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Abstract. Novelall-cis-configurated indolizino[3,4]quino- steps fronL-prolinol 15. In contrast to the knowgreffect of
line receptors, 4 were preparedia diastereoselective Lewis silyl groups cyclization 018 proceeded via an-carbenium
acid-catalyzed cyclization df-aryliminest, 7 as the key step.  ion species to give the diastereomeric prodl®{20, which

In order to obtain the indolizino[3 Hquinoline derivative  were desilylated t@1, 22. The association constants for re-
21without agemdimethyl group at C-7, aN-arylimine pre-  ceptor2—4 and21 decreased in the ord2t > 2 >4 > 3 for
cursorl8bearing a vinyldisilane terminus was prepare8l in both acetic acid and-Z-phenylalanine as substrates.

Supramolecular chemistry and the design of novel artiand transport proteins. We have previously discovered
ficial receptors are among the most actively pursuedhat concave-shaped azapolycyclic systéniearing
research topics in recent years [1]. Particularly the bindtwo indolizino[3,4b]quinoline moieties were easily
ing of carboxylic acids [2, 3] and amino acids [4] is in- accessiblevia Lewis acid-catalyzed cyclizations Nf
tensively investigated with the aim to mimic enzymesarylimines (Scheme 1) [5]. However, initial binding
studies suffered from a serious drawback that is the oc-
currence of several competing association processes. In
order to avoid such difficulties and to learn more about
the parent indolizino[3,&]quinoline system we deci-
ded to investigate the molecular recognition properties
of simpler systems. The following derivativ&s4 were
chosen as model compounds. It was anticipated that
compound2—4 should display similar binding pro-
perties for simple carboxylic acids such as acetic acid.
However, the presence of additional substituents on the
aromatic ring of indolizino[3,4]quinolines3, 4 should
N A lead to increased association constants with aromatic
amino acids such as phenylalanine due to additiznal
1 stacking interactions and hydrogen bonding (A) as com-
pared to the parent compoudThe results towards
the synthesis and molecular recognition properties are
N reported below.

NH ) .
ta Results and Discussion

Following our previously established strategyllgjro-
; linal-derived aldehyd® was condensed with aniline
R derivatives or 7 in the presence of molecular sieves to
s> R-R2_H the corre_sponding imir_1es, which were s_ubse_q_uently
B treated with EtAIC] to yield the tetracyclic indolizino
3 R'= _O_~_Ph R?=H [3,4-b]quinolines3, 8, 9 (Scheme 2). Depending on the
4 R'=H R?=CONHPh _subst_itution pattern of the aniline qlerivati\fes}’ vary-
ing mixtures o#ll-cis- andall-trans-diastereomers were
obtained during the cyclization. When 4-(3-phenylpro-
Scheme 1Iindolizino[3,4b]quinoline receptors pyloxy)aniline6 was employed, the cyclization procee-
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ded with high diasteroselectivity yielding 58% of the

From inspection of molecular models we concluded

cis-product3 as a single stereoisomer. As shown inthat all-cis-configurated indolizino[3,4]quinolines
Scheme 3 compoung was prepared from 3-phenyl- without agemdimethyl group at C-7 should lead to
propanol10 via tosylation and nucleophilic displace- improved binding constants due to a sterically less en-
ment with 4-hydroxyaniline [7]. In contrast, methyl 2- cumbered binding site. Although direct cyclization of a

aminobenzoat@ gave 33% of thall-cis-product 8 and
9% of the correspondingjl-trans-diastereome® [8].

1) mol. sieves 4A

CH,Cl,, rt, 1d
2) EtAIC,
N 7y CHCl, 1d "
~ -78°C - 1t H
| O - > NH
NH, R?
R2
5
Rl
Rl Rl R2
6 O(CHysPh H 3 58% —
7 H CO,Me 8 33% 9 9%

Scheme 2Synthesis of aniline derivativ8) (8) and 9)

1) TsCl, NEt,

CH,Cl,, t, 15 h
Ph” ™""0H

\
()]

2)

10 /©/NH2
HO

NaH, THF, A, 4 d
44 %

Scheme 3 Synthesis of aniline derivativé)(

The all-cis-configurated methyl esté& was further

converted to the anilidé using Weinreb’s conditions
(Scheme 4) [9]. Although the amidation proceeded with

derivative of5 with a terminal alkene moiety seemed
an attractive approach to such unsubstituted indolizi-
no[3,4-b]quinoline, this route was not possible. Accord-
ing to earlier mechanistic studies [11] the Lewis acid-
catalyzed cyclization oN-arylimines follows a step-
wise pathway, i.e. a sequence of iminium ion cycliza-
tion followed by intramolecular Friedel-Crafts type
alkylation of the resulting carbenium ion and final tau-
tomerization. Consequently, the reaction requires at least
on cation stabilizing group at the alkene terminus [12].
In order to circumvent this problem wesasonedhat
two trimethylsilyl groups at the terminal alkene carbon
atom should stabilize the intermediate cation and might
be removed at a later stage of the synthesis. This ap-
proach might seem somewhat risky because it is well
known that silyl groups stabilize carbenium ions at the
[B-position due tod-p)rhyperconjugation [13]. How-
ever, there was some precedence by Overman [14], who
observed the stereospecific acetal-initiated cyclization
of vinylsilanes to tetrahydropyranes with concomitant
formation ofa-silyl cations. We therefore attempted the
synthesis of a precursor bearing a vinyldisilane moiety
and its subsequent Lewis acid-catalyzed cyclization. As
shown in Scheme 5 the terminal carbon at the alkgne
was protected with trimethylsilyl according to a modi-
fied procedure by Negishi [15]. Mesylation of the hy-
droxy group and Finkelstein reaction gave the bromide
12 [16]. Following Negishi's protocol hydroalumina-
tion of 12 with DIBAL followed by trapping with io-
dine yielded iodovinylsilan&3 [15]. Replacement of
the iodide by trimethylsilyl gave vinyldisilarigl, which
was coupled with prolindl5in the presence of JCO;

