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Abstract: Distannoxane catalysts effect acylation of alcohols by action of esters and acetic anhydride.
In particular, use of enol esters provides an extremely useful method. Primary alcohols are acylated in
preference to secondary ones as well as phenol. Both acid- and base-sensitive functional groups remain
intact. Especially unique is the discrimination of thio function which is completely tolerant under the
present reaction conditions. This method is highly practical since operation is quite simple. Esters and

solvents can be used without purification and no inert atmosphere is necessary. The products can be

isolated simply by column chromatography or distillation without aqueous workup. © 1999 Elsevier Science
Lid. All rights reserved.

INTRODUCTION

Acylation of alcohols is one of the most important manipulations in organic synthesis and a number of

frequently employed reagents. Probably, the first practical breakthrough in this technology was brought about

b

by the discovery of the 4-dialkylaminopyridine catalysts.” This protocol has been undergoing further

improvements.” In addition,
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a variety of new catalysts appeared which are either basic or acidic. For
example, tertiary phosphines® and an aminophosphine superbase® fall in the former category while p-
toluenesulfonic acid,” ZnCl,,” CoCl,,” Sc(OTf),,” TMSOTT,” TaCl,-SiO,,'” Montmorillonite,'” and zeolite'”
in the latter. A dual MgBr,/tertiary amine array'” and the reaction at high temperatures (95-105 °C) without
catalyst'® were also reported.

Transesterification'> by use of esters as acylating reagents is another important and versatile means'®

but, unfortunately, this reaction is difficult to reach high conversion due to its reversibility. This drawback can

conversion into aldehydes or ketones upon transesterification. The reaction is usually conducted under acidic

conditions.'” Recently, Cp*,Sm(thf), or Sml, was found to be effective, yet this method required the Schlenk

tube technique.' It follows that further improvements are needed in order for this protocol to find broader
uses in the practical sense.
Acid chlorides,'” acetic acid'®* and methyl orthoacetate?” served as well. In addition to these classical

ones, a variety of new acylating reagents were also developed.”” Despite these modifications, the two
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1,3-Disubstituted tetraalkyldistannoxanes with a dimeric formulation 1 are Lewis acids that are able to

catalyze various carbonyl transformations under virtually neutral conditions.” These precedents have led us

distannoxane catalysts effect practical acylation reactions on the basis of the transesterification and acid

anhydride protocols.”

X
la: X=Y=Cl;1b: X=Y =-NCS
1c: X =Cl, Y =0OH; 1d: X

RESULTS AND DISCUSSION

This study has its foundation on our previous findings that distannoxanes smoothly catalyze
transesterification.” Thus, we first addressed ourselves to investigate acetylation of phenylethanols by use of
ethyl acetate (Table 1). 2-Phenylethanol (2a) in EtOAc was heated under reflux for 12 h in the presence of 1a.
With 10 and 5 mol % catalyst concentrations, the desired ester was obtained quantitatively (entries 1 and 2)
whereas the use of 1 mol % catalyst slightly decreased the yield (entry 3). With this catalyst concentration, the
yield dropped sharply at lower temperatures (entries 4 and 5). 1-Phenylethanol (2b) is less reactive but the
refluxing conditions with 10 mol % catalyst gave an 82% yicld (entry 6).
were reported with organotin alkoxides,'®™ alumina,'®®® Ti(OR),,'**® metallic sulfates,'®® lanthanoid

triisopropoxides'® and butylstannoic acid.'” All these reactions required heating at 50~110 °C. In this

catalysts or promoters.

Table 1. Distannoxane-Catalyzed Acetylation with Ethyl Acetate ?)

ROH +  EtOAc ! ~ ROAc
i Condns ester
Entry  Alcohol (mol %)) °C,h (% yield)®
1 Ph(CH5)0 H (2a) 1a, 10 reflux,12 98
2 2a 1a, 5 reflux,12 96
3 2a 1a, 1 reflux,12 91
4 2a 1a, 1 50, 24 2
5 2a 1a, 1 30, 24 17
6 PhCH(OH)CH5 (2b)  1a,10 reflux, 12 &

a) Reaction conditions: alcohol (5 mmol); EtOAc (10 mL). ® Molarity on the basis
of the monomeric formulation. © Isolated vield after column chromatography.
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under conditions given in Table 2. The reaction mixture was evaporated and the residue was subjected to

examined (entries 1-4). No significant difference in the catalytic activity was observed between 1,3-dichloro
and -diisothiocyanato derivatives, 1a and 1b, and both are more active than the corresponding monohydroxy

derivatives, 1c and 1

="

