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WS DB THKIGRTIIA X RATFIVT VAV ERE THAE L
7‘:25?)75\ KIELIEEOIK T 2z (entry3), KG%E 0°C TITH & A VU7 )
— "R L Y, IROME T L7z (entry4), —78°C T UG T M ICHEIT LA
FEEEDIRT 6a & 5272 (entry5), MU ZFARTFEORDVIZY A F/Vlifh
ZHWD & —T8°CIZHAIL THEHMERIBEMDE T2 (entry6) , AL T
N-Boc A I U NENT-T VUNZEETH o7, 2aDRHOVITN-Ts 1 I3 %
=56 OSSR TOHETHELS . E4AERY & L’Ci%ﬁ/vﬁbﬂﬁﬁ%’%&zt
(entry 7)0 F ¥ AT —T )L 413 BFs-OEtL /71E FRUG ST H AT A<
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Table 1. Optimization of Reaction Conditions?

o) o) dical
N/\I N/\X B n::dligztaor Q ?00 Q ll?
or + fN —_— N NH or N/\/NH
o] o) Ph CHCl, Ph Ph
0 0
1a 1b: X=I 2a: R=Boc 5 6a: R=Boc
1c: X=SCSOEt 3 : R=Ts 7 : R=Ts
3eq 4 : R=0Bn 8 : R=0Bn
entry 1 Imine mediator temp time adduct yield
(equiv) h %
1 la 2a EtsB (5) -20°C 6 5 48
2 1b 2a EtsB (6) -20°C 8 6a 59
3 1c 2a EtsB (7) —78 °C 10 6a 11
4 1b 2a EtsB (5) 0°C 6 6a 46
5 1b 2a EtsB (7) —-78 °C 10 6a 58
6 1b 2a MezZn (4) —78 °C 4 6a 0
7 1b 3 EtsB (6) rt 8 7 162
g° 1b 4 EtsB (8) rt 12 8 0

2 The reactions were run on a 0.5 mmol scale.” N-(1-Phenylpropyl)-p-tosylamide was
obtained in 61% yield. ¢ In the presence of BFz-OEt> (2 equiv).

HAH EERIEOBE

A :Ob\fﬁ%’f’f—ﬁ&“i@*ﬁ%%ﬁok (Table 2), N-Cbz A X Ik LT
t BOS I EIFRE OISR CTHEFT L7z (entry 2), A /b MLICSLAKREE |72 5 A F )L
EDFETHA I 2 T?B)iﬁf\ IMVEICEIT LT (entry3) B SRR R
ZFRFOA I 2 2d, 2e 12k LT [RERICA IO T HEST L 72 (entries4and 5), 7%
BB LICEFRGMEDOERIL TH 2 RFER A, 07 EaFroA I 2f, 29 12xf
L CH RIS IEEST L7 (entries 6 and 7), HEHEMEICHI VR BT, o~
T EEE B ORE THRISEITZ D RIIARKISOR R TH 5,
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Table 2. Substrate Scope?

o} O~__OR O~__OR’
e I P
+

_N — NH
g CH,CI N
0 R? o R?
0]
1b 2 6
3eq
entry 2 R? R? EtzB  temp time 6  yield
equiv °C h %
1 2a t-Bu Ph 6 -20 8 6a 59
2 2b Bn Ph 8 —78 12 6b 58
3 2c t-Bu 2-MeCeHas 7 -20 10 6C 62
4 2d t-Bu 4-MeCeHs 7 -20 10 6d 59
5 2e t-Bu 4-MeOCgH4 7 0 10 6e 58
6 2f t-Bu 4-BrCeHs 7 -20 10 6f 64
7 29 t-Bu 4-CNCeHa 8 20 12 6g 59

4The reactions were run on a 0.5 mmol scale.

BEHEI T X AFINTINNEE OB TEEORR

MR CUURTHRSE LT vax v A F LT U ofMKE (1 % 3 fiz
M) L ARISOWNRITHRREICE EE o7z, 2T, A I RATFALTTH
NOFFDS T ODEFRBINMED D INVAR=NVIRIZ L > CEE OB FBEMETF L,
TOTIVOREHEMET L2 Tl E I L7-, £ 2 CTEFE EOE
BEDOFNI G2 D502~ b & L Lz,

AIRBHRERLURTIVEFBEEORBWT R NEXE2AT 5 3 v 1dIIAR
LZETIO P NRRETH -7, EBRICId &4 I 2a 2 nSED L 1d Doy
fEDRHEIT L, 9 & 10%ULRCTHER LIZL DD, HHERIEEWME 5 2 7= (Scheme
23), A AL EHARTA I =T LD FAUPECICK WNWEEZHNDF
Yo7 — b le ZHWD ERUSITHIEICHETT L, RO T 75% % CTHh kL
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Scheme 23

Zard HIEF YT — R le ) BRAE LT DO NI T NV o ~OA NG H
ZHATTHDIZKRI L, 1le BEL DT VANMIEEDRELE I ) A2 I
EHZ25FEWE LTS (Scheme 24) 4, Z O —RFJE L= — >0 FEERER
(Table 1 and Scheme 23 vs Scheme 24) |37 ¥ VS FIRDE IREEE E 2 1UiE
Hfgcx 5, T7kbb, Zard LORWET VT NXETEERT VANV ZRIR
THHD 1c MHAETUTZ SOMO =R /LF— L UL MENK Y REFMRT
AN EMBIIRIET Do —FH A I VITEFARRRT VINVZEETHDLHT-D Le
NHAE T T2 SOMO = /L F— L UL D K0 SREZN 72 7 2 0 v & IS O
T2,

Zard (2008)
(0]
Lauroyl Peroxide @) /\)SiS/OEt
> SCSOEt bty
+ UCN \ CN
EtOAc
X
reflux X
1c X=0 749%
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Scheme 24

XYY RO XY T — MIFEICENT T A ARIERIKTH - 7,
EZ2HRLOBTEEO XV ST IV NAET D700, MK 10 % 86%IXFH
ThHx 7= (Scheme25), YA EDOFERIT, a-7 2 AFNT P AHNDORISMEITE S
FOBTEEIIRESEELZT, FVERFTNETERICRDIEELDT
CHNVDOREENR LT EERLTND,
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ek, BIREWNZ LICRBREROX YT — b g RFERKROXF T — b
1h ZHWD EMAIMERIZE<ELNT., 2a ODIMKSEZ ER ORI T=
(Scheme 26)
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Boc  Et,B NH
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2a 1 0%
Boc
Cbz Boc  EtB Cbz NH
\ITI/\SCSOEt + N —— > \ry/\(
Me [ CHaCl Me Ph
Ph  _78°C,20h
1h 2a 12 0%
Scheme 26

06 ET DRSS KTV ICI-199,441 DARK

3 DAV AR IR IR 1T O 2 E D RETh o7, 6a & TFA LK
iS5 & Boc MRS LR <417 (Scheme27), 72, e FT V% H
WD LR ) ANEETERINNiIRET D LR AREETh Tz, 7 I 14
® Cbz b &4TV, Y H—sN—~— 115 & L CHHEEL =,
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(Scheme 28), 7 X R AFILAHIMA 9 O 7 I RERAL & Boc 2% LiAlHs TiEjC L
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Scheme 28
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VEDRINE R BAEERT IO I NIRRT HEEZH ST
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F2E A I A~DT VI
%48

< LR ATENE C(sp?)-H TEPEAL S D BA

BAED C(spd)-H IEMAL G DT 5

IR, BLmEEZ R Lo B K F R A ORRICH < C-H FReRAbiTi big
IR SN TWDGEHEDO—2>TH D, FIZ C(sp?)-H AT U AL LW
UNLDRFIRFBERES DTEMCITEBRRBORELT2L2ATHY, Z<D
WEBDHFIET DY, —FH, TV ANVRIEE WD C(sp®)-H FiA OB RS bIT
<IMBWFFEENTE 20, FlZIX, RILKFEDO T IVl a7 Ak s A v
DHBMRGIZL D7 =/ = VERITTEMNICHEFICHER T A TH D, 7
T ANV D C(sp®)-H A TE PR L O AT B SR VE 1A A R — 1 L ¥ —(C
KIr L, D FOHFTH - &b VRFBIARBBEEDVHAILEREE LS, 21
D R T VRSB = R X — T KO DAL, T U ML, T B RF-D afif
DIRFB-IKFBREAILT P HNBIRIT X - TUIR LIS ERIRRMEM 2 5 1T 5
B33 LovL7en o, F—FRIZFE L X 5 2f G B r V¥ — %2 FFO R HE
IKFBREG DB D 256, MERRLKONTIRETH 2 313852, Zo L5k
Y. B AR U7 An @ RO SIEAG2h Td 5, #ilx 1%, Barton i
<> Hofmann-Loffler—Freytag SSHEI L < BN TWAHITH D, 2B DL T
FBFE-~T ef R OEFR-~T L FOREORFIC LV BELNERT Y
JIVHIFEAE L, 1,6 DRERIZH KB L BRG] <,

EZATBBELVPERT VAN ERAESEDLHOFELE L T.C=0 LU C=N
T ~DRF T ANV OMIMBOEE 8 %, AFIEITIRF-IRFBHEETT D &
RIRFICEESR, EHR T VN EREISEDL T ENHRL DM HIETH S,
WHEICIXZ DO FIETHRAEIHLERT U N EFHT 285 SN DV THER
T2,

F2H EERTUNNOKIG
EH# T U HiEh < 1% Hoffman-Loffler-Freytag® S 2812 B S 5 F 72 &1k
HRTH D%, ZOMREHRBAETITENTHNEHR-~T a ] iS5 OB A

Thd, TNET, BERF- T UfaY, B E2H/HEN EF-MEFHEY.

EFR-ECKHEOMAPFH SN TE T,
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— i THEGFNT D0, BERAEAES, fIZE= 0, A3 TV
RIZHkIT2 TP ANIINENC L > TAET D EHRZT Ph v FRIIRE L CHRIA
L7=#E S H 5, Bowman Sttt L= RSB IAELZRET V0L OEkERIIK
IR E A LTS (Scheme29) 8 Z ORJGTlEA 2 U Cxtd 5 7 VIV
JSMZ XS THEUDERT VINDB G THNOT VT e nT 5 H T R bs
MR fFEH TN D,

= _— . —_—
N Ph N Ph N Ph

\, toluene ) \
SepPh Pr iPr iPr
58%

Scheme 29

Flo= bV EHWD RO KIS S A S vz (Scheme 30) %2
@fr/ﬁ/\ AIBN, BusSnH : r
toluene
Me

Scheme 30

\Z

Me
34%

Leardini SXAXT U ANDOT ¥ RIZxHT D7 VNS TEZET O
IUNFEAT D Z L EWE LTS (Scheme3l) 8, A& L-RET VhiE=h
UL TA I VNTOHNRELD, A ITPNT AN THROT IV
oL, KBS CBRIEDILEM NG LN D,

N _N
: CN ™ ABN,BusSnH | BugSn CN #

CN toluene CN -

Scheme 31

ECTERT VOB EEFREOLT DL HE SN TW5D, Leardini &3
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HEET, T7V—NATT V=BT V= NVTF A AT F— eS8
HE,HECETV=NVITDANDTAA YT F— MRS LTERIZUT /A
FEBRASOMMDEGEAICET L, WREDOILEME 525 Z & &2HmE L Tn
% (Scheme 32) ®,

N,BF,

Ny
Br\@ . NC\© KOAc/18-C-6  BF C@
KOAG/18-C-6 .
—
NCS EtOAG N s
Br NI@ Br -Nj\/@
® — L
N~ S N~ S

77%

Scheme 32

DX IICEEFBARBEIERICT 27 NI L > TAEL 2 EHR
FIOHNME, T R FBR AN SIITAW SN TE 2N KFEF &k
XS W BNRIZE E A ETFE L Dx o T,

#3H LR OLIRTO WS & ROSHET

BIFRECTIIINETIZT VIV AT AT IAINDA I ORI &
HT TN VOEREZRELCE Y ZoMISIZBWTI— RKAF
L A7 )L & N-Ts-o-tolualdimine (17a) Z W CRILZIT 9 & #FF L 72 APk
18a 7% 3BWILRTHELNE L HIZ, BIAERME LTIV E LR ZT7 )L 19 3
R2%ILRETHOLND Y, 191ET I =4 T Vh 1 O 15 KEFEHFEITEIVED
HRDUNNTGIHINVN ETIRXVATFATUANDRISIZE > TH LI &
ZZ5ib (Scheme 33),
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P|vO OPiv Ts OPiv Ts

Ts
_N Et3B
é/CHg, OPiv

18a 33% 19 12%

PivOCH, \ Et;B; H3(7 P|vOCH2
1,5-hydrogen QPiv TS
PivO N Y abstraction
| —_—
CH, CH,
|

Scheme 33

ZOFAEIIA I ~DT I NAINTHEE S C(spP)-H T ¥ HALG % G
L7- (Scheme 34), 7/AF /N7 U HN?D C=N _EEE~DOMNINZEL > TEFET
CHNVEPRELD, b L, EUTEERT VNG TN L5 KFG k& ez
I TAFATIHNVICPERRT D, HWTIUABINES T VX LT Y
TV EETIUXT ¥ BSOS RN T 5 EHIFRF L7,

T Ts intramolecular
| _ hydrogen
=N RI, Et3B, air RN* abstraction
E/H - H
17 I
Scheme 34

FETHIOIZ y AT E k< FDOHR S IKFE ZFf> N-Ts-pentaldimine (17b) %
WIS ETT 72 (Scheme35), 17b L I — KA F IV R T L 2ladDy 7 v n
AB YRR ) ZF VR T FEEIMZER T 6 ML SE7223, a3 vFE ks
NIALEITAG B VT 22 AR 2b 23 68%&%’6‘?% HNDHDHTH-T=,
AUTECDER T VU UNDPIKFEGI SR EIZHE LIZBEZ IR0 2 Wt & #&
2T,
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Ts OPiv Ts OPiv Ts OPiv Ts

| Et3B R
iN/\ Okpiv . KRNj\ KRNj'\ - DN.
+
I CH,Cl,
17b 21a ,6h 19b
3eq 68%
Scheme 35

2-Butylpentanal "S55 U724 I 2 17c ZHWIURE LD EFR T DI IVD 1,5-
KRB EHREICHE LCBEA R LT <720 avFERILENGEON L FEHIFRFL
& %41T->7- (Scheme36), L72L, =F I R2 ~DBRMEALNDEZ HOHKTT
I NATINT AL ET Lo T,

T8 Et,B Ts
ZN OPiv air NH
Ji + —_— |
Pr Pr | CH,Cly Pr Pr
17¢c 21a rt, 6 h 22
3eq
Scheme 36

—Ji. vra~dYUBRAEOA I 17d WA E, = I R~ RMEAL
Dz B, I uEbENTbEY 20d A 65%IN R T Hi17- (Scheme 37),
IAEE I VENES LTIRE L TO 6337 OVAT LA~Y—BREW TH -
7=,

Ts OPiv Ts OPiv Ts
_N , EtsB NH
OPiv air .
+ _— H +
| CH,Cl,
21a rt, 6 h
|
17d 3eq ZOdT 19d
65%, dr 63:37 10%
Scheme 37
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HEH SLMEFEORGE

20d OVT AT LA~ —ONAREFITEEEIIZ K o THRGE L7z (Scheme 38),
I U{e 20d DT AT LA~ —IREGW % THF §1 KOtBu & 40°C TS S E 7
LA, ATV T AT LAY —DHBRLKIEHET L, ZBRIE(LEW 22 ~
CEME T, 22 LEINESNTEEVT AT LAY —E AR L > TT L
a—/L 23 B LN 24 ~ZEH L 7=, Scheme 37 (279 NOESY FHBEI MBI S 7= =
D 23 OFERELE ., BXUN20d D~ A F—T T AT LA~ — DXL E &
E LT, 20d DETT AT LA~ — O ELEILT /L3 —/L 24 O X RIS AT
WL > THRE LT,

Komu 1 equiv VO "

u 1 equiv

208 — — » TSN +  major 20d

dr 63:37 THF 95%, dr >99:1
40°C. 4 h "

95%, dr >99:1

HO H NOESY MeOH
aq KOH
TSN \) MeOH
H

23
95%

Scheme 38

568 AE - RIEORES

APOSPEITT 72 DITIEIN-Ts A S U2 HWDL Z ENEETH 72, TLF
VT TR TIEN-Boc £ 2 DA N-Ts £ 2 L0 & EWIER TR
k%5272 Y, UL LR oARKE CIIEMRIEAME 52 50HRThH-T-
(Scheme 39), FHIAER T VNV OKFES EHRENTIFITHEITT 572012,
WETREIMEEES Ts ERMEROTH A I,
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Boc

N Et,B
= OPiv air
+ k — » complex mixture
I CH,Cl,
6 h, =78 °C
17e 21a
3eq
Scheme 39

FrHWD I UEMGARERS T '71!:711/%/1/?6 FREICEE ChHHo7T=, TV
ft=Fravibs Y e v Z2HWEGAICIIEBERIEADZ 5 272
(Scheme 40), =F/NF P hN, A4V T I)T P HIIEN-Ts A 2 o ~FHIN4
DT EBMBNTND S, > TZORRIL, BB I — RAF L L~ TH
vib=F v, Gk Y a0 3 UREGEEMERNWC D EBET U ILOK
FHXEEICL o TRET VI NVIFAELD OO, I UREREIT Lo T2
hEZ LD,

TS Et3B

_N Etl 3 equiv
. or air Complex
Prl > Mixture

CH,Cl,

3 equiv rt, 6 h

17d
Scheme 40

T, BIRTATVIVOROREIOGHEHERERLEI DL ERDbho T
(Table 3), 5 BERZFi> 17h 133 v LI NTALEW 20h % T5%INFETH 2 %
M 3-, 4, T-BEEZFFOA I CIREMAMINA 19f, 199, 19i 252 5 DHT
Ho7- (entries1,2,and5), F7=. 20d DAL 0@%%/???0)1%@@6%
TFEEE I ST, BIBREWL Z L2 20h ORI T RToY T 2T
LA~ —DREMB GO,
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Table 3. Effect of the Ring Size of Imines?

