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, PROJECT ABSTRACT

High energy halogen atoms or ions, activated by various nu-
clear transformations are studied in gaseous, high pressure and
condensed phase saturated and unsaturated hydrocarbons, halo-
methanes and liquié‘énd solid aqueous solutions of biomolecules in
order to bétter uﬁderstand the mechanisms and dynamics of high
energy monovalent species. The experimental and theoretical pro-
gram and its goals remain the same, consisting of five interrelated

18 34m 76Br

areas: (l) The sterecochemistry of high energy F, Cl, and

substitution reactions involving enantiomeric molecules in the gas
and condensed phase are studied. This is a continuation of a joint
project with A.P. Wolf at Brookhaven National Laboratory. (2) The
gas to condensed statg transition in halogen high energy chemistry,
involving chlorine, bromine, and iodine activated oy the (n,Y) and
(I.T.) processes inh halomethanes, saturated and unsaturated hydro-
carbohs is being investigated in more detail. Special attention is
given to defining the nature of the enhancement yields in the con-
densed phase. High energy halogen reactions in liquid and frozen
aqueous solutions of organic and biomolecular}solutes are studied
in an attempt to learn more about these reactions. {3) The appli-
cations of high energy chemistry techniques and theory to neutron
activation analysis of- biological systems are being conﬁinued.
Special attention is given to developing procedures for trace
molecular determinations in biological systzms. The applications
of hot halogen atoms as indicators of solute-solute interactions in
liquid and frozen aqueous solutions of halogenated bases and nucle-

osides are being developed. Experiments are designed to explain



the mechanisms of the radioprotection offered biomolecular solutes
trapped within tﬁe frozen ice lattice. (4) Reactions'of bromine
and iodine activatea by isomeric transition with halogenated bio-
molecular solutes in 1liquid and frozen agueous solutions are
studied in an attempt to learn more about the activation event in
the condensed phase. (5) The high energy reactions of iodine with
the isomers of pentene have been studied in low pressure gaseous

systems employing additives and rare gas moderators and ligquid sys-

tems.'_Special}attention is given-to the reactivity of excited com- - -

Plex formation and structural effects of electrophilic iodine at-

tack on the pi-bond systems.



FACILITIES

A. Triga Mark I Reactor

. All neutron irradiations were made in the Triga Mark I "swim-

ming pool" nuclear reactor at the Veteran's Administration Medical

Center in Omaha, Nebraska. A flux of 1 X 10ll

em™ 2 sec”! was present at an operating power of 15.5 kilowatts.

thermal neutrons

Various positions in the "lazy susan” sample holder were employed
and the assembly was rotated to ensure that all samples feceived
the same neutron £flux and radiation dose. - - For very short
irradiations, the »assembly was not rotated and samples were
irradiated in the same position. The radiation dose was

17 ev g_l min~! using Fricke dosimetry.

approximately 3 X 10

For the past year, the nuclear reactor operated routinely for
at least four eight-hour days a.weék at 15.5 kilowatts. The radio-
chemistry group used for thé period from October 1; 1972 to Septem- "
ber 30, 1980, 340 hours (integrated time in reactor) at 15.5 kilo-

watts power, making 1700 irradiations.

B. Radiochemistry Laboratory

All sample preparations were performed in a well-equipped,
specially~designed radiochemistry laboratory in Hamilton Hall
Cheﬁistry building. The two hot laboratories contain four six-foot
"Oak Ridge-Type" hoods, several radioactive waste sinks, radiation
safety equipment,'seven separate vacuum lines for preparing gas,
high pressure gas, liquid and solid state systems, and the usuel
laboratory facilities. The counting room is equipped with one
radiégas chromatograph, three single-channel analyzers with

several 2" X 2" Nal crystals, four GM counting stations, four gas-



flow counters, and a Nuclear-Data 128-channel analyzer with a
3" X 3" Nal crystal specially housed in a concrete, cadium, and

lead cave.
- Two complete. radiogas chromatographs have been built and are

located in the radiochemistry room of the reactor facility,

allowing us to analyze routinely many more samples containing 1281,

l301, 808: 82B 38Cl. This is quite necessafy for the study

of 1281} 80Br, and 38Cl reactions activated by. the (n,Y) process in

’ r, and
the unsaturated hvdrocarbens, precluding the necessity of making
~severe corrections for radiation damage and thermal reactions oc-
'chrring during lengthy neutron irradiations. An’ ISCO Model 1440
High Performance Liquid éhromatograph with sample collector is lo-
cated at the reactor facility. This -location enables us to étudy
efficiently the high energy reactions of halogens with aéueous li--

Gu:d and frozen systems of organic molecular and piomolecular so- -

. AT

lutes. We have increased our data-gathering ability by having our

equipment located at the reactor site.



SUMMARY OF PRESENT PROGRAM

+

A. Background of Project

Hot atom, high energy or "hot" chemistry, is an~importan£ tool
for basic research in areas now considered vital-energy, environ;
menﬁ and medical or related technology. "Hot" chemistry is a
probe, an interactive science which embraées many fields; from hot
atom reactions in simple hydrocarbon systems to theoretical de-
velopment of high energy particle reactions. Utilizing reactive
species pqssessing non-Boltzmann energy distributions, high energy
chemists have discovered and characterized new reaction channels in
organic and inorganic systems; contributed to the theories of ener-
getics, dynamics and systematics; developed new tecnnigues of chen-
ical detec;ipq and anaiysis; and aided biological and medical
sciences.

H2igh onoigy distiiuuiions Qf atoms -anc¢/or iong can be produced
via two classes of activation: -cheﬁical accele:ato;s and bulb
techniques. Each type of experiment produces‘reactions that can
contribute to the characterization of high energy species. Each
experimental class investigates properties unique to its techniqhe

Chemical accelerators impart kinetic energy to atoms, ions or
molecules by use of elecﬁromagnetic, pressure differential or
ultrasonic gradients. The particles are accelerated in a straight
line (linear or tangential, hence the name "beam" experiment) with
a resultant kinetic energy distribution of narrow bandwidth {gener-
ally a Boltzmann distribution centered about the terminal accel-
erator energy). The atomic-, ionic- or molecular-beam is produced

in a near vacuum and permits the examination of atom-molecule



and/or ion-molecule single collision reactions. The data obtained
reveal information on intrinsic properties of reactions; e.g., re-

active cross sections as functions of scattering angle and energy.

