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Benzoin acetate has been observed to undergo photolytic cyclization to 2-plienylbenzofuran (2).

Desyl

chloride, benzoin tosylate, 4,4’-dimethoxybenzoin acetate, 3,3’-dimethoxybenzoin acetate, and desyldimnethyl-

amine hydrochloride also cyclize to the corresponding furans.
Spectroscopic data indicate that the cyclization and excitation are inti-

excitation of the benzoyl carbonyl.

This reaction appears to result from an n — 7*

mately associated through interaction of the nonbonding electrons on oxygen with the w-systemn in the isolated

phenyl group.

A substantial effort has been expended elucidating the
various photochemical reactions of the desyl moiety.!
The results of these studies are summarized in Fig. 1.
Course a is favored if the a-substituent is easily elim-
inated as a radical, thus, desyl thiobenzoate (X =
—SCOPhL) yields bidesyl and bithiobenzoate when ex-
posed to sunlight filtered through Pyrex.'* When this
type of radical fission is not possible, the distribution
of photolysis products depends on the solvent. Des-
oxybenzoin (X = H) photolysis, if conducted in sun-
light with a Pyrex vessel and in an inert solvent such as
benzene, gives rise to bibenzyl, benzaldehyde, and bi-
desyl through route b, whereas, if the solvent possesses
labile hydrogens, reductive dimerization occurs wvia
pathc.’»—4  In other cases simple reduction is favored.!®

a . PhCHCOPh
-—> PhCHCOPh 4+ X:. —> | + X
PhCHCOPh
b
PhCHXCOPh —> PhCHX + PhCO —> PhCHO +
PhCHXCOPh
l PhCXCOPh
|
PhCHXCHXPh PhCXCOPh
OH \
| PhCXCOPh
c PhCHXCPh
b ! or PACHXCHOHPh
PhCHXC‘lPh
OH
Fig. 1.—Various decomposition schemes observed in desyl pho-
tolyses.

Considering the breadth of previous studies we
were surprised to observe an additional mode of desyl
decomposition. Photolysis of benzoin acetate (1),
under an atmosphere of nitrogen using a Pyrex filter
and a high-pressure mercury-vapor lamp, produces as
the major isolable product 2-phenylbenzofuran (2).
This benzofuran (2) is accompanied by over-irradia-
tion products? and the dihydrobenzoin acetates (path b,
Fig. 1).

(1) (a) A. Schoénberg, A. K. Fateen, and 8. Omran, J. Am. Chem. Soc., 78,
1224 (1956); (b) J. Kenyon, A. Rassoul, and G. Soliman, J. Chem. Soc.,
1774 (1956); (c) W. D. Cohen, Chem. Weekblad, 18, 902 (1916); (d) E.
Paterno, G. Chieffi, and G. Perret, Gazz. Chim. Ital.,, 44, I, 151 (1914);
(e) G. Ciamician and P. Silber, Ber., 84, 1530 (1901).

(2) In a control experiment there were at least six and possibly seven
components that resulted when 2 was irradiated in isopropyl alcohol. These
materials frequently appeared as companion products to the benzofuran 3.
Only one of them can be purified readily; m.p. 282-285°. The analysis of
this material is consistent with CeH,:0:, which corresponds to a reductive
dimerization between two molecules of 2 and two atoms of hydrogen. The
ultraviolet curve, )\gl;[,?ch 283 mu, shoulder 292 mu, is rather similar to that
of a 2,3-dihydrobenzofuran, 280 and-288 mu (J. I. DeGraw, Jr., D. M. Bowen.
and W. H. Bonner, Tetrahedron, 19, 19 (1963)). The infrared has strong
carbon—oxygen stretching bands, v,I‘,:?{ 1245 and 1010 cm.~! and the heavi-
est fragment in the mass spectrum is half of the expected molecular weight,
m/e = 195. This would indicate that the dimeric halves are linked by a
single weak bond. The only other major peak falls at m/e = 195 — CH:0 =
165 which tends to confuse the interpretation, since any structure with a

We have embarked on a study of the factors influenc-
ing this cyclization reaction. The yields of 2 are to a
small extent solvent dependent amounting to 15% in an
inert solvent such as benzene and 8 to 109, in dioxane
and isopropyl alcohol, both solvents possessing labile
hydrogens. Possibly the diminished yield is the result
of a side reaction such as process c in Fig. 1, although no
reduction products were isolated.® Table I contains
the products and the corresponding yields for these and
subsequent reactions.

