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Base Catalysed Rearrangements involving Ylide Intermediates. Part 15.?
The Mechanism of the Stevens [1,2] Rearrangement

W. David Ollis,” Max Rey, and lan O. Sutherland

Department of Chemistry, The University, Sheffield S3 7HF

The Stevens [1,2] rearrangement of acyl-stabilised ammonium ylides has been investigated with regard
to stereoselectivity, intramolecularity and the formation of products in addition to the [1,2] rearrangement
product. A detailed study of the effects of reaction conditions upon the rearrangement of the ylide derived
from the salt (13) has shown that the stereoselectivity (retention of the configuration of the chiral
migrating group) and intramolecularity decrease as solvent viscosity decreases. The rearrangement of the
sait (13) in water at O °C is essentially intramolecular with virtually complete retention of the configuration
of the migrating group. These results, together with the isolation of products that can be rationalised on
the basis of random free-radical coupling, indicate that the [1,2] rearrangement of acyl-stabilised
ammonium ylides normally involves a radical pair mechanism.

The Stevens rearrangement -3 of the ammonium ylides (1) —»

+ -

(2)(X = NR,, Y = CR,;, Z = CRj) is one example of the wide
range  of anionic sigmatropic rearrangements represented by
the general reaction (1) — (2). The mechanism of these
reactions has been a topic of investigation and discussion for
many years and the mechanistic investigation of the Stevens
rearrangement is typical. Thus, the reaction was first recog-
nised 3 as a base catalysed transformation of the ammonium
salt (3a), later shown by Stevens ® to involve the ylide inter-
mediate (4a) ¢ which rearranged to give the observed reaction
product (5a). The reaction has been reviewed 2 and its scope
and limitation and some evidence for reaction mechanism
have been discussed. The important experimental facts, es-
tablished prior to the investigation reported in this paper, are
(i) the rearrangement is intramolecular,” (ii) for a chiral
migrating group R (for example R = CHMePh) the product
is formed with almost complete retention of the configuration
of R,®~'% and (iii) in suitable cases ! chirality can be transferred
from nitrogen to carbon. Two principal mechanisms can be
envisaged for the reaction: (a) a concerted [1,2] sigmatropic
rearrangement,'? with retention of configuration of the mi-
grating group and simultaneous bond breaking and making,
or (b) a process in which bond breaking precedes bond making
which must, therefore, involve initial homolysis to give a
radical pair >'*!* or heterolysis to give an ion pair !>
followed by rapid pair recombination. The first possibility, a
concerted mechanism, requires a process with suprafacial use
of the n-bonding between atoms X and Y in the transition
state and would be symmetry forbidden by the Woodward-
Hoffmann rules. However, on the basis of calculations,'
it has been suggested that such processes may occur in highly
favoured, strongly exothermic cases, although it is difficult to
extrapolate from these calculations to reactions of highly polar
species, such as ylides, in solution.

In view of our interest in the [3,2] sigmatropic rearrange-
ments !''® closely related to the Stevens rearrangement and the
first isolation ¢ of ammonium ylides such as (4), we decided to
re-investigate the mechanism of the Stevens rearrangement.'®
We chose as reaction probes (a) the structures of reaction
products additional to the rearrangement product (5), (b) the
intramolecularity of the rearrangement, and (c¢) the sterco-
selectivity of the rearrangement of a chiral ylide (4b) —»
(5b). The investigation was also conducted in the light of a
number of reports 9142021 of the observation of CIDNP
during Stevens rearrangements and other related [1,2] anionic
rearrangements. A further method of investigation using
ambident migrating groups has been described in preliminary
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X—Y X—Y
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'7 ‘T i
Me,NCH,COPh Me,NCHCOPh Me,NCHCOPh
Br

(3) (4) (%)

In(3)-(5):a,R = CH,Ph; b,R = CHMePh,

communications ?? and will be discussed fully in future papers
in this series.

The Structures of Reaction Products.—The ylide (4a) was
prepared ¢ by the action of aqueous sodium hydroxide on the
ammonium salt (3a) as a crystalline monohydrate, m.p.
75—82 °C, which could be stored at 0 °C for one year without
noticeable decomposition. Thermal rearrangement of the
ylide (4a) in chloroform at 60 °C gave the [1,2] rearrangement
product (5a) as the major product together with 1,2-diphenyl-
ethane, the diastereoisomeric diamines (6), and N, N-dimethyl-
benzylamine. A similar set of products was obtained under a
variety of reaction conditions in yields that depended upon the
conditions used (see Table 6, Experimental section) and these
products accounted for >95% of the total reaction product.
The diamine (6) was synthesised, as the single diastereoisomer
A, m.p. 156—158 °C, by the reaction of (E)-1,2-dibenzoyl-
ethylene with dimethylamine in the presence of iodine; a low
yield of the vinylogous amide (7) was also obtained from this
reaction. Equilibration of the diastereoisomer 4 of the diamine
(6) in hot methanol followed by fractional crystallisation of
the product gave diastereoisomer B, m.p. 94—95 °C. The
relative configurations of these two diastereoisomers could
not be established with certainty, but we note that although
diastereoisomer B is thermodynamically favoured in methanol
solution it could be reconverted into diastereoisomer A4 by
heating to its melting point.

The rearrangement of the related ylide (4b) was investigated
in a similar manner, but it was found in this case that treat-
ment of the quaternary salt (3b) with aqueous sodium hydrox-
ide at 0 °C gave only rearrangement products since the ylide
(bb) is evidently unstable under these conditions. The reaction
was therefore investigated by treating the ammonium salt


http://dx.doi.org/10.1039/p19830001009
http://pubs.rsc.org/en/journals/journal/P1
http://pubs.rsc.org/en/journals/journal/P1?issueid=P11983_0_0

Published on 01 January 1983. Downloaded by North Dakota State University on 20/05/2015 13:24:11.

1010

(3b) with base. In methanol at 55 °C, using sodium methoxide
as the base, the salt (3b) gave the [1,2] rearrangement product
(5b) as the major product as a mixture of both diastereoisomers
(1: 1 ratio), together with small quantities of both diastereo-
isomers of 2,3-diphenylbutane (1: 1 ratio), and diastereoiso-
mers A and B of the diamine (6) (3 : 1 ratio). The rearrange-
ment of the salt (3b) in water at 0 °C, using sodium hydroxide
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as the base, gave the [1,2] rearrangement product (5b) as a
mixture of diastereoisomers (5 : 4 ratio) and small quantities
of 1-phenylethanol and both diastereoisomers of the acyloin
(8) (5 : 3 ratio). The origin of (8) was not clear from this work,
but subsequent work ?3¢ showed that hydroxyketones may be
formed during Stevens rearrangements in aqueous solution by
a competing [1,3] rearrangement of the ylide (4b) to give a
betaine (9). Hydrolysis of (9), to give an acyloin (10), followed
by a base catalysed [1,2] acyloin rearrangement 24 (10) — (8)

TMez NMe, would account for the formation of this product (8). The
PhCOCHCHCOPh PhCOCH=C small quantity of 1-phenylethanol obtained from the reaction
AN of the salt (3b) is presumably a consequence of a nucleophilic
NMe, COPh
(6) (7) ?- CI)H
+ .
?H Me Ph~C—CH=NMe,  PhCCHO PhCOCH—NMe,
PhCOCHCH< MeCHPh MeCHPh R
Ph (9) (10) (an
(8) R = CH,Ph or CHMePh
diastereoisomer A)
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Figure 1. CIDNP effects during the rearrangement (4a) — (5a) in CDCl; at 60 °C
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displacement reaction. The rearrangement of the salt (3b) in
water at 50 °C gave, in addition to the rearrangement product
(5b), a low yield of both diastereoisomers of 2,3-diphenyl-
butane (1: 1 ratio).

In addition to the direct pathway for the [1,2] rearrangement
(4) —»= (5) two alternative but indirect pathways can be
envisaged. These alternative pathways are (i) a [1,3] rearrange-
ment to give a betaine intermediate [¢f. (9)] which could then
undergo a subsequent [1,2] rearrangement and (ii) a [1,4]
sigmatropic rearrangement giving an enol ether as an inter-
mediate which could then undergo a subsequent [1,3] sigma-
tropic rearrangement. These alternative pathways (i) and (ii)
are both excluded by experimental evidence. Pathway (i) can
be excluded because in competing [1,2] and [1,3] rearrange-
ments of chiral ylides, the stereoselectivity of the [1,3] re-
arrangement has been shown to be /ess then the stereoselec-
tivity of the [1,2] rearrangement.?3® Pathway (ii) has also been
discounted #** and it has been firmly excluded by the experi-

(diasterecisomer A)

PhCOCHNMe, ---———-—---=-2%_
PhCOCHNMe, - = S2ETE050MEC 22

(6)

after 25 sec
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mental result 23¢ that the thermal [1,3] rearrangement of enol
ethers is much too slow for them to function as intermediates
in the [1,2] rearrangement of ylides.

Theabove investigation of products is totally consistent with
a mechanism for the rearrangement (4) — (5) involving
initial homolysis to give the radical pair (11) followed by
intramolecular recombination to give the amine (5) as the
major reaction product. The minor products, including the
diamine (6) and 1,2-diphenylethane [from (4a)] or 2,3-
diphenylbutane [from (3b)], are the expected products from
intermolecular recombination of radicals 2* which escape from
the solvent caged radical pair (11). This conclusion was pro-
vided with strong support by the observation that the re-
arrangement of the ylide (4a) (in CDClI; at 60 °C) in the probe
of an n.m.r. spectrometer (100 MHz) gave a 'H spectrum of
the initially formed reaction products that showed strong
CIDNP associated with the signals of the [1,2] rearrangement
product (5a), 1,2-diphenylethane, and both diastereoisomers

i
]
Ph(l:HMe ———(;t-) ——————— RN Me :
]
PhCHMe —-T€)______ S PR Me
---------- CH—=—————— NMe, == — ————— Me
PRCHMe = £ = 4T | e, .
PhCOCHNMe, Sierecisomersiey _______ NMe - —-— -~ Me |
(5b) : = 5 v
]
[}
[}
]
I
I
|
after 50 s
T4 I3 [2 FE})

Figure 2. CIDNP effects during the rearrangement (3b) —» (5b) in CD;0D-NaOCD; at 60 °C
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(+)-2,3-diphenylbutane

Scheme 1. Concerted and radical pair pathways for the thermal transformation of the ylide derived from the (R)-(+)-salt (13a).

Table 1. CIDNP during rearrangement of ylide (4a) and salt (3b)

Reaction conditions Product Signals *-°
H,Ph
Ylide (4a) at 60 °C in CDCl, PhCOCHNMe, CH(A), CH,(E), NMe,(E)
PhCH,CH,Ph CH,(A)
NMe(A)

PhCO(IZH—ClHCOPh

Me;N

NMe,

(Both diastereoisomers)

Salt (3b) at 60 °C in CD;0D
+ CD;ONa

PhCHMe
PhCOCHNMe,

PhCOCH,© CHMe(E),
CHMe(A), NMey(E)

(Both diastereoisomers)

PhCHMe-CHMePh

CH(A), Me(E)

(Both diastereoisomers)

PhCOCH-CHCOPh

Me,N

NMe,(A)
NMe,

(Both diastereoisomers)

2 The letters A and E in parentheses refer to enhanced adsorption and emission respectively (see Figures 1 and 2). ® Product signals
observed after 35 s for the ylide (4a) and 25 s for the salt (3b) using a JEOL PFT 100 n.m.r. spectrometer. © Signal not observed.

of the diamine (6) (see Table 1 and Figure 1). The rearrange-
ment of the salt (3b) (with NaOCD; in CD;OD at 60 °C)
under similar conditions also gave a 'H n.m.r. spectrum of
the initially formed reaction products that showed strong
CIDNP (see Table 1 and Figure 2). These CIDNP effects are
indicative of the operation of radical pair processes,”®? but
leave open the question of whether the [1,2] rearrangement
proceeds uniquely by a radical pair pathway, (4) — (11) —
(5), or involves competing radical pair and concerted process-
es (Scheme 1) because the development of spin polarisation 2¢
is necessarily a relatively slow process as compared with the
rotation and diffusion of the component radicals of the pair
at).

Stereoselectivity.*—In 1951 Hauser and Kantor *7 sugges-
ted that the Stevens rearrangement involves an intramolecular
nucleophilic displacement (Sxi) with a three-membered cyclic

transition state (12a). Such a reaction necessarily involves
retention of the configuration of a chiral migrating group and,
in accord with this view, the rearrangement of the optically
active salt (13a) T was shown 87'° to give the product (14a) in
which the migrating 1-phenylethyl group largely retains its
configuration [for (13a) — (14a) >90%, retention and for
(13¢c) — (14¢) >90% retention '°]. The transition state pro-

* The term stereoselectivity in this section relates only to the
chiral centre of the migrating group and not to the formation of
diastereoisomers.

t Throughout this paper, formulae analogous to (13) will be used
for chiral compounds which are (R,S)-racemates, (R)-enantiomers,
or (S)-enantiomers. The use of the unqualified description (13)
will refer to the (R,S)-racemate whereas (13a), (13b), erc., will
refer to particular (R)- or (S)-enantiomers which are determined
by the nature of the substituents R! and R2.
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In (13) and (14): a, R = Ph, R! = H, R = Me; b, R = Ph,
R! = Me, R? = H; ¢, R = Me, R! = H, R? = Me
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Ph ;H

S
S

Me Me

CH, =CHCHz NMe, Br CH;==CHCHNMe;

(15) (16 )
H «H
Phs Ph —
\r.-Me _"\Me+
CH,CH=CHNMe, CH;=CHCH=NMe,

(17) (18)

posal (12a) is clearly at variance with the established stereo-
chemical requirements of an intramolecular Sy displacement,
but the recognition of the generality of sigmatropic rearrange-
ments by Woodward and Hoffmann !? allows (12a) to be re-
garded as (12b), the transition state of a concerted [1,2] sigma-
tropic rearrangement with s r geometry and the development
of pericyclic n-bonding. This is the transition state of a sym-
metry-forbidden process.

The optically active salt (15) rearranged on treatment with
sodamide to give the [1,2] rearrangement product (16) (>90%
retention of configuration) and the [1,4] rearrangement pro-
duct (17) (>80% retention of configuration) but in this case
the authors ' interpreted their results in terms of a tight ion
pair intermediate (18). The ion pair hypothesis received further
support from other workers '® but, on the basis of results that
we have reported in preliminary form,?* it is probable that the
rearrangement (15) —» (16) + (17) involves the formation
of the radical pair analogous to (18) followed by fast intra-
molecular radical coupling to give the observed products with,
largely, retention of configuration of the migrating phenyl-
ethyl group.

