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(b} homogeneous reaction in a solution
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COoH COzH COpCH3

Scheme 1. Esterification of terephthalic acid by diazomethane
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Fig. 2. Reaction procedure
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Fig. 3. Reaction apparatus

(a) by use of suspending agent: (b) without suspending agent.
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Fig. 4. Adsorption rates of dicarboxylic acids

QO :terephthalic acid.[];phthalic acid.Zﬁ:isophthalic acid.
To 10 ml of 1% solution of dicarboxylic acid in DMF was added
1.0 g of alumina powder at 30°C.
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Fig. 5. Reaction profile of heterogeneous esterification of
terephthalic acid adsorbed on alumina

Adsorbed sample. which had been prepared from a 1% DMF
solution, was used in cyclohexane as a suspending agent.

1.3.3 FLIVLVBOYZY R VREZBEOBENLAF MRS
MEICRURAETYZVAY VOBRFAMT A ERLVBRHBRZFLIYL
BE/AFABBohEY, COBRUEBBEOLLEERE. BEANCFO—FHON
WRPFVYLVEREGTEREIEREUEREIATEVWRECALHSEELZONS,
Th. BRFLIILBOALNRKRYBOANLKEFYLVEORIGH IR, FL 7Y
LNBE/ATFLONLREVLVEORRYEVEE TELZIZEPETVLIFAE. T2 A
FALAIAFADBREOEITEHEERU. fiIEAUVERBBONZZELELS
hke (80) ., KRI. ZhoDALKRFYLEORIEUEBZELLWI L 2ERT S
RHOOEBREULE. FLIVLILBOI%BDMFBRBRRIVZYAYI O LEATSZ
EREY. BEAY—-RTIAFNMERREEITR-REREBG6RERVE, IO



100¢

o
~—
c
.0
.'g-
£ 50
8
o
o)
°
e
Q.
Q¢ :
0 1 2

Diazomethane / terephthalic acid

Fig. 6. Reaction profile of homogeneous esterification of
terephthalic acid in a solution

A 1% solution of terephthalic acid in DMF was used
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Fig. 7. Reaction profile of heterogeneous esterification of
terephthalic acid without suspending agent

To a glass column containing the adsorbed sample. which had
been prepared from a 1% DMF solution. was added twice as much
diazomethane as terephthalic acid by moles at 0°C.

ThHRHE. BN THIE3FLIILVBE/AFLEREER U PR, YTV
AV JOUABORERREER3. 6~15m!l/minT. $RRSEEERE
BP0 CRUTRRR2ITR oY, BREIUBESA PR, FTh. RIKEERE
UTEEBIUVEBYOZLI T hool#IRbEE AR >R, 1. 3. 2T
AUR&IZ. RERBTHFLIILBE/ AFLORBIORIGHEIIELL 2o
FTFRLIILBDL1 /30BER>TVWERD. YZVY XYY BRBHBCIRET



RIGEZBHT 3AHEIBRARLBCAL TRV ERNI P>, M- T.
UTORREI2LT1. 3. 2TRUVRBERLHVERGEZK > 2.

1. 3. 5 BMBERETRWIREUVEANLKEYLVEORE

1. 3. 20HERIVFLIYLBORBRBE ) A FIL I AFMERIE D TTEE
RZEBBD RN, K. COBARBULAOALREYLEFIA* -L1a
TEARIIDCBREBFECEAGSURVADLEIERF VLR, FLI7I9LVEI»S—HO
ANKREVNERRYVE>RLDPFRENT ILREERE. IVRKVBBAA2TT
LIFERBRETEZEBHMOATVS (66) ., ¥IT. ZheEl&TEFL
TINBEEETIOREBTRE7VITLERBRBUVAABEHAML. 1. 3. 20
FERIORERITR>EOT. TOERERBIERLVE, ZOHPOLREER

Product composition A
(3, ]
o

ol CO,CH;
/”, X/XI
,’I /x/
/7 x
/x’/
/”/
O P N s
0 50 100 150

Diazomethane / benzoic acid

Fig. 8. Reaction profile of heterogeneous esterification of
benzoic acid adsorbed on alumina

Dotted line shows formation of monomethyl terephthalate and
dimethyl terephthalte (taken from Fig. 5 ).
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R-COOH + CH2N2 _> R--COOCH:3 + N2

Scheme 2. Reaction of diazomethane with carboxylic acid
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Table 1 Selective formation of monomethyl ester from

terephthalic acida)

amount of b) selectivity for monomethyl ester / %
water added heterogeneous reaction homogeneous reaction

0 97.6 50.0
40 70.2
100 49.2

a) 77.6mg of terephthalic acid was adsorbed per gram of Alzo ’

203.

