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Radical-Mediated Bromoalkylation of [1.1.1]propellane: Synthesis of
Bromo-substituted Bicyclo[1.1.1]pentane Derivatives
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Abstract As a bioisostere for phenyl rings, terz-butyl groups and internal alkynes, bicyclo[1.1.1]pentane (BCP) can improve
the drug-like qualities of bioactive molecules. Therefore, the incorporation of high-value functional groups to BCP scaffold
becomes an efficient synthetic strategy to design new bioisosteres in drug development. Herein a radical-mediated bromoal-
kylation of [1.1.1]propellane was disclosed, leading to brominated BCP derivatives. Bromoalkyl heteroarylsulfones were
employed as dual-function reagents in the radical transformation, in which two functionalities, alkylheteroarylsulfone and
bromine atom, were concurrently introduced into [1.1.1]propellane. These reactions proceeded rapidly, and were generally
completed within 2 h at room temperature. A variety of new alkylheteroarylsulfone-substituted BCP derivatives were furnished
with high product diversity. This protocol features excellent atom-economy, simple operation, and gram-scale preparation.
Keywords radicals; difunctionalization; ring opening; [1.1.1]propellane; bicyclo[1.1.1]pentane (BCP)
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Figure 1 Bioactive compounds containing the BCP moiety
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Merits: o
O Mild conditions ~ © 100% Atom-economy 20 new BCP derivatives

O Gram-scale preparation

B2 HAHESS5ER RN & B E BEAL BCP T4
Figure 2 Incorporation of alkylheteroarylsulfone and bromine
atom into BCP

B, BL a-{RARGERE R MEME R 1a (EABBURY) . 2
mol%[1] fac-Ir(ppy)s NICHEALF] . 2 equiv. FFIFALET AT
TnFil. NN-—H 5 I (DMF) RIS, ON PL 43%(1)
FERSFITIAR =) 3a(3R 1, Entry 1). 75X} [ N %7132t
ATTRIERS, CHEE N EAAEE RIS E] 61% MR GER 1,
Entries 2~5). 25 F& B DA/ 5 1T BE S M 5 8 1)
AR, gL TR (KBr) . N-{RAR T Bt i
(NBS) A T 3 92 4k 5 (TBAB) A s i 77 s 1) 52 82 2%
J(FE 1, Entries 6~8). 45L& W], TBAB {E BTN 13
BAEXE R IR, B S, B5E T HE VIR LR e
¥ Ir[dF(CF3)ppy]a(dtbbpy)(PFe) Ir(dtbbpy)(ppy )2 PFe)~
Eosin Y Fl Triphenylpyrylium [FJf#ELRUR (R 1, Entries
9~12). M UAHEWCRIS R H AR =Y, H2 b4
7 fac-Ir(ppy)s AL R RE &, [Blit, LA fac-Ir(ppy)s 1E N
FeAEA AT YD ST, X511 148 2 4 1)
EIHTHOA1.2 F1 1.5 equiv) i, S2Ie4E R L, BEE
BT I MR ATFR(FR 1, Entries 13~14). 5
[RITTRE A, [1.1. 1 R e v Y0 ) 388 T i ol e 7 K A
SEE R, R[PSS K, £ 0.1
mmol [¥]ECH) FH &I R B2 R o] fefmZ 5K, T2% 1a
5 2 (N HERINE 02 mmol, BRI EN 77%
(3R 1, Entry 15). 5t)a, X GIR 158 B 3T e i 2 20,
14 150 W 6T IR T, RN ISCRIH AT F (R 1,
Entries 16~17). &l STIG 1) 25 R AR, ek IR
A IR BLHEAT I b 5% F(3R 1, Entries 18~19). XA
IIVY T BRI, B FEAC 10%(% 1, Entry
20). UL Entry 151E N I BSR4 T IR 4 FH v
e HAREREIZ, KR NBHCKZE 1 mmol K, 5=
FAIEE] 69%.

1.2 JR¥IER

FEREER NI, B SEx 207 S IE Ak AT %
(R 2). XIIRIFMEME ) BRI [ 25 52 5 A B g 2R AR
i & FEG PR IS A FEREb A 3¢). Xt IR0y
B, U0 N-FREERFIRIE, SRIFNEME . SRIFIRIR L I
Wy, #SETCURA ALy H AR Y)(3d~3g), Hr N-
FHJE DRI DL L 5 B R AT 2 H AR H)(3h). 54T 5-
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Table 1 Reaction conditions survey
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K2 PRI

