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Abstract. The title compoundd were prepared from the ples, 57—84% yield). The enantiomerically pNrenethoxy-
correspondingy-acceptor substituted 2-methoxypyrrolidines carbonyl protected elimination substradesiand3ab were
3 by elimination with trimethylsilyl trifluoromethanesulfo- synthesized from the-pyroglutamic acid derived pyrrolidi-
nate (TMSOTf) andN,N-di-iso-propyl ethyl amine (6 exam- noneséaandéb in three steps (80—-83% yield overall).

N-Alkoxycarbonyl protected chiral 2-substituted 2,3-dihydro- It was assumed that tiealkoxycarbonyl iminium ion for-
pyrrols1 are heterocyclic olefines the synthetic potential of mation with TMSOTf which has been well documented [9]
which has been explored only to a limited extent. There arean serve as an entry into the projected elimination of MeOH
studies on addition reactions to a proline-derived dihydrofrom 3 if it was combined with non-nucleophilic base treat-
pyrrol (Rt = COOMe) and their facial diastereoselectivity [1, ment. Indeed, the reagent combination trimethylsilyl trifluoro-
2]. A 2-alkenyl substituted 2,3-dihydropyrrol was used in ra-methanesulfonate (TMSOTf) andN-di-isopropyl ethyl
cemic form as an entry into biologically actaeaheterocy- amine (Hunig base) previously employed for the elimination
cles [3]. Recent interest from our group centered on the abilef O,0-acetals to enol ethers [10] proved useful for the prep-
ity of 2,3-dihydropyrrols to react as alkene components iraration of the pyrrolined and5 from the corresponding 2-
the Paterno-Buchi reaction [4]. methoxy pyrrolidines3a—c [11] and4 [12] as depicted in
Scheme 2.
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If R1is a vinyl or aryl substituent the enantiomerically pure
dihydropyrrolsl can be prepared from unsubstitubéalk-
oxycarbonyl-2,3-dihydropyrrols by an enantioselective HeckScheme 2
reaction [5]. If Ris an alkyl substituent the target compounds
1 are ideally prepared from the correspondi@-acetals3
or from the lactamolg which may in turn be obtained either
oxidatively from pyrrolidines [1, 6] or reductively from pyr-  Gratifyingly, theN-methoxycarbonylprotected pyrrolidine
rolidinones [7]. The oxidative approach has been reported t8areacted particularly well and yielded the dihydropytral
be not regioselective in some instances [8]. The proton-catan 83% yield. Previous experiments had revealed thdtlthe
lyzed [1] and the uncatalyzed [7] thermal elimination proce-methoxycarbonyl protected substrates are superior to other
dures which have been used to transform\tiadkoxycarbo-  N-protected dihydropyrrols in the Paterno-Buichi reaction [13].
nyl-pyrrolidines2 or 3 into dihydropyrrols did not prove to Upon photochemical reaction with benzaldehydgave the
be well suited for small scale work in our hands. In this notecorresponding oxetane in 56% yield whereas the yields with
we report on a new method for the conversion of chiral andb and1c were only 41% and 52%. Thétosyl protected
achiral pyrrolidines to the title compounds. In addition, we substraté did not react at all.

describe a reductive approach to the chit@l-acetals3 (R! The extension to chiral dihydropyrrols was consequently
= alkyl) starting from pyroglutamic acid-derived pyrrolidi- carried out withN-methoxycarbony! pyrrolidinones which
nones. bear an alkyl group adjacent to the nitrogen atom. Starting
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from L-pyroglutamic acid the lactan@scan be readily pre- used as received. — IR: Nicolet 510M FT-IR. — MS: Varian
pared [14]. After protection of the nitrogen atom the reduc-CH 7. —H and'3C NMR: Bruker AC-300. Chemical shifts
tion of the pyrrolidinoneg was conducted with LiEBH fol- are reported relative to tetramethylsilane as an internal refer-
lowing the procedure of Dieter and Sharma [7] (Scheme 3)ence. CDC] was used as solvent unless noted otherwise. —
Subsequent acetalization of the lactan2aslaand2abto the  Elemental Analyses: Varian Elementar vario EL. — TLC: glass-
N,O-acetals3aaand3ab proceeded best with dimethoxypro- backed plates (Merck 0.25 mm silica gel 60-F); eluent given
pane and camphor sulfonic acid (CSA) infCH as the sol-  in brackets, a cyclohexane (CH)/ethyl acetate (EA) or a pen-
vent [15]. The generality of the elimination procedure wastane (PE}ert-butyl methyl ether (TBME) mixture was used
finally demonstrated by the smooth conversion ofNhe- unless stated otherwise; detection by UV or by coloration with