X R~
e OO
R 0 Re O Rs
2 Rs Rs
R,

1, R-Rsy = H; X = OAc 2, Ri— Ry = H
3, R-Ry = H; X = (Cl 8, Rs, R7, Ry = H;
4, R-Rs = H; X = OTs R4, Ry = OCH;
5, Rx—R4 = H, 9, R, Rs, Rg =

NH(CH,),Ci . &, = 0CH,

10, Rg, R7, Ry = H;
Rs, Rg = OCH)

6, Rh Ra = H Ry, Ry = OCHyg;
Ac
79 Rz, R4

= H; Ry, Ry = OCH;;
Ac

The choice of the leaving group is crucial to the suc-
cess of the reaction. If desyl chloride (3) is photolyzed
in benzene under the same conditions as 1 the benzo-
furan 2 is formed, but the yield is reduced drastically
to about 19;. Unlike the acetate 1, the chloride gives
rise to bidesyl as the major product (path a, Fig. 1).
Similarly, irradiation of benzoin tosylate (4) leads to
the furan 2 in only 39 yield. Tetraphenylfuran also is
found (49;). The precursor of this substance could well
be bidesyl which can be eyclized quite easily in benzene
with toluenesulfonic acid as a catalyst.

Conversely, desyldimethylamine hydrochloride (5),
when photolyzed in aqueous solution, is converted to 2
in 679,. Of this 679, 549 is isolated as the furan itself
and the remaining 139, as the dimeric over-irradiation
products. No other discrete products were found.
There are numerous examples of photochemical elim-
mmation of halogen and ester substituents o to a car-
bonyl, but, to our knowledge, this is the first case of an
a-aminoketone hydrochloride participating in this
type of reaction.
phenyl group in the 2.position would not seem capable of producing such a
fragment. One further compound of the set could be obtained by prepara-
tive thin-layer chromatography and occasionally a minute amount of one of
the other compounds could be separated by recrystallization. Several of
these materials had.infrared spectra that were very similar to the comnpound
described above. We have not pursued this aspect of the problem further,
but it seems likely that these compounds arise from furan dimerizations.

(3) Even though these reaction mixtures are disturbingly complex, in most

instances the furans are separated easily from the other, more polar ma-
terials by a single pass through an alumina column.
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TaBLE I

PuoTtoLyses oF DesvyL CompoUnDs”: REacTioN ConNpiTIONS, PRODUCTS, AND YIELDS

Reactants Solvent
Benzoin acetate (1) 1-C3H,0H
CH.Cl,
Dioxane
Benzene
Desyl chloride (3) Benzene
Benzoin tosylate (4) Benzene
Desyldimethylamine hydrochloride (5) Water
4,4'-Dimethoxybenzoin acetate (6) Benzene
3,3’.-Dimethoxybenzoin acetate (7) Benzene

Vol. 86
Irradiation

time, hr. Products Yield, %
16 2-Phenylbenzofuran (2) 10
1.5 2-Phenylbenzofuran (2) 12
6 2-Phenylbenzofuran (2) 8
17 2-Phenylbenzofuran (2) 15
Dihydrobenzoin diacetate 5
Dimeric furans 3
18 2-Phenylbenzofuran (2) 1
Bidesyl’ 13
17 2-Phenylbenzofuran (2) 3
Tetraphenylfuran 4
146° 2-Phenylbenzofuran (2) 54
Dimeric furan 13
17 p-Anisil 12
Benzofuran (8) 1
17 Benzofuran (9) 46
Benzofuran (10) 2

a All of these reactions were conducted in a nitrogen atmosphere using a Hanovia high-pressure quartz mercury vapor lamp in con-

junction with a Pyrex filter.

® Only the higher melting pair of stereoisomers was isolated.

¢ The immiersion well becomes coated with

an opaque solid which reduces the efficiency of the light even when the well is cleaned frequently.

