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Abstract

DAG-lactones afford a synthetically accessible hhadfinity platform for probing structure ac-
tivity relationships at the C1 regulatory domainpodtein kinase C (PKC). Given the central role
of PKC isoforms in cellular signaling, along withefr differential biological activities, a critical
objective is the design of isoform selective ligandHere, we report the synthesis of a series of
DAG-lactones varying in their side chains, with atpgular focus on linoleic acid derivatives.
We evaluated their selectivity for PKC epsilon vsr£KC alpha both under standard lipid con-
ditions (100% phosphatidylserine, PS) as well akhépresence of a nuclear membrane mimetic
lipid mixture (NML). We find that selectivity for RC epsilon versus PKC alpha tended to be
enhanced in the presence of the nuclear membrametrailipid mixture and, for our lead com-

pound, report a selectivity of 32-fold.
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1. Introduction

Protein kinase Cs (PKCs) represent a family ohe#tihreonine kinases which are central
signaling elements downstream of the numerous laelfeceptors that are coupled to phospho-
lipase C activation [1]. PKCs display complex regign, with membrane phospholipids and di-
acylglycerol being critical regulators and eleva@al" additionally being important for the clas-
sical PKCs. PKC isoforms divide into three groupksissical PKCs (cPKCs: PKC PKGBI,
PKCBII and PKG), novel PKCs (nPKCs: PK& PKCe, PKCy and PK®) and atypical PKCs
(aPKCs: PKE, PKC/A), distinguished by their Gadependency and cofactors for activation
[2,3]. Additionally, individual isozymes vary in their patns of tissue distributiosubcellular
localization, substrate specificity, and biologidahction [4,5]. For example, different isoforms
may be growth promoting or growth inhibitory, wghimulation of one isoform being function-
ally antagonistic of another [6]. Although the hitgvel of conservation of the regulatory do-
mains of PKC isoforms poses a challenge for thesldgwent of isoform selective ligands, the
complexity of their regulation also provides promgsopportunities [7].

Among the PKC isozymes, particular attention hasi$ed on protein kinase C epsilon
(PKC-=), one of the calcium-independent but phorbol éstiecylglycerol dependent novel PKC
isoforms. Structurally, it contains an N-terminabulatory domain and C-terminal kinase do-
main composed on four conserved (C1-C4) and fivealbke (V1-V5) regionsThe regulatory
domain contains a pseudosubstrate domain whichite?KC activity before activation, a tan-
dem repeat of C1 domain zinc finger structures bivad diacylglycerol (DAG) and phorbol ester,
and a C2-like domain which contributes to membiateraction [8,9]. Additionally, PKG-pos-
sesses a unique actin-binding site [10] betweerfitsieand second cysteine rich C1l-domains
which promotes association with actin filamentsitact cells. Due to its specific tissue distribu-
tion and localization pattern, it has been repotted PKCe has critical roles in both the cardio-
vascular and central nervous system [11] such aBogmotection [12], neurite outgrowth [13],

synapse formation, neurotransmitter release, sinés prevention [148nd sensitization to
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pain through TRPV1[15].

As an initial effort to design and develop PKGelective ligands, our attention was
drawn to reports that saturated and unsaturatgddeids may influence PK€activity. Recent-
ly, Nishizaki and co-workers described that a kolacid derivative with cyclopropane rings
replacing the cis-double bondsiz. 8-[2-(2-pentyl-cyclopropylmethyl)-cyclopropyl]-caoic
acid (DCP-LA, Figure 2. Compourkj acted as a selective and direct activator of RHDB]. In
biological studies, DCP-LA effectively preventedibaeposition of amyloid plaques and loss of
synaptic connections [17].

Previously, we have demonstrated that diacylghyjickErctones (DAG-lactones), which
are rigidified structures derived from the endogen®KC ligand DAG, function as DAG ana-
logs to potently bind to the regulatory C1 domafirP&C and cause PKC activation [1Bpr
this binding, both the acyl ¢Randa-alkylidene (R) positions are critical elements in control-
ling biological activity and PKC isozyme selectwitl9]. Modeling reveals that there are two
different modes of binding, involving interactioettveen the C1 domain and either ¢hel car-
bonyl or thesn-2 carbonyl. The alkyl chain which is not involvedhydrogen bonding to the
binding cleft of the C1 domain contributes to tieding energy through its interactions with the
C1 domain surface and the lipid bilayer.

In this study, we have evaluated whether the inm@pon of linoleic and DCP-LA deriv-
atives into the side chains of DAG-lactones wouldvftle combined structures with enhanced
selectivity for PKG. The newly designed linoleic acid derivatives orporating cyclo-saturated
(2, 5), linear-unsaturatedL(, 12), linear-saturatedlq), and branched alkyl chain$3(15), were
alternatively attached to the carbonyl group foyl dzanching (R) or connected to the lactone
via a methylene group far-alkylidene branching (B Novel features of the study include both
the specific class of DAG-lactones themselves dt agetheir analysis, directed at comparing

selectivities for the novel PKgdsoform relative to that for the classical PK{Soform.
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2. Result and discussion
2.1. Chemistry

As illustrated in Figure 2, three branched groupsvall as linoleic acid and five different
linoleic acid derivatives in which th@s-double bonds were replaced by other groups were in
troduced as Rand R side chains. Commercially available linoleic a(ijl stearic acidil), oc-
tadec-9-ynoic acid1@), and the branched compounds pivaloyl chloriti®) @nd isovaleralde-
hyde (5) were directly used for alkylation. Among the brhad-substituents, 3-isobutyl-5-
methylhexanoyl chlorideld)[20] and 3-isobutyl-5-methylhexanalf) [21] were prepared ac-

cording to previously published methods.

Starting from linoleic acid, cyclo-saturated acid derivatives were synthesiBegpoxy
compound (DEP-LAR2) was achieved by the conventiomaCPBA epoxidation (Scheme 1).
Simmons-smith cyclopropanation [2@] methyl (92, 12Z)-octadeca-9,12-dienoa®g followed
by hydrolysis of the ester gave the di-cyclopropaoepound (DCP-LAD). The diyne core of
compoundl0 was assembled by a Cadiot-Chodkiewicz coupling [&3jveen bromoalkyn@
anda suitably acid functionalized terminal alky@gScheme 2). As illustrated in scheme 3, the
aldehydes20-22 were generated from the alcohdls19, which were derived from the corre-

sponding esters3(4) and acid 11), by treatment with the Dess-Martin periodinane.
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Scheme 1. Synthesis of cyclo-saturated alkyl acids.
Reagents and Conditions: (a) mMCPBA, .CH, 0°C; (b) SOG, CHOH, r.t.; (c) EtZn,CHl,,CH,ClI,, -
5°C; (d) 1N LiOH, dioxane, 60°C.

NN — = NNNNOH
6

Scheme 2. Synthesis of the unsaturated-diyne derivative.
Reagents and Conditions: (a) NBS, AgiN@cetone, r.t.; (b) Cre) H,SOy, H,O, Acetone,
-5°C; (c) CuCl, 30% n-BuNk NH,OHHCI, EtO, r.t.

Ao
a borc
?(’34 —> R oH —> RJLH
RJ\OH 1719 20-22

317,20 R= AU
4,18,21 R= /\/\A/A/\/\/\/‘&

11,19,22 R= /\/\/\/\/\/\/\/\/E

Scheme 3. Synthesis of aldehydes fan-2 alkylation
Reagents and Conditions: (a) LAH,,@t reflux; (b) (COCI), DMSO, EtN, CH,CI,, -78°C; (c) DMP,
CH.CIl,, 0°C.

Depending on the specific substituents, differaotgrting groups were selectetable
1). Specially, the TBDPS group was used for thelsssis of DEP-LA 90, 91) due to its sensi-

tivity to the deprotection conditions with BCind CAN.
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Scheme 4. General scheme for alkylation.

