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Efficient Synthesis of 3,6-Dialkylcarbazole-1-formaldehyde and
3,6-Dialkylcarbazole-1,8-diformaldehyde
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Abstract The currently reported synthesis methods of carbazole-1-formaldehyde or carbazole-1,8-diformaldehyde have
some drawbacks, such as long synthetic steps with low yield, high toxicity of reagents, or high risk of operation, which
affected the progress of synthesis and application of subsequent derivatives. In this work, the 9-NH of bromocarbazole was
protected by 2-(trimethylsilyl)ethoxymethyl chloride (SEMCI), the subsequent formylation was successfully accomplished by
n-butyllithium/N,N-dimethylformamide (DMF) instead of fers-butyllithium/DMF to reduce the risk of operation process.
Finally, a safe and efficient method that is more suitable for large-scale preparation of 3,6-dialkylcarbazole-1-formaldehyde or
1,8-diformaldehyde was developed. In addition, the reactivity of carbazole-1-formaldehyde or 1,8-diformaldehyde was
explored, and a series of tridentate or bidentate ligands were successfully prepared.

Keywords carbazole; formylation; carbazole-1-formaldehyde; carbazole-1,8-diformaldehyde
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MRMERT AR, flhn — e AR, IR ERD). R IR RO
DL S = 5 FE205E RISy NH B oA & i fE R — A
Wi A7 7 s, DRG] FE R I 1,817 1) B S8 A A e T 22 1
e AR I AR 5] 1 Bk R 2 1 507, 3,6-  HUAR e mk
AR SREAT R AR B R B R AETE 1/8-47, bhi 3,6-—
fil§ FE R R IR R BR AL N SR N AT 15 1,8- AR ™
Y, fEEA AL R Sttt 4T C—N BBk, A —
ZHMERN G-VUEEIARBCAARR 1,8- MMM mefr A8, 1M
3,6- Z FHER MM A N-IRART I i (NBS) B AT 5E Ak
1,8- AR, MK e 5 AR S B BN A R R EY
A=, 3,6- —HUARM L A R AN R A AL T A5 1,8-—
TSR =4, PA/C AL AT IR = 420712,
3,6- U T R SR IR S S 15 31 R R B R = 03]
£

U T 4 R I 7R - B S . ) 6 e - 3- FE i
3,6- —HEE O BRI R BIT, (5 A7 v 4% 3,6- —HX
AR -1 - FH P B8 1,8- — I AR SCiR IR TE . L $1 2003
. Gibson PRAZAIA HHIRAHEMEEITE #-BuLi/TMSCI
(5% COL)RY" 9-NH, #RJ5 t-BuLi/N,N-—H 3 HI it [ii(DMF)
H AL T VR A R T 3,6- e Bk e - 1,8- —
2017 4F Brooker W@ 4H SR F X Fh 5 12 i 46 T 3,6-
TURCT B 18-, T R AR ALK S K
{EZ% TG B fa R AR SR AU T R, R 1%
T2 N .

N T A R AR I - 1,8- X AN S i e ]
W, TR ZAREAN T AE M ER TAE. 2005 4
Brown A8 ZH ORI F TR B G 7 V2 B ) A BT R
Me-1,8- T FE. %757k E AR IR K R L8 RN AR = 8 2K
Fi% 2.1 1) Buchwald-Hartwig 1B N TR, FTis oK%
e EMA 5y T N EALIEEE, LiAlHL B R, MnO, B Z 5
RS H AR =Y. AT e A 2 mT T
M- DT (HIX R OTE S R K, HE 2D
AR SN, N2 EL R HT ). 2013 4F Takagi 48
2 USRI B R I8 SRV R D A3 31 7 M- 1,8- - F S, {1
LA PR e M- 1,8- — FE I (1) A RS 30 ek AR R e i A B
RS-0 4 55 B (Rosenmund von Braun)x N3RS, 75
EH 2| TR CuCN, T35 BA Tz N H A E .
2018 4 Brooker TR PO f 1 —Fh& B ME-1,8- — F
BB /715, 1,8- VMM A1) id i Heck M BRIERER
LG, KR4 BLAEAL TR RN 45 B AR, 123
LR T2 AN 56%, 7 22 FH B kg B on A4 40 57,
HAT A RE A s NG, S A s E A R M it 4
W, A& TR 25

MK, H RTHRIE - 1-FF S B8 1,8-— Y
EITEBE AR K, RN 2, Eadihi kel
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BefE BB B, MR TS AT AN A ORI N,
Rt R, BRItk, AkRHi 50T R — Fh 2 A B I He k-1 -
HIE R 1,8- & ok, B EBENRSE O
NEFAME. fEARRER TAEH, FATH 2-(=F ) o
A H B S (SEMCI fR #7 JR AR e 9-NH, A% 2 F H
n-BuLi/DMF X # +-BuLi/DMF 58 % kAL, BRAR T #4E
HIfaRetE, R T —ME e, EEMBLHI%T 3,6-
RS- PR EY 18- R R A A% Tk

1 HR5R

HFE T 3,6- U T MM 1 4R R WG R-G
SN DA A R IR - P S B 1,8- RS, 7R 2 RhAN[A %
PR LA s e R AR BIAE [ P29, AH AR IR S
N, HEAL R S HAE R AETETEAR) 108 1,8-0, T
TEMRPEIR 4-07 73 2 R] BE 2544 2 (Scheme 1).

t-Bu 5 4 t-Bu t-Bu OHC t-Bu
6 3 DMF/POCl3
7 2 I ——
N N
8 H 9 1 H

1 2

BISR1 3,6- U T AR 1R 2R R BT IR — I 5 S
Scheme 1 Vilsmeier-Haack reaction of 3,6-di-fert-butyl-9H-
carbazole 1

