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the three stereoisomers. The results of this experiment are record- 
ed in Table IV. 

Photostationary State Compositions from Irradiations of 
l t t  with Various Triplet Sensitizers. Spectrograde cyclohexane 
solutions of trans,trans- bis(/3-styry1)dimethylsilane (1.0 X M) 
and the various triplet sensitizers (acetone, benzophenone, l-ace- 
tonaphthone, and benzil), each 2.0 X M, were placed individ- 
ually in Pyrex test tubes and irradiated with Pyrex-filtered light 
until the photostationary states were obtained. Analyses of these 
solutions by gas chromatography yielded photostationary state iso- 
mer compositions tabulated in Table V. 
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Irradiation of a number of substituted chromenes in methanol give products derived from an o-quinoneallide 
intermediate. The fate of the o-quinoneallide depends on the experimental conditions. The primary mode of reac- 
tion corresponds to 1,4 and 1,6 addition of methanol across the C-C double bonds of the o-quinoneallide interme- 
diate. In nonreactive solvents, the o-quinoneallide undergoes a 1,7-sigmatropic hydrogen shift. Irradiation of sev- 
eral substituted isochromenes, on the other hand, give indene epoxides which produce ring-opened hydroxy 
ethers on further irradiation. The mechanism involves opening of the isochromene ring to give an o-quinoidal in- 
termediate which undergoes a subsequent intramolecular [4 + 21 cycloaddition reaction. A similar path occurs 
with 4-phenylisothiochromene, except that in this case the initially formed indene episulfide loses sulfur on fur- 
ther irradiation to give a substituted indene 

Light- induced t ransformations of cyclic dienes have been 
t h e  subject of recent intensive s t ~ d y . ~ , ~  Derivatives of 1,3- 
cyclohexadiene, for example,  have been t ransformed into a 
vast  array of photoproducts  via ring-opening processes$-12 
valence-bond tautomerization r e a c t i ~ n s , ~ ~ - l ~  bond-switch- 
ing mechanisms,16--22 and  dimerization  pathway^.^^!^^ De-  
spi te  t h e  fact  that photochemical isomerizations of cyclic 
dienes have been well documented,  investigation of suit-  
able  heterocyclic analogs in light-induced reactions has  
been somewhat  limited.25 Wi th  a desire t o  discover new 
photochemical pathways of appropriate  heterocyclic 

dienes, we have examined t h e  photochemical behavior of 
several subst i tuted chromenes and  isochromenes.26 A num-  
ber  of investigators had previously observed t h a t  a ring- 
chain tautomerizat ion could be established between subst i -  
t u t e d  cis dienones 1 a n d  2H-pyrans 2.27-29 Transforma- 
tions of th i s  type are  known to  be responsible for t h e  pho- 
tochromism encountered on irradiation of 2H-chro-  
menes30,31 a n d  o - ~ i n y l p h e n o n e s . 3 ~  Extended irradiation of 
t h e  photoequilibrated dienone-pyran mixture  might  be ex- 
pected to  afford a n  oxabicyclo[3.l.0]hex-2-ene (3) as  t h e  
ul t imate  photoproduct .  This  t ransformation would be 
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closely analogous to the photo-Diels-Alder reaction en- 
countered with 1 , 3 , 5 - h e ~ a t r i e n e s . ~ ~  Although rearrange- 
ments of this type have been reported for nitrogen analogs 
of cyc lohexadiene~,~~ no structurally related oxycyclic 
diene has been shown to undergo a photoreaction of this 
type. 

The present paper describes the photochemical ring 
opening reaction of a number of substituted chromenes and 
isochromenes to give 0- quinoidal intermediates. The fate of 
the o-quinoidal intermediate was found to depend on the 
nature of the substituent groups as well as the photolysis 
conditions. The primary mode of reaction of the intermedi- 
ate generated from the 2H-chromene system involves 1,4 or 
1,6 addition of alcohol across the reactive double bonds. In  
the isochromene system, however, the initially generated 
o-quinoidal intermediate undergoes a subsequent intramo- 
lecular [4 + 21 cycloaddition reaction to give an oxabenzo- 
bicyclo[3.1.0]hexene as the final photoproduct. 

Results and Discussion 
Irradiation of 2,2-dimethylchromene (4) in methanol 

through PyreK using a 550-W Hanovia lamp gave two major 
products whose relative yields varied as a function of expo- 
sure duration. When a 0.018 A4 solution of 4 was irradiated 
for 5 hr, approximately 50% of starting material was con- 
sumed and the two products, isolated by preparative thick 
layer chromatography, were shown to be methanol adducts 
5 and 6. The identification of the photoproducts was based 

5 6 

\ hw f 
on their characteristic spectral data (see Experimental Sec- 
tion). Both adducts were found to revert to  starting materi- 
al on standing in the dark. This thermal reversion is analo- 
gous to some recent reactions reported by Schmid and co- 
w o r k e r ~ , ~ ~  who found that the thermolysis of a number of 
(o-hydroxyaryl)-2-propen-l-ols produced PH-chromenes 
by 1,4 elimination of water followed by thermal cyclization 
of the initially generated o-quinone methide intermediates. 
Further irradiation of the above solution for an additional 
6 hr gave a mixture containing mainly 6 along with trace 
amounts of 5. This observation suggests that  a t  least part 
of 6 is formed from a secondary photoisomerization of 5. 
When the irradiation of 2,2-dimethylchromene (4) was car- 
ried out in methanol using a Corex filter for 3 hr, a mixture 
of four products was obtained. In addition to adduct 6, 
2,3-dimetho~cy-2-methyl-4-(o-hydroxyphenyl)butane (7, 
19%), 2-methyl-3-methoxy-4-(o-hydroxyphenyl)but-l-ene 
(8, 8%), and 2-methy1-4-(0- hydroxyphenyl)but-2-ene (9, 
17%) were isolated from the crude photolysate. These prod- 
ucts were identified by their characteristic spectral proper- 
ties (see Experimental Section). Photoadduct 7 was shown 

4 6 
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to  be a secondary product resulting from further irradia- 
tion of the ether 6. Interestingly, this compound corre- 
sponds to the anti-Markovnikov addition of methanol 
across the C-C double bond of 6. Hixson had previously re- 
ported on the anti-Markovnikov photochemical addition of 
methanol to acyclic aryl olefins.36 His observations provide 
reasonable chemical analogy for the above addition. Me- 
thoxy ether 8 was shown to be a secondary product derived 
from an acid-catalyzed elimination of methanol from 7. 

In contrast to the complex behavior encountered with 
the direct irradiation of 4, the acetone-sensitized photolysis 
gave 2-methyl-4-(0- hydroxyphenyl)-1,3-butadiene (10) as 
the exclusive photoproduct: NMR 6 1.86 (s, 3 H),  4.86 (m, 2 
H),  5.30 (s, 1 H),  and 6.4-7.2 (m, 6 H).  Irradiation of 4 in 
benzene both with and without benzophenone sensitization 
likewise produced 10. 

