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General Experimental

All experiments were performed under an atmosploéneitrogen using anhydrous
solvents, unless stated otherwise. Glassware &t aimosphere reactions was oven-
dried and cooled under a flow of nitrogen. THF wisshly distilled from
sodium/benzophenone, QEl, and EtN were freshly distilled from CaiPetroleum
ether refers to the fraction of petroleum ethefibgiin the range 40-60 °C. All other
solvents and reagents were purchased from comrheatieces and used as supplied.
Except where indicated otherwise, imines were pexpaaccording to literature

procedures.

'H NMR and **C NMR spectra were recorded on a 400 MHz or 500 MHz
spectrometer, with chemical shift values being reggbin parts per million (ppm)
relative to residual CHGIl(oy = 7.27) and CDGl (6c = 77.0) as internal standards
unless otherwise stated. All coupling constadjsate reported in Hertz (Hz). NMR
assignments were made with the aid of COSY, HMQEPD135 and DEPT90

experiments.

Low resolution and high resolution mass spectraewastained using positive or
negative electrospray ionisation (ES). Infraredctpewere recorded using an FTIR
spectrometer as evaporated films or neat usingusodihloride windows. Melting
points are uncorrected. Optical rotations (Sodiuniiri®) are reported as unitless
numbers for which the concentration c is in g/l0O0. m

Routine TLC analysis was carried out on aluminidmets coated with silica gel 60
F254, 0.2 mm thickness. Plates were visualised ¥¥y(254 mm) and/or by staining
with aqueous potassium permanganate, ethanplanisaldehyde or ethanolic
phosphomolybdic acid. Column chromatography wasezhiout using 35—40Q 60A

silica gel.

Fluorous solid-phase extraction(FSPE) was performed using fluorous silica gel
packed in a glass column. Crude products were ahgidd onto silica gel and
transferred onto the fluorous column. Elution witB% water in MeCN (3 column

volumes) provided the non-fluorous components ef hixture, then elution with
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MeCN (3 column volumes) provided the fluorous comgrts of the mixture.
Fluorous columns were re-used up to 30 tink&PE can be used to purify or part-

purify all reactions involving fluorous-tagged siag materials.

General procedure A: Preparation of acetoxyamides sing acetoxyacetic acid
EDCI.HCI (1.5 eq), HOBLt.ED (0.2 eq) and acetoxyacetic acid (1.0 eq) werecdal

a stirred solution of amine (1.0 eq, 20.8 mmol) GiH,Cl, (40 mL) at room
temperature under nitrogen. The resulting soluvas stirred at room temperature for
12-48 h, then a 1N aqueous solution of HCI (20 amd CHCI, (20 mL) were added.
The layers were separated, and the aqueous layeextacted with CECl, (2 x 20
mL). The combined organic layers were washed wiflNaaqueous solution of HCI
(20 mL), dried (MgS@ and evaporated under reduced pressure to givertite

product.

General procedure B: Preparation of acetoxyamidessing acetoxyacetyl chloride
Acetoxyacetyl chloride (1.1 eq) was added dropvisa stirred solution of amine
(2.0 eq, 32.6 mmol) and & (1.1 eq) in CHCI, (100 mL) at 0°C under nitrogen.
The resulting solution was allowed to warm to ro@mperature, then stirred at room
temperature for 12 h. A saturated aqueous solaiddaHCQ; (100 mL) was added
and the layers were separated. The agueous layeextacted with CECl, (2 x 50
mL) and the combined organic layers were dried (MgSand evaporated under

reduced pressure to give the crude product.

General procedure C: Preparation of hydroxyamides

K>CQO; (4.0 eq) was added to a stirred solution of agetoxde (1.0 eq, 17.1 mmol)
in MeOH (30 mL) and water (15 mL) at room temperatd he resulting suspension
was stirred at room temperature for 12 h, thenevaporated under reduced pressure.
The resulting mixture was adjusted to pH7 usindNaatjueous solution of HCI, and
CH.CI, (30 mL) was added. The layers were separatedtren@queous layer was
extracted with CHCIl, (2 x 30 mL). The combined organic layers were dirie

(MgSQy) and evaporated under reduced pressure to givaide product.
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General procedure D: Preparation of glyoxamides

A solution of DMSO (2.0 eq) in Ci&l, (2 mL) was added dropwise to a stirred
solution of oxalyl chloride (1.1 eq) in GBI, (20 mL) at-78 °C under nitrogen. The
resulting solution was stirred a8 °C for 15 min, then a solution of hydroxyamide
(2.0 eq, 8.88 mmol) in Ci&l, (20 mL) was added dropwise @f8 °C via cannula.
The resulting solution was stirred-a&8 °C for 30 min, then BN (5.0 eq) was added
dropwise at-78 °C. The mixture was allowed to warm to room tempestand
stirred at room temperature for 3 h. A saturatageaqs solution of NaHC{{30 mL)
and CHCI, (30 mL) were added, and the layers were separdtesl.aqueous layer
was extracted with CiI, (2 x 30 mL), and the combined organic layers were dried
(MgSQy) and evaporated under reduced pressure to giverdle glyoxamide, which
was used directly in the next step without furtbenfication.

General procedure E: Tag introduction—Cyclisation:Preparation of fluorous-

tagged oxindoles

Fluorous thiol (GFZCH,CH,SH, 0.7 eq) was added to a solution of crude glyoda
(2.0 eq, 8.88 mmol) in Ci&l, (50 mL) at room temperature under nitrogen. The
resulting solution was stirred at room temperatime 16 h, then trifluoroacetic
anhydride (9.0 eq) was added. After stirring atmmoemperature for 1 h, BEDEL
(5.0 eq) was added, and the resulting solutionstiagd at room temperature for 4 h.
The mixture was slowly and carefully quenched veiteaturated aqueous solution of
NaHCQ; (until gas evolution ceased). @El, (50 mL) was added and the layers were
separated. The aqueous layer was extracted withlCIgH2 x 50 mL) and the
combined organic layers were dried (Mg¥@nd evaporated under reduced pressure

to give the crude produdtSPE was used for purification.

General procedure F: Tag introduction—Cyclisation:Preparation of fluorous-

tagged oxindoles for (alternative procedure employig glyoxamides containing
electron-rich aromatic rings)

Fluorous thiol (GF7CH.CH,SH, 1.0 eq) was added to a solution of crude glyoda
(2.0 eq, 4.48 mmol) in Cil, (40 mL) at room temperature under nitrogen. The
resulting solution was stirred at room temperatioe 1 h, then trifluoroacetic

anhydride (2.0 eq) was added, and the resultingtisal was stirred at room
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temperature for 16 h. The mixture was slowly aneftdly quenched with a saturated
agueous solution of NaHGQuntil gas evolution ceased). @El, (20 mL) was added
and the layers were separated. The aqueous layeextacted with CECl, (2 x 40
mL) and the combined organic layers were dried (MgSand evaporated under
reduced pressure to give the crude prodePE was used for purification.

General procedure G: Preparation of alkylated fluoious-tagged oxindoles
cis-1,4-Dichlorobut-2-ene (1.5 eq) and®0O; (5.0 eq) were added to a stirred
solution of fluorous-tagged oxindole (1.0 eq, 1rBBol) in DMF (30 mL) at room
temperature under nitrogen. The resulting suspansas stirred for 5-12 h at room
temperature, then water (30 mL) and EtOAc (50 mEeyevadded. The layers were
separated, and the organic layer was washed witbr2x 30 mL), dried (MgSGQ)
and evaporated under reduced pressure to giveude productFSPE was used for

purification.

General procedure H: Preparation of samarium diiodde (Smkb)

Samarium diiodide was prepared by a modificatiothef procedure of Imamoto and
Ono! Samarium powder (2.00 g, 13.8 mmol, 1.2 eq) was@dd an oven-dried
round-bottomed flask and the flask was sealed arshéd with nitrogen gas for 20
min. THF (110 ml) was added and the resulting sosipa bubbled with nitrogen gas
for 15 min. Finally, iodine (2.80 g, 10.8 mmol, §)avas added and the flask flushed
again with nitrogen gafor 10 min. The flask was covered in aluminium faid
heated at 60 °C for 18 hours. The approx 0.1 Mtisslwas allowed to cool to room

temperature and then used directly.

General procedure I: Preparation of spirooxindoles

In a sealable tube, a solution of alkylated fluertagged oxindole (1.0 eq, 0.12
mmol) in THF (4 mL) was deoxygenated by bubblingotigh nitrogen gas for 30
min. Then, Sml (2.0 eq. of a 0.1 M solution in THF) was addedpavise over 20
min (using a syringe pump) at room temperature undeogen. On completion of the
addition, a solution of imine (2.0 eq.) in THF (IL)yrwas added, and the tube was
sealed. The resulting suspension was heated &€ 80 an oil bath for 12-18 h, and

then allowed to cool to room temperature. A saatraiqueous solution of p&O;

S5



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

(10 mL) and CHCI;, (10 mL) were added, and the layers were separatexlagueous
layer was extracted with GBI, (2 x 10 mL), and the combined organic layers were
washed with a saturated aqueous solution of NagH@O mL), dried (MgS@) and
evaporated under reduced pressure to give the guadkeict. Generally, FSPE was
used to remove fluorous disulfide by-product and tgpart-purify spirooxindole
products. In some cases, further purification by recryssaliion or chromatography

on silica gel was used to isolate single isomersiaracterisation.

General procedure J: Preparation of spirooxindole &lehydes

OsQ, (0.1 eq. of a 2.5% (w/v) solution tart-butanol) and NMO (3.0 eq.) were added
to a stirred suspension of spirooxindole (0.20 mnmlacetone (12 mL) and water
(1.5 mL) at room temperature under nitrogen. Tisalteng suspension was stirred at
room temperature for 60 h, then a saturated aqusmugon of NaS,03 (10 mL) and
CH.Cl, (10 mL) were added. The layers were separateditendqueous layer was
extracted with CKCl, (2 x 15 mL). The combined organic layers were dried $@g
and evaporated under reduced pressure to givertiie aiol product. The crude
product was dissolved in THF (10 mL) and water ([2),nthen NalQ (1.5 eq.) was
added. The resulting suspension was heated akrift2 h then allowed to cool to
room temperature. ED (20 mL) and water (10 mL) were added and thertayeere
separated. The aqueous layer was extracted with @tx 10 mL) and the combined
organic layers were dried (Mggand evaporated under reduced pressure to give the

crude product.

General procedure K: Preparation of spirooxindole nethyl esters

Oxidant solution [1.6 mL,; freshly prepared from N@g (300 mg) and NapPO,.H,O
(300 mg) in water (2 mL)] was added in one portiora stirred solution of aldehyde
(0.17 mmol) intert-butanol (4 mL), MeCN (4 mL) and 2-methyl-2-butef2emL) at
room temperature. The resulting solution was stifog 2 h at room temperature, then
water (10 mL) and C§Cl, (20 mL) were added. The layers were separatedtrend
agueous layer was extracted with £ (2 x 20 mL). The combined organic layers
were washed with water (20 mL), dried (Mgd@nd evaporated under reduced
pressure to give the crude carboxylic acid prodlibe crude product was dissolved
in anhydrous MeOH (8 mL) and trimethylsilyldiazomate (1.5 mL of a 2.0M
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solution in hexanes, 5.0 eq.) was added dropwiseoah temperature under nitrogen.
The resulting solution was stirred at room tempeeafor 2 h, then evaporated under

reduced pressure to give the crude product.

General procedure L: Preparation of spirooxindole anines

Nitrogen gas was bubbled (15 min) through a satutitN-benzyl amine (0.08 mmol)
in a 0.05M solution of HCI in MeOH (8 mL; 50 mL stosolution of 0.05 M HCI in
MeOH freshly prepared by diluting 2Q& 12M HCI with MeOH). Pd(OH) (8 mg,
20% wt.) was added, and the resulting suspensi@nstiuaded under an atmosphere of
H, (1 atm) for 5 min then filtered through a plugGklite, washing with MeOH. BXl

(5 drops) was added, and the resulting solution eraporated under reduced
pressure. The residue was dissolved in EtOAc (1) mvater (5 mL) was added and
the layers were separated. The aqueous layer wiectd with EtOAc (2 5 mL).
The combined organic layers were dried (Mgb@nd evaporated under reduced

pressure to give the crude product.

General procedure M: Preparation ofN-Troc prolinylspirooxindoles

A solution of N-Troc (§-prolinyl chloride€ (1.0 or 3.0 eq.; freshly prepared fraya
Troc (§-proline)’in CH,Cl, (3 mL) was added dropwise afG to a stirred solution
of amine (0.15 mmol) and & (0.9 mmol) in CHCI, (12 mL) under nitrogen. The
resulting solution was allowed to warm to room tenapure and stirred for 12 h, then
CH.CI, (10 mL) and a saturated aqueous solution of NaH@O mL) were added.
The layers were separated, and the aqueous layeextaacted with CkCl, (2 x 10
mL). The combined organic layers were dried (MgS&hd evaporated under reduced
pressure to give the crude product.

General procedure N: Preparation of diketopiperazires

Zn dust (100 eq) was added to a stirred suspemdidlhTroc amide (0.07 mmol) in
THF (4 mL), MeOH (4 mL) and a saturated aqueoustswi of NH,Cl (4 mL) at
room temperature. The resulting suspension wagdtat room temperature for 24 h,
filtered through Celite, and the filter cake wasstvad well with EtOAc. Water (10

mL) was added and the layers were separated. Tueoag layer was extracted with
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EtOAc (2 x 15 mL) and the combined organic layers were d(EgSO;) and

evaporated under reduced pressure to give the prodieict.

S8



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

Synthesis of fluorous-tagged oxindoles:

General General
R! procedure procedure

A or B L C
RO Q SN

R3
General SRF
procedure R!
j@\ L E orF 0
R? N
R3

2-AcetoxyN-(2,4-dimethoxybenzyl)N-(3-methoxyphenyl)acetamide S1
: /EOAC
eO l}l O
DMB

NEt; (2.21 mL, 15.9 mmol, 1.1 eq) and acetoxyacetybitie (2.04 g, 15.9 mmol,
1.0 eq) were added sequentially to a solution od-ddnethoxybenzyl)-(3-
methoxyphenyl)-amirfe(3.69 g, 13.6 mmol, 1.0 eq) in GEl, (24.4 mL) at room
temperature under nitrogen. The resulting mixtuas stirred at room temperature for
4 h before water (20 mL) and GEl, (10 mL) were added. The layers were separated,
and the aqueous layer was extracted with@}(2 x 20 mL). The combined organic
layers were dried (N&Q,) and evaporated under reduced pressure to givertie
product. Purification by flash column chromatodrajen silica gel eluting with 20%
EtOAc in hexane gavB1 (5.32 g, 14.2 mmol, 100%) as a light yellow o, NMR
(300 MHz, CDC}): 07.25-7.16 (m, 2H; % Ar-CH), 6.84 (ddJ = 8.4, 2.3 Hz, 1H,
Ar-CH), 6.64 (d,J = 7.7 Hz, 1H; Ar-CH), 6.59 (s, 1H; Ar-CH), 6.41dd = 8.4, 2.3
Hz, 1H; Ar-CH), 6.33 (d,) = 2.3 Hz, 1H; Ar-CH), 4.86 (s, 2H; OGH 4.40 (s, 2H,
NCH,), 3.78 (s, 3H; OCH), 3.73 (s, 3H; OCH), 3.56 (s, 3H; OCH), 2.15 (s, 3H;
C(O)CHs); *C NMR (75 MHz, CDCJ): 4170.6 (C=0), 166.3 (C=0), 160.4 (Ar-C),
160.3 (Ar-C), 158.6 (Ar-C), 141.5 (Ar-C), 131.3 ¢£&H), 130.0 (Ar-CH), 120.5 (Ar-
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CH), 117.4 (Ar-C), 114.1 (Ar-CH), 113.8 (Ar-CH), 44 (Ar-CH), 98.3 (Ar-CH),
61.8 (NCH), 55.4 (OCH), 55.3 (OCH), 55.1 (OCH), 47.2 (CHO), 20.6
(C(O)XCHg); IR (film): vmax 2932, 2830, 1742 (C=0), 1671 (C=0), 1585, 1508514
1451, 1437, 1420, 1407, 1369, 1284, 1263, 1217,1P2064, 1126, 1080, 1029, 932,
837, 783, 705; MS (ES+)/z (%): 396 (100, M + NaJ); HRMS (ES+):mVz: calcd
for C,0H23NOgNa: 396.1418 W + NaJ'; found: 396.1401.

2-AcetoxyN-(4-methoxybenzyl)N-phenylacetamide S2
QL
l}l O
PMB

Using general procedure A, ED®ELCI (5.97 g, 31.2 mmol), HOB#,0 (562 mg, 4.16
mmol), acetoxyacetic acid (2.45 g, 20.8 mmol) ahdanethoxybenzyl)phenylamifie
(4.43 g, 20.8 mmol) in CKLl, (40 mL) gave the crude product. Purification asfi
column chromatography on silica gel eluting withY@@EtOAC in petroleum ether
gaveS2 (5.56 g, 17.7 mmol, 85%,) as a white solid, migx@nes-gE0D) 62-65 °C;
'H NMR (400 MHz, CDCJ): §7.37-7.33 (m, 3H; X Ar-CH), 7.10 (d,J = 8.8 Hz,
2H; 2x Ar-CH), 7.03-7.01 (m, 2H; & Ar-CH), 6.79 (dJ = 8.8 Hz, 2H; 2¢x Ar-CH),
4.81 (s, 2H; ChN), 4.34 (s, 2H; CkD), 3.78 (s, 3H; OCH), 2.15 (s, 3H; Ch); *°C
NMR (100 MHz, CDCJ): 0170.6 (C=0), 166.4 (C=0), 159.0 (Ar-C), 140.0 @)-
130.3 (Ar-CH), 129.8 (Ar-CH), 128.8 (Ar-C), 128.&r{CH), 128.4 (Ar-CH), 113.7
(Ar-CH), 61.8 (CHO), 55.2 (OCH), 52.6 (CHN), 20.6 (CH); IR (film): vmax 2997,
2947, 2936, 2835, 1748 (C=0), 1681 (C=0), 1613,419%13, 1494, 1435, 1406,
1371, 1298, 1245, 1225, 1175, 1085, 1022, 1015, 8@, 699 cnt; MS (ES+):m/z
(%): 336 (100, M + NaJ); HRMS (ES+):m/z calcd for GgH1gNO,4: 336.1206 M +
Na']; found: 336.1216.

2-AcetoxyN-(3-methoxyphenyl)N-propylacetamide S3

LG
)
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Using general procedure B, acetoxyacetyl chlor&i8gq mL, 35.9 mmol), BN (5.00
mL, 35.9 mmol) andN-propyl-3-methoxyaniling(5.39 g, 32.6 mmol) in C4Cl, (100
mL) gave the crude product. Purification by flaghumn chromatography on silica
gel eluting with 30% EtOAc in petroleum ether g&&(8.22 g, 31.0 mmol, 95%) as
a colorless oil’H NMR (400 MHz, CDCY): 67.32 (t,J = 8.2 Hz, 1H; Ar-CH), 6.91
(dd,J=8.2, 2.1 Hz, 1H; Ar-CH), 6.81-6.78 (m, 1H; Ar-CH.74 (t,J = 2.1 Hz, 1H;
Ar-CH), 4.35 (s, 2H; ChkD), 3.81 (s, 3H; OC}), 3.63 (t,J = 7.6 Hz, 2H; CHN),
2.21 (s, 3H; ChH), 1.52 (sextet]) = 7.6 Hz, 2H; ®,CHzg), 0.87 (t,J = 7.6 Hz, 3H;
CHs); *C NMR (100 MHz, CDG): 4 170.5 (C=0), 166.1 (C=0), 160.6 (Ar-C),
141.5 (Ar-C), 130.6 (Ar-CH), 120.2 (Ar-CH), 113.96r-CH), 113.88 (Ar-CH), 61.6
(CH,0), 55.4 (OCH), 50.9 (CHN), 20.7 CH,CHs), 20.5 (CH), 11.1 (CHCHy3); IR
(film): vmax 2964, 2935, 2878, 1747 (C=0), 1680 (C=0), 1608014452, 1432,
1416, 1372, 1227, 1136, 1046, 847, 707 cmS (ES+):miz (%): 288 (50, M +
Na]"), 266 (100, M + H]"); HRMS (ES+):mV/z: calcd for G4H1gNO,4: 288.1206 M +
Na'l; found: 288.1214.

2-AcetoxyN-(4-methoxybenzyl)N-(3-methoxyphenyl)acetamide S4
jova
MeO I}l O
PMB

Using general procedure A, EDCI.HCI (9.40 g, 491201), HOBt.HO (0.60 g, 4.10
mmol), acetoxyacetic acid (4.80 g, 41.0 mmol) alk@-methoxybenzyl)-3-methoxy-
aniliné® (5.00 g, 20.5 mmol) in Cil, (31 mL) gave the crude product. Purification
by flash column chromatography on silica gel elgitwith 20% EtOAc in petroleum
ether gaveS3 (6.13 g, 17.9 mmol, 87%) as a white powder, mgiO@Ac/hexane)
87-89°C; *H NMR (400 MHz, CDC}) 7.25 (t,J = 8.1 Hz, 1H; Ar-CH), 7.12 (d] =
8.8 Hz, 2H; 2 x Ar-CH), 6.88 (dd, = 8.1, 2.5 Hz, 1H; Ar-CH), 6.80 (d,= 8.8 Hz,
2H; 2 x Ar-CH), 6.61 (ddJ = 8.1, 1.0 Hz, 1H; Ar-CH), 6.54 (d,= 2.3 Hz, 1H; Ar-
CH), 4.80 (s, 2H; CbkN), 4.39 (s, 2H; CkD), 3.79 (s, 3H; OC§), 3.73(s, 3H;
OCHg), 2.16(s, 3H; CH); **C NMR (100 MHz, CDG)) 0170.6 (C=0), 166.3 (C=0),
160.4 (Ar-C), 159.0 (Ar-C), 141.1 (Ar-C), 130.5 %2Ar-CH), 130.3 (Ar-CH), 128.5
(Ar-C), 113.9 (Ar-CH), 113.7 (Ar-CH), 113.3 (2 x A&H), 61.7 (CHO), 55.4
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(OCHg), 55.2 (OCH), 52.6 (CHN), 20.6 (CH); IR (film): vmax 1754 (C=0), 1673
(C=0), 1588, 1513, 1492, 1407, 1244, 1198, 1172516820, 703 ciy MS (ESH):
m'z (%): 366 (100, J1 + NaJ'); HRMS (ES+):m/z calcd for GoH»iNOs: 366.1305
[M + Na7; found: 366.1312.

