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ARTICLE INFO ABSTRACT

Article history The o-hydrophobic long chain-amino esters are prepared éhydroxylation of a seriesf
Received fatty acid esterqgderived from oleic acid (OA), linolenic acid (LA)Xlocosahexaenoic a
Received in revised form (DHA) and arachidonic acid (ARA)] followed by Miteabu reaction and hydrazinsig of the
Accepted phthalimide These amino esters are mixed with aldehydes lactr@philic alkenes to give ve

Available online good chemical yields and diastereoselectivities poblinate derivatives incorporating
hydrophobic long chain at theposition. This multicomponent 1,3-dipolar cycloagih (1,3-
DC) takes place at room temperature. The synthestsedidmologue hydrophobic chain of |

is performed by its oxidation to aldehyde/ racemitert-butylsulfinyl imine/Neff reaction
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Final

1,3-DC with benzaldehyde ani-methylmaleimide affords homologue pralte
derivative in good yield.

2019 Elsevier Ltd. All rights reserved

1. Introduction

Fatty acids possess many crucial functions in tlgarusm.
Apart from being constituents of cell membranesrgnsource,
inflammatory responses and exclusive building bdoétr the
synthesis of lipids and fats, they are employed niany
interesting scientific applications. For exampleyt are used as
dietary supplements to treat depressive sympfoasssignaling
probes in cancer developménas cardiac biomarkers for early
diagnosis of myocardial infarctichas metabolic controllers of
cardiac functiorf,in the treatment of neuropsychiatric disorders,
in pathogenesis and treatment of Alzheimer's disaadetype 2
diabetic dementi&jn hormonal control etc.

The synthetic transformations of fatty acid deiiwed into
valuable chemicals is desirable since the induspint of
view.? In addition, it has been demonstrated that amadies in
the polar part of these molecules produced chanmgetheir
activity as modulators of membrane structure, ndoroain
organization and cellular signalifig.With this idea, the
employment of the fatty acids as starting matemas envisaged
to prepare their correspondingamino esters and, in the final
step, run the 1,3-dipolar cycloaddition (1,3-DC)viegn them
and several representative dipolarophiles (Schem@&he main
goal is to construct a polar unit (prolinate or lpr@) together
with a long chain attached at the 2-position oftte&erocycle.
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Scheme 1. Retrosynthetic pathway to obtain long chain-
substituted proline derivatives.

2. Results and Discussion

First of all, the synthesis of aminBsderived from fatty acids
1 was carried out due to they are not commerciallgilable.
They were synthesized following the procedure deedrib the
literature™® The procedure consisted in aydroxylation of the
commercial fatty acids: oleic acid (OA), linolenicichdLA),
docosahexaenoic acid (DHA) and arachidonic acid (ARAxtNe
the synthesis of the correspondingphthalimides 4 via
Mitsunobu reaction o8 and finally, the conventional Gabriel’s
synthesis using, in this last step, the Ing—Manskak-up
(Scheme 2) was sequentially performed in this ordéth this
methodology the desired products were achieved in good
overall chemical yields from starting materials
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Scheme 2. Synthesis of long chaimamino esters.

These a-amino esterss were allowed to participate in a

multicomponent 1,3-dipolar cycloaddition (1,3-DC) hwit
electrophilic alkenes and aldehydes. According tecedent
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surveys in our group, toluene was selected as solvent and silver

acetate as catalyst. After several optimization stest the
cycloaddition involving 5a, benzaldehyde andN-methyl
maleimide (NMM) took place at room temperature anchdded
base was necessary. The reaction was completedléfteours
being crucial the presence of silver acetate (5%WolThe
absence of the silver salt supposed low conversamt very
complex reaction mixtures in the crude materiab{gzred by'H
NMR spectroscopy). The finakendoeycloadduct 6aa was
isolated as pure compound in 78% yield (Schemdl3s same
procedure was extended to other maleimides andiasygtems
furnishing high yields of the corresponding cycldadts 6a.
However, when acrylates were employed as dipolarophites
best results were obtained following the sequentider of
addition: the amine (1 equiv.) and aldehyde (1 ejjuivere
mixed in toluene during 2 h at 70 °C, then acry(@tequiv.) and
the catalyst were added and stirred 16 h at thigpéeature.
When the same sequential methodology was attematedom
temperature, the conversion was very pardoCycloadduct
6ah was prepared by the multicomponent route at 70 °@stvh
endo6ag was generated using ethafidhstead of toluene. The
presence of chromenone, a 3-indolyl substituent Ztitazolyl
residues in the molecule, as occurred in prod6ats6ai can
increase their biological activity (Scheme 3) ot thesulting
cycloadducts.

Scheme 3. 1,3-DC to obtain prolinates derived fromamino
estersa.

a-Amino ethyl estebb derived from linoleic acidb behaved
similarly to a-amino esteba. The cleanest reaction occurred in
toluene at room temperature in presence of 5 mai%ileer
acetate as catalyst. The reaction between benzaldebty and
different dipolarophiles Gba-6bc) was successfully performed.
All of them were obtained in moderate to good yieddsl high
endodiastereoselectivity after flash column chromatpsa It

was also tested with different aldehydes bearing
pharmacophore unit &d and6be (Scheme 4).
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Scheme 4. 1,3-DC to obtain prolinates derived fromamino
estersb

o-Amino estersbc and 5d, obtained from ARA and DHA
respectively, also were suitable precursors for
multicomponent 1,3-DC remaining unaltered all th@jogated

insaturations. The higkendodiastereoselectivity was also kept

and the chemical yields of compouritsand6d were relatively
good (Scheme 5).
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Scheme 5. Synthesis of prolinatesnde6c andendoe6d derived
from a-amino estebc anda-amino estebd, respectively.

It is well known that a small change in the aminodaci
unit/protein is associated in biological enginegrio evolution.
Apparently, both of mutated entities are capableexdfibiting
analogous biological properties acting as invari@sidues, but
in other scenarios a considerable variation of diiviy can
occur calling that variable residuésConsidering compounds

this
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as synthetic surrogates of racemic prolinates, exghnd the
interest and utility of this methodology in genesgience, we
focused on this study towards the preparation @fhitimologue
a-amino acidlla (with respect to compoun®a, derived from
OA)." Thus, the preparation of racemN-tert-butylsulfinyl
imine 8a was accomplished in very good yield from the
corresponding alcohoVa (Scheme 6). Next, the addition of
nitromethane-Neff reaction were successfully cardatlin high
conversions giving compountDa in moderate yields (41%}.
Final one-pot esterification and removal of thefiayl group
afforded the amino estéfia in 82% yield (Scheme 6).
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Scheme 6. Synthesis of the homologueamino esteflla.

The multicomponent 1,3-dipolar reaction betwedfa,
benzaldehyde and NMM was carried out following ideati
reaction conditions described in Schemes 3-5. Rtodndo
cycloadductl2aa was diastereoselectively formed and isolated in
75% yield (Scheme 7). So, this cycloadduct is iratgyl by from
a non-natural side chain, which is homologous to the
corresponding moleculesdoe6aa.
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Scheme 7. Synthesis of prolinat&2aa derived from homologous
a-amino esteflla.

In every reaction thendocycloadducts were obtained almost
exclusively not only after chromatographic separatbut in the
raw material (observed byd NMR spectroscopy). This relative
configuration was supported by analysis of nOe erpamts and
by comparison of the coupling constant values wiihilar
substances isolates in previous contributfdngt this moment
the biological evaluation of them against tumorls;ebacteria
and viruses are underway.
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3. Conclusions chromatography on silica gel eluting with mixture$ n-

The preparation of new amino acid and prolinatevdéries, hexane/ACOEL.

incorporating a long side chain at teosition of the carbonyl
group, was reported. These amino esters were alsbasatrily ’ .
prepared in good yields and many of them are newpoomds. Colorless oil, (2.45g, 75% yield)R; 0.47 (hexane/ethyl
The multicomponent cycloaddition operated under dmil &cetate: 8/2)'HI]R1 (neath,,c 1106, 1213, 1464, 1731, 2854,
conditions, total atom economy and excellent2925, 3500 cm. "H NMR (300 MHz, CDCJ) 5) § 5.36-5.33

diastereoselectivity. The stereochemical outcomehef novel (m, 2H), 4.25 (qJ = 7.2 Hz, 2H), 4.16 (dd] = 7.2, 4.1 Hz,
prolinate derivatives provided aall-cis-arrangement [positions 1H), 2.73 (s, 1H), 2.05-1.99 (m, 4H), 1.83-1.74 {H), 1.68-

2, 3 (for maleimides), 4 and 5). The biologicalemstst of these 1.59 (m, 1H), 1'48'1'21_ (m, 23H), 0.90-0.87 (m, 3HE
amino esters and cycloadducts obtained through th MR (75 MHz, CDC}) &: 175.4, 130.0, 129.7, 70.4, 61.5,
multicomponent 1,3-DC are unpredictable. The efficiene 4.4, 31.9, 29.8, 29.6, 29.5, 29.3, 29.2, 29-102,227-1, 24.7,
atom elongation in the long side hydrophobic clgane access 22.7,14.2,14.1. LRMS (El)n/z= 326 (M, <1%) 253 (100),

to both homologous: a) new amino ester, and b) natdi 123 (23), 121 (27), 111 (27), 109 (41), 104 (53),(89), 95

surrogate, which can be potentially interesting engnscientific 1(37232.’25211;(f700u)}1d53§2(§2.320§.26l.—|RMs (El): caled. forag8ssOs

Ethyl (2)-2-hydroxyoctadec-9-enoasa.

areas.

