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Highly Efficient Synthesis of Stannanes from Aryl halides and Their
in-situ Homo-Coupling under Microwave-Irradiated and
Solvent-Free Conditions
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Abstract A novel approach for the synthesis of a variety of aryl stannanes from aryl halides and Sn,Bug by using Pd(PPhs),
as catalyst is developed under microwave-irradiated and solvent-free conditions. This method offers the advantages of not only
being simple, rapid and highly efficient, but also producing little byproduct and reducing pollution resulting from the use of

NOTE

solvent. Also, the procedure is applicable to the in-situ homo-coupling of aryl halides.
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P 3)Ja b il A 5t 'Mj*;ﬁﬁi, 4] BEAT TCHE R BN
5) T I AT R AREREAT I BN, 6) ]t AN i
FRGE & ROT 5.

B, BATRAFBNHGE T2 T — #5155
FR=T A, X —T7 252 LK s — 7%
PER S0, 0 5 SR BRCA1 KOH)FIARFE (A0 I iR
JNFRI, X 7K BB A U BRI — s E R PR Y. 1
fEHE — 0 Bk % U7 VA R R h AT B B
DMF/Et;N VBSOS IRINGRII, S SEAS AT AE R
AT 26 A T IAEEAT, 0 HACR TR K 48
T RSISTR] KR L3R i 1 S BRCR (B 1. 1RO TE
T8 751 B SERLARANE N R ot 5 AR o v B Ny EEL PR T
ANy, K A PLAS A RC IO I, 2
H A LU R 2 S A BT D).

AR SCA I TE ¥ 7 B I FAGEAE DA 2% 1 T il % %
Fos IR g5 ke i =T S8 &1, TR il i —
A R EAT T Stille B SRS (E 1).

1 GR5vHe
1.1 R EH

e, RATLL 4-132K B 85 A0 S SRR R 1+ S
MR . RN TE]. SnyBug A1 Pd AL & DA KR
IO RS B2 IR P4 2a PR R, SEIG 45 R

Pd(PPhj), SnBus
SnZBus (1.2 equiv.) g
/ MW, 100 °C >

© Pd(PPhs),
B R — R
(1.0 equiv.) Sn2 ug (0.5 equiv.) ~SZN =
X = Br, | MW, 100 °C —/ N\ 7

B il =T RGN B SHE Y

Figue 1 Synthesis of stannanes and homo-coupling products

WE 1 PR, X T Z R Pd A S, SLhs b
Pd(PPhs), f NAGEIN XA B A rERe, IR
AT BB N AR TR 70 B HEAL TR TRIBS, FRATTAE FH Rl
(300 WYIn#iZ e 2. MR 1 AT, Eis AT
AN, BIE IS 100 Cik 6 min, iZEARHE
NRAARA 2 2 B (Entry 1), BL DMF 88 E6N 15 N #
— [N IOFRIEE, B v S NI B N R B [R], R B
4 BLERASTEAE (Entries 2~9). é’; DMF/Et;N 254 1) &
(V)IRAERS, 2B 242 5 31 61% (Entry 10). EUtE
Haih b, RATHEARE DMF/Et3N M EERC . 2R
DMF/Et;N=0.8/0.4(¥) )53 (1) & LL)IS, 7E 6 min A 2a 1)/~
RA[IK 92% (Entry 11), {HEREEIEK S D7 A 552 i
MR E, 1% N 2R A B R 2 AL (Entries 12,
13). £, BATHBE TR SnyBus 1 EXTZ KR
N5 (Entries 14~17). SZ3645 B2 B: Pd(PPhs), )

R1 AP

Table 1 Optimization of the reaction conditions

H3COOBT

Pd(PPh3)4, SnzBUG
_ >

H3CO‘©_SF\BU3

additive, MW
1a 2a
Entry Sn,Bug/equiv. Pd(PPh;),/mol% Temperature/C Time/min Additive (equiv.) Yield”/%

1 2.0 4 100 6 None None
2 2.0 4 100 6 DMEF (1.0) Trace
3 2.0 4 100 6 DMF (2.0) 12
4 2.0 4 100 6 DMF (10.0) 43
5 2.0 4 120 8 DMF (10.0) 47
6 2.0 4 80 6 Et;N (1.0) None
7 2.0 4 80 6 Et;N (2.0) Trace
8 2.0 4 80 6 Et;N (10.0) 11

