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Abstract

Carbon-14- and deutertum-labeled choline chloridas were used to

study the me=hanism of the radiolysis of crystalline choline chloride.

..iness studies demonstr'ate that, during the hizhly-sensitive radiation

decompositiong (1) the carbinol group of the ethanol moiety becomes

the aldehyde group of the resultant acetaldehyde, (2) no hydrogens are

trcns:erred to or fron the ty·imethylamino group, (3) the hydreens of

tho ethanol moiety are hishly mobile, and (4) intermolecular hydrogen

  transfers take place.
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2484 (1961).

(4) R. M. Lemmon, P. K. Gordon, M. A. Parscns, and r. Mazzetti, ibid.
80, 2730 (1958)0.--/.

(5) R. >i. L:.fr,mong N. A. Parsons, and D. M. Chin, ibid. 77  4139 (1955) .

Earlier work had indicated the ressi.bility of a nymmctrical inter-

sediate beh:cen choling chloride and one of its principal radiolysis

products, acetaldehyde.  Such a structure was base·1 on the electron spin

resonance spectra obtained fr¢n sblectively deur:rated, irradiated choline

chloride.  To West thin possibility, in the present work [(CH))31(1· 2Cli.)H2O8]+Cl-

was prepared and decomposed by electron irradiation.  Ths distribution of

radioactivity was then determined in the resultant acc:taldehyde.

The movements of hydrosen atces'during the radiation decompoaition

process  vera  determined  through  experiments  on  the  ful lowinl  deuterated

cholines: E<CD))3?·ICK:2CH201i]+Cl-, [(CHS)3NCD2CHTCH)+Cl-*

[(CES)3NCH//CD2,QH]'tal-i,  C (CH) )3';CH2CH2083+Cl-s   and  I (CH))3NCY2CD2OD]+Cl-.

The resultant principal products, trimethylamine and acataldehyde, were

purified by ga chrovatography and their deuterium contents deterainsd

by mass spectroscopy*

Expcrimontal

-v,······-  - •- 1-7 -·r        '·'    r     r  ···· 1 ... .4    .M„··· -. -·  ··· .7.·          . -'4.-    -i- .., ·-'·. ..'    A,-.-....   +'   :I           .  „-, v,... 4  1                 9i L ·-, ::. „I i.+c.:.:   0:    i.,(3 Js.i.·x..   c.•, ·,:i.·1,•2,( ,-*.-,4.--·4· ,2  :u·Y. i:,  -   A .· .    .n -  pr=i·i :.  .ion   01

r(CH„.).NCHAc14H10H]+Cl- was   the   condensa+lon   of  ethyl  bromoscatate-1-C14
-        3.3       4          4
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[(CHZ)37(H20£208]+Cl- and [(CH3)3NCH2(DECD]+Cl- were prepared by

discolvinZ  undoutoratod   (or  0-snathy lune  douterated)  chcline  chloride  in

a lgrce excbms of 99% D20.  The solution wa·,3 evaparated to dryness and

the dcuterate·d compouiid was recrvs-cs lii ind fro-,1 :; sU-dimethylforma- ide.

Before  using  this  solvent  fre  r'e.2rys:zllizstion,  we  estabi.ished  b„  NMR

spectroscopy that the c rbonyl-boun·i hydrogan atom of the solvent would

.not exdhange with D20.  The idantizles of the dautora:03 choline chleridEs
wore establislied by C and H analysis.  It was not possib60 to obtain a

check of the purities by AMR spectroscopy since no suitable aprotic

r
solvent could ba found.

Irradiations.--The (14-labeled crystalline choline chloride was

irrudi#ted with the electron b·eam of a 3-5 Mev li.near· accelerator. The

deuterium-labeled cholines were irradiated with Cc60 A rays;  the irradiation

techniques h,Tve been described previously.4 There is little difference

batween the effee=ch of electron beams and X r·xys in the radiolysis of

choline chloride.  The choice of the radiation is morely one of con-

venionce.       In   all   experiments the radiation   &09,3   Siven   (2-6   x    106   rads)

was sufficient to cause approximately 10% decomposition.  Direct deter-

minatirns of the amcmnts of deccoposition were not made.