The cyclization is also affected by substituents on
the phenyl groups. The irradiation of 4,4’-dimethoxy-
benzoin acetate (6) in benzene with a Pyrex filter
produces only a trace of the expected furan 8. The
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Fig. 2.—Ultraviolet spectra of benzoin acetate (1), 4,4'-
dimethoxybenzoin acetate (6), and 3,3’-dimethoxybenzoin ace-
tate (7).

chief product is p-anisil. In contrast, no benzil could
be detected in the photolysis mixture of benzoin
acetate. If 3,3’-dimethoxybenzoin acetate (7) is photo-

lyzed in the same manner as the preceding acetates, a
489 yield of a mixture of two isomeric furans 9 and 10 1s
obtained.* Independent synthesis established the struc-
tures of 9 and 10, and vapor phase chromatography
fixed their ratio at 9:10 = 96:4.5 The structure of
furan 8 was assigned on the basis of the mode of forma-
tion, analysis, infrared spectrum which possesses vfex
1620 cm. ! (2,3—>C=C<), 1262, 1163, and 1118 cm. !
(> C-0-), and ultraviolet spectrum which is-very simi-
lar in shape to that of 2 except shifted to longer wave
length by about 15-16 mu.

We would like to present now an attractive mechanis-
tic interpretation of this new photolytic cyclization,
although we recognize that other explanations may
account for this phenomenon. A comparison of the
ultraviolet absorption curves of acetates 1, 6, and 7 is
most informative (see Fig. 2). In the irradiated portion
of these spectra 1 and 7 exhibit only two absorptions,
one at 285-290 mu, which can probably be attributed to
the = — 7r* transition of an isolated phenyl group, and
the other at 305-315 mg, which corresponds to the n —» 7*
carbonyl excitation. The intensity of this n — =* band
seems to parallel the furan yield (i.e., n —7*¢0f 7 > 1, with
6 being uncertain owing to the end absorption from the
282 mu peak.)® Furthermore, then — 7* band of 7 is ex-
tremely intense (e 3000). This same band in the spec-
trum of 1 also possesses an enhanced intensity, but since
it is so broad and merges with the = — 7* absorption
of the aromatic systems, only an approximate value for
e can be determined (e 500). B,v-Unsaturated ketones
frequently display this type of accentuated n — =* ab-
sorption. In contrast, saturated and «,B-unsaturated
ketones generally possess an ¢ <70.

The source of this effect has been traced to the inter-
action of the carbonyl nonbonding electrons with the
m-orbitals of a 8,v-double bond.”

(4) These furans do not seem to be as sensitive to further irradiation as the
unsubstituted system.

(3) §. Kawai, T. Nakamura, and N. Sugiyama, Ber., 72, 1146 (1939).

(6) The possibility that cyclization was caused by a = — =* excitation of
the isolated phenyl group had to be tested in view of Zimmerman’s recent
work dealing with the photolytic solvolysis of benzyl esters (H. E. Zimmer-
man and V. R. Sandel, J. Am. Chem. Soc., 85, 915 (1963)). The failure
to observe a reaction when the sodium salt, the free acid, and the methyl
esters of acetylmandelic acid were photolyzed under various conditions
seems to negate any aromatic » — n* mechanism.
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A theoretical analysis of the ultraviolet spectrum of
11 demonstrates that such an interaction would indeed
account for this enhanced n — =* absorption.® In this

0

o

12, 314 mu
(e 126), cyclohexane

11, 293 mu (e 101).
cyclohexane
particular example the nonbonding electrons are in-
volved chiefly with the m-orbital 8 to the carbonyl;
however, in 12 the overlap must be principally with the
m-orbital in the vy-position.® The rigid stereochemistry
of 11 and 12 apparently is not necessary to bring about
this interaction, since open chain @,y-unsaturated
ketones also possess an enhanced n — 7* band. Thus the
nonbonding orbitals of an unrestricted, 8,y-unsaturated
ketone should be capable of interacting with the carbon-
carbon double bond at both the 8- and ~v-sites.
Furthermore, if the 8,y-unsaturation is derived from
an aromatic nucleus, an additional n — 7* intensifica-
tion results if that nucleus is substituted with electron-
donating substituents (see Fig. 3).1

Lo
NH(CHy),

CH:CHCH;
CH,CHs

R

H Musx = 292 (e 470), H,O
CH, 289 (790), H,O
291 (1350), H,O

Fig. 3.—The dependence of ¢ on ring substitution.