4.3. General procedure for the preparationeshydroxy fatty
4. Experimental section esters3b-d.
4.1 General information. Fatty esteb-d (10 mmol) was dissolved in anhydrous THF

) ) (10 mL) and treated with potassium bis(trimethyl3@mide
All commercially available reagents and solventsevesed (.45 M (44 mL, 20 mmol) in tetrahydrofuran (15 ma},-78
without further purification, only aldehydes weteadistilled o for 1 h. This ester enolate reacted with (phenfdsyl)-3-
prior to use. Analytical TLC was performed on Sdatfier & phenyloxaziridine (6.53 g, 25 mmol) givinghydroxy fatty

Schuell F1400/LS 254 silica gel plates, and thelsspeere  oqiara3 g After 19 h at room temperature, the mixture was
visualized under UV lightA( 254 nm). Flash chromatography hydrolyzed with 3M HCl and it was extracted witrettiyl

was carried out on hand-packed columns of Merdkasijel : : !
60 (0.040-0.063 mm). The structurally most impatrtpeaks Qer\ The organic phase was d”.e.d (MgSCiltered,
evaporated under vacuum and purified by flash calum

of the IR spectra (recorded using a Nicolet 510 )PH€ listed o . .
and Wavepnumbérs are givengin EMNMR sp)ggfra were chromatography on silica gel eluting witthexane/AcOEt.

obtained using a Bruker AC-300 or AC-400 and were :

recorded at 300 or 400 MHz f&# NMR and 75 or 100 MHz  Ethyl (92,122)-2-hydroxyoctadeca-9,12-dienodie.

for 3C NMR, using CDGJ as solvent and TMS as internal Yellow oil, (2.17g, 67% yield)R; 0.52 (hexane/ethyl acetate:
standard (0.00 ppm). The following abbreviatiors ased to ~ 8/2). IR (n€atjomac 1110, 1209, 1466, 1735, 2856, 2927,
describe peak patterns where appropriate: s Yiesinglvs 3449 cn. 'H NMR (300 MHz, CDCJ) § 5.44-5.33 (m, 4H),
doublet, t ¥ triplet, q ¥ quartet, m¥% multipletwesolved 4.23 (qdJ=7.2, 1.4 Hz, 2H), 4.15(ddd=7.2,5.7, 4.2 Hz,
and br s ¥ broad signal. All coupling constad)safe given 1H), 2.91 (ddJ = 5.7, 2.6 Hz, 1H), 2.76 (8 = 6.4 Hz, 2H),

in Hz and chemical shifts in ppm°C NMR spectra were 2.04 (q,J = 6.4 Hz, 4H), 1.80-1.73 (m, 1H), 1.64-1.58 (m,
referenced to CDGlat 77.16 ppm. DEPT-135 experiments 1H), 1.47-1.17 (m, 17H), 0.88 @,= 6.8 Hz, 3H).**C NMR
were performed to assign CH, €dnd CH. *°F NMR were (75 MHz, CDC}) 6: 175.4, 130.1, 129.9, 128.0, 127.9, 70.4,
recorded at 282 MHz using CD{is solvent. Low resolution 61.5, 34.4, 31.5, 29.5, 29.3, 29.2, 29.1, 27.21,2795.6, 24.7,
electron impact (El) mass spectra were obtained0aeV 225, 14.1, 14.0. LRMS (Elyn/z= 324 (M, <1%) 251 (18),
using a Shimadzu QP-5000 by injection or DIP; fragtvions 110 (25), 109 (39), 96 (41), 95 (79), 93 (29), 8&)( 69 (42),

in m/zare given with relative intensities (%) in parerges. 67 (100), 55 (68), 41 (46). HRMS (El): calcd. fos@s0;
High resolution mass spectra (HRMS) were measuredo 324 2664: found 324.2668.

instrument using a quadrupole time-of-flight mass

spectrometer (QTOF) and also through the electmpatt  wethy| (52,87,112,142)-2-hydroxyicosa-5,8,11, 14-tetraeno-
m_od_e (El) at 70 eV using a Finnigan VG Platform ar o3°
Finnigan MAT 95 S. Yellow oil, (2.10g, 63% yield)R; 0.50 (hexane/ethyl acetate:
8/2). IR (neat)omsc 1113, 1216, 1440, 1738, 2857, 2927,
4.2. General procedure for the preparationsehydroxy fatty 2955, 3012, 3452 ¢ *H NMR (300 MHz, CDCJ) § 5.50-
esters3a. 5.31 (m, 8H), 4.20 (dt) = 8.3, 4.2 Hz, 1H), 3.79 (s, 3H),
To a solution of the fatty esteta (2.82 g, 10 mmol) in 2.86-2.81 (m, 6H), 2.30-2.18 (m, 2H), 2.09-2.04 (@h]),
anhydrous THF (10 mL) was added lithialisopropylamine ~ 1.91-1.83 (m, 1H), 1.76-1.67 (m, 1H), 1.39-1.26 @id), 0.90
2.5 M (8 mL, 20 mmol) in tetrahydrofuran (15 mL)-at°Cto  (t, J = 6.8 Hz, 3H).”*C NMR (75 MHz, CDC)) &: 175.7,
provide the ester enolate. This ester enolate whblbd with ~ 130.5, 129.2, 128.6, 128.5, 128.2, 128.1, 127.9,5,%69.8,
molecular oxygen (25 mmol) during 1 h. The mixtwwas 52.5, 34.1, 31.5, 29.3, 27.2, 25.6, 25.6, 22.65,224.0.
hydrolyzed with 3M HCI and it was extracted withethiyl ~LRMS (El): m/z= 334 (M, <1%) 129 (25), 109 (28), 101
ether. The organic phase was dried (MgSCfiltered, (40), 99 (44), 97 (33), 95 (52), 85 (45), 83 (489, (40), 71
evaporated under vacuum and purified by flash calum



(47), 69 (56), 57 (57), 55 (88), 43 (100), 41 (BARMS (EI):
calcd. for G1H3405 334.2508; found 334.2497.

Ethyl (42,72,102,132,16Z,197)-2-hydroxydocosa-
4,7,10,13,16,19-hexaeno&s.
Yellow oil, (2.53g, 68% yield)R; 0.48 (hexane/ethyl acetate:

8/2). IR (neat)oma 1110, 1206, 1445, 1735, 2964, 3013,

3412cm™. *H NMR (300 MHz, CDC}) § 5.60-5.32 (m, 12H),
4.27-4.20 (m, 3H), 2.89-2.79 (m, 10H), 2.59-2.47, @Hl),
2.12-2.02 (m, 2H), 1.29 (] = 7.1 Hz, 1H), 0.97 () = 7.5
Hz, 1H).*C NMR (75 MHz, CDCJ) &: 174.6, 132.0, 131.6,
128.6, 128.4, 128.3, 128.1, 127.9, 127.8, 127.8,4,270.1,
61.7, 32.2, 25.8, 25.6, 25.5, 20.6, 14.3, 14.2. |R(EI): m/z

5
Yellow  oil, ' (1.60 g, 64% yield). R 0.29
(dichloromethane/methanol: 97/3). IR (neaf),. 1185, 1392,
1445, 1735, 2964, 3012, 3309, 3377 %tmH NMR (300
MHz, CDCk) 6 5.43-5.32 (m, 12H), 4.18 (4,= 7.1 Hz, 2H),
3.52 (dd,J = 7.1, 5.2 Hz, 1H), 2.89-2.80 (m, 10H), 2.59-2.37
(m, 2H), 2.12-1.95 (m, 3H), 1.28 (t= 7.1 Hz, 3H), 0.97 (1
= 7.5 Hz, 3H).*C NMR (75 MHz, CDC}) &: 175.4, 132.1,
131.6, 128.6, 128.5, 128.3, 128.0, 127.9, 127.8,112124.6,
61.0, 54.3, 32.6, 25.7, 25.6, 20.6, 14.4, 14.3. IR(l): m/z
= 371 (M, <1%), 298 (17), 102 (100), 91 (15), 74 (16).
HRMS (EI): calcd. for G4H3,NO, 371.2824; found 371.2829.

4.5. General procedure for the preparation of pmalies6

= 372 (M, <1%), 145 (19), 131 (27), 119 (49), 117 (33), 108and12.

(35), 105 (49), 93 (50), 91 (85), 79 (100), 67 (5 (26).
HRMS (EI): calcd. for GH3s05 372.2664; found 372.2664.

