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Diacylglycerol lactones (DAG-lactones) are known to operate as effective agonists of protein kinase C
(PKC), surpassing in potency the activity of natural diacylglycerol (DAG). Localization of activated PKC
isozymes in the cell is determined in part by the different cellular scaffolds, the lipid composition of the
specific membranes, and the targeting information intrinsic to the individual isoforms bound to DAG. This
multifaceted control of diversity suggests that, to develop effective DAG-lactones capable of honing in on
a specific cellular target, we need to gain a better understanding of the chemical space surrounding its
binding site. Seeking to augment the chemical repertoire of DAG-lactone side chains that could steer the
translocation of PKC to specific cellular domains, we report herein the effects of incorporating simple or
substituted phenyl residues. A combined series-alkyl and phenyl substitutions were used to explore the
optimal location of the phenyl group on the side chains. The substantial differences in binding affinity
between DAG-lactones with identical functionalized phenyl groups at eithesrttieor sn2 position are
consistent with the proposed binding model in which the DAG-lactone binds to the C1 domain of PKC with
the acyl chain oriented toward the interior of the membrane and-#i&ylidene oro-arylalkylidene chains
directed to the surface of the C1 domain adjacent to the lipid interface. We conclude that DAG-lactones
containinga-phenylalkylidene side chains at tka-2 position represent excellent scaffolds upon which to
explore further chemical diversity.

Introduction to PLC-mediated hydrolysis of inositol lipids, such as phos-
Diacylglycerol (DAG) is the principal physiological activator phatld);l!nlosnol (4.5)-b |phospha?ﬁ.?ﬁc aqgon ;:an ber:ocalllzed
for the majority of protein kinase C (PKC) isozymedg. As to multiple compartments, which aside irom the plasma

membrane include the endoplasmic reticulum, the Golgi ap-

such, it is an important second messenger involved in the o . )
P g paratus, and the nucledé&Localization is determined in part

regulation of cellular proliferation, survival, and differentiation. . S "
Adding to this complex set of responses, oftentimes redundantby th,'? different cellular scaffolds, th? I|p!d composition .Of t.he
and even antagonistic, are some additional DAG responsiveSpeC'f'? me_mbrane@’ and the targeting |nformat|or? Intrinsic
targets that do not belong to the PKC family. These include to the |nd|v!dual_ isoform bound to D.A@' This muI_tlfa_ceted
PKDs, RasGRP, chimaerins, Munc-13, and DAG kinases, Whosecon'[rol Qf diversity suggests that, to improve the |Ike|lh00d. of
activation increases the level of complexity and multiplicity of developing DA.G'“ke molecules capable of trapslocatmg
responses from DAG:7 Gaining knowledge about how the PKCs to specmc cellular targets, we need to gain a better
regulation of PKC isozymes, PKD, and the non-kinase protein u_ndgrstaljdlng of the chemical space surrounding the DAG
targets control important intracellular events represents an b'”d'“q site. . )

important field of study, particularly considering the high degree ~ Previously, we have discovered potent DAG-like molecules,
of cross-talk between these differently DAG activated pathways 'eferred to as DAG-lactones, that strongly activate PKC
and their implications on cancer, immune responses, andisozymes?® Diverse alkyl chains incorporated on these templates
neurobiology?? at both their acyl andx-alkylidene positions have helped us

Activation of conventional (cPKG= a, AI, All, and y) and explore the surrounding binding sites of various isozymes with
novel ("PKC= o, ¢, 7, and 6) isoforms t’ypicyally involves  Some degree of success in achieving selective translocation of
recruitment of the enzyme to the membrane via an allosteric SOMe isozymes to specific cellular sitésin a recent paper
interaction with DAGL011 Although there are many distinct ~describing a solid-phase method for the synthesis of DAG-
species of DAG, the DAG that activates these isozymes is lactones, we briefly described a few compounds containing aryl

proposed to be a polyunsaturated form generated in responsdnoieties which showed potentially interesting propertfes.
However, no attempt was made to find the optimal location of
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Figure 1. Design of aryl-substituted DAG-lactones to locate the
optimal location of the phenyl ring.

o
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Figure 2. Generic structure of a DAG-lactone (the numbers correspond
to the glycerol backbone).

Table 1. Determination of the Optimal Location of the Phenyl Ring on
the R Arm2

Ki(E-isomer) K;(Z-isomer)

R R2 log P (nM) (nM)
1 Ph(CH)s n-CeH13 4.13 27+ 3 17+1
2 Ph(CH): n-CHis 4.13 18+ <1 1441
3 PhCh n-CgH17 4.13 44+ 2 454+ 3
4  Ph n-CoH19 4.13 14+ 1 9+1
5 cyclohexyl n-CoHjg 4.86 9+1 54+ <1
6 Ph @-PrpyCHCH, 3.76 28+ 3 16+1
7 cyclohexyl {-PrpCHCH, 4.03 10+ <1 8+1

a See the general structure in Figure 2.

Kang et al.

Table 2. Functionalization of the Phenyl Ring at the Optimal Position
on the R Arm?

Ki(E-isomer) Kj(Z-isomer)

Rt R? log P (nM) (nM)
8 (2-OMe)Ph [-PrCHCH, 3.77 73+ 2 23+1
9 (3-OMe)Ph (-PrCHCH, 3.77 3942 2441
10 (4-OMe)Ph {-PrpCHCH, 3.77 36+ 2 18+1
11 (2-OH)Ph  [-Pr,CHCH, 3.47 67+ 3 30+ 4
12 (3-OH)Ph  [-PrCHCH, 3.47 670+ 15 406+ 11
13 (4-OH)Ph  [-PrRCHCH, 3.47 2400530 983+ 88

a See the general structure in Figure 2.

C1 domain of the kinase, the assays are routinely conducted in
the presence of 10@g/mL phosphatidylserine (PS), which
fulfills this phospholipid requirement. Analysis of binding to
the intact PKC has the advantage that it is most appropriate for
evaluating ligand interactions with PKC as a therapeutic target.
Among PKC isoforms, we examined PKd&{for comparison
with our extensive knowledge of structaractivity relationships

for other DAG-lactones with this isoforthand because of its
important role as a therapeutic target in carféé?.Because
multiple structural elements within PKC contribute to membrane
interactions, e.g., the calcium responsive C2 domain in
PKC-a, and because the liganthembrane-PKC interactions

are coupled to PKC activation;!* in select cases for which
we wished most closely to understand the mechanistic basis
underlying differences in measured binding affinities, we have
also extended our analysis to the individual C1 domain (vide
infra). For these latter studies, we used the Clb domain of
PKC-0 both because of the availability for this domain of the
X-ray structure of its interaction with a ligaffdand for the
technical considerations of stability and solubility.

on DAG-lactones. From the data presented herein, we conclude Guided by theK; values of the typically more potent
that aryl substituents represent useful scaffolds upon which to Z-isomers, the most favorable location for the phenyl ring was

explore chemical diversity on the DAG-lactones.

DAG-Lactone Design and PKC Binding Affinity
In previous studies with DAG and DAG-lactones having

found to be closest to then1-carbonyl (compound, Table

1). We then compared the effects of exchanging the phenyl ring
of 4 for a cyclohexane ring (compouri). We found that even
though theK; value was 1.78-fold lower (higher affinity) the

different arrays of branched alkyl chains at the acyl and the log P value was 0.73 log unit higher, thus resulting in no

a-alkylidene positions, we have identified compounds that
display high binding affinity with reduced lipophilicity (I0B).
Among DAG analogues, we identified a compound with a 40
nM binding affinity and a logP of 3.817 whereas for DAG-
lactones the logP could be as low as 3.2 for a compound
displaying a 30 nM binding affinity® Even with potent PKC

ligands, such as phorbol 12,13-dibutyrate (PDBU) and prostratin,

the logP values could be as low as 3.4 and 1.9, respectitely.

significant net gain. Because branchedlkylidene chains lower

the log P value relative to that of their comparable linear
counterparts and also have been shown to be more effective in
selectively translocating PKC isozymesand 6 to different
cellular sites>26 compoundé was synthesized. In relation to

4, this compound showed a slight 1.76-fold increasi;iflower
affinity), perhaps due to its 0.36 unit drop in Idg value.
Although this reduction in binding affinity was recovered in

Therefore, the same principle of achieving the lowest possible compound?, which combines a cyclohexylacyl group with the

log P value to minimize nonselective lipid binding was also
applied once the optimal location of the aromatic ring on the
side chains of the DAG-lactones was identified. For the initial

same branchedx-alkylidene chain, compoundé was still
considered to be the best candidate for further studies not only
because it had the lowest I&value (3.76), but also because

phase of this investigation, a simple phenyl ring (Ph) was used of the ease with which the phenyl ring could be further

as a probe along both tten1 (acyl) andsn-2 (a-alkylidene)

functionalized without generating new asymmetric centers.

chains as illustrated in Figure 1, and on the basis of the work  Starting with the selected parent compouh(@rable 1), we

cited above and other studi¥s!®an initial target value of log
P around 4 was selected.

We started by investigating the optimal location for the phenyl
ring on thesn-1 acyl chain (R) using a combination of variable-
length n-alkyl chains at thea-alkylidene position (R to
maintain a constant calculated |88° of 4.13 (Figure 2, Table
1, compound4d—4). For these studies PKE-was used as the
target enzyme. The binding affinities of the DAG-lactones, as
reflected by theiK; values, were measured using a competition

then studied the effects of adding polar metho&y-10) and
hydroxyl (11—13) groups at various positions on the phenyl
ring (Table 2). Relative t®, the addition of a methoxy group
did not seem to have a significant effect on the calculated log
P value. Therefore, because compoudslO have the same
capacity as to partition into a lipid environment, they were
expected to provide information about the possible presence of
polar binding sites in their vicinity. Surprisingly, the methoxy
groups induced only a minimal effect on PKC binding, showing

assay with phorbol 12,13-dibutyrate. The assay has beena slight decrease in affinity relative to that @f

described in detail previousht. Because the phospholipid
bilayer contributes to the binding interaction, along with the

In contrast, the hydroxyl group, which caused a small
reduction in the log? value, had a significant negative effect
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Table 5. Comparison ofp-Hydroxyl Ligands in Binding to PKG}-C1b
in the Presence or Absence of PS

Table 3. Optimal Location of the Phenyl Ring on the Rrma

Ki(E-isomer)
Rl R? Iog p (nM) PKC-3-C1b w/PS | PKC-3-C1b w/o PS | Ky, ps/Kwips

14 (i-PrpCHCH, Ph 3.61 12+ 3 OH

15 (i-PrpCHCH, PhCH 3.69 1442

16 (i-PrpCHCH, Ph(CH), 4.09 9+ <1

O

aSee the general structure in Figure 2. 0\ _o__o
Table 4. Functionalization of the Phenyl Ring at the Optimal Position HO N\ 980+ 220nM 16900+ 1600 nM 17
on the R Arma

Ki(E-isomer)
R1 R? log P (nM)

17 (i-PrpCHCH;, (2-OMe)Ph 3.62 16t 2 13-E

18 (i-PrpCHCH, (3-OMe)Ph 3.62 121

19 (i-PrpCHCH, (4-OMe)Ph 3.62 <1

20 (i-PrpCHCH, (2-OH)Ph 3.32 221

21 (i-PrpCHCH, (3-OH)Ph 3.32 17 <1 o

22 (i-Pr),CHCH, (4-OH)Ph 3.32 19t 3 00— o

aSee the general structure in Figure 2. HO A 1.40+<1nM 170+ 13 nM 121
on bothE- and Z-isomers as the binding affinity plummeted
ca. 25-fold and ca. 70-fold, respectively, for theta andpara- ud
isomers (compound42 and 13, Table 2). Remarkably, the
decrease in binding affinity for thertho-isomer (1) in relation =E
to 6 (Table 1) was only ca. 2-fold for botB- and Z-isomers. Kis-e/Ka2-e 700 9

These combined results agree with a binding model in which
the acyl aryl ring is projected outside the C1 domain and into
the lipid milieu where a substantial desolvation penalty is accessible H-bond donors at the active site that can bind
incurred for the free hydroxyl group. In compourd, the effectively. The hydroxyl groups probably bind in a similar
intramolecular H-bonding of theo-hydroxyl and the acyl  fashion albeit a little less effectively.
carbonyl forms a stable six-membered cyclic structure, thus Taken together, the combined results from Tabled point
explaining why thisortho-isomer pays a lesser penalty of to the existence of important differences between compounds
dehydration. with identically functionalized phenyl groups at both ends of
The results from Table 2 prompted us to search for specific the DAG-lactone. These results are consistent with the proposed
interactions with the phenyl ring located at the alternative, binding model in which the DAG-lactone binds to the C1
o-alkylidene position. As before, this also required determining domain with the acyl chain oriented toward the lipid and its
the best position for the phenyl ring on thealkylidene chain. o-alkylidene chain possibly interacting with the surrounding
To rationally evaluate the two possible alternative locations of space on the surface of the C1 domain. This binding model is
the phenyl ring, the reverse isomer of compou(Table 3, further supported by the observed 128-fold difference between
compound 14) was synthesized along with two elongated isomers E)-13 (Ki = 2400 nM) and(E)-22 (K; = 19 nM).
analogues containing on&q) and two (6) additional methylene To study in more detail the contrast betweg)-13 and
groups to increase the separation between the double bond andE)-22 in a simpler system than the intact PKkCisozyme, we
the phenyl ring (Table 3). As can be appreciatetithe reverse decided to compare their binding affinities for the isolaied1b
isomer of 6), of which only the E-isomer was isolated, as domain (Table 5). This specific C1 domain was chosen both
explained in Chemistry, had a slightly better binding affinity because the X-ray structure of its interaction with a ligand is
than6 and a similar calculated loB value. While distancing knowr?4 and for technical considerations of stability and
the phenyl moiety from the double bond produced essentially solubility. Using the C1 domain, we have a strong basis for
no change in binding affinity, the log value increased steadily.  relating our experimentd{; values to insights generated from
Therefore, compound4 was selected for further studies. computer modeling”® For the full PKC molecule, other
Compoundsl7—22 (Table 4) were synthesized with the structural features contributing to membrane interaction, e.g.,
intention of probing for complementary H-bond donors or the pseudosubstrate domain or the C2 domain, the presence of
acceptors around the C1 domain. In contrast to those of two functional C1 domains with distinct behavior, and the
compounds8—13 (Table 2), where the functionalized phenyl coupling of ligand binding and membrane interaction to a
ring was part of the acyl moiety and large differences were conformational change in the enzyme, with a resultant effect
observed between the methoxy- and hydroxy-substituted com-of this conformational change on the energetics of binding, all
pounds, the differences if; values between the methoxy and complicate interpretation.
hydroxyl groups for compound4&7—22 were found to be Using the C1lb domain, we further analyzkgd for ligand
smaller, suggesting that these groups are indeed able to findbinding both under normal conditions, in which anionic phos-
H-bonding partners. Although the increases in binding affinity pholipid (PS) is present to fulfill the complementary binding
are modest relative to that of the parent compodddthey half-site along with the C1 domain, and in the absence of
reach a value of 7 nM for thp-methoxy isomer, showing that  phospholipid. This latter condition, although nonphysiological,
affinity increases in the ordertho < meta< para. Remark- helps dissect the contributions to the binding complex of the
ably, the presence of a hydroxyl group does not lead to greatC1 domain and of the lipid bilayer. This is important, because
loss in binding affinity as with the reverse isomers (Table 2), the only crystal structure available is that of the binary complex
and only small changes &f2.5-fold are seen. The slightly better  of the ligand and C1 doma#t, whereas the experimental
performance of the methoxy isomers points to the presence ofmeasurements under standard conditions represent the binding
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hydrophobic
core

interfacial
region

Figure 3. Model of the PKCo-C1b domain with bound DAG-lactones displaying the same hydrogen-bonding pattern as observed in the crystal
structure of the same domain bound to phorbol (yellow lines). Although the exact depth of penetration and orientation of dh€IPKdbmain

relative to that of the membrane bilayer is not known experimentally, we can develop a reasonable estimate based on the location of hydrophobic
residues in the binding site loops. The bilayer interfacial region, which consists of the lipid headgroups and ordered water, is colored pdle blue, an
the hydrophobic core of the lipid acyl chains is colored yellow. The left-hand structure shows the docked configuration of coEpb8naliih

the polar hydroxyl group on the acyl side chain projected into the hydrophobic core of the bilayer. The right-hand structure shows the docked
configuration of compoundH)-22, with the a-phenylalkylidene side chain projected parallel to the membrane surface in the interfacial region,
where the hydroxyl group could form hydrogen bonds to water or lipid headgroups.
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aConditions and reagents: (a) LDA, ZnCR2CHO, THF,—78 °C; (b) E&N, MsCI, DBU, CHCl,, 0 °C — rt; (c) 70% HF/pyridine, pyridine, 0C —
rt, or EgN-3HF, CHCN, A; (d) BwpSnO, 4 A molecular sieves, PhMa, then RCOCI, 0°C.

affinity for the ternary complex of ligandC1l domain- the snl acyl group oriented toward the hydrophobic lipid
phospholipid. The details of the assays were as describeddomain and the--phenylalkylidene side chain projected parallel
previously?7.28 to the membrane surface in the interfacial region (Figure 3).

The 128-fold difference in favor ofE)-22 over its isomer )
(E)-13 with PKC-a (Tables 2 and 4) was magnified to 700- Chemistry
fold when we switched to the isolated PKEEE1b domain in The DAG-lactoned—10 E and2), (E)-11, (E)-12, (E)-14,
the presence of PS (Table 5). In the absence of PS, on the otheand E)-15were synthesized as racemates according to published
hand, this difference dropped to only 99-fold. Because the methodology established in our laboratories as exemplified in
lipophilicities of both isomer¢E)-13 and(E)-22 are the same,  Scheme %5 Treatment of the previously reported protected
and the expected desolvation penalties when PS is present shoulthctone2> with LDA and ZnC} followed by aldehyde gave
also be similar, removal of the lipid will impact more signifi-  the aldol adductl . Subsequent mesylation followed by elimina-
cantly the isomer where the OH is engaged in polar interactions tion with diazabicyclo[5.4.0Jundec-7-ene (DBU) gave the
with the charged PS headgroups. Hence, in the absence of PSg-alkylidene DAG-lactondll as a mixture of- andZ-isomers,
(E)-13 experienced only a 17-fold drop in binding affinity, which were separated by silica gel chromatography. Consistent
whereas the stronger ligaifd)-22 experienced a 121-fold drop.  with previously synthesized DAG-lactones, the vinyl proton of
As before, these data further support the model already the Z-isomer displayed a characteristic multipletbat 6.12—
proposed, where the DAG-lactone binds to the C1 domain with 6.18 in its'H NMR spectrum, while the corresponding signal
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of the E-isomer appeared more downfield @t= 6.72—6.77.
Deprotection ofll was accomplished using either HF/pyridine
or EtN-3HF. Monoacylation of the resulting diol was ac-
complished using Bi8nCG® and acyl chloride to give th&-
andZ-isomers of DAG-lactone$—10 and14—15. Theo- and
m-methoxy groups of DAG-lactone&)-8 and E)-9 (V) were
successfully removed with BBto give E)-11and E)-12 (VI),

Journal of Medicinal Chemistry, 2006, Vol. 49, N&®1BP

respectively, for the aldol condensation step. For DAG-lactones
(2-11, (2)-12, (E)-13, and ©)-13, the requisite isomeric
(benzyloxy)benzoic acid chlorides were synthesized from the
corresponding commercially available aldehydes according to
published methods (see the Experimental Section). Unlike the
method in Scheme 17§-11, (2)-12, (E)-13, and ¢)-13 were
easily obtained by this approach without any evidenck/@f
isomerization. Using the benzyl-protected aromatic aldehyde,
or acid chloride, also offered the advantage of avoiding the
hydrolysis challenges that were encountered with the method
used in Scheme 2 and simplicity in simultaneously cleaving
both benzyl protecting groups in the last step.

Discussion

As a starting point, the phenyl ring was selected as the
simplest aryl group. To find the optimal placement of the phenyl
ring at the acyl position, several analogues were constructed
with the phenyl ring tethered to an alkyl chain at a predetermined
distance away from the lactone moiety and successively brought
closer until it was directly bonded to the carbonyl, giving the
benzoate ester. Methylene bridges from 3 down to 0 units were
employed, and for each methylene unit that was removed to
bring the phenyl ring closer to the lactone ring, one was added
to the a-alkylidene position to maintain a constant, optimal
calculated log? value of approximately 4 (Table 1, compounds
1-4). All of the compounds were separated into their geometric
isomers, and typically the more effectidesomers were about
1.2—1.5-fold more potent than tHe-isomers. The combination
of the benzoate ester with a previously discovered highly
effective branchedr-alkylidene moiet§® gave a set of com-
pounds (E)-6 and ¢)-6) with a log P value below 4 and with
just a slight 1.7-fold drop in binding affinity relative to that of
compoundsk)-4 and ¢)-4 (Table 1). Two cyclohexyl variants
of 4 and6 were synthesized to investigate the changes resulting
from the removal of ther-system (Table 1, compounésand

respectively (Scheme 2). However, under the same reaction?). However, the meager increase in affinity accrued at the

conditions, the corresponding-isomers of 8 and 9 gave
inseparablde/Z-mixtures of1l and 12, while thepara-isomer
was completely cleaved to give dibV (R? = CH,CH(i-Pr),)
instead ofl3. In this case, cleavage of the-® bond occurred
preferentially via formation op-quinone rather than by simple
aqueous hydrolysis during workup. These compoundsi{,
(2)-12, (E)-13 and @)-13) were obtained by an alternative route
(vide infra).

An alternative strategy, which takes advantage of the lability
of the benzyl protecting group, was employed for the phenol-
substituted DAG-lactones4}-11, (2)-12, (E)-13, (2)-13, and
(E)-20—(E)-22) (Scheme 3). This improved method was then

expense of a higher log value and the expected difficulty in
obtaining simple substituted analogues on the cyclohexyl ring
convinced us that compour@provided the best combination
of substituents. This compound allowed us to explore the effects
of ortho-, meta andpara-substitutions on the phenyl ring (Table

2, compounds8—13). In keeping with the notion that the
benzoate ester moiety a1 appears to be projected into the
lipid environment of the membrane, no advantage was derived
by adding a methoxy group on the phenyl ring at various posi-
tions, as demonstrated by compouBe<l0. In a similar manner,

the conversion of methoxy groups into phendl$<13) carried

the corresponding penalty of having these hydrophilic groups

adapted as a general method for the synthesis of the remaining?rojected into a hydrophobic lipid milieu. It is interesting that

DAG-lactones 16—22) selected for this study. Starting from
the previously reported asymmetrically protected DAG-lac-
tone VII 2031 treatment with lithium bis(trimethylsilyl)amide
(LHMDS) followed by the designated aldehyde gave the aldol
adductVIll . In a manner similar to the method described above,
subsequent mesylation followed by elimination with DBU gave
the diprotectedr-alkylidene DAG-lactone$X as mixtures of

E- and Z-isomers, except for the precursors of compounds
17—-22(Table 4), which gave exclusively tiieisomer. Selective
deprotection ofX to remove the PMP group was accomplished
using ceric ammonium nitrate (CAN) in acetonitrile to gXe
Acylation with the selected acyl chloride, followed by deben-
zylation, gave the desired DAG-lactoné$ . For DAG-lactones
(E)-17—(E)-19 and E)-20—(E)-22, commercially available

the ortho-substituted compoundsE)-11 and @)-11 were
10-15 times more potent than the correspondimgsomers
(E)-12 and ©)-12 and ca. 35 times more potent than the
p-isomers E)-13and )-13). This is probably due to the lower
desolvation penalty of compourdid when moving into the lipid
medium due to the intramolecular hydrogen bonding of the
phenol with thesn-1-carbonyl of the lactone.

