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p para
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S secondary
t, tert tertiary
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Ac acethyl
Am amyl
Bn benzyl
Boc t-butoxycarbonyl
Bu butyl
Cy cyclohexyl
Et ethyl
Hex hexyl
Me methyl
MOM methoxymethyl
Ms methanesulfonyl
Ph phenyl
PMB p-methoxybenzyl
Pr propyl
SEM 2-(trimethylsilyl)ethoxymethyl
Tf trifuloromethanesulfonyl
TMS trimethylsilyl
tol tolyl
Ts p-toluenesulfonyl

et IR DO

AIBN 2,2’-azobisisobutyronitrile
BINAP 2,2’-bis(diphenylphosphino)-1,1’-binaphtyl
dba dibenzylideneacetone

DME 1,2-dimethoxyethane
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Figure 1. Carbazole alkaloids
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Scheme 1. Fe /Mo mediated synthesis
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Scheme 2. Pd mediated synthesis
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Scheme 3. Reductive cyclization of 2-nitrobiphenyl with P(OEt);

5

§2 4a-4b (LRI TERALT D HIE

VT YT IS LT 20 Pd & VD 5IE i BB EIRIC T LN
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Scheme 4. Pd mediated cyclization of diarylamine
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Scheme 5. Radical cyclization
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Scheme 6. Electrocyclic reaction
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Scheme 7. Cyclization of B-ketosulfoxide
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Scheme 8. Nucleophilic reaction of 2-methylindole derivative
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Scheme 9. Electrocyclic reaction
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Scheme 10. Déts reaction
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Scheme 11. Cyclization using Vilsmeier reagent
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Me
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Scheme 12. Cyclization of 1,4-diketone
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Scheme 13. Cyclization of 3-oxoindole
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Scheme 14. Fischer indole synthesis
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Scheme 15. Diels-Alder reaction
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N-TU—=AT I T 7A 7 I NGBV TEHERLEMIETH D, £
LEET D HEE LTL, BT I RIS, #iZ V% Ullmann LD 7~ 7
Vo TR, XUV A U EITAX ~DT 2 OISR EN S 5, Loy LEIGIT
EREZETLHZERCBEINETHL LR EORENRH . L0 FEHRZ TFEORREN
EENTWZ, TARRH, 1983 FFIT/MZ, FH B 11X Pd fitii77E T, PhBr & BusSnNEf,
EDH TN TRIGICE Y PINEL BNERKTE D 2 & 284 L 7= (Scheme 16)*7,

PdClz[P(O'tODg]Z
BusSnNEt, + PhBr » PhNEt, + BuzSnBr
toluene, 100 °C, 81%

Scheme 16. Coupling reaction of PhBr with Bu;SnNEt,

CORSITRNTART I REAKT 22T, 7Arasvhni=anih 73/
. TN ax T EEAET D ABr ICHEMNFHETH L0, 2 7 I oI
ARXT I ROHBARINEE G52 H RIS T o7z,

Z D% 1995 ££|{Z Buchwald®™?, Hartwig”™ b3 Z N EHIMSEIC, X X &b K
Jin St % WL L 7= (Scheme 17), Z #17% Buchwald-Hartwig N-arylation i~ D R CTH 5,
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' \_ PdClz[P(O'tOI)g]z _ \\— '
HNRR' + @75[‘ > QNRR

base
R" = alkyl, phenacyl, amino, alkoxy

base = NaO'Bu, LHMDS
Scheme 17. Buchwald-Hartwig N-arylation reaction
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a) P(o-tol)3-ligated palladium complexes b) bis(phosphine)-ligated palladium complexes
Figure 2. Catalytic cycle
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SNTWD P, ZORIGIT MRS TH DM, Eb0 225 2 & TIREDIK 8
Mgt LT %,

1) benzene

Pd(dba), + 2 P(o-tol); ———— Pd[P(o-tol)3],
2) Et,0 8

Scheme 18. Formation of Pd-ligand complex 8

20 87 ArBr &S L R 9 MBS, WEIT T TR 9 TIFET 5
T L DHED BTV B 2 EREHIA NI PAL, 8 I\ ELEERE = 5 O Cld /e < . Scheme 19
IORT W TN — RMZEY, PALICEZ A EEbh TV

Ar
L=P(otol)3 |-pg{ —» Arjpijr‘Pd'L

S:solve)n{(( Br Y Br’ Ar
9
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=Pd-L == 1—pd 2L "Npg s g
L

Ar  Br
l—Pd—(ArBry— Pd" —> 9
L

Scheme 19. Oxidative addition
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§2 Pd 7 I FESROTEH
TREBEIR O N RE & T S L RS LT S v DEMT L 72 Pd 84 10 & 4 U 5 (Scheme
20y, Pd IZECAZT % Z & T N-H bond DOEEPEREA B3V | J#E Y] 722 1 H (NaO'Bu,

LHMDS)IZ L it 7= b ofb&ng ko722 30,

A, Br. L 2HNRR RRHN_ Ar pase RRN_ AT
Pd_ Pd, ———— Pd] ——— P —
L Br® Ar Br L THF-dg Br’ L
9 10
RRN_ A
“Pd? " L. ANRR+ PdL,
L fast L = P(o-tol)3
11

Scheme 20. Formation of Pd-amido complex

LiOBu (I G < \KOBu 1F Pd & RIEMEALT B 729D NS Z E N TEZR,
F1E2BMOT VXY RiL ArX O53f#(Scheme 2D)25E Z 572 DIZHWD Z &3

T B0,
H
] R
Ar—Pd-X + R,CHONa—= Ar—Pd-O TRR — ArH + pPd + O=<
R
Scheme 21. Decomposition of Pd complex

—J U H 2 K& LTDPPF %, HEE LT NaOBu WAL, RUSHEE S B 72
5o NaOBu (LB U H Y REHBMAEICH Y, OBIZT 2 v olidhr, 7 a kvl
NEZ D EEZ BIL TV S (Scheme 22), Hartwig HiX 12 AL, £ 227 2 &0
ZHZETNTIV—AT IVRERTELZ EERELTNDE Y,

'Buy 'Bu ‘Bu

dppf)Pd ——  (dppfHPd’ —
(dpphPd. NaOBL @PPOPA e, THNRR (dppfPd,

12
Scheme 22. Formation of Pd(dppf)-amido complex
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§3  EICHIMEE 205

T LB X BB ECAL O U AT R (PPhs X2 P(o-tol)s) & AW 7235 401% 3 Bhr £ 714 4
BOAZ O PAADEER D 2 FERLNALD U 4 K(DPPF <° BINAP)Z i\ 72356013 4 BAL D
PAIDSERN S, FNFENEBZ 2 389 7 I o oRE DB RKEVIZE, £72 Ar Ok
B NIBREWVFEIMHEENS 2D, £ H o FEEE< . EF RN NSVIE
LR IT LR A e+ 5 2,

HITHIDLEEC X 0 AR DD KOS E BRI, B U NUBESR -5 2 &
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N0 IERIK T ORIK & 72 5 (Scheme 23), £7-NJRFOafiiZlxZ7 V7T 2H(T 5
T UOEA, HFMENMIE T T 22NN H 5,

R, ],R E" . R"
H N — . N_R
PdNpe <————— L=Pd" ¥ Ar”
/ 1~ ArR" P hydride \, R reductive \‘R’/
/ elimination ' elimination
R'<_R
X
AH <— pdl R
L Ar
(R\er> N Ry R R R
e ool T g R AR
I “ArR" g hydride \ R reductive &
Ar elimination

elimination

Scheme 23. Reductive elimination and B-hydride elimination

HH RS

§1 H—MRYUBTF

Table 1. N-arylation reaction with Pd-P(0-tol);
5 mol% PdCI,[P(o-tol)3],

HNRR' + ArBr . > ArNRR'
1.5 eq base, toluene, 100 °C
run amine ArBr base product yield(%)

1 HN O @— t Ph@NmO 86
( NaO Bu .
2 HN ) O LHMDS Bu@—N > 89
0
3 HN X ] Q—Br Nao'Bu Q—NCXO] 81

MeO MeO

Me
N~(CH,),Ph
(CH)Ph
o)
5 H,NCgH,3 }—@ NaO'Bu Ph}‘—QNHCeHm 72
@ LHMDS BUONHCGng

1995 4, Buchwald & Hartwig |3, filiiE & L T PACI,[P(0-tol)3], & 7= 1% Pd,(dba)s+P(0-tol)s,
ik & L CNaO'Bu £721Z LHMDS # iV 5 = & T AXE WS Z & 72 < N-arylation

~

8

N
N

6 H,NBu
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FOSHHELTS 5 2 & &2 R L= (Table )™, PAICENZL7=T7 S omnb 7o b kgl &
WL Tewlz, MEEEHWZZ EREERFA L R Tholo W25,

5% H D ArBr EEIIIE 2 #k 7 2 AT B OGT D 3 (runs 1-4) . 18T
T icﬁ%*’%%%ﬁﬁ‘é ArBr & DA T S (run 5), BTG5 AE AT 5 ArBr &
W56 13 ArH 23 £ & 72 5 (tun 6),

§2 H _MHRUBTR

P(0-tol); IZ N-arylation KJSIZHZTH 722, — B OEE TILECHINEEL Y LB
b FU RBEEAHEIT LT L% -7, Buchwald®*” & Hartwig™? 13 Z 4L & O RIEAS )4
BN 7 CTd D BINAP X° DPPF Z W5 Z L CRRIRCE 2 L2 RA LT, Zhbd
U B RIZ RN TH 5 7 OSSR EE < 720 Rl RS 5,
FEAREEREAT I PASEADAEREZECIZSWVWENI AT v v H D,

Table 2 |24k & 73 " JERAL % bl U 7= Buchwald 512 X 25 54 79 2P, BINAP
DOAEIMENRE < . ICED K S EV, DPPF (L& et 2 REd 523, 7U L— 3
YR 2EEZ o7 kA 15 < AT D, EOMO RN TIXA R TIER,

Table 2. N-arylation reaction with Pd-bidentate ligand system
1 mol% sz(dba)g

Me Br
3 mol% ligand
\Q/ 4+ HexNH, J Ve \©/
1.1 eq. NaO'Bu

Me toluene, 80 °C

13R=H
15R= -§
Me

ligand  conversion (time) 13/14 13/15 Yield of 13

BINAP 100% (2h) 40/1 39/1 88%
DPPF 100% (3h)  13.2/1 2.2/1 54%
P(o-tol)3 88% (22h) 15/1 7.6/1 35%
DPPE 7% (6h) 1/5.4

DPPP >2% (6h)

DPPB 18% (3h) 1/1.6

PPh,
@[ 229% (12h) 25/1 10/1
PPh,

Table 312 1 #&7 I v I2%F L BINAP # AW 7=l % 753 39, Bk, k5o
W E AT D ArBr b BIFIZ 6T 5 (runs 1-3), 01T [EHIL 2 5O % 5 V) ArBr <,
N R DofLICEBRIEEZHT 57 I ThHho THIGHEITT S (runs 4, 5), ArNH, b
REWIIGET X > & [RIERIZ OG5 (run 6),
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Table 3. N-arylation reaction with Pd-BINAP

Pd,(dba)s, BINAP
RNH, + ArBr >  RNHAr

NaOtBu, toluene

run  RNH, ArBr  mol% of Pd temp(°C) time(h) vyield(%)
Me
1 HexNH, er 0.5 80 2 88
Me
2 HexNH,  NC )-Br 005 80 15 97
Me

3 HexNH, MeoGBr 0.5 80 6 95

H,N
4 PN Bu{ B 2 100 18 79

Me Me
Me
5  BnNH, er 0.5 100 18 87
Me
6 PhNH,  'Bu— )-Br 05 80 19 94

BINAP (X 1 #k 7 X NZIXBEZN TH o720, 28k 7T 2 A% L CIE % O B & 23 5k
VN (Table 4)P%, BRIR 27 2 X RAFRIGRICTRIST 2 b D0, FEBRIRT 2 VDK
BNEH £ D HwE STV,

Table 4. N-arylation of secondary amine with Pd-BINAP
Pd,(dba)s, BINAP

RR'NH + ArBr > ANRR'
NaO'Bu, toluene, 80 °C
run  RR'NH ArBr mol% Pd time(h) yield(%)
OMe
1 MePhNH @ 0.5 29 75
Br
Me
HN  NMe J@[ 2 15 98
2 — Me Br
t
Bu
3 HNJ @ 0.5 20 83
Br
t
— Bu
4 HN © @ 0.5 22 93
— Br

N T DoNIZFx T VT 4 ZFFOT I 2k LT P(o-tol); WD & HFHHE D
KT Z 525, BINAP Z JHW 2 3A1TK T L7232V *(Scheme 24), ZHuix ) A K
D& E S D BMHAIC LI 2 A 2 v DREERE S < 728 T 5 (Scheme 23 2R,
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Me,
Me Pd,(dba)s, ligand 7—Ph
: + PhOBr > Ph‘@’NH
H,N"Ph NaO'Bu, toluene,
99% ee 70-100°C 60% vyield, 70% ee using P(o-tol);
86% vyield, 99% ee using rac.-BINAP

Scheme 24. N-arylation reaction of optical active amine

TurEEY U ED AtX ORJGIZ Po-tol)s VT RELTHWS & Rz
Bis(pyridine)Pd &% 4 U T HBIM A F H 1172\, BINAP X° DPPF # H\\ % & Z D
EE DT, RIEMEA PA SRR UL < 220 . ROSAHEFTT % (Scheme 25)*,

Pd,(dba)s A X__ P(o-tol A=
ArX ——> e spa O o /NP )
P(o-tal); (o-tol)3P X Ar Ny — )I< \

J

2 mol% Pd,(dba); R

R Br 4 molo% BINAP N.
N+ [ liads - O/ Me
Me N NaO'Bu, toluene, 70 °C N®
R = Ph (12h, 86%)
Bn ( 4h, 77%)

Scheme 25. Coupling reaction of bromopyridine

§3 FE-MHRU TR
1997 45, FHH 51X PCys Z W5 E KSTEDZ LW ArCl D v 77V o 7 ROG ST
3% = & & F R L 7= (Scheme 26)°,

—\ Pd(PC Cl /\
MeOCI + HN  NMe— (PCY3):Cly - Me—@—N NMe
s NaO'Bu, toluene, 120 °C, 76% f—

Pd(PCy;),Cl
oot o) rarar e e we )
NaO'Bu, toluene, 120 °C, 54% Me

Scheme 26. N-arylation reaction with Pd-PCys;

F 77 1998 FE 12 LA B 1 PtBU3 NT V=T D N-arylation}iﬁl‘?\@ V7 REL
THHTH D Z L& Liz(Scheme 27)"7,

0.025 1% Pd(OA
Me mol% Pd(OAc);, Me 9995 (P'BuS)

0.1 mol% ligand
@—Br + HN . > QN 18% (BINAP)
NaO'Bu, o-xylene, 120 °C, 3h

5% (P(o-tol)3)
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Scheme 27. N-arylation reaction with Pd-P'Bus
N OMERENEmE < BFEROEWT VX IVRAT 4 U T RIZiE
ANEED L9 -7-, T D% Buchwald 513 16923, Hartwig 51 17, 18, 19%
ME VIR 72 ) T RTH D Z & &HE L7 (Scheme 28),

Pd,(dba)s, ligand 16
Me@Br + Bu,NH > MeONBuz

NaO'Bu, DME, r.t., 96%

Pd,(dba)s, ligand 93% (ligand 17)
Me Cl + PhNH, > MeONHPh 99% (ligand 18)
NaO'Bu, toluene, 110 °C 96% (ligand 19)

| PCy, !

| @—P Buy @—< @—< |

| O O Fe" PPh2 Y2 Fe PCy Y2 ;

; @—P Bu, & Y.\ |

! MezN !

16 17 18 19

Scheme 28. N-arylation reaction with 16, 17, 18, 19

IIHDUH Y RIXEAICGRENE W OIS a2 ET 5, FomE I H
[EMEZ2 b C o % PAL DIZEL & . ZITHINEE A R ES 5,

LLF C1% Buchwald ORFZE 2\ T\ Ol AED R SN2 2- P T L F LR A 7
4 T 2= VBT RE L THWEGZHRDISHEITT 5,

2-(di-tert-butylphosphino)biphenyl 20 % % & ArCl Toh > T H =R TR EITT
%(Table 5), E Kok, EFMLEEOWTNE AT D5 ArCl bEIGT 228, TXTO
7 XU EERTRIGT DT TIEAR W, 1213 hexylamine & 3-chloroanisole & @ i
IRINETH H(un 10), F72 1T I EZHWESGEILIBINAP 2 U T RE L7
AR, TV L=y a UREIT LA £ < AT DT OIEPME T T 5
(runs 4, 6, 7),

FERB TGS E L7202, MIERTH D NaOBu BUETH D, TDI=,
BT WIS 2 E R,

2-TTIVHRNIRAT 4 ) BT 2=V EAWARINIRENTDHZ LIk~ TED
WA K E RN 5 (Table 6)°, 7L LTE, 2 axater =V UFEES
NEMAIR 1T 2 > BRIk 2867 2 >, BINAP TIIUGOEIT LW T U — L7 2
WS ENHKRD, ETE=TEMETHLIN Y T ) A IR, X
VT x ) RIS RIGT B (runs 10, 12), SEAEEDRKEWT I =0 ArClL IS
LCHEH TE D(runs 6, 7, 13), AEAIE 1 7 2 ORIGIEIR TITo 72 & 212X
TV L—va YBREIT LTAEE R HSRIZ < A0 | IR BT S,
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Table 5. N-arylation reaction at rt. Table 6. N-arylation reaction at 80 °C

Pd(OAc),, ligand 20 Pd(OAc),, ligand 20
RR'NH 4 ArCl t > ANRR  RR'NH + ArCl > ANRR'
NaO'Bu, toluene, r.t. NaO'Bu, toluene, 80 °C
, Pd time yield , Pd time yield
run  RR'NH ACE o () (%) run  RR'NH ArCl mol% (h) (%)
1 MePhNH 1 19 98 1 EtPhNH 05 18 93
2 HN O Me 1 20 94 2  HN © 05 4 93
s @\ / Me
3 BuNH Cl 2 18 81 3 BnNH, Qu 05 5 89
4  BnNH,1 5 18 78 4 Ph,NH 05 12 90
_________________________________________________________________________ Me *
5 @ 05 25 90
5 HN O 1 15 86 e NH e
/ NC " OMe 1
6  HexNH, @ 51 17 71 6 @ Me 05° 25 97
Cl NH>
7 Me@ 51 16 78 OEt Me” ~2C|
NH 72 HNTY 05 15 100
e e OEt
—~ MeO_~ T
8 HN O U 2 20 9 8 HN ] wmeo 1 23 92
MeO cl MeO @q *1
9 sBUNH, [ 5 20 92 @NH 05" 8 94
Meo CI .............................................................................
Ph OMe
10 HexNH, 0 5 18 19 10 N @ 05! 25 o1
OMe H,N" Ph cl
11 BnNH, @CI 1 14 99 ViR "
11 @ oMe 05t 25 95
*1 Pd,(dba)z was used. Pr'\lle @\
.' : ) 12 HN=  MeO Cl 1% 18 99
: PBu PCy2  t P e
i i 13 QNHZ Q.q 4t 20 73
20 21 5 'Pr Me

- ! *1 Pd,(dba)z was used.
*2 The reaction was conducted at 100 °C.

*3 21 was used as a ligand.

TR = e i PHIKIZH WEBA AT 5 ArCLIE, B E LT KPOs &
WD Z LT, RSEEITSE S Z L2 TE 5 (Scheme 29)°,

NC Cl Pd,(dba)s, ligand 21 NC NHBnN
BnNH, + > \©/

KsPO,, DME, 100 °C, 80%

MeO O,N Pd,(dba)s, ligand 21 MGOO\ /©/N02
\©\ N \©\ KaPOy, DME, 100 °C, 91% N
NH, cl N

Scheme 29. N-arylation reaction with K;PO4
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e EIA A4 5 ArOTf O —#E NaOBu & V5 Z & THIRIC TG ESE S 2
ENTE D Lo LEFREIZEEZAET D ArOTE 12 NaOBu & i Loy fiEs 5, &
TRBIEZFT D ArOTf OHE X, FHELTH D KPO, & V5 2 & TRAFIZNIG
NHELTT D0, B )T 2 EEH B 5 (Scheme 30),

-

. ! PIBUZ !

