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Abstract

Two or more elements that exist in female outside of the body take part in a male mating behavior

of White-spotted longicorn beetle Anoplophora malasiaca (Thomson) (Coleoptera:Cerambycidae). The

chemical structure of three materials were reported from the analysis of NMR ,MS and CD as a high polar

constituent. It aimed at the fixation of the chemical structure of these compounds by total synthesis that

were able to obtain only a small amount and identification as the active ingredient, and the synthesis

route and the reaction condition were examined. The brominated compound that it was the side chain,

carboxylic acid and the ketone from D-ribonolactone that became the main structure was able to be

obtained
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BRLT AR (9) 21572, T7abBLIUS QL ITH
D & p-Ribonic- 7 -lactone 12 Cyclohexanone % 5 Jix
W26, 3MOTINa—)ILEREL 10) 257z, *
DR, B2IE3CHR OH,SO, Tld72 <. p-Toluenesulfonic
acid monohydratez W TiT> 7z, £ L TANMDT I
a—)baERH#MLL (11) 26k, TOERNREFELERZ
s (12) 2%k, @l hoeknr 52> (13) 1
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2,3-0-cyclohexylidene p-ribonolactone (10)
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500ml (475g 4.84mol 49.3eq) % A #1. D-Ribonic-7
-lactone (MW:148.11) 14.55g (98.24mmol) % ¥&fi# L.
p -Toluenesulfonic acid monohydrate (MW:190.21)
270mg (1.42mmol 0.014eq) 1A, O—% Y —TI/\
R L —% —T400mmHgIZ /T L 7225 5 50°C T 2585
M#EAL 7o TLCTRIGDRE T 28 L 72 (lactone®
Rffi 0.50. 10DRfE 0.92 ;HxEtOAc=1:1), p-TsOH
% B A1 ONaHCO, /K IF# CH A1 L. 250mld 7k, fafn
Ak, EtOACTHIH L 7ze T/NKRL —4 —T70°C,
20mmHgHE FE D 45 T K i D Cyclohexanone % i /T
PREL. BfE@MES VAT INAST LA NI T 4 —
ERWTHE L, 19.39gd A% /572 (INE85%).
Al129-130C

"H NMR (600MHz, CDCL,) : 1.35-1.45 (m, 2H), 1.50-1.70
(m, 8H), 2.66 (s, 11, 3.79 (bJ=12.1, 1H), 3.98 (bJ=12.1,
1H), 4.64 (dd,J=1.9, 1.8, 1H), 4.76 (d,J=5.5, 1H), 4.83
(dJ=5.5, 1H)

C NMR (150MHz, CDCL,) : 23.69, 23.82, 24.75, 34.90,
36.33, 61.93, 75.30, 77.80, 82.94, 113.88, 175.20

(2R,38,45)-2,3-0-cyclohexylidene-2,3-dihydroxy-
4-(bromomethyl)butyrolactone (11)

ArF, 500ml® = [ 7 Z 2 312 350ml ® CH,CI,
IZ 7 fi# L 7210 (MW:228.14) 10.7g (48.5mmol) % A
1. CBr, (MW:331.63) 48.3g (144.5mmol 3eq). PPh,
(MW:262.29) 37.9g (144.5mmol 3eq) Z K# L 7228
5tk 212 A Jz. TLC (10DRffE 0.32, 11DRf fi
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BREREEE, FERARY b0k zfRE. CHCL

EIIERE L. 200miofafiNaHCO, /K. fufl &
/K. EtOAcTHiiHi L7z, EtOACTPPh,=0% TZ %R D
W% UMV AR NI 5T 4 —%
FAWTHE L, EAOMEORWIEKR1349g% 1572 (X
#95.5%).