9 

4 11 

10 
The observed results are best rationalized in terms of a 

photochemical ring opening of 4 to give an o-quinoneallide 
intermediate (11).30 The fate of 1 1  depends on the experi- 
mental conditions. The primary mode of reaction (Le., for- 
mation of 5 and 6) corresponds to 1,4 and 1,6 addition of 
methanol across the C-C double bonds of 11. Allyl phenol 9 
is apparently formed by 1,4 photoreduction of 11 (Corex 
filter). Similar photoreductions of o-quinoneallide interme- 
diates have been observed by Becker and Kolc30 and pro- 
vides reasonable chemical analogy. In nonreactive solvents 
such as acetone (or benzene), the primary reaction path 
corresponds to a 1,7-sigmatropic hydrogen shift. 

We have also examined the photobehavior of the related 
2,2-diphenylchromene system 12. Unlike the complex pho- 
tochemistry observed with 4, in which a plethora of prod- 
ucts is obtained, the photochemistry of 12 was relatively 
simple. Irradiation of 12 in methanol gave a single photoad- 

H 
OCH, 

12 13 
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duct 13 which was unstable a t  room temperature and slow- 
ly reverted to starting material when left in the dark. The 
identity of 13 was established from its characteristic spec- 
tral properties (see Experimental Section). Irradiation of 
12 in benzene (Pyrex) produced a deep red color which 
slowly disappeared upon sitting in the dark a t  room tem- 
perature. NMR analysis of the photolysate after removal of 
the solvent indicated that only starting chromene 12 was 
present. .4ttempts to trap the red-colored species with 
methanol in the dark failed. We can only suggest that  ther- 
mal reversion of the labile o-quinoneallide intermediate is 
more rapid than 1,4 addition of methanol. 

The  photochemistry of the related 3,4-diphenylchro- 
mene (14) was also examined. Irradiation of 14 in methanol 
with Corex-filtered light gave a single photoadduct. Based 
on its spectral data, this compound has been identified as 
the 1,6-methanol adduct 15. Here again, simple addition of 

15 

methanol to  the intermediate o-quinoneallide 16 best ra- 
tionalizes the observed result. 

The photochemical ring opening reaction of 4-phenyl- 
chromene (17) was also studied. Irradiation of 17 in metha- 
nol with Corex-filtered light gave a mixture of three photo- 
products. On the basis of their spectral properties (see Ex- 
perimental Section) these compounds were identified as 
cis- and trans- 1-phenyl-1-(0- hydroxyphenyl)-3-methoxy- 
1-propene (18 and 19) and 1-phenyl-1-(0-hydroxypheny1)- 
1,3-dimethoxypropane (20). Photoadduct 20 was shown to 
be a secondary photoproduct derived from further irradia- 
tion of 18 or 19. The products isolated in this case can also q* 

Ph 
17 OH 

-!- q C H 2 C H 2 0 C H 3  

Ph' 'H Ph OCH, 

18,19 20 

\ hu, CH;OH 

be accommodated in terms of 1,6 addition of methanol to 
the initially formed 0- quinoneallide intermediate. 

All of the aforementioned reactions of the 2H-chromene 
system conform to the same pattern. Electronic excitation 
results in a photochemical ring opening to  give an o-quino- 
neallide intermediate. Our results, as well as those of other 
i n ~ e s t i g a t o r s , ~ ~ ~ ~ ' - ~ ~  indicate that the initially produced o- 
quinoneallide intermediates are rapidly attacked by alco- 
holic solvents. The distinction between 1,4- and 1,6-metha- 
no1 addition may well represent a measure of the steric hin- 
drance to attack a t  the 4 or 6 position of the o-quinoneal- 
lide intermediate. In no case was evidence found to suggest 
the involvement of an oxabicyclo[3.1.0]hexene intermedi- 

ate. This set of affairs differs markedly with the results we 
have obtained with the corresponding isochromene system. 
Electronic excitation of this ring system was found to result 
in a smooth rearrangement giving indene epoxides as the 
major photoproducts. 

Irradiation of 3,4-diphenylisochromene (22) in methanol 
through Pyrex using a 450-W Hanovia lamp gave two major 
products whose relative yields varied with the time of irra- 
diation. When a 0.003 M solution of 22 was irradiated for 8 
hr, ca. 50% of starting material was consumed and the two 
products, isolated by preparative thick layer chromatogra- 
phy, were shown to  be 2,3-epoxy-2,3-diphenylindan (23),  
mp 89-90' (80%) and 2-hydroxy-3-methoxy-2,3-diphenyl- 
indan (24, 20%). The products were identified by their 

m Ph OH 

I Ph Ph 
22 

rn-CIC,H,CO,Ht 

25 26 

spectral data [NMR (23) T 5.44 (broad s, 2 H)  and 2.2-3.2 
(m, 14 H); (24) T 5.82 (s, 3 H), 5.35 (s, 2 H) ,  5.50 (s, 1 H, ex- 
changed with DzO), and 2.40-3.30 (m, 14 H)] and by com- 
parison with authentic samples which were independently 
prepared by the peracid epoxidation of 2,3-diphenylindene 
(25). Treatment of 23 and/or 24 with a grain of p-toluene- 
sulfonic acid in chloroform resulted in their quantitative 
rearrangement to l,l-diphenyl-2-indanone (26).  Irradiation 
of the solution for an additional 8 hr gave a mixture con- 
taining mainly 24 with traces of 23, suggesting that 24 is 
formed in a secondary photoreaction of 23. This was inde- 
pendently verified by irradiating a pure sample of 23 in 
methanol and obtaining a quantitative yield of the ring- 
opened product 24. Although it is conceivable that the for- 
mation of 24 from 23 is an  ionic reaction promoted by an 
acidic by-product formed adventitiously, this appears not 
to  be the case. Photochemical oxidation of methanol to  for- 
mic acid which then promotes an  acid-catalyzed reaction 
has been reported in the literature4I and merits consider- 
ation. This possibility, however, was eliminated by the 
finding that epoxide 23 is quantitatively converted into 
l,l-diphenyl-2-indanone (26) on treatment with acidic 
methanol. The absence of 26 in the direct irradiation of 22 
eliminates this ionic path. .Also, the presence of sodium car- 
bonate in the reaction mixture did not inhibit the forma- 
tion of 24 from 23. We conclude, therefore, that the ring- 
opening reaction of 23 is a photochemical process and not 
an acid-catalyzed reaction. There have been several cases 
reported in the literature where oxiranes have been noted 
to undergo photoaddition with protic  solvent^.^*-^^ Toku- 
mara and coworkers, for example, have reported that phen- 
yloxirane undergoes photoaddition when 2-propanol, a 
substrate which is not readily oxidized to  "acidic matter". 
is used as the solvent.42 I t  would appear therefore. that  ep- 
oxyindqn 23 is another example of an  epoxide which under- 
goes a bona fide photochemical ring-opening reaction. 