Pd,(dba)s, ligand 20 7\

NH +TfOO > O N OMe | O O i
NaOtBu, toluene, r.t.,, 81%

| 20 '

Pd,(dba)s, ligand 20 7\
NH +Tf0—®— > 0 N ‘Bu
KsPO,, DME, 80 °C, 92%

Scheme 30. Couping reaction of ArOTf

2-(di-tert-butylphosphino)biphenyl 20 |% Arl Z W57 U L—3 3 Z1dE LT
VY, Arl 1% 2-(dicyclohexylphosphino)biphenyl 21 & FHV % D A3 X\ (Scheme 31) **9,

o ~

Pd(OAc),, ligand trace (ligand 20)
©\ + EtNH : > ©\ 85% (ligand 21) | i
| NEt, | i

NaO'Bu, toluene, 80 °C

Scheme 31. Coupling reaction of Arl
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% =% Double N-arylation IstZ K5 /v 3 — L& RkiE

2003 4, BT S 3BT 72 72 v — L ERkiE & LT, double N-arylation KOG X 5
FEEZRE LYY, Z1iE Buchwald-Hartwig N-arylation S itnZ, —#k7 I v & 2.2°-
Da AR T 2= v Dy TV T RISICISHT A2 T, —EIZ 2 Fo
N-arylation S b & AT S, HANY — L A2 BT HFETH S,

Pd,(dba Bu P
NaO'Bu, toluene, 80 °C
BrBr
R = H (86%)
R = OMe (92%)

Pd,(dba)s, BINAP
Cs,COg3, toluene, 100 °C

BrBr 84%

R R

— <
Pd,(dba BuP R R
NaO'Bu, toluene, 80 °C
Br Br
R = Me (53%)

R = OMe (76%)

Pd,(dba)s, BusP  F CCF
PSRN @S @ L L LS
NaOtBu, toluene, 80 °C

Il 73%

Scheme 32. Double N-arylation reaction

BRI, EEOWTNERTLHEBRT I b BERIERICTRIS L, BL
NS =N b5 25, FEATFNHERA MX VI, N IAA e 2T VEERET LU
0 e = BAFCKIGT S (Scheme 32), ZEHLD B VXY — )L % NLE BEMERE
HBEUDHZERSART DI ENRHKD =D, EFITHERRGIETHDLENZD,

LOLHWD ZEDOHRDT I VIFEBET I T THY  BIET I TH D
octylamine DA ITIRINE TH 5 &4 L TV H(Scheme 33),

19



Pd,(dba)s, ‘BusP
Bri NaO'Bu, toluene, 80 °C N
rBr !
28% "CgH17

Scheme 33. Double N-arylation reaction of octylamine

F 72 BFIEF © 13 double N-arylation SUGZ K D A /b3 — LGl A (BoeNH (2 L.
L= DGR AER L TW5 (Scheme 34) 4%,

BOCNH2
CO,Me COZMe sz(dba)3CHCI3 CO,Me
“ K3PO4, toluene, 100°C
= -
N
HO  OMe TfO OTf OMe R OMe
methyl vanillate

PPhO 1 TFA R = Boc (70%)

2 2 CH2C|2 .
R = H (mukonine
xanthophos 97% ( )

Scheme 34. Total synthesis of mukonine

L E® X 912 double N-arylation G K D B/ — LA REER, ANDZ Lo
ABHLOFERE L 2 EBMH NN — LB EEICAR X AR HIETH S,
UL LBED L ZAHFEREEZ TCWDDIIHEERT I I L TOATHY, £
ZEREMET 2 U COEMGHITIE, 2=, IV IAEOEWFERE T D720I1C
X, BRDEBANPMLETHA I,
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%—E  Double N-Arylation 2 K% N-fE# A L — L DAL

HH ARWREOY

il

T-H & (% Buchwald-Hartwig N-arylation SUSZHET X ISH L, N-7 U —v 7 U =
¥ NEE AR T DHEETTo TV DDA S IIAE I~ A U 2 DEAREER L,
Z DROGDMEFRNCARZ E TR O/NSWFET I A L TCH#EHAFRETH D
L % 7% L7=(Scheme 35)*1%9),

N H
N
’d

C >

OH HO— N3 N
HOW__,OH HO~S

HO/\&OH RHN@QZ\ NH

HO™ ™ “OH Rt HOH OH

OH HO OH
myo-inositol D-ribose R = CHg(CH2)10CONHCH,CO

spicamycin (SPM VIII) (22)

NN
‘e
SEM r
o N oo, No?
N QN 1> - 810~ o~
N N ?
H OBnYgn Buchwald-Hartwig °f o{gn
Cl A : OB
N-arylation reaction
Scheme 35. Total synthesis of spicamycin 22
N
| 5R
2
NH

BnO~ N\ O NH2 N . Pd,(dba)z, NaO'Bu _ BnO/\[‘O/T
Bno“"EAJ:’OBn @ toluene, 100 °C BnO" Y~ “OBn
OBn X OO OBn
23 R =NO,, CN, PPh, ~94%
COzMe, CF3 OO Pth

BINAP N
| R
=
Bno~~\ O~ NH; L )s Pdy(dba)s, NaO'Bu  gno~\O~eNH
Bno\\\‘ "/OBn Z toluene, 100 °C Bno\\\' '//OBn
OBn X ptBu2 OBn

23 R = H, Me, OMe ~88%
20

Scheme 36. N-arylation reaction of glucopyranosylamine 23
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Z 2 CEHEIIHET X O N-arylation UG O HEFH A I, #Fi7c7e N-Z U 2 R
FEEREEELE LCHENLT D Z 2 ALt —&RE LT, Zvae s ) o7 2
v 2B Lfkrp o a T AT V= DTy T TR R T, EOFER, E
Kp|HKEaHT L a7 AT U —LIZiX BINAP %, Erit5Ee+HT 5 mr7 Ak
7 U —/L{Z1E 2-(di-tert-butylphosphino)biphenyl 20 %, ZiLZiL U T2 K& LTHWS
ZLETONT Y=Y ay RRERTE 5 Z & & R L7z (Scheme 36)"?, /-4
FIEIIRD IR L THAM T, RRPIEEICL Y 8T 12 BRADEARIK
ISEERL S 7~ (Scheme 37)*19,

OMe (N

OH
HO’&/ OH OPMB OPMB J

—_— MeO N
HO o OH —> PMBO O/&/NHZ + s [

HO
OH PMBO PMBO
H Br N
o OPMB SEM
D-cellobiose

OMe N
Pd2(dba)3, (S)-B|NAP

OH z
_ orve N o weo on )ﬁj%
ot | go°c =0 Ny HO %o NTSNTTN
NaO'Bu, toluene, 5O N7 N7 TN OH H

PM OH H
PMBO H SEM
69% dapiramicin B (24)

Scheme 37. Total synthesis of dapiramicin B

ZHODORIZEIC LD . KFEIIHA BT I, ~a AT U — LB XN S
Ae~T e TV — Ukt L CHEAFIRE CH D Z EDNRENHTZN-T U — T 2
Y ROARIEE LTHNL SNz, DOWTAMEO 2B E LT, 7V ai il
VR — )V DERAFRICE F LT,

ZZ TR ARY v 5T L ETHA L Ry — 7 ) oy REEiE, K
ST T CEAREEO AR ERE SN TWD P(Figure 3), ZOWTN LA HIA E
TEMERCILERE TEM, a7 A % —BREEME., ik R R 7FEEME e IR
IZEAENORNEIENE 2T 5, FD-0, HED ) — NMedime LTIEFICHHR
EDTEY, HZLOFEERBERLSINTND

H H H
N

) V et

NHMe MeO OH
Staurosporine (25)*?? K252a (26)*?Y) Rebeccamycin (27)*2°)

Figure 3. Indrocarbazole glycosides

TIZHN LI N-T U =7 ) ay ROEMEE, T I L 22-U by
Tz, DOy ) TR L, 7V a v Vv IR — v B AT H 2 ERN
HokruE, oA v Ra A"y — 7 ) as NEOHT-RAa/MEE LTHHTH
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5o ZOFRBITESTMRET 2TV, TG S & I1ZIEREFHIC, double N-arylation S&IC
L0 7D I AN —VINERTE D Z L& R LT (Table 7)*'8",

Table 7. Double N-arylation reaction of glusosylamine 28 with dibromobiphenyl 29

NHz Pd.(dba)s, ligand o\ ON Q
O“[‘/\r" . ’ NaO'Bu, toluene Ph)\ “"i‘/\E’OBn

OBn BrBr OBn
30

run ligand Pdy(dba); (eq.) temp. (°C) vyield (%)

1 20 0.2 100 9
2 21 0.2 100 4
3 31 0.2 100 13
4 31 0.2 60 26
5 31 1 60 55 (a/B=1/1.7)

.. O <O,

20 21 31

¥E7 3 L 28 & dibromobiphenyl 29% L D H v TV L TR BWT, U e L
T 2-(di-tert-butylphosphino)-1,1°-binaphtyl 31°*% I\ 25 = & T, 7 /b3 2 b LRy —
30 BEEKTAHZENTEL, LPLBERIEOMEZNELTLZ L0, 7/ v—
AEHIECX W CREL H o7,

WLt ORMITH 5 H DD, double N-arylation SGIZ LW 7Y a3 Ly
—VEEGRT DI ENKR, ZOFEE, BT I VDS OREEICH L TUSHTER
X T2 ISy — L EGREE LTHHTO S, £2TC, Ba 7 I 2 W TR
BEITOZEE LT,
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WOET N-BEHLD LY — L DA R

1L CDIZ—#kT I & LT aniline 32a %\ T, dibromobiphenyl 29 & D% » 7Y
VRIS EATOD, HET X U OFEEIZEH W T, double N-arylation S IZ L 0 Bv
I = VIRERLTE DM E D Dy fEREIT o7z, Buchwald & D5&f: 9% 5E
Pdy(dba); (10 mol%), 2-(dicyclohexylphosphino)biphenyl 21 (30 mol%), NaO'Bu (3 eq.),
toluene Z FV T, 60 °CIZ TN EIT > 72 & T A, 2¢e N-phenylcarbazole 33a 7% 33% (2
TH5 B A7z (Scheme 38), & 7= N-Arylation S 28 —[BIETT L 72/LE W73 21%45 D ivT-,
N-Arylation SCJ&S723— LT L72ALAWIL Br 22 H 9% 34 &, Br J&H H M~ L EH#
SNT235 L DREMT, £DHIT34/35=10/1 Th-o7=,

NH, Pd,(dba)s, NaO'Bu
@ n toluene,sgyzc, 14 h . iNJ . NG

. O
21

Scheme 38. Double N-Arylation reaction of aniline 32a (60 °C)

33a 34 X = Br (19%)
(33%) 35X =H (2%)

UL #7228 & N-phenylcarbazole 32a 23S H 7= 2 L b . RPEIEOH =721/
—VERIEE LTORREN RSN, £ 2T, ReRHoxEibzX5Z &8 L
72o Pd ¥ — A & LT Pdy(dba)s, Pd(PPh)4, Pd(OAc), . U H> K& LT Figure 4 |27~
4 FEi A, HiJk L LT NaO'Bu, Cs,COs3, KsPOy %, FHEHHV = (Table 8),

PtBuz Pc:y2 PtBuz i O PCy,
0 0 0 Y

2038¢) £738¢) 31380) 36389

Figure 4. Ligands

FOGRE % 60 °C 206 FiR S5 2 & TIEEA M | Lruns 1~3), 120°CIZTH o &
HEILER L 72572 (run 3), Pd Y —A & L TIL Pdy(dba); 235 L CH Y, Pd(PPhs),.
Pd(OAc), TITILENE T L7z (runs 3~5), U > FiL, 21 £7213 36 # HW =541
IR & 720 (runs 3, 8). 20 383 X T8 31 TIHEILE TH > 7= (runs 6, 7). HizEiE. NaO'Bu
Bhol b L TED, LYFHWEIETH 5 CsrCO; R°K3PO, TIFARILEE & 72 - 7= (runs
3,9,10), F£72 Pdy(dba); & 5mol% LD L723HA D, 10 mol% FW =4 & [FIFEE
DU T &H > 7= (runs 3, 11),
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Table 8. Double N-arylation of aniline 32a

L O O
© Pd source, ligand, base “
. , N
toluene, in a sealed tube i

BrBr
32a 29
33a
run  Pd source ligand base temp. (°C) time (h) vyield (%)b
1 Pdy(dba)s 21 NaO'Bu 100 24 77
2 Pdy(dba), 21 NaO'Bu 120 14 79
3 Pdy(dba)s 21 NaO'Bu 120 24 85
4°  Pd(PPhy), 21 NaO'Bu 120 24 69
59 Pd(OAc), 21 NaOBu 120 24 62
6  Pdy(dba)s 20 NaO'Bu 120 24 51
7 Pdy(dba)s 31 NaO'Bu 120 13 22
8  Pdy(dba)s 36 NaO'Bu 120 24 82
9  Pdy(dba)s 21 Cs,CO; 120 24 42
10  Pdy(dba)s 21 K5PO, 120 24 32
11°  Pd,(dba)s 21 NaO'Bu 120 24 84

& Reaction conditions: A mixture of 32a (1.0 eq.), 29 (1.1 eq.), Pd,(dba); (10 mol%),
ligand (30 mol%), and base (3.0 eq.) in toluene was heated in a sealed tube.

b |solated yield after chromatographic purification.

¢ Pd(PPhs), (20 mol%), 21 (30 mol%).

4 Pd(OAC), (20 mol%), 21 (50 mol%).

€ Pd,(dba); (5 mol%), 21 (15 mol%).

Double N-arylation St~ 2 & ¥ N-phenylcarbazole 33a Z #ZRMIC G AT D Z & 23 HIk
12O T RFEOW A HPE 2 K 5~ < HFNIRT X v 2 - TR 247 - 72 (Table 9),
Pd YV —A, MHHE, KIS L, aniline 32a O SUGZ IV Thcii T o 7= Pdy(dba)s.
NaO'Bu, 120 °C [Z[EE L7z,

Aniline 32a (ZxF L T L Cu /= U A7 R 21, 36 I3 benzylamine 32b (Zx%F L Cidi L
TWieho 72, Benzylamine 32b (X, UV > R3L ZHWEHEIZE o & HEIETH
N =)V Bz 7= (tuns 1~4), F7-U 0> F3LIIMONENKET 2 ok LTHahE
[JC, p-methoxybenzylamine 32c, octylamine 32d. cyclohexylamine 32€ I\ 941 R4F
PRINERIC TR L= (tun 5~7), BFIA & D4 49 TI13RIN R (28%) Td - 7= octylamine
32d 3, 67%ICTHIET DN — N a B 2722 LITFEHIET AR TH S,

tert-butylamine 32f (2% L CTiE, U T > K 31 13 RBYTIER2 0> 7= (run 9),
tert-butylamine 32f (21X VU T N 36 Z HWW5AI1CH - & BIEREDRE -T2, FiE
J£C& > 7= (run 10),
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Table 9. Double N-arylation of aliphatic amines

Pd,(dba)s, ligand, NaO'Bu
R-NH, + O O : > O O
toluene, in a sealed tube N
R

BrBr
32b-f 29 33b-f
b: R =PhCH, e: R = cyclohexyl
¢: R = (p-MeO)CgH,CH, f: R="Bu
d:R= n-C3H17

run amine ligand  product time (h) yield (%)b

1 32b 20 33b 13 42
2 32b 21 33b 13 20
3 32b 31 33b 13 60
4 32b 36 33b 13 9
5 32c 31 33c 13 71
6 32d 31 33d 24 67
7 32e 31 33e 24 80
8 32f 21 33f 13 17
9 32f 31 33f 13 17
10 32f 36 33f 13 42

& Reaction conditions: A mixture of 32 (1.0 eq.), 29 (1.1 eq.), Pdy(dba); (10 mol%),
ligand (30 mol%), and NaO'Bu (3.0 eq.) in toluene was heated in a sealed tube.
b |solated yield after chromatographic purification.

B VT FIC X ARIGMED BB 5 %252

BENC T2 K DI, HERT I Th S aniline 32a IZxFLTIEI A R 21
A, SARBEEO/NSWIRHE T 2 2 (benzylamine 32b. p-methoxybenzylamine 32c,
octylamine 32d, cyclohexylamine 32e) (Zxf L Ci% VU > N 31 735, tert-butylamine 32f
WXV R 36 WENENAN THoTe, ZOXHITY T FIZE Y RISHEDE
MEBINTRAIL, VA ROEHMEGREEEE S, BEOT I U ORMREE&SE SO
EWIH D EEbhs,

BB OB OBESSE AT 5K & LT, BT O/ S, B FRIRER
N7 AR D W,

Tolman &I =#kAR A7 ¢ ZEINL T & 5 NiLy S5R O FEEE S & L @ cone angle
(MEEA)DBIRIZ OV THRE L T D H9 ZOfER NiLy $5ROAEEEFHIES K 13
cone angle N REWVNHDIFERE WV, T 2bbEEWENL FIZEMBELCT VWD &%
&z LT,
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& JF LN OFEAITB WL, offt 5t L BN EEARAE FIER LR D, B
N DFEHE sp” IRAKILE 1T, 48 DZED dsp IRAENE & D E 7R V) Toflt 5K A &2 Rk
T 5, Fl-n S A TEIE R L OO dWLE 2 H 3 DB (7 V7 R0PR 72 £,
SEROFEAEE EOFELVICEIVETOVE, $7bbNNy 7 Rx—Tva i)
I, mZBEOREAEEKRT D, BN Dot G L BED AT R 2k | &8
SORENLOTR IR E D,

F 7 mMEANLSEROENL FER SN D L Xd, NI UAERPERE LD, A
VIMZ N7 AL S B oD I, HOBRBOFR—O dBuEZfE S Z &l b7
D, — ORI F & BIE L OFREEDOMIIN, b ) —H OB FORAEICHEEL L2 5,
N T U ARLDOBNL - Dot MR KOS HFERENENRENE 65— OEML
TOEBMEESIND,

INbEEEZ, AR T RET IO T, ENENOE L5488
L ST O TEET S,

VA ROBEHERER L OE R 13 21<36<31 DJEICRELS b5 LEEZBND

(Figure 5),
‘ PCy, ‘ PCy, g ‘ P'Bu,
O g
21 ip, 36 31
electron donating ability | >
steric hindrance

Figure 5. Properties of ligands

Tolman % Ni(CO)L BUEERDIRN ALY M ZEIT D UCOVERIET S Z LI X
DU HY RLOBEFGEZMELEREL TRBY Y9 )V 7y FOBE LGNSR
WIEE, UCONTERIEEIZT 7 b9 D2 EBHILILTVWS, UCO)D L) PPhy<
P(p-tol); <P(0-tol); <PCy3 <P'Bus DNEIZE T GHENKE o TWVD I ENDND
(Table 10), ZDZ Enh, LVFHERDHFEORKE N Bukkzr ) v oOEREEZ E LTHT
HVHA R33N, Cy BaAT 5 21, 36 ITH_NEHEENRKEWVEHEHITE 5,
F 72 PPh3 (2~ P(p-tol)s, P(o-tol); DEFHEGRENRRKE NI L b, BTz =/LDE
WL L THRDEOH DT XA, T2bb Pr 2 AT 50 F N 364, Bk
BRI R0 201 B ERRARE W EHRITE 5,

UHy FO@EE S P NMR XV HEHI T %, Tolman (%Y Y KD &R & OFFIE
T& 5 cone angle & *'P NMR Dby 7 MCHBERH 5 Z L2 RH Lz %Y, £hic
L% &P DILEY T FBMERS TH HIE L coneangle AR E L D, UK R 21,
31, 36 @ *'PNMR D1t 7 b iZ Buchwald 512 X ¥ Table 11 @ X 5 ([Z#& ST
7% 3eeD W PRIE S B2 B 72 8h BT BRI SR 72V A8, 21 <36 <31 DIIE(T cone anglle,
TROLEGINKREL D EEBEZLND, FHE SR TS “IPPh;, P(p-tol)s,
P(o-tol);. PCys. P'Bus @ cone angle DIl % g9 252 L2k v, Butkz a4+ 4
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Y R3LIE Cy #E2ATHYH > F21, 362k~ coneangle S RKEWT &, BIW'Pr
HEAHTHY T R361L211CkE X coneangle P RE W EN EFNENHERTE S,

Table 10.  (CO) value of Ni(CO);L and Table 11. *'P chemical shifts
cone angle of L of 21, 31 and 36
L v(CO) (cm'l) cone angle (deg.) ligand 8(31P) (ppm)  solvent
PPhy 2068.9 145 21 -12.7 CDCly
P(p-tol)3 2066.7 145 31 21.7 CDCls
P(o-tol)3 2066.6 194 36 -11.5 CeDg
PCys 2056.4 170
P'Bus 2056.1 182

RIZT I OMEIZOWTE R D, HFEBRT 2T 5 aniline 32a |3 octylamine 32d
<0 tert-butylamine 32f 72 E DRENiET I ATk, &£ D pKa® MKl (Table 12),
I B D pKa MR E VD Z & E, BHHEEREATHNI EEBEHRLTWD, 207D
aniline 32a (FMENIET X 2~ Pd ~OESLEENEWEEZ Z D, Flomm i
tert-butylamine 32f 23 —F K&V, 7 IV OENREL EE S % Table 12 L 0 5,

Table 12. Character of amines

. inati steric
amine oK, coordinating

ability hindrance
PhNH, 4.63 small small
CgHi-NH,  (10.66)” large small
'BuNH, 10.89 large large

a) pKa of conjugate acid
b) pKa of nC7H15NH2

N-arylation SIS DRBEY A 7 X, U Y RIZEVEWRH L0, SRIHAWZU H
¥ ROBAIE, HERNLTH D Z 25, Figure 6 X HI12ET 2 L3 HIES 209,

Buchwald & |3 morpholine & 4-halotoluene & DS DRGSR G, U AT K20 2 H
T ABr ORSEAT O AR, WK DU T R EEE S CTh 5 L B %2
LT 5 9 morpholine & 4-chlorotoluene D%~ 7V o Z RS TIE 65 43 LA TZEHa
TN 100% & 72D DITXF L. 4-bromotoluene & D G TIXAHZRN 29%IZE £ 5
(Scheme 39), Z D Z &226, ArBr DIE ) REERORIGHEEITENE S 25, —H 1.2
¥ £ morpholine & 1.0 24 &7 DD 4-bromotoluene, 4-chlorotoluene DA D )i T
X, 7 a~A ROIE D BEITKIE LTV 5 (Scheme 39), Z #UiE ArBr DIF 95 3R
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MBS T & 2 FRT 5, EITRIBBERISIC e 7 R ORI L2,

PLEOZ MBI T R20ZHANWT ABr OIS EITOBRSIT EREICLAZU R
AP AR BT 5 EHEHI T 5,

L,Pd°
- LlT+ L
RR'NAr ArBr
LPd°
reductive oxidative
elimination addition
AT AT
1—pd" L—Pd_
38 NRR' 37 Br

base mediated
ligand exchange

'BUOH + NaBr RR'NH + NaO'Bu

Figure 6. Proposed catalytic cycle

_____________________

0.5 mol% of Pd(OAc)s,

X O
O 1 mol% of 20 _ (\ O t
MGO + H@ A P'Bu,

> N
NaO'Bu, toluene, 80 °C, 65 min /©/
L4

[X = Br (29% conversion) ]

Cl (100% conversion)

0.5 mol% of Pd(OACc),,

Br ol mol% o (OAc), (\O
0 1 mol% of 20 N_

+ + HN\) t >

Me Me NaO'Bu, toluene, 80 °C, 5h Me

1.0 eq. 1.0 eq. 1.2 eq

97% of ArBr consumed
3% of ArCl consumed

Scheme 39. Coupling reactions of morpoline with 4-halotoluene

SEAWEZY A R21, 31, 36 6 U A 20 & HEECHE- ATV D &,
ZRD VT RSP EREE TH L EE 2 b D,

WX DU T RIS, VA ROBAHEGHRENEL . @/ hEne i
REINS EEZHN%, Hartwig H1E P(o-tol); Z W28 0D U 4 RASHRR D
AH =R LA, Figure7 D X HITHRB LTS P30 4725 37 0 " 8IKTH 5 39
W27 X U EAE L C Pd-amine $5{K 40 L7205, 40 OIEIEIZI VT IO H N5l
k7240 haloamide 51K 41 & 720 . DO\ T Br 2AiEE L C Pd-amide 54 38 234k 5
H, EWIOBETH D, TIUD I ITENLT LR, U RL DT U ARICE
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D, ZORNFUAMNT IV CEBSND, ZO7OT I & Ar ITEITHINLEED
ITLY DV ADBMRE 725,

U R L OBEFHEGRENME A, Pd-amine 851K 40 (28T N-H #5 & O et
2 EAY | haloamide 851K 41 Z#/E U3 < p b &b s,

FEUA L RLOENNINE PAIZT 2 UAENL LT < 72 Y | Pd-amine $54 40
DENMEESIND EEZOND, TV T RLBREEWEE. 7 I v ORALORS
(39—40)i2, MARFEEZEMTH720 F 7 U AZRICK LT, L 126 LT ADBMR
28 % Br 23 Pd 2 BFEEE L. & 2127 X U HEML L 72 Pd-amine 851K 40° 3 AR T2 T
REND D, ZOGET I L At TETCHIRBEOEIT LW N7 ZAOFEKRE R D,