4.4. General procedure for the preparationesedmino fatty
esterss.

A mixture of the a-hydroxylated ester 3 (7.00 mmol),
phthalimide (1.24 g, 8.4 mmol) and triphenylphosgh{2.20
g, 8.4 mmol) in 50 mL of THF was cooled to 0 °C and,-
atmosphere before diisopropyl azodicarboxylate 1L,
8.75 mmol) was added dropwise. The ice-bath waverh
and the reaction mixture was stirred at room tewdpee for
18 h. Then, it was evaporated under vacuum and
phthalimide alkyl este4 was isolated after flash column
chromatography on silica gel. Then, a solutionahpound4
(5 mmol) in 15 mL of EtOH (fordc, MeOH), was added
hydrazine (0.40 mL, 7.5 mmol) and the resulting tomi& was
refluxed under Matmosphere for 48 h followed by
evaporation under vacuum and purification by flastumn
chromatography on silica gel eluting witthexane/AcOEt .

Ethyl (2)-2-aminooctadec-9-enoabe.

Yellow oil, (1.64 g, 72% vyield). R 0.26
(dichloromethane/methanol: 3/1). IR (neat),: 1180, 1465,
1736, 2853, 2922, 3196, 3311, 3371%tmH NMR (300
MHz, CDCk) 6 5.32-5.28 (m, 2H), 4.16 (d,= 7.1 Hz, 2H),

3.41 (td,J = 6.4, 5.3, 1.7 Hz, 1H), 2.00-1.94 (m, 5H), 1.78-

1.59 (m, 1H), 1.63-1.46 (m, 1H), 1.45-1.06 (m, 236184 (t,
J = 6.4 Hz, 3H)!C NMR (75 MHz, CDC}) &: 176.2, 130.1,
129.8, 60.8, 54.5, 35.0, 32.0, 29.8, 29.7, 29.64,220.2, 27.3,
27.2, 25.7, 22.8, 14.3, 14.1. LRMS (Ef/z = 325 (M,
<1%), 254 (19), 253 (18), 252 (100), 56 (12). HRNS):
calcd. for GgH3gNO, 325.2981; found 325.2983.

Ethyl (92,127)-2-aminooctadeca-9,12-dieno&ie

Yellow oil, (149 g, 66% \vyield). R 0.25
(dichloromethane/methanol: 9/3). IR (neat),: 1181, 1465,
1736, 2854, 2925, 3301, 3375 tm'H NMR (300 MHz,
CDCly) & 5.38-5.25 (m, 4H), 4.16 (qd,= 7.2, 1.7 Hz, 2H),
3.40 (dd,J = 7.4, 5.4 Hz, 1H), 2.73 (§ = 6.3 Hz, 2H), 2.04-
1.99 (m, 5H), 1.73-1.67 (m, 1H), 1.58-1.51 (m, 1H}%8-1.14
(m, 17H), 0.87-0.84 (m, 3H}3C NMR (75 MHz, CDC)) &:
175.8, 129.9, 129.7, 127.8, 127.6, 60.5, 54.2,, 3163, 29.3,
29.1, 28.9, 26.9 (2), 25.4, 25.3, 22.3, 14.0, 1BRMS (El):
m/z= 323 (M, <1%), 252 (53), 250 (100), 67 (12), 56 (19).
HRMS (El): calcd. for GHs/NO, 323.2824; found
323.2830.

Ethyl (42,72,102,132,16Z,192)-2-aminodocosa-
4,7,10,13,16,19-hexaenodig.

Synthesis of6 and 12 with maleimides as dipolarophile:
Multicomponent reaction: to a stirred solution @famino
ester5 or 11a (0.5 mmol) in toluene (3 mL) or EtOH (for
6ag), aldehyde (0.5 mmol) was added. After that, the
maleimide (0.5 mmol) and AgOAc (4.2 mg, 5 mol%) &ver
added in this order. The reaction mixture was edirr
overnight at room temperature (at 70 °C 6ag and 6ah).
Then, it was extracted with ethyl acetate and weéshih
brine. The organic phase was dried (Mgg@iltrated and
evaporated. The corresponding pyrrolidines werainbtl in
good vyields after purification by flash chromatqurs
(Hexane/AcOEt).

Synthesis of6 with acrylates as dipolarophile: Sequential
reaction: to a stirred solution afamino esteb (1 equiv., 0.5
mmol) in toluene (3 mL), aldehyde (1 equiv., 0.5 otirwas
added and the mixture was stirred during 2 h at@Q0Then
acrylate (1 equiv., 0.5 mmol) and the catalyst AgO&.2
mg, 5 mol%) were added and stirred 16 h at thiptrature.
The crude mixture was extracted with ethyl acetatel
washed with brine. The organic phase was dried (M3§S
filtrated and evaporated. The corresponding pydiodis were
obtained in good yields after purification by flasblumn
chromatography (Hexane/AcOEt).

Ethyl (1ISR3RS3aSR6aR3-1-[(2)-hexadec-7-en-1-yl]-5-
methyl-4,6-dioxo-3-phenyloctahydropyrrolo[3cipyrrole-1-
carboxylateGaa.

Yellow oil, (205 mg, 78% vyield).R 0.30 (hexane/ethyl
acetate: 7/3). IR (neat)na 1287, 1383, 1435, 1705, 1779,
2854, 2925, 3343, 3466 ¢m'H NMR (300 MHz, CDC)) &:
7.38-7.31 (m, 5H), 5.45-5.20 (m, 2H), 4.66 (d= 9.1 Hz,
1H), 4.47-4.21 (m, 2H), 3.52 (dd,= 9.1, 7.4 Hz, 1H), 3.27
(d,J=7.4 Hz, 1H), 2.81 (s, 3H), 2.13-2.01 (m, 4HB4:1.75
(m, 1H), 1.43-1.27 (m, 25H), 0.92-0.87 (m, 3#}C NMR
(75 MHz, CDC}) &: 175.7, 174.8, 171.6, 137.1, 130.1, 129.6,
128.5, 128.4, 127.0, 70.7, 61.7, 55.4, 50.4, 33109, 29.7,
29.7, 29.5, 29.4, 29.3, 29.0, 27.2, 27.1, 24.86,28.7, 14.1.
LRMS (EI): m/z= 524 (M, <1%), 454 (24), 453 (80), 452
(32), 451 (100), 301 (88), 205 (15), 144 (1BRMS (EI):
calcd. for G,H4gN,0O, 524.3614; found 524.3621.

Ethyl (1ISR3RS3aSR6aRS)5-(4-fluorobenzyl)-1-[7)-
hexadec-7-en-1-yl]-4,6-dioxo-3-phenyloctahydropiof8,4-
c]pyrrole-1-carboxylaté&ab.

Yellow oil, (235 mg, 76% vyield).Rr 0.52 (hexane/ethyl
acetate: 7/3). IR (neatyna 1224, 1432, 1511, 1707, 2854,
2925, 3348, 3464 cm'H NMR (300 MHz, CDC)) &: 7.30-
7.14 (m, 5H), 7.13-7.06 (m, 2H), 6.99 &= 8.7 Hz, 2H),



5.45-5.29 (m, 2H), 4.63 (d,= 9.0 Hz, 1H), 4.43 (dd] = 7.4,
3.7 Hz, 2H), 4.37 (dd] = 11.2, 7.1 Hz, 2H), 3.46 (dd,= 9.1,
7.5 Hz, 1H), 3.25 (dJ = 7.5 Hz, 1H), 2.10-2.01 (m, 4H),
1.88-1.68 (m, 1H), 1.43-1.03 (m, 25H), 0.92-0.88 @Hi).
¥C NMR (75 MHz, CDC)) 8: 175.3, 174.3, 162.5 (dJcr=
246.7 Hz,CF), 131.6 (d,*Jc.c= 3.1 Hz, CCHCHCF), 131.1
(d, ®Jcr = 8.2 Hz, CHCHCF), 130.2, 129.7, 128.5, 128.3,
127.1, 115.4 (d%Jcr = 21.6 Hz,CHCF), 71.0, 61.9, 61.8,
55.6, 50.2, 41.8, 35.1, 32.0, 29.9 , 29.8, 29.76,220.5, 29.4,
29.2, 27.3, 27.2, 23.7, 22.8, 14.3, 14%E. NMR &: -114.2.
LRMS (EI): m/z= 618 (M, <1%), 545 (100), 395 (64), 144
(13), 109 (47), 91 (8)HRMS (El): calcd. for GgHs:FN,O,
618.3833; found 618.3846.

2-Ethyl 4-methyl (BR4SR5R9-2-[(Z2)-hexadec-7-en-1-yl]-5-
phenylpyrrolidine-2,4-dicarboxylatac.

