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S, A LA R R B3R P AL I 5 R AR 2,6- X ((S)-2-((— 45358 i) FP 25 HE A8 e 356 ) M R 2 B (ILSb) 7T LA 7 2% 41
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Design and Synthesis of Pyridine and 1,3,5-Triazine PNP Pincer
Ligands and Their Application in Cobalt Catalyzed
Semihydrogenation of Terminal Alkynes

Wang, Yinyin Lin, Xiaowan Zhang, Piao Shen, Meihua

Xu, Huadong* Xu, Defeng*
(School of Pharmacy, Changzhou University, Changzhou, Jiangsu 213164)

Abstract Two types of novel PNP pincer ligands were designed and synthesized. One had a pyridine core and the other had a
1,3,5-triazine. Evaluation of these ligands in cobalt catalyzed semihydrogenation by silane of terminal alkyne N-(but-3-
yn-1-yl)-4-methylbenzenesulfonamide (8a) was carried out, in which both had significant effects on the reaction rate and se-
lectivity. Ethyl 2,6-bis((S)-2-((diphenylphosphanyl)methyl)pyrrolidin-1-yl)nicotinate (L5b), which had pyridine skeleton with
electron-withdrawing substituent, promoted the migratory semihydrogenation of 8a giving E-2-alkene predominatly. Further
screening of metal catalysts, solvents and reducing agents revealed that the optimal reaction condition was CoCl:/LSb/
SiH(OMe)s/trifluoroacetic acid (THF) for E-2-alkene product. More terminal alkynes 8b~8i were tested under the optimal
reaction condition to afford £-2-alkene mainly. In brief, using ligand L5b, a method of migratory semihydrogenation of termi-
nal alkynes was developed.

Keywords PNP pincer ligand; pyridine; 1,3,5-triazine; cobalt catalysis; terminal alkyne; migratory semihydrogenation;
E-2-alkene
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FRAEAL AT A 2 B A4 (Privileged Ligand)2 #1)i2k-200; —
P e (L2) A FL A RTS8 Ao SR v M 1 4 T A4
HE5E— LB S, £ TG U E R
B FF PNP Al PNNNP YA 4k L3 fil L4 (2R &
Y, ORI TV 2 & B Ear T2 M
(B D). AT 7R E AR E R, AR 3T
PR DAIERE A 1,3,5- =B A B ZR 18T BURDIR B A, BEH
RACAAR LS A L6 (K 1), FA TR AR X P9 SBR[ & 1k
AR EATIE 4 A A g R A S S R R B2 FH

N
Ar” SAr RoP PR
R L1 L2 L3
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; ol f\i
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Figure 1 Selected examples of pincer ligands and our design of
novel PNP pincer ligands

1 GR5vHe
1.1 EAEEITSEK

0 Scheme 1 Frzs, PATE IO L w] BLW SE 45 2 1
L-(+)-THEEE N R, JeH Boc MRETRINEIE, FRk#E
FEHAT HEEHLE 2L &Y 2, BB ETEERN 89%.
EHHRIE T HMRkE T RER LA, BB R ST
546 2 #ATBAVRNARINEY) 3, FPEN 30%.
B ERRTE 21 N 2= Boe 2973, DL 92% 1 K45 5|
N i b T f 4.

OH (1)(Boc),O, TEA RS oy HPPhy

N
o/ TR o/
D (2) MsCl, TEA D

n-BuLi

1 2,89%
H Boc
N  PPhy,  TFa N PPhy
™ I
4,92% 3,30%

B 1 LA 4 10 R
Scheme 1 Synthetic route for pyrrolidine phosphane 4
BNk, SRR bR S 4 5 2,6- L
NE(5a)Ek 2,6- —RMENE(Sh)EAT IR, AERZ, ANk
FERT 2RO 2 AF T I R AE A FTAR AL Y Ullman AR5
KT, HRBA AT HAR ) 2,6-W((S)-2-((— A1)
FR R )k gt e i )- 1-IEIE (LSa). T2 N E% 2, LBk
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WEAI 2,6- S MLE (Se) e I S5tk & 4 AT
SNAr2 BB, Lh 26%MH17= 3% 3K PNP FCAA 2,6-XL
((S)-2-[( =R HE i) FF I ) bk gt Joe 25 ) JH B2 2L BB (LSb). B3
— M, 3-fif2E-2,6- —GMLNE (5d) B A A 1) R ST,
SEY) 4 RNJE, DL 84%M m e A i 2,6-X0
((S)-2-((Z= 2R H= ) FHY 25 bt g o i )-3- il R EE I (LS e).
BENBEFR AL FE LSe, K HmY S RN S, A RR It
AR R, PAPID 46% 0 8 7= 245 ) X —/ Mtk i 22
FIBCAAR N-(2,6-BL((S)-2-(( = 2K k) Y 2 ) bt ns e 526 )ik
WE)HT A% (L5e) (Scheme 2).