Ts OPiv 'Irs OPiv 'I's
N NH NH
— OPiv Et3zi1r’: eq
+ k _— +
)n-3 ! CH.Cl, 'n-3 )n-3
21a 6h
3e I
q
17 20 19
entry 17 n 20 yield % 19 yield %
1 17f 3 20f 0 19f 68
2 179 4 20g 0 199 72
3 17h 5 20hP 75 19h 15
4 17d 6 20d° 65 19d 10
5 17i 7 20i 0 19i 68

aThe reactions were run on a 0.2 mmol scale. ° A 38:38:18:6 mixture of diastereomers. ¢

A 63:37 mixture of diastereomers.

Wi, A IV OBEDORE L FH~T=, 1,5-KFE5 ZHZ OBEBRREIZB T,
BRFETEATIELILI S 7 o~ UVBROT TN E D DLEND
5o T, BRENT T MU T NAANLE GO D KO ITEUE % [EE 4T 1,4-K
FH| EOREITT DO TR EHIFE LT, trans-4-tert-7 F /L 7 o~ F 4
FIVHRIVY 22 AT) O CTRUREAT - 7203, B2 0K 19] 235 540 5 D H
T, 14-KFES R ENHEIT LT 20§ 115 5N 72 0>- 7= (Scheme 41),
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Ts OPiv 'I's OPiv Ts

_N NH NH
Et;B
OPiv air
+ - > +
| CH,Cl,
: 6h : :
t-Bu §1a t-Bu t-Bu
17j q 19j 20j
63% 0%

H H -
— X
~-HNTs
1,5-abstraction non-obsered 1,4-abstraction
from axial direction from equatorial direction

Scheme 41
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6 SLIRERIEDEE

3 bk 20d (3ERE T D oD A F U IRBOHMELEN A SN TRY, a v
EPEELIERFELETOTT AT UAY—REWE LTHE LN, 2 ORUE
IZOWTOHRER[LTZDET VLG A ZHWTKFES Rk E OBBIREEIC
OWNWT DFT R AT o 72, TOFEIC L D L BERBIRIEIZBW T A LR = LT,
ERPRES LT RFE EOKSE L E2R 0 BIOEE Z B> 72 RFIC R/ O = RV F—
BELDENA SN o7, BHERE R SHER L 72 BE IR e DL % Figure 1
RS, 2B RTRLTKRFZGIKELS GE L HF TRLIEAKREL SIS (<5
BBFET D, BOHETIIANK =N L T XU T IVKFEOSIRFREBA T,
ZHERET D KO IZHR TR LTI ARBE DB EHR PN —FH DY T AT LA
~—ERPITECTND EEZ X B, EER, B3LYP/6-31G** L ~LZEIT 5
IREFHOKFZEG WL BEOBERBIRIED = % /L X —71F 1.61 keal/mol TH -7,
AT 25 ° C TR 94:6 IZFHY T 5,

Figure 1. Rationalization of Diastereoselectivity for 20d

ECTRFT VT =D b U T AT RENEEE LTI — RAF LT AT L
WHIAUHEEGIEEE 20d 12705, bLbH. ZOHRIKRET B (Scheme
341" OIAUVFRPEERIBLTHL LT DL, BRI 7 a~F L
TUOAMIT X TATFRN LRI T F oAb SN D Ly ) 5% L oF g
T 5, £lo. FURIEFLT N U T AN D D BRI (63%) 283
by 7o~V oo WY TAREOFEL (68%) L Bn—KERT,
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VLENS, 3 UENMEAS LIZRE L TONMESRIE RS 2 E e ST
HIZEMNRBREIND, BB, EVT AT UAY—ZMIGEMHIC 1 S5 L7
L ZAH, AT =V T AT LA~ — DRV WHEZE S 72 (Scheme 42), Ak
VoOEMARIZ 20d (26 LTI UvHESIEHhE, HFI3 UvFEEPET L E A VLR
EITLEEZBND,

major 20d ———
CH,Cl,
rt, 1 h

—— major 20d + minor 20d

62:38

Scheme 42

—7J7, 20h OGE TIEE L7 A F U IRFOMEMELE ITHE SN T 57,
RNTCOIT AT VA —IREME LTHLNI, T V0T BITOWTHKE
Fl & & OEBIRRBIZ OV T DFT HHE %217 - 72(Figure 2), 5 BERAZFFOHRE D
FOGDHE . KFL| X ITHFREEEZ - TEITT2 682065, 208
AlE, EBODOKFEEFI &S/ EEICH 13 VT X UT IR AR ZIKFRITTT
TELRRWe DR EFDKFEDOF EHE DT R LF—ZH/ S < B3LYP/6-31G**
LAJUZ BT DB IRRE TS Bred & TS Bbiue D = /L —7£1% 0.37 kcal/mol T
o7z, TAUF 25°C TORERME 65:35 ITHY T 5, ZORFRIZE Y 17d TiIkFE
FlEHEE ORI, ZOOEBIRREITEN /2= RV X — RN FET D20 O
KBMIRINIIZ S E D, —F, 17h TIKFEG & OBRICENL /2= RV
X —ZENE LRV OMMEEO RS 2 FEHORETZ VHNAVNAEL, EhE
NRZH RNY TV, TRUTAFENL I RSN 4 BEOYT AT LA
v —NELNTE EHETE S,
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Figure 2. Rationalization of Diastereoselectivity for 20h
BTE £

TERSANBREZESV 70T VI ANRT VY L AIKT 5 T VDAt
IMBIGIZ X > TEUREERT VI L D 156 KFEFERE ISP HEITT D 2
ERRH LT, KESIEKRXICETAELERET VT a vHEMLEREOR
W T > Ta vRTHZENTED, ZORISZERT HT-DITIE,
HBCDERT VHNOKFGIEhEdE, BRT VNV LG &R KFEDONLER
2, 23 vk a v FEEREEZZE L TOSKFTTLORERH DH Z &N

o T,
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BARE EERT VNIRRT AW ERRBERG

BAE T ATKT DT VAN DO 5 & SOSERE

TEFLACKITT DT ARG E G ie h A — RROSIE, — LR TH
HETRERE BT 2 Z LK DT ;ﬂif%<ﬁméhf%t@o7ﬁ%
LT AT AN TAEL DA =L T D HIIIEEETH H -0 F R 5
BSOS FTRECTH D, L L b, MG EIT Lo Wiz, 5
T IANDT ' TF L AS~OINEOSIEFI 23 FE T A 728,

1999 2 Wille HIEN-7BET7 XNV A I RIMLRELIEAITLT U INLD
T IV AT AN S &2 & LT % (Scheme4d), T P LfHNic k- T
HEUTEREERE =T PHMIGTHNOKEBIZE VR EIND L O ICHER
FFEnTWb, L TAT KT D T VAR E R T BRIEO(LEY
AT 5 %R i< 2007 FHTIE= Fa Y T R UL RASEEZET I=TLAT Y
TV D EERD SIS b s LT 5 8%,

o)
i
hv
- 5 o o) (o)
| N N
CH,Cl, E o

Scheme 43

Nevado Hi3fEx DT HNDT N o ~ONIISEZZEE T 5T I LT
vﬁw@%$&0ﬁ<7»#/~®HMﬁm%%iwa5(&mmuﬁﬁ%
TN ~DT AN L > TEUTIRET DN, FEER~OFIMNIC
%<:%m%ﬁ@%%%ﬁTT:vw7vﬁwﬂébéo7:vw39ﬁw®
TR ADT AN E > TELTE =T U hME, B THNOFHEER
LV S, f HEELERTNEREO(LEWE 5 2 5 X O ([T HE%E
SNTn5
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AgSCF3
or
Ph,P(O)OH, AgNO;
or

X=SCF; 66%

O=/S P(O)Phy 66%
J CF, 70%
Ph—— N3 65%
l X.
L )

Scheme 44

Zheng HIE N-ZAVA BT YV —)VANVKRT I KRB ELLET IVNVTI TN
NDT I ~OINSEREE T DA — RIS ZERW, o7 2 /7 b
v EARLLTZ (Scheme 45) 8% Z ORUGNTIL, TIVF Tk T 25 7 P H LA
LS THELERLERE =T PANVT AR =)V EOFFRBRICE - CTH
JEICHE S D XD ICERFr SN T 5, Hit< bt OMBEZ T Z>DHK
BRICKVLEMSNTERET VAN~ EBIND,

MeOH

TFA o
= PhO,S.. .SO,Ph  Cu(OTf), O
: * N —
F
MeCN O NHSO,Ph

l H 78%

O O
@\S//:O -802 .

N. N.
©/\v SO,Ph O -"~g0,Ph

Scheme 45
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UEDOEFDOLE, A4 I ~DT 2 HAINSIHE L 5 NGB AHn
Bt % fet L7z (Scheme 46), T 7ch b, A/ MLZT VF U 2FF>A4 I 25
IZxF L CT P ANIINE&2FT 202, E U8R T P10 5-exo-dig #L E L <
I% 6-endo-dig RUERL N EIT L E= LT AV IV, VIRIEL D, REERE =)L
FOBNVHRURILZ I U E X RESIC L VIR TE A M L, T U ET
TP ERUGIE, 10~10° M s R FE O SOGHE B & FF OO RIS TH 570, AU
IV VRa vt a vREsIshirida vEfban/ic=7 127, 28 73
Bohd, A IV ETNAF U a2ROREICHT 2EEERZ AW o EkR N
JSMFIAS RIS N T AR GIEFRRD A 2 Aokt LSl 2 =7 &
U ORI 24T 9 & 6-endo-dig BUBRILADBGOND Z L2 WEL TV D

(Scheme 47) 72, T ¥ J1 VERAL TIE—%BYIC 5-exo-dig BUBRILEOG AN T4 573
7o OBEBEEEZ WD FIE &M R FEIC R D E IR LT,

PG
PG
N Ph RI 26 R PG I
P Et-B. ai / R N Ph
72 3B, air N | |
CH,CI — or
2¥2 Ph !
25 27 28
RI
~ P _ ~ . _ ~ P _
R_ N, R R_ _N_ _Ph
e N |
= —_— =SSN or
Ph
- m - - v - - v -
Scheme 46
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Yamamoto (2005)

Ph P N
=N Ph o X__N.__Ph
4 , ‘ cat. Ag(OTf) |
[ ——
93%
Scheme 47

528 RUSKRIEORBES

FPEFZLOBEBBHELLE LT Ts E4fHo( I v 25alcxt LT a vEEGREDS
WE LR S — R AL 26a (3 5 5 H#iZ M) 4 VTl sOi 4 787 72 (Scheme
48), LoxL7en o, MiRE L= 3 UMbk 27 132G 60T, WUERMEDILEY 29a
PMERINERZ2 N B8 B ivle, 29l HRDEFR T Vv 3T v 2kt L 5-
exo-dig OBV Z R Z L, B=L T VBV IV RELEH, I vHRE &k
TR HFFRAOMNMBIENET L, LT VI RRLZ 2T TRboNZEE
AbD, BHREORERLE LT, KFMERL LRV D AFAVEEHTD ML
T AR NIETIERLS R B U ANVR= VA AT 54 2 25b Z Wiz
& A, 290 DUHEIL 38%E Tlal kL L7z, 7ok, MEEIX X SEEMHITIC L 5T
B LTz, AUSTIEEIEER =T UL V BT NKETH D BB~
DAMEISIZ X > THiR S Te . oMo 3 U FEGIE RS Os s #IT L7
Mol LBz,
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oy
Ph
=

0,5
N . SO
d PivOCH,l 26a  PivO 2
Et3B, air _ | .
CH,Cl, Ph
25a R=Me 27 0% 29a 10%
25b R=H 29b 38%

— R -
/©/ PO o @
PivO 0,S ’S\Q\R

N. Ph - " —

Z Ph

- m - v

Scheme 48

WIZHBFBRE R OVEBRREL L AT g VR e EITT 5 EHIFFL .
Ms ZFfF>A1 X2 25¢c Z W TR ETT -7 (Scheme49), L)L ZDOKIETH
I IR 27c 1T &< BN -T2 b DD, B =T U VUK KEL S
NicEEZz2 b 5>=F 3 R 30c 28 29%IE T B iz,

Ms PivO "
[ S
N PivOCHal  piyo Ms /
Ph Et;B, air N | N
= * —
CH,Cl, Ph Ph
25¢c 27c 30c
0% 29%
Scheme 49

WA R 2 it L7z (Table 4), MRMEFRBEOIEARIEASE 2 W TS & 1T
S72D3, 27c IFAERE T 30c DU F EH Bl 72> 72 (entries1-5), /K37
FEEICE D4 I U OIEH L E ]G LEBMEE DSV~ T A A Y Fasx)
—NERWERY 7rn X Z L RIRREOIEL 5272 (entry6), E=1T
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Table 4. Solvent Screening?