These results and conclusions prompted us to examine the
stereoselectivity of the Stevens rearrangement in greater
detail and, in particular, to attempt to explain the apparently
conflicting observations of CIDNP and the reported intra-
molecularity and high stereoselectivity. The optically active
(R)-(+)-salt (13a) (100% e.e.) was prepared from (R)-(4)-1-
phenylethylamine (19a) by methylation (formaldehyde-formic
acid) and quaternisation with phenacyl bromide. The enantio-
meric excess * of the (R)-(+)-salt (13a) ([«]p?® +83.5°) was
checked by reductive cleavage (zinc-acetic acid) to regenerate
(R)-(+)-NN-dimethyl-1-phenylethylamine (20a) with a

* The term ‘ enantiomeric excess °~ will be used in the usual way to
indicate the percentage excess of the major enantiomer over the
minor enantiomer.
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Ph ~R Ph \\R
a2 ™ RZ
NH, NMe,
(19 ) (20)
. & R
& R2 Ph o R?
PhCOCH, HO,CCH,
(21) (22)

In (19) = (22): a,R = H,R’= Me; b, R' = Me, R? = H

slightly higher optical rotation (xp?* +65.8°) than that of a
sample (xp?? +62.5°) obtained by methylating the (R)-(+)-
amine (19a), with 99% enantiomeric excess based on the
highest value in the literature 2® for «p. The enantiomeric
excess of the (R)-(+)-salt (13a) ([olp2? +83.5°) is therefore
considered to be 100%; and enantiomer fractionation must
have occurred during recrystallisation. The (S)-(—)-salt (13b),
([eJp??> —82.3°; 98.6% e.e.), was prepared in a similar manner.

The base catalysed rearrangement of the (R)-(+)-salt (13a)
(99.9%, e.e.) by methanolic sodium methoxide at 55 °C gave
three products including the [1,2] rearrangement product (14)
(yield 809), the diamine (6) (yield 11%), and 2,3-diphenylbu-
tane (yield 5%). The diamine (6) was racemic, and by n.m.r.
spectral comparison with synthetic compounds, was shown to
be a mixture (ratio 1:1) of the (4)- and meso-forms. The
2,3-diphenylbutane was also racemic ([«p** 0.00°) and was
shown to be a mixture of the (4-)- and meso-forms. In contrast
with these two products, but in accord with earlier results,>-81°
the [1,2] rearrangement product was shown to be a mixture
([edp*? —27.6°) (1:1 ratio) of two diastereoisomers (14)
which were optically active. These additional experimental
observations provided a basis for our consideration of possible
mechanistic routes which could lead to the formation of
racemic and optically active products (see Scheme 1). This
naturally encouraged the investigation which is now re-
ported ! of the influence of reaction conditions upon the
stereoselectivity of the [1,2] rearrangement (13) —» (14) using
the (5)-(—)-salt (13b). The rearrangement of the (S)-(—)-salt
(13b) was carried out under a variety of reaction conditions
(see Table 2), in each case by the addition of base to a solution
of the salt (13b) (98.6%; e.e.) at the appropriate temperature.
The enantiomeric excess of the product (14b) was established
by reduction (zinc-acetic acid) to (R)-(—)-1,3-diphenylbutan-
1-one (21b). The results of this investigation are summarised
in Table 2. The stereoselectivities of the rearrangement (13b)
— (14b) are based upon (i) the observed specific rotations of
the ketone (21b), (ii) the absolute rotation of the (R)-(—)-
ketone (21b) ([odp>* —14.0°), and (iii) the optical purity of the
starting (S)-(—)-salt (13b) (98.6% e.e.).

The absolute rotation and configuration of (S)-(+)-1,3-
diphenylbutan-1-one (21a), prepared by a sequence of re-
arrangement and reduction from the optically pure (R)-(+)-
salt (13a) (1009, e.e.), were checked by correlation with (S)-
(+)-3-phenylbutyric acid (22a) of known absolute rotation.?
Baeyer—Villiger oxidation of the (S)-(+)-ketone (21a) ([e]p*?
+13.3°, [0)s5%% +14.2°) followed by hydrolysis gave the (5)-
(+)-acid (22a) with [«]p?? 4 55.7°. This specific rotation for the
(S)-(+)-acid (22a) corresponds to 95.2%; enantiomeric excess
based upon the highest literature value ** for its specific ro-
tation ([¢]p?* + 58.5°). The observed specific rotation for the
ketone, therefore, also corresponds to 95.2% enantiomeric
excess and confirms that the rearrangement (13) —» (14)
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Scheme 2. Reagents: i, CH;COCI; ii, Me,NCHO-HCO,H; iii, Br,

proceeds with high retention of configuration of the migrating
chiral phenylethyl group.

It should be noted that the previously reported stereoselec-
tivities for the rearrangement (13) —» (14) require correction,
since they were based upon incorrect values for the absolute
rotations of the acid (22) and the ketone (21). The reported
stereoselectivities of 99 ® and 95% ? should be corrected to 79
and 87% respectively, The conclusion, based upon these
earlier investigations, that the rearrangement (13) —» (14)
can proceed with a high degree of stereoselectivity has been
supported by the results reported in Table 2. The highest degree
of stereoselectivity (99%) is, however, restricted to the reac-
tion in water at low temperatures and, in general, a high
degree of stereoselectivity requires a solvent of high viscosity.

Intramolecularity.—It was necessary to establish the intra-
molecularity of the rearrangement (13) —» (14) for all the
reaction conditions reported in Table 2 so that the stereo-
selectivity of the intramolecular component of the reaction
could be determined. The [*H,o]salt (23) was, therefore, pre-
pared from [*H¢]benzene using the reactions outlined in
Scheme 2. The synthetic intermediates were analysed for their
deuterium content by mass and n.m.r. spectra to confirm that
no appreciable hydrogen-deuterium exchange had occurred
at any stage during the synthesis of the [2H g]salt (23).

An intimate mixture of the (R,S)-salt (13) and the (R,S)-
[*H o)salt (23) in a 1: 1 ratio was rearranged under the same
reaction conditions as those used to examine the stereoselec-
tivity of the rearrangement (13b) — (14b) (see Table 2).

The isotopic composition ([?Ho], [?°Hs}, and [2H,e)) of the
rearrangement product (14) was determined by mass spectro-
metry (see Table 8, Experimental section) and this inform-
ation was used to provide quantitative information on the
percentage intramolecularity * and intermolecularity * of the
reaction (13) — (14) using the relations: % intermolecular-
ity 2 x [% crossover products (24) + (25)]1. % intramolecu-
larity = 100 — % intermolecularity.

These results (Table 8, Experimental section) and those
obtained in the previous section (Table 2) could then be used
to estimate the stereoselectivity of the intramolecular compo-
nent of the reaction (13b) — (14b) (Table 3).

The Mechanism of the [1,2] Rearrangement.—The inter-
molecularity and intramolecular stereoselectivity for the [1,2]
rearrangement (13) — (14), carried out under various reac-

* Unfortunately we have repeated the same error in three footnotes
of three Tables associated with three of our preliminary com-
munications.!*?* The statements given in these three footnotes
that Intramolecularity = 4z%, and Intermolecularity = 100 —
4:% are incorrect; they must be replaced by the correct statements
that Intermolecularity = 4z% and Intramolecularity = 100 —
=% (see Table 3 of this paper). We apologise for the careless
repetition of this error but we emphasise that the figures given in
the Tables in our preliminary communications are all correct
because they were calculated on the basis of the correct statements
for Intermolecularity = 4z% and Intramolecularity = 100 — 4z%,.

(23)
C5H5?HMe CSDS?HMe
C¢DsCOCHNMe, CgHsCOCHNMe,
(24) (25)

tion conditions, are summarised in Table 3. These results lead
to two general conclusions. (a) The intramolecular stereo-
selectivity shows a strong dependence on solvent viscosity and
decreases with decreasing viscosity; there are in addition
smaller effects due to changes in reaction temperature, but
there is no obvious relation with solvent polarity. () The
intermolecularity of the rearrangement also shows a strong
dependence on solvent viscosity and increases as viscosity
decreases; in addition, intermolecularity increases as reaction
temperature increases.

These trends in stereoselectivity and intramolecularity to-
gether with the observation of CIDNP (Table 1 and Figures |
and 2) and the isolation of the typical radical coupling pro-
ducts, (6) and 1,2-diphenylethane [from (4a)] or 2,3-diphenyl-
butane [(from (3b)] strongly support a reaction mechanism
involving homolytic dissociation to give a radical pair (11)
followed by recombination of geminate and free radicals.
Such processes have often been characterised by the ratio
(k¢/k. +.) of rate constants for radical pair recombination (k.)
and rotation or tumbling processes that lead to loss of stereo-
chemical characteristics (k,,,), and the ratio (k./kq) of rate
constants for radical pair recombination (k.) and diffusion
from the radical pair to give free radicals (k) (Scheme 1). If it
is assumed that the recombination of free radicals randomly
involves the deuteriated and undeuteriated species and that it
is also associated with the formation of racemic products, then:
kelk:+ = 2 X intramolecular stereoselectivity/(100-intra-
molecular stereoselectivity) and k./kq = intramolecularity/2
X intermolecularity.

The values of these ratios are recorded in Table 3 and it is
interesting to compare the values obtained for the rearrange-
ment (13) — (14) with those obtained by other workers for
the recombination of radical pairs obtained from different
types of precursors. Thus, values of k./k, ., for the recombin-
ation of radicals formed by the thermal cleavage of azo-com-
pounds, peroxyesters, and hyponitrites are typically very
low.*! These processes are rather unsuitable as models for the
rearrangement (13) —» (14), however, because the radical
pairs are formed from precursors in which the two molecular
fragments from which the radicals are derived are separated
by a developing nitrogen and/or a carbon dioxide molecule.
The homolysis and racemisation of the azo-compound (27) to
give the radical pair (28) is a closer analogue of the process
(13) = (11) —> (14) and in this case *? the value of k./k; ..
(ca. 1.5) in a solvent of viscosity ca. 1 ¢P is comparable with
the value of the k /k, . (ca. 5) for the reaction (13) —» (14) in
a solvent of similar viscosity (Table 3). The high stereoselec-
tivity observed for the Stevens rearrangement is not, therefore,
quite so exceptional for a radical pair process as we had sup-
posed at the beginning of this investigation.
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Table 2. Stereoselectivity ¢ of the rearrangement (13b) — (14b) under various reaction conditions

Reaction conditions

A

Solvent Base
Methanol NaOMe
Methanol NaOMe
t-Butyl alcohol NaOMe
Cyclohexanol NaOMe
Glycerol NaOH
Water NaOH
Water NaOH

\ []p? of (21b)®  Stereoselectivity *
Temp. (42 °C) (£0.1°) (+£2%)
0 -9.77 71
40 -~8.03 58
50 —9.23 67
50 —10.50 76
50 -1242 90
0 —-13.67 99
50 —10.80 78

“ Further details are given in the Experimental section, Table 7. ” Stereoselectivity = 100% — percentage racemisation of the migrating
group during the rearrangement (13b) —= (14b). The percentage racemisation is based upon enantiomeric excess of 98.6% for starting
(S)-(—)-salt (13b) and absolute value for rotation of the (R)-(—)-ketone (21b), [«]p** —14.0°.

Table 3. Intramolecular stereoselectivity and intermolecularity for the rearrangement (13) — (14) under various conditions

Temp. Solvent
Solvent Base (+£2°0) viscosity ® (cP)

Methanol NaOMe 0 0.8
Methanol NaOMe 40 0.5
Methanol NaOMe 60 0.3
t-Butyl alcohol NaOMe 50 1.4
Cyclohexanol NaOMe 50 13

Glycerol NaOH 50 142

Water NaOH 0 1.8
Water NaOH 50 0.6

Intramolecular
Intermolecularity *  stereoselectivity ©
(VA VA Kelkewr  kofka
6.9 76 6.3 6.7
16.7 70 4.7 2.5
229 — —_ 1.7
10.5 75 6.0 4.3
5.5 81 8.5 8.6
2.5 92 23.0 19.5
0.1 99 198 >100
4.3 82 9.1 11.1

% Taken from ref. 30. ® Intramolecularity = 100 — percentage intermolecularity and intermolecularity = 2 x [percentage crossover pro-
ducts (24) + (25)] = 2 x percentage [*H;] species (24) + (25) obtained from an approximately equimolar mixture of (13) and (23). For
details of the isotopic composition of products (14) see Experimental section, Table 8. < Intramolecular stereoselectivity = (stereoselectivity)/

(intramolecularity) x 100%.

D = | D

Me N=NPh .
N=NPh
(27) (28)

The values of kc/k,,. and k./kq for the reaction (13) —»
(14) in water are unusually large (Table 3), but this is presum-
ably a consequence of the highly structured nature of water,
particularly at 0 °C. Furthermore, if one assumes that the
value of k. . for the radical pair involved in the reaction (13)
—> (14) is ca. 10! 57, by analogy with the correlation rates
of molecules of similar size and shape, then the value of k. may
be estimated as ca. 10'? s7'. This is quite close to the values of
k. estimated for the decomposition of peroxyesters and
hyponitrites 3 and suggests that the Stevens [1,2] rearrange-
ment does not involve unusual radical pairs.

It is not, therefore, necessary to invoke a contribution to
the reaction mechanism from a competing, concerted process
to account for the observed stereoselectivity and intramolecu-
larity. Furthermore, it is not necessary to consider that the
Stevens [1,2] rearrangement requires a novel mechanistic
description.

[1,2]1 Rearrangements of Substituted Ammonium Ylides (29).
—(R)-(+)-1-p-Methoxyphenylethylamine (30a) was obtained
by resolution of the (R,S)-amine (30) *** using (+)-tartaric
acid. The resolution was repeated four times and the amine
liberated at each stage showed a progressive increase in optical

rotation. Eventually (R)-(+)-1-p-methoxyphenylethylamine
(30a) (100%; e.e.) was obtained with the optical rotation
ap?? +36.1° (neat). The absolute configuration of the (R)-(+)-
amine (30a) has been established 33 and its optical rotation
ap?? +36.1° (neat) correlates excellently with one reported
value 3¢ [ap +21.62° (neat) (60% e.e) = ap +36.0° (100%
e.c.)]. These values for the optical rotation of the R-(+)-
amines (30a) and (31a) are different in magnitude from other
reports.®*33¢ Qur values have received independent confirm-
ation by the determination of the enantiomeric excess of a
partially resolved sample of (S)-(—)-1-p-methoxyphenyl-
ethylamine (30b) by the use of the chiral lanthanide shift re-
agent, tris-[(3-triffuoromethylhydroxymethylene)-(+ )-camph-
oratoleuropium(in). The result (40%; e.e.) was in satisfactory
agreement with the figure (38% e.e.) based upon the optical
rotation ap?? —13.8° (neat) for the partially resolved amine
(30b).