| B
Q PPh cond|t|ons C/N NT N
Q failed
X = F/Br ‘
5a/5b Ph,P PPh,

L5a, 0%

\

| + Q/ — 5

CI” N DMF ”
5¢ 4 Ph,?  PPh,
L5b, 26%

o

N H %

%2 R pph, Cs,CO4 N™ 'N° 'N
| + Q/ = }

CcI” >N al DMF “
5d 4

PhyP PPh,
L5c, 84%
NHPiv
ﬁNHZ H
Zn z PivCI @
L5¢c C/\‘ N N - ,
AcOH Et;N I
Ph,P PPh,
Ph,P PPh,
L5d L5e, 46% for 2 steps

B2 Bt G A sE A SR AR

Scheme 2 Design and synthesis of pyridine core pincer ligands

U Scheme 3 iR, 2,4,6- =5 = H(6)5 1 equiv. K%
BRI, A 65% AR AR .57 B4 1) Ta,
Lt &R 4 R, JBUR M TR T RCHR Lea 4 HL,
PRI 240 49%. RAIRILSENS, (&) 6 Jola SR
A4 J )80, AR ] & B AR Leb.
1.2 EAESAFHENRIRRELFEER

Bk, BATWHFE T Bt-&PZE PNP BT AU
AR AR N BT, SEIS 2, IR LSb
Xof B S AR5 AR B LR 8a ) 5 N A S
(R DPL AERAABAARRTEILT, KIAE 80 CHRIZKMAET
BNgg, RAT 12%H0InE077)(9a/10a: 6/94), JF{E 17
h J& [FIU 59%HIE 4R JFURH Entry 1), 245] N\ 10 mol%H]
PNP HIRBCIE LSb Ja, SN 88w, R
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Scheme 3 Design and synthesis of 1,3,5-triazine core pincer
ligands

2 h WHETEATEHE, DL 85% 7 R A3 RiE R =4 (Entry 2).
A R, R I A A I 2 ) e AR N
E-11a f1 Z-11a (11a/(9a+10a): 93/7)ZH M. ke
i LSe B, 23 % AR AR R 0 J S AARLL R 8%, R
NiP= R BEAK (Entry 3). 2 ANWIFI0AE, ABCAR it iE
A 4 T BUREE ) Lse I, PRI IR S R imid ke
HIELH, BP 11a/10a (¥ ELAF) S 5% 4 7/83 (Entry 4). 4181 H
=R A Lea Fl Leb 1ENFELARRT, &b &0 R M
RIS, (HJ2 DAimn i 81 2R i A I AR i
1502 10a, 3+ HIEILEUCH) Lea 1F AL ELIR e B
AR [F Z 40 Lob BEAN4MiZ 8L, [RIRE R s B B ) 4,
KA G —¥F(Entry 5 vs Entry 6). X545 R A
AITAE T 1) PNP BT B T e A4 mT DLER s b & CoCl,
(PR A 35 P, T LK S A 1) L T 1 T e o T 26
g PR = AR R R ),

R ECARRRIL

Table 1 Ligands screening

SiH(OEt); (2.0 equiv.)
CoCl, (10 mol%)

TSHN >N TsHNT 7S
9a 10a

TSHN/\/ L (10 mol%)
8a THF, N, 80 °C TN TsHN/\)
E-11a Z-11a
\
? Su Tl
Ph2P hoP Lo PheP CE’Pr L2a @
X
- _ PPh, L 2-Pph,
Vi N N . @[ Pth Pth Fe
Q O PPh, < PPh;
dppbz dppp dppf
Entry L Time?/h 912‘/‘;16’;/’?;;’:72“?10: Yield“/% Conversion/%
1 — 17 6/94/—/— 12 41
2 L5b 2 3/4/80/13 85 100
3 L5c 3.5 9/5/75/11 68 100
4 L5e 5 10/83/3/4 64 100
5 L6a 56 3/97/—/— 25 51
6 L6b 56 12/87/1/— 71 96
7 L7 69/29/1/1 49 100
8 LS 5 62/30/6/2 40 100
9¢ L9 56 —/—/—/— — 0
10 L2a 56 5/95/—/— 52 70
11¢ L10 56 —/—/—/— — 0
12 dppbz 56 22/76/1/1 15 53
13 dppp 17 95/—/4/1 25 100
14 dppf 4 21/3/67/9 38 100

@ Reaction conditions: 8a (0.2 mmol), SiH(OEt); (0.4 mol), CoCl, (10 mol%), ligand (10 mol%) in 2 mL of THF, under N, atmosphere at 80 ‘C.® The progress of the
reaction was monitored by TLC. ¢ The ratio of products was determined by 'H NMR. “Isolated yields based on 8a. ¢ No reaction.” Conversion based on recovered 8a.
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YERRTEE, FEAHE SR SLZ6AT TR, X LR 2N =ik
BeAAHEAT 7 PPl PNP FRAR L7 B s b 1 Ok g, {5
B s AR LB (Bntry 7). L8 W 22512540
M IE B (Entry 8). PNN A& L9 56 & 8ifk T &5 2 1E A
HEAL TR MIME I (Entry 9). S ) NNN EHEZEC A L2a
i 10a BAT mk B, HRMELE 56 h f5 okl
JE B I 52 A AL (Entry 10). 24 L10 FI/EBCAARS, 18
Wt FEABE R (Entry 11); £ FHXUBEECAA dppbz, W %%
BRGNS (Entry 12); {6 dppp TENECHRET, 1% M
A AS 3 58 48 JE I P74 9a, (B2 77 HAUA 25% (Entry
13); i H dppf 1ENECARET, HEPFEPEACER I B AR (Entry
14). X Eerf 7T, LS H LR 4518 #i8d PNP 4Pk
BCARTEAE i U & R e & V) 2 5 v Bk Ji7 s B, T 4
= M L G A= S
1.3 ImRAIES N R R HiFIE