3
b) mg of water added per gram of Al

100

Q

Product composition /%
()]
(@]

0 100 200
Diazomethane /terephtalic acid

o

Fig. 9. Effect of water addition to adsorbed sample

i 7 ter was added.
To the adsorbed sample of alumina 4 wt% wa :
Other reaction conditions were the same as those of Fig. 5
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Fig. 10. Temperature effect on formation of monomethyl
terephthalate

Cyclohexane (@) or trans-decalin (QO) was used as a
suspending agent.
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Fig. 11. Adsorption 1isotherm of dicarboxylic acids on
alumina at 30°C

O: Terephthalic acid, O : phthalic acid. @®: suberic acid.
A: isophthalic acid. M : dodecanedioic acid.
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Table 2 Selective formation of monomethyl terephthalate

3 selectivit for

e el ecla.  Totomeinyl ere- MCOT
A1, 10.0 99.0 121

29.8 98.3 19.3

77.69 97.6 8.43

91.2 87.8 5.31
i, 0.995% 98.9 357
S10,-A1,0, (1350 24.1%) 96.6 29.3
S10,-A1,05(28%:A0) 57 1% 97.0 6.10
none © - 50.2 1.43

a) mg of terephthalic acid per g of adsorbent, b) mol diazomethane which
give the maximum selectivity per mol of terephthalic acid adsorbed,

c) homogeneous esterification in DMF solvent, d) adsorbed from the
same conditions.
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Fig. 12. Formation of monomethyl terephthalate from different
amount of terephthalic acid on alumina
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1. 3. 10 J7ILBRHAEBIVISIVA-1, 4-V20ON%HY IV HIKR
JBORIE
FLIILBTR_HOANLNREYLENRNVEYREBATRMAMMIHU T
WERD. AR EONLRFYLETTLIFERBRET S L RTTAKTS
2ke UMU. UEMNEVNEBESZ _HOILRFVLER., YHRREOHKY
FRES>THATRETEINNRFVYNLEERRF ODHORBATDVWTRESITH 3
S W
TINBEAVIILVE. YVABLKU NIV A-1, 4=V 70Ny IV hN
RBEUODVWTHKAERLVERORIEEAXALDOT. TOHERERILERUL L.

Table 3 Selective formation of monomethyl esters

selectivity of monomethyl ester/$

substrate heterogeneousd) homogeneousb)

reaction reaction
COzH
% 97.6 50.2
copH 92"
@COZH o 98.0 45.4

O°F  17.0 16.2

CO,H H CO2H
HOZCﬂ i :; 99.8 52.9
CO,H

o H CO,H 99.9 52.2
o ﬂ =

a) 1% DMF solution:Alzo3 = 10:1 (w/w), Db) in a 1%

DMF solution.
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Fig. 13. Two assumed states of adsorption of dodecanedioic
acid on alumina
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Table 4

NEO X

Selective formation of monomethyl esters

. 3 a
HOZC-(Cﬂz)n—COZH selectivity/%

) selectivity in homo-/%b)
geneous reaction

n =3 99.9 ( 62.6 )
4 100.0 ( 54.8 )
5 100.0 ( 54.3 )
6 98.4 ( 54.7 )
7 99.0 ( 60.2 )
8 100.0 ( 61.3 )
10 100.0 ( 53.4 )
a) 1% DMF solution:A1203 =1:10 (w/w), b) in a 1% DMF

solution.
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Fig. 14. Reaction profile of heterogeneous esterification of
suberic acid adsorbed on alumina

Adsorbed sample. which had been prepared from a 1% DMF
solution of suberic acid. was used in cyclohexane as a
suspending agent.
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Fig. 15. Reaction profile of homogeneous esterification of
suberic acid in a solution

A 1% solution of suberic acid in DMF was used.
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R-COOH + (CH3)2NCH(OCH3)2 —_—>

