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First Use of Axially Chiral Thioamides for the Stereocontrol

of C—C Bond Formation

Shubhada Dantale,'®! Vincent Reboul,?! Patrick Metzner,*'?! and Christian Philouze!"!

Abstract: Several ~ N-aryl-substituted
thioamides with an axis of chirality
along the N—C(aryl) bond were pre-
pared in good to excellent yields. NMR
spectra revealed preferences for the E

Claisen rearrangement. LDA deproton-
ation led selectively to the enethiolates
of Z stereochemistry, and subsequent
reaction with a variety of allyl halides
furnished S-allyl keteneaminothioace-
tals. These intermediates were not de-

tected as they rearranged readily to y-
unsaturated thioamides in good to high
yields and diastereoselectivities up to
88:12. Chemical correlation allowed the
assignment of the (aR*2R*) configura-

rotamer (along the N—C(=S) bond).
X-ray crystallographic analysis showed
that the planes of the aryl and thioamide
groups were almost perpendicular (79°).
For the first time, these atropisomeric
thioamides were used for an asymmetric

thesis -

Introduction

Amongst the major advances of asymmetric synthesis is the
use of axial chirality. Most examples involve binaphthyl-type
auxiliaries.l' 2 Non-biaryl structures have been investigated
only recently.’! The observation that a number of aromatic
compounds, such as benzenecarboxamides or anilides are not
flat has been made earlier, but overlooked in terms of
synthetic applications. The groups of Fuji,[*3 Curran,/®7
Clayden,® ! Simpkins!'>!! and Taguchil'>®! have very re-
cently prepared a number of axially chiral amides, bearing the
aromatic and amide planes in an almost orthogonal orienta-
tion. Introduction of steric hindrance has led to acceptable or
significant barriers to rotation along the axis of chirality and
opened the way to “atroposelectivity”. Reactions that have
been stereocontrolled in this fashion include the alkylation
and aldol reactions of enolates,'> ' 4 13l nucleophilic addition
to carbonyl derivatives!'® 'l and iminium salts,['*] addition of
electrophiles to ortho or laterally metalated naphth-
amides,> 2! Diels— Alder and dipolar cycloadditions,!'> 22
and radical reactions.[% %]
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tion to the major diastereoisomer. A
model was proposed to explain the
stereochemical course of the thio-Clais-
en rearrangement.

We wished to replace the oxygen atom of amides by a sulfur
atom, as there seems to be no precedent for the use of
atropisomeric thioamides in asymmetric synthesis, and be-
lieve that this will present a number of useful characteristics.
Two features are necessary: 1) the perpendicularity of the
planes of the arene ring and the thioamide moiety and 2) a
high barrier to rotation to allow configurational stability.
Although, to our knowledge, there is no data available, we
assumed by analogy with thiobenzamides that these features
would favour thioamides rather than amides.

The attractive characteristics of thioamides?* are their ease
of preparation,? 2l their stability in air, their crystallinity, the
acidity of protons located a to the thiocarbonyl group, the
regiospecific S-alkylation of resulting enethiolates, their high
nucleophilicity and their facile desulfurization reactions.?” 28]

Our aim was to prepare a number of thioamides, such as 1,
to examine their structures and explore their stereochemical
behaviour in the thio-Claisen rearrangement (Scheme 1).

Deprotonation of thioamides?? selectively leads to ene-
thiolates 2. These intermediates exhibit soft character (as
compared to enolates) and react with allyl halides by specific
S-alkylation.* 3 The [3,3]sigmatropic rearrangement of allyl
vinyl sulfides?* 333 generally takes place under mild con-
ditions leading to good yields of y-unsaturated thiocarbonyl
compounds. The facile nature of the transformation, as
compared to the oxygen series, is mainly of kinetic origin3¥
and is explained by the cleavage of the C—S bond being easier
relative to the C—O bond.

We report here that this strategy has been successful and
that interesting selectivities have been attained.
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Scheme 1. [3,3]Sigmatropic rearrangement of S-allyl keteneaminothioacetals 3 to y-unsaturated thioamides 4.

Results

Synthesis of thioamides: The necessity of configurational
stability and unsymmetrical substitution of the arene led us to
study amines having a bulky group in the ortho-position. We
started from commercially available 2-tert-butylaniline and
2,5-di-tert-butylaniline and transformed them according to the
literaturel”l into amides 5a—c (Table 1) by N-methylation and
acylation (acetyl chloride or propionyl chloride). We also
prepared the secondary amide 5d and two tertiary amides Se
and 5f bearing 1-naphthyl and 2-methyl-1-naphthyl groups
respectively. Thionation was effected with Lawesson’s re-
agent. Our usual conditions (THF, room temperature) did not
cause conversion, revealing the sensitivity of this reaction to
steric hindrance. Carrying out the transformation under reflux
in toluene afforded good to excellent yields of thioamides
1la—f (Table 1).

Table 1. Conversion of amides 5 to thioamides 1 with Lawesson’s
reagent.l?)

Entry Amide Time [h]

Thioamide

8
)J\N,Me

Yield [%] E/Z [%]

1 S5a 5 1a Bu 82 100:0
S
\)J\N,Me
2 5b 5 1b 8 87 100:0
t ~Bu
S
\)J\N,Me
3 £ 6 1c By 90 100:0
Bu
S
\)J\ H
N
4 5d 6 1d 60 50:50
Bu
5 Se 6 le

6 S5f 4 1f 90 100:0

[a] In all the above thionation reactions, 0.6 equivalents of Lawesson’s
reagent was used.
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S Structure of thioamides: Thio-
amides 1 may exhibit two types
of atropisomerism, along the
N—C=(X) bond and along the
N—C(aryl) bond (Figure 1). The
first type is commonly observed
with thioamides,? 3! which are
known to have higher barriers
of rotation relative to the oxy-
gen series,’’l with a difference of 5-7 kcalmol~!, and for
increased proportions of the main £ or Z isomer. A rule of
thumb, in terms of steric hindrance, is that the more stable
configuration has the two largest substituents trans to each
other along the single bond: usually the chain linked to the
thiocarbonyl and the carbon chain on nitrogen.

1 2 1\/11
R \)yLN,R R '?‘/Q
f R3 R2 RS

(E) 1X=8 (2
5 X=0

Figure 1. E and Z rotamers of thioamides 1 and amides 5 along the
N—C(=X) bond.

Very few examples of N-aryl thioamides have been
reported.’3#1 More information is available for the oxygen
series. For secondary anilides!” *!l the main isomer is the Z one,
which is also the usual configuration observed in peptides.
Replacement of the N-hydrogen by a methyl group causes a
surprising inversion of stereochemistry, studied extensively by
Itai 41 and confirmed by Curran” *! for compounds Sa—c.
The major isomer is now the E one and the aryl group behaves
as a “small group”, relative to the methyl, by adopting a
perpendicular arrangement. We have examined the structure
of thioamides 1 both by NMR spectroscopy in solution and by
X-ray diffraction of single crystals.

For the secondary thioamide 1d (R'=Me, R?=H, R*=
Bu), the NMR spectrum revealed a 1:1 mixture of rotamers
with two triplets for Me at 0 =1.27 and 1.44 and two quartets
for CH, at 6 =2.46 and 2.90. The E configuration was assigned
to the upfield shifts by analogy with Curran’s data on
corresponding amides.”) Crystallisation of this mixture in
dichloromethane/petroleum ether provided single crystals.
X-ray diffraction analysis showed a homogeneous arrange-
ment of Z configuration. We believe that, in solution, a rapid
equilibrium takes place between E and Z rotamers and that it
is the equilibrium ratio that is monitored by NMR spectros-
copy. During crystallisation, the Z rotamer is isolated, because
of lower solubility. The equilibrium proceeds faster than the
crystallization, and, thus, the initial mixture is fully converted
into the Z isomer. We consider this as analogous to “dynamic
kinetic resolution”.

