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Abstract

A series of compounds containing pyrrolidine andrgljzidine cores with appended hydrophobic substits were
prepared as constrained analogs of FTY720 and gpigiogosine. The effect of these compounds on ilgility of
cancer cells, on downregulation of the nutrientg@ort systems, and on their ability to cause Viatiom was studied. An
attempt to inhibit HDACs with some phosphate estéi@ur analogs was thwarted by our failure to relpie the reported
inhibitory action of FTY720-phosphate.

* Corresponding author. Tel.: +0-000-000-0000 ; fa@-000-000-0000 .
E-mail addressstephen.hanessian@umontreal.ca.



2 Author name / Procedia Economics and Finance 0222 000-000

© 2012 Published by Elsevier Ltd. Selection angéer-review under responsibility of Global
Science and Technology Forum Pte Ltd

Keywords: Cytotoxicity;Vacuolation; Nutrient trarger;Protein phosphatase 2A, ring-constrained sjoisines

1. Introduction

Cancer chemotherapy remains an enigmatic and ogatig endeavor. In spite of heroic efforts and
impressive advances on many fronts, major obstetleb as resistance and toxicity plague the sefarch
effective drugs [1-4]. Compounds that exploit thetabolic differences between cancer and normas cell
provide an alternative to toxic systemic chemotpies or therapies targeting oncogenic signal tractsoh
cascades [5-7]. FTY720 (Gilenya), an approved foughe treatment of multiple sclerosis [8] is@known

to have a cytotoxic effect against cancer cells [9pwever, when phosphorylated it exerts profound
cardiovascular effects at higher doses [10]. \&eehpreviously shown that pyrrolidines related it@+
constrained analogs of synthetic sphingolipids agckTY720 (Gilenya, fingolimod) (Figure 1) and natural
phytosphingosine kill cancer cells by interfering with one or manatrient transport systems required for
sustenance [11-13]. This strategy of “starvingcea cells to death” has been effectively demotedriza
vitro andin vivo with the analo@ [14], which unlike FTY720, is not phosphorylatedvivo and avoids the
cardiovascular effects induced by FTY720-phospltiateugh its interaction with sphingosine-1-phosphat

receptors [15-20].
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Figure 1. Reported anticancer compounds and a hew propoSegecerA

We have shown that four of the nutrient acquisitimechanisms used by mammalian cells, namely
transporter-mediated import of amino acids and agec receptor-mediated LDL uptake and processing,
autophagy, and macropinocytosis, are inhibited bglag 3 [14]. Remarkably, cytotoxicity is limited to
cancer cells, most likely because non-transforneid can adapt to the stress caused by nutriemtvadipn

by altering their metabolic program. The abilifyamalog3 to kill cancer cells at ca.2M doses is attributed

in part to PP2A activation which restricts accessatitrients by down-regulating amino acid and ghgco
transporters from the cell surface and blocks lgsw fusion (visualized as extensive vacuolation,
Supplementary Figure 1) [14]. Variations of chaiendth, stereochemistry, and functional group
manipulations were also performed to establishstiolels of activity for each of three phenotypesbility,
transporter loss, and vacuolation [13]. The favhwahctivity profile and promising pharmacological
properties of analog, including water solubility, encouraged us to stuelated analogs with a view to better
understanding the role of the structural and fumzi features that contribute to cancer cell kijlimAs a first
objective, we were particularly interested to fimelw structural variants of the original anal®ghat were
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differentiated with regard to down-regulation and/acuolation, the latter property being an indmatof a
compound’s ability to block lysosomal fusion. Witially prepared analogs in which the extremitytioé C-
3-aryloctyl chain was modified. As a second objagtiwe considered transposing the C-3-aryloctyircha
analog 3 to the C-2 position of the pyrrolidine ring andcliding polar substituents within geometric
proximity to the nitrogen atom. A third objectiveasvto determine if these new analogs now carryig t
aryloctyl chain containing polar groups but brarthé the C-2-position of the pyrrolidine ring, couhhibit
histone deacetylases (HDACSs) [21-23]. Considettmregposition of the nitrogen atom in the pyrraiiliring,
we speculated that placing a proximal keto grouglcc@ossibly result in bidentate metal coordinatiora
cellular environment to target zinc-dependent nhmtakzymes, thereby leading to a dual mode of
antiproliferative activity on cancer cells in adadiit to activation of PP2A. Following this notiongwvere
encouraged that in 2014 Spiegel et al. had repdhadFTY720-phosphate was an inhibitor of HDACs by
virtue of an increase in acetylation of lysine desis [24-25]. However, Gardner et al. were unableonfirm
this in a different cell type [26]. Nevertheles® wonsidered a generic compound represented ltigteuA

as a constrained C-2-substituted pyrrolidine varadrFTY720 that would combine the attributes of tbad
compound3 while also having the potential to function agrambitor of HDACs (Figure 1).

Results and discussion

2.1 New C-3 arylchain-modified variants of anak®g

As previously reported, constrained analbgvas similarly active to FTY720 (Table 1) while kg the
dose-limiting cardiotoxicity associated with FTY7201-14]. In an effort to further probe the struetu
characteristics of analog vis-a-vis cytotoxicity, nutrient transporter dowggulation, and vacuolation, we
turned our attention to the hydrophobic arylocfypendage.

e
o)
ci S\Q 5 I
on VM2 HO NH,
KRP203 SYL927

Figure 2. Immunosuppressant KRP-203 and S1P1 agonist SYL927

Inspired by the structure of the immunosuppresg®P-203 (Figure 2) [27] we wanted to investigate th
effect of inserting a benzyl ether moiety at théremity of the aryloctyl chain as shown in compouhd
(Table 1) (see Experimental Section).

Next, we introduced a 2-methyl oxazoline moietyhat extremity of the octyl chain, as found in tleéestive
S1P1 agonist SYL927 [28] to obtain anal&gend6. Cytotoxicity assays measured aggl§howed a 4-7 fold
reduction in potency for compounds5, 6 and7 compared to analog (Table 1). The loss of activity of the
2-octylketone? indicated that polar groups at the extremity of totyl chain are detrimental to activity.
These analogs down-regulated the nutrient transpagsociated protein CD98 at high concentratibns,
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failed to vacuolate cells even at 4, a dose where CD98 down-regulation and cell igjlwere robust,
suggesting

Table 1.Cytotoxicity, CD98 down-regulation and vacuolatjmmofiles of the new C-3-arylalkyl chain variantsasfalog3

OH
HO NH;

@

1 FTY-720

N\ H OH ’\5\_\0 H OH
)0 M

e

Me
5 6 7
Comp. IC50 (M) [95% Cl] %CD98 down-regulation Vacuolation score
2.5uM 10 uM 40 uM 25uM 10 uM 40 uM
1 2.1 [1.9,2.4] 30 63 n.d. +++ +++ n.d.
3 2.1 [2.0,2.2] 41 66 n.d. ++ +++ n.d.
4 10.9 [8.7,13.7] 11 14 51 n.d. 0 0
5 10.2 [8.7, 12.0] 5 18 61 n.d. 0 0
6 8.4 [7.0, 10.1] 5 33 61 n.d. 0 0
7 15.1  [11.2,20.3] -15 -8 23 n.d. 0 0

that they lacked the ability to block lysosomalifus In view of these results, we decided not tospe
further modifications within the 3-aryloctyl appey of the lead compourd

2.2 Extended C-2 modified variants of analg

Being cognizant that the pyrrolidine core had tantan its basic character for cytotoxicity [11-14e next
sought to probe the positioning of the aryloctydesichain within the pyrrolidine ring. To this ende
considered branching at C-2 to generate a serie®-sibstituted pyrrolidines with extended chains.
Anticipating the need for a polar group within #tein for possible metal chelation and HDAC inhdrit we
initially considered placing a ketone at the betd gamma positions next to the pyrrolidine ringkEa2).
We were pleased that the modified variants in tiel series exhibited cytotoxicity similar to anakgrhey
alsodown-regulated nutrient transporters and vacuolatesbncentrations near theirsfuggesting that they
most likelyshare the sanmaechanism of action as analdgTable 2).
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Table 2.Cytotoxicity, CD98 down-regulation and vacuolatjmmofiles of the C-2 modified variants of ana®¢as HCI salts)

»w
N )X\@\ H CgHy7
H CgHy7 N CgH17
8 9 10
OH CgH
N iy
H CgHq7 H CgHy7 H 3
1 12 13
H CgH17 C:H
HO HQ‘ 817
N ]
HO
CgHy7 N 0 H
14 15 16
Comp. IC50 (uM) [95% CI] %CD98 down-regulation Vacuolation score
25uM  10uM 40 puM 25uM 10 puM 40 uM
3 2.1 [2.0,2.2] 42 66 n.d. ++ +++ n.d.
8 2.5 [2.3,2.8] 28 57 n.d. + ++ n.d.
9 2.8 [2.6, 3.0] 41 63 n.d. ++ +++ n.d.
10 3.0 [2.7, 3.3] 16 58 n.d. 0 +++ n.d.
11 2.1 [1.5,2.8] 22 46 n.d. +++ +++ n.d.
12 2.0 [1.6, 2.6] 44 60 n.d. ++ +++ n.d.
13 4.0 [3.5, 4.6] 8 46 n.d. 0 +++ n.d.
14 122 [11.4,13.0] 0 32 68 0 0 +
15 2.1 [1.9,2.3] 15 52 n.d. ++ +++ n.d.
16 2.2 [2.1, 2.3] 40 63 n.d. ++ +++ n.d.

CompoundsB, 9, and10 were prepared from the Weinreb amide derivativé-bbmoproline8a previously
reported by Georgt al [29] (Scheme 1).Treatment of8a with 3 equivalents of octylphenylmagnesium
bromide in EfO at 0 °C led to benzylic ketor@b asa versatile common intermediate. The presence/-of b
products from the reagent necessitated carefulnchtmgraphy of the crude reaction product affords2go
yield of pure8b. Removal of the N-Boc group with 4 N HCI in dioxaaéforded 8 as a mixture of
enantiomers due to rapid racemization in methaneaier {ide infrg). Ketone8b was reduced with NaBH
to give the corresponding benzylic alcoBalas a 4:1 diastereomeric mixture that could be yasiparated
by column chromatography.
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Conditions. (a) OctylPhenylMgBr, Et,0, 0 °C to r.t., 62% (b) NaBH4, MeOH, 0 °C to r.t, 99%. (c)
HCI (4M), Dioxane, 99%. (d) 1. H,, Pd/C, EtOH; 2. HCI (4M), Dioxane, 73% over 2 steps.(e) 1.
Diastereomeric FCC Separation; 2. NaH, Mel, THF; 3. HCI (4M), Dioxane, 38% over 2 steps.

Scheme 1.Synthesis of 2-substituted pyrrolidines

Although the stereochemistry of each diastereonaar mot determined, the major diastereomer was ctat/e
to the methyl ether, then deprotected to afforcdpod10. The crude diastereomeric mixture8df was also

catalytically hydrogenated at atmospheric pressumthanol, affording produ@ after final removal of the
N-Boc protective group.
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TBSO,,_ TBSO,,' o HQ’_ o
N \
rI%loc Boc OMe EOC CgH17
11a 11b 11c
HO, o
() O«% Conditions. (a) N,O-dimethylhydroxylamine-HCI, iPrMgCl,
- IJ\rl THF, -20 °C, 81%. (b) 1. OctylphenylMgBr, Et,O, 0 °C to
H, _ CgH17 rt.; 2. TBAF, THF, 63% over 2 steps (c) HCI (4M),
cl Dioxane, 75%.
11
OTBDPS OTBDPS OTBDPS
o} (o}
_I”/COQMe (a) '-:,)LN/ (b) )
N 84% Noc OMe 68% N CgHy7
12a 12b 12c
OH
o ” . .
(©) Conditions. (a) N,O-dimethylhydroxylamine-HCI,
Itl iPrMgCl, THF, -20 °C, 84%. (b) OctylphenylMgBr,
88% H, _ CgHq7 Et,0, 0 °C to rt, 68%. (c) 1. TBAF, THF; 2. HCI (4M),
cl Dioxane, 88% over 2 steps.
12

Scheme 2Synthesis of 2- and 4-substituted pyrrolidines

Productsll and 12 were obtained starting from the 4-substituted homlines1la and 12a respectively
(Scheme 2) (see Supporting Information for the tsysis of11a and 128). The corresponding Weinreb
amides11b and 12b were treated with octylphenylmagnesium bromide ite cgetonesllc and 12c with
acceptable yields. Careful chromatographic putificato separate by-products resulting from theg@aird
reagent followed by treatment with TBAF and acid te productsll and 12. Productsl3 and 15 were
prepared starting fronl3a (Scheme 3) (see Supporting Information for the lysis of 138 and
commercially available 1-(tert-butyl) 2-methyl S2R)-4-((tert-butyldimethylsilyl)oxy)pyrrolidine-1,2-
dicarboxylate. Reduction of the ester group to ¢beresponding aldehyde with DIBAL-H, followed by a
Wittig reaction with methyl(triphenylphosphoranydige)acetate, and catalytic hydrogenation affordesd t
ester intermediated3b and 15a. The corresponding Weinreb amides were subsequeatigted with
octylphenylmagnesium bromide to give ketod8s and15b, in 37% and 54% vyield respectively. Removal
of the OTBDPS and N-Boc groups afforded prodd&and15.
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OTBDPS OTBDPS OH
(a) > \ (b)
o E— . CO,Me iy
Boc

Boc Boc
13a 13b 13c

C8H17

CeH
OH e Conditions. (a) 1. DIBAL-H, CH,Cl, , -78 °C; 2.

Methyl(triphenylphosphoranylidene)acetate , CH,Cl,; 3. H,,

_© _ Y Pd/C, MeOH, 71% over 3 steps. (b) 1. N,O-
N~ 0 dimethylhydroxylamine-HCl, iPrMgCl, THF; 2,
Hy Cl OctylphenylMgBr, Et,0, 0 °C; 3. TBAF, THF, 38% over 3
13 steps. (c) HCI (4M), Dioxane, 80%.
CgH17
TBSO, TBSO, HO,
(a (b)
N N N 0
Boc Boc Boc
Commercially
available 15a 15b
CgH17 Y
Conditions. (a) 1. DIBAL-H, CH)Cl, , -78 °C; 2.
HO,’_ Methyl(triphenylphosphoranylidene)acetate , CH,Cly; 3. H,,
G . Pd/C, MeOH, 68% over 3 steps. (b) 1. NO-
N -0 dimethylhydroxylamine-HClI, iPrMgCl, THF; 2.
H, Cl OctylphenylMgBr, Et,O, 0 °C; 3. TBAF, THF, 54% over 3 steps.

(c) HCI (4M), Dioxane, 72%.
15

Scheme 3Synthesis of C-2 substituted extended pyrrolidines

We observed thdtl and12 epimerized at the C-2 position when dissolved wtiprsolvents. In the presence
of D,O at room temperature, deuterium was incorporatétli confirming a fast enolization followed By
elimination and ring closure. Keto pyrrolidid® was stable only in very acidic conditions (gH in H0),
while epimerization was extremely fast in basicditons. The incorporation of deuterium is compligt80
min at pH = 10, and in 3 hours at pH = 7. A similaehavior had already been observed for the
chlorpromazine-like central nervous system depreésSal7595A, [30], the muscle relaxant tolperis{81g,
and the antiarrhythmic drug moricizine [32], alkegita slower rate.

When the keto group was further removed from theqgbigine ring by extending the chain length aslB)
the desired ketone was found to be in equilibriuithvan azabicyclic salt resulting from intramolesul
iminium ion formation (2:1 mixture in ¥0) (13d), which upon reduction with NaBHed to 14 (Scheme 4,
B). The same behavior was observed in the casermpoundl5.

Surprisingly the new bicyclic derivativé4 maintained a reasonable cytotoxic activity s(@2.2 uM). We
therefore decided to further investigate this nawcsural analog and we prepared the bicyclic énpate
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A
OH OH
Q H,0 Q
vy —_—
N
N H
12 12 ep. mix
B ~ H B H
OH H,0 I T
2 HO N @  HO N
Y _ !
" ci Cl
N
H, o
c 13 13d 14

Conditions: (a) NaBH4, MeOH, 0 °C to rt, 99%
Scheme 4Epimerization and cyclization processes observed

pyrrolizidine 17 bearing the aryloctyl appendage on C-3, in analeigly our lead compound, as well as the
monocyclic variantL8, to check the effect of the substituent positiad the nature of the azacycl&cheme

5).

We started the synthesis from the readily availgBlgrolinal which was arylated and reoxidized to the
corresponding ketone since the addition of theesponding aryl Grignard on the Weinreb amide redui
decomposition of the reagent without conversiorthaf substrate (Scheme 5). Subsequent additioneof th
lithium enolate of ethyl acetate delivergdcas a mixture of diastereomers that could not barsg¢gd at this
stage. The ester was further reduced to the alcahdltosylated, which when warmed up to 105 °C in
toluene, underwent a spontaneous deprotectiongeyiin, leading to the formation of the bicyclicusture
17eand its epimergpi17€e)as tosylate salts in a ratio of 2:1.

The diastereomers were separated at this stagegeritey the major producil7e in 38% yield. Suzuki
coupling of17efollowed by hydrogenation of the resulting alkersdivered17. The moderate yield over the
two last steps was attributed to the highly sevesitbenzylic alcohol decomposing easily under acidic
conditions.

The racemic compounii8 was easily accessed from N-Boc 3-pyrrolidinonecivhivas arylated with the
octylphenylmagnesium bromide and deprotected uadielic conditions.

Interestingly, compounil7 proved to be more active thada with an IG,in the same range as the monocyclic
C-2 substituted variants whil&8 was less active thah7 (Figure 3), indicating that the increased steric
hindrance generated by the pyrrolizidine was toéeta
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Br
& HOH ~HOH
Boc goc o Boc Boc <

Br
+
EtO,C 21 EtO,
17a 17b 17c epi-17¢

with 17e

Conditions: (a) 1. 1,4-dibromobenzene, n-BuLi, THF, -78 °C; 2. DMP, CHZCI2’41% over 2 steps.
(b) LDA, EtOAc, THF, -78 °C, 76%. (c) 1.LiBH4, THF, 0°C to rt; 2. Ts,0, Pyridine, CH,Cl, 52%
over 2 steps. (d) PhMe, 105 °C, 55%. (e) 1. Octyne, catecholborane, NaHCOs, Pd(PPhg)s, DME; 2.
H,, Pd/C, EtOAc, then HCI, 29% over 2 steps.

C8H17 C8H 17
HO HO
° () (b)
.
NS -
Boc Eoc H, Cl
18a (¥)18b ()18

Conditions: (a) OctylphenylMgBr, Et,0, 61%. (b) HCI (4M), dioxane, 45%

Scheme 5Pyrrolizidine and pyrrolidine syntheses

N N
H

17 )18
|050 4.2 uM |050 8.1 uM

Figure 3. Pyrrolizidine and pyrrolidine analogs
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2.3 Repositioning the keto group in extended C-&ified variants of analo@

In considering an alternative position of the kgtoup in the chain, we placed it on tlreposition of C-2
branched aryloctyl pyrrolidine analogs (Table 3)isTwould avoid the issues of partial epimerizatigsues
encountered due to beta elimination and ring clsas described above, although the basicity of the
pyrrolidine nitrogen could be diminished due to ith@uctive effect of the carbonyl group [33]. Inngeal, the
cytotoxic activity of the C-2 ketoaryl compounds swaignificantly reduced compared ®and to the
corresponding extended keto variants (compare $abbknd 3). This indicated that a carbonyl groypaaht

to the pyrrolidine nitrogen atom on a chain at @& not well tolerated, whereas alcoh2fisand 26 retained
activity similar to the lead compourgd

Table 3.Cytotoxicity, CD98 down-regulation and vacuolatjmmofiles of the C-2 substitutedketo andx-hydroxy pyrrolidines

CgH17 HO, CgH17 HO CgH17 OH CgH17
N Y N Y N e\ N e\
H o H o H o H O
19 20 21 22
HO, HO, HO, HO,
m%”” ZH ) \O(\QCSH” m%”” ZH> Q@ow
23 24 25 26
Comp. IC50 (uM) [95% CI] %CD98 down-regulation Vacuolation score
25uM  10uM 40 pM 25uM 10 uM 40 uM
3 2.1 [2.0, 2.2] 42 66 n.d. ++ +++ n.d.
19 <40 -21 -4 33 0 0 4
20 28.1 [26.1, 30.2] 2 9 48 0 0/+ +++
21 156.3 [14.6, 15.9] 12 51 41 0 +++ +++
22 19.6 [18.7,20.5] 0 19 61 0 0 +++
23 18.6 [15.5,22.3] 13 23 59 0 0 +++
24 171 [14.5, 20.2] 11 16 54 0 0 +++
25 3.0 [2.6, 3.5] 19 62 n.d. + +++ n.d.
26 1.8 [1.7,2.0] 9 62 n.d. 0 ++ n.d.

Nevertheless, all of the C-2 keto compounds wele &b down-regulate nutrient transporters at eksyat
concentrations. The same trend held for vacuolatis@1 reached maximum vacuolation at 10 uM (Table 3).
The negative influence of the-keto group in the chain was further seen by theE0Sold decrease in
cytotoxicity when comparing compoun@ and21 to 16. It is also notable that, at the concentratiorergh
compound26 kills 50% of cells, no down-regulation of nutrietnansporter proteins or vacuolation was
observed, suggesting an alternative mode of action.

Compound<20, 22 and23, as well as the corresponding reduction prodtétand 25 were synthetized as
single enantiomers from the intermedia2&b and22b (Scheme 6). The Weinreb amid2@b and22b were
reacted with octylphenylmagnesium bromide to give torresponding ketones, which were deprotected to
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give 20cand22c.Treatment with acid afforded thpgrrolidines20 and22 respectively.

R R \ R
(a) - (b) > \ (j
Z;)\CO2Me < . Z:)\WN OMe  ——>— \

CgH17

Boc Boc O Boc 0O
19a R=H (25, 4R) 19b R=H (28, 4R) 89% 19¢ R=H (25, 4R) 65%
20a R=0TBS (2S, 4R) 20b R=0TBS (25, 4R) 95% 20c R=0OH (2S, 4R) 65%
13a R=CH,OTBDPS (2R, 4S) 22b R=CH,OTBDPS (2R, 4S) 99% (over 2 steps)

22¢c R=CH,0OH (2R, 4S) 48%
(over 2 steps)

with 206\ (e) with 20c \ (d) \(c)
CgH
O O CeHr HO CeHir 8M17
N
of H2 Hx ¢l

19 R=H (2S, 4R) 64%

29 41% (over 2 steps) 16 31% (over 2 steps) 20 R=0OH (2S, 4R) 86%
22 R=CH,0OH (2R, 4S) 99%

Conditions. (a) N,O-dimethylhydroxylamine-HCI, PrMgClI, THF, -20 °C. (b) 1. OctylphenylMgBr, Et,O, 0 °C;
2. TBAF, THF (c) HCI (4M), Dioxane. (d) 1. H,, Pd/C, EtOH; 2. HCI (4M), Dioxane. (e) 1. P(OtBu),NEt,,
tetrazole, THF, 0 °C then tBuOOH; 2. HCI (4M), Dioxane



Author name / Procedia Economics and Finance 002Z2000-000 13

TBSO, \ HO,
g a .
Q\«N‘OMe _@ Q\(\Q\
Boc O Boc O CeHi7
20b 23a 59% (over 2 steps)
|
J(b) J(C) ‘(d)
HO P<o
2 HO, HO' A >
N CgH NS N
H 0 817 N CeH - CgH47
ZCI_ o H, OH gH17 ol H: 0O
dr4:1
23 86% 25 74% (over 2 steps) 31 38% (over 2 steps)

Conditions. (a) 1. OctylphenylMgBr, Et,0, 0 °C; 2. TBAF, THF (b) HCI (4M), Dioxane. (c) 1. NaBH,4, MeOH; 2.
HCI (4M), Dioxane. (d) 1. P(OtBu),NEt,, tetrazole, THF, 0 °C then tBuOOH; 2. HCI (4M), Dioxane

Scheme 6Syntheses of theketo andx-hydroxy C2-substituted pyrrolidines and theiopphate esters

Pd/C catalyzed hydrogenation of the keto group2ofollowed by N-Boc deprotection led t6 in modest
yield. Following a similar protocol, we preparect textended ketone intermedi&®a that was transformed
to 23 and25, the latter consisting of a 4:1 mixture of diasteners (Scheme 6).

As previously stated, we proposed to prepare caingtd C-2 substituted-hydroxy pyrrolidine analogs of
FTY720 bearing a phosphate group to test them asG ihhibitors. To this end we prepared phosphate
ester29 and31 as well as their enantiome36 and32 (not shown) by standard methods (Scheme 6).

