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B& ph=tareactions decreases along the same sequence: 

egrdomtene (eA = 0.4) > 1 , 5 c y ~ d i e n e  (gti, - 0.2) >> 1,5-cyebctadiene (QiA - 0). 

This ar&r is attributed $0 &e imwreased charge transfer (CT) character of DBMBF2-olefin 

exciplexes, proposed as tfr-e precursor af the cycloaddition produd. 

Solvent effects on the photoreaction of DBM8F2 with electron-itch olefins were 

examined to test for fhe formatian of exdplex and its po!ar nature. In the polar solvent 

acetonitrile, the singkt excited DBMBF2 reacted with 1,3-cydohexadiene or phenyl vinyl 

ether to generate cation radiik which then dimetired. With sohrents of decreasing 

, dinterizaiion was gradually superseded by the cydoaddition reaction of 

D&MBF2 with the alefin. A smooth correlation of the adduct quantum yieid was found 

w#h the ernpirid solvent polarity ET(30), through the solvent range from acetonitrile to 

xybne. As an interylretation, tlhe D&MBF,-olefin exciplex woukl respond to the changes in 
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1.1 Photoinduced Ef&on Transfer 

Photoinduced electron transfer (PET) is well recognized as a fundamental 

process in chemistry and has attracted tremendous interest of chemists from many 

fields!'! Photoexcitation of eiti"ier an acceptor or a donor molecule will promote an 

electron transition from a HOMO to a LUMO orbital. The electronically excited molecule 

thus formed has an enhanced redox reactivity as both a better donor and acceptor, 

which can be visualized in the HOMO - LUMO picture shown in Fig. 1.1 .'" In the ground 

state, electron transfer from the HOMOr, of a donor to the LUMOA of an acceptor is an 

endothermic process. However, when the acceptor molecule is in an excited state, 

electron transfer from the HOMOD to the half-filled HOMOA is energetically feasible (Fig. 

f .I ). Therefore, upon photoexcitation, electron transfer between donor and acceptor 

molecules occurs more easily than in their ground states. The driving force for the 

efectron transfer is provided by light absorption. 

For a bimdecttlar electrun transfer between two ground state molecules in the 

gas phase, the free energy change is estimated by: 

AGn = IPo - E& (Eq. 1.1) 

where IPo is the ionization potential of the donor and €AA is the electron affinity of the 

accepfw rnokmle. When the acceptor mdecute is an excited state species, the free 

wergjj change d &~X@WI mr&er be esiiwrated based an the simpifieb MO 

4 *,=a a F I ,  where AG, = PD - EAA. and EBA- = EAa + €A* 

thus we have: AG, = (IPo - -1 - EA- (Eq. 1 2) 

In Eq. I 2, EA- is the tmnsifh energy from HOMOA to LUMOJ~ of the acceptor, and 



9 +. HOMO, - 

Fig. 1 .I A simple MO diagram for electron transfer from a donor (D) 

to a singlet excited acceptor r A )  

the term (IPo - &) is the energy stored in the radical ions A-' and D+'. If the excitation 

energy of the acceptor molecule (EA-) exceeds the energy stored in the radical ions, then 

the e!edron fra~&sr from D to P:' dmtt!d 

In solution, the free energy for the bimolecular PET process must include the 

sdvation energies ( A G ~  + AG?) and the energy of Coulombic interaction (e2krj 

between the cation (D+3 and the anion (Ae.) as shown in Eq. 1.2a? 

A& = OPD - E&) + (AG? + A G ~ )  - EA- - e2/u (Eq. 1.2a) 

EF - EF = ( I P ~  - + (AG? + AG?) .- ( ~ q .  I -3) 

As the ionization potential and electron affinity are related to the redox potentid 

according to Eq. 1.3" mmbining Eq. 1.3 into Eq. 1.2a gives the Rehm - Weller equation 



for the free energy AGn of sofvent separated radical ion pair formation in a solvent of 

A + D  hv , A--..... D+- 

red AGET = (EF - EA ) - € - e2kr (Eq. 1.4) 

dielectric constant E (Eq. 1-41!' Using the redox potentials determined in acetonitrile as 

a reference, the free energy AGm of a PET process in various solvents can also be 

estimated by Eq. 1.5? 4eq 

A G n  (eV) = (EF - ! E L d ) ~ p  - EP + A L u r  (Eq. 1.5) 

e 2 ~  I 2 I 
where: A& (eV) = -----( - -- 1 2  

) - =2.058( --- 
4m,r E 37.5 F E 37.5 

) 

in Eq. 1.5, (E: - E L ~ ~ C ~  is the difference between the oxidation potential of the 

donor and the reductior; potential of the acceptor measured in acetonitrite; A&! is the 

free energy of solvation and Coulombic interaction for bringing the cation and anion to 

the encounter distance r = 7 A in a solvent with dielectric constant E,# 61 E, = 8.854 x 1 0 ~ ' ~  

CV'~-', N = 6.023 x 1 p  mole-', F = 96489 C and e = 1.602 x 10''~ C. Based on Rehm 

- Weller equation, the direction and energetics of electron transfer, from a ground state 

donor rnolecuie to an excited state acceptor, can be predicted from their redox 

potentials, excitation energy and solvent polarity. 



reported in 1963 by Leonhardt and ~eller." in the fluorescence quenching of excited 

arenes by arylarnines. Since then, many other exciplexes have been found and shown 

to be key intermediates in PET processes.'g' 

An excipfex is defined as an excited molecular complex of definite stoichiometry 

that is dissociated or weakly associated in its ground state! Experimentaliy, the 

spectroscopic evidence of exciplex formation is the observation of a structureless 

emission spectrum which (i) occurs at the long wavelength side of the absorption spectra 

from both acceptor (A) and donor (D), (ii) does not correspond to the individual emission 

spectrum of either A or 0, and (iii) is concentration dependent. If an exciplex is 

dominated by its locally excited configuration ("AD), then the vibrational structure of *A 

does appear in the exciplex emission 

The driving force of exciplex formation arises from a net stabilization upon the 

MO interactions between the excited state acceptor ('A) and the ground state donor (D) 

as shown in Fig. 1.2. The exciplex is symbolized as A&D&, which indicates that the 

Fig. 1.2 A simple All0 diagram for the exciplex formation between the singlet 

excited eklmn acceptor ("A) and the ground state donor (D). 



acceptor component in the excipiex has gained more electron density. The stability of 

the exapkx can afso be briefly described in the resonance f~mufation!"~ 

*AD c---, A'D* 

Y = CB Yf'aO) + QY (A'D*) (Eq. 1.6) 

in Eq. 3.6, *AD refers to the W l y  excited configuration and A'D+ represents the charge 

transfer configuration. The weighting of the charge transfer (CT) configuration should 

determine the CT character of the exciplex. Thus the wave function of Eq. 1.6 will 

correspond to a non-pdar excipkx for c, > Q, a polar excipfex for cl < Q, and in the 

extreme case c, KC c;r, the exoipfex becomes a contact ion pair. The extent of CT 

character can be affected by soktmt polarity!'21 For example, when the polarity of 

&vent is increased, the excipfex CT character should be promoted, causing the 

fluorescence quantum yield and lifetime of a polar exciplex to decrease!'" The emission 

maximum of an excipfex a h  W i s  to longer wavelength from nonpolar to polar solvents. 

By measun'ng these redshifts of exciplex emission, the dipole moment of the exciplex 

can estirnated!l4* ''I 

The intermediacy of an exciplex in photoreactions was first demonstrated by 

~akkvelf.~'" It was &sewed that the excipkx emission of -mophenathrene-anetkole 

and their corresponding photocydoaddition were equally quenched by added qttenchers. 

This cteady demonstrated h t  the emitting exdplex is indeed the precursor for the 

refated cycfoadduct: formation. 

Fwther on phototeactions of donor-acceptor qdmdd'tion via an exciplex 

& g d  a&...* a- : 
U K X ~  as r tmsase in the excip1ex C i  extent gersediy impedes the process of 

' h- emmp&, 6bsedm +i the decrease h adbtid qu;rri$rrn yieids 

were reported when either a stronger accep!m or stronger donor was used in the 



photocydoaddiion!'q The decrease of adduct quantum yields with increasing solvent 

polarity was also observed where a pokr exciplex was invoived."" These phenomena 

*an. 

suggest mar the donor-acceptor cycioaddition is inherently a nun-ionic proce~s,'"~ 

large& attributed to the Iocai excited configuration ("AD) of the exciplex. 

in studying ttia PET reactions of cyanoarenes with aikylbenzenes, Gould and 

Farid have proposed an overall mechanistic scheme coveting radical ion pairs and 

exciplex intermediates (Scheme 1.1)!'9' In Scheme 1 . I ,  "A(S)D is the encounter 

complex, AW+' is the contact radical ion pair, A"(S)D+- is the solvent separated ion pair 

(SSP), AD is the ground state complex and RDA IS the separation distance between 

molecules A and D whkh increases from left to right. According to this scheme, 

d i i o n a i  quenching of excited state acceptor ('A) by a donor molecule (D) primarily 

forms *A(S)D. Electron kinder then occurs by two pathways: (i) the exciplex formation 

and (ii) the formation of A--@ID+- directly irom *A(S)D. The importance of each pathway 

was evaluated by determining efficiencies of excipiex formation. The results suggested 



that, for a complete mechanism of these PET reactions, the intermediacy of exciplex 

must be taken into account even in polar soh/ents.ffoi 

Since the electronic structure of an exciplex can be described by charge transfer 

and locally excited configurations, the extent of charge transfer determines the type of 

intermediates, and the intermediate in turn determines the pathways of reactions!201 In 

defining the mechanism of PEf reactions, one of the challenges is to determine what 

intermediates are invoked and which pathways they proceed. Searching for answers to 

these questions is essential for elucidation of the electron transfer mechanism of excited 

state molecules. 

1.3 PhotocycloaddZtions of Electron-Rich Olefins 

via Radical Ion Pairs and Exciplexes 

One of the eartiest photoreactions of olefins is the alkene-enone [2+2]- 

cycloaddition, and this type of photoreaction is best known now in the synthesis of 

cyclobutme rings."" The relevant mechanistic aspects and synthetic applications have 

been widely reviewed in ~iterature!~'. Between the 1 950's to the 1 970's, the discovery 

of excited molecular complexes (excimer I exciplex) stimulated extensive research on 

those excited species for photophysics and photochemistry."~' As a result of those 

efforts, PET induced reactions of olefins have emerged to be a new field in organic 

The PET reactions of olefins can be grouped in two categories according to the 

chemical role of the excited state rno~ecuie!'~"~~~ The first group comprises the PET 

reactions, such as photoisomerization!q cation radical j2+2] dirnerizati~n'~~] and Diels- 

Alder dimerization,fm which often use an electron acceptor sensitizer. The excited 

acceptor mdeclile initiates the electron transfer reaction of ground state olefins, and the 



acceptor itself is not consumed in the course of reactions. In the second group, the 

excited molecule undergoes birnolecular chemical reactions via an excipfex to give a 

donor - acceptor a ~ i . ' ' ~  

in section 1.3.1, me [2+2] cyclodimerization of N-vinylcarbazole and phenyl vinyl 

ether will be introduced first, foibwed by Diefs-Alder dirnerization of 1,3cyclohexadiene. 

The radical cation intermediacy in these reactions will be the focus of discussion. The 

photocycloaddition of electron-rich olefins, which proceeds via an exciplex intermediate, 

will be briefly reviewed in section 1.3.2. 

1.3.1 The Sensitilzed Dimetizsrtion of Electron-Rich Olefins 

The [2:2+2) blmes~5cxc! of electron-rich olefins under PET conditions is &en 

found to involve a radical cat i~n as intermediate. A general mechanism for the cation 

radical reactions has been proposed as foilo~!*~, 20, 24b1 

Scheme 1.2: 

The first example of PET induced dimerizations is the photoreaction of N-vinyl- 

carbazole (NVC) in methanol.'20s2'bspJ which gives the trans-head-to-head cyclodimer of 

hVZ. Cnlurmil was used as the electron acceptor sensitizer. iedwith fhoroughiy 

bv&gatea' ihe PET drnerizaiion of WvC by using a wide range of sensitizers and 

proposed that the dirnerization followed a radical cation chaiil mechanism (Scheme 



1.2).""' The chain nature of this reaction is supported by the observation that Me 

dimer quantum yield is in excess of unity (@, = 66t3'1). The dimerization can be 

initiated pttC,tochemidfy either by the reaction of NVC with an excited acceptor 

sensitizer or by the direct excitation of the ground state complex of NVC with the 

acceptor molecule. The electron transfer nature of this reaction is aiso reflected by its 

solvent dependence: the dimerizaiion is very fast in polar sotvents methanol and 

acetonitrile, but no reaction occurs in cyclohexane. 

The photocyci&merization of ?hen@ vinyl ether [PVE) was reported by 

Shigernitsu postulating an exciplex intermediate (Eq. 1 .7)J3' Further studies by Evans 

and Farid suggested that the dimerization was a radical cation reaction. f33.26b.cl 

h, >m nm 

p3 C" rh (Eq. 1.7) 
''''(-Jph 

cis- : trans- = fjO : 40 

(Sensitizei: 9,1 ~ - d i c y a m n t h r a c e d ~ ~ ~  knzonitrile or dimethyl terephthalat@b 

Quenching of 9,lOdicyanoanthracene (DCA) fluorescence by PVE showed that a weak 

exciplex emission appeared at -40 OC in methytcyclohexane, and the quenching rate 

constants were found to correhte linearty with solvent polarity, The interpretation of 

tlirese results is that the singlet excited DCA reacts with PVE to form an exciplex which 

then dissociates in pofar solvents to give radical cation of PVE. As a support for this, 

ClDNP effects on the 'HNMR spectrum of PVE was observed in the sensitized 

dmerization of PWE in acetonibi~wb.'~ 

The radical cation of PVE was suggested as a chain carrier since the DCA 

sensitized dirnerizath of PVE gave a limiting quantum yield of 1 The dirner 

formation was quenched by 1 ,!jdimethoxynapMhalene (DMN), a better electron donor 



than WE. On fie basis of a chain mecbanisrn (Scheme f.Zf, kinetic studies revealed 

ttF,o quenching patterns at different concentrations of DMN. At low concentrations, the 

quewbing of dmeriratim is caused by the seiective interception of chain propagating 

step by DMN, Le., Di+ t DMN + D, + DMN*'. At relatively high concentrations, the 

secondary electron transfer from DMN to 0"- dominates the quenching event, Le., D" + 

DMN -+ 0 + DMW- !26C' Other studies on PVE cyclodimerizations were also reported 

Table 1 .l Reaction condrticrns and product ratio of CHD dimeridon 



A ~ ~ N '  + CHD CHD 
Qf 

----.. CHDT --- (CHD); [4+2j- (CHDI, 

A CHD 





The of ankhmcenes to 1,3-~yctohex;idiene (CHD, Eq. 1.10) 

and 2,Wmettr)rf-2.te-f.re&erte (DMHD) has h e n  reported to proceed via exciplex 

i atesmM As the exciplexes are fluorescent for most diem-arene pairs:uc1 

Eq. 1.10: 

this aibws tne exciptex polarity to be measured qualitatively simply by comparing the 

r&#ifts of excip!ex &rorescec#:e maxima in various solvents. Using this method, the 

bubn of [4+21 and adducts was found to be related to the poIarity of 

excipkxes: nonpcrEar exciptexes from &racene and naphthalene undergo the 

cmxer2d [&4] c y d o a m ,  but pdar excziplexes of subsMuted anthracenes undergo 

,w for the of 1 - or Z-cyananaphthalem and 1,4-d'kyanonaph- 



Eq. 1.11: 

R = etbyl, phenyl 
OR 

exo- 
(minor) 

endo-adduct 
(major) 

of the exciplex towards cydoadduct formation. The reported results are consistent with 

the generai understanding of a polar exciptex mediated reaction: an efficient arene-vinyl 

ether addition occurs in less polar sotvents, corresponding to an exciplex with low CT 

contributions; but in polar solvents, the extent of CT contributions can be induced 

sign-ificantly so that the ionic dissociation of the exciplex dominates over the adduct 

fomationj4" 6' 

The majority of PET reactions reviewed in literature involve electron acceptor 

se-ers."' Among them, cyanoarenes are most common (Table 1.2). Besides the 

fisted chioranil, a few otfier carbonyf compounds, such as fiuorenone, biacetyl and 

beM'I, were also reported in literature as electron acceptor sensitizers!m* 2eJ However, 

1,3-diketones have received lime attention as being the PET reagents. Aitbough the 

BF-plexation of 1 ,SdiketMes led to some findings in the emission properties of 1,3- 

dke~onatc4xxm d i ~ ~ . ~  no pllbli&kms were found in studying their PET 

P- ~a! tW WR F~ Ic? ??w p!?&mb5\j and ph?@;.f!c•̃  

sf 1,3-diketonatotKuon d i f f u c ~ i d e s . ~  



Table 1.2 Reduction potential (EZ) and singlet excitation energy {Es) 
of mmonTy used electron acceptor sensitizers f24bj 

Sensitizer 

chloranil 

2,4,6-triphenyipyryiium tetrafluoroborate 

2,6,9,10-tetracyanoanthracene 

lp2,4,5-tetracyanobenzene 

9,l O-diqmoanthracene 

1,44icyanonaphthalene 

4 / 4 k *  F W S S  . ,-..+ .,awzme 

5kyanoanthiacene 

1 -cyanonaphthalene 

2-cyanonaphthalene 

1.4 Our Research interests in 1,3-Dik&onatobron D'tftuorides 

Our attention to 1,3-ctiketonat&ron diuorides stems from the !nves!igations on 

add promoted photqdoadctrtiorr of 1,3-diketones. ft was found that the de Mayo 

reaction of acetykscetone (AAH) with cydohexene'-" was greatty enhanced in the 

presence of bomn Wwride (BF~)." Subsequently it was found &a! the Lewis acid 

BF3 actwaiiy reacted with AAH to form a BF2-chelated compound, acetylaeetonatoboron 

~Mmlrlde (AABF2)- It was soon realized that the BFJ-promoted gbotocydmddition was a 

PET rea- between the singkt excited AABF2 and the ground state dona olefin." 



1.4.1 1,3-Diketonatobion Vifluorides 

tt has been found that 1,3-Diketonaiuboron diiluorides have the potential to be 

a new type ot electron acceptor in PET reacf ion~. '~ '~~ Tney are thermally stableis" and 

easily prepared by the reaction of 1,34iketones with boron trifluoride etherate in 

ett~er,'~"~ a~etoni t r i ie~~~ or 

The first synhesis of 1,3diketonatoboron compounds was reported in 7 ~ 6 . ' ~ ~ ~  

Since then, many analogues have been synthesized [5'b,5z54' and their structures have 

been demonstrated by physical methods. The IF? spectra of the boron difluoride 

chelates generally show pronounced C=O and C=C shifts to lower frequency without 

any indication of a free carbong group.'51"rJ The symmetrical chelate structure of AABFz 

(or DSMBF2) is clearfy sitppmted by the identical chemical shiii for the methyl (or phenyl) 

grwps in 'H arid '% NMR spe&a!1c-551 Further confirmation of the structure comes 

Scheme 1.4: 



nature of the diketonate chelates (Scheme 1.4) is consistent with the observation of a 

significant downfield shift of the rnethine proton signal, as well as the large increase in 

the dipole moment after BFmmplexation (Table 1.3). 

