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The direct addition of two nitrogen groups onto 1,3-buta-
dienes constitutes a convenient approach toward higher
functionalized dinitrogenated molecules.!! This reaction has
been developed by using a series of metal promoters and
can proceed with different regioselectivity depending on the
reaction conditions.” In a pioneering demonstration, Sharp-
less et al. reported the use of stoichiometric amounts of bis-
imidoselenium compounds for the 1,2-diamination of 1,3-
dienes.’! In the area of palladium chemistry, Bickvall et al.
introduced a regioselective 1,4-addition reaction,™ while
Lloyd-Jones, Booker-Milburn, and Bar demonstrated that
the related 1,2-addition can be carried out under catalytic
conditions with ureas as the nitrogen source.*”! An elegant
body of work by Shi et al. demonstrated that diaziridinones
and related nitrogen sources can be employed in the regio-
selective 1,2-diamination of conjugated butadienes and hex-
atrienes under palladium and copper catalysis, respective-
Jy. 9]

Very recently, we discovered an unprecedented intermo-
lecular diamination of styrenes by using either a combina-
tion of iodosobenzene diacetate (PhI(OAc),) and bis-
tosylimide (Ts,NH), in a 1:2 ratio, or a new hypervalent
iodine(IIT) reagent, PhI(OAc)(NTs,), in combination with
an additional equivalent of Ts,NH.'” In general, hyperva-
lent iodine(I1T) reagents are known to effectively oxidize or-
ganic molecules!"!! and can be used for the construction of
carbon—-nitrogen bonds under attractive metal-free condi-
tions."”! The unprecedented ability of the new I'' reagent
PhI(OACc)(NTs,) in diamination reactions prompted us to
investigate the related diamination reactions of conjugated
dienes and trienes under metal-free conditions, pursuing dif-
ferent regio- and stereoselectivity. The initial results of this
study are reported herein and include examples of selective
1,4-diamination reactions of conjugated dienes.
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By applying the conditions from the diamination of styr-
enes!'”! to 1-phenyl butadiene (1a), the regioselective 1,2-di-
amination of the terminal alkene was accomplished in high
yield (Table 1). The reaction can be conducted readily at
room temperature without requiring an inert atmosphere or
the use of dry solvents. Several different bisimido sources
were examined in this transformation, all of which provided
good yields of the corresponding diamination products 2, al-
though a slightly better result was obtained with Ts,NH
(Table 1, entries 1-6) and this nitrogen source was subse-
quently employed for further reactions. If Ms,NH (Ms=
mesyl) was used as the nitrogen source, preformation of the
reactive I"'-N species was required to achieve a good yield
(Table 1, entries 3 vs. 4).

Unexpectedly, if the reaction was performed with a mix-
ture of the E- and Z-stereoisomers of 1a, a similar result to
reactions with geometrically pure starting materials was ob-
tained and the final product was again the (F)-configured
vicinal diamine 2a (Table 1, entries 7 and 8). This apparent
tolerance for geometric mixtures was found to be a general
feature of the reaction. Thus, substrates 1b—d, with different
para substituents on the arene, were prepared as mixtures of
(E)- and (Z)-isomers and submitted to the same reaction
conditions (Table 1, entries 9-12). The products with exclu-
sively the E configuration at the remaining double bond
were again obtained for both bistosylimide and bismesyl-
imide as the nitrogen source. Finally, a mixture of (E)- and
(Z)-1-(2-naphthyl)-1,3-butadiene 1e was separated and both
stereoisomers were independently submitted to the diamina-
tion reaction. As expected, the identical product (E)-2e was
obtained from both reactions with very similar yields
(Table 1, entries 13 and 14).

Consequently, the corresponding internal 1,3-butadiene
1f as a mixture of its (1E,3E)- and (1E,3Z)-isomers, also
led to a single product 2 f (Table 1, entry 15). The expected
(E)-geometry and trans stereochemistry of 2f were con-
firmed by X-ray analysis (Figure 1).""] Replacing the methyl
substituent with an electron-demanding ester functionality
allows invertion of the regioselectivity of the reaction to the
other double bond of the conjugated system (Figure 1).
Nevertheless, the reaction remains selective in favor of a vi-
cinal diamination and the stereoselectivity in 2g also re-
mains frans (Table 1, entries 16 and 17, Figure 1), even
though the overall reaction rate diminishes and the reaction
requires an increase in temperature and an excess of the di-
amination reagent to reach full conversion. It is interesting