However, chemical accelerators are limited in their abilities to
measure endoergic reactions, to have (energy) resolution and (pro-
duct) identificatién simultaneously, ' to orient molecules (dy-
namics), and to study the effect of environment (even 1 Torr pres-
sure) and multiple collisions on reactivity. |

Bulb techniques are multi-collisionally oriented. The kinetic
efiergy imparted to atoms or ions ar® the result of nuclear récoil
or photochemical recoil activation. Whileiphotochemical and some
nuclear activation modes produce atoms; ions or radicals within
narrow kinetic energy limits, the multi-ccllisional nature of the
‘technique results in collisional "cooling" of the "hot" entities,
producing a broad spectrum of kinetic enargies.

Extrinsic properties are readily measured (the hot species or
medium taken in bulk) and intrinsic properties are inferred. New
" reaction channels (both exo- and endoergic) have been observed and
characterized. Although molecules cannot be §riented, the ease of
product identification (including diastereomers and enantiomers)
permits study of reaction dynamics. The effect of the_molecular
environment on the reaction systems from low pressure gas to solid
‘state gasses and crystals is easily studied in bulb experiments.
These studies can significantly contribute to a better under-
standing of the photo-catalytic cage effects or de-excitation pro-
cesses, an afea that may be important in photochemical energy con-

version processes.



In our rgseaich work,'we are interested in the area of mono-
" valent high energy physiéal-o:ganic chemistry, concentrating on
heavy halogens activated by radiative neutron capture and isomeric
transition, and cyclotron produced fluorine, chlorine and bromine.
We have alsc used photochemistry, ion cyclotron resonance and mass
spectrometry techniques in our work. '

During the period February 1980 to January 1981, three publi-
cations appeared in the literature, two are currently in press and
one has been submitted for -publication. The lead talk "Liquid
Phase Hot Atom Chemistry: At Crossroads" which I presented at the
10th International Hot Atom Chemistry Symposium in Loughborough,
U.K., appears in a special issue devoted to the lead lectures of

the Symposium in Radiochimica Acta. The reader may acgqguire a

flavor of the current work that is being done by the group in the
lesi su¥veral YRErsT” "As much of our progress of ttie rast contract
year is contained in publications and manuscripts in-press or sub-

mitted, only a brief discussion relating the relevance, progress

and significance of the work will be presented.

B. Summarized below is a report of our main progress during the
current contract period.
1. The Stereochemistry of Energetic Halogen Substitution Reactions
at Asymmetric Carbon Atoms.
RELEVANCE, The fundamental guestion of whether high energy
halogen atoms replace another halogen by retention or inversion of

configuration at asymmetric carbon atoms,



X. + RX. > RX. + X.,
. 1 79

is important to investigate since it can provide insight into the
dynamics of hot atom reactions. The continuing role of simple
physical models for hot atoms with ﬁolecules such as the "Impact
Model"™ and the "Inertial Model" can be evaluated and refined.
These projects are a collabnrative effort with Dr. A. P. Wolf of

Brookhaven National Laboratory.

(a) High Energy Chlorine-for-Chlorine Substitution Involving

Walden Inversion in Gasecus 2—Chloro-l—Propanbl.l

PROGRESS. 1In a recent study it was reported for the first
time that a gas phase high energy sustitution reaction occurred
mainly by Walden inversion. In gaseous 2(s)-(+)- and 2(R)~-(-)-

"y
L
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ration was observed at the chirai center for both
substitutions. The extent of inversion being independent of radi-
cal scavenging suggested a unique inversion mode for high energy
"chlorine-for-chlorine substitution. It was concluded that the pre-
dominant factor controlling this substitution event was steric in

character. It is of obvious importance to test for the presence of

Walden inversion in other molecules with single chiral centers.
34m

This paper reports the reactions of Cl-for-Cl substitution in

gaseous 2(S)-(+)- and 2(R)-(-)- chloro-l-propanol at various sys-
tem pressures and in the presence and absence of neon moderator and

a radical scavenger.

10
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‘The experimental techniques employed in this study have been

C . 2-4 5

previously described. The methods described by Lucas et al.

were used to produce 2(S)-(+)- and 2(R)-(-)- chloro -l-propanol.

Polarlmetrlc analysis of the R and C chloropropanol showed spec1f1c

25

rotations of [Ol]D - 15.5 and [a]D + 15.33, respectively. The

resolving agent, 2(S)-(-)-‘acetoxy-4-methyl valeryl chloride was
found to be 86% optically pure. Sample sizes varying from 30-80 u L
were used for the study. The saﬁples were heated to 100°C in quartz
irradiation vessels and were irradiated with a 22 MeV proton beam
at the BNL 60-inch cyclotron. The samples received an average
irradiation of 60 HAs normally producing about 12 uCi at E.O.B.
Post-irradiation derivatization and separetions of diastereomers

2-4

were accomplished by the methods previously described. Control

. 3 . - . . . .
experiments™ in which derivatization was run in the presence cof

: - L m . e ' <
- externally -generated Ti "an aamixture with thed substrate showed

34m

that post-irradiation Cl-for-Cl exchange reactions were not

significant under the conditions employed for the derivatization of
the diastereoﬁers.

Presented in Table I are the absolute vields and percent in-
version of 34mCl—for—Cl substitution at the chiral center of
2(S)-(+)- and 2(R)-(-)- chlorec-l-propanol at various pressures and
ip the presence and absence of neon moderator. These results show
.a predominant inversion of configuration at the chiral center for

34mCl-for-Cl substitution of the propanol in agreement with the re-

34mc) _and 38

sults previously obtained in the study cf Cl-for-Cl
substitution in the gas phase enantiomers, 2{S)-(+)- and 2(R}-(-)-

chloropropionyl chloride. The percent inversion and the absolute

1A



TABLE I. Yields of 34mCl-for-Cl Substitution at the Asymmetric

Carbon of 2(S)-(+)~- and 2(R)-(-)- Chloro-l-Propanol in the Gas
(at +100°C) Phase.