2-AcetoxyN-benzyl-N-(3-methoxyphenyl)acetamide S5
oV
MeO N @]
Bn

Using general procedure B, acetoxyacetyl chlor@q mL, 7.30 mmol), BN (1.02
mL, 7.30 mmol) andN-benzyl-3-methoxyanilirfe(1.42g, 6.64 mmol) in C}Cl, (30
mL) gave the crude product. Purification by flagiiuenn chromatography on silica
gel eluting with 30% EtOAc in petroleum ether g&&(1.71 g, 5.45 mmol, 82%) as
a white solid, m.p. (E0) 69-72 °C; *H NMR (400 MHz, CDCJ): ¢7.31-7.20 (m,
6H; 6 x Ar-CH), 6.88 (dddJ = 8.0, 2.5, 0.9 Hz, 1H; Ar-CH), 6.64 (dd~= 8.0, 0.9
Hz, 1H; Ar-CH), 6.55-6.54 (m, 1H; Ar-CH), 4.87 @&H; CH:N), 4.42 (s, 2H; CkD),
3.72 (s, 3H; OCHh), 2.16 (s, 3H; Ch); °C NMR (100 MHz, CDGJ): 5170.6 (C=0),
166.5 (C=0), 160.5 (Ar-C), 141.7 (Ar-C), 136.8 (8); 130.5 (Ar-CH), 128.9 (Ar-
CH), 128.4 (Ar-CH), 127.5 (Ar-CH), 120.4 (Ar-CH)14.4 (Ar-CH), 113.8 (Ar-CH),
61.7 (CHO), 55.3 (OCH), 53.2 (CHN), 20.6 (CH); IR (film): v 2966, 2940, 2928,
1743 (C=0), 1672 (C=0), 1426, 1412, 1285, 1241912159, 1076, 1044, 1006 tm
L. MS (ES+): mz (%): 336 (100, M + NaJ); HRMS (ES+): mVz calcd for
C1gH190NO4: 336.1206 M + Na']; found: 336.1206.

2-Hydroxy-N-(2,4-dimethoxybenzyl)N-(3-methoxyphenyl)acetamide S6

Q LOH
MeO I}l @]
DMB
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Using general procedure C, acetoxyan#dg5.32 g, 14.3 mmol) andKO; (7.90 g,
57.2 mmol) in MeOH (44 mL) and water (22 mL) gaweltoxyamideS6 (4.48 g,
13.5 mmol, 94%) as a colorless dif NMR (500 MHz, CDCY): 7.21 (t,J = 8.5
Hz, 1H; Ar-CH), 7.14 (dJ = 8.5 Hz, 1H; Ar-CH), 6.85 (dd] = 8.5, 2.5 Hz, 1H; Ar-
CH), 6.57 (dJ = 8.5 Hz, 1H; Ar-CH), 6.50 (t) = 2.5 Hz, 1H; Ar-CH), 6.41 (dd] =
8.5, 2.5 Hz, 1H; Ar-CH), 6.35 (d,= 2.5 Hz, 1H; Ar-CH), 4.90 (s, 2H; NG} 3.82
(d, J = 4.4 Hz, 2H; ®,0H), 3.78 (s, 3H; OC}H}, 3.73 (s, 3H; OCH), 3.57 (s, 3H;
OCHy), 3.45 (t,J = 4.4 Hz, 1H; CHOH); **C NMR (125 MHz, CDGJ): 5 171.6
(C=0), 160.5 (Ar-C), 160.2 (Ar-C), 158.6 (Ar-C), 0.6 (Ar-C), 131.3 (Ar-CH),
130.0 (Ar-CH), 120.5 (Ar-CH), 117.0 (Ar-C), 114.Ar(CH), 113.9 (Ar-CH), 104.0
(Ar-CH), 98.3 (Ar-CH), 60.5CH,0H), 55.3 (2 x OCHh), 55.1 (OCH), 47.6 CH:N);
IR (film): vmax 3429 (OH), 2993, 2937, 2835, 1650 (C=0), 1599,713%04, 1485,
1453, 1434, 1376, 1312, 1281, 1261, 1205, 11566,11@87, 1029, 990, 932, 922,
832, 781, 749, 700; MS (ESH)Vz (%): 354 (100, M + NaJ); HRMS (ES+):m/z
calcd for GgH2:NOsNa: 354.1312M1 + Na]™; found: 354.1318.

2-Hydroxy-N-(4-methoxybenzyl)N-phenylacetamide S7
L
l}l O
PMB

Using general procedure C, acetoxyant®5.37 g, 17.1 mmol) andKO; (9.48 g,
68.6 mmol) in MeOH (30 mL) and water (15 mL) gawsioxyamideS7 (4.58 g,
16.9 mmol, 98%) as a white solid, m.p. ABY 74-76 °C; *H NMR (500 MHz,
CDCl): §7.37-7.33 (m, 3H; ¥ Ar-CH), 7.11 (d,J = 8.5 Hz, 2H; 2x Ar-CH), 6.96-
6.92 (M, 2H; 2x Ar-CH), 6.81 (d,J = 8.5 Hz, 2H; 2x Ar-CH), 4.86 (s, 2H; ChN),

3.79 (s, 3H; OCH), 3.77 (s, 2H; ChD); *C NMR (125 MHz, CDGJ): J 171.7
(C=0), 159.1 (Ar-C), 139.2 (Ar-C), 130.3 (Ar-CH)24.8 (Ar-CH), 128.8 (Ar-CH),
128.7 (Ar-C), 128.4 (Ar-CH), 113.8 (Ar-CH), 60.5 HigO), 55.2 (OCH), 53.0
(CHoN); IR (film): vmax 3434 (OH), 2930, 2835, 1659 (C=0), 1611, 1594 318494,
1379, 1298, 1245, 1175, 1097, 1029, 1015, 999, 839 cn; MS (ES+):m/z (%):
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294 (100, M + NaJ); HRMS (ES+):m/z calcd for GgH17N203: 294.1101 M + H'Y;
found: 294.1091.

2-Hydroxy-N-(3-methoxyphenyl)N-propylacetamide S8
2,4
MeO NH O

Using general procedure C, acetoxyantd(7.91 g, 29.8 mmol) andKO; (16.5 g,
0.1 mol) in MeOH (60 mL) and water (30 mL) gave fopd/amideS8 (6.56 g, 29.4
mmol, 98%) as an off-white solid, m.p. §8) 50-53 °C; 'H NMR (400 MHz,
CDCls): 07.35 (t,J = 8.2 Hz, 1H; Ar-CH), 6.94 (dd] = 8.2, 1.9 Hz, 1H; Ar-CH),
6.76-6.74 (m, 1H; Ar-CH), 6.69 (§,= 1.9 Hz, 1H; Ar-CH), 3.83 (s, 3H; OGH 3.81
(s, 2H; CHO), 3.72-3.68 (m, 2H; C}N), 1.57 (sextet) = 7.5 Hz, 2H; G1,CHj3), 0.92
(t, J= 7.5 Hz, 3H, CH); *C NMR (100 MHz, CDGJ): §172.6 (C=0), 160.6 (Ar-C),
140.6 (Ar-C), 130.6 (Ar-CH), 120.2 (Ar-CH), 113.98r-CH), 113.98 (Ar-CH), 60.4
(CH0), 55.4 (OCH), 51.2 (CHN), 20.9 CH.CHs), 11.1 (CHY); IR (film): vmax 3436
(OH), 2965, 2930, 1659 (C=0), 1601, 1490, 1456,413B13, 1289, 1249, 1211,
1100, 1046, 706 cth MS (ES+):mVz (%): 246 (35, M + NaJ), 224 (100, M + H]);
HRMS (ES+):m/z calcd for GoH17/NOs: 246.1101 M + N&T; found: 246.1101.

2-Hydroxy-N-(4-methoxybenzyl)N-(3-methoxyphenyl)acetamide S9

o
MeO l}l @)
PMB

Using general procedure C, acetoxyantdg6.00 g, 17.4 mmol) and KOs (9.60 g,
69.9 mmol) in MeOH (53 mL) and water (27 mL) gawaitoxyamideS9 (5.38 g,
100%) as a colorless ofitH NMR (400 MHz, CDCJ): J 7.28 (t,J = 8.1 Hz, 1H; Ar-
CH), 7.15 (dJ = 8.8 Hz, 2H; 2 x Ar-CH), 6.92 (dd,= 8.1, 2.5 Hz, 1H; Ar-CH), 6.83
(d,J = 8.8 Hz, 2H; 2 x Ar-CH), 6.55 (dd,= 8.1, 0.8 Hz, 1H; Ar-CH), 6.48 (,= 2.5
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Hz, 1H; Ar-CH), 4.86 (s, 2H; CHN), 3.85 (s, 2H; ChD), 3.81 (s, 3H OCHy),

3.75(s, 3H OCHs), 3.45(br s, 1H; OH);**C NMR (100 MHz, CDGJ): ¢ 166.3
(C=0), 160.4 (Ar-C), 159.1 (Ar-C), 140.3 (Ar-C), @@ (Ar-CH), 130.3 (Ar-CH),
128.7 (Ar-CH), 120.4 (Ar-C), 114.3 (Ar-CH), 113.9r(CH), 113.7 (Ar-CH), 60.4
(CH,0), 55.3 (OCH), 55.2 (OCH), 52.8 (CHN); IR (film): vmax 3427 (OH), 2926,
2863, 1715 (C=0), 1627, 1513, 1463, 1379, 1348812460, 1039, 921, 883 ¢in
MS (ES+):m/z (%): 324 (100, M + NaJ'); HRMS (ES+):n/z calcd for GsH1NOx:

324.1204 M + H']; found: 324.1206.

N-Benzyl-2-Hydroxy-N-(3-methoxyphenyl)acetamide S10

IO
oo Py A om
Bn

Using general procedure C, acetoxyan##43.58 g, 11.4 mmol) andKO; (6.31 g,
45.7 mol) in MeOH (40 mL) and water (20 mL) gavelioxyamideS10(3.09 g, 11.4
mmol, 100%) as a colorless diH NMR (400 MHz, CDC}): §7.24-7.12 (m, 6H; 6 x
Ar-CH), 6.82 (dddJ = 8.3, 2.2, 0.8 Hz, 1H; Ar-CH), 6.48 (ddil= 7.8, 2.2, 0.8 Hz,
1H; Ar-CH), 6.38 (tJ = 2.2 Hz, 1H; Ar-CH), 4.83 (s, 2H; GN), 3.78 (dJ = 4.4 Hz,
2H; CH,0), 3.64 (s, 3H; OCH), 3.34 (t,J = 4.4 Hz, 1H; OH);®C NMR (100 MHz,
CDCl): 6171.8 (C=0), 160.4 (Ar-C), 140.3 (Ar-C), 136.6 {8}, 130.4 (Ar-CH),
128.9 (Ar-CH), 128.4 (Ar-CH), 127.7 (Ar-CH), 120(8r-CH), 114.4 (Ar-CH), 113.8
(Ar-CH), 60.4 (CHO), 55.3 (OCH), 53.4 (CHN); IR (film): vmax 3440 (OH), 2936,
2837, 1653 (C=0), 1598, 1587, 1488, 1377, 1314512238, 1164, 1095, 1077,
1028, 993 crif; MS (ES+):m/z (%): 294 (100, | + NaJ'); HRMS (ES+):m/z: calcd
for CieH17NO3: 294.1101 M + Na']; found: 294.1098.

6-Methoxy-3-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, ldptadecafluorodecylsulfanyl)-1-
(2,4-dimethoxybenzyl)-1,3-dihydroindol-2-one 9
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P \—CeFyr

jons
MeO N

DMB

Using general procedure D, DMSO (1.00 mL, 13.4 mpmtalyl chloride (0.60 mL,
7.30 mmol), a solution of hydroxyami&® (2.20 g, 6.70 mmol) in C}l, (22.3 mL)
and EtN (3.39 mL, 33.5 mmol) in C}Cl, (22.3 mL) gave the crude glyoxamide
product, which was used in the next step withotth&r purification.

Using general procedure F, fluorous thiokRGCH,CH,SH, 2.00 mL, 6.70 mmol),
TFAA (1.90 mL, 13.4 mmol) and the crude glyoxamigde CH,CI, (44.5 mL) gave
the crude product as a 6:1 mixture of regioison{ess *H NMR spectroscopy).
Purification by FSPE gave 9 (4.40 g, 5.56 mmol, 82%) as yellow oil. Further
purification by flash column chromatography oncsiligel eluting with 100% Ci€l,
gave the major regioisomer as a white powder, Cpi,Cl,) 93-95 °C;*H NMR
(400 MHz, CDC}, major regioisomer)d7.24 (d,J = 8.1 Hz, 1H; Ar-CH), 7.15 (d]

= 8.6 Hz, 1H; Ar-CH), 6.55 (dd} = 8.1, 2.4 Hz, 1H; Ar-CH), 6.52 (d,= 2.4 Hz, 1H;
Ar-CH), 6.46 (d,J = 2.4 Hz, 1H; Ar-G1), 6.41 (ddJ = 8.6, 2.4 Hz, 1H; Ar-CH), 4.91
(d, J = 15.6 Hz, 1H; E€laHgN), 4.79 (d,J = 15.6 Hz, 1H; CHHgN), 4.34 (s, 1H;
CHS), 3.88 (s, 3H; OC#), 3.76 (s, 6H; 2x OCHg), 3.04-2.96 (m, 1H; SKEaHg),
2.77-2.86 (m, 1H; SCKHg), 2.49-2.33 (m, 2H; SCi€H,); *C NMR (100 MHz,
CDCl3;, major regioisomer)d 175.8 (C=0), 161.0 (ArC), 160.5 (ArC), 157.9 (ArC)
144.8 (ArC), 129.7 (ArCH), 125.5 (ArCH), 116.5 (Ar116.0 (ArC), 107.0 (ArCH),
104.4 (ArCH), 98.5 (ArCH), 97.4 (ArCH), 55.4 (2 OCH;), 55.3 (OCH), 44.6
(CHS), 38.1 (NCHy), 31.9 (t,J = 22.2 Hz;CH,CgF17); 20.9 (t,J = 3.7 Hz; £H>); IR
(film): vmax 2932, 2830, 1742, 1715 (C=0), 1613, 1587, 1508214372, 1237,
1203, 1145, 1129, 1110, 1030, 832, 749, 705, 66%; MS (ES+):nm/z (%): 814
(100, M + NaJ); HRMS (ES+):mVz: calcd for GgH2o,NO4F17SNa: 814.0890N! +
Na]*; found: 814.0926.

3-(3,3,4,4,5,5,6,6,7,7,8,8,9,910,10,10-Heptadecafbuecylsulfanyl)-1-(4-
methoxybenzyl)-1,3-dihydroindol-2-one S11
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P \—CeFyr

i

PMB

Using general procedure D, DMSO (1.3 mL, 17.8 mmoXalyl chloride (0.9 mL,
9.76 mmol), a solution of hydroxyami&¥ (2.41 g, 8.88 mmol) in C}€l, (20 mL)
and EtN (6.2 mL, 44.38 mmol) in C§Cl, (20 mL) gave the crude glyoxamide
product, which was used in the next step withotth&r purification.

Using general procedure E, fluorous thioffGCH,CH,SH, 1.8 mL, 6.21 mmol), the
crude glyoxamide, trifluoroacetic anhydride (11.L,r7%9.9 mmol) and B§OEYL (5.6
mL, 44.4 mmol) in CHCI,; (50 mL) gave the crude product. Purification B$PE
gaveS11(2.81 g, 3.84 mmol, 62%) as a yellow dif NMR (500 MHz, CDC)): J
7.38 (d,J = 7.6 Hz, 1H; Ar-CH), 7.26 (d] = 8.7 Hz, 2H; 2 x Ar-CH), 7.23 (= 7.6
Hz, 1H; Ar-CH), 7.07 (tJ = 7.6 Hz, 1H; Ar-CH), 6.85 (d) = 8.7 Hz, 1H; 2 x Ar-
CH), 6.78 (dJ = 7.6 Hz, 1H; ArCH), 491 (d,J = 155 Hz, 1H;
NCHACHgCsH4OCHg), 4.82 (d,J = 15.5 Hz, 1H; NCHCHgCgH,OCHg), 4.40 (s, 1H;
CHS), 3.77 (s, 3H; OC#)l, 3.04-2.98 (m, 1H; BaHgS), 2.85-2.79 (m, 1H; CkHgS),
2.46-2.35 (m, 2H; ChCsF17); **C NMR (100 MHz, CDGJ): §175.0 (C=0), 159.2
(Ar-C), 143.1 (Ar-C), 129.3 (Ar-CH), 128.7 (Ar-CH).27.4 (Ar-C), 125.14 (Ar-CH),
125.06 (Ar-C), 123.0 (Ar-CH), 114.2 (Ar-CH), 109(Ar-CH), 55.2 (OCH), 44.8
(CHS), 43.5 (\CH,CeH,OMe), 31.8 (tJ = 22.0 Hz;CH,CgF;7), 21.0 (t,J = 4.6 Hz,
CH,S); IR (film): vmax 2952, 2930, 2908, 2835, 1712 (C=0), 1614, 1518514466,
1435, 1357, 1345, 1242, 1214, 1150, 1113, 10889,1034, 898, 755 cily MS
(ES+): Mz (%):754 (25, M + NaJ); HRMS (ES+):m/z calcd for GgH1gF17NO,S:
754.0680 M + Nd7J; found: 754.0672.

3-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Heptadagafbdecylsulfanyl)-6-methoxy-1-
propyl-1,3-dihydroindol-2-one S12
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Using general procedure D, DMSO (686, 8.96 mmol), oxalyl chloride (43QL,
4.93 mmol), a solution of hydroxyami&s8 (1.00 g, 4.48 mmol) in Cil, (15 mL)
and EtN (3.12 mL, 22.4 mmol) in C§Cl, (30 mL) gave the crude glyoxamide
product, which was used in the next step withouth®r purification. Using general
procedure F, fluorous thiol ¢€;;CH.CH,SH, 1.28 mL, 4.48 mmol), TFAA (1.25
mL, 8.96 mmol) and the crude glyoxamide, in LLH (40 mL) gave the crude
product (as a 5:1 mixture of regioisomers tBYNMR spectroscopy)). Purification by
FSPE gaveS12 (2.50 g, 3.66 mmol, 82%) as a 5:1 mixture of rigimers (by'H
NMR spectroscopy) as a brown oil. Further purifcat by flash column
chromatography on silica gel eluting with gt gave the major regioisomer as a
white solid, m.p. (BD) 59-60 °C; *H NMR (400 MHz, CDC{): 67.27 (d,J = 8.2
Hz, 1H; Ar-CH), 6.59 (ddJ = 8.2, 2.3 Hz, 1H; Ar-CH), 6.43 (d,= 2.3 Hz, 1H; Ar-
CH), 4.29 (s, 1H; CHS), 3.84 (s, 3H; OgH3.69 (dt,J = 13.9, 7.3 Hz, 1H;
CHaHgN), 3.62 (dt,J = 13.9, 7.3, 1H; CkHgN), 3.00-2.92 (m, 1H; BaHgS), 2.84-
2.76 (m, 1H; CHHgS), 2.47-2.33 (m, 2H; Ci€gF17), 1.71 (sextet) = 7.3 Hz, 2H;
CH,CHs), 0.98 (t,J = 7.3 Hz, 3H; CH); *C NMR (100 MHz, CDGJ): J 175.6
(C=0), 161.0 (Ar-C), 144.8 (Ar-C), 125.9 (Ar-CH)18.8 (Ar-C), 106.4 (Ar-CH),
96.9 (Ar-CH), 55.6 (OCH), 44.5 (CHS), 41.9 (CHN), 31.9 (t,J = 21.1 Hz;
CH,CgF17), 20.8 (t,J = 4.6 Hz, CHS), 20.7 CH,CHjs), 11.3 (CH); IR (film): vmax
2972, 2941, 1715 (C=0), 1626, 1600, 1504, 1463713843, 1207, 1150, 1104 tm
L. MS (ES+): Mz (%): 706 (100, M + NaJ); HRMS (ES+): mVz calcd for
CooH1F17NO,S: 706.0679M + Na']; found: 706.0678 and the minor regioisomer as
a white solid, m.p. (80) 65-67 °C; 'H NMR (400 MHz, CDGJ): d 7.32-7.27 (m,
1H; Ar-CH), 6.64 (dJ = 8.6 Hz, 1H; Ar-CH), 6.52 (d] = 7.8 Hz, 1H; Ar-CH), 4.36
(s, 1H; CHS), 3.90 (s, 3H; OGH 3.71 (dtJ = 14.1, 7.3 Hz, 1H; BaHsN), 3.61 (dt,
J=14.1, 7.3 Hz, 1H; CkHgN), 3.02 (dddJ = 13.4, 10.1, 6.3 Hz, 1H; K,HgS),
2.88 (dddJ = 13.4, 10.6, 6.0 Hz, 1H; GitigS), 2.48-2.34 (m, 2H; Ci€sF;17), 1.71
(sextetJ = 7.3 Hz, 2H; ®&,CHs), 0.97 (t,J = 7.3 Hz, 3H; CH); *C NMR (100 MHz,
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CDCly): J174.9 (C=0), 156.2 (Ar-C), 144.8 (Ar-C), 130.8 {8H), 111.2 (Ar-C),
105.9 (Ar-CH), 102.0 (Ar-CH), 55.6 (OGN 43.3 (CHS), 42.0 (C#N), 31.9 (t,J =
22.0 Hz;CH,CgF417), 20.9 (t,J = 3.3 Hz, CHS), 20.9 CH.,CHs), 11.3 (CH); IR
(film): vmax 2970, 2941, 1713 (C=0), 1608, 1600, 1472, 1358413261, 1243,
1207, 1150, 1111, 1096, 1062, 769, 664'cMS (ES+):m/z (%): 706 (100, M +
Na]"), 151 (20); HRMS (ES+)m/z calcd for GoH1gF17NO,S: 706.0679M + Na'l;
found: 706.0668.

6-Methoxy-3-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, ptadecafluorodecylsulfanyl)-1-
p-methoxybenzyl-1,3-dihydroindol-2-one S13

OMe
ST \CoF17 ST\ CeF1y
MeO N N
PMB PMB
major minor

Using general procedure D, DMSO (1.41 mL, 19.9 mpmtalyl chloride (0.96 mL,
11.0 mmol), a solution of hydroxyami@®® (3.00 g, 9.96 mmol) in C}€l, (9.5 mL)
and EtN (6.93 mL, 49.8 mmol) in C¥Cl, (77.9 mL) gave the crude glyoxamide
product, which was used in the next step withotth&r purification.

Using general procedure F, fluorous thiokRGCH,CH,SH, 2.62 mL, 9.96 mmol),
TFAA (2.81 mL, 19.9 mmol) and the crude glyoxamide CH,Cl, (77.9 mL) gave
the crude product as a 5:1 mixture of regioison{ess *H NMR spectroscopy).
Purification by FSPE gave S13 (6.08 g, 7.98 mmol, 89%) as yellow oil. Further
recrystallisation gave the major regioisonasr a white powder, m.p. (MeOH) 100-
103°C; 'H NMR (400 MHz, CDCY}, major regioisomer)s 7.19-7.16 (m, 3H; 3 x Ar-
CH), 6.76 (dJ = 8.6 Hz, 2H; Ar-CH), 6.48 (ddl = 8.1, 2.3 Hz, 1H; Ar-CH), 6.28 (d,
J= 2.3 Hz, 1H; Ar-CH), 4.80 (d] = 15.4 Hz, 1H; NEisHgCsH4,OCH), 4.69 (d,J =
15.4 Hz, 1H; NCHHgCesH4OCH), 4.27 (s, 1H; CHS), 3.69 (s, 3H; OQH3.67 (s,
3H; OCH), 2.96-2.89 (m, 1H; BaHgS), 2.77-2.70 (m, 1H; CkHgS), 2.38-2.29 (m,
2H; CH,CgF17); *C NMR (100 MHz, CDGJ, major regioisomer)s 175.7 (C=0),
160.9 (Ar-C), 159.2 (Ar-C), 144.4 (Ar-C), 128.7 (@H), 127.4 (Ar-C), 125.8 (Ar-
CH), 116.7 (Ar-C), 114.2 (Ar-CH), 106.7 (Ar-CH), $7(Ar-CH), 55.4 (OCH), 55.2
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(OCH), 44.5 (CHS), 43.5 (CHN), 31.8 (t,J = 22.2 Hz,CH,CgF17), 20.9(t, J = 4.6
Hz; CH:S); IR (film): vinax 2926, 2850, 1715 (C=0), 1622, 1500, 1243, 1202511
1112, 1031, 648 cih) MS (ES+):m/z (%): 784 (100, M + NaJ); HRMS (ES+):m/z
calcd for G/H20NOsSF 7 784.0769 M + Na&']; found: 784.0785.

