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Abstract Neoclytus acuminatus acuminatus (Fabricius) is a wood-boring pest of forests and orchards. Its contact sex
pheromones were (R)-9-methylheptacosane, (R)-7-methylheptacosane and (R)-7-methylpentacosane. A new and efficient
synthesis of the contact sex pheromone was developed from chiral synthon of (S)-2-methyloxirane. This procedure mainly
involved ring-opening reaction of (S)-2-methyloxirane, SN2 allylation of secondary tosylate and Wittig coupling of chiral al-
dehyde.
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il M5 BRI T, %7 A(R)-4-57 T4 2 MM Jo e Ay
FHEBIF), I Evans F1EiF S SRS E T O, A
TAERET — M & R)-7-F 3 —+tki. (R)-7-H
BT HEEMR)-9-FH 3 Bk s, AR e
W BRAFE IR N LTS IR RN, AR e S
% EARF 1) Sn2 Fedsfb, DAKTF-IERE ) Wittig B
JV.

1 &R511R

(R)-9-H 2 — - he (1) I35 5 A 3 A1 i Scheme 1 BT
N, BWMEER 1 NRFHER RN ERRE. 25
JE AT DA (R)-4- 1 2+ (1) 5+ Fibe 3k = R FL IR Ak
PR2)KAE Wittig B, SRE AT HEAEAEIS. T
g 11 77 LA FPEAEE 10 £ Dess-Martin 4615 3], 10
Al DL TR 7 5@ R IR AEE8) AT Sn2 RV,
KA TR A S 12, AR E i L A B
B4, FHERERES 7 7T LA (S)-FR AN Ki(5) 5 IE B R IR
WWEE TR IR, RGBT AL S N 5. #4554
RS B 1 AP IR, W BASERU(R)-7- 1 5 —
+HEER)FI(R)-7-F 5 —+-Lhe(3) i) &

T HAMEE B R 1 AT, FATE LR

T o AR FEARE 10 194 S(Scheme 2). PA(S)-FF
S BE(S) FHIE PR IRAL B (4) ke 4R JEUR, ERILAL .4
AL T IAT IR IMBUR B, A 82% 17 2243 21 - 14 AP %
6L AZ MR B EEOEE {[a]s +5.70 (¢ 3.65, CHCLy)}
5 SCERE(+6.08) Y M IEMEIS), 5K 6 HIdixtigny
NES). B 6 5xf FORREBEEUR N, Bh 73%00 7 R4S T
PEREERES 700 7 S50 A B IRALBE(8) IR NLAF B A Ui s 9,
PR 89%17T; AR I i ik B A A AL R REKS 9 11 R Bt XX
BEAAR I, DL 56% M7 HA BUAEE 100519, 10 1Lk
W Aals +1.74 (¢ 2.07, CHCL), 5 CHREE {[a]3
+1.67 (c 3.78, CHCIL;)} —£(%, nJHfiE 10 F4E% 14 8
HNR), ZEE BRI FHERRNS 7 5167 EEAEES)
TR R R AE T Walden 35121,

SERCTHEAAEE 10 (& J5, X BARLE 16 K
HEAT T 5E(Scheme 3). ] Dess-Martin % 471 Ab #AA EE
10 15 2 FMERE 1122, 285 5+ fbe s =R R 16 85(12)
HHAT Wittig b, 3B FHERE 135K 67%, Z 1 E=
87 1 13, MR BC NMR W), ffa, 040/ mm i
I AU NE JE A2 13 FI0UEE, L 90% 1= S 58
T HARME B RR)-9-H 3 k)& a2, K
JERE S SCHRE Y Al HLIR 0 E s 5 SR A [0
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(R) DMP _
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HO/\/\r\/\/\/\ DCM,0°tort, 2h
10 50% yield
_ (R) Pd/C, H,, AcOH

MeOH, 25°C, 8 h
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R CHa(CHy)14PPh3Br (12), n-BuLi

THF, -15°Ctort., 4 h
1" 67% yield, Z.E = 87:13
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Scheme 3 Synthesis of contact sex pheromone 1

5 G RS B R 1 AP IR, SER T
fil (5 SR 2 5 3 T FL(Scheme 4). JeH4(S)-H A A kit
(5)FNIE R E IR BE 1) AT IR BE, L 95% [ 7= 22 il
13(S)-2-FFE(15), 15 HIELIeEE S5 SCE — 2, Wi
AR TR(S)PS). ARG A eI A% IR AR, 5
A A SO i 459 DR B v TR AR T A s 18, it 5
SCHRAT LG, AARE 18 (1 bLTiE ' FE 5 SClRE — 25120, KB
HAXIHBIN(R), TR B IR TR 16 1R A 24k
N KT Walden #%%. )5, & Dess-Martin %4k«
Wittig SRR A IR R G B T (R)-9-F B —+ Tk
(2)FI(R)-7-FHE — 4Lk (3). FIF 'HNMR. *C NMR,
FLiE g 5T & ik EIMS) N HirE R K2 531