The X-ray structure of (Z)-1d (Figure 2) revealed several
points. The angle between the phenyl ring and the thioamide
planes has a mean value of 68°. The steric bulk of the tert-butyl
group deviates from the planarity of the thioamide by
about 7°.
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Figure 2. Crystal structure of 1d (N-(2-fert-butylphenyl)propanethio-
amide). Selected interatomic distances (A), bond angles (°) and torsion
angles (°): S1-C7 1.661(3), N1-C7 1.327(4), N1-C1 1.433(4), C2—C10
1.538(5), S1-C7-N1 123.1(2), S1-C7-C8 122.2(2), C1-N1-C7 125.2(3), N1-
C1-C2 123.1(3), N1-C1-C6 115.4(3), C1-C2-C10 126.0(3), S1-C7-N1-C1
5.9(5), S1-C7-C8-CY — 84.2(4), N1-C1-C2-C10 6.5(5), N1-C7-C8-C9 94.0(4),
C2-C1-N1-C7 —113.0(4), C6-C1-N1-C7 70.8(4).

Tertiary thioamides 1a—c were examined by NMR spec-
troscopy, and we observed a single isomer in all cases, to which
we assigned the E configuration (N—Me singlet at 6 =3.62).
For amides 5a and 5b the analogous E isomer is favoured,
with an E:Z ratio of 22:1 and 15:1, respectively. A noticeable
feature for 1b and 1c is that their CH, signals were not single
quartets but two quartets, providing evidence of diastereoto-
picity. To estimate the barrier to rotation along the N—C(aryl)
bond of 1b, we heated a sample in [Dg]DMSO up to 140°C
and were not able to observe coalescence of the above signals.
This means that the barrier to rotation is rather high and
cannot be measured under these conditions. This gave us
confidence about the configurational stability necessary for
any practical asymmetric induction.

A single crystal of propanethioamide 1¢ bearing two tert-
butyl substituents at the 2- and 5-positions was analyzed by
X-ray diffraction (Figure 3). The first observation was the E
geometry along the N—C(=S) bond in agreement with the
NMR spectrum of the compound in solution. Therefore, we
have in the sulfur series the same inversion as with the amides:
preferred Z structure for secondary thioanilides and E
configuration for tertiary thioanilides. The second important
feature is that the planes of the thioamide moiety and the
aromatic ring are almost perpendicular with an angle of 79°
(C16—C17-N1-C18).

An interesting feature (in the solid state) is the conforma-
tion along the C18—C9 propane — thioamide bond. The methyl
group and the sulfur atom bonds*! make an angle of 6°. This
is in agreement with the conformations usually observed with
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Figure 3. Crystal structure of 1c¢ (N-(2,5-di-tert-butylphenyl)-N-methyl-
propanethioamide). Selected interatomic distances (A), bond angles (°)
and torsion angles (°): S1—C18 1.661(2), N1-C17 1.452(2), N1-C18
1.339(2), C9-CI8 1.500(3), C6-N1-C17 115.7(1), C6-N1-C18 121.1(2),
C17-N1-C18 122.3(2), S1-C18-N1 121.5(2), S1-C18-C9 122.1(1), S1-C18-
C9-C11 6.0(3), N1-C18-C9-C11 —173.9(2), C6-N1-C17-C15 —88.1(2), C6-
N1-C17-C16 89.9(2), C15-C17-N1-C18 102.7(2), C16-C17-N1-C18
—~79.3(2).

Et—C(=0)—X compounds (aldehydes, esters) for which the
methyl and oxygen are almost eclipsed.[*!

These structural observations encouraged us and we
initiated our synthetic study with racemic thioamides 1.

Metallation of 1b: Suitable conditions were found by reaction
with a variety of bases. Monitoring the formation of the
corresponding enethiolate 2b was achieved by quenching with
Mel and NMR spectroscopic detection of S-methyl ketene-
aminothioacetal (3b) (Scheme 2).

SLi SMe
\/ﬁ\N,Me A Me Py Me

1) LDA 2) Mel
By ———» tBu _— Bu
THF ~78°C -RT
-78°C

73%
1b 2b 3b
Scheme 2. Stereoselective deprotonation and S-alkylation of 1b to (Z)-

keteneaminothioacetal 3b.

n-Butyllithium or tert-butyllithium proved ineffective, even
at ambient temperature. Sodium 1,1,1,3,3,3-hexamethyldisila-
zane (NaHMDS) achieved only minor deprotonation (—78°C
to room temperature). Quantitative formation of 3b was
obtained with lithium diisopropylamide (LDA; 2.1 equiv)
provided that, after addition at — 78 °C, the reaction mixture
was brought to ambient temperature. This S-alkylation has
the advantage of furnishing important information about the
stereochemistry of the carbon-carbon double bond of
product 3b. It has been demonstrated that it reflects the
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configuration of the intermedi-
ate enethiolate, as the allylation
takes place with retention of
configuration.[?30. 47481 Apoth-
er characteristic of thiocarbonyl
compounds is that their kinetic
deprotonation leads to enethio-
lates with a cis structure, with
respect to the S-lithium and
olefinic methyl groups. The
'H NMR of the crude S-methyl
keteneaminothioacetal ~ (3b)
showed a single set of signals,
including S-Me at 0 =2.21, the
olefinic methyl at 1.80 and pro-
tons at 4.49. Thus, deprotona-
tion occurs in a stereoselective
fashion and, by analogy with
previous results” %! we as-
signed the Z configuration to 3b.

Thio-Claisen rearrangement:
We allowed racemic thioamides
la-ftoreact with LDA at 0°C;
subsequent addition of allyl
halides (allyl and methallyl io-
dides 6a, 6b, respectively, and
prenyl bromide 6¢). As the
S-allylation was sluggish at am-
bient temperature, it was nec-
essary to heat under reflux with
THEF (67°C). Under these con-
ditions, we observed direct for-
mation of y-unsaturated thio-
amides 4. The intermediate ke-
teneaminothioacetals 3 were
not detected. Therefore the
S-allylation appears to be the
rate-determining step, followed
by a fast [3,3]sigmatropic shift
(Scheme 3, Table 2).

The first examples (entries 1
and 2) involved rearrangement
without any stereochemical
concern. For entries 3-8 an
asymmetric centre is created in
the a-position to the thiocar-
bonyl group. The presence of
two diastereomers was ob-
served in the NMR spectra of
thioamides 4ba, 4bb, 4bc, 4ca,
4cb, and 4ea, as anticipated

from the two stereochemical elements (axis and centre of
chirality). The isomer ratio is around 80:20 for the introduc-
tion of allyl and methallyl chains. It increases to 86:14
(entry 5) with prenyl bromide, leading to creation of a C—C
bond with a quaternary carbon and greater steric hindrance.
The product 4bc has an inverted allyl chain, thus supporting a
mechanism by S-allylation (with retention of allylic config-
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Scheme 3. Asymmetric thio-Claisen rearrangement.

Table 2. Thio-Claisen rearrangement of thioamides 1.