Reagents and Conditions: (a) i) LIHMDS, THEORIO, -78°C. ii) MsCI, CHCl,, DBU; (b) BCk,
CH,Cl,, -78°C or CAN, CHCN/H,0; (c) TBAF, THF; (d) EDC, DMAP, CkCl,, r't.; (e)

TEA, DMAP, CHCl,, r.t.; (f) BCk, CH,CI,, -78°C or CAN, CHCN/H,0.

The synthesis of DAG-lactone analogues started ftihenracemic lactone having p-
methoxyphenyl (PMP) and benzyl (Brd3] or tert-butyldiphenylsilyl (TBDPS)24) as protect-
ing groups (Scheme 4). Different aldehydes (RCBR®22) were reacted with the DAG-lactone
to form aldol intermediates arfithydroxy-lactones were eliminated by aldol condénsato
give the corresponding olefin8-45). After separation of geometric E/Z-isomers bycailcol-
umn chromatography, parallel deprotectior28#43 with BCl; or ceric ammonium nitrate (CAN)
afforded46-64 and di-deprotections of TBDPS protected compoudeds with TBAF afforded
65-66. The compounds were individually converted to ¢beresponding DAG-lactones having
different R-alkyl side chains by conventional coupling meth¢{91). Target compound®6-

89, 92-106 were obtained from additional deprotectior6@f85 using BC} or CAN.
2.2. Biological Activity

Diacylglycerol lactone86-106 were prepared and investigated. For the biologtalies,
we selected the classical PKC isoform PK@s the standard for comparison, since it has been
used as the standard PKC isoform against whicth@lDAG-lactones have routinely been char-
acterized in our previous studies. The interactbnhe target DAG-lactones with PK&-and

PKC-< was assessed, as before, by measurement of titye alihe ligands to compete for bind-

7
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ing of [20-3H] phorbol 12, 13-dibutylate (PDBU) to recombindC [24]. The 1G, values
were determined by least squares fit of the dabatpdo the theoretical competition curve, and
theKi values for inhibition of binding were calculatedrh the corresponding kgvalues (Table

2 and Table 3).

Our initial objective was to examine the possibddestivity of the DAG-lactones for
PKC-< under standard lipid conditions, viz. 106/ml phosphatidylserine. We determined the
binding affinities for PKCa and PKCe and we calculated the Ki ratios for PKERKC- of all
compounds (Table 2, Table 3 and Table 4). Evaloaifdhe elements contributing to the relative
structure activity relations focused on geometryofEZ), position of substitution (sn-1 or sn-2),
and lipophilicities of the compounds.

The binding affinities of ligands for different PKi€ozymes may show different depend-
ence on the lipid composition of the membranes witich the PKC is associated. We therefore
evaluated the ligand selectivity not only under standard assay conditions, 18§ ml of phos-
phatidylserine, which provides a highly anionicfaae, but also using 1Q®/ml of a lipid mix-
ture [1-palmutoyl-2-oleoyl-sn-glycero-3-phosphoche(POPC)/1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine(POPE)/1-palmitoyl&g-sn-glycero-3-phosphoserine
(POPS)/1-palmitoyl-2-oleoyl-sn-glycero-3-phosphanal(POPI)/ Cholesterol (61:21:4:7:6)], a
much less anionic lipid composition approximatihgttof the nuclear membrane.

Table 2 displays binding affinities of DAG-lactonaisder standard (100% phosphatidyl-
serine) conditions. Most of the compounds showedeastly stronger binding affinity for PK€-
than for PKCe. The compounds with the strongest PKGinding affinities were characterized
as having are-geometry with an-1 carbonyl substituted with a branched alkyl chairan un-
saturated alkyl chain (Tab® compound®5 and104). The best, albeit limited PKk&selectivity
was seen for then-2 carbonyl substituted with a saturated alkyl ohalclo-103, branchedlL04,

linear 105 and106).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

The PKCe selectivity of the compounds was further invesggafor the nuclear mem-
brane mimetic assay system (Table 3). The charegedting from lipid composition were sub-
stantial, particularly for compourtD4. The difference in lipid composition led to a retian in
overall binding affinity and caused a differentesivity pattern to emerge. Compourtils 97,

99, and104 showed over a 3-fold enhanced selectivity (Tahlelr8 particular, compound04
retained its affinity to PKG- and showed the highest selectivity (32-fold) untler nuclear
membrane mimetic assay conditions (Table 3). Hf®omers having amn-1 carbonyl substitut-
ed with an unsaturated alkyl chain showed goodibgdffinities and selectivity in this system.
A partial correlation with lipophilicity was obsexst among the compounds having over 5-fold
selectivity.

Another important observation was the clear disiggriin selectivity shown by the two
geometrical isomers (Table 4), with tRasomer being favored particularly in the nucleaam
brane mimetic assay conditions.

3. Conclusion

In conclusion, different types of alkyl chains ded from linoleic acid were introduced
as substituents for the DAG-lactone and their &ffen selectivity for PKG-relative to PKCa
was explored. Because cells contain a variety ahbranes with different compositions, we also
assessed the influence of membrane lipid contobutin the measured isozyme selectivity. Most
of the compounds showed at least modest Rks€Electivity with a number approaching 5-fold in
the presence of the nuclear lipid mixture. The nadoatmatic example of selectivity, 32-fold, was
not with any of the linoleic derivative substitutBdG-lactones, however, suggesting that the
incorporation of the linoleic acid motif into theA-lactone did not confer the hoped for selec-
tivity.

Structure activity relationships were assesseddtected compounds showing the great-
er extents of selectivity for PKE&-When 100% phosphatidylserine was used as th# lipeE-

conformation was preferred for compounds in which -2 carbonyl was substituted with a
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saturated alkyl chain (branched > linear > cycla)contrast, in the presence of the nuclear
membrane mimetic lipidsn-1 substituted compounds with &conformation showed PKE-
selectivity regardless of whether the alkyl chairese saturated or unsaturated.

The most selective compound under both lipid cematt was (E)-(2-(hydroxymethyl)-4-
(3-isobutyl-5-methylhexylidene)-5-oxotetrahydrofaa-yl) methyl pivalatel04, which has the
sn-2 carbonyl substituted with a saturated-branchied ahain with anE-conformation. Com-
pound104 showed a dramatic increase of selectivity (8-foldhe presence of phosphatidylser-
ine, 32-fold in the presence of the nuclear memdnaimmetic lipid) in the nuclear membrane
conditions, reflecting that its binding affinity fd®’KC-o. was significantly weaker under those
conditions while its affinity for PKG-was largely retained. In contrast, the other coumals
showed reduced binding affinities both for Pi@nd PKCe. This result suggests that the lipid
composition of the nuclear membrane enhanced tidirty affinity to PKCe for 104, reflecting
enhanced interactions between the DAG-lactone chden and the protein-membrane interface.
The diverse affinity patterns of compounds fromstiork provide guidance for future ap-
proaches. In particular, the high selectivitylO#t suggests that further exploration of this class
of DAG-lactones may be productive for obtaining RK€pecific compounds and understanding
of factors driving subcellular localization of PH&bforms. Naturally, validation of the selectivi-
ty of the optimal PKGC: selective ligand will ultimately require charactation relative to the
complete range of targets for DAG and phorbol ssterg. PKC family members, RasGRP, the

chimaerins, and include measures of activity iaghtells.

4. Experimental
4.1. Chemistry
All chemical reagents were commercially availalddica gel column chromatography was per-

formed on silica gel 60, 230-400 mesh, Merck. Naicimagnetic resonance (1H-NMR) spectra

10
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were recorded on a JEOL JNM-LA 300 and a Brukerngea400 MHz FT-NMR spectrometer.
Chemical shifts are reported in ppm units with,Bleas a reference standard. Mass spectra were
recorded on a VG Trio-2 GC-MS and a 6460 Triple QuU&/MS. Elemental analyses were per-

formed with an EA 1110 Automatic Elemental AnalyZ8E Instruments.