1) BuLi, TMSCI, THF
2) MsCl, NEts, CH,Cl, TmS

% 3) LiBr, acetone
Son

63 %

\AB

'

r

rather low yield [10], it was considered advantageous

as compared to the activatieta acid chlorides, be-
cause the latter ones interfered with the remaining ami-

no groups.
H,N—-Ph, AlMe,
CH,Cl,, 40°C, 6 d
8 - 4
19 %

Scheme 4Amidation of methyl estei8j
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Scheme 5Synthesis of 4,4-bistrimethylsilyl-1-bromo-3-
butene {4
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14, K,CO;4 Binding constants of compoun@s-4 and21 with
r:{} toluene, 90°C, 5 d ? acetic acid antll-Z-phenylalanined-Phe—OH) were de-
HN N
'I:H d7] H

termined by'H NMR titration [21] assuming a (1:1)
54 % complexation mode. When a complexation occurred, a
OH | OH shift of the signal corresponding to the 12a-H of the
T™MS” > TMS indolizino[3,4b]quinoline was observed. Analysis of
16 the NMR data according to the Benesi—Hildebrand equa-
tion [22] yielded the association constants Which
909 | Swem are summarized in Table 1. A similar trend was observed
oxid. for the binding of acetic acid atdZ-phenylalanine by
NH, the different receptors. The association constants de-
/©/ creased in the ord@1 > 2 >4 > 3. However, whereas
o] N/ the binding strengths of the receptors towatdsphe-
H nylalanine differ by a factor of 200, the corresponding

15

N

"'H L

N .
T :Zﬂ‘ef]':"zs':'g 1 © K, values for acetic acid differ only by a factor of 2

™S quant. T™S” > TMS [23].

™S 17

Table 1 Association constants JKof indolizino[3,4b]qui-
nolines2—4, 21 with acetic acid antll-Z-L-phenylalaniné)

Receptor HOAC Z-Phe-OH
439, | TiCls, toluene K, [l molY K, [l mol-1]

60°C, 2 d 2 84 1153
3 41 08
4 69 442
21 99 1920

N N

":_'l' H 3 K, values were obtained B4 NMR titration. For details see
L Experimental part.

H\\ NH + H\\ NH p p

R R _

R R Several conclusions can be drawn from these results.
Increased binding strength of the indolizino[B]4ui-

cl |

c noline skeleton was indeed obtained by decreasing the

R = SiMe. 19 0 ) steric hindrance at C-7 (comp&#vith 21in Table 1). _

- 8 ' 0 This effect was even more pronounced for the binding

TBAF of theN-protected amino acid as compared to the steri-
CH4CN, rt cally less encumbered acetic acid. The increased K
values of compounda-4, 21 for the complexation of
N-Z-phenylalanine as compared to acetic acid indicate
an additional stabilizingerr interaction between the
aromatic moiety of the receptor and the amino acid.
However, attaching additional substituents at the in-
dolizino[3,4-b]quinoline which are capable of further
hydrogen bonding anm-rrinteraction as in compounds
] ] ] ] 3, 4 proved to be deleterious and lead to a decrease of
to give aminoalcohadl6in 54% yield [17] (Scheme 6). the K, values [24]. Overall, indolizino[3,8}quinoline
Swern oxidation ofL6 [18] followed by condensation 21 without agemdimethyl group at C-7 turned out to
of the resulting aldehydE7 with 4-chloroaniline yield-  pe the best receptor for acidic substrates within this se-
ed the iminel8 which was further cyclized in the pres- ries. Compoun@1was available via a Lewis acid-cata-
ence of TiC} at elevated temperatures [19] to give ajyzed cyclization of alN-arylimine tethered to a vinyl-
(1:1) mixture of diastereomefs, 20. Unfortunately, (gjsilane followed by desilylation. Further synthetic ap-

chromatographic separation, 20 was not possible pjications of this exception of thgsilicon effect are
at this stage and thus the mixture was submitted to fluq:yrrently under investigation.

ride-induced desilylation [20], which proceeded with-

out any event. After flash chromatography #flecis-  Generous financial support by the Deutsche Forschungsge-
andall-trans-diastereomer1 and22 were isolated in  meinschaft (Gerhard-Hess Prize for S. L.) and the Fonds der
31% and 27% vyield respectively. Chemischen Industrie is gratefully acknowledged.