4B
(aR*28%)

Entry Thioamide Allyl halide® LDA [equiv] Reflux [h] Product
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82 80:20

80 79:21

78 86:14

84 80:20

85 88:12

65 60:40

[a] Compound 6a: allyl iodide, 6b: methallyl iodide, 6¢: prenyl bromide. [b] dr = diastereomer ratio.
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uration) and subsequent rearrangement (with allyl inversion).
This example demonstrates that, despite steric hindrance and
heating, good yields can be obtained. Using an aromatic
moiety with two tert-butyl groups (2- and 5-positions) led to
the best selectivity, 88:12 (entry 7) with 84 % yield.

In all of the above cases we have observed only one rotamer
along the N—C(=S) bond, to which we assign the E config-
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uration by an NMR spectroscopic comparison with the
starting thioamides 1a—c.

We have not observed a variation of the diastereomer ratio
versus time or temperature for a specific example. Even at
lower conversion, the ratio had the value reported in Table 2.
Therefore, we assume that the product isomers 4 are under
kinetic control, though we were not able to provide final
evidence. As noted above, we also believe that the barrier to
rotation in this series is rather high and prevents thermody-
namic equilibration.

Other structures were examined but were less rewarding.
Secondary thioamide 1d led to a bis-allylated product (C and
N), but the analysis of the isomer ratio was not successful. N-
(1-naphthyl)-N-phenylpropanethioamide le (entry 8) could
be used but the stereoselectivity was poor, 60:40. With N-
methyl-N-(2-methyl-1-naphthyl)propanethioamide (1f) the
key step could not be conducted to completion and it was
unselective, 51:49.

We have also attempted the introduction of a crotyl chain
using corresponding bromides or iodides as allylating agents
with thioamides 1a and 1b. Unfortunately, we were not able
to obtain allylated thioamides 4 with an acceptable level of
conversion and isolation.

Assignment of stereochemistry: This was carried out by
chemical correlation with the corresponding amide Sb,
reported by Simpkins and co-workers.''! This group has
shown that deprotonation and direct allylation of amide 5b
led to unsaturated amide 7 in a 80:20 ratio of diastereomers in
favour of an (aR*,2R*) configuration. We wished to convert
our thioamide 4ba into Simpkin’s amide 7 and correlate the
NMR spectra. The thioamide 4ba was treated with meta-
chloroperbenzoic acid (1.5 equiv) to obtain the amide 7 in
65 % yield as an oil (Scheme 4).2”?7NMR spectroscopy showed
no change in the diastereoisomer ratio, 80:20. For the main
isomer, the methyl doublet was observed at 0 =1.06 (minor at
0=0.99).

We attempted to allylate the amide Sb, according to
Simpkin’s procedurel'!! (deprotonation at —78°C followed
by allylation), but we were unsuccessful and had to modify the
procedure. The amide was deprotonated at 0°C with LDA
and treated with allyl iodide. Warming the reaction mixture
up to room temperature and refluxing in THF gave the amide
7 in 95% yield. From NMR spectroscopy we observed a
diastereoisomer ratio of 80:20 and the methyl doublet at 6 =
1.06 for the major isomer. These data are the same as those of
products from the thio-Claisen rearrangement and thioamide
to amide conversions. Thus the major diastereomer of 4ba has
an (aR*2R*) configuration. Homogeneous 'H and *C NMR
shifts, observed for other thioamides 4bb, 4bc, 4ca, and 4cb,
led us to propose assignment of the same stereochemistry.

\/\/ﬁ\NzMe mCPBA v\j\N,Me

Discussion

We have achieved the first examples of Claisen rearrange-
ments stereocontrolled by an axis of chirality in thioamides,
neither is there a precedent available for amides. The closest
case of sigmatropic shift in literature is that of imidates
reported from binaphthyl derivatives by Metz and his
group.b% The severe steric hindrance of anilides bearing an
ortho-tert-butyl group obliged us to force somewhat the
traditional conditions for deprotonation (0°C instead of
—78°C) and S-allylation (refluxing in THF). On the other
hand, the rearrangement step took place readily, stressing
once again its relatively facile nature in the sulfur se-
ries.?* 3132 Thus, in a number of cases, yields around 80 %
were obtained for unsaturated thioamides 4.

The best diastereoselectivity was obtained with thioanilide
1c (Table 2, entry 7) bearing a N-methyl group and two tert-
butyl groups in the 2- and 5-positions. Examples with only one
such latter group (in the 2-position, entries 3-5) were just
slightly less selective. Attempts with the naphthalenides 1e
(entry 8) and 1f showed that the peri-interactions are rather
weak and provide poor or no selectivity.

Thioamide 4ba was established as having an (aR*2R*)
configuration by chemical correlation. We wish to propose a
model to interpret this selectivity. In the acyclic series, the
Claisen rearrangement is assumed to involve a pseudo-chair
transition state.”> 3% The double bond of the keteneamino-
thioacetal has a Z configuration. It is probable that the
nitrogen atom of the enamino part is mainly planar to allow
some orbital overlap with the aromatic ring and with the
acyclic double bond, as observed by X-ray analysis of related
structures.” > Such a situation raises the question of
orientation of both substituents on the nitrogen atom relative
to the groups on the enamino double bond.
It might reflect the stereochemistry of the tertiary thioamide
1b: a stereospecific deprotonation and selective S-allyla-
tion would lead to an arrangement with the N-methyl
and the sulfur atom on the same side of the N—C(=C) bond.
We do not know how high the rotation barrier would be for
this bond.

Another point concerns the orientation of the aromatic
plane with respect to the preceding C=C plane. We assume
that it is largely perpendicular, although we were not able to
grow single crystals of S-methyl keteneaminothioacetal 3b for
X-ray analysis.

We propose the model for the formation of the two isomers
(Figure 4). Front approach B of the S-allyl moiety is
largely hindered by the ortho-tert-butyl group on the perpen-
dicular arene plane (Si face). Back approach A now
faces the same plane but on the side bearing the
ortho-hydrogen. It is therefore favoured.

In terms of synthetic interest,
Me the sequence reported here has

H (1.5 equiv) 1) LDA N the advantage of easy availabil-
- Bu ————> : Bu <5 Bu . . .

CH,Cl, N ity from commercially available

°6§;/°RT 0°C :;/ reflux compounds. It nicely comple-

4ba 7 sb mepts the direct allylation of

dias = 80:20 80:20 amide enolates reported by

Scheme 4. Stereochemical assignment for 4ba (aR*,2R*) by chemical correlation with the corresponding amide 7.
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Figure 4. Proposed pseudo-chair transition-state model.

Comparable results have been obtained with the unsubsti-
tuted allyl chain. With a substituted chain, such as the prenyl
one (entries 2 and 5), we have achieved allyl inversion and
creation of a quaternary centre adjacent to the asymmetric
carbon, which is usually not possible by direct enolate
alkylation.

As noted earlier,?* 5% thioamides exhibit specific or
enhanced reactivity, as compared to amides, and, thus, the
unsaturated thioamides, prepared here with relative control of
stereochemistry, may be converted to a variety of compounds.

So far our study has involved thioamides in the racemic
form. Development of this chemistry will necessitate prepa-
ration of enantioenriched thioamides. A number of routes
may be envisioned:['>?% %! one approach has been achieved
for the synthesis of enantiopure amide Sb starting from ethyl
S-lactate,["'] which appears applicable to the further conver-
sion to thioamide 1b. Another very recent approach involves
tartrate ortho-anilides as starting materials.

