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Asymmetric Palladium-Catalyzed Alkene Carboamination
Reactions for the Synthesis of Cyclic Sulfamides
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Abstract: The synthesis of cyclic sulfamides by enantiose-

lective Pd-catalyzed alkene carboamination reactions be-
tween N-allylsulfamides and aryl or alkenyl bromides is de-

scribed. High levels of asymmetric induction (up to 95:5
e.r.) are achieved using a catalyst composed of [Pd2(dba)3]

and (S)-Siphos-PE. Deuterium-labelling studies indicate the

reactions proceed through syn-aminopalladation of the
alkene and suggest that the control of syn- versus anti-
aminopalladation pathways is important for asymmetric
induction.

Cyclic sulfamides are present in a wide variety of natural prod-
ucts and pharmaceuticals.[1] In addition, the sulfonyl group can
easily be cleaved from these compounds to afford synthetically

useful 1,2-diamines.[2, 3] Although a number of approaches have
been developed for the synthesis of racemic cyclic sulf-

amides,[4] few methods exist for the enantioselective genera-
tion of these compounds. Enantiomerically enriched cyclic sulf-
amides are often prepared from amino acids through multistep
routes,[5] and only one asymmetric metal-catalyzed reaction for

the synthesis of cyclic sulfamides has been previously report-

ed.[6]

Our group recently developed a new method for the synthe-
sis of racemic cyclic sulfamides by Pd-catalyzed alkene carbo-

amination reactions between N-allylsulfamides and aryl halides
or triflates.[7, 8] We reasoned that an asymmetric variant of this
transformation could provide straightforward access to enan-
tiomerically enriched cyclic sulfamides. However, our prior
studies had illustrated that the sulfamide-forming carboamina-

tion reactions may proceed by either syn- or anti-aminopalla-
dation of the alkene depending on the catalyst structure and

reaction conditions.[7] Because the two different C¢N bond-
forming (and potentially enantiodetermining) aminopalladation
pathways proceed through very different transition states, it

seemed likely that achieving high selectivity for one pathway
over the other would be critical for asymmetric induction.[9, 10]

We have previously found that palladium catalysts support-
ed by the chiral ligand (S)-Siphos-PE provide good to excellent
results in Pd-catalyzed asymmetric carboamination reactions

that afford pyrrolidines,[11] cyclic ureas,[12] or benzo-fused six-
membered nitrogen heterocycles.[13] All of these transforma-
tions were demonstrated to proceed through syn-aminopalla-

dation of the alkene. As such, we elected to focus on reaction
conditions that would promote syn-aminopalladation over

anti-aminopalladation: use of aryl bromide electrophiles,

xylene as a nonpolar solvent, and NaOtBu as a base. In our pre-
vious studies on asymmetric carboamination reactions of

ureas, we discovered that the nature of the protecting group
on the cyclizing nitrogen atom has a large influence on enan-

tioselectivity.[12] The best results were obtained with substrates
bearing electron-poor aryl groups (e.g. , p-nitrophenyl or p-

chlorophenyl) on the cyclizing nitrogen atom. Thus, we initially

examined the reactivity of substrates 1 a and 1 b bearing an N-
aryl group on the cyclizing nitrogen atom and a tert-butyl

group on the other nitrogen atom. Unfortunately, these reac-
tions failed to provide satisfactory results ; products 2 a and 2 b
were generated in low yield and modest enantiomeric ratio
(e.r. ; Table 1, entries 1 and 2). However, we subsequently dis-
covered that substrates 1 c–e with an N-benzyl group (or sub-

stituted N-benzyl group) on the cyclizing nitrogen atom were
transformed to the desired products 2 c–e in good yields with

useful levels of enantioselectivity (entries 3–5). Further explora-
tion of substrate structure indicated the presence of the tert-
butyl group on the non-cyclizing nitrogen atom was essential

Table 1. Optimization of protecting groups.[a]

