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‘and l2- NpCO Me.

ABSTRACT

Photolys*s of a- solution containing a sub&tituted naphthalene (NpR R ] ;

= l— and 2-CO Me, 1- and 2-C0 Et, l— and 2-OMe and - l- and 2=CN) and

2 2
acetylacetone (acacH) induces [2+2] photocycloaddition to. give 1, S—diketone

—products. The electron donating quencher, tributylamine, that does not

quench the excited state of 'acacH, intercepts thelsinglet excited state“of’ '

Z-NpCO-Me giving kq 6f 3.6 X 1010 Mgt and retards ‘the photocycloaddition

giving kq of 3.3 x*IO’ Frl“ l *‘ndicating that the - Singlet ‘excited ™ state

of 2- NpCOZMe is reacting. An exCiplex formation be;ween l —NpCO Me and’

acacH is proposed and regiochemistry of addition products is discussed The

-

triplet senSitization by xanthone and benzophenone does not induce Ehe '

photocycloaddition supporting the Singlet mechanism l,3jgentadiene (PD)

enhances the quantum yield of compound 16 (l—acetyl—z—acétonyl—z- >

carbmethoxy-1,2-dihydronaphthalene) in the.concentration range of”U0-0.10 M

o
R

probaﬁly via a termolecular mechanism, but retards»it'in the concentration

rangé of 0 10-0. 30 M due to the predominance of a competing reaction of PD

N

~

The photocycloaddition of 2- NpR (R = COZMe and Cco Et) with acacH 14/

catalyzed by lithium acetylacetonate [Li(acac)], sodium acetylacetonate

i

[Na(acac)] and potaSSium acetylacetonate [K(acac)]. The fluo?sscence,of

2-NpR is quenched by Li(acac) giving kq of 2.2 x 10lO ,s—l (quo of 205

-1

M ") for R = co Me and- k r. of 209 M rfor R = CO Et. "The catalytic and

2 q0 A 2" IS

non-catalytic processes coexist under the experimental conditions and the

quantum yield dependence curve ‘on concentration of Li(acac) from

experimental data matches that “from the calculated data in the Li(acac)

- iti



- a

\ - - -

concentratlon range of O 001 O 0045 M The observatlons are lnterpreted as

—_— T o T

_a““__‘\*wﬁvnﬁ‘ -
the lnterceptlon of the 51ngtet~exc1ted state of 2- NpR by ﬂl(acacry

S [,

fo;lowed,by the addltlon of acacﬂato the naphthalene moxety.of the-exciplex -
\ i - - s

~— . _ . R

g1v1ng the flnal preduct and Lr{acac) In\contrast, LlCacac) does not show

\

a catalytlc effect on the reactlon systems of 2-Np0H\and 2- NpOMe lnd;catrng
‘the involvement of a dltferent ‘mechanism. = \f\f\\\\\\"
‘The. photoadq tion of NpR (R =1- COzMe or 2- CO Me) with acacH lS ol

, catalyzed by sulfurlc ac1d, phosphortc acxd, hydrochlorrc*aCId*andﬁ"**“"# -

borontrlfluorlde NpR fluorescende Is. quenched by H SO4 giving kq of 1. 01 X

lololel S_lj(kqf‘of 35.3 M ) for. - R = 2- C02Me and de of 8 7 M -1 for R =V,~‘ (

1—C02Me and a new. broad emission at 470 nm ‘is observed. ThlS emlssion'is o
) - S ot LI
assigned to emission from protonatedﬁlz—NpCOZMe The quenchlng of 2—NpC0 ‘Me e ¢

fluoreécence in the presence of H,SO 20.0935 M) by acacH‘ls accompanled by

2 4
the quenchlng of the new broad em15510n g1v1ng qu of 63 4 M l for the S ii’
& v ' )
;\gonomer,quenchlng and qu of 128 M -1 for the‘new broad emission quenchlng . -

sl
The catalytic

necatarYtic processes coexist under,the'experlmental

conditions,'The results are interpr s ‘the interception of the singlet

excitéd_State of 2—NpC02Me_by a proton, followed byfthe

'protonateda}z—NpCOEMe to a ground state acacH giving the f;nal product. \\\\i\\\
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. CHAPTER 1 INTRODUCTION B .

. 1.1 photocycloaddition. of aromatic compounds . .

' 1.1.1 Naphthalene Aderivatives ' ’ i ' S . T e

-~ - . a . - T

. S . _
[2+2] photocycloaddltlon is one of\the\me\t lnterestlng photoreactions -
— v
r

\
The - reaction leads

- T e

1
on theoretlcal mechanlstlc and synthetlc grounds

to -the formatlon of four membered rlngs provxdlng an 1mportant route for' /f\fj —
[ y _ o - . _ P

org@g;c synthes:.s.4

. : |
_The current active interests in photocycloadditions of naphthalene " - xL\\n,/

systems are still focuse&/on'the mechanistic,aEpectSS-Z_epch as the -

intermediatesa-ll in‘the'reactions,fand the factods conthllingtthee S B
e .0 10,12,13 o LT U
stereospecificity. No single mechanism has been proposed which is

,capable of explalnlng all of the observed results for the photocyclo-

) addltlons 1nvolv1ng aromatic compounds T 14- 20 The photocycloaddltlon of -

unsaturated compounds to 1- cyanonaphtharene has been studied extensxvely
aa&‘“‘__w““Av7J

_The stereoselectxvxty of the addltlon depends on the electronic nature of—

the olefln: more hlghly conjugated planar olefins such as phenyl v1nyl

ether and indene undergo endo- selectlve photocycloaddltlen‘z ,22 Such

stereoselectivity is lacking in the photocycloaddltlon of alkyl v;nyli

‘ ethers, and both endo- and exo-cycloadducts 1 and 2 are ﬁbrmed in

‘appreﬁimately equal amounts;23

, OR - o :
R €N, % ' : - e
Z 2
Endo 1
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These observatlons have been lvterpreted 1n terms of dlfferences 1n

v .

stablllty between exclplex conflguratlons"the former type of olefln may be

- - R

' structure However, the stereochemlcal course of—photocycloadditlons to

naphthonltrlles is- also ‘affected by the p051tlon of the - cyano group' the

additlon of furan to l-cyanonaphthalene glves I4+4] cycloadduct 3 with °

antl-conflguratlon,z_4 but that to 2—cyanonaphthalene occurs in the, ' -

syn-dlrectlon to glve eventually a cage llke compound 4 2? A'negative

a_;T = e e

temperature dependence for the” quantum yleld of addltion was 1nterpreted in’

. 26 ’ ,
terms of an*exc1plex 1ntermed1ate. 6 o - . - -

ution of products can depend on the: wavelength of

. .
irradiation.’For"example,6

photoadditl i
v1nyl ether gives “a complex mlxture of products. Irradiation at 3l3‘nm -
affords malnly the cyclobutane 5, but w1th llght of” shorter wavelengths (Hg

arc, pyrex flltered) addltlonal products 6-10 are formed Although

\\—cyanongphthalene and methyl

N
F¥

mechanlstlc detalls of: thlS reactlon have not been determlned, it 1is liﬁely

that products 6~ 10 predomlnate w1th shorter wavelength llght because they

are more stable tovlrradlatlon than cyclobutane ;,\The cyclobutenes are -

undoubtedly formed\ by secondary photolysis of cyclooctadiene ‘67and. 8. _The

additions of an olefin to naphthalene derivatives/often'occurAat the

s R E— _




substlfuted rlng:*Bﬁf‘semetlmes a;‘Qhe unsubstltuted rlng, in a manner

F IR T , et T e .

Wthh is St}.ll Unpredlctable e

-

\-The reactions of naphthalene derlvatlves w1th all

enes anQlVE the

sxnglet excxted states ( S) of naphthalene derlvatlves.and have been

T - e
dlSCUSSEd #n terms of excxplexes 5,6,10,27-36 The -excipl f;uorescences
~  “are observed for'l-cyanonaphthalene, 37—40.27methy1‘ or/4fmethyl-lecyano-,\

. ] , , : ] .
naphthalene27rand alkylethylene,in nonpolar solvente.'Thefphotocycloaddi}
tion df,olefin and furan denivati;es;teﬁl— and 2fcyanonaphthalenes are

77 rebiewedg in terms . of the'ehenistrf/Of excipiexes that are either tbtally
non—emissive'or very'weakly enisSive; indirect”andidireEt evidence for the

1ntermed1ate of the excxplexes is descrlbed on.. Ihe basis of klnetic data,'

anOlVlng an apparent temperature effect ‘on klnethS, and the

quenchingtof ‘the exciplex by pyridine. ' - .



. T The photocycloaddltlons of/naphthalen derivatives to‘l 3-dienes also - . °

e ,,,,,,7,,7.{

and the,major products are generally those from 4ﬂ + 4“5':‘

n\

-

-

= ’ 44,45

IR — _experiments in our, labbratory have'shOwn that
>\\;;\ / o
"u;contalnlng Z—methoxynaphthalene and acacH gives a '
\ ~~~~~~~~~ . 4 S
1, 5Cd1ketone product (equatlon i\rer\paqe\31) ‘ ‘ g

k] T

1.1,2?phénantnrénsr

On irradlatlon, phenanthrene (PN) adds to dlmethyl fumarat dimethyl

maleate, malelc anhydr1de,46i\\\gethyl v1nyl ether, ethyl’wlnyl ether‘an

@

2, 5-d1methy1 2 4- hexad:.ene.53 Addltlons always occur at the 9, 10-double bond
7and, except for theuoxetane formatlon,46 48 the products are cyclobutanes.

The reactlons occur both on dlrect and trlplet sen51tized 1rrad1atlon,f

7
although oxetane formatlon is only- observed on direct 1rrad1atlon.4

S~ . A ‘The phbtocycloadditlon of 9—cyanonaphthalene (CNJPN) to-substftutedf"

‘Bemethylstyrenes (MST)~(equatlon l*l) is noteworthy in that it is the first

\\

case - 1n\uhxch an emitting exclp;’xgls shown to be the precursor of‘

oducts.%ﬁ 5; An,excrplex/fluorescence from CN-PN and MSTvis;

'cycloaddruion

observed at A = ~nm in benzene. This fluorescence is quenched by

. max |

7 dlﬁethylacetylenedicarBOkyl‘ e (DAD) with qu =764 M—}, The format;on of S

‘the reaction products is quenched DAD with kq;'= 62 M 1' indicating = e

. that exciplex formation precedes cycloa dition. o N . : 7._J

. OCHs S
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One of thevearllest examnles Qﬁljhe phoxnaddlt;onceteenonesetogalkenesgggzge

was the reactlon betweenaacetylacetone (acacH) and several alkenes to qive / /' i

K

1, S—dlketones56 as_shewnc;n equatlon 1-2. This reactlon is often referredJ -

o - : . . . .
. : - A . . B

- — 4 B .
. % . . £
i . . - A

- - . R
- c . P~ ‘ T -

+ | ———-

— . . 3 }/

\\ . . N ' J - . e

to as tﬂe\de Mayo reaction and it proceeds/through the hydrogen'bbnded

J . °

\\ - A
~ .
enoi\tautomer of acacH The presence of acetqphenone (E = 74 kcal/mol)
\ : .

. —
~

~—

remarKably accelerates the\ae\Mayo reactlon (equatlon l 2) indicatlng the:

—

s

\\

rrlplet»ex1ted stete of acacH is the regctlve specles; On the other hand,

3 B ‘ . , ] B ™ \,\\\ .
e presence of benzophenone does not show such-rate enhancement,
iﬁdicatihg the inefficiency of its triplétfenergy,(E\§5\69 kcal/mol)5 for _

sen51tlzat10n “of the reactlon, and glVlng the lowest trlplet energy of

.
59

;acacH to be 'in the range of 69 to 74 kcal/mol The reaction. is always

- &
- 55,

run in a non-polar solvent and is repbrted"to,be solvent dependen%'with o

the reactiohhrate decreasing in. order of ether, ethyl acetéte’énd“f

acetonitrile.57 Presumably such solvents lead to weakening of the
: - ®

intramolecular hydrogen bond in the more polar media. S E o



- totally in the presence of 1, 3—pentad1ene Tﬁ:s fact is ascribed to the ]

1.3 Catalysis of excited states.

‘which the catalyst Is an ingredient. In'a‘thermal'reactipn, a substance is

The - reactlon of acacH with alkenes can be extengef to 1, S-cycloocta*

-~

¥

diene or 1, 5 9- CYC10d°decatrlehe, but not to COHJUQated\alenes.sgAFor I

z v

it 5 - . e

exampré, the pnotocycloaddltlon of acacH and cyc10nexene is suppréssed

quenching :ffectofl,ajpentadiene (ET = 59.2 kcal/mol) on the trlplet

state)df acacH 39 Reaction of cyclicsl 3—diketones'with.alkenes is also T

possibie 59 62 A major part. of the:synthetlc 1nterest in this reactlom»

stems from the ready formatlon of cyclohexenones on exposure of the .

<

I*S—dtkehmu?1ﬂnﬂxgncducts‘to'aidoiacondensatiDT'ccndittcns*féquation t:zz::::::fii

. The potent1a1 ut111ty of this reactlon is shown "in a*51mp1e synthesis of

the sterlod skeleton59 (equatldn 1-3). , ’ v | - o

;aThe 1ncrease of a reaction rate in the presence -of a catalyst is due

to theavallabllltyI:;/a'new.reaction pathwax invplving an intermediate of



R . . . -7 v

said to act as a catalyst when it appears in'the'rate equation -but not in

D o

T - the stoichiometrIC'equation/ of*to”put”it*f“ otﬁer words' ‘when 1ts ;¥ 'l\~

— - fﬁff eeneentratzonrappeafsrtﬂ—the—ve%oc1ty~expr

does ln the st01chlometr1c equatlon. n63 Accordlngly, wables proposed a

defln;tlon of a catalyst in a photochemlcal reactlon in 1981 for the fl;st

S
- L

. : ,1, tlme by saylng that "a photochemlcal catalyst is deflned.as a substance

ef— LA

a

.

- - . ]
~ Rl i .

[

C ) 'that -appears: An the guantum yleld expre551on for the reactlon ;;Qm aq

S <part1cu1ar excxted state to .a power greater than its coeff1c1e t in the

~ ~ * .

S e \seez\ S e e

~__ 5 - . @

w Several reactlon patterns are. shown in the followlng schemes based on‘
, thlS deflnltlon of the photocatalysxs reaction.®4/6% e _,—fir;

. 7 Schemeuiel' o o :?\;




®

. ;

~Rhotochemical kinetic expressions can be derivad‘by using -the steady

state assumptlon for excited states or reactive 1ntermed1ates " The quantumrm'

yleld 6¢7 expressicn‘for'Scheme,I-I is shbwn in ‘equation 1-4. Inver51on'of

equatlon 1-4 glves a convenlent worklng expression, equatlon l -5. If k

)

>>

k [cl, equatlon 1-5 becomes equatlon 1-6, which indicates that the quantum
.vield will not vary with changes in the concentratlon of catalyst, i.e. no
catalytlc effects. If k4 < k [C], equation 1-5 becomes equatlon 1-7, which

‘;Qditates a linear relationship between 1/ and 1/[C].

B k4+rks[C]7
w ® =0 t— § o - .
k3 + k4+ kS[C] 7 - 1-4
1 1 k.
— = {1+ —3 %
¢ 0, kgt k(€] 1-5
- \. - ’ , - -
1 "1 K
_— = { l + _l_.}
¢ ?i k4 1-6
1 -1 Kk ,
— = {1 e —33
- ¢ P, - k [c] ) : ’ - 1-7
i . B .
k_[B]
k fB] + k [C] ___i______
: k, + k [B]
i $-= 4 .

hrkplel s kglel

k,[B] + k_[C]e N
= T 1-8
kgt k(8] + kjlC] /




where f = - ’ i}
: k,t ksfﬂ} - : S
R k. + k_[B]
¢ f kylc] : ‘ . , 1-9

v

Scheme l—Z‘represents'a case in which. the product-forming step is»

bimolecular and the catalyst complex A-C may decay to starting materials. ‘ -

L

The quantum yield expression is shown in equation 1-8. When ka[C] >>

kz[B}, the inverted quantum yield expression is;given by equation 1-9. When

_the concentration of B is fixed, ‘the plot of 1/ vs 1/{C] should be a

o N
s - . - .

o

straight line.

i

+ It 1is notéworthy,that the key step for the catalysis of ‘an excited
state of a molecule is the inferception of the excited state byrghe
catalyst aécording to the definition by Wubble. A typical exaimple is the

phoﬁohydration of aromatic alkene?fand alkynes66-69 catalyzed by acid.

Aromatic alkenes are significantly‘polarizéd:in their siﬁglet excited state
and these unde:g% protonation/by acids and hydration under general acid-

catalysis. The fluorescence of 2-vinyl-naphthalene is quenched by aqueous-

sulfuric acid giving a kq value of 4.6 X 106 M-ls-.l which is in a good
- . - B »b ) - . T
‘agreement with the Kq value of 6.2 x 10° M-lsi; obtained from product

quantum vield measurement of the reaction, thus indicating the catalysis of

oo ' , S ‘ 70-74 s
the excited state. On the other hand, in some easesrfq—;~ma~meehan15mrw S e

different from the catalysis of an excited state has a better chance to —

enhance the efficiency of the overall photocbemical process. For example,:

: ! 70-73 70,71,75

Lewis acid complexes of methyl cinnamate = -~ or coumacin undergo -



Y
efficient [2+2] photocycloaddition or dimerization. Irradiation of E—methyi

. cinnamic ester with simple alkenes results in_ineffitiéﬁfﬁfbthéEiEﬁ”6fﬁfbé"#7

[2+2] photocycloaddition product and Z-methyl cinnamic ester. In the
presence of BF.OEt. and after prolonged irradiation, a better yiéld of the

3= 3
- 70,71,73

[2+2] cycloaddition_product is obtained. The presence of the Lewis

acid~BF3‘causés a change in regiochemistry of coumarin photodimerization—to

give syn head-to-tail dimer 12 only (rather thdn a mixture of 12 and 13)

and enhancement of the gquantum yields of 12 formation from 10_3 ﬁith'no‘

| BF, to 0.16 with 0.125 equivalent of BF,. L e

i

3
0 o S 0N NP B
~ I '| S ' . ,", o] '
X % t g o
. = N
12 13

In these_caSes, the Lewisiaeid catalyst does not‘modify the reaction of an
excited state of the original substrate, but formé a ground state complex
with ‘a different absorption spectrum. The ground state complek,"A...B" is

irradiated (Scheme 1-3). - .

-

Scheme 1-3

* *

A : (A...B). —> Products

hy 1 h - Ay’ I : o : : : : B [

A+ B === (A...B)

10




Another - p0551b111ty of acceieratingﬁthevagerall phoEBEEEEIEEIF‘—EEYIOn“**“-

is cataly515 of the reactlon of a prlmary photoproduct "B"'rather than that

of an excited state,as shown in Scheme 1-4. -~
Scheme 1-4

* C / o - V
— A ————> B ——> Stable product o -

1.4 Research proposal
, . » Ll

44,45

Preliminary experiments carried out in this laboratory showed that

Ty

"a novel photocycloaddition_of naphthalene derivatives to acacH can oceur

(equatlon 2-10). In order to expandfthe"reaction to other.substrates and to -

P

galn more lnSlght into the mechanlsm of the addltlon as well- as the - -

mechanlsm of cataly515, we have chosen acacH and a series of naphthalene

derivatives (Table 1-1 and Table 1-2). to study for the following reasons:

-
a

1. Such photocycloadditions are still unexplored.. - S o

2.'As different excited’states of the starting materials could be

involved, the photocycloaddltlon is mechanlstlcally 1nterest1ng.

3. Such photocycloaddltlon has conSLderable potentlal in syntheSLS .
Lo ‘ . R )
(equatlon 2-10, page 31) : R -
4. Catalysis of the photoreactions is remarkable and their mechanism is of

great interest.
 Thé aim of this research can be outlined as follows: -

- 1. To synthesize new products from the photocycloaddition of naphthalene,’

~ [

derivatives with acaeg_as well as from the photoproducts.

11 .



2. To 1nvest1gate and differentiate the reactlve spec1es and to 1nvest1gate

'the multlpIIEIf?“bf Ther&a&uﬁ:uuaaexc1ted spec1es 1nvolved in the
T ——

photocycloadd;tlon ) ) ' -

3. To establlsh the general reaction pattern of the photocycloaddltlon 1n*

. the presence of dienes, electron donating quenchers and heavy atom X

solvents. .

=

4. To investigate the—kinetics of the photocycloaddition'by using =

fluorescence quenchlng and quantum yleld measurements.,

5. To investigate and establlsh the mechanism of Li(acac) cataly51s of‘the

"photocycloaddltlon by’fluorescence»quenchlng and quantum yleld

measurements.

6. To investigate the mechanism of sulfuric acid catalysis of the .

photocycloadditién by éuantum yield measurement and absorption and
emission spectral studies.
, , ,

/ - | \

12
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. Table 1-1: The molar extinction coefficient é'(cm-ln-l) values of

o 7 3nébhthaiene derivatives and others.

Compoundf'

300 nm~ 310 nm

320 nm 330 nm

340 nm 350 nm

Solvent

. : R ) . - — V' - o o V , . V 7 a
acacH 990 166 - 392 6.6 | lefﬂfdﬂmwwfwwwgﬂagﬁmm~uw_~
acacH 2222 --463 49  5-7 . <§HBOHC7
L-NpCO,,Me 6100 4350 2500 © 500 '”CHSEﬁa“’
1-NpCO, Me 6280 47714 2889 625 CH2c12c

- 75 - y ; -1 o ’ a

2-NpCo,Me 750 700 1050 1200 300 o 20 cHyeN
12-NpCO,Me 900 860 1300 1500 620 100 CH,OH
JﬁkpCOZEt* ~ 7000 500 2850 650 200 . - 150 CH3CNbV
2-NpCO, Et 1000 920 1200 1430 270 80 : CH3CN9‘
2-NpCN -~ 655 328 . 1091 47 cH on"
1-NpCN 6010 4352 ' - ca3oab
1-NpQMe 3876 2558 CH,OH® .
2-NpOMe . 546 1008 1050 . 756 CH3€HC,
Li(acac) 2000 500 . 40 CH_OH"
Na(acac) 1700 ’ 76 cH OH"
2-NpOMe 800 1440 1380 700 28 10 cen-
a. From Fiéure 2-2.

b. -From Figure 2-24.

2é From experimental results.

) ;3 /



Table 1-2: The first singlet and triplet excited-state energies (E andlET)’ -
“of naphthalan'e'dcrivﬁativasbbtained, from. fluorescence and phosphorescence
_spectra®; )
. b : - b R o c d
Compound - ES . (nm\f,r\_ - (nm) - Solvent™ T
R kcal/mol kcal/mel | ~ 'ns )
i - -
Y ) : ) P B - ‘ I
* 1-NpcO,Me - 85.9 333 57.2 5 500 1 -
__ 2-NpCOMe 8¢.5 . . 338.5 59.3 482 1 D -L
1-NpCO,Et =~ 84.9 7 337 57.7 - 496 and 3 Tl
2-NpCO, Et 83.6 - 342 . 58.8. - 486 2 and 3
1-NpCN 86.9 329  56.7 . 504 1 TP
i 2-NpCN ~ 85.9 - 333 58.4_~ . 490 - 1 12.6"
1-NpOMe 89.3° 320 59.7° a9 - . 1™
2-NpOMe 84.6  _ 338  60.9 " 470 2 and 3
D S gof s59f
HD 103® . 278 58.7° 487 -
o . 97° 206 52.4°  sss
a. Fluorescence spectra were taken at ro"dmftemperature and phosphorescen_ée
_ spectra were taken at 77 K. Error: # 1 kcal/mol. b.Calculated from
experimental results-(Section 4.11).. c. 1 is methylcyclohexane, 2 is
- acetonitrile and 3 stands for isopropanol:ether 1:3+—- —-—d¢ The lifetime =
of the singlet excited state. - e. Cited from ref. 82. = - f. Cited-—— = -
-~~~ .., from ref. 58, g. From Table 2-9.  h. Cited ‘from ref. 138.
- 14



CHAPTER 2 RESULTS

- 2.1 [2+2] photocycloadditign of,naphthalene-ﬁerivattve; and acetylacetone -

Photoly515 of methyl 2 naphthcate (2~ NpCU Me, 14) and acetylacetone '77.h‘

(acacH, 15) in acetonitrile at 300~nm_(RPR lamps, for output of the»
i N\\g

v -

o .
relatlve energy, see Flgure 4-1) for 15 hours\Ied -to & major product 16 -

««.(,;

(isolated yield of 33.%) and a trace amount of 17 (less than 2 % of 16,
lgnored) as shown by equatlon 2- -1. The structure of 16 was ldentlfled—as

4 S ,
l-acetyl—2—acetonyl—2-carpmethoxy—l,Zfdihydronaphthalenefbased on its ... T

2-1

spectroscoplc data (Tables 4-1 to 4~4) Tne H NMR spectrum (1n‘CDC1 N

~ shows. an AB quartet at 5.81 ppm -and 64@} ppm with a coupllng constant of

9.5 Hz lndlcatlng two ad]acent olefinic protons conjugated to an aromaticw;rw
rlng, one- 51nglet at 4.47 ppm for H , and an AB quartet at 3 19 ppm,and S
-3.03 ppm (J % 18.5 Hz)rfor the diastereotepic methylene protons. The

existence of unconjugated carbonyl groups is suppdrted by resonanceSfatﬁ

-



—

absorption at 1738 ¢m ' in the lnfrared spectrum (Table 8- 3)

- \

207.5 ppm and 205.8 ppm-in the 3C NMR spectrum (Table 4-2) and a strong

B ,\, -

- - ) B - - R -
For 16, there gre two p0551ble conformers in-cis addltlon and two in

tfahfnaddition The Newman projectlons at C,-C,-of these conformers are -

conformer C is extremely high and 11) enhancement of'ﬁ by 1rrad1atlon of

A:- E=47.0k] /mol

422 2 700

=

G E=852K/mol - -  D: E=39.6k] /jmol

. . - e
were obtained by MM2 calculation from energy minimized’conformers,and aref

B shown'in'the pr6jections‘ NOE experiments of 16 showed tﬁat irradiation of"

H at 4.47 ppm caused enhancements of H  (CHy) at 3. 59 ppm, H (CHA) at

2.12° ppm and H at 3.19 ppm. Irradlatlon of H caused enhancements'athd

(3.03 ppm) and Hy,,Irradlatlonﬁof Hd caused enhancement atlﬂé; Trans

~

Ha‘lsrpresent. Conformer B ls‘probably the most stable conformer forrls.i

- NOE* experiments of 20 showed that irradiation of H  at 4.46 ppm:caused

" .\f : 16

shown by A, B, C and -D. -Dihedral angles_of;Ha—é-CFCquQMeior H, -C C-Cone o

=k,

.addition could be ruled out due to the following reasons:—i) the .energy of




2 of Et) at 4.04 ppm'and Hy'at Z.il,ppm. Irradiation o

of Hx (CE of Et) caused enhancement of H 2! H_ c’ Hd and H (CH of Et) ' -

enhancement Of'H KCH

_Since the structure of 20 is 51m11ar to that of 16, a simllar dlhedral

\; o

angles from MMZ caleulatlon for 20 is assumed Trans addltldn could‘be

ruled out since enhancements,of HC and Hy by lrradiatlon of Ha were |

absence. " - - - - L : o . s

5 -

Photoly51s of Z—NpCO Me (300 mg) and acach(SOO mg) in the prééence af e
a trace amount of sulfuric acid in acetonltrlle atfaeernm fer 19 hoursAvff—*~a——~a

' afforded not only the 1,5- a_getone 16 (isolated yleld of 8 %) but also the

I,S-diketone 17 (isolated yield of 16 %) as shown by—equatiOn 2-1.

~

gThe 1H NMR spectrUm (in CgPg) of 17 shows an ABtguartet (J = 10 Hz) at S

aromat;c ring, a ABX pattern at 4.71 ppm (J = 5.5, 7.5‘andwlw5_Hz)L%at“ ‘

'2.28 ppm (J = 18 and 7.5 Hz) and 2.56 ppm (J = 18 and 5.5 Hz). The ABX

- 17



//,

patférn of these protons conf;rms 17 to have an addltlon patterh opp051te -

to that»of l6. 13C NMR IR and GC MS (both EI and CI) spectroscopy clearly

o i -
. . -

indicated the functional gropps sxmllar to 16.-Prolonged ltradlatlon of the .

above reaction solution gave two GC-peaks at Rt 4.83 min, (17) and at -Rt-
_ ~— . .

~ . .

6.07 min (18) in addition‘to the peak of' 16. In an'independent experiment,
photolysisvof 17 at 300 nm under~comparable conditions led to the formationr -
of 18 (61%) indicating 18 to be a secondary photochemical productr(eqﬁation

. . , , . - » e ,
2-2 or 2-3). The structure of 18 was determined”by extensive studie\\of;\

its spectroscop‘e\gata Two sxgnals w1th chemlcal shifts at 207 9 and 202. 1
ppm asslgned to carbon;T\bioups were observed in the 13C “NMR sp=ctrum Two

methyl sxnglets at 1.99 anﬁ\z{gs" ppm in the 1HYNMRvspectrum (in CDC13)

indicated that\thextwo ketone side chains remained in 18. The lﬁ NMR
R . c T o -
s , B ,

spectrum‘shoﬁed the diastereotopic siénals assigned to"the methylene

protons at 3. 19 ppm (dd, J = 18 and 8 Hz) and at 3 15 ppm._ (dd = 18 and

T~

4.5 Hz) as part of the ABX system Decoupllng experlments clearly

establlshed that H, (d,/3.17'ppm,<J =9 Hz) was coupled with He (d, 3.06

‘b
 ppm, J =9 Hz). The NOE results revealed that 1fradiation'of the signal at‘

— _ =

2.28 ppm assigned to Hf (s) or'thefsignal assignedato Ha (dd, 4.63 ppm, J -
= & and 4.5 Hz) caused enhancement of H_ and Hy while irradiation of Hy
and Hg (s, 1.99 ppm) resulted in the enhancement of He;,snpporting’the

assigned stereochemistry. Compound 18 mav be formed via an oxa—di—ﬂ—methane

rearrangment as shown in equation 2~2. On the basis of the structure-

efficiency rules for the di-z-methane Ljearrangement,’58 the rearrangment %5,

most probably induced by the singlet excited state of compound 17.
Alternatively, the oxetane formation followed by bond rearrangments nav
alsoc explain the formation of compound 18 -(equation 2-3). B ' o -

- g _



Photoly51s of solutlons (5 mL) conta1n1ng>2 NpCO Me, (0 02 MF O 1/,v

.

‘mmol), acacH (0;08 M, 0 4 mmol) and octadecane (as I.s., 0.005~M, 0.025,

ER

© mmol) inVVarious~solvents u51ng’300 nm lamps for 9 hours resulted -in the‘/

'yields oleﬁ'to be 0% in cyclohéxane, 10% in beniene, 9 3% in THF, 19.5%

inﬂacetouitrile and 19% ih'methaﬁol Compound 17 was not formed in the-

solvents. o o T ' ' C A

Photoly515 of the mixture of ethyl 2- naphthoate (2~ NpCO Et, 19) and

acacH in aceton1tr11 at 50 nm (for the output oﬁ the nelatlvegener,‘[ ]

4

see Flgure 4-1) for 13 hours led to a 51ngle product 1dent1f1ed as’

l—acetyl 2-acetonyl 2- carbethoxy 3, 4—d1hydronaphthalene 20 (lsolated yield

of 35%, equation 2-1) based onrlts spectroscop;c data. The lH NMR and 13C

NMR spectra were very similar to thosé of 16 except the difference in the

"ester side chain and support thé,proposed Structure (Tables 4;1 to 4-4).

|
fl"
|
(@) @
N e
I
Y

R: Me 21 / Hb
- R: Me 22 - |
Et 25 . '
‘ Et 26 —

19



',dihydronaphthalene (22, isolated yield of 30%) on .the baSis of‘the>\ \d‘,b )

e -
(=3

Photolysis of the'mixture of methyl 1-naphthoate~(l—NpCO Me; 21) and

acacH in'acetonitrile at 300 ‘nm- for 8 hours led “toa— Singlé”broductf'~”¥'~~~f~

(equation 2-4) identified- asrl—earbmethoxyrl:acetonyleaeacetylelfseeeeeeeeeeeeeeeeei

—

AN BN o \,\ \
folloWing spectroscopic data ‘The 1H NMR spectrum shoWed‘threé aromatic

protons at 7 3 7.78 ppm indicating the addition to the unsubstituted ring. | ;/

Decoupling experiments showed that H (dd 5.78 ppm, 3 =,9.5ﬂand,2.5,Hz)
:h”n-fledHWith Hy, (dd, 6.51 ppm, J = 9.5 and 3 Hz) and H, L (m, 3,33fppm),

»¢+32,ppm, J_—77 Hz) andeéiiNOE I

results. The existence of -two unconjugated

experiments supported the abo

—

carbonyi qroups was indicated by resonances at 208 27 ppm and 206.97 ppm in-
13 R

the ~°C MR spectrum (Table 4-2) and a strong broad absorption at 1736

ECmil in the IRrspectrum'(Table 4—3).AProlonged photolysis of the aboVe :

solution with 200.watt Hanovia medium,pfessure mercury lamp through a Pyrex )
,\\ '
filter resulted in a,new caged compound 23, 1,8-dimethyl-2,9-dioxa-5,6- - . o
[3'—carbomethoxybenzo]tetracxclo[S, 2, 2, «\3(11 04’ajundecane, In an S :
C A v i—//
independent experiment, phOtOIYSlS of 22 through a PYrex filter gave 23 S

'*fi ) and an unknown product 24 (39%) The#latter compound showed a GC-

(46%) and irradiation'of 22 at 300 nm resulted in‘the\formationsof 23

3
B

(CI), pattern as follows: 243 (M+l, 475), 211 (100%) suggesting a
i-carhmethoxy—?-acetonyl—naphthalene structure as shogn‘in equation é*4.»ihe
spectroscopic data o£’23 are given in fablesa4él to 4-4. The lackiogf .
characteristic peaks ‘for ketones in the IR ~and 73¢'NMR spectra and ther- .
absence of two methyl Singlets ad]acent to ca: bo 'l group. : around 2 ppm in i;,;ii,_,

the 1H NMR spectrum indicated that both darbbnyllgroups haye disapp red as

a consequence of photolysis. The lH NMR spectrum also'Showed the absence of ]

z v\ [3 -

olefinic protons around 5-6 ppm indicating the disappearance of the double

20 .



' "f bond .in 23.3Two singlets in the 1H NMR spectrumfat 3.13 and'3 72\ppm HBEG .

. difficult to assxgn.'Muitipllclty sortingrlnmthevl3éwﬁﬁR spectrum showed\\;\\;»

-

six quaternary carbons 1nd1cat1ng a caged structure The.structure could s fé
not be dec1ded by spectroscoplc data and was eventually determlned by means ,‘;;>
of X-ray crystallography (Figure 2-1) Compound 23 could be formed by a S

stepwxse lntramolecular cycllzatlon from compound 22 (equatlon 2-4). Such a -

[2+2+2] cycloaddltlon 1nvolv1ng two - carbonyl groups has not been~

’ ¥
demonstrated@before- It is also possrble that the formatlon of 23 was - :

med;ated by water through an oxetane lntermedlate as 5hown in equation 2-55

-~

thlS requlres that the oxetane lS readlly hydrolyzed under the reaction

condltlons to open up a pathway for the formatlon of 23 The possxble

P

fed by the formation of compound

- ¥

pathway via the oxetanerformatlon is su-»l“

34 (equationiz—l, page 27) and “fbe proved by exposure of compound 34 to L

hydrolysisiconditions' It is Stlll not clear why compound 33 dld not give-
a caged compound under the same condltlons as compound 22. The cis '/,

orlentatlon-of Hd and H (wrth J =1 Hz) in compound 22 lS requrred for S C
the fotmatlon of caged compounq’23. ’ S




Photolysrs of the mixture of ethyl 1- naphthoate (l NpCO Et, 25) and

'aoacH in acetonltrlle at 350 nm for 16 hours and at 300 nm for 6 hours led

to a single product ‘identified as 1 carbethoxy—? acetonyl 8-acetyl-7, 8—

dihydronaphthalene (26) based on'its spectroscopic*data (equation 2-4). The

1y wr and L or spectral data are similar to those of 22 (Tables 4-1 to

4-4).