Table 2  Scope of heteroaryl in sulfone 1

Photocatalyst N O fac-I TBAB 9
\ Q \{ Z _ addive T (.. % ﬁ? faclr(ppy)s, TBAB - ar L
@E >_” Solvent hv S>7ﬁ - Br CH3CN rt 8
0 O 2 30 W Blue LED
1a 3a Br 3 Br
Entry 2/equiv.  Photocatalyst ~ Additive Solvent Yield”/% C cl N (I?
1 1.0 fac-Ir(ppy)s KF  DMF 43 @[ Va \C[ Ve
2 10 fac-Tr(ppy)s KF  EtOAc 60 s S 0 :
Br r
3 1.0 fac-Ir(ppy); KF PhH 57 3a, 7%, 2 h 3b, 45%, 2 h
4 1.0 fac-Ir(ppy)s KF ~ DMAC 59 (1 mmol, 69% 2 h)
5 1.0 fac-Ir(ppy)s KF CH;CN 61
6 1.0 fac-Ir(ppy)s KBr CH;CN 63 Br N @ N Q
\ \
7 1.0 fac-Ir(ppy)s NBS CH,CN 56 \@[Q—ﬁ @EN%ﬁ
8 1.0 fac-Ir(ppy)s TBAB CH;CN 68 0 " \ © o
o 1o MIFCERRYLpap cpen 62 3¢, 56%, 2h 3d, 53%, 4
(dtbbpy)(PF¢) o
; NO Tl I
10 1.0 TAOOPYEPY: pup cpen 63 @[ s ms
(PFe) o g o] (I)I
11 1.0 EosinY TBAB CH;CN 62 Br Br
12 1.0 Triphenylpyrylium TBAB CH,CN 61 3e,30%, 4 h 3f, 30%, 4 h
13 1.2 fac-Ir(ppy)s TBAB CH;CN 67 Q NoD N O
N\ N I
14 15 fac-It(ppy)s TBAB CH,CN 43 mﬁ [ % i d—s
155 1.0 fac-Ii(ppy)s TBAB CH,CN 77 S o N o : B~ S 0O
d - Br r B
168 1.0 fac-Ir(ppy)s TBAB  CH,CN 67 3g, 30%, 2 h 3h, 96%, 2 h 3i, 53%, 2 h
17° 1.0 fac-Ir(ppy)s TBAB CH;CN 62
18 1.0 none TBAB CH;CN N.R. ;
19 1.0 fac-Ir(ppy)s TBAB CH;CN NR. Q /\:\>, <:
20 1.0 fac-Ir(ppy)s none CH;CN 67 N
“ Reaction conditions: 1a (0.1 mmol), 2 (as shown in Table), photocatalyst (2
3j, 40%, 2 h 3k, 44%, 2 h 31, 46%, 2 h

mol%), additive (1.5 equiv.) in solvent (0.1 moleL ') under N, for 2 h, 30 W
blue LEDs. ° Yields of isolated product. “1a (0.2 mmol). ¢ 1a (0.2 mmol), 14
W blue LEDs. ¢ 1a (0.2 mmol), 50 W blue LEDs.” 1a (0.2 mmol), in dark.

TRMEME I g OG5 BT EAR) LA B s g 1) JE 47t m LA
HR SR AT 20 I H bR (3j~30). kR I, R
TN TC 2% 75 PR35 A] 78 )R AR & 1 5] N3 BCP H4E,
V2B T 5% e 9% O FE ELAG B ) 1

I S 0 XU e A AR 1 R b R 1138 FH Y AT 5 5%
(GR3). 2400 7 9 2 — 0 %) R Bk e e £ B 1, R AT R DA
FREEI P A B B AR YI(3m). K IR R IR £
FIRE, OS] DA R B W 345 B R 2 B AR R )
(3n~3p). HEFEEMLZ, AMUS2mKF, &%k
NTCAIA AT DA R 5| N B BCP B4 HT—%
A b 3 SR AR E AR I = e 5 e 3E, BTRL
X =R E A B 2 R ROR R BSCR. iR
NIRRT, BT =itk N — G R ] LA 5
ANFIBCPHZEH, (HIE ) 3q~3t IR AT &G, [H
B, I FHZ SR 3 vT DA (B b 51N [RIAL 2R T(3s A 3¢).

