1 m {t % Youji Huaxue

Chinese Journal of Organic Chemistry

#33% %1149 Vol. 33 No.11 2013

ISSN 0253-2786

[ A 0 e G 2

9 |??0253 278136




Born to find out

s
2

C‘—-r-nf-‘f
™,

)
=

\ f %7) Anton Paar

ZIHE ( PE) BRATE

HHiE : 021-6485 5000

fEH : 021-6485 5668

; Email: Info.cn@anton-paar.com
www.anton-paar.com.cn

KA e bl iR R T 5

BlihasilEsz rih

BIEGE RN SIEEZIRNERNES B RAGERNRS
Monowave 300+ MAS 24 Multiwave PRO Masterwave BTR

- IR RIS : 300°C@3 - B SRATREFNE GRS — BHERMNIEH

- R ATB R R R R P E 3RS { (300°CH] 80bar) — R T
E ] ETSMBREETRIE i ! BEFEee

B SRR
- BT EIDRE - B— LSRR T

WEtR. ML, BRSRRAKHE WA, ENEFHS. MKEHmR. EEE HER. BAIRERE. SmMAEt. EEAER
oS SRRMSGER%Z(mgtog) EFEESMAARR (g to < 100g) SRS RES RRMM 2 FFRAA( 50-300 g )

{EASHRRENRIISTLENTS, /& , TRNATNMRERSSHIRSE. ISt . BEE RN, RN EESEm Zeta BAISHT{L. SAXSess AN X HEGT
%, ARUBNETREZRATHE. 5. Gl 4T, B & RERESESTERRIIE , HESEATSERMIMRERHREIEEE,




% 4”) {& % DOI: 10.6023/cjoc201305052 ﬁﬁ?‘i%*ﬁ

Chinese Journal of Organic Chemistry

NOTE

T EAL R LAY sp’-C—H BERIEERER 1L

EN A

(IR e R a2 e B A S A2 SR G 9 S RN 221004)

WE LAY T I B (TBAD AL AR, o 500 T B8 (TBHP) /R S 280 7, AR AN 1 S W A T S0 T BUI 2K A1 A sk
J5F b sp’-C—H -5 W RIS I AR, [N AR, Sl 2 FEIAT T, SE VS, e, e ATy
. B C—P BRI Rt 7 — S w8 S N A2, I HA i 17— FR 80 Al g AT T2 2 SRV 1 -2 ik
PR BRI 4.

KRG sp’-C—H I Mk; FULIEIE WRERRES; DU T AL

Tetrabutylammonium lodide-Catalyzed Phosphonation of
sp°>-C—H Bonds

Wang, Qian* Xu, Zhou
(Experimental Center for Biochemistry and Chemistry Teaching, School of Basic Sciences,
Xuzhou Medical College, Xuzhou 221004)

Abstract Activation of sp>-C—H bonds and oxidative phosphonation of sp’-C—H bonds adjacent to a nitrogen atom of
tertiary amine were catalyzed by tetrabutylammonium iodide (TBAI) with #-butylhydroperoxide (TBHP) as oxidant under mild
reaction conditions. The safe, convenient, and environmentally benign process, as well as the broad substrate scope, low cata-

lyst loading, high selectivity, short reaction time, and good yields make the protocol very practical.

Keywords sp>-C—H activation; oxidative coupling; phosphate; TBAI
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(15 b WAL B/ ok S0RCT I (TBHP) A4 & I #) 22 He
Kirihara 21 W T 67 (10 5 S8 00 A0 6. i,
Ishihara 25U S 38 T WAL E2 A R AL, 30%5 S840 S0
W EE TBHP 1E hy S A0 A AL AR RS T B4k & 1)
oa-FAL BT BEALTI 2> TN C—O SRS ARIESEIE IR, fib
AP0 T R S LEREAT TS, e 30 A F 3 1 42 It
ST e B et AR A S TBHP 1 T 507 A= il P it Al g e
#h. Wan SR IE T AU LA R TBAITBHP fi
IR AR C—O M5 F MBI Han ZE17E
2011 “F4R1E T TBAI/TBHP #EA0 & R AL 2tk e 7 -
B sl 1,3- E AN ER, (R4 PF T SEBl Tk
eI RE AL AV A . BT a-Z IR IR
B 2= RN 25 A2 U T 2L, FRAT 1A S et X —
AR RN T X R AW A K, 2l 3] — 4
MRS AR 1), AR T RO R R RCR.

