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Diastereo- and Enantioselective Synthesis of 1,2-trans-substituted Cycloalkanecarboxylates and Sulfones by Michael-

Initiated Cyclisation via SAMP / RAMP Hydrazones!"?

An efficient and flexible synthesis of 1,2-trans-substituted cy-
cloalkanecarboxylates and sulfones of high diastereo- and en-
antiomeric purity is described. The key step of the procedure
is a Michael-initiated ring closure (MIRC) reaction employing
the SAMP/RAMP hydrazone method. Depending on the chain
length of the w-bromo(iodo)enoates 2, 3 and the type of ketone
SAMP-hydrazone 1, 3-, 5-, 6- and 7-membered cycloalkane-
carboxylates 4—7 or cyclopentanesulfones 24 bearing two or

three stereogenic centers are formed with very high asym-
metric induction. In the same manner, MIRC reactions with
o-(ethoxycarbonyljenoate 26 give rise to 3-substituted cyclo-
pentanone-2-carboxylates 27, but with lower overall chemical
yields. The relative and absolute configurations are based on
X-ray structure analyses, spectroscopic and mechanistic in-
vestigations.

Die Michael-Reaktion ist eine der wichtigsten C,C-Ver-
kniipfungsreaktionen der Organischen Chemie!™, Zum Auf-
bau cyclischer Systeme ist ihre intramolekulare Variante
hiiufig eingesetzt worden <, Durch Tandem-Michael-Re-
aktionen werden in einem Reaktionsschritt gleich zwei C,C-
Bindungen gekniipft. Fingt man das primére Additionspro-
dukt einer intermolekularen Michael-Reaktion in einem in-
tramolekularen Tandemschritt ab, so erhdlt man ebenfalls
cyclische Produkte (Schema 1). Dieser Reaktionstyp ist auch
unter dem Begriff ,, MIRC*-Reaktion (Michael-initiated ring
closure) bekannt,

Schema 1. MIRC Reaktion
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E e E
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Die asymmetrische MIRC-Reaktion von metallierten
SAMP-/RAMP-Hydrazonen, die sich als chirale Michael-
Donatoren in der asymmetrischen Synthese bei verschie-
denen Varianten bereits bewihrt haben®, mit w-funktio-
nalisierten Michael-Akzeptoren haben wir als diastereo- und
enantioselektive Methode zur Synthese 1,2-trans-substitu-
ierter Cycloalkancarbonsédureester variabler RinggroBe wei-
ter ausgebaut'?. Diese Produkte stellen wichtige Bausteine
zur Synthese von Natur- und Wirkstoffen dar'®,

Die aus den entsprechenden Methylketonen leicht dar-
stellbaren Methylketon-SAMP-Hydrazone 1 werden in Te-
trahydrofuran bei 0°C mit Lithiumdiisopropylamid (LDA)
metalliert. Die Lithium-Derivate reagieren bei —78°C mit

E

Nu

den (E)-w-Brom-2-alkensiure-methylestern 2 in einer
MIRC-Reaktion zu den Hydrazonen 8 —11 der Cycloal-
kancarbonsdure-methylester (Schema 2), die isoliert werden
konnen. In der Regel wird jedoch eine ozonolytische Spal-
tung der Rohprodukte direkt angeschlossen, die zu den Ke-

Schema 2. PE = Petrolether
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[de =92 ->99%lee=91-97%]
1. LDA, O3, CH,Cl,,
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LOCHa
2: X =Br 4/8 :n=3
3:X=1 n 519 :n= 111
z 6/10: n =
I::N”N R 711:n=5
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tonen 4—7 fithrt. Bei Vorhandensein weiterer oxidations-
empfindlicher Funktionalititen im Molekiil kann dic Hy-
drazonspaltung nach der ,.Salzmethode“! durchgefiihrt
werden, wie es bei den Verbindungen 4g und Sf nétig ist.

Auf diese Weise ist es moglich, 3-, 5-, 6- und 7-gliedrige
1,2-trans-disubstituierte Carbocyclen in méBigen bis sehr
guten Gesamtausbeuten nahezu diastereo- und enantiome-
renrein (de, ee > 90%) zu synthetisieren, wie die Tabellen
1—4 zeigen. Zu erwihnen ist, daB die Synthese der Cy-
cloheptane des Einsatzes des (E)-8-Iod-2-octensdure-methyl-
esters (3d) bediirfen. Die Verwendung des Bromids 2d fithrt
lediglich zu dem einfachen offenkettigen Michael-Additions-
produkt 12 (Schema 3). Weitere Versuche mit den Iodiden
3b und ¢ haben nicht zu signifikanten Ausbeutesteigerungen
gefiihrt, so daf alle weiteren Versuche mit Bromiden durch-
gefithrt worden sind.

Bei der Umsetzung (E)-konfigurierter Michael-Akzepto-
ren mit SAMP-Hydrazonen besitzen die isolierten Cycloal-

Schema 3
O/“OCH:; Br [o]
N;'qu\ + C)I)Locn-l3
HiC™ "Ph | 1.10A THF, 0%
47% | 2.(E)-2d,-78°C =0°C
(S)-1 d (E).zd 3. 03, CHZC|2, -78°C
Br (o]
Br, O OCH,
OCH;
0% Ph
CNNN Ph
(R)-12
TOCH,
(S,R)-13

o]

O)Loczus
—_— — n,,

8)-1 + Br N
At 1

070C,H; O”"R
(Z) - 2e (1R,2S)-14
ee =79 -95%
de = 92 -> 99%
1. LOQCA, THEN 37 - 59% =
2. (2)-2e O3, CH2 Cly,
-78°C — 0°C -78°C
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0 Mel, 6N HCI/ PE
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kancarbonsdureester die absolute Konfiguration (1S,2R).
Dies konnte aufgrund einer Rontgenstrukturanalyse von
Einkristallen am Beispiel des Cyclopentancarbonsiureesters
4f gezeigt werden'™. Bei Einsatz der (Z)-konfigurierten .-
ungesittigten Ethylester (Z)-2e erhidlt man erwartungsge-
maB iiber die Hydrazone (S,1R,2S)-15, nach oxidativer Spal-
tung, dic entsprechenden Cyclopentancarbonsiure-ethyl-

Tab. 1. Synthetisierte 1,2-trans-substituierte Cyclopentancarbon-
siure-methylester 4 (RT = Raumtemp.)

Nr. R Ausb. Schmp. (o] de ee
(%1% [°C] (c;CHCY,) [%]  [%]
(15,2R)-8a Me 54 - +51.1 (2.20) >99W®Ig7 oo
(15,2R)-4b n-Bu 43 - +39.7 (1.87) >951 95 ¢
(15,2R)-4¢c i-Bu 78 - +47.4 (1.03) >97%1 g6 3
(IR,25)-4ct® i-Bu 62 - -47.6 (2.02) >97101 g6 7182
(15,2R)-4d Ph 77 - +63.8 (1.76) >96'! >96
(15,2R)-4e p-BrPh 73 46-47  +48.3 (1.12) >96%) >g5lel
(1S,2R)-4f B-Naph 511 48-49  +77.3 (1.03) >96%! >96'e!

2 Die Ausbeuten beziehen sich auf MIRC-Reaktion und Ozonolyse
ohne Isolierung des Produkthydrazons 8. — ™ Durch Gaschro-
matographie an einer chiralen stationidren B-Cyclodextrin-Phase
(permethyliert, in OV1701) bestimmt. — ' Durch "C-NMR be-
stimmt. — @ Als chirales Auxiliar wurde RAMP verwendet. —
Durch 'H-NMR-LIS-Experimente bestimmt. — ™ Nach der ,,Salz-
methode* gespalten.

Tab. 2. Synthetisierte 1,2-trans-substituierte Cyclohexancarbon-
sdure-methylester 5 (RT = Raumtemp.)

Nr. R Ausb.®  Schmp. [o]® de®  ee
[»] [°C] (c;CHCY,)  [%1  [%]

(15,2R)-5a Me 5gte! - +25.5 (1.29) >98 96.4
(15,2R)-5b n-Bu 43 - +22.4 (0.92) >97 96.31
(15,2R)-5¢ i-Bu  35W - +17.8 (1.44) >97 97.11"
(15,2R)-5d Ph 6112 57 +26.6 (1.03) >97 »>91t
(15,2R)-5e p-BrPh 611 51 +15.2 (1.40) >98 >931
(15,2R)-5f B-Naph 3971 71-72  433.0 (1.26) >96 >92%!

Bl Die Ausbeuten beziehen sich auf MIRC-Reaktion und Spaltung
ohne Isolierung des Produkthydrazons 9. — ™ Gesamtausbeute
mit Isolierung des Hydrazons 9. — @ Durch GC bestimmt. —
1l Gaschromatographisch an chiraler stationirer Phase bestimmt
(B-Cyclodextrin, permethyliert, in OV 1701). — © Durch 'H-NMR-
LIS-Experimente bestimmt. — 0 Nach der ,,Salzmethode* gespal-
ten.

Tab. 3. Synthetisierte 1,2-trans-substituierte Cyclopropancarbon-
sdure-methylester 6 (RT = Raumtemp.)

Ne. R Ausb.  Schmp. o] ™ de

[%] [°c] (c;CHCT,) [%]
(15,2R)-6a Ph 30 61-62  +79.0 (0.40) >94
(15,2R)-6b p-BrPh 39 55-57 +71.3 (0.79) >92
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ester mit der umgekehrten absoluten Konfiguration (1R,2S)-
14 (Schema 3). Die ermittelten Diastereomereniiberschiisse
betragen 92 —99%, die Enantiomereniiberschiisse liegen bei
79—94% (Tab. 5). Dadurch ist eine Alternative zum Auxi-
liarwechsel, der ebenfalls zum anderen Enantiomeren fiithrt
(vgl. 4d), gegeben.

Tab. 4. Synthetisierte Cycloheptancarbonsidure-methylester 7
(RT = Raumtemp.)

r. R Ausb.® Aush.™

N (o] " de ee
(%] %] (c;CHCT,) %1 (%]

(15,2R)-7a Ph 22 29 +9.4 (1.51) >97 >95
(15,2R)-7b p-BrPh 49 45 +5.3 (1.50) »>95 >96
(R)-12% Ph 64 47 +0.54 (1.85) - 295

& Die Ausbeuten beziehen sich nur auf die MIRC-Reaktion zu den
Hydrazonen 11 und 13. — ™ Gesamtausbeute (MIRC-Reaktion
und Ozonolyse). — ) Mit Bromid 2d synthetisiertes, offenkettiges

1931

dehyden 19 —21 reduziert, die ohne Isolierung einer Horner-
Wittig-Reaktion™™ mit durch NaH metalliertem (Diethoxy-
phosphoryl)essigsdure-methylester (22) unterworfen werden.
Nach Reinigung durch Sdulenchromatographie oder Mit-
teldruckflissigkeitschromatographie (MPLC) erhélt man
die (E)-konfigurierten, ungesittigten Methylester 2b—d in
Gesamtausbeuten von 65—75% (Schema 4).

(E)-4-Bromcrotonsdure-methylester (2a) wird durch eine
Ziegler-Wohl-Bromierung von Crotonsdure-methylester mit
N-Bromsuccinimid in einer Ausbeute von 54% darge-
stellt™. In einer Wittig-Reaktion kann das (E/Z)-Gemisch
des 6-Brom-2-hexensiure-ethylesters (E/Z-2e) hergestellt
werden. Durch MPLC-Trennung werden beide Isomere je-
weils in reiner Form isoliert. Aus den Bromiden 2b—d lassen
sich die eingesetzten Iodide 3b—d problemlos durch eine
Finkelstein-Reaktion! in Ausbeuten von 77 —96% erzeu-
gen.

Tab. 6. Dargestellte o-Brom-2-alkensdureester 2 (Michael-Akzep-

y o t
Michael-Additionsprodukt. oren)
Tab. 5. Synthetisierte 1,2-trans-substituierte Cyclopentancarbon- Nr. n R Ausb. E/Z
sdure-ethylester 14 (RT = Raumtemp.) [%] @
O bl
Nr. R Ausb. ©®Schmp. [al X de™ ee Br N/\/IL 2a 1 Me 54 E
(%1 [°C) (c3CHCT,) %1 0% h X OR 2b 3 Me 66 E
2c 4 Me 75 3
(IR,25)-14a'1  ph 72 - 43.7 (0.96) 92 79! Zd” 5 Me 65 E
C. .
(IR,25)-18b% p-BrPh 44  55-56  -42.4 (1.24) >97 94 ze 3 Et 7 3:1
(IR,25)-14¢c™™' i-Bu 30 - -37.9 (1.00) >99 87.7%¢
(15,2R)-14¢"! §-Bu 65 . +46.7 (1.18) 99 95t Bl Gesamtausbeute nach DIBAH-Reduktion und Horner-Wittig-

Reaktion. — ™ Produkt der Ziegler-Wohl-Bromierung. —  (E)-
und (Z)-Produkt wurden nach MPLC-Trennung rein erhalten.

b Gesamtausbeuten mit Isolierung der Produkthydrazone 15. —
Pl Durch GC bestimmt. — @ Mit Ester (Z)-2e synthetisiert. —
€ Aus den "C-NMR-Spektren der Hydrazone 15 ermittelt. —

Nicht nur o,p-ungesittigte Ester, sondern auch (E)-kon-
© Durch CSP-GC bestimmt. — ™ Mit Ester (E)-2e hergestellt.

figurierte Phenylsulfone konnen im Sinne einer MIRC-Re-
aktion reagieren'?, Die Umsetzung des (E)-(5-Brom-1-pen-
tenyl)phenylsulfons (23) mit Methylketon-SAMP-Hydrazo-
nen 1 fiihrt ebenfalls hoch enantioselektiv zu den
diasterecomerenreinen, 2-substituierten Cyclopentylphenyl-
sulfonen 24 (Schema 5). In Ausbeuten von 44 —66% konnen

Die eingesetzten Michael-Akzeptoren lassen sich in einer
zweistufigen Synthese aus den @-Bromalkanséure-ethyl-
estern 16 —18 herstellen. Diese werden bei —78°C mit
DIBAH®™ in THF in Ausbeuten von 80—90% zu den Al-

die trans-substituierten Produkte bet einem ee von
— o
Schema 4 90 — >95% erhalten werden (Tab. 7).
o o Tab. 7. Daten d thetisierten Cyclopentylphenylsulfone 24
DIBAH THF. -78°C ab. 7. Daten der synthetisierten Cyclopentylphenylsulfone
Br y ’ —
\/\H#LoMe 80 -90% Br\/\ﬁﬁlLH (RT = Raumtemp.)
16 - 18 19 - 21
n=1,23 Nr. R Ausb. ! Schmp. fal T de®!  eefel
% ° +CHC % %
\ 22 NaH. 41 [°Cl (GCHely) (% (%)
__ |80-90%
65-75% THF, -78°C (15,2R)-24a i-Bu 44 - -24.2 (0.60) >9%  >90
\ (15,2R) -24b p-BrPh 62 104 -9.4 (0.66) >99 >392
(15,2R)-24c  B-Naph 66 120 +50.0 (0.46) >39  >95
Eto\g\j\ 5 Q
22: E10” OMe I'\/\Mﬁ\)LOMe [l Gesamtausbeute mit chromatographischer Reinigung der Hy-

drazone. — ™ Durch GC bestimmt. —  Ermittelt aus den “*C-

2b-d NMR-Spektren der Hydrazone (S,15,2R)-25a—c.
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Schema 5
o, 0
C(\ OCHs Br, js?Ph
Ph —_— ——
44 - 66%
H3C R
O0“™R
(S)-1 (E)-23 (1S,2R)-24
1 LDA THF
oC T N\G1-80% Oy, CHClp, -78°C
2. (E)-23 r
78°C = 0C Mel, 6N HCI/PE
R: i-Bu, p-BrPh
BNaph

“~OCH,

(S,1S,2R)-25 [de = 92-> 95%

Da fiir diese Reaktion derselbe Mechanismus gelten sollte
wie fiir die Reaktion mit den entsprechenden Estern, wird
fiir die via SAMP hergestellten Produkte auch die gleiche
absolute (15,2R)-Konfiguration angenommen. In dhnlichen
Fillen™!* inderte ein Wechsel von den o,B-ungesittigten
Estern zu den entsprechenden Sulfonen den stereoselektiven
Verlauf des nucleophilen Angriffs an den Michael-Akzeptor
nicht. Die ee-Werte sind nicht direkt zu bestimmen. Jedoch
ist es moglich, aufgrund der racemisierungsfreien Spaltungs-
methoden fiir Hydrazone®™ aus den auf der Stufe der Hy-
drazone 25 ermittelten de-Werte (*C-NMR) auf die Enan-
tiomereniiberschiisse der Produkte 24 zu schlieBen.

Das a,pB-ungesittigte Phenylsulfon 23 ist in einer Horner-
Wittig-Reaktion aus 4-Brombutyraldehyd und [(Phenylsul-
fonyl)methyl]phosphonsiure-diethylester™ in einer Aus-
beute von 71%, nach derselben Methode wie schon zuvor
die Ester, synthetisiert worden.

Schema 6

3L
OCH;4 0
CN(\ Etozsz 0CH,
+ |

i OCH; ___ _
14 - 20%
H,C” R O”"R
($)-1 (E)-26 (1R.5R)-27
MMPP « 6H,0,
1. \(}%A, THF,\ 37 -59% 27 - 3% pH7-puffer,
278 26 MeOH, 0°C —= RT
S oc oder
o © Mel, 6N HCI/PE
J
o LOCH3
R: n-Bu, i-Bu, Ph, CN,.,.N’ R
p-BrPh, #Naph A
~OCH;
(3;1 R!SR)'ZB
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Ersetzt man in den verwendeten Michael-Akzeptoren 2,
3 das Halogenid durch eine zweite Ester-Funktion, so kann
der intramolekulare Tandemschritt als Dieckmann-Kon-
densation ablaufen. Man erhilt substituierte 2-Oxocycloal-
kancarbonsidureester, die bei einigen Naturstoffsynthesen
Bedeutung erlangten®'®, Wie in Schema 6 dargestellt, wer-
den die metallierten Hydrazone (S)-1 mit dem o,B-ungesat-
tigten Diester (E)-26 umgesetzt. Die trans-konfigurierten
Produkthydrazone 28 kdnnen in Ausbeuten von 37—59%
isoliert werden.

Sie liegen in CDCl; jedoch, iiber eine Keto-Enol-Tauto-
merie verkniipft, im Gleichgewicht mit ihrer diastereomeren
cis-Verbindung vor. Die Ozonolyse erweist sich zur Spal-
tung dieser Hydrazone als ungeeignet, da das ebenfalls ent-
stehende Nitrosamin sich chromatographisch nicht von den
Produkten 27 abtrennen 1df3t. Deshalb haben wir auf eine
von uns entwickelte, neuere Spaltungsmethode fiir SAMP-
Hydrazone mit MMPP - 6 H,O (Magnesium-Monoper-
oxyphthalat-Hexahydrat) zuriickgreifen miissen®. Die Aus-
beuten sind jedoch in diesem Fall mit 27 —39% nur maBig.

Tab. 8. Daten zu den dargestellten S-substituierten 2-Oxocyclopen-

tancarbonsdure-methylestern 27 (RT = Raumtemp.)

