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The synthesis of bicyclic ureas and sulfamidespaladiumeatalyzed alkene carboaminal
reactions between aryl/alkenyl halides/triflasesd alkenes bearing pendant cyclic sulfan
and ureas is described. The substrates for thesdioms are generated in 83-steps fror
commercially available aterials, and products are obtained in good yieith wp to >20:.
diastereoselectivity. The stereochemical outcomthefsulfamide alkene addition is consis
with a mechanism involvingnti-aminopalladation of the alkene, whereas the stbmruica
outcome of the urea alkene addition is consistétht asyrnaminopalladation mechanism.

2009 Elsevier Ltd. All rights reserved

1. Introduction

A number of interesting biologically active natuploducts
feature substituted polycyclic nitrogen heterocyuletifs' These
include tricyclic guanidines such as the batzefigdiand
merobatzelladine alkaloids (e.g., merobatzelladije(Figure 1)
and the tetraponerine T1-T8 alkalofds many instances these
families of natural products contain members witlffeding
relative stereochemistry. For example, merobatdieia B
possesses @s-relationship between the*thydrogen atom and
the C alkyl chain’ whereas batzelladine K displaystrmans-
relationship between these grodpSimilarly, the odd numbered

Heo,~ s/ 2 \eH trans
N~ 4a
N 3 ,,
Me" NJ\N «.~Catlo
HH

H H
Batzelladine K

H H
N74a N “4a
H 3 H
N N1 R
H H

TFA™ H

T-1: R=CyHs T-83: R=CsHs 1+ T-2: R=C,H; T-4: R=C,Hg
T5: R=C4Hg T-7: R=C4Hg } T-6: R=C,Hy T-8: R=C,Hqg
Tetraponerine Alkaloids

Fig 1. Polycyclic alkaloid natural products
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tetraponerines (T-1, 3, 5, and 7) exhibis stereochemistry
between the € and G groups, whereas the even numbered
members of the family haweans C*¥C? stereochemistry.

Many routes for the synthesis of polycyclic guanéd,
including the batzelladines and merobatzelladingsjolve
construction of a bicyclic urea, which is then fertlelaborated to
the guanidiné.Moreover, a 2-(alkylamino)pyrrolidine derivative,
that in principle could be accessed via reductibra dicyclic
urea or sulfamide, was a key intermediate in a mjmthesis of
the tetraponerinés.n addition to serving as useful synthetic
intermediates, substituted cyclic ureas and sutlemiact as
peptidomimetic§ that display a wide spectrum of biological
activity, such as antivirdls HIV protease inhibitofs and
hydroxysteroid dehydrogenase inhibit8rsAs such, there has
been considerable interest in the development dhods for the
stereocontrolled synthesis of these structtires.

We have previously reported a new approach to the
construction of cyclic ureas and sulfamides viacRtilyzed
alkene carboamination reactidhs between aryl/alkenyl
halideftriflate electrophiles and alkenes beariegdant uredd
or sulfamides (Scheme 1, eqi)These transformations proceed
in generally good yields with high diastereoselétés, as
illustrated by the Pd-catalyzed carboaminationrefd to afford
bicyclic urea2 in 91% yield with >20:1 dr; this reaction was a
key step in the asymmetric synthesis of (—)-medidine B
(Scheme 1, eq 2§. We have also described asymmetric
desymmetrization reactions of ureas derived frams-2,5-



2
diallylpyrrolidine that afford products with high Jels of
enantioselectivity; this latter method was appliedhe synthesis

of an epimer of batzelladine K (Scheme 1, ef 3).

Synthesis of cyclic ureas and sulfamides
X=CO0
X Pdy(dba)s, Xantphos
R-n " N-Bn NaO'Bu, toluene, 110 °C Ry~ X-y-Bn
N N (1)
H + p-BrC¢H,CN X =S0,
N\ Pd(OAc),, RuPhos CgHa-p-CN
X =CO, R = Me, LiO'Bu, PhCF3, 100 °C X = CO, R = Me: 80%
X =S0,, R=Bn X = SO,,R = Bn: 90%

Synthesis of (—)-merobatzelladme
R2-Br

H H
[ \, Pd,(dba)s st + OTf-
R™ WSS _PCygHBF, RN — N @)
02\ NH NaO’Bu O)\N 2 | NJJ\N
o H H
pvB 1  NCHs 110°C 2 PMB  R? HeCs C4Hy
. %/\/CSH” 91%, >20:1dr  (-)-merobatzelladine B
R 8n 99.5:0.5 er

R2 = ZCH=CH-CH,CH,

Asymmetric desymmetrization

R%-Br Hoor
Pdy(dba)s R,
S) SlPHOS PE
NH T NaOBu H30
p- CIH4CG PhCHj, 110 °C P‘C|H4Ce Rz C4Hg

76%, >20:1 dr 9-epi-Batzelladine K

95:5 er

R’ =allyl
= ZCH=CH-CH,CH3
Scheme 1. Synthesis of cyclic ureas and sulfamides via Pd-
catalyzed alkene carboamination reactions

Although these transformations have demonstratdidypts
illustrated through the syntheses shown in Schertieelscope of
this approach to the construction of bicyclic ureamains largely
unexplored® For example, no cases of formation of bicyclo
[4.4.0] ring systems have previously been descrilbdareover,
the synthesis of 8pi-batzelladine K also illustrates a significant
limitation of this method. We would have preferredntake the
naturally occurring isomer of batzelladine K, but vave
consistently observed complete substrate control these
reactions; in all cases the products contaigisarelationship
between the €alkyl group and the € hydrogen atom. These
transformations do not provide access to the diesteeric
product with atrans relationship between the®Galkyl/ C*
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tolyloromide or E-1-decenylbromidé> As shown in Table 1,
entries 1-2, these transformations afforded degmediucts4a
and4b in good yield with high diastereoselectivity. Inder to
examine the scope of Pd-catalyzed coupling reastmhureas
derived from cyclic amines, we treat@d-b with a range of
different aryl halide electrophiles. Transformasoof substrates
bearing electron-donating groups proceeded in Yiigld (entries
3-4 and 7), although lower yields were obtained wittteon-
poor and/or ortho-substituted aryl bromides (estre6). To
further illustrate the scope of this transformatisnbstrate3b
bearing a methyl group at the internal alkene aamvas coupled
with 4-bromobiphenyl to affordlg in excellent yield and dr,
although a higher reaction temperature (125 °C) weaglired
(entry 7). In contrast, substrates bearing 1,2kdistuted alkenes
were unreactive. We also carried out the coupling pef
methoxybenzyl protected substraBe with Z-1-bromobutene,
which we used as a model system in our studies lgagirio the
synthesis of merobatzelladine 'B.As shown in eq 4, this
transformation provided the desired proddicin 67% yield with
>20:1 dr. The coupling of PMP-protected substBatavith Z-1-
bromobutene led to a similar outcome, afforddiigin 58% vyield
with >20:1 dr.

Tablel
Pd-Catalyzed carboamination reactions of 2-allyiphdinyl
urea$

|

LA

2 mol % Pdy(dba)s
8 mol % PCy,-HBF,

hydrogen substituents, which would be needed to acces

batzelladine K rather than its epimer.

In this article we describe our studies on expantliegscope
of our previously reported strategy for the synihes bicyclic
ureas via Pd-catalyzed alkene carboamination meti This
includes studies on the reactivity of a varietyaofl and alkenyl
halide coupling partners, as well as preparation both
bicyclo[4.3.0] and bicyclo[4.4.0] ring systems. \&kso describe
a method for the construction of bicyclic sulfansdasalogous to
2,'" along with the corresponding bicyclo[4.4.0] congsnéut
that possess the opposite stereochemical relatipbsitween the
C® alkyl group and the € H atom as compared to the ureas.
Finally, we illustrate the conversion of these blizyproducts to
2-(alkylamino)pyrrolidine derivatives.

2. Results and discussion.

2.1.Synthesis of bicyclic ureas via Pd-catalyzed alkene
carboamination reactions

During the course of model studies directed towatus t
synthesis of (-)-merobatzelladine B, we briefly exsed Pd-
catalyzed coupling reactions betweeBa and either p-

PN + B ot
al u, toluene
Sy 110 °C
PMP
3a:R'=H
3b:R' =
entry urea R product yield dr
(%)
1 3a p-MeCeH, 4a 70 14:1
2 3a E-1-decenyl b 77 18:1
3 3a p-PhGH, 4c 87 16:1
4 3a Q 4ad 86 10:1
0 Br
l\O
5 3a 0-FCCsH, 4e 68 10:1
6 3a p-O,NCeH, Af 46 >20:1
7 3b p-PhGH, 49 97  15:f

aConditions: 1.0 equiBa or 3b, 2 equiv NaBu, 2 mol% Peg(dba), 8 mol%
PCysHBF,, 2 equiv, ArBr, toluene (0.2 M), 110 °C, 4-16°solated yields
(average of two or more experiment&piastereomeric ratio of the pure
isolated product. Diastereomeric ratios of isolateaterials were identical to
those of crude productéThe reaction was conducted in xylenes solvent (0.2
M) at 125 °C.

In order to further explore the scope of the urea
carboamination reactions we prepared 2-allylpipeyidureas
and coupled it witlZ-1-bromobutene using our standard reaction
conditions. This transformation provided the dekipeoduct6a
in 69% vyield, and 8:1 dr (eq 5), although the uE®& equiv of
both the alkenyl bromide and the base, plus a thlighigher
catalyst loading, was necessary to obtain satisfaatesults.
However, we were surprised to find these standard iogact
conditions were not effective for the coupling of P¥rotected
substrateés with aryl bromides.



2 mol % Pd,(dba)s
8 mol % PCya+HBF,

N
A

Br
o)

NaO'Bu, toluene

0~ "NH Et 110°C
PG
3a: PG = PMP 4h: PG = PMP, 58%, >20:1 dr
3c: PG = PMB 4i: PG = PMB, 67%, >20:1 dr
B 3 mol % Pdy(dba)s
r 12 mol % PCyz*HBF,
N Sy
)\ Et NaO'Bu, toluene
o~ i 110°C
PMP 69%, 8:1 dr

5
Consequently, we examined the use of other bagskBgamds

for coupling reactions ob with aryl bromides, and after some

optimization we found that use of £5; as base, Pd(OAChsS
the palladium source, and Dpe-Phos as the ligandided the
desired products in moderate yield (Table '*2).The
stereochemical outcome of these reactions was amadg that
for transformations of pyrrolidinyl ureas3a-c. However,
chemical yields were generally lower than those olethiin

reactions of3a-c due to incomplete consumption of starting

material. The origin of this difference in reactyvis not clear,
but could conceivably be due to differences indbeformational
flexibility of 5-membered vs. 6-membered ringsbbth systems,
there is likely a ground state energy preferencepgeudoaxial
orientation of the allyl group to minimize allylicstrain

interactions with the urea moiety,which would position the
alkene fairly distant from the metal center in #®y palladium
amido intermediate that undergoesynaminopalladation
(Scheme 2). However,
flexibility of 5-membered rings, the presumably athee

conformation in which the allyl group is pseudoequat may

be more energetically accessible, leading to fagt@ction rates
relative to the rate of catalyst deactivation.

Table2
Pd-Catalyzed carboamination reactions of 2-allydpiglinyl
urea$

4 mol % Pd(OAc),
6 mol % Dpe-Phos

P + R-Br
O~ 'NH Cs,CO3, toluene
PMP 110°C
5
entry R product
1 p-MeOGH, 6b 35 15:1
2 m-F;CCsH, 6¢ 47 15:1
3 p-PhC(O)GH, 6d 59 10:1

#Conditions: 1.0 equiv substrate, 2 equiv@3;, 4 mol% Pd(OAc) 6 mol%
Dpe-Phos 2 equiv, RBr, toluene (0.2 M), 110 °C,64h1 Isolated yields
(average of two or more experiment&)iastereomeric ratio of the pure
isolated product. Diastereomeric ratios of isolateterials were identical to
those of crude products.

2.2.Mechanism and stereochemistry

Our prior studies on urea carboamination reactioggest the
transformations described above likely proceed ugno the
mechanism illustrated in Schemé®ZThe reactions are initiated
by oxidative addition of the aryl/alkenyl halide Ral(0) to afford
intermediate7, which reacts with the urea substr&8ter 5 and
base to afford amido comple8. The Pd-amido complex

due to the greater conformdtion

3

undergoes synaminopalladation to provide9,*° which
undergoes C—C bond-forming reductive eliminatiomfiord the
bicyclic urea product4 or 6. The observedcis-relationship
between the angular hydrogen atom and the arylmetioylp in
the products derives from aminopalladation via eathie
transition state during tteynaminopalladation o8 to 9.

RBr
4o0r6 V‘ LnPdO \<
Ly
[
H Pd—R
R
o N T N, H LnPd\

PMP Br

9 o) 7
Ln
\I
\ H 'Pd—R /.
~/~H 3orb
n N\H/N‘PMP base
(0]

8

Scheme 2. Catalytic cycle syrnraminopalladation

While this method is useful for the stereocontlle
construction of bicyclic ureas, the stereoseleistivs substrate
controlled. The conversion & or 5 to bicyclic ureas with ais-
relationship between the angulat*@ydrogen atom and the’C
arylmethyl group proceeds with generally high leved$
stereocontrol, but theynaminopalladation mechanism allows
for the selective formation of only theis stereoisomer;

iastereomeric molecules bearingtransrelationship between
he C? angular hydrogen atom and thé &ylmethyl group are
not accessible through this manifold.

S~

ROTf

13 PMP
Pd- R R~| 5
LnPd OTf
n( N N n
37\ “PMP
12 10

n( N N.
37\@ PMP

"
Scheme 3. Catalytic cycle -anti-aminopalladation

Although thesyrraminopalladation mechanism illustrated in
Scheme 2 provides selective access to onlcihetereoisomer,
we reasoned that it may be possible to access trdmes
stereoisomer by inducing the transformations tacged via an
alternative mechanistic pathway. As shown in Schemeves
hypothesized that if the transformations could baden to
proceed viaanti-aminopalladation of the alkene (following
oxidative addition and alkene coordination to Pthle anti-
aminopalladation of Pd-alkene compl&k would likely proceed
via a chair-like transition state to afford2. Reductive
elimination from12 would then provide bicyclic urea produs,
which contains arans-relationship between the*Thydrogen
atom and &arylmethyl group. In addition, although most of ou
previously reported Pd-catalyzed alkene carboamoimat
reactions proceed visynaminopalladatiori’ we have observed
that urea and sulfamide substrates can be induzathdergo
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carboamination viaanti-aminopalladation under appropriate significant influence on diastereoselectivityand we reasoned
conditions. Specifically, factors that facilitateet formation of  this might also be the case for sulfamide subsrate
cationic intermediate palladium complexes (suchuse of aryl Table3

triflates in place of aryl bromides, use of reletivpolar solvents, Infl f orotecti diast | .
etc.) promote thanti-addition pathway? For example, treatment nfluence of protecting group on diastereoseletytivi

of ureal4 with an aryl bromide in toluene affordegin-addition , 4 mol % Pd(OAc), H
product 15 in 91 % yield and 7:1 dr using a Pd/Dpe-Phos N~ . Ph-OTf 10 mol % CPhos N
catalyst. In contrast, the Pd/RuPhos catalyzed loupf 14 0=$ \H LIOBu, PhCFy 0=\~ Ph
with phenyl triflate in benzotrifluoride solvent aeffied anti- SR 100°C )
addition produci6 in 80% yield and 10:1 dr (Scheme'4). 19a: P = PMP 20a-c
o o Ko L H - .
3 mol % Dpe-Phos e~N" "N~ entry sulfamide product ((?;l)ekid dr
0
Me. j\ A / NaOB eres CeHa-p-Bu 1 19 20a 80" 6:1
NTON 91%, 7:1 dr D 15
j PhOTf o 2 19b 20b 86 3:1
2 mol % Pd(OA
D 5n?ol/% thgghc?;z Bn\NJLN’Ar 3 19¢c 20c 82 31
Ar=1o fH“'p NO2 ™ ioBu, PheF, o _ _ .
100 °C ' 2Conditions: 1.0 equiv substrate, 2 equiv BG, 4 mol% Pd(OAg) 10 mol%
80%, 10:1 dr D 16 C-Phos 2 equiv Ph-OTf, PhgK0.2 M), 100 °C, 16 h’lsolated yields

(average of two or more experiment&piastereomeric ratio of the pure
isolated product. Diastereomeric ratios of isolateaterials were identical to

To test this hypothesis, we examined the couplingpof those of crude product$NMR vyield with phenanthrene as an internal
nitrophenyl protected urea7 with phenyl triflate using the Standard.
conditions optimized foenti-aminopalladation. As shown in eq In order to test this hypothesis, 2-allylpyrroligirsulfamide
6, this transformation did lead to a change in podd substratesl9a-c were synthesized and coupled with phenyl
stereochemistry, at8 was produced as the major stereoisomertriflate using conditions we have previously showrfaoilitate
However, the diastereoselectivity of this transfoforavas low  anti-aminopalladation pathways (Table'3)ve were gratified to
(2:1 dr), and no increase in selectivity was obsirdespite  discover that substrati®a, which contains aiN-PMP group, did
numerous changes to the reaction conditions, cifti}land  react with significantly higher diastereoselectivig/1 dr) than
system, and protecting group. urea 17. In contrast,N-alkyl protecting groups provided the
desired product0b-c in comparable yield, but with lower (3:1)

4 mol % Pd(OAc) H .
Q\/\ 10 mol % RuPhos Qj dr. Thus, theN-PMP group was selected for subsequent studies.