The unusually intense n — 7* bands in the ultraviolet
curves of 1 and 7 probably originate from an interaction
similar to that described above. Indeed, the fact that
this overlap plays such an important role in the excita-
tion process is the best rationale for the occurrence of
the ecyclization reaction. When this mixing is en-
couraged, as evidenced by the enhanced n — =* absorp-
tion of 7, in contrast to that of 1, the cyclization yield is
increased. One can now write a crude mechanism for
this reaction, where 13 depicts the excited state of a
species that possesses a strong interaction between the

OAc OAc
40a i ¢ =0 tann
0 (]
O
H
1 13
-0
(8}
2

nonbonding oxygen orbital and the m-electrons of the
isolated aromatic nucleus.
The case of 6 can now be considered. The ultra-

(7) For background material and references on this subject see K. Mislow,
et al., J. Am. Chem. Soc., 84, 1455 (1962).

(8) H. Labhart and G. Wagniere, Helv. Chim. Acta, 42, 2219 (1959).

(9) R. C. Cookson, R. R, Hill, and J. Hudec, Chem. Ind. (London), 589
(1961).

(10) R. C. Cookson and N. §. Wariyar, J. Chem. Soc., 2302 (1956).
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violet curve of this compound (see Fig. 2) does not
resemble those of the other two benzoin acetates 1 and
7. The disappearance of the usual 250 mu band and
the appearance of a strong absorption at 282 mu seems
to indicate that the 250 myu band has shifted to longer
wave length and coalesced with the phenyl 7 — #* and
ketone n — 7* band.

Nagakura and Tanaka have found that absorptions
of the 250 mu type are predicted by MO theory if one
allows the highest occupied orbital of the phenyl group
to interact with the lowest unoccupied orbital of the
carbonyl, thus, forming two new states. Electronic
excitation from the lower of these new states to the
higher would give rise to a charge-transfer band of about
the same energy and intensity as that observed experi-
mentally.!! If complementary substituents are situ-
ated at opposite ends of the =-system, then excitation is
accompanied by a migration of charge density from the
donor to the acceptor group by a process similar to
that described above.!? In this type of system the 250
myu band is replaced by an absorption at longer wave
length.

The 282 myu absorption in the spectrum of 6 is prob-
ably one of these charge-transfer transitions. The
low yield of furan 8 from 6 is rationalized, at least in

OAc
h
O)}/_@— 0 C}Ia 282 vmu
CH,0
6
OAc

LY o Cmbon

CH:0

part, by this massive absorption which reduces the
amount of light available for n = 7* excitation. Also
the p-methoxy substituent of the benzoyl moiety may
delocalize the electronic disturbance on the carbonyl
carbon of the n — 7* state to the extent that the acetate
functionality is not expelled readily.!?

The rationale for the high ratio of furans obtained
from the photolysis of 7 (9:10 = 96:4) and for the ease
of desyl cyclization when the leaving group is dimethyl-
amine hydrochloride is not readily extracted from the
data at hand.

In addition to the novelty of this cyclization, we
should like to emphasize the role of the nonbonding
m-orbital interaction from which this reaction seems to
stem. At least for intramolecular photoreactions an
awareness of this overlap and the factors which in-
fluence it should be of considerable mechanistic and
practical value. Studies designed to define these fac-
tors more precisely are in progress.

Experimentallt

3,3’-Dimethoxybenzoin Acetate (7).—To a solution of 9.29 g.
(0.0342 mole) of 3,3’-dimethoxybenzoin®® and 6.87 g. (0.087

(11) 8. Nagakura and J. Tanaka, J. Chem. Phys., 22, 236 (1954).

(12) S. Nagakura, ibid., 28, 1441 (1955).

(13) H. E. Zimmerman, B. R. Cowley, C. Y. Tseng, and J. W. Wilson,
J. Am. Chem. Soc., 86, 947 (1964). )

