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Abstract: Easily  accessible  [(5.,6-dihydrd-41,2-oxazin-3- furans? and pyrroles.However, it is evident that the syn

yl)methyllmalonatesl were converted into substituted 5-(3-hy-thetIC potential of dlhy_droovaIndSI_s not exhausted by
droxypropyl)pyrrolidin-2-oneg and pyrrolizidinone$, which are these examples. Herein we would like to report the use of

versatile products and intermediates for organic and bioorgarfihydrooxazinesdl in the synthesis of diastereomerically
chemistry. The synthetic sequence suggested includes stereosgietre 5-(3-hydroxypropyl)pyrrolidin-2-one2 and pyr-
tive two-step reduction of an oximino fragment, followed by inyolizidinones3 (Figure 1)?

tramolecular cyclization involving one of the Mk groups and
decarboxylation in the last stage. The efficiency of this strategy w=<
demonstrated by the stereoselective synthesis of pyrrolizidino R}
rac-4, a highly efficient analogue of antidepressant Rolipram, fror
nitroethane.

R
Key words: 5,6-dihydro-4H-1,2-oxazines, reduction, pyrrolidones,
pyrrolizidinones, Rolipram RS R*

Recently we reported a simple and efficient approach D
the synthesis of diastereomerically pure 5,6-dihydie-4 H
1,2-oxazines1, bearing a fragment CRAG [FG = MeO
CH(CO,Me),, Scheme 1] at C3, starting from nitroethan

and other simple precursdr¥he resulting six-membered

cyclic oxime etherd can be considered as perspective re-

agents for the preparation of a variety of versatile polyi9urel

functionalized products.

We have now demonstrated the application of dihydrookroducts of type€ and3 have considerable interest as
azinesl in the synthesis of unnaturakmino acids deriv- valuable intermediates for the total synthesis of pyrrolizi-

atives? oxaazaspirononanonés substituted dihydro- dine aII7<aI0ids, such as pseudoheliotridanispretro-
necanol, and platyneciné,as well as some biologically

active products (e.g., highly selective EP4 antagdiists
Furthermore, many heterocycles of tyResnd3 possess

Rl
EINO, . ; , ; o .
RiCHO R%l..ﬁ\('\ﬂe their own high biological activity? Thus, racemic pyr-
- |
—_—
Rs\‘RA O/N\O

rac-4

R R rolizidinone4 (Figure 1) is several times more active as a
cAMP-specific phosphodiesterase (PDE 1V) inhibitor

R than the known antidepressant Rolipram.
MesSiBr, EtsN l Scheme 2 shows the proposed three-step sequence for the
ol ) transformation of cyclic oxime ethefdsinto pyrrolidi-
Rz . 5 nones2 or pyrrolizidinones3 (depenqling on the nature of
"-b/\m CHy(COMe), | Br Fhe substituents at.C6 of the' oxazine ring). This method
N T BUOK | e N includes the selective reducthn of a C=N bond (ge_p 1),
R4 R e © the subsequent hydrogenolysis of an N-O bond in inter-
! mediatesb, followed by pyrrolidinone ring closure (step
FG = CH(COMe) 2) and, finally, removal of a CMe group, attached to the
R® = Alk, Ar, OAlk; R?, R® = H, Alk, Ar; R* = H, Alk, OAIK, Ar pyrrolidinone ring (step 3).
Scheme 1 Ring contraction of 5,6-dihydrooxazines to pyrrolidines is
known to occur during the hydrogenolysis of six-mem-
SYNTHESIS 2009, No. 12, pp 1999-2008 bered cyclic oxime ethers, bearing an alkoxy group at
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2 h (for 1f,g) Lt R% R+ OAIk
R 7"and 7 8' and 8"
2
R COzMe DMSO, NaBr
N step 3 H,0, _reflux step 3
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Scheme 2

one of the CGMe groups of the FG fragment, is usedaccording to a known procedure (NafHN, AcOH, 2
(Schemes 1 and 2). h).2

As for the formation of the bicyclic skeleton in product$elective catalytic hydrogenation of the N—O bond in ox-
3, single examples of their synthesis using an approaahines5 (step 2, Scheme 2) furnishes produétsr 8,
similar to that indicated in Scheme 2 are known in the litvhich differ from the target heterocycl@sand3 in the
erature® presence of an additional GX@e group. The nature of the

The yields of target and intermediate products are colle€gSulting producty or 8, depends on the structure of the

ed in Table 1 and the optimized procedures for the syntHglrahydrooxaziné. Catalytic hydrogenation of tetrahy-
sis are illustrated in Scheme 2. drooxazine®a—e, which do not possess an alkoxy substit-

. ) B L uent at C6 (R R* # OAlkyl), in the presence of Raney
Stereoselective reduction of the C=N bond in dihydrooXsicke| in methanol causes the reductive cleavage of the
azinesl (step 1, Scheme 2) was accomplished with SOqq_o pond and subsequent intramolecular cyclization of
um cy?noborohydnde in acetic acidRecently it was e corresponding amine with one of the 81 groups.
showny that the products of this transformation, 3,4p e 1o these transformations, hydroxy-pyrrolidinodes
trans-tetrahydrooxazines, are unstable under the reduc+e formed as nearly equimpfaixtures of diastereomers
tion conditions, undergoing an intramolecular ring closur(e,» and 7”) differing in the configuration of the stereo-
between the rjltrogelzg atom and {M@ group o give bi- center at C3 bearing the @@ group. In the hydrogena-
cyclic derivatives6.”™ Now by decreasing the reactionjon of oxazinesd reductive dehalogenation of a chlorine

time from two hours to 20 minutes we were able to obtalftom in the aromatic ring also occurs (see Table 1, entry
individual products in good to high yields. Over the in- 4y

dicated reaction time nearly full conversion of the startin ) . .
material was observed in most of the examples with tiyet@lytic hydrogenation of tetrahydrooxazitsés, bear-

amount of cyclization products being very small. Tetrahy'd an alkoxy substituent at C6 (R OAlkyl), results in
drooxazinef,g with RE = OAIkyl, which are more stable consecutive closures of pyrrolidine and pyrrolidinone
towards the intramolecular cyclizationdpwere prepared "Ngs (Schemes 2 and 3).

Tablel Synthesis of Productsand3

Entry  Dihydrooxazine R R? R® R* Final product Product [yield (%)]
[yield®(%)] Step1l Step 2 Step 3

1 la Me H Me Me 2a[58] 5a [82] 7a[75] 2a[94]
2 1b Ph H Me Me 2b [65] 5b [76] 7b [94] 2b [91]
3 1c 4-MeOGH, H Me Me 2c [60] 5¢ [83] 7c [87] 2c [83]
4 1d 4-CICeH, H Me Me - 5d [70] 7bP [69] -

5 le 4-MeOGH, (CHy), H 2e[39] 5e [47° 7e [84] 2e[99]
6 1f 4-MeOGH, H OFEt H 3f [41] 5f [82] 8f [57] 3f [87]

7 1g 4-MeOGH, H OMe Me 39 [42] 59 [81] 8g [60] 39 [86]

2Yield of isolated product based &n
b The product of hydrogenation due to reductive dehalogenation of the chlorine attached to the phenyl ring.
Yield of isolated product based on convertedconversion ofle: 56%).
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The final stage, removal of the @®@e group (step 3,
An An Scheme 2), was realized by refluxing the prodiats 8
.»\(COZMe H,, catalyst AN »‘\rCOzMe in wet dimethyl sulfoxide in the presence of sodium bro-
A NH o Rezomk | _ A\, NHy CoMe r_m_ole.16 As a result, the target 5-(3-hydroxypropyl)pyrro-
R™ Ra© RTO A lidin-2-ones2 and pyrrolizidinone§ were obtained from
5t l products7 and8, respectively. Thus, dihydrooxazings

were converted into target produ@sor 3 in 39-65%
overall yields in three steps.

The efficiency of the suggested approach towards the syn-
thesis ofu-pyrrolidone derivatives from simple molecules
was demonstrated by the stereoselective total synthesis of

An An

U Ha, catalyst /Fg
4 S
,w )\ RN
CO,Me

MeO,C

B racemic product4 (Figure 1). Pyrrolizidinone4 was
shown to be four times more active than the known drug
Rolipram?’

