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1. Introduction

Tetrahydroisoquinoline (THIQ) derivatives are stusat
motifs of many pharmaceutically relevant molecidesl natural
products and exhibit a variety of biological adias® For this
reason, they have attracted continuous interestiesign the
synthetic methods for the construction of all kirdssubstituted
THIQs? In particular, 1,4-disubstituted THIQs have beeid pa
much attention along with their physiological adies
investigated in recent years. For example, hexapydazino
[2,1-a]isoquinolinesand hexahydropyrrolo [2,1-alisoquinolifies
were found to be associated with antidepressant itésiv
(Scheme 1). Although several reports were available tlie
synthesis of 1,4-disubstituted THI®E$ most of them involved
multistep syntheses employing two-component reastidrhe
reaction diversity and efficiency were often unsafttory.
Moreover, the development of highly diastereosaleateactions
for the synthesis of 1,4-disubstituted THIQs remaias
challenging joB.

Because multiple chemical bonds in one-step i@adire
formed, the multiple-component reaction allows #icient and
straightforward transformation from readily avaikihaterials to
cyclic compounds with molecular complexity and stuual
diversity/ Due to avoiding the isolation and purification of
intermediates, it saves a large number of effdirtses, and cost.
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Tandem Ring opening/Pictet-Spengler condensation (our works)
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Scheme 2. Tandem three-component reactions between
aziridines, arenes and aldehydes

2. Results and Discussion

Arene la, aziridine 2a, and aldehyde3a were selected as
model substrates for optimizing the reaction caodg (Table 1).
A screening of different acids was firstly carriedt.o8c(OTf},
In(OTf); and AgPFk failed to promote the three-component
reaction (entries 1~3). To our delight, when Mt was used

Table 1 Optimization of the reaction conditichs
Br

Ph
MeO  OMe CHO MeO
LA NT.
MeO S

+ +

Therefore, the multiple-component reaction has hedely used

to the high-throughput screening in the discovdrgnodern new
drug. Considering the continued importance of thllQ@
derivatives in the field of organic and medicindiemistry,
developing efficient multiple-component reactionsr fthe
diastereoselective synthesis of THIQ derivativesofs great

significance.
R
) o

H
Hexahydropyrazino  Hexahydropyrrolo
[2,1-a]lisoquinoline [2,1-a]isoquinoline

Scheme 1. 1,4-disubstituted tetrahydroisoquinolines

N-Sulfonylaziriding, an readily accessible and good reactive

organic intermediate, has been utilized for theg-opening
reactions with numerous heteroatom-nucleophilic ea&s) and

carbon-nucleophilic reagenfs Base on these ring openings, ais

series of tandem cyclizations involving two-compadsehave
been developed for the construction of nitrogentaiomg

heterocycle§*'! But tandem multiple-component reactions arel?

seldom seeff. We noticed that N-sulfonyi-arylamines were
easily provided by Lewis acid promoted ring openiofgN-
sulfonyl aziridines with arenéd.If continuing to add aldehydes,

o T oce MeO OMe
1a 2a % 4a O MeO 5a O OMe
Br
Entry  Catalyst Solvent  Additive T Yield§)® Dr°
1 Sc(OTf) DCE none rt 0% -
2 In(OTf) DCE none rt 0% -
3 AgPR DCE none r 0% -
4 BR:.OER DCE none rt 32% 86:14
5 sncle DCE none rt 12% 79:21
6 BR:.OER DCE MgsSQ" 49% 86:14
7 BR.OEw!  DCE NaSO/ 35% 86:14
8 BR:.OER DCE 4A Ms rt 40% 86:14
9 BF:.OER DCE MgSQ 60°C  63% 86:14
10 BR.OEt* DCE MgSQ 80°C 60% 86:14
11 BR.OEL® DCE MgSQ 60°C  20% 86:14
12 BR.OEY' DCE MgSQ 60°C  63% 84:16
BR.OEL™ DCE MgSQ 60°C  60% 84:16
14 BR.OEt’ DCM MgSQ 40°C  38% 86:14
BR.OEL! MeNO, MgSQ, 60°C 0% -
16 BR.OEt’ THF MgSQ 60°C 0% -
BR.OEL! DMSO MgSQ 60°C 0% -
18 BR.OEt’ CCl, MgSQ, 60°C  62% 86:14
19 BR.OEL! CHCk MgSQ, 60°C  25% 84:16

N-sulfonylB-arylamines would further undergo Lewis acid ®Reaction conditions, unless otherwise stated: atisal of 1a (0.3 mmol),2a

catalyzed Pictet-Spengler condensdfloim a cascade fashion
leading to the three-component synthesis of 1,dbdituted
tetrahydroisoquinolines (Scheme 2). To our besiktedge, few
tandem three-component reactions were designed rferstep
construction of the core skeletons of tetrahydmpisioolines up

(0.2 mmol), catalyst (0.04 mmol, 20 mol%) in solvéh mL) was stirred for
1h at room temperature, th8a (0.4 mmol) was added and the mixture was
further stirred for 18 h at set temperatfr€pmbined yields otis-4a and
trans-4a; © Determined by NMR analysisié/trang;  Catalyst (300 mol%)
was used? Catalyst (200 mol%) was usddCatalyst (400 mol%) was uset;
1a (0.4mmol, 2equiv) was usetiAnhydrous MgSQwas used; Anhydrous

to now!® This new three-component reaction undoubtedlyNa&SQ:was used.

provides a good choice for the rapid and converggnthesis of
tetrahydroisoquinolines. When carrying out this#icomponent
reaction, we find thatis-1,4-disubstituted THIQ is isolated as
the major isomer with a good diastereoselectivityrelte we
hope to report about the results of the reéswdiastereoselective
three-component reactions of aziridines, arenesaldehydes.

as the catalystda was obtained in 32% yield with a good
diastereoselectivity c{s:trans=86:14) (entry 4). In the three-
component reaction by-produba was also obviously observed
because of double arylation of aldehydes. The stra®fcis-4a

was unambiguously confirmed by X-ray crystal stroetu
analysi$®. SnCl, could also promote the three-component



reaction, but a low yield was observed (entry 5). Aditives,
anhydrous MgS®was found to be more beneficial for improving
the yield of the three-component reaction than drdys NaSO,
and 4A MS(entry 6~8). Then we attempted to raiseré¢laetion

temperature to 60C, the best result for the three-component

reaction was obtained add was provided in 63% yield without
the decrease of diastereoselectivity (entry 9). MWihe reaction
temperature was further raised to 80 a slightly low yield was
observed (entry 10). Decreasing the amount of-®GE: from
300% to 200% gave a bad result and porddgtwas only
isolated in 20% vyield (entry 11). Then we tried tearease the
amount of BE-OE} to 400%, the result was similar with using
300 mol% of BRE-OEt (entry 12) We also tested the reaction
using an increased amount of arenes (2 equiv), ightlsi
decreased vyield was observed (entry 13). Besidegerale
different solvents were selected for optimizing theaction
conditions (entries 14~19). Unsatisfied yields wdegected in
DCM and CHCJ. In THF, MeNQ and DMSO the reaction
failed to afford productia. In CCl, the reaction gave a similar
result as in DCE. Considering the high toxicity o€Clg; we
preferred DCE as the reaction solvent at last.

With the optimized reaction conditions in harttg substrate
scope of the three-component reactions was firsthgstigated
with a series of aldehydes and aziridines. The t®swere
outlined in Table 2. It was found that various sitbtd
aldehydeg and aziridine8 successfully reacted with arebe

Table 2 Investigation of the scope of aldehydes and
aziridined

®
R2
Meoj@[H ) ‘zoz ) (ﬂ) BF.+ OEL 0 e
MeO H o \ R®”  DCE,MgsO, MeO 1S 803
1a O 3 4

Entry 2 3 4 RYRIR) Yield Drf

1 2a  3a 4a (H/4-MeGH4/4-BrCsH,) 63% 86:14
2 2a 3b  4b (H/4-MeGH4/4-CICsH.) 62% 85:15
3 2a 3¢ 4c (H/4-MeGH4/4-NO,CsH4) 67% 82:18
4 2a 3d 4d (H/4-MeGHJ/4-OMeGH,) 52% 86:14
5 2a  3e 4e (H/4-MeGsH4/CeHs) 63% 81:19
6 2a  3f  4f (H/4-MeGHJEY) 64% 88:12
7 2a 39  4g(H/4-MeCH4/i-Pr) 34% 86:14
8 2a 3h 4h (H/4-MeGH4/Bn) 50% 85:15
o 2a  3i  4i (H/4-MeGH4/H) 74% -

10 2b  3b 4 (4-F/A-MeGH4/4-CICGH,) 58% 83:17
11 2c 3a 4k (4-Cl/4-MeGH4/4-BrCsHy) 59% 86:14
12 2d 3a 4| (4-Br/4-MeGH4/4-BrCsHa) 60% 84:16
13 2 3a 4m (4-Me/4-MeGH4/4-BrCsHa) 47% 88:12
14 2f  3a 4n (H/4-BrGsH4/4-BrCsHy) 42% 85:15
15 2g 3a 40 (H/4-NO,CeH4/4-BrCsHy) 25% 85:15
16 2h  3e 4p (2-Br/4-MeGH4/CgHs) 65% 81:19
17 2 3a  4q(H/Me/4-BrCsHs) 50% 71:29

3The reaction was run under the optimized conditiBi@ombined yields of
cis-4 andtrans-4; °Determined by NMR analysigié/trang; ¢ The reaction
was run at 50C.