Conclusion

We have used thioamides with axial chirality for the stereo-
controlled formation of C—C bonds. Synthesis of thioanilides
with the requisite structure was straightforward. We have
achieved the first Claisen rearrangement of atropisomeric
(thio)amides. It proceeded in good to high yields and
diastereoselectivities of up to 88:12. The structural study of
thioanilides bearing an ortho-tert-butyl group showed that
they have the requisite features. The chemical sequence
involved deprotonation with LDA, S-allylation with a variety
of allyl halides and facile [3,3]sigmatropic shifts. We were able
to assign the (aR*2R*) stereochemistry to the major diaster-
eoisomer by chemical correlation and have proposed a model
to explain this stereoselectivity. Our studies on atropisomeric
thioamides are continuing.

Experimental Section

Melting points were measured on an Electrothermal 9200 apparatus. NMR
spectra were recorded with a Bruker ACDPX spectrometer in CDCI; with
TMS (tetramethyl silane) as an internal standard. The coupling constants
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are given in Hertz. Mass spectra were recorded on a Nermag Riber R10
10H mass spectrometer at 70 eV in the EI mode. Micro-analyses were
performed on a CHNS-O (Thermoquest) apparatus. Reactions were
monitored by thin-layer chromatography (TLC) on TLC plastic sheets
silica gel 60 F,s,. Silica gel (0.063 -0.200 mm, Merck) was used for column
chromatography. The petroleum ether used was distilled over P,O5 and had
a boiling point range of 40-60°C. THF was freshly distilled over sodium
and benzophenone. All reactions were carried out under nitrogen.

N-(2-tert-butylphenyl)-N-methylacetamide (5a), N-(2-tert-butylphenyl)-N-
methylpropionamide (5b) and N-(2,5-di-fert-butylphenyl)-N-methylpro-
pionamide (5¢) were prepared by a reported procedure.”l Similarly,
secondary thioamide N-(2-tert-butylphenyl)propionamide (5d) was pre-
pared by using the above procedure. N-(1-naphthyl)-N-phenylpropion-
amide (5e) was prepared from the commercially available N-phenyl-1-
naphthylamine and propionyl chloride in the presence of pyridine as a base.
N-(2-Methyl-1-naphthyl)-N-methylpropionamide (5f) was prepared from
1-amino-2-methylnaphthalene and propionyl chloride by a similar proce-
dure as amides 5a—c. 1-Amino-2-methylnaphthalene was prepared from
commercially available 2-methylnaphthalene by nitration with conc. HNO;
and reduction of the nitro compound with iron powder.[®}

Typical procedure to prepare (E)-N-(2-tert-butylphenyl)-N-methylacetyl-
thioamide (1a): N-(2-fert-butylphenyl)-N-methylacetamide (0.74 g,
3.6 mmol) was dissolved in toluene (15mL), and Lawesson’s reagent
(0.87 g,2.1 mmol; 0.6 equiv) was added. The reaction mixture was refluxed
whilst stirring. Disappearance of the starting amide was monitored by TLC
(5 h). Toluene was removed under reduced pressure, and the crude mixture
purified by column chromatography on silica gel, eluting with petroleum
ether/ethyl acetate (95:5) to give the thioamide 1a as a solid (0.65 g,
2.94 mmol) in 82 % yield. The NMR spectrum showed a single isomer, N-
Me singlet at 0 =3.63 to which the E configuration was assigned. M.p.
101°C;'HNMR (250 MHz, CDCl,): 6 =1.36 (s, 9H; rBu), 2.34 (s, 3H; Me),
3.63 (s, 3H; N-Me), 6.95 (dd, J=1.6, 7.7 Hz, 1H; ArH), 7.23 (dt, /=1.6,
72 Hz, 1H; ArH), 7.30 (dt, J=1.6, 72 Hz, 1H; ArH), 752 (dd, J=1.6,
7.7 Hz, 1H; ArH); ®C NMR (62.9 MHz, CDCl,): 6 =32.1 (Me), 34.7 (Me),
36.2, 474 (N-Me), 128.1, 129.3, 130.4, 143.9, 144.7, 202.4 (C=S); MS (70 eV,
EI): m/z (%): 221 (25) [M]*, 96 (77), 78 (33), 60 (100), 57 (78); elemental
analysis calcd (%) for C;3H;oNS (221.36): C 70.54, H 8.65, N 6.33, S 14.48;
found: C 70.10, H 8.65, N 6.42, S 14.32.

(E)-N-(2-tert-Butylphenyl)-N-methylpropanethioamide (1b): This was
prepared by the above-mentioned procedure from N-(2-fert-butylphen-
yl)-N-methylpropionamide (2.0 g, 9.13 mmol) and Lawesson’s reagent
(221 g, 5.47 mmol, 0.6 equiv). Column chromatography on silica gel,
eluting with petroleum ether/ethyl acetate (95:5), gave the pure thioamide
1a as a white solid (1.85 g, 7.8 mmol) in 87 % yield. The NMR spectrum
showed a single isomer, N-Me singlet at 0=3.62 to which the E
configuration was assigned. M.p. 78°C (dichloromethane/petroleum
ether); '"H NMR (250 MHz, CDCl,): 6 =1.20 (t, J=17.5 Hz, 3H; Me), 1.35
(s, 9H; Bu), 2.37 (m, 2H; CH,), 3.62 (s, 3H; N-Me), 6.95 (dd, J=1.6,
7.7Hz, 1H; ArH), 722 (dt, J=1.6, 7.6 Hz, 1H; ArH), 7.30 (dt, J=1.6,
7.6 Hz, 1H; ArH), 7.52 (dd,J=1.6,7.7 Hz, 1H; ArH); *CNMR (62.9 MHz,
CDCly): 0=13.7 (Me), 31.3 (Me), 35.4 (CH,), 37.0, 46.5 (N-Me), 1271,
127.3, 128.4, 129.4, 142.8, 143.9, 207.6 (C=S); MS (70 eV, EI): m/z (%): 235
(53) [M]*, 102 (100), 93 (66); elemental analysis calcd (%) for C;;H, NS
(235.39): C 71.45, H 9.00, N 5.96, S 13.60; found: C 71.31, H 9.16, N 5.74, S
13.39.

(E)-N-(2,5-Di-tert-butylphenyl)-N-methylpropanethioamide (1c): This
was prepared by the above-mentioned procedure from N-(2,5-di-tert-
butylphenyl)-N-methylpropionamide (0.90 g, 3.2 mmol) and Lawesson’s
reagent (0.79 g, 1.9 mmol, 0.6 equiv). Column chromatography on silica gel,
eluting with petroleum ether/ethyl acetate (90:10) gave the pure thioamide
1c as a white solid (0.87 g, 2.98 mmol) in 90 % yield. The NMR spectrum
showed a single isomer, N-Me singlet at 0=3.63 to which the E
configuration was assigned. M.p. 89°C (dichloromethane/petroleum
ether); '"H NMR (250 MHz, CDCl;): 6 =1.20 (t, J=7.5 Hz, 3H; Me), 1.29
(s, 9H; rBu), 1.32 (s, 9H; Bu), 2.38 (m, 2H; CH,), 3.63 (s, 3H; N-Me), 6.85
(d, /J=22Hz, 1H; ArH), 736 (dd, /=22, 8.5 Hz, 1H; ArH), 7.52 (d, /=
8.5 Hz, 1H; ArH); *C NMR (62.9 MHz, CDCl,): 6 =15.8 (Me), 32.6 (Me),
32.3 (Me), 35.8, 36.9, 39.1, 48.5 (N-Me), 126.1, 1273, 131.0, 142.5, 144.4,
152.4,209.5 (C=S); MS (70 eV, EI): m/z (%): 291 [M]*, 234 (100), 218 (26),
91 (22), 73 (43), 70 (40), 57 (47), 45 (28); elemental analysis calcd (%) for
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C,sHNS (291.49): C 74.17, H 10.03, N 4.81, S 11.0; found: C 74.45, H 9.90,
N 4.92, S 10.84.

