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Irradiation of 3-ethoxy-3-methylpent-4-en-2-one gives (E)- and (Z)-5-ethoxyhex-4-en-2-one by 1,3-acyl shift;
acetaldehyde, 3-methylpent-4-en-2-one, (Z)- and (E)-3-methylpent-3-en-2-one by Norrish type II cleavage; 2,3,4-
trimethyl-2-vinyloxetan-3-ol (two isomers) by type II cyclization; and 3,4-dimethylhexane-2,5-dione (dl- and
meso-) and 5-ethoxyhex-5-en-2-one by secondary reactions. Disappearance of 3-ethoxy-3-methylpent-4-en-2-one
is neither sensitized by xanthone nor quenched by piperylene. The 1,3 shift is reversible. Mechanisms and relevance
to other a-substituted 3,y-unsaturated ketones are discussed; isolation of y-keto enol ethers from photolysis of «-
ethoxy 3,v-unsaturated ketones provides circumstantial evidence that a v-keto enol is the likely intermediate in
photochemical conversion of a-hydroxy 8,y-unsaturated ketones to 1,4-diketones.

It has recently become apparent that a-substitution can
cause dramatic alterations in the photochemical behavior of
8,y-unsaturated ketones.! For example, Engel et al.2 have
shown that a-methylation of 1a enhances the likelihood of
1,3-shift (a-cleavage) at the expense of 1,2-shift products,
although the multiplicity of the reactive excited state is un-
certain.? Sasaki,? Carlson,> McMurry, and we”8 have shown
that a-hydroxylation introduces a synthetically useful mod-
ification to the usual reaction pattern of 1,3-acyl shifts. We
previously reported the photochemistry of the two a-hydroxy
8,y-unsaturated ketones 2 and 4 which, on direct irradiation
or with triplet sensitization, gave the 1,4-diketones 3 and 5.7:8
The rearrangements of 2 and 4 were suggested to involve a
1,3-acyl shift (probably via discrete acetyl and allyl radicals),
followed by tautomerization of the resultant y-keto enol. The
(inefficient) sensitized 1,3-acyl shift of both 2 and 4, though
not unprecedented,? is highly unusual in 8,y-unsaturated
ketone photochemistry.
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Photochemistry of 3-Ethoxy-3-methylpent-4-en-2-one

This report describes the photochemistry of a related
molecule, 3-ethoxy-3-methylpent-4-en-2-one (6a), whose
excited state reactivity is unusually complex and substantially
different from that of the hydroxy analogue 2.1° The reasons
for extending our study of a-hydroxy substituted 8,y-unsat-
urated ketones to a-alkoxy analogues (6b) were several. First,

0 0
OR
)J\CHZCH=C<
OR CH,
6a, R = CH,CH, 7,R=H
b, R = alkyl 8 R = alkyl

it is possible to write alternative mechanisms for the 2 — 3 and
4 — 5 transformations. For example, although the 1,3-acyl
shift/enol ketonization mechanism for the photorearrange-
ment of 2 is well precedented,! the intermediacy of enol 7 was
not proven by physical detection. An a-alkoxy analogue such
as 6b could provide circumstantial evidence for the validity
of the 2 — 7 — 3 mechanism since an analogous 1,3-acyl shift
in 6b should halt at the stage of an (isolable) enol ether 8. A
complication attending this idea is the v hydrogens available
in all but tertiary alkoxy substituents, which would be sus-
ceptible to competing Norrish type II reactions. However,
assessing the competition between the 1,3 shift and v-H ab-
straction was also of fundamental interest.!!

From a synthetic point of view, were the 6b — 8 transfor-
mation to proceed in reasonable yield, it would provide a
useful synthetic route to y-keto enol ethers. Such half-pro-
tected 1,4-diketones would have considerable utility as syn-
thetic intermediates.

Results

Synthesis. The synthesis of 3-ethoxy-3-methylpent-4-
en-2-one (6a) was accomplished using three different syn-
thetic schemes, the most efficacious of which is summarized
in eq 1. The dithiane 9 was available from an intermediate step
in the synthesis of 2.7.!213 Addition of sodium hydride to a
solution of the dithioketal 9 and ethyl iodide in dry dimeth-
ylformamide at 0 °C gave 92% of the ether 10. Mercuric
chloride cleavagel? of the dithiane 10 afforded the desired
ether (6a) in 33% yield after careful purification by distillation
and preparative gas chromatography.

m NaH, CH,CH,I m

OH OCH,CH,
9 10
HgCl,, CaCO,
50% aq CH.ON 0
OCH,CH;,
6a

Direct alkylation of 2 afforded 6a in modest yield, but the
anticipated a-alkylation side products diminished the yield
substantially. Synthesis of 6a from 2 by successive ketaliza-
tion, ether oxygen alkylation, and acid-catalyzed cleavage of
the ketal in acetone was successful, but the more direct ap-
proach shown in eq 1 gave better overall yields. The structural
assignment for 6a was supported by its UV, NMR, and mass
spectra (cf. Experimental Section).

Direct Irradiation. To avoid photoproduct hydrolysis
(symptoms: ethanol and 2,5-hexanedione as products, variable
product yields) during irradiation and GLC analysis, several
precautions were necessary: (1) ethoxide-washed and oven-
dried photolysis and collection tubes; (2) sample preparation
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Table I. Photoproducts from Irradiations of 3-Ethoxy-3-
methylpent-4-en-2-one

Retention Yield, %° Yield, %,b:¢
Compd  time, min® direct with piperylene
11 2.6 4 4
12 9.1 2 7
13-(Z) 124 4 7
13-(E) 16.2 5 9
14a¢ 28.6 6 7
14bd 35.4 3 3
15a¢ 47.9 2 0
15be 55.7 2 0
16 58.1 3 5
17af 71.2 2 4
17b/ 76.1 3 5

2 On a 20 ft X 9 mm o.d. glass column of 5% SE-30 on 60/80
Chromosorb G-NAW at 85 °C, 95 mL/min. ® Uncorrected for
detector response. ¢ 0.3 M piperylene and 0.3 M 6 in benzene.
¢ One of four possible stereoisomers, absolute stereochemistry
undetermined. € d! and meso stereoisomers; correspondence to
individual GLC fractions undetermined. / E and Z isomers; ab-
solute stereochemistry not unambiguously determined.

in a drybox; (3) scrupulously and freshly dried solvents; (4)
double septums over and molecular sieves in photolysis tubes;
and (5) glass GLC columns and a high-pH support (Chro-
mosorb G-NAW). Carbon disulfide and sodium-dried ben-
zene-dg were used rather than chlorocarbons for IR and NMR
spectra of the most moisture-sensitive samples.

