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Photochemical _?_!_2 Addition Reacl ion 

to N-alkylphthalimide s 

IL was assumed in the previous section Lhat the new 

products observed in the tert-butyl and lsobulylpl1thalimide 

q u enching st udi es were formed by the reaclion or the diene 

with the starting material . Alkenes and dicnes have been 

shown to photochemically add to alkenes , carbonyls , and v rn 

t . d 126 
o ami es . The addition is u sually a 2 + ?. l'eaction yi.cld-

ing a cyclobutanc or other s ub sl i.Lut ed four-membered rings . 

The addition of an alkene to a ketone, Lhe Palorno-

Buchi reaction, yields an oxetane . 

hv 

+ X l-1 
The reaction also covers lntramolecular addiLions as shown 

127 
by Meinwald and Hamner . 

hv 

I b I 
12 8 

Substituted acrylamides were s1own y c,apman lo undergo 

l n Lr am o l cc u la r 2 f- 2 p ho l ore a c L i on s to y j cl d S -1 a c l ,1 m ,; . 

hV H)Ch 
Ph II 

+ 

2 . 5% 16% 

( ci:; c1nc.J. lr,.rn:; ) 



208 

Alkenes a nd isolated dienes were shown by Elad 129 ,1 3 0 to 

und ergo photoarnidation with for rn arnide . 

6 + 

hv 
CH

3
CONHCIJ Cl! CH R 

2 2 2 

rnujor 

+ R C ll ,.., C II ,.., C I I C O N H C I J 
/.. ,, 2 3 

minor 

Photoalkylation of 2-pyrrolidone is initiated by aceton 

which acts as a 
. . 131 

ensit1zer . 

H H 

H --,,'-: I I 
I a (CH

3
)

2
C=O ·Go Cr° + 

hv 

+ 

J 1 RCII=CH
2 

Ii 
H 

I 
I 
N 

RCH2Cll? o.,.C (_::r CH
2 

Cl/
2 

R 

It has thus h en s en Lhal the amide ,1nrl r,1rhonyl nlnnP 

are capable of undergoing photoreact ion with alk0n01,. TIH' 

interrnediale resonance slrucL·urc of lhe phi ha] imicl0 woulcl 
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be an iminol , and the photochemistry of this form should be 

analogous to that of imino ethers , which have been studied 

by a number of investigators . 

P d Wh . l 132 b 
aquette , Barton , an ipp e egan the slutly of?-

methoxyazabullvalene with the 6-lactam , which was converLed 

+ -

to the imino ether with (CH
3

)
3
o BF

4 
. The NMR of lhe elher 

on heating to 150° show d thal certajn peaks coalesced , which 

could only be rationalized via a combinaLion of two rap i d 

Cope rearrangemenls . P tt and K ,,.,ow 133 Ll . 
aque · e .L 1en slud.tC'cl Lhe 

p h o to c he mi s try o f t h i s flu c 1 u a t i n g s y s t cm w i t h l: he re' 1, u l L 

that no intramolecular 2 + 2 cycloaddi 1 ion was observ . cl w i Lh 

the imino ether double bond . 
134 

Paquette and Malpass and 

Paquette , d K 
135 . . d 

Malpass , an row 1nvcsl1gale the pholochcmi-

cal and thermal transformations of an imino eLller to yield 

a benzazabullvalene (3-methoxy-4-aza-6,7-benzolricyclo-

[ 3 . 3 . 2 . 0 l deca - 3 , 6 , 9-triene ). Sjmilar resulls were obt;ervcd 

in a photolysis of the S-laclam followed by Lr'ealmcnl of the 

products wilh Lrime1hyl oxonium fluoroboratc . 
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hV 

hv 

At this point , no additions to Lhe imino ether moiety 

had been observed . 
135 

Odum and Schmall showed L11al Lhe in-

tegrity of the imino ether was not disturbed in Lhc photo­

reaction of the non-fluxional molecule shown . 

[I) 0 _hv 

'or:L 

OEt 

L37 l l . 

