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Synthesis of Methyl 3-methyloctanoate, the Key Perfume
Component of African Orchid Aerangis confusa
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Synthesis of methyl 3-methyloctanoate, a perfume component isolated from African orchid Aerangis
confusa (or Aerangis kirkii) was achieved starting from itaconic acid in 9 steps. Itaconic acid is one
of the cheapest organic compounds which is the fermentation product of microorganism Asp.
terreus. As the key intermediate, 2-methyl-1,4-butanediol 4-acetate was obtained through the
enzymatic regioselective hydrolysis of 2-methyl-1,4-butanediol diacetate with lipase. After Grignard
reaction and oxidation, 3-methyloctanoic acid was obtained and converted to the various corresponding
scented esters with a variety of alkyl alcohols, and the resulting fragrancy esters are expected to
be utilized as the aroma additive materials in cosmetics, drinks and foods.
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HolEo = UehR] e AR e £33 AL A9
EAS Yehiglen 53] (S)(-)methyl 3-methyloctanoateS
IR ZHEE AMEGES de S W £
S, (R)-(+)-ethyl 3-methyoctanoateS ZHFE ZAHEZ AME
SIRe e gRlfEa) 22 AUP] 5898 A 4 &
EAe] A& T3 58 AR Rusigoen > 53
methyl 3-methyloctanoate®} 72°] HF-EFZZ methyl Z7FE
THAE SHESC] FUHEDER Zod HUd| oA ]
ez de| EAget?

B AFo|A= branched methyl groupS 7FAE ofZe]714t
o] ko z HAZF7IAHEQ methyl 3-methyloctancate®] 3
A2 2-methyl-C82] 7]E7-2 2-methyl-C4 block} C4-
block®] Grignard ¥H-22 AZ3}™, 2-methyl-C4 blockS 2-
methylene-C4Z7-& 714 itaconic acid2FE FE371= 3
Ak MAE Asp. terreus’t Ai¥ehs g WEAHER] itaconic
acid=>® ZFWEFZ 3l )23 branched metyl groups FiF
F%2 7FE 2-methyl-14-butandiol 4-acetateZ S7HAE 3}
o A FH 9AZ PP (Scheme 1) HF F1EE
methyl 3-methyloctanoate®] ester ¥--ollA] methyl ester TH4!
TFe & ester SIFES S B 549 v WskE
Zlhsh sPdEelg A1EAIY] oir 48 FERAEY)
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Scheme 1. (a) i-PrOH, H,SO /heating, (b) H,, Pd/C/EtOH, (c) LiAIH/THF, (d) Ac,O/pyridine, (¢) LPS, titanium (IV) isopropoxide/ phosphate
buffer (pH 7.0), () p-TsCVCH,CL,, pyridine (g) BrMgCH,CH,CH,CH,/THF, (h) Cr(IV)O,/acetone, (i) O H'/ MeOH, @ H/EtOH, @ H'/n-

PrOH, @ H'/i-PrOH, ® H'/n-BuOH.
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AleF & 717). 2 Aol ARge 205390 itaconic acid
% Cr(IV)O,, LiAlH4, CuBr 591 A9k Aldrich AllA ¢
3o AF23I AL FtOH, iso-PrOH, MeOH, THF, benzene,
CHCL, Et,0 54 ®f718rle 13 Ag ASH3ld AMes)
9om, lipase PS(LPSY= Amano CoolA TY3ted ARR3ISY
t}. Column$- silica gel 2 70-230 mesh(Merck), TLC A]
Merck(1.05554AF AlES AL&stgch 'H-NMRLS Varian 300
MHz FT-NMR 37|13 ZFE3 TMS, 0= CDCL, A
)2 ZA319.21, gas chromatographys Shimadzur} GC-
17A(capillary column CBP5-M 25 mX0.25 mm/carrier gas
NYE A&t