acetals to the corresponding dihydropyrds andlab. ceric ammonium molybdate (CAM). — Flash chromatogra-
phy [16] (FC): Merck silica gel 60 (230-400 mesh) (50 g for
BuLi,CICOOMe LiBEtsH 1 g of material to be separated).
(THF) (CH,Cl,, THF)
A _T8C .t A , 78°C - 1t ;D\ L N-Methoxycarbonyl-2,3-dihydropyrr¢la)
0 >N TR 3h 07 °'N" 'R 4h HO™ "N° R
H COOMe COOMe Procedure A. 9.0 mmol of TMSOTf (1.96 g, 1.70 ml) was
. added dropwise to an ice-cooled solution of 7.5 mmol of
6a R =Et 7a (98%) 8a 2-methoxypyrrolidine8a [1] (1.20 g) and 9.7 mmol df,N-
6b R =Bn 7b (96%) 8b

di-isopropyl ethyl amine (1.28 g, 1.70 ml) in 20 ml of {CHi,.
After 30 min the reaction was quenched by adding 40 ml of
Me,C(OMe),, CSA TMSOTH, i ProNEt pentane. The reaction mixture was filtered through a Celite
(CH:Cly) (CH2Cl) 7 pad and concentrated under reduced pressure. The crude prod-
0 °C, 30 min JD\Rl 0 °C, 30 min O\Rl uct was purified by flash chromatography (PE/TBME = 90/

Meo EOOMQ EOOMe 10). Yield 800 mg (83%). The analytical data for this com-

pound were in accord with those reported in the literature
3aa (82%) laa (79%) [6b].
3ab (86%) 1ab (74%)

N-Ethoxycarbonyl-2,3-dihydropyrrglLb)

Following the protocol described in procedArévideabove)

0.65 mmol of 2-methoxypyrrolidingb [11b] (112 mg) were

transformed into the desired product. Purification by flash
In summary, the conversion of the readily availdid@c-  chromatography (PE/TBME = 90/10). Yield 52 mg (57%).

ceptorsubstituted 2-methoxypyrroliding® 2,3-dihydropyr-  The analytical data for this compound were in accord with

rols 1 can be advantageously carried out with TMSOTf andthose reported in the literature [6b].

N,N-di-iso-propyl ethyl amine. Chiral 2-methoxypyrrolidines

such as3aa and3ab derived fromL-pyroglutamic acid are  N-tert-Butoxycarbonyl-2,3-dihydropyrrélc)

well suited for the elimination protocol and the method de- , ) , ,

scribed above gives ready access to the title compdunds Following the protocol described in procedérévideabove)

The very same procedure has recently been used to preparf-2 mmol of 2-methoxypyrrolidingc [11c] (1.31 g) were

2-nonyl substituted 2,3-dihydropyrrol which was convertegtransformed into the desired product. I?urlflcatlon by flash

to (+)-preussin [4b]. Further applications of the dihydropyr-Cchromatography (PE/TBME = 90/10). Yield 712 mg (65%).

rols 1 in cycloaddition reactions are currently being investi- 1ne analytical data for this compound were in accord with

gated in our laboratories and will be reported in due coursethose reported in the literature [6b].

Scheme 3
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Fonds der Chemischéndustrie. We thank Gregor Willanz- Z%SOVr\grr]r?ol gfpzr?n?ect?noxilsp(;r:r;idin: [12] (60% mg) wer)e
heimer for skilliul technical assistance. transformed into the desired product. Purification by flash
chromatography (CH/EA = 95/5, 90/10). Yield 440 mg
) (84%). The analytical data for this compound were in accord
Experimental with those reported in the literature [12].

All reactions involving water sensitive chemicals were car- P
. X : : oo -N-Meth I-5-ethyl-2-pyrrolidinoiiéa
ried out in flame-dried glassware with magnetic stirring un-(S) ethoxycarbonyl-5-ethyl-2-pyrrolidinoies)

der Ar. Chemicals and solvents for this kind of reactions weré’rocedure B. A 1.4 solution ofn-butyl lithium in n-hex-
distilled from an appropriate drying agent. Common solventsane (7.5 ml, 11 mmol) was added dropwise to a cooled solu-
(cyclohexane, ethyl acetate, pentaee;butyl methyl ether)  tion of 10 mmol of pyrrolidinon&a [14a] (1.13 g) in 20 ml
used for chromatography were distilled prior to use. Theof THF at —78 °C. The mixture was stirred for 1 h at this
2-methoxypyrrolidinega[1], 3b [11b], 3c[11c], and4 [12] temperature. 14.3 mmol of methyl chloroformiate (1.35 g,
and the pyrrolidinone6a[14a] andéb [14b] were prepared 1.10 ml) were added, and the reaction mixture was allowed
as described previously. All other reagents and solvents welt® warm slowly to room temperature. After 3 h it was quenched
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with 15 ml of a saturated aqg. Y@l solution . The aqueous mation to 2,3-dihydropyrrolidin@a. Yield 139 mg (82 %). —
layer was extracted with TBME (3 x 20 ml). The combined R, = 0.21/0.26 (PE/TBME = 80/20).