Pressure Mole % Absolute
Enantiomer (Torr) Neon Yield % Inversion %

S-(+) 290 -- 1.2 + 79 + 10
R-(-) 290 - 1.2 + 0.4 80 +

S-(+) ' 340 - 1.3 + 0.8 78 +

R-(-) 340 -- 1.7 + 0.7 74 + 10
S-(+) . ©39C - 2.1 + 0.8 59 + 6
R-(-) | 390 - 2.1 + 0.6 56 + 4
S-(+) 500 - 2.5 + 0.5 47 + 6
R-(-) 500 - 2.4 + 0.4 54 + 10
S-(+) 750 - 3.1 + 0.4 44 + 5
R-{-) 750 - 3.4 + 0.3 40 + 5
S-(+) 340 7.7 1.1 + 0.3 76 + 4
S-(+) 340 21.1 1.0 + 0.4 60 + 7
S-(+) 340 150.2 1.6 + 0.5 50 + 3
S-(+) 340 63.4 0.8 + 0.2 a4 + 7

34mCl—for—Cl substitution in 2(S)-(+)- chloro-l-proparol

yield_of
descreases with increasing mole % neon suggesting that 34mCl—for—Cl
substitution at the chiral center of 2(S)-(+)- chloro-l-propanol,
resulting in inversion, involves high energy (hot) chlorine atoms.
While it may be arqgued that 20% of the inversion is actually due to
racemization there is a femaining 60% of the substitution reaction
that must result from an inversion reaction. The effect of 1,3-

34mCl—for—Cl substitution in 2-chloro-l-propanol

butadiene on the
has also been investigated. 1In the presence of 5 mole & of 1,3-
butadiene the observed percent inversion was 73 + 4 %. As noted

previously in the 2-chloropropionyl chloride, the observed percent

12



inversions are ‘similar within experimental error. Based on the ab-

sence of any effects on the observed percent inversion in the pres-
ence of the 1,3-butadiene radical scavenger, it is suggested that
reactions involving thermal or hot radicals which can react with
the butadiene are not involved in the inversion'mode{

As can be seeh in Table I, the percent inversion appears to

4

decrease with increasing pressure. Ache et al.’ who have studied

chlorine-38 <£for <chlorine substitution in 1liquid 2-chloro-1-
propanol found a partial retention or a racemic mixture depending-
on which solvent system was used. The next system showed partial

6-13 {hat

14,15

retention. It is known from infrared spectroscopy studies
alcohols can readily hydrogen bond.- In fact it has been shown
by infrared and thermal conductivity techniques that there 1is
molecular association ox aggregation in an alcohol such as ﬁethanol
in the vapor phase. in order to investigate further correlation
between the extent of inversion and the system pressure, the state
of aggregation in the chloro-alcohol was investigated. The IR
spectra at 100°C iﬁ the pressure range of 340-740 Torr were
studied. With a system pressure of 390 Tcrr a small absorption
‘band at 3470 cm_l -- absent at 340 Torr pressure -- and a sharp ab-
sorpticn band at 3600 cm_1 were observed. The absorption bands at

3600 cm 1

and 3470 cmml have been shown to be the free fundamental
valence stretching vibrations of the hydrogen-oxygen bond and the
fundamental stretching vibration of the O-H in the dimer in which

the hydrogen participates in the bridge between its own oxygen and

the oxygen of another molecule,lo respectively. Increasing the

13



system pressure resulted in an appearance of the 3470 cm-l dimer
absorption .band with a concommitant decrease of the 3600 cm—l mono-
mer absorption band. The presence of the 3470 cm_l absorption band
suggests molecular aggregation at ‘these system pressures. As seen
in Table I, unlike the chlorine-for-chlorine substitution jn 2-
chloropropionyl chloride, there is a definite pressure effect on
the extent of inversion in the chlorine substitution with Z-chloro-
l-proranol. With increasing total system pressure the extent of
~inversion decreasecs. This evidence suggests a felationship between
aggregation and the extent of inversion. As the extent of aggre-
gation increases the number of molecules allowing a relatively un-
hindered backside attack leading to inversion decreases. This can
be readily seen from scale molecular models. This égain suggeéts
the impoftance of steric factors in hot atom substitution reac-
tions.

SIGNIFICANCE. This study demonstrates that an inversion reac-

tion mode invdlving bigh energy chlorine substitution is not unique
for the 2-chlordpropionyl chloride but also occurs in chlerine-for-
chlorine substitution.with 2-chloro-l-propanel vapor. The necn
moderator data suggest that excess kinetic energy is neéessary for
the inversion channel, the extent of its yield decreasing with in-
creasing moderator concentration. Unlike the halo-acyl-chloride
the chloro-alcohol forms aggregates or ciusters via hydrogen
bonding at higher pressures. This would vitiate any conclusions
regarding the mechanism and dynamics of the substitution process in

higher pressuré systems, especially those involving the condensed

14
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phaSe4 and would suggest that care must be taken in comparing 1li-

quid or "high"ipressure results with those of low presSsure systems.

(b) High Energy Fluorine-for-Fluorine Substitution Reactions in

Gaseous 2-Fluoropropionyl Fluoride.

PROGRESS. One of our goals in the study of halogen-for-
halegen substitution reactions is the role of hot atom size, enan-

tiomer ligand atom size, nature of hot atoms on whether predominant

substitition with retention of configuration or inversion of coms—

.figuration occurs. We choose to study the‘18

F-for-F substitution
at the asymmetric carbon of 2(S)-(+) and 2(R) -(-)~ fluoropropionyl
fluoride in the gas phase. For geasons described in the previqQus

section, our enantiomer cf choice was the aceyl fluoride rather

than the alcohol. The experimental details/are similar to those

. - - - s - . . S T .
LTV IOUDLY  eliprloysd 2 the ~Ciliorine projecc. ihe nuclear acti- -

vation reaction of choice was the 19F(p,pn)lBF reaction.
Presented in Table II are the absolute yields and percent in-
version of 18F-—for—F substitution at the chiral center of 2(S5)-(+)-
and 2(R);(—)— fluoropropionyl fluoride at various pressures and in
the presence and absence of 1,3-butadiene scavenger. Uniike the 2-
chloropropionyl chloriae system,3 these results show a predominant

18F~for—F substitu-

retention of configuration at the chiral center
tion of the acyl fluoride. The percent inversicn and its absolute
vield, appear independent of the system pressure and 1,3-butadiene

additive.

SIGNIFICANCE. While it is too early to define the parémeters

responsible for the differences in the substitution procesées be-

tween the chlorides and fluorides, it appears that there is a sub-

15



stituent inertial effect involved. Our experiments involving 18

76

and Br will assist us in understanding better the substituent

processes.