e T LR LS TR A0 IR A ity ok 1R A 5 5 R
J&, SN REAT T L. B 8a M)A, LSb
(10 mol%) A& JBRCLIE, &5k, 15LL SiH(OEs (2 equiv.)
NIEJEF, TE THF 877 Ao & Ff & Ja f AR AT T 0
i%. Co(OAc)s+ FeBrys NiCly. PA(OAc), Z54F 4 @ 1AL
FIE, EINMS B B)IE Y LT R R S, (HEiR
ST RIG M OERENE, A CoClL HIZURLF. )5,
X R LI T . AR FEOR . ZRE FRRUT
(MTBE). N,N-— F 3 Bt f%(DMF) . 1,4- 45 /SN3EK 1,2-
WAV 8 VAT il N Y /LR ik <R i A <

72%. S, I R R RS A A T R, I
SiH(OMe); it J& 2 R L T SiH(OEt)s, 1M H 4
SiH(OMe); i, K 1.5 equiv. s REEL /S A1 2 equiv.
SiH(OEt); Z5AH e N AR, datk, FATTHf 2 H Hi s bt
B2 b B A A BA CoCl AEALTI, LSb A
&JEEAR, /£ THF %559 £H 1.5 equiv. SiH(OMe); ~
TS R,
1.4 SspECNRIBRESCRE

NEEATH T R LR SRS A S A SR SN, TR
IS N A AR AR LR LSb BER, HE— 255 T b
8b~8i, FIHHA KM, W5 H A A - X 72 [ v,
g BEE TR 2 H. bRy 8a HIEEAMAE 2 h R MY
TE4r, R RS H 86%, Huf 53 1 Entry 2 2518
(Entry 1). 5B NH & H11 8a A[A, 8b 54
M 75 B S B [B], P2 ZE R AR, BRI JFT R
Y 11b L SEVE S 8a 1 S M 38U (Entry 2 vs Entry 1). J
B N-J TR I B R 8c AR IFAI k472 Sk [N,
FELH TR e, HE5H G R IEAZ
(Entry 3). B NBoc F 4117 54 8d Fl 8¢ #{1] LAy ik
PR th 2208 JFUT A A2 ORI 1R 9 TR S AT A2 W) (Entries
4, 5). TEMFEIMR NPT, 8f Al 8g [ MR T, 4
B 1,2- UK 11f A1 11g (Entries 6, 7). BRI
vk 8h A 8i BRI HEAT T B, ik LIRS
TR 11h AT 116 B8 H 2, 2020 4, X3RS
21 B 38 1 i RO 2 2 S AL SO AR KO'Bu, 7E

R2 RimErERE AR
Table 2 Migratory semihydrogenation of terminal alkynes
SiH(OMe); (1.5 equiv.) g~ RT"Xx
. CoCl, (10 mol%) 10
R/\// L5b (10 mol%) °
0,
8 THE N 80°C R/\)
E-11 Z-11
Entry Substrate Time’/h Major product 9/10/E-11/Z-11¢ Yield?/%
NHTSs o A~ _NHTSs

1 =z 2 3/6/78/13 86

8a 11a

% P
~ NG NN

2 =" Ph 67 Ph 3/5/73/19 68

8b 11b

\/\ =
3 NTs 124 N _NTs 2/17/46/35 73
=z

8c 11c

EOC Boc
4 > merph 66 NN ciceH, 3/3/76/18 75

8d 11d
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BH=E 5 B R
gk
Entry Substrate Time’/h Major products 9/10/E-11/Z-11¢ Yield¥
Eoc Eloc
5 4/\/ “Bn 46 S Nagy 2/2/72/24 72
8e 11e
COzMe CO2Me
6 ///\f/KCOzMe 19 %/\)\COZMe 2/4/62/32 71
8
7 = YR Ts 7 TN Ts 4/5/46/45 84
8g 119
Ts "['IS
8 ///\:ﬁN‘Boc 102 " Boc 6/1/71/22 61
0.0 0._0
=
9 Zz U 41 a1 U 9/1/90°¢ 76
8i 11i

“@Reaction conditions: 8 (0.2 mmol), SiH(OMe); (0.3 mol), CoCl, (10 mol%), ligand (10 mol%) in 2 mL of THF, under N, atmosphere at 80 ‘C. > The progress of the
reaction was monitored by TLC. ¢ The ratio of products was determined by "H NMR. ¢Isolated yields based on 8. ¢ Total ratio of E-11i and Z-11i.

505 kPa HIESRE FEJR, &M thiesrZzl, =9
KM, IATKRER CoClyL5b/ SiH(OMe); it J5ilk %,
AR, ST, PRI AN AN E, B
NIt fs2 336 B AN R, ARAS 2 g — B b J57 5 v R AR e )
7.