When samples of 6a (0.2 M in benzene, tert-butylbenzene
as standard) were prepared, irradiated, and analyzed with the
precautions indicated, the GLC trace revealed (after 2 h of
irradiation) that 11 principal photoproducts!4 and numerous
trace products were formed (Scheme I). The hydrolysis
products, ethanol and 2,5-hexanedione (3), were not observed
under rigorously dry and acid-free conditions.

Scheme 1. Direct Photolysis of
3-Ethoxy-3-methylpent-4-en-2-one
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The 11 principal photoproducts were isolated by prepara-
tive GLC (cf. Table I for yields and retention times). Com-
parison of IR and NMR spectra with published ones identified
acetaldehyde (11), 3-methylpent-4-en-2-one (12),1% and (Z)-
and (E)-3-methylpent-3-en-2-one [13-(Z), 13-(E)].15-18 The
next two fractions were identified as two of the four possible
racemic stereoisomers of 2,3,4-trimethyl-2-vinyloxetan-3-ol
(14a, 14b) based on NMR (two methyl singlets, methyl dou-
blet, methine quartet, vinyl ABX), IR (hydroxyl, vinyl, and
oxetane bands), and mass spectra (cf. Experimental Section).
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The dl and meso modifications of 3,4-dimethylhexane-2,5-
dione (15a,b) were identified by comparison of IR, NMR, and
mass spectral? and GLC retention times to those of the au-
thentic materials prepared as a d/-meso mixture from 2-
butanone and lead dioxide according to Wolf.20

Three enol ethers were identified on the basis of IR, NMR,
and mass spectra, and by their particular susceptibility to
hydrolysis to 2,5-hexanedione and ethanol. 5-Ethoxyhex-5-
en-2-one (16) was distinguished from the others by the ter-
minal methylene-enol ether moiety (NMR ¢ 3.83 and 3.91
doublets; IR 975 and 795 em~1). Two GLC fractions (17a, 17b)
were identified from IR, NMR, and mass spectra as 5-ethox-
yhex-4-en-2-one. Both had enol ether IR bands {in CSg: 17a,
790 cm™!; 17bh, 810 cm~1) and, in the NMR (C¢Dg), 1-H vinyl
triplets (17a, 6 4.70; 17b, § 4.57) coupled (J = 7 Hz) to a
methylene doublet (17a, & 3.11; 17b, § 2.77). More fine spin-
spin splitting between methylene, vinyl H, and vinyl methyl

could be seen in 17a. Since 17-(Z) should be expected to have

the more shielded vinyl hydrogen, less shielded vinyl methyl,
and the larger allylic coupling,21-23 the NMR contradictions
precluded unambiguous distinction as to which fraction of
17a,b was 17-(E) and which was 17-(Z).

Plots of product yields vs. irradiation time showed clear
induction periods for the 3,4-dimethylhexane-2,5-diones 15,
indicating that they were secondary photoproducts. The plot
for 16 was ambiguous. No induction periods were seen in
formation of photoproducts 11, 12, 13, 14, and 17.

In addition to the identified photoproducts, ca. 25 addi-
tional trace products could be seen in the GLC trace when the
temperature was programmed to 200 °C. Quantification and
identification were not feasible.

Photolyses of 3-Ethoxy-3-methylpent-4-en-2-one with
Added Sensitizers or Quenchers. Two solutions of 0.3 M
3-ethoxy-3-methylpent-4-en-2-one (6a) in dry benzene with
tert-butylbenzene as standard, with 0.9 M piperylene added
to one sample, were degassed and irradiated in parallel with
a 450-W Hanovia medium-pressure mercury arc lamp for a
total of 3 h. Aliquots were withdrawn at regular intervals for
GLC analysis (5% SE-30, 85 °C, 95 mL/min). No quenching
of the disappearance of 6a could be observed.

Although no change in the rate of keto ether loss was ob-
served, many other differences were apparent in the GLC
traces of the two photolysates. Most notable was the complete
lack of either isomer of 3,4-dimethylhexane-2,5-dione (15) in
the piperylene-quenched photolysis. Most other photoprod-
ucts appeared more rapidly and rose to a greater overall yield
in the piperylene-quenched photolysis (cf. Table I).

Parallel photolyses were also run on two 0.5 M solutions of
6a in benzene containing tert-butylbenzene standard, which
were identical except that one was saturated with xanthone
(0.19 M). A 6-h irradiation at 365 nm and a bandwidth of 23
nm, obtained with a 1000-W Osram super-pressure mercury
arc lamp with a Schoeffel GM-250 grating monochromator
(conditions under which the xanthone would absorb virtually
100% of the light), was monitored by GLC.

At the end of the irradiation no loss of 6a could be observed
in either photolysis. Using trans—cis piperylene isomerization
(® = 0.44)24-26 a5 actinometer, and assuming that no more
than 5% of 6a could have reacted without detection, an upper
limit for the quantum yield for sensitized disappearance of
6a would be 4 X 1073,

Direct Photolysis of 5-Ethoxyhex-4-en-2-one in Ben-
zene. A sample of 5-ethoxyhex-4-en-2-one (17a), isolated by
preparative GL.C and dissolved to make a 1% solution in dry
benzene-dg according to the precautions presented earlier
(vide ante), was irradiated with a Corex D-filtered mercury
arc lamp, and reaction was monitored by GLC. After 30 min
three new GLC peaks were apparent, having identical reten-

-tion times with 17b, the other isomer of 5-ethoxyhex-4-en-

Hancock and Wylie

2-one, 3-ethoxy-3-methylpent-4-en-2-one (6a), and 5-eth-
oxyhex-5-en-2-one (16) (Scheme II). The remaining photo-
lysate was diluted and analyzed by FT NMR, which clearly
showed that both isomers of 17 were present. No photoe-
quilibrium could be established because of the gradual accu-
mulation of secondary photoproducts. From the relative rates
of production of 6a and 17b, it appears likely that the latter
is a secondary photoproduct.

Scheme II. Photolysis of 5-Ethoxyhex-4-en-2-one in

Benzene
0} 0]
N
N OC:Hs benzene =
17 OCH;
2 17
0 0
+ ))><“ + /L/\"/oczﬁs
OC,H;
6a 16

Photolysis of (E)-3-Methylpent-3-en-2-one with Ac-
etaldehyde in Benzene-dg. A 1% solution of (E)-3-methyl-
pent-3-en-2-one [13-(E)], with an eightfold excess of acetal-
dehyde, and tert-butylbenzene as standard, in sodium-dried
benzene-dg was irradiated for 2.5 h with a Corex-filtered
mercury arc lamp; progress of the reaction was followed by
GLC. After 15 min of irradiation a GLC peak representing
(Z)-3-methylpent-3-en-2-one [13-(Z)] was the only detectable
photoproduct. Morrison and Rodriquez?” have previously
documented this example of photochemical cis-trans isom-
erization. The photolysis was continued for 150 min, at which
time more than 95% of the (E)- and (Z)-3-methylpent-3-
en-2-ones had disappeared and two new products had ap-
peared, which were identified at di- and meso-3,4-dimethyl-
hexane-2,5-dione (15a,b) on the basis of GLC retention times
(eq 2).

