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SUMMARY

The synthesis of n—heptane-1-14c ig deseribed, starting from 14CH3I

via (140H3)20d and caproyl chloride; for obtaining n—heptane—2-14c,
n~pentyl bromide i3 converted into the Grignard reagent, carbonated
with 14602, and the resulted caproic acid is converted into its chlo-
ride and treated with dimethyleadmium. In both cases the labelled
n-heptan-2~one is finally reduced to labelled n—heptane by the
Kishner-Wolff method.

There are four possible singly C-lsbelled isotope-isomeric

(1,2 n-heptanes, with the label in positions 1, 2, 3, or 4. we

prooosed to synthesize these carbon-labelled isotope-isomeric

n-heptanes. ln the present psper we report the preparation of

n—heptane—l—l4c and —2—140.

Fines and Chen (3) described the preperstion of n-heptzne-

14,

-1-"7C from n-hexylmagnesium bromide and 14002, folliowed by reduc-

tion of the resulted oenaotic acid—l—l4c with lithium aluminium

nydride to n—heptanol—l—l4c. The last steges were dehydretion and

catelytic hycrogenation at 150° and 106 atm.(d)
Mitehell and Holcer prepeared n—heptane—l—l4c siumilsrly up
to the slcohol stage, then reduced the tosyl ester with Lith4

obtaining some tolueae 8s inactive by-product (probably from unre-

acted tosyl chloride) which had to be removed by silica gel ad-

sorption.(b’

The first isotope-isomer of n-heptane reported in the

(6) 14,

literature is n-heptane-4- . McMahon reacted n-propylmagne-
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sium bromide witn etiiyl Jormate—carboxyl—14c, obteining 4-nepta-

nol—4—14b which was scetylatec, pyrolyzed to n-heptene, &nd this

(6)

wus nycrogenated over o platinum catalyst.

The synthesis of n—neptane—2—14c or —3—l4L has not been

14, . . .
reporteu. at present, n-heéptane-1-""C is commercially svuailuble,

but no informations on the syntuetic umethod are inen.(/)

In our choice of syntuetic approaches to isotope~1someric
algsnes we consicerec the following requirements
-to start from usual, slmple compouncs ;
-to introduce the label in the latest possible step ;
-t0o &void ss far e possible operetions @t nigh pressures or
temperatures ;
-to devise approaches wnich m&y yield more tnen one 1sctope-
-isomer , if cditferent sturtin, meterieals are employed.

In the end, & procecure was selected which may yielc¢ bLoth
n-heptane-l-14c and ~2—14C, ¢escribec in the present peper. The
yrocedure consists in the reaction of caproyl chlorive with dime-
thylcacmium, tollowed by & rKishner-woltf reduction of the resul-
ted 2-heptanone, according to whether (i) the cimethylcacwlum or
(ii) the caproyl cnlorice is labelled, this procedure sifords

2-heptanone and n~-heptane lavbelled 1n positions 1 and 2, respecti-

vely.
Mg Cdcl n-CcH,,C0C1
(1) Mo —s l4cn3méi — 3 (14053)2&1 — 2
. HoH .
ool oty L4,
— “'65“11 CO LH3 — N L6Hl3" LHB
. 14 : ,
Mg [619] s50C1
(i1) n=CgHjibr —> a~Cgl) tigbr — 3 n—0511ll—l4COOH —5
(CHz) Cd
— n—05H11—14COCl —22 5 nggay -tooch, -

NoH
2.4 14,
—— n-C5H11— CH2—CH3

The use of orgenocadmium reagents (8) for the preparation

of labelled ketones was first reported in 1950,(9) anc¢ applied to
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(10) (11)

a variety of aromatic or aliphatic ketones in 1961-1962.
This approach to labelled alkenes has not been reported in the
literature, as far as we are aware,

For the reduction of 2-heptanone to n~heptene, the Clem-

mensen reduction (12)

was also tested, but gave less satisfactory
results in comparison with the Kishner-wolff method.(13) The time
necessary for the complete reduction by the latter method was
established by following the course of the reduction of unlebelled
2-heptanone through infrared spectroscopy (disappearance of the CO
stretching band around 1700 en™l),
The chemical purity of intermediate and final compounds
wes checked by fractional distilletion, infrarecd spectroscopy, and
refractive index. The n-heptane was also controlied by vapour
phase chromatography, and found to have a chemicel purity of 97 %.
For our purposes the necessary specific activity was
relatively low. In prepsrations involving a few grams of material,
the overall chemical and radiochemical yields for n—heptane-l-l4c
were 40-45 %. Trial experiments with larger smounts gave yields
above 50 %. The total yields for n—heptane—?-lAC are lower,
because the yield in caproyl chloride—l—l4c from 14002 is 55 % in

small-scale preperations, leading to an overall yield of ebout 25

per cent.
EXPERIMENTAL PART
Reasents
Carbon dioxide-l4C was obtained from barium carbonate—14c

end phosphoric acid in a vacuum line,(l4)

Methyl iodide—l4C was purified by shaking with mercury

till it became colourless, followed by distillation on the vacuum
line.

Cadmium chloride was dried at 110° to constant welght and

kept in & cdessicator over phosphoric anhydride.
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Caproyl chlorice was obteined from casproic acid and

thionyl chlorice., «fter refluxing for three hours, the mixture weas
fractionsted on & small column, b. p. 151-153°/760 Torr.

Benzene and ethyl ether, thiophene-~ and peroxide~freed,

were kept over, &nd distilled from, socdium wire.

n-kPentyl bromice was redistilled before use.