2.4 Anticipated HDAC activity presents a conundrum

The nuclear zinc-dependent metalloprotease enzim®msn as histone deacetylases have been the sulfject
extensive studies over the past decades becaugelthe a major role in regulating gene expressidi.|
Chromatin remodeling affects the accessibility &fdto transcription factors and thus plays a cénoie in
controlling gene expression and determining cellplaenotypes. The acetylation and deacetylatioN-of
acetyl lysine residues catalyzed by histone acetgldHATS) and histone deacetylases (HDACS) reisphct

is a tightly controlled process that, if perturbedn lead to cancer. [34] Consequently, the sefarcHDAC
inhibitors as drugs to combat cancer has beenmdiderable interest. [21-23] Inspired by the suitetof the
natural product trichostatin A (TSA)27) [35], Breslow and coworkers [36] developed thenple
suberoylanilide hydroxamic acid (SAHA28), which is marketed under the trade name Zolihaarifiostat)
(Figure 4).

o 0 H o
WH/OH NWL _OH
‘ 27 28
TSA SAHA

Figure 4. Classical HDAC inhibitors
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Previous studies from our laboratory have focusederploring the importance of the chain length and
incorporation of ami-alkoxy chain as well as stereochemical featurea &\HA motifon HDAC inhibitory
activity [37-38]. Relying on molecular modeling atiee crystal structure of HDAC 8 [39] we reportad @
series of macrocyclic inhibitors with a nanomolatidty profile against a number of class | andssldl
HDACSs [40].

As previously mentioned, we were intrigued by thparts by Spiegel and coworkers [24-25] that FTY¥720
phosphate and sphingosine-1-phosphate [41] arbiiahi toward HDACSs. In these studies, nuclear SphK
was required to observe FTY720- and sphingosinédsphate-dependent increases in several histone
acetylation marksThe @-phosphate formeéh vivo from FTY720 would mimic the natural sphingosine
phosphate intracellularly and act as a ‘synthdtibibitor. Their results showed that FTY720-P bited
recombinant HDACs 1, 2, 3 and 8, approaching thieigcof SAHA. Using the reported crystal structuof
HDAC 2, the Spiegel group conducted molecular dogkstudies of FTY720-P on the active site and
concluded that the binding mode was very simila8#dHA and sphingosine-1-phosphate. They hypothdsize
that the juxtaposition of the primary amino groupl@he hydroxymethyl group bearing tH8-¢onfigured
phosphate in FTY720 might act similarly to the hydimic acid group in SAHA and the phosphate in S1P.
They further invoked a favorabtert interaction of the phenyl group in FTY720-P witheR06 and Phel51

(Figure 5).
Phe2°6
2+
2N, 2185 A
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Figure 5. Proposed binding mode of FTY720-phosphate (Spiegel)a hypothetical pose for a synthetic C-2-ketdaikyl pyrrolidine
3-phosphate32)

Encouraged by these highly intriguing results frtm Spiegel group, we were poised to test phosphate
analogs29-32 sharing similar interactions as suggested by &idgcstudy using FITTED against HDACs.
[42-43]. However, prior to undertaking this initia, we wanted to see if these phosphates exhilaitgd
cytotoxic activity. While it was not surprising thithe phosphate este28, 30, 31, and32 were totally inactive

in down-regulation and vacuolation tests compacetthé¢ir hydroxy pyrrolidine ketone progenit@g, 21, 23

and 24, as the charged phosphate should not be able ¢o g cell, we were surprised to find that these
analogs were cytotoxic at 4£12.9 uM, 12.8 uM, 25.0 uM and 25.3uM respectively (Table 4). The
cytotoxicity of these phosphate esters over thehasphorylated progenitors despite the absence of
transporter loss or vacuolation suggests that tleeyd act through a distinct mechanism, possihigdang a
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receptor on the cell surface.

Table 4.Cytotoxicity, CD98 down-regulation and vacuolatjomofiles of phosphate ester analogs

o, O \\ e OH o, OH
P\OH CgH17 / CeH47 P\OH
<_>j(\©\ca|'|17 (\©\CSH17
29 30 31 32
Comp. IC50 (uM) [95% CIl] %CD98 down-regulation Vacuolation score
2.5 uM 10uM 40 M 25uM 10 puM 40 uM
3 21 [2.0,2.2] 42 66 n.d. ++ +++ n.d.
29 12.9 [11.9, 14.0] n.d. 3 -8 0 0 0
30 12.8  [11.7,14.0] n.d. -9 0 0 0 0
31 250 [18.1,34.4] n.d. 3 0 n.d. 0 0
32 25.3 [19.5, 32.9] n.d. 5 8 n.d. 0 0

We then focused on establishing the parametersstoHDAC activity. Pleasingly, the reported adjivof
SAHA was confirmed in both oun vitro and cell-basetkest systems (85% inhibition at 2 pM concentration)
However, FTY720-P, reported to exhibit 60-75% inthdim at 5uM by Spiegel, [24-25] was inactive up to 20
MM in our hands despite the fact that its integaityl phosphorylation were confirmed by UPLC-ESI-MS/M
(Supplemental Figures 2A, B and 3 and data not Bhovssays performed usid@, 25, 26, 31, and32 that
employed SAHA as a positive control failed to deteldAC inhibition (Supplemental Figure 2B, C).
Examination of histone acetylation in intact cellso failed to confirm a role for FTY720-P as an AD
inhibitor (Supplemental Figure 3). Since otherup® have reported difficulty detecting increaseekyation

of specific lysine residues [26], we utilized awiilies against multiple acetylation sites on bothaid H4;
however, no changes in histone acetylation werectisd in cells treated with FTY720-P despite cdests
and robust increases in acetylation in cells teeatith SAHA. Clearly, this disappointing outcomepented
an unexplained conundrum that led us to refrairmfroonducting further HDAC inhibition tests with
additional compounds in this series. Given th& parent compound FTY720-P did not inhibit HDAC
activity, our intended objective of achieving daation inhibitors was not realized.

2. Conclusions

In conclusion, we have reported that placing thdoatyl group found in the anticancer anal®gn the C-2
position of the pyrrolidine maintains cytotoxic iaily. However, introduction of a carbonyl grouphetween
the aryloctyl appendage and the pyrrolidine ringuted in variable levels of activity depending ib®
position along the chain. Placing the carbonyl growo or three carbon atoms removed from the piglira
ring was generally better tolerated with an agfiyprofile only slightly diminished compared to thead
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analog3, whereas attempts to bring it closer were detrialeio the activity, likely due to a decrease daf th
nitrogen basicity. Our attempts to mimic the HDA®ibiting activity of FTY720-phosphate as reportad
Spiegel and coworkers with a series of constraiietl keto pyrrolidine analogs and their phosphaterss
were thwarted by the fact that in our hands FTYpB0sphate did not act as an inhibitor. Thus, oarcdefor

a dual-action anticancer agent derived from a stichpyrrolidine-based sphingolipid was only pdlyia
validated with a new series of C-2 alkyl and C-2okékyl aryloctyl pyrrolidines. Gratifyingly, these
maintained cytotoxicity, nutrient transporter dovagulation, and vacuolation activity profiles eqteathat of
the lead analo@ with the notable exception af, 5, 6, and 7, which do not vacuolated even at high
concentrations, ang6, which triggers changes in endolysosomal traffigkat elevated doses but appears to
kill cells by binding to an additional target.Oufogts also uncovered pyrrolizidines with appendedoctyl
chains as new cytotoxic agents. Studies are inrpssgto better understand the anti-neoplastic rectaf
synthetic sphingolipids and to identify their dir@cotein targets in cells.

3. Experimental section

4.1 Chemistry: General information

All reactions involving moisture sensitive compoandere performed in flame-dried glassware under a
positive pressure of dry, oxygen free, argon andrinsolvents. Anhydrous solvents were distilledlema
positive pressure of argon before use and driedtédydard methods. THF, ether, £ and toluene were
dried by the SDS (Solvent Delivery System). Comnagrgrade reagents were used without further
purification. Silica column chromatography was pemfed on 230-400 mesh silica gel. Thin layer
chromatography (TLC) was carried out on glass-béddiica gel plates. Visualisation was effectedWy
light (254 nm) or by staining with potassium perigamate solution, cerium ammonium molybdatepor
anisaldehyde followed by heatingH and**C NMR spectra were recorded on Bruker AV-400 and-300
MHz spectrometers at room temperature (298 K). Gtanshifts are reported in parts per million (ppm)
referenced from CDGIl(dy: 7.26 ppm andc: 77.0 ppm). Coupling constantd) @re reported in Hertz (Hz).
Multiplicities are given as multiplet (m), singléf), doublet (d), triplet (t), quartet (q), quin{gin.) and
broad (br.). Infrared spectra were recorded on -dR-3pectrometer and are reported in reciprocaticetres
(cmY). Optical rotations were determined on an AntomrPEICP 300 polarimeter at 589 nm. Specific
rotations are given in units of @eg cm g*. High resolution mass spectra (HRMS) were peréattny the
“Centre régional de spectroscopie de masse devdysité de Montréal” with electrospray ionisatidES()
coupled to a quantitative time-of-flight (TOF) detiar.

General procedure A for N-Boc deprotection

HCI (500 uL, 4M in dioxane, excess) was added tustate in dry dioxane. The reaction was stirred at
until disappearance of the starting material by Tr@lysis. The solution was then concentraedacuoin
several cycles co-distilling with dry dioxane.

General procedure B for removal of silyl ethers
TBAF (1.1 eq., 1.0 M in THF) was added to a solutad substrate in dry THF (C = 0.06 M). The reattio
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was then stirred at rt until disappearance of theting material by TLC analysis. The solution vefilsited
with saturated ag. NaHGGsolution and EtOAc. The aqueous layer was extdagte with EtOAc. The
organic layers were combined, washed x1 with biinied over NgSQO,, filtered, concentrated.

General procedure C for addition of Grignard reatgen

A 3-neck round-bottomed flask equipped with a themreter and a condenser was flame-dried and flushed
with Ar. The flask was then charged with Md..1 eq.), a single kcrystal and another vacuum/Ar cycle was
performed. B (C = 0.65 M) was added resulting in a bright gesuspension of Mgellets. Phenyl octyl
bromide (1.0 eq.) was then added in one portiontheduspension was heatgd a heatgun until the internal
temperature reached 32 °C and stabilized for 5et0rads, indicating that the Grignard formation btmtted.
The reaction was stirred at rt until disappearasfdae starting material by4 NMR analysis (e.gs 1h).

The Grignard solution (3.0 eq., C = 0.65 M) wasitBgringed to another flask containing substrat@. (@q.)

in dry EtO (C = 0.05 M). The solution was stirred at rt lidisappearance of the starting material by TLC
analysis. Saturated aqueous j@Hsolution was added and the aqueous layer waiaatatl x2 with EtOAC.
The organic layers were collected, washed x1 bdried over NgSO,, filtered, concentrateith vacuo

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)gryethyl)-3-(4-(3-hydroxyprop-1-yn-1-yl)phenyl)-5-
oxopyrrolidine-1-carboxylaté4b) (See Supp. Info for a Scheme)
tert-Butyl (2S,3R)-3-(4-bromophenyl)-2-(((tert-butyldienylsilyl)oxy)methyl)-5-oxopyrrolidine-1-

carboxylateda (182 mg, 0.30 mmol, 1.0 equiv.) was dissolved ip BMF (1mL) and EMN (3 mL), then
propargyl alcohol (0.14 mL, 2.40 mmol, 8.0 equivgs added. Inside the solution was bubbling a thévir

for 20 min before to add sequentially Cul (17 m@90mmol, 0.3 equiv.) and Pd(P{Ph(52 mg, 0.05 mmol,
1.5 equiv.). The bubbling of Ar was continued farther 15 min, then the mixture was warmed to 7GaA@
stirred for 18 h in a sealed flask. The mixture wasacted with an aqueous WBH 1 M solution (100 mL)
mixed with brine (100 mL) and EtOAc (100 mL x 4 &s). The combined organic layers were dried over
N&SQ,, filtered and the solvent was removed under rediymessure. The crude was purified by silica gel
column chromatography with hexane/EtOAc (gradieoinf 8:2 to 6:2) to afford the title compoundd as a
brown oil (68 mg, 39%). R0.54 (Hexane/EtOAc 6:4)a]*p +12.9° € 0.5, CHC)). IR (neat),vma 3435,
3165, 3071, 2927, 2856, 2167, 2079, 1778, 17483,17366, 1149, 1107, 1029, 882, 788.NMR (CDCl,
500 MHz),8: 7.70-7.60 (m, 4H), 7.48-7.36 (m, 8H), 7.09 {& 8.2 MHz, 2H), 4.53-4.47 (m, 2H), 4.08-4.07
(m, 1H), 3.97 (dd,J = 10.6 MHz,J = 4.4 MHz, 1H), 3.80 (ddJ = 12.9 MHz,J = 2.6 MHz, 1H), 3.48 (broad
d, J=9.4 MHz, 1H), 3.19 (ddJ = 17.9 MHz,J = 9.4 MHz, 1H), 2.55 (dd] = 17.9 MHz,J = 2.6 MHz, 1H),
1.85-1.75 (m, 1H), 1.42 (s, 9H), 1.08 (s, 9H) ppit NMR (CDCk, 125 MHz),8: 173.9, 149.7, 144.5,
135.7, 135.6, 133.0, 132.6, 130.1, 128.1, 128.6,6,2121.7, 87.8, 85.2, 83.4, 66.6, 64.3, 51.88,398.7,
28.1, 27.0, 19.4, 1.2 ppm. HRMS (ESI) calcd. fggHz,NOsSi* (M+H)™: 584.28268, found: 584.28328.

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)gryethyl)-3-(4-(3-hydroxypropyl)phenyl)pyrrolidine-1
carboxylate(4c) (See Supp. Info for a Scheme)
tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)oxy) mieyl)-3-(4-(3-hydroxyprop-1-yn-1-yl)phenyl)-5-

oxopyrrolidine-1-carboxylatéb (52 mg, 0.09 mmol) was dissolved in EtOH (0.80 rahy Pd/C (10%, 48
mg, 0.05 mmol, 0.5 equi.) was added. The air wangmd out of the flask and replaced by. lpon
completion (24 h), the reaction mixture was filtt@rough celite. The solvent was removed undeunced
pressure to afford a colorless oil. The crude wssalved in dry THF (2 mL) and the solution wasledao 0
°C. Borane dimethyl sulfideomplex (0.05 mL, 0.53 mmol, 6.0 equiv.) was thddead and the reaction was
warmed up to room temperature and stirred for 18he mixture was quenched with® (1 mL) and the
solvent was removed under reduced pressure. Tidueewas extracted with an aqueous NaHG@&turated
solution (50 mL) and CCI, (50 mL x 4 times). The combined organic layersengried over Ng50O, and
filtered. The solvent was removed under reducedspre to affordic as a pale yellow oil (51 mg, 98% over
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two steps). R 0.58 (Hexane/EtOAc 6:4)a]*%-6.0° € 0.5, CHCY). IR (neat),umac 3461, 3070, 3047, 2958,
2929, 2858, 2166, 2115, 2010, 1692, 1589, 15142,14254, 1426, 1391, 1364, 1254, 1166, 1106, 1070,
1033, 1006, 987, 923, 856, 821, 772, 737, 700, 6@8,"H NMR (CDCl, 500 MHz, mixture of rotamersy;
7.70-762 (m, 4H), 7.46-7.34 (m, 6H), 7.15-7.06 4id), 4.20-3.35 (m, 7H), 2.74-2.64 (m, 1H), 2.592(f,
1H), 2.31-2.17 (m, 1H), 1.95-1.83 (m, 2H), 1.685L(&, 1H), 1.50 (s, 3H), 1.33 (s, 6H), 1.06 (s, O6IP8-
0.92 (m, 1H) ppm®C NMR (CDCk, 125 MHz, mixture of rotamersy; 154.4, 154.3, 141.1, 140.2, 135.8,
133.7, 133.5, 129.8, 129.7, 128.8, 127.9, 127.8,7.227.6, 127.4, 127.2, 79.5, 65.7, 65.5, 637%5,647.3,
46.6, 46.4, 45.5, 37.8, 34.3, 33.1, 32.0, 31.87,283.6, 27.0, 24.7, 19.5, 19.4, 14.0 ppm. HRMSIYE&Icd.

for CasHigNO,SI* (M+H)™: 574.33471, found: 574.33298.

(2S,3R)-3-(4-(3-(Benzyloxy)propyl)phenyl)-2-(hygmethyl)pyrrolidin-1-ium chloridg4) (See Supp. Info
for a Scheme)

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)oxy) mieyl)-3-(4-(3-hydroxypropyl)phenyl)pyrrolidine-1-
carboxylatedc (34 mg, 0.06 mmol, 1.0 equiv.) was dissolved iy HF (0.50 mL) and the solution was
cooled to 0 °C. To this solution NaH (60% in mirey#, 12 mg, 0.30 mmol, 5.0 equiv.) was slowly addn
one portion, then benzyl bromide (0.03 mL, 0.24 mr® equiv.) was added dropwise. The reactiortuméx
was stirred for 2 h, then quenched with the additid an aqueous NJ€I saturated solution (1 mL) and
extracted with EtOAc ( 4x 30 mL). The combined avigadayers were washed x1 with brine (30 mL), dried
over NaSQ, and filtered. The solvent was removed under redlywessure to afford a pale yellow oil. This
oil was dissolved in dry THF (1 mL) and the solatiwas cooled to 0 °C. Tetrabutylammonium fluoride
solution (1M in THF, 0.30 mL, 0.30 mmol, 5.0 eqliiwas added and the reaction mixture was warmed to
room temperature and stirred for 18 h. The reactitrture was quenched with an aqueous NaklCO
saturated solution (20 mL) and extracted threedimigh CHCI, (30 mL). The combined organic layers were
washed with brine (30 mL), dried over J8©, and filtered. The solvent was removed under rediycessure

to afford a pale yellow oil. To this crude a HCI Hdlution in dioxane (0.50 mL, 0.50 mmol, 8.0 equivas
added. The reaction mixture was stirred at roomptrature for 1 h, then the solvent was removed runde
reduced pressure. The crude mixture was purifiediliga gel column chromatography with g8,/MeOH
(gradient from 9:1 to 6:4) to give a pale yellov: dihis oil was dissolved in water, filtered thrdug plastic
syringe filter (pore size: 0.4om) and lyophilized to afford the title compou#ds a white solid (20 mg, 93%
over three steps).{R0.72 (CHCl/MeOH 8:2). j]*% -19.2° € 0.1, MeOH). IR (neat)ymax 3254, 2922,
2848, 2496, 1719, 1595, 1516, 1494, 1476, 1452714391, 1353, 1307, 1265, 1206, 1174, 1117, 1067,
1046, 998, 920, 858, 841, 812, 791, 745, 68ONMR (MeOD, 500 MHz)3: 7.37-7.18 (m, 9H), 4.50 (s,
2H), 3.75 (tJ = 5.6 MHz, 2H), 3.71-3.53 (m, 2H), 3.49% 6.0 MHz, 2H), 3.45-3.35 (m, 1H), 3.35-3.25 (m,
1H), 2.70 (t,J = 7.2 MHz, 2H), 2.53-2.40 (m, 1H), 2.30-2.18 (m,)1H#.94-1.85 (m, 2H) ppm>C NMR
(CDCls, 125 MHz),5: 141.5, 138.4, 135.7, 128.9, 128.0, 127.6, 12¥23,.2, 72.6, 72.2, 71.1, 69.0, 67.1,
60.8, 58.3, 44.7, 44.6, 42.4, 32.5, 31.5, 31.2 pdRMS (ESI) calcd. for GH,gNO," (M+H)": 326.21146,
found: 326.21200.

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)gryethyl)-3-(4-(7-hydroxyhept-1-yn-1-yl)phenyl)-5-
oxopyrrolidine-1-carboxylatésb) (See Supp. Info for a Scheme)
tert-Butyl (2S,3R)-3-(4-bromophenyl)-2-(((tert-butyldienylsilyl)oxy)methyl)-5-oxopyrrolidine-1-

carboxylatesa (436 mg, 0.72 mmol, 1.0 equiv.) was dissolvedriyp @MF (3 mL) and EN (1 mL), then 1-
heptynol (0.18 mL, 1.44 mmol, 2.0 equiv.) was addadide the solution was bubbling a flow of Ar 20
min before adding Cul (41 mg, 0.22 mmol, 0.3 equind Pd(PP{§), (125 mg, 0.11 mmol, 0.15 equiv.). The
bubbling of Ar was continued for further 15 mingththe mixture was warmed to 70 °C and stirredlbh

in a sealed flask. An aqueous MbH 1 M solution (100 mL) mixed with brine (100 miwas added and the
mixture was extracted with EtOAc ( 4x 100 mL). Tbembined organic layers were dried over,8(3,
filtered and the solvent was removed under redymredsure. The crude was purified by silica gel mwiu
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chromatography with hexane/EtOAc (gradient fromt®:3:7) to afford the title compourib as a brown oil.
(345 mg, 75%). R0.51 (Hexane/EtOAc 5:5).a]%5 +12.3° € 0.5, CHCY). IR (neat)vmac 3489,3166, 2932,
2858, 2154, 1781, 1748, 1713, 1366, 1303, 1255 11@72, 822, 700H NMR (CDCk, 500 MHz),3: 7.70-
7.64 (m, 4H), 7.48-7.40 (m, 8H), 7.37 ®5 7.4 MHz, 2H), 7.10 (dJ = 7.4 MHz, 2H), 4.09 (broad s, 1H),
4.00 (ddJ=10.6 MHz,J=4.0 MHz, 1H), 3.83 (d) = 10.6 MHz, 1H), 3.67 (1] = 6.4 MHz, 2H), 3.51 (dJ

= 8.9 MHz, 1H), 3.22 (dd] = 17.8 MHz,J = 9.6 MHz, 1H), 2.58 (dJ = 17.8 MHz, 1H), 2.43 ()= 6.4
MHz, 2H), 1.86 (broad s, 1H), 1.68-1.50 (m, 4H}4L(s, 9H), 1.11 (s, 9H) ppm°C NMR (CDCk, 125
MHz), 6: 174.0, 149.6, 143.3, 135.6, 135.5, 132.9, 13238,2, 130.0, 128.0, 127.9, 126.3, 123.0, 90.€,83.
80.2, 66.6, 64.2, 62.7, 39.7, 38.6, 32.3, 28.50,286.9, 25.1, 19.4, 19.2 ppm. HRMS (ESI) calcd. fo
CagHsoNOsSi* (M+H)": 640.34528, found: 640.34597.

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)gryethyl)-3-(4-(6 oxohexyl)phenyl)pyrrolidine-1-carylate
(5c¢) (See Supp. Info for a Scheme)

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)oxy) mieyl)-3-(4-(7-hydroxyhept-1-yn-1-yl)phenyl)-5-
oxopyrrolidine-1-carboxylatéb (312 mg, 0.49 mmol, 1.0 equiv.) was dissolved i@ (2.5 mL) and Pd/C
(10%, 164 mg, 0.15 mmol, 0.3 equiv.) was adde@ dih was pumped out of the flask and replaced py H
Upon completion (18 h), the reaction mixture wdterfed through Celite. The solvent was removed unde
reduced pressure to afford a colorless oil. Thelenas dissolved in dry THF (5 mL) and the soluticas
cooled to 0 °C, then borane dimethyl sulfickemplex (0.18 mL, 1.94 mmol, 4.0 equiv.) was addad the
reaction was allowed to warm to room temperatuk stimred for 24 h. The mixture was quenched wit®H
(1 mL) and the solvent was removed under reducesspre. An aqueous NaHg&aturated solution (80 mL)
was added and the solution was extracted withGLH4x 80 mL), The combined organic layers were dried
over NaSO, and filtered. The solvent was removed under redlyeessure to afford a slight yellow oil. This
crude was used directly for the next step withauthier purification. A solution of dimethyl sulfale (0.08
mL, 1.18 mmol, 2.4 equiv.) in Ci&l, (2 mL) was added dropwise, via cannula, over 10 toia stirred
solution of oxalyl chloride (0.05 mL, 0.59 mmol2lequiv.) in CHCI, (2 mL) at -78 °C. The mixture was
stirred at -78 °C for 15 min and then a solutionhaf previous alcohol in Gi&l, (3 mL) was added dropwise,
via cannula, over 10 min. The mixture was stirredr& °C for 1 h and then g (0.25 mL, 1.76 mmol, 3.6
equiv.) was added dropwise over 5 min. The mixtwes warmed to 0 °C over a period of 3.5 h, then
quenched with an aqueous NaHC&aturated solution (50 mL) and warmed to room ®napire. The
separated aqueous layer was extracted witblQGH50 mL x 3 times), and the combined organic layesse
dried over NaSQ, and concentrated in vacuum to leave a yellow bilctv was purified by silica gel column
chromatography with hexane/EtOAc (gradient fromt®:8:2) to afford the title compourit as a colourless
oil (220 mg, 72% over three steps): 59 (Hexane/EtOAc 8:2)a]*%-9.7° € 0.3, CHC)). IR (neat)vmax
3072, 3050, 2951, 2831, 2740, 1732, 1692, 14260,18964, 1105, 1070, 1034, 822, 76LNMR (CDCl,
500 MHz, mixture of rotamers}y: 9.76 (s, 1H), 7.71-7.63 (m, 4H), 7.46-733 (m, 6A)L6-7.06 (m, 4H),
4.20-3.35 (m, 6H), 2.62-2,55 (m, 2H), 2.42)(t 7.2 MHz, 2H), 2.32-2.18 (m, 1H), 1.99-1.85 (m,)1#H.70-
1,57 (m, 4H), 1.55-1.42 (m, 4H), 1.41-1.30 (m, 9HY7 (s, 9H) ppm-°C NMR (CDC}k, 125 MHz, mixture

of rotamers),6: 202.8, 154.3, 154.2, 141.1, 140.8, 135.6, 13833.4, 129.7, 129.6, 128.6, 127.8, 127.8,
127.7,127.3, 127.2, 79.4, 79.1, 65.6 65.4, 6361,60.4, 53.4, 47.2, 46.5, 46.3, 45.4, 43.9, 38249, 31.9,
31.3, 29.1, 29.0, 28.6, 28.4, 26.9, 22.0, 19.43 I¥m. HRMS (ESI) calcd. for £gHs,NO,Si* (M+H)™:
628.38166, found: 628.38194.