6-Methoxy-3-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, ptadecafluorodecylsulfanyl)-1-
benzyl-1,3-dihydroindol-2-one S14

OMe
S/\/C8F17 S/\/C8F17
mo + o
MeO N N
Bn Bn
major minor

Using general procedure D, DMSO (54, 7.25 mmol), oxalyl chloride (348L,
3.99 mmol), a solution of hydroxyami&10(983 mg, 3.62 mmol) in Cil, (15 mL)
and EtN (2.50 mL, 18.1 mmol) in C§Cl, (15 mL) gave the crude glyoxamide
product, which was used in the next step withotth&r purification.

Using general procedure Fgfy7CH,CH,SH (1.00 mL, 3.62 mmol), TFAA (1.01 mL,
7.25 mmol) and the crude glyoxamide, in £H (40 mL) gave the crude product as a
5:1 mixture of regioisomers (bY4 NMR spectroscopy). Purification BySPE gave
oxindoleS14(2.07 g, 2.83 mmol, 78%) as a 5:1 mixture of rigimers (byH NMR
spectroscopy) as a brown oil. Further purificatigrflash column chromatography on
silica gel eluting with CHCI, gave the major regioisomer as a white solid, m.p.
(Et,0) 80-82°C; *H NMR (400 MHz, CDCJ): 7.35-7.26 (m, 6H; 6 x Ar-CH), 6.57
(dd,J = 8.0, 2.0 Hz, 1H; Ar-CH), 6.33 (d,= 2.0 Hz, 1H; Ar-CH), 4.94 (dJ = 15.5
Hz, 1H; N(HAHgPh), 4.85 (dJ = 15.5 Hz, 1H; NCHHgPh), 4.38 (s, 1H; CHS), 3.75
(s, 3H; OCH), 3.04 (dddJ = 13.1, 9.6, 6.8 Hz, 1H; l\HgS), 2.85 (ddd)] = 13.1,
9.8, 6.3 Hz, 1H; CkHgS), 2.50-2.37 (m, 2H; Ci€sF17); °C NMR (100 MHz,
CDCl3): 6175.8 (C=0), 161.0 (Ar-C), 144.4 (Ar-C), 135.4 {8}, 128.9 (Ar-CH),
127.8 (Ar-CH), 127.3 (Ar-CH), 125.9 (Ar-CH), 116(Ar-C), 106.8 (Ar-CH), 97.5
(Ar-CH), 55.4 (OCH), 44.5 (NCHPh), 44.0 (CHS), 31.9 (§,= 21.7 Hz;CH,CgF17),
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21.0 (CHS); IR (film): v 2944, 1715 (C=0), 1621, 1498, 1375, 1337, 1274212
1200, 1145, 1112, 1084, 1028 ¢nMS (ES+):m/z (%): 754 (100, M + NaJ), 294
(15); HRMS (ES+):mVz calcd for GgHigF17NO,S: 754.0690 W + Na']; found:
754.0701 and the minor regioisomer as a white solig. (E$O) 76-79 °C; *H NMR
(400 MHz, CDC}): 7.34-7.24 (m, 5H; 5 x Ar-CH), 7.20 @= 8.2 Hz, 1H; Ar-CH),
6.62 (d,J = 8.2 Hz, 1H; Ar-CH), 6.42 (dJ = 8.2 Hz, 1H; Ar-CH), 4.97 (d] = 15.6
Hz, 1H; N(HAHgPh), 4.84 (dJ = 15.6 Hz, 1H; NCHHgPh), 4.46 (s, 1H; CHS), 3.90
(s, 3H; OCH), 3.09 (dddJ = 13.2, 9.6, 7.1 Hz, 1H; \HgS), 2.94 (ddd) = 13.2,
10.4, 6.3 Hz, 1H; CkHgS), 2.52-2.37 (m, 2H; Ci€sF17); *C NMR (100 MHz,
CDCl3): 6175.1 (C=0), 156.2 (Ar-C), 144.4 (Ar-C), 135.6 {8B), 130.8 (Ar-CH),
128.8 (Ar-CH), 127.7 (Ar-CH), 127.2 (Ar-CH), 111(Ar-C), 106.2 (Ar-CH), 102.8
(Ar-CH), 55.7 (OCH), 44.1 (NCHPh), 43.3 (CHS), 31.9 (§,= 21.1 Hz;CH,CgF17),
21.3 (t,J=4.6 Hz, CHS); IR (film): v 2949, 1715 (C=0), 1603, 1471, 1349, 1267,
1240, 1197, 1145, 1132, 1114, 1081tmMS (ES+):m/z (%): 754 (25, M + Na]);
HRMS (ES+):mVz calcd for GeH1gF17NO,S: 754.0680M + N&T]; found: 754.0672.

6-Methoxy-3-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, ptadecafluorodecylsulfanyl)-
1,3-dihydroindol-2-one S15
ST N\_CeFyr

m
N
MeO H

A solution of oxindole9 (3.59 g, 4.49 mmol) and anisole (19.5 mL, 180 mmi0leq)
in CHCl»(66.2 mL) and TFA (66.2 mL) was heated at 50 ‘C4®ih, then allowed to
cool to room temperature. The mixture was then lsi@nd carefully quenched with a
saturated aqueous solution of NaH{QOnNtil gas evolution ceased). @&, (50 mL)
was added and the layers were separated. The ajl@per was extracted with
CHCl, (2 x 50 mL) and the combined organic layers were dfideb,SO;) and
evaporated under reduced pressure to give the quutkict. Purification byrSPE
gaveS15(2.31 g, 3.60 mmol, 82%) as a white powder, n{lgexane/EtOAc) 91-94
°C, 'H NMR (400 MHz, CDCJ): §7.80 (s, 1H; NH), 7.27 (d] = 8.3 Hz, 1H; Ar-
CH), 6.61 (dd) = 8.3, 2.3 Hz, 1H; Ar-CH), 6.47 (d,= 2.3 Hz, 1H; Ar-CH), 4.31 (s,
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1H; CHS), 3.81 (s, 3H: OCH, 3.01-2.93 (m, 1H: SEaHg), 2.85-2.77 (m, 1H:;
SCHaHg), 2.49-2.34 (m, 2H; SCHH,); *C NMR (100 MHz, CDG)): J 178.0
(C=0), 161.0 (Ar-C), 142.3 (Ar-C), 126.1 (Ar-CH)111 (Ar-C), 108.1 (Ar-CH),
97.3 (Ar-CH), 55.5 (@H3), 45.3 CHS), 31.8 (1,J = 22.2 Hz;CH,CsFi7), 20.8
(SCH,); IR (film): vmax3206 (NH), 2920, 1706 (C=0), 1623, 1506, 1457, 13235,
1198, 1145, 1113, 1030, 955, 827, 703, 649; MS JEB#z (%): 664 (100, \1 +
Na]"); HRMS (ES+):mVz calcd for GgH1oNO,F1;SNa: 664.0209N1 + Na]*; found:
664.0220.

3-(4-Chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,7,8,8%910,10,10-
heptadecafluorodecylsulfanyl)-6-methoxy-1,3-dihydrondol-2-one 10

Cl

CgF17
_\_S

MeO

Ir=z

cis-1,4-Dichlorobut-2-ene (82nL of a 1.0 M solution in DMF, 0.83 mmol) and
K2CO; (434 mg, 3.14 mmol) were added sequentially toreed solution 0fS15(504
mg, 0.79 mmol) in DMF (10 mL) at room temperatureler nitrogen. The resulting
suspension was stirred for 45 min at room tempezatithen water (30 mL) and
EtOAc (50 mL) were added. The layers were separated the organic layer was
washed with water ( 30 mL), dried (MgS@ and evaporated under reduced
pressure to give the crude product. PurificatiorFByE gave alkylated oxindol&0
(418 mg, 0.57 mmol, 73%) as a yellow dif NMR (400 MHz, CDCJ): §9.44 (s,
1H; NH), 7.22 (dJ = 8.3 Hz, 1H; Ar-CH), 6.63 (dd] = 8.3, 2.3 Hz, 1H; Ar-CH),
6.55 (d,J = 2.3 Hz, 1H; Ar-CH), 5.72-5.60 (m, 1H; HTH,CI), 5.39-5.32 (m, 1H;
=CHCH,C), 4.03 (dJ = 7.8 Hz, 2H; CHCI), 3.80 (s, 3H; OC}Hj, 2.95 (ddd) = 14.2,
8.5, 1.3 Hz, 1H; EsHgC), 2.78 (ddd,J = 14.2, 6.9, 0.8 Hz, 1H; CHHgC), 2.65 (t,J

= 8.2 Hz, 2H; SE.), 2.32-2.07 (m, 2H; SC4#H,); *C NMR (100 MHz, CDGJ): 5
179.7 (C=0), 161.1 (Ar-C), 141.6 (Ar-C), 129.7 (EI£H=), 126.2 (CCHCH=),
125.1 (Ar-CH), 120.0 (Ar-C), 108.6 (Ar-CH), 97.4 &€H), 55.5 (OCH), 54.6 C-
C=0)), 38.9 CH.CI), 33.3 CH2C), 31.4 (t, J = 22.2 Hz;CH,CgF17), 19.9 (t,J = 2.8

S22



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

Hz; SCHy); IR (film): vmax3220 (NH), 1710 (C=0), 1606 (C=C), 1501, 1462, 1319
1235, 1200, 1145, 1105, 779, 732, 705, 651; MS)(ESz (%): 728 (100, — H] );
HRMS (ES-):m/z calcd for GaH1gNOsF17Cl: 728.0329 M — H] *; found: 728.0324.

5-Bromo-3-(4-chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,8,8,9,9,10,10,10-
heptadecafluorodecylsulfanyl)-1-propyl-1,3-dihydrondol-2-one 11

CgF17
_\_S

Br

Using general procedure G, 5-bromo-3-((3,3,4,46565/,7,8,8,9,9,10,10,10-
heptadecafluorodecyl)thio)-1-propylindolin-2-6n¢1.26 g, 1.72 mmol),cis-1,4-
dichlorobut-2-ene (0.22 mL, 2.06 mmol) anddOs; (1.19 g, 8.61 mmol) in DMF
(23.3 mL) gave the crude product. PurificationASPE gave alkylated oxindolél
(0.90 g, 1.10 mmol, 87%) as a pale brown #i, NMR (400 MHz, CDC}): J7.48-
7.44 (m, 2H; 2x Ar-CH), 6.76 (d,J = 8.3 Hz, 1H; Ar-CH), 5.69-5.62 (m, 1H; =CH),
5.29-5.22 (m, 1H; =CH), 4.07 (dddi= 11.8, 8.3, 1.0 Hz, 1H; =CH&CHgCI), 3.97
(ddd,J=11.8, 7.3, 0.8 Hz, 1H; =CHGIE€HgCI), 3.72-3.59 (m, 2H; NB,CH,), 2.97
(ddd,J = 14.1, 8.6, 1.2 Hz, 1H; =CH@€\HgC), 2.79-2.59 (m, 3H; =CHCkKHgC and
CH,S), 2.28-2.15 (m, 2H; CisF17), 1.67 (sextet) = 7.3 Hz, 2H; EG,CHg), 0.95 (t,
J=7.3 Hz, 3H; CH); *C NMR (100 MHz, CDGCJ): 6= 175.3 (C=0), 141.6 (Ar-C),
132.4 (Ar-CH), 130.5 (Ar-C), 130.1 (=CH), 127.4 (8H), 125.7 (=CH), 115.7 (Ar-
C), 110.2 (Ar-CH), 53.6-C=0), 42.0 (\CH.CH), 38.8 (CHCI), 33.3 (=CHCHC),
31.5 (t,J = 22.0 Hz;CH,CgF17), 20.7 CH,CHs), 19.7 (t,J = 4.6 Hz; CHS), 11.3
(CH3); IR (film): vmax 2971, 2922, 1731 (C=0), 1482, 1197, 1138'cMS (ES+):
m/z (%): 844 (100,§BrM + NaJ), 842 (80, {°BrM + NaJ’); HRMS (El+):m/z calcd
for Co1H1sN,O3BrF17S: 841.9769M + N&']; found: 841.9764.
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3-(4-Chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,7,8,8910,10,10-
heptadecafluorodecylsulfanyl)-1-(4-methoxybenzyl)-B-dihydroindol-2-one 12

CgF17
_\_S

PMB

Using general procedure G, oxind&é1(1.13 g, 1.55 mmol)is-1,4-dichlorobut-2-
ene (0.23 mL, 1.86 mmol) and®O; (1.07 g, 7.75 mmol) in DMF (30 mL) gave the
crude product. Purification BySPE gave alkylated oxindol&2 (976 mg, 1.19 mmol,
77%) as a yellow oil'H NMR (400 MHz, CDCY): 4 7.35 (dd,J = 7.6, 0.8 Hz, 1H;
Ar-CH), 7.26-7.21 (m, 3H; % Ar-CH), 7.10 (td, J = 7.6, 1.0 Hz, 1H; Ar-CH), 6.85-
6.79 (m, 3H; 3x Ar-CH), 5.66-5.58 (m, 1H; =CH), 5.31-5.23 (m, 1#CH), 4.91 (d,

J = 154 Hz, 1H; NEGACHgCsH,OMe), 4.78 (d, J = 154 Hz, 1H;
NCHACHgCgH,OMe), 4.07 (dddJ = 12.1, 8.3, 1.0 Hz, 1H; =CHE€CHgCI), 3.98
(dd,J = 12.1, 7.0 Hz, 1H; =CHCKCHECI), 3.77 (s, 3H; OCH), 3.03 (ddd,) = 14.1,
8.8, 1.2 Hz, 1H; =CHEBHzsC), 2.83 (ddd,) = 14.1, 6.8, 1.2 Hz, 1H; =CHGsC),
2.71-2.62 (m, 2H; CbS), 2.23-2.09 (m, 2H; Ci€sF:17); *C NMR (100 MHz,
CDCl): J176.0 (C=0), 159.2 (Ar-C), 142.3 (Ar-C), 129.8 (=) 129.5 (Ar-CH),
128.8 (Ar-CH), 128.2 (Ar-C), 127.4 (Ar-C), 126.3GH), 124.1 (Ar-CH), 123.2 (Ar-
CH), 114.1 (Ar-CH), 109.5 (Ar-CH), 55.1 (OGH 53.8 (-C=0), 43.5
(NCH,CsH4OCHs), 38.9 (=CHCH.CI), 33.4 (=CHCH,C), 31.4 (t,J = 22.0 Hz;
CH,CgF17), 19.7 (tJ = 3.7 Hz, CHS); IR (film): vmax 3030, 2946, 2924, 1712 (C=0),
1617, 1516, 1485, 1466, 1441, 1348, 1295, 1244612075, 1144, 1035, 953, 747,
646 cm'; MS (ES+):m/z (%): 844 (30, 'CIM + NaJ), 842 (100, CIM + NaJ);
HRMS (ES+): m/zz calcd for GeH2aNO.CIF1;S: 842.0759 WM + Na&]; found:
794.0748.

3-(4-Chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,7,8,8910,10,10-
heptadecafluorodecylsulfanyl)-1-propyl-1,3-dihydrondol-2-one 13
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Using general procedure G, 3-((3,3,4,4,5,5,6,8789,9,10,10,10-
heptadecafluorodecyl)thio)-1-propylindolin-2-6n¢4.80 g, 7.70 mmol),cis-1,4-
dichlorobut-2-ene (1.21 mL, 11.5 mmol) anddQO; (1.43 g, 38.4 mmol) in DMF (80
mL) gave the crude product. Purification B§PE gave alkylated oxindol&3 3.78
g, 5.20 mmol, 68%) as a yellow oiH NMR (400 MHz, CDCJ): § 7.37-7.30 (m, 2H;
2 x Ar-CH), 7.12 (dtJ = 7.6, 1.0 Hz, 1H; Ar-CH), 6.87 (d,= 7.8 Hz, 1H; Ar-CH),
5.65-5.59 (m, 1H; =CH), 5.23-5.31 (m, 1H; =CH), 3 @dd,J = 11.8, 8.3, 1.3 Hz,
1H; =CHCHACHRCI), 3.97 (ddJ = 11.8, 7.3 Hz, 1H; =CHCKCHzCI), 3.62-3.74 (m,
2H; CH:N), 2.97 (dddJ = 14.1, 8.8, 1.3 Hz, 1H; =CH&CHgC), 2.80 (dddJ =
14.1, 7.1, 1.3 Hz, 1H; =CHG{€CHC), 2.71-2.65 (m, 1H; BaHsS), 2.64-2.58 (m,
1H; CHaHBS), 2.22-2.11 (m, 2H; B,CgF17), 1.68 (sextet) = 7.4 Hz, 2H; E1,CHg),
0.96 (t, J = 7.4 Hz, 3H; CH); **C NMR (100 MHz, CDGJ): § 175.6 (G0), 142.7
(Ar-C), 129.7 (=CH), 129.5 (Ar-CH), 128.3 (Ar-C)26.3 (=CH), 124.2 (Ar-CH),
123.0 (Ar-CH), 108.8 (Ar-CH), 53.85tC=0), 41.9 (NCH,), 38.9 (=CHCH,CI), 33.4
(=CHCH.C), 31.6 (t,J = 22.0 Hz;CH>CgF17), 20.8 (CHCHs), 19.8 (t,J = 3.7 Hz,
CH,-S), 11.3(CHy); IR (film): vmax 3060, 2971, 2939, 2878, 1712 (C=0), 1612,
1487, 1468, 1444, 1360, 1249, 1114, 1025, 953, 832,cm’; MS (El+): Mz (%):
764 (100, M + NaJ); HRMS (El+):m/z calcd for GsH21NOCIF,;S: 764.0655W1 +
Na']; found: 764.0659.

3-(4-Chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,7,8,89%910,10,10-
heptadecafluorodecylsulfanyl)-6-methoxy-1-propyl-13-dihydroindol-2-one 14
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Using general procedure G, oxind@&2 (606 mg, 0.89 mmol)is-1,4-dichlorobut-
2-ene (112uL, 1.06 mmol) and KCOs (490 mg, 3.55 mmol) in DMF (10 mL) gave
the crude product. Purification BSPE gave alkylated oxindolé4 (600 mg, 0.78
mmol, 88%) as a yellow oitH NMR (500 MHz, CDCY): §7.24 (d,J = 8.2 Hz, 1H;
Ar-CH), 6.61 (dd,J = 8.2, 2.2 Hz, 1H; Ar-CH), 6.43 (dl = 2.2 Hz, 1H, Ar-CH),
5.65-5.60 (m, 1H; B=CH,CI), 5.31-5.25 (m, 1H; CH=C}€), 4.06 (ddJ = 12.0, 8.5
Hz, 1H; GHACH&CI), 3.97 (dd,J = 12.0, 7.3 Hz, 1H; CKCHzCI), 3.67 (dtJ = 14.2,
7.2 Hz, 1H; NGIACHgCH,), 3.62 (dt,J = 14.2, 7.2 Hz, 1H; NCKCHgCH,), 2.94
(ddd, J = 14.0, 8.5, 0.6 Hz, 1H; =CH4yHgC), 2.77 (dd,J = 14.0, 7.0, 1H;
=CHCHaHgC), 2.69 (dtJ = 13.4, 7.8 Hz, 1H; BaHgS), 2.62 (dtJ = 13.4, 7.8, 1H;
CHaHgS), 2.24-2.13 (m, 2H; Ci€gF;7), 1.68 (sextet) = 7.2 Hz, 2H; E&1,CHg), 0.96
(t, J= 7.2 Hz, 3H; CH); *C NMR (125 MHz, CDG)): 5176.5 (C=0), 161.1 (Ar-C),
143.9 (Ar-C), 129.5GH=CH,CI), 126.5 CH=CH,C), 125.0 (Ar-CH), 119.9 (Ar-C),
106.6 (Ar-CH), 96.8 (Ar-CH), 55.5 (OGH| 53.5 C-C=0), 41.8 (CHN), 39.0
(CH.CI), 33.4 (=CHCH,C), 31.6 (tJ = 21.7 Hz;CH,CgF17), 20.8 CH.CHj3), 19.7 (t,J

= 3.6 Hz; CHS), 11.3 (CH); IR (film): vmax 2966, 2941, 1716 (C=0), 1624, 1602,
1504, 1463, 1370, 1241, 1209, 1148, 1109, 1034 ¢S (ES+):m/z (%): 794 (100,
[M + NaJ), 533 (20), 151 (20); HRMS (El+)nwz calcd for GeH23NO,CIF;7S:
794.0759 M + Nd7J; found: 794.0775.

6-Methoxy-3-(4-chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,8,8,9,9,10,10,10-
heptadecafluorodecylsulfanyl)-1p-methoxybenzyl-1,3-dihydroindol-2-one 15

CgF47
_\_S

MeO N
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Using general procedure G, oxind&&3(0.29 g, 0.40 mmolxis-1,4-dichlorobut-2-
ene (0.60 mL, 0.60 mmol) and,®O; (0.26 g, 1.90 mmol) in DMF (5 mL) gave the
crude product. Purification bySPE gave alkylated oxindol&5 (0.24 g, 0.29 mmol,
77%) as a yellow oil*H NMR (400 MHz, CDCJ): 6 7.17-7.11 (m, 3H; 3 x Ar-8),
6.83 (d,J = 8.8 Hz, 2H; Ar-®), 6.58 (ddJ = 8.2, 2.3 Hz, 1H; Ar-8), 6.37 (d, J =
2.3 Hz, 1H; Ar-®H), 5.66-5.59 (m, 1H; =CH), 5.24-5.30 (m, 1H; =CH)88 (d,J =
15.4 Hz, 1H; NC®GisHgCsH,OCH), 4.74 (d,J = 15.4 Hz, 1H; NCHHgCsH,OCH),
4.07 (dddJ=11.8, 8.1, 1.3 Hz, 1H; =CHE,CHgClI), 3.97 (ddJ = 11.8, 7.3 Hz, 1H;
=CHCHACHgCI), 3.77 (s, 3H; OCBH), 3.76 (s, 3H; OCh), 3.00 (dddJ = 14.1, 8.6,
1.5 Hz, 1H; =CH®IACHgC), 2.79 (ddd,) = 14.1, 6.8, 1.8 Hz, 1H; =CHGI€HgC),
2.73-2.62 (m, 2H; Cb8), 2.25-2.11 (m, 2H, 8,CsF17); *C NMR (100 MHz, CDCI):

0 176.6 (C=0), 160.9 (Ar-C), 159.2 (Ar-C), 143.6 {8}, 130.9 (Ar-CH), 129.3
(=CH), 128.8 (Ar-CH), 127.4 (Ar-C), 126.5 (=CH), 42 (Ar-CH), 119.7 (Ar-C),
114.2 (2 x Ar-CH), 106.9 (Ar-CH), 97.5 (Ar-CH), 85(OCH;), 55.2 (OCH), 53.5
(C-C=0), 43.7 (XCHy), 39.0 (=CHCH.CI), 33.5 (=CHCH,C), 31.5 (t,J=22.2 Hz;
CH,CgF17), 19.7 (t, J=2.9 Hz; CHS); IR (film): v=3006, 2942, 2841, 2364, 1714
(C=0), 1622, 1515, 1470, 1374, 1239, 1152, 1038; M8 (El+): m/'z (%): 872 (100,
[M + NaJ); HRMS (El+): m/z calcd for GiH2sNO3sCIFy/S: 872.0870 W1 + NaT;
found: 872.0870.