A similar set of reactions was observed with 3-pheny1-4- 
methylisochromene (27).  Irradiation of 27 in methanol 
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through Pyrex with a 450-W Hanovia lamp gave 2,3-epoxy- 
2-phenyl-3-methylindan (28) [NMR (CC14) 6 1.50 (s, 3 H),  
3.40 (s, 2 H ) ,  and 6.9-7.7 (m, 9 H)]  as the major photoprod- 
uct. Purification of epoxide 28 was not possible owing to 
the extreme ease with which it was converted into trarzs- 
2,3-dihydroxy-2-phenyl-3-methylindan (29). Further irra- 
diation of 28 in methanol gave the ring-opened hydroxyal- 
coho1 30 in high yield. All of these compounds were identi- 
fied by comparison with authentic samples which were in- 
dependently prepared by the epoxidation of 2-phenyl-3- 
methylindene (31). 

hu 

CH ,OH 
Ph 

CH 1 

27 
Ph .- Ph 

31 29 

The photochemical rearrangement of S-phenylisochro- 
mene (32) was also examined. Irradiation of 32 in methanol 
for 20 hr with Pyrex-filtered light gave a single photoprod- 
uct, m p  103-105O. On the basis of its spectral data, this 
compound has been identified as trans-2-methoxy-3-hy- 
droxy-2-phenylindan (33).  This assignment was verified by 
comparison with an authentic sample prepared by treating 
the epoxide obtained from the peracid oxidation of 2-phen- 
ylindene (34) with methanol. In this case, the initially 
formed epoxide was converted to the ring-opened product 
33 during the course of the irradiation. 

hu 

F'h 
I1 

32 

OH 
33 

1L 

34 

The formation of the indene epoxides is best explained 
by a photochlemical ring opening of the isochromene ring to 
give an o-quinonoidal intermediate 35, which can either re- 

R I 
R 
35 

vert to starting material or undergo a subsequent intramo- 
lecular [4 + 21 photocycloaddition reaction. The above 
reactions appear to proceed from the singlet state, since the 
photolyses could not be sensitized or quenched with stan- 
dard triplet quenchers. The low quantum efficiences ob- 
served (i.e., + 22 = 0.02, a.27 = 0.002, a3.2 = 0.004) are fully 
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compatible with a two-photon process, in which the initial- 
ly produced o-quinonoidal intermediate 35 partitions itself 
between starting material and product. I t  should be point- 
ed out, however, that  the low quantum efficiencies do not 
in any way require a two-photon process. 

As was pointed out earlier, irradiation of the 2H-chro- 
mene ring produces an 0- quinoneallide intermediate which 
does not undergo an intramolecular [4 + 21 cycloaddition, 
but  rather is attacked by methanol to give a phenolic ether. 
Irradiation of the closely related isochromene system, on 
the other hand, results in the formation of an indene epox- 
ide. The two systems behave similarly during the first 
phase of the photolysis. Both systems undergo an initial 
photochemical ring-opening reaction to produce an 0- qui- 
noidal intermediate. The difference in behavior of the two 
systems may be related to the difference in reactivity of the 
o- quinoidal intermediates. Michael addition of methanol to 
the labile o-quinoneallide obtained from the 2H-chromene 
system would be expected to occur quite readily. This facile 
conjugate addition destroys the necessary chromophore for 
the subsequent [4 + 21 photocycloaddition reaction. Attack 
by methanol on the 0-  quinoidal intermediate obtained 
from the isochromene system is not as rapid, and conse- 
quently this species is long enough lived to absorb another 
photon of light and undergo an intramolecular photocy- 
cloaddition reaction. An alternate explanation which could 
also rationalize the difference in the photochemical behav- 
ior of the two systems is based on conformational control of 
reactivity. The [4 + 21 photochemical cycloaddition in the 
hexatriene system has been shown to be derived from the 
s-trans,s-cis conf~rmat ion .~  It is perfectly possible to ratio- 
nalize the difference between chromene and isochromene 
as being due to  conformational preferences in the open, ke- 
tonic form. 

Another point which is worthy of mention is a report by 
Griffin and coworkers on the photoisomerization of indene 
oxide into i ~ o c h r o m e n e . ~ ~  Although this transformation 
formally corresponds to the reverse reaction of that  de- 
scribed above, the rearrangement has been proposed to 
proceed by a different path involving initial fission of the 
C-C bond of the oxirane ring followed by a hydrogen 
shift.47 I t  should be kept in mind that  the isochromene in- 
dene oxide photoreactions do not have the same two 
species in equilibrium and consequently microscopic re- 
versibility would not be expected to apply.48 

Although the photochemistry of 1,2-dihydronaphtha- 
lene49,50 and its hetero a n a l o g ~ ~ ~ , j l - ~ ~  has received some at- 
tention, relatively little is known about the photochemical 
behavior of heterocyclic systems isoelectronic with the iso- 
chromene ring. We therefore turned our attention to the 
related isothiochromene system in order to make a compar- 
ison with the photochemistry of the above isochromenes. In 
the present instance, the photochemical behavior of 4- 
phenylisothiochromene (36) was examined. This compound 

hv 

H 
0 Ph 

36 

37 
Ph 

38 
was synthesized from isothiochroman-4-one by phenyl Gri- 
gnard addition followed by dehydration. The structure of 
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36 was elucidated on the basis of the physical and chemical 
data: NMR (CDCls) 6 3.86 (s, 2 H),  6.50 (s, 1 H),  and 6.9- 
7.4 (m, 9 H); uv 325 and 243 nm ( t  2800 and 7900). 

Irradiation of 36 in dilute methanol solution using a 
450-W Hanovia mercury arc with a Pyrex filter gave a mix- 
ture of two compounds. Preparative thick layer chromatog- 
raphy of the crude photolysate permitted the purification 
and isolation of the two components. The products were 
identified as 3-phenylindene (37) and methyl phenyl (o- 
toly1)thionoacetate (38). In addition, a significant quantity 
of elemental sulfur was isolated from the thick layer plate. 
The major component, 37 (51%), was identified by compar- 
ison with an authentic sample.55 The minor product (6%) 
was assigned structure 38 on the basis of its spectral data: 
ir (CC14) 8.14 and 8.40 p (S=COCHS);~~ NMR (CDCl3) 6 
2.22 (s, 3 H),  4.03 (s, 3 H),  5.64 (s, 1 H),  and 6.9-7.4 (m, 9 
H);  MS mle 256, 224, 181 (base), 169,165, and 161. 

The products formed by photolysis of 36 with Pyrex-fil- 
tered light are consistent with a photochemical ring open- 
ing of 36 to give an o-quinoidal intermediate (39). This 
transient species undergoes a subsequent [4 + 21 intramo- 
lecular photocycloaddition to give episulfide 40 which loses 
sulfur on further irradiation. The photochemical extrusion 
of sulfur from episulfides is a well-known p h o t ~ r e a c t i o n ~ ~  
and provides reasonable analogy for the final step. The for- 
mation of 38 from 36 probably proceeds via a [l,5] hydro- 
gen transfer from 39 to give 41, which is subsequently at- 
tacked by methanol. 