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)gryethyl)-3-(4-((E)-7-(2-methyloxazol-4-yl)hept-6-Bn
yl)phenyl)pyrrolidine-1-carboxylatésd) (See Supp. Info for a Scheme)

A solution of Lithium bis(trimethylsilyl)amide (1 Nh THF, 0.49 mL, 0.49 mmol, 2 equiv.) was addedrdy
min via syringe to a stirred solution of dimethgihethyloxazol-4-yl)methyl)phosphonat&he oxazole
phosphonate derivative was prepared by using stdnpieocedures from the known 4-hydroxymethyl-2-
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methyloxazole [44] (101 mg, 0.49 mmol, 2.0 equin.)dry THF (2 mL) at -78 °C. The resulting orange
solution was stirred at -78 °C for 30 min and tleesolution of the aldehyde derivatige (154 mg, 0.25
mmol, 1.0 equiv.) in dry THF (2 mL) was added vennula. The mixture was allowed to warm slowly to
room temperature over 5 h, stirred overnight, drehtquenched with an aqueous jdHsaturated solution
(20 mL) and diluted with EtOAc (50 mL). The orgamigtract was washed with brine (50 mL), then dried
over NaSQ,, filtered and evaporated to dryness. The residwes \purified by silica gel column
chromatography with hexane/EtOAc (gradient from®:8:2) to afford the title compouridl as a colourless
oil (88 mg, 51%). R 0.36 (Hexane/EtOAc 85:15)u)f% -15.2° € 0.5, CHC}). IR (neat),vmac 3072, 3045,
2956, 2855, 2032, 2022, 1692, 1654, 1516, 14887,14410, 1391, 1270, 1070, 982, 742, 7TBONMR
(CDCls, 400 MHz, mixture of rotamersj; 7.79-7.66 (m, 4H), 7.46-7.25 (m, 7H), 7.15-7.6% 4H), 6.40 (dt,
J=15.6 MHz,J= 7.0 MHz, 1H), 6.17 (dJ = 15.6 MHz, 1H), 4.25-3.35 (m, 5H), 2.63-2.52 @hl), 2.44 (s,
3H), 2.35-2.15 (m, 3H), 2.00-1.85 (m, 1H), 1.705L(2n, 16H), 1.08 (s, 9H) ppm°C NMR (CDCk, 100
MHz, mixture of rotamers)$: 161.6, 154.4, 141.2, 139.2, 135.7, 133.6, 13P29.8, 128.7, 127.8, 127.2,
118.2, 79.4, 72.7, 65.7,64.7, 63.6, 48.1, 46.66,352.9, 32.0, 31.5, 29.3, 29.1, 28.7, 28.5, 2794, 14.0
ppm. HRMS (ESI) calcd. for gHsgN,O,Si* (M+H)™: 707.42386, found: 707.42492.

(2S,3R)-2-(Hydroxymethyl)-3-(4-((E)-7-(2-methyladat-yl)hept-6-en-1-yl)phenyl)pyrrolidin-1-ium chiide
(5) (See Supp. Info for a Scheme)

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)oxy) mieyl)-3-(4-((E)-7-(2-methyloxazol-4-yl)hept-6-en-1-
yhphenyl)pyrrolidine-1-carboxylatéd (27 mg 0.04 mmol, 1.0 equiv.), was dissolved y THF (1 mL) and
the solution was cooled to 0 °C. Tetrabutylammonfiuoride solution (1M in THF, 0.08 mL, 0.08 mmol,
2.0 equiv.) was added and the reaction mixture weasned to room temperature and stirred for 24 ke Th
reaction mixture was quenched with an aqueous NaH&@urated solution (20 mL) and extracted with
CH,CI, (30 mL x 3 times). The combined organic layersengashed with brine (50 mL), dried over,S@),
and filtered. The solvent was removed under redpecessure to afford a pale yellow oil. To this edHCI
1M solution in dioxane (0.50 mL, 0.50 mmol, 13 eguivas added. The reaction mixture was stirregain
temperature for 1 h, then the solvent was remowveliureduced pressure. The crude mixture was edrify
silica gel column chromatography with g&,/MeOH (gradient from 9:1 to 6:4) to give a yelloil d his oil
was dissolved in water, filtered through a plasticdnge filter (pore size: 0.4pm) and lyophilized to afford
the title compound as a white solid (15 mg, 96% over two steps) 069 (CHCl/MeOH 8:2). j]*’;-16.5°

(c 0.2, MeOH). IR (neatymax 3331, 3254, 2929, 2857, 2029, 2020, 1654, 1548711449, 1407, 1270,
1079, 982, 742, 705, 5784 NMR (MeOD, 500 MHz)5: 7.63 (s, 1H), 7.27 (d} = 11.0, MHz, 2H), 7.22 (d,
J=11.0 MHz, 2H), 6.38-6.29 (m, 1H), 6.21 @5 15.8 MHz, 1H), 3.88-3.75 (m, 1H), 3.70-3.53 ()3
2.63 (t,J = 7.7 MHz, 2H) 2.53-2.42 (m, 1H), 2.45 (s, 3H),®315 (m, 3H), 1.70-1.57 (m, 2H), 1.55-1.30
(m, 6H) ppm.*C NMR (MeOD, 125 MHz)§: 162.3, 142.3, 138.7, 135.5, 134.3, 132.4, 128,1, 117.7,
67.1, 58.2, 44.7, 44.5, 35.0, 32.4, 32.3, 31.28,283.7, 28.6, 12.1 ppm. HRMS (ESI) calcd. fogHG:N,O,"
(M+H)™: 369.25365, found: 369.255009.

(2S,3R)-2-(Hydroxymethyl)-3-(4-(7-(2-methyloxazglbheptyl)phenyl)pyrrolidin-1-ium chloride(6) (See
Supp. Info for a Scheme)

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-3-(4-((E7-(2-methyloxazol-4-yl)hept-6-en-1-
yhphenyl)pyrrolidine-1-carboxylatéd (34 mg, 0.05 mmol, 1.0 equiv.) was dissolved asfly distilled EN

(1 mL) and Pd/C (10%, 20 mg, 0.02 mmol, 0.4 equias added. The air was pumped out of the flask an
replaced by K Upon completion (6 h), the reaction mixture widered through celite. The solvent was
removed under reduced pressure to afford a coodésThis oil was dissolved in dry THF (1 mL) atie
solution was cooled to 0 °C. Tetrabutylammoniunofide solution (1M in THF, 0.10 mL, 0.10 mmol, 2.0
equiv.) was added and the reaction mixture was wdrto room temperature and stirred for 24 h. The
reaction mixture was quenched with an aqueous NaH&@urated solution (30 mL) and extracted with
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CH,CI, (30 mL x 4 times). The combined organic layersenmgashed with brine (60 mL), dried over,S@),
and filtered. The solvent was removed under redpecessure to afford a pale yellow oil. To this edHCI
1M solution in dioxane (0.50 mL, 0.50 mmol, 10 eguivas added. The reaction mixture was stirregain
temperature for 1 h, then the solvent was remowveiiureduced pressure. The crude mixture was edrify
silica gel column chromatography with gE,/MeOH (gradient from 9:1 to 6:4) to give a paldlge oil.
This oil was dissolved in water, filtered througplastic syringe filter (pore size: 0.48n) and lyophilized to
afford the title compouné as a white solid (17 mg, 88% over three stepg)0B9 (CHCIl,/MeOH 8:2).
[0]*°5-22.9° € 0.2, MeOH). IR (neatyyma,c 3390, 3192, 2924, 2855, 2344, 2244, 2166, 20369,11654,
1607, 1515, 1381, 1227, 1181, 1065, 1032, 1019, 823, 599, 543'H NMR (DMSO, 500 MHz)5: 9.86
(broad s, 1H), 9.02 (broad s, 1H), 7.67 (s, 1H)54d,J = 8.1 MHz, 2H), 7.16 (d) = 8.1 MHz, 2H), 3.62-
3.43 (m, 3H), 3.42-3.35 (m, 1H), 3.25-3.12 (m, 3Rip6-2.52 (M, 2H) 2.39-2.35 (m, 1H) 2.36 (s, 3HB4-
2.25 (m, 1H), 2.07-1.98 (m, 1H), 1.68 (m, 4H), 213820 (m, 9H) ppm**C NMR (DMSO, 125 MHz)3:
160.7, 141.3, 139.7, 136.7 134.3, 128.6, 127.5%,682.8, 58.5, 48.6, 44.3, 44.2, 34.7, 32.5, 32808, 28.7,
28.5, 27.7, 25.3, 13.5 ppm. HRMS (ESI) calcd. fesHzsN,O," (M+H)": 371.26930, found: 371.26964.

tert-Butyl (2S,3R)-2-(((tert-butyldiphenylsilyl)gryethyl)-3-(4-(7-oxooct-1-yn-1-yl)phenyl)pyrroligii -
carboxylate(7b) (See Supp. Info for a Scheme)

A solution of commercially available oct-7-yn-2-0Ag176 mg, 1.42 mmol, 2 eq.) in dry DMF (500) was
added to a solution ofa (422 mg, 0.71 mmol) in dry DMF (1.2 mL) andsNt(727 uL). The resulting
mixture was degassed by bubbling argon for 20 tméfpre adding Cul (41 mg, 0.231 mmol, 0.3 eq.) and
Pd(PPh);(82 mg, 0.071 mmol, 0.1 eq.). After having beenadsgd again for additional 15 min, the reaction
was stirred for 48 hours at 70 °C. Afterwards, tigture was diluted with a combination of MWBH 1 M (25
mL) and brine (50 mL) and the product was extragtét EtOAc (4 x 30 mL). The combined organic layer
were dried over N&Q,, filtered and concentrated. The residue was pmdtifiy flash column chromatography
(EtOAc/hexane 1:6,1R0.09) to give7b as a yellow oil (236 mg, 52%)]f° -0.8 € 1.55, CHC)). IR (neat),
Vmax 2931, 2858, 1690, 1510, 1472, 1427, 1391, 1384011166, 1107, 1070, 987, 823, 773, 740, 702, 605
541, 504 cnit. *H NMR (CDCk, 500 MHz, mixture of rotamersy; 7.67-7.62 (m, 4 H), 7.42-7.35 (m, 6 H),
7.31 (t,J=9.1 Hz, 2H), 7.07 (] = 7.5 Hz, 2 H), 4.13 (dd} = 10.1, 3.4 Hz, 0.4 H), 3.89 (br. s, 0.4 H), 3.79-
3.75 (m, 1.8 H), 3.72-3.69 (m, 1 H), 3.64-3.59 (nH), 3.56-3.52 (m, 0.4 H), 3.44-3.38 (M, 1 H), 24 J =
7.3 Hz, 2 H),2.42(t, J = 6.9 Hz, 2 H), 2.30-2(82 1 H), 2.15 (s, 3 H), 1.93-1.86 (m, 1 H), 1.772L(m, 2

H), 1.63-1.58 (m, 2 H), 1.50 (s, 3.6 H), 1.33 (s} Bl), 1.06 (s, 9 H) ppm>C NMR (CDCk, 125 MHz,
mixture of rotamers)s: 208.7, 154.2, 143.3, 142.7, 135.6, 133.7, 13833.4, 133.3, 131.8, 129.7, 129.6,
127.7, 127.3, 127.1, 122.1, 89.5, 80.7, 79.5, 78524, 65.1, 63.5, 62.1, 47.0, 46.5, 46.4, 45.62,432.7,
31.7, 29.9, 28.6, 28.4, 28.1, 26.8, 23.0, 19.2 pdRMS (ESI) calcd. for GHs,NO,Si (M+H)" 638.36601,
found 638.36681.

tert-Butyl (2S,3R)-2-(hydroxymethyl)-3-(4-(7-oxg@gthenyl)pyrrolidine-1-carboxylatérc) (See Supp. Info
for a Scheme)

7b (200 mg, 0.31 mmol) was dissolved in EtOAc (5 mhd Pd/C (10%, 37 mg) was added to the resulting
solution. The air was removed from the flask undacuum and replaced with hydrogen (balloon). The
reaction was vigorously stirred overnight at ro@mperature. Afterwards, the mixture was filteremtgh a
celite pad, washing with EtOAc. The collected solutwas concentrateid vacuq affording the intermediate
(2S,3R-2-(((tert-butyldiphenylsilyl)oxy) methyl)-3-(4-(@xooctyl)phenyl)pyrrolidine-1-carboxylate a
colorless oil (201 mg, 99%)a]*°, +8.5 € 0.87, CHCJ). IR (neat)mac 2929, 2856, 1692, 1514, 1472, 1427,
1392, 1365, 1254, 1166, 1108, 987, 856, 822, 749, 701, 607, 504 cm 'H NMR (CDCk, 500 MHz,
mixture of rotamers)$: 7.73-7.63 (m, 4 H), 7.42-7.35 (m, 6 H), 7.15-7(@8 4 H), 4.16-4.13 (m, 0.4 H),
3.90 (br. s, 0.4 H), 3.84-3.76 (m, 1.8 H), 3.7293(6, 1 H), 3.66-3.60 (m, 1 H), 3.58-3.54 (m, 0.} Bl44-
3.39 (m, 1 H), 2.59-2.55 (m, 2 H), 2.41 (t, J = AZ 2 H), 2.30-2.21 (m, 1 H), 2.13 (s, 3 H), 1888 (m, 1

H), 1.62-1.55 (m, 4 H), 1.50 (s, 3.6 H), 1.33 @r9.4 H), 1.06 (s, 9 H) ppmC NMR (CDCk, 125 MHz,
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mixture of rotamers)s: 209.2, 154.3, 154.2, 141.0, 140.9, 135.6, 13433,8, 133.6, 133.5, 133.4, 129.7,
129.6, 128.6, 127.7, 127.3, 127.1, 79.4, 79.0, 68553, 63.5, 62.1, 47.1, 46.4, 46.2, 45.3, 4354,332.9,
31.9, 31.3, 29.8, 29.1, 29.0, 28.6, 28.5, 28.40,286.9, 26.5, 23.7, 19.4. 19.3 ppm. HRMS (ESIpaafor
CagHseNO,Si (M+H)* 642.3973, found 642.40020.

(2S,3R-2-(((tert-butyldiphenylsilyl)oxy) methyl)-3-(4-(8xooctyl)phenyl)pyrrolidine-1-carboxylaté50 mg,
0.078 mmol) was submitted to general procedureti drude was purified by flash column chromatogyaph
(EtOAc/hexane 1:1, R0.29) to give7c as a colorless oil (31 mg, 99%). IR (neat).: 3402, 2928, 2855,
1690, 1666, 1514, 1454, 1394, 1365, 1251, 1165511084, 1054, 968, 854, 772, 535 tmH NMR
(CDCls, 500 MHz),8: 7.15-7.11 (m, 4 H), 3.91-3.88 (m, 1 H), 3.76-3(i#8 2 H), 3.61 (ddJ = 11.5, 6.9 Hz,

1 H), 3.34 (tdJ = 10.5, 6.4 Hz, 1 H), 2.90 (br. s, 1 H), 2.58-2(6% 2 H), 2.41 (t) = 7.4 Hz, 2 H), 2.13 (s, 3
H), 1.99-1.91 (m, 1 H), 1.62-1.54 (m, 4 H), 1.50qsH), 1.34-1.30 (m, 4 H) ppm°C NMR (CDC}, 125
MHz), é: 209.3, 156.5, 141.6, 138.0, 128.7, 127.5, 807/50,665.7, 47.5, 47.1, 43.7, 35.4, 32.8, 31.2,,29.9
29.0, 28.5, 23.7 ppm. HRMS (ESI) calcd. foyds;NO,Na (M+Na) 426.26150, found 426.26007.

8-(4-((2S,3R)-2-(hydroxymethyl)pyrrolidin-3-yl)ply#octan-2-one hydrochlorid€7) (See Supp. Info for a
Scheme)

Prepared according to general procedure A, starinoghn 7¢ (20 mg, 0.050 mmol). The crude was
recrystallized from EtOAc to give produttas a white solid (16 mg, 94%). For biological itggta portion of
the product was dissolved in the minimum amountBL.C grade water, filtered (pore size = 048) and
lyophilized. []*°; +16.4 € 0.55, CHCJ). IR (neat),vmax 3277, 2922, 2848, 1707, 1589, 1517, 1464, 1401,
1367, 1332, 1216, 1161, 1110, 1064, 1020, 965, 828, 775, 716, 654, 634, 591, 542, 503'ctil NMR
(CDs0OD, 500 MHz),5: 7.27 (d, J = 8.2 Hz, 2 H), 7.22 (d, J = 8.2 HAX)2 3.77 (9, = 6.2 Hz, 1 H), 3.66-
3.60 (m, 2 H), 3.58 (dddl = 11.8, 8.8, 3.3 Hz, 1 H), 3.41 (ddil= 11.8, 9.9, 7.3 Hz, 1 H), 3.31-3.27 (m, 1
H), 2.64-2.61 (m, 2 H), 2.50-2.45 (m, 3 H), 2.282(m, 1 H), 2.14 (s, 3 H), 1.66-1.60 (m, 2 H), %553
(m, 2 H), 1.37-1.32 (m, 4 H) ppr’C NMR (CD;OD, 125 MHz),5: 210.7, 142.2, 135.5, 128.8, 127.1, 67.1,
58.2,44.7,44.5,42.8, 35.0, 32.4, 31.1, 28.64,283.4 ppm.

tert-Butyl (S)-2-(2-(4-octylphenyl)-2-oxoethyl)pgiidine-1-carboxylat€8b)

Prepared according to general procedure C, staftong 8a[25] (300 mg, 1.10 mmol). The crude was
purified by flash column chromatography (EtOAc/hexd.:6, R 0.17) to giveBb as a colorless oil (274 mg,
62%). [01]*°p -22.9 € 1.3, CHCY). IR (neat),vmac 2924, 2854, 1680, 1606, 1455, 1391, 1365, 127891
1116, 1012, 989, 772, 545 €ntH NMR (CDCL, 500 MHz, mixture of rotamersy; 7.96-7.87 (m, 2 H), 7.25
(d,J=7.5Hz, 2 H), 4.34-4.29 (m, 1 H), 3.74 (brJd; 14.8 Hz, 0.5 H), 3.47 (br. d,= 15.2 Hz, 0.5 H), 3.40
(br. s, 1 H), 3.32 (br. s, 1 H), 2.85-2.73 (m, 1 BIp4 (br. s, 2 H), 2.03 (br. s, 1 H), 1.90-1.#9 2 H), 1.75
(br. s, 1 H), 1.64-1.57 (m, 2 H), 1.45 (s, 9 HRQE1.22 (m, 10 H), 0.86 (8§ = 7.0 Hz, 3 H) ppm-C NMR
(CDCls, 125 MHz, mixture of rotamers}, 198.8, 198.3, 154.4, 154.3, 149.1, 148.7, 1342R.7, 128.5,
128.4, 79.7, 79.2, 54.5, 54.3, 46.7, 46.2, 43.710,436.0, 31.9, 31.3, 31.1, 30.3, 29.4, 29.3, 28326, 23.6,
22.8,22.6, 14.1 ppm. HRMS (ESI) calcd. foghyNO; (M+H)"™ 402.30027, found 402.29965.

(S)-1-(4-Octylphenyl)-2-(pyrrolidin-2-yl)ethan-1-emydrochloridg8)

Prepared according to general procedure A, stafitorg 8b (100 mg, 0.25 mmol)The crude was purified by
flash column chromatography (EtOH/GEl, 1:4, R: 0.45) to give produdd as a white solid (84 mg, 99%).
Note: the product racemized spontaneously whemldisd in MeOH or HO. For biological testing a portion
of this solid was dissolved in the minimum amouhtH®LC grade water, filtered (pore size = 0i48) and
lyophilized. []*5-39.1 € 0.23, CHC)). IR (neat),vma 2921, 2852, 1678, 1605, 1589, 1466, 1377, 1222,
1188, 1032, 976, 914, 822, 770, 569°ciH NMR (CDCk, 400 MHz),8: 9.52 (br. s, 2 H), 7.86 (d,= 8.1

Hz, 2 H), 7.18 (dJ = 7.8 Hz, 2 H), 4.17-4.09 (m, 1 H), 3.89 (dd; 18.4, 5.9 Hz, 1 H), 3.50 (dd~= 18.4, 6.8
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Hz, 1 H), 3.40 (t) = 7.2 Hz, 2 H), 2.61-2.57 (m, 2 H), 2.37-2.29 (inH), 2.10-1.95 (m, 2 H), 1.81-1.70 (m,
1 H), 1.59-1.54 (m, 2 H), 1.30-1.24 (m, 10 H), 088 = 6.8 Hz, 3 H) ppr3C NMR (CDCb, 125 MHz),3:
196.8, 149.6, 133.6, 128.7, 128.4, 56.0, 45.0, 4869, 31.9, 31.0, 30.6, 29.7, 29.4, 29.3, 2926,222.6,
14.1 ppm. HRMS (ESI) calcd. for,@;,NO (M)* 302.24784, found 302.24782.

tert-Butyl (2S)-2-(2-hydroxy-2-(4-octylphenyl)edpyirrolidine-1-carboxylatg8c)

NaBH, (4.9 mg, 0.13 mmol, 1.5 eq.) was added to a siutf8b (35 mg, 0.087 mmol) in MeOH (3 mL) at
0 °C. The resulting mixture was stirred for 2 hoatsthe same temperature. Afterwards, the reactias
quenched with brine (1 mL), the MeOH was remoiedacuoand the product was extracted with EtOAc (4
x 4 mL). The organic layers were dried over8@, filtered and concentrated. The residue was patifiy
flash column chromatography (EtOAc/hexane 1.6, tB#®Ac/hexane 1:4 0.38 and 0.19) to giv8c
diastl (7 mg, 20%) andc diast2 (28 mg, 80%) as colorless oil8c diastl:[0]*’%,-8.0 € 0.2, MeOH). IR
(neat),vmax 3406, 2923, 2851, 1723, 1671, 1397, 1245, 11684 1cm’. '"H NMR (CDCk, 300 MHz),s:
7.28 (d,J=7.9 Hz, 2 H), 7.13 (] = 8.0 Hz, 2 H), 5.33 (br. s, 1 H), 4.64-4.57 (i} 4.33-4.25 (m, 1 H),
3.37 (t,J = 6.6 Hz, 2 H), 2.60-2.54 (m, 2 H), 2.03-1.93 gH), 1.91-1.87 (m, 2 H), 1.72-1.67 (m, 2 H), 1.62-
1.54 (m, 2 H), 1.49 (s, 9 H), 1.25 (br. s, 10 HR70(t,J = 6.8 Hz, 3 H) ppm*C NMR (CDC}, 75 MHz),5:
156.7, 141.6, 141.5, 128.2, 125.6, 80.0, 69.8,,54606, 46.3, 35.6, 31.9, 31.5, 31.2, 29.7, 29%3,228.5,
23.6, 22.7, 14.1 ppm. HRMS (ESI) calcd. fogH,;NOsNa (M+Na) 426.29787, found 426.29918c¢ diast2
[0]*°%-52.5 € 0.8, MeOH). IR (neatlymac 3413, 2924, 2854, 1668, 1393, 1365, 1247, 116831849, 772,
557 cm'. '"H NMR (CDCk, 300 MHz),5: 7.26 (d,J = 7.8 Hz, 2 H), 7.13 (dl = 7.7 Hz, 2 H), 4.74 (br. s, 1 H),
4.10 (br. s, 1 H), 3.31 (br. s, 2 H), 2.60-2.55 gHl), 2.14 (br. s, 1 H), 2.05-1.93 (m, 1 H), 1899 (m, 2
H), 1.69 (br. s, 2 H), 1.61-1.54 (m, 2 H), 1.4694{), 1.30-1.26 (m, 10 H), 0.87 (t= 6.8 Hz, 3 H) ppm**C
NMR (CDCk, 75 MHz),6: 155.4, 142.3, 141.6, 128.3, 125.5, 79.7, 72.57,5%6.4, 46.3, 35.6, 32.4, 31.9,
31.5, 29.7, 29.5, 29.3, 29.2, 28.5, 23.8, 22.61 Phm. HRMS (ESI) calcd. for gH;NOsNa (M+Na)
426.29787, found 426.29907.

