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Introduction

Hypervalent iodineACHTUNGTRENNUNG(III) reagents represent powerful re-
agents for the oxidation of organic molecules and they have
been employed as an attractive tool for this purpose.[1] Usu-
ally, they react under mild conditions, are safe to handle,
and do not pose major toxicity problems. Where appropri-
ate, they have arisen as an attractive alternative to transition
metal-promoted oxidation reactions, especially for applica-
tions where metal contamination is an issue.

In the particular area of alkene oxidation,[2] a series of di-
oxygenation[3] and amination[4] reactions of alkenes was de-
veloped using these reagents. Still, related oxidative inter-
molecular carbon-nitrogen bond formation aided by iodineACHTUNGTRENNUNG(III) reagents is rather unexplored.

We recently reported on an unexpected enantioselective
1,2-diamination reaction of styrenes that proceeds in the
presence of a defined chiral hypervalent iodine ACHTUNGTRENNUNG(III) reagent
and bissulfonimides as nitrogen sources.[5] This work origi-
nated from our general interest in the synthesis of 1,2-dia-
mines from alkenes.[6,7] Such a reaction traditionally requires
the application of a metal promoter, and historic develop-
ments described thallium,[8] mercury,[9] osmium,[10] palladi-
um[11] , and copper[12] for this purpose.

Starting in 2005, the important development of 1,2-diami-
nation of butadienes was reported for palladium[13] and
copper[14] catalysts. In parallel, our group and others report-
ed intramolecular diamination reactions using catalytic
amounts of palladium,[15] nickel,[16] gold[17] , and copper,[18]

which were recently extended to palladium-catalyzed inter-
molecular and regioselective diamination of alkenes.[19]

These latter reactions require specific palladium catalyst
precursors. In their absence, an entirely different oxidative
diamination reaction was discovered to take place,[5] in
which alkenes are converted into the corresponding 1,2-dia-
mines through incorporation of two bissulfonimide units.
Control experiments in the absence of any palladium salt
showed the diamine products to originate from an oxidation
that is exclusively promoted by the iodine ACHTUNGTRENNUNG(III) reagent itself.
This by the time unprecedented observation led us to devel-
op the first enantioselective diamination of styrenes.[5]

However, the scope for iodine ACHTUNGTRENNUNG(III)-mediated diamination
of alkenes is significantly larger than initially anticipated.
We here wish to give a full account on this novel diamina-
tion reaction that allows for a rapid, selective, and produc-
tive intermolecular vicinal diamination of a series of al-
kenes.

Results and Discussion

As reported previously, styrenes constitute a particularly ef-
ficient class of alkenes for our novel transformation
(Table 1). Hence, in the presence of a 2:1 ratio of bistosyli-
mide as nitrogen source and iodosobenzene diacetate as oxi-
dant, a clean diamination reaction of styrenes is accom-
plished (entries 1–12). Examples comprise styrenes contain-
ing various para (entries 2–7) and meta substituents (en-
tries 8–11) with both donor and acceptor properties. Overall,
reactions proceed with reasonable rate at room temperature
and with good isolated yields. As an example of a large-
scale transformation, the diamination of 1 a was conducted
on a 10 mmol scale. Reduction of the reaction volume and
addition of methanol led to product precipitation and direct
isolation upon filtration (78% isolated yield). Ortho substi-
tution remains problematic in some cases (entry 12). For ex-
ample, diamination of 2-methyl styrene 1 l proceeds rather
slowly and gives rise to vicinal diamine 2 l in a low yield of
20 %.
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The reaction is not limited to terminal alkenes of this
class, but also works very well for internal 1-aryl alkenes.
For example, b-methyl styrene reacts in a clean manner to
give the corresponding vicinal diamine as the only product
(entries 13,14). While the E isomer 1 m leads to the (2S,3R/
2R,3S)-product, the opposite (2R,3R/2S,3S)-diastereomer is
formed as the major product from oxidation of the corre-
sponding Z isomer 1 n (ratio 2 n/2 m= 2.65:1). The relative
configuration of 2 m was unambiguously assured from X-ray
analysis (Figure 1).[20]

Symmetric (E)-stilbenes 1 o and 1 p yield the correspond-
ing meso derivatives as single isomers (entries 15,16). A
slightly higher reaction temperature is required for this class
of substrates in order to reach full conversion within less
than 24 hours. Attempts to carry out the diamination of (Z)-
stilbene led again to formation of the meso product (50 %
isolated yield), probably due to a rapid isomerization of the
double bond under the reaction conditions. However, chiral
diamine products can be obtained from the oxidation of un-
symmetrically substituted stilbenes such as 1 q (entry 17).