A - Al o RRHN,  Ar
Val A B L grny  RRHAN /" RRNH N
I—Pd — > /Pd\ /Pd\ —_— Pd - /Pd\
Nar Y B A B L Br’  "NHRR'
37 39 40 42
L=P(otol); | RRNH base
\J
AR B RRN_ Ar Ar
AN /Pd@ — LPd|
I’ "NHRR AN NRR'
40'

41 38
Figure 7. Mechanism of base mediated ligand exchange proposed by Hartwig

FNTT I DR BEERY L, Uy FAMEIRITT 2 20 Pd BN 2 RO
ThodI b, ERMIIET I VOBEBAEGENAKREWVEES, BIXOENNIEL
PAd 2T DERT WIGAIEES LD EE X Hi1DH, LA L Buchwald 512 K Y .BnNH,
e EORRMGE %R T I TR, DT IVNREAT Y H REBOH L, R
JEMEZR P S8R 42 AR 5 2 E SIS STV D PY(Figure 7), Pd-amine $i14 40
7>5 Pd-bisamine $E1K 42 MARKT 2 SOSIZEH G TH D23, Pd OFENLT- 23 /N E 0
L % . Pd-bisamine #E{K 42 N SERHTA D= K 5 3,
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N

. Q{2
© .—, Pd,(dba)s, NaO'Bu, toluene

BrBr O @
32a 29 PCy,
33a
O 21 85%
Pd,(dba)s, NaO'Bu, toluene
RN, -+ .
brs I X
rBr .
t R
32b-e 29 PBu; 33b-e
b: R = PhCH, OO 60~80%
c: R = (p-MeO)CgH4CHs 31
d:R= n-C8H17

e: R = cyclohexyl

Pd,(dba);, NaO'Bu, toluene “
t
s+ () - Q2
O O \

36

321 O .
Br Br PCy, ‘Bu
29 ipr ipr 33f
O 42%

'Pr

Scheme 40. Suitable ligand for various amines

VI bEZEsEZ T, &7 08 U0 ROMAE HE(Scheme 40)lIc>W\WTE X 5,

U 210331, 36 It~ EFLLRE, mm I & bIhEWniew, U T RASHL
FOGRZARHET DIER N R E VY, F D729 aniline 32a (2% L TIZY H2 K21 238 LT
WiEEZLND,

L)LY H Y R 21 ZEANLEEDSRVVENAE T X 2 L THWS & U RS Pd
DO AEEEL . ARIEMEZR Pd 851K 42 23 U T L £V, N-arylation KOS HEEIT LIZ< < 72
HZENHERIEND, L0EEWY K36 ZHND L PdITEEO LIRS 2 HE K
SH, 2 O0HDOT I UNEML LI WERREAED Z RS, £DT2® octylamine
32d DL D RREWIET I AR L TR, VA R3LAHEL TWeEX Hhb,

AR X HITEmE WY A K&V D & Pd-amine $51K 40° 3 EK L, 7 I &
Ar OB TR G 23T L 72 < 72 5 ATRENE DS & 5 (Figure 7). L7 L Hartwig®™ ",
Buchwald®™ 512k 0, UH > FL & LTPoO-tol)s Z HWEHBAIE F T v AR DMES
L. Pd-amine $&(4& 40 2NMER T 5 Z & B FER STV 5, P(o-tol); 1% P'Bus £ ¥ % cone
angle N KX < | EE VN (Table 10), D 7=OAEHAW-Y 5 K21, 31, 36 DS
N RENMER L, T I Ar RITHBBEAZE - LGS ADOBRE 5T
Pd-amine $5{& 40 23 Ek L TWB EE 2 Hivd,

BEIRBENLEZXDE. U R3320 I RE A ERENRE WD, U
W RG24 5, 2 D72 U T2 KRG HEFT LIZ < U aniline 32a (2
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LT, UH R 3L L TWiehoTe, LM UIBIRY I A35EET 2 U2kt
XU T RSN EIT LT W adlic, U R 31 Z#HVTH N-arylation &
JIENEIT LT & BN D,

F 72 octylamine 32d D X 5 2 N T DofLIZ HIR FE2 AT 57 I U EZHWEIGEIS
X, Bt KU RAGEESETrIBLEE & B 4n0Ici = W 15 % (Figure 8), Bt RV FEifIX
ESENY A R BENLD U H 2 RERWESEA ISR Sh D PO siniker
LY T RILIFIMOY T RED bam@mn, 72877 FLE#0 Pd L FEAAE
RALRT W, 7 2= /VEREAET M0 T RV b FEREAEREV, £
D= U AT F31IEBE KU RIHEZ #1 L . ocutylamine 32d O )i DHETT S H 7= 7]
LB LD,

reductive Ar Bhydride

elimination W elimination
Ar—-NCH,R' = L—Pd\
R II\ICHZR'

3g R

R
R-N=C™ " 4+ ArH
H

Figure 8. Reductive elimination and B-hydride elimination

—J5. tert-butylamine 32f (ZXf L CU H > R31LZHWD &, HWVODEE SN KRE
FLRY, —0FOT I VBB LIZS KR U Ty RIS S b, S
REELZRET D702, L0EDOD/NSWI TR 2l 20D E, 0 1TOT7 IR
BN L C L EWARTEM 72 PA SR 42 34U T L E 9, £ D72 butylamine 32f (Z5f L
Tix, HHOEBITHH Y T K36 ZHNWDHZ & T, HFREOIETIEH L LD
®. N-arylation UL EITT D L o Icmo7c & lbh s,
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W OATAF T4 U A DAL

B 72 N0 L/ — LD Gl & LT, double N-arylation KU % F1l 195 ik
EWESL LT, DAY Re@UNSIEIRT 5 2 LT, FEKET v, R 2 v »ih
CHBATE S, POV FIEL T 5 2 L BRI, B0 CATEOA Rk
TIEEAME LTRBMDOEEMIEEIToTe, ARTIXLATAF 74 VA OF
B DOEEMIZ DN TR RS

H—f ATAFTHUL-AIZHONT

LT AF T H U -A@)FAIEKRFEDO LN S DT N—12 80 (1980 42 HIZHE
TEEH S 72 Murraya euchrestifolia(%7 > % O —FE) DR B b BBt S - {b&m T
Ho O, HEELOE®E LTI, BIORKRMTHDHLT Y 74U -A (44)
(1-methoxy-3-methylcarbazole) 759 - /L] T _&fb+H5&WWH, BTV —LEXI)L
NS —)VEREATHDRNET6ND,

%~ 9%

e
(\ 3 );—315%
i) o0

OMe
ienv-WlNesvl
g™ Qe

H OMe/16% H OMe

murrastifoline-A (43) murrayafoline-A (44)

Figure 9. Murrastifoline-A and murrayafoline-A

T SIFBFEALT MVHIEIC T, 2T AF 75 U L -A@)DIEEZIRE L TV 5D,
LFICRT(M~GUC LV AT Y 74+ U - A4S B LTEETH D Z &, @Ik
DREENIEN 9 - Ll THAHZ EZHE LTS,

(HUV A7 R JUZEBN T Amax 238-243 nm B KN Ay 287-292 nm (23 ¥ —F X0 R
P30 Amax 325-350 nm (27 10— RN RIS 7z, 2T LT Y7+ Y -A(44)
DUV AT kL& LWHBER S 5,

(2HR-MS (EI) 12 £V 7 732 CpsHuN,Oy & PE S 47z, LR-MS (EI) (2 LV
CisHip 3NO [ZHAYS 92 m/z210 £7213 211 D7 T 7 A FE— 27 BNEIAI STz,
(3)'H-NMR A7 FJLZBWT, §2.48,2.52,3.57,4.03 |2, 4 KD 7 L h(each
3H) 2381 = 4U(Ar-CHs, Ar-OCH;3 IZFH ), § 6.85, 6.88 (H-2, H-2") $ L8 7.54, 7.63
(H-4, H-4") lZZznFhnv 7 Ly bAH) Ml S 7=, F72 NOE HIEIZHVT

Figure 9 (2~ AEBE B S 7,
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(4)'H-NMR A7 RVIZBWT, 7a— Ry 7 Ly b7 F 16 10.45)75 1H 53D
HBH ZFUNH IZFEY), H-5 & IRE Sz 8810 DY 7, X7 Ly hTl=
20Hz TH o7,

KIRDNHI1T 30 FEEHAZBRZ DA DAY — LT v haA RPBEEESRTEY ., A&
FTAF TV -AICRONDEI 72, ET V=LA BRI —VEKERET DD
DHLEEL MBI TND D, Lo LEDOHBEF D% S~ File e T ) —L e
AT NS — AEEREEE DG FNEE LT < 13220 4% 2001 4, Bringmann 5
IZLTAF 7+ U -F 5)DEGEMKAHE L TEY ., 1-methoxy-3-methylcarbazole %
Pb(OAC) I K VERILIHIC v 7V V7 EEDH 2 LT BT U — L ERAD NN —)VE
BERELTND W,

Q Me
H Pb(OAC)4, BF3OEt2
—_— > N
{ . MeCN, 60% OMe
N N O Me

murrayafoline-A (44)

murrastifoline-F (45)

Scheme 41. Total synthesis of murrastifoline-F (45)

1% double N-arylation Rt C KD B AN —LERIEICEYD, ET U —LERTD
N — UKEE DN RAITAERE TE 0TIV EEZ, ATAF T3V A D
ERRICE T LT,

HE ARKEtE

LT AF T4V -AA)DE AN — AL, BEE S A NS T 5
TREET 2=V 46 & TEE T A L MIHYE T D LN —)LT X 4T & D double
N-arylation )2 & U HEEE T & 5 & & % 72 (Scheme 42),

U7 BEET ==/ 46 |% 2-amino-5-methylphenol 49 kX V& |F 5{LE&W) 48 L
2-bromophenylboronic acid 50 & O, $5AR-Eilih v 7V > I PNc X 0 Akt H 2 &
L L7,

HNN =)L T I AT XV 7 =7 2 =/L 51 LY RT I 52 0D,
double N-arylation ) JSIZ LV HEoND EE X, 7 ==L 51E, BT A R &
HEOFEA 48 LES Z & L L, 3L IFKREI TR 5,
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O double
OMe N-arylation
Q N Me reactlon O O
oev
N Br
H OMe
murrastifoline-A (43) B(OH), double
N-arylation | | P-NH,
Br reaction 52
P = protecting group Me O2N
X=Brorl ©\ —— <: O O
NH, NH ) Br Br OMe
2-amino-5- methylphenol (49) 48 o1

Scheme 42. Retrosynthetic analysis of murrastifoline-A (43)

fifi

o>

H= AR DFEHA
§1 E#HEZ 22 bOGHEK

WL C O EE A > 770 o ZRIERR 46 DG RUZ- DWW TR T % (Scheme 43),  HIFEJH
T & % 2-amino-5-methylphenol 49 D /K E L 2 SCEREEEI D FIEIZ K 0 Ts % ’“Cﬁ?
IEAM 53 & L7z ™0, Ts B2 IR L 7= BT, BIRIOKBED Z 2 R#E T,
KREIETHDZ LD, ZOmBELAPEREIC L Y, Fi ~a i AbicBs i 5 3 firik ?)i‘
EEODLIENHKLINETH D,

Me Me
TsCl, Et3N HBr DMSO
OH CHchZ c’C 40 OC 92% Br 3 OTS
NH 89% NH
49 54
Me
see Table 13
N OTs
NH,
55

Scheme 43. Synthesis of 54 and 55

{84 53 O 3 fif. % HBr. DMSO |2 T Brit. L{b& 54 & L7=°Y, = O KJETiZ DMSO
DOARIZ XV AT 5 57 3m 7 ALANZ 72 D & B 2 BTV 5 (Scheme 44),
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Me, HX O Me  H Me H px Me H Me
50 — = Xy 5 —> x—/‘s—o — X-S-0® i X-S®
VERY M€ Mé H |

Me
Me
56 57

Scheme 44. Preparation of 57 with HX and DMSO

HEW LAY 53 D 3 v FE kAR A 7= (Table 13), Br b & FAED S (run 1) T Te
&Y 55 1315 B> Tz, L 2 WIS TliE, ROSIREEDS 80 °C DGEIZH - &
HEIRE 220 Hib AW 55 DY 58%IC THE L L= (run 2), NIS 2 = 7 H#E(bAlE LT
=84, DMF 28t & 35 2 & TLA 55 75 69%I2 THF H 417 (run 3)°", Alper
SIENIS. TIOH 12 L Y RN TH9 AR L 3 w3 LA EITT 5 2 & 235 LT\ 5 ),
ZZCARINCHEA L TAEN 3B 6 L3 vEL ST LEY 58 = 5 2
HDIHTHHT,

Table 13. Todination

run conditions result
Me
1 HI, DMSO, rt, 3 days decompotion |
6
2 I,, NaHCO3, H,0, 80 °C, 15 h 55 (58%) |3 OTs
3 NIS, DMF, rt, 3 h 55 (69%) NH;
58
4 NIS, TfOH, rt, 5 h 58 (22%)

0 @ _H

OH
o) 0
. TfOH C
\_ _TfoH W’ O I-O-5-CF3 ——> |-0-S-CF,4
I GO 3 g
O O o)

59
I::NH

(@)
Scheme 45. Mechanism of iodination with NIS and TfOH

L&) 54 5 L1855 & bromophenylboronic acid 50 & DA - Eili D v 7V v K
JE BTN, T2 TR 7 2= 60 AR LTZ, T OEEBA ST 11%E VD
RN T 57223, I UHEE B 2 H1E 99% & W5 mIERICTHEETr 60 2155 HNTX
72(Scheme 46),

A2 Sandmeyer S N TT R 7 Bk Brikos & BT MR E 1T o 72 (Table 14),
U7 EHlE LTAMONO % 7 v EBALAIR KOS LCCHB 2 V2 & 25,
HROY7nx 7 2=/L 61T A E/LNT, P TR 63 nTApmme L
THEBND LWV FERIZR 57 (run 1), £72 SbBr; V& 7 1 LAl & L THWZHA
R DFERTH > 7 (run 2), WIZTT VLA L LT, DEDOKIZEM X H7- NaNO,
AW EZA, HFTIEHL0ENH EL (run 3), NaNO, % MBI FE S
52 LT, SHITIEREM ESED LR (run 4), NaNO, & HW 7R T,
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KR DA FIN DR B 538, BRFCd 5 60 78 HBr KIS HySO4 KA IZ
fELIZL ol lo®, CHB A C @ RICTRIGEIT2 7o, VTSR ED
FYU 7oK 63 NELTEYD, ZADBINKRIETO—KERo> TS, ZIITR L
LTHWSD CHB N7 a®{bAl &7, TP MAMINCKISEL B U 7 a 'k 63 3VE T
TWBLEZ BN, Z Z CEBOERIENE | oK TH S AcOH £l
LTHWEZE ZA, IEEPRIBIZH EL, 64%ICTEL Y7 rEE 7 ==L 61 215
HENTET,

Me Pd(PPh3)4, 2M N82003 ag.
benzene, EtOH, reflux, 11%

Br/©\OTs @:B(OH)Z Me
NH
2 Br O see Table 14
54 50 L O o SSeTable 14
BrNH
60

Me Pd(PPhs),, 2 M Na,CO3 aq.
benzene, EtOH, reflux, 99%
| OTs B(OH)
NH,
Br

55 50

Me Me
O 1 M KOH agq. N Mel NaH
O OTs  EtOH, reflux, 76% O OH DMF 77% OMe
BrBr BrBr
61 62

Scheme 46. Synthesis of top-half segment 46

Table 14. Sandmeyer reaction

run reagents solvents temp (°C) vyield of 61 others
1 'AmONO CHBr3 Oto 40 trace 63
2 'AmONO, SbBr; CH,Br, 0tort 5% 63
3 NaNO, in H,0, CuBr HBr, CHBr3 0to 80 10% 63, 64
4  NaNOs, in conc. H,SO,4, CuBr  HBr, CHBr;  0to 80 38% 63
5 NaNO, in conc. H,SO,4, CuBr  HBr, AcOH Oto 80 64% -
Me Me

0 ®
O OTs O OTs
Br Br

Br
63 64
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Ts A WIS, KD THZ ETHA#ELE FrX BT 22162 & L
Uié MefbTH5ZETEEES AL MY T 57 REE T 2 =)L 46 ZEAKT
% = & HkT-(Scheme 46), 7 B EE 7 = =/ 46 O#EEIL, 'H NMR 3 X OV NOE
RIEIZ XV 78 L 7=(Table 15),

Table 15. 'H NMR and NOE of 46

chemical shifts couping
assign 3 (ppm) multiplet constants (Hz)
H-4 6.32 d 1.6
H-6 6.54 d 1.6
, , 7.10 dd 7.3,1.8
H-3'and H6" g dd 75,12
Hdand Hs 678 ddd 7.5,7.4,18
“+andh- 6.96 ddd 7.4,7.3,1.2

§2 Double N-arylation it & 5 Tt 7 A > s O&pfGT

Me
O double
OMe N-arylation
Q N Me react|on

N Ome 47

murrastifoline-A (42)

double

N-arylation
O2N Me reaction
P = protecting group
Br Br OMe
51
O,N
| O,N
67
Br B(OH),
path B path A Br 65
Me Me O,N Me
path C
(HO),B — ¢
H,N  OTs HN ots O B OTs
66 55 B(OH), 69

68
Scheme 47. Retrosynthetic analysis of dibromonitrobiphenyl 51
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THEE 7 A MY T D B —LT X 2 47 13, double N-arylation i1 & D
HNNRN = )VEBRERERLAKLL D EE X, TOREMETHLY 7=t ”
= =/L511%, BB A N EDOIEFREYA S5 KLV Scheme 47 (2R T Wi
BIZEX VAR TEDEE X,

FH—OTFEL, B 55 & bromonitrophenylboronic acid 65 & D& AR-E I 7
T T RIEDHI, TR e T L BT 5 51 TH D (path A),

O FiEL, Hm A 55 AR o g 66 ~ & Z5Ha L | bromoiodonitorobenzene 67
EDBWAR-"BA TV TRISEATS T2, T ) e T n e~ BT 55
1£Td % (path B),

=0 FIEFIE A 55 & nitrophenylboronic acid 68 & DESAKR-EH A~ 7V 7
)it~ Sandmeyer KM LV E/ 7 REE 7 2 =)L 69 & L7tRIZ, = haiko T
RN 7 v E{bd 5 J1ETh S (path C),

1L U I path A DFRFEL 41T > 72, Bromonitrophenylboronic acid 65 % bromophenyl-
boronic acid 50 Z{EMiEEH . EFEICT= hufbd 52 & T, RIELRD b A RHIR
(Scheme 48), > 3WTENAR-EI D v 7V v 7 KIS DRRt 21T - 7-(Table 16),

O,N
HNO3, conc. H,SO,
Qoo . QB(OH)Z
-40t0 0 °C, 27 %
Br Br
50 65

Scheme 48. Preparation of bromonitrophenylboronic acid 65

Table 16. Suzuki-Miyaura coupling of 55 with 65

Pd(PPhy),,
Me base (2 MinH,0), O,N Me
solvent, reflux O O
| >
O,N
H,N  OTs Br NH, OMe
B(OH),
55 70
Br 65
run base solvent result
1 Na,COz benzene noreaction [~ Me |
2 K;PO, benzene decomp.
3 Cs,CO3 benzene decomp.
41 'BUOK  benzene decomp. HzN e OTs
5 Ba(OH), benzene decomp. " 4

6 Na,CO3; toluene 53 (45%)
7 KsPO, toluene  decomp.
8 Cs,CO3; toluene  decomp.

"1 Base was not dissolved in H,O0.
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XD BT 7 A 2 DA E(Scheme 46)IZB W TAH T - 72 Na,COs V5
T TRINZAT S T2D, EoTe<EITLARD 572 (tun 1), £ Z Trun 2~5 TR T &
INTEE A IR LA VTR L7e s, WTnud 55 BT DR & e o7z, RITHE
ll;?éé‘/ ML AZE 2 TS HIT-T205, 55 O 3 U ENKFICEBR S NS 53 2
BoNTL HDHTaun6), BHDOE 7 ==L 7013 F 7= B oo 7-, LLED
FEFR LD pathA 28V 51 # 5T 5 FEIIM & L,

WIZ path B I X DA E RS-, IZUDITEAR-EHY v 7V v 7 RISHIBRMA T H
HAR w66 @Aﬁﬁﬁpﬂ‘frﬁo 72o FUHFEMKSS KL BuLilic L ) F
LA AT 1215, BOPr)s H/EI S SR U 66 # AWML LD &2, Ll
B TR VEBESOUSINA, SOSEE TR E2IT-o 7228, BE 358 e i 66 13551
7ot (Table 17), WTFNOEMETH I URENKFICER SN LED 53 K5
TWAZ ENDL, "aF ) F oy AZHBITHEITL TS EBbis, LrLAELET
=27 B(O'Pr); & HSHETIZ IM HCl aq. Ik 7o FEn5, if: I B(O'Pr);
ERIST DRI TFHRNOT X b7 e b2 EHRWTLE I DI, Au g
66 NGO NRr-oTebDE B bbb, KISHREZEHS T5E Ts %ﬁxv% 7‘1/~—~‘/a
»LTAEE 71 S S (run 5) 2 &G, O EE(BuLl 22 &) & AW CTRET 24T
S>Th, B 66 2FDZ LITHELWEHWIL, Zor— MNMIMETHZEE LT,

Table 17. Preparation of boronic acid 66

1) "Buli, solvent
| _ - (HO);B
2) B(O'Pr)3, then 1M HClag.
H,N  OTs H,N - OTs
55 66 Me
run additive  solvent  temp. (°C) results recover of 55 H2N 53 OTs
1 - THF  -78°Ctort 53 (45%) 45% Me
2 - Et,O -78°Ctort 53 (30%) 35%
3 - toluene -78°Ctort 53 (5%) 90%
4 TMEDA THF  -78°Ctort 53 (35%) 60% TsHN OH
5 TMEDA THF 0°Ctort 53 (50%), 71 (17%) - 71

W& path C IZ K DB A ATz, 2 7 FE{K 55 & nitrophenylboronic acid 68 & D5
K-BEHH 7V TR LD T 2 ) B = =)L 72 %157=(Scheme 49), >3\ T 72
DT I/ % Br H~E#HT X< | Sandmeyer it & 1T - 72 (Table 18),
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Me Pd(PPh)4, 2M N32C03 ag. 02N N