. As a consequence, 1a that can be obtained most convenientl

v was the catalyst of our
choice in this study. The reaction proceeded quantitatively at 30 °C even with | mol % catalyst though the
reaction rate decreased with decreasing catalyst concentration (entries 5-7). The reaction time can be
shortened by elevating the reaction temperature (entries 8 and 9). When the substrate is insoluble in enol
esters, a co-solvent like toluene or THF may be used (entries 10 and 11). 1-Octanol (2¢) reacted similarly
(entries 12 and 13). Isopropenyl acetate (3b), vinyl benzoate (3c), acrylate (3d), pivalate (3e), and

chloroacetate (3f) also served as acylating reagents to afford the desired esters quantitatively (entries 14-19).
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and 25Y Cvelohexanol failed to react at 30 °C (entrv 26) and more
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remarkably, phenol that is more reactive than aliphatic alcohols under basic conditions did not undergo

acetylation (entry 27). It is added to note that the use of only 1.3 equiv. of 3a, when it is desirable, furnished

r1
1

ROH + /l = ataYe =T ﬁ)l )
Z > 0COR' r\\.;;.lun T/kR“ )

2 3a R'= CHj R"=H

b CHs = CH3

c Ph =H

d CH=CI|2 = H

e —tBU =H

f = CICH; =H

1 Condns 4
Enty 2 mot%)® 3a G N (% yield)®

1 2a 1a,5 3a 30,5 %
2 2a 1b, 5 3a 30,5 9
3 23 1¢, 5 3a 30,5 B
4 2a 1d, 5 3a 30,5 40
S 2a 12,3 3a 30,8 99
6 2a 1a, 2 3a 30,11 B
7 2a 1a, 1 3a 30,21 28
8 2a ia, 1 3a 50,25 98
9 2a 1a, 1 3a reflux,<0.5 99
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(Table 2 continued)

10 2a 1a,5 33 30,139 )
LU 1a,5 3a 30,13 ®8
12 n-CgHy7OH (2¢) 1a, 3 3z 30,8 a7
13 2¢ 1a, 1 3a 30,20 %8
14  2a 1a, 5 3% 30,24 98
15 2a 1a, 1 3b reflux, 2 )
16 2¢ 1a,5 3¢f) 50,15 989
17 2¢ 12,5 ad" 50,15 &
18 2¢ 18,5  a.N 50,15 a7
19 2c 1a,5 3 50,17 %
20 2b 1a,10 33 30,24 2
21 2b 1a, 10 3a reflux, 0.5 a9
2 CgH13CH(OH)CHg (2d) 1a, 1 3a 30,24 1
<« Za 1a, v 3a renux, 1 97
24 PhCHoOH (2e) 1a,3  3a”) 30,14 |
%5 2 1a,5 apf) 30,42 g1h
26 cyclohexano! 1a, 1 3a 30,24 0
27 CeHsOH 15,10 34 30,24 trace

a) Reaction conditions: 2 (5 mmol), 3 (5 mL). ®) Molarity on the basis of the monomeric
formulation. © Isolated yield after column chromatography. 9 In 3a (2.5 mL) and
toluene (2.5 mL). ® In 3a (2.5 mL) and THF (2.5 mL). ? 3 (3 mL). 9 Determined by 'H

[S1 ¥ =] R+ o~ ---a.- PP | RO PR B YU,
N

MR. 'V TLC monitoring indicated a small amount of 2e Iemcuuulg

The above results led us to postulate the discrimination of primary alcohols from secondary ones. In

nnnnnn 1 ¢ha hish lawgal o
ghvlitiai, wic 1!1511 iILvel v

e

romrrriiniatine o

£ +
1 WIDGILLLILIIIALIVEL al

reactive secondary alcohol component is accelerated at the later stage of the reaction, leading to the alternative

of modest yield with high selectivity or poor selectivity with high yield. Most of foregoing studies failed to

nvercaome thic naradnvical diffienlty recultine in lace than 700, vialde ar the celectivity nat exceedine
UVLivlUinw unn paraGUaitar Ginaluigy, tUouiulig 1l 1065 ulau 71 v 70 1TIUS Uk wab Svalbuviny nUl Lallllding
90%.!%*=#¢48 To the best of our knowledge, only the following precedent examples satisfied the above

22e)

demands: 3-acyl-2-oxazolone/Zr complex,” 1-(benzoyloxy)benzotriazole,®” 3-acetylthiazolidine-2-

thiones, ™" acetyl chloride/hindered amine’™ and m metal salts?’’  The

distannoxane method provides a more convenient access to this issue. As shown in Scheme i, competition
reactions between these two classes of alcohols at 30 °C resulted in selective or exclusive formation of
primary acetates when isopropenyl acetate (3b) was employed. With more reactive vinyl acetate (3a), the
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ferentiation was induced satis heny

eiween the phenylethanols but poorly between

Scheme 1.2

PPy,
1a/9
ROH + R'CH(OH)CH3 ROAc + R'CH(OAc)CH3
2a Zb {ia (i moi %); 3a] 9F% %
2a 2b  [1a[5mol%);3b]  9g% 0%
A N 12 {1 mnal %) al [a's T4 4100/
ZC Fae] Less v v /Gy, ke F /0 1070
2¢ ad M1a (R mol °4) 3hi oo/ A
ita{3 mol s S0 9% vt
a) Dna.—-hnn ~rmeitian alrahnle (E mmnl aarnhY 2 I mil Y- 20 - DA
£acion ConGItions: aiconais A\ NIV CAUIT, & \J HTiL)y WV Wy &7 11

b) Yields determined by GLC.
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the distannoxane method exhibited the high preference for the primary hydroxyl over the secondary one to
afford the desired mono esters (entries 1-3) whereas the diacetate was a sole product by the other methods
(entries 4-6), 1,3-But
suffered more reduced reactivity to provide the perfect bias in favor of the primary alcohol (entries 8 and 9).
An aldol product 9 underwent smooth acetylation on the primary hydroxyl without dehydration (entry 10).

