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PARTIAL DEGRADATION OF 1,3,5-CYCLOHEPTATRIENE-'?

© HOT-ATOM, PHOTOLYTIC, AND "THERMAL" REACTIONS

C OBTAINED FROM

BY HELMUT M. POHLIT AND RICHARD M. LEMMON
Chéﬁiéal Biodynamiés Labpratofy, Lawrénce»Radiation Laboratbry

University of California, Berkeley, California _94720

1,3,5-Cycloheptatriene-'*

C (CHT), one of the prominent products
' 6f fasf 14Ciatoms-in benzene, was produced with ]4C+—ipns
(kinéticienergies ofvs, 31, and 100 eV) ahd was partially de-
graded. In the 5-100 eV energy range, over which the yield varies
by a factor of abouf 6 to 8, the distribution of-]4C-activitv in |
the CHT product seems constant, i.e. 31% in carbons 2-5. This
Vslue_is.compared.wifh 45% obtained from_SOOO eV']4C+¥ions, indi-
cétihg“SeCOndary'1somerizatiﬁn of CHT-]4C, at the higher energy,
after its formation. In contrast, these same four carbons contain
fOnlygB.SX of the activity in CHT prepared by the photolysis of
IQCHZNZ in benzeﬁe, and only 2.5% of the‘acfivity when the CHT is
prépéred‘by the catalyticvdecomposition of ]4CH2N2 in benzene. It
is cdnc]uded that (1) over the energy range from 5 to 100 eV only
_ one mechanism is operative, (2) the last step, presumablv the inser-
tfon reaction of CH2 into benzene..does hot proceed at energies
: ab¢Ve 5 éV,gand (3) the effective energy available to thevphoto-b

Tytically produced CH, mist be well below 5 eV.



_Introduct1on

A fast carbon ion enter1ng a solid benzene target is neutralized
and, when its energy is less than 100 eV, it begins to pick-up hydrogen
atoms fnbm benzene molecules, forming CH. radicals, of which CHp has

(1,2) been assbmed.fo be the precursor to cxc]oheptatriene (CHT).]"2 In the
| * preceding paper we have indicated that hydrogen pick-up may occur over
(3)v - a nide energy range, extending possibly up to 100 ev.3 Thig was con-
cluded from the rapid decrease of the yield of CHT when the irradiating
T4C*-1bn'~s energy was decreased from 100 to 5 eV. Hewever, our data is
not extensive enough to rule out participation of other radicals, such
as CH and CH3 |

CHT has been shown to be extensively isomerized if formed from
14¢c*-jons of 5000 eV energy.2 In the preceding paper,3 it was also
concluded that insertion reactions, such as that of CHp leading to CHT,

| nave tOZOCCur below 5 eV. In other words, the range from 5 eV to 100 eV
concernsibnly tne fbrmation of precursors. However, if there nere-more
than one precursor involved (for example, a CH radical) in the>fonma£ionv
oijHT, fhe‘re1ative abundances of these precunsors would be expected
.to‘changef and, very:likely also, the degree of isomerization of CHT.
.-wé haVe;'therefore,‘carried out the partial degradations of CHT obtained
o with 1464-ions between 5 and 100 eV. For comparison, 14C-CHT products
4,5) ~ from benzene and 14CH, via two different methods%»>5 ("thermal" and

‘f"photo]ytic") were-aléo partially degraded.

: Experimental Detai]s and Results

- The procedures for the irradiations and for the isolation of CHT~]4C

~have been desdribed prevfous]y 2 (For technical deta1ls concern1ng the

ol
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fon accelerator see Refs. 6 and 7.)

_ The ‘degradation procedure involves:

oote _CooMe ; COOMe
+ y —_— { —_
é 3 coome > 7 coome
00Me 2 o S 2
1 o 111 W

For experimental details see Refs.fz and 6. The ratio of spec1f1c act1—

~vities of IV to III (or I) represents the relative abundance of 1abe11no

1n pOSit]OﬂS 2, 3, 4, and 5 together. This ratio, in %, is denoted by a.

