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Solvent Microstructure Effect on Reaction Stereochemistry; Ring Opening of

Chalcone Oxides

Dana Durham and Charles A. Kingsbury *
University of Nebraska, Lincoln, NE 68588, U.S.A.

The stereochemistry and kinetics of acid-catalysed ring-opening reactions of epoxides are reported.
Predominant inversion is found in the usual hydroxylic solvents. As the nucleophilicity of the solvent
diminishes and acidity increases, the stereochemistry changes to predominant retention. Electron-
donating substituents also tend to favour retention. In mixed solvents, the solvent microstructure is
altered, leading to net retention for nucleophiles such as methanol. The exception is dioxane—-methanol,
which gives enhanced inversion. Molecular mechanics calculations indicate an electrostatic preference
for the retention route, but a steric preference for inversion. The activation parameters indicate a negative
entropy for both inversion and retention paths. Possible reasons are discussed for the entropy of the
retention route being in the range normally found for A2 reactions.

Proton transfers are frequently invoked in reaction mechanisms,
but have seldom been studied per se.! Usually, proton transfers
are not interpreted in detail, owing to the custom of providing
only the simplest mechanism consistent with available data. In
enzymic processes, a much more detailed description of proton
transfers is given, sometimes on the basis of no more detailed
data.? The present work explores the possible influence of
proton transfers on the stereochemistry of epoxide openings. As
in many carbocation reactions, stereochemistry is determined in
competing fast reactions following a kinetically dominant step.
The effect of proton transfer vis-a-vis reversion of the oxonium
ion to the carbocation is intimately associated with solvent
microstructure, i.e. the surroundings of the carbocation.?

An early review by Parker noted the variability of the
stereochemistry of epoxide openings.* Jordlander and his co-
workers showed that opening of chalcone oxide occurred with
retention.® Later, House corrected the regiochemistry reported
by Jordlander, and showed that chlorohydrins of opposite
stereochemistry were formed in ethanol vs. ether as solvent.®
Brewster showed that stilbene oxide opens with retention.” The
pesticide dieldrin opens in sulphuric acid solutions with
retention.® In dypnone oxide (2), Wasserman and his co-
workers attributed the overall retention to a double inversion;
the first inversion closed a four-membered ring using carbonyl
oxygen as nucleophile.® Back and his co-workers, House, and
the early German workers showed that rearrangement of the
system occurs in which the acyl group migrates.’-¢!% Thus,
either the carbonyl oxygen or carbon may be involved, ¢f. (3) vs.
(4) in Scheme 1.

In other work, arguments have raged over whether the acid-
catalysed opening of simple epoxides is A1 or 42 in character.
Entropy of activation and volume of activation data (sup-
porting an A2 process) were in conflict with acidity func-
tion data.*!'-!'3 The Bunnett improvement on the original
Hammett—Zucker treatment still favours an A1 process for
ethylene oxide.'* The general problem of epoxide openings has
a sinister aspect, i.e. the opening of the ‘ultimate carcinogen,’
benzpyrenediol epoxide.'’

Epoxide opening has been studied in detail by Macchia and
his co-workers.!® This work demonstrated the sensitivity of the
stereochemistry to reaction conditions, e.g. temperature. In
general, retention of configuration was found in cases in which a
relatively high degree of positive charge character is present at
the benzylic carbon, whereas inversion is associated with Sy2-
like reaction modes. In reactions showing net retention,
hydrogen bonding of the attacking nucleophile to oxygen
centres and also ion pairing were considered to be important.

At the outset of the present study, chalcone oxides (1) scemed
to offer a solution to the problem of 41 vs. 42 openings. Earlier
work has shown that carbonyl groups markedly accelerate Sy2
attack at xz-carbon atoms.!'’-'® Although the reason for this
effect remains controversial, the practical effect in (1) is that a
reaction essentially Sy2 nature should give substitution x to
carbonyl, whereas an Sy1 reaction should provide products
derived from a benzylic carbocation. Thus, benzenethiolate
reacts with (1) to give (6) and benzaldehyde. These products
arise from a retro-Aldol reaction of the initially formed product
(5.t No reaction was observed with hydroxide.}-2! The
possibility of an electron-transfer process instead of Sy2 was
tested using benzeneselenolate as nucleophile on (1c). However,
no CIDNP was observed during monitoring of 77Se.2223

In a diastereoisomeric system such as (1), the question arises
whether a bias toward a certain stereochemistry might be
imposed by the diastereoisomerism of the sytem.?* To test this
possibility, 4,4’-dimethoxychalcone oxide (1a) was investigated.
As Table 1 shows, this substrate gave similar degrees of
retention and inversion in most solvents. Similarly, cis- and
trans-(1c) give similar retention : inversion ratios in methanol as
solvent.