(R)-2-(4-Octylphenethyl)pyrrolidine hydrochlorid@)

8¢ (12 mg, 0.0297 mmol) was dissolved in EtOH (3 mhfd Pd/C (10%, 7 mg) was added to the resulting
solution. The air was removed from the flask undacuum and replaced with hydrogen (balloon). The
reaction was vigorously stirred overnight at ro@mperature. Afterwards, the mixture was filterewtgh a
celite pad, washing with EtOH. The collected solntivas concentrataed vacuq affording the intermediate
tert-Butyl (R)-2-(4-octylphenethyl)pyrrolidine-1-carboxyla@s a colorless oil (9 mg, 78%n]f% -36.0 ¢
0.45, CHC)). IR (neat),vmay 2924, 2853, 1694, 1514, 1455, 1391, 1364, 1256911100, 771 cth 'H
NMR (CDCl, 400 MHz, mixture of rotamersy; 7.09 (s, 4 H), 3.85 (br. s, 0.4 H), 3.75 (br0O§ H), 3.41
(br. s, 0.8 H), 3.32 (br. s, 1.2 H), 2.58-2.54 &nt]), 2.14 (br. s, 0.4 H), 2.04-1.87 (m, 1.6 HB5:1.80 (m, 2
H), 1.72 (br. s, 1 H), 1.63-1.55 (m, 3 H), 1.4594¢), 1.32-1.24 (m, 10 H), 0.88 (t= 6.8 Hz, 3 H) ppm**C
NMR (CDCl, 75 MHz, major rotamer): 154.6, 140.3, 139.2, 128.3, 128.1, 79.0, 56.91,486.4, 35.5,
32.4,31.9, 31.6, 30.6, 29.7, 29.5, 29.4, 29.26,283.2, 22.7, 14.1 ppm. HRMS (ESI) calcd. feeHz:NOK
(M+K) ™ 426.27744, found 426.27543.

tert-Butyl (R)-2-(4-octylphenethyl)pyrrolidine-1-carboxylate (8g, 0.023 mmol) was submitted to general
procedure A. The crude was purified by flash colurthromatography (EtOH/Ci€l, 1:8, R: 0.16) to give
product9 as a white solid (7 mg, 93%). For biological tegta portion of this solid was dissolved in the
minimum amount of HPLC grade water, filtered (psiee = 0.45um) and lyophilized. ]*, -4.0 € 0.35,
CHCly). IR (neat),vmac 2921, 2852, 2751, 1591, 1514, 1455, 1418, 1048, 822, 554 cih 'H NMR
(CDCl;, 500 MHz),5: 9.69 (br. s, 1 H), 9.19 (br. s, 1 H), 7.12 {d; 8.0 Hz, 2 H), 7.05 (d] = 8.0 Hz, 2 H),
3.56-3.48 (m, 1 H), 3.44-3.37 (m, 1 H), 3.35-3.80 { H), 2.80-2.74 (m, 1 H), 2.71-2.65 (m, 1 H%22.52
(m, 2 H), 2.37-2.30 (m, 1 H), 2.15-2.08 (m, 1 HP&1.97 (m, 2 H), 1.96-1.88 (m, 1 H), 1.72-1.64 {nH),
1.59-1.53 (m, 2 H), 1.29-1.25 (m, 10 H), 0.87)& 7.0 Hz, 3 H) ppm**C NMR (CDC}, 125 MHz),s:
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140.9, 137.2, 128.6, 128.3, 60.0, 44.8, 35.5, 33205, 31.9, 31.6, 30.4, 29.7, 29.5, 29.4, 29.35232.7,
14.1 ppm. HRMS (ESI) calcd. for,@3N (M)* 288.26858, found 288.26992.

(2S)-2-(2-Methoxy-2-(4-octylphenyl)ethyl)pyrrolidihydrochloridg10)

NaH (1.3 mg, 60% dispersion in mineral oil, 0.03/aoh 1.2 eq.) was added to a solution8ofdiast2 (11
mg, 0.027 mmol) in dry THF (1 mL) at 0 °C. The réisig mixture was stirred at the same temperatarelf
h, before adding methyl iodide (&, 0.081 mmol, 3 eq.). Then, the reaction wasetirat room temperature
for 3 h, before being quenched with water (1 ml)eproduct was extracted with EtOAc (3 x 2 mL) &mel
combined organic layers were dried over MgSfiltered and concentrated. The residue was patifiy flash
column chromatography (EtOAc/hexane 1:6, ®R®16) to give the intermediate tert-But@g-2-(2-methoxy-
2-(4-octylphenyl)ethyl)pyrrolidine-1-carboxylate azolorless oil (7 mg, 64%)u]f*,-77.1 € 0.35, CHC)).

IR (neat),vmas 2924, 2854, 1692, 1454, 1391, 1364, 1251, 117021771 cnt. *H NMR (CDCk, 500 MHz,
mixture of rotamers): 7.23-7.13 (m, 4 H), 4.11 (br. s, 1 H), 4.02 &r0.5 H), 3.93 (br. s, 0.5 H), 3.39 (br. s,
0.5 H), 3.29 (br. s, 1.5 H), 3.16 (s, 3 H), 2.6872(m, 2 H), 2.27 (br. s, 1 H), 1.82-1.73 (m, 2 H)}{2-1.56
(m, 3 H), 1.46 (s, 9 H), 1.30-1.26 (m, 10 H), 0(88J = 6.9 Hz, 3 H) ppm=C NMR (CDC}, 125 MHz,
mixture of rotamers): 154.5, 142.2, 139.5, 128.4, 126.5, 81.6, 79.07,786.3, 54.7, 46.3, 46.1, 42.6, 35.7,
31.9, 31.5, 30.9, 30.3, 29.7, 29.5, 29.3, 29.26,283.7, 23.2, 22.6, 14.1 ppm. HRMS (ESI) calcd. fo
Ca6HasNO3 (M+H)" 418.33210, found 418.33141.

tert-Butyl (29-2-(2-methoxy-2-(4-octylphenyl)ethyl)pyrrolidinedarboxylate (6 mg, 0.014 mmol) was
submitted to general procedure A. The crude wadi@airby flash column chromatography (EtOH/&E,
1:10, R: 0.20) to give productO as a white solid (3 mg, 60%). For biological tegta portion of this solid
was dissolved in the minimum amount of HPLC gradeew filtered (pore size = 0.4Bn) and lyophilized.
[a]®5 -55.0 € 0.20, CHCJ). IR (neat),vna 2921, 2851, 2766, 1459, 1107, 1033, 827, 722, G64 *H
NMR (CDCl, 500 MHz),s: 10.53 (br. s, 1 H), 8.54 (br. s, 1 H), 7.19J¢; 8.1 Hz, 2 H), 7.14 (dl = 8.1 Hz,

2 H), 4.35 (ddJ = 10.2, 2.9 Hz, 1 H), 3.91 (br. s, 1 H), 3.51-3(#6 1 H), 3.38-3.33 (m, 1 H), 3.20 (s, 3 H),
2.59-2.56 (m, 2 H), 2.28-2.21 (m, 2 H), 2.07-2.68 2 H), 1.95-1.92 (m, 1 H), 1.73-1.67 (m, 1 HR1+1.55
(m, 2 H), 1.30-1.24 (m, 10 H), 0.87 {t= 7.0 Hz, 3 H) ppm>C NMR (CDC}, 125 MHz),5: 143.2, 137.3,
128.7, 126.4, 82.4, 58.9, 56.5, 44.5, 40.1, 3517M9,31.4, 30.7, 29.7, 29.5, 29.3, 29.2, 23.1, ,2P461 ppm.
HRMS (ESI) calcd. for §H3gNO (M) 318.27914, found 318.28009.

tert-Butyl (2S,4R)-4-((tert-butyldimethylsilyl)0x&)(2-methoxy-2-oxoethyl)pyrrolidine-1-carboxyldid a)
Commercially available 1-(tert-butyl) 2-methyl (28)-4-((tert-butyldimethylsilyl)oxy)pyrrolidine-1;2
dicarboxylate (200 mg, 0.56 mmol, 1.0 eq.) wasah&sl in MeOH (1 mL) and an aqueous LiOH (380
1M, 1.5 eq.) was added. The solution was stirred5atC for 3h whereby TLC analysis indicated tha t
reaction had gone to completion. A 5% (w/w) aquebl@d solution was added dropwise until pH = 2,
whereby a white precipitate was formed. The mixtwaes extracted with ED (2 x 5 mL). The resulting
organic layer was collected, dried over,8@y, filtered and concentrated to afford an incoloiterdrich was
brought to the next step without further purificati

The incolore oil (120 mg, 0.35 mmol) was dissolbadk in THF (2 mL) then BN (97 uL, 0.70 mmol, 2 eq.)
and isobutylchloroformate (58L, 0.310 mmol, 1.6 eq.) were added. The resultingture was stirred at
room temperature for 1 h. Afterwards, the reacti@s cooled down to 0 °C and a freshly preparedtisolu
of CHy,N, in ELO was added dropwise until the resulting mixtunmaaed bright yellow. Then, the reaction
was stirred for 1h at 0 °C and for 30 min at roemperature, adding further @R, any time the mixture had
turned back to colorless. After a persistant yeltmlor remained, the flask was cooled down agaif t&€
and a 0.5 M solution of acetic acid in water wasmy added until the mixture turned colorless. Thtrme
layers were separated and the agueous one wastegtraith EtOAc (3 x 5 mL). The combined organic
layers were washed with water (5 mL) and brine (§,ndried over NgSQ,, filtered and concentrated. The
residue was purified by flash column chromatogragByOAc/hexane 1:3, R 0.21) to give the diazo
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intermediateas a pale yellow oil. This intermediate was redig=b in dry MeOH (2 mL) and a solution of
silver benzoate (16 mg, 0.07 mmol, 0.2 eq.) igNE{O7 uL, 0.70 mmol, 2 eq.) was added to this mixture
under an argon atmosphere. Then, the flask waspethim aluminum foil and the reaction was reflufed2

h. Afterwards, the mixture was left to reach roa@mperature, filtered through a celite pad washirity w
abundant EtOAc and concentrated.The residue wafsgpluby flash column chromatography (hexane/EtOAc
8:2 RF: 0.28) to givellaas a colorless oil (77 mg, 59% over 2 stepgf’§-74.1 € 0.78, CHCY). IR (neat),
Vmax 2929, 1739, 1693, 1472, 1152, 1108, 853, 774.¢k NMR (CDChk, 500 MHz, mixture of rotamers),
3. 4.32-4.28 (pJ = 4.3 Hz, 1 H), 4.24-4.16 (m, 1 H), 3.65 (s, 3 B¥3-3.33 (m, 2 H), 2.99-2.86 (dd=
11.1, 4.6 Hz, 1 H), 2.37 (m, 1 H), 2.09 (m, 1 HB4(m, 1 H), 1.44 (s, 9 H), 0.85 (s, 9 H), 0.046($1) ppm.
¥C NMR (CDCE, 125 MHz, mixture of rotamersy; 172.0, 171.9, 155.0, 154.9, 79.9, 79.5, 70.26,656.1,
54.7, 53.0, 51.6, 41.2, 40.5, 39.6, 38.9, 28.68,258.1 ppm. HRMS (ESI) calcd. foro4Bl4,NO3 (M+H)*
374.23680, found 374.23637.

tert-Butyl (2S,4R)-4-((tert-butyldimethylsilyl)ox®)(2- (methoxy(methyl)amino)-2-oxoethyl)pyrrolidibe
carboxylate(11b)

Isopropyl magnesium chloride (244, 2 M in THF, 0.48 mmol, 6 eq.) was added dropvisa solution of
11a(30.0 mg, 0.08 mmol) and N,O-dimethylhydroxylam{@8 mg, 0.24 mmol, 3 eq.) in dry THF (1 mL) at -
20 °C. The resulting mixture was allowed to reactCQover 3 h, then, it was stirred at the same tatpre
overnight. Afterwards, the reaction was quenchedatdging a few drops of water. Then, the mixture was
filtered on a celite pad washing with abundant E¢Cahd concentrated. The residue was purified bshfla
column chromatography (hexane/EtOAc 73 ®R35) to givellb as a colorless oil (26 mg, 81%)]1’p -56.6

(c 0.58, CHC)). IR (neat),vmac 2954, 1692, 1390, 1252, 1156, 835cmH NMR (CDCkL, 500 MHz,
mixture of rotamers): 4.34-4.26 (m, 2 H), 3.68 (s, 3 H), 3.43-3.32 thH), 3.16-3.02 (m, 4 H), 2.46 (bs, 1
H), 2.12 (bs, 1 H), 1.87 (bs, 1 H), 1.45 (s, 9 BIR5 (s, 9 H), 0.04 (s, 6 H) ppMiC NMR (CDCL, 125 MHz,
mixture of rotamers)§: 172.7, 172.4, 155.0, 79.7, 79.3, 70.3, 69.7, 68541, 54.5, 53.1, 41.4, 40.6, 37.7,
36.7, 32.1, 32.1, 28.6, 28.5, 25.9, 25.9, 18.1 pdRMS (ESI) calcd. for gH,NO; (M+H)™ 403.26230,
found 403.26277.

tert-Butyl (2S,4R)-4-hydroxy-2-(2-(4-octylphenyp:@oethyl)pyrrolidine-1-carboxylatél1c)

11b was submitted to general procedure C (11 mg, 0.@®lm The crude yellow oil was submitted to
general procedure B without further purificationherl resulting residue was purified by flash column
chromatography (hexane/EtOAc 8:2: R.33) to givellc as a yellow oil (5 mg, 63% over 2 steps)}°]p
+50.4 € 0.25, CHC)). IR (neat),vmax 2953, 1856, 1783, 1251, 932, 704 triH NMR (CDCk, 500 MHz,
mixture of rotamers)p: 7.89 (bs, 2 H), 7.26-7.24 (m, 2 H), 4.44-4.40 @nH), 3.90-3.87 (m, 0.57 H),
3.67.3.60 (m, 1 H), 3.46 (m, 0.64 H), 2.89-2.84, (#id 15.5, 9.6 Hz, 1 H), 2.65-2.62 (m, 2 H), 2.22 ght),
1.90 (bs, 1 H), 1.62-1.59 (m, 2 H), 1.45 (s, 9 HB2-1.23 (m, 10 H), 0.88-0.85 (t, 3 H) ppHC NMR
(CDCls, 125 MHz, mixture of rotamers}, 198.9, 198.2, 171.3, 154.9, 149.3, 149.1, 1342R.8, 128.5,
80.3, 79.7, 69.9, 69.4, 60.5, 54.9, 54.6, 53.33,480.3, 36.1, 32.0, 31.2, 29.5, 29.4, 29.3, 28%8, 21.2,
14.3, 14.2 ppm. HRMS (ESI) calcd. fopsH40NO; (M+H)" 418.29519, found 418.29710.

(2S,4R)-4-Hydroxy-2-(2-(4-octylphenyl)-2-oxoethyf)plidin-1-ium chloride(11)

11 was synthesized in accordance with the generalephge A, starting fronilc (21 mg, 0.05 mmol)11
was obtained as a white solid (13 mg, 75%). IR fjnea.: 3310, 2921, 1669, 1605, 1277 tmH NMR
(CDCls, 500 MHz, mixture of diastereomers),7.71-7.70 (dJ = 8.2 Hz, 2 H), 7.00-6.99 (d,= 8.0 Hz, 2 H),
4,51 (s, 1 H), 4.07-4.04 (dd,= 11.3, 6.4 Hz, 1 H major isomer), 3.99-3.96 (dd, 9.0, 6.2 Hz, 1 H minor
isomer), 3.41-3.24 (m, 2 H), 2.37-2.05 (m, 3 HY,71.63 (m, 1 H), 1.36 (m, 2 H), 1.18-1.14 (m, 1) B178-
0.76 (t, 3 H) ppm**C NMR (CDCk, 125 MHz, mixture of diastereomersy, 198.5, 149.1, 133.5, 128.5,
128.5, 69.1, 69.1, 54.3, 54.0, 52.8, 38.5, 37.7%,3%1.8, 30.8, 29.4, 29.4, 29.3, 22.6, 13.8 ppRMS (ESI)
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calcd. for GsHaoNO; (M+H)* 318.24276, found 318.24284.

1-(tert-butyl) 2-ethyl (2R,4R)-4-(((tert-butyldipidsilyl)oxy)methyl)-5-oxopyrrolidine-1,2-dicarbdate
(12a3) and 1-(tert-butyl) 2-ethyl (2R,4S)-4-(((tert-butighenylsilyl)oxy)methyl)-5-oxopyrrolidine-1,2-
dicarboxylate(epi-12a3)(See Supp. Info for a Scheme)

HCI (84 mL, 0.2 N in HO, 16.8 mmol, 1 eq.) was added dropwise to a soiudf12al(5.25 g, 16.8 mmol)

in MeOH (125 mL) and the resulting solution wasretl at room temperature for 1 h. Afterwards, alsma
amount of bromocresol green was added to monitpth of the solution and NaBEN (2.11 g, 33.6 mmol,

2 eq.) was added portion wise (4 portions over. M8anwhile, the pH of the solution had been cdegdy
adding a few drops of HCI (0.2 N in,@8), anytime the pH indicator had turned blue. H&$ lalways been
added in the minimal amount necessary to makentiedtor turn back to yellow. The reaction wasrstirat
room temperature for 48 hours, continuing monitpramd correcting the pH when needed. Eventualfgyna
drops of NaHC@ satd. solution were added until the indicator égriblue and the mixture was concentrated
in vacuoto remove the organic solvent. Brine (130 mL) wasle to the mixture and the product was
extracted in EtOAc (3 x 130 mL). The organic layeese dried over N&Q,, filtered and concentrated. The
resulting residue was purified by flash column chatography (MeOH/CKCI, 1:20, R: 0.24) to give the
intermediate alcoholl2a2 (3.38 g, 70%)as a 2:1 mixture of diasteroisomers. This intermediwas
redissolved in dry DMF (60 mL) and imidazole (2¢135.4 mmol, 3 eq.) was added to the resultingtsol.
Then, this mixture was cooled down to 0 °C and TBDP (4.60 mL, 17.7 mmol, 1.5 eq.) was added
dropwise. The resulting solution was stirred atnno@mperature for 3 h, before adding EtOH (1 mLJ an
stirring for additional 30 min. Eventually, the rhixe was poured into water (400 mL) and the proavas
extracted into EO (3 x 300 mL). The organic layers were dried dvesSQ,, filtered and concentrated. The
resulting residue was purified by flash column chatography (EO/hexane 1:2 R 0.13 and 0.06, then
Et,O/hexane 1:1) to givel2a3 (2.98 g, 48%) andepi-12a3 (1.12 g, 18%) as colorless oils. The
stereochemistry was assigned by performing NOES}¢ements (through space coupling observed between
2-H and 4-H in12a3 epi-12a3 12a3:[a]*°; +28.3 € 2.7, CHC}). IR (neat),vmac 2931, 1792, 1746, 1718,
1472, 1428, 1369, 1313, 1278, 1188, 1151, 11117,1986, 913, 848, 822, 734, 702, 613, 504'clH NMR
(CDCls, 500 MHz),5: 7.66-7.62 (m, 4 H), 7.43-7.37 (m, 6 H), 4.62 (@, 9.7, 3.2 Hz, 1 H), 4.24 (4,=7.1
Hz, 2 H), 4.03 (ddJ = 10.2, 4.8 Hz, 1 H), 3.80 (dd,= 10.2, 3.4 Hz, 1 H), 2.82-2.77 (m, 1 H), 2.46(,
1H), 2.17-2.12 (m, 1 H), 1.50 (s, 9 H), 1.30X% 7.1 Hz, 3 H), 1.03 (s, 9 H) ppri’C NMR (CDC}, 125
MHz), 8: 173.3, 171.6, 149.3, 135.7, 135.5, 133.2, 1326,8, 127.7, 83.4, 62.9, 61.6, 57.6, 44.5, 27%68,2
25.2, 19.2, 14.1 ppm. HRMS (ESI) calcd. forzgNOgSiNa (M+Naj 548.24389, found 548.2449@pi-
12a3: [a]®p +7.7 € 3.6, CHC)). IR (neat),vmax 2931, 1791, 1746, 1718, 1473, 1428, 1369, 131811
1109, 1032, 970, 909, 822, 781, 734, 702, 613,¢504 'H NMR (CDCl, 500 MHz),: 7.66-7.61 (m, 4 H),
7.44-7.35 (m, 6 H), 4.50 (dd,= 8.9, 7.5 Hz, 1 H), 4.22-4.13 (m, 2 H), 3.93 (d& 10.3, 6.7 Hz, 1 H), 3.87
(dd,J=10.3, 4.1 Hz, 1 H), 2.79 (ddddl= 9.5, 8.7, 6.7, 4.1 Hz, 1 H), 2.52-2.45 (m, 1#}16 (dddJ = 13.2,
8.7, 7.5 Hz, 1 H), 1.49 (s, 9 H), 1.25Jt 7.1 Hz, 3 H), 1.04 (s, 9 H) ppiC NMR (CDC}, 125 MHz),s:
172.7, 171.3, 149.2, 135.6, 135.5, 133.2, 132.9,7,2127.7, 83.5, 62.3, 61.5, 57.6, 45.4, 27.87,284.3,
19.2, 14.0 ppm. HRMS (ESI) calcd. fopdH30NOsSiNa (M+Na) 548.24389, found 548.24498.

1-(tert-Butyl) 2-ethyl (2R,4S)-4-(((tert-butyldiphdsilyl)oxy)methyl)pyrrolidine-1,2-dicarboxylatd3a) (See
Supp. Info for a Scheme)

LiEt;BH (4.68 mL, 1 M in THF, 4.68 mmol, 1.2 eq.) waslad dropwise to a solution @Ra3(2.05 g, 3.90
mmol) in anhydrous THF (70 mL) at -78 °C under agoa atmosphere and the resulting solution waresitir
at the same temperature for 30 min. Afterwards réaetion was quenched with NaHEE&atd. sol. (20 mL)
and allowed to reach 0 °C, then a few drops g9480% were added and the mixture was stirred at fC
20 min. Eventually, the organic solvent was remouedervacuoand the remaining aqueous layer was
extracted with ChCI, (3 x 120 mL). The combined organic layers were diriwer NaSQ,, filtered and
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concentrated, affording a colorless oil. This imediate hemiaminal was redissolved in anhydrousGGH
(70 mL) and E4SiH (1.25 mL, 7.8 mmol, 2 eq.) was added to theitsmh under an argon atmosphere. The
resulting mixture was cooled down to -78 °C and®E, (481 uL, 3.90 mmol, 1 eq.) was added dropwise.
The reaction was stirred at -78 °C for 30 min, befadding NaHC®@satd. sol. (20 mL) and allowing the
mixture to reach room temperature. The product edscted with CECI, (3 x 120 mL) and the organic
extracts were dried over PBO,, filtered and concentrated. The residue was muatifby flash column
chromatography (EtOAc/hexane 1:6f: R.24) to givel3a as a colorless oil (1.52 g, 76% over two steps).
[a]®p +24.7 € 1.5, CHC)). IR (neat),vmas 2931, 2858, 1744, 1699, 1473, 1427, 1389, 1385711188,
1110, 1030, 939, 870, 823, 741, 702, 611, 505.ct NMR (CDCk, 500 MHz, mixture of rotamersy;
7.65-7.63 (m, 4 H), 7.44-7.37 (m, 6 H), 4.34 (dd&; 7.9, 4.1 Hz, 0.4 H), 4.24-4.14 (m, 2.6 H), 3(@d,J =
10.6, 7.7 Hz, 0.6 H), 3.64-3.59 (m, 2.4 H), 3.28,@= 10.6, 7.4 Hz, 0.6 H), 3.23, (ddi~= 10.5, 7.4 Hz, 0.4
H), 2.60-2.51 (m, 1 H), 2.13-2.04 (m, 1H), 2.038L(én, 1 H), 1.47 (s, 3.6 H), 1.42 (s, 5.4 H), 11325 (m, 3
H), 1.06 (s, 3.6 H), 1.05 (s, 5.4 H) ppHC NMR (CDCE, 125 MHz, mixture of rotamersj; 173.2, 172.9,
154.4, 153.7, 135.5, 133.4, 133.3, 129.7, 127.8,7.7, 64.8, 60.9, 60.8, 59.0, 58.7, 48.9, 48983, 38.9,
33.0, 32.2, 28.4, 28.3, 26.8, 19.2, 14.3, 14.1 pdRMS (ESI) calcd. for gH4NOsSi (M+H)" 512.28268,
found 512.28059.