4.1.1. Preparation of alkyl side chains.

4.1.1.1. 8-(3-((3-Pentyloxiran-2-yl)methyl)oxiran-2-yl)octanoic acid (2)

A solution of linoleic acidl (500 mg, 1.783 mmol) anaheta-chloroperoxybenzoic acid (1.8 g,
10.698 mmol) in 10 ml of CKl, was reacted at 0°C for 3 h. The excess reagendeesm-
posed by addition of aqueousJ8&; and stirring of the mixture for 1 h, after whidtetproduct
was isolated by CCl, extraction. The organic layer was washed withrséta aqueous sodium
bicarbonate and saturated brine, dried with Mg&@d evaporated. The crude product was puri-
fied by silica gel flash column chromatography @gxane/EtOAc, 4:1) and (469 mg, 82%) was

obtained as a white solid.

4.1.1.2. Methyl (92,127)-octadeca-9,12-dienoate (3)

Thionyl chloride (0.5ml, 6.239 mmol) was added dvige to commercially available linoleic
acid1 (700mg, 2.495 mmol) dissolved in MeOH at 0°C. Téaction was stirred at room tem-
perature and monitored by TLC. Upon completiopQHhvas added and the reaction mixture was
concentratedn vacuo. The resulting solution was extracted with ethyltatee dried over MgS§)
and concentrateigh vacuo. The crude product was purified by silica gel fl@®lumn chromatog-

raphy (n-hexane/EtOAc, 10:1) aBd712 mg, 96%) was obtained as a brown oil.

4.1.1.3. Methyl 8-(2-((2-pentylcyclopropyl)methyl)cyclopropyl)octanoate (5)
To a solution of linoleic acid methyl est@&(1 g, 3.395 mmol) in CyCl,, a 1.1 M n-hexane solu-

tion of diethyl zinc (7 ml, 40.751 mmol) was addetler a N atmosphere with cooling with an

11
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ice-water bath (-5°C to 0°C) and was stirred fdr. Diiodomethane (7 ml, 81.502 equiv.) was
then added and the mixture was stirred at ambempérature overnight. After removal of sol-
vent by evaporation, the product was extractedtbyl @cetate (EA) and purified by chromatog-
raphy on silica gel to give methyl 8-(2-((2-pengdtopropyl)methyl)cyclopropyl)octanoaté

(969 mg, 88%) as an oil. A mixture of this estelN LiOH (6.6 mL), and dioxane was stirred at
60°C overnight. The product was purified by aciddaorkup with 1N HCIl and 1N NaOH and

5 (740mg, 80%) was obtained as an oil.

4.1.1.4. Octadeca-9,11-diynoic acid (10)

Copper (1) chloride (8.8 mg, 0.089 mmol.) was adted 30% w/v n-BuNkEaqueous solution
(20 ml) at room temperature, which resulted inftrenation of a blue solution. A few crystals of
hydroxylamine hydrochloride was added to disch#éngeblue color. Dec-9-ynoic ac#l(300mg,
1.78 mmol) was then added neat, and the mixturestvasd at 0°C for 10 min by which time
the formation of a bright yellow precipitate (prabathe alkynyl cuprate) was observed. Bromo-
alkyne6 (404 mg, 2.14 mmol) dissolved in diethyl ether wilaasn added to the cooled reaction
mixture and the cooling bath was removed after 30vfin. Occasional addition of a small
amount of hydroxylamine hydrochloride was necessarkeep the color of the reaction light
yellow. The reaction mixture was stirred at roomperature for 2 h during which more crystals
of hydroxylamine hydrochloride were added whendtierreaction mixture started to turn blue
or light green. The reaction was then quenchedaaljitsted to pH ~2 by adding 1N HCI and the
organic compounds were extracted with ethyl acedienes. The combined layer was dried
over NaSQ, and concentrateih vacuo. The crude product was purified by silica gel lila®l-

umn chromatography (n-hexane/EtOAc, 4:1) &8d423 mg, 86%) was obtained as a yellow oil.

4.1.1.4.1. 1-Bromohept-1-yne (7)

The terminal alkyn® (1ml, 6.350 mmol) was dissolved in acetone. N-bysuccinimide (1.4 g,

12
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7.866 mmol) and AgN©(108 mg, 0.635 mmol) were added to the resultoigt®n in this or-
der, and the mixture was stirred at room tempeeafiur 3 h, until complete consumption of the
starting material according to TLC. It was then ggalinto iced water. The aqueous layer was
extracted with pentane (3 times), and the combargdnic extracts were dried over Mg ©l-
tered, and the solvent removed by evaporation uretkrced pressure. The residue was purified
by silica gel flash column chromatography (n-hexgt@Ac, 10:1) to yield bromo-alkyn@&

(1.07 g, 89%) was obtained as a colorless oll.

4.1.1.4.2. Dec-9-ynoic acid (9)

To a solution of 9-decyn-1-& (5 ml, 28.20 mmol) in acetone at -5°C was slowlgexdichromic
acid solution prepared from Cs(@.23 g, 42.30 mmol), water (4 ml), and congSBy (3 ml) at
0°C. The mixture was then stirred for 2 h and ¢eférnight at room temperature, after which it
was extracted with diethyl ether, washed with wated brine, dried over N8O, and concen-
trated in vacuo. The residue was purified by silica gel flash ootu chromatography (n-

hexane/EtOAc, 7:1) to yield dec-9-ynoic a8i3.8 g, 81%) as clear oil.

4.1.2. Procedurefor aldehyde preparation.

4.1.2.1. Alcohol preparation (17-19).

Starting materialg, 5, 8) was dissolved in ether. Lithium aluminum hydr{@eequiv.) was add-
ed at 0°C and it was refluxed during 30 minOHwvas added dropwise at 0°C; the solution was
extracted with ether and the combined extracts weesl over MgS@and concentrateith vac-

uo. Finally, purification by silica gel flash colunshromatography (n-hexane/EtOAc, 10:1) by

column chromatography yielded the alcohdls (9).

4.1.2.2. Aldehyde preparation (20-22).

Method A. A solution of oxalyl chloride (1.5 equiv.) in dik&id CH,Cl, was cooled to -78°C,

13
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and DMSO (3 equiv.) was carefully added under,athosphere. After stirring for 15 min, a
solution of alcohol 17, 18) in CH,Cl, was added followed by & (6 equiv.). The cooling bath
was removed, and the reaction mixture was alloweasarm to room temperature and stirred for
2.5 h. The solvent was removed under reduced peessnd the residue was extracted with ethyl
acetate. The extract was washed with saturatecbagqudaCO; solution and brine, and was then
dried over anhydrous N&0O,. After removal of the solvent under reduced pressthe crude
product was purified by silica gel flash columnamatography (n-hexane/EtOAc, 10:1) and the
aldehyde 20, 21) was obtained as 75-80%.

Method B. To a solution of octadecan-1-@9 (560mg, lequiv.Jn CH,Cl, was added Dess-
Martin periodinane (1.3g, 1.5 equiv.) at room terap@e and the resulting solution was stirred
for 2 h at room temperature. Theaction mixture was quenched with a saturatedtisolwof
NaSO; and NaHCQ. The reaction mixture was passed through a pa@etite, the organic
compound was extracted three times with,Ckl The combined extracts were washed with wa-
ter, dried over anhydrous MggQ@nd filtrated. The filtrate was concentrated undeuum, and
purified by silica gel flash column chromatograghyhexane/EtOAc, 10:1) by column chroma-

tography to afford the stearaldehy2i2(456mg, 82%).