The possibility of nucleophilic involvement of the benzoyl
oxygen was investigated through variation of the substituent on
the benzoyl group. A methoxy group should markedly enhance
the ability of carbonyl oxygen to participate in epoxide
cleavage. However, both (1¢) and (1g) and also (1e) and (1f)
gave very similar stereochemical results. The small variation is
not in agreement with a direct nucleophilic involvement of
carbonyl in the ionization process.

Solvent Effects—Chalcone oxide (Ie¢) and its p-chloro
analogue (1d) give predominant inversion in the common
alcohols as solvent. Sterically hindered alcohols such as iso-
propyl alcohol give particularly high degrees of inversion (Table
1). More acidic media, which involve weaker nucleophiles, give
a slight dominance of retention, as was also evident in Macchia's
work.'®

Ethylene glycol was investigated as solvent to see whether a
hydrogen bond between carbonyl and one glycol hydroxy
group would induce the other to attack a particular face of the

+ The retro-Aldol reaction is common in Darzens condensations.'®

t This is an important point, as an alternative path described by Russian
workers is possible, involving prior attack at carbonyl by alkoxides
eventually giving epoxides derived from the ketone carbonyl group.2®
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Table 1. Percentages of retention product from reactions of chalcone oxides (1) in pure solvents*?

X PriOH EtOH
(1a) p-MeO” 48¢
(1b) p-Me 40 + 2 45+ 3
(1¢) H 16 + 1 16 + 1
(1d) p-Cl d 16+ 1
(le) p-NO, d

“ No co-solvent present; however, trifluoroethanol may have retained a

MeOH HOCH,CH,0H CF;CH,OH HOAc
49 + 1 51 58 +2
54 +2 47 + 3 55 + 3¢ 63 + 3¢
25+ 1 20 + 4 58 + 3¢ 52 + 2°¢
21 +1 28+3 64 + 2° 57 + 5¢
ca. 0 d d

slight admixture of water. * Reactions run at ambient temperature except as

noted. ¢ The remainder from 100%, represents inversion product, i.e. 52% in this case. * Unreactive.® Reaction temperature 60 °C. In most cases tested,

the product ratio was not highly temperature sensitive. / p,p’-(MeO),.

cation.2*25 As a result of hydrogen-bond saturation effects,
ethylene glycol, as a pure solvent, is similar to methanol.
However, when the reaction is run with a small amount of
ethylene glycol in an inert co-solvent, considerably more
retention is observed [78% for (1b) or (Ic) in 25:1
nitromethane—ethylene glycol; c¢f. 63% and 69% in 25:1
nitromethane-methanol]. Structure (7) illustrates one possible
hydrogen-bonding scheme leading to retention.

In general, product ratios were similar when toluene-p-
sulphonic acid or trifluoroacetic acid (TFA) was used as
catalyst. Pure TFA gave rearrangement and decomposition
products. However, in solvent mixtures having a large inert
solvent component, trifluoroacetate products were occasionally

found in very low yields after short reaction times. These
products showed a very high degreee of retention (ca. 85% is a
common figure). It is possible to follow the course of reaction in
CDCl,; with TFA by n.m.r. Retention (ca. 90%) is strongly
dominant.26-28#

In general, the product range shades from retention for p-
methyl (1b) to almost complete inversion for the p-nitro
compound (le) in alcoholic solvents (¢f. Table 1). In less

® However, a number of ordinary Syl reactions proceed with retention
ofconfiguration without any possibilities for hydrogen bonding to groups
on the carbocation (although hydrogen bonding to the leaving group is
postulated.?’
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Table 2. Reactions in mixed solvents; percentage of retention product®