The selective acetylation is also applicable to a steroid derivative 10. It should be noted, however, that when

L ap vally . 2 ad be no ey 22UV 4 w2280 WIIGIL

1,2-octanediol was subjected to the same reaction conditions (40 °C; 50 h), the monoacetates (in 72:28 ratio of

primary and secondary acetates) and the diacetate were obtained in 31 and 24% yields, respectively.

Tabie 3. Selective Acylation of the Primary Hydroxyl in Diols

o v
Entry Diol Reactn Conditn Monoester (% yield) r/f;‘;'g'rd of
H H
. cl) (5) 5 (3 mmol) 1a (2 mol %) P
NS0 3b (5 mL); 30°C; 24 h INTN0Ac (1) 2
(o))
5 (5 mmol);1a (10 mol %); o
5 °
2 3¢ (3mL);50°C; 40 h /I\VAVA‘OCOPh % 1
5 5 (5 mol),1a (10 mol %); j\ (12)
== s~y (13)
5 (5 mmol); Sc(0Tf)3 (1 mol %);
4 5 Ac,0 (3 mL): 30 °C. 24 h 1 0 9
5 (5mmol); BugP (10 mol %);
5 5 AczO (3 mL); 0 °C, 24 h 11 0 =
5 5 (5 mmol); DMAP (10 mol %);
6 Aco0 (2 mL); pyridine (2 mL); M 0 8
OH 30 °C, 24 h
YLl

7 */\O H (6) 6 (5 mmol);1a (2 mol %); /L/\OAC (14) 2 o

3b (5mL); 40 °C; 69 h
?n CfH
~ 70 i):1a (9 mol %); /\]/\/\
N d OH@ 1! (QT.?? o o b OAc (15 %8 0

l\/ PTIL ]y WO sy v
9 P ~~gy . 8(mmol;ta (1 mol %), P ~—"aa. (16 97 0

| ©F ®  3a(5mL);30°C;25h | OAc

OH OH
10 _~_OH 9 (2 mmol);1a (5 ‘2' W) i ~_OAc (M a& 2
~ /[ " 3b (3 mi); 30°C; 46 h X NN

CH; OH .
‘""'“’“‘J{; 10 (1 mmol);1a (2 mol %); CH3 DAc
3a (5 mL); THF (8 mL); ;

" H3C 30 °C; 20 h =X 5 (18) 8 4
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the case as shown in Table 4. The acid-sensitive TBS and THP groups survived (entry 1 and 2). It is to be

noted that both functions were replaced by the acetyl group to furnish the corresponding diacetates (96-97%)
by {he ‘A‘sz/Qr‘/nT ; m

geraniol and furfuryl alcohol (entries 3 and 4). The base-sensitive triflucroacetyl group also remained intact
(entry 5) whereas Ac,O/pyridine/DMAP furnished the diacetate, AcO(CH,),OAc (94%). The clean reaction
BR-acetvlenic ester (entrv 6) which suffered decomnosition unon exnosure to Ru.P. The
k4 niati ) i AREY 7/ it et e 4 A | Windanlihy vt ettt

suifinyl group was also employable (entry 7). When this substrate was subjected to the Ac,O acetyiation

promoted by Sc(OTf),, pyridine/DMAP or Bu;P, some byproducts were formed in every case and the yield
was 79-93%. Notably, a disul

ide linkage is completely tolerant (entry 8) to give a quantitative yield of the

NSO a1 fl'\ ™A

desired diacetate, [AcO(CH,),S],. The Sc(OTf); or Bu,P/Ac,O methods resulted in the cleavage of the S-S

bond to give AcS(CH,),0Ac in 97 and 96% yields, respectively.

Table 4. Chemoselective Acylation®

1a Condition 4
Eny 2 (mol %) (°C, h) (% yield)®)
1 TBSO(CH»),OH 1 30,23 a8
2  THPO(CH4OH 1 30,23 a7
3 geraniol 1 30, 2 98
4 furfuryl alcohol 3 30,24 a9
5 CF3C O5(CH2)4OH 1 30, 24 97
6 PhOC(O)C=CCH,OH 1 30, 24 a7
7 PhS(O}{CH2)sOH 1 30,23 7
8 HO(CH2)28S(CH2)20H 1 30, 24 9%

DAtk mnrnal meafaranan AF nhanal cgae nelimams alanha122868) fnd tha vavarcead nrafaran~a891620228) ava ramartad
DU 11UL]1L plClCl IILC Ul pllcllUl UvycCi plll u.uy alLVLIUL IU HIC 1T VLLISOU pltiticlive i itpuiicu.