0 0O 0

hy
v D —— 2
*KA— 7 | oo )%(”

1342) 13(E) 5 0
(dl- and meso-)

Discussion

Primary Photochemistry of 3-Ethoxy-3-methylpent-
4-en-2-one. The photochemistry of the a-ethoxy 3,v-unsat-
urated ketone 6a proved significantly more complicated than
that of the a-hydroxy analogue 2,7 as the 11 principal photo-
products,!4 two hydrolysis products, and numerous trace
products attest. However, all of the primary photoproducts
can be accounted for in terms of competing 1,3-acyl shift (11,
17a,b) and Norrish type 11 [11, 12, 13-(Z,E), and 14a,b] pro-
cesses. The other products (15a,b and 16) arise via secondary
photochemical reactions (vide infra).

Both sets of primary photoreactions can be rationalized as
originating in either the n—7* singlet (S;) or n—=* triplet (T5)3
of 6a. The a-ethoxy ketone 6a showed a normal hypsochromic
shift of the n—=* absorption band in polar solvents [Apax 297,
305, 315 (sh), and 325 nm (sh) in c-CgH;9; 295 (sh), 302, 313
(sh), and 325 nm (sh) in acetonitrile]. The analogous a-hy-
droxy ketone 2 showed a bathochromic polar solvent shift of
the long wavelength absorption band.” Comparison of the
spectra of 2 and 6a supports previous conclusions*7:28.29 that
internal hydrogen bonding of a-hydroxy ketones in nonpolar
solvents is the cause of their atypical bathochromic n-=* polar
solvent shifts.
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The disappearance of 6a could neither be sensitized with
xanthone (ET = 74 kcal mol~1) nor quenched with piperylene.
The absence of any discernible triplet-sensitized reactivity
in 6a (other than inefficient long-term decomposition) is
probably attributable to an invisible free-rotor effect.2! Since
xanthone’s triplet energy is probably too low to sensitize the
Ts of 6a, these results are compatible with very fast reaction
from either T or S; on direct irradiation.

The 1,3-shift products, enol ethers 17-(Z) and 17-(E), are
the analogues of the y-keto enol 7, which had been postulated
as an undetected intermediate in the 2 — 3 rearrangement.
Whether the 1,3 shift in 6a is concerted or stepwise is hard to
assess. Acetaldehyde (11) and traces of biacetyl were the only
a-cleavage products detected, and most of the 11 more likely
originates in Norrish type II cleavage as companion to the A%-
and A3-3-methylpenten-2-ones 12 and 13. In either case, iso-
lation of enol ethers 17 from photolysis of the a-alkoxy ketone
6a provides strong circumstantial evidence for intermediacy
of enol 7 in the photolysis of the «-hydroxy analogue 2. Tau-
tomerization of 17 is blocked by the ether function, but di-
ketone 3 is readily obtained by hydrolysis. The low yields of
enol ethers 17 obviate any synthetic utility in this system as
a half-protected 1,4-diketone.

The origins of acetaldehyde (11), unsaturated ketones 12,
13-(E), and 13-(Z), and oxetanol isomers 14a,b are in Norrish
type II pathways (Scheme III) which compete with the 1,3-
acyl shift. v-Hydrogen abstraction can be followed by cycli-
zation of the biradical 18 to give the oxetanols (14) or by
cleavage to give acetaldehyde and the transient enol 19.
Tautomerization of the enol by 1,3- and 1,5-hydrogen shifts
leads to 12 and 13, respectively.

Scheme III. Norrish Type II Reactions of
3-Ethoxy-3-methylpent-4-en-2-one

HCHCH;, ‘CHCH, OH
0 l ho OH I cyclization '———(
)S(? benzex? )>£O —+ 0
= — 7
6a 18 14a, b
—CH,CHO l cleavage
0 1.3-Hshitt | OH 1,5-H shift O
~ s
12 19 13<(2), 13«(E)

There are many examples of type Il reactions in 8,y-un-
saturated ketones which have involved hydrogen abstraction
from a 8-alkyl group to give a diradical of type 20 and subse-

GH

20

quent cyclization rather than cleavage.l'%!1 Wagner has ex-
plained the absence of type II elimination as a result of the
orthogonality of the allylic = radical to the Co—C3 bond.30 This
rationale does not apply to 6a, in which H abstraction is from
a B'-alkyl group to give the quite different diradical 18
(Scheme I1I).

The photochemistry of 6a more closely resembles results
of Yates and Szabo,3! LaCount and Griffin,3Z and Lewis and
Turro3? for various a-alkoxy ketones and acetophenones, in
which both type II cleavage and cyclization occur competi-
tively.

It is difficult to gauge precisely the partitioning of 6a be-
tween the several available pathways because of the number
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of minor, unidentified products. However, that the n—n*
singlet of 6a is partitioned between 1,3 shift and v-H ab-
straction, whereas the photochemistry of the hydroxy ana-
logue 2 was uncomplicated by type II reactions, demonstrates
the significant y-hydrogen substituent effect. Dramatic en-
hancement of y-H abstraction by adjacent alkoxy function-
ality has been demonstrated previously by several groups,33-35
and quantified and explained by Wagner.3 In 6a, the best
estimates of the proportioning are the product yields in runs
with added piperylene which was shown not to quench dis-
appearance of 6a or appearance of any primary photoprod-
ucts, but which did quench secondary triplet decompositions
of the primary products. Under these conditions the yield ratio
(12 + 13 + 14):(17) gauges the y-H abstraction:1,3-shift par-
titioning as ca. 4:1 (a typical value33-3%), Similarly, the (12 +
13):(14) ratio measures the type II cleavage:cyclization ratio
as ca. 2:1 (cf. Table I). These values, of course, measure only
products, not reactivities, since reversion to 6a from reaction
intermediates has not been measured.

Few closely related systems have been studied.! Anet and
Mullis3® did report the photochemistry of the a-methoxy
8,v-unsaturated ketone 21, which partitioned about 3:1 be-
tween 1,3 shift (22) and type II cyclization (23), with no type
I cleavage and apparently no 1,3 shift reversal (eq 3).
McMurry37 has recently reported the photochemistry of 4-
hydroxy- (24a)® and 4-acetoxysantonene (24b).37 Hydroxy
ketone 24a gives the A -nor-6-acetyl compound 25 (by 1,2 shift
and cyclopropanol rearrangement) as the major direct and sole
triplet-sensitized product. In contrast to 24a and 6a, the a-
acetoxy B,y-unsaturated ketone 24b gives decarboxylation
product 24¢ and double bond migration isomers in the triplet
state, and enone-type rearrangements to 26 in the singlet.3?
The sensitized photolyses of the 1,2-dihydro analogues of 24a
and 24b gave analogous triplet photochemistry, but the singlet
photochemistry was not reported.36:37 The diverging reactions
of the a-oxy ketones such as 2, 4, 6a, 24a, and 24b leave many
unanswered questions about the role of a-alkoxy substituents
in 8,y-unsaturated ketone photochemistry.