Itaconic acid diisopropyl ester 298] ®4). 3 ¥zl7|9} &
FAAE F&AS 1] 52 Zeh2=9) itaconic acid 130.0g
(1.0mol)=} isopropanol 200 m/E €o] benzene 1.0/79] =91
T g =) wt H,S0,2 A% Hrbsle 71gsiaa ant
a9k 297 wkeAIl - TLCE whgel 23 Rlez,
NaHCO= 3} F 2% 53t &g AAT & Lozl
E4E 7SR sk 210.0¢9] diisopropyl ester 2(C, H,,0,,
214.12, 58 98%)= 3ot

Diisopropyl 2-Methylsuccinate 38] @4, 219879 2140¢
0.10mol)®] olefin 7@ 29} 10%-Pd/C 0.13 g, EtOH 50 m-
g2 T 9k A VRAE 2T Aol jESAIRT 24
A7k} AEg wWEk §, GCE WY& elstar 714
o] ¢kAs] & SIS W WS FHAITIAL celite 7ot
T AEEF U olA S vl Et0AcE 3L F
MgSO,E BFAIZ] 2 celite® A3} & o 7AFs=5 st
o Hxe HAAAFE AXA @ AR 21.60g9
diisopropyl 2-methylsuccinate 3(F5-8: =100%)S 4 4 3

ATt

2-Methyl-1,4-butanediol 48] ¥4. $Fz7|7F #24
29 two neck flasko] 712 10.8 g(50 mmol)} 7 THF 30
miE Yoy A X AF1IL ice-batholA -30°CE YA,
253 WAHE &, LAH 230 g61 mmoly& ZAXE THF 20
mpl| BAXA syringe W3] Fstaoirh. HAEE GC2
gelaled 71o] QoA 10% HSOFENE Yol vhe-g &
B3l 47152 EEiL 489 3L EtOAcE BHy &
alqith. &ML ¥3} NaHCOFEHOF AH3 5 7
MgSO, 2 531l celite® 7oix ¢ thy 23S 3t
29 crude diolS silica gel colum chromatography(eluent:
hexane/EtOAc=2/1)E AAISI 431g9] diol 4CH,,0,, 104.15,
TEE: 8B3%E AU

2-Methyl-1,4-butanediol diacetate 58] ¥A. CaCLTS ¥
23t S Zakaad diol 3 4.31 g(41.4 mmol)S pyridine 30
mpll 591 - ice-bathdrolld FE:3] WAATIEL Ac,0 108¢
(106 mmolyS M3 H7kt F L8 AAs] L] deolA
wHkElgITh whSo] EREHEW MeOHS #3F A7IiM s
% 3o} pyridineg o= A= AAFATE ©]ZLS T EtOAc
2 3Xa}al 3 CuSo, FENe R o] ¥ Al Holgl
£ pyridineS 3] AAT T brineR AAHYTE oS T
o] MgSO,E %3 ¥ celite® Zrteddst Atss ok
silica gel column chromatography(eluent: hexane/EtOAc = 4/1)
2 AAISt] 8.17 g(CH,0,, 18822, T5&: 99%)°] diacetate
58 AU

2-Methyl-1,4-butanediol 4-acetate 6a¢] ¥A4. 712 1.00¢
(5.3 mmol)2] di-acetate 5 sodium phosphate bufter(pH 7.0)
25 miel] titanium(IV) isopropoxid 0.76 g(0.5eq)t §7l 2o 1
AZF o) AT F, LPS 1.0 g& Fo] 2417 Fjt kst
Jth. TLCAAM diol 47} A== AdA GCE EUEE
(60-130°C: 2°C/min: Rt-6a/17.96 min, Rt-6b/18.16 min) ¥+ -
HH3-S WFI celite® HH3Le] AARE EtOACE FET 7
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3} NaHCO, 8o A3t ok T2 MegSO,E &5
& T 7t 553 6a9t 6b2] EFES(8.1:2.0 on GO) silica
gel column chromatography(eluent : hexane/EtOAc = 7/3)2 A
8t mono-acetate 6a 0.55 g(C,H,,0,, 146.18, 70%)2 AUt}

