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A ir ra di a ção de 1-hidroxi-1,3-difenil-2-indanona leva à for ma ção de dois in ter me diá ri os
atri bu í dos aos enóis (E,E e Z,E). O enol Z,E tem vida cur ta e seu pos sí vel modo de de ca i men to
re sul ta na for ma ção de pro du tos, den tre os qua is a or to-benzilbenzofenona é o prin ci pal. O enol
E,E tem ma i or es ta bi li da de e apre sen ta um tem po de vida > 100µs em me ta nol. Seu de ca i men to 
re sul ta na for ma ção de uma mis tu ra com ple xa de pro du tos, onde 10-fenillantrona e
10-hidroxi-10-fenilantrona são os prin ci pa is. A fo tó li se por pul so de la ser da
1-hidroxi-1,3,3-trifenil-2-indanona mos tra a for ma ção de dois pos sí ve is fo to e nóis Z (τ = 180
ns) e E (τ = 30 µs). O modo de de ca i men to des tes enóis é a for ma ção de pro du tos, re sul tan do
numa mis tu ra com ple xa.

Irra di a ti on of 1-hydroxy-1,3-diphenyl-2-indanone (1) le ads to the for ma ti on of two in ter -
me di a tes as sig ned to the enols (E,E and Z,E). The Z,E-enol is short li ved, and its pos si ble de cay
mode in vol ves pro duct for ma ti on from which ort ho-benzylbenzophenone is the main pro duct.
The lon ger li ved E,E-enol shows a li fe ti me of > 100 µs in met ha nol, and its de cay re sults in the
for ma ti  on of a com plex mix tu re of pro ducts,  with 10-phenylanthrone and
10-hydroxy-10-phenylanthrone be ing the main ones. La ser flash pho toly sis of
1-hydroxy-1,3,3-triphenyl-2-indanone (2) shows the for ma ti on of the two pos si ble pho to e nols
Z (τ = 180 ns) and E (τ = 30 µs). The de cay mode for the se enols is pro duct for ma ti on, re sul ting
in a com plex mix tu re of pro ducts.
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Intro duc ti on
The pho to che mi cal de com po si ti on of 2-indanones has

been used ex ten si vely as a sour ce of ort ho-xylyle nes. This
re ac ti on in vol ves the in da no ne tri plet ex ci ted sta te and pro -
ce eds through a bi ra di cal for med by α-cle a va ge from this
ke to ne. After loss of car bon mo no xi de, a se cond bi ra di cal
is for med, which is in fact the xylyle ne tri plet ex ci ted sta te.
De cay of this bi ra di cal re sults in ort ho-xylyle ne for ma ti on,
which ul ti ma tely gi ves pro ducts through eit her an in tra- or
an in ter mo le cu lar path way (see Sche me 1)1.

Pho to e nols can be re gar ded as hydroxy subs ti tu ted ort -
ho-xylyle nes. They are usu ally for med upon pho toly sis of

aro ma tic ke to nes con ta i ning ort ho-alkyl groups. Thus, ke -
to ne ex ci ta ti on le ads to a mix tu re of tri plet ex ci ted sta tes
(due to the exis ten ce of dif fe rent ground sta te con for mers
for the ke to ne) which then de cay to a ro ta ti o nally equi li bra -
ted 1,4-biradical. This bi ra di cal le ads to the for ma ti on of a
mix tu re of enols. Each com po nent of this “enol mix tu re”
shows very si mi lar spec tros co pic cha rac te ris tics, but qui te
dif fe rent ki ne tic be ha vi or2-4. Alter na ti vely, pho to e nols can
also be for med via the ther mal ope ning of subs ti tu ted ben -
zocy clo bu te nols5.

In this pa per, we show that the pho toly sis of hydroxy
subs ti tu ted 2-indanones is a very con ve ni ent rou te to the
ge ne ra ti on of enols. To show this we have un der ta ken a de -
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ta i led study of the dyna mics of enol for ma ti on from
2-indanones ha ving a dif fe rent subs ti tu ti on pat tern, na mely 
1-hydroxy-1,3-diphenyl-2-indanone (1)  and
1-hydroxy-1,3,3-triphenyl-2-indanone (2).

Expe ri men tal

Ma te ri als

The sol vents em plo yed were Spec tro gra de or Gold La -
bel, and were used as re ce i ved. 1,3-Cyclohexadiene
(Aldrich) was bulb-to-bulb dis til led just be fo re use. So di -
um azi de (Aldrich) was used as re ce i ved.

