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been studied. The major products are 2-(1,4-dihydro-l-naphthyl)-pyrrole

~

products -mixture.

and 2—(1,2—dihydro;2—naphthyl)—pyrrole which together comprise 85% of the

Solvent dependence of 'both products ratio and quenching

of naphthalene fluorescence have also been investigated. The evidence

suggests that the reaction is initiated by charge transfer from pyrrole

to the lowest excited sinélet nag%thalene followed by a proton shift from

the N-position of pyrrole to a negative;fharge center in the naphthalene
) c e Ed .

ring. Using N-deuteriopyrrole in the fd@ction, it was found that deuterium

is incerpurated at the naphthalene ring in the products.” Ffurther evidence

T

to support the proton shift mechanism is that N-methylpyrrole querches

naphthalene fluorescence as efficiently as pyrrolé, but the reaction does |

not take place.
X

The photoreaétion of l—cyangnaphthaiene with tetramethylethyleﬁe

w ~t

in methanol and benzene have been studied. Substitution products were

found in methanol solution but a cyclo-adduct was formed in benzene.

1

TeLx@pethylethyleﬁé quenches fluorescence of l—cyandnaphthalene both in

~
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methanol and benzéne.
In contrast, 2-cyanonaphthalenc only reacts with tetramethylethylene
in methanol to give substitution products with one mole of methanol in-

: . . .
corporated. The failure Qf reaction in benzene is consistent with the

&

absence of fluorescence quenching in that solvent; in methanol, quenching
occurs at the diffusion controlled limit. | ~
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Photochiemistry may be defined as the study of chemical changes
induced by the action of light. There are many facets to the subject
of photochewistry, such as the isolation and identification of new chem-
ical. compounds, the study of rates of reaction both in the ‘gas phase
and in solu{ion, and the use pf fldsh.spectroscopic techniques to iden-

i
tify short iived intermediates, to mention only a few.

In the world around us, photochemistry is important in plant
photosynthesis, in atmosphere and pollution chemistry, and in a few | m
indust:ialvprocesses such as vitamin D synthesis and nylon 6 production.

The work in this thesis has to do with the photochemistry of
small aromatic compounds - naphthalene, cyanonaphthalene, and pyrrole,
and 1is concerneq with the nature-of the products, and with the meéhanism
by which they are formed. T )

In this introduction, some érinciples of photochemistry neceded
later in the discussion are éreviewed. In particular, charge.transfer
processes, exciplexes, and some chemistry of aromatic molecules, are <

described.

Description of Excited States

r

In general, a ground state molecule has all elecéron spins paired
and is a singlet state, often designated Sp. An electron in the highest
occupied bondi;g orbital is promoted to an unqggypied anti-bonding orbital
in a very fast process (10"15‘sec) when light is absorbed by the molecule.

, i
This fast process is more rapid than the’movement of nucleili (Franck - Condon

v-l—-
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Principle), and spin multiplicity is conServéd, giving the lowest ex~

cited singlet-state Sy. Then the molecule rapidly loses excess vibra-

- -14 . )
tional energy and decays ( 10 13\to 10 14 sec) to the lowest vibrational

/ .
level (h) of Sl' The excited singlet may change to a triplet state
(Tl’ lowest triplet state) through intersystem crossing. Héwgver, thié

> - "'6 B .
process is often slow (10 sec) in aromatic molecules. ‘

ed

One of the important properties of the lowest excited state isg

luminescence emission. The light emitted during transition from lowest &

sin§let state to ground state is called fluorescence. S%Eceﬂfhe transi- ]
tion retains spin multiplicity (transition allowed), irtig a fast process
(approx. 10“9 sec):‘ On the qther hand, the transition from_lowegt criplet
to"ground'state (change in sbin\muitiplicity,_traﬁéis}on forbidden), the
emission from which is termed phosphorescence, is consiaérably slower

-3

( 10 to 1 sec). Hence, the ‘lifetime of a ginglet stife.is in general '

much shorter than that of a triplet stqée. The above concepts are illus-
A ' q 'I -
trated by the Jablonski diagram(l)q (Figure 1).

Qgenchiég and Sensitization

~

If compound D is excited in a system containing only D and Q com-
ponents, decrease of fluorescence or phosphorescence of D may be chserved

as shown in the following process.

v

Rate
\3‘\ D i > D* depends on light intensity
k . .
D* + Q —3——> D + Q* kg [p*1 [Q]

-~

Here D is the sensitizer and Q is the quencher of D*, and kg is called
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lhe 5bsc1ssa has no physical. 31gnif1cance.

' ‘a b: 1ight abéerption,,so L——# Sy or Sy transition
c: vibrational decay’
o~ d: inferpfl conversion
e! ineefeyseem cressing .
CEY flyorescence '
- ;: ghoepho£e3cence~
.' . F}gure'l. ‘Jablonski Diagram of Relatlons Between GrOund

and Excited States

<

vaf . v
- ' a3

1. ) . .. A
A well known equation, the Stern - Volmer equation, which re-

o

\\ lates thF fluofescepce or phosphorescence intensity, or.quantum yield
- < i‘ ) *

and kq§1s'shown in equation (1).

10/1 =1+ kq‘CEQ] o ~ (1)
. IO, I: fluorescence intensities without and with- quencher
P respectively L :

-
e

T: iifetiMe of excited stite

[g]; concentration of quencher
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Three cateéories'of mechanism of fluorescence quenching can be
distinguished:

a) Energy Transfer

L As was mentioned before,

D* + Q >D + Q¥ - (2)

b) Chemical Ipteraction of the Excited State

2

The quenching process often inyolves‘charge or electron -
transfer between excited and ground state molecules, eg. . @
_ %
N D* + Q > Dé+ — Qé~, - 3

é) Enhancgment of Intersyétem Crossing
One example is if the solvent molecule contains a ﬂeavy-
atom(z)(B), ethyl io@ide,‘and wili promote the transition §j ——4>T1,
v Mechansim b) leads to the formation of meta§table excited com—
plexes, called "exciplexes'". These often have considerable charge sepa-
ration, ;nd many results in this thesis are interpreted in terms of them.

Therefore, an outline of the nature of charge transfer processes, and

% - ’
exciplexes in particular, is givéﬁ/:2§éu , ,

)

’

Charge Transfer Complexes

)

The idea of‘charge transfer between the molecules was proposed

by Mul]iken(é)'(1952). ‘Suppose a-charge donor, D, and.an acceptor, A; ,

- '

closely approagﬂ each other. .The new bond between A and D is formed

because of a charge transfer taking place. Thus,réféharge transfer com-
. ‘ o
plex (CT complex) is formed.



—

All the structures 1, 2, 3 could be classified as CT complexes although
’ 'I » v

- structure 3 is commonly called an ion radical pair.

.

-

D+ A ——> (D - A) &—> (DT - A™) &———a Dt + AT o (4)

1 2 3

The theory of charge transfer had not been understood very well
until 1952 when Mulliken proposed his theory(a) based on quantum mechan-

ical ideas. This theory will be discussed only briefly in this thesis.

(4) (5

. In Mulliken's Theory , Wwhen charge donor, D, forms a contact

complex with éﬁfeptor, A, the configutration of ' D and A does not change.

AW
The wavefunction of contact state is.y%.

*

Y =R o - D) .

L}

When there is a charge transfer\from'D to A, the wavefunction'}élis,

¥ =Yoot - A

-

It should be noted that these two wavefunctions do not represent the true
states and the two electronic configurations mix with each other. The true

state wavefunctions are as follows:

AN

C _a}ﬁ)+-b]41

(5).
Ye = "b*}.‘(),'F a*:y'y

. - = b

“

The coefficients a and b are the fractions of structures (b -~ A) and ‘
(ot - A7) at the ground state,.y%. Similarly, a* and b* are the fractions

of (0¥ = A~) and (D - A) at excited state {}%. The normal?zationﬁconr

-

2

dition is satisfied’as, - P

e

~

B

i
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/\ a2 + b2 + 2abSgy = 1 " " (6)

Here Sp; is called the overlap integral which is

S01 =f%%ﬂ’z @

’

-

The similar conditdons are in the excited state,_p%.

a*z 4 b*z - 2a= o1 = 1 ) ( (8)

. , . *
The wavefunctions@ébandlépare orthogonal to each other. Therefore,

: ‘/-;‘G‘;é 14/5 = 0 = —ab* + ba* +( aa* - bb*)Sq4 (9

_ The energy of ekctronic configurations Lﬁ,‘y&,

¢ is given below, '

where H is the Hamiltonian operator.

fo = JYpde o
VA o S

-
-

Strictly speaking, the energies of the ground and excited states, E

Eg, are the roots of the folldwing secular determinant.
Eg - E Egy = SpiE .
- =0 (11)

" where the exchange energy, Eg,, is, v

. Eg =‘ﬁg='=1:}z;{z- =/%*H}g-¢{t : ﬂ © . (12)

i . . e . .
If Epyp - Sg1E 1is very small compared ta theﬁdifference of E; “,EO’ the

Lt

to the second order perturbation.

foliéwing equations are‘.given.
+ ) a “

C and

.mﬁ&‘.
3
»
el

A
»
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Eq ¥ Eg ~ (Eo; - Sg1E0)? / (Ey - Eg)

. (13)
Eg ¥ By + (Bgy - So1B?% / (B - Eg)
The relations between a, b and a%*, b* ére,
b/a = (Eg) - Sg;Ep) / (B} ~ Ep)
b*/a* = (Eg1 - Sg1E1)2 / (Ej - Eg) , (14)-

az::’,l, since b/a 1

This indicates that the wavefunqtiép of ground state can be represented
mainly as‘the structure (D - A) with slight mixing of (Dt - A~). It is
easy to deri&e that a = a* and b = b*. Thué the ;ase'is reversed for
the excited state. 1

The gyound ;tate of complex mixes wiéh a smali fract{on of
(D+:—'A') to lower the energy of the system. This stabilization energy

is termed charge transfer force which is approximately given by,

Eg - Eg = (Eg1 - SgiB) / (Ey - Eg) o as

The term (El - EO) can be related to the ionization potential of domor,

Ip(D), and the electron affinity of acceptor, Ez(A), as shown in the

following equation.

e
t

E) - Eg = Ip(D) - Ea(A) - e?/Ryp - & . Qe

r)

The term e2/RAD is the coulomb energy and Rpp ‘is the distance between A

A

and D, where £\ represents covalent bonding and repulsive energy. Thus,

the ionization potential and electron affinafy are the major criteria
wﬁiph determine the degrée of charge transfer.

-One can write a total wavefunction to represent all possible

AN







Y ToAP (A - D) +,3‘¢(A - D*) | (20)
) '

" Weller proposed that molecule D, charge~donor, and A, charge
acceptor, formed an exciplex on the basis of the following evidence. It
was observed that, w?en perylené (P) was irradiated in the presence of

5
-

aniline (D, charge donor) in a non-polar solvent, a broad new fluores- ¥
cence appeared at longer wavelength than perylene fluorescence (Figure 2).
"This new fluorescence spectrum is considered‘go arise from the CT exciplex

and the process is as below.

P s p * | A

-

P* + D ———>p~ - pt ———— P - D + ho/cp

However, this CT exciplex fluorescence band disappeared when a polar ¥

solvent such as acetonigrile was used. It seems that the excited perylene
" is not affected by solvent, but flash spectroscopic analysis shows that

the perylene anion i$ formed when the exciplex solvated as an ion pair.

P* + D, —> p~ - pt : > Polv. + Dioilv.

Recombination of the ion pair in a very short time gives back the orig-

inal materials. A similar phenomenon was found in the solutiomns of naphthalene

(7)

with tetramethyl-p-phenylenediamine and anthyacene with N,N—dipethyl-

(8) .
\

aniline

.

The above phenomenon had not been observed -before. The reason

Y

for CT excipléx formation is that thewcapacity'for donating or  accepting
is enhaﬁqu when either donor or acceptor is excited. {f the excited

i
molecule will contact the other molecule during its lifetime, a charge

i . ¢ .

i : , .
transfer domplex can form. On the other hand, the case of contact charge

[ i'." ‘

1 R G ey s o o
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transfer(g)(lo)(ll) is observed when either donor or acceptor (often it

i's donor) is in a very high coucéntration or serves as solvent, thus both

acceptor and donor already are in contlct with each othér at the ground

AR e OISR 8., M

state. The charge transfer takes place immediately when excitation occurs.

Tt has been found-that many aromatic hydrocarbons .(A) in the

excited state form a CT exciplex with amines (D) and the characteristic

- . . \ 4 5 -
ég fluorescence exciplex spectrum is observed( 2)(13)(1‘)(13). The ion

¥ .
;; -radicals are formed when the solvent is very polar. The process of CT

:% Exciplcx fbrmation and its fluorescence emission are shown in Figure 3.

"3 .

:% The actual process of the scheme cogld be observed directly by analyzing

2 . ‘
gg the fluorescence spectra of aromatic hydrocarbon and CT exciplex, which,
r (j ’ ’
o varies with time, - h
ot

%' ’ ‘ . )/ ’
ot A - by’ > Ak ,

{ k

& . .
= A% 1 > A+ Wy
& "k, - ’

o A 2. > A ‘ ‘

; ky
= A + D > (A* - D)

X < ke A

v . 4 K

. (A% - D) — 5 > D+ A+ b L
f (A* - D) kg > D+ A

} polar solvent . ,

2 ot + A~

:“ - . L) L[]

i ]

< BN

h¥p, h¥/pp: the {luorescence emission from excited A and CT
. cxciplex . -

b A, A wh!