R-COOCH3 + (CH3)2NCH20CH3

BF3
R-COOH + CHBOH —_— R—COOCH3 + H20

Scheme 3. Methyl esterification
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Table 5 Selective formation of monomethyl terephthalatea)

reagent molar ratio® selectivity/z (sedsstivity g homo-, z)

CHoN, 3.5 97.6 (50.2)

(CH30),50, 1.5 72.2 ( 55.4 )
CHz—O)—N=N-NHCH; 1.0 84.1 ( 46.4 )
(CHz)NCH(OCHz), 41.3 72.4 (68.1)

BF3-CH3z0H 136.6 49.6 (48.3)

a) 1% DMF solution:Alzo3 = 10:1 (w/w), in cyclohexane,
b) usual manner described in the literature.
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Fig. 16, Two assumed states of adsorption of 1,10-
decanedicarboxylic acid-suberic acid mixture on Al,04
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Fig. 17. Effect of surface coverage
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Fig. 18. Reaction profile of competitive methyl esterification
of a 1,10-decanedicarboxylic acid—suberic acid mixture

1,10-decanedicarboxylic acid : 2.01X 10~ 4 mol g-Alg0g ~ 1
Suberic acid :1.01X10~ #mol g-Alg0g ~ !
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Fig. 19. Reaction profile of competitive methy! esterification of a
1,10-decanedicarboxylic acid—glutaric acid equimolecular mixture

Dicarboxylic acid : 1.51X 10~ 4mol g-Alg03 ~ !
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Fig. 20 Effect of chain length on the yield

n shows the number of carbons of methylene groups
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a)

Table 6., Methylation of alcohols, phenols and carboxylic acid.

b) . c)
Substrate DMS /mol eq. Yield /%
C,H,OH 12. 0 ~100
@CHzOH 12. 0 98. 6
CoHzOH 12. 0 92. 3
CsH,CHOH 12. 0 76. 2
Ha
< >OH " 12. 0 74. 5
3
C}-13(Cl~li_21);§HOH 12. 0 96. 7
CHaCH%-a()H3 12. 0 97. 3
H;
@OH 1.5 36. 1
@OH 1.5 7.1
OH 1.5 10. 0
H 1.5 0
@OHH 1.5 0
@@ 1. 5 38. 4

l::"::I"H 1. 6 44. 0
<::>ch)H 1.5 12. 2

a) Substrate.(4.67X10- 4 mol), Alo 03 (1.0%),
cyclohexane (8ml), refiux., 2h.
b) DOMS :dimethyl sulfate.

c) VYield:yield of methylated compounds.
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Table 7. Selective monomethylation of diols and dicarboxylic

acids

Substrate  OMS/D3leq. Vieldsy ©?

mono di
HOCHOCHOH 15 0 7. 5. 2
HO(CH:XOH 12, o 86. 13. 9
HOOC{O)COOH 1.5 72. 11. 8
nggOOH 1.5 62 18, 7
OOH 1.5 80. 8. 0
HOOC (CH),CO0H 1. 5 93. 6. 7

HOOC(CH,),COOH 1.5 100 0
HOOC ( CH,),COCH 1. 5 986. 3. 2

a) Diols/ Al,05 = 0.467 mmol/ g-A1,04,

Dicarboxylic Acids/ Al,05 = 0.40-0.467 mmol/g-A1,05.

The adsorbed sample (1 g),

b) DMS: dimethyl sulfate.

c¢) Yield: yield of methylated compounds.

d) Under reflux.

Cyclohexane (8 ml),

2 h,

room temp.



Table 8. Esterification of carboxylic acids with dimethyl

sulfate
product .~ %
substrate moncmethy!  dimethyl
ester ester
HO,C<O)-CO,H —_— 0.0 0.0
D | @op —— 00 -
HO,C-(CHp)g-COH  ——> 0.0 0.0
b) [ k' o03c{0rco;K  —> 554 244
O/
- HOZC4C)~§O —_— 722 11.8
| OF =
&) @-{’-DE% 122 _
o <
g Hozc-(CHz)G-(io E — 100 0.0

a) in DMF, dimethyl sulfate = 1.0 or 31.7 mol eq.
b) Carboxylic acid : potassium carbonate = 1 : 67 (mol/mol)
c) Dimethyl sulfate = 1.5 mol eq.
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Fig.22.Reagtion profile of heterogeneous esterification of
terephthalic acid adsorbed on alumina with dimethyl sulfate