2, Gas to Liquid éo Solid Transition in High Energy Chemistry.
RELEVANCE. While the gas phase stﬁdies of any system may lead
to discovery of new high energy reaction channels, the gas phase
quite often does not resemble the final, technological end product
to which the éystem can be applied. The liguid or selid phase sys-
tem is often ideally suited for chemical, technological or environ-
mental application on an industrial scale. The dilemma lies in the
often too complex-hature bf condensed phase systems. Dynamic, sys-
_tematic and energetic information is more difficult to extract from

high density data than the low pressure gas ccunterparts. The gas

[T R O R I e BN Tt . - By B O i I L S S Eo . S
A LU LD L LN LL@ENSAL LWL pPAVY lues o Cull LTIy D2 LwWwe ! ::.L!ll},)J.c: [

research (gas phase)' systems and their applicable end-product
(often the condensed phase}).

By systematic use of the gas to condensed phase transition,
the effects of a collapsing molecular environment on high energy
atoms or ions and their reaction channels can be observed. The re-
sulting data contribute information as to the nature and importarnce
of various reaction channels; the emergence of new reaction pro-
ducts (channrels), not found in the gas phaSe; and the relative im-
portance of molecular versus enhancement reactions in the condensed
phase.

The nature of condensed phase enhancement ireactions has been a

controversial subject since the beginning of hot atom chemistry.

16



The interplay of the gas to liquid to solid transition experiments
with theoretiéal chemistry provides a realistic link between obser-
vation and postulation. The characterization of phase transitions
.0of any system provides feedback for refinement of enhéncement yleld
theories. However, we realize that care must be employed not teo
over-interpret gas to condensed phase data. We do not employ the
density-variation technique as a kinetics tool to extract guantita-
tive information but as a mechanistic probe to develop reaction
. schemes as seen in Section 5, and to obserwve--the effects of a col-
lapsinag molecular environment on high energy reaction products.
In the same manner, the gas to condensed phase transition
studies on diastéreomeré and enantiomers provide information for
the refinement of current concepts of molecular dynamics of hot

atom or ionm reactions with organic substrates.

(a) High Energy Reactions of Iodine in Ligquid and Agqueous Solu-

tions of Biomolecular Solutes.

PROGRESS. In a recent communication]'6

, we suggested caging
effects by an ice lattice on high energy iodine geminate recombina-
tion with the biomolecules diiodotyrcsine (DIT) and monoiodotyro-
sine (MIT). This suggestion was based on the observation that the
only observed products from neutron irradiation of frozen dilute

128I—labeled iodide and

agueous soluticns of MIT and DIT were the
MIT or DIT,~respectiQely. Over a 100~fold concentration range the
labeled MIT or DIT product yields were not only relatively large

but constant in value. This behavior of the frozen aqueous state

17



was quite different than that of the liquid where the labeled bio-
molecular product yields appeared to decrease with decreasing bio-
molecule solute concentration. In order to make the suggestion
that the events tesponsible for the higﬁ constant biomolecular
yields over a large concentration range in the frozen agueous mix-
ture are the result of'geﬁinéte recombination of a hot 1281 species
produced by radiative neutron capture with the original radical
caged by the ice lattice, it is necessary to establish that the
biomolecule‘so;ute exists as a monomolecular dispersion trapped in
the empty spaces within the ice lattice. The waﬁer molecules in
ice at -77°C are a:rayed17 in hexagonal arrangements of oxygen
atoms (isomorphous with the wurtzite form of zinc sulfide) by hy-
'drogen bonding with much empty space between the molechlesb

The biomolecular solute can exist as microcrystals, small
clusters or agaragates of-kka hicmcléculds- &8 ad Lidiv idual mole=
cules traped within the ic% latticé. There is no a priori reason to
assume that all biomolecules are trapped in a monomolecular disper-

sion within ice. Since the 128

I-labeled MIT or DIT yields de-
creased with decreasing solute concentration in the liquid agueous
solutions, it may :indicate a decfease in the extent of aggregation
with decreasing solute concentration.

In this study the product distributions of 1281 activated by
radiative neutron capture were determined in dilute aqueous solu-
tions in both the liquid and frozen states and the neat form of 1-
iodoaniline (2IA), 3-iodoaniline (3IA), 4-iodoaniline (4Ia), 5-

iodouracil (5IU), 3-iodo-L-tyrosine (MIT), 5-iodo-2'-deoxyuridine

18



(IUdﬁ), 5-iodo-5'-deoxyadonosine (51dA) and 3,5-diiodo-L-tyrosine
(DIT). These results suggest to us that a "hot atom" such as 1281,
activated by radiative neutron capture, can be utilized as an "in-
teractive tracer" to find site information in liquid solutions, as
well as frozen aqueous mixtures. This can only be accomplished if
the hot atom has distinctively different chemical reactivities with
solute aggregates and water.

The main purpose of this study was to determine the nature of
organic or biomolecule solute aggregation in liquid and frozen -
aqueous systems in order to understand better the high labeled pro-
duct yields in neutron_irradiated aqueous systems. Whether in the
liquid or frozen agueous state the organic or biomolecular solute
- can exist as clusters or aggregates, microcrystals or solute aggre-
gaﬁes of a éreferred size within the ice lattice, or as a monomole-
cular dispersion. The nature of the solute can, Of”cOurse, depend
on it; concentration. If aggregates or clusters of the solute
molecules exist in the liquid or frozen aqueous systems, then the
hot atom reaction products observed should be characteristic of the
neat solute in the crystalline state. Unfortunately there are in
the literature no studies reporting hot atom reactions in crystal-
line biomolecular systems.

Iodine reactions produced by rédiative neutron capture must
probably involve positiveiy charged iodine ions in ground or elec-
tronically excited states. JIodine-128 formation in all the crys-
talline systems must involve hot hydrogen abstraction reactions

128

producing H I either with biomolecules in the crystalline lat-

tice, or if trapped in the metastable states within the crystals,

19



with water molecules in the dissolution process prior to product

p

analysis. In the aqueous system iodine will of course exist as

l‘281". It would be quite informative to have crystal structures

for'all the crystalline biomolecules sfudied. Unfortunately all of
the structurés are not available. Even so, because of the molec-
ular complexity of the biomolecules, it probably would be difficult
to perform computer simulation studies of (n,Y) recoil of iodine as

18 for hexahalogenate crystals. Crystai

structures have only been.-determined for IUdR19 and DIT'ZHZO.20

performgd bw Rossler et al.

While it may be tempting to ascribe the largé differences in yield
among the eight systems studied to hydrogen availability (con-
" sidering the range of the fecoil iodine within the crystal) and
orientation of the biomclecules within the crystal, any such sug-

gestions must be delayed until more crystal data, annealing

'C.ui\"_-:v, Sll. auw at vanas -
Of major importance to our studies of iodine reactivity in the

liquid and frozen aqueous systems of biomolecular solutions is the

) 128

result that the majcr organic product is the I-labeled parent

chemical form, whose yield is relatively high for all the crystal-

line ‘compounds, ranging from 10.2% for IUdR toc £7.2%.