2003 4 Gibson LI A = H I (TMS) 3
3,6- —hidt-1,8- IRIEME) 9-NH, $RJ5 ] +-BuLi/DMF
AL IR A T 3,6- e Sk me-1,8- — HIE; [RIA,
A RESCERIRE T N-Fe IR R n-BuLi B
A SE AR X A P, FE T AR, WA n-BuLi/DMF
K# +~BuLi/DMF SERFEEAL, o KRB RERIER f&
R, MRS —Fh B 22 4 3 A MRk i) &5 110 P ae-
1,8- - HEERIHI 4 7. Kk, #: T RZ2% Gibson &
77k, JeH TMSCL 8¢ CO, fR¥ 3,6- —#U T 2E-1,8-
TIRIRME 3 ) 9-NH, #8J5 FH n-BuLi ### -BuLi #4178
XA (3 1, Entries 1 f12), (HHEZZEEE HIFF=Y
5. FJR DAV RE R T BB i R 1 LU AU T RIS, TMS
o} CO; PRAPFEENI PR, BERS T4 K AZ e R AE. JRAT]
S 24 AN [F) S R T Y 3,6- T 3E-1,8- R,
LRI, B 18- LI AR JE T AAAE, A7 FRECK IR
PR 0 R R — U T S (Boc0) S H R H i (Cl-
CO:Me) LA K 5 R iR (CbzCI 1E W M4 Rk fRe S
ek 3 MNAS BT N-{R37 =4 4c~4e(3K 1, Entries
3~9); 17 & F 3£ F B (MOMC) Al 2-(= HIRE B 58) 24
F L Z(SEMC) 5 I 3 2 8 43 145 3] N-LR-37 =4
4f (90%)F1 4g (95%)(3% 1, Entries 10~20).
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Table 1 Optimization of reaction conditions
tBu tBu tBu tBu tBu tBu tBu tBu
O O Protection O O (1) n-BuLi O O Deprotection O O
\ N (2) DMF \ \
B H B Bl pg B OHC L, CHO OHC H  CHO
4a~4g 5-PG s
Entry? Protection PG Product®  n-BuLi/DMF (equiv.)” T<°C Time%h Deprotection Yield%/% of 5
1 n-BuLi/TMSCI TMS 4a — — — — —
2 n-BuLi/CO2 CO, 4b — — — — —
3 DMAP/Boc20 4c — — — — —
4 NaH/Boc20 Boc 4c — — — — —
5 n-BuLi/Boc2O 4c — — — — —
6  NaH/CICO:Me 4d — — — — —
M

7 m-BuLiCICOMe COMe 4d — — — — —

8  NaH/CbzCl Cbz 4e — — — — —
9  n-BuLi/CbzCl Cbz 4e — — — — —
10 af 22/5 O/r.t. 0.5/1 — —
11 af 22/5 —40/r.t. 0.5/1 HCl 18
12 NaH/MOMCI1 MOM 4f 2.2/5 —78/r.t. 0.5/1 HCI 33
13 4f 2.2/10 —78/r.t. 1/2 HCl 56
14 4f 3/20 —78/r.t. 2/12 HCl 55
15 4g 2.2/5 —40/r.t. 0.5/1 TBAF 32
16 4g 2.2/5 —78/r.t. 0.5/2 TBAF 67
17 4g 2.2/10 —78/r.t. 0.5/2 TBAF 79
18 Nal/SEMCI SEM 4g 2.2/10 —78/r.t. 12 TBAF 93
19 4g 2.2/10 —78/r.t. 12 HCV 92
20 4g 3/20 —78/r.t. 2/12 HCV 90

“4a~4e were not isolated; ” based on the substrate 4f or 4g; ¢ temperature for stepwise adding n-BuLi and DMF/stirring temperature after adding DMF; “stirring time
after adding n-BuLi/ stirring time after adding DMF; © total yield of two-step reaction starting from 4;/2 h reflux in 0.1 mol-L ' HCI.

R R R R R R
O O (1) NaH O O (1) n-BuLi O O
(2) SEMCI (2) DMF
X N Br X N Br (3) HCI X H CHO
SEM
6a: R=Me, X =Br 7a: R =Me, X =Br 8a: R=Me, X =Br
6b: R = Ph, X = Br 7b: R = Ph, X = Br 8b: R = Ph, X = Br
9a:R=tBu, X=H 10a: R =fBu, X =H 1Ma: R =tBu, X=H
9b:R=Me, X =H 10b: R =Me, X =H 11b: R=Me, X =H
9c:R=Ph,X =H 10c: R=Ph, X =H 11c:R=Ph,X=H
ER 2 AEBUREE 3,6- R FEmMe- 18- K 1-HEE A K

Scheme 2 Synthesis of 3,6-dialkylcarbazole-1,8-diformaldehyde and 1-formaldehyde with different substituents

X n-BuLi/DMF ¥ i1 OV B R T T
e, g 1 Fim, T N-MOM {#I7 W) 4f, 1556
€ n-BuLi/DMF )5 (¥ 52 F s I [), SR A SRR HE AT
JRLARAF, R IORLI B AT 0 . 25 S R S SR FE X H
PP = A BN EE, TR SR T (0 8i—40 C)
BLBARBEb =Y, BAFMESR, FRMRK, 5
RIATRE R iR R, IE T SR 4R tEsg, %5 i s
AV SRR s B, 55 MOM. AR 477 3w i 3k I 3
(NCH:0) S [, MIMIHFEIE T 3641, & —78 CHK
UM n-BuLi A1 DMF, 28 J5 7+ & iRV 56 T3R5
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B 4T 77 2K (Bntries 10~ 12). 2 F R [EH & & N, XF
n-BuLi/DMF KW &b, [ Ril [ 34T ik, &N
0 n-BuLi (2.2 equiv.)JE 5E8HE 1 h, FHiEN DMF (10
equiv.), JFREFRMPLENFE 2 h AT 72 (56%,
Entry 13), {B4k4E8 00 n-BuLi/DMF HI¥) 5 55 K = S
1A AN BESE 77 . R T N-[2-(= ) S B
REIRPIRY) 4g, FIFERIURESAE(—T78 CYFFI T2
=177 % (Bntries 15~16). X JERE ) K s BB 1] 16471
$, B AAETE I n-BuLi (2.2 equiv.) G 26T HE 1 h, FHE0
DMF (10 equiv.), FrZEEREENFE 2 h %04 F kA&
2437
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57 #(93%, Entry 18). X1 N-[2-(= M H:fE) L8 L H
BE1OR P L (0 W B, W JE R BTG DY Tk A
(TBAF)i& /& #s £h2(0.1 moleL™"), A&/ KK Hix
. B EIRRLRAR, 5 20 e PR Sh R TE I Ak =l
AT AT AR