(14) Melting points are uncorrected. The authors are indebted to Dr.
S. M. Nagy and his associates for microanalyses, Chemistry Department,
M.I.T., Cambridge 39, Mass., and to Professor K. Biemann for his
kind assistance in the measurement and interpretation of mass spectral
data.
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mole) of pyridine in 25 ml. of methylene chloride at ice bath temn-
perature 4.3 g. (0.055 mole) of acetyl chloride in 40 ml. of methyl-
ene chloride was added dropwise with stirring. After standing
at room temperature overnight, the solution was washed with
dilute hydrochloric acid, dilute sodium hydroxide, and twice
with water, dried by filtering through MgSQ., and evaporated to
dryness under reduced pressure. A red oil resulted that would
not crystallize even after extended refrigeration. This oil was
chromatographed on 100 g: of activity III alumina to obtain 9.97
g. (939) of a pale yellow, viscous oil that gave only one spot
upon thin-layer chromatography. The oil distilled at 179° at
about 0.005 mm. yielding a distillate having »52°" 1740 and 1697
em. 1 Ao 220 myu (log e 4.46), 256 (3.99), 287 (3.51), and 312
(3.48); n.m.r. (CDCl;): singlet 2.21 p.p.m. (3H), singlet 3.78
(6), singlet 6.88 (1), and complex 6.90-7.80 (8).

Anal. Caled. for C;sHisO5: C, 68.78; H, 5.77.
69.40; H, 5.73,

This oil was used in subsequent experiments as it could not be
induced to crystallize.

Desyldimethylamine Hydrochloride (5).—A modification of
the procedure of Lespagnol, ef al.,'® was followed, without iso-
lating intermediates from desoxybenzoin to the hydrochloride 5, in
549 vield. After crystallization from ethanol-ether the liydro-
chloride had m.p. 240-243° (lit.® 226-230°), »5* 2575 (broad)
and 1685 cm. 7} n.m.r. (D:O): singlet 3.37 p.p.m. (6H), singlet
5.28 (1H exchanged with D,Q), singlet 6.83 (1), comuplex 7.4-8.4
(10).

Photolysis Apparatus and Procedures.—The apparatus was
constructed from a Kjeldahl flask fitted with condeuser and nitro-
gen sparger connections. The light well, a simiple glass tube of the
desired optical properties (only Pyrex 7740 is used in the irradia-
tions described in this paper), was fitted firmly into the neck of
the flask with a gooch rubber seal. The sparger, a gas dispersion
tube extended with an inner joint, was sealed into the flask with
glyptal and wrapped with Parafilm. Prior to irradiation tlie solu-
tions were flushed for 0.5 hr. with prepurified nitrogen and cir-
culated by means of a magnetic stirrer. The light source was a
Hanovia, 200 watt, Type S, mercury imniersion lamp eniitting
the complete ultraviolet spectrum (1819-4000 A}, During the
reaction the solution was cooled in a water bath, the stirring con-
tinued, and a light spray of nitrogen maintained. The progress of
the reaction was followed by thin-layer chroinatography.

Photolysis of Benzoin Acetate (1). (A) The High Melting
Overirradiation Product of 2.—A solution of 5.1 g. (0.0201 mole)
of 1¥ in 800 ml. of benzene was irradiated for 17 hr. using a
Pyrex well. After removal of the benzene under reduced pres-
sure and refrigeration of the resulting oil overnight, crystals
developed in the oily residue. Recrystallization from hot di-
methylformamide afforded 0.095 g. of needles, m.p. 282-282.5°,
ACHCR 993 mu (log € 3.88) and shoulder 292 my (log € 3.79); vho
1480, 1243, 1010, 760, 749, and 698 cm.™!; m/e 195 and 165.

Anal. Caled. for CiHnQs: C, 86.12; H, 5.68. Found: C,
86.14; H, 5.46.

(B) 2-Phenylbenzofuran (2).—The aforementioned filtrate was
chromatographed on 150 g. of activity I Woelm alumina. The
furan was eluted first. After recrystallization from hot methanol—
water 0.589 g. (15%) of thin plates was obtained, m.p. 120-121°;
mixture m.p. was undepressed and the infrared spectrum was
identical with that of an authentic sample.!®

(C) Dihydrobenzoin Diacetate and Overirradiation Products
of 2,—Further chromatography yielded 0.098 g. of a complex
mixture of 2-phenylbenzofuran photolysis products. This was
followed by a yellow band that formed an oily crystalline residue.
After two recrystallizations from methanol, 0.072 g. of hydro-
benzoin diacetate, m.p. 134-135° (lit.?® 133-134°), was obtained.
The mother liquors were rechromatographed on 45 g. of activity
I alumina. Recrystallization from methanol yielded 0.066 g. of
a mixture of hydro- and isohydrobenzoin diacetate; approximate
yield 0.137 g. (5%).