9 2.0 4 80 8 Et;N (10.0) 15
10 2.0 4 100 6 DMF/Et;N (1.0/1.0) 61
11 2.0 4 100 6 DMF/Et;N (0.8/0.4) 92
12 2.0 4 120 6 DMF/Et;N (0.8/0.4) 87
13 2.0 4 100 8 DMF/Et;N (0.8/0.4) 89
14 2.0 6 100 6 DMF/Et;N (0.8/0.4) 93
15 3.0 4 100 6 DMF/Et;N (0.8/0.4) 92
16 1.2 4 100 6 DMF/Et;N (0.8/0.4) 920
17 1.0 4 100 6 DMF/Et;N (0.8/0.4) 88
18¢ 2.0 5 Reflux 240 Toluene (solvent) 40 (34)?

“¥eRHE: 1 mmol (1a); *4:)ZH77%; “1a (1 mmol), SnyBug (2 mmol), PA(PPhs)s (5 mol%), Ar {47, HEFIGHIBINA): HIZE(1S mL); ¢ [ SR~ 4.
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N 4 mol%, Sn,Bug IHE N 1.2 MBI ER, 1%
NP L 90% (Entry 16). AR ERATH R, 76
i EE R BT, R BIFERA B SIS R =R
. 52 AL, 35 R SR A, X — B
ANELIRE G A T KR B SR, MR T
R P4 K(40%, Entry 18).
1.2 [RYINIER
NTHEIX—H &, BATEAT T IR
WS, RNE 2. £ LRI &t T, &A1
BRI T7 138 A 2 A B 1) i AR 5 I RN A 5 IR A MR
Yy, T ELE Re D R S P R AR B R, AR
2 AT LAE Y JE iR R B R IR I 2 R T (1 E Yy
&R, R BESRENUR] AT (P 2650 3 83% A 86%,
Entries 1,2). H1, SMBENE A EZ NN O
) At 4 U, (8 X — VAR sl T s L
Bitk, gk S N A (Entries 3~6). [AIIFRAT AR IL,
B A0 2 1 35 Tk S (IN—H) AN FE Wi 12 S5 B )
it (7= 2 A 81%, Entry 3). Entry 5 fIS256 45 K H:
R DT T &, RIS AT sy i 2 A1) R Bl U
B I IR B R 7 2R (88%). A AL, W B Sk E R B
2 H B RE I . COOCH,(BE3E, 7EmRMES1E T ZhK
filt), 75BN AT R I R AT KR OB, T
HAF 2L = 172 2(79%, Entry 6).

1.3 BHEERK

W, Stille H S EERNIETE: Saiih (3 H %%
S HLEME & P)(RSnBus) 5 AR & (RX)E Pd 4L T
FEAAREE, MR S B T A
TN B I B S, FRAT R IR R X — A LE
Stille H SHEBO N IR, BT 275 R R Pk
AN Y, NP IRE T EAL Stille 5
I s B2 (—Fmvs, THBR TR E /A A ML A YD ) i
7 ArRE.

(17, e TG R A A AL 4 mol%
Pd(PPhy), B GEE S AE AL B4k S SR Stille J2B2, M
SEELE SEEE, SR WE 30—, BT R
HRRENR A A Stille H BARBRFL, 55—, Lk
T E HL T I o AR B Iy A RO S L I AR A
J QT i B PR M A AR AT BB AR U b AT SR Stille %
R, 53] HAMBEBE Y 3a~3d(77 % 81~91%, Entries
1~4). Ak, RIS 2% A B (COOC, Hs) i A 75 2 [F]
FERESEHIX — ROB, FF43 3 T 8577 %(84%, Entries
5).

2 i

AR T AR i #ad% (100 °C), £ DMEF/
Et:N NI, @ik Pd(PPhs), A <4805 &
RS Sn,Bus MEBEBRN, RIHEKR T —

®R2 JRMIRH R

Table 2 Scope of the synthesis of stannanes

R Pd(PPhj3), (4 mol%)
SnyBug (1.2 equiv.)

/’\ Br (1.0 equiv.)

— DMF/Et;N (0.8/0.4 equiv.)

