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Formyloxyacetoxyphenylmethane, symmetric 1,1-d@alsyhnd mixed.-pivaloxy-1-acyloxy-1-
phenylmethanes have been used as moisture Sdblenylating andO-acylating reagents for
primary and secondary alcohols, allylic alcohold phenols under solvent/catalyst free
conditions to afford their corresponding estergaod yield.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The widespread presence of ester functionalitiedine
chemicals, drug molecules, natural products, pofgnaad
biodiesels means that acylation reactions of alisoae one
of the most widely used transformations in organi

chemistry: Esters are also useful protecting groups that ar

widely used to protect acid and alcohol functiomedi for
the synthesis of complex natural

regard, since they are acid stable and can be lygeib

under mild basic conditions in the presence of otwer

functionality® Simple esters are traditionally prepared usin
Fischer esterification procedures that involve #xgc
refluxing of an alcohol in the presence of an amithlyst:®
More complex esters are normally prepared throegltion
of an alcohol with an activated carboxylic acid idative,

such as an acyl halide, acid anhydride or activatey

C

products and dru
molecules. Formyl esters are particularly useful in this

harsh reaction conditions, that give low yields ester, .
Problems include long reaction times, harsh reactio
conditions, poor chemoselectivities and/or
regioselectivities., low functional group tolerantee need
to employ expensive, corrosive, toxic and volatdagents,
use ofhalogenated or environmentally unfriendly solvemtsd
the need to employ excess acylating reagehlisthese issues
can result in incomplete conversions, poor yielflssster

Und/or formation of by-products that can causefigation

problems, particularly on a large scale. Therefdinere is
still a need to develop cheap reagents for theiefft O-
acylation of alcohol substrates, particularly if eith

gesterification reactions can be carried out undavemt

and/or catalyst free conditiofis.

We have recently reported that formyloxyacetoxyphe-
nylmethanel (FAPM) can be used as a bench stable
formylating agent for the conversion of primary and

donor? However,0-acylation reactions of acyl chlorides and secondary amines into formamid@sunder solvent free

acid anhydrides are often exotherrhiaften generating
acidic by-products that are incompatible with as@hsitive
functionalities. Effective catalytic trans-estearition
protocols have also been developed for ester féomat
however these approaches often require use of &xues
irreversible acyl donor to drive th@-acylation reaction to
completion> Catalytic protocols involving Bronsted/Lewis
acid catalysts, basic catalysts, metal complexagyrees
and microwave irradiation conditions have been hgper
to increase the rate d@-acylation reactions under milder
conditions? Formyl esters are prepared iiasitu generation
of reactive formylating species, or through the usfe
stoichiometric amounts of formylating agénglthough a
wide range ofO-acylation approaches are availablmany
of these methods suffer from practical disadvargage

conditions at room temperature (Scheme1%)e have also
shown that structurally related 1,1-diacyl8land mixed 1-
pivaloyl-1-acylals 4 can be used for the solvent free
conversion of amines into their corresponding amifle
(Scheme 1b¥® A review of the literature revealed that
ethylidene diacetat& had previously been reported to react
with primary alcohols (1-butanol, 2-phenylethandh)
CHCIl; under acid catalysed conditions to afford their
corresponding acetat&s(no yields reported), acetaldehyde
and acetic acid (Scheme 1&)Similarly, phenoxides have
been used as nucleophiles to deprotect benzaltdtas8 to
afford their corresponding benzaldehydes, phenaxyaaed
(no yield reported) and acetic acid as side prad(fstheme
1d)M? Catalytic amounts of tetrabutylammonium bromide
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have been used to catalyse the methanolysis diclylials  enabling formate estdrlato be isolated in 87% yield after
to afford their corresponding aldehydes in gooddyi® chromatographic purification (Tablel, Entry 6). Tdnavas
no evidence of any competing acylation observed'ty

&) N-Formylation of amines NMR during the course of the optimisation reactions

1.5eq O Ph O
Me~ "O° O° H

H FAPM 1 R, J<O Table 1. Optimisation of the FAPM. mediated formylation
N< N i -(4-
R™ Ry Neat or EtOAC K, reaction of 2-(4-methoxyphenyl)ethanol.
1, 1-24 h 2 O Ph O
(b) N-Acylation of amines )J\ )\ )k
15eq O Ph O on Me O O o__H
2 eq )k i /@/\/ FAPM 1 (1.5 equiv.) /@/v N7
R O O R o
8 2 R MeO temp, time MeO
H 3R,=Rz0or4R;="Bu N 10a 11a
R Ry ,NJ{ .
Neat or toluene Ry R Ent Solvent Temp Time B %
° ntr olven ase
70°C,16h 5 v (°C) (h) Conversion
(c) Acid catalysed alcoholysis of 1,1-acylals 1 None t 24 N 15
O Me O
o 2 None 40 24 None 64
Me”™ 0" "O° Me
~ 6 A 3 EtOAc 40 24 None 66
OH R™ 'O° Me
. CHCl3,1 mol% TFA or BF3.OEt 7 4 None t 24 NaHCOs  _,
R ="Pror PhOCH, or HpSO4 or Ti(OPry) No yields (2 equiv)
given
(d) Phenoxide mediated deprotection of 1,1-acylals 5 None 40 24 :\lzaHCQ3) 91
KO'Bu (1 eq), THF, o . ?é‘o“’
. e a
OH rt, 20 min; e 6 None 60 16 2 100
©/ o (2 equiv)
R Q j‘\r i THF. 0°C R 9 Conversion levels determined from integration afgtiostic resonances
R=H 4F 3-NMe, Me~ ~07 ~0O7 "Me No yields for 10aand1lain the®H NMR spectra of their crude reaction products.
=, a-F, o 2 A
given

These optimal conditions were then applied for the
Scheme 1(a) Formyloxyacetoxyphenylmethane (FAPW) formylation of a range of primary, secondary andiaey
aS _anN-formylating agent for the synthesis of formamidesalcohols to produce twelve formate esteis-| in 60-88%

% (b) 1,1-diacylals3 and mixed 1-pivaloxy-1-acyloxy-1- vyield (Scheme 2). Most of thes@-formylation reactions
phenylmethanes asN-acylating agents for the synthesis of were carried out by dissolving the alcohol subsegain
amides5.” (c) Ethylidene diacetaté as anO-acetylating FAPM 1 at 60 °C, addition of 2 equiv. of solid NaHGO
agent for the synthesis of alkyl aceta®®’ (d) Benzal followed by stirring of the heterogeneous reactitirture at
diacetates3 as anO -acetylating agent for the synthesis of 60 °C for 16 h to afford a formyl ester that wehen
phenoxy acetates"" purified by chromatography. EtOAc was added as a co
solvent when the parent alcohol was insoluble iPFAL,
to afford a homogeneous solution, prior to additioh
insoluble NaHCQ@. Use of these basic reaction conditions
afforded alkyl formatedla-b, benzylic formated1c-d and
allylic formateslle-fin good 71-88% isolated yield. The
ability of FAPM 1 to formylatep-methoxyphenol to afford
reactivep-methoxyphenyl formatélgin 75% isolated yield
is noteworthy. FAPML also showed good reactivity towards
acyclic and cyclic secondary alcohols affording ithe
corresponding formatesllh-j in 75-84% yield. Acid
sensitive functional groups were also toleratedeurtiese
2. Results and Discussion conditions, as demonstrated for the synthesi®©-silyl-O-

formate estefl1k and acetonid®-formate estefl1ll in 60%
Our initial investigations focused on identifyingraitions  and 87% yields, respectively.
that would enable FAPM to be used as a formylating agent
for alcohols. Treatment of 2-(4-methoxyphenyl)etilatDa
with 1.5 equiv. of FAPML under solvent free conditions at
rt for 24 h gave only 15% conversion to 4-
methoxyphenethyl formatéla (Table 1, Entry 1), whilst
repeating the reaction at 40 °C gave an improve% 64
conversion (Table 1, Entry 2). Inclusion of EtOAs a
cosolvent at 40 °C had no effect on the extentooiversion
(Table 1, Entry 3), however inclusion of 2 equivf o
NaHCGQO; as a base resulted in improved results, affordin
72% and 91% conversion to formate edteéaat rt (Table 1,
Entry 4) and 40 °C (Table 1, Entry 5), respectivélinally,
repeating the formylation reaction using 1.5 eqoiAPM
1 under solvent free conditions at 60 °C for 16 $ufed in
complete consumption of 2-(4-methoxyphenyl)ethanol,

Since the focus of these previous studies condedtran

using an alcohol as a nucleophile to deprotectadyio

afford their corresponding aldehydes, we decideexjore

the scope and limitation of using FAPMand 1,1-diacylals
3/4* for the O-formylation and O-acylation reactions of
alcohols. Consequently, we now report herein thase

reagents may be used for tieacylation of a range of
primary and secondary alcohols under solvent/csttdhge

conditions to give their corresponding formyl amylesters
in good yield.

