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Method for the Synthesis of 1,1-Dichloroalkenes

Ren, Xinfeng*” Song, Xiaoping* Ma, Yingchao” Li, Ya*?
(“ Key Laboratory of Tropical Medicinal Plant Chemistry of Ministry of Education,
Hainan Normal University, Haikou 570100)
(® College of Chemistry and Chemical Engineering, Shanghai University of Engineering Science, Shanghai 201620)

Abstract The 1,1-dichloroalkene structural unit is found in many natural products. 1,1-Dichloroalkenes are important inter-
mediates, which have been widely used in the synthesis of alkynes, halogenated acetylenes and aromatic compounds. In this
paper, a new dichloroolefinating reagent, dichloromethyl 2-pyridyl sulfone, was reported. 1,1-Dichloroalkenes can be conven-
iently obtained from the reaction of dichloromethyl 2-pyridyl sulfone with aromatic aldehydes using -BuOK as base. This
method has the advantage of operational simplicity, usage of easily available reagents and easy purification, which may find
applications in organic synthesis.

Keywords dichloromethyl sulfone; 1,1-dichloroalkenes; aromatic aldehydes
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SR EM. AR - U R 4 3057 R BT B R
— & F| I EEFA 5 CHCL, B¢ CCly Y Wittig [ Jb; & F
o-( = B0 BEAT AL I 4 8 I T I ST R IR, Wittig
SN A B 2 (R B 13, I FL 7% 2 B &
BHIBRA, RAVFEVEEK. a-(Z 5T I BT A4
o SR ST B N, B T AL 22 5 A B ) 45 TR
kI T B R B RN B B 4 JE R,
By FA R e
W JVERA UM 1,1- 5B A T iR
08 Hdn Yan 25 Ti-Mg- — S RS &Y 5 R
E’J&F‘ﬁﬁ 1,1- =Sk A (Scheme 1a). Balenkova
LUV & T R 5K A MR NAF R, SRS &M E 4
S EAG T B — 2 TR, 4kimS CCly 5 CBrCly
SR RAFE] 1,1- = &R EYI(Scheme 1b). BEJ7i% 2|
B MEALT, M2 B — e

d:/r TiMg-CCl, d:/rCCb @

(1) N2H4' Hzo c

0
(HetAnAr—<
H

Y
(2) CCl, or CBrCls (HetAr)Arf ®)
Cu-Au or CuCl, H

\ //
\|< 1) base F 0
O/ F R R2 oH LN

B 1 L1-— i fUs R & W& 5%
Scheme 1 Synthesis of 1,1-dihalogenated olefins
BOE A T LA TMSCCI, BAJ TMSCCLH
NIERE, BRINSEIL T o-(=F T H) L o-( ST )L LA
o 2-SARE IR FE A . [FES, 523G RS

2 PR3 ) R R 2R -k e B IS | . R R A
Julia-Kocienski N &% 1,1- & MmEALEY T/ER )G
JZ(Scheme 1c), ACHFTT T & FF L Q-ME e )N 588
B3 AT SO R 1,1- &R A S T 2.

1 ZR5HIE

% U 2RI B R T, DL 2-3R 3k
WE R JERE, 285 FaT A 1 e S BT & i G 3 (-t g
FYR, 772 51.8%, 1 Scheme 2 7Rl

S\
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_N _N Cl

1

N SH H20,
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Scheme 2 Preparation of dichloromethyl 2-pyridyl sulfone

FATCABUT BERR, 5230 G JE (2- Mk g 2 ) BRLAT
X ERREERRBL 0 °CF, 1A 50 F R (2-Hk BE ) BT
XK IR N,N-— F 5 H It i (DMIF) ¥ R R 22 1
NAUTBEER, &M 30 min, 2R/E00N 1 mL M L EE
HRA 1 mL 3mol/L i EhER AT VK, 4 AL HL A4
WIER R =) 122 & LR )-4-EK, PR
25.8%(F 1, Entry 1). Kk, tb77vkn] DLRE R ML & pl
L1-Z&ERAEY. AT Z 74T 1 %A,
W 1.