The photophysical and photochemical properties have been examined in Chow's 

group for those difluoroborane chelates in Scheme 1 .4.Im1 Table 1.3 lists physical data 

of DBM and DBMBF2, as typical examples, to illustrate the effects of BF2-complexation 

on some photophysical properties. Chetating to BF2-group leads to a 4.7 Debye 

Table 1.3 Physical constants of dibenzoylmethane (DBM) and 

ditrenzoylrnethanatobomn difluoride (DBM•’3f2) 

(Debye) 2- (nm), log &A (we (ppm) 





from the singlet excited DBM." The reversibility of the keto-enol tautomerism has 

shown industrial applications.'70' 

Dibenzoyimethane undergoes photoaddition to styrenes, following the pattern of 

the de Mayo readionSma to yield regioselectively the head-to-tail cycloadduct shown in 

Scheme 1 .6:[711 

Compared 2e :c-A+, 2BMi3F2 haas a more rigid, eiedmn beio65i~i+eb, ring structure 

(Scheme 1.7). This is evident from the different chemical shifts of the @so and para 

carbon atoms in DBMBF2 (Table 1.4). The para-aromatic carbons are more deshielded 

than the @~warl>ons.[~ 

Scheme f -7 



fable 1.4 Chemical shifts of phenyl carbon atoms (ppm) 

-- 

in CDCI3 paraphenyl carbon ipso-phenyl carbon 

b Notes: a Ref. 6Ob; Ref. 55b. 

The BF2- complexation also stabilizes the non-bonding electrons in DBM and 

increases energy of the n -+ n* transition, so that mixing of nx' and m* states in 

DBMBF2 is smaller than in DBM. Because of the rigidity of the system and the m* 

nature of the singlet excited state, DBMBF2 exhibits strong fluorescence, even at room 

temperature. 

1.4.3 The Reported Photochemistry and Photophysics of DBMBF* 

While the photochemistry and photophysics of 1,3-diketonatoboron compounds 

have received relatively little attention, the photoreactions of 1 ,Miketones with alkenes, 

known as the de Mayo reaction/482di have been investigated extensiveiy and it has been 

established that the reactive species is the triplet excited diketone."" Although DBM 

itself does not add to simpk d e f i n ~ , [ 4 ~ . ~  its BF2 complex, D5MBF2, undergoes efficient, 

regioseleckre and stereuselective [2 + 23 photocycfoaddition to simple oiefins from its 

singfet excited state (Scheme 1.8). fso4 cT 

Compared to the pt#rtmrtion of acetyiacetone (AAH) to cydohexene, the BF2- 

complexation of BAH not oniy changes the reaction species from triplet to singlet, but 

also accelerates and improves the selecliviry of adduct formation!*' 



Scheme 1.8: 

R 

As a singlet excited acceptor, DBMBF2 sensitizes electron-rich olefins towards 

radical cation reactions in acetonitrile (Scheme 1.9). Examples include Diels-Alder 

dimerization of 1,3-cyclohexadiene (cHD),'~' [2+2] dimerization of trans-anetho~e'~~~] 

and photoisomerization of quadricyclane (QC) to norbomadiene (NBD) !~  

Scheme 1.9: 

h, 350 nrn 

DBMBF2 0 - 
in 2ii32N 

end01 exo= 7 1 I 

An electron transfer mechanism has been suggested for the reaction of singiet 

excited DBMBFz with donor olefins, on the basis of a semi-logarithmic correlation of the 

quenching rate m s € a n t  of DBMBF2 fluorescence with the ionization potentials of the 

qoemher o t e f i f ~ s . ~ ~ ~ '  This allows the photoreactions of DBMBF2 to be rationalized in 

terms of two pathways: cydoadd'ition via an exciplex precursor, and afkene dimerization 



via radical cations. Photocycioaddition predominates when the donor olefins has an IP > 

8.4 eV; but with ofefins of IP < 8.4 eV, the radica! cation reaction dominates. [50a.49] The 

radical cation is thought to form from an encounter complex (an outer-sphere electron 

transfer '733, m d  this is seen in the DBMBF-2 sensitized Dieis-Alder dimerization of CHD 

in a~etonitr i le!~~ On the other hand, CIDNP studies on DBMBF2 sensitized 

photoisomerization of QC to NBD suggest that the radical ion QC"' is generated by 

dissociation of its precursor, a *DBMBF2-QC exciplex or an in-cage contact ion pair.'741 

Photophysicat studies d DBMBF2 suggest that the singlet excited DBMBF2 

interacts with a ground state DBMBF2 molecule to form its excimer, showing a strong 

fluorescence emission at 522 nmJMal DBMBF2 in ground state can interact with alkyl 

substituted benzenes to form electron donor-acceptor (EDA) complexes!58a1 Among the 

EDA pairs of DBMBF2 with xyiene, toluene and benzene, only the DBMBF2-pxylene 

complex showed a CT band in acetonitrile significant enough for measuring the 

association constant, K, = 0.07 t 0.02 M " . ' ~  Upon excitation, the EDA complex leads 

to an emissive DBMBFrarene exciplex that can be also generated by excitation of 

DEiMBF2 aloneJm= *- Th e exciplexes of DBMBF2 with arenes have been studied 

systematically for their photophysical properties!58f 

1.4.4 Research Proposals 

The versa5lity of DBMBF* photochemistry and photophysics offers several 

aspects for further investigations. One major task is to further expiore the DSMBF2 

photochemistry. This project is designed on the basis Qf fct!l~wing cowider&ons: 

Photoreadom of DBMBFP with eIeCamn-rich o!efi-~?s 

?he reported photocydoadditbns of DBMBF2 to olefins are mostly limited to 

simple atkef-res. tf out been smessful to extend those reactions to electron- 



rich olefins, such as conjugated cyclic dienes and vinyl ethers. For example, no photo- 

cydmddiiion of DBMBh was observed to either 1,3-cyclooctadiene (1,3-COD) or 1,3- 

cydoi-rexadiene (CHD) in aceIonitriie, while only the dimers of CHD were obtained." 

Our first aspect is to study the photoreactions of DBMBFz with electron-rich olefins and 

to examine whether the reactions involve the formation of a DBMBF2 exciplex with those 

ofefins. 

One approach is the fluorescence quenching, which can provide the direct 

spedroscopic evidence for the intermediacy of an exciplex if it is emissive. Therefore, 

extensive experiments shouid be done in the quenching of DBMBFi fluorescence by 

conjugated cyclic dienes and vinyl ethers. 

An aitemative way of searching for tine DBMi3F2 excipiex is to study the solvent 

effects on DBMBF2 photoreactions wiih efectron-rich olefins. If the electronic structure 

of the DBMBF, exciplex is sensitive to the solvent polarity, then the structure change in 

this exciplex may lead to different chemical reactions in solvents of different pofarities. 

For example, when the free energy change is estimated using the Rehm-Weller 

quaOon (Eq. ? -5) for irrteractio~s of sirrglet exit& DSM%P=;? wiih i ,%COD and CHD, it 

predicts that the postulated DBMBF2-diene exciplex should have a high CT extent. In 

poiar mivents, this pcriar excipiex is expected to undergo a m p t e t e  electron transfer, 

whereas in nonpolar sokents, electron transfer becomes endothermic and fie exciplex 

is expected to lead to qdcladduct formation. 

Phot06hmica! ptoperiks of DBIWBFIben;reene exciplexes 

The first DBMBF+nzene exciplex was found by Cheng in this group!a' l b e  

dedted s3udies on the phatophysics d DBMBF denzene exciplexes have beerr 

reported in Jd-s Ph.0. thesis.1B' However, the chemical properties d these 









Chapter NQ pbioreactiam of DBMBF2 with q d i c  dienes and vinyl 

ethers, hndding the p studies, the fluorescence quenchin* and the mechanistic 

studies The ster&emWw of cydoadhfuct formation is discussed being consistent 

Enltem&ia!e. The probud patterns are given in 

ents rangiw frm a~ah1~1irtnile to xylene. This leads ltcp a full discussion of 

eM e#& m the ex reactions. On @ie basis of a mechanistic scheme, the 

b r s f ~ M ~ c y  of tiBieBi3F2 excimer or DBMBF2-arene exciplex is explored by correlating 

the piwt~cydmddifion. 

Chapter three presents me photoreactions of DBMBF2 with q c l k  dienes In binary 

ent mixtures. The qwrn8Jm yieXd studies an DBMBF2diene photoreactions in a 

g w p  Oif binary sotvena mixbres are first introduced. With the finding of a cosensitized 

r dimerizatim ad CHD. the emphasis then shifts to the chemical properties of 

exciplexes, Two readom of Be DBMSF2-Mene exciptex in acetonitrile 

: the mufling rea&n of pxylene and the dimerimtion of CHD, Several 

Esk points are ahso : (1) the correlation of the DBMBFi-xyiene exciplex 

BFrarene and D B k A B F m  pairs, and finally (iii) two possible pathways for the 

~clmclidition of DBMBF;?, to twekre u.p- 

of the p h o t o r e a m  indude: the 

pPMe, fhe sisr~-f&~l~y af me 



studies, through fluorescence quenchings and quantum yield determinations, are 

motivated by =arching for the intermediacy of 08MBF2 excirner- 

Chapter five presents &e expefirneiitai detail, inefuding steaciy-state 

fluorescence quenchings, pbtoicydoadd~ns and quantum yield determinations. 

1.6 Theoretical Aspects 

There are a variety ways of deactivation for an excited state molecule, A very 

iimpo&mt bimoimlar deadkafh process is lbe fluorescence quenching, which can be 

furlher classified into dymmir; ~tre&ing and shtk quenching depending Qn whether ar 

not diusion of quencher mr,Iwles is invoked during the lifetime of the excited state. 

In dynamic quenching, the quencher molecule must diffuse to the excited 

species before deactivation of B e  excited state. Stern-Volmer equation is used to 

describe this diffmbnai q ~ m i n g . ~ ~ ~  In Eq. 1.12, P and I are the fluorescence 

intensity in the absence and presence of quencher resgectlvdy, Ksv = k& is the Siern- 

Vdmer quenching amstant wbse  kinetic expression shouM depend on the reaction 

absence af q u m h r  0. 

Static q-q m r s  when 8uorcrphore and q W e r  mofecuk associate 

r- L -*a- - A A&- LA&--- -k--..-.G-- #- S ~ - - - S ~ - # - A #  
a a t  wrrii a g r w w i i  s tare  w r q a w a  ~ I I R V  ~ q p m  amwzpuw~. III  UIR -, LWII I VIIIIIIUS 

.a -- s-- -rL- A&- -.m-Ak..- -& US .a=----- L. A--&-A L.. k M V- IIIFG SWUb C(-R;ImIIy "1 #I--- 1 3  -NCXI Ur fEii. 



I ,13!~* where K, is Me adation equilibrium constant of ground state complex 

formation. 

(Eq. I .13) 

When the fluorescence quenching involves both diffusional collision and complex 

formation between excited species and quencher molecules, a modified Stern-Volrner 

.P%I equation can be used* 

(Eq. 1-14] 

The following Scheme 1,10 serwes as a provisional mechanism that describes 

the diffusional quenching of DBMBF2 fluorescence. In this scheme, I, is the absorbed 

fight intensity. The rate aorrstant of each process is defined as follows: k, is for DBMBF* 

excimer formation; k, (k; is for fluorescence emission from 'A ('AA): k, ( k z  ) is for 

reaction 

A =  F;r monomer, 'AA = D8MBFz excimer 

saonrad'~tSve d h y  af "A ("MI; k, (k: - ) is for the quenching of 'A ("AA) by I). 





quenctier D. Kg is the StemVolmer constant for quenching DBMSF* excimer. 

Eq. 1-18 is the modified Stern-Volmer equation established by ~ a l c i w e l l . ~ ~ ~  This 

qua- does not apgy when tihe monomer fiuorescence quenching dominates over the 

quenching of exdmer P exciplex* A k a  amrding to Catdwell's observations, Eq, 1 -1 8 will 

show a ptd of domar4 mw&we Wen the monomer spdmrn is not weil resolved 

from the excirner (exctplex) spectrum. In such a case, it was suggested to take inttial 

slope as the quenching constant K g  -jiSli: 

Scheme 1-30 chs nst indude the fluorescence quenching of DBMBF2 in 

aromatic sotvents. Due to the fomtion of D8MBF2 ground state complex with solvent 

sndecutes, the static quenching may beeme significant. However, botb the static and 

the dynamic quenching lead b the same DBMBF 2-arene exciplex! Essentially, the 

quencher D (alkenes;) in aromatic sdarents is actually quenching the DBM8F2-arene 

excipfex. In such cases, Eq. 1-3 2 shcrukJ itre applicable where the lifetime r, corresponds 

ta DSMErarene exBgHex in the absence d qtiencher 0. 



signal is recorded as a function of the applied potential, and the obtained current - 

witage curve is cafDed vo&arnmogra.am. A typicat cyclic vottammogram for a reversible 

redox coup!e is s b m  in fig. 1.3, where the arrows are designated to indicate the scan 

direction. For an electrochemically reversible couple, its oxidized- and reduced-forms 

exchange electrons with the electrode rapidly enough to maintain the concentrations of 

both species ic quillitmiurn M h  each other at the electrode surface."7q 

Fig. 1 3  +Ihe cglclic voZtarrPmogrm of a reversehie redox couple 



reactant depfetion generates a concentration gradient near the electrode surface; a 

diusion layer appears between the electrode surface and the bulk solution. Since the 

solutkn is unstined, the diffirsion layer becomes thicker as the reaction proceeds. As a 

resrrft, the reactant species must travel further to reach the electrode surface. At the 

point where the diffusion of reactant species becomes rate determining, a maximum of 

anodic current (i,, fig. 1-31 is observed. After this peak, the further potential increase is 

no imger important to the d i i o n  controlled current. The current continues to decay 

awing to: the decrease of reactant concentration gradient with the diffusion layer 

thickening. In the reverse scan (Fig,. 1.3). the electrode quickly switches its role from an 

oxidant to reductant, The oxidized-form of the redox couple, which is still concentrated 

near the eiedrode surface, is converted back to the initial reduced-form. The formation 

of a cathodic cunent peak (im) in reverse scan can be similarly rationalized. 

Several parameters in Fig. 1-3 should be mentioned wirich characterize a redox 

mpfe: the anodic peak anent tiw) and cathodic peak current (i,), and the peak 

p@enWs at w h i  the pks m r  f& and b). For a revedble r&x mupie, the 

peak clrrrents are p I to the square root of scan me, and the ratio of i,: to i, is 

apgr~ximateiy un i tp~ .~  The peak potentials are independent on the scan rate and 

related to the formal ekctxock potential [E?): 



( A h )  can be used for determining the number (11)  of electrons transferred in the 

eiectrode reaction. 

For an irreversible redox system, above equations are not applicable, The 

irreversibility is characterized by more separated peaks BE, > 0.059 1 n. In this case, the 

eledron exchange of recfox species with the electrode is slow so that the concentrations 

of the species are unable to maintain their equilibrium during the potential scan. When 

there are chemical reactions following the electron exchange process, the current peak 

on the reverse scan is often absent. Because of the irreversibility, precautions are 

needed if the redox potentials determined from an irreversible couple are used as 

thermodynamic parameter. 

In the cakutation of free energy change (AGET) for a PET process, Rehm-Weller 

equation (Eq. 1 -4) requires the redox potentials determined from electrochemically 

reversible couples. However, in using an oxidation potential from the irreversible couple, 

the quantitative evaluation of AGR- was achieved after examining the thermodynamic 

significance of the value by efectrochemical techniques in combination with 

spectroscopic studies; for example, the relationship between the UV-VIS absorption 

maximum of a charge transfer complex and the oxidation potential of a donor was 

applied.'".' For quakitative evaluation of AGETI h e  peak or hall-peak oxidation potentials 

of irreversibfe carpies have been used in Rehm-Wel!er equation if those values are 

mmparable and determined under nearfy identical experimental ""' Other 

examples Ziurde the application of the potential values that are interpolated from a 

melation of icmi~ratbr~ potenW wit81 the iiterature oxidation potentiais. I14.77dj 



THE PHOTOiREACnONS OF DBMBF2 WITH ELECTRON-RICH OLEFINS 

CYCLIC DlENES AND VINYL ETHERS 

2.1 .I Photoreadbns of D8MBF2 with Cyclic Dienes 

2.1 .I .I The ReactSon Profile 

The photolysis of DBMBF2 and 1,3-cyclohexadiene (1, CHD) in acetonitrile led to 

rapid dimerization of the diene, proposed via a cation radical intermediate.'50aq491 The 

product consists mainly of the [&2] dimers 2 and 3, with traces of [2+2] dimers 4 and 5. 

Eq. 2.1: 

hv, 350 nm 

6 hr., CH3CN 0 - 

trace 
cis-anticis 

( 4 )  

trace 
cis-syncis 

( 5 )  



showed that the adduct peaks had longer retention time than DBMBF2 and increased 

with the gradual disappearance of DBMBF2. Diene dimers were also observed as a 

mixture of the isomers 2 i 3 i4 i 5 (31 : 23 : 35 : i i), In a totai GC yield of 3%, based on 

the intemat standard dodecane. 

Eq. 2.2: 

hv, 350 nm 
____) 

19 hrs 
ether 

Column chromatography yielded a major and a minor cycloaddition product in 

35% yield. Both products exhibited parent ion peaks at m/z = 304 (El) and 305 (M+1, 

GI), corresponding to ddibenzoy!methane plus CHD. The products displayed simitar 

fragmentation patterns. However, the structure of the minor product was not 

determined. The major product was determined to be 6 on the basis of spectroscopic 

data (Tabk 5.6). In the MS spechum, the parent ion produced two main fragments: (1) 

the base peak was the benzoyf side chain (mJz = 105), which lost a carbon monoxide to 

give the phenyl ion (mCz = 77);  (2) the fragment having m/z = 185 from loss of a 

phenacyl side chain. The presence of benzoyl and phenacyi side chains was indicated 

by a broad IR absrpticm at 1682 an-' and by ' 3 ~  NMR peaks at 199.64 and 201 2 6  ppm 



for the two carbonyls, and 127.98, 128.44, 128.56, 128.72, 132.87, 132.99, 137.1 6 and 

137.27 pprn for the two sets of phenyl carbons. The C=C double bond was identified by 

13 C NMR peaks of 124.1 3 and 129.91 ppm, and 'H NMR peaks at 5-77 and 5-93 ppm 

(&, Hc and Jk = 9.7 Hz). A multiplet a! 4.43 ppm in 'H NMR was assigned to the 

rnethine proton (Ha) adjacent to C=C and C=O groups. The coupling pattern of Ha was 

traced with 2D-COSY and decoupling experiments, leading to J* = 4.0 Hz and Jad = 5.1 

Hz. The tatter coupling is consistent with the axial - equatorial coupling in the 

cyciohexene ring,w and suggests that the adduct 6 has a cis-configuration of its side 

chains. The above anaiysis suggests that DBMBF* approaches CHD (1) in a head-to- 

head orientation, as shown in Eq. 2.2. 