O7s (B),Cul  hol®

THF, 0°Ctort, 10 h
14 95% yield

\/\/\MgBr

CH,=CHCH,MgBr (8)

~TN TN

(1) 9-BBN, THF, r.t., 12 h

SR TRAE, GREREMEER 25 3 MERE
5 ClrE S e, B 5 SRR TE A [R] (1012,

EFMEAAEE 10 £ 18 Hil & BArE B8 1~3 R
W SNV R TR R, T LSO SR PR,
I, HIRMEEER 1~3 1 ee [N S5FHAAE 10 5 18 1)
ee AR, I FPEARE 10 A1 18 (64, AT
ER AR A AR IRRY, B EBAERME, &55
(R)-0-25 Z G [ B A5 Bk i 23 5 24 (Scheme 5)128), 35t
e OB € B (HPLC VAR BE % 23 5 24 347 204, JlsE
K de 575N 88%F1 97%, FMFHEATEE 10 A1 18 (1)
ee [H53 N 88% A 97%. [RlUk, & R R Ig e Je Rk 44
il EAS B3R 1~3 1 ee (N 88%~97%.

TsCl, Et;N, DMAP 150 (9

P
5

THF, 0°C to 68 °C, 10 h
75% yield

R)
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Scheme 4 Synthesis of contact sex pheromones 2 and 3
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2 Zhig

LL(S)- RS A e/ 0 MR IR, 38 i R 4 Joe 1) T B
TR Ap st R 5 4 P 2 A DA 1) Sn2 BB T
PERE ) Wittig e N 25D IR, S T BIE JE R R AR
b MR B R R)-9-F 3 L. (R)-7-F & —+H LA
(R)-7-HE WA A K. FAH 'H NMR, *C
NMR 5 EIMS X} HAnfE B8R 1~3 ST 7 RIE.
HAxfEER 1~3 Wi E S CES A AE, 1H S
FEAARE 10 7118 #1451 ~3 IR, AP K T
JRF, RSP LLECER, VR 1~3 B4 X/ B R (R). 5
2, BT HFMEER 13 WIRSER/D, &7 Y
TR — DR e LA Y. R T AR I F 90 45 SR xet
T RIS JE R R A gkt i 2 B — e RN ANME.

3 XIS
31 XE5RH

i B X-4 08 R e A€, IR TR IEAT R
1E; et Rudolph AUTOPOL-IV JiedtixillsE; 'H
NMR & 3C NMR % Kl H Bruker Ascend™ 500 MHz #%
REEIRACI 52, VU A LA E( 0.00) 4 'H NMR 3 f 7y
%, CDCly (6 77.16)F11E BC NMR i N Hx; iR
JFi it (HRMS) H Waters LCT Premier™ i i — i 3430 5 ;
R ARt RE H Agilent 1200 5 ZOBU (A I &,
P4+ A Chirlpak AS-H #E.

FREFERULEA AL, Bl N 35K & SORY, FFFH
S TTLK L E AR BATEAE. PUZEKIE(THF). =4
. —@HGEDCM)EEFIIMA ST 8 h f5
AAMRIHAT TR AL HL. (S)-FRA St IR PRI EE . ik
MEA X R OR RS R S S T BRI AL BE . Dess-Martin
R 1E T 34 K (R)-0-28 RS R TN 8 b e, B
i H.