Colorless oil, (195 mg, 78% yieldR 0.30 (hexane/ethyl
acetate: 7/3). IR (neath.: 1201, 1248, 1456, 1731, 2854,
2923, 3370, 3452 ¢ *H NMR (300 MHz, CDC})) § 7.57-
7.30 (m, 5H), 5.43-5.32 (m, 2H), 4.85 @~ 6.4 Hz, 1H),
4.32 (q,J = 7.1 Hz, 2H), 3.30-3.29 (m, 1H), 3.23 (s, 3H)} 2.
(dd, J = 13.9, 3.6 Hz, 1H), 2.17 (dd,= 13.7, 7.6 Hz, 1H),
2.20-1.88 (m, 5H), 1.60-1.55 (m, 1H), 1.38-1.18 @BH)
0.89-0.85 (m, 3H)**C NMR (75 MHz, CDC)) &: 172.8,
169.1, 130.0, 129.7, 128.6, 128.2, 126.7, 65.60,631.4,
49.7, 39.6, 31.9, 29.8, 29.7, 29.5, 29.3, 29.12,277.2, 25.0,
22.7, 14.2, 14.1. LRMS (Elyn/z= 499 (M, <1%), 428 (27),
427(31), 426 (100), 276 (16), 105 (9). HRMS (EBlcd. for
Cs1H49NO,499.3662; found 499.3647.

Ethyl (2SR4SR5R9-2-[(2)-hexadec-7-en-1-yl]-4-(2-
oxopyrrolidine-1-carbonyl)-5-phenylpyrrolidine-2-
carboxylatetad.

Yellow oil, (237 mg, 86% vyield).R 0.48 (hexane/ethyl
acetate: 7/3). IR (neat)na 1252, 1362, 1457, 1686, 1736,
2853, 2924, 3312, 3359, 3452 tmH NMR (300 MHz,
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1H), 1.37-1.35 (m, 23H), 1.09-0.74 (m, 3HJC NMR (75
MHz, CDCL) & 175.5, 172.9, 152.8, 129.9, 129.7, 128.2,
128.0, 127.0, 70.2, 65.8, 61.7, 48.4, 42.4, 39169,329.7,
29.7, 29.5, 29.3, 29.1, 27.2, 25.2, 22.7, 14.31.14RMS
(EI): m/z= 554 (M, <1%), 483 (29), 482 (33), 481(100), 391
(11), 331 (30), 156 (10). HRMS (El): calcd. fogsBsN,Os
554.3720; found 554.3708.

Ethyl (1ISR3RS)1-[(2)-hexadec-7-en-1-yl]-5-methyl-4,6-
dioxo-3-(4-(trifluoromethyl)phenyl)octahydropyrr¢®4-
c]pyrrole-1-carboxylatéaf.

Colorless oil, (172 mg, 58% yieldR 0.48 (hexane/ethyl
acetate: 7/3). IR (neat)nae 1128, 1325, 1435, 1620, 1704,
1780, 2855, 2925, 3342, 3467 tntH NMR (300 MHz,
CDCly) § 7.59 (d,J = 8.1 Hz, 2H), 7.47 (d] = 8.1 Hz, 2H),
5.41-5.28 (m, 2H), 4.66 (d] = 8.9 Hz, 1H), 4.49-4.23 (m,
2H), 3.53 (ddJ = 8.9, 7.4 Hz, 1H), 3.26 (d,= 7.4 Hz, 1H),
2.80 (s, 3H), 2.09-1.98 (m, 5H), 1.89-1.65 (m, 1H51-1.20
(m, 25H), 0.90-0.78 (m, 3H}3C NMR (75 MHz, CDC)) &:
175.4,174.5,171.4, 141.5, 130.3 ?(JI;_F: 34.5 Hz,CHCR),
130.1, 129.5, 127.5, 125.8, 125.4, 125.3303,,:= 3.6 Hz,
CHCHCF;), 125.2, 124.0 (d}Jce = 272.2 Hz,CF), 70.6,
61.67, 60.69, 55.0, 49.9, 34.9, 31.9, 29.7, 29286, 29.6,
29.5, 29.3, 29.3, 29.0, 27.2, 27.1, 24.8, 23.67,2P4.1, 14.1.
% NMR &: -62.5.LRMS (EI): m/z= 592 (M, <1%), 521
(42), 520 (44), 519 (100), 369 (68), 323 (17), 2AUB).
HRMS (El): calcd. for GsH4#FN,O, 592.3488; found
592.3495.

Ethyl (1SR,3RSaSR6aR3-1-[(2)-hexadec-7-en-1-yl]-5-
methyl-3-(6-methyl-4-oxo-4-chromen-3-yl)-4,6-
dioxooctahydropyrrolo[3,4]pyrrole-1-carboxylatéag.

Yellow oil, (254 mg, 84% vyield).R 0.21 (hexane/ethyl
acetate: 7/3). IR (neat)nae 1130, 1288, 1435, 1644, 1750,
2854, 2924, 3056, 3315, 3460 tmH NMR (300 MHz,
CDCl,) 8:8.03 (s, 1H), 7.99 (dl = 2.2 Hz, 1H), 7.49 (ddl =

CDCl) §: 7.28-7.26 (m, 5H), 5.36-5.32 (m, 2H), 4.83 (s, 1H),8.6, 2.2 Hz, 1H), 7.35 (d, = 8.6 Hz, 1H), 5.35-5.32 (m, 2H),

4.35 (q,J = 7.1 Hz, 2H), 3.54-3.46 (m, 1H), 3.08-3.00 (m,

4.66 (s, 1H), 4.35 (dgd = 17.8, 7.1, 3.6 Hz, 2H), 3.74 (=

1H), 2.84 (dJ = 12.8 Hz, 1H), 2.34-2.19 (m, 2H), 2.17-2.07 8.2 Hz, 1H), 3.32 (dJ = 7.4 Hz, 1H), 2.85 (s, 3H), 2.45 (s,

(m, 2H) 2.09-1.94 (m, 5H), 1.93-1.90 (m, 2H), 17787 (m,
1H), 1.61-1.47 (m, 1H), 1.50-1.09 (m, 23H), 0.986)(m,
3H). *C NMR (75 MHz, CDC)) &: 175.5, 175.0, 173.8,
130.1, 129.9, 128.1, 127.4, 66.2, 61.7, 45.6, 48806, 32.0,
29.9, 29.8, 29.6, 29.4, 29.3, 27.3, 25.3, 22.83,184.5, 14.2.
LRMS (El): m/z = 552 (M, <1%), 481 (30), 480 (38),
479(100), 392 (12), 329 (21), 230 (11). HRMS (EBtcd. for
Cs4Hs5N,0, 552.3927; found 552.3913.

Ethyl (2SR4SR5RS)2-[(Z)-hexadec-7-en-1-yl)]-4-(2-
oxooxazolidine-3-carbonyl)-5-phenylpyrrolidine-2-
carboxylatetae.

White solid, (250 mg, 90% vyield)R 0.33 (hexane/ethyl
acetate: 7/3). IR (neat)na 1222, 1386, 1698, 1736, 1774,
2853, 2924, 3361 cm'H NMR (300 MHz, CDC})) &: 7.31-
7.28 (m, 5H), 5.36-5.31 (m, 2H), 4.78 @= 6.0 Hz, 1H),
4.32 (g,J = 7.0 Hz, 2H), 4.16-3.97 (m, 1H), 3.63 (= 8.5,
8.0 Hz, 2H), 3.29-3.06 (m, 1H), 2.80 (dii~ 13.6, 3.6 Hz,

3H), 2.21-2.07 (m, 1H), 2.09-1.93 (m, 4H), 1.946l.{m,
1H), 1.38-1.13 (m, 24H), 0.87 (,= 6.8 Hz, 3H).*C NMR
(75 MHz, CDC}) &: 177.9, 175.3, 174.9, 170.8, 154.6, 135.4,
135.3, 130.0, 129.6, 125.1, 117.9, 71.6, 62.1,,584, 35.0,
31.9, 29.7, 29.7, 29.6, 29.5, 29.4, 29.3, 29.02,247.1, 25.1,
23.9, 22.7, 20.9, 14.1. LRMS (E/z= 606 (M, <1%), 577
(19), 533 (100), 383 (24), 337 (30), 297 (24). HRNS):
calcd. for GgH5oN,0Og 606.3669; found 606.3669.

Ethyl (1ISR3RS3aSR6aR3-1-[(Z)-hexadec-7-en-1-yl]-3-(5-
methoxy-1H-indol-2-yl)-5-methyl-4,6-
dioxooctahydropyrrolo[3,4]pyrrole-1-carboxylaté&ah.