IYIS . Vs PivO Ms
N Ph PEI\tly,%,CSi?I PIVO N, N
Z CH,CI - B
212 Ph Ph
25¢ 27c 30c
entry solvent 27¢ (% yield)  30c (% yield)
1 CH:Cl 0 29
2 MeCN 0 25
3 EtOAc 0 16
4 Benzene 0 25
5 CF3CsHs 0 12
6 HFIP 0 29
7 THF 0 13
8 Toluene 0 14
9 CHCl3 0 15

4 The reactions were run on a 0.2 mmol scale.

HVHRIRIZH 5 KHE RF—E720 52 THF (entry 7). kbt (entry 8) .,
suanrg/bh (entry 9) ZHWTRISEAT> T2 BIEREOR RIZR N7,

H 3 WIFI O

A IURTINF L DOIEHACZ I LT, VA ABOWINZIT > 7= (Table 5),
NU ZAdw A ZVR CEE(INSRC, Y Zvd e A X AR R ER()
Z 20 MOl%IIN L TRULZAT 9 & IR Z 4 E 4 51%, 43%IC (7] F L 7= (entries
2and 3), TIAFUAETEMEALT D Z ENMLNTWAHELSE (entry4) U 7
VA B AL AR R (entry5) ZUSANL THIRILA L Lol =
v (entry 7). A v TV E D A (entry6) DA WA b ICRIZA B3,
Aoy b 7 A Y RO F Lo —T VA Z V23881 (entry 8) ., ERW
DTF I RBEBBICRLER T O D EMERIRE W %E 5 272,
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Feb BOERE 5 X 728D\ T, By v F =T = v B R LT, B
WA S DWVIERE 5 2 IUEN 73% £ Tl L L7 (entry 11), £7-.
BLLEVEN 2 21— (entries 12 and 13) . i (entries 9-11) \ 9™ o>dfith % i
WG E BINEON XA R O, RBICHMEEREORT 21T- 72 (entries 11, 14
and 15), FRETOFEE, FEEREH 20 mol% % N L7235 & b K OIEE 5.2 5

eI oT,
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Table 5. Screening of Additive®

IYIS PivO Ms
_N pp, PIVOCH,I 22a, Et3B, air N
& additive _
CH,Cl, Ph
25¢ 30c
entry Lewis Acids (mol%) 22¢ (% yield)

1 None 29
2 Cu(OTf)2 (20) 51
3 Zn(OTf)2 (20) 43
4 Ag(OTf) (20) 13
5 AuClI (20) 32
6 Yb(OTf)3 (20) 26
7 NiCl2 (20) 21
8 BFs-OEt; (100) 0
9 CuCl2 (20) 40
10 CuBr2 (20) 66
11 Cu(OAC): (20) 73
12 Cu(OTf)-benzene (20) 56
13 CucCl (20) 44
14 Cu(OAcC):2 (10) 61
15 Cu(OAC):2 (30) 58

aThe reactions were run on a 0.2 mmol scale.

WEFRSR DTINT R B o Z VR =V A H oA 2 ok LT H 21T, 64%
F TN E L7 (Scheme50), Ziuid, BEEESHOTIMIZ L > T =1vF U7
VR IV OROGSLART O BEEDNMEE SN TS Z L 2R THRERTh D, 3720
HoAIUA~DTIANIINE i T F LU ~DEHRT VBN OMIED
ELHEMN, bLIEELLIZHLEEL VWD LEEZBND,
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0,5

N Ph
P PivOCH,l 22a, Et3B, air
CH,ClI,

\

25b 29b
38%
with Cu(OAc), 20 mol% 64%

Scheme 50

HIREONFEE S BITHRD 2D, A 22 31 ~D T VI NI % Beig [ O
fFEFTITo7z (Table6), F3LUG%E 4 RifE] TS &5 IR LT, BRSO
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Table 6. Effect of Cu(OAc). on the Reaction of 31 with lodomethyl Pivalate.?

I\I/ls OPiv l\I/Is I\I/Is
_N Et;B, air NH _N
+ PivO” I Cu(OAc), +
3 eq CH,Cl,
31 32 31

entry Cu(OAC)2 (mol%) time (h) yield 32 (%) recovered 31 (%)

1 20 4 34 59
2 0 4 26 68
3 20 12 82
4 0 14 84

2The reactions were run on a 0.2 mmol scale.

HAE FOMOT I HOEA

ZORIETRAEL D E=AT VH N5 FROSEBR TS 5. - T, 4
MOFHBEO L 5123 v HPEREOEN T e E LT L H VD MBEFRL
PRA R T NVFRNVEEBATELEMMH LI, Z2 T, 8 3 Hicofmsitt2 M
WCZEDMO TV F VLD A A RS2 (Scheme51), LAL, 25b 12K+ %=
FNT ZHNOAIMBOSITIE & A EITET | REBD DA I EI Sz, &
BNRAERFI LT L A, THE 1TIET D AATINBOE S I E T L, % —
T XNV IET I 2= F NV IEDEA S 7 UBRIEAL A9 33 73 55%I K THE 5 1
Too SV YT BELVEMOD EHEMT VRNETHLA Y T rENFED
HMADARETH D | 34 A% 48%IHE TH H AL,
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( )2 i’ — . 4
Solvent O Ph
rt, 15 h
33 25b
solvent: CH,ClI, 12% 68%
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Cu(OAc), 20 mol% —

iPrl 5 eq Ocd
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THF O Ph
rt, 48 h
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48%
Scheme 51

— T Ms J&FfoA I 25c DA, Yr7uara AL P TCTFIULRIGE
179 & RES ORISR SNz, £72 THF F CORIS CIXEMERIEA M Z 5

z 7~ (Scheme 52),
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N
“ Ph

25c

Vivianl Yarae

5 5 HED

Ms
. Ms |
Et3B 8 eq, air N N Ph
Cu(OAc), 20 mol%
2 g = . Z
Solvent Ph
rt, 15 h
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Scheme 52
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SHEEITT B E D D ERFELT- (Scheme 53), 4 72bbH, BIkEMK LT-36 % 8
BEIRTIR D Z A NVESRIFIC S D Lz, L LR b, =+ 2 F30cize< £
pRES, 36 ZMFUTERMICEN ST, HLEDD 36 1 FUSTHRIATIZ AN &
N0, TIDVALTOHLNHTHD EGhoT.,

PivO

OPiv |\|/|S s OPiv |\|/|S
NH oh CEtch),Aair N NH Ph
u C
= +opno N SOR - =
3 eq CH,Cl, Ph
8h
36 30¢c 36
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Scheme 53

WIZ, £ 225 LI —RAFILTAT)L 262 B 7 nna XX P TRIG
SH7- (Schemeb54), 1554172 30c D THNMR 7226, B =734 < EAFELE
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45



Me PvO o 0

o “S—CH,(75% d)
I N 7
N Ph Et;B, air  (15% d)H __H(0%d)

F Cu(OAC),
7 + pPvOo” . -
CD,Cl, 200
25c 26a S50
3eq
CD,CI
/ TCDZCIZ
[ PivO o\\é’ 1 [ pvo oQ ] " R0 00 ]
N v
Ph "
v Vil Vil
Scheme 54

HOE FLo

AI~DT VAN L S THELDEHRT VIV Zifgi b s~ &
MALTc, BREIVHILOT LI AT HMMEISICE>THEL I E=LTF Y
VT, T E ORI ERERIS TR T 2 2 LTk o 72y, 5+
DR B UVBRSPKFRFICEVHRT D ENTE L, o, B THNDO AL
HPRFPGRE LTHRIEL 55 2 & SREEOIRINICE D A I ~D T V)L
(7T TR, TIVATVANDT T Lo ~OMbEEIND Z &%
ARV Oy

46



BOE KEim

AIVIEHT D 0T X AFATVANONIMBEIEEBFE LT, 7/ AF
VTV HINIEFR OB TEENEVIEEREER M L5 2 &2 R L,
EH OB FHEENEBRARNA I RATF AT DHLORIBMRIZIT S vk %
AN ZeBnTElD, EREOETHEENHBNRE T I FAFLT Vhv
DOREEIZITF Y T — P2 WD RERH Tz (B2 EH),

N x Boc g EOHC
PN — N
X=SCSOEtor| Ph Ph
(e) Boc 0 Boc 0 Boc
NH NH )§ NH
GG RGeS
Ph Ph Ph
o)
59% 75% 86%

A INZHT DT VMBI L > THE L D EFR T VA NEE R
ThHbHZEIZER LR S ~E R LT, ECDERT VNI X HKEF]
SREPOCERIH L, IRFABIKFE RS ONEZER) I U # OS2 BT Lz, A
RUNCHRT DT VIS L > TEUDERERT VNV E KB RE K
JRIZHWDT-DITIE, AL DEHRT VNNV OKES EhERE, EFET7 VL L5
TR KFBONMERR, Hn5 3 vieoa v ELEREEZZBE L TR
HMEND D Z LN gholz, (BIE) .

Ts OPiv Ts
|
N N
Et;B, air *

PO~ >t - - - -

47



HECDEHRT VNN DoHFHNDKRF-IRFTE = FREE ~DOFIINES % BR%E LTz,
BRI AN EEGIINIHWDT-ITiE, CEBEEOT UMM LY £
UCDRLEERE=NT VHINEyTHNON B UBRSOKERR - CHifed s 2 &
INEEThH-oT- (F4E)

SO,Ph PVO  ©
i PivOCH, Ocd
7 Ph  Cu(OAc), 20 mol% N
= Et3B, air e
CH,Cl, Ph
73%
SO,Me : 0 PivO
v 2 PivOCH,| PivO N g S0,Me
2 Ph  Cu(OAc), 20 mol% N CHz N
Z EtsB,air H _
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General

All melting points are uncorrected. Silica gel was used for column chromatography. NMR
(500 and 125 MHz for *H and 13C, respectively) was measured in CDCls3 unless otherwise
mentioned. Chemical shifts (8) and coupling constants (J) are presented in parts per
million relative to tetramethylsilane and hertz, respectively. Abbreviations are as follows:
s, singlet; d, doublet; t, triplet; m, multiplet; br, broad. *C peak multiplicity assignments
were made based on DEPT data. Assignment of *H and *C NMR peaks is based on COSY,
HMQC, TOCSY, and NOESY correlations. The wave numbers of maximum absorption
peaks of IR spectroscopy are presented in cm™t. TOF mass spectrometers were used for
ESIMS. Commercially available solvents and reagents were purchased and used without
purification. Anhydrous dichloromethane and THF were used for the reactions.

Starting Materials. Imines 2a,* 2b,” 2c—f,’® 2g,”" 3, 4,° 17b,%° 17d,%! 17¢,%?
25a;% iodides 1a,3* 21a;% and xanthates 1c and 1e* were prepared according to
literature procedures.

&A.

O
1b

N-lodomethylsuccinimide (1b): A solution of N-chloromethylsuccinimide® (6.86 g,
46.0 mmol) and Nal (13.7 g, 103 mmol) in acetone (46 mL) was stirred at rt in the dark
for 4 h and concentrated in vacuo. The residue was dissolved in CHCI3z (46 mL) and
filtered through an Al.Oz column (150 g). The filtrate was concentrated in vacuo and
purified by recrystallization from EtOAc (2.5 mL) to afford the title compound (4.35 g,
40%) as white solidsof mp 98.0-98.5 °C (EtOAc); *H NMR: 2.75 (s, 4H), 5.20 (s, 2H).
13C NMR: 28.2 (CH>), 174.5 (C). IR (KBr) 1750, 1141. EIMS m/z: 239 (M%), 112 (M —
1)*. Anal. Calcd for CsHsNO:2I: C, 25.13; H, 2.53; N, 5.86. Found: C, 25.17; H, 2.65; N,

5.83. 'H NMR data were identical to those reported previously.®’
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N~ >SCSOEt

re

1f

O-Ethyl S-[(2-Oxooxazolidin-3-yl)methyl]dithiocarbonate (1f): 1f was prepared
according to the reported procedure® as follows. A stirred solution of oxazolidin-2-one
(4.35 g, 50.0 mmol), paraformaldehyde (1.65 g, 55.0 mmol), and freshly distillated
TMSCI (2.7 g, 0.25 mol) in acetonitrile (50 mL) was heated under reflux. After 16 h,
volatile materials were removed by evaporation, and the residue was dissolved in acetone
(50 mL). To the solution cooled in an ice—water bath was added potassium O-ethyl
dithiocarbonate (8.80 g, 55.0 mmol) in one portion, and after 10 min, the cooling bath
was removed. After 30 min, volatile materials were removed by evaporation, and the
resulting solids were partitioned between water and CH2Cl,. The organic layer was
separated, and the aqueous layer was extracted twice with CH2Cl2. The combined organic
layers were dried over Na,SO4 and concentrated under reduced pressure. Purification of
the residue by column chromatography (CHCIz) afforded the title compound (9.50 g,
86%) as a yellow oil: *H NMR: 1.45 (t, J = 7.0, 3H), 3.67 (t, J = 8.0, 2H), 4.34 (t, J = 8.0,
2H), 4.69 (g, J = 7.0, 2H), 5.17 (s, 2H). 13C NMR: 13.7 (CHs), 43.8 (CH>), 50.4 (CH),
62.2 (CHy), 70.8 (CH>), 157.6 (C), 213.3 (C). IR (neat) 2985, 2901, 2885, 1759. ESIMS
m/z 244 (M + Na), 192 (M — Et). HRMS-ESI (m/z) [M + Na]* calcd for C;H11NNaOsS;
244.0073, found 244.0069.

0
ij\l/\scsoa
19

O-Ethyl S-[(2-Oxopiperidin-1-yl)methyl]dithiocarbonate (1g): The same procedure as
that for 1f with piperidin-2-one (4.23 g, 50.0 mmol) in place of oxazolidin-2-one gave the
title compound (9.09 g, 78%) as a yellow oil: *H NMR: 1.44 (t, J = 7.0, 3H), 1.77-1.86
(m, 4H), 2.40 (t, J = 6.5, 2H), 3.46 (t, J = 6.0, 2H), 4.68 (g, J = 7.0, 2H), 5.24 (s, 2H). °C
NMR: 13.7 (CHzs), 21.1 (CH2), 23.0 (CH2), 32.3 (CH2), 48.2 (CH2), 52.7 (CH2), 70.4
(CHy), 170.5 (C), 214.7 (C). IR (neat) 2986, 1639, 1489. ESIMS m/z 256 (M + Na), 244
(M + H) . HRMS-ESI (m/z) [M + Na]* calcd for CoH1sNNaO,S, 256.0436, found
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256.0438.

Cbz.
z l}l/\SCSOEt

Me
1h

O-Ethyl S-[(N-Benzyloxycarbonyl-N-methylamino)methyl]-dithiocarbonate (1h):
The same procedure as that for 1f with benzyl N-methylcarbamate® (8.26 g, 50.0 mmol)
in place of oxazolidin-2-one gave the title compound (9.28 g, 62%) as a yellow oil: ‘H
NMR: 1.43 (t, J = 7.0, 3H), 3.02 (s, 3H), 4.63-4.69 (m, 2H), 5.12-5.23 (m, 4H),
7.25-7.37 (m, SH). C NMR: 13.7 (CHs), 34.2 and 34.8 (CHs, rotamers), 55.5 and 55.9
(CHq>, rotamers), 67.7 (CH2), 70.3 (CHz), 127.9 (CH), 128.2 (CH), 128.5 (CH), 136.1 and
136.2 (C, rotamers), 155.4 and 156.0 (C, rotamers), 213.4 and 214.0 (C, rotamers). IR
(neat) 3012, 1705, 1454, 1396. ESIMS m/z 322 (M + Na). HRMSESI (m/z) [M + Na]*
calcd for C13H17NNaOsS, 322.0542, found 322.0540.

o) Ll%oc
& 3
N
(0]
6a

Typical Procedure for the Radical Aminomethylation. tert-Butyl N-(1-Phenyl-2-
succinimidoethyl)carbamate (6a): Imine 2a (102 mg, 0.500 mmol) and iodide 1b (365
mg, 1.50 mmol) in a dried 50 mL round-bottom flask capped with an argon balloon were
dissolved in CH2Cl> (2.5 mL). To the stirred solution cooled at —20 °C was added a 1.0
M hexane solution of Et3B (1.5 mL, 1.5 mmol), and the argon balloon was replaced with
a NaOH drying tube. The solution of EtsB (0.5 mL, 0.5 mmol each) was added every 2 h.
After the addition of 3 mmol of triethylborane in total, the mixture was stirred for an
additional 2 h (total of 8 h) and concentrated. The resulting residue was purified by
column chromatography (from 9/1 to 1/1 toluene/EtOAC) to give the title compound (94
mg, 59%) as a white solids of mp 161.0-161.5 °C (EtOAc): *H NMR: 1.46 (s, 9H),
2.62-2.77 (m, 4H), 3.69 (dd, J = 3.5, 13.5, 1H), 3.85 (dd, J = 13.5, 13.5, 1H), 5.00 (m,
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1H), 5.15 (d, J = 9.0, 1H), 7.28—7.38 (m, SH). *C NMR: 28.0 (CHs3), 28.2 (CH>), 44.0
(CH), 53.3 (CHy), 79.4 (C), 126.2 (CH), 127.7 (CH), 128.6 (CH), 139.2 (C), 155.3 (C),
177.1 (C); IR (KBr) 3317, 2970, 1767, 1697, 1535, 1435, 1404, 1319, 1250, 1173, 1080.
FABMS m/z 319 (M + H), 202 (M — BocNH). HRMS-FAB (m/z): [M + H]" calcd for
C17H23N204 319.1658, found 319.1654.