An = 4-MeOCqH, Details of our strategy for the synthesis of pyrrolizidinone

4 are illustrated in Scheme 4. We started from the known
aldehyde9 available from isovanillii® nitroethane, and
ethyl vinyl ether. These reagents were converted into cy-
In the transformatiof,g into 8f,g the reductive oxazine clic nitronatell according to the two-step protocol devel-
ring contraction to pyrrolidine, apparently, is a multistepped by S. E. DenmafR2*The nitronatel1 was isolated
process (Scheme 3), which involves the hydrogenolysas the diastereomerically pure 4;@ns-isomer (trace

of an N-O bond, leading to intermedidtesubsequent re- amount of the corresponding 4;&-isomer can be sepa-
cyclization ofA to dihydropyrrolidineB and the reduction rated from11l by column chromatography). Silylation of
of B to pyrrolidineC.2# Intramolecular cyclization of  nitronate 11 with excess bromotrimethylsilane/triethyl-
furnishes a mixture of diastereomeric pyrrolizidinoB8es amine mixture and subsequent nucleophilic substitution
and 8” isolated in good yield by column chromatograef bromine with the CH(C@Me), fragment according to

8

Scheme 3

phy1® a literature methdd provided dihydrooxazingh, the key
intermediate in the synthesis oéc-4, possessing the
OMe OMe
OMe o o)
i O O
\Q \O Me3SiBr (5 equiv)
EtNO, CH,=CHOE! EtsN (1.5 equiv) CH,(CO,Me),
—_—
NHL0AC e P CH,Cla, SNCly Me CHaCl Br  tBuOK, DMF
reflux H 94T l -78<C,24h 60-80 C
NO, thenworkup gy O/N\o EtO" O 2h
9 10, 90% 11, 85% 12, 54%
B OMe |
OMe OMe
o) © 1. 40 bar H, Qo
D Ra-Ni, MeOH
NaBH3CN 3h @
—_— —_—
CO,Me AcOH CO,Me
2h
MeO C
CO-Me NH CO;Me 2
o’ o 2 Et0" ~O” cone . CO,Me
1h, 80% 5h, 99% L _
o | 2. DMSO, NaBr
1% l H,0, reflux
OMe
0
total yield of rac-4 from 9: 23% H @
N
O rac-4
Scheme 4
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whole carbon skeleton of the target molecule. DiastereBertunately, under the decarboxylation conditions both
selective reduction of the C=N bond 1h with sodium productsl3 and8h were converted smoothly into the tar-
cyanoborohydride in acetic acid according to the procget pyrrolizidinoneac-4. This allows the transformation
dure listed in Scheme 2 and Table 1 provided the expectefdsh to rac-4 to be performed in one technological step
3,44rans-tetrahydrooxazine5h in quantitative yield. in 71% yield without isolation of intermediate heterocycle
However, we failed to realize selective hydrogenation &. Thus, target pyrrolizidinoneac-4 was obtained in
product5h to 8h under the conditions applied for the reseven steps in 23% overall yield from aldeh9dend ni-
duction of oxazine$sf,g (Scheme 2). Here in addition totroethane.

the.desired pyrrolizidinon@h, pyrrolidine13 was detect- The previous synthesis oéc-4 from aldehyded is also

ed in the reaction mixture (rati@/13 ~1.9:1.0). Appar- q,ite efficient (6 steps, 16.9% yielthbut it is not stereo-
ently, this indicates that the cyclization 88 t0 8h is  gg|ective and requires a chromatographic separation of

slower than. the corresponding transformation in case Gﬁfastereomers (c.a. 2:1 in favorrat-4) in the last step of
model oxazinesf,g. the synthesis.

. 18 Cl OMe?*
; 9 10 R 2
~_8-COsMe w 1
54 3) \r 12 15
11
O . 9 10 16 18
l\l/l4e é)/NH CO,Me N\ 8-CO2Me , 9 10
AN - g 2 \E > = 8 _CO,Me
14 12NH  CO;Me
Me o 11 12

14 |8 cl),ZNH CO,Me

8 9
o CO,Me
8f' and 8f"

Figure?2
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It is likely that the synthesis ofic-4 presented here can carried out in a steel autoclave (Parr instrument) with external stir-
be realized in an asymmetric variant by generation of &R9-:
analogue of nitronatkl with a chiral auxiliary at C6. This etr ahydrooxazines 5; General Procedure

. . ) . . T
can be achieved by employing a chiral vinyl ether in th@aBH&N (0.19 g, 3 mmol folla—d, 0.57 g, 9 mmol fofle) was

[4+2] cycloaddition with nitroalken&0; preparations of aqged to a stirred soln of oxazibél mmol) in AcOH (4.4 mL) un-
chiral six-membered cyclic nitronates and dihydrooxder argon. The mixture was kept stirring at r.t. for 20 min éer
azines are given in the literatufe. e) or 2 h (forlh) and poured into a mixture of EtOAc (200 mL) and

The structure of final2-4) and intermediatelp, 5, 7, 8 sat. aq KCO; (200 mL). The aqueous phase was back-extracted

. with EtOAc (2x 50 mL); the combined organic layers were washed
10-12) products was confirmed by elemental anaIySIl§rine (50 mL) and dried (N&8O,). The solvent was evaporated in

and NMR spectroscopy datéi( *°C, INEPT, for number-  yacuo and the residue was immediately subjected to column chro-
ing see Figure 2), as well as by the chemical transformaatography (silica gel, EtOAc-hexane, 1:5 to 1:3). Yields of prod-
tions depicted in Schemes2 and 4. The tBais ucts are presented in Table 1.
configuration of tetrahydrooxazina—h was established
from the analysis of coupling constants of protons at C3!
. in-3-yl]methyl}malonate (5a)

an_d C4 under th_e standar_d hypothesis tha_t tetrahydro 35-37 °CR, = 0.52 (EtOAC-hexane, 1:1).
azine ring occupies a chair-type conformation. In further o ~
transformations of produc&a—h (Schemes 2 and 4), the H NMR (500 MHz, COSY, CDG): 5 =0.91 (d,J=5.9 Hz, 3 H,

; , . . . “15-CHy), 1.16 and 1.25 (2's, 6 H, 13-GH4-CH,), 1.26 (m, 1 H,
relative configuration of substituents at C3 and C4 is nj 3, 1.50 (m, 1 H. H4), 1.58 (dd = 12.5, 3.7 Hz, 1 H, H5), 1.69
affected. This was confirmed by 2D NOESY experimentgqd, = 14.9, 9.6, 5.9 Hz, 1 H, H7), 2.34 (ddtk 14.9, 8.5, 3.0

for products3g and8g. The unambiguous assignment oHz, 1 H, H7), 2.53 (ddd, 1 H,= 9.6, 9.6, 3.0 Hz, HD), 3.66 (dd,
signals in NMR spectra of diastereom@&and8 was J=8.8,5.9Hz, 1H, H8),3.73and 3.74 (25, 6 H, 10;a8-CH,),
guided by 2D NMR experiments COSY, HSQC, an@.90 (br, 1 H, 2-NH).

NOESY (for characteristic correlations see the experic NMR (75 MHz, HSQC, CDG): § = 18.2 (C15), 21.6 and 29.3
mental section). (C13, C14), 29.3 (C7), 31.1 (GH4.2 (C5), 48.7 (C8), 52.5 and

. . . . . 2.6 (C10, C12), 62.1 74.7 169. 170.2 11).
In conclusion, stepwise reduction of readily available d|5- 6 (C10,C12), 62.1 (C3), (C6), 169.8 and 170.2 (C9, C11)

hydrooxazinesl bearing the CECH(CO,Me), fragment A”%'_- ga'5°7d2fgfl\(l;3';28’\$05: H, 8.48; C, 57.13; N, 5.12. Found: H,
at C3 can be considered as an efficient approach to fhe? © 5722 N, 5.09.

synthesis of diastgr(_eomerically pure sub;t_itgted 5'(3'h5'|methyl rel-2-{[(35,45)-6,6-Dimethyl-4-phenyltetr ahydr o-2H-
droxypropyl)pyrrolidin-2-one< and pyrrolizidinones, 1 2-oxazin-3-yljmethyl}malonate (5b)
versatile products and precursors of biologically activeil; R = 0.60 (EtOAc—hexane, 1:1).

molecules. Great synthetic potential of the above-men; NvR (500 MHz, COSY, CDG): 5=1.19 and 1.33 (2 s, 6 H,
tioned approach was demonstrated by the synthesisigfchH, 14-CH), 1.62 (ddd,) = 15.0, 10.0, 6.1 Hz, 1 H, H7), 1.72
pyrrolizidinonerac-4, a highly active analogue of the an+{dd, J=13.3, 5.3 Hz, 1 H, H5), 1.76 (dd=13.3, 11.1 Hz, 1 H,
tidepressant Rolipram. It is evident that other analoguestff). 1.92 (dddJ = 15.0, 8.1, 3.2 Hz, 1 H, H7), 2.60 (ddds 11.1,

rac-4 should be available by this synthetic route as well10-5, 5.3 Hz, 1 H, Hg), 3.14 (dddJ=10.5, 10.0, 3.0 Hz, 1 H,
H3,,), 3.50 (ddJ=8.1, 6.1 Hz, 1 H, H8), 3.62 and 3.64 (2 s, 6 H,