]

?hotblysis of a solution of phenanthrene (PN, 27) and- acacH in

-

2-6) identified as c¢is- 9 acetyl-10- acetonyl -9, lo—dlhydrophenanthrene (28,

methanol at 350 nm_ for 10 hours r/;ulted in two major products (equationﬁf!;

27%).and trans—9—acetyl—10—acetonyl—9 lO—dlhydrophenanthrene (29, 22%) based

e

on thelr spectroscoplc data (Tables 4- 1 te 4-4) and one minor product (30,

13%). The exrstence of the carbonyl groups in 29 was. 1nd1cated by a strong-

absorption at 1715 cm-l in the IR spectrum (Table 4-3) and two methyl

singlets at 1.4o"ppm and 1.69 ppm in the y aw spectrum (t'able 4-1, in

-

22
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C6D6)' A doublet at 3.62 ppm (J = 1 7 Hz) for H and a doublet af doublets

of doublets at 4.22 ppm for Hb (q = 8, 6 and 1.7 Hz) clearly lndlcated the—~

* S —

9,lO-addition. Decoupllng experlments showed that - Hb was coupled Wlth Lhe o

'methylene protons «(dd, 2. lO ppm, J = 18 and 6 Hz, ad, 2.71 ppm,. J = 18 and '

e Hz) and'H .\The lH NMR spectrum of 28 showed 9,10- addltlon baSed on a

’51m11ar argument as above Two sets of double,doublets“at 2.86 ppm (J ='18

-

Hz and 6 Hz) and 3.03 ppm (J = l8rand 6.5 Hz) were assigned to the'
dlastereotoplc methylene protons that were fur:her coupled to Hb as a part

—df ABX system. Stereochemlcal assignments of 28 (Cls) and 29 (trans) were

made on the basis of a comparison of the vicinal coupllng constants (Table I
o 77,

2- l) for protons of H ~and Hb with literature values 7,for ~

9, lO—dlsubstltuted 9, lO—dlhydrophenanthrenes The assignments were also o

conSLStent wlth the fact that 28 underwent aldol condensation and

dehydration in acidic medlum_whlle‘29 dld notw

Photoly51s of PN (300 mg) and aqacH (500 mg) in the presence of
Li(acac) (53 mg) in methanol at 350 nm for Zl hours (overlrradlated) showed
' 99% PN consumed and formation of four produCts: 28 (Rt 5.21 mln, 9.4%), 29 -

(Rt 4.61 min, 27%), 30 (Rt 4.40 min, 36%) and 31 (Rt 6.72 min, 18.8%). The

-

istructures of the last two‘compounds-were not firmly established} The GC-MS -
{CI) of 36*gave a parent peak at m/e = 221 (M+1, lOO%T suggesting a'
9—acetyl—phenanthrene structure. It is not likely that/compound 30 still
possesses an acetonyl group which is lost in the mass spectrometer’bywa
MclLafferty rearrangement. If it does, it should be ldentical,toccompoundﬁzs}ill;m,
or 29 and should not Show its own GC peak; The GC-MS/(CI)YSPectra;cg 23* 1w; 7 f;
“and 29 clearly showed their parent peaks at m/e =‘279;(M+l, 100% for128;

M+1, 15% for 29; Table 4-4) which are different from the parent peak of



T e — - T : - ”"TTT‘T“‘";"': Tl - ] B
Table 2-1:“v;cina1 coupling constants for 9,I0—disubstitufid\\\\\\
9,lo-dihydrbphénanthtenesf, : R \\\1;\“»4ﬁ,\

- - ! 4

'4 ‘;/ ~‘ :’1 | . ‘&‘;  ‘ - 77 | (X\ i - | , /./ﬂ

Com n ' - - Y o e -
, pound . 7 S Jg’loc;s ngloTrans ‘\f\\x\\
Hz Hz, - )

9-Carboxymethyl-10-methyl-9,10- -~ 5.2 2.8 S

dihydrophenanthrene® = ‘ ' , o

9-Acetoxy-10-chloro-9,10- | . ] 4.0 3.2
dihydrophenanthreneb
loéMethyl-Q—phenyl— » N ) 5.9 ‘7‘ : - 3.5

9,10—dihydrophenahthreneC B -

99—Acety1-1o—acetbnyl'—9,10— - ‘ 5.0 - 1.7

/dihydrophenanthrened

kY

a. From Ref.i77.
b.. From Ref. 78.
‘c. From Ref. 79. o I - -

d. Frdm-Tablé 4-1. - ' oo ' : . S _ o
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,componnds u;ind‘Pﬁ asAthe'internalistandard. -

(0.01 M) at 350 nm for 5 hours showed that the ratlo of PN _over 28 (l : ;**i. B

CIn independen‘

' at RPR 300 nm for ‘18 hours in acetonltrlle gave one ma]or product o

isolated 'yield of 14%, equatlon 2-7) as well as several small peaks whlch

‘the existence of two carbenyl groups in 33. The twq'}H NMR signale of . L

conjugated olefinic protons apoeared at 5.87 ppm (dd, J = 10 and 2 Hz) and

\

30. The GC-MS (CI) of 31 gave peaks at m/e = 261 (M+l, 100%) and at m/e =
178 (26%) suggesting an aldol condensation'product as shown in equation

2-6. 31 was confirmed to be a secondary product by a'treat Ainddiiute*
sulfuric acid of a mlxture of 28, 29,731 and PN‘lQ a ratio of 0.90, 0.16,

Ofand'l;'Thls gave the final ratio of 0.34, 0.16, 0.23 and 1.£or these

) ‘ : i B \

Photoleis of an acetonitrile solution containing PN (0.02 M) and 28

7 - L

70 62 before and 1l : 0.64 after,lrradlatlon) did not change W1th1n the>

1mental error, and neither 29 nor 30 could be detected by GC ana1y51s
experlments, photoly51s of 28 (O 01 M) in acetonltrlle with
350 nm lamps for 5 hours did\\ot show. the formation of 29 and 30, and -

T~
photolysis of 29 (0.01 M) under the\same\condltlons did not show the

formation of 28 and 30. These results ind;cate\that~eompeunds~é8—and~29—~

. were not interconvertible under the conditions used, and 30 was not a ]

secondary product formed bleorish type II/fragmentation,fFurther studies -

on the product distribution are required.

Photoly51s of a solution of 1- cyanonaphthalene (l—NpCN, 32) and acacH

identified as l-cyano- 7-acetony1 8-atetyl-7 8—d1hydronaphthalene (33,

were not studied.»The‘A?C NMR signals at 206.3 ppm andc204.7 ppm,(Table

4-2) and a strorng IR absorption at 1715 cm—l (Table,4f3)”cleariyeindicated;ch_“w,

6.44 ppm (dd, J = 10 and 3 Hz) as expected. Decoupling ekperiments showed

26



6.5 Hz) was coupled with H_ (m, 3. 43 ppm) which

1}

that H (4, 4.06,ppm,/7J,

was coupled with ﬁe (m, 2.83 ppm, J = 2.5 Hz) and H The two H pnotons

are magnetlcally eq_J“IEHY*BY‘chance~«N0Eeresglts,were 1n agreement thh

v'N\ —
structure 33 since the irradiation of Hé showed 15.4% enhancement for Hf A
‘and 15.7% enhancement for Hd.vThefirradiation of,Hé'showed 17.7%
. B o . N -

enhancement for H_ and 7.1% for H, and the irradiation of H_ showed 13.4%

enhancement for Ha. Similar to‘thekcase of compohnd 16 (page 16), there

are two possible conformers in cis addition and ‘two in trans for 33.

Coupling constants of’H 5 and Hb for these four COnformerS‘were obtaimed.by -

MMZ calculation from energy mlnlmlzed conformers. The coupllng constants

- are 4. .3 H (E =-51.71 kJ/mol) for czs/ax1al-Hb' 4.4 Hz (E = 58 88 kJ/mol)

for cts/equatorlal Hb 0.87H -(E = 50.03 kJ/mol) for tTunsfax1al"Hb and *"?r*f“*

12.2 H, (E =_64.17 kJ/mol) for trans/equatorla H, .

The coupllng constantS’ R
of the two cis conformers are close to the experimental value (Jab ;'6.5

H ) supporting a cis addition model. Cys/axial—Hb.has a lower energy and is



- - R4

thus probabiy the most stable conformer -of 33.

Photolysrs of 33 through a Pyrex fllter gave an lntramolecular N

photoaddltlon product 34 1—methyl 2-oxa- 8-acetonyl 5,6- [3'-cyanobenzo]

tricyclo [3, 2,- 3 70] octane. A strong absorptlon at- 1718 cm,l in the IR

spectrum, a 207.2 ppm SLgnal in the 13 C NMR spectrum and sxngle methyl —

’?resonance at 2.18 °ppm in the'lﬁ NMR spectrum lndlcated only one carbonylvr

group in 34, lH NMR decoupiing exper;ments revealed that Hd (d” 4-67 ppm, -

| J,='3.54Hi5rwas:coupled Qith Hé (dd, 3.91 ppm;»J =73.5 and 1T5fH§)LW§ng; -
that H, (dd, 1.91 ppm, J = 5.5 and 9 Hz) was coupled with both Hy (dd, ’
3.02 ppm, J = 9 and 18.5 Hz) and H_ (dd, 2-87 ppm, J = 5.5 and 18.5 Hz).

‘The aCetonyl group in 34 was assiéned based on the following arguments:

firstly, for 33, the srgnal at 2 03 ppm “in the lH NMR spectrum was _

assigned to a methyl resonance 1n the acetyl group w1th reference tokssgg\\\\:

and that at 2.21 ppm to the acetonyl group w1th reference to 3681 The . -

methyl group W1th 2. 18 ppm in compound 34 was therefore assxgned as
acetonyl group. Secondly, the methylene protons in 34 have chemxcal Shlft

at\2.87 ppm and 3.02 ppm which are ve ,close to that in- 33 (2 83 ppm, 2H)

— ey

but far from that in the cage compound of 23 (1.87 and 2.057ppm).7The

‘ methylene protons are therefore most probably adjacent to the carbonyl"

group.
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Photoly515 ‘of a solution of 2- cyanonaphthaiene (2 NpCN, 37) and acacH
,a- 300 nm for 16 hours in methanol afforded one ma]or product 38
l-acetyl Z—cyano 2- acetonyl 1 2,dihydronaphtha1ene (isolated’ yield of 10%9 VWWfﬁ;ée—
rand a minoraproduct 39 (38 : 39 = 47: 1) as shown in‘equation 2-8, in ‘ ,
’addition,lseveral very small GC peaks were not studied The eXistence‘of 7 o
the two carbonyl groups in 38 was clearly indicated by the resonances at’ -
204.38 ppm and 204.1i ppm in the 3¢ mMR spectrum (Tabie 4—2),, and a
strong absorption at 1758 cm—l’in the IR spectrum (Table'4~3),7fhertwo
methylene‘protons'at 3.06 ppm (d, J = 17.5 Hz)'and 3. 46 ppm (d, d = 17.5 -
Hz) showed a typical AB quartet and were not coupled With any other
protons This data, together with a. Singlet proton at 4 49 ppm for H
(Table 4-1), unambiguously indicated that addition occurred at the 1 and 2
pOSitions as shown inr38. Compound 39 was different from 38, as showed by
its own GC peak at Rt 5.88 min The structure of 39 was not firmly '
established - The GC-MS spectrum of 39 showed peaks at m/e 195 (43%); 180
(100%7T“and\i§3\551%), which is different from that of,38 suggesting~a
structure as shownih; 3§T*The¥photgaddition was proposed via a singlet -
mechanism, so the formation of a trans isomer\of“iﬁ\diieggg;%iKelyrbégpgn,i”ﬁirw_ui
The possibility that 39 possesses an acetonyl group which is iost'inrz e«~e\*

mass spectrometer by a Mclafferty rearrangement is not likely.

Alternatively, 39 may be a secondary product formed by the‘ﬁorish type-Ilf
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fragmentation. These possibilities remain to be clarified. .

? . -

PhOtOlYSlS of l—NpOMe (40) and acacH in acetonxtrlle at 300 nm for 48

hours resulted in one major product 1dent1f1ed as l-methoxy—3-acetonyl-“

—
T

4-acetyl-3 4—d1hydronaphthalene (41, lsolated yleld ‘of 15%) and one\mrnor

. product ldentlfled as l-acetonyl 2~acetylnaphthalene (42), ‘as well as-

several small peaks Whlch were not studled (equatlon 2~ 9) The*lH NMR"

spectrum of 41 showed one proton of a conjugated olefin at 5.77 ppm Kdd; J

——

= 9.5°7 and 2.5 Hz) and - four aromatlc protons in the range 73 17- 7 58 ppm (m)

OCH, -

(Table 4-1), indicating that the addition had occurred at the -
3,4—positions. The diastereotopic'methylene‘protons appeared°at'2r57 m
(ad, J1=;18~and 7‘Hz§’end 2.87 ppm (dd, J = 18 and 8 Hz) as a partrot
 ABX system. Ardoublet with_J = 6.5 ﬁz‘at 3;78 ppm wasgassigned as H_
suggesting the cis orientation ova and Hb{-Aistrong absorption at»l730
cmfl in the IR spectrum (Table 4- 3) as well as two methyl singlets at 2 oL
ppm and 2. 18 ppm -in the 1H NMR spectrum (Table 4- l) 1nd1cated the
exlstence of two carbonyl groups. The lH NMR spectrum of 42 showed six

aromatlc protons around 7.58-8.03 ppm, and a singlet,at 4.48 ppm for the—

I : S [ L . N o e
methylene protons indicating a naphthalene type structure. The positions of

the two side chains :in 42 and 44 (vide infra ) were‘indicated;byfthe CHé'” -

-

'H NMR signals - 4.48 ppm in 42, 3.87 ppm in 44. The existence of the

\— . w~




functional groups of 42 was -indicated by IR (Table 4-3) andfl'C NMR (Table -

' 4-2) spectroscopy. o S R W
B " - - e J ’77 . T

“PhotolySis of a solution of Z-methoxynaphthalehe (2—Np0Me} 43) and ,
acacH at 300 nm for 15 hours in acetonitrile.éffo;déd,one!majgr product of
1+acetyl-2-acetony1-naphthalene_(441 isolated yield of738%,'équatioh 2-10)

as well as some small GC peaks which were not studied.‘GC-us (éilfpf 4"

showed a parent peak of 227 (M+l, 100%). The presence of the funcpionai

. groups yhs clearly”indicatedlby IR and 13C NMR spéctroscopy. Six aromatic
prdEShs;égtween 7{28—7.87 ppm ‘and the %éckvof conjuggted olefinic protons

revealed a hébﬁthalene type structure for 44. A singlet at 3.87 ppm was

which was at higher field than that of 42 (4.48 ppm).

—assigned as CH
23N 9 E N

. Heating of diketone 44 in the.presence of a trace amount of an acid in
~N - - .
P ) . ! - - -
acetonitrile led to an aldol condensation product, l-hydroxy-3-methyl-

,
AN .
S , ‘ -
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nding ether, l—methoxy—3rmethYI—

phenanthrene (45) In methanol, the corre

phenanthrene (46, equatlon 2- lO) was obtalned Theﬂr G\QMR spectrum of 45
\\ B

~._

did not “show any.51gnal correspondlng,to ketone carbonyls,,L.e.'no,s;gna;s

~

‘ih_the 200-210 ppm reglon NOE.experiﬁents‘Showed“that’irradiation;of H

'(dd, .58 ppm, J ;'Brs\ggd\} Hz) resulted in;enhadceheht Onithe OH proton -’

(s, 5.62 rpm) and irradiation of the OH proton caused fnhancementJof;Hé

and Hg (s, 681 ppm) indicating the location of-hydroxy group instead of -
: . . [ - “\;\ar‘i\ .- -

methyl group et ,'sition 1. The IR absorption at 3641 cm iﬁdicated‘the

RO S

OH functional group, d the MS gave a parent Peakipf m/e’= 208,

coqsistent with the given formulation. For 46, the lH‘NMR spectrum was'

similar to that of 45, except for the presehce of an extra signal'due to

the methoxy group at 4.13 ppm (s), “and the absence of the hydroxy group. .- -~
of the methyl protohs of the-

resonance. In NOE experiments, irradiati
) ~

~
=

. - methoxy group (s, 4.13 ppm) caused enhancement. of the H_-(dd, 9.64 ppm, J

"= 8.5 and l’Hz)/and,Hé (s, 7.0 ppm) signals, and I radiation'ofTHa showed .
- enhancement of tﬁermethoxy protons. GC+MS showed a paren eak at m/e- =

222 supporting the proposed structure (Table 4-4)..

Acetonltégle solutlons of acacH contalnlng l—acetYTé or 2—acetyL—

,‘prnaphthalene and 1— or 2—naphthoxc acid were 1rrad1ated with RPR 300 nm

Jlamps but no new products were detected by GC analys1s The starting

materlals were recovered almost quantltatlvely in each case.

Photolvsis of.l-dethylhapﬁthaieneiand;acacH in,acetonitrile gave four'
major product peaks, w1th'69% (GC%) .of l—methyinaphthaiene consumed’after AR
18 hours of irradiation at RPR 300 nm. One of the peaks -has GC-MS
fragmantation pattern as follows: 242 (1%), 142,(100%), 115 (20%) agd 43
(60%), suggesting an addition product of 1—methy1naphthalene end acacHf _
\ - w
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Attempts to separate the products oy fia;h chfomatography,and preparative .

. GC failed. - - "

-

After irradiation for 18 hours ato300'nm['the solutions of acacH -

»’containing 253~dihydfoxy—%1 4—dihydroxy, 1o8—dihydroxy,'14nitfo or . *

1 amlnonaphthalene turned brown and.-a.large amount of startrng\materlals

~ (NpR) were lost w1th no new products detectable by GC ana1y51s ' \\\\\\\\

2.2 Sensitization and quenching oﬁxthe photocycloaddition : - ' , B

N
2.2.1 Triplet sensitization S . . C -

- v ;‘V"\ @ )

- . . - -

_ To investigate the possibility of a triplet‘pathway in photocyclo- jj\f\i\\l\\

addition of 2-NpR (E; = 59.3 kcal/mol for R = Co,Me, 58.8 for R = CO,Et,

-60.9 for R = OMe and 58.4 for R = CN, Table 1-2 ) and acacH (E, = 69-74

kcal/mong), xanthone'(ET = 74,1 kcél/molaz) and benzophenone (ET = 69.2

82 ' Lo S T S .
kcal/mol ™) were uggg as triplet.sensitizers. In these experiments, enough -

sensitizer (O.O;QM)"was added to an acetonitrile solution of 2Z-NpR (0.02 M)

. - 1“‘ . - - : ' ’ - - . X
and acacH (0.08 M) to absorb more than 94% of incident ‘light (350 nm). In
N _ -4 . . A
ail of the above reactions with sensitizer present, GC -analysis of the /
" photolysates showed no detectable cycloaddition productsg while the

corresponding control reactions (i.e. in the absghce of a sensitizer) ~

showed product'formation’of,18?40$. 7 ) - b

2.2.2 Quenching of the photocycloaddition

It has been well established that electron donating quenchers, such as
tributylamine (TBA), N,N-dimethylaniline (DMA), can quench the fluorescence -
of aromatic compounds or that of their exciplexes with alkénes; these héve ’ -

led to the suggestion that the photoreactions proceed via a singlet

: 33 ) 7 \\\\ _



e

exciplex mechanism. ‘ T : : :

calculated to be 3.3 x 10" ‘and 3,;5,x lO' M (IablehZ-Z)l,lheuguantmmj;,

1be 0 OGQ&\and 0.0043. Similar experiments were carried out on the - —

83,84 o, R

The quanzﬁm ylelds of 16 1n,the photocgclgadd;tloneiat 350cnm)fo£44444444r444,

2- NpCO Me (0.02 M) and acacH (0.08 M) in acetonltrlle were determlned as . a 7 mﬁi

functlon of the concentratlon -of TBA (0. 0015 0 006 M) The'reactlons were =Y

repeated and the plots of ¢°/¢ (the quantum ylelds of 16 w1thout TBA over

that w1th TBA) vs [TBA], based on equatlon 2 11 ylelded,stralght 11nes

-1 -1 ' - ’
with kTBAT of 237 M and 230\M for two sets experlments kTBA;was . .
10 : 10 -1 o

yield of 16 in the presence (0.0lbﬁ) andfabsence’of'DMA.was’calcuIated to

L

;photocycloaddltlon of 2-NpR (R = COEt, OMe and CN) with acacH with thef

- . \

:fquencher:at a single concentra\}on The quantum ylelds of -the product for

>

the photocycloaddltrons in the presence (0. 01 M) of the quenchers were

smalleruthan that in the absence of the quenchers for all cases and are

given in m;;15\5>3\\\, - ' ] S -

T
s 4 Coma [TRAT

q;o/é): 1 + = ’ i “\\\\\,
, - ka'[acacH] + de -

=1 +: Kk r[TBA] n - 2-11

where, 7 = 1/(ka [acach +Ade)£'ké represents kq.in Table 2-25.

The photocycloaddltlon of acacH (0 05 M) and cyclchexene (Q 5 M) (1 e.

the de Mayo reaction, 56 85, 86) was run (equatlon 2- 12) at 300 nm 1n the

‘presence of TBA and DMA at 0 01l M glv1ng relatlve yleld (GC% ratlo of 47

oyer 1.5.) of product 47'as follows: 11.8% w1thout DMA or TBA 9.4%Ww1th -
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' Table 2-2: Quenching of photo¢yéloaddition\pf‘ZéNpCOZMe and acacH by TBA in -

Y

i a “acetonitrile?® ]
& - A - i - . -7 ‘{7 i =
» ] ; i -

{tBA] 9pb' $9/8° ¢ B LY S
™)
o o R 9 -
0 0.0043 1 0.0043 P
0.0015 ©0.0029 1.48 0.0027 . 1.59
0.003 0.0022 1.95 0.0023 1.87 ]
0.0045 - _ 0.0019 2.26 0.0022 1.96

- _ . ) ; " _ A )
0.006 ° 0.0018 2.39 0.0018 2.39
k_r L 237 + 28.8 230 + 30.6 )
kqd Mt os7t 3.3 x 10% 3.15 x 1010

a. . The solutions Containing,2-NpC02Me_(O.02 Mi, acacH (0.08 M), 6ctadecane

(as I. S., 0.005 M) and TBA (0-0.006 M) were irradiated (N

9 pu;géd) a;-350

nm for. two hours -in Apparatus II.

b. Results from the first run. ] , S ‘ LT

—

c. kesults from the secqnd run.

+

d. k_ was calculated by QSing r of 7.3 ns which was obtajned from equatibni
. R . .

¥y

2-11 by adopting k_-of 2.47 x 10° M ' s (Table 2-25) and Ik, Of 1.18 x
10° w7t sTh (177, section 2.3.3). R
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' DMA and 10.7% with TBA. The slightly lower yield of the reaction with DMA

was believed to be due to competing'absorption,of’the incident lightrby

, DMA The results indicated that DMA and TBA did not quench the exc1ted

state” of acetylacetone. ) ,

o N o
7\ o
v - + —
o] ) , ’

' Biacetyl, which has E = 65.3 and E, = 57.2 kcal/mol®? and is often

energetically favorable for’both singlet'andqtriplet energy transfer, was
<used as -a quencher for the'photocycioaddition of 2—NpC02Me and acacH.
Biatetyl‘euppressad the formetionrof 16Vfrom 24% (control) to 20% at
[biacetyl] = 0.00Z,M and from 17% (contrdi)—to‘l% at tbiacetyl] = 0.02 M.
Oxygen also quenched the reaction; from a quantum yleld of 0.0043 to |
0.0013. Slmllarly, blacetyl (O 002 M) quenched the photocycloaddltlon of
2—NpR74(R = COzEt and ‘OMe) with acacH from 0.0033 and 0.036 to O 0027 and
0. 0026 as shown in Table 2-4. Oxygen showed similar quenching: from a | |

-gquantum yield“cf 0.036 to 0.009 when R =v2;OMe'and 0.030 to 0O when R =

=~

- 2-CN.. - N « S , - J 4 o

The quenchlng of the photocycloaddltlon in acetonitrile by

'l 3~pentadiene (PD 0.02 M) in the presence of sulfuric acid (O. 001 M) was

attempted for the system of 2—Npc02Me (0.02 M)/acacH (0.08 M) at 300 nm. |
The yields of 17 and 16 were 38% and 18% wifhcut the diene and 34% and 17% .

with the diene. Similarly; the photo;eactions were run in the presence and
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Table 2-3: The effects of electron donating qﬁtnchefs‘6h'quéntum&yiclds of

,'phototygloaddition of 2-NpR and acacH'in'acetonitrilea

R o D

p

Control DMA : TBA ' ot
(0.01 M) (0.01 M) ( Hour)

' 7 — }
2-CoMe 0.0043 . 0.0008 N , 4
2-CO, Et . 0.0033 0.0006 '~ 0.0013 4

| ) ) | , -

2-OMe | 0.036 0.029 0.031 S

2-cN 0.030 0.005 0.020 o 1

a. The solutions containing 2-NpR (0.02 M), acacH (0.08 M) and octadecane
(as I.S., 0.005 M) with either DMA (N,N-dimethylaniline, .0:01 M) or TBA

(tributylamine, 0.01 M) wéreiirradiateé (N, purged, against those solutions

2

Without a quenthef_in Apparatus II at 350 nm. Errors: #* 15%

b. The quantum .yields of product formation were determined from Method II

(section 4.3). S
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Table 2-4: The quantum yields of products of the photocycloadditibnfbf'NbR" -

and acacH m;tm‘p;gsen::fg@f qug&shégﬁg:;i”;’:f' fff-

—_—

" ;
]
0
R ] Control 0xygenC Biacetyl’ t (hogr) :
. § , - B
ZfCOZMed 0.0043 0.0013 - . B S
2-CO,Et . 0.0033 " 0.0027 6
2-0Me 0.036 0.009 - - 0.0026 1

- 2-CN 0.030 0 ‘ - ‘ ' 35 min

a. Acetonitrilé solutions containind NDPR (Q.OZ M), acatH (0.08 M), biacetyl

({0.002 M) and octadecane (0.005 M, as I.S.)rwere irradiated in Apparatus II

at~ 31°C at 350 nm.
b. Errors: * 15%.
c. The solution was purged with oxygen for 10 min.

i )

d. The percentage yiélds for the reaction with (0.002 M) aqgﬁjgfpgg;;ﬂHDmi, ——

were 3§§#?EQ,ZD%-éérf6’hoﬁf§”bf’1EfgaiatiQn. The percentage yieldsifor the

g .
reaction with :0.002 M: and without biacetyl were 20% and 24% for 6 hours
- - N .

of irrad:ation at 300 nm. The percentage yields for the reaction with (0.02

M: and without biacetyl were 1% and 17% for 7 hours of irradiation at 300

-
————



. absence of biacetyl (O.QOZ M). The ylelds of 17 and 16 were 48% and 22%

dld not quench the reaction in the presence of sulfurlc ac1d 0. OOlM)

Experimental errors were estimated to be 5-10%. : " - - s

2:3.1 AcetylaCetone'quenching I ST

',withoutﬁbiacetyl and 47% and 22% w1th blacetyl lndlcatlng that blacetyl

2.3 The quenchingwofifluorescencgrof naphthalene derivativés
—
. —_—

Quenchlng of fluorescence of 2- NpCO Me (O 0005 M) by acacH = e

ra
(O 0005-Q.006 M) in methylcyclohexane, acetonltrlle and methanol was ’ z

determined at room temperature (nltrogen purged) Slnce both ZprCOiMe and
acacH absorbed light around 300 nm (Flgure 2- 2), the percentage of liéht

absorbed by 2-NpC02Me and fluorescence lntenSLty were corrected according

to equations 4-6 and 4-7 (Section 4.6). The Stern Volmer correlations .

-

* : . : - - -
between I1°/I _and [acacH], based on equatiomr~2-13, were cbtained from the

slope of the plots and koTO were calculated (Tahle 2-5) from least square o

analysis: 75.5 M’l(ln methylcyclohexane, correlation coefficient ¢y = 0.923{

L . : -1 . . ; ,
“monitoring at 352 nm), 28.7 M (in acetonltrlle, ¥y = 0.992, monitoring at

358 nm) and 24.4 M ' (in methanol, y = 0.997, monitoring at 363 nm).

IR VRN O W 1_+ qu lacacH] - 2713

In eguation 2-13, ¢%‘and %, are the ftuorescence quantum yields of .°°

2-NpCO,Me in the absence and presence of various concentration of acach; ;f;x

k 3

and I are the fluorescence intensities at the maximum emission wave&eagfh

of Z—NpCOZMe in the absence and presence of acacH, corrected for the

apsorpticon of 2-NpCOZMe according to equations 4-6 and 4-7. o is the

e



‘Figure 2-2: UV spectra of a) acacH (0.0002 M), b>nL—Npcoznelcor.foooz— M) -in
acetonitrilé and C)YZ—NpQOZMe. (0.0002 M) in acetonitrile. ) - -
40
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fluorescence lifetime of 2—NpCQzM§ without acacH and oxygen. . _ : o

~

Quenching of f%uo%escence of 2;NpR7(R = €O§Me;~§ 2 tf*bMefand cN;

O.QOOS M) by acacH—(O;OOQS-O.QOG M) in acetonitrile (nitrogen purged)/yas

determined according to the above method to give kqTo 28.7-Mfl<for

- ZFNpCOZMe with vy = 0.992} 28.4 M'l for;ZerCOZEt with v = 0.998,'38:6 M.

1

for “2-NpOMe wifh'y =7O.96 and 57 for 2-NpCN with vy = 0.996 (Fighré 2-3 and’
‘Table 2-6). ‘ - S

Quedchingrof'2-NpCOZMe<(O.OOOS M) fluorescence by

5

acacH <d.004—o,626',
M) using varioﬁ; excitation’Wavelength,(xex/=7330 nm, 340 - nm and jsprnm)’r 7

was examined in acetonitrile at room temperathhe (non¥ppfgé87. The . ;7, 7/1
'Ste;n—Volme;lplotS ofii5/12 agaiﬁst [acacH] gave étiaight }ine;wifh qu: ' ";7
11.8 M™% for A = 330 nm (y = 0.993), 14.3 M " for A_ = 340 nm (y =

0.996 and. 11.9 for g © 3so'nm (v ; 0,994) (Table.2f5). r is the

7fluoréscence lifetime of 2—NpC02Me in the absence of acacH (not purged- by

>

Nz). Quenching of 2-NpC02Me (0.0005 M) fluorescence by acacH (0,’0.0627,

10.0053, 0.0079, 0.0106 and 0.0132 M) in methanol (not purged by N,) at

~-

room temperature-gave qu of 10.1 Mjl with v = 0.989.

2.3.2 Lithium acetylacefonate quenching

~ The absorption spectrum of 2—NpC02Me was not affected by Li(acac) or

- by sulfurie acid (Section 2.8), but its flubresceﬁce was affected.

) LEt, OMe, CN and OH) in

methanol by Li(acac) (0.0002, 0.0004, 0.0006, 0.0008, 0.0010 and 0.0012 M)

were determined at room temperafure under nitrogen purgedZEBHaitiQnngghe

fuéﬁéﬁ&ﬁingfeérflggggggencefof_Z—NpRr(R‘= Co,Me, CO

fluorescence intensity was corrected according to equation 4-7. The

* . . .
Stern—Volme; plots of I°/I against [Li(acac)] yielded strgiqht lines
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"~ Table 2-5:

The

quenching of’ﬁethYl_z-ﬁaphthoate fiubﬁégcenee by'aqacﬂa’

[4

&

- ) * b :

[acacH] (M) I1°/1 ~ ; -

c - v H

MCH CH,CN CHyOH
0 1.0 1.0 . 1.0 )
0.0005M ] 1.04 1.03 1.02
-0.001 1.10 1.04 1.03 :
0.002-= =~ 1,16 1.08 1.06
© 0-003 1.25 1.11 1.08 )

10.004 - 1.35. 1,13 -
0.005 1.36 1.15 - L.15 ]
0.006 1.46 1.18 ‘
ko b 75.5 * 3.69 28.7 + 1.52 24.4 % 0.866
v 0.993 0.988 0.997

a. Solutions of 2- NpCOZMe (0.0005 M) and acacH (0~ 0 006 M) were - purged ‘with

nitrogen and their fluoresceneces were recorded with exc1tatlon wavelength

at 330 nm at room temperature }
b. The intensity at 352 nm was used for calculation in MCH, that at_358 nm

in CH3CN and. that 363 nm in CH3OH

¢. Methylcyclohexane.

A
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N Figure 2-3: Fl'uoresce'nce quenching of 2-NpR by acacH in acetdhi/tr;ile’ (flz
purged, Table 2-6) a) 2-NpCN, b) 2-NpOMe, c) 2-NpCO,Me and d) 2-NpCO.Et.
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-

Tablefé-s: The

.

¢ -

* " room temperature®

quenching of NpR fluorescence by acécH in‘acetonitrilg at

~ i \/_/ i”f;”ﬁr ', 5 '<, _
- [acacH] (M) ) I°/1
S 2-NpCO, Me 2-NpCO,Et ~ 2-NpOMe 2-NpCN -
(330 am)® (330 nm)P (327 nm)P (320 nm)®
. t\; - ' . 7 )
0 1.0 1.0 1.0 1.0 -
. k ) 0 .0 7
0.0005 /\\\i.oa 1.01 1.03 1.02 -
" 0.001 104 - 1.03 1.06 1.06 -
- . | o
0.002 . 1.08 1.05 S 112 .
0.003 111 1.08 1.11 1.16
0.004 . 1.13 1.11 1.14 1.22.
0.005 - 1.15 T o114 1.22 1.29
0.006 - 1.18 117 s R
~ 7 .
/ e B B N el - : o
- a - . ) - - N e
kgTo M) 2879 £ 1.52 28.4 £ 0.56 3816 + 3.93 57 & 1.70
oL - o N - T
— 1 0.988 0.998 ~ 0.960 0.996

%

a. The solutions of 2-NpR (0.0005 M) andraca;H (0-0.006 M) we:;\pgfged

with nitrogen for 10 min.

d. kq is calculated to be 3.4 x 10

b. The excifation:waveleﬁgth.

9 1

- M-

acetonitrile (Section 2.3.3).

44

c. Correlation Eéefficient‘bf‘fhe Stern-Volmer plots.

by adopting r

s ,sfs, ns-in



7 . ) : Tl . : ' ’ ) - \ ’ ) e
(Figure 2-4) giving quO 205 M } for 2—NpCO Me; 209 M L for 2 NpCO“EtT\\ T
- S L }: , e ,f“ff‘;{::\::::,
° 80.4 M 1 for 2-NpOMe; 312 M } for 2 NpCN “and llOO M -1 for 2- NpOH (Table

\\\218): In the 2-NpOH case, a new emission peaklngrat 500 nm appeared/and

- increased lﬁfinteusity with increasing concentrations of Li(acac),

’ indicating that ‘a different\mechenism wae involved (Fiéure 2-5). There wes/
“no new emission observed even w1th hlgh concentratlon of Ll(acac) (0.01,

0 02- and 0.04 M) in the 2- NpCO Me/Ll(acac) case

K

Quenchlng of 2- NpCO Me fluorescence by sodlum acetylacetonate,e,”,,.r",;ﬁllullg
[Na(acac), 0.0015, 0:003,.0 005, 0. 008, 0 010 and 0. 013 M] was determined -
in n1trogen purged uethanol. The plots of I°/I agalnst‘[Na(acac)] showed
curveturel Thie'uas most probebly caused by an 1mpurity‘iqua(acec) which!*

" was very difficult to purify. - ) o, 7 ' RS :

—

2,3.3 Other qUehchersi o T y ' /u

> .

The fluorescence of non- purged solutlons of 2~NpC0 Me (0 0005 M)/4n

2
: acetonltrlle and methanol was quenchéa\by\blacetyl (0 0. 00464},~y}é1d1ng
\\‘““\\\Stern ~Volmer plots w1th qu of 95 M 11(7 = 07997 Table 2-9) and 70.8 M R
\ B . -
. T \

'\N\fv 0.992, Table 2- 99‘\The\llfet1me r of the singlet exc1ted sta;e of

\\\\\\\\\\\\\\lcula 5 ns by ac e
2-NpCO_Me was ca ted to_be 3.5 ns by adoptrng\gq\ef/z .7 X 100 M~ s -

/ - - t
in acetonitrilesz and 3.9 ns by adoptlng kq of 1.8 x ;O M,l s'l/in

methanol . 52 The llfetlme 7o (N, purged) of “the 51ngLEt excited state of

2- NpCO Me was calculated to be 8 5 ns in acetonitrile ‘according to equatlon ; -

2-14.
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Table 2-7: The quenching of methyl 2-naphthoate fluorescence by acacH in
" ., acetonitrile at various excitation wavelength®
- T ) ) - ¥ N
*
[acacH] E ] ~\I°7/\I\}3\ }
¢ 7)) : 330 nm© 340 T~ 350 m© -
- ) R N _ \\ ) ' V
o L . o \> o
- 0 l l - ~ - 1 \“7\\
0.004 1.06 1.07 1.04 ,
0.008 - v 1.08 1.12 1.10 ) -
. . V 7 \ ’ - 4 1‘
0.012 B 1.14 7 : . 1.18 1.14
0.016 . - 1.19 \\\ 1.20 )
0.020 . 124 1.29 1.23
ko ' © '11.8 * 0.59 14.3 £ 0.36 - 11.9 t 0.47
a, e i ' ,
o 0.993 0.996 - 0.994
a. The fluorescence of a solution containing ‘!_2—NpCOéM$é '(0.6005 M) and acacH -
- - i _ - - - /J ,‘ 3 ‘. i
(0-0.02 M) were measured under non-purged condition /at room temperature.
'r,,,* - . . - ’ ) T ) B _
‘b. I values&g;er,e obtained from observed OD values by correction according
) to equation 4-6 and Py -
c. Excitation wavelength. - - I
d. Correlation coefficient of ‘the Stern-Volmer P - , ) -
- . R
- s \\ o . -
S\\\: a
- \ 7 _
A \,“\ 7 l
T \ _
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1.4+ <
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-
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1.2 -
1.1- e )
1.0 ' —— - -
0.0000 0.0005 = .~ .0.0010 0.0015 i
[Liacac] (M) - ' :
- " _‘ - \\\ v -
N X\\ *
Figure 2-4: Fluorescence quenching of 2-NpR (0.0005 M) by Li(acac) l\ll._\ -
methanol (nitrogefi pdrgedz with e’xcitgytiron avelength at 330 nm a) 2-NpOH,
b) 2-NpcN, ©) 2-NpCO,Et, d) 2-NpCO_Me and e))’ZfHPOMe. . o
‘ ) L T



L N ,,;{\; TR
Table 2-§:fThgr§nQnéhing pf;z-NpRrfluorescencewbyggf(acaC)a A
S - o ~ I i \\ N
) Ta - - - B e .
774 " % - aa s
 [Li(acac) (M) I°/1- b . o o \\\\\
R - _cOMe COEt  -OMe e - - oH g
o .. 1.0 1.0 10 - 1.0 o100 -
0.0002 1.03 '1.05 . 1.01 © 1.05 1.23 .
0.0004 1.06 1.09 '~ 1.03 1.08 147
© 0.0006 1.0 - “1.040 0 1.8 0 1.69
©0.0008 . 1.15 - 1.16 ~  1.06 - 1.25  1.89 -
0:0010 1.19  1.21 107  1.36 2.10 ‘
0.0012 1.2 - 1.26 1.10 ©1.36 2.23
kqfo;CM_;) 205 209 1 80.4 7312 : 1100
e B + 8.41 - % 6.58 + 4.99 + 15.79 . $18.26
y _ . 7 0.99 - 0.99% 0.99% ©0.998 0.999
a. The solutions containing 2-NpR (0.0005 M) and Li(acac) (0-0.0012 M) were.. .
_ ' - N ' , i ' S
" purged with nitrogen for 10 min ‘and their fluorescences were measured in
‘methanol with excitation wavelengtﬁiai 330 nm at ;oomktemperaﬁure.
° * T e - ' ’ > . . -
b. I  wvalues were Bbtained from obse:bed OD values by correction according 7 -
to equation 4-6 and 4-7. e — B ——

-

c. kg is calculated to be 2.2 x 1010 p7t 57! byradoptiﬁgrro of 9v4 nm in. -

methaholr(Séction 2.3.3).



, Fxgure 2-5¢ Fluorescence quenchan (Ny purged) of 2- NpOH (0. 0005 M) by

Ll(acac) (a, 0; b, 0. 0002, c,. 0. 0864, d, 0 0006, e, 0—0008 f,‘O 001 and ,

g, 0.0012 M) at room temperature in methanol w1th exc1tat10nrwavelgngtb at A

-
- . _
‘jE‘ 7 N

w - T

= T

E‘ ~F ~

- -~

Lo { -

[A] B

o>

-~ _

I ) - - B
<
5 - ~. - — -
- ° - ‘\\\\ - - )
\\_
_ AN .
~
4 4 1 —
< 340 400 140 - \ ?
- R _ ) R h - N -

: ,/ﬂf"""/:; o - - . o : - . ’ B . i .