3-(4-Chlorobut-2-enyl)-3-(3,3,4,4,5,5,6,6,7,7,8,8%910,10,10-
heptadecafluorodecylsulfanyl)-1-benzyl-1,3-dihydraidol-2-one 16

CgF17
_\_S

MeO N

Using general procedure G, oxind&é4(1.36 g, 1.86 mmol)is-1,4-dichlorobut-2-
ene (0.23 mL, 2.23 mmol) and®O; (1.03 mg, 7.94 mmol) in DMF (16 mL) gave
the crude product. Purification BySPE gave alkylated oxindold6 (1.23g, 2.78
mmol, 80%) as a yellow oitH NMR (500 MHz, CDCJ): §7.33-7.24 (m, 6H; 6 x
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Ar-CH), 6.59 (dd,J = 8.2, 2.0 Hz, 1H; Ar-CH), 6.34 (d = 2.0 Hz, 1H, Ar-CH),
5.66-5.61 (m, 1H; B=CH,CI), 5.33-5.27 (m, 1H; B=CH,C), 4.95 (d,J = 15.6 Hz,
1H; NCHaHgPh), 4.81 (dJ = 15.6 Hz, 1H; NCHHgPh), 4.07 (dd) = 12.0, 8.9 Hz,
1H; CHACH&CI), 3.97 (dd,J = 12.0, 7.3 Hz, 1H; CKCHgCI), 3.75 (s, 3H; OCH),
3.02 (dd,J = 14.0, 8.8 Hz, 1H; NBACHgC-C=0), 2.82 (dd, = 14.0, 7.0 Hz, 1H;
NCHACHgC-C=0), 2.76-2.65 (m, 2H; GiS), 2.25-2.15 (m, 2H; CisFi7); °C
NMR (100 MHz, CDC}): §176.7 (C=0), 161.0 (Ar-C), 143.6 (Ar-C), 135.3 {@},
129.7 CH=CH,CI), 128.8 (Ar-CH), 127.9 (Ar-CH), 127.3 (Ar-CH), 26.5
(CH=CH,C), 124.9 (Ar-CH), 119.7 (Ar-C), 107.0 (Ar-CH), &7(Ar-CH), 55.4
(OCH), 53.5 C-C=0), 44.0 (NCHPh), 39.0 (CHCI), 33.4 (=CHCH,C), 31.5 (tJ =
27.5 Hz;CH,CgF17), 19.7 (tJ = 4.6 Hz; CHS); IR (film): v 2958, 2945, 1713 (C=0),
1624, 1501, 1456, 1375, 1236, 1200, 1145, 11141,10833 crit; MS (ES+):m/z
(%): 844 (30, {’CIM + NaJ), 842 (100, °CIM + NaJ"); HRMS (ES+):m/z calcd for
CoeH2aNO,CIF,/S: 842.0759N1 + N&]; found: 794.0748.
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rac-(1S,25)-5'-bromo-1'-propyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-one 17

/

A solution of oxindolell (452 mg, 0.55 mmol) in THF (17 mL) was deoxygenated
by bubbling through nitrogen gas for 45 min. Th&émk (11.0 mL of a 0.1M solution
in THF, 1.10 mmol) was added dropwise over 1 hn@isi syringe pump) at rt under
nitrogen. On completion of the addition, a satwtatqueous solution of NaHG@0
mL) and EtOAc (20 mL) were added, and the layersewseparated. The aqueous
layer was extracted with EtOAc €10 mL), and the combined organic layers were
dried (MgSQ) and evaporated under reduced pressure to givertige product.
Purification by flash column chromatography oncsilgel eluting with 10% EtOAc in
petroleum ether gave vinylcyclopropad& (90 mg, 0.29 mmol, 53%) as a pale
yellow oil, *"H NMR (400 MHz, CDCJ): J7.35 (dd,J = 8.3, 2.0 Hz, 1H; Ar-CH),
6.95 (d,J = 2.0 Hz, 1H; Ar-CH), 6.76 (d] = 8.3 Hz, 1H; Ar-CH), 6.21 (ddd,= 17.1,
10.3, 9.4 Hz, 1H; 6=CH,), 5.27 (dddJ = 17.1, 1.5, 0.5 Hz, 1H; CH#€:Hg), 5.14
(dd,J =10.3, 2.0 Hz, 1H; CH=CkHg), 3.73-3.69 (m, 2H; NC}J, 2.53-2.46 (m, 1H;
CH,CHN), 2.00 (ddJ = 8.1, 4.8 Hz, 1H; 6AHgCHN), 1.94 (dd,) = 8.8, 4.8 Hz, 1H;
CHaHgCHN), 1.75-1.65 (m, 2H; B,CHs), 0.95 (t,J = 7.3 Hz, 3H; CH); *C NMR
(100 MHz, CDC}): d174.1 (C=0), 141.8 (A6), 133.6 CH=CH,), 132.8 (ArC),
129.4 (Ar-CH), 121.4 (Ar-CH), 117.2 (=GNH 114.4 (ArC), 109.5 (Ar-CH), 42.0
(NCHy), 37.7 CH-CH=CH,), 33.6 C-C=0), 25.0 CH,CH), 21.0 CH.CH3), 11.4
(CHg); IR (film): vmax 3417, 2080, 2965, 2359, 1716 (C=0), 1607, 1486713204,
1141 cmi; MS (ES+):m/z (%): 308 (100, i'BrM + H]"), 306 (100, {*BrM + HJ");
HRMS (ES+):m/z calcd for GsH1gNO'Br: 306.0488 M + H']; found: 306.0501.
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rac-(2'S,5'S,39)-1'Allyl-5-bromo-2'-phenyl-1-propyl-5'-vinyl-1 H-spiro[indole-
3,3"-pyrrolidin]-2-one 19

Using general procedure [, oxinddd (101 mg, 0.12 mmol) and Sy([2.5 mL of a
0.1 M solution in THF, 0.25 mmol) in THF (4 mL), & solution of imine (36 mg,
0.25 mmol) in THF (1 mL) gave the crude product @s3:1 mixture of
diastereoisomers (by*H NMR spectroscopy). Purification by flash column
chromatography on silica gel eluting with 10%@in petroleum ether gavi®a (30
mg, 0.07 mmol, 54%, major diastereoisomer) as drwbite solid, m.p. (EO)
104-107 °C; *H NMR (400 MHz, CDCY): 67.46 (d,J = 2.0 Hz, 1H; Ar-CH), 7.15
(dd,J = 8.3, 2.0 Hz, 1H; Ar-CH), 7.10-6.95 (m, 5H; 5 x-8H), 6.38 (dJ = 8.3 Hz,
1H; Ar-CH), 5.96 (dddJ = 17.1, 10.1, 8.3 Hz, 1H; CH&=CH,), 5.88 (ddtJ = 17.2,
10.4, 6.9 Hz, 1H; CKCH=CH,), 5.33 (ddd,J = 17.2, 1.6, 0.8 Hz, 1H;
CHCH=CHAHg), 5.26 (ddJ = 10.1, 1.6 Hz, 1H; CHCH=CkHg), 5.13-5.10 (m, 1H;
CH,CH=CHaHg), 4.96 (ddtJ = 17.1, 2.0, 1.3 Hz, 1H; GI&H=CHaHg), 4.26 (s, 1H;
CHPh), 3.79-3.73 (m, 1H; G&HN), 3.66 (ddd,J = 14.1, 8.3, 6.3 Hz, 1H;
NCHaHBCH,), 3.42-3.32 (m, 2H; NCkHgCH, and GHaHgCH=CH,), 3.22 (dd,J =
14.9, 6.9 Hz, 1H; CRHgCH=CH,), 2.67 (dd,J = 13.4, 9.1 Hz, 1H; BsHsCHN),
1.88 (dd,J = 13.4, 7.0 Hz, 1H; CKkHgCHN), 1.56-1.45 (m, 2H; B,CHjs), 0.82 (t,J
= 7.3 Hz, 3H; CH); **C NMR (100 MHz, CDGJ): J 178.2 (C=0), 141.3 (Ar-C),
140.1 (CHCH=CH,), 136.1 (Ar-C), 134.7 (Ar-C), 132.2 (CFH=CH,), 130.0 (Ar-
CH), 128.8 (Ar-CH), 128.1 (Ar-CH), 127.47 (Ar-CH)27.42 (Ar-CH), 118.9
(CH,CH=CHy), 117.1 (CHCH€H,), 114.2 (Ar-C), 108.9 (Ar-CH), 74.8CHPh),
63.8 (CH,CHN), 57.9 (C-C=0), 51.2 CH,CH=CH,), 41.7 (NCH.CH)), 40.9
(CH,CHN), 20.7 CH2CH3), 11.4 (CH); IR (film): vmax 2966, 2932, 1710 (C=0),
1606, 1480, 1456, 1426, 1349, 1336, 1142, 1114, 838 747, 703 ciy MS (ES+):
m'z (%): 475 (90, I'BrM + NaJ’), 473 (100, BrM + NaJ'); HRMS (ES+)m/z calcd
for CosHo7N,O®'Br: 453.1365 M + H']; found: 453.1372;and 19b (13 mg, 0.03
mmol, 23%, minor diastereoisomer) as a yellowwhjch crystallizedrom agueous
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ethanol as an off-white solid, m.p. 3384 °C; 'H NMR (400 MHz, CDCJ): 57.48
(d,J=2.0 Hz, 1H; Ar-CH), 7.34 (dd] = 8.3, 2.0 Hz, 1H; Ar-CH), 7.19-7.00 (m, 5H;
5 x Ar-CH), 6.49 (dJ = 8.3 Hz, 1H; Ar-CH), 6.08 (ddd] = 17.2, 9.9, 8.3 Hz, 1H;
CHCH=CH,), 5.84 (ddt,J = 17.2, 10.1, 7.0 Hz, 1H; GBH=CH,), 5.31 (ddd,J =
17.2, 1.8, 0.5 Hz, 1H; CHCH3@Hg), 5.22 (dd,J = 10.1, 1.8 Hz, 1H;
CHCH=CHaHg), 5.12 (br dd,J = 10.1, 1.3 Hz, 1H; CHCH=CHaHg), 4.93 (ddt,J =
17.2, 2.0, 1.3 Hz, 1H; Ci€H=CHaHg), 4.01 (s, 1H; EIPh), 3.63 (q,) = 8.3 Hz, 1H;
CH,CHN), 3.45 (ddd,) = 14.5, 8.6, 6.0 Hz, 1H; NdxHsCH,), 3.36 (br dd,) = 14.7,
7.0 Hz, 1H; GaHsCH=CH,), 3.14 (ddJ = 14.7, 7.0 Hz, 1H; CkHgCH=CH,), 2.95
(ddd, J = 14.5, 8.3, 6.6 Hz, 1H; NCiHgCH,), 2.32 (dd,J = 13.2, 8.3 Hz, 1H;
CHaHsCHN), 2.24 (dd,J = 13.2, 8.3 Hz, 1H; CkHsCHN), 1.11-0.82 (m, 2H;
CH,CHz), 0.52 (t,J = 7.3 Hz, 3H; CH); *C NMR (100 MHz, CDGJ): 5 177.1
(C=0), 142.5 (Ar-C), 140.2 QH=CH,), 135.7 (Ar-C), 135.3 (Ar-C), 131.6
(CHCH=CH,), 130.7 (Ar-CH), 128.0 (Ar-CH), 127.8 (Ar-CH), 17(Ar-CH), 126.0
(Ar-CH), 119.1 (CHCH=CH,), 117.1 (CHCH€H,), 114.4 (Ar-C), 109.1 (Ar-CH),
77.4 CHPh), 65.5 (CHCHN), 57.4 C-C=0), 50.6 CH,CH=CH,), 41.3 (NCH,CH,),
40.6 CH2CHN), 20.3 CH,CHs), 11.1 (CH); IR (film): vmax 2967, 2932, 1716 (C=0),
1605, 1486, 1455, 1423, 1348, 1208, 1189, 11374,11098, 996, 923, 806, 748,
700 cmi'; MS (ES+):m/z (%): 475 (100, I'BrM + NaJ), 473 (85, {*BrM + Na]);
HRMS (ES+): mVz calcd (%) for GsHo/N,O®'Br: 473.1199 M + Na&7; found:
473.12086.

rac-(2'S,5'S,39)-1'-Allyl-5-bromo-2'-(4-bromophenyl)-1-propyl-5'-v inyl-1H-
spiro[indole-3,3'-pyrrolidin]-2-one 20

Using general procedure |, oxinddléd (67 mg, 0.08 mmol) and Spn(1.6 mL of a
0.1 M solution in THF, 0.16 mmol) in THF (2 mL), &ma solution of imine (37 mg,
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0.16 mmol) in THF (1 mL) gave the crude product @as3:1 mixture of
diastereoisomers (by'H NMR spectroscopy). Purification by flash column
chromatography on silica gel eluting with 10% EtOAgetroleum ether ga\z0 (30
mg, 0.06 mmol, 69%) as a 3:1 mixture of diastemuisrs (by ‘H NMR
spectroscopy), as a yellow oil. Further purificatiny flash chromatography on silica
gel eluting with 20% EDO in petroleum ether gave the minor diastereoisoasea
pale yellow oil,*H NMR (400 MHz, CDC)): d7.47 (dJ = 2.0 Hz, 1H; Ar-CH), 7.35
(dd,J = 8.3, 2.0 Hz, 1H; Ar-CH), 7.31-7.24 (m, 4H; 4 x-&H), 6.52 (d,J = 8.3 Hz,
1H; Ar-CH), 6.05 (dddJ = 17.2, 10.1, 8.3 Hz, 1H; CH&=CH,), 5.82 (ddtJ = 17.2,
10.1, 6.8 Hz, 1H; CKHCH=CH,), 5.31 (dd,J = 17.2, 1.8 Hz, 1H; CHCH=g@,Hp),
5.23 (dd,J = 10.1, 1.8 Hz, 1H; CHCH=CkHg), 5.13 (dd,J = 10.1, 2.0 Hz, 1H;
CH,CH=CHaHg), 4.92 (br ddJ = 17.2, 2.0 Hz, 1H; CHCH=CkHg), 3.96 (s, 1H;
CHAr), 3.63 (g,J = 8.3 Hz, 1H; CHCHN), 3.48 (ddd,J = 13.8, 8.3, 6.3 Hz, 1H;
NCHaHg), 3.34 (dd,J = 14.9, 6.6 Hz, 1H; BsHgCH=CH,), 3.10 (ddJ = 14.9, 7.3
Hz, 1H; CH\HgCH=CH,), 3.00 (ddd,) = 13.8, 8.1, 6.6 Hz, 1H; NCiHg), 2.31 (ddJ
=13.2, 8.3 Hz, 1H; BaHgCHN), 2.25 (dd,) = 13.2, 8.3 Hz, 1H; CkHgCHN), 1.16-
1.00 (M, 2H; ®,CHs), 0.56 (t,J=7.6 Hz, 3H; CH); *C NMR (100 MHz, CDGCJ): &
177.0 (C=0), 142.5 (Ar-C), 140.CH=CH,), 135.0 (2x Ar-C), 131.4 (CHCH=CHy),
130.94 (Ar-CH), 130.89 (Ar-CH), 129.81 (Ar-CH), 126(Ar-CH), 121.8 (Ar-C),
119.4 (CHCH=CH,), 117.4 (CHCH€H,), 114.6 (Ar-C), 109.3 (Ar-CH), 76.7
(CHAr), 65.6 (CHCHN), 57.4 C-C=0), 50.7 CH,CH=CH;,), 41.4 (CHN), 40.7
(CH,CHN), 20.5 CH.CH3), 11.1 (CH); IR (film): vmax 2964, 2930, 1715 (C=0),
1606, 1483, 1348, 1206, 1189, 1110, 1069, 1007, 828 and 736 cily MS (ES+):
m'z (%): 555 (50, I'Br¥'BrM + NaJ), 553 (100, 'Br’®BrM + NaJ), 551 (50,
["Br'°BrM + NaJ'); HRMS (ES+):mVz calcd (%) for GsHaeN20"Bry: 551.0304 M
+ Na']; found: 551.0298; and the major diastereoisonseam off-white solid, m.p.
110-112°C; *H NMR (400 MHz, CDC}): 67.46 (d,J = 2.2 Hz, 1H; Ar-CH), 7.21-
7.18 (m, 3H; 3 x Ar-CH), 6.93 (d| = 8.1 Hz, 2H; 2 x Ar-CH), 6.42 (d, = 8.3 Hz,
1H; Ar-CH), 5.95 (dddJ = 17.1, 10.1, 8.3 Hz, 1H; CH&=CH,), 5.84 (ddtJ = 17.2,
10.1, 6.8 Hz, 1H; CCH=CH,), 5.32 (br dJ = 17.1 Hz, 1H; CHCH=EBHg), 5.25
(dd, J = 10.1, 2.0 Hz, 1H; CHCH=CiHg), 5.12 (dd,J = 10.1, 2.0 Hz, 1H;
CH,CH=CHaHg), 4.94 (dd,J = 17.2, 2.0 Hz, 1H; C)CH=CHaHg), 4.21 (s, 1H;
CHAr), 3.78-3.72 (m, 1H; CKCHN), 3.65 (dddJ = 14.1, 8.1, 6.6 Hz, 1H; NdaH3),
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3.42-3.34 (m, 2H; NCkHg and GHaHsCH=CH), 3.16 (dd,J = 14.9, 6.8 Hz, 1H;
CHaHgCH=CH,), 2.68 (dd,J = 13.4, 9.3 Hz, 1H; BaHsCHN), 1.88 (ddJ = 13.4,
6.8 Hz, 1H; CHHgCHN), 1.57-1.45 (m, 2H; B,CHs), 0.83 (t,J = 7.6 Hz, 3H; CH);

¥C NMR (100 MHz, CDGJ): 6= 177.9 (C=0), 141.3 (Ar-C), 139.8 (CHH=CHb),

135.2 (Ar-C), 134.4 (Ar-C), 131.8 (GBH=CH,), 130.6 (Ar-CH), 130.4 (Ar-CH),
129.7 (Ar-CH), 128.6 (Ar-CH), 121.3 (Ar-C), 119.2CH,.CH=CH,), 117.3
(CHCH=CH,), 114.3 (Ar-C), 109.1 (Ar-CH), 74.XCHAYT), 63.7 (CH,CHN), 57.8 C-

C=0), 51.1 CH,CH=CH,), 41.7 (CHN), 40.8 CH,CHN), 20.7 CH.CHs), 11.3
(CHs); IR (film): vinax 2964, 2930, 1712 (C=0), 1606, 1483, 1427, 1348111069,
1010, 923 and 805 cmMS (ES+):mVz (%): 555 (50, {'Br¥'BrM + NaJ’), 553 (100,
[®BrBrM + NaJ), 551 (50, {*Br"*BrM + NaJ); HRMS (ES+):m/z calcd for
CasH26N,0"Br,: 529.0490 M + H']; found: 529.0490.

rac-(2'R,5'S,39)-1'-Allyl-1-propyl-2'-((triisopropylsilyl)ethynyl) -5'-
vinylspiro[indoline-3,3'-pyrrolidin]-2-one 21

Using general procedure |, oxinddl8 (0.23 g, 0.32 mmol) and Spn6.5 mL of a 0.1
M solution in THF, 0.65 mmol) in THF (2 mL), andsalution of imine (0.16 g, 0.65
mmol) in THF (1 mL) gave the crude product as &l Ihixture of diastereoisomers
(by 'H NMR spectroscopy). Purification by flash columiiramatography on silica
gel eluting with 20% ED in petroleum ether gav&l (0.11 g, 0.23 mmol 75%) as a
11:1 mixture of diastereoisomers (by NMR spectroscopy) as a yellow diH NMR
(400 MHz, CDC}): 67.53 (ddJ= 7.6, 1.4 Hz, 1H; Ar-CH), 7.20 (td,= 7.6, 1.4 Hz,
1H; Ar-CH), 7.02 (tdJ = 7.6, 1.0 Hz, 1H; Ar-CH), 6.78 (br d,= 7.6 Hz, 1H; Ar-
CH), 6.04-5.93 (m, 1H; CKCH=CH,), 5.80 (ddd,J = 17.1, 10.2, 8.3 Hz, 1H;
CH,CH=CHjy), 5.29-5.15 (m, 4H; CHCH=d, and CHCH=CH,), 3.87 (s, 1H; @&-
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C=CSi), 3.77-3.68 (m, 1H; NBaHgCHy), ), 3.64-3.53 (m, 2H; BaHsCH=CH; and
NCHaHgCH;), 3.51-3.43 (m, 2H; BaHgCH=CH, and CHCHN), 2.51 (ddJ = 13.2,
8.7 Hz, 1H; ®GiaHgCHN), 1.84 (ddJ = 13.2, 7.8 Hz, 1H; CkHsCHN), 1.72-1.64
(m, 2 H; H,CHy), 0.95 (t,J = 7.3 Hz, 3H; CHCH3), 0.87-0.75 (m, 21 H;
Si(CH(CHs)2)3); **C NMR (100 MHz, CDGJ)): §178.3 (C=0), 142.5 (Ar-C), 139.5
(CHCH=CH,), 134.0 (Ar-C), 131.6 (CHCH-CHy), 127.6 (Ar-CH), 125.1 (Ar-CH),
122.4 (Ar-CH), 119.6 (ChCH=CH,), 117.5 (CHCHE€H,), 107.9 (Ar-CH), 102.9
(CHC=CSi), 87.3 (CHECSI), 63.6 (CHCHN), 62.6 CH-C=CSi), 55.4 C-C=0),
50.8 (CH,CH=CH,), 41.9 CH.CHN)), 41.7 (NCH,CH,), 20.8 CH,CHs), 11.5
(CH2CHs), 11.1 (3 XCH(CH3)2), 10.9 (3 x CHCHs)2); IR (film): vinax 2944, 28686,
2167 (C=C), 1643 (C=0), 1463, 1383, 1337, 1266, 1242, 12038, 1099, 996, 920,
883 cmi'; MS (ES+):m/z (%): 477 (100, M + H]"); HRMS (ES+):m/z calcd for
CaoH44N20Si: 477.3281N1 + H']; found: 477.3296.

rac-(2'R,5'S,3S)-1'-Benzyl-5-bromo-2'-furan-2-yl-1-propyl-5'-vinyl -1H-
spiro[indole-3,3'-pyrrolidin]-2-one 22