The inertness of phenol disclosed in Table 2 gives promise of this type of discrimination. The primary

o
hydroxyl was acylated in the presence of phenol (Table 5). When substrate 19 was exposed to vinyl esters, the

was realized by the three other methods (entries 6-8). It was reported that Sc(OTf),-catalyzed benzoylation of
a 1:1 mixture of phenol and 3-phenyl-1-propanol furnished the corresponding benzoates in 8 and 91% yields,
1 under similar conditions. Moreover, the
TMSOT{/Ac,0O variant was found to give a 93:7 20/21 ratio after 3.5 days as a result of thermodynamic
equilibration.” Notably, our method led to a quantitative yield of 20 with perfect selectivity after only 40

minutes in refluxing THF (entry 2).
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- 20 21
Entry Reactn Condns R (% yield) (% yield)

19 (5 mmol); 1a (5 mol %);

i 3a (2.5 mi); THF (2.5 mL); CHy o 0
30°C; 24 h
19 (5 mmol); 1a (2 mol %);

2 3a(25mi); THF 2.5 mi); CHy = 0
reflux, 40 min
19 (5 mmol); 1a (10 mol %);

3 3¢ (3 mL); THF (2.5 mL); Ph ®8 0
50°C;68h
19 (5 mmol); 1a (10 mol %);

4 3d (3 mL); CH4CN (5 mL); CHo=CH 9B 0
5G°C;36h
19 (5 mmol); 1a (10 mol %); ‘

5 3e (3 mL); CHCN (5 mL); Bu g 0
50°C;70h

6 19 (5 mmol); Sc(OTHa (1 mol %); CH o 91
Ac,0 (3 mL); 30 °C; 4 h 8

7 19 (5 mmo]) BU3P (10 mo! %); CHs 0
mgu \a nu.; 30°C;4h
19 (5 mmol); DMAP (10 mol %);

8 Aco0 (2 mL); pyridine (2 mL); CHg 13 84
30°C; 24 h

Finally, it has been revealed that distannoxane 12 is also effective for acylation with Ac,O (Tahle 6).

Exposure of alcohols to Ac,0 (1.1-3.0 equiv) in the presence of a catalytic amount of 1a afforded acetates.

The reaction can be run both with and without solvent. In essence, the chemoselectivities hold in these cases

Table 6. Distannoxane-Catalyzed Acetylation with Ac,0.2)

—~ o~ . A M 1a - A
HUH -+ L %A RUAC
Entry ROH Ac,O (equiv.)  Solvent ROAc
(% vield)®)
1 2a 3.0 none %
2 2a 3.0 toluene g1
3 2¢c 1.1 none QO
4 TBSO(CH,)4OH 2.59 CH3CN 8
[~ TN N hl—l n wd) CHAC N an
4 TV 24 29 SR S

a) Reaction conditions: ROH (5 mmol); 1a (0.05 mmol); solvent 5 mL;
30 °C; 24 h. P Isolated yield. < 1a (5 mol %). 9 1a (4 mol %).
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Scheme 2.29)

1a/Ac,0

ROH + R:CH(OH)CHs ROAc + R'CH(OAC)CHs
2a 26 [a(10mol %) 8% 2%
2a 2h  [1a[4 mol %)Y 85% %
2¢ 2d  [1a(1 mol %)® 80% %

a) Qaacti tion conditions

TICQAVUVIT VUiV o

hole (E mmol cachY: A0 °C- 24 h

aircn ;
CONQIS AW HHTHIIVE T ), o Sy &5 0

b} Yields determined by GLC. © Acy0 (5 mL). ¥ AcgO (4.5 mmol).

e) Ac,0 (5.5 mmol).

Acylation of alcohols by esters or Ac,O is catalyzed by distannoxanes. In particular, the use of enol

esters accelerates the reaction without violation of the innate mildness and, accordingly, a highly practical

alcohol/phenol as well as of excellent chemoselectivity. The operation is quite simple. Mixing the reactants

followed by evaporation gives the crude product; no aqueous workup is necessary. The catalyst can be

removed by column chromatography or distillation when the product is distillable. Of great synthetic

importance are the facile availability of the catalysts’” and their stability towards hydrolysis and oxidation.
Thus, enol esters and solvents can be used as received without purification and no inert atmosphere is
necessary for the reaction. Consequently, the present method will find a wide spectrum of synthetic

PRy B Pap
appiications.