1-Hydroxy-1,3-diphenyl-2-indanone (1) was synthe si -
zed in a four-step re ac ti on. The first step in vol ved the for -
ma ti on of 3-phenyl-1-indanone through a Fri e del-Crafts
re ac ti on bet we en cin na mic acid and ben ze ne6. Tre at ment
of this in da no ne with buty lni tri te in aci dic et ha nol led to
2-isonitroso-3-phenyl-1-indanone7, which was then
hydroly zed to 1,2-diketo-3-phenylindane by pyru vic acid
in an ace tic acid/wa ter mix tu re con ta i ning hydroch lo ric
acid. This di ke to ne was then tre a ted with pheny lmag ne si -
um bro mi de, gi ving 1. Recrystal li za ti on from et ha nol yi el -
ded  co lor less ne ed les sho wing m p = 194-198 @176C
(m.p.7 = 195-200 ºC). Spec tral data agree well with the pro -
po sed struc tu re for 1.

1H-NMR (200 MHz, CDCl3): δ (ppm) 7.00-7.76 (aro -
ma tic pro tons, 4H, m); 4.93 (CH, 1H, s); 3.08 (OH, 1H, s).

13C-NMR (50.3 MHz, CDCl3): δ (ppm) 216.816
(C=O).

1-Hydroxy-1,3,3-triphenyl-2-indanone (2) was also
synthe si zed in a four-step re ac ti on8. A Fri e del-Crafts re ac -
ti on bet we en 2,3-diphenyl-1-indanone and ben ze ne gave
2,3,3-triphenyl-1-indanone, which in turn re ac ted with
ben zoyl chlo ri de in chlo ro form/ace tic acid, for ming
1,1,2-triphenylbenzoyloxyindene. This ben zo a te was oxi -
di zed to 1,1,2-triphenyl-3-benzoyloxy-2,3-epoxy-indane
by chro mic anhydri de in pyri di ne. Hydroly sis of the epoxy
de ri va ti ve by so di um met ho xi de in met ha nol re sul ted in the 
for ma ti on of 2. Recrystal li za ti on from ben ze ne-hexane yi -
el ded co lor less ne ed les sho wing m.p. = 158-159 ºC
(m.p.8 = 157-159 ºC). Spec tral data agree with the pro po sed 
struc tu re for 2.

1H-NMR (200 MHz, CDCl3): δ (ppm) 6.85-7.70 (aro -
ma tic pro tons, 4H, m); 3.40 (OH, 1H, s).

13C-NMR (50.3 MHz, CDCl3): δ (ppm) 214.921
(C=O).

Ge ne ral Tech ni ques

UV-visible spec tra were re cor ded with a Hew -
lett-Packard 8451A di o de ar ray spec tro me ter.

GC-analyses were car ri ed out on a Per kin-Elmer mo del
8320 ca pil lary gas chro ma to graph em plo ying a 12m J&W
bon ded pha se vi tre ous si li ca BP1 si li co ne co lumn. GC-MS
analy ses were per for med on a Hew lett-Packard mo del
5995 system.

1H- and 13C-NMR spec tra were re cor ded in a Bru ker
AC 200 spec tro me ter.

Mel ting po ints were de ter mi ned in a Mel-Temp ap pa ra -
tus and were not cor rec ted.

Pro duct Stu di es

Typi cal sam ples were 1 mL con ta i ning 0.03 M of 1 in
ben ze ne or tri flu o ro et ha nol. The sam ples were con ta i ned
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in Pyrex tu bes and de a e ra ted by bub bling oxy gen-free ni -
tro gen. The ir ra di a ti ons were done in a “merry-go-round”
ap pa ra tus with 9 RPR-3000 lamps. The pro ducts were
analy zed by GC and GC-MS. The pro ducts were not iso la -
ted, the ir iden ti fi ca ti on be ing ba sed on the ir mass spec tra.
An aut hen tic sam ple of the main pro duct, 3, was ava i la ble
for com pa ri son.

La ser flash pho toly sis

Sam ples (≈1 mM) were con ta i ned in a 7 x 7 mm2 cell
made of Su pra sil quartz tu bing, and were de a e ra ted by bub -
bling oxy gen-free ni tro gen. The sam ples were ir ra di a ted
with pul ses (308 nm, ≈5 ns, < 20 mJ/pul se) from a Lu mo -
nics TE860-2 ex ci mer la ser. Our de tec ti on system in cor po -
ra ted a mo noch ro ma tor-photomultiplier, and the sig nals
from the RCA-4840 pho to mul ti pli er were cap tu red by a
Tek tro nix 2440 tran si ent di gi ti zer and trans fer red to a Ma -
cin tosh IIci com pu ter which con trol led the system and pro -
vi ded su i ta ble sto ra ge and pro ces sing fa ci li ti es through the
use of a ho me-developed pro gram using the LabVIEW-2.2
soft wa re. The system was ot her wi se si mi lar to that re por ted 
el sew he re9,10.