Me O, Me
| benznen, EtOH, reflux, 94% O O O O
—_—
O5N see Table 18
B

H,N  OTs B(OH) NH, OTs r OTs
2
55 72 69

68
Scheme 49. Preparation of monobromobiphenyl 69

Table 18. Sandmeyer reaction of 72

run  reagents solvent temp. (°C)  results
1 NaNO, in H,O, CuBr HBr 0to 80 73 (14%)
2 NaNO, in H,SO,4, CuBr HBr 0to 80 undentified product

3 NaNO, in H,SO,4, CuBr  HBr, AcOH 0to 80 73 (15%), 74 (16%)

O,N O,N R'=H,R?*=Br,R®=Br

R! Me R' Me
2 or
O O R? O O R R'=Br,R®=H,R®=Br
R® OH

or
Rg OTs R!=Br, R2=Br, R® = H
73 74

EiE 7 A FOERIZEBWTHER TH - 725 (Table 14)12 TG EFRIAT=8, 7
TEHN 2 OEAINTACEM I3 BN T4 2 52 2R L7e o7~ Z U EEY 60
(Scheme 46 35 L O Table 14)I2 < L _XNAKFEEDN/ NS We L Bbh s, 2B 73 B L
N 74137 7 ERNT e RCERIN TS EEDbR DN, EEORENHE T
20, LA 69 L FHENH LN &0, RIZEI BELNIE LT, it 71 E
{bZNLERIRNCAT 5 2 SRR TRIND 2 &b, Zo— hbEE Lz,

bk Xoichy 7V v JRiBEE 51 OARAREETH 722 L2256, double
N-arylation S JiIZ & B B — )L T 2 v 47 DA ERTE LT,

§3 PA(I)ZHAWELAIERILIZ L 2 FEE 27 A > FDOERK

Priz 7o B RS & LC Scheme 50 (/R /— R EELE LT, bbb Y —L
TIVATIEYT V=T I 75 % 200 Pd # IO TR R b S &, Iy
—NVEREMELAMR L LD EBk Y, ZOFRTBLOALE RO HIEI M
N DM, LB 75 DA C-4b°, C-8DWT I TG L THETe A3 — L8
/Fond, TOTOZOFEERMT L L L Lc, RBREFFIZILTIATF 7+
VA TEEHEL LT,

VT YU =T I 75 R B A AR K 53 (Scheme 42) &
bromonitrobenzene 76 & @ Buchwald-Hartwig N-arylation [ Z LV &AL & L
7=
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O double Me H,N Me
OMe N-arylation b’
Q N Me  reaction O + O O
—— OMe .
H OMe 46 47
murrastifoline-A (43) Pd(Il) mediated
oxidative
cyclization

<

H N/©/ O,N - N 1;

= Oms ’ \©\ ® H OTs
76 Br 75

53
Scheme 50. Retrosynthetic analysis of carbazolamine 47

{t-&% 53 & bromonitrobenzene 76 & ® Buchwald-Hartwig N-arylation 5 its P12 X v
T U= T I 15 & 81%DYLHIZ TE K L 72 (Scheme 51), ¢\ T i 5l &
Pd(OAc), & IV T, AcOH HINENRIR T 5 2 LIC &k v | BbiIZBRIb S Ny —
TT & LI BN — VBV LTe Z L1 NOE JIE IS L 0 Rl L7z,

Pd,(dba)s, rac.-BINAP

Me NaO'Bu, toluene, 120 °C, 81% O2N\©\ Me  pd(0Ac),
> _—
HzN/©/ O2N N AcOH, reflux
Br

NOE (5%)
/A
O2N HoH o me O,N Me
O O SEMCI, NaH O O 1 M NaOH ag.
N DMF, 0 °C, 86% N MeOH, reflux
H OTs éEM OTs
77 78
O,N Me  O,N Me
:
N N
$gm OH Sgm OMe
79 (76%) 80 (8%)
Mel, NaH, DMF
100%

Scheme 51. Preparation of nitrocarbazole 80
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LB 77 % SEM I CTIREL TLEW 78 & L. Ts KO PLIRGE 2 ISR T,
MeOH H1Z THTo 72, 92 L ifR#IAR 79 & & 12 OTs ££72° OMe FEIC TEH SNk
HE 80 HOTNICAE LT, ZIUIHFFBREERSIZED b0 EEbivs, Bifk
R T9IIA T LT B Z L TEEMICILAY 80 ~ L BT 5 Z L BRHIKRT, (LEW
80 DAEEIL "HNMR 3 L TONHRMS A7 hLIC XY FE L7z,

DONTHEAEY 80 D= s rHEDIBTLE R T, 1L L DIZ 10% Pd-C & AW\ T, KFHE
WINZEAT T2, KON RANERAL LB IR — LT 2 AT 55 2 LT
Moto, —fEIIC= b e dEEk, N, AL ERAVTCEITT S VN, W LER
PR T CHWD Z EnZ0, 2 OFEIIEEY 80 DA, SEM L FEIZ LY
B S D ATREMEN & D T2 DIV D Z & sk, & 2 TR Eefilt 2
WRVWIRTTHITH 5D, NaBH,S; V5 2 & & L7- 9, NaBH,S; 13 NaBH, & i g&»
5N TR 233K T(Scheme 52), 7L Tk R0y b, AL 7 4 L7 8 L KT
HZERL, = b EREBERMIZEICTHZ ENTEX %, NaBH,S; /L6 80 DiE
TEICHWZE Z A, 84%ICTEL FEE 7 AL FTHDI NN — LT I 4T %245
% # )3 C & 7=(Scheme 53),

NaBH, + 35 —» NaBH,S; + H,
Scheme 52.  Preparation of NaBH,S;

OsN Me H,N
QG
N THF, reflux, 84% N
SemOMe Sem OMe
80 47

Me

Scheme 53.  Preparation of carbazolamine 47

S4 2R
EEE A 46 L TFEE A AT DA TE 72D T, double N-arylation St
2K D ER DN — L E R OREEE % 57 7= (Scheme 54, Table 19),

M
" Pd.(dba)s (0.2 eq.) ©
€ H,N Me ligand (0.6 eq.) O
O 4 NaO'Bu (2.0 eq) OMe
O OMe N toluene, in a sealed tube Q N Me
BB Sgm OMe see Table 19
46 (1.5 eq.) 47 (1.0 eq.) N
SEM OMe
81

Scheme 54. Double N-arylation of carbazolamine 47 with dibromobiphenyl 46
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Table 19. Double N-arylation reaction O
run ligand temp (°C) time (h) vyield (%) PCy, OO PtBu2

1 21 100 13 17 O
2 21 120 6 56 OO

31 2 120 24 58 21 31
4 21 130 13 37
PCy
5 31 120 6 23 ; ; 2
'Pr 'Pr
6 36 120 13 18
111 eq. of 46 was used. By 36

Aniline 32a @ double N-arylation i D fiEtHE F(Table 8) % £ %& 12, Pd Y —A & LT
Pdy(dba)s. #ikk & LT NaO'Bu, &4 & L T toluene 2 VN, U H > ROBET 21T - 7=,
U 47> RiZ aniline 32a iICBWCTHHTH -7 21 b L CHE Y . 31 B LU 36 &2 H
WA TR IME T L7z (runs 2, 5, 6), SOSTREE 13120 °C 23 i L TV = (tuns 1, 2,
4), F2TVTREE T =)L 46 OYEE 1leq. ETHDL L7HE BRBEOIGE L
78 72 (run 3),

L& 46 ° 47 D X 9 7p M HE 2% LT, double N-arylation <& % it 9° %
ZENHR, ZHICE YD BRI — LER AR T A TR, ¥
tefb et 81 155 FA KT,

1% \Z SEM FEDOBifi# 21T - 7= (Table 20), 1L L ¥IZ TBAF X° HF-Pyr.E W\ »7= 7
v FRORIECTHIRGEZ KA T, RIS EIFENETH > (run 1,2), & Z T
IZ X DWitR#EEIT 72 & 2 A, 4AM HCl aq. % iV C EtOH & THF OIRSEREEH 2T
B 52 & TOmIERICT SEM B2 Bifei€ 92 Z LR, A7 ZAF 7+ 1 -A(43)
BERTHIENTEZ(und), AR LIZLTAF 74 U -A(43)D ITHNMR A~
K JV(Figure 10)3 X TYMS A~ hbid, RO D 9L v —F %2R LT,

Table 20. Deprotection of SEM group

SEM OMe H OMe
81 murrastifoline-A (43)
run  reagent solvent temp.(°C)  vyield (%)
1 TBAF THF 0to 60 no reaction
2 HF-Pyr. MeCN 0 31
3  4MHCl aq. EtOH reflux 53
4 AMHClaq. EtOH/THF reflux 94
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natural
(400 MHz, acetone-dg )

"

|_10.5 10,0 9.5 9.0 8.5

synthetic
(300 MHz, acetone-d)

s I il ) | ]

T LB T ™ T T T T T T T T T
19 9 7 6 5 4 3 2 1 ppm
oy e - w L e
o.87 1.89.%4.92 3.00 4.02 a.53
an 0.91.01 1.88 z.90 5.82

Figure 10. 'H NMR spectra of natural and synthetic murrastifoline-A (43)
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PlbE%F &% L, 2-amino-5-methylphenol 49 KV 6 TRIZTHEK LY 7 vrEE
Tx=L46 & FIU< 49 KD 7T TRRIZTEMK LI AN — LT X 247 & D double
N-arylation JUSIZ KD EAD NN — )V EREEREEE L, LT ATF T 4 U -A (43)D4
ARk % R L 7=(Scheme 55)°7, 2B EIZ LT AF 7 + U v-A (A)DAFLHNT IR X

NTELT, REXPYIOEEKE LT,

Me

O i OMe

6 steps
23%
46
Me 2 steps OMe

| 55% Q N Me
OH double
N-arylation O O
N

NH, i
reaction
49 H2N Me OMe
7 steps O O H
0,
23% N — murrastifoline-A (43)

SEM OMe
47

Scheme 55. Total synthesis of murrastifoline-A
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o AT DA

HIFE CIX. 5 EHRT X > double N-arylation S Z £ D V3 — VB R R L |
RN THDH LT AF 74 ) VA BER LI, AETENENET >0 double
N-arylation S )iz, RINWIEG R~ LIS LIZAFZEIZ DWW TR %,

F—E ATV U AZONT

LTV Y 2 821F1969 4 Dutta HIZ LV L — U — 7 DAR(F4 Murraya koenigii)
DL Y HEEES NI AR — LT AL RTH5H 3, Z O D%, Kureel™
<2 Bordner™, I V512 k> TH, TOHEENRHE SN TWD, RENSIZTER
K BB LTSS 2ADENREEZET L0 PIRHEESNTWE, A5V Y O
YT X HRAE LRSS & 0 R E S AL F ORI E LT AN — LB A B 6 [HOBR
DHEER L TV D RAFET Hivd, AGKIIZIE, AU A L—U—T7DOKRDERL Y H
BlE S 7= KT % mahanibin 83 L W A5 5 LHER ST 5 9,

Me ]
O DI
H o — Me ey
Me7‘;f) \>H+ H Me
Me

_ mahanimbin 83

murrayazoline 82

Scheme 56. Biosynthesis of murrayazoline (82)

FT O ATFNEEETAHA VLT Y L 8890 T KB EAETH LT
¥ I U-E 85, AfLICKIBEAGETHLT VY J—)L 86797 ¥ DYEBAR b HEE X
nTWob,

Isomurrayazoline 84 murrayamine-E (85) murrayazolinol 86

Figure 11. Analogs of murrayazoline
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O Me
— OMOM

Mer,
Me
murrayazoline 82 87 v oJ
88
OMOM — OTS — QOH
BrBr Br NH, HZN

89 91

double

+
i H,N 0 N3 0 Q 0
N-arylation 2 )_<;>< ] )_Q
: Me™; — v ] —
reaction Ma 0O I\?Ie 9] Me Oj
93 94
Scheme 57. Retrosynthetic analysis of murrayazoline (82)

LT 82 OARBEMERKIL, DAY — VAR L -RICERELSES
ZLTHEEL KO LE X Scheme57 DL O REMGIM AN E LIz, AT ¥V Y82
IT=% YAV T 0 AR 8T D 2 fiKEERE & 3L CPHERT 5 2 & THERHKD EE 2
7o TXVALT 40 R8T X, IR =188 D 1L, AT, ZV—FT V0 F
TIEATO VAN ETD) ZETERTAZEE LT, IRy —)188 1%, &
TREET 2=/ 89 &VKEEDRKEWIENIET X 290 & @ double N-arylation S
IZED, IR —VEBREBETHZETARLE I EB XTI,

V7BEET 2=V 8 IXLTATF T AU A D EHRET AN 46 LRERD FIE
IZ X V. 5-amino-2-methylphenol 92 KV 6i5 &B X T, KEEDIRELE LT
MOM %%&E?ﬂ L7eDiX, ZV—=TNVT 77247 D 14 MHMRIGOFEZ, £DE

FHEERRICE D . I ORISHEEZ®mO L4 TH S,

7iy%m;%ﬁké%%ww&by%%ﬁﬁﬂbm7yF%%ﬁﬂbm%%%
ELTctk, TV REEZBEILLTARTAZ &L LI,

BEE YRR T 2 =L OE R

VITBREE T 2=V 8 FLT AT T 4 U -A DTS AN 46 DA E R
DFHEIC LY ARk T & 72(Scheme 58), 5-amino-2-methylphenol 92 ¢ 7K %k & B4R 12
TsibL. (k& 95 & Lo b, 4fiZ@RAca vRb L, (ka6 & Lz, 3 v
14 96 & bromophenylboronic acid 50 & O, $¥R-"EH T » 7Y U ORI KV T X/
BT =191 %57, \LEW L OT I/ H% Sandmeyer KUSIZ LV 7w EHA LA
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L, V77 2= 097 & L7z, {LEW 9T O Ts % MOM HA~ENIFZ.
o 7Y THIERK 89 & ARk LT,

Me Me Me

TsClI, EtzN NIS, DMF 4
OH > 4 OTs > | OTs
CH,Cl,, 0 °C 76% for 2 steps
H2N HoN HoN
92 95 96

Pd(PPh3)4, 2M N3.2CO3 aqg. NaNOZ, CuBr,
conc. H,SO,4, AcOH, 48% HBr aq.

Me
benzene, EtOH, reflux, 99%
- () o
rt to 80 °C, 85%

QB(OH)Z Br NH,
50

Br 91

Me Me MOMCI Me
NaOMe, MeOH NaH
O rors - OO0 e | {3 )-omom
reflux, 100% DMF
BrBr BrBr 92% BrBr
97 08 89

Scheme 58.  Synthesis of dibromobiphenyl 89

LTAF T3V -ADERE T A b 46 DEKTIZ, /LAY 61 O Ts &% EtOH
1. 1 M KOH aq.% AW ClifE# L Cu 7= (Scheme 46), &%) 97 @ Ts £ b RIkE D&
HAZ THLARFE FTHE T3 - 72(80 %) 73, MeOH H', NaOMe % FWTHLIR#ET 5 2 & T
LHME EL72(100%), 723 NaOMe, MeOH % W T{LAY) 61 D Ts FEDBiLAEH# bR
FRTZD . BOGHEITE T RE & [T 2 5 R HE D o 72,

Me

O NaOMe, MeOH )
OTs > no reaction

O O refux
BrBr

61
Scheme 59. Deprotection of Ts group (61)

CAUTNREEIC LD b L b s, (LEWELIDOLE ., OTsHDO A /v MLITALE
THTHEEOEET, REHITHHMOONR T LS5, — H{bAMWITDEE
B W BB ILTOTSHEED A ZLITALE L, SAREEDSER SN TWD 720, RIGH
HITL-EEbLs,
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HUE 7 UEOE R

BEAE A 9401 Z MeLiZ AN &/ 7 U L7 L 2 —L99% f57- . >3\ T LV %5
BN FRVESE FTMSN: 2 W C =K LD 7 ¥ REE~DO B G R AT 2 5,
HEY &3 261000345 5 FR KT, By, afi7 N 101N AERKRT D DIHTE -
7-(Scheme 60), Z AUTFEMESAEIC CF Lo T X — AR #ESNT Mo L b=
DIT, SNIBUSMZ E D7 ¥ ME X W b RBESS AT LT < eo oo & bl b,
T THEEMOOD T LT X — e T AT =~ L LD ERART, L
L HEBYE T 2810213 15F 63, BEESOS 23 1T L72b & 41013 L UM03% 5
Z D6 R & 72 - 72(Scheme 60),

TMSN3,
MelLi, BF3-Et,0,
EtZO HO 0 TSOH-H,0 N3
FOP 5 OR e O
-78 °C, N o) benzene, 0 °C Me
e Me
74%
99 100
Me
— ==
Me
101

HO Oj 1,3-propanedithiol HO S:>
g X | — » -
Me) C:>6 BF3-Et,0, Me) C:>§
Me Me
99 CH,Cl,

Me Me S
B = =0 + — X
Me Me S:>
103
Scheme 60. Azidation of 99

IKBEIEDSHBEST 2 DX, AAR= EHAZ L D 2 “HEEWFET D720 LERD
o, TZCTHMEAEZETLLT, 7Y Muaikisb Z &b L,

0 o] Hp, 5% Pd-C O o] MeLi, Et,0
Mej O (O EtOH, 93% Mej O io 78 °C, 100%
94 104

TMSN;,

HO o) BF5-Et,0, TSOH-H,0 N3
<O e Mg <
Me ! Me
105 106

Scheme 61. Azidation of 105
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ILEMMADF L7 ¢ A& TE LEIFN A b 104L L721410, MeLiZz At &8 7 /L
a—1105¢& L7, {EA10512x LAEIFE E L RBRDOSRIFICTT ¥ MeaiRATm L 2 A,
WERADICEWE 2852 DR T, BE T HILEWI061TE 7= <1350
- 7-(Scheme 61), {LAEMIOSDTF L 7 H —/LinERIC L 0 BifRES N D Z & 73,
SR EMET ARRNEEZE L2 = F Lo T X — L EZBRICRUVME#EL~ LN %
HZblELT,

TMSNS,

HO)_<:><O] 1,3-propanedithiol HO S:> BF3-Et,0, TsOH-H,0
Me 0~ BF3EL,0, CH,Cly, 91% Mﬁe) < ><S benzene. 0°C
105 107

1) TMSCI, EtzN, KHMDS

N3 S Me3OBF,4, CH,Cl, N3 THF, -78 °C
Mﬁ‘()() . =Mﬁ*<}ﬁ3 g
Me S 0 °C, 61% for 2 steps 2) Pd(OACc),, MeCN,

108

Me 0,

LiAIH
N\ 4
N?)_Q:O TMSO OTMS )_<;>< ] THE HZN)_QO]
Me" TMSOTF, CH,Cly, Me"} o
Me 215 °C, 99% 7w Me
100 ’ 0 90

=00 OO0

'

|

\
.

Scheme 62. Preparation of amine 90

ILEMIOSD=F L o T X — LTI T v H—L~ENTz, (LEWI0TE 15T,
DONWTIEMESRIE T, TMSNsZ FHWTT ¥ Mz izt 2 A, B & T2 EH#N
MHEAT L, 7Y MR108% 155 FA R, Z O, BEERIS BT L, {LE#109%
FOMONRETAER LT, 1EA%109, 110135108 & el BT 5 2 & N INEET
Hol-DT, BEMOEEFFT X —NLOREEDZITN, 7 F1068 L=, &
A6 D ATN AT L ua~w RTT7T7 4—I2L0, BlIEYMESEET D Z &0
-, HWTERBEICE D= 1008 LiZDb, IV R=LExF LU TEH
— VI THRE LILEMBE Ak LTz, RBRIZT Y REEEILTHIET, Iy 7V
THIBMET 2 0% BT HI ENTET,
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WAE N — LB DS

Ty TV THIBMRTHH YT BEE T 2 =898 T R VIONFK TE DT,
double N-arylation ST & 2B W 3 — VB HAESE OMET 21T - 72 (Scheme 63, Table
21).

Me Pd,(dba)s (0.2 eq.)
HaN O] ligand (0.6 eq.) Me
{ < )-omom + g~ _X . O
Ml?/le O NaO'Bu (3.0 eq.), N OMOM
BrBr toluene Mery
89 (1.5 eq.) S0 (L ea) in a sealed tube Me

0]
see Table 21 OJ
88

Scheme 63. Double N-arylation of amine 90 with diboromobiphenyl 89

Table 21. Double N-arylation reaction

run ligand temp.(°C) time (h) yield (%) O
1 21 120 17 16 PCy, OO ptBu2
2 31 120 12 36 O
3 36 120 17 54 OO
4 36 130 13 59 21 31

. PCy,
'Pr g 'Pr

'pr 36

tert-Butylamine 34f & dibromobiphenyl 29 & D 71 77U > 7 [ jis D Fx(Table 9) & £
E\Z, PdY — A L LTPdy(dba)s, HkEE L TNaOBu, &L L Ctoluene V>, U A
¥ RO EIT 572, 120 CICTHRFTEITo70 &2 A, U Y RiZ36zE HW =LA
Ho & HEIER L 7o 72, Zividtert-Butylamine 34f & dibromobiphenyl 29 & D 77 7
YT DA ERERORERTH 5, FIRIGREITI30°CHA B> bE L TEY, 59%
ICTHBET AN AN —L88E A H NIRRT,

TN — )VER GRS 5 Z L RO T, AT YY) ORBIEEBIELED
MRt Z1T 572, ALEWBBITKIFEE T, Sc(OT: A2 E ST L nF LU T®H—LD
Bitie, 7V —F N0 T 7Y H AL TOLTNLARIY, MOME O Bifes# DOIEC S
WHEIT L, ALEWUINTI%ICTHE LN, 2O FHNLAINXETe 1AL, 1A Tt
1TL. RERWVSLTERAL LTALEWITHB 6N/ o7z, ZiuiEMedk & OMOMEDE
FHLEREIC LD . VOISR D HNT WA= & b b, #20 TTebbeih ks
WXV DNR=NFEEZTR I F LT o ~EEHL, 5 T7Y V) ORIEMAETH D1k
AMBTHGRT D 2 &R, (bAWSTIIAIKEEIE L 3 (I TBiLT 5 Z LIk
D, L7%Y VU 86~EITSH EBbhd,
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8

Qe

N 7 OMOM

Men,
Me e)

87

o
SC(OTha, (CHoCl), / HyO = 4/ 1
> N OMOM

J

120 °C, in a sealed tube Mem:
Me
)

Tebbe's reagent

O THF/pyridine=5/1
0 °C, 62%

murrayazoline 86

Scheme 64. Synthesis of murrayazoline precursor 87
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=3
o

FIUE  FRRL

AFFFEIZEB T, double N-arylation SOt K A N-{E#a 47 )L /x> — )L DA Rk O B
EAToT, VA RE@MUNIERIRT 22 & T, FHEBET IV EENET I vontin
(OB FTRE R TIE L35 Z Lk, IENIEY X > TIHRIR TH - 72 BFilE 5 O F
B ZOIHMEREE o To, ZEET VY — VEFERE BEEEL T L3 — )L
WHART DHE. WY = VBB OB HMEEN S, REFOBISIE D L3
—/LD3, 6, ML TLNBI LN, TOTOEEDONEICLIcERIEZE AT
D ZEW T VN — )V DENEDOEFNT A 720, A EHIEOEANE S e 7 r
FET ==L E2 MV, DORIONE Z 5B RITHIE TE D RFEIL ZEBAL Y
—LVORKIEE LTHERATH D,

FEAFEZRBWARIISH L, AT 2AF 74 U V- ADWIDOREKZERK LT,
BT U= VBRGNS — VB BT DN — VT vhaA Rid, iHEER %
LOTWHLEWTH LN, ZOERIEORE TV BAHOMMETHEAT HE A
NN =)V FRT D 2 EIEREER RIS D, RO TIEZ, b ofks
W AL EIRIZERRT D Z EDRHRDTZOIEFICHEATHY 5D E AT LY
— T NTIuA ROMFRANETHEZANKE,

ATX U OERMFE T, mE < REICERREL S NITIRNRT I Ak L
Th, AFENHEHAFTRETHD Z L A2R Lin, fERIT, ONLIT Rl Bl 7 i ik %
AT DN NN — L DERBINPNEE A ETHSTB, KATIEICLY, ILic X
D MR BEWIL AT 2NN =V ERRTED LD hoTe, Ak, ERLCRE
R L OB T, N-EHD LAY — LOFAMEES D Z LR/ SN D,
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General Experimental Procedure

The m.p.s were determined on a Mitamura-riken micro hot stage and are uncorrected.