Cl

18

R=H 21 31% 22 27%

Scheme 6Synthesis of indolizino[3,4]quinolines R1), (22)
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Experimental hyde5 and the mixture was stirred for 2 d at room temp. The
molecular sieves was removed by filtratida Celite. After
All reactions were carried out under argon by using standargooling the filtrate to —78 °C EtAIg(26.0 mL, 26.0 mmol,
Schlenk technique. Solvents were dried and deoxygenatetiM solution inn-hexane) was added dropwise and the cool-
by standard procedures. Analytical TLC was performed oring bath was removed. The mixture was stirred for another
precoated Merck Si 254 F plates (0.25 mm thickness) an@ d at room temp. and then poured into ice-cold 2 MANH
products were visualized with UV light or a solution of phos-solution (300 mL). The layers were separated and the aque-
phomolybdic acid in EtOH (5%, v/v). Flash chromatographyous layer was extracted with @i, (3 x 100 mL) and the
[21] was carried out with Merck silica gel 60 (230—400 mesh).combined organic layers were dried over Mg®@d con-
— NMR spectra: Bruker AM 400 (400 MH#H, 100 MHz  centratedn vacuo After purification by flash chromatogra-
13C), Bruker DRX 400 (400 MH#H, 100 MHZz13C) and Bruk-  phy on SiQ (hexanes/CHGINEt; 10:5:1) 2.11 g (5.41 mmol,
er AC 200 (200 MHZH, 50 MHz 13C). Multiplets in ~ 58%) of a brown oil was isolated as a single diastereomer. —
13C NMR spectra were determined by DEPT and APT exper{a]?%, = +144.8 (c = 1.00; C}€l,). —IR (film) vicnr?! =
iments. — Melting points: Rheometric Scientific DSC-SP dif- 3342, 1604, 1501, 963, 867, 807, 746, 7084-NMR (400
ferential scanning calorimeter. — IR spectra: Nicolet 320 FT-MHz, CDCk): d/ppm = 7.29-7.15 (m, 5H, 2"-H, 3"-H,
IR spectrometer. — Mass spectra: Finnigan Model MAT 843%"-H, 5"-H, 6"-H), 6.75 (dJ = 3.0 Hz, 1H, 8-H), 6.58 (dd,
(El). — GC-mass spectra: Carlo Erba HRGC 5160 coupled = 8.8/3.0 Hz, 1H, 10-H), 6.51 (d,= 8.8 Hz, 1H, 11-H),
with a Finnigan MAT 4515 (El, 40 eV). — CompouRavas  3.88 (t,J=6.4 Hz, 2H, 1'-H), 3.64 (s, 1H, 12a-H), 3.62 (s, br,
prepared according to ref. [6]. — GC analysis: HP5-fused siliH, NH), 3.10 —3.07 (m, 2H, 3-i4 5-Hg), 2.79 (t,J =
ica capillary column (ID 0.32 mm, length 25 m), HPU2-fused 7.6 Hz, 2H, 3'-H), 2.09-2.01 (m, 4H, 2'-H, 12b-H, gyH
silica capillary column (ID 0.2 mm, length 25 m). Tempera-1.98—-1.92 (m, 1H, 5-F)), 1.85-1.73 (M, 4H, 3-}, 2-H,,

ture program: 80 °C with 16 °C nthuntil 300 °C. 1-Hgq 1-Hyy), 1.55-1.52 (m, 1H, 6-&), 1.30-1.24 (m, 2H,
6a-H, 6-H,), 1.31, 1.26 (s, 6H, 13-H, 14-H)}%C NMR (100
4-(3-Phenylpropyloxy)anilings) MHz, CDCk): dlppm = 151.3 (C-9), 141.7 (C-11a), 136.5

, (C-7a), 130.6 (C-1"), 128.4, 128.2 (C-2", C-3", C-5", C-6"),
To a solution of 3-phenylpropand) (2.72 g, 20.0 mmol) 155 7°(c-4"), 116.5 (C-11), 113.0, 112.8 (C-8, C-10), 67).6
in CH,CI, (50 mL) were added triethylamine (4.46 g, (C-1'), 67.2 (C-12b), 54.1, 52.5 (C-3, C-5), 46.9, 45.0
44.0 mmol) anq tosyl chlqude (4.20 g, 22.0 mmol) and the(C-lZa, C-6a), 35.6 (C-7), 33.8, 26.3 (C-13, C-14), 32.2,31.1
mixture was stirred overnight at room temp. Then the mix-(c_z- C-3"), 24.9, 22.9, 21.0 (C-1, C-2, C-6). — MS (70 ,eV)'
ture was washed with sat. NElI (3 x 50 mL), sat. NaHCO 12(%): 390 (100, M), 375 (35), 306 (56), 278 (14), 202 (6),

(50 mL) and concentrated to give 5.77 g (16.0 mmol, 80%) ok 0" (11) 97 (10). 84 (62 N-O lcd.: 2670
a crude product, which was used without further purification.,:oun(d: 2)’5190.2é70)iMS).( )-#HsN,O Caled.: 390.2670;