NH

5

tert-Butyl N-(1-Phenyl-2-phthalimidoethyl)carbamate (5): The typical procedure
using la (431 mg, 1.50 mmol) in place of 1b under the conditions indicated in Table 1
and purification by column chromatography (from 19/1 to 1/1 toluene/EtOAC) gave the
title compound (88 mg, 48%) as a white solid of mp 148.0—148.5 °C (EtOAc): *H NMR:
1.25 (s, 9H), 3.85-4.05 (m, 2H), 5.10 (m, 1H), 5.32 (d, J= 8.0, 1H), 7.27-7.42 (m, 5H),
7.70-7.76 (m, 2H), 7.86 (dd, J = 3.0, 5.3, 2H). C NMR: 28.1 (CHs3), 43.2 (CH), 54.0
(CHy), 79.5 (C), 123.4 (CH), 126.3 (CH), 127.9 (C), 128.8 (CH), 131.9 (C), 134.0 (CH),
139.2 (C), 155.3 (C), 168.4 (C); IR (neat) 3371, 3062, 1775, 1708, 1681, 1519, 1400,
1366, 1250, 1169. ESIMS m/z 389 (M + Na), 333 (M + Na — isobutene); HRMS-ESI
(m/z): [M + Na]" calcd for Co1H22N2NaO4 389.1472, found 389.1466.

6b
Benzyl N-(1-Phenyl-2-succinimidoethyl)carbamate (6b): The typical procedure using
2b (120 mg, 0.50 mmol) in place of 2a under the conditions indicated in Table 2 gave the
title compound (102 mg, 58%) as a white solid of mp 123.0—123.5 °C (EtOAc): 'H NMR:
2.48-2.65 (m, 4H), 3.71 (dd, J = 3.0, 14.0, 1H), 3.85 (dd, J = 10.5, 14.0, 1H), 4.98 (d, J
= 12.5, 1H), 5.05 (m, 1H), 5.09 (d, J = 12.5, 1H), 5.58 (br s, 1H), 7.29-7.38 (m, 10H).
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13C NMR: 27.9 (CH3), 43.7 (CH), 54.0 (CH2), 66.7 (CH2), 126.3 (CH), 128.1 (CH), 128.4
(CH), 128.8 (CH), 136.4 (C), 138.6 (C), 155.9 (C), 177.5 (C). IR (neat) 3341, 3017, 2974,
2943, 1775, 1697, 1516, 1400, 1327, 1234, 1215, 1169, 1042. ESIMS m/z 375 (M + Na),
202 (M — CbzNH), 236 (M — succinimidomethyl), 235 (M — NHBoc). HRMS-ESI (m/z):
[M + Na]* calcd for C20H20N2NaO4 375.1315, found 375.1299.

6¢c

tert-Butyl N-(2-Succinimido-1-o-tolylethyl)carbamate (6¢): The typical procedure
using 2c¢ (110 mg, 0.50 mmol) in place of 2a under the conditions indicated in Table 2
gave the title compound (103 mg, 62%) as a white solid of mp 164.0—164.5 °C (EtOAc):
'H NMR: 1.39 (s, 9H), 2.47 (s, 3H), 2.63-2.77 (m, 4H), 3.61 (d, J = 13.0, 1H), 3.86 (m,
1H), 5.16-5.28 (br s, 2H), 7.18—7.24 (m, 4H). °C NMR: 19.1 (CHs), 28.1 (CHs), 28.2
(CHy), 43.3 (CH), 49.7 (CH), 79.6 (C), 124.6 (CH), 126.3 (CH), 127.9 (CH), 131.0 (CH),
136.1 (C), 137.2 (C), 155.5(C), 177.6 (C). IR (neat) 3394, 2978, 2935, 1705, 1504, 1400,
1366, 1250, 1173. ESIMS m/z 355 (M + Na), 234 (M — succinimido), 216 (M — NHBoc).
HRMS-ESI (m/z) [M + Na]" calcd for C1gH24N2NaO, 355.1628, found 355.1619.

o) Boc

I
NH
&1

0]

Me
6d

tert-Butyl N-(2-Succinimido-1-p-tolylethyl)carbamate (6d): The typical procedure
using 2d (110 mg, 0.50 mmol) in place of 2a under the conditions indicated in Table 2
gave the title compound (98 mg, 59%) as a white solid of mp 167.0-167.5 °C (EtOAc):
IH NMR: 1.39 (s, 9H), 2.34 (s, 3H), 2.62-2.76 (m, 4H), 3.67 (dd, J = 3.0, 12.5, 1H), 3.84
(dd, J =12.0, 12.5, 1H), 4.97 (m, 1H), 5.15 (br d, J = 7.5, 1H), 7.17 (d, J = 8.0, 2H), 7.22
(d, J = 8.0, 2H). 3C NMR: 21.0 (CHs), 28.1 (CHs), 28.2 (CHy), 44.2 (CH), 52.9 (CH>),

53



79.5 (C), 126.2 (CH), 129.5 (CH), 135.9 (C), 137.7(C), 155.4 (C), 177.4 (C). IR (neat)
3363, 2978, 2947, 1775, 1701, 1508, 1400, 1172. ESIMS m/z 355 (M + Na), 234 (M —
succinimido), 216 (M — NHBoc). HRMSESI (m/z) [M + Na]* calcd for C1gH22aN2NaO4
355.1628, found 355.1628.

o) I|300
NH
&1
(@]
OMe
6e

tert-Butyl N-[1-(4-Methoxyphenyl)-2-succinimidoethyl]-carbamate (6e): The typical
procedure using 2e (118 mg, 0.50 mmol) in place of 2a under the conditions indicated in
Table 2 gave the title compound (101 mg, 58%) as a white solid of mp 150.0—150.5 °C
(EtOAC): 'H NMR: 1.39 (s, 9H), 2.62—2.76 (m, 4H), 3.66 (dd, J = 3.0, 13.5, 1H), 3.80 (s,
3H), 3.84 (dd, J = 10.5, 13.5, 1H), 4.96 (m, 1H), 5.13 (br d, J = 7.0, 1H), 6.89 (d, J = 8.5,
2H), 7.25 (d, J = 8.5, 2H). 13C NMR: 28.1 (CHz3), 28.2 (CHy), 44.2 (CH), 52.6 (CH>), 55.3
(CH3), 79.5 (C), 114.2 (CH), 127.5 (CH), 131.0 (C), 155.5 (C), 159.2 (C), 177.5 (C). IR
(neat) 3371, 2974, 2897, 1701, 1400, 1049. ESIMS m/z 371 (M + Na), 250 (M —
succinimido), 232 (M — NHBoc). HRMS-ESI (m/z) [M + Na]* calcd for C1gH24N2NaOs
371.1577, found 371.1570.

o) Boc

|
&NH
N

0]

Br
6f

tert-Butyl N-[1-(4-Bromophenyl)-2-succinimidoethyl]carbamate (6f): The typical
procedure using 2f (142 mg, 0.50 mmol) in place of 2a under the conditions indicated in
Table 2 gave the title compound (127 mg, 64%) as a white solid of mp 201.0-201.5 °C
(EtOAC): *H NMR: 1.39 (s, 9H), 2.64—2.77 (m, 4H), 3.67 (d, J = 11.5, 1H), 3.81 (dd, J =
115, 12.5, 1H), 4.95 (dd, J = 6.5, 12.5, 1H), 5.31 (d, J = 6.5, 1H), 7.22 (d, J = 8.5, 2H),
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7.49 (d, J = 8.5, 2H). *C NMR: 28.1 (CHs), 28.2 (CH>), 43.7 (CH), 53.1 (CH>), 79.9 (C),
121.9(C), 128.0 (CH), 131.9 (CH), 138.1 (C), 155.3 (C), 177.4 (C). IR (neat) 3345, 2974,
1775, 1697, 1512, 1400, 1169, 1072, 1045. ESIMS m/z 419 (M + Na), 299 (M —
succinimido), 280 (M —NHBoc). HRMS-ESI (m/z) [M + Na]* calcd for C17H2:BrN2NaO4
419.0577, found 419.0575.

CN
6g

tert-Butyl N-[1-(4-Cyanophenyl)-2-succinimidoethyl]carbamate (6g): The typical
procedure using 2g (115 mg, 0.50 mmol) in place of 2a under the conditions indicated in
Table 2 gave the title compound (101 mg, 59%) as a white solid of mp 198.0—198.5 °C
(EtOAC): H NMR: 1.39 (s, 9H), 2.68-2.77 (m, 4H), 3.70 (d, J = 13.5, 1H), 3.81 (dd, J =
10.5, 13.5, 1H), 5.00 (m, 1H), 5.51 (d, J = 7.0, 1H), 7.46 (d, J = 8.0, 2H), 7.66 (d, J = 8.0,
2H). 13C NMR: 28.1 (CH3), 28.2 (CHy), 43.4 (CH), 53.9 (CH>), 80.2 (C), 111.9 (C), 118.5
(C), 127.0 (CH), 132.6 (CH), 144.6 (C), 155.2 (C), 177.3 (C). IR (neat) 3391, 2974, 2230,
1701, 1508, 1404, 1215, 1169, 1049. ESIMS m/z 366 (M + Na), 227 (M — NHBoc).
HRMS-ESI (m/z) [M + Na]" calcd for C1gH21N3NaO4 366.1424, found 366.1415.

N-(1-Phenyl-2-succinimidoethyl)-p-toluenesulfonamide (7): The typical procedure
using 3 (130 mg, 0.50 mmol) in place of 2a under the conditions indicated in Table 1 and
purification by column chromatography (from 19/1 to 1/1 toluene/EtOAC) gave the title
compound (30 mg, 16%) as a white solid of mp 190.0-190.5 °C (EtOAc): *H NMR: 2.37
(s, 3H), 2.63 (s, 4H), 3.59 (dd, J = 4.0, 14.0, 1H), 3.88 (dd, J = 11.0, 14.0, 1H), 4.63 (ddd,
J=4.0,8.5,11.0,1H),5.57 (d, J=8.5, 1H), 7.13—7.25 (m, 7H), 7.58 (d, J = 8.0, 2H). 1*C
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NMR: 21.4 (CHs), 28.1 (CH>), 43.6 (CH), 55.9 (CH>), 126.3 (CH), 127.0 (CH), 128.1
(CH), 128.7 (CH), 129.4 (CH), 137.4 (C), 137.7 (C), 143.2 (C), 177.8 (C). IR (KBr) 3209,
1689, 1404, 1335, 1157, 1096. FABMS m/z 373 (M + H), 202 (M — TsNH). HRMSFAB
(m/z) [M + H]" calcd for C1oH21N204S 373.1217. found 373.1244.

o) I?oc
9

tert-Butyl N-[2-(2-Oxopyrrolidin-1-yl)-1-phenylethyl]carbamate (9): 1-
(lodomethyl)pyrrolidin-2-one (1d) was prepared as follows. 1-(Chloromethyl)pyrrolidin-
2-0ne®® (268 mg, 2.01 mmol) and Nal (630 mg, 4.20 mmol) were dissolved in acetone
(2 mL). The mixture was stirred at rt in the dark for 4 h and concentrated in vacuo. The
residue was suspended in CH2Cl> (1.3 mL), and the supernatant (1.0 mL) was used as a
solution of 1.5 mmol of 1d in the following reaction without purification. *H NMR
indicated the supernatant mainly contained 1d: *H NMR & 2.11 (tt, J = 7.0, 8.0, 2H), 2.29
(t, J=8.0, 2H), 3.34 (t, J = 7.0, 2H), 5.26 (s, 2H). The typical procedure using 1d (the
solution described above) and 1e (329 mg, 1.50 mmol) in place of 1b under the conditions
indicated in Scheme 25 and purification by column chromatography (9/1 hexane/EtOAC)
gave the title compound (15 mg, 10%; 114 mg, 75%) as a white solid of mp
168.0—168.5 °C (EtOAC): *H NMR: 1.40 (s, 9H), 1.93-2.02 (m, 2H), 2.38 (t, J = 8.0, 2H),
3.10 (m, 1H), 3.28 (dd, J = 4.0, 14.0, 1H), 3.53 (m, 1H), 3.78 (dd, J = 10.0, 14.0, 1H),
4.90 (m, 1H), 5.64 (d, J=7.0, 1H), 7.27-7.36 (m, 5H). 3C NMR: 18.1 (CH), 28.3 (CH3),
30.8 (CHy), 47.9 (CH>), 48.3 (CH>), 53.6 (CH), 79.5 (C), 126.2 (CH), 127.6 (CH), 128.7
(CH), 140.0 (C), 155.5 (C), 176.4 (C). IR (neat) 3302, 2974, 2908, 2839, 1701, 1674,

1546, 1362, 1273, 1173, 1045. ESIMS m/z 327 (M + Na), 271 (M + Na — isobutene).
HRMS-ESI (m/z) [M + Na]" calcd for C17H24N2NaOs 327.1679, found 327.1673.
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tert-Butyl N-[2-(2-Oxooxazolidin-3-yl)-1-phenylethyl]carbamate (10): The typical
procedure using 1f (332 mg, 1.50 mmol) in place of 1b under the conditions indicated in
Scheme 28 and purification by column chromatography (9/1 hexane/EtOAc) gave the
title compound (132 mg, 86%) as a white solid of mp 202.0—202.5 °C (EtOAc): 'H NMR:
1.42 (s, 9H), 3.33-3.39 (m, 2H), 3.70-3.79 (m, 2H), 4.27-4.31 (m, 2H), 4.94 (br m, 1H),
5.29 (brd,J=7.0, 1H), 7.28—7.38 (m, SH). 13C NMR: 28.2 (CHs), 44.7 (CH), 49.5 (CH>),
52.9 (CH), 62.1 (CH>), 79.8 (C), 126.3 (CH), 127.9 (CH), 128.9 (CH), 139.3 (C), 155.6
(C), 159.2 (C). IR (neat) 3323, 2978, 1735, 1701, 1520, 1489, 1442, 1366, 1265, 1250,
1165, 1049. ESIMS m/z 307 (M + H), 251 (M + H — isobutene). HRMS-ESI (m/z) [M+H]*
calcd for C16H23N204 307.1652, found 307.1649.

Deprotection of 6a.
0

NH
&1 2

0]

13

N-(2-Amino-2-phenylethyl)succinimide (13): To a solution of 6a (64 mg, 0.20 mmol)
in CH2Cl> (0.8 mL) was added TFA (0.4 mL) at rt. The mixture was stirred for 30 min
and concentrated in vacuo. The remaining TFA was removed by three-time azeotropic
distillation with toluene. The residue, containing a TFA salt of the title compound, was
dissolved in Et2O (2 mL) and poured into stirred aqueous 10% NaOH cooled in an
ice—water bath. The whole was extracted three times with Et2O. The combined organic
layers were washed with brine, dried over K2COs, and concentrated in vacuo to give the
title compound (40 mg, 94%) as a colorless oil: *H NMR: 2.68 (s, 4H), 3.02 (br s, 2H),
3.67 (dd, J=4.5, 14.0, 1H), 3.82 (dd, J=10.0, 14.0, 1H), 4.38 (br m, 1H), 7.30—7.42 (m,
5H). 1*C NMR: 28.1 (CH>), 45.9 (CH), 54.1 (CHy), 126.2 (CH), 127.8 (CH), 128.7 (CH),
142.9 (C), 177.4 (C). IR (neat) 3352, 2360, 2337, 1697, 1651. ESIMS m/z 219 (M + H).
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HRMS-ESI (m/z) [M + H]* calcd for C12H1sN20; 219.1128, found 219.1109.

