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One-Pot Reactions

One-Pot Synthesis of N-tert-Butylsulfinylimines and
Homoallylamine Derivatives from Epoxides
Alejandro Lahosa,[a,b,c] Francisco Foubelo,*[a,b,c] and Miguel Yus*[a,c]

Abstract: The reaction of epoxides with tert-butanesulfinamide
in the presence of a Lewis acid, such as erbium triflate or boron
trifluoride–diethyl ether, in THF as solvent, under microwave or
thermal activation, produces N-tert-butylsulfinylimines in rea-
sonable yields. Aromatic and gem-disubstituted and trisubsti-

Introduction
The stereoselective addition of nucleophiles to imines is proba-
bly the most effective way of accessing molecules with a nitro-
gen atom bonded to a stereogenic centre.[1] Many of these chi-
ral aminated compounds are natural or synthetic molecules
that may show biological activity. Such molecules could also be
envisioned as key synthetic intermediates in the preparation of
more complex molecular architectures. Among the stereoselect-
ive methods for the synthesis of these compounds is catalytic
enantioselective addition.[2] This approach relies on the use of
either chiral Lewis acids,[3] which bind to the electrophile acti-
vating it towards nucleophilic attack, or chiral Lewis bases.[4]

Although the development of methods for catalytic enantio-
selective addition is a very attractive field, it has some limita-
tions. For instance, some of the reported catalytic methods use
a large excess of reagents to ensure the turnover of the catalyst.
Sometimes, when the catalytic activation does not significantly
increase the reaction rate, competitive noncatalytic addition re-
sults in a lower enantioselectivity. This is the reason why, in
the synthesis of complex organic molecules, including natural
products, stereoselective nucleophilic additions to imines are
more commonly carried out with stoichiometric amounts of chi-
ral reagents, namely chiral imines (substrate control), including
chiral auxiliaries.[5] Over the past decade chiral imines derived
from tert-butanesulfinamide have been extensively used as

[a] Departamento de Química Orgánica, Facultad de Ciencias, Universidad de
Alicante,
Apdo. 99, 03080 Alicante, Spain
E-mail: foubelo@ua.es

yus@ua.es
http://iso.ua.es/en/personal/investigadores/francisco-foubelo-garcia.html
http://dqorg.ua.es/en/miguel-yus.html

[b] Instituto de Síntesis Orgánica, Universidad de Alicante, Apdo. 99,
03080 Alicante, Spain

[c] Centro de Innovación en Química Avanzada (ORFEO-CINQA), Universidad
de Alicante,
Apdo. 99, 03080 Alicante, Spain
Supporting information for this article is available on the WWW under
http://dx.doi.org/10.1002/ejoc.201600612.

Eur. J. Org. Chem. 0000, 0–0 © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim1

tuted alkyl epoxides performed better than mono-alkyl-substi-
tuted compounds. After imine formation, a subsequent indium-
promoted allylation can be carried out in the same reaction
flask in a single synthetic operation leading to homoallylamine
derivatives with generally high yields.

electrophiles for a wide range of synthetic applications. The
ready availability of both enantiomers of tert-butanesulfinamide
on a large scale, the easy deprotection of the amine under mild
acidic conditions, and a practical procedure for recycling the
chiral auxiliary have undoubtedly contributed to the wide-
spread use of this approach.[6] The synthesis of these aldimines
in an enantioselective fashion was carried out for the first time
by García-Ruano, I. Fernández and coworkers from a tert-
butanesulfinate ester derived from diacetone D-glucose; tert-
butanesulfinamide (1) was involved as a reaction intermediate,
but it was not isolated in this process.[7] Since the development
by Ellman's group of a protocol for the large-scale synthesis of
sulfinamide 1,[8] these imines could be prepared in a straightfor-
ward manner by direct condensation of tert-butanesulfinamide
(1) with carbonyl compounds 2 in the presence of a Lewis acid
and a water scavenger. Thus, Ellman and coworkers reported in
1997 the first synthesis of N-tert-butylsulfinyl aldimines 3 fol-
lowing this strategy.[9] The condensation of aldehydes and sulf-
inamide 1 took place in the presence of an excess of magne-
sium sulfate and a catalytic amount of pyridinium p-toluene-
sulfonate (PPTS), using dichloromethane as solvent at room
temperature.[10] Aldimines 3 were also prepared more efficiently
using copper sulfate in dichloromethane and titanium tetra-
ethoxide in THF as condensation reagents.[10] However, these
reaction conditions were not effective for the synthesis of ket-
imines 4, which were exclusively prepared under the influence
of titanium tetraethoxide in refluxing THF.[10,11] More recently,
new methods for the synthesis of N-tert-butylsulfinylimines 3
through the condensation of aldehydes 2 and tert-butane-
sulfinamide (1) under the influence of acids or bases have been
reported.[12] Interestingly, the condensation can be also carried
out using pyrrolidine as an organocatalyst in the absence of
acids or bases, with the process taking place through iminium
activation in the presence of molecular sieves (MS, 4 Å),[13] or
under microwave irradiation (MW).[14] In this last case, an envi-
ronmentally friendly synthesis of both aldimines 3 and more
challenging ketimines 4 was achieved under solvent-free condi-
tions in short reaction times (Scheme 1).
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Scheme 1. Previously reported synthesis of N-tert-butylsulfinylimines; LiHMDS = lithium hexamethyldisilazide.

Scheme 2. Proposed one-pot transformation of epoxides into N-tert-butylsulfinylimines and homoallylamines.

With the aim of increasing the number of available methods
to synthesize chiral N-tert-butylsulfinylimines, we studied their
synthesis starting from epoxides instead of from carbonyl com-
pounds in a one-pot process. Epoxides are of interest because
they are either commercially available or easily prepared in an
enantiomerically pure form from carbonyl compounds[15] or
olefins.[16] In order to carry out this transformation, isomeriza-
tion of the epoxide to the corresponding carbonyl compound
should take place first, followed by condensation with N-tert-
butanesulfinamide. In principle, a Lewis acid should be involved
in both steps, and the condensation reaction is greatly facili-
tated by the presence of a water scavenger. In addition, an
indium-promoted allylation[17] of the corresponding imine with
an allylic bromide would yield homoallylamine derivatives in a
single synthetic operation. Thus, the multistep transformation
of epoxides into imines, or into homoallylamines, in a one-pot
process, avoiding the work-up and isolation of intermediates,
the so-called pot economy,[18] would be of great interest. Such
an approach would be more environmentally sustainable, be-
cause the amounts of waste, solvents, labour, and time would
be considerably decreased (Scheme 2).

Results and Discussion

For the proposed multistep one-pot strategy shown in
Scheme 2 to be successful, all the transformations should take
place in high yields. Thus, in order to find the best reaction
conditions to carry out the regioselective isomerization of epox-
ides 5 to carbonyl compounds 2, we took styrene oxide (5a) as
a model substrate, and erbium triflate as the Lewis acid pro-
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moter catalyst. It has been reported that erbium triflate is a
very efficient catalyst for the regioselective rearrangement of
epoxides to carbonyl compounds, performing well with a wide
range of substrates.[19] Many tests were carried out, but only
the most significant results are compiled in Table 1. Thus, the
treatment of styrene oxide (5a) with erbium triflate (0.5 mol-%)
in dichloromethane at 23 °C for 20 min led to the formation of
phenylacetaldehyde (2a) in 40 % yield, with 35 % of the starting
epoxide (i.e., 5a) remaining in the reaction mixture; partial de-
composition (around 25 %) of aldehyde 2a, probably through
aldol condensation, was also observed (Table 1, entry 1). When
the isomerization was carried out using 1 mol-% of the erbium
salt, almost complete conversion was observed, and the yields
of both aldehyde 2a (64 %) and of the aldol condensation prod-
ucts (34 %) increased (Table 1, entry 2). In THF, the isomeriza-
tion proceeded more slowly than in dichloromethane at 23 °C,
and after 20 min only 6 % of aldehyde 2a was formed (Table 1,
entry 3). However, prolonged reaction times (8 h) at the same
temperature led to phenylacetaldehyde (2a) in higher yield
(84 %); the decomposition of the aldehyde took place to a
lesser extent in THF than in dichloromethane (Table 1, entry 4).
In addition, the reaction times could be shortened by using
microwave irradiation, with the amount of the desired aldehyde
(i.e., 2a) being tightly dependent on the temperature and the
reaction time (Table 1, entries 5 and 6). Importantly, the isomer-
ization in THF under thermal conditions at 50 °C led, after
45 min, to aldehyde 2a in 78 % yield (Table 1, entry 7). This
result was rather similar to that obtained when the process was
carried out under microwave irradiation. Other Lewis and Brøn-
sted acids led to worse results under similar reaction conditions
(Table 1, entries 8–12), except for boron trifluoride–diethyl
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Table 1. Optimization of the Lewis-acid-catalysed rearrangement of epoxide 5a to carbonyl compound 2a.[a]