Acetaldehyde-(14 Oarradations.--After an irradiation the sealea

tube containing the cholins .chloride was opened and the contents dis-

solved in water at 00.  Inactive acetaldehyde was added as carrier: and

tte  resultant  solution  was  re El,xed  for  two hours wliile a stream  of

helium passed throush it.> carrying the acctaldehydo into a liquid

nitrozon-cooled trap.  The trap an·d contents were then placed in an

After the solutionice  bath  and col:,  t'li.luto,  basic  KNnog WGS  ato•33.
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,      r  /  .7 3 .'   - r·:-:. ···...
r

. .-'   .          'T"..  ..    n. .' r. ':.     /. ..t ..." -:....  ,       1 -4 -'. -4

arc prese':3.tec 12 1-l 31 3 1.Le

MJS3      Spectral      n.= 1   -·        f-·-      r·'        r.o      t.        ·1 T      ,-· R+; 3 /'...   .... .14   r...  'A   1-+1 3. . „ i....      .. •--    4..- ....  ..F   / /'. / ·t  .4.    ·-•- 4-4.2I·.   •-·'•·    4'/A*    "// ..4 /
--         .   r w 6r,   1   .9,   ... *   ,-,.1 -#7, -and   for   Ac"..      ...·-.ny,A·-    -::·c·1,   L·, 4-3 '3"u, 224#'12""J    -+

' iass CK..ChO Deutorated Acctmidehyda
(1.7 /9 )   .       A.P.I.    3 Ours: :·: pt. ]. Expt. 2 V·: M-     9..

..0 .... 100.0 100.0 100.0 100.0 100.0...."

30 1.1 1
-

1.4 1.4                             7     1-.+ -'-
:, 7 26.7 30.1 .t,3 :4 27.8I.-. .. 28.0.....

44 45.7 54.0 50.2 49.7 49.5
45 1:2 1.3 2.8 2 4 4 2.5
46 0.1 0.1 V 6     :sm a ]. 1 V. snzll V. anall

*Relativs peak heights
**Reagent grade, after CLC Turification on dimothylsulfolane

The data of Table II clearly intic..ite thst rh2re is li'ctl.e, if anys
t.

./            involvement of the methyl protcns ir, tne radiolysis 01- crystalline

cholize chloride. The milfi'.3 6'··1Ctrum 0. the acetal:30')'7·1·.3 is alioir

f *identical to that of the aceti:.1·:lehycle ftcm ordinary cholina. Thcre ls

a alight enhancement of die n.1:39 45 peak, but this increase is so small

as to Le of dubious sinnificance.

fic,s'I:,·'t 1.:i ·th-,tdo     f'r·'>,1    f (C;i··t ) .3.'iC').,CH.5,0)il+Cl-  .--7'he   mass    spectral   data

are presented in Table III.

Table TII

i Mass   ST:ctral·· Data*  for   CRJEMO .(A.P.I.   CatalciI)   and   for
Acctal.,ie·'iyde   f('09   L (Ci·. 3 < WCD,2Cf. oo:·: .1+dj.-

.' #'.::.13 3 Dcuterated Acetal·lehyde

0- /8 ) CNic:fs Expt. 1 r.:-.C. 2 T... -1.4    1....   .  .  I      ./

100.0 100.0 100.0 1 -'.  .'
„LIJ J ., 'J

1.1 4.3 4"2 5.7
1 11.6 .11 a 1 2.:9. , -1-   .     ..

45.7 20.5 22e9:.. U. $
..' .: 6 0 90 2 32.44.¥ .., 1. - YV. 4 ,».: -

46 0.1 14.9 14*4 23:9
2.84, 205 2.2

ORclative peak heithta
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The data of Table III show: (1) There 55 3 50611 fraction at mass

....30;   r:·.:ic   .-i o':ic   c.ju   zy.   for:nod.      (2)   The   m.11 jor   peak   i=   at  mass   45,   not   46.

'.bore forn·,    there,    t.u   ,-t :'·r:'   C i -,DC.HO   trian   Ci·i D,Cifn.   form,":i    (by   a    fector    of
'.                                 I-

nic-rl··/  2).      (3)   7:0   .3:··:'t:-cr' nt.: 2   09  a   ' '. ,311  30*k  at  mass   47   indicates   the
-Ponsation  ct'  :icet,] 1.:9<#/32  wirh   t.ir·-:3,  d,:.u'Stir:.u·n   atr.:,3.    Thls is evidence

01 inT. .r':ic·.loc:110.1· the r:,diolysis...J '.- /i.·.··A  .... .·..... I......  -·'.- I.·•·./

ASI... i· ill::.': t'.'(1·.3   fror   !"C·.7',3 ...134:CS:):1+Cl-.--Consistont   nass   :3pCCtral