EXPERIMENTAL SECTION

General: All reactions were carried out in the open air. Ethyl acetate, isopropenyl acetate and other
acetylation reagents were used without any purification. Tetrahydrofuran (THF) was distilled from sodium

TR AT Qa

Den70pnen0ne ketyl. Acetnitrile and pyridine were distilled from CaH,. NMR spectra were recorded at 25 °C

PR ¢ 2N PR TEMNT T a0nlods 20N a0 d TEMNAT T amahdea &ENN comantesaa M
on Varian Gemini-300, JEOL Lambda 300 and JEOL Lambda 500 spectrometers and calibrated with
tetramethylsilane (TMS) as an internal reference. Mass spectra were recorded on a Jeol MStation JMS-700

spectrometer. Elemental analyses were performed with Perkin Elmer PE 2400. Melting points were
determined with a Yanaco micro melting point apparatus and were uncorrected. Silica gel (Daiso gel IR-60)
was used for column chromatography. GC analyses were performed using a capilally column of CBP1-M25
with SHIMADZU GC-17A.

Preparation of distannoxane 1: Distannoxanes 1a, 1b, 1c and 1d were prepared according to literaturc
methods but our most rcccnt trials giving rise to higher yields are deqcnbed below.

from the oluuo by flltratlon on a cehte pad and the flltrat S CO ncentr ted nder educed pressure. A
crude mixture was recrystallized from hexane to give a white sohd 1a (159 g, 96%), m.p. 109-112 °C (lit.
107-108 °C).

1b:*® A 95% ethanol suspension (30 mL) of 1a (11.0 g, 20.0 mmol) and sodium thiocyanate (3.57 g, 44 mmol)
was heated at reflux for 7 h. After evaporation and addition of axcmoromemane insolubl /

______ g | ~ 41 —

£ PR 1 2 Toer Filtmntin Py ~alita mn
separated from the solution by filtration on a celite pa

Q.



pressure. A crude mixture was recrystallized from hexane to give colorless needles 1b (8.0 g, 69%), m.p. 86-
89 °C (lit. 83.5-84.5 °C).
c:*” A 95 % ethanol suspension (60 mL) of Bu,SnO (14.93 g, 60.0 mmol) and Bu,SnCl, (6.08 g, 20 mmol)

was heated at reflux for 7 h. After evaporation and addition of dichioromethane, insoiuble solids were
ganaratad fram tha calntian hy £ Itwnf-r\n An o ralita mnd nmAd tha Filteata wwng Annmantentad a;mdaw sadinand
Svpaiatvid 11Ul UIv SURUUULL Uy 1luauuil Uil a iite pad, alid uic iuualtc Ad LUNILCLIIU AITAU UIIUCL 1CUULTuU

%su e A c ude mixture was recrystallized from hexane to give a white solid 1¢ (20.3 g, 95%), m.p. 101-

T b
0° (ht -121 °C).
d.zs) A 95% cthanol suspension (40 mL) of 1¢ (5.34 g, 10.0 mmol) and sodium thiocyanate (1.62 g, 20 mmol)
was heated at reflux for 7 h. After evaporation and addition of dichloromethane, insoluble solids were
separated from the solution by filtration on a celite pad, and the filtrate was concentrated under reduced

pressure. A crude mixture was recrystallized from hexane to give a white solid 1d (3.9 g, 70%), m.p. 118-129
°C [lit. 123-134 °C (Dec)].

Thc fo}l{\l ng acatatee arp bnn\!lr\ f‘l\mnn““lqc an tho (’“ﬂf"""l] f“)f‘) I\"‘ "hﬂﬂﬂ I‘nmf\l\!‘nl"(‘ onmnf‘ “’I"’\
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those in the literature: 2-phenylethyl acetate,” 1-phenylethyl acetate,™ 1-octyl acetate,' I-oc.tyl benzoate,'®
1-octyl acrylate,'® 1-octyl pivalate,' ) D 2

,'® 1-octyl chloroacetate,'® 2-octyl acetate,’” benzyl acetate,” 1-acetoxy-5-
hydroxyhexane (11),"> 14,*Y 16, 18, 1-acetoxy-2-hydroxyoctane,™ 2- -acetoxy-1-hydroxyoctane,’” 1,2
diacetoxyoctane,”” geranyl acetate,’® furfuryl acetate,’® bis(2-acetoxyethyl) disulfide,® 2-(4-
hydroxyphenyl)ethyl acetate,*” 2-(4-acetoxyphenyl)ethyl acetate.*”

Acetylation of aicohol with ethyi acetate catalyzed by distannoxane (representative): An ethyl acetate
solution (10 mL) of 2-phenylethanol (2a) (611 mg, 5.0 mmol) and distannoxane 1a (138.2 mg, 0.25 mmol)

wag heatad at refluy Fnr 17 h A‘Ffpr nvnr\nrf\hnn recidne wag onhmnr‘h:ri ta colimn chromataoranhy on cilica
FY GO LiwHlvae G \lll“(\ NSL  ddw LRs i S 28 Vvul.l\llu AN 1Ly 1\1;)1\1\.!\/ Yy o Wiwilwild LW wwiuviiiing \Iluulllu‘-usluyll] Vil Jiiivia

gel to give 2-phenethyl acetate (772 mg, 93%).

