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1. Introduction we describe a domino reaction that features a stereoselective

. . - . / addition of the titanium enolate of methyl 2-(oxetan-3-yl)acetate
B-Amino acid building blocks offer unique properties for the 1 tert-putanesulfinyl ketimines followed by an intramolecular

. . . . . 13
design of bioactive _pdzptldes and protélmsl,dam_ersz, and small  oyetane ring opening to form highly substituted non-racednic
moIec;uIe th.erapeunc .As they are not re_cognlzed by proteasesyoline derivatives (Scheme 1).
B-amino acids are less prone to metabolic degradation relative to

their a-amino acid counterparts.In addition, incorporation of a R o COyMe HO LOzMe
B-amino acid into a peptide or protein can alter their secondary N%Me OQVCO Ve —» = -~ \oMe | h\Me
and tertiary structures, which in turn has implications with regard _S~tsu 2e 'V'"g R ’;‘ R

to ligand-receptor and protein-protein interactihs. © 0" Bu 0™ fBu

B-Proline and its derivatives have been of particular interest icnéme 1. General scheme for domino reaction to f@m
the asymmetric organocatalysis field as Wé&ll.Importantly, the ~ Proline derivatives.

ue of a B-proline catalyst can provide results that ares pagylts and Discussion

complimentary to those obtained with L-proline catalysis. For

example, in the Mannich-type reaction between aldehydes and As part of an effort to support SAR (structure activity
iminoglyoxylates, aB-proline catalyst leads tanti amino acid relationship) exploration within one of our drug discovery
derivatives with high diastereoselectivity and enantioselectiVity. programs, compoundSa and 3b were seen as attractive
In contrast, use of L-proline as a catalyst provides df%@ intermediates (Scheme 2). To access these compoundsytthe
diastereomet’ butanesulfinyl ketimin® was treated with the titanium enolate of
methyl 2-(oxetan-3-yl)acetateé at =78 °C. Unexpectedly, the
major product of this reaction was pyrrolidi& isolated in 46%
yield, representing formation of a highly substitufggroline

U Corresponding author. Tel.: +1-908-740-4091; e-mail: eric.gilbert@merck.com

Degite the importance of tHg-proline scaffold, few methods
are available for the synthesis of substituted andfsgsHerein

* This manuscript is dedicated to Professor Gary H. Posner on the occasion of his retirement and in celebration of his career of innovative
research and outstanding mentorship.
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derivative in one pot from commercia d. acetatel) and/or
readily-preparedg(.g. ketimine2) starting materials. The relative
stereochemistry of the three contiguous stereogenic centers was
determined through NOE studies.

While the synthesis of substituteiprolines utilizing an
enolate addition to activated imines is precedented, additional
chemical steps are required to form the pyrrolidine ring
systen®*® Of note in the one pot transformation in Scheme 2 is
the formation of a pyrrolidine ring via an intramolecular oxetane
ring-opening with a nitrogen-based nucleophile, for which just a
few examples have been reporf&®. To the best of our
knowledge, this is the first example of this transformation
through a domino reaction. The novelty of this process, coupled

with the potential utility of 3-proline derivatives, prompted
further investigation into the scope of this reaction.

Bijon;
. «Me
i. LDA (2.2 eq.),-78 °C HN ar

. a

O\l\/COZMe ii. CITi(QiPr)3 (3.1 eq.) oS~iBu 3
1 i P
21 eq. QF OQ\gione
1§q. N e Hg ‘.A’\:le
S o*>>su 3b 46% yield

Scheme 2. Initial observation BB-proIine formation from
methyl 2-(oxetan-3-yl)acetafeand ketimine. Ar = 2,5-
difluoro-4-pyridine.

We rapidly identified conditions that, while unoptimized, were

fit-for-purpose to explore the mechanism and scope of th

transformation. Three equivalents of the ester enolate relative

Fig. 1. X-ray crystal structure of (-)S8S4S-7a.

2.1. Mechanism

The observed relative and absolute stereochemistry afa(-)-
is consistent with the initial adduét being formed through a
Zimmerman-Traxler chair-like transition state mod€B{(l) as
proposed by Ellman and coworkers (Schem&#%). Consistent
with the reported model, the phenyl group of Erleetimine is in
the axial position allowing for chelation of the sulfoxide oxygen
to titanium and thereby shielding tlie face with thet-butyl
group. The approach of theenolate from theSi face of the
ketimine leads tdba. Subsequent intramolecular nucleophilic
opening of the oxetane by the metallatesit-butanesulfinyl
amine forms thef-proline ring system. Therans C3-C4
arrangement found in (<)a arises from the oxetane ring-opening
occurring with the oxetane methine protsgn to the ester,
finimizing negative steric interactions between the oxetane and
Bter groups.

the ketimine were used, and LIHMDS was selected as the base. Ph

A two-fold excess of CITi(OiPg)relative to the ester was utilized

as this has been previously shown by Ellman and coworkers to
increase diastereomeric ratios during the addition of ester

enolates tdert-butanesulfinyl aldimine€ When simple phenyl
ketimine 5 was treated under these conditions, first/g °C and
then with warming to room temperature overnighs, 2S 4S
diastereomer (-Ja and %, 3R, 4R diastereomer (-Jb were

obtained in 30% and 16% yields, respectively, after isolation and

purification.

i. LIHMDS (3.1 eq.), -78 °C HO LOxMe HO—, COMe
O\ cogme _il- CITI(OIPr); (6.2 eq.) «Me Fﬁ.\.\Me

Ph N° "Ph N "Ph
1 _S, _S.
3eq. i N}-Me O™ " >Bu O™ ™MBu
S s~y 2§8,35,4S-7a 2S,3R4R-Tb
o 47 90 AR 1o
1eq. [a]p —47.2 [a]p —66.1
30% 16%

Scheme 3. Addition of acetaté to ketimine5 under
unoptimized conditions.

A single crystal X-ray structure of the major diastereomer (-)-

0 OMe
Q\/kom N>/~NIe

E-enolate

7a (Fig. 1) confirmed the relative stereochemistry of the three
contiguous stereogenic centers and also allowed for unambiguous
assignment of the absolute stereochemistry based on the chiral
auxiliary?® This X-ray, along with additional NOE studies
supporting the structure of ()b, provided a basis for the
mechanistic rationale of this transformation. The absolute
stereochemistry of subsequent reaction products were assigned
by analogy or by NOE studies.

HO CO,Me HO—,  COzMe
’h.\nMe FS.\-\Me
N""Ph N Ph
oS~y o>~y
(-)-7a (-)-7b
major minor

Scheme 4. Transition states leading to cyclized products
(-)-7aand (-)7b. M =Ti(OiPr)



The modest dr of the reaction suggests a competing reactidreble 1. Scope of domino oxetane acetate ketimine
manifold is available for theE-enolate or there is contribution addition/oxetane ring opening reaction.

from the Z-enolate of. Reaction of th&-enolate ofl through a o) HO COMe  HO—, CO,Me
boat-like transition TS-2) would yield 6b followed by oxetane R L coame h"\"e FS\"ME

ring-opening to provide the minor product #)-(Scheme 4). N Me 1 N" 'R N 'R

Alternatively, reaction of th&-enolate ofl through a chair-like 5., o*S~my o0*S~my

transition stateTS-3) would also lead to the minor product (-)- g

7b (Fig. 2). While the kinetic deprotonation @&fwould be : 3545a 3R’4R_'b .

expected to favor thE-enolate’”® formation of theZ-enolate at Entry  Imine R Product  dr  Yield

the initial deprotonation step or through the equilibration of the

E-enolate under the reaction conditions cannot be ruled out and 1 2 FN‘ = 4a 6:1 67%
=

will be the subject of further investigation.

-

MeO
. 0,
H CosMe 2 5 ©/\ 7a 21 30%
Me Q o LR (-)-7b
. M-N" ‘Me minor F ¢
R R L& Seg 3 8 \Cﬁ %  nd®  21%
O <y o TiBu F
TS-3 6b
Fig. 2. Chair-like transition state model of tAeenolate ofl reacting 4 10 /@fi 11a 51 A45%
with ketimine5 (M = Ti(OiPr);,, R = 3-oxetanyl, R= Ph). F F

2.2. Substrate scope and additional mechanistic observations 5 12 13a nd®  30%

o
N
z
11;

Having examined the basic parameters of the reaction and
established the stereochemistry of the products from ketifine
we next investigated the scope of the transformation by utilizing
different ketimine electrophiles (Table 1). For this study, the
general reaction conditions were adopted from Scheme 3. When
possible, the dr of the reaction was determined from the 7 16 S 17a 31 4%
integration of peaks in th&H NMR spectrum of the crude F
reaction mixture. The reported yields are for the purified major
diastereomers. In general, the dr of the reaction with aryl 8 18 B 19 7:1 41%
ketimines remained modest, ranging from Z2Ig(entries 2, 9, N">F
13) to as high as 7:E@g.entry 8) with a preference for th&31S
diastereomer. The methyl ketimir3® was also tolerated and 9 20 s 21a 1 29%
showed a preference for the same diastereomer (entry 14).
Interestingly, reaction of the tetrahydropyranyl ketimiB2
resulted in a complete reversal of diastereoselectivity, with the S
3R, 4R diastereomeB3b favored by greater than 10:1 (entry 15). 10 22 \ 23a 81 1%
This is likely a result of destabilization of chair transition state Me
TS-4 with the E-enolate ofl due to the gauche arrangement of
the non-planar oxetane and tetrahydropyran (Fig. 3). The boat- 1 24
like transition stateT S-5 would avoid these unfavorable steric
interactions and lead to the observed major prod2gi.