Entry R1 R2 (substrate) Yield [%][b] e.r.[c]

1 tBu C6H4-p-OMe (1 a) 47 (2 a) 78:22
2 tBu C6H4-p-Cl (1 b) 11 (2 b) 73:27
3 tBu Bn (1 c) 70 (2 c) 93:7
4 tBu p-MeO-Bn (1 d) 77 (2 d) 91:9
5 tBu m-MeO-Bn (1 e) 60 (2 e) 91:9
6 Bn Bn (1 f) 0 (2 f) –
7 C6H4-p-OMe Bn (1 g) 0 (2 g) –
8 C6H4-p-Cl Bn (1 h) 0 (2 h) –
9 Ph2CH Bn (1 i) 0 (2 i) –

[a] Conditions: 1 (1.0 equiv), 4-bromo-tert-butylbenzene (2.0 equiv),
NaOtBu (2.0 equiv), [Pd2(dba)3] (1 mol %), (S)-Siphos-PE (5 mol %), xylenes
(0.125 m), 120 8C, 18 h; reactions were conducted on a 0.30 mmol scale.
[b] Isolated yield. [c] Enantiomeric ratios were determined by chiral HPLC
analysis.
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for the reactivity, as substrates 1 f–i were not transformed to
the desired cyclic sulfamides (entries 6–9).[14]

Having identified satisfactory reaction conditions and a set
of nitrogen-protecting groups that provided acceptable enan-

tioselectivities, we set out to explore the scope of this transfor-
mation. Thus, substrate 1 c was treated with a range of aryl

and alkenyl halides using the optimized conditions (Table 2). In
general, transformations of electron-neutral or -rich aryl bro-

mides provided the highest levels of asymmetric induction (en-

tries 1–7), whereas use of electron-poor substrates resulted in
slightly lower selectivity (entries 8–10). Transformations of sub-

strates bearing meta or para substituents proceeded smoothly,
but ortho-substituted aryl bromides were converted to the de-

sired products with dramatically lower enantioselectivities and
yields (entries 12 and 13). Reactions of alkenyl bromides pro-
ceeded with high enantioselectivity (>93:7 e.r.), but low yields

were obtained due to competing Heck alkenylation of the N-al-
lylsulfamide starting material (entries 14 and 15).

In our previous investigations of asymmetric Pd-catalyzed
carboamination reactions of ureas, we discovered that the ad-

dition of two equivalents of water improved enantioselectivi-
ties in transformations of electron-poor aryl bromides.[12a] For

example, the use of 4-bromobenzotrifluoride as an electrophile

in the asymmetric carboamination of 1-allyl-1-methyl-3-(4-ni-
trophenylurea) under standard conditions resulted in the for-

mation of the desired cyclic urea product with only 77 % ee.
However, when this reaction was conducted in the presence of

water the enantioselectivity improved to 95 % ee.[12a] In our
present studies on transformations of N-allylsulfamides, we

found that addition of two equivalents of water led to slight

improvements in enantioselectivity with some electron-defi-
cient electrophiles (Table 2, entries 8, 10, and 13), but did not

have an impact on asymmetric induction with most electron-
neutral or -rich aryl or alkenyl halides. However, we were sur-

prised to discover that in almost all cases, water exhibited a sig-
nificant positive influence on the chemical yield of these reac-

tions (an increase of 10–20 % for most electrophiles and a 45 %

increase with bromobenzene). As observed with urea sub-
strates, use of an aryl iodide rather than an aryl bromide led to

a significant decrease in both yield and enantioselectivity
(entry 3). The addition of water to this reaction improved the
yield of the product, but interestingly the enantioselectivity
was diminished. Substrates 4 a and 4 b that contain substitu-
ents at the internal alkene position proved to be unreactive

even when the reaction temperature was increased to 135 8C
[Eq. (1)] .