The (R)-(+)-tertiary amine (31a) [xp*? +56.7° (neat)
(100%; e.e.)] was quaternised with phenacyl bromide to yield
the (R)-(+ )-salt (32a). It was established that no racemisation
occurred during the quaternisation reaction [(31a) —» (32a)]
because zinc-acetic acid reduction of the (R)-(+)-salt (32a)
{[«]p?* +67.6° (ethanol) (100% e.e.)} gave the (R)-(+ )-tertiary
amine (31a) (100% e.e.). If the (R,S)-salt (32) was heated above
120 °C or if the quaternisation of the R-(-+)-amine (31a) was
carried out in acetonitrile or acetone some decomposition
occurred to give p-methoxystyrene and NN-dimethylphenacyl-
ammonium bromide, presumably a result of heterolysis of the

4
ArC—N bond facilitated by the p-methoxy-substituent.

The (R,S)-salt (32) was prepared by quaternisation of the
(R,S)-amine (31) 3% with phenacyl bromide in acetone solu-
tion. Rearrangement of the (R,S)-salt (32) in water at 0 °C,
using sodium hydroxide as base, gave the [1,2] rearrangement
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X , MeQ ® MeO, R
e & Rz o Rz B
ArCOCHNMe, NR, Me,NCH,COAr
'+ +
X =OMe, NO, (30) R = H (32) Ar = CgHs
(29) (31) R = Me (37) Ar = CgDg

1
p-MeOCH, R P -MeOCeH, R

SO R? SR?
(33) (34) Ar = CgHg

(36) Ar = CgDs

p—MeOCeH, R
\l\'e .RZ
CO,H
(35)

In (30)—(37):a, R! = H, R? = Me; b, R' = Me, R = H

product (33) as a mixture of diastereoisomers, the diamine (6)
(3—4Y%, yield of both diastereoisomers in a 3 : 1 ratio), 2,3-di-
p-methoxyphenylbutane (4% yield of both diastereoisomers
in a 5:4 ratio), 1-p-methoxyphenylethanol (1.1% yield), and
p-methoxystyrene (0.4% yield). The formation of the dimeric
products, (6) and 2,3-di-p-methoxyphenylbutane, are indica-
tive of a radical pair mechanism for the rearrangement (32)
— (33). It is noteworthy that dimeric products of this type,
which represent some of the products formed by non-gemin-
ate recombination, were not formed under these conditions
from the salt (13) which lacked the p-methoxy-substituent. It
was, therefore, of importance to determine the stereoselec-
tivity of the rearrangement (32) —» (33).

The (R)-(+)-salt (32a) (1009 e.e.) was rearranged under the
conditions summarised in Table 4, in each case base was added
to a solution of the salt which was maintained at the appropri-
ate temperature until the reaction was complete. The isolated
rearrangement product (33) was reduced to the (S)-(+)-
ketone (34a) which had the specific rotations recorded in Table
4. The use of these experimental results to determine the
stereoselectivity of the rearrangement (32) — (33) required
the determination of the absolute optical rotation of the (S)-
(+)-ketone (34a). Our initial approach was a modified Barbier-
Wieland degradation of the (S)-(+)-ketone (34a) to give
(R)-(—)-p-methoxyhydratropic acid (35a) {[«]p?? —61.5°
(ethanol)}. The (R)-absolute configuration of the laevorota-
tory p-methoxyhydratropic acid is firmly established.** How-
ever, there is an inconsistency for the values of the absolute
rotations in ethanol which have been published ([o«Jp!? — 58°,34¢
[d)p?? —88.8°,%¢ [o]p?’ —64.0° 3*) for the (R)-acid (35a), so
that the calculation of the enantiomeric excess corresponding
to [«]p?® —61.5° was impossible. It was, therefore, necessary
to adopt a different method to determine the absolute rotation
of (S)-(+)-3-p-methoxyphenyl-1-phenylbutan-1-one (34a).
This was achieved using the isotope dilution method 33-3¢ de-
veloped by Berson and Ben-Efraim.3% Various isotopes
(**C, 3Cl, %H, and '*N) have been used for the determination
of absolute rotations using the isotope dilution method.3®
However, so far as we are aware, only one result has been
previously reported using deuterium labelling. In this case,
Gerlach 3% determined the absolute rotation of N-benzyl-4-
phenyloxazolidine-2-thione by mixing known amounts of the
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Table 4. Stereoselectivity for the rearrangement (32a) © —» (33a)
under various conditions

Observed
Temp. [op?? of
(£2  ketone Stereoselectivity ®
Solvent Base °C) (34) %)
Methanol NaOMe 0 +13.3 61
Methanol NaOMe 40 +10.8 50
Water NaOH 0 +18.9 87

@ Using the (R)-(+)-salt (32a) [o]p?? +67.6° (100% e.e.). ® Based
upon the absolute rotation for ketone (34a) [a]p?* +21.64° deter-
mined by isotope dilution analysis (see Experimental section).

labelled racemic thione and the unlabelled partially resolved
thione. Crystallisation yielded a partially deuteriated optically
active re-isolated sample which, by deuterium assay and
specific rotation measurement, enabled the absolute rotation
of N-benzyl-4-phenyloxazolidine-2-thione to be determined. A
different but complementary approach was used for the deter-
mination of the absolute rotation of (S)-(4-)-3-p-methoxy-
phenylbutan-1-one (34a). Known amounts of the unlabelled
racemic ketone (34) and the labelled partially resolved ketone
(36a) were mixed and recrystallisation yielded a re-isolated
sample as a partially deuteriated racemate. Measurement of
the isotopic composition of this re-isolated sample by deuter-
ium analysis (see Experimental section) enabled the absolute
rotation of (8)-(+4)-3-p-methoxyphenyl-1-phenylbutan-1-one
(34a) to be determined.

Raban and Mislow 3 have derived the general equation (1)
for the calculation of absolute rotations from the results of
isotope dilution analyses.

_ Ii*[o]* — Iomnfe)[o;]
B, = \/ Iim +- n)* — Iom(m + n) o

[od,.x. = Absolute rotation of the enantiomer; m = weight
(g) of labelled racemate added to test sample; I, = isotope
content of labelled racemate added to test sample; n = weight
(g) of test sample; [«] = specific rotation of test sample; I,
= isotope content of re-isolated sample; [«;] = specific
rotation of re-isolated sample.

In the isotope dilution analysis described above, the un-
labelled racemate (34) was added to the labelled partially
resolved test sample (36a) and the re-isolated sample was
racemic. Equation (1) is then reducible to equation (2) be-
cause [o;] = 0°and I, = 1.

_ Iin*[o)? -
[O‘]max. - '\/I.(m + ”)2 _ m(m + n) (2)

[o],.. = Absolute rotation of the enantiomer; m = weight
(g) of unlabelled racemate added to test sample; I, = percen-
tage ( x 1072) of undeuteriated species in unlabelled racemate
(I, = 100 X 107? = 1); n = weight (g) of labelled (95% of
[’Hs)- and 5% of [*H,)-species) test sample; [«] = specific
rotation of labelled test sample; I; = percentage (x 1072) of
undeuteriated {*H,] species in re-isolated racemate; [o] =
specific rotation of re-isolated racemate, [«;] = 0.

The application of an isotope dilution analysis required the
synthesis of the unlabelled racemate (34) as the carrier and the
partially resolved pentadeuterio-derivative (36a) as the test
sample. The racemic ketone (34) was prepared by reduction
with zinc and acetic acid of the mixture of diastereoisomeric
ketones (33) prepared from the (R,S)-salt (32). The optically
active [*H;s}-ketone (36a) ([«]p?® +18.7°) was prepared from
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(19) (38)
22
(190) [«] " + 40-3° (99% e.e.)

(41)

(41a) ap + 61:1° (100% e.e.)

Scheme 2.3, R = H, R> = Me; b, R! = M¢e, R2 = H

the (R)-[2Hs)-salt (37a) by the sequence of rearrangement
(aqueous sodium hydroxide at 0 °C) and zinc-acetic acid
reduction. The (R)-[2H;s)-salt (37a) (100%; e.e.) was obtained
by reaction of the (R)-(+)-amine (31a) ([«]p?* +56.7°; 100%;
e.e.) with [?Hs]-phenacyl bromide. Fractional crystallisation
of the derived (S)-(+)-[*H;s)-ketone (36a) ([e]p?* +18.7°) gave
two samples of differing enantiomeric excess ([o]p?* +20.34°
and [«]p** +15.96°). The two samples in each case consisted of
only the [2H;] (95%) and the [*H,] (5%) species. These figures
originate from the isotopic composition of the benzene start-
ing material CH >99%) and do not affect the isotope dilution
analysis. Known amounts (n in grams) of each of the two
samples of the (S)-(+)-[2Hs)-ketone (36a) ([o]p?? +20.34° and
[{dp?? +15.96°) were separately mixed with known amounts
(m in grams) of the unlabelled racemic ketone (34). Determin-
ation of the isotopic compesition ([?H,], [?H.], and [?H;]) of
each re-isolated racemate ([«;]p** = 0°) and substitution in
equation (2) gave two values for the absolute rotation ([¢]p*?
+21.56 and +21.72°) which were in excellent agreement. With
this knowledge of the average value, [¢]p*? +21.64°, for the
absolute rotation of the (S)-(+ )-ketone (34a), it was then pos-
sible to determine how the stereoselectivity of the base
catalysed rearrangement (32a) —» (33a) was influenced by
reaction conditions (Table 4).

Although the stereoselectivities for the [1,2] rearrangement
[(32a) — (33a); Table 4], are lower than those observed for
the analogous [1,2] rearrangement [(13b) —»= (14b); Table 2],
the striking fact is that the ratios of the stereoselectivities for
the two [1,2] rearrangements under corresponding reaction
conditions show a remarkable correspondence. This strongly
suggests that both rearrangements proceed by radical pair
intermediates. The association of the second rearrangement
[(32a) — (33a); Table 4] with increased racemisation under
similar conditions (see Table 2) is exactly in accord with ex-
pectation because the 1-p-methoxyphenylethyl radical would
have a relatively longer lifetime than the 1-phenylethyl radical
(see Scheme 1).

It may be mentioned parenthetically that having determined
the absolute rotation of the (S)-(+)-ketone (34a) {[e]p??
+21.64° (100% e.e.)}, it followed that the (S)-(+-)-ketone (34a)
([x)o?* + 18.9°), which was transformed into the (R)-(—)-acid
(35a) {[=]p?* —61.5° (ethanol} had an enantiomeric excess of
87.3%. Assuming that the Barbier-Wieland degradation
[(34a) — (352)] proceeded without racemisation then the

(38a) [«]2! + 151-5° (100% e.e.)
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NHAc NHAc

(39)

22
(39a) [« " + 146:4° (100%e.e.)

(40)
(40a) @y + 20-7° (100°%e.e.)

absolute rotation may be calculated for (R)-(—)-p-methoxy-
hydratropic acid (35a) {[«]p?2 —61.5° (87.3% e.e.)=[o]p®
—70.4° (ethanol) (100% e.e.)}. This value for the absolute
rotation may be compared with the three values previously
reported 3443434 354 discussed above.

Having examined the effect of the electron-releasing meth-
oxy-substituent upon the mechanism of the Stevens [1,2]
rearrangement of the ylide (29; X = OMe), it was of interest
to examine the effects of an electron-attracting nitro-group
[see (29; X = NO,)]. Optically pure (R)-(+)-NN-dimethyl-1-
p-nitrophenylethylamine (41a) was prepared from (R)-(+-)-
1-phenylethylamine (19a) by the route outlined in Scheme 2.
The enantiomeric excess of the intermediates (38a) and (39a)
was established by comparison of the observed specific
rotations with reported absolute values.?” It is assumed that no
racemisation takes place during the interconversion (39a) —»
(40a) — (41a) and that the product (41a) is the optically pure
(R)-amine (41a). The (R,S)-amine (41) was prepared by a
similar route from (R,S)-1-phenylethylamine. Quaternisation
of the (R,S)-amine (41) with phenacyl bromide gave the (R,S)-
salt (42).

The rearrangement of the (R,S)-salt (42) in aqueous sodium
hydroxide at 0 °C gave three major products identified as the
[1,2] rearrangement product (44), the diamine (6), and 2,3-di-
p-nitrophenylbutane. Each of these three products was pro-
duced as a mixture of diastereoisomers which was analysed by
n.m.r. spectrometry (see Table S). The molar ratio (46 : 21 : 33)
of the relative yields of the three products is very close to the
molar ratio (50 : 25 : 25) which would have been expected for
completely random recombination of free radicals derived
from the initial radical pair (47).

This remarkable result demanded further enquiry by an
investigation of the stereoselectivity of the base catalysed
rearrangement of the optically active (R)-(+)-salt (42a).
Unfortunately, this salt (42a) could not be obtained crystalline,
but the corresponding crystalline R-(+)-salt (43a) (‘axip*
+83.7°; 100%; e.e.) was obtained by quaternisation of the
(R)-(+)-NN-dimethyl-1-p-nitrophenylethylamine (41a) ([a]p?
+61.1°; 1009, e.e.) with p-methoxyphenacyl bromide.

