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Influence of Catalyst Structure and Reaction Conditions on anti-
versus syn-Aminopalladation Pathways in Pd-Catalyzed Alkene
Carboamination Reactions of N-Allylsulfamides

Ryan M. Fornwald,” Jonathan A. Fritz,”) and John P. Wolfe*"

Abstract: The Pd-catalyzed coupling of N-allylsulfamides
with aryl and alkenyl triflates to afford cyclic sulfamide prod-
ucts is described. In contrast to other known Pd-catalyzed
alkene carboamination reactions, these transformations may

be selectively induced to occur by way of either anti- or syn-
aminopalladation mechanistic pathways by modifying the
catalyst structure and reaction conditions.

Introduction

Cyclic sulfamides are an important class of heterocycle that
have attracted attention in medicinal-chemistry applications as
these functional groups can serve as isosteres for cyclic ureas
and are also known to form attractive electrostatic interactions
with proteins and enzymes.!" Biologically active compounds
that bear these units have been examined as protease inhibi-
tors,” human leukocyte elastase (HLE) inhibitors,” renin inhibi-
tors,™ and norovirus inhibitors.”? In addition, the SO, unit can
be cleaved from these compounds to afford synthetically
useful 1,2-diamines.®” Cyclic sulfamides have also been em-
ployed as chiral auxiliaries for asymmetric aldol and alkylation
reactions.®

Classical approaches to the synthesis of cyclic sulfamides fre-
quently involve treatment of 1,2-diamines with sulfamide or re-
lated electrophiles and generally require relatively complex
starting materials.”’ In recent years, a number of metal-cata-
lyzed alkene diamination or oxidative cyclization reactions
have been described that effect the conversion of readily avail-
able substrates into cyclic sulfamide derivatives."”

We have previously reported a method for the construction
of cyclic ureas through Pd-catalyzed alkene carboamination re-
actions between acyclic N-allylureas and aryl or alkenyl hal-
ides."™ We felt that related transformations of N-allylsulfamides
could provide an attractive and simple approach to the gener-
ation of substituted cyclic sulfamides." In addition, this strat-
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egy would complement existing methods as it would allow for
the conversion of an acyclic N-allylsulfamide into a cyclic sulfa-
mide with the generation of both a C—N and a C—C bond.
Herein, we describe our studies in this area and our findings
that the stereochemistry of the addition to the alkene can be
controlled by the appropriate choice of catalyst and condi-
tions, which influence the syn- versus anti-aminopalladation
mechanistic pathways in the catalytic cycle.

Results and Discussion

Initially, we examined the Pd-catalyzed carboamination be-
tween 1a and 4-bromobenzonitrile. After some exploration,
the use of a catalyst composed of [Pd,(dba);] and the Buch-
wald X-Phos? ligand afforded the desired product 2a in 79%
yield of the isolated product [Eq. (1); dba=dibenzylideneace-
tone]. However, the scope of this reaction was limited to elec-
tron-deficient aryl bromides as a competing Heck arylation oc-
curred in the reactions of the more electron-rich electrophiles.

Ar-Br
Q.0 1 mol % [Pd,(dba)s] o o 0 0
Broy-Son-BM 4mol%X-Phos g T oo BnoSo BN
NN
H NaOtBu, toluene \_«/ * R
I 1a 100 °C 2 Ar 3|l
Ar

Ar = p-CN-CgHy: 2a, 25:1 selectivity, 79% yield
Ar = Ph: 2b, 2:1 selectivity, yield not determined

We initially postulated that the mechanism of the carboami-
nation reactions of N-allylsulfamides was similar to that of
other nucleophiles, such as ureas or amines."¥ Namely, the oxi-
dative addition of the aryl bromide to a Pd® center to generate
4, which reacts with substrate 1 and base to afford 5. The
syn-aminopalladation reaction of 5 gives 6, which can undergo
reductive elimination to afford the observed product 2
(Scheme 1).
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Scheme 1. The syn-aminopalladation mechanism.

We felt that two factors could potentially be the cause of

the Heck arylation side reactions observed with relatively elec-
tron-rich aryl bromides: 1) the formation of a Pd—N bond (4 —
5) may be relatively slow for palladium complexes that are less
electrophilic as a result of the electron-rich aryl groups bound
to the metal center or 2) the aminopalladation step (5—6)
may be reversible,” and competing migratory insertion of the
alkene unit into the Pd—C bond of 4 (which leads to side-prod-

uct 3) may be faster with relatively electron-rich aryl groups.'

16]

These factors suggested that the use of aryl triflate substrates
could potentially lead to improved results in Pd-catalyzed car-
boamination reactions of N-allylsulfamides. The oxidative addi-
tion of aryl triflates to the Pd° center leads to the formation of

cationic palladium complexes,

07 which should undergo more

facile Pd—N-bond formation due to the increased electrophilici-
ty of these intermediates. In addition, the non-nucleophilic tri-
flate anion is less likely to promote the formation of anionic

complexes that are known to accelerate Heck reactions.!

18]

We studied the coupling of 1 with para-tolyl triflate (Table 1)

to test this idea, and our first results when using X-Phos as
ligand were disappointing; namely, a 1:1 mixture of the desired
product and the side product of the Heck reaction (2¢/3 c) was
obtained. However, after further exploration, we discovered
that the RuPhos ligand provided significantly better results,

Table 1. Optimization of carboamination of aryl triflates.”

p-MeCgH,OTf

o O\\S//O 2 mol % [Pdy(dba)s] 0, 0 Se
NN 6mol%ligand  pn...S. _Bn BMN S NEN
H —_— N N + H
H Base, solvent \_«/
I 1a 100°c 2c p-Tol 3¢ |
p-Tol
Entry  Ligand Base Solvent  2c/3c  Conversion [%]®
1 X-Phos NaOtBu toluene 1:1 81
2 RuPhos NaOtBu toluene 9:1 90
3 RuPhos LiOtBu toluene 19:1 100
4 RuPhos  LiOtBu  PhCF, >251 1009

[a] Reaction conditions: 1a (1.0 equiv), p-MeCH,OTf (1.2 equiv), base
(1.4 equiv), [Pd,(dba);] (2 mol%), ligand (6 mol %), solvent (0.25 m), 100 °C;
[b] Conversion = percentage of starting material consumed. [c] The reac-
tion was conducted using Pd(OAc), (2 mol%) and ligand (5 mol %).
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and a screen of bases revealed that the use of LiOtBu provided
further improvement. Finally, switching to the more polar sol-
vent benzotrifluoride resulted in the formation of the desired
product, with only a trace amount of the side product from
the Heck arylation reaction.

We proceeded to examine the scope of Pd-catalyzed carbo-
amination reactions of N-allylsulfamides with a variety of differ-
ent aryl triflates (Table 2). Both electron-withdrawing groups
(Table 2, entries 2, 7, 9, and 13) and electron-donating groups
(Table 2, entries 3, 10, and 12) were tolerated on the aryl triflate
substrate. In addition, the reaction of an ortho-substituted aryl
triflate also proceeded in good yield (Table 2, entry 4). Alkenyl
triflates were also viable substrates (Table 2, entries 5 and 6),
and the reactions proceeded with retention of the alkene ge-
ometry. The RuPhos ligand provided satisfactory results with
most electrophiles that were examined. However, in a few
cases, superior results were obtained with Brettphos, 2-di-tert-
butylphosphino-2-(N,N-dimethylamino)biphenyl (tBu-Dave-
phos), or 2-di-tert-butylphosphino-2'-(N,N-dimethylamino)bi-
phenyl (tBuXPhos; Table 2, entries 5, 6 and 11, respectively). In
most cases, the Pd-catalyzed carboamination reactions did not
generate significant amounts of undesired side products. How-
ever, in a few instances, side products that result from a com-
peting 6-endocyclization reaction were observed. In addition,
in some cases, reactions of substrates that contained two dif-
ferent groups on the nitrogen atoms (R#R') generated side

Table 2. Pd-catalyzed carboamination of N-allylsulfamides.”