Ph 
36 

Ph 
39 40 

1 hv 
i[l, SIHshift 

I 
Ph 

Ph 37 

38 41 
The major photoreaction obtained with 4-phenylisothio- 

chromene is quite similar to that encountered with the 
closely related isochromene system. These reactions may 
be visualized as being analogous to the photochemical 
transformation of 1,2-dihydronaphthalenes into benzobicy- 
clo [ 3.1 .O] h e ~ e n e s . ~ ~ , j O  

Experimental Section 
All melting points are corrected and boiling points are uncor- 

rected. Elemental analyses were performed by Scandinavian Mi- 
croanalytical Laboratory, Herlev, Denmark. The infrared absorp- 
tion spectra were determined on a Perkin-Elmer Infracord spec- 
trophotometer, Model 137. The ultraviolet absorption spectra were 
measured with a Cary recording spectrophotometer, using 1-cm 
matched cells. The nuclear magnetic resonance spectra were deter- 
mined at  100 MHz using a Jeol MH-100 spectrometer. 

2,2-Dimethylchromene (4 )  was prepared in 66% yield by the 
method of Shriner and Sharp58 as a clear oil: bp 64' (1.5 mm) 
[lit.58 bp 79-80° (2.5 mm)]; NMR (CC14) 6 1.35 (s, 6 II), 5.38 (d, 1 
H, J = 10 Hz), 6.13 (d, 1 H,  J = 10 Hz), and 6.5-7.0 (m, 4 H); ir 
(neat) 3.33, 6.07, 6.20, 6.71, 6.85, 7.26, 7.83, 7.90, 8.20, 8.90, 9.68, 
10.37, 12.90, 13.45, and 14.05 p ;  uv (methanol) 308, 273, and 264 
nm ( c  2650,3100, and 3920). 

2,Z-Diphenylchromene (12) was prepared in 67% yield by the 
method of Cottam et al.59 as a white solid: mp 92-93' (lit.58 mp 
93-94O); NMR (CCL) d 6.11 (d, 1 H,  J = 10.5 Hz), 6.66 (d, 1 H,  J = 
10.5 Hz), 6.80-7.7 (m, 14 H);  ir (KBr) 3.23, 6.04, 6.17, 6.68 p ;  uv 
(acetonitrile) 307, 275, 265, 260, 255, and 248 nm ( c  3000, 4790, 

6150, 5960, 5410, and 4980); MS m/e 284 (M+), 207 (base), 178, 91, 
and 71. 

3,l-Diphenylchromene (14) was prepared by adding 4-phenyl- 
3-chromanone (0.86 g)60 in 30 ml of ether to a Grignard reagent 
prepared from 0.624 g of bromobenzene and 0.1 g of magnesium 
turnings in 20 ml of ether. The mixture was heated a t  reflux for 3 
hr and then decomposed with 20% aqueous ammonium chloride. 
The solution was extracted with ether and the ethereal extracts 
were dried over magnesium sulfate. Removal of the solvent left 
1.09 g of a yellow oil which was immediately taken up in 20 ml of 
pyridine. Phosphorus oxychloride (3.0 ml) was added to  the above 
solution, which was then allowed to reflux for 3 hr. The solution 
was cooled and the excess phosphorus oxychloride was decom- 
posed by the addition of water. The mixture was extracted with 
ether, and the ether layer was washed with 10% aqueous hydro- 
chloric acid, dried, and concentrated under reduced pressure to 
leave behind an oily residue. Chromatography of the oil on an alu- 
mina column with benzene as the eluent gave 3,4-diphenylchro- 
mene (14) as a crystalline solid: mp 133-134' (lit.60 mp 134"); 
NMR (CCL) & 5.12 (s, 2 H)  and 6.8-7.5 (m, 14 H). 

4-Phenylchromene (17) was prepared by adding an excess of 
lithium aluminum hydride to a solution containing 450 mg of 4- 
phenyl-3-chr0manone~~ in 25 ml of anhydrous ether. The resulting 
gray suspension was stirred a t  room temperature for 6 hr. The ex- 
cess lithium aluminum hydride was destroyed by the addition of 2 
ml of water and the inorganic salts were removed by filtration. The 
ether layer was washed with water, dried over magnesium sulfate, 
and concentrated under reduced pressure. The residue obtained 
was immediately dehydrated according to the procedure of Dau- 
hen and BoswelLG1 The above alcohol was dissolved in 15 ml of 
pyridine and the solution was cooled to Oo. To this cooled solution 
was added 5 ml of phosphorous oxychloride. The solution was al- 
lowed to warm to room temperature and was stirred for an addi- 
tional 2 hr. A t  the end of this time, water was carefully added to 
the red solution. The solution was extracted with ether and the 
combined ether layers were washed with 10% aqueous hydrochloric 
acid, followed by water, and then dried over magnesium sulfate. 
Removal of the solvent left 360 mg of 4-phenylchromene as a clear 
oil: NMR (cc14) 6 4.68 (d, 2 H ,  J = 4.0 Hz), 5.58 (t, 1 H,  J = 4.0 
Hz), and 6.58-7.24 (m, 9 H).35 

3,4-Diphenylisochromene (22). A 2.5-g sample of 3-phenyliso- 
chromanone was added at  0' to a Grignard solution prepared by 
treating 500 mg of magnesium turnings with 2.5 g of bromoben- 
zene in 15 ml of anhydrous ether. The mixture was stirred at  room 
temperature for 1 hr and was then heated a t  reflux for an addition- 
al 2 hr. After cooling, the mixture was poured onto 5 ml of concen- 
trated sulfuric acid suspended on crushed ice. The mixture was 
then extracted with ether and the ethereal extracts were washed 
with water, followed by a sodium bicarbonate solution (lo%), then 
dried over magnesium sulfate and concentrated under reduced 
pressure to an amber oil. The oil was dissolved in 10 ml of glacial 
acetic acid which contained 10 drops of water. To this mixture was 
added 1 ml of concentrated sulfuric acid. The dark brown mixture 
was kept a t  75' for 10 min and was then poured onto ice and ex- 
tracted with ether. The ethereal extracts were washed several 
times with water, followed by a saturated sodium chloride solution. 
The solution was dried over magnesium sulfate and concentrated 
under reduced pressure to give 3.2 g of a dark oil. The oil was chro- 
matographed on 300 g of silica gel using 5% ether in cyclohexane as 
the eluent. Removal of the solvent left 1.48 g (45%) of 3,4-diphen- 
ylisochromene: mp 92-94'; ir (KBr) 6.22, 6.75, 8.07, 9.20, 10.65, 
13.12, 14.22, and 14.46 p; uv (methanol) 316 nm ( e  12,250) and 232 
(12,900); NMR (CDC13) T 4.78 (s, 2 H)  and 2.2-3.4 (m, 14 H). 