'H NMR spectra were measured with a JEOL JNM-Lambda 300 (300 MHz) or a Varian
MVX-300 (300 MHz) spectrometers, with tetramethylsilane as the internal standard for
solutions in CDCl; at rt, unless otherwise noted. Chemical shifts are reported as o values in
ppm. Abbreviations used are; br (broad peak), s (singlet), d (doublet), t (triplet), q (quartet)
and m (complex multiplet).

BC NMR spectra were taken on a JEOL JNM-Lambda 300 (75 MHz) or a Varian
MVX-300 (75 MHz) spectrometers, in CDCl; at rt, unless otherwise noted. Chemical shifts
are reported as o values in ppm.

Mass spectra were measured by a JEOL GC-Mate spectrometer with EI mode (70 eV),
unless otherwise noted.

Optical rotations were measured with a JASCO DIP-370 instrument with 1-dm tube and
values of [a]p are recorded in units of 10~ deg-cm*+g .

IR spectra were taken with a JASCO FT/IR-200 spectrometer.

Organic extracts were dried over anhydrous Na,SO4 and concentrated below 40 °C under
reduced pressure.

Solvents were dried over 3A molecular sieves after distillation. Benzene, toluene and
DMF were distilled from CaH,. MeOH was distilled from CaSOq4 (DRIERITE®). AcOH
was distilled from Ac,O and KMnO,. EtOH (95%, dried over 3A molecular sieves), Et,O
(dehydrated), THF (dehydrated, stabilizer free) and CH,Cl, (dehydrated) were purchased
from Kanto Chemical Co., INC.

For column chromatography, Merck silica gel 60 (230-400 mesh) was used, unless
otherwise noted.

For TLC analysis, Merck precoated TLC plates (silica gel 60 F,s4 on glass plates, 0.25 mm)
were used.

For preparative TLC, Merck precoated TLC plates (silica gel 60 F,s4 on glass plates, 0.5

mm) were used.
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Part-1. Synthesis of N-substituted carbazole

2,3-O-Benzyl-4,6-O-benzylidene-B-D-glucopyranosylamine (28).

0~ O~pNH;

To a suspension of NaH (39 mg 1.63 mmol) in DMF (2 mL) was slowly oh )\O““E‘):’OB
n

added 4,6-O-benzylidene-p-D-glucopyranosyl azide®® (120 mg, 409 OBn

umol) at 0 °C.  After stirring at rt for 5 min, the reaction mixture was 28
cooled to 0 °C. To this mixture was slowly added BnBr (0.15 mL, 1.26 mmol), and the
mixture was stirred at rt for 2 h. After addition of MeOH at 0 °C, the reaction mixture was

extracted with EtOAc and washed with HO and brine. The organic layer was dried and
concentrated to give the residue, which was purified by column chromatography (silica gel: 6
g, EtOAc/hexane = 1/20) to afford 2,3-O-benzyl-4,6-O-benzylidene-B-D-glucopyranosyl
azide (176 mg, 90%) as white solid: Rf = 0.88 (EtOAc/toluene = 1/2); m.p. 112 °C; [a]p>’ =
+69.5 (¢ = 1.00, CHClL;); IR v 2115 cm™; "H NMR & 3.36 (dd, 1H, J = 8.7, 8.4 Hz), 3.42 (ddd,
1H,J=9.9, 9.6, 4.8 Hz), 3.64 (dd, 1H, J=9.6, 9.3 Hz), 3.69 (dd, 1H, J=10.5, 9.9), 3.75 (dd,
1H, J=9.3, 8.7 Hz), 4.32 (dd, 1H, J = 10.5, 4.8 Hz), 4.65 (d, 1H, J = 8.4 Hz), 4.77 and 4.92
(2d, each 1H, J = 11.4), 4.81 (s, 2H), 5.52 (s, 1H), 7.25-7.33 (m, 13H), 7.45-7.48 (m, 2H); "°C
NMR 6 68.1, 68.4, 75.2, 75.7, 81.2, 81.3, 81.4, 90.6, 101.2, 126.0, 127.8, 128.0, 128.1, 128.3,
128.3, 128.4, 128.5, 129.1, 137.1, 137.7, 138.2; HRMS m/z 473.1960 (473.1951, calcd. for
Cy7Hy7N305, M), LRMS m/z 473 (M, 1%), 431 (1), 382 (18), 91 (100); Anal. Calcd. for
Cy7H,7N305: C, 68.48; H, 5.75; N, 8.87%. Found: C, 68.51; H, 5.86; N, 8.64%. To a
solution of this product (136 mg, 287 umol) in toluene (4 mL) was added Lindlar catalyst (70
mg). The reaction mixture was stirred for 12 h under H, (1 atm) at rt. Then the catalyst
was filtrated through Celite® and the filtrate was concentrated to give the residue, which
was recrystallized from EtOH to afford glucosylamine (28) (98.5 mg, 76%) as a white solid:
Rf = 0.34 (EtOAc/toluene = 1/2); m.p. 111-112 °C (decomp.); [a]p>’ = -38.7 (¢ = 1.00,
CHCl3); IR v 3400, 3335 cm™; '"H NMR & 1.91 (bs, 2H), 3.21 (dd, 1H, J = 8.6, 8.6 Hz), 3.42
(ddd, 1H, J=9.6, 9.3, 5.0 Hz), 3.65 (dd, 1H, J=9.3, 9.1 Hz), 3.71 (dd, 1H, J=10.4, 9.6 Hz),
3.80 (dd, 1H, J=9.1, 8.6 Hz), 4.22 (d, 1H, J = 8.6 Hz), 4.32 (dd, 1H, J = 10.4, 5.0 Hz), 4.80
and 4.94 (2d, each 1H, J = 11.4 Hz), 4.84 and 4.92 (2d, each 1H, J = 10.5 Hz), 5.56 (s, 1H),
7.26-7.38 (m, 13H), 7.47-7.51 (m, 2H); °C NMR & 67.3, 69.0, 75.2, 75.5, 82.1, 82.1, 86.8,
101.1, 126.1, 127.8, 127.9, 128.2, 128.3, 128.3, 128.4, 128.5, 129.0, 137.5, 138.3, 138.6;
HRMS m/z 447.2056 (447.2046, calcd. for C;7HoNOs, M"), LRMS m/z 447 (M", 1%), 356
(2), 248 (37), 91 (100); Anal. Calcd. for C,;H29NOs: C, 72.46; H, 6.53; N, 3.13%. Found: C,
72.32; H, 6.55; N, 2.73%.

2,3-O-Benzyl-4,6-O-benzylidene-a and B-D-glucopyranosyl- O
carbazole (30). Ar gas was bubbled into a mixture of o NN O
glucosylamine (28) (20 mg, 44.7 umol), dibromobiphenyl (29) Ph)\o““Q'f”OBn
(42.0 mg, 135 pumol), Pdy(dba); (41 mg, 44.7 umol), OBn
2-(di-t-butylphosphino)binaphtyl (31) (53 mg, 133 umol) and 30
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NaO'Bu (12.9 mg, 134 pmol) in toluene (0.8 mL) for 15 min. The reaction mixture was then
heated at 60 °C in a sealed tube for 24 h.  After cooling, the mixture was purified by column
chromatography (silica gel: 2 g, EtOAc/hexane = 1/40) to afford anomeric mixture of
glucosylcarbazole (30). The mixture was separated by preparative TLC using
EtOAc/hexane = 1/8 as the eluant to give a-anomer (30a) (5.1 mg, 19%) as a colorless syrup
and B-anomer (30B) (8.9 mg, 33%) as a colorless syrup. Data for 30a: Rf = 0.23
(EtOAc/hexane = 1/8); [a]p>! = -14.5 (¢ = 0.1, CHCL); IR (neat) v 3030, 2920, 1455 cm™; 'H
NMR (C¢Dg) 6 3.50 (dd, 1H, J = 10.5, 10.2 Hz), 3.73 and 3.83 (2d, each 1H, J = 11.9 Hz),
3.93 (bd, 1H, J = 1.8 Hz), 4.02-4.07 (m, 2H), 4.30 (dd, 1H, J = 10.5, 5.1 Hz), 4.42 and 4.53
(2d, each 1H, J = 12.2 Hz), 4.60-4.71 (m, 1H), 5.39 (s, 1H), 6.47 (d, 1H, J = 1.8 Hz), 6.54 (d,
2H, J = 6.3 Hz), 6.81-6.90 (m, 4H), 7.11-7.36 (m, 11H), 7.65 (bd, 4H, J = 7.8 Hz), 8.03 (d, 2H,
J=7.5 Hz); HRMS m/z 597.2522 (597.2522, calcd. for C30H35NOs, M"), LRMS m/z 597 (M",
13%), 167 (23), 91 (100).  Data for 30p: Rf = 0.20 (EtOAc/hexane = 1/8); [a]p> = +31.7
(c = 0.97, CHCLy); IR (neat) v 3030, 2875, 1455 cm™; "H NMR & 3.35 (d, 1H, J = 10.0 Hz),
3.79 (m, 1H), 3.93 (dd, 1H, J = 10.5, 10.2 Hz), 4.00-4.08 (m, 2H), 4.06 (d, 1H, J = 10.0 Hz),
4.40 (dd, 1H, J = 8.8, 8.8 Hz), 4.46 (dd, 1H, J=10.5, 4.9 Hz), 4.83 (d, 1H, J = 11.2 Hz), 5.00
(d, 1H, J=11.2 Hz), 5.73 (s, 1H), 5.88 (d, 1H, J = 8.8 Hz), 6.34 (d, 2H, J = 7.6 Hz), 6.93 (dd,
2H,J=17.6, 7.6 Hz), 7.05 (dd, 1H, J =7.6, 7.6 Hz), 7.28-7.64 (m, 16H), 8.09 (d, 2H, J = 7.6
Hz); °C NMR & 68.9, 69.4, 75.2, 75.6, 78.8, 82.0, 82.4, 85.5, 101.5, 109.8, 112.8, 120.4,
126.2, 127.8, 127.9, 128.1, 128.2, 128.5, 128.6, 129.2, 136.7, 137.4, 138.5; HRMS m/z
597.2513 (597.2515, caled. for C3H3sNOs, M), LRMS m/z 597 (M", 6%), 167 (12), 91
(100).

The sugar moiety of a-glucosylcarbazole (30a) would take twist-boat conformation.
It was proved by observation of the nuclear Overhauser effect (NOE) (3.4%) of H-1 (6 6.47)
to H-4 (8 4.02-4.07) and small coupling constants of 'H NMR (J2,=1.8 Hz and J,3 = 0 Hz).
The similar conformation was reported67) at K-252d which was indolo[2,3-a]carbazole
glycoside.

J1’2 =1.8Hz
\]2’3 =0Hz
Js.6ax = 10.2 Hz
J56eq = 5.1 Hz

General Procedure for the double N-Arylation Reaction. Ar gas was bubbled into a
mixture of amine (32) (250 pmol), dibromobiphenyl (29) (85.8 mg, 275 umol), Pd,(dba);
(22.9 mg, 25.0 umol), ligand (20, 21, 31 or 36) (75.0 pmol) and NaO'Bu (72.1 mg, 750 pmol)
in toluene (1 mL) for 15 min, unless otherwise noted. The mixture was then heated at
120 °C in a sealed tube for 13-24 h (see Table 8 and 9). After cooling, the mixture was
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filtrated through a pad of silica gel (3g, toluene). The filtrate was concentrated to give residue,
which was purified by column chromatography (silica gel: 6 g, hexane) to afford carbazole
(33).

N-Phenylcarbazole (33a). The general procedure using 2-(dicyclohexyl-
phosphino)biphenyl (21) gave N-phenylcarbazole (33a) (51.9 mg, 85%) as
colorless solid: Rf = 0.37 (toluene/hexane = 1/5); m.p. 89-90 °C; IR (KBr)
v 3020, 1595 cm™; "TH NMR & 7.23-7.31 (m, 2H), 7.37-7.41 (m, 4H),
7.42-7.48 (m, 1H), 7.54-7.62 (m, 4H), 8.14 (d, 1H, J = 7.8 Hz); °*C NMR
8 109.9, 120.0, 120.4, 123.5, 126.0, 127.3, 127.6, 130.0, 137.9, 141.0;
HRMS m/z 243.1040 (243.1048, calcd. for CisH;3N, M"), LRMS m/z 243 (M, 100%), 139
(12), 121 (9); Anal. Calcd. for CigsH3N: C, 88.86; H, 5.39; N, 5.76%. Found: C, 88.89; H,
5.32; N, 5.76%.

5

33a

N-[2-(2’-bromobiphenyl)]aniline (34) and N-(2-biphenyl)aniline (35).
procedure using 2-(dicyclohexylphosphino)biphenyl (21) and heating at

60 °C gave N-phenylcarbazole (33a) (20.1 mg, 33%) and 10 / 1 mixture X NH

(determined by 'H NMR) of mono N-arylation products (34) and (35)

(16.8 mg, 21%). A small amount of the mixture was separated by HPLC 34 X = Br
35X=H

(Finepak SIL, JASCO Corp., 4.6 mm i.d., 250 mmL, EtOAc/hexane =
1 /40, 1.0 mL/min) to provide compounds 34 (retention time 5.40 min) and 35 (retention time
6.95 min) in pure forms and use as analytical samples. Data for 34: Rf = 0.53
(toluene/hexane = 1/1); m.p. 84-87 °C; IR (neat) v 3010 cm™; '"H NMR & 5.27 (s, 1H), 6.92
(ddd, 1H,J=17.5,7.2, <1 Hz), 6.99 (ddd, 1H,J=7.8, 7.2, 1.5 Hz), 7.04 (dd, 1H, J=7.5,< 1
Hz), 7.15 (dd, 1H, J = 7.8, 1.7 Hz), 7.20-7.39 (m, 7H), 7.69 (dd, 1H, J = 7.7, 0.9 Hz); °C
NMR o 116.6, 119.1, 120.5, 121.6, 124.6, 128.0, 129.0, 129.4, 129.5, 130.5, 130.8, 132.1,
133.3, 139.8, 141.0, 143.0; HRMS m/z 323.0311 (323.0310, calcd. for C;sH;sN"’Br, M),
LRMS m/z 325 (M (*'Br), 22%), 323 (M"("Br), 20), 244 (81), 167 (32), 64 (100). Data for
35: Rf = 0.53 (toluene/hexane = 1/1); IR (neat) v 3405 cm™; '"H NMR & 5.52 (bs, 1H), 6.83
(ddd, 1H, J = 7.3, 7.3, 1.2 Hz), 6.88-6.97 (m, 3H), 7.14-7.19 (m, 4H), 7.29-7.36 (m, 6H); "°C
NMR 6 117.6, 118.4, 121.2, 121.2, 127.6, 128.4, 129.0, 129.5, 131.0, 131.7, 139.2, 140.3,
143.5; HRMS m/z 245.1198 (245.1204, calcd. for C;sH;sN, M"), LRMS m/z 245 (M", 100%)),
167 (32).

N-Benzylcarbazole (33b). The general procedure using 2-(di-tert-butyl-

phosphino)binaphtyl (31) gave N-benzylcarbazole (33b) (38.4 mg, 60%) as
colorless solid: Rf = 0.53 (toluene/hexane = 1/1); m.p. 119-120 °C; IR (KBr)
v 3030, 2930, 1595, 1450 cm™; "H NMR & 5.50 (s, 2H), 7.11-7.14 (m, 2H),
7.22-7.27 (m, 5H), 7.35 (d, 2H, J=7.3 Hz), 7.42 (dd, 2H, J = 7.3, 0.9 Hz),

Bn
33b

8.13 (dd, 2H, J = 7.6, 0.9 Hz); °C NMR & 46.7, 109.0, 119.4, 120.5, 123.2, 126.0, 126.6,
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127.6, 128.9, 137.3, 140.8; HRMS m/z 257.1203 (257.1204, calcd. for C1oH;sN, M), LRMS
m/z 257 (M, 100%), 166 (24), 109 (17), 91 (92); Anal. Caled. for C15H;sN-0.1H,0: C, 88.07;
H,5.91;N, 5.41%. Found: C, 83.08; H, 5.89; N, 5.40%.

N-(4-Methoxybenzyl)carbazole (33c). The general procedure using 2-(di-
t-butyl-phosphino)binaphtyl (31) gave N-(4-methoxybenzyl)carbazole (33c)
(51.2 mg, 71%) as colorless solid: Rf = 0.32 (toluene/hexane = 1/1); m.p. PMB
122-123 °C; IR (KBr) v 3050, 2835, 1595, 1460 cm™; "H NMR & 3.73 (s, 3H), 33c

5.46 (s, 2H), 6.78 (d, 2H, J = 8.6 Hz), 7.08 (d, 2H, J = 8.6 Hz), 7.24 (dd, 2H, J=7.8, 7.4 Hz),
737 (d, 2H, J = 7.6 Hz), 7.42 (dd, 2H, J = 7.6, 7.4 Hz), 8.12 (d, 2H, J = 7.8 Hz); *C NMR §
46.2, 55.4, 109.1, 114.3, 119.3, 120.5, 123.1, 125.9, 127.8, 129.4, 140.8, 159.1; HRMS m/z
287.1300 (287.1300, calcd. for Co0H;;NO, M"), LRMS m/z 287 (M", 30%), 166 (11), 121
(100), 77 (12); Anal. Calcd. for C,0H;7NO: C, 83.59; H, 5.96; N, 4.87%. Found: C, 83.43; H,
5.95; N, 4.85%.

N-Octylcarbazole (26d). The general procedure using 2-(di-t-butyl-

phosphino)binaphtyl (31) gave N-octylcarbazole (33d) (46.5 mg, 67%) as
colorless syrup: Rf = 0.50 (toluene/hexane = 1/5); IR (neat) v 3055, 2925, oé\'tly|
1600, 1455 cm™; "H NMR & 0.86 (t, 3H, J = 6.7 Hz), 1.24-1.40 (m, 10H), 33d

1.86 (tt, 2H, J = 7.3, 7.3 Hz), 4.28 (t, 2H, J = 7.3 Hz), 7.21 (ddd, 2H, J = 7.6, 7.6, 1.2 Hz),
7.39 (dd, 2H, J = 7.8, 1.2 Hz), 7.45 (ddd, 2H, J = 7.8, 7.6, 1.0 Hz), 8.09 (dd, 2H, J = 7.6, 1.0
Hz); >C NMR & 14.2, 22.7, 27.4, 29.1, 29.3, 29.5, 31.9, 43.2, 108.8, 118.8, 120.5, 122.9,
125.7, 140.5; HRMS m/z 279.1982 (279.1987, calcd. for CooHasN, M"), LRMS m/z 279 (M",
79%), 245 (19), 180 (100); Anal. Calcd. for C,0HysN: C, 85.97; H, 9.02; N, 5.01%. Found:
C, 85.99; H, 8.93; N, 4.91%.