Using general procedure [, oxinddé (102 mg, 0.12 mmol) and Sy([2.5 mL of a
0.1 M solution in THF, 0.25 mmol) in THF (4 mL), & solution of imine (46 mg,
0.25 mmol) in THF (1 mL) gave the crude product @as7:1 mixture of
diastereoisomers (by*H NMR spectroscopy). Purification by flash column
chromatography on silica gel eluting with 5% EtOiAgetroleum ether gave2 (38
mg, 0.08 mmol, 65%) as a 7:1 mixture of diaste@uisrs (by 'H NMR
spectroscopy) as a pale vyellow oil. Further pugiicn by flash column
chromatography on silica gel eluting with 3% aceton pentane gave thminor
diastereoisomer as a pale yellow aihd the major diastereocisomer as a white solid,
m.p. (EtO) 115-117°C; *H NMR (400 MHz, CDCJ): §7.51 (d,J = 1.7 Hz, 1H; Ar-
CH), 7.27-7.19 (m, 5H; % Ar-CH), 7.12 (ddJ = 8.2, 1.7 Hz, 1H; Ar-CH), 7.09 (br
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d, J = 1.8 Hz, 1H; furyl-CH), 6.53 (d] = 8.2 Hz, 1H; Ar-CH), 6.08 (dd] = 3.3, 1.8
Hz, 1H; furyl-CH), 5.96 (d,J = 3.3 Hz, 1H; furyl-CH), 5.89 (ddd} = 17.2, 10.1, 8.2
Hz, 1H; GH=CH,), 5.31 (ddJ = 17.1, 1.0 Hz, 1H; CH=BHg), 5.17 (ddJ = 10.1,
1.0 Hz, 1H; CH=CHHg), 4.21 (s, 1H; Gfuryl), 3.92 (d,J = 14.2 Hz, 1H;
NCHaHsPh), 3.82 (dJ = 14.2 Hz, 1H; NCHHgPh), 3.69 (dtJ = 14.1, 7.3 Hz, 1H;
NCHaHsCHy), 3.63 (q,J = 8.2 Hz, 1H; CHCHN), 3.45 (dt,J = 14.1, 7.3 Hz, 1H,
NCHaHgCH,), 2.49 (ddJ = 13.4, 8.2 Hz, 1H; BaHsCHN), 1.92 (ddJ = 13.4, 8.2
Hz, 1H; CHHsCHN), 1.58 (sextet) = 7.3 Hz, 1H; ®,CHs), 0.85 (t,J = 7.3 Hz,
3H; CHy); °C NMR (100 MHz, CDGJ): d 178.1 (C=0), 151.0 (furyl-C), 141.6
(furyl-CH), 141.5 (Ar-C), 139.8@GH=CH,), 136.1 (Ar-C), 134.6 (Ar-C), 130.3 (Ar-
CH), 129.8 (Ar-CH), 128.4 (Ar-CH), 127.9 (Ar-CH),26.9 (Ar-CH), 117.3
(CH=CH,), 114.5 (Ar-C), 109.9 (Ar-CH), 109.0 (furyl-CH),08.8 (furyl-CH), 69.0
(CHfuryl), 64.5 (CH,CHN), 56.4 C-C=0), 53.8 (\CH,Ph), 41.6 (NCH,CH,), 41.5
(CH2CHN), 20.5 CH,CHg), 11.1 (CH); IR (film): vmax 2964, 2930, 1712 (C=0),
1606, 1480, 1427, 1351, 1141, 1110, 920, 806, #8382 crit; MS (ES+):m/z (%):
515 (85, f'BrM + NaJ), 513 (100, °BrM + NaJ"), 465 (25), 463 (25); HRMS (ES+):
m/z: calcd for GHo7N,O,Br: 491.1329 M + H'; found: 491.1344.

rac-(2'R,5'S,3S)-5-Bromo-1'-(4-methoxyphenyl)-1-propyl-2'-thiophen2-yl-5'-
vinyl-1H-spiro[indole-3,3'-pyrrolidin]-2-one 23

Using general procedure |, oxinddléd (99 mg, 0.12 mmol) and Spn(2.4 mL of a
0.1 M solution in THF, 0.25 mmol) in THF (4 mL), & solution of imine (52 mg,
0.25 mmol) in THF (1 mL) gave the crude product &as4:1:0.8 mixture of
diastereoisomers (by*H NMR spectroscopy). Purification by flash column
chromatography on silica gel eluting with 10% EtOAgetroleum ether ga\Z3 (47
mg, 0.09 mmol, 74%) as a 4:1 mixture of diaste@uisrs (by 'H NMR
spectroscopy) as a pale yellow oil. Further puaticn by recrystallisation from
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ethanol gave the major diastereoisomer as a wbiig, sn.p. (EtOH) 115117°C; *H
NMR (400 MHz, CDCY): 67.31 (ddJ = 8.3, 2.0 Hz, 1H; Ar-CH), 7.23 (dd,= 5.0,
1.0 Hz, 1H; thienyl-CH), 6.95 (dd,= 5.0, 3.5 Hz, 1H; thienyl-CH), 6.81 (d,= 9.2
Hz, 2H; 2 x Ar-CH), 6.75 (dJ = 9.2 Hz, 2H; 2 x Ar-CH), 6.65 (d] = 8.3 Hz, 1H;
Ar-CH), 6.58 (br dJ = 3.5 Hz, 1H; thienyl-CH), 6.22 (dl = 2.0 Hz, 1H; Ar-CH),
6.09 (ddd,J = 17.2, 10.1, 7.5 Hz, 1H; K&=CH,), 5.47 (d,J = 17.2 Hz, 1H;
CH=CHaHg), 5.30 (d,J = 10.1, 1.0 Hz, 1H; CH=CkHg), 4.91 (s, 1H; Eithienyl),
4.80 (g,J = 7.5 Hz, 1H; CHCHN), 3.72 (s, 3H; OCH, 3.65-3.60 (m, 2H;
NCH,CH,), 2.44 (d,J = 7.5 Hz, 2H; ®,CHN), 1.68 (sextetJ = 7.3 Hz, 2H;
CH,CHs), 0.93 (t,J = 7.3 Hz, 3H; CH); *C NMR (100 MHz, CDG)): J 178.4
(C=0), 153.0 (thienyl-C), 146.9 (Ar-C), 141.9 (A)C141.8 (Ar-C), 140.0
(CH=CH,), 130.9 (Ar-CH), 129.9 (Ar-C), 128.6 (Ar-CH), 1D7(thienyl-CH), 124.8
(thienyl-CH), 124.7 (thienyl-CH), 116.8 (CKBH,), 116.6 (Ar-CH), 114.4 (Ar-C),
114.2 (Ar-CH), 109.2 (Ar-CH), 69.4CHthienyl), 61.8(CH,CHN), 57.3 (OCH), 55.6
(C-C=0), 41.5 (NCH,CHy), 41.3 CH,CHN), 20.6 CH,CHjz), 11.3 (CH); IR (film):
vmax 2964, 2924, 2874, 1712 (C=0), 1603, 1510, 1480414351, 1337, 1239, 1178,
1110, 1038, 993, 811, 730, 697 ENMS (ES+):m/z (%): 547 (70, 'BrM + NaJ),
545 (70, [°BrM + NaJ'), 525 (90), 523 (90), 521 (70), 519 (50), 144 (30 (100);
HRMS (ES+):m/z calcd for GsH27N,0,""BrS: 523.1049W + H']; found: 523.1036.

rac-(2'R,5'S,39)-1'-Allyl-6-methoxy-1-(4-methoxybenzyl)-2'-
((triisopropylsilyl)ethynyl)-5'-vinylspiro[indoline -3,3'-pyrrolidin]-2-one 24

MeO

Using general procedure |, oxindd!g (0.10 g, 0.11 mmol) and Spn2.3 mL of a 0.1
M solution in THF, 0.23 mmol) in THF (2 mL), andsalution of imine (0.06 g, 0.23
mmol) in THF (1 mL) gave the crude product as arBifture of diastereoisomers (by

'H NMR spectroscopy). Purification by flash columiiramatography on silica gel
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eluting with 10% E{O in petroleum ether gawt (40 mg, 0.07 mmol, 63%) as a 8:1
mixture of diastereoisomers (b NMR spectroscopy) as a yellow diH NMR (400
MHz, CDCk): 67.41 (d,J = 8.2 Hz, 1H; Ar-CH), 7.22 (d] = 8.8 Hz, 2H; Ar-CH),
6.82 (d,J = 8.8 Hz, 2H; Ar-CH), 6.50 (dd] = 8.2, 2.3 Hz, 1H; Ar-CH), 6.29 (d,=
2.3 Hz, 1H; Ar-CH), 6.05-5.93 (m, 1H; GHECH-CH,), 5.80 (ddd,J = 17.2, 10.1, 8.3
Hz, 1H; CHGH=CH,), 5.30-5.16 (m, 4H; 2H CHCH=4; and CHCH=CH,), 4.83 (d,
J = 15.4 Hz, 1H; NEaHgCsH4,OCHs), 4.77 (1 H, d,J = 15.4 Hz, 1H;
NCHaHgCsH4OCHs), 3.90 (s, 1H; EIC=CSi), 3.77 (s, 3H; OC#), 3.72 (s, 3H;
OCHg), 3.57 (ddJ = 14.9, 7.3 Hz, 1H; CKCHN), 3.53-3.44 (m, 2H; NH,CH=CH,),
2.55 (dd,J = 13.1, 8.3 Hz, 1H; BaHsCHN), 1.85 (1 H, ddJ = 13.1, 8.1 Hz, 1H;
CHaHgCHN), 0.84-0.80 (m, 21 H, Si¢d(CHs).)s); *C NMR (100 MHz, CDG)): J
179.2 (C=0), 159.8 (Ar-C), 158.9 (Ar-C), 143.4 (8); 139.4 (CKLH=CH,), 131.6
(CH,CH=CHy), 128.6 (Ar-CH), 127.9 (Ar-C), 126.0 (Ar-C), 125(Ar-CH), 119.6
(CH,CH=CH,), 117.5 (CHCH€H,), 114.1 (Ar-CH), 106.2 (Ar-CH), 103.0
(CHC=CSi), 96.9 (Ar-CH), 87.4 (CH€CSI), 63.6 (CHCHN), 62.6 CHC=CSi), 55.4
(C-C=0), 55.2 (OCH), 55.0 (OCH), 50.9 (N\CH,CH=CH,), 43.4 (N\CH,CH,), 42.2
(CH,CHN), 18.3 (3 x CHCHg3)2), 10.9 (3 xCH(CHs),); IR (film): vmax 2941, 2863,
2172 (G=C), 1716 (C=0), 1626, 1514, 1463, 1379, 1248, 11887, 995, 922 cth
MS (ES+):mVz (%): 585 (100, ¥ + H]"); HRMS (ES+):m/z calcd for GgHagN,05Si:
585.3489 M + H']; found: 585.3507.

rac-(2'S,5'S,35)-1'-Benzyl-6-methoxy-2'-phenyl-1-propyl-5'-vinyl-1H-
spiro[indole-3,3'-pyrrolidin]-2-one 25

MeO

Using general procedure [, oxinddd (105 mg, 0.14 mmol) and Sy([2.7 mL of a
0.1 M solution in THF, 0.3 mmol) in THF (4 mL), ardsolution of imine (53 mg,
0.27 mmol) in THF (1 mL) gave the crude product @as4:1 mixture of

diastereoisomers (byH NMR spectroscopy). Purification bFSPE eluting with
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MeOH (100 mL) gave the non-fluorous crude prodtleen eluting with THF (100
mL) gave fluorous disulfife(45 mg, 0.05 mmol, 69%) as a white solid. Further
purification of the non-fluorous crude product bgsh column chromatography on
silica gel eluting with 10% EtOAc in hexane ga&&(43 mg, 0.10 mmol, 70%) as a
4:1 mixture of diastereoisomers (Bi NMR spectroscopy) as a pale yellow oil.
Recrystallisation from EO-hexane (1:1) gave the major diastereoisomer \ahii®
solid, m.p. (1:1 BD-hexane) 117120°C; *H NMR (400 MHz, CDCJ): 67.36 (d,J

= 8.3 Hz, 1H; Ar-CH), 7.27-7.19 (m, 3H;8Ar-CH), 7.13-7.04 (m, 7H; % Ar-CH),
6.45 (ddJ = 8.3, 2.3 Hz, 1H; Ar-CH), 6.09 (d,= 2.3 Hz, 1H; Ar-CH), 5.94 (ddd,=
17.1, 10.1, 8.3 Hz, 1H; K&=CH,), 5.25 (br d,J = 17.1 Hz, 1H; CH=EIxHg), 5.09
(dd,J=10.1, 1.2 Hz, 1H; CH=CkHg), 4.11 (s, 1H; €Ph), 3.94 (dJ = 14.2 Hz, 1H;
NCHaHgPh), 3.74 (s, 3H; OC#), 3.70 (d,J = 14.2 Hz, 1H; NCHHgPh), 3.66-3.60
(m, 2H; NQHaHsCH, and CHCHN), 3.31 (ddd,J = 14.6, 8.1, 6.8 Hz, 1H;
NCHaHsCH,), 2.61 (ddJ = 13.2, 9.6 Hz, 1H; BaHsCHN), 1.85 (ddJ = 13.2, 6.8
Hz, 1H; CHiHgCHN), 1.56-1.42 (m, 2H; B,CHs), 0.80 (t,J = 7.3 Hz, 3H; CH); *C
NMR (100 MHz, CDC): J 179.1 (C=0), 159.4 (Ar-C), 143.5 (Ar-C), 140.6
(CH=CHy,), 136.5 (Ar-C), 136.1 (Ar-C), 130.1 (Ar-CH), 128(Ar-CH), 127.8 (Ar-
CH), 127.4 (Ar-CH), 127.1 (Ar-CH), 126.9 (Ar-CH)26.2 (Ar-CH), 124.9 (Ar-C),
116.2 (CH=<€H,), 105.1 (Ar-CH), 95.6 (Ar-CH), 75.30HPh), 64.2(CH,CHN), 57.3
(C-C=0), 55.3 (OCH), 53.3 (NCH.Ph), 41.6 (NCH.CH,), 41.2 CH,CHN), 20.7
(CH,CHg), 11.4 (CH); IR (film): vmax 2966, 2930, 1711 (C=0), 1624, 1597, 1501,
1455, 1379, 1210, 1106 ¢MMS (ES+):m/z (%): 475 (100, ¥ + NaJ), 453 (70, M

+ H]"); HRMS (ES+):mVz calcd (%) for GoHsoN,O»: 453.2537 M + H']; found:
453.2547.

rac-(2'R,5'S,3S)-1'-Benzyl-2'-furan-2-yl-1-(4-methoxybenzyl)-5-vnyl-1H-
spiro[indole-3,3'-pyrrolidin]-2-one 26
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Using general procedure |, oxinddl@ (138 mg, 0.17 mmol) and Syp(3.4 mL of a
0.1 M solution in THF, 0.34 mmol) in THF (4 mL), & solution of imine (62 mg,
0.25 mmol) in THF (1 mL) gave the crude product @s5:1 mixture of
diastereoisomers (by*H NMR spectroscopy). Purification by flash column
chromatography on silica gel eluting with 20%@tn petroleum ether ga\#6 (56
mg, 0.11 mmol, 68%) as a 5:1 mixture of diaste@uisrs (by 'H NMR
spectroscopy) as a pale yellow oil. Further puaiien by slow crystallisation from
ethanol gave the major diastereoisomer as a wbiit, $n.p. (EtOH) 138140°C; *H
NMR (500 MHz, CDC}): 67.46 (ddJ=7.7, 0.8 Hz, 1H; Ar-CH), 7.28-7.25 (m, 2H;
2 x Ar-CH), 7.22-7.20 (m, 1H; Ar-CH), 7.17-7.15 (m, 2Bix Ar-CH), 7.07-7.01 (m,
4H; 3x Ar-CH and furyl-CH), 6.96 (td) = 7.7, 0.8 Hz, 1H; Ar-CH), 6.78 (d,= 8.8
Hz, 2H; 2 x Ar-CH), 6.52 (d) = 7.7 Hz, 1H; Ar-CH), 6.04 (dd] = 3.2, 1.9 Hz, 1H;
furyl-CH), 5.91 (dddJ = 17.3, 10.1, 8.2 Hz, 1H;K=CH,), 5.90 (d,J = 3.2 Hz, 1H;
furyl-CH), 5.30 (dd,J = 17.3, 1.0 Hz, 1H; CH=BaHg), 5.14 (dd,J = 10.1, 1.6 Hz,
1H; CH=CHHg), 5.01 (d,J = 15.6 Hz, 1H; NE€laHgCsH,OCH), 4.58 (d,J = 15.6
Hz, 1H; NCH\HgC¢H,OCHs), 4.32 (s, 1H; @furyl), 3.94 (d,J = 14.2 Hz, 1H;
NCHaHsPh), 3.82 (d,) = 14.2 Hz, 1H; NCHHgPh), 3.77 (s, 3H; OC}), 3.68-3.63
(m, 1H; CHCHN), 2.59 (ddJ = 13.3, 8.9 Hz, 1H; BaHgCHN), 1.99 (ddJ = 13.3,
7.6 Hz, 1H; CHHgCHN):; **C NMR (125 MHz, CDGJ): §178.7 (C=0), 158.8 (Ar-
C), 151.3 (Ar-C), 142.1 (Ar-C), 141.4 (furyl-CH)4Q.1 CH=CH,), 136.5 (Ar-C),
132.6 (Ar-C), 129.8 (Ar-CH), 128.2 (Ar-CH), 127.8r(CH), 127.7 (Ar-C), 127.6
(Ar-CH), 126.8 (Ar-CH), 125.2 (Ar-CH), 122.1 (Ar-QH117.0 (CH€H,), 113.9
(Ar-CH), 109.9 (furyl-CH), 108.8 (furyl-CH), 108.fAr-CH), 69.3 CHfuryl), 64.8
(CH,CHN), 56.3 C-C=0), 55.2 (OCH), 54.1 (NCH,Ph), 43.1 (NCH,CsH,OMe),
41.8 CH2CHN); IR (film): vmax 2924, 2835, 1712 (C=0), 1611, 1513, 1485, 1466,
1359, 1245, 1178, 1155, 1029, 1010, 920, 814, 898,cni"; MS (ES+):m/z (%):
513 (100, M + NaJ); HRMS (ES+)m/z calcd for GoH3oN,O3: 513.2149 M + N4T;
found: 513.2164.
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rac-(1'S3'S,8a'S)-1-Benzyl-6-methoxy-3'-vinyl-3',5',6',7',88a'-hexahydro-2'H-

spiro[indoline-3,1'-indolizin]-2-one 27

MeO

Using general procedure I, oxinddé (134 mg, 0.16 mmol) and Spn(3.3 mL of a
0.1 M solution in THF, 0.33 mmol) in THF (3 mL), &ma solution of imine (41 mg,
0.33 mmol) in THF (0.5 mL) gave the crude produst @ 5:1 mixture of
diastereoisomers (byH NMR spectroscopy). Purification bFSPE eluting with
MeOH (100 mL) gave the non-fluorous crude prodtieen eluting with THF (100
mL) gave fluorous disulfide (52 mg, 0.05 mmol, 66%§ a white solid. Further
purification of the non-fluorous crude product Bgsh column chromatography on
silica gel eluting with 10% EtOAc in petroleum etlgave27 (37 mg, 0.10 mmol,
58%) as a 5:1 mixture of diastereoisomers tByNMR spectroscopy) as a pale
yellow oil. Further purification by flash column r@dmatography on silica gel eluting
with 10% EtOAc in petroleum ether gave the maj@stireocisomer as a pale yellow
oil, *H NMR (400 MHz, CDCY): §7.35-7.23 (m, 6H; & Ar-CH), 6.53 (ddJ = 8.3,
2.3 Hz, 1H; Ar-CH), 6.29 (d) = 2.3 Hz, 1H; Ar-CH), 5.81 (dddl = 17.1, 9.9, 8.2
Hz, 1H; (H=CH,), 5.25 (ddJ=17.1, 1.8 Hz, 1H; CH=BAHg), 5.17 (ddJ=9.9, 1.8
Hz, 1H; CH=CHHg), 5.03 (d,J = 15.6 Hz, 1H; NEisHgPh), 4.75 (dJ = 15.6 Hz,
1H; NCHaHgPh), 3.73 (s, 3H; OC#), 3.20-3.14 (m, 1H; NBAHgCH,), 3.04 (g,J =
8.2 Hz, 1H; N®ICH=CH,), 2.63-2.57 (m, 2H; NCHBAHgC and NCGCH,CH,),
1.92 (td,J = 12.1, 2.5 Hz, 1H; NCkHgCH,), 1.76 (dd,J = 13.4, 7.8 Hz, 1H;
NCHCHaHgC), 1.66-1.57 (m, 2H; X% CH), 1.46-1.35 (m, 1H; CH), 1.26-1.10 (m,
2H; 2 x CH), 0.97-0.87 (m, 1H; CH)?*C NMR (100 MHz, CDGJ): §180.2 (C=0),
159.5 (Ar-C), 143.4 (Ar-C), 139.7CH=CH,), 136.0 (Ar-C), 128.8 (Ar-CH), 127.6
(Ar-CH), 127.2 (Ar-CH), 125.7 (Ar-C), 125.4 (Ar-CH)17.1 (CH€H,), 105.9 (Ar-
CH), 96.9 (Ar-CH), 72.2 (RHCH,CH,), 68.6 CHCH=CH,), 55.4 C-C=0O and
OCHg), 51.9 (NCH.CHy), 43.9 (NCH.Ph), 42.4 CH,C-C=0), 26.6 (CH), 25.0
(CHy), 23.7 (CH); IR (film): vmax2937, 2852, 2790, 1707 (C=0), 1624, 1598, 1499,
1455, 1378, 1341, 1263, 1210, 1164, 1147, 111%,19%, 825, 732; MS (ESH)Vz
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(%): 411 (60, M + Nal), 389 (100, M + H]); HRMS (ES+):m/z calcd for
CasH2gN20,: 389.2224 M + H]*; found: 389.2224.

rac-(2'S3S,5'S)-1'-Benzyl-5-bromo-2'-isopropyl-1-propyl-5'vinylspiro[indoline-
3,3"-pyrrolidin]-2-one 28

Using general procedure |, oxinddlé (109 mg, 0.13 mmol) and Sgn[2.7 mL of a
0.1 M solution in THF, 0.27 mmol) in THF (2 mL), &ma solution of imine (43 mg,
0.27 mmol) in THF (0.5 mL) gave the crude produst @ 3:1:1 mixture of
diastereoisomers (byH NMR spectroscopy). Purification b§SPE eluting with
MeOH (100 mL) gave the non-fluorous crude prodtioen eluting with THF (100
mL) gave fluorous disulfide (38 mg, 0.04 mmol, 60%y a white solid. Further
purification of the non-fluorous crude product Bgsh column chromatography on
silica gel eluting with 20% EO in petroleum ether gaa8 (37 mg, 0.08 mmol, 60%,
3:1:1 mixture of diastereoisomers) as a yellowdsdRecrystallisation from ED gave
the major diastereoisomer, m.p. 128-130 8¢ NMR (400 MHz, CDCJ): 07.72 (d,
J = 2.0 Hz, 1H; Ar-CH), 7.38-7.30 (m, 5H; 5 x Ar-CH),28-7.21 (m, 1H; Ar-CH),
6.71 (d,J = 8.3 Hz, 1H; Ar-CH), 5.76 (ddd] = 17.2, 10.1, 7.8 Hz, 1H; K=CH,),
5.06 (br ddJ = 17.2, 1.5 Hz, 1H; CH=BAHg), 4.93 (br ddJ = 10.1, 1.5 Hz, 1H;
CH=CHaHg), 3.94 (d,J = 14.4 Hz, 1H; NEsHgPh), 3.82 (dJ = 14.4 Hz, 1H;
NCHaHsPh), 3.71 (dt) = 14.1, 6.8 Hz, 1H, NBAHgCH,), 3.57 (dtJ = 14.1, 7.1 Hz,
1H, NCHsyHgCH,), 3.54-3.48 (m, 1H; CKCHN), 3.14 (d,J = 5.0 Hz, 1H;
NCHCH(CHg),), 2.44 (dd,J = 13.1, 9.3 Hz, 1H; BaHgCHN), 2.05-1.96 (m, 1H;
CH(CHg)y), 1.75-1.63 (m, 3H; CkHgCHN and ®,CHs), 0.96 (t,J = 7.3 Hz, 3H;
CH,CHgs), 0.77 (d,J = 6.8 Hz, 3H; CH(El3)a(CHs)s, 0.48 (d,J = 7.0 Hz, 3H;
CH(CHs)a(CHs)g; **C NMR (100 MHz, CDG): 6179.4 (C=0), 141.6 (Ar-C), 140.9
(CH=CHy), 139.1 (Ar-C), 135.9 (Ar-C), 130.2 (Ar-CH), 129(8r-CH), 129.2 (Ar-
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CH), 128.0 (Ar-CH), 126.7 (Ar-CH), 115.8 (CI@Hl,), 114.4 (Ar-C), 109.4 (Ar-CH),
76.4 (NCHCH(CHs),), 66.6 (CH,CHN), 56.4 CH.Ph), 55.5 C-C=0), 43.9
(CH,CHN), 41.8 (NCH,CH,CHs), 29.1 (CHCH(CHs),), 20.5 CH,CHs), 19.5
(CH(CH3)a(CHa)g), 18.8 (CH(CH)a(CHa)g), 11.4 (CHCHa3); IR (film): vmax 2965,
2929, 1698 (C=0), 1601, 1606, 1478, 1424, 1346712199, 1176, 1107, 917, 826,
704 cm®; MS (ES+):m/z (%): 491 (80, 'BrM + NaJ’), 489 (100, {BrM + NaJ):;
HRMS (ES+):m/z calcd for GgH3iN,O™*Br: 489.1512 M + Na']; found: 489.1510.