affording product 4 in moderate yields and with good

diastereoslectivitiegis-Diastereomers were isolated as the majo

isomers. The structures of-4a andcis-4f were confirmed by

r

Table 3 Investigation of the scope of arehes

R
»
=
H Ny
X O . A
R_C[ AN e
>y R _ R”  DCE, MgSO, AN NTs
1 2 3 4 R
Entry 1 2 3 4 Yield® Drf
OMe OMe CgHs
MeQO
1 Meoj@ 2a 3 629  78:22
MeO MeO NTs
1b 4 4-CICgH,
4-CICqH,
[e]
2 <]© x 3 58%  78:22
o] 10 0 NTs
4 4BCeH,
OMe OMe 4-CICgH,4
3 © 2c 3a (;E:/\NT 58%  33:67
S
1d
OMe 4tOMe4-BrCGH4
4-CICqH,
Me M
4 2 3a emT 56%  >955
Me Me s
1
€ B,
4-CICgH,
5¢ @ 2c 3a 40%  >95:5
Me' » Me NTs
4v  4-BrCgH,
CeHs
6 © 2a 3b ©¢W 20%  >95:5
S
19
AW 4.CICH,
CeHs
R © 2a 3 39% -
19 - NTs
Br C6H5
MeO.
8 Q 2a 3a e]@fr\m 50%  86:14
S
" e o =43, BiCeH,
-CICqH,
o @\; 2 3 % a2% -
1i Me |\N/|e4 NTs
74
cl CeHs
10 © 2a 3a 0 -
. a NTs
1 433 4.BrCH,

2The reaction was run under the optimized conditi8@ombined yields of
cis-4 andtrans4; ¢ Determined by NMR analysisié/trany; ¢ Before the
aldehyde was added, the reaction time was prolorght°10% AgPRk and
100 mol% BRkOEtwas used.

X-ray crystal structure analysi%and the relative stereochemistry
of other cis-diastereomers were determined by the analysis of
NMR spectrum compared withcis-4a and cis-4f. Firstly, we
fixed arenela and aziridine3a as substrates to examine the scope
of aldehydes. Aromatic aldehydes substituted wittn ledectron-
rich groups and electron-poor groups were suitalibstsates for
the three-component reaction (entries 1~5). Tha@atbproducts
4a~4e were obtained in moderate vyields with good
diastereoslectivities. The aliphatic aldehydes alssacted
smoothly with arenela and aziridine3a and led to the
corresponding productgdf~4i in moderate yields with good
diastereoslectivities  (entries 6~9). Subsequentlgeveral
aziridines were tested to react with arel@ and aldehyde3
under the optimized reaction conditions. It was fbuthat
aziridines derived from aromatic alkenes could sasfully
undergo this reaction. Electron-withdrawing substiteseon the
benzene ring, such as F, Cl, Br gave similar progisids toda



4 Tetrahedron

(entries 10~12 and entry 16). Electron-donatingsstuents on Then we investigated the mechanism of the threepoment
the benzene ring led to harmful effect on the weddl products. reaction (Scheme 4). As the key intermediate, antamevas
Aziridine 2e underwent the three-component reaction to affordorepared in 75% yield by Lewis acid promoted ringgioing of
the corresponding produdtn in 47% vyield (entry 13). Besides, aziridine 2a with arenela. Then the reaction of amin& with
we examined the influence of the protecting groughefN-atom  aldehyde3a was tested, tetrahydroisoquinoli@ was isolated in
of the aziridines for the three-component reac(emtries 14~15, 85% yield with a good diastereoselectivityis{trans=86:14).
17). Aziridine 2f and 2g gave the corresponding product with According to this experiment result, a plausible hatism for
good diastereoselectivities, but along with remalkalecreased the diastereoselecctive three-component reactiondepisted in
yields. When aziridin®i was subjected to the three-componentScheme 5. In the presence of Lewis acid the ringriogeof
reaction, a significantly reduced diastereoselégtivwas  aziridine 2a with arene la afforded amine7a, which further
observed. reacted with aldehyd8a to give iminium ionsA. A top-face
attacking to iminium ions is unfavored. Becausehkenyl group
occupied an equatorial position in half-chair confation, and
suffered from the gauche interaction with tosyl gravhich was
roughly parallel on the ring of tetrahydroisoquinel A bottom
face attacking would provide a favored prodcist4a. From the
X-ray crystal structure ofis-4a, we could see that the axial 1-
phenyl group avoided the unfavorable interactiamm tosyl

In order to further broaden the application scopthe three-
component reaction, several arenes and N-methyéndere
selected to react with aziridin2 and aldehydeS. The results
were summarized in Table 3. In most cas&sproducts4 were
successfully provided in moderate vyields with good
regioselectivities and diastereoselectivities. Ase tilminor
diastereomer, the structure toins-4r was also confirmed by X-

ray crystal structure analy&is Interestingly, when benzene, o- group.

xylene, toluene were subjected to the reaction,esponding Ph
product cis4 were obtained as single diastereomers MeO B BFsOE MGOD)\
(cis:itrans>95:5) (entries 4~6). For chlorobenzekig the three- MeO /A DCE T MeO NHTs
component reactiofailed to providecorrespondingproduct4z 1a 2a 75% 7a

(entry 10). As an exception, p-methoxyanisole rehotdth

aziridine2b and aldehyd@&a to givetrans-4t as the major isomer Ph 4-Br06:':;CHO Ph
(cis:itrans=33:67) (entry 3). Perhaps the two methoxyl groups o Meo:@)\ BF; OFt, MeO

the benzene ring, which are close to aryl groupstten N- VeO NHTS DCE. MgSOs, 60 °C MeO NTs
heterocycle, enhanced the repelling interactiorween the 1- 7a 18h 4a 4-BrCeH,
aryl group and 4-aryl group in thes-isomer. It caused thais- 85%

cis:trans=86:14
Scheme 4. Experiments for investigating the reaction
mechanism

isomer was more unstable th@mansiisomer. Moreover, arerth

reacted witiRa and3a leading to unexpecteth as the exclusive
product (entry 8). The reason was thaf Bray be removed
instead of proton in the process of Pictet-Spengladensation. 3. Conclusions

MeO PMe Ts MeO v In summary, Lewis acid promoted three-componenttiaas
+ N+ g OEt  BFyOEt, of aziridines, arenes and aldehydes have beenajmctifor the
Ph” OEt  DCE, MgSO4 MeO NTs ~ construction of 1,4-disubstituted tetrahydroisomglines. The
1a 2a 6 dis trasr?:/f 6218 4ab . presented transformation is facile, efficient aimstéreoselective.
-trans=82: r

; ] In most cases, 1dis diastereomers of tetrahydroisoquinolines
Scheme 3. Three-component reaction using acétal were isolated as the major isomers. The applicattady of the

It should be noted that acetlwas also a suitable substrate three- Component reaction in the Synthes|s of Cpm”]g
for the three-component reaction (Scheme 3). Ptodale was  medical and bioactive molecules is in process in@oratory.
successfully isolated in 65% vyield with a good
diastereoselectivityc{s:trans=82:18).

Ts OMe Ph

Ph
N @[ MeO 4-BrCgH,CHO MeO
T o o NHTs MeO = " Ts
23 BFyOEt, MeO 7a -H,0 A AC
Ar=4-BrCGH4
ITS/
top-face /@7\ Ar Ph)@/
H
MeO OMe
unfavored
trans-4a
e o
bottom-face Al |4 /N 1 _H
7" . H \H/A Ar  —— pp Q | —
Ar
P NED el ok |
MeO OMe fg}gfa‘zd X-Ray crystal structure of cis-4a

Scheme 5. a plausible mechanism for the three-componeiticra



4, Experimental Section
4.1 General informations

The 'H NMR, **C NMR spectra were recorded with Bruker
400 MHz spectrometer instruments in CRCThe chemical

shifts @) were measured in ppm and with the solvents a

references (For CDGI'H: $=7.26 ppm,"*C & = 77.0 ppm). The
multiplicities of the signals are described usiig following
abbreviations: s = singlet, d = doublet, t = triptp= quartet, m =
multiplet, dd = doublet of doublets, br = broad. Adagents were
obtained from commercial suppliers unless othernststed.
Where necessary, organic solvents were routinekyddand/or
distilled prior to use and stored over moleculaves under
nitrogen. Purification of products was accomplishad flash
chromatography using silica gel (200~300 mesh).n Tlayer
chromatography (TLC) was performed on Merck silical g
GF254 plates and visualized by UV-light (254 nm 66 3:m).
Melting points were obtained on a Yanaco-241 apparabd are
uncorrected. IR spectra were recorded on a MAGNA-56
spectrometer made by Nicolet Company. HRMS were recbrd
on VG ZAB-HS mass spectrometer with ESI resource. Arigsli
2a~2i in this paper are synthesized according to trezditre
procedure¥.

42 General procedure for the of

tetrahydroisoquinolines

synthesis

Under an argon atmosphere,BPEt (0.6 mmol) was added
to a solution of areng& (0.3 mmol) and aziriding (0.2 mmol) in
DCE (2 mL). The mixture was stirred at room temperafor 1h
and then aldehyd® (0.4 mmol) and anhydrous Mg$Q@t00 mg)
were added. The mixture was stirred at’60for 18h. Cooled to
room temperature, water (10 mL) was added and traduptavas
extracted with EtOAc (20 mLx3). The combined orgartiages
were dried over N&O, and concentrated under reduced
pressure. The residue was purified by flash colum
chromatography (petroleum ether/ethyl acetate=&nl3ilica gel
to afford product4. The physical and spectra data of the
compoundgla~4ab, 5a are shown as follows.

