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Abstract

The Kolbe-Schmitt reaction is well known as a synthetic process for the industrial production of aromatic
hydroxy carboxylic acids, and it is widely learned in chemical education. Several mechanistic studies of the reaction
have been conducted over a century; however, it is supposed that it has not been determined yet. Therefore, the
author overviews the literature focusing on its proposed reaction mechanisms, including experimental and
theoretical research. In 1957, five mechanisms were reviewed: (1) metalation of aromatic nucleus, (2) intermediate
formation of metal aryl carbonate, (3) direct nuclear carbonation, (4) tautomeric rearrangement, and (5) chelate
formation and electrophilic substitution. After that, more intermediates of some complexes were also proposed, and
X-ray crystal analyses revealed the structures of metal phenoxides (reactants) and sodium salicylate (product), both
pure and/or solvated; however, it appears that the structural data were not used sufficiently to promote the
mechanistic studies of the reaction. Recently, experimental studies by Kosugi et al. (Org. Biomol. Chem., 1(5), 817—
821 (2003)) claimed that direct carboxylation occurs, and the complex of metal phenoxide combined with carbon
dioxide is not the intermediate of the reaction; on the other hand, theoretical calculations did not support those
conclusions. Further effort would be required for technological development and chemical education to integrate
the accumulated knowledge of the studies of the Kolbe-Schmitt reaction mechanisms in the future.
Key words: Carbon dioxide, DFT calculation, Organic synthesis, X-ray crystallography.

1. [ZL®IC D [13)e ZORIEN, (EFEERIICBNTHREETHHZ &
FHUTLT /)R CeHsONa oz DA & —FR{biR 1%, Z#E TIZ Kolbe-Schmitt S0, AR T 25 YU F/LEE
FND, mle B T T U SRS R U 7 .4 0-HOCsH4COONa 0-HOCsHsCOOH (B9~ 5 % < Offaat S « B BATase - 25
R EDOFEFRE R X hVR AE N AR ARSI EESREZ ERONTWD Z b bRZ DT, 4-26],
[Kolbe-Schmitt Sits] EFHEN TR, (LETIITHNT, E L2253 B Tl b BRGE D> 28R b DDO—20R,  SULHERE
i, Gekis JOVRES e E OB REE T 2 EER TR TH S (M 19 LD THB[27], Kolbe-Schmitt SUGIZBI LT, FDRUG
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AR <, THVE ClahRx e Thi, #siEhC
E72[28-31], IZHBADHT, 4 RIZBWTH 708, Kolbe-Schmitt
SUCHEIC R 2GR IS L TR B9, WERICHI SN T
WRNETDER L HDFIZIE, 3,30

ONa
co, OH
© \ i _.COONa

% 1 Kolbe-Schmitt it~

AR CHREORIZEIY, T2k L BG A A A D E I ThLD
ZENEL, BIROGRBUEFORERN 2/ 7 R— L 72oT
W5 [32], 727, FBREEFUCHES S HBEDSA LIXRAR Y, B
RISV THIZE & 4172 Kolbe-Schmitt S GHEREIZ DU TS,
D DI Z M LTRanS, FisCks L OESLoRE T,
BRORY CIIRME7-5220, 2T, 29 LiinalkE 2,
Z N FE TITIE SN TE 7= Kolbe-Schmitt SUSHEEIZRE L, S8R
B U\?Eﬁﬁﬁﬁﬁ WA BFRDOTRIIE AT o TR A F &

W, ZZICHET D,

2. Kolbe-Schmitt SISHHE—1957 FDHRERN o
Lindsey, Jeskey (1957)1%, Kolbe-Schmitt St Jaa | 21 3
SESIUTURNY ] & LoD, L ORI R8IV T, OF
FA B Y (metalation of aromatic nucleus), @REET U —/L4x
JEHEREAAERY (intermediate formation of metal aryl carbonate), (3
E#EH VAR F— 2 > (directnuclear carbonation), (DA ZEFMHiR
A7 (tautomeric rearrangement) , ®3 L— MR & SR E 15 #2
(chelate formation and electrophilic substitution) > 5 DD UiHHE
DIRSIZ, ZHUHIF 19 LR D 20 HEREFERIZANT T,
WDIEHBE72 Kolbe-Schmitt SO CivDd LEZ 5 Z
ENTED, LT, TNZUIONT, TR TWZ ) (G
SCHRASZNTZD, BRI 2T COMREZT 5 Z L1 Levy),