3.2 ZLWAHE
32,1 (8)-2-KBL(6)49 5 A&

AR FE 500 mL PY A i N R AL SIE 4
(0.48 g, 2.52 mmol), ZAJEMATEZK THF (20 mL)FI(S)-
AR LE(S) (1.47 g, 25.27 mmol), 5], BRG]
AEIZE 0 C, I8 E R R S N R PR AL
£(4) (98.8 mL, 1.0 mol/L THF ¥, 98.80 mmol). 4%
ROR AR TR 2 =R, RS 10 h, IS B
AKIEW (150 mL)F KRB, 53 BSANUARSKAH. KAHH
LR ZWR(150 mL X 3)ZEH, ZEHURSHNAHEIE. HM
A 7K (400 mL)Pei, ToKBRBRNT 1, Dk 2800 &
B AT B =, TR R A J2 A (A i Bk 2R B,
Viv=20: DAY, 1 3.26 g JoEIHRBA
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(S)-2-Z5TE(6), =% 82%. [a]s +5.70 (¢ 3.65, CHCL3)
(1it."S [o]p+6.08); 'H NMR (500 MHz, CDCls) 6: 3.81~
3.75 (m, 1H), 1.69 (br s, 1H), 1.44~1.40 (m, 2H), 1.31~
1.27 (m, 10H), 1.18 (d, J=6.2 Hz, 3H), 0.88 (t, J=6.9 Hz,
3H); '3C NMR (126 MHz, CDCls) 6: 68.21, 39.47, 31.99,
29.77, 29.70, 29.38, 25.89, 23.52, 22.76, 14.18; HRMS
(ESI) caled for CiogH»OK [M+K]" 197.1302, found
197.1297.

3.2.2  (S)-4-F R ARER 2- K B5(7)09 Ak

ALY, 7F 200 mL 52 3E T I K DCM
(40 mL), SAJEMRIKIMATFHEITEE 6 (3.04 g, 19.21 mmol)
FIFE/K DCM (10 mL)¥E AN = Z.#%(5.44 g, 53.80 mmol).
FREHEIAHIZAE 0 C, I 4-—FHZEILIE(DMAP)
(2.35 g, 19.21 mmol)[fJE/K DCM (10 mL)¥ R, FHiZiH
TR R AR I S(TsCl) (6.96 g, 36.50 mmol) [Tk
DCM (10 mL)¥&W. B M BFHR 2 =i, HFER N 8
h, IR EAL K40 mL)EE KRN, 5 B HL
H5/KHM, F DCM (50 mLX3)ZBUKH. XER5H
HUR & 9, FMAI 27K (250 mL)BE%s, /KRBT
W, R ZE R BRI A B . R EEIRAE E T CR
T ZFR W8, Vo V=40 : DALR Y, 145500
RIBAK(R)-4-H FZEMERR 2-25TR(7), 4.36 g, =% 73%.
[a]s +5.34 (c 1.87, CHCLy); 'H NMR (500 MHz, CDCls)
8:7.79 (d, J=8.3 Hz, 2H), 7.33 (d, J=8.1 Hz, 2H), 4.63~
4.57 (m, 1H), 2.44 (s, 3H), 1.66~1.56 (m, 1H), 1.50~
1.44 (m, 1H), 1.30~1.24 (m, 5H), 1.23~1.13 (m, 10H),
0.88 (t, J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCL;) ¢:
144.46, 134.74, 129.79, 127.81, 80.79, 36.57, 31.91, 29.44,
29.23, 24.95, 22.73, 21.68, 20.95, 14.18; HRMS (ESI)
caled for C17H2903S [M+H]" 313.1832, found 313.1820.
323 (R)-4-F A-1-+ =1 (9)89 & &

SR RAE 250 mL = AN TE /K THE (50
mL)F1 T PEREEREE 7 (4.36 g, 13.95 mmol) ¥ F5/K THF (10
mL)EW, HPERR. BHIRAWRAHE 0 C, RFEMH
BN 9 LR AL 85 (8) (16.7 mL 1.0 mol/L THF ¥4,
16.70 mmol). $f MR IN#E 68 CHAEFEMN 10 h,
A S K V(20 mL) K IS, 53 B A HLAH
5K, 28520 mLX3)AEUKAH, 2BOKS5H
U I, SR 5 A 27K (120 mL)Peik, ToKBER
BN, WUE ZE TR S BRI IS B, IR AT JE AT
(B ALY, 1538 2.26 g TE IR IAR(R)-4-
Bl TR ), 7EFR 89%. [aly —3.55 (¢ 2.47,
CHCls); 'H NMR (500 MHz, CDCls) 8: 5.78 (ddt, J=17.2,
10.3, 7.1 Hz, 1H), 5.00~4.96 (m, 2H), 2.08~2.03 (m,
1H), 1.90~1.85 (m, 1H), 1.50~1.46 (m, 1H), 1.30~1.26
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(m, 14H), 0.90~0.85 (m, 6H); *C NMR (126 MHz,
CDCly) o: 137.98, 115.50, 41.61, 36.74, 32.94, 32.08,
30.10, 29.83, 29.52, 27.25, 22.85, 19.60, 14.27; HRMS
(ESI) caled for C;3sHy; [M + H]® 183.2107, found
183.2119.
324 (R)-4-%F H-1-+=83(10)89 & &