The same process can be conducted with bismesylimide as
nitrogen source as well. Table 2 shows representative exam-
ples of this diamination reaction. It was noticed that the
mixture of iodosobenzene diacetate and bismesylimide led
to the quick formation of PhIACHTUNGTRENNUNG(OAc)NMs2 as a white solid,[5]

which was insoluble and thus led to dramatically reduced
conversion. Attempts to accelerate the reaction through ad-
ditives were not successful, and finally, this problem could
be overcome by employing microwave irradiation. Under
such conditions, clean diamination of styrenes was accom-
plished, although for some styrenes the reaction time had to
be significantly increased.

Para-substituted styrenes are preferred substrates (en-
tries 3–10), and several substituents are tolerated, which in-
clude the benzyl chloride derivative (entry 5). In two cases,
it was found that thermal conditions could compete well
with microwave irradiation (entries 6,8). As expected, meta-
substitution proceeds equally well (entries 11–13). It is par-
ticularly interesting to note that with bismesylimide as nitro-
gen source, diamination of ortho-substituted styrenes pro-
ceeds readily (entries 14,15), probably due to the lower
steric demand of the bismesylimide in comparison to bisto-
sylimide.

The advantage of the bismesyl substitution is evident
from its convenient deprotection. Thus, single treatment
with sodium bis(2-methoxyethoxy)aluminumhydride (Red-
Al) leads to complete removal of all four mesyl substituents
within a single step. While the work-up readily provides the
free diamines, conversion into the corresponding bisbenza-
mides was found to be more convenient with regard to char-
acterization (Table 3). In total, the reported two-step proce-
dure includes the manipulation or formation of six amide
bonds and proceeds with excellent overall yields of 69–95 %.
In summary, 1-aryl ethylenediamines are now available
through a rapid, productive diamination of the respective
styrenes in a robust low-step approach.

Despite the broad scope of the presented diamination re-
actions of styrenes (Tables 1 and 2), substrates displaying
high electron density such as para-methoxystyrene usually
lead to formation of enimides. This is particularly the case
for the oxidation with PhIACHTUNGTRENNUNG(OAc)2/HNTs2, which resulted in
4 a as the only isolated product (74 % isolated yield). By
contrast, the combination of PhI ACHTUNGTRENNUNG(OAc)2 with HNMs2 gives
the desired diamine 2 y in 20 % yield as the minor product.
The major product is again the elimination product 4 b,
which is obtained in 72 % yield (Scheme 1), providing
a 3.6:1 ratio of the enimide to the diamine product.

Intermolecular diamination of terminal alkenes 5 that do
not contain an aryl substituent has so far remained elusive
except for one report on palladium catalysis.[19a] Again, the
simple reagent combination of bissulfonimide and PhI-ACHTUNGTRENNUNG(OAc)2 provides convenient access to this type of transfor-
mation, although a reaction temperature of 50 8C is re-
quired. Since bismesylimide results in diamine products
lacking any UV activity, exploration on the scope of this
transformation is carried out with bistosylimide (Table 4).
Hydrocarbons such as 1-hexene, 1-octene, 1-decene, and 1-
dodecene all give the corresponding diamines 6 a–d as the
only oxidation products in very good yields (entries 1–4), as
does the a-branched vinylcyclohexane 5 e (entry 5). For
octane 5 b the reaction was scaled up to a 5 mmol reaction,
which again proceeded in a straight-forward manner to pro-

Abstract in Spanish: Se presenta un m�todo eficiente y
r�pido para llevar a cabo la diaminaci�n de alquenos pro-
movido por especies de iodo ACHTUNGTRENNUNG(III) hipervalente en presencia
de bissulfonilimidas. Una serie de mas de 60 olefinas, tanto
en posici�n terminal como interna, con distinta sustituci�n
demuestran la robustez del m�todo y la elevada tolerancia
a grupos funcionales.