10-CH;, 12-CH), 4.85 (br, 1 H, 2-NH), 7.14-7.28 (m, 5 H, H16,
1D and 2D NMR spectra were recorded at r.t. on Bruker DRX-50817, H18).
(*H (500.13 MHz),'H-"H COSY, HSQC {= 145 Hz), NOESY  13c yMR (75 MHzZ, HSQC, CDGJ: 5 = 21.5 and 29.3 (C13, C14)
(mixing time 900 ms), Bruker AM-300C 75.13 MHz, INEPT) 29.5 (C7), 44.2 (éS) a4.4 (C4), 48.6 (C8), 52.5 and 5’2.6 (C£10
and WM-250 £3C 62.9 MHz, INEPT) NMR spectrometers for 0'1_C12) 60’2 (C3) 74,6 (C6) 12é5 9 1276 z'and 128.8 (Cl4 C15'
0.2 M solns in CDGl The_chemlcal shiftsid anc_i 3C) are given in C16), 142.1 (C15), 169.5 and 170.1 (C9, C11).
relative to the solvent sign&.All NMR experiments were per-
formed using standard methods and Bruker NMR technique softtal. Calcd for GgH,sNOs: H, 7.51; C, 64.46; N, 4.18. Found: H,
ware. Elemental analyses were performed by the Analytical Centef’; C, 64.29; N, 4.06.
of the Moscow Chemical Lyceum and Analytical Laboratory of In- )
stitute of Organic Chemistry. Melting points were determined on@imethyl rel-2-{[(3S,4S)-4-(4-Methoxyphenyl)-6,6-dimethyl-
Kofler melting point apparatus (uncorrected). Analytical TLC waéetrahydro-2H-1,2-oxazin-3-ylJmethyl}malonate (5c)
performed on Merck silica gel plates with QF-254. VisualizatiorH and**C NMR data are consistent with previously reported #ata.
was accomplished with UV light or with soln of ninhydrin in EtOH. )
Glacial AcOH and DMSO were recrystallized twice. O (tech- ~ Dimethyl rel-2-{[(3S,45)-4-(4-Chlor ophenyl)-6,6-dimethyl-
nical grade), MeCN (technical grade);Mtand MgSiBr were re-  tetrahydro-2H-1,2-oxazin-3-yljmethyl}malonate (5d)
distilled from CaH. Hexane and EtOAc for chromatography and?il; R = 0.60 (EtOAc-hexane, 1:1).
extractions and MeOH for hydrogenation were technical grade and NMR (500 MHz, COSY, CDG): § =1.19 and 1.33 (2 s, 6 H,
distilled without drying agents. Column chromatography was pet:3-CH,, 14-CH,), 1.60 (ddd,) = 14.7, 10.3, 6.2 Hz, 1 H, H7), 1.71
formed using Merck Kieselgel 40— 60A silica gel. NaBECN  (d, J=8.5 Hz, 2 H, H5), 1.90 (ddd,= 14.7, 8.5, 3.1 Hz, 1 H, H7),
(Sigma-Aldrich), Raney Nickel (50% slurry in@) (Acros), ethyl 2 58 (ddd,) = 10.3, 8.5, 8.5 Hz, 1 H, H4), 3.10 (ddds 10.3, 10.3,
vinyl ether (Acros), dimethyl malonate (Acros), nitroethanes 1 Hz, 1 H, H3), 3.51 (dd,= 8.5, 6.2 Hz, 1 H, H8), 3.64 and 3.66
(Acros), SnCJ (Acros) were purchased from commercial sourceg s, 6 H, 10-CHl 12-CH;), 4.80 (br, 1 H, 2-NH), 7.09 and 7.27 (2
and used as received. Initial oxaziflasg' andsf,g? were prepared d,J=8.9 Hz, 4 H, H16, H18).
according to literature procedures. Catalytic hydrogenations were

c%methyl rel-2-{[(3S,4R)-4,6,6-Trimethyltetrahydr o-2H-1,2-0x-
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13C NMR (75 MHz, HSQC, CDGJ: § = 21.5 and 29.3 (C13, C14), 1 H, H5), 1.70 (m, 1 H, H4), 1.90 (dd#i= 13.3, 9.6, 7.7 Hz, 1 H,
29.5 (C7), 43.9 (C4), 44.2 (C5), 48.5 (C8), 52.6 and 52.7 (C1B7’), 2.43 (dddJ = 13.3, 7.2, 3.3 Hz, 1 H, HJ, 3.00 (br, 1 H, 1-
C12), 60.1 (C3), 74.6 (C6), 129.0 (C16, C17), 132.6 and 140@H), 3.36 (dd,) = 9.6, 3.3 Hz, 1 H, H8), 3.53 (dddl= 7.7, 7.5, 7.2

(C15, C18), 169.5 and 170.1 (C9, C11). Hz, 1 H, H3), 8.19 (br, 1 H, 2-NH).
Anal. Calcd for GgH,,CINOs: H, 6.54; C, 58.46; N, 3.79. Found: H, 3C NMR (75 MHz, HSQC, CDG): § (selected signals) = 18.3
6.52; C, 58.47; N, 3.77. (C14), 28.3 and 31.7 (C12, C13)).1 (C7), 34.8 (C4), 48.5 (C5),

48.8 (C8), 52.5 (C11), 59.7 (C3), 70.3 (C6).
Dimethyl rel-2-{[(3S4S,4aR,8aR)-4-(4-M ethoxyphenyl)octahy- Characteristic 2D-NOESY correlatiortd3/H7”, H7'/H8.
dro-2H-1,2-benzoxazin-3-ylJmethyl}malonate (5€) ) i ) '
Mp 127-128 °CR, = 0.43 (EtOAc—hexane, 1:1). Unassigned signals for both isomers:

H NMR (300 MHz, CDCJ): & = 1.05-1.21, 1.24-1.36, 1.65-1.68,"H NMR (500 MHz, CDCJ): § =3.72 and 3.73 (2 s, 3 H, 11-gH
1.84-1.90,2.03-2.10(5m, 1H,4H,1H,1H,1H, H13, H14, H1%C NMR (75 MHz, CDC)): 6 = 170.4, 170.5, 172.6 and 172.7 (C9,
H16), 1.60 (ddd) = 14.7,9.9, 6.0 Hz, 1 H, H7), 1.84 (ddds 14.7,  C10).

8.1,3.1Hz, 1 H, H7), 2.26 (ddd#i= 11.4, 5.9, 4.4 Hz, 1 H, H5), 2.61

(dd,J=11.4,10.6 Hz, 1 H, H4), 3.19 (ddi= 10.6,9.9, 3.1 Hz, 1 Pyrrolidones 7b

H, H3), 3.48 (ddJ = 8.1, 6.0 Hz, 1 H, H8), 3.63 and 3.65 (2 s, 6 HQIl; mixture of diastereomergp’/7b”, 1.2:1.0.*H and3C NMR
10-CH,, 12-CH), 3.77 (s, 3 H, 21-C§), 3.92 (dddJ=12.5, 5.1, spectra are consistent withote previously reported faib pre-
4.8 Hz, 1 H, H6), 4.86 (br, 1 H, 2-NH), 6.84 (= 8.1 Hz, 2 H, pared directly from dihydrooxazirgh.?

H19), 7.04 (dJ = 8.1 Hz, 2 H, H18).