* H—P(OR),
Noar TBHP, CH4CN, r.t. Nar
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Bl 1 TBAI HEALIRUR sp>-C—H SERBERG 1L
Figure 1 TBAI-catalyzed phosphonation of sp>-C—H bonds of
tertiary amines

1 ZR5iHE

BATCL N-ZRHEPUS b (1a) . R £ 1R (2a) 7
FA NI RONAE N BRGIEAT OV A TRIE (B 2). R
N4 0.1 mmol N-ZRFEPUE FEWR. 0.1 mmol V%
1% 2.1, 10 mol%HE Ak & (1) TBAI 1 M AL 71, 0.2 mmol
(1) HyO, (30%7K 7535 TBHP (70% 7K ) 1 A 44571,
L BATDEAAH . AR RVIEDIR . %
FIEELATREAT T, g 1 PR, ML H0, (30%
IREBOVE N EAH, RN =3 40%, 1124 LL TBHP
(T0% 7KW R AT, Pe 2 R, P DAERATTIE #¢
PL TBHP 1 R%ALG; 4% TBAIL LI &M 10
mol% A E] 5 mol%, X =g AK. B LAIRATIES: S
mol% TBAI VENIATS N KA, 24V MR L5 L
N-FFEPUS SRR LL 2 10 1 Bl 1.5 0 1 i,
SN = E H T5%38 A0 HE KR 86%; AT TIEX S5 Y. R 711)
HHAT Tk, 45 RRWIEBLL OEEANER, =R 5
B, BABMNE T AR RN 5 mol% TBAI
YA 4R 7), 0.2 mmol ] TBHP (70%/K¥EB)E W44k
A, NJEY IR L6 S N-REE DU S bk L

1, SRR, =il

16 FIRRAG I RN A PE T, FATRS TBATL fEAL 1
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(0]
I 1% TBAI
N_ 2a oxidant, solvent, r.t. Ph

Ph
1a ﬁ(OEt)z

3a

B2 TBAI LR sp’-C—H BB IR 16 S N 4 P AL
Figure 2 Optimization of TBAl-catalyzed phosphonation of
sp°-C—H bonds of tertiary amines

R 1 TBAI ALK BU sp’-C—H BEMBERRAL KN4 AL
Table 1 Optimization of TBAl-catalyzed phosphonation of
sp°-C—H bonds of tertiary amines

Entry 1a :2a Equiv. of TBAI Oxidant (2 equiv.)  Yield’/%

1 1:10 0.10 H,0, 40
2 1:1.0 0.10 TBHP 75
3 1:1.0 None TBHP 20
4 1:12 0.10 TBHP 80
5 1:13 0.10 TBHP 83
6 1:15 0.10 TBHP 86
7 1:15 0.08 TBHP 86
8 1:15 0.05 TBHP 85
9 1:15 0.05 TBHP 76
10 1:15 0.05 TBHP 83
11 1:1.5 0.05 TBHP 80
12 1:15 0.05 TBHP 82

© 2013 Chinese Chemical Society & SIOC, CAS

¢ RN SAEH: 0.1 mmol N-ZREEPUL ML, 0.1 mmol TERERR L, 10
mol %Ak ) TBAT /5 AL, 0.2 mmol [ Hy0, (30%7K % #i) 5k TBHP
(T0%/KHI) MEMEALT, ZIEH R, =ik, R 10 by » 5385
2y ¢ LW IR T EUR R R A © PR ;T THE G ¥ 7).
H R AR BRI T b sp?-C—H 815 WV A IR 5 1 4L AL A1
W S HEAT IS g, B G N-HUAR IR DY S kAT 2
VIR BERR IR, SLIe4s Rk 2 PR, N-BURI YA
FEMERR IR IR b AR 1R H, 1 2500 s I T B R R
AU S, 8 i I AR O N TR A R S ). I 1ok
PRIE A HE R R . WWEIR SR BRI RE. R
I IF) 8~12 h, = HAE 72%~85% ).