Re sults

Pro duct stu di es

Ke to ne 1 is qui te sta ble upon ir ra di a ti on in ben ze ne.
Ho we ver, long term ir ra di a ti on (40 h) of 1 in tri flu o ro et ha -
nol re sults in the for ma ti on of ort ho-benzylben zop he no ne
(3) as the main pro duct. In ad di ti on, a com plex mix tu re of
ot her pro ducts is for med, from which 10-phenyl-anthrone
(4) and 10-hydroxy-10-phenylanthrone (5) could be iden ti -
fi ed. Pro duct 5 is pro bably for med through oxy gen in ser ti -
on in 4. It is im por tant to note that the re la ti ve yi eld of 3
com pa red to 4 and 5 is de pen dent on ir ra di a ti on time. This
se ems to in di ca te that the se pro ducts are for med from furt -
her ir ra di a ti on of 3 (Sche me 2). Inde pen dent stu di es of the
pho to che mistry of ort ho-benzylben zop he no ne (3) show
that 4 and 5 are the main pro ducts11.

The hydrox yin da no ne 2 shows si mi lar pho to che mi cal
be ha vi or, be ing al most un re ac ti ve in ben ze ne but for ming
se ve ral pro ducts when the re ac ti on is con duc ted in tri flu o -
ro et ha nol. The main pro duct was iden ti fi ed as
9,9-diphenyl-10-hydroxy-9,10-dihydroanthracene (6) and
ac counts for clo se to 50% of the to tal pro duct for ma ti on.
Two mi nor pro ducts were iden t i  f i  ed as
9,10-diphenyl-9-hydroxy-9,10-dihydroanthracene (7) and
9,10-diphenylanthracene (8) (Sche me 3). Sur pri singly, we
did not ob ta in any evi den ce for the for ma ti on of ort ho-dip -
heny lmethylben zop he no ne.

La ser flash pho toly sis

La ser flash pho toly sis of 1 in met ha nol led to a re a dily
de tec ta ble tran si ent sho wing ma xi mum ab sorp ti on at 330
and 435 nm (Fig. 1). The de cay mo ni to red at 435 nm sho -
wed two com po nents; a short-lived com po nent with a li fe -
ti me of τ = 2 µs, and a long-lived spe ci es with τ = 100 µs,
both in sen si ti ve to oxy gen. Si mi lar re sults were ob ta i ned in 
tri flu o ro et ha nol, i.e., the re was a short and a long-lived
com po nent. This spec tral and ki ne tic be ha vi or is in agre e -
ment with the data re por ted for ot her pho to e nols12,13 and
we the re fo re as sig ned struc tu res 9 and 10 to the se spe ci es,
cor res pon ding to two of the pos si ble pho to e nols de ri ved
from 1, the Z,E-enol (9) and the E,E-enol (10), res pec ti -
vely. The same pho to e nols have been ob ser ved in the pho -
to che mistry of ort ho-benzylben zop he no ne (3)11.
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At 330 nm, in tri flu o ro et ha nol, we could ob ser ve a sig -
nal gro wing-in with the same ki ne tics as the de cay for the
Z,E-enol. This growth was at tri bu ted to pro duct for ma ti on,
i.e. ort ho-benzylben zop he no ne (3), which shows a sig ni fi -
cant ground sta te ab sorp ti on in this re gi on.

1-Hydroxy-1,3,3-triphenyl-2-indanone (2) sho wed al -
most iden ti cal be ha vi or to that of 1. La ser flash pho toly sis
of 2 in eit her met ha nol or tri flu o ro et ha nol gave a tran si ent
with ma xi mum ab sorp ti on at 440 nm (Fig. 2) and an end ab -
sorp ti on with λmax at 320 nm. In tri flu o ro et ha nol, the de cay
as so ci a ted with the ma xi mum at 440 nm sho wed two com -
po nents with li fe ti mes of 180 ns (300 ns in met ha nol) and

30 µs ( 50 µs in met ha nol), res pec ti vely, both in sen si ti ve to
oxy gen. The se two tran si ents were as sig ned to both enols
de ri ved from 2, the Z-enol (11) and the E-enol (12).

La ser flash pho toly sis ex pe ri ments in ben ze ne with
both 1 and 2 did not lead to any tran si ents that could be as -
sig ned to the cor res pon ding enols.