Figure 1. Crystal structure of 2 m. C gray, S light gray, N dark gray, O
black, hydrogen white. Except for the stereogenic centers, hydrogen
atoms are omitted for clarity.
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Table 1. Vicinal diamination of styrenes with bistosylimide.

Entry Alkene Diamine Yield [%][a]

1 80

2 70

3 80

4 69

5 66

6 79

7 42

8[b] 77

9 40

10 77

11 81

12 20

13 70

14[c] 61[d]

15[b] 56
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vide vicinal diamine 6 b in 81 % isolated yield. For 4-phenyl
butene, the corresponding diamine 6 f was obtained in an
excellent yield, and in this case, replacement of the nitrogen
source for bismesylimide verifies that this nitrogen source is
also feasible (entries 6,7).

Allyl benzene 5 g, which represents a difficult substrate in
metal catalysis due to double-bond isomerization, was clean-
ly converted into diamine 6 g in 90 % yield (entry 8). Selec-
tive monodiamination of 1,7-octadiene 5 h gave rise to the
single product 6 h (entry 9), and methylvinylketone 5 i un-
derwent an unprecedented diamination of an a,b-unsaturat-
ed ketone to provide 6 i (entry 10). A series of common
functional groups were tolerated under the reaction condi-
tions, including an ester, alkylbromide of different chain
length, nitrile, phthalimide, and sulfone (entries 11–17). The
yields equal or surpass those obtained by us using palladi-
um-catalyzed diamination of alkenes.[19a] Alcohols are usual-
ly found to suffer from oxidation; however, when placed in
suitable proximity to the alkene, they can participate in the
oxidative difunctionalization. For example, 5-hexenol 5 q
gives rise to amination product 6 q under concomitant for-
mation of a tetrahydropyran ring (entry 18).

Table 1. (Continued)

Entry Alkene Diamine Yield [%][a]

16[b,e] 67

17[b,e] 56

[a] Isolated yields after purification. Scale, 0.5 mmol. [b] Reaction at 50 8C. [c] 7.2 equiv HNTs2, 3.6 equiv PhI ACHTUNGTRENNUNG(OAc)2, CH2Cl2, 25 8C, 36 h. [d] Together with
23 % 2m. [e] 96 h reaction time.

Table 2. Vicinal diamination of styrenes with bismesylimide.

Entry Alkene t [h] Diamine Yield [%][a]

1 0.5 62

2 1 a 1 2aa 72

3 0.25 74

4 0.25 62

5 1.5 58

6[b] 2.5 83

7 3 67

8[b] 4 64

9 1 54

10 1.5 60

11 14 76

Table 2. (Continued)

Entry Alkene t [h] Diamine Yield [%][a]

12 0.25 65

13 3 56

14 14 45

15 26 53

[a] Isolated yields after purification. Scale, 0.5 mmol. [b] Thermal reac-
tion with external oil bath.
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Internal non-conjugated alkenes are usually beyond the
scope of metal-catalyzed reactions. The present protocol
leads to very good oxidation of internal (E)-configured al-
kenes 7 as well, provided that the preformed iodine ACHTUNGTRENNUNG(III) re-
agent PhI ACHTUNGTRENNUNG(OAc)NTs2