4.1.3. General procedurefor Alkylation

A stirred solution of lacton23 (or 24) (1 equiv.) in anhydrous THF (5 mL/mmol) was cabte
-78°C under nitrogen and treated dropwise with LIBIM(3 equiv., 2 M solution in THF). The
mixture was stirred at -78°C for 30-60 min andilith enolate formation was detected by TLC
(n-hexane/EtOAcC, 4:1). A solution of the correspagdaldehyde (1.4 to 4 equiv.) in anhydrous
THF (1 mL/mmol) was added dropwise to the enolathe@ same temperature and stirring at -
78°C was continued for 1.5-2 h. The reaction waswea to room temperature and quenched by
the slow addition of a saturated aqueous solutiamomonium chloride. The agueous layer was

extracted three times with &1, and the combined organic extracts were waslreé times with
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water, twice with brine, dried over MgeCGand filtered. The filtrate was concentrated unger-
uum to afford the crude alkylation reaction prodwehich was partially purified by silica gel
flash column chromatography after eluting with #ppropriate solvent. The obtained mixture of
B-hydroxy-lactone diastereomers were typically udedctly in the following step without fur-

ther purification.

4.1.4. General procedurefor Mesylation-Olefination

A solution of the alkylation product in GBI, at 0°C was treated with methanesulfonyl chloride
(2 equiv.) and triethylamine (4 equiv.). The mixdwras stirred at 0°C for 30 min and then for 2
h at room temperature. 1,8-Diazabicyclo[5.4.0Jurdeme (DBU, 5 equiv.) was added at 0°C,
and the resulting solution was stirred overnightuaibient temperature. The reaction mixture
was concentrated to a brown syrup and the resicageextracted with EtOAc followed by 1N
HCI. The combined organic extracts were washedethmes with water, twice with brine, dried
over MgSQ, and filtered. The combined organics were puribgdsilica gel flash column chro-

matography after eluting with the appropriate sotve

4.1.5. General procedure for deprotection

4.1.5.1. PM P-deprotection

A stirred solution of the olefination product (1ugq) in acetonitrile/water (4/1) was treated with
CAN (3 equiv.) while under nitrogen at 0°C, and tkaction was monitored by TLC. After 30
min, the reaction was quenched by addition of agsdétaHCQ solution and the resulting solu-
tion was extracted with Gi&l,, dried over MgS@Q and concentrated wacuo. It was purified by
silica gel flash column chromatographyhexane/EtOAc, 2:1) and the deprotected compound

was obtained.

4.1.5.2. Benzyl Deprotection
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BCl; (3 equiv.) was added slowly to a stirred solutidrihe olefination product (1 equiv.) in
CH,CI, at -78°C. The reaction was monitored by TLC andngpied by addition of MeOH at
0°C. The reaction mixture was concentratiowacuo and purification by silica gel flash column

chromatographynthexane/EtOAc, 2:1) gave the desired deprotectethoands.

4.1.5.3. TBDPS Deprotection

TBAF (2 equiv.) was added slowly to a stirred siolutof the olefination product (1 equiv.) in
THF at 0°C and stirring continued as the tempeeatuas allowed to rise to room temperature.
The reaction was monitored by TLC and the solutias concentrateish vacuo upon completion
without further work-up. Purification by silica geflash column chromatographyn-(

hexane/EtOAc, 1:1) gave the desired de-protecteldactone.

4.1.6. General procedurefor Acylation

A solution of mono-deprotected compouiddequiv.) in CHCI, was treated with EN (3 equiv.)
and dimethylaminopyridine (DMAP, 2.5 equiv.) andcted with the corresponding acid chloride
(RCOCI, 1.2-1.5 equiv.). The reaction was stirredomm temperature and monitored by TLC.
Upon completion, the reaction was concentrateehcuo and purified by silica gel flash column

chromatography give the desired compound.

4.1.6.1. Monoacylation (di-epoxy compounds, DEP-LA)

A solution of65 (or 66) (1 equiv.) in CHCI, was treated with EDC (1.1 equiv.) and dimethyla-
minopyridine (DMAP, 0.3 equiv.) and reacted wit{3¢(3-pentyloxiran-2-yl)methyl)oxiran-2-
yhoctanoic acid (1.5 equiv.). The reaction wasretl at room temperature and monitored by
TLC. Upon completion, the reaction was terminatgcaiding HO. The organic layer was ex-
tracted with CHCI,, dried over MgS@ concentratedn vacuo and purified by silica gel flash
column chromatography{hexane/EtOAc, 4:1) to give the mono-substitutesirdd compound
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90-91.

4.1.7. ((2)-2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydr of ur an-2-yl)methyl-
(9Z,12Z)-octadeca-9,12-dienoate (86)

Yield 63%, Oil;'H NMR (CDCk, 400MHz)$ 6.24 (t,J = 7.76 Hz, 1H, >C=EICH,CH(CHy),),
5.39-5.30 (m, 4H, -B=CHCH,CH=CH-), 4.26 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COE&H),
4.14 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COCH), 3.58-3.69 (dg) = 12.00, 7.20, 6.56 Hz, 2H,
HOCH,-), 2.88 (AB d,J = 16.44 Hz, 1H, H-3, 2.75 (t,J = 6.24 Hz, 2H, -CH=CHH,CH=CH-),
2.72 (AB d,J = 16.44 Hz, 1H, H-J, 2.60 (t,J = 7.44 Hz, 2H, >C=CHB,CH(CHs),), 2.31 (t,J
= 7.56 Hz, 2H, Alkyl-G4,(O)COCH), 2.04 (g,J = 6.88 Hz, 4H, -€B,CH=CHCHCH=CHCH,-),
1.96 (m, 1H,HOCH,-), 1.71 (septet) = 6.74 Hz, 1H, >C=CHCHCH(CHs),), 1.59 (m, 2H,
Alkyl-CH,CH,(O)COCH), 1.28 (m, 14H, Ck(CH2)sCH,CH=CHCH,CH=CHCH,(CH,)4CH,-),
092 (d, J = 6.68 Hz, 6H, >C=CHC}CH(CHz),), 0.86 (t, J = 6.08 Hz, 3H,

Cﬂ3(CH2)3CH2CH:CH-); MS (FAB)m/z 477 (|V|+H)

4.1.8. ((E)-2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr anydrofur an-2-yl)methyl
(9Z,12Z)-octadeca-9,12-dienoate (87)

Yield 76%, Oil;'H NMR (CDCL, 400MHz)$ 6.78 (t,J = 7.76 Hz, 1H, >C=BICH,CH(CH),),
5.39-5.30 (m, 4H, -B=CHCH,CH=CH-), 4.26 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COE&H),
4.14 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COCHI), 3.58-3.69 (dgJ) = 12.00, 7.20, 6.56 Hz, 2H,
HOCH,-), 2.73-2.81 (m, 3H, H:3-CH=CH,CH=CH-), 2.62 ( AB d,J = 17.04 Hz, 1H, H-J,
231 (t, J = 7.56 Hz, 2H, Alkyl-Gl,(O)COCH), 2.04 (g, J = 6.88 Hz, 4H, -
CH,CH=CHCH,CH=CHH,-), 1.96 (m, 1H,HOCH,-), 1.71 (septetJ = 6.74 Hz, 1H,
>C=CHCHCH(CHs),), 1.59 (m, 2H, Alkyl-Gl,CH,(O)COCH), 1.28 (m, 14H,
CHj3(CH5)3CH,CH=CHCHCH=CHCHy(CH»)sCH,-), 092 (d, J = 6.68 Hz, 6H,

>C=CHCH,CH(CHs)2), 0.86 (t,J = 6.08 Hz, 3H, El5(CHy)sCH,CH=CH-)-); MS (FAB)m/z 477
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(M+H)

4.1.9. (2)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr anydrofur an-2-yl)methyl 8-
(2-((2-pentylcyclopropyl)methyl)cyclopropyl)octanoate (88)