Boc
Cbz. NH

Iz

15

Benzyl N-(2-(tert-Butoxycarbonylamino)-2-phenylethyl)-carbamate (15): To a
solution of 6a (64 mg, 0.20 mmol) in EtOH (1 mL) was added hydrazine monohydrate
(58 pL, 1.2 mmol) at rt. The solution was heated under reflux for 48 h and cooled to rt.
After the addition of water (1 mL), the whole was extracted three times with CH,Cl,. The
combined organic layers were dried over Na,SO4 and concentrated in vacuo. The residue
was dissolved in Et,O (1 mL), and saturated aqueous NaHCO3z and CICO2Bn (43 puL, 0.30
mmol) were added. The mixture was stirred for 30 min and extracted three times with
EtOAc. The combined organic layers were dried over Na,SO4 and concentrated in vacuo.
The resulting crude material was purified by column chromatography to afford the title
compound (45 mg, 61%) as a colorless oil: *H NMR : 1.40 (s, 9H), 3.51 (br s, 2H), 4.78
(brs, 1H), 5.07 (br s, 1H), 5.10 (d, J = 12.5, 1H), 5.11 (d, J = 12.5, 1H), 5.30 (br s, 1H),
7.22-7.40 (m, 10H). 13C NMR: 28.3 (CH3), 46.4 (CH), 55.3 (CH>), 66.9 (CH>), 79.8 (C),
126.3 (CH), 127.7 (CH), 128.0 (CH), 128.1 (CH), 128.5 (CH), 128.8 (CH), 136.3 (C),
139.8 (C), 155.7 (C), 157.0 (C). IR (neat) 3365, 2978, 2886, 1775, 1709, 1519, 1219,
1138. ESIMS m/z 393 (M + Na), 313 (M — t-Bu). HRMS-ESI (m/z) [M + Na]* calcd for
Ca1H26N2NaO4 393.1785, found 393.1785.

Formal Synthesis of 1CI-199,441.
Me

[
NH
S

16
N-Methyl-1-phenyl-2-(pyrrolidin-1-yl)ethan-1-amine (16): To a stirred solution of 9
(244 mg, 0.80 mmol) in anhydrous THF (1 mL) was added lithium aluminum hydride
(128 mg, 3.20 mmol) portion-wise. The mixture was heated under reflux for 36 h and
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cooled to rt. After the addition of water (0.13 mL), 15% aqueous NaOH (0.13 mL), and
then water (0.38 mL), the mixture was filtered through a Celite pad, which was washed
successively with Et2O. The combined filtrate was concentrated in vacuo, and the residue
was purified by column chromatography (EtOAc) to afford the title compound (150 mg,
92%) as a colorless oil: *H NMR: 1.75-1.78 (m, 4H), 2.27 (m, 1H), 2.29 (s, 3H),
2.42-2.48 (m, 3H), 2.60—2.64 (m, 2H), 2.83 (dd, J = 11.0, 12.0, 1H), 3.58 (dd, J = 3.5,
11.0, 1H), 7.22—7.36 (m, SH). 3C NMR: 23.5 (CH,), 34.8 (CH3), 54.1 (CH,), 63.8 (CH),
64.3 (CHy), 127.0 (CH), 127.3 (CH), 128.3 (CH), 142.7 (C). IR (neat) 3325, 2966, 2785,
1492, 1439, 1350, 1219, 1142, 1119, 1049. ESIMS m/z 227 (M + Na), 205 (M + H).
HRMS-ESI (m/z) [M + Na]* calcd for C13H20N2Na 227.1519, found 227.1521. *H and
13C NMR data were identical to those reported previously*’.
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Typical Procedure for Preparation of Imines. N-(2-Propylpentylidene)-p-
toluenesulfonamide (17c): Prepared according to the reported procedure®® as follows: A
mixture of 2-propylpentanal (1.28 g, 10 mmol), p-toluenesulfonamide (1.72 g, 10 mmol)
and sodium p-toluenesulfinate (1.96 g, 11mmol) in formic acid (15 mL) and H2O (20 mL)
was stirred for 48 h at rt. The resulting white precipitate was collected by filtration,
washed with pentane (10 mL), and dissolved in CH.Cl, (100 mL). The solution was
washed rapidly with sat. ag NaHCO3 (70 mL). The organic phase was separated, and the
aqueous phase was extracted with CH2Cl, (70 mL). The combined organic layers were
dried rapidly (Na.SQO4) and filtered, and the solvent was removed in vacuo to yield imine
17¢ (1.9 g, 62%) as a colorless oil: *H NMR: 0.85 (d, J = 7.5, 6H), 1.22-1.27 (m, 6H),
1.48-1.54 (m, 6H), 2.40 (m, 1H), 2.44 (s, 3H), 7.33 (d, J = 8.0, 2H), 7.80 (d, J = 8.0, 2H),
8.42 (d, J=6.5, 1H).

17e
N-Cyclopropylmethylene-p-toluenesulfonamide (17e): White solids (2.12 g, 95%) of
mp 80.0-82.0 °C (hexane/EtOAC): *H NMR: 1.11-1.14 (m, 2H), 1.23-1.29 (m, 2H), 1.93
(m, 1H), 2.43 (s, 3H), 7.33 (d, J = 8.0, 2H), 7.79 (d, J = 8.0, 2H), 7.99 (d, J = 8.5, 1H).
13C NMR: 10.6 (CH), 17.9 (CH>), 21.6 (CHs), 127.8 (CH), 129.7 (CH), 139.1 (C), 144.4
(C), 181.2 (CH).
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N-Cyclobutylmethylene-p-toluenesulfonamide (17f): White solids (2.18 g, 92%) of mp
86.5-87.0 °C (hexane/EtOAC): *H NMR: 1.92 (m, 1H), 2.05 (m, 1H), 2.18-2.25 (m, 4H),
2.44 (s, 3H), 3.35 (m, 1H), 7.34 (d, J = 8.0, 2H), 7.82 (d, J = 8.0, 2H), 8.61 (d, J = 6.0,
1H). 13C NMR: 18.5 (CH,), 21.6 (CH3), 24.8 (CH.), 39.8 (CH), 128.1 (CH), 129.8 (CH),
134.7 (C), 144.6 (C), 179.2 (CH).

1|'s

éN
179

N-Cyclopentylmethylene-p-toluenesulfonamide (17g): White solids (2.21 g, 88%) of
mp 90.0-91.5 °C (hexane/EtOAc): *H NMR: 1.16-1.71 (m, 6H), 1.86-1.91 (m, 2H), 2.44
(s, 3H), 2.89 (m, 1H), 7.33 (d, J = 8.5, 2H), 7.80 (d, J = 8.5, 2H), 8.51 (d, J = 6.0, 1H).
13C NMR: 21.6 (CH3), 25.7 (CHa), 29.5 (CH>), 45.2 (CH), 128.0 (CH), 129.7 (CH), 134.7
(C), 144.6 (C), 180.9 (CH).

Ts

_N

17h
N-Cycloheptylmethylene-p-toluenesulfonamide (17h): White solids (2.01 g, 72%) of
mp 98.0-98.5 °C (hexane/EtOAC): 'H NMR: 1.44-1.58 (m, 8H), 1.65-1.72 (m, 2H),
1.86-1.91 (m, 2H), 2.44 (s, 3H), 2.58 (m, 1H), 7.33 (d, J = 8.0, 2H), 7.80 (d, J = 8.0, 2H),
8.51 (d, J = 5.0, 1H). *C NMR: 21.6 (CHs), 26.1 (CHy), 28.1 (CH>), 29.8 (CH>), 45.2
(CH), 128.0 (CH), 129.7 (CH), 134.7 (C), 144.5 (C), 181.4 (CH).
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trans-N-(4-tert-Butylcyclohexylmethylene)-p-toluenesulfonamide (171): White solids
(1.54 g, 48%) of mp 128-130 °C (hexane/EtOAC): *H NMR: 0.84 (s, 9H), 0.91-1.10 (m,
3H), 1.22-1.30 (m, 2H), 1.86-1.96 (m, 4H), 2.33 (m, 1H), 2.44 (s, 3H), 7.33 (d, J = 8.0,
2H), 7.80 (d, J = 8.0, 2H), 8.47 (d, J = 6.0, 1H). 3C NMR: 21.6 (CHs3), 26.2 (CH,), 27.4
(CH3), 28.9 (CHy), 32.4 (C), 44.0 (CH), 47.3 (CH), 128.0 (CH), 129.8 (CH), 134.8 (C),
144.6 (C), 181.0 (CH).

Typical Procedure for Radical Addition Reaction. 2-Cyclohexyl-2-p-toluenesulfon-
amidoethyl pivalate (20d), and (1RS,3SR)-2-((SR)-3-iodocyclohexyl)- and
(1RS,3SR)- 2-((RS)-3-iodocyclohexyl)-2-p-toluenesulfonamidoethyl pivalate (19d): A
stirring bar and 17d (53mg, 0.2 mmol) were placed in a dry 10-mL test-tube, which was
filled with argon by three-time evacuation-and-refill using an argon balloon. To the flask
were added CH2Cl> (0.4 mL), iodomethyl pivalate 21a (0.10 mL, 0.6 mmol), anda 1.0 M
hexane solution of EtsB (0.6 mL, 0.6 mmol). The argon balloon was replaced with a
NaOH drying tube. The mixture was stirred for 6 h and then concentrated in vacuo. The
resulting residue was purified by column chromatography (hexane/EtOAc 19/1) to afford
19d (7.6 mg, 10%) and a 63:37 mixture of the diastereomers of 20d (66.0 mg, 65%) as
white solids.

OPiv Ts
NH

19d

19d: mp 89.0-90.0 °C (hexane/EtOAc): 'H NMR: 0.85-1.12 (m, 5H), 1.15 (s, 9H), 1.39—
1.76 (m, 6H), 2.41 (s, 3H), 3.30 (m, 1H), 3.83 (dd, J = 4.5, 11.5, 1H), 4.01 (dd, J = 4.5,
11.5, 1H), 5.33 (d, J = 9.0, 1H), 7.28 (d, J = 8.0, 1H), 7.76 (d, J = 8.0, 1H). 3C NMR:
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21.4 (CHg), 25.9 (CHy), 26.9 (CHs3), 28.6 (CH2), 29.0 (CH>), 38.6 (CH), 39.3 (C), 57.2
(CH), 63.6 (CH2), 126.7 (CH), 129.5 (CH), 138.2 (C), 143.1 (C), 178.1 (C). IR (neat):
3290, 2974, 2924, 1713, 1450, 1400, 1327, 1285, 1157, 1088, 1049, 988, 880, 756.
ESIMS m/z: 382 (M + H), 280 (M — PivO). HRMS-ESI (m/z): [M + H]" calcd for
C20H32NO4S, 382.2047; found, 382.2040.

OPiv Ts
BNQ NH

20d

20d (the diastereomeric mixture): IR (neat): 3282, 2970, 2932, 2900, 1724, 1447, 1327,
1285, 1157, 1092, 910, 729. ESIMS m/z: 508 (M + H), 380 (M — 1). Anal. Calcd for
Co0H320NO4SI: C, 47.34; H, 5.96; N, 2.76. Found: C, 47.39; H, 5.83; N, 2.81. The
diastereomeric ratio of 20d was determined by the integral areas of *H NMR signals at
3.85 and 3.77 ppm. The diastereomers were partially separated by preparative TLC
(hexane/EtOACc 4/1) for further characterization.

major 20d: a white solid of mp 107-108 °C (hexane/EtOAc): *H NMR: 0.97 (m, 1H, H6),
1.16 (s, 9H, Piv), 1.25 (m, 1H, H5), 1.54-1.58 (m, 2H, H1 & H2), 1.66 (m, 1H, H5), 1.77
(m, 1H, H4), 1.86 (m, 1H, H6), 2.15 (m, 1H, H2), 2.32 (m, 1H, H4), 2.43 (s, 3H, Ts), 3.33
(m, 1H, Ha), 3.85 (dd, J = 5.0, 11.5, 1H, Hp), 3.93 (m, 1H, H3), 3.96 (dd, J = 5.0, 11.5,
1H, Hp), 5.27 (brs, 1H, NH), 7.32 (d, J = 8.0, 2H, Ts), 7.77 (d, J = 8.0, 2H, Ts). 3C NMR:
21.5 (CHjs, Ts), 26.5 (CHz, C6), 27.0 (CHg, Piv), 27.3 (CH, C3), 27.8 (CHz, C5), 38.7 (C,
Piv), 39.9 (CH2, C4), 41.9 (CH, C1), 42.8 (CHz, C2), 56.2 (CH, Ca), 63.4 (CH, Cp),
126.9 (CH, Ts), 129.9 (CH, Ts), 137.9 (C, Ts), 143.7 (C, Ts), 178.2 (C, Piv).

minor 20d: a white solid of mp 95.5-96.0 °C (hexane/EtOAc): *H NMR: 0.98 (m, 1H,
H6), 1.20 (s, 9H, Piv), 1.34 (m, 1H, H2), 1.41 (m, H, H4), 1.65 (m, 1H, H5), 1.72 (m, 1H,
H5), 1.83 (m, 1H, H6), 1.93 (m, 1H, H2), 2.00 (m, 1H, H4), 2.07 (m, 1H, H1), 2.43 (s,
3H, Ts), 3.36 (m, 1H, Ho), 3.77 (dd, J = 5.0, 11.5, 1H, Hp), 3.93 (dd, J = 4.0, 11.5, 1H,
Hp), 4.69 (br m, 1H, NH), 4.84 (br m, 1H, H3), 7.31 (d, J = 8.0, 2H, Ts), 7.74 (d, J = 8.0,
2H, Ts). *C NMR: 21.5 (CHs, Ts), 22.1 (CHa, C5), 27.2 (CHs, Piv), 27.8 (CH., C6), 34.8
(CH, C3), 35.4 (CH, C1), 35.9 (CH, C4), 38.9 (C, Piv), 39.2 (CH2, C2), 56.6 (CH, Ca),
63.3 (CH2, Cp), 126.9 (CH, Ts), 129.8 (CH, Ts), 138.0 (C, Ts), 143.6 (C, Ts), 178.2 (C,

63



Piv).

OPiv TS
NH

19b

2-(p-Toluenesulfonamido)hexyl pivalate (19b): The typical procedure using 17b in
place of 17d afforded the title compound (48.3 mg, 68%) as a yellow oil: *H NMR: 0.78
(t, J = 7.0, 3H), 1.06-1.14 (m, 2H), 1.16 (s, 9H), 1.18-1.27 (m, 2H), 1.35-1.47 (m, 2H),
2.42 (s, 3H), 3.48 (m, 1H), 3.85 (dd, J = 4.5, 11.5, 1H), 4.00 (dd, J = 4.5, 11.5, 1H), 4.78
(m, 1H), 7.30 (d, J = 8.5, 2H), 7.76 (d, J = 8.5, 2H). °C NMR: 13.7 (CHs), 21.5 (CH3),
22.2 (CHy), 27.1 (CHa), 27.4 (CH), 31.9 (CH>), 38.8 (C), 52.8 (CH), 65.6 (CH>), 126.9
(CH), 129.7 (CH), 138.0 (C), 143.4 (C), 178.2 (C). IR (neat): 3282, 2962, 1732, 1331,
1285, 1161. ESIMS m/z: 356 (M + H). HRMS-ESI (m/z): [M + H]" calcd for C1sH30NO4S,
356.1890; found, 356.1890.