4.2.1. 1-(4-Bromophenyl)-6,7-dimethoxy-4-phenyl-34tos
1,2,3,4-tetrahydroisoquinoline 44). Combined yield of cis-
diastereomer andrans-diastereomer: 63%. Theis/trans ratio
was determined by NMR analysigig/trans=86:14). Major
diastereoisomer: white solid, m.p. 190~1%3 'H NMR (400
MHz, CDCk) 4 7.62 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H),
7.29 (d, J = 6.8 Hz, 2H), 7.24 (d, J = 7.0 Hz, 1H)77dd, J =
14.4, 8.2 Hz, 4H), 7.07 — 6.98 (m, 2H), 6.44 (s, 1H)14s, 1H),
6.14 (s, 1H), 3.88 — 3.72 (m, 5H), 3.58 (s, 3H), Jdd, J = 13.9,
11.1 Hz, 1H), 2.36 (s, 3HJ’C NMR (100 MHz, CDG))  148.4,
147.8, 143.3, 141.9, 140.5, 137.6, 131.4, 130.8.7,2129.4,
128.7,128.7, 127.2, 127.0, 125.3, 122.0, 111.9,9.%8.5, 55.9,
55.7, 46.1, 42.5, 21.4. HRMS (ESI) Calcd. fopHGe "BrNO,S
(M+H)": 578.0995; Found: 578.0985; IR (neat)s 3083, 3029,
3010, 2951, 2930, 2833, 1612, 1597, 1517, 14669,14834,
1306, 1259, 1221, 1162, 1093, 1071, 1040, 1008, 8466, 800,
770, 685, 664, 573, 558, 537, 504 tnMinor diastereoisomer:
white solid, m.p. 215~218C; 'H NMR (400 MHz, CDC)) &
7.37 (d, J = 8.4 Hz, 2H), 7.30 (s, 2H), 7.22 — 7.17 k), 7.13
(d, J = 8.4 Hz, 2H), 7.00 (s, 1H), 6.98 (s, 1H), 6.96.89 (m,
2H), 6.43 (d, J = 3.0 Hz, 2H), 6.12 (s, 1H), 4.12 (t 3.9 Hz,
1H), 3.84 — 3.74 (m, 5H), 3.72 (s, 3H), 2.35 (s, 383 NMR
(100 MHz, CDC}) 6 148.5, 148.2, 142.8, 142.7, 140.1, 136.8,
131.3, 130.6, 129.2, 128.5, 128.3, 128.0, 127.5,.0,2126.6,
121.9, 111.8, 110.3, 58.8, 55.9, 55.8, 47.1, 43174; HRMS
(ESI) Calcd. for GoH,o "BrNO,S (M+H)": 578.0995; Found:

5
578.0985; IR (neat)y = 3728, 3674, 3526, 3295, 3030, 3009,
2061, 2933, 1770, 1714, 1592, 1517, 1486, 14673,14842,
1323, 1161, 1110, 1092, 1008, 993, 879, 819, 782, 701, 664,
556, 540, 527 cih

4.2.2. 1-(4-Chlorophenyl)-6,7-dimethoxy-4-phenyb2yt-
1,2,3,4-tetrahydroisoquinoline 41§).Combined yield of cis-
Yiastereomer andrans-diastereomer: 62%. Theis/trans ratio
was determined by NMR analysigig/trans=85:15). Major
diastereoisomer: white solid, m.p. 178~1%1; 'H NMR (400
MHz, CDCk) & 7.62 (d, J = 8.3 Hz, 2H), 7.33 — 7.22 (m, 7H),
7.16 (d, J = 8.1 Hz, 2H), 7.07 — 6.98 (m, 2H), 6.45Lt), 6.24
(s, 1H), 6.14 (s, 1H), 3.92 — 3.71 (m, 5H), 3.58 ), 3.02 (dd,
J = 13.9, 11.1 Hz, 1H), 2.36 (s, 3HC NMR (100 MHz,
CDCly) & 148.4, 147.8, 143.3, 141.9, 139.9, 137.6, 13330,2,
129.7, 129.4, 128.7, 128.7, 128.5, 127.2, 127.3.4,2111.7,
109.9, 58.4, 55.9, 55.7, 46.0, 42.5, 21.4; HRMS JE=ilcd. for
CsoH2CINO,S (M+H)": 534.1500; Found: 534.1493; IR (neat):
= 3062, 3030, 3008, 2951, 2920, 2852, 1692, 1587711489,

466, 1450, 1307, 1258, 1221, 1162, 1116, 10930,10812,

65, 833, 770, 670, 652, 574, 558, 537, 507 .crilinor
diastereoisomer could not be obtained in pure fdua to trace
amounts of its.

4.2.3. 6,7-Dimethoxy-1-(4-nitrophenyl)-4-phenyl-2ytek,2,3,4-
tetrahydroisoquinoline4c). Combined yield otis-diastereomer
andtransdiastereomer: 67%. Thas/transratio was determined
by NMR analysis dis/trans=82:18). Major diastereoisomer:
white solid, m.p. 187~196C; '"H NMR (400 MHz, CDC)) &
8.23 (d, J =8.7 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H)84dh J = 8.7
Hz, 2H), 7.32 (dt, J = 10.4, 6.9 Hz, 3H), 7.23 (d,8 EHz, 2H),
7.07 (d, J = 6.9 Hz, 2H), 6.51 (s, 1H), 6.38 (s, 1K234s, 1H),
3.95 (dd, J = 14.6, 6.4 Hz, 1H), 3.88 — 3.81 (m, &H5 (s, 3H),
3.03 (dd, J = 14.6, 11.6 Hz, 1H), 2.42 (s, 3HE NMR (100
MHz, CDCkL) & 148.6, 148.6, 147.9, 147.4, 143.6, 141.5, 137.3,
129.7, 129.5, 128.8, 128.6, 127.3, 127.0, 124.3.5,2111.8,

n’LO9.8, 58.3, 55.9, 55.7, 46.3, 42.3, 21.4; one aamgsonance

absent presumably due to overlap; HRMS (ESI) Cafod.
CsH2oN,06S (M+H)': 545.1741; Found: 545.1737; IR (neatk
3708, 3675, 3315, 2933, 1603, 1518, 1452, 1347512222,
1161, 1092, 1031, 956, 860, 815, 740, 702, 650, 538, 542
cm®. Minor diastereoisomer could not be obtained irepiorm
due to trace amounts of its.

4.2.4, 6,7-Dimethoxy-1-(4-methoxyphenyl)-4-phenyls4to
1,2,3,4-tetrahydroisoquinoline 4¢). Combined yield of cis-
diastereomer andrans-diastereomer: 52%. Theis/trans ratio
was determined by NMR analysigig/trans=86:14). Major
diastereoisomer: white solid, m.p. 165-188 'H NMR (400
MHz, CDCk) 4 7.62 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 6.9 Hz, 2H),
7.23 (dd, J = 7.8, 4.1 Hz, 3H), 7.14 (d, J = 8.0 H#),7.09 —
7.03 (m, 2H), 6.84 (d, J = 8.7 Hz, 2H), 6.48 (s, 16423 (s, 1H),
6.14 (s, 1H), 3.90 — 3.70 (m, 8H), 3.58 (s, 3H), 3d¥, J = 16.3,
13.5 Hz, 1H), 2.35 (s, 3HJ?C NMR (100 MHz, CDG)) & 159.1,
148.2, 147.7, 143.1, 142.2, 137.9, 133.5, 130.3.7,2129.3,
128.8, 128.7, 127.1, 126.4, 113.6, 111.6, 110.(8,%%.9, 55.7,
55.3, 45.9, 42.7, 21.5; one carbon resonance alpsestimably
due to overlap; HRMS (ESI) Calcd. for;83;,NOsS (M+H)"
530.1996; Found: 530.1989; IR (neat)= 3290, 2933, 2850,
1605, 1512, 1463, 1338, 1304, 1249, 1223, 11619,11092,
1032, 959, 862, 815, 763, 735, 703, 678, 657, 5B4, cni.
Minor diastereoisomer could not be obtained in garen due to
trace amounts of its.

4.25. 6,7-Dimethoxy-1,4-diphenyl-2-tosyl-1,2,3,4-
tetrahydroisoquinoline4g). Combined yield otis-diastereomer
andtrans-diastereomer: 63%. Thas/transratio was determined
by NMR analysis ¢is/trans=81:19). Major diastereoisomer:
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yellow oil; 'H NMR (400 MHz, CDCJ) 3 7.55 (d, J = 8.2 Hz,
2H), 7.20 (ddd, J = 23.7, 15.3, 5.7 Hz, 8H), 7.06J(¢, 8.2 Hz,
2H), 6.99 (d, J = 7.0 Hz, 2H), 6.42 (s, 1H), 6.21 {4), .07 (s,
1H), 3.80 — 3.73 (m, 2H), 3.70 (s, 3H), 3.50 (s, 3KH993dd, J =
16.4, 13.6 Hz, 1H), 2.26 (s, 3HC NMR (100 MHz, CDG)) &
148.2, 147.7, 143.1, 142.1, 141.3, 137.8, 129.B.3,2128.9,
128.8, 128.7, 128.3, 127.7, 127.1, 125.9, 111.6,1159.0, 55.9,
55.7, 46.0, 42.6, 21.4. one carbon resonance apsesamably
due to overlap; HRMS (ESI) Calcd. forsd@;0NO,S (M+H)'":
500.1890; Found: 500.1900; IR (neat)= 3061, 3028, 2972,
2933, 2868, 2853, 1600, 1515, 1494, 1452, 14000,13305,
1265, 1244, 1223, 1161, 1118, 1109, 1030, 979, 965, 813,
762, 740, 681, 661, 585, 569, 540 tnMinor diastereoisomer
could not be obtained in pure form due to tracewar®of its.