Nr. R Ausb. @ [a],X Ausb. ! dst

[%] {c;CHCT;) [%] [%]
(IR,5R)-27a  n-Bu 38 -48.8 (1.09) 16 90
(IR,5R)-27b  i-Bu 38 -43.6 (1.37) 14 68
(IR,5R)-27c Ph 27 -39.0 (1.14) 16 82
(IR,5R)-27d  p-BrPh 30 -27.4 (1.06) 16 81
(IR,5R)-2Te B-Napht 39  _17.8 (1.07) 20 83

P Ausbeute der Hydrazonspaltung mit MMPP - 6 H,O. — 1 Ge-
samtausbeute (26 — 27). — [ Prozent-Anteil des trans-substituier-
ten Hauptprodukts in der CDCl;-Proben-Lésung. — ! Nach der
»Salzmethode® gespalten.

In CDCl;-Losung liegen die gereinigten Produkte 27
ebenfalls, wie schon die Hydrazone 28, als Gemische von
cis-, trans- und Enol-Form vor, wobei die trans-konfigurierte
Verbindung meist mit iiber 80% iiberwiegt (ds, Tab. 8). Aus
einem Gemisch Ether/Dichlormethan lassen sich die Oxo-
ester 27¢c—e in kristalliner Form gewinnen. Dic ee-Werte
konnten nicht bestimmt werden, wir vermuten jedoch dhn-
lich hohe Induktionen wie bei den hier beschriebenen ver-
wandten MIRC-Reaktionen.

Beim Einsatz von héheren Hydrazonen (5)-29 (R? + Me)
lassen sich durch Reaktion mit den Michael-Akzeptoren 2b,
¢ hoch diastereo- und enantioselektiv Cycloalkancarbon-
sdureester mit einem zusétzlichen, exocyclischen stereogenen
Zentrum erzeugen (Schema 7).

Die Gesamtausbeuten fiir MIRC-Reaktion und Hydra-
zonspaltung liegen dabei in der Regel zwischen 60 und 85%.
Die Diastereomereniiberschiisse beziiglich des exocyclischen
Zentrums kénnen aus den 'H NMR-Spektren der isolierten
Produkte 30/31 bestimmt werden, sie liegen durchweg
>93%.
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Schema 7 sowohl flir das via SAMP als auch fiir das via RAMP syn-
thetisierte Enantiomere. Durch den Zusatz von einem Aqui-
OCHs valent TMEDA zum metallierten Hydrazon kann der ee-
N, Wert des Produkts 30¢ auf >97% gesteigert werden.
N > . . . .
39- 88% Die relative Konfiguration des neuen exocyclischen Ste-
HL R? reozentrums wurde durch “C-NMR-Untersuchungen auf-
R geklirt. Anhand der MIRC-Reaktion mit dem entsprechen-
(S)-29 (1S,2R,1°S)-30/31 den Dimethylhydrazon-Homocuprat!'” ist ein Diastereo-
de(wrans) = 93% merengemisch beziiglich des exocyclischen Zentrums der
ce=02->98% | Verbindung 30c zuginglich. Im *C-NMR-Spektrum dieses
1.LDA,THF, 0°C O3, CH,Cly Gemisches ist sowohl fiir die Methylgruppe als auch fiir die
2.2b/c,-78°C —=0°C -78°C dem Substituenten benachbarte Methylengruppe ein deut-
licher y-Effekt zu beobachten (Schema 8), woraus sich die
relative Konfiguration an diesem Kohlenstoffatom bestim-
men 14Bt. Da die *C-NMR-Signale des UnterschuBisomeren
- E:N"N/ 2bjc: mit den Signalen der via SAMP hergestellten Verbindung
s Et, Ph 0o identisch sind, kann somit die absolute Konfiguration von
R Et, n-Pr, Ph % Br\/\ﬂ/\)LOCH (+)-30c mit (1S,2R,1'S) angegeben werden. Diese absolute
R1-RI2}' BrlngB?I ' n ®  Konfiguration der Stereotriade konnte auch im Falle der
: 2/4 (S,1S,2R,1°S)-32/33 kristallinen Verbindung 30d durch eine Rontgenstruktur-
analyse bestitigt werden®., Die Struktur lieB sich allerdings
32 a b c wegen einer Fehlordnung des Fiinfrings nicht verfeinern.
1
R Me (CHa)s Me Schema 8
R? Et Ph
. . * w-CO,CH3 * wCO,CH,
Tab. 9. Ausgewihlte Daten der Cycloalkancarbonsdure-methylester * Ph .
30 und 31 (RT = Raumtemp.) H1C CH,
2 oH
Nr. R! RR n Ausb.™ [e] T de®™ ee ~CO,CHy rac-30¢
[%] (c3CHCY,) (trans) [%] *CH3
*
(15,2R,1’S)-30a  Me Et 1 39 4353 (1.57) >96 - 0% Ph i'!ﬁ#,pé; U”}ggﬁg‘:”"
(15,2R,1'S)-30b -{CH,) - 1 80 +3.6 (0.95) >95 »>96
(15,2R,1'S)-30c Me Ph 1 83 +75.8 (0.93) >98 92
(15,2R,1'5)-30c™® Me  Ph 1 88  +70.0 (1.54) >98 >97W 13¢_NMR:
(IR,25,1’R)-30c™! Me Ph 1 87 -84.7 (1.57) >97 92t
(15,2R,1'S)-30d  Me p-BrPh 1 68  +64.0 (1.05) >98 - CHa:8=135 CHy: §=15.8
(15,2R,1'S)-30e Et n-Pr 1 69 +18.7 (1.22) >93 - CHy:86=28.4 CH,: 86=315
(15,2R,1°R)-30f) Ph CH,Ph 1 59  -160.4 (1.60) >96 -
(15,2R,1'5)-31a Me Et 2 61 +90.3 (1.60) >96 - . .
(15,20,15)-31b  -(CH),- 2 73 48.6 (0.98) 98 >92 Zl.lsammenfassend kann gesagt wefd.en, daf dlC- hier be-
(15,2R,1'S)-31c  Me  Ph 2 78 465.5 (1.34) 98 - schricbenen Michael-initiierten Cyclisierungen einen effi-

zienten, hochdiastereo- und -enantioslektiven Zugang zu

W Gesamtausbeuten ohne Reinigung der Zwischenstufen. —
P DiastereomereniiberschuB der sich nur in der absoluten Konfigu-
ration an Position 1’ unterscheidenden Verbindungen, bestimmt
aus den '"H-NMR-Spektren, — ! Uber den de-Wert des Hydrazons
(®C-NMR) bestimmt. — ! Durch HPLC mit chiral stationirer
Phase ermittelt. — ' Unter Zusatz von TMEDA dargestellt. —
M yia RAMP synthetisiert. — !®! Andere Benennung aufgrund der
CIP-Regeln.

Eine genaue ee-Bestimmung erwies sich als schwierig, da
die Anzahl der theoretisch méglichen Stereoisomere schon
bei acht liegt. Anhand eines Beispiels (30¢) gelang eine Auf-
spaltung in die Enantiomeren durch HPLC-Trennung an
einer acetylierten B-Cyclodextrin-Phase (Methanol/Wasser
45:55). Der ermittelte Enantiomereniiberschuf} lag bei 92%
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1,2-trans-substituierten Cycloalkancarbonsiureestern und
Sulfonen eréffnen, wobei zwei oder gar drei neue Stereozen-
tren unter hoher asymmetrischer Induktion erzeugt werden.
Die Anwendung dieser neuen asymmetrischen MIRC-Vari-
ante in Natur- und Wirkstoffsynthesen bietet sich an.

Diese Arbeit wurde vom Fonds der Chemischen Industrie unter-
stiitzt. Wir danken Herrn Dr. G. Raabe fiir die Durchfithrung der
Réntgenstrukturanalysen sowie Herrn Dr. W. Meltzow und Frau
Dr. A. Kéhnes vom Institut fiir Technische Chemie und Petrolche-
mie (Direktor: Prof. W. Keim) fiir die GC-CSP-Messungen. Den
Studierenden Frau E. Eversheim, Frau S. Raetz, Frau U. Brandt
und den Herren A. Martinsky, M. Walter, J. Wirsching und M.
Melchiors danken wir fiir ihre prdparative Mithilfe, Herrn Dr. H.
Kuhlmann fiir seine Hilfe beim Erstellen des Manuskripts. Fiir Che-
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mikalienspenden sind wir den Firmen Degussa AG, BASF AG,
Bayer AG und Hoechst AG zu Dank verpflichtet.

Experimenteller Teil

NMR: 'H/®*C-NMR: Varian VXR 300 (300 MHz), in CDCls,
TMS interner Standard, Shift-Experimente: Varian EM 390 (90
MHz); kB bedeutet komplexer Bereich. — IR: Perkin Elmer 1420
und Perkin Elmer FT 1750. — MS bzw. GC-MS: GC: Varian 3700,
Sdule FS 15, MS: Varian MAT 212, EI 70 eV, 1 mA, Quellentem-
peratur 250°C. — Elementaranalysen: Heraeus CHN-O-Rapid. —
Drehwerte: Perkin Elmer Polarimeter 241. — Schmelzpunkte: Bii-
chi SMP-20 (Tottoli, unkorrigiert). — GC: Siemens Sichromat 2
und 3 mit Shimadzu Chromatopack C-R3A, FID, Sdulen: OV-1CB,
SE-54CB, Tragergas N, GC-Sdule mit chiraler stationdrer Phase:
FS-CYCLODEX BI/P der Firma CS [Heptakis(2,3,6-tri-O-methyl)-
-cyclodextrin in Polysiloxan OV 1701], Tridgergas H,. — MPLC:
Labomatic MD 80/100, UV-Monitor Labocord 20, Sdule: Labo-
chrom HP-FPGC, 593 x 37 mm, Prepacked Column, Silica-Gel
60, 20—45 n. — HPLC: Waters Modell 590, UV-Detektor: Waters
Lambda Max 481 LC Spectrophotometer, Integrator: Waters 740
Data Modul, Sdule: Cyclobond I, 5 p spherical, 250 x 4.6 mm,
Astec (B-Cyclodextrin acetyliert). — Ozongenerator: Fischer Mo-
dell 502 (Leistung gedrosselt).

DIBAH (1 M Losung in Hexan) und die ®-Bromethylester 2 wur-
den von Aldrich, MMPP - 6 H,O von Merck-Schuchardt bezogen.
Die sdulenchromatographischen Trennungen erfolgten mit Kiesel-
gel 60 unterschiedlicher KorngréBen der Firma Merck. Die ver-
wendeten Losemittel wurden nach den iiblichen Methoden getrock-
net und gereinigt. E = Ether, P = Petrolether.

Allgemeine Arbeitsvorschrift zur Darstellung der o,f-ungesdttigten
Ester und Sulfone ( Horner-Wittig-Reaktion): In einem ausgeheizten
und mit Argon beschickten Kolben werden 1.5 g (50 mmol) NaH
(80proz. Suspension in Paraffinél) in 100 ml wasserfreiem THF
suspendiert. Bei 0°C werden 55 mmol Phosphonsédureester langsam
zugetropft. Es wird solange bei Raumtemp. nachgeriihrt, bis kein
NaH mehr vorhanden ist. Man kiihlt auf —78 °C und gibt tropfen-
weise den Aldehyd (roh), gel6st in der etwa gleichen Menge THF,
hinzu. Nach 15 min 18t man das Reaktionsgemisch auf Raumtemp.
auftauen (DC-Kontrolle: E/P 1:3). Zur Aufarbeitung versetzt man
zunéchst mit Wasser. Nach der Phasentrennung extrahiert man die
wilrige Phase dreimal mit Ether. Die vereinten organischen Phasen
werden mit geséttigter NaCl-Losung gewaschen und mit MgSO,
getrocknet. Zur Reinigung wird das Rohprodukt (E/Z > 10:1)
zundchst iiber Kieselgel filtriert (E/P 1:2). Danach wird mittels
MPLC (E/P 1:5) das (E)-konfigurierte Produkt isoliert. Eine Rei-
nigung durch Sdulenchromatographie ist ebenfalls méglich.

Allgemeine Arbeitsvorschrift zur Synthese der MIRC-Produkte:
Zu einer Losung von 5.5 mmol Lithium-diisopropylamid (herge-
stellt aus 0.78 ml Diisopropylamin und 3.67 ml einer 1.5 N Lésung
von nBuLi in Hexan) in 80 ml THF tropft man unter Argon lang-
sam bei 0°C 5 mmol eines Hydrazons 1. Man riithrt 2 h bei 0°C,
kiihlt auf —78°C ab und gibt 5 mmol (E)-2b, geldst in 5 ml THF,
tropfenweise hinzu. Die Rcaktionsmischung wird iiber Nacht ge-
rithrt, wobei die Temperatur langsam von —78 auf 0—10°C an-
steigt. Nach Zugabe von 30 ml NH,Cl-Lésung und 50 ml Ether
trennt man die Phasen, extrahiert die wiBrige Phase noch zweimal
mit je 50 ml Ether, wéscht die vercinten organischen Phasen mit
10 ml geséttigter NaCl-Losung und trocknet mit Na,SO,/MgSO,.
Nach Entfernen der Lésungsmittel i. Vak. wird das rohe Hydrazon
8 in ca. 30 ml CH,Cl, gelést und die Lésung unter Argon auf
—78°C gekiihlt. Bei dieser Temp. leitet man solange Ozon durch
die Losung, bis eine blaugriine Verfirbung zu beobachten ist. Nach

D. Enders, H. ). Scherer, J. Runsink

Vertreibung des tiberschiissigen Ozons im Argonstrom 143t man
auftauen, entfernt das Losungsmittel und reinigt sdulenchromato-
graphisch (Ether/Petrolether 1:3).

Die rohen Hydrazone lassen sich durch Saulenchromatographie
mit Ether/Petrolether-Gemischen ebenfalls isolieren.

Fiir die NMR-Zuordnungen verwendete Atom-Numerierung:

0 o, 0
3, I 9 3 Vg7 10
Floan 8
67 6N 7 12
5 13 5
12, i\ 8 14 8
CNMN CHs CNNN
13 / 15 5%
147, %
15~OCHs (7~OCHg 2122 5"
16 18
8a 25b 27¢

(+ )-(28.1"R,2"S)-1- {2-[ 2-( Methoxycarbonyl )cyclopentyl |- {-methylethyi-
idenamino }-2-( methoxymethyl ) pyrrolidin (8a): Ausb. 0.51 g (57%, GC-Ausb.),
GC: 78%, Sdp. 115°C/10~2 mbar (Ofentemperatur), E/Z 7:1 (*C-NMR), de
> 95% (*C-NMR), [0]¥ = +84 (c = 1.60, CHCI;). — 'H-NMR (300 MHz,
CDCl): 6 = 1.28 (m, 1H, CHH-5), 1.60—2.08 (kB, 10H, CH,-3,4,12,13, CHH-
5, CH-6), 1.89 (s, 3H, CH;-10), 2.18 (d/d, J = 13.5/8 Hz, 1H, CHH-7),
2.32—-2.54 (kB, 3H, CH-2, CHH-7, NCHH-11), 3.08 -3.26 (kB, 3H, NCH-
14, NCHH-11, OCHH-15), 3.34 (s, 3H, CH3-16), 3.37—3.47 (m, 1H, OCHH-
15), 3.67 (s, 3H, CH;-9). — (Z)-Isomer: 3.32 (s, CH;-16), 3.64 (s, CH;-9). —
BC-NMR (75 MHz, CDCL). 8 = 17.8 (C-10), 22.2 (C-12), 24.8 (C-4), 26.8 (C-
13), 30.4, 32.1 (C-3,5), 40.9 (C-6), 44.6 (C-7), 49.6 (C-2), 51.5 (C-9), 54.0 (C-11),
59.1 (C-16), 66.2 (C-14), 75.6 (C-15), 164.5 (C-8), 176.6 (C-1). — IR (neat): ¥
= 2950, 2870, 2730, 1730 (C=0), 1635, 1600, 1560, 1450, 1435, 1400, 1365,
1325, 13085, 1265, 1200, 1160, 1130, 1100, 1075, 1035, 1000, 970, 920, 735, 650
em™! — MS, m/z (%): 297 (1) [M* + 1], 296 (3) [M*], 251 (100) [M* —
CH,0CH;], 114 (5) [CsH;,NO "], 109 (18) [C4H,CO™*], 95 (6) (CsH,CO* 1],
81 (70) [CsHY ], 70 (11) [C,HgN*], 67 (6) [CsH T ].

(+)-(28,1"R.2"8 )-1-{1-[ 2-( Methoxycarbonyl jcyclopentylmethyl Jpentyi-
idenamino }-2-(methoxymethyl ) pyrrolidin (8b): Ausb. 1.05 g (51%, GC-Ausb.,
verunreinigt durch das Keton), SC (E/P 1:3), GC: 83%, E/Z 2:3,de > 95%
(PC-NMR),[0]8 = +177(c = 1.96, CHCI;). — '"H-NMR (300 MHz, CDCl;):
(Z)-Isomer: 6 = 091 (t, / = 7 Hz, 3H, CH;-13); 1.22—2.09 (kB, 14H, CH,-
3,4,5,11,12,15,16), 210—280 (kB, 7H, CH-2,6, CH,-7,10, NCHH-14),
2.99—3.26 (kB, 3H, OCHH-18, NCHH-14, NCH-17), 3.31 (s, 3H, CH;-19),
3.37 (m, 1H, OCHH-18), 3.69 (s, 3H, CH;-9). — (E)-Isomer: 0.915 (1, / = 7
Hz, CH;-13), 3.32 (s, CH;-19), 3.68 (s, CH3-9). — '*C-NMR (75 MHz, CDCl,):
(Z)-1somer (Hauptprodukt): 8 = 13.99 (C-13), 21.91 (C-15), 22.53 (C-12), 24.50
(C-4), 26.66 (C-16), 29.64 (C-11), 30.00, 32.00 (C-3,5), 34.89 (C-10, trans), 35.54
(C-7, cis), 41.33 (C-6), 50.32 (C-2), 51.54 (C-9), 54.73 (C-14), 58.98 (C-19), 65.93
(C-17), 75.50 (C-18), 170.60 (C-8), 176.33 (C-1). — (E)-Isomer: 8 = 13.94 (C-
13), 22.06 (C-15), 22.92 (C-12), 24.75 (C-4), 26.74 (C-16), 28.43 (C-11), 30.33
(C-3/5),30.35 (C-10, cis/C-7, trans), 32.21 (C-3/5), 40.98 (C-6), 41.41 (C-7, trans/
C-10, cis), 49.86 (C-2), 51.50 (C-9), 54.82 (C-14), 59.04 (C-19), 66.08 (C-17),
75.61 (C-18), 169.58 (C-8), 176.59 (C-1). — IR (neat). ¥ = 2950, 2870, 2820,
2730, 1730 (C=0), 1625 (C=N), 1450, 1435, 1375, 1350, 1300, 1260, 1195,
1160, 1125, 1100, 1040, 1005, 970, 915, 735 cm~'. — MS, m/z (%): 339 (1.5)
[M™ + 1], 338 (7) [M™], 307 (5) [M* — OCH,;], 294 (19), 293 (100) [M*
~ CH,0CHS;], 81 (17) [CsHg 1, 70 (5) [C4HgN ™1, 57 (5) [C,HZ .