Koch and Brown , however, s1owoc 1n the follow1n8 conju-

gated imino elher thal allhour,h Jn mosl 0olventr, Llw com-

pound would not reacl , in certain solvent syslems or wjLJi 

a sensitizer inlramolecular addjtjon to Lhe imi110 cllier 

bond wo u ld occur . 



OEt 

Phil 

hV1/ sens 

211 

silica 

gel 

>CP 

yYOr::t 

. \_ -;- CHO 

>C(i,o + 

q 
In the following r action , Koch , Gcig l, and Tsai

138 

showed that intramolecular insertion did not work in some 

cases . 

N~ 
OCH

3 

hv 
OCJI

3 

)\_ 
CII

3
0H \ :3 

sens 

~ / ~ 
DOCll3 µ-C 

'c11
2 3 

The quantum yields measur d showed Lhat formal ion of t Ii' 

azepine was not: dependenl on which senslLizcr' w<.1:-. used, Lut 

t h e d i me r i z a t i on an cl d e c o mp o !, i L i on q u c1 n t u m y i c l cl '.: d (' p <' n d e cl 

to a greal degree on wh Lher th 
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phenone or triphenylamine as a se n sit iz r. The reaclion 

shows that intramolecular addition to the double bond of 

the imin o et h er is not univ ersal but may depend on the sub-

stituents of the other double bond 
swell as the photo ly sis 

conditions . 

More recently , Koch, Olesen , and DeNiro
139 

investigated 

the p h otochemistry of the irnine shown , whi c h underwent photo­

dimerization in isoprcpanol . 

-1 hV \-1113 ____ >-_0_2_0H 

Koch originally studied Lile compound due to the unusually 

low bond strength of the C-C bond in the dimer . 
Th(' mos ·t 

important concept shown is the photoreactivily of Lhc irninc. 

l'-10 
Koch and Rod0hors l irr•c1dic1t<'<l ?-ph<'llyl-2-ox<1Li 11- '1 -0 1w 

u n d c 1' v d 1' i_ o u c.; v o 11 d i. l i_ o 11 ~; • WI!<~ 11 L 11,' , ·nm p n II r 1 d w" : ; i 1 • , , , r .J i d L,' d 1 11 

glyme , the initial prod u ct wc1s an is cya n at , which rcdr-

ranged as shown on silica geJ . 

hV 
N=C=O 

v<h 
r; .i 1 i cu 

ge l 

Th e compound was, however, shown Lo underr,o 2 I- 2 ,·y
1

• 1 n.rdd i -

tion in high yield wh n alkcn<•S were present . 
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hv 

hV 

Ph 

It was determined by Howard and Koch
103 

that an analo­

go u s isocyanate product was produced in the photolysis of 

2-ethoxypyrrol in- 5 - one . 

0 

0,)(/l 

I lOC' II 
? '> 

The in t: ere s t J. n this mo l cc u l c is th ,ll: .i. t c 1 o s c Ly re pr<' s e 11 l: r; 

1.he dipolar resonance form of a suhsl.itutcd phlhdi i_mi_ de . 

S·tudies on the photochemjsLry of 3-cthoxyisoindolc1H' .incl 

al k e n e s would e x a c t 1 y s how t h e p 11 o t o c It(' m i s l r y o r L h <~ d i po L1 r 

resonance form of the ph thal imidc wi Lh d l ken0:;. 

o f a l k e n 0 s we r e f; h o w n L o c1 cl ti L o 3 - l' L Ii o x y i_ . ; o i_ 11 ti o I t' n , ' b y d ') !· 2 

cycloaddition as well as by otil r mechanisms: 
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N 

0 
hv 

0 

1J 8 
', 

() 

N 

l) '} 

Cll 

OCII 
'3 

3 

OC II 
3 

I] 

(l) 

( 2 ) 

( 3 ) 



f 
hv 

( 

~ hv 

oci!J 

215 

0 

N + 

.J-----1----11-C II 3 
Ci!