4.2.6. 1-Ethyl-6,7-dimethoxy-4-phenyl-2-tosyl-1 2,3,
tetrahydroisoquinoline 4f). Compound 4f was prepared
according to a modified General Procedure. After lalde 3f
and MgSQ (500 mg) were added, the reaction mixture wa
stirred at 50C for 18h. Combined yield dfis-diastereomer and
trans-diastereomer: 64%. Thas/transratio was determined by
NMR analysis ¢is/trans=88:12). Major diasterecisomer: white
solid, m.p. 138~141C; 'H NMR (400 MHz, CDCJ) & 7.66 (d, J
= 8.3 Hz, 2H), 7.32 — 7.19 (m, 4H), 7.15 (s, 1H), #0899 (m,
2H), 6.56 (s, 1H), 6.03 (s, 1H), 4.89 (dd, J = 9.0, Bz, 1H),
4.08 — 3.98 (m, 1H), 3.89 (s, 3H), 3.71 — 3.61 (m,, 1353 (s,
3H), 3.23 (dd, J = 14.9, 11.8 Hz, 1H), 2.35 (s, 3H§9%ddd, J =
9.2, 6.5, 3.9 Hz, 2H), 1.06 (t, J = 7.3 Hz, 3 NMR (100
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129.9, 129.5, 128.9, 128.7, 128.6, 128.5, 128.7,.112127.1,
126.7, 111.9, 109.5, 57.2, 55.7, 55.6, 46.4, 43%2, 21.5;
HRMS (ESI) Calcd. for §H3,NO,S (M+H)": 514.2047; Found:
514.2048; IR (neat)y = 3061, 3028, 2956, 2934, 2856, 1601,
1515, 1453, 1340, 1246, 1223, 1158, 1118, 1092),1988, 912,
864, 814, 772, 734, 701, 660, 561, 550 cihe mixture of
major diastereoisomer and minor diastereoisoméiowepil; ‘H
NMR (400 MHz, CDC})) é 7.50 (dd, J = 8.0, 6.2 Hz, 3H), 7.33 -
7.26 (m, 4H), 7.26 — 7.21 (m, 3H), 7.17 — 7.07 (m,,6H)4 (dd,

J =118, 4.9 Hz, 3H), 6.83 — 6.77 (m, 1H), 6.24 %), 5.20 (s,
1H), 6.14 (s, 1H), 5.88 (s, 1H), 5.30 (t, J = 6.9 H#),55.11 (dd,

J =9.2, 3.1 Hz, 1H), 3.98 — 3.87 (m, 2H), 3.81 (t 4.4 Hz,
1H), 3.75 — 3.71 (m, 1H), 3.65 (s, 3H), 3.62 (s, 1FH6Js, 3H),
3.47 (s, 1H), 3.40 — 3.35 (m, 1H), 3.28 — 2.99 (m,,4H35 (s,
4H); C NMR (100 MHz, CDCJ) 5 147.9, 147.9, 147.1, 143.1,
142.9, 142.7, 142.5, 137.9, 137.7, 136.5, 130.4.9,2129.4,
128.9, 128.7, 128.6, 128.5, 128.5, 128.3, 128.8.2,2128.0,
127.8, 127.1, 127.1, 126.6, 126.5, 111.9, 111.9.111109.5,

S58.4, 57.2, 55.7, 55.6, 55.4, 47.8, 46.4, 44.37,433.5, 43.2,

21.4; HRMS (ESI) Calcd. for gH3,NO,S (M+H)": 514.2047;
Found: 514.2048; IR (neaty:= 3422, 3361, 3027, 3003, 2956,
2926, 2854, 1601, 1515, 1454, 1341, 1248, 1222811518,
1093, 1040, 968, 865, 814, 750, 702, 660, 561,551

4.2.9. 6,7-Dimethoxy-4-phenyl-2-tosyl-1,2,3,4-
tetrahydroisoquinoline 4i). Compound 4i was prepared
according to a modified General Procedure. After fajde 3i

and MgSQ were added, the reaction mixture was stirred at 50

MHz, CDCk) & 147.7, 147.6, 143.1, 142.5, 138.0, 129.8, 129.3°C for 8h. Yield: 74%. White solid, m.p. 149~18T; 'H NMR

128.8, 128.7, 127.9, 127.1, 127.0, 111.8, 108.8,%5.9, 55.7,
45.9, 42.2, 30.3, 21.5, 11.4; HRMS (ESI) Calcd.G@aH3NO,S

(M+H)™: 452.1890; Found: 452.1893; IR (neat)s 3026, 2968,
2929, 1609, 1517, 1446, 1372, 1337, 1266, 1243212259,
1122, 1037, 942, 814, 766, 732, 704, 678, 653, 568, cni.

Minor diastereoisomer could not be obtained in garen due to
trace amounts of its.

4.2.7. 1-Isopropyl-6,7-dimethoxy-4-phenyl-2-tos@;3,4-
tetrahydroisoquinoline4g). Combined yield oftis-diastereomer
andtrans-diastereomer: 34%. Thas/transratio was determined
by NMR analysis ¢is/trans=86:14). Major diastereoisomer:
yellow oil; '"H NMR (400 MHz, CDC}) & 7.58 (d, J = 8.3 Hz,
2H), 7.29 (dd, J = 8.4, 1.5 Hz, 1H), 7.24 — 7.20 (h#), .10 (d,
J = 8.0 Hz, 2H), 7.03 — 6.95 (m, 2H), 6.57 (s, 1H)PEL 1H),
4.58 (d, J = 8.6 Hz, 1H), 4.11 — 4.03 (m, 1H), 3.8BK), 3.61
(dd, J = 11.4, 7.7 Hz, 1H), 3.54 (s, 3H), 3.27 (dd,16.2, 11.5
Hz, 1H), 2.32 (s, 3H), 2.08 (dt, J = 13.4, 6.7 Hz, )5 (d, J =
6.7 Hz, 3H), 1.06 (d, J = 6.7 Hz, 3HYC NMR (100 MHz,
CDCly) 6 147.9, 146.8, 143.1, 142.9, 137.7, 129.1, 1283,6]
128.2, 128.2, 127.1, 126.9, 111.9, 110.5, 62.19,956.7, 46.7,
41.9, 34.1, 21.4, 20.6, 20.1; HRMS (ESI) Calcd.@giH3,NO,S
(M+H)™: 466.2047; Found: 466.2047; IR (neat)s 3419, 2958,
2925, 2852, 1608, 1515, 1454, 1341, 1305, 12432,12260,
1125, 1112, 1091, 870, 814, 759, 702, 660, 573,c543 Minor
diastereoisomer could not be obtained in pure fdua to trace
amounts of its.

4.2.8. 1-Benzyl-6,7-dimethoxy-4-phenyl-2-tosyl-142,3
tetrahydroisoquinoline4h). Combined yield otis-diastereomer
andtrans-diastereomer: 50%. Thas/transratio was determined
by NMR analysis ¢is/trans=85:15). Major diastereoisomer:
yellow oil; '"H NMR (400 MHz, CDC}) & 7.49 (d, J = 8.1 Hz,
2H), 7.34 — 7.27 (m, 3H), 7.25 (s, 3H), 7.11 (dd,1P=4, 7.9 Hz,
4H), 7.04 (d, J = 7.2 Hz, 2H), 6.19 (s, 1H), 6.14 4),5.29 (t, J

= 6.8 Hz, 1H), 3.98 — 3.85 (m, 2H), 3.65 (s, 3H), 3(563H),
3.16 (dtd, J = 20.6, 13.3, 6.9 Hz, 3H), 2.36 (s, 3fJ; NMR
(100 MHz, CDCY) & 147.9, 147.1, 143.1, 142.5, 137.7, 137.7

(400 MHz, CDC}) 8 7.64 (d, J = 8.2 Hz, 2H), 7.37 — 7.22 (m,
5H), 7.18 — 7.01 (m, 2H), 6.57 (s, 1H), 6.31 (s, 1H304d, J =
14.5 Hz, 1H), 4.28 — 4.18 (m, 1H), 4.12 (d, J = 14.5 H3),
3.85 (s, 3H), 3.73 (dd, J = 11.6, 5.1 Hz, 1H), 3.633k), 3.03
(dd, J = 11.7, 8.0 Hz, 1H), 2.41 (s, 3I$)C NMR (100 MHz,
CDCly) 6 147.9, 147.9, 143.6, 142.5, 133.1, 129.6, 12&8,5],
128.1, 127.7, 127.0, 124.1, 111.8, 108.4, 55.98,551.2, 47.7,
44,9, 21.5; The analytical data match those redoite the
literaturé®

4.2.10. 1-(4-Chlorophenyl)-4-(4-fluorophenyl)-6,irrethoxy-2-
tosyl-1,2,3,4-tetrahydroisoquinolindjf. Combined yield otis-
diastereomer andrans-diastereomer: 58%. Theis/trans ratio
was determined by NMR analysigig/trans=83:17). Major
diastereoisomer: white solid, m.p. 200~22, 'H NMR (400
MHz, CDCL) & 7.55 (d, J = 8.3 Hz, 2H), 7.19 (dt, J = 17.3, 8.5
Hz, 4H), 7.09 (d, J = 8.1 Hz, 2H), 6.97 — 6.85 (m, 4438 (s,
1H), 6.15 (s, 1H), 6.04 (s, 1H), 3.80 — 3.69 (m, 5KHH23s, 3H),
2.99 — 2.82 (m, 1H), 2.29 (s, 3HJC NMR (100 MHz, CDG)) §
161.8 (d, J = 244 Hz), 148.4, 147.9, 143.4, 13939,7, 137.7,
137.6, 133.8, 130.2 (d, J = 8 Hz), 130.2, 129.4,.5,2827.0,
125.4, 115.7 (d, J = 21Hz), 111.5, 109.9, 58.3, 55597, 46.1,
41.8, 21.5; HRMS (ESI) Calcd. fors,sCIFNO,S (M+H)":
552.1406; Found: 552.1397; IR (neat):=3692, 3053, 3008,
2949, 2929, 2854, 1733, 1601, 1513, 1466, 13332,12261,
1117, 1040, 965, 868, 834, 804, 766, 650, 569, 588, cni-
Minor diastereoisomer could not be obtained in garen due to
trace amounts of its.