TEMRAL SN 26 BE R 1, R 3,6- RS IR AR I
MEHEAT T I . G0 Scheme 2 TR, 2% k%A
BT 3,6- T HIAE-1,8- I 6al' 4R 3,6- K HE-1,8-
TR 6b122, FIF NaH &, 5 SEMCI BITF]
233 7a (94%)F1 Tb (94%). {EMRALI IR, BITA
£ —78 CHhN n-BuLi (2.2 equiv.), $it¥E 1 h JEin
DMF (10 equiv.), FF&ZE=RARLEHFE 2 h, &G HCL
(0.1 molsL™ H[E[yiE 2 h B3 HARLEY 8a (91%)F1 8b
(94%). M- 1-F AT AE AT LICR SRR 7 V6 k. 1-
IRIEIE 9a~9¢ ] NaH/SEMCI 1447 J& Al A 3545 10a~
10¢ (90%~92%), F—35% n-BuLi (1.1 equiv.)fl DMF
(5 equiv.) FHIEAL, H SRR (1L OR AP B AT ey 7= 215 21 H
Frb &Y a~11c(GET 10a~10c Pi5 [ N7 90%~
92%). HAFIER M, H AT mE-1- B AT A1) SRR
WD BHEBOE R E R, 53CREVSIM LG, AR TAE
PO 7 VLT T m A, S A B A %

NI F AR B R R R BLTEE, R 3,6-—
AT FEEME-1,8- — HIE(5) A 3,6- R T Fk M me-1- F %
(Ma)dt T 7 — RFI M2, 40 Scheme 3 FiR, 51 11a
P AT R 5 40 2 — e B AT R SRR BRI 4h A, AT 43 21
M= R IR e Bl R e SR RE M BT &5 12~15. BFFALR
P, HRME-1,8- T HIE 5 S5 AROK R N B i e
7] DMF HENRA RETERL, H 7= 2 EUK(58%); T 548
SRR IR A, DA 1-FE % 11a 548 — i ak
A2 B IR B W () 46 6 AN 75 EEAE S R R AT (75% ~
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92%). 5 Al 1la SiHVERBARM AT AR Mm% &, 72
A0 HBIERTT L, Hh 5 5B EE R SN 5T
FMEL B EAEEY), T Ma SR KmA S5
L 53%I[) 7 245 2] H Fn il & R - 22 3R IR S & )
16. XEHAMMNEY 12~16 FEA =5 H B0 A
FCALPE, A3V 71 T 5L 4 R T & i PO Sk
HREHTE, Kb EY 15~16 1 HM%EYE )
LA BT 5t A SCHRARIE 24,

2 i

EEXF E AT HRE -1 - R 1,8- T H S T
B 2N, ATAEFIR 2-(=HRERi) 58 L&
(SEMCI £ 4 R AL ™ 9-NH, LA n-BuLi/DMF 1X #
-BuLi/DMF 58 % Bt AL, FRAR T 3B i t, k18T
—FPEE A, TE A B ) 3,6- IR -1 - F
o 1,8- R HI 4 ik BhAh, IS HE Ik 1 - R B
18- W S BEVE T EAT TR ZR, Hil% T — RH =14
REOR TR B, BF 7T 45 RN I 5 ST AR A i
L BE5E T B,

3 SCIOERSY
31 UBE5EHF

A TAEE A A XA A s, TR E
FRIRACEE, B TE/K 7 A Pure Solv-MD-7 Bl 5| afifh,
RGHFR. TEoKZAE 1 S N IR bR vE 5 AR RS AR
TH4T. 'TH NMR 1 3C NMR H Bruker AVANCE
400/600 #ZHEILHRACMR, LA CDCls 58X DMSO-ds N,
TMS NN FiitEss Bl SCIEX API 4000LC/MS R4
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t-Bu t-Bu
N
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N N N
5. R = CHO
Ma:R=H {\ 13
Jd
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“ (/) O NQ
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H 7S
N/ (0] N
\//L\ 15

Reagents and conditions: (a) o-phenylenediamine, TsOH, DMF, reflux; (b) 2-aminothiophenol, P,Os, EtOH,
reflux; (c) o-phenylenediamine, TsOH, EtOH, reflux; (d) (1) 2-aminophenol, P,05, EtOH, reflux, (2) Ag,0O

B 3 3,6- 40T FEMEm-ZE IR mkme 2R g K 2 I E A A A

Scheme 3  Synthesis of 3,6-di-fert-butylcarbazole-benzimidazole, benzothiazole and benzoxazole conjugates

M75; T4 Perkin-Elmer 2400 %7024 Hrix il
SE; M SUE I X-4A BUE SR, MHERETRERLIE. B
A FE S I HT 35 JGK O R B 2 .
3.2 3,6-ZHUT EMmE-4-FER(2)ME K

£ 100 mL T HERLEH I A TGk DMF (3.5
mL, 45 mmol), A ZE 0 C, BRI GihiEEL e
Wi =54 ®EQ2.5 mL, 27 mmol). W EEE, ¥
WK AT HE(DCM, 5 mL)H 3,6- 40T HHms
(447 mg, 1.6 mmol)ZZI&iHINE LR iEw, 22 hi5E.
TFHE 90 CHEEE/R N 48 h, SR JE [ MR 2 A UK K (300
mL)fi e, A NaOH ¥ A1 B, DCM ZHL, T
e, W4h, HEN S EER A EEEY 2 (365 mg,
1.19 mmol, 74%). m.p. 153~154 °C; '"H NMR (400 MHz,
CDCLs) 6: 9.62 (s, 1H), 8.45 (d, J=8.5 Hz, 1H), 7.99 (s,
1H), 7.98 (s, 1H), 7.61 (d, J=8.5 Hz, 1H), 7.54 (d, J=8.3
Hz, 1H), 7.49 (d, J=8.3 Hz, 1H), 1.45 (s, 18H); '*C NMR
(151 MHz, DMSO-ds) : 159.36, 147.09, 146.70, 135.83,
134.68, 125.91, 125.14, 124.67, 124.39, 117.16, 116.88,
115.29, 110.65, 39.99, 34.63, 31.46; MS (ESI) m/z: 308.7
(M+H"). Anal. calcd for C5;H,sNO: C 82.04, H 8.20, N
4.56, found C 82.18, H 8.15, N 4.53.
33 N-BBEHE-3,6-ZfT £-1,8-ZRIKE4HKE
193

3,6- " HUR 1,8- VR 3, 6a Al 6b S5 W HR[14,
22, 25177 M, RAEEE 5 SCHRAH .