Caté]ytic Decomposition of ]4CH2N2.“ See Ref. 2.

Photo]yt1c Preparation of 14C_CHT.  Nitroso-methyl- Me-urea (20 g,

sp. act. 10 8 x 10° dpm/mmole) was added s]owly to 400 ml1 of benzene
above a solution of-60 g KOH in 60 m] HZO at ca. 6°. At the completion

of the hydrolysis the yellow CH2N2 solution was decante and'irradiated

e ‘5"/ s’

at 6° for 4 hrs. with an- unfiltered G.E. DXB "PhOtOSpOt 1amn at about
20 cm distance. The isolation of 14C-CHT was performed. as in Ref. 2,
via preparative. glpc, this is sample A,

Half of the above'photolysis reaction mixture was irradiated underi

the same conditions for another 4 hrs. in order to check on possible

o _1somerization of CHT-]4C after formation; -this 1s sample B.

The values for a given in Table I, together with that reported

. earliertfor"a’SOOO_eV'irradiation.2 are plotted in Fxgure 1.
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RS _ ien \ccelerator see Refs. 6 and 7.)

Y

The degradatIOn procedure involves:.

oote C00Me "y > COOMe
. y — { —_—
I, 3 COOMe 35 coome
00Me 2 .- 2
1 11 11 Iv

For eXper1menta1 details see Refs. 2 and 6. The ratio of specific act1-
~vities of IV to III (or I) represents the relative abundance of 1abe11na

1n positions 2, 3, 4, and 5 together. This ratio, in %, is denoted by a.

Catalytic Decomposition of |*CH,N,. See Ref. 2.

‘Photolytic Preparation of ]4C-CHT. N1troso-methy]-] C -urea (20 g,

sp. act. 10.8 x 10° dpm/mmole) was added slowly to 400 ml of benzene
_ above a-sdlutioh of<60 g KOH in 60 ml H20 at ca' 6°. At the comp]etion

of the hydro]ysis the yellow CHZNZ solution was decanted and 1rrad1ated}

‘i{/ /

at 6° for 4 hrs. with an unfiltered G.E. DXB “Photospot' lamp at about
20 cm distance, The isolation of 14C-CHT was perfbrmed, as in Ref. 2,
- via preparat1ve glpc; this is sample A. |
_ Half of the above photolysis reaction mixture was 1rrad1ated under
the same. conditions for another 4 hrs. in order to check on possible
_1Somefizatioh;of CHT-‘4C efter formation; -this is sample B.
. -TheevalﬂesAfdh o given‘in Table I, together”with that reported

4.éarlierifqrﬁéF5000 eV ihradiation.z are plotted in Figure 1.
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Table i: Degradation of the Cycloheptatriene from Accelerated l4C+vand

XY 14 ‘
Photolyzgd CHZNZ‘

e mSample

. . : . Spec. Act. - |
designation Compound Weight (mg) Average a (%)
‘(and source) dpm/mole - ¢
A (photolytic I 0.339° 1.1 x 10°
 prep) * 3.806 1.7 x 108 xox
1, 5.915  11.7 x 10° 4.06%
7
3.787 4.92 x 10
v 2.497 4.59 x 107
o 7 |
B (photolytic 2.841 4,13 x 10
= prep.) W 0547 45 x 107 3.52%
(100 ev M4¢*- 111 © 3.497 5.87 x 10’
ions) 7
| 3.686 5.94 x 107
I * 3.244 5.97 x 107 31.3%
a v 4.156 5.93 x 10"
1.821 1.87 x 107
v 3.450 1.86 x 107
2.94 1.88 x 10
(31 ev M. - 4.161 9.15 x 107
-~ jons)T . IIIa? 4.090 9.00 x 105
R 4.428 9.23 x 10
e 30.0%
| 3.676 2.73 x 107
IV 3.443 2.70 x 107
4.188 2.79 x 10
(sev et . 5.9 4.8 x 107, | ’
- ions). . a 1.161 5.22 x 10" .
. . | v
3,236 1.695 x 107 ' 4
v 3.172 1.71 x 10/ 33.6%