4.2.11. 1-(4-Bromophenyl)-4-(4-chlorophenyl)-6,7-dinosy-2-
tosyl-1,2,3,4-tetrahydroisoquinolindk). Combined yield otis-
diastereomer andrans-diastereomer: 59%. Theis/trans ratio
was determined by NMR analysisig/tran=86:14). Major
diastereoisomer: white solid, m.p. 199~22 'H NMR (400
MHz, CDCL) § 7.54 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H),
7.19 (t, J = 4.1 Hz, 2H), 7.09 (d, J = 8.3 Hz, 4H)PE®, J = 8.4
Hz, 2H), 6.38 (s, 1H), 6.13 (s, 1H), 6.03 (s, 1H), 3-73.65 (m,

,5H), 3.53 (s, 3H), 2.93 — 2.84 (m, 1H), 2.29 (s, 3B} NMR



(100 MHz, CDC}) 6 148.5, 147.9, 143.5, 140.5, 140.3, 137.5,

133.0, 131.5, 130.5, 130.1, 129.5, 129.1, 129.7,.Q,2125.4,
122.1, 111.5, 109.9, 58.4, 55.9, 55.8, 46.0, 42115; HRMS
(ESI) Calcd. for GoH,s "BrCINO,S (M+H)": 612.0606; Found:
612.0595; IR (neat)y = 2997, 2951, 2917, 2852, 1609, 1596,
1517, 1488, 1466, 1410, 1333, 1306, 1260, 12212,11691,
1072, 1037, 1009, 966, 799, 767, 711, 661, 574, 588 cnf.
Minor diastereoisomer could not be obtained in garen due to
trace amounts of its.

4.2.12. 1,4-Bis(4-bromophenyl)-6,7-dimethoxy-2-tds213,4-
tetrahydroisoquinoline4]). Combined yield ofcis-diastereomer
andtrans-diastereomer: 60%. Thas/transratio was determined
by NMR analysis ¢is/trans=84:16). Two inseparable mixture of
diastereomers,white solid, m.p. 193~£88'H NMR (400 MHz,

CDCl) & 7.61 (d, J = 8.3 Hz, 1.68H), 7.47 — 7.38 (m, 3.36H),

7.36 (d, J = 8.5 Hz, 0.32H), 7.23 (d, J = 8.3 Hz, H)37.14 (t, J

= 8.8 Hz, 4H), 6.98 (d, J = 8.0 Hz, 0.32H), 6.92 (&, 8.4 Hz,
1.68H), 6.65 (d, J = 8.4 Hz, 0.32H), 6.45 (s, 0.84HJ06(s,
0.16H), 6.38 (s, 0.16H), 6.20 (s, 0.84H), 6.17 (s6KA)16.10 (s,
0.84H), 4.05 (d, J = 3.4 Hz, 0.16H), 3.88 — 3.68 (hf), 3.60 (s,
2.52H), 3.01 — 2.88 (m, 0.84H), 2.38 (s, 0.48H), 28362.52H);
*C NMR (100 MHz, CDGJ) & 148.6, 148.6, 148.4, 148.0, 143.5,
143.1, 142.3, 141.0, 140.3, 139.8, 137.6, 136.2.01,3131.5,
131.4, 131.2, 130.9, 130.5, 130.4, 130.0, 129.9.11,2129.0,
127.4, 127.0, 126.9, 125.5, 122.1, 121.1, 120.6,.711111.5,
110.2, 110.0, 58.4, 56.0, 55.9, 55.8, 46.1, 46301,442.2, 21.5,
21.5; four carbon resonance absent presumably @wwérlap;
HRMS (ESI) Calcd. for GH,sBr,NO,S (M+H)": 656.0100;
Found: 656.0085; IR (neaty:= 3673, 3294, 2953, 2933, 1595,
1515, 1486, 1466, 1448, 1408, 1333, 1306, 12203,11610,
1009, 858, 799, 767, 657, 574, 561, 538'cm

4.2.13. 1-(4-Bromophenyl)-6,7-dimethoxy-4-(p-tolytpyl-
1,2,3,4-tetrahydroisoquinoline4in). Combined vyield of cis-
diastereomer andrans-diastereomer: 47%. Theis/trans ratio
was determined by NMR analysisig/tran=88:12). Major
diastereoisomer: white solid, m.p. 208~21D) 'H NMR (400
MHz, CDCL) 5 7.61 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H),
7.17 (dd, J = 16.5, 8.2 Hz, 4H), 7.08 (d, J = 7.824%), 6.91 (d,

J = 7.9 Hz, 2H), 6.43 (s, 1H), 6.20 (s, 1H), 6.16 t$), B.87 —
3.69 (m, 5H), 3.59 (s, 3H), 2.99 (dd, J = 14.0, Hz31H), 2.36
(s, 3H), 2.31 (s, 3H)*C NMR (100 MHz, CDG)) & 148.4,
147.8, 143.3, 140.5, 138.8, 137.7, 136.8, 131.9.6,3129.9,
129.4,129.4, 128.6, 127.0, 125.3, 122.0, 111.9,99.(%8.5, 55.9,
55.8, 46.1, 42.2, 215, 21.0; HRMS (ESI) Calcd. for
CaiHa:BINO,S (M+H)": 592.1152; Found: 592.1147; IR (neat):
v = 3310, 2995, 2952, 2922, 2854, 1655, 1595, 15485, 1465,
1448, 1334, 1257, 1162, 1115, 1037, 1007, 966, 828, 663,
569, 546 cnt. Minor diastereocisomer could not be obtained in
pure form due to trace amounts of its.

4.2.14. 1-(4-Bromophenyl)-2-((4-bromophenyl)sulfoidy®-
dimethoxy-4-phenyl-1,2,3,4-tetrahydroisoquinoline an)(
Combined yield of cis-diastereomer andrans-diastereomer:
42%. The cis/trans ratio was determined by NMR analysis
(cis/trans=85:15). Major diastereoisomer: white solid, m.p.
188~191°C; 'H NMR (400 MHz, CDC)) & 7.58 (d, J = 8.7 Hz,
2H), 7.48 (dd, J = 11.8, 8.6 Hz, 4H), 7.32 — 7.27ZH), 7.25 (s,
1H), 7.20 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 6.7 Hz, B84 (s,
1H), 6.21 (s, 1H), 6.15 (s, 1H), 3.91 — 3.71 (m, 5HjPJs, 3H),
3.05 (dd, J = 14.4, 11.6 Hz, 1HJC NMR (100 MHz, CDGJ) §
148.6, 147.9, 141.6, 140.1, 139.7, 132.0, 131.®.613129.4,
128.8, 128.7, 128.5, 127.5, 127.3, 125.0, 122.24,7,1109.8,
58.8, 55.9, 55.8, 46.2, 42.6; HRMS (ESI) Calcd. for
CoHas BLNO,S  (M+H): 641.9944; Found: 641.9931; IR
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1722, 1573, 1516, 1449, 1364, 1337, 1273, 12583,12263,
1117, 1092, 1069, 1040, 1009, 964, 863, 796, 738, 702, 603,
568, 543, 521, 504 ch Minor diastereoisomer could not be
obtained in pure form due to trace amounts of its.

4.2.15. 1-(4-Bromophenyl)-6,7-dimethoxy-2-((4-
nitrophenyl)sulfonyl)-4-phenyl-1,2,3,4-tetrahydmmigiinoline

(40). Combined yield otis-diastereomer antlans-diastereomer:
25%. The cis/trans ratio was determined by NMR analysis
(cis/trans=85:15). Major diastereoisomer: white solid, m.p.
221~224°C;*H NMR (400 MHz, CDCJ) & 8.20 — 8.04 (m, 2H),
7.91 — 7.73 (m, 2H), 7.46 — 7.35 (m, 2H), 7.30 — 7120 3H),
7.13 (d, J = 8.4 Hz, 2H), 7.01 — 6.90 (m, 2H), 6.371L$), 6.18
(s, 1H), 6.07 (s, 1H), 3.86 — 3.67 (m, 5H), 3.50 {4),3.06 (dd,

J = 14.6, 11.7 Hz, 1H)°C NMR (100 MHz, CDG)) & 149.8,
148.7, 148.1, 146.6, 141.2, 139.7, 131.7, 130.8.2,2128.9,
128.7,128.1, 127.5, 124.8, 124.1, 122.5, 111.8,71(%9.0, 56.0,
55.8, 46.3, 43.0; HRMS (ESI) Calcd. for,8, BrN,OsS
(M+H)": 609.0690 Found: 609.0683; IR (neat)= 3101, 2963,
2948, 2928, 2909, 1610, 1531, 1517, 1484, 14644,140846,
1306, 1259, 1224, 1164, 1117, 1093, 1011, 961, 898, 735,
606, 566, 500, 491, 465 EmMinor diastereoisomer could not be
obtained in pure form due to trace amounts of its.