'"H NMR (600MHz, CDCl,) : 1.35-1.45 (m, 2H),
1.50-1.70 (m, 8H), 3.64 (dd,J=11.5, 2.5, 1H), 3.67
(ddJ=11.5, 4.0, 1H), 4.69 (d,J=6.0, 1H), 4.96 (dd, J=6.0,
0.1, 1H), 4.88 (dd,J=4.0, 2.5, 1H)

"C NMR (150MHz, CDCL,) : 23.68, 23.79, 24.72, 32.87,
34.91, 36.16, 74.96, 78.71, 80.64, 114.68, 173.26

(2R,38,45)-2,3-0O-cyclohexylidene-
2,3-dihydroxy-4-methylbutyrolactone (12)

BRI SE 2 AT 72100mlo210 7 5 2 ik S
T >35mlzE A, 11 (MW:291.14) 2.0g (6.88mmol),
(Me,Si),SH (MW:248.67 d 0.806) 2.05g=2.55ml
(8.26mmol 1.2eq). AIBN (MW:164.21) 115mg
(0.7mmol 0.leq) ZiRfEL 7z, FH140°CITMEAL 7=+
ANNZZ KB ET —&RIC RIS S &7z, TLC (11
DRE 062, 120ORH#E 048 ;HxEtOAc=3:1) IZ T/
DT Z MR (F93040), WAL 7z, HHEd., o—
Z)—INKL—F—TMVT > &EREL. >UNTI
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O a— NI AEHWTHERE., BiEAES
UATNAS LA NT T 7 40— THREL1.39gD
B ks i 2 57 (IR 95.3%), Al 72-73°C

"H NMR (600MHz, CDCL,) : 1.39 (d,J=7.0, 3H), 1.37-1.43
(m, 2H), 1.54-1.71 (m, 8H), 4.49 (d,J=5.6, 1H), 4.70
(¢.J=7.0, 1H), 4.78 (d.J=5.6, 1H)

"C NMR (150MHz, CDCL,) : 19.66, 23.70, 23.81, 24.74,
36.57, 36.40, 74.47, 79.20, 80.03, 114.73, 173.91

(2RS,3R,4S5,55)-3,4-O-cyclohexylidene-3,4-dihy
droxy-5-methyltetrahydrofuran-2-ol (13)

200mlo 2 07 Z A 2K THF 100mlz A, 12
(MW:212.24) 2.12g (10mmol) # ¥ f# L. MeOH- R
FTAT A ABITTI8CIKHA L Jzo HEHFHEBEHNT
DIBAL-H (1.5M in toluene) 10ml (15mmol 1.5eq) %
2573 T R Urze i F#-70°CiIC L. TLC (12DRf
i 0.79. 13DRIfE 0.64 ;BzEtOACc=3:2) I TG D
T EMEFR%, AS0mIO MR Oy 2 )UK R, faFn
ik, EtOAcTHIH L., U BZF I AT La70< b
75T 4 =T TR U O f WA R 1.79g 2 15 7=
(ULHK83.7%)s

(2R)-isomer

'"H NMR (600MHz, CDCl,) : 1.23 (d,J=6.7, 3H),
1.37-1.43 (m, 2H), 1.63-1.71 (m, 8H), 3.94 (d,J=9.3, 1H),
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4.17 (dgq,J=6.7, 3.0, 1H), 4.39 (dd,J=6.6, 3.0, 1H), 4.66
(dd,J=6.6, 4.1, 1H), 5.28 (dd,J=9.3, 4.1, 1H)

C NMR (150MHz, CDCL,) : 18.35, 23.54, 23.95, 24.95,
34.47, 36.08, 76.65, 84.56, 85.96, 95.48, 113.03

(28)-isomer

"H NMR (600MHz, CDCL,) : 1.35 (d,J=7.2, 3H), 1.37-1.43
(m, 2H), 1.53-1.71 (m, 8H), 2.56 (dJ=2.4, 1H), 4.36
(dq,J=7.2, 0.7, 1H), 4.55 (dd,J=6.0, 0.7, 1H), 4.67 (d,J=6.0,
1H), 543 (d.J=2.4, 1H)

C NMR (150MHz, CDCL,) : 21.74, 23.75, 24.00, 25.05,
34.47, 36.25, 83. 56, 85.11, 85.96, 103.46, 113.03

(1R,2S,3R)-2,3-0O-cyclohexylidene
2,3-dihydroxy-1-methyl-4-penten-1-ol (14)