Figure 3. Process of CTExcplef Formacion'ané Fluoxescence
. Emission

PRCL I

AN
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One example of pyrene and N,N-dimethylaniline in tyclohexane dem-

A . 1 -
cnstrates this technlquc( 6)(17). A very narrow band of pulse light for

excitation is used in order to trace the variation of fluorescence spec-

trum since the process to form CT exciplex is very fast.

S B R RO S0 SRR T 5 F

The spectra

variation with time is shown in Figure 4.

It can be seen in Figure 4 that the fluorescesce spectrum is {rom
. \ .

pyrene (410 nm) after being excited for 3 nsec. As the time increases.

the intensity of CT exciplex emission increases at about 440 nm, rcaches

- a maximwn at 60 nsec, then decrcases as the time increases. From the

relation between fluorescence intensity and time, k3 is calculated as
9.8 x 109 sec*l, kg is 1.8 x 107 sec"l, (kg + kg) is 5.4 x 100 sec-l at

. 20°. It is nored'that the formation of exciplex (kj) is at the diffusion

"controlled rate.

N
-

1
The dipole moment of CT exciplex can also. be obtainpd( 8) by

1o R

measuring the CT exciplex fluorescence shift in various slightly polar

solvents. It was calculated to be about 10 Debye units in the above case.

\
FE S Pt l!'yvl"!;k‘lsw"- et W OET VY R
N
B

Ak,

I T

(
A

N R

1

R0

e s

42
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benzene derivatives. Firstly, the photoproducts with naphthalene are

more likely to be crystalline than those of benzene. This enables one
to more readily purify and identif;r the products. Secoﬁdly,'ué%ng naph-
thalene'rath;r than be?zene in tHe_reactién allows one to answer the )
(505 (51) Thesg ;re'some of.. the

°

question of multiplicity more readily.

reasons for our extensive use of naphthalene.in these studies.



P 4

PARYT Il. RESULTS ' STRUCTURES OF PHOTQO-ADDITION

. PRODUYCTS

™

SECTION A. NAPHTHATLNT - PYPROLE -SYSTEM

o~

SLECTION B. CYANONAPHI IALERL - TETRA-

METHYLETHYLENE SYSTEM

o~

o
.

y i
%y

»



-

gSI‘C'ITON A.  NWAPHTUALLNE - PYR’R(SL?‘. SYSTEM

K
~
B
- -
N
- M
«
v
b
s ~
-
- - B
- '
»
.
. -
. .
.
. -
~
o™ ~
¢ "
. - -
v
.
~
-~
K
o
. ~
- .
R -
) -
- .
. -~
-
. '



n

In"this chapter, all the relevant MR and mass spectra for the

L ]

.purpoese of identification are listed in the Appendix. Y
Ha- ‘ ) .
) ’ ) ]
Photo—-addition of Nuphthalene and Pyvrrele and Products Tdentification
L (52)(53)

Irradiation of naphthalene and pyrrole with a pyrex
filter and a medium pressure mercury lamp, in 957 ethanol, gave two

v ¢ -

e jor products identificd as 2-(1,4~dihydro-l-naphthyl)—pyrrole (36),

and 2-(1,2-ditydro~2-naphthyl)-pyrrolce (37) in the relative ratio 50:35%,
and two minor products, 3-(dihydronaplithv1)-pyrroles (total 15%),.° XN-
: -
deuteriopvriole and naphthalene were jrradiated in the same manner os
g ,

- ~

above but using solvent aceteonitrile. This also gave the two major pro-

ducts, 2-(l-hydro-4-deuterio-l-naphthyl)-pyrrole (38) and 2-(l-deuterio-

v

2-hydro-2-naphithvl)-pyrrole (39) in a ratio of 50:35%. The recactions arc

shown in TViguvre 24. | ‘

-Both compounds 36 and 37 shosedthe pa}ent peak at m/e 195 (rH)

s
i . - 3

corresponding to Cj4liy3N.

. The RMR spectrum of compound 36 had resonances at 3.02 T (4H,

-
-

benzencid) , 3.71 Z'(IH).which was assigned-to be H-5. The & and‘ﬁg

 hydrogeng of unsubstituted pyrrole are at 3.38 and 3.95 T . REowever, the

&

6{,-methyl sthstituted pyrrole(54)(55? shows?at/—n at 3.64 ZQ‘/B'QH at
N ;

+.4.11 E and A& -H at 4.28 T. 1t appeared that pyrrole hydrogens in com-
pound 36 were shfelded”by the dihydronuphthyl group. Hence, the reso-

.nance at 4.12g(41, multiplet) should contain two hydrogens of pyrrole

(c-3 ahd\C-SS and .the other hydrogens were apparently from C-2) and C-3'.

¢
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. .‘ * -
Foti. reconinces & 5.50 (1) and 6.70 T ("1) were sultiplets, consistent
witn ABY svatenm. ]*ruéi‘tlon of the Fesonance at 5.50 C caused the
rethylene siznal ot 6,707 to simplify by elinination of*a coupling with

(56) (57) (58)

J=0.2 cps, thus pointing to a l,4-dihvdronaphthalene structure.
In the DR spectrum of coupound 37 resonsonces appdared at 3.05T (41, ben-

zenotd), 3.74 T 20, C=5 and C-3'(4")), 4.13 T (3h, C=-3, C-4 and C-4'(3")),

6.43 T (1K, C-27) and 7.092°C (20, 7-1"). The summary of NMR data is shown

in Table 3.

b
CliqCt

Figurc 24. " Photo-addition of* Naphthalene and Pyrrole or
‘ N-deuteriopyrréle
- :

. 58 s . : .
The ultraviolet :pcctra 58) were consistent with the strucrure -

rtot ~
as<ignnent of cbmpoun_ds 36 and 37. C\mpound 36 had. ?\. nrax at 2x1, 265

»

and 274 nmowvith  loy f'of 744, 3.59 and 3.51 compared w1t_h 1,4-dihydro- .
RS X a3 b
¢ naphthale®e. which has, 7 max at 263, 267 nm with logf qf 2.6. Compo.und 37
) | AASTH
had ﬂm::):' at 209 and 270 nm wl,th Yog | of 5.39 and 3.80, while 1,2-di-
Yol . . .

hydrogaphthalene has 72\, 2t 259 with log g of 3.98.
'I;he‘ structures Of compounds 36 and ‘37 were further proved by de-
i 4 . .

i
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hydrogenation. Both compounds were dehydrogeﬁated using 10% palladium-

charcoal in p-xylene solution at reflux. The unstable oily products were

-

identified as naphthalene derivatives by NMR. Dehydrogenation of com-

-

- ~

pound 36 is considerably slower than that of compound 37, possibly

because the hydrogens on the former are in the 1,4-relationship (Figure 25).

'] .

r

107% Pd-C

N
»

p-xylene

10% Pd-C -

-
ot Y r

/_ / p—xyvlene

~N

[

< -
Figure 25. Dehydrogenation of 36 and 37

(58)

Conversion of Compounds 36 and 37 to Ester Derivatives

Since pyrroles with unblocked ¢ ~positiobs tend to be reactive,

therefore, conversion of .compounds 36 and 37 into derivatives was con-

ducted. Both compounds were treated in the same way. N,N-dimethylaniline

was added to carbonyl chloride in dry toluéne and compounds 36 and 37 were

added followed by absolute ethanol to give compourid” 40 or 41. These gstéfs

were stable
The

. (¥-H); 1690

The

crystalline compounds and gave satisfactory analyses (Vigure 26).

crci
IR spectra of compounds 40 and 41 showed thp‘z/max‘3at 3430

el (C=0) and 3310 (N-H); 1680 cm™} (C=0) Tespectively.

¥ e

NMR specgra of compOuQS§ 40 and 41 were consistent_with the

assigned structures.(sg) The ester protons of compound 4], gave signals

at 8.77 (éﬂ,t) and 5.28 Z'{éu,q, J=7:0 cps). The two protons- {€C-3 and



x
C-4) of pyrrole nucleus gave signals at about 3.26 and 4.02 T

o

, which
shittoed down ficld aclative to the analédpous sirnals from compound 36

£,

‘ (59)

Cimtlarly, the egter group of compound 41 shoved signels at 8.36 (31, ¢t)
2

Cand 5.40 T (5.46,9). The t\co/g -

3.6 and 2.90 T

v

e methinge proton and methylene groups compriscd an

-

N ¢

AKX syvstew, and the vethylene group gave a doublet at 6.50 T . This is .
in contrast to the covrresponding siynal for compourd 37. The spectrum

Y

. - oy t 3 . [} ((‘ )
Aapparently belovgs to the "deceptively siiple' type for the ester of
compound 37, meaning that the protons of the wethylene proup have almost
the sare chemical shife,  The sumnayy of iR

Y

data for conpounds 40 aond

hown, ‘in” Table 4.

G ] »

~

toluene

6 -

. 40
Xe M

: 37

. ,
Figure 26. Conversion of Compounds 36 and 37 to Ester Derivatives

L . |

e

praotons of pyrrole nucleus resonatced at

fant 1




.

s

I 19 Pue Qb ‘spunodwuodn 30 eIeq MN

N °

. A UAA R
oo 4 s . . ,
. 391xenb . jerdratne = ¢ . jeydraj = 1 - - 397Gnop = p '
« (u€g) S . , : , . -
oLt o3 gye ey . . - SRR ,
o < ‘. [ T 4 ~ B oo ‘ . R
, £ ‘€D, o Coe=Tulp l 0" L=r 0" L=r :
. : - ( ‘ 0y
(=4g) . (W'HT) (PUHZ) (W) (5°HT) (3°4E) m"aNmuno-w_L _
S .o - ol
91°¢ 03 ¥8°C T TL°S e 9 Gae'¢ 9%°¢ 9e°g _ _
, ) .. " . . w\
.@IU n_d.l.w..v - . L - . X
(="1) N . . ,
. 97°¢ - , o : 0
.. . . o . m z . It
() . , . s <0 L=l 0° L=l 8 m.u..c..u M
;. “ © *,
-y (ute) ) o (@iag) (wiy) (bfug) (3 HE)
20" Y Ces Y09°9 T %6'T 28°¢ g,
9)€-0 ,€-0 ¢,7-0 . . o , :
\. - ) ' ;e a : ‘
] : . T 31U}, 840 UI s]ULISUO) BUT[dAno) ’ : :
s ; . £31017d137ny . . . punodugy
. anre 2 " o .
\ . f
, : , £%0333 Soyrzf e
SIM10 JuLulel; 3usrs30,]  proudzUon Ju 6 10 Eyol ¢ waloapiy
v M&! ) i - - Iy ]
. . .



Y

.
.
-
.
"
.
.
.
.
kY
.
~
-
.
-

f
‘ ~
i &
.
s
.
Ve
\ .
-
v
.

SECTION B.:W CY

METUYLETWYLENE SYSTEM -

v

ANONAPHTHALENE

-

4

>

—

TETRA-

-

L4
P
»
PV L
-
LY
.
o
.
'-
.
.
.
-
i
PPN
~
[N
L]
‘.
. -
1
. .
-
.
N .
-
. -
.
.
. -

-~ =
2
.
.
.
deo
se
. ‘
.
- .
.
LI
A
-

/
.
bR
-
. .
LI
-
"
-
. .




‘ &
»

Mictord etion of 2-cvanonaplhthalene with TE-in 'ethano]

(6‘?)

The ;,—-cycmonaphthalenc and tetramethylethylene (107) vere -ir-
) @ I3
- ‘ ‘ -
rediated (pyrex filter) in methanol to .give twe major products; 2'-
wthoxy~1",1",2",2" - tetramethy le thy 13- lihvdronapl
me{hoxy y 11,27, ctramethylethyl cyano=l,4=dihvdronaplithalenc (°l+2)
J .
L v o «

. ]
Y
i

2"—me thouy-1", l' 2° 2'—t€,tramcthv1cthyl ?~C\ ano- 1 4 ~&ihyd ronaph“\d)a]ent_

-

(435 and a small amovnt of 1,2~ dlllydro 2-cyanonap h Lha1ene (44) The

relalive vatio of these two major products- is 60:4075 in favqur of com-

- + -

pouad 42 (Yigure 27).

N

. .
v ' 1 : +‘
\K . e ¢
. B FAA '
Figuyre 27.. Photorcaction of 2-cyanonaphthalené with TME dg : -
’ Methanol . : . e .

-
4

The i’nfr'arcd spectrum of compound k2 showed a band at 2223 (C=N),

alifd . ]Om-) =l (cro- (‘) while 43 has the coyre qponchng absorption at 2224

I .' - - .

(C=N) and 1065 c:m'l (C-—O c) .. S . - - ) ' ’
. ‘ . e ‘ JRR)] :

The ultravlolet qpect:a of both comnOUndq 4? and_ 43.hadA

263 (log £ , 2.52) and 270 nm (log £, 2.42).“ This ,indicat:es that both

max at

-
= H

. - i

P _‘43_‘ . i ‘ ot .'



44

.- . . iy . - .
:\Qiifjcts‘eould~have the same basic strocture. Both-preducts also. had

- - ~

‘m/e at 269 QY. . - A

The RMR spectrum of‘compoj?d 42 had resonances'et 2.92 T (4H,

benzencid) ;. 6.76 T (3H, methoxy g up): The methylene and methlne hy-

drogen.resoneted from 628 to 6.70Q; and sllghtly<overlapped with methoxy

signél. ‘The vinyl proton résonateq at 3,40'2'wh1ch overlapped with ben- N
. N ‘ . 3 ,.. ) .. v.‘ . * -~ . N .
zenoid hydrogens. The winyl proton'resdnance should have a doublet - .