4.2.16. 4-(2-bromophenyl)-6,7-dimethoxy-1-phenybAt
1,2,3,4-tetrahydroisoquinoline 49). Combined vyield of cis-
diastereomer andrans-diastereomer: 65%. Theis/trans ratio
was determined by NMR analysigig/trans=81:19). Major
diastereoisomer: white solid, m.p. 198~2W2 'H NMR (400
MHz, CDCk) 4 7.69 (d, J = 8.3 Hz, 2H), 7.53 (dd, J = 8.0, 1.2
Hz, 1H), 7.38 — 7.28 (m, 5H), 7.15 (dd, J = 16.7, H& 3H),
7.06 (td, J = 7.7, 1.6 Hz, 1H), 6.89 (d, J = 6.7 H1),16.53 (s,
1H), 6.31 (s, 1H), 6.02 (s, 1H), 4.28 (dd, J = 16.8, Hz, 1H),
3.98 (dd, J = 14.4, 6.2 Hz, 1H), 3.81 (s, 3H), 3.58K), 2.93 —
2.80 (m, 1H), 2.33 (s, 3HJ’C NMR (100 MHz, CDGC))  148.6,
147.9, 143.3, 141.5, 140.4, 137.5, 133.0, 131.9.6,3129.7,
129.4, 128.7, 128.7, 128.0, 127.2, 125.5, 125.2.0,2111.5,
110.0, 58.6, 56.0, 55.9, 44.2, 41.0, 21.5; HRMS JEllcd. for
CaoHaze BINO,S (M+H)": 578.0995; Found: 578.0980; IR (neat):
v =2951, 2932, 2910, 2831, 1515, 1484, 1466, 14384, 1335,
1245, 1223, 1163, 1117, 1091, 1037, 965, 856, 86@, 743,
690, 665, 572, 561, 542 &m The mixture of major
diastereoisomer and minor diastereocisomer: whitéd,soh.p.
150~156°C; '"H NMR (400 MHz, CDC)) § 7.68 (d, J = 8.2 Hz,
2H), 7.53 (dd, J = 8.0, 1.0 Hz, 1H), 7.45 (dd, J =815.0 Hz,
2.5H), 7.34 (d, J = 8.4 Hz, 1.5H), 7.26 — 7.21 (rBH3, 7.15 (dd,
J=16.2, 7.6 Hz, 3H), 7.11 — 7.03 (m, 2.5H), 7.0296m, 1H),
6.93 (d, J = 8.1 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H)9q< 1H),
6.46 (dd, J =7.2, 2.2 Hz, 0.5H), 6.40 (d, J = 4.3HH), 6.24 (s,
1H), 6.19 (s, 0.5H), 6.03 (s, 1H), 4.53 (d, J = 2.8 Bi5H), 4.27
(dd, J=11.6, 6.6 Hz, 1H), 3.99 (dd, J = 15.0, 6.7 HH), 3.89 —
3.85 (m, 0.5H), 3.81 (s, 3H), 3.74(s, 1.5H), 3.74(8H), 3.65
(dd, J = 13.6, 4.4 Hz, 0.5H), 3.59 (s, 3H), 2.91 4218, 1H),
2.33 (s, 3H), 2.31 (s, 1H¥*C NMR (100 MHz, CDGJ) 5 148.7,
148.6, 148.5, 147.9, 143.3, 142.6, 141.7, 141.%.4,4139.6,
137.4, 136.8, 132.9, 132.4, 131.5, 131.3, 131.D.9,3130.6,
129.6, 129.4, 129.1, 128.7, 128.7, 128.0, 128.0,.7,2127.2,
127.1, 126.8, 125.4, 125.3, 124.0, 122.1, 122.0,.711111.5,
110.0, 58.6, 58.2, 56.0, 55.9, 55.8, 44.2, 43.80,481.0, 21.4,
21.4; three carbon resonance absent presumablyodoreerlap;
HRMS (ESI) Calcd. for GH,e °BINO,S (M+H)": 578.0995;
Found: 578.0980; IR (neaty:= 3053, 3007, 2952, 2932, 2832,
1597, 1515, 1485, 1466, 1363, 1306, 1274, 1245211618,
1092, 1038, 1009, 964, 856, 800, 761, 742, 691, 682, 561,
542 cni'.

(neat): v = 3726, 3083, 3061, 3008, 2962, 2948, 2927, 2830,
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4.2.17. 1-(4-bromophenyl)-6,7-dimethoxy-2-(methydswif)-4-
phenyl-1,2,3,4-tetrahydroisoquinolinelq). Combined vyield of
cis-diastereomer anttans-diastereomer: 50%. Ttas/transratio
was determined by NMR analysigig/trans=71:29). Major
diastereoisomer: white solid, m.p. 172~775 '"H NMR (400
MHz, CDCL) & 7.48 (d, J = 7.2 Hz, 2H), 7.347.23 (m, 5H),
7.15 (d, J = 7.4 Hz, 2H), 6.45 (s, 1H), 6.37 (s, 1H)2€s, 1H),
4.27 (dd, J = 11.7, 6.6 Hz, 1H), 3.89 (dd, J = 18.8,Hz, 1H),
3.76 (s, 3H), 3.63 (s, 3H), 3.£02.99 (m, 1H), 2.72 (s, 3HJ’C
NMR (100 MHz, CDC}) & 148.7, 148.1, 141.7, 139.9, 131.7,
130.6, 129.5, 128.9, 128.8, 127.4, 125.4, 122.2.0,1110.1,
58.3, 55.9, 55.8, 45.9, 43.6, 40.1; HRMS (ESI) Caltm
CoaHos " BINO,SNa (M+Naj: 524.0502; Found: 524.0506; IR

(neat): v = 3753, 3678, 3654, 3143, 3025, 2930, 2372, 234058.9,

1610, 1486, 1458, 1402, 1334, 1247, 1223, 11173,10034,
958, 862, 804, 771, 703, 593 tnMinor diastereoisomer: white
solid, m.p. 168~17¢C; 'H NMR (400 MHz, CDCJ) & 7.44 (d, J

= 8.3 Hz, 2H), 7.29 7.17 (m, 5H), 7.05 (d, J = 7.5 Hz, 2H), 6.54
(s, 1H), 6.38 (s, 1H), 6.05 (s, 1H), 4.20 (s, 1H), 3=R.53 (M,
8H), 2.11 (s, 3H)*C NMR (100 MHz, CDCJ) 5 148.7, 148.4,
143.6, 139.9, 131.7, 130.9, 128.7, 128.5, 127.5,112127.0,
122.4, 112.0, 110.2, 58.3, 55.9, 55.9, 46.3, 43%6; HRMS
(ESI) Calcd. for GH,, "BrNO,SNa (M+Naj: 524.0502; Found:
524.0508; IR (neat)y = 3858, 3752, 3677, 3653, 3421, 3164,
2874, 2369, 2340, 1612, 1518, 1461, 1323, 1245]1,11864,
1009, 968, 850, 786, 702, 589, 528, 460'cm

4.2.18. 1-(4-Chlorophenyl)-5,6,7-trimethoxy-4-phe2ybsyl-
1,2,3,4-tetrahydroisoquinoline 4¢). Combined vyield of cis-
diastereomer andrans-diastereomer: 62%. Theis/trans ratio
was determined by NMR analysigig/trans=78:22). Major
diastereoisomer'H NMR (400 MHz, CDCJ) § 7.58 (d, J = 8.2
Hz, 2H), 7.34 (dd, J = 19.0, 8.5 Hz, 4H), 7.18 (d,[6=Hz, 2H),
7.11 (dd, J = 14.1, 7.6 Hz, 3H), 6.94 (d, J = 7.2 24), 6.35 (s,
1H), 6.15 (s, 1H), 3.99 — 3.92 (m, 1H), 3.82 — 3.764Hht), 3.69
(s, 3H), 2.99 (s, 3H), 2.91 (dd, J = 15.1, 11.3 Hz,, 2430 (s,
3H); °C NMR (100 MHz, CDGCJ) § 152.5, 152.5, 144.2, 143.1,
141.9, 139.0, 137.3, 133.8, 130.1, 129.2, 129.®.5,2128.4,
127.3, 127.1, 126.4, 123.8, 106.3, 60.5, 59.3,,58610, 46.6,
38.6, 21.4; HRMS (ESI) Calcd. for 3E5;CINOsS (M+H)"
564.1606; Found: 564.1608; IR (neat)= 3525, 3444, 3327,
3085, 3062, 3019, 2933, 2837, 1599, 1492, 14569,14864,
1337, 1161, 1123, 1091, 1061, 1031, 1014, 979, 343, 699,
660, 576, 566, 547, 508 ¢m Minor diastereoisomer: White
solid, m.p. 139~1406C; 'H NMR (400 MHz, CDCJ) 6 7.22 —
7.05 (m, 9H), 6.96 — 6.85 (m, 4H), 6.21 (s, 2H), 4@8J = 3.3
Hz, 1H), 3.87 — 3.75 (m, 4H), 3.74 — 3.61 (m, 4H), I8BH),
2.32 (s, 3H);*C NMR (100 MHz, CDG)) § 152.7, 151.0, 143.7,
1425, 141.3, 139.2, 137.0, 133.8, 130.7, 130.9.0,2128.3,
128.0, 127.9, 126.8, 126.1, 122.6, 106.0, 60.63,688.2, 55.8,
46.0, 39.2, 21.3; HRMS (ESI) Calcd. fog,85,CINOsS (M+H)":
564.1606; Found: 564.1608; IR (neat)= 2977, 2938, 1600,
1492, 1451, 1406, 1342, 1280, 1238, 1161, 11257,11088,
1044, 984, 965, 870, 814, 759, 703, 655, 581, 47, C

4.2.19. 5-(4-Bromophenyl)-8-(4-chlorophenyl)-6-te5)8,7,8-
tetrahydro-[1,3]dioxolo[4,5-g]isoquinoline4s). Combined vyield
of cis-diastereomer anttans-diastereomer: 58%. Theis/trans
ratio was determined by NMR analysi@s({trans=78:22). Major
diastereoisomer: white solid, m.p. 174-1%6; '"H NMR (400

MHz, CDCk) & 7.63 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H),

7.29 (s, 1H), 7.27 (s, 1H), 7.19 (dd, J = 10.9, 8.34#), 6.98
(d, J = 8.4 Hz, 2H), 6.46 (s, 1H), 6.17 (s, 1H), §<L3LH), 5.92
(dd, J = 3.5, 1.2 Hz, 2H), 3.93 — 3.68 (m, 2H), 34, ( = 14.2,
11.4 Hz, 1H), 2.40 (s, 3H}*C NMR (100 MHz, CDGJ) § 147.3,
146.5, 143.6, 140.3, 140.2, 137.5, 133.1, 131.6.63130.5,
130.1, 129.5, 129.0, 127.0, 126.4, 122.1, 108.9,.4,0101.2,