3 

I>! ,CI! ,.. 3 

, ---N 1 ~0-
51 

+ ,'---0---l.:~ 
OC' 11 '2 f) 

eaqj~:~;((J ) 

1 
ll 

,.. 

lI 11,
1
c

2
o 

11,/?0 

( 5 ) 

( 6 ) 

<'I I 
3 

II 
II 

Cl! 
J 
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0 

0 

~"/( 
hv 

N 

I 
+ ( 7 ) 

C2ll5 X --LOC21!5 

55 
r ; 

~ + 

53 
0 

rv 
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Th e ring expa n s ion products produced by acid hydrolysis of 

the 2 + 2 adduct are the benzazepinediones observed in the 

photolys i s of N- alkylphthalimides. 
The first three reac-

tions proceed via 2 + 2 cycloaddition exclusively , but the 

ring expans ion product from the photoaddition of furan and 

secondary hydroly sis wa s not observed because the inter-

mediate decomposed to starting material with l1eat. 
The lc1sl 

four reactions contained products not produced by 2 + 2 

cycloaddit ion. 
Isolation of ~3 in the reaction of N-methyl-

phthalimide with tetramethylethylene was unique and could 

only be explained by the following mechanism : 

+ 

closure 
-< 

hV 

l 

+ 
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j 

The process common to reactions (4)-(7) to yield ~O, 

and 55 
rv 

( on pages 215 to 216) was cal.led the " enc.' reaction " 

and is analogous to the secondary O-hydrogcn t:ransfcr ob­

served in the photolysis of N-alkylphthalimidcs contdining 

a-hydrogens in acetonitrile. 

The presence of ~3 ga vc ins igli L Lo L he proc r's s oc c Ul' -

ring in the attempted quenching of N-c1lkylphthc1Li.midC's by 

indicating a de gre c of double bond c h<1rac t E'l" 1 n t: he CO-N 

bond . It was certain in th c quench in g s tu cl i cs th <1 t c1 pt' o d -

uct was being formed with the dicnP . A numbc.'r of c1Jkc•11cs 

were photoreacted with N-methylpht:halimide and phL'1<1Jimi.dc . 

N-methylphl:halimide was choi;cn due Lo t:he l.ack o[ Y-hyclro­

gens necessary Lo form the ( lll)uzcpincdione pt'oducl ;, <1,,_ 

scribed earlier . 
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Reaction with furan and N-methylphthalimide failed 

to yield a product . Other alkenes such as cyclohexene , 

which did not undergo the " ene reaction " with 3-ethoxylsoindo-

lene , 
100 

had been observed by Kanaoka to add to the carbonyl 

in N-methylphthalimide by photoreduction. ( See page J11G) . 

Several alkenes , s u ch as trimethylcthylene and telramethyl­

ethylene , with N-methylphthalimide produced too many prod-

ucts to be isolated and identified . The in Lermediate 

azacyclobutanol would be assu med to open re ·LroLransdnnularly 

to a 1 -m et hyl azepinedione analogous to the uzepinedlones 

observed earlier . For example , assuming only 2 + 2 cycle-

additio n, the photoreaction of cis 1 , 3-pentadiene with N­

methylphthalimide would yield four inseparable products 

since there are two double bonds in the dienc. 

~N;~H3 
n\...-£:,H3 

H 



220 

(Th ere was no observed 2 + 2 addition of alkenes to phthali­

mide with isobutylene and cyclohexene ). 

It was hoped that an intramolecular 2 + 2 photocyclo­

addition would be produced in the photolysis of 2-propenyl­

phthali mid e . 

Cir
2

CJJ 
-11 
Cll

2 

hv 

0 

After prolonged irradiation, however, no product formaLion 

was detected by analytical TLC or by NMR . Three alkenes 

were observed to add in a 2 + 2 fashion to N-methylphthali­

mide giving one or two products . 