AP FE 250 mL DY R I FHEERE 9
(221 g, 12.12 mmol)JE/K THF (20 mL)¥&W, SRJE1E
RN E R EOE SRR 9-0 3R [3.3.1] %
(9-BBN) (78.0 mL 0.5 mol/L THF %%, 39.00 mmol). ¥
SR FEIR N 12 h, SRJGAEIZE 0 C. i iE -
MBI NEEAN(2.98 g, 74.50 mmol)I/K(24 mL)iE
. K IR AR EE 30 min, SRR EIE —20 C, ML
ORI RN 30% 1 S AL EUK AR (24
mL, 211.70 mmol). ¥ B H AT =, kS f
KN 3 h, IR AL E KRS mL)EE KN, 5
BEANAES KA, H AR HEQ2S mLX3)ZEHUKAH, 3
BOR S A NG IR, 285 B AT & 5K (120 mL)BE%,
TR BRBREATJ, D 2808 L BRva AR 2 1. Rk
JekE ENTCHMEE 2R 288, V1 V=20 : DAL,
453 70 EL R IR (R)-4- F k-1 ZE(10), 1.36 g, /™
K 56%, 88% ee. BT HPLC &2 HmBEIAT A9 23 (1)
de M5E). [als +1.74 (¢ 2.07, CHCLs) [1it.2% [o]2 4+1.67 (¢
3.78, CHCl3)]; 'H NMR (500 MHz, CDCls) d: 3.55 (t, J=
6.7 Hz, 2H), 2.27~2.17 (m, 1H), 1.53~1.42 (m, 2H), 1.32
(s, 1H), 1.25~1.18 (m, 14H), 1.11~1.02 (m, 2H), 0.82~
0.79 (m, 6H); 3C NMR (126 MHz, CDCly) J: 63.58,
37.11, 33.06, 32.75, 32.05, 30.45, 30.13, 29.81, 29.49,
27.17,22.82, 19.76, 14.25; HRMS (ESI) calcd for Cj3Hos-
OK [M+K]" 239.1772, found 239.1788.
3.2.5 (R)-4-F A+ —@(11)89 & %

£ 100 mL BB H I T B 10 (1.28 g, 6.40
mmol)fJ 7K DCM (40 mL)I&EW, AHZE 0 C, R
18 N\ Dess-Martin i{77)(3.26 g, 7.68 mmol). KR AR
fE 0 C TR 10 min, SA/5THRE =R, RSEHH N
2 h. IIAEFIBAIRBR A /K (40 mL)F KRB, 43
BN SKHM. F DCM (40 mL X 3)AHUKAH, &I
FERSA N, SR 5 FMAE /K100 mL)PEg, &
To/KBR BN T, D 2808 L BRva AR B =), A
AT BT (B R 2.0, VL V=60 : DaifAE =),
HAF T PR AR (R)-4-F 36+ R (11), 0.64 g, =%
50%. [a]s +6.95 (¢ 0.63, CHCl3). '"H NMR (500 MHz,
CDCls) 6: 9.77 (t, J=2.0 Hz, 1H), 2.42 (tdd, J=8.9, 6.0,
2.0 Hz, 2H), 1.70~1.62 (m, 1H), 1.46~1.41 (m, 2H),
1.30~1.26 (m, 14H), 0.90~0.86 (m, 6H); '3C NMR (126
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MHz, CDCls) 6: 203.22, 41.87, 36.83, 32.53, 32.05, 30.05,
29.77, 29.47, 29.05, 27.09, 22.82, 19.50, 14.25; HRMS
(ESI) caled for C13HysONa [M+Na]® 221.1876, found
221.1886.
3.2.6 (R)-9-F -12-—+ L& M (13)89 & &

