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A Concise Synthesls of This Non-Steroldal Anti-Inflammatory Drug :

Junine Cossy*, Damien Belott!
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Abgtract: ML-3000 wes obtalaed from 1-chloro-3-phenyl-2-propyne in § steps with an oversll yiold of
19%. The key siepe we o therwal scld-promotad bicyclization of as @-scetylcnle amino sster and a

Svmaki cress-coupling reaction betwean & hetsroaryt nifige aod (4-chloropheayDboronic acid. '
© 1999 Elsovier Sclapce Lid All sighis masyved,

Non-steroidal antiinflammatory drugs (NSAIDs) are the main therapeutic ageats for the
treatment of the symptoms of arthritis. The drugs seom to tnhibit the enxyme cyclooxygenase and b
consoquently the coaversion of mrachidonic acid Into prostaglandins.! The main drawbscks of
Mnmwmmwmmml d

Progiaglanding have been proven to bo cytoprotective and antisecrotory.? A decrease in the level
of prostagiandine engendered by inhibition of cyclooxygenase disturbs this protective mechaism. A ]
second hypothesls focuses on lenkotrienes that are formed by the S-lipoxygensse enzyme from
arachidonic acid. Leukotrienes have been reported to play an importent cole In scidic gustrointestinal #
ulceration.* Inhibiting cyclooxygenase may incresse the metsbolism of arachidonic acid via the
leukotriene pathway.d The scarch for compounds that inhibit both cyclooxygenase and

S-lipoxygenase ls a challenge. Recently, 2,3-dihydro-1M-pyrrolizine derivatives such sa ML-3000
have becn proven 1o seloctively inhibit the enzymes cyclooxygenase (IC,, = 0.21 M) and

S-liponygenase (ICy, = 0.18 pM).% 7 Thus ML-3000 is one of the most poteat and well-balanced dual

Inhibitor of both enzymes.? However, the previous synthesis of ML-3000 proceeds with poor overall
yleld (< 3%).
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Herein, we report a short and cfficlent synthesls of ML-3000 that features a thermal
acld-promoted bicyclization of an ®-scstylenic amino ester. In a previons commonication, wo
reported a convenlsnt synthetic method that provides sccess to polysubstituted pyrrolidines based on a
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thermal cyclization of w-acotylonic amints, vis an caamine.? A smooth ‘harmolysis of w-acetylenlc
amines A in the presenco of pivalic acid (1 equiv.) without solvent led to the cyclic enamines B,
which could be reduced to the corresponding pymralidines C. Furthermore, we bave reported ao
extenslon of this reaction, in which the enamine is trapped Lutramoleculardy with an appropriate

acceptor such as an oster gronp, providing n efficient synthesis of substitated 2,,5,6-tetralydro-6-
oxo-1H-pyrolizines D10 (Schemn 1).

Bchemse 1: Syntheris of pyrrolidines xnd 2,,5,6-tetrahydro-6-ox0- LH-pyrrolizines

.
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Dus to a facile construction of tetrabrydropyrrolizinones from w-acetylenic amino esters, » formal

synthesis of ML 3000 was planed from the bicyclic snaminone 4 via the known lotermediate 5‘
(Scheme 2).

cfoxbo-ck

The o-acetylcaic amino ester 3 required for the synthesis of the 2,3-dihydro-1H-pyrrolizine .
skeleton of ML-3000 was cbtained from 1-chioro-3-pheny!-2-propyns 1 in two steps.!! Treatmeat of
chloride 1 with isobutyraidebyde under busic phase transfer catalyzis (cat. #-Bu NI, NaOH, H,0, e
tolusae, 30 *C)"? in the presence of a catalytic amount of Nal produced the aldshyde 2 (90%). The
condensation of aldehyds 3 with methyl glycinaie hydrochloride under reductive amination by using
NaBH(OAc)y In the presence of EtyN,'3 fumished the o-acetylenic amiso ester 3 (80%). The
thermolysis of the ¢-acetylenic amino ester 3 st 150 °C, o the presence of plvalic acid (1 oquiv.) 1
without solvent, produced the tetrahydro-6-ox0-1H-pyrrolisine 4 in good yield (68%) (Scheme 3). |

An gttempt to transform the tetrabydso-6-oxo-1H-pyrrolizine 4 into $ wes achicved by addition of .
4-chlorobenzene magnesium bromide to 4. Unfortunately, the addition of 4-chlorobenzene l
magnesium bromide to the easminone 4 without or with CeCl,, M followed by acidic work up, did not

allow the Isolstion of the dihydro-1H-pyrrolizine 8. In thess conditions, degradation products were
cbsarved.
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Scheme 3: Synthesls snd thermolyals of @-scetylenlc smino ester 3

i w-m-.m.mmm
N~ giycine mathyl ester hydrochieride, NeBH{OAG), BUN, CHCL: 1
N - 180 °C, HBUCOH (1 equiv.)

