4

Ve R CAREE
| F1ETBMNEA (p.12), RKEKEEEEMOXBIIEDO TARILBDOT, LWDNE
BRISEZAECDRERTEI—EXEHTHE D,

RERTEBIRRIS CIIBEREFT U T\ L@ NEM R RIEH TH %, C DBORIGHIL
EIFES 1 DBIORBERCTARMEZS > T2, BEE LU TCOEEES, JO %S|
TR EETES, IEEREMY, BEEHEEM LS, BBEFESU T 3RIGHIZZ
MBI INEmAEDORIGHEERT 310, TOEIGITEFREICKL > TER B, KKWN
BNBEDERZRIGH B 2 VW ITKZE & ), IBEENBASN D EDEEREE L AT S,
UL, BBRER—RTHITEZTENEFHEL, MO VIRE>BRAR TVT0E 3,

KEHIIRAICH > TVWEIEFERIGCEFICELTENERB L, BEHEEE D35 &
TIHEBNRL, EVWDTEIF TRIESNPT L EEVBRAZTENTES, HDWIIE
FEEFICHITELVWEWENSIDTHIN S, BREMENNSVWREFHEEFEHUT
N3 EFIRZUEATNEE S EFRTEZ, RPBBEFH A CNIDTEE (REES
EEHOMO) DL ARNILABNWENDI T EETES, E5TNIETOHBEOEFERE LT
WTH 23D, £fe, BFHEBENAREFTNEIRARETIIEFZOBEROZE EZIFIC <L)
DCRISEFEEBIZ2OPLNEINTRVIKETHDEBEZA SN,

ChiTw UTHEESEN R L2, B TCABRERSITICT I N UEEBREERER
BERRLUDTNEDTHD, REMDBNEDEHIC, BIFRMENKE, HOMOD L
NIVMMEL, Rl Ul > THRIES B, TARMEER > TL2{EFETH D EZ B,
KZMDBRNEDE TSN £, BEEOBRNVEDZE MEL\ ERBEIZTEED
2, BICEERSNNEDEBNEDNH D, BE5ANEDRT, BLEORTIIEMAR
TENDNDTNB EAEADITHALRWRUITREICA > TELET3 TN LTS
TEICLED, HFUWT EIFAETITBNRZ N, SHRMBTZEICRBIES D,

NOT IS U TCEBETEFU TN BDONRILT 3 EEICTITHEIC 2 DOABEMA B
BEEZRITNIERSE, p. 41 OBBRG (X12) CRBERG (X13) THB, Kzt
AL UBRINIIBRRISERIDEIENS <22, IBEENRTNIITILT VHERT 2,
RERIGHORKIIFHRE, IVE, RELEQT7ZAVTHY, IIEMICKEARTILIFY
ROZEE7 AV (.41, 7, 8) [HEEDRRIETH 3,

KEZRIGICE D RE-—REGFBEERRIGIT, BREEZRERICERERZE — DT 2ERR
RISTH D, BEAMICRERGA 7 VEME ERREA A VEMEOHy TV TICE > TE
BENd, TSREXAFTREL 2 DIFBFUTEERE, LE5NELNBNVN, ZOTFTY
AU PEEBRELB DI RERT A VEMEELEDLIICLTDOLEZARE 1 QRS T
H3, KRG F VEMEELT\OT MY, FICIAIEMOEEIIKELN, C—CHE
ERRIGICDVWTIIANRZIUEENDOES SURKRETHRT 2 LICT 3,
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4 Z)IA-IVDERKERIG

Syntheses and Reactions of Alcohols

FIDA=IENWDETCE-ILPHBEER
VEMRB LD TIE, REHREBHERILZOM
BBV, PILA—ILEIIKBEERT
BILEMDRTTH D, KEREEFI B L)
SEMLEART I/ —IlEhEE LT
IWA-IILO/ETH 2, LML, O—HEEED
MEET7ILFILOLEENEHBT 2EDD,