Moving the aromatic moiety to am-phenylalkylidene posi-
tion while maintaining the esterase stable [CQCH(i-Pr),]
acyl group was also explored, commencing at the position
closest to the lactone and increasing the distance of the phenyl
ring by one or two methylene units (Table 3, compounds
14—16). In the case ofl4, only the more thermodynamically
stable E-isomer was obtained. Since tlg values for these

anisaldehyde and (benzyloxy)benzaldehyde isomers were usedgompounds were all in the same range, the compound with the
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phenyl ring closest to the lactoneEf¢14) was selected because  MASPEC-II data system for Windows (Mass Spectrometry Ser-
it had the lowest calculated Idgvalue. This compound is the  vices, Ltd.). Either glycerol or 3-nitrobenzyl alcohol was used as
reverse isomer 06, and with a comparable calculated 16y the sample matrix, and ionization was effected by a beam of xenon

value it showed better binding affinity than eitheE){6 or atoms generated in a sad_dle-field ion gun {:\I‘:B.@.S kV. Nominal _
2)-6 mass spectra were obtained at a resolution of 1200, and matrix-

derived ions were background subtracted during data system

. In contrast to the case in Wh'Ch the functionalized phenyl processing. Elemental analyses were performed by Atlantic Mi-
ring was part of the acyl moiety, the comparalile values crolab. Inc.. Norcross. GA.

observed for both sets of methoxy- and hydroxyphenyl-  \jgecular Modeling. Structures for compoundsEf-13 and
substituted compounds in Table £]{17—(E)-22) suggest that  ()-22were built in Syby# and minimized with the MMFF94 force
these groups are able to find H-bonding partners. Remarkably,field and partial charge¥. These compounds were then docked
the presence of the OH irE}-20—(E)-22 does not lead to a into the crystal structure of the C1b domain of P& using the
significant loss in binding affinity as with the reverse isomers program GOLD 2.28 We used standard default genetic algorithm
in Table 2. Since onlfE-isomers were obtained in this series, Ssettings, with the binding site defined by atoms within a 10.0 A
we cannot determine whether the same trendZobétter than radius of the N atom of residue Q257. The stochastic nature of
E” observed for thex-alkylidene isomers will hold. the GOLD docking algorithm gi\_/es a mixture of two b?nding modes.
The contrasting results in Tables-2 point to the existence We know, however, from detailed energetic analysis thasthe

. S - binding mode is preferred for the lactone tempféteand we
of notable differences between compounds with identical therefore included H-bonding constraints to bias the docking toward

functionalized phenyl groups at both ends of the DAG-lactone. s mode. This allowed us to focus on exploring the conformational
These results are consistent W|_th a_mo_del in Whlch_ the_DAG- space available to the aryl side chains.

lactone occupies the C1 domain with its acyl chain oriented  (Benzyloxy)benzoic Acids and (Benzyloxy)benzoyl Chlorides.
toward the inner lipid core and where the polar groups on the 4-(Benzyloxy)benzoic acid is commercially available. The other
a-phenylalkylidene chain could bind beyond the C1 domain at isomers were obtained according to the method of Heaney and
the lipid interface (Figure 3). The observed 128- and 700-fold Newbold®from the corresponding aldehyd®s1The acid chlorides
differences in binding affinities between isomeE-(3 and E)- were obtained after treatment with neat thionyl chloride atG0

22 for PKC-o. and the isolatedd-C1b domain support this ~ Azeotropic removal of the excess reagent with benzene afforded
binding model. Because molecular docking of these isomers the crude acid chlorides, which were used immediately.

into the emptyo-C1b domain did not reveal any criical Gercl;_araltProcl_ttadurte for the dS)g}réthes”s tF’f 1. ﬂchedu_re) A
H-bonding contacts with amino acids on the surface of the C1 £XcCOrding 10 a litératureé procedurea solution oft (- equiv) In
domain, we consider it likely that the contrasting behaviors THF (7 mL/mmol) at 78 °C was treated dropwise with LDA (2.5

) . . . . : equiv) and stirred at the same temperature for 1 h. Z(C1 equiv)
displayed by these isomers point to important polar interactions ;< 2 4ded followed by dropwise addition GIGO (1.5 equiv),

at the lipid interface in the ternary complex (Figure 3). and the reaction was stirred-af78 °C for 1 h and ther-40°C for

We conclude from the present study that both DAG templates 1 h. The reaction mixture was then quenched with a saturated
containing the aryl ring closest to the lactone represent useful aqueous solution of NI and allowed to warm to room temper-
scaffolds upon which to explore future chemical diversity. In ature. The layers were separated, and the aqueous layer was
the case of the benzoate estecompounds bearing additional ~ extracted with O (3x). The combined organics were washed
alkyl groups (Me, Etj-Pr, andt-Bu) designed to seek additional ~ With H20 (1x) and brine (1), dried over MgSQ and concentrated
interactions with the membrane will be investigated. In the case in vacuo. Purification by silica gel flash column chromatography
of thea-phenylalkylidene analogues, where the substituents aregﬁ\r’iﬁcléti;f an oil which was used directly without further
expected to engage in polar interactions, additional polar groups ) . . .
will be used to explore chemical diversity. We anticipate that a Procedure B.According to the literature proceduféa solution

L ; . ; . of | (1 equiv) in THF (5 mL/mmol) at-78 °C was treated dropwise
combination of substituents balancing the properties of lipo- | i pa (1.5 equiv) and stirred at the same temperature for 2 h.

philicity at thesn-1 position and chemical specificity at toe-2 A solution of RCHO (2 equiv) was added dropwise, and the
position of DAG-lactones will provide efficient tools with which - reaction was stirred at78 °C overnight. The reaction mixture was
to explore specific translocation patterns of PKC to subcellular then quenched with a saturated aqueous solution ofQWldnd

spaces. allowed to warm to room temperature. The layers were separated,
and the aqueous layer was extracted witdOEBx). The combined
Experimental Section organics were washed with,® (2x) and brine (Xk), dried over

MgSQy, and concentrated in vacuo. Purification by silica gel flash
column chromatography gavé as a mixture of diastereomers
which were used directly in the next step.
5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
(hydroxyheptyl)-3,4,5-trihydrofuran-2-one (ll, R2 = C¢Hy3).

Biological Activity. Enzyme-ligand interactions were assessed
in terms of the ability of the ligand to displace bound [Rd}phor-
bol 12,13-dibutyrate (PDBU) from a recombinant single isozyme
(PKC-a) in the presence of phosphatidylserfé2-35 The partition
coefficients (logP) were calculated according to the atom-based

According to general procedure Aand heptyl aldehyde (1.14 g,
program MOE SLog P° ; > :
General Procedures All chemical reagents were commercially 1.0'% mmol) were reacted to give (R® = CeHua: 5.15 g, 100%
available. Melting points were determined on a MelTemp Il yield).

apparatus, Laboratory Devices, and are uncorrected. Column 5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
chromatography was performed on silica gel 60,2800 mesh (hydroxyoctyl)-3,4,5-trihydrofuran-2-one (Il, R? = C7Hs). Ac-
(E. Merck or Bodman Industries), and analytical TLC was cording to general procedure Aand octyl aldehyde (1.31 g, 10.2
performed on Analtech Uniplates silica gel GF. and3C NMR mmol) were reacted to givé (R* = C;His; 4.04 g, 78% yield).
spectra were recorded either on a Bruker AC-250 instrument at  5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
250 and 62.9 MHz, respectively; or on a Varian Unity Inova (hydroxynonyl)-3,4,5-trihydrofuran-2-one (Il, R? = CgHy).
instrument at 400 and 100 MHz, respectively. Spectra are referencedAccording to general procedure Aand nonyl aldehyde (1.16 g,
to the solvent in which they were run (7.26 ppm for CBClI  8.14 mmol) were reacted to givie (R? = CgH7;, 3.47 g, 66% yield).
Positive ion fast atom bombardment mass spectra (FABMS) were  5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
obtained on a VG 7070E-HF double-focusing mass spectrometer (hydroxydecyl)-3,4,5-trihydrofuran-2-one (Il, R2 = CgHig).
operated at an accelerating voltage of 6 kV under the control of a According to general procedure Aand decyl aldehyde (3.82 g,
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24.4 mmol) were reacted to give (R? =
yield).

5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
[1-hydroxy-4-methyl-3-(methylethyl)pentyl]-3,4,5-trihydrofuran-
2-one (I, R = CH,CH(i-Pr),). This compound was prepared as
previously reported®

5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
(hydroxyphenylmethyl)-3,4,5-trinydrofuran-2-one (Il, R? = Ph).
According to general procedure B,and benzaldehyde (2.09 g,
19.7 mmol) were reacted to give (R? = Ph; 6.32 g, 90% yield).

5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
(1-hydroxy-2-phenylethyl)-3,4,5-trihydrofuran-2-one (I, R? =
CH,Ph). According to general procedure B,and phenylacetal-
dehyde (2.26 g, 18.8 mmol) were reacted to divéR? = CH,Ph;
6.32 g, 90% yield).

General Procedure for the Synthesis of Ill. Procedure C.
According to the literature procedutea solution ofll (1 equiv)
and triethylamine (4 equiv) in Ci&l, (10 mL/mmol) was treated
dropwise with MsCI (2 equiv) at OC and then stirred at room
temperature for 1 h. The reaction mixture was then cooled again
to 0 °C, DBU (5 equiv) was added dropwise at°Q, and the
reaction mixture was allowed to reach room temperature over-
night. The volatiles were removed in vacuo, and the residue was
treated with EtOAc followed ¥ 1 N HCI. The layers were
separated, and the aqueous layer was extracted with EtOAc (1
The combined organics were washed witfOH2x) and brine (k),
dried over MgSQ@, and concentrated in vacuo. Purification by silica
gel flash column chromatography galle as a mixture of- and
Z-isomers.

5,5-Bis[(2,2-dimethyl-1,l-diphenyl-l-siIapropoxy)methyl]—3-
heptylidene-4,5-dihydrofuran-2-one(lll, R 2= CgH13). According
to the general procedure @, (R? = CgHi3 4.39 g, 5.95 mmol)
was reacted to giveE)-Ill (R? = CgHi3; 2.26 g, 53% yield) and
(2-1Il (R? = CgH1z 941 mg, 22% yield).

Data for (E)-lll (R?= CgH13): 0il; 'H NMR (250 MHz, CDC})

0 0.87 (app t, 3 H, ECHCH,CH,(CH,)3sCHg), 0.97 (s, 18 H, CCht
OSiPhC(CH3)3), 1.20-1.35 (m, 6 H, GE=CHCH,CH,(CH,)3CHs),
1.35-1.50 (m, 2 H, G=CHCH,CH,(CH,)3CHs), 2.13-2.20 (m, 2
H, C=CHCH,CH(CH,)4CH3), 2.70-2.75 (m, 2 H, H-4), 3.68
(AB g,J=10.8 Hz, 4 H, CEl,0SiPhC(CHs)3), 6.68 (it,J = 7.5,
2.9 Hz, 1 H, G=CHCH,CH,(CH,)3CHj3), 7.29-7.60 (m, 20 H,
CCH,OSIPhC(CHg)3). Anal. (CisHsg04Si*0.5H0) C, H.

Data for (2)-1ll (R2= CgH13): oil; tH NMR (250 MHz, CDC})
00.86 (app t, 3 H, ECHCH,CH,(CH,)sCHz), 0.98 (s, 18 H, CCH
OSiPRC(CH3)3), 1.20-1.43 (m, 8 H, G=CHCH,CH(CH)3CH),
2.60-2.75 (m, 2 H, G=CHCH,CH,(CH,)3CHjs), 2.80 (br d,J =
2.1 Hz, 2 H, H-4y), 3.66 (AB q,J = 10.7 Hz, 4 H, C&i,0SiPhC-
(CHs)s), 6.09 (tt,J = 7.6, 2.1 Hz, 1 H, EECHCH,CH,(CH,)sCHs),
7.32-7.61 (m, 20 H, CCHOSIPh,C(CHs)3). Anal. (CieHpoO4Sin)
C, H.

5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
octylidene-4,5-dihydrofuran-2-one(lll, R 2= C;H1g). According
to general procedure @, (RZ = C;Hys 3.71 g, 4.94 mmol) was
reacted to give B)-lll (R?2 = C;Hi5 1.85 ¢, 51% yield) and
(2-1Il (R? = CHys 782 mg, 22% yield).

Data for (E)-Ill (R 2= C7Hs): 0il; 'H NMR (250 MHz, CDC})

0 0.86 (app t, 3 H, ECHCH,CHy(CH,)4CHg3), 0.97 (s, 18 H, CCht
OSiPhC(CH3)3), 1.15-1.35 (m, 8 H, G=CHCH,CH,(CH,)4CH),
1.35-1.51 (m, 2 H, GE=CHCH,CH»(CH,)4CHs), 2.10-2.20 (m, 2
H, C=CHCH,CH(CH,)4CHs), 2.80 (br dJ = 2.0 Hz, 2 H, H-4y),
3.68 (AB q,J = 10.7 Hz, 4 H, C®I,0SiPhC(CHy)s), 6.68 (tt,J
=7.5,2.9 Hz, 1 H, ECHCH,CH,(CH,)4CHj3), 7.32-7.60 (m, 20
H, CCHOSPh,C(CHg)z). Anal. (CiHeoO4Siz) C, H.

Data for (2)-1ll (R 2= C7H1s): oil; *H NMR (250 MHz, CDC})
00.86 (app t, 3 H, ECHCH,CH,(CH,)4CHz), 0.98 (s, 18 H, CCH
OSiPhC(CH3)3), 1.20-1.48 (m, 10 H, G=CHCH,CH»(CH,),CHy),
2.62-2.74 (m, 2 H, G=CHCH,CHx(CH,)4CHs), 2.80 (br d, 2 H,
H-4.p), 3.66 (AB g, = 10.7 Hz, 4 H, CE,0SiPhC(CH)s), 6.09
(tt, J= 7.6, 2.1 Hz, 1 H, GCHCH,CHx(CH,)4CHs), 7.32-7.60
(m, 20 H, (CH)3CSiPhb,OCH,C). Anal. (CiHecO4Siz) C, H.

CyHig 13.63 g, 100%
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5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
nonylidene-4,5-dihydrofuran-2-one(lll, R 2= CgH17). According
to general procedure @, (R2 = CgHi7; 5.39 g, 7.04 mmol) was
reacted to give B)-lll (R2 = CgHy7 3.80 g, 72% yield) and
(-1l (R? = CgH17, 542 mg, 10% yield).

Data for (E)-Ill (R 2= CgH17): oil; *H NMR (250 MHz, CDC})
00.86 (app t, 3 H, ECHCH,CH,(CH,)sCH3), 0.97 (s, 18 H, CCht
OSiPhC(CH3)3), 1.25-1.40 (m, 10 H, GECHCH,CH,(CH>)sCHg),
1.40-1.55 (m, 2 H, G=CHCH,CH2(CH,)sCH3), 2.10-2.18 (m, 2
H, C=CHCH,CH,(CH,)sCHj3), 2.72 (br s, 2 H, H-4), 3.68 (AB
g,J = 10.7 Hz, 4 H, C®,0SiPhC(CHy)s), 6.60-6.73 (m, 1 H,
C=CHCH,CH,(CH,)sCHjs), 7.30-7.45 and 7.587.65 (m, 20 H,
CCH205|Pth(CH3)3) Anal. (Q7H5204Si2) C, H.

Data for (Z)-Ill (R 2= CgH17): oil; '"H NMR (250 MHz, CDCH})
0 0.86 (app t, 3 H, ECHCH,CH,(CH,)sCH3), 0.96 (s, 18 H, CCht
OSiPhC(CH3)s), 1.25-1.48 (m, 12 H, GECHCH,CH,(CH>)sCHg),
2.60-2.76 (M, 2 H, G=CHCH,CH,(CH,)sCHjs), 2.88 (br d,J =
2.0 Hz, 2 H, H-4y), 3.66 (AB q,J = 10.7 Hz, 4 H, CEi,0SiPhC-
(CHg)3), 6.05-6.15 (m, 1 H, GC=CHCH,CHy(CH,)sCH3), 7.23—
7.45 and 7.567.60 (m, 20 H, CCHOSIPh,C(CHs)s). Anal.
(C4H6204Sk) C, H.

5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
decylidene-4,5-dihydrofuran-2-one (Ill, R2 = CgHg). According
to general procedure @, (R? = CgHjg; 12.51 g, 16.05 mmol) was
reacted to give B)-lll (R? = CgHig; 7.67 g, 63% vyield) and
(2-1l (R? = CgHyg; 2.57 g, 21% yield).

Data for (E)-lll (R? = CgH9): oil; *H NMR (250 MHz, CDCH)
0 0.97 (app t, 3 H, ECHCH,CH,(CH;)6CH3), 1.08 (s, 18 H, CCht
OSiPhC(CHs)3), 1.35 (s, 12 H, ECHCH,CH,(CH,)sCHs), 1.49—
1.52 (m, 2 H, G=CHCH,CH(CH,)¢CHs), 2.19-2.27 (q,J=7. 1
Hz, 2 H, G=CHCH,CH,(CH,)sCHs), 2.83 (s, 2 H, H-4), 3.79
(AB g,J=10.7 Hz, 4 H, C&,0SiPhC(CHs)3), 6.74-6.85 (m, 1
H, C=CHCH,CH(CH,)sCHs), 7.41-7.51 and 7.687.71 (m, 20
H, CCH,OSIPh,C(CHg)s). Anal. (CigHs404Sh).

Data for (Z)-1ll (R?= CgH19): 0il; 'H NMR (250 MHz, CDC})
00.97 (app t, 3 H, ECHCH,CH,(CH,)sCHg), 1.09 (s, 18 H, CCht
OSiPhC(CH3)3), 1.35-1.55 (m, 14 H, GCHCH,CH»(CH,)sCHs),
2.74-2.85 (m, 2 H, GE=CHCH,CH,(CH,)sCHs), 2.91 (d,J = 1.7
Hz, 2 H, H-4y), 3.78 (AB g,J = 10.7 Hz, 4 H, C&,0SiPhC-
(CHy)3), 6.20 (t,J = 7.6 Hz, 1 H, G=CHCH,CH,(CH_)sCHs),
7.41-7.51 and 7.687.71 (m, 20 H, CCHOSIPh,C(CH;)3). Anal.
(C4gHe404Sip) C, H.

(E)-5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)meth-
yl]-3-[4-methyl-3 -(methylethyl)pentylidene]-4,5-dihydrofuran-
2-one (lll, R?2 = CH,CH(i-Pr),) and (2)-5,5-Bis[(2,2-dimethyl-
1,1-diphenyl-1-silapropoxy)methyl]-3-[4-methyl-3-(methylethyl)-
pentylidene]-4,5-dihydrofuran-2-one (lll, R2 = CH,CH(i-Pr)>,).
These compounds are known and were prepared as previously
reporteck®

5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-3-
(phenylmethylene)-4,5-dihydrofuran-2-one (lll, R2 = Ph). Ac-
cording to general procedure @, (R?> = Ph; 6.27 g, 8.60 mmol)
was reacted to giveE)-Ill (R2 = Ph; 5.11 g, 84% yield) as the
major product andZ)-lll (R? = Ph; 218 mg, 3% yield), which
was only isolated as a crude oil.

Data for (E)-lll (R 2= Ph): oil; *H NMR (250 MHz, CDC})
0 1.06 (s, 18 H, CCBDSIPhC(CH3)3), 3.15 (d,J = 2.7 Hz,
2 H, H-4y), 3.85 (AB g, = 10.9 Hz, 4 H, C®i,0SiPRC(CHs)s),
7.35-7.53 and 7.667.68 (m, 26 H, CCHOSIPh,C(CH;z); and
C=CHPh) Anal. (C45H5004Si2) C, H.

(2)-1 (R 2 = Ph). Although this product was only obtained as
a crude oil, it helped establish the stereochemistry of the double
bond, relative to that of the major isomdg){lll , on the basis of
the chemical shift of the €CHPh signal: IH NMR (250 MHz,
CDCl;) 6 1.08 (s, 18 H, CCbDSiPhC(CH3)3), 3.14 (d,J = 2.2
Hz, 2 H, H-4;), 3.83 (AB q,J = 10.5 Hz, 4 H, CE&,0SiPhC-
(CHa)3), 6.98 (br s, 1 H, &CHPh), 7.38-7.50, 7.69-7.72, and
7.88-7.91 (m, 25 H, CCHOSIPh,C(CHs); and G=CHPh).

(E)-5,5-Bis[(2,2-dimethyl-1,1-diphenyl-1-silapropoxy)methyl]-
3-(2-phenylethylidene)-4,5-dihydrofuran-2-one (lll, B = CH,Ph).
According to general procedure @, (R? = CH,Ph; 5.60 g, 7.54
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mmol) was reacted to givé&j-Ill (R? = CH,Ph; 2.85 g, 52% yield) 0.93-0.96 (m, 3 H, GC=CHCH,CHy(CH,)4CH3), 1.33 (s, 8 H,
and a mixture of byproducts. A characteristic pattern consisting of C=CHCH,CH,(CH,)4CHs), 1.45-1.53 (m, 2 H, GG=CHCH,CH,-
NMR signals ab 6.56 (d,J = 16 Hz, 1 H) and) 6.28 (dd,J = 16, (CH2)4,CHg), 2.33 (br s, 2 H, CCHDH), 2.73-2.82 (m, 2 H,
6.8 Hz, 1 H) confirmed that the double bond in the byproducts had C=CHCH,CH,(CH,)4CHj3), 2.87 (d,J = 2.0 Hz, 2 H, H-4;), 3.81
rearranged and that it was no longer conjugated to the lactone(distorted AB q,J = 12.1 Hz, 4 H, C&{,0H), 6.32 (it,J = 7.7,

carbonyl.

Data for Il (R 2 = CH,Ph): oil; *H NMR (250 MHz, CDC}) 6
1.08 (s, 18 H, CCRDSIPhC(CH3)3), 2.88 (s, 2 H, H-4y), 3.58 (d,
J = 7.3 Hz, 2 H, G=CHCH_Ph), 3.79 (AB gqJ = 10.8 Hz, 4 H,
CCH,0SiPhC(CH)s), 6.94-7.02 (M, 1 H, G=CHCH,Ph), 7.22-
751 and 7.6#7.70 (m, 25 H, CCHOSIPh,C(CHs); and
C=CHCH,Ph). Anal. (C4Hs5204Si,*0.25H0) C, H.

General Procedure for the Synthesis of IV. Procedure DA
solution of lll (1 equiv) in pyridine (7 mL/mmol) was treated
dropwise with HF/pyridine (70%, 5 equiv) at°@ and allowed to

2.2 Hz, 1 H, G=CHCH,CH,(CH,)4CHs); 3C NMR (62.9 MHz,
CDCly) 6 14.02, 22.56, 27.71, 28.98, 29.03, 29.17, 31.69, 32.62,
64.69, 84.57, 124.07, 145.58, 169.62; FAB-MBV4, relative
intensity) 257 (MH, 100). Anal. (G4H2404) C, H.
(E)-5,5-Bis(hydroxymethyl)-3-nonylidene-4,5-dihydrofuran-
2-one (IV, R? = CgH;7). According to general procedure E,
(E)-ll (R? = CgHy7; 760 mg, 1.02 mmol) was reacted to give
(E)-IV (R?= CgH17 255 mg, 92% yield): oil!H NMR (250 MHz,
CDCl) ¢ 0.86 (app t, 3 H, ECHCH,CH,(CH,)sCH3), 1.5 (s, 10
H, C=CHCH,CH,(CH_)sCHs), 1.43-1.48 (m, 2 H, G=CHCH,CH-

reach room temperature overnight. The reaction mixture was then (CH,)sCHsz) 1.97 (br s, 2 H, CChDH), 2.12-2.20 (m, 2 H,

quenched with solid NaHCQand filtered. The filtrate was

C=CHCH,CHy(CH,)sCHz), 2.70-2.72 (m, 2 H, H-4y), 3.73 (AB

concentrated in vacuo and azeotroped with toluene and chloroform.q, J = 12.0 Hz, 4 H, CE1,0OH), 6.74 (tt,J = 7.6 2.9 Hz, 1 H,

Purification by silica gel flash column chromatography géve
Procedure E.According to the literature procedutéa suspen-
sion of lll (1 equiv) in CHCN (29 mL/mmol) was treated with

C=CHCH,CH,(CH,)sCHs); *C NMR (62.9 MHz, CDC}) 6 14.05,
22.62, 28.03, 29.15, 29.31, 30.27, 31.79, 65.21, 84.90, 126.10,
142.26, 170.33; FAB-MSniz, relative intensity) 271 (MH, 100).