2-1. FEEEREEILHR

Kolbe (1874)i%, 2mol D7~V 7 A7 = /%1 K CeHsONa %
TRRALERER TS S L, IHFIERMIC 1mol AT = ) —b
CsHsOH & LCfE L, 80 @ Imol I3V VT /UliE —F U oA
NaOCsH4COONa |ZEHE SN D Z L &2 R LTZ[33]), 2D & H 7
FHRIHNT D728, Kolbe i, 107D FT NI ULAT )y
K CeHsONa 23, 7 b U 7 AAKEDOZHUZL Y, 253 THOF b
VAT x /)% K CHsONa &~_UEU 84 MICTAeRE

{t (metalation) L, 7 = / —/Vi¥ERkd 2 ERE L= (K2) [28],
UL, 7=/ %Y KA A CoHsO D E L BRAIL M
SR LT T 5 & L7z Kolbe (1874)iI2 L W HEE SN2 D
SOSHERE33)1E, 1200CUL EDIRETT R U AT = ) F TR

CeHsONa % a2 b7 LF L RX ERISEE5 &, KRRkt
T AT LF LT = =)L—TF )L CeHsOR 73555 & DR
G, Halesetal. (1954) [34ic X v#EHI ST B[28],

e s fa'e
©N R ©/000Na

2Kolbe (1874332 L W #-EE &z, RSB L D%
JEFERE28],

2-2. REET ) — IV ERBIEFRHAERER
Schmitt (1885) %, SRR LT RY rﬁA7 =/ F VKR
CeHsONa Z- iz U7 “FMURFETUIRT 5 Z LIck by, ki
==L} kU 7 A CeHsOCOONa %5l c& 5 ka‘zéﬁ L[35],
Kolbe (1874)AME4E LT SUCHE33] AR L 72[28], DB
FRU AT =)%Y R CeHsONa (213, 100°CLATDIRET
PR LIRFEDIRIL X305 28, 140°CLL EDERRIZ /R BN e 7 =
—/L CeHsOH 23588 L 722\ = Tdh H[28], Schmitt 2MEER L7-
PUCHEREE, R L7 bR I ~II TR IND[35),
I. CeHsONa + CO2 — CsHsOCOONa
II. CeHsOCOONa — HOCsHsCOONa
. HOCeHsCOONa + CsHsONa
— CgHsOH + 0-NaOCsHsCOONa
[FEERE 2L, IREET ==/ kU 74 CeHsOCOONa &~
MU D AT/ %Y K CHsONa 2MbA Lz AT Lk
CsHsOC(ONa)yOCsHs #VE%9%, & L7= Hentschel (1883)iZ &
STHIERIN (EFUHAIV) [36],

ONa , HOCH,COONa + C,H,0Na
CeH0—C—OCH;
V. ONa N

NaOCH,COONa + C¢H;OH

JREET AT VDT I U 7 245 CeHsOCOONa 73 Kolbe-Schmitt
SOGHRWAL UCTAERT S & LI b, 0%, L
W5 VHoRFIEE S FlxiE, Shiter (1912) [37]72 L) 12X -
T, —WHOISRRS e, LovL, Halesetal (1954)53 IR A2
7 MVRIEEATH TSR ISR SR < 72 0 [34],
Kolbe-Schmitt SUSDIEL UHOEME T, DOBIZ, @A A &K
T OF X L— g v LTEARRBER L T0D L DB X
\Z, WEEIZHL TR HIVA K5 127e572[28),