0 0
OMe by pn HO />0 py
2> + ®)
OMe
0 0 0
21 22 23
0 0 \
X O
0 0 Jd X 0
24a, X i OH 25 26a, X = OAc
b, X = OAc 5 X =cil
¢, X = CH, ’ 2

Secondary Photochemical Reactions. The dI- and
meso-3,4-dimethylhexane-2,5-diones 15 were identified as
secondary photoproducts from the observations that (a)
buildup of diketones 15 shows an induction period, acceler-
ating when photolysis of 6a is about 30% complete; and (b)
production of diketones 15 is totally quenched by 0.9 M pip-
erylene (Table I), while disappearance of 6a is not. The likely
source of diketones 15 was shown by an independent photol-
ysis to be photoaddition of acetaldehyde (11) to 3-methyl-
pent-3-en-2-one (13) under the photolysis conditions for 6a
(eq 4). Fraser-Reid et al. have also recently reported photo-
synthesizing 1,4-diketones by photoaddition of aldehydes to
enones3® under conditions comparable to those employed
here.
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The origin of 5-ethoxyhex-5-en-2-one (16) can be traced to
further rearrangement of the enol ethers 17, as suggested by
the rise in yield of 16 at the expense of 17 during photolysis
of 6a. Photolysis of isolated 17 gave 16 via a 1,3-H shift and
6a via a 1,3-acyl shift (Scheme IV). Both are presumed singlet
reaction products since their formation was not quenched by
piperylene. In addition, 17 undergoes cis—trans isomerization
under the photolysis conditions. Although olefin isomerization
is often seen in unconstrained §,y-unsaturated ketones as a
triplet process,!2! the 17-(E) = 17-(Z) isomerization more
likely results from sequential 1,3-acyl shifts, since 6a appeared
more rapidly than 17b in photolyses of 17a.

Scheme IV, Photochemistry of 5-Ethoxyhex-4-en-2-one

0 0
A MOCH
B |2 b
OC,H; 6
6a NS
~Ac hy
‘h\\ ~H
\ 0
=
OC,H;

17(Z)

Although the secondary photochemistry of the other pri-
mary products was not explored, the oxetanols 14 appeared
photolytically stable since their yields were not affected by
added piperylene. The oxetanols also were stable to hydrolysis
under normal conditions.

Experimental Section3?

2-Methyl-2-(1-ethoxy-1-methylprop-2-en-1-yi)-1,3-dithiane.

To an oven-dried 500-mL three-neck round-bottomed flask equipped
with a mechanical stirrer, nitrogen inlet, and dry addition funnel were
added 200 mL of dimethylformamide, dried by distillation over cal-
cium hydride, and 27.3 g (0.175 mol) of ethyl iodide. Sodium hydride
(7.38 g of a 57% oil dispersion, 0.175 mol) was washed free of oil with
pentane and added to the reaction flask all at once. 2-Methyl-2-(1-
hydroxy-1-methylprop-2-en-1-yl)-1,3-dithiane? (20.4 g, 0.100 mol)
dissolved in 80 mL of dry DMF was added with stirring to the reaction
flask which was cooled in an ice bath. The reaction mixture was
warmed and stirred at room temperature for 20 h. The reaction
mixture was diluted with 330 mL of water and extracted with ether
(5 X 100 mL), and the combined ether extracts were washed with 250
mL of brine. The ethereal solution was dried over anhydrous sodium
sulfate and concentrated in vacuo to give 23.1 g of a pale yellow liquid.
Simple distillation afforded 21.5 g (93%) of clear, colorless 2-
methyl-2-(1-ethoxy-1-methylprop-2-en-1-yl)-1,3-dithiane:  bp
107-108 °C (0.5 Torr); infrared (neat film) absorptions at 3089 (vinyl),
2985, 2932, 1440, 1410, 1385, 1365, 1275, 1240, 1111, 1074, 1038, 996
(vinyl), and 924 cm™! (vinyl); NMR (CCly) resonances at § 1.17 (3 H,
triplet, J = 6.5 Hz, CH3CHy-), 1.40 (3 H, singlet, methyl), 1.47 (3 H,
singlet, methyl), 1.67-2.20 (2 H, multiplet, C-5 methylene), 2.28-3.00
(4 H, multiplet, C-4 and C-6 methylenes), 3.33 (2 H, quartet,J = 6.5
Hz, CH3CH,-), 5.08, 5.22, and 6.24 (3 H, ABX pattern, cis terminal
H, trans terminal H, and single vinyl H, respectively, Jax = 17, JBx
=11,Ja = 2 Hz).

Hancock and Wylie

3-Ethoxy-3-methylpent-4-en-2-one. To a 2-L three-neck
round-bottomed flask fitted with mechanical stirrer, 1-L addition
funnel, condenser, and dry nitrogen inlet were added 900 mL of 80%
aqueous acetonitrile, 53.2 g (0.196 mol) of mercuric chloride, and 22.2
g (0.222 mol) of calcium carbonate (to buffer the solution near pH 7).
2-Methyl-2-(1-ethoxy-1-methylprop-2-en-1-yl)-1,3-dithiane (20.7
g, 0.0891 mol) dissolved in 600 mL of 80% aqueous acetonitrile was
added dropwise to the reaction mixture. After stirring at room tem-
perature for 1 h, the reaction mixture was refluxed for an additional
16 h. A tan solid which began to form after 1 h was removed after re-
flux by suction filtration through a pad of Celite 512 (AW). The filter
cake was washed thoroughly with ether. The combined filtrate and
ether solutions were diluted with 1 L of additional ether and this so-
lution was washed with 5 M ammonium acetate (2 X 600 mL). The
organic layer was dried over anhydrous sodium sulfate and then
concentrated to ca. 60 . mL by distillation through a 4-ft vacuum-
jacketed fractionating column of glass helices. Preparative GLC (6.5
ft X 0.75 in. 20% UC-W98 on 60/80 Chromosorb P-DMCS, 93 °C)
followed by simple distillation afforded 4.1 g (33%) of clear, colorless
3-ethoxy-3-methylpent-4-en-2-one: bp 159-161 °C; infrared (CCly)
absorptions at 3092 (vinyl), 2990, 2938, 2905, 2885, 1716 (carbonyl),
1628 (vinyl), 1438, 1403, 1390, 1350, 1190, 1124 (ether), 1065, and 928
em~! (vinyl); NMR (benzene-dg) resonances at 6 1.17 (3 H, triplet,
J = 7 Hz, CH3CHg-), 1.43 (3 H, singlet, a-methyl), 2.16 (3 H, singlet,
acetyl methyl), 3.20 and 3.28 (2 H, overlapping quartets, J = 7 Hz,
nonequivalent O-methylene hydrogens), 5.10, 5.37, and 5.88 (3 H,
ABX pattern, cis vinyl H, trans vinyl H, single vinyl H, respectively,
Jax = 17,JBx = 10, Jap = 2.5 Hz); ultraviolet Apax at 297 nm (e 141),
305 (139), 315 (sh), and 325 (sh) in cyclohexane, Apax at 295 nm (sh),
302 (¢ 137), 313 (sh), 325 (sh) in acetonitrile; significant mass spectral
fragmentations (with rel intensities) at m/e 142 (0.02, P), 99 (90), 78
(32), 71 (92), 43 (100), 41 (23), 39 (21), 29 (32), 27 (53), and 15 (42).