Acylation of alcohol with vinyl acetate catalyzed by distannoxane (representative): A vinyl acetate (3a)
solution (5 mL) of 2a (611 mg, 5.0 mmol) and 1a (138.2 mg, 0.25 mmol) was stirred at 30 °C for 5 h. After
evaporation, the residue was subject to column chromatography on silica gel to give 2-phenethyl acetate (788
mg, 96%).

Acylation of 1,5-hexan

iol (5) with isopropenyi acetate cataiyz d by distannoxane (representative)' An
ionmranant] an «»n ) omliidina 78 m N\ mf B (AER smr 2 N sr1namalY nemd T 722 ) 1 N NL nmn A1 s37m0 otierad
mupluycuyl acetatie \JU} SULULIVEHI\J NIy UL I \JJJ g, 2.V uuuuu anda ia (V.4 1115 V.U uuu\u} was stited dl
30 °C for 24 h. After evaporation, the residue was subjected to column chromatography on silica gel to give
acetate 11 (449 mg, 93%).

Acetylation of 5 catalyzed by Sc(OTf);: An acetic anhydride solution (3 mL) of § (591.0 mg, 5.0 mmol) and
scandium triflate (24.6 mg, 0.05 mmol) was stirred at 30 °C for 24 h. After usual work-up with aqueous
sodium hydrogen carbonate solution and ethyl acetate, the organic layer was dried over magnesium sulfate and

evaporated. The crude mixture was subjected to column chromatography to give 1,5-di(acetoxy)hexane

A oo atin ratalvrzad hy By De An aratin anhudrida caliitian 2 mI Y AF & /801 N ma &N mmall and
LALG IaLIuULl \.al,al‘ybcu UJ DUJI e Ml avulLiv (ulll)’ullub SUiuLiuil \J llLl_/} Ul J \JJL.U lllE, T uuuu1} aiiu
tribn[ylnh@cphine (101.2 mg, 0.5 mmol) was stirred at 0 °C for 24 h. After usual Work-l_P with aqueous

ammonium chloride solution and ethyl acetate, the organic layer was dried over magnesium sulfate and
evaporated. The crude mixture was subjected to column chromatography to give 1,5-di(acetoxy)hexane
{991.0 mg, 4.9 mmol, 98%).

Acetylation of 5 catalyzed by pyridine/DMAP: An acetic anhydride (2 mL) and pyridine (2 mL) solution of
5 (591.0 mg, 5.0 mmol) and 4-(d 1methylammo)pyr1d1ne (61.1 mg, 0.5 mmol) was stirred at 30 °C for 24 h.
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(CDCI3)6 121 (d .I 62Hz 3H), 1.40-1.90 (m, 7H), 3.77-3.89 (m, 1H), 4.33 (t, / = 6.6 Hz,
2H), 7.39 7.48 (m, 2H), 7.50-7.60 (m, 1H), 8.00-8.09 (m, 2H); "C NMR (CDCl,) § 22.0, 23.2, 28.5, 38.5,
64.7, 67.4, 128.1 (2C), 129.3 (2C), 130.1, 132.6, 166.5; HRMS (EI) m/e calcd for C;H,;0, 222.1256, found
222.1239.

13: 'H NMR (CDCl,) 6 1.20 (d,
2H), 5.82 (d, J= 10.4 Hz, 1H), 6

r ~ A An oYY

J =6.2Hz, 3H), 1.26-1.78 (m, /1-1),3"4.5 0 (m, iH), 4.17 (i, /= 6.6 Hz,
.12 (dd, J=10.4, 17.4 Hz, 1H), 6.41 (d, J = 17.4 Hz, 1H); *C NMR (CDCI,)



[
\

8 22.1, 23.4, 28.5, 38.6, 64.4, 67.7, 128.4, 130.5, 166.3; HRMS (FAB) m/e calcd for C;H,,0, (M'+1)
173.1178, found 173.1171.

15 (a mixture of diastereomers): 'H NMR (CDCl,) § 0.76-2.03 (m, 14H), 2.05 (s, 3H), 3.11-3.31, 3.85-3.94
{m, 1H), 4.06 (t, J/ = 6.5 Hz, 2H); *C NMR (CDCl,) é 21.0, (20.4), 24.8, (21.0), 25.4, (25.1), 25.7, (26.1),
28.4, (26.5), 30.1, (28.1), 35.8, (33.1), 44.7, (40.9), 64.9, (64.8), 74.5, (69.1), 171.3, (171.3); HRMS (EI) m/e
caled far O T 0O N 1419 fannd 20N 1419
wEAiNAL VAl "‘H"NV3 AT 1'1'[44 ISV IVERIV QU AVoV S el S &N

17: 'H NMR (CDCl,) 8 1.14 (s, 9H), 1.40-1.90 (m, 4H), 2.04 (s, 3H), 2.55, 2.68 (ABX, J,; = 19.7, J.x = 10.0,
Joy= 2.9 Hz, 2H), 3.33 (s, 1H), 3.98-4.04 (m, 1H), 4.09 (t, J = 7.2 Hz, 2H); '’'C NMR (CDCl,) § 21.0, 24.8,
26.2 (30), 32.7, 43.0,44.3, 64 .4, 67.3, 171.2, 217.7; HRMS (FAB) m/e calcd for C;,H,;0, (M"+1) 231.1596,
found 231.1607.

