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Abstract

Secondary amines 2a-c, based on (45,55)-2,2-dimethyl-4-phenyl-1,3-dioxan-5-ylamine (1), were heated
with a variety of aromatic aldehydes in chlorobenzene under reflux. The in situ generated 1,3-dipols were trapped
with fumaric acid ester, fumaric acid nitrile or N-phenyimaleimide, respectively, that were present in excess in the
reaction mixture. The cycloadducts 4a-e, Sa-f were formed in 78-91% and 67-100% yield as mixture of
exolendo-isomers (endo:exo = 30-65:70-35). These isomers were formed as diastercomerically pure compounds

(de 2 96%). © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

the preparation of five-membered heterocycles[1]. Since 1985, interest in the asymmetric
synthesis of substituted pyrrolidine derivatives has dramatically increased and has led to the

the two reactio

development of cycloaddition procedures in which the chirality information resides in one of

n 1e stereoselective synthesis of 2,5-dist 0 e
Figadere et al.[2]. The very recent publication of Risch et al.[3] on this topic prompted us to
disclose our related results on highly diastercoselective 1,3-dipolar cycloaddition reactions
leading to 2,3,4,5-tetra-substituted pyrrolidines by a simple one-pot reaction, employing
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The formation of stabilized azomethine ylids by heating secondary o-amino esters and

aldehydes, usually in toluene, is a cornmonly used and well established method[4]. Thus, the
epared bv reac ng (AQ i(’\ 2.2-dimethyl-4-phenvyl-1,3-dioxan-
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S-ylamine (1) with methyl bromoacetate or benzyl—bromxde in good yields (72-78%), as is
depicted in Scheme 1[5]. Alternatively, deprotonation of 1 with n-butyllithium in THF at 0°C
and subsequent alkylation with trimethylsilylmethyl iodide formed the secondary amine 2c.
The amines 2a-b were then treated with a variety of aromatic aldehydes by heatmg the two
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fumaric acid ester or fumaric acid nitrile. The 1,3-dipole was formed in sit
the dipolarophiles, furnishing the desired cycloadducts 4a-e in 78-91% yield.

CH o v
I I
7 N\ 4\3 N N
Ar «R! Ar R
— _,QA CHs . N N \( 7 + 7
= -0 — > 5 \_{ ¢ \
.r N D= 3 o Do e "“.—‘n
NH, 2R R 2R R2
1 exo-4a-e endo-4a-e
| ) R1CH,BY, Et,0, 0°C—RT 1 -
_—ac ’R
72-78% by e e 78-919% N
b) n-Buli, THF, 78-91% T,
| 0°C—RT, ICH,Si(CHz)s |
* ArCHO *
HSC ‘.CHg |lq CGiIiSCL A r +qu -l
S HN | A |
R= | ] 11, | R |
Ph‘u\:// L 1
; 2a-c 3a-b

“heme 1. Diagtereoselective 1,3-dipolar cycloadditions

The cycloadducts were isolated as mixture of exo/endo-isomers (endo:exo = 30-65:70-35)
with the endo-isomer usually favored. The exo and the endo-isomers were formed as

respectively, as was determined by 'H NMR
spectroscopy as well as analyucal HPLC (Table 1). They can easily be separated by column
chromatography or preparative HPLC. When 2b (R = Ph) was employed in the reaction
sequence, a higher exo-selectivity (exo:endo = 65:35) was determined by IH NMR

spectroscopy.



Table 1. Diastereoselective synthesis of polysubstituted pyrrolidines 4

2 4 R! R2 Ar exoiendo™  de  yield  exo-4  endo4

%) (% 1% lalpld (a]pl®
a a COCH, COCH, CgH 4357 296 86  +59.0 + 559
a b COCH, CN  CgH 3070 296 91 4444 +127.4
a ¢ COCH; COCHy p-FCH, 4258 96 83  +644 + 653
a d COCH; CN pFCH, 31:69 206 78  +519 +1205
b e CHs COCH, CgHy 6535 96 83 +604 + 670

{2l Determined by analytical HPLC or 'H NMR spectroscopy. All diastereomers could be separated
by column chromatography or preparative HPLC. - [b] Determined by !H NMR spectroscopy.
Only one diastercomcr of the endo (5°,5,5,5,5.S) and exo (S°,5°.S,R,R,S) isomer was detected,

YT

reﬁpecnvely -l Measured in CHC 13 at room temperdlure (see experlmemal)
The relative configurations and the assignments of the exo/endo-isomers are based on
extensive lH NMR spectroscopic investigations (e.g. NOE) on compound 4a (Figure 1). The
assignments of the exo-isomer are based on the following observations: The trans-
configuration of H3 and Hj can be deduced from 8.5% signal enhancement upon irradiation
on Hj3. The saturation of Hy caused a comparable 7.7% enhancement on Hs, and a similar
effect was observed with Hs, inducing 5.9% NOE on Hy. Based on these experiments, the all-
trans-configuration of the exo-cycloadduct is evident. The relative configuration referring to

the auxiliary was deduced from the fact that a saturation of Heq of the chiral template caused a
N1 PRLASS | =1 & m__ . R N ~ .L‘ S P
JVU.170 51gNhdl  enndicement on  rip 1nus, me con 1gurduon 01 me exo- lbOIIlCI' was

unambiguously determined to (4'S,5'S,25,35,45,55)-4a. For the endo-4a isomer, four major
effects are noteworthy. Irradiation of Hp induces a 24.4% signal enhancement on Hj,

referring to a cis-configuration, and the irradiation of Hs causes 40.2% NOE on Hy, revealing

-

Hy a trans-configuration has to be assumed. Thus, based on the known configuration of the
auxiliary and the NOE effect between Heq and H; (39.0%), the configuration for the endo-
cycloadduct was determined to ( 4'S,5'S;25,3R,4R,5S). The configurations of the other
cycloadducts 4b-e are based on the assumption that the same relative topicity is present in

these cases, too.

h, (e Hy O
r\[l Heq H. N Bea

E=CO,CH; exo-4a endo-4a

Figure 1. Determination of configurations of cycloadducts 4 by NOE experiments
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Following a similar protocol, the amines 2a-c were then treated with different aromatic
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cycloadducts Sa-f in good to excellent yields (Table 2)
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Scheme 2. Diastereoselctive cycloadditions utilising NPMI
As is evident from !'H NMR spectroscopy, the cycloadducts were isolated as mixtures of
endolexo-1somers (endo:exo = 61-66:39-34). The endo/exo-isomers Sa-f, respectively, were
formed as diastereomerically pure compounds and were isolated by column chromatography,

by HPLC or by crystallization. Under the reaction conditions applied, the secondary amine 2¢
I, n Adanilalatimm smamntsmsm Erssn s = Jiwm~l thhnt 1100 fenmamnd ey NITDRAT 01 vivrs = F
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[6]. In this case the assignment for the exo/endo-isomers is reversed due to the missing
substituent in position 5 of the pyrrolidine formed.