Yield 71%, Oil;*H NMR (CDCL, 400MHz)$ 6.24 (t,J = 7.76 Hz, 1H, >C=BICH,CH(CH),),
4.26 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COEH), 4.14 (AB d,J = 11.8 Hz, 1H, Alkyl-
(O)COCHH), 3.58-3.69 (dgJ = 12.1, 7.20, 6.56 Hz, 2H, H®), 2.88 (AB d,J = 16.52 Hz, 1H,
H-3.), 2.69 ( AB g,J = 16.44 Hz, 1H, H+), 2.60 (t,J = 7.44 Hz, 2H, >C=CHB,CH(CHy),),
2.31 (t,J = 7.60 Hz, 2H, Alkyl-G2(O)COCH), 2.04 (t,J = 4.00 Hz, ITHHOCH,), 1.69 (septet,
J=6.72 Hz, 1H, >C=CHCHCH(CHs),), 1.59 (m, 2H, Alkyl-G1,CH,(O)COCH,), 1.37 (bs, 6H,
Alkyl), 1.28 (bs, 12H, Alkyl), 1.10 (m, 2H, Alkyl),0.92 (d, 6H,J = 6.60 Hz,
>C=CHCHCH(CHs),), 0.87 (t,J = 6.44 Hz, 3H, Es-Alkyl-(O)COCH,), 0.75 (m, 2H, -
CHCH,CH-), 0.66 (m, 2H, -EICH,CH-), 0.57 (m, 2H, -CHE,CH-), -0.30 (m, 2H, -

CHCH,CH-); MS (FAB)m/z 505 (M+H)

4.1.10. (E)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydr ofur an-2-yl)methyl
8-(2-((2-pentylcyclopropyl)methyl)cyclopropyl)octanoate (89)

Yield 73%, Oil;'H NMR (CDCL, 400MHz)$ 6.78 (t,J = 7.76 Hz, 1H, >C=BICH,CH(CH),),
4.26 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COEH), 4.14 (AB d,J = 11.8 Hz, 1H, Alkyl-
(O)COCHH), 3.58-3.69 (dgJ = 12.1, 7.20, 6.56 Hz, 2H, H®), 2.88 (AB d,J = 16.52 Hz, 1H,
H-3.), 2.69 ( AB q,J = 16.44 Hz, 1H, H+, 2.31 (t,J = 7.60 Hz, 2H, Alkyl-G,(O)COCH),
2.04 (m, 3H, HOCH, >C=CHCH,CH(CH.),),), 1.69 (septet,J = 6.72 Hz, 1H,
>C=CHCHCH(CHj3),), 1.59 (m, 2H, Alkyl-GH,CH,(O)COCH,), 1.37 (bs, 6H, Alkyl), 1.28 (bs,
12H, Alkyl), 1.10 (m, 2H, Alkyl), 0.92 (d, 6H] = 6.60 Hz, >C=CHCHKCH(CHs),), 0.87 (t,J =
6.44 Hz, 3H, El3-Alkyl-(O)COCH,), 0.75 (m, 2H, -EICH,CH-), 0.66 (m, 2H, -EBICH,CH-),

0.57 (m, 2H, -CHEl,CH-), -0.30 (m, 2H, -CHE,CH-); MS (FAB)m/z 505 (M+H)
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4.1.11. (2)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydrofur an-2-yl)methyl
8-(3-((3-pentyloxiran-2-yl)methyl)oxiran-2-yl)octanoate (90)

Yield 35%, Oil;*H NMR (CDChk, 400MHz)$ 6.24 (t,J = 6.24 Hz, 1H, >C=BICH,CH(CHs).),
4.26 (AB d,J = 9.56 Hz, 1H, Alkyl-(O)COEIH), 4.14 (AB d,J = 9.56 Hz, 1H, Alkyl-
(O)COCHH), 3.59-3.68 (m, 2H, HOB,-), 3.09 (bs, 2H, -B(0)CH-), 2.95 (bs, 2H, -8(0)CH-
), 2.78 (AB d,J = 13.00 Hz, 1H, H-3, 2.68 (AB d,J = 13.00 Hz, 1H, H-®, 2.60 (t,J = 5.72 Hz,
2H, >C=CHGQH,CH(CHy)), 2.31 (t,J = 5.96 Hz, 2H, Alkyl-G,(O)COCH-), 1.81 (m, 1H,
>C=CHCHCH(CHs),), 1.70 (m, 3H, -CH(O)CHB,CH(O)CH-), 1.31-1.40 (m, 20H, Alkyl),
0.92 (d,J = 5.28 Hz, 6H, >C=CHCKCH(CHs),), 0.86 (t,J = 6.08 Hz, 3H, Els-Alkyl-); MS

(FAB) m/z 509 (M+H)

4.1.12. (E)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydr ofur an-2-yl)methyl
8-(3-((3-pentyloxiran-2-yl)methyl)oxir an-2-yl)octanoate (91)

Yield 32%, Oil;*H NMR (CDCk, 400MHz)$ 6.24 (m, 1H, >C=BICH,CH(CH),), 4.26 (AB d,
J = 9.52 Hz, 1H, Alkyl-(O)COE&H), 4.14 (AB d,J = 9.52 Hz, 1H, Alkyl-(O)COCHI), 3.60-
3.71 (dg,Jd = 9.66, 5.64, 5.24 Hz, 2H, H®®-), 3.09 (bs, 2H, -B(0)CH-), 2.95 (bs, 2H, -
CH(O)CH-), 2.78 (AB d,J = 14.60 Hz, 1H, H-g, 2.62 (AB d,J = 14.60 Hz, 1H, H-, 2.31 (t,
J = 6.00 Hz, 2H, Alkyl-G,(O)COCH-), 2.11 (m, 1H, HOCHy), 2.06 (m, 2H,
>C=CHM,CH(CHs),), 1.81 (m, 1H, >C=CHCKCH(CHs),), 1.70 (m, 3H, -
CH(O)CHM,CH(O)CH-), 1.44-1.49 (m, 8H, Alkyl), 1.22-1.32 (rh2H, Alkyl), 0.92 (d,J =
5.28 Hz, 6H, >C=CHCLCH(CHs),), 0.86 (t,J = 6.08 Hz, 3H, Els-Alkyl-); MS (FAB) mVz 509

(M+H)

4.1.13. (Z)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydr ofur an-2-yl)methyl
stearate (92)
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Yield 60%, Oil;'H NMR (CDCk, 400MHz)5 6.24 (t,J = 7.72 Hz, 1H, >C=BICH,CH(CH),),
4.26 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COEH), 4.14 (AB d,J = 11.8 Hz, 1H, Alkyl-
(O)COCHH), 3.64 (m, 2H, HOE-), 2.90 (AB d,J = 16.34 Hz, 1H, H-3, 2.69 (AB d,J =
16.34 Hz, 1H, H-§, 2.60 (t,J = 7.48 Hz, 2H, >C=CHB,CH(CHs),), 2.30 (t,J = 7.44 Hz, 2H,
Alkyl-C Hy(O)COCH>), 2.04 (m, IHHOCH,-), 1.71 (m, 1H, >C=CHCKCH(CHs),), 1.58 (m,
2H), 1.23 (m, 28H, Alkyl), 0.92 (dl = 6.64 Hz, 6H, >C=CHCKCH(CHs),), 0.86 (t,J = 6.08 Hz,

3H, CHz-Alkyl-); MS (FAB) m/z 481 (M+H)

4.1.14. (E)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr anydrofur an-2-yl)methyl
stearate (93)

Yield 60%, Oil;*H NMR (CDCk, 400MHz)5 6.78 (m, 1H, >C=6ICH,CH(CHs),), 4.26 (AB d,
J = 11.8 Hz, 1H, Alkyl-(O)COEH), 4.15 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COCHI), 3.66 (g,
J=11.04 Hz, 2H, HOH,-), 2.79 (AB d,J = 16.00Hz, 1H, H-3, 2.63 (AB d,J = 16.00 Hz, 1H,