ArF100ml® 2 17 5 2 3 % il \» T MePPh,Br
(MW:357.23) 8.97g (25.11mmol 3eq) % 35mld ik
THFIZIEMR L. (Me,S),NNa (MW:183.37 38% in THF
#1380mg/ml) 4.60g=12ml (25.11mmol 3eq) ZK#H ~
405y VT TR Ly 8 FEKS F300 R L /2. 13
(MW:214.24) 1.79g (8.37mmol) ZTHF 10mIZ¥Af#E L
THEMITHINLAEDSE, BiRICE L, TOEE
—BedR R L. TLCIZ TR D# T % g il # (13DRIfE
0.59, 14DRffE 0.68 ;Hx:EtOAc=2:1), 50mlDKKIZ
FOSERZENTZ T F Lz, 50mioffi &K,
EtOAcTHIHH L. S UAF N AT LA NT T T 1 —
ICTRESRLL . IEAHHA1.55g %157~ (INR87.0%),

'"H NMR (600MHz, CDCL,) : 1.28 (d,/=6.2, 3H), 1.36-1.42
(m, 2H), 1.53-1.69 (m, 8H), 1.76 (d,J=4.4, 1H), 3.83
(ddg,J=8.0, 6.2, 4.4, 1H), 3.91 (dd,J=8.0, 6.3, 1H), 4.65
(dddd,J=74, 6.3, 1.1, 1.0, 1H), 5.31 (ddd,J=104, 1.3, 1.1,
1H), 5.44 (ddd,J=17.2, 1.6, 1.0, 1H), 6.03 (ddd,J=17.2,
10.6, 7.4, 1H)

C NMR (150MHz, CDCL,) : 20.06, 23.72, 24.03, 25.13,
34.76, 37.62, 66.41, 78.40, 81.47, 109.27, 118.46,
134.77

(1S,2R)-1,2-0O-cyclohexylidene
1,2-dihydroxy-3-butenyl methyl ketone (9)

Arfr100mlo 2 07 5 A 3z (COCD, (MW:126.93
d 1.45) 2.49g=1.72ml (19.6mmol 2eq) Z#24ml® i
KCH,CLIZ ¥ fig L. 10ml® fii KCH,CL I ¥ f# L 7=
DMSO (MW:78.1 d 1.1) 2.30g=2.09ml (29.4mmol 3eq)
Z-79°CT200 IV Tl F L. 100 MIHE# L 2. 6

103

(MW:212.29) 2.09g (9.8mmol) % 10mldfii7kCH,CL,IZ
BIRL7=HDE105 MM T TH N L7z 30548781,
Et,N (MW:101.19 d 0.726) 4.46g=6.83ml (49.0mmol
S5eq) 2104V T F L. 1040+ L. TLC (14
DORHE 045, 9DORMfE 0.79 ;Hx:EtOAc=4:1) IZ T
DRET & REsR . EIRICE L, 50mld fFINaHCO, 7K
iR, BRI BHK. EtOACTHIE L7ze U NF LA
SLZOR M 574 —ICTHEL, 7—4)bo—)L
(120C) THHEL. HiMkomWEARKA2.2g% 57 (X
#98.0%).

"H NMR (800MHz, CDCL,) : 1.40-1.45 (m, 2H), 1.55-1.60
(m, 2H), 1.61-1.64 (m, 2H), 1.67-1.72 (m, 2H), 1.82-1.85
(m, 2H), 2.14 (s, 3H), 4.53 (d,J=8.0, 1H), 4.84 (dd,J=8.0,
6.7, 1H), 5.25 (ddd,J=10.4, 1.4, 1.3, 1H), 5.42 (ddd,J=17.1,
1.4, 14, 1H), 5.67 (ddd,J=17.1, 104, 6.7, 1H)

"C NMR (200MHz, CDCl,) : 23.61, 23.98, 25.88, 28.17,
34.23, 36.71, 78.14, 83.12, 111.43, 118.71, 132.53,
208.16

3-2. Bit#) (8) DEM

3-chloro-1-propanolz ¥ 8t & LU, Fig. 50 K51
AL RALy (8) 2157z, 972 BBochmb O #i5’
IZE D EGrignard G E AWy T > 7Icko Y
F—)V (15) 245, ZDHRAFAML RN (16) 1T,
ZDOH%TBDMSCUZ & D 7L a—)L % {7 L Rty (8)
2157z,