N-Cyclohexylcarbazole (33e). The general procedure using cyclohexyl-

amine (32e) (22.9 ul, 200 umol), dibromobiphenyl (29) (68.6 mg, 220 pmol),
Pd,(dba); (18.3 mg, 20.0 umol), 2-(di-t-butylphosphino)binaphtyl (31) (23.9 Cy

mg, 60.0 umol), NaOt-Bu (57.7 mg, 600 pmol) and toluene (0.8 mL) gave 33e
N-cyclohexylcarbazole (33e) (40.0 mg, 80%) as colorless solid: Rf = 0.53 (toluene/hexane =
1/5); m.p. 143-144 °C; IR (KBr) v 3055, 2920, 1590, 1455 cm™; '"H NMR & 1.31-1.61 (m,
3H), 1.82-1.87 (m, 1H), 1.94-2.04 (m, 4H), 2.33-2.47 (m, 2H), 4.49 (tt, 1H, J=12.3, 3.9 Hz),
7.20 (dd, 2H, J =17.8, 7.6 Hz), 7.43 (ddd, 2H, J = 8.1, 7.6, 1.2 Hz), 7.56 (d, 2H, J = 8.1 Hz),
8.10 (dd, 2H, J = 7.6, 1.2 Hz); >C NMR & 25.8, 26.7, 30.9, 55.5, 110.4, 118.6, 120.4, 123 .4,
125.4, 139.8; HRMS m/z 249.1517 (249.1517, calcd. for C;sHoN, M"), LRMS m/z 249 (M",
100%), 206 (43), 167 (92); Anal. Calcd. for C;gH9N: C, 86.70; H, 7.68; N, 5.62%. Found:
C, 86.48; H, 7.60; N, 5.58%.
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N-tert-Butylcarbazole (33f). The general procedure using 2-(dicyclohexyl-
phosphino)-2’,4”,6’-triisopropylbiphenyl (36) gave N-tert-butylcarbazole (33f)
(23.6 mg, 42%) as colorless solid: Rf = 0.38 (toluene/hexane = 1/5); m.p. 122 té'\lu
-123 °C; IR (KBr) v 3050, 2970, 1590, 1440 cm™; "H NMR & 2.00 (s, 9H), 33f
7.19 (ddd, 2H,J=7.8, 7.1, 0.7 Hz), 7.37 (ddd, 2H, J = 8.7, 7.1, 1.5 Hz), 7.86 (dd, 2H, J = 8.7,
0.7 Hz), 8.10 (dd, 2H, J = 7.8, 1.5 Hz); °C NMR & 31.2, 59.2, 113.9, 118.6, 120.0, 124.6,
125.2, 140.6; HRMS m/z 223.1359 (223.1361, calcd. for C;sH7N, M"), LRMS m/z 223 (M",
17%), 167 (100), 140 (16); Anal. Calcd. for C;¢H7N: C, 86.05; H, 7.67; N, 6.27%. Found:
C, 85.34; H, 7.63; N, 6.29%.
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98,0301 2,9-0-banzyl-4, 8-0tbanylidens-glucoazide )\
Ph o““@zosn

OBn

T T T T T T T T
a8 7 6 5 4 3 2 1 " ppm
o L] ot
z.00 1.0 3.11 1.03 1.3
13.28 1.08 100 1.8 z.18
06.03.01 2,3-0-Bn-4,6-0-banzy|idens-glucoazide

Pulse Sequence: slpul

T B T T T Ty T T T
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08.83.02 2,5 o Tdene-g O/\ o NH2
Pulss Sequence: sipul
Ph)\o“‘ “OBn

OBn
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B 1 T T T 1 T T . T ¥ ¥
] 7 6 5 4 3 1 " ppm
v et i et bl 1
1.14 1.00 1.23 v 1.0
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06.03.02 2,3-0-Bn-4,8-0-banzy|iden-glucoaning

Pulss Ssquance: sipul

- ! A P A
e e— r r e R o S ——— ; . T S P —
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N [‘OJN a

)\o\“' “OBn
OBn
30a

Ph
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8 7 13 5 4 3 2 1 o ppm
L o —_—— e g ¥ il bpiigd gl gl gl

1.80 10%.03 1.84 1.00 8.981.17 o.0H.08
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)\O““ “OBn
OBn
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Ph

v
— — - r — : 1
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— o Ce —_— e et
z.01 1.92 1.00 1.08 3.12 1.13
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05.12.08 Ph-carbazole

4
4B

2.00

ar

33a

05.12_08 Ph-carbazole
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05.11.12 Bn-carbazole

2%

[ED

4.23

220

i)

Bn
33b

05.11.12 Bn-carbazole
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05.11.12 MPM-carbazole

PMB
33c

m
.08

05.11.12 MPM-carbazole
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06.03.02 octy-carbazole

oc'tyl
33d

1.0

=
-
= o
~ ~
T I T T T [ T T T 1 T T T | T T T [
8 B 4 2 L
05.01.13 octyl-carbazole —
T T | T T T T T T T T T T T T '| T T T T T
20 150 100 50 °
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1 06.01.14 Cy-carbazole
U
Cy
33e
2
2
g
T | T T T I T T T i T T | T T T |
L] 13 4 2 o
106,01 13 Cy-carbazole
T T T '| T T T T | T T T T | T T T I T T T T T
200 150 100 50 L]
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06.03.02 tBu-carbazole

33f
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Part-11. Total synthesis of murrastifolen-A

9a,b)

2-Amino-5-methylphenol 4-methylbenzenesulfonate ester (53)

were added Et;N (3.74 ml, 26.8 mmol) and TsCI (5.11g, 26.6 mmol) at 0 °C.

To a solution of 2-amino-5-methylphenol 49 (3 g, 24.4 mmol) in CH,Cl, (45 ml) Me
After stirring at 0 °C for 15 min, the reaction mixture was extracted with CHCl; OTs

NH,
and washed with H,O. The organic layer was dried and concentrated to give 53

the residue, which was recrystallized from Et,0 to afford tosylate (53) (6.04 g,
89%) as a brown solid: Rf = 0.23 (EtOAc/petroleum ether = 1/5); m.p. 81-82 °C; 'H NMR &
2.15 (s, 3H), 2.46 (s, 3H), 3.64 (bs, 2H), 6.61 and 6.83 (2d, each 1H, J = 8.0 Hz), 6.66 (s, 1H),
7.33 and 7.78 (2d, each 2H, J = 8.3 Hz); HRMS m/z 277.0773 (277.0773, calcd. for
C14H;sNO3S, MY, LRMS m/z 277 (M, 41%), 122 (100), 94 (89); Anal. Calcd. for
Ci14HsNOsS: C, 60.63;H, 5.45; N, 5.05%. Found: C, 60.46; H, 5.42; N, 4.83%.

2-Amino-3-iodo-5-methylphenol 4-methylbenzenesulfonate ester (55).

To a solution of tosylate (53) (2.00 g, 7.21 mmol) in DMF (40 mL) was slowly Me
added NIS (1.78 g, 7.93 mmol) at 0 °C. The reaction mixture (protected from

light) was stirred for 3 h at rt, then diluted with Et,O and washed with 30 wt% ! NHZOTS
of aqueous Na,S,0; solution and brine. The organic layer was dried and 55

concentrated to give the residue, which was purified by column
chromatography(silica gel: 60 g, EtOAc/petroleum ether = 1/7) afford iodide (55) (2.01 g,
69%) as orange solid: Rf = 0.45 (EtOAc/petroleum ether = 1/5); m.p. 141-142 °C; IR (neat)
v 3460 cm™; "H NMR & 2.13 (s, 3H), 2.47 (s, 3H), 4.06 (bs, 2H), 6.69 (s, 1H), 7.34 (s, 1H),
7.35 and 7.78 (2d, each 2H, J = 8.3 Hz); °C NMR & 19.9, 21.8, 84.6, 123.7, 128.5, 129.0,
130.0, 132.6, 135.2, 137.7, 138.4, 145.9; HRMS m/z 402.9741 (402.9739, calcd. for
C14HsNO3IS, MY), LRMS m/z 403 (M', 18%), 248 (100), 121 (12); Anal. Caled. for
Ci1sHi4sNOsIS: C, 41.70; H, 3.50; N, 3.47%. Found: C, 41.93; H, 3.66; N, 3.26%.

2-Amino-2’-bromo-5-methyl-1,1’-biphenyl-3-ol 4-methylbenzene-

sulfonate ester (60). To a solution of Pd(PPhs), (22.8 mg, 19.8 umol) N

in benzene was added iodide (55) (200 mg, 495 umol) in benzene (7 mL) O OTs
was added under Ar.  After that, 2 M aqueous Na,COj solution (1.9 mL, O g NH2
3.96 mmol) and 2-bromophenylbronic acid (120 mg, 595 umol) in EtOH 60

(2.4 mL) were added to the mixture. The reaction mixture was heated
at reflux for 2 h.  After cooling, the mixture was extracted with Et,O and washed with brine.
The organic layer was dried and concentrated to give the residue, which was purified by
column chromatography (silica gel: 10 g, EtOAc/hexane = 1/10) to afford (60) (213 mg, 99%)
as pale yellow syrup; Rf = 0.37 (EtOAc/petroleum ether = 1/5); IR (neat) v 3480 cm™'; 'H
NMR 6 2.22 (s, 3H), 2.44 (s, 3H), 3.42 (s, 2H), 6.72 and 6.91 (2d, each 1H, J = 1.2 Hz), 7.22
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(2ddd, each 1H, J=28.4, 7.5, 1.2 Hz), 7.31 and 7.79 (2d, each 2H, J = 8.4 Hz), 7.36 (dd, 1H, J
=7.5, 1.2 Hz), 7.63 (dd, 1H, J = 8.4, 1.2 Hz); °C NMR & 20.2, 21.6, 122.8, 123.7, 126.8,
127.7, 128.4, 128.7, 129.0, 129.4, 129.6, 131.4, 132.5, 132.9, 134.5, 136.7, 138.7, 145.3;
HRMS m/z 433.0169 (433.0170, caled. for CooH;sNOs*'BrS, M"), LRMS m/z 433 (M(*'Br)’,
11%), 431 M(”Br)", 11), 278 (58), 276 (59), 197 (100); Anal. Calcd. for CoH;sNO3BrS: C,
55.56; H, 4.20; N, 3.24%. Found: C, 55.33; H, 4.28; N, 3.02%.

2,2’-Dibromo-5-methyl-1,1’-biphenyl-3-ol 4-methylbenzenesulfonate

ester (61). To a solution of (60) (128 mg, 297 umol) in AcOH (2.5 mL)
was slowly added NaNO, (40.9 mg, 593 umol) in conc. H,SO4 (0.04 mL) O

at 0 °C, then the mixture was stirred for 1 h at rt. The reaction mixture O OTs
was slowly added to CuBr (85.1 mg, 593 umol) in 47 wt% aqueous HBr

solution (1.7 mL) at 80 °C, and stirred for 1.5 h at 80 °C.  After cooling,
the reaction mixture was extracted with Et,0O and washed with 1 M aqueous NaOH solution,

Me

BrBr

61

saturated aqueous NaHCO; solution, and brine. The organic layer was dried and
concentrated to give the residue, which was purified by column chromatography (silica gel:
15 g, EtOAc/petroleum ether = 1/20) to afford (61) (94.1 mg , 64%) as a white crystal: Rf =
0.43 (EtOAc/petroleum ether = 1/5); m.p. 163 °C; 'H NMR & 2.05 (s, 3H), 2.46 (s, 3H), 6.62
(s, 1H), 7.09 (s, 1H), 7.20 (d, 2H, J = 6.9 Hz), 7.26-7.43 (m, 4H), 7.65 and 7.81 (2dd, each 1H,
J=28.1,<1Hz); "C NMR §21.4,21.9, 118.8, 120.2, 123.5, 124.0, 128.1, 128.8, 129.7, 130.5,
130.8, 133.5, 139.9, 141.5, 143.3, 150.0; HRMS m/z 493.9183 (493.9187, calcd. for
Ca0H1605”Br,S, MY, LRMS m/z 498 (M(*'Br)", 14%), 496 (M(*'Br,”’Br)", 24), 494
(M(”Bry)", 12), 416 (22), 414 (18), 343 (12), 341 (23), 339 (12), 335 (23), 155 (100).

2,2’-Dibromo-5-methyl-1,1’-biphenyl-3-ol (62).

To a solution of tosylate (61) (47.8 mg, 96.3 umol) in EtOH (4 mL) was Me
added 1 M aqueous KOH solution (0.3 mL) at rt. The reaction mixture O
was heated at reflux for 1 h. After cooling, the mixture was extracted O Br OH
with Et,0O and washed with 10 wt% aqueous citric acid solution and brine. irz

The organic layer was dried and concentrated to give residue, which was

purified by column chromatography (silica gel: 3 g, Et,O/petroleum ether = 1 / 10) to afford
62 (25 mg, 76%) as a light yellow oil; Rf = 0.48 (EtOAc/petroleum ether = 1/5); IR (neat)
v 3500 cm™; "H NMR & 2.33 (s, 3H), 5.62 (s, 1H), 6.65 (d, 1H, J = 1.7 Hz), 6.90 (d, 1H, J =
1.7 Hz), 7.21-7.28 (m, 2H), 7.40 (ddd, 1H, J = 7.5, 7.5, 1.2 Hz), 7.66 (dd, 1H, J = 7.5, 1.2
Hz); °C NMR (75 MHz) & 21.2, 108.7, 116.0, 123.5, 123.6, 127.3, 129.5, 130.9, 132.7, 138.8,
141.9, 142.3, 152.2; HRMS (EI) m/z 339.9102 (339.9099, calcd. for C;3H;00”Bry, M),
LRMS (EI) m/z 344 (M(*'Br,)", 49%), 342 (M(*'Br,””Br)", 100), 340 (M("Bry)", 51), 263
(58), 261 (58), 182 (93).
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2,2’-dibromo-3-methoxy-5-methyl-1,1’-biphenyl (46). To a solution

of 62 (18.7 mg, 54.6 umol) in DMF (0.5 mL) were added NaH (5.2 mg, Me

109 umol) and Mel (6.8 uL, 109 umol) at 0 °C.  After stirring at 0 °C O

for 45 min, the reaction mixture was quenched with MeOH. The O Br OMe
mixture was extracted with Et,0 and washed with saturated aqueous ire
NaHCO;j solution and brine.  The organic layer was dried and

concentrated to give the residue, which was purified by column chromatography (silica gel:
0.4 g, EtOAc/petroleum ether = 1 / 50) to give 46 (14.9 mg, 77%) as a colorless oil; Rf = 0.66
(EtOAc/petroleum ether = 1/5); IR v 2940, 1580 cm'l; 'H NMR 6 2.01 (s, 3H), 3.27 (s, 3H),
6.32 (d, 2H, J = 1.6 Hz), 6.54 (d, 1H, J = 1.6 Hz), 6.78 (ddd, 1H, J = 7.5, 7.4, 1.8 Hz), 6.96
(ddd, 1H,J =174, 7.3, 1.2 Hz), 7.10 (dd, 1H, J = 7.3, 1.8 Hz), 7.48 (dd, 1H, J =7.5, 1.2 Hz);
BC NMR § 21.3, 55.7, 110.7, 112.3, 123.9, 124.1, 127.2, 129.3, 131.3, 132.9, 138.0, 143.1,
144.0, 156.6; HRMS m/z 353.9254 (353.9255, calcd. for C14H20,”Bry, M"), LRMS m/z 358
M(*'Bry)", 49%), 356 (M(*'Br,””Br)", 100), 354 (M("Bry)", 51), 277 (77), 275 (79), 196 (43),
181 (42), 165 (22).

5-Methyl-2-[(4-nitrophenyl)amino]-phenol 4-metylbenzene- O,N Me
sulfonate ester (75). Ar gas was bubbled into a mixture of amine \©\
(53) (125 mg, 450 umol), 4-bromonitorobenzene (76) (137 mg, 678 H OTs
umol), Pdy(dba); (82 mg, 89.5 umol), rac.-BINAP (168 mg, 269 75

pmol), and NaO'Bu (64.5 mg, 671 umol) in toluene (5 mL) for 15
min. The reaction mixture was then heated at 120 °C in a sealed tube for 15 h. After
cooling, the mixture was filtered through Celite®. The filtrate concentrated to give residue,
which was purified by column chromatography (silica gel: 15g, EtOAc/petroleum ether =
1/10) to afford diaryamine (75) (233 mg, 81%) as yellow solid; Rf = 0.31 (EtOAc/petroleum
ether = 1/5); m.p. 108-109 °C; IR (neat) v 3380, 1500, 1325 cm'l; 'H NMR & 2.31 (s, 3H),
2.32 (s, 3H), 6.34 (bs, 1H), 6.68 (d, 2H, J = 8.4 Hz), 7.00 (s, 1H), 7.08 and 7.25 (2d, each 1H,
J=7.5Hz),7.16 (d, 2H, Ar-H, J = 7.7 Hz), 7.65 (d, 2H, J = 7.7 Hz), 8.03 (d, 2H, J = 8.4 Hz);,
PC NMR § 21.0, 21.8, 113.8, 123.4, 125.1, 126.0, 128.4, 128.8, 129.9, 130.2, 132.0, 135.8,
140.0, 141.7, 146.0, 149.6; HRMS m/z 398.0937 (398.0937, calcd. for Cy0H;sN,0sS, M"),
LRMS m/z 398 (M", 36%), 243 (100), 226 (38), 197 (57).

3-Methyl-6-nitro-9H-carbazol-1-ol 4-methylbenzenesulfonate O,N Ve

ester (77). To a solution of diarylamine (75) (142 mg, 355 umol)

in AcOH (14 mL) was added Pd(OAc); (319 mg, 1.42 mmol) at rt. N -
H S

The reaction mixture was heated at reflux for 5 h. After cooling, the 77

mixture was filtered through Celite®. The filtrate was extracted with
Et,0 and washed with H,O, saturated aqueous NaHCOjs solution and brine. The organic
layer was dried and concentrated to give residue, which was purified by column
chromatography (silica gel; 14 g, EtOAc/petroleum ether = 1 / 7) to afford carbazole (77) (75
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mg, 53%) as yellow solid: Rf = 0.23 (EtOAc/petroleum ether = 1/5); m.p. 224-225 °C; IR
(neat) v 3370, 1520, 1320 cm™; '"H NMR & 2.41 (s, 3H), 2.47 (s, 3H), 6.71 (s, 1H), 7.35 (d,
2H,J=8.3 Hz), 7.47 (d, 1H, J=9.0 Hz), 7.78 (d, 2H, J = 8.3 Hz), 7.80 (s, 1H), 8.37 (dd, 1H,
J=9.0,2.0 Hz), 8.94 (bs, 1H), 8.94 (d, 1H, J = 2.0 Hz); °C NMR & 21.4, 21.9, 111.1, 117.6,
119.9, 122.0, 122.5, 122.8, 126.4, 128.8, 130.1, 131.5, 131.6, 131.9, 134.3, 141.6, 143.2,
146.3; HRMS m/z 396.0780 (396.0780, calcd. for Cy0H;¢N,OsS, M"), LRMS m/z 396 (M",
10%), 348 (11), 330 (31), 241 (34), 197 (100).

3-Methyl-6-nitro-9-[2-(trimethylsilyl)ethoxymethyl]-9H-carbazol- O,N Me
1-ol 4-metylbenzenesulfonate ester (78). To a solution of carbazole

(77) in DMF (40 mL) was added NaH (70.7 mg, 2.95 mmol) at 0 °C. N
After stirring at 0 °C for 1 h, to the mixture was added SEMCI (0.42 SEM
mL, 2.39 mmol) and the mixture was stirred at 0 °C for 1.5 h.  After
addition of MeOH, the mixture was extracted with EtOAc and washed with water, saturated

S

78

aqueous NaHCOs; solution and brine. The organic layer was dried and concentrated to give
residue, which was purified by column chromatography (silica gel; 50 g, EtOAc/hexane =1 /
7) to afford 9-SEM carbazole (78) (884 mg, 86%) as yellow solid: Rf = 0.37
(EtOAc/petroleum ether = 1/5); IR (neat) v 1520, 1330 cm™; "H NMR & -0.13 (s, 9H), 0.84 (t,
2H,J=7.6 Hz), 2.43 (s, 3H), 2.48 (s, 3H), 3.49 (t, 2H, J = 7.6 Hz), 5.89 (s, 2H), 6.87 (s, 1H),
7.38 (d, 2H, J="7.7 Hz), 7.57 (d, 1H, J = 8.6 Hz), 7.82 (s, 1H), 7.83 (d, 2H, J = 7.7 Hz), 8.38
(dd, 1H, J = 8.6 Hz, J = 2.0 Hz), 8.93 (d, 1H, J = 2.0 Hz); "C NMR & -1.4, 17.7, 21.2, 21.9,
66.2, 74.0, 110.4, 117.1, 119.7, 122.2, 122.3, 122.9, 126.7, 128.8, 130.1, 131.4, 131.7, 132.7,
135.1, 141.9, 144.7, 146.2; HRMS m/z 526.1558 (526.1594, calcd. for CysH30N,06SSi, M"),
LRMS m/z 526 (M, 27%), 468 (11), 313 (26), 261 (25), 73 (100).

3-Methyl-6-nitro-9-[2-(trimethylsilyl)ethoxymethyl]-9H-carbazol- Me

O.N
1-0l (79). To a solution of (78) (38.3 mg, 72.7 umol) in MeOH (3.8
mL) was added 1 M aqueous NaOH solution (0.2 mL). The reaction N OH

. . . SEM
mixture was heated at reflux for 1 h.  After cooling, the mixture was

79

extracted with Et,O and washed with 10 wt% aqueous citric acid

solution and brine. The organic layer was dried and concentrated to give residue, which was
purified by column chromatography (silica gel: 2.5 g EtOAc/petroleum ether = 1/ 10) to give
(79) (20.6 mg, 76%) as a yellow solid and (80) (2.2 mg, 8%) as a yellow solid. Data for
(79): Rf = 0.28 (EtOAc/petroleum ether = 1/5); m.p. 172 °C; IR (neat) v 3240, 1520, 1320
ecm™; 'THNMR & -0.04 (s, 9H), 1.02 (t, 2H, J = 8.4 Hz), 2.50 (s, 3H), 3.73 (t, 2H, J = 8.4 Hz),
5.81 (s, 2H), 6.94 (s, 1H), 7.43 (d, 1H, J =9.0 Hz), 7.51 (s, 1H), 7.73 (s, 1H), 8.36 (dd, 1H, J
=9.0, 2.3 Hz), 8.93 (d, 1H, J=2.3 Hz); °C NMR & -1.4, 18.0, 21.5, 66.8, 74.2, 108.4, 113.0,
117.1, 117.6, 122.0, 123.7, 126.0, 128.6, 133.5, 141.4, 142.8, 143.8; HRMS m/z 372.1508
(372.1505, calcd. for C19H24N,04Si, M"), LRMS m/z 372 (M, 6%), 314 (14), 254 (23), 75
(100).
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1-Methoxy-3-methyl-6-nitro-9-[2-(trimethylsilyl)ethoxymethyl]-
carbazole (80). To a solution of OH-carbazole (79) (13.6 mg, 36.5 O2N M
umol) in DMF (1.3 mL) were added NaH (1.8 mg, 75.0 pmol) and
Mel (5 uL, 80.3 umol) at 0 °C.  After stirring for 50 min at 0 °C, the gEM oM
reaction mixture was quenched with MeOH. The mixture was 80

extracted with Et,O, washed with saturated aqueous NaHCO;
solution and brine. The organic layer was dried and concentrated to give the residue, which

e

e

was purified by column chromatography (silica gel: 2 g, EtOAc/petroleum ether = 1/50) to
give OMe-carbazole (80) (14.1 mg, 100%) as light yellow solid: Rf = 0.51 (EtOAc/petroleum
ether = 1/5); m.p. 113 °C; IR (neat) v 1515, 1330 cm™; "H NMR & -0.11 (s, 9H), 0.87 (t, 2H, J
=7.8 Hz), 2.54 (s, 3H), 3.57 (t, 2H, J = 7.8 Hz), 4.02 (s, 3H), 6.05 (s, 2H), 6.85 (s, 1H), 7.53
(s, 1H), 7.57 (d, 1H, J = 8.6 Hz), 8.34 (dd, 1H, J = 8.6, 2.4 Hz), 8.93 (d, 1H, J = 2.4 Hz); °C
NMR ¢ -1.3, 18.0, 21.9, 55.7, 65.9, 74.7, 110.1, 110.8, 113.2, 117.3, 121.6, 123.5, 125.1,
129.1, 132.0, 141.5, 144.4, 146.8; HRMS m/z 386.1658 (386.1662, calcd. for CyoH26N204Si,
M"), LRMS m/z 386 (M", 12%), 309 (7), 75 (100).