Reaction conditions Products [%][b]

Entry Catalyst Solvent Temperature Time 2a 5a

1 Er(OTf)3 (0.5 mol-%) CH2Cl2 23 °C 20 min 40 35
2 Er(OTf)3 (1 mol-%) CH2Cl2 23 °C 20 min 64 2
3 Er(OTf)3 (1 mol-%) THF 23 °C 20 min 6 94
4 Er(OTf)3 (1 mol-%) THF 23 °C 8 h 84 8
5 Er(OTf)3 (1 mol-%) THF MW (40 W), 35 °C 40 min 77 14
6 Er(OTf)3 (1 mol-%) THF MW (40 W), 30 °C 45 min 83 10
7 Er(OTf)3 (1 mol-%) THF 50 °C 45 min 78 8
8 InCl3 (5 mol-%) THF 50 °C 45 min 10 90
9 TfOH (5 mol-%) THF 50 °C 45 min 62 11
10 InBr3 (5 mol-%) THF 50 °C 45 min 18 82
11 AlCl3 (5 mol-%) THF 50 °C 45 min 26 59
12 Ti(OEt)4 (5 mol-%) THF 50 °C 45 min <5 95
13 BF3·OEt2 (5 mol-%) THF 50 °C 45 min 78 7

[a] All the reactions were carried out with 5a (0.5 mmol) in the corresponding solvent (1.5 mL). [b] Yield was determined by GC. Where the combined yields
(2a + 5a) are lower than 100 %, other reaction products resulting mainly from aldol condensation of aldehyde 2a were also formed.

ether, which performed quite well to produce phenylacetalde-
hyde (2a) in 78 % yield (Table 1, entry 13).

Isomerization of gem-dialkyl- and trialkyl-substituted epox-
ides takes place under the same reaction conditions as for aro-
matic epoxides. However, conversion of monalkyl-substituted
epoxides into the corresponding carbonyl compounds is more
challenging. Thus, taking 1-octene oxide (5j) as a model com-
pound and erbium triflate as the catalyst, we tried first to find
the best reaction conditions for this transformation to proceed.
The reaction did not take place in dichloromethane at 45 °C for
45 min under microwave irradiation, and starting epoxide 5j
remained unaltered (Table 2, entry 1). In contrast, complete
conversion was observed after 45 min at 50 °C in THF, but the
expected product, octanal (2j), was formed in only 26 % yield
(Table 2, entry 2). The yields were improved by working at
higher temperatures for shorter reaction times (Table 2, en-

Table 2. Optimization of the Lewis-acid-catalysed rearrangement of epoxide 5j into carbonyl compounds 2j.[a]

Reaction conditions Products [%][b]

Entry Er(OTf)3 Solvent Temperature Time 2j 2j′ 5j

1 1 mol-% CH2Cl2 MW (40 W), 45 °C 45 min – – 97[c]

2 1 mol-% THF MW (40 W), 50 °C 45 min 26 2 –
3 1 mol-% THF MW (40 W), 60 °C 10 min 45 3 –
4 1 mol-% THF MW (90 W), 80 °C 5 min 34 2 40
5 1 mol-% THF MW (100 W), 80 °C 7 min 62 4 –
6 0.5 mol-% THF MW (100 W), 80 °C 7 min 55 4 8
7 1 mol-% THF 85 °C 30 min 20 – 39
8 1 mol-% THF 120 °C 30 min 38 2 –
9 1 mol-% THF 150 °C 10 min 67 5 –

[a] All the reactions were carried out with 5j (0.5 mmol) in the corresponding solvent (1.5 mL). [b] Yield was determined by GC. Where the combined yields
(2j + 2j′ + 5j) are lower than 100 %, other reaction products resulting mainly from aldol condensation reactions of carbonyl compounds 2j and 2j′ were also
formed. [c] The reaction was carried out in CH2Cl2 (3 mL).
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tries 3–6). Isomerization also occurred effectively under thermal
conditions (Table 2, entries 7–9). The highest yield was ob-
served when the reaction was carried out in a high-pressure
tube at 150 °C for 10 min (Table 2, entry 9). Unfortunately, other
Lewis acids (InCl3, InBr3, AlCl3, BF3·OEt2) were not effective for
carrying out this transformation.

Having established optimized reaction conditions for the
isomerization step, we went on to study the one-pot two-step
process for the synthesis of N-tert-butylsulfinylimines 3 from
epoxides 5. Taking again styrene oxide (5a) as the model com-
pound and erbium triflate as the Lewis acid, we found that
isomerization did not take place to an appreciable extent when
sulfinamide 1 was also present in the reaction medium. It seems
that 1 inhibited the action of erbium triflate. For that reason,
tert-butanesulfinamide 1 was added to the reaction flask after
the isomerization of epoxide 5a to aldehyde 2a, along with the
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corresponding reagents for the condensation step. Thus, the
isomerization was carried out first in dichloromethane at room
temperature for 20 min. This was followed by the successive
addition of sulfinamide 1, a catalytic amount of pyridinium
para-toluenesulfonate (PPTS), and magnesium sulfate (2 equiv.).
After leaving the reaction mixture at the same temperature for
a further 12 h, the expected N-tert-butylsulfinylimine (i.e., 3a)
was obtained in 44 % yield (Table 3, entry 1). When the isomeri-
zation was carried out in 1,2-dichloroethane first, followed by
condensation of the resulting aldehyde (i.e., 2a) with sulfin-
amide 1, in the presence of anhydrous magnesium sulfate un-
der microwave irradiation at 60 °C for 20 min, the imine (i.e.,
3a) was obtained in a lower yield (Table 3, entry 2). When THF
was used as solvent instead, and the isomerization was carried
out at 23 °C for 8 h, and the condensation at the same tempera-
ture for 48 h with magnesium sulfate, the imine (i.e., 3a) was
formed in only 24 % yield (Table 3, entry 3). However, the yields
were considerably improved when the same combination of
reagents in THF was submitted to microwave irradiation
(Table 3, entries 4 and 5). When titanium tetraethoxide was
used instead of magnesium sulfate as the condensation pro-
moter, the expected imine (i.e., 3a) was formed in a similar yield
(Table 3, entry 6). On the other hand, when the isomerization
was carried out at 50 °C for 45 min, and the condensation at
room temperature with titanium tetraethoxide in THF for 12 h,
the expected imine (i.e., 3a) was formed in 46 % yield (Table 3,
entry 7), similar to the yields of other processes carried out in
THF.