R
@—Sn8u3

1b ~1g MW, 100 °C, 5 ~ 8 min 2b ~2g
Entry Substrate 1 Time/min 2 Yield®/% |Entry Substrate 1 Time/min 2 Yield’/%
Brs S
mco@sr \©i 4 0
1 N= 6 2b 83 4 N J 7 2e 91
O
1b 1e
O
S
2 Wl 5 2 86 | s N‘@" 8 2f 88
1c
© 1f
0 . 0
r
HaC NH |
3 N/)\©\ 8 2d 81 6 o “pPh 6 2g 79
o
1d Br g

“H LR 1 mmol (1b~1g); " FEEHT= K.
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Table 3 The in-situ homo-coupling reaction under microwave-irradiated and solvent-free conditions

X Pd(PPhs), (

_ 2 mol%) R R
R | (1.0 equiv.) SnyBug (0.5 equiv.) X A\ 4 7
. DMF/Et3N (0.4/0.2 equiv.) —
1a~1b, 1h ~ 1j MW, 100 °C 3a~3e
Entry Substrate 1 Time/min Product 3 Yield”/%
H;CO Br H;CO Q Q OCH
1 : C) 7 : .. .. : 91
1a 3a
HaCO@Br H3COWOCH3
2 N= 8 N= N 81
1b 3b
) )~
3 S 6 S S 89
1h 3c

4 [iI?ﬂ 7

1i

EtOOC—@—Br
5 6

1j

@ES /Nj©
/
N S 87

3d

EtOOCCOOEt
84

3e

“FrkHE: 2 mmol (1a~1b, 1h~1j); * T =%,

R BA m R A NG EY. FR, I
AISEIL 1 IEAL B SIS, X TR AU AT A
fa7 B SN PRANRCR S SR AR, T L=/ 75
B, AN E IR R RS AR E BB &)
IR 4R L 1 — 2T g A

3 XIS
3.1 UFESHF

J& m R RD-IT BY S AR s 5 (RARIE); RX W
LA A Bruker Avance DPX 400 (400 MHz) B Hi 3%
PR 52, A CHCL; 5t DMSO {EHFI(TMS 1E N HR);
Ji i F TRACE W 5E; 48 4h—77 WL i 3 ] WFH-204B
T FHR AN B A 5 ; TLC AT GF254(5 Sl vEf
TABRA R E ) ET R, SZ36 AT R
SZF Aldrich Chemicals 8¢ J & K Scientific Ltd; 4 H
JE AR R R A PR 7 A2 1 XH-200A T4 %
X (Fh#: 0~1000 W; #&JE: 0~260 C).

3.2 ZLWAHE
3.2.1 AW H &

X AH(1.0 mmol), Sn,Bug (0.7 g, 1.2 mmol) LK
Pd(Ph;P), (46 mg, 40 umol) T N &5+ %A, A DMF
(58 mg, 0.8 mmol)/Et;N (40 mg, 0.4 mmol) IR, T
(300 W) 100 Chn#h, £5f M58 5 (TLC BRER), &MY
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REMENE T 7 B2 H AR 4.
322 AFBEKRAE

¥ 5 184(2.0 mmol), Sn,Bug (0.6 g, 1.0 mmol) LA %
Pd(Ph;P), (46 mg, 40 umol)/E N g+ ¥4, A DMF
(58 mg, 0.8 mmol)/Et;N (40 mg, 0.4 mmol). T (300W)
100 Chn#k, ffRMSEES(TLC REE), RMEGME
i B E B AR,

323 fbdhkiE

4-FE BRI =T Y a)": Haitaifb(ish
M k), LERFEKRY. 'TH NMR (400 MHz,
CDCly) d: 0.88 (t, J=14.6 Hz, 9H), 1.02 (t, J=16.3 Hz,
6H), 1.30~1.35 (m, 6H), 1.49~1.57 (m, 6H), 3.79 (s,
3H), 6.90 (d, J=8.4 Hz, 2H), 7.37 (d, J=8.4 Hz, 2H).

2- AR 3k -5- = T R kit (b)Y A i 44k
[REI: V(ZER ZH8)/ VR Cke)=1/10], TSRk
). '"H NMR (400 MHz, CDCl;) &: 0.88 (t, J=14.6 Hz,
9H), 1.05 (t, J=16.2 Hz, 6H), 1.28~1.37 (m, 6H), 1.49~
1.57 (m, 6H), 3.93 (s, 3H), 6.74 (d, J=8.0 Hz, 1H), 7.61
(d, J=8.1 Hz, 1H), 8.15 (s, 1H).