[ONy¢]

R ,\\S//\ R 2 mol % Pd(OAc), O\\ 0
N H + R2_OTf SLEIB"/o 2:' Pcr::os R-N"N _R!
iOtBu, 3
Hl 1 100 °C \Z_K/RZ

Entry R R R? Product Yield [%]®

1 Bn Bn p-Me-CH, 2c 85

2 Bn Bn p-NC-C4H, 2a 20

3 Bn Bn p-MeO-CH, 2d 90

4 Bn Bn o-Me-CgH, 2e 85

5 Bn Bn 1-cyclohexeny! 2f 879

6 Bn Bn (E)-1-decenyl® 29 goded

7 Me Bn p-Cl-CgH, 2h 79

8 Bn PMB  p-Me-CiH, 2i 90

9 Bn Me m-F,C-C;H, 2j 86
10 Bn tBu p-MeO-CH, 2k 92
1 Bn PMP Ph 21 909

0 Y

12 Me  Bn <O]© 2m 84
13 tBu Bn m-F,C-C4H, 2n gl
14 H allyl Ph 20 510

[a] Reaction conditions: 1 (1.0 equiv), R?OTf (1.2 equiv), LiOtBu (1.4 equiv),
Pd(OACc), (2 mol%), RuPhos (5 mol%), PhCF; (0.25m), 100°C. [b] Yield of
the isolated product (average of two experiments). [c] The reaction was
conducted with Brettphos as the ligand. [d] The reaction was conducted
with tBu-Davephos as the ligand. [e] The alkenyl triflate was used as a 5:1
mixture of E/Z isomers, and the product was obtained as a 5:1 E/Z mix-
ture. [f] The reaction was conducted using R?OTf (1.4 equiv) and LiOtBu
(1.6 equiv). [g] The reaction was conducted with tBu-X-Phos as the ligand.
[h] The reaction was conducted with 7.5 mol% ligand. [i] The reaction
was conducted with R*OTf (2.4 equiv) and LiOtBu (2.4 equiv). PMB = para-
methoxybenzyl ether, PMP = para-methoxyphenyl.
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products from allylic transposition and cyclization. In a few in-
stances, small amounts of a side product 3 from a Heck reac-
tion were also generated. In cases in which this side product
could not easily be separated by column chromatography, the
side product from the Heck reaction was de-allylated (through
Pd-catalyzed m-allyl formation/trapping) by the addition of 1,3-
bis(diphenylphosphino)propane (DPPP) and morpholine to the

reaction mixture.

\\ // [o)
2 mol % Pd(OAc), N
_5mol % X-Phos _ BN~N""N-BN @)
)ﬁ “LiotBu, PhCF; cN
100 °C
83%, >20:1 d.r. 8
0
Bn\Nf\ /(N,Bn 2mol % Pd(OA,, P .
H 4 pnors _8mol% C-Phos TNTUNET o)
\H) 9 LiOfBu, PhCF3, 100°C 44 oh
96%
\ o
Bn\N,S\N,Bn 2 mol % Pd(OAc),
H + phoTf 5 mol % C-Phos no desired ()
J) 1 LiOtBu, PhCF3, 100 °C product
Ph
N\ /O o, Bh\ /C/)
Bn. S. _Bn 2 mol % Pd(OAc), N-S=0
N N o C. R \
H + PhOTf 7.5 mol % C-Phos N<gn 5)
LiOtBu, PhCF3, 100 °C
12 67%, >20:1 d.r. on 13
\
Bn\N,\S//\N,Bn 2 mol % Pd(OAc), 2P
H 4+ phoTt 5 mol % RuPhos Bn-N"N-BN (g
ﬁ LiOtBu, PhCF3, 100 °C -
75%, >20:1d.r.
D 14 0 r 15 5

To further explore the scope of the sulfamide carboamina-
tion reactions, we examined transformations of more highly
substituted substrates. After some exploration, we discovered
that the C-Phos ligand provided higher yields and cleaner reac-
tions than Ruphos in these transformations. Substrate 7, with
an allylic methyl group, was converted into 8 in good yield
with >20:1 d.r. [Eq. (2)], and the presence of a methyl group
on the internal alkene carbon atom was also tolerated in the
conversion of 9 into 10 [Eq. (3)]. Efforts to cyclize substrate 11,
which bears an E-disubstituted alkene, were unsuccessful, with
no reaction observed [Eq. (4)]. However, cyclopentene-derived
substrate 12 was successfully coupled with phenyl triflate to
afford bicyclic product 13 [Eqg. (5)]. In contrast to the related
carboamination reactions of other nucleophiles," the carbo-
amination of 12 proceeded with anti addition to the alkene.
Similarly, the deuterated substrate 14 was converted into 15,
the product of anti addition to the alkene with high stereose-
lectivity [Eq. (6)].
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The formation of products resulting from the anti addition
to the alkene is in sharp contrast to previously reported alkene
carboamination reactions, which afford syn-addition prod-
ucts.™ As such, it appears that the mechanism of the Pd-cata-
lyzed reactions of N-allylsulfamides with aryl triflates differs
from other Pd-catalyzed carboamination reactions in which the
Pd—N bond is generated through syn-aminopalladation of the
alkene (i.e., migratory insertion of the alkene group into the
Pd—N bond of an intermediate palladium-amido complex)."™

The mechanism of the reactions between N-allylsulfamides
and aryl triflates most likely proceeds as illustrated in
Scheme 2. Oxidative addition of the aryl triflate to the Pd°

15 L,Pd(0) Ar-OTf
N //O
Bn~n~ 7 N-Bn +
\_g L,Pd—Ar | oTf~
P L,
16
18 p )\r
o +
LiOTf P oTf~ 14
tBuOH Bn~\-" N-Bn
\—g
Ly Pd»\‘ b
. | D
LiOtBu Ar 17

Scheme 2. The anti-aminopalladation mechanism.

center generates the cationic Pd" complex 16, which binds to
the alkene moiety of substrate 14 to afford 17. A sequence of
deprotonation and anti-aminopalladation affords 18, which
can undergo C—C-bond-forming reductive elimination to pro-
vide the observed product and regenerate the Pd° catalyst.*”
Given the relatively low nucleophilicity of the sulfamide group,
it is likely that the aminopalladation step (17—18) is reversi-
ble.™™ The favorability of the anti-aminopalladation pathway
may also be due in part to the low nucleophilicity of the sulfa-
mide group, which may lead to a relatively slow rate of Pd—N-
bond formation (to generate the palladium-amido complex re-
quired for syn-aminopalladation; Scheme 1).

The formation of side products from 6-endocyclization most
likely derives from a competing 6-endocyclization reaction of
17; the formation of related side products that derive from 6-
endocyclization pathways has previously been observed in
other Pd-catalyzed alkene difunctionalization reactions that
proceed through anti-heteropalladation reactions.”” The side
product from an allylic transposition appears to be generated
through the oxidative addition of the N-allylsulfamide to the
Pd° center to yield an intermediate allylpalladium complex and
a deallylated sulfamide anion, which recombine to form the re-
arranged compound. Control experiments conducted in the
absence of palladium did not lead to rearrangement.

To determine if other experimental variables also influence
the anti- versus syn-aminopalladation pathway, we examined
the coupling of deuterated substrate 14 with phenyl triflate
under a number of different conditions (Table 3), moving from

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 3. Influence of reaction conditions.”!