1281— was a product for all the iodinated biomolecules. Its

absolute yield 'varied from 3.6% for crystalline DIT to 88.5% for

5I4A. For crystalline 2IA and crystalline and liquid 3IA, the

1281- yields were similar ranging between 52.2% and 70.3%. How-

ever, the 1281- yield for 4IA was only 40%. No evidence was found

128

in ahy crystalline systems for tne formation of I- labeled di-

iodine.

20



Depicted in Figpres 1 and 2 are the absolute product yields of
the 128I—labeled parent plotted versus solute concentrations in li-
quid aqueous solutions of iodinated biomolecules. For the sake of
clarity some of the yields at higher solute concentration are not
included. Three important observations can be made. Compared to
the crystalline systems the labeled biomolécularAyields are small.
As the concentration of the biomolecule solute decreases in the
agueous solution the labeled biomoleéule yields decreases. Inter-
estingly, as the solute concentration decreases to zero the 1281—
concentration approaches cne hundred percent. It would appear that
the only interpretation consistent with these data is that the bio-
molecules exist in some kind of cluster or aggregate form, perhaps-
of the kind postulated for aggregation of nucleic acid bases and
their derivatives in agueous solutions.

It would also seem that aqugbus water doegs not offer much
caging for geminate recombination of hot icdine or its reaction
with organic radical debris. Apparently there is a high tendency
for diffusion away from the initial site of formation of the hot
atom organically bound to the biomolecule in monomolecular disper-
sion. This suggestion of a monomolecular dispersion is consistent
with the 1281— yieids increasing to 100% at low hiomolecular solute
concentrations. In the liguid state at .low solute concentrations
the most probable tendenéy for the recoil iodine species is to un-
dergo a hydrogen abstraction reaction with a nearby water molecule

forming HlZBI.
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. Figure 1:

K i 6 8 0
DIOLOLECULE. SOLUTE CORGEUTRATION, HOLE % x10°

Effect of biomolecule solute ccncentration on the percent yield of
128

I-labeled parent in the nevtron-irradiated liquid équeous
solutions. The biomolecule sclutes are 2IA (:), 31IA ' SIdA‘Ak
and IUdR * . Yields for =solute concentrations above 10 X 10"3 mole.

percent solute are not included.
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Figure 2:

T 5 0
BIOKOLECULE SOLUTE CONERTRATION. MOLE% X 103

Effects of biomolecule solute concentration on the percent yield of

l281 labeled parent in the neutron -irradiated liquid aqueous

solutions. The biomolecule solutes are 4IA Zﬁ& MIT
DIT ‘@V , and 5IU ‘;7. Yields for solute concentrations about 10 X 10

mole percent solute are not included.
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'From inspecting Figures 1 and 2 it can be seen that three
agueous systems, those containing IU4R, 5IU and DIT, have 1281—-
labeled parent yields increasing with solute concentration initi-
ally at a greater rate than that of the other systems. If the bio-
molecule solute does form clusters or aggregates whose size somehow
increases with increasing solute concentration and the cluster

sizes .are sufficiently large to trap most of the recoiling hot

atoms for reaction within the aggregate, the product yiélds and

distributiqn should be similar to that of -crystalline systems. In

Biﬁers and larger aggregates, the hot atoms can react within the
aggregate as well as with surrounding wéter molecules. This would
give rise to a parent yield whose extent would increase with in-
creasinglsolute concentration. Except for scme of the minor pro-
ducts which are nbt present in the liquid systems this is essen-
ticlly the casc. As seen-in figures L and Z whici descibe the ef-'

128I—labeled

fects of solute concentration on the éercent yield of
parent, it can be seen that there are three regions to the chrves
for all eight systems studied. At concentrations approaching zero
mo »e pe{cgnt solute, the 128I-labeled parent yield tends to ap-
proach zero. As mentioned previously, this effect coupled with the
yields of 1281- increasing to 100% for all systems as evidence that
state of solute aggregation was predominately as the monomer at
very low concentrations.  Except for the 1IA and 31A systems, there
is an initial rapid parent product yield increase with increasing

_solute concentration followed by a third region of linear segments,

or in the case of IUdR, a plateau of no further change in parent
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yield with concentration. This effect of the behavior of solute.

concentrations on yield is quite similar to the effect2l of CH3I'

concentration on the organic yield of- 128

12

I produced by the
7I(n,Y)1281 reacticn. Perhaps the IUdR system best demonstrates
the experimentally observed effect. The extent of stacking the
monomer units and the effect of concentration on their formation
will depend on the nature of biomolecule solute-solute, solute-

water solvent interactions, the limited solubilities of the halo-
128

.genated biomolecules, and: the extent of the I-labeled parent

yield in the crystallire solute. If an isodesmic model is assumed

. ' .22 ca . .
for vertical stacking of monomer units and if each successive

stage of aggregation governed -by an equilibrium
k .
n . . . -
—_—
Bn +-Bl Bn + 1 in which Bn 1s an aggregate containing n

monomers, the effect of concentration on the 128I-labeled parent

Yiold Lan e eaplained.t At very low céncéhtréfions, monomer s
should predomirate. As the concentration increases, so should the
population of dimers and higher-polymers. This has been reported
for association of 6-methylpurine and S5-bromouridine in aqueous

22 1281 jabeled

solutions. If at very low solute concentrations the
yield is zero or near zerc (as is the case) and if, in crystalline
sclids the parent yield is generally quite high, then we can employ
the 1281 recoil species as an "interactive tracer" to determine
specific site information on the aggregation of the solute monomers
at various concentrations. This interactive tracer technique an be
employed in solutions whose solute concentration is too low for the

thermodynamics and spectroscopic techniques.
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SIGNIFICANCE.. This information, along witﬁ thermdhynamics and
spectroscopic 'stUQieszz can relate ﬁo solute-solute, solute-
solvent intéractions of biomolecules'and water ﬁolecules. Actually
the nature of these aggregations in aqueoué solutions of bases, nu-
cleosides and nucleotides is still not well understood. Its étudy‘
‘is qguite important' in explaininé the stability of the secondary
. structure of DNA and other polynucleotides and perhaps to the ques-
tion of prebidlogical evolution.