To a suspension of NaH (444 mg, 18.5 mmol) in THF
(50 mL) was added dropwise 4-aminophenol (1.83 gMethyl (6aS,12aS,12bS)-1,2,3,5,6,6a,7,12,12a,12b-decahy-
16.8 mmol) and the mixture was stirred for 15 min. Then wasiro-7,7-dimethylindolizino-[8,7-b]quinoline-11-carboxylate
added a solution of crude tosylate in THF (20 mL) and thgg)

resulting mixture was refluxed for 3 d. After cooling to room
temp. the solution was slowly poured ig@H(150 mL). The
mixture was extracted with GBI, (150 mL) and the com-
bined organic layers were dried over Mg3@d evaporated.
Flash chromatography of the crude product on,i@xa-
nes/CHC}/NEt; 10:5:1) yielded 2.03 g (8.94 mmol, 53%) of
a pale brown, crystalline solidn.p. 50 °C. — IR (film)
vicml = 3403, 1631, 1510, 824, 744, 724, 69 HNMR
(400 MHz, CDCY}): d/ppm =7.29-7.16 (m, 5H, 2"-H, 3"-H,
4"-H, 5"-H, 6"-H), 6.75-6.60 (m, 4H, 2-H, 3-H, 5-H, 6-H)
3.88 (t,J = 6.4 Hz, 2H, 1'-H), 3.40 (s, 2HHN), 2.79 (t,J =
7.4 Hz, 2H, 3'-H), 2.06 (dt) = 7.4/6.4 Hz, 2H, 2"-H). —
13C NMR (100 MHz, CDCJ): &ppm = 152.2, 141.6 (C-1,
C-4), 139.9 (C-1"), 128.5, 128.3, 125.8, 116.4, 115.7 (C-2
C-3, C-5, C-6, C-2", C-3", C-4", C-5", C-6"), 67.6 (C-1"),
32.1, 30.9 (C-2', C-3'). — MS (70 e\)/z(%): 227 (62, M),

109 (100), 108 (25), 92 (4), 91 (40), 80 (15), 77 (3), 65 (9).
CysHi7NO Calcd.: 227.1310; Found: 227.1310 (MS).

Following the procedure described for 3 methyl 2-aminoben-
zoate {) (1.51 g, 10.0 mmol) and aldehy&e(1.83 g,
10.0 mmol) were converted to the corresponding imine, which
was immediately cyclized in the presence of EtAl@®ifter
hydrolysis and agueous work-up the crude product contained
a (4:1) mixture of diastereome@and9, which could be sep-
arated by flash chromatography on gf@exanes/CHGINEt;
20:1:1) to yield .05 g (3.34 mmol, 33%) of tlkcis product
8 as the first fraction and 280 mg (0.89 mmol, 9%) ofadhe
' transproduct9 as the second fraction. Pale yellow satidh.
99 °C. — p]?%p = +3.5 (c = 1.00; CKLCly). — IR (film)
vlcnm! = 3356, 1680, 1600, 1587, 1511, 755, 746. —
IH NMR (400 MHz, CDCJ): dppm = 8.25 (s, br, 1H, NH),
7.70 (dd,J = 8.4/1.5 Hz, 1H, 10-H), 7.24 (ddi= 7.4/1.5 Hz,
1H, 8-H), 6.45 (dd) = 8.4/7.4 Hz, 1H, 9-H), 3.84 (m, 1H,
12a-H), 3.82 (s, 3H, OC}), 3.12-3.08 (m, 2H, 3-4,
5-Heg), 2.08—2.01 (M, 2H, 12b-H, 2gk), 1.98—-1.55 (m, 7H,
5-Hay, 3-Hax, 2-Hay, 1-Heg 1-Hay, 6-Heq),1§s€-Hax), 1.40 (m, 1H,
a-H), 1.36, 1.20 (s, 6H, 13-H, 14-H}%¢ NMR (100 MHz,
(6aS,12aS,12bS)-1,2,3,5,6,6a,7,12,12a,12b-decahydro-7, "DCl,): dlppm = 169.5 (C=0), 147.0 (C-11), 130.4, 129.2

Eié;nethyl-9-(3-pheny|—propyloxy)|ndoI|Z|no[8,7-b]qumoI|ne (C-9, C-10), 129.1 (C-11a), 113.4 (C-8), 108.3 (C-7a), 67.1
(C-12b), 54.0, 52.4 (C-3, C-5), 51.3 (OQH46.7 (C-12a),

A flame-dried Schlenk tube was charged with molecular sievet3.2 (C-6a), 35.7 (C-7), 32.6, 26.1 (C-14, C-13), 25.4, 23.3,

pellets 4A (10 g), CKCl, (25 mL) and 4-(3-phenylpropyl- 21.0 (C-1, C-2, C-6). — MS (70 e\)/z(%): 314 (24, M),

oxy)aniline 6) (2.11 g, 9.30 mmol). Then was added alde-299 (8), 283 (4), 230 (12), 202 (8), 198 (8), 170 (12), 97 (18),

J. Prakt. Chen00Q 342, No. 8 807
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84 (100), 69 (8). 4,4-Bistrimethylsilyl-1-bromo-3-butengl4)

CioHeN20, Caled.: 314.1990; Found: 314.1990 (MS). To a cooled solution of 3-butyne-1-o0l 11 (7.01 g, 0.10 mol) in

THF (500 mL) was dropwise addedBulLi (125 mL,
Methyl (6aS,lZaR,12bS)—1,2,3,5,6,6a,7,12,12a,12b-decah¥)-_20 r$10I 1.6 I\)I solution ifn—hexane) at-78 °C( and the re-

dro-7,7-dimethylindolizino-[8,7-b]quinoline-11-carboxylate sulting mixture was stirred for 1 h at that temp. Then was