(+)-(25,1"R,2"S)-1- {1-[ 2-( Methoxycarbonyl )cyclopentylmethyl ]-3-me-
thylbutylidenamino }-2-( methoxymethyl )pyrrolidin [(4)-8c]: Ausb. 045 g
(44%), SC (E/P 1:3), E/Z 1:3 (®C-NMR) de > 96% (GC), [«])3 = +208
(c = 201, CHCly). — 'H-NMR (300 MHz, CDCL): (Z)-Isomer: 5 = 0.87,
094 (2d,J = 6.4 Hz, 6H, CH;-12,13), 1.26 (m, 1H, CHH-5), 1.59—2.10 (kB,
10H, CH;-3,4,15,16, CHH-5, CH-11), 2.18 —2.84 (kB, 7H, CH-2,6, CH,-7,10,
NCHH-14), 3.00 (m, 1 H, NCHH-14), 3.12-3.23 (kB, 2H, NCH-17, OCHH-
18), 3.31 (s, 3H, CH;-19), 3.37 (m, 1H, OCHH-18), 3.69 (s, 3H, CH;-9). —
(E)-Isomer: 3.68 (5; CH;-9). — *C-NMR (75 MHz, CDCl;): (Z)-Isomer: § =
21.85 (C-12/13), 21.91 (C-15), 23.06 (C-12/13), 24.26 (C-4), 26.36 (C-11), 26.59
(C-16), 30.00, 31.91 (C-3,5), 35.17 (C-7, cis), 41.37 (C-6), 44.59 (C-10, trans),
50.31 (C-2), 51.53 (C-9), 54.73 (C-14), 58.98 (C-19), 65.92 (C-17). 75.47 (C-18).
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169.84 (C-8), 176.29 (C-1). — (E)-Isomer: 6 = 21.95 (C-15), 22.01, 23.17 (C-
12,13), 24.64 (C-4), 25.62 (C-11), 26.74 (C-16), 30.26, 31.91 (C-3,5), 39.03 (C-
10, cis/C-7, trans), 41.08 (C-6), 41.50 (C-7, trans/C-10, cis), 50.01 (C-2), 51.50
(C-9), 54.50 (C-14), 59.01 (C-19), 66.01 (C-17), 75.62 (C-18), 169.32 (C-8), 176.50
(C-1). — IR neat): ¥ = 2950, 2870, 2820, 2730, 1735 (C=0), 1625 (C=N),
1460, 1450, 1430, 1385, 1370, 1350, 1305, 1260, 1195, 1160, 1130, 1110, 1100,
1040, 1010, 970, 920, 830, 750, 685 cm ™', — MS, m/z (%): 338 (4 [M*], 293
(100) [M* — CH,OCH;], 109 (21) [CoHyCO™], 81 (35) [CeHs" ], 70 (11)
[C,HN™], 67 (9) [CsHiY, 57 (20) [CiHs']. — CgHiN;O5 (338.5): ber.
C 67.42, H 10.12, N 8.28; gef. C 67.22, H 10.29, N 8.00.

(—)-(2R,1"8,2"R)-1-{1-[ 2-( Methoxycarbonyl )cyclopentylmethyl ]-3-me-
thylbutylidenamino J-2-(methoxymethyl ) pyrrolidin [(—)-8¢]: Ausb. 130 g
(77%), SC (E/P 1:2), E/Z 1:3 (PC-NMR), de > 96% (GC), [«]5 = —208
(¢ = 1.94, CHCL). — Die weiteren analytischen Daten stimmen mit denen
der via SAMP hergesteliten, enantiomeren Verbindung tiberein.

(E)-(+)-(28,1"R,2’'S )-1-{2-[ 2-( Methoxycarbonyl )cyclopentyl |- 1-phenyl-
ethylidenamino }-2-(methoxymethyl )pyrrolidin (8d): Ausb. 0.60 g (56%) SC
(E/P 1:4), de > 98% (GC), [«]¥ = +428 (¢ = 1.29, CHCl;). — 'H-NMR
(300 MHz, CDCL): 8 = 1.22 (m, 1H, CHH-5), 1.4—2.13 (kB, 9H, CH,-
3,4,15,16, CHH-5), 2.27 (m, 1H, CH-6), 2.45 (q, J = 8.7 Hz, 1 H, CH-2), 2.52
(,q%, J = 85 Hz, 1H, NCHH-14), 2.90 (d/d, / = 13.8/44 Hz, 1H, CHH-7),
309 (d/d, J = 13.810.5 Hz, 1H, CHH-7), 3.25 (d/d/d, J = 9/7/5 Hz, 1H,
NCHH-14), 2.35 (d;d, J = 9.0/6.8 Hz, 1H, OCHH-18), 3.38 (s, 3H, CH,-19),
3.44 (m, 1H, NCH-17), 3.52 (d/d, J = 9/4 Hz, 1H, OCHH-18), 3.68 (s, 3H,
CH;-9), 7.30—7.39 (kB, 3H, ArH-12,12/,13), 7.64 (m, 2H, ArH-11,11"). — 1*C-
NMR (75 MHz, CDCly): 8 = 22.5 (C-15), 24.2 (C-4), 26.9 (C-16), 29.8, 31.3
(C-3,5), 34.0 (C-7), 41.9 (C-6), 50.2 (C-2), 51.5 (C-9), 55.2 (C-14), 59.1 (C-19),
66.6 (C-17), 75.9 (C-18), 126.9 (C-12,12'), 128.3 (C-11,11"), 128.7 (C-13), 138.2
(C-10), 164.4 (C-8), 176.2 (C-1). — IR (neat): v = 3060--2830, 2730, 1730
(C=0), 1610 (C=N), 1570, 1495, 1445, 1435, 1370, 1350, 1310, 1270, 1200,
1160, 1110, 1065, 1025, 1005, 970, 915, 775, 740, 700 cm~!. — MS, m/z (%):
359 (1.5) [M™ + 1], 358 (8) [M™], 314 (22), 313 (100) [M* — CH,OCH;],
244 (37) [M* — CH2NO], 114 (8) [CeH,NO ™7, 109 (19) [CcHCO™ ], 95
(53) [CsH,CO ], 81 (78) [CeHy" 1, 77 (34) [CsH5™ ], 70 (28) [CsHN "], 67 (24)
[CsH7 ]. — CyH30N,05 (358.5): ber. C 70.36, H 8.44, N 7.81; gef. C 70.39,
H 8.63, N 8.03.

Dieses Produkt ist ebenfalls durch Umsetzung von 0.76 g (3
mmol) (E)-6-lod-2-hexensdure-methylester mit 0.70 g (3 mmol) Ace-
tophenon-SAMP-Hydrazon hergestellt worden. Ausb. 0.70 g (65%),
de > 95% (GQ), [a]# = +502 (¢ = 2.13, CHCl;). — Die weiteren
analytischen Daten stimmen mit den oben aufgefiihrten liberein.

(E)-( +)-(28,1"R,2"S )-1- {1-(4-Bromphenyl)-2-[ 2-(methoxycarbonyl ) cy-
clopentyl Jethylidenamino }-2- (methoxymethyl) pyrrolidin (8e): Ausb. 0.69 g
(53%), SC (E/P 1:3),de > 97% (PC-NMR), [a]5 = +499 (c = 0.81, CHCL,).
— 'H-NMR (300 MHz, CDCly): 8 = 1.20 (m, 1H, CHH-5), 1.44—2.13 (kB,
9H, CH»-3,4,15,16, CHH-5), 2.24 (m, 1H, CH-6), 2.44 (q, J = 9 Hz, 1H, CH-
2), 2.51 (,,q“, J = 8.5 Hz, 1H, NCHH-14), 2.90 (d/d, / = 13.8/40 Hz, 1H,
CHH-7), 3.05 (d/d, J = 13.8/10.8 Hz, 1H, CHH-7), 3.23—3.33 (kB, 2H,
NCHH-14, OCHH-18), 3.37 (s, 3H, CH,-19), 3.39—3.53 (kB, 2H, NCH-17,
OCHH-18), 3.69 (s, 3H, CH3-9), 7.47 (d/t, J = 8.5/1.5 Hz, 2H, ArH-12,12"),
755 (d/t, J = 8.5/1.5 Hz, 2H, ArH-11,11"). — PC-NMR (75 MHz, CDCl,):
§ = 22.5(C-15), 24.1 (C-4), 26.8 (C-16), 29.8, 31.1 (C-3,5), 33.8 (C-7), 41.8 (C-
6), 50.1 (C-2), 51.6 (C-9), 55.3 (C-14), 59.1 (C-19), 66.7 (C-17), 75.8 (C-18), 122.8
(C-13), 128.5 (C-11,11"), 131.4 (C-12,12), 137.1 (C-10), 162.2 (C-8), 176.1 (C-
1). — IR (neat): ¥ = 3050, 2950, 2870, 2730, 1730 (C=0), 1605 (C=N), 1590,
1560, 1490, 1450, 1435, 1395, 1370, 1350, 1300, 1265, 1230, 1200, 1160, 1110,
1075, 1035, 1010, 970, 830 cm~!. — MS, m/z (%): 439/437 (2) [M* + 1],
438/436 (7) [M™], 407/405 (6) [M* — OCH,], 394/392 (20), 393/391 (100)
[M* — CH,OCHj;], 324/322 (24) [M* — C4H;NO], 95 (39) [CsH,CO™],
81 (44) [CeHs ], 70 (16) [C4HgN™]. — CyHoN,O5 (437.4): ber. C 57.67,
H 6.68, N 6.40; gef. C 57.67, H 6.56, N 6.76.

(E)-(+)-(25,1"R,2"S }-1-{2-[ 2-( Methoxycarbonyl Jcyclopentyl ]-1-( 2-
naphthyl)ethylidenamino }-2-( methoxymethyl ) pyrrolidin (81): Ausb. 0.80 g
(65%), SC (E/P 1:3), Schmp. 59 — 60°C, de > 95% (*C-NMR), [0]Z = + 581
(c = 0.79, CHCL). — 'H-NMR (300 MHz, CDCl;): § = 1.26 (m, 1H, CHH-
5), 1.38 - 2.16 (kB, 9H, CH,-3,4,21,22, CHH-5), 2.36 (m, 1H, CH-6), 2.49 (q,
J = 8.7 Hz, 1H, CH-2), 2.56 (q, J = 8.5 Hz, 1H, NCHH-20), 3.03 (d/d, J =
13.8/4 Hz, 1H, CHH-7). 317 (d/d. J = 13.8/10.5 Hz, 1 H, CHH-7), 3.26 —3.38
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(m, 1H, NCHH-20), 3.34 (d/d, 7 = 8.5/7 Hz, 1H, OCHH-24), 3.40 (s, 3H,
CH;-25), 3.44—3.52 (m, 1 H, NCH-23), 3.57 (d/d, J = 8.5/4.0 Hz, 1 H, OCHH-
24), 3.71 (s, 3H, CH;-9), 7.4—8.1 (kB, 7H, B-Naphthyl-H). — *C-NMR (75
MHz, CDCls): 8 = 22.6 (C-21), 24.1 (C-4), 26.9 (C-22), 29.7, 31.3 (C-3,5), 34.0
(C-7), 42.1 (C-6), 50.2 (C-2), 51.6 (C-9), 55.3 (C-20), 59.1 (C-25), 66.7 (C-23),
759 (C-24), 124.7, 126.0, 1262, 126.3, 127.6, 127.8, 128.5 (tert. C-B-Naphthyl),
133.2,133.6, 135.3 (quart. C-B-Naphthyl), 163.6 (C-8), 176.1 (C-1). — IR (KBr):
¥ = 3055, 2960 — 2820, 2720, 1730 (C = 0), 1595, 1575, 1500, 1440, 1370, 1350,
1310, 1280, 1265, 1240, 1190, 1175, 1125, 1100, 1055, 1020, 995, 970, 955, 930,
905, 870, 835, 750 cm~'. — MS, m/z (%) = 409 (4) [M* + 1], 408 (14)
[M*], 364 (27), 363 (32) [CsH,CO™*1, 81 (34) [CsHs* T, 70 (8) [C.H{N*]. —
CysH3,N;04 (408.6): ber. C 73.50, H 7.90, N 6.86; gef. C 73.48, H 7.89, N 6.94,

(E,E)-(+ )-(15,1"R,2’S )-1-{1- 2-( Methoxycarbonyl )cyclopentylmethyl |-
3-phenyl-2-propenylidenamino }-2-(methoxymethyl ) pyrrolidin (8g): Ausb. 0.55
g (48%), SC (E/P 1:3), Schmp. 67—69°C, de > 95% (‘*C-NMR), [«1¥ =
+715 (¢ = 0.68, CHCly). — 'H-NMR (300 MHz, CDCl,): 8 = 1.34 (m, 1H,
CHH-5), 1.54—2.14 (kB, 9H, CH;-3,4,17,18, CHH-5), 2.42 —2.6 (kB, 3H, CH-
2,6, NCHH-16), 2.72 (d/d, J = 13/4 Hz, 1H, CHH-7), 2.84 (d/d, J = 13/10
Hz, 1H, CHH-7), 3.27—3.33 (kB, 2H, NCHH-16, OCHH-20), 3.43 (s, 3H,
CH;-21), 3.36 —3.46 (m, 1 H, NCH-19), 3.48 (d/d, J = 8.5/4 Hz, 1H, OCHH-
20), 3.73 (s, 3H, CH;-9), 6.78 (d, J = 16.6 Hz, 1H, CH-11), 6.96 (d, J = 16.6
Hz, 1H, CH-10), 7.2—7.38 (kB, 3H, ArH-14,14',15), 7.48 (m, 2H, ArH-13,13").
— BC-NMR (75 MHz, CDCL): § = 22.9 (C-17), 24.3 (C-4), 27.1 (C-18), 29.8,
31.5 (C-3,5), 33.0 (C-7), 42.6 (C-6), 50.3 (C-2), 51.6 (C-9), 55.9 (C-16), 59.0 (C-
21), 66.7 (C-19), 75.8 (C-20), 126.8 (C-13,13"), 128.0 (C-10/11/15), 128.6 (C-
14,14'), 128.7 (C-10/11/15), 132.8 (C-10/11/15), 136.8 (C-12), 162.5 (C-8), 176.3
(C-1). — IR (KBr): ¥ = 3100—3030, 2950—2830, 2730, 1730 (C=0), 1630
(C=N), 1600, 1580, 1560, 1500, 1450, 1435, 1370, 1345, 1300, 1265, 1200,
1160, 1130, 1110, 1100, 1075, 1055, 1030, 1000, 970, 910, 870, 755, 740, 695,
680 cm ™. — MS, m/z (%): 385 (5) [M* + 1], 384 (18) [M*1, 353 (4) [M~
— OCH;], 339 (100) [M* — CH,OCH;], 270 (16) [M* — C4H;;NO7], 114
(5 [CeHi:NO™'], 103 (22) [C,H,C¢Hs ], 95 (16) [CsH,CO*], 81 (16)
[CeHs 1, 77 (7) [CeH5 1, 70 (7) [C4HgN™]. — CpHpN,O;5 (384.5): ber.
C 71.84, H 8.39, N 7.29; gef. C 71.82, H 8.22, N 7.42.

( +)-(25,1"8,2°R )-1-{2-[ 2-( Ethoxycarbonyl ) cyclopentyl |- 1-phenylethyl-
idenamino J-2-( methoxymethyl) pyrrolidin (15a): Ausb. 0.87 g (78%), SC (E/P
1:3), GC: 94% (Isomerengemisch), ds = 80%, de (trans) = 79% [*C-NMR,
Vergleich mit (25,17R,2"S)-8¢], [«]¥ = +237(c = 1.38, CHCl;). — 'H-NMR
(300 MHz, CDCly): = 1.20(t, J = 7 Hz, 3H, CH;-10), 1.15—2.12 (kB, 10H,
CH,-3,4,5,16,17),2.35—2.70 (kB, 3H, CH-2,6, NCHH-15), 2.91 (d/d, J = 13.8/
7.7 Hz, 1H, CHH-7), 3.06 (d/d, J = 13.8/7 Hz, 1H, CHH-7), 3.20—3.55 (kB,
4H, NCHH-15, NCH-18, OCH,-19), 3.37 (s, 3H, CH;-20), 4.02 (g, J = 7 Hz,
2H, CH»-9), 7.32—17.70 (kB, 5H, ArH). — *C-NMR (75 MHz, CDCl,):
Hauptisomer: § = 14.2 (C-10), 22.6 (C-16), 24.8 (C-4), 26.9 (C-17), 30.15, 32.85
(C-3,5), 34.5 (C-7), 409 (C-6), 49.5 (C-2), 55.4 (C-15), 59.0 (C-20), 60.1 (C-9),
66.6 (C-18), 75.6 (C-19), 127.0 (C-13,13"), 128.2 (C-12,12"), 128.7 (C-14), 138.8
(C-11), 164.7 (C-8), 188.5 (C-1). — IR (neat): v = 3060, 2960—2830, 2740,
1730 (C=0), 1610 (C=N), 1595, 1565, 1475, 1445, 1380, 1350, 1305, 1260,
1180, 1160, 1115, 1100, 1070, 1040, 970, 915, 815, 765, 700 cm~!, — MS,
mfz (%) 372 (6) [M*], 328 (23), 327 (100) [M* — C,HsO], 258 (17) [M*
— CsH;NO], 114 (6) [CsH,NO™], 95 (12) [CsH,CO *], 81 (38) [CeHy' ], 77
(26) [C¢Hi ], 70 (16) [CsHgN™].

(+)-(25,1"S,2"R )-1-{1-(4-Bromphenyl)-2-{ 2-(ethoxycarbonyl ) cyclopen-
tyl Jethylidenamino }-2-(methoxymethyl ) pyrrolidin (15b): Ausb. 0.70 g (52%),
SC (E/P 1:3), GC: 96% (Isomerengemisch), ds = 72%, de (trans) > 94%
[*C-NMR, Vergleich mit (25,1”R,2"S)-8f], [o]& = +252(c = 1.25, CHCl,).
— 'H-NMR (300 MHz, CDCly: § = 1.19 (t, J = 7 Hz, 3H, CH;-10),
1.20—2.12 (kB, 10H, CH»-3,4,5.16,17), 2.36—3.13 (kB, SH, CH-2,6, CH,-7,
NCHH-15), 3.22—-3.53 (kB, 4H, NCHH-15, NCH-18, OCH,-19), 3.37 (s, 3H,
CH;-20), 4.02 (g, / = 7 Hz, 2H, CH,-9), 7.40—7.59 (m, 4 H, p-subst. Aromat).
— BC-NMR (75 MHz, CDCl,): Hauptisomer: § = 14.2 (C-10), 22.7 (C-16),
24.7 (C-4), 26.9 (C-17), 30.2, 32.8 (C-3,5), 34.3 (C-7), 40.7 (C-6), 49.45 (C-2),
55.4 (C-15), 59.0 (C-20), 60.15 (C-9), 66.7 (C-18), 75.6 (C-19), 122.9 (C-149,
128.5 (C-12,12%), 131.2 (C-13,13"), 137.7 (C-11), 162.3 (C-8), 175.8 (C-1). —
UnterschuBisomer: § = 14.2 (C-10), 21.1 (C-16), 24.7 (C-4), 26.2 (C-17), 27.8,
32.9 (C-3,5), 33.1 (C-7), 40.7 (C-6), 49.45 (C-2), 57.6 (C-15), 58.8 (C-20), 60.15
(C-9), 66.1 (C-18), 73.9 (C-19), 123.4 (C-19), 123.4 (C-14), 129.9 (C-12,12"), 130.8
(C-13,13'), 134.5 (C-11), 164.8 (C-8), 188.7 (C-1). — IR (CHCL): ¥ = 3060,
2960, 2880, 2830, 2730, 1730 (C=0), 1640 (C=N), 1595, 1560, 1480, 1450,
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1395, 1380, 1345, 1305, 1270, 1235, 1185, 1160, 1120, 1075, 1040, 1010, 970,
835, 760 cm—L. — MS, mjz (%): 453/451 (2.5) [M™ + 1], 452/450 (9) [M*],
408/406 (23), 407/406 (100) [M* — C,H;0], 338/336 (8) [M* — C¢H,,NO],
157/155 (5) [CeHaBr*], 114 (6) [CsH,,NO~T, 95 (11) [CsH,CO* ], 81 (31)
[CeHs 1, 70 (19) [CHsN*1, 67 (17) [CsHy ],

(+ )-(28,1"S,2"R)-1-{1-[2-( Ethoxycarbonyl )cyclopentylmethyl ] -3-methyl-
butylidenamino}-Z—(methoxymethyl)pyrrolidin (15¢): Ausb. 0.30 g (33%), SC
(E/P 1:3), GC: 92% (Isomerengemisch), E/Z 1:1, de (trans) > 85% (*H/"*C
NMR), [o]¥ = +86.7 (¢ = 1.80, CHCl;). — "H-NMR (300 MHz, CDCly):
8 = 0.91 (m, 6H, CH;-13,14), 1.24 (m, 4H, CH;-10, CHH-5), 1.55-2.7 (kB,
17H, CH,-3,4,7,11,16,17, CHH-5, CH-2,6,12, NCHH-15), 2.9 —-3.48 (kB, 4H,
NCHH-15, NCH-18, OCH-19), 3.33 (s, 3H, OCH;-20), 4.12 (m, 2H, OCHj,-
9). — *C-NMR (75 MHz, CDCL): E/Z-1somere: 8 = 14.27, 14.32 (C-10);
21.95 (C-16E/Z); 22.33, 22.39, 22.59, 22.92 (C-13,14); 24.75, 25.00 (C-4); 25.70,
26.38 (C-12); 26.70 (C-17E/Z); 30.04, 30.53, 32.85, 32.95 (C-3,5); 35.73, 39.02,
41.98, 45.24 (C-7,11); 40.74 (C-6E/Z); 49.26, 49.78 (C-2); 54.77, 55.04 (C-15);
59.00, 59.07 (C-20); 60.17, 60.23 (C-9); 65.92, 66.04 (C-18); 75.42, 75.57 (C-19);
170.26, 170.59 (C-8); 176.2, 176.26 (C-1). — IR (neat). ¥ = 2950, 2920, 2870,
2730, 1730 (C=0), 1620 (C=N), 1590, 1460, 1450, 1370, 1345, 1300, 1260,
1200, 1180, 1160, 1120, 1100, 1040, 970, 920, 860, 730 cm™'. — MS, m/z (%):
353 (1) [M* + 1], 352 (5) [M ], 308 (21), 307 (100) [M* — C,H;O], 114
(9) [CsHNO™ ], 81 (32) [CeHyg' ], 70 (13) [C,HgN™], 67 (10) [CsHS ].