mmuummlmmmmwumamwn;
muh.q..huuyluiﬂuﬂhum wnc. orudplldm1n“ll
nmmmoﬂmﬂﬂmm uplmphnﬂ“wmanpudmﬂn.m
enono 4 was transforned into heteroaryt triflate 6,19 carbamste 7 and phosphate 8. After trestment of
4 with NaH in THF, the sodium enolale was quenched with N-phenylirifluoramethanesulfonimide,
diethylcarbamyl chloride or disthyl chlorophosphate to produce reapectively & (72%), 7 (71%) and 8
(62%). Compomnd S was isalsted in Jow yleld (< 10%) when the cross-coupling reaction of the encl
trifite 6, or the cabamate 7 or the cnol phosphate 8 was performed with p-chlorobenzene
pmagnesivm bromide In the prosencs of a catalytic gmount of Ni(acac), in refluxiog THF or at 1.
When the cross-coupling reaction of the triflate 6 was achieved with p-chlorotributylstannylbenzene
in the presence of a catalytic amount of Pd(PPhy), and LICl (as the additive), in refiuxing THF, no
coupling product 5 was datected. However, 3 was obtained in only 15% yleld when a Suxuki
cross-coupling reaction, betweea the triflate 6 and (4-chlorophenyl)boronic acid, was achieved in the
pressnce of Pd(PPhy)y and 5.4 M KOH/H,O in refiuxing THF (Scheme 4). It soema that these low
yiclds are the result of the low stability of compound § in the reaction conditions. Purthermore, we
have noticed & degradation of 3 during its purification on silica gel.

Schemae 4: Tranaformation of 4 Into compound 5

I- PHNTL, 0°C ot I - CICONEL 0°Cho st - moﬂcumu ABIOH),,

cal Pd(PPhy)s, MOHAYO, rellu; v - ArSniiuy, cat PO(PPh) . LICL mfiu vi- Astigl, est
Ni{zcac)y, THF, 1t or refnc
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An the esters of ML 3000 are stable.S 20 it seoma thet 2,3,5,6-totralrydro-6-0x0-1 H-pyrrolizines
are sishilized when the pymole ring is substituted by an acetic ester side chain. According to this
abservation, the xynthesis of ML-3000 was plaved from 12 via intermediate 19, or from 11, as an
clectron withdrawing group should have a better stabilizing effect on the pyrrole ring. Compound 11
could be syntheslzed from 4 via diketone 9 (Scheme 3).
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Different conditions were tried (o transform enone 4 into the monoalkylated product 13. When 4
wis treated with LDA (1.3 equiv) in THF & 0 °C, followed by the addition of ethyl bromonaceotate
(1.5 equiv.) st 0°C or -78°C, the monoalkylated product 13 was zot observed, but the dialicylated
compound 14 was isolated in 63% yicld. Upder phase transfer catalysis (NeOH/H;O, tolyene, cat.

Bu,NBr, nt), the dialkylated product, which was also the only isofable product, was obtslned in poor
yleld (10%) (Scheme 6).

"

Scheme é: Alkylation of 4
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Due to thess results, the synt:iesis of ML-3000 was planed from diketone 9. The @-kntoester side
chain was introdoced by acytstion nf the tetrshydro-6-omo- L H-pyrrolizine 4 with diethyl oxalate ander
basic conditions (BtONa, BtOH, )21 The resulting B-diketone 9 (77%) was eatirely enolized, and
mmmm(seuunmwmdummwlmmmw
using & Surnkd cross-coupling reaction’ (Scheme §).

After tretment of § with N-phenylaifiuoromethanesulfonimide under basic conditions (NaH,

THR. n, 80%)'° (Schems 7). the resulting trifiste 10 was teotatively coupled with
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(4-chlorophenyi)boronic acid in the presence of PA(PFh,), (0.05 equiv.) and KOH/H,O (5.4 M) in
refluxing THF. Ia thete cooditions, 11 was not detected but degredation comxpounds were formed
probably due o the sensitivity of the ketoester molety to the strongly basic conditions. Acconding to
this result, the Snzukd reaction was performed under milder basic conditions by wing NssCOWH,0 in
refluxing THF. In these conditions, the desired prodact 11 was cbtalned in 92% yleld (Scheme 8).