©) added trimethylsilylchloride (22.8 g, 0.21 mol) and the mix-
Pale yellow solidm.p. 141 °C. — 1|23, = —-146.0 (c = 1.00; ture was slowly warmed to room temp. over 2 h. After hy-
CH,Cl,). — IR (film) vicm1=3342, 1678, 1590, 1511, 752, drolysis with HO (150 mL) and separation of the layers, the
741. —H NMR (400 MHz, CDCY): dppm =8.13 (s, br, 1H, aqueous layer was extracted with&t3 x 150 mL). The
NH), 7.73 (ddJ = 7.9/1.5 Hz, 1H, 10-H), 7.36 (dd= 7.4/ combined organic layers were washed with sat. NafHCO
1.5 Hz, 1H, 8-H), 6.51 (dd,= 7.4/7.9 Hz, 1H, 9-H), 3.83 (s, (100 mL) and brine (100 mL) and dried over MgS@fter
3H, OCH;), 3.23 (ddd,) = 10.8/3.9/2.4 Hz, 1H, 54, 3.14  evaporation of the solvent 13.9 g (97.0 mmol, 98%) of a col-
(ddd,J = 8.4/8.4/1.5 Hz, 1 H, 3-fJ), 3.06 (dd,) =9.8/9.8 Hz,  ourless liquid was obtained, which was dissolved inCH
1H, 12a-H), 2.30—-2.18 (m, 2H, 12b-H, 2542.13 (dddJ = (100 mL) and treated with NE€29.7 g, 0.29 mol). The mix-
11.8/11.8/2.5 Hz, 1H, 5-4), 1.97-1.57 (m, 6H, 3-§, ture was cooled to 0 °C, methanesulfonyl chloride (11.8 g,
2-Hay, 1-Heg, 1-Hay, 6-Heq 6a-H), 1.41-1.37 (m, 1H, 654, 0.10 mol) was added dropwise, the mixture was stirred for
1.34,1.10 (s, 6H, 13-H, 14-H)13C NMR (100 MHz, CDG)): 2 h at 0 °C, the cooling bath was removed and stirring was
dppm =169.4 (C=0), 146.7 (C-11), 132 (C-11a), 130.6, 129.Zontinued for 3 h at room temp. Then the mixture was diluted
(C-8, C-10), 113.9 (C-9), 108.3 (C-7a), 69.1 (C-12b), 54.3with EL,O (100 mL), washed with sat. N&I (200 mL) and
(C-12a),53.7,52.1 (C-3,C-5),51.4 (OgH14.7 (C-6a),34.8  H,0 (200 mL). The organic layer was dried over Mg&ed
(C-7), 26.3, 26.2 (C-14, C-13), 28.0, 24.4, 21.3 (C-1, C-2concentrateth vacuo The residue was dissolved in acetone
C-6). —MS (70 eV)m/z(%): 314 (37, M), 299 (8), 230 (12), (100 mL), treated with LiBr (25.1 g, 0.29 mol) and refluxed
198 (8), 169 (8), 97 (12), 84 (100), 69 (6). for 15 h. After cooling to room temp. the mixture was poured
C1oH26N,0, Caled.: 314.1990; Found: 314.1990 (MS). into H,O (200 mL), the layers were separated and the aque-
ous layer was extracted with,Bx (2 x 200 mL). The com-
(6aS,12aS,12bS)-1,2,3,5,6,6a,12,12a,12b-Decahydro-7,bined organic layers were washed with sat. NagCO
dimethylindolizino[8,7-b]-quinoline-11-(N-phenyl)-carbox- (200 mL), HO (200 mL), dried over MgS£and concentrat-
amide(4) edin vacuo Purification of the crude product by flash chro-
To a solution of aniline (521 mg, 5.50 mmol) in &H, matography on Sigyielded 12.9 g (63.0 mmol, 64%) of com-

(40 mL) was added dropwise over 30 min AiM2.75 mL poundl12 as a colourless oil. To a solution of 1-bromo-4-tri-

P : : thylsilyl-3-butynel2 (12.3 g, 60.0 mmol) in EO
5.50 mmol, 2 M solution in C}Ll,) and the resulting mix- me .
ture was stirred for 15 min. Then was added methyl @ster (100 ML) was dropwise added DIBAL (11.8 mL, 66.0 mmol)

(1.57 g, 5.00 mmol) and the mixture was heated for 6 d a:fmd the resulting mixture was heated for 2 h at 40 °C. After

40 °C. After cooling to room temp. the mixture was slowl cooling to —78 °C a solution of ipdine (18.3g, 72'.0 mmpl) in
poured into ice-colg@ HCI (100 m?_). The pH was adjustedy THF (50 mL) was added dropwise and the resulting mixture

to 9 by addition of conc. Nland then the mixture was ex- WasWwarmed to 0 °C and slowly hydrolyzed with ice-cold 3
tracted with CHCI, (3 x 100 mL). The combined organic HCI (200 mL). The Ia_yers were separated and the aqueous
layers were dried over MgS@nd the solvent was removed layer was extracted an}pentane (200 mL). The combined

in vacuo Purification of the crude product by flash chroma- 2f9anic layers were washed with sat. NaH(&®x 200 mL),
tography on Si@ (hexanes/CHGINEt; 5:10:1) yielded sat. Ng5,05 (200 mL) and brine (200 mL), dried over M50
350 mg (0.93 mmol, 19%) of a pale yellow solid:p and concentrateith vacuo After purification by destillation
223 °C. — 2% = 3,8.2 (c = 1.00; C}Cl,). — IR (filrﬁ); (b.p. 90 °C/0.1 mbar) 12.3 g (36.9 mmol, 62%) of compound

viemt = 3424, 3_462, 3389, 1656, 1593, 1520, 1497, 75713 was obtained as a colourless liquid. To a cooled solution