2-3. BEEHILRR— 3 U5
FRYT AT =) % K CeHsONa & (LA 5 Schmitt
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(1883) 35 HHL L 7=ALAMI[35]1, 85°C GRAEIIK 1 KE) Tk
INNIREES D Z &7, 1904 42 Lobry de Bruyn, Tijmstra Bz (2 &
S>TRENTZ[38], Lobry de Bruyn, Tijmstra Bz i3, 4 DI
%, Kolbe <> Shmitt DIRFLZ D & 5 72 BIEHRIIROFET D 2
LIEH 0 220N EEZ, ALAIT T2 AR LTS, EREY
WGBS TERED VR F— a ARG 2B L7 (X3),

UL, OHIZ, Halesetal (1954250, IR A7 MVAIEIZ
£oT, ZFANLNLWEPHISITND HDD[34], RIGD

B L LTI LIRSS SET TE RV, &b SHz[28),

ONa

ONa OH
COOH COONa
+ co, —

X3 Lobry de Bruyn, Tijmstra Bz (1904)(2 L 5, [HEEH /LR F—
= ARGER[38],

2-4. BZEEMERIER
ZOfEIE, 7 =) &Y RA A CeHsO DM AAZHERK
TAHENFNORIEES (AL ML E TN DOREIFF FICE&
TETDNE) ANHZERPEORAECSH 5 & LT, Hiickel (1934)12 &
DR SN SISHETH S (M 4) [39], Lindsey, Jeskey (1957)
W2 oT, 2O ERELWEHIETT 5 72 OB 72 IR
AHTAR Y, & SR8,

0 8 0
-0~
©)
H
R4 7x/)x%Y RAHL CHsO & ZFDHIEFMAK ; p-FF /U K

() Lo-F%/VU MK (F) (REllL, STR28]DEFTRL
7)o

2-5. FL— MR EKREFERRT

Johnson (1933)[4011, AL P~ 7R T LML 72(bA
WERIE LT o- MU VEREREF-2 D 2 EBEIZZ N E D
FDIEHEL, Kolbe-Schmitt SOt~ CHEF T3 28t kD X 5 T
HDENELE, Tebh, R T AT /%L K CeHsONa
& TSR b IR S AL D INVER I ClY,  Bofhifs
AL o T bRFEIESR SN, IS LS, RWT
BIZRIC & > CEBEMENZEL LAV ML CEfis S (X5)
[40], X 5IZ[AAFR7 % & LC, Luttringhaus, S#af(1945)i%, 7 /1
7V &EJBIZ XD =—T VORREOBROENI BT D A5 I LS

V\C, Reimer-Tiemann 7 /L7 b RERIES L U Kolbe-Schmitt - U
FIEERROBR AL MEHICE DERIRESEBE S LD 2
Lk, EEMIONELE (X6) [41], bk, BIWE
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DIEFEINORD E To ikl THA,

~Na /Na

[ 5 Johnson (1933)2VRE L7=, BRIZRALE D RUCHERE40],

ZHUTH LT, F R UL T =) FL K CeHsONa 2NESH T T
TEMUIRSE & TRIICR A LA 501 In bR ThY, =
D n PERIZIBNT, KRETFHRRIZL DT = /) F2 RA A OF
Jb MLOIKEIF - ORHAE D 53 TGO Z D & O,
Hales et al. (1950)C & o> THRE XNTZ[34,43], EBEMET n 54

IR END & LTz Dewar (194992 L D02 ~4 (K 7)
[42,), [ERDF N Y T AT = ) ¥ ROBEFTH B B e
HFEEPIZ 2o T, FOR— 2T DETFD, 5570 o B 7
BT 5 2 ENTEIUSE, n BHRICEBR SR h
7z ) — VBT BB 5 Z LD 28], LinL, ©b
12, /M2 (2001)[31]%° Kosugi, Takahashi (1998) [45]72 £12 L > T,
TERSEEC S5 S D & OFBRIGRHLI R & S,