R4 2 50 45 R % H B SCERGE, DL R KT 8k
5, PR T ATRERI VLA 3). B, BUKESHDGE
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¢ Reaction conditions: 1a (0.2 mmol), 2 (0.2 mmol), fac-Ir(ppy); (2 mol %),
TBAB (1.5 equiv.) in CH;CN (0.1 molsL™") under Ny, 30 W blue LEDs. *
Yields of isolated product.
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Table 3 Scope of alkyl in sulfone 1

O R? 1
I R R2 fac-Ir(ppy)s, TBAB 9 R R2
BT —S—k + —————— = (BT—S
By CH3CN, r.t. I
O 2 30 W Blue LED 0o
1 3 Br
--------------------- . O Et 0
: N 1 BT —8 BT —8
E BT = — 4 1 I} 1
| §_<sj©: 04% 0]
""""""""""" ! Br Br
3m, 51%, 2 h 3n, 70%, 2 h
/BOC Boc
N N @
o)
- 5 oy
8 I 0
0 Br
Br Br 3q,51%, 2h
30, 51%, 2 h 3p, 70%, 2 h 9. 5T,
0 o)
Q n D n b
BT —ﬁ BT —ﬁ BT —ﬁ
o) o] o)
Br Br Br
3r,37%, 2 h 3s, 42%, 2 h 3t, 39%, 2 h

¢ Reaction conditions: 1a (0.2 mmol), 2 (0.2 mmol), fac-Ir(ppy); (2 mol%),
TBAB (1.5 equiv.) in CH;CN (0.1 molsL™" ) under N,, 30 W blue LEDs.
®Yields of isolated product.

ISR T A SR BIUE B ) 3 (path a); (2) H H
B b SEBURY) 1P R BTS2 H AR AL e 3
Ferra) ik a, WSl E AR JEH (path b). TFRAT
SRIG AR IR, ST Ja BN RIS VA I R o,
BEFRATTIA i S BT B 2 AT L D' S A T A D 1Y
1L A% (path a), {H & A HEER SR b A7 72 i 2 v 72
(path b)FI ] E.

2 ZEig

AN TAER WA RE T, 1118w a H
FH AR IR R SR B OB, B A fac-Tr(ppy)s {E N
FEMEATR, DU T IR EAE NI IR, 1R NI,
£ 30 W WEHEST T, 23] 7 2 FRAXEA[1. 115k
Y. RN AR, HAER R, It Haet 52 5=
T . TEREAR R AT, RS R A
ZFORUE BRI, 1T LASRAS — R AR R be k44 05 5
PREU ) BCP AT2E4), A BCP IR ML T A 2 fz.

3 SCIEER4Y
3.1 UE5IHF

Bruker A ] 400 MHz AVANCE 111 HD #% 3L 4R 4%,
RN CDCl;, ¥R TMS; Bruker 24 7 VERTEX 70 {8

B AR e 2T AP i 4L ; Waters Micromass A ] GCT
Premier /=73 #5511 INESA WRR S04 SAC 2.
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SZIG ) CHCN. DMF. P& LN (THF). EL,O %
FURTIRACER 5 (), HoR BT A GR35 e &R, wH
gt —Saih. B QR EALREEE . BRI R
BT R RAE I 5 SRR B T LU A S5 44, BT R =
VIR NG REENG « BRVE . 2T AR w20 IR 0l R AE A o &5
F4.

3.2 XWHE
32,1 AEREALRA] 1 69 4%

SUE REAEARA 1 (G S % SOk 7R, Hod
BRI 1) A EAR W R

2-(2- 1R T T T 5 )-5- U E I (1b): 38 £ [ 4,
m.p. 148~149 °C; '"H NMR (400 MHz, CDCl;) 6: 8.28~
8.22 (m, 1H), 7.99~7.94 (m, 1H), 7.62~7.56 (m, 1H),
2.27 (s, 6H); >C NMR (100 MHz, CDCl3) 6: 163.9, 153.5,
135.9, 134.0, 129.1, 125.4, 123.0, 74.1, 28.2; FT-IR (film)
v: 3092, 3075, 2922, 2851, 1899, 1616, 1539, 1458 cm .
HRMS [APCI] caled for C;H,,BrCINO,S, [M+H]"
353.9019, found 353.9028.

2-(2- V5 TR FRE M 25 )-5- YRR MEME (1¢): B (R[] 4k,
m.p. 144~145 °C; '"H NMR (400 MHz, CDCl3) 6: 8.21~
8.17 (m, 1H), 8.15~8.10 (m, 1H), 7.78~7.73 (m, 1H),
2.27 (s, 6H); >C NMR (100 MHz, CDCLy) 6: 162.4, 151.5,
139.2, 131.6, 126.9, 124.7, 122.7, 74.1, 28.2; FT-IR (film)
v: 3063, 2922, 2852, 2361, 2342, 1585, 1460, 1336 cm .
HRMS [APCI] caled for C,H;Br,NO,S, [M + H] "
397.8514, found 397.8524.