[eNye} o 0
Y Ph-X O\\ 0 P B Y
% n\ .S.,,.Bn
Bon-SoNBM amol % [Pdl Bn_ S5y -Bn B"‘N SZ-Bn N
H 10 mol % L|gand
| MOtBu solvent ) Ph \_S_ph
D™ 14

‘
‘
MeO Cy,P Pr
‘

E Cy,P O'Pr Cy,P 'Pr Cy,P NMe,
! RuPhos X-Phos C-Phos BrettPhos
Entry X Ligand M Solvent  15/19®  (154+19)/3b"
1 OTf RuPhos Li PhCF; >20:1 99:1
2 OTf  RuPhos Na toluene 7:1 94:64
3 OTf  X-Phos Na toluene 1.7 72:289
4 OTf  X-Phos Li dioxane 1:10  60:40
5 OTf  X-Phos Li PhCF, 10:1 93:7
6 Br X-Phos Na toluene 1:4  70:309
7 Br RuPhos Na toluene 1:1 60:409
8 Br RuPhos Na  toluene 1:1 60:40
9 Br RuPhos Na  PhCF, 10:1 937
10 Br X-Phos Na PhCF, 11 60:40
1 Br BrettPhos Na  PhCF; 10:1 98:2
12 Br C-Phos Na PhCF; >20:1 99:1
[a] Reaction conditions: 14 (1.0 equiv), Ph-X (1.2 equiv), MOtBu
(1.4 equiv), Pd(OAc), (4 mol%), ligand (10 mol%), solvent (0.0625 m),

100°C. [b] The ratio of 15/19 as determined by NMR spectroscopic analy-
sis. [c] The ratio of (15419)/3b as determined by 'H NMR spectroscopic
analysis; in general, no significant amounts of other side products were
generated in these reactions, and the yields estimated by 'H NMR spec-
troscopic analysis were >90% for the combined total of 15+19+3b.
[d] [Pd,(dba);] (2 mol% complex, 4 mol% Pd) was used in place of
Pd(OAC),.

the “optimal” conditions for triflate coupling to those originally
examined with aryl bromides (Table 3, entry 1 vs. 6, respective-
ly). As shown below, most conditions examined for the reac-
tions of aryl triflates favored the formation of the anti-addition
product 15 (Table 3, entries 1, 2, and 5). However, both the
ligand and the solvent polarity clearly have a significant
impact on the reaction pathway as the use of X-Phos as
a ligand in a nonpolar solvent, such as toluene or dioxane, fa-
vored the generation of the syn-addition product 19 (Table 3,
entries 3 and 4), whereas the anti-addition product predomi-
nated in the PhCF; solvent (Table 3, entry 5). Reactions in
which 19 was the major stereoisomer afforded comparatively
large amounts of side product 3d from a Heck arylation
reaction.

In transformations involving bromobenzene as the electro-
phile, the X-Phos ligand also favored the formation of the syn-
addition product in toluene (Table 3, entry 6). The use of the
RuPhos ligand in toluene afforded a 1:1 mixture of anti/syn ad-
dition products (Table 3, entries 7 and 8). However, a survey of
different, yet related, biaryl phosphanes in the polar solvent
PhCF; revealed that the anti-addition product was favored for
most ligands, with the exception of X-Phos (1:1 mixture;
Table 3, entry 10), which lacks electron-donating alkoxy or
amino groups on the biphenyl moiety.

Although the Pd-catalyzed carboamination of 14 is mecha-
nistically complex, in general it appears that conditions that

Chem. Eur. J. 2014, 20, 1-10 www.chemeurj.org
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lead to a more electrophilic metal center and/or cationic inter-
mediates (e.g., aryl triflate substrates, the relatively polar sol-
vent PhCF;?? which may facilitate the generation of cationic
intermediate palladium complexes) favor the anti-aminopalla-
dation pathway. The observed influence of a phosphane-ligand
structure also fits this general pattern as ligands that favor
anti-addition pathways contain electron-donating groups on
the biphenyl unit, which may stabilize cationic intermediates
either due to an increased electron-donating ability of the
phosphane (e.g., Brettphos) or through an electron-donating
interaction between the biphenyl backbone and the metal
center (e.g., RuPhos and C-Phos).

In contrast, the conditions that lead to a less electrophilic
metal center and/or neutral intermediates (aryl bromide sub-
strates, nonpolar solvents) appear to favor the syn-addition
pathway. Importantly, these experiments also indicate that in-
termolecular®™ Pd-catalyzed carboamination reactions be-
tween aryl halides and alkenes that bear pendant nucleophiles
can proceed through either syn- or anti-aminopalladation path-
ways under the appropriate reaction conditions.?**! The use
of conditions that appear to be optimal for the syn-addition
pathway in the coupling of 14 with bromobenzene afforded
19 in 47% yield and 4:1 d.r., whereas the conditions that are
optimal for anti-addition afforded 15 in 90% yield and > 20:1
d.r. [Egs (7) and (8)].

To determine whether this interesting influence of the reac-
tion conditions on syn- versus anti-aminopalladation pathways

o)
2 mol % Pd(OAc), \\S,/o
5 mol % X-Phos Bn~p-P N-Bn ,
O\\ pe NaOtBu, toluene, 100 °C Ph 0
Bn. .S, _.Bn 47%, 41 dr 19
NN (ALar D
ﬁ + Ph-Br 0. o
2mol % Pd(OAc), g 8 o
D~ M 5 mol % C-Phos N N ®)
NaOtBu, PhCF3, 100 °C \.. Ph
90%, >20:1 d.r. 15

is limited solely to sulfamides or can be more broadly applica-
ble to other nucleophiles, we examined syn- versus anti-addi-
tion reactions of the related N-allylurea 20 [Eqgs (9) and (10)].
Our prior studies illustrated that the coupling of 20 with 4-
bromo-tert-butylbenzene proceeds with syn addition in the
presence of a Pd/bis[(2-diphenylphosphino)phenyl] ether (Dpe-
Phos) catalyst to generate 21.*¥ In contrast, the Pd/RuPhos-
catalyzed coupling of 20 with phenyl triflate proceeds with net
anti addition to afford 22. On the basis of this result, it appears
that it will likely be possible to control the syn- versus anti-ami-
nopalladation pathways in carboamination reactions of other
nucleophilic species. However, further catalyst development
will be necessary to broaden the scope to include internal
alkene substrates, as efforts to apply optimized syn-addition
conditions to cyclopentene-derived substrate 12 afforded
a complex mixture of products (although the anti-addition
product 13 was not formed).

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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p-tBuCgH4—Br O

1 mol % [Pd(dba)s] S
Me~ ~CgHy-p-NO
3 mol % Dpe-Phos e~N" “N-LeMa-p-NO2

NaOtBu, xylenes, 115 °C CeHa-p-
6Ha-p-tBu
j’\ 91%, 7:1d.r. 2
Me\N N,C5H4—p—N02 9)
Ph-OTf [e}

s

D 20

2 mol % Pd(OAc), S
Me- ~CgHys-p-NO
5 mol % RuPhos €~N" "N-~eraP 2

Lg (10)
..... Ph
80%, 10:1 d.r. 2 D

LiOtBu, PhCF3, 100 °C

Conclusion

We have developed a new approach to the construction of
cyclic sulfamides through the Pd-catalyzed alkene carboamina-
tion of N-allylsulfamide derivatives. The mechanism of these re-
actions is dependent on the reaction conditions and can selec-
tively proceed through either syn- or anti-aminopalladation
pathways. These experiments suggest the use of different cata-
lysts or reaction conditions to control the mechanistic path-
ways will extend beyond sulfamide substrates, which could
have broadly significant implications in a number of different
Pd-catalyzed alkene difunctionalization reactions. Further stud-
ies on the development of other alkene carboheterofunctional-
ization reactions that proceed through anti-heteropalladation
processes are currently underway.

Experimental Section
General

All the reactions were carried out in a nitrogen atmosphere in
flame-dried glassware, unless otherwise noted. Palladium precata-
lysts and phosphane ligands were purchased from commercial
sources and used without purification. All other reagents were ob-
tained from commercial sources and were used as obtained, unless
otherwise noted. Bulk quantities of lithium tert-butoxide and
sodium tert-butoxide were stored in a glove box and removed in
small amounts (ca. 1-2 g) that were consumed within a few days.
Toluene, THF, diethyl ether, and dichloromethane were purified by
using a GlassContour solvent purification system. Anhydrous ben-
zotrifluoride was obtained from commercial sources and was used
without further purification. Yields refer to the yield of the isolated
products of compounds estimated to be >95% pure as deter-
mined by 'H NMR spectroscopic analysis, unless otherwise noted.
The yields reported in the experimental section describe the result
of a single experiment, whereas the yield of the isolated products
reported in Tables 1-3 and Equations (1)-(10) are averages of the
yields for two or more experiments. Thus, the yields reported in
the experimental section may differ from those shown in Tables 1-
3 and Equations (1)-(10).