ALY TAE 50 mL S3EmE R I Tk =
IR (12, 2.67 g, 4.82 mmol) 5 /K THF (10 mL),
WAl BIRAHERAHE—15 C, BWMANIET
FA(2.7 mL 2.4 mol/L 1F EEiE R, 6.48 mmol), JERAL
O A, BRIE R B IR, B 1 b,
RIGEBAHE—15 C, BWMIMAFHE 11 (0.64 g,
3.23 mmol)JJE/K THF (5 mL)IEWR. K [ MR A HAE —
15 CHiFERM 2 h, FARZEER, MRS 2 h
IO AN G AL B K S W10 mL)VE K N, 73 B A AL
5K, FZBEZB(10 mLX3) UK, SAVAHEE
I, SR JE A 27K (45 mL)VER:, To/KBR RN T4,
P 250 L BRVE AR B . FRE IR AE 24T (g
A =4, 045 00 IR R (R)-9- 1 2E-12-— 1
Wi (13), 0.85 g, P2F 67%, Z: E=87:13, i *°C
NMR 5. "H NMR (500 MHz, CDCl3) 6: 5.39~5.33 (m,
2H), 2.07~1.95 (m, 4H), 1.33~1.26 (m, 41H), 0.89~
0.85 (m, 9H); '*C NMR (126 MHz, CDCls) 6: 130.24,
129.90, 37.25, 37.14, 32.57, 32.13, 30.23, 29.97, 29.90,
29.86, 29.76, 29.56, 29.51, 27.38, 27.24, 24.94, 22.88,
19.76, 14.28; HRMS (ESI) calcd for CasHseK [M+K]"
431.4014, found 431.3990.
327 (R)-9-F A =+ Ehe(1)89 6 &

£ 25 CRIA 100 mL = FUE AN 10%%8 /5%
(0.080 g)MHIEE(25 mL), KR MIEAHE, REMA
#4213 (0.79 g, 2.01 mmol)[ FEE(S mL)¥A R 5 VKBS TR
(0.05 mL). ¥ RPVRAEMIMIAE 25 °C, HiH <N 8 h.
SePyERR L AR, A DCM (10 mL X 3)PeikuEDt. ¥
PER S BRI G T, IR 2R 2R 2. H
Bl AT E AT CR I R ZE AR =, 145 A T 4R (R)-9-
I EkE(D), 0.72 g, 7% 91%. [aly —0.70 (c 2.27,
CHCI) [lit." [¢]5  —0.27 (natural)]. m.p. 27~28 C;'H
NMR (500 MHz, CDCl;) 6: 1.33~1.21 (m, 47H), 0.88 (t,
J=6.9 Hz, 6H), 0.83 (d, J=6.6 Hz, 3H). 3C NMR (126
MHz, CDCl:) d: 37.30, 32.95, 32.14, 30.25, 29.95, 29.91,
29.87, 29.58, 27.30, 22.89, 19.89, 14.29; EIMS m/z (%):
43.1 (54.3), 57.1 (100), 71.1 (85.2), 85.1 (77.1), 99.1
(21.5), 113.1 (10.0), 140.1 (42.0), 281.3 (13.8), 379.4
(IM—CHs]", 2.6).
3.2.8  (S)-2-FEF(15)89 6 A&

IS5 EATEE 6 RIITE, H(S)-FREARNS)
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(2.00 g, 34.44 mmol) M IF IR AL BE(14) (134.7 mL 1.0
mol/L THF ¥&¥&, 134.7 mmol) ¥ FF 34 s Jo il 156 o iR
WAR(S)-2-FBEAS), 4.27 g, 7% 95%. [aly +5.43 (c
1.40, CHCIy) [lit.2 [a]i +7.70]. 'H NMR (500 MHz,
CDCl;) d: 3.82~3.76 (m, 1H), 1.45~1.39 (m, 3H),
1.31~1.29 (m, 8H), 1.19 (d, J=6.2 Hz, 3H), 0.89 (t, J=
6.7 Hz, 3H); 3C NMR (126 MHz, CDCl) J: 68.37, 39.53,
31.98, 29.46, 25.88, 23.63, 22.76, 14.22; HRMS (ESI)
caled for CsH 90 [M+H]" 131.1430, found 131.1427.
3.2.9 (8)-4-F A ORBRER 2-F B5(16)49 & A%

5 G R R 7 BRI TV, H(S)-2-FEE315)
(4.27 g, 32.79 mmol)Fl TsCl (11.86 g, 62.21 mmol) ) fifik
WS, )45 70 (0 R AR (S)-4- T HE 2R R 2-F IR
(16), 521 g, 7*% 56%. [aly +3.42 (c 2.57, CHCL); 'H
NMR (500 MHz, CDCl3) 6: 7.79 (d, J=8.2 Hz, 2H), 7.33
(d, J=8.0 Hz, 2H), 4.63~4.57 (m, 1H), 2.44 (s, 3H),
1.61~1.44 (m, 2H), 1.26 (d, J=6.3 Hz, 3H), 1.23~1.15
(m, 8H), 0.85 (t, J=7.2 Hz, 3H); 3C NMR (126 MHz,
CDCls) 0 : 144.48, 134.75, 129.80, 127.84, 80.82, 36.61,
31.70, 28.91, 24.94, 22.59, 21.72, 20.98, 14.15; HRMS
(ESI) caled for C;5sH2403NaS [M+Na]™ 307.1338, found
307.1342.
3.2.10 (R)-4-%F H-1-+ =8 M (17)89 &A%