Product
Solvent Ratio type
MeCN-MeOH 5:1 -OMe/
50:1 -OMe
MeNO,-MeOH 50:1 -OMe
[CH,],SO,~MeOH 50:1 -OMe
CF;CH,0H-MeOH 5:1 -OMe
-OCH,CF,
CF,CH,0OH-HOAc 5:1 -OAc
-OCH,CF,
5:1 -OMe
-OAc
HOAc-MeOH 50:1 _OMe
-OAc
[CH,CH,0],*- MeOH ol gx:
[CH,CH,0],>-HOAc 5:1 -0Ac

Substrate
[ —A. N
(1b) (p-Me) (1c) (H) (1d) (p-C1y*
60 4 + 1 62
59 + 1 62 + 1 74 + 2
63 69 + 6 72 +1
67 +3 64 68
68 64 + 4 69
62 57+3 e
62 62 +1 a
ca. 66 ca.67+3 ~76
61 + 1 451 48 + 3
59 +4 564 51
62 51+ 1¢
63 50 + 3¢ 64
40 + 1 15+ 1¢ 16
37+3 154 12 +1
46 + 4 45 + 2¢ ca. 50

“High degree of retention; exact percentage not obtained. ®If x is the percentage of retention product, 100 — x is the percentage of
inversion.‘ Tetramethylene sulphone.  Temp. 60 °C rather than ambient temperature. © An accurate determination was not possible. / Methyl ether
product [¢f. Scheme 2, products (12) and (13), where OS = OMe]. ¢ Dioxane.

nucleophilic solvents, all reactive substrates give net re-
tention.'$

The p-methyl substrate (1b) gives results quite close to those
for the p-methoxy case (1a), although generally more retention
is found. The data in Table 1 were taken for very short reaction
times, in an effort to reduce equilibration (if any).

To test the lability of products under the experimental con-
ditions, (1b) was converted into the hydroxy acetate (12). This
product was treated with methanol (with TFA catalyst) for 20 h
(normal reaction conditions) to see if the acetate would be
converted into a methyl ether. The conversion was very low

(< 3%).

Mixed Solvents.—The point of interest is the ability of solvent
to serve as a proton-transfer agent in the inversion pathway. In
the retention pathway, internal proton transfer and/or proton
transfer to the proton carrier (say trifluoroacetate) are im-
portant phenomena. Thus, it is of interest to consider the effect
of mixed solvents on reaction stereochemistry (cf. Table 2).
The changes are most pronounced at high dilution (e.g. the
50:1 ratios of co-solvent to nucleophilic solvent).

The dominance of inversion observed for (1b) and (1c) in pure
methanol changes to a slight net retention in most mixed
solvents. In nitromethane—methanol, the degree of retention for
(1c) and (1d) surpasses that of the p-methyl substrate (1b), which
gave retention even in pure methanol. In many of the solvent
systems listed in Table 2, the stereochemistry is rather
insensitive to the type of co-solvent used or to the substrate. In
these cases, about 60%, retention is a common figure. The
exception is the co-solvent dioxane, which gives enhanced
inversion for methanol and for acetic acid as nucleophiles.

Mechanism—Effect of solvent microstructure. Scheme 2
illustrates present ideas of the reaction paths giving retention vs.
inversion. This mechanism is similar in many respects to that
postulated by Macchia and his co-workers.'® In the present
case, it is clear that carbonyl has a subtle effect that is not due to
participation. Substrates lacking carbonyl give much higher
degrees of inversion (e.g. 1,2-epoxy-1,3-diphenylpropane, ca.
85%). A hydrogen-transfer involvement of carbonyl seems likely.
One possibility for this influence is indicated in Scheme 2.
Hydrogen bonding through a set of donor and acceptor centres
involving carbonyl could enhance the selective solvation of the

si face of the molecule, leading to enhanced retention. The
hydrogen-bonding postulate has been supported by theoretical
calculations.25%< However, it is important not merely to form a
hydrogen bond, but also to provide a path involving elimination
of the hydrogen from the oxonium ion (11). The oxonium ion
possesses an excellent leaving group in the protonated solvent
molecule. The degree of retention is affected not only by the
magnitude of k, with respect to k,, but also by the reversion to
product formation ratios k_/ks vs. k_g/k,. The additional
possibilities of proton transfer from the oxonium ion (10)
resulting from si attack favour retention by inhibiting the step
corresponding to k_,. Superimposed on this mechanism is an
Sn2-like inversion process involving re attack. This process,
nonetheless, is fundamentally different from a true Sy2, which
should give different regiospecificity; cf. (6).°