2 Zhig

WAt AR T 2R PNP HPIREC A, —2852
CAMERE S5 R B 4R, AAh—R L 1,3,5- = RSN
ZeOdER 2,6- —EMIEER 2,4,6- =R =S 2-E I
P E AR, B AU E R T IX AR RS, XL
BCARAM A B 444, 1 BLYE S (AL I R A TR
Uity R S5 N FR I TR RO, RIS A2 S B3 1
AT C—C WEIT R 2-05 =W, %N AL H
A MANTE 2, AL = EEH TR AT,

3 LS
3.1 UESHFA

AR AR CRIY, 7238 SIS BT alifh 5 4
. HEHRA 200~300 HEER(SIO)). KMl 2
EE(TLC)LE 0.25 mm B A b _E G, F Uv254
LAMT /B EH R /2 =l & €. 3831 BRUKER AV-300/
AV-400/AV-500 MHz #ZHEFEHRA(TMS Jv 4 br)Il e A
YIOAZ REFEIR A ("H NMR) A% (1°C NMR). #iib &
VI e o U (HRMS) K Agilent 6230 JF A 5 .
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BRAES A UL, BT RN E B SRS T [ JE K 7
T, LAY 47, 7all, 7B, 8al'OZ IR SRS K.
3.2 2,6-X((S)-2-((ZFRE Bk B £ ) g ke £ ) ER Z g
(L5b)EI & A

LAY 4 (2.95 mmol). BREZHL(2.95 mmol). tL&
¥ 5¢ (1.34 mmol)H1 10 mL DMF S\ 100 mL [& 5
o, K R SORTRCE T 130 Ci R B EE OB 24 h, F
JEEREERI R L. RLSERUE, IR NHLCl 7K
W, RNIREGPIH G CBERAL, 47 B HLAH 5 K AH,
FH TG /KB BR AN T A HUAH, D80 728 TR A 500, il
FEan AR E AT AL, BRI EmRY) Lsb, FoE 26%.
'H NMR (500 MHz, CDCly) §: 7.74 (d, J=8.6 Hz, 1H),
7.60~7.27 (m, 21H), 5.29 (s, 1H), 4.72~4.59 (m, 1H),
430 (q, J=7.1 Hz, 2H), 3.81~3.73 (m, 1H), 3.38~2.80
(m, 4H), 2.52 (d, J=13.5 Hz, 1H), 2.39~2.12 (m, 3H),
2.13~1.93 (m, 3H), 1.94~1.81 (m, 2H), 1.80~1.52 (m,
2H), 1.38 (t, J=7.1 Hz, 3H); 3C NMR (125 MHz, CDCls)
5: 166.70, 157.22, 155.89, 141.57, 139.85 (d, J=13.5 Hz),
139.03 (d, J=11.9 Hz), 138.45 (d, J=11.2 Hz), 133.45 (d,
J=13.5 Hz), 133.40, 133.25, 133.13, 132.98, 132.66 (d,
J=18.7 Hz), 129.09, 128.61 (d, J=6.6 Hz), 128.58 (d, J=
8.0 Hz), 128.46 (d, J=6.7 Hz), 128.38, 128.33, 128.29,
98.96, 95.86, 59.69, 57.01 (d, J=24,4 Hz), 55.36 (d, J=
22.6 Hz), 53.06, 47.14, 3430 (d, J=14.1 Hz), 32.70 (d,
J=17.9 Hz), 32.63 (d, J=15.6 Hz), 31.24 (d, J=6.4 Hz),

Chin. J. Org. Chem. 2021, 41, 3312~3320
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25.90, 23.36, 14.74; P NMR (202 MHz, CDCl;) o:
_20.93, _22.25; HRMS (ESI) caled for C42H46N302P2
[M+H]" 686.3060, found 686.3064.
3.3 2,6-X((S)-2-((= A £ ) A & )R g kT £ )-3- 1 &
MHEAE(L5c)AY & B

FALEDY) 4 (6.84 mmol). BRIR%(2.23 mmol). L&
#7 5d (3.11 mmol)F1 20 mL DMF JiIA 100 mL [&JEEEHH
o, CRIRAYIE SR PR, S Rl
N R SERUE, TIANMRT NHyCl KR, KBRS
M OBR CERAEHL, 7 BSA NS KA, FJGKEER N T
BEA LA, IR ZE R BR 25U, BTSRRI A R i 4l
1, 1325 R Lse, 7% 84%. 'H NMR (400
MHz, CDCl;) 0: 7.92 (d, J=8.3 Hz, 1H), 7.63~7.28 (m,
21H), 5.08 (s, 1H), 4.59 (s, 1H), 3.92~3.58 (m, 1H),
3.46~2.97 (m, 3H), 2.63 (s, 1H), 2.50~1.82 (m, 9H),
1.82~1.47 (m, 2H); B3C NMR (75 MHz, CDCly) §:
155.33, 152.55, 139.31 (d, J=11.0 Hz), 138.30 (d, J=9.5
Hz), 137.61 (d, J=11.2 Hz), 137.04, 133.39, 133.10,
132.84, 132.41 (d, J=15.6 Hz), 129.60, 128.78, 128.74,
128.53, 128.47, 121.60, 97.70, 57.75 (d, J=24.2 Hz),
55.49 (d, J=20.9 Hz), 52.53, 47.46, 33.97 (d, J=14.4 Hz),
32.97 (d, J=15.8 Hz), 32.41 (d, J=8.3 Hz), 31.24 (d, J=
5.5 Hz), 25.81, 23.05; 3'P NMR (202 MHz, CDCls) §: —
21.16, _22.71; HRMS (ESI) caled for C39H41N402P2
[M+H]" 659.2699, found 659.2693.