A A TBAUTBHP 46 (¥ 58 Ab (B K K i1,
FATR T2 LB T TSN, wiE 3 FoR,
45, 76 TBHP AR R, BuyNI A7 42 % BuyNIO,. Jii
TE BusNIO, [1E T AR B0 i v R) A4k, N Al P a0t 0T
[, AR 2 ).

2 it
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sp>-C—H 55 W R B I AL, i C—P B
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Table 2 TBAI-catalyzed phosphonation of sp’~C—H bonds of
tertiary amines

Entry Product Time/h Yield®/%
1 Ph 10 85
ﬁ(OEt)z
3a
.
2 CeHa(s-OMe) 8 83
ﬁ(OEt)z
3 ©
N<
3 CeHa(s-Me) 12 80
ﬁ(OEt)z
3c O
N<
CeHa(4-Cl)
4 ﬁ(OEt)z 9 83
(0]
3d
N
: CeHa(4-Br)
5 ﬁ(OEt)z 8 79
(0]
3e
[:[ :N\
6 C6H4(4'F) 10 82
ﬁ(OEt)z
3f ©
C
Ph
7 ﬁ(OCHs)z 12 75
3g
N
soll
8 bopr, 12 72
(6]
3h

SN A 0.1 mmol N-ZKFE PUAL ST MMk 0.15 mmol YRR £, 5 mol%
HEAL & (1 TBAT VE M HEAL A, 0.2 mmol () TBHP (70%7K BBl 46 AL 71,
CIEAERER), D R,

3 HEWH
3.1 UE5SRH
SIZIG BT FH S A8 7 320 e A B ) IR A o U7 vk
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HEAT, B0 S SR [ A 5 T B YRR O 5 T
Ak AR, FEE ML 200~300 FIAERE, W R4 S Al
H 60~100 HARERS, BZHTEH GF254 fitie, JEIFH
AT WK (60~90 C)FI 2.8 £ Wi ml 8 — G P e BT PP I
'H NMR 7£ Bruker ARX-300 %4 il 52 .

3.2 MARHIERK

TGP T N B I BR 22K, AR JE AU
ANRZE(1 mmol), PYEFMEWE(2.5 mmol), +~BuOK (1.5
mmol)Al DMSO (1.5 mL), ##. =E B S min, SR)5
TNAE] 100 CHEEFE 1 h, RNVEEHG, K5 SN A
P EIZR R, IR £ /K BR 22088 DMSO, H LTk
(3~20 mL)AHL, /K¥EQ2~30 mL), /K MgSO, T4
FHE R 78 AR 0 7, S RERAE, 1981 T 4lif=4) 2-2K8
$£-1,2,3,4-DUE . "TH NMR (CDCls, 300 MHz) o:
7.29~7.25 (m, 2H), 7.17~7.12 (m, 4H), 6.96 (d, J=8.5
Hz, 2H), 6.81 (dd, J=7.5, 7.5 Hz, 1H), 4.38 (s, 2H), 3.53
(dd, J=6.0, 6.0 Hz, 2H), 2.96 (dd, J=6.0, 6.0 Hz, 2H).
3.3 TBAI 1L EYFE sp>-C—H §2EYRERE 1L I K