To further illustrate the synthetic utility of this method, we

examined the deprotection and desulfonylation of products
3 a and 3 b. As shown in Equations (2) and (3), the tert-butyl

group is easily and selectively cleaved by trifluoroacetic acid[15]

to afford 6 in near quantitative yield with no loss of optical
purity. In contrast, subjection of 3 b to more strongly acidic

conditions[2] (HBr/phenol) leads to formation of chiral 1,2-di-
amine 7 (in high yield and e.r.) by removal of both the tert-

Table 2. Enantioselective synthesis of cyclic sulfamides.[a]

Entry R¢X Product Yield [%][b] e.r.[c]

1a
3 a

51 93:7
1b[d] 96 93:7

2a
3 b

62 94:6
2b[d] 95 94:6

3a
3 b

46 81:19
3b[d] 77 75:25

4a

3 c
48 94:6

4b[d] 85 95:5

5a

3 d

70 94:6
5b[d] 89 94:6

6a
3 e

67 94:6
6b[d] 75 94:6

7a
3 f

50 91:9
7b[d] 74 92:8

8a

3 g

65 87:13
8b[d] 74 90:10

9a
3 h

62 89:11
9b[d] 77 88:12

10a
3 i

53 88:12
10b[d] 69 90:10

11a

3 j

60 90:10
11b[d] 72 92:8

12a
3 k

46 76:24
12b[d] 58 68:32

13a

3 l
22 57:43

13b[d] 21 62:38

14a
3 m

56 94:6
14b[d] 44 94:6

15a
3 n

44 93:7
15b[d] 34 95:5

[a] Conditions: 1 c (1.0 equiv), R¢X (2.0 equiv), NaOtBu (2.0 equiv),
[Pd2(dba)3] (1 mol %), (S)-Siphos-PE (5 mol %), xylenes (0.125 m), 120 8C, 18 h;
reactions were conducted on a 0.30 mmol scale. [b] Isolated yield (average
of two or more reactions). [c] Enantiomeric ratios were determined by chiral
HPLC analysis. [d] The reaction was conducted with 2.0 equiv of water
added.
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butyl and SO2 groups. Thus, overall this method provides
straightforward access to enantiomerically enriched chiral dia-

mines, which are useful building blocks for organic synthesis.[3]

We had initially postulated the mechanism of these transfor-

mations should proceed through syn-aminopalladation under
our chosen reaction conditions. In order to directly probe the

alkene addition stereochemistry and test this hypothesis, we
prepared deuterated substrate 8 and investigated its coupling

with several different aryl bromide electrophiles under our
standard conditions (Table 3). In all cases examined, the major

product stereoisomer resulted from syn-addition of the nitro-
gen atom and the aryl group to the alkene, confirming the

syn-aminopalladation pathway was operational. However, both
the alkene addition stereoselectivity and the enantioselectivity
changed depending on whether the electrophile was electron
rich or electron poor. For example, the use of 4-bromo-tert-bu-
tylbenzene as the electrophile led to formation of the desired

product 9 a in 17:1 d.r. and 94:6 e.r. (entry 1), whereas the anal-
ogous reaction with 4-bromobenzotrifluoride provided product
9 d in 7:1 d.r. and 88:12 e.r. (entry 4). The diminished diastereo-
selectivity likely results from the competing anti-aminopallada-
tion mechanistic pathway,[16] and this competing pathway also
is likely responsible for the decreased enantioselectivity in re-

actions of electron-poor aryl halides.[17] Addition of water to
the reaction between 8 and 4-bromobenzotrifluoride led to

a significant improvement in yield, but little change to diaste-
reoselectivity or enantioselectivity.[18, 19]

In conclusion, we have developed an enantioselective Pd-
catalyzed alkene carboamination between N-allylsulfamides

and aryl or alkenyl bromides that affords cyclic sulfamide prod-
ucts in good yield with high enantioselectivity. The sulfamide

starting material is easily prepared in one step from the corre-

sponding allylic amine. Deprotection and/or desulfonylation of
the products can be achieved in good yield, thus providing

access to enantiomerically enriched substituted 1,2-diamines.
These transformations constitute rare examples of asymmetric

metal-catalyzed reactions that afford cyclic sulfamides. These
studies also illustrate the importance of controlling syn- versus
anti-alkene aminopalladation pathways in asymmetric Pd-cata-

lyzed alkene carboamination reactions.