Table 2. Diastereoselective synthesis of pyrrolidines 5

2 5 R! Ar endo:exol?] det?l  yield exo-5 endo-5
(%] [%] (%] lapte! [op!e!
a a CO,CH, p-FCgH, 63:37 296 100 - 69.0 +30.7
a b CO,CH, C¢H; 66:3419] 296 100 - 66.1  +15.1ll
a ¢ COCH; pBICH, 61:39 296 100 ~121.2 +32.3
a d CO,CH; p-CHOCH, 62:38 296 100 - 864 + 7.1
b e C¢Hs C¢Hs - 296 75 +21.9
c f H(f CeHs 53:471d.g] >96 67 - 852 +17.7t0

lal Determined by analytical HPLC or 'H NMR spectroscopy. All diastereomers could be separated by
column chromatography or preparative HPLC. - [b] Determined by ‘H NMR spectroscopy. Only one
diastereomer of the endo and exo-isomer was detected, respectively. - (€] Measured in CHCI; at room
temperature (se¢ experimenial). tdl Separation of the exolendo-isomers by crystallization. - el
Complete separation of the exo/endo-isomers failed, 13% of the exo-isomer were present. - [fl R! = H
is founed by desilylation of R! = Si(CH3)5. - [8] Due to the missing substituent in the 5 position of
the formed pyrrolidinc the exofendo-assignment is reverse. - [N Complete scparation of the exofendo-
PR A 1007 ~F eban exo- A A Awa e
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independent methods. Firstly, extensive NMR measurements (e.g. NOE) were used to
determine the configurations as (4'S,5'S,15,35,3aS,6aR) for endo-Sb (major diastereomer)
and (4'S,5'S,15,35,3aR 6aS) for exo-5b (minor diastereomer) as is depicted in Figure 2.
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Figure 2. Ohserved NOE effect

son 8d

Secondly, an X-ray crystal structure analysis was carried out on the minor diastereomer 5d.

The X-ray structure revealed that the substituents at C-1 and C-3 are trans to each other and

the orientation of the substituents at C-3a and C-6a is cis (Fiou 2). The relative
vas A ANW/Ai (4 A2 L “ N wS e SALANE N W A v L UL Jla A 1A% AWEGALE ¥ W

configuration of the exo-diastereomer referring to the auxiliary was identical with that
determined by the NOE experiments, proving that both methods can be applied indepen-

dently.

Figure 3. Structure of exo-5d in the crystal
Upon treatment of endo-5d with p-toluenesulfonic acid in methanol the diastereomerically
nnre lactane 6 ic formad in auantitative vield (Scheme 3). The structure was confirmed hV
}JULU 1ALVLULIV U 10 1WA 12 YUAIIU ¥ v yivid (Wviiviiiy oy A RaNS
NOE experiments and revealed that the oxazine moiety was formed by chemoselective
cyclization of the secondary alcohol function. The exo-isomer can similarly be transformed to

the corresponding heterocycle.
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In conclusion, the diastereoselective 1,3-dipolar cycloaddition reaction of stabilized chiral
azomethine ylids with different dipolarophiles offers an efficient entry to a variety of highly
isolated after separation by crystallization, column chromatography or HPLC. In addition, the
exo and endo-isomer of 5d can readily be transformed into the diastereomerically pure
tricyclic lactones 6 by simple acid treatment.

Experimental

dried and purified by conventional methods prior to use. Chiorobenzene was freshly distilled
from calciumhydride under argon. Reagents were purchased from common commercial

suppliers and were used from freshly opened containers unless otherwise stated. The
seco nda

.
rv amines were svnthes
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Apparatus. Melting points are uncorrected and were measured on a Dr. Tottoli apparatus
(Biichi 510). Optical rotations: Perkin-Elmer P 241 polarimeter; solvents of Merck UVASOL

quality. - IR spectra: Perkin-Elmer FT 1750 or Perkin-Elmer PE 1760. - 'H NMR spectra
300 MHz, 500 MHz) and 13C NMR spectra (75 MHz, 125 MHz): Varian VXR 300, Varian
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Unity 500, Gemini 300 (d in ppm, solvent: CDCl3, TMS as internal standard). - Mass spectra:
Varian MAT 212 (EI 70 eV), Finnigan SSQ 7000 (EI 70 ¢V). - Microanalyses: Heraeus CHN-



O-RAPID. - Analytical HPLC: Hewlett-Packard HPLC 1050, UV detection, ChiralcelOD,
(8.5)-Whelk-O1 ; Preparative HPLC: Gilson Abimed; Merck.LiCrosorb®-column (25 cm x

25 mm, silica 60, particle size 0.007 mm), UV detection.
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(45,55)-(+)-(2,2-Dimethyi-4-phenyi-1,3-dioxan-5-yl)-amine 1 (1 eq) was dissolved in diethyl
ether (10 ml/ mmol), cooled to 0°C and triethylamine (1 eq) were added. Then, 1 eq of
methyl bromoacetate or benzyl bromide was added dropwise. Stirring was continued for 24h
at room temperature, and w
organic layer was separated and was dried over anhydrous MgSQy4. The solvent was removed
under reduced pressure, and the product 2 was purified by column chromatography (silica
gel; petroleum ether:diethyl ether).

General procedure for the preparation of 4 and 5 by 1,3-dipolar cycloadditions:

A Schienk flask was Charged with 7 eq dipolarophile, 10 eq aldehyde and 200 ml of chloro-
benzene. The flask was heated to 150°C, and the amine 2, dissolved in chlorobenzene (2 ml),
was added dropwise. The mixture was refluxed for 2-7 d until the completion of the reaction
d by
under reduced pressure. The cycloadducts were separated and were purified by column

chromatography (silica gel; petroleum ether:diethyl ether).