There appears to be pmomise.for using hot atoms 1in liqgid
aqueous solutions of haolgenated biqmolecglar solutes as an "integi
active tfécer", espeéiéiiy involving slightly soluble solutes which
are not available for study by thermodyhamic and spectroscopic
techpiques(and for systems whose states of aggregation are implied
by that datg.

(b) High Energy Reactions of Iodine in Frozen Aqueous Solutions of

Biomolecular Solutes.

PROGRESS. Unlike the comparable liqguid state systems where

the 128 1281—

I-labeled parent‘yields tend to decrease to zero and
yields tend to increasé to 100% with decreasing solute concentra-
tion, frozen aqueous system product yields remain constant over the
solute concentration range employed. That is, the concentration
rénge extends from that of saturated solutions to those very dilute

solutions whose 1281 activity is near the limit of detection.



The l‘dl-l.::belcd parent yields for the frozen aqueous  system:
of 2IA and 3IA are larger than those of the crystalline systems.

128

The I-labeled MIT, IUdR and 5IdA vields appcar comparable in

‘both systens. In addition to labeled I and parent, minor pro-
ducts, mainly unidentified, were found in all of the frozen aquéous
systems except MIT and DIT. - Since the formation of only labeled I~
and parent are fﬁund only for MIT and DIT,'the qguestion arises as to
whether solute molecules exist within the open ice lattice as mono-
mers or as polymers as suggested for various concentrations in the
liquid systems. At the temperatures of the neutron irradiation of
the frozen aqueous solutiohs (=77°C) and atmospheric pressure, ice

23 The structural

exists as Ice I; .Detailed features can be found.
features of Ice I are well known. The oxygen atom is at the center
vf a tetrahedron formed by four oxygen atoms 2.7€ R away. Cell
witer molecules are hydrogen bonded to their nearest neighbors.
This aggregartion results in an open hexagonal lattice about 4.4 2
between the farthect oxygen atoms and about 2.767 X for nearest
neighbor oxygen atoms. This effect leads to long funneis in ice,
an open-ended cage, which can effectively trap monomers or aggre-
gates of molecules,

While there are no clear-cut rules to assist us in determining
whether a solute exists as single monomers or polymers trapped in
ice, several guidelines may be helpful.  Ideally, it would be ex-
pzcted for a system whose halogenated biomolecular solute exists as
monomers trapped within an ice lattice cage that after neutron ir-

radiation the hot halogen atom or ion would 1) either recoil from

its site in the ice and react with a neighboring water molecule
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Table II. Yields of 18 for-F Substitution at the Asymmetric
Carbon of 2(S)-(+)- and 2(R)-(-)- Propionyl Fluoride
in the Gas Phase. '

Pressure Mole % Absoclute Approximate

Enatiomer (Torr) 1,3-Butadiene Yield $ Inversion %
S-(+) 300 - 1.5 + 0.5 34 + 1
R-(-) 300 - ‘ 31 + 3~
S-(+) 500 - 1.6 + 0.2 31 + 3
R-(-) 500 - - 30 + 3
R-(-) 750 - 1.7 + 0.1 33 + 3
R-(-) 500 16.7 26 + 2
R-(-) 500 48.0 _ 32 +1

2(R) - (-)-fluoro- , L

propionylchloride 500 24 ¢ 1

torming HI, or ¢) Pbe trapped Dy tne ice cage walis &nd return ana
combine with its radical (geminate recombination). The only two
labeled products should be the iodide ion and the parent, whose
yield would be constant and independent cf solute concentration.
On the other hand, if solute-solute interactions are sufficiently
strong and the solute forms aggregates of constant size (resulting
in observed constant yields at various solute concentrations), then
the product spectrum, if not its yields, should be similar to that
of neutron-irradiated crystalline systems.

Of the eight systems studied only the DIT system presents the
best evidence for monomolecular dispersion of DIT molecules within
an ice lattice. 1In the frozen agqueous systems where pIT concentra-

3 128

tion is less than 4 X 10 - mole percent, orly I-labeled I and

DIT were observed. At higher concentrations of DIT in the frozen
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systems, fracfionql crystallization was suspected because of the
appearance of labeled MIT and increasing DIT yields with increasing
concentration. This is apparent if it is realized that the DIT
yield in the crystalline system is 87.3% and MIT is a minor product
(3.3%). Therefore, it is sugested that at DIT concentrations less

3

than 4 X 10 ° mole percent, DIT exists as single monomers trapped

within the ice lattice. In Figure 2 it was seen that the DIT yield
decreased with decreasing concentration; whereas, at 8.1 X 107°
mole percent DIT, its labeled yield was 3.2% as compared to the DIT

yield which is constant below 4 X 1073

mole percent. In the pre-
vious section iﬁ was suggested that with decreasing concentration
the monomer population increased as evidenced by labeled product
yields decreasing to zero with decreasing concentration. It would
appear that ice offers a more effective cage than liquid water be-
tause OL 1TS unlque crystal strugture. it is suggested that the
constant DIT yield over a large conceﬁtration range represents the

1281 with DIT in an ice lat-

yiela for geminate recombination for
tice. |

Based on the guidelines discussed above, it can be suggested
that only one other system has solutes which exist as monomers in
ice, MIT. For this system, the frozen agueous product spectrum is
different than that for the crystalline system. Its labeled parent
product yield is constant over the solute concentration ranges
studied. For MIT, its yield is 16.9%. As in the DIT systemn, the

ice lattice offers a unique cage for geminate recombination reac-

tions.
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SIGNIFICANCE. For the frozen aqueous sysems containing the -

solute 2IA, 3IA, 4IA, IUdR, and 5IdA, the product spectia are sim-
ilar to those of neutron irradiated crystalline systems. That is,
in addition to labeled iodide and parent, various minor products
are found in frozen aqueous sYstems, similar to those in neutroﬁ
irradiated crystalline compounds. Based on these results it is
suggested that for these frozen aqueous systems the solute mole-

cules exist as-aggregates (X)n of a preferred size "n". It had pre-

‘viously been suggested by us in studies of neutron-irradiated solu-

24 128

tions of iodine and hydrocarbons that regions of constant I
organic yield over a iarge concentration range suggest'formation of
preferred (Iz)n cluster sizes of iodine molecules at sites in the
polycrystalline organic matrices. It was suggested that these io-
dine organic yields could act as'an indicator of clustering, com-
plexing and fractional crystallizaﬁion for frozen systems. Because

of efficient caging effects by the ice lattice, it is difficult to

estimate the sizes of these clusters. It is apparent from a com-

parison of the data that the parent yields of the 2IA and 3IA frozen
aqueous systems are larger than those for the crystalline com-
pounds. This suggests that the ice lattice is, perhaps, a more ef-
ficient cage for the recoiling hot iodine than the crystal lattice
itself. An interesting result is that the yields and product spec-
tra for crystalline, frozen aqueous, and concentrated 1liquid
aqueous systems of IUdR are similar. This would suggest large ag-
gregates of comparable size, probably exceeding eight monomer units
in number. Apparently solute-solute forcés between IUdR monomers

are larger than water-solute hydrogen bonding forces.