Anal. Caled for CgH1404: C, 67.57; H, 9.92. Found: C, 67.31; H,
9.92.

3,4-Dimethylhexane-2,5-dione. Using a procedure outlined by
Wolf,20 60 g (0.83 mol) of 2-butanone and 20 g (0.083 mol) of lead
dioxide were refluxed for 28 h in a 300-mL three-neck round-bot-
tomed flask equipped with a condenser and dry nitrogen inlet. After
ca. 3 h, the black solid had become yellow. The solid was removed by
suction filtration upon completion of reflux. Distillation of the filtrate
through a 10-cm Vigreux column gave a low-boiling fraction (bp <80
°C) and 3.88 g (33% based on PbO; used) of 3,4-dimethylhexane-
2,5-dione, bp 85-95 °C (17-20 Torr), as a mixture of the d! and meso
isomers. Separation of the isomers was accomplished by preparative
GLC (20 ft X 9 mm o.d. glass, 4% SE-30 on 60/80 Chromosorb G-
NAW, 85 °C): fraction 1 (retention time 41.3 min) had infrared (CCLy)
absorptions at 2985, 2947, 2890, 1710 (carbonyl), 1454, 1421, 1355,
1280, 1195, 1163, 1088, and 945 cm™!; NMR (CCly) resonances at & 1.02
(6 H, doublet, J = 6.5 Hz, 3,4-dimethyls), 2.10 (6 H, singlet, terminal
methy®), and 2.40-3.00 (2 H, multiplet, methines); fraction 2 (re-
tention time 48.2 min) had infrared (CCly) absorptions at 2985, 2948,
2890, 1710 (carbonyl), 1460, 1423, 1355, 1158, 1082, and 955 cm™!;
NMR identical with that of fraction 1. No attempt was made to
identify which GLC fraction was the d! mixture and which was the
meso component.

Direct Irradiation of 3-Ethoxy-3-methylpent-4-en-2-one.
Photolysis samples were prepared in oven-dried, ethoxide-washed
thin-walled Pyrex NMR tubes under a dry nitrogen atmosphere. In
a typical experiment, 100 uL (0.0912 g, 0.642 mmol) of 3-ethoxy-3-
methylpent-4-en-2-one, 6.0 uL. of tert-butylbenzene as standard, 1.90
mL of sodium-dried spectrograde benzene, and ca. 25 Linde 4-A
molecular sieves were added to the NMR tube. The photolysis tube
was sealed by first wiring on one and then a second (larger) serum cap.
Samples were degassed by three freeze—pump-thaw cycles at 104
Torr, and irradiated with a Corex-D filtered 450-W, medium pressure
Hanovia mercury arc lamp for periods up to 6 h. Photolysis was fol-
lowed by GLC analysis on a 20 ft X 9 mm o.d. glass column packed
with either 4 or 5% SE-30 on 60/80 Chromosorb G-NAW. In analytical
studies 100-uL, aliquots were removed from the photolysis tube every
15 min; GLC analysis revealed the immediate buildup of 11 major4
and many minor photoproducts with the concomitant loss of the 3-
ethoxy-3-methylpent-4-en-2-one peak. Two peaks (corresponding
to the 3,4-dimethylhexane-2,5-diones) appeared more slowly, but grew
to be major photoproducts after ca. 1.5 h of irradiation. The major
photoproducts were isolated by preparative GLC after irradiation
periods of ca. 1.5 h, using oven-dried and base-washed collection de-
vices. The principal photoproducts, in order of their GLC retention
times, are listed below with their respective GL.C elution times (20
ft X 9 mm o.d. glass 5% SE-30 on 60/80 Chromosorb G-NAW, 85 °C,
95 mL/min) and maximum percent yields.!4
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1. Acetaldehyde (2.6 min, yield 4%) was characterized by com-
parison of its GLC retention time, NMR, and IR spectra with those
of authentic material.

2. 3-Methylpent-4-en-2-one (9.1 min, yield 2%) was characterized
by comparison of its IR and NMR spectra to published data:1* NMR
(CCly) resonances at § 1.16 (3 H, doublet, J = 7 Hz, C-3 methyl), 2.04
(3 H, singlet, acetyl methyl), 2.75-3.40 (1 H, five-peak multiplet with
fine splitting, methine), and 4.65-6.0 (3 H, ABX pattern, vinyl H’s)
[1it.1> NMR 6 1.19 (doublet, J = 6.9 Hz), 2.07 (singlet), 3.12 (pentet,
J =7 Hz), and 5-6 (multiplet)].

3. (Z)-3-Methylpent-3-en-2-one (12.4 min, yield 4%) was char-
acterized by comparison of NMR and infrared spectra to spectra of
authentic material.15-18

4. (E)-3-Methylpent-3-en-2-one (16.2 min, yield 5%) was char-
acterized by comparison of NMR and infrared spectra to those of
authentic material.15-18

5. 2,3,4-Trimethyl-2-vinyloxetan-3-o0l A (28.6 min, vield 6%), one
of four possible racemic stereoisomers, absolute stereochemistry
undetermined, was characterized by its infrared, NMR, and mass
spectra: infrared (CCl,) absorptions at 3575 (hydroxyl), 3093 (vinyl),
2982, 2940, 2900, 1630 (vinyl), 1441, 1391, 1376, 1332, 1260 (oxetane),
1217, 1142, 1097, 1054, 987, 952 (oxetane), 940, and 886 cm~1; NMR
(CDCly) resonances at 5 1.18 (3 H, doublet, J = 7 Hz, C-4 methyl), 1.30
and 1.38 (3 H each, singlets, C-2 and C-3 methyls), 2.26 (1 H, singlet,
hydroxy), 4.53 (1 H, quartet, J = 7 Hz, methine), 5.34, 5.53, and 5.91
(3 H, ABX pattern, cis terminal H, trans terminal H, single vinyl H,
respectively, Jax = 17, Jpx = 10, Jap = 2.5 Hz).