O\ O O\‘H

+Cc= .
Na ﬂ: o _, Nao C — Na 6
~Hu0 H,_O Ve

X 6 Luttringhaus, Saaf (1945) (255, BRIREEMED\BEG45 L DK

JEFE41],

©/ O — ©/ ONa —— @ic ONa
o OH
@H* - CE
c-ONa ﬁ—ONa
o

I
(@]

[X] 7 Dewar (1949)[42]3 J- U% Hales et al. (1954)[34]i1C - THREES

iz, BREERET Indiil) 2T 5 & LIz,

3. CsHsOKZCOQ =21 *E‘S‘%ER’

EB1972)iF, DMF (NN-PAF ARV LT I R) I
LTz ) F TR CHsOK 8L, “IfbikFEE B L&A
T, BARETERR LT-Z EAVRBEN- & LT, TOME%
AL, DU OV TIR7229), 72720, ZAUuIdh £ T
BLIREH CORISORRE T -, H>o, T/Vh U AROTEEN
FTRITLATIERS IV TLTHY (EbZb I I T LT/
F R CeHsOK & “fiifbide & OIS TIE, WU F/UiE L v
b p-t R ZREBEIVER LT VB2, 3031]), i
Fr72 R T Kolbe-Schmitt SUSHEEZ D HDER L TS LITE
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RIRVNIPS LIVRWS D0, —EREIIZEITIR Db L
RN, ZZTRLTEL Z 8T 5, B51972)038E,
R BENVHNMR A7 MVHIIEZR SIZHEASNTN D, 913
IR AT MVML RN 9,

BV TIALT = )X R CeHsOK @ DMF IRiRIZ gl %
MR T=HDD IR AT MVHRITE Shiz, ZDOFER, 1700, 1193,
BEON60 e (ZF 7= 72U A=, Z LC, 1700 e 13T
DY) DMF OWIRL & 72 V), IERE72WRINATE AT LIz <
LD LT, DMSO (P AFILALFRFT R) T HIE SN~
B CHER LS, 1715, 1190 BL08 1158 emr! Thho7-,
DT END, HEERTO ZFMURGR TR 1T <, #ril
HiA o 7oA 2 LT D &5 2 Hifz, Hales et al. (1954) [34]iC
Lo THESNEN I ULT =) F R - “FLREEESE

(1684cm™) [46], WREEATF /LAY 74 (1630em?) I L UVREE
AKFEA Y UL 1700ecm™) J 0 by MEZTR LTV D ODVRHER)
Ths L Ehiz[29],

WRIZ, NMR JIEIZOWTRTWI 9, d-DMF F1izisir 50
VDA77 x/)H R CHOK &, HUTALTx /)X R g
{HIRFEAEARD 'THNMR JIEEDM Tz, ZORER, HEERD
FERRICEED, _BU#ED 7 a b OB EIIERSY 7 b
L7= (6=637—6.85), ZAUT B A0S T HRED S~
TETDATLCOND Z EZERL QW D, 7ok, HETRD NMR
AT RMUTRWNT, BV TLT7x /%L R CeHsOK Wi
FEAERLNRoT2280, HU T LT /%Y K CeHsOK
DOIRFEBNEEERDIS LN D, LB,

BHAIT)IE, BIEHEE, RIS OWNT HE
LT3, BEZ0Imo/L DAY T LT = ) F K CeHsOK D
DMF IR I RFFA RN S /T & 2 A, ZFR(RsEHEN X
E—EEICE L & EOWE L (CO2)[CeHsOK]) 1%, 0°CT
WHFE 05 Ligodz, FEHTENIY VAT x /%2 K CHsOK &
T EERRIT 11 OBERETERT 2 Z DL TWADR, &
SUAI)ITHEDOFERIZISE, B T AT/ % K CeHsOK
& TR 2:1 DEAERETERRT 5 & LT RO L S 72A1E
BID 2 SORISHEERIRE LT, L L, ROV CIIETE
Bt L &h, 22 TR TRY[29], ZORERLTTIL, W
BMNIRFTERIR D TH -T2 L FDE D B2 [47],