(46 7 mmol) (45,55)-(+)-(2,2- Dlmethyl -4~ phenyl 1,3-dioxan-5-yl)-amine (1) 473 g (46.7
mmol) of triethylamine and 7.14 g (46.7 mmol) of methyl bromoacetate were reacted for 24h
according to the general procedure yielding 9.8 g (75%) of 2a as a yellow oil after column
chromatography (silica gel; petroleum ether:diethyl ether 1:2). - [0]5 = +63.1 (1.04,

CHCl3); - IR (film): ¥ = 3351 cm-1, 3063, 3029, 2992, 2950, 2871, 1743, 1499, 1451, 1437,
1381, 1314, 1268, 1237, 1199, 1170, 1155, 1128, 1095, 1076, 1030, 1003, 955, 847, 764,

739, 701. - 1H NMR: 8 = 1.54 (s, 3H, CH3,), 1.55 (s, 3H, CHg,y), 2.11 (s, 1H, NH), 2.73 (q,
J=2.0 Hz, 1H, NCH), 3.12 (s, 2H, NCHy), 3.58 (s, 3H, OCH3), 3.98 (dd, J = 12.1 Hz, 2.0 Hz,

1H OCHH Y A4 16 (dd
111,

Ublu‘cq}, T AU UG,
1
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7.32 (m, 5H, arom.). -
54.7 (OCH3), 63.7 (OCHz), 73. O),

arom.), 172.7 (C=0). - MS (70eV); mlz (%) =279 (3
(‘ﬂﬂ(“Hﬂ 115 (100), 77 (ﬁ\ IM+~C<H<]. - C

1& 21
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5.01; found C 64.63, H 7.66, N 5.20.

C
(CH arom.), 139.2 (C
)M +] 264 (3) [IM+—CH3], 220 (4) IM*-
NQ (279.3): Caled. C 64.50, H 7.58, N
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mmol) (45,55)-(+)-(2,2-Dimethyl-4-phenyl-1,3-dioxan-5-yl)-amine 1, 4.73 g (46.7 mmol) of

triethylamine and 7.99 g (46.7 mmol) of benzyl bromide were reacted for 24h according to

the general procedure yielding 10.0 g (72%) of 2b as a yellow oil after column chromato-

athar 7-1) w13 — L824 (N 84. CHCl) m

1- trala athar-diathy
i, peirocieuimn eunlr: uu.d.u_yl euwier 21, - IXp = TJI3.9 (.69, il 15}, - L\

graphy (silica ge
(CHCl3): v = 3357 cm-l, 3085, 3061, 3027, 2991, 2938, 2921, 2866, 1605, 1586, 1496,
1452, 1380, 1335, 1313, 1267, 1235, 1199, 1169, 1141, 1093, 1075, 1029, 1006, 954, 944,
846, 801, 743, 699, 666. - 'HNMR: 8 = 1.51 (s, 3H, CHzeq), 1.53 (s, 3H, CHzpy), 2.00 (s,
1H, NH), 2.52 (q, J = 2.0 Hz, 1H, NCH), 3.44 (d, /= 14.0 Hz, 1H, NCH), 3.61 (d, /= 14.0
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Hz, 1H, NCH), 3.96 (dd, /= 11.8 Hz, 2.0 Hz, 1H, OCHH,), 4.04 (dd, J = 12.1 Hz, 2.0 Hz,
1H, OCHH ,y), 5.07 (d, J = 2.0 Hz, 1H, OCH), 6.93 (m, 2H, arom.), 7.13 (m, 2H, arom.), 7.32
(m, 5H, arom.). - I3C NMR: 8 = 18.7 (CH3¢g), 29.7 (CH3,x), 50.7 (NCHp), 53.6 (NCH), 63.1

(OCHy), 73.7 (OCH), 99.1 (C), 125.9, 126.6, 127.1, 127.9, 128.0 (CH arom.), 139.9, 140.4
(O s MCQ (T0YN 33l (OL) = 207 (2) AA+1 9Q9 (A TN+ CLT.T 122 (100 Q1 (00)
(C arom.). - MS (70eV); m/z (%) = 297 (3) [Mt], 282 (4) LVIT—UT13), 133 (1WJ), Y1 (F7)
[M+-CH,CgHs], 77 (4) [M*-CgHs]. - C1gH23NO> (297.4): Caled. C 76.74, H 7.80, N 4.71;

(AQ §CV_/F ) /72 n;mnfln\v’_//_nlnnvn’ ] s \Vﬂlﬂ;<=\!’);fvl.ml)f vicilvimaothyvlamine (Do) QA o
[T, SO T J &, L~ LAUNCLIL YL T~ Iy~ 1,0~ aloxan-o VeSS Yy oot yuritCori yilariieii \ & j. 7.U0 g
(46.7 mmol) (4S5,55)-(+)-(2,2-Dimethyl-4-phenyl-1,3-dioxan-5-yl)amine (1) were dissolved

in THF (250 ml) and cooled to 0°C. Then, 34 ml n-BuLi (1.6 M in n-hexane) were added
dropwise. After lh at 0°C, 10 g (46.7 mmol) of iodomethyltrimethylsilane were added.
Stirring was continued for 24h at room temperature, and the reaction mixture was refluxed
for another 3h. Saturated aqueous NaHCO3 (100 ml) was added, the aqueous phase was ex-
tracted with diethyl ether (250 ml) and was dried over MgSOy4. The solvent was removed

yielding 11.2 g (82%) of 2¢ as a yellow oil after purification by column chromatography

(silica gel; petroleum ether:diethyl ether 1:2). - [0}y = +73.2 (0.85, CHCI3). - IR (film):
G = 3349 cm-l, 3092, 3029, 2992, 2781, 1607, 1499, 1423, 1380, 1268, 1247, 1198, 1168,
1141, 1089, 1075, 987, 955, 849, 763, 736, 699. - IH NMR: 6 = (.15 [s, 9H, Si(CH3)3], 1.26

(s, 1H, NH), 1.62 (d, J = 13.5 Hz, 1H, NCHp) 1.65 (s, 3H, CHaeg), 1.69 (s, 3H, CHagy), 2.27