It seems clear that an organized proton-transfer system
involving hydrogen-bonded donors and acceptors is responsible
for much of the efficiency of enzymic systems.?-3° The same type
of relay is believed to stabilize the oxonium ion on the si face
more than on the re face, thus favouring retention. The
counterion, trifluoroacetate, near the epoxide oxygen, probably
serves as the ultimate proton acceptor. This additional factor
favours retention over inversion, especially in solvents of lesser
ability to accept protons, i.e. some of the mixed solvent systems.

Bulky nucleophiles such as isopropyl alcohol probably do
not permit the system of hydrogen bonds to be as firmly
established on the si face. The lesser steric problems in re face
attack favour inversion with these nucleophiles. Solvents such
as trifluoroethanol (TFE) give lesser amounts of inversion,
owing to low nucleophilicity (i.e. k; is unimportant). In
addition, the oxonium ions resulting from attack of TFE, (10)
and (11), are more subject to reversion to the cation. The loss
of the excess of hydrogen is enhanced by the acidity of the
oxonium ion.3! Substrates that give carbocations of greater
stability, e.g. X = p-Me (1b), are also less subject to nucleophilic
involvement by the solvent leading to inversion. Also the
reversion to the carbocation is more probable in the case of (1b).
The reversion is eliminated to a certain extent by the proton
relay on the si face of the molecule.

In mixed solvents, nucleophilic attack of the minor com-
ponent on the re face is still possible, but if the major solvent
constituent, say tetramethylene sulphone, is not a good proton
acceptor, the oxonium ion (11) is not readily stabilized by
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proton loss. The enhanced inversion observed in dioxane
solutions is believed to be due to the fact that this solvent is a
good proton acceptor, but not a proton donor. Thus, dioxane
enhances k, relative to k_g.%?

Other solvents, such as trifluorethanol, are not good proton
acceptors but are good proton donors. Mixed solvents involv-
ing TFE give stereochemical results similar to those with
tetramethylene sulphone or nitromethane because of the
adverse balance between proton acceptance by neutral TFE and
back-donation of protonated TFE.3!-33-*

Molecular mechanics calculations. MM2 Calculations were
used to approximate the energy of the carbocation (9) at a range
of approach distances of the nucleophile in question.** The
segment of MM2 of chief interest is ‘dipolar interactions.”*¢ At
short approach distances, the overall ‘steric energy’ is unreal-
istically high, owing to steric effects between the nucleophile and

¢ Correlation of stereochemistry with various types of donor-acceptor
LFERs was not successful, ¢f. ref. 34.
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cation, as the counteracting effect of development of covalency
is not included. The starting point of the calculations stems from
a previously minimized geometry of the carbocation. Most
calculations involved a direct approach of the nucleophile to the
top of the p orbital, but some off-centre approaches were also
investigated.37-38

The first set of calculations used the original parameters of the
MM2 program, e.g. a dielectric constant of 1.0. For water as
nucleophile, the calculations predict an electrostatic preference
for si approach (retention). The dipolar term is roughly constant
at —13.8 + 1.3 kJ mol™! at approach distances of 2.6—1.6 A.
For re approach, the energies are also roughly constant at — 5.9
kJ mol! (same distances). As MM2 does not permit covalency
in hydrogen bonding, the interaction of water with the oxygens
of the substrate is purely electrostatic. The minimization of
energy appears to lessen lone-pair—lone-pair interactions by
directing a hydroxy hydrogen atom towards the lone pair of
another oxygen, thus imparting a resemblance to a classical
hydrogen bond (c¢f. Scheme 2).

For methanol as nucleophile, the dipolar energies vary from
—2.1to —5.4to —2.9 kJ mol™! (si approach), ¢/ —1.7to —3.8
to —4.6 kJ (re approach), at distances of 3.0, 2.0, and 1.5 A. The
effect of an off-centre approach to the p orbital is sizeable, giving
a better overall energy, although the dipolar term becomes
repulsive. Thus, the small differences in dipolar interactions just
quoted should not be regarded as significant.