The base catalysed rearrangement of the (R)-(=-)-salt (43a)
(100% e.e.) gave three products (Table 5) including the [1,2]
rearrangement product (45), the diamine (46), and 2,3-di-p-
nitrophenylbutane. Again the molar ratio (66—68: 12—16:
22—26) of these three products is approximately related
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Table 5. Products from the base catalysed rearrangement of salts (42) and (43a) (mol %)

Product compofition (mol %)

—

Temp. ’ [1,2]
Salt Solvent Base (+2°C) Product ¢ Diamine %+ Diarylbutane <4
(42) Water NaOH 0 46 21 33
(43a) Methanol NaOMe 0 66 12 22
(43a) Water NaOH 0 58 16 26

“ Both diastereoisomers of amine (44) from (42) in a 4 : 3 ratio and optically active samples of both diastereoisomers of (45) from (43a) in a
1:1 ratio. ®* Both diastereoisomers of diamine (6) from (42) in a 2 :1 ratio and both diastereoisomers of diamine (46) from (43a)
in a 1:1 ratio. “(+) and meso-Diastereoisomers of 2,3-di-p-nitrophenylbutane in a 5:1 ratio from (42) and a 4:1 ratio from (43a).
4 The [1,2] rearrangement product, the diamine, and the diarylbutane were shown by n.m.r. spectra to account for 80—90% of the total
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isolated product (92—97%).

to the molar ratio (50:25:25) which could be associated
with random recombination of free radicals produced by
homolysis of the ylide (29; X = NO,; Ar = p-methoxy-
phenyl). The diamine (46) was racemic and was shown to
be a mixture (I:1 ratio) of (4)- and meso-forms. The 2,3-
di-p-nitrophenylbutane was racemic and was shown to be a
mixture (4:1 ratio) of (4)- and meso-forms. The [1,2] re-
arrangement product (46) was also a mixture of diastereo-
isomers which were both optically active (diastereoisomer A,
[]Jo?* —73.7°; diastereoisomer B, [¢]p2* —62.0°). This is a re-
markable result. Although the [1,2] rearrangement (43a) —>»
(45) is associated with the retention of optical activity, an iron-
clad mechanistic interpretation of this result is not possible
until the influence of the nitro-substituent on the stercoselectiv-
ity and the intramolecularity of the process (43a) —» (45) has
been quantitatively established. The dilemma, which is not
yet resolved, is that for the formation of the three products
derived from the (R)-(4)-salt (43a), the observed product
ratio apparently requires extensive random recombination of
free radicals, whereas the observed retention of optical activity
in the diastereoisomeric [1,2] rearrangement products (45)
apparently requires cage recombination of geminate radical
pairs.

Adequate experimental evidence supports our interpret-
ation of the results for the base catalysed rearrangement of the
optically active salts (13b) and (32a). However, a more exten-
sive experimental investigation is necessary to resolve the
interesting mechanistic problems which have been raised by
our initial examination of the base catalysed rearrangement of
the (R)-(+)-salt (43a).

Conclusions.—The results described in this paper establish
the following experimental facts that are relevant to the mech-
anism of the Stevens [1,2] rearrangement. (i) The rearrange-
ments of the ylide (4a) and ihe ylides derived from the salts
(3b)=(13), (32), (42), and (43) give, in addition to the product(s)
of a [1,2] rearrangement, 2,3-diarylbutanes and 1,2-bis(di-
methylamino)-1,3-diaroylethanes derivable by random coup-
ling of free radicals formed by escape from the radical pairs
analogous to (11) (Scheme 1). (ii) The rearrangements of
the optically active salts (13b), (32a), and (43a) give [1,2] re-
arrangement products in which the optical activity is retained.
In the cases of (13b) and (32a), it has been shown that this is
associated with high retention of the configuration of the
migrating group. (iii) The stereoselectivity of the [1,2] re-
arrangement associated with the migrating group is dependent
upon solvent and temperature, in the case of the salt (13b), it
has been shown that stereoselectivity decreases as solvent
viscosity decreases. (iv) The intramolecularity of the re-
arrangement of the salt (13b) decreases as solvent viscosity
decreases or reaction temperature increases. (v) In water at
0 °C the [1,2] rearrangement of the salt (13b) is essentially
intramolecular (99.9%) with almost complete retention (99%)

0,N

R'

R?

ArCOCHZI;lMez Br~ ArCOCHNMe,
(42) Ar = Ph (44) Ar = Ph

(43) Ar = P—-MeOCgH, (45) Ar = P—MeOCgH,

in (42)- (45):a,R' = H,R = Me; b,R' = Me, R’ = H

0
MeO@—( 0,NCgH, CHMe
CIHNMGZ
CHNMEQ ~
Meo@__< ArCOCHNMe,
0
(46) (47)

of the configuration of the migrating group. (vi) Under cer-
tain reaction conditions, particularly for high reaction
temperatures, the [1,2] rearrangement and the associated
reactions may show CIDNP.

It is clear from the observations (i)—(iv) that the isolated,
apparently conflicting, observations (v) and (vi) represent the
mechanistic extremes of the rearrangement. Thus, analysis of
the data summarised by observations (ii) and (iv) shows that
the [1,2] rearrangement exhibits stereoselectivity and intra-
molecularity that are consistent with a reaction proceeding via
a radical pair in which the two components are formed initi-
ally in close proximity. It is not unreasonable to conclude that
other [1,2] anionic rearrangements of the general type (1) —
(2) also proceed by a radical pair mechanism. It is not possible,
on the basis of the results cited in this paper, to exclude the
possibility that a [1,2] anionic rearrangement may proceed, at
least to some extent, by a ‘ concerted * mechanism, but it is not
necessary to make this proposal in order to account for our
observations. The distinction between * concerted * and * radi-
cal pair * mechanisms was discussed * in the first paper of this
series '® and on the basis of the distinction proposed at that
time, the [1,2] rearrangement is a non-concerted process in-
volving a radical pair intermediate.

There are instructive similarities between the thermal [1,2]
rearrangements of ammonium ylides and sulphonium ylides.
Thus ihe sulphonium ylide (48) 3 was shown, in an important
investigation by Baldwin, Erickson, Hackler, and Scott,'* to
rearrange in boiling toluene to give the products (50)—(56) in
the indicated yields. The products (50)—(53) were rationalised

* Footnote to p. 1437 of reference 18a.
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CH,Ph PhCH, CH,Ph
PhCOCHSMe PhCOCHSMe PhCOCHSMe
(48) (49) (50) (yield 45%)
OCH,Ph PhCOCH SMe
I
PhC=CHSMe PhCOCHSMe  PhCH,CH,Ph

(51) (yield 5%) (52) (yield22%) (53) (yield 14°%0)

PhCOCH, SMe
(54) (yield 9%)

PhCH,SMe PhCOCH,
(55) (yield 9%) (56) (yield - trace)

Ph_ H ph. H
S D N\ D
PhCOCHSMe PhCOCHSMe
(57) (58)

as arising from dissociation-recombination processes involv-
ing either the caged radical pair (49) or the corresponding free
radicals and coupling modes analogous to those reported in
this paper and elsewhere ¢ for analogous ammonium ylides.
The products (54)—(56) could also arise from processes in-
volving radicals, but alternative derivations can also be en-
visaged.

Furthermore the rearrangement product (50) shows CIDNP
effects when it is formed ** from the ylide (48) in diphenyl
ether at 130 °C (CH signals show enhanced absorption, CH,
signals show emission) in satisfying correspondence with the
CIDNP effects observed for the thermal rearrangement of the
ylide (4a) (Table 1 and Figure 1). The common mechanism for
the [1,2] rearrangement of ammonium and sulphonium ylides
is also demonstrated by comparison of the stereoselectivity and
intramolecularity of the two rearrangements. Thus, the re-
arrangement (48) —» (50) is substantially intramolecular "4
(82 4 6%) and the reaction (57) —» (58) was shown ¥’ to
proceed with net retention of configuration (36 + 11%), cor-
responding with intramolecular stereoselectivity of 44 + 139,
These results were interpreted '*® in the terms of a radical pair
pathway for the rearrangement of the ylide (48) and they cor-
respond with the results now reported for ammonium ylides
(Tables 2, 3, and 4).

The [1,2] rearrangements of ylides are members of a family
of reactions in which there is currently great interest. These are
non-concerted reactions which show high stereoselectivity,
although they involve intermediates (radical pairs or di-
radicals) which could provide an opportunity for stereochem-
ical equilibration. The prediction and rationalisation of the
stereospecificity of concerted reactions is one of the many
triumphs of the Woodward-Hoffmann generalisations '? but it
was explicitly emphasised by Woodward and Hoffmann that
the experimental observation of stereospecificity or high stereo-
selectivity must not be regarded as other than a necessary, but
not sufficient, criterion for concertedness. The association of
high stereoselectivity with a two-step non-concerted process
usually means that the second step is too fast to permit stereo-
randomisation, as in the case of [l,2] rearrangements of
ylides.

Impressive progress is now being made towards an under-
standing of the structural and electronic factors which are
responsible for the high stereoselectivity of reactions involving
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diradical intermediates.3?-*? Those rearrangements which show
high stereoselectivity, which contradict the predictions of the
Woodward-Hoffmann rules for concerted processes, are of
particular interest. Examples include [1,3] sigmatropic re-
arrangements with suprafacial-retention stereochemistries 3°+4*
and [1,5] sigmatropic rearrangements that exhibit suprafacial-
inversion stereochemistries.*'*> Factors other than frontier
orbital interaction must be involved but explanations range
from “a process of minimal obstruction of orbital overlap
along the path to the biradical intermediate ’ 4 to * closure by
the least motion pathway ’.* Reactions involving diradical
intermediates must be intramolecular, but the spectrum of
mechanistic pathways is increased for reactions involving
radical pair intermediates. The present investigation provides a
firm foundation for the belief that there could be many reac-
tions which are highly stereoselective or regioselective al-
though they involve radical pair intermediates but the assign-
ment of reactions to this group requires careful experimental
validation. Attention must also be directed towards the ques-
tion of whether there is or is not an intetaction between the
components of the radical pair which is responsible for the
retention of configuration or chirality in radical pair inter-
mediates.

Experimental

For general directions see Part 1.'® '"H N.m.r. spectra showing
CIDNP effects were recorded using a JEOL PFT100 Fourier
Transform spectrometer: spectra were recorded at intervals
using a single radio frequency pulse and disc storage of the time
domain spectrum. 'H N.m.r. chemical shifts are given in
p.p.m. (8) relative to tetramethylsilane as an internal refer-
ence.

Rearrangement of «-Benzyl(dimethyl)ammoniophenacylide
(4a): Formation of NN-Dimethylbenzylamine, 1,2- Diphenyl-
ethane, 2- Dimethylamino-3-phenylpropiophenone (5a), and 1,2-
Bis(dimethylamino)-1,2-dibenzoylethane (Isomers A and B)
(6).—The ylide (4a) was prepared as a monohydrate, m.p.
75—82 °C (lit.,* m.p. 70—71 °C) as described previously.® A
solution of the ylide (6.00 g) in ethanol-free chloroform was
heated at 60 °C for 30 min. The resulting yellow solution was
dried (Na,SO,) and evaporated, the residue was heated at
60°C (12 Torr) and volatile compounds were collected in a trap
cooled by liquid N,. The contents of the trap were distilled in a
Kugelrohr apparatus at 80—100 °C (12 Torr) to give NN-
dimethylbenzylamine (0.132 g, 4.4%,) identical (n.m.r. spec-
trum) with an authentic sample. The less volatile residue was
dissolved in ether (200 ml) and the ether solution extracted
with 3% hydrochloric acid. The ether layer was washed with
water, dried (Na,SO,), and evaporated; distillation of the
residue at 80—100 °C (0.01 Torr, Kugeliohr) gave 1,2-
diphenylethane (0.158 g, 7.9%), m.p. 48—49 °C, identical
(n.m.r. spectrum, m.p.) with an authentic sample. The hydro-
chloric acid extracts were made basic (Na,CO;) and extracted
with ether; the ether extract was dried (Na,SO,) and evapor-
ated to give 2-dimethylamino-3-phenylpropiophenone (5a)
(3.83 g, 69%) as a pale yellow solid, shown by n.m.r. examin-
ation to be contaminated with ca. 79 of both diastereoisomers
of 1,2-bis(dimethylamino)-1,2-dibenzoylethane (6; isomer A:
8 4.93, 2.24; isomer B: § 4.93, 2.45). The aminoketone (5a)
was recrystallised from methanol to give a pure sample as
pale yellow needles, m.p. 74—75 °C (lit.,>** 77—79 °C); &
7.94—7.80 (m, 2 aryl H), 7.52—6.98 (m, 8 aryl H), ABX
system, 8, 3.26, 85 2.90, 6x 4.29 (Jas 13.2, J4x 9.5, Jax 4.0 Hz,
CHx~CHaHj), and 2.36 (s, NMe;). The rearrangement of the
ylide (4a) was conducted under a number of different con-
ditions and the total product isolated and analysed for the
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Table 6. Products from «-benzyl(dimethyl)ammoniophenacylide (4a)

Product compgsition (mol %)

NN-
(6) Isomers 1,2- Dimethylbenzyl-
Reaction conditions (5a) Aand B Diphenylethane amine
CHCl,;, 60 °C 80 7.5 7.5 5
CHCls, 20 °C 85 5 4.5 5.5
MeOH, 60 °C 94 2 2.5 1.5
Neat, 110 °C 96.5 1 2 0.5

above products using n.m.r. spectroscopy. The following sig-
nals were assigned to specific compounds and the assignments
were checked by the addition of a small quantity of the com-
pound: & 2.88 (1,2-diphenylethane); & 4.93 and 2.45 [1,2-
bis(dimethylamino)-1,2-dibenzoylethane (6; isomer B)]; &
493 and 2.24 [1,2-bis(dimethylamino)-1,2-dibenzoylethane
(6; isomer A)], & 3.43 and 2.22 (NN-dimethylbenzylamine);
the other signals in the spectrum were assignable to 2-dimethyl-
amino-3-phenylpropiophenone (5a). The compositions of the
product mixture are given in Table 6 for rearrangements under
the conditions stated.

