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the failure to isolate a ring cleavage product from norborna-
none under similar conditions.!!
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Removal of Sulfur Groups from Molecules
by Copper(I). Preparation of Sulfur-Substituted
1,3-Dienes for the Diels—Alder Reaction!

Summary: The elimination of thiophenol by copper(I) from
readily prepared precursors leads in good yield to several
useful phenylthio-subtituted Diels-Alder dienes including
(Z)-1-phenylthio-2-methoxy-1,3-butadiene which yields a
m-methoxy adduct with methyl vinyl ketone.

Sir: We wish to report a simple procedure for the preparation
of 1,3-dienes which are substituted by phenylthio groups.
Because of the great versatility of sulfur in organic com-
pounds, the Diels—Alder adducts of these dienes should be of
considerable value in synthesis.

Communications

Our procedure consists of the copper(I)-induced removal2
ot." one or two thiophenol molecules from readily available
diene precursors; eq 1-3 are given as examples.3

SPh
dry HOl

15 min. 0 °C

MeCH==CHCHO + PhSH
50 mmol 200 mmol

MeCHCH,CH(SPh),

1, 89%
CH,=CH

H
Cu+, 25°C

amine
H/ \SPh

2, 84%
Me

dry HCI
—_—

CH,=CHCOMe + PhSH .
15 min, 0 °C

83 mmol

PhSCH,CH,C(SPh),
3, 88%
SPh

360 mmol

1. Cut, 0 °C

———

2. Cut, 25°C,
amine

|
CHp==CHC==CH, (2)
4, 76%
OMe

1. LiCH(SPh),®
—————————

CH,=CHCHO 2. Mo 50,

CHy==CHCHCH(SPh),
5, 57%
CH,==CH
Cu*,70~78 °C, ? AN / H
I C==C
amine / \
MeO' SPh
6, 84%

A typical procedure for performing the elimination step follows.
A solution of 2.87 mmol of 1,1,3-tris(phenylthio)butane (1) in 2 ml
of tetrahydrofuran was added at 0 °C to a solution of 15.5 mmol of the
benzene complex of cuprous trifluoromethanesulfonate [Cuy-
CsHg(C¥F3S03)q}7 and 17.6 mmol of diisopropylethylamine dissolved
in 120 ml of benzene and the solution was allowed to stir at 25 °C for
14 h. The mixture was passed rapidly through a short silica column,
and the light yellow oil which was eluted with ether was submitted
to molecular distillation (45-50 °C/0.02 mmHg) in the presence of
a small quantity of hydroquinone to give 84% diene as a colorless oil.
More concentrated solutions resulted in some polymerization and
reduced yields.

3

As indicated previously,? the temperature required for the
elimination depends upon the stability of the carbonium ion
left after the removal of a thiophenoxide ion. In the case of 1,
the reaction cannot be stopped after the loss of one thiophenol
molecule. In the case of 3, however, the product of loss of one
thiophenol molecule, 1,3-bis(phenylthio)-2-butene,>8 must
be warmed to 25 °C in the presence of cuprous ion in order to
convert it to the diene 4.

The dienes 2 and 6 are stereochemically homogeneous® and
are assumed to be E and Z, respectively, on the basis of their
ready reactions with dienophiles. Dienes 2, 4, and 6 gave
well-characterized Diels—-Alder adducts (eq 4-6)12 in the

+
Y
COzMe
SPh 16.6 mmol
2,Y=H;7, Y =D
34 mmol
130 °C, 20h

hydroquinone,
2 ml of PhH, 90%
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PhS
T L
= CO,Me
4, 3.1 mmol 29 mmol
PhS
90 °C,14 h (5)
hydroquinone,
2 ml of PhH, %% CO,Me
10
N
MeO COMe
SPh. 84 mmol
6, 0.84 mmol
25°C, 71 h
3tertbutyl-4-hydroxy-
Smethylphenyl sulfide, MeQ)
neat, 66%

1

presence of a trace of radical polymerization inhibitor. The
yields in the equations are not optimized and are for purified
adducts.

Evans!4 has shown that 2 is capable of condensing with
methyl vinyl ketone and maleic anhydride and that its sulf-
oxide forms useful Diels—-Alder adducts with electron-rich
dienophiles. In order to demonstrate that the adducts in re-
action 4 do not include an allylic rearrangement product!® of
8 and/or 9, the C; proton of 1 was readily removed (CHzLi-
HMPA) and replaced by deuterium (Ds0); the resulting diene
(7) gave an adduct lacking NMR peaks for the protons labeled
Y in 8 and 9. The structures of 8 and 9 (Y = H) were confirmed
by 250-MHz 'H NMR decoupling experiments on the mix-
ture.

The structure of 11 was unequivocally established by the
same technique. The absorption at 3.83 ppm for the CHS
proton appeared as a broad doublet (J = 4.0 Hz) which col-
lapsed to a broad singlet upon irradiation at the frequency of
the methine hydrogen adjacent to the carbonyl. The signal for
the latter, an eight-line multiplet centered at 2.71 ppm, col-
lapsed to a clean doublet of doublets (Jax_ax = 13 Hz; Jax_eq
= 2.5 Hz) upon irradiation at 3.83 ppm. Thus, the acetyl group
is equatorial and adjacent to a quasiaxial phenylthio group.

The syntheses herein described of dienes substituted by
phenylthio groups are far superior in yield, simplicity, and
stereospecificity to any thus far reported.11.13.1416 The im-
portance of these dienes lies in their Diels—-Alder adducts
which bear synthetically manipulatable functionality in fixed
regiospecific relationships. Adduct 11 is a striking example
in that the potential ketone function is meta to the acetyl
group in contrast to the para orientation of the alkoxy groups
in adducts of other 2-alkoxybutadienes.!7'8 The exploitation
of these now accessible dienes and their adducts is receiving
considerable attention in our laboratory and will be described
in due course.
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Preparation and Alkylation
of a New Chiral Oxazoline from L-Serine

Summary: A new chiral oxazoline was prepared from L-serine,
and its alkylation leads to asymmetric induction which is the
reverse of that observed for other oxazolines.

Sir.: The use of chiral oxazolines in the preparation of optically
active a-substituted carboxylic acids has been demonstrated
by Meyers. For example, lithiation of 1 followed by treatment

Ph, _CH,0Me H
O N Bu—-’—-COzH
T Me

Et
1 2

with 1-iodobutane gives an alkylated oxazoline which may be
converted by acidic hydrolysis into (S)-(+)-2-methylhexanoic
acid, 2, with 78% optical purity.! We wish to report the prep-
aration of a new chiral oxazoline related to 1, along with some
unexpected results from preliminary studies of its alkylation
and hydrolysis.

The new chiral oxazoline was prepared from the methyl
ester hydrochloride, 3, of L-serine which was converted by
sequence 1 through 4 and 5a to 5b.2 Reaction of 3 with ethyl
propionimidate? in dichloromethane at room temperature for