EtsN-3HF (6 equiv) and heated to reflux for 5 h. The reaction mix- Anal. (CisH2604).

ture was then cooled to room temperature, pH 7.0 potassium phos-

phate buffer (1 mL/mL CHCN) was added, and the mixture was
stirred for 30 min. The reaction mixture was then diluted with

EtOAc, the layers were separated, and the aqueous layer was ex{2)-IV (R?=

(2)-5,5-Bis(hydroxymethyl)-3-nonylidene-4,5-dihydrofuran-
2-one (IV, R? = CgH;7). According to general procedure E,
(2)-1 (R? = CgH17, 390 mg, 0.52 mmol) was reacted to give
CgHj7 130 mg, 93% vyield): oil’H NMR (250 MHz,

tracted with EtOAc (%). The combined organic layers were washed CDCls) 6 0.83-0.88 (m, 3 H, GE=CHCH,CH,(CH,)sCH3), 1.24—

with brine (1x), dried over MgS@ and concentrated in vacuo.
Purification by silica gel flash column chromatography géve
(E)-5,5-Bis(hydroxymethyl)-3-heptylidene-4,5-dihydrofuran-
2-one (IV, R? = CgH13). According to general procedure E,
(E)-ll (R? = CgHy3 820 mg, 1.14 mmol) was reacted to give
(E)-IV (R? = CgH13; 206 mg, 75% yield): oil*H NMR (250 MHz,
CDCly) 6 0.97 (app t, 3 H, E&CHCH,CH,(CH,)sCH3), 1.37
(br s, 6 H, G=CHCH,CH,(CH,)3sCHs), 1.50-1.65 (m, 2 H,
C=CHCH,CH2(CH,)3sCH3), 2.22-2.30 (m, 2 H, G=CHCH,-
CHy(CH,)sCHj3), 2.42 (t,J = 5.9 Hz, 2 H, CCHOH), 2.81 (br s,
2 H, H-4,), 3.74-3.91 (overlapping AB quartets, 4 H, GgOH),
6.80-6.88 (m, 1 H, G=CHCH,CH,(CH,)3CHjz); 3C NMR (62.9

MHz, CDCk) 6 14.08, 22.57, 28.04, 29.03, 29.39, 30.32, 31.59,

65.17, 85.09, 126.12, 142.19, 170.47; FAB-M®V4, relative
intensity) 243 (MH, 100). Anal. (GsH2.0.).
(2)-5,5-Bis(hydroxymethyl)-3-heptylidene-4,5-dihydrofuran-
2-one (IV, R? = C¢Hj3). According to general procedure C¥)¢
Il (R2 = CgH13, 976 mg, 1.36 mmol) was reacted to giv@®{(V
(R? = CgH13; 257 mg, 78% yield): oiliH NMR (250 MHz, CDC})
0 0.96 (app t, 3 H, ECHCH,CH(CH,)sCH3), 1.36-1.53 (m, 8
H, C=CHCH,CH2(CH,)sCHs) 2.46 (br s, 2 H, CCEHDH), 2.74-
2.81 (m, 2 H, G=CHCH,CH,(CH,)3sCHj3), 2.86 (br d,J = 2.2 Hz,
2 H, H-4y), 3.81 (AB q,J = 12.0 Hz, 4 H, C&,0H), 6.33 (tt,J
= 7.7, 2.2 Hz, 1 H, E&CHCH,CH,(CH,)3CHjy); 3C NMR (62.9

MHz, CDCk) 6 14.00, 22.50, 27.71, 28.86, 28.94, 31.55, 32.59,

64.98, 84.18, 123.92, 145.70, 169.14; FAB-M®/Z relative
intensity) 243 (MH, 100). Anal. (GsH2204:0.2H,0) C, H.
(E)-5,5-Bis(hydroxymethyl)-3-octylidene-4,5-dihydrofuran-2-
one (IV, R?2 = C;Hy5). According to general procedure E)¢III
(R? = CsH35 3.71 g, 4.94 mmol) was reacted to givie){V (R?
= C;H;5 227 mg, 80% yield): oil!H NMR (250 MHz, CDC}) o
0.83-0.89 (M, 3 H, G=CHCH,CHx(CH,),CHs), 1.26 (s, 8 H,
C=CHCH,CH(CH,)4CHs), 1.43-1.48 (m, 2 H, G=CHCH,CH,-
(CHo)4CHa), 2.02 (br s, 2 H, CCBDH), 2.11-2.20 (m, 2 H,
C=CHCH20H2(CH2)4CH3), 2.71 (m, 2 H, H-4-b), 3.73 (AB q,
J = 12.0 Hz, 4 H, C®,0H), 6.74 (tt,J = 7.6, 2.9 Hz, 1 H,
C=CHCH,CH,(CH,)4CHs); 3C NMR (62.9 MHz, CDC}) 6 14.04,

1.40 (m, 12 H, GCHCH,CH,(CH,)sCHz), 2.06 (br s, 2 H,
CCH,0OH), 2.66-2.69 (m, 2 H, GCHCH,CH,(CH,)sCHs), 2.75—
2.78 (m, 2 H, H-4), 3.71 (AB q,J = 12.0 Hz, 4 H, CEI,0H),
6.23 (tt,J = 7.7, 2.3 Hz, 1 H, ECHCH,CH,(CH,)sCHy); 13C NMR
(62.9 MHz, CDC}) 6 14.07, 22.63, 27.75, 29.03, 29.19, 29.24,
29.36, 31.82, 32.63, 65.11, 84.07, 124.41, 145.86, 169.13; FAB-
MS (m/z, relative intensity) 271 (MH, 100). Anal. (GsH2604).
(E)-5,5-Bis(hydroxymethyl)-3-decylidene-4,5-dihydrofuran-
2-one (IV, R? = CgHig). According to general procedure E,
(BE)-ll (R? = CgHyg; 790 mg, 1.04 mmol) was reacted to give
(E)-IV (R? = CgHig; 271 mg, 92% yield): oil;'H NMR (250
MHz, CDCL) 6 0.81-0.91 (m, 3 H, GGCHCH,CH(CH,)sCH3),
1.25 (s, 12 H, E&CHCH,CHy(CH,)sCHs), 1.38-1.54 (m, 2H,
C=CHCH,CH,(CH,)sCHs), 1.97 (br s, 2 H, CCkKDH), 2.08-2.24
(m, 2 H, G=CHCH,CH(CH,)¢CHs), 2.65-2.75 (m, 2 H, H-4),
3.73 (AB q,J = 12.1 Hz, 4 H, CE&i,0H), 6.74 (it,J = 7.6, 2.8
Hz, 1 H, G=CHCH,CH,(CH,)sCHjz); 13C NMR (62.9 MHz, CDC})
0 14.06, 22.64, 28.03, 29.24, 29.34, 29.45, 30.27, 31.82, 65.22,
84.85, 126.11, 142.26, 170.34; FAB-M8YV¢, relative intensity)
285 (MH+, 100) Anal. (Q5H2804) C, H.
(2)-5,5-Bis(hydroxymethyl)-3-decylidene-4,5-dihydrofuran-2-
one (IV, R?2 = CgH1g). According to general procedure DX)¢lII
(R? = CgH1g; 997 mg, 1.31 mmol) was reacted to givB(V (R?
= CgHjg; 334 mg, 90% yield): oiliH NMR (250 MHz, CDC}) 6
0.93-0.96 (m, 3 H, G=CHCH,CH,(CH,)¢CH3), 1.34-1.70 (m, 14
H, C=CHCH,CH(CH)sCHz), 2.12 (t,J = 6.4 Hz, 2 H, CCHOH),
2.74-2.87 (m, 2 H, G=CHCH,CH,(CH,)sCHs), 2.88 (d,J =
2.2 Hz, 2 H, H-4), 3.74-3.90 (overlapping AB quartets, 4 H,
CCH,0H), 6.33 (tt,d = 7.7, 2.2 Hz, 1 H, E&CHCH,CH(CH,)s-
CHy); 13C NMR (62.9 MHz, CDC}) 6 14.05, 22.61, 27.72, 28.99,
29.22, 29.38, 29.45, 29.63, 31.81, 32.60, 64.96, 84.22, 123.89,
145.86, 169.20; FAB-MSn(/z, relative intensity) 285 (MH, 100).
Anal. (C_LGH2304) C, H.
(E)-5,5-Bis(hydroxymethyl)-3-[4-methyl-3-(methylethyl)pen-
tylidene]-4,5-dihydrofuran-2-one (1V, R?2 = CH,CH(i-Pr),). This
compound is known and was prepared as previously rep&rted.
(2)-5,5-Bis(hydroxymethyl)-3-[4-methyl-3-(methylethyl)pen-

22.58, 28.03, 29.01, 29.27, 29.34, 30.27, 31.69, 65.20, 84.96,tylidene]-4,5-dihydrofuran-2-one (IV, R? = CH,CH(i-Pr),). This

126.11, 142.26, 170.41; FAB-MSm(z, relative intensity) 257
(MH+, 100) Anal. (Q4H2404) C, H.
(2)-5,5-Bis(hydroxymethyl)-3-octylidene-4,5-dihydrofuran-2-
one (IV, R2 = C;H1g). According to general procedure )¢l
(R? = C;H;5 1.08 g, 1.47 mmol) was reacted to giB{V (R?=
C;H1s, 317 mg, 84% vyield): oil'H NMR (250 MHz, CDC}) ¢

compound is known and was prepared as previously rep&rted.
(E)-5,5-Bis(hydroxymethyl)-3-(phenylmethylene)-4,5-dihydro-
furan-2-one (IV, R2 = Ph). According to general procedure D,
(BE)-Il (R2 = Ph; 2.08 g, 2.92 mmol) was reacted to gie-(V
(R? = Ph; 672 mg, 98% yield)!H NMR (250 MHz,d,-MeOH) 6
3.22 (d,J = 2.7 Hz, 2 H, H-4y), 3.74 (AB q,J = 12.1 Hz, 4 H,
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CCH,0H), 7.477.68 (m 6 H C=CHPh); 13C NMR (62.9 MHz,
d,-MeOH) ¢ 32.61, 65.29, 87.91, 127.79, 130.04, 130.92, 131.26,
136.24, 136.78, 174.04; FAB-MSm(z, relative intensity) 235
(MH*, 100). Anal. (GsH1404) C, H.
(E)-5,5-Bis(hydroxymethyl)-3-(2-phenylethylidene)-4,5-dihy-
drofuran-2-one (IV, R2 = CH,Ph). According to general proce-
dure D, E)-lll (R? = CH,Ph; 1.36 g, 1.87 mmol) was reacted to
give (B)-IV (R? = CH,Ph; 411 mg, 88% vyield):!H NMR (250
MHz, CDCk) 6 2.70 (s, 2 H, H-4y), 2.88 (s, 2 H, GCHCH,Ph),
3.60 (d,J = 1.5 Hz, 2 H, CCHOH), 3.82 (AB q,J = 12.1 Hz, 4
H, CCH,OH), 6.98 (tt,J = 7.6, 2.7 Hz, 1 H, &CHCH,Ph), 7.27
7.42 (m 5 H G=CHCH,Ph); 13C NMR (62.9 MHz, CDC}) 6 29.37,
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CDCly) 6 14.01, 22.50, 26.23, 27.68, 28.87, 28.96, 31.55, 33.01,
33.25, 34.97, 64.51, 65.10, 82.12, 123.43, 125.93, 128.29, 128.30,
140.88, 145.64, 168.41, 173.08; FAB-M&/¢, relative intensity)
389 (MH*, 23), 147 (100). Anal. (&H3,05:0.5H,0) C, H.
(E)-[2-(Hydroxymethyl)-4-octylidene-5-oxo-2,3-dihydrofur-2-
yllmethyl 3-Phenylpropanoate (E€)-2, (E)-V, R! = Ph(CH,),,
R2 = C;H1s). According to general procedure FE){IV (R2 =
C;His 170 mg, 0.66 mmol) and Ph(GHCOCI (122.6 mg, 0.73
mmol) were reacted to giveE}-2 ((E)-V, R* = Ph(CH),, R? =
C7H1s 203 mg, 79% yield): oilH NMR (250 MHz, CDC}) ¢
0.94-0.99 (m, 3 H, G=CHCH,CH,(CH,)4CH3), 1.36 (br s, 8 H,
C=CHCH,CH,(CH,)4,CHjs), 1.52-1.58 (m, 2 H, GC=CHCH,CH>-

36.21, 64.90, 85.6, 126.65, 127.23, 128.31, 128.67, 137.33, 139.25(CH,),CH3), 2.14-2.28 (m, 3 H, G=CHCH,CH,(CH,),CH; and

170.5; FAB-MS (/z, relative intensity) 249 (MH, 100). Anal.
(C14H1604'0.25HzO) C, H.

General Procedure for the Synthesis of V. Procedure F.
According to the literature procedutga mixture oflV (1 equiv),
4 A molecular sieves (800 mg/mmol), and BnO (1.5 equiv) in
anhydrous toluene (14 mL/mmol) was heated to reflux for 2.5 h.
The reaction mixture was then cooled t0’Q, treated dropwise
with the corresponding acid chloride (1.1 equiv), and stirred at 0
°C for 1 h. The reaction mixture was then quenched with pH 7.0
potassium phosphate buffer (1 mL/mL of toluene) and filtered
through a pad of Celite. The filtrate was then extracted with GHCI
(1x), and the organic layer was dried over MgSd concentrated
in vacuo. Purification by silica gel flash column chromatography
gaveV and variable amounts of the diacylated product, which was
not characterized.

Procedure G. A solution of IV (1 equiv) in CHCI, (16 mL/
mmol) was treated with anhydrous pyridine (2 equiv) at room

CCH,OH), 2.59-2.88 (m 4 H, H-3, and CCHOC(O)-
CH,CH,Ph), 3.03 (t,J = 7.6 Hz, 2 H, CCHOC(O)CH.CH_Ph),
3.59-3.76 (m, 2 H, C®,0H), 4.30 (AB q,J = 12.0 Hz, 2 H,
CCH,OC(O)CHCH,Ph), 6.80-6.89 (M, 1 H, G=CHCH,CHy(CH,)4
CHg), 7.25-7.41 (m, 5 H, CCHOC(O)CHCH,Ph); 13C NMR (62.9
MHz, CDCl) 6 13.52, 22.06, 27.51, 28.48, 28.74, 29.23, 29.74,
30.21, 31.15, 34.97, 64.05, 64.76, 82.17, 124.90, 125.79, 127.58,
127.93, 139.35, 141.65, 169.09, 171.95; FAB-M8Z( relative
intensity) 389 (MH, 100). Anal. (G3H3,0s).
(2)-[2-(Hydroxymethyl)-4-octylidene-5-oxo0-2,3-dihydrofur-2-
yllmethyl 3-Phenylpropanoate (£)-2, (Z)-V, Rt = Ph(CH,),, R?
= C;H1s). According to general procedure FZ2){IV (R2
C7/H;5 159 mg, 0.62 mmol) and Ph(GHCOCI (114.9 mg,
0.68 mmol) were reacted to giv&)2 ((E)-V, Rt = Ph(CH),,
R? = C;Hi5 188 mg, 78% yield): oil,'H NMR (250 MHz,
CDCl3) 6 0.93-0.98 (m, 3 H, GE=CHCH,CH,(CH,)4CH3), 1.35~
1.52 (m, 10 H, GCHCH,CH,(CH,),CHs), 2.63-2.93 (m, 6 H,

temperature and stirred for 2 h. The reaction temperature was thenC=CHCH,CH,(CH,)4sCHs, CCH,OC(O)CH,CH,Ph, and H-3),

lowered to 0°C, and the acid chloride (1.5 equiv) was added
dropwise. The resulting solution was stirred gt@for 30 min to

3.03 (t,J = 7.7 Hz, 2 H, CCHOC(O)CHCH,Ph), 3.65 (AB
q, J = 12.2 Hz, 2 H, HO®I,C), 4.28 (AB q,J = 11.7 Hz,

1 h and then at room temperature until the reaction was considered2 H, CCH,OC(O)CHCH,Ph), 6.29 (tt,J = 7.7, 2.1 Hz, 1 H,
complete as determined by TLC. The crude solution was then C=CHCH,CH,(CH,)4sCH3), 7.25-7.41 (m, 5 H, CCHOC(O)-
concentrated in vacuo and the residue purified by silica gel flash CH,CH,Ph); 13C NMR (62.9 MHz, CDC}) 6 14.03, 22.57, 27.69,

column chromatography to givé and variable amounts of the
diacylated product, which was not characterized.
(E)-[4-Heptylidene-2-(hydroxymethyl)-5-oxo0-2,3-dihydrofur-
2-yllmethyl 4-Phenylbutanoate (E)-1, (E)-V, R = Ph(CH,)s,
R2 = CgH13). According to general procedure FE)(IV (R? =
CeHi3 160 mg, 0.66 mmol) and Ph(GHCOCI (132 mg, 0.72
mmol) were reacted to giveE}[-1 ((E)-V, R! = Ph(CH)3, RZ =
CeH1s; 196 mg, 76% vyield): oil!H NMR (250 MHz, CDC}) 6
0.94-0.99 (m, 3 H, G=CHCH,CH(CH,)3sCH3), 1.36 (br s, 6 H,
C=CHCH,CH,(CH,)3CHjs), 1.48-1.57 (m, 2 H, G=CHCH,CH-
(CH2)sCHg), 1.97-2.09 (m, 2 H, CCHOC(O)CHCH,CH,Ph),
2.19-2.27 (m, 2 H, GGECHCH,CH,(CH,)3sCHs), 2.44 (t,J = 7.6
Hz, 2 H, CCHOC(O)tH,CH,CH,Ph), 2.76-2.94 (m, 4 H, H-3,
and CCH,0C(0O)CHCH,CH,Ph), 3.68-3.83 (m, 2 H, HOG,C),
4.31 (AB q,J=11.8 Hz, 2 H, CE&,0C(O)CHCH,CH,Ph), 6.86-
6.89 (m, 1 H, G=CHCH,CH,(CH,)sCHg3), 7.23-7.40 (m, 5 H,
CCH,OC(O)CHCH,CH,Ph); 3C NMR (62.9 MHz, CDC}) ¢

29.01, 29.17, 30.74, 31.68, 32.94, 35.51, 64.39, 65.13, 82.02,
123.38, 126.27, 128.10, 128.42, 139.87, 145.67, 168.36, 172.47,
FAB-MS (m/z, relative intensity) 389 (MH, 100). Anal. (GsH320s)

C, H.

(E)-[2-(Hydroxymethyl)-4-nonylidene-5-oxo-2,3-dihydrofur-
2-yllmethyl 2-Phenylacetate (E)-3, (E)-V, Rt = PhCH,, R =
CgH17). According to general procedure FE){IV (R? = CgHi7;

133 mg, 0.49 mmol) and PhGBOCI (83 mg, 0.54 mmol) were
reacted to giveE)-3 ((E)-V, R! = PhCH, R? = CgH;7; 119 mg,
63% yield): oil;™H NMR (250 MHz, CDC}) 6 0.94-0.99 (m, 3
H, C=CHCH,CH,(CH,)sCHs), 1.36 (br s, 10 H, &CHCH,CH,-
(CH5)sCHs), 1.51-1.57 (m, 2 H, G=CHCH,CH»(CH,)sCH), 2.12—
2.24 (m, 3 H, G=CHCH,CH,(CH,)sCH3 andHOCH,C), 2.63 (dt,
1H,J=17.1, 1.2 Hz, H-3, 2.81 (dt, 1 H,J = 17.1, 1.2 Hz,
H-3p), 3.62-3.78 (m, 2 H, HOE1,C), 3.73 (s, 2 H, PhB,C(O)-
OCH,C), 4.33 (AB q,J = 11.8 Hz, 2 H, PhCLC(O)O,C),

14.10, 22.59, 26.34, 28.05, 29.04, 29.88, 30.34, 31.60, 33.35, 35.08 H, PhCH,C(O)OCH,C); *C NMR (62.9 MHz, CDC}) ¢ 13.54,
64.78, 65.35, 82.88, 125.57, 126.05, 128.41, 140.98, 142.21, 169.7122.08, 27.49, 28.62, 28.78, 28.80, 29.12, 29.71, 31.26, 40.58, 64.22,

173.15; FAB-MS (1Vz, relative intensity) 389 (MH, 92), 147 (100).
Anal. (C23H3205).
(2)-[4-Heptylidene-2-(hydroxymethyl)-5-oxo-2,3-dihydrofur-
2-yllmethyl 4-Phenylbutanoate (£)-1, (2)-V, R! = Ph(CH,)s,
R2 = CgH13). According to general procedure RV (R2 =
CeHi3 103 mg, 0.42 mmol) and Ph(GHCOCI (84.4 mg, 0.46
mmol) were reacted to giveZf-1 ((2)-V, R = Ph(CH)3, R? =
CeHiz; 74 mg, 45% vyield): oil;'H NMR (250 MHz, CDC}) 6
0.94-0.96 (M, 3 H, G=CHCH,CH,(CH,)sCHs), 1.34-1.52 (m, 8
H, C=CHCH,CH,(CH,)3CHj3), 1.97-2.09 (m, 3 H, CCHOH and
CCH,0C(O)CHCH,CH,Ph), 2.44 (tJ = 7.4 Hz, 2 H, CCHOC-
(O)CH,CH,CH,Ph), 2.76-3.00 (m, 6 H, G=CHCH,CH,(CH,)s-
CHs, CCHOC(O)CHCH,CH,Ph, and H-3), 3.73 (AB ,J = 12.2
Hz, 2 H, CAH,OH), 4.29 (AB qg,J = 12.0 Hz, 2 H, CE&i,0C(0)-
CH,CH,CH,Ph), 6.31 (m, 1 H, &CHCH,CH,(CH,)3CHj3), 7.23~
7.40 (m, 5 H, CCHOC(O)CHCH,CH,Ph); 13C NMR (62.9 MHz,

65.07, 82.20, 124.85, 126.69, 128.05, 128.56, 132.69, 141.65,
169.04, 170.60; FAB-MSn{/z, relative intensity) 389 (MH, 88),
91 (100). Anal. (GsH30s) C, H.
(2)-[2-(Hydroxymethyl)-4-nonylidene-5-oxo-2,3-dihydrofur-
2-yllmethyl 2-Phenylacetate (£)-3, (£)-V-Z, R! = PhCH,, R?
= CgH17). According to general procedure Z){IV (R? = CgHy7;
101 mg, 0.37 mmol) and PhGHOCI (63.1 mg, 0.41 mmol) were
reacted to give4)-3 ((2)-V, Rt = PhCH,, R2 = CgH;7; 117 mg,
82% yield): oil;*H NMR (250 MHz, CDC}) 6 0.93-0.98 (m, 3
H, C=CHCH,CH(CH,)sCH3), 1.35-1.61 (m, 12 H, &=CHCH,CH,-
(CH,)sCHg), 2.15 (br s, 1 H, CChDH), 2.66-2.93 (m, 4 H,
C=CHCH2CH2(CH2)5CH3 and H-%b), 3.61-3.68 (m, 2 H, CElo-
OH), 3.73 (s, 2 H, CCBDC(0)CH,Ph), 4.31 (AB qJ = 11.8 Hz,
2 H, CH,OC(O)CHPh), 6.26-6.32 (m, 1 H, G=CHCH,-
CHy(CHy)sCHs), 7.32-7.44 (m, 5 H, CCHOC(O)CHPh); 13C
NMR (62.9 MHz, CDC}) 6 13.55, 22.09, 27.22, 28.51, 28.66,



3194 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 11

Kang et al.