3.4 N-(2,6-B((S)-2-((= 2 £ h) FA 5 )AL g T 25 )-AHENE)
KB (L5e) & A

¥tk Lse (0.3 mmol). 5 mL BEERAIEEH(1.82
mmol) A 50 mL [, KRAWIMHKE 75 C
K1 h, FHTEZ GRS N, R SERE, A 1
mol/L S EAAN /K I oA =R, IRAIIN S
FERERL, 7 B A AR S KAH, FJCKBRRREN T8 A HLAH,
R ZE TR RV, BTASRL = i LSd A& Al T B
TR

¥ Fik Lsd H P SR 5 mL SR BN 20 mL
JERGEI R, UK SRR 1A HAR KON = 2 #%(0.39 mmol)
AR IR S(0.39 mmol), N5 =R %, HEZE
AT I S B, OB SE R, DN TR R S AN K
W, WEYH SRR, oAV SKE, BT
IKERERAN T A ML, I8 78 TR 2518570, BTfSRL = &
R4, B2T0EMIRY Lse, W5 877 % 46%.
'H NMR (500 MHz, CDCl3) d: 7.59 (d, J=8.6 Hz, 1H),
7.51~7.41 (m, 4H), 7.37~7.15 (m, 16H), 6.91 (br, 1H),
5.58 (d, J=8.6 Hz, 1H), 4.42~4.30 (m, 1H), 4.05 (s, 1H),
3.45~3.23 (m, 3H), 2.94~2.82 (m, 1H), 2.72 (d, J=13.5
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Hz, 1H), 2.59~2.1 (m, 1H), 2.29~1.61 (m, 10H), 1.25 (s,
9H); 3C NMR (125 MHz, CDCL) §: 176.42, 152.61,
151.52, 139.96 (d, J=12.4 Hz), 138.92 (d, J=13.3 Hz),
138.72 (d, J=11.7 Hz), 138.52 (d, J=12.3 Hz), 133.95,
133.26, 133.11, 132.80, 132.69 (d, J=8.0 Hz), 132.55 (d,
J=2.8 Hz), 132.39, 128.78, 128.50 (d, J=4.3 Hz), 128.40
(d, J=6.3 Hz), 128.28 (d, J=6.4 Hz), 128.15, 128.08 (d,
J=2.8 Hz), 113.71, 99.19, 56.35 (d, J=15.6 Hz), 55.59 (d,
J=23.0 Hz), 52.81, 47.32, 39.17, 33.24 (d, J=11.8 Hz),
32.73 (d, J=15.2 Hz), 31.67 (d, J=10.2 Hz), 31.12 (d,
J=7.1 Hz), 27.71, 24.90, 23.58; *'P NMR (202 MHz,
CDCl3) o: —21.21, —23.93; HRMS (ESI) calcd for
Ca4Hs51N4OP, [M+H]™ 713.3533, found 713.3532.
3.5 2,4-F((S)-2-((ZH BBk ) BR 25 )M I e L )-6- 7K A
1,3,5- = (L6a)8I & Ak

A 4 (0.88 mmol). FxFERH1(0.88 mmol). b5
) 7a (0.44 mmol)A1 20 mL HZE I 100 mL & JEBIH
oK SOBRCE T 130 Cia TR B EE OB 24 h, 2
O PEEAG I SN, N 5E R, IR NHACLK TR,
RIEEYIR G CBEREEL, 7 B A VRS KA, AL
IKERERAN T 5B WA, VR Z8 1Rk 25085, FrfSRLr= i
FAFEENT 24k, 193] A (K Lea, 7=% 49%. m.p. 75~
80 ‘C; 'H NMR (400 MHz, CDCLs) 6: 8.33 (d, J=7.2 Hz,
2H), 7.65~7.17 (m, 23H), 4.60 (s, 1H), 4.46~4.26 (m,
1H), 3.94~3.52 (m, 3H), 3.46~3.22 (m, 1H), 3.13~2.95
(m, 2H), 2.37~1.80 (m, 10H); '*C NMR (125 MHz,
CDCL) 6: 169.44, 167.73, 138.79 (d, J=11.4 Hz), 138.47
(d, J=12.8 Hz), 138.16 (d, J=8.0 Hz), 133.25, 133.10,
132.94 (d, J=4.0 Hz), 132.81 (d, J=7.9 Hz), 132.69,
132.32, 130.95, 130.60 (d, J=15.6 Hz), 128.85, 128.56,
128.52, 128.47, 128.43, 128.36, 128.33, 128.31, 128.01,
65.58, 55.33 (d, J=20 Hz), 55.12 (d, J=21.3 Hz), 46.54
(d, J=21.4 Hz), 38.75, 30.60, 23.50, 23.35, 19.23, 13.81;
3IP NMR (202 MHz, CDCl;) 6: —21.19, —21.84; HRMS
(ESI) caled for CyHaNsP; [M+H]" 692.3066, found
692.3061.

