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ABSTRACT . 

May 10, 1951 

A procedure for converting cl402 to methanol. and methyl iodide by high 

pressure hydrogenation of the Cd-Ni salt of for,m;c acid is described. A 

pure product is obtained in good yield and the method was found to be con

sistently reliable. 

(*) The 'Work described in this paper was sponsored by the Atomic Bnergy 
Commission. 
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THE SYNTHESIS OF METHANOL-C14 AND ME:J.'HYL IODIDE-C14 BY HIGH 

PR.1!BSURE lIYDRoGENATION 

by 

PoT 0 Adams, R. Eo Self'f and Bo Mo Tolbert 

Radiation Laboratory and Department of Chemistry, 
Univers~ty of Callf'orn;a, Berkeley{*) . 

(*) The work described in this piper was sponsored by the Atomic Energy 
Commission. 

The conversion of BaC1.4o.3 or cl402 to mE;)~nol ~d methyl iodide has been 

accomplished by numDrouS procedures since the introduction of radioactive carbon~ 

Many or these procedUre~ are quite capible of giving excellent, yield, but often

times dif'.ficul ties are encountered in their use 0 Thus,. direct high pressure hy= 

drogenation of cl402 ;(1) requires a special catalyst that may be d:i$ficult to 

(1) B. Mo Tolbert, J. Am. Cham. Soco .22., 1529 (1947) 0 

prepare. Reduction of 01402 with lithium aluminum hydride is nearly quantitative 

on a macro scale (2) 9 but on a semi-micro scale difficulty is encountered because 
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of need for special solvents since splitting of solvent ethers produces con= 

taminants d.ii'ficult to remove on a smail scale9 and because the yields have been 

fOlmd to be somewhat erratic. Therefors9 alternative methods of pr<9pa.~ation of 

these important intermediates have been explored .. 

In a recent series of' Patents (.3) 9 the reductil!m of metal salts of high 

(.3) A .. S .. Ricihardson & J .. Eo Wyoming9 UoS .. Patent /l2rv.340ra.344 and 2934°9687 
\ to 29340~691 (1944).. _ 

molecular weight fatty acids are described~ The ~oducts_ formed are mixtures of 

alcohols and esters .. This study 'WaS extended 'to the low molecular weight fatty acids 9 

and w.ith severa1 important modifications excellent yieJ.:as of the allClohols were 

obtained (4).. Since formic acid can. be made in good yield by hydrogenating p0-

tassium bicarbonate (j this offered an excellent method of preparing methanol as follows ~ 

(4)" P.. To Adams & B oM,; Tolbert 9 unpublished data .. 

(5) Do B .. Melrllle9 J .. R~ Raehelle & Eo B .. Keller~ J o Biolo Cham .. ~rv419 (1947) .. 

c1402 ........". __ ~> ... XHCUo,3 3~ .PdCc) 

9Cf%, Cd(OH)2 
10% Ni{t;m)2 

HZ 

HcJ.40z(Cd=Ni)l/Z 

. , 
, ,r-

Copper Gh:romi te 
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In this process no solvents other than wter are used at any time and no 

reagents containing organic carbon (except the ion exchange resins) are intro-= 

duced to make possible contamination or dilution of the proCluct .. 

The purity of the product methanol was checked by mass spectr(Q~ph.ie analysis 

and shawn to contain no ethyl al-cohol or propyl alcoholo The identity of-Jj],e methyl 

, iodide ws confirmed by boiling pOint and index_of "'retraction measurements 0 Con

version of the methyl iodid$ ,to acetic acid gave a _pr¢uct 'With the correct equiva

l~t weight9 which also indicated the absence of higher l!lolecular weight analogues /) 

The authors -wish to thank Profo Me. Calvin for his interest and help in this 

worko 

,Eqtperimental Procedure 

Potassium formate-C14z - Using concentrated ~uJ..ruric acid 9 20 mmoles 

(3094 go) of BacUo3 ws convertedtocl402 on a vacuum line {6)o This carbon 

(6) MoCalvin, ~oaio~- tt'Isotopicaarbon9~ John Wiley & S0n89 InooS! New York 9 

New' York (19491'; pO-e142o , 

dioxide ws absorbed in 20 mlo of i 1i carbonate-free potassium hydroxide with 
\:"\-i~\l 

stirring over a period of 3-4 hours .. At ,the end of this time the flaskws frozen 

with liquid air to condense the residual carbon dioxide from the line 9 the stop-

cock connecting it to the line closed, and the flask wrmed to room temperatureo 

After l()""20 minutes of additional stirring ~ the absorbing flask was opened and 

the contents washed into a small beaker using 5=10 ml 0 wtero 
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The pH of the solution was adjusted vdth Ool! sul:ruric acid untll it was 

faintly' pink to phenolphthaleino The adjusted soiutionws transrerred to a 300 cc 0 

stainl.ess steel hydrogenation bomb (7) containing 2 go 30% palladium on cllarcOal. (S) 0 