Photolysis of 2-Phenylbenzofuran (2).—A solution of 0.506 g.
(0.00261 1mole) of 2 in 66 ml. of isopropyl alcohol was irradiated
for 3 hr. using a Pyrex well. The solid which precipitated during
the reaction was collected by filtration and recrystallized fromn

Found: C,

(153) A. Schénberg and W. Malchow, Ber., 88, 3746 (1922).

(16) A. Lespagnol, F. Mercier, J, Bertrand, and J. Mercier, Ann. pharm.
franc., 8, 241 (1950),

(17) B. B. Corson and N. A. Saliani, “Organic Syntheses,”” Coll. Vol. 11,
John Wiley and Somns, Inc.,, New York, N. Y., 1943, p. 69.

(18) P. Yates, J. Am. Chem, Soc., T4, 3376 (1952).

(19) S. Winstein and D. Seymour, tbid., 68, 119 (1946).
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hot dimethylformamide to give 0.148 g. of colorless needles, m.p.
284°, possessing the same infrared spectrum as the 282-282.5°
material from the photolysis of 1. The filtrate contained a com-
plex mixture of about six compounds identical by thin-layer com-
parison with the materials isolated from the reaction mixture of 1.
Even with preparative thin-layer chromatography only one of the
six was isolated in the pure state. No further attempt was made
to effect separation.

Photolysis of 4,4’-Dimethoxybenzoin Acetate (6). (A) 2-
(4’-Methoxyphenyl)-6-methoxybenzofuran (8).—A solution of
5.02 g. (0.016 mole) of 620 in 800 1nl. of benzene was irradiated for
17 hr. using a Pyrex well. The benzene was removed under re-
duced pressure and the residue chromiatographed on 70 g. of
activity III alumina. The first band eluted was 8 which after
recrystallization from hot methanol yielded 0.028 g. (19, based
on 719 conversion) of thin plates, m.p. 159-161°; A% 317 myu
(log € 4.65), 332 (4.53), and shoulder 286 (4.31); »X%7 1620, 1496,
1262, 1163, 1118, and 826 cm. 1,

dnal. Caled. for C,sHuQ5: C, 75.57; H, 5.55.
75.29; H, 5.80.

(B) p-Anisil.—By further chromatography both p-anisil and
starting material were collected together. Separation by frac-
tional recrystallization from ethanol gave 0.399 g. (139 based on
719 conversion), m.p. 132-134° (lit.2! 133°, undepressed mixture
m.p. with authentic sample), of p-anisil and 1.465 g. (719, con-
version), m.p. 94-96°, of the acetate 6.

Photolysis of 3,3’-Dimethoxybenzoin Acetate (7). (A) 2-
(3’-Methoxyphenyl)-5-methoxybenzofuran (9).—A solution of
5.01 g. (0.016 mole) of 7 in 800 ml. of benzene was irradiated for
17 hr. using a Pyrex well. Upon removal of the benzene under
reduced pressure, the resulting red oil deposited crystals after
standing several days. These were recrystallized from hot meth-
anol to give 1.062 g. of colorless crystals of 9 which had m.p.
96-97°; Aot 214 myu (log e 4.59), 290 (4.32), 316 (4.41), and
shoulder 303 (4.35); vha 1612, 1475, 1207, 1168, 1027, 841, and
780 cm. "t

Anal. Caled. for CyH1O5: C, 75.57; H, 5.55.
75.51; H, 5.52.

(B) 2-(3'-Methoxyphenyl)-7-methoxybenzofuran (10).—The
above filtrate was chromatographed on 120 g. of activity III
alumina to obtain 0.665 g. of a furan mixture and 0.530 g. (89,
conversion) of starting material. Careful fractional recrystalliza-
tion of the furan fraction from hot methanol followed by subli-
mation yielded an analytic sample of 10 which had m.p. 74.5~
76° ADS® 211 mpu (log e 4.32), 241 (4.19), 296 (4.43), 318
(4.26), and shoulder 304 (4.39); M. 1487, 1283, 1209, 1095,
774, and 727 cm. 7L

Anal. Caled. for C;sH4O3: C, 75.57; H, 5.55.
75.70; H, 5.49.

The ratio of the furans 9 and 10 in the chromatography fraction
was determined by vapor phase chromatography at 270° on a 8 ft.
X 0.25 in. 209, Se-30 silicone rubber on 60-80 mesh Chromosorb
W column using benzoin acetate as the standard (9:10 = 89:11;
thus, the over-all percentage vield, based on 899 conversion, is
469, for 9 and 29 for 10).