Photolysis of N-methylphthalimide and Isobutylene 

Irradiation of a chilled solution of N-mclliylpllll!ctli­

mide and a large excess of isobuLylene in acelonitrilc for 

Lf hours yielded only one product by c1nalyticaJ TLC and NMR 

of the residue of the evaporated rc>action mixture. rol]ow­

i n g is o L1 t j on by prep d rd t iv c 'I' LC c1 n cl p u t' i f i c c1 L ion I> y 

recrystallization, the mc1ss spec of Lhc product shoWL'd a 

parent ion at m+/e 217 , which indicated t.he isobulyl0ne had 

added . In the IR of th c prod u c t <l h s c n c e of a ban cl d l :3 I.!> 0 -

4000 cm-l indicated no amide or c1lcohoJ was pr0st'nL . Tll,, 
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NMR of the product showed three singlets of G, 3 , and 2 

hydro g e n s be s i de s t h e p he n y l s i g n al s , w h i c h w o u l cJ b e c o n : ; i c; -

tenl for eit h or 2 + 2 adducL, 56 or 57 . 
·v rv 

'i 7 

The chem i cal ~;hift: of t:l1r' t:wo-hycJrogcn si111_1;l0L wc1.::; 

grl'atcr than that for Lhe N-Cll
3 

group , which indicdterl Lhc' 

only product of the reaclion w,1:: SG . ThP appa 1• cnt: :reg.i.o,;r'-

1cctivr a1kcnc add iti on mak(!f, ,;ove:ral demands on Lhr p:rocc::,~ 

by which the product wa:; 1 ormPd . A 1 t h o u /_', l 1 s L t~ :r c o r; (' l c• l • l i v i L y 

co uld not be tested in Ll1is case , regiosclecLivily w i ll1oul. 

[, t er cos c> le c ti vi 1.. y implies a cl i r c1 cl .i. c cl J in L l' rm e d j d t: r' as i n -

VO k L' J I 11 L It<' '.2 t- '.) C y l' ] 0 cl cJ d _j l. LO 11 l O J - <' L It OX y i : ; U i Ill I U I 1' 111' • T ll :r l 'o 

hc1d previously observecJ t.Ji,, mc'c!t.in.i.sm in l lie' pl1ol Oc'it<·m i.,·,1 I 

addi.tion of olefins 

addition of aromat i c 

I 'I l 
Lo kl' tones c1ncJ Lhc' pholoch<'lll i cc1 l 

t o rn u l L i. p I (' On 

baJis of t:hL' r1bovC' .informat.i.on Ll1c fol Lowing mc'ci1d11i.~111 w,u; 

r r op o s e d for ·t: h <' p li o L o c hem i c d J ,i cl cl i L i on o f L: o Ii u t y l , , 11" I n 

N-m cthylphlhalirnicle . 
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hv 

5 (i 
CV 

Photolysis of N-m et hylphthalimid e and 1,3-butadicnc 

Irradiation of a chilled sol ution of N-methylphthali­

mide and a large excess of 1 , 3 -but adi ene in c1cc'to11iLi>iLe 

yielded two products . Addition of butadiene, if it proceeds 

through the sa me mechanis m earlier proposed for l,3-pentc1-

diene and isobutylene, would yield only Lwo products, where 

l,3-p e ntadi ene would yield four possible products . The 

prod u cts of this reaction would then show the course follow­

ed by the atte mpted quenching reaction . 

The products were not equc.1lly produced in the reaclion . 

The relative amounts of Lhe two products in L11c cvc1poPaLL·d 

residue of the reaction mixture were analyzed by NMR . The 

product ratio was 2 :1 when the irradiation wc.1s co ndu cted 

througl1 a Corex filter and 4:1 with quarLz-filL0rcd Jight . 

The mo.jar product was isolated by prcparc1tivc TLC ancl pur i -
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fied by recrystallization . Mass spec of the product had a 

parent ion at m+/ e 215, which indicat ed that the 1,3-buta-

diene had added . The IR of the products wa s analogous to 

that observed for 56 . Th e NMR of the prod uct showed a 
rv 

doublet at 1.9-2.lcS as an allyl signal adjacent to one hy-

drogen . 

addition : 