Anal. Calcd for C21H16O: C, 88.70; H,  5.67. Found: C, 88.50; H, 
5.90. 
3-Phenyl-4-methylisochromene (27). A solution containing 

500 mg of 3-phenylisochromanone in 10 ml of anhydrous ether was 
added to  a Grignard solution prepared by treating 270 mg of mag- 
nesium turnings with 1.6 g of methyl iodide in 40 ml of anhydrous 
ether. The mixture was allowed to stir at  room temperature for 8 
hr and the excess Grignard reagent was decomposed with 10% sul- 
furic acid. The mixture was extracted with ether and the organic 
layer was washed with water, dried over magnesium sulfate, and 
concentrated under reduced pressure to give a yellow oil which 
proved to be a mixture of isomeric alcohols: NMR (CDC13) 6 1.15 
(s), 1.37 (s), 2.41, (s, OH), 4.50 (s), 4.90 (s), and 6.8-7.8 (m, 9 H); ir 
(neat) 2.90, 3.34, 6.68, 6.90, 7.30, 8.20 p. The mixture cf alcohols 
was subsequently dehydrated by stirring the mixture with 30 ml of 
10% sulfuric acid in acetic acid for 2 min. Addition of water to the 
above solution followed by extraction with ether gave 250 mg 
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(50%) of 3-phenyl-4-methylisochromene, mp 84-85', upon removal 
of the solvent. The structure of this material was assigned on the 
basis of its analytical and physical properties: ir (KBr) 6.15, 6.25, 
6.75, 6.91, 7.30, 8.09, 8.28, 9.05, and 9.30 p ;  NMR (CDC13) 6 2.13 (s, 
3 H), 5.12 (s, 2 H), and 7.0-7.7 (m, 9 H); MS m/e 222 (Mf) ,  207, 
193, 179 (base), 115, 105,91, and 77; uv (methanol) 310 and 232 nm 
(c  14,900 and 15,700). 

Anal. Calcd Tor CpjH140: C, 86.45; H,  6.35. Found: C, 86.39; H, 
6.44. 

3-Phenylisochromene (32). To a solution containing 400 mg of 
3-phenylisochromanone in 20 ml of methanol was added 100 mg of 
sodium borohydride. After stirring a t  room temperature for 90 
min, the methanol was removed under reduced pressure. Ether 
was then added to the residue and the organic phase was washed 
with water, then dried over magnesium sulfate and concentrated 
under reduced pressure to give 360 mg of a white solid (89%): mp 
95-110'; NMR (CDCk) 6 2.0 (s, OH), 4.3-5.0 (m, 4 H), and 6.9-7.6 
(m, 9 H); ir (KBr) 2.90, 6.72, 6.90, 7.32, 9.14, 9.42 p. The impure al- 
cohol was dehyrated without further purification using 450 mg of 
Burgess reagent62 in refluxing benzene for 30 min. The mixture 
was diluted with ether, washed with water, dried over magnesium 
sulfate, and concentrated under reduced pressure to give a crude 
solid which was recrystallized from 95% ethanol to give 280 mg 
(75%) of 3-phenylisochromene (32) as a white solid: mp 122-124'; 
NMR (CDCk) 6 5.17 (s, 2 H), 6.41 (s, 1 H), 6.8-7.8 (m, 9 H); ir 
(KBr) 6.18, 6.74, 6.90, 7.21, 7.84, 8.31, and 9.42 w ;  uv (methanol) 
323 and 235 nni (c  14,700 and 14,600); MS mle 208 (M+), 181, 179 
(base), 165, 152,105, and 77. 

Anal. Calcd for C1bH120: C, 86.51; H,  5.81. Found: C, 86.28; H,  
5.82. 

I r radiat ion of 2,2-Dimethylchromene. A solution containing 
442 mg of 2,2-dimethylchromene in 160 ml of methanol was irra- 
diated under an argon atmosphere with a 450-W Hanovia lamp 
equipped with a Pyrex filter for 3 hr. Removal of the solvent under 
reduced pressure left a crude oil which was subjected to thick layer 
chromatography. In addition to recovered starting material (43%), 
two new compounds were obtained as clear oils. The major compo- 
nent (15%) was assigned as 4-methoxy-4-(2-hydroxyphenyl)-2- 
methylbut-2-ene ( 5 ) :  NMR (CC14) 6 1.64 (9, 6 H), 3.20 (s, 3 H), 4.87 
(d, 1 H, J = 9.0 Hz), 5.24 (d, 1 H, J = 9.0 Hz), and 6.4-7.0 (m, 5 H). 
The minor component (7%) was assigned as 3-methoxy-3-methyl- 
1-(2-hydroxyphenyl)but-l-ene (6): NMR (CC4) 6 1.20 (s, 6 H) ,  
3.10 (s, 3 H), 5.64 (d, 1 H, J = 13.0 Hz), 6.28 (d, 1 H,  J = 13.0 Hz), 
6.54-7.16 (m, 4 H), and 7.30 (s, 1 H); ir (cc14) 3.05, 3.38, 6.35, 6.73, 
6.90, 7.28, 7.32, 7.80, 8.18, 8.70, 9.28, 9.48, 10.62, 11.20, 11.85, and 
14.02 j ~ ;  MS mle 178, 160, 145 (base), 115,91, and 77. Continued ir- 
radiation of the reaction mixture gave 6 as the major photoproduct 
with only traces of 5,  suggesting that a t  least part of 6 is formed 
from the secondary photoisomerization of 5. Both methanol ad- 
ducts slowly reverted to starting material 4 when left in the dark. 
In contrast to the complex behavior obtained from the direct irra- 
diation of 2,2-dimethylchromene, the xanthone-sensitized photoly- 
sis cleanly gave the terminal ether 6 in high yield. Irradiation of a 
solution containing 397 mg of 2,2-dimethylchromene and 202 mg 
of xanthone in 160 ml of methanol with a 450-W Hanovia lamp 
equipped with a Pyrex filter for 3 hr gave 360 mg of terminal ether 
6 on removal of the solvent. A small amount (35 mg) of unreacted 
chromene was also present. 

Irradiation of 2,2-dimethylchromene in neat acetone gave 3- 
methyl-l-(2-hydroxyphenyl)buta-1,3-diene (10) as the only photo- 
product. A solution containing 410 mg of 2,2-dimethylchromene in 
200 ml of acetone was irradiated with a 550-W Hanovia lamp 
equipped with a Pyrex filter for 2 hr. Removal of the solvent left a 
yellow oil which was chromatographed on a thick layer plate using 
methylene chloride as the eluent. In addition to unreacted starting 
material (206 mg) the only other product obtained was 80 mg of a 
clear oil whose structure is assigned as 3-methyl-l-(2-hydroxy- 
pheny1)buta-l33-diene (20%): NMR (Cc4)  6 1.88 (s, 3 H), 4.90 (m, 
2 HI, 5.30 (broad s, 1 H), 6.44-7.30 (m, 6 H); MS mle 161, 145 
(base), 127, 115, 91, and 77. 