< 1 . . < v
L4
4

- .' .,
structure due to coupllng by .the methine hydrogen. - Thus, the NMR shift

. (62) ‘\:‘,

reagent, europ1hm d1p1valoylmethane, Eu(DPM) . was uSed (about-3 to 1

welght ratio in favour of europium d1pLValoylmethane) and, the doublet was

shifted away from the benzenoid resonances.' The coupllng constant of°J1 2 ,3%

is 5 .cps. "The four nethyl gfoups all pesonated dlfferent}y“at 8.74, 8.90,

9.18 and 9.44 T . . _ _ e oL

. .
R
n? . -, N

The reason for the different. resonances ‘of, methyl groups is’ due.

I 1 -
to the asymmetrlc center at C- 1(63). _ The staggered rotatlonal conforma— ;

¥y 2
F/

tions of compound‘42 are shown in Figure 28. ‘The staggered conformqtlons~
. g D o Uh"i' ,'L T
show €hat the two methyl and R groups. dre not ejuivalent with respect to . .. .-

“ . ’ .

Tother groups attached to C—l.i . . - .

. >

~ The NMR‘spectrum of compound 43 were at 2.92 ZT(AH benzen01d),

. . '."\
6.76 T (3H, methoxy), 6. Zé'Z‘(IH methine, almost 51ng1et w1th a, small Sp11t~-

. 't T~

ting, J=1 cps). The methylene protons were at- about 6 52 to 6.8 ZT and i T

LD
. . A

partially overlapped with: methoxy protons.f The vlnyl proton in‘this’ struc—

- > -
! g ~

ture’ should reSultlnadcublet doublet spllttlng caused by methylene hydrO*

.

~

gens vand thef;ESonance of this vinyl proton appeared at 3 25'Z';n a doublet—

_doubletZSpllttlng with J=7 and 3 Cps. The methyl group sh0wed signals et«_

8.65, 8.88, 9.27 and 9.29-T . S R

- . - -
¢ ~ . v



-~ R ~ * 1
‘The NMR spectrum of compound h4,'with/zypical,1,2~dihydronaph-
s : .-
thalene pattern;‘showed resonances at 2.98%2“{4H, benzenoid), and two

N -

vinyl hydrogens at 3.50, 4,32 € with upling constanf‘J3,4=1O cps. The

. VWR spectra of compounds 42, 43 and 44 Are summarized in Table 5. It

should be mentloned here that t 1dentification of comhounds 42 and 43
"
by NMR spectra will be further dis'cussed in the context of the deuterium

.
. -

labelling eXperiments. °, ) ' -

R. o ' Me ‘ Me"

A + B:. 1 A*dihydro—3—cyanonaphthyl group

1

“ij —C(CH3)2(OCH3) . S .. - 3 ?

N Flgure 28 The Staggered Rotat10na1 Conformatlons of Qoﬁbodnd 42}
'i ~ - * h
;o o Lo ‘ -
The irradiation of 2—cyanonaphthalene'with TME was found not to

ﬂ -

- . - . 4
yleld any products when benzene was used as solvent.. Thls is consistant

v
-

with the lack of 2- cyanOnapthalene fluorescence quenchlng by TME. |

<.
. . .

§ N

. -
5 . .

- W e -
A‘. - » 4 ’ B -

N .

Photoreacnlon of 2— cyanonaphthalene with TVE in Deuﬁerlomethanol -

. \‘-_. ”

To show that a methanol molecule partlclpates ‘in formation of com-

“» S . . . .

pounds 42 and 43, a deuterium.labélllng experiment was conducted, .On

-~ - - ]
\.K’

u51ng methanol—OfD as solvent it ﬁas-feund that deuterium appeaqed in
! « e " e_' .
the naphthalene rlng of both compounds 45 and 46 " 'a small amount'of di~-

&eutecated reduced 2- cyanonaabthalene (47) also formed (Figure 29)



.

Jordraine = u

" 3?3Tqnop jo 38Tqrop = @,@ Co wwwmwau;//m/\

: py pue ‘e, Ty mggmoaﬁoo J0 E38Q BN ‘G 2148L

f.,.

-

o oH.u.w-onm-uw . . : .
| @HD) _ P
XA —
. NI - ) - i . e
(P°HT) : \ | :
. . .06%¢E . = .. .
(s“HE) -t : S
62°6 : . - o .
(s‘mg) 67T = I79pC=0p - Avoy3sy y3tm (s‘HE) - (s‘11y) v
[2°6 ¢'¢ = ~HuohNIUh detaano AT3Y81TS
(s‘HE) - - (P*PUHI) Co (wtHE) SR TAL I tetr |
88'g" YA "0L'9 03 pgr9 woxg Y ’ . R
Amammv / ) M__\ .
59°8 , L .o . .
(s.16) . ’ ) . ‘. , -
776 4 " ‘prouszuag £xoyrsy - L ‘
Ademmv * LU..H?V . . -, :.u.%z o <r
Nm”mmv ‘detasac deTasno A73ydrys .. (s‘Hg) . (S°HY) .
068 , (wur) . (w'ne) - -
(5716 07'¢ *  -0L"9 03 gg’g woij 99 S - T6°T <
AL — : R ( .
T s3Tun sdo ur S3UB3ISUOY wcHHQsRW .
. SR . zpvmddeUHs: ’ -
| offey | 2. - .
LB 14utp " supyIsy 2T AYI9K hxosumz prouszuag | © usSoipdy



\( - ° ' .7 Lo ) . 47“7"

[
.

¢ -

The NMR 'resonances of compound 45 were at 2 '89 Z*(Ah benzenoad),
6..72 T (3H, methoxy) 3, 02 t:(v1ny1 protOn overlapped w1th benzen01d
hydrogens) , and four methyl groups were at 8.72, 8.88 9/;3 and 9.32 ¢ .

v

The methine proton sheoved signal .at 6. 32'Z'1n doublet (J=6 cps) COupled
by vinyl proton. The methylene proton resonated at 6.48'3 and partlally
overlapped with methoxy sighal and the 1ntegration showed that the methylene~

group only contalned one proton.

o ’Fiéure 29 .- Phatoreaction of 2—-cyanonaphthalene with TME in
! . . Deuteriomethanol

L4

The compound 46 hac}/N}[R 51gnals at 2.93 T (41, benzen01d) 6.787
(BH methoxy) and 8.67, 8 907, 9. 28 9.30 Tffor four methyl protons. The
v1nyl proton rescuated at, 3, 88'1fand was Spllt by the methylene proton

into a doublet w1th J3 4—7 cps whlch indlcated that one methylene proton

¢

_of compound 46 was replaced by deuterium., The methine proton showed re-

sonance at 6. 30 Z’and remained a 51nglet. The methylene proton resonance,

;
n

however, completely overlapped w1th the methoxy 51gnal., /1t is clear ﬁat

the spectra of the dauterated derlvatlves agree w1th the structures ?5, 46 -

o o ‘Z'



as assigned.’ . . '
. S

Compound\ﬁ7 had resonarices at 2.98 T (4H, beozenoid), two vinyl

fpfotons at 3.50 T (1H, d) and 4.23 T (1K, d) aﬁd:coupled to e;ch other =

- *

with J=10 cps. The me;hylene proton appreared as a rather broad 51gnal

.at 7. 03'C'whlch was a 51nglet. Therefore, th;s compound has two oéuter;um" '!
otoms. The NMR data for compounds 45, 46 and 47 are.summarized'io Table 6.
- B . v . T
Dehydroéenarlon of Compounds 42 43, and 47 c S
‘Hbehydroggﬁétlon of compounds 42 and 43 providod more 1nformatlon , g@*
_ about §tguctpres. Compound,42 was dehydrogenated u51n37194 oallad1Um - ) EF
charcoal to give 1—(2‘—methoxy—iﬂ,l‘,27,2';getiameohylethyl)~3—cyanonaph£ha1en§
'(ﬁSY‘(Figuro 30). The MMR spectrum of the latter showed 65) that the four

methyl beaks of 42 had collapsed tao a pair (8.34 and 8:88 Z') showing the

Q.

asymmetric center of 42 is removed in-the dehydrogenation.
. ' .

N

CN.

10% Pd-C N -
p-xylane '
N i
42 ) ) /48 i
Figure -30. -Deﬁﬁdfogehatioq of Compound 42 ~ ;
;The other NMR resonances of compound 48 were at. 1.98 Z'(lﬁ s, -

L4

64 .
. C=4 proton) and 1. 20 Z'(lH r C—&) which is ‘called the perl hydrogen( ).

The perl pydrogen ‘was deshielded and thls is attributed to a compression
L ~ B . /-\ L

¢ *
M .
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-~ .

(64)

. The remaining

Y

offeet due to a bulky group at -the C*lﬁpositidh
’arorﬁx:{tic hych‘ogzzns resonaged f’rom 2.16: to 2.62¢ (/aH), and the meLhoxy

Pr”LOUS signal apnoared ar 6.93 . Thc MR data of compound 48 is r
\’ . ‘Ic’-' .
; ) ‘ 3 .. .

shown in 'I'nMe 7. - ‘ . .. )

-

<

- . . f
. THO dchyé*b*unatlon of compound 43, however, was not successful >
ander thc sane conditions as applied Jor compound 42. v

The Nﬂﬁﬁap@dﬁrum of the dehydrogenation product from compound 47 .

- _— :

A

had“the saye general pattern as Z-éyanpnaphtﬁaiene except that the -1

had a resonance of arxea 0.5 H. Fufthermor%% mass spectrum of this cis-

LAY

ddhnyogcmntion product showved that both deugerated- and undeuterated’ 2-,

- cevanonaphthalene were. formed in equal_ amount.: This indicates that com-

~ . . . ‘ . . -
. N

pound 47 is. & mixture of cis- and trans-1,2-didcuterio-2-cyanonaphthalene

-

(Figure 31).

-
. - ]
. ) .
. &
. . . w - . - ;ﬁ
. . 4
.

LAY

. = ci

v

e 7107' Pd-G. > >

p=xylene

. . . ' v ,‘ , N ) .
. //"‘T““\\_ oo L .50 % ' “ 50 %
- [| " ) ) " ] ‘~ : - .- ‘ * "

Tigure 31. Dehydrogenation of 1,2»6ideuperio-?—éyanqnaphthalene

»
P "
*

Photoreaction of l-cvanonaphthalene and'TME' ) . - o

>

]
]

. " The two major products 40 and 50 were formed in this reaction whén

~ -

rethanol was usud as solvent ' These products were not poaatlvely identi-

*e
-

fied. Huwcver,‘frbm the NMR and mass- bpectra and elementary analyses,

- ' &
r - ;

it 1s. bcl;c&bd Lhat nc1ther product is a prlmary phatoreactlon produgg¢

v



The primary products are as

farther re cact vith excited 1- cvanon“p Lha;cne,

sumed to be substitution products which

51

-

< [

to give complicated struc-—
M £

. %
tures. -
- - . 3 R v T .‘
Hvéropen Aromatic C-4 - c-8 MetHoxy Methyl
Except C-da, , T : .
C-8 .~ ..
Y Value
£ ﬁuitigiicity " AP ??ﬁf
N - ;‘ N - eie ,:‘J,l"
i To- e H '&' ’ ‘I;ﬁfﬁ‘k. ) £
- ’ o 8.34 0 -
1.98 ©1.20 '6.93 (611, s)
r,s) (IR (3H,s)
<N SCAti,my ‘ 8.88
OPﬁj - v . .. .
138 L . . - } . - (GH) S) -
éinglct

8 =

‘Table 7.

m = multiplet

NMR Data for Compound 48

-

2

-
- ]

thn this reactlon was carrled out in benzcnc, 1t gave the cyclo—

additécn product
4 .

b-cne (51) (Flgure 33)-

The'ld nLlflcatLon of produrt ‘# was by NMR whlch
e T

2

mcLhyl—groups.

LanL of Jy 5 10 cps and J@ 6= 2 cps.

2.80 to j,la't (41,

L]

1 cyano—Z 3*b0ﬂ&0*7 7,8, 8—tetramethy1 blcyclo(é 2,0)o0ct-

—r

~

-

benzenoid),-

8. 60 8. 68

, -

9 00 and 9 19 Z’for four

fhe C-4 Vlnyl proLOn appearcd at 3. 69'wa1tb coupilng ‘con-

4

-

The C~5 vinyl proton resonatéd at’

T

f% 29 Z’thn couplinp tonstant “of 35 4“10 cps and J5 654 5 cps . Flnally, .