330 nm. SR B
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Ha

~2-NpCOéMe (non-purged) obtained from”biacetyl-quenchingr(Taéle'ZZQ)I””"”

fluorescence of 2= NpCO Me (0 0005 M) was strongly quenched by-
N N-dlmethylanlllne (DMA 0. OOl -0.01 M, non-purged). qu can not be

'calculated’duegto'the overlap of thetemissions from‘excited DMA and

T kgrgfkgT = 28.7/11.8 0 Tt

g = (287/11.8) 7 ~ C2-14 L

where 28.7 and ll 8 are values obtalned from 2- NpCO Me fluorescence

1quench1ngrby acacH«WLth Nzrpurged ‘and’ non:burged respectlvely (Table 2-7

and'Figure 2-3),vr'is;thevlifetime of the 51ng1et excited state of

0 "2 -

Similarly, r, (N, purged) in methanol was calculated to‘be 9.4 ns (quo
24.4 in Table 2-5; kgr = 10.1 in Section 2.3.1; r = 3.9 ns in Table 2-9).,
The sameicuenching by'biacety1'(0~0.006 M) in nonepurged methylcyclohexane - -

gave kér of 65.3 M—l;(7 = 0‘997 Table 2-10). Theffluorescence of

2- NpCO Me (0.0005 M) was quenched by oxygen after purging by O2 for lO min

~as shown -in Flgure 2-6. Quenchlng of 2-NpR (R = COzMe, COZEt, OMe and CN,

a

0.0005 M) fluorescence in acetonitrile by'trlbutylamlne (TBA, 0 0014 O .0084

M)‘was investigated in’ a,SLmllar manner (Table 2—ll,vnon—purged) to afford
-1 ” .10 -1 -1 . ) . o
qu: 127 M (kq of 3.6 x 10 M~ -5 using r' of 3.5 ns in Table 2-9)

for 2-NpCO Me'(1,=‘05991), llT“Mfl for 2-NpCO,Et (y = 0.995), 26.8 M2 for

2- NpOMe <7 ="0.991) and 177 M1 for 2-NpCN (7 =-0.996, Figure 4-2). The
&2 g

Ed

Z-NPCOzMeL-The,Z—NpR (R, cc Me and CN 0.0005 M) - fluorescence-was affected——

by iodomethane (GH,I, o 0053 -0.0267 M, non—purged) and 1, z—dlbromoethane 5je,l;l;_;,

{DBE, 0 0193 O l7l M non-purged) The Stern—Volmer plots of I1°/I against

[CH I] or [DBE] ylelded stralght llnes wfth qu 39.9 M~ for 2—NpC02Me/QH51

-;)/ ‘ ;A - 50‘
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Table 2-9: Quenchxng of 2- NpCO Me (0 0005 M) fluorescqnce by bxacctyl at

- room temperature (undeqassed)

'[Biacetyl]a I°/I [Biacety%]b 1°/1 [Biacetyl]C . Ie/1
(M) o (M) ' (M) 470 nn® 3597 Am®
S O O S I B T R
0.00067  1.0% 0.00067 . 1.04 0.00066 1.06  1.02
18 b | . . 7
'0.00133 1.11 0.00200 1.15 0.00132 1.09  1.06
0.00200 1.17  -0.00332 1.20 0.00200 . 1.14  1.08"
0.00266 1.23 0.00464 1.30 . 0.00331 1.24
0.00332 1.30. 0.00600 1,42 .0.00396 1.29  1.16
0.00398  1.38 0.00737  1.53
] : . 1 ) : -
10.00464 1.43
kgt M 95 ‘ 70.8 : 76.0  4l.4
+ 2.23 7 £2.79 +

1.12- t 1.78

B

a. The fluorescences were measured in non-purged acetonitrile with
excitation wavelength at 330 nm. r was calculated to be 3.5 ns % (.08 by
adopting energy transfer rate constant of 2.7 x 1010 M-l -1 jp
acetonitrile from Ref. 82 as

b.The fluorescences were measured in non- purged methanol with excitation
wavelength at 300 nm. r was calculated to be 3.9 ns + 0.15 by adopting
energy transfer rate constant of 1.8 x 1010 M7l sl in methanol from Ref.
82 as -

c. luorescences were measured in the presence of H2504 (0.0935 M) with
exc1tatlon wavelength at 330 nm (non- purged)

~d. Monltorlng wavelengtn



‘Table 2-10 The quenching of methyl 2-naphthoate (0.8005 M) fluorescence

(non-purged) at room temperature

[PD}a ‘ | 19/1 [Nafacac)lP  1°/1 ‘{Eiacgtyl]é 1°/1
0 ) o 1.0 0 1
0.0099 1.0 - 0.0015  1.14  0.0005 . 1.06
' ) , .

0.0231 1.18 $.003 1,37 0.001 1,08
0.0363 - 1.30  . 0.005 1.76 0.002 - 1.12
0.0495 1.2 " 0.008 2.51 0.003 - 1.22
0.0626 1.56 ©0.010 3.14 0.004 !5 1.27

| 0.005 1.33

7 o.éoé , 1.41

kT Mt 9.08 £ 0.32 | Curve 65.3 % 2.39

a. The fluorescences‘were~taken,;n acetonitrile with excitation wavelength

“at 330 nm.

. The fluorescences were taken 1n methanol with excitation wavelength at

330 nm. - 3 o : )

c. The fluorescences were. taken in cyclohexane with excitation wavelength

at 300 nm. -
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RELATIVE INTENSITY

340 370 400 . -

- WAVELENGTH - (nm)

‘Figure 2-6: Fluorescence quenching bfyz-NpCO Me (0.000S M) by oxygen in
acetonltrlle with exc1tatlon wavelength at 330 nm a) nitrogen purged for lO

min; b) non- purged and . c) oxygen purged for 10 min.
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. B i - ‘ ) ) - ~ ,' ) 4 - ) . s ] ‘ '-:~
- Table 2-11: The quenching of -2-NpR fluorescence by tributYlB@%Q%ﬂS?Bﬁ),iﬁ?ﬁ,”;f;,
7 i 7 acetonitrilea 7 - - -
] o - ST e e
2-NpCOMe - - 2-NpOMe 2-NpCN © 2-NpCO,Et
{TBA] ~~ 18/1 = [TBA] 1°/1 [TBA] © "1°/1 [TBA]  I°/I -
M) M) | My Ly e
B
0 1.0 0 1.0 0 1.0 0 1.0 -
0.0014 -~ 1.15  0.0056  1.11 ~ 0.0028 , .1.43 0.0014 . 1.13
0.0028  1.34  0.0098  1.24  0.0042. 1.69  0.0028  1.28
10.0042 1.51  0.014  1.36  0.0056  1.93 - 0.0042 - 1.45
0.0056  1.69  0.0195  1.47  0.007 . 2:18  0.0056  1.62
0.007 -~ 1.85  0.0251  1.68  0.0084  2.49 - 0.007 1.82
kT 'l 12  26.8 a 7 117
+1.64 +1.25 £.5.27  © £4.05
+© 0.999 g 0.991 0.996 . ,0.995
- - PR E , o= )
-~ 330 . 320 @~ 330 nn® 330 @

a. The fluorescences of thejizz;tionSCOntaining 2-NpR - (0.0005 M) and TBA"
(0-0.0251 M) were measured non-purged at room temperature.
b. k_ was calculated to be 3.6 + 0.083 x 108% M7t 57! by adopting r of 3.5

+

ns (Table 2-9). , ) L

Vc. Correlation coefficient, 7 d. Excitation wavelength.



Table 2-12: The quenching of NpR fluorescence by heavy atom solvents in

- 'acetonifrilea“ I -
- B - ) /k/
2-NpCOMe ~ " 2-NpCN - _ o 2~NpC02Me, ‘
) q ' ‘o A _ . ) . - - ) . 7 o _ ) )
[CH,1] 1°/1 - [engr] I°/1. [B;CHZCHzgr] ore/r
M - (M) , (M) \
. - . — R N \“v
0 1.0 o0 1.0 o 1.0
0.0053 1.20 © 0.0053 .21 0.0193 . 1.02
0.0107 . .1.39  0.0107 1.51 - 0.0385 %  1.05
— S | C -
0.016 163 . . 0.016 = 1.70 - 0.0577 1.09
0.0214 - .1.86 0.0214 - 1.93 0.0958 1.21
0.0267 2.05 . 0.0267  2.19 S 0.13¢ 1.33
) ) / 0.171 1.43
KT MY 39.9 %075 0 44.4 + 1.08 2.64.% 0.15
“ b N - . R ‘ ) - B 7 ’ , - ’
y ~0.999 1 0.998 . 0.984

a. The fluorescences of the solutions'containing NpR~ (0.0005 M) and CH3

(0-0.0267 M) or BrCH,CH,Br (0-0.171 M) were taken non-purged with

~ excitation Qavglenqth at 330 nm. - : .

b. Correlation coefficient. -
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: - _ :
. (y "= 0.998), 44.4 M—l for 2 NpCN/CH I (y-= 0. 998) and 2.64 M L for .

o 2- NpCO Me/DBE (7 0. 984, Table 2- lZ)"’—NpCO Me fluorescence was quenched

\ll

by 1, 3-pentadiene (0. 0099 0. 0626 M) in non-purged acetonitrile yielding a

straight line with qu of 9.08 M1 (7= 0.995, Table 2-10). T

-The fluorescence‘of 24ﬁpco Me f0.000S M) was;guenched,by’sulfuric acid =
(0. 0063 0. 0375 M, non—purged) giVing qu of 35.3 M —; (Table 2- 13) kq“was

calculated to be l 01 X 10 M S uSing r of 3 5 ns (Table 2 9) A new

broad emission at 470 nm appeared wWith an lSOSbESth pOint at 414 nm and o 4;44

increased in lntenSltYVWlth increaSing concentration‘of/HZSOa (Eigure 2-7

- and Figure 2-8). Similar quenching’of 2—NpCO Me’(O.DOOS M) fluorescence'byviv

H2§Q (O 0.0562 M) in non—purged methanol occurred giving qu of 6.5 M l;(i

0'995) and a new broad emission at 470 nm (Figure 2-9). The fluorescence

~

of 2—NpCO Me (0. OOOS M, at 359 nm) and the new band (at 470 nm) wete |

quenched in non-purged acetonitrile at [H (o] ] of 0. 0935 M by acacH

"(0-0.0081 M) yielding two straight lines with qu ='63.4,M -1 for'monitoring T

at 359 nm and qu = 128 M -1 for\monitoring at 470 nm (Table 2-14, Figure

2 10 and Figure 2-11).
NS

- h : \\
N,
.

The fluorescence of - Z\NpCO Me (0 0005 M, at 359 ‘nm) and t

(at 470rnm, [H o] ] = O 0935 M) were quenched\in non—purged acetoni\rrle by -

biacetyl (0-0;00396—M) giVing qu\of 74.0 M L (monrtoring at 470 nm) a d -

“41.4 M"! (monitoring at:359'nm,rTahle 2-9) . The quenching of 2-NpCO,Me

(0.0005 M, non-purged) fluorescence by sulfuric acid (0.0l24—0.0496 M) in
the presence of acacH (0.08 M) gave kgr of 13.2 M'l when*mdnitoring*at:BSQﬂ”‘ij*fk
nm in acetonitrile, the broad emission at 470 nm appeared when H SO' was - *4”73

added and increased in intensity with increasing concentration of HESO4
(Table 2-13 and Figure 2¥l2). However, the same quenching in the presence
kN - - | \

Vel
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,of low concentratlons oﬁ sulfurlc acid (0. 00017 0. 00165 M) was not

‘51gn1f1cant enough to be récorded Slmllarly, the fluorescence of l NpCO Me

(0. 0005 ‘M, at 362 nm).was quenched by H SO’F(O O 0562 M, non- purged giving .

' qu of 8;7 M - (Table 2-13). Durlng the course of quench;ng, a new hroad

emission'at 4707nm appeared w1th an,isosbestlc point at 423 nmfand;g, -

— 5

lncreaSed in 1nten51ty w1th 1ncrea51ng concentratlon of H SO (Figure 2-13 -

and Flgure'2-8) The fluorescence of 1- NpCO Me (0. 0005 M) and the new band

fr(at 470 ‘nm) were quenched by acacH (0 0.0064 ‘M) in non- purged

acetonltrlle/[H ] (O 0935 M) .solutions. Two _curves were piotted (Table B

' 2-14, Figure. 2-14 and Flgure 2-15). The fluorescence of 2-NpOMe (0. 0005 M)

" -in non—purged acetonitrile was not quenched by sulfurlc acid (0.0063'and

0.0375 M) . - o S

Ve

2.3.4 ATunperature;ect on the fluorescence quenching:

Quenching of Z-NpCO Me (6=0005 M) fluorescence intens}ty by "acacH

k4

(0.003-0.015 M, N purged) was examined at 7°C, 22°C and 50°C. The

2 :
Stern-Volmer plots of I°/I against [acacH] ylelded stralght lines (Flgure '

2-16) . Therkéfo values, 3L M ' for T = 7°C , 2¢ v} for T = 22°C and 8.5

S . - : . ) v - . -
\M\l\izyl T = 50°C (Table 4-5), decrease with increasingrtemperature,‘,

T — 131,132 ,
consistent'with\the\eggstence of a reversible exciplex ! .,Thefplot of

— - - - - -

:*\Log kq against 1/T yielded a;stra' line w1th a p051t1ve slope typlcal

N
of a negative tempera’ture’effectl/31 132on the

scence quenchlng
S

(Figure. 2-16).

‘2.4 Heavy atom effect on the photocycloaddition
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B : v N : - » _ : S ,,\:‘“K'\T::;——— S
7 . ‘ (—no’n—purqed).vby!ﬂzso4 at room temperature - N
B - o /7@ . .b : 1o /7€
- ) H,s0,1 - 1°/1°% I°/1 o fH,s0, ] I /I
(M) : - - : M -
0 1 T -0 L T .
T~ 0.0063" 1.29 , 1.07 = S 0:012¢4° 7 L5 LT
o.0125 . - 1.45° - 1.3 - 0.0248 1.33 )
0.0250 - 1.88 1.2 0.0372 1.51
©0.0375 - 2.36 1.35 0.0496 “1.64 )
0.0504 -
) 0.0562 - 1.49 | 7
k1 . 35.3% 1.14 8.7 $0.31 . 13.2 % 0.41
q. : : . : , ' T~
— ‘\\\ ‘
\\ - . ) N , ) 7 ' ~.
a. Quenching of 2:NpCQ2Me7fluoreecence intensity by,HZSO4 (0-0.0375 M) with -
excitation wavelength at 300 nm. - ‘ - -
ﬁ\b. Quenching”bf\lprCO£§E\£lg9rescence intensity by H2504f(0-0.05§2 M) with ,
excitation7wavelength at 320 nm. 7 ﬁ
i - .C. Quenching of 2-NpCO,Me fluorescence intensity by H,SO, (0-0.0496 M) in
the presence of acacH (0.08 M) with excitation wavelength/af'300 nm. o
d. k_ was calculated to be 1.01 # 0.032 x 1070 M™* s™% by adopting r of

~

Table—z=13:deenchinq of npcozne,(o:ooos M) fluorescence

in acetonitrile

3.5 ns (Table 2-9).
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Figure'2—7{'Qu§nching of fluorescence of Z-NpCOZMe (0‘0905 M) by/sdifurig‘
“acid (0, 0.0063, 0.0125;10.025land 0.0375 M)jin—ndh-pufggd acetonitrile at
room temperature with éxcitation wavelength at 300 nm. o ‘—; )
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“Figure 2-8: Quenching-of NpCOZMe (0.0005 M) fluorescence by sulfuric acid
(0-0.0562 M) in non-purged acetonitrile at room \t\e‘mpre\\éat&ne a Z—ﬁpcozide
with excitation wavelength at 300 nm and b) 1-NpCO,Me with excitation
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Figure 2-9: Quenching of fluorescence of 2-NpCO,Me (0.0005 M) by sulfuric —
acid (0, 0.0063, §.0188, 0.0313, 0.0437 and-0.0562 M) in non-purged
methanol at room temperature with excitation wavelength at 300 nm.
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" Table 2-14: Quenching of NpCO_Me (0.0005 M) fluorescence in non-purged- B

£, __ =

acotdnitrilg_iﬁ fhe préEance ofuﬂzso‘ (0.0935 M) by acacH-at”room

) " temperature - o o
 [acacH] - ' '24Npcoémea rl4NpC02Meb
R e/ R L7 .
S - 359w - 470 nn© \%gz nm € 470
| 0 1 1 | 1 1
© "0.0016 1 1.10 1.8 . 1.28 - 1.24
0.0032 1.9 - 1.38 1.5 1.44
0.0048"  1.30 157 2,00 ; 1.78
0.0064 1,39 1.79 2.0 2.100
0.0081 1.2 2.06
"qu; " 63.4 o128 232 R VN
£ 1.37 - * 3.08  + 18.76 - - $10.28
- . L i B /

a. The fluorescences of solutions pontaining'zlkpC02ﬂQ, H,S0, (0.0935 M)
and acacH (0-0.0081 M) were measdréd with -excitation wévelength at 330 nm.

b." The fluorescences of solutions containing 1-NpCOMe, H,SO, (0.0935 M)

and acacH (0-0.0064 M) were measured with,excitatiqn.wavelength;at 320 nm.

e Monitoring wavelength.
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WAVELENGTIl {nm)

i

Figure 2-10: Quenching of 24N§CO Me,(O;OOOS'M) fluoreseeuce by acacH (0,

0. églé 0. 0032 0. 0048 0. 0064 and 0 0081 M) in the presence of H SO4

(0.0935 M) at room temperature (non purged) WLth excxtatlon wavelength at 3

330 nm a) fluorescence of 2 upgo Me and b) emxssxon of protonated

l—NpCOMe L -
R _ 63 i
4 ’/
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Fzgure 2-11: Quenchlng of Z—NpCO Me (curve b, 0 0005 M, monltorlng at 359

/,

nm) and protonated 2 NpCO Me (curve a, monltorlng at 470 nm) fluorescence

fxn the presence of sulfurlc ac1d (0‘0935 M) by acacH (0 0 0081 M) in 1

non—purged ‘acetonitrile at room temperature w1th excitation wavelength at”

N

330 nm.
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,deure 2-12: Quenchlng of fluorescence of 2- NpCO Me '(0.0005 M) in the
presence of ‘acacH - (O 08 M) by sulfurlc acxd (0 0.0124, '0.0248, 0. 0372 and

0.0496 M) in non-purged acetonlt:lle at room temperature with excxtatlon,

wavelength at 330 nm. o 7 ' : - '
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Figure 2-13: Quenching of*l—NpCOzMe (0.0005 M) ﬁiupfescencefby sulfyric
acid (0, 0.0063, 0.0125, 0.0250, 0.0375 and 0.0562 M) in non—purged?

acetonitrile at‘rodﬁ tehpe:ature withiexcitatiqn wavelength at 320 nm.,
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Figure72?14: Quenchiné‘of l—NpCOZMe’(O.OOOS M) and protonated 11~NpC02MeV\*

fluorescence in the presence of sulfuric acid (0.0935 M) by acacH (0,
0.0016, 0.C032,. 0.0048 and/BTBOG4 M) in non-purged acetonitrilé at room

temperature with excitation wavelength at 320 nm a) fluorescence of ~ o

1-NpCO_Me and b) emission of protonated ll-NpCOZMe;



- ) 3 ~
, - e 7
a
= "
o. ~ 2- 7
]
1 7|7 Y v ™ Y Y T — T - -
& 0.002 £ 0.004 -~ 0.006 - 0.008 ]
~ [acacH] (M) /

.

Figure 2-15: Quenching of l—NpCOzMe (curve-a, 0.0005 M, monitoring at 362 -

" nm) and protonated ll—NpCOéMe {curve b,*monitoringAat 470 nm) §1uore§¢eﬁce
in the pregence of su{furicyacid (0.0935 M) by acacH (0-0.0064 M) in |

non-pu;ggd_acetonitrile,at room temperature witb;expita;}ggiwgyglgngth;aL;4mm;fkﬂ

,) - -
- LR ~

320 nm. ' B D
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wavelength at 330 nm a) at 7°C, b) at 22°C and c) a

in acetonitrile.

\vs l/T for quenchlng of 2- NpCO Me fluorescence by acac
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i Table 2-15: The eftects of methyl .iodide on photocycloaddltlon of- methyl -

o )v,i‘, Zgnaphthoate and aeaeH in acttonttrtle-5**f*‘*ffrgrrr"i‘f"*
TCHBI] o . 'Eormation T “Formation
oy o eraem® T e ()P
0 R 1 o
©0.001 ) 4.5 <« 1.5 )
0.002 - 143 - : 4.8
0.003 - - o 13.9° . 5.2
©0.004 o . 135 - 5.5

a. The solutions chtaining’24NpCO Me (0‘02 M), acacH (0.08 M),-octadecanea‘

- (as '1.S., 0 005~ M) and CH3I (0-0. 004 ‘M) were 1rrad1ated for 4 hours in -

rapparatus II at-350 nm. Errors + 15%. o

b Repot ted 1n yield- of formatlon of compound 16 and 17. Cbnver51on of

2- NpCO Mef -17-23%, ' o . ) | o T

SR, /3



-

Table 2 -16: Effects of 1, 2—d1bromoethane (DBE) on the- photocycloaddxtxon off

methyl 2-naphthoate (14) and acacH in acetonxtr;le ‘

[DBE] -~ [DBE]/[14] ¢pg16>b S an® ’
w SR e
o ) o0 © 0.0043 - 00002 = . -
0.000 - .0.5 - - 0003 " -0.0002
0.002 - 0.10 - - ”/6.00401\\\/» © 0.0002
. 0.004. 0.20 © 0.0038 ©0.00025
0.005 0.25 0.0034 . 0.0002

Ea.fThe‘solution containing 2—NpCO Me' (0.02:M), acacH (O;OBVM); octadecane“'
(as 1. S., 0.005 M) and DBE (0 0'005 M) were lrradlated (N purged) for 4

hours u51ng apparatus II at 350 nm.

-

'b. Quantum yields of 16 and 17 were determined by method II (Section 4:3)5

71



] The—dependence'of the{formation of716 andf17 in the photocycloaddition'

of 2- NpCD Me (0.02 M) and acacH (O 08 M) on the concentratlon of ‘the heavy

\\\\\< atom compound, ‘odgmethane (0 OOl -0. 004 M), was examined at 350 nm in _ Q

.

.

/acEEonitrile. “The yie}d of 16 sllghtlyrdecreased, within experimental

error, when the\concentration of CHjI was inCreased The yield of 17 -~

1ncreased from l% to 5 S%xxhen the concentratlon of CH3I was 1ncreased -
\\ .
B (Table 2-15). After GC analy51s, “the. 1rrad1ated solutlons and’ether (20 mL)

. \ . o
o ,were comblned together and extracted with water (6 mL) The water layer :* -

showed a pH value of 4.5-5 by pH test paper 1ndi\\ting the formatlon of an.

acid durlng thealrradlatlon. -

Under the same conditions, the above. reaction was run using ) o

1, 2-d1bromoethane (O 001 0. 005 M) lnstead of CH3

The quantum vields .of 17 were essentlally constant, within experlmental

I as a heavy atom compound

error, w1th the 1ncrea51ng concentratlon of DBE. The quantum ylelds of 16

showed a sllgbt decrease from 0.0043 to 0.0034 with increasing - - \Q
) ] _ ' o AN o .

~

-~ -~ concentration of DBE (Table 2-16). .

Similarly, the photocycloaddltlon of\\\QpCN (0.02 M) and acacH (O 08

M) ‘was examlned in the presence of CH I (0. OOl\b\Q94 M) Product 38 was

3
the only product obtained and the quantum yield sligh 3 decreased from

0.030 to 0.025 with 1ncreas;ng concentratlon of CH3I'(Table -17).

2.5 Catalytic effects on the photocycloaddition o -

, o o - ‘ S i‘ , | :‘ ,S%f\;;;

Comparative photocycloadditions of 2-NpCO,Me (0.02 M) in methanol were

carried out under the same conditions in apparatus II; the first solution

\‘:\ - ' . ; 72 - ' -
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~.contained only acacH (0.05 M), the secondhonly Li(acac) (O;OS'M)1and the

thI;d\Beth\Eiiacac) (0.001 h) and'aca¢ﬁ'66 6§7M5, 1n addltlon'to 2 NpCOUMebﬁfw'f

Octadecane (0 OOS\M\\was added- as the 1nterna1 standard in the beglnnlng N

\
and the ylelds of 16 are 115ted in Table 2~ 18 Remarkably, Ll(acac) did
\

- not undergo photocycloaddltlon wrtB\Q\NpCO Me at ally but it dld a551st or

CN, OH_and COMe)/acacH (Table 2-19).

catalyze the Photocycloaddltlon of 2—Np;8;ﬁ§\w&th\acaca. Yleld of:the ‘

- product was 1ncreased/£59m-2% to 18%. A 51m11ar effébt;on the product \', e

yleld of 16 was .also observed in the presence of Zn(acac;\\\\thﬂincreases

from 8% to 41%. 1 : - R ~ 7

™~

N The photocycloaddltlons of 2- NpCO Me (0. 02 M) and acacH (O 08 M) at’*ﬁ"
350 nm were carrled out in the absence (as a control) and in the presence

of Ll(acac) (0.001 M) ln,methanol. The quantum,yieldsrof 16 in the

presence and in the ahsence of Ll(acac) were O 0235 and 0’6043 A ) -

7,:\Simi1ar experiments:were carried out on systems ofiZ—NpRD(R =ﬁCOZEt, OMe,

respectlvely, indicating the acceleration of the‘reactlon by LL(acac).' -

Photolys;s of solutlons contalnlng PN (0.02 M), acacH (O.

C16%34
0. 006 and 0.01 M) resuited ‘in yields (GC%) of products 29, Zsiandr30

" (as I. S., 0 005 M) in the presence of Ll(acac) (0, 0.001,

(31

\

1gnored) asffollows: GC% oﬁ trans—fused 29V1ncreased,from 18% to—38%7with’,r

“cis- fused 28 dropped from 14% tQ 7% and that\of 30 1ncreased from 4% to

- with (0. Ol M) and w1thout (as a control) Ll(acac) were photolyzed at 350

1ncreasxng concentration of Ll(acac) (0-0. 01 M) At the same time,‘that Of

16% The conver51on of PN - lncreased from,SQ% to. 79% (Iable,szD)Lfe,w,We:”Wm,;e;

4 -

Solutlons contalnlng 2-NpR (0, 02 M, R = l-Me and H), acacH (0 08 M)

4

R

‘nm for 7_hours for the 1-NpMe system, 28-hours‘for the Np 5ystem and-6

~.
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— -s ~ - s
) ’ T - IR - T T T
'Liable 2fi7; Ettdétsvot'ioaomethanefdn photocycloaddition of 2-NpCN and
(,‘ - .‘acacH.;h‘aéetonitrilefat7rboﬁfteﬁperaturea
“[cH,1] . [CH,I)/[NpCN] 8 d:pc?,/
o0 <A o L 0.222 - - 0.030
0000 005 - 0.223 0.030
0.002 - - 0.10 - "~ 0.215 . 0.029
©0.003: - 015 o191 0.026
0.004 S+ 0.20 - 0Q.186 _ . 0.025
a' B | \\ ] 1 B . / .

a. Acetonitrile solut;ons'cbntainiﬁg\gigpcn (0.02 M), acacH (0.08 M),

- : . R ) \ ) # _ -
octadecane (as I.5., 0.005 M)rand_CH3I (0-0+004 M) were irradiated in

S .

RN

appéfatus II for 3 hours at 350 nm. ] . 7w\;f : )
. b. Reported in‘relativeyieldwhi;pwas ﬁhé GC area ratiofof'thé4pfodud£

over the I.5. E o - A S | '/, ,; ' ‘
"c. Quantum yields were determined by Method II (section 4.3) based on 38

formation. ) - B T c e  ii,,_554 - ' I-liﬂ,m';



. Table 2-18: Metal acetylacetonate catalysis 6ﬁibﬁofoéycloaddition:ot_mgthyl‘,
o j<2:na§hthqate‘and'acacﬂ in methanqla’ -
'[acacﬂl M) ,[Li(ééac)](M) ’ e YieId%b )
. 0.05 ° - . 0 i T T2 o
0 -0.05° - 0
0.0 - . .o.001 - 11
/[Zn(acac)z]_(M) )
- 7 e
0.08 - S R A 8.3 .- -
0 - 0.08 i 0 )
0.08 -~ o0.001 :§, - 40.7 -

a.VThe solutions ébnﬁ%ining 2-NpC02Mer(O.QZ M), octadecane (as;I.s., 0.005 - -

M) and acacH (0.05 M) ér/and Macac (M = Li and zn, 0.08 M or 0.00l-M) were

irradiated (N, purged) for 3,hours in apparatds II (at 300 nm for the .

2

Li(acac) case, and, at 350 nm for the,Zn(acaq)z'case):

¥

" b. Concentrations of 16 were determined with the I.S. Using equation 4-2

and yield % was calculated "accordingly. Errors:#% 5=7%. " "~
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Table 2-19: The effects of lithium acetylacetonate on phototycloaddifion . = =

. quantum yields of 2-NpR and, acacH in methanol® . - B
. - - - R ’ b o . . -
- R * : : : ¢ , ] - to
- 7 [Li(acac) ]=0 - o [Li(acaco]ﬁo.dQlM ' L(hbur) \7:~ ‘
£ ‘ ’ - ]
COCH, 0 0 s
- oH® 4%) . (0.5%) : - 19.5
N .. o0.030 - o0.018 3
“OMe. © 0.036 0.027 3
V ) 7 - / - - . -
© CO,Et - 0.0033 10.0124 - 4.5
"cozue - 000043 ° 0.0235 , ¢
& = - —
a. The solutions contained 2-NpR (0.02 M); acacH (6.08 M), octadecane (as
1.5., 0.005 Mﬁ; one also contained Li(acac) (QLQOI M)'and the other no
Li(acac) served as a control were.irradiétéd (N2 pufged) inTapparatus II>at
350 nm. Errors: + 15%. B |
b. Quantum yields of 16 formation were determined by Method II (section -
4-‘37) . - _ 7,\ i . _ ] 4 v" 7 E | f L ”; e
c. Reported in GC % without I.S. _ - '
- ) o -
- 76 - _
- - \
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‘Table 2-20: Li(acac) cetalytie effeet>qn,tﬁq pﬁgtpcycloaddition;relat}ve;i,
yields of phenenthrene_(Pﬁ)'énd aqaeH,invmdfhanola
 Li(acac) (M)  29° 28" 305 B _
0 7 0.81 0.63 0.20° 2.7
0.001 1.12 0.78 10.25 3.15
0.003 - .- = 1.53 0.50 0.67 3.69
0.006 1.69 0.47 0.79 . 3.90
- 0.01 - 1.91. 0.33. 0.55 03,95
4 - - - . L . ;‘: ~
{as I.S,,k

a. The solutlons ;gptalnlng PN (0 02 M), acacH (0.08 M), C16H34

0 005 M) and Ll(acac) (0 0.06 M) were 1rrad1ated (N purged) for 4 hours

2

,1n apparatus II at 150 nm.

b Reported in relatlve yleId Wthh was the -GC area ratlo oﬁ the product

over the I.S,,Errors. + 5-7%.

c. Suggested structure: 9-acety1phenanthrene}
d. Relative yield of PN consumed.. - S .
»‘) _ q f: . .
. , : o
77 - - Y
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. . . 4 h -, i
- D e

) hours for the 9- hydroxyphenanthrene system No new products were detected

by GC analysis of the control and sample solutlons

3

’ Solutlons of 2- NpOMe (0 02 M) and acacH (0. OS M) in’ acetonltrlle were

3

1rrad1ated at 300 nm - 1n the absence (as -a control) and 1n the presence of.

ok

sodlum hydroxlde (OsOOl M). The percentage ylelds of l Sédiketone 44 were R

(

'le% and 26%, respectlvely, 1nd1cat1ng llttIe acceleratlon of . the reactlon

. - - Q
- ' by thé base. In contrast, the photocycloaddltlon Jof 2- NpCO Me (0. 02 M) and

acacH (O 05 M) was: accelerated by NaOH (0~ OOl M). -The product 16 -Was the T

1 ]y o e

T — L

v only product and 1ts formatlon was 27% and 3% for the solutlons Wlth and

: WlthOUt the base,'respectlvelyt - N

Solutlons of 2~ NpCO Me (O 02 M) and acacH (O 08 M) *in 4: 1.

methanol water were 1rrad1ated at 350 nm 1n the absence (as a control) and

‘in the presence of sodlum chlorlde 60 005 M) Thevylelds of 16:were 2313%A>“

and 13. 5% respectlvely

2.5.2 Ac;dreffects',f , _ " | N I

b

~ Photolysis (at 300 pm) of acetonitrlle solutibns of 2-NpCO, Me‘(b 02 M)

» . — -

*and,acacH»(0.0B M) .containing: a) sulfurlc ac1d ¢0.0003 M), b) phosphorlc

acid tp}booa M), c) hydrochlorlc acld (O 0003 M), d) borontrlfluorlde ln

“etheru(0.0003AM)'and e) trifluoroacetic’acld (0.0005 M) were carried out

for’3 hoursr(6-hours'for'triﬁduoroacetic‘acid) 'Conpound 17‘(in addition to -

» 16 (equation 2 l) was formed in much hlgher ylelds (GC%, Table 2-21). The, B

©

results showed that all the ac1ds catalyzed the f%actlon no matter whether -

the acld‘was arBronsted.acld or Lewis acid. Among these aclds[)sulfurlc

—

acid emhanced the formation of 17 and 16 from 0% to 20.8% and 2% to 24.4%,

o

respectively. Borontrifluoride ehhanced/the formation from 0% to 9.2% ard

A i - .
- . . ~—~



£

2% to 20.2%, respectively. R

L ) e !‘ - »,,/I,‘,ifl:a A [ ,,/, VS
o Photolysis 6308 nm; 3 hours} of l-Npeﬁ' 2'ﬂ}4and~acacﬂgfe—es—ﬂlgtna—————f—

acetonltrlle in . the presence of sulfurlc ac&; (0. OOOl O 0003, 0 0006 and
0. 001 M) led to product/33 lncrea51ng from 7. 7% (GC%) to 47 3% as shown in-
Table‘2-22.;51mllarly, photoly515 of z—NpCN (O.OZVM)/acacH-(O.QS-M) and
ldeCO ﬁe l0.0Z.M)/acacH (0.05 M)'systems'initne presence of sulfurlc acid
(0. OOOl, 0. 0003 O 0006 and 0. OOl M) resulted ln a 51mllar trend of product

. dlstrlbutlon (GC%: 5% to 14% for 2-NpCN. and 5% to- 23% for l—NpGOAMer~$able~—;——e~e

s ‘ » : - - ' : 7

Contrastind with the aboue'observations,’the photolysis (300 nm,- 3
o hours) of Z;Npoﬁe (0.0ZiM) and acacﬁ (0.05 ﬁ) in'acetonitrile‘invthe
presence of. sulfuric acld (0.0001-0. 001 M) shqwed a decrease of A
l S-dlketone 44 from 21% to 5% (Table 2-22). Under the same;cqnditlons

‘except that 350 nm lamps were,used the presence of sulfuric acid (O;OZ.M)

o S

also retarded the photocycloaddltlon of phenanthrene (0 02 M) and acacH

(0.08 M) in methanol. The ylelds (GC%) of 29 and 28 dropped significantly

s

" from'22% and 27% to 4% end‘a% respectively (Table 2-23).4$his results were

obtained w1th H250 at single concentration and need to be confirmed. The

photoly51s of 1- NpCH (0.02 M)/acacH’ (0. 08 M) and Np (0 02 M)/acacH (0.08

M) systems in methanol resulted in no product formatlon elther in the

-~

' presence or in the absence of sulfurlc aCld; ~

Photocycloadditions of 2~NpCO Me (0.02 M) and acacH (0.05 M) were

carrled out wlth 300 nm lamps in the presence of sulfurlc acld (O 0 .0001,
O 0003 0.0006 and 0.001 M) in acetonltrlle and methanol respectlvely.vThe5
;ac1d accelerated the reaction in both solvents, but with more efficiéncy in

acetonitrile (Table 2-24 and Figure 2-17).



. Table 2-21: Acid catalysis on the photbcycioaddition;ofVmothYI 2-naphthoate

- and acacH in acetonitrile®

// 7
Acid aesP L s
x : S B
(M)’ " Conversion - Formation _Formation
| of 4 5 - of 17 of 16
T R . )
Control 2.06 . 0 2,06
H,50,(0.0003) 66.6 20.8 B 20,4
H,PO, (0:0003) B 12.6 T e : 8.2
3% o | o ~ .
HCL(0.0003) - 22.0 72 0.6 .
BF,0Et,(0.0003)~ 37.4 92 2002
.CF ;CO0H(0.0005) o137 C 2.9 10.5°

a. The solutions.containingZ;NpCdZMé (0.02 M), acacH f0.0S M) ahd one of
'abdve,acids,wére irradiated (N, purged) for 3 hours (GhourszrCP3COOH)
in apparatugiii at 300’nm. ' S AV ‘ - :l-];

b« The res&lts'were'reported ip GC%*from'prinf\outjﬁithoﬁt I{S1fE§rb:§r”f””W””

5-7%.

80



‘Table 2-22: Acid effect on yleld (GCi) of the photocycloaddltlon of NpR and . )
X ) acacH in acetonltrlle ’ | h
) 1 ' B
[us0.] 33 38 - P . 220
2774 ' : S )
LMy 1-NpCN - 2-NpCN . 2-NpoMe- i4Npc02Mé - -
0 5.6 - 4.8 24.4 0 *
0.0000 7.7 . . 53 . 3211 4.5
0.0003 Y- 1.0 1.8 16.4 -
. 0.0006 42,2 11.9 8.3 . 21.8
0.001 47.3 13.6 5.2 22.9
, o o ] - v
t (hour) 3 3 1 3
‘ o . ‘ . .
- a. The solutlons contalned NpR (0.02 M), acacH (O 05 M) aﬁd sto
 (0n OQOl O 001 M) were.- lrradlated (N purged) in Apparatus II with 300 nm .
lamps. Errors * 5=7%. . o
p.;Reported in GC% from print out without I.S. »;:7 - S ;
r// - i _
[ ‘ o~ -
81 .



| Table 2-23: Acid effect on _yield (GC%) of photocycloaddition of
phenanthrene (PN) and acacH in acdtonitrileb
) [stod (M) s
0 - 0.02 M
- - 30 13 - 0 -
29 - - 22 4 .
28 27 3
31 "4 14, i
PN . 25 77

a. Results were reported in GC% from prinf out without I.S. Errors; t

5-7%.