Jaza en The acataldehyde fron the C- othyleze dcuterated choline chloride

proved difficult to obtain.  Thc aceraldchyde mass spectrum was taken after

thirte.,i,  dii ferent  radic,ly:·:ig  e:t'c,·3;3.L.;-:r:nts ,  ii,clu Jin-  thoss fron three

different /repar,stions o: the dautcre.ted ca.spound.  riass 30 was always

,
.the .larics:  peak;  however,  :be mass  *5 knoss 46 ratio varied  all  the  way

f'ran 2.75 to 0.40; the avaraee was 0.99.  Thit this w.is rot due to varyinn

amounts of water present in the cryntlls wes shown by our obt:lining similar

mass cpoctra re·:iardless of whetkir the crystals ware handled with rigorous

exclus:on of water or in the presence of atmospheric moisture.

The mator oraducta, occurring in nbout equn l amount:t. aDDear to be
-

CH:(00 ana (22DCDO:  The manG  7 pork is no ornater than is the mass 45
J

peak for ordibary acctaldehyda; therefore, there is no evidenca of CD3CHO

or CDotiCDO.

Typical mai:s  spectral  dita  foliow:

.



2.]  3      7  9

·pectral Bat..4 for' CHor.':0 (A.P.I. Coral:3) and for

Acitaldc·hyde   frce·.-,   C < C.'4.. )..fC:I,CD.. CH] +Cl-
0 J

-1.53 D: utcroted Acetildehvde*h
Ci : In

-

Ex    , t. 2 --:0+               1...     ....

29 lrO.0 5.6 r.     02..
-.
t'.1 1-. 1 109,0 100.0 100.0
'. S.

26.7 ik.7 /,IJ 9.6/4 : e

44 45.7 10.9 15.4 13.5
l:.1 1.2 16.4 16.9.". '., -   I  "

/          , 43 0.1 16.3 33.9 30.81.
47 1.5 1.4

*Rolative peak hah:hts
42,3.,res,antative data fran a total of 13 exoeriments

Acet·ilc thyde. fres [(CHs, 33)ic'H:C,[·303]+Cl-.--The mass opectral data

aro   presented   in   Table   V.

Table V

Mass Spectral Data* for CHBCHO (A.P.I. Catalog) and for
Acctildehyde frog L<(63)4NCHPCH2031+Cl-

..

Dcurcrated Acctaldehyde
(m/e) -" 3'                1     Expr. 2L':9'.£,2 Expr. LXDZ.. J

29 100.0 100.0 100.0 100.0
30 1.1 0 G 3.5 3.4.*.-

43 26.7 -0 0
25.0 18.7...0

44 45.7 43.0 49.4 40.4
45 - 20.7 23.8 26.61*Z
':.C 0.1 3.394: 5.8 7.1

ARelative peak heights

.-

three conclusions to 52 drzwn r:02 the anta of Table V::nera  ara

< 1., i.cro 3 smlill, .but definite, fracticn of deuterium E;  D r> 7, a 1    -·i

.alacny:se grouc· C. ss .30)--That is, 8 small amount of CDO is fvrn:·.1 2

3.31-. .- ... .-- 1.......: ......•              (2) a consid:: :::17 -roate: 4.-ranti: .

9 7      r- 9.1 »r 7 ...,     1  --



-

.1 -1. .-. :. ;   C 6  CED,CHO) shew. .'..7.'.-«, D  ..    .  :   7 ..... ---

. .......  - ,... r:dic,Disis.

:e '.,12.:S :·.1,2tr·.-11 ,lara

ac·.:tjld.:,':',7,"..: fr:,4 -z:.i  :ri-.1 .'-,-:c·.:4.-.:.::t(.d chcline i; pres·onto:-1

Nasa    SE·ectral   Dataf:   for   CH.C;19   (A.P.I.    C...italor)    and    for
Acatildehydo   f r.·jit:    E (:El ) iNCH,CD., 03 1 +Cl-

.... .               I.

.ils . , '...1: .  I.  ,

(7: /...: ) CH,070 3.,-'... 4- n -1. t.-,.:·,, r.-1.1

23 100.0 7.1
0 ..1

1 7 100.0-: t..

43 26.7 C     .\«,4

,44 45.7 1 , ·  C-....

45 1.2 17.1
46 0.1 ,) L.. p

6  ..4

47 ls, C--...