Eq. 2.3: 

3 hrs 

it has been i&p&A h i  DBMBF2 undergoes efficient photoaddjtion to f '5- 

cyclooctadiene (?,I ,5-COD) in acetonitrile (Eq. 2.3), but that, in the same solvent, no 

photoqfctoadduct is detected from the photoiysis of DBMBF2 and 1,3-qcioodtadiene (9, 

1 .SCOD).'~ in the present work, the latter reaction was found to produce a complex 

mixhfre of I ,%COD dimes in psor  yield. The two major dimers were identified as the 

czi&an&i-cis (36) 2nd trans-anti-aB (1 1) fused cycfobutanes, assigned by GC coinjections 

with authentic samples and by comparing the mass spectra. m. 73j 



Eq. 2.4: 

The structure of adduct 12 was assigned on the bash of the fcdbwing analyses.. 

The molecular km peak in MS was fwnd at m f a  = 332 (El) and at mfr = 333 (M+t, Cf), 

corresponding to the of d'rbenzNmemne (DBM] to 1,3-C00, Fragmentation 

cmzurreci by rrt ?he Wmy! and phsmza &wins. The ?wa side maifis of :fie 

major adduct (ci;ot2) were revealed by two carbony1 peaks (139.56.201 -36 ppm) and 

Wsts crfpbnyi peab(f2rS.f0,128,44 (2C), 128.32,132,78,133,03, f36,72, $37.17 

ppm) in the ''c NMR. Similarly for the minor adduct iransl2, the carbong absorptions 

were faun$ at 199.96 and 2WAM ppm, and !he phenyi peaks at 128.41, 128.51 (ZC), 

f 28,67,13321,133.52,136;.94 and 137.63 ppm. This serves as a dm~nostic pattern for 

DBMBFz adcffticrr pnxiwSs- The C=C bond was identified firstty by two &fink 

cam Q1132.25 and 125,823 gpm tor the cis;%!; 132.88 aMf 128.96 ppm for 

aR&r trans-I2 in fable 56), atxi seccrndiy by two vinyl pratOt15 (m &f 2: 6-05 (Hb dd) and 

5-97 (&, ddd) ppm as W as in ikins-12: 5.92 (&, ddd) and 5.38 (Hi& dd) ppm). The 









A: in THF, K$ = 8-12 0.3 M-' 





A modified Stem-Vdmer equation was deveioped by ~aldweil- to a ~ f y s e  steady-state 

excimer quenching 1-61: 

In Eq. 3.1 8, (I%), is the intensity ratio of quenching the excimer at 522 nm; (I"& is 

the ratb for quenching the m m r  at 440 nm; Kg is the Stem-Volrner quenching 

~~ of excirner; k: is the quenching rate constant and TM is the lifetime of the 

DBMBF2 excimer. in fhe excimer f i ~ ~ e ~ c e r r c e  quenching, specburn overiap corrections 

were ma&. Tt-tese am d s a b d  in the experimental section 5.2.3.2. 

Figure 2.28 sho#a the fluorescence quenching of DBM8F2 (0.2 M) by CHD (1) in 

THF &vent, in which a nimutmic decrease of fluorescence intensity was &served with 

addition af CHD. The excimer quenching at 524 nm was much faster than &fiat of the 

DWBF2 monomer at 440 nm. The Stem-Votmer plot of (PA), -; versus the 

quenching of DBM- (020 M) tws~escenw by 1 ,3-COD in THF gave Kz .a- = 56.0 hR" 

(Fq. 5.5). The obtained StmVodmer quenching constants (Ksv) are Wed in fable 2.1. 



Kg = 10.2 f 0-5 M-' in benzene 

Table 22 Qar &.,) of D B M K  fluorescence 

in blentene " 







Tabfe 2.3 Quantum yields of the photoreaction of DBMBF2 with 

CHD, I ,3- and 1,5-COD in different solventsa 

- - -  

Quantum yield of DBMBFZ adduct 

to: CHD, 1,3-COD, 1,5-COD 
(1 o3 @A) (1 o3 @A) (@A) 

0.28 -0.09 0.18 

Nates: a A 3 mL sdatim of fM3MBF2 (0.03 M) and CHD (0.3 M) or 1 ,=OD (0.5 M) was 

purged with t& far 4 mitn and irra-ted at 350 nm for 2 hrs in a non-aromatic 

sobvent, and far 0.6 hr in an aromatic &went. The mers ion  of DBMBF2 wzs 

mBrdged & less than 15%. In%- was perfomred in the presence of an 

nrhydKd (3 mL), and adduct formation 

ntemal standarb. Under h e  photdysis 

af 'rIJ54XXl (7) was cktm%d in any sohrents, and 

w a s f d  with 1,3-COD (9). 

" W. 81a; " Fkk 8lh c. 



fb) Effect of DBMBF2 Concentration 

Formation of the DBMBF* excimer is concentration dependent. When DSMBF2 

concentration increases, the ffuorescence intensity of the excited DBMBF2 monomer 

decreases and a new braid emission peak of DBMBF2 excimer appears at a longer 

wavelength than the DBMBFz monomer ern~ssion!~~' The DBMBF, excimer has a 

longer lifetime (50 ns under ~ 2 f ~ ' a n d  36 ns in aerated solutionfm1) than the excited 

monomer (0.34,'~' 0.3 dm'> in acetonitrile, and consequently the excimer has greater 

probabiiii in reaction. ii tfie excimer is involved in the photoaddition of DBM3F2 to an 

efee&~krich cyclic diene or vinyl ether, then the adduct formation should increase as the 

DBMBF2 concentration is raised. 

The quantum yield of the DBMBFz photocycloaddition to cydic dienes was 

examined as a function of DBMBF2 concentrations in dioxane, rnethyiene chioride and 

benzene (Table 2.4). The N2 purged sdutions of CC)-I ((0.30 M) with varying 

Table 2.4 Effect of D3MBFz concentrations on the quantum 

yieM of adduct in dierent sotvents" 

I 
I Adduct Quantum Yield (1 03aA) 

fDBMBF2] 1 &COD I 
1 

6 I 
CHD 

M benzene CHECf2 dioxane I benzene dioxane 
1 

e 

0.01 1 a.7 8-50 2.74 1 13.6 2.45 
I 

Qt CND (0.3 M) cx 1,3-CQD (0.3 M) with varying concentrations 

of DBhABFz wras purged with b& for 4 min and irradiated at 350 nm for 2 hrs for 

t k  sampte in n a s n - m c  sd~ent, but 20-30 min for the sample in aromatic 

T f r e ~ a f D M B I F , ~ c o n t r o i l e d t o  less than 15%. 



concentrations of DBMBF2 (0.01 M - 0.07 '1) were irradiated in a Rayonet Photoreactor 

with a 350 nm light source. The incident light intensity was measured using the 

b.- ---L----- L---Ls*A- 
UG~~LV~ I IG I  rvr re-uar ELI ryud at-Ainomeier. The measured iighi intensitji, at DBMBF2 

conversion 45%, was used for calculating the moles of photons absorbed by D•’3MBF2. 

The adduct formation was determined by GC analysis using an internal standard. Then 

the adduct quantum yield could be obtained as a mole ratio of the formed product to the 

absorbed photons. 

The data are plotted as a reiative adduct quantum yield versus the 

concentration of DBMBF2 (Figure 2.41, where Qt, is the quantum yield of adduct at 

[DBMBF2] = 0.01 M and @ refers to that at [DBMBF2] = 0.03,0.05 and 0.07 M. As can 

be seen, in dioxane the quantum yield of adduct formation between DBMBF2 and CHD 

increases with the concentration of DBMBF2. 

Under similar ~ ~ d i i o n s ,  the quantum yield of DBMBF2 addition to 1,3-cycloocta- 

diene (9) was determined in dioxane and in methylene chloride. The obtained results 

showed a similar trend as the photoaddion reaction of 1,3qdohexadiene (1) (Figure 

2.4). 

However, in benzene, the photoaddition of DBMBF2 to either 1 or 9 does not 

depend on the DBMBF2 concentration (Figure 2.4). This result, combined with those of 

DWBF2 fluorescence quenching in benzene Fable 2-21, leads to the same conclusion: 

the singlet excited DBM8F2 f~m an exciplex with a ground state benzene molecule, 

and ths acts as Ae principal reactive species even at the high concentration of D8MBF2. 

Firraity 1 shautd be noted ht, despite the variation of DBMBFz concentrations, 

the dimer f~~mation of 1,3-cycbhexadie~t showed the constant dmer quantum yield (6 

- 0,012 in benzene and 0.004 in dioxane) as well as the constant dimer distribution. 



fig. 2-4 Effect of El BF2 amcentration on the cydoaddition quantum yields 

[@A) with cydk die- with CHD in dioxane (8) and in benzene (a); 

wiih 1,3-COD in dioxane (A), in CH&k (A) and in benzene (r). QI., refers to 

the acrcluct qtliIIFnUm yield at pShBBF2] = 0.01 M. 



(c) Effffii? af f ,%eW Cancentration 

Several Stern-'drimer constants j&j of i ,%COD have been obtained from 

ffuorescence quenching studies. jn dioxane, the quenching of singlet excited DBWIBF2 

monomer produced the quenching constant K& = 3.7 M-' (Figure 2.1 •’3). In benzene. 

the quenching of the DBMBF-nzene excipiex gave KG= 10.2 M" (Figure 2.3). 

These Stem-Vdrner quenching constants can be also obtained from measurements of 

the adduct quantuElrl yieM as a furtdw of the dime cmcentmtim, [I ,3-COE)J. 

Quantum yields for the photocydoaddition of DBMBF2 to 1,3-COD were 

determined in dioxane and in benzene. The dioxane solution of DBM8F2 (0.03 M), with 

the varying concenbratims of 1 ,%COD (0.063 - 1.0 M), was irradiated in a Rayonet 

Photoreactor for two bu rs  with a 350 nm light source. The variation of adduct quantum 

yieid with diene concentrations is shown in Table 2.5, and a double redt;rocal plot of 

I/@& vs 1/11,3-COD] is linear (Figure 2.5). From this plot, thie Stern-Volmer quenching 

constant (KL) can be calculated acoordlng to equation 2.15 ( in Section 2.2.5) as the 

rat& of the intercept to the slope. This leads to a value of K k  = 3.1 M-' as the Stem- 

Vdmer quenching mnsbnlaf the photoreacfjoil of DBM8F2 with f ,3400 in dioxane. 

Benzene soiuhns of DBMBFa (0.03 M) and 1,3-600 (9,0,063 - 1.5 M) were 

imdiafed under similar for 40 mintrtes. The piot of lhDA versos 1 ljlt3-COD], 
* 

on quatian 216 @I Sedan 225). yields the value 1(!& = 10.3 M' for the 
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fig. 2.6 Eff- of the CHD coilcentration on the quantum yield of adduct 

in different sofvents. 

In; amt6nPrib, !he phstdysis of DBMBF2 and phenyl vinyl ether (1 3, PVE) leads 

miinky to t%re sensitised' dine*- of Itf-te vfnyi ether. Only trace amounts of adduct 

are fwd. The drnefizaliirm proceeds wia a head-to-head orientation to yield a mixture 

catf cis-- and -13-dipttenoxyqdsbutane (14 : 15 = 6 : 4, in Eq. 2.5). Both dimers 

a kc ian at mk = 240 as lhe base peak. The major dimer has the same 'H 

spectn#n as the imam cis;cib"mer (14). 

lpatPt wa?s with Mr. Matte0 Vanossi, Pavia University, m aka 



Eq. 2.5: 

The photohpis of an efher solution of DBMBFz and a vinyl ether leads mainly to 

the addud formation, shown in Eq. 2.6. The irradiation time, the conversion of DBMBF, 

and the Isoiated product yield are summarized in Table 2.9. The dimer of phenyl vinyl 

ether, under this condition, accounts for less than 2% of the products. 

Eq. 2.6: 

I + _____) 

ether 

The adduds from alky! vinfi ethers have similar El-MS fragmentation patterns. 

fn general, the parent ions were not detected and underwent cleavage to a benzoyl ion 

and a moiety of mfr = 191 (Scheme 2.1 ). The benzoyl ion usually accounted for the 

base peak and further eliminated a CO to give a phenyl ion. The m/z = 191 fragment 

underwent loss of an ethylene or isobutene (from the product of isobutyl vinyl ether), to 

yield the 3-benzoyE-1 -propanal ion (m/z = 1631, and 1 or ioss of ether, to produce the 

fragment ion of d z  = 117. In the CI-MS ;;llechum, the adducts of alkyl vinyl ethers 

showed tire parent ion (M + 1) as base peak, which then eliminated ethanol or 2-methyl- 

p~opanol to yield 1,5-diketune fragment of mlz = 251 (Scheme 2.1). 



Tabfie 2.9 Phatocyetoabdition of DBMBF, with vinyl efhers in ether solvent 

phenyl vinyl ether 
f 13) 

no adduct 
detected 

b Mtes: a Based on ccrnsslmed D8M8F2; Prepared by M. Vanossi. 



and pttenol; (Sdreme 221, The 3-kmy!-l-propanoI ion (mh = 163) was not &sewed. 





I-& at 2.4 pprn with Ja = 5 Hz u&le 5.6). 

16 sf 0wBF2 lo phenyi viny! ether, the N o  carbmyl 

c=a&ms were fw 198.13 ppm. and the methim carbon at 78.92 ppm. 

The aneefrine p i~a~ih~~ gHOj Ofj 3 6  &3ppared at 5.65 ppm with vkinaf oo t rp tw  to the 

ene protons: Clli, at 2.34 ppm = 9-1 HZ) and at ZXii ppm (G, = 4.0 Hzj. 

T-he foikisrg referrs fa WduGfS Of hit@ rmons :  

C,t ) ThewJ r- 04 3 ~ ~ ~ & 9 - 2 W - p y r m  l21) 

pan 21 in sewml &wen& did not 

- GC: mdys& rerveaigd that a 

,701 in El-MS and 169 (M+1, 

3QO) in GI-MS spedaa- F showed that ?hiis was f m e d  frm a fast, 

&k cet-km ?his r klf k#T. agza?krateagil by the a m  ot 'baron trriffuoae 

atwale (3 x 10" M) in 

a strang C=C peak at 1667 





yieM), as well as twer minor coupling products (1 1%). These were isolated and found to 

be stereoisornew of 24. The IR spectrum of each isomer showed a strong band at 3444 









ent 
from PVE 





Oisted in Table 2.14, and fhe double m@ml plot of l/rbk versus lfIiVEj yielded K!& = 







awoniing to Eq- 2-1 78, in examinam of Table 2.1 5, it is noticeable that We vattie of 

K& is mrnparable to Kg at the high concentration of DBMBF, (0.20 M), This indicates 

Tabk 2-55 C"xmrpa&cm of Stern-Vofmer quenching constants 

EVE, 17 

Nates: a Data irm Table 2.1 0; " From Table 2.1 3; From Table 2.1 4; 
d The repeated experiment results; * From Table 5.1 1. 



Es is the singlet energy of excited DBMBF2, and C is the interactian energy of the ion 

pair formed at an encounter distance a = 7 A (-0.06 eV in CHFN)!'' 

Table 2.16 F%ysical Constants of Cyclic Dienes and B8MBF2 

DBMBF2 [ -0.91" 2-45 3.19 ' 2.69 
i CHD - 1.58"" 1.53' 3.25' 4.218 2.2gh 
E 

1 , X O D  1 - f -89' - 3.04 - 3-77" 

PVE E - 1 -62 " -- - 

: dmSeEin ; " 58a;, Ref. 83a; Ref. 14; * Ref. 38a; ' Ref. 3; 

"Ref. 87; ' Ref. 31ib, 87 and 79; Ref. 79; ' ~ e f .  28b. 



is aka an dectrmrichi alkene WIK)SA! aad'rcaf cation 

m 1 - A chin  reaction of 

&c-dbocr=irr 

axte In azaoni&ife ( 3 s ) : ~  Other photoinduced dimerizatiw of vinyl ethers, 

sltcR as vim &m (We, has been accomplished using I . - a w W e n e  

W E  gave lhe f2+2f dimes f 4 and 15 as h e  major products in amtonitrite. S i m  the 

dimr mtb fuiiowed a produa paam of ihe reported d t n  reaction (Eq. I . T ) . ' ~  

1 m w m t & e  W E  cation is gewmted in the reacfim of singlet ex&d 

DIM- with PVE irFt a-itrik. 

The yield af DE3MBF2 sendi~ed bimriration decreases with a decreas8 in iile 

W e n t  pohrity Fahies 2.3 arrd 2.1 1). Since the en&[4+2] dimerizatbn of CHD is the 



Rre singlet excited state af DBMBF* can be quenched by cyclic dienes and vinyl 

ethers at the diision controlled rate!'" The quenching process is related to he  

p+-mtoeycbadd'ion to DE3MBF2. Thus, a similarity between the Stern-Volmer constants 

obtained from the quenching of DBMBF2 Rwwescence by 1.3-COD (K', ) and from 

measurements of the addduct quantum yield (KL, , in Table 2.7) has been observed. 

From these Gv - values, tfre rate constant (kaf sf quenching the singlet excited DBMBF2 

by 1 X O D  can be cakulated. Fw example, the KL = 3.7 M-' of fluorescence 

quenching in dioxana uabk 2.7) leads to the rate constant k, = 1 .I x 10" M%-' by 

-ng Eq. 1-36 in Section 1.6.3; the K k  = 3.1 M' from measuring the adduct quantum 

y k k  h &ram ( T a b  2 4  -kx& to k, = 1.0 x 10" M-'$', according to Eq. 2.158 in 

,Wm 2.25, ??m two different masuremer~ts produce the com,parable 4 - values 

QTaMe 2-17), Thi the e(Mntentiofil of Scheme 2.3 that the photoaddion is 

Ly cditsfon crf' the singlet excited skate of DBMBF2 witti 1,3-COD. 



Upon the quenching of singlet exdted D8MBF2 by a cyclic diene or vinyl ether, 

m e  of the possible consequences WUM be formation of an excipfex between the 

ex&& DBMBF2 and Be donor defin (Scheme 2.3). The existence of exciplexes and 

excimers was demonshated by ~ i w s t e l ' " ~ ~ ~  and Weller long ago/' but Me intervention 

of these spet3es in photocycfoacw'rtion reactions was not established until the 1970%!'" 