'b. The solutions conéainediPN (0.02 M), acacH (0.08 M) and‘HZ'SO4 (0 and

0.02 M) were irradiatedr(N2

'82.

purged) for 7 hours in apparatus II at 350 nm.



Table 2724: Sulfuric acid effects on jiei&'(cc%)a'of photocycléaddition of

ZprCOZMa and acacH in acetonitrile and methanblbf -
i : %
. . e B
© [H,s0,T o 17 16 : ' a7 T T e T T
;2% , | 7 o e
(M) © 0 GinocHgam) - . (in CHyOH)
o o . . 206 % 21 -
10.0001 . 8 =% 23.8  trace 1.3 -
0.0003  28.7 30.7 138 20.7
10.0006 . 38.2 . 389 22.6 231 L
10.001 . 45.0 - 356 - - 24.7 "19.9
ﬂ» 5 4

a. Besu}ts were fepo:ted in G’C%; frcsm i:rint out vaithorut /;I.S/. /Er‘rors:i
sy, -~ R |

b. The solut.iQIis contained 2-NpCOéM€-. (b-.02 M), raCacH (0.0‘5 M) .and s'u‘lf“uric' .
aci§ (7'0-0./001 M)-were irradiated. (N, purged) fo::}l,ho‘umjl.n apparatugII/f.’

at 300 nm. o o o o
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Figure 2-17: Sulfuric acid effects on yield}(GC%) of photocYcloadditioﬁ'of z

Z—HpCOZMe and acacH;

d

1

84

a) in acetonitrile and b) in methanol.



2.6 Kinetic studies of the photocyélgéddiibh -
,\i;s.lrlnfthe absence of a catalyst - -
© - - _A basic reaction.mechanism/for the tht0cycloaddition,o£:Zerngnd :; :
o L - - - - ) L ’ T s 4
N acacH is proposed. in Scheme 2-1 (Z-NpCOZMe will be used as a model -
compound)obased on the findings;wﬁichAwill be discussed in Discussion part.
o ’ h . - ¢ - -l B V - i v ‘ A : . ‘e
Scheme 2-1 . - .
. S . 'C%% e
2 » ‘ V _ .t\ —
2-NpCO,Me o lZ—NpCOzMe ' 2'15,
- 1 kf =, - = kN
-~ T2=-NpCO_Me 2-NpCO_Me + hv - i 2-16
. e A e | - -
) l ~ N ki ‘ . / ‘ 7 ‘ A ‘ .
“2-NpCo,Me '—i-—,S,ZprCO‘éMe‘ + A - , S 2-17
: ) Tk 7 -t _ % T .
1 ise 3 P ‘
: Z—NpCOZMe —_— 2—NpC02Me 2-18
- . - ‘(» 7; " —
. S kg T . : :
2-NpCO.Me + acacH ———34—» ~2-NpCO_Me-acacH 3
2 . - . - _ 2 -
} : . - o . - 2-19 . M
k - . ¥
q - - -
,l -k — _ - i
2-NpC02Me—acacH7e———Ji——+> Product . 2-20
- oy ) . 7 (‘ “ -
Z—NpCOZMe~acacH 2-NpC02Me + acacH = , s 2-21
' L - ' T SRR 7 i
. ) e Sk L ‘,3 - , T T
~2-NpC02Me-acacH —f——fjl—f? Z—NpCQZMe~acacH, S - 2-22
\‘;‘ _ - B N . - ) ) ‘ ./ :;;- I o -

In Scheme 2-1, ;Z-NpCOdeﬂacacH is an exciplex assuméd fo'be formed from

85



L S
&1 - T
¥ &

-~ - - ' ~L . -6 s
the'collisional interaction of,leCO*Me with gcacH. It could dlSSlpate

T

pn/farlly by fbur pathways, i.e., by collaps;ng to the flnal product \

-

(equatlon 2 20), to the startlng materlals (equatlon 2r21), to ltS trlplet :7 .
exc1plex (equatlon 2- 22) or back to NpR and acacH (equatlon 2- 19) The »
klnetlc equatlons 2 23 and 2 25 were derlved from Scheme 2 1 u51ng steady

state approx1matlon for NpR and 2 NpCO Me-acacH o R T

T e

RV 1/;3 + 1/{ﬁk [acacH]} B = N
Whe‘re‘,ﬁ =% imiving = Kp/ g * Kp ¥ Kyt Kp) - BT
- ] h B S 7 .\ ) . A . K:‘
71/¢Np = 1/8 + 1/{p kq?o[acacd]}ﬁ - 'L ‘ S 2-25
: ! -~ L - . . : kb ! v -
Where,f = @i iving = (Kp ¥ K/ (k4 ko + ko v R L v

If the proposed Schemerz-l is valid, a plot- of either lﬁ¢ (on _product
formation) or l/é p‘(on NpR dlsappearance) ,against l/[acacH] should be

linear based on equatlons 2- 23 and\2 -25. For each reaction, the quo value

" may be obtained.

andetheillmltlng quantum yield élimiting ‘be obtai : S K

~ -

The quantum ylelds ép of 16 (Table 2- 25) for the photocycloaddltlon of- _
J 2 NpCO Me (0.02 M) 'in acetonltrlle were determlned at 350 nm as affunctlon
of [acacH] (0.98‘0 IM. The plot‘(Flgure 2;18) of l/é agalnst l/[acacH]

- . o

ylelded a stralght llne Wlth slope and lntercept of 14.2 and 30, y

respectively, f;om_whlch,kqjd and éllmltlng were calculatedito be 2 l g?,giff_ﬁ_w

o L - : : » Ta - -

for the second run) ML and 0.033 (0 032 for the . second runj, based on

™

equations 2-23 and 2-24.

e
-

-



e The quantum'ylelds ¢p of 20 and 44 for the photocycloaddltlon of 2~ NpR

| (R = COzEt and OMe) and’the ¢ p -of 2= NpCN dlsappearance for R = CN were' o

r'detEFmtﬂed as'affunctton*of—{acacﬁ}—under—sxmt+arrcond1tron54t041jxﬁﬁr5

in Table 2 25 The observed data are listed in Tables 4-6, 4-7 and 4 8 and

'the plots of 1/¢ or l/¢ agalnst l/[acacH] y1elded stralght llnes Wlth
reasonably good correlatlons (7 = 0. 980-0 997, Figure 2-18),'1nd1cat1ngi

that the mechanlsm proposed in Scheme 2- 1 can reasonably represent the .

2

reactlons of these naphthalene derlvatlves -The calculat?d llmltlng quantum B

7y1eld élimiffﬁgﬁandfkqto~are:iummarlzed~lniTable72=26. Thefplotseof i/¢7ws-AWA
v - s 1\‘ ?”b, ‘
1/[acacH] are shown in Flgure 2-18. y e LM LT

2.6.2 In the presence of metalfaCetylaCEtonate o ‘( : T
. . ~ ) \ J -

-~ R * -/--

7
‘ A ba51c mechanlsm for the photocycloaddltlon of_NpR (2—NpCO Me - 1s used

as a model compound) and acacH catalyzed by Ll(acac) is- propo1;.

2-2 (reactlon 2-15, 2-16, 2-17, 2-21 and 2-22 should be 1nclud:;'
64,65

-

as well

Scheme) based on the deflnltlon of a photocataly51s reactlon

as the fOllOWlng flndings 1) the photocycloaddltlon was catalyzed by

— - -~

a

Ll(acac) and ii) 2-NpR- fluorescence was quenched by Ll(acac) In Schemesr &ﬂ‘
2-2; l2-NpC02Me--L1(acac) is a-catalytlcllntermedlate and is tormed by—.

. .Li(acac) intercepting’the louest emcited singlet state of é—NpéO Me.
2 NpCO Me Ll(acac) céuld react by two pathways, i. e by 1nteraction Wlth a‘’
ground state acacH to g1ve the product and Ll(acac) (equatlon 2127) or by

.decay to the startlng materlals (equatlon 2-28). Further, 1t ‘is’® assumedJ

that the l2 NpCO Me- acacH complex dOes not react with the catalyst

64 65-

(Ll(acac)) to glve the product. The klheth equatlon 2- 29 was derlved

S
from Scheme 2-2 u51ng the steady state approx1matlon for ; -NpCO Me,and

2 NpCO Me L1(acac) (see Appendlx) Equatlon 2-29° predlcts a“curve for T

//\ ™, -

‘\‘\/ ~
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‘Table 2-25: Quantum yields of photocycloaddition of methyl 2-naphthoate and -

i S dEééHﬂinfééifaﬁiiEiiiibf T o
i lacacH] épb'w 1/[acacH] 1/¢ E
c d c d . ¢ d c' d
R .
, 0.3 0.5 0.0138  0.0183  3.33, . 2 72.5_ .54.6
o 0.2 0.3 0.0112  0.0140 . 5.00-  3.33  89.3  71.4
0.15 _  0.25 0.0087  0.0113  6.67 - 4  115.1 - 88.5
© . 0.10 - 0.25 - 0.0055  0.0092  10.0 . 5 181.8  108.7
0.08 - 0.2 0.0043 0.0072 12.5 6.7 ~ 232.6 - - 138.9
7 0.12 S 0.0058 8.3 172.4 "
0.1. © 0.0058 * 1 . 18l.s
kgro M 2150032 ©° 2.05 + 0.179 "
\ - SR . 0.033 + 0.0086°  0.032 + 0.0042% - -
: - . limiting - . i - : .
. .
b " ]
a:. The solutlons contalned 2- NpCOZMe (0.02 M), octadecane (as I.5., 0. 005
] s M) and acacH’(O 3-0.08 M} were- 1rrad1ated (N3 purged) for 2-4 hours in
oo - apparatus II at 350 nm. - v
' b. Quantum ylelds of 16 formatlon were determined by Method II (sectlon
) - 4.3).
- , Ch The first run w1th conver510nsrof 2- NpCO3Me range of 16-22%. -
d. The second run with conversions of 2-NpCO3Me range of 7- 17%. .
e kq was calculated to be 2.47 x.108 M1 s-1 by adopting 1q_of 8.5 ns in .
acetonitrile (Njp purged</SEctlon 2.3.3) and 2.2 x 108 M1 g- by adopting
7o of 9.4 ns in methanol (N; purged, Section 2.3.3). .
y RN
— '_é, —



- - Ko
Table 2-26: Summary of kinetic data rqf bhotgcycloaddition of 'Z-Npﬁ and :
| . acacH. ‘
N * - ”'V ‘; :i - - M e e e e .
N?R k o (M) limiting ‘Intrercept Srlolpe
o ] T
2-C0, Me? 21 % 0.32 . 0.033 * 0.0086 30 * 7.8 14.2 + 2.56
2.05 % 0.17  0.032¢ 0.0062 . 31 # 4.03 .. 15.1 #1.49
, _z—cozztb" © 2,32 % 07208  0.043 £ 0.0086 - 23.9 + 4,84 10.3 * 0.51
o 2-oMeS 18 + 1.53 0.064 * 0.0031 ~ 15.7 % 0.75 0.88 % 0.074
PR 10 * 0.75 0.065 + 0.0049  15.5 + 1.17 1.55 * 0.116
a. From Table 2-25. '
b. ,From Table 4fé. ' )
c,r From Table 4-7. -
d. From Table 4-8.
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- 47— A ® — 7‘ 7
a
-6- )
~
-
» 1/[acacH] (1/M) 4 . .
\‘\/” -
Figure 2- 18"The plot of 1/% Vs l/[acacH] for/photocycloaddition of Z-NpR < -

U

(O 02 M) and acacH in acetonltrlle (N2 purged) a) 2- NpCO Me, (i: flrst run,

ii: second run) b) 2- NpCO Et, c) 2- NpCN ‘and d) 2 NpOHe

4::}"“ _ » ;
_ g ¥ —= — - [ AT S
) vl - —_
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| 421Npco£Meft3L;43eée;;, ; .

A ’fﬁlgéNpCOZMefLi(acag);+?a¢acﬁ~4———é§?7~f P+ Li(acac) .. .2-27

. 2 l>2 NpCO Me)Ll(acac) ————EL——e> 2- NpCOZMe + Ll(acac) 4 AL s 228

_ %’ B »; . B 7: i . . ” o ' ) »7 .

the dependence of quantum yleld of product matlon on {LLGacac)] When fff

’irg:5 . k'{Ll(acac)]7 .18 much larger than k [acacH]x, the latter term may be’

o iff.;]{'o ltted in 2- 29 The lnverted quantum yleld express;on is’ glven by equatlon 7

2 32 under thlS provrsron.,When the.- concentratlon of acacH is. flxed ‘the

s [

o plot_of l/¢ agalnst l/[Ll(acac)] should be a stralght line lf the proposed :7g7:;

LT Scheme 2-2. is. valld ‘and lf‘fhe above provrsron is ‘met.’:

o :f: S B SR S ;f[aoatﬁ] '»;:5' B o ',,;é

ST - S k [acacH]x + ke [Ll(acac)] [acacH] s RSN S 4

ST e 3 B

B = h . . ) 7' ‘ . - . / » Taca; - 4 v g L ; . . - ) _‘ ST
s - ,kic,f kfm+ kq!acaoH], kcjtl(apac)l B

o
» o 5oL o i I . _ 7
a - . - ;- s
= N L . - = - 2 - - S T PNt Lo - e - —— e
£ AT - ..
- - o - e . < .
oL , > - a - - - Lor L]

R = RS - kg [acacH]x + k [Ll(acac)J - f# o T e B

e e nl \kiC f ke +.k [acacH) + k [Ll(acac)] S e i




h = ¢ =
where: v = ¢ initing
- ‘17 . Tkéf[acecﬂ]' hli'. i,i | WW;;‘?) ]
- k, ' [acacH] i 2-30
& ; . 7 .
v k. g ‘
) ) S . , .
3 ‘s ok o+ k. o - - 2-31
- ® C N T o -
- k. + k. + k_[acacH] T o
Vo= 1y {1 —— A} | L2732
e T k,C[Li(acac),}, ji, - ‘ ‘ o e

" The quentum yields of the photocycioadduct 16 from 2-NpCb Me (6.02 M)

and acacH (0.08 M) in methanol wWere determlned as a functlon of [Ll(acac)]

(0. OOOl 0.001 M) 'at 350 nm The dependence of the quantum yleld of 16 on

= [Ll(acac)] lS given in Flgure 2~19 The theoretical curve. b in Flgure 2~ 19

" (based onqequation‘}-7) matches- the experimental curve well\ovepathe

- given in figure'Z—erforvabove reactions.

2

s
~ - : . . : ~- N

“Lifacac) concentfetion range ova.OOOl—0.000dS M (for details, see Sectioﬂ

]

8,. page 133). Under the same condltlons, quantum ylelds of 16 from the

vphotoaddltlon of 2- NpCO Me (O. 02 M) and acacH (0.08 M) were determlned as a

function of [K(acap)} (0.000l-OiOQL M),,The dependenCe of quantum yield of

v

16 on [K(acac)] is given in Figure 2-20. Similarly, & vs;IM(acec)j;(M7= Na

or K) correlations we;e'studiqﬂ by monitoring NpR drseppeerance at 3OQ nm -

in the following systems:”l-ﬁpCOZMej(o.oz M)/acacH (0.05 M)/Na(acac) s

(0.0001-0.001 M) and 1-NpCO,Me (0.02 M) /acach™ (0.0 M)/K(acac)

(0.0001-0.00; M). The dependences of the ‘quantum yield of 22 on [M(acac)]

4

are. glven <n Tlgure 2—20 and’ Table 2- 27 The —plot of 1/4 v5~i/{M(acac)} ;sﬂ~r

. 3 p . N . -
~ . L : - =
£ - ’ e - . ~

'»2.6.3‘in the presence of sulfuric acid -




- 03

ao o0

¢ x 10
)

[Li(acac5] x 10*

Figure 2-19: Plot ‘of ¢ (16) vs [Li(acac)] for hotgégiibadditiod ¢ !

9L b [Li( 7]7 P eyt load on_of |
Z-NpCOZMQ (0.02 M) and acaéH_(0.0B M) in,mgthanol in the presence of . "
Li(acac) a) experimental results; b) calculated curve from equation 3-7; c)
calculated cu;ve from equation 3-8 and @) calculated curve from equatiom —

p : \ :
"3-9 (Section 3.97. Lot , . T o , e
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‘Figgre 2-20: Plot. of éNp (the quantum yield NpR disappearance, cutve a and
- / -7 . - .

' -
. 6
) T
o
-
%
o “ 7
)
'y
12
) : . [M(acca)] x 104 (M)

-

b) or ¢p (curve c, product 16 formation) vs jM(acac)]'(M = Na and K) for

the phqtocycloaddition of NpR (0.02 M) and acacH (0.05 M for a and b and

‘0.08 M for c) in methanol a)Na(acac}]l—NpCOzMe} b) K(acac)/l-NpCOzMg‘and c)-

X(aéac)/z-upcpzne. L ST e e



Table 2- 27. Quantum yzeld dependence of photocycloaddztzon of NpR and acacH

~on concentratlon of metal acetylacetonate in. ﬁethanol th},ﬁg,Qﬂwmt,”;;;

— i 1

F(ecacM;] ) o - 4 ‘, o o ;épr _,,/ B ',Ai . Al_l 
xlo4_(ﬁ) | ‘ﬁa(acaé) ’j iKéacac) : 'Li(acac)A rk(aeacj 7 -
l-NpEééMeC' ~ 1-NpCo Mecv- .Z*NpCOZMedV ‘_2—Np¢OéMed‘ -
o - 0.0047 . o.041 o0.,0083 _ 0.0043 R S
L 0.0093 ~ 0.0062 © 0.0057 . 0.0067 I
2 < o.ows 0.0066 ~  0.0089 - 0.0
3 - . 0.029 | 0.0082 o Vo.01oée. '; 0.0128 7
as . 0.032 ~ o0.008 . o0.0129° _  o0.013¢ °
6 ~0.037 - :0.0092 - 0.0130. 7 0.0149
8 N 0.048 0.0085  .0.0140.  °  0.0166
10 -~ fo.s0 0.0109 ©o.ouss - o0.0177 -
‘ « T / et ]
éonuersion 5*19% ; 8-l8%__— e 7-30% o -7-35%.
. ; - o o

- N

a. The solutions contalned NpR’ (Q. 02 M), acacH (0.05 M 0. 08 M in d cases)
and M(acac) (0.0001-0.001 M) were lrradlated (Ny purged) 1nrapparatus II.

_ Errors: * 10-15%. : .

b. Unless specified, the quantum Yleld of NpR dlsappearance;was usgd.

c. For these two experlments, light source at 300 nm were used for 3 hours'
of - irradiation. . - ————

d. For.these two experlments, the quantum yleld of 16 formatlon was used
/and irradiation was at 350.nm [100-180 min for Li{acac)- caserandmsrhour ZOﬂfmmemw;v
min to 5 hour 30 min for K(acac) case]
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2 100 -
¥ /7100

1/MGacca)] x 1073 (1/m)

Fiqﬁre 2-21: The plots of 1/d wp ¢ (1/¢ for c‘and’d) vs 1/[M(acac)] (M = L1,

.- ¥a and K) for photocycloaddltlon of NpR (0. 02 M) and acacH (0 05 M for.a
and b and 0. 08 M: for ¢ and d) in methanol a) Ll(acac)/z NpCO Me, b)

K(acac)/lprCQZMe c) K(acac)/z NpCO Me and d) Na(acac)/l HpCOzMe.
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Figure 2-22: Plot of quantum yield of 16 and 17 vs [H,50,] for

photocycloaddition of'z-NpCQZMe'(Q.Qz M) and acacH (0.08 M) in acetonitrile

‘at 350 nm.
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Figure 2-23: Plot of 1/4(16 +.17) vs 1/[H,S0,] for photocycloaddition of
2-NpCO,Me (0.02 M) and acacH (0.08 M) in acetonitrile at 350 nm.



\

.The quantum yieids of'the formation'Qf/ls’and 17 for the photjiyclo—,

»addition of,z NpCG Me (0. 02 M) ‘and acacH (O 084M) at- 350'nm “were-

determined as -a functionnf the concentratiomoi sulfrurieac
(0. OOOl—O 001 M) " The dependence of the quantum yields of 16 and 17 on

[H SO ] are given in Table 4-9 ‘and Figure 2-22. The piot of l/¢(16+17) Vs

l/[HZSO4]’is given in Figure 2-23: - T 7 - o

2.7 Effects of dienes on the photocycloaddition

The quantum yields of the photocycloaddition of 2 NpCO Me. (0 OZAM) toi_ii;;%

. acacH (0.08 M) were determinei in acetonitrile at 350 nm in the presence )

(0 02 M) and absence (as a control) of dienes such as 1 3’pentadiene (PD),‘
i 2,5—hexadiene (HD) andrlf3—cyclohexadiene (CD). The results showed that the
- reaction was catalyzed byvdienes to give quantum yields of 16 of 0.0077 |
with PD, 0.0059 with HD, 0.0051 with CD»and'0}004d_for the control.

Similar experiments were carried out on the photocycloadditions of 2—Npr(§
= CQzEt,'oMe,and CN) with acacH; rhe'quantum yields,of‘product formation
‘in the oresence of a diene wvere Qreater,than in the absence’of a diene:for

£l
Pl

all cases, as shown in Table 2-28, Jn_"~”' ) : N

The quantum yield of iszwas investigated as a ﬁunction of ) ; ‘ . -
concentration of’1,3fpentadiene tO(OZ—Oii M) under similar cdnditionsfat
350 nm.<The relafiveifields and quantum'yields of'product is/rirst 1
increased in'the PB concentration,range ot 0-0.02 M, then decreaSedlnith:
,increasinq PD concentration (0.02-0.1 M)"The relativo/yieids.and quantum
yields of 16 in the presence of PD were always greater than .in the absence S
of PD (Table 2~29) except when [PD] = 0.10 M. In the photolysis, an |
addition product 18 of z;gpéozne and PD wés formed as shown by GC-MS (CI)

with a parent peak at m/e = 255 (M+l, 100 %). The attempt to isolate this

£
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—compound failed and its structure lS not determined The relative yields of

‘the unknown product 48 increased w1th the increaSing concentration of* -

7l 3-pentadiene. Theqresults suggested the exfﬁtence of two competing

(1,},

1}processes between the addition of 2-NpCO Me with acacH and the addition of

2—Np§02Me ‘with i,3fpentadieneﬂas well as a diene—catalyzed photoaddition of

2-NpCO,Me with acacH, i.e. a termolecular process. ,87-89

Under the Same conditions'as above, the. reaction of 2—NpCO Me with-

acacH wasecarried out using higher concentrations of l+3—pentadiene~'*1~~f—f—%*4*%

(0,1-0.3 M). The quantum yield of product 16 decreased and the yield of .

product 48 increased rapidly with increaSing concentration of

l,3—pentadiene (Table  2-30). The quantum vield of 16 inrthe presence of PD -

(0.1-0.3 M) were smaller than in the absence of PD, suggesting ther

existencevof two competing processes; i.e. a 2-NpC02Me/acacH addition and a

1
ERY

' 2-NpCO,Me/PD addition.

To investigate the possibility of a termolecular'process in\the47

2- NpCO Me/PD addition reaction, the relative yields of 48 in the

photoreaction of 2- NpCO Me (0. 02 M\ Wlth 1, 3-pentadiene (0.08 M) at 350 nm

were determined as,a’function of the concentration of acacH (0.0250.08 M)r

- In the photoiysis,'ls was also formed. No acceleration of‘the formation of

48 was ohserved, indicating the absence ofherfect due to acacH. The

" relative yield of 16 increased and that of 48 decreased with increasing

P ' - ‘ - B

concentration of acacH, indicating competing processes in the

photdreactions ofg2—NpC02Me/with acacH and 1,3-pentadiene (Table 4-10). -

2.8 Phosphorescence and UV studies

-
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. Table 2-28: The*f’éffects of diene on phofocy,clloaddition of 2-NpR and acacH .
v o inla:cc;tqnitr;lea -
"
. ' : b - )
x 2-—Np}2 'd)p ] . .
- control (01 £:12) R )
) (0.02M) . (0.02M) ©(0.02M)
J( - ) - - - . B
cbéme : 10.0043 "0.0077 0:0059 - - 0.0051
CO,Et -~ 0.0033 - .0.0059 , - S .
OMe - 0:036 - - <0.053. - o0.042 o
N ~ 0.030  0.038 .
a. The solutions contained 2-NpR (0.602 M), acacH (0.08 M), o,ctédecane (as-
' I.S.A,i 0.005 M) and also with (0.02 M) and without (as a control) a d'iener /
were irradiated J.n Apparatus II at 350 nmi (4 hours for R = Cone,,6 hourrs' ,
for R = CO,Et, 1 hour for R = OMeand 35 min for R = CN). - o
b. Quantum yields of producit'T formation wére determined by Method II - :
| (Section 4.3). Errors: % '15%. ’ R o o
c. PD stands for 1,'3-pent;aqierie, HD for 2,5*'—'d:i:met'hyF2f4ﬂ'fexadi'erre" and"CD’:T”'*;"*"”*"’*
for ‘{,3-cyc—lohexadiene. | ) ——
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Table 2-29: Concentratxon effects of 1, 3-pentad1ene (PD) on
photocycloaddltlon of methyl Z-naphthoate and acacH 1n acetonxtrxle
[l 26 4 e e/
. , " ~ T - rd
o - o0.38 0o © 0.0043 1 s
©0.02 0.617 0.074 < -~ 0.0070 .  +1.62
0.04 © 0.54™N - 0.096 © 0.0061 - . 1.41. o
- 0.06 - 0.460 . 0.176 . 0.0052 o121 .
0:10°  -0.388 c""’0.226 . 0.0043 1 T
! £

3.

‘a. The solutlons contalnlng 2- NpCO Me (0 02 M), acacH (0 08. M), octadecane

purged) for 4

(as I.S., 0.005 M) and PD (0.02&0.1 M) were 1rrad1ated (N2

hours in Apparatus - II at 350 nm. . . -

-

b The results were reported in relatlye yleld whlch was the GC area ratlo
; of the product over the I.S. Errors: * 5- 7% o I , o s

ey Quantum yields of 16 formation were'determined by Method II'(section.

. . . M ; , ¢ — B - L
4.3) ‘ - IR
d. The quantum yield ratio (16 formation) of aboye'soiﬁtienS’withmdiene*~ﬂ‘*f*f"j
-over thatléithoutrdiene:? - - - S : \if R
\ =
102 . I R k
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Table 2-30. Concentratlon effects of 1 3-pentad1ene (PD) “on -
photocycloadd1t1on of methyl 2-naphthoate and acacH 1n aceton1tr11e ,:'
[PD] (M) . : ébb" a8 - ¢/¢dd .
. . : — . - _ ,N7§\{Wﬁj B}

. o - SV
0.3 0.0019 14 . T .0.441
0.2 S 0.0029 " 13 0.676 .
0.15 . 0.0037 S12. . 0.853.
0.1 - -0.0043 Sl 1 ;

[

a. The solutlons contalned 2= NpCO Me (0 02 M), acacH . (0 08 M), octadecane

Ciigas I. s , 0.005-M)-and ‘PD 40 10.3 M) were irradiated (N2 purged) for 5

“hours in Apparatus IT at 350 nm, “ﬂ
: S T T e T

b. Quantum yields of -16 formation were determined by Method II (section:

i EREY . ,.! } . ’ . . - [ . - . -
4.3). Error: :.15%, e

The results were reported in GC% from prlnt out w1thout 1.S.
d. Same as that in d of Table 2-29. -

- o e . .
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To probé the-possibleJeXistence'of awéround:state compiex (Gsc) ~ -

between 2~NpCO Me and'acacH, dlfferentlal absorptlon spectra of solutxons

of aeacﬂffﬁ'k‘M)'and*2=NpCO‘ME‘fO’Oi"O‘OOL and. 0.0001 M) in acetonltrlle

were recorded agalnst a doubie compartment reference cell each compartment
-of whlch contalned double the concentratlon -of acacH and 2- NpCO Me~as in -
thersample cell (see Flgure 4 -3, page 196) No new absorptlons were ,A\% e ;

observed, 1nd1cat1ng the: absence of -a GSC between 2-Npco Me ~and acacH . ‘ .

Differentlal absorptlon spectra were also recorded for the solutlon systems

- .

" of acacH—(3 M)/ZpreegMe—(O—Qlyu <001 and 0. 0001 M) and szpCA Me ~(D:01

. =

5l

/;f)/acacﬂ (l D 5 and 0. 2 M), in acetonitrile.” No new absorptlons,weref‘ .

observed,for theseisystems.

z -

*The absorptlon spectra of NpR (R:= 1 COZMe, Z—GOéMe, 14¢02Et, Z—GééEtrf
'l—CN, 2- CN, 1- GMe and 2- OMe) and M(acac) (M = 11thium or sodiumf were
measured at room temperature as shown in Flgures 2 2 2-24 and}Z—éS;-The’L

extlnctlon coeff1c1ent values at various wavelengths are- listed in Table -

N 7 . . ~ . = ) . S -

5

-
v,?%pwﬁ_‘ i

The UV spectrum of 2-NpCO,Mé (0.0005 M) ahd that in the presénce of *
- P * . o : : T
sulfiric acid- (0,0125, 0.0250 and 0.0375 M) were measured in ‘acetonitrile

)

at room temperature. No new absorptions were observed when- sulfuric acid

was added;iSimilar spectra were obtained 'in the presence of Litacac) (0.01,-

T~ . R R .
4-.' ) - i ~

0.02 and 0.04 M) in methanol,- again showing the absence of new absorptions -

under these condltlons L o I : ) - o : oy

Phosphorescence of 2—NpCO Me (0 .0005 M) in 1:3 2—propanol ‘ether at 77 T

K (as a solid solution) was not quenched by SUlfU;‘lc aC1d"(at e

concentratiens of. 0.003, 0.006 and‘OQOS M).
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The quenchrng of 2- NpCO Me (0 0005 M) phoSphorescence by acacH (at

o

concentratlonsvof 0 0005 0 OOl 0.005;’O Ol 0 05 and O l M Flgure 2~ 26)

and that of 2= NpCO Me (O 02 M) phosphorescenee by acacH (at concentratlons

x

" of 0. 01 0.05 and 0. 1 M, Figure 2- 27> were attemptad in 1: 3 - j» I R
' B _—

1sopropanol ether at 77 K respectlvely No/quenchlng was observed in both -" o :

a L
°

cases Slnce we have shown that 2—NpCO Me fluoreScence is. quenched by acacH'

‘(Sectlon 2. 3 l), the absence of a change in phosphorescence must mean that

the reverse trlplet energy transfer also occurred i.e. the thlrd step\zh

Lo ,,L SRS L

" the follow1ng sequence 2 NpCOzMe + acacﬂ - (2 NpGO Me acacH) —> vz

( 2 NpCO Me—adacH) = % —NpCO Me ¥ acacH
‘\‘i' : . '. . s . "A_ . n-v*’ "":‘" - : - : o . -
, T . .d:f SRS e N , S

Phosphorescence of 2 NpCO ‘Me - (0 01 M) ‘was meaSured in the presence of

iodomethane (0, 0.0¢ ande,QBEM).;Intens;ty enhancements were observed,_'

indicating the promotion OﬁﬂSilf§fii transition of 2¥Npcb2Me]by,CH31 .

(Figure 2-28).

-

'Because of" the ekﬁensiueﬁouefiap&of-the‘absorpt;onﬁSpectra,of NpR;and
acacH (Figures 2-2 and 2724), ‘ft was difficult to determine  which excited

specieS'was Leacting,‘when mixtures of NpR (R = 1—C02Me, 24C0 Me, l4OMe and -

1- CN) and acacH were 1rrad1ated Attempts at determinlng the reactlng Tl e

/
,spec1es were made by correlatlng quantum ylelds of NpR dlsappearance with -

the concentratlon of elther NpR or acaCH <_J

L]

(\_,

"f'.; ’ R S
.

"‘p.f Quantum ylelds for 2—NpCO Me . dlsappeanance in the photocycloadd ionfofki*

2- NPCO Me, (leEd at 0.05 Mﬁ and ‘acacH at 300 nm were determlned asa .t

functlon of the concentratlon of acacH (0. 05, O~06<'O 07, 0‘08 and 0. I M)7

7

'}n addrtlon,rthe quantum ylelds of the photocycloaddltlon of acacH (flxed -

‘. PR ] © N
B : R E . - . - v e

,’f““ PR Q:*" ' ‘ﬁ,’ o 7 105



Figure 2-24: UV-spectra a) 1-NpCOEt (0.0004 M, curve 1) and 2-NpCO,Et
(0.0004' M, curve 2) in acetonitrile; b) 1-NpCKN (0.00093 M, curve 1) and - . -

1.0 , '
- B 7 b
-/ _
g | 8 - '
3 3 0
-2 e ‘ S S
~ 2 2 ;
- &
B /s ° ‘ : o
- e o oo _ 250 300 - 350 s -
3 , ' WAVELENGTIl (nm)
™ WAVELENGTH (nm) -
. - T =
- P
E d
c N B
} 1
e o
[ oo 0.4
.2
3 o :
o . 2
-3 <
o 7 - 0
250 300 350 : 250 300
. . oo - &
_ WAVELENGTH (nm) - . WAVELENGTH ¢nm)

2-NpCN' (0.000183 M, curve 2) in methanol; c) 1-NpOMe (0.000254 M, curve-1) -
and 27NpOMe (0.000238 M, curve 2) in methapol and d) Na(acac) (0.000049 M,
curve 1) and Li(acac) (0.00005 M, curve 2) in methanol. - o ‘

z
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Figure 2-25: UV. spectrumg6f compound, 17 (0.0001 M). in methanol.
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RELATIVE INTENSITY
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Figure 2-26: Phosphorescence quenching of 2—NpC02Me (0.0005 M) by
0.0005, 0.001, 0.005, 0.01, 0.05 and 0.1 M) at 77 K in 1:3

isopropanol:ether with excitation wavelength at 345 nm.
. o -

~
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WAVELENGTH  (nm)

-

Figure 2-27: Phosphorescence quenching of 2-NpCO,Me (0.02 M) by acacH (0,

0.01, 0.05, 0.1 and 0.5 M) at 77 k in 1:3 isopropanol:ether with

- excitation wavelength at 350 nm.
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Figure 2-28: Phésphofescence enhancement of 2-NpCO,Me (0.01 M) by CH,
: P 3 ' , |
0.04 and (0.08 M) at 77 X in 1:3 isopropanol:ether with excitation

wavelength at 330 nm.
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at 0.05 M) and 2-NpCO,Me were determined as a function of the concentration -

-

of 2-NpCO,Me (0.05, 0.06, 0.07, 0.08 and 0.1 M). The light intensity

absqrbed by,Z—NpcééHe o:AacacH,was caléu}ated bas?d'on equation‘4-4, At é

Eixed concgntration'of‘g¥%¢ﬂ but wfth’incFeasing concentrétion of - " ) >‘iy
2-NpCO,Me, the quantum Yieldé we:eessentially‘constantwithin'expe:imental
error:(Téble 2-31 and Figu;e 2—29,YO.OO73—0.0078 if vé;ue df O.QQérwas
ignored). But at a fixéd concentration of~2;NpCQIMe with increasing
concentration of acacH, thé quantui yieldS';ere increésed'(Table7273; andir 7777777 B
- Figure 2-29, O.dlS—0.0SQﬁ, suggestingvt§at Z;NpCOZMe Qas ihe reacting

A

species.
. C 4 T o .
Similarly, the quantum yield dependence on the concentration of
1-NpCO,Me (0.05, 0.06, 0.07, 0.08 0.09 and 0.1 M) with a fixed

~concentration of acacH at 0.05 M and the ‘quantum yield dependencé on the

Eoncentration of acacH (0.04, 0.048, 0.056, 0.064, 0.072 and 0.08 M) with a
. - ) . . . ~~— -
fixed concentration of l—NpCOZMe at 0.04 M were determined. Results similar
oo ' Lo co

to the above were obtained. At the fixed [acacH]; Fh? quanfum yield of
l—NpCOzMe disappeafance increased slightly §5‘the concentratiqﬁ_of
| 1-NpCO,Me inéreased (Table'2f32,'0.608—0i013f. But with fixed- [1-NpcoMel,
- the éuaﬁtumyyiela increased markediyf§5'thé concentrétion of acacH
incre;sed (Table 2-32 and Figure 2-30, 0.00i-0.0ZG). Similar experiments
were carried Eut with‘Z;NébMe/acaéﬂ and 1-NpCN/acacH systems. The results -
(Tabie 4-11 and 4-12) were similar to ihpsa describéd¢above;for the |
] l-N?COZMe/acacH system; Because of the complexitz ofthecalculatioﬁs'andA

the large efro; margins, the results may not be used as solid proofs of -

the mechanism.: ’ .
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Figurc:k 2-29: Concentration depehden_te of }he Jphotocycloadditién of

Z—NpCOZMe (0.05 M when fixed) and acacH (0.05 M when fixed) in acetonitrile’

at 300 nm irradiation. e | o
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Table 2-31: Concentration depeﬁdence}of photocycloaddition of WﬁtﬁY:,,

2-naphthoate and acacH infacetdnit:ilé

%

[2-NpCO_Me]=0.05M> [acacH]=0.05 M°
. ! ) " o b —.~ ; L drr
[acacH] - - ¢Np S [2 NpCQzMe? acacH
R N -y S T
0.05 = ~0.015° -~ 0.05 - 0.005
0.06 ©0.021 - 0.06 - - 0.0073
0.07 u 0.03¢ 0.07 - 0.0078
0.08 © 0.035 0.08 - 0.0074 -«
" 0.09 ’ 0.053 - 0.09 ©0.0078
0.10 . 0.059 0.10 © 0.0077
‘Conversion 25-35% - ) 13-17%
» ’ * ° —

;;*The golﬁtiohs containing 2—Np§02M?7(Q.05 M) ~and acacH (0.05—0.1}M)_were -
iFradiated for Sin hour;rin‘épga:atus ITI at 300 nm’using xantﬁone (hixed

with,resulting solution after'iréédiainn) as I.S. Errors: * 15%.

b. Quantum yields of2—NpC02Me disappearancérbased,on 2-NpC02¥e'ab§orbingr
light. 7 | J |

c. The solutiqns coﬁtaining acqu (O.OSMj;:éjé—NpCOZMé(O;OS-O.lM)‘werg
irradiated for 6-11 hours. Fér other conditions, see a. S =

d. Quantum yields of 2-NpC02Me disappearance based on ‘acacH absorbing'

- light.
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Table 2-32:fConcentr;tion dependeﬁté of photocycloaddi jon ot\methyiv
- 14naphthoate\and acacH in acetonitrile - -~ o
~ [1-NpCO,Me]=0.0aM° | ~ [acacH]=0.05_M®
facacH] IR $ P [1-Np¢0 Mé] : o 94 - N
: s Np T T2 . S+ racacH - - -
(M) . ] = V 7' / , | . (Mjr - ) . ) . —
x H i o -
0.04 0.001 o005 . o0.08
, 0.8 7 o0.003 0.06 0.009 -
< RO B ,: ) . ) - . / P
0.056 o 0.004 © o 0.07 ) i 0.01
0.064 - . . 0.014 ©0.08 | 0.012
0.072 »0.020 ' 009 | 0.013: .~
. ‘ s S
0.08 - @ 0.026 ‘ 0.10 - 0.013
‘ ~ ] ~
Conversion> g 4-28% 7 o 9-13%
~ ) S ) i A ‘r_ &
a. The solutions containing 1-NpCO_Me (0.04 M) and acacH (0.04-0.08 M) were
irradiated for 6-8.5 hours in apparatus II at 300 nm. For GC analysis, see’
a of Table 2-31. Errors: * 20%. | H .
b.” Quantum yield of lprCOZMe'disappearance based: on l—NpCOZMeigbsorbihé L
light.
c. The solutions containing acacH (0:05 M) and 1-NpCO,Me (0.05-0:1M) were

irradiated for 10-15 hours. For'@thei conditions, see-a. . S

a. Quantum Yield of 1—NPC02Mé,disappearance based on acacH absorbing light.
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 nm lamp irradiation.