(d, J=13.5 Hz, 1H, NCH»), 2.61 (dd, J = 4.4 Hz, 2.2 Hz, 1H, NCH), 4.17 (dd, /= 11.8 Hz,
2.2 Hz, 1H, OCHH ), 422 (dd, /= 11.8 Hz, 1.9 Hz, 1H, OCHH,y), 5.25 (d, J= 2.2 Hz, 1H,
OCH), 7.45 (m, 5H, arom.). - 13C NMR: 8 = -2.8 [Si(CH3)3], 18.8 (CH3), 29.6 (CH3y), 37.3

(NCHy), 58.6 (NCH), 62.2 (OCH,), 73.9 (OCH), 99.0 (C), 126.3, 127.0, 127.8 (CH arom.),
139.9 (c arom.). - MS (70eV): m/z (%) = 293 (3) [M*], 278 (6) [M*—CHj3], 220 (8) [M+-
Si(CH3)3l, 114 (100). - C16H7NO,Si (293.5): Caled. C 65.48, H 9.27, N 4.77; found C

P~ AT A N

65.54, H 9.25, N 4.91.
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phenyltetrahydm 1H-2,3,4-pyrroletricarboxylate (4a): 1.00 g (7 mmol) dimethyl fumarate,
1.10 g (10 mmol) benzaldehyde and 0.28g (1 mmol) amine 2a were reacted for 3d according

to the general procedure yielding 0.44 g of (2§,35,45,55)-4a[7] and (2S,3R,4R,55)-4a[8]

¢
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ether 1:1). - exo:endo = 43:57(9]. - exo[10]: de = 296%; [a}y = +59.0 (1.02, CHCl3); m.p.

112-113°C. - endo[10]: de = 296%; [0 = +55.9 (1.02, CHCl3); m.p. 182-185°C. - IR

(KBr): v = 3438 cm~1, 3063, 3031, 2989, 2901, 1760, 1744, 1729, 1607, 1490, 1443, 1388,
1358, 1334, 1292, 1272, 1244, 1203, 1151, 1118, 1076, 1046, 1024, 1007, 952, 937, 913
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849, 818, 752, 702, 558, 528. - 'H NMR (exo): & = 1.28 (s, 3H, CHseq), 1.38 (s, 3H, CHsyy),
3.04 (m, 1H, CH,CH), 3.31 [dd, J = 5.2 Hz, 3.1 Hz, 1H, NCH(Ph)CH], 3.43 [dd, J = 3.1 Hz,
1.5 Hz, 1H, NCH(CO,CH3)CH]|, 3.59 (s, 3H, NCH(Ph)CH(CO,CH3)], 3.60 [s, 3H,
NCH(CO,CH3)], 3.66 [s, 3H, NCH(CO,CH3)CH(CO,CH3)], 4.09 [dd, J = 12.5 Hz, 1.8 Hz,

L 1 4101044 I_l’)RLL-./InLL-. 10 oLy AAS A 1T £ T-> 1 NI
N §vy eq_],“f 17 jUd, J — 14 114, 4¢.\J 114, 111, LlulaxJ T.T0 (U, J = .4 114, 111, 1IN

4.79 [d, J = 1.5 Hz, 1H, NCH(CO;CHj3)], 4.94 (d, J = 2.5 Hz, 1H, OCH), 7.15 (m, 2H, arom.),
7.25 (m, 1H, arom.), 7.28 (m, 1H, arom.), 7.31 (m, 4H, arom.), 7.34 (m, 2H, arom.); (endo):

8= 123 (s, 3H, CHsy), 140 (s, 3H, CHay), 296 (m, 1H, CHyCH), 3.07 |s, 3H,
NCH(Ph)CH(CO,CH3)], 3.61 [s, 3H, NCH(CO,CH3)CH(CO,CH3)], 3.66 [s, 3H,
NCH(CO,CH3)], 3.66 [dd, J = 12.2 Hz, 8.2 Hz, 1H, NCH(CO,CH3)CH], 3.81 [dd, J = 12.5 Hz,
9.5 Hz, 1H, NCH(Ph)CH], 4.1 [ d,J=12.8 Hz, 1.2 Hz, IH, CHH,), 4.22 [d,J: 9.5 Hz, 1H,
NCH(Ph)], 4.26 (dd, J = 12.8 Hz, 3.4 Hz, 1H, OCHH,,), 4.54 [d, J = 7.9 Hz, 1H,

N("H(l"ﬂn(“l—h“ 491 (d, J= 1.8 Hz, IH, OCH), 6.93 (m 2H nrnm\ 722 (m. 3 arom.),

A2 AN A R VA L) oS A \\My v Aadi, 1aiy NSNAaj iva my CRAJERR Lol \A‘, Jii, QiRJL2L.

7.32 (m, 3H, arom.), 7.39 (m, 2H, arom.). - 13C NMR (exo): 8 = 19.1 (CH3,y), 28.4
(CHaeg), 49.3 [NCH(CO,CH3)CHI, 51.4 [NCH(CO,CH3)], 52.2 [NCH(Ph)CH(CO,CH3)], 52.6
[NCH(CO,CH3)CH(CO,CH3)l, 53.2 (CHpCH), 54.6 [NCH(Ph)CH], 65.0 (CHy), 66.2

[NCH(CO,CH3)], 67.3 [NCH(Ph)], 74.0 (OCH), 99.5 (C), 126.1, 126.8, 127.4, 127.6, 128.4

QR ((CH, )

1797 179 Q 174 2 (=Y (oA = 1
= 106.0 \‘“1133%x)/,

(CH arom.), 139.8, arom.), 172.7, 172.8, 174.3 (C=0); (endo):
28.6 (CHzeq), 47.0 [NCH(CO,CH3)CH], 50.2 [NCH(Ph)CH], 5i.2 [NCH(Ph)CH(CO,CH3)],
51.6 [NCH(CO,CH)], 52.2 [NCH(CO,CH3)CH(CO,CH3)], 54.6 (CH,CH), 64.2 (CHp), 65.1
[NCH(CO,CH3)], 65.7 [NCH(Ph)], 74.5 (OCH), 99.4 (C), 126.2, 127.2, 127.7, 127.8, 128.5

(CH arom.). 139.8, 140.2 (C arom.), 170.7, 170.8, 173.3 (C=0). - MS (70eV); m/z (%) =
Jy 2IJ7.0, L17TU.L \N~ QALlULIL.J, AT Fy L i odead \NWTTRNL g AVais \ yE} LY 7