14

n-Heptene~1-""C

14

Limethylcadmium~""C., ln an oven-drie¢ three-necked flask

with efficient moisture-protecteé reflux condenser, stirrer and
Cropping funnel, 0.8l g (0.0%4 gram-atoms) magnesium turnings and
10 ml absolute ether were placed, The dropping funnel contained
0.5 mCi of methyl jodide-14C dilutea witn inactive methyl iodide
to & total of 4.8 g (%4 mmol, 14.7 pCi/mmol) in 15 ml ¢ry ether.
The reaction was started with 2 ml of this solution, the remeinder
of which was scaded so &8 to meintain gentle refluxing. Then the
mixture was refluxed under stirring tor two additional hours. The
solution was chilled in ice, the dropping funnel was replaced by a
rubber-connected flask containing 3.7 g (17.8mmol) dry cadmium
chlorice. This reagent was acded with stirring &nd cooling during
ten minutes ; after removal of the CdCl, flask, the mixture was
stirred for 15 wminutes, then refluxed for 3 hours with stirring.

2—Heptanone—1-140, Most ether was removed by distillation

discontinuing the water in the reflux condenser, which was now
used #s a fractionating column, connecting it with a downward con~
denser, and heating the flask on a water bath, Then 25 ml dry
benzene was added, and 10 ml were distilled off to remove the
ether., The benzene solution was cooled to 5° &nd a solution of 4,6
g caproyl chloride (34 mmol) in 10 ml benzene was added under
stirring from the dropping funnel during 1% min. The mixture was
then stirred for 3 hours at 15°, then 2 hours at room temperature,

The mixture was then hydrolyzed with crushed ice and dil. sulphu=~
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ric acid. The benzene layer was separated, the aqueous layer was
extracted twice with 5 ml benzene. The combined benzenic solutions
were washed successively with water, aqueous sodium hydrogen car-
bonate, and saturated sodium chloride solution. The benzenic
solution was driec over sodium sulphate and distilled at normal
pressure with a small column, After the benzene forerun, the
2—heptanone—l—l4c was collected at 148-151%/ 750 Torr. Chemical
yield : 2.6 g (23 mmol, 67 %). Specific activity : 14 PCi/mmol.
Radiochemical yield : 64 %.

n—Heptane~l-14C. In a round-bottom flask with reflux con-

denser and thermometer resching into the liquid, 5 g sodium were
dissolved completely in 100 ml diethylene glycol. Then 2.5 g ( 22
mmol) from the above 2—heptanone~1—l4c and 2 g hydrazine hydrate
were added. The mixture was refluxed for 20 hours (in trial expe-
riments without radioactivity, the course of reduction had been
checked by infrared spectroscopy in order to find out when the
recuction was complete)., After dilution with 400 ml weter, the
mixture was extracted four times with ether, The ethereal extracts
were combined, dried over magnesium sulphate and fractionated,
affording 1.4 g (14 mmol) n-heptane—l-l40, be Do 95-98°/ 760 Torr.
Chemical yield : 63 %. Specific ectivity : 13.9 pCi/mmol. Radio-
chemical yield : 62,5 %. By v. p. Cc. the n—heptane—1~l4C had a

purity of 97~98 %, with traces of 2—heptanone—1—l4C,

n—Heptane—2—14C

Caproic acid~1~l4C. In & three~necked oven-dried 100 ml

flask with efficient moisture~protectec reflux condenser, drop-
ping funnel and magnetic stirrer, 0.5 g (0.02 gram-atoms) of
magnesium turnings, 5 ml absolute ether and a small crystal of
iodine were placed, The dropping funnel contained % g (2,5 ml, 20
mmol) n~pentyl bromide in 15 ml ether. About one fifth of this

solution was introduced into the flask., After the start of the
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reaction, the remaining solution was introduced dropwise so &as to
cause gentle refluxing. Then the mixture wes refluxed for an
additional hour,

The flask was then cooled in liquid nitrogen, stoppered,
and attached to the vacuum line. The system was then evacusted to

107

Torr. Then 40, from 31.3 mg Bal4003 (3uCi) diluted with
inactive BeCO3 to a total weight of 200 mg barium cerbonate, the
gas being sgain flushed with inactive carbon dioxide to a total
amount of 20 mmoles, i, e. & specific activity of 150pCi/mmol,
was introduced into the flask, The temperature was raised to -20°
with the aid of a bath with carbon tetrachloride and liguid nitro-
gen, The carbonation lasted 5 hours with stirring. Then the flask
was taken off from the vacuum line and the mixture was hydrolyzed
with ice and hydrochloric sacid. The separated aqueous layer was
extracted three times with ether, the combined ethereal extracts
were dried over sodium sulphsate, and the ether was evaporsted
under reduced pressure, The remaining caproic acid—l—14C wes

further used without purification,

Caproyl chloride—l—l4c. An excess of thionyl chloride was

added to the above acid, and the mixture was refluxed gently for
three hours, Then the thionyl chloride was distilled off, end

the labelled caproyl chloride was collected at 151—153o in a
moisture~protected receiver flask. Chemical yield : 1.5 g, 56 %
relatively to 14002. Specific activity : 148 PCi/mmol. Radioche~
mical yield : 5% %.

2-Heptanone—2-140 and n—heptane—2—140. The reaction of

caproyl chloride-1-14C with dimethylcadmium affording 2-heptanone~
—2—140 and the subsequent reduction to n-heptane—2—14c were per-
formed as described above for n—heptane~l—14C. The yields in the
various stages were similar to those above, and the purity control

was performed analogously with compareble results.
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411 radioactivity messurements were performed with a

Packard Tri~Carb liquid scintillation spectrometer model 3375,
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