Contribution of thez-enolate leading to the formation &b (i.e. 12 26
TS-3, R = 4-tetrahydropyranyl) cannot be ruled out, however.

15a n.d® 39%

)
B
5
oo
3
m g

“

25a 5:1 44%

-

27a 3:1 33%

<
(6]
@
R’
»

cl
Meo  <© <
THP 13 28 7 29 2:1 37%
A S
/. =
= O_M"T‘-, Me — 33a Br
Vv H O .
'. . 0
O’S\tB 14 30 e ™ 3la 31 41%
u
TS-4
THR 15 32 Q/‘i 33  >1:110  65%
>/Me o
= \[— — 33b #Ratio of product a to product b. The diastereomeric ratio (dr) was
MO l determined by integration in tH&l NMR of the crude reaction after workup.
© P Isolated yield of the major diastereomer.
O/ \tBu °n.d. = not determined. The complexity of the crild&IMR spectrum did
TS-5 not allow for an accurate integration measurement.

Fig. 3. Newman projections, chair and boat-like transition state models of
the E-enolate addition of to 4-tetrahydropyranyl (THP) ketimirg2.
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To further examine the effects of steric conflict between th& able 2. Removal of theéert-butanesulfinyl chiral auxiliary.
erolate and ketimine on the product distribution, a substituted

oxetane, ethyl 2-(3-cyanooxetan-3-yl)acet@eand ketimine22 HO LOMe 4N Hol HO LOMe
were submitted to the general reaction conditions (Scheme 5). hMe h“"e
From this coupling, the highly substitut@eproline 5 3R, 4R- N"MAr  dioxane, RT N MAr
35b, possessing two quaternary centers amongst its three O”é‘tBu H
contiguous stereogenic centers, was formed with a greater than

10:1 dr in 71% isolated yield. This diastereomer again

corresponded to the minor isomer observed in the examples with Entry B-Proline R Product  Yield
less sterically demanding reactants. The C3-methin@6bf

showed strong NOE correlations between the C2-methyl and the 1 9a F\d 37 55%
hydroxy-substituted C4-methylene providing evidence for the F

relative stereochemistry. Given that the analogous reaction

between unsubstituted oxetaheand ketimine22 produced the 2 118 a8 5%
major product23a with the opposite C3 and C4 stereochemistry Fm

(Table 1, entry 10), this result further highlights the effect of
sterics on product distribution.

3 13a OQNO\)‘L 39 45%
F

i. LIHMDS 3.1 eq., -78 °C OH

B N
0\ N ii. CITi(OiPr); (6.2 eq.) COzEt 4 17a ™ > 40 91%
\jQ/COZEt e F
ii. Me
34 ZN_cl S__S 5 19  BNes 4 8%
3eq. W O™ ~Bu ‘N/ i
2 M 2S,3R 4R-36b
S~tBu 71% yield 6 25a S a2 7%
0
1 eq. F
S
. . . M
Scheme 5. Domino reaction with ethyl 2-(3-cyanooxetan-3- 7 2ra T\ 43 92%
yl)acetate34 and ketimine22. Br

2.3. Formation of N-HB-prolines 4. Experimental Section

Facile removal of theéert-butanesulfinyl chiral auxiliary was 4.1.Materials and methods
demonstrated with several examples from Table 1. In each case,
treatment of the sulfinamides with 4N HCI in 1,4-dioxane The oxetanyl acetatels(Advanced ChemBlocks Inc.) ardd
unmasked the pyrrolidine nitrogen providing tReH B-proline  (Synthonix) were used as received. TRg-tert-butanesulfinyl
and a potential handle for further synthetic manipulations (Tablketimines5 and 30 were purchased from Small Molecules, Inc.
2). Yields were generally good with no evidence of scramblingtnd purified by silica gel chromatography prior to use. LIHMDS

of the methyl carboxylate stereocenter. (1.0 M in THF), CITi(OiPg) (1.0 M in hexane)-BuLi (2.5 M in
_ hexanes), LDA (2 M in THF), MeMgBr (3 M in ether), and
3. Conclusion Ti(OEt), (technical grade, ~20% Ti) were purchased from Sigma

Aldrich and used as received. Analytical thin layer

We ha.lve.described herein. the dispovery and .pre”mina%hromatography (TLC) was performed on Merck silica gel 60
characterization of a novel domino reaction that provides one pgm pre-coated plates. Plates were visualized using UV light

access to highly substituted non-racefgroline derivatives via 54 nm), 1% ag. KMn@ or an iodine chamberH, °C, and'F
addition of the titanium enolate of an (oxetanyl)acetate to a Chir%MR spéctra w.ere recorded on a Bruker 560 c;r 600 MHz
tert-butanesulfinyl ketimine followed by intramolecular Oxetanespectrometer in CDGbr MeOH+4,. Proton, carbon, and fluorine

ring-opening by the metallatedert-butanesulfinyl amine. chemical shifts are reported in parts per million (pn; NMR
Diastereoselectivities are modest in the reaction betwee(@ '

. ata are reported as follows: chemical shift (multiplicity,
unsubstituted methyl 2-(oxetan-3-yl)acetate 1 and an aryl OJoupIing constant(s) in Hz, integration)®C and *°F NMR

methyl ketimine, ‘while use of the more sterically demandin%pectra were recorded with proton decoupling. Carbon-fluorine

tetrahydropyranyl ketimine 32_ or (_:yano-substltuted coupling @¢) in the °C NMR is reported in Hz. Specific

(c_>xetany|)acetqte;34 Ieads_ to an increase in ant_:l rever_sal 0frotations were obtained on a Perkin Elmer 341 polarimeter. High

d|as_t_ereoselect|V|ty. Finally, _th_etert-bu@gnesulfmyl chiral esolution mass spectra were obtained using a Waters Acquity

auxiliary was r?”.‘o"eo' under aqldlc co.ndltl|ons for a number o PLC followed by electrospray ionization into a Waters Xevo

examples, providing th-H B-proline derivatives. G2 QTof mass spectrometer. Supercritical fluid chromatography
(SFC) was carried out using a Thar SFC Prep 80 system with a
Waters 2489 UV/Vis detector.

4.2.General procedure for preparation of tert-butanesulfinyl
ketimines.
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The tert-butylsulfinyl ketimines were prepared from the Hz), 156.4 (d,Jr = 198.7 Hz), 128.9, 119.0 (dd; = 24.4, 9.2

requisite ketone andR|-tert-butanesulfinamide according to the Hz), 117.8 (ddJ- = 26.1, 8.3 Hz), 115.8 (dd; = 25.4, 3.2 Hz),
published procedure (Method &).The requisite methyl ketone 57.4, 23.2 (dJ: = 7.7 Hz), 22.2."%F NMR (470 MHz, CDCJ) &
(1 eq.), B-2-methylpropane-2-sulfinamide (1.5 eq.), and-118.1,-117.5. m/z(ESI') 260.5 [M+HT.
Ti(OEt), (technical grade, 20% Ti, ~2 eq.) in THF (1 M), were . .
stirred at reflux for 24-48 h. The reaction mixture was cooled t‘gfﬁgtrﬁRl’ Er)o Négt-_(zz_,s-ﬂ!gg%r_%pe{wegg/l)ethyhdene)-
RT and then added to an equal volume of ice water. EtOAc was ytprop uth delQ) .
added and the mixture was stirred vigorously for 15 minutes after. The general procedure was followed with 1-(2,4-
which it was filtered through a pad of Celite. The filter cake wadlifluiorophenylethan-1-one (250 g, 1.60 mol),R)-¢-

washed with EtOAc. The filtrate was then washed with watef€thylpropane-2-sulfinamide (220 g, 1.67 mol), and technical
and brine, dried (N&O,), filtered, and concentratéd vacuo  9rade Ti(OEg (1000 g, ~4 mol) in THF (2.65 L). Purification

The residue was purified by silica gel chromatography oPY silica gel chromatographly (10% EtOAC/PE) provided the title
triturated with ether to provide theR)tert-butanesulfinyl compoundlO (255 g, 62%). H NMR (500 MHz, CDC)) 6 7.76
ketimine. (d,J=8.5Hz, 1H), 6.966.92 (m, 1H), 6.88 (ddd,= 11.3, 8.7, 2
Hz, 1H), 2.78 (d,J = 3.7 Hz, 3H), 1.33 (s, 9H)**C NMR (125

4.2.1.(R,E)-N-(1-(2,5-difluoropyridin-4- MHz, CDCL) 174.7, 164.3 (dd); = 254.6, 12.3 Hz), 161.1 (dd,
yl)ethylidene)-2-methylpropane-2-sulfinamid2) Je = 256.5, 12.2 Hz), 131.3 (dd; = 10.0, 4.3 Hz), 124.4 (d: =

To a solution of 2,5-difluoropyridine (140 g, 1.22 mol) in THF 8.8 Hz), 111.6 (ddJ: = 21.3, 3.6 Hz), 104.5 ( = 26.1 Hz),
(730 mL) was added-BuLi (2.5 M in hexanes, 584 mL, 1.46 57.1, 23.3 (dJ- = 7.3 Hz), 22.2 "F NMR (470 MHz, CDGJ)) &
mol) at -70 °C under N The system was stirred for 30 mi.  —106.9,-105.0. m/z(ESI") 260.1 [M+HT].
Cropurse. at 70 0. The reaction was warmed 1o roorf 24 (R E)N-(1-(2-fluoro-5-