1,2-Bis(dimethylamino)-1,2-dibenzoylethane (6).—(a) Dia-
stereoisomer A, lodine (10.8 g) in benzene (100 ml) was added
in one portion to a stirred solution of (E)-1,2-dibenzoylethyl-
ene (10.0 g) and dimethylamine (7.7 g) in benzene (100 ml).
The mixture was stirred at room temperature for 14 h, the
white precipitate removed by filtration, and the filtrate evap-
orated. The residual dark semi-solid was triturated with
methanol (50 ml) to give the crude product (5.07 g, 37%) as
pale yellow crystals; recrystallisation from 1,2-dimethoxy-
ethane (without excessive heating) gave 1,2-bis(dimethyl-
amino)-1,2-dibenzoylethane (6; diastereoisomer A) as pale
yellow needles, m.p. 156—158 °C. Excessive heating during the
recrystallisation or attempted recrystallisation from other
solvents resulted in decomposition (Found: C, 73.8; H, 7.6;
N, 8.6. C20H2sN,O; requires C, 74.0; H, 7.5; N, 8.6%(), V, ..
1670 cm™; & 8.09—7.95 (m, 4 aryl H), 7.65—7.36 (m, 6 aryl
H), 4.93 (s, CH-CH), and 2.24 (s, 2 x NMe,). The methanol
filtrate from the above preparation deposited a brown crys-
talline solid (4.35 g) after standing overnight at 0 °C. Work-up
for basic material (2% HCI, Na,CO,) and crystallisation from
ethanol gave 1-dimethylamino-1,2-dibenzoylethylene (7) (1.41
g, 12%,) as a pale yellow solid, m.p. 163—165 °C (lit.,* m.p.
160—162 °C); v, ., 1677 cm™; § 8.04—7.76 (m. 4 aryl H),
7.54—7.20 (m, 6 aryl H), 5.94 (s, C=CH), and 2.94 (s, NMe;,.

(b) Diastereoisomer B. A solution of 1,2-bis(dimethylamino)-
1,2-dibenzoylethane (6; diastereoisomer 4) was heated at 50—
60 °C for 10 min. The solution was evaporated and the residue
triturated with light petroleum; the solution was then decanted
from the insoluble solid and kept overnight at 0 °C. The large
pale yellow needles (0.4—1.5 cm long) which separated were
sorted from smaller crystals of a different type and dried
to give 1,2-bis(dimethylamino)-1,2-dibenzoylethane (6; di-
astereoisomer B), m.p. 94—95 °C (83 mg, 33%). The melt
solidified at 96—101 °C and re-melted at 137—145 °C (Found:
C, 73.8; H, 7.5; N, 8.7%), V;pay. 1 670 cm™; 3 8.03—7.89 (m,
4 aryl H), 7.60—7.32 (m, 6 aryl H), 4.93 (s, CH-CH), and
2.45 (s, 2 X NMe,).

(c) Equilibration of the diasterevisomers A and B of the
diamine (6). A sample of the diastereoisomer A4 (100 mg) was
heated under reflux in methanol (5 ml) for 10 min. The solvent
was evaporated and the residue shown (n.m.r.) to consist of
72% diastereoisomer B, 18%, diastereoisomer A4, and 10%
unidentified products of decomposition. The diastereoisomer

B (20 mg), when heated slowly, melted at 95 °C and resolidi-
fied on heating to 110 °C. After a further 10 min at 110 °C the
solid obtained was shown (n.m.r.) to consist of 90% diastereo-
isomer A, 5% diastereoisomer B, and 5% unidentified products
of decomposition.

NN-Dimethyl-1-phenylethylamine  (20).—(R,S)-1-Phenyl-
ethylamine (19) (48.5 g) was added to 90% formic acid (102 g)
with ice cooling and 40%/ aqueous formaldehyde (85 ml) was
then added ; the mixture was heated at 100 °C for 8 h. The mix-
ture was cooled, acidified (200 ml; 4M-HCIl) and evaporated to
dryness. The residual solid was dissolved in water (150 ml) and
the solution made basic (K,CO;) and extracted with benzene.
The benzene extract was dried (Na,SO,) and evaporated and
the residue distilled to give (R,S)-NN-dimethyl-1-phenyl-
ethylamine (20) (41.2 g, 69%,), b.p. 65 °C at 12 Torr (lit.,*” b.p.
92—94 °C at 30 Torr); 8 7.34—7.14 (m, 5 aryl H), 3.21 (q,
J 6.5 Hz, CHMe), 2.16 (s, NMe,), and 1.34 (d, J 6.5 Hz,
CHMe). The (S)-isomer (20b),*® prepared by a similar method
from (S)-(—)-1-phenylethylamine (19b) (60% yield), b.p.
62 °C) at 11 Torr (lit.,* 65 °C at 8 Torr) had ap?? —60.0°
(neat) [lit. ap** --65.3° (neat),® «p?® —63.1° (neat) *°]. The
(R)-(+)-isomer (20a), prepared by a similar method from (R)-
1-phenylethylamine (19a) (67% yield), b.p. 64 °C at 11 Torr
had xp?* +62.5° (neat).

[*Hs]) Phenacyl Bromide.—Acetyl chloride (26.7 g) was added
during 15 min to a suspension of anhydrous aluminium chlor-
ide (56.6 g), which had been treated with one drop of D0, in
carbon disulphide (25 ml). The suspension was heated under
reflux for 5—10 min and a solution of [?H]benzene (28.5 g,
>99 atom % D) in carbon disulphide (18 ml) was added
dropwise with stirring. The mixture was heated under reflux
for 6 h, cooled, poured into ice-water (300 ml) and the pro-
duct extracted into dichloromethane. The extracts were
washed with water, dried (Na,SQO,), and evaporated. The resi-
due was distilled to give [*HsJacetophenone (28.8 g, 68%,), b.p.
83 °C at 12 Torr. The n.m.r. spectrum showed no signals
assignable to aryl H indicating >99 atom %, D in the phenyl
group. Bromine (16.0 g) was added to a stirred and cooled
solution of [2H;lacetophenone (12.52 g) in acetic acid (20 ml)
at such a rate that the temperature of the reaction mixture
remained below 20 °C. The mixture was poured into ice-water
(120 ml) and the precipitated solid collected and dissolved in
ether (250 ml). The ethereal solution was washed with water,
dried (Na,S0O,), and evaporated and the residue distilled to
give [*’H;s]phenacyl bromide (14.8 g, 73%), b.p. 78—79 °C at
0.1 Torr. The product crystallised from ether-light petroleum
as plates, m.p. 43—49 °C; the n.m.r. spectrum showed no
signals assignable to aryl H indicating >99 atom % D in the
phenyl group.

(RS)-NN- Dimethyl-1-[*H;] phenylethylamine.—A  mixture
of [?’Hslacetophenone (6.26 g), 90% formic acid (6.4 g), and
dimethylformamide (11.0 g) was heated in a glass-lined auto-
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clave at 190 °C for 16 h. The reaction mixture was extracted
with ether and 10% HCI and the organic layer separated and
discarded. The aqueous layer was washed with ether, con-
centrated to a small volume, made basic (K,COs), and extrac-
ted with ether. The ethereal extracts were dried (Na,SO,) and
evaporated and the residue distilled to give (R,S)-NN-di-
methyl-1-2Hs) phenylethylamine (3.32 g, 43%), b.p. (Kugel-
rohr) 80—100 °C at 12 Torr. This product showed no detect-
able signals in the n.m.r. spectrum in the range § 10—S5 indicat-
ing a label of >99 atom %, deuterium at each position of the
phenyl group.

NN- Dimethyl-N-phenacyl-1-phenylethylammonium Bromide
(13).—(R,S)-NN-Dimethyl-1-phenylethylamine (15.0 g) and
phenacyl bromide (21.0 g) in acetone (150 ml) were kept at
room temperature for 3 h. The precipitated solid was washed
with hot acetone, dissolved in the minimum quantity of eth-
anol, and ether (300 ml) added. The precipitate was collected
and dried to give the (R,S)-salt (13) (28.6 g, 82%;) as a micro-
crystalline solid, m.p. 153 —154 °C (lit., m.p. 155—157 °C,*®
100—102.5 °C#), & 8.17—8.03 (m, 2 aryl H), 7.69—7.32 (m,
8 aryl H), AB system, 8, 5.92, 8g 5.51 (J 17.5 Hz, COCH sHs-

+ + +
N), 5.81 (q,J 7 Hz, CHMe) ,3.63 (s, NMe), 3.48 (s, NMe), and
1.95 (d, J 7 Hz, CHMe). The (S)-salt (13b), prepared in a
similar manner from (S)-(—)-NN-dimethyl-1-phenylethyl-
amine (63% yield), was recrystallised from ethyl methyl ke-
tone-ethanol to give large colourless prisms which were dis-
solved in ethanol and precipitated by the addition of ether. The
(S)-salt (13b) was obtained as a microcrystalline solid, m.p.
126—127 °C (lit.,® m.p. 119.5—120 °C), []p?* —82.3° (¢ 7.02
in ethanol) (98.6% e.e.); lit.,® [e]p*® —79.9° (¢ 7.108 in 95%
ethanol).

The (R)-salt (13a), prepared in a similar manner from (R)-
(+)-NN-dimethyl-1-phenylethylamine (60% yield), was re-
crystallised twice from acetone-ethanol and then from ethan-
ol by the addition of ether. The (R)-salt (13a) was a microcrys-
talline solid, m.p. 126—127 °C (lit.,* m.p. 119.5—120 °C),
[2]Jo** +83.5° (¢ 7.1 in ethanol) {lit.,® [«]p*° +80.3° (¢ 6.989 in
95%; ethanol)}. The (R)-salt (13a) (2.5 g) in acetic acid (20 ml)
at 70 °C was treated portionwise with zinc dust (1.0 g) during
10 min. The mixture was cooled, treated with 5%, HCI, and
unchanged zinc removed by filtration. The filtrate was washed
with ether, made basic (Na,COs5), and extracted with dichloro-
methane. The extract was dried (Na,SO,) and evaporated and
the residue distilled to give (R)-(4)-NN-dimethyl-1-phenyl-
ethylamine (0.75 g, 70%), b.p. (Kugelrohr) 60—80 °C at 12
Torr, «p?? +65.8° (neat) (1009 e.e.).

(R,S)-NN- Dimethyl-N-{*Hs}phenacyl-1-[*H;s]phenylethyl-
ammonium Bromide. Compound (23) was prepared from NN-
dimethyl-1-[*H;]phenylethylamine (1.54 g) and [*Hs]phenacyl
bromide by a similar method to that used for the undeuteri-
ated salt (13). The deuteriated salt (23) (57% yield) had m.p.
148—150 °C.

Base Catalysed Rearrangement of NN-Dimethyl-N-phenacyl-
1-phenylethylammonium Bromide (13): Formation of 2-Di-
methylamino-1,3-diphenylbutan-1-one  (14), 2-Hydroxy-1,3-
diphenylbutan-1-one (8), and 1-Phenylethanol.—(a) A solution
of (R,S)-NN-dimethyl-N-phenacyl-1-phenylethylammonium
bromide (13) (17.41 g) in water (200 ml) at 0 °C containing ice
(100 g) was treated with aqueous sodium hydroxide at 0 °C
(1.4 M; 50 ml) and left overnight at 0 °C. The mixture was
extracted with ether and the ethereal extract was extracted
with 29, HCI, dried (Na,S0O,), and evaporated. The residue was
separated into three components by t.l.c. using light petrol-
eum-—di-isopropyl! ether as the solvent. The first fraction was
identified as 2-hydroxy-1,3-diphenylbutan-1-one (8; diastereo-
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isomer A4) (174 mg, 1.5%); V.., 3480 and 1682 cm™; §
7.96—7.81 (m, 2 aryl H), 7.63—7.01 (m, 8 ary! H), and ABCX,
system, 8, 5.22, 8y 3.81, 8¢ 3.19, 8x 1.05 [Jas 6, Jac 2, Jex
7 Hz, HgOCH,CHC(Hx);]. The second fraction was identi-
fied as 2-hydroxy-1,3-diphenylbutan-1-one (8; diastereoiso-
mer B) (111 mg, 0.9%), V..., 3 480 and 1 684 cm™; § 7.83—
6.81 (m, 10 aryl H), and ABCX; system, 8, 5.19, &g 3.54, 3¢
3.30, 6x 1.50 [Jag 7, Jax 3, Jox 7 Hz, HROCH,CHC(Hx);].
The third fraction was identified (n.m.r. comparison) as 1-
phenylethanol (87 mg, 1.4%). The hydrochloric acid extract
was made basic (Na,C0;) and extracted with ether. The
ethereal solution was dried (Na,SO,) and evaporated to give
pure 2-dimethylamino-1,3-diphenylbutan-1-one (14) as a pale
yellow mixture of 2 diastereoisomers (11.2 g, 84%)ina 4:5
ratio, m.p. 81—99 °C (lit.,® m.p. 75—84 °C); major diastereo-
isomer, 6 8.04—7.90 (m, 2 aryl H), 7.58—7.14 (m, 8 aryl H),
ABX; system, 8, 4.42, 35 3.44, 6x 1.11 [Jap 10, Jux 6.5 Hz,
CH,CH3yC(Hx)s], and 2.15 (s, NMe,); minor diastereoisomer,
5 7.64—6.90 (m, 10 aryl H), ABX; system, 8, 4.32, 85 3.40,
S6x 1.41 [Jap 10, Jgx 6.5 Hz, CH,CHzC(Hx);], and 2.35 (s,
NMez).

(b) 3M-Sodium hydroxide (10 ml) at 50 °C was added to a
solution of the (R,S)-salt (13) (7.00 g) at 50 °C in water (50
ml). After 30 min at 50 °C (+2°) the mixture was extracted
with ether. The ether extract was washed with 29 HCI, dried
(Na,S0,), and evaporated to give a semi-solid residue (153
mg) consisting of ca. 50% 2,3-diphenylbutane (3—4% yield,
1:1 mixture of diastereoisomers), on the basis of n.m.r.
comparison with an authentic sample, and ca. 50% unidenti-
fied products. The hydrochloric acid extract was worked up as
in the previous experiment to give 2-dimethylamino-1,3-
diphenylbutan-1-one (14) as a pale yellow mixture of diastereo-
isomers (4.68 g, 87%), m.p. 70—92 °C (lit.,® 75—84 °C).