Although erbium triflate was found to be a little bit more
efficient than boron trifluoride–diethyl ether in the isomeriza-
tion of epoxide 5a, we also studied the one-pot transformation
of 5a into aldimine 3a using this boron compound. Importantly,
in this case, the isomerization step was not affected by the
presence of sulfinamide 1; all the reactions were carried out in
THF with boron trifluoride–diethyl ether (5 mol-%) with all the
reagents in the reaction flask at the beginning of the experi-
ment. This represents an advantage over the erbium triflate ap-
proach. Thus, imine 3a was formed in only 39 % yield after 4 h
at 50 °C when molecular sieves (3 Å) were used as the water
scavenger (Table 4, entry 1). Longer reaction times (12 h) under

Table 3. Optimization of the erbium-triflate-catalysed one-pot, two-step transformation of epoxide 5a into sulfinylimine 3a.[a]

Entry Conditions for step one Conditions for step two Yield [%][b]

1 CH2Cl2, 23 °C, 20 min PPTS (5 mol-%), MgSO4 (2 equiv.), 23 °C, 12 h 44
2 (ClCH2)2, 23 °C, 10 min MgSO4 (2 equiv.), MW (40 W), 60 °C, 20 min 28
3 THF, 23 °C, 8 h MgSO4 (2 equiv.), 23 °C, 48 h 24
4 THF, MW (40 W), 30 °C, 45 min MgSO4 (2 equiv.), MW (40 W), 60 °C, 20 min 45
5 THF, MW (40 W), 30 °C, 45 min MgSO4 (2 equiv.), MW (40 W), 60 °C, 45 min 48
6 THF, MW (40 W), 30 °C, 45 min Ti(OEt)4 (1 equiv.), MW (60 W), 65 °C, 20 min 49[c]

7 THF, 50 °C, 45 min Ti(OEt)4 (1 equiv.), 23 °C, 12 h 46[c]

[a] All the reactions were carried out with 5a (1.0 mmol) and 1 (0.5 mmol), in the corresponding solvent (3.0 mL). [b] Yield was determined after purification
by column chromatography, and is based on starting sulfinimide 1. [c] The reaction was carried out in THF (1.5 mL).
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the same reaction conditions led to a quite good 76 % yield for
the two-step process (Table 4, entry 2). Worse yields were ob-
tained when working at lower temperatures (23 °C) or in the
absence of molecular sieves (Table 4, entries 3 and 4). All these
reactions were carried out with an excess of starting epoxide
5a (2:1 epoxide 5a/sulfinamide 1), because when almost stoi-
chiometric amounts of epoxide 5a and sulfinimide 1 were used,
the yields were considerably lower (Table 4, compare entries 2
and 5).

Table 4. Optimization of the boron trifluoride–diethyl ether catalysed one-
pot transformation of epoxide 5a into sulfinylimine 3a.[a]

Reaction conditions
Tempera- Yield

Entry BF3·OEt2 Solvent MS (3 Å) Time
ture [%][b]

1 5 mol-% THF 400 mg 50 °C 4 h 39
2 5 mol-% THF 400 mg 50 °C 12 h 76
3 5 mol-% THF 400 mg 23 °C 12 h 57
4 5 mol-% THF – 50 °C 12 h 47
5 5 mol-% THF 400 mg 50 °C 12 h 53[c]

[a] All the reactions were carried out with 5a (1.0 mmol) and 1 (0.5 mmol),
in THF (3.0 mL). [b] Yield was determined after purification by column chro-
matography, based on starting sulfinimide 1. [c] The reaction was carried out
with 5a (0.6 mmol).

The substrate scope was then studied under the optimized
reaction conditions. We found that for aromatic epoxides 5a–
5d, method B led to higher yields than method A (Table 5,
entries 1–8). Starting epoxides 5a and 5b were commercially
available. Compound 5c was prepared by epoxidation of para-
acetoxystyrene with MCPBA (m-chloroperbenzoic acid), and 2-
naphthyloxirane (5d) was formed by epoxidation of 2-naphth-
alenecarbaldehyde with chloroiodomethane/n-butyllithium.[20]

We also observed that the yields improved slightly when the
isomerization step with the erbium salt was carried out under
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microwave irradiation (Table 5, entries 1, 5, and 11). Interest-
ingly, methods A and B led to different N-tert-butylsulfinyl-
imines starting from epoxide 5c; when the condensation step
was carried out in the presence of titanium tetraethoxide, de-
acetylation was observed, and imine 3c′ was formed (Table 5,
entry 5). Dialkyl-substituted epoxides 5e–5g performed well
under both sets of reaction conditions, with commercially avail-
able highly volatile isobutylene oxide (5e) giving the highest
yields (Table 5, entries 9 and 10). Epoxides 5f and 5g were
prepared from 6-undecanone and (–)-menthone, respectively,
under the same reaction conditions as used for 5d.[20] Impor-
tantly, enantiomerically pure epoxide 5g, derived from (–)-
menthone, led to two diastereomeric aldimines 3g and 3g′, in-
dicating that the isomerization step is not stereoselective, with
a planar tertiary carbocation probably involved as a reaction
intermediate. In addition, the major diastereomer obtained

Table 5. One-pot synthesis of N-tert-butylsulfinylimines 3 from epoxides 5
and (R)-tert-butanesulfinadide 1.[a]

[a] All the reactions were carried out with 5 (1.0 mmol) and 1 (0.5 mmol), in
THF (3.0 mL). [b] Yield was determined after purification by column chroma-
tography, and is based on starting sulfinimide 1. [c] Yield is given in parenthe-
ses when step one of method A was carried out under microwave irradiation
at 30 °C (40 W). [d] The reaction was carried out with 5e (1.5 mmol). [e] Dia-
stereomeric ratio of aldimines 3g + 3g′ is given in parentheses. [f ] The con-
densation step was carried out at 60 °C; a mixture of three imines was ob-
tained, but only compound 3h was isolated as a single compound in 24 %
yield. [g] Imine formation was not observed. [h] Obtained as 3:1 mixture of
diastereoisomers. [i] Step one of method A was carried out under microwave
irradiation at 80 °C (100 W) for 7 min.
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when the isomerization is carried out with the erbium salt
(method A) seems to be the kinetic product 3g, and the major
component of the reaction mixture formed in the presence of
boron trifluoride (method B) is the thermodynamically more
stable 3g′ (Table 5, entries 13 and 14). Surprisingly, commer-
cially available trialkyl-substituted (+)-limonene oxide (5h),
which is supplied as a mixture of cis and trans isomers, led to
a mixture of N-tert-butylsulfinylimines when modified method
A was used (1H NMR spectrum of the crude reaction mixture).
However, only cyclohexenone derivative 3h was isolated and
characterized. The condensation step was carried out at 60 °C
instead of 23 °C, because the formation of N-tert-butylsulfinyl-
ketimines did not proceed at room temperature in the presence
of titanium tetraethoxide (Table 5, entry 15). However, ketimine
3h was not obtained at all under the reaction conditions of
method B, because condensation of tert-butanesulfinamide (1)
with 3-isopropylene-6-methylcyclohexanone, the major product
obtained after isomerization (>80 %),[20] did not take place
(Table 5, entry 16). The Lewis-acid-catalysed isomerization of α-
pinene oxide (5i) to campholenic aldehyde[21] has been widely
studied because these compounds are of interest in the flavour
and fragance industry. Thus, the one-pot transformation of α-
pinene oxide (5i) into the aldimine derived from campholenic
aldehyde 3i proceeded in a higher yield with method A
(Table 5, entry 17). This is probably because the isomerization
of starting epoxide 5i was less selective when boron trifluoride
was used as Lewis acid (method B; Table 5, entry 18). In both
cases, and because of the newly formed stereogenic centre of
the cyclopentene ring, aldimine 3i was obtained as a 3:1 mix-
ture of diastereoisomers. Finally, the transformation of mono-
alkyl-substituted epoxide 5j into aldimine of octanal 3j was
only possible using modified method A (the isomerization step
was carried out under microwave irradiation at 80 °C, 100 W,
7 min), because boron trifluoride did not effectively promote
the selective isomerization to the aldehyde intermediate
(Table 5, entries 19 and 20).