[A] 2C6Hs0K + CO2 = CO2-2CsHsOK

CeHsOK + RH = RK + CsHsOH

RK+CO2 A RCOX
[B] 2C6HsOK + CO2 = CO2+-2CsHsOK

C0O2:2CeHs0OK + RH A RCO2K + CgHs0K + CsHsOH

(RH {ESTEA)
7eB, EHI9NR)EFEEIL, SCN29|DEE THHERB LU

AREETe Mori et al. 1972128 WTC, BV UAT = /) FT R
CeHsOK & (b 2:1 OBAIRETZAT 2 & Lz, Uik
[29] & I HIFERRONERDIFETRSL IR STV DH[48), LL,

FREOSIEATA], BIZISUT B SUSDOEE EED KD HILTUER
5%, 29 UIAUF 2N Z o TWA L EZ AT
IFORFFN TNV REN TS EITEZ RN B D THo T2,

4. 1976 FOHG— AR EBUESHSR
PR (1976)1F, [Kolbe-Schmitt SUGIZ & 24U F/UERD A ki
BRI DAE—RORIGTH LT, F ORISR % R
9% 2 LR THREECTH S & LoD, W ONDIERS
T SISHEE DG A R LT2[30), N HDIEE A EIX Lindsey,
Jeskey (1957)[28] £ [A] U Td 503, SCHR28INZHY _EiF BTV
Mol=b D& LT, [Shilov et al. (1958 Xk VIERENZT7 =/
X ROEESE L “FMURFERORFEOROMA/ERZZE LT
BER (X8) [49173, RIS RS TW5,
,Na
e X8 ;U T AT =Xy NORRERT&
© C\\O FRLIRFE DRI T & OO AIER 2558

L7 51R30,49],
ERE(1976)1F, #FRB0)DHT, FHgkL LoD, ko ] I
AT XS 7, BRI OFEREE LTV,
IDMF (ZAREET V7 U Ha 2 NG S 7= D HnH
% EERROFERAME SN, ZIUTHREET VA Ve
DMF O 1:1 57 AR EHEE L Q1 D, ZOEART
SREETT AT U CH DT e A R E BT 5, BEE
WP CH DD, ZOEEIRIAREET V7 )i, DMF B
FOWKEEHT AD 1:1:1 O AEAREHEE L TND, ZD
Z LT AREET VA VR E DMF OFRIZEIT BEREEHT AD
TEMHALOIRREI T AR IRIR T V7 U T & RIS A DA
& LTTIE2e<, DMF © B85 U7 A OFRE Lotk
EERTDIENNERT LB NETDHEOTH D,
INEZT SRR EAT 72 & 25, RN ZOBIIFE R
XELT, BV TLTx /¥ R CHsOKDMF=1:1%>, 7 U v
L7 x )% R CeHsOK:DMF : CO2=1:1:1 AL HE LT-Z
L1L, BN OHERTE D -T2[50], bV, Ercd
5V FEE 0-HOCeHsCOOH <o U F L) R U o7 A o-
HOCeH4COONa 72 &, = LTI Chd 7= /) 3 REEE L
L, BFR7 /¥ F CeHsOM DEJFA AT T v m—
TIAUENL LTe AR A |« 77 A NebK, DMF “Cldzey ldbiagtsy
TEGL, &DVITRIEF T2 5 F 20 b O ORGSR
HEITNDZ LW Lz, 2N o080, (LFEE IR
% ICT BB RTREME 28 LIZiFFE & L CHlREHEACTH D
0 2020) [51), KEITIL, @87 =/ 3 REST U LR
T U U LRSS BT DB ORISE AT L TV 2 9,

5. €87/ ¥ FOY ) FILEIEHEDEREE
F97%, Kolbe-Schmitt SUSICBIT ARG ChH DR T = /
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X RO ELTERL T\ 9, VI U a—F L LR
7x /)XY ROBRA R « A MEROR T X SEEfEtToORr
ZED3, 1986 4F0 5 1991 AN C, MR TETZBRY 5 {3iE =
W5 (K1) [52-56],