O . rrlll|trophenyI)ethgl|dene)-2-methy|propane-2-

temperature and stirred for 1 hour. The reaction was thegulfinamide 12)2°
guenched with agq. Nj&I solution (200 mL). The mixture was

extracted with EtOAc (3 x 300 mL), washed with brine (200 . The general procedure was followed with 1-(2-fluoro-5-
mL), dried over NgSQ,, filtered, and concentratéad vacuo The nitrophenyl)ethan-1-one (160 g, 0.87 moR)-g-methylpropane-

residue was purified by silica gel chromatography (3%2-sulfinamide (117 g, 0.96 mol), and technical grade Ti(9Et)

SN B Vo oot 0 o mon 00 sy 505 clor 12
91 g, 48%). H NMR (500 MHz, CDCJ) 5 8.20 (J = 1.7 Hz, -

(1H),g7.28 (&dJ =45, C(%.l Hz, 1H), 3.78) s, 1H),(2.67 =41 compoundi2 (250 g, 90%)."H NMR (500 MHz, CDCJ) 3 8.58

Hz 3K, 117 (5. 3. 5C NMR (125 MHz, CDC) 51945-  (dd,J=6.3,2.9 Hz, 1H), 8.34 (dl,= 9.0, 3.5 Hz, 1H), 7.32 @
191.9 (m), 159.8 (dd}s = 238.9, 2.0 Hz), 155.1 (dd; = 257.2, - 2.5 Hz, 1H), 2.84 (d) = 3.5 Hz. 3H), 1.36 (S, 9H)."C NMR

5.1 Hz), 137.2 (ddJ = 30.8, 15.5 Hz), 136.3 (dd; = 14.7, 7.2 (125 MHz, CDCl) 5 172.8, 163.3 (dJr = 263.5 Hz), 143.9,
Hz), 108.9 (d.Jr = 41.9 Hz), 57.3, 56.0, 31.0 (& = 6.4 Hz), 127-2 (d.Jr = 10.9 Hz), 125.5 (dJs = 5.0 Hz), 117.9, 117.7,

158.09 [M+H]'. HRMS (ES)m/zcalcd for GHeF,NO [M+H]":  ~102.0. m/z(ESI) 287.2 [M+H].
158.0417, found: 158.0421. 4.2.5.(R,E)-N-(1-(5-bromo-2-
fluorophenyl)ethgllidene)-2-methy|propane-2-

A solution of 1-(2,5-difluoropyridin-4-yl)ethan-1-one (91 g, sulfinamide (4)°

0.58 mol), R)-2-methylpropane-2-sulfinamide (195 g, 1.61 mol) .
and technical grade Ti(OE{758 g, ~3 mol) in THF (800 mL) The general procedure was followed with 1-(5-bromo-2-
was refluxed overnight. The reaction mixture was quenched witfluorophenylethan-1-one (870 g, 4.0 moR)-£-methylpropane-

ice-water (1 L) and filtered. The filter cake was washed with¢-Sulfinamide (636 g, 5.2 mol), and technical grade Ti(QE?)

EtOAc (3x200 ml). The combined filtrate solution was washed 1650 9, ~7 mol) in THF (10 L). Puri_fication t?y silica_gel
with brine (200 mL), dried over N8O, filtered, and chromatography (1-10% EtOAc/PE) provided the title compound

1 —
concentratedn vacuo The residue was purified by silica gel 14 (660 g, 51%). H NMR (500 MHz, CDCJ) 6 7.76 (dd,J =

chromatography (3-10% EtOAc/PE) to provide the title6'53’ 2'59_HZ’ 1H), 7.57.50 (m, 1H), 7?9 (0 =9.70 Hz, 1H),
compound?2 (100 g, yield 66%) as yellow oil'H NMR (500 274 (d.J = 3.52 Hz, 3H), 1.31 (s, 9 H)."C NMR (125 MHz,
MHz, CDCL) § 8.14 (£, = 1.8 Hz, 1H), 7.13 (ddl = 4.7, 2.9 Hz, CDCls) 3174.3, 159.5 (dJr = 253.8 Hz), 135.1 (dJr = 8.8 H2),

1H), 2.78 (00 = 5.1 Hy, 3H). 1.32 (5, OHI'C NMR (125 MHz, 1323 (,3:= 3.1 H2), 129.7 (d)- = 13.0 Hz), 1184 (d- = 24.6

5.1 Hz), 139.6 (ddJ; = 12.6, 7.8 Hz), 136.5 (dd; = 30.0, 16.2 ~114.2. M/Z(ESI) 320.1 [M+HT.

Hz), 108.5 (dJr = 42.3 Hz), 58.3, 22.61 (d; = 5.8 Hz), 22.5.  4.2.6. (R,E)-N-(1-(6-bromo-3-fluoropyridin-2-
F NMR (470 MHz, CDGJ) & -71.6,-133.6. m/z(ESI') 261.2  yl)ethylidene)-2-methylpropane-2-sulfinamide

[M+H]". HRMS (ESI)m/z calcd for GiH.FN,0S [M+H]:  (16)27

261.0873, found: 261.0872. The general procedure was followed with 1-(6-bromo-3-
4.2.2.(R,E)-N-(1-(2,5-difluorophenyl)ethylidene)- fluoropyridin-2-yl)ethan-1-one (227 g, 1.04 mol),R){2-
2-methylpropane-2-sulfinamide8)*’ methylpropane-2-sulfinamide (227 g, 1.87 mol), and technical

: _(» =_grade Ti(OEY (475 g, ~2 mol) in THF (2.3 L) with stirring at
diﬂzzfopr?:r?ﬁ)r:tlhaﬁ_rf_coendeure (2;\833 gfoII(iV\geYd r\:wvgg R)?QSZ’S reflux for 3 h. Purification by silica gel chromatography (0-10%

) , S
methylpropane-2-sulfinamide (220 g, 1.82 mol), and technicaﬁﬁRAc(/s %%)Nﬁ’lz‘;v'g%jcj‘)hg 7“22 (Cdodrr\]]p—ogm(;ﬁ?,(dfloazg’ﬁc))(y;)é ;(t
grade Ti(OEf (1030 g, ~4 mol.) in THF (1.2 L). Purification by "™ 9.2 Hy 1H)'2 83 (s 3|-_|) 1 34 (; 9Hf’C NMR, (125 MHZ ,
silica gel chromatography (10% EtOAc/PE) provided the title” — = ! PO A L ' ~ )

compound8 (300 g, 69%).*H NMR (500 MHz, CDC)) & 7.40 83?32 57 1272H-2)(d1’332 _16('3JHE)51457H'3) (0;351—12(7(%9_%),21:;1)-3
(s, 1H), 7.147.08 (m, 2H), 2.79 (d) = 3.73 Hz, 3H), 1.34 (s, " F~ © » 134. F=3. , 131. ¢ = 5. ,

9H). C NMR (125 MHz, CDGJ) 5 174.5, 158.3 (dJ = 193.7
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128.2 (d,Jr = 22.2 Hz), 57.9, 22.3, 19.9°F NMR (470 MHz, A solution of 1-(3-chloro-4-methylthiophen-2-yl)ethan-1-one
CDCl3) & -120.4. m/z(ESI) 453.2 [M+HT. (110 g, 0.63 mol), B)-2-methylpropane-2-sulfinamide (115 g,

- 0.95 mol) and technical grade Ti(OE(38 g, ~1.9 mol) in THF
4.2.7.(R,E)-N-(1-(5-bromo-2-fluoropyridin-3- . .
ylethylidene)-2-methylpropane-2-sulfinamide (1500 mL) was heated to reflux and stirred for 48 h. The reaction
(18)%* mtlxtu:je V'\Il'?ws ?Ic;ur;ed into ICte-W?tzl‘ ('Zt'hSELt)Oind Atfhe 2nlj|xtur<(aj mas
The general procedure was followed with 1-(5-bromo-2-I ered. © ltrate was extracted wi ¢ (4x2L), and the

fluoropyridin-3-yhethan-1-one (72 g, 0.33 mol), R2- combined organic layers were washed with brine (3 x 2L), dried

methylpropane-2-sulfinamide (44 g, 0.36 mol), and technica‘?vver NaSQ,, filtered and concentrateid vacuo The residue
grade Ti(OEY) (151 g, ~0.7 mol) in THF (1.4 L) with stirring at as purified by a silica gel chromatography (2-20% EtOAc/PE)

I i 0,
reflux for 12 h. Purification by silica gel chromatography (2- tszlﬁjffolrg t’{ll&gtlzasggn&p:;ngzlgg;l% g l)geg fg@ (?SH? ylel:g)w

20% EtOAC/PE) provided the title compouh® (90 g, 85%)."H 2.90 (s, 3H), 2.23 (d) = 1.0 Hz, 3H), 1.33 (s, 9H)**C NMR
NMR (500 MHz, CDC) 68.34 (dJ=2.1Hz, 1H),8.21 (ddl = 155 \1y; ‘cDCY) 5 171.4, 138.3, 137.6, 128.0, 125.5, 57.6,
8.2, 2.5 Hz, 1H), 2.77 (d] = 3.6 Hz, 3H), 1.32 (s, 9H)."C 597 55 g 151 m/z(ESI) 278.18 [M+H]. HRMS (EShm/z
NMR (125 MHz, CDC)) 8172.4, 159.2 (d)r = 244.3 H2), 150.3 50 for G,H,CINOS, [M+H]": 278.0440, found: 278.0448.