Our attention then turned to investigating the pbté&d of
employing less reactive 1,1-acyldh for the O-acetylation of
alcohols. Use of our previously established baselyzed O-
formylation conditions (60 °C, 2 equiv. NaHgQ®6 h) for the
acetylation of benzyl alcohol with 1,1-diacylah were only
partially successful, affording its correspondinggtatel2a in
only 80% conversion after 16 h. However, a briefirajzation
study revealed that treatment of benzyl alcohohwit5 equiv.

f 1,1-diacylal3a and 2 equivalents of O at 90 °C for 16 h
%ave 100% conversion to afford acetaain 90% yield after
chromatographic purification.
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Scheme 2FAPM 1 as anO-formylating agent for the
synthesis of formate estetda-I.

These optimal conditions were then applied for
esterification of a range of thirteen primary anecandary
alcohols which gave their corresponding acetatsmin 63-
92% isolated yields (Scheme 3). A wide range ofedént
alcohol substrates were successfullyacetylated to afford
alkyl acetatesl?a-¢ benzylic acetatd2d, pyridyl acetatel2e
and allylic acetate$2f-h in 68-92% vyield. 1,1-Diacyle®a also
showed good reactivity towards acyclic and cyckcandary
alcohols affording their corresponding acetdt2sk in 68-77%
yield. Finally, use of 3 equivalents of 1,1-diady3a resulted in
bis-acetylation of the diol fragment of methyl 405-
benzylidenes-D-glucopyran-oside to afforthis-acetatel?l in
65% yield. Similarly, use of 6 equiv. of 1,1-diaalBa, resulted
in the tetra-acetylation of the tetrol fragment miethyl a-
glucopyranoside to afford tetra-acetdt2m in 63% isolated
yield.

A range of 1,1-diacylal reagen3b-g were then used for the

O-acylation of benzyl alcohol at 90 °C for 16 h undelvent
free conditions to give five estefi8a-e containing propionyl,
benzoyl, hexanoyl, phenylacetoyl and acryloyl goup 62-
949% yields, respectively (Scheme 4). The trifluara-diacylal
reagent3g proved to more reactive, with trifluoroacetylatioh
benzyl alcohol proceeding at rt after only 1 h tffora

trifluoroacetatel 3fin 89% yield.

the

O Ph O
R1 Me 0330 Me R4

2 eq K,CO3, R™ 'O° Me
90 °C

[} O._Me
e LY 2
Me 0 o 0~ "Me
" M)J : @/Lm
Me Me™
12g° 12h2 12i8*
89% 85% 77%
0. OMe
Me o O "‘O><Me O/Il o)
?/OTME M:ﬂj\o‘\ g Me PR 07 Y o)LMe
(e} OW/ME OTMe
o
Me
12j° 12k0* 121°*
68% o 70% 65%
OMe
Me)ko 0 )(i
07 Y07 Me
O.__M
Me/&o Oj( ©
o)
12mo+

63%

(a) 1.5 equiv. acylaBa, 2.0 equiv. KCOs, 16 h, 90 °C. (b)
1.5 equiv. acylaBa, 2.0 equiv. KCO;, 24 h, 90 °C. (c) 3
equiv. acylal3a, 2.0 equiv. KCO;, 16 h, 90 °C. (d) 6.0
equiv. acylalBa, 8.0 equiv. KCO;, 16 h, 90 °C. (*) Toluene
(2 mL) added. (+) Water (2 mL added)

Scheme 31,1-Diacylal 3a as anO-acylating agent for the
synthesis of acetatd®2a-m

O Ph O
R)ko)\ OJLR
3b-g
(b) R = Et; (¢) R = Ph: (d) R = vinyl; o
P OH (©R=nCefii(R=Bu@R=CFy
2eqK,CO3,rtor90°C, 1or16 h 13af
0 i 0
Ph/\O)K/Me Ph" 0" “Ph Ph/\O)v
13a? 13b? 13c?
94% 78% 81%
i Y
Ph” 0" “CsHyy Ph/\OJ\/ Ph Ph" Y07 CF,

13d?
70%

13f°
89%

13e?
62%

a) 1.5 equiv. 1,1-diacyléa-f, 2.0 equiv. KCO;, 90 °C, 16
h. (b) 1.5 equiv. 1,1-diacyl&g, 2.0 equiv. KCO;, rt, 1 h.

Scheme 4 Symmetric 1,1-diacylals3b-g as O-acylating
agents of benzyl alcohol for the synthesis of bémsyers
13a-f.
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Following on from our previous success of using 1- 15equiv. O Ph O
pivaloxy-1-acyloxy-1- é)henylmethanes for tNeacylation of Bu” "0 OJLR
amines (Scheme 18),we next decided to investigate dae ji
whether mixed 1-pivaloxy-1-acyloxy-1-phenylmethangés R{—OH Rivo R

could be used as selecti@acyl donors for alcohols. This 224 K2C0s, Neattol,

N . 16 h, 90 °C 12a, 13a, 13c, 13e, 13g-1
would avoid wastage of one equivalent of a valuable
acylating group that occurs when symmetric 1,1-alsya- o o o o
g are used forO-acylating reagents. These mixed 1,1- Ph
diacylal reagents were prepared by treatment of P 0" e T
benzaldehyde with 1.5 equiv. of pivaloyl chloridadaa 12a 13a 13¢ 13¢
catalytic amount ofpTSA to afford chloro(phenyl)methyl 90% 94% 81% 62%
pivalate 14, that was then reacted immediately with a Ve
series of carboxylic acids and;Ntin acetone at 40 °C to m Tlﬁ’\"e
afford five mixed 1-pivaloxy-l-acyloxy-1l-phenylmethes Me
4a-ein 74-84% vyield (Scheme ). %/JJ %/JJ
AL
o T )OL 13g 13h* 13i*
H 4>‘BUJLC' e R 86% 96% 94%
PTSA, 1t, 3 h @0| NEt;, Acetone )k
40°C,12h
. é
[e] Ph O Ph O [e] Ph O >_/JJ >_/JJ
‘Bu)ko)\O)LMe )k )\ ‘Bu)ko)\O)K/Me Me/:\
4a 4b 4c
75% 84% 82% 135" 13k” 131"
)CL E )OK/ )k )P;h o] 83% 73% 90%
=
o ° )KE) (*) Toluene (2 mL) added
4d
80% o Scheme 60-acylation reactions of 1-pivaloxy-1-acyloxy-1-

phenylmethanegla-e to afford estersl2g 133 13g 13g
Scheme 5 Synthesis of mixed 1-pivaloxy-1-acyloxy-1- 13g-|

phenylmethaneda-e
15eq O Ph O 15eqO0 Ph O

o
These 1-pivaloxy-1-acyloxy-1-phenylmethanda-e were oH Me o CoMe o 0 o)k
then used a®-acylating reagents for a range of primary Krcone ?» o “; COzMe
alkyl and allylic alcohols to give 10 primary estefl2a, NH, i tdnwig ° “&“3“?5; S|
133 13c 13¢ 13g-)) in 62-96% vyield (Scheme 6). Selective © PR, ‘ I
O-acyl transfer (acetyl, phenylacetyl, propionyl,rdayl (9-15 S8 ji L7
and furanoyl) was observed for all the mixed 1d4eglals P07 Me j
4a-e employed, with no evidence of any competify § K(COZ""e §
pivaloyl transfer having occurred in any of th€sacylation PN H
reactions. {9180
' rearranged product
not formed

The N-/O- selectivity profiles of the acylating age3a and L. ot formed 1
formylating agentl was then investigated usingserine
(r;e(g)-/glgif/ears@pé?fc?rsmaeg ILUSTSSOE gl zgsisvt‘r%'?ffg;i;oa? Scheme 7.Synthesis oN-acetylO-formyl-L-serine methyl
under neutral conditions (70 °C, 16 selectively afford ester §-17.

N-acetyld -serine methyl esteB)-16 ([o]p>° = -9.5; Lit**=- 3 ~onclusions

10.1) as a single product in 83% vyield (Schemé® 0- '

formylation of the free hydroxyl group oBf16 was then |n summary, we have shown that formyloxyacetoxyghen
carried out using 1.5 equiv. of FAPW using our standard methanel and 1,1-diacylals3 can be used as moisture-
basic conditions (2 equiv. NaHGGB0 °C, 16 h, tzg) afforl-  i5erant O-acylating reagents for primary and secondary
acetylO-formyl-L-serine methyl este§(17 (folo™ = -56.0)  5ic0n0ls under solvent-free conditions to affordeitth

in 78% vyield. We initially considered that competibase corresponding esters in good yields. Thacylation

diatedN-/O-acetyl migration to afford-acetyli -seri
mgt@le ester acrﬁghtmlﬁ;?léonogcﬁrrga ?(;Ieoil/vedsegg_e methodology has been extended to enable mixed gyilval

formylation to afford §-N-formyl-O-acetyl-serine methyl 1.1-acylals4 to be used as efficier@-acylating agents for
esterl8 as an alternative product. However, analysis of théhe selective transfer of a range of acyl donomupgsoto a
C NMR spectrum of the formylation product revealedwide range of alcohols. We have also demonstrahed t
resonances at 170.0, 169.9 and 160.3, consistent with theinherentN-/O- selectivity of these acylal acylating reagents
presence of the ester, amide and formyl ester grofiS)- for the selective N-acetylation of serine methyl ester
17.° This is in contrast to thEC NMR chemical shifts for followed by O-formylation of its primary alcohol group to
the methyl esters and formamide groups 818, that  selectively afford orthogonally protecté#iacetylO-formyl
would be expected to appear in #&69-174 region of its  gerine ester produck17.