511 (0.3) [M+], 496 (3) [M+—CHzs], 452 (8) [M+-COOCHS;], 347 (100), 77 (18) [CgHs*]. -

CagH33NOg (511.6): Caled. C 65.74, H 6.50, N 2.74; found C 65.42, H 6.52, N 2.65

Me,hug(.s 3S/R,4S/R,55)-(+)-3,4-dicyano-1-[(48°,55°)-2",2 -dimethyl-4"-phenyl-1",3"-

AN, D)

-phenyltetrahydro-1H-2-pyrrolecarboxylate (4b): 0.55 g (7 mmol) fumaric

L‘.
Ln
=



acid dinitrile. 1.06 o (10 mmol) benzaldehvde and 0.28%¢ (1 mmol) amine reacted for 24
MW ANE WA L‘rlll\/, s & \L\l Ail11iNJ1 , /R IL NN Ju\.; «ariva J.‘-IUS \ llllllUl] aAilurniv 1vasvivua 1ul LeTTLL
according to the general procedure yielding 0.41 g (25,35,45,55)-4b and (25,3R 4R,55)-4b

(91%) as a colourless solid after column chromatography (silica gel; petroleum ether:diethyl
ether 1:1). - exo:endo = 30:70. - exo[11]: de = >96%; [oc] = +44.4 (0.99, CHCl3); m.p.
201-203°C. - endo[11]: de = 296%; f{ﬂz5 = +127.4 (0.98, CHCl3); m.p. >200°C. - IR (KBr):

v = 3465 cm—1, 3088, 3008, 2986, 2865, 2248, 1743, 1495, 1436, 1383, 1326, 1299, 1276,
1241, 1209, 1157, 1107, 1080, 1056, 1027, 989, 955, 918, 870, 852, 838, 813, 759, 702. - IH
NMR (exo): d = 1.44 (s, 3H, CH3eq), 1.54 (s, 3H, CHazax), 3.07 [dd, J = 5.0 Hz, 2.4 Hz, IH,

NCH(Ph)CH], 3.11 (m, 1H, CH,CH), 3.20 [dd, J = 2.4 Hz, 0.7 Hz, 1H, NCH(CO;_CH;,)CH]

A e T NN ANA (Ad T = 104 11,
D, I, WULI3), U0 \Ul, v = 1s4r 1L,

NCH(Ph)], 4.32 (dd, J = 12.4 Hz, 3.4 Hz, 1H, LHHaX),DUl (d, J=1.7 Hz,
J=0.7 Hz, 1H, NCH(CO,CH3)], 7.11 (m, 2H, arom.), 7.17 (m, 2H, arom ) 739( m, 6H,

arom.); (endo): & = 1.38 (s, 3H, CHJeq) 1.44 (s, 3H, CH3ay), 2.94 (m, 1H, CH,CH), 3.36
[dd, J = 12.1 Hz, 7.4 Hz, 1H, NCH(CO,CH3)CH], 3.79 [dd, J = 12.1 Hz, 8.4 Hz, 1H

[RASAS TREEY B P ) 8§ v.I7% A iy LN RIY L 99 § JASZ O [P S ¥ 7 T AAd.y Lk

NCH(Ph)CH], 3.84 (s, 3H, OCH3), 3.99 [d, J=84 Hz, 1H, NCH(Ph)], 4.05 (dd, J = 13.1 Hz,
1.3 Hz, 1H, CHHeq), 4.29 (dd, J = 13.1 Hz, 3.4 Hz, 1H, CHHyy), 4.75 [d, J = 7.7 Hz, 1H,
NCH(CO,CH3)], 4.95 (d, J = 2.0 Hz, 1H, OCH), 6.92 (m, 2H, arom.), 7.27 (m, 2H, arom.),
737 (m, 6H, arom.). - 13C NMR (exo): &= 18.7 (CHzy), 28.8 (CHieg), 36.5

NI IT O _OTIT NI AT 77 TN \ T &1 £ fMNYLT N 45 AN Ay S I"'U/f‘f\-f‘u
INCE{(C U U3 O, 41,7 [INC g, >1.6 (utng) 51.7 \\,nzbn), 66.1 [NCH(CO,CH
H), 1

T

(US]
\D
—_
f =2

)~—

2, 10 OIg
.J Ii4L, 111, bluleq} .

|-—1 ::

)1
31

EE

66.9 (CH,), 69.2 [NCH(Ph)], 73.3 (OC 1 (C), 117.9, 119.1 (C=N), 125.5, 127.4,
127.9, 128.2, 129.1, 129.4 (CH arom.), 138.2, 138.9 (C arom.), 171.5 (C=0); (end ): O =

18.6 (CH3,y), 28.7 (CHzeg), 34.2 [NCH(CO,CH3)CH], 38.0 [NCH(Ph)CH], 52.2 (OCH3) 54.2
(CH,CH), 63.8 [NCI“I(COZC}-I'})], 64.5 (CH»), 65.3 [NCH(Ph)], 74.1 (OCH), 99.8 (C), 115.1,
115.7 (C=N), 125.9, 127.6, 127 8, 128.0, 129.0, 129.2 (CH arom.), 138.0, 139.1 (C arom.),
172.1 (C=0). - MS (70eV); m/z (%) = 430 (1) [M*-CH3], 387 (2) [M+-CO,CHzs], 222 (100),

77 (21) [CgHs*]. - CogHa7N304 (445.5): Caled. C 70.10, H6.11, N 9.43; found C 69.93, H

P ~

607 N Q13
u

ULy 1N T.OU.