In Table 2, an unusual solvent effect was noted for dioxane,
ie. enhanced inversion. The characteristics of a possible
nucleophilic involvement of dioxane were simulated in MM2
calculations using dimethyl ether as nucleophile. At 2.0 A, the
dipolar energy, —2.5 kJ mol™!, is the same for either direction
of approach. Despite the greater size of the nucleophile, the
difference in overall steric energy between the si and re
directions of approach (+ 24 kJ) is smaller for dioxane than for
water (+ 36 kJ) at 2.0 A.

An alternative set of calculations utilized corrections sug-
gested by Kroon-Batenburg er al., which permit a more realistic
treatment of hydrogen bonding.3® A smaller ‘size’ of the lone
pairs at oxygen is used, and in our calculations the dielectric
constant was set at 4. For water as nucleophile, si approach is
again preferred according to the dipolar terms (—2.1 vs. —0.4
kJat3 A, and —3.1vs. —1.3kJ at2 A). An additional correction
for hydrogen bonding provides a 4 kJ preference for si approach
at 3 A, although at 2 X this difference disappears owing to the
very close proximity of the substrate OH to water. In actuality,
it seems likely that internal rotation of the substrate would
occur in order to maximize hydrogen-bonding stabilization, and
minimize steric effects. Between 4 and 2 A, the van der Waals’
terms of MM2 change from attraction to repulsion, with regard
to the nucleophile, climbing to 88 kJ (si approach) vs. 67 kJ (re
approach). Approximately 46 kJ of this van der Waals’ energy is
due to the ‘repulsive’ interaction of the nucleophile with the
cation.

In methanol, the Kroon-Batenburg approach predicts a 4 kJ
preference for si attack at 3 A (combined H bonding and dipolar
terms) that is opposed by a 1.3 kJ steric preference for re attack.
Similar results are apparent for dimethyl ether as nucleophile. In
fact, all calculations consistenily predict the same trends, i.e. an
electrostatic preference for si attack vs. a steric preference for re
attack.

Other data. A few runs were done in the presence of Et,NBr.
In the case of bromide as nucleophile, a proton transfer to
stabilize an intermediate, such as the oxonium ion (10) or (11), is
not necessary.>? Under a variety of conditions, the ratio of
retention to inversion is near unity. In acetic acid as solvent, a
52:48 ratio of the bromohydrins (12) and (13) (OS = Br) is the
type of result frequently found. However, in methanol, no
bromohydrin is observed, in part owing to the higher nucleo-
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philicity of that solvent. For reactions involving 2.0M-bromide
in acetic acid, the acetate products were reduced to a low level,
ca. 20%, and their analysis is thus inaccurate. However, it is
clear that the inversion product is now dominant, e.g. ca. 36:64
for retention to inversion in the case of (1c). Thus it appears that
bromide pre-empts the si face of the cation and much of the re
face as well.

The dominance of inversion in the acetate products when
bromide is present could be due to attack of acetic acid on the
ion pair involving bromide associated with the si face of the
cation. The electrostatic segment of MM2 indeed suggests a
stronger electrostatic interaction for the si ion pair [¢f. models
(14)—(16)]. The calculation program did not appear to respond
to changes in dielectric constant, but the large energy differences
would be attenuated in media of dielectric constant higher than
the 1.0 value implicit in MM2. As in the previous sets of
calculations, the electrostatic preference for si attack was
opposed by a steric preference for re attack. Thus, the similarity
of amounts of retention and inversion in the bromohydrin
products may be due to an incursion of Sy2-like reaction modes.
The enhanced inversion in the acetate products could indeed be
due to re attack of solvent on the si bromide ion pair, which may
be inhibited from directly forming the bromohydrin by steric
effects.
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Table 3. Rate constants and activation parameters for reaction
of (1¢) in methanol®

k/l mol! s! AH*/k] mol™! AS¥/J mol! K!
Temp. —mMA—+ ——~ N v A N
((®) ret.? inv.® ret. inv. ret. inv.
45.0 0.0414 0.103
350 0.0630¢
250 0.0068 0.0196 68.6 64.0 —-54 —-63

“Overall: AH? = 644 kJ mol!; AS* = —59 J mol! K-!. ®Rate
constants for retention and inversion, as indicated. < Overall rate
constant.