Scheme 7: Transformation of 4 into the enol trifiate 10

THNal, TP, 1t
w 1) BONa 1) PHS0CFa)
[ - [ ]

The redoction of kxtoester 11 into 13, with ammonium formate (HCO.NH,) in the presence of
10% PA/C in AcOH at 110 °C22 Jed i four unseparated products in the crade reaction mixtore, 11
{starting maaterial), 13, 15, 16 in a ratio of 28%, 10%, 30%, 32% (determined by OC/MS) which
correspond to the deoxygenation of the etiryl oxalats side chain but also to the hydrogenolysis of the
chiorine (Scheme 9).

Schems 9: deoxygenation of 11
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On the contrary, good yield in 12 was obisined when the deoxygenstion of 15 was achieved via

the reduction of the hydrazone intermediate 17 (p-tolnenesulforry! hydrazvine, cat. p-TsOH, BiOH,
seflux) with NaBH,CN in refluxing B1OH.3% The ethyl ester 12 of ML-3000 was obtained in 90% yield
(Scheme 10).
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After saponification of 12 by NaOH in BtOH/H;0,9 ML-3000 was {solated (77%) and identified
by comperalson with the literstore spectral data® The synthests of ML-3000 is summarized in
Scheme 11,

In wummary, the synthesis of ML-3000 wus schieved in 8 steps from 1-chloro-3-pheayl-
2-propyns with an overall yield of 19% by using a thermal acid-promoted bicyclixation of an
w-acetylenic amino ester and & Suzuki crozs-coupling reaction between a heteroary! tiflste and
(4-chlorophenyl)boronic acid as the key mteps.

Acknowledgmenis: We thanks the Laboratoire L. Lafon for its finapcia) support.

Experimental Seciion

General. All axperimenis were run under an Ar simosphere. IR spectra ware recorded in CCly
(NaCl cells). '"H NMR apd 1’C NMR spectra were recorded in CDCly at 300 MHx and 75 MHz
reapectively. Chemical shifts are reported ss & values in ppm relative o Internal tetramethylatlane. Mass
spectre were nm on & Howlnit-Packard Instrument (B mode at 70 6V). Uncozrected melting points were
taken wing & Kofler bank. Microsnalysis, HRMS were performed st Paris VI Univertity. Flash column
chromatography was sccomplished on Merck Kiescigel 60 (230-400 mesh). Anslytical thin layer
chromatography (TLC) wa performed on Merck sllica gel 60 Fygq. Solvents such as CH3Cly or
1,2-dichicrocthene were distilled from CaHa, THF was distilled from Na/boazophenone and ethancl from
Mg.

2,2-Dimethyl-S-phenylpent-4-ynal (2). A mixture of 30% aqueous NeOH (5.31 g NaOH, 132.3
mmol), Nal (1 g, 6.64 mumol), n-BayNI (0.49 gz, 1.328 mmol) and toluens {10 mL) was heated at 30 °C. To
thiy vigorously stirred mixture was sdded dropwise (¢s. I b) a soletion of 1-chloro-3-phenyl-2-propyne 1
{10 g, 66.4 mmol) and isobutyraldehyde (7.18 g, 9 mL, 99.6 mmol) iv toluene (S mL). After 24 h az 50 °C,
the reaction mixture was cooled, dilued with water (100 mL) and extracted with ether (3x50 mL). The
organic phase was dried over MgSQy and filtered. The solvent was removed in vecuo and the residue was
purified by flash column chromatography on silica gl (95/5 petroleum etherfethy] acetate) 10 glve 2 a5 a
colorless ofl (11.13 g, 50% yleld): IR 2700, 2240, 2220, 1730, 1460, 1440, 885, 550 cmrl; TH NMR §1.22

e = == :::r:.::!::ﬂ
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Scheme 11: Synthesis of ML-3000
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1~ lecbutyradehryde, cet. n-Bu M, cat. Nal, NeOHH O/cluens, 80 °C;
1 - Glyoine matiwl ester hydrochionds, NeBHIOAG),, BN, CH.Ch. 1t
Ml - 150 °C, MICOH (1 aquiv.);

iv - u) EXONa, (EIOCON, EIOH, t; bACOH;

¥ - ) Nab, THF, 1% B)POIN(TY ), 1t

¥ - (Chicrophsryliboronis ackd, cat. Pd(PPhul. NagCOyH (O, THF, reflux;

il - 8) poiusnasylionyl yxirazine, 5 TeOH, BIOH, reflus; b) NaBHCN, EXOH, refuc

vl - NaOH, 440, BI0H, 80 °C.
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(s, 6H), 2.56 (s, ZH)), 7.25-7.30 (m, 3H), 7.35-TAS (m, 2H). 9.€2 (s, 1F"; EI MB m/ (relative intenwity) 186
(M*, 4), 171 (100), 143 (44), 128 (40), 115 (93), 102 (45}, 63 (20); .- MS Calcd for C13H(40: 186.1044.
Found: 186.1044.