Scheme 4. Syn- vsanti-addition

6
O)\NH "o LiO'Bu, PhCF, 07N f,,,/Ph( ) During the course of these studies, we observed sistemt
Ar 929 w91 g Ar results for the coupling of9 with phenyl triflate, including
Ar = CaHy-p-NO o yleld, =t ar highly variable yields and impurity profiles. It wamted that
6174 2 18 using anhydrous LiBu directly from the glove box led to

significant amounts of side products resulting fradeck
arylation and/or oxidative amination of the alkewbgreas using
LiO'Bu stored on the bench under nitrogen led to arrdwed
We postulated that two factors might be the causehef reaction profile. We reasoned that the differentergactivity
modest diastereoselectivity observed for the cagpdf 17 with may be due to the bench-stored sample picking gl smounts
phenyl triflate: (1) the rates afyn and anti-aminopalladation  of water from the air, which would generate lithiumdigxide
may be comparable; and/or (2) the transition statesmediates and tert-butanol. After some experimentation, we found that
leading to the two possible stereocisomers may bsedlmenergy. changing the solvent from benzotrifluoridetest-butanol led to
Both of these factors can be heavily influencedhsystructural  significantly improved and reproducible yields, amgeatly
and electronic features of the substrate. Many rtepbave diminished the formation of side products resultirgm Heck
illustrated that slight changes to substrate smrectcan arylation or oxidative amination of the alkefleUnder these
dramatically influence the mechanism of aminopaltaxh  conditions, LiOBu obtained directly from the glovebox and
reactions and in turn, the ratio of products résglfromsyn or  LiO'Bu stored on the bench gave comparable results.
anti-addition!** We reasoned that employing a less nucleophilic
substrate, such as a sulfamide, might faug-aminopalladation
by decreasing the likelihood that the substrate ddalm the
Pd-N bond required to underggynmigratory insertiorf’ We
also thought that changing the geometry of thetsatesfrom the
trigonal planar carbonyl group to the tetrahedrdfosiyl group
may influence the stereodetermining transition
states/intermediates leading to the two possibleeaigomers,
and consequently the selectivity of the desiredisfiamation
could potentially be improved. Additionally, in prigtudies on
Pd-catalyzed asymmetric desymmetrization reactiohsireas
derived from 2,5-diallylpyrrolidine, we observed thhe nature
of the protecting group on the cyclizing nitrogetora had a

2.3.Synthesis of bicyclic sulfamides via Pd-catalyzé&era
carboamination reactions

With suitable reaction conditions in hand, we pralesk to
explore the scope of the bicyclic sulfamide-formiegctions. As
shown in Table 4, the transformations18a are effective with
both aryl and alkenyl triflate electrophiles, andide products
20a and 20d-i in moderate to good yield with
diastereoselectivities in the range of 5-10:1 dreld& and
diastereoselectivities were comparable with both tedaerich
and electron-poor aryl triflates. However, reactiaisalkenyl
triflates proceeded in slightly lower yield (entrig@s7). Reactions
of substratel9d, which contains an allyl group at C5, proceeded
with slightly higher diastereoselectivities than werbserved
with 19a (entries 8-9). Use of short reaction times (2 h) with
substrate 19d was necessary in order to avoid undesired
isomerization of the product’s allyl group to arteimal alkene.



The coupling oft9b with the alkenyl bromid&-1-bromobutene
(entry 10) was achieved in modest
diastereoselectivity when 2 equiv of LIOTf was addedthe
reaction mixture, with slightly modified condition®hCF as
solvent and NaBu as base}!

Table4
Pd-Catalyzed carboamination reactions of 2-allyiphainyl
sulfamided

{ \ 4 mol % Pd(OAc) H
R 5N2 SN 10 mol % CPh032 R" "N
R-OTf )
O:,é\ * LiOBu, '‘BuOH O:;,S‘N ., R
g \H 82°C oy
19a: R'=H, P = PMP 20a, 20d-1
19b: R'=H,P=Bn
19d: R' = Allyl, P = PMP
entry sulfamide R product yield drf
(%0)
1 19a Ph 20a 89 7:1
2 19a p-BuCsH, 20d 78 6:1
3 19a p-MeOGH,4 20e 70 71
4 19a p-PhC(O)GH, 20f 61 8:1
(5:1)
5 19a 0-MeCgH, 20g 87 5:1
6 19a 1-cyclohexenyl 20h 63 6:1
7 19a E-1-decenyl 20i 45 10:19
8 lod Ph 20j 65° 20:1
(12:1)
9 19d p-MeOGsH, 20k 6F  >20:1
(13:1)
10 19b Z-1-bromobutene 20| 30" 5:1

2Conditions: 1.0 equiv substrate, 2 equiv 1BG, 4 mol% Pd(OAg) 10 mol%
C-Phos 2 equiv, R-OTfBUOH (0.2 M), 82 °C, 16 h°lsolated yields
(average of two or more experiment&piastereomeric ratio of the pure
isolated product. Diastereomeric ratios of isolateterials were identical to
those of crude products unless otherwise notechiarghesesThe reaction
was conducted with 3.0 equiv of L'y and 3.0 equiv R-OTfThe reaction
time was 2 h'1-Decenyl triflate was employed as 5:1 mixturéEdf isomers.
9The dr was determined following hydrogenatior2@f. The crude dr o20j
could not be determined directly due to the presen€ E/Z alkene
stereoisomers. However, we estimate the crude dret@a. 5-10:1"The
reaction was conducted in PhC#s solvent usinglaCOBu as the base, with
2.0 equiv added LiOTf, and a reaction temperatéiio °C.

The relatively high diastereoselectivities obsery&d13:1)
are both interesting and surprising, as other edlaalkene
carboamination reactions that proceed afgi-aminopalladation
typically provide low (ca 1-3:1) diastereoselectmitnless there
is a substituent at the allylic position of the ealk® The
relatively high selectivity observed in reactiorfsl®a-d may be
due to either thermodynamic or kinetic control. Asown in
Scheme 5, the aminopalladation step in the catalyyicle is
likely reversible, especially since the cyclizingrogen atom is
relatively electron-poof’ The reductive elimination step is most
likely not reversible, and there appear to be Sicpmt
unfavorable 1,3-diaxial interactions present ireintediate21b
and22b where the alkene or arylmethyl group is positioived
pseudoaxial position that are not present in inéeliates21a and
22a.*° So, if the rates of reductive elimination frd2@a or 22b
are comparable, the relative equilibrium populatiaf 22a or
22b would dictate the outcome. Alternatively, the adiwa
energy for reductive elimination frol22b may be higher than

5

that for reductive elimination fror®2a if strain in the transition

yield and 5:1state for reductive elimination frog® is significant.

L, L
H H Pd@R H H o H
NSraCeas 7 N
o~ NZP=N, !
o Npmp ¢} PMP 025+ H':,/R
|
21a 22a PMP
\ 20-major
H Pd 2R Pd_ ’
N
N”/,S*N oup N’ *N ‘l}l B
0 o PMP
21b 22b 20-minor

Scheme 5. Control of stereoselectivity

We subsequently elected to explore the reactivity2e
allylpiperidine-derived  sulfamides for the synttsesiof
bicyclo[4.4.0] heterocyclic ring systems (Table B).contrast to
the reactions of urea derivatives, in which the gigimyl and
piperidinyl derived substrates had considerably fed#t
reactivity, and required different reaction cormtits, our standard
parameters were effective with both pyrrolidinyl94-d) and
piperidinyl sulfamides43). The coupling of23 with a range of
different aryl and alkenyl triflates provided pras in
comparable yields, but slightly lower diastereodglées, than
were observed in reactions dPa. The origin of the lower
diastereoselectivities is not clear, but the déferes are also
relatively small (5-10:1 vs. 3-6:1). A range of @lenic
properties of the aryl triflate were tolerated, artte
transformation was also effective with the heteroargmide 2-
bromothiophene and the alkenyl bromigié-bromobutene when
2 equiv of LIOTf was added to the reaction mixtieg 7-8).
These latter two substrates are noteworthy, as ttenydugroup
and the 2-thiophenyl gropcould conceivably be reduced to the
alkyl side chain present in batzelladine K and tisteaponerine
alkaloids.

Table5
Pd-Catalyzed carboamination reactions of 2-allydpiglinyl
sulfamides

4 mol % Pd(OAc),
10 mol % CPhos

+ R-OTi
o ! LiOBu, 'BuOH
g NH 82°C
PMP
23
entry R product yield  drf
(%)
1 Ph 24a 80 5:1
2 1-cyclohexenyl 24b 85 5:1
3 p-BuCgH, 24c 71 4:1
4 o-MeGgH, 24d 83 4:1
5 Q 24¢ 87 5:1
fo) OTf
’\O
6 p-MeOGH, 24f 76 31

aConditions: 1.0 equiv substrate, 2 equiv B@, 4 mol% Pd(OAg) 10 mol%
C-Phos 2 equiv, R-OTfBUOH (0.2 M), 82 °C, 16 h°lsolated yields
(average of two or more experiment&piastereomeric ratio of the pure
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isolated product. Diastereomeric ratios of isolateaterials were identical
to those of crude products.

SN B{
N X S

4 mol % Pd(OAc),
10 mol % CPhos

O—é — NaOBu, LiOTf,
{ ‘NH PhCF;,100 °C
PMP 73%, 6:1 dr
23
4 mol % Pd(OAc),
Br 10 mol % CPhos
N X, [
0=3 Et LiO'Bu, LIOTH,
d/ \ITIH PhCF3, 100 °C
PMP 82%, 5:1dr
23

2.4.Elaboration of products

To further demonstrate the potential syntheticitutibf the
transformations described above, we elected
deprotection of product@4a and 4i (Scheme 6). After some
experimentation, we found that treatment @#a with
concentrated HBr led to cleavage of the ,S@roup, with
concomitant demethylation of the-methoxyphenyl group.
Oxidation of the resulting product, in a one-pot qass, with
ceric ammonium nitrate then removed the nascent
hydroxyphenyl group to provide diami2& in 75% yield (eq 9).
The PMB protecting group was cleaved frodi by
hydrogenation, with concomitant reduction of theealk to

afford 26 in 92% vyield (eq 10). The urea carbonyl was rerdove

to provide diamine26 in 57% yield through reduction with
LiAIH 4 and subsequent treatment with hydroxylamine (eq 11)

H 1a) 48% HBr, 120 °C H
N 1b) CAN, rt
0.5 A _Ph
2 hll H"/ 75%
PMP  24a
H,, Pd/C
HOAc, MeOH

92%

1) LiAlH,, Et,0, reflux
2) H,NOH « HCI, 80 °C
57%

PMB 7  Et
Scheme 6. Elaboration of products

3. Conclusion

In conclusion, Pd-catalyzed alkene carboaminateactions
between ureas or sulfamides derived from 2-allylgidine or 2-
allylpiperidine are coupled with a range of arylatkenyl halides
or triflates to afford bicyclic ureas or sulfamidess shown in
Scheme 7, the coupling of sulfamides with aryl/alieniflates
affords bicyclic products withtrans relative stereochemistry
between the €arylmethyl group and the angulaf®@ydrogen
atom in good yield with moderate, but syntheticakeful, levels
of diastereoselectivity. In contrast, the reactiaisanalogous
urea derivatives with aryl/alkenyl bromides affordgyclic

products withcis relative stereochemistry, in moderate to good

yield, and with good diastereoselectivity. The charg the
stereochemical outcome of these transformationduis to a
change in reaction mechanism. Circumstances (dondjt
substrate structure) that lead t@yamraminopalladation pathway

to exami

proceed viaanti-aminopalladation afford th#ans-disubstituted
products.

p-MeCgH,~Br H
2 mol % Pd,(dba)g N

8 mol % PCyz-HBF, o )\N Ar

PMP

4a: Ar = p-MeCgH,
70%, 14:1 dr

NaOBu, toluene, 110 °C
substrate 3a

|
XNH p-BuCgH,~OTf H
PMP 4 mol % Pd(OAc), N
10 mol % CPhos é Ar
X e LiO'Bu, 'BUOH, 82 °C 08 NT
substrate 19a PMP
20d: Ar = p-BuCgH,
78%, 6:1 dr
p-PhC(0)CeH4—Br H
4 mol % Pd(OAc), N

6 mol % Dpe-Phos

Cs,COg, toluene, 110 °C 0
substrate 5

41\ Ar

N

-
=<
vl

6d: Ar = p-PhC(0)CgH,

CAn

E 59%, 10:1 dr
"NH Ph-OTf
PMP 4 mol % Pd(OAc), H
5 X =CO 10 mol % CPhos o g A
23: X = SCR LiO'Bu, ‘BUOH, 82 °C BN '
substrate 23 PMP
24a: Ar = Ph
80%, 5:1 dr

Scheme 7. Summary
4, Experimental section
4.1.General

All reactions were carried out under nitrogen atmesphn
flame- or oven-dried glassware. All reagents wereinbthfrom
commercial sources and were used as obtained urtlessvise
noted. Bis-(dibenzylidineacetone) dipalladium(0), palladiuff) (
acetate, tricyclohexylphosphonium tetrafluorobar&fhos, and
Dpe-phos were purchased from Strem Chemical Co. aed u
without further purification. Dichloromethane, toleenand
tetrahydrofuran were purified using a GlassContoulvest
purification system. N-Boc-2-allylpyrrolidine?®® N-Boc-2-(2-
methallyl)pyrrolidine?’ N-Boc-2-allylpiperidine”® E-1-
bromodecend’, Z-1-bromobut-1-en& 19d," the oxooxazolidin
sulfonamides used to prepat®a-c,"** and 1-decenyl triflat&’®
were synthesized according to published procedureyl
triflates were either purchased from commercial sesir or
prepared according to the procedure of Fraetz al®
Benzotrifluoride was purified by distillation from,®s;, and
xylenes were purified by distillation from Cahprior to use.
Structural and stereochemical assignments were baise?D
COSY and NOESY experiments. Ratios of diastereomers were
determined byH NMR analysis. Yields refer to isolated yields
of compounds estimated to b85% pure as determined b
NMR analysis unless otherwise noted. The yields tegan the
experimental section describe the result of a sirgperiment,
whereas yields reported in Tables 1-2, and 4-5 \wmges of
two or more experiments. Thus, the vyields reportedthe
experimental section may differ from those showables 1-2
and 4-5.