Syntheses of Isomeric Furans 9 and 10.—Condensatiou of 2-
hydroxy-5-niethoxyvbenzaldehyde?? with methyl «-chloro-3-me-
thoxyphenylacetate?? followed by saponification and decarboxyla-
tion gave 9.5 The same sequence using 2-hydroxy-3-methoxy-
benzaldehyde in place of the 5-methoxy isomer led to 10. Com-
parison of infrared spectra and undepressed mixture m.p. dem-
onstrated that the synthetic materals were identical with the
materials obtained photolytically.

Photolysis of Desyl Chloride (3).—A solution of 5.00 g. (0.0216
mole) of 3 in 800 ml. of benzene was irradiated for 18 hr. using a
Pyrex well. After removal of the benzene under reduced pres-
sure bidesyl precipitated (0.533 g., 13%) which after filtration
and recrystallization from hot dimethylformamide had m.p. 255-
259° (lit.*» 255°). Chromatography of the oily filtrate through
15 g. of activity I alumina gave crude 2 (0.058 g., m.p. 105-120°)
which when recrystallized twice from hot methanol had m.p.
120-122° (undepressed mixture m.p. and identical infrared
spectra).

Found: C,

Found: C,

Found: C,

(20) A. McKenzie and D. J. C. Pirie, Ber., 69, 861 (1936).

(21) V. Franzen and L. Fikentscher, 4ux., 618, 1 (1958).

(22) V. G. Yakovlev, Zh. Obshch. Khim., 20, 361 (1950); Chem. Abstr.,
44, 6831a (1950).

(23) R. M. Laird and R. E. Parker, J. Am. Chem. Soc., 88, 4277 (1961).
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Photolysis of Desyldimethylamine Hydrochloride (§).—A solu-
tion of 5.00 g. (0.0191 mole) of 5 in 800 ml. of distilled water was
photolyzed using a Pyrex well. After about 48 hr. the solution,
now opaque with particles and a solid suspension, was diluted
with about 600 ml. of methanol and condensed under reduced
pressure to about 500 ml. This operation coagulated the sus-
pension leaving a transparent solution. The solid was collected
by filtration and the filtrate returned to the photolysis appara-
tus, the volume adjusted to 800 ml., and irradiation continued.
These manipulations had to be repeated every 48 hr. until pre-
cipitation ceased (146 hr.). The accumulated solid was dissolved
in a minimum amount of methylene chloride and filtered to remove
insoluble dimeric material (0.160 g., m.p. 284-285° after one re-
crystallization from boiling dimethylformamide). The filtrate
was chromatographed on 80 g. of activity I alumina. Only two
substantial fractions were obtained: 2.02 g.of 2 (54%,, m.p.119-
120°, undepressed mixture m.p. and identical infrared spectra)
and 0.316 g. of the dimeric furans (mixture spot test by thin layer
chromatography with the photolysis products of 2).

Suspension problems may be eliminated by photolysis in meth-
anol, but the yield of 2 is reduced to 359%,.