’ the methine protqn (Cc-6) Qhomed the slgna] at 0. 807:-M]th J6 57 4.5 cps

-

4howed resonances,

<
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LN
]

5 r

-

cpa.. The YR data for compoundr 51 is sutwarized in Table 8.
‘ . 7 ~. -
[N

-~ -

product
N ’
[l 49 N

. + . -
- 1'eOl!
. N .
. . ,
' A s . product. %
% g 50 t
a \
S
- 1 %
-3
. ¥Figure 32. Photoreaction of I—cyanohaphtha]énc and TME ‘in Methanol
. - F— . / °
. . . k4 ‘
] . )
. N "‘!/
+ . —t s , ‘
. benzene | . :
N
* 4 . ST _51 . ’
Figure 33. Photoreaction of l-cyanonaphthalede and THE in Benzenc
i - Q f . i
. . , . 4’
- 74 N . * .
» . . - !
. L M F ‘



-

\ Pedroyon | Fonzenoid C--6 C=5 : C-4 Cethyd
\ ’ C Value - " )
\ . Maltiplicity
~ pound -t Couplire Constants in cps Unitsy
8.60
. . * ) (3H,s)
\ \2.80 to ©6.80 © t4.29 . 3.69 8.68
3. 14 (lii,d,d) , (1H,d,d) (1,d,d)  (31,8)
Lnaemand 1“3 1: ) . - .--. .r A = lr . = -\ L]
B (4 ,m) ]6,‘) 4.5 ]5,6 4.5 ]l"(, 2 9 OO,‘.
. - J =2+ J = 10 J, . = 10 (3H,s)
\ / “ 6’/; S S’A N 4,5 1o
— . - ' 9.17
. (34,s)
oy ‘/ )
s. = ginglet d,d = doublet of coublet .
m = multiplet ) ) >
\ Table 8. NMP Data for Compound 51 !
3

T
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Attempted Trinlet Sensavization'Reaction of Naghthalene with Pzrrole

-
- N
- ~

The lowest trlplet (Tl) of naphthalene 1s 61 Kcal mol 1'above

F2)

’

(65)

_ground state s and the trlplet sen31t12ers benzoﬁhenone acetoghenone

and Michler.'s ketone have ETl of 68, 73,_and ol Kcal.mol'1 respectlvely(65)

"~ . [ 3 _

These triplet 'sgnsitiZers should sensitize efficiéntly the reaction of

~

»

naphthalene with pyrrole if'Tl'oT naphthalene could react with pyrrole.
However, no trace of products-was found in these sensitization experiments.

. Y
. 4 . * ' ) v,

. /
The Fluoreecence Quenchlng of ﬂLphthalene w1th Pyrrole and N—methzlpyprole
o
. The fluorescence quenchlng of naphthalene by pyrrole or N-methyl-

pyrrole as quencher% was found to be near the dlffu51on controlled rate ..
b 3

-

in ethanol, acetonltrlle and benaene. The relatlve fluoresoence intensi- .’ji
ties versus quencher concentratlon are shown 1n Tables 9 and 10 The rel—

ative 1nten51ty is directly proportlonal to the concentratxon of pyrrole
N u . -
or N—methylpyrrole ( The Stern - Volmer plots for quenchlng of naphthalcne

[ ’

~f1uorescence by pyrrole or N—methylpyrrole in aceton1tr11e, ethanol or
benzene are shown in Figures 34 and 35. From the slopes of the S;ern -

Volmer ploés, it d4s po£51ble_to calculate quenching rete.cqnstanf, kd,

from the.known fluorescence lifetime ( Table p1). ~ = ’ ) j T -

19

(66)

Solvent Effect’ on Products Distribution " R T

-~

On irradiatlon oflnaphthalene and Pyrrole in various solVents, K

the- prOportions of the two magor products 36 and 37 were, found to be sol-

‘. \j - -

vent dependent, and the'yariation '{fs shown in Table 12. The fractlons ‘of,
v e . e o ‘ ._. - W,J/” '

P
“ . . - . 4



. : 55
. i R e
A - ‘ : .
Solvent - Concentration of Redative Slope » 1072
. . -2 - P -
Guencher (0 » 1075) Ftuorescence (1 mol™}) .

Intensity .
" 1o/t . :

ntheaol 2 © - 0.00 .. " 1.00

) G.80 . . 2459

1‘60 . . -ll.[ill

2.39 ) 6.03

2.79 - - 6.%6

N -

- Acetondtrile 0.00- ) o j.OO

z:-l‘
0.80 4. 49 ’
. 1.60 7.09
. 3.85
v 2.00 8.47
) ’ 2.40 9.84
. . f .
3.20. 12.71 . .
_ ey LT f
e ) ’ i ' RN
Benzene . ' 0.00" . . © 1.00 '
T 6.85 " 3,05 v
1.70 ‘4.85 ’ -
. . . L 2.43 .
: 2.55 S " 7.28 ' :
. 3.:40 9.3
o . './0.'26 B , 11.29°
~ M * ‘r. )
Table 9. The quoréscphée Quenching of Naphthalené by Pyrrole
. ot 1
e, « - L)
- ‘5



. q/ﬂ\\\. ( .
Solvent ' Concentration of y Relative S]o;e % 10~2
- - Quencher ¢ x 107=)- Fluorescence: (1 mol™*)
‘ Intensity
e ' Io/1
. Y N -
Ethanol - 0.00. 1.00 . . ®
0..80 1.63 N
1.60 2.30
i _ 0.86
. 2.39 . : 2.66 .
2.79 ™09
‘3.9 - 3.83 ¢
\_ - ’
Acelonitrile * 0.00 .., 1.00 .
0.80 2.39 -
/ 1,60 - . 3.93 .
: : ‘ . © . 1.95
2.00 - ' 4.86 ' S
Co. ~ L
2.40( _ 5.80
N 3.20 | 7.34

Table 10. The Fluorescence Quenching of Naphthalene by.

N-methyl Pvrrole p
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SR L ‘ 60
- \ ( f o

\ . - » o
D . e e , .

the &0 minor proﬁuc s in 2ll th¢ reactions vas a constant, 157.  The®
’ ) ~

« - s R

yesults shou LbaL why the least polar solvent is usod,,Lhen compouﬁd 36

is formed in the rrcétesf arount. ST j
Solvent p - Dielectric - " Fraction® (&) Relative
R, - ) Const,zmt (D)a .t of 36 ' Reaction
-’ " - N - . “~ ’ ’ . > Ratc -
] . ) . ~ . ~ V d . - . *
v . Hexane . 1.9 7 i 82 . -
Benzene . L 2.3 74 1,457
=~ chhloronethdne 9.1~ ' ) 66 - 1.08 .f
., "95% lt:hanolb . 24.3 1.04 "
Acetonitrile - 37.5 . 1.00 S
Mqthanolb . “32.6;A“ﬁmﬂ”w- 52, ° . 0289 .7
‘ . '.v' e . o ° L " - i “_’.‘
80%. Methanol® = 3276 © 49 - 0.59

% A.A. Maryott and-E.R Smith, "Table of“Die]éhgriCnCopstants of

X L ‘
Pure Liquids", Mational Bureau of Standards, Circular. 514,

-

. Washiﬁgton, 1951. . N oL .
L] * . * . N - \ j
b The effects of these .solvémts are probably due "in part to their, -+

’ L

hydrogen Bonding'propertiés. . o

¢ Givin by (36/(36 + 37)) x 100; minor products were present in N

all runs, total 15%.

»

v

Table 12. Salvent.Effect on Products\giffifigtion of Naphthalene-

. Pyrrole Reaction R —~ . N o
/ v i : . : o CL
’ o - C .
The relative reactlon rate in hexane could not “be determined due )
v, . t -

to the products not belng very soluble; hence the result would be un-

- ey

reliable, ' ’ ) . o ) '

A
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Oty Yicdd of Produets % ang 7 ’
R A -—..7.... -,—---—.—--j---—.-.;»-‘»—--.— - e mmeme w6 . - N . 1 - -

The quantum vields of the tvo tajor preducts vith fixdd con-

>

. . e - - . .
centrations of nephthalenc (5.8x107- 10l 1] ]) and pyrrole (0.11 mol i1

L < . - s -
in.bencene and 957 ethafel arce shoon in Table 13. ( -
‘ ‘ ) - TS )
L~ ) !
Solveat ) ) Arount of Lfiyht Cdrount of Praoducts Products Quantum i
) Ahsorbed in T, (3G + 37) Produced Weld .
. . " Einstein x 10’ < . ) ricte/ilinstein ?
. g mole x 10 ’ .
99, F LOH . 16,33 . 7.159¢ 7 3.709 0.23 - e
. .. - A S "

. ‘ ‘(/, 1&&49. . 7.014 3.634 < o.ég - <

Benzene s oee 12.37 . 7.162 3.711 0.30 ’

11.09 6.782 3.514 0.32°

-

. - e s o L ./
. - Tasle 13. Quantum Yiecld of Products 36 wnd 37 . - -
: . ) -
i
- g ) ) ’ o L] ’ (3
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Acid Effect in the Phdtoreaction of 2~qyanoné§htha1ene'with THE

“

. .- . * &
1t was found that addition of acetic acid or formic,

>

. acid to the
rchtion'mixiure increased the total yield of compounds 42 and‘&3. It
‘ .

Y

was also found that the products ratio of compounds 42 and 43 changes

according to the concentration of, acid used (Table 14).

: - N R .
Y42/ 42 + 43)) " Relative Raflg of e Concentration of b
N . Formation of 42,43 -Acetic Acid (N) ,
61.6 ©1.00 0.00
‘ A . . '
63.9 1.27 0.24
73.6 1,15 . - 0.48" ,
{ : " )
“ 75.8 1.58 '1.02
, 76.0 1.77 | ‘1.30 ‘
B L Y g' -
78.7 - ' 1.63 | 2.08
. 80.8 . 1,72 ‘ 2.60

»

-~ i (
. " Table 14. Acid Effect on the Formation of Compounds 42 and 43

A smali amount of a new product identified as 3,A—dihydro-2—cyanonaphghalene

(52) by NMR, mass spactra and molecula} weight aqa}ysis, was {solated when

the reaction proceeded in 5% formic acid.

[

\ i ‘-

Fluorescence Quenching of 2-cyanonaphthalene with TME

- »

acetonitrile, and hexane for 2-cysnonaphthalene in TME. The Ster

quenching plots-éré.ghown in %igurev36. As an exgmple'oﬁ the quenvchiing

P

rate in methanol, using the lifetime of Zécyanonaphthalene iq’methgngl, T

. : 2
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(67)

11.3 nsec and the slope ofA1"48 x 102 M“l from the Stern - V&lmer
quénching plot, the quenching rate constant is calculated to be 1.13 x
1010 1 sec.=1 (Table 15) . However, it was found that no fluorescénce
quenching took place in hexane or benzenme. It was confirmed that ‘nei-
ther glacial acetid acid nor 90% formic acid affected the fluorescence
quénching efficiéncy, hence the quenching rate appears to e determined
c . ¥ - ) : ‘

priQt to the involvement of the proton donor. Also, added acid did not

_ cause quénching in hexane or benzene, nor did acid change the quenching

" efficiency in methanol.

The fluorescence quenching of t-cyanonaphthalene by TME in benzene
or in_hexane is very efficientéﬁy), in contrast to 2-cyanonaphthalene with

. i / :
THE case; 0.1 M of-TME quenches the l-cyarnonaphthalene fluore’;éace almost

<

completély in methanol, benzene, or hexane.



. Solvent . Concentration of Relative Fluofescence ’
©TME (M x 10-2) *Intensity Ig/I
.MethaHOI » 0.0 ( * > iuoo ‘

3 . - ."A -
. ) : ~ ' v \ )
) _ .. 2.0 ' 3.73 - L L L -y
. . , ) o
‘ 4.0 ., 655 - o .
Na . / ) . . ’ ‘
- 6.0 . 9.83
ﬂ 8.0 : ] © o 13.20 -
' ' : - ‘
= = ‘ 2 )1
= Slope = 1.48 x 10° M .
3 ~ o
== ! '
L - Acetonitrile . - 0.0 . L.00 -
= : '
= : 1.9 . 3.92

s BT VR

. 5‘},7 ) 10.05 - v T

- - . .
- | _ N : .60 .
_ L ‘ o 9.5 18.50
' \ N N . . ‘.
) ) K . , o X ! Y ,
, o ] Slope = 1.67 x 102 p~1 - .

"Table 15 The Pluorescence Quenching of 2-cyanonaphthalene
by T™ME ' . ’ :

'
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. . . . . i 6 = T .
. " r‘= chl)ytro}e)/kic o= (1{).10 % Q.Z)/FZ x 10 ). 100 ‘.

,tion schemé;cqmpf{ses the Following processes. :

ryo- ’ -
. i 1 ‘_‘ '- . - ~ 7
N ’ ,. -t - 7 v .
.- . T R : Y * . '
~¥5 theaise of. Pvrrele - imnulha1gnn-ﬂeagtion PR : ve °
. - ] . - N - - - B ] : A t ’
. N;phthnlenu has tie lowesc excited sing]et‘(sl)'energﬁfof 88 “ca]

WHoTeus p}rrolg hes Sl cnergy of apout 112 Lheal (obtﬂlncd from aLsorptlon

[ . ‘: a

spedtra) .  S: nce pvrrele has a;highvr lellcvel thQ?'tﬁaﬁ:bf'n&phthalcne,

- . N
«®

o . . - . . . <
f)uor(a.‘ncc quunchlng of npphthalcene Ly pyrrolp.conld not: result from
? “ ) . “ ’

.. -

cuerLy tramsfer firui. excitcd naphthualene: to. pvrrole as prev1ously shown

-

. s~

! -~ M y ) I - ,' I3 - ‘ -- i‘
This strongly indicates that the reacting species is not the T; state of

- - h - R

naphthalene. | Morgever, Ty can be elimindted on kinetic arguments,;sipce

- -
- - "

the rate constant, kq, of binolecular rcaction between naphthaluru S1 and
r e v

pyrrole Sg states pives ‘a rate at the pyrrole, concontratlon u'cd (0.2)
f ..

much higher than‘the intersystem cross}ng rate constant, (2 X 106),
: “ - (68) ) - '14 . h

of nnphthalcnc Sy state to,T) state . The. follouing calculation shows
. ; ;‘- - . ~ ot . . .

R4

that the re]dtlvc reaection rate () for the singlet and triplet reactions

< R -

LY - .

 wustl be at least one hundrod fold lar?er for the former.

-’

- Ll = "
. .
. . @ .
. , .