58 
rv 

60 

There are four possible products of the 2 -,- 2 cyclo-

0 Cl! 
3 

0 

0 
/CH 3 

-I 

0 61 
0 

rv 

Besides the N-methyl singlet al 3 .1- 3 . 2 cS c.1 [,econd sinr., l cL 

of Lwo hydrogens at 4 . 2cS indicates that 58 and 59 arc more 
rv 

likely . The che mi cal shifts expected for mcthyle11 ilydro­

g e n s i u G o a 11 d 6 l a s a c o m b i 11 a t ion o f a L o a k e to n C' a 11 d 

allylic would b'-' much less Lhan the ol>servcd sh _i_[ L. The 

vinyl quartet had a chemical shift of 6 . CJ-7 . 30 in the mc1jor 

product and 6 . 2-6 . 7cS in the minor product . In s Lruc Lure !~~ 

the che mi c a 1 s 11 i ft of t h c vi n y J s i g 11 a J w o u l J b <' ll i g h c> r L 11 cl n 

in 59 . 
rv 

Th final products may aris0 via secondary 
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photoconjugation with the ketone . Steric consideraLions 

would make 58 more favorable than 59 . 
Thus, the major prod-

uct of t he react i on is ~8 , and the minor product , 59 . The 

products must arise via the following mechanism: 

~ major 
0 Ii 

hv 

f 

minor 

hv 

+-

h
. d N . 14 3 · r · d 

More recent work by Mazzocc 1 an arain V('r'L ·ie 
t: he 

above mechanism in t:he irradiaLion of isopren • and N-meLhyl-

phthalimidc . 
Du<> t o t h c me L 11 y l gr o up on L h c ~1 e v c n - m <) m b c red 

ring , the double bond cannot· phoLoconjup,alc' . 
Tile compound 

with the unconjugaLcd double bond was i solated , ai; well c1:; 

the conj u gated product: from photoaddiLion to the ot·her 

double bond. 
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Photolysis of N-m_cthylphthalimic1e and I:Lllyl Vinyl f,ther 

Irradiation of N-methylphthalimide and exc•ss Lhyl vinyl 

ether in acetonilrile yielded two producls , wl1ich were iso-

lated by preparative TLC . Th e prod u c L , an a logo u s t o !Li , w a s 

purified by recrystallization . 

ed a parent ion with m+/e 189 . 

Mass soec of the product show­

The IR was analogous Lo~~ -

The NMR showed two multiplets at 36 and 3 . G6 , which corre-

spond to the signals in D · I:vid nee of an e tl1oxy pat l ern 

was conspicuously absent . 
The secondary Type II ketone rc~c-

tion was possible as shown and accounts for one of the prod-

ucts , 3 , 4-benzo-6 , 7-dihydro-l-methylazepino-2,~-dione, G2 . 
~ 

() 

ltv rc5J:;+/c113 
-C!J 3 

N-

J .I 
0 n 

) 
-o 1, 

0 
0 

\ ✓ c11 3 
\\__ /(' 113 

r~ll3 ) 
hV rnr/ \ 

Typo 11 ,O,y 
r o 'a 

0 1,-h11c11
3 

Ol'll'.>l'll:3 

G2 
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The other product was considerably more difficult to 

isolate and identify . Repeated preparative TLC s]1owed con-

tamination with starting material . Mass spec of the prod-

uct showed a small amount of starting material (m +/e 161) 

and a parent ion for the product at m+/e 159 . The IR showed 

no amides or alcohol bands , and lhe NMR was quite simple . 

Besides the phenyl and N-CH
3 

singlet there were a pc1ir of 

doublets in the vinyl region corresponding to one hydrogen 

each . The doublets were shown to be coupled in a decoupling 

experiment , and the coupling constant of 2l!z was indicalive 

of gem in a l co u p l in g j n a t ('rm i n a l m C' t· h y 1 c 11 , , g I' o u p . 0 n L h C' 

bas is of s p e ctr al data the structure of 6,J , 3 - met h y J en e - 2 -

methyl-2-azaindanone, was assigned . 

Generai_ion of the indanone could only be explc1incd by dirccl 

addition to the carbonyl, a Paterno-Buchi reaclion . Suell 

100 

a re a c t i o n h ad n o t. b e en ob s e r v e d by Ka n c1 o k a . T Ji c f o l .L o w -

in g me ch a 11 i s m would e x p la j n l: he [or m ,1 L i on o L l h c .i n d cl n o n t' : 



~--z [Q~-Cll3 
0 
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Th reverse reaction to N-methylphthalimide i s probably im­

portant, but because no product is seen , it is not detecled. 