2-(2- V5 A R i P )~ 1- R R K I (Th): £ ] A
m.p. 102~103 ‘C; '"H NMR (400 MHz, CDCl;) : 7.26 (s,
1H), 7.12 (s, 1H), 4.07 (s, 3H), 2.17 (s, 6H); *C NMR
(100 MHz, CDCly) 8: 137.3, 130.3, 127.1, 76.3, 36.2, 28.0;
FT-IR (film) v: 3135, 3116, 2957, 2923, 2853, 2361, 2341,
1709, 1461, 1281 cm '. HRMS [APCI] caled for
C;H,,BrN,0,S [M+H]" 266.9797, found 266.9807.

322 [LLI1JSZRI% 2 696 m%

W 1,1-2R-2,2- (U )R A K (4.45 g, 15 mol) i
A 250 mL A, DA, TRAURE =R,
AN 10 mL T2, 7£—78 CF¥# 10 min 5, &
W HUII MeLi [1.6 molsL ™' in CH,(OEt),], hn5e)5, &
PEIE R T 4k 246 PE 15 min, B RBEE 0 CTF,
PiHE 2 h

PR ZE 1R K S RO b B T S e R 2 T
&, WS ET 0 CHrukish, REHRH—78 CH LR,
TR R B WSCBR M P TR A R, R 3 2 SRR B 2 B
FAME oA, SR SE R, £—
DR R AL T IR AR B IR b, 7R 5 —IRZE
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WEEWR G, N TR RERM b, 752375 IR
alifl. KR B UK, HAh SR A4, 2%
TR A SIRE B R 20 min), 18HWR
IR R GE FIBE AR 1) 2 TRE AR

SEAFOR O BUH 50 L JEUOR, ¥ 50 pL
ZHFBDCM) NN B, M2 LR .

[11 180 2 R BT —20 CAEH
BHRAE.

323 MER[11AEIRBCPs) SUE A6 AL = 4 3 69 A%,

W 4455 FANAF7(0.2 mmol, 1.0 equiv.). JGHEALH]
fac-Ir(ppy)s (0.004 mmol, 0.02 equiv.)F1PY T 3 1k 4%
(0.3 mmol, 1.5 equiv.)ZEAN 5 mL KNI, ZA S
3. ERAAE T, EALLLIEREE0.2 mmol, 1.0
equiv.) M1 2.0 mL Zfi, MNAE30 WIS FilkT, =
B2 N5 R(TLC W), RMEE R A, K ie
T, AR B PR A1 2 H bR 4.

S 2% ORLIE R 2% 5 HE KR 2a (1.0 mmol,
335 mg, 1.0 equiv.). JGHEAH] fac-Ir(ppy); (0.02 mmol, 13
mg, 0.02 equiv.)FIPU T IR0 EZ (1.5 mmol, 484 mg, 1.5
equiv.) 3N 20 mL MR, BB, AR
SER, FEALLIER HE(1.0 mmol, 2.27 ml, 0.44
mol/L in E,0, 1.0 equiv.)f1 10.0 mL Zfi§, SMNAE 30 W
WEOEHS N T, |EBAEERMLHR(TLC W), &
RLEE G, KT, ik E T iR Aifg 2 H br
FEH).

1-(2-( I 1 e -2 il i 22 ) P 268 )-3- RO FA [ 1. 1. 1] 1K
Fi(3a): 59 mg ATE A, % 77%. mp. 171~172 C;
'H NMR (400 MHz, CDCly) J: 8.28~8.21 (m, 1H),
8.05~7.99 (m, 1H), 7.69~7.57 (m, 2H), 2.35 (s, 6H),
1.51 (s, 6H); *C NMR (100 MHz, CDCl3) 6: 164.5, 153.0,
137.1, 128.2, 127.7, 125.7, 122.2, 64.4, 57.5, 43.1, 35.7,
20.6; FT-IR (film) v: 3008, 2992, 2974, 2920, 2881, 2361,
2342, 1312 cm™'. HRMS [ESI] calcd for C,sH;¢BrNNa-
0,S, [M+Na]" 407.9698, found 407.9699 ([1.1.14&3 k¢
[ B2 0.43 mol/L in Et,0).