Adsorbed sample, which had been prepared from a 17 DMF
solution of terephthalic acid, was used in cyclohexane as a

suspending agent.
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Scheme 6. Reaction of monomeric carboxylic acid with
dimethyl sulfate
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Fig. 23, Effect of addition of benzoic acid in heterogeneous
esterification of terephthalic acid with dimethyl sulfate

Three times as much dimethyl sulfate as terephthalic acid by
moles contained in the adsorbed sample was used. Dotted line
shows the formation of methyl bezoate.
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(R-0-A1C145)0H® + ©OCH-®N=N ———35  (R-0-41C14)S8CH,R'

————  R-0-CH,R' + AlCl4

Scheme 7. Reaction of alcohol with diazoalkane
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Table 9.  Yield of methyl ether®
Reagent Amount (mol eq.) Yield (%)
CH; | 48.8 12.1
(CH)O); SOR 24-4 708
CH N, 49.8 80.8
a) support :Al.03; (Merck Art 1077) 0.2g
substrate : n-Decy! alcohol 0.01g(12.1p1)

calcination temp: 110°C



Table 10, Effect of adsorbents

Adsorbent &’ Vield ) ( Relative activity )<
Alo0(Merck Art 1077 neutral) 6.7 (1.0)
(JRC-ALO-5) 11.5 .7
Si0, (Merck Art 7734 Kieselgel 60) 14.2 (2.3)
(Wakogel C-200) 41.4(23.8) (6.2)
(JRC-S10-1) ' 41.4( 4.3) (6.2)
(JRC-S10-4) 40.2 (6.0)
Ti09 (JRC-TI0-1) 6.5 (1.0)
(Kantokagaku) 7.1 (1.1
Zeolite (JRC-Z-Y4.8) 2.1 (0.3)
Si02-A1203(JRC-SAH-1) 2.0 (0.3)
Celite 545(Johns-Manville) 1.3 (0.2)
Zn0 (Kokusan Kagaku) 0.4 0.1)
Mg0 (Kamishima Kagaku) 0 ¢ 0

a) Heat treatment: 110°C (1 h) in a stream of Ny.

b) Yield of decyl methyl ether with 6.8 mol eq. of CHyN,,
( ): with 1.3 mol eq. of CHoN,.

c) Relative activity =

Yield of the ether using arbitrary adsorbent

Yield of the ether using A1203 (Merck) as adsorbent



LNOBREULRABWK., RHETHELEAVEERTITR ke REYIYTIRXIZO
RIEHEPHORALELLEXTHRVEL. 80. 8ROFVYIAAFILII-FLEEZ
oo EoTUBOTZNLIA-NOAFNEEY 7RI EAVTITR 2o

1. 3. 2 EREHKOECE
TRHREXTFLLDREBEI LD, BREAO X FLLOEERHANL, HR
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Table 11, Specific surface area (S) of adsorbents

Adsorbent @) S (mé/g) (Reference)
Al,03(Merck Art 1077 neutral) 108 (100~130)
(JRC-ALO-5) 158 (233)
SiOz(Merck Art 7734 Kieselgel 60) 357 (500)
(Wakogel C-200) 371 (350)
(355%)
(JRC-S10-1) 108 (166)
(JRC-S10-4) 288 (347)
Zn0 (Kokusan kagaku) 11 _
Mg0 (Kamishima kagaku) 37 —

a) Calcination temp. ¢ 110 °C
b) Calcination temp. : 600°C

100 0 o—

CH4(CHy)gOCH5

/
o
o

nN
o
T

1 ] 1 i 1

0 S 10 1 20 25 30 35
CH2N2 { mol eq.

o

Fig. 29. Reaction profile

Calcination temp. :110°C
Loading : 3.2x107*mol g-Si0,""



H. 136EEQOY 7YX VEMATHAFMERBEEI 5R-P T2,

4. 3. 3 BAOZ7LV2A-LBLU T/ -LOAFILILRIE
4. 3. 2 TR IhEEENLRIEYLRZLY. BAOZ7L2A-ALBLU T/
“NDYTPIAIYREBAFAMERISOERERI2ERVE. RIGEBRDUE

a)
Table 12. Methylation of alcohols and phenols with CHyNy
Substrate CHaNg Yield