OPiv TS
NH

19e

2-Cyclopropyl-2-(p-toluenesulfonamido)ethyl pivalate (19¢): The typical procedure
using 17e in place of 17d afforded the title compound (46.2 mg, 68%) as a yellow oil: 1H
NMR: 0.02 (m, 1H), 0.21 (m, 1H), 0.35 (m, 1H), 0.49 (m, 1H), 0.81 (m, 1H), 1.19 (s, 9H),
2.43 (s, 3H), 2.83 (m, 1H), 4.00 (dd, J = 5.0, 11.5, 1H), 4.10 (dd, J = 5.0, 11.5, 1H), 4.81
(brs, 1H), 7.31 (d, J = 8.5, 2H), 7.75 (d, J = 8.0, 2H). *C NMR: 3.4 (CH,), 3.7 (CH>),
13.6 (CH), 21.5 (CHs3), 27.1 (CHa), 40.0 (C), 57.6 (CH), 66.2 (CH>), 127.0 (CH), 129.7
(CH), 138.9 (C), 143.4 (C), 178.3 (C). IR (neat): 3672, 3283, 2974, 2901, 1728, 1396,
1330, 1284, 1215, 1161, 1049. ESIMS m/z: 340 (M + H). HRMS-ESI (m/z): [M + H]*
calcd for C17H26NO4S, 340.1577; found, 340.1572.
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2-Cyclobutyl-2-(p-toluenesulfonamido)ethyl pivalate (19f): The typical procedure
using 17f in place of 17d afforded the title compound (50.9 mg, 72%) as a yellow oil: 1H
NMR: 1.17 (s, 9H), 1.54-1.90 (m, 6H), 2.38 (m, 1H), 2.43 (s, 3H), 3.42 (m, 1H), 3.76
(dd, J = 4.0, 11.5, 1H), 3.94 (dd, J = 4.0, 11.5, 1H), 4.54 (d, J = 8.5, 1H), 7.29 (d, J = 8.5,
2H), 7.75 (d, J = 8.5, 2H). 3C NMR: 17.5 (CH,), 21.5 (CHs3), 25.3 (CH>), 27.1 (CHa),
37.0 (CH), 38.8 (C), 57.3 (CH), 64.0 (CH), 126.9 (CH), 129.6 (CH), 138.2 (C), 143.3
(C), 178.2 (C). IR (neat): 3282, 2978, 1735, 1443, 1373, 1334, 1238, 1157, 1045, 756.
ESIMS m/z: 354 (M + H), 252 (M — PivO). HRMS-ESI (m/z): [M + H]" calcd for
C18H2sNO4S, 354.1734; found, 354.1730.

2-Cyclopentyl-2-p-toluenesulfonamidoethyl pivalate (19g) and 2-(3-iodocyclopen-
tyl)-2-p-toluenesulfonamidoethyl pivalate (20g): The typical procedure using 17g in
place of 17d afforded 199 (11.0 mg, 15%) and 20g (74.0 mg, 75%) containing four
diastereomers (dr 38:38:18:6) as colorless oils.

OPiv TS
NH

199

19g: *H NMR: 1.11-1.13 (m, 2H), 1.17 (s, 9H), 1.47-1.67 (m, 6H), 1.92 (m, 1H), 2.42
(s, 3H), 3.35 (m, 1H), 3.81 (dd, J = 3.5, 11.5, 1H), 4.00 (dd, J = 3.5, 11.5, 1H), 4.80 (d, J
=9.0, 1H), 7.29 (d, J = 6.5, 2H), 7.75 (d, J = 6.5, 2H). 13C NMR: 21.5 (CH3), 25.2 (CHy),
27.1 (CHa), 29.4 (CHy), 38.8 (C), 42.0 (CH), 57.1 (CH), 65.3 (CH2), 126.9 (CH), 129.7
(CH), 138.2 (C), 143.4 (C), 178.2 (C). IR (neat): 3286, 2970, 1724, 1450, 1400, 1327,
1285, 1153, 1092, 752. ESIMS m/z: 368 (M + H), 266 (M — PivO). HRMS-ESI (m/z): [M
+ H]" calcd for C19H30NO4S, 368.1890; found, 368.1885.
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20g (the diastereomeric mixture): IR (neat): 3287, 2974, 2901, 1728, 1331, 1161, 1057,
907, 733. ESIMS m/z: 494 (M + H), 366 (M — ). HRMS-ESI (m/z): [M + H]" calcd for
C19H20INOsS, 494.0857; found, 494.0853. The diastereomers were separated to a 62:38
mixture of two less polar diastereomers and an 85:15 mixture of two more polar
diastereomers by preparative TLC (hexane/EtOAc 4/1).

The less polar diastereomers of 20g (dr 62:38): *H NMR: 1.19 (s, 9H, Piv), 1.26-1.43 (m,
1H, H5), 1.69 (m, 1H, H2), 1.85-2.00 (m, 1H, H5), 2.05-2.20 (m, 3H, H2 & H4,), 2.43
(s, 3H, Ts), 2.54 (m, 1H, H1), 3.46 (m, 1H, Ha), 3.74 (dd, J = 4.0, 12.0, 1H, Hp), 3.94
(dd, J = 3.5, 12.0, 0.62H, major Hp), 3.99 (dd, J = 3.5, 12.0, 0.38H, minor Hp), 4.36 (m,
0.38H, minor H3), 4.40 (m, 0.62H, major H3), 4.84 (m, 1H, NH), 7.30 (d, J = 8.0, 2H,
Ts), 7.74 (d, J = 8.0, 2H, Ts). $3C NMR: 21.7 (CHs, Ts), 27.3 (CH3 & CH,, Piv & C5),
27.78 (CH, major C3), 27.82 (CH, minor C3), 39.0 (C, Piv), 39.2 (CH2, major C4), 39.4
(CH2, minor C4), 40.1 (CH, major C1), 40.2 (CH, minor C1), 43.0 (CH2, minor C2), 43.2
(CHz, major C2), 56.3 (CH, major Ca), 56.5 (CH, minor Ca), 65.2 (CH2, Cf), 126.9 (CH,
Ts), 130.0 (CH, Ts), 138.1 (C, Ts), 143.8 (C, Ts), 178.4 (C, Piv). The diastereomeric ratio
was determined by the integral areas of *H NMR signals at 3.94 and 3.99 ppm.

The more polar diastereomers of 20g (dr 85:15): *H NMR: 1.19 (s, 9H, Piv), 1.54 (m, 1H,
H5), 1.68-1.75 (m, 2H, H4 & H5), 2.02-2.10 (m, 3H, H1 & H2,), 2.32 (m, 1H, H4), 2.43
(s, 3H, Ts), 3.46 (m, 1H, Ha), 3.80 (dd, J =4.5, 12.0, 0.85H, major Hp), 3.84 (dd, J = 4.0,
12.0, 0.15H, minor Hp), 3.99-4.13 (m, 2H, Hp and H3), 4.75 (m, 1H, NH), 7.31 (d, J =
8.5,2H, Ts), 7.76 (d, J= 8.5, 2H, Ts). 13C NMR: 21.6 (CHs, Ts), 22.5 (CH, C3), 27.2 (CHs,
Piv), 28.0 (CHz, C5), 38.9 (C, minor Piv), 39.0 (CH>, C4), 39.3 (C, major Piv), 41.1 (CH,
major C1), 41.2 (CH, minor C1), 42.8 (CH2, minor C2), 42.9 (CH2, major C2), 56.2 (CH,
major Ca), 56.7 (CH, minor Ca), 65.0 (CH2, major Cp), 65.1 (CH2, minor Cp), 127.0 (CH,
Ts), 129.9 (CH, Ts), 137.8 (C, Ts), 143.7 (C, Ts), 178.2 (C, Piv). The diastereomeric ratio
was determined by the integral areas of *H NMR signals at 3.80 and 3.84 ppm.

66



OPiv Ts

19h

2-Cycloheptyl-2-p-toluenesulfonamidoethyl pivalate (19h): The typical procedure
using 17h in place of 17d afforded the title compound (54 mg, 68%) as a colorless oil:
'H NMR: 1.15 (s, 9H), 1.25-1.64 (m, 13H), 2.42 (s, 3H), 3.39 (m, 1H), 3.86 (dd, J = 5.0,
12.0, 1H), 3.99 (dd, J = 5.5, 12.0, 1H), 4.63 (m, 1H), 7.29 (d, J = 8.0, 2H), 7.75 (d, J =
8.0, 2H). *C NMR: 21.5 (CHs), 26.5 (CHy), 26.7 (CH_2), 27.1 (CHs), 27.8 (CH>), 28.1
(CHy), 29.7 (CH2), 30.2 (CHy), 38.7 (C), 40.8 (CH), 57.9 (CH), 63.6 (CH2), 126.9 (CH),
129.7 (CH), 138.1 (C), 143.4 (C), 178.3 (C). IR (neat): 2985, 1732, 1373, 1242, 1045,
910, 729. ESIMS m/z: 396 (M + H), 294 (M — PivO). HRMS-ESI (m/z): [M + H]" calcd
for C24H4oNO4S, 396.2203; found, 396.2208.

OPiv TS
NH

;Bu

19i
trans-2-(4-tert-Butylcyclohexyl)-2-p-toluenesulfonamidoethyl pivalate (19i): The
typical procedure using 1i in place of 1d afforded the title compound (55 mg, 63%) as a
white solids of mp 122.5-123.0 °C (hexane/EtOAc): *H NMR: 0.81 (s, 9H), 0.82—0.98
(m, 6H), 1.16 (s, 9H), 1.35 (m, 1H), 1.73-1.78 (m, 2H), 1.85 (m, 1H), 2.42 (s, 3H), 3.28
(m, 1H), 3.80 (dd, J = 4.5, 11.5, 1H), 4.02 (dd, J = 4.5, 11.5, 1H), 4.63 (d, J = 8.0, 1H),
7.29 (d,J=8.0,2H), 7.84 (d, J = 8.0, 2H). 1*C NMR: 21.5 (CH3), 26.9 (CH>), 27.0 (CH>),
27.1 (CHz3), 27.5 (CHa), 29.4 (CH?2), 29.5 (CHy), 32.3 (CH), 38.8 (C), 39.7 (C), 47.7 (CH),
57.4 (CH), 63.8 (CH2), 126.9 (CH), 129.7 (CH), 138.1 (C), 143.4 (C), 178.2 (C). IR
(neat): 3664, 2996, 2885, 1743, 1337. ESIMS m/z: 438 (M + H), 336 (M — PivO). HRMS-
ESI (m/z): [M + H]" calcd for C24H40NO4S, 438.2673; found, 438.2670.
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6-p-Toluenesulfonyl-6-azabicyclo[3.2.1]octan-7-ylmethyl pivalate (22): To a solution
of 20d (253 mg, 0.5 mmol, dr 63:37) in anhydrous THF (2 mL), was added a 1.0 M THF
solution of KOt-Bu (0.5 mL, 0.5 mmol), and the mixture was heated at 40 °C for 4 h.
After cooling to rt, EtOAc and water were added, and the separated aqueous phase was
extracted three times with EtOAc. The combined organic layers were washed with brine,
dried over Na>SOgs, and concentrated. Purification of the resulting residue by column
chromatography (hexane/EtOAc 19/1) gave major 20d (152 mg, 60%) as a white solid of
mp 107-108 °C and the title compound (67 mg, 35%) as a colorless oil: *H NMR: 1.20
(s, 9H), 1.56-1.87 (m, 8H), 2.25 (m, 1H), 2.43 (s, 3H), 3.61 (ddd, J =5.0, 10.5, 10.5, 1H),
4.08 (dd, J =5.0, 5.0), 4.36 (dd, J = 10.5, 10.5, 1H), 4.83 (dd, J = 5.0, 10.5, 1H), 7.33 (d,
J=8.0, 2H), 7.77 (d, J = 8.0, 2H). *C NMR: 18.7 (CH,), 21.5 (CHs), 25.6 (CHy), 27.1
(CH3), 31.4 (CHy), 36.5 (CH>), 36.7 (CH), 38.7 (C), 59.8 (CH), 61.5 (CH), 63.1 (CH>),
127.7 (CH), 129.7 (CH), 134.2 (C), 143.5 (C), 177.9 (C). IR (neat): 3383, 2974, 2901,
1728, 1335, 1157, 1053, 760. ESIMS m/z: 380 (M + H), 278 (M — PivO). HRMS-ESI
(m/z): [M + H]"* calcd for C20H30NO4S, 380.1890; found, 380.1885.

(1RS,5SR,7SR)-6-p-Toluenesulfonyl-6-azabicyclo[3.2.1]octane-7-methanol (23): To a
stirred solution of 22 (190 mg, 0.50 mmol) in MeOH (0.5 mL), was added 2 M ag KOH
(0.5 mL) at rt. After 18 h, the mixture was diluted with water (5 mL) and extracted three
times with EtOAc. The combined organic layers were washed with brine, dried over
Na;SOs, and concentrated in vacuo. The resulting residue was purified by
chromatography (hexane/EtOAc 4/1) to give the title compound (130 mg, 88%) as a
colorless oil: tH NMR: 0.99 (m, 1H, H8q), 1.26 (M, 1H, H84), 1.40-1.47 (m, 2H, H2 &
H4ax), 1.60-1.67 (M, 2H, H2 & H3eq), 1.79 (M, 1H, H3a), 1.88 (M, 1H, Hdeg), 2.26 (brs,
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1H, H1), 2.44 (s, 3H, Ts), 3.47 (dd, J =5.0, 5.0, 1H, H7), 3.79 (dd, J = 2.0, 12.5, 1H, Ha),
4.10 (dd, J =5.0, 5.0, 1H, H5), 4.21 (dd, J = 7.5, 12.5, 1H, He), 7.33 (d, J = 8.0, 2H, Ts),
7.74 (d, J=8.0, 2H, Ts). °C NMR: 19.0 (CH2, C3), 21.5 (CHs, Ts), 25.7 (CHa, C2), 31.7
(CH>, C4), 36.8 (CH2, C8), 38.6 (CH, C1), 60.7 (CH, C5), 63.1 (CH2, Ca), 67.3 (CH, C7),
127.6 (CH, Ts), 129.8 (CH, Ts), 133.8 (C, Ts), 143.7 (C, Ts). IR (neat): 3468, 2970, 2924,
2901, 1339, 1153, 1045, 756. ESIMS m/z: 296 (M + H). HRMS-ESI (m/z): [M + H]*
calcd for CisH22NO3S, 296.1315; found, 296.1310. The relative configuration was
determined by NOESY correlation between the H at the 7-position and the equatorial H
at the 8-position (3.47 and 0.99 ppm, respectively).

(RS)-N-(2-Hydroxy-1-((1SR,3RS)-3-iodocyclohexyl)ethyl)-p-toluenesulfonamide
(24): To a stirred solution of major 4d (253 mg, 0.5 mmol) in MeOH (0.5 mL) was added
2 M aq KOH (0.5 mL) at rt. After 18 h, the mixture was diluted with water (5 mL) and
extracted three times with EtOAc. The combined organic layers were washed with brine,
dried over Na>SOs, and concentrated in vacuo. The resulting residue was purified by
chromatography (hexane/EtOAc 4/1) to give the title compound (195 mg, 92%) as a white
solid of mp 138—139 °C: 'H NMR: 0.87 (m, 1H), 1.25 (m, 1H), 1.53 (m, 1H), 1.62 (m,
1H), 1.75 (m, 1H), 1.82 (m, 1H), 1.85 (m, 1H), 2.14 (d, J = 12.0, 1H), 2.34 (d, J = 12.0,
1H), 2.44 (s, 3H), 3.06 (m, 1H), 3.47 (m, 1H), 3.57 (m, 1H), 3.96 (m, 1H), 4.87 (d, J =
8.5, 1H), 7.32 (d, J = 8.0, 2H), 7.76 (d, J = 8.0, 2H). 3C NMR: 21.6 (CHs3), 26.9 (CH),
27.8 (CHy), 27.9 (CH), 40.0 (CH), 41.4 (CH2), 43.1 (CH2), 59.0 (CH), 62.3 (CH), 127.1
(CH), 129.8 (CH), 137.4 (C), 143.8 (C). IR (neat): 3498, 3275, 2932, 2855, 1447, 1323,
1157, 1092, 760. ESIMS m/z: 424 (M + H), 290 (M — I). HRMS-ESI (m/z): [M + H]"
calcd for C15H23INO3S, 424.0438; found, 424.0430.