1-(2-(5- 5 2K 1 W e 2 Tk g % ) A 26 )-3- VR XU A
[1.1.1]%4E(3b): 38 mg B A £, 722 45%. m.p. 133~
134 °C; '"H NMR (400 MHz, CDCl;) 6: 8.24~8.19 (m,
1H), 7.97~7.92 (m, 1H), 7.60~7.55 (m, 1H), 2.33 (s,
6H), 1.49 (s, 6H); °*C NMR (100 MHz, CDCl;) J: 166.6,
153.7, 135.3, 134.0, 128.9, 125.3, 123.1, 64.5, 57.4, 43.0,
35.5, 20.6; FT-IR (film) v: 2974, 2921, 2881, 2855, 2361,
2341, 1539 cm . HRMS [ESI] calcd for C;sH;sBrCINNa-
0,S, [M+Na]" 441.9308, found 441.9300 ([1.1.1]4&3 %%
AR 2 0.39 mol/L in Et,0).
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1-(2-(5- ¥R 7K I 1 Mk 2 Tk 5k 56 ) 7 3 )-3- 5 00 3F
[1.1.1]3%%E(3e): 52 mg 3% (Ll 44, 723 56%. m.p. 133~
134 C; '"H NMR (400 MHz, CDCl;) 6: 8.19~8.16 (m,
1H), 8.11~8.06 (m, 1H), 7.77~7.72 (m, 1H), 2.34 (s,
6H), 1.50 (s, 6H); °C NMR (100 MHz, CDCl3) J: 165.1,
151.8, 138.6, 131.5, 126.7, 124.8, 122.4, 64.5, 57.4, 43.0,
35.5, 20.6; FT-IR (film) v: 3086, 3012, 2986, 2974, 2921,
2851, 1646, 1508 cm'. HRMS [APCI] calcd for CysHe-
Br,NO,S, [M+H]" 463.8984, found 463.8990 ([1.1.1]4Z
WHE I E: 0.40 mol/L in Et,0).

1-(2-(1- H 356 258 1 IR e 2 i g 56 ) 1) 266 )-3- YR LIRS
[1.1.1]KE(3d): 41 mg B E[E K, 22 53%. m.p. 157~
158 C; '"H NMR (400 MHz, CDCl;) 6: 7.92~7.87 (m,
1H), 7.51~7.43 (m, 2H), 7.42~7.36 (m, 1H), 4.13 (s,
3H), 2.37 (s, 6H), 1.43 (s, 6H); *C NMR (100 MHz,
CDCly) d: 144.8, 141.2, 136.1, 126.3, 124.3, 122.1, 110.7,
64.6, 57.6, 42.9, 35.7, 32.3, 20.5; FT-IR (film) v: 2993,
2974, 2921, 2885, 2851, 2361, 2342, 1455 cm '. HRMS
[ESI] caled for C,¢H,oBrN,NaO,S [M+Na]" 405.0243,
found 405.0247 ([1.1118R G2 E: 0.39 mol/L in
Et,0).

1-(2-(FR FEIE M -2 sk gt 52 ) P 266)-3- YW IR [1.1.1] 1%
Fi(3e): 22 mg FIAER, =% 30%. m.p. 146~147 C,
'H NMR (400 MHz, CDCly) 0: 7.96~7.91 (m, 1H),
7.73~7.68 (m, 1H), 7.62~7.56 (m, 1H), 7.55~7.49 (m,
1H), 2.33 (s, 6H), 1.49 (s, 6H); “C NMR (100 MHz,
CDCLy) d: 157.0, 151.1, 139.9, 128.8, 126.4, 122.5, 112.0,
64.3, 57.3, 42.8, 35.4, 20.1; FT-IR (film) v: 2999, 2970,
2922, 2853, 2361, 2342, 1518, 1237 cm™'. HRMS [ESI]
caled for C;5H;(BrNNaO;S [M~|—Na]+ 391.9926, found
391.9928 ([1.1. 1K L2 I BE: 0.39 mol/L in Et,0).

1-(2-(FR FF W PR -2 sk Tt 25 ) P 266 )-3-YROW R [1.1.1] 1%
Fi(30): 22 mg B, 7% 30%. m.p. 156~157 C;
'"H NMR (400 MHz, CDCly) ¢6: 7.76~7.71 (m, 1H),
7.63~7.58 (m, 1H), 7.55~7.49 (m, 2H), 7.41~7.35 (m,
1H), 2.35 (s, 6H), 1.41 (s, 6H); *C NMR (100 MHz,
CDCLy) d: 156.5, 148.6, 128.4, 125.7, 124.6, 123.2, 116.8,
112.6, 62.8, 57.4, 43.0, 35.7, 20.4; FT-IR (film) v: 2973,
2921, 2853, 2361, 2341, 1585, 1460, 1336 cm™'. HRMS
[APCI] calcd for CH;sBrO;S [M+H]" 369.0155, found
369.0165 ([1.1. 1K I BE: 0.37 mol/L in Et,0).