organic layers were dried with MgGJiltered and concen-

tratedin vacuo The crude product was purified by flash chro- (2RS,5S)-N-Methoxycarbonyl-5-benzyl-2-methoxypyrrolid-

matography (TBME). Yield 1.68 g (98%).R-= 0.44 (EA).
—[0]3°=-104.9¢=1.1, CHC)). — IR (film): v/cnT1 = 2965
(m), 1790 (vs, C=0), 1750 (s), 1720 (s), 1305 (m).
IH NMR (300 MHz): &/ppm = 0.95 (t3J = 7.5 Hz, 3H,
CH,CH,), 1.41-2.11 (m, 4H, B,CHCH,), 2.35 (ddd?2J] =
17.8 Hz3) = 9.5 Hz,3J = 1.6 Hz, 1H, COCHI), 2.52 (ddd,
2J=17.8 Hz31=9.2 Hz23J= 1.7 Hz, 1H, COEIH), 3.76 (s,
3H, OH,), 4.04 (tdd3J = 8.8 Hz,3) = 3.3 Hz,3J = 1.9 Hz,
1H, CHN). —23C NMR (75.5 MHz):dppm = 9.4 (CHCH,),
21.8 (COCHCH,), 26.1 (C@H,), 31.2 CH,CH,), 53.1
(OCH,), 59.1 CHN), 152.0 CO0), 173.8CON). — MS (El),
m/z (%): 171 (10) [M], 142 (100) [M—C,H], 98 (74)
[CgH N, 41 (87) [GHN']. — HRMS Calcd. for gH,NO;:
171.0895. Found: 171.0899.

CgH;;NO; Calcd: C56.13 H7.65 NB8.18
(171.09) Found: C56.38 H7.79 N8.15.

(S)-N-Methoxycarbonyl-5-benzyl-2-pyrrolidino()
Following the protocol described in procedBrévideabove)

1.40 mmol of 2-pyrrolidinonéb [14b] (245 mg) were trans-
formed into the desired product. Purification by flash chro-
matography (PE/TBME = 40/60). Yield 313 mg (96%). —

R = 0.38 (TBME). — f]25= —87.1 ¢ = 7.9, CHC)). - IR

(film): vicmr® = 2955 (m), 1715 (vs, C=0), 1750 (s), 1790

(vs), 1305 (m). IH NMR (300 MHz):dppm = 1.92-1.99
(m, 1H, CHCHHCHN), 2.06—2.14 (m, 1H, CJEHHCHN),
2.36—-2.44 (m, 2H, CO&)), 2.88 (dd2J=13.4 Hz3)=8.5
Hz, 1H, CHHPh), 3.23 (dd2J = 13.4 Hz,3J = 3.6 Hz, 1H,
CHHPh), 4.55 (tdBJ = 8.5 Hz3J = 3.6 Hz;3) = 1.6 Hz, 1H,
CHN), 7.28—7.44 (m, 5H, arom. H)13C NMR (75.5 MHz):
Jppm = 21.8 (COCHCH,), 31.0 (CQCH,), 39.2 CH,C,),
53.4 (QCH,), 58.9 CHN), 127.0C,), 129.4 (2 CC,), 128.6
(2C,C,), 136.8 (CHC,), 152.2 CO0), 173.7CON). - MS
(EI), m/z(%): 233 (11) [M], 142 (100) [M— CH.], 98 (56)
[CeH N, 91 (35) [GH,*].

C,H,.NO, Calcd: C'66.94 H6.48 N 6.00
(233.26) Found: C67.09 H6.57 NB6.11.

ine (3ab)

Following the protocol described in procedré/ideabove)
~1.18 mmol 2-pyrrolidinon&b (275 mg) were transformed
into the desired product. Yield 253 mg (86 %R—= 0.58/

0.60 (TBME).