We have been particularly interested in the indium-mediated
allylation of N-tert-butylsulfinylimines, which produces homo-
allylamine derivatives in a highly diastereoselective fashion, and
we have also reported the aminoallylation of aldehydes with
tert-butanesulfinamides and allylic bromides.[17b,17c] Thus, we
also decided to explore the one-pot transformation of epoxide
starting materials into homoallylamine derivatives by adding
allylic bromides to the reaction media in the presence of indium
metal. In this study we also compared the isomerization step
with erbium trifluoride under microwave irradiation (method
C), with the boron trifluoride–diethyl ether under thermal con-
ditions (method D). In addition, indium metal was in the reac-
tion flask from the beginning in method D, whereas it was
added after the isomerization step along with sulfinamide 1
and titanium tetraethoxide in method C, with all the compo-
nents stirred for a further 1 h at room temperature in this last
case. Finally, after the addition of the appropriate allylic brom-
ide, the reaction mixture was heated at 60 °C for 5 h in both
methods. We were please to find that the expected
homoallylamine derivatives (i.e., 6) were obtained in reasonable
yields (Table 6). Notably, sometimes the isolated yield of the
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homoallylamine derivative (i.e., 6) exceeded the yield of the
corresponding imine precursor (i.e., 3) (compare Table 5, entry 1
and Table 6, entry 1); the more efficient purification by column
chromatography of compounds 6, which are more robust than
imines 3, can be the only explanation for these experimental
results. Regarding facial selectivity, the allylation step pro-
ceeded with high diastereoselectivity (>95:5 dr), taking place
almost exclusively with a Si-face attack of the allylic moiety onto
imines 3 with an R configuration at the sulfur atom. As a conse-
quence of the previously mentioned lack of stereoselectivity
in the isomerization of α-pinene oxide (5i) into campholenic
aldehyde, compound 6i was also obtained as a 3:1 mixture of
diastereoisomers, in terms of the stereogenic centre of the
cyclopentene ring (Table 6, entry 11). As a proof of the synthetic
utility of these methods, para-acetoxystyrene (5c) was trans-
formed into homoallylamine derivative 6c (Table 6, entry 5),
which could be an advanced intermediate in the synthesis of
the marine alkaloid aphanorphine (Figure 1).[22]

Table 6. One-pot synthesis of homoallylamine derivatives 6 from epoxides 5,
(R)-tert-butanesulfinadide 1, and allylic bromides.[a]

[a] All the reactions were carried out with 5 (1.0 mmol) and 1 (0.5 mmol), in
THF (3.0 mL). [b] Yield was determined after purification by column chroma-
tography, based on starting sulfinimide 1. [c] Obtained as 3:1 mixture of
diastereoisomers. [d] Step one of method C was carried out under microwave
irradiation at 80 °C (100 W) for 7 min.

Figure 1. Homoallyl amine derivative 6c, a precursor of the marine alkaloid
aphanorphine (7).
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Conclusions

In summary, one-pot reactions of commercially or easily avail-
able epoxides 5 and tert-butanesulfinamide 1 in the presence
of Lewis acids were found to give N-tert-butylsulfinylimines 3 in
reasonable yields. In addition, enantioenriched homoallylamine
derivatives 6 could be also produced in high yields from the
same precursors, when, after imine formation, a subsequent in-
dium-mediated allylation with allylic bromides was carried out
in the same reaction flask. The methods described here repre-
sent a greener approach than previously reported syntheses of
both N-tert-butylsulfinylimines 3[6] and homoallylamines 6.[6,17]

The number of synthetic operations is decreased, and the reac-
tions also represent examples of the so-called pot economy.

Experimental Section
General Remarks: (RS)-tert-Butanesulfinamide was a gift from Med-
alchemy (>99 % ee by chiral HPLC on a Chiracel AS column; n-hex-
ane/iPrOH, 90:10; 1.2 mL/min; λ = 222 nm). TLC was carried out on
silica gel 60 F254 using aluminum plates, which were visualized with
phosphomolybdic acid (PMA) stain. Flash chromatography was car-
ried out on hand-packed columns of silica gel 60 (230–400 mesh).
Gas-chromatographic analysis (GC) was carried out with an Agilent
Technologies 6890N instrument equipped with a flame ionization
detector and a 30.0 m capillary column (0.25 mm diam., 0.25 μm
film thickness), using nitrogen (1.4 mL/min) as carrier gas, Tinjector =
275 °C, Tcolumn = 60 °C (3 min) and 60–270 °C (15 °C/min). Optical
rotations were measured using a polarimeter with a thermally jack-
eted 5 cm cell at approximately 23 °C, and concentrations (c) are
given in g/100 mL. Infrared spectroscopic analysis was carried out
with a spectrophotometer equipped with an ATR component; wave-
numbers are given in cm–1. Low-resolution mass spectra (EI) were
obtained at 70 eV, and fragment ions are reported as m/z with
relative intensities (%) in parentheses. High-resolution mass spectra
(HRMS) were also measured in electron impact mode (EI) at 70 eV.
Alternatively, high-resolution mass spectra were measured using an
instrument equipped with a time-of-flight (TOF) analyser; samples
were ionized by the ESI technique and introduced through an ultra-
high-pressure liquid chromatograph (UPLC). NMR spectra were re-
corded at 300 or 400 MHz for 1H NMR and 75 or 100 MHz for 13C
NMR, using CDCl3 as the solvent and tetramethylsilane as internal
standard (δ = 0.00 ppm). Data are reported as: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet or unresolved, br.
s = broad signal, coupling constant(s) in Hz, integration. 13C NMR
spectra were recorded with 1H decoupling at 100 MHz, and were
referenced to CDCl3 at δ = 77.16 ppm. DEPT-135 experiments were
carried out to assign peaks as CH, CH2, or CH3. All reactions requir-
ing anhydrous conditions were carried out in oven-dried glassware
under argon. Unless otherwise indicated, all commercially available
chemicals were purchased from Acros or Sigma–Aldrich, and were
used without purification.

General Procedure for the Synthesis of N-tert-Butylsulfinyl-
imines 3 from Epoxides 5 (Method A): A heterogeneous mixture
of the corresponding epoxide 5 (1.0 mmol) and erbium triflate
(0.0063 g, 0.01 mmol) in THF (3.0 mL) was stirred at 50 °C for 45 min.
Then, the reaction mixture was cooled down to 23 °C, and tert-
butanesulfinamide (1; 0.061 mg, 0.5 mmol) and titanium tetraethox-
ide (0.274 g, 0.251 mL, 1.2 mmol) were added. The resulting mixture
was stirred for a further 12 h at the same temperature. After this
time, the reaction was quenched with brine (0.5 mL), and the mix-
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ture was diluted with EtOAc (15 mL). The resulting suspension was
filtered through a short pad of Celite, and the solvent was evapo-
rated (15 Torr). The residue was purified by column chromatography
(hexane/EtOAc) to give pure compounds 3, yields for compounds
3 are given in Table 5. Physical and spectroscopic data follow.

(RS)-N-(tert-Butylsulfinyl)-2-phenylethanimine (3a):[23] Colourless
oil. [α]D

23 = –194 (c = 1.01, CH2Cl2). Rf 0.40 (hexane/EtOAc, 4:1). IR
(film): ν̃ = 3028, 2957, 2869, 1619, 1582, 1496, 1454, 1363, 1180,
1079 cm–1. 1H NMR: δ = 8.13 (t, J = 5.2 Hz, 1 H), 7.37–7.19 (m, 5 H),
3.89–3.75 (m, 2 H), 1.18 (s, 9 H) ppm. 13C NMR: δ = 167.54 (CH),
134.89 (C), 129.30, 128.94, 127.23 (CH), 56.98 (C), 42.74 (CH2), 22.49
(CH3) ppm. LRMS (EI): m/z (%) = 117 (100) [M – C4H8]+, 116 (38), 90
(41), 89 (28), 63 (12), 51 (15).