1-(2-(FR FF W Wy -2 sk Tt 5 ) P9 266 )-3- YW FR [1.1.1] 1%
Fi(3g): 23 mg HEMEE, 723 30%. mp. 165~166 C,
'H NMR (400 MHz, CDCly) o: 7.98~7.86 (m, 3H),
7.57~7.45 (m, 2H), 2.38 (s, 6H), 1.40 (s, 6H); *C NMR
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(100 MHz, CDCly) §: 143.1, 137.6, 137.5, 133.4, 127.8,
126.0, 125.6, 122.7, 63.1, 57.6, 43.1, 35.7, 21.0; FT-IR
(film) v: 2996, 2972, 2921, 2888, 2853, 2361, 2341, 1702,
1593, 1364 cm '. HRMS [APCI] caled for C¢H;sBrO,S,
[M-+H]" 384.9926, found 384.9922 ([1.1.1JM&3 ke k
FE: 0.44 mol/L in Et,0).

1-(2-(1- PP R R M -2 - i 5 ) P 6 )-3- IR B[ 1.1.1]
%t (3h): 64 mg BEE[E K, 7E 96%. mp. 145~
146 ‘C; '"H NMR (400 MHz, CDCl;) 6: 7.22~7.19 (m,
1H), 7.06~7.02 (m, 1H), 3.97 (s, 3H), 2.31 (s, 6H), 1.35
(s, 6H); *C NMR (100 MHz, CDCl;) §: 139.3, 129.9,
126.4, 64.0, 57.5, 43.0, 35.9, 35.8, 20.3; FT-IR (film) v:
3003, 2969, 2921, 2880, 2361, 2341, 1463 cm™'. HRMS
[ESI] calcd for C;,H3BrN,O,S [M—i—H]+ 333.0267, found
333.0273 ([1.1. 1ML I BE: 0.44 mol/L in Et,0).

1-(2-(5- 15 1 o -2 - it P 6 ) P 65 )-3- YR XA [1.1.1] 7%
Fr(3i): 22 mg A, 723 53%. mp. 106~107 C;
'H NMR (400 MHz, CDCly) 6: 7.95 (s, 1H), 2.33 (s, 6H),
1.43 (s, 6H); *C NMR (100 MHz, CDCl3) 6: 164.9, 146.7,
118.2, 64.2, 57.4, 43.0, 35.5, 20.5; FT-IR (film) v: 2998,
2974, 2921, 2853, 2361, 2341, 1701, 1468 cm™'. HRMS
[ESI] calcd for Ci;H;3Br,NNaO,S, [M—i—Na]+ 435.8647,
found 435.8638 ([1.1.17#R 32 HE K FE: 0.44 mol/L in
Et,0).

1-(2-(PHE P -2- T 2 ) P4 25 )-3- TR DU [ 1. 1. 1] B8k (3)):
26 mg FEK, 7% 40%. m.p. 115~116 C; "H NMR
(400 MHz, CDCL3) 0: 8.82~8.74 (m, 1H), 8.11~8.05 (m,
1H), 8.00~7.93 (m, 1H), 7.60~7.53 (m, 1H), 2.28 (s,
6H), 1.38 (s, 6H); °C NMR (100 MHz, CDCl3) J: 156.2,
150.2, 138.0, 127.5, 125.2, 62.8, 57.4, 43.3, 35.9, 20.8;
FT-IR (film) v: 2968, 2922, 2873, 2854, 2361, 2341, 1717,
1424 cm™'. HRMS [ESI] calcd for C3H;sBrNNaO,S [M+
Na] "351.9977, found 351.9990 ([1.1.1742 % %% i) ¥ FEE -
0.39 mol/L in Et,0).

1-(2-( Pk g -4~ Tt 15 56 ) A 2% )-3- R WA [1.1.1] 1K e
(3K): 29 mg AEREIA, F2% 44%. mp. 193~194 C; 'H
NMR (400 MHz, CDCl;) 0: 8.95~8.85 (m, 2H), 7.77~
7.65 (m, 2H), 2.37 (s, 6H), 1.24 (s, 6H); *C NMR (100
MHz, CDCl5) d: 150.9, 144.5, 123.4, 62.6, 57.6, 42.7, 35.4,
20.9; FT-IR (film) v: 3002, 2974, 2923, 2887, 2854, 2361,
2342, 1402 cm™'. HRMS [ESI] caled for C3H,,BrNO,S
[M-+H]" 330.0158, found 330.0151 ([1.1.1J425 ke mHk
J&: 0.44 mol/L in Et,0).