rac-(2'S,5'S,3S)-1'Benzyl-6-methoxy-2'-phenyl-5'-vinyl-1H-spiro[indole-3,3'-
pyrrolidin]-2-one 29

MeO

Using general procedure |, oxindd® (252 mg, 0.35 mmol) and Sgn6.9 mL of a
0.1 M solution in THF, 0.69 mmol) in THF (6 mL), dua solution of imine (135 mg,
0.69 mmol) in THF (1 mL) gave the crude product @as4:1 mixture of
diastereoisomers (by*H NMR spectroscopy). Purification by flash column
chromatography on silica gel eluting with 30% EtOicpetroleum ether gaved
(109 mg, 0.27 mmol, 76%) as a 4:1 mixture of di@stisomers (by'*H NMR
spectroscopy) as a pale yellow oil. Recrystallgatirom EtOAc-hexane (1:1) gave
the major diastereoisomer as an off-white solidy.niELO) 137-140°C; 'H NMR
(400 MHz, CDC}): 07.31 (d,J = 8.3 Hz, 1H; Ar-CH), 7.25-7.20 (m, 3H; Ar-CH),
7.19-7.12 (m, 3H; X Ar-CH), 7.10-7.05 (m, 5H; 4 Ar-CH and NH), 6.46 (dd) =
8.3, 2.3 Hz, 1H; Ar-CH), 6.13 (d,= 2.3 Hz, 1H; Ar-CH), 5.93 (dddl = 17.3, 10.2,
8.2 Hz, 1H; ®i=CHy), 5.26 (dd,J = 17.3, 1.0 Hz, 1H; CH=BAHg), 5.11 (dd,J =
10.2, 1.0 Hz, 1H; CH=CkHg), 4.10 (s, 1H; €Ph), 3.94 (d,J = 14.3 Hz, 1H;
NCHaHsPh), 3.705 (s, 3H; OCHi 3.702 (d,J = 14.3 Hz, 1H; NCHHgPh), 3.66-
3.59 (m, 1H; GICH=CH,), 2.61 (dd,J = 13.4, 9.3 Hz, 1H; BaHsCHN), 1.89 (dd,]

= 13.4, 7.1 Hz, 1H; CKkHgCHN); **C NMR (100 MHz, CDGJ): J 181.4 (C=0),
159.4 (Ar-C), 140.6 (Ar-C), 140.52H=CH,), 136.6 (Ar-C), 136.0 (Ar-C), 130.1 ¢
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Ar-CH), 128.4 (2x Ar-CH), 127.8 (2x Ar-CH), 127.5 (2x Ar-CH), 127.2 (Ar-CH),
126.9 (Ar-CH), 126.6 (Ar-CH), 125.0 (Ar-C), 116.€Ki=CH,), 106.7 (Ar-CH), 96.1
(Ar-CH), 75.2 CHPh), 64.2 CHCH=CH,), 57.8 (C-C=0), 55.3 (OCH), 53.3
(NCH,Ph), 41.5 CH,CHN); IR (film): vmax 3220 (NH), 2923, 2835, 1705 (C=0),
1627, 1596, 1501, 1453, 1335, 1305, 1277, 11912,11%19, 1108, 1024, 920, 823,
749, 698; MS (ES-)m/z (%): 409 (100, M - HJ); HRMS (ES-):m/z calcd for
Co7H25N202: 409.1921 M - H] *; found: 409.1916.

rac-(2'S3S,5'S)-1'-Benzyl-6-methoxy-2'-(pyridin-3-yl)-5'-vnylspiro[indoline-
3,3'-pyrrolidin]-2-one 30

MeO

Using general procedure |, oxinddl® (87 mg, 0.12 mmol) and Sp(2.4 mL of a
0.1 M solution in THF, 0.24 mmol) in THF (2 mL), &ma solution of imine (47 mg,
0.24 mmol) in THF (0.5 mL) gave the crude produst @ 5:1 mixture of
diastereoisomers (byH NMR spectroscopy). Purification bFSPE eluting with
MeOH (100 mL) gave the non-fluorous crude prodtleen eluting with THF (100
mL) gave fluorous disulfide (41 mg, 0.04 mmol, 72%9 a white solid. Further
purification of the non-fluorous crude product bgsh column chromatography on
silica gel eluting with EtOAc gave0 (34 mg, 0.08 mmol, 69%) as a 5:1 mixture of
diastereoisomers (b§H NMR spectroscopy) as a yellow oil. Further paafion by
flash column chromatography on silica gel elutinghwEtOAc gave the major
diastereoisomer as a yellow dif NMR (400 MHz, CDC}): §8.36-8.29 (m, 3H; 2 x
pyridyl-CH and NH), 7.41 (d] = 5.0 Hz, 1H; pyridyl-CH), 7.24-7.18 (m, 4H; 4 x-Ar
CH), 7.03-7.01 (m, 2H; & Ar-CH), 6.97 (ddJ = 7.6, 5.0 Hz, 1H; pyridyl-CH), 6.44
(dd, J = 8.3, 2.3 Hz, 1H; Ar-CH), 6.15 (d, = 2.3 Hz, 1H; Ar-CH), 5.96 (ddd] =
17.3, 10.1, 8.0 Hz, 1H;E=CH,), 5.31 (ddJ = 17.3, 0.9 Hz, 1H; CH=BAHg), 5.17
(dd,J = 10.1, 0.9 Hz, 1H; CH=CkHg), 4.12 (s, 1H; @-pyridyl), 3.86 (d,J = 14.2
Hz, 1H; NHaHgPh), 3.73 (dJ = 14.2 Hz, 1H; NCHHgPh), 3.69 (s, 3H; OC}),
3.71-3.65 (m, 1H; NEICH=CH,), 2.63 (ddJ = 13.4, 9.1 Hz, 1H; BaHgCHN), 1.93
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(dd, J = 13.4, 7.0 Hz, 1H; CKHsCHN); **C NMR (100 MHz, CDGJ): J 181.0
(C=0), 159.6 (Ar-C), 149.5 (pyridyl-CH), 148.5 (jiyyl-CH), 140.9 (Ar-C), 140.0
(CH=CHj), 136.0 (pyridyl-CH), 135.7 (Ar-C), 132.7 (Ar-C)29.9 (Ar-CH), 128.0
(Ar-CH), 127.1 (Ar-CH), 126.3 (Ar-CH), 124.1 (Ar-C)L22.5 (pyridyl-CH), 117.0
(CH=CH,), 106.7 (Ar-CH), 96.5 (Ar-CH), 73.10H-pyridyl), 64.6 (NCHCH=CH,),
57.8 C-C=0), 55.3 (OCH), 53.6 (NCH,Ph), 41.1 CH,CHN); IR (film): vmax 3204
(NH), 2924, 2834, 1697 (C=0), 1632, 1594, 1502,5131315, 1262, 1150, 1122,
1074, 1023, 923; MS (ES+)Vz (%): 434 (100, + NaJ); HRMS (ES+):m/z calcd
for CogHosN30,: 434.1839 M + H] *; found: 434.1834.

Benzylidene-[4-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10, D0t ptadecafluorodecyl)-benzyl]-

amine
NI/\©\/\
Ph) CgF47

Benzaldehyde (0.09 mL, 0.90 mmol, 1.0 eq) and Mg&Rcesswere added to a
solution of 4-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,1eheptadecafluorodecyl)-benzylamine
(500 mg, 0.90 mmol, 1.0 eq) in GEl; (5.00 mL). The resulting mixture was stirred
for 18 h, then filtered through Celite. Evaporatafrthe filtrate gave benzylidene-[4-
(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecadtiecyl)-benzyl]-amine (296 mg,
0.46 mmol, 51%) as a white powder, m.p. 95-97 °@QM); *H NMR (400 MHz,
CDCl3): 68.41 (s, 1H; CH=N), 7.77-7.82 (m, 2H; 2 x Ar-CH)40-7.47 (m, 3H; 3 x
Ar-CH), 7.31 (d,J = 8.1 Hz, 2H; 2 x Ar-CH), 7.21 (dl = 8.1 Hz, 2H; 2 x Ar-CH),
4.82 (s, 2H; NCH), 2.88-2.95 (m, 2H; B,CH,CgF17), 2.28-2.45 (m, 2H; B2CgF17);
3%C NMR (400 MHz, CDGJ): J 162.0 (CH=N), 137.8 (2 x Ar-C), 136.1 (Ar-C),
130.8 (Ar-CH), 128.6 (Ar-CH), 128.45 (Ar-CH), 128.4Ar-CH), 128.3 (Ar-CH),
64.7 (NCHy), 33.0 (t,J = 21.2 Hz;CH,CgF17), 26.1 (t,J = 4.2 Hz;CH2CH2CgF17); IR
(film): v 2917, 2848, 1640 (C=N), 1371, 1332, 1198, 1144411085, 955, 825,
703, 655; MS (ES+)m/z (%): 642 (100, 1 + H]"); HRMS (ES+):m/z calcd for
CooH17NF17: 642.1084 M + H]"; found: 642.1079.
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rac-(2'S3S,5'S)-1'-(4-(3,3,4,4,5,5,6,6,7,7,8,8,9,910,10Hdptafluorodecyl)benzyl-
6-methoxy-2'-phenyl-5'-vinylspiro[indoline-3,3'-pyrrolidin]-2-one 41

CgF17

MeO

Using general procedure [, oxindd® (109 mg, 0.15 mmol) and Syp(3.0 mL of a
0.1 M solution in THF, 0.30 mmol) in THF (4 mL), dmmine (115 mg, 0.18 mmol)
gave the crude product as a 4:1 mixture of diasisveners (by'H NMR
spectroscopy). Purification BySPE eluting with 60% aqueous MeCN gave the non-
fluorous reaction components, then elution with MeQ@00 mL) gave spirooxindole
41 (87 mg, 0.10 mmol, 68%) as a 4:1 mixture of diasisomers (byH NMR
spectroscopy) as a pale yellow solid, then elutiuith THF (100 mL) gave fluorous
disulfide (60 mg, 0.06 mmol, 84%) as an off-whitdic Further purification of the
fluorous fraction by flash column chromatography siica gel eluting with 3%
acetone in CHGI allowed separation of the diasterecisomerl (major
diastereoisomer): m.p. @) 131-134°C; 'H NMR (400 MHz, CDGJ): 7.81 (s,
1H; NH), 7.30 (dJ = 8.3 Hz, 1H; Ar-CH), 7.40-7.00 (m, 7H; Ar-CH), 6.9d,J = 8.0
Hz, 2H; 2 x Ar-CH), 6.46 (dd) = 8.3, 2.4 Hz, 1H; Ar-CH), 6.16 (d,= 2.4 Hz, 1H;
Ar-CH), 5.95 (dddJ = 17.2, 10.1, 8.3 Hz, 1H;&=CH,), 5.29 (ddJ = 17.2, 1.1 Hz,
1H; CH=CHaHg), 5.15 (ddJ = 10.1, 1.1 Hz, 1H; CH=CkHg), 4.08 (s, 1H; EPh),
3.91 (d,J = 14.1 Hz, 1H; NEiaHgAr), 3.72 (d,J = 14.1 Hz, 1H; NCHHgAr), 3.70
(s, 3H; OCH), 3.65-3.59 (m, 1H; HCH=CH,), 2.90-2.86 (m, 2H; C§$), 2.60 (dd,
= 13.4, 9.6 Hz, 1H; BaHgCHN), 2.40-2.30 (m, 2H; C}gF7), 1.89 (dd,J = 13.4,
7.0 Hz, 1H; CHHgCHN):; **C NMR (100 MHz, CDGJ): 6181.5 (C=0), 159.4 (Ar-
C), 140.6 CH=CH,), 140.4 (Ar-C), 137.7 (Ar-C), 136.5 (Ar-C), 134(Ar-C), 130.6
(Ar-CH), 128.4 (Ar-CH), 127.8 (Ar-CH), 127.5 (Ar-QH127.2 ( Ar-CH), 126.6 (Ar-
CH), 124.9 (Ar-C), 116.6 (CH3H,), 106.7 (Ar-CH), 96.2 (Ar-CH), 74.9CHPh),
63.8 CHCH=CH,), 57.9 C-C=0), 55.3 (OCH), 52.5 (NCH,Ar), 41.3 CH,CHN),
33.0 (t,d = 22.2 Hz; CHCgF47), 26.0 (t,J = 3.7 Hz; CHS); IR (film): vmax3200 (NH),
3016, 2959, 2937, 1714 (C=0), 1624, 1505, 1455712399, 1146, 12113, 984,
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835, 802, 701; MS (ES+u'z (%): 879 (100, + NaJ), 857 (20, M + H]"); HRMS
(ES+):m/z calcd for G7H29N2O,: 857.2031 M + Na]™; found: 857.2031.
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Reduction of fluorous disulfide to fluorous thiol:
In all tag-removal cyclisation reactions to formrepxindoles,FSPE can be used to

isolate fluorous disulfide for recycling.

oo < n-BugP, H,0, THF o
8 17\/\8/ \/\C8F17 - 8 17\/\SH

A solution of water (0.57 mL of a 1.0 M solution THF, 0.57 mmol) anch-BusP
(141 pL, 0.57 mmol) were added sequentially to a stisehlition of disulfidé (500
mg, 0.52 mmol) in THF (15 mL) at room temperatuneler nitrogen. The resulting
solution was stirred at room temperature for 9 Hent evaporated under reduced
pressure to give the crude product. Purificatiorkigelrohr distillation (bp 60-70 °C,

10 mm Hg) gave fluorous thib{349 mg, 0.73 mmol, 70%) as a colorless oil.

Use of recycled fluorous thiol in a Pummerer reactin:

SRF

O\ o) i) Swern oxidation /©\/g=o major
MeO Nk/OH L OF "~ Meo N
i) R"SH (recycled)
H then TFAA \\\
78% (2 steps),
5:1 regioisomer mixture

Using general procedure D, hydroxyamiaé (289 mg, 1.29 mmol) was oxidized to
the corresponding glyoxamide. Using general procedy the crude glyoxamide,
recycled fluorous thiol (621 mg, 1.29 mmol) and A360 pL, 2.59 mmol) in
CH.Cl, (10 mL) gave the crude product. Purification B$PE eluting with 60%
MeCN in water gave the non-fluorous componentshefmixture, then elution with
MeCN gave oxindole$7 (688 mg, 1.01 mmol, 78%) as a 5:1 mixture of resgimers
(by *H NMR spectroscopy) as a pale brown oil.
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rac-(2'S,5'S,39)-1'-Benzyl-6-methoxy-2-oxo-2phenyl-1-propyl-1,2-
dihydrospiro[indole-3,3-pyrrolidine]-5 '-carbaldehyde 31

MeO

Using general procedure J, Qs@07uL of a 2.5% wi/v solution inert-butanol, 20.3
umol), NMO (71 mg, 0.6 mmol) and spirooxind@s (92 mg, 0.20 mmol) in acetone
(12 mL) and water (1.5 mL), then NaJ@1 mg, 0.29 mmol) in THF (10 mL) and
water (2 mL) gave the crude product. Purificatignflash column chromatography
on silica gel eluting with 20% EtOAc in petroleurther gave aldehydadl (80 mg,
0.18 mmol, 87% over two steps) as a white soligh. (ELO) 148-151°C; *H NMR
(400 MHz, CDC}): 09.22 (d,J = 1.8 Hz, 1H; CHO), 7.30-7.17 (m, 7H; 7 x Ar-CH),
7.13 (d,J = 8.3 Hz, 1H; Ar-CH), 7.08-7.03 (m, 3H; 3 x Ar-CH,38 (ddJ = 8.3, 2.2
Hz, 1H; Ar-CH), 6.06 (dJ = 2.2 Hz, 1H; Ar-CH), 4.27 (s, 1H;HPh), 4.02 (dJ =
12.7 Hz, 1H; NGiaHgPh), 3.67 (OCH), 3.63-3.56 (m, 2H; CHCHN and
NCHaHsCH,), 3.31 (d, J = 12.7 Hz, 1H; NCHHgPh), 3.32-3.25 (m, 1H;
NCHaHgCH,), 2.71 (ddJ = 13.8, 11.4 Hz, 1H; BAHgCHN), 1.97 (ddJ = 13.8, 5.6
Hz, 1H; CH\HgCHN), 1.51-1.38 (m, 2H; B,CHs), 0.74 (t,J = 7.3 Hz, 3H; CH); *°C
NMR (100 MHz, CDC}): 6201.7 (C=0), 177.8 (C=0), 159.8 (Ar-C), 143.6 @);
137.0 (Ar-C), 135.9 (Ar-C), 130.0 (Ar-CH), 128.6 rt&H), 128.0 (Ar-CH), 127.9
(Ar-CH), 127.74 (Ar-CH), 127.71 (Ar-CH), 125.8 (&H), 123.0 (Ar-C), 105.4 (Ar-
CH), 96.1 (Ar-CH), 76.8 GHPh), 70.3(CH,CHN), 57.8 (NCH.Ph), 57.3 C-C=0),
55.4 (OCH), 41.7 (NCH,CHy), 36.3 CH,CHN), 20.7 CH,CHs), 11.4 (CH); IR
(film): vmax 2961, 2934, 1726 (C=0), 1713 (C=0), 1624, 160@319.455, 1379,
1210, 1107 ci; MS (ES+):m/z (%): 477 (100, M + NaJ); HRMS (ES+):m/z calcd
(%) for GogH3oN203: 477.2149 M + N&]; found: 477.2161.
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rac-(2'S,5'S,39)-1'-Benzyl-6-methoxy-2-oxo-2'-phenyl-1,2-dihydrospo[indole-
3,3'pyrrolidine]-5'-carbaldehyde 32

MeO

OsQ, (0.27 mL of a 2.5% w/v solution iert-butanol, 0.03 mmol) and NMO (95 mg,
0.81 mmol) were added to a stirred suspension ibepndole 29 (110 mg, 0.27
mmol) in acetone (9 mL) and water (1.5 mL) at ra@mperature under nitrogen. The
resulting suspension was stirred at room temperator 48 h, then a saturated
agueous solution of N&O3 (10 mL) and CHCI, (10 mL) were added. The layers
were separated, and the aqueous layer was extradtedCH,Cl, (2 x 15 mL). The
combined organic layers were dried (88&,) and evaporated under reduced pressure
to give the crude diol product. The crude produaswlissolved in EtOAc (6.8 mL),
Pb(OAc), (180 mg, 0.41 mmol) was added and the resultisgension was stirred at
room temperature for 15 min. The resulting mixtwees filtered through a short silica
plug, washing with EtOAc. The filtrate was evaperthunder reduced pressure to give
aldehyde32 (100 mg, 0.24 mmol, 94% over two steps) as a wioiéen; 'H NMR
(500 MHz, CDC}): 69.29 (d,J = 3.5 Hz, 1H; CHO), 7.64 (s, 1H; NH), 7.38-7.28 (m
7H; 7 x ArCH), 7.19-7.11 (m, 4H; 4 x ArCH), 6.46d(d = 8.2, 2.3 Hz, 1H; ArCH),
6.20 (d,J = 2.3 Hz, 1H; ArCH), 4.34 (s, 1H;HPh), 4.10 (dJ = 12.7 Hz, 1H;
CHaHgPh), 3.71 (s, 3H; OC})l, 3.66 (dddJ = 10.9, 5.4, 3.5 Hz, 1H; ECHO), 3.40
(d,J =12.7 Hz, 1H; CHHgPh), 2.78 (ddJ = 13.7, 10.9 Hz, 1H; BAHgCHN), 2.10
(dd, J = 13.7, 5.4 Hz, 1H; CkHsCHN); **C NMR (100 MHz, CDG): J 201.5
(C=0), 179.9 (C=0), 159.8 (Ar-C), 140.7 (Ar-C), 188Ar-C), 136.0 (Ar-C), 130.0
(2 x Ar-CH), 128.6 (3 x Ar-CH), 128.1 (Ar-CH), 1ZB(Ar-CH), 127.9 (2 x Ar-CH),
127.8 (Ar-CH), 126.2 (Ar-CH), 123.1 (Ar-C), 106.8r(CH), 96.7 (Ar-CH), 76.6
(CHPh), 70.3 CHCHO), 57.9 C-C=0), 57.8 (PBH,), 55.3 (OCH), 36.4
(CH2CHN); IR (film): vmax 3238 (NH), 2928, 2825, 1722 (2 x C=0), 1629, 1596,
1501, 1453, 1342, 1307, 1272, 1191, 1154, 11227 1825, 753, 698; MS (ES-)vz
(%): 411 (100, M — H]"); HRMS (ES+):mVz calcd for GeH2sN,O3: 413.1860 M +
H']; found: 413.1877.
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rac-(2'S,5'S,39)-1'-Benzyl-6-methoxy-2-oxo-2phenyl-1-propyl-1,2-dihydro-

spiro[indole-3,3-pyrrolidine]-5 -carboxylic acid methyl ester 33

MeO,C

MeO

Using general procedure K, oxidant solution (1.60),naldehyde31 (77 mg, 0.17
mmol) in tert-butanol (4 mL), MeCN (4 mL) and 2-methyl-2-butefie mL) then
trimethylsilyldiazomethane (1.50 mL of a 2.0 M dada in hexanes, 3.00 mmol) in
anhydrous MeOH (8 mL) gave the crude product. Ratibn by flash column
chromatography on silica gel eluting with 20% EtGA@etroleum ethegave methyl
ester33 (66 mg, 0.14 mmol, 80%) as a white solid, m.p,QFt116-118°C; *H NMR
(500 MHz, CDC}): 07.77 (d,J = 8.3 Hz, 1H; Ar-CH), 7.32-7.22 (m, 7H; 7 x Ar-
CH), 7.10-7.08 (m, 3H; 3 x Ar-CH), 6.51 (d#i= 2.5, 8.3 Hz, 1H; Ar-CH), 6.09 (d,
= 2.5 Hz, 1H; Ar-CH), 4.19 (s, 1H;HPh), 4.04 (d] = 13.6 Hz, 1H; NElaHgPh),
3.77 (dd,J = 11.1, 5.6 Hz, 1H; NHCO,CHj3), 3.75 (s, 3H; OCH), 3.64 (dddJ =
14.5, 8.5, 6.3 Hz, 1H; NigAHgCH,), 3.51 (d,J = 13.6 Hz, 1H; NCHHgPh), 3.45 (s,
3H; OCH), 3.31 (dddJ = 14.5, 8.2, 6.6 Hz, 1H; NCHHgCH,), 2.80 (dd,J = 13.5,
11.1 Hz, 1H; GaHgCHN), 2.13 (ddJ = 13.5, 5.6 Hz, 1H; CKkHgCHN), 1.54-1.44
(m, 2H; H,CHg), 0.79 (t,J = 7.3 Hz, 3H; CH); *C NMR (125 MHz, CDG): J
178.1 (C=0), 174.1 (C=0), 159.7 (Ar-C), 143.4 (Ar-@36.1 (Ar-C), 135.8 (Ar-C),
130.0 (Ar-CH), 128.3 (Ar-CH), 128.0 (Ar-CH), 127(Ar-CH), 127.3 (Ar-CH), 127.2
(Ar-CH), 1235 (Ar-C), 105.4 (Ar-CH), 95.7 (Ar-CH),76.3 CHPh), 63.3
(NCHCOMe), 57.4 C-C=0), 56.2 (NCH,Ph), 55.3 (OCH), 51.6 (OCH), 41.7
(NCH,CHy), 38.2 CH,CHN), 20.7 CH,CHj3), 11.4 (CH); IR (film): vnax 2951, 2930,
1747 (C=0), 1711 (C=0), 1624, 1504, 1435, 1382713809, 1173, 1106 clMS
(ES+): Mz (%): 507 (100, M + NaJ); HRMS (ES+):m/z calcd for GoHzN2Oy:
507.2254 M + N&7]; found: 507.2262.
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rac-(2'S,5'S,39)-1'-Benzyl-6-methoxy-2-oxo-2phenyl-1,2-dihydrospiro[indole-
3,3-pyrrolidine]-5 '-carboxylic acid methyl ester 34