EHIC, BB 7 =/ ¥ FORERFESICOVW T,
CeHsONa-NMC (NMC = N- 2 F /e 7 aZ 7 % 1) [57],
CsHsONa-H20 35 J.T* CeHsONa-3H20[58], CsHsONa-4CH3zOH
[59], %L CEREDERE7 = /% F (Li,Na,K,Rb,Cs) D
KX BETIS L O — L MIEFT (Dinnebieretal. 1997) [60],
S HIZ[A U < BRI CeHsONa Ot Kunertetal. (1997)
\2&vel], AHET, CeHsONa-THF (THF= 7~k ku >
7)), BLOCeHsONaTMU  (TMU=NNN'N-T K Z 2TV
JRE) O X HEE TS, WU < Kunert et al. (1997)i2 & 0 #it
Shizlel], Bl&keE, WFERI KOS TE, 20
%, BR X BUEISEATIC X 5 CeHsOK-xCeHsOH (x = 2,3)

(Dinnebieretal. 1998) [62], CsHsONa-CH3CN (Czado, Miiller 1999)
[63], CeHsORb-3CsHsOH 35 J: Uf CeHsOCs2CsHsOH (Pink, Sieler
2007) [64]HHE SAUTNB[65],

D9 B, Kunertetal (1997)13, fhiididz@E Lo,

£ 18T, Kolbe-Schmitt SUSHE DN T HBE L TD, E4L
i&BE, RV AT =% N CeHsONa &AMt (THF %
TAETAFY ) IED L, BHR L 6 bR am U5 &,
FEOIENE (CeHsONa:CO2 = 1:1 THDHZ & a2 HAREMMT
THRIE) % L7z, CeHsONa:CO2=1:1 EARD R Y g —/LH
(KBr F =~y b) 1Z8BIF AIEFZ FRIR A7 MVRIEDS,
25-80°C ATt (80°CHEABZ D & ITURIRASEL Z 5[69]),
CO2 DIHRIFMHHEIRE) (1685 cm™) VN X KRS~ M
BLEBIZ, 1680 BIN 1651 e ([ Z[FIGZ 0 ZNEER S
7o U FNEET R U & A 0-HOCsH4COONa DERLIE, DTA I
TEIZ LY 130-140°CIZRWT ORI SN, Lo T, BhEED
85°CE TOEAUIE, FHERBIZ LD & B2 B HEHADAERZ R L
T3, AL DTABIEIZLAUL, 150°CITisV Ty, 3 Clask
U7z U FUES R U o7 A 0-HOCsHsCOONa &, —Fgf{liksE
&%EAMUHZEJ‘Z LTWeWnWi M U AT7x /%2 K CeHsONa
DOFFERI7RRISIE (X]9) AL Z > TWD ATREMEDM R B VY, 1o