Trimethyl(2S,3S/R,4S/R,58)-(+)-1-[(457,557)-2",2 -dimethyl-4"-phenyl-1",3"-dioxan-5"-yl]-5-
(4-fluorophenyl)tetrahydro-1H-2,3,4-tricarboxylate (4c): 1.00 g (7 mmol) dimethyl

fumarate, 1.06 g (10 mmol) benzaldehyde and 0.28g (1 mmol) amine reacted for 2 d
PR T seneral proce Frra vie Iding 0.44¢ (2S.35.45.5S)-4¢ and (2S,3R,4R,5S)- dc¢
dbbUlUlllg l. llC bCl (w3 ] l l)l uccuuic )’IC Ul 15 "|"'|’ (@D, I, T0,J 0 J7C ana { L0, JIN,TIN, =

3

(83%) as a colourless solid after column chromatography (silica gel; petroleum ether:diethyi
ether 1:1). - exo:endo = 41:56[12]. - exo[10}: de= 296%; [0(]2D5 = +64.4 (1.10, CHCI3); m.p.
49°C (dec.). - endo[10]: de = 296%; [a5 = +65.3 (0.99, CHCl3); m.p. 60°C (dec.). - IR
(KBr): ¥ = 3450 cm~1, 2994, 2952, 1738, 1605, 1509, 1438, 1383, 1321, 1208, 1156, 1116,

\LhDh). Vv v CIlt Y, 2755, Y J



1079 1014 956. 847. 801. 745. 702 - TH NMR (exo) S = 122 (¢ 34 CH ). 1.38 (s. 3H
i ) » Z7JU, 67/, OU1L, /7, 1UL, Il INIVIN (€EXT). O = 1.224 (S, orn1, %q), 1.30 5, 211,
CH3,x), 3.12 (m, IH, CH,CH), 3.26 [dd, J = 5.0 Hz, 2.8 Hz, 1H, NCH(Ar)CH], 3.41 [dd, J =

2.8, 1.4 Hz, 1H, NCH(CO,CH3)CH], 3.59 [s, 3H, NCH(Ar)CH(CO,CH>)], 3.61 [s, 3H,

NCH(CO,CH3)], 3.63 [s, 3H, NCH(CO,CH3)CH(CO,CH>)], 4.10 (dd, J = 12.6 Hz, 1.7 Hz,
1H (‘I—IH \ A’)nmfi I—1”)ﬁn7 28 Hz. IH CHH. ) 453 m J=49 Hz ILI ICH(A

i, Leq/s by LA, A Iy, ), T.05 = &.7 11Z, 111, INUI1I(A )]

4.64 [d, J = 1.4 Hz, 1H, NCH(CO,CH3)], 4.94 (d, J = 2.5 Hz, 1H, OCH), 7.20 (m, 9H, arom.);
(endo): 8 = 1.16 (s, 3H, CHseg), 1.40 (s, 3H, CHayy), 2.95 (m, 1H, CH,CH), 3.12 [s, 3H,
NCH(Ar)CH(CO,CH3)], 3.59 [dd, J = 12.6 Hz, 7.7 Hz, 1H, NCH(CO,CH;3)CH], 3.61 [s, 3H,
NCH(CO,CH3)CH(CO,CH3)], 3.66 [s, 3H, NCH(CO,CH5)], 3.82 [dd, J = 12.6 Hz, 9.6 Hz,

1H, NCH(AI)CH], 4.16 (dd, /= 12.9 Hz, 1.4 Hz, 1H, CHHeq), 4,27 (dd /= 12.9 Hz, 3.3 Hz,
IH, CHH,,,), 4.38 [d, J = 7.7 Hz, 1H, NCH(CO,CH3)], 4.39 [d, /= 9.6 Hz, 1H, NCH(Ar)],
4.92 (d, J = 1.9 Hz, 1H, OCH), 6.92 (m, 4H, arom.), 7.33 (m, 5H, arom.). - 13C NMR (exo):
d= 19.0 (CHa,x), 28.3 (CH_, o) 48.9 [NCH(CO,CH3)CH], 51.5 [NCH(CO,CHj3)], 52.2
[NCH(ADCH(CO,CH3)], 527 [NCH(CO,CH3)CH(CO,CH3)l, 53.6 (CH,CH), 54.7

[NCH(Ar)CH], 64.6 (CHj), 66.2 [NCH(CO,CH3)], 66.8 [NCH(Ar)], 73.9 (OCH), 99.5 (C),
115.0 (d, J = 21.2 Hz, CH arom.), 126.1, 126.9, 127.7 (CH arom.), 129.9 (d, J = 8.0 Hz, CH
arom.), 138.6 (d, J = 2.9 Hz, C arom.), 139.7 (C arom.), 162.1 (d, J = 245.0 Hz, C arom.),
172.5, 172.6, 174.1 (C=0); (endo): &= 18.7 (CHszyy), 28.6 (CH3eq), 46.8
[NCH(CO,CH3)CH], 50.2 [NCH(CO,CH3)], 51.3 [NCH(AnNCH(CO,CH3)], 51.7
[NCH(CO,CH3)CH(CO,CH3)], 52.2 (CH,CH), 54.9 [NCH(Ar)CH], 64.0 (CH,), 64.4
[NCH(CO,CH3)], 65.7 [NCH(Ar)] 74.3 (OCH), 994 (C), 114.5 (d, J = 21.8 Hz, CH arom.),
126.0, 127.2, 127.9 (CH arom.), 130.1 (d, J= 8.0 Hz, FH“\m) 136.2 (d, J =29 Hz, C

,
¢
¢
b
p

[ N 120 Q /M ATOML ) 14792 731 71 A
daroii.}, 15¥.0 \U drom.), 102.5 (4, J = 44

(70eV); m/z (%) = 529 (2) [M+], 514 (5) [M+—CH~;] 470
C,5H3,NOgF (529.6): Caled. C 63.51, H 6.09, N 2.65; foun

c(r
2.0 11

%
A
Q
S
e
5

) , 365 (100)
C 63.77, H 6.33, N 2.43.

Q..A,....

{1 QA _Ai~ [/4C72 §C7Y\_ D7 D7 _Ar me A7 sl nza 17 27 _Ad:n
(T/ ST uuvyunu 1 T LI e M ULUITE )’L T '}/Il(ﬁll_ylf 4L 0 ~ULU-

xan- 5 -yl]- 5 (4-fluorophenyl)tetrahydro-1H- 2-pyrrolecarb0xylate (4d): 0.55 g (7 mmol)
fumaric acid dinitrile, 1.06 g (10 mmol) benzaldehyde and 0.28g (1 mmol) amine reacted for
15 h according to the general procedure yielding 0.36g (25,35,45,55)-4d and (2S,3R,4R,5S)-

4d (78%) as a colourless solid after column chromatography (silica gel; petroleum
E) 1,1 N1 .00 r1n. 1 ~ OO 125 = N O A
emer.cuemyl etner 1:1). - exo. endo = 21.0917]. - €exol1V]. a¢e = £HY070, |0 = +o1.7 (U.74,

CHCl3); m.p. 185-187°C. - endo[10]: de = 296%; [ocj = +120.5 (1.05, CHCl3); m.p.