Attempts to de tect the bi ra di cal pre cur sors to the enols
were in con clu si ve. In the case of 1, we de tec ted a weak
tran si ent (λmaxx = 330 nm) with a li fe ti me of ≈100 ns in tri -
flu o ro et ha nol. This spe ci es was quen ched by oxy gen. Si -
mi larly, in the case of 2, a tran si ent with λmax at 320 nm and

a li fe ti me of ≈40 ns was de tec ted in met ha nol. Pre su mably
the se in ter me di a tes are the bi ra di cals le a ding to enol for -
ma ti on, alt hough it is not cle ar if the se would be the in ter -
me di a tes be fo re (13-14) or af ter (15-16) de car bony la ti on.

In or der to furt her con firm our as sign ment for the enols
de ri ved from 1 and 2, we per for med some quen ching ex pe -
ri ments using ba ses to sca ven ge the long-lived pho to e -
nols14 10 and 12. Using so di um azi de as a quen cher in tri -
flu o ro et ha nol, we me a su red the quen ching rate cons tants
of 3 x 107 M-1 s-1 and 8 x 106 M-1 s-1 for 10 and 12, res pec ti -
vely.

Dis cus si on

1-Hydroxy-2-indanones pro vi de a met hod for the pre -
pa ra ti on of the same pho to e nols that are nor mally pro du ced 
in the pho to che mistry of ort ho-subs ti tu ted ben zop he no nes. 
In the case of 1, whe re four dif fe rent enols are pos si ble,
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Fi gu re 2. Tran si ent ab sorp ti on spec trum (re cor ded 1 µs af ter the la ser
pul se) ob ta i ned on 308 ex ci ta ti on of 1-hydroxy-1,3,3-triphenyl-2-indanone
(2) in met ha nol (≈1 mM).
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only two are ob ser ved (9 and 10). The ot her two (E,Z and
Z,Z) are pre su mably too ste ri cally hin de red to be for med.
The Z,E-enol 9 is shor ter li ved than 10, due to a symmetry
al lo wed 1,5-hydrogen shift le a ding to the for ma ti on of 3 as
the main pro duct. The se enols are the same as tho se pro du -
ced in the pho to che mistry of ort ho-benzylben zop he no ne
(3)11, and the ir in vol ve ment in the pho to che mistry of 3 was
une qui vo cally de mons tra ted by trap ping ex pe ri ments with
a se ri es of di e nop hi les15. Furt her ir ra di a ti on of 3 can give
the cycli za ti on pro ducts 4 and 5, pro bably through a con -
cer ted in tra mo le cu lar cyclo ad di ti on, with 5 be ing for med
via an oxy gen in ser ti on into the C(10)-H bond. The se same
pro ducts can also be for med di rectly from the pho to e nol 10.

Inte res tingly, the pho toly sis of 3 in ben ze ne le ads to
enol de tec ti on, much as it does in po lar sol vents. In this
case, the E,E -enol has a li fe ti me of 470 µs11. The re fo re, if
this enol was for med from 1, it would be ex pec ted that it
would be re a dily de tec ta ble. The fact that no enols are de -
tec ted in the la ser pho toly sis of 1 in ben ze ne and that this
mo le cu le is re la ti vely pho tos ta ble sug gest that only “re ver -
si ble” pho to che mistry ta kes pla ce. This re ver si bi lity can
only oc cur if the do mi nant path way for bi ra di cal 13 is the
re ge ne ra ti on of 1, rat her than the de car bony la ti on, ul ti ma -
tely le a ding to ben zop he no nes via the in ter me di acy of pho -
to e nols.

In the case of 2, the two pos si ble pho to e nols, Z, 11 and
E, 12, can be ob ser ved in la ser flash ex pe ri ments. Even
though a fast 1,5-hydrogen shift pro cess can aga in be pos -
tu la ted to ex pla in why the Z enol 11 is shor ter li ved than the
cor res pon ding dip heny lsubs ti tu ted one, i.e. 9 we were not
able to ob ser ve the for ma ti on of ort ho-dip heny lmethylben -
zop he no ne. This can be ex pla i ned by as su ming that this ke -
to ne is an ex cel lent chro mop ho re at the ir ra di a ti on
wa ve length used and is ex tre mely pho to la bi le, le a ding to
its con sump ti on du ring ir ra di a ti on. On the ot her hand,
E-enol 12 le ads to pro duct for ma ti on, i.e. 6-8, pro bably by

an in tra mo le cu lar cyclo ad di ti on re ac ti on oc cur ring in a
con cer ted mode.

In con clu si  on,  we were able to show that
1-hydroxy-2-indanones are qui te ef fi ci ent in for ming sta -
ble pho to e nols, be ing an use ful al ter na ti ve met hod to the
for ma ti on of this class of in ter me di a tes.
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