Anal. Caled for CgH 402 M*- 142.0994. Found: 142.1016.

6. 2,3,4-Trimethyl-2-vinyloxetan-3-0l B (35.4 min, yield 3%), one
of four possible racemic stereoisomers, absolute stereochemistry
undetermined, was characterized by infrared, NMR, and mass
spectra: infrared (CS2) absorptions at 3620 (hydroxyl), 3110 (vinyl),
2980, 2930, 2915, 1370, 1325, 1260 (oxetane), 1230, 1185, 1065, 1100,
957 (oxetane), 890, and 860 cm™!; NMR (CDCl;) resonances at 6 1.24
(3 H, singlet, methyl), 1.27 (3 H, doublet, J = 6 Hz, C-4 methyl), 1.32
(3 H, singlet, methyl), 1.82 (1 H, singlet, hydroxy), 4.42 (1 H, quartet,
J = 6 Hz, methine), 5.11, 5.31, and 5.91 (3 H, ABX pattern, cis ter-
minal H, trans terminal H, single vinyl H, respectively, Jax = 17, Jpx
= 10, JaB = 2 Hz); significant mass spectral fragmentations (with
relative intensities) at m/e 124 (1, P — 18), 58 (22), 43 (100), and 15
(16).

7 and 8. 3,4-Dimethylhexane-2,5-dione was isolated as two GLC
fractions corresponding to indistinguishable d! and meso modifica-
tions, identified by IR, NMR, and mass spectral® identical with those
of authentic material prepared according to Wolf:20 fraction 7 (47.9
min, yield 2%) and fraction 8 (55.7 min, yield 2%).

9. 5-Ethoxyhex-5-en-2-one (58.1 min, yield 3%) was characterized
by infrared (CSy) absorptions at 3120 (vinyl), 2980, 2925, 1725 (car-
bonyl), 1660 (vinyl), 1362, 1300, 1280, 1272, 1160, 1082, 975 (OCH-
=CHjy), and 795 cm~! (OCH=CH,); NMR (benzene-dg) resonances
at 6 1.07 (3 H, triplet, J = 7 Hz, ethoxy methyl), 1.65 (3 H, singlet,
acetyl methyl), 2.20-2.49 (4 H, multiplet, methylenes), 3.44 (2 H,
quartet, J = 7 Hz, ethoxy methylene), 3.83 (1 H, doublet, J = 1 Hz,
vinyl H), and 3.91 (1 H, doublet, J = 1 Hz, vinyl H); significant mass
spectral fragmentations (with relative intensities) at m/e 142 (5, P),
99 (40), 71 (72), and 43 (100).

Anal. Caled for CgH 1402 M*. 142.0994. Found: 142.1026.

10 and 11. 5-Ethoxyhex-4-en-2-one was isolable as two GLC
fractions corresponding to the E and Z stereoisomers, which were not
unambiguously distinguishable on the basis of spectral data (vide
infra).

10. 5-Ethoxyhex-4-en-2-one A (71.2 min, yield 2%) was charac-
terized by infrared (CSq) absorptions at 3050 (sh, vinyl), 2980, 2920,
1715 {carbonyl), 1370, 1238, 1210, 1168, 1128, 1070, 962, and 790 cm™!;
NMR (benzene-ds) rescnances at 6 1.02 (3 H, triplet, J = 7 Hz, ethoxy
methyl), 1.57 (3 H, singlet, vinyl methyl), 1.82 (3 H, singlet, acetyl
methyl), 3.11 (2 H, doublet with unresolved fine splitting, J = 7 Hz,
a-methylene), 3.45 (2 H, quartet, J = 7 Hz, ethoxy methylene), and
4.70 (1 H, broad triplet with unresolved fine splitting, J = 7 Hz, vinyl
H); significant mass spectral fragmentations (with relative intensities)
at m/e 142 (4, P), 99 (26), 71 (54), 43 (100), 29 (18), 31 (29), 27 (27),
and 15 (19).

Anal. Caled for CgH1402: M*- 142.0994. Found: 142.0976.

11. 5-Ethoxyhex-4-en-2-one B (76.1 min, yield 3%) was' charac-
terized by infrared (CS;) absorptions at 3080 (sh, vinyl), 2975, 2925,
2875, 1715 (carbonyl), 1660 (vinyl), 1385, 1360, 1313, 1240, 1215, 1163,
1127, 1080, 975, and 810 cm™~!; NMR (benzene-dg) resonances at § 1.14
(3 H, triplet, J = 7 Hz, ethoxy methyl), 1.75 (3 H, singlet, vinyl
methyl), 1.78 (3 H, singlet, acetyl methyl), 2.77 (2 H, doublet, J = 7
Hz, a-methylene), 3.52 (2 H, quartet, J = 7 Hz, ethoxy methylene),
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and 4.57 (1 H, triplet with unresolved fine splitting, J = 7 Hz, vinyl);
significant mass spectral fragmentations (with relative intensities)
at m/e 142 (6, P) 99 (36), 71 (84), 43 (100), 29 (18), 27 (26), and 15
(19).
Anal. Caled for CgH1402: M*. 142.0994. Found: 142.1026.
Effects of Sensitizers and Quenchers. Samples were prepared
and analyzed as for direct irradiations without additives (vide supra),
except for addition of xanthone (0.19 M) or piperylene (0.9 M). Irra-
diation of xanthone-containing samples at 365 nm (Osram 1000-W
super-pressure lamp, Schoeffel GM-250 monochromator, 23-nm
bandwidth, xanthone absorbing all incident light) caused no reaction
in 6.5 h. Using xanthone-sensitized piperylene isomerization as ac-
tinometer,24-28 an upper limit for the quantum yield of disappearance
of 3-ethoxy-3-methylpent-4-en-2-one was 4 X 10~3 mol/einstein.
With 0.9 M piperylene, samples irradiated with a Corex-D-filtered
mercury lamp (Hanovia, 450 W) gave disappearance of 3-ethoxy-3-
methylpent-4-en-2-one at a rate identical with that in parallel control
samples. However, product yields were: acetaldehyde, 4%; 3-meth-
vlpent-4-en-2-one, 7%; (Z)-3-methylpent-3-en-2-one, 7%; (E)-3-
methylpent-3-en-2-one, 9%; 2,3,4-trimethyl-2-vinyloxetanol A, 7%;
2,3,4-trimethyl-2-vinyloxetanol B, 3%; dI- and meso-3,4-dimethyl-
hexane-2,5-diones, absent; 5-ethoxyhex-5-en-2-one, 5%; 5-ethoxy-
hex-4-en-2-one A, 4%; and 5-ethoxyhex-4-en-2-one B, 5%.
Photolysis of (E)-3-Methylpent-3-en-2-one with Acetalde-
hyde. A 1% solution of (E)-3-methylpent-3-en-2-one, 8 equiv of ac-