Irradiation of 200 mg of 4 in 150 ml of methanol for 3 hr using a 
450-W Hanovia lamp equipped with a Corex filter followed by re- 
moval of the solvent under reduced pressure gave a pale yellow res- 
idue. This material was subjected to thick layer chromatography 
and four products were obtained. The component present in the 
smallest quantity (4%) was identified as photoadduct 6 by compar- 
ison of its spectral properties with those of 3-methoxy-3-methyl-l- 
(2-hydroxypheny1)but-1-ene (6). The major component isolated 
from the thick layer plate was identified as 2,3-dimethoxy-2- 
methyl-4-(o-hydroxyphenyl)butane (7, 19%): NMR (CDC13) 6 1.08 
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(s, 3 H), 1.21 (9, 3 H), 1.6-2.2 (m, 2 H), 3.11 (s, 3 H), 3.25 (s, 3 H), 
4.40 (dd, 1 H, J = 7.3 and 3.3 Hz), 6.5-7.2 (m, 4 H), and 7.37 (9, 1 
H). The next major fraction collected from the thick layer plate 
was identified as 2-methyl-4-(o-hydroxyphenyl)but-2-ene (9, 17%) 
on the basis of its NMR spectrum (CDC13): 6 1.69 (s, 6 H), 3.17 (d, 
2H,J=8.0Hz),4.53(s,1H),5.12(t,lH,J=8.0Hz),and6.4-6.9 
(m, 4 H). The remaining material isolated from the plate was iden- 
tified as 2-methyl-3-methoxy-4-(o-hydroxyphenyl)but-l-ene (8, 
8%): NMR (CDCh) 6 1.66 (s, 3 H), 2.30 (dd, 1 H, J = 15 and 8.0 
Hz), 2.60 (dd, 1 H,  J = 15 and 8.0 Hz), 3.33 (s, 3 H), 4.26 (t, 1 H, J 
= 8.0 Hz), 4.64 (d, 2 H), 6.5-7.2 (m, 4 H), and 7.20 (s, 1 H). 

I r radiat ion of 2,2-Diphenylchromene in Methanol. A solu- 
tion containing 228 mg of 2,2-diphenylchromene in 170 ml of 
methanol was irradiated under an argon atmosphere using a 450- 
W Hanovia lamp equipped with a Pyrex filter for 2 hr. Removal of 
the solvent left a yellow oil which was purified by thick layer chro- 
matography. The major band contained 207 mg of a clear oil whose 
structure was assigned as 3-methoxy-3-(2-hydroxyphenyl)-l,l-di- 
phenylpropene (13) on the basis of its characteristic spectra: ir 
(CC14) 2.97, 3.30, 6.32, 6.74, 6.94, 7.33, 8.10, 9.05, 9.40, 10.51, 10.69, 
11.01, and 14.40 p; NMR (CC4) 6 3.20 (6, 3 H), 4.72 (d, 1 H, J = 8.0 
Hz), 6.12 (d, 1 H,  J = 8.0 Hz), 6.4-7.4 (m, 14 H), and 7.64 (broad s, 
1 H); MS m/e 316, 298, 296, 284, 207 (base), 178,121, 119, 117, 83, 
and 77. When 13 (20 mg) was heated in methanol in the dark, the 
only product isolated was 2,2-diphenylchromene (12). 

I r radiat ion of 3,4-Diphenylchromene in  Methanol. A solu- 
tion containing 50 mg of 3,4-diphenylchromene in 160 ml of meth- 
anol was irradiated under an argon atmoephere using a 450-W Ha- 
novia lamp equipped with a Corex filter for 190 min. The solvent 
was removed under reduced pressure and the resulting oil was pu- 
rified by thick layer chromatography. The major band contained 
42 mg of a clear oil whose structure was assigned as 3-methoxy-l- 
(2-hydroxyphenyl)-l,2-diphenylpropene (15) on the basis of its 
characteristic spectra: ir (CC4) 3.25, 3.43, 6.25, 6.68, 8.36, 8.97, 
9.08, 10.39, and 14.23 j ~ ;  NMR (CCW 6 3.28 (s, 3 H), 4.67 (8, 2 H), 
7.0-7.9 (m, 14 H), 8.90 (m, 1 H). 

I r radiat ion of 4-Phenylchromene in  Methanol. A solution 
containing 130 mg of 4-phenylchromene in 12 ml of methanol was 
irradiated in a quartz tube which had been purged with argon. Ir- 
radiation of the sample for 4 hr using a 450-W Hanovia lamp 
equipped with a Corex filter gave 185 mg of a crude residue. The 
thick oil obtained was subjected to thick layer chromatography 
using a cyclohexane-ether mixture as the eluent. The first band 
obtained (Rr 0.67) contained 64 mg of a clear oil whose structure 
was assigned as 1,3-dimethoxy- 1 - (2-hydroxyphenyl) - 1 -phenylpro- 
pane (20): ir (CCL) 3.0, 3.29, 3.40, 3.45, 6.19, 6.31, 6.73, 6.82, 6.91, 
7.20, 7.71, 8.08, 8.50, 8.66, 8.96, 9.45, 10.29, 10.96 p; NMR (CCl4) 6 
2.48 (t, 2 H, J = 7.0 Hz), 3.2 (m, 2 H), 3.14 (9, 3 H), 3.20 (s, 3 H), 
6.58-7.12 (m, 9 H) ,  and 7.92 (s, 1 H); MS mle 240, 238, 209, 208, 
207 (base), 181, 179, 178, 165, 152, and 131. The second band iso- 
lated from the thick layer plate (Rf  0.57) contained 43 mg of a clear 
oil whose spectral properties indicated it to be a 1:l mixture of cis- 
and trans-3-methoxy-l-(2-hydroxyphenyl)-l-phenylpropene: 
NMR (CC4) 6 3.24 (s, 3 H),  3.76 (d, J = 7.0 Hz), 3.97 (d, J = 6.5 
Hz), 5.29 (broads, OH), 5.70 (s, OH), 5.94 (t, J = 6.5 Hz), 6.32 (t, J 
= 7.0 Hz), 6.6-7.4 (m, 9 H); MS m/e 240, 238, 224, 209, 208, 207 
(base), 181, 178, 165, 152, 131, and 115. When the mixture of cis- 
and trans-3-methoxy-l-(2-hydroxyphenyl)-l-phenylpropene (18 
and 19) was photolyzed in methanol for 3 hr, dimethoxypropane 20 
was formed in quantitative yield. 