General procedure for Pd-catalyzed carboamination reac-
tions of N-allylsulfamide and N-allylurea derivatives with
aryl trifluoromethanesulfonates

A test tube was charged with Pd(OAc), (2 mol%), phosphane
ligand (5 mol%), sulfamide substrate (1.0 equiv), and LiOtBu
(1.4 equiv). The test tube was purged with N, and benzotrifluoride
was added (the reactions were conducted at 0.25m substrate con-
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centration, unless specified otherwise), followed by aryl trifluoro-
methanesulfonate (1.2 equiv). The resulting mixture was heated to
100°C and ,stirred overnight. The reaction mixture was cooled to
room temperature, quenched with saturated aqueous ammonium
chloride, and extracted with dichloromethane. The combined or-
ganic extracts were dried over anhydrous Na,SO,, filtered, and con-
centrated in vacuo. The crude product was purified by flash chro-
matography on silica gel.
4-[(2,5-Dibenzyl-1,1-dioxido-1,2,5-thiadiazolidin-3-yl)methyllben-
zonitrile (2a): The general procedure was employed for the cou-
pling of 1-allyl-1,3-bis-benzylsulfamide (1a; 79 mg, 0.25 mmol) and
4-cyanophenyl trifluoromethanesulfonate (75 mg, 0.30 mmol) using
a catalyst composed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos
(5.8 mg, 0.0125 mmol). This procedure afforded 94 mg (90%) of
the product as a white solid. M.p. 107-108°C; 'H NMR (500 MHz,
CDCly): 6=7.46 (d, J=7.9 Hz, 2H), 7.43-7.28 (m, 10H), 6.99 (d, J=
79Hz 2H), 443 (d, J=14.7 Hz, 1H), 428 (d, J=13.6 Hz, 1H), 4.23
(d, J=14.7 Hz, 1H), 4.07 (d, J=13.7 Hz, 1H), 3.50 (td, J=3.9, 7.7 Hz,
1H), 3.13 (dd, /=7.2, 9.4 Hz, 1H), 291 (dd, J=5.7, 13.6 Hz, 1H),
2.75 (dd, J=5.7, 9.5Hz, 1H), 2.70 ppm (dd, J=8.4, 13.6 Hz, 1H);
BCNMR (126 MHz, CDCly): 6=141.7, 135.1, 134.7, 1324, 130.0,
1289, 1288, 128.6, 1283, 118.6, 110.9, 57.0, 51.7, 50.4, 49.3,
39.7 ppm; IR (film): #=2228, 1321, 1158 cm™'; MS (ESI): m/z calcd
for CpHp3N;0,5: 418.1584 [M+H]*; found: 418.1581.
2,5-Dibenzyl-3-(4-methylbenzyl)-1,2,5-thiadiazolidine-1,1-dioxide
(2¢): The general procedure was employed for the coupling of 1a
(79 mg, 0.25mmol) and para-tolyl trifluoromethanesulfonate
(54 pL, 0.30 mmol) using a catalyst composed of Pd(OAc), (1.1 mg,
0.005 mmol) and RuPhos (5.8 mg, 0.0125 mmol). This procedure af-
forded 84 mg (83%) of the product as a yellow solid. M.p. 96—
99°C; '"HNMR (500 MHz, CDCly): 6=7.49-7.44 (m, 2H), 7.44-7.30
(m, 8H), 7.03 (d, J/=7.8 Hz, 2H), 6.81 (d, J=7.9 Hz, 2H), 4.46 (d, J=
14.9 Hz, 1H), 4.33 (dd, /=5.8, 14.3 Hz, 2H), 4.06 (d, J=13.9 Hz, 1H),
3.49 (dtd, J=4.9, 6.6, 9.5 Hz, 1H), 3.08 (dd, J=6.9, 9.4 Hz, 1H), 2.89
(dd, J=4.9, 13.5 Hz, 1H), 2.84 (dd, /=6.3, 9.5 Hz, 1H), 2.61 (dd, J=
9.6, 13.5 Hz, TH), 2.29 ppm (s, 3H); *C NMR (126 MHz, CDCl,): 6 =
136.6, 135.5, 135.0, 132.9, 129.4, 129.0, 128.7, 128.7, 128.6, 128.1,
57.6, 50.9, 50.7, 49.6, 39.0, 21.0 ppm; IR (film): #=1286, 1160 cm™';
MS (ESI): m/z caled for C,,H,N,0,S: 407.1788 [M+H]*; found:
407.1791.
2,5-Dibenzyl-3-(4-methoxybenzyl)-1,2,5-thiadiazolidine-1,1-diox-
ide (2d): The general procedure was employed for the coupling of
1a (79 mg, 0.25 mmol) and 4-methoxyphenyl trifluoromethanesul-
fonate (54 pL, 0.30 mmol) using a catalyst composed of Pd(OAc),
(1.1 mg, 0.005 mmol) and RuPhos (5.8 mg, 0.0125 mmol). This pro-
cedure afforded 93 mg (88%) of the product as a pale-yellow oil.
"HNMR (500 MHz, CDCly): 6=7.45 (dd, J=1.7, 7.8 Hz, 2H), 7.44-
7.30 (m, 8H), 6.83 (d, J/=8.6 Hz, 2H), 6.75 (d, J=8.5 Hz, 2H), 4.44
(d, J=14.8Hz, 1H), 4.32 (d, J=14.5Hz, 2H), 4.05 (d, /=13.8 Hz,
1H), 3.76 (s, 3H), 3.46 (ddd, /=5.0, 6.9, 9.7 Hz, 1H), 3.07 (ddd, J=
14,70, 84 Hz 1H), 2.86 (dd, /=5.0, 13.6 Hz, 1H), 2.82 (dd, /=6.4,
9.4 Hz, 1H), 2.58 ppm (dd, J=9.4, 13.6 Hz, 1H); *C NMR (126 MHz,
CDCly): 6=188.0, 158.6, 135.5, 135.0, 130.1, 129.0, 128.7, 128.7,
128.6, 128.1, 128.0, 114.1, 57.6, 55.2, 50.9, 50.7, 49.6, 38.6 ppm; IR
(film): #=1246, 1160 cm™'; MS (ESI): m/z calcd for C,,H,¢N,0,S:
423.1737 [M+H]"; found: 423.1739.
2,5-Dibenzyl-3-(2-methylbenzyl)-1,2,5-thiadiazolidine-1,1-dioxide
(2e): The general procedure was employed for the coupling of 1a
(79 mg, 0.25mmol) and ortho-tolyl trifluoromethanesulfonate
(54 pL, 0.30 mmol) using a catalyst composed of Pd(OAc), (1.1 mg,
0.005 mmol) and RuPhos (5.8 mg, 0.0125 mmol). This procedure af-
forded 86 mg (85%) of the product as a white solid. M.p. 120-
122°C; 'THNMR (500 MHz, CDCl,): 6=7.46-7.30 (m, 10H), 7.07
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(ddd, J=7.2, 14.7, 25.7 Hz, 3H), 6.86 (dd, J=1.4, 7.5 Hz, 1H), 437
(s, 2H), 430 (d, J=13.7 Hz, 1H), 4.13 (d, J=13.7 Hz, 1H), 3.51 (ddft,
J=55, 6.8, 9.4 Hz, 1H), 3.09 (dd, J=6.9, 9.4 Hz, 1H), 2.98 (dd, J=
5.2, 13.6 Hz, 1H), 2.87 (dd, J=5.8, 9.4 Hz, 1H), 2.69 (dd, J=9.6,
13.6 Hz, TH), 1.99 ppm (s, 3H); *CNMR (126 MHz, CDCl,): 6=
136.3, 135.4, 135.0, 134.4, 130.6, 130.1, 128.9, 128.7, 128.7, 128.7,
128.2, 128.1, 127.1, 126.1, 55.7, 50.7, 50.6, 49.6, 36.8, 19.1 ppm; IR
(film): $=1283, 1164 cm™'; MS (ESI): m/z calcd for C,H,6N,0,S:
407.1788 [M+H]*; found: 407.1790.