IS5 GG R 9 BRI T, HERREE 16 (5.21
g, 18.32 mmol) i N EIR1LE5(8) (23.8 mL 1.0 mol/L
THF K, 23.8 mmol)FIMEIP SN, il 73 J6 (R A4
(R)-4-F F-1-+ Wi (17), 2.11 g, 2% 75%. [aly +
5.56 (¢ 1.08, CHCLy); "H NMR (500 MHz, CDCls) d: 5.78
(ddt, J=17.2, 10.3, 7.1 Hz, 1H), 5.00~4.96 (m, 2H),
2.08~2.03 (m, 1H), 1.90~1.85 (m, 1H), 1.51~1.45 (m,
1H), 1.30~1.26 (m, 10H), 0.90~0.85 (m, 6H); *C NMR
(126 MHz, CDCL3) 6: 137.97, 115.50, 41.63, 36.76, 32.96,
32.11, 29.78, 27.22, 22.86, 19.61, 14.26; HRMS (ESI)
caled for C;Hys [M+H]" 155.1794, found 155.1795.
3.2.11 (R)-4-F %-1-2E7(18)49 & A&

5 A AARE 10 RN T77, HARE 17 (1.28 g,
8.30 mmol)5 9-BBN (49.9 mL 0.5 mol/L THF ¥, 24.95
mmol )il 5T B RPR TRAR (R)-4- F 3E-1-28 B (18), 1.15 g,
P22 80%, 97% ee, I HPLC 452 HEBEIAT A4 24 ()
de Ti3E). [aly +2.93 (¢ 1.37, CHCL) [lit.2% [a]y +4.7 (¢
0.30, CHCI3)]; 'H NMR (500 MHz, CDCl3) d: 3.62 (t, J=
6.7 Hz, 2H), 1.63~1.58 (m, 2H), 1.56~1.51 (m, 1H),
1.40~1.26 (m, 12H), 1.17~1.10 (m, 1H), 0.90~0.87 (m,
6H); *C NMR (126 MHz, CDCls) d: 63.54, 37.11, 33.07,
32.75, 32.06, 30.46, 29.78, 27.12, 22.81, 19.75, 14.23;
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HRMS (ESI) caled for C;HuOK [M—+K]" 211.1459,
found 211.1449.
3212  (R)-4-F X KEE(19)69 46 A%

R G R 110 BT, HFTERE 18 (1.05 ¢,
6.09 mmol)#! Dess-Martin iX77(3.99 g, 9.41 mmol)/¥I4
BB, #1457 CLHPIR B A (R)-4- T 58 1(19), 0.69 g,
F2E 67%). [aly +1.75 (¢ 0.69, CHCl3); 'H NMR (500
MHz, CDCl3) d: 9.77 (s, 1H), 2.42 (dt, J=8.7, 8.3 Hz,
2H), 1.69~1.64 (m, 1H), 1.46~1.41 (m, 2H), 1.30~1.26
m, 10H), 0.90~0.87 (m, 6H); *C NMR (126 MHz,
CDCls) 0: 203.18, 41.84, 36.80, 32.50, 32.01, 29.69, 29.01,
27.03,22.79, 19.47, 14.22; HRMS (ESI) calcd for C1;H0
[M+H]" 171.1743, found 171.1744.

3.2.13  (R)-7-F A-10-=F B &M (21)89 & A%

55 Ma R 13 KNNT7%, HEE 19 (0.60 g,
3.52 mmol)Fl 1+ F ke Bk — R IL IR 8% (12, 2.92 ¢, 5.27
mmol)¥] Wittig RISV, #1145 70 CLl R (R)-7- F 4
-10- = F AL, 1.21 g, 72% 94%, Z : E=81 : 19,
i BC NMR Jl5%€. '"H NMR (500 MHz, CDCl;) 6:
5.39~5.29 (m, 2H), 2.06~1.94 (m, 4H), 1.34~1.26 (m,
37H), 0.89~0.84 (m, 9H); '*C NMR (126 MHz, CDCl;) ¢:
130.24, 129.90, 37.25, 37.13, 32.57, 32.13, 32.10, 29.95,
29.87, 29.83, 29.74, 29.71, 29.54, 29.49, 27.38, 27.17,
24.95,22.86, 19.76, 14.27; HRMS (ESI) calcd for CaysHs)-
Na [M~+Na]" 387.3961, found 387.3938.