3C NMR spectrunt.
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the reaction stirred at 90 °C for 16 or 24h. Tokier
DMSO (2 mL) was added as a cosolvent when the alcoh
substrate was insoluble in the formylating reagerg0 °C.
The crude reaction mixture was then purified byuowh
chromatography to give the isolated ester.

General Procedure C: Synthesis of 1,1-diacylals

4. Experimental

Unless preparative details are given, reagentssahcnts
were obtained from commercial suppliers. All reaws
were performed without air exclusion, at room terapse
with magnetic stirring unless otherwise stated. ydrbus
MgSO, or NaSO, were used as drying agents for organicPara-Toluenesulphonic acid (mono hydrate) (0.18 g, 0.94
solutions. Petrol refers to petroleum ether wittbaling ~ mmol) was added to a mixture of benzaldehyde (1.9.4
range of 40-60 °C. Thin |ayer Chromatcgraphy (Th@s mmol) and anhydride (188 mmol) at rt. The reactioss
carried out using Macherey-Nagel aluminium-backiedgs,  stirred for 12 h and then diluted with.©Bt (50 mL) and
precoated with silica. Compounds were visualised byvashed with saturated B@O; (3 x 20 mL). The organics
quenching of UV fluorescence at 254 nm or, wherévere dried (MgS@) and concentrateth vacuoto give the
necessary, by staining with potassium permanganatétle compound which was used in subsequent stefhout

phosphomolybdic acid (PMA) or vanillin dip, followeby
gentle heating. Purification by flash column chreogaaphy
was performed using high-purity grade 60 A silieh G0 A
pore size, 40-7mum particle size). Capillary melting points
were determined using a Stuart digital SMP10 mglpnint
apparatus and are reported to the nearest °C. AicaDp
Activity Ltd AA-10 Series Automatic Polarimeter ita
path length of 1 dm was used to measure opticalioots,

further purification unless otherwise stated.

General Procedure D:O-acylation of alcohols

Alcohol (1.0 mmol) was added to the acylation readé.5
mmol) and KCO; (0.270 g, 2.0 mmol). Toluene (2 mL) was
added as a cosolvent when the alcohol substrate was
insoluble in the formylating reagent at 60 °C. Tkaction

was then stirred at 90 °C for 16 or 24h. The criaetion

with concentration (c) quoted in g/100 mL. Nuclearmixture was then purified by column chromatograpghy

Magnetic Resonance (NMR) spectroscopy experimeats w
performed in deuterated solvent at 298 K on eighBriker

give the isolated ester.

Avance 250, 300, 400 or 500 MHz spectrometer or ageneral Procedure E: Synthesis of mixed acylals

Agilent ProPulse 500 MHz spectrometer,
decoupling for all™*C NMR spectra.'H and *C NMR

chemical shiftsp, are quoted in parts per million (ppm) and

referenced against the residual, non-deuterategsiopeak.
Ratios of formamide
comparison of the integrals for equivalent peaksheir ‘H
NMR spectra. A PerkinElmer
spectrometer with Universal ATR FTIR accessory wsesd
to record infrared (IR) spectra; with samples r@watnand
the most relevant, characteristic absorbances diase in

cm®. High resolution mass spectrometry (HRMS) result

were acquired on an externally calibrated Brukeltddécs

micrOTOF" time-of-flight mass spectrometer coupled to ar;Divalate14 (4.40 mmol) and carboxylic acid (4.40 mmol) in

electrospray source (ESI-TOF). Molecular ions wer
detected in positive mode as either the protonated

sodiated form, with Bruker Daltonics software,
DataAnalysi8 used to process the data.
(Formyloxy)(phenyl)methyl acetate 1 and

phenylmethylene diacetate 3a wereprepared using our
previously described protocadls.

General Procedure A:O-formylation of alcohols

Alcohol (1.0 mmol) was added to
(formyloxy)(phenyl)methyl acetaté (0.291 g, 1.5 mmol)

and NaHCQ (0.168 g, 2.0 mmol), and the reaction stirred a
60 °C for 16 h. EtOAc (2mL) was added as a cosalven

when the alcohol substrate was insoluble in theyfating
reagent at 60 °C. The crude reaction mixture wam th
purified by column chromatography to give the dedir
formate ester.

General Procedure B:O-Acetylation of alcohols

Alcohol (1.0 mmol) was added to phenylmethyleneeliate
3a(0.291 g, 1.5 mmol) and K O; (0.270 g, 2.0 mmol) and

with proton

rotamers were determined by

Spectrum 100 FTIR

Trimethylacetyl chloride (0.813 mL, 6.60 mmol) wadded
dropwise to a mixture of benzaldehyde (0.489 g0 4nol)
andp-toluenesulfonic acid (0.083 g, 0.44 mmol) at rd &me
reaction mixture stirred for 3 h. The reaction when
quenched via addition of saturated NaHCOQ@O mL) and
diluted with EO (50 mL). The reaction was then extracted
with saturated NaHC{aq) (3 x 20 mL), the organic layer
dried (MgSQ) and concentratedin vacuo to afford
chloro(phenyl)methyl pivalatd4 (1.0 g, 4.40 mmol) as a
ellow oil that was carried forward to the nextpsteithout
urther purification. Triethylamine (0.60 mL, 4.49mol)
was added dropwise to a solution of chloro(phengtjml

acetone (10 mL). The reaction was stirred at 4@0tC2 h,
over which time a white ppt formed. The reactiorxtonie
was filtered through Celite® and concentratedvacuoto
afford a crude reaction product that was purifigdsiica
gel chromatography to give the desired mixed acylal

4-Methoxy phenethyl alcohol formate 11a

General procedure A was followed to afford theetitl
compound (0.127 g, 0.71 mmol) as a clear oil in Aiétd.
'"H NMR (300 MHz, CDCJ) 5 8.05 (s, 1H, (C=Q)), 7.19 -
7.10 (m, 2H, AH), 6.91 - 6.81 (m, 2H, At), 4.36 (t,J = 7.0
z, 2H, H,(0C=0)), 3.81 (s, 3H, B3), 2.93 (t,J = 7.2 Hz,
2H, CH,CH,(OC=0)).**C NMR (75 MHz, CDC}) § 161.0,
158.4, 129.8, 129.3, 113.9, 64.6, 55.2, 34.0.

Analytical data in accordance with the literat(te.

Citronellyl formate 11b

General procedure A was followed to afford theetitl
compound (0.153 g, 0.83 mmol) as a clear oil in 83étd.
"H NMR (300 MHz, CDC}) & 8.06 (s, 1H, (C=), 5.19 -
4.98 (m, 1H, C=@), 4.29 - 4.11 (m, 2H, B,0(C=0)H),
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212 - 1.83 (m, 2H,), 1.81 - 1.64 (m, 4H), 1.61 38,
C=C(CHj3), 1.58 - 1.29 (m, 3H), 1.27 - 1.14 (m, 1H), 0.93 (
J = 6.4 Hz, 3H, CHE,). *C NMR (75 MHz, CDC)) §
161.2, 131.4, 124.5, 62.5, 36.9, 35.3, 29.4, 2574, 19.3,
17.6.

Analytical data in accordance with the literat(lre.

2-Bromobenzyl alcohol formate 11c

General procedure A was followed to afford theetitl
compound (0.172 g, 0.80 mmol) as a yellow oil ir80
yield. '"H NMR (500 MHz, CDCJ)  8.19 (s, 1H, (C=a)),
7.61 (dd,J = 1.2, 8.1 Hz, 1H, At), 7.45 (dd,J = 2.0, 7.8
Hz, 1H, AH), 7.34 (dt,J = 1.2, 7.5 Hz, 1H, Ad), 7.25 -
7.20 (m, 1H, AH), 5.31 (s, 2H, E,). **C NMR (126 MHz,

122.0, 114.6, 55.0. Analytical data in accordancih w

literature'™

1-Phenylethanol formate 11h

General procedure A was followed to afford theetitl
compound (0.112 g, 0.75 mmol) as a pale yellowrnoi5%
yield. '"H NMR (300 MHz, CDCJ)  8.11 (s, 1H, (C=a)),
7.42 - 7.28 (m, 5H, Af), 6.18 - 5.85 (m, 1H, B(OC=0)),
1.60 (d,J = 7.2 Hz, 3H, @5). °C NMR (75MHz, CDC}) 5
160.4, 140.8, 128.6, 128.1, 126.1, 72.2, 22.1. yiwal data
in accordance with the literatuf.