3.6 2,4-X((S)-2-((=ZE Bl ) A 55 ) Atk i oz B )-6-(1-0k
IE)-1,3,5-=H&(L6b)AI A BR

FbE4) 4 (1.8 mmol). FxFER%E(1.8 mmol). fLEH)
7b (0.86 mmol) Al 20 mL DMSO ¥& T 50 mL [BJEE I .
F I PORE T 130 Ciiif R dE )N 24 h, FHHEZE O
ERCI R B, R BLSE RS, MR NHACl /KR, =
ROREYIH IR CFEREL, 73 BA NS 7K, HIK
TRERAA T B A WUAH, WU Z8 A BR 250870, B fsofe ™ i A
FEEMT 4k, 33176 0MRY) Leb, 7% 24%. '"H NMR
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(400 MHz, CDCLs) J: 7.63~7.07 (m, 20H), 4.28 (s, 2H),
3.73~2.86 (m, 10H), 2.20~1.31 (m, 16H); 3C NMR (75
MHz, CDCls) 6: 164.53, 163.59, 138.97, 132.92 (d, J=
18.8 Hz), 128.39, 128.30, 55.04 (d, J=13.6 Hz), 46.35,
44.04, 32.73 (d, J=14.1 Hz), 31.00 (d, J=9.4 Hz), 25.89,
25.19, 23.48; 3'P NMR (202 MHz, CDCls) &: —20.93,
—21.15; HRMS (ESI) caled for CyHioNePy [M+H]"
699.3488, found 699.3491.

3.7 HEWIBFSMURN

# CoCl, (0.02 mmol) 1 L5b (0.02 mmol) I 10 mL
P AE Y, e ES =K, EEAAE A 1 mL
THF, JE¥ R G E SR FHHE 15 min, FIIA
SiH(OMe)s (0.3 mmol), /G FRIAY) 8 (0.2 mmol)i#
T 1 mL THF H, IOAEE RS, 80 ClH
WAEFER B 2 h~5 d, HEZE AR SR, 858
BJE ¥ R SR AR, B AR AR E S dlifh, 1528040 2
B 9/10/E-11/Z-11 HIIR-E).

b &419a, 10a, E-11a, Z-11a [ 577 35 4 86%. L&
W) 9a HEREEE I FBEEAE 6 0.75 A4b, 10a FRIFHIEETE §
5.63~5.36 &b, E-11a AN EEELE 6 3.41 &b, Z-11a 1)
FIEEAE 6 3.52 4. 'H NMR % F5F10EE 9a/10a/
E-11a/Z-11a: 3/6/78/13. E-11a: 'H NMR (400 MHz,
CDCls) 6: 7.67 (d, J=8.1 Hz, 2H), 7.23 (d, J=8.1 Hz,
2H), 5.63~5.36 (m, 1H), 5.30~5.13 (m, 1H), 4.68 (br,
1H), 3.41 (d, J=6.2 Hz, 2H), 2.35 (s, 3H), 1.51 (d, J=6.4
Hz, 3H). Z-11a: 'H NMR (400 MHz, CDCl3) 6: 7.67 (d,
J=8.1 Hz, 2H), 7.23 (d, J=8.1 Hz, 2H), 5.63~5.36 (m,
1H), 5.30~5.13 (m, 1H), 4.68 (br, 1H), 3.52 (d, J=6.9
Hz, 2H), 2.35 (s, 3H), 1.46 (d, J=6.9 Hz, 3H). £MEEHE
5 Arai S [RIFAR A B AE A,

9b, 10b, E-11b, Z-11b {5773 68%. L&) 9b
P LB I FIEEAE 6 0.85 4k, 10b FFIEIEETE § 5.80~
5.70 kb, E-11b FRGH T FEELE 6 4.1 Ak, Z-11b G R RS
76 6 4.23 &b A\ 'H NMR i _E43514) Lt 9b/10b/E-11b/
Z-11b: 3/5/ 73/19. E-11b: '"H NMR (400 MHz, CDCls) 6
7.48 (d, J=8.3 Hz, 2H), 7.39~7.10 (m, 5H), 7.10~6.95
(m, 2H), 5.58~5.25 (m, 2H), 4.10 (d, J=6.3 Hz, 2H),
2.42 (d, J=2.8 Hz, 3H), 1.54 (dd, J=6.3, 0.9 Hz, 3H); 1*C
NMR (100 MHz, CDCly) &: 143.39, 139.30, 135.75,
130.36, 129.45, 129.04, 128.87, 127.82, 127.80, 125.51,
53.05, 21.64, 17.74. Z-11b: 'H NMR (400 MHz, CDCl;) §:
7.48 (d, J=8.3 Hz, 2H), 7.39~7.10 (m, 5H), 7.10~6.95
(m, 2H), 5.58~5.25 (m, 2H), 4.23 (d, J=6.8 Hz, 2H),
242 (d, J=2.8 Hz, 3H), 1.47 (d, J=6.9 Hz, 3H); HRMS
(ESI) caled for Cj;7H;9NNaO,S [M + Na]* 324.1029,
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found 324.1030.