[5] is employed at a reaction tempera-
ture of 50 8C. Under such conditions, the expected diamina-
tion products 8 are generated selectively. Table 5 shows ex-
amples for this type of transformation. These include the di-
amination of simple unsaturated hydrocarbons 7 a-e, in
which symmetric alkenes 7 a and 7 b give the corresponding
meso-diamines 8 a and 8 b, respectively (entries 1,2). This
outcome matches the one from the diamination of styrenes
(Table 1, entries 15,16), and the stereochemistry of 8 b had
been previously confirmed by X-ray analysis.[5] Nonsymmet-
ric 2-octene and 2-heptene provide the corresponding dia-
mines 8 c,d in excellent yield (entries 3,4), while 3-octene
forms diamine 8 e in lower yield (entry 5). As in the case of
terminal alkenes, the conditions for diamination of internal
alkenes are compatible with common functional groups. For

example, oxidation of alkenes 7 f–h bearing bromine, mesy-
late, or phthalimide, respectively, leads to the corresponding
vicinal diamines as the only isolated products (entries 6–8).
The superiority of the preformed reagent PhIACHTUNGTRENNUNG(OAc)NTs2 is
obvious from a comparison with the in situ generated re-
agent using PhI ACHTUNGTRENNUNG(OAc)2/HNTs2. For 7 b and 7 c, incomplete
conversion took place and the reaction time had to be in-
creased to 36 hours. Even then, lower yields of 41 and 43 %
were obtained for 8 b and 8 c, respectively.

We also investigated cyclic alkenes in our reaction. While
cyclohexene and cyclooctene are beyond the scope of the
present conditions, cyclopentene 7 i undergoes a clean dia-
mination reaction to yield 8 i as the only product in 46 %
yield (Scheme 2). This is a remarkable transformation that

gives rise to a derivative of dia-
minocyclopentane, a chiral C2-
symmetric diamine that has so
far received significantly less at-
tention than the widely ac-
claimed diaminocyclohexane.[21]

This fact certainly stems from
its more difficult availability, al-
though some multi-step ap-

proaches are known.[22] Certainly, direct vicinal diamination
represents a convenient synthetic approach to this com-
pound. To unambiguously confirm the C2-symmetry of 8 i,
its structure was secured by X-ray analysis (Figure 2).

An attempt to carry out the enantioselective diamination
of 7 i was not successful. However, indene 7 j, which as a sty-
rene derivative represents a priviledged substrate, was suc-
cessfully submitted to enantioselective diamination under
conditions described previously.[5] In the present case, 7 j
was transferred into the corresponding diamines 8 j and 8 ja
using bistosylimide and bismesylimide, respectively, as nitro-
gen source (Scheme 3). As expected, the latter one proved
superior in both yield and enantiomeric induction. Although
the ee does not reach values as high as for related noncyclic
substrates, the feasibility of enantioselective diamination of
cyclic alkenes has now been demonstrated for the first
time.[23]

Regarding these diamination reactions of (Z)-alkenes, the
observed relative stereochemistry of 8 i and 8 j/8 ja is in

Table 3. Deprotection of diamines 2.

Entry Substrate Product Yield [%][a]

1 83

2 73

3 69

4 95

5 73

6 70

[a] Isolated yield after all steps and purification. Scale, 0.1 mmol.

Scheme 1. Oxidation of para-methoxystyrene 1y with the PhI ACHTUNGTRENNUNG(OAc)2/HNR2 system.

Scheme 2. Synthesis of C2-symmetric vicinal diamine 8 i.
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Table 4. Diamination of terminal alkenes.

Entry Alkene Diamine Yield [%][a]

1 60

2 80

3 80

4 68

5 53

6 87

7 57[b]

8 90

9 74

10 53

11 70

12 88

13 89

14 91

15 82

16 67

17 69

18 71

[a] Isolated yields after purification. Scale, 0.5 mmol. [b] Isolated yield at
70% conversion.

Figure 2. Crystal structure of 8 i. C gray, S light gray, N dark gray, O
black. Hydrogen atoms are omitted for clarity.

Table 5. Diamination of internal alkenes.