(+ )-(2S,I”R,Z”S)-1-{1-[2-(Ethoxycarbonyl)cyclopentylmethyl]-3-methyl-
butylidenamino J-2- (methoxymethyl) pyrrolidin (15d): Ausb. 1.43 g (81%), SC
(E/P 1:3), E/Z 1:2, de > 96% (‘H/"*)C NMR), [a]} = +191 (c = 1.47,
CHCl,). — 'H-NMR (300 MHz, CDCl,): (Z)-lsomer: § = 0.87/0.94 (2 d,
J = 64 Hz, 6H, CH;-13,14),1.25 (m, 1H, CHH-5), 1.27 (t, J/ = 7 Hz, 3H,
CH;-10), 1.58 —2.15 (kB, 10H, CH,-3,4,16,17, CHH-5, CH-12),2.15—2.50 (kB,
5H, CH-2,6, CH,-11, NCHH-15), 2.56 (d/d, J = 13.5/4.5 Hz, 1H, CHH-7),
2.81 (d/d, J = 13.5/9 Hz, 1H, CHH-7), 3.01 (m, 1H, NCHH-15), 3.12~3.23
(kB, 2H, NCH-18, OCHH-19), 3.32 (s, 3H, CH;-20), 3.37 (d/d, / = 8/3 Hz,
1H, OCHH-19),4.15 (q, J/ = 7 Hz, 2H, OCH,-9). — (E)-Isomer: § = 1.265
(t, CH;-10), 4.14 (q, OCH,-9). — YC-NMR (75 MHz, CDCly): (Z)-Isomer:
8§ = 14.32 (C-10), 21.78 (C-13/14), 21.91 (C-16), 23.08 (C-13/14), 24.50 (C-4),
26.40 (C-12), 26.61 (C-17), 29.96, 31.96 (C-3,5), 35.18 (C-7, cis), 41.38 (C-6),
44,57 (C-11, trans), 5049 (C-2), 54.74 (C-15), 59.01 (C-20), 60.25 (C-9), 65.92
(C-18), 75.51 (C-19), 169.95 (C-8), 175.86 (C-1). — (E)-Isomer: § = 14.32 (C-
10), 21.78 (C-13/14), 21.94 (C-16), 23.20 (C-13/14), 24.59 (C-4), 25.60 (C-12),
26.74 (C-17), 30.11, 31.78 (C-3,5), 38.91 (C-7, trans/C-11, cis), 41.20 (C-6), 41.52
(C-11, ¢is/C-7, trans), 50.23 (C-2), 54.48 (C-15), 59.04 (C-20), 60.19 (C-9), 66.00
(C-18), 75.65 (C-19), 169.47 (C-8), 176.03 (C-1). — (C-10 und einmal C-13/14
spalten nicht auf.). — IR (neat): ¥ = 2950, 2870, 2820, 2730, 1730 (C=0),
1620 (C=N), 1460, 1370, 1345, 1300, 1255, 1180, 1155, 1125, 1110, 1095, 1040,
970, 920, 860, 750 cm !, — MS, m/z (%) = 353 (1) [M* + 1],352(6) [M*],
308 (20) [M* — C3Hg], 307 (100) [M* — C,;H;0], 114 (6) [C¢H;;NO*],
109 (12) [CeH,CO ™1, 81 (19) [CeHS™ T, 70 (8) [C,H N ], 57 (11) [C/Hs ). —
CyH36N,O; (352.5): ber. C 68.14, H 10.29, N 7.95; gef. C 68.04, H 10.33,
N 7.84.

(+ )-(1S,2R )-2-( 2-Oxopropyl )cyclopentancarbonsdure-methylester ~ (4a):
Ausb. 0.30 g (54%), SC (E/P 1:5), [a]¥ = +51.1 (¢ = 220, CHCl), de
>99% (FS CYCLODEX BI/P), ee = 97.0% (FS CYCLODEX pI/P). — 'H-
NMR (300 MHz, CDCl;): 8 = 1.20 (d/q, J = 12.5/8.5 Hz, 1H, CHH-5),
1.6—1.8 (m, 2H, CH,-4), 1.8 —2.1 (kB, 3H, CH,-3, CHH-5), 2.14 (s, 3H, CH3-
10), 2.35 (q, J = 8.5 Hz, 1H, CH-2), 2.41 —2.72 (kB, 3H, CH-6, CH,-7), 3.67
(s, 3H, CH;-9). — 3C-NMR (75 MHz, CDCL): § = 24.4 (C-4), 30.0 (C-10),
29.8,32.7(C-3,5), 39.6 (C-6), 48.9 (C-7), 49.8 (C-2), 51.6 (C-9), 176.1 (C-1), 207.8
(C-8). — IR (neat): v = 2950, 2870, 1725 (2 C=0), 1450, 1435, 1410, 1360,
1305, 1270, 1235, 1200, 1160, 1075, 1035 cm~'. — MS, m/z (%): 184 (1.5)
[M*], 153 (12) [M* — OCHj;], 95 (24) [CsH,CO™], 67 (50) [CsH; ], 43
(100) [C(O)CH;3]. — C;oH;60; (184.2): ber. C 65.19, H 8.75; gef. C 64.74,
H 9.01.

(+)-(18,2R )-2-( 2-Oxohexyl )cyclopentancarbonsdure-methylester ~ (4b):
Ausb. 0.49 g (43%), SC (E/P 1:4), [e]¥ = +39.7 (c = 1.87, CHCl,), de >
95% (’C-NMR), ee = 95.0% (FS CYCLODEX B1/P). — 'H-NMR (300
MHz, CDCLy). 8 = 090 (t, J = 7.4 Hz, 3H, CH,-13), 1.19 (d/q, J = 12.5/8.4
Hz, 1H, CHH-5), 1.31 (,sext*, J &~ 7.4 Hz, 2H, CH,-12), 1.54 (,quint*, J ~
7.4 Hz, 2H, CHy-11), 1.61 —1.77 (m, 2H, CH,-4), 1.77—2.06 (kB, 3H, CH,-3,
CHH-5),236 (q, / = 8.5 Hz, 1 H, CH-2), 240 (t, / = 7.4 Hz, 2H, CH,-10),
2.43 (d/d, J = 15.5/5.1 Hz, 1H, CHH-7), 2.53 (m, 1H, CH-6), 2.65 (d/d, J =
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15.5/7.7 Hz, 1 H, CHH-T7), 3.67 (s, 3H, CH;-9). — *C-NMR (75 MHz, CDCl,):
§ = 13.9 (C-13), 224 (C-12), 24.5 (C-4), 259 (C-11), 299, 32.7 (C-3,5), 39.6
(C-6), 42.7 (C-10), 47.9 (C-7), 49.9 (C-2), 51.6 (9), 176.2 (C-1), 210.1 (C-8). —
IR (neat): ¥ = 2950, 2870, 1730 (2 C=0), 1450, 1435, 1410, 1370, 1300, 1260,
1200, 1160, 1125, 1090, 1035, 1010 em~1. — MS, mjz (%) 227 (1) [M* +
17,226 (3) [M*], 195 (17) [M* — OCHa], 141 (37) [M* — C(O)C,H,], 109
(59) [CsHyCO*7, 95 (30) [CsH,CO* 1, 85 (100) [C,H,CO*1, 57 (97) [C{Hs* 1.
— Cy3Hy0;5 (226.3): ber. C 68.99, H 9.80; gef. C 67.99, H 9.94.

(+)-(1S,2R)-2-(4-Methyl-2-oxopentyl )cyclopentancarbonsdure-methyl-
ester (4¢) (via SAMP): Ausb. 0.88 g (78%), SC (E/P 1:3), [«]¥ = +474 (c
= 1.03, CHCYL), de > 97% (GC), ee = 96.3% (FS CYCLODEX BI/P). ~
'H-NMR (300 MHz, CDCLy): 8§ = 091/0915(2d, J = 6.7 Hz, 6H, CH;-12/
13), 1.19 (d/q, J = 12.5/8.4 Hz, 1H, CHH-5), 1.60—1.77 (m, 2H, CH,-4),
1.78—2.04 (kB, 3H, CH,-3, CHH-5), 2.13 (m, J =~ 7 Hz, 1H, CH-11), 2.27
(d, J = 6.7 Hz, 2H, CH,-10), 2.35 (q, / = 8.5 Hz, 1H, CH-2), 241 (d/d, J =
15.4/8 Hz, 1H, CHH-7), 2.46—2.58 (m, 1H, CH-6), 2.63 (d/d, J = 15.4/5 Hz,
1H, CHH-7), 3.67 (s, 3H, CH;-9). — 3C-NMR (75 MHz, CDCly): § = 22.5,
22.6 (C-12,13), 24.5 (C-4), 24.6 (C-11), 29.9, 32.7 (C-3,5), 39.5 (C-6), 48.4 (C-7),
49.9 (C-2), 51.6 (C-9), 51.9 (C-10), 176.1 (C-1), 209.6 (C-8). — IR (neat): ¥ =
2950, 1725 (2 C=0), 1465, 1450, 1435, 1405, 1365, 1305, 1290, 1265), 1195,
1160, 1090, 1035, 1005 cm~!, — MS, m/z (%): 227 (1.5) [M* + 1], 226 (7)
[M '], 195 (11) [M* — OCH;], 169 (15) [M* — C,Hy], 141 26) [M* —
C(O)C4H,], 85 (92) [C4H,CO™], 57 (100) [C,Hs"]. — C;3H;,05 (226.3): ber.
C 68.99, H 9.80; gef. C 68.58, H 9.99.

(— )-(1R,2S)-2-(4-Methyl-2-oxopentyl )cyclopentancarbonsdure-methyl-
ester (4¢) (via RAMP): Ausb. 0.70 g (62%), [a] = —47.6 (¢ = 2.02, CHCl,),
de > 97% (GC), ee = 96.7% (FS CYCLODEX B1/P). — C;3H,,0; (226.3):
ber. C 68.99, H 9.80; gef. C 68.46, H 9.80. — Die weiteren analytischen Daten
stimmen mit denen der via SAMP hergestellten, enantiomeren Verbindung
iiberein.

(+ )-(18,2R )-2-Phenacylcyclopentancarbonsdure-methylester (4d). Ausb.
0.95 g (77%), SC (E/P 1:3), [a]F = +63.8 (¢ = 1.76, CHCLy), de > 96%
(13C-NMR), ec > 96% ['H-NMR-shift, Eu(hfc);]. — 'H-NMR (300 MHz,
CDClLy): 8 = 1.28 (d/q, J = 12.5/8.5 Hz, 1H, CHH-5), 1.60—1.80 (m, 2H,
CH»-4), 1.80—2.12 (kB, 3H, CH,-3, CHH-5), 2.47 (q, J = 8.5 Hz, 1H, CH-
2), 2.69 (m, 1H, CH-6), 2.94 (d/d, J = 16.1/8.4 Hz, 1H, CHH-7), 3.27 (d/d, J
= 16.1/5.5 Hz, 1H, CHH-7), 3.66 (s, 3H, CH3-9), 74—7.6 (m, 3H, ArH-
12,12/,13), 7.95 (m, 2H, ArH-11,11"). — *C-NMR (75 MHz, CDCl,): § = 24.5
(C-4), 29.8, 32.7 (C-3,5), 40.0 (C-6), 43.9 (C-7), 50.0 (C-2), 51.6 (C-9), 128.1,
128.5 (C-11,11",12,12%), 132.9 (C-13), 137.0 (C-10), 176.1 (C-1), 199.2 (C-8). —
IR (Film): v = 3060, 3020, 2950, 2870, 1730 (C=0, Ester), 1680 (C=0,
Keton), 1595, 1580, 1450, 1435, 1405, 1370, 1305, 1280, 1210, 1160, 1100, 1080,
1030, 1000, 985, 755, 690 cm~!. — MS, m/z (%): 247 (1) [M™* + 1], 246 (6)
[M™*], 215 (5) [M* — OCHj;], 105 (100) [C(O)CsHs"]. — C;sH 503 (246.3):
ber. C 73.14, H 7.37; gef. C 72.95, H 7.48.

(+)-(1S8,2R )-2-(4-Bromphenacyl}cyclopentancarbonsdure-methylester
(4e): Ausb. 1.2 g (73%), SC (E/P 1:3), Schmp. 46—47°C, [«]¥ = +48.3 (c
= 1.12, CHCl;), de > 95% (*C-NMR), ee > 95% ['H-NMR-shift, Eu(hfc);].
— 'H-NMR (300 MHz, CDCl,): § = 1.27(d/q, / = 12.4/8.5 Hz, 1H, CHH-
5), 1.60—1.80 (m, 2H, CH,-4), 1.80—2.12 (kB, 3H, CH,-3, CHH-5), 2.47 (q,
J = 8.5 Hz, 1H, CH-2), 2.67 (m, 1 H, CH-6), 2.90 (d/d, J = 16.1/8.4 Hz, 1H,
CHH-7), 3.23 (d/d, J = 16.1/5.3 Hz, 1H, CHH-7), 3.67 (s, 3H, CH;-9), 7.59
(d, J = 8.5 Hz, 2H, ArH-12,12"), 7.82 (d, J = 8.5 Hz, 2H, ArH-11,11"). —
3C-NMR (75 MHz, CDCly): § = 24.4 (C-4), 29.8, 32.6 (C-3,5), 39.9 (C-6),
43.8(C-7), 50.0(C-2), 51.6 (C-9), 128.1 (C-13),129.6 (C-11,11"), 131.8 (C-12,12),
135.6 (C-10), 176.0 (C-1), 198.2 (C-8). — IR (neat): ¥ = 3090, 3050, 2950, 2870,
1730 (C=0, Ester), 1680 (C=0, Keton), 1585, 1570, 1480, 1435, 1395, 1370,
1305, 1275, 1210, 1160, 1100, 1070, 1030, 1005, 985, 810, 790 (m), 760 (m)
em~'. — MS, m/z (%): 327/325 (1) [M' + 1], 326/324 (6) [M*], 295/293
(5) [M* — OCHj;], 200/198 (85) [CH,C(OH)CsH)Br*], 185/183 (100)
[C(OXCeHy)Br+], 157/155 (25) [CeHBr+]. — Cy;sH;-BrO; (325.2): ber.
C 5540, H 5.27; gef. C 55.29, H 5.33.

(+)-(1S.2R)-2-[ 2-( 2-Naphthyl )-2-0xo0ethyl ] cyclopentancarbonsdure-me-
thylester (4f): Ausb. 0.76 g (51%), SC (E/P 1:3), Schmp. 48 -49°C, [o]% =
+77.3 (¢ = 1.03, CHCly), de > 96% (:*C-NMR), ee > 96% ['H-NMR-Shift,
Eu(hfc);]. — 'H-NMR (300 MHz, CDCly): 8 = 1.32 (d/q, J = 12.5/8.5 Hz,
1H, CHH-5), 1.60—1.80 (m, 2H, CH,-4), 1.80—2.14 (kB, 3H, CH,-3, CHH-
5), 2.52 (q, J = 8.7 Hz, 1H, CH-2), 2.77 (m, 1H, CH-6), 3.03 (d/d. J = 16.1/
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8.4 Hz, 1H, CHH-7), 3.37 (d/d, J = 16.1/54 Hz, 1 H, CHH-7), 3.52 5, 3H,
CH;-9), 7.54 (quint/d, J = 7.5/2 Hz, 2H, ArH-14/15), 7.84 (t br, J = 7.5 Hz,
2H, ArH-13/16), 7.93 (d/d, J = 7.5/1.3 Hz, 1H, ArH-18), 8.01 (d/d, J = 8.7/
1.7 Hz, 1 H, ArH-19), 8.46 (s br, 1 H, ArH-11). — C-NMR (75 MHz, CDCL):
§ = 24.5(C-4), 29.9, 32.7 (C-3,5), 40.2 (C-7), 43.9 (C-6), 50.0 (C-2), 51.6 (C-9),
1239 (C-19), 126.7 (C-14), 127.7 (C-16), 128.3 (C-15,18), 129.5 (C-13), 129.7
(C-11), 1325 (C-17), 134.2 (C-10), 135.5 (C-12), 176.1 (C-1), 199.1 (C-8). — IR
(KBr): ¥ = 3060, 2980, 2955, 2910, 2870, 1730 (C= O, Ester), 1680 (C=0,
Keton), 1625, 1595, 1575, 1470, 1450, 1435, 1390, 1370, 1350, 1280, 1250, 1225,
1215, 1190, 1160, 1120, 1090, 1025, 1005, 985, 835, 760 cm—'. — MS, m/z
(%): 297 (2) [M* + 1], 296 (12) [M~*], 265 (5) [M* — OCH;], 170 (100)
[CH,C(OH)C,oH7" ], 155 (74) [C(O)CyoH7 ], 127 (46) [CioH7 ] — CysH300;
(296.4): ber. C 77.00, H 6.80; gef. C 77.18, H 6.82.