Menthol formate 11i

CDCl) & 160.5, 134.5, 132.9, 130.1, 130.0, 127.6 123.5G€eneral procedure A was followed to afford theetitl

65.2. IR (thin film)y max (cm"): 1719 (C=0)**

Biphenyl-4-methanol formate 11d

General procedure A was followed to afford theetitl
compound (0.170 g, 0.80 mmol) as a crystalline evbitlid
in 80% yield."H NMR (300 MHz, CDCJ) 6 = 8.18 (t,J =
0.9 Hz, 1H, (C=OW), 7.65 - 7.57 (m, 4H, At), 7.50 - 7.42
(m, 4H, AH), 7.41 - 7.34 (m, 1H, At), 5.27 (s, 2H,
CH,0(C=0)). ®*C NMR (75 MHz, CDC})) & 160.8, 141.5,
140.5, 134.1, 128.9, 128.8, 127.5, 127.4, 127.15.6BR
(thin film) v max (cm'): 1702 (C=0)"*

Perillyl alcohol formate 11e

General procedure A was followed to afford theetitl
compound (0.159 g, 0.88 mmol) as a yellow oil ir88
yield. [0]p?° = -62.5 in MeOHH NMR (300 MHz, CDCJ)
3 8.11 (s, 1H, (C=Y), 5.86 - 5.76 (m, 1H, C}=CH),
4.77 - 4.70 (m, 2H, C=C}j, 4.57 (s, 2H, €,0(C=0)), 2.26
- 2.06 (m, 4H, El,), 2.05 - 1.94 (m, 1H, B), 1.93 - 1.80
(m, 1H, AH), 1.75 (s, 3H, @), 1.60 - 1.41 (m, 1H, B).
¥C NMR (75 MHz, CDCJ) & 161.0, 149.4, 132.0, 126.8,
108.8, 68.0, 40.7, 30.4, 27.2, 26.3, 20.7. IR (ftin) v max

(cm®): 1722 (C=0); HRMS (ESI): m/z calculated for

C.;H1¢0,: requires: 181.1228 for [M+H]found: 181.1210.

Geranyl formate 11f

General procedure A was followed to afford theetitl
compound to give the title compound (0.155 g, Gr8&ol)
as a pale yellow oil in 85% yieldH NMR (300 MHz,
CDCl) & 8.08 (s, 1H, (C=), 5.45 - 5.31 (m, 1H
C=CHCH,0), 5.20 - 5.00 (m, 1H, C=#dCH,), 4.70 (d,J =
7.2 Hz, 2H, @1,0(C=0)), 2.17-2.06 (m, 4H, K&,CH,), 1.76
- 1.71 (m, 3H G,C(CHy)=CH), 1.71 - 1.67 (m, 3H,
CH5C(CH3)=CH), 1.61 (s, 3H, CKC(CH3)=CH). **C NMR

compound (0.143 g, 0.78 mmol) as a yellow oil irf6/8
yield. *H NMR (300 MHz, CDCJ) 5 8.08 (d,J = 0.8 Hz, 1H,
(C=0OMH), 4.81 (dtJ = 4.3, 10.8 Hz, 1H, B(OC=0)), 2.07 -
1.97 (m, 1H, ®©), 1.91 (dtdJ = 2.6, 7.0, 13.9 Hz, 1H, D),
1.76 - 1.64 (m, 2H, B,), 1.59 - 1.33 (m, 2H, B,), 1.14 -
0.98 (m, 2H, CH), 0.95 - 0.84 (m, 7HHC& CH(CHy),),
0.77 (d,J = 6.8 Hz, 3H, El5). *C NMR (75 MHz, CDC)) §
160.9, 74.1, 46.8, 40.8, 34.1, 31.4, 26.0, 23.20,220.7,
16.0. Analytical data in accordance with the litera./®

Carveol formate 11j

General procedure A was followed to afford theetitl
compound as a yellow oil (0.150 g, 0.84 mmol) ir84
yield. The formate ester was obtained as a mixtofre
diastereomers (1:1) in the same ratio as the stantiaterial.
'H NMR (300 MHz, CDCJ)) & 8.17 (d,J = 1.1 Hz, 1H,
(C=OM), 8.14 (s, 1H, (C=1)), 5.82 - 5.75 (m, 1H), 5.68 -
5.53 (m, 2H), 5.44 - 5.37 (m, 1H), 4.78 - 4.74 @H)), 4.74

- 4.70 (m, 2H), 2.40 - 2.06 (m, 5H), 2.04 - 1.82, (4#l),
1.76 - 1.68 (m, 10H), 1.68 - 1.63 (m, 3H), 1.61.561(m,
1H). ®C NMR (75 MHz, CDC)) & 161.1 (), 161.0 f),
148.5 (), 148.1 B), 132.1 (), 130.2 B), 128.6 (), 126.5
(B), 109.5 §), 109.4 B), 73.1 @), 70.5 B), 40.2 @), 35.7
(B), 33.9 @), 33.7 ), 30.8 (), 30.7 @), 20.8 (), 20.5 @),
20.5 @), 18.8 ). IR (thin film) v max (cm'): 1717 (C=0);
HRMS (ESI): m/z calculated for @H.60,: requires:
181.1228for [M+H]; found: 181.1190.

4-((tert-butyldimethylsilyl)oxy)butan-2-yl formate 11k

General procedure A was followed to afford theetitl
compound (0.140 g, 0.60 mmol) as a yellow oil iIr60
yield. 'H NMR (500 MHz, CDCJ) & 8.04 (s, 1H, C(@)),

5.20 — 5.12 (m, 1H, BOC(O)H), 3.70 — 3.62 (m, 2H,
CH,OSIiTBDMS), 1.84 (ddtJ = 13.6, 8.1, 5.5 Hz, 1H,
CH,CH,CH,OSITBDMS), 1.79 - 171 (m, 1H,

(75 MHz, CDC}) 6 161.1, 143.2, 131.9, 123.6, 117.6, 60'8’CHaCHbCHZOSiTBDMS), 1.30 (dJ = 6.4 Hz, 3H, G:CH),

39.5, 26.2, 25.7, 17.7, 16.5. Analytical data icadance
with literature®®

4-Methoxyphenol formate 11g

General procedure A was followed to afford theetitl
compound (0.114 g, 0.75 mmol) as an orange oil5%6 7
yield. '"H NMR (300MHz, CDC}) & 8.30 (s, 1H, (C=a)),
7.12 - 7.01 (m, 2H, Ad), 6.96 - 6.87 (m, 2H, At), 3.82 (s,
3H, CH3). **C NMR (75MHz, CDC}) § 159.7, 157.6, 143.3,

0.88 (s, 9H, Si(CK,C(CH3)s3), 0.04 (s, 6H,
Si(CH3),C(CHs)3). °C NMR (126 MHz, CDGC)) & 160.9,
68.7, 59.3, 38.9, 26.0, 20.4, 18.4, -5.27, -5.R9(thin film)

v max (cm'): 1725 (C=0); HRMS (ESI): m/z calculated for
C11H»40:Si: requires: 255.1392 for [M+N3] found:
255.1399.

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl formate 11l
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General procedure A was followed to afford theetitl Hz, 1H, AH), 7.70 (td,J = 7.7, 1.8 Hz, 1H, Ad), 7.35 (d,
compound (0.139 g, 0.87 mmol) as a yellow oil ir/B7 J= 7.8 Hz, 1H, AH), 7.26 (s, 1H, AH), 5.22 (s, 2H, E,),
yield. '"H NMR (500 MHz, CDC}) & 8.09 (s, 1H, C(Q), 2.16 (s, 3H, El3). °C NMR (75 MHz, CDCJ)) & 170.8,
4.35 (qd,J = 6.2, 4.6 Hz, 1H, CKCHCH,OC(0O)), 4.26 155.8, 149.7, 136.9, 123.0, 122.0, 67.0, 21.1. Wizl data
(ddd,J = 11.5, 4.6, 0.9 Hz, 1H, GBHCH,H,OC(0)), 4.17 in accordance with literatufé.
(ddd,J = 11.5, 6.2, 0.8 Hz, 1H, GBHCH,H,0C(O)), 4.10
(dd,J=8.5, 6.5 Hz, 1H, B,CH,CHCH,OC(0)), 3.76 (ddJ  Cinnamyl acetate 12f
= 8.6, 6.0 Hz, 1H, CkcgbCHC'_bOC(O))' 1.44 (s, 3H, General procedure B was followed to afford theetitl
CH,), 1.37 (s, 3H, Ch. "C NMR (126 MHz, CDCJ) Y compound (0.146 g, 0.83 mmol) as a clear oil in 83étd.
160.7, 110.2, 73.4, 66.4, 64.3, 26.8, 25.4. IRn(tim) v 14 yMR (300 MHz, CDCJ) 3 7.26 (s, 5H, A), 6.66 (dt.J
max (cn'): 1722 (C=0); HRMS (ESI): m/z calculated for _ 15.9, 1.4 Hz, 1H, CH=BCH,), 6.29 (dt,J = 15.9, 6.5 Hz,
C,H1,0,: requires: 183.0628 for [M+Na]; found: 183.0631. 1H, CH=CHCH,), 4.73 (dd, J = 6.5, 1.4 Hz, 2H,