Tetrahedron

58.6, 45.8, 42.6, 21.5; HRMS (ESI) Calcd. fod,, BrCINO,S
(M+H)™: 596.0293; Found: 596.0285; IR (neat} 3726, 3692,
3306, 3062, 3030, 2963, 2925, 2882, 1912, 15955,14886,
1361, 1333, 1296, 1238, 1159, 1091, 1041, 1003, 984, 856,
798, 786, 691, 656, 559, 537 ¢nMinor diastereoisomer: White
solid, m.p. 180~184C; 'H NMR (400 MHz, CDCJ) 6 7.43 —
7.32 (m, 2H), 7.27 (s, 1H), 7.25 (s, 1H), 7.17 — 704 4H),
7.00 (d, J = 8.0 Hz, 2H), 6.77 (d, J = 8.4 Hz, 2H)26< 1H),
6.35 (s, 1H), 6.09 (s, 1H), 5.90 (dd, J = 5.5, 1.223#), 4.03 (t, J

= 3.6 Hz, 1H), 3.74 (dd, J = 13.1, 4.4 Hz, 1H), 3d@ ( = 13.0,
3.1 Hz, 1H), 2.37 (s, 3H)1,SC NMR (100 MHz, CDGJ) 6 147.3,
147.0, 143.2, 141.2, 139.8, 136.5, 132.6, 131.4.713129.7,
129.2, 128.6, 128.5, 128.4, 127.0, 122.1, 108.9,.610101.2,
46.4, 43.4, 21.5; HRMS (ESI) Calcd. For
CooHo,BrCINO,S (M+H)": 596.0293; Found: 596.0285; IR
(neat):v = 3524, 3443, 3327, 2962, 2925, 2875, 1594, 1485,
1403, 1338, 1317, 1229, 1154, 1092, 1036, 1012, 98D, 854,
811, 692, 652, 565, 538, 506 ¢m

4.2.20. 1-(4-Bromophenyl)-4-(4-chlorophenyl)-5,8-dinosy-2-
tosyl-1,2,3,4-tetrahydroisoquinolindtf. Combined yield oftis-
diastereomer andrans-diastereomer: 58%. Theis/trans ratio
was determined by NMR analysigig/trans=33:67). Minor
diastereoisomer: white solid, m.p. 166~1%8 'H NMR (400
MHz, CDCL) 6 7.56 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H),
7.16 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H)37d) J = 8.1
Hz, 2H), 6.80 (d, J = 8.4 Hz, 2H), 6.70 (d, J = 8.8 H3#), 6.57
(d, J=8.9 Hz, 1H), 6.35 (s, 1H), 4.01 (dd, J = 1500 Hz, 1H),
3.88 —3.81 (m, 1H), 3.72 (s, 3H), 3.26 (s, 3H), Zdi1, J = 15.0,
11.2 Hz, 1H), 2.29 (s, 3HJ?C NMR (100 MHz, CDG)) & 151.9,
150.4, 143.0, 142.4, 138.8, 137.2, 131.7, 131.3.912129.1,
128.4,128.4,126.9, 126.7, 124.4, 121.6, 110.8,61(®%5.9, 55.5,
54.7, 46.4, 38.0, 21.4; HRMS (ESI) Calcd. fapts *BrCINO,S
(M+H)™: 612.0606; Found: 612.0612; IR (neat}x 2954, 2929,
2836, 1725, 1597, 1482, 1400, 1343, 1305, 1259111611,
1087, 1045, 1012, 971, 952, 813, 742, 711, 688, 688, 553
cm’. Major diastereoisomer: white solid, m.p. 197~200'H
NMR (400 MHz, CDC}) § 7.31 (d, J = 8.4 Hz, 2H), 7.22 (d, J
8.2 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 6.94 (d, J Z 18z, 2H),
6.89 (d, J = 8.4 Hz, 2H), 6.72 (s, 2H), 6.63 (s, 1KF§14s, 1H),
6.47 (s, 1H), 4.28 (m, 1H), 3.62 (d, J = 2.5 Hz, 2KH6Js, 3H),
3.52 (s, 3H), 2.36 (s, 3H)°C NMR (100 MHz, CDGJ) & 150.8,
149.5, 142.9, 142.0, 139.3, 137.0, 131.6, 130.9.7,3129.0,
128.8, 127.8, 126.9, 125.5, 125.1, 121.5, 109.8.5,0100.0,
55.8, 54.3, 45.2, 38.2, 21.5; HRMS (ESI) Calcd. for
CagHzs BICINO,S (M+H)": 612.0606; Found: 612.0612; IR
(neat): v = 2964, 2929, 2837, 1736, 1600, 1480, 1457, 1437,
1403, 1324, 1305, 1261, 1161, 1116, 1089, 10794,10611,
971, 951, 929, 864, 814, 771, 735, 706.698, 678, 635, 553,
543 cni',

4.2.21.  1-(4-bromophenyl)-4-(4-chlorophenyl)-6,7-dimyé& 2-
tosyl-1,2,3,4-tetrahydroisoquinoline4y). Compound 4u was
prepared according to a modified General ProcediAfter
BF;-OEt was added, the mixture was stirred at room temiperat
for 5h. Purification by column chromatography oticai gel
(petroleum ether/ethyl acetate, 20:1). Combineddyigf cis-
diastereomer andrans-diastereomer: 56%. Theis/trans ratio
was determined by NMR analysisig/trans>95:5). Major
diastereoisomer: white solid, m.p. 192~1%5 'H NMR (400
MHz, CDCk) 6 7.51 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H),
7.21 - 7.17 (m, 2H), 7.07 (dd, J = 8.2, 3.4 Hz, 4H9Dqd, J =
8.3 Hz, 2H), 6.68 (s, 1H), 6.37 (s, 1H), 6.12 (s, 1Hj63dd, J =
17.4, 6.9 Hz, 2H), 3.00 — 2.90 (m, 1H), 2.29 (s, 3H)94s, 3H),
2.00 (s, 3H);*C NMR (100 MHz, CDG)) § 143.4, 140.7, 140.7,
137.6, 136.2, 135.2, 134.3, 132.9, 131.5, 130.6.6,3130.3,
130.2, 129.4, 129.0, 128.9, 127.1, 122.0, 58.41,482.3, 21.5,



19.4, 19.4; HRMS (ESI) Calcd. Ford,s "BrCINO,S (M+H)':
602.0527; Found: 602.0528; IR (neat)= 3678, 2975, 2939,
2883, 1596, 1487, 1452, 1405, 1358, 1336, 1162510071,
1012, 958, 855, 832, 810, 760, 710, 655, 561, 588. Minor
diastereoisomer could not be obtained in pure fdua to trace
amounts of its.

4.2.22. 1-(4-Bromophenyl)-4-(4-chlorophenyl)-7-me@wybsyl-
1,2,3,4-tetrahydroisoquinolinety). Compound4v was prepared
according to a modified General Procedure. Afteg-BEL was
added, the mixture was stirred at room temperatore 5h.
Purification by column chromatography on silica ¢gtroleum
ether/ethyl acetate, 20:1). Combined yield aif-diastereomer
andtrans-diastereomer: 40%. Thas/transratio was determined
by NMR analysis ¢is/trans>95:5). Major diastereoisomer: White
solid, m.p. 186~188C; '"H NMR (400 MHz, CDCJ) & 7.59 (d, J
= 8.3 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H), 7.24 (m, 2H)37(dd, J
=8.1, 5.2 Hz, 4H), 6.96 (d, J = 8.4 Hz, 2H), 6.91)d; 8.3 Hz,
1H), 6.81 (s, 1H), 6.59 (d, J = 8.0 Hz, 1H), 6.23 t4), B.86 (t, J
= 8.0 Hz, 2H), 3.04 (dd, J = 16.1, 13.4 Hz, 1H), 2868H), 2.26
(s, 3H); °C NMR (100 MHz, CDGCJ) & 143.4, 140.6, 140.5,
137.6, 136.4, 134.1, 133.0, 133.0, 131.5, 130.6.113129.5,
129.5, 129.0, 128.6, 128.5, 127.0, 122.1, 58.7,482.4, 21.5,
21.0; HRMS (ESI) Calcd. for £H,s BrCINO,SNa (M+Naj:
588.0370; Found: 588.0375; IR (neat)= 3648, 3524, 3443,
3327, 3212, 3045, 2922, 2874, 1653, 1631, 15949,14850,
1408, 1343, 1306, 1160, 1090, 1012, 957, 939, 812, 711,
685, 653, 572, 558, 537, 519 ¢Minor diastereoisomer could
not be obtained in pure form due to trace amouhits.o

4.2.23. 1-(4-Chlorophenyl)-4-phenyl-2-tosyl-1,2;3,4
tetrahydroisoquinoline 4w). Compound 4w was prepared
according to a modified General Procedure. Afteg-BEL was
added, the mixture was stirred at room temperatore 5h.
Purification by column chromatography on silica ¢troleum
ether/ethyl acetate, 20:1). Combined yield oi-diastereomer
andtrans-diastereomer: 20%. Thas/transratio was determined
by NMR analysis dis/trans>95:5). Major diastereoisometH
NMR (400 MHz, CDC}) & 7.60 (d, J = 8.3 Hz, 2H), 7.33 — 7.26
(m, 4H), 7.26 — 6.97 (m, 10H), 6.73 (d, J = 7.7 H),16.31 (s,
1H), 3.97 — 3.82 (m, 2H), 3.12 (dd, J = 16.6, 13.8 H4), 2.35
(s, 3H); ®*C NMR (100 MHz, CDCJ)) & 143.4, 141.9, 140.0,
137.6, 133.8, 133.2, 130.3, 129.8, 129.4, 128.8.8,2128.5,
128.1, 127.5, 127.2, 127.0, 126.4, 58.7, 46.0, ,43115; one
carbon resonance absent presumably due to oveflag;
analytical data match those reported in the litegit Minor
diastereoisomer could not be obtained in pure fdua to trace
amounts of its.