Entry Alkene Diamine Yield [%][a]

1 54

2 54 (41)[b]

3 70 (43)[b]

4 80

5 54

6 66

7 47

8 52

[a] Isolated yields after purification. Scale, 0.5 mmol. [b] Yields in brack-
ets refer to reactions with 1.2 equiv PhIACHTUNGTRENNUNG(OAc)2 and 2.4 equiv HNTs2 at
50 8C for 36 h.
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agreement with our earlier mechanistic proposal of an aziri-
dinium intermediate B (Figure 3) that is generated from an
aminoiodination intermediate A following an intramolecular
reductive elimination of iodobenzene.[5] This aziridinium in-
termediate was postulated to be involved in enantioselective
diamination reactions with bismesylimide taking into ac-
count stereochemical arguments.[5,3n] For the present reac-
tions with the sterically more demanding bistosylimides this
may not always be feasible, and stabilization may involve
a bridging oxygen from the sulfonyl substituent. Opening of
these intermediary stages B/B’ gives rise to the final diamine
products. For (E)-substituted alkenes (R’=alkyl, aryl), this
mechanism explains the observed relative stereochemistry
(Table 1, entries 13,15–17 and Table 5), as well as the corre-
sponding opposite diastereoselectivity in the major pathway
for (Z)-b-methyl styrene 1 n (Table 1, entry 14). These reac-
tions generally proceed stereospecifically as all postulated

steps are expected to proceed with clean inversion of config-
uration. For styrenes possessing a rather strong donor sub-
stituent such as 1 y (R=4-MeOPh, R�= H), nucleophilic
attack at the benzylic position of B/B’ is less favorable due
to strong mesomeric stabilization. As a consequence, elimi-
nation becomes the dominating pathway (Scheme 1). The
same steps explain the observed C2-symmetry for 8 i as
a result of an aminoiodination of 7 i to A’ followed by for-
mation of intermediates B’’/B’’’ and subsequent nucleophilic
opening.

Finally, an acyclic alkene, (Z)-2-heptene 7 k, was submit-
ted to diamination (Scheme 4). In this case, two isomeric vi-
cinal diamines were obtained in a 2:1 ratio. The major dia-

stereoisomer was identified to be the anti-product 8 k by
NMR correlation with previously obtained anti-products,
and the minor one was consequently assigned to be the cor-
responding syn-isomer 8 k�.

We believe that this unexpected major product is due to
a higher activation barrier in the transition state for the for-
mation of the aziridinium intermediate, in which R and R’
groups should be placed in a gauche conformation
(Figure 4); as a result, a direct SN2-type substitution by the

generated NTs2 anion starts to become competitive. Howev-
er, a partial Z to E isomerization of the double bond of 7 k
over the course of the reaction cannot be excluded. This
would explain the major isomer 8 k to derive from a diamina-
tion of the (E)-alkene in agreement with the mechanism
shown in Figure 3.

Conclusions

We have described a robust reagent combination for the
rapid and productive diamination of alkenes. A total of over
60 examples demonstrate the broad applicability of this new
methodology that proceeds under metal-free conditions.

Figure 3. Proposed mechanism.

Scheme 4. Diamination reaction of (Z)-2-heptene 7 k.

Figure 4. Anti-aminoiodinated intermediate from 7 k and its Newmann
projection. R, R�=CH3, n-C4H9.

Scheme 3. Enantioselective diamination of 7j.
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Experimental Section

General Procedure for Diamination of Terminal Alkenes

To a solution of PhI ACHTUNGTRENNUNG(OAc)2 (0.18 g, 0.55 mmol) in CH2Cl2 (1.25 mL) was
added HNTs2 (0.36 g, 1.10 mmol) and the corresponding terminal alkene
(0.50 mmol). The reaction mixture was heated at 25–50 8C in a sealed
pyrex tube and the conversion was monitored by TLC. The solvent was
removed under reduced pressure and the residue was purified by column
chromatography (silica gel, hexanes/EtOAc, 6:1, v/v).

General Procedure for Diamination of Internal Alkenes

To a suspension of the preformed iodine reagent PhI ACHTUNGTRENNUNG(OAc)NTs2 (0.35 g,
0.60 mmol) in CH2Cl2 (1.25 mL) was added HNTs2 (0.20 g, 0.60 mmol)
and the corresponding internal alkene (0.50 mmol). The reaction mixture
was heated at 50 8C in a sealed pyrex tube and the conversion was moni-
tored by TLC. The solvent was removed under reduced pressure and the
residue was purified by column chromatography (silica gel, hexanes/
EtOAc, 6:1, v/v).
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