Since then, exciplexes have often been postulated as intermediates in donor-acceptor 

photoreactions.'z Since the photoadditrons of DBMBF2 to simple olefins have 

been postulated to proceed via an exdplex rnechani~m,'~ it is logical to postdate the 

p&idpztks d the DWBF-ne or vinyl ether exciplexes in tbe photoreactions. 

?he exc@!sx mediate&[ qckaa*m reactions are often mncerted and give the 

prodkEct with speGific ster-mistry tfiat is detemined more by x-orbital overlap than 



sferfc & ~ s , k * ~ ~  Our mations of DBME3F2 photoadditions to electron donor 

are msisPent r;6ies of an excipkx reaction. For example in the 

n of DBMBF2 w3Fc 5,3-cyclohexadena (CHD), the head-tc-head addition 

product shOLiikI result from a face-Warn configuration of the DBMBF, - CHD exciplex 

head-to-head 
on'entation 

As a complication to :he excipfex mechanism, the photoaddition of GBMBF;! to 

CHD is found to be quenched by increasing the CWD concentration (Fig. 2.6). This 

conceniratior! increase also promotes ibe enbei4i-2j dimerizaiitn of CHD eve2 it7 the 

less polar sokents, such as xylene, benzene, dioxane and THF (Table 2.8). Schuster et 

a/. have reported the similar &sewation in the I ,4-dicyanonaphthafene (DCM) sensitized 

dimerimtion of CHD, where the increase of CHD concentrations yielded more end& 

[4+2] dimer in benzene.'"*' Recause the radical cation CHD' is not formed by 

sensitization d DCN in this nmpchr soivent, the ende[4+2f dimerization of CHD is 

suggested to proceed via a Pripiex intermediate, 'DCN-CHD-CHD, and the formation of 

the triplex is through interception of the DCN-CHD exciplex by CHD.' '~*.~~~~' Similar 

tlliplex formation in CHD dimerizahn, sensitized by 9,1 Udicyanoanthracene in CH2C12, 

was also suggested at high substrate concentrations!". Our observations of the 



Excipiexes of cyamrene csrnpiim as elwirorr acceptas with ailkyj;fbwmmes 

as cionars have been the subject of recent: interest. 115" 19.9s. fa is mteworfhy &at 

quenching of singlet excited DBMBFT 6 x 106 M) by benzene, tduene and xylene in 

acetonitrile also leads to a strong& emissive exdplex CAR)!" In neat benzene, 

toluene or xylene, the exdplex emission spectrum is observed as a red-shifted, strong 

and stntctureless fluorescence band. The DBMSF2-arene excipfexes are characterized 

by a longer lifetime (2.1 ns in benzene and 15 ns in xylene) and higher fluorescence 

quantum yield (9 = 0.44 in benzene and 0.59 in xylene).'"" Corsequenlly, in studies 

d the photoreaction of DBMBF2 with cyclic dienes or vinyl ethers in aromatic solvents, 

the properties d "AR must be taken into i i m n t .  

Excitation of DBMBF2 in benzene kxds f ist to the singlet excited DBM8F2 (*A) 

which may read :n severat ways (Scheme 2.4). In the absence of cyclic dienes or vinyl 

ethers and at [DBIVIBFd = 5 x la6 M, the lofig lived exciplex "AR is the principal excited 

species. In the presence of tfie donur defin, the mofe ratio of benzene (I 1.3 M) : 

DBMBF2 (0-03 PA) : ofefin i0.3 StR) is estimated io be 5 00 : K 0.3 : < 3 f ~ r  the tjpicaf 

pRotoreaGtion run in bemm &vent. Sf'i we would expect mi the exf5$ex *AX 











lifetime of "AA is most& reqmsible for the selective quenching of "AA by 1,3-COD. 

However, in view of the esccimer formation, the competition for capturing 'A by D3MBF2 

iWff (&rAJ[A]) and by nire donor $,&COD @x[*AjjQ should determine the pathway of 

pt'loforeactions. When lbtte rate constants k, and k, are slmifar, higher concentrations of 

I , X O D  than DBMBFz should promote the reaction through the monomer pathway. 

22-41 M&ga and Wetkr's equations 

It is general% known that the extent of charge transfer (Cf) in an exciplex can 

change -4th :hz sP~ent @a*= ar t  tha4 the elec'rrmlr: st~&di;re sf the exciplex wit! 

determine the sefeetivif~ of its subsequent reactions.'"' Polar sukents increase the CT 

extent of an excipliex, and the resultant changes in electronic structure of the exciplex 

have been used to account k r  tbe variation of the emission quantum yield and lifetime of 

the exciplex with the variation of solvent polarity. fl0. 13a, 97.92k 914) The CT content within 

an eii2.;p!ex a x  !x s= sb=r?r;!y pmmted by the sohtion that the excip!ex dissociates 

into a solvent-separated ion pair (SSIP), which may then initiate ionic reactions. An 

empirical relationship d Be excipiex ionic dissociation with the solvent polarity (E) has 

been established by Mataga and Weller (Scheme 2.5)!98-991 

Scheme 2.5: 

ionic dissociation 

emission, intersystem crossing 
an&   he mica! readinn. 



Mataga proposed an empirical equation (Eq. 2.9) that correlates log(l/@) to 

1/~.[~'  where the quantum yieM of the exciplex dissociation (a) was defined as: 

1 
logf- - I)  = - 

S 
P + q  
E 

(Eq. 2.8) 

which assumes unit efficiency for excipiex formation. The two constants p and q are 

independent of solvent. Wefler also found that rate constant of the exciplex dissociation 

(k) is much more dependent on solvent than the rate constant (16) of other non-radiative 

and radiative decayJW The empirical equation (Eq. 2.1 0) suggests that a semi- 

logarithmic plot of Ink vs. llr should be linear. According to Eq. 2.10, I& is related to 

the diierential solvation of *AD and SSIP!~"' 

(Eq. 2.1 0) 

In this equation, q is the solvent viscosity (in cP), E is the dielectric constant of 

the solvent, k is the B o h a n n  constant, a = 7 A is the centre-to-centre distance of 

SSIP, and d = 3 A is the interplanar separation in the exciplex. 

2.242 The refatiunship between and ki 

The quantum yieb for the phoioreaciions of DBMBF2 (0.03 M j with cyciic dienes 

(0.30 M) or vinyi ethers (0.30 M) were determined in various solvents, ranging from 

acetonitrife to xylene (Table 2.3 and 2.1 1). The quantum yield (GA) for the C)BMBF2 



photoaddtion to the cyclic diene or vinyl ether is defined in Eq. 2.1 1, based on Scheme 

2.6. in Eq. 2.1 1, @A is tfie product of the efficiency (n) to form the exciplex 'AD and the 

efficiency to form the adduct from the exciplex (41, in competition with the unimo~ecular 

decay (b) and the ionic dissociation (k). 

Scheme 2.6: 

2 + O+- 
ionic dissociation 

*AD ' =. Adduct product formation 

A + D  unimolecular decay 

(Eq. 2.1 1) 

(Eq. 2.1 2) 

Based on Eq. 2.1 1,  the variation of adduct quantum yields (@A)t with solvent 

polarity, should be caused mainly by excipiex ionic dissociation (k,). In contrast, the 

processes of the exciplex decay (b) and product formation (4) depend very little on the 

Given these approximations, the change in rate constant k, as a function 

of; solvent polarity (E), should be proportional to (nk*) in Eq. 2.12. Therefore, it is 

pmsiWe to conelate the adduct quantum yield (GA) with the sotvent polarity (E) in a 

similar way to Vlai of bk, vs. 1k in Eq. ~.Io.'"*' Based on !!?is idea, the correlation of 

E~(tl@~) vs. :I& was examined using the acIduci quanium yieids of Table 2.3. The 

obtained ptots are bear as shown in Fig. 2-1 1 for the substrates CHI3 and 1,3-COD in 

dl sobents but dwxane and the aromatic solvents. 



Fig. 2.1 1 Plots of In (li@A) vs f / E  for the photoaddition of DBMBF2 to 

CHD (e) and 1 ,XOD (o) in various sokrents: 

1, acetonitrile; 2, acetone; 3, CH2C12; 4, THF; 5, THP; 6, dioxane; 

7, ether; 8, benzene; 9, tduene; 10, pxyfene. 

The deviations from the linear fit in Fig. 2.1 1 are probably cawed by the solvent 

polarity scale (E) which is only an approximation of the real sotvation of tbe exciplex 

intermediate. A complete description of solvation would take into account all types of 

intemlecular forces."'a' induding mpedf ic  electrostatic forces (Coulombic, dipole- 
' - 

&pie and Van der Wad& faces) in a macroscopic sale and specific hydrogen 

bnding, eiectron donor-acceptor interaction, etc. in a microscopic scale. Because the 

and solute-dute int~ractions, the structures of the solvent and solute must be also 

considered. Since the E scale can onfy describe the solvent effect on a macroscopic 



scale by disregarding specific intermolecular interactions, the structural effect of 

dioxane and the pcrlarizability of aromatic solvents are not reflected. 

The ET(30) Scate, a well-known empirical solvent polarity parameter, [Bra. rmj is one 

of the most comprehensive measures of softration. Proposed by Dimroth and 

~e i cha rd t , "~~  this d e n t  polarity scale Ei(30) is defined as the molar transition energy 

of a pyridinium-N-phenobte betaine dye, (2,4.6-tn'phenyl-I-pyn'dinio)-phenolate. 

measured from its intermolecular charge transfer (K - n') absorption band at the longest 

(Eq. 2.1 3) 

h = PIancKs constant; c = the velocity of light; NA = Avogadrots number; 

h and 5 = the wavelength and the wavenumber of the excitation light 

corresponding to tbe charge transfer transition. ET(30) unit: kcaVmole 

wavelength (&) of its UV spectrum. Because of the negative solvatochromism of the 

betaine dye, a larger E~(30) value should correspond to a higher solvent polarity. 

Table 2.18 Empirical solvent polarity parametersa 

CHCiz THF THP 

E~(30), ~CMIIO~ 1 45.6 
4 

42.2 40.7 37.4 36.6 
.-............ ...---. -.*-*--*- ---- ---- --.... .................................. ...................................................... 

W e n t  I dime elher benzene toluene p-xylene 
.......................... ----.- p---- ..-.....-.------.... ...............................--......... ................................... 

E 2.21 4.34 2.27 2.40 2.27 

Nates: F m  Ref. 8% and 81b; From Ref. 81b and 81c. 



Fig. 2.12 Correlation between E~(30)  and 1 k of the foltowing solvents: 

1, acetonitrile; 2, acetone; 3, CH2CI2; 4, THF; 5, THP; 6, dioxane; 

7, ether; 8, benzene; 9, toluene; 10, pxylene. 

The E+(30) values of I 0  solvents are shown in Table 2.1 8, together with the plot 

of ET(30j vs. t k  in Figure 2.12. it shouid be noted that deviations simiiar to hose seen 

in Fig. 2.1 I ,  are again observed for the sohrents dioxane, benzene, toluene, and p- 

xylene. 

224-4 The refationstrip between In(ltWd and Ed301 

Previous studies have correlated the rate constants of photoreactions to the 

E m )  scafe. lmeb, "'I In the work of Evans et a\., a linear relationship corresponding to 

equation 2.1 2 was demons$ated for the 9,lO-dicyanoanthracene sensitized dimerization 

of phenyl vinyl ether  WE).^ A mechanism similar to Scheme 2.5 was proposed for 

the quenching of 9,lO-cTkyanoanthracene fluorescence by PVE, and the rate constant 



(Q was linearly related to the rate of excipiex dissociation (k). f he observed linear plot 

of fn(Q vs. ET(30) therefore represents a linear correlation of h(k)  to ET(30), This semi- 

iogarifhrnic plot suppolits the mechanistic postulate, and corresponds to a linear free 

energy reiationship. 17- rml 

In secfion 2-2-43, the Er(30) scale was introduced as a measure of solvent 

polarityZ and found to be linearly related to I/& for some non-aromatic sobents (Fig. 

2.12). Encouraged by the work of ~ v a n s ~ ~ '  ~eters''"~ and ~ a c ? ~ ' ,  we decided to 

reploit the adduct quanan yields (in Fig. 2.1 1) as a function of the solvent polarity 

ET[361). Fig. 2.13 and 2-14 show the semi-iogarithrnic plots of ftl(t/@~) VS. E~(30) for the 

photmjctoaddition of DBMBF2 to cyclic dienes (Table 2.3) and vinyl ethers {Table 2.1 1). 

For comparisons, the &ubk reciprocal ploS of ltt(l/Q,~) us. lfET(30) are displayed in 

Appendix I. 

The plots in Fig. 2.13 and Fig. 2.14 support our postulate of excipiex 

intermediacy in D8MBF2 photoreactions with cyclic dienes and vinyl ethers (Scheme 

2-6). Based on the faregoing discussions, a comprehensive picture of the DBMBF* 

photoreactions caa now be ~iWeff as folfows: 

f 1) The exciplex of DBMBFrcycik dime or DBMBF&nyl ether responds to 

sobent polarity and partitions among iunic dissociation, formation of addf in product, 

iEMS decay to starting materials [Scheme 2.6). 

(2) Rte exdplex d DBiC1RBF2 with conjugated cydic dienes must have a high 

charge transfer character. This accounts for the poor yield of adduct and the strong 

tendency far W e n t  induced dissociation of the exciplex. However, the excipfex of 

DBMBF, with 1,5-COD consisrs mainly of its local excited state and leads to the high 

at addm vim li* 





FQ, 2.14 The pfots af b(lJcBa] VS. Er(30) for the DBMBF, photoaddition to (A) PVE and 

gB) NE in the solvents: 1, acetonitrile; 2, acetone; 3, C H e ;  4, THF; 5, THP; 6, 

dhxane; 7, ether, 8, benzene; 9, toluene; 10, pxylene. 



(3) In non-aromatic solvents, the singlet excited DBMBF2 monomer (*A) and its 

excirner (^AA) act as the reactive species (Section 2-23). fn aromatic solvents, the 

DSh&3Fra:ene excipkx rAR) mainly initiates the readinn with qc!i!i~: d h e s  or vinyl 

ethers (Sedion 2.2.2). Despite differences in the primary reaction step, the overall 

results show a common paftem by lineady relating the adduct quantum yield In(lhPA) to 

the sokrent pofarity Eif30). One possible interpretation is that all of the species (*A, 'AA 

and *AR) convert to one common intermediate (*AD) upon interaction with an electron 

rich oiefin (0). 

(4) The plots of fn (1 us. E~(30) reflect the relative rate of the exciplex 

dissociation in different sokents. This may mean that the ionic dimerization of 1,3- 

cycfohexadiene or phenyf vinyl ether, according to Scheme 2.6, should be initiated 

mainly from the solvent induced exciplex dissociation. 

The exciplex of DBMBF2 with eiectron-rich olefins should be considered as an 

intermediate in acetonitrife, even though there is large exothermicity for the electron 

transfer from the electron-rich otefins to the singlet excited DBMBF2. An example is the 

DBMBF2 sensitized isornerizatbn of quadricycfane (QC) to norbomadiene (NBDj, where 

the radical ion QC4' is thought to arise from exciprex dissociation of *(DBMBF2-QC) in 

ace ton i t r i~e . '~~  A h  according to Farid's work on the mechanism of exciplex 

fornation in cyanoarene-alkybenzene systems, the formation of a polar exciplex can 

accur in a safvent as pobr as aceton*Me even with an electron transfer exothermicity as 

krge as dGm = - t eV. eta. sra 

On the basis of the & w e  discusshs, Scheme 2.7 is postulated for the overall 

photoc;eactkn of DBMBF, with electron-iid) defins. Under steadystate conditions, the 



total quantum yield of the ~ydcradditfon reaction (&,A) is expressed by Eq. 2.14 (the 

derivation is given in Appendix !I), which indudes the efficiency of adduct formation 

different species "A, *P\A and "AH. 

Scheme 2.7: 

1 + 
b 
3 - *a.----I) 'AD ' * Adduct 

a 
d 

L 
)I 

X 
I 

A * D  

here A = DBMBFz; R = Benzene, Tdarene or Xylene; D = CHD, t -3-600 or Vinyl ether. 

(Eq. 2.1 4) 



k,l@ 'b "AD t ma "AR; 
xi" + rc,.f~]+ reg@+ ~,[og T& ,. c ; ~  .hr, ,- g 



T 

r - -  k- 4 *E  r - A a r a  L a d l v  

(W BTq. E. F B  WP@F%fffW Wtj &BPSiR 

nlt cur be calculated 

BP~WS OX & and XS, were 

(TW 2-19], Then the 



I - = (1 4- 
k, + L!l )(I + z;" +k, Wl I w I w 4- - -1 (Eq. 2.1 6)  

@A b ke ERI kdm P I  

At CbZilSfmf eos7emmW of fAj an3 fRf, the double reciprocal plot of I/% vs. 

l?b qmMing rate amsWnt & of exciplex 'AR by 1,s-COD can tbus be obtained from 

Ihe experimental values d K& and K& in Table 2.7 (see Section 2.22). 

on oerr cahbm amzenaing the relative rates of DBMBF2 excimer ("M) and 

er j"A$ reactions with ethyl vinyl ether (Section 2.2.31, the reaction of DBMBF2 

the why! ether dominates over the reaction of the 0BMf3Fz monomer. if the 

ks-Bm is r&ativety unimportant* (ziP + MA] )  > kdD], tben Eq. 2.17 can be simplified to 



(Eq. 2.1 7A) 

Here a linear relationship can be established by plotting I/% against IdD]. The 

intercept-dope ratio of this piot should be: K i v  = ktl ZAA, where kt, is the rate constant 

for quenching the DBMBF, excimer and TM its lifetime. It is noticeable that this Stern- 

Volmer constant K&# should be identical to Kgd (= k y  raa) from the excimer 

fluorescence quenching in Eq. 1 . I 8  (Section 1.6), since both Kgv and K G  are reflecting 

the same quenching process. A good consistency in these experimental Ksv-values 

should be seen as a support for the intermediacy of DBMBF2 excimer. Table 2.1 5 

strows such agreement in the reactions of DBMBF2 excimer with vinyl ethers and 

supports the reactive role of D8MBF2 excimer in adduct formation. 

The following condusions are reached as a resuit of the investigations in this 

chapter: 

(1) Singlet excited DBMBFT is quenched at close to the diffusion controlled rate 

by eiectron-rich olefins, conjugated cyclic dlenes and vinyl ethers. This quenching may 

lead to radical cation dimerimtion of olefins in more polar sobents and cycloaddition of 

DW8F2 to an olefin in less lpoiar solvents Fables 2.3 and 2.1 1). Both processes are 

proposed to proceed through a oomrnon intermediate, the DBMBF2-olefin exciplex 

(scheme 2.7)- 



(2) The presence of the polar DBMBF2-olefin exciplex is inferred from solvent 

effects on photoreactions of D8MBF2 with conjugated cyclic dienes and vinyl ethers. 