Recrystallization from hexane—ethyl acetate gave colorless platelets suitable for X-ray
crystal structural analysis: monoclinic, C 2/c; a = 27.018(3), b = 12.3139(11), ¢ =
10.8335(12); & =90.0, # = 108.789(3), y =90.0; V= 3412.2(6), Z = 8, Dx = 1.648. CCDC-
1029136 contains the supplementary crystallographic data. These data can be obtained
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free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

ORTEP drawing of 24 (50% probability).

70



25b

General Procedure for Preparation of Imines. N-(2-(Phenylethynyl)benzylidene)-
benzenesulfonamide (25b): Prepared according to the reported procedure® as follows:
To a solution of ortho-alkynylbenzaldehyde® (10 mmol) in THF (25 mL), were added
PhSO2NH: (2.04 g, 13.0 mmol) and Ti(OEt)s (3.42 g, 15.0 mmol). The mixture was
stirred for 12 h at room temperature. Then, the reaction was quenched by the addition of
H>O (5 mL), and the whole was filtered through a pad of celite. After the volatiles were
removed under reduced pressure, the residue was diluted with ethyl acetate and washed
with brine. The organic layer was separated, dried over NaSOgs, filtrated, and
concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (CHCIz) to give the title compound (3.18 g, 92%) as a white solid of mp
138—139 °C (hexane/EtOAc): 'H NMR: 7.38-7.43 (m, 4H), 7.52-7.64 (m, 7H), 8.02—
8.05 (m, 2H), 8.17 (dd, J = 1.5, 8.0, 1H), 9.68 (s, 1H). 3C NMR: 97.7 (C), 122.0 (C),
128.2 (CH), 128.4 (CH), 128.51 (CH), 128.55 (CH), 128.7 (CH), 129.2 (CH), 129.3 (CH),
131.8 (CH), 132.7 (C), 132.8 (C), 133.6 (C), 133.4 (CH), 169.0 (CH). IR (neat): 1743,
1446, 1373, 1246. ESIMS m/z: 346 (M + H). HRMS-ESI (m/z): [M + H]* calcd for
C21H16NO2S, 346.0896; found, 346.0883.

25¢c
N-(2-(phenylethynyl)benzylidene)methanesulfonamide (25c): General Procedure,
using MsNH> (1.24 g, 13.1 mmol) in place of PhSO2NH2, gave the title compound (1.95
g, 69%) as a white solid of mp 60—64 °C:*H NMR: 3.17 (s, 3H), 7.38-7.40 (m, 3H), 7.46
(m, 1H), 7.58-7.61 (m, 2H), 7.63 (dd, J = 1.5, 7.5, 1H), 7.67 (dd, J = 1.0, 8.0, 1H), 8.22
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(dd, J = 2.5, 8.0, 1H), 9.74 (s, 1H). 3C NMR: 40.3 (CHs), 97.9 (C), 121.9 (C), 128.3
(CH), 128.55 (CH), 128.62 (CH), 128.70 (CH), 129.3 (CH), 131.82 (CH), 132.8 (CH),
132.4 (C), 132.9 (C), 134.6 (C), 170.5 (CH). IR (neat): 1610, 1585, 1492, 1315, 1276,
1143. ESIMS m/z: 284 (M + H). HRMS-ESI (m/z): [M + H]* calcd for C1sH1aNO3S,
284.0740; found, 284.0729.

Nt
PivO S O
N

29b

Typical Procedure for Radical Addition Reaction. (5,5-Dioxido-12-phenyl-7H-
wbenzo[5,6][1,2]thiazino[3,2-a]isoindol-7-yl)methyl pivalate (29b): A stirring bar and
25b (69 mg, 0.20 mmol) were placed in a dry 10-mL test-tube, which was filled with
argon by three-time evacuation-and-refill using an argon balloon. To the flask were added
CHCI, (1 mL), iodomethyl pivalate (0.10 mL, 0.60 mmol), Cu(OAc)2 (7.2 mg 0.040
mmol), and a 1.0 M hexane solution of EtsB (0.60 mL, 0.60 mmol). The argon balloon
was replaced with a NaOH drying tube. The solution of EtzB (0.20 mL, 0.20 mmol each)
was added every 2 h. After the addition of 1.6 mmol of triethylborane in total, the mixture
was stirred for an additional 3 h (total of 15 h) and concentrated. The resulting residue
was purified by column chromatography (hexane/EtOAc 9/1) to afford the title compound
(59 mg, 64%) as white solids of mp 204—206 °C (hexane/EtOAc): *H NMR: 0.95 (s, 9H),
4.54 (dd, J = 4.0, 11.5, 1H), 4.83 (dd, J = 3.0, 11.5, 1H), 5.91 (dd, J = 3.0, 4.0, 1H), 6.19
(d, J =8.0, 1H), 7.01-7.60 (m, 10H), 8.06 (d, J = 7.5, 1H). *3C NMR: 26.8 (CH3), 38.7
(C), 60.5 (CH), 64.4 (CH2), 114.9 (C), 121.8 (CH), 123.1 (CH), 124.4(CH), 126.4(CH),
127.0 (CH), 128.7 (CH), 129.4 (CH), 129.7 (CH), 130.0 (CH), 131.0 (CH), 131.1 (CH),
132.1(CH), 134.1 (C), 135.0 (C), 135.9 (C), 140.3 (C), 177.6 (C). IR (neat): 1732, 1620,
1585, 1469, 1442, 1327. ESIMS m/z: 460 (M + H), 358 (M — PivO). HRMS-ESI (m/z):
[M + H]" calcd for C27H26NO4S, 460.1577; found, 460.1585. Recrystallization from
hexane—ethyl acetate gave colorless platelets suitable for X-ray crystal structural analysis:
monoclinic, C 2/c; a = 8.451(8), b = 16.265(12), ¢ = 16.746(13); o = 90.0, p = 90.000, y
=90.0; V =2302(3), Z = 4, Dx = 1326.
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(2-Methyl-5,5-dioxido-12-phenyl-7H-benzo[5,6][1,2]thiazino[3,2-a]isoindol-7-
yl)methyl pivalate (29a): The typical procedure using 25a (72 mg, 0.20 mmol) in place
of 25b afforded the title compound as white solids (9.5 mg, 10%) of mp 207-210 °C
(hexane/EtOAc): 'H NMR: 0.96 (s, 9H), 2.32 (s, 3H), 4.52 (dd, J = 4.5, 11.5, 1H), 4.83
(dd, J=3.5,11.5, 1H), 5.88 (dd, J = 3.5, 4.5, 1H), 6.14 (d, J = 8.0, 1H), 6.78 (s, 1H), 7.03
(dd, J = 8.0, 8.0, 1H), 7.23-7.59 (m, 8H), 7.94 (d, J = 8.0, 1H). 3C NMR: 21.8 (CHs),
26.8 (CHgs), 36.6 (C), 60.4 (CH), 64.4 (CH2), 114.9 (C), 121.9 (CH), 123.2 (CH), 124.4
(CH), 126.6 (CH), 127.8 (C), 128.0 (CH), 128.4 (CH), 129.6 (CH), 130.0 (CH), 131.13
(CH), 131.18 (CH), 134.2 (C), 135.2 (C), 136.0 (C), 139.3 (C), 142.9 (C), 187.6 (C). IR
(neat): 1743, 1446, 1373, 1246, 1049. ESIMS m/z: 474 (M + H). HRMS-ESI (m/z): [M
+ H]" calcd for C2sH27NO4S, 474.1734; found, 474.1726.

30c

(E)-(3-Benzylidene-2-(methanesulfonyl)isoindolin-1-yl)methyl pivalate (30c): The
typical procedure using 25c¢ (57 mg, 0.20 mmol) in place of 25b afforded the title
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compound as a pale yellow oil (58 mg, 73%): *H NMR: 1.04 (s, 9H), 2.99 (s, 3H), 4.43
(dd, J=4.0, 11.5, 1H), 4.61 (dd, J = 3.5, 11.5, 1H), 5.38 (dd, J = 3.5, 4.0, 1H), 7.02-7.06
(m, 2H), 7.09 (s, 1H), 7.30-7.42 (m, 7H). 3C NMR: 26.9 (CHs), 35.7 (CHa), 38.7 (C),
64.8 (CH), 66.1 (CH2), 112.6 (CH), 122.9 (CH), 123.9 (CH), 127.4 (CH), 128.2 (CH),
128.7 (CH), 129.0 (CH), 129.3 (CH), 134.1 (C), 135.8 (C), 137.8 (C), 138.8 (C), 177.9
(C). IR (neat): 1734, 1718, 1701, 1465, 1375, 1319, 1242. ESIMS m/z: 422 (M + Na).
HRMS-ESI (m/z): [M + Na]* calcd for C22H2sNNaO4S, 422.1397; found, 422.1398. The
geometrical configuration was determined by NOESY correlation between the vinylic
proton and the methyl proton of the Ms group (7.10 and 2.99 ppm, respectively).

OPiv |\I/|S
NH

32

2-(Methanesulfonamido)-2-phenylethyl pivalate (32): The typical procedure using 25¢
(37 mg, 0.20 mmol) in place of 25b followed by column chromatography (hexane/EtOAc
4/1) afforded the title compound as a pale yellow oil (58 mg, 73%): *H NMR: 1.18 (s,
9H), 2.67 (s, 3H), 4.23 (dd, J = 5.0, 11.5, 1H), 4.34 (dd, J = 7.5, 11.5, 1H), 4.82 (dd, J =
5.0, 7.5, 1H), 5.50 (m, 1H), 7.36-7.41 (m, 5H). 3C NMR: 27.1 (CHs), 38.7 (C), 42.0
(CHs), 57.1 (CH), 66.3 (CH2), 127.0 (CH), 128.6 (CH), 129.0 (CH), 137.4 (C), 178.6 (C).
IR (neat): 3587, 1732, 1716, 1458, 1377, 1242. ESIMS m/z: 300 (M + H), 205 (M —
NHMs). HRMS-ESI (m/z): [M + H]" calcd for C14H22NO4S, 300.1264; found, 300.1267.

O Ph
33
7-Ethyl-12-phenyl-7H-benzo[5,6][1,2]thiazino[3,2-a]isoindole 5,5-dioxide (33): The
typical procedure in THF, instead of CH2Cl,, without addition of iodomethyl pivalate

gave the title compound as a white solids (41 mg, 55%) of mp 184 —-186 °C
(hexane/EtOAC): *H NMR: 0.71 (t, J = 7.0, 3H), 2.10 (m, 1H), 2.47 (m, 1H), 5.85 (dd, J
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= 3.0, 4.5, 1H), 6.17 (d, J = 8.0, 1H), 7.00-7.04 (m, 2H), 7.31-7.04 (m, 9H), 8.04 (d, J =
7.5, 1H). 3C NMR: 7.0 (CHs), 27.3 (CH2), 62.7 (CH), 114.1 (C), 121.8 (CH), 122.4 (CH),
124.5 (CH), 126.2 (CH), 126.7 (CH), 128.1 (CH), 128.5 (CH), 129.3 (CH), 129.7 (CH),
129.9 (CH), 131.2 (CH), 131.3 (CH), 132.0 (C), 133.8 (C), 135.2 (C), 136.0 (C), 141.0
(C), 141.9 (C). IR (neat): 1620, 1585, 1469, 1442, 1323, 1176. ESIMS m/z: 374 (M + H).
HRMS-ESI (m/z): [M + H]* calcd for CasH0NO2S, 374.1209; found, 374.1193.

Ph

34

7-1sopropyl-12-phenyl-7H-benzol[5,6][1,2]thiazino[3,2-a]isoindole 5,5-dioxide (34):
The typical procedure in THF using i-Prl (170 mg, 1.00 mmol) in place of iodomethyl
pivalate gave the title compound as a white solids (37 mg, 48%) of mp 190-192 °C
(hexane/EtOAc): *H NMR: 0.67 (d, J=7.0, 3H), 1.14 (d, J = 7.0, 3H), 2.72 (m, 1H), 5.68
(m, 1H), 6.99-7.04 (m, 2H), 7.36-7.59 (m, 10H), 8.04 (d, J = 7.5, 1H). *3C NMR: 16.1
(CH3), 18.5 (CH3), 33.2 (CH), 66.7 (CH), 114.5 (C), 121.7 (CH), 123.4 (CH), 124.5 (CH),
126.3 (CH), 126.7 (CH), 128.0 (CH), 128.6 (CH), 129.2 (CH), 129.3 (CH), 129.9 (CH),
130.1 (CH), 131.0 (CH), 131.4 (C), 131.9 (C), 134.5 (C), 135.3 (C), 136.0 (C), 141.9 (C).
IR (neat): 1743, 1454, 1377, 1242. ESIMS m/z: 388 (M + H). HRMS-ESI (m/z): [M +
H]" calcd for C24H22NO,S, 388.1366; found, 388.1360.

Preparation of 36

s OP|v |V|S OPiv Ms
N PivOCH, PdCl,-2PPhs 2 mol% NH
Et3B air Cul 1 mol% Ph
Br - Z
CH20I2 EtsN
rt, 15 h 50 °C, 15 h
S1 36
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2-(2-Bromophenyl)-2-(methanesulfonamido)ethyl pivalate (S2): A magnetic stirrer
bar and imine S1% (262 mg, 1.0 mmol) were placed in a dried 30 mL round-bottomed
flask that was capped with an argon balloon. Dichloromethane (1.0 mL) and iodomethyl
pivalate (0.50 mL, 3.0 mmol) was added to the flask at room temperature. To the stirred
solution, was added a 1.0 M hexane solution of triethylborane (3.0 mL, 3.0 mmol), and
the argon balloon was replaced with a NaOH drying tube. The mixture was stirred at room
temperature under ordinary atmosphere, while the soluton of triethylborane (1.0 mL, 1.0
mmol) was added every 2 h. After addition of a total amount of 8.0 mmol of triethylborane,
the mixture was stirred for another 3 h and concentrated. The purification of the resulting
crude material by column chromatography (hexane/ethyl acetate 9/1) gave adduct S2 (360
mg, 90%) as a yellow oil: *H NMR: 1.17 (s, 9H), 2.77 (s, 3H), 4.27 (dd, J = 4.5, 11.5,
1H), 4.41 (dd, J= 7.5, 11.5, 1H), 5.28 (m, 1H), 5.52 (brs, 1H), 7.21 (dd, J= 7.5, 8.0, 1H),
7.37 (dd, J = 7.5, 8.0, 1H), 7.44 (m, 1H), 7.60 (d, J = 8.0, 1H). 3C NMR: 27.1 (CHa),
38.8 (C), 41.8 (CHg), 56.4 (CH), 65.0 (CH2), 122.8 (C), 127.9 (CH), 128.7 (CH), 130.0
(CH), 133.5 (CH), 136.6 (C), 178.6 (C). IR (neat): 2962, 1724, 1477, 1462, 1323, 1284,
1149. ESIMS m/z: 400 (M + Na), 283 (M — NHMs). HRMS-ESI (m/z): [M + H]* calcd
for C14H20BrNNaO4S, 400.0189; found, 400.0182.