M .
[ - - .
’ —

-

Since the redctlon is Irom S} state of naphthdlenc, the preferred reac-

.

- . - ~
) . < .
- N - L

: —56— -
- . - - . - Al
- -4

iv equotiom (2Y. This, of course, LndlcaLee an ¢> ‘iple\ is formed hetwﬂfn k
nap 1 1ilene Sy state and pwrrole Sg srate (gqnation (3)), and the fyuores—‘
. .« . 4 .’\,,.; }’»-: ] . . -
cence quenghing is due. to chemical interaction.’. . . . < .
- " R ’ ‘., . A . . N '(6‘-) - ., .
. - . Y - . . D - ~ .,

. The triplet cnergy of. triplet sensitizers such” as acetophenone,
lLvnzophenons or Michler's Lotone is higher than that of triplet naphtha-— ~_
leneg (Tl)'cnerﬁy but these.%ensitizers fail to _sensitize the fedbﬁion. L

. . ) ] - . . - .
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L]
"I1 the qguer ehidng of naphihajon e fluoxescc;.. ¢ is a bimoleculsr

N N hY . . «
. . \ . ) *
» ¥ 3y b 3 - - = N . M .
profess invelvine pryrole accovding Lo the neaction schene, then. the
N . . - > ’
¢ Rate
N PRSI S, ' - 5 3 )
N 7 Ng 5 Yigh t.intensity, 1
\ kd] ) )
N —> - N . kg (Xg )

.. »

-

Jong

- k ' j ' L .
S) + 1 s 1t=>;cipq\e.?:—sl qu(?\’sl?EP J . %

. . - | |
exc:",\.p]e?:;-ﬁl _.._P_-) producf ) I:g(exciplex--s.lj . - \

excipléx-S; --——-2--> 4+ P l:dz (e'xcip]ex-lsljd -

- > 5 -. N
N: paphthelene - .t . -, . -
Y - . ’ v P
P: pyrrole % | < ’
LY - -% -

A

exciplex-5y« 'excfip ].ex‘ fqrmcd«,’h_'é twcen'(ﬂél and -p};rt‘ole Sp state

s .
< ‘e . . ~ -

. .
- . - ¢ . . . . - .
. - -~ i . / e
. .

fol Lmlng,rclatio:y ‘I{uou_n' as the Stern - Volmer-equation describes the

- N - .
- - . - . -
- ~

‘concent rat ion dependence of thé quenching. .

- . f
- > - . - - T

~"10/I=1+}<q‘[(1;;| . Coe : o

- . - ~ -

-
]

The, experimental results feor fluorescence quenching in benzene,

accton itrile end cthahol all show a. linear rélationship between the con-

* . -~ - < .

centration of pyrrole qnd the ratio of fluorescence Jntens:».t:;es uvithout
« L9 -

dfld w1th pyrro;l . Tho rate const.ants, kq, are of course‘ ‘obtained from

E]

these plots ( Figurcs 34 and '_35)\' L Y . ,_ . ‘ .

v

The expcrlmc_nt with deuterlum labelled pyrrole has shown that

n

oe.uterlmﬂ is 1nco‘rpory;e,d from the N—poqlr.lon of pyrrole into the naph—i

thalene ring. Since N—mo:thyl. pyrrole quenches naphthalene fluorescence'

‘i, B . . .

but does not. react, this indicates a proion shift takes place after gx-

* -

. '/ . . . . . . ' ] “ .

)



ci; e forsation..” The fatlurce ol T-reethyl pyvrrole to react with narh-
M - H

©
. . . ] o, S . 1
th’1anc,thut'ro%pltu frorthe absence of an acidice -NU proton.

» ~

1t is sigaificant that the Products ratlo of this reaction changes

N i - . . Ly - ,\- s -
b o selvent polarity vhich inditcates that the reaction is dionic rather
- . " T - -

-

rhan radical. The ratio of more stable, 37, to less staulc :%omor(68)(69)

36, iacreascs-in more polar solvents/ in a fashion resembling sowe ground

.
N

stsic donic reactions. . &n cxarmple iS'thc ionic addition of bromines to

-

1,3-cicnes. Ih“ more Qtahlel é-dabronzoe is favoured over 1,2- dlbromlde
3>

c (70 c o - e T .
in polar solvent ). & second example.is the 51]vcr.1on4catalyzed sol-

. volrsis of “llyl halides to generate carbonium i@ns. The product of ki=-
netic.contiwl is often the majot.one and is decreased?in amount by. the
L0 L. (71 A . i .

o efféece of vore polar solveuts . o }

: :
‘ , . f

products, and the deuteriuy lahelling experiment described above, -the

reaction- mrchanism

¥

shown ¥n Figuré 37, can be proposed. This consists

R . ; . . ] : ) : : 5
“of the -follewing steps; i) formation of a naphthalene and pyrro}e(eg—

ciélex at naphthalene 51 state, ii) a hyd%ogen shift from pyrrolé to naph-

'Lhalenc, lLJ) ionic. réaction: between 53 and 54 to give products, and pos-

-
~

gibly 1v) electron transfer fxom pyrro]e to naphthalenc:to give‘raQical

.
s

ions (53! and 54)).- . 3 o ) . . ) "

The. formatlon of - products. 36 and 37 can be ehplalned as ionlc

a . [}

bond:n? of naphthalcne catlnn (53) hlth pyrrole anion_ (54) Lhrough path

(o). or -(b) as shown in Figure 38. . - " ) .

th proLon shlft of coursc, -takes place after the formation of

*“(‘plek since the naphtha]ene fluorescence quenchlng only 1nvolves the

-
.

cxcipléx formation as already mentioned. The question of whether the pro-
ton shify occurs at excited,or ground state (involving, for example, rad—



~ .
- -

- . .

- » ~

I the preton shift éceurs after the radical

: \___{,.

art,-a radical reacticen

icael Leaw) id(not hnown.

rather than ionic would pro-

R 1 G:Ifins‘cd a3\
T

-

duge tha prodocrs.\This is shown in path jv) in Tigure 37.. Tn this case .

CP exciples

.
!

A
- .

Figurc 37. Reactioﬂ Mechanisi for'tt_\e Photorecaction of Naphthalene
" and Pyrrole E L



. xl ' L] . L ‘ . L] ] . . . 70r

+

tto producis should

e rcduced manheatoee o ,
Ce nc‘ailn some rogueed naphthialene Jdirer wvhich has

~ i ) ~> - . I3 - N - - .‘ N
vert been found dn this reaction.  Pewover, it it not rossible to con-

¢ Tude thi above avguneont with certaeinty ot the prosant ';ta\gg. :
.

LN Y

hd “ .. N -

’ . ~ “ -

. : . - . (8
_ Figure 38. Tonic Reaction of Pyrrole Anion and Naphthalene
g Catioi? . ) , i
\ .- * e . . . N
Benzene = Pyrrole Reaction - : L e

’

The photorcaction of benzecne and pyrrole is. proposed to involve
(37) (38)

+

I . - -, . . '
.. benzene T state rdther than.S; by Bryce - Smith

¥

.  Howeéver, . it

.
-~ .

is un]ikgﬁy'that ther¢ are any

,

fundamental differences between the ben-
! . . ‘

zene anfl naphthalene Treactions. If the photorcaction of benzene with

PR

pyrrolc invblvg§ the same reaction mechanism as propused for naphthalene
' .o . P - o B
_with pyrrole, tﬁg,prodUCQS 18 and 55 should be formed rather phan 18

.
-
-

alone (F:igur-e 39). . . ; L . o . . .

Tyo .reactions of benzene and pyrxolie were conducted in beuzene

- « - -

and in absolute methanol. ~Iwo produeés in both runs wvere observed on gas
.- ' N . . . N ) . R M
chromatography with 130 _x 0.3 ¢ém of 5% SE-30 column at 1039C. The reten— -

tion timus of these two products were 4.8 and 5.5 min. The products dis-

" L] . . . . 0y
—” . *
Ed T a

y o : ’ .
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critautdon iv bPeonzene ord mcthapol'ié shov'n in Table 16.

he’ ’ S

]
N
—e
L,
o AV
P
. w
oA
i
OA
L
-

. > /Q_'..__..l }
- K
i
’ I

{
Ll * ]I -
25 - T
. ) - ’.
Figure 39. Charge Transfer llechanism for the PhoLordthjon of
L Benzene and P'yrrole . ‘ . Ty
Howvever, both products have not heen identified but isomer B T

~

probhb]y is compound- 18 and A may be 55.. The photoreaction of benzane

and pyrrole seems to be worth réinvestigaf@ng.. - . ;'
Solvent ‘Relative Yield of g;pductsé- Relative Reﬁcﬁggn
S AZ A o Rate”’
' Benzene. . - 33 c 67 - ) _— 1:8'
- ﬁeth;nOI“ 25 : _75‘ T = | 1.0
- *both products were not identified, hence iéomers A and B are
so termed in this table. . : . _ﬁ

— Table 16, Products‘Distribution for the Reactjon of Benzene with
- " . Purrole ' . .
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Cyanonaphthdlene and Tetramg&ﬁz}ene React&ons

It is clear that S) state energy of TTE.IS hl%//r than  that of

S about 91 kcal, calG’T‘teé—i\_/,

absorption Spgctra). Therefore .the® quenching of ‘cyanohaphthalene fluo<"

I-, orx 2ﬂcyanonaphthalene (both have E

i

rescence by TME mu be a result of exc1plex formation. The products

. formatlon 1- and 2—cyanonaphtha1ene and tetramethylethylene reactlons

- 3w,

greatly depend upon solvent polarlgy The reaction of 1- cyanonaphthalene
1

and TMT in methanol was believeé/to glve substitutlon products 49 and

-

50, although the prlmary pﬁgfg—products whlch {/ﬁ to 49 and 50 were not

isolated. In contrast only cycloaddltlon ﬁ//duct Sl/y%s produced when
//
benzene was used e; solvent in the reactidn of 1= c%?ﬁonaphthalene and

"o

~TME. It should be recalled that the photoréaction of naphthaiene and

acrylonitrile gives both suLstltution and cycloaddition products, bqt the

.~

relative amount of the substitution product 1ncfeases over the cyclo-
. by

addition product when the rea;tipn is carried out in more polar solyent.

- .

\ ~ S 52
A similar, situation was also observed in the .reaction of benzene and TME( 2

The latter reaction.ga?e:60% substitution product (365 when benzene was
used ‘as solvent, which ihﬁreased to about 80% when in 50;50% benzene and

. methanol. The photoredction of iucyanoqaphthalene and TME serves as an
: . ) i . o ] (

excellent reaction ﬁodel to relate the solvent polarity vand tyPe:of pro-
&ucts. " This may be rationalized in terms of solvated ion pair and |

eﬁciblex the former giving substitution and the latter giving cyclos

-
»

addition. Theee two processes would compete with each other as ‘the reac-

tion ptocegds (Figure 40). j
| .B: A" __h!i;9 A% .;_;_ﬁ__g A% - B — A; I,B# . C
- cycloaddition , - .substitution
products . products

.

i
-
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Fluorescence Data

. It was clear th%t the quenching of cyanonaphthalene fluorescence
_ .

By TME and py}role‘was‘due to exciplex formation.

-

Now the ionization

' potentlal Values of these ouenchers may be considered. TME has about

-

' \
the same ionization potential as pyrroleg ).(I of TME: 8. 30 - 8. &O eV;

Ip of pyrroler 8120, 8.61, 8.97 eV), but is lower than that of allphatlc

amine (Ip of ethylamine: 9.32 eV). This indicates that TME is more read-

-

-

) ily ionized than an aliphatic(amine which in many cases involves -

.. _‘

charge transfer mechanism in the photoreaction of aromatic hydrocar%ons.

1

Thus a large charge transfe; component in exciplex formation between TME

and excited cyanonaphthelene would-be reasonable. - A

-
-

It was mentioned in the results that TME guenches the fluorescence

-

ALY

of 2- cyanonaphthalene in methanol acetonitrlll but not, in hexane or.ben—

.
~ -

zene, The following points concerning the fluorescence quenchlng are.

-noteworthy. ] - ) '
) P . Al
1) The fluorescence quenching does not ‘depend .upon the solvent

. : . . /
viscosity (¥} ) since methanol and benzene have about the same ¥) values

and which are about twice that. of hexane( %) .

v
>

2) The proton of a protic solvent is not a major ¥actor in causing

h

fluorescence quenching, since the quenching in acetonitrile is just as

efficient as in methanol. In other words, the hydrogen bonding between

2~ cyanonaphthalene and methanol apparently is not important in this pro-
ey . ) ; ) . .
“cess. . . ’ R

3) There is'no exciplex formed between E;cfnnonaphthalehefﬁpd'

methanol or acetonitrile since the 2—cyanonaphthalene fluorescence is

L4

still observed in those solvents and the relative fluorescence intensity,

. 7 -

I0/1 in the Stern - Volmer plot is linearly related to the concentration



. . - R - ‘ * . . ..
' 1SS ~ v wox 3 . T, . . .
1t Mll-.,'_\' jor fac Lgr infivencivg avenchive of e Tlunreecc nee

’ . ‘. - ,
Af D-cvenain g hthialene by FME seems Lo be solvent polarity.  That (6, the
) . . ~ -

s fuer s ce pce in quenthed Im polar solvents such as metienol and seeto-

“

pitrite, at diffusion controlied’rate, but iu noa-poelar colvents such as

“bouzept and D exane, quenching fails.  The Latergsiing que-tion is why 2-

e * - 5

* . . " i ‘(Q‘. )
cvaacaphithalens behiaves so differently from l-cevanonaphtialene, the lat-
_ X b d t

ter ohening fhuorescence quenching by T iv both polor and non-polar sol-—

.nts. This ig paf{ 1 ng at thie precent stoge and further wvorle needs to -
be done, . . . ‘ : ‘ .