] . _ of 4-bromo-1-iodo-1-trimethylsilyl-1-buten3 (8.99 g,
749, 691. -'H NMR (400 MHz, CDCY{): dppm =7.92, 7.78 . . .
(s, br, 2H, COM, NI—(|), 7.54 (dJ= 7_2 Hz?%H, 17-H), 7.34 27.0 mmol) in BO (30 mL) was dropwise adde@uLi (35.3

(dd,J'=7.4/7.4 Hz, 2H, 3"-H), 7.32, 7.24 (dtk 8.4/1.0 Hz, ML 55.4 mmol, 1.53 M solution im-pentane) at —78 °C and
2H. 8-H 10-H) 710 (dtJ =7.4/1.0 Hz. 1H 4':-H) 6.52 (d’d stirring was continued for 2 h. Then was added dropwise tri-
J1=8.4/8.4 Hz. 1H 9-H), 3.81 (s, 1H 112a1H) 310-3.07 (’m methylsilyliodide (5.41 g, 27.0 mmol) and the mixture was
2H, 3-H, 5'H,eo) 212.1.72 (m' 7H 12b-H. 2:H 5-Hy 'warmed to room temp. over 2 h and hydrolyzed wig®H

3_|_’| 2_q|_’| 1_H’e 1-H,), 1.59 (,m 1’H 6- y f37 1_2’2 (50 mL). The Iay_ers were separated and the_,- aqueous layer
m >H 6a.H G?iglx) 140 1.20 ,(s 6H 13-H 121-H). _ was extracted with BD (100 mL). The combined organic
13C NMR (100’ MHz, ,Cch),: Sppm - 168.3 (C:7O), 145 7 layers were washed with sat. NaHCQ@O00 mL) and brine

i ) i S 100 mL), dried over MgSgand concentrated vacuo Des-
Egglac)ig)g Zl(zcdfélgcli(;ll(zc()?; )(C1228)9 ﬁ 433 (1C2%§ ' 351 lllation of the crude productb(p. 110 °C/8 mbar) yielded

(C-12b), 53.9, 52.3 (C-3, C-5), 46.7 (C-12a), 43.3 (C-6a), 35.8/ / 9 (13.5 mmol, 50%) of compourid a colourless Ii-
(C-7), 32.9, 26.1 (C-14, C-13), 25.4, 23.3, 21.0 (C-1, C-29uid-

C-6). — MS (70 eV)m/z(%): 375 (51, M), 360 (20), 291 o _

(42)), 263 (7)(, 198 (%g), 1(70)(18), 1(41 (17)), 122 glog, 97 (19)(2.8).—2-HydroxymethyI-N-(4,4-b|str|methyIS|IyI-3-buten)pyr-
84 (100), 69 (9). folidine (16)

CyHygN3O  Calcd.: 375.2310; Found: 375.2310 (MS).  To a suspension of ICO; (905 mg, 6.50 mmol) in toluene
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(50 mL) were addeS)prolinol (15) (505 mg, 5.00 mmol)  3-H,), 0.14, 0.05 (s, 18H, Si(Ght). —13C NMR (100 MHz,
and 4,4-bistrimethylsilyl-1-bromo-3-butené4) (1.54 g, CDCly): d/ppm = 168.4 (C=N), 154.4 (C-3"), 149.8 (C-1"),
5.50 mmol) and the mixture was heated at 90 °C for 4 d142.2 (C-4"), 131.4 (C-4"), 129.1, 122.1 (C-2", C-3"), 68.7
After cooling to room temp. $#D (100 mL) was added and (C-1), 54.6 (C-1", 54.1 (C-4), 35.1 (C-2"), 29.1 (C-2), 23.4
the mixture was extracted with GEl, (3x150 mL). The (C-3), 1.74, 0.25 (Si(Ch),).
combined organic layers were dried over MgS€bncen-
tratedin vacuoand purified by flash chromatography on SiO (6aS,12aR/S,12bS)-7,7-Bistrimethylsilyl-9-chloro-1,2,3,5,6,
(n-hexanetpropanol 6:1) to give 810 mg (2.70 mmol, 54%) 6a,7,12,12a,12b-deca-hydroindolizino[8,7-b]quinol{is,
as a yellow oil. —¢]%, = —34.8 (c = 1.00; C}Cl,). — IR 20)

T 1= 1
g‘g"c)lg;/ Trom g ﬁ?igé_gzﬁz' 1‘,'4* Q-MHE iy ('3";: To a solution of the imin&8 (2.00 mmol) in toluene (50 mL)