48 4.9

...dia Cl,VO  .1-...5#r.  ".: ..:.. 4,)

7,7 4     ,: 2.:,2.    e: t    m i·.31 48 : that :ic.ne Dercic·utaro-acer.rildchvde is

foracd,  This .in further cv.idence (added to that oresantcd in Tnbles III

and   V)    t'h nt   int··31'solac'ular   hydroson   transfers·   tcke   place   during   Inc

r ad i 0+ion    ;:3 .1·cos: '30:3 it i On     prec#3 '

.
79.3 1 77 2;: ·.       -·. ' rc r. 1 Cholinas.--The data cf Table VII

.. - -·, Ll  : . 6    +4.      ·F-· :  7 in 1     ...9     9,7': ...'.-':7,··.re    *A    *M .·n,·• ·FA·,-,    fno:':    the    ethanol   noi.Cty

: tri'-,g th·,rle::·, int:  durini, '....I-'   .":„



V

/.

, r

..,

.

F o. ,     <        t -  ).. - -     (.1, .    ,     I.      ; . '1  2- la-               1     Cur    Data )
.„..1    -i' v·:. 1- L•'.;.a:C·.1 Chel:;

... C.3 :..t
3.... Tr of·.-·..:" p ·1.: . Choline znloridcs#f

4                              2-.i:or.-·...:):'    91 ::.'... r: r..r.,7

C :
5 / 4 4.-J.'.V

33.7 45.5 37.1 JOI ,™,

U . 42 ·, 6 t
..

0.0 ......

„ , .

i,., I  '37: I: IiI:, '..
100.0

.*.     55. i 45.344 , 3 ...

1.3 1.S,•„ 1.0 1.3

.Ative neak hoishts
't ti·ri t. 'e'.hy;L.:2:1 i ne,    f rux·'.    t;:'.2   :ad i ,-·.1;,· 2 10    0,1   orclinary   cholina   clt,1:  rid·.0 e   after

'' '......1. .I  I.  pli    a    4 i'.1    uj,w, I :: '.-.bo.-Au -- - ····. ·  ·s     -····-·  ·· .··· f ! 1' 2 n 9 S     '. 7 Cp u    (.1 (:Ile     C·n
. ....  '. . I  + *  :. /.     . . . . . . ,     . . . . ,  ...  .

: le:/   C'.3 U::·:*6. 6    .:,-:   4    -,,-.':.7:·2 0 C.·, 221   cc.'.I . t:;.in'.1 3    5-i: 5   ..:2 par::te   (: :. :,2.7'7:in :. -
.1 ··. r..r,-- ..  .. 9 . -  ./ T. ./tic ·.. or tri:):Sthy 1.741:-,c ...»-», -- V..:. .. -'.. ..«.... ..... ..........'...

-:. (c tints  F CK,I i-re..··: 34(iI·3.--The deur,Briug contents in

«- - 1  2..

i; r St :  .-,       (D T        Ccii:  U  C.A.  '  L. .
.:ere t.acki.,s by mr.:.i)sure.nunts of

the 1403 53'.':ctra o.F ·t"tu ZIE·,I c.brained from aliguots of tho different
0

, *·-·; 1 -1 ..,.:·1•.,1.-„ r This was done in seven different experinents and, in all.. .si ....1 .....4 4

c ao·:2.,   the  doureritio  found   i T:  the  CWgI   (ratins  of  na:ses   142:143:144:145)
4

cllowed clogely  vit found in Ci·:.. CHO <raties of wasses 44:45:AG:47)..

Ths:  rinao„ni=  or  si·,"ni'r.can·c  mn,·i, s  145  (*  CDcI)   fran  tlie  ace:01,·ichydo  frce
..                                                                 'S

-

i';·-,Acth.,, ien,-: d,putir:zted :holine i.9 turti:dr ::113-,st. int).:1:.fort or Our Conclusion

that intermolecular hydrOTCS trnnofor is occurrin:f.

Se.7%0:1 3.B: Conclusionc

251'.1       ..3 per    2-   ive    increns...-,i.)     our   una.orst.-.aci ir

-t C·; zL; .  i ·'-C.'3 r.33 i.: Lin:i   co-  ,Stion oi- crystalli-..2

4 2,, ... -2:1. Tar:  :„ i::17 4 h c, i'. :£11 hzvo no understandi:

0:,..' : 1©21.- 50 540 itivs to   itzint rd
....

r    i-'...1' .:·.-: r    k 13 2,1 :  tne   bacl·:.0-nism.  .3  .  ·i  rei·.ilt  of  the  present  u.ork,
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