4.2.24. 4-Phenyl-2-tosyl-1,2,3,4-tetrahydroisoqlim®  (4x).

Compound4x was prepared according to a modified General

Procedure. After BFOEt was added, the mixture was stirred at
room temperature for 5h. Purification by columnarhatography
on silica gel (petroleum ether/ethyl acetate, 20Yigld: 39%.
White solid, m.p.138~140C; '"H NMR (400 MHz, CDC)) &
7.58 (d, J = 8.2 Hz, 2H), 7.25 - 7.12 (m, 5H), 7.09 & 7.4 Hz,
1H), 7.06 — 6.95 (m, 4H), 6.78 (d, J = 7.7 Hz, 1H)44d, J =
14.9 Hz, 1H), 4.23 (dd, J = 7.9, 5.6 Hz, 1H), 4.09)(d,14.9 Hz,
1H), 3.77 — 3.64 (m, 1H), 2.96 (dd, J = 11.7, 8.4 HH), 2.33 (s,
3H); ®C NMR (100 MHz, CDGCJ) & 143.7, 142.3, 136.4, 133.0,
131.9, 129.7, 129.5, 129.0, 128.6, 127.7, 127.6.9,2126.6,
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4.2.25. 1-(4-Bromophenyl)-6,7-dimethoxy-4-phenyl4to
1,2,3,4-tetrahydroisoquinolinedy=4a). Compound4y=4a was
prepared according to a modified General ProcedCoebined
yield of cis-diastereomer andransdiastereomer: 50%. The
cis/trans ratio was determined by NMR analysis
(cis/trans=86:14). Major diastereoisomer: white solid, m.p.
192~195°C; 'H NMR (400 MHz, CDC)) § 7.62 (d, J = 8.3 Hz,
2H), 7.44 (d, J = 8.5 Hz, 2H), 7.30 — 7.26 (m, 2H)A7Ad&d, J =
6.4, 3.9 Hz, 1H), 7.22 — 7.12 (m, 4H), 7.06 — 7.00 Zi), 6.44
(s, 1H), 6.21 (s, 1H), 6.14 (s, 1H), 3.90 — 3.74 (i),3.58 (s,
3H), 3.01 (dd, J = 13.9, 11.1 Hz, 1H), 2.36 (s, 3K} NMR
(100 MHz, CDC}) 6 148.4, 147.8, 143.4, 141.9, 140.5, 137.6,
131.5, 130.6, 129.7, 129.4, 128.8, 128.7, 127.7,.0,2125.3,
122.0, 111.7, 109.9, 58.5, 55.9, 55.7, 46.1, 42165. Minor
diastereoisomer could not be obtained in pure fdua to trace
amounts of its.

4.2.26. 9-Methyl-4-phenyl-2-tosyl-2,3,4,9-tetratyrdH-
pyrido[3,4-b]indole @#z). Compound4z was prepared according
to a modified General Procedure. AgRB.02 mmol, 10 mol%)
was added to a solution of inddle (0.3 mmol) and aziridin@c
(0.2 mmol) in DCE (2 mL). The mixture was stirred rabm
temperature for 1h and then aldehygie(0.4 mmol), Bk-OE}
(0.2 mmol, lequiv) and MgSO(400 mg) were added. The
mixture was stirred at 66C for 18h. Purification by column
chromatography on silica gel (petroleum ether/ethgktate,
20:1). Yield: 42%. White solid, m.p. 245~22@; '"H NMR (400
MHz, CDCk) 6 7.66 (d, J = 7.7 Hz, 2H), 7.31 — 7.25 (m, 3H),
7.20 (d, J=7.9 Hz, 2H), 7.17 — 7.12 (m, 1H), 7.09(d 7.5 Hz,
2H), 6.90 (t, J = 7.3 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1457 (d, J

= 14.4 Hz, 1H), 4.37 — 4.23 (m, 2H), 3.82 (dd, J 814.3 Hz,
1H), 3.67 (s, 3H), 3.05 (dd, J = 11.6, 7.6 Hz, 1H)14g} 3H);
¥C NMR (100 MHz, CDGJ) § 143.9, 139.9, 137.4, 133.6, 132.7,
131.3, 129.8, 129.7, 128.6, 127.6, 125.5, 121.8.4,1119.3,
109.1, 108.8, 51.9, 42.7, 39.5, 29.6, 21.5; Thdy#nal data
match those reported in the literafiire

4.2.27. 1-(Bromomethyl)-6,7-dimethoxy-4-phenyl-2-t4s3/3,4-
tetrahydroisoquinoline 4ab). Combined vyield of cis
diastereomer andrans-diastereomer: 65%. Theis/trans ratio
was determined by NMR analysigig/trans=82:18). Major
diastereoisomer: white solid, m.p. 113~118 'H NMR (400
MHz, CDCk) 8 7.76 (d, J = 8.3 Hz, 2H), 7.30 (dd, J = 13.8, 6.4
Hz, 2H), 7.23 (d, J = 8.1 Hz, 3H), 7.11 — 7.01 (m, 2456 (s,
1H), 6.16 (s, 1H), 5.34 (dd, J = 8.2, 4.4 Hz, 1H), 40082 (m,
5H), 3.74 (qd, J = 11.2, 6.5 Hz, 2H), 3.57 (s, 3H)B83 &, J =
14.4, 11.1 Hz, 1H), 2.39 (s, 3HC NMR (100 MHz, CDG)) &
148.6, 147.8, 143.6, 141.8, 137.3, 129.5, 129.8.8,2128.8,
127.4, 127.3, 125.6, 111.9, 109.1, 56.3, 56.0, ,5%673, 42.7,
5.6, 21.5; HRMS (ESI) Calcd. for ,H,,"BrINO,S (M+H)":
16.0839; Found: 516.0832; IR (neat)= 3028, 3006, 2963,
2937, 2913, 2851, 2835, 2251, 1598, 1517, 14632,14638,
1311, 1274, 1248, 1221, 1161, 1114, 1044, 1015, 838G, 837,
816, 731, 701, 680, 653, 582, 559 tnMinor diasterecisomer
could not be obtained in pure form due to traceamn®of its.

4.2.28. 4,4'-((4-Bromophenyl)methylene)bis(1,2-
dimethoxybenzenejd). '"H NMR (400 MHz, CDCJ) § 7.41 (d, J
= 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.80 (d, 1318z, 2H),
6.65 (d, J = 1.8 Hz, 2H), 6.58 (dd, J = 8.2, 1.8 H%),5.40 (s,
1H), 3.87 (s, 6H), 3.78 (s, 6H).The analytical datacimahose

126.1, 51.0, 48.0, 45.2, 21.5; HRMS (ESI) Calcd. forreported in the literatut®

C,H,,NO,S (M+H)': 364.1366; Found: 364.1373; IR (neatk
3637, 3524, 3443, 3330, 3059, 3026, 294, 2921, 28835,
1953, 1920, 1883, 1656, 1597, 1492, 1452, 13436,13264,
1090, 1052, 957, 782, 702, 663, 623, 554, 545.cm

4.3. Confirm the reaction mechanism of three-component
reactions

4.3.1. Synthesis of N-(2-(3,4-dimethoxyphenyl)-2iple¢hyl)-4-
methylbenzenesulfonamid&a). Under an argon atmosphere,
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Na&SQO, and concentrated under reduced pressure. Theueesid

Tetrahedron
BF;-OEt (0.6 mmol, 3equiv) was added to a solution of aren
la (41.4mg, 0.3 mmol) and aziridirza (54.4mg, 0.2 mmol) in
DCE (2 mL). The mixture was stirred at room tempegfor 1h.
Water (10 mL) was added and the product was extraetdd
EtOAc (20 mLx3). The combined organic phases werel arier

was purified by flash column chromatography (petroie
ether/ethyl acetate=2:1) on silica gel to affordbdurct 7a
(61.6mg, 75% yield)'H NMR (400 MHz, CDC}) 5 7.58 (d, J =
8.3 Hz, 2H), 7.19 (dt, J = 7.5, 3.5 Hz, 4H), 7.14 -0, 1H),
7.05 — 6.96 (m, 2H), 6.68 (d, J = 8.2 Hz, 1H), 6.540, M= 8.2,
1.9 Hz, 1H), 6.50 (d, J = 1.9 Hz, 1H), 4.41 (t, J =182, 1H),
3.94 (t, J = 7.9 Hz, 1H), 3.50 — 3.33 (m, 2H), 2.353(4); **C
NMR (100 MHz, CDC)) & 149.1, 148.0, 143.4, 141.0, 136.6,
133.0, 129.7, 128.7, 127.7, 127.0, 127.0, 119.71,3,1111.2,
55.8, 55.7, 50.0, 47.3, 21.5. The analytical dattcm those
reported in the literatut¥.

4.3.2. The reaction of amin@d) with aldehyde 3a). Under an
argon atmosphere, BOE} (0.45 mmol, 3equiv) was added to a
solution of aminé&a (61.6mg, 0.15 mmol), aldehy@a (55.5mg,
0.3 mmol) in DCE (2 mL). Then MgS®00 mg) were added.
The mixture was stirred at 68C for 18h. Cooled to room
temperature, water (10 mL) was added and the prodast
extracted with EtOAc (20 mLx3). The combined orgartiages

were dried over N&O, and concentrated under reduced pressure.

The residue was purified by flash column chromatpigya
(petroleum ether/ethyl acetate=5:1) on silica gedfford product
4a (73.7 mg, 85% vyieldsis:trans=84:16).
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ORTEP drawing of cis-4a
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ORTEP drawing of cis-4f
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ORTEP drawing of trans-4r
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