Red oil, (120 mg, 57% yieldR 0.43 (hexane/ethyl acetate:
7/3). IR (neat)umae 1031, 1216, 1287, 1440, 1486, 1694,
1776, 2854, 2925, 3360 ¢m'™H NMR (300 MHz, CDC})) &:
8.72 (s, 1H), 7.18 (d) = 8.8 Hz, 1H), 7.04 (d) = 3.0 Hz,
2H), 6.78 (ddJ = 8.8, 2.3 Hz, 1H), 5.38-5.28 (m, 2H), 4.97
(d,J=9.2 Hz, 1H), 4.50-4.28 (m, 2H), 3.81 (s, 3HR&(t,J

1H), 2.10 (dd,) = 13.6, 7.1 Hz, 1H), 2.09-1.91 (m, 4H), 1.88 = 8.4 Hz, 1H), 3.34 (d] = 7.5 Hz, 1H), 2.69 (s, 3H), 2.11 (td,

(dd,J = 12.6, 4.5 Hz, 1H), 1.84-1.65 (m, 1H), 1.61-1(42

J=13.7, 13.1, 4.5 Hz, 1H), 2.02 (k= 13.5, 7.1 Hz, 4H),



1.86 (t,J = 12.4 Hz, 1H), 1.40-1.20 (m, 25H), 0.89J& 6.7
Hz, 3H).C NMR (75 MHz, CDCJ) &: 175.9, 175.3, 171.7,
153.9, 131.7, 130.1, 130.0, 129.6, 126.2, 123.8,511112.3,
100.7, 70.9, 61.9, 56.4, 55.9, 55.7, 50.0, 35.19,319.8, 29.7,
29.6, 29.5, 29.5, 29.3, 29.1, 27.2, 27.2, 25.08,2%2.7, 14.1.
LRMS (ED: m/z= 593 (M, <1%), 520 (83), 482 (100), 371
(35), 329 (45), 323 (22), 273 (96), 175 (26), 186)( 55 (27).
HRMS (El): calcd. for GsHs:N3Os 593.3829; found
593.3815.

Ethyl (1ISR3RS3aSR6aRg-5-benzyl-1-[¢)-hexadec-7-en-1-
yl]-4,6-dioxo-3-(thiazol-2-yl)octahydropyrrolo[3,dpyrrole-
1-carboxylatebai.

Yellow oil, (228 mg, 75% vyield).R 0.15 (hexane/ethyl
acetate: 7/3). IR (neat)nae 1397, 1705, 2854, 2925, 3312,
3465 cnt. '"H NMR (300 MHz, CDC)) &: 7.71 (dd,J = 5.6,
3.2 Hz, 1H), 7.28-7.26 (m, 6H), 5.37-5.29 (m, 2#pP9 (d,J

= 8.6 Hz, 1H), 4.47 (dJ = 2.0 Hz, 2H), 4.32 (qd1 = 7.2, 5.2
Hz, 2H), 3.64 (tJ = 8.1 Hz, 1H), 3.29 (d) = 7.3 Hz, 1H),
2.01 (q,J = 6.7 Hz, 4H), 1.71-1.62 (m, 1H), 1.53-1.11 (m,
25H), 0.91-0.86 (m, 3HY'C NMR (75 MHz, CDC}) &: 174.8,
174.0, 170.6, 142.4, 135.3, 130.1, 129.6, 129.8,512127.8,
71.3, 61.8, 59.5, 55.7, 50.1, 42.7, 35.7, 31.98,229.6, 29.5,
29.4, 29.3, 29.1, 27.3, 27.2, 23.8, 22.7, 14.21.14RMS
(E): m/z= 607 (M, <1%), 534 (100), 384 (39), 347 (22), 151
(13), 91 (52), 86 (18). HRMS (El): calcd. for49Nz0,S
607.3444; found 607.3435.

Ethyl (1SR3RS3aSR6aR3-5-benzyl-1-[(Z,10Z)-hexadeca-
7,10-dien-1-yl]-4,6-dioxo-3-phenyloctahydropyrrddof-
c]pyrrole-1-carboxylatéba.

Yellow oil, (200 mg, 67% vyield).R 0.57 (hexane/ethyl
acetate: 7/3). IR (neat),ax 1168, 1346, 1431, 1707, 2855,
2926, 3343, 3465 ¢t *H NMR (300 MHz, CDC)) &: 7.31-
7.28 (m, 5H), 7.26-7.24 (m, 1H), 7.22-7.16 (m, 1H}3-7.10
(m, 2H), 7.05-6.93 (m, 2H), 5.51-5.27 (m, 4H), 460J =
9.1 Hz, 1H), 4.48 (dJ = 10.7 Hz, 2H), 4.42-4.35 (m, 2H),
3.46 (dd,J=9.1, 7.5 Hz, 1H), 3.26 (d,= 7.5 Hz, 1H), 2.82-
2.79 (m, 2H), 2.11-1.91 (m, 4H), 1.79 {t= 11.7 Hz, 1H),
1.48-1.04 (m, 19H), 0.94-0.89 (m, 3HJC NMR (75 MHz,

7
= 550 (M, <1%), 479 (80), 477 (100), 329 (36), 230 (17),
156 (22), 91 (17), 55 (18). HRMS (EI): calcd. fogsiN,04
550.3771; found 550.3765.

Ethyl (2SR4SR5R9-2-[(7Z,102)-hexadeca-7,10-dien-1-yl]-
4-(2-oxooxazolidine-3-carbonyl)-5-phenylpyrrolidi@e
carboxylategbc.

Red oil, (149 mg, 54% yieldR: 0.37 (hexane/ethyl acetate:
7/3). IR (neat)umax 1265, 1387, 1732, 1778, 2854, 2925,
3372 cnt. *H NMR (300 MHz, CDC)) &: 7.31-7.28 (m, 5H),
5.43-5.28 (m, 4H), 4.80 (s, 1H), 4.35 @~= 7.1 Hz, 2H),
4.11- 4.05 (m, 1H), 3.69-3.62 (m, 2H), 3.25-3.12 (thl),
3.13 (s, 1H), 2.86 -2.76 (m, 2H), 2.23-2.15 (m, 1M}13-1.96
(m, 4H), 1.91 (ddJ = 12.4, 4.4 Hz, 1H), 1.83-1.70 (m, 1H),
1.63-1.46 (m, 1H), 1.55-1.16 (m, 17H), 0.92-0.88 8id)°C
NMR (75 MHz, CDC}) 6: 172.6, 168.2, 152.7, 138.5, 130.2,
130.0, 129.9, 128.5, 128.4, 128.0, 127.9, 127.3,11271.2,
66.0, 61.8, 47.2, 42.4, 39.5, 31.9, 31.5, 29.87,229.5, 29.3,
29.1, 27.2, 25.62, 25.2, 22.7, 22.6, 14.3, 14.IMBREI): m/z

= 552 (M, <1%), 481 (97), 479 (100), 392 (26), 331 (58),
198 (16), 170 (20), 156 (36), 91 (25), 55 (32). HRNEI):
calcd. for G3HgN,0O5 552.3563; found 552.3557.

Ethyl (1SR3RS,3aS®aRS-1-[(72,102)-hexadeca-7,10-dien-
1-yl]-5-methyl-4,6-dioxo-3-(4-
(trifluoromethyl)phenyl)octahydropyrrolo[3.dpyrrole-1-
carboxylatesbd.

Yellow oil, (255 mg, 86% yield).R 0.43 (hexane/ethyl
acetate: 7/3)IR (neat)vnae 1127, 1165, 1325, 1706, 2856,
2927, 3341, 3464 cm'H NMR (300 MHz, CDC)) &: 7.61
(d,J = 8.7 Hz, 2H), 7.48 (d) = 8.1 Hz, 2H), 5.53-5.20 (m,
4H), 4.69 (dJ = 9.1 Hz, 1H), 4.36 (dd] = 7.2, 4.6 Hz, 2H),
3.56 (dd,J = 9.1, 7.5 Hz, 1H), 3.29 (d,= 7.5 Hz, 1H), 2.81
(s, 3H), 2.77 (tJ = 6.1 Hz, 1H), 2.06 (dd] = 8.2, 5.2 Hz,
4H), 1.95-1.65 (m, 1H), 1.52-1.14 (m, 19H), 0.9880(m,
3H). *C NMR (75 MHz, CDC)) &: 175.4, 174.4, 171.4,
141.4, 132.5 (d*Jc.e= 271.7 Hz,CF5), 130.5 (d2Jc.r = 32.7
Hz, CHCF;), 130.3 129.8, 128.2, 127.8, 127.5, 125.430d,

= 3.7 Hz,CHCHCR;), 70.6, 61.7, 60.7, 55.0, 49.9, 34.9, 31.5,
29.4, 29.3, 29.0, 27.2, 27.1, 25.6, 24.9, 23.65,224.1."F

CDCly) &: 175.3, 174.4, 171.5, 136.6, 135.7, 130.3, 130.0NMR 5: -62.5. LRMS (El):m/z= 590 (M, <1%), 519 (47),

129.2, 128.6, 128.5, 128.2, 128.2, 128.0, 12729,1, 71.1,
62.1, 61.8, 55.7, 50.3, 42.5, 35.1, 31.6, 29.65,229.4, 29.1,
27.3,27.2,25.7, 23.7, 22.7, 14.2. LRMS (@tyz= 598 (M,

<1%), 527 (40), 525 (100), 377 (84), 144 (21), B1L)(
HRMS (El): caled. for GgHsoN,O, 598.3771; found
598.3776.

Ethyl (2SR4SR5R9-2-[(7Z,102)-hexadeca-7,10-dien-1-yl]-
4-(2-oxopyrrolidine-1-carbonyl)-5-phenylpyrrolidise
carboxylatesbb.