2,5-Dibenzyl-3-(cyclohex-1-en-1-ylmethyl)-1,2,5-thiadiazolidine-
1,1-dioxide (2f): The general procedure was employed for the
coupling of T1a (79 mg, 0.25 mmol) and 1-cyclohexenyl trifluorome-
thanesulfonate (52 pL, 0.30 mmol) using a catalyst composed of
Pd(OAc), (1.1 mg, 0.005mmol) and BrettPhos (6.7 mg,
0.0125 mmol). This procedure afforded 89 mg (90 %) of the product
as a pale-yellow solid. M.p. 66-68 °C; 'H NMR (500 MHz, CDCl,): 6 =
745 (d, J=7.0 Hz, 2H), 7.42-7.29 (m, 8H), 5.33 (s, 1H), 449 (d, J=
15.0 Hz, TH), 4.36 (d, J=13.8 Hz, 1H), 4.26 (d, J=15.0 Hz, 1H), 4.05
(d, J=13.8 Hz, TH), 3.47-3.36 (m, 1H), 3.21 (dd, /=7.0, 9.4 Hz, 1H),
2.81 (dd, /=6.6, 9.4 Hz, 1H), 2.23 (dd, J=2.2, 140 Hz, 1H), 2.04
(dd, J=9.7, 13.6 Hz, TH), 1.94-1.80 (m, 2H), 1.73-1.59 (m, TH),
1.59-1.33 ppm (m, 5H); *C NMR (126 MHz, CDCl,): 6 =135.8, 135.7,
135.1, 132.2, 128.7, 128.7, 128.6, 128.0, 127.9, 125.5, 54.8, 50.8, 50.6,
49.9, 41.9, 28.3, 25.1, 22.6, 22.0 ppm; IR (film): 7=1286, 1154 cm™";
MS (ESI): m/z calcd for C,3H,N,0,S: 397.1944 [M+H1*; found:
397.1949.

(E)-2,5-Dibenzyl-3-(undec-2-en-1-yl)-1,2,5-thiadiazolidine-1,1-di-
oxide (2g): The general procedure was employed for the coupling
of 1a (79 mg, 0.25 mmol) and (E)-dec-1-en-1-yl trifluoromethane-
sulfonate (101 pL, 0.35 mmol, 5:1 mixture of E/Z isomers) using
LiOtBu (32 mg, 0.40 mmol) and a catalyst composed of Pd(OAc),
(1.1 mg, 0.005 mmol) and tBuDavePhos (4.3 mg, 0.0125 mmol). This
procedure afforded 90 mg (79%) of the product as a yellow oil.
The compound was judged to be a 5:1 mixture of E/Z isomers by
'HNMR spectroscopic analysis. Data are given for the major
Eisomer: '"H NMR (500 MHz, CDCl,): §=7.51-7.42 (m, 2H), 7.42-
7.29 (m, 8H), 5.44 (dt, J=7.4, 11.0 Hz, 1H), 5.16-5.06 (m, 1H), 4.51
(d, J=15.1Hz, 1H), 436 (d, J=13.7 Hz, 1H), 426 (d, /=148 Hz,
1H), 4.02 (d, J=13.7 Hz, 1H), 3.33 (ddd, J=5.6, 9.2, 11.1 Hz, 1H),
3.22 (dd, J=7.0, 93 Hz, 1H), 2.79 (dd, J=7.1, 9.3 Hz, 1H), 2.27
(dddd, J=5.5, 7.5, 13.5, 159 Hz, 1H), 2.16 (dt, J/=8.4, 15.2 Hz, 1H),
1.81 (tt, J=6.9, 12.9 Hz, 2H), 1.35-1.18 (m, 12H), 0.91 ppm (q, J=
6.5Hz, 3H); *CNMR (126 MHz, CDCl,): 0=135.7, 134.9, 1344,
128.7, 128.7, 128.7, 128.6, 128.1, 128.0, 122.1, 56.3, 50.9, 50.6, 49.6,
31.9, 30.5, 29.5, 29.4, 29.3, 29.3, 27.4, 22.7 ppm, 14.1; IR (film): 7=
1304, 1164 cm™'; MS (ESI):: m/z calcd for C,HN,0,S: 455.2727
[M+H]T; found: 455.2735.

2-Benzyl-3-(4-chlorobenzyl)-5-methyl-1,2,5-thiadiazolidine-1,1-
dioxide (2h): The general procedure was employed for the cou-
pling of 1b (60 mg, 0.25 mmol) and 4-chlorophenyl trifluorometha-
nesulfonate (52 uL, 0.30 mmol) using a catalyst composed of
Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos (5.8 mg, 0.0125 mmol).
This procedure afforded 68 mg (78%) of the product as a white
solid. M.p. 133-135°C; "H NMR (500 MHz, CDCl,): 6 =7.41-7.36 (m,
4H), 7.36-7.31 (m, 1H), 7.23 (d, J=8.3 Hz, 2H), 6.92 (d, J=8.3 Hz,
2H), 443 (d, /=149 Hz, 1H), 4.25 (d, /=149 Hz, 1H), 3.51 (dtd, J=
5.2, 6.9, 93 Hz, 1H), 3.17 (dd, J=7.0, 9.3 Hz, 1H), 2.89 (dd, J=5.2,
13.6 Hz, 1H), 2.86 (dd, J=6.8, 9.3 Hz, 1H), 2.73 (s, 3H), 2.61 ppm
(dd, J=9.3, 13.6 Hz, TH); “CNMR (126 MHz, CDCl,): 6=1353,
134.5, 132.9, 130.4, 128.9, 128.8, 128.7, 128.1, 57.1, 52.5, 51.2, 39.0,
33.2 ppm; IR (film): #=1297, 1149 cm™'; MS (ESI): m/z calcd for
Cy7H16CIN,0,S: 351.0929 [M+H]™; found: 351.0926.
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5-Benzyl-2-(4-methoxybenzyl)-3-(4-methylbenzyl)-1,2,5-thiadia-
zolidine-1,1-dioxide (2i): The general procedure was employed for
the coupling of 1c¢ (87 mg, 0.25 mmol) and para-tolyl trifluorome-
thanesulfonate (54 pL, 0.30 mmol) using a catalyst composed of
Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos (5.8 mg, 0.0125 mmol).
This procedure afforded 95 mg (87 %) of the product as a pale-
yellow solid. M.p. 109-113°C; "H NMR (400 MHz, CDCl,): 6 =7.42-
7.25 (m, 7H), 6.99 (d, J/=7.8 Hz, 2H), 6.92-6.86 (m, 2H), 6.79 (d, J=
7.9 Hz, 2H), 4.36-4.21 (m, 3H), 4.01 (d, J/=13.8 Hz, 1H), 3.81 (s, 3H),
3.49-337 (m, 1H), 3.02 (dd, /=7.0, 9.4 Hz, 1H), 2.86 (dd, J=5.0,
13.5Hz, 1H), 2.78 (dd, J/=6.2, 9.4 Hz, 1H), 2.56 (dd, J=9.5, 13.5 Hz,
1H), 2.26 ppm (s, 3H); *C NMR (126 MHz, CDCl,): 6=159.5, 136.5,
135.0, 133.0, 130.4, 129.4, 129.0, 128.7, 128.6, 128.1, 127.3, 114.0,
57.1, 553, 506, 503, 49.5, 39.0, 21.0 ppm; IR (film): 7=1281,
1158 cm™'; MS (ESI): m/z calcd for C,sH,gN,0,S: 437.1893 [M4H]™;
found: 437.1885.