CH=CHCH,), 2.11 (s, 3H, €&,). *C NMR (75 MHz,
Benzyl acetate 12a CDCl) & 171.0, 136.3, 134.4, 128.7, 128.2, 126.7, 123.3,
General procedure B was followed to afford theetitl 65.2, 21.2. Analytical data in accordance withréitare®
compound (0.135 g, 0.90 mmol) as a clear oil in 9gétd.
'H NMR (300 MHz, CDCJ) & 7.48 — 7.29 (m, 5H, Af), (E)-3,7-dimethylocta-2,6-dien-1-yl acetate 129
5.11 (s, 2H, @©,Ph), 2.11 (s, 3H, Bs). *C NMR (75 MHz,

_ General procedure B was followed to afford theetitl
CDClg) 6 171.1, 1360, 1287, 1284, 665, 21.2. Analyt|Calcompound (0174 g, 0.89 mmol) as a waxy white siplid

data in accordance with literatute. 89% yield’H NMR (300 MHz, CDCJ) 5 5.34 (tq,J = 7.2,
1.3 Hz, 1H, C=BICH,0), 5.08 (tq,J = 5.5, 1.5 Hz, 1H,
2-Bromophenethyl acetate 12b C=CHCH,), 4.58 (d,J = 7.1 Hz, 2H, E,0Ac), 2.16 — 1.99

General procedure B was followed to afford theetitl (m, 7H, 2 x G4, and (C=0)®l;), 1.69 (dd,J = 5.9, 1.3 Hz,
compound (0.184 g, 0.76 mmol) as a clear oil in #6etd. 6H, CH;(C)CHy), 1.60 (d,J = 1.4 Hz, 3H, CHC(CH3)=CH).
"H NMR (300 MHz, CDCJ) 8 7.55 (dt,J = 7.9, 0.9 Hz, 1H, C NMR (75 MHz, CDCJ) § 171.3, 142.5, 132.0, 123.9,
ArH), 7.29 — 7.22 (m, 2H, At), 7.11 (dddJ = 7.9, 5.1, 4.1 118.3, 61.6, 39.7, 26.4, 25.8, 21.2, 17.8, 16.6alyital
Hz, 1H, AH), 4.30 (t,J = 7.0 Hz, 2H, EI,OC(O)CH,), 3.09 data in accordance with literatue.

(t, 3= 7.0 Hz, 2H, Ar®l,), 2.04 (s, 3H, Ch). **C NMR (75

MHz, CDCk) 6 171.1, 137.3, 133.1, 131.2, 128.5, 127.6,(9)-(4-(prop-1-en-2-yl)cyclohex-1-en-1-yl)methyl acate 12h
124.8, 63.5, 35.4, 21.1. Analytical data in accaogawith

- oy General procedure B was followed to afford theetitl
literature:

compound as a clear oil in 85% yield (0.165 g, (W@5ol).

_ [0]p?° = -65.5 in CHCJ. *H NMR (300 MHz, CDCJ) § 5.76
3,7-Dimethyloct-6-en-1-yl acetate 12c (dd, J = 4.6, 2.4 Hz, 1H, CKC=CH), 4.80 — 4.66 (m, 2H,
General procedure B was followed to afford theetitl C=CH,), 4.45 (dJ = 1.7 Hz, 2H, E1,0Ac), 2.23 — 2.04 (m,
compound (0.178 g, 0.90 mmol) as a clear oil in 92étd. 7H, 2 x (H,and (C=0)®;3), 2.03 - 1.80 (m, 2H,14,), 1.74
'"H NMR (300 MHz, CDCJ) § 5.08 (tdt,J = 5.8, 3.0, 1.5 Hz, (t, J = 1.1 Hz, 3H, EI;C=CH,), 1.54 — 1.41 (m, 1H, ).
1H, C=CH), 4.17 — 4.01 (m, 2H, E,0Ac), 2.04 (s, 3H, 'C NMR (75 MHz, CDCJ) & 171.2, 149.8, 132.7, 126.0,
(C=0)CHy), 1.95 (dt,J = 15.0, 7.7 Hz, 2H, B,), 1.72 — 108.9, 68.7, 40.9, 30.6, 27.4, 26.5, 21.2, 20.9alyical
1.62 (m, 4H, ®,), 1.60 (d,J = 1.4 Hz, 3H,E3(C)CHy), data in accordance with literatifre.

1.56 — 1.27 (m, 3H, C{iC)CH5), 1.18 (ddddJ = 13.5, 9.1,

7.5, 6.2 Hz, 1H, (BICHy), 0.91 (dJ = 6.4 Hz, 3H, CHE,). (rac)-1-phenylethyl acetate 12i

®C NMR (75 MHz, CDC)) & 171.4, 131.5, 124.7, 63.2

- ' General procedure B was followed to afford theetitl
37.1, 35.5, 29.6, 25.9, 25.5, 21.2, 19.5, 17.8.IAwal data

compound (0.126 g, 0.77 mmol) as a pale yellowroil 7%

in accordance with literatufé. yield. 'H NMR (300 MHz, CDCJ) & 7.40 — 7.26 (m, 5H,
. ArH), 5.88 (q,J = 6.6 Hz, 1H, ©l), 2.08 (s, 3H, C(O)8,),
[1,1'-biphenyl]-4-ylmethyl acetate 12d 1.54 (d,J = 6.6 Hz, 3H, CHE.). *C NMR (75 MHz,

General procedure B was followed to afford theetitl CDClL) 8 170.5, 141.8, 128.6, 128.0, 126.2, 72.5, 22.4.21.
compound (0.153 g, 0.68 mmol) as a white solid 866 Analytical data in accordance with literatife.

yield. '"H NMR (300 MHz, CDCJ) & 7.63 — 7.55 (m, 4H,

ArH), 7.49 — 7.41 (m, 4H, At), 7.40 — 7.32 (m, 1H, Al), 2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-yl aceta (mix of
5.15 (s, 2H, El,), 2.13 (s, 3H, E5). °C NMR (75 MHz, isomers) 12

CDCly) 6 171.1, 141.4, 140.8, 135.0, 128.9, 127.6, 127'SGeneraI

. ; ; procedure B was followed to afford theetitl
127.3, 66.2, 21.2. Analytical data in accordancehwi

compound (0.132 g, 0.68 mmol) as a clear oil in 68étd.

B 23

literature: 'H NMR (300 MHz, CDCJ) § 5.74 (dt,J = 5.3, 1.8 Hz, 1H),
N 5.60 (dg,J = 5.5, 1.8 Hz, 1H), 5.45 (d,= 1.5 Hz, 1H), 5.30

Pyridin-2-ylmethyl acetate 12e — 5.22 (m, 1H), 4.77 — 4.68 (M, 4H), 2.37 — 2.15 4H),

General procedure B was followed to afford theetitl 2.08 (d,J = 1.0 Hz, 6H), 2.02 — 1.79 (m, 3H), 1.72 (@t
compound (0.105 g, 0.70 mmol) as a clear oil in #gétd. 4.4, 1.1 Hz, 5H), 1.69 (dd,= 2.7, 1.4 Hz, 3H), 1.64 (dp,=
'H NMR (300 MHz, CDCJ) 5 8.60 (dddJ = 4.9, 1.9, 0.9 2.5, 1.3 Hz, 3H), 1.61 — 1.54 (m, 1H), 1.53 — 1(d 1H).
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C NMR (75 MHz, CDCJ) 6 171.1, 171.1, 148.9, 148.4,
133.0, 131.1, 128.1, 126.1, 109.5, 109.3, 73.48,780.4,
35.9, 34.1, 33.7, 31.0, 30.9, 21.6, 21.4, 21.08,2Q0.6,
19.0. Analytical data in accordance with literattire

(3aR,5R,6S,6aR)-5-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-yl| acetate 12k

General procedure B was followed for 24 h to affibrel title
compound (0.21 g, 0.69 mmol) as a white solid i®670
yield. [a]p*° = -32 in CHC}. "H NMR (300 MHz, CDCJ) 5
5.88 (d,J = 3.7 Hz, 1H, OEIO), 5.24 (dJ = 2.4 Hz, 1H,

OCHCHOC(O)CH), 450 (d, J = 3.7 Hz, 1H,
OCHC(O)CH,), 425 — 417  (m, 2H,
OCH(CHOCHO)C(0)CH;and GHC(O)CHy), 4.05 (tdd,) =
10.7, 7.0, 3.3 Hz, 2H, OGEHO), 2.10 (s, 3H,

CHC(O)H,), 1.52 (s, 3H, OCO(B;.CHasp), 1.41 (s, 3H,
OCO(CH; CHap), 1.32 (s, 3H, OCO(B;.CHs,)), 1.30 (s,
3H, OCO(CH.CHsp)). **C NMR (75 MHz, CDCJ) 5 169.8,
112.4, 109.5, 105.1, 83.4, 79.8, 76.3, 72.5, 6273), 26.8,
26.3, 25.4, 21.1. Analytical data in accordance hwit
literature?®

(4aR,6S,7S,8R,8aS)-6-Methoxy-2-
phenylhexahydropyrano[3,2-d][1,3]dioxine-7,8-diyl dacetate
121