Chem. Eur. J. 2012, 18,2212-2216



Table 1. Vicinal diamination of 1-aryl-substituted butadienes.
PhI(OAc), / 2HNR,

or

NRj
ar N, _PHIOAONR, / HNR, AF/VVNRZ
Entry Substrate R,NH  Product Conditions® Yield
[%]™
1 NTs, A 73
AN NTs;
5 Ts,NH ©/\)V 2a 4 25
3 N NMs; A 35
A NMs;
4 ©A/\ 1a Ms,NH ©/\/K/ 2aa B 66
5 NMsTs A 62
6 MsTsNH QMNMSTS 2ab B 64
7 X NTSz A 72
; ©/\r\ 1a Ts,;NH NNz 5, B 71
(ElZ=1:14) 7
NTs,
9 Ts,NH /Q/VVNm 2b A 40
oS o
(EIZ=1:15) NMs
NM
10 Ms,NH /@M 2 2ba B 59
. NTs,
11 W St Ts,;NH SN A 7
r (EIZ=115) %2 ¢
F
NTs,
12 m\ 1d Ts,NH \ N2 o A 73
o (EIZ=1:17) >
cl
X
13 (2)-1e NTsz A 65
N § NTs
Ts,NH OO 2 2e
XX
14 OO (E)-1e A 67
PN NTs,
15 w 1f Ts,NH RN 2f A 71
(EIZ=1:1.4) | :
¥ NTs,
16! NTs, A 23l
SN COsE
178l @M 1g Ts,NH ANCOEL Bl 64
NTSZ
18 N NTs, A 61
19 1h Ts,NH AN NSz 5n B 65

[a] Conditions A: butadiene (0.5 mmol), PhI(OAc), (0.6 mmol), bissulfonylimide R,NH (1.2 mmol), CH,Cl,
(1.5mL), RT, 12 h. Conditions B: butadiene (0.5 mmol), PhI(OAc)(NR,) (0.6 mmol), R,NH (0.6 mmol),
CH,C], (1.5 mL), RT, 12 h. [b] Isolated yield after column chromatography. [c] Relative stereochemistry of the
product was confirmed by X-ray analysis. [d] Double the amount of PhI(OAc)(NR,) and R,NH (1.2 mmol)
was used at 50°C for 48 h to achieve full conversion. [e] Starting material (45 %) was recovered.

to compare this unprecedented reactivity with the estab-
lished metal-catalyzed syn-diamination as it provides com-
plementary regio- and stereoselectivity for cases related to

1aand 1g.[5)

Finally, the selective diamination of a conjugated triene
was also found to be feasible. In a similar manner to the
case of 1-aryl-substituted 1,3-butadienes, the (1E3E)-1-
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phenyl-1,3,5-hexatriene 1h un-
derwent regioselective terminal
oxidation to the vicinal 1,2-dia-
mination product 2h (Table 1,
entries 18 and 19).

The observed selective for-
mation of vicinal diamines was
found to be the consequence of
the aromatic substituent in sub-
strates 1a—g. When investigat-
ing 1,3-butadiene, the simplest
substrate, the oxidation was
technically challenging and was
best carried out with an excess
of butadiene as the feedstock
and by using the oxidant as the
limiting factor. As a result, re-
actions in the presence of the
preformed iodine(IIT) reagents
PhI(OACc)(NTs,),  PhI(OAc)-
(NMs,), and PhI(OAc)(NTsMs)
were superior to the in situ con-
ditions (Table 2, entries 1-5).
The products were obtained as
mixtures of 1,2- and 1,4-dia-
mines. Importantly, for substi-
tuted butadienes, exclusively
1,4-diamination occurs
(Figure 2). This is a noteworthy
feature of these reactions as se-
lective 1,4-diamination repre-
sents an unsolved challenge in
the area. For example, 2-methyl
butadiene leads to an 84%
overall yield of two isomers,
which are isolated in a 2:1 ratio
(Table 2, entry 6). 2,3-Dimethyl
butadiene gives a 1:1 mixture of

two isomeric  1,4-oxidation
products  (Table2, entry7,
Figure 2), whereas the rigid

substrate 11 leads to selective
product formation (Table 2,
entry 8). Performing this reac-
tion with preformed PhI(OAc)-
(NTs,) allowed the reaction to
be run on a 10mmol scale
(Table 2, entry9). Importantly,
oxidation of the conjugated
hexatriene 1m led to unprece-

dented 1,6-diamination product 2m in very good yield
(Table 2, entry 10).
A mechanistic scenario for the observed diamination reac-

tions is reminiscent of that for the related diamination of

www.chemeurj.org

styrenes.™ Tt starts with an electrophilic interaction between
the sterically more accessible double bond of the butadiene
and the hypervalent iodine center (Scheme 1). The resulting
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Figure 1. X-ray structures of 1,2-diamination products 2f (top) and 2g
(bottom).!"?!

three-membered ring intermediate A undergoes regioselec-
tive opening by the bissulfonimide anion at the less hin-
dered position. The resulting allylic iodine(III) intermedia-
te B undergoes protolytic loss of acetic acid to form C, fol-
lowed by loss of iodobenzene. The subsequent allylic inter-
mediate D explains the independence from the original
double-bond geometry observed in the product.' It then

Table 2. 1,4-Diamination of butadienes.