Acetylation of 1,2-octanediol with isopropenyl acetate catalyzed by distannoxane (representative): An
isopropenyl acetate (3b) solution (5 mL) of 1,2-octanediol (731.2 mg, 5.0 mmol) and 1a (276.7 mg, 0.5
mmol) was stirred at 40 °C for 50 h. After evaporation, methanol was added to the residue, and the solution

Al
Fils A th T Tit A Tha 1y It A +1 1 M o
was filtered through a celite pad. The residue obtained by evaporation was aubjeCtﬁd to GC analysis

(monoacetate 31% yield, diacetate 24% yield). The ratio of nnmarv and secondary monoa
determined by 'H NMR after isolation by column chromdtogrdphy on slhca gel.

Acetylation of alcohol having a functional group with vinyl acetate catalyzed by distannoxane
(representative); A vinyl acetate (3a) solution (5 mL) of 4-(¢-butyldimethylsilyloxy)-1-butanol (1022.0 mg,
5.0 mmol) and 1a (27.6 mg, 0.05 mmol) was stirred at 30 °C for 23 h. After evaporation, the residue was

subjected to column chromatography on silica gel to give 1-acetoxy-4-(t-butyldimethylsilyloxy)butane (1207.4

A autu.y 240

etates was

1-Acetoxy-4-(t-butyldimethylsilyloxy)butane: 'H NMR (CDCl,) 8 0.05 (s, 6H), 0.89 (s, 9H), 1.50-1.77 (m,
4H), 2.05 (s, 3H), 3.64 (1, J = 6.2 Hz, 2H), 4,08 (t, J = 6.6 Hz, 2H); "C NMR (CDCl,) § -5.45 (2C), 18.2,20.8
25.1, 25.8 (3C), 29.1, 62.4, 64.3, 171.0; HRMS (FAB) m/e calcd for Cp,H,,0,Si (M*+1) 247.1729, found

247.1731.

Tetrahydro-2-(4-acetoxybutoxy)-2H-pyrane: 'H NMR (CDCL,) 8 1.42-1.93 (m, 10H), 2.05 (s, 3H), 3.37-
3.56 (m, 2H), 3.72-3.92 (m, 2H), 4.10 (t, J = 6.3 Hz, 2H), 4,58 (m, 1H); *C NMR (CDCL,) & 19.0, 20.3, 25.0,
25.1,25.7, 30.2, 61.5, 63.7, 66.3, 98.1, 170.3; HRMS (FAB) m/e calcd for C,,H, O, (M*+1) 217.1440, found

217.1434

4-Trifluoroacetoxybutyl acetate: 'H NMR (CDCl,) 8 1.64-1.98 (m, 4H), 2.23 (s, 3H), 4.12 (t, / = 6.2Hz,
2H), 4,40 (t, J = 6.3Hz, 2H); "C NMR (CDCl,) 8 20.3, 24.5, 24.6, 63.2, 67.4, 114.3 (q, 'J-; = 285.4 Hz),
157.1(q, Y.z = 42.1 Hz), 170.6; HRMS (PAR) m/e calcd for C;H,,F,O, (M*+1) 229.0688, found 229.06%4.
3-Phenoxycarbonyl- 2-pr0pynyl acetate: 'H NMR (CDCL,) § 2.15 (s, 3H), 4.86 (s, 2H), 7.12-7.15 (m, 2H),

7.25-7.29 (m, 1H), 7.36-7.42 (m, 2H); "C NMR (CDCl,) 8 20.5, 51.2, 77.6, 84.0, 121.2 (2C), 126.5, 129.6
(2C), 149.7, 151.1, 169.8; HRMS (EI) m/e calcd for C,,H,,0, 218.0579, found 218.0568.
6-Phenylsulfinylhexyl acetate: 'H NMR (CDCl,) & 1.22-1.89 (m, 8H), 1.96 (s, 3H), 2.73 (t, J = 7.6 Hz, 2H),
3.96 (t, J = 6.5 Hz, 2H), 7.41-7.60 (m, SH); “C NMR (CDCl,) 6 20.9, 21.9, 25.5, 28.2 (2C), 56.9, 64.1, 123.9
(20), 129.1 (2C), 130.9, 143.7, 171.1; HRMS (FAB) m/e calcd for C,;H,0,S (M*+1) 269.1211, found
269.1212.