2-MEWy 3L = T 3G 20)": H ik aitb GRzh A 3
oukt), TLEOREFIHCIRYI. "TH NMR (400 MHz, CDCly) o:
0.89 (t, J=14.6 Hz, 9H), 1.10 (t, J=16.2 Hz, 6H), 1.31~
1.36 (m, 6H), 1.55~1.59 (m, 6H), 7.20 (d, J=3.0 Hz,

http://sioc-journal.cn/ 475
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1H), 7.27 (t, J=4.2 Hz, 1H), 7.65 (d, J=4.6 Hz, 1H).

2-(4- VR FE)-6- FF 12 Ik -4 (3 D) - B (1) ¥ 2-
RIE-S-FHFLIR FHEN%(0.15 g, 1 mmol) 5 3-JR A H &
(0.24 g, 1.3 mmol) A N#%, A 3~5 i DMF fi{A
REAIRE]. W n#3E00 W, 110 °C) 12 min. k%
ARG B RN H, FEEE S S A k. 77K 74%.
m.p. 141~142 °C; '"H NMR (400 MHz, DMSO) ¢: 2.46
(s, 3H), 7.66 (t, J=10.7 Hz, 2H), 7.75 (d, J=10.7 Hz, 2H),
7.95 (s, 1H), 8.11 (d, J=10.7 Hz, 2H). Anal. calcd for
CisH; BrN,O: C 57.16, H 3.52, N 8.99; found C 57.18, H
3.14,N 9.03.

2-(4- =T B HIR B )-6- H bk -4 (3 H) - (2d):
IS AR A V(LR LR/ VR Tk ) = 1/5143 2|
FOER . mp. 31~32 'C; '"H NMR (400 MHz,
CDCly) d: 0.90 (t, J=14.6 Hz, 9H), 1.17 (t, J=16.2 Hz,
6H), 1.34~1.39 (m, 6H), 1.57~1.61 (m, 6H), 2.46 (s,
3H), 7.36 (d, J=10.1 Hz, 2H), 7.77 (d, J=10.0 Hz, 1H),
7.89 (d, J=10.0 Hz, 1H), 8.16 (d, J=10.2 Hz, 2H), 8.44
(s, 1H), 11.51 (s, NH, 1H); *C NMR (100 MHz, CDCl;) ¢:
9.83, 13.70, 17.53, 27.38, 29.10, 120.06, 126.83, 127.34,
129.71, 130.14, 134.27, 141.47, 142.05, 142.62, 149.44,
151.64, 164.02; MS (ESI) m/z (%): 524.1 ((M—H] ", 100).

2-[3,4-(N0 F 4R ) R HE )-6- IR IR R E M (1) 7 4
2-RAFE-S-HARR N (0.41 g, 2 mmol) 5 HIHEE0.30 g, 2
mmol) I [ M %%, Fi/b & ZBER IR A5, it
R R O, s G300 W, 120 C)REY 6 min.
FRRAEH G, LIS SR ERRDIR k. =%
77%. m.p. 173~174 °C; '"H NMR (400 MHz, CDCL;) o:
6.07 (s, 2H), 6.90 (d, J=10.9 Hz, 1H), 7.56~7.59 (m,
3H), 7.61 (d, J=10.9 Hz, 1H), 7.87 (d, J=10.9 Hz, 1H),
8.00 (s, 1H). Anal. calcd for C;4;HsBrNO,S: C 50.32, H
2.41,N 4.19; found C 50.28, H 2.34, N 4.04.

2-[3,4-(F H 48 3 ) R ik )-6- = T Fh 5 5k 2K I e
(2e): HEOIEA[IRENAH: V(LR B VR B kt) =
1/20], #&COREHRMARYD. 773 89%. 'H NMR (400 MHz,
CDClLy) 6: 0.90 (t, J=14.6 Hz, 9H), 1.11 (t, J=16.3 Hz,
6H), 1.32~1.38 (m, 6H), 1.53~1.61 (m, 6H), 6.05 (s,
2H), 6.89 (d, J=10.0 Hz, 1H), 7.53 (d, J=10.0 Hz, 1H),
7.60 (d, J=9.9 Hz, 2H), 7.95 (s, 1H) &: 7.97 (d, J=10.0
Hz, 1H); “C NMR (100 MHz, CDCls) J: 9.86, 13.69,
27.39, 29.10, 101.70, 107.57, 108.64, 122.32, 122.48,
128.21, 128.97, 133.76, 135.06, 138.82, 148.35, 150.02,
153.94, 167.02; MS (ESI) m/z (%): 5443 ((M+2H]",
100).