4.2.Preparation of starting materials

provide the cis-disubstituted products, whereas reactions that



4.2.1.General procedure 1l:synthesis of urea
substrates

A clean, flame-dried round bottom flask equipped veitbtir
bar was cooled under a stream of nitrogen and ctangth N-
Boc-2-allylpyrrolidine?® N-Boc-2-(2-methallyl)pyrroliding® or
N-Boc-2-allylpiperidiné® (1.0 equiv) and dichloromethane (0.2
M). The resulting solution was cooled to 0 °C ariftlbroacetic
acid (10.0 equiv) was added. The reaction mixturs wtirred
until judged as complete by thin layer chromatogsagc.a. 4
hours), then diluted with water and quenched with amuom
hydroxide until pH reached 12. The organic layer veserved,
and the aqueous layer extracted with dichloromethdries
organic extracts were combined, dried over anhydsmdium
sulfate, and concentratedh vacuo The resulting crude
intermediate was then carried on to the next stepowit any
additional purification.

The crude intermediate was re-dissolved in dichl@th@ne
(0.2M) and charged to a new clean, dry round boftask with a
stir bar. The appropriately substituted isocyarfat2 equiv) was
added slowly, and the resulting reaction stirred2@t°C until
judged as complete by TLC (ca. 4—-14 hours). Aftercemtration
in vacug the resulting residue was purified via flash calum
chromatography on silica gel (20-40% ethyl acdtateines
gradient).

4.2.1.1.(%)-2-Allyl-N-(4-
methoxyphenyl)pyrrolidine-1-carboxamida

The title compound was prepared fronN-Boc-2-
allylpyrrolidine (1.3 g, 6.1 mmol) following Generafocedure 1.
This procedure afforded 997 mg (81% yield) of thet
compound as a yellow ofH NMR (500 MHz, CDCJ) 5 7.29 (d,
J=9.5 Hz, 2 H), 6.83 (d] = 9.0 Hz, 2 H), 6.07 (s, 1 H), 5.82
(ddt,J = 17.0, 10.0, 7.5 Hz, 1 H), 5.13-5.07 (m, 2 H), 4004
(m, 1 H), 3.78 (s, 3 H), 3.45-3.42 (m, 2 H), 2.6052%, 1 H),
2.22-2.16 (m, 1 H), 2.04-1.93 (m, 3 H), 1.83-1.79rhi); **C
NMR (125 MHz, CDC}) &155.6, 154.3, 135.2, 132.2, 121.7
117.4, 114.1, 57.2, 55.5, 46.3, 38.7, 29.5, 2338(film) 3306,
1639 cnt. HRMS (EST TOF) m/z [M + H[: CiHxN,O,
261.1598; found 261.1599.

4.2.1.2.(¢)-N-(4-Methoxyphenyl)-2-(2-
methylallyl)pyrrolidine-1-carboxamid&b

The title compound was prepared froN-Boc-2-(2-
methallyl)pyrrolidine (663 mg, 2.9 mmol) following @eral
Procedure 1. This procedure afforded 186 mg (238ldyiof the
titte compound as a yellow oitH NMR (500 MHz, CDCJ) &
7.31-7.27 (m, 2 H), 6.84-6.83 (m, 2 H), 6.11 (s, 18H3-5.60
(m, 1 H), 5.46-5.44 (m, 1 H), 4.03-4.01 (m, 1 H),83(, 3 H),
3.47-3.44 (m, 2 H), 2.55 (dd,= 4.1, 13.6 Hz, 1 H), 2.23-2.03
(m, 1 H), 2.01-1.94 (m, 3 H), 1.79-1.67 (m, 1 H), (823 H);
*C NMR (126 MHz, CDGJ) 5 155.5, 154.4, 132.3, 126.6, 121.8,
121.7, 114.0, 57.6, 55.5, 46.3, 31.6, 29.9, 23381;1IR (film)
2966.8, 1638.0, 1638.0, 1510.1 triiRMS (EST TOF) m/z: [M
+ H]" calcd for GgH,,N,0, 275.1754; found 275.1760.

4.2.1.3.(%)-2-Allyl-N-(4-
methoxybenzyl)pyrrolidine-1-carboxami®e

7
2.02-1.82 (m, 3 H), 1.78-1.73 (m, 1 HC NMR (175 MHz,
CDCly) 6 158.8, 156.6, 135.3, 131.9, 129.1, 117.1, 1136%,5
55.3, 46.0, 44.1, 38.8, 29.4, 23.6; IR (film) 332426 cm’.
HRMS (ESI TOF) m/z [M + HJ: caled for GgH»N,0,
275.1754; found 275.1747

4.2.1.4.(2)-2-Allyl-N-(4-methoxyphenyl)piperidine-
1-carboxamide5

The title compound was prepared from N-Boc-2-
allylpiperidine (762 mg, 3.4 mmol) following Genefilocedure
1. This resulted in 355 mg (38% vyield) of the titempound as a
pale yellow oil."H NMR (500 MHz, CDCJ) & 7.23-7.17 (m, 2
H), 6.85-6.75 (m, 2 H), 6.32 (s, 1 H), 5.79 (ddt, 7.2, 10.1,
17.2 Hz, 1 H), 5.18-5.02 (m, 2 H), 4.29-4.21 (m, 1301 (dt, J
= 3.1, 13.4 Hz, 1 H), 3.76 (s, 3 H), 2.93 (td, J = 281 Hz, 1
H), 2.52-2.47 (m, 1 H), 2.32—-2.27 (m, 1 H), 1.71-1%25 H),
1.54-1.40 (m, 1 H)*C NMR (126 MHz, CDCJ) 5 155.6, 135.4,
132.6, 122.2, 122.1, 117.3, 114.0, 55.5, 51.1,,3%433, 27.9,
25.5, 18.8; IR (film) 2934.8, 1628.9, 1509.5, 1&16m". HRMS
(ESI" TOF) m/z: [M + HJ calcd for GgH,,N,O, 275.1761; found
275.1761.

4.2.1.5. (2)-2-Allyl-N-(4-nitrophenyl)pyrrolidine-
1l-carboxamidel?

The title compound was prepared fronN-Boc-2-
allylpyrrolidine (887 mg, 4.2 mmol) following General
Procedure 1. The chromatographed product materigldivated
with dichloromethane (35 mL) and washed with 1M HCk (25
mL) to remove any remaining 4-nitroanniline. Thieogedure
afforded 290 mg (25%) of the title compound as lloyesolid:
mp = 104-106C. 'H NMR (700 MHz, CDCJ) 5 8.15 (d,J = 9.1
Hz, 2 H), 7.58 (dJ = 9.1 Hz, 2 H), 6.64 (s, 1 H), 5.84-5.78 (m, 1
H), 5.17-5.09 (m, 2 H), 4.09 (s, br, 1 H), 3.53-3.46 2 H),
2.56 (dt,J = 5.3, 12.4 Hz, 1 H), 2.25-2.18 (m, 1 H), 2.09-2.02
(m, 1 H), 2.04-1.94 (m, 2 H), 1.86-1.82 (m, 1 K& NMR (175
MHz, CDCk) 6 152.7, 145.4, 142.3, 134.7, 125.1, 118.0, 117.9,
57.5, 46.5, 38.5, 29.6, 23.7; IR (film) 3314, 169301, 1329
cm™. HRMS (EST TOF) m/z [M + HJ: calcd for G4Hi7N4O;
276.1343; found 276.1344.

4.2.2.General procedure 2: synthesis of sulfamide
substrates

A clean, flame-dried round bottom flask equipped veitbtir
bar was cooled under a stream of nitrogen and ctangth N-
Boc-2-allylpyrrolidine orN-Boc-2-allylpiperidiné® (1.0 equiv),
dichloromethane (0.2 M), and trifluoroacetic acido(M). The
reaction mixture was stirred until judged as conglby thin
layer chromatography (c.a. 4 hours), then dilutetth wiater and
quenched with ammonium hydroxide until pH reached Tt
organic layer was reserved, and the aqueous layexrcéed with
dichloromethane . Organic extracts were combinedddaver
anhydrous sodium sulfate, and concentratedvacuo The
resulting crude intermediates were then carried mithe next
step without any additional purification.

A separate clean, flame-dried round bottom flask eased
under a stream of nitrogen, and charged with theogpjate N-
protected-2-oxo-oxazolidanone-3-sulfonanifdd1.2 equiv), 4-
dimethylaminopyridine (0.2 equiv), and a stir band then was

The title compound was prepared from 4-methoxybenzyl,aciated and backfilled with nitrogen. Acetonitri@12 M

isocyanate (1.8 mL, 12.6 mmol) ardiBoc-2-allylpyrrolidine
(.77 g, 8.4 mmol) via General Procedure 1. Thiscedore
afforded 862 mg (37%) of the title compound as ke gallow
oil. *H NMR (500 MHz, CDCJ) 5 7.25 (d,J = 8.0 Hz, 2 H), 6.90
(d,J=8.5Hz, 2 H), 5.78 (dddd,= 6.6, 7.8, 10.2, 16.9 Hz, 1 H),
5.10-5.00 (m, 2 H), 4.43-4.30 (m, 3 H), 3.97 (m, 13880 (s, 3
H), 3.34-3.23 (m, 2 H), 2.54-2.49 (m, 1 H), 2.18-21®8 1 H),

based on added amine) was added, followed by treathigle
(3.0 equiv), and then the reaction vessel was heatad oil bath
to 75 °C. After one hour at 75 °C, the crude 2-pjigiolidine or
2-allylpiperidine from above was added, and thetiea mixture
stirred at 75 °C overnight (approximately 16 houf$)e mixture
was cooled to 20 °C, solvent was remowedvacuq and the
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residue was partitioned between dichloromethane 3akd
hydrochloric acid (aq). The organic layer was resénand the
aqueous layer extracted with dichloromethane. Orgexiacts
were combined, dried over anhydrous sodium sulfaieg

Tetrahedron

°C.'H NMR (700 MHz, CDCJ) 7.19 (d,J = 8.4 Hz, 2 H), 6.85
(d,J = 8.4 Hz, 2 H), 5.75-5.67 (m, 2 H), 5.07-5.02 (m, 4 H)
3.79 (s, 3 H), 3.79-3.74 (m, 2 H), 2.50 @@t 5.5, 12.0 Hz, 2 H),
2.16 (dt,J = 8.3, 14.8 Hz, 2 H), 1.77-1.71 (m, 2 H), 1.68-1.62

concentratedh vacug and the resulting residue purified via flash (m, 2 H); ®C NMR (175 MHz, CDCJ) 3 157.2, 134.6, 130.0,

column chromatography on
acetate/hexanes gradient).

4.2.2.1.()-2-Allyl-N-(4-
methoxyphenyl)pyrrolidine-1-sulfonamid®a

silica gel (20-40%

The title compound was prepared fronN-Boc-2-
allylpyrrolidine (1.06 g, 5.0 mmol) following GenerBfocedure
2. This procedure afforded 808 mg (68%) of the titbmpound
as a pale yellow oil"H NMR (700 MHz, CDC}) & 7.18 (d,J =
9.1 Hz, 2 H), 6.85 (dJ = 9.1 Hz, 2 H), 6.30 (s, br, 1 H), 5.70—
5.61 (m, 1 H), 5.05-4.99 (m, 2 H), 3.79 (s, 3 H), 3%%97 (m, 1
H), 3.36-3.27 (m, 2 H), 2.46-2.41 (m, 1 H), 2.12 (dt 13.9,
8.5 Hz, 1 H), 1.86-1.73 (m, 3 H), 1.70-1.66 (m, 1'¥(; NMR

ethyl123.7, 117.5, 114.4, 61.6, 55.4, 40.4, 29.0; Im{fi3268, 1508,

1247, 1151 cit. HRMS (EST TOF) m/z: [M + HJ calcd for
C1H24N,05S, 337.1580; found 337.1580.

4.2.2.5.(2)-2-Allyl-N-(4-methoxyphenyl)piperidine-
1-sulfonamide23

The title compound was prepared fronN-Boc-2-
allylpiperidine (2.0 g, 8.9 mmol) following Generaioeedure 2.
This afforded 1.25 g (45% yield) of the title coropad as a
yellow oil. *H NMR (700 MHz, CDCJ) & 7.12-7.07 (m, 2 H),
6.86-6.81 (m, 2 H), 6.15 (s, 1 H), 5.72-5.64 (m, 15)6-4.99
(m, 2 H), 3.98-3.92 (m, 1 H), 3.78 (s, 3 H), 3.59,(3= 4.5,
14.0 Hz, 1 H), 2.97 (td= 2.8, 13.3 Hz, 1 H), 2.41-2.30 (m, 2

(175 MHz, CDCJ) & 157.2, 134.5, 130.1, 123.7, 117.5, 114.4,H), 1.59-1.49 (m, 2 H), 1.50—1.37 (m, 2 H), 1.33-11222 H);

60.3, 55.5, 49.1, 39.9, 30.1, 24.2; IR (film) 328827, 1245,
1146 cm'. HRMS (ESI TOF) m/z: [M + HJ calcd for
C14H2oN-05S 297.1267; found 297.1274.

4.2.2.2.(2)-2-Allyl-N-benzylpyrrolidine-1-
sulfonamidel9b

The title compound was prepared from-benzyl-2-
oxooxazolidine-3-sulfonamide (2.1 g, 8.3 mmol) asdBoc-2-
allylpyrrolidine (2.1 g, 10.0 mmol) in two steps Ifking
General Procedure 2. This procedure afforded 1.22286) of
the title compound as a pale-yellow solid: mp = 38°@. *H
NMR (700 MHz, CDC}) 6 7.30-7.20 (m, 5 H), 5.72-5.64 (m, 1
H), 5.03-4.96 (m, 2 H), 4.68 (s, br, 1 H), 4.15 (${)23.76 (ddt,
J=3.9,7.8,9.0 Hz, 1 H), 3.31-3.24 (m, 1 H), 3.16d(d = 4.9,
6.6, 9.5 Hz, 1 H), 2.46 (dddf, = 1.4, 4.0, 6.8, 13.7 Hz, 1 H),
2.18-2.10 (m, 1 H), 1.84-1.69 (m, 3 H), 1.68-1.611rhi); **C
NMR (175 MHz, CDC)) & 137.0, 134.6, 128.7, 127.9, 127.9,
117.5, 59.6, 49.0, 47.4, 40.1, 30.3, 24.3; IR (fild282, 1312,
1143 cm'. HRMS (EST TOF) m/z: [M + HJ calcd for
C14H20N20,S 281.1318; found 281.1325.

4.2.2.3.(%)-2-Allyl-N-(4-
methoxybenzyl)pyrrolidine-1-sulfonamid®c

The title compound was prepared friNv(4-methoxybenzyl)-
2-oxooxazolidine-3-sulfonamide (2.4 g, 8.3 mmoljl &kBoc-2-
allylpyrrolidine (2.1 g, 10.0 mmol) following GenerBfocedure
2. This procedure afforded 1.10 g (43%) of the titbmpound as
a yellow solid: mp = 39-4X. 'H NMR (700 MHz, CDC)) 5
7.25 (d,J = 9.1 Hz, 2 H), 6.88 (dl = 8.4 Hz, 2 H), 5.77 (dd§, =
7.1,10.2, 17.2 Hz, 1 H), 5.12-5.04 (m, 2 H), 4.18(sl), 3.88—
3.79 (m, 1 H), 3.80 (s, 3 H), 3.37 (dt= 7.3, 9.9, Hz, 1 H), 3.25
(ddd,J = 5.1, 6.7, 9.7 Hz, 1 H), 2.56-2.53 (m, 1 H), 2.2192
(m, 1 H), 1.95-1.79 (m, 3 H), 1.75-1.69 (m, 1 B NMR (175

¥C NMR (176 MHz, CDGCJ) 5 157.1, 135.0, 130.1, 123.3, 117.3,
114.4, 55.5, 53.5, 41.4, 34.1, 26.7, 24.9, 18.0(film) 3271.5,
1509.0, 1246.2, 1142.1 émHRMS (EST TOF) m/z: [M + H[
calcd for GaH,oN,05S 311.1424; found 311.1422.