.etaldehyde, and 2% of tert-butylbenzene as standard in sodium-dried

benzene-dg was irradiated with a Corex D-filtered 450-W medium-
pressure Hanovia mercury arc lamp. Progress of the photolysis was
followed by GLC (20 ft X 9 mm o.d. glass column, 5% SE-30 on 60/80
Chromosorb G-NAW, 85 °C, 95 mL/min) at 0, 15, 45, 90, and 150 min.
After 15 min of irradiation the only photoproduct was (Z)-3-meth-
ylpent-3-en-2-one, identifiable by its GLC retention time.15-18 After
150 min of irradiation more than 95% of the (E)- and (Z)-3-methyl-
pent-3-en-2-ones had been destroyed and two products appeared
which were d!- and meso-3,4-dimethylhexane-2,5-dione.

Photolysis of 5-Ethoxyhex-4-en-2-one A in Benzene-d¢. A 1%
solution of 5-ethoxyhex-4-en-2-one A in sodium-dried benzene-dg
was irradiated for 30 min with a Corex D-filtered medium-pressure
Hanovia mercury arc lamp. Aliquots were analyzed at 0, 15, and 30
min of irradiation by GLC (20 ft X 9 mm o.d. glass column, 5% SE-30
on 60/80 Chromosorb G-NAW, 85 °C, 95 mL/min). After 30 min of
irradiation three new GLC peaks were apparent, corresponding to
5-ethoxyhex-4-en-2-one B, 3-ethoxy-3-methylpent-4-en-2-one, and
5-ethoxyhex-5-en-2-one (64% of the A isomer had been destroyed).
Integration of the GLC trace gave 5-ethoxyhex-4-en-2-one A, 3-eth-
oxy-3-methylpent-4-en-2-one, 5-ethoxyhex-4-en-2-one B, and 5-
ethoxyhex-5-en-2-one in a ratio of 5.6:2.0:1.0:1.0. The GLC analysis
was confirmed by 'H FT NMR on an additional photolysate aliquot
appropriately diluted with benzene-ds.

Acknowledgment. Financial support furnished by the
University of California, Davis, Committee on Research and
by a Chancellor’s Patent Fund grant to P.L.W. is gratefully
acknowledged.

Registry No.—6a, 61769-86-6; 9, 61769-87-7; 10, 61769-88-8; 11,
75-07-0; 12, 758-87-2; Z-13, 1567-72-2; E-13, 1567-73-3; 14, 61769-89-9;
dl-15, 28895-03-6; meso-15, 28895-02-5; 16, 61769-90-2; Z-17,
61769-91-3; E-17, 61769-92-4; ethyl iodide, 75-03-6.

References and Notes

(1) For recent comprehensive reviews of [3,y-unsaturated ketone photo-

chemistry see (a) K. N. Houk, Chem. Rev., 76, 1(1976); (b) W. G. Dauben,

G. Lodder, and J. Ipaktschi, Top. Curr. Chem., 54, 73 (1975); (c) S. S. Hixon,

P. 8. Mariano, and H. E. Zimmerman, Chem. Rev., 73, 531 (1973).

P. S. Engel, M. A. Schexnayder, H. Ziffer, and J. |. Seeman, J. Am. Chem.

Soc., 96, 924 (1974).

(3) Although the 1,3 shift had been considered a singlet-state reaction,’ recent
evidence suggests the possibility of a T, reaction. For this alternative view,
see J. C. Dalton, M. Shen, and J. J. Snyder, J. Am. Chem. Soc., 98, 5023
{19786, (b) D. 1. Schuster, J. Eriksen, P. S. Engel, and M. A. Schexnayder,
ibid., 98, 5025 (1976).

(4) T. Sasaki, K. Kanematsu, K. Hayakawa, and A. Kondo, J. ORG/ Chem., 38,

4100 (1973).

) R. G. Carlson and A. V. Prabhu, J. Org. Chem., 39, 1753 (1974).

{6) D. S.R. East, T. B. H. McMurry, and R. R. Talekar, J. Chem. Soc., Chem.
Commun., 450 (1974); J. Chem. Soc., Perkin Trans. 1, 433 (1976).

(7) This paper deals with a-ethoxy substitution. The photochemistry of the
related «-hydroxy 3,y-unsaturated ketone is described in a separate paper:
K. G. Hancock, P. L. Wylie, and J. T, Lau, J. Am. Chem. Soc., 99, 1149
(1977).

(8) K. G. Hancock, J. T. Lau, and P. L. Wylie, Tetrahedron Lett, 4149

(2



1856 J. Org. Chem., Vol. 42, No. 11, 1977

(1974).

(9) (a)P. 8. Engel and M. A. Schexnayder, J. Am. Chem. Soc., 97, 145 (1975);
(b) M. A. Schexnayder and P. S. Engel, Tetrahedron Lett., 1153 (1975); (c)
R. K. Murray, D. L. Goff, and R. E. Ratych, ibid., 763 (1975).

(10) Portions of these results have been presented: K. G. Hancock, P. L. Wylie,
and J. T. Lau, Abstracts, First North American Chemical Congress, Mexico
City, Mexico, Dec 1975, No. ORGA-133.

(11) See (a)J. C. Dalton and H.-F. Chan, J. Am. Chem. Soc., 85, 4085 (1973);
(b) P. S. Engel and M. A. Schexnayder, ibid., 94, 9252 (1972), as well as
the reviews cited above,? for excellent discussions of the role of v-H ab-
straction in other 3,y-unsaturated ketones.

(12) (a)E. J. Corey and B. W. Erickson, J. Org. Chem., 38, 3553 (1971); (b) E.
J. Corey and D. Crouse, ibid., 33, 298 (1968).

(13) D. Seebach, Synthesis, 17 (1969).

(14) Principal photoproducts have been arbitrarily defined as those with maxi-
mum uncorrected GLC yields of at least 2% ; only these products have been
given numerical designations.

(15) D. E. McCreer, N. W. K. Chiu, and M. G. Vinje, Can. J. Chem., 43, 1398
(1965).

(16) H. Morrison, private communication. We thank Professor Morrison for
sending us infrared and NMR spectra of (2)- and (E)-3-methylpent-3-en-
2-one prior to publication.

(17) D.D. Faulk and A. Fry, J. Org. Chem., 35, 364 (1970).