Yellow oil, (135 mg, 49% vyield).R 0.46 (hexane/ethyl
acetate: 7/3). IR (neathax 1253, 1364, 1690, 1736, 2855,
2927, 3358, 3452 cm’H NMR (300 MHz, CDC)) &: 7.48-
7.27 (m, 5H), 5.41-5.28 (m, 4H), 4.87 @= 8.7 Hz, 1H),
4.37 (g,J = 7.1 Hz, 2H), 3.55-3.46 (m, 1H), 3.10-3.01 (m,
1H), 2.86 (ddJ = 13.8, 2.9 Hz, 1H), 2.77 (#,= 6.2 Hz, 2H),
2.32-2.21 (m, 2H), 2.08-1.87 (m, 7H), 1.76-1.64 (hh{),
1.61-1.52 (m, 1H), 1.48-1.16 (m, 17H), 0.90-0.88 @Hl).
¥C NMR (75 MHz, CDC)) & 175.5, 175.0, 173.6, 130.3,
130.2, 130.0, 128.2, 128.1, 128.0, 127.4, 66.21,625.6,
39.9, 33.5, 33.0, 31.6, 29.8, 29.8, 29.7, 29.65,229.4, 29.3,
27.3, 25.7, 25.3, 22.8, 22.7, 16.8, 14.4, 14.2. ISR(&I): m/z

517 (100), 369 (83), 323 (22), 212 (26). HRMS (Eicd.
for Cs3H4sF3N,0, 590.3331; found 590.3333.

Ethyl (1ISR3RS3aSR6aR3-1-[(7Z,102)-hexadeca-7,10-dien-
1-yl]-5-methyl-4,6-dioxo-3-(thiazol-2-
yh)octahydropyrrolo[3,4¢]pyrrole-1-carboxylatébe.

Yellow oil, (190 mg, 72% vyield).R 0.13 (hexane/ethyl
acetate: 7/3). IR (neat),ax 1287, 1436, 1705, 1736, 2254,
2855, 2927, 3007, 3314, 3464 ¢tntH NMR (300 MHz,
CDCly) 6: 7.81 (d,J = 3.2 Hz, 1H), 7.35 (d] = 3.2 Hz, 1H),
5.44-5.29 (m, 4H), 5.05 (d,= 9.0 Hz, 1H), 4.36 (dq] = 7.1,
3.8 Hz, 2H), 3.69 (t) = 8.3 Hz, 1H), 3.32 (d] = 7.5 Hz, 1H),
2.84 (s, 3H), 2.77 (1 = 6.0 Hz, 1H), 2.04 (g] = 6.9, 5.0 Hz,
4H), 1.86-1.57 (m, 1H), 1.48-1.16 (m, 19H), 0.99, = 6.9,
5.9, 3.3 Hz, 3H)**C NMR (75 MHz, CDCJ)) &: 175.2, 174.4,
170.8, 167.4, 142.8, 130.2, 129.9, 128.1, 127.8,6,171.1,
61.7, 59.4, 55.7, 50.3, 35.6, 31.5, 29.5, 29.43,229.0, 27.2,
27.1, 25.6, 25.0, 23.7, 22.6, 14.1. LRMS (Ehyz= 529 (M,
<1%), 558 (48), 556 (100), 308 (47), 262 (15), &B)(
HRMS (El): calcd. for GgH4N3O,S  529.2974; found
529.2979.
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Methyl (1SR3RS3aSR6aR3-5-methyl-1-[(Z,6Z,9Z,127)-
octadeca-3,6,9,12-tetraen-1-yl]-4,6-dioxo-3-
phenyloctahydropyrrolo[3,4}pyrrole-1-carboxylatéca.
Yellow oil, (160 mg, 60% vyield).R 0.28 (hexane/ethyl
acetate: 8/2). IR (neat),ox 1098, 1288, 1436, 1484, 1642,
1703, 1736, 2959 chm'H NMR (300 MHz, CDC}) 5: 7.38-
7.30 (m, 5H), 5.43-5.34 (m, 8H), 4.67 @= 9.1 Hz, 1H),
3.91 (s, 3H), 3.52 (dd] = 9.2, 7.4 Hz, 1H), 3.27 (d,= 7.4
Hz, 1H), 2.82-2.77 (m, 9H), 2.19-2.16 (m, 1H), 21129 (m,
3H), 2.08-1.25 (m, 10H), 0.92-0.88 (m, 3HJC NMR (75

4,6-dioxo-3-phenyloctahydropyrrolo[3@pyrrole-1-
carboxylatesdb.

Yellow oil, (220 mg, 66% vyield).R 0.54 (hexane/ethyl
acetate: 7/3). IR (neathhax 1224, 1396, 1510, 1707, 2932,
2964, 3012, 3345, 3467 €m'H NMR (300 MHz, CDC)) &:
7.34-7.07 (m, 7H), 6.99 () = 8.7 Hz, 2H), 5.52-5.22 (m,
12H), 4.63 (d,J = 9.2 Hz, 1H), 4.44 (d] = 7.1 Hz, 2H), 4.39-
4.32 (m, 2H), 3.47 (dt) = 8.7, 6.2 Hz, 1H), 3.31 (d,= 7.6
Hz, 1H), 3.10-2.63 (m, 10H), 2.64 (dii= 14.5, 7.8 Hz, 1H),
2.17-1.97 (m, 3H) 2.20-1.92 (m, 3H), 1.39J& 7.2 Hz, 3H),

MHz, CDCE) & 175.8, 174.8, 172.1, 130.6, 129.3, 128.8,0.99 (t,J = 7.5 Hz, 3H)**C NMR (75 MHz, CDC}) &: 175.1,

128.6, 128.6, 128.5, 128.2, 127.9, 127.8, 127.6,0,270.8,
61.9, 55.8, 52.6, 50.6, 35.0, 31.6, 29.4, 27.37,255.6, 24.9,
22.7,22.0, 14.2. LRMS (Eljn/z= 532 (M, <1%), 473 (35),
341 (28), 327 (22), 287 (100), 254 (26), 241 (2D3 (23),
130 (29), 91 (21). HRMS (EI): calcd. for s$8,N,04

532.3301; found 532.3289.

Methyl (ISR3RS3aSR6aRS-5-methyl-1-[(Z,6Z,9Z,127)-
octadeca-3,6,9,12-tetraen-1-yl]-4,6-dioxo-3-(4-
(trifluoromethyl)phenyl)octahydropyrrolo[3 dpyrrole-1-
carboxylateseb.

Yellow oil, (168 mg, 56% vyield).R 0.45 (hexane/ethyl
acetate: 8/2). IR (neat)ox 1128, 1436, 1620, 1701, 1779,
2858, 2929, 3012, 3349, 3460 tm'H NMR (300 MHz,
CDCly) § 7.61 (d,J = 8.0 Hz, 2H), 7.47 (d] = 8.0 Hz, 2H),
5.57-5.19 (m, 8H), 4.69 (d,= 8.6 Hz, 1H), 3.88 (s, 3H), 3.54
(t, J = 8.2 Hz, 1H), 3.28 (d) = 7.0 Hz, 1H), 2.88-2.61 (m,
9H), 2.18-1.84 (m, 5H), 1.51-1.11 (m, 8H), 0.99@.{m,
3H). **C NMR (75 MHz, CDC)) &: 175.4, 174.4, 171.8,
141.2, 130.4 (dz,Jc_Fz 32.9 Hz,CHCR), 129.4, 128.7, 128.5,
127.9, 127.7, 127.6, 127.45, 127.4, 125.4%)d-= 4.1 Hz,

174.2, 171.1, 162.44 (d)cr = 246.5 Hz,CF), 136.8, 132.8,
132.1, 131.5 (dJc.r= 3.3 Hz, CCHCHCF), 131.0 (d*Jcr=

8.2 Hz, CHCHCF) , 129.7, 129.0, 128.8, 128.6, 128.4, 128.4,
128.3, 128.2, 127.9, 127.8, 127.8, 127.5, 127.1,0,2122.5,
115.3 (d,2Jc.r= 21.4 Hz,CHCF), 70.4, 61.8, 61.7, 54.6, 49.8,
41.7,33.0, 26.0, 25.7, 25.6, 25.5, 20.5, 14.31.1% NMR &:
-114.2. LRMS (El):m/z= 664 (M, <1%), 396 (24), 395
(100), 144 (15), 109 (41), 91 (15), 79 (13). HRNE){ calcd.

for CsH4eFN,0, 664.3676; found 664.3666.

Ethyl (1SR3RS3aSR6aRg-1-[(22,52,82,112,142,172)-
icosa-2,5,8,11,14,17-hexaen-1-yl]-5-methyl-4,6-didx
(thiazol-2-yl)octahydropyrrolo[3,4}pyrrole-1-carboxylate
6dc.