N-(4-="T FeAG R ORI A 08 — W i (26): A% (il

476 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

ik [IRBh A (R ZB8)/VAR Cke)=1/5], Ttk
m.p. 20~21 C; "H NMR (400 MHz, CDCl3) d: 0.90 (t,
J=14.7 Hz, 9H), 1.08 (t, J=16.3 Hz, 6H), 1.32~1.37 (m,
6H), 1.52~1.60 (m, 6H), 7.38 (d, J=10.0 Hz, 2H), 7.60
(d, J=9.9 Hz, 2H), 7.78 (d, J=10.6 Hz, 2H), 7.95 (d, J=
10.6 Hz, 2H); *C NMR (100 MHz, CDCl;): 9.68, 13.69,
27.42, 29.08, 123.74, 125.73, 131.42, 131.84, 134.36,
137.08, 142.66, 167.37; MS (ESI) m/z (%): 536.1 ([M+
Na+H]', 60), 291 (100).

3- 2RIk 6- — T HL ) k-4 DR G R MR -8 - FF PR
HTE (2g): HEEIGALIRBIA: ML LE)/VEEC
Fe)=1/5], WHEEHRY). "H NMR (400 MHz, CDCls) 6:
0.90 (t, J=14.6 Hz, 9H), 1.15 (t, J=16.2 Hz, 6H), 1.30~
1.39 (m, 6H), 1.52~1.60 (m, 6H), 2.26 (s, 3H), 3.96 (s,
3H), 7.53 (dt, J=5.4, 4.8 Hz, 3H), 7.81 (d, J=9.6 Hz,
2H), 8.30 (s, 1H), 8.54 (s, 1H). C NMR (100 MHz,
CDCLy) 6: 9.9, 11.86, 13.66, 27.29, 29.01, 52.40, 117.91,
119.53, 122.34, 128.43, 129.34, 130.42, 133.22, 138.23,
138.71, 143.37, 154.69, 160.72, 165.51, 178.58; MS (ESI)
m/z (%): 607.1 (M~+Na-+H]", 100) .

4.4 ARG HEEELS N, A6
m.p. 177~178 ‘C; '"H NMR (400 MHz, CDCl;) ¢: 3.84 (s,
6H), 6.96 (dt, J=3.0, 5.0 Hz, 4H), 7.47 ((dt, J=3.0, 5.0
Hz, 4H).

2,2 HAE FE-5 5 BRI e 3b)!'Y: 2 EEE AL, At
fefk. m.p. 105~106 C; '"H NMR (400 MHz, CDCl;) o:
4.02 (s, 6H), 6.86 (d, J=8.6 Hz, 2H), 7.72 (dd, J=2.5, 2.5
Hz, 2H), 8.34 (d, J=2.3 Hz, 2H).

33-BEMEM) 30)*: ZWEE L5, AfEE. mp.
131~132 °C; '"H NMR (400 MHz, CDCl3) d: 7.32~7.35
(m, 4H), 7.36~7.38 (m, 2H).

2,2-JEIE IR e ML (3d)2: FNE EE 45 4, (A (R i,
m.p.>250 ‘C; '"H NMR (400 MHz, CDCl3) J: 7.04 (dt,
J=0.9, 8.2 Hz, 2H), 7.28 (tt, J=8.3, 3.9 Hz, 2H), 7.58 (dd,
J=0.5, 8.2 Hz, 4H).

PRI -4,4- TR~ 2lGBe) ™ ZMEEL M, Al
fufk. mp. 109~110 ‘C; '"H NMR (400 MHz, CDCls) §:
1.38 (t, J=14.3 Hz, 6H), 4.35 (q, J=21.3 Hz, 4H), 6.89
(d, J=8.7 Hz, 4H), 7.95 (d, J=8.6 Hz, 4H).

4 Bi#1 8 (Supporting Information) L&Y 1d. 1e
2a~2g ] '"H NMR. “C NMR KLl 3a~3e 1) 'H
NMR 3. X 660 8E AT DL 9% AR 1) I 3k (hitp://sioc-
journal.cn/) | N #K.
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