30



3. Applied Hot Atom Chemistry,

RELEVANCE. while applications of hot atom chemistry tech-
niques or theory may, by themselves, not be energy-related, it is
important. to realize that the hot atom chemistry approach may be
the most efficient method to assist in a problem solution. Our
main applied interests have been in neutron activation analysis of
" biological specimens. This collaboration with the Omaha V.A.
Medical Center staff has resulted in a waving of the reactor-
irradiation fee'and, generally, unrestricted use of the reactor and
laboratory facility for our high energy chemistry érogram.

Our applied hot atom chemistry program consists of three areas
(a) trace elemental and molecular activation analysis, (b) prepara-
tions of radiopharmaceuticals by Szilard-Chalmers labeling and
radioprotectién.in an ice lattice; and (c) applications of the in-
teractive (hot atom) tracer technique for acquiring: information on
solute-solute interactions of aqueous solutions of nucleosides and
baseé.

In our molecular activation analysis program we are in the
midst of evaulating the uses of neutron activation as'a detector in
high-performance liquid chromatography. One of our first goals is
to be abie to detect trace quantities of halogenated biomolecular
in complex biological systems such as urine and blood. While our
first results show much promise they are too preliminary to report

at this time.

N



(a) Preparations -of Radiopharmaceuticals by Szilard-Chalmers

Labeling and Radioprotection in an_Ice Lattice.25

PROGRESS. A new and simple method for the labeling of halo-
genated organic molecules and biomolecules was developed. Dilute
aqueous solutions of the halogenated molecule are irradiated with
neutrons in the frozen state. The labeling yields are generally
high for the 18 molecules investigated and constant over a’ large
concentration range. The only observed labeled organic procduct is
the radiohalogén l#beled parent molecule with the halogen at its
original site. Unlike ﬁeutroh—irradiated liquid aqueous solutions
of the molecules no radiation damage to the mélecules is observed
for the irradiation times émployed.

SIGNIFICANCE. . This technique may have importance for the

rapid production of radiohalogen labeled high molecular weight or
complex organic molecules or biomolecules which cannot be readily
labeled by conventional methods. Employing a reactor irradiation,
radiation damage to the 1labeled ﬁolecules is minimized. . It is
realized that a cyclotron has various clear and unique advantages
for the production of radiopharmaceuticals, such as the production
of positron emitters allowing utilization of positron emission
tomography. It will be of interest to test the application of the
Szilard-Chalmers labeling procedure in an ice lattice to cyclotron
conditions where the radiation flux is more severe than those pres-

ent in a nuclear reactor.

32



(b) Applications of Hot Atoms as Interactive Tracers
22,26-29

PROGRESS. Various workers have studied agueous solu-
tions of nucleosides, bases and nucleotides by spectroscopic and
thermodynamic techniques in. an attempt to gain insight into the
solute-solute~and solute-solvent interactions. These studies are
important in that they pertain to the stability of the secondary
structure of DNA and other polynucleotides, and perhaps to fhe
problem of prebiological erlution. These studies determined the
concentfation dependence on proton chemical shifts, osmotic and
act1v1ty coefficients, and ultrasonlc velocity. These results sug-
gest (1) successive equilibria involving the monomers, the dimers,
forming larger aggregates by vertical stacking, and (2) self-assoc-
iation enhanced by substitution and that the aséociation process is
exothermic. These studies are limited to highly soluble biomolec-
_ular compounds whose solubilities are in excess of 0.05 M.

In Section 2 we plan to study the reactions of hot halogen
atoms in dilute liquid and frozen aqueous solutions of biomolecular
reactions. One of the possible applications of these reactions is
to employ hot atoms as interactive tracers._ﬂThis is possible in
multiphase systems such as aqueous solutions of biomolecular solu-
tions whén the hot halogens have distinctly different reactivity in
the phases, the water and the solute aggregates. MoreAinformation
can be found in a preprint3o of our current work. By computer sim-
ulation techniques reported prev1ously31 132 we hope to calculate

ranges of hot halogén atoms in the crystalline biomolecular com-

pounds in order to estimate the labeled parent yields in dimers,
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trimers, etc., and to correlate the hot atom data (labeled parent
yields as a function of concentration) with thermodynamic calcula-
tions of aggregate equilibria experiments, and perhaps estimate
dimer, trimer populations of the biomolecular solute at various
concentrations. It must be remembered that if a hot atom is born
within an aggregate, its product distribution may be similar to
that of the neat crystalline system. 4We have found that the most
probable fate of the hot halogeﬁ atom in the monomer is reaction
with water, forﬁing labeled halide ions. This is the basis of the
interactive tracer technique.

The first phase of this work is completed. erictéd in
Figures 3-5 are the effects of solute concentrations on the labeled
parent yields of liquid aqueous solutions of haiou;acils, halode-
oxyuridines and halouridines. We are now in the process of gquali=-

tating our results as described above.

4. Nature of Isomeric Transition Activation in Condensed Systems.
RELEVANCE. As a result of a nuclear activation, a nuclide may
be left in- a high energy level (metastable nuclear state). The

