next tried .

to purify the diol by preparatibn of its phenylisocyanate derivative? h

~ and paper chromatographic or TLC purification of the derivative. The .

paper chromatography was unsuccessful because the presence of ultra-

.‘
. -

violet eluates from the.paper itself prevénted spectrophotometric

estimation of the amqunt:of_the derivative eluted from the paper. The




-~ ’
TLC purification was unsuccessful because of our failure to find a
suitable adsorbent-solvent.combination that wduld give reasonably
compact and reproducible zones. We finally resorted to VPC purifica-
tion of the trimethylsilyl ethars of the 2,3- and 1l,4~-diols. This |
purification worked well,

Afterlpreparation of the trimethylsilyl ethers by the method of
Sweeley,® the etheré were initially purified by GLC on a 10, 1/u"
column of 20% Apiezon L on 60/30 firebrick, at 130°, with a helium
flow rate of 30 cc/min. In tho case of the ether from the 2,3-diol

we obtained a split peak; the cther from the’l,#-dioy gave a single,

unsplit peék, Mass spectra (taken on a CEC Model 130 mass spectrometer? te

‘of the two split peaks from the 2 3-diol were esséntially i&entical,v

and we concluded that we had soparated the DL~ from the meso compound. .

-~ Ppactically identical mass spectra have been reported for a number of

allphatlc dlasteromers.g In later work the Apiezon columns were dis-

(8) X. Biemann, "Mass Spectrometry Organlc Chemical Appllcatlons,"
McGraw-Hlll, New York, 1962, p. 1#4.- :

carded in favor of poly-gfpﬁenyl ether and SF-96 (see below).

A typical éxperiment in the search_for:labeled.2,3-diol was as -
‘foliows: Forty mg of irradiatéd choline chioridevl,2°1“c, containing
.8.63 uc was dissolved in 500 A of 2,3-butan§diola The diol was iémOVed“
from the choline by distillation in alsﬁéll molecular still., It was
dissolved in 600°A of pyridine and to fhis~solution were added 800 A

of hexamethyldisilizane (K and K Laboratories, Plainview, N. Y.) and

400 A of trimethylchlorosilane (California Biochemical Corp.,‘Lbs‘Angeles).

The solution was extracted three times with watef. dried over'EgSOu, and

PRI
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the product chromatographed (in 50 quuaﬂtities) on vthe two GLC

columns: (1) 10', 1l/4" column of 15% SFfSS 6n 60/80 firebrick, at

140°, He flow 15 ce/min; (2) 10', 1/4" column of 15% poly-m-phenyl ether

on Fluoropak, at 150°, He flow 15 ce/min.-

The procedures used to prapare and purify the trimethylsilyl

‘ether from the l,4-diol were thz same as for the 2,3-diol with but 6ne;
éxception: -SF-Qs_wés used on a Fluoropak_support instead of on fire-

) brith

Results and Discussion

In determining how much radioactivity we wéuld-exoect to find in

5,

the diols or in the ethanol We assume that the prevzously-postulated

decomposxtlon model2 (below) is correct, at least through reactlon (3):,

- Cho ™A= Cho¥. -EE:E__} “4Chos* bmradlcal formatzon iJ#"(O) A

2

e . k C + .. L
'+Choe* ~+ Cho =——de3 (CHy)gNH + AcH + (CH3)3N"f AcH,* -
' | | initiation I (1)

- AcH2' + Cho 6—52-+g (CH3)3NH_+ AcH + AcHj«

L - - propagatzon,. . o ;_(2)

Achy* + *Chos —3—5 (cus)auu + AcH + AcH,*

Pre-teminatiqn . (3) C B

(or :CHaCH,0H)

The chain propagating radical, AcHy°, is written in two ways because

_ Previousvworks has shown that;the five hydrogen atoms of'the ethanol

|

S
('.
M

i

. ) ' + ku_ . . . B _ oL
AcHy* + (CHg)aN*  —===—3> Cho - termination : )
whéve , |
- N .
- Cho .= (CHy ) ;NCH)CH,O0H |
_*Chos = (CHy)gl* *CH,CH,OH === CL” , | |
' , _ (the e.s.r. observed radical)
CH,CHOH === C1
AcHy* = CH3&HOH 3 ooeena ¥ O TACH = CHéCHo
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moiety have considerable mobility during the radiolysis.