C—OMEDHHEIIEMEEFERTEE
3, BEEEEWI\OT U EmEDBBRK
ISTDL 3T EBTERINL, FeThBS
EEMRIGOEEICRSE, TCTIEEE
ERFTEABZEICLT, T/ -0k
CWIFHBICANZ NS &ICT 3,

d H,0 H,0 h
R—X R—OH R—0—G—CH
o)
R—O—GH,R? REMIgX R HeO R—O—CH
ks \ / s
HO O HO OH
jUNW
H,O/H" H NaNO, / H* H
R—C=CH, R—C—CHs R—C—CH
or (CH3C02)2HQ OH NH2
then NaBH4
1) BHs
LiAIH; or NaBH,
2) HyO,/NaOH then H,O /H™*
R—C—C—OH R—C—C=0 R—C—CH
Fo Ho LiAIH; or NaBH, Hp H e
R—C—MgBr CH3CH2MgBr ‘
Ho
H Gets
H20=0 H_CH:_(F_CZHS R_(l:—CH;;
2 OH OH
LiAIH, CH3CH,MgBr Gots
HO—C—CHs R—o—ﬁ—CHs-———<<:—+»C¢g—$—CH3
2 ; o) OH
R—OH R—OH
Hy Ho
H30\C /C\C _OCuHs bakers' yeast HsC\C/C\C/OCZHS
[ A
H OH
L O O o) )
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ZIaA-IDIENERE

AB )b, B ) — ML T RO R Ch 5, ML SN BHIENRD B, A 4
VIS 2 & KIS — BB & KR DAY A i A (R S 4T o<
B FEFEE LARVEDHEA > T b, T4 ) —MEENO 7 5 v %0 7 TR
BIF LAY UERE R L CKE NI 5, BEA TEEHNTHETF LY 7 ) a—
I F LR BRI L%, ARILTHL 5.,

I%9/—=IVDESH

bR L LT g 7 v a—2 (1) OREREKITZ < OEMIZ & > THEBERAERKST
H5 (N4), HODLEY EERLILBME S AW L) TEALE U E (2) 2 LEOPRHIK
ThbD, NTH2EBILMICHRB L T v F AAiiEFEA (3) L LT, EBIZTCAYA
I TRITL T GBERB RN E E Db e blavy, ZHIUCH L CTEERITI eV E R A
FOEEMREE LT OURELTE R T ATE RIZL, 2REETL T ) —L &
B =B )= ETRURFEDC, H, ODEEMRZT2M5THL 7 va—ADEie—
BT 5, Tabb, ZORBIGITEEE LTBETHRETTHRL, LA > TEREN
M CHEITT 2, BEFRHIZ OMIZ= R F—2 MG L, FTaTBNT TRIEZ L A,
TEEIRFE TN EES T,

BEZO7av AT TERR 2D ) — NV ERET D130V E 2 MR, B
BEORELE LTI LT ORHEND L s T&E e B =0T 7 T 7
I—ADRY=—ThV, 2 bDOEFEITAIMEES TRERH DR Y renewable TH 5
ZEERBETDE, NEITZHE I ELS RUVRERICEN T, 207 a2 & THEAPEICTE
M9z LicmbThbH,

Ve YRFAFT7I)IViz{b T Sustainable Chemical Industry —

MFHERATRE LR T VWS BKTH 2, B9 3 ITILAEREHEE UT 2 D TIIAER
2OFFHERIITAETH D, EVWIRBHICEDNWTENUADKRER, ITxRILF—RD
FAEERL, AEARD TERRENERUTA VI LESEVWSIEZAT, HICRE
NWBNBREETHRAINTIND, BERETCATAVILTITON TR EE/BOEC
ZIIMREE > TREASEKE ZBILRECBIEL TS ENSRIETH 2.