4-cyclopropylpentane-1,4-diol (15)

200ml® 2 07 5 A 3% AWEEETHEF 60mliciEs L
7z 3-chloro-1-propanol (MW:95.54) 5.7g (60.3mmol) IZ
-78°C TMeMgCl (MW:74.79 3M in THF) 5.0g=20.9ml
(66.3mmol 1.leq) Z L # L 7278 5205 7 17 TH T
L. 0% =iBICEL., 2 EH#EH# LMagnesium
Chloridelfi & &k U 7. B D& & ITIM-HCITHEH L.
HEETT D DODHRL THEME L Mg (MW:24.31) 2.93g
(120.6mmol 2eq) & A#l. &% < 5WOTHFZ A
7z. 1,2-dibromoethane 200 ul& A % & &EHIT, E—
HPEZ A LMgZE L LRt 5
fiik ®Magnesium Chloridet A2 = 12— F &
T MT T RIS S B K DI ATz T
1,2-dibromoethane 21043 Z &1210 113 DA /=, i
TR AR e — N > THELL 7228 5 Grignardid
HERH L oo 22— T THRAE CGrignardid
HEBT I ETRMIGDOMgZI D FRE, HERL 2215
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2. Mg
3. (0]

Ch_~_0OH
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80.6%
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-30°C Tceyclopropyl methyl ketone (MW:84.12) 5.58g
(66.3mmol 1.leq) Z10mIDTHFIZ A L F L 7=
FRICKR LU &ML, TLC (7))L 3 —)L ORIfE
0.77. 15DRff# 0.47;Hx:EtOAc=1:4) IZ TKLDET
ZRERRE. OK 2N A 7= B AINH, CK A8 0mIIZ 5 iisik
ERE, 7T F LT, EtOAc 80mlz W THiH L.
SURNTNHIT LI ORI T T 4 —THEL, Rt
VB R4.0g & 1572 (INE45.9%).

"H NMR (600MHz, CDCL,) : 0.26 (m, 2H), 0.38 (m, 2H),
0.88 (s, 1H), 1.08 (s, 3H), 1.61 (, 2H), 1.78 (1, 2H), 3.64
(t, 2H)

C NMR (150MHz, CDCl,): 0.46, 0.57, 21.13, 25.80,
26.99, 39.76, 63.24, 70.75

7-bromo-4-methyl-4-hepten-1-ol (16)

15 (MW:144.12) 503mg (3.49mmol) Z20ml/)\ 1 7
WIZAN. RIA4 7 A A-MeOHiA T-45°C THE[E = &
7zo [ U <-A45CIZHA L 7zHBr (MW:80.91 38%7K %
& d 1.48) 1g=4ml (12.4mmol 3.6eq) 2 —SICHEE, F
TIRO NS KIH S/, TLC (L6DORffE 0.15. 16
DORE 0.51 ;Hx:EtOAc=2:1) IZ TRIK DK T % i 3
#%50mloD f FINaHCO, /KA #R.  fafl &K, Et,OTHl
WlZe UANTNVATLAZORNT T 40 —ITTH
%, MPLC (Hx:EtOAc=2:1) IZ TRIE T Seisik (Rt
19.6min) Z/rBEL. BBV T D S trans-iK (Rt. 20.9min)
331.1mg D Ak & 157 (IN#45.8%).

'"H NMR (600MHz, CDCL,) : 1.64 (s, 3H), 1.70 (#, 2H),
2.08 (¢, 4H), 2.58 (dt, 2H), 3.35 (1, 2H), 3.64 (¢, 2H), 5.17
¢, 1H)

“C NMR (150MHz, CDCL,) : 16.03, 30.53, 32.76, 35.75,
62.30, 121.17, 138.10

> S o
45.9% o

15

104

HBr
—_—

45.8%

Br\/\)\/\/OH

16

_ Br\/\)\/\/OTBDMS

Fig.5 ®DERI— K

1-tert-butyldimethylsiloxy-7-bromo-4-methyl-4-
heptene (8)