(d, Jr = 16.1 Hz), 142.7 (dJs = 3.8 Hz), 124.0 (dJ = 27.5 Hz),
116.8, 58.0, 22.8 (dJ- = 6.9 Hz), 22.5."F NMR (470 MHz, 4.2.10.(R,E)-N-(1-(3-fluorothiophen-2-
CDCl3) 5 -67.1. miz (ESI) 321.2 [M+H] . yl)ethylidene)-2-methylpropane-2-sulfinamide

. (24)27
4.2.8.(R,E)-N-(1-(5-bromo-3-chlorothiophen-2- . .
. 5 5 . . The general procedure was followed with 1-(3-fluorothiophen-2-
%/;)Oe)tsgyhdene) 2-methylpropane-2-sulfinamide yhethan-1-one (250 g, 1.74 mol),R)2-methylpropane-2-

. sulfinamide (421 g, 3.84 mol), and technical grade Ti(QEH0
The general procedure was followed with 1-(5-bromo-3-m|, ~3 mol) in THF (2.5 L) with stirring at reflux for 12 h.

chlorothiophen-2-yl)ethan-1-one (2.0 kg, 83 molR)-Z- urification by silica gel chromatography (3-10% EtOAc/PE
methylp_ropane-2-su|finamide (1'.0 kg, 8.3 mol),_ and_ t?Chmcagrovided the }[/itle com%ounﬂ4 (181 gg 233’%)(. 'H NMR (500 :
grade Ti(OEY) (3.8 kg, ~16 mol) in THF (20 L) with stirring at MHz, CDCL) & 7.39 — 7.31 (m, 1H), 6.82 (dd.= 5.6, 1.4 Hz
reflux for 5 h. Trituration of the crude material with PE (5L) 1H) 276 (ddJ = 2.4, 1.4 Hz 3i_|) 1,28 @= 12 Hz ,9H) 53c’
provided the title compoun2D (1.1 kg, 40%) as a yellow solid. NMI’? ('125 MHz C.D,C§). N 176 0 ((sz. -4 7 H \ . i
I , .0 (dJr = 4.7 Hz), 158.0 (dJs =
H NMR (500 MHz, CDCJ) 6 6.98 (s, 1H), 2.86 (s, 3H), 1.31 (S, 575 4 1), 129.9 (dJ; = 10.8 Hz), 118.7, 118.5, 57.2, 22.1, 20.8

9H). *C NMR (125 MHz, CDG)) & 170.5, 139.7, 133.8, 126.4, - 19 i
119.1, 56.7, 22.0, 20.3. n{ESI) 342.1 [M+H]. gg’SJ[f) 24%?2 '[ﬁ)JrH]»F NMR (470 MHz, CDC) & ~116.9. m/z

4.2.9.(R,E)-N-(1-(3-chloro-4-methylthiophen-2-

yhethylidene)-2-methylpropane-2-sulfinamid22} 4.2.11. (R,E)-N-(1-(4-bromo-5-methylthiophen-2-

i s _ylh)ethylidene)-2-methylpropane-2-sulfinamid26]
To a solution of 3-chloro-4-methylthiophene-2-carboxylic™ "+ o mixture of 1-(4-bromo-5-methylthiophen-2-yl)ethan-1-

acid®® (150 g, 0.85 mol) in pyridine (1500 mL) was adde®- 4 O
) ’ . ; oné” (109 g, 498 mmol) andR}-2-methylpropane-2-sulfinamide
dimethylhydroxylamine hydrochloride (165 g, 1.71 mol) and 1'(63.2(9, 533 mmol) in)THF @y Wgs? agded technical grade

ethyl-3-(3-dimethylaminopropyl) carbodiimide (326 g41.71 anOI)Ti(OEt)A., (227.1 g, ~1 mol). The resulting mixture was stirred at
at 0 °C. Aftero addition, the mlxtuc)e was stirred at r00Mzq o for 2 days. The reaction mixture was poured into brine (1
temperature (39 C) for 20 h. TLC (30% EtOAC./PE) showed th?_). The precipitate was filtered and washed with EtOAc (1 L).
starting material was consulmed. Thg mlxtqre was the':f’he combined organic layers were washed with brine (1 L), dried
concentratedn vacua The residue was diluted with EA (4 L) over anhydrous N&Q,, filtered, and concentratéd vacuo The

and waghed with IN HCI (3 x _lL)' aqueous Nal_—ng)x 800 residue solid was washed with ether (200 mL) and dried to afford
mL), brine (3_ x 800 mL), dried over.hiaQ,, filtered and the title compound®6 (101 g, 63%) as yellow solid'H NMR
concentrated in vacuo to afford 3-chloroN-methoxyN,4- 500 MHz, CDCY) 57.34 (s, 1H), 2.68 (s, 3H), 2.43 (s, 3H), 1.30
dimethylthiophene-2-carboxamide (180 g, 96%) as dark yelloyg 9H). 3 NMR (125 MHz ’CDCJ) 51693 1421 1321

oil. "H NMR (500 MHz, CDC}) 5712 (d.J = 1.0 Hz, 1H), 3.70 1099 57 7 225 223, 18.9, 1582 (ES) 322.16 [M+H].

(s, 3H), 3.35 (s, 3H), 2.24 (s, 3HFC NMR (CDCl, 125 MHz) oo
5161.7, 136.3, 130.6, 125.1, 124.2, 61.5, 33.4, 14afz (ESI) ;Fj,ﬁ”ds.;ff 39%2 caled for GHiBrNOS, [M+H]: 321.9935,

220.10 [M+H]. HRMS (ESI) m/z calcd for GH;,CINO,S
[M+H]": 220.0199, found: 220.0201. 4.2.12. (R,E)-N-(1-(7-bromo-3-chlorothieno[2,3-

. ) ) c]pyridin-2-yl)ethylidene)-2-methylpropane-2-
To a solution of 3-chlorcN-methoxyN,4-dimethylthiophene- gy ifinamide £8)%°

2-carboxamide (150 g, 0.68 mol) in anhydrous THF (1500 mL)

was added CkMgBr (3.0 M in ether, 300 mL, 900 mmol) ; -
. . chlorothieno[2,3-c]pyridin-2-yl)ethan-1-one (58 g, 1.74 mol),
dropwise at 0 °C under N The mixture was allowed to warm to (R)-2-methyl£)ropa]npg-2-suIfinya)mide (421 g(, 3_34 mol), an)d

room temperature and stirred for 1.5 h. TLC (20% EtOAc/PE : . _ . .
showed the starting material was consumed. The reactio)[echmcalI grade Ti(OEA)(750 g, ~3 mol) in THF (2.5 L) with

Qirring at reflux for 12 h Purification by silica gel
mixture was poured into Nj@l-ice-water (NHCI, 200 g; H20, 1 100 ) : .
L: ice, 1000 g) and extracted with EA (3 x 1L). The combine hromatography (3-10% EtOAc/PE) provided the title compound

05) .1 -
organic layers were washed with brine (3 x 1L), dried over6(181 g, 43%). H NMR (CDCL, 500 MH2)38.41 (d.J = 5.5

Na,SQ,, filtered, and concentratex vacuoto afford 1-(3-chloro- Hi/ll%l-?cggls (f§5=“3'|_5|2|;§’117%)’53'224(2 31|_|4)4 é.424(2119k}1)3§6 5
4-methylthiophen-2-yl)ethan-1-one (117 g, 98 %) as yellow oiI.135 8 121 63, 1165 58.8 22 S'éZMZiEéF) 394 8 [MI+I,—|]* e
'H NMR (500 MHz, CDCJ) 8 7.27 (q,J = 1.0 Hz, 1H), 2.66 (s, - Y Tmmm e ' '

3H), 2.23 (d,J = 1.0 Hz, 3H). ¥c NMR (CDCE, 125 MHZz)6 4.2.13.(R,E)-2-methyl-N-(1-(tetrahydro-2H-pyran-
190.0, 138.2, 137.5, 129.5, 127.4, 29.7, 149z (ESI) 175.03 4-yl)ethylidene)propane-2-sulfinamid83)°®°

[M+H]". HRMS (ESI) m/z calcd for GH,CIOS [M+H]"

174.9984, found: 174.9992.

The general procedure was followed with 1-(7-bromo-3-



7

The general procedure was followed with 1-(tetrahydro-2H-7.32 (m, 2H), 7.25 (m, 1H), 4.05 (m, 1H), 3.74 (s (br), 2H),
pyran-4-yl)ethanone (1.0 g, 7.8 mmolR){2-methylpropane-2- 3.50 (s, 3H), 3.23 (dl = 10.5 Hz, 1H), 2.99 (m, 2H},.88(s (br),
sulfinamide (1.4 g, 11.5 mmol), and technical grade Ti(QBtp  1H), 1.74 (s, 3H), 1.08 (s, 9H)"*C NMR (125 MHz, CDCJ) &
g, ~8 mmol) in THF (7.8 mL) with stirring at reflux for 24 h. 171.5, 144.3, 127.8, 127.3, 127.2, 71.4, 63.5, 58.8, 57.9, 51.8,
Purification by silica gel chromatography (0-50% EtOAc/hex)42.5, 41.5, 24.4, 20.0m/z(ESI") 354.31 [M+H]. HRMS (ESI)
provided the title compoun@2 (0.99 g, 55%).'H NMR (500  m/zcalcd for GgH,;NO,S [M+H]": 354.1739, found: 354.1745.
MHz, CDCk) 5 4.05 (m, 2H), 3.45 (ddd] = 14.1, 11.7, 2.4 Hz, (9-7b: [a]p™ -66.1° € = 0.51, MeOH). 'H NMR (500 MHz,
2H), 2.50 (m, 1H), 2.36 (s, 3H), 1.84-1.65 (m, 4H), 1.26 (s, 9H)CDCl;) & 7.27 (m, 4H), 7.23 (m, 1H), 3.73 (m, 2H), 3.63 (dd;
%C NMR (CDCL, 125 MHz) 5 185.9, 67.4, 67.3, 56.5, 47.8, 11.2, 5.3 Hz, 1H), 3.41 (m, 1H), 3.38 (s, 3R)94 (d,J = 10.9
29.7, 29.6, 22.1, 21.1m/z(ESI") 232 [M+HT". Hz, 1'1-9’ 2.89 (m, 1H), 2.61 (s (br), 1H), 2.12 (s, 3H), 1.19 (s,
43. Methyl (25,35 4S)-1-((R)-tert-butylsulfinyl)-2-(2.5- OH). "C NMR (125 MHz, CDC) 5171.1, 143.5, 127.8, 127.3,
difiuoropyridin-4-yl)-4-(hydroxymethyi)-2-methylpyrrolidine-3-  -20:> 72.8, 63.0, 58.7, 58.1, 51.6, 44.0, 41.0, 26.9, 2
carboxylate 4a) (ESI) 354.3 [M+H]. HRMS (ESI)m/zcalcd for GgH,/NO,S

[M+H]": 354.1739, found: 354.1748.