She ionic dissociation of DBMBF2-olefin exciplexes competes with the cycioadduct 

formation and foffows a tinear coneiation with the empirical sotvent poiarity &(so) (Fig. 

2.13 and fig. 2.14). 

(3) The efficient photocyctoaddiiion of Z18MBF2 to the nun-conjugated cyclic 

diene, 5 ,S-COD, depends very W e  on the solvent (Table 2.3)- This reflects the less 

polar nature oi the DBMB;FZ--f ,S-COD exciplex. 

(4) The foma?ion of an emissive DBM5F2 excimer promotes the 

photocycloaddition of DBMBF2 to electron-rich olefins. With the conjugated cyclic 

dienes, the cycbaddiition fdfm a dual pathway involving both the singlet excited 

DBMBF2 monomer and its exurner (Fig. 2.28, fig. 2.4 arrd Table 2-19). but with vinyl 

ethers the excimer reaction predominates (Table 2.1 5). 

(5) In aromatic sofvenfs, the singlet excited DBMBF2 converts to its emissive 

exciplex with a solvent mdecute. It is the D5M5F2-arene exciplex that reacts with 

electron-rich olefins to fom cydoadducts (rables 2.2,2.4,2.7 and 2.1 9j. 

There are stili unanswered questions in Scheme 2.7 regarding the formation of 

the DBMBF2-sfefin exciptex ("AD), as a precursor of the cyclo;ddition produd. For 

exampie, it is not known huw the DBMBF2 excimer ('AA) and the OBMEIFzarene 

exciplex CAR) read with an e9edrm-rich ofeiin (D) to give acfdion product via the 

exeipkx precursor ("AD). It may ocxur throw& exciplex substitution, and I or tripfex 

r M D )  OP (*ARD) m y  be imdwed. 

The transient enriskm or akmptbn spxtroscgry shwfb be examined in the 

reacfzans of excimer rAA) or excipfex ("AR) with a quencher olefin. In this way, one 

m y  ubse~e and study the pcrssiMe triplex intermediate, Alternatively an intramolecular 



DBMBF2 excimer may be derived from the irradiation of the BFz-complex of 1 ,I ,5,5- 

tetrabenz~ylpentane~ This compound is expected to allow a DBMBF2 excimer analogue 

to be studied at relative& tow concentration. A synthesis of 1 ,I ,5,5-tetrabenzoylpentane 

was attempted by readon of dibenzoyimethane enolate with 1,3dibrornopropane or 1,3- 

propanediof di-ptqlate, kt was unsuccessful. 

X = CF,, CH,, Cl and OCH, 

There are ofher derivatives of dibenzoylmethane (X = CF3. CHI, CI and OCHI)"~~' 

W s e  BF2-cornpfexes, as analogues of DBMBF2, are promising to be the electron 

acceptor sensitizer. Their different structures due to sobstituent effects may lead to new 

photophysical and photod-ternhl properks. Studying these properties should provide 

insight into the mechanicai details d PET reactions of I ,3diketonatoborm difluouides. 



CHAPTER THREE 

PHOTORMCnON OF DBMBF, WITH CYCUC OIENES 

IN BINARY SOLVENT MlXTL1RES 

In chapter No, the photoreactions cf DBMBF2 with q d i c  dienes or vinyl ethers 

have k e n  investigated in neat solvents. A linear correlation was observed between the 

fogarithrn of addud qumtum yield In(l/GA] and the empirical polarity scale ET(30) of the 

neat solvents. However, questions were raised concerning whether a similar linear 

rekfionship of bn ff LCDA) vs, &(XI) should be also observed if the photoreactions of 

DBMSF2 with cyei'i dienes were examined in binary sotvent mixtures. 

In this chapter, the effect of binary solvent mixtures on the photoreactions of 

DBMBF* is to be investigated wing binary solvents with polarities ranging from 

acetonitrile to pxylene. 

3.1 Results 

3.1 -1 Quantum yidd cMemina€ions in binary solvent mixtures 

3.1 .f .f GH&N - Toitiene anb CH&N - Xykne mixtures 

The quantum yields were determined in the solvent mixtures of acetonitrile and 

arene, to examine the effect of sofvent polarity on the photoreactions. The experimental 

procedure was sirn'br ?o that dexiibed eariier (Section 2.1 .I -3). The E~(30) values of 

&nary W e n t  mixtures were calatiated according to equation 3.1, derived for a 

t h e n o b y M I g r  ideal sohient Wle reason for using Eq. 3.1 is discussed 



in Section 3.2.1 -1. In Eq. 3.1, XA and xs are the mole fractions of the component 

solvents, and Efl) and ET(B) are the empiricai solvent polarity parameters of pure 

solvent A and pure solvent B. 

The quantum yields of adduct formation (aP) and dimer formation (aD) are 

measured as a function of the xylene or toluene mole fraction. The results are fisted in 

Tables 3.1 and 3.2 for the photoreactions of DBMBF2 (0-03 M) with CHD (0.3 An) in the 

CH&N - xylene and CH&M - tohene solvent systems. 

In Table 3.3, the quantum yields of the DBMBF2 photoreaction with 1,3-COD are 

also given as a function of the p-xylene mole fraction in acetonitrile. 

Table 3.1 Quantum yields of DBNIBF* photoreactions with CHD 

in acetmitrile-xylene solvent mixtures 

mole % M 
I 

(kaVmole) 1 ( of 6 ) 
in CH3CN 1 

CHD dimer ratio 

k k s :  a Samples of [DBMBFA = 0.03 M and [CHD] = 0.3 M were irradiated at 350 nm for 30 
b minutes; No addud was detected on GC; Irradiation for 10 minutes. 



Table 3.2 Quantum yiefds of DBMBF2 photoreactions with CHD 

in acetonitrile-toluene solvent mixtures a 

mole % M 
in CH&N 

i CHD dimer ratio 

@o (2+3) : (4-4) 2 : 3 

Notes: a Samples of [DBMBFJ = 0.03 M and [CHD] = 0.3 M were irradiated at 350 nm for 40 

minutes: Irradiation for 10 minutes. 

Table 3.3 Quantum yields of DBMBF2 photoreactions with t,3-COD 

in acetonitrile-xytene solvent mixturesa 

mole % M (kcallmoie) (of 12) I 0'@oc 
in CH3CN 

Notes: a Sampfes of [DBMBF,J = 0.03 All and [I ,3-COD] = 0.5 M were irradiated 
5 at 3si3 nm for 190 minutes; Irradiation for 60 minutes; 'As a complex mixture. 



The a h  data are sunnna~zed in Fig. 3.1 and 3.2: 

Arene rnslk! Yb in acetonitrile 





Fig. 3.3 The 14~21 dimer quantum yield (zDcr) of CXD cosensitized by 

C)0MSF2 in at=eamEtriiie with 10% xyxytene: CHD concentration effect. 

urn of % = 0.6 is OtKewed at X.SZ = 0.1 (fig. 3.2); 

tian effect reveals a self-quenching prates w h i i  causes 

at fCMB] llaager h n  0.1 M (Fig, 3-31. 



3.1 -1.2 Binary dwent mixtures of benzene-ether types 

IF! benzene-ether sotvent systems, correiations of adduct quantum yield (QA) with 

the benzene mole fraction (k) showed a similar pattern to that observed in the 

acefanitrife-xyiene system (Fig. 3.1). The adduct quantum yield (mA) increased with 

greater xez-vafues, bu€ €he increase of as the function of ~ s z  became smatter in the 

following sequence: TijF - benzene, dioxane - benzene and THP - benzene, to ether - 

benzene (Fig- 3-4). In dietfig ether-benzene solvent mixture, the adduct quantum yield 

@A is almost wnSmt deWe large changes in the d e  fraction of benzene fxez). This 

may be attributed "io the similar sohrent polarities of ether and benzene, with the ET(30) 

Benzene mole percenfage 



values of 34.5 and 34.3 kcasbde respectively. The variation of adduet quantum yields 

is thus related to the change in &ent poiatit;(. 

3.1 -1.3 CH,CN - THF and CH&N - DSaxane Mixtures 

in CH&N - THF a d  C W N  - dmmne sobent mixtures, mere sbufd be no 

inwkement of the DBMBFFarene exciptex infemediate. Examinam of the 

photoreactions of DE3M8F2 60-03 MI with CHD (0.3 M) or 1.3-COD (0.3 M) in these 

d e n t s  ckmnstiated a similar d e n t  effect pattern: the decreased solvent po!arity 

enbnced the DBMBFT reaction buf depressed CHD dinerfiation (Tables 

3.5 and 3.6). 

Table 3.5 Bpwfum ~ e k k  of D8MBF2 phstoreactioras; with CHD 

in CT-f3CM - THF W e n t  mixtures" 





wlrl7~~jtllBKf 25 was canfirmed by GC coinjection with 

refluxing pxyiene with CUC!,'''~ The Friedel-Crafts 

ene also produced *e sane 

r mrnpund 26, which is possibly a radical eoupfing 

of Mene with acetone or quinone as a 

qwmh the singlet excited DBARBFz efficiently in 

acetonarik /ir, = 1.5 x 10" M's'~!" At {xylem] = 1.3 M, the quenching resulted in a 

rescee,  The emission of OBMBFrxyfene exciplex 

el > 5 M a d  became stronger at higher xyiene concentrations. 

R was aka fwnd ?bat s exdpkx Wwerescence could be quenched by cortjugated cyclic 

CHD (k, = 3.8 x f 0' 1 .%COD (k = 0.8 x 10' IN'$') h pure xylene 

ueme a# 8 R . s  queneinang, the presence of conjugated cyctic 

ang reactions of xylem 

fn the absence of a d cyci~c drene. the formatian of the coupling 

rtrile, was investigated as a function of 

RbgW peld of products 25 and 26 occurred at 

0.3 - 0.4, The product yield then 

an 5 M since the emission of 

rabastte gWK)4), the sensitized coupling readion of 



Mole Percentage of pXylene in CH,CN 

Fig. 3.5 Relative yields of (25 -t 26) as a function of pxyiene concentration: 

[DBMBF2] = 0.01 M and the product yieid in neat xylene defined to be 1.00. 

Table 3.7 Satt effect on the pxylene coupling readion in 

the presence of DBMBF2 (0.01 M) a 

pxyfene mole % [pxyiene] [LiClO.,] Relative yield 

in CHfCM M M of (25 + 26) 

Mote: * ImdEation at 350 nrn for 3 hours. 



3.2 Discussion 

3.2,fcl The €,(3O)-vdws of binary safvent mixtures 

ETf30) vatues of pure solvents are widely used as comprehensive sofvent polarity 

measures, buf the Ex(30) values for binary solvent mixtures should be used with caution. 

This is due to the preferential or selective sokation of the pyridinium N-phenolate 

betaine dye by the war solvent component. In most cases, the binary solvent mixtures 

behave as non-ideal solvents, and the experimental Er(30) vaiues of h e  mixtures are 

not linearty related to the solvent composition (Fig. 3.6)jim' 

it may not be vdid to apply the preferential solvation of the betaine dye to 

measuring the sohation of o€her solutes with different chemical structures, jros. rmt 

@+a G.3 0.2 3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Mde Fraction of CH,CN in the Solvent Mixture 

Fig. 3.6 Correlations af the experimental ET(30)-values with rnde fractions of acetonitrile 

in the binary die-e - CH&N (0) and benzene - CH&N (x) systems!'" 





i 
A,' Lj 

E,(30), kcall mole 



Fig. 3.8 Plots d I ~ ( l i r @ ~ )  VS, E#Q) for OBMBFz photoreactions with CHD in binary 

solvent rnkhms: benzene - ether (x), benzene - dioxane to), benzene - THF (A) 

and THF - CH&M (a). (Data are from Tables 3.5,5.12,5.14 and 5.15) 

Bath figures exhibit a trend -re a decrease in adduct quantum yieM (@A) 

af the DBAAEIF2 - &din exciptex may addfy be much higber than the bulk media as a 



selectively by the more polar acetonitrile moiecules, thus the excipiex ionic dissociation 

should be enhanced and the adduct formation depressed. This provides a rationale for 

the curvature of In ( f !A j  - Ed%) plot. 

it should be also noted in Fig. 3.7 that some trianglepoints deviate from the 

ln(llc9~f curve plot, within the range of E~f30)-values from 39 to 46 kcal/mole 

(conespcmding to the mole-percentage of xylene or toluene from -54% to 0% in 

acetonitrile). This deviation in adduct quantum yields (@A) coincides with the 

~msenritized CHD dirnerizakn by DEMBF* and xylene (Tables 3.1 and 3.2, Fig. 3.2). 

At ET(30) = 44 kcalFmote (pxyfene% = 12), the dimer quantum yield % = 0.6 was 

observed for CHD (Fig- 3.21, but the adduct quantum yield @A) was I 0.002 for the 

p b t ~ c l o a d d i t i m  of DBMBFZ to CWD (Tabfe 3.1). Although the @A- variation in this 

part is not understood yet, it is evident that the dirnerization of CHD is the dominant 

process here and wanants further investigation. 

Benzerre, Wirerre and qdene a n  all enhance the DBMBF2 sensitized [4+2] 

dirnerization of CHD in acetonitrile. For example, the dimer quantum yield (%) shows a 

sharp increase on an addition of srnaff amount of xylene to the acetonitrile solution (Fig. 

3.2). A maximum dimer quantum yieM appears at about 1.5 M xyiene, and further 

addition of XylIene r e d u a s  ttre dimer formation reaction because the overdl solvent 

ps25t&y should deccease with tize iweased xytene concentration. 

Taking the abate oibservatsons intcl consideration, Weme 2.7 must be modified 

to r W  tlre enRanced CHD dimerization. We propose that the cosensitized CHD 



dimeriation is mediated by the radical cation CHD'*. With regard to the formation of this 

radical cation, there wouM be two possibilities (Scheme 3.1): (i) it is formed through a 

s-day eiectror: transfer process frm CHD to the radical catiort xykne*' %!at is the 

ionic bissocktion product of the D5MBF2-qdene exciplex *(AR) in acetonitrile; (ii) it is 

formed by a triplex "(ARD) mechanism in which an inner-sphere electron transfer occurs 

from CHD to excited DBMBF2 mediated by xylene molecule, followed by the triplex 

dissociation to give CHD*- (Scheme 3.1). 

-Scheme 3.1: Tfie initiation of CHf)'" 

A = DBMBF,, R = Xylene, D = CHD. 

Here ksohr is the rate constant of ionic dissociation for the exciplex *AR, and k, is for the 

triplex *ARD dissocia-. 

Based on this scheme, pxylene could have two functions in the D5MBF2 

phstoreactiorr: (1) to quench singlet excited DBMBF2 forming the exciplex *AR, which 

favours the c y d o a m  pathway in a nonpolar solvent and dissOciates in a polar 

d e n t  to give a gene rsKffcal cation causing subsequent CHD dimerimtion, and (2) to 





[Dl = 8.4 aEf5 i~ CMD concentration corresponding to the highest % in 



Exciglex *AR 1 R = pqdene R = toluene R = benzene 



For b excipkx s% pxybw, each ex@rtx 
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Esamferrd from the H Or; QB CHD !O the exciplex orbital Yi that is localized on the 

nor CHD should preferentially approach the 

!ex faom the acene Me.  where the prliallgr positive charge is developed. For such 

a & W m ,  a triplex "ARO a n  be expected to form upon further orbital interactions. 

As a summy of the chapter, the photrzreacrions of DBMBF-, with conjugated 

en% mixtures. The plots of the adduct 

ip- This is ra@maifzM as a result of the preferential solvation 

ent mixtures. A very efficient Diets-Ndex 

sensitizatim of OBMBFz and xyfene in 

ascribed to the reaction of a 

r tietime than singles excited DBMBF2: iiseii, 

its ionic discxiation or its inferaction wiih 



CHAPTER FOUR 

Photolysis crf DBARBF2 and an a,p-unsaturated ketone or ester in acetonitriie 

leads to the effiiierit [2+23 cydwddition, by way of a presumed eycIobutane intermediate 

which undergoes ring opening to give triketone products. 

Scheme 4.1 : 

head-to-head head-to-tail 

Tile m o ? ~  are regiwfective and adopt a head-to-head orientation 

far most d the substrates listed in T d e  4.1. However, addinal @methy! substitution 



among ail of the substrates (Table 4.1). PI-~tolysis of DBM with mesityl oxide (27) or 

methyl methacrylate (31) dues not produce an adduct. 

The resuks of pbtwdctaddition of DBMBFZ to a$-unsaturated ketones and 

esters are summarized in Table 4.1. The structures of the addition products were 

determined on the basis of spectral data (Table 5.8). In general, the mass spectra 

showed a molecufar ion peak consistent with addition of DBM to the olefinic substrate, 

and IR and NMR confirmed the presence of benzoyl and phenacyl groups in the 

adduck If the chirsi carbon atom in an addition product is vicinal to Wo carburtyi 

groups, its methine proton has a larger chemical shift 6 > 5.7 (or 4-51 ppm. This 

indicates a head-to-head orientation. If the chiral carbon is adjacent to only one 

carbnyf group, the methine proton has a lower chemical shift 6 c 4.3 (or 3.9) ppm, 

indicative of head-to-tail orientation. The coupling patterns of these methine protons 

give the infonmtion about the relative position of the benzoyl and phenacyl groups. 

The cycloaddfiion of DBMBF, fct mesiv! oxide 

The photocycloaddiS'on of DBMBF2 to mesityl oxide (27) in acetonitrile yielded 

two products after 5 hours of irradiation. The type A and type B products have been 

proposed previousty for the photocycfoadditions of DBMBFz to acyclic enones (Scheme 

4.2)p corresponding to a head-to-head orientation between DBMBF2 and the enone. 

Scheme 4.2: 

head-to-head 
addition 



Table 4.1 Pbtcqcioaddition of DBMBF2 (0.05 M) to a,fhnsaturated 

Substrate 

mes&i oxide 

methacry fate 

ethyl crotonate 

Addition Produd 

(head-to-head) (head-lo-tai I) 



Table 4.1 (Continued) 

Addition Prsduct 

[head-to-head) (head-to-tall) 



Table 4-1 (Continued) 

time &-); " Tne isdated cherrtid yieM Js based on consumed 

DBM5Fz; in mt: cases the amversion is greater than 95%. Quantum yield of 

mmpound identified by X.E. ~heng."" and the 

are based on GC andysis. 'The substrate is a E- l Znixture 

(41 159). bassd m 'H NMR analysis. with a DBMBF, f~lverrion of 47%. 'TWO 

d&sterwmmrs w r e  bmd with c& and &aw orientaWns of rthe two hydrogen 

atoms an the a i r&  rrartporrs, " M3M8F2 oonve-n 25%. DBMBFa conversion 

70%. 



(H.. d. J = 17.8 Hz) and 3.63 ppm (Hcs, d, J = 17.8 HZ)!'' However, the second product 

was not a type A prodkid shown in Scheme 4.2. This new product has a parent ion peak 

of mif = 334, mnespond3ng to the adduct of DBM to mesityi oxide minus H20. The 

fragmentation pattern is no! complex and is dominated by loss of a benzoyt fragment. 