3214 (R)-7-F A =+ A %(2)49 & m

IS5 E R 1 R, B 10%48/8#(0.020
o) 1 b (R)-7- FH BL-10- — -+ Tu B S (21) (1.21 g, 3.31
mmol) ) I EGE JF, H143 3 B & (R)-7- =+ T ki (2),
1.13 g, 773 93%. [a]y —0.35 (c 3.39, CHCIs) [lit.1"%) [
—0.29 (natural)]; m.p. 24~25 C; 'H NMR (500 MHz,
CDClLy) 6: 1.34~1.22 (m, 45H), 0.88 (t, J/=6.8 Hz, 6H),
0.83 (d, J=6.6 Hz, 3H); '*C NMR (126 MHz, CDCl3) ¢ :
37.28, 32.93, 32.14, 32.11, 30.21, 29.88, 29.84, 29.55,
27.26, 27.23, 22.87, 19.88, 14.29; EIMS m/z (%): 43.1
(45.4), 57.1 (100), 71.1 (92.9), 85.1 (36.5), 112.1 (47.7),
281.3 (14.5), 351.4 ((M—CHs]", 2.7).

3.2.15 (R)-7-F A-10-=+ L& 15 (22) 89 & A%

RS EMA R 13 KUUNT7%, HlE 19 (0.70 g,
4.11 mmol)Fl+ -tk =R IL IR 5420, 3.59 ¢, 6.17
mmol) ] Wittig RIS, #1145 76 (PR MR 4 (R)-7-
Fo10-—HBRREQR2), 1.12 g, 2R 70%, Z: E=81 :
19, HF BC NMR #llE. '"H NMR (500 MHz, CDCl;) §:
5.39~5.31 (m, 2H), 2.05~1.96 (m, 4H), 1.36~1.26 (s,
41H), 0.89~0.84 (m, 9H); '*C NMR (126 MHz, CDCl;) ¢:
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130.23, 129.90, 37.25, 37.14, 32.57, 32.14, 32.12, 29.97,
29.89, 29.85, 29.76, 29.55, 29.51, 27.38, 27.19, 24.95,
22.88, 19.76, 14.29; HRMS (ESI) calcd for CasHssNa
[M+Na]" 415.4274, found 415.4323.

3.2.16 (R)-7-F & =+ Lk (3)8 &

RS G RUERE 1 B, BL 10%48/5%(0.15
QEALIRIE 22 (1.07 g, 2.72 mmol)HIINEIL R, #1715 H
B EAARR)-7-F 3 —+Ek3), 1.07 g 7% 99%. [aly
—1.05 (¢ 3.79, CHCL) [lit'? [a]y —0.25 (¢ 3.75,
CH,Cl)]; m.p. 34~36 ‘C; 'H NMR (500 MHz, CDCl;) §:
1.29~1.21 (s, 49H), 0.88 (t, J=6.8 Hz, 6H), 0.83 (d, J=
6.6 Hz, 3H); 3C NMR (126 MHz, CDCls) &: 37.28, 32.93,
32.15, 32.11, 30.22, 29.89, 29.85, 29.55, 27.27, 27.23,
22.87, 19.88, 14.29; EIMS m/z (%): 43.1 (43.9), 57.1
(100), 71.1 (91.1), 85.1 (35.3), 99.1 (12.7), 112.1 (49.7),
309.3 (12.6), 379.4 ((M—CHs]", 2.2).

3217 (R)-4-F A+ —B[(R)-1-FZ AT Q3 4
R

B FERE 10 (0.030 g, 0.15 mmol) ) A (2 mL) &R
I 10 mL SE3EwE Y, ERHE NI A BT
(0.5 mL, 2.0 mol/L, 1.00 mmol). ¥ 52 Ny 7E = i N i
KM 20 min, BIAZK(Q mL)FEE RN, HIECkEG
mL X 3)AEHL, & HFEER. AR5 AEAE /K010 mL)
ek, TOOKBRBREN T4, ok 25808 25 B 71115 21 (R)-4-
R A .