(7) :Micro bomb 9 American Inst~nt COmparly9 SUver Springs, Maryland e 

(S) Commercial prOduct from J~T~ Baker & Co 0'1"Inco· 

The bomb was then 11lf'1osed and pressured to lS00-2000 psi with electrolytic hydrogen 

and h~ted at 70°0 with shaking f'or 2()"'24 hours 0 

lAfter the bomb had cooled to room temperature the ·pr'9ssur.e was released and 

the contents fUtered 9 with sootion9 th:rough a fho Whatman filter paper 0 The 

filtrate was then stirred with 10 mle packed Cation exchange resin (9)0 The volume 

(9) Dowe:x: 50 cation exchange resino Before the resin was used it was washed 
first with 2 ! hydrochloric acid and . then repeatedly washed with 'Water to 
remove all traces of free acid 0 

of' the solution' here was 20()'" 300 mlo 

The resin was· fU tered of'f' and "Washed 3-4 times wi tb. 'Water 0 The r.il tra te was 

titrated with IX sodium or potassium hydrOXide to a pH of' 900=905 and evaporated 

to drynesso Yield on this run of lS03 mmoles or 9105%0 

The yield by this method varied f'rom 8~90%o The eq1Jive;lent weight of' the 

product was uSually 3=4% high$) probably due to impurities in\#J,e resin$) but these 

did not interfere with the subsequent chemical steps 0 If' the formic acid is steam 

distilled a very pure product can be obtained Sl but the steam distillation of this 

acid is slwo 
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Met.hanol~c14g = The potassium formate (18 .. 3 mmoles9 1.,6 g .. ) was dissolved in 

~5 ml .. o.r wtai" and treated l.dth 10 ml .. of wet packed ~tion exchange resin (9)0 

MeanwhUe9 0.,30 go Ni(N03)zo6H~ and Zo08 go Cd(Cl)202=l/2 HZO in solution in a 

40 ml., centrifuge tube was treated with sodium hydroxide to precipitate the hy= 

dorxides o This precipitate was washed three times 'With distilled water tlQ) remove 

all tra~es of Cl= and N03~ ionS .. 

The resin~form.ic acid mixture was til tere4 ~~ugh a ~oarse sintered glass 

funnel an.d the filtrate added to the wet hydrox~de slurry.. Seven to eight portions 

of wat,eI" were then used to wash the rin and this water used to insure complete 

·transfer of the formic acid$ about 30 mI .. wte:r 'WaS used in ali.. On mi.:x:ing 9 most 

of the hydrarl.de dissolved,; the resulting mixture was evaporated to dryness on 

a steam. bath using an air stream .. 

The dry mixture was transferred to a 115 mL, ~tain.less steel h;ydrogenation 

bomb (7) conta,ining 105 g .. or ClOpper chromite o _ The copper cllromite was made 

according to the procedure ofAdk:ins (10) except that the fin.al acid wash was 

(10) atOrganic Syntheses9 Vol .. 1I9~ John Wiley & Sons~ Inco 9 New York9 New York9 
{194J)9 p .. 144·0 

made with dilute ;(5%) nitric instead of acetic acid to e.lim.'iI'.ate l{3on.t.am1nation 

of the lX"odu~t 'lNi th ethanoli) 

The bomb was closed 9 ~onnected to a vacuum line and puID.J?Sd 4=8 homes t\Q re= 

move final traces of water 0 This is especially important if' ~/ 'Water has been used 

to transfer the last of the salts from the centrifuge tube () If' the· pr."odu~t is not 

dried well he:r."e~ yields will be ma.rkedly reduGed o 

.. : . 



The bo.mb was remcwed from the vacuum line.9 pressure- to 3500 psi wIth e,le~= 

trolytlc' hydrogen and heated at 2400 0 with shaking f'or 9 hourso Af'teT." the bomb had 

. Gooleds it l~S transf'e.I'Ted to the va~uum line where the hydrogen 'IM8.Sl passed through 

a JJ.quid a.fr.=.cooled spiral trap (11) containing a sintered disk .. The bomb was then 

pu:m:ped f'1Or 5 hours lvhile warmed at approximately 80GO ~th an i.n.fra-red lampo The 

product 1.s a ~ure of' methanol and watercontainin.g 85=90% y-ield ©f' methanol based 

~n the potassium formate used., 

Methv,l Igdide=ol4g = The methanol-water mixture obtained by hydT'ogen.a:tlon 

was· cooverted to the iodide Usin~ 10 g eof iodine 9 0 0 62 go of' red phosphOL"US and 

3 mlo of water as desC'..ribed elsewhere {I) 0 The methyl iodide plt"oou©OO 'WaS 'Wshed 

first with 10 mlo .of water and then dried over pb.osph~ pantorlde and weighed., 

In t,his preparation the yield was 6gf, based on the &01403 used to begin the syn= 

thesis or 74.10 based on the formate used 0 The specific activity of the proouc;t 

ws 9092 P-c/mgo in 1093 go or 19015 mCG; totalo Other preparations gave yields 

gf 85~ 78 and 82% based _on the f'or.mate used o 