I r radiat ion of 3,4-Diphenylisochromene in Methanol. A so- 
lution containing 80 mg of 3,4-diphenylisochromene in 120 ml of 
methanol under a nitrogen atmosphere was irradiated with a 450- 
W Hanovia lamp equipped with a Pyrex filter for 13 hr. Removal 
of the solvent left a crude residue which was separated into two 
major components by thick layer chromatography. The faster 
moving band contained 47 mg (59%) of a white solid, mp 89-90', 
whose structure was assigned as 2,3-epoxy-2,3-diphenylindan (23) 
on the basis of its physical properties and by comparison with an 
authentic sample: ir (CCL) 6.92, 7.95, and 11.05 F;  NMR (CDC13) T 
5.44 (broad s, 2 H) and 3.2-2.20 (m, 14 H). An authentic sample of 
23 was prepared by the peracid oxidation of 2,3-diphenylindene. A 
mixture containing 400 mg of 2,3-di~henylindene~~ (25) and 400 
mg of m-chloroperbenzoic acid in 20 ml of methylene chloride was 
kept a t  -8O for 14 hr. A t  the end of this time a saturated sodium 
bicarbonate solution was added and the mixture was then extract- 
ed with ether. The extracts were dried over magnesium sulfate and 
concentrated under reduced pressure to give a crystalline solid. 
This material was purified by thick layer chromatography to give 
205 mg (48%) of a white solid, mp 89-90', whose physical proper- 
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ties were identical in every detail with those of the sample of 2,3- 
epoxy-2,3-diphenylindan isolated from the photolysis of 3,4-di- 
phenylisochromene. 

The slower moving component (25  mg, 27%) isolated from the 
thick layer plate was a clear oil whose structure was assigned as 
fruns-2-hydroxy-3-methoxy-2,3-diphenylindan (24) on the basis of 
its physical and chemical properties: ir (cc14) 2.85, 6.91, 7.38, 7.95, 
9.35, 9.80, 11.0, and 14.40 p;  uv (methanol) 287, 274, and 260 nm ( c  
790, 650, and 725); NMR (CDC13) 7 5.82 (s, 3 H), 5.35 (s, 2 H), 5.50 
(s, 1 €1, exchanged with DzO), and 3.3-2.40 (m, 14 H). Treatment 
of a 14-mg sample of trans-2-hydroxy-3-methoxy-2,3-diphenyl- 
indari in 0.5 ml of chloroform-d with a grain of p-toluenesulfonic 
acid for 9 hr resulted in the quantitative formation of 1,l-diphe- 
nylindanone (26): mp 120--121° (lit.64 mp 120-121'); ir (CC14) 5.75, 
6.22, 6.75, 6.98, 8.00, 8.44, 9.70, and 14.50 p ;  uv (methanol) 305, 
281, 273, and 268 nm ( t  675, 1420, 1440, and 1220); NMR (CDC13) 
T 5.32 (s, 2 $3) and 3.0-2.0 (m, 14 H). 

Anal. Calcd for C21H160: C, 88.70; H, 5.67. Found: C, 88.42; H,  
5.66. 

A similar reaction occurred when 2,3-epoxy-2,3-diphenylindan 
was treated with p-toluenesulfonic acid; however, when a 42-mg 
sample of 2,3-epoxy-2,3-diphenylindan was stirred with 4.0 g of sil- 
ica gel in 20 ml of 5% ether-cyclohexane, the only product ob- 
tained was truns-2,3-dihydroxy-2,3-diphenylindan: ir (CCL) 2.80, 
2.90, 6.22, 6.93, 9.50, 11.0, and 14.20 f i ;  uv (methanol) 305, 281, 273, 
and 268 nm ( t  6.75, 1420, 1440, and 1220); NMR (CDCh) T 5.06- 
5.96 (AB quartet, 2 H, J = 17 Hz), 4.80 (s, 1 H,  exchanged with 
DpO), 4.30 (s, 1 H,  exchanged with DzO), and 2.40--3.40 (m, 14 H). 
Treatment of this diol with p -  toluenesulfonic acid in chloroform-d 
gave a quantitative yield of l,l-diphenyl-2-indanone (26). 

2,3-Epoxy-2,3-diphenylindan (23, 15 mg) was quantitatively 
converted into truns-2-hydroxy-3-methoxy-2,3-diphenylindan by 
carrying out the irradiation in 6 ml of methanol for 15 hr. The con- 
version of epoxide 23 to 24 still proceeded when the irradiation was 
carried out in the presence of sodium bicarbonate. 

Irradiation of 3-Phenyl-4-methylisochromene in Methanol. 
A solution containing 200 mg of 3-phenyl-4-methylisochromene 
(27) in 150 ml of methanol was irradiated under a nitrogen atmo- 
sphere with a 450-W Hanovia lamp equipped with a Pyrex filter 
for 23 hr. Removal of the solvent left a pale oil which was shown to 
contain 2,3-epoxy-Z-phenyl-3-methylindan (28) as the major com- 
ponent by NMR analysis: NMR (CC14) 6 1.50 (s, 3 H), 3.40 (s, 2 H), 
and 6.9-7.7 (m, 9 H). Purification of the epoxide was not possible 
owing to the extreme ease with which it was converted into trans- 
2,3-hydroxy-2-phenyl-3-methylindan (29, 170 mg, 78%), mp 128- 
129'. The structure of epoxide 28 was verified by comparison with 
an authentic sample. A 200-mg sample of 2..phenyl-3..methylin- 
dene (31)66 was dissolved in 5 ml of methylene chloride and cooled 
a t  Oo.  To this solution was added 200 mg of m-chloroperbenzoic 
acid and t,he resulting solution was stirred a t  0' for 25 min. The 
m-chlorobenzoic acid that had formed was filtered and the solvent 
was removed under reduced pressure to leave behind a pale oil 
whose NMR spectrum was identical with that obtained from the 
irradiation of 3-phenyl-4-methylisochromene (27). If the epoxida- 
tion reaction mixture was worked up by washing the methylene 
chloride layer with a dilute sodium bicarbonate solution the only 
product formed was truns-2,3-phenyl-3-methylindan: m p  128- 
129O; ir (KBr) 3.05, 6.25, 6.35, 6.70, 6.92, 7.35, 9.52 p ;  NMR 

3.94 (broad s, 2 H,  exchanged with DzO), and 7.2-7.64 (m, 9 HI; 
MS m/e 222,204,195,179 (base), 165,115, and 77. 