20mlo 2 OF3 75231216 (MW:207.11) 379.1mg
(1.83mmol) Z# & DMF 0.4ml L. 0CT
TBDMSCI (MW:150.73) 551.7mg (3.66mmol 2eq) &
imidzaole (MW:68.05) 485.2mg (7.13mmol 4eq) % %
L7225 AN TLC 16DRHE 0.26, 8DR{{#E 0.86
S HX:EtOAC=4:1) IZ TR DR T & fEa8 1% (15051,
30mio/k, fafigiEk, ELOTHH LA, U A7)0
NILIOXNT T 74— THEREL, 468.5mgd
TR 2 1572 (IR 80.0%),

"H NMR (600MHz, CDCL,) : 0.03 (s, 6H), 0.88 (s, 9H),
1.63 (1, 2H), 1.63 (s, 3H), 2.04 (1, 2H), 2.57 (dt, 2H), 3.34
(t, 2H), 3.59 (¢, 2H), 5.14 (¢, 1H)

"C NMR (150MHz, CDCL,) : -5.28, 16.23, 18.34, 25.96,
30.95, 31.67, 32.86, 35.75, 62.72, 120.85, 138.36

3-3. WIVAKR VB (7) DERK

diketenez HFEE R & L, Fujisawa b Q581D
WTHBL 7228, Grignardsd #13 SCHk 0 R FEH Tl
<A FE e EHEMAL. Fig 60X ICHKL LR

S () =157,

O MeMgl,Col,
7 64.5%

Et,0

== _=0
Fig. 6 (DDERRIL—

3-methyl-3-butenoic acid (7)

1000mlo 2 17 5 2 312 Mg (MW:24.31) 11.7g
(480mmol) £480mIDEt,0% A #1. Mel (MW:141.94
d 2.28) 68.1g=30ml (480mmol) % & i T304 F T
T L. IMOMeMgIOELOWE R % 8 L 7=, 2000ml



W#E Kz NE

® 3117 5 A 212Col, (MW:312.74) 13.8g (44mmol
0.l1leq) Z A%, Et,0 1120mUZ#EME L 7= DIZ-78C
Tdiketene (MW:84.07 d 1.1) 33.6g=30.6ml (400mmol)
EM N L. TO%. LICHE L 7~ MeMglOEL O
2300 MV TR R L. 3RERIE# L. 300mlDEL0O,
3M-HCl, 6M-NaOH. 3M-HCI, faf0& /K O ETHhiH
L7z, 100°C, 35mmHg TH/ERE L. 25.82Di%E IR
&5 (IN#H64.5%),

'H NMR (600MHz, CDCL,) : 1.84 (s, 3H), 3.08 (s, 2H),
4.89 (s, 1H), 4.96 (s, 1H)

C NMR (600MHz, CDCL,) : 22.36, 115.35, 137.87,
178.05

4. EE

HIL B ORISR TH 2 VR B (7) % 6 B,
AR S0.2%. Rkt (8) & 3 BifE. Hf&ii#16.9%,
TR (9) & 1 BB, RARINER64.5% TS Z EAN
Kz,

VIR B (7) 136 BeBE D& L& TR IR 50.2%
THHDT, WRELSFAHETE/LEEZEABN S,

Akt (8) 13 3 Bef THRALINAR16.99% & IEH TR
ENER SIS 200 RINO ETHE 13N EN45.9% &
BW—BEBEHD Ty 7 T KIS TH S, Grignardad
HOFHRF DG, Ty T DT RO ES O Kk
FUHORBEILICEDSSRDENENEDD EZZ S
N %, Grignardid 3530 ®KEICBY LTI R ICMg D R
DIEHALNHETH > 72 T O—T Ry 7 Z%EEZHN
TR LM T CEEMET AL KOERMAREHET
Grignardid E2VHER[fETH B L E 2 6N, DL T
(EEYOENRIZDRND EHZEZ6ND, RKHOHE I
I N45.8% EARNW B H OIS TH 5. AT PR
DIREMDIREE T DOIEDNHKI60%E S FEMmSRND D
JRRD—~DTIEd 505, HWYTHD BiransR & FIEY
THBcisKNBIZ4IDOEIGTHEMT D I & BRI
TO—RHThBEEZLND, KIGFHDOMFHILD,
ZORMAEERDOERENEZRET DI ENFARETDH
WTEHIPOIHEN EICKELFETHIENEZ LN
2o
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