13C NMR (62 MHz, INEPT, CDG): 6 = 19.8, 24.1, 25.0, 26.8 and Methyl rel-(35,55)-5-[(15)-3-Hydroxy-3-methyl-1-phenyl-

29.9 (C7, C13, C14, C15, C16), 40.3 and 44.3 (C4, C5), 48.6 (CBYtyl]-2-oxopyrrolidine-3-car boxylate (7b)

52.4 and 52.5 (C10, C12), 55.1 (C21), 61.1 (C3), 77.5 (C6), 1141d NMR (500 MHz, COSY, NOESY, CD@L & (selected

(C19), 128.7 (br, C18), 132.1 (C17), 158.3 (C20), 169.5 and 17¢ignals) = 1.80 (m, 1 H, HY, 1.89 (m, 1 H, H7), 1.95 (m, 1 H, B
(C9, C11). 2.05 (ddJ=14.8, 5.2 Hz, 1 H, H5), 2.90 (dd@i= 9.5, 5.9, 5.2 Hz,

1 H, H4), 3.05 (br, 1 H, 1-OH), 3.35 (dii 10.3, 9.1 Hz, 1 H, H8),
Anal. Calcd for GH,NOg: H, 7.47; C, 64.43; N, 3.58. Found: H, 5 4 (m) 1H |_(|3) 7.15—7.31)(m 5 |(_| H15, H16, H17). )

7.78; C, 64.26; N, 3.64. .
13C NMR (75 MHz, HSQC, CDGJ: & (selected signals) = 31.4

Hydrogenation of Tetrahydrooxazines 5; General Procedure (C7), 47.8 (C4), 48.8 (C8), 52.6 1), 59.0 (C3), 70.6 (C6), 126.9
Raney nickel (c.a. 0.05 g, washed with MeOH) was placed in a téSt17)-

tube equipped with a magnetic stirrer and charged with a soln of @haracteristic 2D-NOESY correlatiortid3/H7”, H7’/H8.

azine5 (0.47 mmol) in MeOH (5.0 mL). The test tube was placed

in steel autoclave which was then flushed and filled withdda  Methyl rel-(3R,59)-5-[(19)-3-Hydr oxy-3-methyl-1-phenyl-
pressure of 40 bar. After stirring the mixture at r.t. for 3 h, the autgutyl]-2-oxopyrrolidine-3-car boxylate (7b”)

clave was slowly depressurized and the catalyst was filtered offf NMR (500 MHz, COSY, NOESY, CDQL & (selected
The solvent was evaporated in vacuo and the residue was subjegfgflals) = 1.80 (m, 1 H, Hy 1.89 (m, 1 H, H5), 1.92 (m, 1 H, H5),
to column chromatography (for produd#é and 8g, silica gel, 2.08 (m, 1 H, H7), 2.80 (dddJ=9.2, 6.1, 5.0 Hz, 1 H, H4), 3.05
EtOAc-hexane, 1:5to 1:3 to 1:1 to 1:0) or filtered thorough a shq®r, 1 H, 1-OH), 3.22 (dd)=9.5, 4.2 Hz, 1 H, H8), 3.86 (ddd,
pad of silica gel (for produci&—c,e, EtOAc-hexane, 1:1to EtOAC J=9.2 7.0, 7.0 Hz, 1 H, H3), 7.15-7.31 (m, 5 H, H15, H16, H17).

to MeOH). Yields of products are presented in Table 1. 13C NMR (75 MHz, HSQC, CDG): & (selected signals) = 30.6
(C7),47.7 (C4), 48.4 (C8), 52.6 1@), 59.5 (C3), 70.6 (C8), 126.9
(C17).

Characteristic 2D-NOESY correlatiortd3/H7”, H7/HS8.

Pyrrolidones 7a
Mp 114-119 °C; mixture of diastereomera/7a”, 1.3:1.0.

Anal. Calcd for G,H,,NO,: H, 8.70; C, 59.24; N, 5.76. Found: H,

9.04; C, 59.28; N, 5.76. Unassigned signals for both isomers:

) 'H NMR (500 MHz, CDCJ): § =1.01, 1.08, 1.19and 1.20 (4 s, 6 H,
Methyl rel-(35,55)-5-[(1R)-3-Hydr oxy-1,3-dimethylbutyl]-2- 12-CH,, 13-CH), 3.68 and 3.72 (2 s, 3 H, 11-QH8.45 and 8.70
oxopyrrolidine-3-car boxylate (7&") (2 br, 1 H, 2-NH).

'H NMR (500 MHz, COSY, NOESY, CDgt § (selected L

signals) = 0.91 (dJ = 6.6 Hz, 3 H, 14-Ch), 1.18 and 1.22 (2's, 6 -'C NMR (75 MHz, CDC)): 5 = 27.8, 28.0 and 31.9 (C12, C13),

H, 12-C|‘§, 13_c|_!>’), 1.31 (m, 1H, H5), 1.57 (dd,: 14.5, 13.8 Hz, 48.2 and 48.7 (CS), 128.1, 128.2,128.9 (C15, ClG), 142.9 and 143.0
1 H, H5), 1.78 (m, 1 H, H4), 2.09 (dd#l= 12.7, 11.0, 9.1 Hz, 1 H, (C14),170.4,173.3 and 173.4 (C9, C10).

H7’), 2.32 (dddJ = 12.7, 8.6, 6.6 Hz, 1 H, HY, 3.00 (br, 1 H, 1-

OH), 3.28 (dddJ=9.1, 8.6, 6.6 Hz, 1 H, H3), 3.39 (d#i= 11.0, Pyrrolidones7c
8.6 Hz, 1 H, H8), 8.36 (br, 1 H, 2-NH). Oil; mixture of diastereomerg¢/7c”, 1.0:1.1.

13C NMR (75 MHz, HSQC, CDQ)Z S (selected signals) =185 Anal. Calcd for Q8H25N051 H, 7.51; C, 64.46; N, 4.18. Found: H,
(C14), 28.1 and 31.9 (C12, C13), 30.5 (C7), 34.8 (C4), 48.5 (C5):63: C, 64.33; N, 4.10.
48.8 (C8), 52.5 (C11), 59.1 (C3), 70.3 (C6).

Methyl rel-(3S,59)-5-[(1S)-3-Hyd -1-(4-meth henyl)-3-
Characteristic 2D-NOESY correlatiortd3/H7”, H7’/H8. vl rél-(35,59)-5-{(19) ydroxy-1-(4-methoxyphenyl)

methylbutyl]-2-oxopyrrolidine-3-carboxylate (7¢’)

_ 'H NMR (500 MHz, COSY, NOESY, CD@L § (selected
Methyl rel-(3R,55)-5-[(1R)-3-Hydroxy-13-dimethylbutyl]-2-  gjgnas) = 1.80 (m, 1 H, H7, 1.85-1.90 (m, 2 H, H5), 1.98 (m, 1
oxopyrrolidine-3-carboxylate (7a") H, H7), 2.70 (br, 1 H, 1-OH), 2.82 (ddd~ 8.8, 6.4, 6.4 Hz, 1 H,
H NMR (500 MHz, COSY, NOESY, CDGL § (selected ) 333 (ddj=9.1,10.1 Hz, 1 H, H8), 3.63 (ddii- 8.8, 8.7, 6.9
Signals) =0.86 (d.J =74 HZ, 3 H, 14-C§), 1.18 and 1.22 (2 S, 6 HZ, 1 H, H3), 3.75 (S, 3 H, 18'(;)"

H, 12-CH, 13-CH,), 1.31 (m, 1 H, H5), 1.55 (dd,= 14.4, 13.6 Hz,

Synthesis 2009, No. 12, 1999-2008 © Thieme Stuttgart - New York

Downloaded by: Chinese University of Hong Kong. Copyrighted material.



PAPER Diastereoselective Synthesis of Substituteelyrrolidone Derivatives from Nitroethane 2005

13C NMR (75 MHz, HSQC, CDG): & (selected signals) = 31.3 both isomers), 3.72, 3.76 and 3.77 (3 s, 6 H, §;A8-CH, both

(C7), 46.9 (C4), 48.6 (C8), 52.6 (C11), 55.2 (C18), 59.1 (C3), 70isomers), 3.82 (dddl = 9.9, 9.5, 9.5 Hz, 1 H, H2, major isomer),

(C6), 114.2 (C16). 4.08 (ddd,J=9.9, 9.5, 9.5 Hz, 1 H, H2, minor isomer), 6.86 (d,
— } - vr , J=8.4 Hz, 2 H, H13, both isomers), 7.12 J& 8.4 Hz, 2 H, H12,

Characteristic 2D-NOESY correlationtd3/H7”, H7’/H8. minor isomer), 7.15 (dl = 8.4 Hz, 2 H, H12, major isomer).

Methyl rel-(3R,5S)-5-[(15)-3-Hydr oxy-1-(4-methoxyphenyl)-3- 13C NMR (75 MHz, INEPT, CDQG): & = 29.4, 29.8, 35.0 and 35.4

methylbutyl]-2-oxopyrrolidine-3-carboxylate (7¢”) (C4, C6), 41.2 and 41.3 (C5), 50.2, 50.5, 52.1, 52.4, 52.5 and 53.1

'H NMR (500 MHz, COSY, NOESY, CD@t & (selected (C3, C7, C9), 55.1 (C15), 65.7 and 66.6 (C2), 114.1 (C13), 128.0

signals) = 1.80 (m, 1 H, H), 1.85-1.90 (m, 2 H, H5), 2.04 (m, 1 H, and 128.1 (C12), 130.4 and 130.5 (C11), 158.7 (C14), 168.7, 169.0,

H7"),2.70 (br, 1 H, 1-OH), 2.73 (dddl= 8.9, 7.0, 4.6 Hz, 1 H, H4), 170.2 and 170.3 (C8, C10).