Kinetics—Table 3 lists the second-order rate constants for
the acid-catalysed methanolysis of (I1c). The rates were deter-
mined over a temperature range. By using the observed product
ratios at the extrema of the temperature range, the observed rate
constant was dissected into retention and inversion compon-
ents. The activation parameters were calculated for both stereo-
chemical routes.

The activation parameters indicate that the major factor
responsible for the dominance of inversion is AH*. The entropy
difference is surprisingly small. For the inversion path, AS? is in
the range for an 42 process, consistent with an approach of
solvent as the carbocation forms.!*® The similarity of AS? in the
retention path is not as easily explained. It is possible, though
not likely, that solvent attack is a kinetically significant event.
Alternatively, spectator molecule(s) may exist (possibly the
carrier of the proton used to protonate the epoxide).32 This idea
is attractive from the point of view that AS? (ret.) vs. AS? (inv.) is
a reflection of the predilection for retention vs. inversion at the
time of the rate-limiting step, which is almost certainly the
rupture of the covalent C—O bond of the epoxide. However, as
Italian workers have found sizeable effects of temperature on
stereochemistry, changes in AS* may be large in other cases.'®

In conclusion, we agree with the Italian workers on the
importance of hydrogen bonding (a static effect) in facilitating
retention of configuration.'® However, evidence exists that the
dynamics of proton transfer affect the product ratio, in this
particular set of molecules, through more effective proton
removal, and less reversion of an oxonium intermediate to
cation. The old controversy regarding 41 vs. A2 openings
of epoxides should be re-evaluated in terms of the extensive
stereochemical evidence indicating retention of configuration as
well as the present case of a large negative AS? for the retention
route.

Experimental

Methods of Epoxidation—(a) m-Chloroperbenzoic acid. This
oxidant was prepared by the method of McDonald.*® To the
appropriate alkene (0.1 g) in dichloromethane (ca. 50 ml) cooled
to 0 °C, the peroxy acid (1.5 equiv.) was added with stirring at
reduced temperature over 30 min. The solution was stirred at
room temperature for an additional 12 h, then 109 sodium
hydrogen sulphite solution was added until starch-iodine
showed the absence of peroxides. The mixture was filtered to
remove m-chlorobenzoic acid, and the two liquid layers were
separated. The organic layer was extracted with saturated
aqueous sodium hydrogen carbonate, and then with saturated
aqueous sodium chloride, dried (MgSO,), and filtered. The
product was recrystallized to purity.

(b) Hydrogen peroxide method. To the alkene (0.1 g), sufficient
methanol was added to afford a homogeneous solution at
reduced temperature (10—15 °C) (usually ca. 25 ml). To this
solution, NaOH (1.5 equiv.), dissolved in the minimum volume
of aqueous 50% methanol, was added. For most chalcones, the
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solution becomes orange-red at this stage. To this solution, 30%
hydrogen peroxide (1.1 equiv.) was added dropwise with stirring
over 10—15 min. The solution usually underwent a marked
colour change. It was stirred for an additional 30 min at reduced
temperature, then the peroxide was destroyed with aqueous
10%; sodium hydrogen sulphite (monitored by starch-iodine).

The product was taken up with ether, dried (MgSO,), and
recrystallized to purity. Nitromethane was a good recrystalliz-
ation solvent for epoxides too soluble in ethanol.

Substrates—The substrates for reaction, viz. chalcone, m.p.
57—58 °C (lit.,*' 56—57 °C); p-methylchalcone, m.p. 94—95 °C
(lit,*? 96.5°C); p-chlorochalcone, m.p. 101—102°C (lit.,*?
103—104 °C); p-nitrochalcone, m.p. 164—165 °C (lit.,** 164 °C);
and 4’-methoxy-3-nitrochalcone, m.p. 137—138 °C (lit.,**
137°C) were prepared by literature procedures.*! 4,4'-
Dimethoxychalcone and 4’-methoxychalcone were obtained
from our research stores, and appeared pure by n.m.r.45-46