28.73, 28.83, 31.28, 32.37, 40.57, 64.04, 64.93, 81.56, 122.82,(0)OCH,C), 6.30-6.36 (m, 1 H, G=CHCH,CH(CH,)sCHs); *°C
126.69, 128.03, 128.56, 132.71, 145.23, 167.84, 170.65; FAB-MS NMR (62.9 MHz, CDC}) ¢ 14.05, 22.60, 25.28, 27.71, 28.84,

(m/z, relative intensity) 389 (MH, 22), 91 (100). Anal. (gH3:0s°
0.25H,0) C, H.
(E)-[4-Decylidene-2-(hydroxymethyl)-5-oxo-2,3-dihydrofur-
2-yllmethyl Benzoate (E)-4, (E)-V, R! = Ph, R2 = CgHg).
According to general procedure FE){IV (R2 = CgHig; 168 mg,
0.59 mmol) and benzoyl chloride (90.8 mg, 0.65 mmol) were
reacted to give €)-4 ((E)-V, R' = Ph, R = CgHjq, 215 mg,
94% yield): *H NMR (250 MHz, CDC}) 6 0.93-0.99 (m, 3 H,
C=CHCH,CH,(CH,)¢CH3), 1.32 (br s, 12 H, ECHCH,CH,-
(CH2)6CHg), 1.48-1.53 (m, 2 H, G=CHCH,CH,(CH,)sCHs), 2.24
(q, J = 7.40 Hz, C=CHCH2CH2(CH2)6CH3), 2.34 (br s, 1H,
HOCH,C), 2.85 (dmJ = 17 Hz, 1 H, H-3), 2.98 (dm,J = 17 Hz,
1H, H-3), 3.86 (br AB q,J=12.0 Hz, 2 H, HO®1,C), 4.57 (AB
g,J = 11.8 Hz, 2 H, PhC(0)0RB,C), 6.33 (m, 1 H, GECHCH,-
CHy(CH,)6CHj3), 7.49-7.55 (m 2 H,PhC(O)OCH,C), 7.67 (t,J =
7.3 Hz, 1 H,PhC(O)OCHC), 8.07 (d,J = 7.1 Hz, 2 H,PhC(O)-
OCH,C); 3C NMR (62.9 MHz, CDC}) 6 13.55, 22.09, 27.47,

29.01, 29.12, 29.23, 29.38, 29.43, 31.81, 33.03, 42.96, 64.53, 64.97,
82.24, 123.54, 145.50, 168.41, 175.64; FAB-M¥Z relative
intensity) 395 (MH, 51), 83 (100). Anal. (gH3¢0s) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-yl} methyl Benzoate (E)-6, (E)-
V, Rl = Ph, R?2 = CH,CH(i-Pr),). According to general procedure
F, B)-IV (R? = CH,CH(i-Pr); 110 mg, 0.41 mmol) and benzoyl
chloride (63.0 mg, 0.45 mmol) were reacted to gi#-6 ((E)-V,
R! = Ph, R = CH,CH(i-Pr); 129 mg, 84% yield): oil!H NMR
(250 MHz, CDC}) ¢ 0.85-0.98 (m, 12 H, GCHCH,CH(CH-
(CHa3)2)2), 1.21-1.30 (m, 1 H, G=CHCH,CH(CH(CH),),), 1.75~
1.91 (m, 2 H, GGCHCH,CH(CH(CHa))), 2.11-2.26 (m, 3 H,
C=CHCH,CH(CH(CH;),), andHOCH,C), 2.85 (ddJ = 17.1, 2.2
Hz, 1 H, H-3), 2.95-3.03 (m, 1 H, H-3), 3.87 (AB q,J = 12.0
Hz, 2 H, HOGH.C), 4.58 (AB gqJ = 12.0 Hz, 2 H, PhC(0)0B.C),
6.88-6.97 (m, 1 H, G=CHCH,CH(CH(CH),),), 7.49-7.55, 7.64-
7.69, 8.05-8.08 (m, 5 H,PhC(O)OCH,C); 13C NMR (62.9 MHz,

28.70, 28.74, 28.80, 28.86, 29.39, 29.74, 31.27, 64.24, 65.49, 82.62CDCl;) 6 19.26, 21.38, 29.06, 29.14, 50.20, 64.81, 66.00, 83.11,
125.10, 127.87, 128.45, 129.14, 132.88, 141.57, 165.62, 169.22;124.69, 128.37, 128.96, 129.63, 133.36, 143.92, 166.11, 169.76;

FAB-MS (n/z, relative intensity) 389 (MH, 65), 105 (100). Anal.
(C23H3205).
(2)-[4-Decylidene-2-(hydroxymethyl)-5-oxo-2,3-dihydrofur-2-
yllmethyl Benzoate (€)-4, (Z2)-V, R! = Ph, R? = CgHjg).
According to general procedure RZ){IV (R2 = CgHso; 161 mg,
0.57 mmol) and benzoyl chloride (88.4 mg, 0.63 mmol) were
reacted to giveZ)-4 ((2)-V, Rt = Ph, R = CgHyg; 197 mg, 89%
yield): white solid; mp 58-60 °C; 'H NMR (250 MHz, CDC}) 6
0.94-0.99 (m, 3 H, G=CHCH,CH,(CH,)6CH3), 1.34-1.46 (m, 14
H, C=CHCH,CH(CH5)¢CHs), 2.31 (br s, 1 HHOCH,C), 2.74~
2.85 (m, 2 H, C=CHCH2CH2(CH2)6CH3), 2.90 (dm,J =17Hz, 1
H, H-3), 3.07 (dmJ = 17 Hz, 1 H, H-3), 3.84 (AB q,J = 12.1
Hz, 2 H, HOGH,C), 4.56 (AB q,J = 11.7 Hz, 2 H, PhC(0)0B.C),
6.33 (tt,d = 7.7, 2.1 Hz, 1 H, &CHCH,CHy(CH,)sCH), 7.49~
7.55, 7.64-7.70, and 8.068.10 (m, 5 H,PhC(O)OCHC); 13C
NMR (62.9 MHz, CDC}) 6 13.56, 22.11, 27.23, 28.47, 28.73,

FAB-MS (m/z, relative intensity) 375 (MH, 83), 105 (100). Anal.
(C22H3005) C, H.

(2)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-yk methyl Benzoate (E)-6,
(2)-V, Rt = Ph, R? = CH,CH(i-Pr),). According to general
procedure G,4)-IV (R? = CH,CH(i-Pr); 75 mg, 0.28 mmol) and
benzoyl chloride (47.2 mg, 0.33 mmol) were reacted to gi)eq(
((2)-V, Rt = Ph, R = CH,CH(i-Pr); 60 mg, 57% yield): oiltH
NMR (250 MHz, CDC}) 6 0.91-1.00 (m, 12 H, GCHCH,CH-
(CH(CH3)2)2), 1.13-1.22 (m, 1 H, G=CHCH,CH(CH(CHs),)2),
1.65 (br s, 1 HHOCH,C), 1.76-1.92 (m, 2 H, G=CHCH,CH-
(CH(CH3)2)2), 2.71-2.85 (m, 2 H, G=CHCH,CH(CH(CH)2)2),
2.89 (dd,J=16.6, 2.2 Hz, 1 H, H-3, 3.09 (dd,J = 16.4, 2.7 Hz,
1 H, H-3), 3.83 (AB q, 2 H, HO®,C), 4.56 (AB g, 2 H, PhC-
(0)OCH,C), 6.32-6.38 (M, 1 H, G=CHCH,CH(CH(CH;)2)>),
7.50-7.53, 7.64-7.70, 8.078.11 (m, 5 H,PhC(O)OCHC); 13C

28.80, 28.86, 28.94, 31.32, 32.67, 64.12, 65.38, 81.97, 123.05,NMR (62.9 MHz, CDC}) ¢ 19.19, 21.41, 26.29, 29.24, 29.32,
127.86, 128.52, 129.15, 132.85, 145.06, 165.62, 168.00; FAB-MS 51.08, 64.65, 65.74, 82.31, 122.41, 128.36, 129.02, 129.65, 133.35,

(m/z, relative intensity) 389 (MH, 22), 105 (100). Anal. (&H3,0s)
C, H.
(E)-[4-Decylidene-2-(hydroxymethyl)-5-oxo-2,3-dihydrofur-
2-yllmethyl Cyclohexanecarboxylate (E)-5, (E)-V, R! = Cy-
clohexyl, R2 = CgH19). According to general procedure E){IV
((B)-V, R? = CgHg; 80 mg, 0.28 mmol) and cyclohexanecarbonyl
chloride (44.9 mg, 0.31 mmol) were reacted to gi#&-% (R =
cyclohexyl, R = CgH1g; 99.8 mg, 90% yield):!H NMR (250 MHz,
CDCls) 6 0.94-0.99 (m, 3 H, GE=CHCH,CH,(CH,)sCHs), 1.25~
1.45 (br s, 14 H, ECHCH,CH3(CH,)sCHj), 1.45-2.05 (m, 10
H, c-HexC(O)OCHC), 2.21-2.30 (m, 2 H, G=CHCH,CH,(CH,)s-
CHg), 2.41 (tt,J = 11.0, 3.5 Hz, 1 He-HexC(O)OCHC), 2.72 (br
d,J=17.3 Hz, 1 H, H-3), 2.90 (br d,J = 17.1 Hz, 1 H, H-3),
3.75 (AB q,J = 17.2 Hz, 2 H, HO®I.C), 4.31 (AB gq,J = 11.8
Hz, 2 H, c-HexC(O)O€El,C), 6.81-6.90 (m, 1 H, G=CHCH,-
CHy(CH,)6CHg); 13C NMR (62.9 MHz, CDC})) 6 14.04, 22.59,

147.79, 165.10, 168.35; FAB-MSm(z, relative intensity) 375
(MH*, 47), 105 (100). Anal. (&H3¢Os).

(E)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-ox0-2,3-dihydrofur-2-y} methyl Cyclohexanecarboxy-
late ((E)-7, (E)-V, R = Cyclohexyl, R2 = CH,CH(i-Pr)y).
According to general procedure FE){IV (R2 = CH,CH(i-Pr);
100 mg, 0.37 mmol) and cyclohexanecarbonyl chloride (65.8 mg,
0.45 mmol) were reacted to giv&)7 ((E)-V, R = cyclohexyl,
R2 = CH,CH(i-Pr); 112 mg, 79% yield): oil!H NMR (250 MHz,
CDClg) 6 0.94 and 0.99 (br d) ~ 7 Hz, 12 H, G=CHCH,CH-
(CH(CH3)2)2), 1.25-1.52 and 1.741.98 (m, 10 H,c-HexC(O)-
OCH,C,HOCH,C, and G=CHCH,CH(CH(CHy),),), 2.18-2.23 (m,
2 H, C=CHCH,CH(CH(CH)2)2), 2.35-2.45 (m, 1 H,c-HexC-
(O)OCHC), 2.74 (ddJ = 17.3, 2.2 Hz, 1 H, H-3, 2.91 (ddJ =
17.1,2.4Hz, 1 H, H-®, 3.76 (AB q,J = 12.0 Hz, 2 H, HOG1,C),
4.31 (AB q,J = 12.0 Hz, 2 H, c-HexC(0O)8,C), 6.876.95 (m,

25.25, 25.57, 28.00, 28.83, 29.21, 29.28, 29.33, 29.40, 29.74, 30.241 H, C=CHCH,CH(CH(CH),)); °C NMR (62.9 MHz, CDC})
31.78, 42.93, 64.66, 65.10, 82.98, 125.62, 141.96, 169.69, 175.63;0 19.29, 21.54, 25.56, 28.65, 28.84, 28.96, 29.14, 29.17, 29.91,

FAB-MS (m/z, relative intensity) 395 (MH, 64), 83 (100). Anal.
(CagH350s) C, H.
(2)-[4-Decylidene-2-(hydroxymethyl)-5-oxo-2,3-dihydrofur-2-
yllmethyl Cyclohexanecarboxylate (£)-5, (Z)-V, R! = Cyclo-
hexyl, R2 = CgH1g). According to general procedure GZ){IV
((2-V, R = CgHyg; 128 mg, 0.45 mmol) and cyclohexanecarbonyl
chloride (65.8 mg, 0.45 mmol) were reacted to gi¥g-% ((2)-V,
R! = cyclohexyl, R = CgHig; 90 mg, 50% vyield): oillH NMR
(250 MHz, CDC§) 6 0.93-0.99 (m, 3 H, G=CHCH,CH,-
(CH,)eCH3), 1.34-1.52 and 1.731.99 (m’s, 24 H, G=CHCH,CH,-
(CH2)sCHs3) and c-HexC(O)OCHC), 2.25 (br s, 1 HHOCH,C),
241 (tt,J = 10.9, 3.5 Hz, 1 Hc-HexC(O)OCHC), 2.74-3.01
(m, 4 H, H-3 and G=CHCH,CH,(CH,)6CH3), 3.73 (AB q,J =
12.1 Hz, 2 H, HOGI,C), 4.29 (AB ¢, = 12.0 Hz, 2 H, c-HexC-

42.93,50.24, 64.74, 65.08, 82.89, 124.64, 143.84, 169.67, 175.62;
FAB-MS (m/z, relative intensity) 381 (MH, 91), 83 (100). Anal.
(C22H3605) C, H.

(2)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo0-2,3-dihydrofur-2-y} methyl Cyclohexanecarboxy-
late ((2)-7, @)-V, R! = Cyclohexyl, R = CH,CH(i-Pr),).
According to general procedure &){IV (R2 = CH,CH(i-Pr);

94 mg, 0.35 mmol) and cyclohexanecarbonyl chloride (61.4 mg,
0.42 mmol) were reacted to giv&)¢7 ((2)-V, Rt = cyclohexyl,
R? = CH,CH(i-Pr),; 78 mg, 58% yield): oilH NMR (250 MHz,
CDCl3) 6 0.94 and 0.99 (br d) ~ 7 Hz, 12 H, G=CHCH,CH-
(CH(CH3)2)2), 1.15-2.10 (m, 13 H, c-HexC(O)OCHC and
C=CHCH,CH(CH(CHzy),),), 2.36-2.46 (m, 1 H, c-HexC(O)-
OCH,C), 2.74-2.81 (m, 3 H, G=CHCH,CH(CH(CH),), and
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H-3,), 2.92-2.99 (m, 1 H,H-3y), 3.72 (AB q,J = 12.2 Hz, 2 H,
HOCH,C), 4.29 (AB q,J = 11.8 Hz, 2 H, c-HexC(0)B,C), 6.31
6.38 (m, 1 H, G=CHCH,CH(CH(CH)),); 3C NMR (62.9
MHz, CDCk) 6 25.28, 26.28, 28.85, 28.88, 29.29, 29.32, 33.13,
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ing to general procedure GZIV (R? = CH,CH(i-Pr),, 195 mg,
0.72 mmol) and 3-methoxybenzoyl chloride (148.1 mg, 0.87
mmol) were reacted to giveZ]-9 ((2)-V, R! = 3-(OMe)GH,, R?
= CH,CH(i-Pr); 167 mg, 57% yield) as a colorless oflH NMR

42.93,51.12, 64.58, 64.91, 82.17, 122.47, 147.69, 168.48, 175.69;(250 MHz, CDC}) ¢ 0.90-0.99 (m, 12 H, GCHCH,CH(CH-

FAB-MS (m/z, relative intensity) 381 (MH, 61), 83 (100). Anal.
(Ca2H360s) C, H.

(E)-[{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3—dihydrofur-2-yl } methyl 2-Methoxybenzoate
((E)-8, (E)-V, Rt = 2-(OMe)C¢H4, R?> = CH,CH(i-Pr)y). Ac-
cording to general procedure @)V (R? = CH,CH(i-Pr); 213
mg, 0.79 mmol) and 2-methoxybenzoyl chloride (201.7 mg, 1.18
mmol) were reacted to giveE]-8 ((E)-V, R! = 2-(OMe)GH,, R?
= CH,CH(i-Pr); 182 mg, 57% yield) as an oily pastéd NMR
(250 MHz, CDC}) 6 0.85-0.98 (m, 12 H, G=CHCH,CH(CH-
(CHa)2)2), 1.22-1.33 (M, 1 H, G=CHCH,CH(CH(CH))2), 1.75-
1.88 (m, 2 H, GGCHCH,CH(CH(CHs),)2), 2.16-2.22 (m, 2 H,
C=CHCH,CH(CH(CH)y),), 2.85 (ddJ = 17.3,2.2 Hz, 1 H, H-3,
2.96 (dd,J = 16.8, 2.2 Hz, 1 H, H-3, 3.86 (AB q,J ~ 12 Hz,
2 H, HOM,C), 3.97 (s, 3 H, EI;0CGH,C(CO)CHC), 4.53
(AB q, J = 12.0 Hz, 2 H, CHOGC:;H,C(CO)H,C), 6.87-6.94
(m, 1 H, G=CHCH,CH(CH(CH),)2), 7.03-7.09 and 7.557.62
(m, 3 H, CHOCsH,C(CO)CHC), 7.88 (ddJ= 7.8, 1.7 Hz, 1 H,
CH30CsH4C(CO)CHC); 13C NMR (62.9 MHz, CDC}) 6 19.26,

(CHa3)2)2), 1.12-1.21 (m, 1 H, G=CHCH,CH(CH(CH),),), 1.78—
1.91 (m, 2 H, GC=CHCH,CH(CH(CHa)2),), 2.62-2.72 and 2.83
3.07 (m, 4 H, G=CHCH,CH(CH(CH),). and H-3y,), 3.82 (AB q,
J = 12.2 Hz, 2 H, HOG®I,C), 3.93 (s, 3 H, EI30CH,C(CO)-
CH,C), 4.55 (AB q,d = 12.2 Hz, 2 H, CHOCsH,C(CO)H C),
6.31-6.37 (m, 1 H, G=CHCH,CH(CH(CH)),), 7.18-7.22, 7.39-
7.46, and 7.667.69 (m, 4 H, CHOCsH,C(CO)CH,C); 13C NMR
(62.9 MHz, CDC}) 6 19.44, 21.60, 26.27, 29.21, 29.34, 33.29,
51.05, 55.38, 64.64, 65.85, 82.34, 114.23, 119.75, 122.01, 122.43,
129.39, 130.28, 147.76, 159.45, 166.05, 168.55; FAB-Mt,(
relative intensity) 405 (MH, 26), 135 (100). Anal. (&H3:06)
C, H.

(E)-[{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-0x0-2,3 -dihydrofuryl} methyl 4-Methoxybenzoate (E)-
10, E)-V, R = 4-(OMe)CgH4, R? = CH,CHJ(i-Pr),). According
to general procedure GE)-IV (R2= CH,CH(i-Pr); 200 mg, 0.74
mmol) and 4-methoxybenzoyl chloride (189 mg, 1.11 mmol) were
reacted to giveH)-10 ((E)-V, R! = 4-(OMe)GH4, R? = CH,CH-
(i-Pr); 173 mg, 58% yield) as a colorless oflH NMR (250 MHz,

21.57, 28.65, 29.07, 29.14, 30.15, 50.20, 55.77, 65.18, 66.05, 82.85CDCL) ¢ 0.86-0.98 (M, 12 H, &CHCH,CH(CH(CH3),)2), 1.21—
111.85, 118.52, 120.11, 124.72, 132.03, 134.12, 143.83, 159.28,1.28 (m, 1 H, G=CHCH,CH(CH(CH),)), 1.75-1.91 (m, 2 H,

165.75, 169.77; FAB-MSn(/z, relative intensity) 405 (MH, 14),
135 (100). Anal. (GH3,06-0.3H,0) C, H.

(2)-[{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3—dihydrofur-2-yl } methyl 2-Methoxybenzoate
((2)-8, (2)-V, Rt = 2-(OMe)C¢H4, R? = CH,CH(i-Pr),). Accord-
ing to general procedure GZ¥IV (R2 = CH,CH(i-Pr); 196 mg,
0.72 mmol) and 2-methoxybenzoyl chloride (149 mg, 0.87 mmol)
were reacted to giveZ§-8 ((2)-V, R! = 2-(OMe)GH,, R?
CH,CH(i-Pr); 143 mg, 49% vyield) as a white solid: mp 96.4
97.5°C; 'H NMR (250 MHz, CDC}) 6 0.90-0.99 (m, 12 H,
C=CHCH,CH(CH(CH3);)2), 1.13-1.22 (m, 1 H, G=CHCH,CH(CH-
(CHg)2)2), 1.75-1.91 (m, 2 H, G=CHCH,CH(CH(CHs)2)2), 2.65-
3.10 (m, 4 H, H-3, and G=CHCH,CH(CH(CH),)), 3.84 (s,
2 H, HOH,C), 3.98 (s, 3 H, EG3;0CGH,C(CO)CHC), 4.51
(AB g, J~ 12 Hz, 2 H, CHOCsH,C(CO)HC), 6.31-6.38 (m,
1 H, C=CHCH,CH(CH(CH)),), 70.4-7.09 and 7.557.62 (m,
3 H, CHOGCsH4C(CO)CHC), 7.89 (dd,J = 7.8, 1.7 Hz, 1 H,
CH30CsH4C(CO)CHC); 13C NMR (62.9 MHz, CDC}) ¢ 19.30,

C=CHCH,CH(CH(CHz3),)2), 2.11-2.25 (m, 2 H, GC=CHCH,CH-
(CH(CHg)z)2), 2.83 (dd,J = 17.3, 2.2 Hz, 1 H, H-3, 2.98 (dd,J
=17.1,2.4 Hz, 1 H, H-3, 3.84 (AB q,J ~ 12 Hz, H, HOCH,C),
3.94 (s, 3 H, B1;0CH4C(CO)CHC), 4.54 (AB g,J = 12.0 Hz, 2
H, CH;OCH4C(CO)CH,C), 6.877.01 (m, 1 H, G=CHCH,CH-
(CH(CHg)z)2), 7.17 (d,J = 9.0 Hz, 2 H, CHOCsH,C(CO)CHC),
8.02 (d,J = 8.8 Hz, 2 H, CHOCs;H,C(CO)CHC); 13C NMR (62.9
MHz, CDCk) 6 19.28, 21.57, 28.63, 29.07, 29.13, 30.04, 50.20,
55.39, 64.72, 65.68, 83.21, 113.65, 121.26, 124.75, 131.76, 143.83,
163.65, 165.90, 169.81; FAB-MSM(z, relative intensity) 405
(MH*, 26), 135 (100). Anal. (&H3:06-0.2H,0) C, H.

(2)-[{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo0-2,3-dihydrofur-2-y} methyl 4-Methoxybenzoate &)-
10, @)-V, R = 4-(OMe)CgH4, R? = CH,CHJ(i-Pr),). According
to general procedure GZ)-IV (R? = CH,CH(i-Pr); 201 mg, 0.74
mmol) and 4-methoxybenzoyl chloride (151.2 mg, 0.89 mmol) were
reacted to giveZ)-10 ((2)-V, R! = 4-(OMe)GH,, R? = CH,CH-
(i-Pr); 167 mg, 56% yield) as a colorless ofitd NMR (250 MHz,

19.41, 21.53, 21.60, 26.27, 29.24, 29.31, 33.44, 51.07, 55.84, 65.05CDCl;) 6 0.92, 0.93, 0.97, and 0.98 (d, = 6.8 Hz, 12 H,
65.86, 82.09, 111.88, 118.63, 120.14, 122.47, 132.00, 134.09, C=CHCH,.CH(CH(CH3)y)), 1.13-1.21 (m, 1 H, &CHCH,CH(CH-

147.73, 159.22, 165.74, 168.54; FAB-M®/t, relative intensity)
405 (MH*, 18), 135 (100). Anal. (&H3:06) C, H.