1-(2- (M W - 2T P 2 ) TR 368 ) - 3- IR [ 1. 1.1 e (3)):
31 mg F A, 72F 46%. m.p. 143~144 C; 'H NMR
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(400 MHz, CDCly) d: 9.00 (d, J=4.8 Hz, 2H), 7.59 (t, J=
5.2 Hz, 1H), 2.27 (s, 6H), 1.43 (s, 6H); *C NMR (100
MHz, CDCLy) §: 164.9, 158.6, 123.9, 63.3, 57.3, 43.3, 35.8,
20.7; FT-IR (film) v: 3420, 2989, 2247, 1746, 1653, 1637,
1624, 1383, 1248 cm™'. HRMS [APCI] calcd for C,,H¢-
BiN,O,S [M+H]" 331.0110, found 331.0103 ([1.1.1]42
IERIIR E : 0.40 mol/L in Et,0).

1-(2-(FR FF M e -2 sl gt 2 ) T 566)-3- YW IR [1.1.1] 1%
$t(3m): 40 mg A ALK, 72 51%. mp. 124~125 C;
'H NMR (400 MHz, CDCly) 0: 8.27~8.21 (m, 1H),
8.04~7.99 (m, 1H), 7.68~7.56 (m, 2H), 2.39 (s, 6H),
2.12~2.02 (m, 1H), 2.02~1.91 (m, 1H), 1.53 (s, 3H),
1.00 (t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
165.2, 153.0, 137.1, 128.1, 127.6, 125.7, 122.2, 68.0, 58.4,
43.0, 35.6, 26.8, 17.1, 9.0; FT-IR (film) v: 2987, 2974,
2919, 2884, 2851, 2361, 2341, 1465 cm '. HRMS [ESI]
caled for Ci6H,;sBrNNaO,S, [M+Na]" 421.9855, found
421.9863 ([1.1.1JHEXEE IR EE: 0.39 mol/L in Et,0).

1-( 1= 188 e 2 i i 358 ) B [ 3 )-3- YR XU FA[1.1.1]
% HE@Bn): 57 mg A @EMAK, FEE 70%. mp. 147~
148 C; '"H NMR (400 MHz, CDCl;) 6: 8.25~8.20 (m,
1H), 8.05~7.99 (m, 1H), 7.68~7.57 (m, 2H), 2.76~2.65
(m, 2H), 2.23 (s, 6H), 1.98~1.89 (m, 2H), 1.74~1.54 (m,
4H); 3C NMR (100 MHz, CDCl3) d: 165.8, 153.0, 136.9,
128.1, 127.7, 125.6, 122.2, 73.9, 57.5, 43.1, 36.5, 32.4,
26.5; FT-IR (film) v: 2971, 2923, 2877, 2361, 2341, 1686,
1315 ¢cm !, HRMS [ESI] caled for C;;H;3sBrNNaO,S,
[M-+Na]" 433.9855, found 433.9865 ([1.1.1H25 5 1k
J&:0.39 mol/L in Et,0).

1-(4-(A - W e -2t 5 55 )~ 1 BT 40 2 R i 228 )-3-
RXA[1.1.1156E(30): 56 mg A ELEAK, P25 51%. m.p.
186~187 C; '"H NMR (400 MHz, CDCl;) J: 8.24~8.19
(m, 1H), 8.04~7.99 (m, 1H), 7.67~7.57 (m, 2H), 3.91~
3.77 (m, 2H), 3.31~3.17 (m, 2H), 2.53~2.41 (m, 2H),
2.38 (s, 6H), 2.04~1.96 (m, 2H), 1.36 (s, 9H); °C NMR
(100 MHz, CDCLy) 0: 164.8, 154.5, 153.0, 137.0, 128.4,
127.8, 125.8, 122.3, 80.2, 65.6, 58.9, 42.6, 35.2, 28.3, 27.9;
FT-IR (film) v: 3005, 2977, 2930, 2361, 2342, 1686, 1411,
1277 ¢cm~'. HRMS [ESI] caled for C,,H,;BrN,NaO,S,
[M+Na]™ 549.0488, found 549.0510 ([1.1.1H25 5 1k
J&:0.39 mol/L in Et,0).

1-(3-(FK FE M Mk 2 fff I 386)- 1- B0 T AR A T
F)-3- IR XIR[1.1.11 8 5e(Bp): 70 mg A E[E &, F=%
70%. m.p. 141~143 °C; '"H NMR (400 MHz, CDCl;) ¢:
8.23~8.18 (m, 1H), 8.06~8.01 (m, 1H), 7.71~7.59 (m,

Chin. J. Org. Chem. 2020, 40, 3431~3438



Chinese Journal of Organic Chemistry

ARTICLE

2H), 4.73 (d, J=10.0 Hz, 2H), 3.97 (d, J=10.0 Hz, 2H),
2.25 (s, 6H), 1.39 (s, 9H); *C NMR (100 MHz, CDCl) ¢:
163.9, 155.7, 152.7, 136.5, 128.6, 128.0, 125.7, 122.4,
80.9, 60.3, 57.2, 40.2, 35.4, 28.2; FT-IR (film) v: 2974,
2920, 2889, 2361, 2341, 1702, 1468, 1373, 1325 cm .
HRMS [ESI] caled for C,0H,3BrN,NaO,S, [M -+ Na]"®
521.0175, found 521.0178 ([1.1.1JWE3Z LMK E: 0.39
mol/L in Et,0).