Yellow oil, (200 mg, 69% vyield).R 0.17 (hexane/ethyl
acetate: 7/3). IR (neat),ox 1098, 1288, 1381, 1435, 1705,
2934, 2967, 3401 cm*H NMR (300 MHz, CDC}) § 7.76 (d,
J=3.2 Hz, 1H), 7.31 (d] = 3.2 Hz, 1H), 5.59-5.19 (m, 12H),
5.02 (d,J =9.1 Hz, 1H), 4.31 (qdl = 7.2, 1.2 Hz, 2H), 3.76-
3.57 (m, 1H), 3.35 (dJ) = 7.5 Hz, 1H), 3.30 (dd] = 7.6, 3.0
Hz, 1H), 3.02-2.59 (m, 13H), 2.52 (dii= 14.4, 7.5 Hz, 1H),

CHCHCFy), 70.7, 60.9, 55.3, 52.6, 50.0, 34.7, 31.5, 29.31.36 (t,J = 7.2 Hz, 3H), 0.96 (tJ = 7.5 Hz, 3H).XC NMR

27.2, 25.6, 25.5, 24.9, 22.5, 21.9, 14F NMR &: -63.0.
LRMS (El): m/z= 600 (M, <1%), 541 (27), 395 (23), 355
(100), 322 (25), 210 (25), 91 (18), 67 (23). HRNEH){ calcd.
for Cs4H43F3N,0,600.3175; found 600.3167.

Ethyl (1SR3SR3aSR6aR9-1-[(22,52,82,112,147,177)-
icosa-2,5,8,11,14,17-hexaen-1-yl]-5-methyl-4,6-didx
phenyloctahydropyrrolo[3,4}pyrrole-1-carboxylaté&da.
Yellow oil, (210 mg, 74% yield).R 0.40 (hexane/ethyl
acetate: 7/3). IR (neat)ax 1130, 1288, 1382, 1438, 1702,
2965, 3060, 3454 cm'H NMR (300 MHz, CDC)) &: 7.36-
7.34 (m, 5H), 5.62-5.31 (m, 12H), 4.68 ®= 9.1 Hz, 1H),
4.35 (qd,J = 7.1, 0.9 Hz, 2H), 3.54 (dd,= 9.2, 7.5 Hz, 1H),
3.33 (d,J = 7.4 Hz, 1H), 3.06-2.76 (m, 13H), 2.66 (ddx
14.5, 7.8 Hz, 1H), 2.09 (t§ = 8.2, 1.2 Hz, 3H), 1.40 (4 =
7.2 Hz, 3H), 0.99 (tJ = 7.5 Hz, 3H)."*C NMR (75 MHz,

(75 MHz, CDC}) 8: 175.1, 174.3, 170.5, 167.8, 143.0, 133.0,
132.1, 128.9, 128.7, 128.5, 128.4, 128.1, 128.0,9,2127.5,
127.1, 122.5, 119.7, 70.9, 62.0, 59.6, 54.9, 5837, 26.1,
25.8, 25.7, 25.6, 25.2, 20.7, 14.4, 14.2. LRMS:(Rl)z= 577
(M*, <1%), 308 (100), 262 (6), 177 (7), 91 (5). HRMS)(
calcd. for G3H4aN30,S 577.2974; found 577.2963.

Ethyl (1SR3SR3aSR6aSR-1-[(22,52,82,112,147,177)-
icosa-2,5,8,11,14,17-hexaen-1-yl]-5-methyl-4,6-did%(4-
(trifluoromethyl)phenyl)octahydropyrrolo[3 dpyrrole-1-
carboxylatesdd.

Yellow oil, (200 mg, 63% vyield).R 0.43 (hexane/ethyl
acetate: 7/3). IR (neatyax 1127, 1325, 1707, 2930, 2962,
3013, 3342, 3471 cm'H NMR (300 MHz, CDC)) &: 7.59
(dd,J=5.7, 3.3 Hz, 2H), 7.46 (dd,= 5.7, 3.3 Hz, 2H), 5.47-
5.12 (m, 12H), 4.72 (d} = 9.2 Hz, 1H), 4.33 (qdl = 7.2, 0.9

CDCly) &: 175.6, 174.7, 171.3, 137.3, 132.8, 132.1, 130.2Hz, 2H), 3.57 (ddJ = 9.2, 7.4 Hz, 1H), 3.33 (d,= 7.2 Hz,

129.8, 129.1, 128.8, 128.6, 128.4, 128.4, 127.9,8,2127 .8,
1275, 127.1, 127.0, 122.5, 70.2, 61.8, 61.6, 58051, 33.1,
26.0, 25.7, 25.6, 25.5, 24.8, 20.6, 14.3, 14.19.18RMS

1H), 2.91-2.79 (m, 13H), 2.65 (dd,= 14.5, 7.8 Hz, 1H),
2.12-2.01 (m, 3H), 1.38 (] = 7.2 Hz, 3H), 0.96 (t) = 7.5
Hz, 3H).%3C NMR (75 MHz, CDCJ) §: 175.3, 174.3, 171.0,

(EI): m/z= 570 (M, <1%), 370 (17), 369 (89), 301 (100), 211 141.5, 134.1, 132.1, 132.0 (Hc.r= 271.7 Hz,CF3), 130.5,

(14), 144 (11). HRMS (EI): calcd. foragH4eN,0, 570.3458;
found 570.3435.

Ethyl (1ISR3RS3aSR6aR3-5-(4-fluorobenzyl)-1-
[(2Z252,82,112,142,177)-icosa-2,5,8,11,14,17-hexaen-1-yl]-

(d, 2Jc.r= 32.3 Hz,CHCF), 128.9, 128.6, 128.6, 128.5, 128.4,
127.9, 127.8, 127.7, 127.6, 127.5, 127.3, 126.9,4,2125.3
(d, 3cr = 3.9 Hz, CHCHCR) 122.2 (d,%Jcr = 1.3 Hz,
CCHCHCR), 70.1, 61.9, 60.8, 54.1, 49.7, 49.4, 33.0, 27.0,
25.9, 25.71, 25.65, 25.6, 25.5, 24.9, 20.5, 14421 .1°F NMR



5: -62.5. LRMS (El):m/z = 638 (M, <1%), 370 (20), 369
(100), 301 (43), 212 (16), 91 (7HRMS (El): calcd. for
Ca7HasFsN,0, 638.3331; found 638.3334.

Ethyl (1ISR3RS3aSR6aR3-1-[(2)-heptadec-8-en-1-yl]-5-
methyl-4,6-dioxo-3-phenyloctahydropyrrolo[3cipyrrole-1-
carboxylatel2aa.

Yellow oil, (205 mg, 75% vyield).R 0.45 (hexane/ethyl
acetate: 7/3). IR (neat)n. 1287, 1383, 1435, 1705, 1779,
2854, 2925, 3343, 3466 ¢m'H NMR (300 MHz, CDCJ)) &:
7.40-7.30 (m, 5H), 5.42-5.30 (m, 2H), 4.67 {d= 9.2 Hz,
1H), 4.43-4.24 (m, 2H), 3.53 (dd,= 9.2, 7.4 Hz, 1H), 3.27
(d,J=7.5Hz, 1H), 2.82 (s, 3H), 2.12-1.94 (m, 4HB4t1.76
(m, 1H), 1.531.17 (m, 27H), 0.99-0.87 (m, 3HC NMR (75

MHz, CDCk) &: 175.7, 174.9, 171.7, 137.2, 130.2, 129.7,

128.6, 128.5, 127.1, 70.8, 61.8, 55.5, 50.5, 35210, 29.8,
29.8, 29.6, 29.5, 29.4, 29.1, 27.3, 27.2, 24.97,2%2.8, 14.2,
14.2. LRMS (El)::m/z= 538 (M, <1%), 465 (100), 439 (19),
301 (83), 254 (34), 241 (22), 156 (27), 55(1HRMS (El):
calcd. for GsH5N,0,4 538.3771; found 538.3763.

4.6. General procedure for preparationadfimino estedla.

Synthesis ofN-tert-butylsulfinyl imine 8: powdered IBX
(4.20 g, 15 mmol) was added to a solution of altdlaq2.68
g, 5 mmol) with acetonitrile. It was stirred 4 h & °C.
Filtration of the reaction mixture over a short-pafdsilica
give the corresponding pure aldehydéhen, a solution of
tert-butanesulfinamide (0.67 g, 5.5 mmol) was addethé&o
corresponding aldehyde (1.33 g, 5 mmol) in dry TBE mL)
under argon atmosphere at 23 °C. Titanium tetraédieo
(2.23 g, 2.09 mL, 10 mmol) was slowly added andvits
stirred for 12 h at the room temperature. The tegpmixture
was hydrolyzed with brine, extracted with ethyl tade, dried

9
(2)-2-MethylN-(1-nitrononadec-10-en-2-yl)propane-2-
sulfinamide9a.
Yellow oil, (0.90 g, 70% yield)R; 0.50 (hexane/ethyl acetate:
1/1). IR (neat)umax 1048, 1378, 1465, 1553, 1740, 2854,
2925, 3199, 3402 ¢ 'H NMR (300 MHz, CDC)) & 5.37-
5.28 (m, 2H), 4.70-4.63 (m, 2H), 4.12 @~ 9.3 Hz, 1H),
3.76 (dg,J = 8.9, 4.8 Hz, 1H), 1.99 (d,= 6.5 Hz, 4H), 1.60-
1.50 (m, 2H), 1.48-1.41 (m, 1H), 1.39-1.16 (m, 31B)P2-
0.74 (m, 3H):*C NMR (75 MHz, CDCJ) &: 130.0, 129.6,
79.8, 55.2, 33.1, 31.9, 29.7, 29.7, 29.6, 29.53,220.1, 29.0,
27.2,27.1, 25.8, 22.7, 22.6, 14.1. LRMS (@tyz= 430 (M,
<1%), 313 (16), 374 (7), 264 (10), 69 (10), 57 (1A (16).
HRMS (El): calcd. for GH4eN2OsS 430.3229; found
430.3233.