To methyl 2-(oxetan-3-yl)acetate (4.60 g, 35.3 mmol) in THF, 5 Generql procedure for the condensation of (oxetanyl)acetate
(150 mL) at-78 °C was added LDA (18.6 mL, 2.0 M in THF, and tert-butanesulfinyl ketimine.

37.1 mmol). After 30 minutes at78 °C, CITi(OPr) (1M in
hexane, 53 mL, 53 mmol) was added. The reaction was stirred To (oxetanyl)acetate (3 mmol) in THF (16 mL)-&8 °C was
for 30 minutes followed by the addition oR,©-N-(1-(2,5- added LIHMDS (1.0 M in THF, 3.1 mmol). After 15-30 minutes,
difluoropyridin-4-yl)ethylidene)-2-methylpropane-2-sulfinamide CITi(OiPr); in hexane (6.2 mmol) was added. The mixture was
2(4.60 g, 17.7 mmol) in THF (100 mL). The reaction was stirredttirred for 30 minutes after which thert-butanesulfinyl ketimine
for 4 h at-78 °C and then quenched with saturated ag,H (1.0 mmol) in THF (4 mL) was added. The cold bath was
(60 mL). After warming to room temperature, the mixture wasallowed to expire while stirring overnight. Saturated agueous
extracted with EtOAc (3 x 200 mL). The combined organicNH,CI (30 mL) was added followed by EtOAc (50 mL) and the
layers were washed with water (2 x 100 mL) and brine (100 mL)nixture was stirred vigorously for 15 minutes. The mixture was
dried (NaSQ,), filtered, and concentratéd vacuo The crude then extracted with EtOAc (3 x 25 mL). The combined organic
material was purified by silica gel chromatography (33%layers were washed with water (30 mL) and brine (30 mL), dried
EtOAC/PE) to provide the title compouda (4.0 g, 46%). 'H (MgSQy), filtered, and concentratéd vacuo A 'H NMR was
NMR (500 MHz, CDC})) 6 8.00 (s, 1H), 6.93 (s, 1H), 4.09 {t= obtained on the crude material to determine the dr of the reaction.
9.4 Hz, 1H), 3.76 (m, 2H), 3.62 (d,= 11.2 Hz, 1H), 3.57 (s, The residue was then purified by silica gel chromatography to
3H), 3.04 (t,Jla: 9.7 Hz, 1H), 2.99-2.87 (m, 1H), 1.74 (s, 3H), isolate the major diastereomer.
E%géses ?_iH)' ¢ NMR (12_5 MHz, CDC) 5 170.7, 159'5_(OUF 4.5.1.Methyl (2S,3S,4S)-1-((R)-tert-butylsulfinyl)-
= 236.6 Hz), 155.5 (ddJ- = 252.8, 4.5 Hz), 146.3 (dr = 7.3 : S

_ _ 2-(2,5-difluoropyridin-4-yl)-4-(hydroxymethyl)-2-
Hz), 135.5 (ddJ- = 31.1, 16.3 Hz), 109.0 (d; = 42.4 Hz), 68.9, methylpyrrolidine-3-carboxylate4@)
62.8, 57.9, 54.3, 54.2, 52.2, 42.9, 41.6, 23.7, 201z (ESI")

391.4 [M+H]. HRMS (ESI)m/z calcd for GiHadFoN,0,S Fc_>||owmg the general procedure, the title compodadvas
[M+H]": 391.1503, found: 391.1511. obtained as a white foam (265 mg, 67%H NMR (500 MHz,
CDCl3) 6 8.00 (s, 1H), 6.93 (s, 1H), 4.09 = 9.4 Hz, 1H), 3.76
4.4. (-)-methyl (2S,3S,4S)-1-((R)-tert-butylsulfinyl)-4- (m, 2H), 3.62 (dJ = 11.2 Hz, 1H), 3.57 (s, 3H), 3.04 Jt= 9.7
(hydroxymethyl)-2-methyl-2-phenylpyrrolidine-3-carboxylate  Hz, 1H), 2.99-2.87 (m, 1H), 1.74 (s, 3H), 1.05 (s, 98¢ NMR
(7a) and (-)-methyl (2S,3R,4R)-1-((R)-tert-butylsulfinyl)-4- (125 MHz, CDC}) § 170.7, 159.5 (dJs = 236.6 Hz), 155.5 (dd,

(hydroxymethyl)-2-methyl-2-phenylpyrrolidine-3-carboxylate Jr = 252.8, 4.5 Hz), 146.3 (d¢ = 7.3 Hz), 135.5 (ddJs = 31.1,
(7b) 16.3 Hz), 109.0 (dJ = 42.4 Hz), 68.9, 62.8, 57.9, 54.3, 54.2,

To methyl 2-(oxetan-3-yl)acetafe(0.39 g, 3.0 mmol) in THF 522, 42.9, 41.6, 23.7, 20.5m/z (ES) 391+'_4 [M+H. HRMS_
(16 mL) at-78 °C was added LiHMDS (3.1 mL, 1.0 M in THF, (ESI) m/z calcd for G/H»FN,0O,S [M+H]": 391.1503, found:

3.1 mmol) dropwise. The reaction mixture was then stirred fol?’gl'15ll'

15 minutes after which CITi(®¥r); (6.2 mL, 1.0 M in hexane, 6.2 4.5.2. methyl-(2S,3S,4S)-1-((R)-tert-butylsulfinyl)-
mmol) was added. The mixture was stirred-&8 °C for an 2-(2,5-difluorophenyl)-4-(hydroxymethyl)-2-
additional 30 minutes after which R{B-2-methylN-(1- methylpyrrolidine-3-carboxylate9@)

phenylethylidene)propane-2-sulfinamifg0.22 g, 1.0 mmol) in Following the general procedure and purification by silica gel
THF (4 mL) was added. The cold bath was allowed to expirghromatography (0-10% MeOH/DCM) afforded the title
while stirring for 16 hours. Saturated aqueous,8IH30 mL)  compound9a (81 mg, 21%) as a white solid*H NMR (500
was added to the reaction followed by EtOAc (50 mL) and theviHz, CDCL) & 7.11-7.07 (m, 1H), 7.03-6.98 (m, 2H), 4.10Xt,
mixture was stirred vigorously for 15 min. The mixture was= 8.5 Hz, 1H,), 3.80 (dJ = 5.1 Hz, 2H), 3.71-3.69 (m,1H), 3.59
filtered through a plug of Celite washing with EtOAc (2 X 25(s, 3H), 3.01-2.92 (m, 2H), 1.74-1.70 (s, 3H), 1.06 (s, 9Hx
mL). The filtrate was then washed with EtOAc (2 x 30 mL).NMR (125 MHz, CDC}) § 171.5, 158.5 (dJ; = 175.1 Hz), 156.6
The combined organic layers were washed with water and bringq, J. = 238.0 Hz), 133.6, 117.4 (dd; = 26.4, 8.6 Hz), 115.6
dried (MgSQ), filtered, and concentrated vacuo The residue (dd, J- = 23.9, 3.8 Hz), 115.5 (dd; = 25.2, 1.3 Hz), 69.3, 63.5,
was purified by silica gel chromatography (gradient elution, 057.7, 54.7(d J- = 6.3 Hz), 52.0, 42.8, 41.7, 23.7, 21)¥ NMR
95% EtOAc/hex over 30 min.) to provide the product as a 1.7 : {470 MHz, CDC}) 5 -118.4,-113.7. m/z(ESI') 390.66 [M+H].

mixture of (—)7a and (-)7b (0.23 g, 64%). The mixture was HRMS (ESI) m/z calcd for GgH,sF,NO,S [M+H]": 390.1550,
separated by SFC (Regis Whelk-8§}, 21 x 250 mm, 50 g/min, found: 390.1558.