(c) Methanolic sodium methoxide (1.6M; 5 ml) was added to
a solution of the (R)-salt (13a) {2.00 g [«]p?* +83.4° (¢ 6.7 in
ethanol)} (99.9% e.e.) at 55 °C in methanol (10 ml). The mix-
ture was kept at 55—60 °C for 5 min, allowed to cool to room
temperature, diluted with ether (100 ml), and washed with
water. The organic layer was evaporated to give a pale yellow
solid (1.41 g) which was dissolved in 2% HCI and extracted
with ether. The ether extract was evaporated and the residue
(62 mg) shown by n.m.r. and t.l.c. to consist largely (>70%,) of
2,3-diphenylbutane. Purification by t.l.c. (light petroleum)
followed by distillation (Kugelrohr) at 70—90 °C (0.3 Torr)
gave pure 2,3-diphenylbutane as a 1: 1 mixture of diastereo-
isomers (29 mg, 5%); [#]p*2 0.00° (¢ 2.9 in CCl,) {lit.,*® [«]p**
—108.6° (¢ 0.433 in CHCIl,;) for the pure (—)-diastereoisomer};
8(CCl;) 7.25—6.81 (m, 10 aryl H), 3.03—2.57 (m, CH-CH),
1.26 (d, J 6.5 Hz, CHMe), and 1.00 (d, J 6 Hz, CHMe). These
data are in agreement with those reported for the authentic
compounds.5! The hydrochloric acid extract was made basic
(Na,CO,), extracted with ether, and the ether extract dried
(Na,S0O,;) and evaporated to give 2-dimethylamino-1,3-
diphenylbutan-1-one (14) (1.22 g, 80%;) as a pale yellow solid,
m.p. 74—93 °C (lit.,® 75—84 °C) consisting of a 1: 1 mixture
of two diastereoisomers. The total crude rearrangement pro-
duct also contained ca. 6% of 1,2-bis(dimethylamino)-1,2-
dibenzoylethane (6) (ca. 119 yield of both diastereoisomers
in a 3:1 ratio) which could not be isolated but which was
identified by comparison of the n.m.r. spectra of the total
product and authentic samples of the diamines (6).

(S)-(+)-1,3-Diphenyibutan-1-one (21a).—Aqueous sodium
hydroxide (10 ml; 2m), at 0 °C was added during 3 min to a
stirred solution of (R)-(+ )-NN-dimethyl-N-phenacyl-1-phenyl-
ethylammonium bromide (13a) (5.00 g) {[«]p** +83.5° (¢ 7.1
in ethanol); 100%; e.e.} in water (110 ml) at O °C. The mixture
was kept overnight at 0 °C, allowed to warm to room temp-
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Table 7. Rearrangement of (S)-(— )-NN-dimethyl-N-phenacyl-1-phenylethylammonium bromide (13b) under various reaction conditions

Rearrangement conditions

Temp. Reaction

Solvent Base (&%) time (h)
Methanol NaOMe 0 50
Methanol NaOMe 40 30
t-Butyl alcohol NaOMe 50 1
Cyclohexanol NaOMe 50 1
Glycerol NaOH 50 2
Water NaOH 0 60
Water NaOH 50 30

% Base added as a solution in methanol (1 ml).

Details of 1,3-diphenylbutan-1-one (21b)

-~

Yield of Yield of Specific rotation in
(21b) (05  (14b) (%) M.p. (°C) CCl,, [@o™ (°) ()
79 81 45—65 —-9.77 (5.17)
81 74 44—67 —8.03 (5.18)
76 77 46—-66 —9.23 (5.18)
81 71 45—65 —10.50 (5.17)
96 83 46—57 —12.42 (5.23)
87 83 46—48 —13.67 (5.14)
84 81 46—62 —10.80 (5.15)

erature and extracted with ether. The ether extract was dried
(Na,S0,) and evaporated to give the crude aminoketone (14a)
(3.38 g) as a pale yellow solid, m.p. 66—108 °C (lit.,® 65—
85 °C), [)p?* —27.6° (¢ 1.65 in methanol) {lit.,® [o]p —24.9°
(c 1.69 in methanol), which was a mixture of diastereoiso-
mers (n.m.r., ratio 4 : 5). This product (2.67 g) in acetic acid
(30 ml) was treated portionwise with zinc dust (1.30 g) during
15 min at 100 °C. The cooled mixture was diluted with hydro-
chloric acid (40 ml, 1%), unchanged zinc removed, and the
mixture extracted with ether. The ether extract was washed
(water and aqueous NaHCQ,), dried, and evaporated to give
the crude (S)-(+)-ketone (21a) (2.10 g, 94%) as a solid, m.p.
37—43 °C. A sample was purified by t.l.c. (light petroleum-
ether 4 : 1) and distilled (Kugelrohr) at 90—120 °C (0.01 Torr)
to give the pure ketone (21a), m.p. 45—48 °C (lit.,* 48—70 °C),
[edp?? +13.3°, [odss?® +14.2° (¢ 5.00 or 6.95 in CCl,) {lit.;2
[6]p?® +10.6° (¢ 2.78 in CCly); lit.,? absolute rotation [«]s7s
+13.68 (c 6.905 in CCly)}; v,y 1 696 cm™; & 7.98—7.81 (m,
2 aryl H), 7.55—7.05 (m, 8 aryl H), and ABCX; system, 34
3.51, 85 3.31, 8¢ 3.11, 8x 1.31 [Jx5 5.5, Jac 8.5, Juc 16, Jax 6.5
Hz, CHgH-.CHA,C(Hx);]. The enantiomeric excess of this
product was shown to be 95.2% by degradation to (§)-(+)-3-
phenylbutyric acid (22a).

(S)-(+)-3-Phenylbutyric Acid (22a).—A mixture of (S)-(+)-
1,3-diphenylbutan-1-one (21a) (1.90 g) {{oJp?* +13.3° (¢ 5.0 in
CCl,); 95.2% e.e.} and m-chloroperoxybenzoicacid (2.00 g) was
heated under reflux in 1,2-dichloroethane (20 ml) for 6 h. The
cooled mixture was washed with saturated aqueous NaHCO;,
dried, and concentrated. The residual oil (1.95 g) was stirred
with a solution of sodium hydroxide (1.0 g) in aqueous ethanol
(25 ml, 60%) for 16 h, concentrated to a volume of 10 ml,
washed with ether, acidified, and extracted with ether. The
ether extract was dried and evaporated to give a 2 : 1 mixture
(n.m.r.) of 3-phenylbutyric acid and benzoic acid. (§)-(+)-3-
Phenylbutyric acid (22a) (0.4 g, 34%), isolated from this
mixture by t.l.c. (chloroform-methanol 85 : 15) and distillation
(Kugelrohr) at 80—100 °C (0.2 Torr), was obtained as an oil
ldp?® +55.7° (c 2.975 in benzene) (95.2% e.e.) {lit.,?* [o)p?®
+58.5° (¢ 3 in benzene), lit.,’? [a}p +57.23° (¢ 8.8 in benzene),
lit.,% [o)p + 56.7°, configuration (S)-(+)}; Vya, 3 500—2 300br
and 1710 cm™; § 7.37—7.07 (m, 5 aryl H), and ABCX;
system, 8, 3.27, 85 2.70, 8¢ 2.53, 8x 1.30 [Jap 6.5, Jac 8.5,
JBC 16, JAX 7 HZ, CHBHcCHAC(HX)J].

Base Catalysed Rearrangement of (S)-(—)-NN-Dimethy!l-N-
phenacyl-1-phenylethylammonium Bromide (13b): Determin-
ation of Stereoselectivity under Various Conditions.—The
rearrangements were conducted, in each case, under the con-
ditions recorded in Table 7 by adding the appropriate base
(1.5—2 molar equivalents) in solvent (2 ml) to a stirred solu-
tion of the (S)-(—)-salt (13b) (0.520 g) {[«lp?* —82.3° (¢ 7.02in

ethanol); 98.6% e.e.} in the same solvent (10 ml). Both solu-
tions were first adjusted to the appropriate temperature which
was maintained (4-2 °C) during the addition of base and the

‘subsequent reaction. The rearrangement product (14) was

isolated as a pale yellow solid by a method similar to that
used in the previous experiments, and it was then degraded to
1,3-diphenylbutan-1-one (21) by the following procedure.
Zinc dust (0.25 g) was added portionwise to a stirred solution
of the rearrangement product (14) (0.30—0.38 g) in acetic acid
(6 mi) during 10—20 min, the mixture being kept at 80 °C.
The mixture was cooled, diluted with water (6 ml), and the
product extracted into ether. The ether extract was washed
(water and NaHCO; solution), dried (Na,SO,), and evapor-
ated. The residual oil was purified by t.l.c. (light petroleum-
ether 2 : 1) and distilled (Kugelrohr) at 120—130 °C (0.1 Torr)
to give 1,3-diphenylbutan-1-one (21) as a colourless 0il which
solidified with time. The yields, melting points, and specific
rotations are listed in Table 7.

Base Catalysed Rearrangement of (R,S)-NN-Dimethyl-N-
phenacyl-1-phenylethylammonium Bromide (13) : Determination
of Intramolecularity under Various Conditions.—The re-
arrangements were conducted in each case under the condi-
tions indicated in Table 8 by adding the appropriate base (1.5—
2.5 molar equivalents) in solvent (1 ml) to a stirred solution of
a 1:1 mixture of (R,S)-NN-dimethyl-N-phenacyl-1-phenyl-
ethylammonium bromide (13) and (R,S)-NN-dimethyl-N-
[?Hs]phenacyl-1-[2H;]phenylethylammonium bromide (23)
(0.177 g) in the same solvent (3 ml). The reaction was carried
out and the product isolated as in the previous experiment.
The isotopic compositions of the rearrangement product (14)
{(®H,],[*H;], and [*H,,]} were determined by mass spectral
analysis based upon peaks heights (averaged over several
spectra) of the (M)*, (M + 5)*, and (M + 10)* ions. The
results are recorded in Table 8.

(R)-(+)-1-p-Methoxyphenylethylamine (30a).—The (R,S)-
amine (30) (121 g), prepared using the procedure described
for the preparation of 1-p-chlorophenylethylamine,3® was
added to a boiling solution of (+)-tartaric acid (122 g) in
methanol (1.1 1) and the hot solution filtered and left over-
night. The crystals which were deposited were collected (111 g,
m.p. 167—173 °C) and dissolved in water (500 ml); the solu-
tion was treated with 5M-NaOH solution (230 ml) and the
liberated amine extracted with dichloromethane. The extract
was dried (Na,SO,) and evaporated and the residue distilled to
give the partly resolved amine (55 g), b.p. 72 °C (0.5 Torr),
ap?? +14.7° (neat). This amine was treated again with (+)-
tartaric acid (58.5 g) in methanol (600 ml) to give a salt, m.p.
175—178 °C, from which the amine (38.7 g) was liberated
with «p*? +24.7° (neat).

A further treatment of this amine with (4)-tartaric acid
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Table 8. Rearrangement of a mixture of [*Ho)- and [*H,,]-NN-dimethyl-N-phenacyl-1-phenylethylammonium bromide (13) and (23).
Isotopic composition of the products {(14), [*H,], [*Hs], [*H,.]} under various reaction conditions

Reaction conditions

Product (14)
Isotopic composition (%)

Solvent Base Temp. (°C) Time (h) Yield (%) [2H,} [2Hs) [2H,0)
Methanol NaOMe 0 92 72 53.37 3.46 43.17
Methanol NaOMe 40 3 76 50.95 8.33 40.72
Methanol NaOMe 60 1 74 48.68 11.48 39.85
t-Butyl alcohol NaOMe 50 2 67 51.41 5.27 43.32
Cyclohexanol NaOMe 50 2 71 54.43 2.75 42.82
Glycerol NaOH 50 3 82 54.81 1.24 43.95
Water NaOH 0 106 83 56.84 <0.10 43.06
Water NaOH 50 2 87 53.99 2.15 43.86

(40 g) in methanol (500 ml) gavea salt (56 g) (m.p. 179—182 °C,
raised to 181—183 °C by recrystallisation from methanol
(600 ml). The liberated amine (20.2 g) had «p?* +32.4° (neat)
and was again treated with (4 )-tartaric acid (21 g) in methan-
ol (500 ml) to give a salt (28 g), m.p. 183—185 °C. (R)-(+)-1-
p-Methoxyphenylethylamine (30a) (12.7 g, 21%) was liberated
from this salt with «p??> +36.1° (neat) (100% e.e.) {lit.,3*¢ op
+21.62° (neat) for the amine of 60 enantiomeric excess; this
corresponds with op +36.0° (100% e..)}. The original
methanol mother liquor was concentrated and the residue
suspended in methanol (400 ml) and treated with 5M-NaOH
solution (300 ml). The liberated amine was extracted with
dichloromethane and distilled to give a sample (63 g), b.p.
72 °C (0.5 Torr), with «p?> —13.8° (neat) (38.2% e.e.). The
enantiomeric composition of this sample was determined by
n.m.r. spectroscopy using the chiral lanthanide shift reagent
[Eu(tfc);] at a molar ratio [Eu(tfc);]: amine of 0.5:1 and a
0.27m-solution of the amine in CDCl;. All signals, except the
CH;O singlet, showed different chemical shifts for the (R)-
and (S)-enantiomers and the enantiomeric excess of the
sample of the (S)-amine (30b) was determined as 40.4%,. The
(R)-amine (30a) xp?? +36.1° (neat) was shown to be enantio-
merically pure within the limits of n.m.r. detection.

NN-Dimethyl-1-p-methoxyphenylethylamine (31).—(a) (R)-
(+)-1-p-Methoxyphenylethylamine (30a) (12.00 g) [«p?
-+36.1° (neat)] was dissolved in 98—100%; formic acid (18.3 g)
with ice cooling. Aqueous formaldehyde (19.4 g, 37—40°%)
was added and the mixture was heated under reflux for 9 h.
The cooled reaction mixture was acidified (10M-HCI), washed
with ether, evaporated to a small volume, and made basic
(6M-KOH). The liberated amine was extracted into dichloro-
methane and the extracts were dried (Na,SO,) and evaporated
and the residue distilled to give the (R)-(+)-amine (31a) (6.78 g,
47%), b.p. 68 °C (0.5 Torr); «p?? +56.7 (neat) (100%; e.e.); &,
AA’BB’ system, 6, 7.18, 8g 6.81 (Jag, Ja'p' 9 Hz, CiH,), 3.74
(s, OMe), AX; system, 8 3.20, dx 1.32 [/ax 6.5 Hz, CH,C-
(Hx)s], and 2.15 (s, NMe,).

(b) (8)-(—)-1-p-Methoxyphenylethylamine (30a) [xp??
—13.8° (neat)] by a similar procedure gave the (S)-(—)-amine
(31b) with ap?? —22.8° (neat) (40.29, e.e.).