CeH1206 + 60 6CO, +  6H0
TECO,ZRITUABITNIETEECEINESYNESHEITZEITSTAIETH D, KE
“RERBRTTNENKR, RENMBRELEEUTRERT VY PIILIRILF-DEN (R
E) ETRETERTCNBLANT, TNERICRZIEBAFES UTCEIRILF-—HMBE
THd, IRINF—EULTKBOAEFBL, COBITRGEE > E®L > T2 DA EY
THd, RENICIIE2TOEYIIBYICTE> T, TNEREFTET2HERN TERRBETH D
WS T LT,

\
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Cu —2Zn0 - Cr,03
CcO + 2Hy CH30H )]
250°C, 50 - 100 atm

CH,=CH H,0 HaPO4 CHaCH,OH )
2— L2 + 2 300°C 32
H*
HC—CHz  + Ho0 HOCH,CH,OH 3)
o
H—C=0
H—C—OH CO, NADPH  NADP*

| COLH
HO—C—H ] |

| —~ C=0 l» Cc=0 NS CHsCH,OH (4
H=C—OH  — |
H—C—OH

CH,OH /‘
NAD@ CH3—ﬁ_SCOA —> TCA cycle

Metabolism of glucose is essential to most of the living features. One mole of
glucose is metabolized to two moles of pyruvic acid (2). Under aerobic condi-
tions, 2 is oxidatively decarboxylated to give ™' acetyl-CoA and carbon diox-
ide. Yeast can decarboxylate 2 under an anaerobic condition resulting in the
formation of acetaldehyde, which eventually is reduced to ethanol. The total
number of C, H, and O of sum of C,H;OH and CO, is half the size of glucose,
which means that metabolism of glucose to ethanol and carbon dioxide is not an
oxidation nor a reduction.

Because glucose is a renewable material, this process will surely become more
important from the industrial perspective “* than it is now.

1 ~IRAEICBUR R ST~ 2 LT 5,
* 2 TZEMBLEN I
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EMRISICKSER

AT CILEHSUS TT b T — bbb 7 oAb a o< o 1z, A FIREI S Tic 7
Na— LD AHHEND AT K- TEHRZ VWA LRt BEZ ML L
WV, EAULE D, f % OB A ERITHEAR D6 E LTS L TV DI E 220, Sk LT
SZIE, HDEATIET v a— L a FALEY ORI R 5720, BIOBAITIT
W A EWE T V2 — VBT DZNERE LT 0 T 5, & B A Ll & Vi)

RAHZEMWTEXD LT BT VT 720,

4.3.1 NAT U MOBRRIS

N A DT 3 — )b sSDO BT RENZIE T VB VPSR N T s (K5),
LinL, 20 & & BROEMRSIEOMICHBESUSA R Z 5 D& LIETE R0,
ﬁt%Tszw’Q%;%< LNTEDERRIET, Lovb K kA A4 X0 M
1355 < SREMEIEBROBOSAINIZ LW, HDATET, Zhdd, TUAAFe T =4 Th
L, KT MU U AORD Y IZERET Y U AR WD &I EICH< b, L
723 o TBEROG DB I/ S < 72 0, BSOS OFISGIIRELS 8D H6), £lT 5
DIFTAT A6 TH D, B ERDT-OIZIT S HIZ Y 5 —BEO KRGS BT &
D, FXUTEG RIS TH S, Fa >y MFEEZNTTH, ELWVWHEDONRT EATES
BRSO ITME L,

ZO XIS, BSOS TIX BRI E > T D O T, MERHTE AT X RGAZ v
TR GR0E NS EE D THRL, Wo To VEHRS 20 - T2 % huicke < UG
TIHREBNOILACERT D TFELHD L EFBETREZLThHD,

4.3.2 If*>F®ﬁ%&m

TARF Y FIRICHIRARIZEB Y, MG AR D D T2 OREZSOHNT R L TIENE
Thd, %ﬁ&*ﬁﬁ&ﬁﬁbf% L, Thva— a4k T %, KERIETIUTERY
XA ThD (A7), KORBEZEBEIILTNERIZZENTWD TN HEZ %D TK
I (7)) WG, 2HOKBEEONLKLFIIREETH S,