7F 250 mL 524 TR = FOEH, ¥ 3,6- 4T %-
1,8- M 3 (875 mg, 2 mmol)¥% T JE7K DMF(10 mL),
VKAKIA A, BRI T o IZMmA 60% NaH (88

—
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mg, 2.2 mmol, 1.1 equiv.), ZkZEHiHE 10 min J5 2218 0
T JC7K DMF (5 mL)f¥) MOMCI (194 mg, 2.4 mmol, 1.2
equiv.), MNFELKLERHEPE N 30 min, JIZK¥E K, DCM %
B, AHUEKEE, ToKBREREET%, g, IRk EK
g, HEN B AT ) - VeRMBH) =1 11515
M ol 4 4f (866 mg, 1.8 mmol, 90%). m.p. 166~
167 “C; '"H NMR (600 MHz, CDCls) d: 7.95 (d, J=1.8
Hz, 2H), 7.66 (d, J=1.9 Hz, 2H), 6.46 (s, 2H), 3.16 (s,
3H), 1.42 (s, 18H); '*C NMR (151 MHz, CDCl;) o:
144.73, 136.29, 130.41, 126.61, 115.93, 103.98, 73.71,
55.15,34.91, 31.90; MS (ESI) m/z: 481.4 [M+2H]". Anal.
calcd for CH27BroNO: C 54.90, H 5.66, N 2.91; found C
54.81, H 5.70, N 2.86.
34 1,8-TIRMME N-[2-(ZHER)ZEERERP
BiE

£ 250 mL SE4 T =, K 3,6- —HURH
1,8- ZIRARHIE(20 mmol)# T-J67K DMF(80 mL), #k/K
WRH, BRI T2 60% NaH (880 mg,
22 mmol, 1.1 equiv.), FiE+f: 30 min Ji5 2218 IiE T oK
DMF (50 mL)f#] SEMCI (3.67 g, 22 mmol, 1.1 equiv.), fHi
SRR EIRMESFERPL 1.5 h, 7KK, DCM %
B, AHUHEKEE, ToKBREREET%, g, Ik EIK
4, WRAEENT B V(& TR - VA B =1 : 1]
JE IR Hhr L &4

N-[2-( =W 3 7E) A R H 2 )-3,6- U T J6-1,8-
TR (4g): AR, 775 95%. mp. 120~121 C; 'H
NMR (600 MHz, CDCL3) 6: 7.94 (d, J=1.8 Hz, 2H), 7.66
(d, J=1.8 Hz, 2H), 6.47 (s, 2H), 3.31~3.22 (m, 2H), 1.43

2439
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(s, 18H), 0.81~0.73 (m, 2H), —0.19 (s, 9H); *C NMR
(151 MHz, CDCl3) d: 145.73, 137.69, 130.39, 127.40,
115.53, 104.86, 72.31, 65.00, 34.79, 31.86, 17.98, —1.48;
MS (ESI) m/z: 5883, 590.2, 592.3 (M+Na)*. Anal.
calcd for Cy¢Hs7- BroNOSi: C 55.03, H 6.57, N 2.47; found
C 55.15, H 6.60, N 2.44.

N-[2-( =W 3:0E) A R H i )-3,6- HE-1,8-
MM (7a): AGREE, 775 94%. mp. 144~145 C; 'H
NMR (600 MHz, CDCls) 6: 7.71 (s, 2H), 7.46 (s, 2H), 6.44
(s, 2H), 3.30~3.27 (m, 2H), 2.46 (s, 6H), 0.79~0.76 (m,
2H), —0.17 (s, 9H); '*C NMR (151 MHz, CDCL) ¢:
137.51, 133.32, 131.77, 127.16, 119.22, 104.55, 72.23,
64.84, 20.70, 17.87, —1.63; MS (ESI) m/z: 483.2 [M+2]
*. Anal. caled for CyHasBraNOSi: C 49.70, H 5.21, N
2.90; found C 49.75, H 5.16, N 2.87.

N-[2-(= k) LR F 2L ]-3,6- oK -1,8- 7R
HE(Tb): AR, P23 94%. mp. 114~145 C; 'H
NMR (400 MHz, CDCl;) §: 8.22 (d, J=1.7 Hz, 2H), 7.93
(d, J=1.7 Hz, 2H), 7.71~7.65 (m, 4H), 7.49 (dd, J=8.4,
6.9 Hz, 4H), 7.41~7.35 (m, 2H), 6.55 (s, 2H), 3.42~3.35
(m, 2H), 0.87~0.80 (m, 2H), —0.15 (s, 9H); 3C NMR
(151 MHz, CDCl3) d: 140.00, 138.70, 135.97, 131.97,
129.06, 127.73, 127.49, 127.32, 117.67, 105.37, 72.38,
65.16, 18.06,  —1.44; MS (ESI) m/z: 606.3 (M+H").
Anal. calcd for C30Hy9BroNOSi: C 59.32, H 4.81, N 2.31;
found C 59.41, H 4.77, N 2.29.

3.5 MRM-18-—HEMERKSE

7E 250 mL TR =0, ¥ N-2-(ZHEEE) 4
AR HIE R 3,6- —HUR 1,8-ZIRHME(10 mmol )iz
T 100 mL Jo7K THF H 7w E8 SR, BEE—78 C
J&, I VRS 28228 b0 n-BuLi (2.5 mol/L in THEF, 8.8
mL, 22 mmol), HN5E/G kS A SR HiRE 1 h, @i ES
BB INTE/K DMF (7.3 mL, 0.1 mol), J+% =R 4k4E
PFE 2 b5 2 AR (TLO) RTINS 25 R ELUD B ) RER
KK, DCM ZEHL, ALK EE, T4, JRiR4E,
A BT o B e H & B e/ A B - V=11 1),
J& Fl DCM Bt 115 R BLA—R S (174 5-SEM, 8a-SEM Fl
8b-SEM, H TE5MRAE. TR R SEEFMA 150 mL
FiERIR(0.1 mol/L), ZAMRI 4 FFHRFAR . 2 h.
Ar =R, WERAE 2 FEARBI S22 —, I 200 mL
K, AT A e e, BE R A K R E
P, T, TR Y R E AL S S H AR S,
8a fI1 8b.