(+)-(18.2R)-2-(4-Methyl-2-oxopentyl)cyclopentancarbonsdure-ethylester
(14¢) [via (E)-Ester]: Ausb. 0.40 g (65%), SC (E/P 1:4), [a]¥ = +46.7 (c =
1.18, CHCly), de > 99% (GC), ee = 95.0% (FS CYCLODEX BI/P). — 'H-
NMR (300 MHz, CDCly): 8 = 091/0915 (2 d, J = 6.5 Hz, 6H, CH;-13,14),
120 (m, 1H, CHH-5), 1.25 (t, / = 7 Hz, 3H, CH;-10), 1.60—1.76 (m, 2H,
CH,-4), 1.78—-2.06 (kB, 3H, CHH-5), 2.13 (m, 1H, CH-12),228 (d, J = 7
Hz, 2H, CH,-11), 2.33 (g, / = 8 Hz, 1H, CH-2), 240 (d/d, J = 15.8/8 Hz,
1H, CHH-7), 2.51 (m, 1H, CH-6), 2.65 (d/d, J = 15.8/4.5 Hz, 1H, CHH-7),
412 (q, J = 7 Hz, 2H, OCH,-9). — "C-NMR (75 MHz, CDCly): § = 14.3
(C-10), 22.5, 22.6 (C-13,14), 24.5 (C-4), 24.6 (C-12), 29.8, 32.7 (C-3,5), 39.5 (C-
6), 48.5 (C-7), 50.0 (C-2), 51.9 (C-11), 60.3 (C-9), 175.7 (C-1), 209.7 (C-8). —
IR (neat): ¥ = 2950, 2870, 1730 (2 C=0), 1465, 1450, 1405, 1405, 1370, 1320,
1290, 1260, 1180, 1160, 1095, 1035 cm—'. — MS, m/z (%): 241 (2) [M* +
11, 240 (11) [M*], 195 (25) [M* — C,H;0], 183 (15) [M* — C;Hy], 155
(21) [M* — CHyCO], 109 (43) [CsH,CO*], 95 (21) [CsH,CO™], 85 (100)
[C4HoCO™], 57 (99) [C4Hs ]. — C14H»405 (240.4): ber. C 69.96, H 10.07; gef.
C 69.69, H 10.27.

( — )-(1R,2S)-2-(4-Methyl-2-oxopentyl )cyclopentancarbonsdure-ethylester
(14¢) [via (Z)-Ester]: Ausb. 0.13 g (30%), SC (E/P 1:5), [o]¥ = —379(c =
1.00, CHCly), de > 99% (GC), ee = 87.7% (FS CYCLODEX BI/P). —
C4H,405 (240.4): ber. C 69.96, H 10.07; gef. C 69.44, H 10.25. — Die weiteren
analytischen Daten stimmen mit denen der via (E)-Ester hergesteliten enan-
tiomeren Verbindung iiberein.

(—)-(1R,2S)-2- Phenacylcyclopentancarbonsdure-ethylester (14a) [via (Z)-
Ester]: Ausb. 0.45 g (72%), SC (E/P 1:3), [«]¥ = —43.7 (¢ = 0.96, CHCl;),
de > 92% (GC), ee = 79% (*C-NMR des Hydrazons 15a). — 'H-NMR
(300 MHz, CDCL): 8 = 123 (t, J = 7 Hz, 3H, CH,-10), 1.30 (d/q, J = 12.5/
8.5 Hz, 1H, CHH-5), 1.62—1.77 (m, 2H, CH,-4), 1.81—2.11 (kB, 3H, CH,-3,
CHH-5), 246 (q, J = 8.7 Hz, 1 H, CH-2), 2.69 (m, 1H, CH-6), 2.92 (d/d, J =
16.1/8.7 Hz, 1H, CHH-7), 327 (d/d, J = 16.1/5 Hz, 1H, CHH-T7), 4.13 (g, J
= 7 Hz, 2H, OCH,-9), 74 —7.6 (m, 3H, ArH-13,13,14), 7.98 (m, 2H, ArH-
12,12"). — BC-NMR (75 MHz, CDCl,): 8 = 14.2 (C-10), 24.5 (C-4), 29.8, 32.7
(C-3,5), 40.1 (C-6), 43.9 (C-7), 50.2 (C-2), 60.3 (C-9), 128.1, 128.5 (C-
12,12°,13,13%), 132.9 (C-14), 136.9 (C-11), 175.7 (C-1), 199.2 (C-8). — IR (neat):
v = 3060, 2950, 2900, 2860, 1725 (C= 0, Ester), 1680 (C=0, Keton), 1595,
1580, 1445, 1405, 1390, 1370, 1350, 1300, 1275, 1255, 1210, 1180, 1155, 1110,
1095, 1075, 1030, 1000, 985, 750, 690 cm . — MS, m/z (%): 261 (2) [M* +
1], 260 (12) [M "], 215 (12) [M* — C,H;0], 120 (42) [CH,C(OH)C¢H, ],
105 (100) [C(O)CeH;™ ]. — CisH3005 (260.3): ber. C 73.82, H 7.74; gef. C 73.50,
H 7.80.

(— )-(1R,2S )-2-(4-Bromphenacyl ) cyclopentancarbonsdure-ethylester (14b)
[via (Z)-Ester]: Ausb. 0.32 g (44%), SC (E/P 1:3), Schmp. 55 —56°C, [oJ%
= —424 (c = 1.24, CHCL), de > 97% (GC), ee = 94% (**C-NMR des
Hydrazons). — '"H-NMR (300 MHz, CDCly): § = 1.24 (t, J = 7 Hz, 3H,
CHs-10), 1.26 (m, 1 H, CHH-5), 1.70 (m, 2H, CH;-4), 1.80—2.10 (kB, 3H, CH,-
3, CHH-5), 245 (g, J = 8.7 Hz, 1H, CH-2), 2.66 (m, 1H, CH-6), 2.88 (d/d, J
= 16.1/8.8 Hz, 1H, CHH-7), 3.24 (d/d, J = 16.1/5 Hz, 1 H, CHH-7), 413 (q,
J = 7 Hz, 2H, OCH,-9), 7.60 (d/t, J = 8.5/2 Hz, 2H, ArH-13,13"), 7.83 (d/t,
J = 8.5/2 Hz, 2H, ArH-12,12"). — C-NMR (75 MHz, CDCL): § = 14.3 (C-
10), 24.4 (C-4), 29.8, 32.7 (C-3,5), 40.0 (C-6), 43.9 (C-7), 50.2 (C-2), 60.4 (C-9),
128.1 (C-14), 129.7 (C-12,12), 131.9 (C-13,13"), 135.6 (C-11), 175.5(C-1), 198.2
(C-8). — IR (KBr): ¥ = 3090, 2960, 2900, 2870, 1725 (C=0, Ester), 1680
(C=0, Keton), 1585, 1570, 1475, 1450, 1395, 1375, 1350, 1335, 1305, 1285,
1265, 1225, 1205, 1175, 1160, 1115, 1100, 1070, 1035, 1005, 990, 815, 790
cm~! — MS, mjz (%): 341/339 (3) [M* + 1], 340/338 (16) [M "], 295/293
(18) (M — C.11.07, 200/198 (74) [CH,C(OH)(C¢H4)Br "], 185/183 (100)
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[CO)CeH)Br*], 157/155 (21) [CeHsBr*]. — C;HyBrO; (339.2): ber.
C 56.65, H 5.65; gef. C 56.66, H 5.53.

(+)-(2S,1"R,2"S )-1-{2-[ 2-( Methoxycarbonyl ) cyclohexyl J-1-methylethyl-
idenamino }-2-(methoxymethyl) pyrrolidin (9a): Ausb. 0.42 g (45%), GC: 67%
Produkt, 26% Keton, [oa]¥ = +153° (¢ = 1.10, CHCl;). — 'H-NMR (300
MHz, CDCly): 8 = 0.95 (m, 1H, CH,-6ax), 1.25 (kB, 2H, CH,-4,5ax); 1.5 (m,
1H, CH,-3ax), 1.89 (s, 3H, CH3-11), 1.60—2.32 (kB, 11 H, CH,-3,4,5,6eq, CH,-
13,14, CHH-8, CH-2,7), 2.38 (q, / = 8.7 Hz, 1H, NCHH-12), 2.46 (d/d, J =
15.8/3.5 Hz, 1H, CHH-8), 3.10—3.26 (kB, 3H, NCHH-12, NCH-15, OCHH-
16), 3.33 (s, 3H, CH3-17), 3.40 (m, 1H, OCHH-16), 3.69 (s, 3H, CH3-10). —
3C-NMR (75 MHz, CDCly): 8 = 17.7 (C-11, cis), 22.2 (C-13), 25.4, 25.5 (C-
4,5), 26.7 (C-14), 30.2, 30.4 (C-3,6), 36.5 (C-7), 44.5 (C-8, trans), 49.8 (C-2), 51.4
(C-10), 54.1 (C-12), 59.1 (C-17), 66.1 (C-15), 75.6 (C-16), 164.1 (C-9), 176.2 (C-
1). — IR (neat): ¥ = 2930, 2860, 1730 (C=0), 1605 (C=N), 1450, 1430, 1360,
1320, 1290, 1255, 1230, 1200, 1160, 1115, 1075, 1050, 1020, 970, 950, 910, 900,
845,750 cm . — MS, m/z (%): 311 (1) [M* + 1], 310 (3) [M*1, 266 (16),
265 (85) [M* — CH,OCH;], 95 (100) [C;H{;], 70 (18) [C,HsN™*].

(+)-(28,1"R,2’S )-1-{1-[ 2-( Methoxycarbonyl) cyclohexylmethyl J pent y!-
idenamino }-2-(methoxymethyl) pyrrolidin (9b): Ausb. 0.68 g (39%), SC (E/P
1:2), GC: 94%, de > 96% (*C-NMR); E/Z 1:5 (*C-NMR), [«]8 = +167.5
(¢ = 2.29, CHCly). — 'H-NMR (300 MHz, CDCL): § = 092 (t, J = 7 Hz,
3H, CH)-14), 092 (m, 1H, CH6ax), 1.15—2.05 (kB, 17H, CH,-
3,4,5,11,12,13,16,17, CH,-6eq), 2.05—2.42 (kB, 4H, CH-7, CH-2, CHH-8,
NCHH-15), 2.76 (d/d, J = 13.5/11.5 Hz, 1H, CHH-8), 2.94 (d/d/d, J = 9/
6.5/4, 1H, NCHH-15), 3.12—3.25 (kB, 2H, NCH-18, OCHH-19), 3.31 (s, 3H,
CH;-20), 3.36 (m, 1H, OCHH-19), 3.69 (s, 3H, CH;-10). — *C-NMR (75
MHz, CDCl;): (Z)-Isomer (Hauptprodukt): 8 = 14.0 (C-14), 21.9 (C-16), 22.5
(C-13), 25.4, 25.6 (C-4,5), 26.7 (C-17), 29.6 (C-12), 30.2, 30.6 (C-3,6), 34.8 (C-
11, trans), 35.3 (C-8, cis), 36.6 (C-7), 49.9 (C-2), 51.4 (C-10), 54.6 (C-15), 59.0
(C-20), 65.9 (C-18), 75.6 (C-19), 170.1 (C-9), 176.1 (C-1). — Versuchte Zuord-
nung des (E)-Isomers (Nebenprodukt): 13.9 (C-14), 22.1 (C-16), 22.8 (C-13),
25.2, 25.5 (C-4,5), 26.6 (C-17), 28.1 (C-12), 29.9, 30.0 (C-3,11 cis), 36.5 (C-7),
41.1 (C-8, trans), 49.9 (C-2), 54.8 (C-15), 59.0 (C-20), 66.3 (C-18), 75.6 (C-19),
169.2 (C-9), 176.6 (C-1) (C-6 und C-10 spalten nicht auf). — IR (neat): ¥ =
2920, 2850, 2730, 1730 (C=0), 1625 (C=N), 1445, 1430, 1370, 1320, 1280,
1255, 1230, 1195, 1155, 1120, 1100, 1045, 1020, 970, 955, 915, 900, 860, 840,
820, 790, 750 cm~1. — MS, m/z (%): 353 (1.5) [M* + 1], 352 (7) [M*], 308
(21), 307 (100) [M* — CH,OCH;], 95 (20) [C;H{5], 81 (13) [CeHi ], 70
[C/HgN™"].

(Z)-(+)-(28,1"R,2"S )-1-{1-[ 2-( Methoxycarbonyl )cyclohexylmethyl ]-3-
methylbutylidenamino }-2-( methoxymethyl) pyrrolidin (9¢). Ausb. 0.40 g (38%,
Keton als Verunreinigung), SC (E/P 1:2), GC: 94.6%, de > 96% (*C-NMR);
E/Z <1:20 (*C-NMR), [«J¥ = +167 (c = 1.69, CHCl;). — 'H-NMR (300
MHz, CDCls): 3 = 0.84, 096 2 d, J = 6 Hz, 6H, CH;-13,14), 0.92 (m, 1 H,
CH,-6ax), 1.18—1.32 (kB, 2H, CH,-4,5ax), 1.47 (g/d, J = 12/3.5 Hz, 1H,
CH,-3ax), 1.59—2.04 (kB, 12H, CH,-3,4,5,6eq, CH-7,12, CH,-11,16,17), 2.12
(t/d, J = 11/3.5 Hz, 1 H, CH-2),2.21 —2.42 (kB, 2H, CHH-8, NCHH-15), 2.81
(d/d, J = 13/11 Hz, 1H, CHH-8); 2.96 (d/d/d, J = 9/6.5/4 Hz, 1H, NCHH-
15), 3.14—3.24 (kB, 2H, NCH-18, OCHH-19), 3.31 (s, 3H, CH;-20), 3.37 (m,
1H, OCHH-19), 3.68 (s, 3H, CH5-10). — “C-NMR (75 MHz, CDCL): § =
21.5 (C-13/14), 21.8 (C-16), 23.3 (C-13/14), 25.4, 25.6 (C-4,5), 26.4 (C-12), 26.6
(C-17), 30.2, 30.5 (C-3,6), 35.0 (C-8, cis), 36.7 (C-7), 44.3 (C-11, trans), 49.8 (C-
2), 51.4 (C-10), 54.7 (C-15), 59.0 (C-20), 65.8 (C-18), 75.6 (C-19), 169.7 (C-9),
176.2 (C-1). — (E)-Isomer: 38.7 (C-11, cis), 41.2 (C-8, trans). — IR (neat). ¥ =
2930, 2860, 2730, 1735 (C=0), 1620 (C=N), 1460, 1445, 1430, 1380, 1370,
1350, 1335, 1320, 1285, 1255, 1230, 1195, 1160, 1125, 1100, 1060, 1045, 1020,
970, 950, 920, 900, 845, 830, 750, 680 cm~'. — MS, m/z (%): 353 (2) [M* +
1], 352 (7) [M*], 321 (5) [M* — OCHS,], 308 (22), 307 (100) [M™* —
CH,0CH;], 114 (5) [CsH;;NO™], 95 (20) [C,H Y], 81 (15) [CeHs ], 70 (9)
[CsHgN™], 57 (13) [C.Hs ]

(E)-(+)-(28,1"R,2"S )-1-{2-[ 2-( Methoxycarbonyl)cyclohexyl]-1-phenyl-
ethylidenamino }-2-(methoxymethyl) pyrrolidin (9d). Ausb. 0.79 g (70%), SC
(E/P 1:3), Schmp. 60—61.5°C (blaBgelbe Kristalle), de > 96% (*C-NMR),
[0]¥ = +446 (¢ = 1.17, CHCL). — 'H-NMR (300 MHz, CDCLy): § =
0.82—1.42 (kB, 4H, CH,-3,4,5,6ax), 1.48—1.97 (kB, 8 H, CH,-3,4,5,6eq, CH,-
16, CHH-17/CH-7), 2.05 (m, 1H; CHH-17/CH-7), 2.16 (t/d, J = 11.5/3.5 Hz,
1H, CH-2),2.47 (g, J = 9 Hz, 1H, NCHH-15),2.52 (d/d, / = 13.8/3 Hz, 1 H,
CHH-8), 3.00 (d/d, J = 13.8/11.5 Hz, 1H, CHH-8), 3.21 (d/d/d, J = 9/7/4.5
Hz, 1H, NCHH-15), 3.29 (d/d, J = 9/6.5 Hz, 1H, OCHH-19), 3.37 (s, 3H,



1938

CH,-20), 3.45 (m, 1H, NCH-18), 3.52 (d/d, J = 9/4 Hz, 1H, OCHH-19), 3.75
(s, 3H, CH;-10), 7.28 —7.42 (k B, 3H, ArH-13,13',14), 7.68 (m, 2H, ArH-12,12").
— BC-NMR (75 MHz, CDCL): 8 = 22.4 (C-16), 25.37, 25.40 (C-4,5), 26.8 (C-
17), 29.7, 30.1 (C-3,6), 33.9 (C-8), 36.9 (C-7), 49.8 (C-2), 51.5 (C-10), 55.1 (C-
15), 59.1 (C-20), 66.6 (C-18), 76.0 (C-19), 126.9 (C-13,13'), 128.3 (C-12,12),
128.7 (C-14), 137.8 (C-11), 163.9 (C-9), 176.3 (C-1). — IR (neat): ¥ = 3060,
3020, 2930, 2860, 2730, 1735 (C=0), 1610 (C=N), 1570, 1495, 1445, 1370,
1315, 1285, 1255, 1230, 1200, 1190, 1160, 1110, 1100, 1065, 1050, 1020, 995,
970, 955, 920, 900, 840, 820, 790, 770, 700, 650 cm—L. — MS, m/z (%): 373
() [M* + 11, 372 (9) [M*1, 328 (22), 327 (100) [M* — CH,OCH;], 258
(34) [M* — CHpNOL 109 (25) [CH,CO*1, 95 (29) [C-H], 81 (21)
[CeHi ], 77 (24) [CeH# T, 70 (17) [CHNT]. — CuHpN,O; (372.5): ber.
C 70.94, H 8.66, N 7.52; gef. C 70.99, H 8.63, N 7.77.

Dieses Produkt ist ebenfalls durch Umsetzung von 0.80 g (3
mmol) (E)-7-lIod-2-heptensidure-methylester mit 0.70 g (3 mmol)
Acetophenon-SAMP-Hydrazon hergestellt worden. Ausb. 0.77 g
(69%), de > 94% (PC-NMR), [a]¥ = +432 (¢ = 2.51, CHCl).
— Die weiteren analytischen Daten stimmen mit den oben aufge-
fithrten iiberein.

(E)-(+ )-(28,1"R,2’S )-1-{1-(4-Bromphenyl )-2-[ 2-(methoxycarbonyl )cy-
clohexyl Jethylidenamino J-2- (methoxymethyl )pyrrolidin (9¢). Ausb. 1.80 g
(80%), SC (E/P 1:3),de > 94% ('*C-NMR), [«]8 = + 3507 (¢ = 2.73, CHCl;).
— 'H-NMR (300 MHz, CDCly): 6 = 0.83—1.43 (kB, 4H, CH,-3,4.5,6ax),
1.43-1.97 (kB, 8H, CH,-3,4,5,6eq, CH,-16, CHH-17, CHH-17/CH-7), 2.04
(m, 1H, CH-7/CHH-17), 2.16 (t/d, J = 11/3.5 Hz, 1H, CH-2), 246 (q, J =
9 Hz, 1H, NCHH-15), 2.48 (d/d, / = 13.5/3 Hz, 1H, CHH-8), 296 (d/d, J =
13.5/11.5 Hz, 1H, CHH-8), 3.23 (d/d/d, J = 9/7/5 Hz, 1H, NCHH-15), 3.29
(d/d, J = 9/6.5 Hz, 1 H, OCHH-19), 3.37 (s, 3H, CH;-20), 3.45 (m, 1H, NCH-
18), 3.50 (d/d, J/ = 9/4 Hz, 1H, OCHH-19), 3.74 (s, 3H, CH,-10), 7.49 (d/t, J
= 8.5/2 Hz, 2H, ArH-13,13"), 7.59 (d/t, J = 8.5/2 Hz, 2H, ArH-12,12"). —
3C-NMR (75 MHz, CDCly): § = 22.6 (C-16), 25.3, 25.4 (C-4,5), 26.8 (C-17),
29.6, 30.2 (C-3,6), 33.8 (C-8), 36.9 (C-7), 49.7 (C-2), 51.5 (C-10), 55.3 (C-15),
59.1 (C-20), 66.6 (C-18), 75.9 (C-19), 122.9 (C-14), 128.5 (C-12,12"), 131.3 (C-
13,13"), 136.7 (C-11), 161.8 (C-9), 176.3 (C-1). — IR (neat): ¥ = 3060, 2940,
2860, 2730, 1735 (C=0), 1690, 1600, 1590, 1560, 1490, 1450, 1395, 1370, 1335,
1320, 1310, 1280, 1255, 1230, 1200, 1160, 1115, 1075, 1050, 1025, 1010, 970,
955, 865, 850, 835, 820, 795, 770, 750, 720, 700, 650, 630 cm~!. — MS, m/z
(%): 453/451 (2.5) [M* + 1], 452/450 (9) [M *], 408/406 (22), 407/405 (100)
[M* — CH,OCH;], 338/336 (22) [M' — CH;2NO], 114 (6) [C¢H;;NO ™ ],
109 (35) [CcH,CO*], 95 (30) [C;H4], 81 (16) [CHs" ], 70 (15) [C,HgN ™.
— CyH3BrN,O; (451.4): ber. C 58.54, H 6.92, N 6.21; gef. C 58.70, H 6.97,
N 6.58.