20% acetonitrile/MeOH 1:1 modifier, 120 barr, 35 °C, 210 nm) )

to provide the slower eluting (& (105 mg, 30%) and the faster 4-5-3. methyl (2S,3S,4S)-1-((R)-tert-butylsulfinyl)-
eluting ()7b (57 mg, 16%). (-Fa: [a]o2° -47.2° (¢ 0.55, 2-(2,4-difluorophenyl)-4-(hydroxymethyl)-2-
MeOH). *H NMR (500 MHz, CDCJ) 37.45 (d,J = 7.5 Hz, 2H), Methylpyrrolidine-3-carboxylatelfa)
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Following the general procedure, the title compouddd
was obtained as a colorless oil (175 mg, 44.9%) NMR (500
MHz, CDCk) 6 7.33 (td,J = 9.1, 6.3 Hz, 1H), 6.88-6.78 (m, 2H)
4.07 (t,J = 9.1 Hz, 1H), 3.79 (dd] =10.8, 5.0 Hz, 1H), 3.72 (dd,
J=10.8, 5.7 Hz 1H), 3.55 (s, 3H), 3.63-3.61 (m, 1H), 3.02t,

9.5 Hz, 1H), 3.48 (s, 1H), 2.97-2.93 (m, 1H), 1.75 (s, 3H), 1.0

(s, 9H). °C NMR (125 MHz, CDCJ) 5 171.5, 162.6 (ddJ; =
183.0, 12.1 Hz), 160.6 (ddr = 191.3, 12.2 Hz), 129.4 (dd; =
95, 5.1 Hz), 127.8 (dd)- = 7.1, 4.1 Hz), 110.6 (dd = 20.5,
3.6 Hz), 104.9 (ddJ: = 27.2, 25.1 Hz), 69.3 (di = 3.6 Hz),
63.4, 57.6, 54.5 (d): = 6.5 Hz), 51.9, 42.8, 41.7, 23.7, 214F
NMR (470 MHz, CDC})) & -111.1,-103.2. m/z (ESI") 390.2
[M+H]". HRMS (ESI)m/z calcd for GgHpsFoNO,S [M+H]":
390.1550, found: 390.1556.

4.5.4. Methyl (2S,3S,4S)-1-((R)-tert-butylsulfinyl)-
2-(2-fluoro-5-nitrophenyl)-4-(hydroxymethyl)-2-
methylpyrrolidine-3-carboxylatel@a)

{

Tetrahedron

(ESI) m/z calcd for GH,BrFN,O,S [M+H]": 451.0702, found:
451.07083.

4.5.7.Methyl (2S,3S,4S)-2-(6-bromo-3-
fluoropyridin-2-yl)-1-((R)-tert-butylsulfinyl)-4-
hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
19a)

Following the general procedure, the title compo@8a was
obtained as a white foam (184 mg, 41% NMR (500 MHz,
CDCl;) 08.21 (ddJ= 2.4, 1.5 Hz, 1H), 7.87 (dd,= 8.8, 2.4 Hz,
1H), 4.08 (tJ = 9.3 Hz, 1H), 3.79 (td] = 5.3, 2.9 Hz, 2H), 3.61
(dd,J =11.2, 1.7 Hz, 1H), 3.59 (s, 3H), 3.01 Jds 9.6 Hz, 1H),
2.88 (s, 1H), 1.74 (s, 3H), 1.05 (s, 9H}*C NMR (125 MHz,
CDCl,) 5170.6, 159.4 (dJ- = 243.8 Hz), 147.0 (d: = 16.6 Hz),
141.6 (d,Jr = 4.4 Hz), 129.0 (d)r = 22.3 Hz), 116.2 (dJ- = 4.4
Hz), 68.6 (d,J- = 6.8 Hz), 62.3, 57.8, 53.8 (& = 5.8 Hz), 52.0,
43.1, 41.6, 23.7, 20.8°F NMR (470 MHz, CDGC)) 3 -62.2. m/z
(ESTI) 451 [M+H]". HRMS (ESI)m/zcalcd for G;H,,BrFN,0,S

Following the general procedure, the resulting crude materigM+H]": 451.0702, found: 451.0706.

was purified by silica gel chromatography (0-10% MeOH/DCM)

followed by SFC (IC-H column, 4.6x250mm, 20% MeOHAKCO

2.1 mL/min, 100 barr, 254 nm, 40 °C) to afford the title

compoundl13a as a white solid (96 mg, 23%)*H NMR (500
MHz, CDC}L) 8 8.35 (dd,J = 6.9, 2.8 Hz, 1H), 8.26 (dd,= 8.9,
3.3 Hz, 1H), 7.23 (dd] = 11.4, 8.9 Hz, 1H), 4.13 (§,= 9.1 Hz,
1H), 3.82 (dJ = 5.1 Hz, 2H), 3.65 (d] = 11.0 Hz, 1H), 3.59 (s,
3H), 2.99 (d,J = 9.7 Hz, 1H), 1.86 (s, 3H), 3.07-3.01 (m, 2H),
1.07 (s, 9H).™C NMR (125 MHz, CDCJ) 5 170.8, 164.3 (dJ:

= 261.5 Hz), 143.9, 133.7 (ds = 8.8 Hz), 125.4 (dJr = 11.4
Hz), 124.8 (dJe = 5.4 Hz), 117.7 (dJ = 26.4 Hz), 69.5 (dJ; =
3.8 Hz), 62.8, 57.8, 54.5 (dx = 6.0 Hz), 52.1, 42.9, 41.6, 23.7,
212 F NMR (470 MHz, CDG)) & -96.7. m/z (ESI) 417.7
[M+H]". HRMS (ESI)m/z calcd for GgHpsFN,OgS [M+H]":
417.1495, found: 417.1504.

4.5.5.Methyl (2S,3S,4S)-2-(5-bromo-2-
fluorophenyl)-1-((R)-tert-butylsulfinyl)-4-
(hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
(15a)

Following the general procedure, the title compolba was
obtained as a white foam (220 mg, 39%H NMR (500 MHz,
CDClIy) 6 7.49-7.41 (m, 2H), 6.95 (dd,= 12.2, 8.6 Hz, 1H), 4.10
(t, J = 8.5 Hz, 1H), 3.79 (d] = 5.0 Hz, 2H), 3.64 (d] = 10.54
Hz, 1H), 3.02-2.98 (m, 2H), 3.60 (s, 3H), 1.76 (s, 3H), 1.07 (s,
H). °C NMR (125 MHz, CDC}) § 171.4, 159.98 (dJr = 250.3
Hz), 134.0 (dJr = 8.3 Hz), 132.4 (dJ = 9.3 Hz), 131.7 (dJ; =
3.6 Hz), 118.3 (dJ- = 25.2 Hz), 116.5 (dJ- = 3.2 Hz), 69.5 (d,
Jr = 3.5 Hz), 63.4, 57.8, 54.8 (d; = 6.3 Hz), 52.1, 42.9, 41.8,
238, 21.3. F NMR (470 MHz, CDCJ) 5 -109.7. m/z (ESI")
452.6 [M+H]". HRMS (ESI)m/z calcd for GgH,sBrFNO,S
[M+H]": 450.0750, found: 450.0761.

4.5.6. Methyl (2S,3S,4S)-2-(6-bromo-3-
fluoropyridin-2-yl)-1-((R)-tert-butylsulfinyl)-4-
(hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
(17a)

Following the general procedure, the title compodiia was
obtained as a white foam (185 mg, 41%H NMR (500 MHz,
CDCly) 8 7.43 (ddJ = 8.4, 2.9 Hz, 1H), 7.29-7.27 (m, 1H), 4.10
(t, J=8.9 Hz, 1H), 3.81-3.75 (m, 2H), 3.70 (t+ 11.1 Hz, 1H),
3.57 (s, 3H), 3.01 () = 9.5 Hz, 1H), 2.94 (d] = 11.1 Hz, 1H),
2.48 (t,J = 5.26 Hz, 1H), 1.80 (s, 3H), 1.04 (s, 9 HC NMR
(125 MHz, CDC}) 5 171.1, 157.6J = 261 Hz), 151.0% = 8.1
Hz), 133.6 {r = 2.7 Hz), 128.7% = 4.5 Hz), 127.1)% = 22.7
Hz), 63.1, 57.7, 54.1, 54.0, 52.0, 43.2, 41.5, 23.7, 26BNMR
(470 MHz, CDC1) 6 -118.8. m/z (ESI) 451.20 [M+H], HRMS

4.5.8. Methyl (2S,3S,4S)-2-(5-bromo-3-
chlorothiophen-2-yl)-1-((R)-tert-butylsulfinyl)-4-
(hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
(21a)

Following the general procedure, the title compogha was
obtained as a white foam (120 mg 29%) NMR (500 MHz,
CDCl,) 56.91 (1H, s), 4.08 (t) = 9.5 Hz, 1H), 4.00 (d] = 11.1
Hz, 1H), 3.78 (, s, 2H), 3.66 (s, 3H), 2.99Jt= 9.7 Hz, 1H),
2.88 (d,J = 10.8 Hz, 1H), 1.81 (s, 3H), 1.15 (s, 9HC NMR
(125 MHz, CDC}) &: 171.3, 142.4, 132.2, 121.3, 109.9, 69.3,
63.5, 58.2, 53.7, 52.3, 42.8, 41.8, 24.5, 22/m/z (ESI) 472
[M+H]". HRMS (ESI)m/zcalcd for GgHosBrCINO,S, [M+H]™:
472.0018, found: 472.0018.

4.5.9. Methyl (2S,3S,4S)-1-(tert-butylsulfinyl)-2-(3-
chloro-4-methylthiophen-2-yl)-4-(hydroxymethyl)-2-
methylpyrrolidine-3-carboxylate2@a)

Following the general procedure, the title compo@8a was
obtained as a white foam (290 mg, 71%H NMR (500 MHz,
CDCly) 5 6.90 (d,J = 1.3 Hz, 1H), 4.07 (m, 2H), 3.78 (m, 2H),
3.62 (s, 3H), 3.04 (J = 9.8 Hz, 1H), 2.90 (m, 1H), 2.19 @~
1.1 Hz, 3H), 1.84 (s, 3H), 1.09 (s, 9 H}*C NMR (125 MHz,
CDdCly) 6 171.7, 140.3, 137.2, 122.7, 118.3, 69.1, 63.6, 58.0,
%3.3, 52.1,43.1, 41.9, 23.8, 22.7, 158/z(ESI') 408.6 [M+HT.