>230°C. - IR (KBr): ¥ = 3465 cm~1, 3093, 3009, 2997, 2897, 2250, 1742, 1702, 1677,
1655, 1637, 1605, 1561, 1509, 1484, 1437, 1385, 1366, 1345, 1327, 1301, 1277, 1262, 1243,
1211, 1155, 1108, 1080, 1050, 1030, 850, 840, 760, 702, 560. - 'H NMR (exo): & = 1.45 (s

k]
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3H, CHzeq), 1.50 (s, 3H, CHzax), 3.02 [dd, J = 4.7 Hz, 2.2 Hz, IH, NCH(ANCH], 3.08 (m, 1H,
CH,CH), 3.20 [dd, J = 2.2 Hz, 0.8 Hz, 1H, NCH(CO,CH3)CH], 3.67 (s, 3H, OCHs3), 4.05 (dd,
J=12.6 Hz, 1.4 Hz, 1H, CHH,g), 4.30 (d, J = 5.0 Hz, 1H, NCH(Ar)), 4.33 (dd, J = 12.6 Hz,
3.3 Hz, 1H, OCHH,y), 501 (d, J = 1.9 Hz, 1H, OCH), 5.20 [d, J = 0.6 Hz, 1H,
NCH(CO2CHj3)], 7.12 (m, 6H, arom.), 7.35 (m, 3H, arom.); (endo): 5 (s, 3u,

—
‘«
]

2 ),
NCH(COzCH3)CH] % 80 [dd, J = 11.5 Hz 8.5 Hz, 1H, NCH(Ar)CH] 3.84 (b 3H OCHy),

4.04 (dd, J = 12.9 Hz, 1.1 Hz, 1H, OCHH), 4.16 [d, / = 8.8 Hz, 1H, NCH(An)], 4.31 (dd, J =
12.9 Hz, 3.0 Hz, 1H, CHH,,), 4.63 [d, J= 7.4 Hz, 1H, NCH(CO,CH3)], 4.96 (d, J= 1.9 Hz,

2 Rb, . Axdiy 22Ry ReadlRifXy v oAadl, e A A ) 1.7 2

1H, OCH), 6.91 (m, 2H, arom.), 7.06 (m, 2H, arom.), 7.25 (m, 2H, arom.), 7.38 (m, 3H,
arom.). - 13C NMR (ex0): 8 = 18.7 (CHzax), 28.8 (CH3zeq), 36.4 [NCH(CO,CH3)CHJ, 41.8
[NCH(Ar)CH], 51.8 (OCH3, NCH(CO,CH3)], 66.1 (CH,CH), 66.6 (CHjy), 68.3 [NCH(Ar)],
73.4 (OCH), 100.2 (C), 116.4 (d, J =21.7 Hz, CH arom.), 117.8, 119.1 (C=N), 125.6, 127.5,

7 —
J =

179 N Y 120 N0 (A I_QﬂUn I r\v\o\l) 1241 12Q Q (™ arnm )

A2 N
0.0 (\LUIld aroim. }, l.J\I oy, - 0.V 114, 11 ar 107%.1, 100.0 \\o d4Alvulii. ), v

1 (A

105.v (4,
249.1 Hz, C arom.), 171.4 (C=0); (endo). 6 = 18.6 (CHjax), 28.6 (CHse 9 34.1
[NCH(CO,CH3)CH], 38.1 [NCH(Ar)CH], 52.3 (OCH3), 54.4 (CH,CH), 64.2 [NCH(CO,CHj),

NCH(Ar)], 64.4 (CH»), 73.9 (OCH), 99.9 (C), 115.0, 115.7 (C=N), 115.9 (d, J = 21.8 Hz, CH

arom.), 125.8, 127.6, 128.0 (CH arom.), 129.6 (d, / = 8.0 Hz, CH arom.), 134.1, 139.1,
163.0 (d, J = 249.9 Hz, C arom.), 172.0 (C=0). - MS (70eV); m/z (%) = 448 (2) [M*-CHa],

404 (7) [M+=CO,CHj3], 299 (100), 77 (7) [C¢Hs*]. - CagHagN304F (463.5): Caled. C 67.37,
H 5.65, N 9.07; found C 67.32, H 5.81, N 9.05.

Dimethyl(2S,35/R,4S/R,5S)-(+)-1-[(457,557)-2",2"-dimethyl-4"-phenyl-1°,3"-dioxan-5"-yl |-

2,5-diphenyltetrahydro-1H-3,4-pyrrolodicarboxylate (4e): 1.00 g (7 mmol) dimethyl
fumarate, 1.06 g (10 mmol) benzaldehyde and 0.30g (1 mmol) amine reacted for 5 d
according to the general procedure yielding 0.44g (285,35,4S5,55)-4e and (2S,3R,4R,55)-4e

(83%) as a colourless solid after column chromatography (silica gel; petroleum ether: d ethyl
ether 2:1). - exo:endo = 65:35[9]. - exo[10]: de = 296%; [o]g = +60.4 (1.00, CHCi3); m.p.

o
—

154-155°C. - endo[10]: de = 296%; [a]y = +67.0 (1.06, CHCl3); m.p. 142-144°C. - IR
(KBr): ¥ = 3435 cm-1, 3062, 3028, 2994, 2867, 1732, 1603, 1495, 1437, 1382, 1307, 1248,

1228, 1203, 1176, 1151, 1113, 1072, 953, 935, 908, 876, 852, 760, 738, 697, 622, 596, 523.
- 1H NMR (exo): & = 1.26 (s, 3H, CH3), 1.32 (s, 3H, CH3), 2.82 (dd, J = 6.4 Hz, 3.0 Hz, 1H,

CH,CH), 3.62 (s, 6H, OCH3y), 3. 65 [dd, J= 4.7 Hz, 2.0 Hz, 2H, CH(CO,CH3y)], 4.01 (d, J =
2.7 Hz, 2H, CH»), 4.90 (d, J =3.7 Hz, 1H, OCH), 5.05 (dd, J = 4.5 Hz, 1.0 Hz, 2H, NCH), 6.93
(m, 2H, arom.), 7.20 (m, 13H, arom.); (endo): & = 1.26 (s, 1H, CH3), 1.42 (s, 3H, CH3), 3.12