(Th e odor of triethylorthoformate was pr,sent in the reac-

tion mixture . ) 
This is the only observed case of a Palerno-

Buchi r action in the photochemistry of N-alkyLµhthulimldes 

and shows that the carbonyl also reLains som~ doubl• bond 

character . 

The general mechanism proposed for the pho toclwmical 

addition of certain alkenes and dienes to N-methylphthali-

mide involves the dipolar resonance sLructure . 
Th' alkl'Ill' 

or diene adds to the dipo.Lc via a non-concertc>d <1i1'.1di,,.1l, 

which promotes the regioselcctiviLy . 
Closure of tile dlradi-

cal to the unstable azacyclobuLanoL is followed by ring ex­

pansion to the azcplnedioncs as shown . 
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0 ln> 

0 N-CH3 Rl)I' 
R3 ~Li 

Pho to conj u g a L ion w i l l occur , w h 0. n poss i l.J 1 e , j f d i P n <' s 

1rP added . Secondary Typ II ketone processes wi 11 ulso 

occur when possible . Addition to LhP. carbonyl mcJy also 

occur . 
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§ 4 . CONCLUSIONS 

The products isolated in the photolysis of N-alkyl-

phth 1
. "d h "d . f . db 

84 

a 1m1 es were t ose 1 e nti 1e y Kanaoka . The Typ 

II reaction proposed by Kanaoka was not as effic i enL 

Type II reactions in aldehydes , kelones , and esters . 

magnitude of the quantum yield at 0 . 023 (·tert-butyl) 

as 

The 

was 

very low for several reasons . 
The high efficienci s of Lh 

reactions allowed determinatjon of these low quantum yields . 

Reversible Typ e I reactions would be q u antum wasting . In 

addition , the usual fluorescence and phosphor scencc would 

account for the quantum wasling . 

Irradiation of a phthalimide optically act iv e in the 

y - position showed that Lhe in i tial hydrogen abstracLion wils 

not reversible in tert-butanol (tl1 e solvent for the quan-

tum yield determination) . 
This process would have been a 

well documented quantum waster . 

. f k l . . d Sli 

Kanaoka , in his sludy o · al ylpht 1al1mJ. es 
and rigid 

cyclic imides, 73 asserted thal the rjgid g omelry and Lhe 

IT-overlap with the addjLional carbonyl were responsible 

for their Type II reacLivity . 
Phololys i s of non-rigid N,N-

dibenzoylisobulylaminc showed Lh _i !3 to be the cd~;r . 

Kanaoka asserts 
hal phlhalimicle Type lI rc<1cl i vity 

is determined by Lhe sLaliiljty of the inL ermedic1Le di.rt1di-

cal withoul measuring the quc1nlum yield:; . 
The re Lc1 l i Ve' 

quanlum yields ind_icate thal Lhis approach i~; ovorsimpli-

fied . 
Ster i c hindrance may pre v c n L t h c i n L f' I'm t' d i c1 t <' c I o -
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sure of the tertiary diradical to an azacyclobutanol. 

Additional evidence sho ws that the excited stale may 

be dipolar in nature. ~ttempted quenching of tert-butyl­

phthalimide and isobutylphthalimide triplet states showed 

decreased Typ e II producl formation and increased star~ing 

mat eria l disappearance with increased quencher concentra-

tions . IL was de~ermined that 1,3-butadiene, isobulylene, 

and ethyl vinyl ether would add Lo N-melhylphll1alimid by 

a variety of 2 + 2 cycloaddi tions. 
The additions were shown 

to be regioselective, which implies a diradical inLermediate . 

The alkene addition is due to the dipolar character of the 

phthalimide and proceeds via diradical, closure to an aza­

cyclobutanol, and retrotransannular ring opening to yield 

s ub s·tituted 3, 4-benzo-6, 7-dihydro-l-methyL12<,p i.1H' -? , !.i-

diones . 
The intermediate diradical and unstable azacyclo-

butanol can only be shown as dipolar structures . 
Photo-

conjugation a nd s condary keLone Type II reaction occur 

when possible . 
In addition , we isolated in impure form 

the first evidence of a Paterno-Buehl reacLion in pht.liaJ.i­

mides . 