RMS (ESI) m/z calcd for G;H,¢CINO,S, [M+H]": 408.1070,
found: 408.1081.

4.5.10.Methyl (2S,35,4S)-1-((R)-tert-butylsulfinyl)-
2-(3-fluorothiophen-2-yl)-4-(hydroxymethyl)-2-
methylpyrrolidine-3-carboxylate2ba)

Following the general procedure, the title compogsa was
obtained as a white foam (168 mg, 44%j NMR (500 MHz,
CDCl,y) 87.09 (dd,J = 5.6, 3.7 Hz, 1H), 6.75 (d,= 5.5 Hz, 1H),
4.02 — 3.94 (m, 1H), 3.75 (td,= 5.3, 3.0 Hz, 2H), 3.62 (s, 3H),
3.51 (d,J = 10.7 Hz, 1H), 2.95 — 2.84 (m, 2H), 1.75 (s, 3H), 1.11
(s, 9H).®°C NMR (125 MHz, CDGJ)) & 171.3, 154.3 (dJ: =
259.8 Hz), 122.0 (dJ- = 11.0 Hz), 118.3, 118.1, 68.5, 63.7, 57.9,
55.9 (d,Jr = 3.2 Hz), 52.1, 42.1, 41.0, 24.0, 21.6J¢d7 2.6 Hz).
F NMR (470 MHz, CDG)) 5 -123.7. m/z (ESI') 378 [M+HT".
HRMS (ESI) m/z calcd for GgH..FNO,S, [M+H]": 378.12009,
found: 378.1218.

4.5.11.Methyl-(2S,3S,4S)-2-(4-bromo-5-
methylthiophen-2-yl)-1-(tert-butylsulfinyl)-4-
(hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
(27a)

Following the general procedure, the title compogdid was
obtained as a white foam (140 mg, 33% NMR (500 MHz,
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CDCl;) 56.82 (s, 1H), 3.97 (1) = 8.4 Hz, 1H), 3.74 (s, 2H), 3.64 [M+H]". HRMS (ESI)m/z calcd for GgH,;CIN,O,S, [M+H]":
(s, 3H), 3.17 (dJ = 10.3 Hz, 1H), 2.91 (] = 9.1 Hz, 2H), 2.38  447.1179, found: 447.1187.
(s, 3H), 1.16 (s, 9H)."®*C NMR (125 MHz, CDCJ) & 170.9,

146.8, 133.8, 128.4, 108.5, 69.2, 63.3, 59.2, 58.5. 51.8, 42. .6.General procedure for the removal of the tert-butanesulfinyl

41.1, 24.2, 22.0, 14.5m/2(EST) 452 [M+H]". HRMS (ESmgz ~ JOUP-

calcd for GH,BrNO,S, [M+H]*: 452.0565, found: 452.0573. To the (B 3S 49-methyl 2-(aryl)-4-(hydroxymethyl)-2-
4.5.12. Methyl-(2S,3S,4S)-2-(7-bromo-3- methylpyrrolidine-3-carboxylate (1 equiv) in DCM (0.1M) at
chlorothieno[2,3-c]pyridin-2-yl)-1-((R)-tert- room temperature was adde.d 4N HCI in d|oxane (10 equw). The
butylsulfinyl)-4-(hydroxymethyl)-2- reaction was stirred overnight or until starting material was
methylpyrrolidine-3-carboxylate29a) consumed. The mixture was concentratestacuoand purified

Following the general procedure, the title compod@a was _by silica gel chromatography (EtOAC/NEH or EtOAC/7N NH
obtained as a colorless oil (192 mg, 37%)t NMR (500 MHz, "N MeOH) to provide the title compound.
CDCl;) 58.39 (dJ=5.5Hz, 1H), 7.70 (d] = 5.5 Hz, 1H), 4.17  4.6.1.(2S,3S,4S)-methyl 2-(2,5-difluorophenyl)-4-
(t, J=9.9 Hz, 1H), 4.07 (] = 11.0 Hz, 1H), 3.83 (@ = 5.1 Hz,  (hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
2H), 3.64 (s, 3H), 3.13 (] = 9.9 Hz, 1H), 2.96-3.00 (m, 1H), (37)
2.01 (s, 3H), 1.15 (s, 9H).°C NMR (125 MHz, CDCJ) 3 170.9, Following the general procedurfa (40 mg, 0.1 mmol) in
150.2, 144.9, 144.1, 135.3, 134.5, 117.8, 115.4, 69.8, 58.6, 54 3CcMm (1 mL) was treated with 4N HCI in dioxane (0.3 mL, 1.0
52.3, 43.4, 52.0, 24.0, 22.f/z (ESI') 523.3 [M+H]. HRMS  mmol) to provide the title compound7 (16 mg, 55%) as a
(ESI) m/zcaled for GeH24BrCIN;O,S; [M+H]": 523.0127, found:  colorless oil. 'H NMR (500 MHz, CDC)) & 7.47 (ddd,J = 9.9,

523.0136. 6.3, 3.3 Hz, 1H), 7.02 (ddd,= 10.8, 8.9, 4.5 Hz, 1H), 6.95-6.90
4.5.13.Methyl (3S,4S)-1-((R)-tert-butylsulfinyl)-4- (M, 1H), 3.78 (s, 3H), 3.43 (dd= 12.1, 8.5 Hz, 1H), 3.34 (qd,
(hydroxymethyl)-2,2-dimethylpyrrolidine-3- =106, 6.9 Hz, 2H), 3.27 (d,= 5.0 Hz,1H), 2.86-2.82 (m, 1H),
carboxylate 81a) 2.72 (dd,J = 12.1, 7.2 Hz,1H), 1.48 (s, 3H)C NMR (125

Following the general procedure, the title compo8ha was MHz, CDCL) 8 174.3, 158.8 (dJe = 241.7 Hz), 156.2 (dJ =

obtained as a colorless oil (120 mg, 419 NMR (600 MHz, ~ 241.6 Hz), 117.4 (ddJe = 26.2, 8.6 Hz), 115.2 (dd; = 24.4, 9.1
CDCI3) §3.75 — 3.70 (m, 1H), 3.69 (d,: 1.6 Hz, 4H), 3.60 — HZ), 114.7 (d,J;: =438 HZ), 114.5 (dJF =46 HZ), 672, 643,

— — 19
3.53 (m, 2H), 3.24 — 3.19 (m, 1H), 2.76 (dc: 9.5, 2.4 Hz, 1H), 263 (d,Jr = 3.8 Hz), 51.9,48.3, 47.3, 23.7 (.= 3-5[1 Hz). °F

3C NMR (150 MHz, CDG)) & 172.2, 68.0, 63.6, 57.2, 56.0, IM*H]". HRMS (ESI) m/z caled for GiHyRNO; [M+H]™
51.8, 42.5, 42.2, 26.6, 25.9, 23.6n/z (ESI) 292.2 [M+H].  286.1254, found: 286.1259.
HRMS (ESI) m/z calcd for GgHosNO,S [M+H]": 292.1582, 4.6.2.(2S,3S,4S)-methyl-2-(2,4-difluorophenyl)-4-

found: 292.1590. (hydroxymethyl)-2-methylpyrrolidine-3-carboxylate
4.5.14.Methyl (2R,3R,4R)-1-((R)-tert- (38) .
butylsulfinyl)-4-(hydroxymethyl)-2-methyl-2- Following the general procedurila (175 mg, 0.45 mmol) in
(tetrahydro-2H-pyran-4-yl)pyrrolidine-3- DCM (5 mL) was treated with 4N HCI in dioxane (1.1 mL, 4.5
carboxylate 83b) mmol) to provide the title compoun88 (75 mg, 58%) as a

Following the general procedure, the title compo88id was  colorless film. 'H NMR (500 MHz, CDCJ) 3 7.69 (td,J = 9.1,
obtained as a colorless oil (236 mg, 65%) NMR (500 MHz, 67 Hz, 1H), 6.87-6.79 (m, 2H), 3.76 (s, 3H), 3.41 (@ld,12.1,
CDCly) 3 3.97 (dddJ = 15.6, 11.5, 4.1 Hz, 2H), 3.77 (dd=  8-6 Hz, 1H), 3.34-3.27 (m, 2H), 3.23 @=5.0 Hz, 1H), 2.85-
10.8, 4.0 Hz, 1H), 3.72 (s, 3 H), 3.69 (dds 12.0, 6.6 Hz, 1H), 2.81 (m, 1H)l,32.70 (dd] = 12.06, 7.04 Hz, 1H), 1.92 (br s, 2H),
3.59 (dd,J = 11.2, 4.4 Hz, 1H), 3.30 (m, 2H), 3.17 (dds 11.1, 146 (S, 3H)."C NMR (125 MHz, CDCJ) 3 174.9, 162.1 (ddJe
9.2 Hz, lH), 2.98 (m, lH), 2.87 (d,= 11.5 Hz, 1H), 1.69 (m’ =208.2,11.9 HZ), 160.1 (dd,;: 209.1, 11.9 HZ), 129.3 (d,;:
2H), 1.66 (s, 3H), 1.52 (ddd, = 12.1, 12.1, 4.4 Hz, 1H), 1.40 112, 3.8 Hz), 128.5 (ddJs = 9.2, 5.8 Hz), 110.8 (dd = 20.4,
(ddd,J = 13.1, 13.1, 4.4 Hz, 1H), 1.33 (m, 1H), 1.25 (s, 9g 34 H2), 104.5 (ddJ = 27.3, 25.1 Hz), 66.8 (d = 3.1 H2),
NMR (125 MHz, CDCJ) & 172.0, 74.0, 68.4, 68.1, 63.6, 58.9, 644, 56.9 (dJ- = 3.5 Hz), 51.7, 48.5, 47.7, 24.0 (d,= 3.2 H2).
56.3, 52.0, 43.6, 43.1, 42.4, 28.6, 28.4, 24.5, 2nBz (ES[)  M/Z (ESI) 286.13 [M+H]. HRMS (ESI) m/z caled for
362 [M+H]+. HRMS (ESm/zcalcd for GHs:NOsS [M+H]+Z CH17FNO; [M+H] ™: 286.1254, found: 286.1257.