Acknowledgements

The authors acknowledge the NIH-NIGMS (GM098314) for fi-

nancial support of this work. The authors thank Mr. Ryan M.
Fornwald for conducting preliminary experiments in this area.

Keywords: asymmetric catalysis · enantioselective ·
heterocycles · palladium · sulfamides

[1] a) A. B. Reitz, G. R. Smith, M. H. Parker, Expert Opin. Ther. Pat. 2009, 19,
1449 – 1453; b) A. Spaltenstein, M. R. Almond, W. J. Bock, D. G. Cleary,
E. S. Furfine, R. J. Hazen, W. M. Kazmierski, F. G. Salituro, R. D. Tung, L. L.
Wright, Bioorg. Med. Chem. Lett. 2000, 10, 1159 – 1162; c) S. H. Rosen-
berg, J. F. Dellaria, D. J. Kempf, C. W. Hutchins, K. W. Woods, R. G. Maki,
E. de Lara, K. P. Spina, H. H. Stein, J. Cohen, W. R. Baker, J. J. Plattner,
H. D. Kleinert, T. J. Perun, J. Med. Chem. 1990, 33, 1582 – 1590; d) D. Dou,
S. R. Mandadapu, K. R. Alliston, Y. Kim, K. O. Chang, W. C. Groutas, Eur. J.
Med. Chem. 2012, 47, 59 – 64; e) J. L. Castro, R. Baker, A. R. Guiblin, S. C.
Hobbs, M. R. Jenkins, M. G. N. Russell, M. S. Beer, J. A. Stanton, K. Scho-
ley, R. J. Hargreaves, M. I. Graham, V. G. Matassa, J. Med. Chem. 1994, 37,
3023 – 3032; f) M. Benltifa, M. I. Garc�a Moreno, C. O. Mellet, Garc�a, J. M.
Fern�ndez, A. Wadouachi, Bioorg. Med. Chem. Lett. 2008, 18, 2805 –
2808; g) S. J. Kim, M. H. Jung, K. H. Yoo, J. H. Cho, C. H. Oh, Bioorg. Med.
Chem. Lett. 2008, 18, 5815 – 5818; h) D. Dou, K.-C. Tiew, G. He, S. R. Man-
dadapu, S. Aravapalli, K. R. Alliston, Y. Kim, K. O. Chang, W. C. Groutas,
Bioorg. Med. Chem. 2011, 19, 5975 – 5983; i) M. A. Brodney, G. Barreiro, K.
Ogilvie, E. Hajos-Korcsok, J. Murray, F. Vajdos, C. Ambroise, C. Christoffer-
son, K. Fisher, L. Lanyon, J. Liu, C. E. Nolan, J. M. Withka, K. A. Borzilleri, I.
Efremov, C. E. Oborski, A. Varghese, B. T. O’Neill, J. Med. Chem. 2012, 55,
9224 – 9239.

[2] S. V. Pansare, A. N. Rai, S. N. Kate, Synlett 1998, 623 – 624.
[3] a) D. Lucet, T. L. Gall, C. Mioskowski, Angew. Chem. Int. Ed. 1998, 37,

2580 – 2627; Angew. Chem. 1998, 110, 2724 – 2772; b) S. R. S. Saibabu
Kotti, C. Timmons, G. Li, Chem. Biol. Drug Des. 2006, 67, 101 – 114;
c) J. C. Kizirian, Chem. Rev. 2008, 108, 140 – 205.