(48R,6S,7S,8S,8aR)-6-Methoxy-2-
phenylhexahydropyrano[3,2-d][1,3]dioxine-7,8-diol0.Z82
g, 1.0 mmol) was added to phenylmethylene diacé@abs2
g, 3.0 mmol) and KCO; (0.270 g, 2.0 mmol) and the
reaction mixture stirred at 90 °C for 16 h. Thed=zrueaction
mixture was then purified by column chromatograghy
give the title compound (0.238 g, 0.65 mmol) as litev
solid in 65% yield'H NMR (300 MHz, CDCJ) 5 7.44 (qd,
J=05.4, 4.5, 1.9 Hz, 2H, A), 7.36 (dt,J = 4.6, 2.8 Hz, 3H,
ArH), 5.58 (t,J = 9.6 Hz, 1H, ®IOCH,), 5.51 (s, 1H,
PhH), 4.95 — 4.88 (m, 2H, 2 xHIC(O)CHg), 4.31 (ddJ =
10.1, 4.7 Hz, 1H, CKCH(O)CH(0)), 3.93 (td,J = 9.9, 4.7
Hz, 1H, CHCH(O)CH(O)), 3.77 (t,J = 10.2 Hz, 1H,
OCHH,CHO), 3.65 (tJ = 9.6 Hz, 1H, OCEH,CHO), 3.41
(s, 3H, O3, 2.10 (s, 3H, C(0)8,;), 2.05 (s, 3H,
C(O)CH3). *C NMR (75 MHz, CDCJ) & 170.6, 169.9,
137.0, 129.2, 128.4, 126.3, 101.7, 97.7, 79.3,,769/1,
69.0, 62.4, 55.5, 21.0, 20.9. Analytical data icaadance
with literature?

(2R,3S,4R,55,6S)-2-(acetoxymethyl)-6-methoxytetrahydro-
2H-pyran-3,4,5-triyl triacetate 12m

Methyl a-D-glucopyranosid€0.194 g, 1.0 mmol) was added
to phenylmethylene diacetate (1.16 g, 6.0 mmol) lasEiO;
(1.10 g, 8.0 mmol) the reaction was stirred at ©Gcdr 16 h.
The crude reaction mixture was then purified byuowh
chromatography to give the title compound (0.23®.&3
mmol) as a white solid in 63% yieldd NMR (300 MHz,
CDCly) 6 5.48 (ddJ = 10.1, 9.4 Hz, 1H), 5.07 (dd,= 10.2,
9.3 Hz, 1H), 4.98 — 4.84 (m, 2H), 4.26 (dds 12.3, 4.6 Hz,
1H), 4.10 (ddJ = 12.3, 2.4 Hz, 1H), 3.98 (ddd,= 10.2,
4.6, 2.3 Hz, 1H), 3.41 (s, 3H), 2.10 (s, 3H), 2(88 3H),
2.03 (s, 3H), 2.01 (s, 3H)’C NMR (75 MHz, CDC)) &
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170.9, 170.3, 170.3, 169.8, 96.9, 70.9, 70.2, 68/&, 62.0,
55.6, 20.90, 20.85, 20.8. Analytical data in aceoxsk with
literature®®

Phenylmethylene dipropionate 3b

General procedure C was followed to afford theetitl
compound (2.15 g, 9.12 mmol) as a clear oil in Yjiétd.'H
NMR (300 MHz, CDC}) § 7.71 (s, 1H, EBI(OCOELt)), 7.51
(qd, J = 3.8, 1.5 Hz, 2H, Ad), 7.41 (ddtJ = 4.3, 3.1, 1.6
Hz, 3H, AH), 2.40 (tt,J = 7.4, 3.6 Hz, 4H, 2 x B,CHj),
1.16 (t,J = 7.5 Hz, 6H, 2 x CKCH,). *C NMR (75 MHz,
CDCly) 6 172.47, 135.81, 129.80, 128.72, 126.78, 89.72,
27.55, 8.89. IR (thin film)v max (cm'): 2983 (ArC-H),
1756 (C=0); HRMS (ESI): m/z calculated for,38,,0,:
requires: 259.0946 for [M+N&] found: 259.0995.
Analytical data in accordance with literatdfe.

Phenylmethylene dibenzoate 3c

General procedure C was followed to afford theetitl
compound (3.09 g, 9.30 mmol) as a clear oil in 9@étd.
'H NMR (300 MHz, CDCJ) § 8.25 — 8.06 (m, 5H, & and
ArH), 7.75 — 7.64 (m, 3H, M), 7.62 — 7.50 (m, 4H, Af),
7.49 — 7.40 (m, 4H, At#). *C NMR (75 MHz, CDC)) &
164.6, 162.5, 134.7, 133.7, 130.7, 130.2, 129.9.22
129.0, 128.9, 128.6, 126.9, 90.8. IR (thin filmnax (cm):
3064 (ArC-H), 1722 (C=0); HRMS (ESI): m/z calculdte
for C,;H.¢04: requires: 355.0946 for [M+Nj] found:
355.0929. Analytical data in accordance with litera®

Phenylmethylene diacrylate 3d

General procedure C was followed to afford theetitl
compound (2.12 g, 9.12 mmol) as a clear oil in 9yétd.
'H NMR (300 MHz, CDCJ) & 7.87 (s, 1H, EPh), 7.65 —
7.48 (m, 2H, AH), 7.51 — 7.36 (m, 3H, At), 6.52 (ddJ =
17.3, 1.4 Hz, 2H, 8H,=CH), 6.27 — 6.03 (m, 2H,
CH,H,=CH), 5.93 (dd,J = 10.5, 1.3 Hz, 2H, C#H,=CH).
C NMR (75 MHz, CDCJ) & 164.0, 134.8, 132.8, 129.9,
128.8, 127.6, 126.8, 90.1. IR (thin film)max (cm"): 3040
(ArC-H), 1732 (C=0); HRMS (ESI): m/z calculated for
C15H 1,0, requires: 255.0633 for [M+N§]found: 255.0667.

Phenylmethylene dihexanoate 3e

General procedure C was followed to afford theetitl
compound (2.89 g, 9.02 mmol) as a clear oil in 9@etd.
'"H NMR (300 MHz, CDCJ) 8 7.71 (s, 1H, €Ph), 7.51 (qd,
J = 3.7, 1.5 Hz, 2H, Ad), 7.40 (ddtJ = 4.2, 3.1, 1.6 Hz,
3H, ArH), 2.37 (td,J = 7.4, 2.3 Hz, 4H, 2 x (C=O}5,CH,),
1.70 — 1.58 (m, 4H, 2 x (C=0)GHH,), 1.30 (dg,Jd = 7.2,
3.7, 3.3 Hz, 8H, 2 x (C=0)Cj&H,), 0.94 — 0.82 (m, 6H, 2 x
CH,CH,CH,). **C NMR (75 MHz, CDCJ)) & 171.8, 135.9,
129.8, 128.7, 126.8, 89.6, 34.2, 31.3, 24.5, 2240. IR
(thin film) v max (cmY: 2956 (ArC-H), 1752 (C=0);
HRMS (ESI): m/z calculated for @H,¢0, requires:
343.1885 for [M+Nal]; found: 343.1898. Analytical data in
accordance with literature.

Phenylmethylene bis(2-phenylacetate) 3f
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General procedure C was followed to afford theetitl 173.8, 136.3, 128.7, 128.3, 126.8, 66.2, 34.4,,32448,

compound (3.18 g, 8.84 mmol) as a clear oil in % 34eld.
'H NMR (250 MHz, CDCJ) & 7.69 (s, 1H, €&Ph), 7.43 —
7.16 (m, 15H, AH), 3.64 (s, 4H, 2 x B,Ph).**C NMR (75

MHz, CDCL) & 169.5, 135.3, 133.2, 129.9, 129.5, 129.4

128.7, 127.4, 126.7, 90.3, 41.1. IR (thin filmnax (cni'):

22.4, 14.0. Analytical data in accordance withréitare®

Benzyl 2-phenylacetate 13e

'‘General procedure D was followed to afford theetitl
compound (0.140 g, 0.62 mmol) as a clear oil in 62étd.

3032, 2981 (ArC-H), 1759 (C=0O); HRMS (ESI): M/z 1y NMR (300 MHz, CDCl) 8 7.40 — 7.28 (m, 10H. Ad).

calculated for GH,O4 requires: 383.1259 for [M+N§]
found: 383.1259.

Phenylmethylene bis(2,2,2-trifluoroacetate) 3g

Trifluoroacetic acid (0.035 mL, 0.47 mmol) was adde a
dropwise manner to a solution of benzaldehyde (9,50.7
mmol) and trifluoroacetic anhydride (0.98 mL, 7.08nol)
at rt. After 2 h the reaction was concentratedsacuoto
afford the title compound (1.4 g, 4.5 mmol) as Hoye oil

in 95% vyield.'"H NMR (300 MHz, CDCJ) & 7.79 (s, 1H,
ArH), 7.62 — 7.45 (m, 5H, Af). °C NMR (75 MHz,
CDCly) & 155.3 (q,2JC-F = 44.7 Hz), 134.4, 131.8, 129.4
127.0, 114.1 (qNC-F = 285.5 Hz), 93.8. IR (thin filmy
max (cm'): 1809 (C=0).