One pussibility c¢oncerning the role of solvent pul-1igv {cvards

excited states is worth menticping. - The ¢xcited 2-cvanopnaplithalone may

el

-

invoive a (n-~ T %) state since the cyano group

-~ e

paphthilene 7 --system. In polar salvents, the encergy level of n to 77 *

s conjupated with the

B - <, . -

singlcet transiticn, 1.(n - 7 *), may be highcr than that of 77 to % *

gi“fll“’-fh Yew -7 ). Thé cnergy 1evels of 3(n. 7 >~) and 3(-7F - F¥)

r 1 -
’ ' 7 o (3 2 ; N -
arc¢ Hupp()hgd t.o Jie as shown in (a) of I‘igure cl( 4).- The intersystem

crossing fllﬁlﬂ Itn - 7 *) to 3( T - 77 k) ma¥ hc: inef{fdciceng "if thevre is -

< - - - .
.

a 1&1\1;2&’.0;1(:1‘3:.; gap between thuse twe levels. The ©officiency nf inter-
systcm crossing is npt a maJor fuctor, however, if the Lllplet spoci
’ ’

is not reactive. 'O the other hand, the energy levels of’ 1%(“ ~ % %} and

(75)(76) | - : i

in a non-polar solvent” (case (b)
)

in Figure 41). It is p0551b1e that Lhe ]owest excited ‘xl!ingL state

1( 7 — 7 *) could bc:: revef‘sed

which is l(n -~ 77 %) does nat form a .@xc:lplex with TME, which_the YWz - 7

does. lHowever, the cyano group usually ‘has', high engrgy for bot}l singlet
- 7 ' ~ ) . - - .
and Lriplet (n - 7 %) states. Therefore, the excited states of 2-cyano-

naphthalene should have the. excitation localized in the ririg. Hence, the



am

| o o

5
- . i -~
slrove actior of the sOlvent is unlitely hut nevertheloon o poasibloe.
The many products fror the reaction of 2~cuononent thalere and
* . - L IS
. & . =
Y oin ereiconityile were net didentified. A reacgion did occur, hovever,
7 . -
N ] ) .
in contrast to the c¢vae of Lhe non-poim seolvent, benzenc, amd this ey

.
- - hd

o ferther deronstrat fon of the irpertance of solvent polarity.

.- 7y ‘ “a - ¢ ‘
the Jluorcescence cuenching, results alsoe suegest that Loth l- and
. . i f > B
2evanonarbth .g.ene‘q wnd TI reactions procied via §) of the cyenonaphitha=

o N

Teavs. This is demonstrated by the fact that 2-cvenonaphthalene fails to
. ~ /

re et with TN in beuzene or hexgrnce and o fluorcacence guonchinn occurs.,

- . - -

Jeocever, as in the naplhithalene - pyrrole reactioa, the rate of intci-

syoten evassing, Ly, of cvanonaphthalene should not be ruch different j

-
- . . o

frore naplithalene (the intersysten crossing process invelves a-spin in-

N
-

verston vnidh requires ~ 1070 sec in (7 - T *) system) . Therefore,

at 9.2 1 TMI concentration, the reaction,frop cyanunaphthalene triplet

stute could rut occur when the fluaorescence quenching is at diffusion con-

»

trolled sate- .. .

- . -
. -

1 - :
(o =77 A \\\ 3¢tn -1

1 -
(wr-7r%

\

":‘,3(17 - 1) l(n -

DG o A

(2) in polar solvent ' ) (b) in non-polar solvent

Figure 41 ‘Solvent Efféct of Fnerjy Levels of Singlet and Triplet
(n ~ 9 *) and (7 - @ *) N ' '
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-

Mechanism of Reaction of 2-cvanonaphthalene and TME -

The evidence from the produegs structures, fluorescence (uerich-

-ing and QGuterium experimért suggest this reaction also involves a charge.

&

. - ) ¥
transfer mechanism which consists of the following processes:
4

1) formation of exciplex between excited 2-cyanonaphthalene and
(TME o . )

- ii) electron transfer within the exciplex from TME t& cyanonaph-
+

"thalene giving the charged speeies (56 and 57) §oivated ion pairs

"iii) solvent atrack on the ion péirs, followed by radical com-

bination between 56 and 57 to give products. .

L

The. scheme of the reaction mechanism is shown in Figure 42.

-
-

-
The species, 56 can be protonated by solvent methanol, The product

then results from radical combinafion between 56,56',57 and 58 the latter be

formed by nucleophilic attack of methanol on the TME radical cation. This

A}

is anurprecedented process which is excellent evidence for the proposed

-

ionic nature éf the intermediates 56 and 57. .The formation of broducts -

42 and 45 seems' to be under kinetic control. ‘The almost equal distribu-

‘tion of products 42 and 43 in methanol, of course, indicates two resonance

. forms of 56 'giving an electron distribution which leads to products 42

by

and 43.
It is quite clear that acid .acetic acid, formic acid) or protic
solvent (methanol) would also protonate the 2-cyanonaphthalene radical

anion. When the reaction is conducted in methanol containing 2.8 M acetic

acid, the rate of products formation increases by a facter of about 2 aver

E

b
" the system, without acid. This san be explained,by the fadt that the pro-

.. -
3

/- .
tonation by acid is faster than that of. methahol. ‘?he protonation by

"both methanolj@nqgacid could conceivably take ; 1cefgg§or te or after the



A
)i
G
‘exciplex
"'h‘(ji:.
; A '
i CN
+ ‘ »‘ O‘
~— : 0,
7 56 . o
H{eOH l MeOH
! * ~ —
* Obi - |
© v N,
56 | .
+ 58. + 58 .
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3
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OMe Obe

Figure 42. Reaction Mechanism for’ 2—cyanonaphthalene with T™ME
in Methanol /
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+
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oot e TAd ol anlon by 1 tedbe b catiton, buis
~ = - -
. 2
t scag o L rate of product: forroti a1l 0L prosonee of an aeid

.

. . R F} . * . . H N
Son Leat o tacty protonation occouys pricr to Lt hondine attack

] tte peditat ceaters . The ofticiency of Z-cvononag.thalene fluores—
> - » -
' 4
1

Coce cenelive by TV in methonoel io noet proreted by the presence of on

Coidl, E‘InaNr‘:ﬁ.‘.'t irn of exciplex vhich roualts in flaercncence
. . b

(0o v aeeees ot involve action of the act -

e -

§
\ .

-

Feer Purrhie Studies
2 IECNLALL S L

. o = e

om

ey Ut g
- . .

-

{ . R
o Vithov h the plhivtoreactjion of naphthalene and pirrole, and cyimmo-

Boophth Lone vier T have beeu supgested to follew a chirge transfer mech-

L3

Siae

-
"
P

ron vatious sperirental results, the attenpted direct obscervation
. .

of (ioy o tran fer spovcits ie. radiecal ions by physical methods such as -

Fuoel, r.[r_,;‘(”‘)(/"i or flush phetoelysgis has not been sericusly undertaken,

. -
-

iz bty Jhiese physicall techniques can be applied with lilelihwod of

-’b ,
4 . R - .
F22 8 TG NN .. ¥

. 1 .
+ - -

Y

.

Y

. . ! . L .
The noplithalene {eor othdr aromatic hydrocarbons) fluorescence
« [ . . *

Gucudts e by pyvirole cany be explained to include napy other) pyrrole - :
1i1% 1 ot®rocyelic aroratic "compounds such as thiophene,.furan, imidazole,

- — —_

e — - 2 \ . 3 e -
pvrarale, on 2ol ThiTzoley etesp-whivh -ay benave- e pyxrole. rhe -

- . . ) » . ‘ \‘1 .
foniction-potentials ¢f heteroeyclic aromatic compounds may correlate -
) - -

Lith 1l o flucicheence quenching constant (kg) if quenching, resulting

. <
«

N . . ve L s " e S v
fi. " urye trausfer, tales place. Thus, these studies might be expanded .\

- -

inte the arca of physi(_.ai chbmistry, in the cause of the search for necw’ .

.

plwt o ddtions. . . .

Farthi#r experiients-for the photoredction °£~2‘(3)’3“0“3911'“}319“0

L}
.
.

and T system certainly should use some other polar protic solvent'sl e



with poor nucleoph111c1ty such as B’—trlfluoroethanol (CF3CHQOH) " This

‘should glve new poss;bly elimination products (Figure 43) 1f the re-

-«

-

action resembles the‘pne_xn_methanol..

Figure“43; Possible Products from the Reaction of 2-cyanonaph-
thalene and TME in Solvent of Trlfluoroethanol )

‘The proeducts formed in the same reaction but using acetonitrile as solvent

as well as in the photoreaction. of l-cyanonaphthalene with TME in methanol

" are worth identifying. o S ) < <

-~ - - - -
e = . .

General Conqlusions and Slgniflcance of the Results

Two pﬂotoreactlons have been studled. The first pyrrole with
naphthalene, gave products whlch were 1:1 addue;s, ?nd were 1 Sh=- dihydro-

naphthalene derivatives. It is believed that the pyrrole acts as the

donor in a charge tfansfer exciplex w1th naphthalene S, and a proton.

. o f
shift followed by ionic reaction 1eads to the products. The ionic nature

4 .
—r . h

of the final steﬁ is suégested by-the‘medium effects.

L]

-The second case (cyanonaphthalene and tetramethylethylene) also

- . LI

involves the TME as a depor. 2—cyanonaphthalene gave an 1nterestiqg re<

attion in which solvent methanol was indorporated and the’products were

3

1 4~dihydronaphtha1ene derivetives. l—cyanonaphthalene gave eimple cyclo—

butane adducts with TME in benzene, a reaction which 2 Cyanonaphthalene does

- - . . A ‘

- not undergoa ] , . '. .

L]

.

. N . .
* ) * N e
.



. \
The pyrrole ‘and TME reactions show certain similarities in the

products formed and mechanism of reaction. Clearly, these results may
be precedent for the.course of many photoadditions, and could lead to
a’ schewe having priedictive power. Such scheme does not exist at present
- ‘ : . . ’ <. N .. )
for photoadditions of aromatic molecules.’ T .
, .
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<oy LY SN . - -
The-nuciear ragnetic resononce spectra vere obtained with a Varian

——

', . N : L . . < — '
L= 100 or J-80 specerovetery. The cherical shiftrs are given as  values

cnd tetrencthylsilane CT = 10) vas uscc as dnternal standacd. Infrared -

I
N quruvio]et spectra were determined with a Perkin = Elmcr 521 cor

C.rv 1 oded 14 spectrophotoreter respectively., Mass spectra were rcecorded

c.t Pitachi Terkin — Elwer WU 64 or a CEC 21-110B instrurent. The gns-

Tigatd chranatographys (g.1.c.) was perforred uvaless if specified, wvith

. %

o Veviaon «204B dual column instrument with the flow rate of helium about

30 wl/win: The exact conditions of g.l.c. with be stated in cach ex—

"’

-

reritent. For thin layer chronatograph (t.l.c.), Eastmap plastic sheet
precoated with silica gel was used. Celitﬁ\was supplied by the Fagle -
- 1 ) ’ - . - . ... \ . - L4
Ficher Co., (type, Celatom F-¥ 80). Melting points weoe measured on a
. ) . /
Fofler hot staye and uncorrected. The fluorescence spectira weare obtained
with an Aminco - Bowman spectrofluorimeter. Nitrogen vas Cauadian Liquid

£ir certified grade. Two kinds of silical gel (Grace, 923, 100-200 mesh, °

and 10L3-Silica Gel G) were used as adsorbents in the adsorption colurn
i . i i ¥ . T -
chreratogxaphy.

.Microanalyses were determined by the Spang Microanalytical Lab-

. - .

cratory, Ana Arhor, Michigan or b& the Cygli lMicroanalysis La&drgtory?

-

Toronto., Molegular weight determination was by Galbraith Laboratories,

i

Inc., Knoxville, Tennessee.s : . )
~§hgm1céls s .o T, - -
All the solvents for .reactions and fluorescence quenching ox- . :

N »

periments-were distilled before use. . . : "

s
"
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82

Naphthalene, Fisher Sc¥entific Co., was recrystaliized from
ethaool, m.p. 78.5 - 80°. )

Pyrrole, Baker ‘or Aldrich .Chemical Co., was freshly distilled

" . . . . . —t
under nitrogen atmosphere, b.p. 104° at 20 mm Hg, before each run.
N-methylpyrrole, Columbia Organic Chemicals, was freshly dis-

tilled before use.
Acetophenone, from Eastern Chemical Corp., had b.p. 52° @t 0.5 mm
Hg. .

' Benzophenone was also from Eastern Chemical Corp. and had m.p.

47.5 - 48°,

Michler's ketone was from Aldrich Chemical Co., recrystallized

Kl

from benzene, had m.p. 172 - 172.5°,

- p-Bromobenzophenone was from Eastern Chemical Corp. and was re-

crystalllzed from llght petroleum m.p. 78 ~ 80°

N—deuteriopyrrole was. prepated according to literature(79)

-

freshly distilled before use.

Carbonyl chloride was supplied by Matheson of Canada Ltd. /

.N,N—dimethylaniline~was from Eastern Chemical Corp. and wds freshi?

ly distilled before use. . . ‘ N

l—Cyanonaﬁhthalene was from Eastman Organic Chemicals and was re-—

crystallized £fom light petroleum, m.p. 36.5 - 379
. o
2 Cyanonaphthalene wa8 also from Eastman Organic Chemicals ‘and -

. was crystallized from 95& ethanol, " m. p. 67 -~ 68°.