(RS)-N-(tert-Butylsulfinyl)-2-(4-chlorophenyl)ethanimine (3b):
Colourless oil. [α]D

23 = –92 (c = 1.04, CH2Cl2). Rf 0.30 (hexane/EtOAc,
4:1). IR (film): ν̃ = 2962, 2864, 1707, 1619, 1491, 1412, 1362, 1175,
1089, 1014, 908, 823, 730 cm–1. 1H NMR: δ = 8.10 (t, J = 5.1 Hz, 1
H), 7.37–7.28 (m, 2 H), 7.21–7.11 (m, 2 H), 3.87–3.73 (m, 2 H), 1.18
(s, 9 H) ppm. 13C NMR: δ = 166.92 (CH), 133.34, 133.19 (C), 130.67,
129.07 (CH), 57.08 (C), 41.96 (CH2), 22.48 (CH3) ppm. LRMS (EI): m/z
(%) = 257 (1) [M]+, 201 (24), 154 (15), 138 (32), 126 (36), 71 (15), 69
(16), 57 (100), 55 (18), 43 (39), 41 (25). HRMS (ESI): calcd. for
C8H8Cl35NOS [M – C4H8]+ 201.0015; found 201.0011.

(RS)-2-(4-Acetoxyphenyl)-N-(tert-butylsulfinyl)ethanimine (3c):
Yellow oil. [α]D

23 = –63 (c = 1.04, CH2Cl2). Rf 0.60 (hexane/EtOAc, 1:1).
IR (film): ν̃ = 2958, 2864, 1757, 1620, 1506, 1367, 1191, 1166, 1078,
1013, 910, 849, 729 cm–1. 1H NMR: δ = 8.12 (t, J = 5.2 Hz, 1 H), 7.26–
7.21 (m, 2 H), 7.10–7.03 (m, 2 H), 3.90–3.75 (m, 2 H), 2.30 (s, 3 H),
1.19 (s, 9 H) ppm. 13C NMR: δ = 169.51 (C), 167.16 (CH), 149.83,
132.44 (C), 130.28, 122.05 (CH), 56.99 (C), 41.99 (CH2), 22.46, 21.19
(CH3) ppm. LRMS (EI): m/z (%) = 225 (167) [M – C4H8]+, 183 (15),
135 (28), 133 (10), 121 (21), 120 (61), 107 (37), 94 (17), 77 (11), 57
(100), 43 (40), 41 (20). HRMS (ESI): calcd. for C10H11NO3S [M – C4H8]+

225.0460; found 225.0453.

(RS)-N-(tert-Butylsulfinyl)-2-(4-hydroxyphenyl)ethanimine (3c′):
Yellow solid, m.p. 101–102 °C (hexane/CH2Cl2). [α]D

23 = –22 (c = 1.07,
CH2Cl2). Rf 0.52 (hexane/EtOAc, 1:1). IR (KBr): ν̃ = 3180, 2957, 2918,
1762, 1620, 1594, 1517, 1459, 1365, 1267, 1193, 1052, 832 cm–1. 1H
NMR: δ = 8.09 (t, J = 5.3 Hz, 1 H), 7.34 (s, 1 H), 7.02 (d, J = 8.5 Hz,
2 H), 6.78 (d, J = 8.6 Hz, 2 H), 3.81–3.67 (m, 2 H), 1.21 (s, 9 H) ppm.
13C NMR: δ = 168.76 (CH), 155.70 (C), 130.32 (CH), 125.81 (C), 116.03
(CH), 57.37 (C), 41.97 (CH2), 22.51 (CH3) ppm. LRMS (EI): m/z (%) =
183 (70) [M – C4H8]+, 169 (28), 135 (28), 121 (35), 120 (84), 108 (11),
107 (46), 94 (27), 77 (18), 57 (100), 41 (22). HRMS (ESI): calcd. for
C8H9NO2S [M – C4H8]+ 183.0354; found 183.0350.

(RS)-N-(tert-Butylsulfinyl)-2-(2-naphthyl)ethanimine (3d): Yellow
oil. [α]D

23 = –140 (c = 1.02, CH2Cl2). Rf 0.33 (hexane/EtOAc, 4:1). IR
(film): ν̃ = 3054, 2961, 2929, 1618, 1510, 1470, 1451, 1363, 1266,
1182, 1083, 857, 817, 734 cm–1. 1H NMR: δ = 8.22 (t, J = 5.2 Hz, 1
H), 7.86–7.77 (m, 3 H), 7.69 (s, 1 H), 7.54–7.44 (m, 2 H), 7.34 (dd, J =
8.4, 1.8 Hz, 1 H), 4.07–3.92 (m, 2 H), 1.20 (s, 9 H) ppm. 13C NMR: δ =
167.43 (CH), 133.69, 132.54, 132.36 (C), 128.64, 127.97, 127.80,
127.68, 127.35, 126.41, 125.99 (CH), 57.04 (C), 42.83 (CH2), 22.52
(CH3) ppm. LRMS (EI): m/z (%) = 273 (1) [M – C4H8]+, 218 (14), 217
(99), 169 (64), 168 (36), 167 (32), 166 (13), 155 (14), 154 (73), 142
(27), 141 (62), 140 (10), 139 (23), 128 (28), 115 (37), 57 (100), 41
(18). HRMS (ESI): calcd. for C12H11NOS [M – C4H8]+ 217.0561; found
217.0551.

(RS)-N-(tert-Butylsulfinyl)-2-methylpropanimine (3e):[23] Colour-
less oil. [α]D

23 = –229 (c = 1.01, CH2Cl2). Rf 0.49 (hexane/EtOAc, 4:1).
IR (film): ν̃ = 2967, 2926, 2868, 1620, 1458, 1363, 1165, 1084 cm–1.
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1H NMR: δ = 7.99 (d, J = 4.4 Hz, 1 H), 2.72 (m, 1 H), 1.19 (s, 9 H),
1.18 (d, J = 1.6 Hz, 3 H), 1.16 (d, J = 1.5 Hz, 3 H) ppm. 13C NMR: δ =
173.64 (CH), 56.53 (C), 34.93 (CH), 22.35, 18.96 (CH3) ppm. LRMS (EI):
m/z (%) = 175 (2) [M – C4H8]+, 119 (20), 57 (100), 56 (52), 55 (11),
43 (12), 42 (16), 41 (82).

(RS)-N-(tert-Butylsulfinyl)-2-pentylheptan-1-imine (3f): Colour-
less oil. [α]D

23 = –170 (c = 1.07, CH2Cl2). Rf 0.69 (hexane/EtOAc, 4:1).
IR (film): ν̃ = 2955, 2926, 2858, 1617, 1458, 1362, 1087, 780 cm–1.
1H NMR: δ = 7.89 (d, J = 6.4 Hz, 1 H), 2.57–2.43 (m, 1 H), 1.67–1.43
(m, 4 H), 1.36–1.23 (m, 12 H), 1.21 (s, 9 H), 0.93–0.81 (m, 6 H) ppm.
13C NMR: δ = 173.63 (CH), 56.63 (C), 45.87 (CH), 32.28, 32.22, 32.03,
31.94, 27.03, 26.96, 22.63 (CH2), 22.56, 14.15, 14.12 (CH3) ppm. LRMS
(EI): m/z (%) = 232 (3) [M – C4H8]+, 231 (16), 149 (19), 97 (9), 71 (11),
70 (20), 69 (13), 61 (16), 57 (47), 55 (15), 45 (18), 43 (100), 41 (17).
HRMS (ESI): calcd. for C12H25NOS [M – C4H8]+ 231.1657; found
231.1658.

(RS,1S,2S,5R)-N-(tert-Butylsulfinyl)-(2-isopropyl-5-methylcyclo-
hexyl)methanimine (3g) and (RS,1R,2S,5R)-N-(tert-Butylsulfinyl)-
(2-isopropyl-5-methylcyclohexyl)methanimine (3g′): Mixture of
diastereoisomers; colourless oil. Rf 0.64 (hexane/EtOAc, 4:1). IR (film):
ν̃ = 2953, 2925, 2870, 1727, 1617, 1456, 1387, 1365, 1181, 1086,
732, 688 cm–1. LRMS (EI): m/z (%) = 215 (20) [M – C4H8]+, 167 (11),
152 (19), 151 (13), 149 (16), 137 (12), 97 (11), 95 (23), 83 (17), 81
(17), 77 (11), 71 (17), 70 (21), 69 (20), 61 (15), 57 (69), 55 (25), 45
(20), 44 (16), 43 (100), 42 (12), 41 (28). HRMS (ESI): calcd. for
C11H21NO2S [M – C4H8]+ 215.1344; found 215.1347.