Tosylate 78] &4. CaCl, #& F-&3 F2 Zgizo
mono-acetate 6a 4.15 g(28.4 mmol) CH,CL, 30 m/ol] o]
pyridine 27 mi& ¥ ¥ ice-batholAd YA F pTsCl
6.48 g(34.1 mmolyZ L 10A7FaRt HH- A7l & 482 ¢
o} #3& FBAZTE g NS EOAcE 34 ¥, ¥3
CuSO, T&Ho 2 a3l pyridineS |75t brine® & A4
& F 35 MgSOE ET celite2 A3 5, kS
sta2 ©]& silica gel column chromatography(eluent : hexane/
EtOAc=6/)2 A3t tosylate 7%  7.63 g(C,,H,0,S,
300.37, 58 89%) L UTh 'H-NMR(300 MHz, CDCL):
8=7.717 (d, J=84 Hz, 2H), 733 (d, /=84 Hz, 2H), 4.11-
396 (m, 2H), 3.90-3.82 (m, 2H), 243 (s, 3H), 198 (s,
3H), 1.95-189 (m, 1H), 1.76-1.65 (m, 1H), 1.49-137 (m,
1H), 0.92 (d, /=69 Hz, 3H)

3-Methyl-1-octanol 8¢] ¥49, 7A7=% 2-neck flask®] CuBr
531 g(37.1 mmoh9} THF 10miS 2e 3 _30°C2 Pz zl
Z |-bromobutane ©ZXE #Z3 o 10M E59 Grignard
reagent 93 m/(93 mmolyS HX3] AslsIr}. 1A)7HESH wut
T 2EE -70°CE YZAFIAL 2.78 g(9.3 mmol)?] tosylate 7S
7 THF 15mpl 314 & A2 AHs) Hsiet 5 ox
& A7 AMAME EjEA SAIZE Fetk akslgith. NH,CI
A Hrlete] whE-S FTEA|A BLOR F23 5, %3}
NaHCO, 783} brine® 2 M&e & F4 MeSO,2 2<rd}
Aok WHREEE celite® 7AdEt T 79F HE3] silica gel
column chromatography(eluent : hexane/EtOAc = 8/1)= A3}
1.15 g% 3-methyl-1-octanol 8(C,H,,0, 14425, 58 82%)S
AT 'H-NMR(300MHz, CDCL): §=3.71-3.64 (m, 2H),
1.62-1.56 (m, 2H), 141-1.36 (m, 1H), 134-1.23 (m, SH),
0.89 (d, /=6.5 Hz, 3H), 0.88 (t, J=6.5 Hz, 3H)

3-Methyloctanoic acid 9¢] 4. ¢Z& 8 1.75g(13
mmol)S acetone 15miell =<1 5 jce-batholr] WziAlZI). o}
& &7 Crv)0, 1.7 g(17.0mmoh H,0 8.50 miS 2
w¥EPEA H,S0,5 3 WEH AlolFEdu) ojZe 71d S
2 HEE-g71el MA3] Halsle] 12417 vk A AT HEL
&=l acetoneS AL EtOACE F33h] ¢ MgSO,
g3k & celite® b=, 79F FE39E Tl EtOAc
3]4] §- NaHCO, T8H4E Ho] wuhA A F39ks Fs
HCEE: ©]g3le] pHE 3.002 $57 T EtOACE F&3k=
Ag MEPTh FE2 §7152 FF MgSO,E 5% ¥
slod silica gel column
chromatography(eluent : hexane/Et,0 = 7/D)E A3l 1.57 g
acid 9(CH,0,, 15824, F5&: 76%)E LATI. 'HANMR
(300 MHz, CDCL): =237 (dd, J=6.0, J=15 1H), 2.14
(dd, /=84, J=14, 1H), 1.98-1.93(m, 1H), 0.96(d, J=6.6,
3H), 0.88 (t, J=6.6, 3H)