76 25 mL [RBHINARZ0.1 mmol), IHERES
(0.15 mmol), BuyNI (5 mol%), 2 equiv. TBHP (70% aq.),
2mL S, iR RHEE TLC BRER RN, N 45 s,
VR A I NaHCO, K IRAS KN, LR LA
I, HHUHVKKEE. ToK NapSO, T4, 1K 751,
BUZHT, 13 b4

T LFE (- PR FE-1,2,3,4- VU L M I ) i PR T (3a)!:
'H NMR (CDCls;, 300 MHz) 6: 7.40~7.33 (m, 1H),
7.30~7.28 (m, 2H), 7.25~7.12 (m, 3H), 7.00~6.95 (m,
2H), 6.84~6.76 (m, 1H), 5.16 (d, J=19.5 Hz, 1H), 4.12~
3.89 (m, 5H), 3.70~3.58 (m, 1H), 3.11~2.95 (m, 2H),
1.24 (t, J=7.2 Hz, 3H), 1.14 (t, J=7.2 Hz, 3H); *C NMR
(CDCl;, 75 MHz) &: 149.3, 136.4, 130.6, 129.1, 128.7,
128.1, 127.4, 125.8, 118.4, 114.6, 63.2, 62.2, 58.8, 43.4,
26.7,16.4, 16.3; MS m/z: 346 M+1)".

T OHE2-(4- R IR IR IE)-1,2,3,4- DU AL T I IRR ]l PR
fi5(3b)!"”: '"H NMR (CDCls, 300 MHz) J: 7.42~7.35 (m,
1H), 7.19~7.10 (m, 3H), 7.00~6.90 (m, 2H), 6.84~6.76
(m, 2H), 5.11 (d, J=21.0 Hz, 1H), 4.16~3.89 (m, 5H),
3.76 (s, 3H), 3.60~3.50 (m, 1H), 2.98~2.90 (m, 2H),
1.25 (t, J=7.2 Hz, 3H), 1.14 (t, J=7.2 Hz, 3H);"°*C NMR
(CDCls, 75 MHz) 6: 153.0, 144.1, 136.4, 130.5, 128.9,
128.1, 127.2, 125.8, 117.6, 114.5, 63.4, 62.2, 59.4, 55.6,
44.6,26.1, 16.4, 16.3; MS m/z: 376 (M+1)".

TLHE[2-(4- TR IR AL )-1,2,3,4- DU S M K] ol 2 i
(3¢)!*¥: "TH NMR (CDCls, 300 MHz) &: 7.42~7.34 (m,
1H), 7.23~7.08 (m, 5H), 6.93~6.87 (m, 2H), 5.13 (d, J=

Chin. J. Org. Chem. 2013, 33, 2430~2434
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Figure 3 The proposed reaction mechanism of TBAI-catalyzed phosphonation of sp>-C—H bonds of tertiary amines

19.2 Hz, 1H), 4.16~3.83 (m, 5H), 3.61~3.55 (m, 1H),
3.16~3.10 (m, 1H), 3.03~2.98 (m, 1H), 1.24 (t, J=7.2
Hz, 3H), 1.16 (t, J=7.2 Hz, 3H); °C NMR (CDCl;, 75
MHz) 6: 147.4, 136.4, 130.6, 129.6, 128.7, 128.1, 127.9,
127.2,125.7,115.2, 63.2, 62.2, 59.0, 43.8, 26.4, 20.2, 16.4,
16.2; MS m/z: 360 (M+1)".

L FEQ(4-EIR R )-1,2,3,4- DU A S s b ) £ 1R g
3d)!"*: '"H NMR (CDCls, 300 MHz) o: 7.42~7.34 (m,
1H), 7.23~7.10 (m, 3H), 7.09~7.00 (m, 2H), 6.88~6.80
(m, 2H), 5.13 (d, J=20.4 Hz, 1H), 4.19~3.89 (m, 5H),
3.65~3.54 (m, 1H), 3.01~2.96 (m, 2H), 2.28 (s, 3H),
1.26 (t, J=7.2 Hz, 3H), 1.16 (t, J=7.2 Hz, 3H); °C NMR
(CDCls, 75 MHz) §: 147.8, 136.2, 130.3, 128.8, 128.6,
128.0, 127.6, 125.9, 123.0, 115.6, 63.2, 62.4, 58.8, 43.6,
26.8, 16.4, 16.3; MS m/z: 380 (M+1)".