9¢, 10c, E-11c¢, Z-11¢ LR F=2 73%. L&) 9¢ ke
FEBE ) H FLEAE 0 0.94 4b, 10¢ FRHIEEAE 6 5.76~5.62
i, E-11e IR RFEALE 6 3.70 4b, Z-11c TG REAE o
3.81 4. M 'H NMR #f B35t 9¢/10¢/E-11¢/Z-11¢:
2/17/46/35. E-11¢: "H NMR (400 MHz, CDCl3) &: 7.66 (d,
J=8.2 Hz, 2H), 7.27 (d, J=6.8 Hz, 2H), 5.61~5.47 (m,
2H), 5.30~5.13 (m, 2H), 3.70 (d, J=6.6 Hz, 4H), 2.40 (s,
3H), 1.61 (d, J=6.4 Hz, 6H); 3C NMR (100 MHz, CDCl5)
8: 143.02, 137.79, 130.31, 129.57, 127.29, 125.49, 48.42,
21.56, 17.71. Z-11c: 'H NMR (400 MHz, CDCls) 8: 7.66
(d, J=8.2 Hz, 2H), 7.27 (d, J=6.8 Hz, 2H), 5.61~5.47
(m, 2H), 5.30~5.13 (m, 2H), 3.81 (d, J=6.8 Hz, 2H),
3.70 (d, J=6.6 Hz, 2H), 2.40 (s, 3H), 1.61 (d, J=6.4 Hz,
3H), 1.56 (dd, J=6.9, 0.5 Hz, 3H). RILHHE 5 Lee M H:
[ 4 5 B AR 012,

9d, 10d, E-11d, Z-11d {1275 75%. (LAY 9d
BB B (0 FH L EE 5 0.89 Ak, 10d FIFIEELE 6 5.79~
5.69 4b, E-11d IR A FEEAE 6 4.19~4.06 &b, Z-11d H /i
PIFEEAE 6 4.25 kb I 'H NMR % 755273 H 9d/10d/
E-11d/Z-11d: 3/3/76/18. E-11d: 'H NMR (400 MHz,
CDCLy) 6: 7.25~7.19 (m, 2H), 7.16~7.06 (m, 2H),
5.63~5.44 (m, 2H), 4.19~4.06 (m, 2H), 1.67 (d, J=4.6
Hz, 3H), 1.44 (s, 9H); *C NMR (100 MHz, CDCl;) o:
15421, 144.13, 133.92, 129.48, 128.39, 126.72, 126.67,
125.79, 124.64, 80.73, 52.19, 28.38, 17.79. Z-11d: 'H
NMR (400 MHz, CDCls) d: 7.25~7.19 (m, 2H), 7.16~
7.06 (m, 2H), 5.63~5.44 (m, 2H), 4.25 (d, J=6.4 Hz,
2H), 1.56 (d, J=6.4 Hz, 3H), 1.44 (s, 9H); HRMS (ESI)
caled for CisHyCINNaO, [M+Na]" 304.1075, found
304.1077.

e, 10e, E-11e, Z-11e [P =2 72%. 1L 9e ke
FEHE ) H FLEAE 0 0.89 4b, 10e FIHIEELE 6 5.74~5.55
i, E-11e HRE R FEEAE 0 1.69 4b, Z-11e TG I REAE o
1.56 &t. M\ 'H NMR % E15F157 1L 9¢/10e/E-11e/Z-11e:
2/2/74/24. E-11e: '"H NMR (400 MHz, CDCls) o: 7.42~
7.12 (m, 5H), 5.66~5.29 (m, 2H), 4.40 (s, 2H), 3.99~
3.45 (m, 2H), 1.69 (dd, J=6.2, 0.9 Hz, 3H), 1.59~1.37
(m, 9H). Z-11e: '"H NMR (400 MHz, CDCl;) 6: 7.42~7.12
(m, 5H), 5.66~5.29 (m, 2H), 4.40 (s, 2H), 3.99~3.45 (m,
2H), 1.56 (d, J=6.8 Hz, 3H), 1.59~1.37 (m, 9H). R
P55 Anderson A [F] FH4ik & I ECRE AR AF 31,

9f, 10f, E-11f, Z-11f 115725 71%. &) of ki
SR LA 6 0.89 4k, 10f IR EALE 6 5.77~5.66
L, E-11f R TR IEEAE 6 2.53 &b, Z-11f IR REEAE o
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2.62 &b M\ 'H NMR 3 1585 L6 91/108/E-111/Z-11f:
2/4/62/32. E-11f: '"H NMR (400 MHz, CDCl;) J: 5.60~
5.44 (m, 1H), 5.40~5.20 (m, 1H), 3.70 (d, J=1.9 Hz,
6H), 3.37 (t, J=7.6 Hz, 1H), 2.53 (t, J=7.2 Hz, 2H), 1.60
(d, J=6.8 Hz, 3H); 3C NMR (75 MHz, CDCl5) §: 169.42,
128.49, 126.29, 52.41, 51.92, 31.88, 17.86. Z-11f: 'H
NMR (400 MHz, CDCl;) d: 5.60~5.44 (m, 1H), 5.40~
5.20 (m, 1H), 3.70 (d, J=1.9 Hz, 6H), 3.37 (t, J=7.6 Hz,
1H), 2.62 (t, J=7.4 Hz, 2H), 1.60 (d, J=6.8 Hz, 3H);
3C NMR (75 MHz, CDCls) J: 169.46, 127.29, 125.34,
52.45,51.56,26.37, 12.69. RALEHE S Yu KH FFHRE
PEEAR 0,