(mol eq.) €9,
CH3(CH g OH 34 ~ 100
CH3(CH ) O 34 98.4

©-cHyon 34 ~ 100
O-o 68 99.0

CH4(CH ), CH(CH)OH 68 99.1
Ch3(CHZ)3C(CH3), OH 68 99.4
(CH3),C:CH(CH ), CCCH ) CHCH 00 34 9.2

O-on 34 99.0
@ou 34 93.2

@ou 34 ~ 100
@210“ 34 78.7

. 34 97.8
ol 34 93.2
a) Substrate /7 Si0; : 3.2 %10"%mol / g-Si0a
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Fig. 30. Effect of loading

Calcination temp.:110°C
CH2N2 : 34 mol eq.
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CsHiz- O - C = CH;

0
it
O-0H + CH=C=0 ﬂi&, O~ 0-C-CH;

CeH-OH + CH,=C=0 H.50.

Scheme 8. Acetylation of alcohol and phenol by ketene
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Fig. 33. Reaction procedures

5.2. 2.1 EREEMETIER

EREEMETIBAUERERNO Iz /) - L1 g230mlOF b5y
52 (THF) RBABULU. ThXYYAXFL15g:mMA 1 ONBIKEL L&D -
FV—INKL -y -THEFE2EEZLVHEBRABE2EE. ZOB. BETLH 31
HrRBG EERL 2R, HERA» SOBRORILIREIHL LEEAREKOK |
FHEZS, hPLEARRGTERERHLEVAE, ZOBFRIVFARLLHE
FABIAEEZBRIEATVREY., RIVCEEL25X2Y. CUARILCLSEHR
DEEBDLRLSTEL D, BEHWZEVWNETC7 EFLILYHBORE, —H.
1 -AN2H ) - LDEI>RBHREFERETIEARE. BRAEVGVIER2AIHL



THEEERHVRD R, TRbhbE, HRFETISAAX1I -2y ) -1 g&
TAEF10grAhRE. IBHBULAETYBY—RBHECR3ETET 1 b

tHRETSIERLVERABEEL,
CDEIRCVTHLAMERR3 4 alRUELIRER3I~6. 3 cmDHT IR

glass wool

jacket

glass wool i %

alumina powder

LWV VWWWWY

N

/
B 7777777

/ rubber stopper

supported
_ sample—.

glass filter

rubber stopper 1

t
$ CH=C=0 + N;
CH;=C=0 + N;

b) for kinetic measurements &) for preparative uses
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Fig. 35 Acetylation by ketene of l-hexanol adsorbed on

alumina
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Scheme 9. Silylation by dichlorodimethylsilane and

hexamethyldisilazane
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Table 13. Acetylation of alcohols and phenol by ketene

amount of : °
substrate (1g) adsorbent (10g) cetene | m Yield g (%)
( Si0; 4.5 118 (84)
celite 545 2.2 1.14 (81)
OH
CHy=CHy~CHy—CHy—CHy~CH, < MgO 45 122 (86)
Zn0 1.1 112 (79)
OH [ Al;0; 3.9 109 (77)
CHy=CHy=CH,~CH—CH,~CH, ALOS s 124 (88)
OH
CHJ_CHz“(l:“CHz"’CH3 Ale;; 6.2 099 ( 70)
CH
(O—0H Al;0; 4.9 108 (77)
©CH-0OH AL0; 4.9 127 (91)
O-oH Si0; (159) 124 (86)




Table 14. Relative reactivities of alcohols (0°C)

adsorbent
substrate
Al,O5 Si0;
Cl)H
CHg—CHz"CHz-CHz_CHz—CHZ 1.00 0.83
(I)H
CH;3;-CH;—CH;-CH;—CH-CHjs 0.25 0.16
OH

CHy~CHy—CH~CH—-CH~CH,  0.13 0.13
OH

CH;—CHz-(:Z—CHz—CHz 0.11 0.11
CH, |

O—OH 0.47 0.29
@—CHZ—-OH 1.04 0.59

(874

EER. 7LV FREVYIFYVEHEETZERLY. BENE70-90%
T7EFAMEENRIENZORDPORPSE, Fh. 1 -AFY /- LERERHE
VEERBRMS. YUATAPT7AIFUACET A P RBIEI T2V 4 BILE
BOLEYWREEKTHEZ NP ok,