:
Acylation of 2-(4-hydroxyphenyl)ethanol (19) with vinyl aceta yzed by distannoxa

(representative): A solution of 19 (690.8 mg, 5.0 mmol) and 1a (138.2 mg, O. 25 mmol) in THF (2.5 mlL) and
3a (2.5 mL) was stirred at 30 °C for 24 h. After evaporation, the residue was subjected to column
chromatography on silica gel to give 2-(4-hydroxyphenyl)ethyl acetate (20) (892.0 mg, 99%).

Acetylation of 19 with Sc(OTf);: An acetic anhydride solution (3 mL) of 19 (690.8 mg, 5.0 mmol) and
scandium triflate (24.6 mg, 0.05 mmol) was stirred at 30 °C for 4 h. After usual work-up with aqueous
sodium hydrogen carbonate solution and ethyl acetate, the organic layer was dried over magnesium sulfate and

........... Lo e As 3 g P N I T L.-/-...«.-n e, nrataveirmiaamalla
evaporated. The crude mixture was subject to column chromatography to give 2-(4-acetoxyphenyljethyl

anatate (INY (1011 O mo Q1
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Acetylation of 19 with Bu,P: An acetic anhydride solution (3 mL) of 19 (690.8 mg, 5.0 mmol) and
tributylphosphine (101.2 mg, 0.5 mmol) was stirred at 30 °C for 4 h. After usual work-up with aqueous
ammonium chloride solution and ethyl acetate, the organic layer was dried over magnesium sulfate and

evaporated. The crude mixture was subject to column chromatography to give 21 (1055.5 mg, 95%).
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Acetylation of 19 with pyridine/DMAP: A solution of 19 (690.8 mg, 5.0 mmol) and 4-
(dimethylamino)pyridine (61.1 mg, 0.5 mmol) in acetic anhydride (2 mL) and pyridine (2 mL) was stirred at
30 °C for 24 h. After usual work-up with aqueous ammonium chloride solution and ethyl acetate, the organic
layer was dried over magnesium sulfate and evaporated. The crude mixture was subject to column

chromatography to g“'e 20 (117.1 mg, 13 %) and 21 (933.2 mg, 84%).
2-(4-Hydroxyphenyl)ethyl b--,z-a te: 'H NMR (CDCl,) 8 2.97 (t, J =7.0 Hz, 2H), 4.48 (t, J = 7.0 Hz, 2H),
6.57 (br, 1H), 6.73-6. 87 (m, 2H), 7.06-7.14 (m, 2H), 7.34-7.45 (m, 2H), 7.48-7.57 (m, 1H), 7.96-8.08 (m,

2H); *C NMR (CDCL,) & 34.2, 66.0, 115.4 (2C), 128.3 (2C), 129.4, 129.5 (2C), 129.9, 130.0 (2C), 133.1,

154.4, 167.2; HRMS (EI) m/e caled for C,4H,,0, 242.0943, found 242.0928.

2-(4-Hydroxyphenylethyl acrylate: 'H NMR (CDCL,) & 2.52 (br, 1H), 2.89 (t, J = 7.0 Hz, 2H), 4.32 (t, J

=7.0 Hz, 2H), 5.82 (dd, J = 1.4, 10.3 Hz, 1H), 6.10 (dd, J = 10.3, 17.3 Hz, 1H), 6.39 (dd, J = 1.4, 17.3 Hz,
AYEN ™ oA T AN ATy, 1329 vy ~ ~ 12 Y 1A 1 1AM N

iH), 6.75-6.82 (m, 2H), 7.02-7.09 (m, 2H); "C NMR (CDCl,) d 34.1, 65.5, 115.4 (2C), 128.2, 129.2, 1259.9

(2C), 131.2, 154.6, 166.8; HRMS (EI) m/e calcd for C,;H,0, 192.0786, found 192.0772.
2.(4-HvdroxvohenyDethvl pivalate: 'H NMR (CDCL) & 1.16 (s, 9H). 1.79 (br. 1H). 2.8

WINTFTARAFUEEIVAY MEICILJEJUVEAT & PRV ERAGROL e X4 L VAVAIN \NW b/ i3) U LRV Oy Jik), I7 \Uly LARJy duws

5 =7,
423 (t, J = 7.0 Hz, 2H), 6.74-6.82 (m, 2H), 7.02-7.08 (m, 2H); *C NMR (CDCl,) 8 27.1 (3C), 34.1, 38.7,

65.4, 115.3 (20), 129.5, 130.0 (2C), 154.6, 179.3; HRMS (EI) m/e calcd for C”H,gO2 222.1256, found
222.1263.
Acetylation with acetic anhydride catalyzed by distannoxane (representative): An acetic anhydride
solution (1.4 mL, 15 mmol) of 2a (611 mg, 5.0 mmol) and 1a (27.6 mg, 0.25 mmol) was stirred at 30 °C for
24 h. After usual work-up with aqueous sodium hydrogen carbonate solution and ethyl acetate, the organic
layer was dried over magnesmm suifate and cva‘p()ratea The crude mixture was bUDJCLlC(I to column
chromatography to give phenethyl acetate (788 mg, 96%).
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