MeO

Using general procedure K, oxidant solution (2.4)dldehyde32 (100 mg, 0.24
mmol) in tert-butanol (10.4 mL), MeCN (10.4 mL) and 2-methyl-2tdne (5.2 mL)
then trimethylsilyldiazomethane (2.1 mL of a 2.0sblution in hexanes, 4.20 mmol)
in anhydrous MeOH (14.9 mL) gave the crude prodBatification by flash column
chromatography on silica gel eluting with 40% EtGA@etroleum ethegave methyl
ester34 (85 mg, 0.13 mmol, 80%) as a white solid, m.pO/&t/hexane) 172 -175
°C:'H NMR (500 MHz, CDGY): 67.79 (s, 1H; NH), 7.72 (dl = 8.5 Hz, 1H; ArCH),
7.33-7.22 (m, 7H; % ArCH), 7.13-7.10 (m, 3H; 3 ArCH), 6.52 (ddJ = 8.5, 2.4 Hz,
1H; ArCH), 6.16 (d,) = 2.4 Hz, 1H; ArCH), 4.19 (s, 1H;HPh), 4.04 (d,) = 13.6 Hz,
1H; NCHaHgPh), 3.77-3.74 (m, 1H; lCO,CHs), 3.71 (s, 3H; OC#H), 3.51 (d,J =
13.6 Hz, 1H; NCHHgPh), 3.46 (s, 3H; O83), 2.80 (dd,J = 13.4, 10.9 Hz, 1H;
CHaHgCHN), 2.18 (dd, J = 13.4, 6.2 Hz, 1H; CkHgCHN); *C NMR (100 MHz,
CDCl3): 4 180.3 (C=0), 174.0 (C=0), 159.6 (Ar-C), 140.5 @Y)- 136.8 (Ar-C),
135.9 (Ar-C), 130.0 (Ar-CH), 129.5 (Ar-CH), 128.Br(CH), 128.3 (Ar-CH), 128.2
(Ar-CH), 128.0 (2 x Ar-CH), 127.7 (Ar-CH), 127.6BrtCH), 127.63 (Ar-CH), 127.3
(Ar-CH), 123.6 (Ar-C), 106.9 (Ar-CH), 96.2 (Ar-CH),76.1 (CHPh), 63.2
(CHCO,CHs), 57.9 C-C=0), 56.1 (NCH.Ph), 55.4 (OCH), 51.7 (OCH), 38.4
(CH,CHN); IR (film): v 3243 (NH), 3030, 2941, 2830, 1708 (C=0), 1624 (£=0
1596, 1453, 1342, 1240, 1200, 1149, 1024, 11107,1827, 751, 700, 668; MS
(ES+): 'z (%): 465 (100, M + Na]); HRMS (ES+):m/z calcd for G7HzeN2Os:
465.1785 M + Na]"; found: 465.1779.

rac-(2'S,5'S,3S)-6-Methoxy-2-o0xo-2'-phenyl-1-propyl-1,2-dihydrospro[indole-
3,3-pyrrolidine]-5'-carboxylic acid methyl ester 35
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MeO

Using general procedure N-benzyl amine33 (38 mg, 0.08 mmol) and Pd(OH(3
mg, 20% wt.) in a 0.05 M solution of HCI in MeOH (8L) gave amine&5 (30 mg,
0.08 mmol, 97%) as a white solid, m.p. ABf 66-69°C; *H NMR (400 MHz,
CDCl): §7.17 (d,J = 8.3 Hz, 1H; Ar-CH), 7.12-7.06 (m, 5H; 5 x Ar-CH).41 (dd,J
= 8.3, 2.3 Hz, 1H; Ar-CH), 6.15 (d,= 2.3 Hz, 1H; Ar-CH), 4.68 (s, 1H;HPh), 4.43
(dd,J = 10.6, 5.8 Hz, 1H; NHCO,CHj3), 3.85 (s, 3H; OCHh), 3.72 (s, 3H; OCH),
3.68 (dddJ = 14.5, 8.3, 6.3 Hz, 1H; NEaHgCH,), 3.41 (dddJ = 14.5, 8.1, 6.8 Hz,
1H; NCHaHsCH,), 3.21 (br s, 1H; NH), 2.95 (dd) = 13.5, 10.6 Hz, 1H;
CHAHBCHN), 2.33 (dd,J = 13.5, 5.8 Hz, 1H; CKHgCHN), 1.62-1.48 (m, 2H;
CH,CHs), 0.85 (t,J = 7.3 Hz, 3H; CH); *C NMR (100 MHz, CDGJ): J 178.0
(C=0), 173.9 (C=0), 159.7 (Ar-C), 143.5 (Ar-C), 1BgAr-C), 127.6 (Ar-CH), 126.6
(Ar-CH), 125.7 (Ar-CH), 122.8 (Ar-C), 105.5 (Ar-CH6.1 (Ar-CH), 71.2 CHPh),
58.0 (C-C=0), 57.4 (NCHCO,CHgs), 55.3 (OCH), 52.5 (OCH), 41.8 (CHN), 40.2
(CH,CHN), 20.7 CH2CHz), 11.4 (CH); IR (neat):vmax 3337 (NH), 2956, 2933, 1739
(C=0), 1701 (C=0), 1625, 1599, 1500, 1380, 120475111097, 1013 cih MS
(ES+): m/z (%): 395 (100, M + H]"); HRMS (ES+):mVz: calcd for GsHzeN-Oy:
395.1965 M + N&7; found: 395.1978.

rac-(2'S,5'S,39)-6-Methoxy-2-oxo-2-phenyl-1,2-dihydro-spiro[indole-3,3-

pyrrolodine]-5'-carboxylic acid methyl ester 36

MeO
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Using general procedure N-benzyl amined4 (70 mg, 0.16 mmol) and Pd(OH)L4
mg, 20% wt.) in a 0.05 M solution of HCI in MeOH.§¢4mL) gave amin&6 (41 mg,
0.25 mmol, 74%) as a white foamd NMR (400 MHz, CDC}): J7.85 (s, 1H; NH),
7.18-7.07 (m, 6H; & Ar-CH), 6.41 (ddJ = 8.3, 2.4 Hz, 1H; Ar-CH), 6.19 (d,= 2.4
Hz, 1H; Ar-CH), 4.64 (s, 1H; BPh), 4.35 (dd) = 10.3, 6.1 Hz, 1H; NBCO,Me),
3.84 (s, 3H; OCH), 3.70 (s, 3H; OCH), 2.93 (dd,J = 13.5, 10.3 Hz, 1H;
CHAHBCHN), 2.87 (br s, 1H; NCHCOMe), 2.36 (dd,J = 13.5, 6.1 Hz, 1H;
CHaHgCHN); *C NMR (100 MHz, CDGJ): §180.5 (C=0), 174.1 (C=0), 159.6 (Ar-
C), 140.6 (Ar-C), 136.9 (Ar-C), 127.7 (2 x Ar-CH)27.5 (Ar-CH), 126.7 (Ar-CH
and Ar-C), 126.1 (Ar-CH), 123.4 (Ar-CH), 106.9 (&), 96.5 (Ar-CH), 71.3
(CHPh), 58.5 CHCO,CH;), 57.6 (C-C=0), 55.3 (OCH), 52.3 (OCH), 40.5
(CH2CHN); IR (film): vmax 3202 (NH), 2951, 2921, 2849, 1718 (broad; C=02816
1598, 1506, 1457, 1340, 1311, 1276, 1193, 1154511031, 833, 754, 699; MS
(ES+): m'z (%): 353 (100, M + HJ"); HRMS (ES+):mVz calcd for GoH21N»Oq:
353.1496 M + HJ*; found: 353.1498.

(2'S,5'S,39)-6-Methoxy-2-oxo0-2'-phenyl-1-propyl-1'-[1-(3,3,3-
trichloroethoxycarbonyl)-pyrrolidine-2 S-carbonyl]-1,2-dihydrospiro[indole-3,3'-
pyrrolidine]-5'-carboxylic acid methyl ester 37b ard
(2'R,5'R,3R)-6-Methoxy-2-o0x0-2'-phenyl-1-propyl-1'-[1-(3,3,3-
trichloroethoxycarbonyl)-pyrrolidine-2 S-carbonyl]-1,2-dihydrospiro[indole-3,3'-

pyrrolidine]-5'-carboxylic acid methyl ester 37a

TrocN TrocN
MeO,C “H MeO,C “H
5:
N~ O N~ O
+
B Ph e e Ph
=0 o

MeO N

[ (g

MeO

Using general procedure M, a solutionNsfTroc (§)-prolinyl chloride (136 mg, 0.44
mmol) in CHCI, (3 mL), amine35 (58 mg, 0.15 mmol) and & (123 yL, 0.88
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mmol) in CHCl; (12 mL) gave the crude product. Purification bgsfi column
chromatography on silica gel eluting with 50% EtGAdexanegave amide7b (49
mg, 0.07 mmol, 50%) as a white solid, m.p..®t 158-160°C; [0]p** = +38.4 (c
0.75, CHCY); *H NMR (500 MHz; CDC}, 3:1 mixture of rotamers; data given for
major rotamer only)98.32 (d,J = 7.6 Hz, 1H; Ar-CH), 7.53 (tJ = 7.6 Hz, 1H; Ar-
CH), 7.33 (tJ = 7.6 Hz, 1H; Ar-CH), 7.15 () = 7.6 Hz, 1H; Ar-CH), 6.48 (d]= 7.6
Hz, 1H; Ar-CH), 6.35 (dJ = 2.3 Hz, 1H; Ar-CH), 6.08 (dd] = 8.5, 2.3 Hz, 1H; Ar-
CH), 5.46 (dJ = 8.5 Hz, 1H; Ar-CH), 5.44 (s, 1H;HPh), 5.36 (dJ = 12.0 Hz, 1H;
CHAHBCCl), 5.18 (dd,J = 11.3, 6.8 Hz, 1H; NBHCO,CHz), 4.59 (d,J = 12.0 Hz,
1H; CHAHCCl), 4.34 (dd,J = 8.5, 3.8 Hz, 1H; NBIC(O)N), 3.85 (s, 3H; OC#j,
3.80-3.72 (m, 1H; CHN), 3.73 (s, 3H; OgH3.66-3.60 (m, 1H; CHN), 3.50-3.44 (m,
2H; 2 x CHN), 2.43 (ddJ = 13.3, 6.8 Hz, 1H; BaAHgCHCO,CHj3), 2.34 (dd,J =
13.3, 11.3 Hz, 1H; CKkHgCHCO,CHg), 2.12-2.04 (m, 1H; CH), 1.77-1.61 (m, 4H; 2
x CHy), 1.46-1.38 (m, 1H; CH), 0.98 (,= 7.3 Hz, 3H; CH); **C NMR (125 MHz,
CDCls, 3:1 mixture of rotamers; data given for majoraroer only):0178.1 (C=0),
173.3 (C=0), 172.7 (C=0), 160.5 (C=0), 151.7 (Ar-C34.2 (Ar-C), 139.6 (Ar-C),
129.0 (Ar-CH), 128.7 (Ar-CH), 128.4 (Ar-CH), 128Ar-CH), 127.6 (Ar-CH), 126.2
(Ar-CH), 117.2 (Ar-C), 105.5 (Ar-CH), 97.1 (C§J 96.2 (Ar-CH), 73.5 (QH,CCly),
66.1 CHPh), 58.0(NCHCO,CHg), 57.3 C-C=0), 56.7 (NCHC(O)N), 55.4 (OCH),
52.4 (OCH), 47.6 (NCH,CH,CHy,), 41.6 (NCH,CH,CHs), 36.5 CH,CHN), 30.5
(CHp), 23.3 (CH), 20.7 CH.CHg), 11.4 (CH); IR (neat):vmax 2951, 2931, 1732
(C=0), 1717 (C=0), 1703 (C=0), 1656 (C=0), 16230341348, 1310, 1211, 1170,
1112, 1173 ci; MS (ES+): miz (%): 690 (85, °CL°’'CIM + NaJ); 688 (100,
[*°ClsM + NaJ); HRMS (ES+):m/z: calcd for GiH34NzO,Cls: 688.1365 M + Na'l;
found: 688.1355; and amid¥/a (47 mg, 0.07 mmol, 48%) as an amorphous white
solid, [o]p?* = +43.2 (c 0.84, CHG); *H NMR (500 MHz; -DMSO, complex
mixture of rotamers; data given for the two majtamers only):d 8.55-8.23 (br m,
2H; Ar-CH, both rotamers), 7.57-7.36 (br m, 2H; @H, both rotamers), 7.34 d,=
7.3 Hz, 1H; Ar-CH, one rotamer), 7.30 {t= 7.3 Hz, 1H; Ar-CH, one rotamer), 7.22-
7.08 (br m, 2H; Ar-CH, both rotamers), 6.88-6.72 1ty 2H; Ar-CH, both rotamers),
6.66 (d,J = 2.2 Hz, 1H; Ar-CH, one rotamer), 6.64 (U 2.2 Hz, 1H; Ar-CH, one
rotamer), 6.14 (dd] = 8.2, 2.2 Hz, 1H; Ar-CH, one rotamer), 6.10Jd&; 8.2, 2.2 Hz,
1H; Ar-CH, one rotamer), 5.32 (d,= 8.2 Hz, 1H; Ar-CH, one rotamer), 5.27 (b5
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8.2 Hz, 1H; Ar-CH, one rotamer), 4.98 (s, 2H4Eh, both rotamers), 4.83 (d,=
12.3 Hz, 1H; G1aHgCCls, one rotamer), 4.79-4.75 (m, 1H; C(O)NCone rotamer),
4.76 (d,J = 12.3 Hz, 1H; EGiaHsCCl3;, one rotamer), 4.72 (dd,= 11.4, 7.3 Hz, 1H,;
C(O)NCH, one rotamer), 4.64 (d,= 12.3 Hz, 1H; CHHCCIs, one rotamer), 4.21
(d, J = 12.3 Hz, 1H; CHHCCIls, one rotamer), 4.16 (ddl = 8.8, 2.5 Hz, 1H;
C(O)NCH, one rotamer), 4.03 (dd,= 9.2, 2.2 Hz, 1H; C(O)NB, one rotamer), 3.74
(s, 3H; OCH, one rotamer), 3.72 (s, 3H; OgHone rotamer), 3.72-3.61 (m, 4H;
NCH,CH,CHjs, both rotamers), 3.69 (s, 3H; Ogtbne rotamer), 3.68 (s, 3H; OgH
one rotamer), 3.66-3.51-3.34 (m, 4H; NLCH,CH,, both rotamers), 2.37-2.30 (m,
4H; 2 x CH, both rotamers), 1.94-1.79 (m, 4HxZH, both rotamers), 1.71-1.57 (m,
4H; CH,CHs, both rotamers), 0.898 {,= 7.3 Hz, 3H; CH, one rotamer), 0.895 {,
= 7.3 Hz, 3H; CH, one rotamer)**C NMR (125 MHz, Q-DMSO, complex mixture
of rotamers; data given for the two major rotanwany): 5178.4 (C=0, one rotamer),
178.3 (C=0, one rotamer), 172.0 (C=0, one rotantf}.8 (C=0, one rotamer),
171.3 (C=0, one rotamer), 171.2 (C=0, one rotani&).2 (C=0, both rotamers),
152.0 (Ar-C, one rotamer), 151.5 (Ar-C, one rotaym#d4.2 (Ar-C, both rotamers),
138.3 (Ar-C, one rotamer), 138.2 (Ar-C, one rotam&p8.2-127.5 (X Ar-CH, both
rotamers), 125.6 (Ar-CH, one rotamer), 125.4 (Ar;Gie rotamer), 116.8 (Ar-C,
one rotamer), 116.7 (Ar-C, one rotamer), 106.0 CAt; both rotamers), 96.1 (Ar-CH,
one rotamer), 95.9 (Ar-CH, one rotamer), 95.4 @ @oth rotamers), 74.0
(OCH.CCl3, one rotamer), 73.7 (@H.CCl;, one rotamer), 65.0CHPh, both
rotamers), 58.4NCHC(O), both rotamers), 58 ICHC(O), both rotamers), 56.L{
C=0, both rotamers), 55.4 (OGHooth rotamers), 52.1 (OGHone rotamer), 52.0
(OCHgs, one rotamer), 47.6 @©H.CH,CH,, one rotamer), 46.7 @H.CH,CH,, one
rotamer), 40.7 (BH,CH,CHSs, both rotamers), 35.5 (GHone rotamer), 35.1 (GH
one rotamer), 29.3 (CH one rotamer), 28.5 (GHone rotamer), 23.2 (GHone
rotamer), 22.2 (ChH one rotamer), 20.3CH,CHs, both rotamers), 11.1 (GHboth
rotamers); IR (film):v 2955, 2930, 1704 (broad; C=0), 1668 (C=0), 1620)71
1356, 1206, 1170, 1124, 1110 ¢mMS (ES+):m/z (%): 690 (80, °CL,*’CIM +
Na]"); 688 (100, {°ClsM + NaJ); HRMS (ES+):m/z calcd for GiH3sN3O;Cls:
666.1535M + H']; found: 666.1537.
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(2'S,5'S,39)-6-Methoxy-2-0x0-2'-phenyl-1'-[1-(3,3,3-trichloroghoxycarbonyl)-
pyrrolidine-2 S-carbonyl]-1,2-dihydrospiro[indole-3,3'-pyrrolidine ]-5'-carboxylic
acid methyl ester 38b and
(2'R,5'R,3R)-6-Methoxy-2-ox0-2'-phenyl-1'-[1-(3,3,3-trichlorog¢hoxycarbonyl)-
pyrrolidine-2 S-carbonyl]-1,2-dihydrospiro[indole-3,3'-pyrrolidine ]-5'-carboxylic

acid methyl ester 38a

MeO

Using general procedure M, a solutionNsfl roc-(S)-prolinyl chloride (14.0 mg, 0.05
mmol) in CHCI, (5.60 mL), amine36 (16 mg, 0.05 mmol) and & (6.60puL, 0.05
mmol) gave the crude product. Purification by flaslumn chromatography on silica
gel eluting with 50% EtOAc in hexamave amide&8b (14 mg, 0.02 mmol, 50%) as a
white solid, m.p. (BD) 110-113°C; [a]p*® = +1.65 (c 2.5, CHG); *H NMR (400
MHz, CDCk, 1.5:1 mixture of rotamers)d 8.29-8.37 (m, 2H; 2 x ArCH, both
rotamers), 7.91 (s, 1H; NH, one rotamer), 7.611K$, NH; one rotamer), 7.57-7.50
(m, 2H; 2 x ArCH, both rotamers), 7.37-7.30 (m, ZHx ArCH, both rotamers),
7.19-7.12 (m, 2H; 2 x ArCH, both rotamers), 6.63Jd& 7.1 Hz, 1H; ArCH, one
rotamer), 6.53 (dJ = 7.8 Hz, 1H; ArCH, one rotamer), 6.43 @= 2.3 Hz, 1H;
ArCH, one rotamer), 6.41 (d,= 2.3 Hz, 1H; ArCH, one rotamer), 6.12-6.07 (m,;2 H
ArCH, both rotamers), 5.48-5.46 (m, 3 H; ArCH batitamers and BPh, one
rotamer), 5.45 (s, 1H; Ii@Ph, one rotamer), 5.36 (d,= 12.2 Hz, 1H; EGiAHgCCl;;
one rotamer), 5.15-5.24 (m, 2HHCO,CHjs, both rotamers), 4.95 (d,= 12.2 Hz,
1H; CHAHgCCIg; one rotamer), 4.52 (d,= 12.2 Hz, 1H; CIHHgCCls; one rotamer),
451 (d,J = 12.2 Hz, 1H; EIAHsCCl3; one rotamer), 4.37 (dd,= 8.4, 4.2 Hz, 1H;
NCHCH,CH,, one rotamer), 4.30 (dd] = 8.4, 4.2 Hz, 1H; NEGCH,CH,, one
rotamer), 3.87 (s, 3H; OGHone rotamer), 3.86 (s, 3H; OgHbone rotamer), 3.73-
3.71 (m, 6H; OCH both rotamers), 3.69-3.60 (m, 2H; NCH{HH,CHAHg, both
rotamers), 3.55-3.45 (m, 2H; NCH@EH,CHaHg, both rotamers), 2.47-2.40 (m, 4H;
2 x NCHM,C, both rotamers), 2.13-2.01 (m, 2H; NCH{HAHg, both rotamers),
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1.78-1.63 (m, 4H; NCHCKCHaHg and NCH@HAHgCH,, both rotamers), 1.47-1.29
ppm (m, 2H; NCHCHHgCH,);: *C NMR (100 MHz, CDGJ, 1.5:1 mixture of
rotamers):0180.6 (C=0, one rotamer), 180.3 (C=0, one rotaniat},.1 (C=0, one
rotamer), 173.3 (2 x C=0, both rotamers), 172.90Csne rotamer), 172.8 (C=0,
one rotamer), 172.6 (C=0, one rotamer), 160.45 (An@ rotamer), 160.47 (ArC,
one rotamer), 152.9 (ArC, one rotamer), 151.8 (Ao@e rotamer), 142.1 (ArC, one
rotamer), 141.7 (ArC, one rotamer), 139.5 (ArC, on&amer), 139.3 (ArC, one
rotamer), 129.0 (Ar-CH, one rotamer), 128.8 (Ar-Gihe rotamer), 128.6 (2 x Ar-
CH, both rotamers), 128.4 (Ar-CH, one rotamer),.328r-CH, one rotamer), 127.73
(Ar-CH, one rotamer), 127.68 (Ar-CH, one rotaméd6.70 (Ar-CH, one rotamer),
126.66 (Ar-CH, one rotamer), 126.4 (Ar-CH, one no¢a), 126.3 (Ar-CH, one
rotamer), 117.7 (CGJ one rotamer), 117.6 (C£lone rotamer), 107.0 (Ar-CH, one
rotamer), 106.8 (Ar-CH, one rotamer), 96.7 (Ar-Gige rotamer), 96.2 (Ar-CH, one
rotamer), 75.1 @H,CCls, one rotamer), 73.7CH,CCl;, one rotamer), 66.5 (CHPh,
one rotamer), 66.3 (CHPh, one rotamer), 5&8CE€0, one rotamer), 58.%2{C=0,
one rotamer), 58.1 (2 RHCO,CHjs, both rotamers), 57.6 (NCHGH, one rotamer),
57.4 (NCHCHC, one rotamer), 52.5 (OGHone rotamer), 52.5 (OGH one
rotamer), 47.8 (NCHCKCH,CH,, one rotamer), 47.1 (NCHGBH,CH,, one
rotamer), 36.2 (2 x C@H,C, both rotamers), 29.8 (NCGHH,, one rotamer), 29.7
(NCHCH,, one rotamer), 24.4 (NCHGRBH,, one rotamer), 23.1 (NCHGBH,, one
rotamer); IR (film): v 3238 (NH), 2955, 2918, 2844, 1719 (C=0), 1659 ({4855
(C=0), 1634 (C=0), 1599, 1504, 1453, 1432, 1413913307, 1284, 1256, 1205,
1193, 1159, 1124, 1031, 811, 753, 704S (ES+):m/z (%): 646 (100, M1 + NaJ);
HRMS (ES+): m/z calcd for GgHogN3O,ClsNa: 646.0885 M+ NaJ;
found:646.0894; and amid#B8a (12.5 mg, 0.02 mmol, 45%) as a white solid, m.p.
(Et,0) 155-157°C; [a]p?® = +29.45 (c 2.2, CHG); H NMR (400 MHz, CDC},
complex mixture of rotamers; data given for the twajor rotamer only)0 8.64 -
8.42 (m, 2 H; 2 x ArCH, both rotamers), 7.85-7.i#9 2 H; NH, both rotamers), 7.67-
7.44 (m, 2 H; 2 x ArCH, both rotamers), 7.37-7.08, 2 H; 2 x ArCH, both
rotamers), 6.66-6.48 (m, 2 H; 2 x ArCH, both rotesne6.43 (dJ = 2.4 Hz, 1 H;
ArCH, one rotamer), 6.42 (d,= 2.4 Hz, 1 H; ArCH, one rotamer), 6.15 (dds 8.5,
2.4 Hz, 1 H; ArCH, one rotamer), 6.11 (dds 8.5, 2.4 Hz, 1 H; ArCH, one rotamer),
5.45 (d,J = 8.4 Hz, 1 H; ArCH, one rotamer), 5.34 = 8.4 Hz, 1 H; ArCH, one