(E)-(+)-(25,1"R,2"S )-1-{2-[ 2-( Methoxycarbonyl )cyclohexyl]-1-( 2-
naphthyl ethylidenamino }-2- (methoxymethyl ) pyrrolidin (9f): Ausb. 092 g
(73%), SC (E/P 1:3),de > 94% (*C-NMR), [«]8 = +500 (c = 1.47, CHCl;).
— 'H-NMR (300 MHz, CDCl3): § = 0.94 (m, 1 H, CH»-6ax), 1.05—2.00 (kB,
11H, CH,-3,4,5,22, CH»-6eq, CHH-23/CH-7), 2.08 (m, 1H, CH-7/CHH-23),
2.20 (t/d, J = 11/3.5 Hz, 1 H, CH-2), 2.51 (q, / = 8 Hz, 1 H, NCHH-21), 2.68
(d/d, J = 13/3 Hz, 1H, CHH-8), 3.08 (d/d, / = 13/11 Hz, 1H, CHII-8),
322-3.61 (kB, 4H, NCHH-21, NCH-24, OCH>-25), 3.39 (s, 3H, CH;-26),
3.80 (s, 3H, CH3-10), 7.40—8.15 (kB, 7H, B-Naphthyl-H). — *C-NMR (75
MHz, CDClL): 8 = 22.5 (C-22), 25.3, 25.4 (C-4,5), 26.9 (C-23), 29.7, 30.2 (C-
3,6), 34.0 (C-8), 37.1 (C-7), 49.9 (C-2), 51.5 (C-10), 55.3 (C-21), 59.1 (C-26), 66.7
(C-24), 76.0 (C-25); 124.7, 126.0, 126.2, 126.6, 127.5, 127.8, 128.7 (tert. C-B-
Naphthyl); 133.2, 133.6, 135.1 (quart. C-B-Naphthyl); 163.1 (C-9), 176.3 (C-
1). — IR (neat): ¥ = 3060 — 3020, 2970 — 2830, 2730, 1730 (C = 0), 1680, 1630,
1600, 1575, 1505, 1460, 1445, 1430, 1370, 1350, 1335, 1320, 1305, 1280, 1255,
1230, 1195, 1160, 1120, 1065, 1050, 1020, 965, 945, 910, 860, 825, 790, 750,
670, 620 cm™1. — MS, m/z (%): 423 (4) [M* + 1],422 (15) [M*], 378 (27),
377 (100) [M* — CH,OCH;], 308 47) [M* — CH;;NOJ, 127 (21)
[CioH7 ], 109 (20) [CcHoCO™], 95 (22) [C;H{1], 81 (13) [CsHs ], 70 (10)
[C;HgN '] — CyH1yN,O; (422.6): ber. C 73.90, H 8.11, N 6.63; gef. C 74.05,
H 7.93, N 6.60.

(+)-(2S,1"R,2"S )-1-{1-[ 2-( Methoxycarbonyl )cyclohexylmethyl ]-3-phe-
nyl-2-propenylidenamino }-2- (methoxymethyl)pyrrolidin (9g): Ausb. 0.50 g
(42%), SC (E/P 1:4), de > 94% (**C-NMR), E/Z 20:1 (*C-NMR), [«]F =
14640 (¢ = 0.62, CHCly). — 'H-NMR (300 MHz, CDCl;): 8§ = 0.93—2.12
(kB, 13H, CH,-3,4,5,6,18,19, CH-7), 2.17 (t/d, J = 11.5/3.5 Hz, 1H, CH-2),
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2.38(d/d, J = 12.5/3 Hz, 1H, CHH-8), 2.46 (d/t, J = 8.5/8 Hz, 1H, NCHH-
17), 2.77 (d/d, J = 12.5/11.5 Hz, 1H, CHH-8), 326 (m, 1 H, NCHH-17), 3.28
(m, 1H, OCHH-21), 3.34 (s, 3H, CH;-22), 3.43 (m, 1H, NCH-20), 3.47 (d/d,
J = 8.5/4 Hz, 1 H, OCHH-21), 3.77 (s, 3H, CH;-10), 6.77 (d, J = 16.6 Hz,
1H, CH-12), 703 (d, J = 16.6 Hz, 1H, CH-11), 7.2—7.4 (kB, 3H; ArH-
15,15,16), 7.52 (m, 2H, ArH-14,14'). — 3C-NMR (75 MHz, CDCL): & = 22.8
(C-18), 25.4, 25.5 (C-4,5), 27.0 (C-19), 29.9, 30.3 (C-3,6), 33.4 (C-8), 38.0 (C-7),
50.1 (C-2), 51.5 (C-10), 55.9 (C-17), 59.0 (C-22), 66.6 (C-20), 75.8 (C-21), 126.9
(C-14,14"), 128.0 (C-11/12/16), 128.3 (C-11/12/16), 128.6 (C-15,15"), 133.3 (C-
11/12/16), 136.9 (C-13), 162.4 (C-9), 176.4 (C-1). — IR (neat): ¥ = 3100— 3030,
2930, 2860, 2740, 1730 (C=0), 1630 (C=N), 1600, 1580, 1565, 1500, 1450,
1370, 1335, 1325, 1280, 1255, 1230, 1200, 1160, 1110, 1060, 1015, 970, 910,
900, 870, 830, 815, 790, 755, 695, 670, 625 cm~'. — MS, m/z (%) 400 (1)
[M* + 2]), 399 (6) [M* + 1], 398 (21) [M '], 354 (27), 353 (100) [M* —
CH,OCH,], 284 (20) [M* — C¢H;;NOJ, 114 (9) [CH,,NO*], 109 (23)
[CeHy,CO ™1, 103 (20) [C,H,CH# 1, 95 (19) [C:H}4 1, 81 (14) [CsHs" 1, 77 (10)
[CHi 1, 70 (13) [CHN*]. — CyH3N,0; (398.6) ber. C 72.33, H 8.60,
N 7.03; gef. C 71.64, H 8.82, N 6.90.

(+ )-(18,2R)-2-(2-Oxopropyl)cyclohexancarbonsdure-methylester ~ (5a):
Ausb. 1.15 g (58%), SC (E/P 1:3), [e]¥ = +25.5 (¢ = 1.29, CHCl,), de >
98% (GC), ee = 96.4% (FS CYCLODEX BI/P). — 'H-NMR (300 MHz,
CDCly): 6 = 0.95 (m, 1H, CH»-6ax), 1.14—1.40 (kB, 2H, CH»-4,5ax), 1.50
(q/d, J = 12/3.5 Hz, 1H, CH,-3ax), 1.66 —1.85 (kB, 3H, CH-4,5,6eq), 1.91
(m, 1H, CH,-3eq), 2.11 (s, 3H, CH;-11), 2.03—2.16 (kB, 5H, CH;-11, CH-
2,7), 219 (d/d, J = 15.5/8 Hz, 1H, CHH-8), 2.46 (d/d, J = 15.5/3.5 Hz, 1H,
CHH-8); 3.65 (s, 3H, CH;-10). — *C-NMR (75 MHz, CDClL): § = 25.3,25.5
(C-4,5), 29.8 (C-3), 30.2 (C-11), 31.9 (C-6), 35.2 (C-7), 49.2 (C-8), 49.3 (C-2),
51.4 (C-10), 175.8 (C-1), 207.5 (C-9). — IR (neat): ¥ = 2990, 2930, 2850, 1725
(2 C=0), 1450, 1430, 1360, 1320, 1255, 1230, 1190, 1160, 1115, 1080, 1050,
1020 cm™'. — MS, m/z (%): 198 (2) [M*], 167 (12) [M* — OCH,], 141
(92) [M* — H,CC(O)CH3], 109 (45) [CcHoCO '], 81 (85) [CeHs' ], 43 (100)
[C(O)CH;]. — Cy;H 405 (198.3): ber. C 66.64, H 9.15; gef. C 66.36, H 9.26.

(+)-(1S.2R )-2-(2-Oxohexyl)cyclohexancarbonsdure-methylester (Sh):
Ausb. 0.24 g (43%), SC (E/P 1:2), [a]8 = +224 (c = 092, CHCl,), de >
97% (GC), ee = 96.3% (FS CYCLODEX BI/P). — 'H-NMR (300 MHz,
CDCL): 6 = 0.90(t,J = 7Hz, 3H, CH;-14),0.95 (m, 1H, CH;-6ax), 1.14 —1.40
(kB, 4H, CH,-13, CH;-4,5ax), 1.30 (sext, / = 7 Hz, CH,-13), 1.42—1.58 (kB,
3H, CH»-12, CH,-3ax), 1.52 (quint, J = 7 Hz, CH,-12), 1.58 —1.83 (kB, 3H,
CH>-4,5,6¢q), 1.90 (m, 1H, CH,-3eq), 2.04—2.24 (kB, 3H, CH-2,7, CHH-8),
2.36 (t,J = 7Hz, 2H, CH,-11), 2.33—2.45 (m, 1 H, CHH-8), 3.65 (s, 3H, CH;-
10). — *C-NMR (75 MHz, CDCly): 8 = 13.9 (C-14), 22.3 (C-13), 25.3, 25.5,
25.9 (C-4,5,12); 29.9 (C-3), 31.9 (C-6), 35.2 (C-7), 42.8 (C-11), 48.1 (C-8), 49.3
(C-2), 51.5 (C-10), 175.9 (C-1), 209.9 (C-9). — IR (neat): ¥ = 2930, 2850, 1725
(2 C=0), 1445, 1430, 1405, 1370, 1320, 1285, 1250, 1190, 1160, 1120, 1070,
1040, 1020 cm~'. — MS, m/z (%): 241 (1) [M* + 1], 240 (5) [M*7, 209 (13)
[M* — OCH;], 155 (33) [M* — C(O)C4H,], 141 (100) [H,CC(O)C,Hs ],
109 (43) [CsHy,CO ™), 85 (70) [C(O)CHs'], 57 (65) [CsHs]. — C4H05
(240.4): ber. C 69.96, H 10.07; gef. C 70.11, H 10.18.

(+)-(18,2R)-2-(4-Methyl-2-oxopentyl) cyclohexancarbonsdure-methyl-
ester (5¢): Ausb. 0.19 g (35%), SC (E/P 1:4), [a]¥ = +17.8(c = 1.44, CHCl,),
de > 97% (GC), ee = 97.1% (FS CYCLODEX BI/P). — 'H-NMR (300
MHz, CDCl;): § = 0.91/0.92 (2d, J = 6.5 Hz, 6H, CH;-13,14), 0.95 (m, 1 H,
CH,-6ax), 1.15—1.41 (kB, 2H, CH,-4,5ax), 1.50 (g/d, J = 11.5/3.5 Hz, 1H,
CHs-3ax), 1.64—1.85 (kB, 3H, CH»>4,5,6eq), 1.90 (m, 1H, CH,-3eq),
2.02-2.22 (kB, 4H, CH-2,7, CHH-8, CH-12), 2.25(d, J = 6.5 Hz, 2H, CH,-
11), 2.39 (d/d, J = 12/2.5 Hz, 1H, CHH-8). — “C-NMR (75 MHz, CDCl,):
6 = 22.5, 22.6 (C-13,14), 24.5 (C-12), 25.3, 25.5 (C-4,5), 29.9 (C-3), 31.8 (C-6),
35.1 (C-7), 48.6 (C-8), 49.3 (C-2), 51.5 (C-10), 52.1 (C-11), 175.9 (C-1), 209.5
(C-9). — IR (neat) ¥ = 2940, 2850, 1730 (2 C=0), 1460, 1445, 1430, 1365,
1320, 1290, 1255, 1240, 1190, 1160, 1120, 1065, 1040, 1015, 915 (m) cm ', —
MS, m/z (%): 241 (2) [M* + 1], 240 (9) [M*], 209 (12) [M* — OCHS,],
183 (21) [M* — C4Ho], 155 (28) [M* — C(O)C,Hy], 141 (100) [M* —
CH,C(O)C,4Hy], 85 (75) [C(O)C4Hs" ], 57 (70) [C.Hy ). — CaH»405 (240.4):
ber. C 69.96, H 10.07; gef. C 69.75, H 10.13.

{ + )-(18,2R )-2-Phenacylcyclohexancarbonsdure-methylester (5d):  Ausb.
0.80 g (61%), SC (E/P 1:3), [a]¥ = +26.6 (¢ = 1.03, CHCI), Schmp. 57°C,
de > 97% (GC), ee > 91% ['H-NMR-Shift, Eu(hfc);]. — 'H-NMR (300
MHz, CDCl;, Zuordnung iiber 2D-NMR): & = 1.04 (q/d, J = 12/3.5 Hz,
1H, CHy-6ax), 1.16 —1.38 (kB, 2 H, CH,-4.5ax), 1.52 (q/d. J = 12/3.5 Hz, 1 H.
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CH,-3ax), 1.64—1.89 (kB, 3H, CHy-4,5,6eq), 1.95 (m, 1H, CH,-3eq), 2.21
(t/d, J = 11/3.5 Hz, 1 H, CH-2ax), 2.32 (m, 1H, CH-7ax), 2.64 (d/d, J = 15.5/
8.7 Hz, 1H, CHH-8), 3.08 (d/d, / = 15.5/3.5 Hz, 1H, CHH-8), 3.64 (s, 3H,
CH,-10), 7.4~ 7.6 (kB, 3H, ArH-12,12,13), 7.97 (m, 2H, ArH-11,11"). — 1’C-
NMR (75 MHz, CDCls, Zuordnung iiber 2D-NMR): 6 = 25.3, 25.4 (C-4,5),
30.0 (C-3), 31.7 (C-6), 35.8 (C-7), 44.2 (C-8), 49.5 (C-2), 51.5 (C-10), 128.2, 128.5
{C-12,12',13,13"), 132.9 (C-14), 137.0 (C-11), 1759 (C-1), 199.1 (C-9). — IR
(KBr): ¥ = 3060, 2960, 2930, 2850, 1715 (C=0, Ester), 1680 (C=0, Keton),
1595 (C=C), 1580 (C=C), 1450, 1435, 1370, 1335, 1320, 1290, 1270, 1255,
1250, 1200, 1180, 1160, 1020, 700, 615 cm~L — MS, m/z (%): 261 (1) [M*
+ 17, 260 (4) [M~*1, 229 (5) [M* — OCHj;), 120 (82) [H,CC(OH)C:H; ],
105 (100) [C(O)CeH< 1. — C1sHy03(260.3): ber. C 73.82, H 7.74; gef. C 73.73,
H 7.62.

(+ )-(1S,2R )-2-(4-Bromphenacyl)cyclohexancarbonsdure-methylester (Se):
Ausb. 0.33 g (61%), SC (E/P 1:2), Schmp. 51°C, [a]® = +15.2 (¢ = 140,
CHCL), de > 98% (GC), ee > 93% ['H-NMR-Shift, Eu(hfc);]. — '"H-NMR
(300 MHz, CDCl;): 6 = 1.04 (q/d, J = 12/3.5 Hz, 1H, CH,-6ax), 1.16—1.38
(kB, 2H, CH»-4,5ax), 1.51 (q/d, J = 12/3.5 Hz, 1H, CH,-3ax), 1.64—1.86 (kB,
3H, CH»-4,5,6eq), 1.95 (m, 1H, CH;-3eq), 2.19 (t/d, J = 11/3.5 Hz, 1H, CH-
2ax), 2.27 (m, 1H, CH-7ax), 2.59 (d/d, J = 15.5/8.7 Hz, 1H, CHH-8), 3.06
(d/d, J = 15.5/3.7 Hz, 1 H, CHH-8), 3.65 (s, 3H, CH;-10), 7.60 (d/t, / = 8.7/
2 Hz, 2H, ArH-13,13"), 7.84 (d/t, J = 8.7/2 Hz, 2H, ArH-12,12’). — >C-NMR
(75 MHz, CDCly): 6 = 25.3, 25.4 (C-4,5), 30.0 (C-3), 31.7 (C-6), 35.8 (C-7),
442 (C-8), 49.4 (C-2), 51.5 (C-10), 128.1 (C-14), 129.8 (C-12,12"), 131.8 (C-
13,13"), 135.7 (C-11), 175.9 (C-1), 198.0 (C-9). — IR (KBr): ¥ = 3070, 2940,
2850, 1720 (C =0, Ester), 1680 (C=0, Keton), 1585 (C=C), 1565 (C=C),
1485, 1440, 1395, 1370, 1335, 1320, 1310, 1290, 1275, 1255, 1195, 1180, 1160,
1125, 1070, 1045, 1030, 1010 cm~!. — MS, m/z (%): 340/338 (2) [M* + 1],
339,337 (9) [M*], 309/307 (5) [M* — OCH;], 200/198 (100)
[H,CC(OH)C¢H,Br*], 185/183 (95) [C(O)CeH,Br*], 157/155 (30)
[CeHBr*]. — C;sHy05 (339.2): ber. C 56.65, H 5.65; gef. C 56.63, H 5.70.