8-Methoxy-6-methyl-9-[2-(trimethylsilyl)ethoxymethyl]-carbazol- HoN Me
3-amine (47). To a solution of NO,-carbazole (80) (18.0 mg, 46.6
umol) in THF (1.0 mL) was added a THF solution of NaBH,S;°® N
[prepared by stirring a mixture of NaBH4 (11 mg, 279 umol) and 4é7EM OMe
sulfur (31 mg, 978 umol) in THF (0.8 mL) under Ar at rt for 40 min]

under Ar at 0 °C. The reaction mixture was heated at reflux for 30 min. After cooling, the
mixture was extracted with Et,0O and washed with H,O and 1 M aqueous NaOH solution.
The organic layer was dried and concentrated to give the residue, which was purified by
column chromatography (silica gel: 2 g, EtOAc/petroleum ether = 1/3) to give NH,-carbazole
(47) (13.9 mg, 84%) as light yellow oil: Rf = 0.08 (EtOAc/petroleum ether = 1/5); IR (neat)
v 3350, 2950 cm™; "H NMRS -0.12 (s, 9H), 0.85 (t, 2H, J = 8.1 Hz), 2.49 (s, 3H), 3.20-3.80
(bs, 2H), 3.53 (t, 2H, J = 8.1 Hz), 3.97 (s, 3H,), 5.95 (s, 2H), 6.72 (s, 1H), 6.87 (dd, 1H, J =
8.4,2.1 Hz), 7.31 (d, 1H, J=2.1 Hz), 7.36 (d, 1H, J = 8.4 Hz), 7.37 (s, H),; °C NMR § -1.3,
18.0, 21.8, 55.5, 65.1, 74.3, 105.8, 109.1, 110.9, 112.8, 115.8, 124.5, 125.0, 128.6, 129.2,
136.0, 139.7, 146.7; HRMS m/z 356.1922 (356.1920, calcd. for CyHN>0,Si, M"), LRMS
m/z 356 (M", 14%), 239 (11), 226 (15), 149 (17), 75 (100).

1’8-Dimethoxy-3’,6-dimethyl-9-[2-(trimethylsilyl)ethoxymethyl] Me
-3,9°-bi-9H-carbazole (SEM protected murrastifoline-A) (81). O
Ar gas was bubbled into a mixture of dibromobiphenyl (46) (17.2 OMe

mg, 48.3 pumol), amine (47) (15.2 mg, 42.6 umol), Pd,(dba); (7.8 Q N Me
mg, 8.52 umol), 2-(dicyclohexylphosphino)biphenyl (21) (9.2 mg,
26.2 umol), and NaO'Bu (8.2 mg, 85.2 umol) in toluene (0.6 mL) éNEM OMe
for 10 min. The reaction mixture was then heated at 120 °C in a 81
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sealed tube for 24 h. After cooling, the mixture was purified by column chromatography
(silica gel: 2g, EtOAc/hexane = 1/30) to afford SEM protected murrastifoline-A (81) (13.6 mg,
58%) as colorless syrup: Rf = 0.64 (EtOAc/petroleum ether = 1/5); IR (neat) v 2950, 1500
cm™; "HNMR § -0.07 (s, 9H), 0.93 (t, 2H, J = 7.5 Hz), 2.50 (s, 3H), 2.55 (s, 3H), 3.55 (s, 3H),
3.65 (t, 2H, J = 7.5 Hz), 4.03 (s, 3H), 6.09 (d, 2H, J = 3.9 Hz), 6.74 (d, 1H, J = 0.6 Hz), 6.81
(d, 2H, J=0.6 Hz), 7.18 (d. 1H, J =7.9 Hz), 7.22 (ddd, 1H, J="7.9, 7.9, 1.2 Hz), 7.32 (ddd,
1H,J=7.9,7.9, 1.2 Hz), 7.42 (s, 1H), 7.47 (dd, 1H, J=8.7, 1.8 Hz), 7.60 (s, 1H), 7.62 (d, 1H,
J=8.7 Hz), 8.04 (d, 1H, J = 1.8 Hz), 8.08 (d, 1H, J = 7.8 Hz); *C NMR & -1.3, 18.1, 21.8,
21.9, 55.7, 56.1, 65.5, 74.5, 109.5, 109.8, 110.1, 110.5, 112.9, 112.9, 119.4, 119.9, 120.1,
123.1, 123.2, 123.6, 125.4, 125.7, 126.4, 128.6, 129.4, 129.7, 130.2, 132.2, 140.4, 143.2,
146.8, 146.9; HRMS (EI) m/z 550.2657 (550.2652, calcd. for C34H33N,03Si, M"), LRMS (EI)
m/z 550 (M, 1%), 433 (1), 405 (1), 359 (1), 167 (12), 129 (18), 59 (100).

1’8-Dimethoxy-3’,6-dimethyl-3,9’-bi-9H-carbazole Me
(murrastifoline-A) (43). To a solution of SEM protected O
murrastifoline-A (81) in THF (0.2 mL) and EtOH (0.6 mL) was OMe

added 4 M aqueous HCl solution (0.3 mL) at rt.  The reaction Q N
mixture was heated at reflux for 1.5 h.  After cooling, the mixture

was extracted with Et,O and washed with saturated aqueous H OMe

NaHCO;j solution and brine.  The organic layer was dried and 43

concentrated to give residue, which was purified by column chromatography (silica gel: 0.5 g
EtOAc/petroleum ether = 1 / 10) to give murrastifoline-A (43) (4.4 mg, 94%) as a colorless
oil: Rf = 0.30 (EtOAc/petroleum ether = 1/5); IR (neat) v 3420 cm™; '"H NMR (acetone-d)
6 2.48 (s, 3H), 2.51 (s, 3H), 3.56 (s, 3H), 4.02 (s, 3H), 6.84 (s, 1H), 6.88 (s, 1H), 7.15 (d. 1H,
J=28.4 Hz), 7.20 (ddd, 1H, J=8.1, 7.8, 1.2 Hz), 7.32 (ddd, J= 8.4, 7.8, 1.2 Hz), 7.40 (dd, 1H,
J=28.4,2.1Hz),7.54 (s, 1H), 7.62 (s, 1H), 7.66 (d, 1H, J = 8.4 Hz), 8.09 (d, 1H, J = 2.1 Hz),
8.13 (d, 1H, J = 8.1 Hz), 10.45 (s, IH); C NMR (acetone-dg) & 21.7,21.9, 55.9, 56.1, 108.8,
110.7, 111.1, 111.7, 113.4, 113.4, 120.2, 120.5, 120.8, 123.9, 124.0, 125.1, 126.0, 126.4, 126.6,
129.9, 130.0, 130.1, 130.4, 132.0, 140.0, 144.0, 146.7, 147.8; HRMS m/z 420.1838 (420.1838,
calcd. for CysH24N,0,, MY), LRMS m/z 420 (M™, 6%), 270 (14), 252 (2), 58 (100).
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Part-111. Synthetic study on murrayazoline

5-Amino-4-iodo-2-methylphenol 4-methylbenzenesulfonate ester (96). Me
5-amino-2-methylphenol (92) (1.00 g, 8.12 mmol) in CH,Cl; (30 ml) were @—OTS
added Et;N (1.40 ml, 9.74 mmol) and TsCl (1.70 g, 8.93 mmol) at 0 °C.

After stirring at 0 °C for 4 h, the reaction mixture was extracted with CHCl; HoN 95

and washed with brine. The organic layer was dried and concentrated to Me
give the residue, which was purified by column chromatography (silica gel: IOOTS
50 g EtOAc/hexane = 1/ 5) to give 5-Amino-2-methylphenol 4-metyl- H,N
benzenesulfonate ester 95 (2.63g) as impure compound. Small amount of 96

the compound 95 was further purified by column chromatography and used as analytical
sample: Rf = 0.63 (EtOAc/toluene = 1/1); m.p. 75-76 °C; IR (neat) v 3470, 3385, 2925 cm™;
'H NMR & 1.86 (s, 3H, 2-CH3), 2.40 (s, 3H, Ar-CHj3), 3.58 (br s, 2H, 5-NH,), 6.45 (d, 1H,
H-6, Jo4 = 2.4 Hz), 6.48 (dd, 1H, H-4, J43=7.8 Hz, J4s = 2.4 Hz), 6.88 (d, 1H, H-3, J34="7.8
Hz), 7.30 (d, 2H, Ar-H, J = 8.6 Hz), 7.74 (d, 2H, Ar-H, J = 8.6 Hz); °C NMR & 15.3, 21.8,
109.2, 114.0, 120.5, 128.4, 129.8, 131.9, 133.3, 145.3, 145.5, 148.8; HRMS m/z 277.0775
(277.0773, calcd. for C14H;sNO3sS, M), LRMS m/z 277 (M", 32%), 135 (61), 121 (100).

To a solution of roughly purified tosylate 95 (2.63 g) in DMF (45 mL) was slowly added
NIS (2.01 g, 8.93 mmol) at 0 °C. The reaction mixture (protected from light) was stirred for
1 h at rt, then diluted with Et,0 and washed with 30 wt% of aqueous Na,S,0; solution and
brine. The organic layer was dried and concentrated to give the residue, which was purified
by column chromatography (silica gel: 60 g, EtOAc/petroleum ether = 1/7) afford iodide (96)
(2.48 g, 76% for 2 steps) as orange solid: Rf = 0.21 (EtOAc/petroleum ether = 1/5); m.p.
99-100 °C; IR (neat) v 3470, 3375 cm™; "H NMR & 1.83 (s, 3H, 2-CH3), 2.46 (s, 3H, Ar-CHs),
4.02 (br s, 2H, 5-NH»), 6.54 (s, 1H, H-6), 7.32 (d, 2H, Ar-H, J = 8.2 Hz), 7.40 (s, 1H, H-3),
7.74 (d, 2H, Ar-H, J = 8.2 Hz); C NMR & 15.0, 21.9, 81.9, 108.6, 122.6, 128.5, 130.0, 133.0,
140.8, 145.6, 145.8, 149.1; HRMS m/z 402.9749 (402.9739, calcd. for C14H4NOsIS, M"),
LRMS m/z 403 (M", 6%), 278 (26), 149 (33), 57 (100); Anal. Calcd. for C;4H4NOsIS: C,
41.70;H, 3.50; N, 3.47%. Found: C, 41.86; H, 3.67; N, 3.40%.

2-Amino-2’-bromo-5-methyl-1,1’-biphenyl-4-ol 4-methylbenzene Me
sulfonate ester (91). To mixtures of iodine (96) (9.87 g, 24.5 mmol), OTS
2-bromophenylbronic acid (50) (5.90 g, 29.4 mmol) and Pd(PPhs), Br NH,

(283 mg, 0.245 mmol) were added benzene (200 mL), EtOH (60 mL) 91

and 2 M aqueous Na,COs solution under Ar.  The reaction mixture was heated at reflux for 3

h. After cooling, the mixture was extracted with EtOAc and washed with saturated aqueous
NaHCOs solution and brine. The organic layer was dried and concentrated to give the
residue, which was purified by column chromatography (silica gel: 200 g, EtOAc/hexane) to
afford 91 (10.5 g, 99%) as pale yellow solid: Rf = 0.16 (EtOAc/petroleum ether = 1/5); m.p.
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109-110 °C; IR (neat) v 3480, 3385, 2925 cm™; '"H NMR & 1.90 (s, 3H, 5-CH3), 2.46 (s, 3H,
Ar-CHy), 3.45 (br s, 2H, 2-NH),), 6.59 and 6.77 (2s, each 1H, H-3 and H-6), 7.21-7.41 (m, 5H,
Ar-H), 7.68 (dd, 1H, H-3’ or H-6’, J = 8.0, 1.1 Hz), 7.79 (d, 2H, Ar-H, J = 8.1 Hz); °C NMR
8 15.4,21.9,109.5, 120.5, 124.2, 126.1, 128.0, 128.6, 19.6, 129.9, 131.9, 132.8, 133.3, 133.3,
139.1, 142.7, 145.4, 148.5; HRMS m/z 431.0178 (431.0191, calcd. for Co0H;sNO3"BrS, M),
LRMS m/z 433 (M(*'Br)", 11%), 431 (M(”Br)", 12), 418 (12), 416 (14), 263 (25), 261 (29),
91 (100).

2,2’-Dibromo-5-methyl-1,1’-biphenyl-4-ol 4-methylbenzene Me
sulfonate ester (97). To a solution of (91) (10.5 g, 24.3 mmf)l) in OTs
AcOH (210 mL) was slowly added NaNO, (3.35 g, 48.6 mmol) in conc.

H,SO4 (17 mL) at 0 °C, then the mixture was stirred for 3 h at rt. The B;Br

reaction mixture was slowly added to CuBr (6.97 g, 48.6 mmol) in

47 wt% aqueous HBr solution (140 mL) at 80 °C, and stirred for 4 h at 80 °C.  After cooling
to 0 °C, the reaction mixture was diluted with Et;O (ca. 100 mL) and neutralized with

NaHCOs (500 g). The mixture was extracted with EtOAc, and washed with saturated aqueous
NaHCO; solution and brine. The organic layer was dried and concentrated to give the

residue, which was purified by column chromatography (silica gel: 200 g, EtOAc/hexane =
1/20) to afford 97 as a colorless syrup (slowly solidified): Rf = 0.42 (EtOAc/petroleum ether
= 1/5); IR (neat) v 3060, 2925 cm™; "H NMR § 2.05 (s, 3H, 5-CH3), 2.48 (s, 3H, Ar-CHj),
7.05 (s, 1H, H-3 or H-6), 7.19-7.28 (m, 2H, Ar-H), 7.33-7.38 (m, 2H, ArH), 7.65 (dd, 1H,
H-3’ or H-6’, J = 7.8, 0.9 Hz), 7.80 (d, 2H, Ar-H, J = 8.4 Hz); *C NMR & 16.1, 21.9, 120.3,
123.5, 126.4, 127.3, 128.6, 129.7, 130.1, 131.0, 131.0, 132.7, 132.8, 133.4, 140.7, 141.1,
145.9, 147.8; HRMS m/z 493.9176 (493.9187, calcd. for Ca0H 605" Br,S, M), LRMS m/z
498 (M(*'Bry)", 10%), 496 (M(*'Br"’Br)", 22), 494 (M("Br,)", 11), 343 (15), 342 (18), 341
(17), 340 (18), 155 (83), 91 (100).

2,2’-Dibromo-5-methyl-1,1’-biphenyl-4-ol (98). To a solution of Me
97 (1.62 g, 3.26 mmol) in MeOH (80 mL) was NaOMe (353 mg, 6.53 Q O
OH

mmol). The reaction mixture was heated at reflux for 6 h.  After
BrBr

cooling, the mixture was concentrated (ca. 20 mL), extracted with EtOAc 08

and washed with brine. The organic layer was dried and concentrated
to give residue, which was purified by column chromatography (silica gel: 20 g
EtOAc/hexane = 1 / 10) to give 98 (1.12 g, 100%) as a colorless syrup: Rf = 0.40
(EtOAc/petroleum ether = 1/5); IR (neat) v 3400, 2980 cm™; 'H NMR § 2.23 (s, 3H, 5-CH3),
5.05 (s, 1H, 4-OH), 7.00 (s, 1H, H-6), 7.09 (s, 1H, H-3), 7.20-7.25 (m, 2H, Ar-H), 7.35 (ddd,
1H, H-4’ or H-5°, J=7.7, 7.3, 1.3 Hz), 7.64 (dd, 1H, H-3" or H-6’, J = 8.3, 1.3 Hz); °C NMR
o 15.6, 118.7, 120.4, 123.4, 124.3, 127.2, 129.3, 131.6, 132.6, 133.0, 134.5, 141.9, 154.1;
HRMS m/z 339.9100 (339.9099, calcd. for C;3H;00”Br,, M"), LRMS m/z 344 (M(*'Br,)",
50%), 342 (M(*'Br”’Br)", 100), 340 (M(”Br,)", 52), 263 (39), 261 (39), 182 (94).
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2,2’-Dibromo-4-(methoxymethoxy)-5-methyl-1,1’-biphenyl (89).
To a solution of 98 (197 mg, 0.576 mmol) in DMF (6 mL) was

added NaH (28 mg, 1.15 mmol) at 0 °C.  After stirring for 30 min OMOM
at 0 °C, to the mixture was added MOMCI (66 pl, 0.864 mmol).
The mixture was stirred at rt for 1 h, and then cooled at 0 °C.

After addition of MeOH at 0 °C, the mixture was extracted with Et,O and washed with brine.
The organic layer was dried and concentrated to give the residue, which was purified by

column chromatography (silica gel: 10 g, EtOAc/hexane = 1/30) to give O-MOM biphenyl
(89) (204 mg, 92%) as colorless syrup: Rf = 0.46 (EtOAc/hexane = 1/6); IR (neat) v 2950
em™; "H NMR & 2.22 (s, 3H, 5-CHs), 3.53 (s, 3H, -OCHj3), 5.21 and 5.26 (2d, each 1H,
-OCH;0-, Jgem = 6.8 Hz), 7.02 and 7.35 (2s, each 1H, H-3 and H-6), 7.21-7.25 (m, 2H, Ar-H),
7.35 (ddd, 1H, H-4’ or H-5°,J=7.4, 7.4, 1.2 Hz), 7.65 (dd, 1H, H-3" or H-6", J= 8.2, 1.2 Hz);
BC NMR § 16.2, 56.4, 94.7, 117.6, 120.5, 124.2, 126.6, 127.2, 129.3, 131.5, 132.6, 135.2,
142.0, 155.6; HRMS m/z 383.9370 (383.9361, calcd. for C;3H;00”’Br,, M"), LRMS m/z 388
M(*'Bry)", 51%), 386 (M(*'Br’’Br)", 100), 384 (M("’Bry)", 52), 358 (15), 356 (32), 354 (17),
181 (21), 152 (94).

1-(1,4-dioxaspiro[4,5]dec-8-yl)ethonone (104). To a solution of enone
0] O

(94)*” (18.0 mg, 98.8 umol) in EtOH (1 mL) was added 5 wt% Pd/C " >—<:><O]
e

(21 mg) and the mixture was stirred under H, (1 atm) at rt. ~ After stirring 104

4.5 h, the catalyst was filtrated off and the filtrate was concentrated to give
residue, which was purified by column chromatography (silica gel: 1 g, EtOAc/hexane = 1/8)
to give ketone (104) (17.0 mg, 93%) as colorless syrup: Rf = 0.32 (EtOAc/toluene = 1/3); IR
(neat) v 2950, 2885 cm™; '"H NMR & 1.51-1.63 (m, 2H), 1.67-1.72 (m, 2H), 1.76-1.82 (m, 2H),
1.86-1.93 (m, 2H), 2.15 (s, 3H, -CO-CH3), 3.56 (tt, 1H, H-4, J43, = 10.6 Hz, J43. = 3.7 Hz),
3.94 (s, 4H, -O-CH,-CH,-O-); °C NMR § 25.8, 27.8, 33.9, 49.8, 64.3, 64.3, 108.1, 211.0;
HRMS m/z 184.1093 (184.1099, calcd. for CioH;603, M"), LRMS m/z 184 (M", 11%), 99
(100), 86 (92); Anal. Calcd. for CoH603: C, 65.19;H, 8.75%. Found: C, 65.12; H, 8.75%.

2-(1,4-dioxaspiro[4,5]dec-8-yl)propan-2-ol (105). To a solution of

HO @)
ketone (104) (32.0 mg, 0.174 mmol) in Et,O (1 mL) was slowly added Me\\\)—<:><oj
MelLi (0.98 M solution in Et,O, 0.30 mL, 0.294 mmol) at -78 °C under Me 105
Ar, and the mixture was stirred 1 h at -78 °C.  The mixture was quenched

with saturated aqueous NaHCOs solution, extracted with EtOAc and washed with saturated
aqueous NaHCOj; solution and brine. The organic layer was dried and concentrated to give
the residue, which was purified by column chromatography (silica gel: 2 g, EtOAc/toluene =
1/3) to give alcohol (105) (34.8 mg, 100%) as colorless syrup: Rf = 0.35 (EtOAc/toluene =
1/1); IR (neat) v 3450, 2950, 2880 cm'l; 'H NMR § 1.19 (s, 6H, 1-CHj3 and 3-CHs), 1.24 (s,
1H, 2-OH, exchangeable with D,0), 1.31-1.39 (m, 3H), 1.49-1.58 (m, 2H), 1.79-1.82 (m, 4H),
3.94 (s, 4H, -O-CH,-CH,-O-); °C NMR § 24.9, 27.1, 34.9, 48.1, 64.2, 64.2, 72.5, 108.8;
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HRMS m/z 200.1407 (200.1412, calcd. for C;;H003, M), LRMS m/z 200 (M", 8%), 182 (23),
99 (100), 86 (94); Anal. Calcd. for C;1H00;5: C, 65.97; H, 10.07%. Found: C, 65.81; H,
10.02%.

2-(1,3-dithiaspiro[5,5]dec-9-yl)propan-2-ol (107). To a solution of
HO S
acetal (105) (2.54 g, 12.7 mmol) in CH,Cl, were added propanedithiol Me“‘)_<:><3:>
(1.5 mL, 15.2 mmol) and BF5-OEt (0.16 mL, 1.27 mmol) at 0 °C and the | Me 107
mixture was stirred 20 h at rt.  After addition of acetone (ca. 2 mL), the

mixture was stirred 1 h at rt. The mixture was extracted with EtOAc and washed with
saturated aqueous NaHCOs; solution and brine. The organic layer was dried and
concentrated to give the residue, which was purified by column chromatography (silica gel:
90 g, EtOAc/hexane = 1/6) to give thioacetal (107) (2.85 g, 91%) as colorless syrup: Rf =
0.61 (EtOAc/toluene = 1/1); IR (neat) v 3450, 2940 cm™; 'H NMR § 1.19 (s, 6H, 1-CH; and
3-CHj3), 1.21 (s, 1H, 2-OH, exchangeable with D,0), 1.33 (tt, 1H, H-9, Jo g, = Jo.100 = 11.5 Hz,
Josge = Jo.10e = 2.9 Hz), 1.48-1.72 (m, 6H, H-7 and H-8), 1.99 (tt, 2H, H-3, J;, = 8.3, 3.2 Hz),
2.40-2.44 (br d, 2H, H-7, J;5 = 11.7 Hz), 2.72-2.76 (m, 2H,H-2 and/or H-4), 2.87-2.91 (m, 2H,
H-2 and/or H-4); °C NMR § 22.9, 25.6, 26.1, 26.2, 27.0, 37.8, 48.7, 49.9, 72.6; HRMS m/z
246.1117 (246.1112, caled. for C1,H»0S,, MY), LRMS m/z 246 (M, 20%), 228 (100), 187
(19), 145 (38), 121 (93).