(RS,1S,2S,5R)-N-(tert-Butylsulfinyl)-(2-isopropyl-5-methylcyclo-
hexyl)methanimine (3g): 1H NMR: δ = 8.24 (d, J = 7.0 Hz, 1 H),
3.06 (dd, J = 7.0, 3.8 Hz, 1 H), 1.95–1.77 (m, 2 H), 1.76–1.56 (m, 3 H),
1.49–1.25 (m, 3 H), 1.21 (s, 9 H), 1.17–0.96 (m, 1 H), 0.93–0.88 (m, 6
H), 0.86 (d, J = 6.4 Hz, 3 H) ppm. 13C NMR: δ = 172.52 (CH), 56.73
(C), 46.96, 43.17 (CH), 39.75, 35.50 (CH2), 30.50, 27.70 (CH), 26.38
(CH2), 22.76, 22.61, 21.48, 20.86 (CH3) ppm.

(RS,1R,2S,5R)-N-(tert-Butylsulfinyl)-(2-isopropyl-5-methylcyclo-
hexyl)methanimine (3g′): 1H NMR: δ = 7.88 (d, J = 7.4 Hz, 1 H),
2.53 (tdd, J = 11.4, 7.5, 3.7 Hz, 1 H), 1.97–1.53 (m, 3 H), 1.50–1.22
(m, 3 H), 1.19 (s, 9 H), 1.16–0.97 (m, 2 H), 0.94–0.88 (m, 6 H), 0.78
(d, J = 6.9 Hz, 3 H) ppm. 13C NMR: δ = 173.19 (CH), 56.67 (C), 47.58,
45.39 (CH), 39.07, 34.72 (CH2), 32.10, 29.28 (CH), 24.12 (CH2), 22.54,
22.48, 21.28, 15.90 (CH3) ppm.

(RS,2R,5R)-N-(tert-Butylsulfinyl)-5-isopropenyl-2-methylcyclo-
hexanimine (3h): Colourless oil. [α]D

23 = –93 (c = 0.91, CH2Cl2). Rf

0.56 (hexane/EtOAc, 4:1). IR (film): ν̃ = 2962, 2927, 2860, 1713, 1619,
1455, 1362, 1183, 1068, 888 cm–1. 1H NMR: δ = 4.78–4.71 (m, 2 H),
3.66–3.57 (m, 1 H), 2.42–2.26 (m, 2 H), 2.15–2.04 (m, 1 H), 2.00–1.80
(m, 2 H), 1.75 (s, 3 H), 1.63–1.47 (m, 1 H), 1.45–1.30 (m, 1 H), 1.24
(s, 9 H), 1.09 (d, J = 6.3 Hz, 3 H) ppm. 13C NMR: δ = 189.77, 147.93
(C), 109.64 (CH2), 56.46 (C), 47.29, 43.97 (CH), 39.54, 36.34, 31.10
(CH2), 22.29, 20.87, 16.43 (CH3) ppm. LRMS (EI): m/z (%) = 199 (39)
[M – C4H8]+, 151 (11), 149 (19), 136 (14), 123 (10), 111 (11), 109 (20),
107 (11), 97 (16), 95 (21), 93 (14), 85 (14), 83 (16), 82 (12), 81 (19),
71 (23), 70 (21), 69 (23), 67 (21), 61 (13), 57 (62), 55 (30), 45 (16), 44
(11), 43 (100), 42 (10), 41 (37). HRMS (ESI): calcd. for C10H17NOS [M
– C4H8]+ 199.1031; found 199.1029.

(RS)-N-(tert-Butylsulfinyl)-2-(2,2,3-trimethylcyclopent-3-enyl)-
ethanimine (3i): Mixture of diastereoisomers (3:1). colourless oil. Rf

0.56 (hexane/EtOAc, 4:1). IR (film): ν̃ = 2955, 2867, 1620, 1458, 1362,
1186, 1088, 1014, 939, 797, 681 cm–1. 1H NMR: δ = 8.16–8.03 (m, 1
H), 5.26–5.21 (m, 1 H), 2.72–2.60 (m, 1 H), 2.57–2.43 (m, 1 H), 2.40–
2.27 (m, 1 H), 2.25–2.08 (m, 1 H), 1.97–1.84 (m, 1 H), 1.64–1.61 (m,
3 H), 1.21 (s, 9 H), 1.02 (s, 3 H), 0.84 (s, 3 H) ppm. LRMS (EI): m/z
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(%) = 256 (8) [M + 1]+, 200 (22), 199 (23), 149 (26), 135 (32), 133
(34), 121 (14), 109 (48), 108 (58), 107 (26), 95 (20), 93 (43), 91 (27),
81 (15), 79 (16), 71 (15), 70 (17), 67 (16), 57 (86), 55 (20), 45 (15), 43
(100), 41 (36). HRMS (ESI): calcd. for C10H16NOS [M – C4H8]+

198.0953; found 198.0951.

Data for major isomer: 13C NMR: δ = 170.01 (CH), 148.27 (C), 121.61
(CH), 56.65, 47.18 (C), 47.14 (CH), 37.43, 35.78 (CH2), 25.83, 22.51,
20.07, 12.74 (CH3) ppm.

Data for minor isomer: 13C NMR: δ = 169.84 (CH), 148.15 (C), 121.69
(CH), 56.75 (C), 47.18 (CH), 46.99, 37.34 (CH2), 35.66, 25.83, 22.51,
20.12, 12.74 (CH3) ppm.

General Procedure for the Synthesis of N-tert-Butylsulfinyl-
imines 3 from Epoxides 5 (Modified Method A): A heterogeneous
mixture of the corresponding epoxide 5 (1.0 mmol) and erbium
triflate (0.0063 g, 0.01 mmol) in THF (3.0 mL) was irradiated for
45 min at 40 W power and 30 °C (7 min at 100 W power and 80 °C
for epoxide 5j). Then, the reaction mixture was cooled down to
23 °C, and tert-butanesulfinamide (1; 0.061 mg, 0.5 mmol) and tita-
nium tetraethoxide (0.274 g, 0.251 mL, 1.2 mmol) were added. The
resulting mixture was stirred at the same temperature for a further
12 h. After this time, the reaction was quenched with brine (0.5 mL),
and the mixture was diluted with EtOAc (15 mL). The resulting sus-
pension was filtered through a short pad of Celite, and the filtrate
was concentrated (15 Torr). The resulting residue was purified by
column chromatography (hexane/EtOAc) to give pure compounds
3a, 3c′, 3f, and 3j, yields for these compounds 3 are given in
Table 5. Physical and spectroscopic for compound 3j follow; for the
other compounds 3, the data are given above.

(RS)-N-(tert-Butylsulfinyl)octan-1-imine (3j):[24] Colourless oil.
[α]D

23 = –207 (c = 1.02, CH2Cl2). Rf 0.56 (hexane/EtOAc, 4:1). IR (film):
ν̃ = 2952, 2925, 2857, 1621, 1458, 1363, 1186, 1086, 675 cm–1. 1H
NMR: δ = 8.07 (t, J = 4.8 Hz, 1 H), 2.51 (td, J = 7.4, 4.8 Hz, 2 H),
1.70–1.55 (m, 2 H), 1.39–1.24 (m, 8 H), 1.20 (s, 9 H), 0.91–0.85 (m, 3
H) ppm. 13C NMR: δ = 169.90 (CH), 56.57 (C), 36.21, 31.76, 29.28,
29.09, 25.60, 22.67 (CH2), 22.42, 14.14 (CH3) ppm. LRMS (EI): m/z
(%) = 175 (19) [M – C4H8]+, 149 (18), 129 (11), 127 (11), 115 (10),
111 (28), 109 (13), 105 (12), 99 (10), 97 (26), 95 (17), 91 (18), 87 (75),
85 (44), 83 (25), 81 (20), 73 (47), 71 (67), 70 (25), 69 (50), 67 (21), 57
(100), 56 (29), 55 (74), 45 (21), 44 (29), 43 (72), 41 (53).