Irradiation of 100 mg of 3-phenyl-4-methylisochromene (27) in 
150 ml of methanol with a 550-W Hanovia lamp for 32 hr did not 
give any significant quantities of epoxyindan 28 (<5%). Instead, 
the major product isolated from the thick layer plate was identi- 
fied as truns-2-hydroxy-3-methoxy-2-phenyl-3-methylindan (30): 

(broad s, 1 H, exchanged with D20), and 6.9-7.8 (m, 9 H). 
Irradiation of 3-Phenylisochromene in Methanol. A solution 

containing 50 mg of 3-phenylisochromene (32) in 150 ml of metha- 
nol was irradiated under a nitrogen atmosphere with a 550-W Ha- 
novia lamp equipped with a Pyrex filter for 20 hr. Removal of the 
solvent under reduced pressure left a yellow oil which was recrys- 
tallized from 95% ethanol to give 45 mg (87%) of a white solid, 
whose structure was assigned as trans-2-methoxy-3-hydroxy-2- 
phenylindan (33) on the basis of its physical properties and by 
comparison with an independently synthesized sample: mp 103- 
105"; ir (KBr) 6.18, 6.70, 6.89, 7.2, 7.91, 8.28, 9.41, 9.72, 10.32, 
10.65, 10.89, 11.10, 11.48, 11.90, 12.30, 13.10, 13.32, 13.75, and 14.60 

(CDC13) 6 3.12 (d, 1 H, J = 16.0 Hz), 3.65 (d, 1 H, J = 16.0 Hz), 

NMR (CDCl3) 6 1.06 (s, 3 H), 3.12 (s, 3 H), 3.38 (s, 2 H), 3.82 

p;  NMR (CDCb) 6 3.10 (s, 3 H), 3.90 (broad s, 1 H), 4.93 (s, 2 H), 
and 6.8-7.8 (m, 9 H). An authentic sample of 33 was prepared by 
treating 200 mg of 2 - p h e n ~ l i n d e n e ~ ~  (34) with 200 mg of m-chloro- 
perbenzoic acid in 15 ml of methylene chloride a t  Oo for 12 hr. The 
organic layer was then washed with a 10% sodium bicarbonate so- 
lution followed by water. The methylene chloride solution was 
then dried over magnesium sulfate and the solvent was removed 
under reduced pressure to give 180 mg of a clear oil whose NMR 
spectrum indicated it to  be 2,3-epoxy-2-phenylindan: NMR 
(CDCh) 6 3.42 (broad s, 2 H),  4.26 (s, 1 H),  and 7.0-7.7 (m, 9 H). 
Conversion of this epoxide to  methoxy alcohol 33 was achieved by 
dissolving the epoxide in methanol containing a trace of p-toluene- 
sulfonic acid and allowing the solution to stir for 30 min. Removal 
of the solvent under reduced pressure gave a crystalline solid 
which was recrystallized from 9596 ethanol to give methoxy alcohol 
33, nip 103-105O. This material was identical in every detail with 
the major product obtained from the irradiation of 3-phenyliso- 
chromene. A mixture melting point was undepressed at  103--105O. 

4-Phenylisothiochromene (36) was prepared by adding 2.0 g of 
isothiochroman-4-0ne~~ in 10 ml of ether to a Grignard reagent 
prepared from 3.84 g of bromobenzene and 0.6 g of magnesium 
turnings in 30 ml of ether. The mixture was allowed to stir a t  room 
temperature for 2 hr and was then decomposed by pouring onto a 
10% sulfuric acid solution on crushed ice. The ether layer was dried 
over magnesium sulfate and concent,rated under reduced pressure 
to give 1.25 g of a yellow oil: ir (CCb) 2.90, 6.22, 6.70, 6.90, '7.84 jt; 
NMR (CCW 6 2.7-4.2 (m, 5 H)  and 6.8-7.5 (m, 9 H). The crude 4- 
phenylisothiochroman-4-01 was used without further purification. 
The oil was dissolved in 45 ml of glacial acetic acid which con- 
tained 5 ml of concentrated sulfuric acid and was allowed to stir a t  
room temperature for 1 min. At the end of this time 70 ml of water 
was added and the aqueous solution was extracted with ether. The 
ethereal extracts were washed with 10% sodium bicarbonate fol- 
lowed by water. The organic phase was then dried over magnesium 
sulfate and the solvent was removed under reduced pressure to 
leave behind a yellow oil. This residue was purified by thick layer 
chromatography using a 5% ether-pentane mixture as the eluent. 
The major component amounted to 725 mg of a pale yellow oil 
whose structure was assigned as 4-phenylisothiochromene (36) on 
the basis of its physical properties: ir (CCL) 6.23, 6.72, 6.92, 7.08, 
and 10.96 p ;  NMR (cc14) 6 3.86 (s, 2 H), 6.50 (s, 1 W), and 6.9--7.4 
(m, 9 H); uv (methanol) 325 and 243 nm ( c  2800 and 7930); MS mle 
224, 223, 193, 155 (base), 122,120,118 (base), and 83. 

Anal. Calcd for C15H1pS: C, 80.31; H, 5.39; S, 14.29. Found: C, 
80.03; H,  6.04; S, 14.06. 

Irradiation of 4-Phenylisothiochromene in Methanol. A so- 
lution containing 189 mg of 4-phenylisothiochromene in 450 ml of 
methanol under a nitrogen atmosphere was irradiated with a 450- 
W Hanovia lamp equipped with a Pyrex filter for 1 hr. Removal of 
the solvent under reduced pressure gave a yellow oil which was 
subjected to thick layer chromatography using hexane as the el- 
uent. The fastest moving band amounted to 16 mg of elemental 
sulfur, mp 118'. The second band contained 78 mg (51%) of a clear 
oil whose structure was assigned as 3-phenylindene (37): ir (CCb) 
3.26, 6.34, 6.72, 6.86, 6.92, 7.20, and 10.25 jt; NMR (CDCl3) 6 3.38 
(d, 2 H,  J = 2.0 Hz), 6.38 It, 1 H,  J = 2.0 Hz), and 7.0-7.6 (m, 9 H). 
This material was identical in every detail with an authentic sam- 
ple of 3 - p h e n ~ l i n d e n e . ~ ~  The third component isolated from the 
thick layer plate (12 mg) was starting material. The last band iso- 
lated from the thick layer plate contained 12  mg of a pale yellow 
oil (6%) whose structure was assigned as methyl phenyl (o-tolu- 
y1)thionoacetate (38) on the basis of its physical properties: ir 
(CC14) 3.22, 3.38, 6.20, 6.65, 6.85, 8.14, 8.40, 8.79, 9.90, 13.01, 13.40, 
13.56, 13.90, and 14.38 p ;  NMR (CDC13) 6 2.22 (s, 3 H),  4.03 (s, 3 
H), 5.64 (s, 1 H), and 6.9--7.4 (ni, 9 H);  MS mle 256, 224, 223, 181 
(base), 169, 166,165, and 161. 

Quantum Yield Determinations. All quantitative measure- 
ments were made on a rotating assembly with a central light source 
(internal water-cooled mercury arc lamp, Hanovia Type L-45OW). 
Samples in 13-mm Pyrex ampoules were placed in holders on the 
assembly approximately 6 cm from the immersion well. The light 
was filtered by circulation of 0.002 A4 potassium chromate in a 1% 
aqueous solution of potassium carbonate through the inner jacket 
to  isolate the 3130-A region of the medium-pressure mercury arc6* 
All studies were made at  room temperature. Samples in 13-mm 
Pyrex test tubes were degassed to 5 X mm in three freeze- 
thaw cycles and then sealed. Benzophenone-benzhydrol actinome- 
try was used for quantum yield determinati0ns.6~ After irradiation, 
the degree of reaction was determined by quantitative uv or vapor 
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phase chromatography. The conversions in the irradiations were 
run t o  15% or less. The mass balance in these runs were generally 
better than 95%. 
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