(4 )-(1S,2R )-2-[ 2-( 2-Naphthyl )-2-0xoethyl Jcyclohexancarbonsdure-me-
thylester (51): Ausb. 1.15 g (39%), SC (E/P 1:3), Schmp. 71 —72°C, [e]§ =
+33.0 (¢ = 1.26, CHCL), de = 94% (Roh-GC), > 96% (GC, nach Chro-
matographie), ee > 92% ['H-NMR-Shift, Eu(hfc);]. — "H-NMR (300 MHz,
CDCl;): 6 = 1.04 (g/d, / = 12/3.5 Hz, 1H, CH,-6ax), 1.16—1.38 (kB, 2H,
CHy-4,5ax), 1.53 (q/d, J = 12/3.5 Hz, 1H, CH,-3ax), 1.61 —1.81 (kB, 2H,
CHy-4,5eq), 1.87 (m, 1H, CHy-6¢q), 1.96 (m, 1H, CHy-3eq), 2.25 (t/d, J = 11/
3.5 Hz, 1H, CH-2ax), 2.39 (m, 1H, CH-7ax), 2.75 (d/d, J = 15.5/9 Hz, 1H,
CHH-8), 321 (d/d, J = 15.5/3.7 Hz, 1 H, CHH-8), 3.67 (s, 3H, CH;-10), 7.55
(quint/d, J = 7/2 Hz, 2H, AcH-15,16), 7.85 (t br, J = 7.5 Hz, 2H, ArH-14,17),
7.97 (d/d, J = 7.5/1.3 Hz, 1H, ArH-20), 8.04 (d/d, / = 8.5/1.5 Hz, 1 H, ArH-
19), 8.50 (s br, 1H, ArH-12). — C-NMR (75 MHz, CDCly): § = 25.3, 254
(C-4,5), 30.0 (C-3), 31.7 (C-6), 36.1 (C-7), 44.3 (C-8), 49.6 (C-2), 51.6 (C-10),
124.0 (C-20), 126.7 (C-15), 127.7 (C-17), 128.4 (C-16,19), 129.6 (C-14), 130.0
(C-12), 132.5 (C-18), 134.3 (C-11), 135.5 (C-15), 176.0 (C-1), 199.1 (C-9). — IR
(KBr): ¥ = 3060, 2960, 2930, 2860, 1730 (C= O, Ester), 1675 (C=0, Keton),
1630 (C=C), 1600 (C=C), 1580 (C=C), 1470, 1450, 1435, 1375, 1350, 1335,
1315, 1300, 1275, 1260, 1235, 1190, 1155, 1125, 1105, 1005, 835, 820 cm™'.
— MS, m/z (%). 311 (2.5) [M™ + 1],310(11) [M*},279 3) [M* — OCH3],
170 (100) [H,CC(OH)C,H; ], 155 (51) [C(O)CyoH7 ], 127 (37) [CioH7 1. —
CyoH»05 (310.4): ber. C 77.39, H 7.14; gef. C 77.19, H 7.07.

( + )-(15,2R )-2-Phenacylcyclopropancarbonsdure-methylester (6a). Ausb.
0.20 g (30%), SC (E/P 1:3), Schmp. 61 —62°C, [a]} = +79.0 (¢ = 040,
CHCly), de > 94% (‘H/"*C-NMR). — 'H-NMR (300 MHz, CDCl): 8 = 0.84
(d/d/d, J = 8.0/6.5/4.7 Hz, 1H, CH-2), 1.32 (d/t, J/ = 9.0/4.7 Hz, 1H, CHH-
3), 1.53 (d/t, J = 8.0/4.7 Hz, 1H, CHH-3), 1.84 (d/q/d, J = 9.0/6.7/4.7 Hz,
1H, CH-4), 293 (d/d, J = 17/6.7 Hz, 1H, CHH-5), 3.05 (d/d, J = 17.1/6.7
Hz, 1H, CHH-5), 367 (s, 3H, OCH;-7), 7.4—7.6 (kB, 3H, ArH-10,10,11);
7.92 (m, 2H, ArH-9,9"). — *C-NMR (75 MHz, CDCl): § = 14.9 (C-3), 17.7,
19.9 (C-2,4), 41.9 (C-5), 51.7 (C-7), 128.1, 128.7 (C-9,9',10,10"), 133.2 (C-11),
136.5 (C-8),174.1 (C-1), 198.1 (C-6). — IR (KBr): ¥ = 3100—2980, 2950, 2900,
2850, 1725 (C = O, Ester), 1685 (C=0, Keton), 1600, 1580, 1450, 1440, 1420,
1400, 1325, 1250, 1210, 1180, 1105, 1080, 1050, 1030, 1005, 755 (s), 745 (s),
695 (s) cm~!. — MS, m/z (%): 218 (3) [M*], 187 (3) [M* — OCHjs], 105
(100) [CsHsCO™]. — Cp3H 14035 (218.3): ber. C 71.54, H 6.47; gef. C 71.38,
H 6.66.

( + )-{ 18,2R )-2-( 4-Bromphenacyl)cyclopropancarbonsdure-methylester
(6b): Ausb. 0.35 g (39%). SC (E/P 1:3), Schmp. 55—57°C, [o]F = +713 (¢
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= 0.79, CHCl,), de > 92% (‘H/">C-NMR). — 'H-NMR (300 MHz, CDCl,):
& = 0.83 (d/d/d, J = 8.0/6.5/4.3 Hz, 1H, CH-2), 1.32 (d/t, / = 9.0/4.3 Hz,
1H, CHH-3), 1.52 (d/t, J = 8.0/4.3 Hz, 1H, CHH-3), 1.81 (d/q/d, J = 9.0/
6.7/4 Hz, 1H, CH-4), 291 (d/d, J = 17.1/6.7 Hz, 1 H, CHH-5), 3.00 (d/d, J
= 17.1/6.7 Hz, 1H, CHH-5), 3.67 (s, 3H, OCH,-7), 7.59 (d/t, / = 8.7/2 Hz,
2H, ArH-10,10"), 7.78 (d/t, J = 8.7/2 Hz, 2H, ArH-9,9). — “C-NMR (75
MHz, CDCLy): 6 = 14.9 (C-3), 17.5, 19.8 (C-2,4), 41.9 (C-5), 51.8 (C-7), 128.4
(C-11), 129.6, 132.0 (C-9,9",10,10"), 135.2 (C-8), 174.0 (C-1), 197.0 (C-6). — IR
(neat): ¥ = 3090 — 3010, 2950, 2900, 2850, 1725 (C= O, Ester), 1685 (C=0,
Keton), 1585, 1570, 1485, 1450, 1435, 1400, 1350, 1310, 1275, 1210, 1170, 1070,
1040, 1000, 965, 935, 870 cm~1. — MS, m/z (%): 298/296 (4) [M *], 267/265
(3) [M* — OCHs;], 185/183 (100) [C(O)CH,Br*1, 157/155 (20) [C;H,Br* 1.
— C;3H3BrO; (297.1): ber. C 52.55, H 4.41; gef. C 52.46, H 4.44,

(E)-( +)—(ZS,1"R,Z”S)—]-{2-[2-(Methoxycarbonyl)cycloheptyl]d-phenyl—
ethylidenamino }-2-(methoxymethyl) pyrrolidin (11a): Ausb. 0.25 g (22%), SC
(E/P 1:5), Schmp. 45.5—47°C, [o]¥ = +402 (¢ = 1.81, CHCly), de >
95% (*H/*C-NMR). — 'H-NMR (300 MHz, CDCl;): 6 = 1.04—1.96 (kB,
13H, CH;-3,4,5,6,7,17, CHH-18), 2.00—2.17 (kB, 2H, CHH-18, CH-8), 2.30
(m, 1H, CH-2), 2.41 (d/d, J = 14/3.5 Hz, 1H, CHH-9), 2.49 (q, J = 8.5 Hz,
1H, NCHH-16), 3.11 (d/d, J = 14/11.5 Hz, 1H, CHH-9), 3.23 (d/d/d, J =
9.5/7/4.5 Hz, 1H, NCHH-16), 3.28 (d/d, J = 9/7 Hz, 1H, OCHH-20), 3.37
(s, 3H, CH;-21), 3.46 (m, 1H, NCH-19), 3.52 (d/d, / = 9/4 Hz, 1H, OCHH-
20), 3.73 (s, 3H, CHs-11), 7.27—7.39 (kB, 3H, ArH-14,14,15), 7.62 (m, 2H,
ArH-13,13). — BC-NMR (75 MHz, CDCLy): § = 22.5 (C-17), 25.6,26.7, 27.0,
29.3,29.5, 30.1 (C-3,4,5,6.7,18); 34.7 (C-9), 38.7 (C-8), 51.5 (C-11), 51.7 (C-2),
55.2 (C-16), 59.1 (C-21), 66.4 (C-19), 76.1 (C-20), 127.0 (C-14,14), 128.2 (C-
13,13), 128.6 (C-15), 137.9 (C-12), 164.5 (C-10), 177.0 (C-1). — IR (neat): ¥ =
3060, 3020, 2920, 2850, 2730, 1730 (C = 0), 1605, 1570, 1495, 1460, 1445, 1435,
1375, 1350, 1340, 1310, 1275, 1265, 1250, 1200, 1160, 1120, 1100, 1070, 1050,
1020, 1000, 965, 915, 770, 735, 700, 645 cm~'. — MS, m/z (%): 387 3) [M™*
+ 1], 386 (10) [M*], 341 (100) [M* — CH,OCH,], 272 (23) [M* —
C¢H;NOT, 70 (10) [C;HgN™*]. — Cp3H3yN,O5 (386.5): ber. C 71.47, H 8.87,
N 7.25; gef. C 68.76, H 8.56, N 7.01.

(E)-(+ )-(28,1"R,2"S )-1-{1-(4-Bromphenyl )-2- 2-(methoxycarbonyl )cy-
cloheptyl Jethylidenamino }-2-(methoxymethyl) pyrrolidin (11b): Ausb. 0.68 g
(49%), SC (E/P 1:4), Schmp. 44—45°C, [0J§ = +465 (c = 2.36, CHCly),
de = 96% (‘H/*C-NMR). — 'H-NMR (300 MHz, CDCl;): § = 1.05—20
(kB, 13H, CH,-3,4,5,6,7,17, CHH-18), 2.00—2.15 (kB, 2H, CHH-18, CH-8),
2.29 (m, 1H, CH-2), 2.36 (d/d, J = 14/3 Hz, 1H, CHH-9), 248 (q, / = 85
Hz, 1H, NCHH-16), 3.06 (d/d, J = 14/11.5 Hz, 1 H, CHH-9), 3.20—3.31 (kB,
2H, OCHH-20, NCHH-16), 3.37 (s, 3H, CH;-21), 3.42—3.53 (kB, 2H, NCH-
19, OCHH-20), 3.73 (s, 3H, CHy-11), 7.50 (m, 4H, ArH-13,13',14,14). — ’C-
NMR (75 MHz, CDCL,): § = 22.7 (C-17); 25.7, 26.6, 27.0, 29.2, 29.5, 30.2 (C-
3,4,5,6,7,18); 34.7 (C-9), 38.7 (C-8), 51.62, 51.66 (C-2,11), 55.4 (C-16), 59.1 (C-
21), 66.6 (C-19), 76.1 (C-20), 122.8 (C-15), 128.6 (C-13,13"), 131.4 (C-14,14),
136.9 (C-12), 162.4 (C-10), 177.1 (C-1). — IR (neat): ¥ = 3060, 2920, 2850,
2820, 2720, 1730 (C=0), 1690, 1590, 1555, 1485, 1460, 1445, 1430, 1390, 1375,
1350, 1335, 1310, 1265, 1245, 1195, 1160, 1110, 1070, 1050, 1040, 1025, 1010,
965, 910, 825, 720 (m) cm~%. — MS, m/z (%). 467/465 (2) [M* + 11, 466/
464 (8) [M*1, 421/419 (75) [M* — CH,OCH,], 352/350 (13) [M* —
C¢H,NO], 70 (16) [C4HN™], 28 (100) [CO™, C,Hi ]. — Cy3H3BrNOs
(465.4); ber. C 59.35, H 7.15, N 6.02; gef. C 59.06, H 7.05, N 6.30.

(E)-(+ )-(28,3'R)-1-{8-Brom-3-[ (methoxycarbonyl )methyl J-1-phenyloc-
tylidenamino J-2-( methoxymethyl) pyrrolidin (13): Ausb. 0.90 g (64%), SC
(E/P 1:3), [a]® = +384 (¢ = 0.71, CHCL,), de = 95% ("H/"*C-NMR). —
'H-NMR (300 MHz, CDCl3): 8 = 0.90—1.3 (kB, 6H, CH,-4,5,6), 1.6—-2.24
(kB, 8H, CH,-7,17,18, CH-3, CHH-2), 2.33 (t, J = 10 Hz, 1H, CHH-2), 2.54
(q,J = 8.5 Hz, 1H, NCHH-16), 2.70 (d/d, J = 14/4.5 Hz, 1H, CHH-9), 3.00
(d/d, J = 14/9 Hz, 1H, CHH-9), 3.21-3.33 (kB, 2H, NCHH-16, OCHH-20),
329 (t, J = 7 Hz, 2H, CH,-8); 3.38 (5, 3H, CH,-21), 347 (m, 1H, NCH-19),
3.53 (d/d, / = 8.5/4 Hz, 1H, OCHH-20), 3.67 (s, 3H, CH;-11), 7.28—7.39
(kB, 3H, ArH-14,14’,15), 7.63—7.69 (m, 2H, ArH-13,13"). — *C-NMR (75
MHz, CDCL): & = 22.6 (C-17), 25.2 (C-5/6), 27.1 (C-18), 28.0 (C-5/6), 32.5
(C-3); 32.5, 32.7, 33.6, 33.9 (C-4,7,8,9); 38.7 (C-2), 51.4 (C-11), 55.2 (C-16), 59.1
(C-21), 66.6 (C-19), 76.1 (C-20), 126.9 (C-14,14’), 128.3 (C-13,13), 128.7 (C-15),
1382 (C-12), 163.8 (C-10), 173.3 (C-1). — IR (ncat): ¥ = 3060, 3020, 2930,
2860, 2730, 1735 (C=0), 1610 (C=N), 1570, 1495, 1460, 1445, 1435, 1415,
1375, 1350, 1340, 1315, 1285, 1250, 1200, 1160, 1125, 1100, 1070, 1025, 1010,
970, 770 (m), 700 (s) cm~1. — MS, m/z (%). 469/467 (2) [M* + 1], 468/466
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(5) [M*1, 423/421 (100) [M* — CH,OCH;], 354/352 (30) [M* —
CsH;NOT, 77 (26) [CeHz T, 70 (24) [CsH{N*]. — CypHasBrN,O; (467.5): ber.
C 59.10, H 7.55, N 5.99; gef. C 59.45, H 7.52, N 6.03.

(+ )-(1S,2R }-2-Phenacylcycloheptancarbonsdure-methylester (7a). Ausb.
0.24 g (29%), SC (E/P 1:4), Schmp. 54—55°C, [o]F = +9.4 (¢ = 1.51,
CHCly), de > 97% (‘H/3*C-NMR), ee > 95% (*C-NMR des Hydrazons).
— 'H-NMR (300 MHz, CDCL): 8 = 1.37—1.87 (kB, 10H, CH,-34,5,6,7),
243 (dt, J = 10/5.5 Hz, 1H, CH-2), 2.69 (m, 1H, CH-8), 2.84 (d/d, J = 15.8/
9 Hz, 1 H, CHH-9), 2.97 (d/d, J = 15.8/4 Hz, 1H, CHH-9), 3.66 (s, 3H, CH,-
11), 7.4—7.6 (kB, 3H, ATH-14,14',15), 7.95 (m, 2H, ArH-13,13). — *C-NMR
(75 MHz, CDCly): 8 = 26.0, 26.3, 29.2, 30.1, 31.8 (C-3,4,5,6,7), 37.4 (C-8), 45.0
(C-9), 51.1 (C-2), 51.6 (C-11), 128.2, 128.5 (C-13,13",14,14"), 132.9 (C-15), 1371
(C-12), 176.9 (C-1), 199.3 (C-10). — IR (KBr): v = 3090—2990, 2940 — 2850,
1720 (C =0, Ester), 1680 (C=0, Keton), 1600, 1580, 1460, 1450, 1430, 1410,
1380, 1360, 1320, 1305, 1285, 1255, 1210, 1200, 1170, 1155, 1125, 1060, 1000,
980, 845, 755, 695 cm™'. — MS, m/z (%): 274 (3) [M"], 243 (5) [M* —
OCH,], 120 (93) [CH-C(OH)C;H5 ], 105 (100) [C(O)CeH7 1. — C1HpO5
(274.4): ber. C 74.42, H 8.08; gef. C 74.52, H 8.16.

(+)-(15,2R)-2-(4-Bromphenacyl)cycloheptancarbonsdure-methylester
(7b): Ausb. 0.48 g (45%), SC (E/P 1:4), Schmp. 28 —29°C, [«]# = +53 (¢
= 1.50, CHCI;), de > 95% (‘H/'3C-NMR), ee > 95% (**C-NMR des Hy-
drazons). — '"H-NMR (300 MHz, CDCl;): 8 = 1.36 —1.87 (kB, 10H, CH,-
3,4,5,6,7), 240 (m, 1 H, CH-2), 2.61 (m, 1 H, CH-8), 2.77 (d/d, J = 15.7/9 Hz,
1H, CHH-9), 2.94 (d/d, J = 15.7/3.7 Hz, 1H, CHH-9), 3.67 (s, 3H, CH;-11),
7.60 (d/t, J = 8.4/2.4 Hz, 2H, ArH-14,14"), 7.82 (d/t, J = 8.4/2.4 Hz, 2H,
ArH-13,13). — BC-NMR (75 MHz, CDCl,): § = 26.0, 26.2, 29.1, 30.1, 31.7
(C-3,4,5,6,7), 37.4 (C-8), 45.1 (C-9), 51.1 (C-2), 51.7 (C-11), 128.1 (C-15), 129.8
(C-13,13),131.9(C-14,14'),135.8 (C-12), 176.9 (C-1), 198.3 (C-10). — IR (KBr):
v = 3090—3005, 2920, 2860, 1725 (C= 0O, Ester), 1680 (C=0, Keton), 1585,
1570, 1485, 1465, 1450, 1435, 1425, 1410, 1395, 1370, 1305, 1290, 1270, 1255,
1245, 1210, 1175, 1160, 1110, 1075, 1040, 1025, 1010, 995, 930, 815, 790 (m)
cm~!. — MS, mjz (%): 355/353 (1) [M* + 1], 354/352 (4) [M*], 323/321
(39 [M* — OCH;], 200/198 (65) [CH,C(OH)C¢H,Br*], 185/183 (50)
[C(O)CsH,Br™], 28 (100) [CO™*, C;Hy ]. — C;7H4BrO;(353.3): ber. C 57.80,
H 5.99; gef. C 57.60, H 6.11.

(+ )-(3R)-8-Brom-3-phenacyloctansdure-methylester (12): Ausb. 045 g
47%), SC (E/P 1:1), [0]8 = +0.54 (c = 1.85, CHCl,), de > 98% ('H/"*C-
NMR), ee > 95% (*C-NMR des Hydrazons). — 'H-NMR (300 MHz,
CDCl): § = 1.30—1.48 (kB, 6H, CH,-5,6,7), 1.83 (m, 2H, CH,-4), 2.38 (d/d,
J = 155/7.5 Hz, 1H, CHH-2), 2.44 (d/d, J = 15.5/6 Hz, 1H, CHH-2), 2.57
(m, 1H, CH-3), 2.94 (d/d, J = 16.8/6.4 Hz, 1H, CHH-9), 3.09 (d/d, J = 16.8/
6.7 Hz, 1H, CHH-9), 3.37 (t, J = 7 Hz, 2H, BrCH;-8), 3.64 (s, 3H, CH,-11),
7.4—7.6 (kB, 3H, ArH-14,14',15), 7.96 (m, 2H, ArH-13,13"). — C-NMR (75
MHz, CDCl;): 8 = 25.9 (C-5), 28.1 (C-6), 31.2 (C-3), 32.6 (C-7), 33.7, 33.9 (C-
4,8), 38.3 (C-2), 42.6 (C-9), 51.4 (C-11), 128.0 (C-14,14), 128.5 (C-13,13), 133.0
(C-15), 137.1 (C-12), 173.0 (C-1), 199.2 (C-10). ~ IR (neat): ¥ = 3060 — 3000,
2930, 2860, 1735 (C=0O, Ester), 1685 (C= 0, Keton), 1600, 1580, 1460, 1450,
1435, 1410, 1375, 1320, 1270, 1250, 1215, 1180, 1160, 1015 (s), 695 cm~'. —
MS, m/z (%) 356/354 (1) [M™], 325/323 (1) [M* — OCH;], 120 (85)
[CH,C(OH)C¢H¢" ], 105 (100) [CcHsCO™], 77 (50) [C¢Hs ], — Cy7H23BrO;
(355.3): ber. C 57.47, H 6.52; gef. C 57.45, H 6.50.