N-(2-tert-butylphenyl)propanethioamide (1d): This was prepared by the
above-mentioned procedure from N-(2-fert-butylphenyl)propionamide
(0.45 g, 2.19 mmol) and Lawesson’s reagent (0.53 g, 1.30 mmol, 0.6 equiv).
Column chromatography on silica gel, eluting with petroleum ether/ethyl
acetate (80:20) gave the thioamide 1d as a white solid (0.30 g, 1.35 mmol) in
60% yield. The NMR spectrum showed both E and Z isomers in an
approximately 1:1 ratio, with two sets of triplets for CH; at d =1.27 and 1.44
and for CH, two sets of quartet at 0=2.46 and 2.90. M.p. 100°C
(dichloromethane/petroleum ether); 'H NMR (250 MHz, CDCl;): 6=
1.27 (t, J=74 Hz, 3H of E isomer; Me), 1.38 (s, 9H; rBu), 1.44 (t, /=
75 Hz, 3H of Z isomer; Me), 2.46 (q, /=74 Hz, 2H; CH,), 2.90 (q, /=
74 Hz, 2H; CH,), 720 (dd, J=1.5, 7.8 Hz, 1H; ArH), 722 (dt, /=15,
76 Hz, 1H; ArH), 750 (dt, J=1.5, 7.6 Hz, 1H; ArH), 7.62 (dd, J=1.5,
78 Hz, 1H; ArH), 8.5 (brs, 1H; N-H), 9.15 (brs, 1H; N-H); C NMR
(62.9 MHz, CDCl;): 6 =13.6 (Me), 14.0 (Me), 30.9 (Me), 31.2 (Me), 33.8,
353 (CH,), 35.5 (CH,), 41.2, 1271, 1275, 1276, 127.6, 128, 128.6, 129.3,
129.9, 131.3, 136.7, 137.6, 145.7, 146.1, 207.5 (C=S), 211.0 (C=S); MS (70 eV,
EI): m/z (%): 221 [M]*, 165 (98), 164 (100), 149 (26), 91 (39), 77 (28), 73
(29), 44 (41), 45 (36); elemental analysis caled (% ) for C;3H (NS (221.36): C
70.54, H 8.65, N 6.33, S 14.48; found: C 70.83, H 8.93, N 6.22, S 14.77.

N-(1-Naphthyl)-N-phenylpropanethioamide (le): This was prepared by
the above-mentioned procedure from N-(1-naphthyl)-N-phenylpropion-
amide (0.45¢g, 1.63 mmol) and Lawesson’s reagent (0.397 g, 0.97 mmol,
0.6 equiv). Column chromatography on silica gel, eluting with petroleum
ether/ethyl acetate (90:10), gave the thioamide 1e as a yellow sticky oil
(0.41 g, 1.40 mmol) in 87 % yield. The NMR spectrum showed a mixture of
both E and Z isomers in a 60:40 ratio, with two clear sets of triplets for Me
at 0 =1.27 and 1.42 and two sets of quartets for CH, at 6 =2.46 and 2.89.
'"H NMR (250 MHz, CDCL,): 6 =1.27 (t,J="7.3 Hz, 3H of E isomer; Me),
1.42 (t,/ =73 Hz,3H of Zisomer; Me), 2.46 (q,J =7.3 Hz, 2H of E isomer;
CH,), 2.89 (q,J =73 Hz, 2H of Z isomer; CH,), 7.20-8.15 (m, 12H; ArH);
BBCNMR (62.9 MHz, CDCl,): 6 =15.0 (Me), 38.0 (CH,), 123.2,123.6, 125.7,
126.1;126.3, 126.7, 1272, 127.4, 127.9, 128.4, 128.8, 129.7, 130.2, 135.1, 141.5,
147.1,202.2 (C=S), 212.5 (C=S); MS (70 eV, EI): m/z (%): 291 (47) [M]*, 85
(34), 78 (68), 50 (100).

(E)-N-(2-Methyl-1-naphthyl)-N-methylpropanethioamide (1f): This was
prepared by the above-mentioned procedure from N-(2-methyl-1-naph-
thyl)-N-methylpropionamide (0.30 g, 1.32 mmol) and Lawesson’s reagent
(032 g, 0.79 mmol, 0.6 equiv). Column chromatography on silica gel,
eluting with petroleum ether/ethyl acetate (95:5), gave the thioamide 1f as
a pale yellow oil (0.29 g, 1.19 mmol) in 90% yield. The NMR spectrum
showed a single isomer, N-Me singlet at 6=3.74 to which the E
configuration was assigned. 'H NMR (250 MHz, CDCl,): 6 =t, J=7.4 Hz,
H; Me), 2.67 (m, 2H; CH,), 2.32 (s, 3H; Me), 3.74 (s, 3H; N-Me) 7.38 -7.90
(m, 6H; ArH); *C NMR (62.9 MHz, CDClLy): 6 =14.5 (Me), 18.1 (Me),
36.2 (CH,), 44.1 (N-Me), 122.3,126.5,128.2,128.7,129.0, 129.1, 129.3, 131.6,
133.5,140.0,209.1 (C=S); MS (70 eV, E1): m/z (%): 243 (21) [M]*, 70 (100),
42 (28).