115

(0.04 M when fixed) and acacH (0.05 M when fixed) in acetonitrile with 300



L

CHAPTER 3 DISCUSSION: =~ - .

3.1 Concentration dependence

3 . e o R

s - - . i L -

Irradiatrohﬁof naphthalene derivati;eéd(NpR; a/= CO,Me, CO,Et, oﬁz'and ":;
éN)‘withéacacH in acetonitrile gave 1,5-diketone producte. The addition
occure at tbe_l;z;positionfof,the)haphthalene épeoies‘wheh the subetitdent
is at position 2 (equation Zrlrrpage’IS; eguation 2;8 .page 29;/eguation/ : ‘7 l?

2 10, page 3l) and occurs at the 7, 8 p051tlon when the substltuent is at-. ‘

‘position 1 (equatlon 2-4, page 19r equatlon 2-7, page 27) except for thermmeeeefué
l—NpOMe case'(equation 2—9, page 30).—Naphthalene derlvatlves and acacH. .
- s - \ ) ~

'also ‘undergo effectlve [2+21 photocycloaddltlon ‘with- 51mple

olefmes.5 23 36,59 Their absorptlons ranglng from 240_nm to 340 nm . overlap

LS

extensively (Figure 2-2, page 40 and 2- 24 page 106) The exc1tatlon °§4

S

both NpR and acacH is therefore unavoidable wheh the photoreaction is

carried out with a light source at 300 nm, making ﬁti&ery difficult'to'é

¥

determine which excited state is initiating the reaCtion.‘rheh a solution
containing NpR and acacH is irradiated, there are four;species in the . -

A B D . : T *x
solution, namely, ground state NpR and acacH and excited state NpR ( NpR)-

s

and'acacH ( acacH).’If the concentration of o?e ofithe étarting materials
islchahged}/then'therconpentrations of the rest are also chajged, owing to -

changes in relative abSorptions. There are three possib;e mechanisms which .
[ ~., * ’ . - 5 o B
may lead to product, i.e. NpR’is reactive and adds to a ground state
- \ : ;S
%* ‘ o . - . S * .
acacH; acacH is reactive and adds to a ground state NpR; or. both acacH

* . )
and NpR are reactive giving the_samevproducts. The excitation of acacH

probably does not'generate singleéxexcited NpR If the flrst mechanlsm is

operating, the follow1ng Kinetics should be observed FlrStly, accordlng,to

_ B . N ]
£ 1/¢Np against 1/[acacH] should be linear with a -

~

eguat iork4-2 , the plot o

u



' positibe slope when the concentration of NpR is fixed and'the’quantum‘ -

'yields are calculated based on NpR absorbing light (i e. acacH as a

"quencher) Secondly, when the concentration ofracacH is fixed and the

quantum yields are calculated Based on acacH absorbing light, the plot ofl , '»r

— ..

Np against l/[NpR] should produce a straight line w1th a slope of zero = -

(i.e. l/¢ Np does ‘not change w1th the changing of NpR concentration) Iffthe :

1/%
second—mechanism is operating, ‘the same argument will apply, the latter 7‘»

plot should be a straight line w1th a pOSitive siope when the concentration

,V‘V

of acacH is fixed'and the former plot “should have afslope of zero,when ‘the it gé

w

concentration of NpR is fixed. . = oL -
. _ - N 7 “~ - »

7 The correlations of l/@ Np Vs l/[QJ (Q represents acacH when [NpR] is-
fixed and\QpR when [acacH] is fixed Figure 2- 29 page 112) obtained from,i
photocycloaddition of 2—Np§02Me and>acacH show that,the quantum yield.ofi
.'szpCOZMe—disappearance‘remains unchanged with increasing'concentration,ofr
z;Npcozne. when [acacH] is fixed V(Table72—3l, page“,ll3,r 07.007'3—,0.6073' 1f ther‘r i
value of 0.005 is ignored); hut the quantum Yield increases with_increasing" -
concentration of acach when ' [2-NpCO, Mel is fixed (Table 2-31; vo.oisio.osg).
These results suggest that 2- NpCO Me is the reactive. speCies. The results
from Similar experiments on the photocycloaddition of l—NpCO Me and acacH
'rarernot as clear.as above case. The:quantum ?ield of 1- NpCO Me o .

disappearance increaSes slightly (Table 2432; page 114, 0.008- 0. 013) w1th

increasing concentration of l—NpCO Me when [acacH] is‘fixed, but increasesi‘

markedly (Table 2-32, 0. 001-0. 026) with increaSing concentration of acacH

when [1- NpCO Me] is fixed (Figure 2- 30, page llS) Taking into
conSideration the complexity of the system and the differences in quantum -
yiéld between the highest with the lowest concentrations (& = 0.008-0.013
T
v . -
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’ 2-NpOMe,are initiating the respective reactions. 7 o °

}’,3;2 Solvent ‘effect on theﬁphotocycloaddition I

'the enol form 1n a particular solvent is essentlal Although acacH 1s more‘*

: to allow reactlon. For example, 0.1 M acacH in hexane has 91. 4 92%”

: form,fand ln'ethanol,'%2.5—8§,5% : and 1n acetonltrlle,

- and acetonltrlle/methanol ]ust opposlte to- the trend observed in the de

o N - - R

.o .

- o

. - = . - . " : s e

s N A . - . ns
4 A —

when [acacH] is flxed and ¢ = 0.001-0. 026 when [2 NpCO,, Me] is f;xed), it .

2

is reasonable to suggest that the exc1ted state of l NpCO Me 1s 1n1t1at1ng

" the reactlon. Slmllar results are obta;ned from photoreactlons of 2 NpOMe

s

and 1- NpCN Wlth acacH, whlch 1mplys that theﬂslnglet excited l-NpCN and‘

- q . : v . - - . .

"~ Since the double bond ofythevenolic'form,of acacH'is'the bond that .

-

adds to the naphthalene derivatives, the ex1stence of a certaln amount of AN

Al

-
enollc"ln nonpolar solvents than in polar«solventsy90 the~percentage ofjthe

\

enol form in elther nonpolar or polar solvents - 1s fortunately large enough

90a- enol ‘
ﬁs . 'ﬁ,‘

70%90b, The de

Mayo reaction,’i.e.~[2+2] photocycloaddition of acacH and olefins, takes/n
= "

place. only ‘in a nonpolar solvent (e g ' cyclohexane0 but not ip a polar

A

solvent.57 ‘The reaction is reported to be solvent dependent Wlth the rate

decrea51ng'1n the order of ether, ethyl acetate and aceton1tr11e.57/ -

-However, the yleld of 16 in the photocycloaddltlon of 2-NpC0 Me and acacH

i

ranges from 0% to 19% in the 1ncrea51ng order . of cyclohexane, benzene, THF

Mayo . reaction. This strongly suggests that exclted state acacH is not -

. 7 *H))V . | 7;J” '/A

" Feactive in the photoaddltlon of 2—NpCO ‘Me and acacH : -

It has been well establlshed that two main factors are- usually -
con51dered as the origin of bonding and stablllzatlon in an exclplex.5
These are excitation resonance between the monomer'molecules,pand charge

1

transfer from one monomer to another, respectively. Solvent effect on -
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_reactant partner.

In- nonpol

Jt.&')

7, - 7. N
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There aﬂ@ many reported examples91 10§ of thé quenchlng»qu . -

“,ufluorescence of aromatlcgcompOunds by speC1es whlch cannot

o Et OMe and CN) fluorescence;_,(:Table z 11

(Me,'C!Q

—- . S

page 35) by trlbutylamtne (TBA) belong to thlS type. For example,

5 L - Py .

- ) 7> lowest s1nglet exc1tei energy of TBA: (>lOO kcal/mole) is too hlgh to quench

that of 2 NpR (E = %3 86 Rcal/mol Table 1 2 page 14) by an energy

' tranSEer mechanlsm. On the other handg it~ lS well establlshed that the f

e .-%.
7

lowest s1nglet exclted Statesvof aromatlc hydrocarbons C be quenched by

: ) : amlnes v1a an electron eransfer mechamsm.lO4 106 The ﬁéﬁglblllty of an

T,
‘V.A

V S electron transﬁer pathway for a,b%molecular~quenchﬁngbreaetlon lSﬂ'“”f ~%» Q*»fff

- - determlne% byﬂthe free energygchanges (AG) evaluated from the .. Weller ‘fiieﬁi

equatlon The half»wave potent1a1 value (El/z) for TBA can be - estlmated to

W -
A s : &t
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(1.12 v in acetonitrile), triethylamine (1.15 v in acetonitriie) and -

o trimethylamine (1.29 v in*acetonitri'le).l07 The negatlve AG ‘values ( 39 8 S

R kcal/mol for R = Z;CU Me, -16.5 kcal/mol ‘for 2 -CN and -0.43 kcal/mol for

L 2 OMe) of ‘the pairs between NpR with TBA calculated from the Weller
equatlon lndlcate a favorable electron transfer quenchlng pathway from TBA

to NpR The fluorescence of 2- NpCO*Me was quencheﬂ by both TBA .and DMA,

lndlcatlng the lnterceptlon of l2 NpCO Me by TBA or DMA The good agreement3

ln rate constants obtalned from fluorescence quenchlng of 2 NpCO Me by TBA .

_(kq = 3.6 x lO'Q' —l'sfl, Table 2711 _page 54) ‘and from quantum yield" r”jfrc*

7

- dependence of 16 formatlon for the photoaddltlon of 2 NpCO Me and acacH- on’ iif

- . TBA (kq 3.3 % 10lo Mfl s71, Table 2-2, page 35) strongly support the.

T ;,.v1ew that the photocycloaddltlon is 1r-t1ated by the singlet exc1ted state'5

l.of'Z—NpCO%he. Slmlllar experlments with the quencher -at a_single s

" concentration showed that the photoadditiOns of 2-NpR (R ='C02Et,,OMe and.

CN) and acacH wWere retarded in the presence of TBA (0. 02 M) or DMA (0. 02 f
- M) (Table 2—3, page 37) The,fluorescence of ZijR were»also eff1c1ently

affected by TBA '('Table 2-11, page '54>; It .is thus suggested that the .

‘th/v : ‘vinterception of th l2—NpR,_by;TBA is also responsible for the retardation
ofthephotoc?cloaddjgion. Furthermore, the- lack of quenching of the de
Mayo reaction by TBA-and DMA under comparab;e conditions clearly indicates

= 1fji;'.‘ -that TBA and’ DMA do not duench the exc1ted state of acacH, and conflrms

-

that NpR is reactlng in the- photocycloaddltlon of NpR and acaCH

Y

3.4 Diene effects. . - - - B -',7 o

- . Energetlcally, dienes are. good trlplet quenchers in the NpR/acacH

L reactlon system This is because their 51nglet exc1ted state 1is hlgher in

- s

-energy, whlle the trlplet exc1ted State is lower in energy than the )

.

7 - * -
- i
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corresponding states of’ﬁpﬁ:(Table 1-2, page 14): The absence of quenching

_of the—photocycloaddition b? diene$fabpears to indicate that a triplet

~ state mechanism is not involved. bn‘the“otherxhand, thempresence of—
.173—pentadiene7(PD},72 54SEMEthyf:i 4 hexadlene (HD) or 1,3~ cyclohexadlene
(CD) at A concentration of 0 02 M accelerates the photocycloaddltlon of
2-NpR (R' CO Me, COzEt, OMe and CN) to acacH The quantum ylelds of
product formatlon for the above photoreactlons in the presence,of dlene
‘,were always greater than those ‘in the absence of the dlene (Table 2 28,
f.page 1014. A further concentratlonfeffect of PD on the photocycloadditten
revealed that 1n a low [PD] range (1 e. [PD] = 0.02-0.1 M, Table 2-29,
Vpage 102), the addltlon'product 48 1ncreased'with‘increasing concentratien
of PD.” At the same time, the quantum yleld (¢p) for the formatlon of 16.
decreased, 1nd1cat1ng that reactlon 3-1 competes w1th reactlons 3-2 and 3 3

{ scheme 3 l) The ¢/%° (the quantum yleld ratio of 16 for react;ons w1th

=

Scheme 3-1 . o E N
- / i ) ) ‘ .

1 K 1 ' ' 7
2-NpC02Me + acacH ——> (2—Np€02Me—acacH) —> 16 R 3-1
Lo K 1 , :
2-NpCO;Me + PD ———=——> "(2-NpCO,Me-PD) ' , 3-2
1 N T ' -
(2-NpCO,Me-PD) ————> 48 : 373
1 . o~ Ky 1 ' : '
(Z-Npcone-PD) + acacH ————> (2-NpC02Me—acacH);fW§D 34
1 . kg ' ' '
(2-NpCO,Me-acacH) ———> 16 - . i . 3-5

™ -
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and w1thout dlene) values show no correlatlon with concentratlons of PD.

The data presented here Are most readlly ratlonallzed by the mechanlsm

shown 1n,Scheme 3-1. The ke? aspect of thlS scheme is the proposed

exciplex formation~between Z—NpCO-Me and PD (equation 3-2) and the

1nterceptlon of the exciplex by‘acacH (equatlon 3-4), perhaps via an

exciplex- exc1plex exchange reactlon.87 89, 108 110 The quenching of the -

v

fluorescence of aromatic»hydrocarbons.(substituted naphthalene or

phenanthrene) by 1,3-pentadiene has-heen.interpreted'in terms of exciplex .

formation between the lowest;sfnglet eXCited state of the aromatic

hydrocarbon and the diene. lll—lls Strong ev1dence for this mechanlsm is the

observation of em1551on from the 1- cyanonaphthalene-dlene exc1plex.ll7 The

photocycloaddltlons of aromatlc compounds w1th dlenes.have ‘been- reported to
‘give 4+4 adducts’v1a an exc1plex mechanlsm 41 43 The quenching of 2—NpC02Me
fluorescence by Ph gives qu of 9.98 M_l, indicating that the singlet o
excited state of-Zercone is indeed‘intercepted by Ph, probably forming a
1 non-fluorescing-exciplex. Reactions 3-4 and 3f5 are analogous to the

'termolecular interaction' proposed by Liull8fllg and Caldwell*+20 to

account for the catalytic effect’of.l,3—pentadiene,upon the dimerization of

9¥phenylanthracene. Assuminé that (2 NpCO Me- PD) has a longer llfetlme
'than l2prCOéMe, in the low concentratlon range of PD, reactlons 3-2 tp.3—5
alsc occur in addition to reaction 3~1, due to the longer‘llfetlme of
l{Z—NpCOZMe-PD) contributing extra amount of 16, and therefore enhancing
the quantumlyield of 16;~Homever, inrthe high concentratlonrange'of PD,
1Q-NpCOZMe—PP} is surrounded mostly by prinsteadroéfacacH7~reaetionré—t
is no longer important and thevcompetitlon of reactions 3-1 andp3—2
dominates. Notice that they have close qu'values funder non*purded 7 -

L . - . . . : -1
condition) obtalned'from fluorescence guenching, i.e. 11.8 M for
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o ' ‘ -1 | e
guenching by acacH (Table 2-7, page 46) and 9 08 M for quenchlng by,PD,'

r'a .

(Table 2-10, page’52) This results in two competlng reactlon pathways, ERA ";"

. with ﬁo*acceleration effect at all. The photoaddltlon of 2= NpCO Me With PD

in the presence of varlous concentrations of acacH does not show any

~

acce}eratlon of the ﬁormatlon of 48, lndlcatlng'the,absence of a

termolecula; p}ocess. The fact that_the photqcycioaddition offZ-NpCOZMe

Qith acacH is-suppressed by‘the interception of l2.—NpC0Me by PD- (in high
concentratlon range}ugpmblned w1th the absence of triplet - sen51tlzatlon of -
the feactxon (Sectzon 3.6) strongly suggestS' 2—NpCOZMe as a reactlngw oo

species in the photocycloaddition.

.+ 3.5 Heavy atom effects . ' ER _ -
In photochemistry, molecules with a heavy atom enhance yields of"

triplet derived products by promoting intersystem crossing.89'121f125~’

-

Therefore,. heavy atom effects 6n product,distribUtions'should providevgood

evidence on the multiplicity of reacting species. The photocycloadditidn of
IZ-NpCOZMe'to acacH in the presence of CH3I was examined. Since Eér*7'
‘non-purged) -of 39.9 Mt (TableﬂZ-lZ, page 55) for the,2~NpC0 Me , .

fluorescence quenchlng by CH3I is con51derably greater than that by acacH

‘ (11.8 M ;, non-purged, Table 2-7, page446), [CHBI}/[Z—NpCOZMe] was kept
within 0-0.20 and [CH I]/[acacH] within 0-0.05 so that the photoaddition of
2 NpCO Me to acacH would still predominate in the presehce of CH3I The
Jteld of 16 decreased stlghtly when the concentratlon of CH3I was ’ \

increased. At the same rime, product 17 appeared and the _yield of 17 L,Wt;_sc,c,

gacreasec when [CHQI; was ;ncreased fTab;e Q—l:, page 70). ?he 1ncreased’f |
formationrof 17 in the {CHBI] range of 0-9:004 M cannot be explained
simply by the heavy atom effect, due to the fact -that 17 yas not formedv'
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under triplet sensitization (section 3.6). The acidity (pH = 4-4.5) of the

resulting photolysate indicates the farmatIon'Of<anraéid,'mOSf'éfbﬁéblfﬁﬂif’"’"

. during the irradiation. This acid is proposed to be Tesponsible for the
increase of '17 which was formed .in the sulfuric acid catalyzed reaction

fSection 3.10). The quenching of lZ-NbCOZMe by CH,I may be responsible for

3
the slight decrease of the yield of 16. But since the chandges in yields

aré quite small, the effect needs to be carefully reexamined using higher

concentration of CH3I. . ' o R

N

The presence of CH3I in thehphotocycloaddition between ZfN§CN and
acacH simply caused a slight guantum yield decrease of compound 38 withgt

an accompanying new product {(Table 2-17, page 74). The same argumént as
B } : 4

above cdn;erningvthe decrease of 38 applies. The absence of a neW‘produét
b4

1s consistent with the results from the study of the effect of acid on‘;hé\“

reaction (Section 2.5.2). .
‘3.6 Reacting species -

Another ugefuy'toél‘to determine the multiplicity of a photoreaction
is selective quenching or selective sensitization. Thus, the absence of

triplet guenching or sensitization indféates the possibility of a singlet
82

mechanism. Xanthone (ET = 74.1 kcal/mol)
82

‘and benzophenone (E, = 69.2
7 kcal/mol) failed to sensitize the photocycloaddition of 2-NpR (ET ='58—6%
kcal/mol, Table 1-2. R =YCO2Me, COzEt, OMe and CN) to acacH (ET’E 69-74
'kcal/mol)>?, which indicates that neither the triplet state of Z;NPR nor -
that of acacH is invoivéd in the photocycloaddition. ﬁaﬁihgraﬁﬁiéﬁrré

L 18,82

—)-T’

‘efficiency of intersysfem crossing (éisc = 0.84) from 5, 1

2-acetonaphthalene fails :2 add to acacH, supporting the singlet mechanism.

124



-

- -

“concluded that the singlet excited state of 2= NpR is the reacting spec1es

- furan and -has proposed that an exciplex is the precursor of the

existence of a reversible exciplex of l2-NpC02Me with acacH. It shouid,be,,f

av?

At this stage, and based on the results of experiments to study (a)

concentration dependencies,'(b) solvent. effects; (c) electron donating

-

quencher effects, (o)‘diene effects, and (e) selective sensitization, it is

in the photocycloaddition to acacH.

3.7 Discussion on the intermediate
,5Many photocycloadditiOns have been discussed in terms of . -

exc1plexe$5 16/10,27-35,126 which may be'confirmed by'the;appearanceiofva

~

unique fluorescence at longer wavelengths thans the fluorescence of the

precursors.8’127’128 However, in some cases, enciplex‘emissions are totaliy

absent so that the existence of postulated exc1p1exes remains'speculative.

129,130 Pac has reported the negative temperature effect on both the

fluorescence quenching and the photocycloaddition of 1- cyanonaphthalene to
9,26,131,132

addition product. Theinegative temperature effect is also observed with the

?-NpcezMe/acachair inrfluorescence quenching ofAZ—NpCOZMe_by acacH. The

k:TO values decrease as the temperature is increased (Table 4L5,'page 181)

indicating that the dissociation of an exciplex into l2-Npcd2Me and acacH

is conpeting with the’decay to gronnd state andito product; Therplot of

log kq against 1/T gives a straight line with a positive slope (Figure

2-16, page 595 which is similar to that:reported.'Although there is no- - \V,

exciplex emission observed from the l'2-}inC02b'Ie-acacI~1 pair in either polar

{CH,CN) or non-polar solvents (methylcyclohexane), the”plotmimplieS‘thE”

pointed out that the existence of an ekciplex does not necessarily require °

the intermediacy of an exciplex in photoreactions, since exciplex formation
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may be independent of’the photéreaction Generally speaﬁing, further - -

ev1dence such as negative temperature effect on the photocycloaddltlon is

needed to clalm an exciplex 1ntermed1ate in the reaction. Con51der1ng the

observatlon of the negatlve temperature effect on the fluorescence

‘QUenchlng,as well as thevfact that exclplexes5 16 i% 27-36, 133, 134 Are'

quite commonly proposed in ,photocycloadditions, we assume that the-

photocycloaddition of 2-NpCO, Me to acacH goes though an exciplex -

intermediate, on which the structures of the»prqducts}will be discussed.

Et, OMe and CN) to

The photocycloadditions™ of Z—Npr(Rr= CO&Me, CO2

2
.acacH are regioselective giving the orientation as shown in 16, 20
;(equat;on 2-1, page 15), 38 (equatlon 2 8, page 29) and 44 (equatlon 2 -10,

pace 31) for the l,2—add1tlon products. The,dependence of the
regioseiectivity on, the electronic‘nature of 2-NpR can be ruled out’ due to

the exclusive orientation>of the'l,z-adducts regardless of the nature of an

electron withdrawing group or an electron donating group at the 2-position,

The regioselectivity may be explained in terms of exciplex geometry which

is always in endo form. There are four klnds of exclplex conformatlon when

EN
the addition occurs at the substltuted ring, i.e. 1) two 1,2-additions w1th

\
respect to R as shown by El'and EZ; 2) two 3,4- addltlons with respect to

the unsubstituted'ring as shown by E3 and Ed. The unfavorable interaction

due to the methyl group of acacH lying above the unsubstituted ring in
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E2 and E4 may be responSLble for the absence -of the l(or 4)-acetonyl 2(or )

3)-acetyl—adduct The same argument applles for 1- substltuted naphthalene

and these- two types of conformatlons w111 not be dlscussed ;ater//lt seems
that the steric hlndrance in E3 prevents the addltlon from occurrlng at the'
3,4jpo51tlon while Elydoes not §how.such crowdlng. The photocycloaddltlons
of 1-NpR (R = Co,Me, CO,Et and CN) to acacH occur at the 7,8—position with _

the regiospecificity as shown in 22, 26 (equation~244, page 19) and 33

(equation 2-7, page 27) except in the case of 1-NpOMe. Conformations su

as ﬁg and'EGVCan explain the addition at the 3,4-position in l-NpOMe case -

ouing to unfavorable crowding in ES. The preferred addition at the
7,8-position in the unsubstitu;ed‘ring of other 1-NpR cases may imply a

better activation of the unsubstituted ring by the substituents at carbon 1

position.

Part of stereochemistry of the addition products has been lost due to - .
the ring opening as shown in equation 3-6. Considering i) the requirement"

of a cis orientatiOn of Hd and H (J = 7 Hz) in compound 22 (equation 2-4,

page 19) in order to undergo the secondary 1ntramolecular addltlonv

~

resulting in a caged compound 23 (equation 2-4, page 19); ii) the

corresponding'protons of products such as 26 and 33 having coupling

constant ranging 6.5-7.5 Hz which a§e very close to that of compound 22

iii) the configuration reguirement of the proposed exclplex lntermedlates

-
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El and E6' and iv) the agreement of MM2 calculatlon w1th NOE experlmental .. !_

results ‘on 16 and 33 it is reasOnable to assign the two ketone side'

chains in the cis orlentatlon in all addltlon products from naphthalene
. : .

o -

derlvatlves ot

s X ’ -

‘Contrasting with aheve, the 'irradiation oﬁ.phenanthrenerwith acacH

under neutral condltlon‘gave a mlxture of cis- and trans- 9—acety1410- ~
acetonyl 9, lO-dlhydrophenanthrene (28 and 29) plus a minor compound 30
(9-acetyl=9,lO—dihydrophenanthrene, page 22). In lndependent experlments,
irradiation of 28 d1d ‘not give 29 and 30 and 1rrad1atlon of 29 did not
. give 28 and 30. These results indicate that compounds 28 and 29 are

,pr;mary photoproducts and 30 is not a secondary prodUct“formed by Norishv
‘type II mechanism. A mechanlstlc study of phenanthrene addltlon was not

carried out, but the formation of the frans product’ 2?”33 a primary.

product may imply a tripletfmechanism which is consistent-with

- ] . . =~
reported46 >3 photoadditions of phenanthrene to olefins. ; _

A preliminary photolysis study showed that in the presence ofyb
Li(acac), the ratib i8/2§ becomes smaller kpage fok%ompared'withmthat'
under neutral conditions. The amount of cempqund 30 increased sharply fron'*‘ | S
13% (page 22) to 36% (page 24) and an aidol‘condensation product 31 was
also formed. Contamination of 28 by a small amount of 29 and.contaminatibn
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of 29 by a small amount of 28 made control experiments to determine

'thermal (acid'é: base catalyzed) epimerisation unreliable.;The/ratiQ of é‘/

mixture of 28, 29, 31 to BN changed from 0.90, 0.16, 0 and 1 to 0.34,

0.16, 0.23 a/ndr 1 after ‘;lil‘u‘tée sulfuric acid was ad‘de_d‘to the'miqxtu're. This

QbSefvafion'indicates’aEileastftwo possibiiities. TheSeAare: a) 28 élone‘ |

goes to oniyi31; 6r b5;28 gives 29 under acidic ‘or basic co;difions, and '“
botﬁ 28 and é9rundergo aldol condensétionrgiQiné 31:1Conversion of ?N

_increased. when the concentration of Li(acac)/increasedl(Téble 2-20, page

77), 'showing an acceleration of the addition by Li(acac). Product B

‘diétributions (Table 2-20) need to be reexamined, howéver due to an error )
‘ : ; 3y o

in the detection of compound 31. Further studies ©of the mechanism andxthe

-
1

catalysis by Li(acac) are required. ﬁ; S -

3.8 Kinetic studies

Scheme 2-1 (page 85) isvppéposed as é basic reaction mechanis@ for. the
,phofocycioad&ition of Z—NpCOQMe to acaqH! based oﬁ thé'fdllowing findings: -

‘i) therphotocycloaddition'gives diketone product 16; ii) quenchiﬁgrpf 
2—NpC02Me;f1u§rescence by;acacH; iii) no triplet seﬁsitization of ipe \j -
addition{'i;)ﬁthe }ack of guenching of,2-N§C02Me phosphorescence’ by acéch |

v) a éood agreement in raté ¢Onstant§ obtained from 2—NpC02Me fluorescence
'qdenéhingrby,TBA'and from guantum ?;eld measurements in the'prgsencg’of

TBA. Génerallyvséeaking, a,geod agreement between quo-obtainedrfrom

qu;ntum yield meésureﬁent’énd that obta&ned independently from fiuoreécence.
quenching for the same photoreaction iS—requiredras awproofrpf~thé—singlé;——me~rf

mechanism.58 However, for the photocycloaddition of 2—NpC02Me-with,acacHF_Wf,;,,fgﬂ

the discrepancy of the two k r

470 values (2.1 MY in Table 2-25, page 88

from quahtum yield measurement and 28.7 M_l in Table 2—6; page 44 from
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\photocycloaddition of 2- NpR (R = CO Ef OMe and CN) to acacH “(Table 2- 26,

- page 89; Table 2-6, page 44);.Figures 2#2 (page 40) and 2—24 (page‘lOG)

_the. photoreactions, the simple coryection made at one wavelength is -

< - - EY

fluorescence quenching method) is conSidered too large to be due to

t.v

/ f: -
experimental errors. A similar discrepancy also is observed for ‘the

show the extensive overlap of the absorption spectra of NpR and acacH. In

certainly not adequate when the liéht sources have such a‘wide output

(Figure 4—1 Jpage 147). The discrepanCies may also indicate that the

photocycloaddition is_ much more/complicated than by conSidering the

/ BN
r

quenching-of 2—NpR fluorescence‘by acacH alone. The limiting guantum yield

of 0.033 for the photoadditionxof'2—NpC02Me with acacH (Table,2—25,rpage,

88) indicates a low quantum efficiency in photochemistryrand hence.high‘

efficiency invthe.decay-processes of }Z—NpCOZMe.

The converSion ‘of 2- NpCO Me in the photoaddition of 2 NpCO Me to acacH
was 16 22% for the first run and 7 -17% for the second run (Table 2-25,

page‘88) The conyersions of.2—NpR (R = CN, OMe and C02Et) were 14-30%- .

'(Tablesf4—8 4 -7 and 4- 6, page 188-190). The'secondary photoproducts such

- - .

as compound 18, 23:and 34 were formed under irradiation/at 300 nm or
through & Pyrex filter (page 18, 20, 28). For quantum yield determinations,

a light source at‘356 nm was used (page 83). 1,5-diketone photoaddition -

. products do.not absorb at 350 nm (Figure 2-25, page lO?;l; Also, the

concentration of the 1,5-diketone products was muth lower—thanftheir,

starting materials, so even if there was some overlap'of;the”l,5-diketone

and the light Source band (350 *+ 20 nm, Figure 4-1, Page 147), the

absorption by the 1;5-diketone is negligible. For example, at 330 nm, 98%

. . . . .8 - )
(calculated by equation 4-6, page 177, using e=1200 for 2-NpCO,Me at 330 nm

in Table 1-1 and =80 for the 1,5-diketone, estimated from Figure 2-25) of

130
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the 1nc1dent light was absorbed by 2—NpCO Me when conver51on was 22% Thus,

the change of ‘quantum yleld w1th conver51on*due to the'secondary '
W

photoreactlon may be neglected When the dependence of l/@ “on. l/[acacH]

"_—\
2-25, page 88) If conslderlng,the hlghest conver51on (22%, 0.0044 M) of

,2—NpC02Me'in this reaction, theicOncentrationAOE acacH wgnld,change,fromf

~ 0.08-0.3 M to 0.0756—0ﬂ296 M, then thefhighestaerrors hrought in using
starting concentrations §0.08-0.3 M) to”plot l/ép;vs 1/[acacH]wilibe
1-5.5%. i | 7

3.9 Metal acetylacetonate catalysis

v

N was’ examlned, concentratlons of acacH ‘were 0 08 0.3 M (flrst run 1n Table«:\

We have discovered a novel catalytic effect of M(acac) M = Li, Na and

K) on the photocycloaddition of 2-NpCO,Me to acacH. Adopting the definition

. 64,65 - O
-~ - of the cawalysis of an excited state, ' the essential step of the

&

- catalysis is the interception of the excited state by the catalyst (see

‘Scheme 1-1 and 1—2 page 7). Generalli, the reactions of excitedfstates

have very low actlvatron _energies- (hence the, usual temperature 1ndependence

. of photochemical reactlons), otherw1se,,the photoreactlon has no chance to

compete with physical decay processes. Since_the uncatalyzedrprocess is.
fast, the interaction between the excited state with the catalyst must be

equally fast‘to;have'a significant effect. This is why, on the whole,

’

unambiguous examples of'catalyzedgréaction of excited states are rare. The

comparative photoadditions of 2—NpC02R (R = Me and Et) to acacH.with or -

without Li(acac) (0.001 M) give quantum yield values of}0.0235 and 0.0043 ..

for R = Me and.0.0124 and 0.0033 for R = Et (Table 2-19, page 76),

— ' demonstrating the enhancement of the reaction in the presence of Li(acac).
i ' ) " '

Furthermore, the results in Table 2-18 (page 75) indicate that Li(acac)
® : -
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only acts as a catalyst and does not'addzto |2-NpCO_Me. ' The question of how ..

' Li(acac) affects the. photoaddltlonlls lmportant cEi(aEacjfis”found‘to’"¥ N

;quench_the 2-NpR (R = COZMe, COZEt, OMe, Oﬁ'and CN) - fluorescenceST‘that”

‘_means that Ll(acac) indeed 1ntercepts the 51nglet excited state of 2- NpR.

- The quO values obtalned from 2- NpCO Me fluorescence quenchlng (N purged)

by Ll(acac) (205 M S ;, Table 2- 8 page 48) ‘and that by acacH (28 7

—lS l, Table\2-6 page 44) 1nd1cate that the former 1nteractlon is more

- ’

efﬁectlve than the latter Although Li(acac) may be subject to minor
 135-137

dissociation to give 1i* ion in solutlon, -the lack of catalytic—?"rffjvaf;

effect on the reaction by addition_of NaCl [notice that Na(acac)ffunctions
similarly tofLi(aeac) on the photocxcloaddition, see 4.9.2] suggests that
the metal ion was not llkely to be the catalytlc spec1es ThlS suggestlon

is made under an assumption that. the small amount of water added to

a

dissolve NaCl in the reaction would not change the concentration of enolic

acacH significantly.
. : Y

2

-~ A catalytic mechanism is proposed in‘Scheme 2-2 (Chapter 2) in which a
new reaction paéfzay (reaction 2-26 and*2-27,,page 91) accounts for the
catalytic‘action.:ln thermal catalytic reactions; the new reaction pathway
‘lS alvays characterlzed by lower actlvatlonlenergy Slmllarly, ‘since most
photochem}cal'reactions Have activation.barriers’of less than 7 kcal/mole,

7the lowering of this barrier wouldlgiVe a larger rate constant.,Thisrls

true for the, Li(acac) catalysis on the photoaddition of 2—NpC02Me to acacH.

The .rate constantpkC of the,complekation of Li(acac) with l2-NpC02Me‘is

10- . -1 -1

found to be 2.2 x 1070 M * s ' (Table 2-8, page 48) which is much larger

than the rate constant kq of the complexation of acacH with l'21NpC02’M'e'_('2'.2

x 108 M7t s-l,'Table 2-25, page 88). However, since the concentration of

§

acacH (0.08 M) is much higher than that of Li(acac) (0.001-0.0001 M),
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-reaction'z-ig is competitive withireaétiéﬁ4§426 6&@: a certain range of

/f% : 52 Equatlon 2 29 (for. derlvatlon,

’ffrate COnstant kq (2.2 xnIO M Ts T, Table 2—25 page 88Y'andbk?

»

[Li?acacj]. In other wérds, the catalytle and uncatalytlc processes coexist

E ) «

under the reactron cwndztrons Klternatzveiy,; IrarsrpcssrbfrtW

s = et

llfetlme of the catalytlc 1ntermed1ate 1s longer than that of 1ts precursor

thus allowlng the photochem1ca1 reaetlon to occur more eff1c1ently than~the

= 5 ~

photophy51cal decay process of the 1ntermed1ate

[Ll(acac)] under the~exper1mental condltlons, The rec1procal of the

llfetlmer(9.4 ns, Sectlon 2 3-3) of 2 ﬁpCO Me zndlcates the sum of k :and'

ER-

kf, The concentratxon of acacH (0 08 M) is flxedf; :the experlment The - - 't -

8 y il (2.21x>

./

R . - 'z."

107 -1 -1

7}}Of\ M s o Table 2 8, page 48) were obtalned experlmentally By adoptlng

T

X of 0.031 (Table 2- 25 é 1n equatlon 2 24 wh1ch~1s 1dent1cal to

llmltlng

x in equatlon 2- 31), equatlon 2 29 can4be 51mp11f1ed as equatlon 3- 7

Y.

a N -

5?& X fOS 4?2.2 x?iOl [Ll(acac

P xf12257x'105 + 2. 2 5 10' {Ll(acac)}

PN

II .

The §éﬂas a functlon of -: S

7




"

;.Ll(acac) catalyzed aldol condensatzoﬂof 16 may- eonsume~l6hStgntfrcantbrg

g compared with 2—'NpC02Me-acacH (x = 0.033). as mentloned in Section 3.8,

r, o= 57ns)'and70.lo (when r. = 12 ns). . - : \

at [Li(acac)] = O 0008 Miand 0.069 at [Ll(acac)] = 0¢001 M}w This may

o

L‘suggest a relatlve large error in ¢p .in thlS concentratlon range, e"@'”;”"’”'j

°

.ernglng a large error. As 1nd1cated by 5y of- 0 125 the'catalytlc spec1es,r

2 NpCO Me Ll(acac), has a hlgher eff1c1ency leadlng to the product

‘the discrepahcy‘of quO values obtained ffom»fluorescence quenching and

from quantum yleld measurements may lmply that the photocycloaddltlon has

other complex1t1es ln addltlon to the quenchlng of 2 =NpPR fluorescence by

VacacH Tﬁe above calculated flttlng was reexamined by assuming the llfetlme

&

~of the reactlng specles of . 2- NéCO Me as - 5 ns and 12 ns respectively. The

rate constant kq is then calculated to be 4.2 x lO8 M % s‘l (when r_ = 5 _

0
ns) ande.TS X lQ M l_s l\(w_hen ro’5 12 ns) Slmllarly, equation 2-2§‘can

LS - _

'be,51mpllf1ed as equatlons 3;8 and 3-9, ¥ lS calculated to be 0.228 (when

0 0

_ Vo
. : . ! . o
11.1°x% '105A, +72.2°% 10lo [Liacac) ]y

& = o o
P = 2336 x 10° # 2.2 x 10 lO[Li(acac)]r ST - 3-8
5 10 L : SR
4.62 x 107 + 2.2 x 107 -[Li(acac)]y . . _
= 5. 15, - c
P 970 x710° + 2.2 x 10 "[Li(acac)] . S 3.9
4 B e o -

It is found that the change of the lifetime does not éﬁéhéé'”thé'Eéi’c’ulé’{e’d”

.