2.860 1.68 x 107 o
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Footnoﬁef}fb Tab]elI:

| '..v'*)'iIiIa is an,isomer of III which does nof.décombose to IV
o (see Refs. 2 and 6). Its structure is most likely:

COOMe

| 00Me
'   **)7”The1somewhat higher degree of isomerization in sample A is
| ~probably due to an accidental heating of the "buifer"
of the Prepmaster, which was avoided in the .isolation .
.%w&//-ﬁf | of sample B. Theréfore, we have taken 3.5% as the

upper limit for both A and B.

DiScussioh.'

If.fheré is a fea] increase in a for enérgies higher than 100 eV
(as is indi@ated by'Figure 1), this increase may be due to increased
~"padiation damage" at thelhigher energies where the terminé] "hot spot"
 will be Targer. Thatvis; there mayvbe'available, from diffusﬁonai
broéésSQSLat<the end of the accelerated c&rboh's track, additiona1'fragé
‘ments, such as hydrogen atoms, whose availability may increase the yield
of CHT. | |

Our interpretation of the yield drop from 2.5% at. 100 eV to 0.32 at
5 eV is that in this'rangé precurSors,.presumab1y CH2, are fqrmed-which-
produte:CHT-by insertion into the benzene ring.3 Fewer of_uhése precursors
.wohld-be'fbrmed at the lower energies, where, for example, a bare}carbon_“:
might iﬁtéract with benzene before it could become CHp. If this is cor-

rect and if o is a measure of the degree of iscmerization_(via‘hydrogen

'shffts)"of CHT during or follbwing the insertion reactio_n’,2 the'conétahcy'ifl'f-J;”
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of o betwéén's and'loo eV implies that the energy at which a CiHT pre- 
cursor (CHZ) reacts with benzene does not reflect the energy at which

the precursor was formed. Therefore, the upper energy limit for in-

‘sértion'with'appreciable success has to be below 5 eV. This constancy

also 1mp]ies that a possible "low énergy mechan{sm" for CHT, such as
1nsert1on of C or CH 1nto benzene--followed by hydrogen pick- uo,2 can-

in the 5-100 eV range
not contribute apprecxably to the format1on of CHT/because its relat1ve
contr1but10n should have increased considerably at 5 eV. Since the CHT vield
nas decreased by a factor of 8 compared to what it is at 100 eV, the value
of o should have changed unless both mechanisms produce separate]y exact]v

the same a. This is _very unl1ke1y

The comparlson of the "hot-atom" a with that of photolyt1ca]1y and

‘Cata]YtJC31]¥;Pr°d999d CHT (3.5 and 2.5%, respectively)? suggests that

either we are dealing with a different mechanism in the "hot-atom" case

'(which may be a difference in the electronic states of CH2) or that the

energy'distribution'ﬁf photolytically produced CH, is confined to a much

lower energy range than that of hot-atom cnemically produced CH,. Tnese
are estimates for photolytic CH, energies between 0.5 and 1.7 ev.8 since
tiis enérgy does not seem sufficient to cause appreciable isomerization

of CHT, nor of CHT to toluene,’

‘the CHT obtained in the hot-atom chemical
system must have been produced by'CH2 with energies well above 1.7 eV but
below ca. 5 eV, Doering and GasparIO found a certain amount of deuterium,

in,carbohs 1-6 df CHT prepared photolytically from CDZNZ; however, tney

"Sgem tq;attripute:it mainly: to phbtoisomerization of CHT after its for-

‘mation,.
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‘The most. reasonable int;erpretati’on of our results is that only

" one mechanism is operable for the CHT production, and that CH, radi-

- cals with energies between about 0.5 and 4 eV are the precursors.

Some of these precursors with energies >1.7 eV cause considerable

isomerization in the CHT product.
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