362.2001, found: 362.2011. 4.6.3.(2S,3S,4S)-methyl 2-(2-fluoro-5-nitrophenyl)-

4.5.15.Ethyl (2S,3R,4R)-1-((R)-tert-butylsulfinyl)- 4-(hydroxymethyl)-2-methylpyrrolidine-3-
2-(3-chloro-4-methylthiophen-2-yl)-4-cyano-4- carboxylate §9)
(hydroxymethyl)-2-methylpyrrolidine-3-carboxylate Following the general procedur&3a (30 mg, 0.07 mmol) in
(36b) DCM (0.7 mL) was treated with 4N HCI in dioxane (0.18 mL,
Following the general procedure, ethyl 2-(3-cyanooxetan-30-7 mmol) to provide the title compouldd (16 mg, 45%) as a
yl)acetate34 (0.38 g, 0.75 mmol) was treated with LiHMDS colorless oil. 'H NMR (500 MHz, CDCJ) 6 8.73 (dd,J = 6.9,
(2.35 mL, 2.3 mmol) and CITiQPr) (4.6 mL, 4.6 mmol) 2.9 Hz, 1H), 8.18 (dtJ = 8.90, 3.47 Hz, 1H), 7.24-7.19 (=
followed ketimine22 (0.20 g, 0.75 mmol) to provide the title 8-90 Hz, 1H), 3.79-3.77 (m, 3H), 3.49-3.41 (m, 2H), 3.35 Jad,
compound36b as a colorless oil (0.24g, 71%)H NMR (500 ~ 10.6, 6.9 Hz, 1H), 3.24 (d,= 5.76 Hz, 1H), 2.91-2.87 (m, 1H),
MHz, CDCL) & 6.95 (s, 1H), 4.16 (d} = 11.9 Hz, 1H), 4.13-4.04 2.75 (dd,J = 12.05, 7.65 Hz, 1H), 1.53 (s, 3H}°C NMR (125
(m, 2H), 3.91 (dJ = 11.5 Hz, 1H), 3.81 (dd] = 11.7, 2.8 Hz, MHz, CDCk) 6 178.6, 163.9 (dJ- = 258.3 Hz), 144.4, 124.7 (d,
2H), 3.26 (s, 1H), 2.79 (br s, 1H) 2.30 (s, 3H), 2.17 (s, 3H), 1.39- = 10.6 Hz), 124.4 (dJr = 6.3 Hz), 117.4 (dJ)- = 26.4 Hz),
(s, 9H), 1.22 (tJ = 7.2 Hz, 3H).13C NMR (126 MHz, CDG)) & 111.5, 67.0, %1.1, 56.7 (dr = 3.7 Hz), 52.0, 48.4, 47.9, 23.9 (d,
167.2, 139.4, 137.4, 122.1, 120.3, 119.8, 72.7, 63.8, 61.6, 60.9- = 3.6 Hz). "F NMR (470 MHz, CDGJ) 3 -100.8. m/z(EST)

59.2, 48.2, 46.4, 26.4, 24.5, 15.3, 13.6n/z (ESI) 446.98 313.16 [M+H[. HRMS (ESI) m/z caled for GiHiFN,Os
[M+H]": 313.1199, found: 313.1197.
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4.6.4.(2S,3S,4S)-methyl 2-(6-bromo-3-
fluoropyridin-2-yl)-4-(hydroxymethyl)-2-
methylpyrrolidine-3-carboxylate4(Q)

Following the general procedurkfa (110 mg, 0.24 mmol) in
DCM (3 mL) was treated with 4N HCI in dioxane (0.61 mL, 2.4
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mmol) to provide the title compoundd (77 mg, 91%) as a References

colorless film. 'H NMR (500 MHz, CDCJ) 6 7.41 (dd,J = 8.4,
3.0 Hz, 1H), 5.32 (s, 1H,), 3.73 (s, 3H), 3.63 (dd; 10.7, 5.9
Hz, 1H), 3.54 (ddJ = 10.8, 6.6 Hz, 1H), 3.48 (s, 3H), 3.35 (dd,
=10.9, 8.3 Hz, 1H), 3.25 (d,= 7.9 Hz, 1H), 2.99 (d] = 7.6 Hz,
1H), 2.84 (dd,) = 10.9, 7.6 Hz, 1H), 2.60 (br s, 3H), 1.40 (s, 3H).
¥%C NMR (125 MHz, CDGCJ) 5173.5, 157.3 (dJ- = 259 Hz),
152.6 (d,Je = 13 Hz), 133.7 (dJs = 3 Hz), 128.3 (dJ- = 5 Hz),
127.5 (d,Je = 23.1 Hz), 67.8 (dJ- = 6 Hz), 63.9, 55.7 (dlx = 2
Hz), 51.8, 47.5, 45.8, 22.2 (d: = 6 Hz). m/z (ESI) 347.1
[M+H]*. HRMS (ESI)m/z calcd for GgH;¢BrFN,O5 [M+H]™:
347.0406, found: 347.0407.

4.6.5.Methyl (2S,3S,4S)-2-(5-bromo-2-
fluoropyridin-3-yl)-4-(hydroxymethyl)-2-
methylpyrrolidine-3-carboxylate4(l)

Following the general procedurta (140 mg, 0.31 mmol) in
DCM (3 mL) was treated with 4N HCI in dioxane (2.0 mL, 8
mmol) to provide the title compoundl (95 mg, 88%) as a
colorless film. '"H NMR (500 MHz, CDCJ) 4 8.26 (dd,J = 8.7,
2.5 Hz, 1H), 8.11-8.08 (m, 1H), 3.73 (s, 3H), 3.42-3.25 (m, 3H),
3.13 (d,J = 5.7 Hz, 1H), 2.87 — 2.74 (m, 1H), 2.59 (dd; 12.1,
7.7 Hz, 1H), 2.17 (s, 2H), 1.42 (s, 3H}*C NMR (125 MHz,
CDCl;) 6 174.4, 159.6 (dJ- = 240.4 Hz), 146.4 (d- = 15.7 Hz),
141.2 (d,Jr = 5.4 Hz), 130.9 (dJ- = 27.7 Hz), 116.9 (dJ- = 4.3
Hz), 66.3 (d,J- = 6.3 Hz), 63.8, 56.3 (dF = 3.3 Hz), 51.9, 48.4,
48.0, 23.7 (dJz = 3.6 Hz). miz (EST) 347.1, [M+H]. HRMS
(ESI) m/z calcd for GgHiBrFN,O; [M+H]": 347.0406, found:
347.0408.

4.6.6.Methyl (2S,3S,4S)-2-(3-fluorothiophen-2-yl)-
4-(hydroxymethyl)-2- methylpyrrolidine-3-
carboxylate 42)

Following the general procedurzha (140 mg, 0.37 mmol) in
DCM (3 mL) was treated with 4N HCI in dioxane (2.0 mL, 8
mmol) to provide the title compound2 (80 mg, 79%) as a
colorless film. '"H NMR (500 MHz, CDCJ) 5 7.00 (dd,J = 5.6,
3.7 Hz, 1H), 6.73 (d) = 5.6 Hz, 1H), 3.72 (s, 3H), 3.48 (diliF
6.4, 3.9 Hz, 2H), 3.42 — 3.34 (m, 1H), 3.23 &5 5.9 Hz, 1H),
2.91 — 2.83 (m, 2H), 2.06 (s, 2H), 1.49 Jc& 0.7 Hz, 3H). *C
NMR (125 MHz, CDC}) 8 173.5, 153.1 (d}; = 257.0 Hz), 121.9
(d, J- = 10.8 Hz), 118.6, 118.4, 65.7 (@, = 3.3 Hz), 64.5, 56.7
(d, Jr = 2.8 Hz), 52.0, 48.1, 46.0, 23.9 @ = 2.7 Hz). m&z
(ESI) 274 [M+H]. HRMS (ESlym/z calcd for GH;FNO;S
[M+H]": 274.0913, found: 274.0911.

4.6.7.(2S,3S,4S)-methyl-2-(4-bromo-5-
methylthiophen-2-yl)-4-(hydroxymethyl)-2-
methylpyrrolidine-3-carboxylate4@)

Following the general procedur/a (130 mg, 0.29 mmol) in
DCM (1.5 mL) was treated with 4N HCI in dioxane (2.5 mL, 10
mmol) to provide the title compound3 (92 mg, 92%) as a
yellow oil (92%). '"H NMR (500 MHz, CDCJ) 5 6.83 (s, 1H),
3.77 (s, 3H), 3.63-3.55 (m, 2H), 3.35 (diz 11.3, 7.9 Hz, 1H),
3.10 (d,J = 7.2 Hz, 1H), 2.91-2.87(m, 1H), 2.81 (db= 11.3,
7.5Hz, 1H), 2.36 (s, 3H)**C NMR (125 MHz, CDG)) 5 173.8,

151.2, 132.7, 125.5, 108.1, 66.4, 64.4, 58.9, 52.0, 48.6, 47.1,

26.6, 14.6.m/z(ESI") 348 [M+H]'. HRMS (ESI)m/z calcd for
Ci1gH1gBINO,S [M+H]": 348.0269, found: 348.0265.
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