Mathyl N-(21,2-diawilryl-5-phenyipent-4-yuyl) glycinats (3). To a solution of 2 (6 g, 3221 mmol) in
dry dichloromethans or dry 1,2-dichlorocthane (100 mL) at mom tempersture were added powdered
glycine mothy] ester hydrochloride (425 g, 33.82 mmol) and dry triethylamine (6.52 g, 9 ml., 6443
punol). The resnling sospeasion was vigoromly stirrod for 15 min and powdered NaBH(OAc) (1024 g,
42.31 mmal) way then addsd by small portions. The reactica mixture was vigoronsly stimed for an
additional 12 h, quenched by addition of saturated aqueous NaHCO3 (100 mL) aad, after 15 min,
extracted with dichloromethane (3x100 mL). The organic phase was drisd over MgSOy and filtered. The
solvent was removed in vacso and the residne was purified by flash column chromatography on silica gel
(9373 dichloromethanc/ethryl acetets) to furnish 3 s 2 coloriess oil (6.7 g, 0% yield): IR 2240, 2220, 1740,
1715, 1470, 1435, 1360, 1200, 1175, 690 cml; 'H NMR & 1.04 (s, 6H), 1.60 (broad s, 1H), 2.38 (s, 2H),
2.53 (s, IH), 3.44 (s, 2H), 3.71 (s, 3H), 7.25-7.30 (m, 3H), 735-7.43 (m, 2H); 13C NMR §125.3 (q, 20),
30.5 (0, 35.1 (s). 31.6 (q). 51.9 (1), 59.3 (1), B2.4 (s), 88.1 (s), 124.1 (s), 127.5(d), 1282 (d, 2C), 1315 (d,
2C), 1732 (sy: EI M3 avk (ruiative imensity) 259 (M*, 28), 200 (76), 113 (56), 102 (100), 74 (55 HRMS
Caled for CigHziNOy: 299.1572. Poumd: 258.1571.

2,2-Dimethyl-7-phenyi-2,3,5,6-tetralydro- L -gyrrolizin-§-ome (4). A stirred mixtoge of 3 (2 g,
7.71 mmol) and pivalic acid (0.787 g, 7.71 mmol) was hoated at 150 *C for 5 h. Methano] was distilled
during the reaction. After cooling %o room temperaturs, the crude product wis purified by flash colomn
chromatography on silica gel (S0/30 dichloromethane/otity] acetate) to give 4 s & yellow-arenge solid {12
5 68% yhold): IR 1663, 1600, 1465, 1365, 1310, 1170, 1130, 935, 695 car!; 'H NMR & 1.25 (s, 6H), 2.85
(. 7= 2.2 Hx, 2H), 320 (s, 2D, 380 (t, / = 2.2 Hz, 2H), 7.10 (t, J = 7.5 Hz, 1H), 7.30 (t, / = 7.3 Hz, 2H),
7.63 (4, J =75 He, 2H); 13CNMR 8279 (q, 2C), 40.1 (s), 43.9 (1), 56.7 (¥), 61.3 (1), 106.5 (a), 124.5 (d),
1249 (4, 20), 128.3 (d, 2C), 133.1 (), 181.0 (s), 197.2 (s); EI MRS s/t (relstive intenaity) 227 (M*, 100},
198 (54), 113 (30); HRMS Calod for C)sH)7NO: 227.1310. Found: 227.1310.