The ''c NMR spectrum showed oniy one carbonyt carbon, with a chemical shift of 203 

ppm, Zarger than that sf bnzoyf group (< 200 ppm). This suggests that the carbonyl 

group is adjacent to a dimetbyl substituent which could hinder C=O conjugation with a 

pf-reny! ring. fn a&Wm'~ to the eight arttun peaks of two phenyls, four olefink carbons 

appeared at I S  A, $47.3, 125.6 and 104.5 ppm. The first Wree are quaternary carbons, 

showing the chernid shift pattern of a furan ring.'m' The % NNM spectrum exhibited a 

singlet for the definic proton at 6.66 ppm, together with two singlets in a 1 : 2 ratio for 

the methyl subSkerab, The collective data strongly suggested the cyclized structure 30. 

When Pfre pbiol~ycfoaddition of BBMBF, with mesiiyl oxide was followed by GC, 

the product profile revealed an additha1 product 29 (Fig, 4.1). f his compound 

appeared to be a majar - w e n t  in the early stages of photobs'ls. and then decreased 

wilh proronged irraditkn and finally 9iiietded the major cyciized product 30. 

The pklioream was afsa carried wt with similar regroselectivity and chemical 

in dichlormemne, THF and Benzene sobents f'TaMe 4,2), except that in THF 

Went ,  the new g r d w  29 

m m r e c r f a  assigned on the basis of the following analysis. In the 'H 

at 4-25 ppm was assigned to Me rnetttine proton attached to 

red to the sZngfet peak at 5.74 pprn from tt.re methine 

a&#ad 28, tfais chemical shift indicated the presence of one 

'k NMR, one caFtxMyf peak appeared at 2043.8 pprn, 



0 20 40 60 80 100 120 140 160 180 

!~radidon Time (minutes) 

Fig. 4.1 The prafuct profile of DBMBF2 photocycloaddition reaction with mesityl oxide in 

CH3CN: DBMBFz (r); product 28 from head-to-head addition (r); and from head- 

to-tail addition (29, A and 30, x). 

Tabie 4.2: DBMBFz photoaddition to mesityl oxide in diierent solvents" 

I Product Distribution total chemicaf 
~~t I ( head-to-head head-to-tail 1 yield % 



mnesponding to a non-amju$ated C=O. In the mass spectrum, cleavage at C-C 

bonds @ to the ~ ~ I p  grwps produced knzoyi and dimethyl substituted phenacyl 

fragments, This compolrrsd was, sensitive b acid, and addition of one drop tSCl fofution 

in acetonitrile (overalt fH4 c 0.1 M) caused its rapid conversion to the cyctized product 

30 (Scheme 4.3). The solvent W F ,  which is more basic than the other solvents in fable 

4.2, can retard this acid ~ ~ e d  dark readon. 





system (Scheme 4.4). This conjecture is supported by the observation that proton Ha 

undergoes H / D exchange after sever4 days in CDCI3-D20 solution containing pyridine. 

Scheme 4.4: the enolization 

The photqc(oaddiaion of DBMBF2 to crotononitrife 36 follows a simiiar stereo- 



The p M t a W W  of DBMBFz to 2qdohexenone 42 showed minty m e  product 

spat at Rf 0-17 on TLC QSi@, hexane P CH&i,l ether = 3 / 0.9 / 0.4) ts/ith a very faint 

Ph' " 

frsn43 !a*-=- 

The anaiytical sample of Wls tramadddm product (tram431 contains 9 - 10% of its 

cisisomer (cis=.95). &id, has a methine proton at 4.86 ppm wim 3 ~ *  = 4.9 HZ (axial - 

0-09 (Si, h e m e  / IkxmetXlane P acetone = 2 / 0.9 i 0.1). The compound had a 

daubkt methine pmm H, at 4-59 ppm = 8.2 Hz), whicb follows the coupling pattern 

of the anafague et.annslQ3. Therefore, tlhe product was assigned to structure 49 (Table 







s, to examme the tRemai stabiiity of these two 

As mnamarized m T a k  4 3  e cbemrcal shttis and vhnal  coupling constants of 

retateof ta the stmares oi the addition 

: f 1 ) the cherntcal duft of M, in the cis- 



199,43,205.45 and 206.93 ppm, but the methine proton (Ha) appeared at 3-20 ppm, 

indicating onty one adjacent carbony1 group. The Ha pwkm is mupled to methylene 

protans f-& at 2.65 ppm fJ = 18.4,2.7 Hz) and Hb. at 4.34 ppm (J = f 8.4,f -6 Hz). As the 

meffiykne protons (& and He-) belong to a phenacyi substituent, tbeir coupling to Ha 

suggested that tfie phemcyt was attached cc to the isophorone cahnyl. Such a product 

arises from a head-li~~tail orientation between DBMBF2 and the isophorone. 

The ptlotodvnerizatim of cyclic enones has been studied extensively!"" 

Detailed investigations baawe been made on 2qclohexenone (42, CH), Zcyclopen- 

t e m e  (40, CP) arwf rone (46). The photodimefira~m of CH and CP are highly 

dicient yielding c&-antifwd headto-head and head-to-tad cydodimers from a triplet 

excited enMw (Eq. 4.1).1""% Themer formation could be initiated either by direct 

q s i s  of CH or CP in acetwitrCb or in other sohrents using a variety of light sources 

(31 3 nrn!'"' 360 dWeb nwxkm pressupresure mercury lamp with Pyrex f i l d n g  9, or by 

Eg. 4.8: 



from tfse triplet excited DBMBF* to the cyclic enone should be possible but not very 

favorable, because of the endothermic energy transfer process. Table 4.6 fists the data 

of enone LIV absorption which extends to more than 300 iim, as s h m n  by the ULf 

spedra of 2qc!ohexenone in acetonitrite (Fig. 4.2). This UV absorption should allow 

the cyclic enone to dimerize directly under our photolysis conditions in the presence of 

DBMBF2 jihx = 350 nmj, 

TafsEz 4.5 Singlet and triplet energies of cycyciic enones 

3 Notes: a from Ref. 3; "' From Ref. 11 5; ' From Ref. 11 8; From Ref. 11 9, 

It has been found that photolysis of DBMBF2 with the cyclic enone (CH or CP) 

resuBed in a dimerizabn, and this was assumed to be a D3MBF2 sensitized reaction.'"" 

Aiming at examining the efficiencies of dirner formation by a sensitization and by a direct 

photdysis, the foliowing photsdimerEzation of cyclic enones was perfumed with and 

witbut the presence of DIBMBFz. 

P b t d p s  of an aetsniarile dution of CH (0.3 M) or CP (0.3 M) at 350 nm 

@ e W  &me= in kg@ $-Burn yield f*), but under the same conditions, the presence 

d DBMBF2 r & d  by XB-doffd (Ta$le 4 4 .  The decrease in dirner production could 

!be aM$:&ed Po absorption by DBMBF2 (fable 4-71, Clearly, direct 

e fw the krmation of enone dimers. The sensitized 

by DBMBF2, showing a dierent diner distribution, most be 



Fig. 4.2 W spectra of A: 22yddohexenone (6.1 x lo-' M, inset: 4.3 x 10" M) 

and 8: DBMBF2 (5 x 1 O& M) in acetonitrile. 



Tabile 4.6 Absorption data for conjugated cyclic enones 

Compound 1 E 

% h n t  E Ref. 
I 8 8 

931 0 

32.9 
this work 

this work 
--* .---.-----------.- "--- --.-.....*-.. " .---.---- g *..* ..-.--.----.----.--.-. ,-". .,...--... " ." ..--...-.... 1 CH3CPIC 228 (223) 6790 47600) this work I 

Cycfmenone f (in cyclohexane) 1 317 (321) 73.4 (70) f1201 

this work 

Table 4.7 Photdimerizatian of qcfic enones (0.3 M) in acetonitrile 

in the presence and absence oi DBMBF*, i,, = 350 nm. 

f 
DBMBF, / A b ~ r p t i ~ n  9, a I Dirner Ratio 

1 M / ( DBMBF? : Enone ) 1 @t33 
t 

( head-tbhead : head-to-tail ) 

anaw by GC.. The tpk%ornrs by both DBMBF2 and an enone are Id = 981) x 





liy of KP~values for tMse e m  was caused by 

of exd(a(lon l i t  at 365 nmiW The oompetmg absorption 

irtg of O i j M B F f  at 5 x 10" M Dii: could be 

Q.31) from 365 to 390 nm, where the enone 

concernation of fDBUSFzj = 0.1 M, no difference 

&r- injecbng the neat qwneher into 

dmqp, Xhe dilution 

emhion due to tPs DW4BFz -ntr;itiun 

s &se a me&p bWem !be @xdted 

Pr- peaks at -2] 2 4x343 M {Fi@ 4 4 % ) -  in 

and m the e - m  s9dicJln- 



The typimf quenching of D8MBF2 fluorescence by methyl methacrylate is shown 

in Fig. 4.3, ai a DBMBF2 mentmtion of 5 x lad M, and in fig. 4.4A where a 0.1 M 

L L I C  ~ B M D P ~  scriutiosr was used. iEiofh figures suggest that excited iiBMBF2 monomer is 

mainly quenched (Kg* = 1.1 M") while excirner quenching in the 0.1 M DBMBFz is 

insignificant (Kg- 0.09 M-I). Similar quenching experiments using mesity! oxide led to 

the sane concfusiion, ere the Stern-Volmer constant is K;, = 2.3 M" for quenching 

DBMBF, monomer and K g =  0.14  for quenching DBMBFz excimer (Fig. 5.7 and 5.3). 

The fluorescence quenching of DBMBF2 excimer by 2-qclooctenone is seen in 

F@ 4.48, where the decrease in the excimer fluorescence intensity at 520 nm is in 

cmtrast to the u x h a  manomer emission at 437 nm. 

a &= m, mitored at = 416 nrn and KG= 1.1 M". 





All the data kr the quenching of DSMBFz fluorescence by acyclic and cyclic a$- 

Table 4.8 Stern-Vrrimer constants (&I for quenching DBMBF2 fluorescence 

by a,@-unsaturated ketones and esters in acetonitrile 

At[DBMBFJ=5x I ~ M :  

to mesityl oxide, CH io Z-cydohexenone, CO to 

none. Ttte quendri constant for excited 

at ;;t, = 390 and & = 416 nm, 'The rate constant of 



In summary, Table 4.8 shows two patterns of the DBMBF2 fluorescence 

quenching at different DBMBF2 concentrations: (1) At [DBMBF*] = 5 x lo6 M, only the 

quenching of the excited DBM8F2 monomer was observed, but (2) at [DBMBFd = 0.1 0 

M, the quenching of the long l ied DBMBF2 excimer became significant, especially when 

cyclic enones were used as the qrtenctter. 

As a result of excirner formation, the tc;;-,, - values decrease with an increase in 

the DBMBF2 concentration (Tabie 4.8). The concentration effect of DBMBF2 on Stern- 

Wmer quenching mSia~t gas further investigated, using methy! methacryfate as a 

quencher (Table 4.9). 

Table 4.9 Stem-Volmer quenching constant (K", at various Df3MBF2 concentrations 

in acetonitrite, me€hyl methacrylate as quencher (0.023 - 0.12 M) a 

Note: a ;k, = 365 nm 





mracentrzljon, DBMSF2 ffmr@exenee emission arose mainly from the excited monomer 

species, and no Ruore~~erace quenching was &served with the quencher CP, even up 

to lCPj = 8.56 EA (Fig. 4-54. At. &e higher csneeniraiion d DBMBF2, the fluorescence 

quenching of DBMBF2 excimer i3gr CP at 520 nm was accompanied by the enhanced 

fluorescence intensify of the singlet excited DBMBF2 monomer at 437 nrn (Fig. 4.58). 

This measurement was ~ded with the front-face illumination method (Fig. 5.1) in a 

MPF 448 ftuoromete~, and reprduced in ansther fluorometer PT1 LS-100. 

ikis increase in iSe inkji~ity of jfCE3MFfF2 fiu~rescence z! 437 nm might be a 

detayed fluorescence pknomemn, arising fmm the quenching of DBMSF? excimer by 

2-cyclopentenone. As the fifefimes of excited DBMBF,- monomer (0.34 ns) and exctrner 

(-50 ns) were already knoaffm in deaeratd a~etonitri le,~~~' it was expected that the 

dekqed ffuorescence muid be bemonsbatd by monitoring the decay profife d OBMBFz 

fluorescence at 437 nm, usrng a singfe photon counting technique. If the enhancement 

af fborescence intensify at 437 nm was rrebtd to the quenching of 0BMBF2 

fluorescence at 520 nm, then the decay prdifte, m~nitored at B 437 nn, wsuld produce a 











fable 4.1 2 Effect d DBMBF, concentraticm on the adduct quantum yield (QA) of 

the DBM5F2 photoreaction with 2-cyclohexenone (CH, 0.85 M) a 

Photons taken by 

Notes: a A 3 m t  acetonitrile sulution of CW (0.85 M) and DBMBF2 (0.01 - 0.07 M) 
was purged with N2 for 4 min. and then irradiated at 350 nm for one hour (t). 

The absorbed fight intensity (I,) was measured to be 6.8 x lo6 Einstein / min - *ha* 1 ? = 4%- x ?o* Einstein. After pho?o!pis, DBMS5 %as precipikted by vv u r u i  

evaporating the sobent and mixing the residue with hexane / ether (1 / 1). Upon 

GC analysis, the solution showed the peaks of the internal standard (eicosane) at 

RT 2.1 6 min, unreacted DBMBF2 at 5.07 min, one minor peak at 9.54 rnin and 

three major peaks at RT 10.39,10.88 and 12.53 min from the decomposed 

adduets (on an OV-1 15 m x 0.2 mm capillary column at 245 *C). is the 

addud quantum yieM at jDBMBF2] = 0.01 M and Q, are the quantum yields at 

[OBMBFd = 0.03,0.05 or 0.07 M. 
B From the plot in Fig. 4.7 

~ ~ k ~ b t d  x x ~ S O r P ~ n ~ o  

d Relative to benzaphenone (internal standard) monitored at 250 nm 



Table 4.1 3 Effect of DBMBF2 concentration on the adduct quantum yield (aA) of 

the DBMBFa photoreaciion with 2-cyciopentenone (CP, 0.85 M) " 

Notes: a A 3 mL acetonitrile sorution of CP (0.85 M) and DBMBF* (0.01 - 0.07 M) was 

photolysed as described in Table 4.12. The total photons absorbed by DBMBF* 

and CP were If = 414 x to4 Einstein. Upon GC, the decomposed adduct peaks 

emerged after the internal standard (eicosane) at RT 2.47 rnin and unreacted 

DBMBF2 at 5.77 min, and appeared from RT 7.67,8.03,8.29,8.42 to 9.41 rnin 

(on an OV-1 15 rn x 0-2 mrn capillary column at 240 "C).. 
h 

" From the piat in Fig. 4.7 

Calculated from 41 4 x 1 o4 x absorption% 

yieW seems invariant $0 the OiBMBFz concentration (Table 4.1 31, the decomposition of 

the product on GC makes Wese results unreliable. 

FOF the quantum yield clit dimer formation from the cyclic enone, CH or CP, the 

qaoximabn wits made that lhe DBMBF* sensitized cyclic enone dimenzation could be 

Wed, b r s e  €he t-a enone concentration was used (0.85 M) and the high 

e ~ ~ e ~  d dimer Bormaticrra. was okenred from direct photoiysis (% = 0.1 8 for CX and 

0-34 for CP at 0.85 BdT'')- The! dirnerizahion of the cyclic enones shown in Tables 4.1 2 



4.2 Discussion 

E)BAARF2 u n d e c t ~  an efiderrt [2+2] phntq!ariftitim readinn with a$- 

unsaturated ketmes and esters to give 1 ,Miketones. P b t d ~ i s  of DBM itsekf with 

mesiayf oxide or methyl methacryfate, under our experimenta! conditions f a W  3 hours 

of irradiation), does not lead to addition. 

Two orientations are found in the photoreactions of DBMBF2: a head-to-head 

approach is most common [Table 4-11, but a head-to-taii is found when the substrate 

contains additimal j&me&yl subsiituen&, In addition to regioselec2iviQ, the DBMBF2 

photoaddition to the a,&unsafurated carbnyf compounds shows a stereoselectivity in 

the cisconfiguraMn sf the knzsyf and pihenacyl side chains. This primary adduct 

converts by enolizatim to Me! more stable transisomer (Table 4.4). 

Scheme 4.6 is p for the pihotoreaction of D8M8F2 with the acyclic 

substrates, rnettrgrt: methamylate and me&$ oxide. Several experimental findings 

supp~rt this mechanistic pxtuliath: 

(1) In the quenching af DEMABF2 ffuorescence, the substrates react with the 

singkt excited DBMBFz mcMomer with high efficiency, and the reaction with the excimer 

is insignificant Vat'tte 4.8); 

(2) The addud pr-oil tends to be reduced by an increase in the formation of 

DBMBF2 excimer or by an increase in the DBMBF2 concentration (Table 4-10], so that 

aqdk substi~&es read WMI the singet exdted DBM%F2 monomer; 

(3) There is agreement between the rate constant ky = 3.2 x lo9 M%*' 

-1 -1 4.8) f m  the fiuofescertoe quenching and k, = 4.1 x 1 8  M s from measuring 

tlhe adduct qumtum yields uable 4.1 1). This indicates that the same singlet excited 

DBWBBF2 mor?Y)mer reacts wf8.h methyl methamyfate in flwrescence quenching and forms 



1 - -  k, t,' T ~ ~ [ A ]  I - a s  9 -- j f  1 4- - 3 
*A k,, k, lD,i 

sb Be intercept to the Stem-Wdmer quenchrstg constant (Kgv,  in equation 

4-31: 

mremenl is ,  the Stem-Vdrner analysis of quenching the 

Bead to the Eq. 4.4 according to Seheme 4-6: 



(Eq. 4.4) 

I 
4 = k and TA = 

T ; ~  + k, [A] 







CHAPTER FlVE 

UCPERlMEMTAL 

51.1 Chmicafs 

Reagent grade sdvmts were used for preparative pbtofysis, and spectragrade 

saWents were mxi im Ec strsr:Ss and quanPerrn ykM measmemen&, 

Specbograck acetmMk @OH) was Llsed as supplied for flwrescence quenching 

experiments. Reagent grade tetrahydrofuran (BDH) was freshly distil& from sodium 

bnz~henone-kew~ Reagent grade &ethyl ether (BDH) was dried and distilled from 

sadurn prior to use* Rea M grade acetme (BDH) was dried and distilled with 

pkmsphonrs pentoxide, Reagent grade acetonitrile (Fisher) was used as supplied for 

@Ooreactiorrs. 