H-3;), 2.30 (t, J

7.64 Hz, 2H, Alkyl-G,(O)COCH-), 2.04 (m, 3H, HOCH,-,
>C=CHH,CH(CHs),),), 1.80 (septet, J = 6.74 Hz, 1H, >C=CHCH(CHs),), 1.23 (m, 32H,
Alkyl), 0.92 (d,J = 6.64 Hz, 6H, >C=CHCKCH(CHs),), 0.86 (t,J = 6.08 Hz, 3H, Els-Alkyl-);

MS (FAB) mVz 481 (M+H)

4.1.15. (2)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydr ofur an-2-yl)methyl
3-isobutyl-5-methylhexanoate (94)

Yield 59%, Oil; 'H NMR (CDCk, 400MHz) & 6.26 (i, J = 7.28, 2.3 Hz, 1H,
>C=CHCH,CH(CHg),), 4.20 (AB q,J = 11.9 Hz, 2H, Alkyl-(O)COEl.), 3.66 (AB qg,J = 12.2
Hz, 2H, HO®>-), 2.90 (AB d,J = 16.4Hz, 1H, H-3, 2.72 (AB d,J = 16.4 Hz, 1H, H-g, 2.62
(m, 2H, >C=CH®&,CH(CH),), 2.24 (m, 2H, ((CH)2CHCH,),CHCH»(O)COCH-), 1.80 (m, 1H,
>C=CHCHCH(CHs),), 1.68-1.78 (m, 1H, ((CHCHCH,),CHCH,(O)COCH-), 1.58-1.62 (m,

2H, ((CHs)2.CHCH,),CHCH,(O)COCH-), 1.03 (m, 4H, ((CH)CHCH,),CHCH,(O)COCH>-),
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096 (d, J = 670 Hz, 6H, >C=CHCKCH(CHs),), 086 (m, 12H,

((CH3)2CHCH,),CHCH,(O)COCH>-); MS (FAB) Mz 383 (M+H)

4.1.16. (E)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydrofur an-2-yl)methyl
3-isobutyl-5-methylhexanoate (95)

Yield 62%, Oil; 'H NMR (CDCk, 400MHz) 5 6.80 (tt, J = 7.70, 2.3 Hz, 1H,
>C=CHCH,CH(CHs),), 4.31 (AB d,J = 3.12 Hz, 1H, Alkyl-(O)COEH), 4.17 (AB d,J = 2.76
Hz, 1H, Alkyl-(O)COCHH), 3.68 (m, 2H, HO@,-), 2.83 (AB d,J = 17.01 Hz, 1H, H-3, 2.65
(AB d, J = 17.01 Hz, 1H, H-Q, 2.22-2.24 (m, 2H, ((CH,CHCH,),CHCH,(O)COCH-), 2.04
(m, 3H, HOCH,-, >C=CH,CH(CHs),), 1.82 (m, 1H, >C=CHCHKCH(CHs),), 1.61 (m, 1H,
((CH3)2CHCH,),CHCH,(0)COCH>-), 1.58 (m, 2H, ((CH)>CHCH,),CHCH,(O)COCH-), 1.03
(m, 4H, ((CH;)2CHCH,),CHCH,(O)COCH-), 0.96 (dJ = 6.70 Hz, 6H, >C=CHCKCH(CHs).),

0.86 (M, 12H, ((€l),CHCH,),CHCH,(O)COCH-): MS (FAB) Mz 383 (M+H)

4.1.17. (Z)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydr ofur an-2-yl)methyl
octadec-9-ynoate (96)

Yield 80%, Oil;*H NMR (CDCk, 400MHz)5 6.24 (m, 1H, >C=6CH,CH(CHs),), 4.26 (AB d,
J = 11.8 Hz, 1H, Alkyl-(O)COEIH), 4.14 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COCHi), 3.61 (q,
J=12.2 Hz, 2H, HOE,-), 2.88 (AB d,J = 17.32, 2.2 Hz, 1H, H=} 2.63 (AB dJ=17.32, 2.2
Hz, 1H, H-3), 2.60 (tt,J = 7.24, 2.0 Hz, 2H, >C=CHE&CH(CHs),), 2.30 (t,J = 7.52 Hz, 2H,
Alkyl-CH,(O)COCH>-), 2.12 (t,J = 6.24 Hz, 4H, -El,C=CCH.-), 1.71 (septet] = 6.72 Hz, 1H,
>C=CHCH,CH(CHs),), 1.59 (m, 7H), 1.44 (m, 5H), 1.25 (m, 11H), 0@RJ = 6.68 Hz, 6H,

>C=CHCHCH(CHs)»), 0.86 (t,J = 6.08 Hz, 3H, Elz-Alkyl): MS (FAB) m/z477 (M+H)

4.1.18. (E)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydrofur an-2-yl)methyl
octadec-9-ynoate (97)
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Yield 77%, Oil;*H NMR (CDCk, 400MHz)5 6.74 (m, 1H, >C=BICH,CH(CH),), 4.26 (AB d,
J = 11.88 Hz, 1H, Alkyl-(O)COEH), 4.17 (AB d,J = 11.88 Hz, 1H, Alkyl-(O)COCH), 3.66
(m, 2H, HOGH,-), 2.81 (AB d,J = 17.19 Hz, 1H, H-3, 2.64 ( AB d,J = 17.19 Hz, 1H, H-,

2.32 (t,J = 7.68 Hz, 2H, Alkyl-G1,(0)COCH-), 2.13 (t,J = 6.24 Hz, 4H, -&,C=CCH,-), 2.07
(M, 2H, >C=CH®,CH(CHs),), 1.71 (septet] = 6.72 Hz, 1H, >C=CHCHCH(CHs),), 1.60 (m,
7H), 1.27-1.47 (m, 21H), 0.95 (d= 6.60 Hz, 6H, >C=CHCHCH(CHs)y), 0.86 (tJ = 6.08 Hz,

3H, CHz-Alkyl); MS (FAB) mVz 477 (M+H)

4.1.19. (Z)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr anydr ofur an-2-yl)methyl
octadeca-9,11-diynoate (98)

Yield 74%, Oil; *"H NMR (CDCk, 400MHz) & 6.25 (it, J = 7.82, 7.78 Hz, 1H,
>C=CHCH,CH(CH),), 4.25 (AB d,J = 12.00 Hz, 1H, Alkyl-(O)COEH), 4.14 (AB d,J =
12.00 Hz, 1H, Alkyl-(O)COCHI), 3.65 (dg,J = 7.2, 6.52 Hz, 2H, HOB,-), 2.88 (AB d,J =
16.52 Hz, 1H, H-3, 2.70 ( AB d,J = 16.52 Hz, 1H, H-3, 2.60 (tt,J = 6.84, 2.04, 2.00 Hz, 2H,
>C=CHM,CH(CHy),), 2.30 (t,J = 7.48 Hz, 2H, Alkyl-Gi,(O)COCH-), 2.22 (t,J = 6.80 Hz,
4H, CHs(CH,)4CH,-C=C-C=C-CH>-), 2.06 (m, 1H,HOCH,-), 1.71 (septet) = 6.72 Hz, 1H,
>C=CHCHCH(CHs)), 1.59 (m, 2H, Alkyl), 1.49 (m, 4H), 1.33-1.39 (8H), 1.22-1.29 (m, 3H,
Alkyl), 0.93 (d,J = 6.68 Hz, 6H, >C=CHCKCH(CHs),), 0.86 (t,J = 6.08 Hz, 3H, Els-Alkyl);

MS (FAB) Mz 473 (M+H)

4.1.20. (E)-(2-(Hydroxymethyl)-4-(3-methylbutylidene)-5-oxotetr ahydrofur an-2-yl)methyl
octadeca-9,11-diynoate (99)