COERT7EFIMLRLRERYF VBRARIEHOEREH VL. Tbb,
AAFZETWR. BRH7L2-LORILR KB BAELRLIT LD, BEEHADHK
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MBI ABENSSS3 -3 /) - LUEGOERVWKIEHERR U2, Jhodl k&
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BOEVIIED L,
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Table 15. Relative reactivities of phenol (0°C)

adsorbent
substrate
Al20; Si0,
OH
@ 1.00 0.41
OH
o 0.87 0.077

0

o 0.83 0.056

I

OH
o 0.76 0.052
OH
o 0.76 0.035
H
éﬁ- 0.74 0.0103
H
\@?y 0.79 0.057
H
*{}k 0.79 0.019
H
7H§yk 0.47 0.000
OH
©©® 1.03 0.56
0“ 1.02 0.69

FAA-LEOBEERABER Tz ) - VERDVTHTAIFEVY AR
WTBARGHEAN. TORRETAIFER Tz /) - LORBHE 1 & U RH
HETHEISRRUE, 7AITREGKLULSARSHAOTKEEOBME S
PrhoTRIEHOETRIEC. BOUKBEOKRER2, 6-V -t —TFi
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iThh->r,. ZTOROEFLCIIEHOHEMREEARIBLERLE, JOFXK
o, ANL2TOBRKBEAAFELCIS37TFLILOBIRBAEATH S b
She ZORT. EHLOQOEEEHVAEABAL DLTHIRELAVRIEHLS R
OPBILEHRTHY . ZBILT 7 > IABEOGVRILEARL. 7L T FHE DY
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BEIUTHONATOLAEILY TV 2V YA 2HLEBAEREEOVRIEHELDRE .
EBCOBEREECOLEVEEZ IO SFEURABLOLBEACORIEHIE» >
e, 2oE»roHME. LU, BUNRBEXKBETHZ U DTN T R
HAREURGAERCE. RLEORIEHELULREIRD - 12,

ZOEHWRE. HEOBMELREMHOHEBEL T VLHETEEL > 2. DRl
EhmiEter el o THAUBURBR TCHIIENAL >
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ZZECOERTR. ROV Y I AR110CT240ERLUELOERAL
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Table 16. Relative reactivites of l-hexanol and phenol (0°C)

adsorbent substrate
CHy(CH)s—=OH  (©)-OH
Al;0, 1.00 1.00
Si0; 0.34 0.51
Si0;—-13%%6Al,0; 0.19 0.20
Si0,-28°LAl,0; 0.18 0.19
MgO 0.28 0.36
TiO, 5.6 5.1
Zn0 6.4 7.8
charcoal 0.38 0.30

o UL, COBEORUBTTERLAVIAIFILCBEHETERVEREOK
BBBELTVE, ZIT. YVUBFALREERTHERL TARRES LD %
BEELVLCHL 7 EFLLEETRY. BETZ3KDOBEELHARLOTHEES

H36WRLEk, CORMS. MBTREBUEY YA LEEEHVWAEY £F
MEOREENGOWZEBR NS, k. COREOMBUB T 7 LH
BOMENEIT AL WEZAHL (138) . MBUETZZ L2k KD DR
E¥hhkehaEtrdho UREHEEZEZ SN R, ZOIZEREETH2D.
100 CTRELLEVYATLRZKREMULL O RBEE U TERAL 7 EFLIL
RIGEITR-2OT. 2OBEREEI7TWIRLE, ZORPsKkERNLEYY
ATNLEBEETHIREHEIETL. 400 COMBRBIILVE>EV Y AN
AHOEREBEOKDEFEMT . BIXOEBEHURSZEHEES R,

— 103 —



100}

[}
80F /
o o
\ p
o a) o
O
-a o
o
2 40F )
[o]
o] o o
ZOL///////////
0 1 1 1 1
0 200 400 600 800

Calcination temperature / °C

Fig. 36. Effect of calcination of silica gel on the acety-

lation of l-hexanol by ketene
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Fig. 37. Effect of the addition of water to calcined silica gel

at 400°C on the acetylation of l-hexanol by ketene

Alumina:500mg, l-hexanol:15mg.
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Fig. 38. Effect of silylation of silica gel by dichloro-

dimethylsilane on the acetylation of l-hexanol

by ketene
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Fig. 39. Effect of silylation of silica gel by hexamethyl-

disilazane on the acetylation of l-hexanol by ketene
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