‘curves very much CFlgure 2- 19, page 93), but does change v values,,l e,

the shorter the lifetime 15, the larger the y value. It may be that there
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/f’

 is electron migration from the aromatic ring into the/electron-withdrawihg

group upon irrad"iationus_';40 which makes the group electron rlcher and

facilitates thercompIexatioh of Ll(acac) to 1t The suggested";tructure of

the compleﬁ of‘12:NpCQZhe—Li(acac) is shown by E7. h

Although the: quenchlng of 2- NpOH fluorescence by Ll(acac) gives . the
-1

.highest k T value (llOO ‘M- 7, Table 2-8, page 48),-the ‘presence of Lliacac) '

q 0.

_(O OOl M) in the photocycloaddltlon of 2~ NpOH w1th\acacH results in the
suppression of the reaction (from 4% to 0. 5%, Table 2- 19, page 76). DEE%@iluhu

the course of 2-NpOH fluorescence quench;ng by Li(acac), a new broad

emission bandr aesigned to 2-Np0—,136 appears around 410-460 nm, with an

’LéOSbeSth pornt .at 397 nm (Flgure 2-5, page 49),'suggest1ng that’ a proton

" transfer occurs. As 2- Npo does not undergo photocycloaddltlon, the

occurrence of the proton,transfer»consumes l2 NpOH (notice the large quO

' value)'at'theeexpehse of the photocycloaddition of 2-NpOH with acacH (Table

2-19, page 76).

The ab§€ﬁce of cataly51s by Ll(acac) of the photocycloaddltlon of

' 2-NpOMe to acacH (Table 2—19,‘page 76) may be;explalned by the structure'

of the complex. It has beehrproved that,considerableielectron,migration'
from the electron donating substituent (e.g. OH and OMe) to the aromatic .
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- ring (the naphthalene, phenanthrene or antﬁracene) occurs in the excited -
state in polar media, and tha; the aromatic ring carrying high electron
' 138-140 o

&

density is attacked by protons. It is suggested that the

complexation of Li(acac) with lZ—ﬁpCﬂéfwould prefer to occur at the

. - .

The complexa- tion will éithef prevent the

8"

freé acacH from attacking %2—NpOMe effiéiently, or the lifetime of such a = ~ ° ..

“aromatic ring as shown by E

-

-complex is short therefore the complexation consumes lZ—NpOMe showing the .
retardation of the addition. However, the Li(acac)-catalytic mechanism of

photocycloaddition of 2-NpCN to acacH seems to be more complicated. This
, o

cbntradiétion thatythe fluorescence intensity of 2-NpCN 1is strongiy

quenched by Li(acac, (k_r, of 312, Table 2-8, page 48) but the -~ -

q0 ,
photoaddition is retarded in thiﬁf:esence of Li(acac) (Table 2-19, page 76)

suggests that a different mechanism is involved which remains to be

clarified. The lack of a catalytic effect by Li(acac) on the photoaddition
‘of 2-NpCN with acacH indicates that the electronic nature of the
7substituents’does'not play an important role in the formation of a

catalytic intermediate. It is obvious that an ester group dn the

a

naphthalene'r;ng is essential for Lifacac) to funcfion as a catalyst. Thé,
structure as shown by E7 is therefore suggested as the catalytic

intermediate.

-
P

3.10 Acid effects o

The photocycloaddition of 2—NpCOéMe with acach® is also\#atalyZed by
sulfuric acid. It was found that a Bronsted aéidfsueh‘aswsulfupiemaeidrxﬁfrﬂfﬁQWfr
phosphoric acid, hydrochloric acid or an aprotic acid such as S

berontrifluoride fBFa, in ether) catalyzes the photocycloaddition.(Table
141

2-21, page 80). It has'been‘démonstrated that the enhancement in rate of

<
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4

the addition in the presence of BF. is caused by the excitation of a new

3

complex between acacH and BF,,

‘followed by addition to naphthalene -~

derivatives or olefins. In other words, the reacting species i3 different.

OQur study was focused on cétélysisnbyvsulfuric acid. Remarkably, the

presence of a trace amount of sulfuric acid (lOf4 to lO_3fM, Table 4-9,

page 191, and Figure 2~22, page 97) not only enhances the:éuantum yield of 7

[2+2] adduct 16 by about six fold, but also changes the product regio-

chemistry, giving a major product 17 in addition to 16. The - absorption
spectrum of 2-NpC02Me—is not observed to change in acid solution- -

(0.0125-0.0375 M, 1in non-purged acetonitrile, Section 2.8, page 104), but

’ /7

the fluorescence is guenched (k, of 1.01 x‘lblo Mils_l) by moderate

-

H

“concentrations (0.0063-0.0375 M, Table 2-13, page 58). A new broad emission

band around 470 nm was observed. This band was assigned to emission from

142 (isosbestic point at 414 nm; Figure 2~-7, page

the protonapgd l2—NpC02Me,
59[ énd’z-s, page 60, Ih other words, the singlet excited statg of
é—NpCbZMe is 1nte§cépted by sulfuric acid to give an exciplex which emits
at 470 am; th;s emission also appears inAthe presence 55 acacH (0.0S-M, |
Table 2-43, page 58; Figure 2-12, page 65). The acid-base prope;ties'of the

excited states of aromatic compounds are ciosely related to their
electronicfstructures;lasa’l43_l4§gwhich are quite different from those of
the grod%d states. -A number of studies of acidity constants, pKé(Sl), have

been reported showing khat the values are dramatically different from those

Vin the ground states, pKaéSO). For example, the lowest singlet excited

~state of 2-naphthol is much more acidic than tﬁe g;gggg,state‘[EKG(SO)ﬁ%fwﬁ,g,

g.3 1d'pxa<szs = 3.1] while the aromatic carbonyl compound e.g. Z-HpCQZEt,-V

£

becomes a Stronger base in Sl [pKa(S .146‘

O) The

= -8.2 anq PKa(Sl) = -3.4]
enhanced basi;ity of Z-NpCQZMe at the carbonyl group upon excitation is
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responsible for the protonation of the excited state of‘Z—NpCOZMe; The

fluorescence of '2-NpCOMe (at 359 nm) and (2-NpcOMe-H') (at 470 nm) are

both quenched by acacH in the presence of HéSO4 (0.0935 M), giving qu of 7

128 M ' (at 470 nm) and 63.4 M ' (at 359 nm): We propose that the

protonated l2—NpCO Me is'the catalytic intermediate based on the
observatlon of the quenchlng at 470 nm by acacH. Equatlon 2=29 should be

appllcable when Ll(acaC) is replaced by HZSO4. Slmllar to ‘the Ll(acac)

£

‘catalysis, under the conditiéns'employed/in the phptbcycloadditioh of

ZerCOZMe to acacH in the presence of H2504, the catalytic process coexists

with the uncatalytic process. For example, kq[acacH]x = 6.6 x 105 (kq =

2.5 x 10%, x = 0.033 in Table 2-25, page 88, and [acacH] = 0.08 M) while
3H7[HZSO4]1=-2.02 X lOS'to 106—(kq'in Table 2-13, page 58,'1.Ol'x710lO
M-l,‘[HZSC4] = O;OOl—0.0dol.M) if assuming‘j value as 0.2. Equationi2—29
predicts a curve for the &ependente of quantum yield‘on‘[é2504].gThe
experimental results,érg showﬁ in Table 4-9 (page 191) and Figure 2-22
(pége 97).JThe4redistribution of the electron densityyon the,naphthalehe“
‘molety upon prqtqnat;on on the ;inglet excited state QfVZ-NpCOZMe hay'be
reséonsibie for the change in regiochemistry of the products. Thi;
t;talytic speciesvis proposed to have a higher efficienty leading'to

p:oducts.

*

It is well knéwn that pKa values can be established by means of the .

Forster cycle144 147- 149, the fluorescence titration cu;ve144 and the

rriplet-tri let absorbance titration curve.lfi7 These.methods,iﬁvolve the

assumpticn that proton transfer 1n the exc1ted state is very fast,

resulting in establishment of an acid-base‘equilibrium during the lifetime

in the excited state. Establishment of prototropic equilibrium has been

recorted in the case of 2—hydroxynaphthalenef6,8-disulfonate.lso However,



Shizuka138 has'reported recentiy that proton—induced fluorescence quenching

' n the excited — -
klnduced) competes WLth'the proton transfer reaction (k ) ‘i e ‘
state Of naphthylamines (Seheme 3 2). The pretonatlen rate eenstant—kf 1.2

_ 4 -1
X 108Ml slfor 1-NpNH,) is smaller ‘than that ofkndued 8.9 x 10° M

*

_\\ ,5 Jy SO the protonatlon process to 1- NpNH2 is th‘fastnenough‘to allow a

“cc\plete ac1d base equ111br1um in- the Sl state. Shizuka also prcbed that -

;\‘

_Scheme 3-2

a
. - Nk o ’ -
+ 1 * +
NpNH.® + H,0 =—===> NpNH_ + H_ O
3 2 —— TP 3
f ko
L2
.
. . - .
| | Tk ) k. Ik [H,70] . \ ’
R T | @ || induced "3 7 s
/ -7 ) 4 - ! \\‘\

+ -
NpNHT + H)0 === NpNH, + H3+b

the _proton- rnduceg quenchlng (k nduced)'ls nly involved in the exc1tedx

 state of aromatic'compounds having an intramolecular charge-transfer (CT)

1-NpOH and )

structure in the fluorescent state_(e,g, 1-NpOMe,

naphthylamines). In contrast, such proton-induced quenching is scarcely

/ observed for aromatic compounds hav1ng no (or very weak) 1ntramolecular CT
ye

character in the fluorescent state. such as Z*NpOMe at moderate acid
concentrations ([H3+O] (0.1 M). Our result is cpnsistent'with the one
138 ’ '

published by Shizuka. The failure of HZSO -to quench 2-NpOMe

fluerescence indicates the absence ¢f protonatlon and the absence of
\proton-induced fludrescence quenching~of the singletrexcited state of
2-NpOMe. The retardation of the photoaddition Of 2-NpOMe with acacH in the

presence of H,SO, indicates that a protonation process interferes with the
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catalytic process. -On the basis of Shizuka's,reéults,138 it is not 1likely

that there is a proton-induced quenching of éprCOéMe>fluoreéééh&éiﬁ?f PR

H2$04, because of its substituted position (2-position) and the existence

of an electron withdrawing group. The quenching of 24NpC02Me fluoreScen¢e T

by H,50, could therefore be attributed to protonation process only. The ~

- value of the rate constant of unimolecular decay'of;lz-NpCOZMe equals the
reciprocal of its'lffetime\aﬁd is/determiﬁad to. be 2.9 x 10° sfli(Table ;
2-9, pagéisi). The values of product of rate constant- (1.0l x lOlO‘M_l‘

s™!, Table 2-13, page 58) of protonation of lZ;NpéGéMe by H,50, and the

concentrations of HZSO4 (0.0375-0.0063 ‘M, Table 2-13) are détermined'and B
- calculated to be fromi6.4 X lO7 to:3.8 % 108 s;l. Since the rate of the

N

decay is faster (or competitive) than (or with) the protonation process, it
is likely that an acid-base éqdilibrium cannot be established during the -

lifetime of lZ—NpCOZMe. —

3:117Conc1usions and further proposals

-

‘Our investigations of the mechanism of photocycloaddition of. 2-NpR to -
acacH, and the catalysis of the reéétions’by Li(acac) and sulfuric acid,
provide a-good understanding of the reaction and catalysis of excited

states. The foilowing conclusions-are drawn from the results.

[

[2+2] photocycloaddition occurs betwean‘NpRr(R = 1-CO,Me, 2—C02Me{

1-CO,Et, 2-CO,Et, 1-OMe, 2-OMe, 1-CN and 2-CN) and acacH in

acetqnitrile to give l,S—Qiketones which have considerable poténtial in

synthesis, -

2. The photccycloaddition is initiated by the singlet excited state of
2-NpR. - ' - : , s )

3. Electron donating quenchefs%?ﬁfﬁ/as TBA and DMA intercept the singlet

i ) -
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excited state of 2-NpR and retard the- photocycloaddition. A good'

agreement of rate constants obtained from fluorescence QUenéﬁing”of‘W:’”f

l l

2- NpCO Me by - TBA (kq of 3.6 x 10 - and from quantum‘yteid*

measurement (kq of 3’3 x 10 10 M—} s ) was obtained.

4. 1{3-pentadiené (in the concentration range of 0.02-0.1 M) enhances the
, ; ,

addition of,Z—NpCOZMé to acacH, p:obably»by an exchange ;eaction.
5. The fluorescence ofrz—NpCO Me is quenohad by Li(acac),énd*tne L

photocycloaddltlon of 2- NpCO Me and acacH is catalyzed by Ll(acac), thlS

is assumed .£0 occur by theflnterceptlon of ,2 NpCOZMe by;Ll(acac),f—~r5<vrw~

followed by,the,addition of acacH to the Np moiety;of the catélytic
complexﬁto'give“tho final product and Li(acac). |

_6. .The photocycloaddition of ZijéOZMe withiacacH'is oatalyzediby;sulfutio
) -acid. Protonstion of the singtet excited state’of 2—NpC02Me‘occuts
‘gi&ing its exciplex, 1(2—NpC02Me—H+),/wh‘ich emitsiat 470 nm. fhe
emission fnom the exciplex is quenEned By'agacH snd the exciplon'is
ptoposgd to;bé‘responsible for the acid catalysis on tne

photocycloaddition. An acid-base equilibriumcann7§>be established

during the lifetime of»lzinCOéMe.

s

T , |

[2+2] photocycloaddition of NpR to acacH provides a new branch. in

aromatic photochemistry, in which the addition takes’place’betneen,NpR and

a 1,34diketone type compound. The catalysis of the addition b&,Li(acac) and -

. - - j .
sulfuric acid opens a new field, in which\the,catalytic mechanism and
reacting intermediate are discussed. The extension of the;

photocycloaddition and further studies of the catalytic mechanism are .

2

proposed below. - , . - B T )



1.

2.

3.

,_substituents on protonation.: We have observed an exc1plex, a551gned as

fintercept;on»of NoR byVM(acac')n by means of the flash photolysis method

~ - B 2

It could be worthwhile to extend the'bhotocycloaddition to phenanthrenes

and anthracenes./In'these cases, selectlve 1rrad1atlon of the compounds -

can- be achieved, Since there is lesser/overlap-of their absorptions

with that of acacH. Thusgmechanlstlc studles would be’ ea51er.7'

The Li(acac) cat_;xﬂfs of the photocycloaddltlon could be extended to

- the addition between.NpR andesimple olefins such as,alkyl vinyl ethersh

tetramethylethylene and cyclohexene. In these cases,'coirradiation of

the startlng materlals can be avoided. Extenslon of catalytlc studles -
to 1nclUde Rb(acac),/Cs(acac), Cu(acac)z,and Zn(acac) could also be o
attempted: The rate constants for’the»complexation of the’M(acac')n with

NpR could be obtained by fluorescence quenching. Studies of the

could reveal details of the catalytic intermediate. A comparison of the"

L S

rate of quenching of a transient spectrum from NpR with M_(aCac.)n by an
olefin with the rate of quenching of the corresponding photoreaction
would provide evidence about the catalytic intermediate.

There haveg been some reports- about the quenching of aromatic compound

~

fluorescence by protons.]‘as_,lw’uz'151 Shizuka has provedl40that
ST - ‘o ¥ . . |
excited aromatic molecules having an intramolecular charge-transfer v

£ %

vstrpcture in the flﬁorescence,state (e.g. l-NpOMe, l—NpQH...)—are .

quenched effectlvely by protons and the protonatlon occurs at carbon 5

of 1-NpOMe. Aromatlc compounds hav1ng no (or veryameak) 1ntramolecular

CT character in the fluorescence state (2= NpOMe, Np and anthracene) are .

scarce;y quenched, 1nd1cat1ng the 1mportance of the 9051tlon of

L

protonated lZ-NpCOzMe, from fluorescence quenchin§ of>12—NpC02Me by N

H,SO,; this is consistent with the results published by Xu et al. %% a

o277
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.

systematic study of thé proton- quenchlng of NpR fluorescance WOUld be ,

valuable and related to the study of the catalytlc effects of sto .on -

photocycloaddltlon. The study should 1nvolve the\rdentlflcatlon and the

i
.

determination of the lifetime of the,catalytlc speC1es, and-the

mechanism of reaction. Also, the potentlal catalytlc effects of varlousr

uac1ds on the addltlon of NpR to 51mple olefins may deserve further

4

study.
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CHAPTER 4 EXPERIMENTAL
4.1 General Eonditionsir ) 7 - —

- P _ _ I e . _

14

~

Unless otherwise specified, thé following experimental conditions/Wére
used. Melting points.(mp) were—detérmined on a Fisher—dohnS'apparatus, and - .

_were uncor:ec;edtflnfrgred spectra (IR) were recorded with a Perkin-Elmer

559B. spectrophotometer ﬁsing neat liquid filmL,Nujol'mullwo; KBr pellet.

‘Ultraviolet and visible spectra (UV) were taken with a Varian Cary 210

spectrophotometer. Mass spectra (MS) and gas-chromatography-mass spectra .=
(GC-MS) were obtained on a Hewlét;—Packard 5985 GC-MS system either by
" electron ionization or by chemical ionization. Proton nuclear magnetic .

résonance & NMR) spectra were recorded with.a Bruker WM-400 spectrometer

in CDC1 4solution using tétramethylsiléne,(TMS) as an internal standard.

3

Chemical shifts are reported in § values in ppm and coupling constants (J)

[

in Hz. The coupling patterns are presented as s (singlet), d (doublet); t o
(tiiplet); q (quartet) and m (multiplet). The chemical shifts of 13C NMR

w oL

- spectra are also reported in ppm relative‘to TMS. Eléméntal‘aﬁaIYses were

- carried out by Mr. M.K.Yang usingjé7Carlb Erba Model-1106 Elemental B ]
. Analyzer. Gas chromatography (GC) analyses'were performed on a )
HewléttfPackérd 5790A chromatbgraph (FID),iequipped with an OV-1 capillary:«

column and a'Hewlett—Pagkard-3390A'cﬁartrintegrator. Retention times (Rt)"

are reported in minutes (min). Phosphorescence and fluorescence spectra

were taken with a Perkin-Elmer MPF 44B spectrophotometer and were

ﬁncorrected. Sample solutions for photoreactions were deaerated as follows:

a sample solution in a test tube or a fluorescence cuvette was sealed with

f\ - . ) “ N N _ R
a septum and purged with nitrogen for 10 min. Chemical yields in -

preparative expér}mehts were calculated based bn “the amount of the

K -
=
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& 7 - ) .
. . o R
naphthalene derivatives present at the start of the reaction.

1.2 Chemicals and apparatus . L : 7; i

. For the‘preparative‘photochemical reactions, reagent grade SOléentsf o

wereadistilled prier to use. Acetonitrile was distilled over 9205. For

spectroscopy, commercial spectroscopic grade solvents were used as

supplied.

Methyl 1- naphthoate (l NpCO Me), methyl 2—naphthoate (2- NpCO Me), ethyl

1- naphthoate (1- NpCO Et)  and ethyl 2-naphthoate (2- NpCO Et) were prepared
’ 152

from the correspondlngrnaphthOLC acid by HZSO4 catalyzed esterflcatlon.

- - ’ : , L R
The spectral data are listed in Tables 4-1 to 4-4. Lithium, sodium and

)

- - - - . ‘ _ *
potassium acetylacetonates were syntHe?ized,according,to literature

_methods . 1237157

_Cpmmercially'available reageht grade l-methoxynaphthalene (1-NpOMe, .
- Aldrich), 2-methoxynaphthalene (2-NpOMe, Aldrich), l—cyaignaphthalene
(l—NpCN; Aldrich), 2—c§anonaphthalene (2—NpCN Kodak), 2—naphthol (2 -NpOH,

Anachemia), 9- phenanthrol (Aldrich) and acetylacetone (acacH, BDH) were

purlfled by recrystalllzatlon, vacuum subllmatlon or dlstlllatlon prlor to

use. Benzophenene (Fisher), xanthone (Aldrich), benzhydrol (Matheson), and

y

phenanthrene (Matheson) here-used as stplied. 7 .

4.3 Photolysis’apparatus'aﬁd,quantum yield determination

- o~

[}

Three different types of photolysis apparatus were employed in the e

-experiments. - : o , . o o

Apparatus I ' , - S



'This apparatus consisted of ailong cylindrical reaction -vessel (180 -

ml,iPyreX'glaSS) fitted with a side arm, into which a condenser was =~

inserted. A Pyrex water-cooled lamp housing was inserted into: the vessel. &

. nitrogen gas was bubbleéd into the photolysate throuéh'?’gés'inlet tube. The- -
light source was a 200 watt Hanovia ﬁedium pressUréfmercury'iémp (654A 36).

" Apparatus’ II - - T 7 i

k3

., This apparatus consisted of 8 quartz tubes (5 mL. solution used for

each one) which were placed in'ajRayonetpPhotocheﬁical Reactor (a - R

"merry-go-round"”) equipped with RPR 300 nm lamps (16 x 21 watt, for output

of the relative.energyy’see Figure 4-1) or RPR 350 nm lamps (16 x 24 -watt,
.Figure‘4—l)/anq,a fan to circulate the air provided a constant temperature

- of 31#1°C.

Apparatus III . o e -

This apparatus consisted of a long cylindrical reaction vessel (3 x 20 -
. i . : |

cm, duartz glass)/which was -inserted into a quarti water cooled lamp

N

‘housing. The vessel and. lamp housing wereﬁgnsertgdriﬁto the center of a
Raybnet'Photochemical Reactor equipped with RPR 300 nm lamps (16 x 21 watt)

or 350 nm lamps (16 x 24 waft)‘and a fan to circulaﬁe the air provided a

constant temperature of 31*1°C. L o ] :

Unless otherwise specified, the following procedures were fdllowad for

preparation of actinometry'solutions; light inﬁensity determination and

quantum yield determination. B

- The actinometer solution was prepared as follows. Benzophenone (456 N

mg, 2.50 mmol) and benzhydrol (921 mg, 5.0 mmol) were dissolved in benzene

B -
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(25 mL). An aliquot (3 mL) from each of the above stock solutions were .-

PiPEtted into a test tube. The.actinometer soiut}oﬁ (5 mL) tontaiﬁia§W62655?'

-M benzophenone and 0.10 M bénihydro;'was transferfedfihtbmamﬁﬁaifi)tubefand,'

PO

purged wi;h nitrogen for 10 min. The actinometer whicbh is known to have
‘the qpanthm yierld‘ofl0.7'4,15-8 was irradfated together with Samplersdlu;icns

in apparatus II for 5 min. The absorbance (A) at 342 nm of—benzdphenone_

. was measured with 0.10 cm optical path cells before and after irtadiation,'-
) ‘ B - . ~ 7« . . v ) o _ » . 7 i e . - 'w

respectively. The light intensity (IO) was calculated by absorbance change

(An) “from equation 4-1: , e

W - . ol

Es -

19 = an/10° €350 & L At).  Einstein/min.mL.
8 L ) o A,
= (AC V)/(® at) . Einstein/min. | 4-1
wheree342 = 140 Mt cmfl is the extinction coefficient of benzophenonedat

342 nm, t is tfie elapsed irradiation time in min., and L = 0.10 cm. V is
volume in mL, = Lo e )
R ) . /‘A‘ .

'VQuantum yields were-determined as follows. -

v : } .
. o

5 . . . -
>

‘Method I

Photolysates were. analyzed by G C. with octadecane (C18 38; added idtO"

sample solution before lrradlatlon) or xanthone (added after lrradlatlon)

&

as an internal standard (I.S.); The concentratlon of a producte(P) or a-

0

starting material (Np) was calcuiated from equatlon 4 2 and ‘the

correspondlng quantum yleld $ was galculated from equation 4 3 R s
: LR T T coe T e # :
i _ Fl B - . AU I . - - . s )
- [P] =R £ [I.5.] SR : e A2
- "



P

- where, R-is the GC area ratio of product : I.S. and f is response factor

e

from calibration-curves.

¢ =‘(Moles of P formed)/I

([P] V)/I at . : ‘ ,  4-3 -
where I° is light intensity from equation 4-1; At. is irradiation time and
v is:volume ef reaction solution.

- Since. both NpR and acacH were 1rrad1ated hen a 300 nm llght ‘source

— — . a

was. used (Flgures 2-2 and 2:24), the correction of the 1nc1dent llght : ‘-

B = * o N
absorbed by NpR (I ) was made .according to equat10n,4—4. ) -

O, o
.= ( C P . . 44 -
o=l p’ / eNP Np, * facacH “acacw’l , 44

where 1° is the light intensity measured, e. and e. are the éxtinction
o . k . . Np . -acagH .

coefflcrente of NpR and acach at 300 nm, respectlvely, Cﬁp and CacacH are .
concentrations of NpR and -acacH, respectively. Similarly, the cprrectlon of
— Y/ .
B . ' - /, - . /‘/, - —
B the'incidentrlight‘absorbed by acacH was made by replacing the numerator

in equation 4-4.

term of e C.. by € 2cacH CacaCH , tion. -

Np “Np

Method II =~ -

For each reaction, a control solutlon (5 mL as a s condary -

;

actinometer) was prepared contalnlng 2-NpR (0.02 M, R=C Me, co Et,foMe and
CNy, acacH (0.08 M) and octadecane -(0.005 M, as I.S.)'in acetonltrlle and

irradiated WLth an actlnometer in apparatus 11 at 3?0 nm after belng purged

,; S I

with'nitrogen for,lO min. The quantum yields ‘of the secondary actlnometer,

¢sec for prbduct fornation were determined acCording to method I as 0.Q043

for R = 2-CO,Me, 0.0033 for R = 2-CO,Et, 0.036 for R = 2-OMe and 0.030 for -

R = 2-CN (for its'disappearanée). Whén the secpndary actinometer was used
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to determlne quantum yield sample solutions were irradiated together Wlth

the secondary actinometer and the photolysates were analyzed by GC to give

-{GC’area ratio of,product over I.5. from the secondary actinometer)

Se.C

‘and Rsample (GC area ratiofoﬁfprodhct over I.S. from the sample solution) |

that - should be proportional to their quantum yields-. The quantum yield - -
¢samp1e of a sample solution based on product formation was calculated fron

equation, 4-5.

K = & (R . /R ) T e
-sample sec _eample sec A , o 4-5

4.4 ihe {2%2]Jphptocycloadditionﬂof naphthalene derivatives with L

.

acetylacetone - .

'4.4.1 General procedures

Unless otherwise specified, the‘following preparative procedures were

'followed An acetonitrile solution of acetylacetone . and a naphthalene

.derivative was placed in 8 quartz tUbfi_,§§té; the solution was sealed and',

¢

purged with oxygen—free nitrogen for 10 min, the tubes were placed in®

- r

:Apparatus IT to be irradiated with'a”light sourcé at 300 nm or 350 nm.
Reactions were monitored by GC. A zerorhour;sample was kept in the-dark = °

and analyzed by GCvas a control.\ln order-to avoid Se;ondary-' [7 . -
photoreaetions) the irradiation was stepped when the COnvereion of |
naphthalene derivative was around 50-60% as determined bvaC}’The residue

was flash chromatographed to give product. The spectral data are listed in oo

Tables 4-1 to 4-4. : . T SR L

4.4.2a Methyl 2-naphthoate ‘ , : :
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A'solﬁtion ofv2;NpC02Me (300 mg, 1.6 mmol) and acacH (1.6 g, le_m@ol)
in acetonitrile (50 ﬁl)rwas irradiated in apparatus II equipped with 300’nm

’lamps} After lrradiationrfor lSvhours, the llght yellow photolysate gave ¢
two' GC- (cogpmn at 200°C) peaks- at Rt 2. 73 min for 2- NpCO Me “and at Rt 5. 02
min for a product in the ratio of 1:1. 4 trace amount of,a second product
(Rt ;.83 min 17, see;4.4.2b ) was also;detected‘but,was ignored in all'the
mechanistic studies except in the studies of heavy>atom and acid effects.f
The yvellow residue was flash chromatographed uSing 30% ethyl{acetate in
hexanes as the eluant to give a yellow oily compound (152 mg, 33%) of ,7, N
1- acetyl-z acetonyl 2- carbmethoxy-l 2-d1hydronaphthalene,(16) and Z‘NpCO -Me

(112:8 mg).

3

4.4.2b Methyl 2-naphthoate in the presence of sulfuric acid

A Solution of 2+NpC02ﬁe, (300 mg, 1.6 mnol),'acacH (506 mg,LS mmo Ty
aﬁd a trace amount of sulfuricyacidu(about 0.0605 M; in acetonitrileL(SO
le was irradlated iniapparatue II~equipped with 300 nm lahps'for‘lQ
houre. The light brown photolysate showed three GC peaks (column at 200°C)y
at’ Rt 4.83 min. '<45%), 5.02 min. <23% ', see 4.4.2a) and 2.73 min (14. 8%,

2-NpCO Me, ). The re51due was flash chromatographed u51ng 30% ethyl acetate 771 i

in hexanes as the eluant to glve a ye110w 011y compound (36 mg, 8%) of 16

- and a—llght yellow powder 72 mg, 16%) of l-acetonyl 2-acetyl 2=
carbmethoxy 1, 2-d1hydronaphthalene (17). The latter was further purlfled bye,
recrystalllzatlon from cyclohexane to afford ‘white crystals- (70 mg, m. p/

81 82°C) The spectral data are llsted in Tables 4-1 to:#-ﬂfw -

-~

‘ K - o

A solution of 2+NpC02Me (300 mg, 1.6 mmol) and acacH (500 mg, 5 mmo1)
~in acetonitrile (50 mL) with a,traceAamount of sulfurlc,acid (about‘0.000S, .

M) was irradiated in apparatus II at 300 nm for over 20 hours - :
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»(b&erirfadiéted). The Gc'aﬁalysigf(;oiﬁmn'atr2OOPC) ofifhé photolysate
showed t?o*majof product peaksrwifh Rt76.97~mip'(3i,2‘) éhd'53024ﬁfnwf’ -
(14,8%,w16, see 4;4.2a)! The,ptoéﬁcts wérg flash'chrcmatographaiUsiﬁg55%&:‘.

Véthy; aEetate-in hexangs éé e}uanf folloégd.by,prepa;ative TﬁC*sebaréfioh

L ’ N ' - o
using 50%_ethyl acetate -in hexanes asreluant to give a.yellow oil of 17

t

(Sf mg) . The spectral data are listed in Tables 4-1 to 4-4. :3 . A

'A solution of -17 (2.3 mg, 0.008 mmol) in acetonitrile (0.4 mL) in a

quafti'tube was irradiated in- Apparatus 1I1I at"3QQ'nm for 1 hour. The GC

analysis (at 200°C) of the phdtolysate showed 3.5% of i7 left and. 61.3% of-
18 formed. o S ﬂ ' )

4.4.3 Methyl l-naphthoate - = I

Arsolnyibn;of i—NpCQZMe (300 mg, 1.6 mﬁol)-gnd acacH (l}6g;.lﬁﬁ$ol)  i

- in aceténitrile'(SO mL),was irradiated in apparatusill équippaj with 560 ﬁm @
lamps..Aftér }rradiationlfo; 8 héﬂrs! fhe GC analysis (column at;200°Ci)Qf
'theﬂphotolysatérshowed that 52% ofil—NpCOZMe ;u:yived (Rti2.62 min)*ahdi34%’

of product (Rt 6.91 min) was formed. Thé>§ellow oily residﬁe was7fiasﬁc/, |
Chrométégfépﬁed ﬁwiCe~using 30% ethyl acetate‘in hexaneé as eluaﬁtvtovéyvé'
. a palé yellow powder {136 mg, 30.4%)”and,l—N§C02Me (120 mgj. The,fofme: ‘f 7
.was gurther recrysfallized frdh'ééetonitfile io atfford white CrystaL;uof” -

l-éarbmethoxy—?—acetonyl—84acetyl-7,8;dihydroﬁaphthalene (22, m.p.

107-107.5°C). The spectral data ard listed in Tables 4-1 to 4-4. s

A solutionfofAl—NpCOZMe‘(lfg, 5.6 mmol) and acacH (430 mg, 4.3 mmql);w;wir
in methyleﬁe chloride (180 mL) was irradiated ihlappafatus I. After
irradiation for 187 hours, GC analysis {columnfat'150—230°c at 10°C/min) of

the photolysate showed that 62% of 1-NpCO,Me (Rt 3.57 min) survived and .two
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products‘wererformed with Rt 6.31 min (30%) andﬁ7.99,min (7%, 22). The )

residue—waS'flasﬁ'chromatégraphed'uéihg'zo%"ethyi acetateLinihexanesraé I
Veluagt to grve a crude product (66 5 mg, Rt 6.31 mln)ruhlch,uasrr_;f”,rr,r;fr;gg;
recrystalllzed from acetonltrlle to glve whlte crystals of-1,8- dlmethyl— 7

2, 9—dloxa 5,6~ [3 ﬂcarbomethoxybenzo]tetracyclo[s, 2, 2, 03 11 04 8]-
tndecane (23 31.1 mg, m.p. 117°C-117.5°C). Analysis: Qalculatéd’for. o
C170H1 (286);' 71.33%; H, 6. 29%; Found C, 71. 45% and 71.23%; H, 6.47%

and 6.34%. The spectral data are listed in Tables 4-1 to 4-4. The

structure of 23 was ascertained by means of X-ray crYStallographyA(F;ggre A

2-1y. -

A solution of 22 (4.2 mg, 0.015 mmol) in methylene chloride (1 mL). in
a guartz tubevwaarirradiatad'in Apparatua'II at 300 nm. A sample solution ;
Qas withdrawn at one hour intervals ahd anaiyzed bf GC., After 6 hours_of>
irradiation, the Gé anaIyaLs,(lSO—236°C'at 10°/min)‘af the photoleate'
showed three\peakﬁ at Rt 7.99 mia for 22 (24%);1Rt 6.51 min for723 (16%) B
and an unkndwn‘product (24 at Rt 7.33 min (39%). The unknownjbrodutt,/
;howed GC4MS‘(Ci) peak at m/evét3(M+l,47%) Zli (100%). No furthar studya

‘of this unknown compound was done.

A solution of/?2 (4.7 mg; 0.016 mmol) in methylene chloride (;,ﬁL) was’
irradiated through a Pyrex filter with a 200 Watt lamp. A samﬁTZ\Soiution
was wrthdrawn at. one hour intervals and analyzed by GC. After 6 hours of -
rrradlatron, GC (150°C 230°C at 10°/min)- anaIy51s of the photolysate showed
three peaks at Rt 7 .99 for 22 (22%), Rt 6.31 min for 23 (46%) and Rt 7133 —77 -

min for the unknown'compound (14%) .- S S

4.4.4 Ethyl 2-naphthoate
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_A 'solution of 2- NpCO Et (ébo mg,;l 5 mmol) and acacH (500 mg, 5 mmol)

\in acetonltrlle (50 mL) was. 1rrad1ated in apparatus 11 equlpped wlth 350,nm -

'l

5

lamps After 13 hours of lrradlatlon, GCx(cqumn at” 200°C7 anaLYSLS'snowed>'7

B

that 47% of 2- NpCO Et surv1ved (Rt 3;08 min) .and 45% of productruas»formed
(Rt 5 74 mln) The solvent was removed under reduced pressure The yellow
01ly re51due was - flash chromatographed twice u51ng 35% and 30% ethyl

R acetate in hexanes as eluant to give - a yellow oil (123 mg, 35%) of

lracetyl—z—acetonylf2-carbethoxy-3,4—dihydronaphthalene (20} and‘;?NpCOZEt

(114 mg). The spectral data are listedrin_TableS*4-l'to 4-4. - e

4.4.5 Ethyl lfnaphthoate

) ~
A solution bf l’NpCOZEti(BOO mg, 1.5 mmol),and acacH (500 mg, ‘5 mmoI)J

mln acetonitrile (50 mL) was irradlated,in apparatus 11 equipped.with 350 nmy
lamps After 16 hours ogilrradlatlon, GC analysis (column at 200°C) showed ",f
only 20% of 1- NpCO Et consumed After another 6 hours of 1rrad1atlon at 300 a
nm, 35% ethyl‘l—naphthoate (Rt 2.95 mln) was left and 26% product was
formed (Rt é.40 min). The photolysate gave two*chpeaks at RtL2.95 min for
l—NpCOéEt’(35%) and Rt 8}4Q min (26%). The residue was flash chromato- .
graphed using 30% ethylracetate in‘hexanes as-an eluant to give'aiyellow

oil (16.3 mg)- of l-carbethoxy-7- acetonyl 8 acetyl 7,8- dlhydro~naphthalene

(26). The spectral data are llsted in Tables 4 1 to 4-4.
£ v '
" 4.4.6 l-Cyanonaphthalene
A solution of 1-NpCN (300 mg, 1.96 mmol) and acacH (500 mg, 5 mmol)

in acetonitrile (50 mL) was irradiated in apparatus II at 300 nm for 18

“hours. GC analysis (column at 200-230°C at 10°C/min) of the photolysate

showed that 85% of 1-NpCN was consumed and one major product peak at Rt
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4.34 min (47%) as well as severalﬁsmall peaks'which'were,not studied. The -

_reSidue was chromatographed  twice using 42% and 30% ethyl -acetate-in .-

‘,'hexanes as eluant to give Whitefcrfstals (33, 66.9 mg{;lA%)mbﬁw,,
1-cyano-7-acetonyl-8-acetyl-7,8-dihydronaphthalene. The spectral data are -
: . o s TN - )
listed in Tables 4-1 to 4-4. Analysis: Calculated for C16H1502N (MW of

2535, C,'75}87%f H, 5.97%;7Found, C, 75. 95% H, 6 10% -

B selution‘ot}compoundi33 (203 m", 0.8 mmol) in'acetenitrtle (100 mL)

"was lrradlated in apparatus I for 19 &s. GC analysis (crolumn at L -

200 230°C at 10°C/m1n) 'of the photolysate ‘showed two GC peaks at Rt 4. 34

- min (lG%)‘for 33 and at Rt 3.77 ‘min (41%). The residue was flash

- chromatographed using 4Q% ethyl acetate in hexaneS’as eluant/te afford a
iyellowloilr(¢0 mé) of 34. The“spectral data are listed in Tables 4-1 to -

4-a, e R o

4.4.7 2-Cyanonaphthalene - B : L

A solution of 2-NpCN (300 mg, 1.96 mmol) and acacH (300 mg; 3 mmél)

in methanolr(SOumL) was irradiated - in Apparatus III equippedtyith‘300 nm
lamps for 16 hours. GC analysts,(coiumn at 150—230°é at 16°C/nin) of the
. : ; s
-photb;ysate shewed one major peak at Rt 7.93 min (22%) and one minerrpeak-
at 5.88 min [8% 7GC-MS' l§5(43%5, 180(100%), 152(51%);¥the structure ‘ﬁ./r
suggested fpr thlS product is 39, see page 29] plus several more minor

: peaks (less than 3%) around Rt of 6-8 min: whlch were not studled The

residue was flash chromatographed (30%'ethyl acetate in hexanes) and

recrystallized from ether to give white'crystais (38;“501mg) df T
l-acety1—2~acetonyl—2—cyano-3,4-dihydronaphthalene.'The spectral data -are

listed in Tables 4-1 to 4-4. Analysis: Calculated for C16H1502N (MW of

253), C, 75.87%; H, 5.97%; Found, C, 75.81%; H, 6.04%.
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4.4.8 l-Methoxynaphthalene
o v o .