Methyl 3-methyloctanoate 10a¢8] $H4. 537718 Rl

4 K

]
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Azxy 52 Zep2=o) acid 9 1.40 g(8.8 mmol) ¥, MeOH
30mit ¢-H,SO, &% AHS] ¥l &7 7FhsiiA 8rzks
F WrSAIFATE WS FE §F ELOR A% g %3}
NaHCO, 58945} brine®E AlAsta, 75 MgSO,E g5 &
O celite® Ao, S shirh Fojl crude oite
silica gel chromatography(eluent : hexane/Et,0 =2/1)2 A&}
1.17 g9l 2AF31E ester 10a(C,JH,,0, 17226, TE&: 77%)
£ 43t} 'HNMRB00MHz, CDCL): §=3.67 (s, 3H), 2.31
(dd, J=5.7 Hz, J=144 Hz, 1H), 2.13 (dd, J=14.7, J=6.,
1H), 2.15-1.88 (m, 1H), 136-1.99 (m, 8H), 0.09 (d, /=66 Hz,
3H), 0.88 (t, J=6.6, 3H).

Ethyl 3-methyloctanoate 10b9] §4. Acid 9 0.90g(5.7
mmolyEtOH 30m/, ¢-H,SO,2ZHE 10a9] FAds} 72
MO 2 0.82 g(C, Hy,0,, 18629, T5&: 77%)°] ethyl ester
SI5HE 10bS A3ATh

Propyl 3-methyloctancate 10c9] 4. Acid 9 0.85g(54
mmol)/n-PrOH 30 m/, ¢-H,SO,2. 24 H 10a®] A} 7+
W o2 091 g(C,H,0, 20032, +E8: 84%)9] propyl
ester2} & 10c8 A3

Isopropyl 3-methyloctanoate 10d 4. Acid 9 1.00g(6.3
mmol)/iso-PrOH 30 m/, ¢-H,SO,2Z5E 10a8] A 72+
2 WO Z 0.95 g(C,H,0,, 20032, T5&: 75%)9] isopropyl
ester8l & 108 LSt

Butyl 3-methyloctanoate 10e2] #A). Acid 9 1.00g(6.3
mmol)/#-BuOH 30ml, ¢-H,80,°Z2F-E 10a9] 9= 2
o WMo = 086gC H,0, 21434, FEE: 64%)2] butyl
esterd}3HE 10eE FAJ3INTE

2

W 2o A% IHE methyl 3-methyloctancate= C8 =7
9] octanoic acid®l 3% $X°] methyl Z7HKE 7F methyl
ester 7=%0]H, O 3-methyloctanol®] 282 44 48 4 )
o} o714 methyl 274 FE-& 2-methyl-1,4-butanediolol| 4]
Ed3h ymA] C4-bolckS AFAIA 3-methyloctanot: T4
9.2, 2-methyl-1,4-butanediol®] 2-methybutane 2242 2
7880 GA T F Y= Asp. terreus’t AAVSHE DlAE @
FAHE ftaconic acidE® EUEFER 3l fFETE EE 2-
methyl-1,4-butanediok> 2-methylsuccinic acidZ25-€] I
217 itaconic acid T} 48] o]Ake] arjelch