L (2-(4- TR IR FE)-1,2,3,4- DU S S e IR ) 1 1R i
(3e)!"*”: '"H NMR (CDCl;, 300 MHz) o: 7.42~7.29 (m,
3H), 7.20~7.17 (m, 3H), 6.86~6.83 (m, 2H), 5.12 (d, J=
19.2 Hz, 1H), 4.12~3.85 (m, 5H), 3.56~3.52 (m, 1H),
3.19~3.09 (m, 1H), 3.03~2.97 (m, 1H), 1.24 (t, J=7.2
Hz, 3H), 1.14 (t, J=7.2 Hz, 3H); °C NMR (CDCl;, 75
MHz) 6: 148.3, 136.3, 131.8, 130.4, 128.6, 128.1, 127.6,
126.0, 116.1, 110.3, 63.2, 62.4, 58.7, 43.6, 26.9, 16.4, 16.3;
MS m/z: 424 M+1)".

L FEQ(G- IR R )-1,2,3,4- DU A S b ) £ PR g
3H"Y: '"H NMR (CDCls, 300 MHz) &: 7.44~7.34 (m,
1H), 7.23~7.13 (m, 3H), 7.06~7.03 (m, 2H), 7.00~6.89
(m, 2H), 5.08 (d, J=19.8 Hz, 1H), 4.20~3.86 (m, 5H),
3.61~3.50 (m, 1H), 3.09~2.90 (m, 2H), 1.26 (t, J=7.2
Hz, 3H), 1.14 (t, J=7.2 Hz, 3H); *C NMR (CDCl;, 75
MHz) J: 156.4, 146.1, 136.3, 130.4, 128.8, 128.1, 127.4,
125.9, 116.5, 115.4, 63.2, 62.3, 59.3, 44.3, 26.5, 16.4, 16.3;
MS m/z: 364 (M+1)".
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IR (- IR FE-1,2,3,4- DU AL M ) i PR T (3g)!
'H NMR (CDCls, 300 MHz) o: 7.41~7.34 (m, 1H),
7.29~7.13 (m, 5H), 7.06~7.01 (m, 2H), 6.88~6.78 (m,
1H), 5.22 (d, J=19.8 Hz, 1H), 4.08~3.89 (m, 1H), 3.72~
3.50 (m, 7H), 3.09~2.91 (m, 2H); *C NMR (CDCls, 75
MHz) 0: 149.2, 136.4, 130.3, 129.2, 128.8, 127.9, 127.5,
126.0, 118.6, 114.7, 58.7, 53.9, 52.9, 43.5, 26.6; MS m/z:
318 M+1)".

TN R (- PR L -1,2,3,4- DY A o I ) W R T
@B '"H NMR (CDCls, 300 MHz) J: 7.44~7.36 (m,
1H), 7.28~7.13 (m, 6H), 7.06~7.03 (m, 2H), 6.88~6.72
(m, 1H), 5.15 (d, J=20.1 Hz, 1H), 4.72~4.56 (m, 2H),
4.16~3.99 (m, 1H), 3.72~3.60 (m, 1H), 3.09~2.90 (m,
2H), 1.35~1.22 (m, 6H), 1.16 (d, J=6.0 Hz, 3H), 1.00 (d,
J=6.0 Hz, 3H); >C NMR (CDCL,, 75 MHz) o: 149.5,
136.4, 130.9, 128.9, 128.6, 128.4, 127.2, 125.5, 118.2,
114.8, 72.2, 70.8, 57.7, 43.4, 26.5, 24.5, 24.1, 23.7, 23.2;
MS m/z: 374 M+1)".
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