10.8/3.4 Hz, 1H, 8,0H), 3.39 (dd,) = 10.8/2.4 Hz, 1H was Qropwise added Tig(5.20 m!_, 5.ZQ mmol, 1 M solu-
CH OH) 3_’24_’3_—127 (m’ 1H 5a-H) 2 88-2.78 ,(m 1y tion in n-hexane) and the resulting mixture was heated at
1-__|ja) 2.65—2.58 (m 1H 2_|_’|) 249-232 (m, 3H Jo:—H ' 60 °C for 2 d. After cooling to room temp. the mixture was
2'-H) ’2 52_2 '25 (m ,1H ,5b-H), 1.92—1.85 (m, 1H, 3é-H) poured into ice-cold 2 M NHF solution. The Iaye(s were sep-
1.85-1.70 (m. 3H. 3b-H ,4-H) 017 0 08.(s 18H SQEH ‘arated and the aqueous layer was extracted witlCGKB x
~13c NMR (1(’)0 MHz qu). 5/ppm — 1546 (C-é') 142 4 200 mL) and the combined organic layers were dried over
(C-4", 64.7 (C-2) 6i.6 (CjéH) 54.2 (C—é) 53.8,(C—1'.) M_gSO4, evaporated and purified by flash chrpmatography on
35.0 (C-2), 27.5 (C-3), 23.6 (C-4), 1.7, 0.2 (Sighpt - M £102 (hexanes/CHGINEL, 15:1:1) to give 350 mg
(70 eV):m/z(%): 300 (100, M + H), 284 (9), 228 (14), 114 (0.86 mmol, 43%) ofL9, 20 as (1:1) mixture of diastereo-
(21). G4H3NOS), Calcd.: 284.1866 (M—CHy); mers.

Found: 284.1858 (MS). (6aS,12aS,12bS)-9-Chloro-1,2,3,5,6,6a,7,12,12a,12b-deca-

(2S)- N-(4,4-bistrimethylsilyl-3-buten)pyrrolidine-2-carbal- NYdro-indolizino[8,7-bjquinoling21)
dehydg17) To a solution of the (1:1) mixture df9, 20 (350 mg,

. ; . 0.86 mmol) in acetonitrile (10 mL) was added dropwise a
To a cooled solution of oxalylchloride (0.51 g, 4.00 mmol) in solution of TBAF (2.00 mL. 2.00 mmol, 1 M solution in THF)

CH,CI, (20 mL) was added dropwise over 10 min at —50 °C;

. : . tonitril (6 mL) and the mixture was stirred overnight at
dimethylsulfoxide (0.63 g, 8.00 mmol) in GEl, (4 mL) and In ace
stirring was continued for 10 min. Then alcokél(598 mg, room temp. Thent2HCI (10 mL) was added and the pH was

. : djusted ta8B with conc. NH. The aqueous layers were ex-
2.00 mmol) in CHCI, (2 mL) was added dropwise over a . : i
15 min and stirring was continued for 6 h at—50 °C. Triethyl—gfscssgrévg?iecddgé r(?\/l; é(oa;n dLé;r?Se%?g'zize\?agL%agIlj:rilay-
amine (1.75 mL) was added and the mixture was warmed tg ~ : .
room temp., washed with B (3 x 25 mL) and the organic ('r?_?g(ggghceHC&JﬂeEf rciglﬂf.tlt))y;::%hegh;%mrﬁéo%a;; ymonr%jlo
layer was dried over MgSf@nd concentrated to give a brown Sy : '

. . . ; ; = 31%) of theall-cis-product?21 as the first fraction and 60 mg
E'I[bWZEIIDCE \ivgién%r?g (ilallt%Ig.u&%;'ﬁ‘?ﬂ%ﬁg%glgmﬁg'on' (0.23 mmol, 27%) of thall-trans-product22 as the second

CDCly): dppm = 9.43 (dJ = 3.9 Hz, 1H, CHO), 6.52 (3,= fraction. Colourless sohdn.p. 124 ;’C. - §%%, = +150.7
6.0 1o, 1h1 3-1). 3.24-3.20 (m_1H, A2y (dadg= (€= 1.00; CHCl). = IR (fim) vicnr = 3442, 3399, 1600,
8.8/6.4/3.9 Hz, 1H, 2-H), 2.70-2.63 (m, 1H, WR.55—  L493, 1082, 863, 812, 799.1H NMR (400 MHz, CDCJ):
248 (. 1H. £k, 2.43.2.30 (m. 3H, Tt 2-Fy, 2.00_  PPM=6.83-6.80 (m, 2H, 8-H, 10-H), 6.40 (de:9.1 Hz,
1.95 (m, 1H, 3-H), 1.89—1.82 (m, 3H, 3-44-H), 0.13, 0.04 H: 11-H), 3.67 (s, br, 1HM), 3.36 (dJ = 2.0 Hz, 1H, 12a-
. 181 SIER. 1 NMR (100 MHZ CDC: dppm =, H): 3:10-3.02 (m, 2H, 3:4#5-H), 2.96 (dd) = 16.7/5.8 Hz,
203.2 (C=0), 154.0 (C-8), 142.4 (C-9), 72.1 (C-2), 55.0-H: 7-Hb), 2.40 (dd,J = 16.7/1.5 Hz, 1H, 7-p), 2.10-2.05

- . ° - ‘ (m, 1H, 12b-H), 2.03-1.95 (m, 2H, 3;+6-H,), 1.83—-1.80
(C-5), 54.1(C-6), 35.1 (C-7), 26.4 (C-3), 24.0 (C-4), 1.7, 0.2 1 v o & e L o 1.50 (daite,