LIAIH, Z BJG S EHEKREANTE R Y RIZR20T, it/ 7ra—LrTobd
(8, ZDLEITHE NI NIIRIGDRFE LW ES DD T, AT LTd 27 va—
NTHY, 1D HDOIFREIAE LR,

RFEHAAIER L X O L BT VILE—FEE NI ) =Y UG ERIE S E 50
FalT— ML CUEEED, 2D & XIZH I NN A NIRIRIRE EEGT D0
THERT DTV a— U 2k & 72D, KEEENHES LTS RFBORERNTC — CHia
ERIGERA D ET5 & X101, =FRF Y RIIKIEHT 5,
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CHscHQCHzBI’ CH30H2CH20H
1 2
NaOH (®)
CHSCH=CH2
3
CH4CO,Na s .
CH3CHyCHoBr ————2 CHsCHQCHzo—(I%—CHgNa—OH> CH3CH,CH,0H (6
1 4 0O 2

Sodium acetate exhibits enough nucleophilicity to kick out a halide ion and is
less basic than sodium hydroxide. Thus, the undesirable elimination reaction

can be suppressed.

H>O
R—CH—CH, ————= R—CH—CH,~OH %
Y H* OH
5 O 6
LiAIH, H,0
R-CH-CH, R—CH—CH ®)
CzH5MgBr/CU| H-O
F{—CU—/CH2 R_?H_CH2_CH2CH3 ©)
5 O OH

8

An epoxide is a kind of ethers, which in general are stable compounds. The
bond angles of epoxide, however, are distorted from that of the normal sp?
carbon.®! Accordingly epoxides are prone to react with nucleophiles *2 in an
S\2 reaction manner.

* 1 IEHesp? OFEANBEALTND,
2 SREEBUGH & UG LT,

N\
IRFY FORTEHBVNOIIEZOILEFY Y, 7OLAEELTWSOT, 7))L
—ICRBNEC—ORBERVWTE2ERMETH D, Lich > THLREDERICE
DRIZENEBANT B ENTS 2,

nucleophile No. 2 nucleophile No. 1

X =
id

O
~ RN
CI@ NaCN > en

(0] @)

o PhMgBr / Cul N
>N Ph/Y\CN

(0)
OH

BL, AFEMHTIEIOILE FU VAN, REFOEADIBEEEA D ZLICED
9 THADIF VYT AR —ERMT D ENTES,
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4.3.3 van'Sike &S

Z 2 CIRBEBE LR 5. (anchimeric asistance, neighboring effect) & VY9 Z L IO WTHIE
Do EFTIVIIEMAF L LT 27 I v LHHBOSIGTH 2, HifiEiET MY U LA BRIEE
R, KK THAT 2/H/T I 11Dz 5 &, EBfOREBAKIG LT, N-=F 1Y/
R2MAERT D, ZAUIRLE TSRS FCELIZT 1 DML L TYT VIR3 & 72
Do KEBIIIBET 2o TN 7 Y =0 2R OLEMA L T2 D, AR LTz VR =D
AA T BB RELE LT, ik 2 k7 va— b, 1/ 7 I Tlde RU K
DI EBBEEND DT, WoTlm ANNR= T LA FUNERLTNDEEZ BN
Do

