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h gives 2, which can be trapped by addition of acetone, cy- 
clohexanone, allyl bromide, trimethylsilyl chloride, and tri- 
n-butyltin chloride to give the expected products, 3a-e, in the 
purified (and crude) yields indicated in Scheme I.5 When 
hexadeuterioacetone is used as the electrophile and the 
composition of the products determined by NMR, the product 
3f is obtained in 67% yield, while the ethyl ester is observed 
to be 58% deuterated material, 3g. This result, as well as the 
85% crude yield of 3e, suggests that metalation is satisfactorily 
complete under these conditions and that the relatively low 
yields obtained with the ketones are due to competing enoli- 
zations. 

On a preparative scale the metalation can be a key step in 
the preparation of the a-lithioethyl alcohol synthon. Thus 
formation of 2 from 1 on a several gram scale, followed by 
addition of hexamethylphosphoric triamide (HMPA) just 
prior to addition of the electrophile followed by reduction with 
lithium aluminum hydride in THF or dimethoxyethane, yields 
the substituted alcohols as shown in Scheme 11. The isolated 
yields are based on 1. 

It is reasonable that corresponding a-lithio derivatives of 
other primary alcohols will be available by metalation of the 
esters of 2,4,6-trisubstituted benzoates or closely related 
compounds.6 For some situations the presence of excess s-  
BuLiPTMEDA or unmetalated ester may be inconvenient. In 
that case the tin compound 3d can be reacted with methylli- 
thium to provide 2 in high yields; subsequent additions of 
deuteriomethanol, methyl iodide, and methyl benzoate give 
the expected products in 80-100% crude yield. An imaginative 
alternative route to a-lithioalkyl alcohol synthons by 
stannylation of the corresponding aldehydes has recently been 
reported by Still.7 

Activation by the benzoate carbonyl has now been shown 
to facilitate direct metalative preparation of primary and 
secondary organolithiums adjacent to oxygen, sulfur, and 

While such organometallics can be considered 
dipole-stabilized carbanions, further information on that 
point, as well as development of the synthetic potential of 
these species, is being studied. 
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Procedure. To a solution of 1:l s-BuLi/TMEDA (25.3 
mmol) in THF stirring at  -78 "C under nitrogen was added 
a solution of 3.98 g (14.4 mmol) of ethyl 2,4,6-triisopropyl- 
benzoate (1) in THF. After the reaction mixture was allowed 
to stir at -78 "C for 6 h, 4 mL of HMPA was added, followed 
by 20 mL of 1-iodopentane. The reaction mixture was allowed 
to stir at -78 "C for 20 min, and then allowed to warm to room 
temperature. Ether was added and the organic phase was 
washed with aqueous saturated NHdCl, concentrated, dis- 
solved in ether, and washed with aqueous 10% HCl and 10% 
NaOH. The organic layer was dried (CaSO4) and concentrated 
under vacuum to give 4.8 g of a clear, orange oil. This material 
and 5.0 g (0.13 mol) of LiAlH4 in 75 mL of dimethoxyethane 
(DME) were heated at  reflux for 2.5 h. The heterogeneous 
reaction mixture was cooled to room temperature and treated 
with a minimal amount of H20. The insoluble salts were re- 
moved by filtration and washed with ether. The filtrates were 
combined, dried (MgS04), and concentrated under vacuum 
to give a clear, yellow oil which was distilled at  atmospheric 
pressure to afford 0.64 g (5.51 mmol, 38%) of 2-heptanol. 

Acknowledgment. We are grateful to the National Insti- 
tutes of Health-Institute of General Medicine for support 
of this work. 

References and Notes 
(1) (a) P. Beak and 6. G. McKinnie, J. Am. Chem. SOC., 99,5213 (1977); (b) D. 

B. Reitz, P. Beak, R. F. Farney, and L. S. Helmick, bid., 100, 5428 (1978); 
(c) P. Beak, 6. G. McKinnie, and D. B. Reitz, Tetrahedron Lett., 1839 
(1977). 