(2R,4S)-1-(tert-Butoxycarbonyl)-4-(((tert-butyldaatylsilyl)oxy)methyl)pyrrolidine-2-carboxylic aciflL2a4)
(See Supp. Info for a Scheme)

NaOH (290uL, 1 N in H0O, 0.29 mmol, 1.5 eq.) was added to a solutiod3# (99 mg, 0.19 mmol) in
MeOH (1.2 mL) and the resulting mixture was vigaigustirred for 24 h. Afterwards, the organic saive
was concentrateth vacuoand the residue was suspended in brine (20 muieraérds, while gradually
acidifying to pH=2 by adding HCI 0.2 N, the prodweas extracted with C}I, (6 x 20 mL). The organic
layers were dried over N&QO,, filtered and concentrated, afforditga4 (93 mg, 99%) as a colorless solid.
[0]®5 +19.3 € 0.9, MeOH).IR (neat),vma 2929, 1699, 1390, 1366, 1162, 1108, 998, 906, 839, 700,
608, 503 crit. '"H NMR (CD;0OD, 500 MHz, mixture of rotamersy; 7.74-7.66 (m, 4 H), 7.47-7.37 (m, 6 H),
4.30-4.21 (m, 1 H), 3.66-3.57 (m, 3 H), 3.37-3.88 L H), 2.57-2.54 (m, 1 H), 2.17-2.11 (m, 1H),82203
(m, 1 H), 1.48 (s, 3.6 H), 1.44 (s, 5.4 H), 1.06 9sH) ppm.**C NMR (CD;OD, 125 MHz, mixture of
rotamers)d: 175.9, 154.9, 154.6, 135.9, 135.3, 134.6, 13B2D.6, 129.5, 129.0, 127.5, 127.2, 80.0, 79.8,
64.8, 64.6, 59.5, 48.9, 48.6, 39.7, 38.9, 32.81,327.4, 27.2, 26.0, 25.8, 18.7, 18.5 ppm. HRMS|YES&Icd.
for C,7H3eNOsSiNa (M+Na) 506.23332, found 506.23394.

tert-Butyl (2R,4S)-4-(((tert-butyldiphenylsilyl)gryethyl)-2-(2-methoxy-2-oxoethyl)pyrrolidine-1-caxlylate
(12a) (See Supp. Info for a Scheme)

Et:N (54 uL, 0.388 mmol, 2 eq.) and isobutylchloroformate (4Q 0.310 mmol, 1.6 eq.) were added to a
solution of12a4(94 mg, 0.194 mmol) in anhydrous THF (2 mL) at®and the resulting mixture was stirred
at room temperature for 1 h. Afterwards, the reactias cooled down to 0 °C and a freshly prepanédien

of CH,N, in Et,O was added dropwise until the resulting mixtunaained bright yellow. Then, the reaction
was stirred for 1h at 0 °C and for 30 min at roemperature, adding further G, any time the mixture had
turned back to colorless. After a persistant yeltmlor remained, the flask was cooled down agaif t&€
and a 0.5 M solution of acetic acid in water wasmy added until the mixture turned colorless. Thtre
layers were separated and the aqueous one wastedtraith EtOAc (3 x 5 mL). The combined organic
layers were washed with water (5 mL) and brine (§,ndried over NaSQ,, filtered and concentrated. The
residue was purified by flash column chromatogragByOAc/hexane 1:3, R 0.21) to give the diazo
intermediateas a pale yellow oil. This intermediate was redissib in dry MeOH (2 mL) and a solution of
silver benzoate (9 mg, 0.0388 mmol, 0.2 eq.) ¥NEH4 uL, 0.388 mmol, 2 eq.) was added to this mixture
under an argon atmosphere. Then, the flask waspethim aluminum foil and the reaction was reflufed2

h. Afterwards, the mixture was left to reach roa@mperature, filtered through a celite pad washirity w
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abundant EtOAc and concentrated. The residue wéfeplby flash column chromatography (EtOAc/hexane
1:4, R: 0.27) to givel2a as a colorless oil (54 mg, 55% over two stepg)§ +21.2 € 1.0, CHC}). IR
(neat),vmax 2931, 2858, 1737, 1692, 1428, 1388, 1365, 1258111109, 823, 740, 702, 611, 504 triH
NMR (CDCk, 500 MHz, mixture of rotamers); 7.64-7.62 (m, 4 H), 7.44-7.37 (m, 6 H), 4.21 &r0.5 H),
4.13 (br. s, 0.5 H), 3.67 (s, 3 H), 3.63-3.60 (n)13.58-3.51 (m, 1.5 H), 3.43 (br. s, 0.5 H),3216 (m, 1
H), 2.91, (dJ = 14.2 Hz, 0.5 H), 2.80 (d,= 14.6 Hz, 0.5 H), 2.50-2.44 (m, 1 H), 2.33 (dd; 14.6, 9.7 Hz,
1H), 1.86 (br. s, 1 H), 1.80-1.77 (m, 1 H), 1.464sH), 1.05 (s, 9 H) ppnmt>C NMR (CDCk, 125 MHz,
mixture of rotamers)y: 171.9, 154.3, 154.1, 135.5, 133.5, 129.7, 12¥29,7, 79.6, 79.3, 65.3, 54.0, 51.6,
49.1, 39.3, 39.2, 38.7, 38.4, 33.7, 33.1, 28.58,269.2 ppm. HRMS (ESI) calcd. forgl,NOsSi (M+H)"
512.28268, found 512.28235.

tert-Butyl (2R,4S)-4-(((tert-butyldiphenylsilyl)gryethyl)-2-(2-(methoxy(methyl)amino)-2-
oxoethyl)pyrrolidine-1-carboxylatél 2b)

12a(53 mg, 0.104 mmol) was submitted to the procethara 11b. The residue was purified by flash column
chromatography (EtOAc/hexane 1:1f; B.30) to givel2b as a colorless oil (47 mg, 84%)]1 +23.3 € 0.6,
CHCIy). IR (neat),vmax 2931, 2857, 1690, 1385, 1364, 1256, 1162, 110001906, 870, 823, 739, 702, 611,
504 cm®. '"H NMR (CDCL, 500 MHz, mixture of rotamers); 7.65-7.62 (m, 4 H), 7.44-7.36 (m, 6 H), 4.24
(br. s, 1 H), 3.68 (s, 3 H), 3.65-3.62 (m, 1 HR&3(br. s, 1.5 H), 3.45 (br. s, 0.5 H), 3.24 (b1 $1), 3.17 (s, 3
H), 3.00, (dJ = 14.7 Hz, 0.5 H), 2.88 (d,= 13.6 Hz, 0.5 H), 2.52-2.45 (m, 2 H), 1.89-1.81, @ H), 1.46 (s,

9 H), 1.04 (s, 9 H) ppnt>C NMR (CDC}, 125 MHz, mixture of rotamersy; 172.3, 154.2, 135.6, 135.5,
133.6, 129.7, 127.7, 79.5, 79.1, 65.4, 61.2, 54901, 39.2, 38.4, 36.8, 36.4, 33.8, 32.0, 28.53,289.2 ppm.
HRMS (ESI) calcd. for @H.sN,0sSi (M+H)" 541.30923, found 541.30687.

tert-Butyl (2R,4S)-4-(((tert-butyldiphenylsilyl)gryethyl)-2-(2-(4-octylphenyl)-2-oxoethyl)pyrroligii -
carboxylate(12c)

Prepared according to general procedure C, stairiimy 12b (30 mg, 0.055 mmol). The crude was purified
by flash column chromatography (EtOAc/hexane 1Rf0,0.17) to givel2c as a colorless oil (25 mg, 68%).
[a]®5+5.3 € 0.3, CHCY). IR (neat),vmax 2924, 2853, 1671, 1606, 1515, 1458, 1390, 1368511111, 823,
739, 701, 611, 504 ch'H NMR (CDCk, 500 MHz, mixture of rotamersj; 7.95 (d,J = 7.3 Hz, 1 H), 7.90
(d,J=6.8 Hz, 1 H), 7.64-7.61 (m, 4 H), 7.43-7.35 @H), 7.27-7.26 (m, 2 H), 4.38-4.34 (m, 1 H), 3(d2J
=14.8 Hz, 0.5 H), 3.61 (br. s, 1 H), 3.58-3.53 {n% H), 3.50-3.43 (m, 1 H), 3.29-3.25 (m, 0.5 BiR2-3.19
(m, 0.5 H), 2.88-2.78 (m, 1 H), 2.65 (br. s, 2 BH4-2.48 (m, 1 H), 1.87-1.75 (m, 2 H), 1.65-1.69 2 H),
1.47 (s, 4.5 H), 1.45 (s, 4.5 H), 1.31-1.26 (mH)01.03 (s, 9 H), 0.88 (t] = 6.9 Hz, 3 H) ppm**C NMR
(CDCls, 125 MHz, mixture of rotamersy,; 198.7, 198.3, 154.4, 154.2, 134.6, 133.5, 1292R.7, 128.5,
128.4, 127.7, 79.7, 79.3, 65.4, 65.2, 54.4, 4829,443.2, 39.2, 38.4, 36.0, 33.7, 32.7, 31.8,,32917, 29.4,
29.3, 29.2, 28.5, 26.8, 22.6, 19.2, 14.1 ppm. HRESI) calcd. for GHgNO,Si (M+H)" 670.42861, found
670.42981.

2-((2R,4S)-4-(Hydroxymethyl)pyrrolidin-2-yl)-1-(4tglphenyl)ethan-1-one hydrochlorid&2)

Prepared according to general procedure B, stafttorg 12¢ (14 mg, 0.021 mmol). The crude was purified
by flash column chromatography (EtOAc/hexane 1f1,0R28) to give the intermediate tert-But@iR,43-4-
(hydroxymethyl)-2-(2-(4-octylphenyl)-2-oxoethyl)pgtidine-1-carboxylate as a colorless oil (9 mg%®9
[0]?5 +7.5 € 0.4, CHCY). IR (neat),vma 3439, 2924, 2854, 1673, 1606, 1394, 1366, 1258311123, 772,
558 cm'. *H NMR (CDCL, 500 MHz, mixture of rotamersy; 7.94 (d,J = 7.7 Hz, 1 H), 7.89 (d] = 7.9 Hz,

1 H), 7.27-7.24 (m, 2 H), 4.42-4.37 (m, 1 H), 3(d2J = 15.5 Hz, 0.5 H), 3.63 (br. s, 1.5 H), 3.58-3(49
1.5 H), 3.47 (br. s, 0.5 H), 3.26-3.23 (m, 0.5 Bi16-3.13 (m, 0.5 H), 2.91-2.80 (m, 1 H), 2.65 &r2 H),
2.55-2.46 (m, 1 H), 1.89-1.80 (m, 2 H), 1.64-1.69 2 H), 1.46-1.40 (m, 9 H), 1.31-1.25 (m, 10 HB&(t,J

= 7.0 Hz, 3 H) ppm**C NMR (CDCL, 125 MHz, mixture of rotamersj; 198.5, 198.0, 154.2, 148.8, 149.0,
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134.5, 128.5, 128.4, 127.7, 79.7, 79.5, 65.2, 54942, 49.0, 43.9, 43.2, 39.2, 38.4, 36.0, 33.77,321.8,
31.1, 29.7, 29.4, 29.3, 29.2, 28.5, 26.8, 22.61 J@pm. HRMS (ESI) calcd. for £HsuNO, (M+H)*
432.31084, found 432.30903.

tert-Butyl (2R,43-4-(hydroxymethyl)-2-(2-(4-octylphenyl)-2-oxoethgyrrolidine-1-carboxylate (8 mg,
0.019 mmol) was submitted to general proceduretf drude was purified by flash column chromatogyaph
(EtOH/CHCI, 1:4, R: 0.15) to give product2 as a white solid (6 mg, 88%). Note: the produdinepized
spontaneously on C-2 when dissolved in MeOH @O Hgiving a 1:1 mixture of diasteroisomers. For
biological testing a portion of the product wassdiged in the minimum amount of HPLC grade water,
filtered (pore size = 0.4hm) and lyophilized. IR (neathmax 3376, 2922, 2852, 1675, 1605, 1570, 1465,
1378, 1282, 1184, 1039, 906, 815, 722, 549*.ciH NMR (CD;OD, 500 MHz, 1:1 mixture of
diasteroisomers)h: 7.98 (d,J = 8.3 Hz, 4 H), 7.38 (d] = 8.3 Hz, 4 H), 4.18-4.12 (m, 1 H), 4.09-4.04 (n,
H), 3.76-3.65 (m, 4 H, partially deuterated), 33%388 (m, 2 H), 3.47-3.39 (m, 4 H, partially deuted, 3.20-
3.13 (m, 2 H), 2.74-2.71 (m, 4 H), 2.67-2.58 (kiR 2.44-2.38 (m, 1 H), 2.22-2.17 (m, 1 H), 1.99, (0=
13.5, 8.4 Hz, 1 H), 1.70-1.62 (m, 5 H), 1.36-1.80 20 H), 0.91 (tJ = 7.0 Hz, 6 H) ppm-C NMR (CD;OD,
125 MHz, 1:1 mixture of diasteroisomers),197.1, 149.7, 133.6, 128.6, 128.0, 62.4, 61.92,565.3, 39.6,
39.0, 35.5, 32.9, 32.6, 31.6, 30.9, 29.1, 29.09,282.3, 13.0 ppm. HRMS (ESI) calcd. fog:8:,NO, (M)*
332.25841, found 332.25898.

tert-Butyl (2S,4S)-4-(((tert-butyldiphenylsilyl)gryethyl)-2-(3-methoxy-3-oxopropyl)pyrrolidine-1-
carboxylate(13b)

DIBAL-H (760 puL, 1 M in CH,Cl,, 0.76 mmol, 2 eq.) was added dropwise to a solwfd3a (194 mg, 0.38
mmol) in dry CHCI, (3.5 mL) at -78 °C. The resulting mixture was sfifrat the same temperature for 2
hours, before quenching the reaction with MeOH (0D Then, the solution was allowed to reach room
temperature and a 2 M solution of potassium sodiarmate in water (3.5 mL) was added. The resulting
mixture was vigorously stirred at room temperaftiore30 min, before separating the layers. The agseme
was extracted with CiLl, (3 x 7 mL) and the combined organic layers weieddover MgSQ, filtered and
concentrated, affording a colorless oil. This intediate aldehyde was redissolved in dry,CH(3.5 mL)
and methyl(triphenylphosphoranylidene)acetate (28§, 0.57 mmol, 1.5 eq.) was added at 0 °C. The
resulting solution was stirred for 1 h at 0 °C dmid1 h at room temperature, before being cooledrdagain

to 0 °C and quenched with N@I satd. sol. (3.5 mL). The layers were separatetithe agueous one was
extracted with ChCl, (3 x 7 mL). The combined organic layers were wdshih water (7 mL) and brine (7
mL), dried over Ng5Q,, filtered and concentrated. The residue was garifiy flash column chromatography
(EtOAc/hexane 1:4, R 0.30) to give the intermediate tert-Butyl 2R,43-4-(((tert-
butyldiphenylsilyl)oxy)methyl)-2-((E)-3-methoxy-3xoprop-1-en-1-yl)pyrrolidine-1-carboxylate a coks$

oil (143 mg, 72%). ¢]*° +36.4 € 1.1, CHC}). IR (neat),vmac 2931, 2858, 1725, 1693, 1428, 1387, 1364,
1265, 1162, 1107, 978, 861, 823, 740, 701, 611,c803 'H NMR (CDCl, 500 MHz, mixture of rotamers),

8: 7.65-7.62 (m, 4 H), 7.43-7.37 (m, 6 H), 6.87-6(8Y, 1 H), 5.83 (tJ = 14.5 Hz, 1 H), 4.53 (br. s, 0.4 H),
4.37 (br. s, 0.6 H), 3.75 (s, 1.8 H), 3.73 (s, H)23.61 (d,J = 6.3 Hz, 2 H), 3.60-3.57 (m, 0.6 H), 3.50-3.46
(m, 0.4 H), 3.27 (tJ = 9.4 Hz, 0.6 H), 3.21-3.18 (m, 0.4 H), 2.50-2(41, 1 H), 1.97-1.86 (m, 1 H), 1.80 (dd,
J=6.4,2.5Hz, 0.6 H), 1.78 (dd= 6.4, 2.5 Hz, 0.4 H), 1.46 (s, 5.4 H), 1.41 (§,8), 1.05 (s, 9 H) ppnt*C
NMR (CDCk, 125 MHz, mixture of rotamersy, 166.8, 154.2, 154.1, 148.7, 148.4, 135.5, 13823.7,
127.9, 127.7, 120.0, 79.7, 65.0, 64.9, 57.7, 514, 49.0, 48.9, 39.3, 38.4, 34.1, 33.4, 28.42,2%.8, 19.2
ppm. HRMS (ESI) calcd. for gH4,NOsSi (M+H)* 524.28270, found 524.28136.

tert-Butyl (2R,43-4-(((tert-butyldiphenylsilyl)oxy)methyl)-2-((E)-Bnethoxy-3-oxoprop-1-en-1-
yl)pyrrolidine-1-carboxylate (122 mg, 0.23 mmol) svdissolved in MeOH (9 mL) and Pd/C (10%, 29 mg)
was added to the resulting solution. The air wasoreed from the flask under vacuum and replaced with
hydrogen (balloon). The reaction was vigorouslyrsti overnight at room temperature. Afterwards, the
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mixture was filtered through a celite pad, washivith MeOH. The collected solution was concentrated
vacuq affording13b as a colorless oil (122 mg, 99%¥]{% +20.9 € 0.9, CHC}). IR (neat),umac 2931,
2857, 1737, 1690, 1427, 1388, 1364, 1254, 11699,1823, 739, 701, 610, 504 ¢ntH NMR (CDCk, 500
MHz, mixture of rotamersk: 7.70-7.63 (m, 4 H), 7.44-7.37 (m, 6 H), 3.88 @r0.5 H), 3.80 (br. s, 0.5 H),
3.67 (s, 3 H), 3.58 (d = 6.2 Hz, 2 H), 3.49-3.43 (m, 0.5 H), 3.40-3.35 (% H), 3.29-3.24 (m, 0.5 H), 3.22-
3.17 (m, 0.5 H), 2.54-2.48 (m, 1 H), 2.32 (br. $12 2.04-1.92 (m, 1 H), 1.75-1.66 (m, 3 H), 1.469 H),
1.05 (s, 9 H) ppm™C NMR (CDC}, 125 MHz, mixture of rotamersy; 173.9, 173.7, 154.7, 154.5, 135.5,
133.5, 129.7, 127.7, 79.4, 79.1, 65.6, 65.4, H&lH, 48.9, 39.5, 38.7, 33.4, 32.8, 31.1, 30.2),388.5, 26.8,
19.2 ppm. HRMS (ESI) calcd. fors@.,NOsSi (M+H)" 526.2983, found 526.2993.

tert-Butyl (2S,4S)-4-(hydroxymethyl)-2-(3-(4-ochdpyl)-3-oxopropyl)pyrrolidine-1-carboxyla{é3c)

13b (122 mg, 0.23 mmol) was submitted to the procedeperted forl2b. The crude was purified by flash
column chromatography (EtOAc/hexane 1:T, R28) to give the intermediate tert-But@S,43-4-(((tert-
butyldiphenylsilyl)oxy)methyl)-2-(3-(methoxy(methg@mino)-3-oxopropyl)pyrrolidine-1-carboxylateas a
colorless oil (111 mg, 87%)a]*>, +20.2 € 1.1, CHC}). IR (neat)vma 2930, 2857, 1688, 1386, 1364, 1254,
1175, 1109, 997, 823, 740, 702, 611, 504'ctl NMR (CDCk, 500 MHz, mixture of rotamers}; 7.65-
7.63 (m, 4 H), 7.44-7.36 (m, 6 H), 3.92 (br. s, B)5 3.83 (br. s, 0.5 H), 3.68 (s, 3 H), 3.594¢ 6.1 Hz, 2
H), 3.51-3.45 (m, 0.5 H), 3.43-3.37 (m, 0.5 H),8325 (m, 0.5 H), 3.17 (br. s, 3.5 H), 2.57-2.51, ( H),
2.43 (br. s, 2 H), 1.94 (br. s, 1 H), 1.71 (br3¢{), 1.45 (s, 9 H), 1.04 (s, 9 H) ppMC NMR (CDCk, 125
MHz, mixture of rotamers)y: 174.4, 174.2, 154.7, 135.5, 133.5, 129.6, 127972, 78.9, 65.7, 65.5, 61.1,
56.8, 48.8, 39.5, 38.7, 33.6, 33.0, 32.2, 30.08,289.7, 29.2 28.5, 26.8, 19.2 ppm. HRMS (ESI) dafor
Q2,1H47N2055i (M+H)+ 555.3249, found 555.3268.

tert-Butyl (2S,4%-4-(((tert-butyldiphenylsilyl)oxy)methyl)-2-(3-(nkoxy(methyl)amino)-3-
oxopropyl)pyrrolidine-1-carboxylate (34 mg, 0.06inal) was submitted in sequence to general procedire
and B. The crude was purified by flash column cratography (EtOAc/hexane 1:1f:®.20) to givel3cas a
colorless oil (12 mg, 44% over two steps)*fp +6.3 € 0.6, CHC}). IR (neat),vna, 3437, 2923, 2854, 1678,
1605, 1391, 1364, 1253, 1174, 1122, 770, 567.¢kh NMR (CDCk, 500 MHz, mixture of rotamers); 7.87
(d,J=8.3 Hz, 2 H), 7.26-7.24 (m, 2 H), 4.01 (br. § Bl), 3.95 (br. s, 0.5 H), 3.64-3.60 (m, 2 H),B3t44
(m, 1 H), 3.31-3.26 (m, 0.5 H), 3.18-3.12 (m, 0.5 8109-3.02 (m, 0.5 H), 2.96 (br. s, 1.5 H), 2(64 = 7.6
Hz, 2 H), 2.54 (br. s, 1 H), 2.04 (br. s, 1 H),8874 (m, 3 H), 1.64-1.54 (m, 2 H), 1.41 (s, 9 HBO-1.25
(m, 10 H), 0.87 (tJ = 7.0 Hz, 3 H) ppm**C NMR (CDCk, 125 MHz, mixture of rotamers); 199.8, 199.2,
154.8, 148.8, 148.6, 134.6, 128.6, 128.2, 79.32,74.8, 56.8, 49.0, 48.4, 39.6, 38.8, 36.0, 33573, 33.8,
33.2, 31.8, 31.1, 29.7, 29.6, 29.5, 29.4, 29.21,298.5, 27.5, 22.6, 14.1 ppm. HRMS (ESI) calcd. fo
CoHaNO, (M+H)* 446.32650, found 446.32667.

3-((2S,4S)-4-(Hydroxymethyl)pyrrolidin-2-yl)-1-(4tglphenyl)propan-1-one hydrochloridé3) and (2S)-2-
(hydroxymethyl)-5-(4-octylphenyl)-1,2,3,6,7,7a-Hepdropyrrolizin-4-ium chlorid€13d)

Prepared according to general procedure A, staftorg 13c (6 mg, 0.013 mmol). The crude was triturated
and washed with ED, affording13 as a white solid (4 mg, 80%). Note: in ¢€ID the product was slowly
but completely converted into the bicyclic sad. On the other hand, in,D the two species resulted in
equilibrium, giving a mixture with a 2:1 constamttio in favor of the open compouri®. For biological
testing a portion of the product was dissolvedhia minimum amount of HPLC grade water, filteredrépo
size = 0.45:m) and lyophilized13: *H NMR (CD;0OD, 500 MHz),8: 7.94 (d,J = 8.3 Hz, 2 H), 7.33 (d] =
8.3 Hz, 2 H), 3.75-3.67 (m, 1 H), 3.63-3.53 (m, 2 8150 (ddJ = 11.8, 8.2 Hz, 1 H), 3.23 (d1,= 13.9, 6.9
Hz, 2 H, partially deuterated), 3.12 (dd+ 11.8, 6.8 Hz, 1 H), 2.71-2.67 (m, 2 H), 2.66(f, 1 H), 2.21-
2.01 (m, 3 H), 1.91 (dtJ = 13.5, 9.1 Hz, 1 H), 1.68-1.61 (m, 2 H), 1.3391(&, 10 H), 0.89 (tJ = 6.9 Hz, 3
H) ppm.13d: IR (neat),vmax 3410, 2923, 2853, 1645, 1605, 1456, 1417, 1329611190, 1045, 811, 566
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cm®. 'H NMR (CD;0D, 500 MHz)8: 7.93 (d,J = 8.4 Hz, 2 H), 7.56 (d] = 8.4 Hz, 2 H), 5.09-5.00 (m, 1 H),
4.23-4.17 (m, 1 H), 4.14-4.06 (m, 2 H, partiallyuterated), 3.71 (dd,= 6.0, 1.3 Hz, 2 H), 3.68-3.61 (m, 1 H,
partially deuterated), 3.02-2.95 (m, 1 H), 2.8062(ih, 2 H), 2.60 (dt) = 12.7, 7.6 Hz, 1 H), 2.28 (ddd,=
12.8, 7.4, 2.0 Hz, 1 H), 2.13-2.02 (m, 1 H), 1.9801(m, 1 H), 1.72-1.65 (m, 2 H), 1.35-1.29 (m,H)) 0.89
(t, J=6.9 Hz, 3 H) ppm-C NMR (CD,0OD, 125 MHz): 178.8, 152.6, 131.2, 129.5, 123.6, 75.7, 63.24,51
43.4,41.1, 35.6, 31.6, 31.1, 30.7, 29.1, 29.09,28.6, 22.3, 13.0 ppm.