$-{4-Chlorepheny])-2,2-Hmetiryl-T-phenyl-2 3-dilrpdro-1H-pyrrolixipe (5).¢ A solution of 6 (025
% 0.693 mmal) aad (4-chilorophenyboronic acid (0.109 g, 0.695 munol) in dry THF (7 ml.) was degassed
with argon for 15 min. To this solution were added PAd(PPhs)y (0.04 g, 0.035 mxoal) end 5S4 M agueons
KOH (045 mL., 2.43 mmol KOH). The resulting mixture was stirred at room tempersture overnight and
then refloped for an additional 24 b After cooling the solution s room {enpersinre, the solvents were
mmoved lp vacus, The reaidus was taken up with dichloromethane (10 mlL) and filtered thiroogh a plug of
Floriall, which was washed with additional dichloromethane (10 mL). Tte filrate was weabed with bring,
dried over M504 and filierod The sclvent was removed in vacso and the residos was purified by
preparative TLC on siliea gel (95/3 petroleum othes/ather) to give 5 aa & gray solid (0.033 g, 15% yield):
TH NMR § 1.28 (s, 6H), 2.82 (s, 2H), 3.76 (s, 2H), 6.69 (s, 1H), 7.10-7.48 (m, 9H); 13C NMR 528.0 (q,
2C), 40.2 (), 43.5 (a). 9.8 (1), 113.3 (d), 114.4 (s}, 125.0 (d), 1255 (s}, 128.1 (d, 2C), 120.2 (d, 2C), 1286
(d, 2C), 129.5 (4, 2C), 131.0{s), 135. (u}, 135.8 (s), 136.1 (s); EI MS m¥ (relative inteuaity) 323 (38), 321
(M*, 100), 265 (43), 230 (40), 202 (33), 125 (23).
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2,2-Dimethyl-7-phenyl-2,3-dikydro-15 -pyrrolizin-6-y trifioorometienesuifonats (€). To a
stirred sospension of NaH (60% In mineral oif) (0.193 g, Le. 0.116 g NaH, 4.84 mmol) in dry THP (10 L)
= room empemtare was added dropwise » solution of 4 (1 g, 4.40 mmal) In dry THF (10 mL). The
rosulting red solotion wea stimed at room temperatare for 1 hrend then conled to 0 °C.
NM(IM;S%MW&MhﬂMﬂ.AﬂHSMH
0 *°C and thea 20 h at room \cmperatore, the resulting solution was dilute with brine (25 mlL) sod extracted
with sthyl acciate (3x20 mL). The arganic phase was dried over Mg80y and filtered. ‘The polvent was
removed In vacuo and the residue was purified by flah column chromatogrphy oa silica gel (80/20
petroleum etheg/dichiaromethane) to fixrnish € as « white solid (1.14 g, 72% yield): wp 36-58 °C; R 1610,
1430, 1410, 1380, 1210, 1145, 930, 700 exx-}; 'H NMR § 1.27 (n, 6H), 2,23 (s, 2H), 3.72 (s, 2H), 6.71
(a, 1H), 7.17-7.45 (m, SH); 13C NMR §217.7 (g, 2C). 41.2 (t), 42.5 (a), 60.6 (t), 106.1 (d), 109.1 (s}, L18.7
(g, 7 = 321 He, OS0CF4), 1259 (d), 1270 (4, 2C), 128.6 (4, 2C), 130.7 is), 132.7 (s), 1339 (s); HIMS
m/z (relative ienpity) 359 (M*, 26), 226 (100), 113 (27); Anal Caled for CigH ) gFyNOsS: C, 53.47; H,
449; N, 3.90. Fousd: C, 3347; H, 444; N, 3.76.

NN-Disthyl 2,2-dimethyl-T-phenyl-23-dikydro-1H-pyrrolizin-6-y1 carbamate (7). Prepared
from 4 (1 g, 4.40 mmol) by the same procedare used for the preparation of 6, employing diethylcarbamyl
chiorids (0.716 g, 528 mmol) instead of PANTY;. Purification by flash cohrmn chromatography oo sillea
gel (OS/S dichloromethane/ethyl acetats) gave 7 as a alightly yellow solid (1.02 g, 71% yield): mp
68-70 °C: IR 1720, 1610, 1473, 1425, 1385, 1270, 1240, 1170, 1150, 700 cor!; 'H NMR & 1.10-1.25 (m,
GH), 1.25 (s, GH), 2.83 (s, 2H), 3.30-3.50 (m, 4H), 3.69 (s, 2H), 671 (s, 1H), 7.08-7.45 (m, 5H); 13C NMR
5134 (q), 14.2 (q). 27.9 (q, 2C), 41.4 (1), 41.7 (1), 42.1 (1), 42.4 (s), 60.3 (1), 103.1 (d), 108.2 (s). 124.7 (d),
1269 (d, 2C), 128.2 (d, 2C), 130.8 (s), 135.0 (v), 1365 (s), 154.2 (3); BI MS m/x (relstive Intensity) 326
(M*, 40), 226 (30), 115 (33), 100 (100}, 72 (31); HRMS Caled for CzgHagN20;3: 326.1994. Found:
326.1988,