Yield 74%, Oil; '"H NMR (CDCk, 400MHz) & 6.78 (tt, J = 7.80, 7.68 Hz, 1H,
>C=CHCH,CH(CH),), 4.26 (AB d,J = 11.84 Hz, 1H, Alkyl-(O)COEH), 4.15 (AB d,J =
11.84 Hz, 1H, Alkyl-(O)COCHI), 3.66 (dg,J = 7.00, 6.44 Hz, 2H, HOE>-), 2.79 (AB d,J =

16.81 Hz, 1H, H-3, 2.62 ( AB d,J = 16.81 Hz, 1H, H+g, 2.30 (t,J = 7.34 Hz, 2H, Alkyl-
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CHo(0)COCH-), 2.22 (t,J = 6.92 Hz, 4H, CH(CH,),CH,-C=C-C=C-CH,-), 2.06 (m, 3H,
HOCH,-, >C=CHQH,CH(CHs),), 1.80 (septet) = 6.64 Hz, 1H, >C=CHCHCH(CHs),), 1.49
(m, 4H, Alkyl), 1.33-1.39 (m, 3H), 1.22-1.29 (m, 9WAlkyl), 0.93 (d,J = 6.64 Hz, 6H,

>C=CHCHCH(CHs)»), 0.86 (t,J = 6.08 Hz, 3H, Elz-Alkyl): MS (FAB) m/z473 (M+H)

4.1.21. ((Z)-2-(Hydroxymethyl)-4-((9Z,12Z)-octadeca-9,12-dien-1-ylidene)-5 oxotetrahydro-

furan-2-yl)methyl pivalate (100)

Yield 54%, Oil;"H NMR (CDCk, 400MHz)38 6.22 (t,J = 7.76 Hz, 1H, >C=B(CH,)7-), 5.32 (m,
4H, -CH=CHCH,CH=CHCH,-), 4.28 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COE&H), 4.12 (AB d,J

= 11.8 Hz, 1H, Alkyl-(O)COCHl), 3.58-3.69 (dgJ = 12.1, 7.04, 6.64 Hz, 2H, H®L), 2.80
(AB qg,J =14.64 Hz, 1H, H-3, 2.61-2.76 ( m, 4H, Hx3>C=CHd,-, HOCH,-), 2.02 (m, 4H, -
CH,CH=CHCHCH=CH,-), 1.72 (m, 2H, -CHCH=CHCH,CH=CHCH;-), 1.28 (bs, 16H,
>C=CH(;)sCHx- -(CH2)3sCHs), 1.17 (s, 9H, (El3) 3(O)COCH,), 0.85 (m, 3H, Alkyl-G3);

MS (FAB) Mz 477 (M+H)

4.1.22. ((E)-2-(Hydroxymethyl)-4-((9Z,12Z)-octadeca-9,12-dien-1-ylidene)-5 oxotetrahydro-

furan-2-yl)methyl pivalate (101)

Yield 50%, Oil;*H NMR (CDCk, 400MHz) & 6.75 (m, 1H, >C=6(CH,)7-), 5.32 (m, 4H, -
CH=CHCH,CH=CHCH,"), 4.28 (AB d,J = 11.8 Hz, 1H, Alkyl-(O)COE€IH), 4.12 (AB d,J =

11.8 Hz, 1H, Alkyl-(O)COCH), 3.58-3.69 (dg) = 12.1, 7.04, 6.64 Hz, 2H, H®G-), 2.80
(AB d,J = 17.08 Hz, 1H, H-3, 2.63 (AB d,J = 17.08 Hz, 1H, H-), 2.14 (m, 2H, >C=CH8,-

), 2.02 (m, 4H, -&,CH=CHCH,CH=CHCH,-), 1.72 (m, 2H, -CHCH=CHCH,CH=CHCH-),

1.28 (bs, 16H, >C=CH(8,)sCH,- -(CH,)sCHjz), 1.17 (s, 9H, (E3) 3(O)COCH,), 0.85 (m, 3H,

Alkyl-CHg); MS (FAB)mVz 477 (M+H)

4.1.23. (Z)-(2-(Hydroxymethyl)-5-oxo-4-(8-(2-((2-
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pentylcyclopropyl)methyl)cyclopropyl)octylidene)tetr ahydrofuran-2-yl)methylpivalate (102)
Yield 55%, Oil;*H NMR (CDCk, 400MHz)$ 6.22 (t,J = 7.36 Hz, 1H, >C=8(CH,);-), 4.25
(AB d, J = 12.00 Hz, 1H, (CH3(O)COCHH-), 4.11 (AB d, J = 12.00 Hz, 1H,
(CH3)3(0)COCHH-), 3.63 (dg,J = 18.96, 7.24, 6.60 Hz, 2H, HOHp), 2.88 (AB d,J = 15.54
Hz, 1H, H-3), 2.67 (m, 3H, H-§ >C=CHM(CH,)¢-), 2.04 (t,J = 7.2 Hz, IHHO-CH,-), 1.11-

1.46 (m, 30H, Alkyl), 0.82 (m, 3H, -Alkyl-B3); MS (FAB) m/z 505 (M+H)

4.1.24. (E)-(2-(Hydroxymethyl)-5-oxo-4-(8-(2-((2-

pentylcyclopropyl)methyl)cyclopropyl)octylidene)tetr ahydrofur an-2-yl)methylpivalate (103)
Yield 60%, Oil;*H NMR (CDCk, 400MHz)5 6.75 (t,J = 7.2 Hz, 1H, >C=E6(CH,)+-), 4.28
(AB d, J = 12.00 Hz, 1H, (CH3(O)COCHH-), 4.13 (AB d, J = 12.00 Hz, 1H,
(CHg)3(O)COCHH-), 3.59-3.72 (dg,) = 14.52, 6.96, 6.48 Hz, 2H, HOH3-), 2.80 (AB d,J =
17.24 Hz, 1H, H-3, 2.64 (AB-d,J = 17.24 Hz, 1H, H+), 2.15 (m, 2H, >C=CHB8,(CH,)s-),
2.05 (t,J = 6.84 HzHO-CH,), 1.10-1.52 (m, 22H, Alkyl), 1.05 (s, 9H, {3)3(O)COCH-), 0.87

(m, 3H, -Alkyl-CHz), 0.64-0.69 (m, 2H) , 0.56-0.61 (m, 1H); MS (FABJ 505 (M+H)

4.1.25. (E)-(2-(Hydroxymethyl)-4-(3-isobutyl-5-methylhexylidene)-5-oxotetr anydrofur an-2-
yl)methyl pivalate (104)

Yield 59%, Oil;*H NMR (CDCk, 400MHz)$ 6.78 (m, 1H, >C=BICH,;CH(CHy(CHs)2)2), 4.29
(AB d,J = 11.8 Hz, 1H, (CH)3(O)COCHH-), 4.11 (AB d,J = 11.8 Hz, 1H, (Ch)3(O)COCHH-),
3.59-3.72 (dg) = 13.2, 7.16, 6.6 Hz, 2H, HOKB), 2.79 (AB d,J = 17.1 Hz, H-3), 2.62 (AB d,
J=17.1 Hz, 1H, H-®, 2.11 (t,J = 6.04 Hz, 2H, >C=CHB,CH(CHx(CHs),),), 2.03 (t,J = 6.88
Hz, 1H,HO-CH,), 1.69 (pentet) = 6.56 Hz, 1H,>C=CHCKCH(CH,(CHs),),), 1.06 (septet) =
6.72 Hz, 2H, >C=CHCKCH(CH,CH(CHs)y),), 1.17 (s, 9H, (El3)3(O)COCH>-), 1.04-1.10 (m,
4H, >C=CHCHCH(CH,CH(CH),),), 085 (d, J = 6.44 Hz, 12H,

>C=CHCHCH(CH,CH(CHs),),); MS (FAB)m/z 383 (M+H)
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4.1.26. (Z)-(2-(Hydroxymethyl)-4-octadecylidene-5-oxotetr ahydr ofur an-2-yl)methyl

pivalate (105)