Photolysis of Benzoin Tosylate (4).—A solution of 5.00 g. of
424 was dissolved in 800 ml. of benzene and irradiated 17 hr. using
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a Pyrex well. The solid which formed during photolysis was re-
moved by filtration from the concentrated reaction mixture.
This solid is very hygroscopic, soluble in water, acidic, and after
one recrystallization from boiling benzene has m.p. 92-100°.
It was not purified further. The aforementioned filtrate was
next filtered through 20 g. of activity III alumina and chromato-
graphed on 100 g. of activity I alumina. The first substance
eluted (0.080 g.) had, after one recrystallization from hot meth-
anol, m.p. 119-121° (mixture m.p. undepressed and identical
infrared spectra with 2). The second material eluted (it fluo-
resces brightly in ultraviolet light when on the column) had, after
one recrystallization from methanol-methylene chloride by heat-
ing until crystallization begins, m.p. 170-173° (0.100 g.). An
authentic sample of tetraphenylfuran had an undepressed mixture
m.p. and identical infrared spectrum with this substance. No
other discrete materials were isolated.
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preciation.
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Various chemical and photochemical reactions of the highly hindered hydrocarbon o-di-t-butylbenzene (I)
have been investigated. Depending on the reagents used, nitration of I gave either 1,2-di-t-butyl-4-nitro-
benzene (VIIa) or 1,2-di-f-butyl-4,5-dinitrobenzene (VIIIa). By reduction, diazotization, and acetolysis of
the diazonium fluoroborate, VIIa was converted into 3,4-di-¢-butylphenol acetate (VIId). The corresponding
phenol VIIc did not show any tendency to exist in the tautomeric dienone structure Xa, whose stabilization
by relief of strain in the o-di-f-butyl system might have been expected. Bromination of VIIc afforded 2,4-
dibromo-5-t-butylphenol (XII). The aluminum chloride catalyzed acetylation of I yielded 2,4-, 3,5-, and 3,4-
di-t-butylacetophenone, plus p-t-butylacetophenone, together with minor amounts of m- and p-di-t-butylbenzene
and 1,3,5-tri-i-butylbenzene. With the exception of 3,4-di-f-butylacetophenone, these same products were also
formed in the similar acetylation of #- and p-di-t-butylbenzene. Controlled reduction of I by lithium in liquid
ammonia in the presence of isopropyl alcohol gave mainly 2,3-di-t-butyl-1,4-cyclohexadiene (XIX), which was
isomerized by lithium ethylamide into 1,6-di-¢-butyl-1,3-cyclohexadiene (XXII). On irradiation with a mer-
cury arc lamp in an all-quartz apparatus I underwent slow isomerization to a 1:4 photostationary mixture of

m- and p-di-t-butylbenzene, along with the formation of polymeric by-products. The same photostationary
condition was also reached from m- and p-di-t-butylbenzene.

Because of the high degree of strain present in o-di-t-
butylbenzene (I), the chemical and physical properties
of this hydrocarbon and related compounds have been of
interest for some time.? Only recently, however, have
successful synthetic routes to I been developed. In the
first of these the synthesis of I was achieved by the
reaction of acetylene witha dicobalt carbonyl complex of
di-t-butylacetylene.? In the second, two variations of
a multistep sequence starting from 1,1,4,4-tetramethyl-
tetralone were employed.®” With a slight modifica-
tion in the last step, one’ of the latter routes has been
utilized in the present study.

The strain energy in I arising from the steric repul-
sion of two o-f-butyl groups was first predicted by

(1) Taken in part from the Ph.D, Thesesof P. L. C. (1964) and M. O. A-R.
(1963). An account of this work was presented before the Division of
Organic Chemistry at the 148th National Meeting of the American Chemical
Society, Chicago, Ill., Sept. 1, 1964.

(2) Alfred P. Sloan Research Fellow, 1961-1964.

(3) For a discussion and leading references, see H. C. Brown, J. Chem.
Educ., 36, 424 (1959); see also other papers cited below.

(4) C. Hoogzand and W. Hiibel, Angew. Chem., 73, 680 (1961).

(5) E. M. Arnett and M. E. Strem, Chem. Ind. (London), 2008 (1961).

(6) L. R. C. Barclay, C. E. Milligan, and N. D. Hall, Can. J. Chem., 40,
1664 (1962).

(7) A. W. Burgstahler and M. O. Abdel-Rahman, J. Am. Chem. Soc., 88,
173 (1963).
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Brown and co-workers to be about 25 keal /mole.® By
means of a comparison of the heat of combustion of
1,3,5-tri-t-butylbenzene (II) with that of 1,2 4-tri-t-
butylbenzene (I1I), Hiibel, ef al.,* have determined the
strain energy of the latter to be 16.8 = 1.7 keal./mole.
On this basis, the strain energy of I may be estimated at
about 17 kecal./mole.

This degree of aromatic destabilization in I is reflected
in its ultraviolet and nuclear magnetic resonance (n.m.r.)
spectral properties. Thus, in the 240-280 my region of
the ultraviolet spectrum, the usual benzene ring fine
structure i1s almost entirely absent. Instead, only a
single broad maximum at 261.5 mu is present. In the

(8) H. C. Brown, D. Gintis, and L. Domash, ibid., 78, 5387 (1956); cf.
ref. 3.

(9) U. Kruerke, C. Hoogzand, and W. Hiibel, Chem. Ber., 94, 2817 (1961);
¢f. C. Hoogzand and W. Hiibel, Tetrahedron Letters, 637 (1961).