However, the chain termination mechanism might be, not reaction

(4), but one of the following:

2 AcH,* =———p» CHyCHOHCHOHCHg - B (a)
_ - ' 2,3-butanediol B
2 AcHpe =———> HO(CHy),OH | e S
. l,u-butanedio;
2 AcH,® =————> CH3CH,O0H + CH,CHO o -~ (e)

Under the irradiation conditions used in the present work we
would get about 12% decoﬁposition of the choline chloride; this is about ~

the maximum decomposition that occurs when the chain mechanism is

i
e
3l
\
\

. operating.2 Conse@uently, we have maximized the chances for'reactibhs
(a), (b), or (¢) to occur. |

| The production of two AcH2°'radicals'requires the decompoéition
Vof four cholines [through reaction (1)], or six cholines if reactions~(é)v : o

and (3) also take place. If either (a) or (b) represent the fate of the

free radical, the resultant diol should have at least one-third the activity.rl‘;

of the radiation-deéomposedvcholine. With a choline decompositién of :;.t_L.
12%, we assume that a resultant diol would have at 1eaét 4% of the . o
radioactivity of'fhé starting choliﬂeq' |

If reaction (c¢) represented  the -fate of fﬁe free radical, the
resultant ethanoi would have one-sixth the activity of the decomposed
choline (or 2%lof the starting choline);if reactions (2) and (3) took
place. If they did not take placg, the ethanol céuld éontain Oné-fogrth: ,1
of the activity of the decomposed choline. Ih thé tables that follbw, ,
'the’one-sixth'figure.(equivalent‘fo 2% of thq‘startingvgholine)'ié u#ed

i
vy

PR
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as the célculated activity that wquld.appear in ethanol if this com= -
poﬁn& (and acetaldehyde) were the radical termination products
[reaction (c)]. | | | |
| ’I‘able I

Actzvzty Appearing in 2,3~ and 1,4~ Butanediol from
Irradiation Choline Chloride-1l, 2-1“0a

: : Sp. act. = Sp. acte % of
‘Expt, : Choline chloride . Carrier diol expected, . found, expected

- No irpadiated, we added, mmoles dpm/mmole® dom/mnole activity
1 8.63 5.81 93,000 ." 4s <0
2 729 5.8 83,600 o"vA 0
3 10,98 5.66 128,600 | 13 < o0.00L
4 1.3 5.66 15,700 120 < o.oiﬂ

" a. Both diols were isolated as tﬁe trimethylsilyl ethers; the derivatives
' were purmfxed on GLC columns of (1) SF-96 and (2) poly m-phenyl ether..

b. Experiments 1 and 2 were done with carrier 2 3-butanedlol, experlments
3 and 4 were done with the 1,4-diol. .

¢, Assuming one diol is produced for every four cholines destroyed. -
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Table II

Actmvzty Appearing in Ethanol from Irradiated Choline
Chloride-1,2-14C

. Expt. Choline chloride Carrier EtOH Purification Sp. act. - Sp. act. % of

No. Jrradiated, uc added, mmoles method expected& found, expected

Il o ‘ pe/mmole® uc/mmole activity
S 2.85 ~ 0.85 b 0.067.  0.0028 b2
2 .- 2.85 . 0.85 . TLCS | 0,067 0.0025. 3.7
Pt - T 2.85 . 0.5 © . T 0,067 0.0080 | k.S
| u T 478 8.52 - .« GLC® 0.011 5.6 x 107% 5.1
s w79 8,52 GLeb 0.011 5.5 x 104 5.5

) \, ) . - . Lo
6 4,79 8,52 GLCE 0.011 5.6 x 104 5.0

3 Asshm;ng one ethanol is produced for every six cholines destroyed.’
b. One solvent system used: 2% acetone in hexane.

" ¢. TWO successive solvents usad: (1) 2% acetone in hexane, ' s B
- (2) 7.5% ChCl, in hexane. = S L ©oh

d.I Three successive solvents used: (1) 2% acetone acetone in hexane, ,,{ax“t”;éﬁf
-(2) 7.5% CHCly in hexane, (3) 2% acetone in hexane. : Lo

‘e, Castorwax column. %

£, ‘Two successive GLC purifications: (1) Castorwax, (2) B-cyanoethyl ether. 777

. g« Three successive GLC purifications: (1) Castorwax, (2) B-cyaﬁoethyl>
ether, (3) Castorwax. : v _ .

| The resuifs.of this work indicate fﬁat'the radical termination,_  :
mechanism [reaction (4)] that was previously'postqlated is essentially
correct. Althqugh.a few percent of the radicalé;dispréportionate:to
.éthanol and ace:aldehydé, mo#t gf'them (about 95%).teéminate by rgaqtiog
with another radical, présumébly (CHa)sﬁi;,ithat propégates into the

viecinity.
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