N-[2-( = T ) & 3 0k A R ]-3,6- 0 T 2 e -
1,8- ~H#(5-SEM): H & 4K, mp. 107~108 C; 'H
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NMR (400 MHz, CDCl;) §: 10.42 (s, 2H), 8.33 (d, J=2.0
Hz, 2H), 8.05 (d, J=2.0 Hz, 2H), 5.30 (s, 2H), 3.08 (t, J=
8.2 Hz, 2H), 1.49 (s, 18H), 0.71 (t, J=8.2 Hz, 2H), —0.18
(s, 9H); MS (ESI) m/z: 466.4 (M+H"), 488.4 (M+Na)".
Anal. calcd for CsH39NOsSi: C 72.21, H 8.44, N 3.01;
found C 72.32, H 8.46, N 2.98.

3,6- T FEMEME-1,8- T HIEE(S): [ BE K, PR
93%. m.p. 191~192 ‘C (CHR{E 190~191 C); '"H NMR
(400 MHz, CDCl3) 6: 11.45 (br s, 1H), 10.23 (s, 2H), 8.41
(d, J=1.8 Hz, 2H), 7.94 (d, J=1.9 Hz, 2H), 1.52 (s, 18H);
MS (ESI) m/z: 336.3 (M+H"); F& %5 SCHk[14b]4]
[F].

N-[2-( = H 7 ) 2058 2 H 0L )-3,6- — FH L ke -1, 8-
% (8a-SEM): [ i [ /&, m.p. 128~129 C; 'H
NMR (400 MHz, CDCls) d: 10.37 (s, 2H), 8.07 (d, J=0.8
Hz, 2H), 7.81 (d, J=0.8 Hz, 2H), 5.95 (s, 2H), 3.06 (t, J=
8.0 Hz, 2H), 2.58 (s, 6H), 0.71 (t, J=8.0 Hz, 2H), —0.17
(s, 9H); 3C NMR (101 MHz, CDCl3) §: 190.85, 139.41,
13227, 130.70, 126.53, 126.08, 122.98, 79.53, 65.33,
21.07, 17.64, —1.50; MS (ESI) m/z: 3823 (M+H").
Anal. caled for C»H»NO;Si: C 69.26, H 7.13, N 3.67;
found C 69.39, H 7.08, N 3.62.

3,6- SR mE-1,8- — HI i (8a): [ (o[l 44, 7=
91%. m.p. 242~243 C(OLHRMEN* 241~242 C); 'H
NMR (600 MHz, CDCl3) §: 11.34 (s, 1H), 10.13 (s, 2H),
8.03 (s, 2H), 7.62 (s, 2H), 2.58 (s, 6H); 3C NMR (151
MHz, CDCls) 6: 192.58, 136.80, 132.67, 129.20, 126.97,
123.32, 119.97, 21.13; MS (ESI) m/z: 252.4 M+H"); H
B 5 SR 14a] [F).

N-[2-( = F 5L 7)) & S R AL ]-3,6- 2R LR k-1 8-
T HIEE(8b-SEM): FItAfE K. mp. 95~96 C; 'H NMR
(400 MHz, CDCl3) 0: 10.43 (s, 2H), 8.56~8.45 (m, 2H),
8.27~8.17 (m, 2H), 7.73 (d, J=7.6 Hz, 4H), 7.52 (t, J=
7.6 Hz, 4H), 7.43 (q, J=9.2, 7.3 Hz, 2H), 6.02 (s, 2H),
3.12 (t, J=8.2 Hz, 2H), 0.74 (t, J=8.2 Hz, 2H), —0.16 (s,
9H); 3C NMR (151 MHz, CDCls) d: 190.52, 140.14,
139.87, 134.75, 130.76, 129.20, 127.71, 127.26, 126.62,
124.28, 123.50, 79.50, 65.56, 17.62, —1.50; MS (ESI)
m/z: 506.3 (M+H"). Anal. caled for C3H3NO;Si: C
76.01, H 6.18, N 2.77; found C 76.14, H 6.22, N 2.74.

3,6- oK R ME-1,8-  HIE(8b): B E Ak, ;AR
94%. m.p. 219~220 ‘C; '"H NMR (600 MHz, CDCl;) ¢:
11.58 (s, 1H), 10.26 (s, 2H), 8.53 (d, J=1.7 Hz, 2H), 8.09
(d, J=1.7 Hz, 2H), 7.77~7.67 (m, 4H), 7.53 (t, J=7.7
Hz, 4H), 7.46~7.39 (m, 2H); BC NMR (151 MHz,
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CDCls) d: 192.57, 140.28, 138.01, 133.94, 131.22, 129.11,
127.44, 127.23, 125.12, 124.16, 120.60; MS (ESI) m/z:
3754 (M+H"). Anal. caled for CoH;7NO,: C 83.18, H
4.56, N 3.73; found C 83.30, H4.51, N 3.70.

3.6 1-RMMH N-2-(=ZRER) CEEFERIFHEE

3,6- HUC 1-JRH: M 9a~9¢ 25 2% TR [24] )7 111 4%,
FAEHHE 5 SCHERAH [R].

7E 250 mL SE& T =, K 3,6- —HURH
1-JH (20 mmol)#E 757K DMF (80 mL), #K/KIA
H, FARRY T =N 60% NaH (880 mg, 22
mmol, 1.1 equiv.), #it#E 30 min J5 2218 INiA T 6K
DMEF (50 mL)f SEMCI (3.67 g, 22 mmol, 1.1 equiv.), Al
SEfE T B FIRBENPERN 1.5 h, JKEK, DCM %
U, ANUHEKEE, JoKBEREE T 1%, Hhik, IR RK
g, FERAE RN S =& k) - veamE) =1 : 1]
JE 43 B bk &4 10.

N-[2-( = H FEE) 58 28 R )-3,6- U T 2E-1-9R 0
BE(10a): F-[E1AK, 722 90%. 'H NMR (600 MHz, CDCls)
J: 8.03 (d, J=1.9 Hz, 1H), 8.02 (d, J=1.8 Hz, 1H), 7.63
(d, J=1.8 Hz, 1H), 7.55 (dd, J=8.6, 1.9 Hz, 1H), 7.49 (d,
J=8.6 Hz, 1H), 6.10 (s, 2H), 3.62~3.57 (m, 2H), 1.46 (s,
9H), 1.44 (s, 9H), 0.92~0.87 (m, 2H), —0.09 (s, 9H); 1*C
NMR (151 MHz, CDCly) &: 144.44, 143.65, 140.57,
135.50, 129.24, 127.13, 124.65, 122.85, 116.05, 115.67,
109.86, 103.25, 72.44, 65.42, 34.87, 34.74, 32.08, 31.95,
18.15, —1.29; MS (ESI) m/z: 488.4 (M+H"). Anal. calcd
for CasHsgBr- NOSi: C 63.92, H 7.84, N 2.87; found C
64.05, H 7.79, N 2.85.