S 57



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

rotamer), 5.05-4.99 (m, 2 H;HCO,CHs, both rotamers), 4.98 (s, H; CHPh, one
rotamer), 4.97 (s, H; CHPh, one rotamer), 4.8@ &1,11.9 Hz, 1 H; ElaHgCCl;, one
rotamer), 4.74 (dJ = 11.9 Hz, 1 H; Gi,HgCCl3, one rotamer), 4.52 (d,=11.9 Hz, 1
H; CHaHgCCls, one rotamer), 4.33 (§,= 6.1 Hz, 1 H; N®ICH,, one rotamer), 4.22
(t, J=6.1 Hz, 1 H; NEICH,, one rotamer), 4.21 (d,= 11.9 Hz, 1 H; CHHgCCls,
one rotamer), 3.86 (s, 6 H; OGHboth rotamers), 3.75 (s, 3 H; Og;kbne rotamer),
3.73 (s, 3 H; OCH one rotamer), 3.68 - 3.72 (m, 2 H; NCHHH,CH,, both
rotamers), 3.41 - 3.52 (m, 2 H; NCHE@EH,CH,, both rotamers), 2.37 - 2.50 (m, 4 H;
2 x CHM,C, both rotamers), 2.22 - 2.30 (m, 2 H, NGHCboth rotamers), 2.11 -
2.15 (m, 4 H, NCHEl, and NCHCHCHy3; both rotamers), 1.94 — 1.85 ppm (m, 2 H,
NCHCH,CH,; both rotamers)?*C NMR (100 MHz, CDG, complex mixture of
rotamers, data given only for the major rotamed<)80.9 (C=0), 180.6 (C=0), 174.1
(C=0), 173.3 (C=0), 172.5 (C=0), 172.2 (C=0), 17C80), 171.7 (C=0), 160.53
(Ar-C, one rotamer), 160.51 (Ar-C, one rotamer)2.85(Ar-C, one rotamer), 152.3
(Ar-C, one rotamer), 141.6 (2 x Ar-C, both rotames37.8 (Ar-C, one rotamer),
137.3 (Ar-C, one rotamer), 129.68 (Ar-CH, one rogan 128.7 (Ar-CH, one
rotamer), 128.6 (Ar-CH, one rotamer), 126.9 (2 xOk, both rotamers), 126.5 (2 x
Ar-CH, both rotamers), 117.6 (C{£bne rotamer), 117.4 (C§lone rotamer), 106.98
(Ar-CH, one rotamer), 106.93 (Ar-CH, one rotam&f0 (2 x Ar-CH, both rotamers),
96.91 (Ar-CH, one rotamer), 96.87 (Ar-CH, one rotésjn 96.64 (Ar-CH, one
rotamer), 96.62 (Ar-CH, one rotamer), 75AHCCls, one rotamer), 74.83CH,CCls,
one rotamer), 65.9 (CHPh, one rotamer), 65.8 (CHBhe rotamer), 58.8
(CHCO,CHg3, one rotamer), 58.6CHCO,CHjs, one rotamer), 58.51 (GHCH,, one
rotamer), 58.47 (BHCH,, one rotamer), 57.63C{C=0, one rotamer), 57.59C
C=0, one rotamer), 52.53 (OGH 52.50 (OCH), 47.7 (NCHCHCH,CH,, one
rotamer), 46.9 (NCHCKCH,CH,, one rotamer), 36.1 (GEH.C, one rotamer), 35.8
(CHCH,C, one rotamer), 30.0 (NCGEH,, one rotamer), 29.7 (NGEH,, one rotamer),
23.7 (NCHCHCH,, one rotamer), 22.6 (NCHGBH,, one rotamer); IR (film)w
3238 (NH), 2955, 2918, 2844, 1719 (C=0), 1659 (G=1BpH5 (C=0), 1634 (C=0),
1599, 1504, 1453, 1432, 1413, 1339, 1307, 12846,12305, 1193, 1159, 1124,
1031, 811, 753, 702; MS (ES+)vz (%): 646 (100, Y1 + NaJ); HRMS (ES+):m/z
calcd for GgH2gN30,ClsNa: 646.0885M1 + N&']; found:646.0894.
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(2S,3S,5aS,10a5)-6'-Methoxy-3-phenyl-1'-propyl-5a,6,7,8-tetrahydro-1H-
spiro[dipyrrolo[1,2- a:1'2'-d]pyrazine-2,3'-indoline]-2',5,10(3H,10aH)-trione 39b

MeO

Using general procedure N, Zn dust (480 mg, 7.3%bMmmM-Troc amide37b (49 mg,
0.07 mmol) in THF (4 mL), MeOH (4 mL) and a satedasolution of NHCI (4 mL)
gave the crude product. Purification by flash catuohromatography on silica gel
eluting with 3% MeOH in CbLCl, gave diketopiperazin89b (32 mg, 0.07 mmol,
95%) as a white solid, m.p. @&%) 129-132°C; [0]p*° = +141.0 (c 0.52, CHG); *H
NMR (500 MHz, CDC}): §7.42-7.30 (br m, 1H; Ar-CH), 7.26 @= 7.3 Hz, 1H; Ar-
CH), 7.20-7.07 (br m, 1H; Ar-CH), 7.04-6.91 (br dHl; Ar-CH), 6.70-6.54 (br m,
1H; Ar-CH), 6.37 (dJ = 2.2 Hz, 1H; Ar-CH), 6.09 (ddl = 8.3, 2.2 Hz, 1H; Ar-CH),
5.43 (d,J = 8.3 Hz, 1H; Ar-CH), 5.24 (dd] = 10.8, 6.9 Hz, 1H; CCHHN), 5.08 (s,
1H; CHPh), 4.38 (t,J = 7.9 Hz, 1H; CHCH,CHN), 3.79-3.69 (m, 2H;
NCHaHgCH,CH;z and NCGHaHgCH,CH,), 3.73 (s, 3H; OCk), 3.65-3.60 (m, 2H;
NCHaHgCH,CH; and NCHHgCH.CH,), 2.73 (dd,J = 13.6, 10.8 Hz, 1H;
CCHaHgCHN), 2.35-2.29 (m, 1H; NCHEAHgCH,CH,), 2.32 (ddJ = 13.6, 6.9 Hz,
1H; CCHyHgCHN), 2.27-2.19 (m, 1H; NCHCKHgCH,CH,), 2.05-1.94 (m, 2H;
CH,CH,CHy), 1.75 (sextet) = 7.3 Hz, 2H; ®G,CHjs), 0.99 (t,J = 7.3 Hz, 3H; CH);
¥C NMR (125 MHz, CDG): §179.3 (C=0), 167.1 (C=0), 166.9 (C=0), 160.5 (Ar-
C), 144.2 (Ar-C), 138.0 (Ar-C), 128.1 (3 x Ar-CH)26.2 (Ar-CH), 117.5 (Ar-C),
105.6 (Ar-CH), 96.3 (Ar-CH), 65.20HPh), 61.0(CH,CH,NCH), 58.8(CCH,NCH),
55.7 C-C=0), 55.4 (OCH), 45.3 and 41.4 (x CHN), 34.0 (CCH,CHN), 27.4
(CH,CH;N), 23.7 (CHCH,CHy), 20.7 CH2CHs), 11.3 (CH); IR (neat):vmax 2964,
2933, 2876, 1716 (C=0), 1662 (C=0), 1624, 1422913277, 1208, 1107 clMS
(ES+): 'z (%): 482 (100, M + NaJ); HRMS (ES+):m/z calcd for G7HagN3Os:
460.2231 M + H']; found: 460.2224.
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(2R,3R,5aS,10aR)-6'-Methoxy-3-phenyl-1'-propyl-5a,6,7,8-tetrahydro 1H-
spiro[dipyrrolo[1,2- a:1'2'- d]pyrazine-2,3'-indoline]-2',5,10(3H,10aH)-trione 39a

Using general procedure N, Zn dust (461 mg, 7.0MM-Troc amide37a (47 mg,
0.07 mmol) in THF (4 mL), MeOH (4 mL) and a satedasolution of NHCI (4 mL)
gave the crude product. Purification by flash catuohromatography on silica gel
eluting with 3% MeOH in ChkCl, gave diketopiperazin89a (30 mg, 0.07 mmol,
93%) as an amorphous white solid]§?® = +69.3 (c 0.56, CHG); 'H NMR (400
MHz, CDCh): d7.43-6.55 (br m, 5H; 5 x Ar-CH), 6.35 (@= 2.2 Hz, 1H; Ar-CH),
6.07 (ddJ = 8.6, 2.2 Hz, 1H; Ar-CH), 5.56 (d,= 8.6 Hz, 1H; Ar-CH), 5.38 (ddd,=
11.3, 6.0, 1.5 Hz, 1H; CGIEHN), 5.21 (s, 1H; EPh), 4.17 (ddd) = 12.1, 9.3, 6.3
Hz, 1H; NGHAHsCH,CH,), 4.11 (dddJ = 12.1, 5.8, 1.8 Hz, 1H; GI&H,CHN), 3.72
(s, 3H; OCH), 3.70-3.66 (m, 2H; NB,CH,CHz), 3.30 (dddJ = 12.1, 9.8, 4.8 Hz,
1H; NCHJ\HgCH,CH,), 2.54 (ddJ = 12.8, 6.0 Hz, 1H; NCHBAHsC), 2.48 (ddJ =
12.8, 11.3 Hz, 1H; NCHCKHgC), 2.40-2.30 (m, 1H; CH), 2.13-1.79 (m, 3H; 3 x
CH), 1.78-1.69 (m, 2H; B,CHs), 0.98 (t,J = 7.6 Hz, 3H; CH); **C NMR (100 MHz,
CDCl): 6 179.4 (C=0), 166.4 (C=0), 164.5 (C=0), 160.3 (Ar-T44.0 (Ar-C),
137.8 (Ar-C), 128.4 (2 x Ar-CH), 128.0 (Ar-CH), 1PgAr-CH), 118.0 (Ar-C), 105.7
(Ar-CH), 96.3 (Ar-CH), 66.5 CHPh), 63.2(CH,CH,CHN), 57.8 (CCH,CHN), 55.4
(OCHs;), 54.6 (C-C=0), 44.4 (NCH,CH.CH,), 41.4 (NCH.CH,CHs), 36.7
(CCH,CHN), 28.2 (CH), 22.4 (CH), 20.7 CH,CHs), 11.3 (CH); IR (neat): vmax
2964, 2934, 2876, 1702 (C=0), 1661 (C=0), 1622,7143878, 1305, 1209, 1177,
1106 cm'; MS (ES+):m/z (%): 482 (100, {1 + NaJ'); HRMS (ES+):m/z calcd for
Ca7H29N304: 460.2231 M + H']; found: 460.2233.
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(2S,3S,5aS,10a5)-6'-Methoxy-3-phenyl-5a,6,7,8-tetrahydro-H-
spiro[dipyrrolo[1,2- a:1'2'- d]pyrazine-2,3'-indoline]-2',5,10(3H,10aH)-trione 40b

MeO

Using general procedure N, Zn dust (187 mg, 2.88MmmM-Troc amide38b (18 mg,
0.03 mmol) in THF (1 mL), MeOH (1 mL) and a satedasolution of NHCI (1 mL)
gave the crude product. Purification by flash catuohromatography on silica gel
eluting with 10% MeOH in EtOAgave diketopiperazinéOb (11.5 mg, 0.03 mmol,
96%) as a white solid, m.p. (EtOAc) 290-2%2 [a]p** = =74.7 (c 1.50, CHG); *H
NMR (CDCls, 400 MHz)07.88 (s, 1H; NH), 7.42-7.31 (m, 1H; ArCH), 7.27Jt=
7.3 Hz, 1H; Ar-CH), 7.19-7.08 (m, 1H; ArCH), 7.049é& (m, 1H; ArCH), 6.71-6.60
(m, 1H; ArCH), 6.40 (dJ = 2.4 Hz, 1H; ArCH), 6.09 (dd) = 8.4, 2.4 Hz, 1H;
ArCH), 5.40 (d,J = 8.3 Hz, 1H; ArCH), 5.20 (ddl = 11.0, 6.8 Hz, 1H; NEHCH,C),
5.16 (s, 1 H; CHPh), 4.41 (8 = 7.8 Hz, 1H; NGICH,CH,), 3.81-3.73 (m, 1H;
NCHaHg), 3.71 (s, 3H; OC#h), 3.67-3.60 (m, 1H; NCkHg), 2.73 (ddJ = 13.6, 11.0
Hz, 1H; NCHQHAHgC), 2.40 (dd,J = 13.6, 6.8 Hz, 1H; NCHCKHgC), 2.36-2.28
(m, 1H; NCHGQHaHg), 2.28-2.19 (m, 1H; NCHCkHg), 2.05-1.96 (m, 2H;
NCHCH,CH,); **C NMR (CDCE, 100 MHz)J 180.9 (C=0), 167.00 (C=0), 166.99
(C=0), 160.3 (ArC), 141.5 (ArC), 137.7 (ArC), 128 RrCH), 126.5 (ArCH), 117.8
(ArC), 106.7 (ArCH), 96.8 (ArCH), 64.9CHPh), 61.1 (NCHCH,CH,), 58.7
(NCHCH,C), 56.1 (C-C=0), 55.3 (OCH), 45.3 (NCHCHCH,CH,), 33.9
(NCHCH.C), 27.4 (NCHCH,), 23.7 (NCHCHCHY,); IR (film): vmax 3206 (NH), 2918,
2858, 1712 (C=0), 1661 (C=0), 1631 (C=0), 1594,118m53, 1425, 1337, 1307,
1281, 1189, 1156, 1124, 1108, 1031, 834, 749, BEB(ES+):m/z (%): 418 (100,

+ HJ"); HRMS (ES+):mVz calcd for GsH24N4Os: 418.1770 M + H] *; found:
418.1761.
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(2R,3R,5aS,10aR)-6'-Methoxy-3-phenyl-5a,6,7,8-tetrahydro-H-
spiro[dipyrrolo[1,2- a:1'2'- d]pyrazine-2,3'-indoline]-2',5,10(3H,10aH)-trione 40a

Using general procedure N, Zn dust (156 mg, 2.40MM-Troc amide38a (15 mg,
0.02 mmol) in THF (1 mL), MeOH (1 mL) and a satedasolution of NHCI (1 mL)
gave the crude product. Purification by flash catuohromatography on silica gel
eluting with 10% MeOH in EtOA@ave diketopiperazindOa (8 mg, 0.02 mmol,
80%) as a white solid, m.p. (&) 239-241°C; [a]p?® = +10.8 (c 0.75, CHGJ; *H
NMR (CDCls, 400 MHz)o 7.80 (s, 1H; NH), 7.33-7.17 (m, 5H; 5 x ArCH), .31,
J=2.5Hz, 1H; ArCH), 6.08 (ddl = 8.5, 2.5 Hz, 1H; ArCH), 5.52 (d,= 8.5 Hz, 1H;
ArCH), 5.34 (dd,J = 11.5, 6.1 Hz, 1H; NBCH.C), 5.29 (s, 1H; CHPh), 4.20-4.10
(m, 2H; NCHCH,CH, and NGHaHg), 3.70 (s, 3H; OCH), 3.32 (m, 1H; NChHg),
2.50-2.00 (m, 2H; NCHB,C), 2.41-2.34 (m, 1H; NCHExHg), 2.14-2.06 (m, 1H;
NCHCH,CHaHg), 2.03-1.92 (m, 1H; NCHCkHg), 1.92-1.82 (m, H;
NCHCH,CHaHg); *C NMR (CDC}, 100 MHz)J181.1 (C=0)166.2 (C=0), 164.6
(C=0), 160.2 (Ar-C), 141.4 (Ar-C), 137.6 (Ar-C), &8 (Ar-CH), 128.1 (Ar-CH),
126.3 (Ar-CH), 107.0 (Ar-CH), 96.7 (Ar-CH), 66.ZKIPh), 63.2 (NCHCH,CH,),
57.7 (NCHCH,C), 55.4 (C-C=0), 55.0 (OCH), 44.5 (NCHCHCH.CH,), 36.7
(NCHCH.C), 28.2 (NCHCHy), 22.4 (NCHCHCHY,); IR (film): vmax 3206 (NH), 2918,
2858, 1712 (C=0), 1661 (C=0), 1631 (C=0), 1594,1185M53, 1425, 1337, 1307,
1281, 1189, 1156, 1124, 1108, 1031, 834, 749, BEB(ES+):m/z (%): 418 (100,

+ HJ"); HRMS (ES+):m/z calcd for G4Ho4N4Os: 418.1770 M + H]*; found:
418.1761.
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rac-(2'S3S,5'S)-Methyl 1'-(4-(3,3,4,4,5,5,6,6,7,7,8,8,9,910,10-
heptafluorodecyl)benzyl-6-methoxy-2-oxo-2'-phenylspo[indoline-3,3'-
pyrrolidine]-5'-carboxylate 42

MeO,C

CgF17
MeO

OsQ, (82 pL of a 2.5% wl/v solution itert-butanol, 8.06 pmol) and NMO (28 mg,
0.24 mmol) were added to a stirred suspension wbepndole 41 (69 mg, 0.08
mmol) in acetone (5 mL) and water (1 mL) at roommperature under nitrogen. The
resulting suspension was stirred at room temperator 84 h, then a saturated
agueous solution of N&O3 (5 mL) and CHCI, (5 mL) were added. The layers were
separated, and the aqueous layer was extracted @HHCIl, (2 x 5 mL). The
combined organic layers were dried {88@y) and evaporated under reduced pressure
to give the crude diol product. The crude produeswlissolved in EtOAc (5 mL),
then Pb(OAg) (54 mg, 0.12 mmol) was added and the resultingpenson was
stirred at room temperature for 15 min. The resgltinixture was filtered through a
short silica plug, washing with EtOAc. The filtrateas evaporated under reduced
pressure to give the crude aldehyde product. Ugemgeral procedure K, oxidant
solution (1.0 mL) and the crude aldehyddaert-butanol (2 mL), MeCN (2 mL) and
2-methyl-2-butene (1 mL), then trimethylsilyldiazethane (1.0 mL of a 2.0 M
solution in hexanes, 2.0 mmol) in anhydrous MeOHN(5 gave the crude product.
Purification by FSPE eluting with 60% aqueous MeCN gave the non-flusrou
reaction components, then elution with MeOH (100 mdve methyl estet2 (57 mg,
0.06 mmol, 80%) as a pale yellow solid, m.p. 6%RCELO); 'H NMR (400 MHz,
CDCly): 7.79 (s, 1H; NH), 7.69 (d] = 8.3 Hz, 1H; Ar-CH), 7.29-7.11 (m, 9H;>9
Ar-CH), 6.51 (ddJ = 8.3, 2.2 Hz, 1H; Ar-CH), 6.16 (d,= 2.2 Hz, 1H; Ar-CH), 4.17
(s, 1H; GHPh), 4.00 (d,) = 13.9 Hz, 1H; NEIaHsAr), 3.77 (dd,J = 10.8, 6.0 Hz, 1H;
NCHCO,CHj3), 3.71 (s, 3H; OC#), 3.55 (d,J = 13.9 Hz, 1H; NCHHgAr), 3.52 (s,
3H; OCH;), 2.92-2.88 (m, 2H; Ck$), 2.79 (dd,) = 13.4, 10.8 Hz, 1H; BAHgCHN),
2.44-2.30 (m, 2H; CkCgF17), 2.18 (ddJ = 13.4, 6.0 Hz, 1H; CkHgCHN); *C NMR
(100 MHz, CDC}): 6180.3 (C=0), 174.3 (C=0), 159.6 (Ar-C), 140.5 @);-138.1
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(Ar-C), 135.6 (Ar-C), 134.1 (Ar-C), 130.5 (Ar-CH)28.3 (Ar-CH), 127.9 (Ar-CH),
127.7 (Ar-CH), 127.6 (Ar-CH), 127.5 (Ar-CH), 123(8r-C), 106.8 (Ar-CH), 96.2
(Ar-CH), 75.7 CHPh), 62.7 (CHCO,CHs), 57.9 C-C=0), 55.3 (OCH), 55.1
(NCH,Ar), 51.7 (OCH), 38.3 (CH2), 32.9 (tJ = 22.1 Hz; CHCgF17), 26.1 (CHS):
IR (film): vmax 3210 (NH), 2948, 2922, 2849, 1714 ¥2C=0), 1631, 1506, 1456,
1341, 1236, 1198, 1145, 1113, 1087, 1026, 806, MR(ES+):m/z (%): 887 (100,
[M - H]"); HRMS (ES-):nVz calcd for G7Ha9F17N-04: 887.1783 M — H] *; found:
887.1776.
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X-ray crystal structure of 40b (CCDC 791298
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