FUKIGE a-T 2 JBRSHAT 2 ERIC LT 2 7 ENKBEIC o/ a—E R
FUMBEOND, HFEWE & L OUAEEEREZ WD &, SEME DR Th 5 2 &
BHGINE o T, SERFRDTH D, WD I NVAR =T hA T BERRT DT LA,
ERGTHAERT D & FARHKDP BB T D18 L, KRR E W) Z & 1EH 0 15
R, BiFER D T Uk, BEROKEETH D, EERICBIEE SN2 SIS O NARE: % 30
T 572 DIITHT LB 2 72T AN iuE7e B e, ZIDSEEEAL D B LIRS L L L
DR, THROLEEENRTH S, e R10) & 1) ORI FOENTE S
L CHILEM6 DI VR F I VIEDTEEICE ORPLZ RO 2T LR BV, 8B %EH
SFNAERT D, C—NESOUE A LR IVENRTHE L6874 5, B
FRNETHAERT D INR= T LA T ATHRIGICH VRV ENETIEG LTEN
ELRENRTDHEBEZTHRY, WTFIUCHE L ALRE DL C — N OSSN S C —
OfiBEDL B LTS, SBROT V7 N 972, ZHUTH L TIEBEO KN KBS 2 &
TAULS 24 A T DRISIZIR D T A 5 BRI OIE CThH 5, R EE 2 5
M0 IRTER, B & RV & 72D, SBERT 7 MR A TR ADER
DRELTONICHIFBEMCEZ S, L L, FEOKIEDO L S ICEhEEboT05D 9
HICT 2 EROGRBE SN T, LM EROMEE TH DR SNIZHHNICA > T
THEG AT 2O LXK E D TIE S OSHFIFFELMTET N >THZIRIINWD
DTHD PR EANELL o THFEOREEL LD L) ZEIThD HZENLS
2 DORIEDSERAEE 5 F BB 5 BT,

&b b, KI5 IR R B S 2 HFRTHEL 2 7 X BR ) DRk 72
MihT ot RaXo@mafis ke LCRRIRIAHTH S,
BERBACEMOEARITIYT YV =0 L 121%, KEET, 0CTLRETHD, Lizi-o
T, KUSOHE 2 DREHNE RISESEDZENTED (p. 175),
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NaNO, / HCI
CHscHQ—?H‘CH:; CHSCHg—?H‘CHg L

NH, HN_
1 2 N=0

+ Hzo
CH30H2—CH—CH3] ————=CHyCH,—CH-CH;

CHsCHz—CH-CHg
OH

SNLoH 4 OH 5 (10)
3
" "
CHy-GH-G—OH ——= CHyCH-G=0 ——= CHyCH-C=0
NH, O HNL N Con
6
7 o 8
CHy~CH-C=0 ——= CHy-GH-G—OH (1
)9 OH O

Reaction (11) is known as van' Slike reaction. The carboxy group of azo com-
pound 8 attacks the carbon from the backside of C-N bond ™! resulting in the
formation of intermediate 9 with inversion of configuration.”” Then, water
attacks the 3-membered ring via an Sy 2 reaction mode with inversion of con-
figuration again. Thus, the reaction from 6 to 10 proceeds with net retention of
configuration.”” Since a variety of enantiomerically pure amino acids are avail-
able, this reaction is a useful method of obtaining optically active o-hydroxy

carboxylic acids.

+ -
NH, N, Cl k1 C— NSO OB b ik &
Y%,
NaNO, / HCI s 2 SAREO KRR (78> T
12) * 3 IS STIRIREE CHEIT T 5,
11 12
B\

BEERICETZU VEENOEEE LIcEDON H D, CNICTEREHAER L TNH, A
OHIZEtT 2 &, ZNIIMMOMMIBERICEILTECEERUTH S, SRR D ERA
BENEESCCEICRD, B EMOEETE XAITHEMEBIIRBHLEVNS &L, B
FWICIIREDHFRIFNITRES AL,

NH, 0
N NN NaNHg/H f\ NH
% 4 — <
<T [ == ) < -
. 57 = s
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4.3.4 ITRTFTILOIMKDBERRIS

T AT VTS D VIR O ER I X 0 —RICIRF R 5 FOMK Ay iR ST, %
T AT IVa— )L VIR U AR 52 B,

KEEIET N U 7 AOKFRIZCE AT VIEINZ D LKA 2 D3I VR =V H D R
FIMT 2 (2) BT LOT =4 BR-TL DX T aR o7 =4 v BB
KRB E D Z &2 D,

FEVESAE COMKGREI = AT NA~D T 1 N ARG EFIET D, WNVR=D bA F
ANTRBAIL, e s oBEIO% (6) T — T 5,

WIS DIRT 50515 (p.61) b DL, BREMHES HFELBEI LD,

4.3.5 EBEFZRMIEICKZIRTFIVONKSF

T AT VDMK GRS TIBRLT V71 ) i TR AT T DU Th 2006, i &
FEFALRS CTOREZIRLDOIEN, BFEEED ZLIC Lo TEDOIGNRET T4
IR L7220, RFHTVERDN G DN D O THIVUEREM N HikE 78D,