Dicthyl 2,3-dimathyl-7-phenyl-2,3-dibydre-1H-pyrrolizia-¢-yl phesphate (8). Propared from 4
(! g, 440 mmol) by the asme procedurs used for the preparation of €, employing diathy] chlorophosphate
(0.911 g, 5.28 mmol) instaad of PHNTS;. Purification by flash column chromatogrephy on silics gal (30750
petroleum ethecfethyl acetate) gave 8 aa a red solid (0.99 g, 2% yield): mp 58-60 °C; IR 1610, 1395,
1275, 1040, 965, 700 cor!: 'H NMR 3 1.25 (s, GH), 1.26 (t, / » 7.1 He, 3H), 1.27 (1, J = 7.1 Hz, 3H), 282
(s, ZHD. 1.67 (a, 2¥D), 4.02-4.20 (m, 4H), 6.65 (s, 1D, 7.10-7.55 (m,5H); 13C NMR & 16.0 (9). 16.1 (q),
27.8 (g, 2C), 41.6 (), 424 (s), 60.3 (1), 64.3 (1), 64.4 (t), 103.6 (d), 107.6 (a), 124.9 (d), 126.8 (4, 2C), 1283
(d, 2C), 1311 (s), 134.5 (s), 136.1 (a); EI MS m/ (relative intensity) 363 (M+, 100), 227 (50), 171 (72),
115 (79): HRMS Calod for C1pHzgNOP: 363.1599. Found: 363.1596.

Ethyl 2-(2,2-dtmethy-6-hydroxy-T-phenyl-2,3-dihpdro-1H-pyrrolizin.S-yi)-2-oxoacetats ().
Small pleces of sodium metal (0.394 g, 17.16 mmol) were carefully added to dry ethancl (10 mLL) stirred
at 0 °C. After dissppoarance of the sodium, a solution of 4 (1.3 g, 5.72 mmol) and dietryl axsiaze (0919 3.
0.854 mL. 6.29 mmol) in dry cthanol (10 mi) was added dropwise. The remuiting solution waa stirred at
room temperature for 15 h. The reaction was stopped by addition of acetic acid (2.5 mL), followed by
additon of water (2.5 mL). Solvents were ramaved in vacuo and the residue was taken up with water

o —— - %
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(50 mL) sad extracted with ethyl acctats (50 mi., then 2x25 ml). The ocganic phese was washad with
brine (10 wl), dried over Mg30, and filtered. The solveat was remov+) in vacus and the residue was
pudified by flash coluom chromatography on silica ge! ($0/20 petralenms cthovfethy] acotate) to give $ s a
yellow-grean solid (1436 g, 77% yield): mp 123-125 °C; IR 3100¢road), 1730, 1690, 1600, 1570(broad),
1270, 1040, 635 cax'!; 'H NMR & 1.27 (s, GH), 1.46 (t, J = 7.2 Hx, 3H), 2.57 (s, 2H), 4.13 (s, 2H), 4.48 {q,
JwT72He, 28),7.20{t, Jw TS Hz, 1H), 1.38 (1. J = 7.5 Hz, 2H), 7.62 (4, J = 7.5 Hz, 2H), 1133 (s, 1H);
13C NMR & 13.9 (g), 27.9 (g, 2C), 41.2 (x), 41.9 (1), 626 (1), 63.8 (1), 1062 (s), 116.7 (s), 125.7 (), 126.8
{d, 2C), 1284 (d, 2C), 133.0 (s), 142.5 (), 134.7 (s), 165.8 (s), 166.7 (s): EI MS m/t (rclstive intensity) 327
(M*, 43), 254 (100), 115 (14); HRMS Caicd for CigkiayNOg: 327.1470. Found: 327.1454,

Kty 2-(2.2-dzmeticyl-7-phenyl-6-irifinorometinacssifonyioxy-2,3-dikydro-1i-pyrrolisia-S-y)-
2-oxoscetate (19). To & stimed sunpension of NaH (60% in miners! oil) (0.183 g, i.e. 0.109 g Nal, 4.582
mmol) [n dey THF (10 mL) ot room temperature was added dropwise a solution of 9 {1 g, 3.054 mmol) In
dry THF (10 mL) . The resuiting oraage suspension was sthred at room temperstore for 1 b,
N-Phcayitrifiooramethancsulfonimide {(1.31 g, 3.665 mmol) was then added in onc portion. After 12 h at
room femporsiure, the resulting solution was dilute with brine (20 ml.) and water (20 mL), and extracted
with ethyl acotste (50 mi., then 2x25 ml.). The organic phase was waghed with brine (10 mL), drind over
MgS0O, and filtered, The solvenl was removed in vacuo and the residus wes purified by flash colamn
chramatogrephy on silics gel (85/15 petroleum etherfethyl acetate) to furnish 10 s & coloriess oil (1.12 g,
$0% yleld): IR 1740, 1650, 1460, 1430, 1385, 1210, 1140, 1035, 940, 695 cr-l; 1H NMR & 1.29 (s, 6H).
1.42 (t, J = 72 Hz, 3K), 2.87 (s, 2H), 4.16 (s, 2H), 442 (q, J = 7.2 Hz, ZH), 7.25-7.43 (m, 5SH); 13C NMR
8 138 (q), 278 (g, 2C), 40.9 (1), 41.7 (s), 62.9 (), 63.0 (1), 113.1 (v), L1175 (s), 118.3 (g, J = 320 Hz,
0S0;Chs), 177.5 (d), 128.1 (d, 2C), 1248 (d, 2C), 1304 (s}, 136.9 (s}, 142.1 (5}, 162.5(s), 1734 (a): Kl
MS av/k (relative intenslty) 327 (M* + H - SO2CFs, 40), 254 (100), 115 (20),