FEAR S MR E 2 —30 ‘C (Entry 2)8—50 C
(Entry 3), REWSHE S 2(53 0 34.5%, 39.3%).
YRR BAE—50 CRIE 0.5 h, IIANE AL BRI R
FRvE K, SRIGHREZMEIRB 0.5 h, {EXFER) N &
T, WIS E 1.2 equiv.il, RMNFEREFE
46.2%(% 1, Entry 4). 102480 T BEEH R HEME 1.8

R LRGN AL

Table 1 Optimization of 1,1-dichloroolefination reaction

\\ //
O/ \'< (1) base, solvent Y
Cl + CI CHO
(2) NH4CI, 3 mol/L HCI cl Cl
2
Entry Base 1.2 base Condition Solvent  Yield“/

1 t-BuOK 1:1:1.2 0.5hat —0 C, then 0.5 h at r.t. after quenching DMF 25.8

2 t-BuOK 1:1:1.2 0.5hat —30 C, then 0.5 h at r.t. after quenching DMF 345

3 t-BuOK 1:1:1.2 0.5hat —50 C, then 0.5 h at r.t. after quenching DMF 393

4 t-BuOK 1:12:21.2 0.5hat —50 C, then 0.5 h at r.t. after quenching DMF 46.2

5 t-BuOK 1:12:1.8 0.5hat —50 C, then 0.5 h at r.t. after quenching DMF 62.5

6 t-BuOK 1:12:1.8 0.5hat —50 C, then 0.5 h at r.t. after quenching THF 45.8

7 NaHMDS 1:12:1.8 0.5hat —50 C, then 0.5 h at r.t. after quenching DMF 47.1

8 LiHMDS 1:12:1.8 0.5hat —50 C, then 0.5 h at r.t. after quenching THF 0

9 t-BuOK 1.12:18 0.5hat —50 C,then 0.5hat60 ‘C after quenching DMF 73.8
“Isolated yield.
Chin. J. Org. Chem. 2020, 40, 1388~1393 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1389
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equiv.iif, SBFEERIEINE 62.5%(% 1, Entry 5), F#kf%
AN THE, N2 45.8%(F 1, Entry 6). fii
NaHMDS/DMF il LIHMDS/THF BT [ NI, 87725
4398 47.1%H1 0%(F 1, Entry 7, 8). LA +-BuOK Jfi,
DMF N, WK RNIBEYIFESE 60 CKMN 0.5
h, FERIEINE] 73.8%(F 1, Entry 9).

Lok SR ATARAN, B 2RO SR AR E Dy U R (2-
N E LB C B ORCT RERLLEIA 10120 1.8, RV

BAEYIE—50 CRM 0.5 h, WRETHEZE 60 CKRMN
0.5 h (Entry 9).

FIFRAGET B R BLAC A, TRE T R S A &
Y. Wk 2 Fow, SRS AR RS AE AN AU R -k e
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75(63.4%~95.7%). R NLAERLEH:(4d~4f). LA
(4g~4j). EFE(4k). FIEAD). X H(m~4p). HFE(4q)-
NEHE(4r). =5 FF 5k (4s) DL AR R (48). M RE &5 S mT LA
B, RGBT RO R Ad~ ) R TR T
B B ) 77 2R v (Am ~ 4t). {E & Fh s v B S
H, 2,5~ 7 P AR I O R DA % 432 38 2 R 55400 1 k4T
SN, BEBELL 94.2%F1 95. 7%= KA E=4) 4j A 41.
[ S5 7 2- W R I e e DA K% 5 & i 5 — U H
FE(Q2-MEmE ) IR AT I S BE, BRI 2, I SRR A4 e
BRI, o] RE R ROA SR TR, AL
BHL 25507 () 52, A 45— G FR RS (2- P e 255 ) WL sl 1 45 2F
AN R A, HoR R MERES, RBUMN AR
B R A A

BATHED, 2 B 5 50U 1B A0 s 87 1 ML EE 2L,
AT BEAINLER 4N Scheme 3 Fi7w. &l A Q2-MERE 345
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Scheme 3 Proposed reaction mechanism
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Table 2 Substrate scope of 1,1-dichloroolefination reaction