N-[2-( = HJEHE) 258 2 FH R )-3,6- = - 1-JR IR
(10b): 2F[E A, F=% 92%. 'TH NMR (600 MHz, CDCl;) &t
7.79 (s, 1H), 7.78 (dd, J=1.7, 0.9 Hz, 1H), 7.44 (d, J=7.8
Hz, 1H), 7.44 (s, 1H), 7.29 (dd, J=8.4, 1.7 Hz, 1H), 6.09
(s, 2H), 3.57 (t, J=8.1 Hz, 2H), 2.52 (s, 3H), 2.48 (s,
3H), 0.89 (t, J=8.1 Hz, 2H), —0.09 (s, 9H); 3C NMR
(151 MHz, CDCl3) d: 140.58, 135.50, 132.39, 130.61,
129.92, 128.02, 127.04, 122.94, 120.04, 119.53, 110.01,
103.16, 72.44, 65.44, 21.48, 20.87, 18.15, —1.31; MS
(ESI) m/z: 403.0 (M"). Anal. calcd for Cy0H26BrNOSi: C
59.40, H 6.48, N 3.46; found C 59.53, H 6.50, N 3.43.

N-[2-(= F S aE) O F 3K ]-3,6- oK -1,8- 7R
B (10c): P[44, 2% 92%. 'TH NMR (400 MHz,
CDCls) 6: 8.30 (d, J=1.2 Hz, 1H), 8.28 (d, J=1.7 Hz,
1H), 7.91 (d, J=1.7 Hz, 1H), 7.77 (dd, J=8.6, 1.8 Hz,
1H), 7.75~7.68 (m, 4H), 7.65 (d, J=8.5 Hz, 1H), 7.49 (t,
J=17.8 Hz, 4H), 7.37 (dddd, J=10.2, 4.6, 2.5, 1.3 Hz, 2H),
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6.18 (s, 2H), 3.69~3.62 (m, 2H), 0.97~0.91 (m, 2H), —
0.06 (s, 9H); 3C NMR (151 MHz, CDCls) J: 141.87,
141.68, 140.32, 136.74, 134.88, 134.41, 130.91, 129.03,
128.96, 127.58, 127.41, 127.32, 127.28, 126.92, 126.53,
123.61, 118.69, 117.89, 110.75, 103.97, 72.52, 65.71,
18.17, —1.28; MS (ESI) m/z: 528.3 (M+H"). Anal. calcd
for C3H3BrNOSi: C 68.17, H 5.72, N 2.65; found C
68.23, H5.69, N 2.63.

3.7 MRM-1-BRHEKTTE

1 250 mL FHRM =, B N-[2-(=F &) 4
AR H) 3,6- —HUR 1-JRIEME(10 mmol)ia T
100 mL J&7K THF R8RS, WEIE—78 Cq,
VR ST 222183 i n-BuLi (2.5 mol/L in THE, 4.4 mL,
11 mmol), 15854k R B HE 1 h, I8 VR 3522
&3 INJE7K DMF (3.65 mL, 50 mmol), F+ % 5k 4k 4:4
P2 h 5 TLC R, S84l AEU D & I SRR 3K,
DCM AL, HHUAHKSE, T, WEggE, A ET
B DCM : PE=1 : 1, J5H DCM ¥&fii) )5 15 A it
{37 59774 11a-SEM, 11b-SEM Al 11¢-SEM, T 45#
RAE. PR NIEEEIMA 150 mL #£EER(0.1 mol/L),
BRI KA FFHRERR S 2 h, AZE=R, EK
5 FARRI 02—, N 200 mL /K, KA
[ A D A8, SE DA KBS B R, W, TS
VeV <l 45 5 5 R4S B AR =) 11a~11e.

N-[2-( =W BT ) £ 3 B Y R )-3,6- BT R HRmk-1-
FE(11a-SEM): - [&44. 'TH NMR (400 MHz, CDCl;) 6:
10.54 (s, 1H), 8.35 (d, J=2.0 Hz, 1H), 8.08 (d, J=1.9
Hz, 1H), 8.05 (d, J=2.1 Hz, 1H), 7.58 (dd, J=8.7, 1.9 Hz,
1H), 7.50 (d, J=8.7 Hz, 1H), 5.95 (s, 2H), 3.53 (t, 3H, J=
8.0 Hz, 2H), 1.49 (s, 9H), 1.46 (s, 9H), 0.87 (t, J=8.0 Hz,
2H), —0.10 (s, 9H); '*C NMR (151 MHz, CDCls) o
191.77, 143.88, 142.67, 140.40, 137.89, 127.31, 126.53,
124.68, 122.91, 122.74, 121.86, 116.11, 109.33, 74.90,
65.62, 34.74, 34.67, 31.92, 31.76, 17.83, —1.46; MS
(ESI) m/z: 438.4 (M~+H"). Anal. caled for C27H3oNO,Si:
C 74.09, H 8.98, N 3.20; found C 74.18, H 8.95, N 3.23.