Substrate (1c) was prepared by method (b), with ethanol as
solvent [m.p. 89—90 °C (lit.,*” 90 °C); 77% yield]. Similarly,
(1d) was made [m.p. 80—82 °C (lit.,*® 80—81 °C)]. The prepar-
ation of (1b) by method (b) in ethanol was troublesome. It is
important not to permit the reaction to go too long. The
product, m.p. 83—84 °C (lit.,*8 85 °C) (81% yield) was recrystal-
lized in nitromethane. Also by method (b), (1e) was prepared,; it
was necessary to use 700 ml of 95% ethanol for 3 g of substrate
(product m.p. 136—137 °C; lit.,*® 138 °C; 67% yield); (1a) was
similarly prepared (m.p. 111—112 °C), as was (1g) (m.p. 78.0—
78.5 °C; 1it.%° 75 °C). The 70 eV mass spectrum of (1a) showed
mfe 284.1054 (devn. 9 p.p.m.) (Calc. for C,,H,(O,, m/e
284.1044).

cis-Chalcone oxide. This was prepared by a circuitous route.!
The first step was the preparation of 1,3-diphenylprop-2-yn-1-
ol, as follows. To lithium wire (0.27 g, 0.03 mol) sliced into small
pieces and dropped directly into dry ether (100 ml), butyl
bromide (2.6 g, 0.019 mol) was added dropwise at 0 °C under
nitrogen until no further lithium remained. Phenylacetylene (2.0
g, 0.019 mol) in ether (2 ml) was then added with stirring over
0.5 h. Benzaldehyde (2.07 g, 0.019 mol) in ether (25 ml) was then
added dropwise, and the mixture was stirred for an additional 1
h at 0 °C. The reaction was quenched with saturated aqueous
CaSO,, the layers were separated, and each layer was extracted
with fresh portions of the other; the combined organic layers
were washed with water (2 x 25 ml), then with cold aqueous
N-NH,C], then dried (MgSO,), and evaporated, leaving crude
product (3.1 g); the distillation cut of b.p. 160—164 °C at 1
mmHg (lit.,’! b.p. 159 °C at 1.3 mmHg) was taken (762 yield).

The next intermediate, 1,3-diphenylprop-2-en-1-0l, was pre-
pared from the foregoing oil (2.0 g, 9.6 mmol) placed in 95%
ethanol (50 ml) and hydrogenated over Pd-C on CaCO,-
BaSO, (0.2 g) in a Parr shaker for 4.5 h. The catalyst was filtered
off through Celite, and the solution was evaporated, providing
the crude cis-alkene (1.95 g), b.p. 121—122 °C at 0.1 mmHg
(lit.,! 147—150 °C at 113 mmHg; yield 96%,).

The next intermediate, cis-2,3-epoxy-1,3-diphenylpropan-
1-ol, was made by dissolving the cis-alkene (1.95 g, 9 mmol)
in dichloromethane (50 ml) to which a solution of m-
chloroperbenzoic acid (2.0 g, 9 mmol) in dichloromethane (100
ml) had been added dropwise [¢f method (a)], giving the
epoxide (1.98 g), m.p. 82—83 °C; yield 97%,.

The final step was oxidation to the cis-chalcone oxide. To the
alcohol in pyridine (20 ml), chromic oxide (2.85 g) dissolved in
pyridine (28 ml) was added; the mixture was stirred overnight.
The solid was filtered off, and washed with ether (4 x 25 ml);
this same solvent was used to extract the original filtrate. The
combined organic layers were washed with aqueous N-NH,Cl
(50 ml) and with water, dried (MgSO,), filtered, and evaporated,
giving an oil (0.98 g) that slowly crystallized. Recrystallization

J. CHEM. SOC. PERKIN TRANS. II 1986

from light petroleum gave the product, m.p. 96—97 °C (lit.,*°
96—97 °C).

trans-1,2- Epoxy-1,3-diphenylpropane. The parent alkene was
prepared by the method of Kohler and Chadwell; m.p. 44—
45 °C (lit.,>? 44—46 °C). The alkene was oxidized by method
(a), giving the epoxide, b.p. 163-—164 °C at 10 mmHg (lit.,>* b.p.
162—165 °C at 6 mmHg); yield 98%.