[Amchernia), certiifled or ene (Caleckm). spctrsgrade toluene 

(Fsher) were used as suppiid for solvent effect 

BDH or Ana.c)-fen'a) a 

(Akfnd.r), acetone4 

k P @  # t d * m  ZN d -.,-..=- for NMR sWks 

), ! h e x a m  (Sigma, Wg), eiccrsane (Mrkh, 99%) and 

~as;i~malStanctadcomlpsundsfc~GCanaiysrs~ 









(square cuvegte) (tnamular cuuette) 

fr&Pn9-faa d ~ m i i ~ b ~ n  

Figure 5.1 tric- arrmgements of the flmrorneter cell, here 







Here: If is fitroresamce intens*, Ii is the intensity of excitation light. 

<ty is the qplanlum yklb d DBMBF2 emission, 

h w e  4 x 10* M, the plot af emksbn Intensity starts to curve down as a result of inner 

filler &e@P which is represented by the fatea terms in eq. 5.3. 

M e n  fluorescence quenching was canied out using the direct addion method, 

each aWim of neat quencher into the DBMBF, solution would exert a dilution effeet on 

DBMBF2 -hairon, Therefore, the initial fluorescence intensity (0, in the 

absence & quencher, should decrease corresponding to each quencher addition. This 







m Fig. 5-24 &re me 

= 0.2 M in W F  sisjvmt and spectrum 

for the sample sdukm, 3 3 ~  srit for 

U * t t r e s e ~ , t h e ~ B a n d O t r v s t e  















Fg- 5-5 SWm- ghts af mMBF2 (0.20 !@ flee~~escem quenching 
"rue: *-&d a* -L , ?rrrb; m m  3rd mrurifrrrd at 3 - E;3A nm ii5 r r a r :  = f i w s - ~ r - - e ~ ~ ~ ~ n ~ s . ~ . r - r . - . . s v ~ ~ - ~ ~  Wi---- ".". 

'j. K g =  56 -t 1 U T ~  (2) by PVE (a)), Kg= 17 + 1 M' 



Fig. 5-6 SterwVdrner plots of D8MBF2 fluorescence quenching 

by q d k  djrenes and PVE in different sotvents, & = 365 nm: 



Fig. 5.7 Stem-Volmer plots d DBMBF, (5 x 10" M) fluorescence quenching 

by <r,&unsaturated carbonyf compounds in acetonitrile: 

(1) mesityl oxide, Kgd = 2.3 + 0.1 M'; 

(2) 2-cydododecenone. Kzv = 1.4 + 0.1 M-'; 

(3) Zcydasctemne. K$ = 1 -3 + 0.1 M-'; 

(4) Zcydohexemne. K:v = 0.27 + 0.03 M-' . 

(excited at & = 390 nrn and monitored at 2- = 41 7 nm) 



Fig. 5.8 Stern-Volmer plots of DBMBF2 (0.10 M) fluorescence quenching 

by a,&unsaturated carbonyi compounds in acetonitrile: 

(1) 2-eydododecenone. Kg = 1.4 + 0.1 M"; 

(2) Z-cydohexenone. K g  = 0.1 6 k 0.03 M"; 

(3) mew oxide. Kg;= 0.14 + 0.02 M*'. 

{excited at & = 365 nm and monitored at h, = 520 nm) 



[Methyl methacrylate], M 

Fig. 5.9 Stern-Volrner plots af DBMEI& fluorescence quenching by methyl rnethacryiate 

at different DBMBF2 concentrations in acetonitrile: excited at FWx = 365 nm 

(1) 5 x la3 M, 2- = 422 nm, K:v= 1.45 M"; 





PhoWpis of a 30 rnL ether saiuth of DBM8F2 (1 -5 m m l ,  0-41 g) and 1 (1 5 

ME J2g)- f 9 Stcwrs, Mer inadiatim, f;he sdutim was 

cxmmtpated and tfrerr mixed with he-, ?a precipitate tlre remaining DBBRBF2 as 66 





MS aif 14; d z :  240 (100. M). 212 (17), 120 (90). 91 (30) and 77 (15). The 'H 

to that of the h w n  compwnd!4 Both dimers were also 

Barirth the authentic material prepared from benzonitrile 

iar ~0tvent.l~ 



The cuuflt'ng p~WUct uf 5BM &h 7HF 

In TWF, the 5 hour irradb- of a 40 mL solution of DSMBF, (1.2 rnmul, 0.33 g) 

and $9 (12 mm&, 1.2 g] ykW, after the standard work-up, 0.1 6 g 01BhA8ft (51 % 

mersbn) .  C h r a t m m  W hexme : ethyl acetate (15 : 1) yielded hfe8 

fractions: the first fraction gave 28 mg of ttre addition product 20 (14% yield); the 

semnd fraction gave 13 mg sf white r, rnp 82 - 84 "C; the third fraction gave 18 

mg d wrfniie pwdeer, mp 60 - 63 %. Both solid products were teerystallized frum 

hexam and identified to be dkstermers of the coupling reaction product 24 from DBM 

andl a TWF fTaM 5.6). 



Table 5.6 Spet=b;oscopk data of the addition products of DflMBF, photoreaclions 

qciic dienes and vinyl ethers. 

k NMR (CDC!3) 8 1.33 - 1 -98 (6H, m), 2.08 - 2.41 (2H, m), 2.70 

(He, &, f = 16.4,10.0 Hz), 2.89 (Hd, m), 3.11 (Hem, dd, J = 16.4, 

34% Hz), 4-73 (Ha, dd, J = 9.3,3.9 Hz), 5.97 (H,, ddd, J = 10.4,7.8, 

7,s Hz), 6.85 (Hbs dd, J =  10.4,9.3 Hz), 7-30- 8.10 (10H. rn, 

~ b f l l -  

''c NMR &DCP3] 6 24.38.27 "1 8,29.85,3 t.72.38.48, 39-01, 

664, $25.83, 532.25, 128.10, 128.44 (ZC), 128.72, 132.78, 

133.03,136.72, lW.17, 599.56.201.36 ppm. 

IR QNaCi plate) v : 3060,3028,2925,2854,1681 (br), 1597. 1 979, 

1447,I405,135rj, 1337,1290,1220,1180,1003,971,909,849, 

776, 692 ern-'. 

'H NMR (GL)(3i$ S 1-29 - 2.48 (8H, m), 2.70 (H,, dd, J = 14.1, 

10.7 Hz), 2-93 (Hd, m), 3.02 (XeS, dd, J = 14-1.3.3 Hz), 4.43 (Ha, 

M, 3 = 10.5,10.5 Hzj, 5-33 (Hb. 66, J = fO.5,fM HZ), 5.92 (Hc, 

f =do-4,8.5,8.5Hz), 7-42-8,06(10H, m,phenyl). 



Table 5.6 (continued) 

d H NMR (CDCi3) 6 1.75 (H,, m), 2.10 (H,., m), 2.14 (t if  and Hr, m), 

2.81 (Hd, m), 2.95 (H,, dd, J = 17.1, 6.2 Hz), 3.06 (He., dd, J = 

17.1,8,1 Hz), 4.43 (Ha, m)', 5-77' (Hbr ifdt, J = 9.7,4.0,2.2,2.2 

Hz), 5.93 (H,, ddd, J = 9-7, 6.1,3.9 Hz), 7.20 - 8.10 (1 OH, m, 

phenyi). "Note: Ja5 = 5.1 and Jab = 4.0 HZ were obtained from the 

demiipling experiments. 

IR (MaCt pfate) v : 3059,3027,2926,2874, 1682 (br), 1650, 1596, 

1580,1448,1372,1320,1283,121 3,1180,1075,1002,846,753, 

590 cm-'. 

'H NMR (CE;&) 6 1-04 (CH3, dd, J = 7.1,7.0 HZ), 2.21 (Hb, dddd, 

J = 14.5,8.6,6.8,5.9 HZ), 2.43 (Hw, dddd, J = 14.5, 7.9,6.4, 4.8 

fi), 2.73 (&, ddd, J = 18.0, 6-4,5.9 HZ), 3.09 (Hc., ddd, J = 18.0, 

7.9,6.8 HZ], 3.13 (Hd, dq, J = 9.0,7,1 Hz), 3.48 (Hrfr dg, J = 9.0, 

7.0 Hz), 4.73 (Ha, dd, J = 8.6,4.8 Hz), 7.00 - 8.40 (loti, m, 

hmyf), 

k NNMR (CM;13) 6 15.24,27.50,33,93,65.70,81.35, 128.04, 

128.60, 128.67, 128.80, 133.10, 133.43, 135.11, 136.98, 199.64, 

200.42 ppm, 

HS (El) ink 191 (96), 163 (lo), 145 (23, 132 (12), 117 (601, 105 

'1043,77 (87). (Clf m k  297 (M+1,1 OO), 251 (16),191 (1 9). 

R (N&I plate) v : 3062,3028,2973,2929,2873,1687,1597, 

CfiLfO, 1 448,I374,l22~,llZO, 10432,972,758,692 an-'. 



Table 5.5 [continued) 







[a) ArctheMif'G sampIe 

Authentic samples of CHD [&2]dimers were prepared by the sensitized 

dinnerization of the diem (1 M) with DBMBF2 (0.01 M) in acetmitn'fe, irradiated at 350 

nmw GC analusis I at 110 OC (15 rn OW1 capillary column) showed the endu[4+2) 

dimer 2 at RRT 4-96 min a d  the exe[Wl[  dimer 3 at RT 5.26 min in a 9 : 1 ratio. Trace 

amounts of the two f2+21 diimers were also seer! at RT 5-41 and 6-74 min, and were 

"KfentZfied as the cis-iw1tii-cis [4) and &-syn-cis dimers (5) by coinjection with authentic 

samples prepared by photmis of an acetonitrile solution of benzophenone (5 x 1 oe3 M) 

and CHD (0.5 M) at 350 nm for 1.5 hour. This gave 2 : 3 : 4 1 5 = 0.4 : 22.3 : 57.0 : 

20.59~~~ 

Direct photo@& d 1.3-qcfohexadiene (0.1 M) in bwem sQhrent with a 350 nm 

ligM source yielded no endi7+4+2] dimer 2 but only a 1 : 3 : 1 mixture of 3.4 and 5J3&. 

Qf@ 



After photoiysis, fie dear, pale yellow solution was concentrated under reduced 

pressure and hexane was added to precipitate the unreacted DBMBF,. The recovery 

was 0.6 g (1 00%). The fibate was concentrated and the pxylene was removed by 

didllation. Vacuum distifItaZon, at -140 'C / -90 mmHg, gave 0.48 g (50% yield) of a 

ccrfodess liquid, the rnlxWre 2 : 3 (87 : 13). 

GG-MS (El) for ende[4+2J dimer 2, d z  la) (M", 121, 115 (4), 91 (13),82 (24), 

81 (15),80 (l00), 79 (709,78 (6),77 (18), 65 (4), 51 (4); for exo-[4+2] dimer 3, m/z: 

I6Q (M*, 6),115 f3),9f (9), 82 (I 4),8t (9). 80 (100), 79 (41 ). 78 (4), 77 (10). 65 (2). 

5.4.2 The coupling reaction of pxyiene 

Several Pyrex test tubes were loaded with a 3 rnL acetonitrile solution of 58MBF2 

(0.01 M) and pxylene in concentrations ranging from 0.2 to 8.16 M (neat). The tubes 

were placed in a Rayonet Photoreador and irradiated with a 350 nrn light source for 175 

rnin&es. The DBMSF, was not consumed on the basis of GC anafysis. One mL 

dii&tarmethane sfllution of hexadecane (7.5 x 1 o - ~  M) was added to each tube, and 

product formation was monitored by GC at 180 'C on a 15 meter OV-1 capillary column. 

TWO peaks were &senred at RT 3.49 nin and at RT 3.54 min. fn the GC-MS (El) 

spectra, the major product 25 (RT 3.49 min) showed: 210 (M*, 651, 195 (1 001, I50 (30), 

165 f33),132 (20),118 (99),105 (24). 91 (ZO), 77 (31), and the minor product 26 (RT 

3-54 min) dispiayed: 210 (W, 25), 105 (100), 77 (9). The mass spectra correspond to 

the W w n  m p n d  4-tdyrZ5xylylme-e and 1 .Z-bis-(4-toM)ehne 

The results of mupiing product formation as a function of xyiene concentration are 

sham in Table 5.7 and fig- 3.5 (section 3.1 -2). 



table 5.7 Relative yiefds of coupling products as the function 

of pxyfene concentrationsa [DBhABFd = 0.01 M 

Relative Product Ratio 

yielc? (25) : (26) 

Notes: a frradiation for 3 burs; "The yieM of coupling reaction in neat pxykene is 

defined to 1.00; No prduct was detected on GC. 

5.43 ?'he c w @ ~ r g  r e a d h  of 3,&-bihydro-2X-pyran (21) 

Baron triffmri.de etherate (21 -2 mg, 0.1 5 rnrnol) was added under N2 to a 50 mL 

04 t : 1 acetcmhk! - hexane mixture of 21 (7.5 mmol, 0.65 g)- The ciark reaction 

mMwe was stirred at cm#n temperature. The bottom acetonibile layer became r e d  

yeibwkh, and the top heme tayer remained culortess. Product formation was 



anatysed peiiodicalty by GC (140•‹C). After two hours, the hexane layer was separated, 

and found to contain mainly a product of RT 2-68 min on GC- More hexane (20 rnL) was 

added and the extractisn prczcedure was repeated in 5 times. The hexane extractions 

were wnbined and concen&ated to give 0.75 g of a pale yeifow oil, This was 

chromatographed on silica gel column (? x 3 em), and elution with hexane : ethyl acetate 

(25 : 1) yiefded 31 mg sf dories oil (22, 5% yield) showing a GC-purity of 94%. 

The structural data of 22 are listed in Table 5.6. 

A 30 mL acetmitnle dutfon of DBMBF, (0-05 M) and freshiy distilled a$- 

uhlsamrated ketone or ester (0.5 M) was dstributed into six Pyrex test tubes (100 x 13 

mm). The wtufkm wcas purged with dry nrtkogen and then placed in the Rayonet 

photoreactor for inadiatron 350 nm light source. The photoreadion was 

monitored by GG or TLC f the disappearance of DBMBF2, a d  was stopped 

when the DBMEIF2 m e -  reached more than 90%. The yellwish or brownish 

sallitian was then wapwatied in vacua. and the residue was chromatographed on silica 

gelc Some tlypical runs were desai$ed i h e b .  





DBMBFz (0.82 g, 3 rnrnol) and 27 (2.9 g, 30 mrnoi) were dissolved in 60 mL of 

THF. After a 9 htwr inradiafmn, the yeskiwish solution was mixed with 40 rnL af ether, 

washed Mce with the saturated aqueous solution of sodium bicarbonate, dried over 

sodium sulfate and eeaprated. TLC analysis showed three products at Rf 0-47, 0.1 3 

and 0.06 (Si02, h e m e  : dchlorornefhane : ether = 5 : 0.7 : 03) in a ratio of 1 : 2 : 4 on 

GC: anaiysis. Chrmatwrapt.ly on silica gel (30 x 3 cm) with hexane : dichforomethane : 

ether (6 : 0.9 - 0 J : 0.1 - 0.3) yielded 76 mg of 30 as an oil Rf 0.47 (8%), 110 mg of 28 

Rf 0-13 (11%) and 208 rng oif 29 Rf 0.06 (22%). 

Samples for efernentaf anaiysis were furthe; purified by chrmatqraphy: 

30: Rf 0.47 afcd for C2&&: C, 82.89; H, 6.58; found: C, 82.74; H, 6.46. 

28: Rf 0-13 calf& for C2tH2103: C* 78.26; H, 6.83; found: C, 78.58; H, 6.93. 

29: Rf 0.06 cafcd far C2&IP03: C. 78.26; H, 6.83; found: C, 77.99; H, 6.86. 

To a 2.5 rnL acetonitrife solaim of 29 (8.5 mg, 0.026 mrnoij was added one drop 

d 6.2 M hydrogen ctrloricIe in acetonitrile ( total [HCI] < 0.1 M). The colorless solution 

em mediate^ became pale yeitow and a quantitative conversion of ftte product 29 into 30 

was &sewed by GC and TlC. 

D8M8F2 (540 mg. 1-25 mmd) and 38 (663 mg. 12.5 rnmot) were EfiSSOPIed in 25 

mL of - After im&Bian far 262 hours, some potymer had precipitated in the 

teslttubs- Ttrs wras (0-1 g, insoluble in acetone and water). The filtrate 



contained one major product by GC and TLC analysis. Evaporation and addition of 

elher : t i e m e  (1 : 2) gave DSMBF2 as a yeHw precipitate, 0.23 g (25% conversion). 

C;I+ceCf i  t u  rr At- t-r 
EgG irEllVrlrakCyfaphd on silica gei t'siijg hexane : dichforomethane : ether 

(5 : 8.8 : 0.2 - 3.5 : 0.8 : 0.2). The pale yefiow oil 39 was isolated (66 mg, 59% yield 

baed on msumed DBMBF2): Rf 0.074 (SiOZ, hexane : dichtoromethane : ether = 3.5 : 

8.8 : 0.21, eakd for Ct8H150&l: C, 77.98; H, 5.42; N, 5.05; found: C, 78.01 ; H, 5.53; N, 

5.17. 

Similar photoms of a 25 rnL pbioxine solution of DBMBF2 (340 mg, 1-25 mmol) 

and 36 (839 rng, 12.5 mnd) for 26 hrs yielded no polymer. The DBMBFz was recovered 

as yelow powder 0.16 g (47% conversion). Chromatography (hexane : ethyl acetate = 8 

: 1) produced 100 rng of 37 (41% yiatd, based on consumed DBMBF2). rnp 98 - 99'~. 

Rf 0.21 (SiQ, hexane : dichloromethane : ether = 5 : 0.8 : 0.2), calcd for C19Hlf02N: C, 

2-CydootAenone was prepared from cyclooctanone according to a literature 

DBMBF, (408 mg. 1.5 mmol) and 44 (285 mg, 2.3 mmol) were dissolved 

in 30 nL  acetonitriie. After 22 b u r  irradiation, the DBMBF2 had almost disappeared, 

and one major product was found at Rf 0.25 and also a faint spot at 8f 0.31 (SO2, 

kxane : ethyl acetate = 5 : f ). The photofysate was mixed with 20 mL ether, washed 

saturated aqueous scdlution of &urn bicahnate and dried over magnesium 

sulfate, The crude prodiret \was chromatographed using hexane : ethyl acetate (9 : 1) to 



give 0.24 g of 6, as pale yefbw oil (46% yield). This was found as a mixture of two 

mmpmenk with Rf 8.31 and 0.25. 

Furlher p u * a m  was performed by preparative TLC fhexane : ethyl acetate = 

13 : 1 ), to give twcr rnix2t.m~: one contained the products Rf 0.31 and 0.25 in the ratio of 

89 : 11 and the other contained the products in ratio 25 : 75 based on 'H NMR analysis. 