[4] a) K. C. Nicolaou, D. A. Longbottom, S. A. Snyder, A. Z. Nalbanadian, X.
Huang, Angew. Chem. Int. Ed. 2002, 41, 3866 – 3870; Angew. Chem.
2002, 114, 4022 – 4026; b) T. P. Zabawa, D. Kasi, S. R. Chemler, J. Am.
Chem. Soc. 2005, 127, 11250 – 11251; c) T. P. Zabawa, S. R. Chemler, Org.
Lett. 2007, 9, 2035 – 2038; d) B. Zhao, W. Yuan, H. Du, Y. Shi, Org. Lett.
2007, 9, 4943 – 4945; e) H. Hamaguchi, S. Kosaka, H. Ohno, N. Fujii, T.
Tanaka, Chem. Eur. J. 2007, 13, 1692 – 1708; f) K. MuÇiz, J. Streuff, C. H.
Hçvelmann, A. NfflÇez, Angew. Chem. Int. Ed. 2007, 46, 7125 – 7127;
Angew. Chem. 2007, 119, 7255 – 7258; g) B. Wang, H. Du, Y. Shi, Angew.
Chem. Int. Ed. 2008, 47, 8224 – 8227; Angew. Chem. 2008, 120, 8348 –

Table 3. Deuterium-labelling studies.[a]

Entry R Yield [%][b] d.r.[c] e.r.[d]

1 tBu 58 (9 a) 17:1 94:6
2 H 67 (9 b) 8:1 95:5
3 Ph 65 (9 c) 9:1 92:8
4a CF3 58 (9 d) 7:1 88:12
4b[e] 78 (9 d) 5:1 89:11

[a] Conditions: 8 (1.0 equiv), Ar¢X (2.0 equiv), NaOtBu (2.0 equiv),
[Pd2(dba)3] (1 mol %), (S)-Siphos-PE (5 mol %), xylenes (0.125 m), 120 8C,
18 h; reactions were conducted on a 0.25 mmol scale. [b] Isolated yield
(result of a single experiment). [c] Diastereomeric ratios were determined
by 1H NMR integration [d] Enantiomeric ratios were determined by chiral
HPLC analysis. [e] The reaction was conducted with 2.0 equiv of water
added.

Chem. Eur. J. 2016, 22, 5919 – 5922 www.chemeurj.org Ó 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim5921