NN- Dimethyl-N-phenacyl-1-p-methoxyphenylethylammon-
ium Bromide (32).—(a) A solution of (R,S)-NN-dimethyl-1-
p-methoxyphenylethylamine (31)*¢ (8.96 g) and phenacyl
bromide (10.3 g) in acetone (60 ml) was kept for 16 h at room
temperature and then 4 days at 0 °C. The precipitated solid was
collected, washed with acetone, and dried to give the (R,S)-sal?
(32) (10.6 g, 56%,), m.p. 122—123 °C (followed by solidification
and remelting at 180—190 °C) (Found: C, 60.6; H, 6.6; Br,
21.0; N, 3.6. C;3H,sBrNO, requires C, 60.3; H, 6.4; Br, 21.1;

N, 3.7%), V,.... 1 687 cm™; 8 8.19—8.05 (m, 2 aryl H), 7.63—

7.31 (m, 5§ aryl H), 7.93 (d, J 9.5 Hz, 2 aryl H), AB system,

3
54 5.91, 85 5.50(J 18.5 Hz, NCH,HzCO), AX; system, 5, 5.78,
8x 1.89 [Jax 6.5 Hz, CH,C(Hx):], 3.79 (s, OMe), 3.62 (s,
- +

.
NMe), and 3.45 (s, NMe).

(b) A solution of (R)-(+ )-NN-dimethyl-1-p-methoxyphenyl-
ethylamine (31a) [ap?? +56.7° (neat); 100%; e.e.] and phenacyl
bromide (7.00 g) in methanol (50 ml) was kept for 4 h at room
temperature and then overnight at 0 °C. The solution was con-
centrated and the residual gum washed several times with ether
and dried at 0.1 Torr. The resulting foam was triturated with
ether to give a solid which was washed with ether and dried to
give the (R)-(+)-salt (32a) (12.9 g, 100%) as a non-crystalline
hygroscopic solid; {[«]p?* +67.6°(c 9.81 in ethanol); 100%
e.e.}. A stirred solution of this (R)-salt (32a) (2.4 g) in acetic
acid (15 ml) was treated portionwise with zinc dust during 20
min at 70—80 °C. The mixture was cooled and decanted and
the solution acidified (5M-HCI; 6 ml), concentrated to a small
volume, diluted with water (10 ml), and made basic (2m-
NaOH). The ether extract of this basic solution was dried
(Na,SO,) and evaporated and the residue distilled (Kugel-
rohr) at 90—110 °C (12 Torr) to give (R)-( +)-NN-dimethyl-1-
p-methoxyphenylethylamine (31a) (0.95 g, 81%) with «p??
+56.7° (100%; e.e.) identified by comparison with an authen-
tic sample.

Base Catalysed Rearrangement of NN- Dimethyl-N-phenacyl-
1-p-methoxyphenylethylammonium Bromide (32): Formation
of  2-Dimethylamino-3-p-methoxyphenyl-1-phenylbutan-1-one
(33), p-Methoxystyrene, 2,3-Bis(p-methoxyphenyl)butane, 1-p-
Methoxyphenylethanol, and 1,2-Bis(dimethylamino)-1,2-dibenz-
oylethane (6) (Isomers A and B).—Cold aqueous sodium
hydroxide (10 ml; 2.25m) was added to a stirred solution of the
(R,S)-salt (32) (5.67 g) in ice-water (100 ml). The mixture was
kept at 0 °C for 14 h, allowed to warm to room temperature
and extracted with dichloromethane. The extract was dried
(Na,SO,) and evaporated and the residual semi-solid (4.50 g)
dissolved in 2% HCI and the solution extracted with ether.
The ether extract was evaporated and the residue (0.38 g)
separated by t.l.c. (light petroleum-di-isopropyl ether, 11 : 9)
to give three products. The first product was identified as p-
methoxystyrene (8 mg, 0.4%) by comparison (n.m.r.) with an
authentic sample. The second product was obtained as a solid,
identified as a mixture of diastereoisomeric 2,3-bis(p-methoxy-
phenyl)butanes (83 mg, 4.09;) in a 4: 5 ratio; § 7.12—6.64 (m,
8 aromatic H of each isomer), 3.75 and 3.69 (s, 2 x OMe of
each isomer), 3.00—2.52 (m, CH-CH), and 1.21 and 0.98 (d,
J 6.5 Hz, 2 x CHMe of each isomer). The third product was
identified as 1-p-methoxyphenylethanol (26 mg, 1.1%); &,
AA’BB’ system, 5A 7-23, 85 6.85 (JAB, JA'B' 9 HZ, C6H4), AX3
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system, 85 4.85, 0x 1.47 [Jax 6.5 Hz, CH,C(Hx);], 3.77 (s,
OMe), and 3.5br (s, OH). The hydrochloric acid solution was
made basic (Na,CO,) and extracted with dichloromethane.
The extract was dried and evaporated to give 2-dimethylamino-
3-p-methoxyphenyl-1-phenvlbutan-1-one (33) (3.86 g, 87%,) as a
yellow semi-solid mixture of two diastereoisomers in a 4:5
ratio. Crystallisation from methanol gave a single diastereo-
isomer as pale yellow needles, m.p. 123—126 °C (Found:
C,76.9; H, 7.8; N, 4.9. C;4H,;NO, requires C, 76.7; H, 7.8;
N, 4.7%); Vpi 1 675 cm™; 8 7.65—7.53 (m, 2 aryl H), 7.46—
7.18 (m, 3 aryl H), AA’BB’ system, &, 7.11, 85 6.66 (Jag,
Jaw, 9 Hz, CiHy), ABX; system, 8, 4.27, 85 3.33, dx 1.38
[JAB ll, JBX 7 HZ, CHACHBC(Hx)_‘;], 3.62 (S, OMC), and 2.34
(s, NMe,). The other diastereoisomer was not obtained pure,
but was identified by its n.m.r. spectrum; 8 8.04—7.92 (m, 2
aryl H), 7.6—7.4 (m, 3 aryl H), AA’BB’ system, 64 7.21, 85
6.83 (JAB’ JA'B'a 9 HZ, C(,H;), ABX3 System, 6A 4.38, 83 ca.
3.35, 6x 1.09 [Jag 10, Jax 7 Hz, CHACHRC(Hx);], 3.72 (s,
OMe), and 2.17 (s, NMe,). The total crude rearrangement
product contained 3—4% of 1,2-bis(dimethylamino)-1,2-
dibenzoylethane (6; diastereoisomers 4 and Bin a 3: | ratio)
which could not be isolated, but which was identified in the
mixture on the basis of n.m.r. comparison with authentic
samples (singlets at 8 4.93, 2.45, and 2.24).

Base Catalysed Rearrangement of (R)-( +)-NN-Dimethyl-N-
phenacyl-1-p-methoxyphenylethylammonium Bromide (32a):
Formation of 2-Dimethylamino-3-p-methoxyphenyl-1-phenyl-
butan-1-one (33a) and its Degradation to (S)-(-+)-3-p-Methoxy-
phenyl-1-phenylbutan-1-one (34a).—(a) A solution of the (R)-
(+)-salt (32a) (8.32 g) (100% e.e.) in ice-water (160 ml) was
treated with ice-cold aqueous sodium hydroxide (2m; 17 ml).
The mixture was stirred for 30 min and kept overnight at 0 °C,
allowed to warm to room temperature, and extracted with
ether. The ethereal solution was extracted with 3%, HCI; the
extract was washed with ether, made basic (Na,CO;), and
extracted with ether. The extract was dried (Na,SO,) and
evaporated to give the aminoketone (33a) (5.51 g, 84%) as a
yellow semi-solid. This product was dissolved in acetic acid
(50 ml) and the solution treated portionwise with zinc dust
(3.0 g) during 20 min at 80—90 °C. The mixture was allowed
to cool to room temperature, diluted with water (100 ml), and
extracted with ether. The ether extract was washed with water
and saturated aqueous NaHCQ,, dried (Na,S0O;), and evap-
orated. Distillation of the residue (Kugelrohr) at 130—150 °C
(0.01 Torr) gave the (S5)-(+)-ketone (34a) (4.12 g, 88%) as an
oil which solidified with time. Further purification by t.l.c.
(ether-light petroleum) followed by distillation gave the (S)-
(+-)-ketone (34a), m.p. 33—48 °C, [«],** +18.9° (¢ 5.09 in
CCl,) (87.3% e.e.).

(b) A solution of the (R)-(+)-salt (32a) (0.95 g) (100% e.c.)
in methanol (15 ml) was treated with methanolic sodium
methoxide (4 ml; Im) at 0 °C. The solution was kept at 0 °C for
50 h, the solvent evaporated, and the residue dissolved in 3%
HCI (15 ml). Work-up for basic material as before gave the
aminoketone (33a) (0.52 g, 70%) which was reduced with
zinc dust-acetic acid to give the (S)-(+)-ketone (34a) (0.36 g,
80%), m.p. 34—60 °C, [«]p?? +-13.3° (¢ 5.19 in CCly) (61.4%,
e.e.).

(¢) A solution of the (R)-(-)-salt (32a) (0.95 g) (100%; e.e.)
in methanol (15 ml) was treated with methanolic sodium
methoxide (4 ml; M) at 40 °C. The solution was kept at 40 °C
for 90 min and the aminoketone (33a) isolated (0.51 g, 69%)
and degraded to give the (S)-(+ )-ketone (34a) (0.35 g, 80%),
m.p. 33—61 °C, [«]p*® +10.8° (¢ 5.31 in CCl,) (49.9%; e.e.).

(R,S)-3-p-Methoxyphenyl-1-phenylbutan-1-one  (34).—The
aminoketone (33) (0.75 g), prepared from the (R,S)-salt (32),
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was reduced using zinc dust (0.50 g) and acetic acid (10 ml) at
80—90 °C. The (R,S)-ketone (34) was extracted from the reac-
tion mixture as before and recrystallised from methanol to
give the pure (R,S)-kerone (34) (0.46 g, 72%;) as needles, m.p.
64—66 °C (Found: C, 80.4; H, 7.4. C;;H;30, requires C,
80.3; H, 7.1%), V.., 1690 cm™; & 7.90—7.76 (m, 2 aryl H),
7.52—7.20 (m, 3 aryl N), AA’BB’ system, 6, 7.06, 85 6.69
(JAB, JA'B' 8.5 HZ, CGHA), 3.70 (S, OMC), and ABCX3 system,
da 3.16, 8g 3.16, 6c 2.96, 8x 1.26 [Jag 5.5, Jac 9, Jax 7, Jc
17 Hz, CHgH.CH,C(Hx)s].

(S)-(+)-3-p-Methoxyphenyl-1-[>*Hs) phenylbutan-1-one (36a).
—A solution of (R)-(+4)-NN-dimethyl-1-p-methoxyphenyl-
ethylamine (31a) (1.00 g) (100% e.e.) and [*H;]phenacyl bro-
mide (1.20 g) in methanol (10 ml) was kept at room tempera-
ture for 4 h and then at 0 °C overnight. The solution was
evaporated, the residual gum dissolved in water (20 mi), and
the aqueous solution washed with ether, and concentrated to a
volume of 15 ml. The resulting clear solution was cooled to
0 °C by the addition of ice (24 g) and treated with ice-cold
aqueous sodium hydroxide (5 ml; 2m). The mixture was
stirred for 30 min and stored overnight at 0 °C, allowed to
warm to room temperature, and extracted with ether. The
ether extract was extracted with 2%, HCI and the acid extract
washed with ether, made basic (Na,CO;), and extracted
with ether. The ethereal extract was dried (Na,SO,), and
evaporated and the residual semi-solid (1.38 g) dissolved in
acetic acid (15 ml) and treated portionwise with zinc dust
(1.0 g) during 20 min at 80—90 °C. The mixture was cooled,
diluted with water (30 ml), and extracted with ether. The ether
extract was washed (water and saturated aqueous NaHCO,),
dried (Na,S0,), and evaporated and the residual oil distilled
(Kugelrohr) at 130—150 °C (0.01 Torr) to give (S)-(+)-3-p-
methoxyphenyl-1-[*Hs]phenylbutan-1-one (36a) (0.99 g, 68%)
as a solid, [o]p** +18.7° (¢ 5.12 in CCl,). Recrystallisation
from light petroleum-di-isopropyl ether (4: 1) at 0 °C gave
colourless needles (0.30 g), m.p. 31—56°, [x]p?* +15.96° (¢ 5.37
in CCl,). The mother liquor was evaporated and the residue
crystallised from methanol at 0 °C to give a second crop (0.29
g), m.p. 37—58 °C, [a]p?? +20.34° (¢ 4.97 in CCl,). Both
samples had an isotopic composition 95 + 0.2% [*H;] and
5 + 0.2% [2H,] by mass spectrometric analysis.

Determination of the Absolute Rotation of (S)-(+)-3-p-
Methoxyphenyl-1-phenylbutan-1-one (34a) by the Isotope
Dilution Method.**—(a) A solution of (S)-(+)-3-p-methoxy-
phenyl-1-[*H;]phenylbutan-1-one (36a) (2440 mg) {[a]p?*
+20.34° (¢ 4.97 in CCl))} and (R,S)-3-p-methoxyphenyl-1-
phenylbutan-1-one (34) (119.4 mg) in carbon tetrachloride
(5 ml) was evaporated and the residue crystallised from
methanol (5 ml). The product was recrystallised from light
petroleum-di-isopropyl ether (4 : 1) at 0 °C to give colourless
prisms (46 mg), m.p. 64—66 °C, [«]p*2 0.00° (¢ 3.0 in CCl)
which consisted * of the [2H,] ketone (54.89%,) and a mixture of
the [*H,]- and [*Hs]-ketones (45.11%;).

(b) A similar experiment using the (S)-(+)-[*Hs)ketone
(36a) (264.0 mg) {[Jp*> +15.96° (¢ 5.37 in CCl,)} and the
(R,S)-ketone (34) (131.2 mg) gave a product (102 mg), m.p.
64—66 °C [«]p* 0.00 (¢ 9.3 in CCl, which consisted * of the

* The isotopic composition was determined by mass spectral
analysis on the averaged peak heights [(M)* erc. from 15 and 12
spectra] using equation (3).

% [2Ho] species = 100 (M)*/[(M)* + (M + 5)* +
M+ 4)* —019(M + H*] Q)
The factor 0.19 in equation (3) is necessary to correct for the

contribution made to the (M + 5) peak height by the natural
abundance of isotopes associated with Cy,'H,*H,0, (M + 4).


http://dx.doi.org/10.1039/p19830001009

Published on 01 January 1983. Downloaded by North Dakota State University on 20/05/2015 13:24:11.

J. CHEM. SOC. PERKIN TRANS. I 1983

[*H,)-ketone (43.74%) and the [*H,}- and [*Hs}-ketones
(56.26%;).

The above results were used to derive values of [«]p*
+21.56° and [«]p** +21.72° for the pure (S)-(+ )-ketone (34a)
by using equation (2) giving the average value, []p? =
+21.64°.

