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RECOIL CARBON-14 LARELIRG OF RAFRTEtALEXE, FXER- ARDARTRRACEXE 

URDERREZTRON IRRADIATIOR 

Shigeru CM*, Raomiohi Fwukawa, Yoshio Otsaji and Malsrayukl Ramada 
Radiation Centre of Osaka Prefecture, Sekal, Osaka, Japan 

We wish to report here the results of CU-labelimg of 

(Received 3 January 1963) 

naphthaleme phenanthrene end enthracene by means of nucleer recoil. 

This Investigation has been initiated tith a hope to see 

whether or not high energy C", fragments fool8led by nucledr recoil 

favor or discriminate arq partVxil.ar position %n product formatSons 

since a few scattered data hare Indicated euch dlscrindnetions in 

bond formations. 192 

We have irradiated naphthalena and phenanthrene both in the 

form of picrate, and In 2aethYlmedins solution and anthracene only 

as its plcrate, since anthracene is sperimgly soluble In 2-methylpYradine. 

The reactor for the irradiation used in this investigation was the 

Brookhaven Reactor U.S.A. and the conditions of irradiation were 

shown In Table I. 

l Present address : TIep.srtment of Applied Chemletrr, FacultY of Engineering, 
Osaka City Unlveraity, Osaka, Japan. 

1 J.f.Yang g A.P.Wolf ; J.Am.Chaa.Soc, g&3315(1960) 

2 a> W.Wald 1 b) S.Oae ; 01 A.P.wolf ; W%ce done et Brookheren Retl. Lab. 
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Table I 

Irradiation Conditions 

C-d 

Naphtha&me 
* 

F’henanthrene 
I 

Anthracene 

Neutron Flux T%R9 

7.9 x ld12n.c&'I.ec. -1 65 bra a) 

1.4x1013 * I b) 

6.9~101~ ” 11 a> 
” ” I( b) 
” II n 

a) Irradiatid as picrates 
b) Irradiated as P-methylpyradine solutions 

After the irradiations, these samples were radiochemically purified 

either by gas-liquid-chrcmatography or bf repeated sublimations and 

recrystallkations. Their specific activities were determined by counting 

with a Packard Tri-curb liquid scintilation spectraaeter, using 

internal standards. In the case of naphthalene, both Q- and E-methyl- 

naphthalene were added as carriera, and these " qnthesised " products 

were separated and radiochemicallf purified by gas-liauid chromatography. 

The rpecifle activities and radiochemical yields of the " re-entry " 

products and of " synthesised * meth~lnapbthalenes were calculated and 

are shown La Table II. 

The results indicate the radiochemical fields in the ,$aee of picratee 

were higher than those of 2-methylpyradine solutions both for naphthalene 

and phenanthrene. 
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Table I1 

Radiochemical Yields of Irradiated Cczmounds 

565 

Canpouuds Total Activities c) Radlochezdcal vielde 

Naphthalene a) 0.21 UC 1.59 b 
I) b) 0.11 0.08 

a-lkthjlnaphthalene a) 0.026 0.19 
" b) 4l4 0.10 

kPIethylnaphthal.ene a) 0.02 0.15 
" b) 0.071 0.05 

Pheaanthrene a) 1.59 7.79 
I b) 1.78 2.27 

Anthracene 0.43 0.85 

a) Irradiated ae picratee 
b) Irradiated as 2-rethylpyradlne solution 
c) Total actlvltler produced az each campounds 

To detendne the relatiw ratios of the Cl4 distrlbutlone In the 

reepectiw compounds, the q amplez were degraded chemically as mentioned 

below. 

1. Naphthalene was degraded by oxidizing to phthalic anhydride 

using v205 3 az a catalyst at first, then the phthalic 

anhydride wae conwrted to phthallmlde ' which was further 

rearranged to anthranlllc acid. 5 By measuring actlvlties 

of naphthalene,phthalic anhydride and anthranllic acid, the 

relative ratios of the C 11 distribution in napbthalene were 

3 C.R.firmey 6r LPincus ; Ind.Em.Chsa lftz, 2880 (1951) 

4 W.A.Noyes k P.R.Porter ; Wz.Syntheeiz Collectiw Vol 2, 457 (1956) 
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2.Phenanthrene was oxidized with CrO to phennnthraouinone 6 
3 

which was then converted to diphenic acid. ' Diphenie 

acid was further converted to 9-fluorenonc g by heating 

to fllthalio anhydrIde with V205 ? From these degradations 

the activities of 9,lO oositions of both phenenthrene and 

anthracene were determined. 

The results are given in Table KC and Table IV. 

The Remarkable feature deduced from the degradation data are 

the following : (1) higher distributions of C"* were found in the 

positions where the localizations at electrone are known to be 

higher ; i.e. a-position of naphthalene,9,10 uositlons of both 

phenanthracene and anthracene ; (2) the re-entry of C 14 Into angular 

positions were very small, probably due In part to the steric 

hindrance turd also to the tact that more ruptures and form&lone 

of carbon-carbon bonds are necessary for labeling C 14 at the 

angular than the other positions ; (3) the difference of $hase did 

effect the field but not the distributions of C lb In the products. 

The results clearly contradict to the well-known randan knock-on 

(5) S.famaguchi ; Exwlmental Ornanic ChemAstrq, 8th Fddition, Nankodo TOGO 
(1943) 

(6) R.Wendl.and & J.Lalonde ; Orn.%nthesis,& 76 (1954) 

(7) S.lCato & H.Shioda ; Yuki Goed Kamkukyokaiehl & 637 (1957) 

(8) E.H.Humtress, E.B.Heshberg & I.%Clitt ; J.Am.Cheq,Soc, 2, 2720 (1931) 
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Table III 

Spadfle Activities of the Degradation Products 

Product 
Specific Activities (~~~.mo~e) 

Picratee 2atthyl Pyradine Solution 

Napl&ialeue 1.99 x lok 2,89x103 
Phthalic anhydride 1.65 II 2.40" 
AuthraniI.ic acid 1.34 * r.95 * 

PbWka&.hrOlX! 9.01" 6.86 'I 
$-Fluorenone 5.15 '! 4.55 n 

Anthractnt 9.75 n 
Phthakic ant@&dt 9.10" 

Table IV 

Ratios of the Activities in the Molecule 

c-8 

Naphthakane 

Picrates Z-Methyl PyrEdine solution 

O.S(lO$) 1*85(m) 

8.5tl@) @.5(1(x6) 

16(m) 15.6(1%1 

Anthraeene 

Phenanthrene 
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mechanism by Libby et al, 9 V&IO assumed that the C" produced by 

the reaction N14(n s p)C"( would be distributed statistically into 

the molecule. 

Our reeulte eee~~ to euggeet that the Cl4 atape prodwed wcmld 

lose most of their energy nearly down to the thexmal region before 

attacking the molecules, giving preferentially thslrognaaically 

more favored products, depending upon the etatee of chemical bonding6 

concerned In w particular molecule. 

It IL; Interesting to note that the radlochcmdcal field of a- 

derivative was higher than that of &iecmer eyntheele products 

isolated. The reeult also Indicates that the replacswnt of 

hydrogen ataos by recoil Cl4 is also favored at a-position than at 

&poeition, 

9 W.P.Libby ; Science 2 283 (1941) 