Communication

http://dx.doi.org/10.1517/13543770903185920
http://dx.doi.org/10.1517/13543770903185920
http://dx.doi.org/10.1517/13543770903185920
http://dx.doi.org/10.1517/13543770903185920
http://dx.doi.org/10.1016/S0960-894X(00)00163-3
http://dx.doi.org/10.1016/S0960-894X(00)00163-3
http://dx.doi.org/10.1016/S0960-894X(00)00163-3
http://dx.doi.org/10.1021/jm00168a009
http://dx.doi.org/10.1021/jm00168a009
http://dx.doi.org/10.1021/jm00168a009
http://dx.doi.org/10.1016/j.ejmech.2011.10.019
http://dx.doi.org/10.1016/j.ejmech.2011.10.019
http://dx.doi.org/10.1016/j.ejmech.2011.10.019
http://dx.doi.org/10.1016/j.ejmech.2011.10.019
http://dx.doi.org/10.1021/jm00045a006
http://dx.doi.org/10.1021/jm00045a006
http://dx.doi.org/10.1021/jm00045a006
http://dx.doi.org/10.1021/jm00045a006
http://dx.doi.org/10.1016/j.bmcl.2008.04.004
http://dx.doi.org/10.1016/j.bmcl.2008.04.004
http://dx.doi.org/10.1016/j.bmcl.2008.04.004
http://dx.doi.org/10.1016/j.bmcl.2008.09.034
http://dx.doi.org/10.1016/j.bmcl.2008.09.034
http://dx.doi.org/10.1016/j.bmcl.2008.09.034
http://dx.doi.org/10.1016/j.bmcl.2008.09.034
http://dx.doi.org/10.1016/j.bmc.2011.08.054
http://dx.doi.org/10.1016/j.bmc.2011.08.054
http://dx.doi.org/10.1016/j.bmc.2011.08.054
http://dx.doi.org/10.1021/jm3009426
http://dx.doi.org/10.1021/jm3009426
http://dx.doi.org/10.1021/jm3009426
http://dx.doi.org/10.1021/jm3009426
http://dx.doi.org/10.1055/s-1998-1732
http://dx.doi.org/10.1055/s-1998-1732
http://dx.doi.org/10.1055/s-1998-1732
http://dx.doi.org/10.1002/(SICI)1521-3773(19981016)37:19%3C2580::AID-ANIE2580%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1521-3773(19981016)37:19%3C2580::AID-ANIE2580%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1521-3773(19981016)37:19%3C2580::AID-ANIE2580%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1521-3773(19981016)37:19%3C2580::AID-ANIE2580%3E3.0.CO;2-L
http://dx.doi.org/10.1002/(SICI)1521-3757(19981002)110:19%3C2724::AID-ANGE2724%3E3.0.CO;2-4
http://dx.doi.org/10.1002/(SICI)1521-3757(19981002)110:19%3C2724::AID-ANGE2724%3E3.0.CO;2-4
http://dx.doi.org/10.1002/(SICI)1521-3757(19981002)110:19%3C2724::AID-ANGE2724%3E3.0.CO;2-4
http://dx.doi.org/10.1111/j.1747-0285.2006.00347.x
http://dx.doi.org/10.1111/j.1747-0285.2006.00347.x
http://dx.doi.org/10.1111/j.1747-0285.2006.00347.x
http://dx.doi.org/10.1021/cr040107v
http://dx.doi.org/10.1021/cr040107v
http://dx.doi.org/10.1021/cr040107v
http://dx.doi.org/10.1002/1521-3773(20021018)41:20%3C3866::AID-ANIE3866%3E3.0.CO;2-T
http://dx.doi.org/10.1002/1521-3773(20021018)41:20%3C3866::AID-ANIE3866%3E3.0.CO;2-T
http://dx.doi.org/10.1002/1521-3773(20021018)41:20%3C3866::AID-ANIE3866%3E3.0.CO;2-T
http://dx.doi.org/10.1002/1521-3757(20021018)114:20%3C4022::AID-ANGE4022%3E3.0.CO;2-8
http://dx.doi.org/10.1002/1521-3757(20021018)114:20%3C4022::AID-ANGE4022%3E3.0.CO;2-8
http://dx.doi.org/10.1002/1521-3757(20021018)114:20%3C4022::AID-ANGE4022%3E3.0.CO;2-8
http://dx.doi.org/10.1002/1521-3757(20021018)114:20%3C4022::AID-ANGE4022%3E3.0.CO;2-8
http://dx.doi.org/10.1021/ja053335v
http://dx.doi.org/10.1021/ja053335v
http://dx.doi.org/10.1021/ja053335v
http://dx.doi.org/10.1021/ja053335v
http://dx.doi.org/10.1021/ol0706713
http://dx.doi.org/10.1021/ol0706713
http://dx.doi.org/10.1021/ol0706713
http://dx.doi.org/10.1021/ol0706713
http://dx.doi.org/10.1021/ol702061s
http://dx.doi.org/10.1021/ol702061s
http://dx.doi.org/10.1021/ol702061s
http://dx.doi.org/10.1021/ol702061s
http://dx.doi.org/10.1002/chem.200601373
http://dx.doi.org/10.1002/chem.200601373
http://dx.doi.org/10.1002/chem.200601373
http://dx.doi.org/10.1002/anie.200803184
http://dx.doi.org/10.1002/anie.200803184
http://dx.doi.org/10.1002/anie.200803184
http://dx.doi.org/10.1002/anie.200803184
http://dx.doi.org/10.1002/ange.200803184
http://dx.doi.org/10.1002/ange.200803184
http://www.chemeurj.org