Yield 68%, Oil;'H NMR (CDCk, 400MHz)$ 6.22 (tt, 1H, >C=El(CH,)1¢CHs), 4.25 (AB d,J =
11.8 Hz, 1H, (CH)3(O)COH), 4.11 (AB d,J = 11.8 Hz, 1H, (Ch)3(O)COCHH), 3.63 (dgJ
= 6.76, 6.08Hz, 2H, HOB,), 2.87 (AB q,J = 16.68 Hz, 1H, H-3, 2.66-2.71 ( m, 3H, H-
3,,>C=CHCH,-), 2.09 (t, 1H,HOCH,-), 1.23 (s, 30H, >C=CHCHCH.)1sCHs), 1.17 (s, 9H,

(CHs) 5(O)COCH), 0.85 (t,J = 7.04 Hz, 3H, Alkyl-Gls); MS (FAB)m/z 481 (M+H)

4.1.27. (E)-(2-(Hydroxymethyl)-4-octadecylidene-5-oxotetr ahydrofur an-2-yl)methyl

pivalate (106)

Yield 62%, Oil; *H NMR (CDCk, 400MHz) & 6.75 (tt, J = 3.12, 3.08, 2.96 Hz, 1H,
>C=CH(CH,)16CHs), 4.27 (AB d,J = 11.8 Hz, 1H, (Ck)3(O)COCHH), 4.12 (AB d,J = 11.8 Hz,
1H, (CHy)3(O)COCHH), 3.66 (dgJ = 7.04, 6.6Hz, 2H, HOB,), 2.80 (AB g,J = 16.88 Hz, 1H,
H-3.), 2.63 (AB d, J = 16.88 Hz, 1H, H)3 2.14 (m, 3HHOCH,-, >C=CHH(CH,)1:CHs),
1.23 (s, 30H, >C=CH(B,)1sCHs), 1.17 (s, 9H, (€ls) 5(O)COCH), 0.85 (t,J = 7.04 Hz, 3H, Al-

kyl-CHg); MS (FAB) m/z 481 (M+H)
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Table 1. The synthesized DA G-lactones

Protection
Geo R; Rz

PG, PG,
86 | Z | CHs(CH)HC=CHCH,HC=CH(CH,), CH(i-Pr) Bn PMP
87 | E | CHs(CH)HC=CHCHHC=CH(CHy), CH,(i-Pr) Bn PMP
8 | 2 CH;(CHZ)4CH8IS§{CHZCH/E\I(—II§-I(CH2)7 CHz(i-Pr) Bn PMP
8 | E CH3(CHZ)J,CHE\I;iICHZCH/E\Ig%-I(CHZ)7 CHa(i-Pr) Bn PMP
0 | Z | oo ot i, CH’E)\CH<CH2>7 CH,(i-Pr) TBDPS | TBDPS
N | E | gy CH2)4CHI?\CHCH2CH/9\CH iy, CH,(i-Pr) TBDPS | TBDPS
92 z CH3(CHy)16 CHy(i-Pr) PMP Bn
93 E CH3(CHy)16 CH(i-Pr) PMP Bn
% | z [CHa(i-Pr)],CHCH, CH,(i-Pr) Bn PMP
95 E [CHy(i-Pr)] ,CHCH, CH,(i-Pr) Bn PMP
% | z CHy(CH,),C=C(CH), CH(i-Pr) PMP Bn
o7 | E CHy(CH,),C=C(CH,), CH,(i-Pr) PMP Bn
8 | z CHy(CH,),C=C~C=C(CH,), CH(i-PY) Bn PMP
9 | E CHy(CH,),C=C—C=C(CH,), CH(i-Pr) Bn PMP
10 | z (CH3)sC CH4(CH2):HC=CHCH,HC=CH(CH2; |  Bn PMP
101 | E (CH2):C CH4(CHz)dHC=CHCH,HC=CH(CH,); |  Bn PMP
102 1 2 (CHa)C CH3(CHZ)J,CHE\I;iICHZCH/E\Ig%-I(CHZ)7 Bn PMP
08| E (CHy)C CH;(CHZ)4CH8IS§{CHZCH/E\I(—II§-I(CH2)7 Bn PMP
104 | E (CH3)sC CH,CH [CH,(i-Pr)], Bn PMP
105 | z (CH3)sC CH4(CHy)16 Bn PMP
106 | E (CH3)sC CH4(CHy)16 Bn PMP




Table 2. Binding affinities for PK Ca and PKCe in 100% phosphatidylserine (PS).

Geo logP s (M)° Ratio Geo logP K (nM)” Ratio

PKCo PKCe  %e PKCo PKCe  ®/¢

PDBU Kq (nM) 028 022 13 % Z 801 126 712 18
86 z 820 705 122 06 97 E 801 87 479 18
87 E 829 433 214 20 %8 Z 78 98 134 07
88 z 919 154 980 16 9 E 78 831 524 16
89 E 919 1020 55 19 | 100 z 825 720 506 14
9 z 560 165 163 10 | 101 E 825 826 41 20
01 E 560 132 746 18 | 102 Z 915 331 152 22
92 z 872 439 193 23 [ 103 E 915 267 830 32
93 E 872 308 114 27 | 104 E 503 83 103 81
94 z 506 474 237 20 | 105 Zz 868 316 115 28
95 E 506 278 121 23 | 106 E 868 245 59 42

#Values represent the mean of at least three independent experiments.



Table 3. Binding affinities for PK Ca and PK Ce at nuclear membrane

Ki (nM)*

Ki (nM)?

Geo logP Ratio Geo logP Ratio
PKCa PKCe  ®e PKCo PKCe %

PDBU Ky (M) 144 059 244 | 96 Z 801 387 346 11
8 z 829 262 195 13 | 97 E 801 438 91 48
87 E 829 247 131 19 | 98 Z 782 448 403 11
88 z 919 44 307 14 | 99 E 78 608 128 48
89 E 919 60 198 30 | 100 Z 825 311 96 3.2
0 Z 569 103 63 16 | 100 E 825 257 52 4.9
99 E 569 116 169 69 | 102 Z 915 73 588 12
2 z 872 106 34 31 | 103 E 915 1103 41 2.7
93 E 872 9 47 31 | 104 E 503 46 143 322
9% zZ 506 57 156 36 | 105 Z 868 841 451 19
9% E 506 154 3.0 51 | 106 E 868 117 342 34

#Values represent the mean of at least three independent experiments.



Table 4. Affinity ratios of PKCa to PKCe at plasma membrane and nuclear membrane

K; ratio PKCa/PKC

K; ratio PKCo/PKC

Z-isomer E-isomer
PS NML PS NML
86 sn-1 0.6 13 87 sn-1 2.0 19
88 sn-1 16 14 89 sn-1 1.9 3.0
100 sn-2 14 3.2 101 sn-2 20 49
102 sn-2 2.2 1.2 103 sn-2 3.2 2.7
104 sn-2 8.1 32.2
90 sn-1 10 1.6 91 sn-1 18 6.9
92 sn-1 2.3 31 93 sn-1 2.7 21
94 sn-1 2.0 3.6 95 sn-1 2.3 5.1
96 sn-1 18 11 97 sn-1 18 4.8
98 sn-1 0.7 11 99 sn-1 1.6 4.8
105 sn-2 2.8 1.9 106 sn-2 4.2 34




ACCEPTED MANUSCRIPT

Figure 1. The structure of DAG-lactone
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Figure 2. Linoleic acid derivatives. unsaturated, branched, and saturated alkyl chains.
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« DAG:-lactones with linoleic acid derivatives showed modest selectivity for PKCe.
«  DAG:-lactones with branched chain showed the best selectivity for PKCe up to 32-fold.

« Innuclear membrane, the selectivity for PKCe versus PKCa was enhanced.