Synthesis ofi-amino acid derivativdOa: solid NaNQ (414
mg, 6.0 mmol) was added to a stirred solution ahgound
9a (0.39 g, 1 mmol) and AcOH (0.30 mg, 0.29 mL, 5 njmo
in a 7:1 mixture of DMF and water (2.5 mL) at 23. “The
reaction was heated at 45 °C for 12 h, after whictvas
quenched with a 2 M NaOH water solution until pH =and
extracted with MTBE, dried over anhydrous MgSénd
evaporated to give pure compound.

(2)-2-[(tert-butylsulfinyl)amino]nonadec-10-enoic acifa.
Yellow oil, (170 mg, 41% vyield). R 0.47
(dichloromethane/methanol: 9/IR (neat)vma. 1029, 1254,
1463, 1651, 1725, 2854, 2925, 3270, 341 .NMR (300
MHz, CDCk) 8 5.37-5.30 (m, 2H), 4.54 (s, 1H), 3.84 o+
9.3 Hz, 1H), 1.99 (qJ) = 6.5 Hz, 4H), 1.77 (dJ = 5.5 Hz,
1H), 1.65 (dd,J = 13.1, 5.7 Hz, 1H), 1.44-1.05 (m, 31H),
0.90-0.85 (m, 3H)*C NMR (75 MHz, CDC)) &: 175.2,
130.4, 130.2, 59.0, 56.6, 34.0, 32.6, 31.9, 2996,229.5,
29.3, 29.2, 29.0, 25.3, 22.8, 22.6, 14.1. LRMS:(Rlz= 415
(M*, <1%), 359 (19), 310 (18), 287 (19), 266 (33),(50).

over anhydrous MgSQ and evaporated. The residue wWasHRMS (EI): calcd. for GH.NOsS 415.3120; found

purified by column chromatography (Hexane/AcOEtyitld
pure compoun@.

2-Methyl-N-[(1E,92)-octadec-9-en-1-ylidene]propane-2-
sulfinamide8a.

Yellow oil, (1.42 g, 77% yield)R; 0.28 (hexane/ethyl acetate:
9/1). 1R (neat)una 1088, 1363, 1458, 1622, 2854, 2924cm
'H NMR (300 MHz, CDCJ) § 8.07 (t,J = 4.8 Hz, 1H), 5.40-
5.32 (m, 2H), 2.52 (td) = 7.4, 4.7 Hz, 2H), 2.02 (§,= 5.9
Hz, 4H), 1.66-1.59 (m, 2H), 1.42-1.20 (m, 29H),AL(8, 9H),
0.95-0.78 (m, 3H}°C NMR (75 MHz, CDC)) &: 169.8,
130.0, 129.7, 56.5, 36.1, 31.9, 29.8, 29.7, 29%5,229.3,
29.2, 29.2, 29.1, 27.2, 27.1, 25.5, 22.7, 22.31.14RMS
(EN): m/iz= 369 (M, <1%), 313 (34), 264 (12), 57 (100), 41
(17). HRMS (EI): calcd. for §HisNOS (M - C,HSO)
264.2691; found 264.2697.

Synthesis ofB-nitroamine derivative9a: a heterogeneous
mixture of nitromethane (0.56 g, 0.50 mL, 9.0 mnaild the
correspondingN-tert-butylsulfinyl imine 8a (1.11 g, 3.0
mmol) was added NaOMe/MeOH (10 mol%) dropwise an
the mixture was stirred at room temperature 12 he T
resulting mixture was hydrolyzed with water, adelif with
1M hydrochloric acid, extracted with ethyl acetatged over
anhydrous MgSO4, and evaporated. The residue wéfsedu
by column chromatography (silica gel, Hexane/AcOEKt)
yield pure compound.

415.31089.

Synthesis ofi-amino estefl1a: a solution ofl0a (0.083 g, 0.2
mmol) in EtOH was added ;80,. The mixture was stirred
overnight at 40 °C. It was quenched with NaHQ@til pH=7
and solvent was evaporated. It was extracted witkDE,
dried over anhydrous MgSQand evaporated to give pure
compound.

Ethyl (2)-2-aminononadec-10-enodtéa.

Yellow oil, (56 mg, 82% vyield). R 0.50
(dichloromethane/methanol: 9/1). IR (neat),: 1180, 1465,
1736, 2853, 2922, 3196, 3311, 3371ctH NMR (300
MHz, CDCk) &: 5.38 (dt,J = 4.9, 2.5 Hz, 2H), 4.37-3.82 (m,
2H), 2.06-1.87 (m, 4H), 1.83-1.70 (m, 1H), 1.63 Jds 6.3
Hz, 1H), 1.27 (d,J = 45.9 Hz, 3H), 0.94-0.80 (m, 3KC
NMR (75 MHz, CDC}) &: 175.4, 130.4, 130.1,65.7, 62.1,
32.6, 31.9, 29.6, 29.4, 29.3, 29.1, 29.1, 27.26,221.5, 15.8,
14.1. LRMS (El):m/z= 339 (M, <1%), 268 (16), 267(27),
66 (100), 240 (14), 57(19), 55(20). HRMS (El): achl for
»1H41NO 339.3137; found 339.3132.

Conflicts of interest

There are no conflicts to declare.



10 Tetrahedron

Acknowledgements the University of Alicante. E. S.-M. thanks Medalchens.

We gratefully acknowledge financial support from theL./UAforapredoctoraI fellowship.

Spanish Ministerio Ministerio de Ciencia, Innovatidy
Universidades (projects CTQ2013-43446-P and CTQ2014- . .
51912-REDC), the Spanish Ministerio de Economiaustriia y NMR spectra are available in ESI.

Competitividad, Agencia Estatal de Investigacion (A&Nd

Fondo Europeo de Desarrollo Regional (FEDER, EU 9j . , ) . L
CTQ2016-7EI?782-P and CTQ2016-981797-(REDC), the égmr;erja”t{pedlca}ted to Professor Kiyoshi Tomioka on the oceasibhis
Valenciana (PROMETEOII/2014/017), Medalchemy, S. hda /Oth Birthda

Notes and references

Hastings CNM, Sheridan H, Pariante CM, MondelICurr. Topics Behav. Neuros@017; 31: 1-18.
(a) Amiri M, Yousefnia S, Forootan FS, PeymighiGhaedi K, Esfahani MHNSene2018,676, 171-183;
(b) Torres C, Diaz AM, Principe DR, Grippo Edjrr. Med. Chem2018; 25: 2608-2623.
Ye X-D, He Y, Wang S, Wong GT, Irwin MG, Xia Zcta Pharm. Sin2018; 39: 1155-1163.
Chung HS, Choi KMCurr. Med. Chem2018; 25: 2401-2415.
Healy-Stoffel M, Levant BCNS & Neurol. Disord.Drug Target2018; 17: 216-232.
Chen JJ, Gong Y-H, He L. Drug Target2018, 1-21doi.org/10.1080/1061186X.2018.1491979.
Damiano F, Rochira A, Gnoni A, Siculellalht. J. Mol. Sci2017; 18: 744/1-744/19.
Fraile JM, Garcia JI, Herrerias Cl, PireSfnthesi®017; 49: 1444-1460.
Ibarguren M, Lépez DJ, Escriba FRiochim. Biophys. Acta014; 1838: 1518-1528.
(a) Bryhn M, Holmeide AK, Kopecky J. PATENT WAD06117664, New dha derivatives and their use as medicame2306;
(b) Hovland R, Holmeide AK, Skjaeret T, Brandvang ‘Molyunsaturated fatty acids for the treatment a$ehses related to
cardiovascular metabolic and inflammatory diseaszaa”, PATENT 2008053331A1, 2010;
(c) Escriba PV, Barcel6 G, Martin ML, Terés S, Nagu#A, Busquets X, Lépez D, Ibarguren, M, Soto JdisWM, WO
2013050644A1, 2011.
11. Selva E, Castello LM, Mancebo-Aracil J, Selyad\\djera C, Foubelo F, Sansano JM. Tetrahedron 2(Bt 5840-6846.
12. Lehninger Principles of Biochemistry, Nelson D.Cox, M. M. Eds., 2017, chp. 5.
13. (a) Garcia-Mufioz MJ, Dema HK, Foubelo F, YusTetrahedron: Asymmetry 20125: 362-372;
(b) Benlahrech M, Lahosa A, Behloul C, Foubelo F, Wudeterocyle2018; 97: DOI: 10.3987/COM-18-S(T)66.
14. Ono N. The Nitro Group in Organic Synthe§idohn Wiley & Sons: New York, 2001.
15. More JD, Finney N®rg. Lett.2002; 4: 3001.

N

cCcoNoOr®

[EEY