3.20(ddJ=9.5,4.4 Hz, 1 H, H8), 3.75 (s, 3H, 18-018.85 (ddd, Anq| caled for GH,NO,: H, 6.62; C, 66.42; N, 4.84. Found: H,

J=89,7.3,7.0Hz, 1 H, H3). 6.88; C, 66.34: N, 4.69.

13C NMR (75 MHz, HSQC, CDGJ: & (selected signals) = 30.4

(C7), 46.8 (C4), 48.3 (C8), 52.6 (C11), 55.2 (C18), 59.5 (C3), 70Ryrralizidinones 8g

(C6), 114.2 (C16). Oil; R = 0.22 (EtOAc—-hexane, 1:1); mixture of diastereomers,

Characteristic 2D-NOESY correlationtd3/H7”, H7/HS. 8978g”, 1.4:1.0.
Anal. Calcd for G,H,,NO,: H, 6.98; C, 67.31; N, 4.62. Found: H,

Unassigned signals for both isomers: 7.28 C. 66.73: N. 4.36.

H NMR (500 MHz, CDCJ): 6 =1.02, 1.05 and 1.15 (3 s, 6 H, 12-

CHs, 13-CH), 3.68and 3.71 (2 s, 3 H, 11-9H6.83 (dJ= 8.8 Hz,  Methyl rel-(25,55,7S, 7aS)-7-(4-M ethoxyphenyl)-5-methyl-3-

2 H, H16), 7.08 and 7.10 (2 ﬂi,= 8.8 HZ, 2 H, H15), 8.29 and 8.54 Oxohexahydro_lH_pyrrolizine.z_carboxylate (89’)

(2 br, 1 H, 2-NH). H NMR (500 MHz, COSY, NOESY, CD@L & (selected
13C NMR (75 MHz, CDCJ): 5 = 27.9, 28.1, 31.7 and 31.8 (C12,signals) = 1.86 (ddd]=12.4, 12.2, 9.1 Hz, 1 H, M}, 2.28 (ddd,
C13), 48.0 and 48.5 (C5), 129.0, 129.1 (C15), 134.6 and 134§ 12.9,10.9, 7.3 Hz, 1 H, ¥62.38 (dddJ=12.9, 8.8, 6.9 Hz, 1

(C14), 158.3 and 158.4 (C17), 170.4, 173.2 and 173.3 (C9, C10)d, H6"), 2.67 (ddd,J=12.4, 6.9, 6.5 Hz, 1 H, M} 2.87 (ddd,
J=12.2,9.8,6.9 Hz, 1 H, H3), 3.77 (m, 1 H, H7), 3.87 (ddd9.8,

Methyl rel-(3S,55)-5-{(S)-[(1R,2R)-2-Hydr oxycyclohexyl] (4- 7.3,6.9 Hz, 1 H, H2), 3.99 (m, 1 H, H5).
methoxyphenyl)methyl}-2-oxopyrrolidine-3-car boxylate (7€) 13C NMR (75 MHz, HSQC, CDG): & (selected signals) = 21.1
and Methyl rel-(3R,55)-5-{(S)-[(1R,2R)-2-Hydr oxycyclohex- (C11), 29.6 (C6), 44.5 (C4), 50.3 (C5), 51.0 (C3), 52.8 (C7), 55.3

%/l](‘;—methoxyphenyl)methyl}-Z-OXOpyrrolidine3-car boxylate  (C16), 66.0 (C2), 114.2 (C14), 128.1 (C13), 158.7 (C15).

76, H 1 1 ’ ’

Mp 193-198 °C; mixture of isomers, 1.3:1.0. ngéif:tar‘ﬁl_‘cgE|—4!\,I/?1E_%\l(_%correlatlorls2/H6', H6/H7, HB/H3,
IH NMR (300 MHz, CDCJ): & = 0.98-1.34, 1.44-1.65, 1.73-1.83, ’ ' '

1.90-1.99 (4 m, 11 H, H7, H12, H13, H14, H15, H5, both isomersy ethyl rel-(2R 55,75, 7aS)-7-(4-M ethoxyphenyl)-5-methyl-3-
2.50 (m, 1 H, H4, both isomers), 3.05-3.12 (m, 2 H, H8, minor isgxohexahydr o-1H-pyrrolizine-2-car boxylate (8g")

mer and 1-OH, major isomer), 3.31 (dc; 11.0, 8.8 Hz, 1 H, H8, 14 NMR (500 MHz, COSY, NOESY, CDQt & (selected
major isomer), 3.47 (br, 1 H, 1-OH, minor isomer), 3.69 and 3.70 glgnals) = 1.86 (m, 1 H, 43, 2.01 (ddd) = 13.1, 9.5, 7.3 Hz, 1 H,
s, 3 H, 11-CH, both isomers), 3.78 (s, 3 H, 20-Goth isomers), Hg), 2,53 (ddd,J=13.1, 6.9, 1.7 Hz, 1 H, M8 2.67 (ddd,
3.86 (dddJ=9.2, 8.4, 6.6 Hz, 1 H, H3, major isomer), 4.19 (M, 2=12.4, 6.9, 6.5 Hz, 1 H, ¥4 2.72 (ddd,) = 9.9, 7.3, 6.9 Hz, 1 H,
H, H6, both isomers and H3, minor isomer), 6.831,7.9 Hz, 2 H3), 3.55 (ddJ = 9.5, 1.7 Hz, 1 H, H7), 3.99 (m, 1 H, H5), 4.15
H, H18, both isomers), 7.02 @ 7.9 Hz, 2 H, H17, both isomers), (ddd,J=9.9, 7.3, 6.9 Hz, 1 H, H2).

7.72 (br, 1 H, 2-NH, minor i 7.95 (br, 1 H, 2-NH, major iso;
mer)_( f, 1 H, 2-NH, minorisomer), 7.95 (br, 1 H, 2-NH, major iz, 1 (75 MHz, HSQC, CDGQ): & (selected signals) = 21.0

) (C11), 29.8 (C6), 44.9 (C4), 50.3 (C5), 51.3 (C3), 53.2 (C7), 55.3
°C NMR (75 MHz, INEPT, CDG): § =19.7, 25.3, 25.9, 31.8, (C16), 65.1 (C2), 114.2 (C14), 128.1 (C13), 158.7 (C15).

33.0, 33.6 (C7, C12, C13, C14, C15), 46.9, 47.8, 48.1, 48.3 (C4 . .
C8), 52.4 (52.5 53.0, 53.2 (C5 Cll)) 55.2 (C20), 55.4 and é aracteristic 2D-NOESY correlationtd2/H6”, H6'/H7, H3/H4,

(C3), 66.6 and 66.8 (C6), 113.8 (C18), 129.4 and 129.6 (C17), 1321§/H5, H4/11-CH,,
and 133.3 (C16), 158.3 (C19), 170.4, 170.5, 172.5 and 172.8 (@Massigned signals for both isomers:

C10). H NMR (500 MHz, CDCJ): 5 = 1.34 and 1.36 (2 d= 6.6 Hz,
Anal. Calcd for GH,NOs: H, 7.53; C, 66.46; N, 3.88. Found: H, J = 6.0 Hz, 3 H, 11-CH), 3.77 and 3.80 (2 s, 6 H, 9-GH6-CH),
7.53; C, 66.49; N, 3.91. 6.88 (d,J=9.2 Hz, 2 H, H14), 7.14 and 7.16 (23 9.2 Hz,