8351; h) R. I. McDonald, S. S. Stahl, Angew. Chem. Int. Ed. 2010, 49,
5529 – 5532; Angew. Chem. 2010, 122, 5661 – 5664; i) P. Ch�vez, J. Kirsch,
C. H. Hçvelmann, J. Streuff, M. Mart�nez-Belmonte, E. C. Escudero-Ad�n,
K. MuÇiz, Chem. Sci. 2012, 3, 2375 – 2382; j) D. E. Olson, J. Y. Su, D. A.
Roberts, J. Du Bois, J. Am. Chem. Soc. 2014, 136, 13506 – 13509.

[5] For representative examples, see: a) Z. Regaı̈na, M. Abdaoui, N. E. Aouf,
G. Dewynter, J. L. Montero, Tetrahedron 2000, 56, 381 – 387; b) K. Nadia,
B. Malika, K. Nawel, B. MedYazid, R. Zine, N. E. Aouf, J. Heterocycl. Chem.
2004, 41, 57 – 60; c) J. Zhong, X. Gan, K. R. Alliston, W. C. Groutas,
Bioorg. Med. Chem. 2004, 12, 589 – 593; d) F. F¦court, G. Lopez, A. Van
Der Lee, J. Matinez, G. Dewynter, Tetrahedron: Asymmetry 2010, 21,
2361 – 2366.

[6] Shi has described the Pd-catalyzed asymmetric synthesis of cyclic sulf-
amides by diamination of 1,3-dienes with N,N’-di-tert-butyldithiaazir-
idine-1,1-dioxide, see: a) R. G. Cornwall, B. Zhao, Y. Shi, Org. Lett. 2013,
15, 796 – 799. For a review of Shi’s studies on metal-catalyzed diamina-
tion reactions, see: b) Y. Zhu, R. G. Cornwall, H. Du, B. Zhao, Y. Shi, Acc.
Chem. Res. 2014, 47, 3665 – 3678.

[7] a) R. M. Fornwald, J. A. Fritz, J. P. Wolfe, Chem. Eur. J. 2014, 20, 8782 –
8790. For an extension of this work to the synthesis of bicyclic sulf-
amides, see: b) N. R. Babij, G. M. McKenna, R. M. Fornwald, J. P. Wolfe,
Org. Lett. 2014, 16, 3412 – 3415.

[8] For reviews on Pd-catalyzed alkene carboamination reactions between
aryl/alkenyl halides/triflates and alkenes bearing pendant amines, see:
a) J. P. Wolfe, Top. Heterocycl. Chem. 2013, 32, 1 – 38; b) D. M. Schultz,
J. P. Wolfe, Synthesis 2012, 44, 351 – 361.

[9] For studies on factors that influence syn- versus anti-aminopalladation
pathways in Wacker-type oxidative cyclizations of alkenes bearing
pendant amines, see: a) G. Liu, S. S. Stahl, J. Am. Chem. Soc. 2007, 129,
6328 – 6335; b) A. B. Weinstein, S. S. Stahl, Angew. Chem. Int. Ed. 2012,
51, 11505 – 11509; Angew. Chem. 2012, 124, 11673 – 11677; c) X. Ye, P. B.
White, S. S. Stahl, J. Org. Chem. 2013, 78, 2083 – 2090; d) C. Mart�nez, Y.
Wu, A. B. Weinstein, S. S. Stahl, G. Liu, K. Muniz, J. Org. Chem. 2013, 78,
6309 – 6315.

[10] For reviews on stereochemical pathways for alkene nucleopalladation
reactions and applications to asymmetric catalysis, see: a) P. Kočovský,
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