((2S,5S)-5-(4-Octylphenyl)hexahydro-1H-pyrroliziyPmethanol hydrochlorid€l4)

NaBH, (0.5 mg, 0.012 mmol, 1.5 eq.) was added to aisolwtf 13d (3 mg, 0.008 mmol) in MeOH (3Q4.)
at 0 °C. The resulting mixture was stirred for Juhat the same temperature. Afterwards, the raactias
quenched with HCI 1 N (20L) and concentrated. The crude was purified byhflaslumn chromatography
(MeOH/CHCI, 1:4, R: 0.58) to give product4 as a white solid (3 mg, 99%, dr. 10:1). The stehemistry
was assigned by performing NOESY experiments (tiincgpace coupling observed between 2-H and 5-H in
the major diasteroisomer). For biological testihg product was dissolved in the minimum amount B£.&
grade water, filtered (pore size = 04%) and lyophilized.d]*5-58.7 € 0.15, MeOH). IR (neathma: 3417,
2923, 2853, 1518, 1456, 1089, 1037, 833, 535.¢k NMR (CD,0D, 500 MHz),5: 7.49 (d,J = 8.1 Hz, 2
H), 7.32 (dJ = 8.1 Hz, 2 H), 4.52-4.46 (m, 1 H), 4.42 (d& 10.9, 6.7 Hz, 1 H), 3.69 (dd~11.1,5.2 Hz, 1
H), 3.62 (ddJ =11.1, 5.9 Hz, 1 H), 3.45 (dd,= 11.8, 6.6 Hz, 1 H), 3.09 (dd,= 11.8, 10.5 Hz, 1 H), 2.92-
2.83 (m, 1 H), 2.67-2.64 (m, 2 H), 2.54-2.51 (n{)] 2.41-2.35 (m, 2 H), 2.09-2.05 (m, 2 H), 2.002L(m, 1
H), 1.65-1.59 (m, 2 H), 1.32-1.28 (m, 10 H), 0.8(= 6.9 Hz, 3 H) ppm:*C NMR (CD;0D, 125 MHz),3:
145.1, 130.2, 129.2, 127.9, 72.7, 68.6, 60.7, 53915, 35.2, 32.8, 32.7, 31.6, 31.2, 31.1, 29.10,228.9,
22.3, 13.0 ppm. HRMS (ESI) calcd. fogH3eNO (M)* 330.2797, found 330.2793.

tert-Butyl (2R,4R)-4-((tert-butyldimethylsilyl)ox2)(3-methoxy-3-oxopropyl)pyrrolidine-1-carboxyldfeba)
15a was sunmitted to the Horner-Wadsworth-Emmons eidanprocedure froml13b, starting from
commercially available 1-(tert-butyl) 2-methyl (28)-4-((tert-butyldimethylsilyl)oxy)pyrrolidine-1;2
dicarboxylate (200 mg, 0.56 mmol). The residue wasgified by flash column chromatography
(hexane/EtOAc 8:2 R0.38) to give the intermediate tert-But@S,4R-4-((tert-butyldimethylsilyl)oxy)-2-
((E)-3-methoxy-3-oxoprop-1-en-1-yl)pyrrolidine-1tbaxylateas a colorless oil (150 mg, 69% over 2 steps).
[0]*% -3.0 € 3.15, CHCJ). IR (neat),vmac 2977, 2926, 2855, 1701, 1396, 1260, 987, 753.¢iM NMR
(CDCls, 500 MHz, mixture of rotamersj; 6.85-6.84 (m, 1 H), 5.90-5.75 (@= 15.0 Hz, 1 H), 4.57-4.47 (m,
1 H), 4.35-4.33 (tJ = 7.8 Hz, 1 H), 3.75 (s, 3 H), 3.47-3.36 (m, 2 Ri},0-2.06 (m, 1 H), 1.85-1.80 (m, 1 H),
1.45 (s, 9 H), 0.89 (s, 9 H), 0.07 (s, 6 H) ppi NMR (CDC}, 125 MHz, mixture of rotamers); 200.3,
200.0, 166.9, 154.7, 149.3, 148.9, 128.5, 127.8,0.2120.0, 79.9, 70.0, 69.7, 69.5, 56.9, 55.38,581.6,
41.5, 40.6, 36.9, 28.4, 28.2, 25.7, 17.9 ppm. HRESI) calcd. for GsHs,NO; (M+H)* 618.35301, found
618.35381.

tert-Butyl (2S,4R-4-((tert-butyldimethylsilyl)oxy)-2-((E)-3-methoxg@-oxoprop-1-en-1-yl)pyrrolidine-1-
carboxylate(150 mg, 0.39 mmol) was dissolved in MeOH (15 mhgl #d/C (10%, 47 mg) was added to the
resulting solution. The air was removed from tlaskl under vacuum and replaced with hydrogen (b@ajloo
The reaction was vigorously stirred overnight abmotemperature. Afterwards, the mixture was fildere
through a celite pad, washing with MeOH. The caéidcsolution was concentratedvacuq affordingl5aas

a colorless oil (149 mg, 99%)u]f% -29.0 € 0.44, CHCJ). IR (neat),vmas 2929; 1739; 1693; 1390; 1154;
833; 773 crit. *H NMR (CDCL, 500 MHz, mixture of rotamers}; 4.33-4.32 (g, 1 H), 4.10-3.95 (m, 1 H),
3.66 (s, 3 H), 3.48-3.32 (m, 2 H), 2.30 (bs, 2HP7-1.96 (M, 2 H), 1.78-1.71 (m, 2 H), 1.45 (${)90.86 (s,

9 H), 0.05 (s, 6 H) ppnt’C NMR (CDCE, 125 MHz, mixture of rotamersj; 174.1, 155.3, 79.6,79.4, 70.5,
70.0, 55.6, 55.0, 54.7, 51.7, 40.8, 40.1, 31.07,380.5, 30.2, 28.6, 25.9, 18.1 ppm. HRMS (ESIta@afor
CasH40NO; (M+H)* 388.25140, found 388.25200.
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tert-Butyl (2R,4R)-4-hydroxy-2-(3-(4-octylphenyip8opropyl)pyrrolidine-1-carboxylatél 5b)

15a (334.0 mg, 0.86 mmol) was submitted to the procedtwm 12b. The residue was purified by flash
column chromatography (hexane/EtOAc 6:# B.25) to give the intermediate tert-But@R,4R-4-((tert-
butyldimethylsilyl)oxy)-2-(3-(methoxy(methyl)amindg-oxopropyl)pyrrolidine-1-carboxylatas a colorless
oil (328 mg, 92%).

tert-Butyl 2R,4R-4-((tert-butyldimethylsilyl)oxy)-2-(3-(methoxy(ntleyl)amino)-3-oxopropyl)pyrrolidine-1-
carboxylate(100 mg, 0.24 mmol) was submitted in sequence teige procedures C and B. The resulting
residue was purified by flash column chromatografitexane/EtOAc 4:6 10.33) to givel5b as a yellow
oil (61 mg, 59% over 2 stepsh]f’y-19.0 € 0.40, CHCY). IR (neat)umax 2922, 1672, 1411 c'H NMR
(CDCls, 500 MHz, mixture of rotamersy; 7.90-7.88 (d, J = 8.2 Hz, 2 H), 7.29-7.27 Jds 9.3 Hz, 2 H),
4.48-4.47 (m, 1 H), 4.12-4.09 (m, 1 H), 3.60-3.88)(= 11.7 Hz, 1 H), 3.47-3.43 (dd,= 12.0, 4.6 Hz, 1 H),
2.99-2.95 (m, 2 H), 2.69-2.66 &= 6.4 Hz, 2 H), 2.21-2.11 (m, 2 H), 1.91-1.87 @), 1.66-1.63 (m, 2 H),
1.46 (s, 9 H), 1.33-1.28 (m, 10 H), 0.92 (t, 3 kp**C NMR (CDCL, 125 MHz, mixture of rotamersj;
199.4, 155.2, 148.8, 134.5, 129.5, 128.6, 128.8,7.0, 55.6, 54.7, 40.3, 36.0, 31.9, 31.1, 28976, 29.4,
29.3, 29.2, 28.5, 22.7, 14.1, 14.1 ppm. HRMS (ESilcd. for GsHsNO; (M+H)"  454.29280, found
454.29428.

(2R,4R)-4-Hydroxy-2-(3-(4-octylphenyl)-3-oxopropytxolidin-1-ium chloride(15)

15 was synthesized in accordance with the generalegoe A, starting froni5b (43 mg, 0.10 mmol)15
was obtained as a white solid (26 mg, 72%). Aslf§rl5 revealed prone to cyclize spontaneously%d in
protic solvent such as MeOH. IR (neat)e: 2977, 2926, 2855, 1701, 1396, 1260, 987, 753.¢m NMR
(CDCls, 500 MHz, opened forr5), 8: 7.96-7.94 (dJ) = 8.3 Hz, 2 H), 7.35-7.33 (d,= 8.3 Hz, 2 H), 4.54 (m,
1 H), 3.95-3.90 (m, 1 H), 3.48-3.43 (db= 12.5, 4.1 Hz, 1 H), 3.28-3.19 (m, 3 H), 2.7172(f, 2 H), 2.26-
2.10 (m, 3 H), 1.87-1.80 (m, 1 H), 1.65 (m, 2 HR4:1.29 (m, 10 H), 0.91-0.88 (= 6.85 Hz, 3 H) ppriH
NMR (CDCl, 500 MHz, cyclized forni5d), 8: 8.00-7.98 (dJ = 8.5 Hz, 1 H), 7.59-7.57 (d,= 8.4 Hz, 2 H),
5.24 (m, 1 H), 4.93-4.90 (m, 1 H), 4.33-4.29 (nH)}1 4.17-4.13 (m, 2 H), 3.74 (m, 1 H), 2.83-2.79 @rH),
2.64 (m, 1 H), 2.36-2.32 (dd,= 13.1, 6.1 Hz, 1 H), 2.12-2.09 (m, 1 H), 1.97-1(89 1 H), 1.71 (m, 2 H),
1.36-1.31 (m, 10 H), 0.93-0.90 @ = 6.9 Hz, 3 H) ppm. HRMS (ESI) calcd. forg8,0NO; (M+H)"
618.35301, found 618.35381.

(S)-tert-Butyl 2-(4-bromobenzoyl)pyrrolidine-1-cantylate(17b)

nBuLi (2.5 M in hexane, 11.4 mL, 24 mmol, 2.0 eggds added dropwise via syringe to a stirred andedoo
to -78 °C solution of 1,4-dibromobenzene (5.88 g, 24.9 mmdd6 eq.) in dry THF (42 mL) under Ar.
Stirring was continued for 30 min befolkeBoc-D-prolinal17a (2.2038 g, 1.0 mmol) in THF (18 mL) was
added via syringe over ca 5 min. Stirring was cargd for a further 15 min and the mixture was qheddy
addition of sat. NECI (20 mL) and HO (10 mL). The bulk of the THF was then remowed/acuoand the
mixture was extracted into £ (30 mL), washed once with brine (15 mL) and diigiSO;). Evaporation
of the solvent and chromatography over S{@.5 x 40 cm) using 13% EtOAc-hexanes afforde®-{2rt-
butyl 2-((4-bromophenyl) (hydroxy)methyl) pyrrolitd-1-carboxylateas a mixture of diastereomers (2.3 g,
59%).

Dess-Martin periodinane (3.5 g, 8.2 mmol, 1.3 @@} added as a solid over ca 2 min to a stirredcanted
(0 °C) solution of (&)-tert-butyl 2-((4-bromophenyl) (hydroxy)methyl)pyrrolitk-1-carboxylate (mixture of
diastereomers, 2.3 g, 6.5 mmol, 1.0 eq.) in,@K (24 mL). The flask was capped with a glass stopper
stirring was continued overnight. The mixture whasrt quenched by the addition of sat. NaH@DD mL)
and HO (5 mL) and stirring was continued for 30 min. Tineture was then filtered through Celite (2 x
3cm), washing the filter cake with GEI,. The aqueous layer was extracted once with@QIH10 mL) and
the combined organic was dried (MggQevaporated, and chromatographed over, $&5 x 30 cm) using
13% EtOAc-hexanes to affordS)tert-butyl 2-(4-bromobenzoyl)pyrrolidine-1-carboxylaié’b (1.6011 g,
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70%). HRMS (ESI) calcd. for gH,0BrNO; (M+Na)" 376.05188, found 376.05202.

tert-Butyl (S)-2-((R)-1-(4-bromophenyl)-3-ethoxywldroxy-3-oxopropyl)pyrrolidine-1-carboxylafé7c)and
tert-butyl (S)-2-((S)-1-(4-bromophenyl)-3-ethoxywidroxy-3-oxopropyl)pyrrolidine-1-carboxylatepi-17c)
BuLi (2.5 M in hexane, 5.5 mL, 13.7 mmol, 3.0 eqds added via syringe to a stirred and cooled 8°€/
solution ofi-PrL,NH (1.9 mL, 13.6 mmol, 3.0 eq.) in THF (12 mL). é&booling bath was removed for 10 min
and then replaced and stirring was continued forrther 10 min before EtOAc (1.5 mL, 15.4 mmol, 84})
was added dropwise via syringe. Stirring was tleemtinued for 45 min beforeS(-tert-butyl-2-(4-
bromobenzoyl)pyrrolidine-1-carboxylalé’b (1.6011 g, 4.55 mmol, 1.0 eq.) in THF (5 mL + 1 nrise) was
added at a slow dropwise rate via syringe (ca Ifp.nStirring was then continued for 20 min and tties
mixture was quenched by the addition of sat,8IH5 mL) and HO (5 mL). The mixture was diluted with
Et,O (30 mL) and washed once with® (20 mL), once with brine (20 mL) and dried ¢(S@)y). Evaporation
of the solvent providedS-tert-butyl 2-((S)-1-(4-bromophenyl)-3-ethoxy-1-hydroxy-3-oxopropyjrolidine-
1-carboxylatel7c and Q)-tert-butyl 2-((R)-1-(4-bromophenyl)-3-ethoxy-1-hydroxy-3-oxopropygjrolidine-
1-carboxylateepi-17cas a mixture (1.54 g, 76%), which was used direictlthe next step without further
purification. HRMS (ESI) calcd. for £H,NO; (M+H)" 464.10431, found 464.10432.

tert-Butyl (S)-2-((R)-1-(4-bromophenyl)-1-hydroxyt8syloxy)propyl)pyrrolidine-1-carboxylat¢17d) and
(S)-tert-butyl 2-((S)-1-(4-bromophenyl)-1-hydroxyt@syloxy)propyl)pyrrolidine-1-carboxylai@pi-17d)

LiBH,4 solution (2 M in THF, 1.1 mL, 2.2 mmol, 0.6 eq.asvadded via syringe to a stirred and cooled*® 0
solution of esters §)-tert-butyl 2-((9-1-(4-bromophenyl)-3-ethoxy-1-hydroxy-3-oxoprompyjrolidine-1-
carboxylatel7c and §)-tert-butyl 2-((R)-1-(4-bromophenyl)-3-ethoxy-1-hydroxy-3-oxoproppjrolidine-1-
carboxylateepi-17c¢(mixture from previous step, 1.54 g, 3.48 mmol, 40) in THF (10 mL) under Ar. The
ice-bath was left in place but not recharged amdirg was continued for 7 h. The mixture was then
quenched by the careful addition o§®(3 mL) and then NaHCQ(sat., 5 mL). EtOAc (10 mL) was then
added and the biphasic mixture was stirred for The aqueous phase was extracted once with EtO&c (1
mL) and the combined organic was washed once witte {10 mL) and dried (N&Q,). Evaporation of the
solvent and filtration of the residue through agphi SiO, (2 x 4 cm) using 40% EtOAc-hexanes (ca 100 mL,
TLC control) afforded the alcohol§)¢tert-butyl 2-((R)-1-(4-bromophenyl)-1,3-dihydroxypropyl)pyrrolidine
1-carboxylate andSj-tert-butyl 2-((S)-1-(4-bromophenyl)-1,3-dihydroxypropyl)pyrrolidislecarboxylate as

a mixture (1.38 g, 72%).

Et:N (0.93 mL, 6.7 mmol, 1.2 eq.) followed by TsCl1a.g, 6.1 mmol, 1.1 eq.) were added to a stirred
solution of alcohols)-tert-butyl-2-((R)-1-(4-bromophenyl)-1,3-dihydroxypropyl) pyrroligin-1-carboxylate
and @)-tert-butyl-2-((9-1-(4-bromophenyl)-1,3-dihydroxypropyl) pyrrolicrl-carboxylate mixture from
previous step (2.22 g, 5.55 mmol, 1.0 eq.) in,ClH (10 mL). The flask was capped with a glass stojppelr
stirred for 8 h. The mixture was diluted with @ (10 mL), washed once with,B (25 mL), and dried
(MgSQ,). Removal of the solver vacuoand chromatography over SIiQ.5 x 35 cm) using 10% EtOAc-
hexanes afforded the tosylates S)-fert-butyl 2-((R)-1-(4-bromophenyl)-1-hydroxy-3-
(tosyloxy)propyl)pyrrolidine-1-carboxylatel7d and §)-tert-butyl 2-((S)-1-(4-bromophenyl)-1-hydroxy-3-
(tosyloxy)propyl)pyrrolidine-1-carboxylatepi-17d as a mixture (2.23 g, 72%).

(1R)-1-(4-Bromophenyl)-1-hydroxyoctahydropyrroliZiium 4-methylbenzenesulfondfire)and (1S)-1-(4-
bromophenyl)-1-hydroxyoctahydropyrrolizin-4-ium #thylbenzenesulfonafepi-17¢€)

A solution of tosylatesS)-tert-butyl 2-((R)-1-(4-bromophenyl)-1-hydroxy-3-(tosyloxy)propyl)pglidine-1-
carboxylate 17d and §-tert-butyl 2-((S)-1-(4-bromophenyl)-1-hydroxy-3-(tosyloxy)propylypglidine-1-
carboxylateepi-17d (2.2 g, 4.0 mmol, 1.0 eq.) was stirred for 10h 2 IC in PhMe (18 mL) under Ar. The
solvent was then removed vacuoand the residue was chromatographed ovegy &® x 35 cm) using 10-
20% MeOH-CHC} to give a faster eluting fraction @IFaS-1-(4-bromophenyl)-1-
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hydroxyoctahydropyrrolizin-4-ium 4-methylbenzendsnhte)17e and a slower eluting fraction §I7eS-1-
(4-bromophenyl)-1-hydroxyoctahydropyrrolizin-4-iudrmethylbenzenesulfonat&pi-17e Mixed fractions
were discarded. After removal of the solvent, thetdr eluting diastereomer was crystallized from@iit-
BuOMe (note 1) to provide (R7&-1-(4-bromophenyl)-1-hydroxyoctahydropyrrolizinkdm 4-
methylbenzenesulfonafiee (0.7 g, 38%). The slower eluting fraction waadsaporated to dryness and the
solid residue was suspended in4H (3 mL) and filtered through a syringe filter (23MPTFE 0.4%um) to
remove silica washing with three portions of L (3 ml each) (note 2). The solvent was then remaored
vacuo and the solid residue was crystallized from ,CHt-BuOMe (note 3) to provide §7a5-1-(4-
bromophenyl)-1-hydroxyoctahydropyrrolizin-4-ium 4ethylbenzenesulfonatpi-17e(0.3 g, 17%)17e: mp
143°C. [a]®;+21.0 € 0.65, MeOH). IR (neatlyna 3371, 3673, 1657, 1394, 561 ¢mH NMR (400 MHz,
CDCly), 8: 1.74-1.83 (m, 1 H), 2.05-2.13 (m, 1 H), 2.24-2(88 2 H), 2.39 (s, 3 H), 2.45 (dd,= 5.4, 13.4
Hz, 1 H), 2.81 (dddj = 7.2, 13.0, 13.0 Hz, 1 H), 3.03-3.09 (m, 1 HR23(ddd,J = 5.9, 12.8, 12.8 Hz, 1 H),
3.55 (dddJ = 6.0, 6.0, 11.7 Hz, 1 H), 3.80-3.87 (br s, 1 3194-3.99 (m, 1 H), 4.38 (app dii= 4.5, 8.0 Hz,

1 H), 7.18 (dJ=8.1 Hz, 2 H), 7.36 (d] = 8.7 Hz, 2 H), 7.45 (d] = 8.7 Hz, 2 H), 7.71 (d] = 8.1 Hz, 2 H),
11.26 (br s, 1 H) ppm**C NMR (100 MHz, CDGJ)), &: 21.8, 22.8, 27.5, 42.6, 53.7, 55.7, 79.4, 122281,
127.7, 129.4, 132.0, 140.3, 141.0, 142.0 ppm. LRbHd m/z 282.0epi-17e:mp = 177.5-178.5C. IR
(neat),vmax 1234, 1185, 1009, 815, 696, 568, 478%chid NMR (400 MHz, CDC})), 8: 1.18-1.26 (m, 1 H),
1.77-1.84 (m, 1 H), 1.93-2.01 (m, 2 H), 2.39 ($§)32.53-2.66 (overlapping m, 2 H), 2.97 (ddd; 11.4, 9.6,
6.8 Hz, 1 H), 3.26 (dd] = 11.6, 6.4 Hz, 1 H), 3.98 (dddi~ 11.3, 6.1, 6.1 Hz, 1 H), 4.31 (ddb+ 11.9, 11.9,
7.1 Hz, 1 H), 4.61 (dd] = 10.0, 8.2 Hz, 1 H), 5.80 (br s, 1 H), 7.18J¢; 7.9 Hz, 2 H), 7.33 (dl = 8.6 Hz, 2
H), 7.49 (d,J = 8.6 Hz, 2 H), 7.73 (dl = 7.9 Hz, 2 H) ppm.**C NMR (100 MHz, CDGJ), §: 4.3, 21.8, 26.0,
29.8, 33.5, 54.2, 57.2, 81.8, 123.1, 126.3, 12828,3, 132.2, 139.4, 140.9, 141.8 ppm. LRMS fourd m
282.0. Note 1. Diastereomer RYaS-1-(4-bromophenyl)-1-hydroxyoctahydropyrrolizinkm 4-
methylbenzenesulfonate was dissolved in ca. 10 fnfCHYCl, and was then brought to boiling with a heat
gun. t-BuOMe (ca 5 mL) was then added and thetisoluwas allowed to crystallize overnight, the Ras
being left completely open. The next day the flasls capped with a glass stopper and cooled &=
(freezer section of fridge) for a further 10 h.ltdation afforded flocculent white needles of Za9)-1-(4-
bromophenyl)-1-hydroxyoctahydropyrrolizin-4-ium 4ethylbenzenesulfonate. Note 2: The syringe filter
was attached to a syringe and the plunger was rethoW¥he suspension was then transferred to thisgey
via Pasteur pipette and forced through the filierdsinserting the plunger. Note 3: Diastereom&; {49)-1-
(4-bromophenyl)-1-hydroxyoctahydropyrrolizin-4-ivdamethylbenzenesulfonate was dissolved in ca 10 mL
of CH,CI, with stirring in an oil bath set at 48C. tBu-OMe was added (ca 3mL) and stirring was
discontinued. The oil bath was shut off but lefplace and the mixture was allowed to crystalizernight,
the flask being left completely open. The next taey/flask was capped with a glass stopper andedaat ca
-15°C (freezer section of fridge) for a further 10Hiltration afforded small needles.