J=8.5Hz, 2 H, H13).
Methyl rel-(2S,7R,7aR)-7-(4-M ethoxyphenyl)-3-oxohexahydro- 1 Cs =
1H-pyrrolizine-2-carboxylate (8f") and Methyl rel-(2R,7R,7aR)- fggl;lh(ﬂgé;ig/lgl—}gz ' 1%3?)'130 f iﬁdaf?% gz(gs(cc?ib)lsOA and
7-(4-M ethoxyphenyl)-3-oxohexahydr o-1H-pyrrolizine-2-car - ' ’ o ' ' ' '
boxylate (8f") . . Decar boxylation of Products 7 and 8; General Procedure
Mp 63-66 °CR;=0.11 (EtOAc-hexane = 1:1); mixture of isomersy, o (0.01y8 mL, 1.0 mmol) was added to a soli of 8 (0.5 mmol)
1.2:1.0. and NaBr (0.052 g, 0.5 mmol) in DMSO (7.0 mL) and the mixture
'H NMR (300 MHz, CDCJ): § = 2.04 (dddJ = 13.2, 9.5, 7.3 Hz, 1 was gently refluxed for 25 min (faf) or 45 min (for8). Then the
H, H6, major isomer), 2.17-2.31, 2.34-2.42 and 2.44-2.58 (3 msdlvent was evaporated in vacuo (100 °C/0.67 mbar) and the residue
H, H4, H6, both isomers), 2.69 (ddtk 11.4, 9.5, 7.3 Hz, 1 H, H3, was subjected to column chromatography (silica gel, EtOAc—hex-
minor isomer), 2.84 (ddd,= 11.4, 9.5, 7.0 Hz, 1 H, H3, major iso- ane, 1:3to 1:1 to 1:0 to EtOAc—MeOH, 10:1 to 5:1). Yields of prod-
mer), 3.32 (m, 1 H, H5, both isomers), 3.53—-3.68 (m, 2 H, H8, HE¢ts are presented in Table 1.
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rel-(55)-5-[(1R)-3-Hydroxy-1,3-dimethylbutyl]pyrrolidin-2-one  rel-(7S,7aS)-7-(4-M ethoxyphenyl)hexahydr o-3H-pyrrolizin-3-
(23) one (3f)
Mp 59-63 °CR; = 0.51 (EtOAc—MeOH, 3:1). Mp 79-81 °CR; = 0.65 (EtOAc—MeOH, 3:1).

IH NMR (300 MHz, COSY, HSQC, CD@t §=0.90 (d,J=6.6 H NMR (300 MHz, COSY, NOESY, HSQC, CDl § = 1.83
Hz, 3 H, 12-CH), 1.18 and 1.23 (2 s, 6 H, 10-GH1-CH,), 1.33  (dddd,J = 12.8, 10.3, 9.5, 7.0 Hz, 1 H, H6), 2.15-2.19 (m, 2 H},H4
(dd,J=14.9, 5.1 Hz, 1 H, H5), 1.58 (dii= 14.9, 4.8 Hz, 1 H, H5), H6), 2.42-2.53 (m, 2 H, H4H7), 2.64-2.79 (m, 2 H, H3, H7), 3.31
1.69 (M, 2 H, H4, H7), 2.10 (m, 1 H, H7), 2.28 (m, 2 H, H8), 3.36dd,J = 11.2, 10.3 Hz, 1 H, HF, 3.61 (ddd,J = 11.2, 10.3, 8.1 Hz,
(ddd,J=8.1, 7.7, 7.3 Hz, 1 H, H3), 3.44 (br, 1 H, 1-OH), 8.11 (brl H, H3), 3.78 (s, 3 H, 13-C}j, 3.89 (ddd,) = 9.9, 7.3, 7.0 Hz, 1
1 H, 2-NH). H, H2), 6.86 (dJ=8.6 Hz, 2 H, H11), 7.13 (dl= 8.6 Hz, 2 H,

13C NMR (75 MHz, INEPT, HSQC, CDQ} § = 18.3 (C12), 26.0 H10)-
(C7), 31.3 (C8), 28.1 and 31.7 (C10, C11), 34.8 (C4), 48.6 (C3JC NMR (75 MHz, INEPT, HSQC, CDQ}t & = 25.5 (C6), 34.8

61.1 (C3), 70.1 (C6), 178.5 (C9). (C7), 35.4 (C4) 40.9 (C5), 50.6 (C3), 55.2 (C13), 67.8 (C2), 114.1
Anal. Calcd for GH;NO,: H, 10.34; C, 64.83; N, 7.56. Found: H, (C11): 128:1 (C10), 131.0 (C9), 1586 (C12), 174.7 (C8).
10.41; C, 64.67; N, 7.75. Characteristic 2D-NOESY correlations: H2/H10, 14410,

H4”/H5”, H4/H5'C.
rz?'(;r(lis()z'g[(ls)‘?"“ydroxy'3'me‘hy"1'phe”y'bUty']py”o"d'”' Anal. Calcd for GH,,NO,: H, 7.41; C, 72.70; N, 6.06. Found: H,
7.62; C, 72.05; N, 6.05.
Mp 118-121 °CR; = 0.64 (EtOAc—MeOH, 3:1).
'H NMR (300 MHz, COSY, HSQC, CDQt § =1.08 and 1.21 (2 rel-(5S,7S,7aS)-7-(4-M ethoxyphenyl)-5-methylhexahydr o-3H-
s, 6 H, 10-CH, 11-CH,), 1.51-1.70 (m, 2 H, H7), 1.96 (dbs 14.7, pyrrolizin-3-one (3g)
6.6 Hz, 1 H, H5), 2.06 (dd,= 14.7, 4.4 Hz, 1 H, H5), 2.16-2.24 (m, Oil; R, = 0.64 (EtOAc—MeOH, 3:1).

2 H, H8), 2.83 (ddd] = 9.6, 6.6, 4.4 Hz, 1 H, H4), 3.35 (br, 1 H, 111/ \\iR (300 MHz, COSY, NOESY, CDQE = 1.34 (d,J = 5.9
OH), 3.77 (ddd)) = 9.6, 7.3, 7.3 Hz, 1L H, H3), 7.16-7.32 (M, 5 H.y, 3'H '9.CH), 1.75-1.90 (m, 2 H, H6, M3, 2.15-2.25 (dddd,
H13, H14, H15), 8.33 (br, 1 H, 2-NH). J=13.2,9.5,6.6, 2.2 Hz, 1 H, H6), 2.45 (dde; 16.1, 9.5, 2.2 Hz,
13C NMR (75 MHz, INEPT, CDG): § = 26.8 (C7), 30.9 (C8), 27.9 1 H, H7), 2.63-2.78 (m, 3 H, H3, HH7), 3.79 (s, 3 H, 14-C}i
and 31.9 (C10, C11), 47.8 (C4),.84C5), 60.9 (C3), 70.4 (C6), 3.97 (dddJ=9.5,7.3, 7.3 Hz, 1 H, H2), 4.01 (m, 1 H, H5), 6.86 (d,
126.6, 128.1 and 128.6 (C13, C14, C15), 143.4 (C12), 178.9 (C9)= 8.2 Hz, 2 H, H12), 7.14 (d,= 8.2 Hz, 2 H, H11).

Anal. Calcd for G:H,,NO,: H, 8.56; C, 72.84; N, 5.66. Found: H, 3C NMR (75 MHz, INEPT, CDG): § = 21.3 (C9), 25.4 (C6), 34.8
8.56; C, 72.74; N, 5.33. (C7), 44.7 (C4), 49.7 and 51.3 (C3, C5), 55.3 (C14), 67.0 (C2),
114.1 (C12), 128.1 (C11), 131.0 (C10), 158.6 (C13), 174.8 (C8).

rel-(59)-5-[(15)-3-Hydr oxy-1-(4-methoxyphenyl)-3-methylbu- - characteristic 2D-NOESY  correlations: H11/H2, H117t4
tyl]pyrrolidin-2-one (2c) H4”/9-CH,
Mp 128-132 °CR = 0.61 (EtOAc-MeOH, 3:1). Anal, Caled for GH.NO,: H, 7.81: C, 73.44: N, 5.71. Found: H
'H NMR (300 MHz, CDCl): 5= 1.03 and 1.15 (25, 6 H, 10-GH 5 ¢ ¢ 75 lz.r,\qfslj?, 2 Fh (.85 &y 13,4854 T 5. 2. FoUnc: 1,
11-CH;), 1.48-1.68 (m, 2 H, H7), 1.88 (d#i= 14.7, 7.0 Hz, 1 H, ~~ " =77 =7
H5), 1.97 (ddJ = 14.7, 4.0 Hz, 1 H, H5), 2.10-2.22 (M, 2 H, H8),\ cionentyl 2-M ethoxy-5-[(E)-2-
2.74 (dddJ = 9.2, 7.0, 4.0 Hz, 1 H, H4), 3.29 (br, 1 H, 1-OH), 3.67&&?‘2%)3’ oxy-S-{(E)
(ddd,J=9.2,7.3, 7.0 Hz, 1 H, H3), 3.74 (s, 3 H, 16-L.80 (d, 14 4 soln of aldeh 18 T