EEMTIZE R X U BROTF VT AT VT, KBTS bR AT L Lo T
by KBBREDORITENAFIRFET, 2O TIET7EIRTHD, HIBRIT - HFOooFrF
Fv—=O7 & N ERTETEMAKDEST D, HFONDHDE (- RaXorz 27
(8) LRISETICIED RIFOIRWE TH D (N15), BITKINREWH 6 7 & 8 &4l
PRl BT AU FEM ARG DD Z L1272 D, 20O X S IZRRHEOEWEFIH LTl
ThUTF A= BT D 2 & AR E] (kinetic resolution) VN9,

VA=V DE AT VL 2 HDOARFE IR FEDOHEKINLAEEE RN W 22D TA VIR TH D, R
WL ERROBITIE dHREFHRIL, —FOIHRENKDFELTT NV a— AR LTZRN, 07T
WD D 2 ODRFRFLEHINT 2L BAMRETH D, TDL, RODWIESO—F
DT NFEOBEMKGIRL TE ) A—IVE 52 DMEND D, Z OHAITITAERY
e 1 o TR 2HOARFHLEAT 2ILEWRESL D (K16),

EEMILIZ LR UL VA —NDT T FIURTH DN, RERFITR, & AR
T R UHEDEL L —BMKGESN T Re I8 (bT 5 & PLoREIEAR
FRFLID, ZOXHIMEEME T X T IULEm E VD, 7 2= LERFEA LTV D
RERFIIRDNERF LT 0 X T NRFEDHDNNIT B X T APLLN ) BERITZOX
V7T X T VT 4 B HMANT D 2 ENTE T, ZOMEMITE S BEHR R EIDEFAEE
w12rn/mons X17),

Z DK D T O F S 2 K S REESR VL, (A TR EN TV D DO TESITME S =
EBTED,
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OH
% -OH |
CHACH,CH,0-G-CHs CHgCHgCHgO—(ID—CHs
1 04 2 A2 _
e 2O 0
* £
CHyCHCH,O +  G-CHy <—==CHyCH,CHOH + G-CHy (13)
3
OH
- *OH,
* + |
CHACH,CH,0-G-CHs C-CHg
10 ,4 HO 5 HO

CHaCH,CH50 :\ —c- CH3 —l> CHgCHgCHzOH + HO-G-CH;  (14)
6 HO

OCOCH3 H OH AcO\ H
E0,0. A\ _H20/enzyme E0,0.C.,  + EOC O (5
Ho  cH Hy  SCcH Hy  cH
®)-7 (5)-8 (R-7
CHyCO0I™NELOCOCH; 1,0/ enzyme  HOR ~ElococH;
(16)
9 10
H CeH H CeH
TR H,O / enzyme s
CHS\ﬁ/O\ﬁ/C\ﬁ/O\ﬁ/CHs HO\E/C\E/O\R/CHS a7
2 2 2 2
1 © 12 ©

Enzymes consist of 20 kinds of amino acids."' 19 of which are chiral and opti-
cally pure. Thus enzymes are also optically pure catalysts. Accordingly they
are capable of distinguishing the chirality and prochirality** of the substrates.
In this way, they are extremely useful in preparing optically active compounds.
It has been believed that the relation between the substrate and the enzyme is
like a key and a lock. However this story is true only to "natural substrates."
Synthetic substrates are just like extra terrestrials for the enzymes. Even in a
long long process of evolution, enzymes have not learned how to treat these
materials. They sometimes interact with synthetic compounds and afford opti-
cally active products starting from racemates, meso, and prochiral substrates.

* 1 EERIT0HEOT I @b,
k2 ~OXTVTA4BLOTaXT VT 4 ZHHTE D,
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