(E)-[{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-ox0-2,3—dihydrofur-2-yl } methyl 3-Methoxybenzoate
((E)-9, (E)-V, Rt = 3-(OMe)C¢H4, RZ = CH,CH(i-Pr),). Ac-
cording to general procedure G){IV (R? = CH,CH(i-Pr); 197
mg, 0.73 mmol) and 3-methoxybenzoyl chloride (187 mg, 1.10
mmol) were reacted to giveef-9 ((E)-V, R! = 3-(OMe)GH,, R?
= CH,CH(i-Pr); 182 mg, 61% vyield): oil'H NMR (250 MHz,
CDCl) 6 0.85-0.98 (m, 12 H, GECHCH,CH(CH(CH3))2), 1.20~
1.29 (m, 1 H, GGCHCH,CH(CH(CH)2)2), 1.74-1.90 (m, 2 H,
C=CHCH,CH(CH(CHg),)2), 2.13-2.21 (m, 2 H, G=CHCH,CH-
(CH(CH),)2), 2.84 (dd,Jd = 17.1, 2.2 Hz, 1 H, H-3, 2.98 (dd,J
=17.1, 2.4 Hz, 1 H, H-g, 3.80-3.92 (m, 2 H, HOE,C), 3.92
(s, 3 H, AH3;0CG:H4C(CO)CHC), 4.57 (s, 2 H, CHOCsH,C(CO)-
CH,C), 6.8746.96 (m, 1 H, G=CHCH,CH(CH(CH)),), 7.18—
7.22,7.34-7.45, and 7.567.66 (m, 4 H, CHOC:H,C(CO)CHC);
13C NMR (62.9 MHz, CDC}) 6 19.28, 21.56, 28.65, 29.07, 29.12,

(CH3)2)2), 1.78-1.91 (m, 2 H, G=CHCH,CH(CH(CHs),)2), 2.18
(br s, 1 H,HOCH,C), 2.65-3.07 (m, 4 H, G=CHCH,CH(CH-
(CHg),)2 and H-3,), 3.81 (AB q,J = 12.2 Hz, 2 H, HOEI,C),
3.94 (s, 3 H, G1;0CH,C(CO)CHC), 4.52 (AB q,J = 12.0 Hz, 2
H, CH;OC:H4C(CO)H,C), 6.3:-6.37 (m, 1 H, G=CHCH,CH-
(CH(CHg)2)2), 6.99 (d,J = 9.0 Hz, 2 H, CHOCsH,C(CO)CHC),
8.04 (d,J = 8.8 Hz, 2 H, CHOG;H,C(CO)CHC); 13C NMR (62.9
MHz, CDCl) 6 19.43, 21.61, 26.27, 29.22, 29.32, 33.27, 51.05,
55.38, 64.54, 65.48, 82.49, 113.64, 121.34, 122.53, 131.76, 147.64,
163.62, 165.94, 168.63; FAB-MSm(z, relative intensity) 405
(MH*, 25), 135 (100). Anal. (&H3:0g) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-yl methyl 2-Hydroxybenzoate (E)-
11, E)-VI, R = 2-(OH)Ph, R? = CH,CH(i-Pr),). A solution of
(E)-V ((E)-8, Rt = 2-(OMe)GHg4, R? = CH,CH(i-Pr); 118 mg,
0.29 mmol) in CHCl, (10 mL) was treated at-78 °C with
dropwise addition of BBy(1.2 mL, 1 M in CH,Cl,) and stirred at
the same temperature for 2 h. The reaction was quenched with

30.05, 50.19, 55.35, 64.78, 66.12, 83.12, 114.06, 119.90, 122.01,saturated aqueous NaHg(@.3 mL), and the mixture was extracted
124.73, 129.39, 130.20, 143.87, 159.44, 165.99, 169.78; FAB-MS with Et,O (1 x 30 mL). The organic layer was then washed with

(m/z, relative intensity) 405 (MH, 38), 135 (100). Anal. (&H3,0s°
0.2H,0) C, H.

(2)-[{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-ox0-2,3—dihydrofur-2-yl } methyl 3-Methoxybenzoate
((2)-9, (2)-V, Rl = 3-(OMe)CgHa, R2 = CH,CH(i-Pr),). Accord-

potassium phosphate buffer (pH 7x110 mL) and brine (1x 10
mL), dried over MgS@, and concentrated in vacuo. Purification
by silica gel flash column chromatography ga®-(1 ((E)-VI,
R! = 2-(OH)GHg4, R? = CH,CH(i-Pr); 97 mg, 85% yield): oil;
IH NMR (250 MHz, CDC}) 6 0.87-1.99 (m, 12 H, GECHCH,-
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CH(CH(CH3),)2), 1.23-1.37 (m, 1 H, GG=CHCH,CH(CH(CHs)>)>),
1.74-1.92 (m, 2 H, G=CHCH,CH(CH(CHy)2)2), 2.17-2.23 (m,
2 H, C=CHCH,CH(CH(CHy),),), 2.85 (dm,J = 17.3 Hz, 1 H,
H-3,), 3.00 (dm,J = 17.3 Hz, 1 H, H-3), 3.89 (AB q,J = 12.0
Hz, 2 H, HOGH,C), 4.60 (s, 2 H, HOGH.,C(CO)CH,C), 6.92-
6.98 (M, 2 H, G=CHCH,CH(CH(CH),), and HOGH,C(CO)-
CH,C), 7.07 (br dJ = 8.1 Hz, 1 H, HOGH.C(CO)CHC), 7.53-
7.60 and 7.787.81 (m, 2 H, HOGH,C(CO)CHC); 13C NMR (62.9

MHz, CDCk) 6 19.27, 21.58, 28.71, 29.07, 29.15, 30.00, 50.23,

Kang et al.

1 H, HOCH,C), 2.28 (d, 2 HJ = 5.6, ((CH;).CH),CHCH,C(O)-
OCH,C), 3.12 (dd,J = 17.8, 2.7 Hz, 1 H, H-3, 3.31 (dd,J =
17.6,2.9 Hz, 1 H, H-3, 3.84 (AB q,J = 12.2 Hz, 2 H, HOE1,C),

4.36 (AB q,J = 12.0 Hz 2 H ((CHs).CH),CHCH,C(O)OCH,C),
7.50-7.67 (m, 6 H, G=CHPh); 13C NMR (62.9 MHz, CDC}) ¢
18.63, 18.66, 18.70, 18.74, 21.28, 29.28, 29.34, 29.85, 32.69, 36.22,
46.85, 64.73, 65.33, 82.98, 126.63, 126.72, 128.25, 128.70, 128.77,
137.17, 139.21, 169.37, 174.47; FAB-M&/{, relative intensity)

389 (MH*, 59), 57 (100). Anal. (G&H3:05:0.2H,0) C, H.

64.91, 66.09, 82.75,111.42,117.62, 119.29, 124.41, 129.70, 136.17, General Procedure for the Synthesis of VIII. Procedure H.

144.25, 161.64, 169.44, 169.52; FAB-M&/¢, relative intensity)
391 (MH", 73), 121 (100). Anal. (&H3006) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-y} methyl 3-Hydroxybenzoate (E)-
12, E)-VI, Rt = 3-(OH)CgH4, R2 = CH,CH(i-Pr),). A solution
of (E)-V ((E)-9, Rt = 3-(OMe)GH4, R? = CH,CH(i-Pr); 132 mg,
0.33 mmol) in CHCl, (10 mL) was treated at-78 °C with
dropwise addition of BBy (1.3 mL, 1.3 mmal 1 M in CH,Cl,),
stirred at the same temperature for 2 h, and then warmeslLt

A solution of VII 3031 (1 equiv) in THF (3-5 mL/mmol) at—78

°C was treated dropwise with LHMDS (2 equit M in THF).

After the solution was stirred at78 °C for 15 min, RCHO (1.5
equiv) was added and stirring continued for 30 min more-a8

°C. The reaction was monitored by TLC, quenched by slow addition
of a saturated aqueous solution of N, and allowed to warm to
room temperature. The layers were separated, and the aqueous layer
was extracted with ED (3x). The combined organics were washed
with H,O (1x ) and brine (Xk), dried over MgS@, and concen-

°C for 1.5 h. The reaction was then quenched with saturated aqueousrated in vacuo. Purification by silica gel flash column chromatog-

NaHCG; (1.5 mL), and the mixture was extracted with@t(1 x

raphy gaveVIll as a mixture of diastereomers, which were used

30 mL). The organic layer was then washed with potassium directly in the next step.

phosphate buffer (pH 7, 2 10 mL) and brine (1x 10 mL), dried
over MgSQ, and concentrated in vacuo. Purification by silica gel
flash column chromatography gave){12 ((E)-VI, Rt = 3-(OH)-
CeHa, R? = CH,CH(i-Pr); 82 mg, 64% yield) as a semisolid
paste: IR (CHG) 3385 (OH), 2964 (CH), 2886 (CH), 1728
(C=0), 1672 (G=C) cm'%; *H NMR (250 MHz, CDC}) ¢ 0.84,
0.88, 0.89, and 0.95 (dl = 6.8 Hz, 12 H, G=CHCH,CH(CH-
(CH3)2)2), 1.19-1.28 (m, 1 H, G=CHCH,CH(CH(CHz),)2), 1.68—-
1.89 (m, 3 H, G=CHCH,CH(CH(CHj3)), and HOCsH,C(CO)-
CH,C), 2.15-2.17 (m, 2 H, G=CHCH,CH(CH(CH)>),), 2.83 (dd,
J=17.1, 2.2 Hz, 2 H, H-3, 2.99 (dd,J = 17.1, 2.4 Hz, 2 H,
H-3y), 3.89 (AB g,J = 12.2 Hz, 2 H, HOG®I,C), 4.56 (AB q,J =
11.7 Hz, 2 H, HOGH,C(CO)H,C), 6.30 (br s, 1 HHOCsH,C-
(CO)CHLC), 6.90-6.96 (M, 1 H, G=CHCH,CH(CH(CH),)2),
7.13-7.17, 7.38-7.41, and 7.4%7.49 (m, 3 H, HOGH,C(CO)-
CH,C), 7.62 (br dJ = 7.82 Hz, 1 H, HOGH,C(CO)CHC); *C
NMR (62.9 MHz, CDC}) 6 19.35, 21.68, 28.80, 29.13, 29.23,

30.16, 50.28, 64.84, 66.25, 83.59, 116.20, 120.83, 122.04, 124.82

129.80, 130.32, 144.39, 155.89, 165.90, 170.44; FAB-M&,(
relative intensity) 391 (MH, 75), 121 (100). Anal. (&H300s
0.5H,0) C, H.
(E)-[2-(Hydroxymethyl)-5-oxo0-4-(phenylmethylene)-2,3-dihy-
drofur-2-yljmethyl 4-Methyl-3-(methylethyl)pentanoate ((E)-14,
(E)-V, R = CH,CH(i-Pr),, R? = Ph). According to general
procedure G,E)-IV (R2= Ph; 114 mg, 0.49 mmol) and 4-methyl-
3-(methylethyl)pentanoyl chlorid®(130.9 mg, 0.74 mmol) were
reacted to giveK)-14 ((E)-V, Rt = CH,CH(i-Pr),, R? = Ph; 53
mg, 29% yield): oil;'H NMR (250 MHz, CDC}) 6 0.80-1.02
(m, 12 H, ((H3),CH),.CHCH,C(O)OCHC), 1.60-1.66 (m, 1 H,
((CH3)2,CH),CHCH,C(O)OCHC), 1.70-1.82 (m, 2 H, ((CH).CH)-
CHCH,C(O)OCHC), 2.28 (d, 2 H,J = 5.6 Hz ((CH)x
CH),CHCH,C(0)OCHC), 3.12 (ddJ = 17.8, 2.7 Hz, 1 H, H-3,
3.31 (dd,J = 17.6, 2.9 Hz, 1 H, H-3, 3.84 (AB q,J = 12.2 Hz,
2 H, HOCHC), 4.36 (AB q,J = 12.0 Hz, 2 H, ((CH)-
CH),CHCH,C(O)OM,C), 7.50-7.67 (m, 6 H, G=CHPh); 3C
NMR (62.9 MHz, CDC}) ¢ 18.59, 18.66, 21.21, 29.26, 32.21,

3-[1-Hydroxy-4-methyl-3-(methylethyl)pentyl]-5-[(4-meth-
oxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydro-
furan-2-one (VIIl, R2 = CH,CH(i-Pr),). According to general
procedure HVII (800 mg, 2.3 mmol) and 4-methyl-3-(methyl-
ethyl)pentan-1-orfé (399 mg, 2.8 mmol) were reacted to givél
(R2 = CH,CH(i-Pr); 692 mg, 61% vyield).

3-(1-Hydroxy-3-phenoxypropyl)-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydrofuran-2-one
(VIIl, R 2= PhCH,CHy,). According to general procedure M|l
(600 mg, 1.8 mmol) and hydrocinnamaldehyde (0.28 mL, 2.1 mmol)
were reacted to givelll (R2 = PhCHCHjy; 1.35 g, 83% yield) as
a colorless oil.

3-[Hydroxy-(2-methoxyphenyl)methyl]-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydrofuran-2-one
(VIIl, R 2 = 2-(OMe)C¢H,). According to general procedure H,
VII (1.0 g, 2.9 mmol) and-anisaldehyde (473 mg, 3.5 mmol)
were reacted to givelll (R2= 2-(OMe)GH,; 1.38 g, 100% yield)

'as a colorless oil.

3-[Hydroxy-(3-methoxyphenyl)methyl]-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydrofuran-2-one
(VIIl, R 2 = 3-(OMe)C¢H,). According to general procedure H,
VII (1.0 g, 2.9 mmol) andan-anisaldehyde (0.42 mL, 3.5 mmol)
were reacted to givelll (R2= 3-(OMe)GHg; 1.25 g, 89% yield)
as a colorless oil.

3-[Hydroxy-(4-methoxyphenyl)methyl]-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydrofuran-2-one
(VIII, R 2 = (4-(OMe)CgH,). According to general procedure H,
VII (1.0 g, 2.9 mmol) ang-anisaldehyde (0.42 mL, 3.5 mmol)
were reacted to givelll (R2 = 4-(OMe)GHg; 1.15 g, 82% yield)
as a colorless oil.

3-{Hydroxy-[2-(phenylmethoxy)phenyllmethyl} -5-[(4-meth-
oxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydro-
furan-2-one (VIII, R 2 = 2-(PhCH,0)C¢H,). According to general
procedure HVII (1.0 g, 2.9 mmol) and 2-(benzyloxy)benzaldehyde
(742 mg, 3.5 mmol) were reacted to givll (R2= 2-(PhCHO)-

46.81, 64.75, 65.36, 83.16, 123.86, 128.82, 129.95, 134.21, 137.20CeHs; 1.35 g, 83% yield) as a colorless oil.

170.84, 174.51; FAB-MSn(/z, relative intensity) 375 (MH, 64),
57 (100) Anal. (C2‘2H3005°007I-b0) C, H.
(E)-[2-(Hydroxymethyl)-5-ox0-4-(2-phenylethylidene)-2,3-di-
hydrofur-2-yljmethyl 4-Methyl-3-(methylethyl)pentanoate ((E)-
15, E)-V, R = CH,CH(i-Pr),;, R? = CH,Ph). According to
general procedure GEJ-IV (R2 = CH,Ph; 116 mg, 0.47 mmol)
and 4-methyl-3-(methylethyl)pentanoyl chlorfé¢125.1 mg, 0.71
mmol) were reacted to giveEf-15 ((E)-V, Rt = CH,CH(i-Pr),, R?
= CH,Ph; 77 mg, 42% yield): oil*H NMR (250 MHz, CDC¥}) ¢
0.88 and 0.97 (br d] ~ 6.8 Hz, 12 H, ((®3),CH),CHCH,C(O)-
OCHC), 1.60-1.66 (m, 1 H, ((CH),CH),CHCH,C(O)OCH.C),
1.70-1.82 (m, 2 H, ((CH),CH),CHCH,C(O)OCH,C), 2.04 (br s,

3-{Hydroxy-[3-(phenylmethoxy)phenyllmethyl} -5-[(4-meth-
oxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydro-
furan-2-one (VIII, R 2 = 3-(PhCH,0)CgH4. According to general
procedure HVII (1.0 g, 2.9 mmol) and 3-(benzyloxy)benzaldehyde
(742 mg, 3.5 mmol) were reacted to givll (R2= 3-(PhCHO)-
CeHy; 1.24 g, 76% vyield) as a colorless oil.

3-{Hydroxy-[4-(phenylmethoxy)phenyllmethyl} -5-[(4-meth-
oxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-3,4,5-trihydro-
furan-2-one (VIll, R 2= 4-(PhCH,0)CgH4. According to general
procedure HVII (1.0 g, 2.9 mmol) and 4-(benzyloxy)benzaldehyde
(742 mg, 3.5 mmol) were reacted to givll (R2= 4-(PhCHO)-
CeHy; 1.25 g, 79% vyield) as a colorless oil.
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General Procedure for the Synthesis of IX. Procedure I.
IntermediateVIll was then taken up in dichloromethane—&8
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Data for (Z)-IX (R? = PhCH,CHj): *H NMR (400 MHz,
CDCly) 6 2.75 (irregular tJ ~ 7.5 Hz, 2 H, G=CHCH,CH,CgHs),

mL/mmol) and treated with triethylamine (1.7 equiv) and meth- 2.84 (dm,J = 16.5 Hz, 1 H, H-4), 2.90 (dm,J = 16.5 Hz, 1 H,

anesulfonyl chloride (1 equiv). After the solution was stirred for

H-4;), 3.05 (dm,J ~ 7.5 Hz, 1 H, G=CHCH,CHHC¢Hs), 3.07

30 min at room temperature, DBU (2.5 equiv) was added, and the (dm, J ~ 7.5 Hz, 1 H, GCCHCH,CHHC¢Hs), 3.62 (AB q,J =
reaction was monitored by TLC. Concentration in vacuo and 10.3 Hz, 2 H, C&1,0CH,C¢Hs), 3.74 (s, 3 H, CCLOCsH4,OCH3),

purification by silica gel flash column chromatography gdXe
In most cases only thE-isomer was formed; when th&isomer
was detected in small amounts, it was not characterized.

(E)-5-[(4-Methoxyphenoxy)methyl]-3-[4-methyl-3-(methyl-
ethyl)pentylidene]-5-[(phenylmethoxy)methyl]-4,5-dihydro-
furan-2-one ((E)-IX, R2 = CH,CH(i-Pr),) and (2)-5-[(4-Meth-
oxyphenoxy)methyl]-3-[4-methyl-3-(methylethyl)pentylidene]-
5-[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one (g)-1X, R2
= CH,CH(i-Pr),). According to general procedureV]Il (RZ =
CH,CH(i-Pr); 692 mg, 1.43 mmol) was reacted to givE){X
(R? = CH,CH(i-Pr); 240 mg, 36% yield) andZ)-IX (R? =
CH,CH(i-Pr); 257 mg, 39% vyield).

Data for (E)-IX (R2 = CH,CH(i-Pr),): H NMR (400 MHz,
CDCls) ¢ 0.85 and 0.86 (s, 6 HEECHCH,CH(CH(CH3)2)2), 0.90
and 0.92 (dJ = 1.5 Hz, 6 H, G=CHCH,CH(CH(CH3),)2), 1.22
(p,J = 5.5 Hz, 1 H, G=CHCH,CH(CH(CHz),)2), 1.74-1.85 (m,
2 H, C=CHCH,CH(CH(CHj3)2)2), 2.14 (dd,J = 7.4, 5.8 Hz, 2 H,
C=CHCH,CH(CH(CH),),), 2.88 (dq,J = 17.1, 2.5 Hz, 2 H,
H-4,,), 3.68 (dd,J = 22.7, 10.2 Hz, 2 H, CH,0CH,C¢Hs), 3.76
(s, 3 H, CCHOC;H4OCH3), 4.05 (dd, 1 HJ = 23.1, 9.8 Hz, 2 H,
CCH,OCsH40CHg) 4.59 (m, 2 H, CCHOCH,CgHs), 6.82 (s, 5 H,
CCH,0CG:H4OCH3; and G=CHCH,CH(CH(CH),),), 7.27-7.36 (m,
5 H, CCHOCH,CgHs); 13C NMR (100 MHz, CDC}) 6 19.23,

3.97 (AB q,J = 9.7 Hz, CQH,0CsH,OCHs), 4.55 (AB q,J =
12.1 Hz, 2 H, CCHOCH,C¢Hs), 6.18 (tt,d = 7.6, 2.3 Hz, 1 H,
C=CHCH,CH,CgHs), 6.76-6.82 (m, 4 H, CCHOGCsH,OCHg),
7.14-7.34 (m, 10 H, CCHOCH,CsHs and CCHOCH,CgHs); 13C
NMR (100 MHz, CDC}) 6 28.89, 33.71, 35.05, 55.69, 70.39, 71.84,
73.62, 82.34, 114.62, 115.70, 125.14, 126.02, 127.59, 127.78,
128.37, 128.41, 128.49, 137.65, 140.95, 142.93, 152.53, 154.28,
168.76; FAB-MS (1/z, relative intensity) 459 (MH, 22), 458 (M ™,
37), 91 (100). Anal. (&H30s) C, H.
(E)-3-[(2-Methoxyphenyl)methylene]-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one
((E)-I1X, R2 = 2-(MeO)C¢H,). According to general procedure I,
VIIl (R? = 2-(MeO)GHy; 1.38 g, 2.88 mmol) was reacted to give
(E)-IX (R? = 2-(MeO)GHg; 921 mg, 71% yield) as a colorless
oil: *H NMR (400 MHz, CDC}) 6 3.12 (dd,J = 17.7, 29 Hz, 1
H, H-4), 3.20 (dd,J = 17.7, 2.9 Hz, 1 H, H-¢, 3.64-3.74 (AB
g,J = 10.2 Hz, 2 H, CE,0CH,C¢Hs containingd 3.71 (s, 3 H,
CCH,OCsH,OCH3)), 3.81 (s, 3 H, GCHCsH4OCH3), 4.04 (AB
g,2H,J=9.8Hz, 2 H, CH,0CH4OCH), 4.56 (s, 2 H, CChH
OCH,C¢Hs), 6.75-6.80 (m, 4 H, CCHOCsH4OCHg), 6.90 (d,J
= 8.3 Hz, 1 H, G=CHGCH,OCHg), 6.96 (t,J = 7.5 Hz, 1 H,
C=CHCH,OCH), 7.23-7.28 (m, 5 H, CCHOCH,CgHs), 7.31—
7.36 (m, 1 H, G=CHCsH,OCH), 7.42 (dd,J = 7.7, 1.3 Hz, 1 H,

19.30, 21.51, 21.53, 28.58, 29.09, 29.14, 30.56, 50.20, 55.59, 70.65C=CHC;H,OCH;), 8.02 (t,J = 2.8 Hz, 1 H, G=CHCsH,OCHy);
72.02,73.61, 82.76, 114.53, 115.60, 125.28, 127.52, 127.70, 128.33}3C NMR (100 MHz, CDC}) 6 32.69, 55.37, 55.49, 70.40, 71.78,

137.50, 142.81, 152.45, 154.20, 170.05; FAB-M8Z relative
intensity) 466 (MH, 36), 91 (100). Anal. (&H3¢0s) C, H.
Data for (Z)-IX (R2 = CH,CH(i-Pr),): H NMR (400 MHz,
CDCl;) 6 0.87 (d,J = 2.8 Hz, 3 H, G=CHCH,CH(CH(CH3)>)>),
0.89 (d,J = 2.7 Hz, 3 H, G=CHCH,CH(CH(CH3),),), 0.92 (d,J
= 1.6 Hz, 3 H, G=CCH,CH(CH(CH3))2), 0.93 (d,J = 1.5 Hz, 3
H, C=CHCH,CH(CH(CH3)2),), 1.13 (m, 1 H, G=CHCH,CH(CH-
(CHg)2)2), 1.76-1.84 (m, 2 H, G=CHCH,CH(CH(CHz))2), 2.75~
2.76 (m, 2 H, G=CHCH,CH(CH(CHp),)2), 2.91 (dg,Jd = 16.4, 2.0
Hz, 2 H, H-4), 3.66 (dd,J = 21.5, 10.2 Hz, 2 H, CH,
OCH,CgHs), 3.77 (s, 3 H, CCHOC;H,OCH3), 4.02 (dd, 1 HJ =
26.8, 9.7 Hz, 2 H, CE,0CH,OCHs) 459 (m, 1 H, CCH
OCH,C¢Hs), 6.23 (t,J = 7.4 Hz, 1 H, G=CHCH,CH(CH(CH))2),
6.82 (s, 4 H, CCHOCsH,OCHg), 7.27-7.36 (m, 5 H, CCH
OCH,CgHs); 3C NMR (100 MHz, CDC}) ¢ 19.36, 19.42, 21.57,

73.49, 82.80, 110.88, 114.45, 115.57, 120.25, 123.52, 129.34,
127.46, 127.60, 128.25, 128.90, 131.20, 137.44, 152.34, 154.12,
158.29, 171.22; FAB-MSn{z, relative intensity) 461 (MH, 60),
460 (Me*, 51), 91 (100). Anal. (&H206-0.8H,0) C, H.
(E)-3-[(3-Methoxyphenyl)methylene]-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one
((E)-IX, R? = 3-(MeO)CsHy). According to general procedure I,
VIl (R? = 3-(MeO)GHg; 1.25 g, 2.6 mmol) was reacted to give
(E)-IX (R2 = 3-(MeO)Ph; 460 mg, 38% vyield) as a colorless oil:
H NMR (400 MHz, CDC}) 6 3.17 (dd,J = 17.6, 2.9 Hz, 1 H,
H-4,), 3.25 (dd,J = 17.6, 2.9 Hz, 1 H, H-9), 3.68-3.74 (m, 2 H,
CCH,OCH,Cg¢Hs containingd 3.72 s, 3 H, ECHCsH,OCH3), 3.81
(s, 3 H, CCHOG:H,OCH3), 4.06 (AB q, 2 H,J=9.8 Hz, 2 H,
CCH,OCsH40OCHg), 4.57 (s, 2 H, CCRHOCH,C¢Hs), 6.75-6.80
(m, 4 H, CCHOGCsH,OCHg), 6.93 (dd,J = 8.1, 2.2 Hz, 1 H,

21.61, 26.18, 29.26, 29.31, 33.86, 51.12, 55.61, 70.50, 71.88, 73.59C=CHC¢H,OCH), 7.00 (br s, 1 H, &CHCsH,OCHg), 7.08 (d,
82.10, 114.54, 115.64, 123.16, 127.54, 127.69, 128.34, 159, 146.66) = 7.8 Hz, 1 H, G=CHCsH,OCHs), 7.20-7.35 (m, 6 H,

152.52, 154.19, 168.90; FAB-MSm(z, relative intensity) 466
(MH*, 58), 91 (100). Anal. (&H3g0s) C, H.
(E)-5-[(4-Methoxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-
3-(phenylpropylidene)-4,5-dihydrofuran-2-one (E)-IX, R2 =
PhCH,CH>) and (2)-5-[(4-Methoxyphenoxy)methyl]-5-[(phen-
ylmethoxy)methyl]-3-(phenylpropylidene)-4,5-dihydrofuran-2-

one (@)-1X, R2 = PhCH,CH,). According to general procedure
I, VIII (R?=PhCHCH,; 747 mg, 1.63 mmol) was reacted to give

(E)-IX (R?2 = PhCHCH,; 224 mg, 30% yield) andz)-IX (R? =
PhCHCH,; 201 mg, 27% vyield) as colorless oils.