4.3.Preparation of products

4.3.1.General procedure 3: Synthesis of bicyclic
pyrrolidinyl ureas

A clean, flame-dried Schlenk tube equipped with a tsair
was cooled under a stream of nitrogen and chargddtheét urea
substrate, Pgidba}, tricyclohexylphosphonium tetrafluoroborate,
sodiumtert-butoxide, and aryl or alkenyl bromide. The tubeswa
purged with nitrogen and 2.5 mL toluene per 1 mmudistrate
was added via syringe. The reaction mixture was Hetatel 10
°C with stirring until judged complete as determingd TLC
analysis. Subsequently, the crude reaction mixtuae diluted
with ethyl acetate (2 mL) and quenched with saturaigageous
ammonium chloride (3 mL). The organic layer was saigal,
and the aqueous layer extracted with ethyl acetatal( x 2).
The collected organic layers were then dried ovdrydrous
sodium sulfate, decanted, and concentratecgacuoand purified
by flash chromatography on silica gel using 20-6@%ayl
acetate/hexanes as the eluent unless otherwise noted

4.3.1.1.(%)-(3R*,4aR*)-2-(4-Methoxyphenyl)-3-(4-
methylbenzyl)hexahydropyrrolo[1,2-c]pyrimidin-
1(2H)-oneda

A flame-dried Schlenk tube was cooled under a strefih,
and charged with Bfba) (6.4 mg, 0.007 mmol), PG¥BF,
(10.3 mg, 0.028 mmol) and N& (50 mg, 0.52 mmol). The
flask was purged with N then a solution oBa (83 mg, 0.35
mmol) in toluene (3.5 mL) was added via syringe ahd
resulting mixture was stirred at rt for 5 min. 4-Brotoluene (89

MHz, CDCk) 3 159.3, 134.7, 129.3, 129.0, 117.5, 114.1, 59.6uL, 0.52 mmol) was added and the flask was heated.@oQ

55.3, 49.1, 47.0, 40.1, 30.3, 24.3; IR (film) 328802, 1247,
1144 cm'. HRMS (ESI TOF) m/z: [M + HJ calcd for
C.eHaoN,0,S 311.1424; Found 311.1416.

4.2.2.4.(1)-(25*,5R*)-2,5-Diallyl-N-(4-
methoxyphenyl)pyrrolidine-1-sulfonamide®d

The title compound was prepared froi(4-methoxyphenyl)-
2-oxooxazolidine-3-sulfonamide (1.6 g, 5.9 mmol)daft)-
(E,2R*,5S%)-tert-butyl 2-allyl-5-[3-
(trimethylsilyl)allyl]pyrrolidine-1-carboxylatg2.3 g, 7.1 mmol)
following General Procedure 2. This procedure affdrde46 g
(73%) of the title compound as an off-white solidp m 57—60

and stirred overnight (ca. 14 h). The mixture wasled to room
temperature and saturated aqueous,QNH3 mL) and ethyl
acetate (3 mL) were added. The organic layer wasrdilt
through a plug of silica gel and the silica gel wesshed with
ethyl acetate (10 mL). The filtrate was dried ovehylrous
sodium sulfate, filtered, and concentratedvacuo Analysis of
the crude material byH NMR revealed the product had been
formed as a 14:1 mixture of diastereomers. The ecmdterial
was purified by flash chromatography on silica gehfford 78
mg (70%) of the title compound as a pale yellowih 14:1 dr.
Data are for the major isomerH NMR (500 MHz, CDC)) &
7.19 (d,J=9.0 Hz, 2 H), 7.06 (d] = 8.0 Hz, 2 H), 6.92—6.90 (m,



4 H), 3.96 (dtJ = 4.5, 11.5 Hz, 1 H), 3.82 (s, 3 H), 3.82-3.76 (m,

1 H), 3.60 (dtJ = 7.5, 11.5 Hz, 1 H), 3.55-3.51 (m, 1 H), 3.02
(dd, J = 3.8, 13.8 Hz, 1 H), 2.64 (dd,= 11.0, 13.5 Hz, 1 H),
2.30 (s, 3 H), 2.13 (d§ = 5.5, 12.0 Hz, 1 H), 2.05-1.95 (m, 2 H),
1.88-1.82 (m, 1 H), 1.54 (df, = 2.5, 12.5 Hz, 1 H) 1.50-1.44
(m, 1 H); ®*C NMR (125 MHz, CDG)) & 157.5, 154.4, 135.9,
135.5, 134.8, 130.1, 129.2, 128.8, 114.2, 60.44,552.5, 46.1,
38.1, 33.8, 29.5, 23.4, 20.9; IR (film) 1640 tnHRMS (ESt
TOF) m/z: [M + HJ calcd for GH,gN,O, 351.2071; found
351.2071

4.3.1.2.(¢)-(E,3R*,4aR*)-2-(4-Methoxyphenyl)-3-
(undec-2-en-1-yl)hexahydropyrrolo[1,2-
c]pyrimidin-1(2H)-one4b

The title compound was prepared in a manner anafonla
except using Pgdba) (6.4 mg, 0.007 mmol), PGy1BF, (10.3
mg, 0.028 mmol) and NdBu (67 mg, 0.70 mmol), a solution of
3a (83 mg, 0.35 mmol) in toluene (3.5 mL), and a 8ol of
(E)-1-bromodec-1-ene (153 mg, 0.70 mmol) in toluehan().
Analysis of the crude material By NMR revealed the product
had been formed as a 18:1 mixture of diastereoniérs.crude
material was purified by flash chromatography oicailgel to
afford 98 mg (77%) of the title compound as a padtow oil
with 18:1 dr. Data are for the major isomé1. NMR (500 MHz,
CDCly) $7.13 (dJ=9.0 Hz, 2 H), 6.86 (dl = 9.0 Hz, 2 H), 5.42
(dt,J = 7.5, 15.5 Hz, 1 H), 5.16 (di,= 7.0, 15.0 Hz, 1 H), 3.79
(s, 3 H), 3.76-3.73 (m, 1 H), 3.68-3.62 (m, 1 H), 3&8J =
7.5, 11.5 Hz, 1 H), 3.50-3.46 (m, 1 H), 2.39 5.0, 13.5 Hz,
1 H), 2.24 (ddtJ = 1.5, 2.0, 13.0 Hz, 1 H), 2.20-2.11 (m, 2 H),
2.00-1.91 (m, 3 H), 1.85-1.78 (m, 1 H), 1.62 (Wt 5.0, 12.3
Hz, 1 H), 1.49 (ddtJ = 7.5, 10.0, 12.0 Hz, 1 H), 1.30-1.23 (m,
12 H), 0.87 (tJ = 7.0 Hz, 3 H);*C NMR (125 MHz, CDG)) &
157.5, 154.4, 135.7, 134.2, 129.3, 125.4, 114.17,5%.4, 52.5,
46.0, 35.9, 33.9, 32.5, 31.8, 30.3, 29.4, 29.21,293.4, 22.6,
14.1 (one carbon signal is absent due to incideagalvalence);
IR (film) 1640 cm'. HRMS (ESI TOF) m/z: [M + HJ calcd for
CysH3N,0, 399.3006; found 399.3009

4.3.1.3.(3)-(3R*,4aR*)-3-[(1,1'-biphenyl)-4-
ylmethyl]-2-(4-methoxyphenyl)hexahydropyrrolo
[1,2-c]pyrimidin-1(2H)-one4c

The title compound was prepared from substBat€53 mg,
0.20 mmol), 4-bromobiphenyl (95 mg, 0.41 mmol), NBD(40
mg, 0.42 mmol), Pddba} (3.4 mg, 0.007 mmol), and
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The title compound was prepared from substgaté41 mg,
0.16 mmol), 1-bromo-3,4-methylenedioxybenzene (48 @40
mmol), NaCBu (40 mg, 0.42 mmol), R@iba) (3.6 mg, 0.008
mmol), and PCyHBF, (6.7 mg, 0.018 mmol) according to
General Procedure 3. This procedure afforded 48 T8§6) of
the title compound as a pale brown foam. The comgouas
obtained as a 10:1 mixture of diastereomers asejidgy ‘H
NMR analysis. Data are for the major isoméi. NMR (500
MHz, CDCk) 6 7.20-7.14 (m, 2 H), 6.93-6.86 (m, 2 H), 6.69 (d,
J=8.3 Hz, 1 H), 6.48 (dt] = 2.0, 4.0 Hz, 2 H), 5.90 (s, 2 H),
3.97-3.89 (m, 1 H), 3.81 (s, 3 H), 3.79-3.71 (m, 13H5-3.48
(m, 2 H), 2.96 (ddJ = 4.2, 13.7 Hz, 1 H), 2.59 (dd~ 11.1, 13.7
Hz, 1 H), 2.20-1.75 (m, 4 H), 1.61-1.42 (m, 2 B NMR (126
MHz, CDCkL) 6 158.0, 154.8, 148.1, 146.5, 135.9, 132.1, 129.6,
122.4, 114.6, 109.6, 108.7, 101.3, 60.9, 55.8,,58806, 38.8,
34.3, 30.0, 23.9; IR (film) 2936.5, 1626.3, 14451840.4 crit.
HRMS (ESI TOF) m/z: [M + HI caled for GH,N,0,
381.1809; found 381.1805.

4.3.1.5.(3)-(3R*,4aR*)-2-(4-Methoxyphenyl)-3-[2-
(trifluoromethyl)benzyllhexahydropyrrolo[1,2-
c]pyrimidin-1(2H)-one4de

The title compound was prepared from substBat€41 mg,
0.16 mmol), 2-bromobenzotrifluoride (55 pL, 0.40 oijn
NaOBu (41 mg, 0.42 mmol), Riba) (3.4 mg, 0.007 mmol),
and PCyHBF, (5.6 mg, 0.015 mmol) according to General
Procedure 3. This procedure afforded 49 mg (78%heftitle
compound as a brown foam. The compound was obtaised a
>20:1 mixture of diastereomers as judgedHyNMR analysis.
Data are for the major isomeid NMR (700 MHz, CDCJ) &
7.56 (d,J = 8.0 Hz, 1 H), 7.42-7.38 (m, 1 H), 7.28-7.21 (m, 1
H), 7.15-7.05 (m, 3 H), 6.85 (d,= 8.3 Hz, 2 H), 4.15 (dd] =
5.4, 10.6 Hz, 1 H), 3.82-3.78 (m, 1 H), 3.78 (s, 336H2-3.51
(m, 2 H), 3.18-3.12 (m, 1 H), 3.04-2.96 (m, 1 H), 21182 (m,

4 H), 1.62-1.57 (m, 1 H), 1.50-1.43 (m, 1 HC NMR (176
MHz, CDCk) & 157.7 154.3, 136.6, 135.2, 131.7, 130.5, 129.2,
129.1 (qJ = 220 Hz), 126.6, 126.3, 114.5, 60.0, 55.3, 52651 4
35.2, 33.8, 30.2, 23.4 (one carbon signal is abskm to
incidental equivalence}®F NMR (377 MHz, CDCJ) 5 -58.8; IR
(film) 2934.5, 1628.7, 1510.6, 1450.1, 1342.7'ciHRMS (EST
TOF) m/z: [M + HJ calcd for G,HysFN,O, 405.1784; Found
405.1781.

4.3.1.6.(1)-(3R*,4aR*)-2-(4-Methoxyphenyl)-3-(4-
nitrobenzyl)hexahydropyrrolo[1,2-c] pyrimidin-

PCyHBF, (6.8 mg, 0.018 mmol) according to Genera'l(ZH)-oneM

Procedure 3. This procedure afforded 64 mg (77%heftitle
compound as a brown foamy solid. The compound wassiradat
as a 16:1 mixture of diastereomers as judged'HyNMR

analysis. Data are for the major isomé. NMR (700 MHz,
CDCl;) 87.55 (dJ=7.6 Hz, 2 H), 7.48 (dl = 7.8 Hz, 2 H), 7.42
(t,J=7.6 Hz, 2 H), 7.33 () = 7.4 Hz, 1 H), 7.23 (d] = 13.3
Hz, 2 H), 7.09 (dJ = 7.8 Hz, 2 H), 6.91 (d] = 8.6 Hz, 2 H),
4.09-4.00 (m, 1 H), 3.81 (s, 3 H), 3.80-3.76 (m, 134§5-3.59
(m, 1 H), 3.59-3.49 (m, 1 H), 3.10 (d8i= 4.2, 13.6 Hz, 1 H),

The title compound was prepared from substBat€40 mg,
0.15 mmol), 1-bromo-4-nitrobenzene (83 mg, 0.41 thymo
NaOBu (40 mg, 0.42 mmol), Bttiba), (3.6 mg, 0.008 mmol),
and PCyHBF, (5.6 mg, 0.015 mmol) according to General
Procedure 3. This procedure afforded 23 mg (39%heftitle
compound as a sticky brown solid. The compound wéairzddl
as a >20:1 mixture of diastereomers as judged'HyNMR
analysis. Data are for the major isoméd. NMR (500 MHz,

2.74 (ddJ = 11.0, 13.6 Hz, 1 H), 2.17-1.84 (m, 4 H), 1.63-1.45CDCl,) & 8.12 (d,J = 8.1 Hz, 2 H), 7.29-7.16 (m, 4 H), 6.91—

(m, 2 H); ®*C NMR (176 MHz, CDG)) & 157.7, 154.5, 140.7,
139.4, 137.1, 135.6, 129.4, 129.2, 128.8, 127.3,.0,2114.2,

60.5, 55.4, 52.7, 46.2, 38.4, 33.9, 29.8, 23.5 (arbon signal is
absent due to incidental equivalence); IR (filmB2%, 2228.0,
1627.9, 1447.5 cth HRMS (EST TOF) m/z: [M + HJ calcd for

CoH,gNO, 413.2224; found 413.2220.

4.3.1.4.(2)-(3R*,4aR*)-3-(Benzo[d][1,3]dioxol-5-
ylmethyl)-2-(4-methoxyphenyl)
hexahydropyrrolo[1,2-c]pyrimidin-1(2H)-onéd

6.89 (M, 2 H), 4.10-4.07 (m, 1 H), 3.82 (s, 3 H), 3BT5 (m, 1
H), 3.65-3.49 (m, 2 H), 3.17 (dd,= 4.5, 13.6 Hz, 1 H), 2.85
(dd,J = 10.5, 13.7 Hz, 1 H), 2.18-2.15 (m, 1 H), 2.06—11842
H), 1.93-1.83 (m, 1 H), 1.67-1.64 (m, 1 H), 1.51-Xm41 H):
¥Cc NMR (126 MHz, CDGJ) 6 157.9, 154.2 146.8, 145.7, 130.1
129.8, 129.1, 123.8, 114.3, 60.0, 55.5, 52.6, 48&9, 33.9,
30.1, 23.4; IR (film) 2931.3, 1604.9, 1509.5, 1946m*. HRMS
(ESI" TOF) m/z: [M + HJ calcd for GH,sN;0O, 382.1761; found
382.1758.
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4.3.1.7.(3)-(3R*,4aR*)-3-[(1,1'-Biphenyl)-4-
ylmethyl]-2-(4-methoxyphenyl)-3-
methylhexahydropyrrolo[1,2-c]pyrimidin-1(2H)-one
49

The title compound was prepared from substBiat€42 mg,
0.15 mmol), 4-bromobiphenyl (89 mg, 0.38 mmol), N&«D(38
mg, 0.40 mmol), Pddba) (3.1 mg, 0.006 mmol), and
PCyeHBF, (5.6 mg, 0.015 mmol) according to General
Procedure 3. This procedure afforded 64 mg (97%iheftitle
compound as a brown solid, mp 73—-74 °C. The compovasl
obtained as a >20:1 mixture of diastereomers agejticby'H
NMR analysis. Data are for the major isoméi. NMR (500
MHz, CDCL) 8 7.54 (d,J = 7.7 Hz, 2 H), 7.48-7.42 (m, 2 H),
7.41-7.37 (m, 2 H), 7.31-7.27 (m, 1 H), 7.20-7.114H), 6.88
(d,J =8.3 Hz, 2 H), 3.95-3.91 (m, 1 H), 3.79 (s, 3 H)43%58
(m, 1 H), 3.51 (tJ = 10.2 Hz, 1 H), 3.17 (d] = 13.3 Hz, 1 H),
3.00 (d,J = 13.3 Hz, 1 H), 2.20-2.00 (m, 2 H), 1.99-1.97 (m, 1
H), 1.92-1.81 (m, 1 H), 1.50-1.43 (m, 1 H), 1.41-1(341 H),
1.00 (s, 3 H)**C NMR (126 MHz, CDGJ) 5 158.5, 155.3, 140.6,
139.5, 136.4, 132.2, 131.0, 128.8, 127.3, 126.98,88B, 114.0,
59.3, 55.4, 52.6, 46.3, 43.8, 37.9, 34.0, 27.722&R (film)
2930.4, 1603.5, 1509.9, 1435.6 tnlRMS (EST TOF) m/z: [M
+ H]" calcd for GgHaoN,O, 427.2380; found 427.2376.