A solution of l—NpOMe (300 mg, l:9imm017\and acacHt(SOOV%g,'S mmol)

o
|

in acetpnitrile (50 mL) was lrradlated in Apparatus'TII at 300 nm for 8

hours. GC analy515 (column at 150- 230°C ‘at . lO°C/m1n) showed two major

,prddugt peaks at 7.48 min (33%) -and 7.67 ming(S%) plus ’severa‘kfsmall# 'peaks
" between 6-8 min ﬁhich,were'notretndied: The’residﬁe was flasn . ~ 7‘ ‘
p chtonatographed (20% etnyr-acetate‘in'hekaneS)'tejafford white‘cfystafe?

\(41, 73 mg) of l—methoxy 3- acetonyl 4 acetyl 3,4- dlhydronaphthalene,as well - -

as a tiny amount of 1- acetonyl -2- acetyl naphthaleﬁe (42). The spectral data o
‘are llsted in Tables 4—1 to 4—4. Tbe’GC—MS/of the unknown 40 gave a parent
peak of 258 [ rlOﬁ%)_and"?_lS (50), 200 (80), 158 ’(lO(l), 115 (35) and, 43

(26) suggesting an addition'prcduct between l;prMe and\acacH.‘lherGC—FT—lR"'

of 40 showed a strong absorption at 1730 em L.

- " 4.4.9 2-Methoxynaphthalene . 7/ . iv T - L

-

A solution of 2-NpOMe (300 mg, 1.9 mmel)‘and:acacH (500 mg, 5 mmol)

in acetonit:ller(SO'mL) was irradiated in apparatus II’at’306.nm for 15
hours. GC analysis (column at 200°) of the photolysate showed that 2~-NpOMe
(8%, Rt 2.25 min) survived ‘and a major product peak at Rt 4.45 min " (78%).

o

The residue;was flash dhromategraphed/dsing~30% etnyl acetate in hexanes as
eluant The major fractlon was recrystalllzed to afford whlte crystals (182
mg, 38%) of l acetyl 2 acetonylnaphthalene (44) The spectral data are
~listed innTables 4-1 to 4-4. Analysis Calculated for C15H1402/(MW of 226),
C,779n62%;ﬁH, 6.24%; Found, C, 79.80%, H, 6.26%. Compound~417(100 mg) Wa$~~ﬂ~~a'fff
dissolved iniacetonitrile (12 mL) centain;n§ cdncentrated HC1 (i?drqpé}‘and i -

was refluxed for 5 hours. GC analysis (column at 200°C) showed 44 (4%)

survived and a product with Rt 9.61 min was formed. The reaction solution L
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3

ether (3 x 20 mL)t The comblned ether extracts wereidrled over magne51um

e TR

was neytralized to pH = 7'with aqueoustaHCO' solution and extracted with‘

\sulphate,‘and the solvent'was evaporated under/reduced pressure. The

residue was flash chromatographed using 20% ethyl acetate in hexanes as

eluant to give brown crystals (23.9 mg, 25.4%) of - R o

‘1—hydroxy—3jmethy1-phenanthrene (45, m.p. 111~113°C). For spectral data,- see

,Tables‘gflfto i-4. -

i

Compound 44, (148.6 mg) was dissolved in methanol (20 mL) containing

Vo -

concentrated HC1 (6fdrops) and:was refluxed for 50 min, GC ahaIQSis (column

at 200°C) sﬁé?ed 44 (2%) surv1ved and a product (88%) at Rt 7 45 was

formed. After work up_as descrlbed as above, some yellow 011y crYstals were'

obtalned as crude product whlch was further recrystalllzed from cyclohexane

- «

~ to afford yellow crys*als (59.5 mg, 40. 8%) of l-methoxy 3—methyl- )

~

phenanthrene (46, m.p. 73-74°C). For the spectral data, see Tables 4-1 to -

AN
N

4-4.
4.4.1o;\ihenanthrene (PN) in the presenceyof lithium acetylacetonate -

A,solution of PN (300 mg,‘l.§9 umolr, acacH (soo,mg, 5 mmol)_and
1ithium acetylacetonate [hi(acac); 53 mg, 0.5 mmol] in\methanol,(SO mb) was
irradiatedfin'apparatus II equlpped withl350 nm lamps for Zl.hdurs after
which time GC ana1y515 (column at 230°C) showed that all PN 'was qpnsumed

and four major products (1nc1ud1ng two Secondary products) had- been formed

with Rt 4.40 min (36%, 30, unknown)~ 4.61 min (26 8%), 5. 21 mln (9 4%k‘and

76.727min (18.8%). The re51due was flash chromatographed using 15% ethyl

acetate in hexanes as eluant to glve a yellow 0112 compound (157 mg, 34%,7

-

Rt 4.61. mln) of trans-9- acetyl lO acetonyl 9, lO—dlhydro phenanthrene (29)

The spectral data aré: llsted in Tables 4-1 to 4-4. The prbducts with Rt ~ _

R ) -



5.21 min and 6.72 min aré described in section 4.4.10b. The GC-MS (CI) of

30 gave 221 (M¢l, 100%) suggesting"a'9-acetYIpheﬁéhthrene structure. T
1.4.10b Phenanthrene (PN)

A_so)utionof BN (300 mg, 1.69 mmol) and acacH (500 mg, 5 mmol) in S

methanol'(Sd mL) was irradiated inxapparatus IIVequipped with 350 um lampslf'_
for lO hours, after which tlme GC (column at 230°C) analys1s showed ‘that
25% of PN surv1ved and two ma]or products with Rt 4.61 min (22%, 29, see
'4 4.10a) and. Rt 5.21 min (27%) and one minor product w1th Rt 4.40 (13%, - ; ]
30) had been formed The reSLdue was flash chromatographed using 12% and -

15% ethyl acetate in hexanes as eluant, respectlvbly, followad by

L]

recrystalllzatlon from ethyl acetate in hexanes to afford.whlte crystals
'(198 mg,/42% Rt 5 21) of cis- 9 acetyl 10- acetonyl 9, lO—dlhydrophenanthrene

(28). For spectral data, see Tables &- -1 to 4-4. , : o

To a mixture of a solution containing 28_(41%); 29 (l%) and PN tas°
VI.S., 46%), one drop of'dilute sulfuric acid (in acetonitrile) was added‘ N
The resulting solution was aﬂalyzed‘bf GC glviug a’mixture containing 28
(17%), 29 (8%), PN (51%) and an uuknowh compouud 31 [lé%r:Rt 6.72 min, -
GC-MS (CI): 261 (M+l, 100%), 178. (26%)] suggesting an aldol. condensation
product‘ The” calculated relatlve amounts of 28, 29 and 31 agalnst I. S are
0.90, 0.16 and' 0 before acid wasradded and 0.34, 0.16 and 0.23 after acid Q

was added.

4.4.11 Other naphthalene derivatives

A solution of l-acetylnaphthalene (0.035 M) and acacH (1 M) in -

acetonitrile (5 mL) was irradiagéd'in apparatus II equipped with 300 nm 'f

lamps for 17 hours. No product'was detected by GC. Similar results were

ok - -
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" obtained forkreactions—oﬁ'2—acety1naphtha1ene, ljnaphthoio‘acid,or

5-naphthoic acid with acacH.

JA solution of l-methylnaphthalene (300 mg, 2 1 mmol) and acacH (500

mg, 5 mmol) in acetonitrile (45 mL) was irradiated for 18 hours in

apparatus'II’at 300 nm. GC (column at 200°C) analysis of the photolysate

e S-S T " - -
showed that I;methylnaphthalane_(31%) survived and four major product peaks

were formed at Rt 3.73 min (14.7%), 3.06 min (8.1%), 4.18 min (8.9%);and

4. 73‘min (5.2%). Attempts to- separate the products by flash chromatography

_and preparative GC failed.

- j’iri?? ‘gc;kik,._i

A solution of 2, 3-dihydroxynaphtha1ene (0. 02 M) and acacH (0 05 M) in:

acetonitrile (5 mL) was irradiated in apparatus II at 300 nm. After 18

be detected by GC. Similar results were obtained for the reactions of

1,4-dihydroxynaphthalene, l,8—dihYdroxynaphtha1ene, l-nitronaphthalene'or

I-naphthylamine with acacH.

4.5 Sensitization and quenching of the photocycloaddition —

A '/rf
Some results are reported in % yield; these were determined- for
' LV : -

photolysatés by GC analysis. The concentrations of produ¢ts and % yield

were calculated. The former was calculated according to equation 4-2.

‘4;5,1,Trip1§t sensitization . - g S

-

Benzophenone and xanthone were employed,as trxplet senSitizers in .

'hours of irradiation , the solution,turned dark,brown but no product could

photocycloaddition of'2-NpR (R ;ccarbmethoxyL carbethoxy, methoxy and cyano i ‘iﬂ’

groups) and acacH. Two tubes of acetonitrile solutions (5 mL) containing o

A
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' 2-NpR (0.02 M, 0.1 mmol), acacH (0.08 M, 0:4'mmol),roctadecane (as I.S.{V



B

‘0.00S'M 0.025 mmol),were~prepared;'one tube also contained arsensitizer

(0.05 M, O 25 mmol) whlle the other served as the control The solutlons

were 1rrad1ated in apparatus II at 350 nm.

.

ueghyl.z-naphthoate: ?hree?solutions;were prepared;in quarta”tubes with No.
1 containingpa solution (Simnf without a/sensltlzer, No.;2 absolution (5

mL) with,xanthone and'No:'B avsolution tS ml)Qwithrbenzophenone; The'above
three solutions &efé irradiated for 6 hou;s.,While fro$ No. 1 SOlUthD,Llsr

‘was obtained (22%), no product could be detected by GC’ for No., .2 and. No .3

solutions. . ' : ‘ o -/l'

2-NpR: ‘'The above prpcedures.were repeated;using>2—NpCO Et, '2—NpOMe andif
—NpCN for 6 hours, 1 hour and 35 an of J.rradlatlon1 respectlvely
fProducts 20 (21 5%), 44 (39 5%) and! 38 (17 5%) were obtalned from the 2’»"
Lt e -

1 solutions, no products cou1d be detected by GC from the. No 2 or No 3

solutions. - o

4.5.2 Quenching_ S . ' ~ S RT :f:f';
4.5.2}1 By electron donating quenchers

Sample solutlons which contalned ZerR (O 02 M, 0.1 mmol), acacH (O 08

M,,O.4~mmol), octadecane (as I. S., 0. 005/M 0 025 mmol) were. prepared 1n*

-

acetonitrile, one also contalned TBA or-DMA (0 a1 M, 0.05 ol) and the 5l~

other served as a control Quantum ylelds were determlned by Method II }2.
L

(section 4.3). The sample solutlons were 1rrad1ated in apparatus I1 at 3507'

nm. All results are summarlzed in Table 2- 3 :

;Methyl 2~naphthoate and acacH Flve acetonltrlle solutlons (1 mL) *;f

v

’contalnlng Z-NpCOZMe 10:02 M), acacH (0.08 M), octadecane (as Is S r QQOQgﬁ'

o
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J=7.5Hz)--
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u 39 faf 1H, 3=L8 5Hz) f;ﬁ:ég’(s,*3gj'v'74 | :
= :é.él<§d; lH J 9. SHz) '”;4.477<s: lﬂ)i/> | E
. els1 (d;fi - J=s. SHz) it K. 7.0727.24 (m, 4m) S
20 | 1.07 {tl 3Hi J=THz) e : 2.11 (s, 3H) SRR
22 (s 208 @ W, e
‘ 3.17'(d;\iH}JJ=£8§;)vzf} ; !‘ 1:0}5(q;TZH%1J=j§zjf}};;;~4 )
W'4;46/(s,.1ﬁ) | ‘f¢:%~ | “,,,sééb'(d;*xg}fJ:Q.gﬁéif;ﬁi :
. 6.5l (d‘fia, 3=9. -5H2) R R 07 (@, 18, J=6.5Hz) .
. Co s ’i— 3 . : - “ T . )
;‘*35.12}(d ‘1H ~J 6. SHz) ;" s f;7 20 (m, ; ?f7 y fﬁ_gj;” i
26 - f1;34 (t, ) I=THz) ’i 1XB3 (s, »5>1
- 2.69 ‘(ad, 1H, siisHz, I 7. 5Hz> 5'2 18 (s,v3H;;”
» ; 2.98‘(ddﬁ 1ﬁ,!3§1§ﬂi,,3 832) 3 31cm,,_’>?ff’ .
S e 32 (@ 2H€—J =THz) | E 4.33 (@, 18, ~3= 7. SHz)
5 75 (dd, 1H, =9, 5Hz, 322, 5?;) ,4__ﬁzwffpz,ifwimwffﬁj’/f: o
6.50 (dd, " 1H, J=9.5Hz, J=3Hz) | . R
7.74 (dd,;lﬂ; j#j;SH%, 4:125qz3‘,; : - R
géc" 196 (s, 3 o ‘2.0623,,;H)Af ‘ ‘?g
;2;%3;<dd, 2H,’3=8H2)'-;“; 7.277.35 (m{ sﬁjj'“ "; ;7;747



_ ; —
Table 4-1 (céﬁﬁfd)“, ;‘1; S e ) 7”;777 e
(in C6D6)"T2.lO (dd,fiH{;J=léth€§=6Hz)iuf,_ o 11ﬁ6~(§,_3u3 ] )
| 2,71 (dd;,lﬁ,.J=ishif'J=agéi - ’/Kljﬁé,(s, 3H) ; N
L 3.62 (d.“J;;.5Hz)':;?}r-{?—: - 7.58 <d,‘Jejh;) \
i 4.&2'kddd, ;é}‘J=61;§;'l#7Hz)' i 7.64 (, J;iﬂ;5
y 6.96 (dd, g¥é,'i.iQ§{- S ;~7—7,37(m?“§H)~’," ’
vzag 1,§€ (é,gaﬂ)' S . 2.19 (s, 3a)l,’g}i ' -
- 2.6 (dd,lH;J;}éHi;'$=6Hz)};~ . 3.83 (m, ) )
'3.03 (dd, - 1H, J=lSHi;‘3=6.SHz)‘“,. 7 ;!5.24—7,43 (m, SH)- e
i.4.o (d::lH, J=5Hi5 ;{/ B ) ‘~'7.18’(q,71H, 3=6.05
) ,'7.57'(d;iih, Jésyéﬁz)’ T 1.63 (d,.iHL7J=6;5Hz) .
} 34) ) 791.35 Eé,;3H)° / : f ; - zniS‘(s,,3ﬁ)'“ '
/ "i}él_(dd, Lﬁ,’JéS.SHi;7J=Qﬁz) o f3.03((s; W
| L_i2.87 (dd,‘lu,jaélegsﬂz;\éés,sﬁ;ﬁ*' o - -
S <3;62.(ad;.1H;fjé18f5ﬂi,rj=9ﬁz)i W | :
-3;9YT(dd,/lH;fJ=3;5H£,<J=i:5ﬁ2)? » 4;6£1(dLlﬁ,AJ§3.5H;)
7 \ -;zﬁ20_<§d. i;, Jéﬁ;sﬁz,“J=§H£3 g i;si'(é, ;H,,E#éazs
: f7.4okdd, iH,‘3¥%55Hz,-JiliSHz)é?.‘ e | -
18 717 o 3.06 (d, lH(.J=9EZ) | »:‘ - :1.99‘(sL’3§5~,‘ .
C 3.15 (dd,1H;J=1sazj J=4.5Hz) z,zsi(é, 3H)
b 73019 (@a, 1, Jsigﬁg,'jfsﬂz) R S ST I 'vtﬂné'  :if
o 3.17M8g, iH,_J%?Hz)‘f ’ 7;0‘§g{_1ﬂ, 3=THz) * - ,k
463 (aa, 14, J=8uz, J=a.5Hz) . T.0277028 (m3W)
45 o %.Séi(dda,ziﬁf§J=7.§Hz; R | l LT
R J=7.3Hz, J=1Hz) | T-’?.SO'(s}'ba; / :
, 163 ’ ) .
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f Table 4-1 (Cont'd) e
.63 (dﬁd;)iﬁ, J;sfsaz,fJ=7.§Hi; o '5}62“(5,‘i§>
; ;¢J=lggﬂz)' R o )
7.62 (a; 1H, J=9Hz) : ‘2:70-(d,lih,‘J=§Hi)f
77{86'(Aé,~lﬂ, J=7l5Hz, J=1. 5Hz7 6.81 (s, 1H) |
9.58Afdd,:l§j'&;8;5Hz, J= le) ' 7.31 (s,;iH)iii
46 7’57‘}&dd§ 1H, J=8Hz, J=gHz, ;;él57 (s, 3
| 7.63 (ddd,~ H; J=8.5Hz, i=8Hz;77" a3 s, W
) J=2Hz) T 74 ‘7 i .
v :
'7.55 (d, 1H, J=9Hz) ] 7.0 (5, 1H)
7.885(d&, lﬁ;.J=8Hz, J¥2§z) ‘7.33‘(5,»1H)7“
™ . 9.64 (dd, 1&, J=8,5Hz;‘J=;H£> 71737(é, 1H,;J:gﬂz>
14 'ri4 05, 3H), 7.58 (m, 2H) 7.89 (d, 2H)
- 1.97 (d; lH), 8.07 (@ 1) 8.62 (s, 1H) °
21 4.0. (s,.lﬂ), 7.52 (m, 2H) 7;62 (ad, 1H)
. "7.88(q, 15}7isfoé (d, 1H) _ 8.19 (dd, 1H) -
8.9l (a, 1H) R “
25 i“'l 49 {k{\3u>ﬂ 4.50 (q, 2H) 7.50 ¢, 1H)
7.54 (4, 1H); 7. 62 (td, 1H) $7.88 (d, 1H) -
=‘V,_8;Qz'(d,‘iﬂ>;'a.zp,(dd, 1HY V7,§.9§ @, 1%};7
19 l.4é,kt,~3ﬂi; 4)4572q, £H)‘ 7753 (td, 1H) —
: 7.48 (td,:lhﬁ;;7!87 (dQVZH) ’i 7};é'(d} in}
r'é;o7'<ad, 1q>;’8.éi'<é,mxﬁ> |
Na(acac) 4.75 (s, lH);V l.64_('s,,6[-i_) : (in DMSO)  °
;it.ng 4.86 (s, 13);'1L65 gsf*sﬂ) " (in DMSO)



N . . ¢ _ - -

_? _ ) Table 4-1 (cont'd5‘ o f.}‘/', ST ,,ﬁ”,”;,”;;:w,,wi;;;¢,
Kacac) . 1.72 (s, 6H); 4.58 (s, 1H) . (in DMSO) :
Lié.légj 72 s, 6H); 4.72 (s, 1H) -~ ’i; (iﬁ;DMSO)‘ A
Li(acae) 1.6 {g, 6H) 1 5.0 (s, 1H) I A‘(}n;pmso>'7 |
‘Lit.}59,{ © 1.67 (s, 6H); 5.0 (s, 1H) ~ - (in DMSO) *
3 ;';’72,63 (s, 3w ) - ",E '7;.21 (s, 3H) ) 77
- ’ 4;06:(d,,q‘= 6.5 tiz, 1H) ‘72.83i(m,‘éﬁ)ir y A »
" 5.87 (dd, J = 10 and 27H2F713> o33 m 1) - ) |
T s Edd;’J =10 and 3 Hz, 1H) 7.3 (m, 2H) ‘ .
Celew S *
"‘;‘33;;41 13.06 (@, J=17.5 Hz, 1H) . N 2;12 (s, )  ' o
‘ - 3.6 (d, J;l7f5»ﬁz;'1ﬁ> o L 222 (s, 1)
‘ 1j;7$;85 (d;‘J=1o'H;, LH) o ‘1_ 1.49 (s, iH)\: S -
. 6.58 (4, J=10 bz, 1) '7.18(m, 1) v | )
7031 m, 3#) - | | F
. ‘vh -2.574fdd; =18 and 7 Hz, 1H) { ) %;pl (s, 3H)
'i§;87'(dd, J=18 énd 8 Hi,jla)f : ztia (s, 30) d
BELS 7-i 3.78 (d, J=6.5 Hi,’la>ji'7!‘ o 3.48 (m, 1H) -
] .« 5.77 (ad, 9.5 angz.S‘Hz> / - fja.ss (s, 3H)
7.17-7.33 (h;raﬂfr* g _9,' . 7.58 (m, 1H)
. : , | - e
42 2.30 (s, 3H); 2.70 (s, 3H) \ 4.48 (s,.2H)
| 7.58‘<m,'2ﬂj;,7“8 (@} 3H) ,. - '8.03 (m, 1 - i
W 223, 3m; 2.66 (s, 3 387 (s, 20
7.25 (d; 1H); 7.53 (m, 28) 7.8 @ mw. S
7.87 (ﬁ,'za) . : S |
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i - Talile 4-23 ,113C’ NMR data -of products ; .
7 * . N 7 = X -
e . - S
! Compound ) Data (ppm in CDCl,) . '

22

-

23

|
e
1
'

16

20

34

©129.4

1208.27

132.78 -

'127.53

.30.44

167.15(s) - 147.17(s)

54.87(d)

21.83(3)

206.4°

124.6

30.6

207.5

129.3

127.3
29.99

207.6 -

129.3

127.2
30.1

207.2

©126.9

°130.59 -

- 128.7

_ 205.8

RS

' 206.97 -

L26.§9(d) 124.70(s)

—

- RS

167.77

K]

52.14 1 50.62

29.95

-

54.60(d) © 51.80(q)
18.24(q) . :
205%6f4, 170.2
: ,127-57
65.0 52.7
2.8

1737

128.6 128.4

56.4_ - - 52.4
29.96
205.9 173.0
128.5 128.3
61.3 - 56,3,
30.0 13.7

156.1" | l38.%,i
117.3 1o7q§<ﬂ

166

129.99 -

141.87(s)

. 104.86(s)

127.97(d)
'94.04(s) |

42.28(d)’

137.0

127.4°

4.4

1132.2

128.3

47,6

“132.0

©128.2

47.6-

129.8.

106.0

32057 -+

S13sa0 -

©o127.57

~

127.56(d)

82.22(d) . - -

41.50(t)

“;301%/

T127.k

1318

37.8 .

12871

47.3°

- 131.8

128.0

128.0

79.8 =
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Tabi:r . 4-2 ,;‘ é;ont'd)i‘ IR S
61.7 54.8 47.6 42.6 ijoig‘ o
| 15.4 | 7 -
18 207.9 rgoéli _ 1721 . . 145.5  136.6
] 127.8 1269 12802 0 123791/,, ~§2;$l R
5.8 k‘;4o.5 2397 ’/3914‘ | 38,67 :
314 Y0 - o iiAql o
45 154.2 136.5 . 135.2 1326 ,1?0.4“ °
- 128.3 _ 128.2./ 128.1 126.8 ;Ezs.s ‘
£25.6 ’ 7 121.7 114.9 7.8 21.1 )
46 158.8 136.5 13¢.8 1325 130.5
| 128.3 128.2 128.0 126l9 1263 “
125.4 1210 118.8 110.2 . .55.7 g
21.6 N 7 ]
167.9 133.8- 133.3 *f;i.3/ 130.1
128.5 . 127.7 ;szl 1261 125.3r
124.4 52.0 ‘ N B
25 167.7 133.9 133.2 131.4 -130}1, -
128.5- 127.7 127.6 ‘;éétzr;“ 1259 .
123.5 61.0 14.4 - ; fi
19 ° 16628 13%.5 1325 10.s 129.3 ji'
128.1 - 128.0 127:7 o 127.7 126.5 :
125.2 61.0. 14.3 o B
33 206.3 204.7 136.9 135.9 - 135.3 -
134.8 131.2 130.7 12@.7* 7 125.7 !
117.5 - 112.6 52.9 44.6 | 32,3
167 .
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i Table ~* = 4-2 7 (Cont'd) ;. :
I N -
. 30.2 . 29.5 - _
38 " 204,38 204.11 131,90 - 129.75 129.68
12%.15 . 129.08 129.01 . 127.76 -~ 126.49
120.61 56.07 - 46.71 35.85 30.36°
29.49 7 -
44 207.54 205.28 139.73 . 132.49 129.46
129.12 128.48 128.11 °  127.32 ©127.09
126.18 .124.38 48.11 33.07 29.07
,“' .
\ -
168



Table 4‘—‘37: IR data of '[';roducts
— : e i
‘ Compound' Vmﬁ?‘ 1n c;h' .
22 3088(w) 2961(w)‘ 1736(s) = 1439(my 1362(m)
1281(s)  1194(m) 1420s)  756m)
23 E ' 3060(w) . 7 i7i7gs) 130008 1250(w)  1200(w) i{_\ o
o - 11s0(s) 990(m) 496Q(m)\ 870(w53f' 840(m) )
'tt:» 765(m). 725 (m) | | i - -
17 ©3072(w) 2959(w) ©1728(s) C1437(w) 1364kﬁ)_'7 ’
1223 79i e : - -
16 3028(w) 2959(w) '173%(s> 1439<wiy 1362<m>
1;94(55 1084 (m) -789(w) - | ; f "
20 £ 3000(m) 2650(w) ‘]294@(y)(f '1720(s§ _1495(y3 :
| 14556)  14200w) 1365(m) ;;‘1ioo<s> C 1170(m)
- “109b(w)‘f 775(m) - 740() C 71000 | “ 7
29 - If,3690(m) 2960(w) - i715<5)i”:,_ i49§(yi**”;:*1§70(§1;’ ;
. 1230(m) m,1190<§) ;17o(m>,,‘ ;'éesiwﬁ-”: .'égo(w) ;
i - 775(m) 752 (m) o ;;ii:' I '
34 2980(m) | ;’294dkm) ’»2243§m5 1718(s) 1§§o(;57
1440 (m) | 1165(m) 920(m) 860(m) 800(m) .
o 730(m) ' | i -
- L, ‘ N ‘ I, W
18 2960(m) © | 1703(s)  1430(m) .  1350(m) 1240(m) '
1150(m) 755(m) . - | o
45 3641(s) 3055(s) 2932(m) ‘1628(s) | .1410(m)
1227(s) 1177(m) 1128(m) 829(m)  744(s)
= o o | o
’159 - /

[



.\

: Table 4-3 (Cont'd) ,
46 ‘LL3657(§y " 2930(s) 1622(s) 1456(s) 114021m)7
7 1306(m)  1217§m57f' 1142(s) 1084(s) 744(s)
14 B ;304ogy5* 11700(s) . 7:1715(55 | . ,' B
21,<' ) 3070(w) 2670(m) ,1&29(5) uiaob(m> o issz(m) ’
. 1517(m) 1440(m) 1290(s) 1issx§>' 12100s) - -
] 1143(s). 1080(m) 1045(m) 1025(m)  955(w) - »
Cgasm 193(s) ) ‘ T
- 25 3070(m) 3006(m5 2960 (w) 2920(w) 71i4o<st
1600(my -1585(m) "1518(5>‘ 1285(s)  125¢}55
1205(s) 1140(s) - 1050(s) 790(s) _
ua(aéaq) 1670(@5 1630(m) 15i5(m)’ 1455(@9* 1415g@31 -
1240(m) 1210 (m) ©1015(m) s20(my - 775(my
K(acac) 2920(w) 2960(w) 1620(m) 1510(m) 1450(s)
i 1410(55 1240(wj ' ’;260(w> ©1010(m) - 915(m)
770(m) 6607(m_,)‘ ' » ) |
| A;i.i,(acacs L 1608’(5)/' .' ‘17524('5')‘ - "l_;155"(§) f,» “Vl'ﬁ’lO‘( s) 1350(&)'_, N |
. 1270(m) | 1204(m) 1021(m) 927(s) 8L1(m), - ;f¢f3 ;:
- 7757(m,)" ] -670(}1)’ N \ T o
26 3000(m) . - - 2960(w) ©1720(8) 1580(m) © 1455(m)
7 1420(m) 1370(s)  1280(s)  1190(s) 1160(s) - L
1100(m) . 1040(s) §7o<m)ﬂ,:' '\8f5(m) ;fi aqb(@)”fi R
| 770(s) 720(m) 680(w) ] [ -
33 - 2230w) 1#15(%) ' 1360(m) _1160(55 910(m) ';ffjrﬁ,f
820(m) ) | 'i“ | : ; R
38  2245(m) ‘v‘:;7zs(s) L 1175<§) B 1166(m) -
< 170 - g -



‘Table 4-3  (Cont'd) o o

39 1730(s) 1643(m) . 1362(s) 1232(m) 1159(m)
(FT) 1101(m) 768(wW) 7 ,'

a2 1730(m) 1703(s) - 1666(w) 1360(m)  1234(s)

(PT) 1155 (w) 1123(w)  808(m) ~743(m)”

. ' . - - - B v . ] e ) ‘

44 3065(m)  1713(s) 1508(m) 1427(w) | . 1360(m)

(FT) 1204(m) - 1159(w) 957(W)  822(w) 746 (w).
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. _Table 4-4: Méss speqtral;data;,cf ‘producfs

* v

~ 172

Compound ) Mode » )
22 “EI Zs6M*, 0.5) . 268(3) 244(2) 229125r
- 211(100) - ' 186(45) 168(20) 1155{50>’ '
141(28) 127(25) 115(20)  43(45)
23 I 287(M+1, 100) - : e
17 BT 268(2) | 136(160 155(80)  141(23)
' 127(32)‘/ 43(25) - ‘
CI . 287(M+l, 100) 269(38)  186(36) ,
16 Bl 2867, 3.4 27(1.5)  211(18.8) f;sé(loo>
| 167(20) - 155(74) - 141(62)  115(17)
- ¥zé7{@+1, 18 269(69) 24;(160) 227(9)
186(26)
20 BT 300(M7,-5) 211(15) zoo<1oof "isﬁkas)“’f
| L 167(20) i§5@25>1’1/_141(45>"   115(15) -
'43(35) ‘ - ,‘A, |
1 301+1, 30) - 255(100) .2oq<34> ;185<1o;)
29 c1 ‘§§9<M+1,~15x. 22101000 o ]
28 1 279(M+}, 100) 261(15) . 221028) 178(21)
30 EI ZLO(lOXA 196(5) 167(15) 1s3028)
43(100) ' . - o
c1 -254(M+1, 100) 236(19) 7 S
18 B 2860, 2) 25420 243(2) 229(1)
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| Table - (Cont ') S
'\2i1(255' 1186(50) 165(20) ©  155(70)
'L41(65)7 127(50)\‘: 115(55) 43(100)
. cI 287(M+1, 100y 2§9(305 255(40) ,22%(8d>7 \ |
186(37) - | B |
5 ET 2084%, 1000 . 179(30)  165(32)  89(13) 7
) 76(11) © 63(3) ) ]
46 EI 222(M*,100) T 207(a5)  192(8) 179(40)
1178(40) | - |
o 223M+1, 100) - : 7
14 ET 186(M", 80) 155(1063/, 127(62)
S EL 186(M", 90) ; fi 155{i60) _;’127(99) B ;15k7)?, : S
| 101(10) 7 77(10) I .
e 187(M+1, 100) .
25 EI- . zoocm+,séb) i85(2)»J 1720100 | iSSCIOQ)V
127(67). - 75(12),f - 63(8) ) o
19 EI . 20@(M+, 64) ZviBSKLO)t ;,'i12(25>i 'i55(1db§'5.:
127(52) o ', : |
38 EL 253047, 2) 210(2) 196(1)  180(5) -
153(100) 141(40) 43(50) S
4" EI 226(M", 20) 2120)  184(26) % 600000
141(33) 115(10) 743<22> :
33 EI 253M*, 1) 210(35) 196 (50) ‘iééf;1; mW7ui74ﬁ47
153(100) asrs) o - -
26 El 300- (1) 282 (1) 257 (15) 211 (;003
200 (15) 185 (15) 167 (20) - 155 (30) - ;




Taple  4;-.4~ 7

3

© (cont'd)

[

42

~EI

CI

CEIY

EI:

141

2301

258
158

115

226
141

195

S+
M,

(M+1,”

(90)"

(39) -
(M,
(35)

(83)

227 (12>

10y

30)

32)-

. 201

" 215

141 (30) -5

a1s

283

127 (25
'pzsl'v;,’
(37) -

(80)

93 (35) 4
211 (25) 184 (31)

(12)

- 5

-

43°(90)>

243 (100) ~

°

173 (45)

Y128 T(30)

-

¢

 43.(§;

169 (100) ~ //’

o qIBOL(IQQ) 152;(51X;_p'

”~
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M) and TBA (0, 0.00157—OLOGST—O.OOQS~and O;OOE’MT'were*irradiatad'in"“i”' o
Apparatus II at -350 nm for 2 hoursr The reactumn;4u§@erepeated;and—4#me———’4——~—f

results are listed in Table 2-2. Two solutions (5 mL) were prepared in-

P N 7 [ ) '
guartz tubes with NQ. 1 containing~noADMA,/No.,2 containing DMA ¢0.01 M). IR

The solutions were irradiated for 4 hours (see Table_2—3):

Ethyl z-naphthoate and~acacH; Three Solutions (5 mL) were prepared with Neo.

1 containing'no DMA and TBA, %Q, 2 containingrDMA (0.01 M) and'No. 3

containing:TBAsz.Ol M). The solutions were irradiated for 4 hours (see
\ : ' . , :
‘Table 23d).. 7 , : . ‘ v SR .

‘2-Methoxynaphthalene and acacH: Three solutions were prepared and <‘ o
irradiated for 1 hour as described above except 2-NpOMe was used (see Table
2-3). - .
2-Cyanonaphthalene and acacH: Three solutions were prepared and irradiated

for 1 hour as described above except‘2 NpCN was used instead of 2- NpOMe

(see Table23) ' . S ¢«

de Mayo reaction:'Three solutions kS mt) in hexanes uere prepared in quartz
tubes, eaoh of,them containing acacH k0.0S M, 0.25 mmoi),7CYClonenene ¢0.5 7.
M, 2.5 mmol) and decahydronaphthalene (aeruS., 0f004 M,,O:OQ mmoi)f No. 2

tube also contained'N,Nfdimethylaniline (0.01 M, 0.05 mmol)/and “Oﬂ 3 tube -
7tributylamine t0.0l M, 0.05 mmol) while No 1 tube was used as a control

solution The solutions were irradiated in apparatus II at 300 nm for 4

houfs The relative yields (GC% ratio of 47 over I.S.) of product 47

(identified by coinjection Wlth an authentic compound) 4 are 11.8% for No.

w

1 solution, 9.4% for No. 2 solution and 10.7% for No. 3 solution
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4.5.2.2 By others

[

The common conditions were the same aS'that in'section 4.5.1 except

K

that a quencher (0.00Q h bmectyl DM% or oxygen) was used. Quantum yields-: .

__wWere determlned by Method II (section 4.3)..All the results are summarized

1n.Tab1e12-4.

.Hethyl 2;naphthoate: Two solutions were prepared in quartz tubes with No. 1

'
-

ﬂc0ntaining no biacetyl~and No. 2 solutlon with blacetyl (0. 002 M) The

'solutlons were lrradlated in apparatus II at 300 nm for 6 hoursLhIhe above ..

"

experlment was repeated with blacetyl at 0,02 M and 7 hours of 1rrad1atlon.

Two SOlUthﬂS’(S mL) witHout the quencher were prepared in quartz tubes. -- )
One of- them was‘purged with nitrogen and the other with oxygen for 10 min.

The above solutlons were 1rrad1ated for ¢ hours; Srmllarly, two solutlons

Wwith (0.03 M) and without NND were irradiated at ,330'0\ nm for 6 hours. The

results are shown in Table 2-4. N T - B

i

Ethyl 2-naphthoate;/Two solutions were prepared'im,quartz tubes with (0.002
: . B - A S ,
M) and- without biactyl and irradiated for 6 hours (see Table 2-4): N

IR

2-Hethoxyﬁ§phthalene:.Three'solutions were'prepared\;n'quartz tubes with

No. 1 solution containing/no—quenEher, No. 2 solution being purged with

oxygen for 10 mln and No. 3 solutlon containing biacetyl (0 002 M) The

above solutlons were lrradlated for 1 hour (see Table 2 4) . 'g ‘

-

2-Cyanonaphthalene: Two solutions without any quencher were prepared. One

"of them was purged with nitrogen and the other,with oxygerr for 10 min.

They were irradiated for 35 min. (see Table 2-4).

-



: contain;ng 2-NpC02Me (0,02 M, 0.1 mmbl), acacH (O.OS/M,EG.4 mmol), sulfuric

33.5% and 17% with the diene: . - ]

4.5.3 Quenching in the’preﬁence of sulfuric acid

Two acetonitrile solutions (5 mL) were prepared in quartz t:;EE\i\\\ o

-

acid (0.001 M, 0.005 mmol), octadecane (as 1.5., 0.005 M, 0.025 mmol) with.