\\S//O y o cl__Cl
SO Py (1) +-BUOK, DMF, -50 °C
| cl +
_N ClI A" SH 2)NHLCL 3molLHCl  a~ K
1 3 4
cl cl
H->al H H Z>al
!
0 ¢ OO
42 72.5% 4b 69.6% 4c 74.1%
4d 71.6% 4e 73.2% 4f72. 7%
OCH; cl
J@)Y @W HyCO ¢
OCH;
49 86.2% 4h 83.7% 4i92.1%
OCH3 H H
/@)\/CI /©)\/CI
cl
N HO cl
OCHjy | , .
4] 94.2% 4k 82.4% 4195.7%
Br H
o cl
4m 73.8% 4n 75.3% 4072.3%
H H H
/@)\(Cl /©)\(C| /@)\/CI
cl |
Br O,N e c
4p 74.5% 4q 68.3% 4r70.2%
H H
CFB\@)\/CI /@)\/CI
cl
MeOOC cl
4s 63.4% 4t65.9%

© 2020 Chinese Chemical Society & SIOC, CAS

“For all cases, the molar ratio of reactants was 1 : 3 : ~BuOK = 1.0 : 1.2 :
1.8, reaction condition: 0.5 hat-50 C, then 0.5 hat 60 ‘C after quenching;
®Isolated yield.

2 i

ARIARIE T MO E R 1L1- SR SR T
2. DA U (- M 2 BN D — Ao L 1,1- — U
Fete G, FERUT BEAR AR R 507 A M RN, T AR i
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3 IEY
3.1 X5

SIS BT R TR AR R BR UL BA Ak, 352 MR A =1
SEH BB . DMF £ CaH, Z&180K, IS T
17, WA 2 & B AaFRK, TN FIfi iR AE. 15 RiAE
WRS-1B Y% 95 s A B e Gl T R AR IE). IR A
Nicolet AVATER 370 {3725 41 Mg i A 2. 'H
NMR, *C NMR ] 400 MHz ZHEILARREACE, 'H
NMR b 207 #48 FH (CH3)4Si (6 0)BX CDCLy (8 7.26)E )
WHR, °C NMR {L22 B 848 CDCLy (6 77)1E AR,
3R Ve YR % . Waters Micromass GCT Premier 3#4T
W 5E (BI).

3.2 ZEEE(2-MIEE)W(1)HERK

4 4.995 g (45 mmol) 2-FFEMERE I 500 mL A JE
L, N 5%F) NaOH ¥ 100 mL ATFEE 100 mL 7/i#
2-FRILNMEE, B I BB NVK K I - T A A, SR )G 5%
&I 10 mL 30%XU4EK, i IN4E 5 # 2 vkoKig,
TE IS I HERE 5~10 min, V6 H 2808 2244 & b i) F S
RUK, FREWIHINN 16.73 g (140 mmol) =5 F ke, 0
N 5% NaOH /K& 100 mL, [F1%i R 5 h )&, A3
ZER, A 20 mL /K, 2, H =& FEEEEE30
mL X 3), FJC/KEREREAT A A, oI T 855 s e
IR LR, BNV OB/ VOETE)=1:
10], BP48 & H SR Q-mb e )N (1) 5.24 g, 773 51.8%.
@ E 4K, mp. 75~78 C; 'H NMR (400 MHz, CDCl;)
J: 8.81 (d, J=4.4 Hz, 1H), 8.21 (d, J=7.6 Hz, 1H), 8.06
(td, J=7.6, 1.6 Hz, 1H), 7.68~7.66 (m, 1H), 6.91 (s, 1H);
C NMR (100 MHz, CDCly) d: 153.19, 150.95, 138.55,
128.71, 125.21, 77.77; 3451, 2940, 1581, 1425, 1351,
1171, 1112, 795, 732, 681, 578, 532,459  cm '. HRMS
caled for CgHsCLNO,S 224.9418, found 224.9419.

3.3 EEE11-ZEHRILRR:

TEARW RIS A, N & B (2-Mb g )
HA(1 mmol)F1 7% & (1.2 mmol), J5/K DMF 3 mL. ¥ x
RIVETR A ENE—50 °C, ZZBIMART EEH (1.8 mmol),
TE—50 C/M 30 min, RJ5AIRBIHIIA 1 mL MR
AEZ AT 1 mL 3 mol/L #i 2R IEATIRE K, NIREY)
FHEZE 60 CM30 min. AEERE, SHANE, K
JEH 4% CBEZERL(S mL X 3). A FFA AU, MFIE b e
Ve (5 mL X 3), FHUAHFTCKBREREN T, 382
A, PR ZE TR A, PO ENT RS R 1,15 UE
BACEY. By B AErEdE, 5 S CRIGE AR

9-(2',2- ~ & L Vi) B (4a): FEAOE K, mp. 95~
97 ‘C(SCHR1E P 93~95 °C); 'H NMR (400 MHz,

Chin. J. Org. Chem. 2020, 40, 1388~1393
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CDClL3) 6: 8.49 (s, 1H), 8.08~8.03 (m, 4H), 7.55~7.53
(m, 5H).