5-Benzyl-2-methyl-3-(3-(trifluoromethyl)benzyl)-1,2,5-thiadiazoli-
dine-1,1-dioxide (2j): The general procedure was employed for
the coupling of 1d (60 mg, 0.25 mmol) and 3-trifluoromethylphen-
yl trifluoromethanesulfonate (60 pL, 0.30 mmol) using a catalyst
composed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos (5.8 mg,
0.0125 mmol). This procedure afforded 78 mg (81 %) of the product
as a pale-yellow oil. '"HNMR (500 MHz, CDCl,): 6=7.52 (d, J=
7.8Hz, 1H), 743 (t, J=7.7Hz, 1H), 7.40 (d, J=1.6 Hz, TH), 7.38-
7.29 (m, 6H), 4.31 (d, J=13.9 Hz, 1H), 3.99 (d, J=13.9 Hz, 1H), 3.44
(m, TH), 3.16 (dd, J=6.9, 9.4 Hz, 1H), 3.12 (dd, J=5.7, 13.6 Hz, 1H),
2.85-2.78 (m, 2H), 2.75 ppm (s, 3H); >*C NMR (126 MHz, CDCL,): 6 =
136.9, 134.8, 132.7, 131.2 (q, J=33.8 Hz), 129.3, 128.7, 128.6, 128.2,
125.8, 124.1, 123.9 (q, J=272.4 Hz), 59.6, 50.8, 49.5, 38.8, 33.6 ppm;
IR (film): #=1242, 1127 cm™"; MS (ESI): m/z calcd for C,gH,oFsN,0,S:
385.1192 [M+H]*; found: 385.1193.
5-Benzyl-2-(tert-butyl)-3-(4-methoxybenzyl)-1,2,5-thiadiazoli-
dine-1,1-dioxide (2k): The general procedure was employed for
the coupling of 1e (71 mg, 0.25 mmol) and 4-methoxyphenyl tri-
fluoromethanesulfonate (54 uL, 0.30 mmol) using a catalyst com-
posed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos (5.8 mg,
0.0125 mmol). This procedure afforded 90 mg (93 %) of the product
as a white solid. M.p. 104-106°C; 'H NMR (500 MHz, CDCl,): 6=
7.47-7.32 (m, 5H), 6.79 (d, J=8.6 Hz, 2H), 6.71 (d, J=8.6 Hz, 2H),
446 (d, J=13.5Hz, 1H), 3.77 (d, J=13.6 Hz, 1H), 3.75 (s, 3H), 3.54
(dddd, J=1.3, 4.1, 5.8, 10.4 Hz, 1H), 2.98-2.78 (m, 4H), 1.53 ppm (s,
9H); CNMR (126 MHz, CDCl,): 6=158.4, 1354, 1302, 1293,
128.8, 128.7, 128.1, 114.0, 57.8, 55.4, 55.2, 49.0, 47.1, 4038,
28.2 ppm; IR (film): #=1279, 1142cm™'; MS (ESI): m/z calcd for
C,yH,sN,0,5: 389.1893 [M+H]*; found: 389.1893.
3,5-Dibenzyl-2-(4-methoxyphenyl)-1,2,5-thiadiazolidine-1,1-diox-
ide (21): The general procedure was employed for the coupling of
1-allyl-1-benzyl-3-(4-methoxyphenyl)sulfamide (1f; 83 mg,
0.25mmol) and phenyl trifluoromethanesulfonate (49 pL,
0.30 mmol) using a catalyst composed of Pd(OAc), (1.1 mg,
0.005 mmol) and tBuXPhos (5.3 mg, 0.0125 mmol). This procedure
afforded 91 mg (89%) of the product as a yellow solid. M.p. 95-
97°C; '"HNMR (500 MHz, CDCly): 6=7.45-7.30 (m, 7H), 7.29-7.19
(m, 3H), 7.07-6.97 (m, 4H), 441 (d, J=14.0Hz, TH), 421-4.12 (m,
1H), 4.06 (d, J=14.0 Hz, 1H), 3.85 (s, 3H), 3.24 (dd, J=6.5, 9.2 Hz,
1H), 3.03 (dd, J=7.6, 9.4 Hz, 1H), 3.00 (dd, J=4.2, 13.8 Hz, TH),
2.71 ppm (dd, J=9.5, 13.7 Hz, 1H); *C NMR (126 MHz, CDCl,): 6 =
159.2, 1355, 1349, 129.2, 128.8, 128.7, 128.7, 128.6, 128.2, 128.1,
127.0, 115.0, 58.6, 55.5, 51.2, 49.7, 38.7 ppm; IR (film): 7=1289,
1157 cm™'; MS (ESI): m/z calcd for C,3H,,N,05S: 409.1580 [M+4H]™;
found: 409.1577.
3-(Benzo[d][1,3]dioxol-5-ylmethyl)-2-benzyl-5-methyl-1,2,5-thia-
diazolidine-1,1-dioxide (2m): The general procedure was em-
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ployed for the coupling of 1b (60 mg, 0.25 mmol) and 3,4-methyle-
nedioxyphenyl trifluoromethanesulfonate (52 pL, 0.30 mmol) using
a catalyst composed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos
(5.8 mg, 0.0125 mmol). This procedure afforded 76 mg (84 %) of
the product as a yellow oil. "H NMR (500 MHz, CDCl,): 6 =7.45-7.29
(m, 5H), 6.69 (d, J=7.8Hz, 1H), 6.49-6.42 (m, 2H), 591 (m, 2H),
443 (d, J=15.0 Hz, 1H), 425 (d, J=14.9 Hz, 1H), 3.47 (dtd, J=4.9,
6.9, 9.7Hz, 1H), 3.17 (dd, /=6.9, 9.4Hz, 1H), 2.88 (dd, /=6.9,
9.4 Hz, 1H), 2.83 (dd, J=5.0, 13.5Hz, 1H), 2.72 (s, 3H), 2.53 ppm
(dd, J=9.7, 13.5Hz, TH); “CNMR (126 MHz, CDCl,): 5=147.8,
146.6, 135.4, 129.6, 128.8, 128.7, 128.1, 122.1, 109.2, 108.4, 101.0,
57.4, 52.5, 51.0, 39.2, 33.2 ppm; IR (film): #=1246, 1150 cm™"; MS
(ESI): m/z caled for C,gH,N,0,5: 361.1217 [M-+H]*; found:
361.1219.

2-Benzyl-5-(tert-butyl)-3-[3-(trifluoromethyl)benzyl]-1,2,5-thiadia-
zolidine-1,1-dioxide (2n): The general procedure was employed
for the coupling of 1g (71 mg, 0.25 mmol) and 3-trifluoromethyl-
phenyl trifluoromethanesulfonate (60 uL, 0.30 mmol) using a cata-
lyst composed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos
(5.8 mg, 0.0125 mmol). This procedure afforded 91 mg (85%) of
the product as a yellow solid. M.p. 104-106°C; '"H NMR (500 MHz,
CDCly): 6=7.49 (d, J/=7.8 Hz, 1H), 7.42-7.29 (m, 6H), 7.26-7.19 (m,
2H), 438 (d, J=14.8 Hz, 1H), 4.19 (d, J/=14.8 Hz, 1H), 3.53-3.43 (m,
1H), 3.25 (dd, /=6.6, 8.9 Hz, 1H), 3.10-2.98 (m, 2H), 2.74 (dd, J=
9.1, 13.6 Hz, 1H), 1.42 ppm (s, 9H); *C NMR (126 MHz, CDCl,): 6 =
137.6, 135.5, 132.6, 131.0 (g, J=32.1 Hz), 129.2, 128.8, 128.6, 128.0,
125.7 (q, J=3.7 Hz), 1239 (q, /=272.3 Hz), 123.8 (q, /=3.8 Hz),
56.2, 56.1, 50.6, 45.6, 38.5, 27.4 ppm; IR (film): #=1302, 1120cm™;
MS (ESI): m/z calcd for C,H,sF3N,0,S: 427.1662 [M+H1*; found:
427.1663.

2-Allyl-3-benzyl-1,2,5-thiadiazolidine-1,1-dioxide (2 0): The gener-
al procedure was employed for the coupling of 1Th (44 mg,
0.25mmol) and phenyl trifluoromethanesulfonate (98 pL,
0.60 mmol), using LiOtBu (48 mg, 0.60 mmol) and a catalyst com-
posed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos (5.8 mg,
0.0125 mmol). This procedure afforded 30 mg (48 %) of the product
as a pale-yellow oil. '"H NMR (500 MHz, CDCl,): 6=7.37-7.24 (m,
3H), 7.24-7.15 (m, 2H), 5.94 (dddd, J=5.6, 7.7, 10.1, 17.5 Hz, 1H),
5.36-5.25 (m, 2H), 444 (t, J=7.5Hz, 1H), 3.78 (ddt, J=1.5, 5.6,
15.1 Hz, 1H), 3.72 (ddt, J/=5.1, 6.8, 84 Hz, 1H), 3.67 (ddt, J=1.2,
7.7, 15.1 Hz, 1H), 3.39 (dt, J/=6.9, 11.7 Hz, TH), 3.22 (ddd, J=4.7,
6.7, 11.6 Hz, 1H), 3.07 (dd, J=5.4, 13.5Hz, 1H), 2.77 ppm (dd, J=
8.3, 13.5 Hz, 1H); *C NMR (126 MHz, CDCl,): 6 =136.0, 132.5, 129.3,
128.8, 127.2, 120.0, 61.1, 48.7, 44.9, 39.2 ppm; IR (film): 7=3242,
1296, 1159 cm™'; MS (ESl): m/z caled for C,;HsN,0,S: 253.1005
[M+H]"; found: 253.1005.