\Aidy &2 2, QI7227 1211, aluVlll

(s, br, 1H, CH,CH), 3.18 (s, 6H, OCH3), 3.82 [dd, J = 5.8 Hz, 2.7 Hz, 2H, CH(CO,CH3)},4.20
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(dd. 7= 12Q Hz. 33 Hz 1 OQOCHH ) 421 (dd 7=120H7 17H7 1H OCHI Y 4S8R (¢
\sy v AdweZ Adiiy Do RAdiy 21y NN RIEEGY )y T 1\, U L7 S0&sy Xad 114y 111, V"““eqh T.J0 O
L. ATT AT/TIN A Iy 73 ) 4 1 & 1T IR A NaYal s AN N Yo NWe NTY ~ NO s ~TT
or, 2H, NCH), 4.79 (d, /= 1.5 Hz, iH, OCH), 7.09 (m, 2H, arom.), 7.28 (m, i3H, arom.). -
13C NMR (exo0): 8 = 19.1 (CHy), 28.4 (CH3), 52.2 (OCH3), 52.3, 52.4 [NCH(Ph)CH], 54.8

(CHpCH), 64.3 (CH»), 68.7 (NCH), 73.9 (OCH), 99.3 (C), 126.0, 126.4, 127.0, 127.5, 127.8,
128.2, 133.4 (CH arom.), 139.8, 141.3 (C arom.), 173.5 (C=0); (endo): &= HRR((“Hq\ 27.8

SOy 2.0 A\ arom

(CH3), 48.9 [NCH(Ph)CH], 51.3 (OCHj), 55.1 (CH,CH), 63.1 (CH,), 66.7 (NCH), 74,4
(OCH), 98.9 (C), 126.2, 127.2, 127.4, 127.7, 127.9, 128.4 (CH arom.), 140.4, 141.6 (C
arom.), 170.6 (C=0). - MS (70eV); m/z (%) = 529 (1) [M*], 514 (2) [M*+-CHj3], 381 (100),
77 (10) [Ce¢Hs+]. - C33H35NOg (529.6): Caled. C 72.57, H 6.66, N 2.65; found C 72.49, H

A SN N 2 AR

O0.JU, 1IN £.05.

Methyl(15,35,3aS/R.6aR/S)-2-[(4S",55")-2",2"-dimethyl-4"-phenyl-1°,3"-dioxan-5"-yl]-3-(4-
fluorophenyl)-4,6-dioxo-5-phenylperhydro-pyrrolo[3,4-c]pyrrole-1-carboxylate (5a): 1.21 g
/7 mmaol) N.nhpnv]mal imide. | nﬁ (lﬂ rnn'\n]\ hpn?qlr‘lph vde and 028¢c (1 Inmel) e

LLIXIRXNJR S & 11y JUAIQUCRIIIIUIL, LU & AU VL ) USRI Qiuvily vy Guau U.L05 1

(18,38,3aS,6aR) 5a[8] (100%) as a colourless solid after column chromatography (silic:
petroleum ether:diethyl ether 1:2). - exo:endo = 37:63|9]. - exo[10]: de = =96%; [a]ﬁ
69.0 (1.02, CHCl3); m.p. >200°C. - endo[10]: de = 296%; [(!.]%,5 = +30.7 (1.03, CHCI3); m.p.

I v

102-104°C. - IR (KBr): v = 3480 cm-1, 3066, 2992, 2949, 2879, 1718, 1602, 1509, 1501,
1455, 1435, 1383, 1317, 1271, 1223, 1199, 1167, 1105, 1077, 1015, 954, 912, 836, 736, 699.
- IH NMR (ex0): 8 = 1.43 (s, 3H, CHaay), 1.48 (s, 3H, CHaeg), 3.23 (m, 1H, CHoCH), 3.23

[d, J=7.7 Hz, 1H, NCH(CO,CH»)CH], 3.48 [dd, J= 9.6 Hz, 7.8 Hz, 1H, NCH(Ar)CH], 3.76

o}
"mm
o

(¢ 2 NOCHY 401 (A4 T 1727AH7> TOH>, TH OYWHH Y AWNWA(Ad 1= 17A Hz TR H»
\0 pe 3 W Y U\_‘llj}, =T.U1 \uu, g 1oV 114, L.\J R1L4, 11X1, U\/luleq) e FTOAV ] \uu o léiw:.V L1L.,, J.O 11L&,
iH, OCHH ,y), 4.57 [d, / = 9.9 Hz, 1H, NCH(Ar)], 5.02 (d, J =1.7 Hz, 1H, OCH), 5.17 [s, 1H,

NCH(CO,CH3)], 6.95 (m, 6H, arom.), 7.12 (m, 2H, arom.), 7.32 (m, 6H, arom.); (endo): & =

1.38 (s, 3H, CHaax), 1.42 (s, 3H, CH3,g), 2.95 (m, IH, CH,CH), 3.22 [dd, / = 9.1, 3.0 Hz, 1H,
NCH(Ar)CH], 3.61 (s, 3H, OCH3), 3.78 [t, J = 9.3 Hz, 1H, NCH(CO,CH3)CH], 3.83 (dd, J =

Mo L A\i M SN RA jg UL Oy SRRy NS AR, LXKy ANSCRARANT R R R I RE fy o7 ey

12.9 Hz, 1.1 Hz, 1H, CHH,y), 4.12 (dd, J = 12.9 Hz, 3.6 Hz, 1H, OCHHyy), 4.26 [d, J = 3.3
Hz, 1H, NCH(Ar)], 4.81 [d, J = 9.3 Hz, 1H, NCH(CO,CH»)], 4.95 (d, J= 2.7 Hz, 1H, OCH),
7.07 (m, 4H, arom.), 7.19 (m, 2H, arom.), 7.35 (m, 9H, arom.). - 13C NMR (exo0): § = 18.9
(CH3zax), 28.5 (CH3eq), 49.8 [NCH(ArCH 4 [NCH(CO,CH3)CH], 51.6 (OCHj3), 52.0
(CH,CH), 63.3 (NCH(CO,CHj3)], 65.8
i 30.1 (CH arom.),