(2) P. Beak and D. 6. Reitz, Chem. Rev., 78, 275 (1978). 
(3) R. Schecker, D. Seebach, and W. Lubosch, Helv. Chim. Acta, 81, 512 

(1978). 
(4) Prepared from the corresponding acid chloride and ethanol: R. C. Fuson and 

E. C. Homing, J. Am. Chem. Soc., 82,2962 (1940). An alternative route from 
2,4,6-triisopropylphenyllithium and diethyl carbonate is also useful. 

(5) All new compounds were characterized by IR, NMR, and satisfactory com- 
bustion analysis except for 3b, which was 0.5% low for hydrogen. Previously 
known compounds were identified by comparison of NMR and IR spectra 
with published data. 

(6) For example, metalation of n-octyl 2,4,6-triisopropylbenzoate under similar 
conditions followed by separate reactions with deuteriomethanol, acetone, 
or allyl bromide gives the expected products in crude yields of 90, 45, and 
95 %, respectively. 

(7) W. C. Still, J. Am. Chem. SOC., 100, 1481 (1978). 

Peter Beak,* Maurice Baillargeon, Linda G .  Carter 
Roger Adams Laboratory, University of Illinois 

Urbana, Illinois 61801 
Received July 10, 1978 

Photochemical Transformations of Chalcone Oxides 

Summary: Close examination of the photobehavior of several 
chalcone oxides has demonstrated that aryl ring substituents 
control whether the C,-0 or C,-Cp bond of the oxirane ring 
will be cleaved. 

Sir: Photochemical rearrangements of +epoxy ketones have 
received extensive study and have been the subject of several 
re~iews.l-~ These compounds generally display two types of 
photobehavior: (a) photoisomerization of arylcyclopentenone 
oxides to pyrylium  oxide^,^,^ and (b) photoisomerization of 
a#-epoxy ketones to /3-diketones.a10 Although much data 
have been accumulated to show that C,-0 bond cleavage is 
the predominant mode of photofragmentation in a$-epoxy 
ketones, Muzart and PBtell have demonstrated that cleavage 
of the oxirane C,-Cs bond also can occur in certain optically 
active derivatives. Interestingly, epoxynaphthoquinones have 
been shown to undergo two types of photocycloaddition re- 
actions with olefins arising either from n,n* excited-state 
addition of the carbonyl group to form oxetanes, or from C-C 
bond fission of the oxirane ring followed by 1,3-dipolar addi- 

0 1978 American Chemical Society 



Communications J.  Org. Chem., Vol. 43, No. 21, 1978 4257 

tion to the olefin forming substituted tetrahydrofurans.12 
Because of our interest in the photochemical generation of 
carbonyl ylides from aryloxiranes13J4 we have reexamined the 
photobehavior of chalcone oxides8J5 to see if carbonyl ylides 
might also be intermediates in rearrangements of these 
compounds. 

Irradiation16 of trans-chalcone oxide (1) in acetonitrile with 
313-nm radiation led to the formation of dibenzoylmethane 
(2) as the major product (a = 0.019) accompanied by an un- 

o. o. 

Ph Ph 
H Ph 2 

1 

identified isomer1' (a = 0.009). The formation of 2 from 1 was 
first described by Bodforss in 1 9 W  and is assumed to arise 
from cleavage of the C,-0 bond of the oxirane followed by a 
1,2 shift of the P-hydrogen to the a position.10 

However, irradiation of 1 in the presence of a sixfold excess 
of methyl acrylate, an efficient d i p o l a r ~ p h i l e , ~ ~ J ~ J ~  led to the 
formation of substituted tetrahydrofuran adducts, 3,17b,20 in 

n 

3 

addition to dibenzoylmethane. The configuration of the THF 
adducts 3 suggests that a t  least 83% of the intermediate car- 
bonyl ylide precursors were formed by a disrotatory cleavage 
of the oxirane C,-Cs bond,Z1 producing the trans ylide A, 
which was subsequently trapped by methyl acrylate. These 