(18) P. Baret, J.-L. Pierre, and R. Hieimann, Bufl. Soc. Chim. Fr., 4735
(1967).

(19) €. G. E. Hawkins and R. Large, J. Chem. Soc., Perkin Trans. 1, 280
(1974).

(20) A. Wolf, German Patent 87 237 (1953); Chem. Abstr., 52, 9226/ (1958).

(21) K. G. Hancock and R. Q. Grider, J. Am. Chem. Soc., 96, 1158 (1974).

(22) M. A. Schexnayder and P. S. Engel, J. Am. Chem. Soc., 97, 4825
(1975).

(23) (a) R. M. Silverstein, G. C. Bassler, and T. C. Morrill, "*Spectrometric
Identification of Organic Compounds”, 3rd ed, Wiley, New York, N.Y., 1974;
(b) L. M. Jackman and S. Sternhell, “Applications of Nuciear Magnetic
Resonance Spectroscopy in Organic Chemistry”, 2nd ed, Pergamon Press,
Oxford, 1969.

(24) A. A.Lamola and G. S. Hammond, J. Chem. Phys., 43, 2129 (1965).

(25) P.J. Wagner, Tetrahedron Lett., 5385 (1968).

Tsuchiya, Kurita, and Snieckus

(26) Lamola and Hammond?2* have tabulated values of 0.44 and 0.55, respec-
tively, for cis-trans and trans—-cis piperylene isomerizations, but these
appear to be reversed, as values calculated elsewhere in their paper24
would indicate. In addition, Wagner2® has reported a value of 0.555 for the
cis to trans isomerization. We acknowledge the help of Prafessor Wagner
(private communication) in clarifying the situation.

(27) H. Morrison and O. Rodriquez, J. Photochem., 3, 471 (1974-1975).

(28) C. Djerassi, Chem. Ind. (London), 258 (1961).

(29) W. P. Hayes and C. J. Timmons, Spectrochim. Acta, 21, 529 (1965).

(30) P.J. Wagner, Acc. Chem. Res., 4, 168 (1971).

(31) P. Yates and A. G. Szabo, Tetrahedron Lett., 485 (1965).

(32) R. B. LaCount and C. E. Griffin,_ Tetrahedron Lett., 1549 (1965).

(33) F.D.Lewis and N. J. Turro, J. Am. Chem. Soc., 92, 311 (1970).

(34) (a) P. J. Wagner and A. E. Kemppainen, J. Am. Chem. Soc., 94, 7495
(1972); (b} P. J. Wagner, P. A. Kelso, A. E. Kemppainen, and R. G. Zepp,
ibid., 94, 7500 (1972).

(35) D. J. Coyle, R. V. Peterson, and J. Heicklen, J. Am. Chem. Soc., 86, 3850
(1964).

(36) F. A.L. Anet and D. P. Mullis, Tetrahedron Lett., 737 (1969).

(37) T. B. H. McMurry and R. R. Talekar, J. Chem. Soc., Perkin Trans. 1, 442
(1976).

(38) D.gR. Hicks, R. C. Anderson, and B. Fraser-Reid, Synth. Commun., 6, 417
(1976).

(39) Boiiing points are uncorrected. Infrared spectra were obtained on a
Beckman IR-8 or a Perkin-Eimer 237 B spectrometer. Proton nuclear
magnetic resonance spectra were recorded at 60 MHz on a Varian Model
A-60A or EM360 spectrometer, or at 100 MHz on a Jeolco JNM-MH-100
or a Jeolco PS-100 Fourier transform spectrometer. Chemical shifts are
reported in parts per million on the & scale using tetramethylsilane, chlo-
roform, or benzene as internal standard. Ultraviolet absorption spectra were
run on Cary Model 14 and 15 spectrometers. Low-resolution mass spectral
fragmentation patterns were obtained on a CEC Model 21-104 spectrometer
and exact masses were obtained on a Varian Model M-66 spectromster.
Gas chromatographic analyses and preparative separations were per-
formed on a Varian Aerograph AS0-P instrument. Gas chromatographic
yields were not corrected for detector response due to limited quantities
of some materials available. Microanalyses were performed by Galbraith
Laboratories, Inc., Knoxvitle, Tenn.
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Irradiation of N-iminoquinolinium ylide dimers 7a-i, prepared from N-aminoquinolinium mesitylenesulfonates
5a-i by treatment with base, in methylene chloride solution containing acetic acid afforded the fully unsaturated
1H-1,2-benzodiazepines 8a—-i in moderate yields. The photoproducts 8a and 8¢ were reduced with lithium alumi-
num hydride to the 2,3-dihydrobenzodiazepines 12a and 12¢, which were further hydrogenated over palladium/car-
bon to give the 2,3,4,5-tetrahydrodiazepines 13a and 13¢, respectively. The reduced 1,2-benzodiazepines gave the
corresponding mono- (14, 15) and diacetyl (16, 17) derivatives. Based on NMR studies in CDClz-acetic acid solu-
tion which demonstrate an equilibrium between the dimers 7 and the corresponding N-iminoquinolinium ylides
6, a mechanism for the formation of the 1,2-benzodiazepines 8 via the diaziridine (25) and 2H-1,2-benzodiazepine

(9) intermediates is proposed.

Streith? first showed in 1968 that the photolysis of N-
acyliminopyridinium ylides (1) yields the previously unknown
1H-1,2-djazepines (2) (Scheme I). Concurrent investigations
by Sasaki3 and by Snieckus,* and more recently by Abramo-
vitch,5 provided additional examples of this photoinduced ring
expansion reaction. At present, this constitutes the only
general route to simple, fully unsaturated 1H-1,2-diaze-
pines.5-8

In contrast, the analogous N-acyliminoquinolinium (3)%-11
and -isoquinolinium!0-12 ylides have been shown to rearrange
upon irradiation into 2-aminoquinoline and 1-aminoisoqui-
noline derivatives, respectively, as well as to undergo N-N
fragmentation to the respective parent heterocycles.13 The
formation of 1,2-benzodiazepines 4 from ylides 3 (Scheme I)

as a result of photochemical ring expansion and solvent in-
corporation represents the two isolated exceptions to the
above generalization.?10

We report on the general photochemical synthesis of the
hitherto unknown fully unsaturated 1H-1,2-benzodiazepines
8 from the N-iminoquinolinium ylide dimers 7. Of the six
theoretically possible benzodiazepines,4 the 1,4-benzodi-
azepines have been most widely investigated owing to their
useful biological activity.1> The 1,5-benzodiazepines have also
received substantial attention,!® whereas the corresponding
1,3, 2,4, and 2,3 isomers have been neglected in compari-
son.1417 As for the 1,2 isomers, prior to the present work, only
fused cyclopentano-3H-1,2-benzodiazepines had been re-
ported.!8