, .
Tetramethylene was_from Columbia Orgahic Chemicals and was dis-~

tilled at atmospheric preSSure b. b._70 5. .-
‘r
Deuterium Oxide was from Columbia Organic Chemicals, and was spe—

- eified at QQ.JA_DZO. - ' _ — ' ST

»
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Photo—addition of Maphthalene and Pyrrole

3

Naphthalene (12.0‘g, 0.094 mole) and pyrrole (14 0 g, 0.21 mole)

LY

in 450 ml 95% ethanol were irradiated USlng a pyrex fllter with a Hanovia

type L 540 W lamp in 4 -vater-cooled' immersion apparatus fltted with a means

of withdraw1ng portiong by a syringe. The progress of the reaction was

-
£

"followed by analysis o6f portions by gl.c. The irradiation tvas contin-

uous .for 16 hrs, .with nitrogen passing through the solution. Gas-liquid

F '

chromatographyon a 150 x 0.3 cm of 5% F-1 on a 60/80 Chromasorb W column

at-153°C showed typo major products, 36 and 37, with repention times 3.5

min. and 3.9 min. respectively. The two minor products had retention times,

P

of 5.2 anh.5.9.min.’aed are tentatively.identified as 3-(dihydronappthyl)—
pyrroies, present in 15% yield. The solvent was evaporated and most of
the excess pyrrole was dlstilled WLth a vacuum pump with slightly géntle
heating (about 40°¢) . The mixture was decolorized and naphthalene removed
by passage through a silica gel column (Grace 923, dlmen51on‘ 80 x 3 cm)
and eluted with 50:50% hexane and benzene;‘ZOO ml fractions were collect—‘
ed. ' Each freetion was checked by t.l.c. on‘silica‘gel. 'A total'o? 6.8 g

-

of naphthalene was recovered'(SG 4?'recoverj) in the early fractions: con-

» 4

tinued elution with about 500 ml of 95 5% ether and methanol and recov-
ered the products' mixture. Tpe solvent was evaporated and the weight
‘of erude mixture whlch’contained the products was 6. 5 g-
This residue ‘was 1ntroduced into a celite supported liquid-l1liquid '
'partitioning columncsl)(l30’x 5 cm). The column was .equipped with water-‘
v N
jacket and the temperature was maintained at 25°C during the elutlon.

The stationary phase 1s d1methy1formam1de—water~ethyl acetaCe on Celite

With cyclohexane as the mobile phase. The fractions (200 ml) were col-
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Yetted, as the separation ghown bel&?. . ) i

Fractions 1 to 18,‘esseﬁtially nothing eluted.

.
-

t

Fractions 19 to 20 had a combibed;oeight of 1.15 g of woich aoout
90%,was compound 36. Fractions 21 to 24 had a combined welght of 3.06 ¢
" which contalned both comp0unds 36 and 37 (51 3% of 36, 43. 0/ of 37).
Fractlon 25 contalned about‘GIA of compouqd 37, 5% of compound 36 and a
total of 34%Z of the two minof products. The weight of this fraction was
0.40 g. Toe combined fractions 21 te 24, afte} the solvedt_was_removed,
wvere introduced again on to the same‘celite column under ‘the same con-‘ ~
ditions; 250 ml fractiooé were collected, whose content was as follows.
Fractions 8 to 10 had a combined weight of 0.69 g of which .
997% wés compound 36. Foéctions 11 to 12 had a combined weight of 1.45 g
of wﬁich 50.4% was éompodnd 36‘and 49.67% was compound 37. Fraction 18

contained 0 43 g of which 95% was compound 37. - ‘ _ -

Compound 36 ( fractians 8 to 10), crystalllzed from ethanol, had

m.p. 149 < 154 OC with ) max &t 3484 cm 1 (N-H), and compound 37 (frac-
tion 13) was oily with 1) max also at 3484 cm L. o
G

(63)°

- Conversion of.Compodnd 36 to the Estexr Derivative

A 100 ml, 3 necked round bottom flask which contained 20 ml fresh-
ly distilled dry toluene (12 hrs aver CaClz, and distilled) was cooled
in ice and carbonyl chloride passed through toluene until 1 g was ab-—
sorbed and the unabsorbed one was destroyed with KOH selution. A 1.5g of fres
ly distilled N N—dimethylaniline was. added and then 10 m1 of a toluane
801ution of compound 36 (1.15 g, 6. lfmole) The mixture was stirred over-
‘night. At this point, 1.5 g of N, N-dimethylaniline.was added, followed

~

by 1Q m} abeolute ethanol and the mixture was refluxed for 2 hrs. ‘Tbe



A

eolveot was distilled and the residue was intreduced into a,silica'gel
Téolumn (Grace 923, 40 x 2'cm) and eluted with 50:50% benzene ond hexanc, -
/Tand 250 ml fractions were cbilecced. From fraction 7, the eluting solvent
' was 75:25:1% Penzene1 hexane, methanol. fraction 8 showed one spot on
t.l.c. Fraction 8 was washed twice with 5% HC1, Fhree times with a cotal
of 150 ml(of water. The organic layer was ﬁ}ltefed through anhydrous -
Na, 50, and evaporetéd. The resié@e was cchde crystalline compound 40,

It was washed with cold ether and weighed 0.33 g. The crude crystal

was purified by crystallization fromethanol (charcoal), m.p. 160.5 -
F , ~ : '

162.5°C. ~ | . N v\ ,i!..‘

Anal. Caled. for Cy;H)yNO,: C,+76.38; B, 6.4§; N, 5.24. Found:

Py

C, 76.203 H, 6.41; W, 5.06."

L4

) 63
Conversion of Compound 37 to the Ester.Derivative( )

The photo—adduct.37, 868 mg (containing 78% of 37);:(3.47 mmgle)
was.treateo with carboqyi chloride (600 mg) in toluene and then with
ethanol as described above. . The residue obtained on eVaboration of the:
toluene, was chromacographed on.a silica ‘ gel column (Grace,t?Zi, 30 x é cm)
and eluted with benzene: hexane (75:25%, 4.5 liter), then with benzene: -
hexane: methanol (74: 25 1%) and 450 m1 fractions were collected. The four
consecutive fraetions (1 to 4) all had oné identical t.l.c. spot and NMR,
showed to be the carboethoxy derivative. Thése four fraof}ons vere com-
bined and the solvent was removed; the oily residue failed to crystallize.

It was then intxoduceo into another silica gel column (Grace, 923, 30 x
2 cm) and eluted with 75: 25% benzene and hexane. 450 .ml fractioné'were

collected, and fractions 18 to 20 COntained the carboethoxy derivative

The.combinedscrude produCt weighed 350 mg and was crystallized With hexane
-
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water, m.p. 84 - 85°c. ’

-

Anal, Caled. for C;,H 4NO,: C, 76.38; H, 6.41; N, 5.24. Found:

C, 76.21; H, 6.41; N; 5.55. . -/ .

Photolysis of Naphthalene/gnd §-deuteriopyrrole

Naphthglene (6.0 8) anfl N-deuteriopyrrole (3.0g) in acetonitrile

-

(distilled from phosphorus (V) oxide) were irradiated through a pyrex
filter with a 450 W Hanovia lamp for 5 hrs. The adducts 38 and 39 uere
isolated as before {(referende compounds 36 and 37; page 84). 1In tﬂe NMR

spectra, the incorporation of deuﬁerium.in the methylene group was shown
~ . L4 v

-

by the 50% reduction in the areas of the peaks at 6.70 and 7.097T .respectively

~

Also the mass spectra showed that one deuterium atom had been incorporated

into the adducts. . -

>
~

[

Attempted“Sensitization of the Naphthalene - Pyrrole Reaction

Irradiation of the following solutions of naphthalene, pyrrole,
and sensitizers ,for 2.5 or 25 hrs with the Hanovia 450 W lamp (pyrex fil-
ter) gave no measurable yield of adducts 36 or 37.

a) fiaphthalene (0.0235 M), pyrrole (0.0548 M), and benzophenone 7
v . LY

. (0.033 M) | :

b) naphthalene (0.0235 M), pyrrole (0.0448 M), and acetophenone

(0.0416 M) | _ . ‘
¢) naphthalene (0.0235 M),-pyrrole_(0.0448 M), and Michler's ketone
. - -

(0.045 M)

-

-

Attempted Reactibn of Naphthalene with N—methylpyrrole

IrradiatiOn of naphthalene and N—methylpyrrole in the same way
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Doy [ I ttecte
Solutions containivy naphilulone (’:l.:}?if o 171y g pvrrole |

(5005 o). !'l) in eachh of the feollowing seolvents; hoxane, benzene, di-

Clobv. rothere, 937 ethanol, acetuvniteile, wetbanol ond €0, scethanol, wvere
Plaoce-ita-pyvrer tubes (11 % 3.5 ew).  The saiples vere degassed by the

freeao=punp- thaw nethod, and sealed.  The tubes were iriradiated for 2.5

- » v v -
hrs~ i a Rayonct Photochemical Reacter (Souath. ra Nev England Ul av/lp_lc-t

.
-

Cormpany) w.ingy 16 PR 300 np laps, and a "meorry -po-round” turntable to |

avirap e the light intensity. The relative rates in cach of the solvents

vers qetdizaedd by glol.oe., using p-browobenzophenone as intemmal stondard.

>

e product ratios were also meastred, and the results are given in Table 12.

LR “
-

t ’
o

Reh Cropenction of Compounds 3o and 37

- ————

The adduct 36 ov 37 (0.5 g) and 102 palladium -~ chavcoal (0.45 g,
3

~
Moithedon, Coleman, rand Bell) were hipated under refhwx in p=xylene (15 ml). ..

The solution was filtercd and evaporated, and the unstable o0il was ex-
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v Trole (U012 X 102 161 1"1) in he™ e wvro‘found to huve u.v. absorp-

tice egaal to the sun of the absorbances of the scparate constituents.

tas poth JTen ot o was 001 mm, N evidence for charge - tronsfer intevaction -
Les found, . . i -

g . . (52) .
duantuer Yield of Product Forirat ien "

P

-

The irradiation was perforndd using the nonchroator set-up sh

in 1i_ure 44, 1he light intensity was measured u:ing the beam splittin
. A

tvehmique, and thy products were adésaved Ly g.l.c. analysis (150 » G._3

»

50 S1-30 at 167°C) using p-bromobynzophenone as interanasl standard. The

reitive arcas of g.l.c. peaks were integrated with an Acrograph logdel
llectropic Digital Integrator with Victor printer.

«

- -7 , L.
The proccdures to obtain the products quantum yield is’ shown

below, .

own

£

cin,
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a) Light'intensity Tleasurement

©

.‘ . . . The ratlo (r) of the amount of light transmltted "(e path,

- L

Fxgure Aé) and reflected (f path, Flgure k) by the quartz plate was

determlned as follows.’

The potassium ferrioxalate sxstem developed by Parker and Hatchard

?

is the best solution-phase chemical actinometer for photochemlstry( 3) A
.0.006 M potassium ferrioxalate, K3Fe§C204)3~2H20, solution was plaeed in
@ch cells D (26 ml) and F (13 ml), and irradiated At 300 nm for 20 min.

The photoreaction is based on the reduction of ferric ion tg ferrous . ion. ~
The .ratio of ferrous ion produced in D and F cells gives the splitting

" ratio )7 and was found by measuring the ratio of the abSOrbances of the ~

coloured complex_of ‘Felt hlth 9,10~ phenanthrollne at 510 nm. The ratio

was 10.1 in this experiment. The absorbances were measured on a Bausc%
and Lgomb Precision speqtrophotoheter, calibrated with standard:-solutions
of ferrous ion -~ phenanthroline complex..

b) .Products quantum yield determlnation

. The reaction solutlon (26 ml) contalnlng 0 7498 g of
naphthalene and 0.7525.g of pyrrole in 100 ml of 95% ethanol was placed_

in cell b, the potassiﬁm ferrioxaléte'gg;::;;g-was placed in ‘cells E and

~ LN

F. The solution was irradiated at 300 nm for 4 hrs. A prelimlnary run

was performed to set the approximate irradiation time to yleld 15 to 20% -con-

version to produgts. The temperature was 25° and all solutlons were purged
. RS
.with argbn. ) . < - T . . .

-
')

v The reaction solution in-cell D was then mixed with a known amount |
‘of g.l.c. internal standard solution of phbromobenzopheqé/e,'and the

. C
weight. of products was determined "from the g.l.c. calibration plot.

. -
-
o
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weight ratios, 36/(38 + p--DRl ] ot % by g.loc. versus 367/(36

. t N
‘b‘--. *
( ,‘(‘ N . :;.} \(3{ * v)7 . .
. gt > ) ) . iocal aroiet
. . o w o, . R o . - . "
LR SN DA A S S PN af products
~ LT L. . - -
et ponssy 1o ot = 167° ;

. 3nL7 : 27,2 - T 7.20 . 3.71

30.C L 26.7 7.01 3.63

“The data vis obtainea by the calibration of y.‘.c. welight ve-—

9

spronse Lo truve vieight, The.wet thod was ag folious. Tuvo stoech

~olutions € ia ethylacilateY vicre prepared by uwcighine the exact

anoones of p-l rorcebeoncophienone (p=BEP, interned standard) and

product 36i\\fngn they were cormincd in varving ratios. ‘the :
£.1.00 wolight respouns raLan vere plotted azaipnst the true - A~
A4

- . *
-

p-BEP) wt ¥, to obtain a straisht. linc. . . : : ’ e
. ‘ 4 ! - ~
Tie ab:orbance of ferious ion in cell I which.was produced during

- ' . e ¥
the irradiat lon was weeptigible showing that aly the light dincident on the

naphebalere — pyrrole solution aas sbsorbed.