(S)-N-Methoxycarbonyl-5-ethyl-2,3-dihydropyrrgleaad)

Following the protocol described in procediérévide infrg
1.08 mmol of 2-methoxypyrrolidingaa (139 mg) were trans-
formed into the desired product. Purification by flash chro-
matography (PE/TBME = 90/10). Yield 132 mg (79 %). —
R = 0.39 (PE/TBME = 80/20). -a] 2° = -145.7 ¢ = 1.6,
CHCIL,). — IR (film): v/cnm? = 2960 (m), 1705 (s, C=0), 1450
(m), 1380 (m). 1H NMR (300 MHz):d/ppm = 0.84 (3] =

7.5 Hz, 3H, CHCH,), 1.58-1.61 (m, 2 H,8,CH,), 2.26 (d,

2) = 15.8 Hz, 1H, NCHEH), 2.79 (dd2J = 15.8 Hz,3] =

1.2 Hz, 1H, NCHCHf), 3.70 (s, 1H, Of,), 4.08—-4.12 (m,
1H, NCHCH,), 4.91-4.94 (m, 1H, NCHE), 6.44—-6.56 (m,
1H, NCHCH). — 3C NMR (75.5 MHz): d/ppm = 8.5
(CH,CH,), 26.5 (H,CH,), 34.2 (\CHCH,), 52.2 (CCH,),
58.4 (NCHCH,), 107.2 (NCHCH), 128.8 (CHCH),13C sig-

nal for CO was not observed. — MS (Ef)/z(%): 155 (39)
[M+], 126 (100) [M— CH,CH,], 67 (45) [GHsN*]. - HRMS
Calcd. for GH,NO,: 155.0946. Found: 155.0961.

(S)-N-Methoxycarbonyl-5-benzyl-2,3-dihydropyrr@lab)

Following the protocol described in procedAré/ideabove)
1.01 mmol of 2-methoxypyrrolidingab (253 mg) were trans-
formed into the desired product. Purification by flash chro-
matography (PE/TBME = 90/10). Yield 163 mg (74%). —
R = 0.35 (PE/TBME = 80/20). -] 2> = -73.5 ¢ = 0.4,
CHCL,). — IR (film): vicnm® = 2955 (m), 1700 (vs, C=0),
1450 (m), 1385 (m). 1H NMR (300 MHz):d/ppm =2.33 (d,
2)=15.8 Hz, 1H, CHCHCH), 2.66 (dd2J = 13.1 Hz3J =
9.1 Hz), 3.10 (d®J = 15.8 Hz, 1H, CHCHEH), 3.75 (s, 3H,
OCH,), 4.31-4.43 (m, 1H, @HCH,), 4.86-4.95 (m, 1H,
NCHCH), 6.44—-6.57 (m, 1H, NBCH), 7.18-7.31 (m, 5H,

(2RS,5S)-N-Methoxycarbonyl-5-ethyl-2-methoxypyrrolidinearom.H). —3C NMR (75.5 MHz):d/ppm = 33.7 (CHCH-

(3ad)
Procedure C. A 1.Qu solution of LIEEBH in THF (1.4 ml,

1.4 mmol) was added dropwise to a cooled solution o

1.32 mmol of 2-pyrrolidinon&a (149 mg) in 15 ml of CKCI,

CH,), 39.2 CHCH,C,), 52.3 (@H,), 58.4 CH,C,), 107.1
(NCHCH), 126.3 C,), 128.3 (2 CC,), 128.5 (\CHCH),

A29.5 (2 CC,), 137.7 (CHC,), 1*C signal forCO was not
observed. — MS (Eln/z(%): 217 (11) [M], 126 (100) [M—

C/H,], 91 (51) [GH,"].

at —78 °C. The reaction mixture was allowed to reach O °

and it was subsequently stirred for 4 h at this temperature.
1m NaOH solution (2.0 ml, 2.0 mmol) and 1.0 ml of a 35%
H,0, solution were added successively. The organic layer was
separated and filtered through a Celite pad.

1sHNO, Caled: C71.87 H6.96 N 6.45
17.26)

Found: C72.03 H7.06 N®6.67.

The solution so received was cooled to 0 °C. 8.2 mmol ofR€ferences

2,2-dimethoxypropane (850 mg, 1.0 ml) and 0.1 mmol of

camphor sulfonic acid (CSA) (25 mg) were added. After [1]
30 min 10 ml of a saturated aq. NaHCsDlution was added.
The aqueous layer was extracted with,CH (3 x 10 ml). 2]
The combined organic layers were filtered through a Celite

pad and concentrated vacuo The diastereomeric mixture  [3]
of 3aawas used without further purification for the transfor- [4]
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