/k I, AR CdH A FLEE 0-HOCeH4COOH Z AR L
F<, 1951 4L 1953 4E4Z Cochran 121 ), %@@ﬁaax,ﬁ%m
AT SRS S 72[70,71], —F, VU FAERT U DA o
HOCsHsCOONa I, < ~& Z L2 2018 R T/~ T L 9K,
Spielberg et al. [72I2 L0, ZOfEqEE (X 10) NG SN
73], Utk nE, HUF g kY 74 o-HOCsHsCOONa
DFERETIE, T MU U bA AANTIVR VR ((COO) &7
XN (O) ORBRIFETIRES LicA AT ¥ R T
R S B EIAREDTERR SN TERY, T R AL A O
NI 6 T, NV U BRIIEmI O L CEEICEIM LW D, 72
B, € R BOKFRAIKREA AL L7220, A A F v
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FIPNAFET D L EZ BTN, FERH S Spielberg et al.
(018)HENT, T 5 LIABEMENTAS R 5D\ T Kolbe-Schmitt [
IR ZHEE L QIR VRV 72), RS A & CHER)
L 9 % Kolbe-Schmitt SUGHBIZ RS 2R R 2, LAITIZIR~72 0y,
U FEmFT ) U LAOFHEEL, KL o
HOCsHsCOONa D L 9 izt FrF i3 (OH) & IRk
(-COO) #HT D0, FidEEr b, & Re¥iiE (OH)
DEEEIRT D HIKFA A DN L T T =/ ¥ R
(O) Lo TERY, TOMERFIIT ) ULAL T THES
LCWB003500% (X10), ZivE CHEEL L CE 7SaiHdiEo
2HTC, ZOREICEBIENHOIL, Y FHUE— T ) vl o
NaOCsH4COONa %171, Johnson (1933)[40]2322 L 7= ids
REOR SRR (5 H) THHEBZ HILD, IRy
17358 (Coo) DIFES L QOB IREIR T EOKFFT- AL <
VWU, 1EER—THA 9, 72721, Johnson (1933) CldLRy
IR ((COO) &7 = /XU RE ((O) BEUT MU D AFRFC
FEAGLTND LAESNTODD, FEtsEn o, BEsaTR
725 b U U BA A AATFEE L TODLAIZOWTE, 52481[A
—LEBERARWI LITHET & ThH D, L bnh, Kobe
Schmitt SUSHERSE, Johnson (1933) DU, 3D\ NEEHUC
NS DO THEST L CWSATREMEZNZ L TV D700 LIVRYY,
PLED XS, BUSHE JOERIIO, BEERESERS, HDVE
RIS ASESH O SN TEZLOD, “bREEE
ToFRfER, & D UWNIEAEROREEMRE L E ZH e > T
RN, L%, FESREERINTIC BSOS\ V= Kolbe-Schmitt vt
HADE BT 7 a—F RN E&N5 2 ARV S ND,

#1750 2—FAEERT = )X ROFA R - R R
SEUROD BAAES X MRl
PSS SR b ik

1986 DCH-18C6:CsHsONa(K) = 1:2 [52]
1987  DCH-18C6:CeHsONa(K):CeHsOH = 1:1:1  [53]
1988  15C5:CeHsOLi=1:2 [54]
1990  18C6:CeHsOLi=1:2 [55]

CH-15C5:CsHsOLi(Na)=1:2
1991 56]
15C5:CeHsONa = 1:2
DCH-= Yv 7 u~¥H/ ;18C6=18-7 76 ; 156C5=15-7 T 7 -

5;CH= > 7u ¥/

©/c00Na (j (jcooma @

] 9 Kolbe-Schmitt It~ DEIS

561],
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B 10 YU Uiz~
7 2 0-HOCsH4COONa
9 ORI, KEHRE

T, ARSI,
SEnF MY U ART
ERT OKBRTITE
W) [72]

6. Kosugietal.lZ&kd MEEAILREDILEHIE]

2001 4B/ MZI3FRR T, Kolbe-Schmitt FSHZIWNT, [HHET
LTI TIIH IR IR TR 5, FEIRTHERT S
TN VER7 = ) X% R ZFRFEEE A CeHsOM-CO2 (M
=NaorK) iZ, NGB LW\ ABMRL CT LV ) &R7 =
J XY RE TBURBIIRY, EEIINARX L ULIND ] &
L72[31,74], Kosugi et al.0> Kolbe-Schmitt [Zi-H55 2 B3 B HF
ZE3, 1998 A= 5 2003 AT THRE SN TN D D &R LT-

(FHZFh, Book [45], Short Paper [75], Note [76]35 L T* Article
[77). AEITE, ZNHEMEEL TV,

IECHIZ, STHR75] (Kosugietal. 1999) DA%, fEHIZRTC
W29, RTINS RS, kDB Tho, 7=/ —
NDAR ) —RRIKBBET VY 2Nz, BZER 7L
D 160°COAA WS A TEINAZRFE S, WL, 155407 EIR
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