General Procedure for the Synthesis of N-tert-Butylsulfinyl-
imines 3 from Epoxides 5 (Method B): A heterogeneous mixture
of the corresponding epoxide 5 (1.0 mmol), tert-butanesulfinamide
(1; 0.061 mg, 0.5 mmol), boron trifluoride–diethyl ether (0.0071 g,
11.8 μL, 0.05 mmol), and molecular sieves (3 Å; 400 mg) in THF
(3.0 mL) was stirred at 50 °C for 12 h. Then, the reaction mixture
was cooled down to 23 °C, diluted with EtOAc (15 mL), and filtered.
The liquid phase was hydrolysed with water (10 mL), and extracted
with EtOAc (3 × 15 mL). The organic phase was dried with anhy-
drous MgSO4, and the solvent was evaporated (15 Torr). The residue
was purified by column chromatography (hexane/EtOAc) to give
pure compounds 3, yields for these compounds are given in
Table 5. Physical and spectroscopic are given above.

General Procedure for the Synthesis of Homoallylamine Deriva-
tives 6 from Epoxides 5 (Method C): A heterogeneous mixture of
the corresponding epoxide 5 (1.0 mmol) and erbium triflate
(0.0063 g, 0.01 mmol) in THF (3.0 mL) was irradiated for 45 min at
40 W power and 30 °C (7 min at 100 W power and 80 °C for epoxide
5j). Then, the reaction mixture was cooled down to 23 °C, and tert-
butanesulfinamide (1; 0.061 mg, 0.5 mmol), indium metal (0.115 g,
1.0 mmol), and titanium tetraethoxide (0.274 g, 0.251 mL, 1.2 mmol)
were added. The resulting mixture was stirred at the same tempera-
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ture for a further 1 h. Then allyl bromide (0.182 g, 0.130 mL,
1.5 mmol) was added, and the reaction mixture was heated for 5 h
at 60 °C. Then, the mixture was cooled down to room temperature,
quenched with brine (0.1 mL), and diluted with EtOAc (15 mL). The
resulting suspension was filtered through a short pad of Celite and
concentrated (15 Torr). The residue was purified by column chroma-
tography (hexane/EtOAc) to give pure compounds 6, yields for
these compounds are given in Table 6. Physical and spectroscopic
follow.

(RS,2S)-N-(tert-Butylsulfinyl)-1-phenylpent-4-en-2-amine
(6a):[17b] Yellow wax. [α]D

23 = –31 (c = 1.07, CH2Cl2). Rf 0.40 (hexane/
EtOAc, 1:1). IR (film): ν̃ = 3403, 3127, 2926, 1638, 1599, 1455, 1362,
1175, 1051, 907, 745, 698 cm–1. 1H NMR: δ = 7.37–7.15 (m, 5 H),
5.91–5.73 (m, 1 H), 5.21 (s, 1 H), 5.19–5.14 (m, 1 H), 3.64–3.51 (m, 1
H), 3.32 (d, J = 5.8 Hz, 1 H), 2.87 (dd, J = 13.7, 7.0 Hz, 1 H), 2.75 (dd,
J = 13.7, 6.7 Hz, 1 H), 2.48–2.25 (m, 2 H), 1.11 (s, 9 H) ppm. 13C NMR:
δ = 138.27 (C), 134.24, 129.65, 128.41, 126.47 (CH), 119.20 (CH2),
56.47 (CH), 55.91 (C), 41.64, 39.84 (CH2), 22.58 (CH3) ppm. LRMS (EI):
m/z (%) = 209 (3) [M – C4H8]+, 118 (100), 104 (27), 102 (11), 92 (8),
91 (41), 65 (8).

(RS,2S)-N-(tert-Butylsulfinyl)-1-(4-chlorophenyl)pent-4-en-2-
amine (6b): Yellow wax. [α]D

23 = –25 (c = 1.03, CH2Cl2). Rf 0.33 (hex-
ane/EtOAc, 1:1). IR (film): ν̃ = 2924, 1638, 1492, 1408, 1362, 1175,
1091, 1052, 1015, 914, 834, 799, 731 cm–1. 1H NMR: δ = 7.30–7.23
(m, 2 H), 7.18–7.07 (m, 2 H), 5.90–5.72 (m, 1 H), 5.24–5.13 (m, 2 H),
3.55 (m, 1 H), 3.31 (d, J = 5.7 Hz, 1 H), 2.84 (dd, J = 13.8, 7.1 Hz, 1
H), 2.74 (dd, J = 13.8, 6.5 Hz, 1 H), 2.48–2.24 (m, 2 H), 1.12 (s, 9 H)
ppm. 13C NMR: δ = 136.82 (C), 134.01 (CH), 132.32 (C), 131.03,
128.55 (CH), 119.45 (CH2), 56.27 (CH), 56.00 (C), 41.01, 39.81 (CH2),
22.63 (CH3) ppm. LRMS (EI): m/z (%) = 244 (3) [M – C4H8]+, 243 (23),
202 (11), 201 (18), 127 (12), 125 (37), 118 (100), 57 (42), 41 (13).
HRMS (ESI): calcd. for C11H14Cl35NOS [M – C4H8]+ 243.0485; found
243.0487.

(RS,2S)-N-(tert-Butylsulfinyl)-1-(2-naphthyl)pent-4-en-2-amine
(6d): Orange wax. [α]D

23 = –28 (c = 1.07, CH2Cl2). Rf 0.36 (hexane/
EtOAc, 1:1). IR (film): ν̃ = 2925, 1737, 1638, 1598, 1510, 1363, 1239,
1046, 918, 815, 749 cm–1. 1H NMR: δ = 7.88–7.74 (m, 3 H), 7.64 (s,
1 H), 7.50–7.42 (m, 2 H), 7.34 (dd, J = 8.4, 1.8 Hz, 1 H), 5.92–5.76 (m,
1 H), 5.22 (s, 1 H), 5.20–5.15 (m, 1 H), 3.76–3.61 (m, 1 H), 3.39 (d, J =
5.3 Hz, 1 H), 3.06 (dd, J = 13.7, 6.8 Hz, 1 H), 2.91 (dd, J = 13.7, 6.8 Hz,
1 H), 2.54–2.25 (m, 2 H), 1.11 (s, 9 H) ppm. 13C NMR: δ = 135.76 (C),
134.20 (CH), 133.46, 132.22 (C), 128.17, 127.96, 127.92, 127.63,
127.44, 126.06, 125.46 (CH), 119.20 (CH2), 56.15 (CH), 55.84 (C),
41.79, 39.73 (CH2), 22.56 (CH3) ppm. LRMS (EI): m/z (%) = 260 (11)
[M – C4H8]+, 259 (61), 142 (27), 141 (100), 118 (54), 115 (23), 70 (47),
57 (28), 41 (10). HRMS (ESI): calcd. for C15H17NOS [M – C4H8]+

259.1031; found 259.1029.

(RS,3S)-N-(tert-Butylsulfinyl)-2-methylhex-5-en-3-amine (6e):[25]

Yellow oil. [α]D
23 = –61 (c = 1.09, CH2Cl2). Rf 0.47 (hexane/EtOAc, 1:1).

IR (film): ν̃ = 3239, 2959, 2871, 1638, 1467, 1388, 1364, 1173, 1132,
1053, 1006, 907 cm–1. 1H NMR: δ = 5.89–5.72 (m, 1 H), 5.22–5.14
(m, 1 H), 5.14 (s, 1 H), 3.25–3.12 (m, 1 H), 2.46–2.21 (m, 2 H), 1.97–
1.81 (m, 1 H), 1.23 (s, 9 H), 0.91 (d, J = 6.8 Hz, 6 H) ppm. 13C NMR:
δ = 134.84 (CH), 118.74 (CH2), 60.03 (CH), 56.04 (C), 37.08 (CH2),
31.08 (CH), 22.85, 18.48, 17.93 (CH3) ppm. LRMS (EI): m/z (%) = 162
(2) [M – C4H8]+, 161 (15), 120 (47), 119 (72), 118 (18), 62 (25), 59
(12), 57 (88), 56 (31), 55 (71), 43 (30), 42 (12), 41 (100).

