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: : ABSTRACT

THE SYNTHESIS OF METHANOL-C4 AND METHYL IODIDE-Gl4
BY HIGH PRESSURE HYDROGENATION |

by
P, T, Adams, R. E, Selff and B. M, Tolbert

Radiation Iaboratory and Department of Qg?mistry,
University of California, Berkeley

May 10, 1951

A procedure for conver’bing. cL40, to methanol and methyl iodide by high
pressure hydrogenation of the Cd-Ni salt of formic acid is descrlbed. A
pure product 'is obtained in good y1e1d and the method was found to be con—.
‘sistently reliable,

(*)  The work described in this paper was sponsored by the Atomic Ehergy
Commission,




THE SYNTHESIS OF METHANOL-GL4 AND METHYL IODIDE-C'4 BY HIGH
PRESSURE HYDROGENATION

by
P, To Adamsy; R. E, Selff and B. M. Tolbert

Radiation Iaboratory and Department of SZhemlstry, ‘
* University of California, Berkeley(* ‘

(¥) The work described in this paper was sponsored by the Atomic Energy
Commission. ‘ ‘

N
)

The conversion of BaG‘u*OB or 01402 to methanol and methyl iodide has been
accomplished by numerous procedures since the iritroduction of radicactive carbon.
Mazgv of thesé procedtﬁ'es aré gquite capable .bf' giving excellent yield, but often=
tj’mes:difficulties are encountered in their use. Thus, direct high pressure hy-
drogenation of 01402 (1) requires a special catalyst that may be difficult to

(1) Bo M, Tolbert, Jo Am, Chem, Soc. £9, 1529 (1947).

prepare. Reduction of 61402 with 1lithium aluminum hydride is nearly quantitative

on a macro scale {2); but on a semi-micro scale difficulty is encountered because

() R, F, Nystrom, W, H, Yanko & W. G, Brown, J. Am. Chem, Soc. 70, 411 (1948).
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of need for special solvents since sﬁlitting of solvent ethers preducss éon=-
taminants difficult to remove on a small scale, and because the yields have been
found to be somewhat erratic, Theref@reg altemative me'bhods of pmparatim of
these important intermediates have been explored,

In a regent ser:x.es of pa"besn“bs (37, ‘bhe reductl@n of metal salts of h:Lgh

(3) Ao 8. Richardson & Jo Eo M;/'Qm:*i,ngg; TS, Fat,ent #293409344 and 29340 687
o 293405691 (1944) | . |

molecular weight fatiy acids are described, The products formed are mixtures of
alcohéls and éstars o This 'stuﬁy was extend_ed to the low molecular weight fét’by acids,
and with sevérai imPox_"tant modifications excellent yields of the alcohols wei‘e |
obtained (4),_Since formic acid can be made in good yield by hydrogenating po-

_ tassium bicarbonate 4 this offered an excellent method of preparing methanol as follows s

(4). P, T, Adams & B, M, Tolbert, unpublished data.
(5) D, B, Melville, J. R. Rachelle &'_ E. B, Xellery J, Biol. Cheme 169, 419 (1947).
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In this process no. golvents other than water are used at any time and no
reagents contaihing organic carbonv {except the ion exchange resins) are intro-
duced to make possible contamination or dilution of the proauct; ‘

‘The pmitj of th‘ev iamduc'b me’bhagol was checked by mass spectrographie analysis
and shown to contain no ethyl alc@ﬁol or propyl aicohelo The .ident,ity‘ of-the methyl
'jodide was confirmed by boiling point and" index‘of “refraction measurements, Con=
version of the methyl iod:.de to acetie acid gave a product with ‘the correct equiva-
lent we:.ghtg wh:Lch also indica'bed the absence of hlghe:r molecular we:.ght analogues .,

The authors wish to thank Prof, M. Calvin for his interest and help in this

work.

rmate-Glés - Using concentrated sulfuric scid, 20 mmoles

b A’

(3094 go) of 13301403 was converted -'bo'cjj’ﬂz on a v#'acuum line {6). This carbon

(6) M. Calvin, et.al., ®Isotopic Carbon,® John Wiley & Sens Inco,,) Ne'w York,
New York (1949)y po 142. A ‘

dioxide was absorbed 1.n 20 ml, of 1 § carbonate-free potassium hydroﬁde with
stirring over a period of 3=4 hourso At the end of 'bh:LS time the flasi; was frozen
with 1iquid air to condense the resz.dual carbon dioxide from the Z.I.::_.,ne'9 the stop-
cock connecting 1t to the line closec.l, and the flask warmed to room temperature.
 After 10-20 minutes of additional stirring, the absorbing flask vas opened and

the contents washed into a small beaker using 5-10 ml, water,
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The pH of the solution was adjusted with 0,1 N sulfuric acid until it was
faintly pink to phenolphthalein, The adjusted solution was transferred to a 300 cc.
‘stainless steel hydrogenation bomb {7) containing 2 g. 30% palladium on charcoal (8).