2-Benzyl-6-(4-methoxyphenyl)-4-phenyl-1,2,6-thiadiazinane-1,1-
dioxide (S2): The general procedure was employed for the cou-
pling of 1f (83 mg, 0.25 mmol) and phenyl trifluoromethanesulfo-
nate (49 pL, 0.30 mmol) using a catalyst composed of Pd(OAc),
(1.1 mg, 0.005 mmol) and RuPhos (5.8 mg, 0.0125 mmol). The
major product generated in this reaction was 21 (described above),
and a small amount of side-product S2 was also formed. Com-
pound S2 was isolated by careful chromatographic purification
(7 mg, 7%) as a pale-yellow oil. 'H NMR (500 MHz, CDCl,): 6 =7.47-
7.42 (m, 4H), 7.42-7.36 (m, 2H), 7.33 (tg, J=1.5, 8.3 Hz, 3H), 7.30-
7.25 (m, 1H), 7.25-7.21 (m, 2H), 6.96-6.92 (m, 2H), 4.69 (d, J=
14.0 Hz, 1H), 4.48 (d, J=14.0 Hz, 1H), 4.24 (t, J=11.8 Hz, 1H), 4.04-
3.94 (m, TH), 3.83 (s, 3H), 3.61-3.47 (m, 2H), 3.29 ppm (ddd, J=
2.3, 4.1, 14.1 Hz, TH); ®CNMR (126 MHz, CDCl,): 6=158.9, 137.8,
135.5, 1344, 128.9, 128.8, 128.1, 128.0, 127.7, 127.5, 114.5, 59.1,
55.5, 53.2, 52.7, 36.9 ppm; IR (film): #=1344, 1157 cm™'; MS (ESI):
m/z calcd for C,3H,,N,0,S: 409.1580 [M+H]*; found: 409.1581.
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(£)-(3 R,4 R)-4-[(2,5-Dibenzyl-4-methyl-1,1-dioxido-1,2,5-thiadia-
zolidin-3-yl)methyllbenzonitrile (8): The general procedure was
employed for the coupling of 7 (83 mg, 0.25 mmol) and 4-cyano-
phenyl trifluoromethanesulfonate (75 mg, 0.30 mmol) using a cata-
lyst composed of Pd(OAc), (1.1 mg, 0.005 mmol) and X-Phos
(6.0 mg, 0.0125 mmol). This procedure afforded 86 mg (80%) of
the product as a white solid. M.p. 102-108 °C; This compound was
obtained as a >20:1 mixture of diastereomers as judged by
'H NMR spectroscopic analysis. '"H NMR (500 MHz, CDCl,): 6 =7.46
(d, J=8.2 Hz, 2H), 7.43-7.31 (m, 8H), 7.30-7.24 (m, 2H), 6.96 (d, J=
8.2 Hz, 2H), 436-4.16 (m, 4H), 3.12 (td, /=3.6, 7.1 Hz, 1H), 3.03
(qd, J=3.6, 6.3 Hz, 1H), 291 (dd, J=6.5, 13.6 Hz, 1H), 2.73 (dd, J=
7.4, 13.6 Hz, 1H), 0.95 ppm (d, J=6.3 Hz, 3H); *C NMR (126 MHz,
CDCly): 6=142.2, 135.5, 1349, 132.3, 130.1, 129.1, 128.8, 128.7,
128.7, 128.2, 128.1, 1186, 110.8, 64.0, 56.7, 519, 48.6, 39.1,
18.6 ppm; IR (film): $=1294, 1132cm™'; MS (ESI): m/z calcd for
C,sH,5N;0,5: 432.1740 [M+H]*; found: 432.1740.

2,3,5-Tribenzyl-3-methyl-1,2,5-thiadiazolidine-1,1-dioxide  (10):
The general procedure was employed for the coupling of 9
(83 mg, 0.25 mmol) and phenyl trifluoromethanesulfonate (49 uL,
0.30 mmol) using a catalyst composed of Pd(OAc), (1.1 mg,
0.005 mmol) and C-Phos (5.5 mg, 0.0125 mmol). This procedure af-
forded 97 mg (95 %) of the product as an off-white solid. M.p. 129-
131°C; "H NMR (500 MHz, CDCl,): 6=7.54 (d, J=7.2 Hz, 2H), 7.45-
735 (m, 7H), 7.32 (t, J=7.4 Hz, 1H), 7.22-7.10 (m, 2H), 6.88 (d, J=
6.6 Hz, 1H), 442 (s, 2H), 438 (d, J/=13.6 Hz, 1H), 402 (d, J=
13.6 Hz, 1H), 3.17 (d, J/=9.3 Hz, 1H), 3.01 (d, J/=13.1 Hz, 1H), 2.78
(d, J=13.1Hz, 1H), 270 (d, J=9.2Hz, TH), 1.21 ppm (s, 3H);
BCNMR (126 MHz, CDCl,): 6=137.0, 135.7, 135.0, 130.3, 129.0,
128.7, 128.6, 128.4, 128.3, 128.2, 127.8, 126.9, 61.8, 54.4, 50.2, 44.9,
43.0, 22.3 ppm; IR (film): #=1299, 1167 cm™'; MS (ESI): m/z calcd
for C,4Hx6N,0,5: 407.1788 [M +H]*; found: 407.1789.

(£)-(3aR,4R,6aS)-1,3-Dibenzyl-4-phenylhexahydro-1 H-
cyclopentalcl[1,2,5]thiadiazole-2,2-dioxide (13): The general pro-
cedure was employed for the coupling of 1,3-bis-benzyl-1-cyclo-
pent-2-enylsulfamide (12; 86 mg, 0.25 mmol) and phenyl trifluoro-
methanesulfonate (81 pL, 0.50 mmol) using LiOtBu (44 mg,
0.55mmol) and a catalyst composed of Pd(OAc), (1.1 mg,
0.005 mmol) and C-Phos (8.2 mg, 0.01875 mmol). This procedure
afforded 70 mg (67%) of the product as an off-white solid.
M.p. 118-120°C; This compound was obtained as a >20:1 mixture
of diastereomers as judged by 'HNMR spectroscopic analysis.
"H NMR (500 MHz, C,Dy): 6=7.28-7.21 (m, 2H), 7.16-7.02 (m, 4H),
6.99-6.89 (m, 7H), 6.65-6.57 (m, 2H), 4.24 (d, J=14.2, TH), 4.15 (d,
J=14.8, 1H), 4.08 (d, J=14.2, TH), 4.04 (d, J/=14.8, 1H), 3.38 (dd,
J=6.9, 9.2, TH), 3.27 (dt, J=6.9, 9.2, 1H), 3.11 (dt, /=6.7, 10.8, 1H),
1.74-1.51 (m, 2H), 1.32 (dtd, J=2.8, 6.7, 13.2, 1H), 0.93 ppm (dtd,
J=6.4,10.7, 12.3, TH); ®*C NMR (126 MHz, CDCl,): 6 =142.0, 135.2,
134.9, 129.0, 128.8, 128.7, 128.7, 128.3, 128.1, 127.7, 127.2, 126.7,
66.1, 60.2, 51.0, 49.8, 49.6, 33.0, 30.9 ppm; IR (film): ?=1310,
1156 cm™'; MS (ESI): m/z calcd for CpsHp6N,0,S: 419.1788 [M+HI™*;
found: 419.1784.