Benzyl propionate 13a

General procedure D was followed to afford theetitl
compound (0.154 g, 0.94 mmol) as a clear oil in 94étd.
"H NMR (300 MHz, CDCJ) & 7.37 — 7.32 (m, 5H, Af),
5.12 (s, 2H, El,Ph), 2.39 (qJ = 7.6 Hz, 2H, Ei,CHy), 1.17
(t, 3 = 7.6 Hz, 3H, CHCH3;). C NMR (75 MHz, CDC)) &
174.5, 136.3, 128.7, 128.3, 126.8, 66.3, 27.8, Analytical
data in accordance with literatufe.

Benzyl benzoate 13b

General procedure D was followed to afford theetitl
compound (0.166 g, 0.78 mmol) as a clear oil in A8étd.
'H NMR (300 MHz, CDCJ) & 8.11 — 8.07 (m, 2H, A),
7.60 — 7.48 (m, 1H, At), 7.54 — 7.35 (m, 7H, Ad), 5.38 (s,
2H, CH,Ph). **C NMR (75 MHz, CDC)) & 166.6, 136.2,

5.15 (s, 2H, PhB,0), 3.68 (s, 2H, (C=0)B,Ph).**C NMR
(75 MHz, CDC}) 8 171.5, 136.0, 134.0, 129.4, 128.7, 128.7,
128.3, 128.2, 127.2, 66.7, 41.5. Analytical data in
accordance with literaturg.

Benzyl 2,2,2-trifluoroacetate 13f

Benzyl alcohol (0.108 g, 1.0 mmol) was added to
phenylmethylene bis(2,2,2-trifluoroacetate) (0.4@4 1.5
mmol) and KCO; (2.0 mmol, 0.270 g) and the reaction
stirred at rt for 1 h. The crude reaction mixturaswthen
purified by column chromatography to give the title
» compound (0.181 g, 0.89 mmol) as a clear oil in 89étd;

"H NMR (300 MHz, CDCJ) 8 7.40 (s, 5H), 5.36 (s, 2H)C
NMR (75 MHz, CDC}) 8 157.5 (q2JC-F = 42.5 Hz), 133.4,
129.4, 129.0, 128.8, 114.6 (§JC-F = 285.8 Hz), 69.7.
Analytical data in accordance with literatdfe.

Acetoxy(phenyl)methyl pivalate 4a

General procedure E was followed to afford theetitl
compound (0.82 g, 3.30 mmol) as a clear oil in Azétd.

'H NMR (300 MHz, CDC})) & 7.66 (s, 1H, OEB0), 7.53 —
7.49 (m, 2H, AH), 7.42 — 7.39 (m, 3H, Af), 2.12 (s, 3H,
C(O)CH3), 1.23 (s, 9H, C(O)C(B,),). *C NMR (75 MHz,
CDCly)) 3 176.4, 169.1, 135.8, 129.7, 128.7, 126.7, 89.9,
39.0, 27.0, 21.1.

Phenyl(2-phenylacetoxy)methyl pivalate 4b

General procedure E was followed to afford theetitl
compound (1.20 g, 3.69 mmol) as a clear oil in 84étd.
"H NMR (300 MHz, CDCJ)) & 7.68 (s, 1H, OB0), 7.47 —

133.2, 130.3, 129.8, 1287, 128.5, 128.4, 128.38.66 743 (m 2H, AH), 7.41 — 7.38 (m, 3H, M), 7.31 — 7.26

Analytical data in accordance with literatdfe.

Benzyl acrylate 13c

General procedure D was followed to afford theetitl
compound (0.131 g, 0.81 mmol) as a clear oil in 8iétd.
'H NMR (300 MHz, CDCJ) 8 7.39 — 7.32 (m, 5H, Af),
6.45 (dd,J = 17.3, 1.4 Hz, 1H, B=CH,H,), 6.17 (dd,J =
17.3, 10.4 Hz, 1H, CH=A.H,), 5.85 (dd,J = 10.4, 1.4 Hz,
1H, CH=CHHy), 5.21 (s, 2H, E,Ph).*C NMR (75 MHz,

CDCly) & 166.2, 136.0, 131.2, 128.7, 128.5, 128.4, 128.

66.5. Analytical data in accordance with literattfre

Benzyl hexanoate 13d

General procedure D was followed to afford theetitl
compound (0.144 g, 0.70 mmol) as a clear oil in #gétd.
'H NMR (300 MHz, CDCJ) 8 7.37 — 7.32 (m, 5H, Af),
5.12 (s, 2H, G,Ph), 2.37 (t, J 7.5 Hz, 2H,
(C=0)CH,CH,CH,CH,CH5), 1.71 1.61 (m, 2H,
(C=0)CH,CH,CH,CH,CH,), 1.31 (dg,J = 7.5, 3.8, 3.2 Hz,
4H, (C=0)CHCH,CH,CH,CH3;), 0.91 - 0.87 (m, 3H,
(C=0)CH,CH,CH,CH,CH3). **C NMR (75 MHz, CDC)) &

(m, 5H, AH), 3.68 (s, 2H, E,Ph), 1.17 (s, 9H, C(8,)s).
C NMR (75 MHz, CDCJ) § 176.3, 169.6, 135.7, 133.4,
129.7, 129.4, 128.7, 128.7, 127.4, 126.6, 90.03,438.9,
27.0. | R (thin film)v max (cm'): 2995, 2983 (ArC-H),
1769, 1756 (C=0); HRMS (ESI): m/z calculated for
CyoH 04 requires: 349.1410 for [M+N§]found: 349.1473.

Phenyl(propionyloxy)methyl pivalate 4c

General procedure E was followed to afford theetitl

4compound (0.95 g, 3.62 mmol) as a clear oil in 826td."H
NMR (300 MHz, CDC}) & 7.68 (s, 1H, OB0), 7.53 — 7.49
(m, 2H, AH), 7.42 — 7.38 (m, 3H, Af), 2.40 (qdJ = 7.5,
3.0 Hz, 2H, @1,CHa), 1.23 (s, 9H, C(85),), 1.16 (t,J=7.5
Hz, 3H, CHCH;). *C NMR (75 MHz, CDCJ) & 176.4,
172.5, 135.9, 129.7, 128.7, 126.7, 89.8, 39.0,,276), 9.0.
IR (thin film) v max (cm): 2978 (ArC-H), 1754, 1750
(C=0); HRMS (ESI): m/z calculated for,£1,,0,: requires:
287.1254 for [M+Nal]; found: 287.1268.

Phenyl(pivaloyloxy)methyl acrylate 4d
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General procedure E was followed to afford theetitl
compound (0.92 g, 3.52 mmol) as a clear oil in 80étd.
'H NMR (300 MHz, CDCJ)) & 7.75 (s, 1H, OB0), 7.56 —
7.51 (m, 2H, AH), 7.45 — 7.40 (m, 3H, Af), 6.50 (ddJ =
17.3, 1.4 Hz, 1H, 8=CHH,), 6.15 (dd,J = 17.3, 10.4 Hz,
1H, CH=H-H,), 5.92 (dd, J 10.4, 1.4 Hz, 1H,
CH=CHH,), 1.23 (s, 9H, C(H);). °C NMR (75 MHz,

Tetrahedron

6.50 (dd,J = 3.5, 1.7 Hz, 1H, C(=0)CCH4), 5.44 (tq,J =
7.1, 1.3 Hz, 1H, -OCKCH=), 5.09 (it,J = 5.0, 2.8 Hz, 1H,
CH,CH,CH=), 4.87 — 4.78 (m, 2H, -O), 2.16 — 1.99 (m,

4H, OH,CH,CH=), 1.75 (d, J = 1.3 Hz, 3H,
CH=C(CH3.CHsy)), 1.67 (d, J = 1.3 Hz, 3H,
OCH,CH=C(CHs), 160 (d, J = 1.3 Hz, 3H,

CH=C(CH;,CH3y)). *C NMR (75 MHz, CDCJ) & 158.8,

CDCly) 6 176.4, 164.1, 135.8, 132.6, 129.8, 128.7, 127.7146.2, 142.9, 131.9, 123.7, 117.9, 117.8, 111.8,630.4,

126.7, 90.0, 39.0, 27.0. IR (thin film) max (cni'): 2975,
2875 (ArC-H), 1744 (C=0); HRMS (ESI): m/z calculate
for CisH.1g04: requires: 285.1097 for [M+N§] found:
285.1149

Phenyl(2-phenylacetoxy)methyl furanoate 4e

General procedure E was followed to afford theetitl
compound (1.00 g, 3.31 mmol) as a clear oil in Adeétd.
'"H NMR (300 MHz, CDC}) 8 7.88 (s, 1H, €Ph), 7.61 (dd,
J =1.8, 0.8 Hz, 1H, C(=O)CQdCHCH), 7.60 — 7.55 (m,
2H, ArH), 7.49 — 7.37 (m, 3H, Af), 7.29 — 7.22 (m, 1H,
C(=0O)COCHQHCH), 6.52 (dd,J 3.5, 1.7 Hz, 1H,
C(=O)COCHCH®), 1.25 (s, 9H, C(H5)3). **C NMR (75

39.6, 26.3, 25.7, 17.7, 16.6. IR (thin film)., (cm™ 2916
(ArC-H), 1716 (C=0); HRMS (ESI): m/z calculated for
C.sH,q05: requires: 271.1305 for [M+N§]found: 271.1302.