1-2'2- — R ) HFE @)™ oA, "H NMR
(400 MHz, CDCls) §: 7.54~7.52 (m, 2H), 7.35~7.25 (m,
3H), 6.86 (s, 1H).

1-2'2- & L) %5 (4e): A B A, mp. 38~
41 CCCHR{E!" 42 C); '"H NMR (400 MHz, CDCl;) 4t
7.94~7.86 (m, 3H), 7.67 (d, J=3.6 Hz, 1H), 7.57~7.52
(m, 3H), 7.39 (s, 1H).

1-(2',2"- R L) -4- H B 2 (4d)™: E k. 'H
NMR (400 MHz, CDCLy) 6: 7.43 (d, J=8.1 Hz, 2H), 7.17
(d, J=7.9 Hz, 2H), 6.82 (s, 1H), 2.35 (s, 3H).

1-2'2- R LJ)-3-H H K de)): Kk, 'H
NMR (400 MHz, CDCl;) o: 7.37~7.31 (m, 2H), 7.24~
7.26 (m, 1H), 7.13 (d, J=7.4 Hz, 1H), 6.82 (s, 1H), 2.36
(s, 3H).

1-(2'2- S L Hi)-4- 3L TR 4f): LWk, 'H
NMR (400 MHz, CDCL3) : 7.45 (d, J=8.0 Hz, 2H), 7.19
(d, J=8.0 Hz, 2H), 6.81 (s, 1H), 2.64 (q, J=38.0 Hz, 2H),
1.23 (t, J=8.0 Hz, 3H); *C NMR (100 MHz, CDCl5) §:
144.98, 130.96, 128.79, 128.66, 128.11, 120.20, 28.82,
15.44; IR (film) v: 2965, 2929, 2868, 1610, 1510, 1454,
909, 864, 832, 819 cm '. HRMS caled for C;oH;oClL
200.0160, found 200.0181.

1-(2'2- 5 L H)-4-H K (4g) M Lk 'H
NMR (400 MHz, CDCL3) : 7.45 (d, J=8.0 Hz, 2H), 7.20
(d, J=8.0 Hz, 2H), 6.85 (s, 1H), 2.38 (s, 3H).

1-(2',2"- = O H)-2- AL 2R (4n) P A, 'H
NMR (400 MHz, CDCLy) 6: 7.72 (d, J=7.6 Hz, 1H), 7.30
(t, J=8.4 Hz, 1H), 7.08 (s, 1H), 6.97 (t, J=7.2 Hz, 1H),
6.88 (d, J=8.4 Hz, 1H), 3.84 (s, 3H).

4-(2'2- R HH)-1,2- AL E ) Lo
f&. '"H NMR (400 MHz, CDCl3) §: 7.33 (d, J=2.8 Hz,
1H), 7.08 (s, 1H), 6.79~6.86 (m, 2H), 3.80 (s, 3H), 3.78
(s, 3H).

2-(22- R O M) 14— A ER d)): B O A,
m.p. 40~42 ‘C; '"H NMR (400 MHz, CDCls) : 7.16 (d,
J=1.9 Hz, 1H), 7.09 (dd, J=8.4, 1.8 Hz, 1H), 6.86 (d, J=
8.4 Hz, 1H), 6.79 (s, 1H), 3.90 (s, 3H), 3.89 (s, 3H); "*C
NMR (100 MHz, CDCly) &: 149.44, 148.87, 128.37,
126.37, 122.24, 119.14, 111.64, 111.10, 56.04; IR (film) v:
2964, 2835, 1613, 1496, 1440, 1222, 1044, 900, 859, 805
cm . HRMS caled for CioH0CLO, 232.0058, found
232.0056.