9g, 10g, E-11g, Z-11g {15775 84%. th&4) 9g
B BB IS ATE 6 0.87 &b, 10g FIFIEEAE 6 5.72~
5.62 &b, E-11g WG A FEEAE 0 2.14~1.98 &b, Z-11g
HEEALE 0 2.25~2.15 4b. M '"H NMR i E5F40E
9g/10g/E-11g/Z-11g: 4/5/46/45. E-11g: 'H NMR (400
MHz, CDCL3) §: 7.74 (d, J=8.2 Hz, 2H), 7.28 (t, J=8.0
Hz, 2H), 5.46~5.31 (m, 1H), 5.29~5.13 (m, 1H), 4.94~
473 (m, 1H), 3.02~2.83 (m, 2H), 2.40 (s, 3H), 2.14~
1.98 (m, 2H), 1.59 (d, J=6.3 Hz, 3H); 3*C NMR (75 MHz,
CDCls) 6: 143.40, 137.01, 129.73, 128.87, 127.18, 126.71,
42.76, 32.51, 21.57, 17.99. Z-11g: 'H NMR (400 MHz,
CDCls) 6: 7.74 (d, J=8.2 Hz, 2H), 7.28 (t, J=8.0 Hz, 2H),
5.59~5.47 (m, 1H), 5.29~5.13 (m, 1H), 4.94~4.73 (m,
1H), 3.02~2.83 (m, 2H), 2.40 (s, 3H), 2.25~2.15 (m,
2H), 1.53 (d, J=6.7 Hz, 3H). F£AEHHE S Lu KA FHR
5 R ER AR S,

9h, 10h, E-11h, Z-11h {15775 61%. LAY 9h
B EBE I FIEEAE 6 0.87 4k, 10h FIEEEATE § 581~
5.74 b, E-11h @GR EEEAE § 2.01 &b, Z-11h TPz 2E
ZE 62.08 4. M 'H NMR i |- 754243 L 9h/10h/E-11h/
Z-11h: 6/1/71/22. E-11h: '"H NMR (400 MHz, CDCl) 6
7.76 (d, J=8.2 Hz, 2H), 7.28 (d, J=8.1 Hz, 2H), 5.53~
531 (m, 2H), 3.91~3.71 (m, 2H), 2.42 (s, 3H), 2.14~
1.94 (m, 2H), 1.85~1.69 (m, 2H), 1.63 (d, J=4.4 Hz,
3H), 1.51~1.36 (m, 2H), 1.34 (s, 9H); '*C NMR (125
MHz, CDCls) 6: 151.00, 144.00, 137.58, 130.89, 129.22,
127.79, 125.24, 84.00, 47.11, 32.12, 29.68, 27.87, 26.62,
21.60, 17.93. Z-11h: '"H NMR (400 MHz, CDCL) J: 7.76
(d, J=8.2 Hz, 2H), 7.28 (d, J=8.1 Hz, 2H), 5.53~5.31
(m, 2H), 3.91~3.71 (m, 2H), 2.42 (s, 3H), 2.14~1.94 (m,
2H), 1.85~1.69 (m, 2H), 1.60 (d, J=6.3 Hz, 3H), 1.51~
1.36 (m, 2H), 1.34 (s, 9H); HRMS (ESI) calcd for
C19H20NNaO,S [M+Na]" 390.1710, found 390.1713.
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9i, 10i, E-11i, Z-11i [P =3 76%. &40 9i H )
FBERHELEAE § 0.94 A, 10i FHREAE § 5.76~5.83
Qb 110 TR A FEEAE 0 5.53~5.28 kb JHF A Bz S
TR E-110 A Z-116 fEAZ GRS B Eoik 3, $ud
JUFEA. M 'H NMR i A5 b 9i/10i/11i: 9/1/90.
11i: '"H NMR (400 MHz, CDCl3) §: 5.53~5.28 (m, 2H),
3.90~3.80 (m, 1H), 3.90~3.80 (m, 1H), 3.77~3.65 (m,
1H), 3.55~3.43 (m, 1H), 3.42~3.28 (m, 1H), 2.14~1.91
(m, 2H), 1.89~1.34 (m, 13H); one isomer: '3C NMR (125
MHz, CDCls) d: 131.36, 125.05, 98.91, 67.61, 62.38,
32.50, 30.87, 29.36, 26.31, 25.62, 19.76, 18.03; the other
isomer: *C NMR (125 MHz, CDCls) §: 130.58, 124.06,
98.91, 67.61, 62.38, 32.50, 30.87, 29.46, 26.73, 25.62,
19.76, 12.87. RAEKIEES Xin KHFFHMR G IHIEMH

rean)

HBh# 8l (Supporting Information) k54 L5b~L5e,
L6a~L6b, 9/10/E-11/Z-11 [f] '"H NMR #1 *C NMR &%
X e R} AT PA 4 B AR T I 35 (http://sioc-journal.cn/) |
T .
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