Perillyl propanoate 13i

General procedure D was followed to afford theetitl
compound (0.098g, 0.47 mmol) as a clear oil in 94étd.
'"H NMR (300 MHz, CDCJ)) & 5.80 — 5.67 (m, 1H,
OCH,C=CH), 4.70 (dp,J = 3.0, 1.3 Hz, 2H, C(CkE=CH,),
4.45 (d,J = 1.7 Hz, 2H, O€El,), 2.34 (q,J = 7.6 Hz, 2H,
C(=0)CH,), 2.22 — 2.02 (m, 4H, C}€(CH,)=CCH,), 2.01 —
1.77 (m, 1H, CH=C(CH,;)CH), 1.72 (s, 3H, CE=C(CHy)),

MHz, CDCk) & 176.3, 156.5, 147.1, 143.7 135.5, 129.7,1.47 (ddtJ = 12.7, 11.3, 8.5 Hz, 2H, GHC(CH;)CHCH,),

128.7, 126.6, 119.3, 112.0, 90.0, 38.9, 26.9. H(film)
Vmax (CcMY): 2976, 2875 (ArC-H), 1769, 1741 (C=0); HRMS
(ESI): m/z calculated for GH,¢Os: requires: 325.1046 for
[M+Na]"; found: 325.1099.

Benzyl acetate 12a

General procedure D was followed to afford theetitl
compound (0.135 g, 0.90 mmol) as a clear oil in 9gétd.
Analytical data was in accordance wiff2a synthesized
using general procedure B.

Benzyl propionate 13a

General procedure D was followed to afford theetitl
compound (0.154 g, 0.94 mmol) as a clear oil in 94étd.
Analytical data was in accordance wiff8a synthesized
using general procedure B.

Geraniol propanoate 13g

General procedure D was followed to afford theetitl
compound (0.091g, 0.43 mmol) as a clear oil in 86étd.
'H NMR (300 MHz, CDCJ)) & 5.45 — 5.22 (m, 1H, -
OCH,CH=), 5.08 (q,J = 1.4 Hz, 1H, CHCH=C(CH),),
4.60 (d, 2H, -O€,C=), 2.33 (qg,J 7.6 Hz, 2H,
C(=0)CH,CHy), 2.17 — 1.97 (m, 4H. IE,CH,CH=C(CH),),
1.72 — 1.69 (m, 3H, CH=C(d3.,CHsy),), 1.68 (d,J = 1.3 Hz,
3H, -OCHCHC(CH,)), 1.59 (dd,J 5.2, 0.9 Hz, 3H,
CH=C(CH,CHay),), 1.14 (t, J 7.6 Hz, 3H,
C(=0)CH,CH,). *C NMR (75 MHz, CDC)) § 174.6, 142.2,
131.9, 123.8, 118.3, 61.3, 39.6, 27.6, 26.3, 26777, 16.5,
9.2. Analytical data in accordance with literattire.

Geranyl furanoate 13h

General procedure D was followed to afford theetitl
compound (0.1195¢g, 0.48 mmol) as a clear oil in 96&4d.
"H NMR (300 MHz, CDC}) 6 7.57 (ddJ = 1.8, 0.9 Hz, 1H,
C(=0)COM®), 7.18 (dd,J = 3.5, 0.9 Hz, 1H, C(=0)Cq),

1.13 (t,J = 7.6 Hz, 3H, C(=O)CKCH,). **C NMR (75 MHz,
CDCly) 6 174.4, 149.6, 132.7, 125.6, 108.8, 68.3, 40.8,30.
27.6, 27.3, 26.4, 20.7, 9.2. IR (thin film),,, (cm™ 2921
(ArC-H), 1736 (C=0); HRMS (ESI): m/z calculated for
C15H140,: requires: 231.1398 for [M+N§]found: 231.1348.

Perillyl furanoate 13j

General procedure D was followed to afford theetitl
compound (0.1021g, 0.42 mmol) as a clear oil in 8384d.
'"H NMR (300 MHz, CDC}) & 7.58 (dd,J = 1.7, 0.9 Hz, 1H,
C(=0)COM®), 7.19 (dd,J = 3.5, 0.8 Hz, 1H, C(=0)Cq),
6.51 (dd,J = 3.5, 1.8 Hz, 1H, C(=0)CCH4), 5.84 (ddd,J]

= 5.1, 2.8, 1.4 Hz, 1H, OCE=CH), 4.75 — 4.71 (m, 2H,
C(CHz)=CH,), 4.71 — 4.69 (m, 2H, O&,), 2.25 — 2.09 (m,
4H, CH.C(CH,)=CCH,), 2.08 196 (m, 1H,
CH,=C(CH,)CH), 1.74 (t,J = 1.1 Hz, 3H, CH=C(CH5)),),
1.62 — 1.19 (m, 2H, CHC(CH;)CHCH,). **C NMR (75
MHz, CDCL) & 158.7, 149.6, 146.3, 144.7, 132.3, 126.3,
117.9, 111.8, 108.8, 68.8, 40.8, 30.5, 27.3, 2B318. IR
(thin film) vma (cm™ 2922 (ArC-H), 1716 (C=0); HRMS
(ESI): m/z calculated for £H.s0s5: requires: 269.1148 for
[M+Na]™; found: 269.1145.

Citronellyl acrylate 13k

General procedure D was followed to afford theetitl
compound (0.0772g, 0.37 mmol) as a clear oil in 388td.
'H NMR (300 MHz, CDC}) & 6.40 (dd,J = 17.3, 1.6 Hz,
1H, C(=0O)CH=Q4H,), 6.12 (dd,J = 17.3, 10.4 Hz, 1H,
C(=0)CH=CH,H;), 5.82 (dd, J 10.4, 1.6 Hz, 1H,
C(=0O)CH=CHHy), 5.09 (ddddJ = 7.1, 5.7, 2.9, 1.4 Hz, 1H,
-OCH,CH,CH(CH;)CH,CH,CH=C(CH),), 4.32 — 3.99 (m,

2H, -OCH,), 1.99 (td, J = 15.2, 13.5, 6.0 Hz, 2H,
CH,CH=C(CHy),), 168 (q, J = 1.4 Hz, 3H,
CH=C(CH3.CHsy), 160 (d, J = 1.3 Hz, 3H,

CH=C(CH;.CHsy), 1.53 — 1.08 (m, 5H, I&,CH(CH3)CH,),
0.93 (d,J = 6.4 Hz, 3H, CHE,). **C NMR (75 MHz,
CDCl;) 8 166.4, 131.4, 130.5, 128.6, 124.6, 63.1, 36.94,35.



29.5, 25.8, 25.4, 19.4, 17.7. Analytical data icadance
with literature®

Citronellyl furanoate 13l

General procedure D was followed to afford theetitl
compound (0.075g, 0.41 mmol) as a clear oil in 90étd.
'"H NMR (300 MHz, CDCJ) & 7.58 (dd,J = 1.7, 0.9 Hz, 1H,
C(=0)COM®), 7.16 (dd,J = 3.5, 0.9 Hz, 1H, C(=0)Cq),
6.51 (dd,J = 3.5, 1.8 Hz, 1H, C(=O)CCH4), 5.09 (tt,J =
7.1, 1.5 Hz, 1H, CKCH=C(CHy),), 4.45 — 4.24 (m, 2H,
C(=0)CO,), 2.08 — 1.90 (m, 2H, E,CH=C(CH),), 1.67
(9, J = 1.3 Hz, 3H, CH=C(83,CHay)), 1.60 (d,J = 1.2 Hz,
3H, CH=C(CHLHaj,)), 1.56 (s, 2H, C(=0)COCj€H,),
1.46 — 1.31 (m, 2H, B,CH,CH=C(CH),), 1.30 — 1.14 (m,
1H, -OCHCH,CH(CHy)), 0.95 (d,J = 6.4 Hz, 3H, -
OCH,CH,CH(CH,),). *C NMR (75 MHz, CDC}) 5 158.9,
146.2, 144.9, 131.4, 124.5, 117.7, 111.8, 63.69,385.5,
29.5, 25.7, 25.4, 19.5, 17.7. IR (thin film). (cm™): 2970,
2926 (ArC-H), 1736 (C=0); HRMS (ESI): m/z calculate
for C;sH,,05 requires: 273.1461 for [M+Ng] found:
273.1459.

(S)-methyl 2-acetamido-3-hydroxypropanoate 16

Et;N (0.42 mL, 3.21 mmol) was added in a dropwise manne{l\fI

to (9-Serine methyl ester hydrochloride salt (0.5 ®13.
mmol) suspended in acetone (3 mL). The reactiorturex
was stirred for 10 min and then filtered througiCelite®
pad. The filtrate was concentratedvacuoto give §)-serine
methyl ester which was used without further puaifion.
(S)-Serine  methyl ester (1.0 mmol) was added
phenylmethylene diacetatda (0.291 g, 1.5 mmol) and

NaHCQ, (0.168 g, 2.0 mmol) and EtOAc (2 mL) and the4.
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