Data for (E)-IX (R2 = PhCH,CHj): 'H NMR (400 MHz,
CDCl) 6 2.47 (irregular q, 2 H, ECHCH,CH,C¢Hs), 2.61 (dm,
J=17.1Hz, 1 H, H-4, 2.67 (dm,J = 17.1 Hz, 1 H, H-4), 2.77
(t, J~ 7.3 Hz, 2 H, G=CHCH,CH,C¢Hs), 3.56 (AB q,J = 10.3
Hz, 2 H, CAH,OCH,C¢Hs), 3.74 (s, 3 H, CCLOC;H,0OCH3), 3.92
(AB q, J = 9.7 Hz, CAH,OC;H,OCHs), 4.54 (br s, 2 H, CCht
OCH2C6H5), 6.73-6.82 (m, 6 H, C;CHCH2CH2C5H5), 7.10-7.34
(m, 9 H, CCHOGC:H,OCH; and CCHOCH,CgHs); 13C NMR (100

CCH,OCH,C¢Hs and C=CHC¢H,OCH), 7.52 (t,J = 2.8 Hz, 1
H, C=CHCsH,OCHg); 3C NMR (100 MHz, CDC}) 6 32.75,
55.24, 55.58, 70.56, 71.85, 73.61, 83.07, 112.00, 114.54, 115.18,
115.66, 121.08, 124.97, 127.56, 128.36, 129.80, 135.85, 136.32,
136.50, 137.40, 152.36, 154.25, 159.70, 171.11; FAB-Mt,(
relative intensity) 461 (MH, 58), 460 (M, 58), 91 (100). Anal.
(CagH280s) C, H.
(E)-3-[(4-Methoxyphenyl)methylene]-5-[(4-methoxyphenoxy)-
methyl]-5-[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one
((E)-I1X, R2 = 4-(MeO)CgH,). According to general procedure I,
VIl (R? = 4-(MeO)GHy; 1.15 g, 2.4 mmol) was reacted to give
(BE)-IX (R? = 4-(MeO)Ph; 716 mg, 85% vyield) as a colorless oil:
H NMR (400 MHz, CDC}) ¢ 3.12 (dd,J = 17.5, 2.6 Hz, 1H,
H-4,), 3.19 (ddJ = 17.5, 2.6 Hz, 1H, H-4), 3.66-3.76 (m, 2 H,
CCH,0CH,CgHs containing s, 3 H, CCLHOC;H,OCH3), 3.78 (s, 3
H, C=CHGC;H,OCHj3), 4.05 (AB ¢, 2 H,J = 9.8 Hz, 2 H, CC1-
OCsH4,OCHg), 4.55 (s, 2 H, CCHOCH,CsHs), 6.75-6.80 (m, 4
H, CCH,OC¢H4OCH;), 6.92 (d, 2 H, GCHC;H,OCHg), 7.22-

MHz, CDCk) 6 30.32, 32.09, 34.19,55.69, 70.48, 71.89, 73.64, 7.29 (m, 5 H, CCHOCH,CeHs), 7.43 (d, 2 H, &CHCgH4OCHy),
82.23, 114.62, 115.70, 126.24, 127.30, 127.59, 127.80, 128.43,7.51 (br t,J ~ 2.3 Hz, 1 H, 2 H, GCHCsH,OCHs): 3C NMR
128.48, 137.61, 139.45, 140.61, 152.51, 154.30, 169.84; FAB-MS (100 MHz, CDC}) & 32.57, 55.12, 55.38, 70.44, 71.77, 73.40,

(m/z, relative intensity) 459 (MH, 17), 458 (M, 28), 91 (100).
Anal. (C29H3005‘0.2H20) C, H.

82.69, 114.18, 114.38, 115.53, 121.52, 127.13, 127.39, 127.54,
128.18, 131.66, 136.10, 137.36, 152.27, 154.06, 160.65, 171.35;
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FAB-MS (m/z, relative intensity) 461 (MH, 57), 91 (100). Anal.
(CagH2506) C, H.
(E)-5-[(4-Methoxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-
3<{[2-(phenylmethoxy)phenyl]methylené-4,5-dihydrofuran-2-
one (E)-IX, R?2 = 2-(PhCH,O)C¢H,4). According to general
procedure IVIII (R?= 2-(PhCHO)CgH,; 1.35 g, 2.43 mmol) was
reacted to giveR)-1X (R? = 2-(PhCHO)CsH,4; 906 mg, 71% yield)
as a colorless oil'H NMR (400 MHz, CDC}) ¢ 3.12 (dd,J =
17.7, 2.9 Hz, 1 H, H-4, 3.20 (dd,J = 17.7, 2.9 Hz, 1 H, H-j,
3.70 (AB q,J = 10.3 Hz, 2 H, C®,0CH,C¢Hs), 3.76 (s, 3 H,
CCH,OCsH40CH3), 4.06 (AB g,J = 9.7 Hz, 2 H, CE&1,0CsH,-
OCHg), 4.59 (s, 2 H, CCRHOCH,C¢Hs), 5.16 (s, 2 H, GECHCsH,-
OCH,C¢Hs), 6.81 (s, 4 H, CCRHOC;H4,OCHg), 6.97-7.02 (m, 2
H, C=CHGC;H,OCH,CsHs), 7.27-7.48 (m, 12 H, GCHCsH,4-
OCH,C¢Hs and CCHOCH,C¢Hs), 8.09 (t,J = 2.8 Hz, 1 H,
C=CHCgH,OCH,CgHs); 13C NMR (100 MHz, CDC}) ¢ 32.98,
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= CH,CH(i-Pr); 660 mg, 1.4 mmol) was reacted to giviE){X
(R? = CH,CHY(i-Pr); 381 mg, 78% yield) as a colorless oil.
(2)-5-(Hydroxymethyl)-3-[4-methyl-3-(methylethyl)pentylidene]-
5-[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one (g)-X, R?
= CH,CHJ(i-Pr),). According to general procedure Z){IX (R2
= CH,CH(i-Pr); 1.0 g, 2.1 mmol) was reacted to givE){X (R?
= CH,CH(i-Pr); 370 mg, 49% yield) as a colorless oil.
(E)-5-(Hydroxymethyl)-5-[(phenylmethoxy)methyl]-3-
(phenylpropylidene)-4,5-dihydrofuran-2-one (E)-X, R? =
PhCH,CH,). According to general procedure E){IX (R?2
PhCHCHp; 224 mg, 0.49 mmol) was reacted to giE{X (R?
PhCHCH,; 100 mg, 57% vyield) as a colorless oil.
(E)-5-(Hydroxymethyl)-3-[(2-methoxyphenyl)methylene]-5-
[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one (E)-X, R? =
2-(MeO)CsH,). According to general procedure E){IX (R? =
2-(MeO)Ph; 921 mg, 2.0 mmol) was reacted to giZgX (RZ =2-

55.69, 70.41, 70.44, 70.47, 71.89, 73.68, 82.86, 112.66, 114.58,(MeO)CGH,; 560 mg, 80% yield) as a colorless oil.

115.67, 120.69, 124.19, 124.37, 127.15, 127.61, 127.75, 127.99,

(E)-5-(Hydroxymethyl)-3-[(3-methoxyphenyl)methylene]-5-

128.39, 128.65, 129.32, 131.15, 131.58, 136.43, 137.54, 152.48,[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one (E)-X, R2 =

154.25, 157.48, 171.22; FAB-MSm(z, relative intensity) 537
(MH*, 15), 536 (M, 15), 91 (100). Anal. (&H3.06) C, H.
(E)-5-[(4-Methoxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-
3{[3-(phenylmethoxy)phenyl]methylené-4,5-dihydrofuran-2-
one (E)-1X, R2 = 3-(PhCH,0O)Cg¢H,). According to general
procedure VIl (R2= 3-(PhCHO)CsHy; 1.24 g, 2.24 mmol) was
reacted to giveH)-IX (R? = 3-(PhCHO)CsH4; 911 mg, 77% yield)
as a colorless oil'H NMR (400 MHz, CDC}) 6 3.09 (dd,J =
17.9, 2.8 Hz, 1 H, H-4, 3.18 (dd,J = 17.9, 2.8 Hz, 1 H, H-j,
3.68-3.73 (m, 2 H, C&1,0CH,CgHs), 3.73 (s, 3 H, CCHOCsH4-
OCHj3), 4.05 (AB ¢, 2 H,J = 9.9 Hz, 2 H, C&,0CH,OCH;),
4.58 (s, 2 H, CCHOCH,C¢Hs), 5.08 (s, 2 H, ECHC;H4OCH,-
CeHs), 6.80 (s, 4 H, CCHOCeH,OCHs), 7.01-7.11 and 7.27
7.43 (m, 14 H, &CHCsH,OCH,C¢Hs and CCHOCH,CgHs), 7.53
(brt, 1 H, G=CHCeH4OCH,CgHs); 13C NMR (100 MHz, CDC})

3-(MeO)CgHy). According to general procedure E){IX (R? =
3-(MeO)GHyg4; 460 mg, 1.0 mmol) was reacted to giviE){(X (R?
= 3-(MeO)GHyg; 232 mg, 66% yield) as a colorless oil.
(E)-5-(Hydroxymethyl)-3-[(4-methoxyphenyl)methylene]-5-
[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one (E)-X, R? =
4-(MeO)CgHy,). According to general procedure E){IX (R2 =
4-(MeO)GHg; 480 mg, 1.0 mmol) was reacted to givE){X (R?
= 4-(MeO)GHyg; 122 mg, 34% yield) as a colorless oil.
(E)-5-(Hydroxymethyl)-5-[(phenylmethoxy)methyl]-34{[2-
(phenylmethoxy)phenyllmethylend -4,5-dihydrofuran-2-one
((E)-X, R?2 = 2-(PhCH,0O)C¢H,). According to general procedure
J, B)-1X (R2= 2-(PhCHO)CsH,; 906 mg, 1.7 mmol) was reacted
to give E)-X (R? = 2-(PhCHO)C¢Hy4; 631 mg, 88% yield) as a
colorless oil.
(E)-5-(Hydroxymethyl)-5-[(phenylmethoxy)methyl]-3{ [3-

0 32.62, 55.48, 69.97, 70.45, 71.76, 73.50, 83.00, 114.47, 115.59, (phenylmethoxy)phenyllmethylené -4,5-dihydrofuran-2-one
116.09, 116.24, 122.85, 124.99, 127.22, 127.50, 127.67, 127.92,((E)-X, R% = 3-(PhCH,0)CsH,). According to general procedure
128.28, 128.51 129.76, 135.78, 136.18, 136.50, 137.36, 152.29,]J, E)-IX (R? = 3-(PhCHO)CsH4; 900 mg, 1.7 mmol) was reacted

154.17, 158.76; FAB-MSn(/z, relative intensity) 537 (MH, 23),
536 (Me™, 24), 91 (100). Anal. (€H3206-0.2H,0) C, H.
(E)-5-[(4-Methoxyphenoxy)methyl]-5-[(phenylmethoxy)methyl]-
3-{[4-(phenylmethoxy)phenyllmethylen&-4,5-dihydrofuran-2-
one (€)-1X, R2 = 4-(PhCH,0O)Cg¢H,). According to general
procedure VIl (R? = 4-(PhCHO)CsHy4; 1.25 g, 2.25 mmol) was
reacted to giveH)-1X (R? = 4-(PhCHO)CsH4; 503 mg, 41% vyield)
as a colorless oil'H NMR (400 MHz, CDC}) 6 3.14 (dd,J =
17.7, 2.8 Hz, 1 H, H-9, 3.22 (dd,J = 17.7, 2.8 Hz, 1 H, H-j,

to give E)-X (R? = 3-(PhCHO)C¢H4; 631 mg, 88% yield) as a
colorless oil.

(E)-5-(Hydroxymethyl)-5-[(phenylmethoxy)methyl]-3 [4-
(phenylmethoxy)phenyllmethylend -4,5-dihydrofuran-2-one
((E)-X, R2 = 4-(PhCH,0)CgH,). According to general procedure
J, B)-IX (R? = 4-(PhCHO)CsH,; 503 mg, 0.94 mmol) was reacted
to give B)-X (R? = 4-(PhCHO)CgHy4; 242 mg, 60% vyield) as a
colorless oil.

General Procedure for the Synthesis of XI. Procedure KA

3.70-3.77 (m, 2 H, CE&I,0CH,CgHs containingd 3.72 s, 3 H,
CCH,0OCsH,OCHj3), 4.05-4.17 (m, 2 H, CE1,0C;H,OCHg), 4.61
(s, 2 H, CCHOCH,C¢Hs), 5.12 (s, 2 H, G&CHCsH,OCH,CgHs),
6.83 (s, 4 H, CCHOCG:H4OCHs), 7.05 (d,J = 8.8 Hz, 2 H,
C=CHGCH4,OCH,CgHs), 7.28-7.50 (m, 12 H, GCHGCzH4-
OCH,C¢Hs and CCHOCH,CgHs), 7.56 (br t,J = 2.6 Hz, 1 H, chromatography gaveE}-XI .

C=CHCgH,OCH,CgHs); °C NMR (100 MHz, CDC}) 6 32.76, (Z2)-{4-[4-Methyl-3-(methylethyl)pentylidene]-5-oxo0-2-
55.60, 710.01, 70.57, 71.91, 73.63, 82.84, 114.55, 115.21 115.68,[(phenylmethoxy)methyl]-2,3-dihydrofur-2-yl} methyl 2-(Phen-
121.75, 127.37, 127.58, 127.74, 128.11, 128.36, 128.60, 131.83,ylmethoxy)benzoate (Z)-XI, R! = 2-(PhCH,O)CeHy4, R2 =
136.28, 136.34, 137.48, 152.43, 154.24 159.96, 171.52; FAB-MS CH,CH(i-Pr),). According to general procedure KZ)(X (R?2 =

solution of E)-X (1 equiv) in dichloromethane (12 mL/mmol) was
treated with EN (3 equiv), acid chloride (1.5 equiv), and a catalytic
amount of DMAP (0.1 equiv). The reaction was stirred at room
temperature and monitored by TLC, and upon completion it was
concentrated in vacuo. Purification by silica gel flash column

(m/z, relative intensity) 537 (MH, 13), 536 (M, 10), 91 (100).
Anal. (034H3206) C, H.

General Procedure for the Synthesis of X. Procedure AN
(3 equiv) was added to a stirring solution bt (1 equiv) in
acetonitrile (8 mL/mmol oiX) and water (2 mL/mmol ofX) at

0 °C. The reaction was monitored by TLC and, after being stirred

for 30 min, quenched with a saturated aqueous Naki€fution

CH,CHJ(i-Pr); 100 mg, 0.28 mmol) and 2-(PhG&)PhCOCI (103
mg, 0.42 mmol) were reacted in GEl, (4 mL) to give @)-XI (R*
= 2-(PhCHO)CsH4, R2 = CH,CH(i-Pr); 109 mg, 68% vyield) as
a colorless oil: 'H NMR (400 MHz, CDC}) ¢ 0.82, 0.83, 0.87,
and 0.88 (dJ = 6.8 Hz, 12 H, G=CHCH,CH(CH(CH3),)2), 1.05
(p, 3~ 5.5 Hz, 1 H, G=CHCH,CH(CH(CHg),)2), 1.70-1.80 (m,
2 H, C=CHCH,CH(CH(CHj3)2),), 2.51-2.60 (m, 1 H, G=CHCH,-

and warmed to room temperature. The resulting aqueous solutionCH(CH(CH),)2), 2.69-2.80 (m, 3 H, G=CHCH,CH(CH(CH)2)»

was extracted with EtOAc (3), dried over MgS@, and concen-

trated in vacuo. Purification by silica gel flash column chromatog-
raphy gave intermediab¢ as an oil which was used directly without

further purification.
(E)-5-(Hydroxymethyl)-3-[4-methyl-3-(methylethyl)pentylidene]-

5-[(phenylmethoxy)methyl]-4,5-dihydrofuran-2-one (E)-X, R?

= CH,CH(i-Pr),). According to general procedure E){IX (R?

and H-3y), 3.50 (AB g,J = 10.1 Hz, 2 H, CE&1,0CH,CgHs), 4.41
(AB g, J = 11.7 Hz, 2 H, C&1,0C(0)GH,OCH,CsHs), 4.50 (d,
J = 2.9 Hz, 2 H, CCHOCH,C¢Hs), 5.12 (s, 2 H, CCHOC(O)-
CeH4OCH,CoHs), 6.08-6.13 (m, 1 H, G=CHCH,CH(CH(CH)2)2),
6.94-6.99 (M, 2 H, CCHOC(0)GH4OCH,CqHs), 7.25-7.45 (m,
11 H, CCHOC(0)GH4OCH,CeHs and CCHOCH,CeHs), 7.77 (dd,
J=17.7,1.8 Hz, 1 H, CCHDC(O)GH,OCH,CsHs); 13C NMR (100
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MHz, CDCl) 6 19.31, 19.47, 21.58, 21.65, 26.19, 29.27, 29.36, CCH,OC(O)GH:OCH,CeHs), 4.59 (s, 2 H, CCHOCH,CsHs),
33.90, 51.13, 65.93, 70.54, 71.70, 73.58, 81.51, 113.56, 119.70,5.12 (s, 2 H, CCHOC(O)GH.OCH.CeHs), 6.19-6.23 (m, 1 H,
120.48, 122.90, 127.24, 127.56, 127.73, 127.91, 128.37, 128.58,C=CHCH,CH(CH(CH),),), 6.97 (d,J = 8.9 Hz, 2 H, CCHOC-
132.12, 133.81, 136.49, 137.57, 146.94, 158.39, 165.60, 168.77;(0)CeH4OCH,CeHs), 7.27-7.45 (m, 10 H, CCHOC(O)GH.-

FAB-MS (m/z, relative intensity) 571 (MH, 5), 91 (100). Anal.
(C36H4205‘O.5H20) C, H.
(2)-{4-[4-Methyl-3-(methylethyl)pentylidene]-5-ox0-2-
[(phenylmethoxy)methyl]-2,3-dihydrofur-2-yl} methyl 3-(Phen-
ylmethoxy)benzoate (Z)-XI, R! = 3-(PhCH,O)C¢H,4, RZ =
CH,CHJ(i-Pr),). According to general procedure KZ)(X (R? =
CH,CH(i-Pr); 110 mg, 0.31 mmol) and 3-(PhGB)PhCOCI (162
mg, 0.66 mmol) were reacted in GEl, (6 mL) to give ¢)-XI (R!
= 3-(PhCHO)CsH4, R2 = CH,CH(i-Pr); 149 mg, 84% vyield) as
a colorless oil:'H NMR (400 MHz, CDC}) ¢ 0.82 and 0.87 (t)
=6.8 Hz, 12 H, G=CHCH,CH(CH(CH3)),), 1.08 (p,J = 5.5 Hz,
1 H, C=CHCH,CH(CH(CH),),), 1.70-1.80 (m, 2 H, G=CHCH,-
2.79-2.86 (m, 2 H, G=CHCHHCH(CH(CH),), and H-3), 2.94
(dd,J = 16.6, 2.4 Hz, 1 H, H-3, 3.62 (AB q,J = 10.0 Hz, 2 H,
CCH,0OCH,C¢Hs), 4.46 (AB q,J = 11.8 Hz, 2 H, CE,0C(0O)-
CeH4sOCH,C¢Hs), 4.58 (s, 2 H, CCRHOCH,C¢Hs), 5.09 (s, 2 H,
CCH,OC(O)GH4OCH,CgHs), 6.18-6.24 (m, 1 H, G=CHCH,CH-
(CH(CH),)2), 7.18 (dd,J = 8.2, 2.6 Hz, 1 H, CCHOC(O)GH4-
OCH,CgHs), 7.27-7.46 (m, 10 H, CCHOC(O)GH,OCH,CsHs and
CCHOCH,CgHs), 7.56-7.60 (m, 2 H, CCHOC(O)GH,OCH,CsHs),
7.73-7—75 (m, 1 H, CCHOC(O)GH4OCH,C¢Hs); 3C NMR (100

OCH,C¢Hs and CCHOCH,CgHs), 7.92 (d,J = 8.9 Hz, 2 H,

CCH,OC(0O)GH4OCH,CgHs); 13C NMR (100 MHz, CDC}) ¢

19.29, 19.45, 21.55, 21.66, 26.19, 29.25, 29.34, 34.03, 51.09, 66.07,

70.08, 71.71, 73.66, 81.58, 114.51, 121.97, 122.85, 127.40, 127.64,

127.80, 128.19, 128.40, 128.64, 131.78, 132.78, 136.10, 137.37,

146.93, 162.71, 165.60, 168.74; FAB-M&/, relative intensity)

571 (MH", 6), 91 (100). Anal. (GH420s) C, H.
(E)-{5-0Ox0-2-[(phenylmethoxy)methyl]-4-(3-phenylpro-

pylidene)-2,3-dihydrofur-2-yl} methyl 4-Methyl-3-(methylethyl)-

pentanoate (E)-XI, R = CH,CH(i-Pr),, R?2 = PhCH,CHy).