17 to 10-12

lifetime of a metastable state is usually about 10
seconds. However, a nucleus may exist in a metastable state for a
length of time long enough to be measured. A number of these iso-
topic isomers which have comparatively long half-lives have been

found; for example, Co-60m (10.7 min), Br-80m (4.4 hr), Br-82m

(6.2 min), I-130m (9.3 min).
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De-excitdtionlof a nucleus from its metastable state to the
ground state (isomeric transition) often results in internal con-
version or release of energy in the form of gamma-rays. During the
internal conversién process extranuclear electrons may . acquire i
enough energy to be released from the atom. These ejected elec-
trons are called "Auger electrons". The production of an inner
shell vacancy produces an Auger eléctron cascade during which the
energy of excitation of the ionized atom is dissipated by the suc-
cessive emission cf several electrons. The Auger electrons possess
a large amount of kinetic energy. Hence each of these eiectrons
will excite and ionize the neighboring molecules. The result of
the Auéer effect and secondary electron cascade is that the-radio—
active atom acquires a positive charge of seQeral units. If the
radioactive atom is chemically bouné to a molecule in the gaseous
state, it will be rapidly partially neutfélized ov intramolecular
electron transfer. In doing so, the.positive charges can be spread
over the neighboring atoms precducing extreme Coulombic repulsicns
and causing the molecules to explode, produced by isomeric trans-

itions from various source molecules.33

Postively charged frag-
ments possessing high kinetic . energy are formed as a result of the
molecular explosion. However, if the molecule is rapidly partially
neutralized by the intermolecular electron transfer or from both
molecules, fragmentatioﬁ may not take place. Diehm and Thomas34
irradiated liquid iodobenzene with X-rays in order to create a K

vacancy in the iodine atom in idobenzene. As a result of Auger
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electron cascade followed by intermolecular electron redistribu-

tion, energetic iodine is ejected from idobenzene. The product "

analysis showed that no fragmentation of the benzene ring occurred

There is increasing iﬁterest in the consequences of the Auger
effect, especially in condensed organic or biéchemical systems.
For example, the isotope iodine-125 which decays by 100% electron
capture demonstrates chemical reactivity associated with the Auger
effect. The consequence of aﬁ iodine-125 1label on a biological
molecule can be quite severe biologically because of recoil, elec-
tron excitation, charge build-up, chemical identity change and in;

35

ternal radiation effects. Actually the role of those processes

in condensed systems is not yet clear. These effects account for

125

the experimental evidence that decay of I in DNA (incorporated

into DNA as a label of thymidine analogue 5-iododeoxyurdine) may be
1-100 times more effective in inactivating celis and phage than is

3H in DNA.36

the decay of One of the difficulties in obtaining in-
formation on the nature of the activation process is that the nu-
clide can change its identity by virtué of the transformations.
For example, iodine-125 decays to xenon-125, which is a stable iso-
tope. As-a result it is difficult to analyze for the products
formed as a resut of the Auger efffect. If we incorporate an isomer
of a radioisotope into a molecule (any brominated molecule or an

129I-labeled organic molecule) then the daughters of the isomer

82 130

(ground state Br on I) can be easily detected if they are rad-

ioactive.
There is some queston about the applicability of the Auger ex-

plosion model. Radiation biologists often cite the well-known
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.multiple repulsion model, also called the Auger explosion, or’
Coulomb répulsion mcdel to interpret effects observed when a K-
capture nuclide (e.g., 12SI) decays 1in biélogical systems, ne-
glecﬁing that‘thesé systems do not fulfill the requirements orig-
inally stated by Carlson and White.35

Our initial experiments involved determining product yields at
various biomolecular solute concentrations in liquid aqueous sys-
tems. If (I.T.)-activated atoms have neglible kinetic energy, then
their labeled.parent yield should not be sensitive to solute con-
centration. As the solute concentration inéreases.the number of
larger solute aggregates increases. A'comparison of (n,y) and
(I.T.) bromine and iodine yields may prove informative.

Our preliminary results involving a comparison of (n,Y)- and
(I.T.)-activated reactions of brémine in neat, liquid and frozen
agueous solutions Of S—bgomoouraqil,.5—bromb-5’46eoxyuridine and
S-bromouridine shcw that the produts produced by these two acti-
vati&ns are quite similar. = In all these systems the (n,Y)-
activated yields of bromine-80 are higﬁef than those of (I.T.)-
activated bromine-80. In comparing the yields of the labeled par-
ent as a function of solute concentrations in liquid aqueous sys-
tems from both activatigns, the yield curves are similar, going to
zero yield at zero solute concentration. While it may be tempting

to speculate at this time about mechanisms, we will wait until we

acquire more data and have guantitated our results.
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5. Reactions and Systematics of Iodine Reactions with Alkenes

and Al_kynes .

RELEVANCE. Olefins, acetylene and acetylenic molecules are
unsaturated hydrocarbons which, unlike saturated hydrocarbons and
halomethanes, are characterized by an e;ectron—rich pi-bond system.
-High energy (hot) atoms or ions can undergo subétitution and ab-
straction reactions with saturated hydrocarbons and halocarbons.
Similar reactions can 6ccur in hot atom-olefin (oi acetylene) sys-
tems. Furthermore, unsaturated systems can underqgo additional re-
actions to the pi-bond system by electrophilic attack initiated by
high energy, electronically excitéd, or thermal iodine ions re-
sulting in stable organic products.

Activation of iodine species by radiative neutron capture, is-
omeric transition and other nuclear transformations (and photochem-
:cal l1rradiation) can prb@&de,'translationally and electronically,
excited as well as charged species, which in reactioh can provide
direct information‘for the development of a kinetic theory of "hot"
electrophilic attack and indirect dynamics evidence as functions of
mutliple bond locaticn and steric (spatial) effects.

In a previous publication,37 we presented eQidende for an ex-
cited reaction intermediate in the (n,y )-activated reactions of io-
dine with acetylene. Id order to determine the effects of struc-
ture on the formation of the electronically excited reaction inter-
mediate, we studied, employing the density-variation technique,38
rare gas additives, oxygen, etc., the reactions of high energy io-

-

dine with propyne,38 l-butyne and 2-butyne: In addition, our con-

tinuing goals in this project are to evaluate all our existing data
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and to_attempt'to dgvelop rules for high energy ion electrophilic
attack on the pi-bond systems, and to determine the importance of

steric and bond jocation effects.

,Reactions of Electrophilic Iodine Hot Atoms with Gaseous and
Liquid cis—Pentene—é

PROGRESS. We have done systematic studieé on éhe reactions of
(n,Y)-activated jodine-128 with all the alkeneS'ffom~ethene to the
isomers of pentene. although the reactions of iodine with alkenes
are-indeed complex we have been able to make several generali-
zations as reported in previous progress reports. Cne of the im-
portant observations was that there is preferential site attack by
iodine ét the double bond for short chain olefins. One of the re-
sults we are“looking for in our pentene study is the effect of the
additional carbons in the ‘pentene isomers. Wwe have completed the
experimental portions of this project and are in the course of pro-
posing possible pathways for the iodine reactions in the pentenes.
Our preliminary observations of the iodine reactions in cis-
pentene-2 indicate that labeled methyl iodide is the major product.
It would appear that the reactive species is a positive iodine ion
involving some radical character in product formation. In sonme
respects the reactionsAare similar to those of iodine with cis-

butene-—2.40
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