{‘7) ~ Micro bomb, Amemcan Instrument Company, Silver Springsg Maryland,
(8) Commercial product from J 0'I.‘ Baker & (5009 Inc.,

'Ihe bomb wavs thén v@ﬂlosed and pressured to l800==2000 psi with electroly‘ti@ hydrogen
and heated at 70 C with shaking for 20»24 hours .

After the bomb had cooled to room 'bemperatxme the -pressure was released and
the contents filtered, with sustion, through a #40 Whatnan filter paper, The

filtrate was then stirred with 10 ml. packed cation exchange resin (9), The volume

(9) Dowex 50 cation exchange resin, Before the resin was used it was washed
first with 2 N hydroechloric acid and then repeatedly washed m,th water to
TEMOVS a.ll 'braces of free acid,

o

of the selutiéh here vas 200-300 mle

‘The resin was filtered off and washeci 3@4 times with water. The fz.ltrate was
titrated with 1 )Y sodium or potass:,mn hydroxide to a pH of 9.,Om9°5 and evaporated
to drynesso led. on this run of 1.803 moles or: 91..5%0

 The yield by this method veried from 85-90%, The ezqu;va.r.ent weight of the
product was usually 3-4% high, probably due to impurities inf":téhe resin, but these |
did not interfere with the subsequent chemical steps, If the formic acid is steam -
distilled a very pure product can be obtained, but the steam distillation of this

aeld is slow,
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Methanol-Cl%s - The potassium formate {18.3 moles, 1.6 go) was dissolved in
L=5 mle of @te\r and treated with 10 ml. of wet packed cation éxehange resin (9),
Meanwhile, 0,30 g. NL(NQB)ZoéﬂgO and 2,08 go 6d{C1l)5°2-1/2 Hy0 in solution in a
40 ml. ecentrifuge tube was treated with sod:u_m hydroxide to precipitate the hy-
d@mcj.de&., This precipitate was washed three times with distilled water to remove
all traces of C1” and NO3  ions,

The i“esinmfoxmic acid mixture was filtered through a coarss sintered glass
funnel and the filtrate ad,ded to the wet hydroxidse slm:Ty Seven to eight portions
of water were then used to wash the rin and this water used to insure complste
transfer of the formic acid; about 30 ml. water was used in all, On mixing, most
of the hydroxide dissolved; "bi:.e resulting mixture vwa's evap@:mted 'bd dryness on

a gsheam ba‘th using an air stréamo-

The dry mixture was transferfed to a 115 ml.,'. stainless steel hydrogenation
bomb (7) containing 1.5 go of copper chromite, The copper chromite was made
- ageording to the procedure of Adicins (10) except that the final acid wash was

(10) “*Orgam,c Syntheses, Vol, II,® John Wiley & Sons, Ine., New Yox“k9 New York,
(19M)9 Po 1ddo R

made with dilute (5%) nitric instead of agetic acid to eliminate contamination

o.f the product mth ethanol,

The bomb was clesed, @@nne@*ed to a vacuwn 1ine and pmnped ,4,,«»8 h@ms to re-

i

e\ water has been used

move final traces of water, Th.lS is especially important if
to transfer the last of the salts from the @entriﬁxge tubs, If the product is not

~ dried well here, yields will be markedly reduced,
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'The'bamﬁ was removed from the vacuum line, mressure to 3500 psi with elec-
tr@lyti@\hydr@gen and heated at 240°C with shaking.fcr 9 hours, After the bomb had
"cooled, it was transferred to the vacuum,liné wher@vthe'ﬁydr@genvwas passed through
a liquid air-cooled spiral trap {11} containing a sintered disk. The bomb was then

{(11) Be M. Tolbert, gheales Jo Org. Cheme 14y 527 {1949},

ff::mvaT 5 h@urslyhile warmed at approximately 80°c with an infra-red lamp, The
pm@du@t is a mixﬁure of methanol and water c@ntainingv85;90% yield of m@thanol_based'

on the potassium formate used.

The methanol-water mixture obtained by hydrogenation
was converted to the i@dide_ﬁsing 10 go of iodine, 0,62 go of red phosphorus and
3 ml, of water as deseribed elsewhere Kl)o'ihe methyl iodide prédum@d wasg washéd
first with 10 ml, of water and then dried'over phosphorus pentexide and weighed,
In this preparation the yield was 68% based on the BaCl403 used to begin the syn-
thesmﬁ or 4% basad on the formste usedo The spescific a@tivity of the pr@du@t
was 9«92$&Q/mgo in 1,93 go or 19,15 me.4 total, Other pre;arations gave yields |
‘of 85, 78 and 82% based on the formate usedo