(RS,4R)-N-(tert-Butylsulfinyl)undec-1-en-4-amine (6j): Yellow
wax. [α]D

23 = –24 (c = 1.05, CH2Cl2). Rf 0.52 (hexane/EtOAc, 1:1). IR
(film): ν̃ = 2925, 2855, 1638, 1457, 1362, 1114, 1054, 993, 913,
723 cm–1. 1H NMR: δ = 5.89–5.70 (m, 1 H), 5.21–5.04 (m, 2 H), 3.53–
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3.25 (m, 2 H), 3.22 (d, J = 6.0 Hz, 1 H), 2.49–2.20 (m, 2 H), 1.44–1.21
(m, 12 H), 1.21 (s, 9 H), 0.94–0.82 (m, 3 H) ppm. 13C NMR: δ = 134.37
(CH), 118.96 (CH2), 55.90 (C), 54.97 (CH), 40.55, 35.07, 31.91, 29.57,
29.34, 25.58 (CH2), 22.80 (CH3), 22.75 (CH3), 14.21 (CH3) ppm. LRMS
(EI): m/z (%) = 273 (1) [M – C4H8]+, 217 (17), 176 (68), 175 (58), 149
(35), 118 (26), 115 (61), 111 (26), 109 (18), 97 (39), 95 (26), 87 (17),
85 (31), 83 (33), 81 (27), 73 (60), 71 (69), 70 (35), 69 (62), 67 (19), 57
(80), 56 (23), 55 (88), 45 (22), 43 (100), 41 (56). HRMS (ESI): calcd. for
C11H23NOS [M – C4H8]+ 217.1500; found 217.1500.

General Procedure for the Synthesis of Homoallylamine Deriva-
tives 6 from Epoxides 5 (Method D): A heterogeneous mixture of
the corresponding epoxide 5 (1.0 mmol), tert-butanesulfinamide (1;
0.061 mg, 0.5 mmol), indium metal (0.115 g, 1.0 mmol), boron tri-
fluoride–diethyl ether (0.0071 g, 11.8 μL, 0.05 mmol) and molecular
sieves (3 Å; 400 mg) in THF (3.0 mL) was stirred at 50 °C for 12 h.
Then, the reaction mixture was cooled down to 23 °C, and the corre-
sponding allylic bromide (1.5 mmol) was added. The resulting mix-
ture was heated for 5 h at 60 °C, and after that it was cooled down,
diluted with EtOAc (15 mL), and filtered. The liquid phase was
hydrolysed with water (10 mL), and extracted with EtOAc (3 ×
15 mL). The organic phase was dried with anhydrous MgSO4, and
the solvent was evaporated (15 Torr). The residue was purified by
column chromatography (hexane/EtOAc) to give pure compounds
6, yields for these compounds are given in Table 6. Physical and
spectroscopic for compounds 6c and 6i follow, and for the other
compounds the data are given above.

(RS,2S)-N-(tert-Butylsulfinyl)-1-(4-acetoxyphenyl)pent-4-en-2-
amine (6c): Yellow wax. [α]D

23 = –48 (c = 1.04, CH2Cl2). Rf 0.30 (hex-
ane/EtOAc, 1:1). IR (film): ν̃ = 2925, 1761, 1507, 1442, 1366, 1214,
1192, 1166, 1049, 1016, 910, 852, 732 cm–1. 1H NMR: δ = 7.24–7.17
(m, 2 H), 7.04–6.98 (m, 2 H), 4.90 (s, 1 H), 4.82 (s, 1 H), 3.72–3.56 (m,
1 H), 3.41 (d, J = 3.5 Hz, 1 H), 2.93 (dd, J = 13.7, 6.3 Hz, 1 H), 2.71
(dd, J = 13.8, 6.9 Hz, 1 H), 2.37–2.15 (m, 2 H), 2.29 (s, 3 H), 1.71 (s,
3 H), 1.14 (s, 9 H) ppm. 13C NMR: δ = 169.61, 149.32, 142.21, 135.79
(C), 130.66, 121.49 (CH), 114.55 (CH2), 55.86 (C), 53.10 (CH), 43.87,
41.44 (CH2), 22.62, 21.92, 21.21 (CH3) ppm. LRMS (EI): m/z (%) = 282
(5) [M – C4H8]+, 281 (13), 226 (14), 225 (100), 183 (24), 175 (26), 135
(20), 132 (48), 120 (43), 114 (19), 107 (67), 57 (41), 43 (15), 41 (13).
HRMS (ESI): calcd. for C10H11NO3S [M – (C4H9 + C4H7)]+ 225.0460;
found 225.0451.

(RS,2S)-N-(tert-Butylsulfinyl)-1-(2,2,3-trimethylcyclopent-3-
enyl)pent-4-en-2-amine (6i): Mixture of diastereoisomers (3:1). yel-
low wax. Rf 0.52 (hexane/EtOAc, 1:1). IR (film): ν̃ = 2954, 2925, 1638,
1442, 1362, 1053, 911, 838, 796, 732 cm–1. 1H NMR: δ = 5.91–5.72
(m, 1 H), 5.27–5.10 (m, 3 H), 3.41–3.25 (m, 1 H), 3.19 (d, J = 8.2 Hz,
1 H), 2.57–2.40 (m, 2 H), 2.37–2.21 (m, 2 H), 2.03–1.89 (m, 1 H), 1.89–
1.74 (m, 1 H), 1.63–1.58 (m, 3 H), 1.51–1.40 (m, 1 H), 1.21, 1.20 (2 s,
1:3 ratio, 9 H), 0.98, 0.95 (2 s, 1:3 ratio, 3 H), 0.76, 0.75 (2 s, 1:3 ratio,
3 H) ppm.

Data for major isomer: 13C NMR: δ = 148.76 (C), 134.15, 121.68 (CH),
119.09 (CH2), 56.18 (C), 55.03 (CH), 46.81 (C), 46.30 (CH), 42.25, 36.20,
35.53 (CH2), 25.68, 22.85, 19.84, 12.71 (CH3) ppm. LRMS (EI): m/z
(%) = 242 (16) [M – C4H8]+, 241 (100), 192 (35), 150 (61), 147 (32),
136 (17), 133 (21), 122 (37), 121(63), 120 (43), 119 (26), 118 (53), 115
(39), 109 (69), 108 (48), 107 (44), 105 (19), 103 (32), 102 (41), 95 (37),
94 (40), 93 (50), 91 (48), 81 (21), 79 (34), 77 (34), 70 (67), 69 (20), 68
(15), 67 (30), 55 (22). HRMS (ESI): calcd. for C13H23NOS [M – C4H8]+

251.1500; found 241.1513.

Data for minor isomer: 13C NMR: δ = 148.60 (C), 134.04, 121.78 (CH),
119.36 (CH2), 55.74 (C), 53.57 (CH), 47.10 (C), 46.54 (CH), 39.55, 35.93,
35.49 (CH2), 25.89, 22.78, 19.78, 12.71 (CH3) ppm. LRMS (EI): m/z

Eur. J. Org. Chem. 0000, 0–0 www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim9

(%) = 242 (15) [M – C4H8]+, 241 (100), 192 (20), 150 (46), 147 (26),
136 (14), 133 (16), 122 (27), 121 (52), 120 (37), 119 (22), 118 (41),
115 (23), 109 (54), 108 (38), 107 (32), 105 (14), 103 (25), 102 (24), 95
(29), 94 (29), 93 (39), 91 (41), 81 (16), 79 (25), 77 (26), 70 (56), 69
(17), 68 (15), 67 (24), 55 (16). HRMS (ESI): calcd. for C13H23NOS [M –
C4H8]+ 241.1500; found 241.1505.

Supporting Information (see footnote on the first page of this
article): Procedures and characterization data for epoxides 5c, 5d,
5f, and 5g, and copies of 1H and 13C NMR and DEPT spectra for all
the reported compounds.
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