PhI(OAG), / 2HNR,
or

combines with bissulfonimide, the positioning of which will
depend on the electronic situation. For aryl substituents, 1,2-
diamination results in the formation of the more stable sty-
rene derivatives, whereas terminal addition, leading to 1,4-
diamination products, results from reduced steric hindrance.
For nonterminal butadienes, such as 1f, the same steps give
a related racemic intermediate B’, which leads to an allylic
intermediate D’, for which the final anti-stereochemistry ar-
rives from a C—N bond formation that is guided by the ex-
isting stereocenter.!"

The synthetic utility of the obtained products was investi-
gated in two preliminary transformations. First, simple treat-
ment with potassium hydroxide allows for selective removal
of one sulfonyl group from each N atom in products 2aa
and 2ia (Scheme 2). The product 4 can be further manipu-
lated through a metathesis reaction to yield y,0-diamino
acid derivative 5, which could not be accessed directly from
diamination of the corresponding butadiene (Scheme 2).

In summary, we have described unprecedented diamina-
tion reactions of butadienes and hexatrienes. These reac-
tions employ easily accessible hypervalent iodine(III) re-
agents under robust conditions. The reactions represent the
first examples of the metal-free diamination of butadienes
and extend this oxidation methodology to the highly attrac-
tive 1,4 installation of two nitrogen atoms within a single
step.

Experimental Section

Xy _PhlOACNR, /HNR, R N/\/\/NRZ Representative example of the
2 diamination of butadienes by
Entry Substrate R,NH Product(s) Conditions'®  Yield using the preformed reagent
[% ]! PhI(OAc)(NR;): A suspension
Py of PhI(OAc)(NR,) (0.6 mmol)
1lel TN, NTs, (1:1.3) and the bissulfonylimide
ol Ts,NH S2 NN, 2 TgN N 2ia B 73' ’ (0.6 mmol) in dichloromethane
1:1.3) (1 mL) was stirred for 5 min. A
;0' 3) solution of the butadiene
3l AN F 1i B (0.5 mmol) in dichloromethane
MsoN NMs; (1:1.4)
4 Ms,NH NN, 2ib M52N\)\/ 2ic Bl 81 (0.5mL) was then added
(1:1.4) through a syringe. The mixture
NMsTs 71' ’ was stirred at the indicated tem-
50l MsTsNH TSMSNNNMSTS 2id TsMsN\)\/ 2ie B (113) perature for 12 h. The resulting
o mixture was purified by silica
TsoN 1 col hromatograph
1 )\/ . A(\NT52 . 4>:\7 . . gel column chromatography
6 7 1j TsNH 2 TsyN NTs, Zja A 821 (ethyl acetate/hexane) to afford
the products as white solids.
7t /J\( 1k Ts,NH TSZN\/K(\NTSZ 2k NHNTS 2ka A 82 (1:1)
2 2
; ;\:><COZEt 11 Ts,NH TSZN3D<COZB 1 Am o
S
’ CO-Et ’ TeoN COaHt B % Acknowledgements
NTs,
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[a] Conditions A: butadiene (0.5 mmol), PhI(OAc), (0.6 mmol), bissulfonylimide R,NH (1.2 mmol), CH,Cl, (1.5 mL),
RT, 18 h. Conditions B: butadiene (0.5 mmol), PhI(OAc)(NR;) (0.6 mmol), R,NH (0.6 mmol), CH,Cl, (1.5 mL), RT,
18 h. [b] Isolated yield after column chromatography. [c] With an excess of condensed 1,3-butadiene, the yield is based
on the I'! reagent. [d] NMR spectroscopic ratio of the two regioisomers. [e] Reaction was performed at 40°C for 48 h.
[£] Stereochemistry of the product was determined by NOESY experiments. [g] Stereochemistry of the product was con-

firmed by X-ray analysis.'*! [h] Reaction was performed on a 10 mmol scale.
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