4-(2'2'- S L H)-N,N-— FR I (4K): 3 10 [ 4k

http://sioc-journal.cn/ 1391



BIKE

m.p. 70~72 ‘CCCHERE™ 70~71 C); '"H NMR (400
MHz, CDCLy) 6: 7.47 (d, J=8.7 Hz, 2H), 6.72 (s, 1H),
6.68 (d, J=8.9 Hz, 2H), 2.98 (s, 6H).

4-2'2- TR LI FEE ) AEE A mp. 90~
92 C(CHRME™ 92~93 C); 'H NMR (400 MHz,
CDCl3) o: 8.81 (d, J=4.1 Hz, 1H), 8.22 (d, J=7.8 Hz,
1H), 8.05 (td, J=7.8, 1.6 Hz, 1H), 7.66~7.68 (m, 1H),
6.91 (s, 1H).

1-50-4-2'2- R 20 2 (am)™: TE k. H
NMR (400 MHz, CDCl;) 8: 7.50 (d, J=8.4 Hz, 2H), 7.37
(d, J=8.4Hz, 2H), 6.84 (s, 1H).

1-8-2-22- & ) # @n) Bk, 'H
NMR (400 MHz, CDCl3) &: 7.70~7.66 (m, 1H), 7.42~
7.39 (m, 1H), 7.31~7.27 (m, 2H), 7.05 (s, 1H).

1-1R-2-(2',2- & L4%) 7 (40): TBK. '"H NMR
(400 MHz, CDCl3) 6: 7.66~7.57 (m, 2H), 7.33 (t, J=7.3
Hz, 1H), 7.22~7.15 (m, 1H), 6.99 (s, 1H); *C NMR (100
MHz, CDCls) 6: 133.99, 132.84, 130.53, 129.95, 128.24,
127.33, 123.84; IR (film) v: 2923, 2847, 1609, 1464, 1434,
1028, 914, 821, 749, 718 cm ' HRMS caled for
CsH3BrCl, 249.8952, found 249.8953.

1-R-4-2'2- =& W) K @p)!': Lk, 'H
NMR (400 MHz, CDCl;) 8: 7.50 (d, J=8.4 Hz, 2H), 7.40
(d, J=8.4 Hz, 2H), 6.79 (s, 1H).

1-(2'2'- =R L )-4- T 22K (4q): A A R, mop.
91 ~93 C(CHRME™ 94 C); '"H NMR (400 MHz,
CDCLy) &: 8.24 (d, J=8.8 Hz, 2H), 7.71 (d, J=8.6 Hz,
2H), 6.94 (s, 1H).

4-(2'2- "R LI H M (4r): A O EE, mp. 72~
74 ‘CCCHRE™ 75~76 °C); '"H NMR (400 MHz, CDCl;)
d: 7.68~7.62 (m, 4H), 6.88 (s, 1H).

1-(2'2- 58 OH7)-3- =5 2K (ds): Lh k. 'H
NMR (400 MHz, CDCL3) 6: 7.78 (s, 1H), 7.71 (d, J=8.0
Hz, 1H), 7.57 (d, J=8.0 Hz, 1H), 7.50 (t, J=8.0 Hz, 1H),
6.90 (s, 1H); C NMR (100 MHz, CDCl;) §: 134.30,
131.89 (d, J=1.0 Hz), 131.21 (g, J=32.0 Hz), 129.16,
127.36, 125.56 (q, J=4.0 Hz), 125.21 (q, J=4.0 Hz),
124.01(q, J=271.0 Hz), 123.36; IR (film) v: 2924, 2856,
1605, 1454, 1330, 1170, 1132, 931, 845, 690 cm”'. HRMS
caled for CoHsCl,F; 239.9720, found 239.9717.

4-2'2- R L) R S (4t): A AR, mop.
59~61 ‘COCHRE! 57~58 C); '"H NMR (400 MHz,
CDCLy) &: 8.04 (d, J=8.4 Hz, 2H), 7.60 (d, J=8.4 Hz,
2H), 6.90 (s, 1H), 3.93 (s, 3H).

1392 http://sioc-journal.cn/
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HHBhA &L (Supporting Information) {L&4%) 1, 4a~4t
ft) "TH NMR LR AL &40 1, 4, 4j, 40, 4s ] °C NMR. IR
15 0 FR T L K SRR RT B G B A ] 9 (http://
sioc-journal.cn/) b %K.
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