1-( 2K - g8 1 -2 fi 5k 5k 20 35 )-3- R XA [1.1.1] e ke
(3q): 38 mg AEREIA, F“% 51%. m.p. 134~135 C; 'H
NMR (400 MHz, CDCl;) 0: 8.22~8.18 (m, 1H), 8.04~
8.00 (m, 1H), 7.68~7.57 (m, 2H), 3.99 (q, J=7.2 Hz,
1H), 2.30 (s, 6H), 1.42 (d, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 165.5, 152.7, 136.7, 128.2, 127.8, 125.5,
122.4, 58.9, 58.3, 38.6, 35.6, 11.9; FT-IR (film) v: 2974,
2951, 2921, 2883, 2851, 2361, 2341, 1325 cm . HRMS
[ESI] caled for C4H,sBrNO,S, [M+H]" 371.9722, found
371.9733 ([1. 1. 1R LE IR 2 0.39 mol/L in Et,0).

1-( 2R - W A -2 T 5 3 FF R )-3- VR XA [1.1.1] 3 b
(3r): 26 mg FEK, P23 37%. mp. 127~128 C; 'H
NMR (400 MHz, CDCl3) 0: 8.22~8.17 (m, 1H), 8.06~
8.01 (m, 1H), 7.69~7.58 (m, 2H), 3.85 (s, 2H), 2.29 (s,
6H); *C NMR (100 MHz, CDCl5) §: 165.8, 152.5, 136.6,
128.3, 127.9, 125.4, 122.5, 59.5, 54.7, 35.4, 33.9; FT-IR
(film) v: 3004, 2975, 2913, 2882, 2361, 2342, 1471 cm ™ ..
HRMS [ESI] caled for C;3H;;BrNNa0,S, [M + Na] *
379.9385, found 379.9391 ([L.1.1JME3ZLE MM E: 0.39
mol/L in Et,0).

1-(1-( 2K I 1 W -2 Tk T 35 )-1- AR 2 32 )-3- P XA
[1.1.1]%HE(3s): 32 mg H A, =2 42%. mp. 133~
134 °C; '"H NMR (400 MHz, CDCl;) o: 8.22~8.17 (m,
1H), 8.05~7.99 (m, 1H), 7.68~7.57 (m, 2H), 2.30 (s,
6H), 1.41 (s, 3H); °C NMR (100 MHz, CDCl;) J: 165.5,
152.7, 136.7, 128.2, 127.8, 125.5, 122.4, 58.5 (t, Jop=
21.4 Hz), 58.3, 38.5, 35.6, 11.8; FT-IR (film) v: 2974,
2920, 2883, 2851, 2361, 2341, 1319 cm . HRMS [ESI]
caled for C14H;3DBrNNa0O,S, [M+Na]" 394.9604, found
394.9594 ([1.1. 18R LE IR 2 0.39 mol/L in Et,0).

1= 1 I -2 i i A P 22 )-3- RN [1.1.1] 1%
FE(3t): 28 mg EAE A, 773 39%. m.p. 129~130 C;
'H NMR (400 MHz, CDCly) d: 8.22~8.17 (m, 1H),
8.05~8.01 (m, 1H), 7.69~7.58 (m, 2H), 3.83 (s, 1H),
2.29 (s, 6H); *C NMR (100 MHz, CDCl3) 6: 165.8, 152.5,
136.6, 128.3, 127.9, 125.4, 122.5, 59.5, 54.4 (t, Jop=21.4
Hz), 35.4, 33.9; FT-IR (film) v: 2922, 2853, 1553, 1470,
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1327, 1277, 1243 cm ™. HRMS [ESI] calcd for C,;H;,DBr-
NNaO,S, [M+Na]* 380.9448, found 380.9439 ([1.1.1]42
IERIIRE  0.39 mol/L in Et,0).

4 Bh# %L (Supporting Information) L4547 1b. 1c. 1h
A1 3a~3t (1) '"H NMR A1 C NMR &, X eshppln] bl
G B WAST R 3 (http://sioc-journal.cn/)_I T %,
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