OPiv |\|/|S
NH
Ph

Z

36

Prepared according to the reported procedure® as follows: (PhsP)2PdCl, (7.0 mg, 10
umol) and Cul (1.0 mg, 5.3 umol) were added to a solution of S2 (189 mg, 0.50 mmol)
and phenylacetylene (65 pl, 0.59 mmol) in triethylamine (1 mL). The resulting mixture
was heated under an argon atmosphere at 50 °C for 14 h and then allowed to cool to room

temperature. The ammonium salt formed was removed by filtration and the filtrate was
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concentrated in vacuo and purified by column chromatography (hexane/ethyl acetate 9/1)
to give 36 (173 mg, 87%) as a yellow oil: *H NMR: 1.15 (s, 9H), 2.75 (s, 3H), 4.37 (dd,
J=55,11.5, 1H), 4.54 (dd, J = 7.5, 11.5, 1H), 5.33 (m, 1H), 5.68 (d, J = 8.0, 1H), 6.99—
7.04 (m, 9H). 3C NMR: 27.0 (CHa), 38.8 (C), 41.6 (CHs), 55.7 (CH), 65.4 (CH,), 86.2
(C), 95.6 (C), 122.3 (CH), 126.5 (CH), 128.2 (CH), 128.3 (CH), 128.5 (CH), 128.9 (CH),
131.6 (CH), 138.9 (C), 139.9 (C), 141.5(C), 178.6 (C). IR (neat): 2993, 1755, 1446, 1373,
1242, 1049. ESIMS m/z: 422 (M + Na), 305 (M — NHMs). HRMS-ESI (m/z): [M + Na]*
calcd for C22H2sNNaO4S, 422.1397; found, 422.1406.
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DFT &

All the calculations were performed using Gaussian 09W program® at B3LYP/6-
31G(d,p) level of theory. The transition state geometries were verified by vibrational

frequency analysis.

The Transition State TS Ared

Zero-point vibrational energy 832755.6 (Joules/Mol)
199.03337 (Kcal/Mol)

Zero-point correction = 0.317180 (Hartree/Particle)
Thermal correction to Energy = 0.333758
Thermal correction to Enthalpy = 0.334702
Thermal correction to Gibbs Free Energy = 0.271007
Sum of electronic and zero-point Energies =  —1148.499426
Sum of electronic and thermal Energies = —1148.482848
Sum of electronic and thermal Enthalpies = —1148.481904
Sum of electronic and thermal Free Energies = —1148.545599
Energies (UB3LYP) = —1148.81660590

[ PSS
9 ‘;}6g’
f)\*

T
sBPP9
542,

9
Atomic Coordinates (Angstroms)

Type X Y Z
H -3.861759 -0.819771 0.571733
C -3.011619 —0.187648 0.285441
C —2.468051 1.859824 —1.202125
C —1.413237 1.530031 1.066956
C —1.829033 2.547455 0.020708
C —2.521729 0.601194 1.518296
C -3.507657 0.800900 —0.793551
H —1.674620 1.385582 —1.789587
H —0.727557 0.634511 0.380290
H —2.557168 3.238178 0.479207
H -3.357897 1.176341 1.945949
H —4.392868 1.307320 —0.384184
H —2.937157 2.608641 —1.850690
H —0.740932 1.891505 1.847820
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H —0.975745 3.161143
H —2.160065 —0.079276
H —3.854491 0.258566
C —1.892616 —1.183126
H —1.833350 -1.924777
N —0.583271 —0.477492
S 0.688239 —1.300674
O 0.543411 —-1.290791
O 0.840424 —2.588249
C —2.201385 —-1.922750
H —2.195721 —1.238791
H —3.185265 —2.401574
H —1.447224 —2.692731
C 2.067684 —0.235614
C 4.230744 1.370023
C 2.693255 0.498300
C 2.512822 —0.191235
C 3.598612 0.621737
C 3.781935 1.307000
H 2.331354 0.421683
H 2.017391 —0.787123
H 3.955776 0.667755
H 4.280632 1.882326
H 5.078720 1.999500

—0.288887
2.296519
-1.679724
—0.150878
0.657155
—0.291974
0.472601
1.939570
—0.223813
—1.458177
—2.310842
—1.398307
-1.631823
0.046626
—0.597207
1.053766
—1.276695
—1.594696
0.722599
2.072944
—2.035098
—2.618886
1.496589
—0.850407

The Transition State TS Ablue
Zero-point vibrational energy 831675.4 (Joules/Mol)
198.77519 (Kcal/Mol)

Zero-point correction =

Thermal correction to Energy = 0.332479
Thermal correction to Enthalpy = 0.333423
Thermal correction to Gibbs Free Energy = 0.272914
Sum of electronic and zero-point Energies =  —1148.497271
Sum of electronic and thermal Energies = —1148.481560
Sum of electronic and thermal Enthalpies = —1148.480616

Sum of electronic and thermal Free Energies = —1148.541126
Energies (UB3LYP) =
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0.316768 (Hartree/Particle)



Atomic Coordinates (Angstroms)

Type X Y Z
H -3.595699 1.331525 —1.128910
C —2.929387 0.567296 —0.712376
C —2.940765 —1.413655 0.930473
C —1.619925 —1.469064 —1.232771
C -2.297141 —2.294962 —0.156664
C —2.480827 —0.378870 —1.844075
C —-3.730208 —0.236874 0.334275
H —2.147454 —1.036916 1.583468
H —0.785515 —0.640809 —0.673668
H -3.072198 -2.911647 —0.643876
H -3.367845 —0.811870 —2.331072
H —4.640430 —0.613194 —0.153419
H -3.599786 -2.021220 1.561089
H —1.002238 —2.034047 —1.936327
H —1.587515 —2.995631 0.296466
H —1.924194 0.163261 -2.616195
H —4.065738 0.429965 1.138193
C —1.709245 1.338996 —0.094486
H —1.912211 1.487198 0.973381
N —0.441036 0.576895 —0.288982
S 0.577835 0.474281 1.050420
O 0.702257 1.837154 1.593427
O 0.213826 —0.629853 1.956748
C —1.525434 2.716092 —0.745006
H —1.348302 2.615532 —1.820775
H —0.673413 3.232210 —0.297700
H —2.421125 3.328548 —0.593350
C 2.119056 0.019997 0.248142
C 4.516028 —0.669378 —0.959160
C 2.623588 -1.267777 0.423494
C 2.799704 0.974667 -0.511112
C 4.002930 0.621488 —1.117532
C 3.830489 —1.609893 —0.189636
H 2.078120 —1.975839 1.037038
H 2.392376 1.974020 —0.616426
H 4.542747 1.353452 —1.710450
H 4.235365 —2.609027 —0.060836
H 5.455113 —0.939065 —1.433269

The Transition State TS Bred
Zero-point vibrational energy

Zero-point correction =

Thermal correction to Energy =
Thermal correction to Enthalpy =

754466.3 (Joules/Mol)
180.32177 (Kcal/Mol)
0.287361 (Hartree/Particle)
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0.241080
—1109.205170

Thermal correction to Gibbs Free Energy =

Sum of electronic and zero-point Energies =
Sum of electronic and thermal Energies = —1109.189394
Sum of electronic and thermal Enthalpies = —1109.188450
Sum of electronic and thermal Free Energies = —1109.251450

Energies (UB3LYP) = —1109.49253058
LN s
, w3
25 S
72D
354
9 9

Atomic Coordinates (Angstroms)

Type X Y Z
H -2.343070 0.429289 2.107821
C -2.705856 1.012510 1.255786
C —1.629259 1.851248 0.601424
C -2.182041 2.300020 -0.742170
C -3.210780 1.185280 —1.105497
C -3.134308 0.146609 0.050210
H —3.542789 1.638717 1.601291
H -0.870848 0.853023 0.190717
H -1.016676 2.530555 1.195043
H -2.668474 3.281118 -0.652274
H —1.394641 2.407432 —1.495602
H -3.006601 0.739856 -2.081874
H —4.222742 1.599649 —1.152850
H —4.098192 -0.348961 0.204610
C -2.077460 -0.973712 —0.154237
H -2.112704 -1.592104 0.752958
N -0.727605 -0.350698 -0.310699
S 0.460960 -1.111817 0.628865
O 0.263818 —0.854563 2.066668
o 0.554989 -2.501822 0.154455
C -2.355722 —1.878960 -1.359720
H -2.284608 —1.324693 -2.299295
H -3.359823 -2.310498 —1.281593
H —1.626944 -2.691375 -1.386131
C 1.921513 -0.212894 0.102745
C 4.202439 1.143767 —0.689559
C 2.440904 -0.441456 —1.173659
C 2.530090 0.671507 0.992564
C 3.678576 1.353459 0.586764
C 3.586202 0.247192 —-1.567451
H 1.957149 —1.150026 —1.836677
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H 2.109083 0.806372 1.982556
H 4.164915 2.043314 1.269622
H 4.001789 0.080646 —2.556499
H 5.096817 1.675293 —1.000961

The Transition State TS Bblue

Zero-point vibrational energy 754984.5 (Joules/Mol)
180.44564 (Kcal/Mol)

Zero-point correction = 0.287558 (Hartree/Particle)

Thermal correction to Energy = 0.303167

Thermal correction to Enthalpy = 0.304111

Thermal correction to Gibbs Free Energy = 0.242614

Sum of electronic and zero-point Energies =  —1109.204376

Sum of electronic and thermal Energies = —1109.188767

Sum of electronic and thermal Enthalpies = —1109.187823

Sum of electronic and thermal Free Energies = —1109.249320

Energies (UB3LYP) = —1109.49193417

)
29d -
Jd ‘
9 f; *
2939
¥ B
Atomic Coordinates (Angstroms)
Type X Y Z

H —2.440606 —0.073921 —2.470453
C —2.753973 —0.724608 —1.648408
C —1.650694 —1.628164 —1.130344
C —2.145555 —2.199679 0.186959
C -3.129159 —1.110444 0.712698
C -3.113643 0.026745 —0.349297
H -3.611534 —-1.317401 —2.001548
H —0.855838 —0.645123 —0.773690
H -1.091124 —2.262861 —1.819845
H —2.656228 —-3.158041 0.017217
H —1.330211 —2.387619 0.890429
H —2.832715 —0.745905 1.699627
H —4.141939 —1.515254 0.805197
H —4.082899 0.532127 —0.406895
C —2.042770 1.115785 —0.043113
H -2.134014 1.374199 1.018841
N —0.673365 0.585391 -0.327621
S 0.358620 0.553705 1.005606
O 0.440680 1.939396 1.495454
O 0.028536 —0.515799 1.967050
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C —2.235200 2.394489 —0.863896
H —2.147553 2.196405 —1.936529
H —1.474465 3.129072 —0.589405
H —-3.222200 2.828665 —0.669514
C 1.900094 0.105788 0.203390
C 4.326581 —0.550166 —0.962512
C 2.568814 —1.043126 0.623956
C 2.429629 0.940089 —0.784507
C 3.647441 0.602001 —1.370103
C 3.790572 —1.368896 0.031962
H 2.131649 —1.659909 1.400989
H 1.891255 1.830810 —1.088084
H 4.069024 1.238247 —2.142207
H 4.321720 —2.260765 0.349985
H 5.276755 —0.807414 —1.421200

The Transition State for the 1,4-Hydrogen Abstraction of A

Zero-point vibrational energy 832754.3 (Joules/Mol)
199.03305 (Kcal/Mol)
Zero-point correction = 0.317179 (Hartree/Particle)
Thermal correction to Energy = 0.334014
Thermal correction to Enthalpy = 0.334958
Thermal correction to Gibbs Free Energy = 0.270429
Sum of electronic and zero-point Energies =  —1148.493491
Sum of electronic and thermal Energies = —1148.476657
Sum of electronic and thermal Enthalpies = —1148.475712
Sum of electronic and thermal Free Energies = —1148.540241
Energies (UB3LYP) = —1148.81067017
®

Jé\?.)

Atomic Coordinates (Angstroms)

Type X Y Z
C 1.775442 -1.051621 -1.073802
H 0.577531 -0.520639 -0.816712
C 2.405228 0.346966 —1.128744
H 2.251285 0.752718 -2.136701
C 1.538480 1.207433 —0.169449
N 0.166059 0.669683 -0.433248
S —-0.820793 0.560572 0.934863
@) -0.344667 -0.475129 1.870571
@) —1.020321 1.933080 1.427962
C 3.917298 0.338235 —0.824445
H 4272274 1.365579 -0.674604
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H 1.687547 —1.560893
H 4.443465 —0.038412
C 4.291033 —0.544072
H 3.902243 —0.105946
H 5.381875 —0.571289
C 2.196136 —1.941380
H 1.765622 —1.570874
H 1.807458 —2.955053
C 3.736258 —1.965593
H 4.181863 —2.437188
H 4.012808 —2.585182
H 1.844003 1.008433
C 1.592526 2.710039
H 2.617130 3.079241
H 0.949286 3.247548
H 1.258692 2.927555
C —2.346067 —0.024344
C —4.716189 —0.917773
C —2.744850 —1.342862
C -3.117602 0.860627
C —4.307149 0.403870
C —3.939857 —1.787594
H —2.128707 —1.994325
H —2.790109 1.885437
H —4.917861 1.079509
H —4.264664 —2.810952
H —5.645698 —1.267396

—2.036855
-1.711610
0.377292
1.306052
0.483699
0.079488
1.018415
—0.064323
0.219831
—0.666991
1.080740
0.866730
—0.435246
—0.316996
0.264088
—1.454585
0.195154
—0.924306
0.410872
—0.561549
—1.124722
—0.157300
1.020336
—0.696660
—1.715649
0.003671
—1.363816

The Transition State for the 1,4-Hydrogen Abstraction of B

Zero-point vibrational energy 754486.8 (Joules/Mol)
180.32666 (Kcal/Mol)

Zero-point correction =

Thermal correction to Energy = 0.303317
Thermal correction to Enthalpy = 0.304261
Thermal correction to Gibbs Free Energy = 0.240751
Sum of electronic and zero-point Energies =  —1109.200681

Sum of electronic and thermal Energies = —1109.184733
Sum of electronic and thermal Enthalpies = —1109.183789
Sum of electronic and thermal Free Energies = —1109.247299
Energies (UB3LYP) =

—1109.48805021

0.287369 (Hartree/Particle)



Atomic Coordinates (Angstroms)

Type X Y Z
C 1.987496 —1.081115 —1.285298
H 0.848634 —0.543199 —0.905233
C 2.797632 0.201966 -1.011127
H 3.125757 0.686299 —1.936771
C 1.847405 1.167613 —0.229167
N 0.466857 0.637851 —0.484309
S —0.464262 0.459685 0.915841
O 0.004791 —0.671236 1.737994
O —0.569846 1.796306 1.523112
C 3.986570 —0.286695 —0.155507
H 4.398169 0.502566 0.483569
H 1.775101 —1.345648 —2.323114
H 4.797071 —0.629989 —0.810272
C 3.412113 —1.474803 0.641343
H 2.817117 —1.115054 1.487128
C 2.486464 —2.188581 —0.366840
H 1.674021 —2.736456 0.122482
H 3.048282 -2.922976 —0.962211
H 4.189206 —2.132565 1.041881
H 2.094275 1.102643 0.837680
C 1.932647 2.627558 —0.665486
H 2.954913 3.000390 —0.534699
H 1.259766 3.246451 —0.067500
H 1.657938 2.729081 —1.720213
C —2.049983 0.005610 0.212115
C —4.515542 —0.687203 —0.842125
C —2.512236 —1.300859 0.365940
C —2.804383 0.976718 —0.450287
C —4.042258 0.620886 —0.981102
C -3.755065 —1.644191 —0.168985
H —1.906643 -2.021710 0.903521
H —2.426536 1.989145 —0.539205
H —4.640285 1.364368 —1.498979
H —4.129000 —2.657060 —0.055107
H —5.482320 —0.958203 —1.255951
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