According to general procedure KEX (RZ2 = PhCHCHy; 100

mg, 0.28 mmol) and 4-methyl-3-(methylethyl)pentanoy! chictide

(74 mg, 0.42 mmol) were reacted in @&, (4 mL) to give E)-XI

(R! = CH,CH(i-Pr), R2 = PhCHCH,; 108 mg, 78% vyield) as a

colorless oil: IH NMR (400 MHz, CDC}) 6 0.79 and 0.88 (d,

J = 6.64 Hz, 12 H, CCHOC(O)CHCH(CH(CH3))2), 1.55 (p,J

~ 5.70 Hz, 1 H, CCHOC(O)CHCH(CH(CH),),), 1.73 (m, 2 H,

CCH,OC(O)CHCH(CH(CHs)2)2), 2.14 (d,J = 5.6 Hz, CCHOC-

(O)CH,CH(CH(CH)p)2), 2.42-2.52 (m, 3 H, G=CHCH,CH,C¢Hs

and H-3), 2.62 (d,J = 16.6 Hz, 1 H, H-3), 2.78 (t,J ~

7 Hz, C=CHCH,CH,CsHs), 3.48 (AB q,J = 9.76 Hz, 2 H,

CCH,OCH,C¢Hs), 4.14 (AB q,J = 12.3 Hz, 2 H, CE&1,0C(0)-

MHz, CDCk) 6 19.29, 21.65, 26.23, 29.26, 29.36, 34.11, 51.12, CH,CH(CH(CHs),)2), 4.52 (s, 2 H, CCHOCH,CsHs), 6.76 (brt, 1
66.39, 70.16, 71.65, 73.69, 81.46, 115.26, 116.01, 120.50, 121.75H, C=CHCH,CH,CgHs), 7.12-7.38 (m, 10 H, &CHCH,CH,C¢Hs
122.35, 122.72, 123.15, 127.54, 127.65, 127.85, 128.08, 128.20,and CCHOCH,C¢Hs); °C NMR (100 MHz, CDC{) ¢ 18.70,
128.43, 128.66, 129.92, 130.68, 136.44, 147.16, 158.71, 165.78,21.32, 29.31, 29.35, 30.41, 32.11, 32.76, 34.17, 46.85, 65.83, 71.75,

168.71; FAB-MS (z, relative intensity) 571 (MH, 7), 91 (100).
Anal. (036H4206-O.1I-b0) C, H.
(E)-{4-[4-Methyl-3-(methylethyl)pentylidene]-5-0x0-2-
[(phenylmethoxy)methyl]-2,3-dihydrofur-2-ylI} methyl 4-(Phen-
ylmethoxy)benzoate (E)-XI, R = 4-(PhCH,O)CgH4, R? =
CH,CH(i-Pr),). According to general procedure KEX (R =
CH,CH(i-Pr); 150 mg, 0.41 mmol) and 4-(PhGE)PhCOCI (151
mg, 0.61 mmol) were reacted to givE)¢{Xl (R! = 4-(PhCHO)-

CgHa, R? = CH,CH(i-Pr); 240 mg, 100% yield) as a colorless oil:
I1H NMR (400 MHz, CDC}) ¢ 0.76, 0.79, 0.82, and 0.85 (d, 6.8

Hz, 12 H, G=CHCH,CH(CH(CHs)2)2), 1.15 (p,d = 5.6 Hz, 1 H,
C=CHCH,CH(CH(CH),)z), 1.73 (m, 2 H, GCHCH,CH-

(CH(CHg)2)2), 2.07 (M, 2 H, &=CHCH,CH(CH(CH)2)2), 2.74 (dd,
J=17.1, 25 Hz, 1 H, H-3, 2.87 (dd,J = 17.1, 2.5 Hz, 1 H,
H-3y), 3.64 (AB q,J = 10.0 Hz, 2 H, CE,0CH,CsHs), 4.44
(AB @, J = 11.8 Hz, 2 H, CE1,0C(0)GHsOCH,CeHs), 4.58 (s,
2 H, CCHOCH,CgHs), 5.10 (s, 2 H, CCHOC(O)GH4OCH,CeHs),

6.80 (tt,J = 7.3, 2.7 Hz, 1 H, &CHCH,CH(CH(CH)2)), 6.95
(d,J = 8.9 Hz, 2 H, CCHOC(O)GH4OCH,CeHs), 7.24-7.43 (m,
10 H, CCHOC(0)GH4OCH,CeHs and CCHOCH,CgHs), 7.89 (d,
J = 8.9 Hz, 2 H, CCHOC(O)GH4OCH,CeHs); 13C NMR (100

73.70, 76.71, 77.04, 77.35, 81.93, 126.29, 126.99, 127.63, 127.88,
128.45, 128.51, 137.35, 139.62, 140.49, 169.54, 174.24; FAB-MS
(m/z, relative intensity) 493 (MH, 27), 91 (100). Anal. (gH400s)
C, H.
(E)-{4-[(2-Methoxyphenyl)methylene]-5-o0x0-2-[(phen-
ylmethoxy)methyl]-2,3-dihydrofur-2-yl} methyl  4-Methyl-3-
(methylethyl)pentanoate (E)-XI, Rt = CH,CH(i-Pr),, R? =
2-(MeO)CgH,). According to general procedure KEXX (R? =
2-(MeO)GHy; 560 mg, 1.6 mmol) and 4-methyl-3-(methylethyl)-
pentanoyl chlorid® (424 mg, 2.4 mmol) were reacted to give
(E)-XI (R = CH,CH(i-Pr), R? = 2-(MeO)GHya; 790 mg, 100%
yield) as a colorless oil:!H NMR (400 MHz, CDC}) ¢ 0.73,
0.76, 0.83, 0.85 (dJ = 6.8 Hz, 12 H, CCHOC(O)CHCH-
(CH(CH3)2)2), 1.53 (p,J = 5.8 Hz, 1 H, CCHOC(O)CHCH-
(CH(CHg),)2), 1.68 (septet) = 6.8 Hz, 2 H, CCHOC(O)CHCH-
(CH(CH3)2)2), 2.14 (d,J = 5.8 Hz, 2 H, CCHOC(O)H.CH-
(CH(CHg),)2), 2.99 (dd,J = 17.6, 2.9 Hz, 1 H, H-3, 3.15 (dd,
J=17.6, 29 Hz, 1 H, H-, 3.61 (AB q,J = 10.9 Hz, 2 H,
CCH,OCH,CgHs), 3.87 (s, 1 H, GCHC;H,OCH3), 4.27 (AB q,J
= 11.9 Hz, 2 H, CE,0C(O)CHCH(CH(CHy),)2), 4.57 (s, 2 H,
CCH,OCH,C¢Hs), 6.94 (d,J = 8.3 Hz, 1 H, G=CHC¢H4OCH),

MHz, CDCk) 6 19.21, 19.26, 21.38, 21.52, 28.54, 29.02, 29.07, 6.99 (t,J = 2.9 Hz, 1 H, G=CHCsH,OCHg), 7.26-7.40 (m, 7 H,
30.72, 50.14, 66.24, 70.16, 71.80, 73.65, 82.24, 114.48, 121.81,CCH,OCH,CgHs and C=CHC¢H,OCH;), 8.01 (t,J = 2.9 Hz, 1
125.04, 127.35, 127.60, 127.79, 128.13, 128.37, 128.59, 131.73,H, C=CHCsH,OCHs); °C NMR (100 MHz, CDC{) ¢ 18.58,

136.05, 137.26, 143.07, 162.69, 165.53, 169.87; FAB-Mt,(
relative intensity) 571 (MK, 11), 91 (100). Anal. (gH420s)
C, H.
(2)-{4-[4-Methyl-3-(methylethyl)pentylidene]-5-o0x0-2-
[(phenylmethoxy)methyl]-2,3-dihydrofur-2-ylI} methyl 4-(Phen-
ylmethoxy)benzoate (Z)-XI, R? = 4-(PhCH,O)CeH,4, R? =
CH,CHJ(i-Pr),). According to general procedure KZ)(X (R? =
CH,CHY(i-Pr); 160 mg, 0.44 mmol) and 4-(PhGB)PhCOCI (162
mg, 0.66 mmol) were reacted in GEl, (6 mL) to give @)-XI (R!
= 4-(PhCHO)CsHy4, R?2 = CH,CH(i-Pr); 152 mg, 61% vyield) as
a colorless oil: 'H NMR (400 MHz, CDC}) 6 0.83, 0.84, 0.88,
and 0.89 (dJ = 6.8 Hz, 12 H, G=CHCH,CH(CH(CH3),),), 1.09
(p, 3 = 5.5 Hz, 1 H, G=CHCH,CH(CH(CH),)2), 1.74 (m, 2 H,
C=CHCH,CH(CH(CHa))2), 2.54-2.64 (m, 1 H, G=CHCHHCH-
(CH(CHy)2)2), 2.74-2.84 (m, 2 H, G=CHCHHCH(CH(CH),), and
H-3,), 2.92 (dd,J = 16.2, 2.5 Hz, 1 H, H-3, 3.62 (AB q,J =
10.0 Hz, 2 H, CE1,0CH,C¢Hs), 4.44 (AB q,J = 11.8 Hz, 2 H,

21.21,29.21, 32.68, 32.90, 34.03, 46.71, 55.36, 65.90, 71.73, 73.62,
82.08, 110.89, 120.28, 123.42, 123.61, 127.57, 127.77, 128.34,
128.89, 131.32, 131.37, 137.22, 158.36, 170.38, 171.11, 174.23;
FAB-MS (m/z, relative intensity) 495 (MH, 34), 91 (100). Anal.
(CsoH3806) C, H.
(E)-{4-[(3-Methoxyphenyl)methylene]-5-oxo-2-[(phen-
ylmethoxy)methyl]-2,3-dihydrofur-2-yl} methyl  4-Methyl-3-
(methylethyl)pentanoate (E)-XI, Rt = CH,CH(i-Pr),, R? =
3-(MeO)CsH,). According to general procedure KEXX (R? =
3-(MeO)GHy; 232 mg, 0.66 mmol) and 4-methyl-3-(methylethyl)-
pentanoyl chlorid® (174 mg, 0.99 mmol) were reacted to give
(E)-XI (R* = CH,CH(i-Pr),, R2 = 3-(MeO)GHg; 230 mg, 70%
yield) as a colorless oil*H NMR (400 MHz, CDC}) 6 0.73, 0.76,
0.82, 0.83 (dJ = 6.8 Hz, 12 H, CCHOC(O)CHCH(CH(CH3)2)2),
1.48-1.55 (m, 1 H, CCHOC(O)CHCH(CH(CHs),),), 1.68 (septet,
J = 6.3 Hz, 2 H, CCHOC(O)CHCH(CH(CHzy),)2), 2.14 (d,
J=5.8 Hz, 2 H, CCHOC(O)H,CH(CH(CHs),),), 3.01 (dd,J =
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17.6, 2.9 Hz, 1 H, H-3, 3.16 (dd,J = 17.6, 2.9 Hz, 1 H, H-3,
3.58 (AB q,J = 10.2 Hz, 2 H, C&,OCH,CsHs), 3.83 (s, 1 H,
C=CHGsH4OCH3), 4.24 (AB q,J = 12.1 Hz, 2 H, C&,0C(O)-
CH,CH(CH(CH)2)2), 4.57 (S, 2 H, CCHOCH,CgHs), 6.96 (dd,J
=8.1, 2.4 Hz, 1 H, ECHCsH,OCHs), 6.99 (brt, 1 H, &=CHCeH-
OCHy), 7.07 (br d,J = 7.8 Hz, 1 H, G=CHCgH4OCHs), 7.26—
7.38 (M, 6 H, CCHOCH,CgHs and G=CHCgH,OCHy), 7.49 (t,J
= 2.8 Hz, 1 H, G=CHCGH,OCHy); 13C NMR (100 MHz, CDC})
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1.53 (p,J = 5.8 Hz, 1 H, CCHOC(O)CHCH(CH(CHy),),), 1.62—
1.74 (M, 2 H, CCHOC(O)CH,CH(CH(CHa)2)), 2.15 (d,J = 5.7
Hz, 2 H, CCHOC(O)H,CH(CH(CH),)), 2.93 (dd,J = 17.8,
2.8 Hz, 1 H, H-3), 3.10 (dd,J = 17.8, 2.9 Hz, 1 H, H-3, 3.60
(AB q, J = 10.0 Hz, 2 H, C&1,0CH,CgHs), 4.26 (s, 2 H, CEl,-
OC(O)CHCH(CH(CH)2)), 4.58 (s, 2 H, CCHOCH,CeHs), 5.11
(s, 2 H, G=CHCH4OCH;CeHs), 7.04-7.09 (m, 3 H, G=CHC4H.-
OCH,CeHs), 7.28-7.44 (m, 11 H, G=CHCsH,OCH,CeHs and

0 21.15, 21.27, 29.32, 32.74, 46.82, 55.28, 65.90, 71.74, 73.71, CCH,OCH,CgHs), 7.51 (t, J = 2.8 Hz, 1 H, GC=CHCgH4
82.31, 115.27, 115.62, 122.40, 124.66, 127.48, 127.83, 128.43,0CH,CsHs); 13C NMR (100 MHz, CDC}) 6 18.56, 21.17, 21.20,
135.74, 136.39, 136.70, 137.20, 159.77, 170.89, 174.23; FAB-MS 21.26, 29.24, 32.72, 46.78, 65.87, 70.08, 71.69, 73.67, 82.29,

(m/z, relative intensity) 495 (MH, 34), 91 (100). Anal. (gH3zs0s)
C, H.
(E)-{4-[(4-Methoxyphenyl)methylene]-5-0xo0-2-[(phen-
ylmethoxy)methyl]-2,3-dihydrofur-2-yl} methyl  4-Methyl-3-
(methylethyl)pentanoate (E)-XI, R! = CH,CH(i-Pr),, R? =
4-(MeO)CgHy). According to general procedure KEX (R2 =

4-(MeO)GHy; 122 mg, 0.34 mmol) and 4-methyl-3-(methylethyl)-

pentanoyl chlorid® (90 mg, 0.51 mmol) were reacted to givE){
XI (Rt = CH,CH(i-Pr),, R2 = 4-(MeO)GHg4; 110 mg, 64% yield)
as a colorless oil:'H NMR (400 MHz, CDC}) 6 0.72 and 0.76
(d,J=6.7 Hz, 6 H, CCHOC(O)CHCH(CH(CH3),),), 0.81—-0.85
(m, 6 H, CCHOC(O)CHCH(CH(CHs)2)2), 1.52 (p,J = 5.8 Hz, 1
H, CCH,OC(O)CHCH(CH(CH),)2), 1.68 (irregular septet, 2 H,
CCH,OC(O)CHCH(CH(CHs))2), 2.14 (d,J= 5.8 Hz, 2 H, CCH-
OC(O)H,CH(CH(CH)),), 3.00 (ddJ=17.5,2.8 Hz, 1 H, H-3,
3.16 (dd,J = 17.5, 2.8 Hz, 1 H, H-3, 3.62 (AB q,J = 10.0 Hz,
2 H, CCH,OCH,C¢Hs), 3.85 (s, 3 H, &CHCsH40OCH3), 4.28 (AB
g,J=12.0 Hz, 2 H, CE&,0C(O)CHCH(CH(CH),)2), 4.57 (s, 2
H, CCHOCH,C¢Hs), 6.96 (d,J~ 12 Hz, 2 H, G=CHCsH4OCHg),
7.25-7.35 (m, 5 H, CCHOCH,C¢Hs), 7.45 (d,J ~ 12 Hz, 2 H,
C=CHGCH,OCHg), 7.51 (t, 1 H,J = 2.7 Hz, C=CHCH,OCHg);

13C NMR (100 MHz, CDC}) 6 18.66, 21.27, 29.29, 32.78, 46.84,

116.18, 116.42, 122.90,124.68, 127.25, 127.65, 127.87, 128.03,
128.41 128.61, 129.86, 135.72, 136.40, 136.53, 137.18, 158.86,
170.87, 174.20, 180.30; FAB-MSm(z, relative intensity) 571
(MH*, 9), 91 (100). Anal. (GH4206-0.3H,0) C, H.
(E)-(5-Ox0-2-[(phenylmethoxy)methyl]-4{ [4-(phenylmeth-
oxy)phenyllmethyleng -2,3-dihydrofur-2-yl)methyl 4-Methyl-3-
(methylethyl)pentanoate (E)-XI, R = CH,CH(i-Pr),, R? =
4-(PhCH,0)CgH4). According to general procedure KEX (R?
= 4-(PhCHO)CsH; 242 mg, 0.56 mmol) and 4-methyl-3-(meth-
ylethyl)pentanoyl chloric® (148 mg, 0.84 mmol) were reacted to
give (E)-XI (Rt = CH,CH(i-Pr), R? = 4-(PhCHO)C¢Hg4; 213 mg,
66% yield) as a colorless oifH NMR (400 MHz, CDC}) 6 0.74
and 0.77 (dJ = 6.8 Hz, 6 H, CCHOC(O)CHCH(CH(CH3)2)2),
0.83 (d,J = 6.0 Hz, 6 H, CCHOC(O)CHCH(CH(CH3)2),), 1.54
(p, J = 5.8 Hz, 1 H, CCHOC(O)CHCH(CH(CH;)2)), 1.69
(irregular septet, 2 H, CC#C(O)CHCH(CH(CHj3),)2), 2.15 (d,
J=15.8 Hz, 2 H, CCHOC(O)H,CH(CH(CHp),)2), 3.01 (ddJ =
17.6, 2.7 Hz, 2 H, H-3, 3.16 (dd,J = 17.6, 2.8 Hz, 2 H, H-3,
3.62 (AB g,J = 9.9 Hz, 2 H, C&,0CH,C¢Hs), 4.29 (AB q,
J = 11.9 Hz, 2 H, CE,O0C(O)CHCH(CH(CHs),),), 4.58 (s,
2 H, C=CHCsH,OCH,CgHs), 5.11 (s, 2 H, CCHDCH,C¢Hs), 7.03
(d, J = 8.8 Hz, 2 H, G=CHGH,OCH,C¢Hs), 7.27-7.45 (m,

55.45, 66.00, 71.86, 73.76, 82.07, 114.38, 121.29, 127.27, 127.76,12 H, C=CHCsH4sOCH,C¢Hs and CCHOCH,C¢Hs), 7.52 (t,
128.45, 031.92, 136.46, 136.59, 137.28, 160.94, 171.35, 174.33;J = 2.6 Hz, 1 H, G=CHCsH,OCH,CsHs); 13C NMR (100 MHz,

FAB-MS (m/z, relative intensity) 495 (MH, 21), 91 (100). Anal.
(030H3806'0.2H20) C, H.
(E)-(5-Ox0-2-[(phenylmethoxy)methyl]-4{ [2-(phenylmeth-
oxy)phenyllmethyleng -2,3-dihydrofur-2-yl)methyl 4-Methyl-3-
(methylethyl)pentanoate (E)-XI, R! = CH,CH(i-Pr),, R2 =
2-(PhCH,0)C¢HJ). According to general procedure KEXX (R?

= 2-(PhCHO)C¢H4; 496 mg, 1.1 mmol) and 4-methyl-3-(meth-
ylethyl)pentanoyl chloric® (240 mg, 1.3 mmol) were reacted to

give (BE)-XI (R* = CH,CH(i-Pr), R? = 2-(PhCHO)Ph; 439 mg,
70% vyield) as a colorless oitH NMR (400 MHz, CDC}) 6 0.71
and 0.73 (dJ = 6.8 Hz, 6 H, CCHOC(O)CHCH(CH(CHs),)-),
0.81 (t,J = 6.8 Hz, 6 H, CCHOC(O)CHCH(CH(CH3),)2), 1.55
(p,J=5.8 Hz, 1 H, CCHOC(O)CHCH(CH(CHy).)-), 1.61-1.74
(m, 2 H, CCHOC(O)CHCH(CH(CHs)2)2), 2.16 (d,J = 5.7 Hz, 2
H, CCH,OC(O)H,CH(CH(CHp),)2), 3.00 (dd,J = 17.7, 2.9 Hz,
1 H, H-3), 3.15 (dd,J = 17.7, 3.0 Hz, 2 H, H-g, 3.60 (AB q,J
= 10.0 Hz, 2 H, CE&I,0CH,CgHs), 4.27 (s, 2 H, CE,0C(O)-
CH,CH(CH(CHs)2)2), 4.57 (s, 2 H, CCHOCH,CeHs), 5.15 (s, 2
H, C=CHGC;H;,OCH,C¢Hs), 6.98-7.03 (m, 2 H, G=CHCsHy4-
OCH,C¢Hs), 7.26-7.45 (m, 12 H, E&CHCH,OCH,C¢Hs and
CCH,OCH,C¢Hs), 8.09 (t, J = 2.8 Hz, 1 H, G=CHCgHs-
OCH,CgHs); 13C NMR (100 MHz, CDC}) ¢ 18.62, 21.15, 21.17,

CDClg) 6 18.55, 18.63, 21.16, 21.19, 29.23, 29.31, 32.72, 32.86,
46.76, 65.94, 70.00, 71.79, 73.67, 82.04, 115.24, 121.41, 127.34,
127.42, 127.63, 127.83, 128.10, 128.39, 128.59, 131.81, 136.23,
136.37, 137.22, 160.01, 171.28, 174.25; FAB-M¥Z rela-
tive intensity) 571 (MH, 9), 91 (100). Anal. (GsH42060.3HOg)

General Procedure for the Synthesis of XIl. Procedure L.
Boron trichloride (3 equiv) was added slowly to a stirring solution
of XI (1 equiv) in dichloromethane (20 mL/mmol &) at —78
°C. The reaction was monitored by TLC, and upon completion,
the reaction mixture was slowly quenched with a saturated aqueous
NaHCG; solution, diluted with dichloromethane (20 mL/mmol of
XI), and warmed to room temperature. The layers were separated,
and the aqueous layer was further extracted with dichloromethane
(2x). The combined organics were dried over MgSénd
concentrated in vacuo. Purification by silica gel flash column
chromatography gavill .

(2)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-ylf methyl 2-Hydroxybenzoate
((2)-11, @)-XIl, R = 2-(OH)CgH4, R?2 = CH,CH(i-Pr),). Ac-
cording to general procedure LZ)¢XI (Rt = 2-(PhCHO)CgHa,

R? = CH,CH(i-Pr); 109 mg, 0.40 mmol) was reacted to give

29.23, 32.71, 33.05, 46.75, 65.88, 70.32, 71.75, 73.65, 81.98,(2)-11 ((2)-XIl , Rl = 2-(HO)CsHa, R2 = CH,CH(i-Pr); 32 mg,
112.60, 120.64, 123.92, 127.06, 127.59, 127.79, 127.94, 128.36,43% yield) as a white solid: mp 6C; *H NMR (400 MHz, CDC})
128.57, 129.16, 131.22, 131.42, 136.31, 137.25, 157.46, 170.93, 0.85, 0.86, 0.89, and 0.90 (d= 6.8 Hz, 12 H, G=CHCH,CH-

174.24; FAB-MS (z, relative intensity) 571 (MH, 4), 91 (100).
Anal. (C35H4206‘0.8H20) C, H.
(E)-(5-Ox0-2-[(phenylmethoxy)methyl]-4{ [3-(phenylmeth-
oxy)phenyllmethyleng -2,3-dihydrofur-2-yl)methyl 4-methyl-3-
(methylethyl)pentanoate (E)-XI, R! = CH,CH(i-Pr),, R2 =
3-(PhCH,0)C¢HJ,). According to general procedure KEXX (R?