4.3.1.8.(1)-(Z,3R*,4aR*)-2-(4-methoxybenzyl)-3-
(pent-2-en-1-yl)hexahydropyrrolo[1,2}pyrimidin-
1(2H)-one 4h

The title compound was prepared from substBaté274 mg,
1.0 mmol) and 4)-1-bromobutene (2.0 mL, 4.0 mmol, 2.0 M
solution in toluene), NaBu (384 mg, 4.0 mmol), R@iba)
(18.3 mg, 0.02 mmol), and PEKBF, (29.5 mg, 0.08 mmol)
according to a modification of General Procedure TBis
procedure afforded 219 mg (67%) of the title commbwas a
brown oil. The compound was obtained as a >20:1 maxof
diastereomers as judged iy NMR analysis. Data are for the
major isomer'H NMR (700 MHz, CDC}) 3 7.21 (d,J = 8.4 Hz,

2 H), 6.83 (dJ = 8.4 Hz, 2 H), 5.50-5.44 (m, 1 H), 5.23 — 5.17
(m, 1 H), 5.13 (dJ = 15.1 Hz, 1 H), 4.03 (dl = 15.1 Hz, 1 H),
3.79 (s, 3 H), 3.60 (df = 10.5, 6.0 Hz, 1 H), 3.58-3.54 (m, 1 H),
3.49 (dtJ=9.1, 1.8 Hz, 1 H), 3.25-3.21 (m, 1 H), 2.38 (@i,
13.5, 6.7 Hz, 1 H), 2.19 (di,= 14.4, 9.4 Hz, 1 H), 2.09-1.94 (m,
5H), 1.80 (ttdJ = 12.5, 9.6, 6.6 Hz, 1 H), 1.43 (q¥i= 11.9, 7.1
Hz, 1 H), 1.25 (tdJ = 12.3, 5.0 Hz, 1 H), 0.95 ({,= 7.5 Hz, 3
H); *C NMR (175 MHz, CDGJ) 5 158.6, 155.0, 134.5, 131.3,
129.1, 124.5, 113.8, 55.2, 53.4, 52.6, 47.9, 48319, 30.6, 30.1,
23.5, 20.8, 14.2; IR (film) 1626 cth (ESI TOF) m/z: [M + HJ
calcd for GgH,gN,0,329.2224; found 329.2221.

4.3.1.9. (3)-(Z,3R*,4aR*)-2-(4-methoxyphenyl)-3-
(pent-2-en-1-yl)hexahydropyrrolo[1,2}pyrimidin-
1(2H)-one4i

The title compound was prepared from substBat€52 mg,
0.2 mmol) and Z)-1-bromobutene (200 pL, 0.4 mmol, 2.0 M
solution in toluene), NaBu (38 mg, 0.40 mmol), Raiba), (3.7
mg, 0.004 mmol), and P@HBF, (6.0 mg, 0.016 mmol)
according to General Procedure 3. This procedurerddtli 36
mg (58%) of the title compound as a brown oil. Teenpound
was obtained as a >20:1 mixture of diastereomejadged by
'"H NMR analysis. Data are for the major isonfet.NMR (700
MHz, CDCk) 6 7.14 (d,J = 8.4 Hz, 2 H), 6.87 (d] = 9.1 Hz, 2
H), 5.47-5.40 (m, 1 H), 5.14-5.10 (m, 1 H), 3.80 (8§1)33.80—
3.74 (m, 1 H), 3.69-3.61 (m, 1 H), 3.58 (&d= 10.6, 7.4 Hz, 1

Tetrahedron

=12.3,5.2 Hz, 1 H), 1.51 (tdd,= 12.1, 10.0, 7.1 Hz, 1 H), 0.90
(t, J= 7.5 Hz, 3 H)}*C NMR (175 MHz, CDCJ) 5 157.5, 154.4,
135.7, 134.5, 129.2, 124.2, 114.1, 58.7, 55.4, ,52650, 33.9,
30.5, 30.4, 23.4, 20.7, 14.0; IR (film) 1638 ¢m(ESI' TOF)
m/z: [M + HJ" calcd for GoH,gN,O, 315.2067; found 315.2070.

4.3.1.10. (1)-(Z,3R*,4aR*)-2-(4-methoxyphenyl)-3-
(pent-2-en-1-yl)octahydroH-pyrido[1,2-
c]pyrimidin-1-one6a

The title compound was prepared from substsa&s mg, 0.2
mmol) and Z)-1-bromobutene (500 pL, 1.0 mmol, 2.0 M
solution in toluene), NaBu (96 mg, 1.0 mmol), Biba) (5.5
mg, 0.006 mmol), and P@HBF, (9.0 mg, 0.024 mmol)
according to a modification of General Procedure TBis
procedure afforded 45 mg (69%) of the title compbws a
brown oil. The compound was obtained as an 8:1 méxtfr
diastereomers as judged Hy NMR analysis. Data are for the
major isomer’™H NMR (700 MHz, CDC)) 3 7.14 (d,J = 9.1 Hz,

2 H), 6.86 (d,J = 8.4 Hz, 2 H), 5.47-5.41 (m, 1 H), 5.17-5.14
(m, 1 H), 4.58 (dJ = 13.3 Hz, 1 H), 3.79 (s, 3 H), 3.59-3.55 (m,
1 H), 3.30 (dddd) = 13.7, 11.0, 6.1, 3.6 Hz, 1 H), 2.57 (i
12.7, 2.9 Hz, 1 H), 2.42-2.39 (m, 1 H), 2.27 (dt, 14.2, 9.4 Hz,

1 H), 2.04-1.93 (m, 3 H), 1.84 (d,= 12.6 Hz, 1 H), 1.74-1.68
(m, 2 H), 1.50-1.35 (m, 2 H), 1.31-1.24 (m, 2 H), Q193 = 7.7
Hz, 3 H); ®C NMR (175 MHz, CDG)) 5 157.6, 155.0, 136.4,
134.5, 129.0, 124.1, 114.0, 57.1, 55.4, 50.8, 43%6, 32.8,
30.9, 25.3, 24.0, 20.8, 14.1; IR (film) 1637 ¢m(ESI TOF)
m/z: [M + HJ" calcd for GoH,gN,0, 329.2224: found 329.2228.

4.3.2.General procedure 4: synthesis of bicyclic
piperidinyl ureas

A clean, flame-dried Schlenk tube equipped with a tsair
was cooled under a stream of nitrogen and chargddtheét urea
substrate, Pd(OAg) Dpe-Phos, GE0O;, and aryl bromide. The
tube was purged with nitrogen and 2.5 mL toluenelparmol
substrate was added via syringe. The reaction neixtas heated
to 110 °C with stirring until judged complete asedetined by
TLC analysis. Subsequently, the crude reaction uréxtwas
diluted with ethyl acetate and quenched with satdrafgueous
ammonium chloride. The organic layer was separaied, the
aqueous layer extracted with ethyl acetate. Theci@tl organic
layers were then dried over anhydrous sodium sultseanted,
and concentratetth vacuoand purified by flash chromatography
on silica gel using 20—-60% ethyl acetate/hexanethasluent
unless otherwise noted.

4.3.2.1.(3)-(3R*,4aR*)-3-(4-Methoxybenzyl)-2-(4-
methoxyphenyl)octahydro-1H-pyrido[1,2-
c]pyrimidin-1-one6b

The title compound was prepared from substEai@5 mg,
0.16 mmol), 4-bromoanisole (50 pl, 0.40 mmol),@3; (126
mg, 0.39 mmol), Pd(OAg)1.7 mg, 0.008 mmol), and Dpe-Phos
(7.5 mg, 0.014 mmol) according to General Procedur@his
procedure afforded 23 mg (37%) of the title compban a light
brown oil. The compound was obtained as a >20:1 maxtf
diastereomers as judged Hy NMR analysis. Data are for the
major isomer'H NMR (500 MHz, CDCJ) & 7.15 (d,J = 8.7 Hz,
2 H), 6.97 (dJ = 8.5 Hz, 2 H), 6.92-6.84 (m, 2 H), 6.80 {d=
8.4 Hz, 2 H), 4.66-4.57 (m, 1 H), 3.80 (s, 3 H), 3.80#3m,
1H), 3.77 (s, 3 H), 3.43-3.34 (m, 1 H), 3.08-2.991rhi), 2.68—
2.56 (m, 2 H), 1.90-1.82 (m, 3 H), 1.73-1.69 (m, 21H2-1.35
(m, 2 H), 1.25-1.16 (m, 1 H}’C NMR (126 MHz, CDCJ) 5
158.2, 157.6, 154.9, 136.5, 130.1, 130.0, 129.@.111114.0,

H), 3.50 (ddd,J = 10.9, 8.8, 2.0 Hz, 1 H), 2.36-2.30 (m, 1 H), 59.0, 55.4, 55.2, 50.7, 43.5, 38.4, 33.6, 32.14,2%4.0; IR (film)
2.30-2.26 (m, 1 H), 2.19 (ddd,= 13.3, 3.5,1.4 Hz, 1 H), 2.16— 1635.6, 1510.9, 1457.2, 1245.7 LrRMS (EST TOF) m/z: [M
2.10 (m, 1 H), 2.01-1.92 (m, 3 H), 1.87-1.77 (m, 1164 (tdJ  + H]" calcd for G3H,gN,05 381.2173; found 381.2170.



4.3.2.2.(2)-(3R*,4aR*)-2-(4-Methoxyphenyl)-3-[3-
(trifluoromethyl)benzylloctahydro-1H-pyrido[1,2-
c]pyrimidin-1-one6c¢c

The title compound was prepared from substEai@8 mg,
0.17 mmol), 3-bromobenzotrifluoride (60 pl, 0.40 oin
CsCO; (117 mg, 0.36 mmol), Pd(OAc)1.4 mg, 0.006 mmol),

and Dpe-Phos (5.8 mg, 0.011 mmol) according to Géner

Procedure 4. This procedure afforded 36 mg (56%heftitle
compound as a viscous brown oil. The compound waesiradut
as a >20:1 mixture of diastereomers as judged'HyNMR
analysis. Data are for the major isomét. NMR (700 MHz,

CDCly) & 7.49-7.47 (m, 1 H), 7.40-7.38 (m, 1 H), 7.29-7.22 (m

2 H), 7.18-7.10 (m, 2 H), 6.95-6.84 (m, 2 H), 4.63 (td 1.9,
13.2 Hz, 1 H), 3.87 (ddl = 3.3, 7.2 Hz, 1 H), 3.81 (s, 3 H), 3.42—
3.40 (m, 1 H), 3.16 (dd] = 4.8, 13.6 Hz, 1 H), 2.81-2.76 (m, 1
H), 2.64-2.61 (m, 1 H), 1.98-1.81 (m, 3 H), 1.77-11692 H),
1.49-1.45 (m, 2 H), 1.32-1.22 (m, 1 BJC NMR (176 MHz,
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General procedure 5 was employed for the coupling of
(55 mg, 0.2 mmol) and phenyl triflate (65 pL, 0.Aol), using a
catalyst composed of Pd(OAcj1.8 mg, 0.008 mmol), and

RuPhos (9.3 mg, 0.02 mmol). This procedure afford6dmg

(94%) of the title compound as a yellow solid andaag:1
mixture of diastereomers as determined\NMR analysis: mp

= 51-55C. Data are for the major isoméH NMR (700 MHz,

EDCLy) 6 8.26 (d,J = 9.1 Hz, 2 H), 7.56 (dJ = 8.4 Hz, 2 H),

7.29-7.23 (m, 3 H), 7.04 (d,= 7.0 Hz, 2 H), 4.14 (tt) = 3.9,
10.6 Hz, 1 H), 3.58-3.47 (m, 3 H), 2.85 (dds 3.8, 13.5 Hz, 1
H), 2.32 (dd,J = 10.1, 13.4 Hz, 1 H), 2.26-1.46 (m, 6 KiC
NMR (175 MHz, CDC)) & 153.5, 147.5, 145.2, 137.0, 129.0,
128.7, 128.6, 126.7, 124.0, 58.2, 54.7, 46.0, 4350, 33.5,
23.0; IR (film) 1639, 1515, 1339 ¢t HRMS (EST TOF) m/z:
[M + H]* calcd for GH»iN,0; 352.1656; found 352.1656.

4.3.3.2.(%)-(3S*,4aR*)-3-Benzyl-2-(4-
methoxyphenyl)hexahydro-2H-pyrrolo[1,2-

CDCly) & 157.8, 154.7, 139.0, 136.2, 132.5, 130.8 (q, 234 Hz b][1,2,6]thiadiazine-1,1-dioxide20a

129.1, 129.0, 125.5, 124.8, 123.5, 114.2, 58.64,550.7, 43.5,
39.2, 33.6, 32.4, 25.3, 24.8F NMR (377 MHz, CDGJ) 5 -62.6;
IR (film) 1635.7, 1511.3, 1444.6, 1331.5, 1233.5 crHRMS
(ESI" TOF) m/z: [M + HJ calcd for GdH,sCaN,O; 419.1941;
found 419.1938.

4.3.2.3.(3)-(3R*,4aR*)-3-(4-Benzoylbenzyl)-2-(4-
methoxyphenyl)octahydro-1H-pyrido[1,2-
c]pyrimidin-1-one6d

The title compound was prepared from substEi@2 mg,
0.15 mmol), 4-bromobenzophenone (103.1 mg, 0.39 ljpmo
CsCGO; (122 mg, 0.37 mmol), Pd(OAc)1.4 mg, 0.006 mmol),

and Dpe-Phos (6.6 mg, 0.012 mmol) according to Géner

Procedure 4. This procedure afforded 43 mg (54%heftitle
compound as a viscous yellow oil. The compound waairdd
as a >20:1 mixture of diastereomers as judged'HyNMR
analysis. Data are for the major isomét. NMR (500 MHz,
CDCly) 6 7.75 (d,J = 7.7 Hz, 2 H), 7.72-7.65 (m, 2 H), 7.57Jt,
= 7.4 Hz, 1 H), 7.48-7.39 (m, 2 H), 7.22-7.08 (m, 4 63—
6.83 (m, 2 H), 4.67-4.56 (m, 1 H), 3.91-3.83 (m, 134j9 (s, 3
H), 3.42-3.39 (m, 1 H), 3.16 (dd,= 4.7, 13.6 Hz, 1 H), 2.79
(dd,J=10.3, 13.4 Hz, 1 H), 2.65-2.59 (m, 1 H), 1.93-1r813
H), 1.74-1.68 (m, 2 H), 1.52-1.37 (m, 2 H), 1.29-X1211 H);
*C NMR (126 MHz, CDGJ) 5 196.2, 157.7, 154.8, 143.0, 137.5,
136.3, 135.9, 132.4, 130.5, 129.9, 129.0, 128.8.3,2114.2,
58.7, 55.4, 50.8, 43.5, 39.5, 33.6, 32.4, 25.302/R (film)
1633.8, 1603.6, 1510.0, 1443.5, 1276.0'ciRMS (ESI TOF)
m/z: [M + HJ" calcd for GgHzoN,0; 455.2329; found 455.2324.