Deprotonation of thioamide 1b with LDA to give S-methyl keteneamino-
thioacetal (3b): LDA was freshly prepared by adding 1.6M n-BuLi
(0.78 mL, 1.15mmol, 2.1equiv) to a solution of diisopropylamine
(0.17 mL, 1.15 mmol, 2.1 equiv) in THF (2.5mL) at —78°C. To it was
added a solution of N-(2-fert-butylphenyl)-N-methylpropanethioamide
(0.13 g, 0.55 mmol) at —78°C. The reaction mixture was stirred at —78°C
for 30 min, Mel (0.077 mL, 1.15 mmol, 2.1 equiv) was then added, stirring
maintained at —78°C for 20 min, and then the mixture slowly warmed up to
room temperature (1 h). TLC showed the thioamide had disappeared. The
reaction mixture was quenched with a saturated NH,Cl solution (5 mL) and
extracted with CH,Cl, (3 x25mL). The organic layer was washed once
with brine (5 mL) and dried over MgSO,. Solvent evaporation gave a crude
product (0.100 g, 0.40 mmol) in 73% yield as a viscous liquid that slowly
solidified upon cooling in the refrigerator. The NMR spectrum showed the
S-methylated product 3b as a single isomer, to which the Z configuration
was assigned. 'H NMR (250 MHz, CDCL;): 6 =1.35 (s, 9H; /Bu), 1.80 (d,
J=6.7Hz, 3H; Me), 2.21 (s, 3H; S-Me), 3.04 (s, 3H; N-Me), 4.49 (q, /=
6.7Hz, 1H; CH), 711 (dd, J=1.6, 7.8 Hz, 1H; ArH), 722 (dt, /=1.6,
76 Hz, 1H; ArH), 730 (dt, J=1.6, 7.6 Hz, 1H; ArH), 742 (dd, J=1.6,
78 Hz, 1H; ArH).
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Typical procedure for the thio-Claisen rearrangement affording (E)-N-(2-
tert-butylphenyl)-N-methylpent-4-enethioamide (4aa): LDA was freshly
prepared by adding 1.6m n-BuLi (0.21 mL, 0.33 mmol, 1.5equiv) to a
solution of diisopropylamine (0.047 mL, 0.33 mmol, 1.5 equiv) in THF
(1.5 mL) at 0°C. To this was added a THF solution of thioamide 1a (0.050 g,
0.22 mmol) at 0°C and stirring continued for 30 min. Allyl iodide (0.03 mL,
0.33 mmol, 1.5 equiv) was added, and the mixture stirred for 20 min at 0°C.
It was warmed up to room temperature and refluxed (6 h). The reaction
mixture was quenched with saturated NH,Cl solution (5 mL) and extracted
with CH,Cl, (3 x 25 mL). The organic layer was washed once with brine
(5 mL) and dried over MgSO,. Solvent evaporation gave the crude mixture,
which was purified by column chromatography on silica gel; eluting with
petroleum ether/ethyl acetate (95:5) gave the pure 4aa as an oil (0.044 g,
0.16 mmol) in 75% yield. The NMR spectrum showed the presence of a
single isomer having E conformation around the N—C(=S) bond. 'H NMR
(250 MHz, CDCl;): 6 =s H; rBu), 2.49 (m, 4H), 3.63 (s, 3H; N-Me), 4.95
(m,2H),5.72 (m, 1H), 6.92 (dd, J=1.5, 8.0 Hz, 1 H; ArH), 7.26 (dt,J=1.5,
78 Hz, 1H; ArH), 7.36 (dt, J=1.5, 7.8 Hz, 1H; ArH), 7.60 (dd, /=125,
8.0 Hz, 1H; ArH); ®*C NMR (62.9 MHz, CDCLy): 6 =32.2 (Me), 34.4,36.2,
40.4,43.8,47.3 (N-Me), 115.6 (CH,=), 127.9, 128.3, 129.4, 130.3, 136.8, 137.6,
144.8,205.9 (C=S); MS (70 eV, EI): m/z (%): 261 (93) [M]*, 244 (100), 204
(92).

(E)-N-(2-tert-Butylphenyl)-N-methyl-3,3-dimethylpent-4-enethioamide
(4ac): This was prepared by the above-mentioned procedure from la
(0.050 g, 0.22 mmol) and prenyl bromide (0.038 mL, 0.33 mmol, 1.5 equiv)
and refluxing for 8 h. Column chromatography on silica gel, eluting with
petroleum ether/ethyl acetate (95:5), gave the pure 4ac as an oil (0.030 g,
0.10 mmol) in 47 % yield. The NMR spectrum showed two separate signals
for CH, at 6 =2.34 and 2.60, diastereotopic protons in relation to the
C(aryl)-N axis of chirality. 'H NMR (250 MHz, CDCl;): 6 =1.05 (s, 3H;
Me), 1.13 (s, 3H; Me), 1.32 (s, 9H; tBu), 2.34 (d, /=13.6 Hz, 1H), 2.60 (d,
J=13.6 Hz,1H), 3.63 (s, 3H; N-Me), 4.90 (dt,/ =1.1,10.7 Hz,2H), 5.91 (q,
J=10.7Hz, 1H), 6.99 (dd, /=15, 8.0Hz, 1H; ArH), 723 (dt, J=1.5,
74 Hz, 1H; ArH), 7.34 (dt, J=1.5, 74 Hz, 1H; ArH), 754 (dd, /=15,
8.0 Hz, 1H; ArH); "C NMR (62.9 MHz, CDCl,): 6 =28.2 (Me), 32.3 (Me),
36.2, 38.6,47.4 (N-Me), 55.0 (CH,), 110.7 (CH,=), 127.3, 129.1, 129.6, 130.2,
143.7, 145.0, 148.3, 203.5 (C=S); MS (70 eV, EI): m/z (%): 289 (35) [M]*,
274 (100), 232 (81), 188 (44), 164 (38).

(E)-N-(2-tert-Butylphenyl)-N-methyl-2-methylpent-4-enethioamide
(4ba): This was prepared by the above-mentioned procedure from 1b
(0.050 g, 0.21 mmol) and allyl iodide (0.025 mL, 0.23 mmol, 1.1 equiv),
refluxing for 5h. Column chromatography on silica gel, eluting with
petroleum ether, gave the pure 4ba as a solid (0.048 g, 0.17 mmol) in 82 %
yield. The NMR spectrum showed the presence of two isomers A/B:
(aR*28*)/(aR*,2R*) in a 80:20 ratio. A single E geometry around the
N—C(=S) bond was observed. M.p. 65°C; 'H NMR (250 MHz, CDCL;): d =
1.08 (d,/=6.0 Hz, 3H of B; Me), 1.21 (d,/=6.0 Hz, 3H of A;Me), 1.33 (s,
9H; rBu), 2.18 (m, 1H), 2.60 (m, 2H), 3.61 (s, 3H; N-Me), 4.91 (m, 2H),
5.41 (m, 1H), 6.97 (dd, J=1.6, 8.0 Hz, 1H; ArH), 724 (dt, /=1.6, 7.8 Hz,
1H; ArH), 7.36 (dt,/=1.6, 7.8 Hz, 1 H; ArH), 7.57 (dd, J=1.6, 8.0 Hz, 1H;
ArH); BC NMR (62.9 MHz, CDCL,): 6 =20.1 (Me of A), 20.9 (Me of B),
32.4 (Me), 36.3,41.8 (CH,), 42.6 (CH,), 44.1 (CH of A), 44.3 (CH of B), 47.3
(N-Me), 47.4 (N-Me), 117.1 (CH,=), 117.3 (CH,=), 127.5,128.5, 129.3, 130.5,
136.1, 143.2, 145.1, 211.8 (C=S); MS (70 eV, EI): m/z (%): 275 [M]*, 115
(56), 103 (25), 91 (100), 77 (56), 57 (23), 45 (76); elemental analysis calcd
(%) for C;;H,sNS (275.45): C74.13, H 9.15, N 5.08, S 11.64; found: C 74.24,
H 9.10, N 5.19, S 11.47.