EAARYFLE 10 mL ST I (R)-4-F 3+
TR TE KR (2 mL)ET, HIERAHIE 0 C,
ZE NN EL#ES(0.15 mL, 1.90 mmol). K 2 BN # &
80 C, AKLE[EI N 10 min. SR 5 e Ik 2818 5 25 771
FEE, HI1F(R)-4-H 3+ RS~

SRS NE 10 mL SE3ETE I T K (1
mL). (R)-a-Z% Z.}%(0.040 g, 0.23 mmol)5 = Z.%(0.10 g,
0.99 mmol), Z=if NHEAEM. AR5 RREGER RS
0 C, ZIMA(R)-4-H H+ ZBESH =P Jo K F
(1 mL)EW. KM RTHR =0, Hid B 12 h,
N RIS ALK I3 mL)PE KN, 43 B A HLA 57K
H, H AR OBE3 mLX3)AEBUKM, SHIHGIH. R
J& MR & 37K (10 mL)Pedk, & ToKBREREN T8, 1%
PR L BRI TS BRI RE A 2 M (T B/ 2R
LB, Vi V=20 : DALY, HIS E G RE R R)-4-F
Bt TBH(R)-1-222%) 41#4(23), 0.019 g, =773 34%,
88% de. HPLC £ 5E de {E115& 1t Chirlpak AS-H F-1%
A, VWD R ES, K 254 nm, IE kiR A
BE(V 2 V=97 : 3WENHENAH, HiE 1.0 mL/min. [a]y +
22.40 (¢ 1.00, CHCL;); m.p. 77~79 ‘C; 'H NMR (500
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MHz, CDCl;) d: 8.09 (d, J=8.3 Hz, 1H), 7.86 (d, J=7.9
Hz, 1H), 7.80 (d, J=8.1 Hz, 1H), 7.55~7.44 (m, 4H),
5.97~5.91 (m, 1H), 5.64 (d, J=8.3 Hz, 1H), 2.22~2.08
(m, 2H), 1.67 (d, J=6.8 Hz, 3H), 1.65~1.61 (m, 2H),
1.47~1.43 (m, 1H), 1.31~1.21 (m, 15H), 0.88 (t, J=6.6
Hz, 3H), 0.82 (d, J=6.3 Hz, 3H); 3C NMR (126 MHz,
CDCLy) 6: 172.36, 138.46, 134.10, 131.36, 128.88, 128.55,
126.71, 126.05, 125.30, 123.72, 122.70, 44.59, 36.89,
34.75, 32.91, 32.67, 32.05, 30.07, 29.84, 29.77, 29.47,
27.10, 22.82, 20.70, 19.47, 14.26; HRMS (ESI) calcd for
C,sH3sON [M+H]" 368.2948, found 368.2935.
3.2.18 (R)-4-F R ABE[(R)-1-2 X T H(24) 89 4 &
RIS A Rt 23 SR 7%, (R)-4-F 2E-1-28
(18) (0.10 g, 0.58 mmol) & I 484k, . 5 HME S B, il
B (R)-4-F IR LA, SR AI(R)-a-Z8 LF%(0.13 g, 0.76
mmol) 5 )3 il 5 [ £ [ 4R (R)-4- H FE 28 WE[(R)-1-25 31 4
[li(24), 0.18 g, =572 91%, 97% de. HPLC i£I5E de
{1261 Chirlpak AS-H FPESH:, VWD Rl gy, W)
WK 254 nm, 1ECKE/ R ARV © V=98 . 2){E NN
FH, WE 1.0 mL/min. [a]? +40.06 (¢ 2.13, CHCl3); m.p.
71~73 “C; '"H NMR (500 MHz, CDCl5) 6: 8.09 (d, J=8.3
Hz, 1H), 7.86 (d, J=8.0 Hz, 2H), 7.79 (d, J=8.2 Hz, 2H),
7.55~7.43 (m, 4H), 5.96~5.91 (m, 1H), 5.67 (br s, 1H),
2.20~2.10 (m, 2H), 1.66 (d, J=6.6 Hz, 3H), 1.44~1.37
(m, 2H), 1.27~1.19 (m, 10 H), 1.07~1.05 (m, 1H), 0.87
(t, J=7.0 Hz, 3H), 0.83 (d, J=6.3 Hz, 3H); '3C NMR (126
MHz, CDCLs) d: 172.32, 138.44, 134.06, 131.33, 128.86,
128.51, 126.68, 126.03, 12528, 123.71, 122.67, 44.54,
36.85, 34.74, 3291, 32.66, 32.01, 29.71, 27.03, 22.79,
20.72, 19.49, 14.24; HRMS (ESI) calcd for CyH,7ONNa
[M+Na]" 320.1985, found 320.1995.

BBl (Supporting Information) L &%) 6~24 1)
'HNMR 1 3C NMR K&, a4 23 £ 24 s 3808AH
ik B X e A RE AT DL A B AR T I S (http://sioc-
journal.cn/) I F %k,
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