Ethy] 2-(6-(4-chiorophenyl)-2,2-dimethyl-7-phonyl-1, 3-dihydro-14-pyrrolizin.S-yi)-2-
emsacetats (1), A solution of 16 (0.6 g, 1.3 mmol) and (4-chlorophesyiboronic acid (0.224 g, 1.43 mmal)
in dey THF (10 mlL) was dogased with argon for 13 min. To this solution wore added PA(PPhs)4 (0.075 g,
0.065 mmel) and NagCO3 (0.33 3) solubilized in a minimom water (1 mL). The resuiting mixture was
vigorously stirred at room temporsture for 1 b snd then refluxed for s additional 1 h. After cooling to
room tempersture, the sespension was diluted with ether (25 ml) and filsered through a ping of Celite,
which was washed by additional ether (20 mL). The filtrate was washed with brine (10 i), dred over
MgSO,4 and filtered. The solvent was removed in vacuo and the residue was purified by flmb colomn
chromatography oa silica gel (50/10 petrolenm etharfethryl acetsie) 10 giva 11 us & alightly yollow solid
(051 g, 92% yield) mp 84-86 *C; IR 1740, 1625, 1600, 1425, 1380, 1168, 1068, 700 car’; !5 NMR
51.08 (¢, J = 7.2 Mz, 3H), 1.32 (a, 6H), 2.8 (s, 2H), 3.60 (g, J = 72 Hz, 2H), 4.23 (s, 2T), 695-740 (m,
9H): 13C NMR § 11.5 (g), 28.0 (g, 2C), 40.2 (t), 42.9 (s), 61.8 (1), 62.1 (1), 119.4 (s), 121 .8 {s), 1262 (d),
128.1 (d, 2C). 1283 (d, 2C), 1288 (4, 2C), 132.2 {d, 2C), 132.3 (3), 1334 (s), 133.2 (s), 136.0 (). 145.5 (a),
164.8 (s). 1765 (3%, BY MS m/t (relative intensity) 423 (7), 421 (M*, 20}, 350 (35), 3448 (100): HRMS
Caled for Cas¥3/CINOy: 421.1444. Found: 421.1445.
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Ethyl 3-{6-(4-chlorophenyl)-1,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrelixin-3-yl)acetats
(13).S A stirred susponsion of 11 (0.97 g, 2.3 mmol), p-toluénesulfonhydrezide (0471 g, 2.53 mmol) sad
p-TsOHLHZ0 (0.115 g) in dry ethuncl ($ mL) was refluxed for 7 h. After cooling to room temparstors, 8
saolation of NaBHyCN (0.578 g, 9.2 mmol) in dry ethancl (6 mL) was added dropwise 1o the yellow
suapension, which was then refluxed for an additional 4 h. The resulting solution was cooled to room
temperatne and ethamol was removed I vecuo. The residue was taken up with water (30 mL) and
extracted with ethyl acetabe (3x20 ml). The organic phase was washed with brine (10 ml), dried over
Mg804 and filtored. The solvent was removed in vacuo and the residue was purified by flash colomn
chromatography on silica gel (9375 potroleum ether/ethyl acetate) to give 13 ax a sightly yellowish solid
(0.94 g, 90% yield): mp §7-89 °C; IR 1735, 1600, 1483, 1430, 1370, 1175, 1100, 1030, 700 cart;
TH NMR 8 1.28 (¢, J = 7.2 Hz, 3H), 1.30 (s, 6H), 2.95 (1, 2H), 3.51 (s, 2H), 3.75 (3, 2H), 4.18 (g, I = 72
Hz, 2H), 7.00-7.27 (m, 9H); 13C NMR & 14.2 (q). 28.0 (g, 2C), 31.5 (1), 40.6 (1), 433 (s), 384 (1), 61.0 (),
114.8 (s), 117.7 (s), 123.6 (»), 124.7 (d), 128.0 (4, 2C), 1281 (d, 2C), 128.3 (4, 2C), 131.6 (»), 131.7 (4, 2C),
134.1 (a), 134.7 (s), 136.0 (s}, 170.8 (s); EI M5 sk (relative Intensity) 409 (12), 407 (M*, 36), 336 (33),
334 (1003, 299 (14). 242 (14); HIRMS Culed for CasHagCINO2: 407.1652. Found: 407.1653.