(0.02 M, O.l(mmgl);and withdut (as a control) l,3-pentadiené. The two- .

i

'solﬂtions were irradiated in apparatus II at 300 nm fogl3 hours. The

—

percentage yields of 17 and 16 weﬂg 38% and 18.5% withéut‘the diéne and

Two ‘solutions weré prepared containing Z-NpCOZMeJWO.OZ M,/O.i mmol&,

acacH (0.08 M, 0.4 mmol),,sulfuric acid (0. OoiﬁM, 0. 605 mhol5; octadecané

fas a I.'S., 0. OOS M, O. 025 mmol) wlth 0. 002 M,.0. Ol “mnmol) and w1thout N

®

. {as a control) biacetyl. The two-soclutions were. 1rrad1ated in apparatus II

) - i * '
4-6 and fluorescence intensities (I)-were corrected to I by % light(\?

at 300 nm fort 3 hours. The percentage yields of 17;and 16 were 47.5% and

21.5% without biacetyl and 46.5% and 21.5% with b;ééetyl.

i

4.6 The quenching of fluorescence intenSity of naphthalene derivativés L

The fluorescence.intensity ratio, I°/I, was determined at the'maxf;;;i

S , , . e ,
intgnsity,wavelength. The Stern-Volmer correlation of I°/I with respect to

either [acacH] or [quencher], was carried out on the basis of- equation

2-13. Light absorbed by NpR (%‘light) was calculated accdrd;hg to equation

* absorbed by NpR according to equation 4-7

N } : > , /
a7 S e ——
% light = C./ (e, C. ‘+ ¢ C_ ) X 100% - , 1-6

Np Np Np 'Np acacH acacH

where,the'definitions of terms in equation 4-6 ate same7as that in

equation 4-4 (Section 4.3)
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. X . | N B P
I = I/(% light) : B

4.6;1.Acety1acéione quenching -

;TW

The quenchlng of 2- NpCO Me fluore5§ u e by acacH»was,meaéuged

~(nitrogen purged for 10 min) in methylcyZlohexané, acetonitfile and

methanol with excitation wavelength at 330 nm (slit 3 nm). The intensity

’ratio waS'determinediaé 952 nm for methylcyclohexaﬁe, at 358 nm for: 7* o,
écetonitrile and at 363 nm for methahol, Liﬁearity of I1°/ I* ys_[acacH] |
plots WHS’estabeshéi with é-cprfelétion coefficient of?o.992—o;§§7"5;i"*

shown in Taple 2-5.
. S—
Quenching of 2-KpR (R = carb@ethoxy,AcarbgthOXY; metgpxy and cyano L e
groups) fluorescence by acacH in acetonitrile (under nitrogen atmospherk)

is shown in Figure 2-3 and results are listed in Table 2-6.

The,resuitsrdf quenching of 2-NpC02Me fluorescence by acacH at’qgriousv

excitation wavelengthAQEé listed in. Table 2-7.

4.6.2 Other quencher quenching
\

v

2Me, 2—C02Et, OMe, CN and OH greups) by Ll(acac) are shown . -

in Flgure 2-4 and the results are summarlzed in Table 2= 8 The;?%ndltlins

NpR and lithium acety}acetonatr (Li(aéac)): The quenching of fluorescence

of NpR (R = 2—co

»~

~ for these experiments are shown in the;e flgure and»table.

Methji Z-haphthoate'and biacetyl: The quenchlng of 2—NpCO Me fluorescence

(non—purged) by blacetyl in methquyclohexane and in acetonltrlle were

determined (Table 2—9). The results of the quenching of-Z—NpCOZMe'

fluorescence in the presence of H,S0, and that of the guenching of its
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- Z‘NpCQZMeVKO.OOGS M) and of its exciplex'emission.wifh”squuffé*ac;a”

. Y
. - O o & : _
exciplex emission with H SO (0 0935 M) by blacetyl (0-0.00396 M) are

2 0.
listed in Table 2-9 (non-purged) L B - :;7ﬂfﬁ o

Hethyl Z-naphthoate and oxyqen See Figure 2-6.

NpPR and sulfurlc acld .The fluorescence of 2- NpOMe (at 0. 0005 M) in

acetonitrile was not quenched by - sulfurlc acad 0. 0063 and 0. 0375 M) whlle
- - f -
that of 2-NpCO Me (at 0.00Q§ M) was quenched by sulfuric acid “

- .o ’ \,

(0.0063-0.0375 M, Figure 2;7). The details of th% quenching experiments of

-(0.0935 M) by acacH (0-0.008L M) are lisfed in Table 2—L4, Figures‘Z—lO*

and 2-11. The results for the similar quenching,expet;ments offl~NpC02Me

1 (0.0005 M) are given in Table 2-14, Figures 2-8, 2-13, 2-14 and 2-15. 4

2-NpR and tributylamine: See Figure 4-2 and Table 2-11.
N 4 N é

2-NpR and heavy atom solvent: The quenching of 2—NpR (R"= CO,Me and CN

groups) fluorescence by ‘jodomethane or 1, 2 dlbromoethane in acetonitrile

(non—purged) were summarized Table 2-12.

‘Methyl 2-naphthoate and 1,3-pentadiene: See Table 2-10. - _ ¢ —

Methyl 2-naphthoate and sodium acetylacetonate [Na(acac)]: See Table 2-+10.

4.6.3 Temperéture'effects on fluorescence quenchinq: Quenching of 2—NpC02Me =
fluopescence by acacH (under nltrogen atmosphere) was determlned in

acetonitrile at'75C, 22°C and 50°C, as shown in Table 4-5 and Figure 2 16
‘ . - - D S

4.7 Heavy atom effect on photocycloaddition o -

4.7.1 2-NpCO,Me : A S
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- SE I
\A N ’?— 'Y i -
; . \
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.-) J x 1 ’ -
g -
~
DH
Temo ot . o.;: ) o.o'a (
- : [TBM} (M) 5

» -0 - T T ’ T » T 1 '
0.000 - 0.p02 0.004 £ 0.006 - 0.008 0010 -

« - [TBAI(My g

-9' . 7 - »
Pigure 4-2: Fluorescence‘quenching (non—purged) of 2-NpR (0.0005 M) by
o ‘- tributylamine in acetonitfile with excitation wavelength at 330 nm’ (320 nim
for '2-NpOMe) a) 2-NpCN; b) 2-NpCO,Me; c) 2-NpCO,Et and d) 2-NpOMe.
N\
AN , .
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Table 4-5: The quenching of methyl g-napﬁtho;téAflLOEQSCQﬁce>by/acacH at

[ o —

) i - . i - : - - T T TSIt T T gt e e Ty -
- s - various temperatures in'aceton;trilea' o] B
/’/, k
, : , _ /
T~ ‘ ] ) ) " “/ -
: e ; S ' ’ N *. h ) T / ) B
[acacH] M) , - * o/ R {a s
- . R N . - . ) . ] p : / . . -
. (at 7°C) _ - {(at 22°C) . (df soecy T
0 - 1o 1010
0.003 S 1,07 - e ,5 1002 o
0.005 1.17 S L8 - 1l.08 ‘
0:008 . .26 117 - e, " 1.08
0.01 - , - ‘ ©oL2s T e
0.013 . | o 1.28
- .0.015 1.46 - I T R O § | ,
: e
kyTo D) 31 % 1,53 24 % 1.75 - 8.5 + 0.95
. ] /

. - - 1 < = \ -
3~ The,solutigns confainingf2—NpC02ye\(0.0005 M) and acacH (0-0.015 M) were

purged with nitrogen for 10 min and their fluorescences were taken with. .

- A - s

-

excitation wavelength at 330 nm at room temperature. -
* ’ - ~ - 7

b. I was obtained from,obseryed.OD values by correction according to

equation 4;6 and 4-7. o L

F -

-~
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Stock‘solution A (10 mL}~c6ntaining72—NpCO Me - (37.2 mg,AO.Z mmol),

acacH (80 mg, o. 8 mmol) and octadecane (li% mg, 0. 05 mmol) in acetonitrile

was,prepared Solutlon‘B*waS’rmepared’by mIXIng‘solutIonrﬁ‘fl‘mtirandrrrrrrrrrrr
1odomethane (35.5 mg, 0. 25 mmol) Then, 0 16 uL solution B was transferred o

into each of eight small Pyrex vials by a syrlnge followed by dllutlon to\\\\

S (\

7one mL with. solutlon A to- glve five sample solutlons contalnlng 2—NpCO Me
' (O:OZ'M),~acacH'(O.Q8 M), octadecane (0.00S‘M) and/lodomethanei(0;0.004 M.

ThEJVials Were capgedfand'purged kith nitroéen for 5 min prior'to'. o
. @ : -
: 1rradtation ‘The- samples wefeflrradtated in ‘apparatus- Ilfat 359—nm~for*44

hours ~The ylelds of 16 and 17 and other results are glven 1naTaB!e 2 15

' - _ -
L

- Five sample solutions ccontaining 2-NpCO,Mé (0.02 M), acacH. (Q.08.M), -
; ’ . Bl - . . o - e _ -

octadecane (as I.5., 0.005 M) and 1,2-dibromoethane (0-0.005 M) were

'prepardi by a;similar'process. After 4 hours of irradiation, sample

solutions were analyzed by GC (See Table 2-16) .

4.7.2 2-Cyanonaphthalene

Flve sample solutlons tontalnlng 2-NpCN (0.02 M), acacH (0 08 M),

octadecane (0‘005 M as I.S.) and 1odomethane (0 0. 004 M) were prepared in

a glmllar way as shown in 4 7 1. After 3 hours of 1rrad1atlon, the

-1

solutlons were analyzed by GC. Quantum ylelds of- product 38 are given in -

Table 2-17. ~  * oy . (' . -

) p 7 : -
4.8 Catalytic effects on-thé/ihotocycloaddition., i ) - o ]

-~ M -
. . . B S ,
- . ‘. T

4.8.1 Lithium acetylacetonate effect S ]

- -

-~
- -
- »

) . : ’ S o -3 .-
Li(acac): In quartz tubes, three methanol solutions (S mL) containing

2-NpCOMe (0.02 M, 0.1 mmol), octadecane (as I.S., 0.005 M, 0.025 mmol)’
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«were'prepared; No. I tube also contalned acacH (0‘05 M, O. 25 mmol), No. 2

B - <

- tube Li(acac) (0.05 M, 0’25 mmol) and No -3 tube acacH (0, OS'M 0. 25 mmol)

and LlLacac) (0 001 MT 0—@05 mmel) The soluttonsfwererirradtatea in o
apparatus II for 3 hours at 300 nm. The % ylelds ofxlﬁ formatlon.yere'

calculated as described in section 4.5 and are listed in Table 2-18. -

Zn(acac)i:;Agsimilar experiment using Zn(acac)2 was carried out (see Table )
. ) - - | N . T - 7 \\ ,
2-18). o . ) , S ’ SO L

2-Substitutedcnaphthaienegaerivatlvesrémge;phot ditiéﬂva,z;NPR*fR"=”f”*‘f“‘;‘
carbmethoxy, &carbethoxy, methoxy, cyano, hydroxyl and acetyl groups) and

acacH were carried out in the absence and in the'preSence of Li(acac). The.

common conditions were as follows.'For each reaction,.two methanol~ - -

¢ »

‘ solutlons (5 mL) were;prepared contalnlng 2~-NpR (0 02 . M, 0.1 mmol), acacH“
-4

(0.08 M, 0.4 nmol)‘octadecane (as I.S5., 0.00SfM, 0. 025 mmol); one also
-contained Ll(acac) (0.001 M, 0.905 mmol) and the other no Li(acac) (as
control). The'solutions uere irradiated in apparatus Il at 350,nm_£or;4
hours for Z—NpCO‘Me,and 2-a¢etylnaphthalene_systems,4.5 hours tora
\—NpCO Et, 3 hours for 2- NpeMe and 2- NpCN and l9t5 hours for'Z%NpOH .v

’SYSteme respectlvely The quantum ylelds were calculated from GC analysrs\

-

- - B

. by Method II (sectlon 4. 3) The quantum ylelds of product formatlon in- the

absence and presence of Ll(acac) are glven in' Table 2-19.

~ \, -

Phenanthrene:*give;solutions {1 mL) containing PN (O;OZ—M - 0.02 mmol),

acacH (0.08 M, 0.08 mmol), C)cH,, (as I.S. -1 0.005 M, 0. 005, mmol) and .

Li(acac) (0, O. 001{‘0 003 “0.006 and 0.01 M) were prepared in methanol The

solutxons were lrradlated‘In apparatus II at 350 nm for 4 hours “The -

resulting solutions were analyzed by Gc. The GC areas of the I.S. were-

— r

controlled within‘QO—ZZ%, so the GC% of "the products 28, 29 and 30 (31
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~

.ignored),are reﬁbrted as relati&e yield as shown in T bie 2-20.

'4,8.2 Acid effects B

Z-Methoxynaphthalene: For the effect of HZSO on the’ photocycloaddltlon to

- N - B - . - —
- ¢ . - M .

7

Various acid catalysis: Six acetonitrile solutions (5 mL) in quartz tubes

‘containing 2-NpCOyMe (0.02 M, 0.1 mmol) and acacH:(0:05 M, 0.25 mmol) were -

—prépared. NG. 1 tube alse contained -sulfuric acid (0.0003 M, 0.0015 mmol), -

”Nou 2 tube phosphorlc acid (0‘0003 ‘M, 0.0025 mmoI), No. 3 tube\hydrochlbric~,

acid (06.0003 M 0. 0015 mmol), No. 4 tube borontrlfluorlde 1n ether (0. 0003

Mr'O 0015 mmol) s NO"57tube trlfluoroacetlc ac1d*(0;0005 M’ OAOOTS*”"

-

mmol). The lastttube (No. 6) wasvuSed a the ;ontrol. The solutlonsuwere

1rrad1ated in apparatus II at 300 nm r 3 hours (but 6 honrs for No' 5).

AN

The conversion of 2- NpCO Me- and the formatlon of 17 and 16 (GC%) are glven

in Table.2-21. - - ' - :

Methyl 1-naphthoat9: For the effect of - H,S0, on . the photocycloaddltlon to

e

acacH, see Table 2-22. - ' S ' : ,

1-Cyanonaphtha1ene For the effect of HZSO on the photocycloaddltlon to

acacH, see Table 2 22

2= Cyanonaphthalene For the»effeet of .H,50, on the photocycicaddition to.

e

‘acacH to yield.38, see Table 2-22.

#®

A

?acacH to yield 44, see Table 2-22. . "' -

Acid . etfacts 1n varlous solvents. Two sets of solutlons (5 mL) were

vfprepared in acetonitrile and methanol contaznlng methyl 2-naphthoate (0. 02 -

| M, 0.1 mmol), acacH (0. 05 M, 0.025 mmol) and sulfuric ac1d (0, 0. 0001

0.0003, 0.0006 and O.GO% M). The solxtlons;uere irradiated in apparatus II ™
: : A : : ~
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7

“at 300 om for '3 hours. The results are reported in GC% in Table 2-24. S K

‘}W " e L @,,;,,,,:,, ,,%:"i;
’ i i A - 7 N A : "/ . ] :Q‘ 97 ' . a"ff; B JEE - .
4 8.3 Base effects - - ’ —~I§% e ) . - C-

—— : . F

P

Z—Methoxynaphthalene: Two solutions (5 mL) were prepared in acetonitrile
. - * P - - & .

containing z—NpOMe (0.02 M, O;izmmol), acacH (0.05 M;'0.25 mmol) and sodium

hydrpxide (0 and 0.001 M). The solutions were irradiated in pparatus II,at’i'ir
o T v - . . b ] . ) \
. 300 nm for 1 hour. The product 44 formation was 26%,dﬁﬁ<;1;jiGC%) for the

‘solutlons with and without sodlum hydrox1dey respectively.

s o T I .-
Methyl 2-naphtﬁoate The above reactlcns were repeated for the 2 NpCO Me

e

-

and acacH system except that'the 1rrad1atlon was. fcr’3 hours. "Formatlon of

. -16 was 27% and 3% for the solutions with and w&thout sodlum hydr0x1de,

-

) respectlvely L // : ’.’ - o .
Sa1t effects. Two solutions (5 mL) were prepared in 4:1 methanol water

ccntalnrng 2 NpCO Me (0 02 M, 0;1,mm01), acacH (0.08 M, 0.4 mmcl) and

A

sodium chlorlde (0 and O 005 M O and 0. 025 mmol) The solutions were -

1rrad1ated in apparatus II at 350 nm for 6 hours. . The resulting solhtidns~'

were analyzed by GC. Ylelds of 16 were 13 5% and 13 3% with and W1thout

-

sodlum cthrlde, respectlvely.

4,9 Kinetic -studies of the photocycloaddition

491 ko7 determinations of the photocycloaddition . .

-

Methyl 2-naphthoate : A stock solutien A (40 mL) containinglz—NpCQQMe' o -

(148.8 mg, 0.8 mmol; 0.002 M) and pctadecane.(asflis.” 50.8 mg, 0.2 mmol, -
0:003 M) in acetonitrile was.prepared. Solution B was’prepared by mixing A

‘with acacH (600 mg, 6 mmol, 0.6 M) and diluting to volume'ofﬂ10'mLQ7Exact

amounts of solution B (2.5-0.67 mL) were pipetted in'to "each of five )J : ©
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volumetrlc flasks QS mL) followed by dllutlon to 5 mL Wlth solutlon A to ' -

glve flve sample solutlons contalnlng 2 NpCO Me (0 02 M), octadecane (as :

™.

~

& -.L'

'I,S,, 0. 005 M) ‘and acacH (0 B\M 0 08 M) The eoiutlon were capped and

purged with nltrogen for 10 min. The deaerated samples and an actlnometer

>

SOlUthH were 1rrad1ated in apparatus II at 350 nm for 2- 4 hours (but 5

r
R

m1n for the actlnometer) The conversion of 2- NpCO Me ranged from_16% to -

- 22%. The plot of l/¢ Vs 1/[acacH] is given in Elgure 2-18. The.quantum

15-50 min. The conversion of;Z—NPOMe'rangedffrbmr14%‘tq 31%;'Thejplet of

72-HpCN: Six -sample solutions contalnlng 2- NpCN (0 02 M), octadecane (0 005

.

res’gltsjare Iisted J.n Table 2'253*'*#" - - 7”.‘"7’:*;”"1’*' e .
. N B ﬂ - . .

‘Table 4-7. A

ylelds are llsted in Table 2 25 The above reactions were repeated and the
. : - . ) -

[

2-NpCO,Et ~: Five sample solutions were prepared in a -similar way as-above
: : : T - -

-

and contained’2—NpC02Eti(0L02 M), octadecaneﬁ(as 1.5+, 0.005 M) and;acacH

_ ¥

(0.3 M-0.06 - M) The deaerated’sampleS‘and an‘actinometer‘were irradiatedfin
apparatus I at 350 nm for 2 -5 hours «(but 5 min -for the actlnometer) The

conver510n of 2- NpCO Et ranged from 20% to 30% The plot of l/ép—vs

1/[acacH] is glven in Flgure 2-18, The quartum'ylelds are listed in, Table

4-6.

- _ - .
R . . -

2-NpOMe: In similar manner to the above experiments, six sample solutions

containing 2-NpOMe (0.02 M),Vpctadecane,(O.OO§qu as:I.S.)rand Eeaéﬂ

(0.3-0.06 M) were prepared and irradiated—in "apparatus II at 350 nm for T

/¢, vs 1/[acacH] is.given in Figure 2-18. Quantum yields are listed in

g . , o S

M, as I.S.) and acacH (0. 3 0.06 M) were prepared 1n the same way as above

and ;rradiated in apparatus II at 350 -nm_ for 20-45 min. The conversion of

'2#&pCN analyzed by GC rangeéd from 14% to 18%. The plot of o -

S
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?

-yf*l/[aéacH]‘is given in Figure 2-18. Quantum yleld are llsted An

l/<I>Np

~ .

Table 4-8. - . o7 . V"” '7h,' L SR

1 _ [

- - S - "

4,9.2_Effect5'of metalmacetyiacetonate on the photocycloaddition

A methanol solution A containing>l—NpC02Me;(186~mg,'l mmol) and acacH

»(ZSOlmg,’Z.a mnol) was prepared in a volumetric flask (50 mL) vSodium L

acetylacetonate [Na(acac), -3.1 mg] was - dlssolved with solutlon A in a

: fvolumetrlc flask (5 mL) to glve solutlon B To each of seven volumetrlc

;flasks (Srﬁﬁf}'solutlon B '(0.1-1 mL) was transferred “and dlluted with

+

solution A t0'afford,7 sample solutions contalnlng 1erC02Me (0.02 M),‘

acacH (0[05 M) and Na(acac) (0.0001-0.001 M). The'sampie solutions . and an

actinometer solution‘were irradiated Ln,apparatus"II at 300 nm for 3 hours.

" The disappearance oﬁil—NpCOéMe\was analyzed by GC using xanthone (0.02 M, -

mixed with sample solution after'irradiation) as IiS; The;plot‘of quantum.
yield against [Na(acac)] is given.in Figure 2-20 andjTable‘2-27. ’

’

JThe above procedure was repeated u51ng comblnatlons of
-1- NpCO Me/acacH/K(acac) (Figyre 2-20), 2-NpC02Me/acacH/L1(acac)(Figure:
2—19) and 2—Np¢02Me/acacH/K(acac) (Figure>2—20).’The,plots,of quantum-'
“yields against,[metalfacetylacetonate],and,détails‘of the conditions_arer,

given in Table 2-27.

-

" 4.9.3 Effects of’Sulfuric acid ‘on the photocycloaddition '7' o T

«

Sample solutlons were prepared to contaln 2 NpCO Me (0 02 M), acacH

(O 08 M) and sulfurlc ac1d (O 0001-0: OOI M) The deaerated sample solutmnc

and a’ secondary actlnometer were lrradlated in apparatus II at 350 nin for,pi'

100 240 mln Quantum ylelds of 16 and 17 were determaned by GC and llsted

in Table 4-9. Therplot of quantum yieldfagainst [sulfuric acid] is given’
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"Table 4-6: Quéhfum«yield:’of photot};lbaddifién¥6f"Eiﬁy1”2-néphthéatq;§pd o

) . - Te. 7 - -~ °  acacH in‘aéetopiﬁfileaf" o . ' “ i: S
[acacH] . $ _b .. . 1/[acacH] - - 1/%: .
A - 7 ‘ p _ et . - . o p
™My o R ' i
0.3 0.0163 3.33 - . 61:4 Lo
0.2 0.0132 5.00 - - 75.8
‘ L \ . o
10.15 . 0.0107 .  6.67 > © . 93.5
. 0.10 . 0.008¢ . 10,00 : 119.3 o
0.06 - - 0.005 " 16.7 ] 200 5
. \ ! B ) & t
N o "l - . he ~ . - - . W
kr (M 7): . 2,32 £ 0.12 ¥=0.997 )
qo ) S
Cblimiting', 70.('343 * 0.00867 S L .
a. The solutions containing 2—NpC02Et (0.02 M); octadecané'(as Ilsq,f0.00S
M) and acacH (0.3-0.6 M)’ were irradiated (N, purged) for 2-5 hours in
. v\» ] . . . _ 7\ 8
apparatus "II at 350 nm. Conversion of 2*NpCO,Et: 20-30%. -
b. Quantum yields were determined .by Method I (section 4.3) and based on,
formation of 20. -3 <é ,; . 'v’z'— ) 7, . :
~ ) - . - ] ’./. . ) . V ) : Iy . :‘
/! '
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yields of photocycloaddition of

acacH -in acetonitrile®

2 fmethoxYnaphthalene and’
L s -

tacacH] "g P- " 1/[acacH] 1/4
o P R oL - p. - 2
: T i i ¢

- - . (M)

0.3 " 010526 13.33 ; 19.0 -
0.2 0.048 | 5.0 20.8 -
..0.15 B 0.0485  6.67 v 20.6

0.10 0.0424 - ~.l10.0 23.6

S 0.08 . ., o, 0367, 12.50 27.3.
0.06 0. 0328 16.7~ 30.5 -

- A . 5 - A ) -

MYy ) s 15 + 1,53

o ¢ + 1. ; ]

I U ; w0064 % 0,003 -l
limiting™~ - - . . o .
‘a. The.solutioné contaiﬁing 2-NpOMe (0:02 M), octadecéia (as~{ S. o oos M)

and acaLH (O 3-0.06 M) were J.rradJ.ated (N ‘purged) for 15 50 min in’

apparatus II at:-350 nm: Convers1on of 2- NpOMe:

*

14-31%.

b Quantum ylelds were determlned by Method I (sect:.on 4. 3) and based on -

44 formatron *

]




‘Table 4-8: Quantum yields of photocycloaddition of 2-NpCN and acacH- in -
acetonifrilea C e - )
“ h /
[acacH] . T P ‘1/[acacH] } - i/¢*A ;,
- Np ‘ - ] - Np ~
T S 4 ’ K
(M) '77 ) ’ i - (M) ~
0.30 0.051 . -3.33 |  19.6
0.2 o 0.041 - 5.0 244
0.15 = - 0.039 . 6.67 S 25.6
_0.10. 0.031 ©10.0 , 32.3 -
, | S . : . ’g .
0.08 , ~0:030 125 ©33.3
0.06 , © 0.024 - ' 16.70 41.7
B S ‘ ) ) - - . ’
'k riC(M-l): 10 £ 0.75 - 4=0:978 "
q0 co L . }
b o3 ,0.065 "% 0.0049
limiting : ”
S S
a. The solutions conﬁaining 2~NpCN (0.02 M), octadecane (as I.S.; 0.00S,M{ 7

o N
. - .- B | - - i .
and acacH (0.3-0.06 M)  were irradiated ﬁgz purged) for 20-45 min in

apparatus II at 350 nm:‘ConQersion'of¥2;NpCN: 14-18%.
b. Quantum yields were'determined by Method I (section 4.3) and”hégéd on .

27NpCN disappearance. . - ' b o ' A S
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Table 4#9:*D¢pendencéfof quantum yiéldﬁfor photocycloaddition df 2-diozuq

and acacH on sulfuric acid in acetonitrilg?‘ y
a,
. ) i ] b »
1,50, ] ® -
—_— 4 ‘ . .
x 100 (M) 16 - 17
Y &
7
S0 / : 0.0043 - S o o .
1 o Va 0.0051 7 7 trace -
T3 S 0.0164 - 0.0062 ,
6 0.0223 - 0.0398
10 | © 0.0256 N 0.0500. .
a. The solution containing ZerCdzMe (0.02. M), acacH (0.08 M), octadecane
(0.005 M, as I.S.) and sulfuric acid.(0.0001-0.001 M) were irradiated for
100-240 min in apparatus II at 350 nm. Errors: * 15%.
b. Qﬁantumﬂyields were défgrmined—based on,16 and 17 formatiqn;
*

191 = , _ -



in Figure 2-22. .- ' : - ,

4.10 Effects of diénes on the photocycloaddition - - . : ,,;f:iﬁﬁ

k!

e

4.16.1‘2+5ub5tituted naphthalene Photooycloadditionsof 2-NpR (R =
’carbmethoxy, carbethony, uethoxyrand cyano groups) and acacH were oarr;ed
out»in;tne presence‘ofydienes. Sample solutions containedﬂz—NpR (0:02 M,
0.1 mmol)fvacacH (0.08 M, 0.4 mmol),'octadecane“(as i S., 0. OOS M) in

L

acetonitrile as the common ingredients and also w1th (0.02 M 0.1 mmol) and ‘

without (as a oontrol) a diene. A pair of the sample.Solutions'(S mL) were

a 1rrad1ated in. apparatus 11 equlpped with 350 nm lamps for a flxed time.

" The photolysates were analyzed by GC to prov1de quantum ylelds (Method II)

The results lare sumparized in Table 2-28.- .- .

[
4.

.4.10.2 Concentration effect

Flve sample solutlons (5 mL) in acetonltrlle contalnlng 2- NpCO Me.
(0’02 M, 9.1 mmol), acacH (0.08 M, 0.4 mmol), octadecane (as I1.s., O. 005
O.E{P\mmol) and 1 3-pentad1ene (O 1-0. 3 M; O 5 1.5 mmol) were prepared
and 1rrad1ated in apparatus-II at 350—nmffor,5 hours. The quantum yields
‘of is were determined by Method II‘(Section 4.3). An unknown compound 48
(Rt 5.77 min at 200°C) was formed with a GC-MS (&I) pattern as foéllows:
255 (M+1, 100%), 223 (8%), 195 (11%), 187 (38%),- 186 (41%) and 155 (15%)-

suggesting- a product from photoaddition of 2-NpCO,Me with 1,3-pentadiene.

The .attempt to isolate it .failed. The results are given in Table 2-30.

Simiiarly, five solutlons (1 mL) 1n acetonitrile were prepared
contaLnlng Z‘kpCOZMe (0.02 M, 0.02 mmol), acacH (0. 08 M, O. 08 mmol),;
' octadecane (as. I.S., 0.005 M, 0.005 mmol) and 1,3-pentadiene (0.02-0.1 M;

0.02-0.1 mmol). The solutions were irradiated for 4 hours in apparatus II
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at 350,hm. The‘gﬁantumAyiélds of 16 were determinedrby Method II (section’

4.3). Quantum yields of 16 and GC% of 48 are given in Table -2-29.

Y - - - - —
’

Similarly, five;samplefsolutiops,(l mL) in aCetonitrile/yere prepared
containing z-ﬁpcozue (0.02 M, 0.02 mmol), 1,3-pentadiene (0.08 M, 0.08

mmol) octadecane (as I.S., 0.005 M, 0.005 mmol) and acacH (0.02-0.08 M;

0.02-0.02 mmol); and irradiated in apparatus II at 350 nm for 30 min. In

addition to product 16, two unknowh addition products were detected as 50

and 48 [GC-MS, (CI): for 48: see above. For 50: 255 (M+l, J00%), 223 (8%), _ _

187 (18%), 186-(33%), 155 (10%)]. The results are given in Table 4-10.

4.11 Phosphorescence andAUV spectroscopy studies

4.11.1 E ‘and ET’detéfmination

s

\

The firSt'singlet and triplet excited state eﬁerg}esﬂ(ES and ET) of -
naphthalehe derivatives (NpR, R = l-carbmethory, é—carbmethoxy,
l—carbéthoxy, 2-carbethozxy, l—cyanq; ZEcyéno,'i—methoxy and 2—meth§xy‘

groups) were deterbined from emissionr(flﬁorescencevand phosphorescence)

Spectra. ES

at which the fluorescence emission spectrum crossa% the excitation

Spectrum. E

B - - . - . / ) . ‘ (
o Was calculated according to equation Q;? using the

phosphorescence ,emission peak at the shortest‘wavelength.,

Eg and'ET values for above compounds are listed in Table 1-2.

4.11.2 Attemptdafdetéttion of ground state complexation

193
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E = (2.86 X 105 /A(nm) | | - 2-8



Table 4-10:

Relativé;yields of photocycloaddi%ion of mgthyl z-naphthoatef

and },B-pcntadigqe in thp pfésence'of acaé&\in acetonitrilea

\\

0.08

. s
[acacH] 16° as® 50° 50+48 . 16/(50+48)

(m) N

0 , 0 0.175 0.117 0.292 - 0 '
 0.02 0.055 0.158 - 0.102 0.260 0.21 . -

0.04 0.074 0.116 0.076 0.192 - 0.39

0.06 0.128 0.113 > 0.082, 0.195 ' 0.66 . ‘*\

: } - N
' 0.142 0.091 0.061 ‘

0.%2 0.93

¥

a. The solutions containing‘Z—NpCOZMe (0.02 M), 1,3-pentadiene (0.08 M),

octadecane (as I.S., 0.005 M) and acacH (0.02-0.08 M) were irradiated for

30 min in apparatus II at 350 nm.—Errar: t 5-7%.

b.- Reported in relative yield which was the GC area ratio of the product -

over the I.S.
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A stock solution of acac (0.1 M){and,stockﬂsolntions'of 2—Npco Me o

(0.01, O. OOl and O 0001 M) were prepared in acetonltrlle and kept in the

[P

dark prlor to use. leferentlal absorptlon spectfa were recorded using a

pair of d0ub1e compartment cells A’ typical run is shown in Flgure 4 3. N6
new absorptlon was found Similarly, dlfferentlal absorptlon spectra were
.recorded with the Sblutlon systems of acacH (3 M)/2 NpCO Me -(0. 01, O 001

and 0.0001 M) and 2 NpCO Me (0. Ol M)/acacH (l 0 5 and 0. 2 M) in

'acetonltrlle. N6 new absorption was detected. - -

A ] : 7
4.12 Concentration- dependence of'the~ph6tocycloaddition

>

—~° . , , .
'Quantum,yields ofprR disappearance for photocycloaddition of NpR (R =

l—NpCOZMe, 2-NpC02Me,_A—CN and'140Me groUps) and acacH were”measnred as 5“

functign of concentration of NpR and acacH, respectively. GC anaiysis was
\\\ - " " i : B 3 - ¢ . N - Ty

performed usiné the\mixthre_of xanthone solution (100 AL, as I.Ss., 0.05.M

[}

in acetonitrile) with sample\so}ution (100 ulL) before and after

irradiation, respectively. One‘exampTE*ls\des ibed below; other cases are

summarized in Tables 2-32, 4-11 and 4-32. .- ~_\
@ ’ ) ’ 7 , : - . ) - ’\\:\ - [ %Y
Six acetonitrile solutions (S*mL)'were*prepared, conta§ning 2~Npggzge

(0.05 M, 0.25 mmol) and acacH (0.05, 0.06, 0.07, 0.08, 0.09 and 0.10 M). -

The solutions were irradiated in‘apparatqs’II4at/360,nm for 5-10 hours.
The conversions of 2—NpC02Me'ranged 25-35%. The light intensity‘Was
-adjusted, based on the 2—NpC02Me absorption Xequation 4-4), and the quantum

yields of Z—NpCOZMeAdisappearance were calculated using equation 4—§7(Table o

2-31)

~ In asimilar manner as described above, “3ix acetonitrile solutions (5

mL) were prepared, containing acacH (0.05 M, 0.25 1) and 24NpC02Mev
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- Reference - - ‘ -
- T yi . - ’ - ) : N
cell : ) ) .
(2-Npzo,Mel=0.01M | [2-NpCO,Me]=0.01M
) i - /
, , (acacH]=0.05M - -
[acacH]=0.1M S '[2 . OIM ] 0‘005
» ! -_ el=0.
Sample o PCo, o .
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) z , - [Z—NpCOZMe]=0.005
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Table 4-11}vCon€éntratfon\dependence,ofgphofd;ycloadditipﬁqofml:g4;7mfiwwwé
D . | 2-methoxynaphthalene in acetonitrile , ~ o
7 . . ;' . 7 T L ‘77 7 - . V- ', ;»T_} i v ‘:\‘: 7 , B . 1 v 473\‘ -l
_ . - ) ~ ;‘ . B , pot -\ . ) X 7
L e R N
. [2-NpoMe]=0.05M® | X . [acacH]=0.053'M° .
o T PR, o d )
logacnl e el ey
o : . , T N
(M) S M IR
© 0.004 0 - ™.0.0053 0.076
» 0.016 - ° 0.0 . o0.0072 -~ 0.08
101026 0.2 0.0092" 0.076 .
0.039 - . .0.179 - o0.011L . 0.10
0.061° 0.315 - 0.021 0.13
0.030 .+ 0.15
- : " ' . 0.053 ' 0.13
Conversion . 11-30% . - 14-21%

a. The solution containing 2-NpOMe (0.05 M) and acacH (0.004-0.061 M) were -
irradiated for 2 hours in apparatus II'at*300 nm. FberC analysis, see a

of Table 2-31. Errors: + 15%. . \~f‘ : ' ;

~

b.'Quantum'yield of ~2-NpOMe diséppearance based on 24Nb0M9rabsorb;ng7;igh;, -

c. The solutions containing acacH (0.053 M) and 2-NpOMe (0.0053-0.053 M) _

. were irradiated for 5-30 min. Other -conditions were same as that in a.
ES K . . -
d. Quantum yield of 2-NpOMe disappéarance based on acacH absorbing light.

- A

197



A

1Tab1e 4-12' Concentratxon dependence of photocycloaddltxon of oo

l-cyanonaphthalene and’itacH ‘in. acetonltrxle

x _ . 7
[1-NpCN]=0.01M2 ‘ 7 - lacacH]= 0.05 MC- -
: : S . o "
S amaenl SR E d - :
' [acacH]' ‘ ¢N§S? . [l NpCN] ¢acacH ]
™) . . o .
0.011- - - - - 0.009, > . ‘0.004 . 0.0l
0.02 © o 0.007 .. . 0.005 " . 0.013
0.03 0.021 . - T 0.006 © . 0.016
0.04° 0.029 ° 0.007 ©0.017-
. ) . , v I '
"~ 0.05 ; 0.053 ~ . 0.008 ~0.019
.. 0,009 - - 0.024
. 0.010 " 0.025
- 7 — —
Conversion. 18-30% T 14=30% 0

a. The solutlons contalnlng 1- NpCN (0.01 M) and acacH (0.01l- O o5 M) were

irradiated for 1-3 hours and 40 mln 1n ‘apparatus II at 300 nm. Errors: -

~
3

15%. For GC analy51s, see a of Table 2- 31 B - 7;}

- b, ‘!h” tum yleld ‘of 1- NpCN dlsappearance based on l—NpCN absorblng light.

c. The solutions containing acacH (0.05 M) and l NpCN (O 004 -0. 01 M) were

irradlated for 39,(60 min., Other condltlons were same as that in a.

r

d. Quantum yield of 1-NpCN disappearancevbasedfon acacH absorbing light. -
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(0:05, 0.06, 0.07, 0.08, 0.09 and 0.10 My. The solutions were irradiated .

- .for 6-11 hours. The conversion of 2>NpcdzMe’réﬁged 13-17%. The light
© - U Lo, [ & - _ -

-~ intensity was adjustéd'based on the acacH absorption and the results are

»x T , . S -
listed in Table 2-31. ' o o , S
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Derivation of qquatipns 2-29 from Scheme 2-~2 L EE o

- The steady state approximation appliéd to the singlet exﬁitate

APPENDIX

N

«

state 2-NpCOMe, to the exciplex, E, formed between lZ—NpCOZMé with

acacH ané*tqgihe catélytic intermediate, G, formed'béfﬁeen ;g—NpCOQMe

with Li(acac) gives the quantum yield of product formation (& ): -

' whefewéE is the quantum yield of.product formation through the

uncatélyzed‘procgss; $

C

is the quantum yield of product'formation

through. the catalyzed process.

oL mE
E .
. I I
alel’ R
" = kq{ Np][acacH] —f(#q /+rkp
lr - -
k_ ["Np][lacacH]
(e} = : —

I = {kq[aCACH]\+ kC[Li(acac)]i+'<kfj*

k- +k + Kk + Kk
q P b . p

hence, the quantum yield éE is given by -

b
!

209

-

okt kpu? [E]w=0
k, )} [Mmpl
~ic P

[}

-
.

e

o



K _[acacH]x
q[ ' ]

Similarly,
2 &
-dfc] -
dt

,[CJ

®*

hence, the quantum yield ¢C is given by

where;

Y

. ¢ _'
1 . L _
kI Npl[Li(acac)] - (k_ [CllacacH] - kg [;], Q’w

8

+ kq[acchl + kC[Li(acaC)l

' jkc'[c][acacﬁl";

' kc [lej[Li(acac)]i’

e

kc‘[acacH] + k

b

-

kc[Li(acacHi]y

I,

K.

4‘k¢ [aiacg])/Skc

kq[acacH]x +,kE[Li(acac)]7

+ k
ic.

£

E kq[aéacH] + kC[Li(aéa;)]v

~

'[acacH] + k ')

b

+kf
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+ kq{acacHl.+ kCFLi(acac)]w

(1)
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