4.3.3.General procedure 5: synthesis of bicyclic
ureas and sulfamides from aryl triflates (for
reactions carried out in benzotrifluoride)

A test tube was charged with Pd(OAdP.04 equiv), a
phosphine ligand0.1 equiv), and Li@u (2.0 equiv). The test
tube was purged with Nhen the appropriate aryl triflate (2.0
equiv) was added, followed by the appropriate sutest(4.0
equiv) in benzotrifluoride (0.2 M). The tube was teebto 100C
and stirred overnight or until the starting matewas completely
consumed as judged bYd NMR analysis. The mixture was
cooled to room temperature and saturated aqueousCING
mL/mmol substrate) and dichloromethane (5 mL/mnudissrate)
were added. The layers were separated and the olgsaicwas
concentratedn vacuo The crude material was purified by flash
chromatography on silica gel.

4.3.3.1.(%)-(3S*,4aR*)-3-Benzyl-2-(4-

nitrophenyl)hexahydropyrrolo[1,2-c]pyrimidin-
1(2H)-onel8

General procedure 5 was employed for the couplind9af
(59 mg, 0.2 mmol) and phenyl triflate (65 pL, 0.Aol), using a
catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). This procedure providad80%
NMR vyield (using phenanthrene as an internal stat)daf the
titte compound that was a 6:1 mixture of diasteresmas
determined by'H NMR analysis. Data for this compound are
provided below in entry 4.3.4.1.

4.3.3.3.(%)-(3S*,4aR*)-2,3-Dibenzylhexahydro-2H-
pyrrolo[1,2-b][1,2,6]thiadiazine-1,1-dioxide0b

General procedure 5 was employed for the coupling9bf

?56 mg, 0.2 mmol) and phenyl triflate (65 pL, 0./pi), using a

catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). This procedure afforé&dmg
(86%) of the title compound as a white solid and &s1 mixture
of diastereomers as determined’byNMR analysis: mp = 113—
116 'C. Data are for the major isométd NMR (700 MHz,
CDCly) 67.42 (dJ=7.0 Hz, 2 H), 7.34-7.18 (m, 6 H), 7.07 d,
=7.0 Hz, 2 H), 4.59 (d] = 16.2 Hz, 1 H), 4.15 (d] = 16.1 Hz, 1
H), 4.15-4.09 (m, 1 H), 3.50-3.46 (m, 1 H), 3.26-31212 H),
2.92 (dd,J = 4.6, 13.4 Hz, 1 H), 2.54 (dd,= 10.5, 13.4 Hz, 1
H), 2.07-2.01 (m, 1 H), 1.98-1.90 (m, 1 H), 1.83-1(M51 H),
1.71-1.49 (m, 3 H)*C NMR (175 MHz, CDCJ) 5 138.5, 137.4,
129.2, 128.5, 128.4, 127.7, 127.2, 126.7, 61.63,640.6, 45.8,
40.6, 31.6, 30.7, 21.1; IR (film) 1333, 1155 ¢nHRMS (ESI
TOF) m/z: [M + HJ caled for GgH,N,0,S 357.1631; found
357.1632.

4.3.3.4. (3)-(3S*,4aR*)-3-Benzyl-2-(4-
methoxybenzyl)hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide0c

General procedure 5 was employed for the coupling9of
(62 mg, 0.2 mmol) and phenyl triflate (65 pL, 0.Aol), using a
catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). This procedure affor68dmg
(82%) of the title compound as a red-brown oil asdaa3:1
mixture of diastereomers as determined'Bly NMR analysis.
Data are for the major isomeid NMR (700 MHz, CDCJ) &
7.32 (d,J = 8.4 Hz, 2 H), 7.26-7.15 (m, 3 H), 7.08 Jd; 7.0 Hz,

2 H), 6.85 (dJ = 8.4 Hz, 2 H), 4.51 (d] = 15.9 Hz, 1 H), 4.08
(d,J = 16.1 Hz, 1 H), 4.11-4.03 (m, 1 H), 3.80 (s, 3 H383.
3.42 (m, 1 H), 3.27-3.21 (m, 2 H), 2.92 (dds 13.3, 49 Hz, 1
H), 2.55 (ddJ = 13.4, 10.3 Hz, 1 H), 2.06-1.98 (m, 1 H), 1.96—
1.85 (m, 1 H), 1.82-1.76 (m, 1 H), 1.70-1.46 (m, 3'fQ;NMR
(175 MHz, CDC}) 6 158.8, 137.5, 130.4, 129.1, 129.1, 128.5,
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126.6, 113.7, 61.3, 60.7, 55.2, 49.3, 45.9, 40176,330.9,
21.3; IR (film) 1332, 1245, 1155 ¢ MS (ESI) 387.1725
(387.1737 calcd for GHo6N,05S, M + H).

4.3.4.General procedure 6: synthesis of bicyclic
sufamides (for reactions carried out in tert-
butanol)

A test tube was charged with Pd(OAdP.04 equiv), a
phosphine ligand0.1 equiv), and Li@u (2.0-3.0 equiv). The
test tube was purged with, bhen the appropriate aryl or alkenyl
triflate (2.0-3.0 equiv) was added, followed by thmprapriate
substrate (1.0 equiv) iert-butanol (0.1 M). The tube was heated
to 82°C and stirred overnight or until the starting miatlewas
completely consumed as judged By NMR analysis. The
mixture was cooled to room temperature and condegtia
vacua The crude material was purified by flash chromeapgy
on silica gel.

4.3.4.1.(%)-(3S*,4aR*)-3-Benzyl-2-(4-
methoxyphenyl)hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide0a

General procedure 6 was employed for the couplind9af
(59 mg, 0.2 mmol) and phenyl triflate (65 pL, 0.Aol), using a
catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). This procedure afforé@dmg
(90%) of the title compound as a white solid ana &@s1 mixture
of diastereomers as determined'By NMR analysis: mp = 45—
48°C. Data are for the major isomér NMR (700 MHz, CDCJ)
67.39 (d,J = 8.4 Hz, 2 H), 7.29-7.20 (m, 3 H), 7.06 {d 7.7

Tetrahedron

52 mg (65%) of the title compound as a white sofid as a 7:1
mixture of diastereomers as determined\NMR analysis: mp
= 48-51°C. Data are for the major isoméH NMR (700 MHz,
CDCl;) 67.38 (dJ=8.4 Hz, 2 H), 6.97 (dl = 8.4 Hz, 2 H), 6.91
(d,J =9.1 Hz, 2 H), 6.80 (d] = 8.4 Hz, 2 H), 4.20-4.14 (m, 1
H), 3.85 (s, 3 H), 3.80 (s, 3 H), 3.80-3.73 (m, 1 H}633.46
(m, 1 H), 3.37 (tdJ) = 5.7, 9.4 Hz, 1 H), 2.74 (dd,= 4.4, 13.7
Hz, 1 H), 2.15-2.08 (m, 2 H), 2.04-1.91 (m, 2 H), 15686 (m,
3 H); ®C NMR (175 MHz, CDCJ) 5 159.4, 158.3, 130.9, 130.4,
130.0, 129.3, 114.3, 113.9, 61.9, 60.3, 55.4, 58625, 39.5,
32.5, 31.3, 21.3; IR (film) 1507, 1338, 1247, 1158~ HRMS
(ESI" TOF) m/z: [M + HJ calcd for G;H,¢N,0,S 403.1686;
found 403.1679.

4.3.4.4. (2)-(3S*,4aR*)-{4-{[2-(4-Methoxyphenyl)-
1,1-dioxidohexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazin-3-
yllmethyl}phenyl}(phenyl)methanonz0f

General procedure 6 was employed for the couplind9af
(59 mg, 0.2 mmol) and 4-benzoylphenyl triflate (13®, 0.4
mmol), using a catalyst composed of Pd(GQAd).8 mg, 0.008
mmol), and CPhos (8.7 mg, 0.02 mmol). The diasteiectivity
of the reaction was judged to be 5:1 dr as detemirfiyeH NMR
analysis prior to flash chromatography. This pracedafforded
62 mg (65%) of the title compound as a white solid as a 8:1
mixture of diastereomers as determinedYNMR analysis: mp
= 58-61°C. Data are for the major isoméH NMR (700 MHz,
CDCly) 67.78 (dJ=7.7 Hz, 2 H), 7.72 (dl = 8.4 Hz, 2 H), 7.59
(t,J=7.5Hz, 1 H), 7.49 (1 = 7.6 Hz, 2 H), 7.38 (d] = 8.8 Hz,

Hz, 2 H), 6.91 (4= 9.1 Hz, 2 H), 4.26-4.19 (m, 1 H), 3.80 (S, 3'\3) 718 (d3 = 7.9 Hz, 2 H), 6.91 (d] = 8.7 Hz, 2 H), 4.33

H), 3.53 (tdJ = 5.7, 9.5 Hz, 1 H), 3.38 (td,= 5.8, 9.5 Hz, 1 H),

4.28 (m, 1 H), 3.79 (s, 3 H), 3.79-3.77 (m, 1 H)A3#H,J = 5.7,

2.81 (dd,J = 4.4, 13.6 Hz, 1 H), 2.21-2.08 (M, 2 H), 2.07-1.9194 1, '1 Wy 3.30 (td) = 5.8, 9.3 Hz, 1 H), 2.87 (dd,= 4.8

(m, 3 H), 1.68-1.53 (m, 3 HJ}*C NMR (175 MHz, CDCJ) &

159.4, 137.4, 130.9, 130.4, 129.1, 128.6, 126.8,3151.8, 60.2,
55.4, 46.5, 40.4, 32.6, 31.3, 21.3; IR (film) 150837, 1248,
1158 cm'. HRMS (EST TOF) m/z: [M + HI calcd for
CuoH24N,05S 373.1580; found 373.1589.

4.3.4.2.(2)-(3S*,4aR*)-3-[4-(tert-Butyl)benzyl]-2-
(4-methoxyphenyl)hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide20d

General procedure 6 was employed for the couplind9af
(59 mg, 0.2 mmol) and 4€t-butyl)phenyl triflate (113 mg, 0.4
mmol), using a catalyst composed of Pd(GQAd).8 mg, 0.008
mmol), and CPhos (8.7 mg, 0.02 mmol). This procediforded
62 mg (72%) of the title compound as a white solid as a 7:1
mixture of diastereomers as determinedNMR analysis: mp
= 61-63°C. Data are for the major isoméH NMR (700 MHz,
CDCly) 07.39 (dJ=9.1 Hz, 2 H), 7.27 (dl = 7.7 Hz, 2 H), 6.98
(d,J =8.4 Hz, 2 H), 6.90 (d] = 9.1 Hz, 2 H), 4.25-4.19 (m, 1
H), 3.81 (s, 3 H), 3.80-3.76 (m, 1 H), 3.54-3.49 (nh)13.41—
3.34 (m, 1 H), 2.77 (dd] = 4.3, 13.7 Hz, 1 H), 2.14-2.09 (m, 2
H), 2.07-1.87 (m, 2 H), 1.70-1.52 (m, 3 H), 1.29 ($)9°C
NMR (175 MHz, CDC)) & 159.4, 149.5, 134.2, 130.9, 130.4,
128.7, 125.4, 114.3, 61.8, 60.2, 55.4, 46.5, 331, 34.4, 32.6,
31.3, 21.3; IR (film) 1506, 1338, 1247, 1158 ¢nHRMS (EST
TOF) m/z: [M + HJ caled for GHzN,05S 429.2215; found
429.2215.

4.3.4.3.(1)-(3S*,4aR*)-3-(4-Methoxybenzyl)-2-(4-
methoxyphenyl)hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide0e

General procedure 6 was employed for the couplind9af
(59 mg, 0.2 mmol) and 4-methoxyphenyl triflate (42, 0.4
mmol), using a catalyst composed of Pd(QAd).8 mg, 0.008
mmol), and CPhos (8.7 mg, 0.02 mmol). This procediforded

13.7 Hz, 1 H), 2.33 (dd] = 9.8, 13.7 Hz, 1 H), 2.19-2.12 (m, 1
H), 2.01-1.95 (m, 2 H), 1.68-1.62 (m, 3 HJC NMR (175
MHz, CDCL) & 196.2, 159.5, 142.4, 137.5, 136.1, 132.5, 130.9,
130.4, 130.2, 130.0, 129.0, 128.3, 114.4, 61.51,665.4, 46.5,
40.4, 32.9, 31.4, 21.3; IR (film) 1654, 1605, 150839, 1278,
1249, 1157 cit. HRMS (EST TOF) m/z: [M + HJ calcd for
CoH2gN,0,S 477.1843; found 477.1847.

4.3.4.5.(%)-(3S*,4aR*)-2-(4-Methoxyphenyl)-3-(2-
methylbenzyl)hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide0g

General procedure 6 was employed for the coupling9af
(59 mg, 0.2 mmol) and 2-tolyl triflate (96 mg, Grnol), using a
catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). This procedure afforé&dmg
(84%) of the title compound as a white solid ana &s1 mixture
of diastereomers as determined’ByNMR analysis: mp = 39—
43°C. Data are for the major isomér NMR (700 MHz, CDCJ)
57.41 (d,J = 9.1 Hz, 2 H), 7.12-7.10 (m, 3 H), 7.05-7.02 (m, 1
H), 6.91 (d,J = 9.1 Hz, 2 H), 4.24-4.17 (m, 1 H), 3.82 (s, 3 H),
3.81-3.74 (m, 1 H), 3.55 (td,= 5.7, 9.4 Hz, 1 H), 3.43-3.36 (M,
1 H), 2.75 (ddJ = 4.4, 13.8 Hz, 1 H), 2.22 (dd,= 10.5, 13.8
Hz, 1 H), 2.18 (s, 3 H), 2.13 (ddi,= 6.5, 9.6, 12.6 Hz, 1 H),
2.09-1.95 (m, 2 H), 1.67-1.60 (m, 3 HIC NMR (175 MHz,
CDCly) & 159.4, 136.3, 135.5, 130.9, 130.5, 130.4, 13@85,8],
125.9, 114.3, 60.4, 60.2, 55.4, 46.5, 37.9, 32173,321.3, 19.6;
IR (film) 1506, 1338, 1248, 1157 cMHRMS (EST TOF) m/z:
[M + H]" calcd for G,H,eN,0,S 387.1737; found 387.1745.

4.3.4.6.(+)-(3S*,4aR*)-3-(Cyclohex-1-en-1-
ylmethyl)-2-(4-methoxyphenyl)hexahydro-2H-
pyrrolo[1,2-b][1,2,6]thiadiazine-1,1-dioxide0h

General procedure 6 was employed for the couplind9af
(59 mg, 0.2 mmol) and 1-cyclohexenyl triflate (63, p0.6



mmol), using a catalyst composed of Pd(QAd).8 mg, 0.008
mmol), and CPhos (8.7 mg, 0.02 mmol). This procediforded
55 mg (73%) of the title compound as a pale yelldvand as a
6:1 mixture of diastereomers as determinedtb§dMR analysis.
Data are for the major isomeid NMR (700 MHz, CDCJ) &
7.32(d,J=8.4 Hz, 2 H), 6.87 (d]= 9.1 Hz, 2 H), 5.33 (s, 1 H),
4.13-4.07 (m, 1 H), 3.87-3.82 (m, 1 H), 3.79 (s, 33H1 (td,J
=5.6, 9.4 Hz, 1 H), 3.36 (td,= 5.8, 9.4 Hz, 1 H), 2.20 (ddi,=
6.5, 9.7, 12.7 Hz, 1 H), 2.08-1.42 (m, 15 HC NMR (175
MHz, CDCk) 6 159.2, 133.1, 131.0, 130.4, 124.9, 114.0, 60.4
58.5, 55.4, 46.4, 42.8, 33.0, 31.4, 28.2, 25.8222.2, 21.3; IR
(film) 1506, 1337, 1248, 1156 cMHRMS (EST TOF) m/z: [M
+ H]" calcd for GgH,eN,05S, 377.1893; found 377.1903.