(Si(CHy)a). 12.9/12.9/12.9/4.3 Hz, 1H, 654 1.29 (dddd,) = 12.9/3.0/
i - - .0/3. -). —13C NMR (100 MHz, CDC)):

(S)-[N-(4,4-Bistrimethyl-3-butenyl)pyrrolidin-2-methyliden]- 3.0/3.0 Hz, 1H, 6-F) '

(4-Ch|0rphenylam|ne618) 5/ppm =142.1 (C-g), 129.2 (C-8), 126.4 (C-lO), 121.5,121.1

(C-7a, C-11a), 116.4 (C-11), 66.8 (C-12b), 54.1 (C-3), 52.4
To a suspension of molecular sieve pellets 4A (2 g) in toluengc-5), 50.0 (C-12a), 32.9 (C-7), 32.9 (C-6a), 26.0 (C-6), 24.9,
(10 mL) were added 4-chloroaniline (254 mg, 2.00 mmol)21.0 (C-1, C-2). — MS (70 eVin/z(%) = 262 (23, M), 192
and 596 mg (2.00 mmol) aldehytié and the resulting mix-  (4), 178 (3), 164 (22), 151 (2), 143 (2), 135 (2), 129 (4), 122
ture was stirred for 3 d at room temp. Molecular sieves wag4), 113 (3), 102 (2), 84 (100), 77 (2), 69 (15).
removed by filtratiorvia Celite and the filtrate was immedi- C,gH;(N,CI Calcd.: 262.1237; Found: 262.1231 (MS).
ately used without further purification. &%, = —102.3 (c
= 1.00; CHCLy). — *H NMR (400 MHz, CDC)): dppm = (635 12aR,12bS)-9-Chloro-1,2,3,5,6,6a,7,12,12a,12b-deca-
7.67 (d,J=6.6 Hz, 1H, HC=N), 7.29 (d,= 8.8 Hz, 2H, 3"- hydro-indolizino[8,7-b]-quinoling22)
H), 7.01 (d,J = 8.8 Hz, 2H, 2"-H), 6.56 (m, 1H, 3'-H), 3.30—
3.24 (m, 1H, 4-8), 3.18—3.11 (m, 1H, 1-H), 2.84—2.76 (m, Colourless amorphous solid. &]f%, = —167.9 (c = 1.00;
1H, 1-H), 2.48-2.41 (m, 3H, 2-H, 1'{§ 2.36—-2.29 (m, CH,Cl,). — IR (film) v/cnT = 3397, 3388, 3336, 1603, 1580,
1H, 4-H), 2.15-2.08 (m, 1H, 3-H1 1.92—-1.84 (m, 3H, 2-H, 1494, 1088, 886, 807, 655.'H NMR (400 MHz, CDC}):
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dppm = 6.93 (m, 2H, 8-H, 10-H), 6.43 @z= 9.1 Hz, 1H,
11-H), 3.77 (s, br, 1H, N), 3.15-3.09 (m, 2H, 3-H5-H,),

2.76 (dd,J = 9.1 Hz, 1H, 12a-H), 2.69 (dd,= 16.4/4.8 Hz,
1H, 7-H,), 2.52 (dd,J = 16.4/11.9 Hz, 1H, 7-§), 2.24—2.14
(M, 2H, 3-H, 5-H,), 2.07-2.00 (M, 1H, 1/2-H1 1.92-1.72
(m, 4H, 6-H, 1/2-H, 12b-H), 1.62—1.45 (m, 3H, 6a-H, 1;H
2-Hp). —13C NMR (100 MHz, CDCJ): &ppm = 142.8 (C-9),

(4]

128.9, 126.6 (C-8, C-10), 122.9, 1218, (C-7a, C-11a), 115.3
(C-11), 68.0 (C-12b), 59.6 (C-12a), 53.8, 51.8 (C-3, C-5), 36.0

(C-6a), 33.4 (C-7), 31.1, 27.7 (C-1, C-2), 21.3 (C-6).
Determination of Association Constants Hy NMR Titra-
tion

First stock solutions of recepta?s-4 and21 (0.02 M) and
ligands HOAc and Z-Phe-OH (0.04 M) in CQiQVere pre-

pared. ThedH NMR spectra of the receptors alone were re- 5]

corded. For each receptor/ligand combination 14 NMR tubes
were charged with 200 pL of the receptor stock solution. Then
were added aliquots of the ligand stock solution (25, 50, 70,7
85, 100, 115, 130, 150, 175, 200, 250, 300, 350, 400 pL) ancg

CDCl; was added until the final volume was 1 mL. The chem- [8

(6]

]
]

ical shift of 12a-H was measured for each sample. The ob-

served complexation-induced shifs— & of the 12a-H sig-

nal were analyzed according to the Benesi-Hildebrand equa-

tion [22]:

(&~ 8) = UG- 8.) » UKy 1/[L] + 1/(G — .,

where [L] is the ligand concentratiod, is the initial chemi-

cal shift of 12a-H of the pure receptdey is the chemical

shift of 12a-H of the pure (1:1) complex andi&the associ-
ation constant. A plot 1&—3) versus 1/[L] gave a line from
which K, was calculated. Error limits of ¢alues were +10%
(from three measurements).
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