0 n 

A B 
results are consonant with Woodward and Hoffmann's pre- 
dictions of disrotatory electrocyclic ring opening in four- 
electron systems,21 but the formation of adducts derived from 
the cis ylide B is an anomaly, similar to that previously ob- 
served by us13 and by H ~ i s g e n . ~ ~ ~  In attempting to determine 
the nature of the excited states responsible for these rear- 
rangements, we have observed that the reaction is not 
quenched by 0.3 M piperylene, but is apparently sensitized 
by acetophenone (Et  = 74 kcal/mol) and by xanthone ( E ,  = 
74 kcal/mol). Under conditions where both sensitizers ab- 
sorbed >95% of the light, the same distribution of products 
was obtained. These data suggest that both C,-0 and C,-CB 
bond cleavages occur from a triplet excited state of 1 which 
is so short-lived that it cannot be quenched by energy transfer 
to piperylene. 

Since substituents on the oxirane ring should affect the 
stability of the photogenerated carbonyl ylides,l2J4b9c we have 
examined the photochemistry of the methoxy-substituted 
chalcone oxides, l b  and IC. Direct irradiation of a 0.03 M so- 

l a ,  R,  = R, = H 
b, R,  = OCH,; R, = H 
c, R, = H; R, = OCH, 

lution of l b  in acetonitrile led cleanly to  the formation of a 
single product (a = 0.024), isolated and identified as 1-(4- 
methoxyphenyl)-3-phenyl-1,3-propanedione (2b).22 Irra- 
diation of l b  with a sixfold excess of methyl acrylate decreased 
the efficiency of 2b formation (a = 0.011), but did not lead to 
detectable amounts of adducts, similar to those observed from 
la. The quantitative mass balance obtained in both of the 
above experiments suggests that 1 b undergoes photoreaction 
exclusively by C,-0 bond cleavage. 

In contrast to the clean C-0 bond fragmentation obtained 
from lb ,  direct irradiation of 4-methoxychalcone oxide (IC) 
led to rapid formation (a = 0.27) of 2-(4-methoxyphenyl)- 
4-pheny1-1,3-dio~ole2~ (4) along with a small amount (a = 
0.03) of anisaldehyde. The formation of dioxole 4 can be ra- 
tionalized by C,-C@ bond fission to form the stabilized ylide 
C, which then predominantly undergoes ring closure to 4 or 
can suffer further photodegradation to form anisaldehydeSz6 

IC 

Ph%'4r 

'C02CH 
Ar = 4-methoxyphenyl- 

We have been unable to detect any 1,3-diketone 2b, which 
would have arisen by C,-0 bond cleavage. Irradiation of IC 
in acetonitrile containing a 15 molar excess of methyl acrylate 
gave a reduced yield of 4 and gave rise to the formation of THF 
adducts (@ = 0.05),27 5. Isolation and stereochemical analysis 
of 5 indicates that they primarily (>go%) derive from disro- 
tatory C-C oxirane ring cleavage of IC (forming carbonyl ylide 
C), followed by 1,3-cycloaddition to methyl acrylate. Attempts 
to trap ylide C with other olefins, such as norbornene, have 
been unsuccessful. The apparent necessity of electron-defi- 
cient olefins to trap carbonyl ylides has been noted previ- 
ously5-7J3J4b and is consistent with Houk's suggestion that 
alkyl and conjugated carbonyl ylides should undergo HOMO 
(dipole) controlled 1,3-dipolar cycloaddition reactions.18,28 

These preliminary results illustrate the importance which 
substituents can play in controlling whether C,-0 or C,-CB 

bond cleavage occurs from photoexcited chalcone oxides, and 
suggests a new synthetic route for preparing unstable sub- 
stituted dioxoles. Further work is now underway to determine 
the photochemical consequences of other substituents and of 
starting material geometry in related a$-epoxy ketones to 
provide a clearer and unified mechanistic understanding of 
these reactions. 
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