In CDCIa solution, the ratio changed towards the formation of trans45 product, Rf 0.31, 

on standing in CEO3 saMon- 

In another experiment, Di3Mi3F2 (24.5 mg, 0.09 mrnsij and 34 (372 mg, 3 rnrnof) 

were dissolved in 3 rnL d acetonitrile. 7 Re solution was irradiated for 3 hours by which 

time DBMBF2 conversim reached > 90% by GC analysis. TLC showed two adduct 

spots at Rf 0.17 and 0.13 (Si02, hrexane : dichforomethane : ether = 3 : 0.8 : 0.2), and 

also a spot at Rf 0.09 which could be visualized only by spraying with Ce(SO& (I %) and 

rnaiybdic acid (I .5?$), and heafing. The readion product was chromatographed on a 8 x 

3 cm silica gel column with hexane : cfichloromethane : ether ( 6 - 3 : 0.8 : 0.2), to yield 

24 mg of p i e  yelow did (77% yieW) as a nea:!y ? : 1 mix',ws of &~,r!s-& (Fif Q.17) and 

ciS-45 fRf 0.13)- The fdlohng fractions gave 17.5 mg of 53 (Rf 0.09). a colorless oil 

containing two components in the ratio 81 : 19 on GC. 

The structural data of cmpou& 53, cis-45 and tram45 are listed in Table 5'8. 

DBMEIF2 (340 mg, f -25 mmd) a d 4 2  (240 mg, 2.5 mmoi) were dissolved in 25 

rnL of acetonitzife. After 84 hour inadition, the DBMBF2 conversion reahed 95% (GC). 

TLC showed a major produd at Rf 0.1 7 and a minor product at 0.13 (Si02, hexane : 



DBMBF2 mg, 1-5 mmd) and 48 (1 -23 g, 15 mmol) were dissolved in 30 mL 

ot acetmitt ile. After 25 b u r  irradiath, GC analysis showed the conversion of DBMBF2 

to be 95%. Column chromatography with hexane : dichiorometfiane : ether (2 : 2 : 0.3) 

gave 6.28 g of a sticky oi0 @I%] which contained 91 5io frans-43 and 9% cb-101 based on 

F Et NMR spectrum. Eiementaf analysis for Ca&3:  calcd C, 78.43; H, 5.88; found C, 

721.30; H, 6.02. 

DBMBF2 (284 mg, 0.75 mrnol) and 46 (1 .W g, 7.5 mml)  were dissohred in 15 

mt of aceton&?ile. After 37 t-ms of irradiation, GC analysis showed *at DBMBF2 had 

alrnasl disappeared. One product spot was &served by TLC at Rf 0.18 (Si02, hexane : 

efhyf acetate = 6 : 1 ). The IPt;lstdysate was mixed with 50 mL ether and washed Nice 

with salhrrated sodium bicarbonate solutkm, The resuiting solution was adsorbed onto 4 

g sf sifica gsf and &roma:tcxpphed on a 27 x 3 crn silica gel column with hexane : ethyl 

acetate (9 : 1) to yield 0.12 g (44%) of a me yellow powder 47. mp 37 - 40 'c. calod 

fr%N&: Cs 79.56; H, 7.18; found: C, 79.19; H, 7.50. 



5,&Dik$d:&~yfa*2ae was preparedfE' by refluxing sf vinylac&c acid 

(33 -6 g, f mof;) Wh paraffpmaldehyde (43 gl 0.5 mol) in 125 m l  of acetic acid containing 

3 nf, wncentmteb wHu!rit= acid, Distilled at -1 15 @C 11 8 mmHg gave 5.6 g of 48 (1 1%). 

The GC purity was 98% wWrtin RT 3.32 min at 80 *C (on a 15 rn OV-1 capilfary column). 

CSH602 mlcd: C, 61.26; H, 6.12; found: C, 60.03; H, 6.26. 'H NMR (100 MHz, CDC13) 6 

2.33 - 2-54 (ZH, m], 4.40 (2H, a), 5.98 (H, dtj, 6.93 (ti, m) ppm, MS (El) m7i: 98 (M', 

2313), 68 (M-18,106). 

DBMBF2 (272 mg, 1 mmol) and 43 (981 mg, 10 mmol) were dissolved in 20 mL 

of acetonitrife. After a 9 day inadiation, GC analysis showed that DBMBF2 conversion 

had reached 70 76, and on ?LC one prducl spot was found at Rf 0.1 1 (SiOZ, hexane : 

ethy! acetate = 4 : 1). fhe dear brown photolysate was mixed with 60 mL ether and 

washed with saturated aqueous sodium bicarbonate. The solution was then adsorbed 

mfo 3 g of silica geh and ch~amaEog~aph& on a 20 x 3 m durnn with hexme : ethyl 

acetate (6 - 4 : 1) to ghe 0.1 I g of a yeibw oil. Further purification was performed by 

preparative TLC with hexane : di&lorometttane : acetone (2 : 0.9 : 0.1) to yield 84 mg of 

a oil (37%) identified as the tram49 (Rf 0.09). Cis49 was also observed in the ' H NMR 

fa) prep=- & EE2*------ "a9 wrw16F 

2-menm r- - -0 -1 t dU M n* Ai; m ~ d a r n i p o  I V Q L S O ~ ~ ~ L  r H r  ~ u r . . t k r t v t u r . ~ v y r ~ ~  s.1 .  a- 

(8.7 g, 8Qi; m d J  at -7% 'C under &, was added 35 rnL of 2.5 M hexane sdution of butyl 



rnmtsl) in 9 mL W F  was added and the dear enolate was continued stirring at -78 OC for 

one hwi. The coding bath was then removed and the solution was warmed to room 

temperahre, at which point diphenyl disutfide (1 0.4 g, 48 mmol) was added. After 1.5 

hours, the dear sofutim was poured into a mixture of 30 mL of 10% aqueous 

Rydrochforic acid and 1W mL of ether. The top ether layer was washed successively 

wiFh the f 0% acid and anden saturated aqueuus sodium bicarbonate, dried and 

evaporated, TLC showed the presmce of diphenyl disuifide at Rf 0.71 arid the sulfide 

prdurb! at 0-42 (SK&, heme : diabrometiaane : ether = 5 : 0.8 : 0.2). 

Chr~matwraphy an a 32 x 3 cm silica gel mumn with hexane : di&loromethane : ether 

46 : 0.8 : 0.2) yiekfeci a 11 g mixture d 2-pheny!thiocycEodod~~)ne and the unreacted 

diphenyl disulfide in the ratio 1 : 2 (GC). 

A portion of the crude product was purified on a 20 x 20 cm TLC plate eluted with 

hexane : dichbrmethane : ether (5 : 0.8 : 0.2) to give an anafytical sample of 2- 

phengrath iacydodc#t~~ 'H NMR [rK)O MHz, CDCi3) 6 i -16 - 1-52 (15H, m), 1.69 - 







Table 5.8 (continued) 

r H NMR ((=ED,-) S "f25 (CW3, s), 1.49 (W3, s), 3 .&I (CH , s ) ~  2.96 

[Mb. ~ $ 3  = 17.8 Hz), 3.63 (Hb', d, J = 17.8 Hz), 5.74 (Ha, s), 7.0 - 



Tabfe 5.8 (continued) 

'H NMR (100 MHz, CDCI,) 6 1 .GO (CH3. s), 2.47 (Hb and Hv, m), 

2.98 [H, and &, m), 5.G3 (CH& s), 7.3 - 8.0 (IUH, m). 

"C NMR (CDC13) 6 21 .57,30.82,33.57,52.49,56.24, 128.02, 

128.48, f28.55, 128.60,132.84, 133.04,135.31,136.f28, 174.46, 

137.08,198.% ppm. 

II H NMR (C&) 8 1.00 (CH3, t), 1.20 (CH3, d, J = 6.8 HZ), 3.13 

(I%, dd, J = 17.5,4.2 HZ), 3.56 (H,., dd, J = 17.5,8.5 HZ), 3.82 

[b, m), 3-87 (Ha. m), 4.0 (OCH*, m), 7.0 - 0.0 (10H, m, phenyl). 

'3C NMR (CsDs) S 13.77, 15.04,38.56,42.00,43.47, 60.35, 

128.04,128.29, 128.40, 128.54, 132.51,132,65, 136.68, 136.90, 

173.42,197.28,201.11 ppm. 

IR (N&I plate) v : 30fi0,2980,294€),1722,1682,1597,1580, 

145i,f=iiirii, t~,i2ijti2G,11S,iiiS,1W,974,7W,699 

m-*. 



Tabie 5.8 (continued) 

a mixture of two 
diastereomec 

erythre I three 
=311 

1 H NMR (CDCI,) S 1.12 (CH3, d, J = 7.0 HZ), 1.15 (CH3, t), 2.85 

(&, dd, J = 16.6,7.7 Hz), 3.13 (Hbr m), 3.35 (H,,, dd, J = 16.6, 5.5 

Hz), 4.13 (OCH2, m), 4.56 (Ha, d, J = 7.2 Hz), 7.3 - 8.1 (IOH, rn, 

'H NMR (CXIx) G 1.07 (CHI, d, J = 6.8 HZ), 1.17 f), 2.96 

(H,, dd, J = 16,3,9.0 Hz), 3.13 (Hb: m)* 3.31 [He,, dd, J = 16.3, 3.9 

Hz), 4.13 (OCHz, m), 4-52, (Ha, d, J = 7.6 Hz), 7.3 - 8.1 (10H, m, 

pheny!). 

elythre and threediastereorner mixture 

R (WCli plate) u : 3060,2980,2940,1725,1682,1597,1582, 

M$, 1450,1363,1320,1220,1186,1103,1036,1006,976,760, 

i98 ~ m - ~ ,  



Table 5.8 (continued) 

2-58 (HU, ddcfd, 4=  14.1,9.0,5.3,5.3 Hz), 3.29 (H,, ddd, J = 18.4, 

5.4,5.3 HZ), 3.42 (H,", a d ,  J = 18.4,9.0,5.4 HZ), 4.81 (Ha, dd, J 

= 9.7,5.3 Hz), 7.45 - 8.30 (10H, m, phenyt), 

-- 
'% NMR (CDCb) S 24.44,34.91,39.31, 117.21, 128.14,128.89, 

129.10, 129.26,133.76, 134.68, 134.02,136.43,190.90,198.52 

wm- 

%i HMR (CDC;b) 6 9-13 (CH,, d, J = 6.9 Hz), 3.02 (Hb, m), 3.15 

[&, Oid, 3 = 18-5,3,4 HZ), 3.44 (HE, a, 3 = 18.6, 10.2 HZ), 5.1 2 

v,, 6, J = 3.6 Hz), 7-I-4C) - 8.25 (10H, rn, pbenyl). 

Vote: mntaining 9.6% of ihr-37 showed at 4.64 pprn 

[Ha, d, J = 4.8 Hz). 

'k CNM (CDCO) 6 16.32,30.29,43,46,46-43,115.93, 128.17, 

128.%,12'924 (X), 133.90,134.4%, 134,W, 136,52,191.42, 

11 98-77 ppm, 



Gf piate) v : 3061,2961,2905,1742, 1680,1596, 1580, 

405,1374,1340,f273,1228,120fi, 1182,1135,1074, 

15,883,863,782,754,690 an-', 
... ............................................. ~ " "  ' ".." ..........a... - .-.....- --.-----, .--.. "- -.-- *.* -.-" -,.--...--*-. .-. " ,* . ," 

gCE)(=E2) 6 f .HI - 2-20 ( X H 2 ,  m), 2-50 (H,, m), 2.60 (ti,, 

m), 2-80 (&, dd, 9 = 17.3,8.1 Hz), 3-10 (H, m), 3.15 (H,, dd, 3 = 

17-3,415 Hz), 4-51 (Ha, d, J = 9 2  Hz), 7.0 - 8.0 (IOH, n, phenyl). 



Table 5.8 (continued) 

'% NNM ((CDCM 6 3 - 4 0  - 2.23 (4CH2, m). 2.40 (Hd, m), 2.90 (Hd', 

mji,2-9•˜(Hc,&, J =  17.8,6.2Hz),325(Hc',dd, J=17.8,72 

Hz), 3-45 QHb, m). 4-93 (Ha, d, J = 3.6 Hz), 7.0 - 8.0 (10H. rn, 

1pMfl1. 



Table 5.8 (continu&) 



Table 5.8 (continued) 

1 H NMR (CDCI3) 6 1-20 - 1-50 (8CH2, m), 1-89 ( Hd, m), 2.1 0 (kid, 

rn),2.86 (H,,dd, J =  16.2,7.3H~), 3.03(Hz,dd, J =  16.2,3.7H~), 

3-33 (&,m),4.92(Ha,d,J=11.1Hz),7.30-8.00(1OH,m, 

phenyth 

"G NMR (CDCI3 S 21.48,22,66,23.85 (X), 24.72,25.88, 

28.Ei5,34.76,37.W, 40.39, 68,04,128.09,128.53, 128.83 (2C), 

532,•̃ 5,133.72,136..W, 137.19,196.13, 199.28,206.09ppm. 

'HE~MR(CDC~~) S 1.20- 1.80(8CH2, m), 2.21 (Hdr ddd, J =  13.9, 

9.3.3.7 HZ], 2.48 f&, a, 3 = 17.3.6.0 Wf, 2.58 fHd, ddd, J = 

63.9,8.9,3.5 Hz), 2.90 (Hz-, dd, J = 17.3, 4.0 Hz), 3.09 (Ibr mj, 

6.14 (Ha, d, 3 = 9.1 Hz), 7.30 - 8.10 (IOH, m, phenyl). 

US (Clji ~IMZ 4105 (Rdal ,24), 387 (5),299 Q5),225 (1 OO), 1 97 (a), 
rsi gas), 



Tabfe 5.8 (continued) 

'H NMR (600 MHz, CsDs) 6 1.03 (Hdr m), 1.19 (HE, m), 1.21 - 

1.42 (CH2, m), 1.43 - 1.50 (H6, Hg, m), 4.60 (H,., m), 1.71 (HF, 

dddd, J =  16.6, 7.5,5.0, 5.0 HZ), 2.03 (Hht ddd, J = 13.7, 6-8, 3.4 

Hz),2.15(Ha,dd, J =  13.2, 11.1 Hz),2.24(Ha.,dd, J=13.2,3.4 

Hz), 2.26 (HW, ddd, J = 13.7, 9.9, 3.5 HZ), 2.30 (HF., m), 2.45 (Hb, 

ddddd, J= 11.1, 10.9,7.3, 3.4, 3.4 HZ), 2.56 ( H A ,  ddd, J = 10.9, 

7.2,5.? HZ), 5.76 jHc, ddd, J = 12.5,7.5,6.6 HZ), 5.95 (HH, db, J 

= 12.5,2.0). Note: 2D-COSY experiment was performed. 

13 C NMQ (CDCI,) E 23.43,23.93,25.C+, 25.35,27.23,27.94 and 

28-61 (Clip), 31.96 (CH2C=C), 40.01 (CH), 42.54 (CH&=O), 

44.81 (CH2C=O), 56.12 (CHC=O), 132.82 and 14O.f!j (C=C), 

208.71 and 216.68 (GO) ppm. Note: The assignment was also 

based on DEPT spedrum. 



Table 5.9 Elementai analyses of the addition products 

Compound mP Molecular 740 C H 
-- 

CC) formulae - - - 
Calcd 
Found 

Calcd 
Found 

Calcd 
Found 

Calcd 
Found 

Caicu 
Found 

Cafcd 
Found 

Calcd 
Found 

Caicd 
Found 

Calcd 
Found 

Cafcd 
Found 

Calcd 
Found 

Catcd 
Found 

Calcd 
Found 

Calcd 
Found 

hies: a These m m w  were &bind as piire SUT@SS, aiid ot5iers wsre middm 

of stereomers indicated in Tabies 5.6 and 5.8; 

" Cafd  for N, 4.81 and found for N, 4.69; 

' CaEcd for N, 5.05 and found for N, 5.17. 



5.6 Quantum yield determination 

5.6.1 General p r d u r e  

The quantum yiefds for the phot~cfoaddition of DBMBF2 to otefins (QA) and 

tttose for the sensitized dimerimtion of olefins (OD) were determined with the air-cooled 

Rayonet photoreador equipped wifh RPR " 33 nm tamps. A group of Pyrex test tubes 

(1 00 x 13 mm) were foaded with 3 mL solution, purged with dry Nz, evenly spaced on the 

"t my-go-roundw and irradiated together with the ac!inornetv soltitien. 

't'tle actinometer was a deaerated 3 rn l  benzene sotution of Mnzophenone (0.05 

M) and benzhydroi (0.1 M), which has a quantum yield of 0.74 for benzpinacof 

formati~n.'~ Benzophenone consumption was determined by UV absorption at h, 340 

nrn using a UV ctnrette of 0.1 m optical path length. Formation of DBMBF2 adducts 

was analyzed by GC. She conversion of DBMBF2 was controlled to be iess than 2896, 

which could be monitored by GC or bas& on the recovery of unreacted DBM8F2, 

The quantum yields were examined in different sokents and at the different 

concentrations of DBMBF2 or olefins. They are generalized as four types of 

measurements in the following sections. 

5-62 Quantum yields CfeQmined in different so~vmb 

A group d four or six Pyrex text tubes, each loaded with 3 mL of a dut ion of 

DBNIBF2 (0.03 M) and 1.3-cycbhexadierrie (0.3 M) in dmerenf sotvents, was purged with 

& and fnrtdiated for i - 2 burs for the samples in acetonitrile, amtone, dkhbrs- 

methane, THF, dbxane, THP arrd ether &en&, and 0.5 b u r  for fitwe samples In 

ether, benzene. tol(txene and pxyfene &en&. After photdysk, a bicttbrom~e 

dution of ekwsme aund dodewne was added as the internal standar$ in GC analysis 









CHD dimer ratio 

103@n (2*3):(4+5) 2 : 3  



Table 5.3 3 Quantum yields of the DBMBF2 photoreaction with CHD 

In benzene-TFfP d e n t  mixtures (irradiation for 40 min.) 

Benzene E T @ ~  CHD dimer ratio 

Table 5.14 Qua- ) iEeb of the DBMBFz photoreaction wi4h CXD 

in benzenediiixane sotvent mixtures (irradiation for 45 min.) 



Table 5.15 Qc snturn yields of the DBMBF2 photoreaction with CHD 

in benzene-Tf-iF sotvent mixtures (irradiation for 60 min.) 

it 
Benzene W30) 10%~ f CHD dirner ratio 

CHD dirner ratio 

f2+3) : (4i-5) 1 : 9 
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D: DBMBF, - IVE 



Scheme 2.7: 

here A = DBMBF2; R = Berrzexpe, Tdwne or Xylene; D = Cydic dime or Vinyl ether. 



for ?be formation and tfre cormmption of *AA 

(ii) 

(iii) 

(b krnfA1 * b  "lR1 + k.) [Dl r A ]  = (k + ko + b) ('AD] 
r;: + k , m  T& + k , p j  