(E)-N-(2-tert-Butylphenyl)-N-methyl-2,4-dimethylpent-4-enethioamide

(4bb): This was prepared by the above-mentioned procedure from 1b
(0.050 g, 0.21 mmol) and methallyliodide (0.037 g, 0.23 mmol, 1.1 equiv)
under reflux for 5h. Column chromatography on silica gel, eluting with
petroleum ether, gave the pure 4bb as a solid (0.047 g, 0.16 mmol) in 80 %
yield. The NMR spectrum showed the presence of two diastereoisomers
A/B in a 79:21 ratio. A single E geometry around the N—C(=S) bond was
observed. M.p. 68°C; '"H NMR (250 MHz, CDCl;): 6 =1.04 (d, J=6.3 Hz,
3H of B; Me), 1.17 (d,/=6.3 Hz, 3H of A; Me), 1.35 (s, 9H; rBu), 2.17 (m,
3H; Me), 2.75 (m, 3H), 3.62 (s, 3H; N-Me), 4.61 (d, J=5.3 Hz, 2H), 6.98
(dd,J=15,78 Hz, 1H; ArH), 7.28 (dt, /=1.5, 8.0 Hz, 1H; ArH), 7.36 (dt,
J=15, 8.0Hz, 1H; ArH), 761 (dd, J=15, 7.8 Hz, 1H; ArH); *C NMR
(62.9 MHz, CDCL;): 6 =19 (Me of B), 19.9 (Me of A), 21.4 (Me), 30.6 (Me),
34.6, 40.4 (CH,), 43.3 (CH of B), 444 (CH of A), 45.5 (N-Me), 111.8
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(CHy), 126.0, 126.6, 127.6, 128.8, 140.9, 141.4, 143.5, 210.5 (C=S); MS
(70 eV, EI): miz (%): 289 [M]*, 232 (61), 202 (100), 178 (99), 162 (35), 117
(26), 77 (63), 70 (27), 65 (30), 45 (31); elemental analysis calcd (%) for
C,sH,;NS (289.48): C 74.69, H 9.40, N 4.84, S 11.07; found: C 74.67, H 9.45,
N 4.94, S 10.72.
(E)-N-(2-tert-Butylphenyl)-N-methyl-2-methyl-3,3-dimethylpent-4-ene-
thioamide (4bc): This was prepared by the above-mentioned procedure
from 1b (0.050 g, 0.21 mmol) and prenyl bromide (0.017 mL, 0.23 mmol,
1.1 equiv) under reflux for 6 h. Column chromatography on silica gel,
eluting with petroleum ether/ethyl acetate (98:2), gave the pure 4bc as a
viscous liquid (0.050 g, 0.16 mmol) in 78% yield. The NMR spectrum
showed the presence of two isomers A/B in a 86:14 ratio. A single E
geometry around the N—C(=S) bond was observed. 'H NMR (250 MHz,
CDCl;): 6 =1.02 (s,3H; Me), 1.06 (s, 3H; Me), 1.19 (d,/ = 6.0 Hz, 3H of B;
Me), 1.22 (d,/=6.0 Hz,3H of A; Me), 1.35 (s, 9H; rBu), 2.67 (m, 1 H), 3.63
(s,3H; N-Me), 4.89 (dt,/=1.2,10.8 Hz, 2H), 5.91 (q,/ =10.8 Hz,1 H), 6.90
(dd, J=1.6,7.7 Hz, 1H; ArH), 7.25 (dt, /= 1.6, 8.0 Hz, 1 H; ArH), 7.30 (dt,
J=16, 8.0 Hz, 1H; ArH), 7.62 (dd, J=1.6, 7.7 Hz, 1H; ArH); *C NMR
(62.9 MHz, CDCl,): 6 =17.5 (Me of B), 18.3 (Me of A), 25.1 (Me), 26 (Me),
32.6 (Me), 36.5, 41.3, 48 (N-Me), 49.2 (CH of B), 50.7 (CH of A), 111.6
(CHy), 126.8, 128.9, 130.4, 131.1, 142.8, 145.6, 147.6, 211.5 (C=S); MS
(70 eV, EI): m/z (%): 303 (7) [M]*, 70 (99), 58 (100), 42 (62); elemental
analysis calcd (%) for CoH,NS (303.50): C 75.19, H 9.63, N 4.61, S 10.56;
found: C 75.08, H 9.60, N 4.72, S 10.80.
(E)-N-(2,5-Di-tert-Butylphenyl)-N-methyl-2-methylpent-4-enethioamide
(4ca): This was prepared by the above-mentioned procedure from 1e¢
(0.050 g, 0.17 mmol) and allyl iodide (0.023 mL, 0.25 mmol, 1.5 equiv),
refluxing for 5h. Column chromatography on silica gel, eluting with
petroleum ether/ethyl acetate (95:5), gave the pure 4ca as a solid (0.047 g,
0.14 mmol) in 84 % yield. The NMR spectrum showed the presence of two
isomers A/B in a 80:20 ratio. A single E geometry around the N—C(=S)
bond was observed. M.p. 70°C; 'H NMR (250 MHz, CDCl;): 6 =1.08 (d,
J=6.0Hz, 3H of B; Me), 1.20 (d, /=6.0 Hz, 3H of A; Me), 1.29 (s, 9H;
tBu), 1.32 (s,9H; tBu), 2.17 (m, 1 H), 2.70 (m, 2H), 3.63 (s, 3H; N-Me), 4.91
(m, 2H), 5.45 (m, 1H), 6.88 (d, J=22Hz, 1H; ArH), 7.37 (dd, /=22,
8.5Hz, 1H; ArH), 748 (d, J=8.5Hz, 1H; ArH); *C NMR (62.9 MHz,
CDCly): 6 =20.1 (Me of A), 20.9 (Me of B), 31.4, 32.8, 34.6, 35.8, 42.6, 43.9
(CH of B), 44.3 (CH of A), 474 (N-Me), 117.1 (CH,=), 125.0, 126.3, 130.2,
136.0, 141.7, 142.8, 150.9, 211.7 (C=S); MS (70 eV, EI): m/z (%): 331 [M]*,
261 (64), 219 (45), 115 (23), 91 (65), 79 (25), 57 (100), 55 (70); elemental
analysis caled (%) for C, H33NS (331.56): C 76.07, H 10.03, N 4.22, S 9.67;
found: C 75.78, H 10.02, N 4.47, S 9.67.
(E)-N-(2,5-Di-tert-butylphenyl)-N-methyl-2,4-dimethylpent-4-enethio-
amide (4cb): This was prepared by the above-mentioned procedure from
1c (0.050g, 0.17mmol) and methallyl iodide (0.034 g, 0.18 mmol,
1.1 equiv), refluxing for 5 h. Column chromatography on silica gel, eluting
with petroleum ether/ethyl acetate (95:5), gave the pure 4cb as a solid
(0.050 g, 0.14 mmol) in 85% yield. The NMR spectrum showed the
presence of two diastereoisomers A/B in 88:12 ratio. A single E geometry
around the N—C(=S) bond was observed. M.p. 73°C; '"H NMR (250 MHz,
CDCl;): 0=1.08 (d,/=6.2 Hz,3H of B; Me), 1.15 (d,/=6.2Hz,3H of A;
Me), 1.28 (s, 9H; tBu), 1.32 (s, 9H; tBu), 2.14 (m, 3H; Me), 2.95 (m, 2H),
3.63 (s,3H; N-Me), 4.61 (d,J=5.5 Hz, 2H), 6.88 (d,/=2.2 Hz, 1 H; ArH),
7.37(dd,J=2.2,8.5 Hz,1H; ArH), 7.52 (d,/ =8.5 Hz, 1 H; ArH); *CNMR
(62.9 MHz, CDCl;): 6 =19.3 (Me of A), 20.7 (Me of B), 21.8 (Me), 23.1
(Me), 31.4 (Me), 32.3, 34.6, 35.9, 42.0 (CH,), 45.1 (CH of B), 45.8 (CH of
A), 473 (N-Me), 113.2 (CH,=), 124.7,125.2, 126.5, 130.2, 141.7, 142.4, 150.9,
212.0 (C=S); MS (70 eV, EI): m/z (%): 345 [M]*, 288 (24), 234 (40), 91 (36),
70 (28), 57 (100); elemental analysis calcd (%) for C,,H;sNS (345.59): C
76.46, H 10.21, N 4.05, S 9.28; found: C 76.38, H 10.08, N 4.33, S 9.09.
N-(1-Naphthyl)-N-phenyl-2-methylpent-4-enethioamide (4ea): This was
prepared by the above-mentioned procedure from 1e (0.055 g, 0.18 mmol)
and allyl iodide (0.026 mL, 0.28 mmol, 1.5 equiv), refluxing for 6 h. Column
chromatography on silica gel, eluting with petroleum ether/ethyl acetate
(95:5), gave the pure 4ea as a pale yellow oil (0.040 g, 0.12 mmol) in 65 %
yield. The NMR spectrum showed four isomers, namely two isomers due to
the created asymmetric carbon and another two isomers A and B due to
rotation around the N—C(S) bond. Isomer A has the naphthyl group trans
to the thiocarbonyl and isomer B has the naphthyl group cis to the
thiocarbonyl. These four isomers (E)-A, (E)-B, (Z)-A and (Z)-B represent
the two pairs of diastereoisomers of the rotamers A and B, with the
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doublets at 0 =1.18, 1.23 (major) and 0 =1.36, 1.42 (minor) in the ratio of
(60:40). The doublets for Me at 6 =1.18 and 1.23 are for the (E)-A and (E)-
B isomers, respectively, while the allyl group attack is anti. The downfield
doublets at d = 1.36 and 1.42 are for (Z)-A and (Z)-B isomers respectively,
while the allyl group attack is syn. The isomers (E)-A/(E)-B/(Z)-A/(Z)-B
ratio is 3:3:2:2: 'H NMR (250 MHz, CDCL;): 6=1.18 (d, J=6.4 Hz, 2H;
Me of A), 1.23 (d,/=6.4 Hz,2H; Me of A), 1.36 (d,/=6.4 Hz, 2H; Me of
B), 1.42 (d, J=6.4 Hz, 2H; Me of B), 2.25-2.60 (m, 3H), 5.10-5.80 (m,
3H), 710-8.22 (m, 12H; ArH); ®C NMR (62.9 MHz, CDCL,): 6 =22.0
(Me of A), 22.4 (Me of B), 42.6,43.3,44.1 (CH of A), 44.3 (CH of A), 44.9
(CH of B), 45.7 (CH of B), 117.3 (CH,=), 123.4, 126.0, 126.3, 126.5, 126.8,
1273, 1275, 1279, 128.2, 128.7, 129.0, 129.2, 129.6, 129.7, 130.2, 130.6, 136.2,
136.7, 202.2 (C=S), 216.3 (C=S); MS (70 eV, EI): m/z (%): 331 [M'], 219
(28), 180 (26), 172 (22), 84 (25), 49 (100), 51 (57).
(E)-N-(2-tert-Butylphenyl)-N-methyl-2-methylpent-4-enamide (7)