3,6- AT FEMEME- - ES (112)23): (@ E AR, R
92%. m.p. 138~139 ‘C; 'H NMR (600 MHz, CDCl) §:
10.18 (s, 1H), 10.01 (s, 1H), 8.39 (d, J=1.8 Hz, 1H), 8.13
(d, J=1.8 Hz, 1H), 7.86 (d, J=1.8 Hz, 1H), 7.56 (dd, J=
8.5, 1.9 Hz, 1H), 7.46 (dd, J=8.5, 0.6 Hz, 1H), 1.51 (s,
9H), 1.47 (s, 10H); '*C NMR (151 MHz, CDCl;) o:
193.71, 143.35, 141.90, 138.48, 136.87, 128.50, 124.91,
124.62, 123.70, 121.84, 119.03, 116.34, 110.87, 34.81,
34.75, 32.00, 31.96; MS (ESI) m/z: 308.3 M+H"); H'&
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N-[2-( = EETE) £ 58 2k FH R )-3,6- — LR mE-1- F
% (11b-SEM): 2¥-[ii{&. 'H NMR (400 MHz, CDCl;) 6:
10.49 (s, 1H), 8.08 (d, J=0.8 Hz, 1H), 7.84 (s, 1H), 7.81
(d, J=0.8 Hz, 1H), 7.45 (d, J=8.4 Hz, 1H), 7.32 (dd, J=
8.4, 1.3 Hz, 1H), 5.92 (s, 2H), 3.51 (t, J=8.0 Hz, 2H), 2.57
(s, 3H), 2.54 (s, 3H), 0.86 (t, J=8.0 Hz, 2H), —0.11 (s,
9H); *C NMR (151 MHz, CDCl;) d: 191.68, 140.56,
137.90, 130.89, 130.31, 129.13, 128.20, 126.73, 126.57,
122.99, 122.20, 120.20, 109.61, 75.01, 65.78, 21.46, 21.01,
17.98, —1.33; MS (ESI) m/z: 353.4 (M"), 376.4 (M+
Na)'. Anal. caled for C2;Hy»sNO,Si: C 71.35, H 7.70, N
3.96; found C 71.48, H 7.65, N 3.94.

3,6- - FZEMEME-1-HEE(11b): A EE A, 723 91%.
m.p. 111~112 ‘C; 'H NMR (600 MHz, CDCl;) ¢: 10.13
(s, 1H), 9.99 (s, 1H), 8.09 (s, 1H), 7.86 (d, J=1.7 Hz, 1H),
7.61 (d, J=1.5 Hz, 1H), 7.40 (d, J=8.2 Hz, 1H), 7.29 (dd,
J=8.3, 1.6 Hz, 1H), 2.59 (s, 3H), 2.54 (s, 3H); 3C NMR
(151 MHz, CDCl3) §: 193.42, 138.50, 136.81, 131.90,
129.62, 127.99, 127.30, 124.82, 121.94, 120.30, 119.20,
111.02, 21.48, 21.14; MS (ESI) m/z: 224.3 M~+H"), 246.3
(M-+Na)". Anal. caled for C;sH;3NO: C 80.69, H 5.87, N
6.27; found C 80.76, H 5.89, N 6.23.

N-[2-( = 3L HE) £ 50 3 /3 )-3,6- R SE IR -1 -
% (11e-SEM): 2[4, '"H NMR (400 MHz, CDCls) 6:
10.57 (s, 1H), 8.55 (d, J=1.8 Hz, 1H), 8.37~8.29 (m,
1H), 8.26 (d, J=1.8 Hz, 1H), 7.85~7.69 (m, 5H), 7.65 (t,
J=8.7 Hz, 1H), 7.59~7.47 (m, 4H), 7.47~7.33 (m, 2H),
6.00 (s, 2H), 3.65~3.52 (m, 2H), 0.91 (td, J=8.1, 2.2 Hz,
3H), —0.06 (s, 9H); *C NMR (151 MHz, CDCl;) o:
191.43, 141.83, 141.48, 140.33, 138.82, 134.74, 133.44,
129.73, 129.12, 129.01, 127.42, 127.29, 127.23, 127.06,
126.70, 124.57, 123.67, 122.81, 118.84, 110.40, 75.07,
66.04, 17.99, —1.31; MS (ESI) m/z: 477.4 (M+H").
Anal. caled for C3H3NO,Si: C 77.95, H 6.54, N 2.93;
found C 78.01, H 6.51, N 2.90.

3,6- I - (11e): AEEE, 723K 90%.
m.p. 197~198 C; 'H NMR (600 MHz, DMSO-ds) J:
12.13 (s, 1H), 10.49 (s, 1H), 9.18 (d, J=1.8 Hz, 1H), 8.86
(d, J=1.3 Hz, 1H), 8.56 (d, J=1.8 Hz, 1H), 8.11~8.04
(m, 2H), 7.97 (td, J=4.0, 3.4, 1.5 Hz, 4H), 7.73~7.68 (m,
2H), 7.68~7.63 (m, 2H), 7.59~7.54 (m, 1H), 7.54~7.49
(m, 1H); *C NMR (151 MHz, CDCl;) 6: 193.42, 141.71,
140.70, 139.88, 137.90, 134.17, 132.76, 130.48, 129.09,
128.91, 127.37, 127.23, 127.20, 126.84, 126.52, 125.50,
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12532, 122.69, 119.72, 119.04, 111.83; MS (ESI) m/z:
3473 (M+H"). Anal. caled for CosH;7NO: C 86.43, H
4.93, N 4.03; found C 86.55, H 4.90, N 4.00.
3.8 3,6-ZT HE-1,8-Z(2-F BRI E)RIE(12) 0 &
74

FEFSETHR) 100 mL [RECLEH B 3,6- 80T 2
IHimE-1,8- — FHE% 5 (500 mg, 1.49 mmol), 4B —fi%(668.7
mg, 5.97 mmol)Al TsOH (10 mg)¥& T 50 mL DMF H,
170 Clali/ N 40 h, TLC Kl 5z 45 o e a1k 26 1,
4 DMF J&, A1 DCM FUKEEE, HHRHAKSE, T4,
WG G AT JE M 3 (MeOH/DCM, V@ V=1 : 100),
B OE A Y, 7% 58%. mp.>300 C; 'H NMR
(600 MHz, DMSO-de) d: 13.31 (s, 1H), 13.27 (s, 1H), 8.53
(d, J=1.7 Hz, 2H), 8.46 (d, J=1.8 Hz, 2H), 8.08 (d, J=
8.0 Hz, 2H), 7.96 (s, 1H), 7.71 (d, J=8.0 Hz, 2H), 7.44 (t,
J=7.7 Hz, 2H), 7.38 (t, J=7.7 Hz, 2H), 1.59 (s, 18H); 1*C
NMR (151 MHz, DMSO-d) d: 162.70, 151.90, 144.39,
142.29, 136.69, 134.84, 123.93, 123.21, 122.37, 121.50,
119.30, 112.38, 111.70, 36.17, 35.38; MS (ESI) m/z: 511.5
(M+H"). Anal. caled for C3sH33Ns: C 79.81, H 6.50, N
13.69; found C 79.73, H 6.54, N 13.73.
3.9 3,6-THT E-1,8-T(2-FHEME)HRM(13)E
74