Diethyl 2,2-dimetliyl-6-0x0-7-phenyl-1,3,5,6-tetrabydro- LA -pyrrellsine-5,5-discetate (14). To s
stirred solution of LDA (1.3 mmal) in dry THF (3 ml) st 0 °C was added dropwise a solution of 4
(0227 £, 1 mmeD in dry THP (2 ml). The resulting red solution was stirred at 0 *C for 15 min. Ethyl
bromoscetste (0.25 g, 1.5 mmwol) was then added In ane portion and the resulting solution was sthrred at
0°C for 5 h. The reaction mixture was diluted with water (10 mL) and extracted with ether (3x10 mL).
‘The organic phase wes dried over MgS80, and filtered. The solvent was removed in vacuo and the rexidon
was purified by preparative TLC ou silica gel (80/20 dichloromethane/ethyl acetate) to firnish 14 ae an oil
(0.8 g, 63% yield): IR 1740, 1670, 1605, 1375, 1185, 1035, 700 cur); 'HNMR 8 1.15 (t. 7 = 7.5 Hz,
6H), 1.26(s, 6H), 2.78 (d, J = 16 Hez, 2H), 2.87 (d, J = 1& Hx, 2H), 290 (s, 2H), 3.42 (s, 2H), 4.05 (g,
J= 7.5 Hx, 4H), 7.09 (t, J = 7.3 Hz, 1H), 7.30 (1, J = 7.3 Ha, 2H), 7.63 (d, J = 7.3 Hz, 2H); 13C NMR
§14.1 (g, 2C), 27.8 (g, 20), 39.1 (1, 2C), 39.7 (s), 4.9 (1), SB.B (1), GO.B (1, 2C), 65.5 (s), 1044 (s), 124.6 (d),
125.1 (d, 2C), 128.3 (d, 2C), 133.1 (s), 169.3 (5. 2C), 179.3 (a), 198.2 (s); EI MS m/¢ (relative intensity) 399
(M, 100), 312 (22), 224 (20); HRMS Calcd for C1aHagNOy: 399.2046. Found: 399.2046.

2-(6-(4-Chilorophenyl)-2,2-dlmethyl-7-phenyl-2,3-dihydre-1H-pyrrolisin-5-yl)acetic ocld (ML~
3000).5 To & stirmed solation of 12 (0.408 g, | mmcl) in sbsalate athanol (3 mL), bested at 80 °C, was
added a solstion of 10% agueons NeOH {0.55 mL). After an additional 15 min at 80 °C, the solution was
cooled v O *°C, dilted with water (5 mL) and acidified to pH 6-7 with a 1 M aqueous phospharic acid
sclution. The mixture was extracted with ether/dichloromethane (3/1, 3x30 mL), the organic phase was
dried over MgSO, and Sltered. The acivent was removed in vacso and the solid residue was wasbed with
isopropyl ether, filtered off and dried in vacko to give MIL-3000 as s slightly vellowish solid (0.292 g, 77%
yleld): mp 162-163 °C; IR 3520(beond), 1710(broad), 1600, 1485, 1090, 910, 700 cm-!; 'H NMR 5 1.30
(s, GH), 2.86 (s, 21), 3.59 (s, 2H), 3.76 (s, 2H), 7.00-7.30 (m, 9H), 9.30 (s, COzH); !3C NMR 5280 (q,
20), 31.1 (1), 40.5 (1), 433 (s), 58.4 (1), 114.9 (s), 116.8 (2. 124.0 (u), [24.7 (d), 128.0 (4, 2C), 1282 (4, 2C),
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1284 (4, 20C), 131.6 (4, 2C), 1318 (n), 1344 (s), 1345 (s), 135.3 (s}, 176.1 (s); BIMS C3Hz2CINO3 m/t
{relative lnsensity) 337(35), 335(M* - CO; , 100), 278 (12), 264 (15), 244 (14), 202(27).
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