General Procedure for Epoxide Openings.—Chalcone oxide
(1c) (1.0 g, 446 mmol) was dissolved in dried reagent grade
methanol (75 ml) in a flask equipped with stirrer and nitrogen
inlet; then the catalyst TsOH (0.1 g) was added as a solid, and
the mixture was stirred for 6 h; solid NaHCO, (0.5 g) was added
and the mixture stirred for 5 min. Then solvent (either ether or
dichloromethane) was added and the mixture was stirred with
aqueous NaHCO;. The layers were separated, and the aqueous
layer was extracted with ether or dichloromethane (2 x 30 ml).
The combined organic layers were washed with saturated
aqueous NaCl solution, dried (MgSO,), filtered, and evapor-
ated, providing the crude product, a yellow oil (1.09 g, ca. 95%).
The content was analysed by n.m.r. integration.

In alater variation of this procedure, a solution of the epoxide
(0.1—0.2 g) in the solvent in question (5 ml) was kept at room
temperature for 20 h [except for (1b), for which the reaction time
was 2—4 h]. In some cases, a higher reaction temperature was
necessary (an oil immersion bath, usually at 60 °C, was used).
The solvent was removed by a jet of air, which also eliminated
TFA; CCl, was added and similarly evaporated off. The residual
oil was taken up in CDCl; and analysed by '*C or 'H n.m.r.
spectroscopy. In the former case, peak heights were used as a
measure of product yield (a sufficiently long delay time between
pulses was used in order to achieve similar relaxation for the
two isomeric products). The yields of the various products were
variable, although the stereochemistry was reproducible from
run to run. Thus, yields are not emphasized in this paper,
although the following are presented as roughly representative.
The runs in methanol or other common alcohols as solvent were
quite clean. In a typical reaction [(1b) in methanol], the methyl
ether products were found to comprise 90% of the total material.
In this determination, the n.m.r. integration of the phenyl region
was taken as an internal standard, as it is unlikely that a phenyl
group would be created or destroyed in the course of the
reaction. However, the remainder of the product showed no
visible alkyl absorptions. In another reaction [(1¢) in methanol
(5 ml) in the presence of 2.0 g of Et,N *Br ~], the products were:
ethers (84%,), benzaldehyde dimethyl acetal (13%), and methyl
benzoate (ca. 29). Surprisingly, no bromide was found (the
n.m.r. absorptions of the bromide were known from other
work). The reaction of (I1c) in CH;OD in nitromethane (1:50
v/v) at room temperature for 18 h gave 209 overall yield of
ethers, 109, of an aldehyde believed to be the rearrangement
product 3-0x0-2,3-diphenylpropanal, and a trace of a product,
8y 7.5 (believed to be the enol form of the rearranged aldehyde).
The n.m.r. absorption of the aldehydic hydrogen atom is 8 9.9,
slightly less than that of benzaldehyde, which also was observed
on occasion. In this particular run, trifluoroacetate products
(14%,) were observed. The runs in TFE were the most difficult to
analyse, and the stereochemical data are the least accurate for
runs in this medium. A typicai run in TFE (TFE:MeOH ratio
5:1 v/v at 60 °C for 12 h) gave 379 trifluoroethyl ethers, plus
28% methyl ethers and only traces of other products having
identifiable alkyl absorptions (thus the remainder of the
products were aromatic). A run in HOAc with Et,N*Br~
present (2.0 g in 5 ml of solvent) gave 82%, bromides.and ca. 109,
acetates.

Kinetic Procedure.—All chalcone oxides were recrystallized
three times before use. Dry methanol was obtained by distilling
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reagent-grade methanol from Mg(OMe),; this solvent was
stored over 3 A molecular sieves. Dry toluene-p-sulphonic acid
was obtained by dissolving TsOH hydrate in benzene, and
removing the water via a Dean—Stark apparatus (m.p. 36—
38 °C after removal of benzene). The products of kinetic runs
were analysed by n.m.r. (all sample points were run at the same
time). For the points, the solvent was evaporated off, and the
sample taken up in 0.5 ml of CDCI, {for (1d), more solvent was
necessary]. Initial runs were performed in the presence of
hexamethylbenzene as an internal integration standard. In later
runs the combined phenyl absorptions were used as an internal
standard.
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