2927 jtaconic acid 12 X717 44 2 20 sleijA
isopropyl alcohol2 ©]-&3&}e] eater 28 F/d3+Th. Lithium
aluminum hydride(LAH)9} 7282 78 S48 A8 itaconic
ester 22| UL Y= 2-methyl-1,4-butanediots V& 5 S
21} olefin FHo] 3 HA] %S 2-methylene-1,4-butanediol
o] F AAER dojlon, o)F HIAT A B A&
A =8 oL} ester FE3} 7 olefin 714 $HA3] BYEA
Skk71ol 2eAINES- o7 AlEstTh WA itaconic ester?] ©]
AT B8-S 7)) Favts 24 A 10% palladium-

carbon Zu|HH-2-© & hydrogenation Y322 2-methylsuccinate
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38 Ax3 F LAHZ ester 5322 FAA methyl B7HAE
7VA = 279 2-methyl-1,4-butanediol 42 3HA 3} 2-
Methyl-1,4-butanediol®] & 2ol 7 Ux Y3 IFS 53}
Al WHoR o= IENLE BIVIR HIshs e F3 1)
BEHolBT WA YZo| Y} SIS BT acetylation Al
| diacetate 52 AT F 7 R 59 acetyl TFTS A|A
St XA 2Q) mono-acetylation ¥F3-8- P. Ferraboschi =2
Fol 0183 WO RY lipased MESME ALR3 Yx|AHA
73S (regioselective hydrolysis)yS- titanium 242 )
olgsl WA &L PR A wHoE W §
9] acetyl TZEre] JRERE © mono-acetated] Y= 2-
methyl-1,4-butanediol 4-acetate 625 L& I UNom, EwF
H dA} gFEE 25 pyridine 81 SolA p-tosylchloride®
Agste] alkylationd 913+ 27|18 7HHE tosylate 78 T4
33t} 1-Bromobutane® 2 A3 Grignard reagentZ tosylate
79 A 2]3te C4-blocke] alkylation® acid®] A E-H ¢l 3-
methyl-1-octanol 8& Grignard reaction®.2 AT AR
FHE& 8& A3 3-methyl-1-octanoic acid 92 H3A] 7 o0
o710 4t Zv) 3ol methyl alcohols} 48RS A|A HE
ester 714%% methyl 3-methyloctanoate 10S 1 2% 9914
2 = 39k % ol2HE38} wkSolA methyl alcohol
A ThF REES AMEEle] ol ester SHE alkyl 3-
methyloctanoate s FAI8IHoH ol Z47te] HE ester S
FEES MZE Aoldt 715 Yehhi.

ox M
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Methyl Z71A1E 7FA= methyl ester 739 ofZa]|7}ak
(Aerangis confusa, Aerangis kirki)) 32 AAL71AE methyl
3-methyloctancate® VAL Asp. terrens?] LEAMECQ 013 3k
°] & itaconic acid® FWEHR dlo] Az metylIAF 7}
A& 2-methyl-14-butandiol 42 T F & wrio] Yx}p
YFE FEE lipaseE AEFZ 0183 9xMely slpr
SISO 2 mono-acetate 6aS A A FTA oHAR = g
7173% metyl 3-methyl octanoateZ: FHdslgit). Hz 3|
] methyl estertha] ThEEH U7 ester SFHES THAoA
Folgt Hsh7t vt om o5 o} AEAgle)
A 83 FaIAEY ANAAIR 8ol YEn, A A
T W 78] =4 &2 lipaseS AMR-EF YA HEH SR
W ©AE 2 FEE NS gL visstelE 7
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30 0% ox
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Branched methyl groupS 7}A|= o} |71t ‘H(derangis
confusa, Aerangis kirki) 9 FAALF7|AEQ methyl 3-
methyloctanoateZ 7434 PIA8E WEAREC] itaconic acidE 2%t

42 ato] A|=g branched metyl groupsr HHFZ2E 74|
£ 2-methyl-14-butandiots S7HAIE 3] A 24 odAI=E 3
Atk #% 7] E metyl 3-methyloctanoate2] methyl
estert ] ThFE D ester JTHES PYsl] 1 FL WD
A3 Mz Aol & 545 UehER sPgEelu A8
o oM {83 FExXAEY HrkaAR N rRsekle
AlE "t

Key words: Y%, 33, &5, methyl 3-methyloctanoate, W

A, itaconic acid, scent ester
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