(1R)-1-(4-Octylphenyl)hexahydro-1H-pyrrolizin-1fotdrochloride(17)

To a solution of catecholborane (135 pL, 1.0 M HFT 0.135 mmol, 1.5 eq.) was added octyne dropwise
(19.9 pL, 0.135 mmol, 1.5 eq.). Gas formation whseoved during the addition. The colorless soluti@s
refluxed for 2h then cooled back to rt. In anotfiaesk, 17e (41 mg, 0.09 mmol, 1.0 eq.) was dissolved in a
biphasic mixture of DME (1.1 mL) and aqueous NaHGD M) solution, then the octyne/catecholborane
solution was syringed into the flask. Pd(R®R13.1 mg, 0.0027 mmol, 0.03 eq.) was added andteeall
white suspension was refluxed overnightQeand brine were added and the aqueous layer visced x2
with Et,O. The organic layers were collected, dried ovesSQy, filtered through Celite, concentrated. The
crude oil was chromatographed over S{@:1 DCM/MeOH) to deliver an orange oil (18 mgheTproduct
was engaged in the next step without further matfon. The oil (12 mg, 0.038 mmol, 1.0 eq.) wassdived

in MeOH (1.2 mL) and Pd/C was added in one porftbd mg, 0.0038 mmol, 0.1 eq.). The flask was pdrge
x3 with H,and the black suspension was stirred for 1h30. H@h(9.5 pL, 4 M, 0.038 mmol, 1.0 eq.) was
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added and the solution was stirred for 2h, theéaréd through a pad of Celite and concentrated.résating
crude was chromatographed on reversed C18 colurttmZ0% MeCN in HO) to deliverl? as a colorless oil
(9 mg, 29% over two stepsk]f-16.0 € 0.275, MeOH) IR (neathma 3357, 2923, 1593, 1349 cnTH
NMR (CDCl, 500 MHz, mixture of rotamersy; 7.14-7.08 (m, 4 H), 4.78 (bs, 1 H), 4.60-4.57](&, 0.47
H), 4.54-4.50 (tJ = 14.8, 0.53 H), 3.91-3.67 (m, 3 H), 3.54-3.47 (nH), 2.58-2.54 (m, 2 H), 2.30-2.25 (m,
0.53 H), 2.13-2.09 (m, 0.47 H), 1.84-1.81 (m, 1 HB8-1.56 (m, 2 H), 1.58-1.40 (m, 25 H), 1.29-1(26 13
H), 0.89-0.86 (tJ =, 3 H) ppmXC NMR (CDCE, 125 MHz, mixture of rotamersy; 207.1, 207.1, 154.6,
153.8, 142.2, 141.9, 130.6, 130.3, 129.7, 129.6,0,2128.9, 83.1, 83.1, 83.1, 83.0, 82.9, 80.95,805.7,
75.6, 74.8, 74.8, 63.4, 62.5, 53.8, 53.7, 53.55,587.6, 46.3, 32.0, 30.0, 30.0, 29.6, 29.4, 28%4, 22.8,
14.2 ppm. HRMS (ESI) calcd. for,@:/NOsNa (M+H)" 316.2635, found 316.2644.

tert-Butyl 3-hydroxy-3-(4-octylphenyl)pyrrolidineehrboxylate((+)18b)

(x)18b was synthesized in accordance with the generakpwoe C, starting frori8a (100 mg, 0.54 mmol).
The resulting residue was purified by flash coluaimomatography (hexane/EtOAc 8:2f: R.28) to give
(2)18b as a pale yellow oil (123 mg, 61%). IR (neat),, 3392, 2923, 1670, 1412, 1134 triH NMR (500
MHz, CDCk mixture of rotamersy 7.37 (t,J = 6.6 Hz, 2H), 7.18 (d] = 8.0 Hz, 2H), 3.80 — 3.49 (m, 4H),
2.65 — 2.50 (m, 2H), 2.36 — 2.09 (m, 2H), 1.67 541(m, 2H), 1.47 (dJ = 11.1 Hz, 9H), 1.38 — 1.11 (m,
10H), 0.88 (tJ = 7.0 Hz, 3H)*C NMR (125 MHz, CDGJ mixture of rotamers} 154.9, 154.8, 142.8, 140.1,
128.7,125.2, 125.2, 80.7, 79.9, 79.6, 59.7, 5868, 44.7, 39.6, 38.9, 35.7, 32.0, 31.6, 29.%,220.5, 29.4,
28.7, 22.8, 14.3. HRMS (ESI) calcd. fog83:;NOsNa (M+Na) 398.2666, found 398.2681.

3-Hydroxy-3-(4-octylphenyl)pyrrolidin-1-ium chloed(+)18)

18 was synthesized in accordance with the generakpge A, starting from8b (25 mg, 0.066 mmol). The
resulting residue was triturated with a mixtureGH,Cl,/Et,O (9:1) to givel8 as a pale yellow oil (9.6 mg,
45 %). R: 0.18 CHCI,/MeOH 9:1, 1% EN). IR (neat),oma 3385, 2922, 1617, 1379, 1179, 1086'cni
NMR (500 MHz, MeOD)5 7.44 (d,J = 8.1 Hz, 2H), 7.22 (d] = 8.0 Hz, 2H), 3.61 (d] = 9.8 Hz, 2H), 3.43
(dd,J =30.3, 11.5 Hz, 2H), 2.68 — 2.55 (m, 2H), 2.48,@= 23.4, 10.3 Hz, 1H), 2.33 (d,= 11.0 Hz, 1H),
1.61 (d,J = 7.3 Hz, 2H), 1.40 — 1.22 (m, 10H), 0.89)(t 6.9 Hz, 3H)*C NMR (125 MHz, MeODY 142.7,
137.9, 128.3, 125.1, 79.6, 56.6, 48.1, 48.0, 4478, 47.4,47.3,47.1, 44.4, 38.1, 35.0, 31.63,329.2, 29.0,
28.9, 22.3, 13.0. HRMS (ESI) calcd. forgB,gNO (M+H)" 276.2322, found 276.2326.

tert-Butyl (S)-2-(methoxy(methyl)carbamoyl)pyrrale-1-carboxylat€19b)

To a -20 °C cooled solution containid@a (321 mg, 1.4 mmol, 1.0 eq.) and N,O-dimethylhygtamine-
HCI (205 mg, 2.10 mmol, 1.5 eq.) in dry THF (1 mikds addedPrMgClI (1.4 mL, 2.8 mmol, 2.0 M in THF,
2.0 eq.) dropwise. The light brown solution wagrst at -10 °C for 20 min whereby additional N,O-
dimethylhydroxylamine-HCI (205 mg, 2.10 mmol, 1.&.)ewas added in one portion followed BrMgCl
(1.4 mL, 2.8 mmol, 2.0 M in THF, 2.0 eq.) dropwi3éwe reaction was stirred for 20 additional miratts10
°C whereby TLC analysis indicated that the reactiad gone to completion. Saturated aqueougQWH
solution (5 mL) was added and the resulting aquémyes was extracted with EtOAc (2 x 5 mL). Theamig
layers were collected, dried over 8, filtered, concentrated to givi®b as a pure incolore oil (321 mg,
89%) which was brought to the next step withouttfer purification (R 0.34 hexanes/EtOAc 5:5).a]f% -
13.9 € 1.25, CHCJ). The datas matched those reported in the literafd5]

tert-Butyl (S)-2-(4-octylbenzoyl)pyrrolidine-1-camkylate(19c)

19cwas synthesized in accordance with the generakpkge C, starting frorh9b (100 mg, 0.39 mmol). The
resulting residue was purified by flash column chatography (hexane/EtOAc 8:2:®.32) to givel9cas a
yellow oil (98 mg, 65%).d]*-78.0 € 0.21, CHC)). IR (neat)vma: 2925, 2584, 1687, 1391, 1160 trmH
NMR (500 MHz, CDC}) § 7.88 (ddJ = 19.0, 8.2 Hz, 2H), 7.25 (dd,= 15.6, 7.8 Hz, 2H), 5.37 — 5.16 (m,

35
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1H), 3.76 — 3.41 (m, 2H), 2.64 (dt,= 11.2, 7.8 Hz, 2H), 2.37 — 2.22 (m, 1H), 1.99.851(m, 3H), 1.67 —
1.55 (m, 2H), 1.46 (s, 4H), 1.36 — 1.20 (m, 16HB70(t, J = 7.0 Hz, 3H).*C NMR (CDC}, 125 MHz,
mixture of rotamers)y: 198.7, 198.2, 154.6, 154.0, 149.1, 149.1, 13832.9, 128.8, 128.8, 128.8, 128.4,
79.8, 79.7, 61.4, 61.1, 46.9, 46.8, 36.1, 32.02,319.5, 29.4, 29.3, 28.6, 28.3, 23.7, 22.8, 142.pHRMS
(ESI) calcd. for GHs/NO; (M+Na)* 410.26660, found 410.26710.

(9-2-(4-Octylbenzoyl)pyrrolidin-1-ium chlorid€l9)

19 was synthesized in accordance with the generaleprge A, starting fromi9c (27 mg, 0.07 mmol). The
resulting residue was triturated with EtOAc to gi@as a white powder (14 mg, 64%)]%-38.7 € 0.16,
CHCL). IR (neat)vmax 2923, 2853, 1686, 1397, 1250, 997 tiH NMR (500 MHz, MeOD)s 8.00 (d,J =
8.3 Hz, 2H), 7.43 (d) = 8.3 Hz, 2H), 5.34 (dd] = 9.3, 7.1 Hz, 1H), 3.45 (df,= 15.3, 6.1 Hz, 2H), 2.79 —
2.61 (m, 1H), 2.24 — 1.90 (m, 2H), 1.73 — 1.58 2H), 1.42 — 1.23 (m, 10H), 0.90 @,= 7.0 Hz, 3H)*C
NMR (CDCl;,, 125 MHz, mixture of rotamersy; 194.9, 152.9, 132.1, 130.8, 130.7, 64.8, 47.83,333.3,
32.6, 31.4, 30.9, 30.7, 30.6, 25.5, 24.0, 14.7 pHRMS (ESI) calcd. for GH3NO (M+H)" 288.23219,
found 288.23192.

tert-Butyl  (2S,4R)-4-((tert-butyldimethylsilyl)ox&j)(methoxy(methyl)carbamoyl)pyrrolidine-1-carbaatgl
(20b)

20b was synthesized in accordance with the procedoara 19b, starting from20a (50.0 mg, 0.14 mmol).
The crude incolore oil d20b (54 mg, 95%) was brought to the next step withorther purification (R 0.25
hexanes/EtOAc 7:3). o] -14.0 € 0.50, CHC)). The spectral datas matched those reported in the
litterature!

tert-Butyl  (2R,4S)-4-((tert-butyldimethylsilyl)ox&)(methoxy(methyl)carbamoyl)pyrrolidine-1-carbaatgl
(21b)

21bwas synthesized in accordance with the proceduits ehantiomeR0Db, starting from21a (300 mg, 0.84
mmol). 21b was obtained as a colorless oil (298 mg, 91 %gwkias brought to the next step without further
purification (R: 0.25 hexanes/EtOAc 7:3)u]f> +13.0 € 1.00, CHCJ). The spectral datas matched those
reported for its enantiomer.

tert-Butyl (2S,4R)-4-hydroxy-2-(4-octylbenzoyl)myidine-1-carboxylatg€20c)

20b (200 mg, 0.52 mmol) was submitted in sequenceeteenl procedures C and B. The resulting residue
was purified by flash column chromatography (heXat@Ac 4:6 R: 0.35) to give20c as a yellow oil (135
mg, 65% over 2 steps)o]f’, -6.6 € 0.27, CHCY). IR (neat),vma 2924, 1686, 1605, 1399, 1158 tniH
NMR (CDCls, 500 MHz, mixture of rotamersy; 7.95-7.90 (m, 2 H), 7.31-7.27 (m, 2 H), 5.51-5(48 = 7.6
Hz, 0.45 H), 5.42-5.39 ( = 8.1 Hz, 0.55 H), 4.55 (s, 1 H), 3.80-3.56 (4)22.71-2.68 (m, 2 H), 2.41-2.37
(m, 1 H), 2.09-2.04 (m, 1 H), 1.74-1.62 (m, 3 HA4 (s, 3 H), 1.32-1.26 (m, 15 H), 0.92-0.89])( 7.0 Hz,

3 H) ppm.*C NMR (CDCE, 125 MHz, mixture of rotamersy; 199.0, 198.5, 154.9, 154.4, 149.7, 149.6,
133.4, 133.3, 129.2, 129.1, 129.1, 128.7, 80.%4,801.0, 70.3, 60.0, 59.7, 55.6, 40.1, 39.3, 38242, 31.5,
31.4, 29.8, 29.6, 29.6, 28.8, 28.5, 23.0, 14.5 pdRMS (ESI) calcd. for gH4NO; (M+H)* 426.26150,
found 426.26245.

tert-Butyl (2R,4S)-4-hydroxy-2-(4-octylbenzoyl)myidine-1-carboxylatg21c)

21b (298 mg, 0.77 mmol) was submitted in sequence teig procedures C and B. The resulting residue
was purified by flash column chromatography (hexd&t®Ac 4:6 R: 0.35) to give21cas a yellow oil (205
mg, 62% over 2 steps)a]f’, +38.1 € 1.65, CHCJ). The spectral datas matched those reported $or it
enantiomer.
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(2S,4R)-4-Hydroxy-2-(4-octylbenzoyl)pyrrolidin-I¥ichloride(20)

20 was synthesized in accordance with the generalepoe A, starting fron20c (18 mg, 0.07 mmol)20
was obtained as a white solid (18 mg, 86%)°°)-30.6 € 0.80, CHCJ). IR (neat),vmax 2923, 2470, 2070,
1596, 1463, 1119, 973 ¢m'H NMR (CDCk, 500 MHz),8: 7.99-7.98 (dJ = 8.2 Hz, 1 H), 7.43-7.42 (d,=
7.9 Hz, 2 H), 5.51-5.47 (dd, J = 10.3, 8.2 Hz, 1H§1-4.60 (m, 1 H), 3.39 (s, 2 H), 2.73-2.71 2Hj), 2.66-
2.62 (dd, J = 12.9, 8.2 Hz, 1 H), 2.07-2.02 (ddlet, 13.8, 10.4, 4.2 Hz, 1 H), 1.68-1.65 (m, 2 HR4t1.28
(m, 10 H), 0.91-0.88 (1 = 7.0 Hz, 3 H) ppm-*C NMR (CDCL, 125 MHz),8: 194.6, 162.8, 152.6, 131.8,
130.4, 130.4, 71.3, 63.3, 55.0, 40.5, 37.0, 32®@,330.5, 30.4, 30.3, 23.7, 14.4 ppm. HRMS (E&lga. for
CasH4oNO3 (M+H)* 304.22770, found 304.22860.

(2R,4S)-4-Hydroxy-2-(4-octylbenzoyl)pyrrolidin-I¥ichloride(21)

21 was synthesized in accordance with the generalepoe A, starting fron21c (30 mg, 0.07 mmol)21
was obtained as a white solid (16 mg, 64%)°“}, +25.6 € 0.34, CHC)). The spectral datas matched those
reported for its enantiomer.

(3R,5R)-5-(4-Octylbenzyl)pyrrolidin-3-¢16)

20c (20 mg, 0.050 mmol) was dissolved in EtOH (5 mhjl &d/C (10%, 24 mg) was added to the resulting
solution. The air was removed from the flask undacuum and replaced with hydrogen (balloon). The
reaction was vigorously stirred for 24 hours atmotemperature. Afterwards, the mixture was filtered
through a celite pad, washing with abundant EtQtdl, the collected solution was concentratestacuo.The
crude was purified by flash column chromatograpByO@Ac/hexane 1:1, R0.35) to give the intermediate
tert-Butyl (2R,4R-4-hydroxy-2-(4-octylbenzyl)pyrrolidine-1-carboxae as a colorless oil (6 mg, 32%).
[0]®5-32.7 € 0.30, CHCY). IR (neat),vma,; 3408, 2923, 2853, 1694, 1668, 1513, 1455, 1398511253,
1153, 1116, 981, 858, 770, 553°tH NMR (CDCL, 500 MHz, mixture of rotamersy; 7.11-7.04 (m, 4 H),
4.22-4.14 (m, 2 H), 3.50 (br. s, 0.6 H), 3.35 &r0.4 H), 3.30 (br. s, 1 H), 3.09 (br. s, 1 HR&(br. s, 0.4
H), 2.63 (br. s, 0.6 H), 2.57-2.54 (m, 2 H), 1.87.(, 2 H), 1.60-1.55 (m, 2 H), 1.52 (s, 9 H),121326 (m,

10 H), 0.87 (tJ = 7.0 Hz, 3 H) ppm™C NMR (CDCk, 125 MHz, mixture of rotamers}; 154.9, 141.0,
135.3, 129.3, 128.4, 79.7, 69.7, 69.4, 57.3, 54053, 39.4, 35.6, 31.9, 31.6, 29.5, 29.3, 29.26,2®.6, 14.1
ppm. HRMS (ESI) calcd. for GH3gNO3;Na (M+Na) 412.28222, found 412.28110.

tert-Butyl @R,4R-4-hydroxy-2-(4-octylbenzyl)pyrrolidine-1-carboxage (6 mg, 0.015 mmol) was submitted
to general procedure A. The crude was triturateBt@® to give productl6 as a white solid (5 mg, 100%).
For biological testing a portion of the product veissolved in the minimum amount of HPLC grade wate
filtered (pore size = 0.4pm) and lyophilized. §]*5 +4.0 € 0.25, MeOH).IR (neat),vma 3318, 2920, 2851,
1515, 1437, 1394, 1314, 1266, 1159, 1080, 10631,19&1, 772, 720, 615, 531, 450°tnH NMR (CD;0D,
500 MHz),5: 7.25 (d,J=8.1 Hz, 2 H), 7.21 (d1 = 8.1 Hz, 2 H), 4.56 (] = 4.2 Hz, 1 H), 4.12-4.05 (m, 1 H),
3.50 (ddJ=12.4,4.2 Hz, 1 H), 3.19 (d,= 12.4 Hz, 1 H), 3.05 (dl = 7.6 Hz, 2 H), 2.63-2.60 (m, 2 H), 2.13
(dd,J =13.7, 5.8 Hz, 1 H), 1.90 (ddd= 13.7, 11.6, 4.2 Hz, 1 H), 1.65-1.59 (m, 2 HR4t1.31 (m, 10 H),
0.92 (t,J = 7.0 Hz, 3 H) ppm**C NMR (CD;0D, 125 MHz),5: 141.9, 133.6, 128.7, 128.4, 69.0, 60.3, 53.0,
39.5,37.1, 35.1, 31.6, 31.3, 29.2, 29.0, 28.93,2P3.0 ppm.

tert-Butyl (2R,4S)-4-(((tert-butyldiphenylsilyl)gryethyl)-2-(methoxy(methyl)carbamoyl)pyrrolidine-1-
carboxylate(22b)

Isopropyl magnesium chloride (58%&, 2 M in THF, 1.17 mmol, 6 eq.) was added dropwise solution of
13a(100 mg, 0.195 mmol) and N,O-dimethylhydroxylam{8& mg, 0.89 mmol, 4.5 eq.) in dry THF (1 mL)
at -20 °C. The resulting mixture was kept at thmesdemperature and stirred for 1 h. Afterwards rézetion
was quenched at -20 °C by canulating the soluticant aqueousN4€l satd. sol. (5 mL) and the product was
extracted with EtOAc (3 x 5 mL). The organic layarsre washed with brine (5 mL), dried over,8@,
filtered and concentrated. The residue was purifigdlash column chromatography (EtOAc/hexane Rf2,



38 Author name / Procedia Economics and Finance 0222 000-000

0.09) to give22b as a colorless oil (102 mg, 99%)] %5 +13.6 € 1.7, CHCY). IR (neat),vma, 2931, 2858,
1696, 1472, 1427, 1388, 1365, 1319, 1256, 11649,1999, 940, 909, 879, 823, 741, 702, 613, 504,ct89

! 'H NMR (CDCk, 500 MHz, mixture of rotamersy; 7.65-7.63 (m, 4 H), 7.43-7.37 (m, 6 H), 4.75 &
6.5, 0.5 H), 4.65 (d) = 6.2, 0.5 H), 3.80-3.78 (m, 0.5 H), 3.77 (s, H)5 3.70 (s, 1.5 H), 3.69-3.65 (m, 0.5
H), 3.59 (ddJ =6.1, 1.7 Hz, 2 H), 3.35 (dd,= 10.5, 7.0 Hz, 0.5 H), 3.29 (dd= 10.5, 7.1 Hz, 0.5 H), 3.20
(s, 3 H), 2.69-2.55 (m, 1 H), 2.11 (dt= 12.9, 8.8 Hz, 0.5 H), 2.03 (dt,= 12.9, 9.5 Hz, 0.5 H), 1.95-.1.90
(m, 1 H), 1.46 (s, 4.5 H), 1.42 (s, 4.5 H), 1.054% H), 1.04 (s, 4.5 H) ppm°C NMR (CDC}, 125 MHz,
mixture of rotamers)y: 173.1, 154.5, 153.8, 135.5, 133.4, 133.3, 12826,7, 79.5, 79.4, 65.0, 61.3, 61.2,
56.7, 56.4, 49.3, 49.1, 39.5, 38.6, 32.7, 32.05,288.4, 26.8, 26.7, 19.2 ppm. HRMS (ESI) calcd. fo
C29H43N2055i (M+H)+ 527.29358, found 527.29360.

tert-Butyl (2R,4S)-4-(((tert-butyldiphenylsilyl)gryethyl)-2-(4-octylbenzoyl)pyrrolidine-1-carboxyddP2c)
Prepared by applying in sequence general procedlirasd B, starting frol22b (85 mg, 0.16 mmol). The
crude was purified by flash column chromatograpbtO@c/hexane 1:1, 120.16) to give22c as a colorless
oil (32 mg, 48% over two stepsp]f’; +16.6 € 0.65, CHCJ). IR (neat),vma: 3434, 2924, 2854, 1687, 1605,
1394, 1365, 1223, 1161, 1129, 998, 882, 769.ci NMR (CDCk, 500 MHz, mixture of rotamersj; 7.89
(d,J=8.1Hz, 0.8 H), 7.85 (d,=8.1 Hz, 1.2 H), 7.27 (d,= 8.1 Hz, 1.2 H), 7.24 (d,= 8.1 Hz, 0.8 H), 5.37
(dd,J=9.4,2.4Hz, 0.4 H), 5.24 (dd~ 9.3, 3.6 Hz, 0.6 H), 3.82-3.75 (m, 1 H), 3.6673(m, 2 H), 3.33 (dd,
J=10.7, 6.9 Hz, 0.6 H), 3.27 (ddi~ 10.6, 7.8 Hz, 0.4 H), 2.67-2.62 (m, 2 H), 2.54&(m, 1 H), 2.20 (dt)
=129, 9.0 Hz, 0.6 H), 2.12 (di,= 12.2, 9.6 Hz, 0.4 H), 2.03-1.99 (m, 1 H), 1.88 §, 0.4 H), 1.76 (br. s,
0.6 H), 1.66-1.58 (m, 2 H), 1.45 (s, 3.6 H), 1.3271(m, 10 H), 1.26 (s, 5.4 H), 0.87 Jt= 6.9 Hz, 3 H) ppm.
¥C NMR (CDCE, 125 MHz, mixture of rotamersy; 198.3, 197.8, 154.5, 153.9, 149.1, 132.6, 13128.,7,
128.6, 128.3, 79.9, 79.8, 64.1, 64.0, 61.0, 60893,448.9, 39.7, 38.8, 36.0, 33.1, 32.2, 31.8,,33110, 29.4,
29.2, 28.5, 28,2, 22.6, 14.1 ppm. HRMS (ESI) caltat. CsH3zNO,;Na (M+Na) 440.27713, found
440.27771.