FETRE T 50 mL B LA 3,6- U T 20
Me-1,8- - HIE 5 (615 mg, 2 mmol)¥& T 20 mL 4i%f Z B,
SRJE RN 2- 2 FE K683 (600 mg, 4.8 mmol)Fl P,Os
(230 mg), FSLRYEIRRA 48 h, TLC spRAS I B
HERE, ONZE STV, INDCM AKEEEL, A HLAH
KB, TR, W4 JE AT E AT 2 B (U b/
Viv=1 1200 R B EEAAEY), 723 75%. mp. 257~
258 °C; 'H NMR (600 MHz, Benzene-ds) J: 13.25 (br s,
1H), 8.60 (d, J=8.0 Hz, 2H), 8.40 (d, J=1.6 Hz, 2H), 8.21
(d, J=1.7 Hz, 2H), 7.55 (d, J=7.8 Hz, 2H), 7.47~7.30
(m, 2H), 7.11~7.06 (m, 2H), 1.46 (s, 18H); *C NMR (151
MHz, Benzene-ds) o: 155.16, 142.76, 137.06, 134.47,
127.62, 126.61, 125.35, 124.94, 124.09, 123.36, 121.85,
120.22, 116.80, 34.87, 32.09; MS (ESI) m/z: 545.4 (M+H
™). Anal. caled for C34H3N3Sy: C 74.83, H 5.73, N 7.70;
found C 74.95, H5.77, N 7.63.

310 3,6-ZHT E-1-(2-FFH KRR R (14) B & R
TETHER 50 mL Y Ef AR, K 3,6- U T FEMmE-1-
F% 11a (615 mg, 2 mmol), 47K —%(260 mg, 2.4 mmol,
1.2 equiv.)FI%F FF 2K R (20 mg, 0.1 mmol, 0.1 equiv.)¥%
T 15 mL K OB, ZARY %4 FREIRE®R, TLC
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R, OMEE R R, B =R DCM FKAEEL, L
FHF AN EAL BRI e %, TOKBRER AN T8, WUEZE T
WA, RERAEEAT B Ch Y &, VI V=112)
Bk aEIA Y, % 81%. mp. 291~292 C; 'H
NMR (600 MHz, CDCls) d: 10.92 (s, 1H), 9.56 (s, 1H),
8.23 (d, J=1.6 Hz, 1H), 8.15~8.10 (m, 1H), 7.91 (s,
1H), 7.78 (d, J=1.6 Hz, 1H), 7.57~7.51 (m, 3H), 7.32
(dd, J=6.4, 2.9 Hz, 2H), 1.54 (s, 9H), 1.48 (s, 9H); 1*C
NMR (151 MHz, CDCly) &: 151.44, 144.07, 142.26,
141.44, 138.47, 136.95, 133.16, 124.69, 124.25, 123.28,
122.53, 122.49, 119.40, 118.87, 118.57, 116.27, 110.81,
110.58, 110.46, 34.85, 34.73, 32.15, 32.04; MS (ESI) m/z:
396.2 (M+H"). Anal. caled for Co7HyN3: C 81.99, H
7.39, N 10.62; found C 82.08, H 7.35, N 10.57.
311 3,6-Z#RT E-1-(2-FKHEME ) HM (15) B9 A AL
TE T4 50 mL (R RS e HURE 3,6- U T k-1~
H % 11a (615 mg, 2 mmol)¥ T~ 20 mL 465} %, SAJEHK
W 2- B FZERHH (300 mg, 2.4 mmol)Fl P,Os (113.4
mg), B FIAR SE A, TLC s, S 874k
JEWETHF, i DCM FUKEEHL, A HUARKSE, T, K
a4, TR RN B (R e/ A, VD V=11 20),
BT AR A=Y 152%] F2F 92%. 'H NMR (600
MHz, CDCls) 6: 10.73 (br s, 1H), 8.24 (d, J=1.6 Hz, 1H),
8.15 (d, J=8.1 Hz, 1H), 8.13 (s, 1H), 7.95 (d, J=1.7 Hz,
1H), 7.92 (dd, J=7.9, 1.1 Hz, 1H), 7.55 (dd, J=8.5, 1.8
Hz, 1H), 7.53 (d, J=8.4 Hz, 1H), 7.52 (ddd, J=8.1, 7.2,
1.0 Hz, 1H), 7.39 (ddd, J=8.1, 7.2, 1.1 Hz, 1H), 1.53 (s,
9H), 1.48 (s, 9H); H & ¥z 5 SCilik[24b]AH[A].
3.12 3,6-ZHUT E-1-(2-FFHIEME )RR (16)BI A B
FETRSE T80 50 mL [ R R 3,6- U T ek
M- 1-F S 11a (615 mg, 2 mmol), 2-Z L KW (262 mg, 2.4
mmol)Fl P,Os (130 mg)#& T 20 mL 4ix} Z 8%, RSP
(1AL S 48 h, TLC AR S5 BB T, s . 285 B J i
-7, I DCM FIZKZERL, AT e T, FL73
AT S AT T2 5 7, AgoO (3 equiv.) T 10 mL
Tk DCM, [RI3 S5 24 h, TLC &l e 245 5 ¥4,
g H =) AgO, JEWET, DCM/H,0 ZHL, HHl
TR G T, RERAEET o B (A e/ A s, v e
V=1 : 20)fF% 3 A A=) 16124, ;=2 53%. 'TH NMR
(600 MHz, CDCl3) 6: 10.35 (s, 1H), 8.28 (t, J=1.5 Hz,
2H), 8.13 (dd, J=1.8, 0.9 Hz, 1H), 7.84~7.81 (m, 1H),
7.66~7.63 (m, 1H), 7.55 (dd, J=8.5, 1.8 Hz, 1H), 7.52
(dd, J=8.4, 0.8 Hz, 1H), 7.40~7.34 (m, 2H), 1.54 (s, 9H),
1.48 (s, 9H); H et &4 5 STk [24b]4H [F].
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4 Bh#4 &l (Supporting Information) AT 5 /1 [A] 44 & 7=
YK TH NMR A1 13C NMR B3, XSk Rl n] L 3% M
A W 3k (http://sioc-journal.cn/) . F %K.
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