¢ . - . -

. - . .
The nurt.er or re??t jons (npoz+) in cell T forrmed during photolysis

is cn LLU]«KLG by tho Io]léwing-eéudrioﬁ. . o - -
' | . 20 IR - : /
. Tyalt = 6.023 F ]0“‘V1V3lpg(10/1)/vzlé @34) .
Vl: the volui. of gc;indméttr so]utica in cell F.iyradiated (1)
. Vy: the volyme of alfqﬁot in c¢ell F taken for analysis (ml)
. R : . a
' VB: the finzl woluwe (o which the aliquot Vy is diluted {m1)
| }05(10/11 ﬁﬂ% measurad abs&rhance of the solution at 510 nm T
1: ‘the puth lcngth of the. “PC“CTOPhOLOmLter cell used (em) |
€: the’ pulsncntul Talue of the molar'cxtlnction coefflcient of
the Tn ) conpi& as dOLélaned from_the slope of the cali-g
‘ brotion plot e .
. 1 t o~ . ’ .
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From these data, equation 34 gives

npe2t+ = 6. 093 x 1020 x 26 x 25 x 0.7 /2 %1 % 1.125 x ‘104

1.22. % 1019

[3

Since tng_ggéntum yield of Fe2+ formation is known to be 1. 24 at 300 nm,
'fiinithe definition of quantum vield (g5 ), the total amount of light

absorbed by solutlon in cell F (IF) can be calculated from the following

-

equation.

i .
-

&= moles of Fe?' / I (Einstein) = 1.24 — -+ (35)

Thus Ip is calculated to be 1.61 x 10—° Einstein. .

L]

The amount of 11ght absorbed by the reaction solutlon in cell D

(Ip) "can be calculated from the splltting factor ().
/ . Pl > . .

—

Ip = Ip- ™ = 1.61 x.10.15 = 1.63 x 1074 Binsteid

- - - .

-«

Finally, the products' quantum yield of compound 36 and 37 was calculated
as,” . ) .

é 95% EtORH, ) ' '
36+ 37 = 3.7 x 1075 / 1.63 x 1074 = 0.23

The measufed'quantum yields for ethanol and benzené solvents, are given
.in’Table 13. L

H]

Photoreaction of" Benzene and Pyrrole
Two benzene - pyrrole solutions were prepared\by mixing O. 3 ml
benzené: and 0.5 ml pyrrole:and diluting tq 20 ml with benzene and methanol

respectively, were degassed by the freeze-pump-thaw methody and sealed

' .
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Photolysis of 2-Cyan0ﬁapﬁtha1¢ne and Tetramethylethylene in Me%hanol

A 400 ml methanodgeglution«of 2—éyanonapht§91ene (6 g, 0.015 mole)
and tetramethylethylerie ﬂfS as 0.214 mole) was irradiated‘(pyrei filter)
Qith_ehe Hanovia tyée L 450 W lamp for 36 hrs under a ﬁitrogen atmosphere.

-

The extent of reaction was checked by NMR (aromatic protons resonated at

>

different position for 2-cyanonaphthalene and products). The major pro-

.ducts 42:and 43 were observed by g.l.c. (150 x 0.3 cm, 5% QF-1 columm,’

at 200°; retention time: cgmpouné 43, 8.3 min, and compound 42, 10 tin).

« .
- -

The relative products.ratio fbr cbmpounds'AB and 42 was about 60:40 in
favour of 43. The reaction mixture (8:14 g) was ‘¢leaned by passing it

through a silica gel column (Grace, 923, dlmenslqns, 27 x 3¥cm) in 30%
. v )
ether in light petro;eum.and 400 ml fractions were colleétedik The con-

-
L]

tents 6f the wvarious fractions.were as follows. . T o :

Fraction .o Component o Weight (g)
1 -2 . unidentified . 0.136 <
3 -4 - ) 2-cyano- - 3.34.
T ) naphthalene:
5 - iO, ) mainly compounds - 4129'
. ‘ 47 and 43 - .o -
- \ - -

1t can be seen that 45% of the 2—cyanqnaphthalene had reacted.

a

'The combiﬁed'residue from'fractions 5 to IO‘Was introduced'into

. a second silica gel (MN ~Silica Gel G) column (65 x 4. cm) and eluted with

< .
10: 10 80 ether, benzene, 11ght petroleum. The flrst 1iter of efflgent

was disca‘ded and . the remainder collectEd as 25 ml fra°t1°“5' The re--



sults of the separationd are shown below, " .

Evy

Fraction C Component Weight (g)
1 -8 ] . unidentified ‘ 0.235 ©. L

9 - 12 75:25% unidenti- 0.120°
‘ fied compound’ .
and compound 42

13 - 23 * . 50:50% of com- 2.128
o : _ pounds 42, 43 .
24 - 25 mixture of 0.198
. ‘- 42 ‘and 43
26 - 37 compound 43 . 1,184

in 88% . -

The,re51due from evaporation of fractions 13 to 23 was chromatographed

.on a 5111ca gel (MN Silica Gel G) column (25 x 3 cm) with BA ether in

~llght petroleum ether. The oily compound 42 (1. 064 g, 25 4% yield) was
obtained and purified from ethanol (0.387 g, 8.5% yield) with m, p..8¢'5 -
91.50. 7
| Anal. Caled. for GjgHp3NO: C, 80.25; H, 8.61; N, 5.31. Found:
,180.31; H, 8.55; N, 5.31. ‘ B S e
The combined fractiops 26 to 37 (1 12 g) consisted of 43 (88;;;ure,
19.6% yield) and gave crystals ‘from ethanol, m.p. 96.5 - 980 (0 351 g,
7. . '
Anal Calcd. for GISH23NO C 80.25; H 8. 61; N 5.31. Fqund:l
C, 80.38F H, 8.62; N, 5.22. ‘ -

The mother liquor of compound 42 was distilled at 0.05 mn (0il

-

bath at 1300) to.afford 0.723 g (28 9%) compound 44 .

For the deuterium labelling experimernit, this reaction was Tumn

. . .o

"in methanol-Q-D. The deuterated produtts 45 and 46 were separated in
. ' ~ “‘. -
the same way as ébove.and identified by .NMR and mass spectra.
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1.Q

ouad by cowpari

-
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Q)

t "(& Q-

Foimic

67°,

Mathanol

A 400 ml, 5% formic acid, mot!
. »*.

hanol solut10ﬂ conta

niy

5 g 2-cyanc

naphthalené and 15 g tetrametﬁylethylene was itradicted in ths gawe wa§

as in the above mcthanol case for 40 Lrs.

about 100 ml,
benzene, and washed with 1% Nadl solu:

layer was dried-over sodium sulfate.

column, (25 x 3 cm) with i% ether in light petroleum-ether
naphthalene was removed in the first 2 liters (2.632 g, 56.27}.
unn vas further eluted with 2 liters of 20% ether in light petro;cum ether..

rhe 011y reqldue (3 65 g) contained abouL 75” _compound 42

to a 65.8% yield.

125°
Y

m.p.

v

m.p. 89.5 - 91.50).

[

57 - 58. 5°

~

90:10 of compound 42 over 43:

.

The

The reacticn sclution was

-

L]

trunsferred to a 1 liter separatory funnel

ion folicowed by wat

luduct% ratio v as

ronc

wi t:h

er.

The residue remaining after

" tration and evaporation was chromatographed on a.sillca gel (G

ai;eun
rntratec to
-

500 ml of

he benzenc

£il-

T

A

N 623)

The 2-Eyano~

The col-

qorrespondlng

»

This resxdue vas c1ystallizea from eLhanol- vataex 0.7 g,

-

Thiu product"f59) has not b@en p

The mothey liquor was evapoarated aqdhgistilled at
0. 05 i, to afford 0 S g dis ti'laLe, vhlch crvstallizad, m.p. 63 ~

It was recrystalllzed £rom. 95/ ech1n01 to yle]d 0. 1 g comyound 52,

ositively identifled,
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butt is assigned as 3,ﬁ—dihgdro—Zscyanoqaphthalene.

Molecular weight Anal. Lalcd. for CyiHgN: 155. Found: 149.

’

The deuterium labelling experiment of this reaction was carried’
out in methanol-O-D which contained 5% CH4CO,D and compéund 45 was iso-
lated in the same way as above.

o . '}(L .

Photoreact ion of 2- Cvanonaphthalene and Tetramethvlethvlene in ALetcnltrlle
3" .

A 400 ml acetonltrlle solutlon of 2 g 2- cyanonaphthalene and 6 g

of tetramethylethylene was irradiated the same way as in methanol solution

. “ -

for 12 hrs. - A complex mixture of products with two beéinrg major were

. detected ﬁy g.l.c. analysis (150 x 0.3 cm, 5% SE-30 at 1859). However,
£ ; . , .

the separation of products .by a variety of methods was unsuccessful.
-«

Dehydrogenat&onﬂgf Compound 42

+

~A mixfure of 0.2 g compound 42 and O.lS é IOZ'palladiﬁﬁ—charcoal
in 15 ml p—xyleﬁé were refluxéd for 3 days. The cétalyst was filtgreé
and the solution distilled under‘asﬁinatqf pressure. The résidue_ygs
crystallized from‘éghangl-wgter. The aehydrogenatioﬁ prodhct‘hs,.m.p.
124 - 126°, was obtained ( 0.06 g, 30% yield). |
Anal. Calcd. for C18H23N0: c, 80.86; H, 7.92; N, 5.24. Fopgd:

C, BO.88; H 7.99; N, 5.24. B - -

Dehydrogenation of Compound 47
‘ Comﬁound 47 (0.26 gl.and ioz paliadiumécharcoal (0.2 g) in 10 ml

toluene. were: refluxed for 8 hrs. The solvent was removed and the residue

.

chromatographed on a silica ‘gel (MN-Silica Gel G) column (7 x 3 cm)e -

First elution was with 0 5 liter 1ight petroleum and this was diécarded.

L
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* - L4 A~ . Y war 10 " | Oy 1 H - . -
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30Ty
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Waouhee Tnount of produacts was a nanirun, Sfter-solvent

o Gre 1, the roooLdue wet dhitorotencaphed on a silica gel (QN=Silica
ol wY coel (%0 ,~ % ew) in 15:10:70 ether, b. Azene, light petroloun,
Lofneawe of 400 nt coutaiued ondy l-cevanonaphthalene, In a very siall
« ¢ " LU - T
co om0 On centinu e etutiopof tre el in 25 ml fractiens, the results ©
. i Lo <7 .
of the sva .ration are shoun beleov. ’ X -,
. ._ *
Fraction Wt, in g : Contents
. 1 = 24 " 1,086 - . I-cyanonaphthatlene
' T (inclueding fore - T (32.67 yecovery)

. yun) .
©2% - 34 0.277 . Cm.p. 179 = 179°
35 - 44 0.251 » m.p. 162 _"173°
: 45 - 54 | "~ 0.225 n.p. 176 - 13¥°
55 - 64 0.221 ’ 1arg:c range c?f m.p.

65 - 80 . 0.281 * large range ‘of m.p.

The residues from fractions 25 to 34 and 35 to 44 (total wt 0.528

O ey
3 wer« conbined and crystallized from ethanol, m.p. 17,7 - 178 . Fhe

r

M2 and misg spectra, indigated thi's is a secondary photoreactlion product,
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The undistillied residue wao filtered ‘through a

“aap it threugh
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101

colum (10 x 3 cm) and t.l.c. was used to check for complete recovery.

-~ . ‘
Fraction « Wt. in g Contents
1 -5 0.574 ] l-cyanonaphthalene
6 - 19 ©0.331 mainly l-cyano- L

naphthalene with
5-10% product"

11 - 70 1.449 mixture of l-cyano-
naphthalene and pro-
- : : duct 51

The filtrate was evaﬁyratéd and analyzed by g.l.c. (Varian - Aerograph
model 200 dual columm, 300 x 0.6 cm, with columm, temperature at 210°, '
retention time of 7.5 miq). A sample of\ﬁroduct 51 Qas isolated by
g.l.c.(ﬁnder the same conditions as above. This sample crystallized on
colling in ice. Tﬂis wa§ used to seed the remaining material, which had
m.ps 60 - 61150 from methanol (0.420 g, 20% yield).

Anal. Calcd. for C17H19N: C, 86.03; H, 8.07; N, 5.90. Found: C,

86.22; H, 8.29; N, 5.90.

i 4

w0k

Fluorescence Quenching of 1- and 2-Cyananaphthalene b¥¢ Tetramethylethylene

This ;as prepared in methanol sclution and the 2-cyanonaphthalene
was irradiated at 313 nm and fluorescence emission recorded at 358 nm.’
fhe concentration of i—cyanonaphthglene was 4.35 x 1073 mol 1~! and the
concentratiomsof -tetramethylethylene were 0, 2 x 1072, 4 x 1072, 6 x 102,
8 x 1072 mo1 11 respectivély. -The quenching results are shown in Table 15.
The addition of fordfk-aeid (concentration, 4.56 X 102 mol 171y to the:
solution did not affect the quenching rate. The same Foncentrations of
2~annonaéhthhlene and tecramethyleéhyléne in abetonitrile'also showed

very effegtivé quenching (Table 15).
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