((2R,4S)-4-(Hydroxymethyl)pyrrolidin-2-yl)(4-octignyl)methanone hydrochlorig22)

Prepared according to general procedure A, stafttorg 22¢ (6 mg, 0.014 mmol). The crude was triturated in
Et,O to give produck?2 as a white solid (5 mg, 100%). For biological itggta portion of the product was
dissolved in the minimum amount of HPLC grade wdikered (pore size = 0.45m) and lyophilized.d]*s
+46.4 € 0.25, CHCY)). IR (neat),vmax 3370, 2922, 2852, 1683, 1605, 1570, 1464, 14460,11373, 1350,
1310, 1263, 1182, 1164, 1092, 1060, 1013, 989, 967, 722, 528 cith '"H NMR (CD;0D, 500 MHz),s:
8.01 (d,J=8.3Hz, 2 H), 7.45 (d] = 8.3 Hz, 2 H), 5.43 (1 = 7.9 Hz, 1 H), 3.70 (ddl = 10.9, 4.7 Hz, 1 H),
3.65 (ddJ=10.9, 5.0 Hz, 1 H), 3.62 (dd~= 11.2, 6.8 Hz, 1 H), 3.34-3.30 (m, 1 H), 2.773(ih, 2 H), 2.60-
2.52 (m, 2 H), 2.19-2.13 (m, 1 H), 1.71-1.65 (M{)2 1.37-1.31 (m, 10 H), 0.91 @,= 7.0 Hz, 3 H) ppm‘*C
NMR (CD;OD, 125 MHz),5: 193.1, 151.1, 130.2, 129.0, 63.2, 61.7, 48.05,3%5.6, 32.3, 31.6, 30.8, 29.1,
29.0, 28.9, 22.3, 13.0 ppm. HRMS (ES]I) calcd. fegHz,NO, (M)* 318.24276, found 318.24265.

tert-Butyl (2S,4R)-4-hydroxy-2-(2-(4-octylphenybgad)pyrrolidine-1-carboxylat¢23a)

Prepared by applying in sequence general procedliesng octyl benzyl bromide [4@jen B starting from
20b (500 mg, 1.24 mmol). The resulting residue wasifipdr by flash column chromatography
(hexane/EtOAc 4:6, 120.40) to give23a as a yellow oil (303 mg, 59% over 2 steps)*} -66.5 € 1.55,
CHCL). IR (neat),vmas 3433, 2923, 1676, 1394, 1159 tmH NMR (CDCk, 500 MHz, mixture of
rotamers)g: 7.14-7.09 (m, 4 H), 4.61-4.54 (m, 1 H), 4.35 (bd]), 3.81 (s, 0.75 H), 3.74-3.67 (m, 1.25 H),
3.63-3.61 (m, 0.63 H), 3.53-3.44 (m, 1.37 H), 2585 (t,J= 7.7 Hz, 2 H), 2.08-1.79 (m, 2 H), 1.59-1.56 (m,
2 H), 1.46 (s, 3.51 H), 1.39 (s, 5.19 H), 1.30-1(@6 10 H), 0.89-0.86 (] = 7.0 Hz, 3 H) ppm**C NMR
(CDCls, 125 MHz, mixture of rotamers}, 207.9, 207.2, 154.8, 154.2, 142.0, 141.7, 13038.3, 129.6,
129.5, 128.8, 128.7, 80.7, 80.3, 70.4, 69.5, 684/, 55.2, 55.2, 47.1, 46.1, 35.6, 31.9, 31.5,220.3, 29.3,
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28.3, 22.7, 14.1 ppm. HRMS (ESI) calcd. foet@iNO; (M+H)* 318.24276, found 318.24270.

tert-Butyl (2R,4S)-4-hydroxy-2-(2-(4-octylphenybgd)pyrrolidine-1-carboxylat¢24a)

Prepared by applying in sequence general procedliresng octyl benzyl bromide [4@jen B starting from
21b (484 mg, 1.20 mmol). The resulting residue wasifipdr by flash column chromatography
(hexane/EtOAc 4:6, 1R0.40) to give24a as a yellow oil (340 mg, 68% over 2 steps)?} +65.3 € 0.19,
CHCI,). The spectral datas matched those reportedsf@nntiomer.

(2S,4R)-4-Hydroxy-2-(2-(4-octylphenyl)acetyl)pyidai-1-ium chloride(23)

23 was synthesized in accordance with the generaleprge A, starting fron23a (25 mg, 0.06 mmol)23
was obtained as a white powder (18 mg, 86%Jf>f +91.9 € 0.09, CHCJ). IR (neat),vma: 3364, 3191,
2953, 2703, 1716, 1332, 1071, 763, 682'ctil NMR (CDCk, 500 MHz),5: 7.19-7.16 (s, 4 H), 4.79-4.75
(dd,J=7.5Hz, 1 H), 4.56 (m, 1 H), 3.92 (s, 2 H), 3826 (m, 2H), 2.61 (dd] = 10.8, 7.8 Hz, 2 H), 2.49-
2.45 (dd,J = 13.4, 7.7 Hz, 1 H), 2.06-2.00 (ddd= 13.5, 11.1, 4.0 Hz, 1 H), 1.61-1.59 (m, 2 HR2t1.28
(m, 10 H), 0.93-0.88 (] = 6.98 Hz, 3 H) ppm-C NMR (CDCk, 125 MHz),5: 202.3, 201.9, 145.0, 142.0,
129.6, 129.4, 128.5, 128.4, 128.2, 69.6, 68.7,,684&2, 53.4, 63.1, 35.1, 31.6, 31.3, 29.2, 29809,222.3,
13.0 ppm. HRMS (ESI) calcd. for@.NO; (M+H)* 318.24276, found 318.24750.

(2R,4S)-4-Hydroxy-2-(2-(4-octylphenyl)acetyl)pyidai-1-ium chloride(24)

24 was synthesized in accordance with the generaleprge A, starting fron24a (17 mg, 0.04 mmol)24
was obtained as a white powder (15 mg, 98%]f>}-80.0 € 0.04, CHCY). The spectral datas matched those
reported for its enantiomer.

(2S,4R)-4-Hydroxy-2-(1-hydroxy-2-(4-octylphenyyipyrrolidin-1-ium chloride(25)

NaBH, (2.2 mg, 0.058 mmol, 1.2 eq.) was added in onéigroto a solution o23a (20.0 mg, 0.050 mmol,
1.0 eq.) in dry MeOH (0.8 mL). The solution wasrsiil at rt for 2h. Saturated aqueous8Hsolution was
added and the resulting aqueous layer was extragibd EtOAc (1 x 2 mL). The organic layers were
combined, washed with brine (1 x 2 mL), dried oMesSQ,, filtered, concentrated. The resulting residue was
purified by flash column chromatography (hexane/&tC4:6, R: 0.38) to give the intermediate tert-Butyl
(2S,4R-4-hydroxy-2-(1-hydroxy-2-(4-octylphenyl)ethyl)pylidine-1-carboxylateas a colorless oil (15 mg,
75%). [1]*°%5-11.7 € 1.02, CHCJ). IR (neat),vmac 3409, 2923, 1664, 1403, 1160, 990, 771'ctil NMR
(CDCls, 500 MHz, mixture of rotamersj; 7.17-7.15 (dJ = 7.8 Hz, 2 H), 7.11-7.09 (d,= 7.9 Hz, 2 H), 4.40
(bs, 1 H), 4.11-4.09 (m, 1 H), 3.83 (bs, 1 H), 3(65, 1 H), 3.39-3.36 (dd,= 12.1, 4.2 Hz, 1 H), 2.82-2.78
(m, 1 H), 2.,57-2.54 (m, 3 H), 2.09-2.06 (m, 1 H)B9-1.77 (m, 2 H), 1.65 (bs, 1 H), 1.60-1.55 (n)21.46
(s, 9 H), 1.31-1.25 (m, 10 H), 0.89-0.86Jt& 7.0 Hz, 3 H), ppm**C NMR (CDC}, 125 MHz, mixture of
rotamers)g: 158.1, 157.9, 141.1, 135.6, 129.5, 128.6, 800%,8/3.0, 70.0, 55.6, 35.7, 32.0, 31.7, 29.6,,29.5
29.4, 28.6, 28.5, 22.8, 14.2 ppm. HRMS (ESI) caledCysH4oNO; (M+H)" 442.29278, found 442.29415.
tert-Butyl (2S,4R-4-hydroxy-2-(1-hydroxy-2-(4-octylphenyl)ethyl)pwlidine-1-carboxylate (6 mg, 0.014
mmol) was submitted to the general procedur@3was obtained as a white powder (5 mg, 98%). IRtjne
Vmax 3363, 2955, 1315, 968, 557 ¢ntH NMR (CDCk, 500 MHz, mixture of diastereomers), 7.20-7.19
(d,J=8.1Hz, 2 H), 7.15-7.13 (d,= 8.1 Hz, 2 H), 4.55-4.53 (m, 1 H), 3.92-3.88 (), 3.79-3.74 (m, 1
H), 3.30-3.29 (m, 2 H), 3.22-3.19 (m, 1 H), 2.88@(m, 2 H), 2.60-2.57 (§ =, 2 H), 2.08-2.04 (m, 1 H),
1.97-1.91 (m, 1 H), 1.61-1.58 (m, 2 H), 1.33-1.89 (0 H), 0.91-0.89 () = 7.0 Hz, 3 H) ppm**C NMR
(CDCls, 125 MHz, mixture of diastereomers),142.7, 135.8, 130.7, 129.8, 72.8, 71.2, 63.94,54R.2, 38.1,
36.7, 33.2, 33.0, 30.8, 30.6, 30.5, 23.9, 14.6 pdRMS (ESI) calcd. for gH,NO; (M+H)" 320.25835,
found 320.25841.
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(2R,4S)-4-Hydroxy-2-(1-hydroxy-2-(4-octylphenyyipyrrolidin-1-ium chloride(26)

24a (14 mg, 0.03 mmol) was submitted to the proceddirgsoenantiomer23a The resulting residue was
purified by flash column chromatography (hexane/&tQ:6, K: 0.38) to give the intermediate tert-Butyl
(2R,43-4-hydroxy-2-(1-hydroxy-2-(4-octylphenyl)ethyl)pylidine-1-carboxylateas a colorless oil (10 mg,
71 %). The spectral datas matched those reportdtsfenantiomer.

tert-Butyl @2R,43-4-hydroxy-2-(1-hydroxy-2-(4-octylphenyl)ethyl)pglidine-1-carboxylate (10 mg, 0.024
mmol) was submitted to the general procedur@was obtained as a white powder (8 mg, 95 %). The
spectral datas matched those reported for its Emaait.

(2S,4R)-2-(4-Octylbenzoyl)-4-(phosphonooxy)pyriotitkium chloride(29)

Di-tert-butyl diethylphosphoramidite (93%, 44 uL1B8 mmol, 2.0 eq.) and tetrazole (0.45 M in ACN22D.
mmol, 3.0 eq.) were added dropwise to a solutfo20z (30.0 mg, 0.074 mmol, 1.0 eq.) in dry THF (1 mL)
at 0°. The resulting mixture was allowed to warmtapt and stirred for 1.5 hours,. The reaction wasled
back to -30 °C whereby tBuOOH (5.0 M, 0.30 mmo0 dg.) was added dropwise. The resulting mixture wa
stirred at -30 °C for 15 minutes and at rt for Haliional minutes. Afterwards, the reaction wasleddack

to 0 °C whereby an aqueous NaHS0lution (10% w/w, 2 mL) was added dropwise. Thaemus layer was
extracted with EtOAc (3 x 2 mL). The resulting angalayer was washed with brine (2 mL), dried over
Na,SQ,, filtered and concentrated. The residue was matifiy flash column chromatography (EtOAc/hexane
5:5 + 0.5% Pyridine, R0.32) to give the intermediate tert-But@S,4R-4-((di-tert-butoxyphosphoryl)oxy)-
2-(4-octylbenzoyl)pyrrolidine-1-carboxylate as datess oil (26 mg, 62%).0]*°>-11.7 € 1.02, CHC)). IR
(neat),vmac 2977, 2926, 2855, 1701, 1396, 1260, 987, 753.¢iH NMR (CDCk, 500 MHz, mixture of
rotamers): 7.91-7.90 (dJ = 8.2 Hz, 0.85 H), 7.87-7.86 (d,= 8.2 Hz, 1.15 H), 7.28-7.26 (d,= 8.7 Hz,
1.15 H), 7.25-7.24 (d) = 8.7 Hz, 0.85 H), 5.47-5.43 @,= 8.0 Hz, 0.4 H), 5.37-5.33 @,= 8.2 Hz, 0.6 H),
491 (m, 1 H), 3.93-3.90 (dd,= 12.2 Hz, 0.6 H), 3.87-3.85 (m, 0.4 H), 3.75-3(69 1 H), 2.67-2.62 (m, 2
H), 2.62-2.54 (m, 1 H), 2.09-2.01 (m, 1 H), 1.62 @), 1.50-1.48 (m, 18 H), 1.44 (s, 4 H), 1.3821(m, 15
H), 0.87 (t,J = 7.4 Hz, 3 H) ppm™*C NMR (CDC}, 125 MHz, mixture of rotamersy; 198.5, 198.0, 154.3,
153.7, 149.5, 149.4, 133.1, 133.0, 128.9, 128.8,8,2128.5, 83.1, 83.0, 83.0 83.0, 80.4, 80.2,,75538,
75.2, 75.2, 59.5, 59.2, 53.7, 53.7, 53.4, 53.32,382.0, 31.2, 30.1, 30.0, 29.5, 59.3, 28.5, 2828, 14.2
ppm. HRMS (ESI) calcd. for £H4,NO; (M+H)* 618.35301, found 618.35381.

tert-Butyl (2S,4R-4-((di-tert-butoxyphosphoryl)oxy)-2-(4-octylbengdipyrrolidine-1-carboxylate (25 mg,
0.04 mmol) was submitted to general procedur@®was obtained as a white solid (12 mg, 66%)>p -
29.3 € 0.37, CHCJ). IR (neat),umas 2923, 1685, 1165, 1032, 922, 513ttH NMR (CDCk, 500 MHz,
mixture of rotamers): 8.01-7.99 (dJ) = 7.4 Hz, 2 H), 7.42-7.40 (d,= 7.8 Hz, 2 H), 5.53 (bs, 1 H), 4.98 (bs,
1 H), 3.70 (bs, 1 H), 3.44 (bs, 1 H), 2.99 (bs,)1 273-2.70 (tJ = 7.6, 2 H), 2.08 (m, 1 H), 1.67-1.64 (m, 2
H), 1.34-1.25 (m, 10 H), 0.90-0.87 @ = 7.0 Hz, 3 H) ppm**C NMR (CDCk, 125 MHz, mixture of
rotamers)p: 193.0, 151.2, 130.3, 129.1, 129.0, 74.2, 61.97,528.0, 35.6, 31.6, 30.8, 29.1, 29.0, 28.9, 22.3,
13.0 ppm. HRMS (ESI) calcd. forg,NO; (M+H)* 384.19344, found 384.19257.

(2S,4R)-2-(4-Octylbenzoyl)-4-(phosphonooxy)pyriotitkium chloride(30)

21c (50 mg, 0.12 mmol) was submitted to the proceddiies@nantiomer. The residue was purified by flash
column chromatography (EtOAc/hexane 5:5 + 0.5%d?ye, K. 0.32) to give the intermediate tert-Butyl
(2R,43-4-((di-tert-butoxyphosphoryl)oxy)-2-(4-octylbendipyrrolidine-1-carboxylateas a colorless oil (71
mg, 63%). §]*°,+11.0 € 0.53, CHCY). The spectral datas matched those reportedsf@nintiomer.

tert-Butyl (2R,43-4-((di-tert-butoxyphosphoryl)oxy)-2-(4-octylbendipyrrolidine-1-carboxylate (27 mg,
0.05 mmol) was submitted to general procedur@@®was obtained as a white solid (14 mg, 78%)°%
+27.2 € 0.55, CHC}). The spectral datas matched those reportedsfenantiomer.
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(2S,4R)-2-(2-(4-Octylphenyl)acetyl)-4-(phosphongpywrolidin-1-ium chloride(31)

23a(68 mg, 0.16 mmol) was submitted to the proceduomB1. The resulting residue was purified by flash
column chromatography (hexane/EtOAc 6:4, ®R37) to give the intermediate tert-But@S,4R-4-((di-tert-
butoxyphosphoryl)oxy)-2-(2-(4-octylphenyl)acetylypylidine-1-carboxylates a colorless oil (65 mg, 67 %).
[a]®-45.2 € 0.65, CHCY). IR (neat),vmas 2925, 1696, 1393, 1262, 1160, 989°tiH NMR (CDCL, 500
MHz, mixture of rotamers): 7.14-7.08 (m, 4 H), 4.78 (bs, 1 H), 4.60-4.570, 8.9, 7.4 Hz, 0.47 H), 4.54-
4.50 (t,J=9.1, 7.7 Hz, 0.53 H), 3.91-3.67 (m, 3 H), 3.5473(ddd,J = 16.6, 13.4, 3.3 Hz, 1 H), 2.58-2.54
(m, 2 H), 2.30-2.25 (m, 0.53 H), 2.13-2.09 (m, OH)71.84-1.81 (m, 1 H), 1.58-1.56 (m, 2 H), 1.58a.(m,

25 H), 1.29-1.25 (m, 13 H), 0.89-0.86 Jt= 7.0 Hz, 3 H) ppm™C NMR (CDC}, 125 MHz, mixture of
rotamers)d: 207.1, 207.1, 154.6, 153.8, 142.2, 141.9, 13036.3, 129.7, 129.6, 129.0, 128.9, 83.1, 83.1,
83.1, 83.0, 82.9, 80.9, 80.5, 75.7, 75.6, 74.83,783.4, 62.5, 53.8, 53.7, 53.5, 53.5, 47.6, 48230, 30.0,
30.0, 29.6, 29.4, 28.5, 28.4, 22.8, 14.2 ppm. HRESI) calcd. for GsH4NO; (M+H)* 610.38672, found
610.38470.

tert-Butyl  2S,4R-4-((di-tert-butoxyphosphoryl)oxy)-2-(2-(4-octylphyl)acetyl)pyrrolidine-1-carboxylate
(30 mg, 0.05 mmol) was submitted to general promedu 31 was obtained as a purple paste (12 mg, 57%).
[a]®5+4.7 € 1.35, CHC)). IR (neat),vmac 2922, 1724, 1514, 1173, 1009 tmH NMR (CDCk, 500 MHz),
8:7.17 (m, 4 H), 5.00 (bs, 1 H), 4.82-4.77 (m, 1 81p8-3.92 (s, 2 H), 3.60-3.57 @7 12.7 Hz, 1 H), 3.42-
3.39 (dJ=9.4 Hz, 1 H), 2.83-2.78 (m, 1 H), 2.62-2.58 @), 2.18-2.13 (m, 1 H), 1.60 (m, 2 H), 1.33-1.29
(m, 10 H), 0.92-0.88 (1] = 10.7 Hz, 3 H) ppm-*C NMR (CDCk, 125 MHz),8: 201.7, 142.0, 141.6, 129.5,
129.5, 129.4, 129.4, 128.5, 128.4, 128.2, 75.04,744.4, 64.5, 64.1, 63.8, 63.3, 52.4, 52.3, 43511, 31.6,
31.3, 29.2, 29.0, 28.9, 22.3, 13.0 ppm. HRMS (E&iicd. for GsHsNO; (M+H)" 398.20909, found
398.20750.

(2R,4S)-2-(2-(4-Octylphenyl)acetyl)-4-(phosphongpysrolidin-1-ium chloride(32)

24a(68 mg, 0.16 mmolyvas submitted to the procedure of its enantiombke fesulting residue was purified
by flash column chromatography (hexane/EtOAc 6#,0R87) to give the intermediate tert-But2iR,43-4-
((di-tert-butoxyphosphoryl)oxy)-2-(2-(4-octylphepgtetyl)pyrrolidine-1-carboxylatas a colorless oil (66
mg, 68 %). §]*5 +53.1 € 0.85, CHCJ). The spectral datas matched those reportedsfeniantiomer.

tert-Butyl  2R,43-4-((di-tert-butoxyphosphoryl)oxy)-2-(2-(4-octylphyl)acetyl)pyrrolidine-1-carboxylate
(35 mg, 0.06 mmol) was submitted to general prom=du 32 was obtained as a purple paste (15 mg, 60%).
[0]*°-5.0 € 1.20, CHCY). The spectral datas matched those reportedsf@niantiomer.

4.2 Biology methods

4.2.1Compounds.

Compound stocks (2.5-50 mM) were prepared in watdr the exception 05, 6, 15, 20, 21, 23, 24, 27, 28,

29, and30, which were prepared in DMSO. FTY720 (S)-Phospheas purchased from Cayman Chemical
Company (cat# 10006408) and prepared in DMSO imatelyi before use. Vorinostat (suberoylanilide
hydroxamic acid, SAHA) was purchased from LC Ladz# V-8477) and prepared in DMSO.

4.2.2 Cell Culture Studies.

FL5.12 cells (murine hematopoietic stem cells o@dly obtained from Craig Thompson, Memorial Sloan
Kettering Cancer Center) were maintained at 5-7W@Dgdells/mL, with a density of 400-600,000 cells/thie
day of treatment. FL5.12 cells were cultured inMRRL640 (Mediatech) supplemented with 500 pg/mL
recombinant murine IL-3 (cat# 575502, Biolegend)%6lFetal Bovine Serum (Sigma-Aldrich), 1% HEPES
buffer (Mediatech), 2 mM L-Glutamine (Mediatech)> uM B-mercaptoethanol (Sigma-Aldrich), and
antibiotics. MEFs (murine embryonic fibroblasts geted in-house or obtained from Ashley Sniderngpto
Brook School of Medicine) were maintained in DMEMtw4.5 g/L glucose and L-glutamine (Mediatech)
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supplemented with 10% Fetal Bovine Serum (Sigmaiéthd and antibiotics. Cells were screened for
Mycoplasma every 3 months using the Look-Out Myasepia PCR Detection kit (cat# MP0035, Sigma-
Aldrich).

4.2.3 Viability Assays.

FL5.12 cells were treated at 25,000/mL. Viabilityasvdetermined at 48 h by vital dye exclusion (4’6
diamidino-2-phenylindole (DAPI) or propidium iodidesing flow cytometry. Ig, values were calculated
using GraphPad Prism (GraphPad Software, Inc.plla, CA)

4.2.4 Nutrient Transporter Expression.

Surface CD98 (4F2hc, SLC3A2) expression in FL5 dils@lated at 225-250,000/mL was measured afger a
h treatment using phycoerythrin (PE)-conjugated-miouse CD98 antibody (Biolegend). PE-conjugatdd ra
IgG2ax antibody (Biolegend) was used as an isotype cbntt60-200,000 cells were stained in triplicate in
100 pL FACS block (PBS with 10% FBS and 0.05% R)addntaining 0.25 pL antibody on ice for 30 min,
washed twice with 1 mL FACS wash (PBS containingl22&s and 0.05% Na and analyzed on a BD LSR
Il or FACSCalibur flow cytometer. Data was proaassising FlowJo (Treestar), where analysis wagddii
to viable cells as determined by vital dye exclngiDAPI) or forward/side scatter.

4.2.5 Vacuolation Assay.

FL5.12 cells were treated at a density of 200,0Q0for 3 hours before being imaged at 100X using
brightfield microscopy on a Nikon TE2000-S fluoresce microscope equipped with DIC filters. Vacsole
in at least 5 images were qualitatively evaluated &t least 2 biological replicates in each expental
condition. Scores were assigned as follows: 0 wyawoles, + = some cells vacuolated, ++ = moss tellve

at least 1 vacuole, +++ = all cells heavily vacteda Two researchers scored each replicate indep#gdo
mitigate any potential biases.

4.2.6 HDAC activity assays.

HDAC activity was measured for recombinant HDAChy®an, cat# 10011617) or HelLa extract (Enzo, cat#
BML-KI137) using the Enzo COLOR DE LYS HDAC coloraftric activity assay kit (cat# BML-AK501-
0001) or the Cayman HDAC Fluorometric Activity Aggdit (cat# 10011563). Reaction mixtures contanin
acetylated lysine substrate were incubated at 3@f15-30 min. After developer was added, platesew
incubated for 10-15 min at 37°C and absorbance G& #m measured with an Epoch microplate
spectrophotometer (BioTek) or 15 min at RT andriéssence measured with a SpectraMax Gemini XS plate
reader (Molecular Devices) with excitation at 358 rand emission at 460 nm. For fluorescence
measurements, each reaction was conducted + ttatho# to generate corrected fluorescence valeeghe
Cayman protocol.

4.2.7 Western blot.

Cell lysates were prepared in RIPA lysis buffer (aM Tris-Cl (pH 8.0), 1% Triton X-100, 1% sodium
deoxycholate, 0.1% SDS, 140 mM NacCl) containing dOofnplete protease inhibitor (Pierce cat# 88265).
Where indicated, histones were acid extracted 2.nN).HCI overnight at 4°C. Protein concentrationswa
quantified using Pierce BCA protein assay (ThernoierBific cat# 23223) and samples prepared in 1X
NuPage sample buffer (Invitrogen cat#NP0007) withM DTT. Samples were run on 4-12% NuPAGE gels
(cat# NP0336BOX), transferred to BioTrace NT nigldose membranes (Pall cat# 66485), incubatednl h
blocking solution (5% bovine serum albumin, 7.7 N€N; in 1X TBST), incubated with primary antibodies
(H3K9, cat#9649; H3K18, cat#13998; H3, cat#4499KBAcat#8647; HAKS8, cat#2594; H4, cat#2935, all )
overnight at 4°C in blocking solution, and with sedary antibodies (IRDye 800 or 680 conjugates} 626-
3211 or 926-6802, LI-COR) for 1 h at RT. Membranese analyzed on a LI-COR Odyssey SA Imager and
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analyzed using Image Studio software (LI-COR).

4.2.8 Statistics.
ICso values are shown with the 95% confidence inteagatalculated in GraphPad Prism. CD98 loss isngive
as the mean of at least 2 biological replicates.
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