= 4-(PhCHO)CsH4; 359 mg, 0.83 mmol) and 4-methyl-3-(meth-
ylethyl)pentanoyl chloric® (219 mg, 1.2 mmol) were reacted to

give (E)-XI (R* = CH,CH(i-Pr), R? = 3-(PhCHO)Ph; 366 mg,
77% yield) as a colorless oifH NMR (400 MHz, CDC}) 6 0.74,
0.77,0.83 (dJ = 6.8 Hz, 12 H, CCHOC(O)CHCH(CH(CH3)2)2),

(CH(CHa)2)2), 1.10 (p,J = 5.6 Hz, 1 H, G=CHCH,CH(CH-
(CHa),)2), 1.77 irregular septet, 2 H,=€CHCH,CH(CH(CHy),),),
225 (t,J = 6.1 Hz, 1 H, CCHOH), 2.59-2.67 (m, 1 H,
C=CHCHHCH(CH(CH),),), 2.74-2.85 (m, 2 H, H-3 and
C=CHCHHCH(CH(CH;),),), 2.95 (dddJ = 16.6, 5.0, 2.5 Hz, 1
H, H-3,), 3.72 (br ddJ = 12.1, 5.8 Hz, 1 H, CEIHOH), 3.80 (br
dd,J=12.1, 5.8 Hz, 1 H, CCHOH), 4.49 (AB m, 2 H, CCi,-
OC(O)GH4OH), 6.29 (tt,J = 7.4, 2.2 Hz, 1 H, &CHCH,CH-
(CH(CHg)y),), 6.85-6.89 (m, 1 H, CCHOC(O)GH4OH), 6.98 (dd,
J=18.7,< 1 Hz, 1 H, CCHOC(O)GH4OH), 7.45-7.49 (m, 1 H,
CCH,OC(0)GH4OH), 7.74 (ddJ = 8.0, 1.7 Hz, 1 H, CCHOC-
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(0)CsH4OH); 13C NMR (100 MHz, CDC}) 6 19.33, 19.46, 21.57,

21.65, 26.36, 29.29, 29.37, 33.25, 51.13, 64.83, 65.98, 82.18,dihydrofur-2-ylimethyl
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(E)-[2-(Hydroxymethyl)-5-ox0-4-(3-phenylpropylidene)-2,3-
4-Methyl-3-(methylethyl)pentanoate

111.62, 117.74, 119.38, 122.38,129.87, 136.27, 148.18, 161.79((E)-16, E)-XIl, R1 = CH,CH(i-Pr),, R?2 = PhCH,CH,). Ac-

168.59,169.62; FAB-MSnWz, relative intensity) 391 (MH, 30),
121 (100). Anal. (GH300g) C, H.

(2)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-ylf methyl 3-Hydroxybenzoate
(@)-12, @)-XlIl, R* = 3-(OH)C¢H4, R? = CH,CH(i-Pr)y).
According to general procedure 1Z)(XI (Rt = 3-(PhCHO)CgHa,

R2 = CH,CH(i-Pr); 140 mg, 0.25 mmol) was reacted to give

(2)-12 ((2)-XIl , Rt = 3-(OH)CsH4, R2 = CH,CH(i-Pr); 40 mg,
40% yield) as a colorless oiH NMR (400 MHz, CDC}) 6 0.81
and 0.83 (dJ = 6.8 Hz, 6 H, G=CHCH,CH(CH(CHs),)»), 0.87 (t,
J = 6.8 Hz, 6 H, G=CHCH,CH(CH(CHa3)2)2), 1.10 (p,J = 5.5
Hz, 1 H, CCCHCH,CH(CH(CHs),)2), 1.75 (m, 2 H, GCHCH,-

CH(CH(CHs)2)2), 2.59-2.65 (m, 1 H, GCHCHHCH(CH(CH),)2),

2.70-2.82 (m, 2 H, GCHCHHCH(CH(CHs),), and H-3), 2.96
(dm,J = 16.4 Hz, 1 H, H-), 3.09 (br s 1 H CCHOH), 3.75 (br
dd,J=12.1, 4.3 Hz, 1 H, CEHOH), 3.82 (br ddJ = 12.1, 4.3
Hz, 1 H, CCHHOH), 4.45 (AB q,J = 11.9 Hz, 2 H, CE&,0C-
(O)CsH4OH), 6.27 (irregular tt, 1 H, ECHCH,CH(CH(CH),)2),

6.69 (s, 1 H, CCHOC(O)GH4OH), 7.09 (ddd, 1 HJ = 8.1, 2.5,
0.9 Hz, CCHOC(O)GH4OH), 7.29 (dd,J = 8.4, 7.4 Hz, 1 H,
CCH,OC(0)GH4OH), 7.49-7.54 (m, 2 H, CCHOC(O)GH4OH);

13C NMR (100 MHz, CDC}) ¢ 19.27, 19.44, 21.53, 21.62, 26.38,

cording to general procedure LE)}-XI (R* = CH,CH(i-Pr), R? =
PhCHCH,; 104 mg, 0.22 mmol) was reacted to givE){l4
((E)-XIl , Rt = CH,CH(i-Pr),, R2 = PhCHCH;,; 61 mg, 68% yield)

as a colorless oil'H NMR (400 MHz, CDC}) ¢ 0.80 and 0.89
(d,J=16.64 Hz, 12 H, CCHOC(O)CHCH(CH(CH3),)2), 1.57 (p,

J =5.80 Hz, 1 H, CCHOC(O)CHCH(CH(CH;s),)2), 1.73 (m, 2

H, CCH,OC(O)CHCH(CH(CHjy),)2), 2.18 (d,J = 5.8 Hz, CCH-
OC(O)H,CH(CH(CH)2)2), 2.42-2.53 (m, 3 H, G=CHCH,-
CH,C¢Hs and H-3), 2.61 (dmJ ~ 16 Hz, 1 H, H-3), 2.80 (t,J =

7.4 Hz, G=CHCH,CH,CsHs), 3.58 (AB q,J = 12.3 Hz, 2 H, CCEi,-

OH), 4.13 (AB q,J = 11.9 Hz, 2 H, C&,0C(O)CHCH(CH-
(CHa)2)2), 6.74 (m, 1 H, GGCHCH,CH,C¢Hs), 7.14-7.32 (m, 5

H, C=CHCH,CH,CsHs); 3C NMR (100 MHz, CDC}) 6 18.64,
18.69, 21.28, 21.30, 29.29, 29.34, 29.63, 32.13, 32.73, 34.12, 46.85,
64.10, 65.28, 83.06, 126.29, 126.92, 128.40, 128.50, 140.19, 140.48,
169.70, 174.62; FAB-MSn(i/z, relative intensity) 403 (MH, 100).
Anal. (024H34O5) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[(2-methoxyphenyl)methylene]-5-
ox0-2,3-dihydrofur-2-yl} methyl 4-Methyl-3-(methylethyl)pen-
tanoate (€)-17, E)-Xll, R = CH,CHJ(i-Pr),, R? = 2-(MeO)-
CeH4). According to general procedure LEYXI (R* = CH,CH-
(i-Pr), R? = 2-(MeO)GHg4; 790 mg, 1.6 mmol) was reacted to

29.24, 29.35, 33.32, 51.09, 64.60, 65.98, 82.98, 116.32, 120.92,give (E)-17 ((E)-XIl , Rt = CH,CH(i-Pr), R? = 2-(MeO)GHa; 474
121.87, 122.53, 129.78, 130.30, 148.42, 156.12, 166.23, 169.58;mg, 75% yield) as a colorless oitH NMR (400 MHz, CDC}) o

FAB-MS (n/z, relative intensity) 391 (MH, 63), 121 (100). Anal.
(Ca2H3006) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-0x0-2,3-dihydrofur-2-ylt methyl 4-Hydroxybenzoate
((E)-13, ®)-XIl, Rt = 4-(OH)C¢H,4, R2 = CH,CH(i-Pr),).
According to general procedure LE}XI (R = 4-(PhCHO)CeHy,

R? = CH,CH(i-Pr); 230 mg, 0.40 mmol) was reacted to give

(E)-13 ((E)-XIl , Rt = 4-(HO)GsH4, R2 = CH,CH(i-Pr); 93 mg,
60% vyield) as a white solid: mp 137118 °C; 'H NMR (400
MHz, CDCk) 6 0.78, 0.81, 0.84, and 0.87 (d,= 6.8 Hz, 12
H, C=CHCH,CH(CH(CH3),)), 1.16 (p,J = 5.6 Hz, 1 H,
C=CHCH,CH(CH(CHs)2)2), 1.73 (m, 2 H, G=CHCH,CH-
(CH(CHga),)2), 2.05-2.15 (m, 2 H, G=CHCH,CH(CH(CH),)2),
2.76 (dd,J =17.3, 2.4 Hz, 1 H, H-3, 2.92 (dd,J = 17.3, 2.4 Hz,
1 H, H-3), 3.07 (br s, 1 H, CCLDH), 3.79 (AB q,J = 12.2 Hz,
2 H, CCH,0H), 4.45 (AB q,J = 12.0 Hz, 2 H, CE&1,0C(O)GH4-
OH), 6.81-6.87 (m, 3 H, CCHOC(O)GH4OH and G=CHCH,-
CH(CH(CHg),)2), 7.50 (br s, 1 H, CCLHDC(O)GH4OH), 7.80 (d,
J = 8.8 Hz, 2 H, CCHOC(O)GH4OH); 3C NMR (100 MHz,

0.74,0.77, 0.84, and 0.85 (@= 6.8 Hz, 12 H, CCHOC(O)CH-
CH(CH(CH3)2)2), 1.54 (p,J ~ 5.7 Hz, 1 H, CCHOC(O)-
CH,CH(CH(CH)2)2), 1.69 (septet) ~ 6.5 Hz, 2 H, CCHOC(O)-
CH,CH(CH(CHs3)2)2), 2.17 (ddJ = 5.8, 1.3 Hz, 2 H, CCLDC(O)-
CH,CH(CH(CH),)2), 2.34 (br s,1 H, CCEDH), 2.97 (ddJ = 17.6,
2.8 Hz, 1 H, H-3), 3.12 (ddJ=17.6, 3.0 Hz, 1 H, H-3, 3.70 (br
dd,J=12.9, 4.7 Hz, 1 H, CEHOH), 3.78 (br ddJ = 12.9, 4.7
Hz, 1 H, CCHHOH), 3.87 (s, 1 H, &CHCsH,OCHj3), 4.26 (AB
d,J =119 Hz, 2 H, CEi,0C(O)CHCH(CH(CH)2),), 6.93 (d,J
= 8.3 Hz, 1 H, G=CHGC;H,OCHg), 6.99 (t,J = 7.9 Hz, 1 H,
C=CHGCH,OCHg), 7.35-7.43 (m, 2 H, G=CHC;H,OCHg), 8.02
(t, J = 2.9 Hz, 1 H, G=CHCH,OCHg); °C NMR (100 MHz,
CDCly) 6 18.65, 21.22, 29.32 32.29, 32.78, 46.83, 55.50, 64.81,
65.48, 83.14, 111.01, 120.39, 123.43, 123.45, 129.02, 131.56,
132.10, 158.50, 171.21, 174.74; FAB-M&/¢, relative intensity)
405 (MH*, 100), 57 (23). Anal. (gH3g0s) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[(3-methoxyphenyl)methylene]-5-
ox0-2,3-dihydrofur-2-yl} methyl 4-Methyl-3-(methylethyl)pen-
tanoate (€)-18, E)-Xll, Rt = CH,CHJ(i-Pr),, R? = 3-(MeO)-

CDCl) 6 19.27, 21.42, 21.60, 28.76, 29.08, 29.18, 30.08, 50.25, C¢H,). According to general procedure LE)18 ((E)-XIl R =
64.57, 65.76, 84.05, 115.45, 120.75, 124.82, 132.05, 144.81, 161.15CH,CH(i-Pr),, R? = 3-(MeO)GHg4; 222 mg, 0.45 mmol) was

166.22, 171.05; FAB-MSn(/z, relative intensity) 391 (MH, 60),
121 (100). Anal. (GH3006-0.5H,0) C, H.
(2)-{2-(Hydroxymethyl)-4-[4-methyl-3-(methylethyl)pentyl-
idene]-5-oxo-2,3-dihydrofur-2-y} methyl 4-Hydroxybenzoate
((Z)-13, (Z)-X”, Rl = 4-(OH)C6H4, R? = CHzCH(i-PI’)z).
According to general procedure 1Z)¢XI (Rt = 4-(PhCHO)CgHa,

R? = CH,CH(i-Pr); 148 mg, 0.26 mmol) was reacted to give

(2-13 ((2-XIl, Rt = 4-(HO)GeH4, RZ2 = CH,CHJ(i-Pr); 60 mg,
58% yield) as a colorless oitH NMR (400 MHz, CDC}) 6 0.84,
0.85, 0.88, and 0.89 (dl = 6.8 Hz, 12 H, G=CHCH,CH(CH-
(CHs)2)2), 1.10 (p,d = 5.5 Hz, 1 H, G=CHCH,CH(CH(CHs)2),),
1.76 (m, 2 H, GGCHCH,CH(CH(CHz),)2), 2.59-2.68 (m, 1 H,
H-3,), 2.72-2.82 (m, 2 H, H-3 and C=CHCHHCH(CH(CH;)2)2),
2.97 (dddJ = 16.6, 4.8, 2.4 Hz, 1 H, €CHCHHCH(CH(CH,),).),
3.74 (AB q,J = 12.2 Hz, 2 H, CE&{,0H), 4.43 (AB ¢,J = 12.0
Hz, 2 H, CAH,OC(O)GH,OH), 6.30 (it,J = 7.5, 2.2 Hz, 1 H,
C=CHCH,CH(CH(CH))2), 6.84 (m, 2 H, CCHOC(O)GH4OH),
7.01 (br s, 1 H, CCLOC(O)GH4OH), 7.84 (m, 2 H, CCHOC-
(O)CsH4OH); 3C NMR (100 MHz, CDC}) ¢ 19.32, 19.43, 21.56,

reacted to givel)-Xll ((E)-18, Rt = CH,CH(i-Pr), R? = 3-(MeO)-
CsHg; 140 mg, 77% yield) as a colorless ofiH NMR (400 MHz,
CDCly) 6 0.72, 0.75, (dJ = 6.8 Hz, 6 H, CCHOC(O)CH.CH-
(CH(CH3)2),), 0.81, 0.83 (s, 6 H, CCH¥DC(O)CHCH(CH(CH53),)2),
1.51 (p,J = 5.7 Hz, 1 H, CCHOC(O)CHCH(CH(CH),),), 1.67
(septetd ~ 6.5 Hz, 2 H, CCHOC(O)CHCH(CH(CHa),)2), 2.15
(d,J=5.7 Hz, 2 H, CCHOC(O)CH,CH(CH(CH),),), 2.80 (s, 1
H, CCH,0H), 3.03 (dd,J = 17.7, 2.6 Hz, 1 H, H-3, 3.23 (dd,J
=17.7, 2.6 Hz, 1 H, H-3, 3.72 (br t, 2 H, CEi,0H), 3.82 (s, 1
H, C=CHGCH,OCHj3), 4.25 (AB g,J = 12.0 Hz, 2 H, CE&i,0C-
(O)CH,CH(CH(CH)2)2), 6.94 (dd,J = 8.2, 1.9 Hz, 1 H,
C=CHGCH,OCHg), 6.99 (s, 1 H, &CHCH,OCH), 7.07 (d,J =
6.8 Hz, 1 H, GC=CHCH,OCH;), 7.34 (t,J = 7.9 Hz, 1 H,
C=CHGCH,OCH), 7.53 (br t, 1 H, GCHCgH;OCHg); 13C NMR
(100 MHz, CDC}) 6 18.63, 21.20, 29.27, 32.12, 32.74, 46.84,
55.30, 64.69, 65.50, 83.54, 115.48, 115.59, 122.49, 124.53, 129.87,
135.60, 137.03, 159.76, 171.20, 174.61; FAB-MBZ( relative
intensity) 405 (MH, 100), 57 (76). Anal. (gH3s0s) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[(4-methoxyphenyl)methylene]-5-

21.62, 26.42, 29.27, 29.33, 33.32, 51.09, 64.40, 65.50, 83.06, 0x0-2,3-dihydrofur-2-yl} methyl 4-Methyl-3-(methylethyl)pen-
115.44, 120.92, 122.48, 132.09, 148.61, 161.02, 166.28, 169.66;tanoate ([E)-19, E)-XIl, R = CH,CH(i-Pr),, R2 = 4-(MeO)-

FAB-MS (m/z, relative intensity) 391 (MH, 53), 121 (100). Anal.
(Ca2H3006) C, H.

CeH4). According to general procedure LE¥XI (R* = CH,CH-
(i-Pr), R? = 4-(MeO)GH,4; 100 mg, 0.2 mmol) was reacted to
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give (E)-19 ((E)-XII , Rt = CH,CH(i-Pr), R? = 4-(MeO)GH; 50
mg, 60%) as a white powder: mp-989°C; *H NMR (400 MHz,
CDCl;) 6 0.75, 0.77, 0.84, 0.85 (d, = 6.8 Hz, 12 H, CCHOC-
(O)CH,CH(CH(CH3)2)2), 1.55 (p,J = 5.8 Hz, 1 H, CCHOC(O)-
CH,CH(CH(CHs),),), 1.70 (septJ ~ 6.6 Hz, 2 H, CCHOC(O)-
CH,CH(CH(CHs),)2), 2.18 (d,J = 5.8 Hz, 2 H, CCHOC(O)(H,CH-
(CH(CHg),)2), 2.21 (t,J = 6.9 Hz, 1 H, CCHOH), 3.01 (dd,J =
17.5, 2.8 Hz, 1 H, H-3, 3.18 (dd,J = 17.5, 2.8 Hz, 1 H, H-3,
3.72 (dd,J = 12.1, 6.8 Hz, 2 H, CEIHOH), 3.78 (dd,J = 12.1,
6.8 Hz, 2 H, CCHHOH), 3.86 (s, 1 H, &CHGCsH4OCHs3), 4.27
(AB g,J=11.9 Hz, 2 H, CE&,0C(O)CHCH(CH(CH;),),), 6.94—
6.98 (m, 2 H, G=CHCgH,OCHg), 7.44-7.48 (m, 2 H, G=CHCgH,-
OCHg), 7.53 (t,J = 2.8 Hz, 1 H, G=CHCsH,OCHg); 13C NMR

(100 MHz, CDC}) 6 18.68, 21.26, 29.33, 32.26, 32.79, 46.87,
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(p, 3 = 5.8 Hz, 1 H, CCHOC(O)CHCH(CH(CH;);)2), 1.70
(irregular septet, 2 H, CCC(O)CHCH(CH(CHj3),)2), 2.20 (d,
J=5.8 Hz, 2 H, CCHOC(O)CH,CH(CH(CH),)2), 2.98 (dd,J =
17.5, 2.6 Hz, 1 H, H-3, 3.19 (dd,J = 17.5, 2.6 Hz, 1 H, H-3,
3.45 (brt,J=5.7 H, 1 H, CCHOH), 3.74 (dd,J = 12.2, 6.0 Hz,

1 H, CCHHOH), 3.86 (dd,J = 12.2, 6.0 Hz, 1 H, CCHOH),
4.29 (AB g,J = 11.9 Hz, 2 H, CE,0C(O)CHCH(CH(CH)2)2),
6.87 (d,J = 8.7 Hz, 2 H, G=CHC¢H,OH), 7.27 (d,J = 8.9 Hz, 2
H, C=CHGCsH,OH), 7.43 (t,J = 2.6 Hz, 1 H, G=CHCgH,OH);
13C NMR (100 MHz, CDC}) ¢ 18.62, 18.68, 21.22, 21.25, 29.29,
31.17, 32.80, 46.92, 64.78, 65.56, 83.66, 116.08, 120.39, 126.59,
132.29, 137.58, 158.22, 172.37, 175.00; FAB-M%z( rela-
tive intensity) 391 (MH, 100), 57 (73). Anal. (&H300s°0.2H,0)

C, H.

61.11, 64.90, 65.48, 83.05, 114.47, 120.93, 127.15, 131.97, 137.18,

161.10, 161.76, 174.76; FAB-MSm(z, relative intensity) 405
(MHT, 41), 57 (100). Anal. (gH306-0.1H,0) C, H.

(E)-{ 2-(Hydroxymethyl)-4-[(2-hydroxyphenyl)methylene]-5-
ox0-2,3-dihydrofur-2-yl} methyl 4-Methyl-3-(methylethyl)pen-
tanoate (E)-20, E)-XIl, R 1= CH,CH(i-Pr),, R = 2-(OH)CgHy,).
According to general procedure LEXXI (R! = CH,CH(i-Pr),
R? = 2-(PhCHO)CgH4; 430 mg, 0.75 mmol) was reacted to give
(E)-20 ((E)-XII, Rt = CH,CHJ(i-Pr), R? = 2-(HO)GsH,; 130 mg,
44% yield) as a yellow foam*H NMR (400 MHz, CDC}) 6 0.74,
0.76, 0.83, and 0.84 (d, = 6.8 Hz, 12 H, CCHOC(O)CHCH-
(CH(CH3),)2), 1.54 (p,J = 5.8 Hz, 1 H, CCHOC(O)CHCH(CH-
(CH3)2)2), 1.69 (m, 2 H, CCHOC(O)CHCH(CH(CHzy),)2), 1.94
(brs, 1 H, CCHOH), 2.18 (d,J = 5.8 Hz, 2 H, CCHOC(O)(H,-
CH(CH(CH)2)2), 2.93 (br s, 1 H, &CHCsH,OH), 3.00 (dd,J =
17.6, 2.8 Hz, 2 H, H-3, 3.19 (dd,J = 17.6, 2.9 Hz, 2 H, H-3,
3.75 (AB q,J = 12.1 Hz, 2 H, C&,0H), 4.26 (AB g,J = 12.0
Hz, 2 H, CAH,OC(O)CHCH(CH(CHs),),), 6.89-6.92 (m, 2 H,
C=CHGCH,OH), 7.22-7.28 (m, 1 H, G=CHC;H,OH), 7.36 (m, 1
H, C=CHGCsH,OH), 8.11 (t,J = 2.8 Hz, 1 H, G=CHCsH,OH);
13C NMR (100 MHz, CDC}) 6 18.62 18.68, 21.22, 21.24, 29.31,

32.23, 32.78, 46.90, 64.76, 65.44, 83.90, 116.45, 120.32, 121.67,
122.89, 129.01, 131.77, 132.84, 155.98, 172.61, 174.91; FAB-MS

(m/z, relative intensity) 391 (MH, 66), 57 (100). Anal. (gH300s)
C, H.

(E)-{ 2-(Hydroxymethyl)-4-[(3-hydroxyphenyl)methylene]-5-
ox0-2,3-dihydrofur-2-yl} methyl 4-Methyl-3-(methylethyl)pen-
tanoate (E)-21, (E)-XIl, R* = CH,CH(i-Pr),, R? = 3-(OH)-
CeHy). According to general procedure LE)XI (R = CH,CH-
(i-Pr), R?2 = 3-(PhCHO)CsHy4; 360 mg, 0.63 mmol) was reacted
to give E)-21 ((E)-XIl, Rt = CH,CH(i-Pr), R? = 3-(HO)GsHyg;
146 mg, 59% yield) as a white solid: mp 487 °C; 'H NMR
(400 MHz, CDC}) 6 0.72 and 0.74 (d) = 6.8 Hz, 6 H, CCH-
OC(O)CHCH(CH(CH3),)2), 0.81 (d,J = 6.8 Hz, 6 H, CCHOC-
(O)CH,CH(CH(CH3)2)2), 1.53 (p,d = 5.8 Hz, 1 H, CCHOC(O)-
CH,CH(CH(CH),),), 1.67 (septefl=6.7 Hz, 2H, CCHOC(O)CHCH-
(CH(CHjy),)2), 2.18 (d,J = 5.7 Hz, 2 H, CCHOC(O)H,CH(CH-
(CHs)2)2), 3.00 (dd,J = 17.9, 2.7 Hz, 1 H, H-3, 3.25 (dd,J =
17.9, 2.7 Hz, 1 H, H-§, 3.50 (br t, 1 H, CCHOH), 3.72 (br dd,
J~ 11.6, 4.0 Hz, 1 H, CEHOH), 3.82 (br ddJ ~ 11.6, 4.0 Hz,
1 H, CCHHOH), 4.25 (AB g,J = 12.0 Hz, 2 H, C&,0C(O)-
CH,CH(CH(CH),)2), 6.88-7.00 (m, 3 H, G=CHC¢H4OH), 7.22-
7.28 (m, 4 H, G=CHCH,OH), 7.47 (t,J = 2.6 Hz, 1 H,
C=CHCsH4OH); 3C NMR (100 MHz, CDC}) ¢ 18.59, 18.66,
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