4.3.5.(3)-(E,3S*,4aR*)-2-(4-Methoxyphenyl)-3-
(undec-2-en-1-yl)-hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide0i

General procedure 6 was employed for the couplind9af
(15 mg, 0.05 mmol) and 1-decenyl triflate (29 pL1® mmol,
5:1 mixture of E/Z isomers), using a catalyst composed o
Pd(OAc) (0.45 mg, 0.002 mmol), and CPhos (2.2 mg, 0.00
mmol). The crude diastereoselectivity of the reacttould not
be precisely determined directly due to the foromatiof a
complex mixture of diastereomers d& isomers. However, the
crude diastereoselectivity was estimated to be lmtvwel and
10:1 dr as determined b{H NMR analysis prior to flash
chromatography. Following flash chromatography,
procedure afforded 10 mg (46%) of the title compgbas a pale
yellow oil and as a 10:1 mixture of diastereomersietgrmined
by 'H NMR analysis following hydrogenation of the olefseé
below for details). Data are for the major isonter.NMR (500
MHz, CDCL) 6 7.34 (d,J = 9.0 Hz, 2 H), 6.88 (d] = 9.1 Hz, 2
H), 5.46-5.41 (m, 1 H), 5.26-5.20 (m, 1 H), 4.01-31902 H),
3.80 (s, 3 H), 3.52 (td1 = 6.0, 9.4 Hz, 1 H), 3.40 (td,=5.8,9.4
Hz, 1 H), 2.20 (ddt) = 6.7, 9.8, 12.8 Hz, 1 H), 2.10-1.91 (m, 3
H), 1.88-1.78 (m, 3 H), 1.73-1.54 (m, 2 H), 1.33-X12613 H),
0.88 (t,J = 7.0 Hz, 3 H);C NMR (175 MHz, CDG)) 5 159.3,
133.3, 130.9, 130.2, 123.8, 114.2, 60.4, 60.0, ,5%646, 32.8,
31.9, 31.5, 31.4, 29.7, 29.4, 29.4, 29.3, 27.4{ 221 .4, 14.1; IR
(film) 2922, 1507, 1349, 1248, 1161 CmHRMS (EST TOF)
m/z: [M + HJ' calcd for G4H3gN,O5S 435.2676; found 435.2678.

4.3.5.1.(%)-(3S*,4aR*)-2-(4-Methoxyphenyl)-3-
undecylhexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide (reduction df0i).

f

A flask equipped with a stirbar was charged véth (10 mg,
0.023 mmol) and methanol (2 mL). Pd/C (10 mg) waseddto
the solution and the flask was capped with a rubbptusn. The
flask was briefly flushed with hydrogen and then arbgen-
filled balloon attached to a needle (via an adgpt@s connected
to the flask through the septum. The mixture wasestiat rt
until the starting material had been consumed dged by ESI
MS analysis (ca. 1 hr). The crude product was thkerdd
through a plug of celite to remove the Pd/C and wdshith
methanol (5 mL). The crude material was concentratedcuo
and required no further purification. This procedafforded 9
mg (90%) of the title compound as a clear colortdsnd as a
10:1 mixture of diastereomers as determined ‘By NMR
analysis. Data are for the major isoméi. NMR (700 MHz,
CDCly) 6 7.32 (d,J = 8.4 Hz, 2 H), 6.87 (d) = 9.1 Hz, 2 H),
4.00-3.94 (m, 1 H), 3.88-3.78 (m, 1 H), 3.80 (s, 3FHP (td,J
=9.4,5.6 Hz, 1 H), 3.35 (td,= 9.4, 5.9 Hz, 1 H), 2.21 (ddi,=
6.3, 9.6, 12.5 Hz, 1 H), 2.07-1.92 (m, 2 H), 1.81 {dt 3.2,
13.9, Hz, 1 H), 1.73-1.57 (m, 2 H), 1.35-1.04 (m, 20088 (t,
J = 7.2 Hz, 3 H);®*C NMR (175 MHz, CDG)) 4 159.2, 131.0,
130.4, 114.1, 60.7, 60.4, 55.4, 46.4, 33.4, 33119,331.5, 29.6,

this
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29.6, 29.4, 29.4, 29.3, 29.3, 25.4, 22.7, 21.21;1R (film)
1507, 1345, 1248, 1161 cmHRMS (EST TOF) m/z: [M + HJ
calcd for GHagN,0,S 437.2832; found 437.2836.

4.3.5.2.(%)-(3S*,4aR*,7S*)-7-Allyl-3-benzyl-2-(4-
methoxyphenyl)hexahydro-2H-pyrrolo[1,2-
b][1,2,6]thiadiazine-1,1-dioxide20j

General procedure 6 was employed for the couplind9adf
(67 mg, 0.2 mmol) and phenyl triflate (65 pL, 0.Aol), using a
catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). The diastereoselectivitythe
reaction was judged to be 12:1 dr as determinedrb)NMR
analysis prior to flash chromatography. This pdure afforded
51 mg (62%) of the title compound as a pale yelldvand as a
20:1 mixture of diastereomers as determined ‘By NMR
analysis. Data are for the major isoméd. NMR (700 MHz,
CDCl;) 67.40 (dJ = 8.4 Hz, 2 H), 7.26-7.19 (m, 3 H), 7.09 {d,
=7.0Hz, 2 H), 6.88 (d] =9.1 Hz, 2 H), 5.78 (ddg§ = 7.1, 11.2,
15.8 Hz, 1 H), 5.10-5.04 (m, 2 H), 4.41 (tdd; 2.6, 5.3, 9.9 Hz,

gl H), 3.82 (s, 3 H), 3.77-3.72 (m, 1 H), 3.4 (tdes 3.0, 5.0,

11.3 Hz, 1 H), 2.82 (dd] = 5.3, 13.8 Hz, 1 H), 2.64-2.58 (m, 1
H), 2.37 (dtJ = 7.8, 14.0 Hz, 1 H), 2.11 (dd= 10.0, 13.8 Hz, 1
H), 2.01-1.94 (m, 1 H), 1.90 (ddt,= 8.9, 10.2, 13.0 Hz, 1 H),
1.78-1.68 (m, 2 H), 1.68-1.53 (m, 2 HJC NMR (175 MHz,
CDCly) & 159.4, 137.3, 134.4, 131.4, 130.5, 129.1, 12&8,7,
117.7, 114.0, 62.8, 61.7, 57.8, 55.4, 40.0, 39289,330.5, 26.8;
IR (film) 1506, 1344, 1249, 1155 cHRMS (EST TOF) m/z:
[M + H]* calcd for GaH,gN,05S 413.1893; found 413.1895.

4.3.5.3.(1)-(3S*,4aR*,7S*)-7-Allyl-3-(4-
methoxybenzyl)-2-(4-methoxyphenyl)hexahydro-2H-
pyrrolo[1,2-b][1,2,6]thiadiazine-1,1-dioxide0k

General procedure 6 was employed for the couplind9adf
(67 mg, 0.2 mmol) and 4-methoxyphenyl triflate (d2, 0.4
mmol), using a catalyst composed of Pd(GQAd).8 mg, 0.008
mmol), and CPhos (8.7 mg, 0.02 mmol). The diasteiectivity
of the reaction was judged to be 13:1 dr as detemhiny ‘H
NMR analysis prior to flash chromatography. This qeaure
afforded 57 mg (64%) of the title compound as a evhiilid and
as a >20:1 mixture of diastereomers as determiyetHiNMR
analysis: mp = 44—-4€. Data are for the major isom&r NMR
(700 MHz, CDC}) 6 7.39 (d,J = 8.6 Hz, 2 H), 7.00 (d] = 8.6
Hz, 2 H), 6.88 (dJ = 9.1 Hz, 2 H), 6.81 (d] = 8.4 Hz, 2 H),
5.82-7.73 (m, 1 H), 5.10-5.04 (m, 2 H), 4.39-4.351H), 3.82
(s, 3 H), 3.78 (s, 3 H), 3.77-3.72 (m, 1 H), 3.46-3r89 1 H),
2.76 (dd,J = 5.3, 13.9 Hz, 1 H), 2.61 (dd,= 6.0, 14.4 Hz, 1 H),
2.37 (dt,J= 7.9, 15.0 Hz, 1 H), 2.04 (dd= 10.0, 13.9 Hz, 1 H),
2.01-1.88 (m, 2 H), 1.78-1.68 (m, 2 H), 1.62—1.53ZrH); °C
NMR (175 MHz, CDC)) & 159.5, 158.4, 134.4, 131.5, 130.6,
130.0, 129.3, 117.7, 114.0, 113.9, 62.9, 61.9,,5554, 55.2,
39.8, 39.1, 32.9, 30.5, 26.8; IR (film) 1507, 134247, 1156
cm . HRMS (EST TOF) m/z: [M + HJ calcd for GH3N,O,S
443.1999; found 443.1993.

4.3.5.4.(%)-(Z,3S*,4aR*)-2-Benzyl-3-(pent-2-en-1-
yl)hexahydro-2H-pyrrolo[1,2-b][1,2,6]thiadiazine-
1,1-dioxide20l

A modified version of General Procedure 6 was empldged
the coupling of19b (56 mg, 0.2 mmol) andZj-1-bromobutene
(400 pL, 0.8 mmol, 2.0 M solution in Phg}Fusing Na@Bu (96
mg, 1.0 mmol), LIOTf (156 mg, 1.0 mmol), and a ¢tgh
composed of Pd(OAg)(1.8 mg, 0.008 mmol), and CPhos (8.7
mg, 0.02 mmol). The reaction was heated to TD@nd stirred
overnight or until the starting material was comgligitonsumed
as judged byH NMR analysis. The mixture was cooled to room
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temperature and saturated aqueous,MH(5 mL/mmol
substrate) and dichloromethane (5 mL/mmol substratere
added. The layers were separated and concentratetuo The
crude material was purified by flash chromatographysilica
gel. This procedure afforded 20 mg (30%) of thie iompound
as a pale yellow brown oil and as a 5:1 mixture aStireomers
as determined byH NMR analysis. Data are for the major
isomer.'H NMR (700 MHz, CDCJ) & 7.44-7.29 (m, 4 H), 7.24
(t,J=7.4 Hz, 1 H), 5.41-5.37 (m, 1 H), 5.19-5.13 (m, 1450
(d,J=16.2 Hz, 1 H), 4.11 (d = 16.2 Hz, 1 H), 3.90-3.85 (m, 1
H), 3.47 (tdJ=5.4, 9.0 Hz, 1 H), 3.40-3.31 (m, 1 H), 3.24 {d,
= 6.1, 9.3 Hz, 1 H), 2.25-2.08 (m, 3 H), 1.95-1.8Q &H),
1.59-1.45 (m, 2 H), 0.88 (@ = 7.7 Hz, 3 H);"*C NMR (175

Tetrahedron

General Procedure 6. This procedure afforded 80 8660) of
the title compound as a sticky light brown foam. Teenpound
was obtained as a 4:1 mixture of diastereomers dgefliby'H
NMR analysis. Data are for the major isom&i. NMR (700
MHz, CDCk) & 7.41 (d,J = 8.4 Hz, 2 H), 7.31-7.26 (m, 2 H),
6.99 (d,J = 8.0 Hz, 2 H), 6.90 (d] = 9.0 Hz, 2 H), 4.44-4.32 (m,
1 H), 3.81 (s, 3 H), 3.58-3.50 (m, 1 H), 3.48-3.44 {nH),
2.93-2.89 (m, 1 H), 2.75 (dd= 4.7, 13.7 Hz, 1 H), 2.08 (dd=
10.2, 13.7 Hz, 1 H), 1.84-1.64 (m, 6 H), 1.51-1.402H), 1.29
(s, 9 H);*C NMR (176 MHz, CDGJ)) 5 159.4, 149.5, 134.0,
131.2, 129.1, 128.7, 125.4, 114.3, 66.2, 60.5,,55514, 44.3,
39.8, 34.4, 32.2, 31.9, 31.4, 25.0, 21.9 (one carbignal is
absent due to incidental equivalence); IR (filmPp1%, 1336.4,

MHz, CDCk) & 138.7, 134.7, 128.4, 127.6, 127.1, 123.9, 60.91247.1, 1157.0 cih HRMS (ESI TOF) m/z: [M + H[

60.6, 49.2, 45.9, 31.7, 31.6, 31.3, 21.0, 20.79;:1R (film)
1334, 1156 cit. HRMS (EST TOF) m/z: [M + HJ calcd for
CigH26N,0,S 335.1788; found 335.1793.

4.3.5.5.(%)-(3S*,4aR*)-3-Benzyl-2-(4-
methoxyphenyl)octahydropyrido[1,2-
b][1,2,6]thiadiazine-1,1-dioxide4a

General procedure 6 was employed for the couplir@Bg62
mg, 0.2 mmol) and phenyl triflate (65 pL, 0.4 mmalsing a
catalyst composed of Pd(OAc)1.8 mg, 0.008 mmol), and
CPhos (8.7 mg, 0.02 mmol). This procedure afforé&dmg
(84%) of the title compound as a white solid and &s1 mixture
of diastereomers as determined'By NMR analysis: mp = 46—
49°C. Data are for the major isomé&r NMR (500 MHz, CDCJ)
67.41 (d,J =8.5 Hz, 2 H), 7.28-7.20 (m, 3 H), 7.07 {d& 7.5

Calculated for GH34N,O5S 443.2363; found 443.2364.

4.3.5.8.(%)-(3S*,4aR*)-2-(4-Methoxyphenyl)-3-(2-
methylbenzyl)octahydropyrido[1,2-
b][1,2,6]thiadiazine 1,1-dioxide4d

The title compound was prepared from subst2®€57 mg,
0.18 mmol), 2-tolyl trifluoromethanesulfonate (96, 10.40
mmol), LiOBu (30 mg, 0.37 mmol), Pd(OAc)2.3 mg, 0.010
mmol), and CPhos (7.7 mg, 0.018 mmol) accordingémeral
Procedure 6. This procedure afforded 49 mg (67%heftitle
compound as a sticky off-white foam. The compounds wa
obtained as a 4:1 mixture of diastereomers as flibgéH NMR
analysis. Data are for the major isoméi. NMR (700 MHz,
CDCly) 6 7.41 (d,J = 8.2 Hz, 2 H), 7.14-7.06 (m, 4 H), 6.95-
6.87 (m, 2 H), 4.41-4.36 (m, 1 H), 3.79 (s, 3 H), 3587 (m, 2

Hz, 2 H), 6.91 (dJ = 9.0 Hz, 2 H), 4.41-4.37 (m, 1 H), 3.82 (s, 3H), 2.97-2.92 (m, 1 H), 2.72 (dd,= 4.9, 14.0 Hz, 1 H), 2.19-

H), 3.59-3.43 (m, 2 H), 2.97-2.88 (m, 1 H), 2.79 (dic 4.8,
13.6 Hz, 1 H), 2.13 (dd] = 10.1, 13.7 Hz, 1 H), 1.89-1.65 (m, 4
H), 1.58-1.36 (m, 4 H)**C NMR (175 MHz, CDGCJ) 5 159.4,
137.2, 131.2, 130.0, 129.1, 128.5, 126.7, 114.24,@¥.1, 55.4,
44.3, 40.3, 32.1, 31.9, 24.9, 21.9; IR (film) 150338, 1250,
1156 cm’ HRMS (EST TOF) m/z: [M + HI calcd for
C,;H»N,05S 387.1737; found 387.1737.

4.3.5.6.(+)-(3S*,4aR*)-3-(Cyclohex-1-en-1-
ylmethyl)-2-(4-methoxyphenyl)octahydropyrido[1,2-
b][1,2,6]thiadiazine 1,1-dioxide4b

The title compound was prepared from subste®¢62 mg,
0.20 mmol), cyclohex-1-en-1-yl trifluoromethanesuléte (70
ul, 0.40 mmol), LiCBu (35 mg, 0.44 mmol), Pd(OAc)2.4 mg,
0.011 mmol), and CPhos (11.9 mg, 0.027 mmol) adagrdb
General Procedure 6. This procedure afforded 60 Fiigo) of
the title compound as a sticky off-white foam. Thempound
was obtained as a 2:1 mixture of diastereomers dgefliby'H
NMR analysis. Data are for the major isom&i. NMR (500
MHz, CDCk) 6 7.36 (d,J = 8.3 Hz, 2 H), 6.86 (d] = 8.4 Hz, 2
H), 5.32 (s, 1 H), 4.29-4.21 (m, 1 H), 3.79 (s, 3 H{233.46
(m, 2 H), 2.91-2.85 (m, 1 H), 2.32-2.28 (m, 1 H), 2206 (m,
1 H), 2.00-1.45 (m, 16 H}’*C NMR (176 MHz, CDCJ) 5 159.3,
132.9, 131.2, 130.0, 124.7, 114.0, 57.3, 57.1,,5544, 42.5,
32.9, 32.1, 28.3, 25.2, 25.0, 22.8, 22.3, 21.6{flR) 1505.6,
1441.8, 1337.8, 1246.8 émHRMS (EST TOF) m/z: [M + H[
calcd for G{H3N,O5S 391.2050; found 391.2049.