From thioamide 4ba: A solution of N-(2-tert-butylphenyl)-N-methyl-2-
methylpent-4-enethioamide 4ba (0.11 g; 0.4 mmol) in CH,Cl, (5 mL) was
cooled to 0°C. Purified 3-chloroperoxybenzoic acid (mCPBA) (0.138 g,
0.8 mmol, 2 equiv) was added, and the reaction mixture stirred at 0°C for
3 h. The reaction mixture was then slowly warmed up to room temperature.
After 2 h stirring, TLC showed that the starting thioamide has disappeared.
Saturated NaHCO; solution (2 mL) was added and extracted with CH,Cl,
(3 x30 mL). The organic layer was washed once with brine (5 mL) and
dried over MgSO,. Solvent evaporation gave the crude mixture, which was
purified by column chromatography on silica gel, eluting with petroleum
ether/ethyl acetate (80:20) to furnish the amide 7 as an oil (0.067 g,
0.259 mmol) in 65 % yield. The NMR spectrum showed the presence of two
diastereoisomers A/B in a ratio of 80:20.

From amide 5b: LDA was freshly prepared by adding 1.6M n-BuLi
(0.90 mL, 1.42 mmol, 2.5 equiv) to a solution of diisopropylamine (0.20 mL,
1.42 mmol, 2.5 equiv) in THF (1.5 mL) at 0°C. To this was added a solution
of amide 5b (0.125 g, 0.57 mmol) in THF (1 mL) at 0°C and the resulting
mixture was stirred for 30 min. Allyl iodide (0.13 mL, 1.42 mmol, 2.5 equiv)
was added and stirring was continued for 20 min at 0°C. The reaction
mixture was warmed up to room temperature and refluxed for 8 h. The
reaction mixture was cooled to room temperature, quenched with saturated
NH,Cl solution (5 mL) and extracted with CH,Cl, (3 x 25 mL); the organic
layer washed once with brine (5mL) and dried over MgSO,. Solvent
evaporation gave the crude mixture, which was purified by column
chromatography on silica gel, eluting with petroleum ether/ethyl acetate
(80:20) to give pure 7 as a pale yellow oil (0.14 g, 0.40 mmol) in 95 % yield.
The NMR spectrum showed the presence of two diastereoisomers A/B in a
ratio of 80:20. 'H NMR (250 MHz, CDCL): 6 =0.99 (d, /=6.1 Hz, 3H of
B; Me), 1.06 (d, J=6.1 Hz, 3H of A; Me), 1.35 (s, 9H; rBu), 1.84 (m, 1 H),
2.24 (m, 2H), 3.18 (s, 3H; N-Me), 4.94 (m, 2H), 5.65 (m, 1 H), 7.05 (dd, /=
1.5, 78 Hz, 1H; ArH), 722 (dt, J=1.5, 74 Hz, 1H; ArH), 7.32 (dt, J=1.5,
74 Hz, 1H; ArH), 757 (dd, J=1.5, 7.8 Hz, 1 H; ArH); ®*C NMR (62.9 MHz,
CDCl;): 6 =16.1 (Me of A), 175 (Me of B), 32.4 (Me), 36.4,37.2 (CH of A),
374 (CH of B), 38.9 (CH,), 39.4 (N-Me); 117 (CH,=), 1274, 128.8, 130,
130.8, 136.1, 141.9, 146.8, 177.3 (C=0); MS (70 eV, EI): m/z (%): 259 [M]*,
202 (100), 162 (39), 132 (36), 91 (22); elemental analysis calcd (%) for
C,;H,sNO (259.39): C78.72, H 9.71, N 5.40; found: C 78.66, H 9.66, N 5.67.

X-ray crystal data of 1¢ and 1d: Crystallographic data for compounds 1¢
and 1d are given in Table 3. Crystallographic data (excluding structure
factors) for the structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre as supplementary publication
nos. CCDC-166137 and 166138. Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (fax: (+44)1223 336-033; e-mail: deposit@ccdc.cam.ac.uk).
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Table 3. Crystal data and refinement for compounds 1¢ and 1d. [23]
1c 1d [24]
formula C,sH,NS C3HoNS [25]
M, 284.44 221.36
crystal system monoclinic orthorhombic
space group P2,/a Pbca [26]
a[A] 11.27(1) 10.236(5)
b [A] 9.828(5) 17.168(8)
c[A] 16.188(8) 15.662(8) [27]
a[] 90 90
BI°] 95.4(1) 90 [28]
v ] 90 90 [29]
V[A] 1785(2) 2752(2)
z 4 8 [30]
T[K] 2932 2932 [31]
Pearea [gem 3] 1.058 1.068
u(Mog,) [mm™3] 0.7107 0.7107 [32]
R 0.0646 0.0808
wR 0.0994 0.0856 [33]
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