- - ydeh'® (5.5 g, 25.0 mmol) in nitroethane (50
J=8.4Hz, 2H, H14),7.06 (d,=8.4 Hz, 2 H, H13), 8.16 (br, 1 H, 1)) ) \yas added NKDAC (1.9 g, 25.0 mmol) and AcOH (22.5 mL).
2-NH). The mixture was heated at 90 °C with vigorous stirring for 7 h, then
13C NMR (75 MHz, INEPT, CDG): § = 26.5 (C7), 30.8 (C8), 27.9 cooled to r.t. and poured into a mixture gffH25 mL) and EtOAc
and 31.7 (C10, C11), 46.8 (C4), 48.0 (C5), 55.1 (C16), 60.8 (C3R0 mL). The aqueous phase was back-extracted with EtOAc (3
70.3 (C6), 113.9 (C14), 128.9 (C13), 135.1 (C12), 158.1 (C1%HP mL); the combined organic layers were washed with 25

nitropr op-1-enyl]phenyl

178.8 (C9). mL) and brine (50 mL) and dried (M&0O,). The solvent was evap-
Anal. Caled f H..NO.: H. 8.36° C. 69.29- N. 5.05. Found: H orated in vacuo and the crude product was recrystallized (MeOH) to
821%' CaGCgllg.r ,\% 505 . T N ound: 1, give 10 (6.23 g, 90%) as yellow crystals; mp 69—73 °C.

!H NMR (300 MHz, CDC})): 5 =1.56-1.69 and 1.76-1.98 (2 m, 2
rel-(59)-5-{(9)-[(1R,2R)-2-Hydr oxycyclohexyl] (4-methoxyphe- H, 6 H, H12, H13), 2.46 (s, 3 H, 1-GK13.87 (s, 3 H, 10-C}), 4.76
nyl)methyl}pyrrolidin-2-one (2€) (m, 1 H, H11), 6.91 (d]= 8.3 Hz, 1 H, H8), 6.95 (s, 1 H, H5), 7.04
Mp 213-218 °CR; = 0.61 (EtOAc—MeOH, 3:1). (d,J=8.3Hz, 1 H, H9), 8.02 (s, 1 H, H3).

'H NMR (300 MHz, COSY, HSQC, CD@t § =1.10-1.18 (m, 1 13C NMR (75 MHz, INEPT, CDG): 6 = 14.0 (C1), 24.0 and 32.7

H, H12), 1.25-1.36 (m, 2 H, H7, H12), 1.46 (m, 1 H, H11), 1.54¢(C12, C13), 55.9 (C10), 80.5 (C11), 111.6 (C8), 116.3 (C5), 123.9
1.69 (m, 6 H, H5, H7, H10, H11, H13), 1.92-2.00 (m, 1 H, H10)(C9), 124.7 (C4), 133.9 (C3), 145.5, 147.6 and 151.7 (C2, C6, C7).
2.03-2.10 (m, 1 H, H8), 2.12-2.24 (m, 1 H, H8), 2.49 §dd9.2, Aol Caled for G.H-.NO- H. 6.91 C. 64.97° N 5.05. Found H
9.0 Hz, 1 H, H4), 3.78 (s, 3 H, 18-QH3.95 (ddd,) = 9.0, 7.0, 5.9 Gggfcaé; gg.r,\(,;sgi‘l o 1 095 &, D296/, 585, Found 1,
Hz, 1 H, H3),3.99 (br, 1 H, 1-OH), 4.19 (s, 1 H, H6), 6.82@&g.2 '~~~ 77"

Hz, 2 H, H16), 7.00 (d] = 8.2 Hz, 2 H, H15), 7.73 (br, 1 H, 2-NH). rel-(45,69)-4-[3-(Cyclopentyloxy)-4-methoxyphenyl]-6-ethoxy-

13C NMR (75 MHz, INEPT, HSQC, CD@L § = 19.8 (C11), 25.3 3-methyl-5,6-dihydr0-4H-1,2-oxazin-2-ium-2-olate (11)

(C12), 26.0 (C13), 28.4 (C7), 30.8 (C8), 33.6 (C10), 47.5 (C5), 53 a soln of nitroalken&0 (1.5 g, 5.4 mmol) in CkCl, (50 mL) at
(C4), 55.1 (C18), 57.3 (C3), 66.0 (C6), 113.7 (C16), 129.5 (C15)94 °C was added Sn&D.63 mL, 5.4 mmol) under a dry argon at-

133.7 (C14), 158.2 (C17), 178.4 (C9). mosphere followed by ethyl vinyl ether (1.0 mL, 10.8 mmol). After
Anal. Calcd for GH,NO,: H, 8.31; C, 71.26; N, 4.62. Found: H 10 min at —94 °C an additional portion of ethyl vinyl ether (0.5 mL,
814-C 7112 N 468 T T " 5.4 mmol) was added and the resulting mixture was poured into a
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mixture of sat. aq kCO; (200 mL) and EtOAc (200 mL). The aque-3.91 (dd,J=7.7, 7.7 Hz, 1 H, H8), 4.77 (m, 1 H, H22), 5.10 (dd,
ous phase was back-extracted with EtOA« (20 mL); the com- J=2.6, 2.2 Hz, 1 H, H6), 6.68 (d,= 1.8 Hz, 1 H, H16), 6.73 (dd,
bined organic layers were washed witfOH50 mL) and brine (50 J=8.3, 1.8 Hz, 1 H, H20), 6.83 (d~ 8.3 Hz, 1 H, H19).

mL) and dried (Ng50,). The solvent was evaporated in vacuo andgc NMR (75 MHz, INEPT, CDG): § = 15.0 (C14), 24.0, 32.6

the residue was subjected to columr} chr_omatography (silica 9§b.7 and 33.5 (C5,’C7, ng’, C24), 36.6 (C4), 47.9,(C8), ;52.5 (&210,
EtOAc—hexane, 1:5to 1:3 to 1:1) to give nitronktg1.6 g, 85%) C12), 56.0 (C21), 63.5 (C13), 80.4 (C22), 95.5 (C6), 112.4, 114.8

as a white solid. The minor fraction (0.1%Rg= 0.15, EtOAC-hex- 47150 6 (C16, C19, C20), 131.9 (C15), 148.1 and 149.3 (C17,
ane, 1:1) contained a mixture tf and the corresponding 4¢6s C18), 157.8 (C3), 169.3 and 169.4 (C9, C11).

isomer (*1.7:2.0). Anal. Calcd for GH;,NOg: H, 7.18; C, 62.19; N, 3.02. Found: H
Mp 90-92 °CR, = 0.23 (EtOAc—hexane, 1:1). e o oy e NOs 1, 7.18; C, 6219 N, 3.02. Found: 1,
'H NMR (300 MHz, CDCJ): § =1.20 (t,J=7.0 Hz, 3 H, 9-CH),

1.49-1.61 and 1.71-1.87 (2 m, 8 H, H18, H19), 1.79 (s, 3 H, Dimethyl rel-2-{[(3S,4S,6S)-4-[3-(Cyclopentyloxy)-4-methoxy-
CH,), 2.02 (ddd,J=14.1, 11.0, 2.6 Hz, 1 H, H5), 2.18 (ddd,phenyl]-6-ethoxytetrahydro-2H-1,2-oxazin-3-yl]methyl}mal-
J=14.1,7.3,2.2Hz, 1 H, H5), 3.60-3.72 (m, 2 H, H4, H8), 3.75 (snate (5h)

3 H, 16-CH), 3.99 (m, 1 H, H8), 4.68 (m, 1 H, H17), 5.29 (dd,Tetrahydrooxazin®h was prepared in 99% yield according to the
J=2.9, 2.2 Hz, 1 H, H6), 6.58 (d=2.2 Hz, 1 H, H11), 6.65 (dd, same procedure used for the reduction of dihydrooxatfrgsmp
J=8.3,2.2 Hz, 1 H, H15), 6.75 (d~= 8.3 Hz, 1 H, H14). 99-102 °CR; = 0.47 (EtOAc—hexane, 1:1).