4-(1-Azido-1-methylethyl)cyclohexanone (106). To a solution of N;

TMSN; (3.2 mL, 23.7 mmol), TsOH-H,O (1.5 g, 7.91 mmol) and Me\\\)—ozo
BF;-Et,0 (2.0 mL, 15.8 mmol) in benzene (20 mL) was slowly added Me 106
alcohol (107) (1.95 g, 7.91 mmol) in benzene (20 mL) at 0°C and stirred Ns S
for 30 min at 0 °C. The reaction mixture was diluted with water (ca. 10 Me“‘)_<:>< :>
mL) and neutralized with NaHCO; (2.4 g). The mixture was extracted Me 108 S
with EtOAc and washed with saturated aqueous NaHCO3; solution and
brine. The organic layer was dried and concentrated to give the residue, which was purified

by column chromatography (silica gel: 90 g, EtOAc/hexane = 1/50) to give
2-(1,3-dithiaspiro[5,5]dec-9-yl)propan-2-azide (108) (1.68 g) as impure compound. Small
amount of the compound 108 was further purified by preparative TLC using EtOAc/hexane =
1/6 as the eluant to give analytical sample: Rf = 0.67 (EtOAc/hexane = 1/6); IR (neat) v 2940,
2100 cm™; "H NMR & 1.25 (s, 6H, 1-CH; and 3-CH3), 1.31-1.40 (m, 1H, H-9), 1.50-1.71 (m,
6H, H-7 and H-8), 1.99 (tt, 2H, H-3, J;, = 8.4, 3.0 Hz), 2.41 (br d, 2H, H-7, J;5 = 11.1 Hz),
2.72-2.76 (m, 2H,H-2 and/or H-4), 2.87-2.91 (m, 2H, H-2 and/or H-4); *C NMR § 23.0, 23.6,
25.7,26.1,26.3,37.7,47.0,49.7, 64.2; HRMS m/z 271.1185 (271.1177, calcd. for C;,H,1N3S,,
M), LRMS m/z 271 (M", 100%), 228 (40), 137 (28), 122 (46), 106 (83).

To a solution of impure thioacetal (108) (1.68 g) in CH,Cl, (50 mL) was added Me;O-BF4
(2.75 g, 18.6 mmol) at 0 °C and the mixture was stirred for 2 h at 0 °C. To the mixture was
added 5wt% aqueous CuSOs solution (20 mL) and the mixture was stirred 12 h. The
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mixture was extracted with CHCl; and washed with 5wt% aqueous CuSOj solution and brine.
The organic layer was dried and concentrated to give the residue, which was purified by
column chromatography (silica gel: 40 g, EtOAc/hexane = 1/30) to give azide 106 (1.68 g,
61% for 2 steps) as colorless syrup: Rf = 0.15 (EtOAc/hexane = 1/6); IR (neat) v 2955, 2105,
1715 cm™; '"H NMR & 1.31 (s, 6H, CH3), 1.52 (dddd, 2H, H-3a, Jgem = 12.8 Hz, J3,4 = 11.9 Hz,
J3a20 = 11.7 Hz, J3a2. = 4.6 Hz), 1.79 (tt, 1H, H-4, J43, = 11.9 Hz, J43. = 3.1 Hz), 2.10-2.17 (m,
2H, H-3¢), 2.27-2.48 (m, 4H, H-2); >C NMR & 23.8, 27.4, 40.7, 45.9, 63.8, 211.1; HRMS m/z
181.1212 (181.1215, calcd. for CoH;sN3;O, M"), LRMS m/z 181 (M, 1%), 139 (11), 97 (12),
83 (15), 56 (100).

4-(1-Azido-1-methylethyl)cyclohex-2-enone (100). To a solution of
ketone (106) (34 mg, 0.188 mmol) in THF (1 mL) was added KHMDS
(0.5 M solution in toluene, 0.75 mL, 0.375 mmol) at -78 °C under Ar and Me
the mixture was stirred for 30 min at -78 °C.  To the mixture were added
TMSCI (71 pL, 0.562 mmol) and Et;N (78 uL, 0.562 mmol) at -78 °C.  After stirring for 10
min at -78 °C, the reaction mixture was quenched by MeOH at -78 °C. The mixture was

100

extracted with EtOAc and washed with brine. The organic layer was dried and concentrated to
give crude TMS enol ether which was used for next reaction without further purification. To
a suspension of Pd(OAc), (51 mg, 0.225 mmol) in MeCN (0.4 mL) was added a solution of
the crude TMS enol ether in MeCN (1.0 mL) at rt under Ar. After stirring for 4 h at rt, the
mixture was filtered through Celite® and the filtrate was concentrated. The resulting syrup
was purified by column chromatography (silica gel: 2 g, EtOAc/hexane = 1/30) to give enone
(100) (28.3 mg, 84% for 2 steps) as colorless syrup: Rf = 0.27 (EtOAc/hexane = 1/3); IR
(neat) v 2970, 2100, 1680 cm'l; "H NMR & 1.29 and 1.39 (2s, each 3H, CH3), 1.78 (dddd, 1H,
H-5a, Jgem = 15.6 Hz, Jsa60 = 14.0 Hz, Js.4 = 12.9 Hz, Jsu6. = 4.3 Hz), 2.10-2.19 (m, 1H,
H-5e), 2.37 (ddd, 1H, H-6a, Jeem = 16.7 Hz, Ja 50 = 14.0 Hz, Joa 5. = 5.0 Hz), 2.45-2.61 (m, 2H,
H-4 and H-6e), 6.10 (ddd, 1H, H-2, J,3=10.4 Hz, J,4=2.7 Hz, J,6. = 1.0 Hz), 6.99 (ddd, 1H,
H-3, J3, = 10.4 Hz, J34 = J35c = 2.0 Hz); °C NMR & 22.8, 24.1, 24.4, 37.2, 45.8, 63.2, 130.7,
150.0, 198.9; HRMS m/z 179.1060 (179.1059, calcd. for CoH;3N;0, M"), LRMS m/z 179 (M",
18%), 137 (23), 95 (39), 57 (100).

2-(1,4-Dioxaspiro[4,5]dec-6-en-8-yl)-propan-2-azide (93). To a Ns 5
solution of enone (100) (228 mg, 1.27 mmol) in CH,Cl, (7 mL) were M e“‘)_<;>< ]
added ethylenedioxybis(trimethylsilane) (0.62 mL, 2.54 mmol) and Me o3 °

TMSOTT (23 uL, 0.127 mmol) at -78 °C under Ar, and the mixture was
stirred for 1.5 h at -15 °C.  After addition of pyridine, the mixture was extracted with EtOAc
and washed with saturated aqueous NaHCOs solution and brine. The organic layer was
dried and concentrated to give the residue, which was purified by column chromatography
(silica gel: 8 g, EtOAc/hexane = 1/10) to give acetal (93) (282 mg, 99%) as colorless syrup:
Rf = 0.40 (EtOAc/hexane = 1/3); IR (neat) v 2955, 2105 cm™; '"H NMR & 1.23 and 1.30 (2,
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each 3H, CHs), 1.57 (dddd, 1H, H-9a, Jo, 10a = 12.9 Hz, Jgem = 11.7 Hz, Jo,3 = 10.8 Hz, Joa 10¢
=2.6 Hz), 1.72 (ddd, 1H, H-10a, Jeem = 13.5 Hz, Ji0a9a = 12.9 Hz, J10a6 = 2.9 Hz), 1.81-1.89
(m, 1H, H-9¢), 1.91-1.98 (m, 1H, H-10e), 2.19 (dddd, 1H, H-8, Jg9, = 10.8 Hz, Jg 9 = 3.0 Hz,
Jos = J78 = 1.8 Hz), 3.85-4.05 (m, 4H, H-2 and H-3), 5.70 (ddd, 1H, H-6, Js7 = 10.2 Hz, Js.10c
=29 Hz, Jss = 1.8 Hz), 5.95 (ddd, 1H, H-7, J;5 = 10.2 Hz, J75 = J79 = 1.8 Hz); BC NMR &
22.6, 22.8, 22.9, 33.2, 45.2, 63.7, 64.5, 64.8, 105.3, 129.6, 132.3; HRMS m/z 223.1334
(223.1321, calcd. for C;;H;7N30,, MY, LRMS m/z 223 (M", 0.4%), 181 (23), 139 (46), 56
(100).

2-[(1,4-Dioxaspiro[4,5]dec-6-en-8-yl)-propyl]amine (90). To a
H,N o)

Solution of azide (93) (105 mg, 0.470 mmol) in THF (5 mL) was added Me“‘)_Qo]

LiAlH4 (54 mg, 1.41 mmol) at 0 °C, and the mixture was stirred for 2 h Me %

at 0 °C. After addition of EtOAc, the reaction mixture was stirred for 30

min at 0 °C. The mixture was extracted with EtOAc and washed with brine. The organic

layer was dried and concentrated to give the residue, which was purified by column
chromatography (silica gel: 3 g, MeOH/CHCIl; = 1/10) to give amine (90) (80.8 mg, 87%) as
colorless syrup: Rf = 0.15 (MeOH/CHCl; = 1/1); IR (neat) v 3360, 3300, 2960, 2875 cm™; 'H
NMR 06 1.08 and 1.12 (2s, each 3H, CH3), 1.34 (br s, 2H, -NH,, exchangeable with D,0), 1.55
(dddd, 1H, H-9a, Joa 10a = 12.4 Hz, Jgem = 12.0 Hz, Jo, 3 = 10.5 Hz, Joa 10 = 2.7 Hz), 1.72 (ddd,
1H, H-10a, Jgem = 13.2 Hz, J10a92 = 12.4 Hz, J10a6 = 2.5 Hz), 1.84-2.06 (m, 3H, H-8, H-9¢ and
H-10e), 3.86-4.05 (m, 4H, H-2 and H-3), 5.69 (ddd, 1H, H-6, Js7 = 10.3 Hz, Je.10e = 2.5 Hz,
Jss = 2.0 Hz), 6.03 (ddd, 1H, H-7, J;6 = 10.3 Hz, J;5 = J79. = 1.8 Hz); *C NMR & 22.5, 27.7,
28.9,33.4,47.4,51.4,64.5, 64.8, 105.6, 129.1, 133.8; HRMS (FAB", glycerol) m/z 198.1487
(198.1494, calcd. for C;;H,0NO,, [M+H]"), LRMS (FAB", glycerol) m/z 198 ([M+H]", 6%),
177 (27), 150 (75), 133 (100).

9-[2-(1,4-Dioxaspiro[4,5]dec-6-ene-8-yl)propyl]-2-(methoxy-

methoxy-)-3-methylcarbazole (88). Ar gas was bubbled into a O Me
mixture of dibromobiphenyl (89) (59 mg, 0.152 mmol), amine (90) N O

OMOM
(20.0 mg, 0.101 mmol), Pd,(dba); (19 mg, 20.2 umol), 2-(dicyclo- IVIN?""
€
hexylphosphino)-2°,4’,6’-triisopropylbiphenyl (36) (29 mg, 60.8 ?7
pmol), and NaO'Bu (29 mg, 0.304 mmol) in toluene (0.8 mL) for 10 88 ©

min. The reaction mixture was then heated at 130 °C in a sealed
tube for 13 h. After cooling, the mixture was roughly purified by column chromatography
(silica gel: 3g, EtOAc/toluene = 1/40) to afford impure carbazole (88) which was further
purified by preparative TLC using EtOAc/toluene = 1/10 as the eluant to give carbazole (88)
(25.2 mg, 59%) as pale yellow syrup: Rf = 0.39 (EtOAc/hexane = 1/2); IR (neat) v 2950,
1470 cm™; '"H NMR & 1.42-1.47 (m, 1H, H-9”), 1.61-1.71 (m, 2H, H-9” and H-10"),
1.81-1.86 (m, 1H, H-10""), 1.96 and 2.02 (2s, each 3H, CH3), 2.38 (s, 3H, 3-CH3), 3.49-3.62
(m, 4H, H-2” and —OCH3), 3.78-4.03 (m, 4H, H-2”" and H-3""), 5.26 (s, 2H, -OCH,0-), 5.62

97



(dd, 1H, H-6, J¢» 7> = 10.2 Hz, Js»10» = 2.0 Hz), 5.69 (d, 1H, H-7", J;5 = 10.2 Hz), 7.15 (dd,
1H, H-6, Js5 = 7.6 Hz, Jo7 = 7.4 Hz), 7.26 (ddd, 1H, H-7, J;5 = 8.5 Hz, J;5 = 7.4 Hz, J75 =
1.2 Hz), 7.56 (s, 1H, H-1), 7.74 (d, 1H, H-8, Js7 = 8.5 Hz), 7.80 (s, 1H, H-4), 7.97 (dd, 1H,
H-5, Js6 = 7.6 Hz, Js7 = 1.2 Hz); °C NMR & 16.5, 22.4, 27.1, 27.2, 33.4, 43.6, 56.1, 64.2,
64.5, 64.9, 95.7, 100.9, 105.6, 113.8, 118.8, 119.0, 119.3, 119.6, 120.9, 124.0, 124.5, 129.4,
133.3, 140.2, 140.9, 154.3; HRMS m/z 421.2261 (421.2253, calcd. for CysH3NO4, M),
LRMS m/z 421 (M", 17%), 333 (19), 309 (19), 282 (100).

Ketone (113). To a solution of carbazole (88) (14.0 mg, 33.2 umol) in
dichloroethane (1.5 mL) was added Sc(OTf); (8.1 mg, 16.6 umol) with O O Me
OH

water (0.8 mL). The mixture was heated at 120 °C in a sealed tube for N
36 h. After cooling, the mixture was neutralized with saturated aqueous M,a'g
NaHCOj solution, extracted with CHCl; and washed with brine. 113

The organic layer was dried and concentrated to give the residue,
which was purified by column chromatography (silica gel: 1.5 g, EtOAc/hexane = 1/4) to give
113 (8.1 mg, 73%) as a white solid: Rf = 0.20 (EtOAc/toluene = 1/5); m.p. 220 °C (decomp.);
IR (neat) v 3400, 2925, 1715 cm™; "H NMR & 1.55 and 2.07 (2s, each 3H, CH3), 1.61-1.71 (m,
1H, H-5’), 2.16-2.31 (m, 3H, H-4¢’, H-5" and H-6’), 2.38 (s, 3H, 3-CH3), 2.48 (dddd, 1H,
H-42’, Jgem = 14.1 Hz, J4 50 = 13.5 Hz, Jsz s = 6.6 Hz, J4a 200 = 0.8 Hz), 2.78 (ddd, 1H,
H-2a’, Jgem = 14.1 Hz, Jy21» = 5.3 Hz, Jy2 42> = 0.8 Hz), 3.98 (ddd, H-2¢’, Jgem = 14.1 Hz, Joe 10
= 3.8 Hz, Jye4e = 2.4 Hz), 4.08 (m, 1H, H-1"), 5.15 (s, 1H, 2-OH), 7.15 (dd, 1H, H-6, J¢s =
7.8 Hz, J¢7 = 7.3 Hz), 7.29 (ddd, 1H, H-7, J;3 = 8.1 Hz, J;6 = 7.3 Hz, J;5 = 1.2 Hz), 7.62 (d,
1H, H-8, Js7 = 8.1 Hz), 7.67 (s, 1H, H-4), 7.95 (dd, 1H, H-5, Jss = 7.8 Hz, Js; = 1.2 Hz); °C
NMR & 16.7, 24.3, 27.7, 28.1, 35.3, 40.2, 43.5, 48.0, 57.6, 105.7, 111.2, 115.4, 117.2, 118.6,
119.9, 124.1, 124.3, 137.9, 139.5, 151.4, 212.8; HRMS m/z 333.1728 (333.1729, calcd. for
CH23NO,, MY), LRMS m/z 333 (M", 89%), 318 (88), 248 (50), 61 (100).

Exo-olefin (87). To a solution of ketone (113) (9.9 mg, 29.7 umol) in
THF/pyridine = 5/1 (1.2 mL) was added Tebbe reagent® (0.16 mL)
[prepared by stirring a mixture of Cp,TiCl, (250 mg, 10.0 mmol) and
Me;Al (2.0 M solution in toluene, 1.0 mL, 20.0 mmol) under Ar at rt for
48 h] at 0 °C under Ar, and the mixture was stirred for 1 hat 0 °C. To
the reaction mixture was added 1 M aqueous NaOH solution and

anhydrous Na,SO,. The mixture was filtered through Celite®. The filtrate was washed
with 1 M aqueous NaOH solution and brine. The organic layer was dried and concentrated
to give the residue, which was roughly purified by column chromatography (silica gel: 1 g,
EtOAc/hexane = 1/10) to give crude exo-olefin (87). The crude product was further purified
by preparative TLC using EtOAc/hexane = 1/8 as the eluant to give exo-olefin (87) (6.1 mg,
62%) as a white solid: Rf = 0.70 (EtOAc/hexane = 1/2); m.p. 178-179 °C; IR (neat) v 3595,
2960, 2880 cm'l; 'H NMR § 1.16-1.30 (m, 1H, H-4’ or H-5"), 1.46 and 2.01 (2s, each 3H,
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CHs»), 1.90-1.97 (m, 2H, H-4’(or H-5") and H-6"), 2.16-2.28 (m, 2H, H-4’and H-5" (or H-4")),
2.34-2.45 (m, 1H, H-2") , 2.39 (s, 3H, 3-CHj3), 3.73 (br d, 1H, H-1°, J = 3.9 Hz), 3.80 (br d,
1H, H-6", Jyem = 13.8 Hz), 4.62 and 4.85 (2br s, each 1H, =CH,), 4.82 (s, 1H, 2-OH), 7.12 (dd,
1H, H-6, J5s = Js.7 = 7.5 Hz), 7.26 (dd, 1H, H-7, J;5 = 8.1 Hz, J;5 = 7.5 Hz), 7.60 (d, 1H, H-8,
Js7=8.1 Hz), 7.64 (s, 1H, H-4), 7.93 (d, 1H, H-5, Js5 = 7.5 Hz); °C NMR & 16.7, 25.3, 27.7,
27.9,34.3,34.6,36.9, 48.9, 57.9, 106.7, 108.4, 111.2, 115.2, 116.0, 118.2, 119.2, 119.7, 123.8,
124.3, 138.6, 139.6, 146.3, 151.0; HRMS m/z 331.1936 (331.1936, calcd. for Co3H,sNO, M),
LRMS m/z 331 (M", 21%), 316 (21), 279 (31), 149 (54), 61 (100).
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#6.88.12 Ts protection
Fulss Sequence: sipul

Me

)-or

95

06.83.12 Ts protection
Pulss Sequence: s2pul

T AEEE S s o e
k4 1] 1a0 160

T

140

100



Me
| OTs

HoN
96

96.02.24 fodination
Pulss Ssguence: sZpul

M
———r—— e
3 2 1 ! ppm
v L
.53
8.43
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T 2 1 T T T T T ¥ T v T
8 7 ] 5 4 3 2 1 o ppm
Wy W —————t w i
1.8 672 (R 1] 3.34
1.0 0.97 1.83 3.32

06.02.26 suzuki coupling

Pulse Saquence; §2pul
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8.0, .00 Sandesyer

Pulse Sequence: s2pul

T —1— ——T ——T—— T
8 7 L] 5 4 3
L R e o
1.0 a.07 0.02
100 252
06.02.26 Sandmeyer
Pules Sequancer s2pul
|
|
R e T T TTT T T T T Ty
200 180 160 140 120 100 1] 60
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[05.04.19 ge-15

ER:]

! ] ¥ — ¥ T I T T T
8 4 2
06.03.16 de-Ts
Fulse Sequence: sipul
T EEREEE e e e Y T T T T e T 1
zan 180 160 140 120 100 a0 60 40 20 b ppm
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. 02.17 OWON-Bri-bipheny]
Pulse Sequencer sipul

T T T T T T T T X T T
] 7 6 5 4 3 2 1 ' ppm
L ¥ e w w
1.88 2.43 1.18 3.20
2.1 B.08 1.13 a.30
06.02,17 O-MOM-Bri-biphenyl
Pulse Snquences s2pul {
i
|I
il
1
[
|
I
i ‘
| ‘
| |
i I |
| i ' | ' itk 4l i b
i e el R 0 Y S R B il uld ) ik )b L | i il okl o 14 Sk i i
1 |} r i1 b ' J TRy Ly il T r My e
hao | 160 1an 120 100 ! g0 60 | d0 | 200 U 7T Vppn
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05.12.06 reduction

\\ 1.06

T

M

O

104

05.12.08 reduction

F- |

2

o
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05.12.08 Me addition

Me

HO @]
Me“‘) < > <O

Y660

05.12.08 Me addition
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HO
Me“‘)_<:><

Me

107

D

T T T T T T T v
] 7 6 4 3 1 ' ppm
ot et
1.8 iy ea
1.8 1.
08.02.07 thiokstal
Pulse Seguence: s2pul
‘‘‘‘‘ T T T T T T T T T
180 160 140 120 100 1] 60 40 20 ppm
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O
Me® S

Me
108

T T T T T T T T T T
] 7 § 5 4 3 2 1 " ppm
] e ke
1.0t 1.8 647 577
1.8 1.0 1.y
08.02.08 azigation
Pules Sequence: sipul
T R i B e T T VBRI B o e o T T T B T T
180 160 140 120 100 80 [1] a0 20 ppm

109



06.01.27 de-thicketal

]

N3
Me“‘)_<:>:0
Me
106
T J T

06.01.27 de-thioketal
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| 06.01. 11 Saequsa Ox.

N3

Me
100

I\!W
\0.9?

RENT]
REET]

o —

06.01.11 Saequsa Ox.
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O

Me
93

.

—T  EENEE e e m e e e L

3 4 1 ppm

—
SRl ——a
i

b hhed WY
L] 1.091.87 3.24
0.8 1.00° 115 1.14 3.3

05.02.1% Acetal protection
Fulse Sequence: sipul

T T T VAL S T T T T T T T T T
pe-1] 160 140 1ze 100 a0 [1] 40 20 ppm
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06.02_17 amine

Me
90

H,>N @)
Me“) < ><O

]

/ f}/"

6.15

06.02.17 amine
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05.05.20 MOM-carbazole

k]
2.2
T8

06.02.17 carbazole
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) I

/]

Lﬁﬁduv{ DS

i o] =

T e : ——— :
8 7 [ 5 3 H 1 1 ppm
C o W e b
1.00 1.08 1.08 1 1.08  3.18 3.21 3.30
1.229.42 2.11

06.02.24 cyclization
Pulss Sequence: s2pul
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Qe
N O OH
Me,

Me

87

T T T T T T T
8 7 6 5 4 2 0 ppm
LA s e et e eyt B
1.00 H i 2.46 o
z.10 1.04 4.8 kD) 524
06.02.26 Tabbe
Pules Sequence: s2pul
T T r T T AR \n T T T T T
f4 1] S E.1] 160 140 iz0 100 .1 60 40 20 ppm
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