(£)-(1'S,35)-2,5-Dibenzyl-1'-deuterio-3-(4-methylbenzyl)-1,2,5-

thiadiazolidine-1,1-dioxide (15): The general procedure was em-
ployed for the coupling of 14 (79 mg, 0.25 mmol) and phenyl tri-
fluoromethanesulfonate (49 L, 0.30 mmol) using a catalyst com-
posed of Pd(OAc), (1.1 mg, 0.005 mmol) and RuPhos (5.8 mg,
0.0125 mmol). This procedure afforded 75 mg (76 %) of the product
as a yellow solid. M.p. 74-76°C. This compound was obtained as
a >20:1 mixture of diastereomers as judged by 'H NMR spectro-
scopic analysis. Data are given for the major isomer: 'H NMR
(500 MHz, CDCly): 6=7.48-7.43 (m, 2H), 7.43-7.29 (m, 8H), 7.26-
7.15 (m, 3H), 6.92 (dd, J=1.9, 7.6 Hz, 2H), 4.44 (d, /=149 Hz, 1H),
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434 (d, J=148Hz, 1H), 432 (d, /=13.8Hz, 1H), 407 (d, J=
13.8 Hz, 1H), 3.51 (td, J=5.0, 6.6 Hz, 1H), 3.08 (dd, J=7.0, 9.4 Hz,
TH), 290 (d, J=5.0Hz, 1H), 2.84 ppm (dd, J=6.2, 9.5 Hz, 1H);
3C NMR (126 MHz, CDCly): 6=136.0, 135.4, 134.9, 129.0, 128.9,
128.7, 128.6, 128.1, 128.1, 127.0, 57.3, 50.9, 50.6, 49.5, 39.1 ppm (t,
J=19.4 Hz); IR (film): #=1324, 1154 cm~'; MS (ESI): m/z calcd for
Cy3H»DN,0,5: 394.1694 [M+H]™; found: 394.1698.

(£)-(1'S,35)-2,5-Dibenzyl-1'-deuterio-3-(4-methylbenzyl)-1,2,5-

thiadiazolidine-1,1-dioxide (15): The general procedure was em-
ployed for the coupling of 14 (79 mg, 0.25 mmol) and bromoben-
zene (32 pL, 0.30 mmol) using NaOtBu (34 mg, 0.35 mmol; in place
of LiOtBu) and a catalyst composed of Pd(OAc), (1.1 mg,
0.005 mmol) and C-Phos (5.5 mg, 0.0125 mmol). This procedure af-
forded 91 mg (92%) of the product as a yellow solid. This com-
pound was obtained as a >20:1 mixture of diastereomers as
judged by 'H NMR spectroscopic analysis. The physical properties
and spectroscopic data were identical to those provided above.

2,5-Dibenzyl-(1'R,3S)-1'-deuterio-3-(4-methylbenzyl)-1,2,5-thia-
diazolidine-1,1-dioxide (19): The general procedure was employed
for the coupling of 14 (79 mg, 0.25 mmol) and bromobenzene
(32 pL, 0.30 mmol) using NaOtBu (34 mg, 0.35 mmol; in place of
LiOtBu) and toluene (in place of PhCF;) and a catalyst composed of
Pd(OAc), (1.1 mg, 0.005 mmol) and X-Phos (6.0 mg, 0.0125 mmol).
After the starting material had been completely consumed, DPPP
(2.1 mg, 0.0125 mmol) and morpholine (65 puL, 0.75 mmol) in
xylene (1 mL) were added, and the reaction mixture was heated to
120°C for 2 h (this step was employed to facilitate purification by
de-allylating small amounts of a side product from a competing
Heck arylation reaction). The reaction mixture was worked up ac-
cording to the general procedure. This procedure afforded 46 mg
(47 %) of the product as a yellow solid. M.p. 74-76°C. This com-
pound was obtained as a 4:1 mixture of diastereomers as judged
by "H NMR spectroscopic analysis. Data are given for the major
isomer: "H NMR (500 MHz, CDCl,): 8 =7.49-7.43 (m, 2H), 7.43-7.30
(m, 8H), 7.25-7.17 (m, 3H), 6.96-6.89 (m, 2H), 4.44 (d, /=14.8 Hz,
1H), 434 (d, J=14.8Hz, 1H), 432 (d, J=13.8Hz, 1H), 407 (d, J=
13.8 Hz, 1H), 3.51 (dt, J=6.5, 9.3 Hz, 1H), 3.09 (dd, /=7.0, 9.4 Hz,
1H), 2.85 (dd, J=6.2, 9.4Hz, 1H), 2.63 ppm (d, J=9.5Hz, 1H);
BCNMR (126 MHz, CDCly): 6=136.0, 135.4, 134.9, 129.1, 128.9,
128.7, 128.6, 128.1, 128.1, 127.0, 57.3, 50.9, 50.6, 49.5, 39.2 ppm (t,
J=19.6 Hz); IR (film): $=1323, 1155 cm™"; MS (ESI): m/z calcd for
C,3H,;DN,0,S: 394.1694 [M+H]*; found: 394.1699.

(1'5,4S)-1"-Deuterio-4-benzyl-1-methyl-3-(4-nitrophenyl)imidazo-
lidin-2-one (22): The general procedure was employed for the cou-
pling of (2)-1-(3-d-allyl)-1-methyl-3-(4-nitrophenyl)urea (30 mg,
0.125 mmol) and phenyl trifluoromethanesulfonate (25 pL,
0.15 mmol) using a catalyst composed of Pd(OAc), (0.6 mg,
0.0025 mmol) and RuPhos (2.9 mg, 0.00625 mmol). This procedure
afforded 33 mg (85%) of the product as a bright-yellow solid
(m.p. 167-168 °C). This compound was obtained as a 10:1 mixture
of diastereomers as judged by 'H NMR spectroscopic analysis. Data
are given for the major isomer: '"H NMR (500 MHz, C,Dy): 6 =7.99
(d, /=93, 2H), 7.55 (d, J=9.3, 2H), 7.10-7.00 (m, 3H), 6.72 (d, J=
7.4, 2H), 3.58 (dt, J=3.3, 8.6, 1H), 2.49 (dt, J=1.7, 3.2, TH), 2.40
(dd, J=3.1, 8.9, 1H), 2.30 ppm (s, 4H); *C NMR (126 MHz, CDCL,):
0=156.7, 145.1, 141.9, 135.5, 129.1, 128.9, 127.3, 125.0, 117.7, 53.6,
484, 374 (t, J=19.2 Hz), 30.8 ppm; IR (film): #=1702 cm™"; MS
(ESl): m/z caled for C;;H,(DN;O;: 313.1405 [M-+H]*; found:
313.1407.
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I Palladium Catalysis Q, 0 Ar-OTf o, 0 Ar—Br O\\s 0
Bn-p-> BN cat. Pd(OAc)/RuPhos BN~ -S<\-BN cat. Pd(OAc)/X-Phos  Bn~p~=N-Bn

R. M. Fornwald, J. A. Fritz, J. P. Wolfe*
HN-ENR

Influence of Catalyst Structure and
Reaction Conditions on anti- versus

syn-Aminopalladation Pathways in Pd-

Catalyzed Alkene Carboamination
Reactions of N-Allylsulfamides

Chem. Eur. J. 2014, 20, 1-10

LiOtBu, PhCF3, 100 °C

AT via anti-aminopalladation

D
(H)

A constructive approach: A concise, ef-
ficient approach has led to the synthesis
of cyclic sulfamides by using Pd-cata-
lyzed alkene carboamination reactions
of N-allylsulfamides (see picture; OTf=-
triflate, RuPhos = 2-dicyclohexylphosphi-
no-2',6'-diisopropoxybiphenyl, X-

phos =2-dicyclohexylphosphino-2',4',6'-
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s

(H)

NaOtBu, toluene, 100 °C
via syn-aminopalladation

\_S—Ar
D

H)

triisopropylbiphenyl). The mechanism of
these transformations is highly depen-
dent on the catalyst structure and reac-
tion conditions. The reactions can be in-
duced to proceed selectively through
either syn- or anti-aminopalladation
pathways under appropriate conditions.
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