Conversion of (S)-(+)-3-p-Methoxyphenyl-1-phenylbutan-1-
one (34a) into (R)-(—)-p-Methoxyhydratropic Acid (35a).—
The (S)-(+)-ketone (34a) (3.90 g) {[«]p?* +18.9° (¢ 5.09 in
CCl,); 87.3% e.e.} in ether (12 ml) was added during 20 min to
a stirred solution of phenylmagnesium bromide [from bromo-
benzene (3.93 g) and magnesium (0.61 g) in ether (20 ml)). The
mixture was heated under reflux for 4 h, and hydrolysed by
the addition of ice (1.5 g) and saturated aqueous NH,Cl. The
organic layer and ether extracts were washed with water,
dried (Na,S0,), and evaporated. The residual oil (5.15 g) was
dissolved in pyridine (40 ml) and treated with thionyl chloride
(10 ml) at 0 °C. After 20 min at 0 °C the mixture was allowed
to warm to room temperature and kept at 40 °C for 30 min,
poured into ice-cold HCI and extracted with ether and ben-
zene. The organic layers were combined, washed with water
and saturated aqueous NaHCO;, dried (Na,SQO,), and evap-
orated. The residual solid was triturated with methanol (10 ml)
and dried to give (S)-(+)-3-p-methoxyphenyl-1,1-diphenylbut-
1-ene (3.81 g, 79%), m.p. 102—108 °C, [«]p?* +106.6° (¢ 5.13
in C¢H,); recrystallisation from methanol gave a sample, m.p.
108—110 °C (Found: C, 88.1; H, 7.3. C,3H;00 requires C,
87.9; H, 7.05%), 8 7.38—7.01 (m, 12 aryl H), 6.78 (d, J 9 Hz,
2 aryl H), AMX,; system, 8, 6.14, 3y 3.58, 6x 1.31 [/ 10,
Jux 7 Hz, CH,CHu,C(Hx):)], and 3.71 (s, OMe). A solution of
chromium trioxide (3.5 ml) [prepared by the addition of
sulphuric acid (1.60 g) to chromium trioxide (1.00 g) in water
(2 ml) and diluting the mixture with water to 3.5 ml] was added
over 20 min to a vigorously stirred solution of the above (S)-
but-1-ene derivative (0.63 g) in acetone (12 ml). The mixture
was stirred for a further 15 min, isopropyl alcohol (2 ml) was
added carefully, and the solution decanted. The precipitate
was washed several times with ether and the combined acetone
and ether solutions were washed with water, dried (Na,SO,),
and evaporated. The residual oil (0.67 g) was dissolved in
ether (10 ml) and the solution extracted with 3%, aqueous
Na,CO;. The extract was washed with ether, acidified (HCI),
and extracted with ether. The ethereal extract was dried
(N1,S0,) and evaporated and the residual oil distilled (Kugel-
rohr) at 100—110 °C (0.01 Torr) to give (R)-(—)-p-methoxy-
hydratropic acid (35a) (0.188 g, 52%) as a colourless solid
(pure on the basis of t.l.c. and n.m.r.), m.p. 55—70 °C, [a]p?*
—55.9° (¢ 1.38 in ethanol). A sample was recrystallised from
light petroleum to give colourless needles, m.p. 74—77 °C
(lit.,3# 77—79 °C), [«]p** —61.5° (c 1.15 in ethanol) (87.3% e.e.)
{lit 3% [o]p*” — 64.0° (c 1.06 in ethanol) and 3¢ [¢], 111.8° in
ethanol for a sample with 70%; enantiomeric excess}; v, 1710
cm™; 8, AA'BB’ system, 6, 7.21, 85 6.83 (Ja'w, Jas 8.5 Hz,
CsH,), 3.75 (s, OMe), and AX; system, 8, 3.65, 8x 1.45 [Jax
7.5 HZ, CHAC(Hx)3].

NN- Dimethyl-1-p-nitrophenylethylamine (41).—(a) Aqueous
formaldehyde (61 g, 37—40%) was added to a solution of
(R,S)-1-p-nitrophenylethylamine (40) (41.5 g) in formic acid
(57.5 g) at 0 °C. The mixture was heated under reflux for 10 h,
cooled, acidified (11M-HCI), washed with ether, and concen-
trated. The residue was made basic (309 aqueous KOH) and
extracted with dichloromethane. The extract was dried and
evaporated and the residual oil distilled to give (R,S)-NN-
dimethyl-1-p-nitrophenylethylamine (41) (39.4 g, 81%) as a
pale yellow liquid, b.p. 82—86 °C (0.01 Torr) (lit.,* b.p.
106—109 °C at 1 Torr); 8 AA’BB’ system, 5, 8.15, 65 7.49
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(JABs JA’B’ 9 HZ, C6H4), AX; system, SA 3.35, 8)( 1.35 [JAX 6.5
Hz, CH,C(Hx),], and 2.19 (s, NMe;).

(b) (R)-(+)-1-p-Nitrophenylethylamine * (40a) (33.2 g) [«??
+20.7° (neat)] was converted by a similar method into (R)-
(+)-NN-dimethyl-1-p-nitrophenylethylamine (41a) (33.1 g,
85%), b.p. 82—86 °C (0.01 Torr); xp??* +61.1° (neat) (lit.,*
[dJo +55.30°).

(R,S)-NN- Dimethyl-N-phenacyl-1-p-nitrophenylethylam-
monium Bromide (42).—A solution of (R,S)-NN-dimethyl-1-p-
nitrophenylethylamine (41) (1.94 g) and phenacyl bromide
(2.10 g) in acetone (10 mi)) was kept at room temperature for
2 days. The precipitated solid was collected and recrystallised
from ethanol to give the (R,S)-salt (42) (1.59 g, 40%), m.p.
168—169 °C. The salt could also be obtained (20—25%,
yield) using ethanol as solvent but an attempted preparation
in acetonitrile was not successful (Found: C, 54.7; H, 5.5;
Br, 20.4; N, 7.3. C;3H;,BrN;O; requires C, 55.0; H, 5.4; Br,
20.3; N, 7.1%), V., (KBr) 1685 cm™; & (CD,OD) 8.37—
7.43 (m, 9 aryl H); AX; system, 5, 5.65, 6x 1.92 [{Ax 7 Hz,

CHAC(Hx);], éB system, 8, 5.39, iS,, 5.09 (J 18 Hz, NCHH,-

CO), 3.44 (s, NMe), and 3.35 (s, NMe). Attempts to prepare
the (R)-salt (42a) by a similar method failed to yield crystalline
material.

Base Catalysed Rearrangement of (R,S)-NN-Dimethyl-N-
phenacyl-1-p-nitrophenylethylammonium Bromide (42): Form-
ation of meso- and (4+)-2,3- Di-p-nitrophenylbutane.—A sus-
pension of the powdered salt (42) (2.95 g) in ice-water (190
ml) was treated with ice-cold aqueous sodium hydroxide
(10 ml; 1 5M) (N, atmosphere). The mixture was stirred for 90
min at 0 °C and the products extracted into ethyl acetate. The
extract was dried and evaporated and the semi-solid residue
(2.25 g, 96%;) triturated with hot methanol and kept at 0 °C
overnight to give a pale yellow solid (0.74 g) and a methanol
soluble oil (1.51 g). Both fractions were examined by n.m.r. to
determine their composition (Table 5). The solid fraction was
triturated again with hot methanol (6 ml) and the insoluble
material recrystallised from benzene to give meso-2,3-di-p-
nitrophenylbutane, m.p. 258—259 °C (lit.,** m.p. 256 °C);
5, AA’BB’ system, &, 8.17, 85 7.33 (Jas, Ja's 8.5 Hz, 2 %
CsH,), 3.09—2.93 (m, CHCH) and 1.07 (d, J 6.5 Hz, 2 %
CHCHs;). The methanol mother liquor was evaporated and the
residue extracted with hot ether (25 ml). The ethereal extract
was evaporated and the residue recrystallised from ethanol to
give (£)-2,3-di-p-nitrophenylbutane, m.p. 129—131 °C (lit.,
m.p. 133 °C).

(R)-(+)-N-p-Methoxyphenacyl-NN-dimethyl-1-p-nitro-
phenylethylammonium Bromide (432).—A solution of (R)-
(+)-NN-dimethyl-1-p-nitrophenylethylamine “n ap?
+61.1°) (7.00 g) (100%; e.e.) and p-methoxyphenacyl bromide
(9.00 g) in methanol (100 ml) was kept at room temperature
for 2 days. The solvent was evaporated and the residual solid
triturated with acetone (150 ml), collected, and recrystallised
from ethanol to give the (R)-(+)-salt (43a) (5.31 g, 35%), m.p.
152—154 °C (Found: C, 54.2; H, 5.3; Br, 18.9; N, 6.5. C;yH,;-
BrN,O, requires C, 53.9; H, 5.5; Br, 18.9; N, 6.6), [«]p**> +83.7°
(c 1.63 in methanol); v, 1685 cm™; & (CF;CO,H) AA’BB’
system, 8, 8.37, 8 7.90 (Jap, Ja's' 9 Hz, 4 aryl H), AA’BB’
system, 84 8.02, 8 7.06 (Ja, Ja'w 9 Hz, 4 aryl H), AX; system,
84 5.86, 3x 2.04 [Jax 7 Hz, CHAC(Hx):], AB system, 3,

* Prepared by hydrolysis (HCI) of (R)-(+ )-N-1-p-nitrophenylethyl-
acetamide (39a) {[«)p??> +146.4° (¢ 2.974 in ethanol)} {lit.,>" [«]p?*
+ 146.9° (in ethanol)}.
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1
5.28, 85 4.94 (Jos 18 Hz, CH,HgN), 3.97 (s, OMe), 3.61 (s,
+ +
NMe), and 3.50 (s, NMe).

Base Catalysed Rearrangement of (R)-(+)-N-p-Methoxy-
phenacyl-NN-dimethyl-1-p-nitrophenylethylammonium  Bro-
mide (43a): Formation of (—)-2- Dimethylamino-1-p-methoxy-
phenyl-3-p-nitrophenylbutan-1-one (Diastereoisomers A and
B) (45), 1,2-Bis(dimethylamino)-1,2-di-p-methoxybenzoyl-
ethane (46), and 2,3- Di-p-nitrophenylbutane [(4)- and meso-
Diastereoisomers].—(i) Isolation of rearrangement product (45).
Cold (0 °C), methanolic potassium hydroxide (Sml; 1.4Mm) was
added to a stirred, ice-cooled, suspension of the powdered
(R)-(+)-salt (43a) (2.12 g) in methanol (20 ml). The mixture
was stirred for 1 h at 0 °C, saturated with hydrogen chloride
gas, evaporated, and the solid residue extracted with boiling
acetone (30 ml). The acetone extract was evaporated and the
residue extracted with water. The aqueous solution was washed
with ethyl acetate, made basic (Na,CO;), and extracted with
ether. The ether extract was dried (Na,SO,) and evaporated
and the residual oil separated by t.l.c. (isopropyl ether-
ethanol, 2: 1) to give two fractions. The first fraction yielded
(—)-2-dimethylamino-1-p-methoxyphenyl-3-p-nitrophenyl-
butan-1-one (45; diastereoisomer 4) (171 mg, 10%,), as a pale
yellow gum, [o]p?? —73.7° (¢ 8.55 in chloroform) which crys-
tallised from isopropyl ether at 0 °C as yellow prisms, m.p.
95—97 °C (Found: C, 66.8; H, 6.7; N, 7.9. C,(H,;N;O, re-
quires C, 66.65; H, 6.48; N, 8.2%), v, 1662 cm™; 5, AA’'BB’
system, 8, 8.13, 85 7.45 (Jas, Ja'w 8.5 Hz, 4 aryl H), AA’'BB’
system, 8, 8.01, 8p 6.96 (Jap, Jow' 8.5 Hz, 4 aryl H), ABX;
system SA 4.44, 85 3.53, 8)( 1.12 [-’AB 10.5, JBX 7 HZ, CHACHB'
C(Hx);], 3.88 (s, OMe), and 2.17 (s, NMe,). The second
fraction gave (—)-2-dimethylamino-1-p-methoxyphenyl-3-p-
nitrophenylbutan-1-one (45; diastereoisomer B) (78 mg, 5%;)
as a pale yellow gum, [«Jp?? —62.0° (¢ 7.8 in chloroform); v,
1662 cm™; 8, AA’BB’ system, 8, 7.97, &g 7.35 (Jap, Ja's’ 8.5
Hz, 4 aryl H), AA’BB’ system, 8, 7.66, 85 6.88 (Jag, Ja'n’ 8.5
Hz, 4 aryl H), ABX; system, 8, 4.32, 85 3.51, 6x 1.42 [/,p 10.5,
Jsx 7 Hz, CH,CHzC(Hx);)], 3.77 (s, OMe), and 2.40 (s,
NMez).

(ii) Quantitative determination of product composition. The
rearrangement of the (R)-(+)-salt (43a) (1.06 g) was carried
out (a) in water (20 ml) at 0 °C using aqueous sodium hydrox-
ide (5 ml; 0.8M) as the base and (b) in methanol (10 ml) at 0 °C
using methanolic potassium hydroxide (4 ml; 1.0m) as the
base. After 60 min at 0 °C ethyl acetate was added and the
organic layer dried and evaporated to give the reaction pro-
ducts as a yellow gum [0.79 g, 92% from method (a) and 0.83 g,
97% from method (b)].

The residue from both experiments was analysed by com-
paring its n.m.r. spectrum with those of authentic samples of
the diastereoisomeric diamines (46), and the 2,3-di-p-nitro-
phenylbutanes and with the n.m.r. spectrum of the diamines
(6), analogous to the diamines (46). The diamines (46) could
not be obtained sufficiently pure from the product mixture for
full characterisation, but n.m.r. spectroscopic assignments
could be made as follows: diastereoisomer A4, 6, AA'BB’
system, 3, 7.95, 85 6.90 (Jap, Ja's’ 8.5 Hz, 2 X 4 aryl H), 4.91
(s, CHCH), 3.87 (s, 2 x OMe), and 2.26 (s, 2 X NMe,);
diastereoisomer B, 5, AA’BB’ system, 8, 8.02, 8g 6.93 (Jas,
Jaw 8.5Hz,2 X 4aryl H), 4.91 (s, CHCH), 3.84 (5,2 X OMe),
and 2.46 (s, 2 X NMe,). The results of this analysis are re-
corded in Table 5.
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