4.3.5.7.(1)-(3S*,4aR*)-3-[4-(tert-Butyl)benzyl]-2-
(4-methoxyphenyl)octahydropyrido[1,2-
b][1,2,6]thiadiazine 1,1-dioxide4c

The title compound was prepared from substeat€65 mg,
0.21 mmol), 44ert-butyl)phenyl trifluoromethanesulfonate (112
pl, 0.40 mmol), LiCBu (40 mg, 0.50 mmol), Pd(OAc)1.8 mg,
0.008 mmol), and CPhos (7.4 mg, 0.017 mmol) acogrdo

2.16 (m, 1 H), 2.16 (s, 3 H), 1.90 (dt,= 12.1, 14.4 Hz, 1H),
1.73-1.64 (m, 5 H), 1.55-1.38 (m, 2 HJC NMR (176 MHz,
CDCly) 5 159.5, 136.3, 135.4, 131.1, 130.5, 130.0, 12826,8]
126.0, 114.4, 59.1, 57.0, 55.4, 44.2, 37.6, 32138,325.0, 21.8,
19.5; IR (film) 1606.1, 1506.1, 1463.5, 1338.8 tnHRMS
(ESI" TOF) m/z: [M + HJ caled for G;HpgN,05S 401.1893;
found 401.1891.

4.3.5.9.(1)-(3S*,4aR*)-3-(Benzo[d][1,3]dioxol-5-
ylmethyl)-2-(4-methoxyphenyl)octahydropyrido[1,2-
b][1,2,6]thiadiazine 1,1-dioxide24e

The title compound was prepared from substgat€64 mg,
0.21 mmol), benzal[1,3]dioxol-5-yI trifluoromethanesulfonate
(100 pl, 0.40 mmol), Li(Bu (35 mg, 0.44 mmol), Pd(OAc]2.2
mg, 0.010 mmol), and CPhos (10.0 mg, 0.023 mmaipraing
to General Procedure 6. This procedure afforded g@7#8%) of
the title compound as a sticky white foam. The coumgbwas
obtained as a 5:1 mixture of diastereomers as fidgéH NMR
analysis. Data are for the major isoméd. NMR (500 MHz,
CDCly) 6 7.47-7.34 (m, 2 H), 6.97-6.86 (m, 2 H), 6.71-6186 (
1 H), 6.55 (s, 1 H), 6.53-6.47 (m, 1 H), 5.91 (s, 24431-4.28
(m, 1H), 3.80 (s, 3 H),3.52-3.48 (m, 2 H), 2.9742®, 1 H),
2.69-2.66 (m, 1 H), 2.04 (dd,= 10.1, 13.7 Hz, 1 H), 1.84-1.65
(m, 5 H), 1.54-1.40 (m, 3 H}’C NMR (126 MHz, CDCJ) 5
159.4, 147.7, 146.3, 131.1, 130.0, 128.5, 122.4.4,1109.3,
108.3, 101.0, 60.5, 57.0, 55.4, 44.3, 40.0, 32118,324.8, 21.8;
IR (film) 1504.4, 1442.5, 1337.0, 1246.3 tmHRMS (ESI
TOF) m/z: [M + HJ caled for GH,N,05S 431.1635; found
431.1634.

4.3.5.10.(%)-(3S*,4aR*)-3-(4-Methoxybenzyl)-2-(4-
methoxyphenyl)octahydropyrido[1,2-
b][1,2,6]thiadiazine 1,1-dioxide4f

The title compound was prepared from subst23€63 mg,
0.20 mmol), 4-methoxyphenyl! trifluoromethanesulfenér2 pul,



0.40 mmol), LiGBu (30 mg, 0.37 mmol), Pd(OAc)1.3 mg,
0.006 mmol), and CPhos (10.1 mg, 0.023 mmol) acagrdb
General Procedure 6. This procedure afforded 58 T2§6) of
the title compound as a sticky off-white foam. Thempound
was obtained as a 4:1 mixture of diastereomers dgefli by'H
NMR analysis. Data are for the major isoméi. NMR (700
MHz, CDCk) & 7.40 (d,J = 8.4 Hz, 2 H), 7.00-6.93 (m, 2 H),
6.93-6.86 (m, 2 H), 6.86—6.75 (m, 2 H), 4.38-4.30H), 3.80
(s, 3 H), 3.76 (s, 3 H), 3.56-3.50 (m, 1 H), 3.49-3®21 H),
2.92-2.88 (m, 1 H), 2.71 (dd,= 4.8, 13.8 Hz, 1 H), 2.10-2.03
(m, 1 H), 1.86-1.72 (m, 3 H), 1.72-1.64 (m 2 H), 1589 (m,
3 H); ®C NMR (176 MHz, CDGJ) 5 159.4, 158.3, 131.2, 130.5,
130.0, 129.1, 114.3, 113.9, 60.5, 57.1, 55.4, 58£&3, 39.4,
32.2, 31.9, 25.0, 22.0; IR (film) 1506.8, 1442.8338.2, 1338.2
cm'. HRMS (EST TOF) m/z: [M + HJ calcd for G,H,gN,0,S
417.1837; found 417.1843.

4.3.5.11.(%)-(3R*,4aR*)-2-(4-Methoxyphenyl)-3-
(thiophen-2-ylmethyl)octahydropyrido
[1,2b][1,2,6]thiadiazine 1,1-dioxide4g

A modified version of General Procedure 6 was empldged

the coupling of substrat®3 (62 mg, 0.20 mmol) and 2-
bromothiophene (40 pl, 0.41 mmol), using [BO (30 mg, 0.37
mmol), lithium trifluoromethanesulfonate (64 mg40D.mmol),
and a catalyst composed of Pd(CA®.3 mg, 0.010 mmol), and
CPhos (8.4 mg, 0.019 mmol).The reaction was heatdd®'C
and stirred overnight or until the starting matewias completely
consumed as judged bYd NMR analysis. The mixture was
cooled to room temperature and saturated aqueousCING
mL/mmol substrate) and dichloromethane (5 mL/mnodlssrate)
were added. The layers were separated and concenirate
vacua The crude material was purified by flash chromegpby
on silica gel. This procedure afforded 58 mg (74%b}he title
compound as a sticky light brown foam. The compowas$
obtained as a 6:1 mixture of diastereomers as fidgéH NMR
analysis. Data are for the major isomét. NMR (700 MHz,
CDCly) 8 7.40 (d,J = 8.5 Hz, 2 H), 7.19-7.13 (m, 1 H), 6.92—
6.88 (m, 3 H), 6.76—6.73 (m, 1 H), 4.45-4.33 (m, 1380 (s, 3
H), 3.56-3.46 (m, 2 H), 3.01-2.89 (m, 2 H), 2.45 (@& 9.5,
14.9 Hz, 1 H), 1.74-1.64 (m, 8 HJC NMR (176 MHz, CDG))
6 159.5, 139.1, 131.1, 127.0, 126.9, 126.1, 12413.3] 60.4,
56.8, 55.4, 44.2, 34.3, 32.0, 31.7, 24.9, 21.6{flR) 1505.5,
1441.0, 1338.2, 1248.7 émHRMS (ESI TOF) m/z: [M + Hf
calcd for GgH».N,05S,393.1301; found 393.1302.

4.3.5.12.(%)-(Z,3S*,4aR*)-2-(4-Methoxyphenyl)-3-
(pent-2-en-1-yl)octahydropyrido[1,2-
b][1,2,6]thiadiazine-1,1-dioxide4h

A modified version of General Procedure 6 was empldged
the coupling of23 (62 mg, 0.2 mmol) andZj-1-bromobutene
(400 pL, 0.8 mmol, 2.0 M solution in Phg}Fusing Na@Bu (96
mg, 1.0 mmol), LiIOTf (156 mg, 1.0 mmol) and a cysél
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10.8 Hz, 1 H), 2.99 (ddd), = 3.5, 8.4, 11.7 Hz, 1 H), 2.04 (dt,
J=16.0, 13.8 Hz, 1 H), 1.92-1.66 (m, 8 H), 1.62—145 § H),
0.88 (t,J = 7.5 Hz, 3 H);®C NMR (175 MHz, CDGJ)) 5 159.3,
134.7, 131.1, 130.0, 123.5, 114.2, 59.5, 56.7, 5541, 32.1,
31.7, 31.4, 24.9, 21.5, 20.7, 13.9; IR (film) 150839, 1248,
1159 cm'. HRMS (ESI TOF) m/z: [M + HJ calcd for
C1eH2eN,0,S 365.1893; found365.1905.

4.3.6.Elaboration of products
4.3.6.1.(2)-(S*,R*)-1-Phenyl-3-(pyrrolidin-2-
yl)propan-2-amine25

The title compound was prepared via the following step
one-pot procedure. The first step was carried ocoraing to the
published work by Snyder and Heck&rA flask equipped with
a stirbar and reflux condenser was charged #th(66 mg, 0.18
mmol). Hydrobromic acid (48%, 4 mL) was slowly addedhe
flask and the reaction was heated to $@0and stirred until the
starting material had been completely consumed Zch) as
judged by MS ESI+ analysis (297.1 m/z, M ¥)HThe mixture
was cooled to rt, C¥CN (2 mL) was added, followed by a
solution of ceric ammonium nitrate (494 mg, 0.9 rjmio H,O
(2 mL) and then stirred overnight (ca. 8 hr) at
Dichloromethane (8 mL) was added to the solution,ntisure
was transferred to a separatory funnel and the dayesre
separated. The aqueous layer was carefully basifistdNH,OH
to pH > 12 and extracted with GEl, (3 x 15 mL). The
combined organic layers were washed with3@ (1 x 10 mL)
and brine (1 x 10 mL). The organic layer was driegero
anhydrous sodium sulfate, filtered, and concerdratevacuo
This procedure afforded 27 mg (75%) of the titlenpound as a
yellow brown oil and as a 7:1 mixture of diasteresmes
determined byH NMR analysis. Data are for the major isomer.
'"H NMR (500 MHz, CDCJ) 8 7.30 (t,J = 8.0 Hz, 2 H), 7.22 (t]
= 8.0 Hz, 1 H), 7.17 (dJ = 7.5 Hz, 2 H), 3.37-3.33 (m, 1 H),
3.15-3.12 (m, 1 H), 3.06-2.97 (m, 2 H), 2.86 (s,320H), 2.79
(dd,J = 4.9, 13.3 Hz, 1 H), 2.54 (dd,= 8.2, 13.3 Hz, 1 H),
2.02-1.97 (m, 1 H), 1.83-1.77 (m, 2 H), 1.70-1.66 {Hl),
1.48-1.43 (m, 1 H), 1.37-1.32 (m, 1 HJC NMR (175 MHz,
CDCly) 6 138.7, 129.3, 128.5, 126.4, 58.5, 52.4, 45.8, 48177,
32.1, 24.6; IR (film) 3360, 2929 ¢m HRMS (ESI TOF) m/z:
[M + H]" calcd for GgH,oN, 205.1699; found 205.1700.

4.3.6.2.(3)-(3R,4aR)-3-
Pentylhexahydropyrrolo[1,2-c]pyrimidin-1(2H)-one
26

rt.

A flame-dried flask was cooled under vacuum and athrg
with 10% Pd/C (120 mg). The flask was capped with Ebeu
septum, evacuated and backfilled with nitrogen. Aitsah of 4f
(66 mg, 0.2 mmol) in methanol (8 mL) was added #ofthsk via
a syringe, followed by acetic acid (0.2 mL). ThesKavas briefly
flushed with hydrogen and then a hydrogen-filled |dwad
attached to a needle (via an adaptor) was connéctdee flask

composed of Pd(OAg)(1.8 mg, 0.008 mmol), and CPhos (8.7 through the septum. The mixture was placed in &bath at 50

mg, 0.02 mmol). The reaction was heated to TD@nd stirred
overnight or until the starting material was comgligitonsumed

‘C and the reaction was stirred overnight (ca. 16The crude
material was then filtered through a plug of celdaaemove the

as judged byH NMR analysis. The mixture was cooled to r00m pg/C and washed with methanol (5 mL). The crude niahteas

temperature and saturated aqueous@®Kb6 mL/mmol substrate)
and dichloromethane (5 mL/mmol substrate) were addbe
layers were separated and concentratedracuo The crude
material was purified by flash chromatography oitaigel. This
procedure afforded 60 mg (82%) of the title compgbas a pale
yellow oil and as a 5:1 mixture of diastereomerglegermined
by '"H NMR analysis. Data are for the major isontét. NMR
(700 MHz, CDC}) 6 7.38 (d,J = 8.4 Hz, 2 H), 6.88 (dJ = 9.1
Hz, 2 H), 5.51-5.40 (m, 1 H), 5.25-5.19 (m, 1 H), 44.86 (m,
1 H), 3.80 (s, 3 H), 3.67-3.62 (m, 1 H), 3.49 (dd& 3.7, 6.6,

concentratedn vacuoand purified by flash chromatography on
silica gel to afford 38.5 mg (92%) of the title cpound as a pale
yellow solid: mp = 63—66C. *H NMR (700 MHz, CDCJ) & 4.79
(s, br, 1 H), 3.54-3.44 (m, 3 H), 3.39-3.32 (m, 1 M}15-2.08
(m, 1 H), 1.97-1.92 (m, 2 H), 1.80-1.74 (m, 2 H), +525 (m,

9 H), 0.88 (t,J = 7.0 Hz, 3 H);*C NMR (175 MHz, CDG)) 5
155.3, 52.3, 50.0, 45.3, 36.8, 33.6, 32.2, 31.67,283.0, 22.6,
14.0; IR (film) 3214, 1650 cm HRMS (EST TOF) m/z: [M +
H]"* caled for G,H,,N,0 211.1805; found 211.1812.
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4.3.6.3.(%)-(Z,R,R)-N-(4-Methoxybenzyl)-1-
(pyrrolidin-2-yl)hept-4-en-2-amin7

This compound was prepared via a modification of
published procedure by Tro$tA flame-dried flask was cooled
under vacuum and charged with LAH (190 mg, 5.0 mmal).
reflux condenser was attached to the flask and pparatus was
evacuated and backfilled with nitrogen. Diethyl ettdemL) was
added, followed by a solution df (66 mg, 0.2 mmol) in diethyl
ether (4 mL). The flask was placed in an oil battl atliowed to
reflux overnight (ca. 16 h). The reaction flask vakwed to
cool to rt and then the mixture was diluted with et{i® mL).
The reaction flask was placed in an ice bath anaicjued slowly
with water (2 mL). 1M NaOH (2 mL) was added, followed by
more water (2 mL) and the biphasic mixture was ddirre
vigorously for 15 min. The mixture was decantedgedriwith
N&SQ,, and concentrateith vacuo.The crude product appeared
to by clean by'H NMR and taken unto the next step without
further purification. A round bottom flask, equippedth a
stirbar was charged with the crude product and acuéd1%
HCI (10 mL). HNOH<HCI (69 mg, 1.0 mmol) was added and the
reaction mixture was heated to &D in an oil bath and stirred
until the starting material had been consumed dggd by ESI
MS analysis (ca. 60 min). The reaction was cooledttand

aqueous 1M HCI (20 mL) was added. The solution was the

Supplementary Material

Copies of‘H and**C NMR spectra for all new compounds.
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