13C NMR (75 MHz, INEPT, CDG): 6 = 14.8 (C9), 17.3 (C7), 23.8, 'H NMR (300 MHz, CDC)): 6 =1.28 (t,J=7.3, 7.0 Hz, 3 H, 14-
32.5 and 34.1 (C5, C18, C19), 39.9 (C4), 55.8 (C16), 64.7 (C&H,), 1.52-1.66 and 1.76-2.01 (2 m, 12 H, H5, H7, H23, H24), 2.66
80.2 (C17), 100.8 (C6), 112.1, 114.1 and 120.1 (C11, C14, C1%jdd,J=11.0, 10.6, 5.5 Hz, 1 H, H4), 3.20 (ddd; 11.0, 10.6, 2.2

123.3 (C3), 132.0 (C10), 147.9 and 149.4 (C12, C13). Hz, 1 H, H3), 3.54 (m, 1 H, H13), 3.64 and 3.67 (s and m, s, 7 H,
. . . .1, H8, 10-CH, 12-CH,), 3.79 (m, 1 H, H13), 3.80 (s, 3 H, 21-QH
Anal. Calcd for GH,NOg: H, 7.7 31; N, 4.01. Found: H
o gchgzgr %426605 779 C, 6531, N, 401 Found: H, ) 2 ™1y H22). 4.84 (s, 1 H, H6), 5.26 (br, 1 H, 2-NH), 6.67 (s,
9% D024, 4.00, 1H, H16), 6.69 (d] = 8.8 Hz, 1 H, H20), 6.80 (d,= 8.8 Hz, 1 H,
H20).

rel-(4S,65)-3-(Bromomethyl)-4-[ 3-(cyclopentyloxy)-4-methoxy-
phenyl]-6-ethoxy-5,6-dihydr 0-4H-1,2-oxazine (12) 13C NMR (75 MHz, INEPT, CDG): = 15.1 (C14), 23.9, 29.7,

To a soln of nitronat#&l (0.345 g, 0.989 mmol) and & (0.21 mL, 32.7, and 37.1 (C5, C7, C23, C24), 41.9 (C4), 48.4 (C8), 52.3 and
1.48 mmol) in CHCl,—MeCN (10:1, 2.0 mL) was added M@Br 52.5 (C10, C12), 56.0 (C21), 60.1 (C3), 63.5 (C13), 80.3 (C22),
(0.65 mL, 4.94 mmol) at —78 °C under a dry argon atmosphere. T8&.0 (C6), 112.1, 114.3 and 119.3 (C16, C19, C20), 134.1 (C15),
mixture was kept with occasional shaking at —78 °C for 24 h, thd7.6 and 148.8 (C17, C18), 169.4 and 170.2 (C9, C11).

poured into a mixture of sat. ag®0; (100 mL) and EtOAc (100 . . . .

mL). The aqueous phase was back-extracted with EtOAc8Q ?%agl (C::aéczdofg.r 342352’\108' H, 7.58; C, 61.92; N, 3.01. Found: H,
mL); the combined organic layers were washed wii® K50 mL) oo

_and brine (50 mL) an_d dried (5804)_. The solvent was evaporated -(7S,7aS)-7-[3-(Cyclopentyloxy)-4-methoxyphenyl | hexa-
in vacuo and the residue was subjected to column chromatogra y¥iro—3H-pyrroIizin-3-one(rac—4)

(silica gel, EtOAc—hexane, 1:10 to 1.5) to gl (0.22 g, 54%)' Reduction obh (0.205 g, 0.44 mmol) was accomplished by the pro-
Further elution (EtOAc—hexane, 1:1) provided unreacted nitronate 4. re for hydrogenation of oxazings-g listed above'H NMR
11(0.11 g, 34%). analysis of the crude product obtained after filtration of the mixture
Mp 60-62 °CjR; = 0.70 (EtOAc—hexane, 1:1). and evaporation showed the presence of pyrrolizidiBbr{gatio of
IH NMR (300 MHz, CDCJ): § = 1.25 (t,J = 7.0 Hz, 3 H, 9-CH) isomers 1.2:1.0) and pyrrolidiri, ca. 1.9:1.0, respectively. This

- - ' ! ; 1 ' ’ °,  mixture was dissolved in DMSO (6.2 mL) and the soln was heated
1.58-1.69 and 1.79-1.96 (2 m, 8 H, H18, H19), 2.11 (@dd.,3.2, 100-140 °C for 30 min. Then i led and NaBr (0.045
10.6, 2.6 Hz, 1 H, H5), 2.25 (dddi= 13.2, 8.1, 2.4 Hz, 1 H, H5), &t 100- or 30 min. Then it was cooled and NaBr (0.045 g,

3.63 (m, 1 H, H8), 3.64 (d,= 9.9 Hz, 1 H, H7), 3.83 (s, 3 H, 16- 0.44 mmol) and KD (0.016 mL, O._88 mmol) were added. The mix-_

CH,), 3.86-4.00 (m, 2 H, H4, H8), 3.91 @@= 9.9 Hz, 1 H, H7), ture was gently refluxed for 45 min. The solvent was evaporated in

4.75 (M, 1 H, H17), 5.18 (dd= 2.6, 2.2 Hz, 1 H, H6), 6.74 (s, L H, vacuo (100 °C/O.67_r_nbar) and the residue was subjected to column

H11), 6.76 (dJ = 8.1 Hz, 1 H, H15), 6.83 (d,= 8.1 Hz, 1 H, H14). chromatography (silica gel, EtOAc—hexane, 1:3 to 1:1 to 1:0 to
EtOAc—MeOH, 10:1) to give pyrrolizidinor&(0.098 g, 71%); mp

*C NMR (75 MHz, INEPT, CDG): § = 15.0 (C9), 24.0, 30.9, 32.5 g5-66 °C (Lit!! 64-66 °C)R, = 0.71 (EtOAc-MeOH, 1:3). Thed

and 32.7 (C5, C7, C18, C19), 33.4 (C4), 56.0 (C16), 63.6 (C8), BARR spectrum is consistent with that previously reported for pyr-

(C17), 96.1 (C6), 112.4, 115.0 and 120.4 (C11, C14, C15), 13Q@&izidinonerac-4.*

(C10), 148.0 and 149.4 (C12, C13), 158.3 (C3). IH NMR (300 MHz, COSY, NOESY, HSQC, CD@I 5 = 1.54—
Anal. Calcd for GoH,BrNO,: H, 6.36; C, 55.35; N, 3.40. Found: H, 1 65 and 1.76-1.95 (2m, 2 H, 7 H, H6, H17, H18), 2.15-2.30 (m, 2
6.50; C, 55.36; N, 3.54. H, H4’, H6), 2.43-2.53 (m, 2 H, H4H7), 2.63-2.79 (m, 2 H, H3,

_ H7), 3.31 (ddJ = 11.0, 10.3 Hz, 1 H, Hg, 3.61 (dddJ) = 11.0, 9.2,
Dimethy! rel-2-{[(4S,65)-4-[3-(Cyclopentyloxy)-4-methoxyphe- 8 8 Hz, 1 H, H9, 3.81 (s, 3 H, 13-C}), 3.89 (dddJ = 9.5, 7.3, 7.0
nyl]-6-ethoxy-5,6-dihydr 0-4H-1,2-oxazin-3-ylJmethyl}mal- Hz, 1 H, H2), 4.75 (m, 1 H, H16), 6.72 (s, 1 H, H10), 6.73 (8.1
onate (1h) Hz, 1 H, H14), 6.82 (d] = 8.1 Hz, 1 H, H13).

Dihydrooxazinelh was prepared from bromid2 in 80% yield by 13C NMR (75 MHz, INEPT, HSQC, CDGL & = 23.9 (C18), 25.5

‘fe”era' procedure described in ref. 1a. (C6), 32.7 (C17), 34.7 (C7), 35.2 (C4), 40.9 (C5), 50.8 (C3), 56.0
H NMR (300 MHz, CDCJ): 6 =1.22 (,J=7.3, 7.0 Hz, 3 H, 14- (C15), 67.7 (C2), 80.5 (C16), 112.1, 114.3 and 119.1 (C10, C13,

CHs), 1.55-1.64 and 1.79-1.94 (2 m, 8 H, H23, H24), 2.03 (ddg14), 131.5 (C9), 147.7 and 149.1 (C11, C12), 174.7 (C8).

J=13.6, 9.9, 2.2 Hz, 1 H, H5), 2.20 (ddk 13.6, 7.3, 2.6 Hz, 1 . .
H, H5), 2.53 (dd) = 16.9, 7.7 I—)|z 1H(H7) 2.63 (ddl=16.9, 7.7 Characteristic 2D-NOESY correlations: H10/H2, H107H4

Hz, 1 H, H7), 3.47 and 3.59 (2 m, 2 H, H13), 3.69 (s, 6 H, 1g-cH 4" /H5", H4/HS.
12-CHy), 3.79 (dd,) = 9.9, 7.3 Hz, 1 H, H4), 3.83 (s, 3 H, 21-gH
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