(+ )-(28,1"R,2"R)-1-{1-[ 2-( Methoxycarbonyl )-3-oxocyclopent ylmethyl -
pentylidenamino }-2-(methoxymethyl ) pyrrolidin (28a): Ausb. 0.24 g (42%), SC
(E/P1:1), E/Z 1:1, [2]8 = +80(c = 1.39, CHCly). — 'H-NMR (300 MHz,
CDCl;): & = 093 (t, J = 7.1 Hz, 3H, CH;-13), 1.2—1.73 (kB, 6 H, CH.,-
12,15,16), 1.73—2.60 (kB, 10H, CH,-4,5,10,11, CH-6, NCHH-14), 2.60—3.44
(kB, 7H, CH,-7, CH-2, NCHH-14, OCH,-18, NCH-17), 3.32 (s, 3H, OCH;-
19), 3.76 (s, 3H, OCH;-9). — PC-NMR (75 MHz, CDCLy): (E/Z)-Isomere: &
= 13.9/13.9 (C-13), 21.9/22.2 (C-15), 22.5/22.9 (C-12), 26.6/26.7 (C-11), 27.2/
27.3 (C-16), 28.4/29.6 (C-5), 35.7/38.2 (C-4/7), 36.7/38.3 (C-6), 38.3/40.6 (C-4/
7), 42.9/46.8 (C-10), 52.4/52.4 (C-9), 55.0/55.0 (C-14), 59.0/59.1 (C-19), 61.1/
61.3 (C-2), 66.0/66.2 (C-17), 75.2/75.7 (C-18), 166.9/169.4 (C-8), 169.1/169.3 (C-
1), 210.7/211.3 (C-3). — IR (neat): ¥ = 2955, 2930, 2875, 1760, 1730, 1660,
1605, 1460, 1435, 1410, 1380, 1345, 1270, 1200, 1125, 1045, 1015, 1000, 980,
920, 780, 735 cm~'. — MS, m/z (%) 352 (2) [M*], 307 (6) [M* —
CH,0CH;], 141 (100) [C;H,05 ], 70 (10) [C4HN ' ]. — C;yH3;N,0; (352.5):
ber. C 64.75, H 9.15, N 7.95; gef. C 64.96, H 9.19, N 7.97.

(Z)-(+)-(28, 1”R,2"R)-1—{1-[2— ( Methoxycarbonyl )-3-oxocyclopentylme-
thyl ]-3-methylbutylidenamino }-2-(methoxymethyl ) pyrrolidin (28b). Ausb. 0.52
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g (37%), SC (E/P 1:1), [«]¥ = +125.1 (¢ = 1.12, CHCI;). — 'H-NMR (300
MHz, CDCL): 8 = 092 (2 d, J = 64 Hz, 6H, CH,-12,13), 1.45—1.88 (kB,
4H, CH1516), 1.88—2.54 (kB, 9H, CH,-4,5,10, CH-6,11, NCHH-14),
2.8—345 (kB, TH, CH,-7, NCHH-14, CH-2, NCH-17, OCH,-18), 3.31 (s, 3H,
OCH;-19), 3.77 (s, 3H, OCH;9). — *C-NMR (75 MHz, CDCl;): 3 = 21.9
(C-15), 23.0 (C-12,13), 26.4 (C-5/16), 26.5 (C-11), 26.7 (C-5/16), 34.7 (C-4), 38.2
(C-7), 38.3 (C-6), 44.7 (C-10), 52.5 (C-9), 55.0 (C-13), 59.0 (C-19), 61.3 (C-2),
66.1 (C-17), 75.2 (C-18), 168.3 (C-8), 169.1 (C-1), 210.7 (C-3). — IR (neat): v
= 2955, 2870, 1760, 1730, 1660, 1620, 1460, 1435, 1410, 1385, 1365, 1345,
1270, 1200, 1165, 1125, 1045, 1015, 1000, 985, 920, 755 cm~". — MS, m/z
(%) 352 (8) [M~1, 307 (100) [M* — CH,OCH;], 70 (12) [C{HsN*]. —
C1sH3N,0; (352.5): ber. C 64.75, H 9.15, N 7.95; gef. C 64.66, H 9.40, N 8.51.

(E)-(+ )-(28,1"R,2"R)-1-{2-[ 2-( Methoxycarbonyl )-3-oxocyclopentyl ]-1-
phenylethylidenamino )-2-(methoxymethyl )pyrrolidin  (28¢): Ausb. 1.10 g
(59%), SC (E/P 1:2), [e]¥ = +401 (¢ = 1.09, CHCL). — 'H-NMR (300
MHz, CDCly): 8 = 1.42-198 (kB, SH, CH,-15,16, CHH-5), 2.0—2.22 (kB,
2H, CHH-5, CHH-4), 2.35 (m, 1H, CHH-4), 2.56 (q, J = 8.4 Hz, 1H, CHH-
14), 2.77 (m, 1H, CH-6), 2.88—3.06 (kB, 2H, CHH-7), 3.16—3.56 (kB, SH,
CHH-7, CHH-14, NCH-17, OCH,-18), 3.37 (s, 3H, OCH;-19), 3.75 (s, 3H,
OCH,;-9), 7.36 (kB, 3H, ArH-12,12",13), 7.68 (m, 2H, ArH-11,11"). — "*C-
NMR (75 MHz, CDClLy): 8 = 22.5 (C-15), 26.0, 26.6 (C-5,16), 33.2, 38.1 (C-
4,7), 38.7 (C-6), 52.4 (C-9), 55.4 (C-14), 59.0 (C-19), 61.2 (C-2), 66.7 (C-17), 75.5
(C-18), 126.8 (C-12,12"), 128.5 (C-11,11"), 129.1 (C-13), 137.6 (C-10), 162.4 (C-
8), 169.0 (C-1), 210.5 (C-3). — IR (neat): v = 3055, 2955, 2875, 1755 (C=0),
1730 (C=0), 1660, 1610, 1570, 1495, 1445, 1405, 1345, 1310, 1270, 1225, 1200,
1165, 1125, 1070, 1045, 1020, 1005, 915, 885, 850, 775, 700 cm~'. — MS,
m/z (%): 373 3) [M* + 1], 372 (10) [M*], 327 (100) [M* — CH,OCH;],
295 (21) [M™* — C¢Hs], 109 (13) [C(O)CeHs'], 70 (8) [CHgN*]. —
C1HsN;0; (372.5): ber. C 67.72, H 7.58, N 7.52; gef. C 68.14, H 7.52, N 7.83.

(E)-(+)-(2S,1"R,2°R)-1-{1-(4-Bromphenyl )-2-[ 2-( methoxycarbonyl )-3-
oxocyclopentyl Jethylidenamino }-2-( methoxymethyl )pyrrolidin  (28d): Ausb.
0.72 g (53%), SC (E/P 1:2), [a]¥ = +402 (¢ = 1.04, CHCl;). — 'H-NMR
(300 MHz, CDCl;): 8 = 1.41—20 (kB, 5H, CH,-15,16, CHH-5), 2.0~2.24
(kB, 2H, CHH-5, CHH-4), 2.37 (d/d br, J = 18/8 Hz, 1H, CHH-4), 2.56 (q,
J = 8.4 Hz, 1H, NCHH-14), 2.75 (m, 1 H, CH-6), 2.92 (d/d, J = 13.8/4.7 Hz,
1H, CHH-7),2.99 (d, / = 11.1 Hz, 1H, CH-2), 3.19 (d/d, J = 13.8/10.1 Hz,
1H, CHH-7), 3.24—3.56 (kB, 4H, OCH,-18, NCHH-14, NCH-17), 3.36 (s,
3H, OCH;-19), 3.77 (s, 3H, OCHj;-9), 7.44—7.64 (kB, 4H, p-subst. Aromat).
— BC-NMR (75 MHz, CDCl,): 8 = 22.7 (C-15), 26.0, 26.7 (C-5,16), 33.2 (C-
4), 38.2 (C-7), 38.7 (C-6), 52.5 (C-9), 55.6 (C-14), 59.1 (C-19), 61.2 (C-2), 66.8
(C-17), 75.6 (C-18), 123.4 (C-13), 128.4 (C-11), 131.7 (C-12), 136.6 (C-10), 160.4
(C-8),168.9(C-1),210.2(C-3). — IR (neat): v = 2970, 2955, 2875, 1755 (C=0),
1730(C=0), 1660, 1610, 1590, 1560, 1490, 1435, 1390, 1345, 1310, 1270, 1225,
1200, 1120, 1075, 1040, 1010, 915, 885, 830 cm~'. — MS, m/z (%): 452/450
(9) [M 7], 407/405 (100) [M* — CH,OCH;]. — C;H,BrN,O; (451.4); ber.
C 55.88, H 6.03, N 6.21; gef. C 56.07, H 6.05, N 6.55.

(E)-( +)-(28,1"R,2"R)-1-{2-[ 2-( Methoxycarbonyl )-3-oxocyclopentyl ]-1-
(2-naphthyl )ethylidenamino }-2-(methoxymethyl) pyrrolidin (28e): Ausb. 0.64 g
(51%), SC (E/P 1:2), [e]¥ = +374 (¢ = 1.06, CHCL). — 'H-NMR (300
MHz, CDCl;): 8 = 1.46—2.16 (kB, 6H, CH,-21,22, CHH-4,5), 2.25—2.40
(d/d, J = 18/8 Hz, 1 H, CHH-4), 2.50—2.65 (q, J = 8.4 Hz, 1H, NCHH-20),
2.70—3.20 (kB, 3H, Ch-2,6, CHH-7), 3.20—3.65 (kB, 5H, CHH-7, OCH,-24,
NCHH-20, NCH-23), 3.39 (s, 3H, OCHj;-25), 3.89 (s, 3H, OCH-9), 7.2 —8.2
(kB, 7H, ArH-B-Naphthyl). — 3*C-NMR (75 MHz, CDCL,): § = 22.6 (C-21),
26.0, 26.7 (C-5,22), 33.2, 38.1 (C-4,7), 38.9 (C-6), 52.4 (C-9), 55.6 (C-20), 59.0
(C-25), 61.2 (C-2), 66.8 (C-23), 75.6 (C-24), 124.4, 126.3, 126.3, 126.5, 127.6,
128.1, 128.5 (tert. C-B-Naphthyl); 133.4, 133.7, 1350 (quart. C-f-Naphthy!l);
161.7 (C-8), 168.9 (C-1), 210.4 (C-3). — IR (neat): v = 3060, 2955, 2875, 1755
(C=0), 1730 (C=0), 1660, 1600, 1505, 1460, 1435, 1405, 1345, 1310, 1275,
1240, 1225, 1200, 1125, 1040, 1020, 1000, 980, 945, 910, 860, 825, 750 cm .
— MS, m/z (%) 423 (5) [M* + 1], 422 (16) [M*], 377 (100) [M* —
CH,OCHj,], 127 (24) [C;oH7 1, 114 (6) [CsH;,NO*], 70 (12) [C,HN*]. —
CysH3N,O; (422.5): ber. C 71.07, H 7.16, N 6.63; gef. C 71.32, H 6.89, N 6.94.

{ —)-(1R,5R)-2-Ox0-5-( 2-0oxohexyl Jcyclopentancarbonsdure-methylester
(27a): Ausb. 0.18 g (16%), SC (E/P 1:2), Sdp. 100°C/10~? mbar, ds = 90%
("H-NMR), [o]¥ = —48.8 (c = 1.09, CHCIy). — 'H-NMR (300 MHz, CDCL,):
& = 091 (t,J = 71 Hz, 3H, CH;-13), 1.32 (t/q, J = 7.4/7.1 Hz, 2H, CH.-
12), 1.43—-1.62 (kB, 3H, CH,-11, CHH-5), 2.28—2.48 (kB, 5H, CH,-4,10,
CHH-5), 2.55—-3.10 (kB, 4H, CH-2.6, CH--7), 3.75 (s, 3H, CH;-9). — “C-
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NMR (75 MHz, CDCLy): § = 13.8 (C-13), 22.3 (C-12), 25.8 (C-11), 27.3 (C-5),
36.8 (C-6), 38.3 (C-4), 42.9 (C-10), 46.8 (C-7), 52.4 (C-9), 60.7 (C-2), 169.3 (C-
1), 208.9 (C-8), 210.7 (C-3). — IR (neat): ¥ = 2960, 2935, 2875, 1760, 1730
(br), 1660, 1620, 1460, 1435, 1410, 1380, 1345, 1270, 1235, 1200, 1170, 1130,
1045, 1020, 1000, 980, 920 cm~', — MS, m/z (%) 240 (8) [M*], 209 (10)
[M* — OCH;], 183 (22) [M* — C.H,], 141 (78) [M* — CH,C(O)C,Hy],
123 (22) [G;:H,057], 85 (81) [C(O)C4Hy ), 41 (100) [C5Hs ], — Ci3HyO4
(240.3): ber. C 64.98, H 8.39; gef. C 64.85, H 8.50.

{—)-{1R,5R)-2-Ox0-5-( 4-methyl-2-oxopentyl )cyclopentancarbonsdure-
methylester (27b): Ausb. 0.17 g (14%), SC (E/P 1:1), Sdp. = 90°C/10~2 mbar,
ds = 68% ('"H-NMR), [a]¥ = —43.6 (¢ = 1.37, CHCL;). — '"H-NMR (300
MHz, CDCLy): 8§ = 092 (2d, J = 64 Hz, 6H, CH;-12,13), 1.48—1.58 (m,
1H, CHH-5), 206—2.22 (m, 1H, CH-11), 222—2.57 (kB, 5H, CH,-4,10,
CHH-5), 2.57—3.2 (kB, 3H, CH-2,6, CHH-7), 3.5 (d/d, / = 14/7.1 Hz, 1H,
CHH-7), 3.76 (s, 3H, CHx-9). — *C-NMR (75 MHz, CDCl): & = 22.5 (C-
12/13), 24.6 (C-11), 27.3 (C-5), 36.7 (C-6), 38.3 (C-4), 47.4 (C-7), 52.1 (C-10),
52.5 (C-9), 60.7 (C-2), 169.3 (C-1), 208.5 (C-8), 210.7 (C-3). — IR (neat): v =
2955, 2875, 1760, 1730 (br), 1660, 1620, 1465, 1435, 1410, 1370, 1345, 1270,
1200, 1170, 1145, 1125, 1045, 985, 920, 735 cm~'. — MS, m/z (%): 240 (16)
[M*], 183 (29) [M* — C,Hs], 141 (45) [M* — CH,C(O)C,Hy], 109 (55)
[CsHs051, 85 (74) [C(O)C,Hy ], 41 (100) [CsHi . — Cy3Hx0,4 (240.3): ber.
C 64.98, H 8.39; gef. C 64.66, H 8.82.

(—)-(1R5R)-2-Oxo0-5-phenacylcyclopentancarbonsdure-methylester (27c):
Ausb. 0.21 g (16%), SC (E/P 1:1), ds = 82% (‘H-NMR), Schmp. 80°C,
[a]¥ = —390 (¢ = 1.14, CHCl;). — 'H-NMR (300 MHz, CDCly): § =
1.48—1.70 (t/d, / = 10/3 Hz, 1H, CHH-5), 2.3-2.5 (kB, 3H, CH,-4, CHH-
5), 3.0—3.35 (kB, 4H, CH-2,6, CH,-7), 3.75 (s, 3H, CH,-9), 7.47—7.96 (kB,
5H, ArH). — BC-NMR (75 MHz, CDCly): 3 = 27.3 (C-5), 37.1 (C-6), 38.3
(C-4), 42.9 (C-7), 52.4 (C-9), 60.8 (C-2), 128.0 (C-12,12"), 128.7 (C-11,11"),133.3
(C-13), 136.6 (C-10), 169.3 (C-1), 197.9 (C-8), 210.7 (C-3). — IR (KBr): v =
3080 —2850, 1750, 1720, 1685, 1595, 1580, 1450, 1440, 1400, 1385, 1350, 1315,
1285, 1235, 1225, 1205, 1165, 1140, 1125, 1090, 1025, 995, 935, 755, 695, 575,
515 cm™! — MS, m/z (%) 260 (6) [M™], 229 (5) [M* — OCH;], 201 (7)
[M* —~ CO,CH;], 141 (200 [M' — C(O)C¢Hs], 120 (18)
[CHC(OH)C¢Hs" ], 105 (100) [C(O)CeHS 1, 77 (57) [CeHs']. — CisHi604
(260.3): ber. C 69.22, H 6.20; gef. C 69.18, H 6.43.

(—)-(1R,2R )-2-(4-Bromphenacyl )-5-oxocyclopentancarbonsdure-methyl-
ester (27d): Ausb. 0.22 g (16%), SC (E/P 1:1), ds = 81% (‘H-NMR), Schmp.
101°C, [0]# = —27.4 (c = 1.06, CHCly): — 'H-NMR (300 MHz, CDCl;):
8§ = 1.5-1.68 (m, 1H, CHH-5), 2.3-2.55 (kB, 3H, CH,4, CHH-5),
2.97—3.56 (kB, 4H, CH-2,6, CH,-7), 3.76 (s, 3H, CH-9), 7.62—7.82 (kB, 4H,
p-subst. ArH). — >C-NMR (75 MHz, CDCl,): § = 27.3 (C-5), 37.0 (C-6), 38.3
(C-4), 42.9 (C-7), 52.5 (C-9), 60.7 (C-2), 128.5 (C-13), 129.6 (C-11,11"), 132.0
(C-12,12'), 135.3 (C-10), 169.2 (C-1), 196.9 (C-8), 2104 (C-3). — IR (KBr): ¥
= 3015—-2895, 1745, 1725, 1685, 1590, 1570, 1485, 1460, 1450, 1440, 1400,
1375, 1340, 1280, 1230, 1200, 1180, 1165, 1135, 1120, 1090, 1080, 1070, 1030,
1010, 985, 815, 800, 565 cm~'. — MS, m/z (%): 340/338 (9) [M*], 200/198
(20) [CH;C(O)C¢H,Br*1], 185/183 (80/91) [C(O)C¢H,Br*], 157/155 (32)
[CeH,Br*], 141 (74), 140 (94), 123 (100) [C,H,05 ], 109 (78) [CcHs0:"], 76
(45) [CsH ). — CysH sBrO, (339.2): ber. C 53.12, H 4.46; gef. C 52.91, H 4.41.

(~)-(1R,2R)-2-(2-Naphthyl-2-oxoethyl)-5-oxocyclopentancarbonsdure-
methylester (27€): Ausb. 0.31 g (20%), SC (E/P 1:1), ds = 83% (‘H-NMR),
Schmp. 127°C, [a]f = —17.4 (¢ = 0.54, CHCl;). — 'H-NMR (300 MHz,
CDCly): 8 = 1.52—1.74 (m, 1H, CHH-5), 2.2 —-2.65 (kB, 3H, CH,-4, CHH-
5), 3.05—3.58 (kB, 4H, CH-2,6, CH»-7), 3.78 (s, 3H, CH;-9), 7.5—8.5 (kB, 7H,
B-Naphthyl-H). — *C-NMR (75 MHz, CDCly): § = 27.4 (C-5), 37.3 (C-6),
38.4 (C-4), 43.0 (C-7), 52.5 (C-9), 60.9 (C-2); 123.7, 126.9, 127.8, 128.61, 128.65,
129.6, 129.8 (tert. C-B-Naphthyl); 132.5, 133.9, 135.7 (quart. C-B-Naphthyl);
169.3 (C-1), 197.8 (C-8), 210.6 (C-3). — IR (KBr): ¥ = 3060 —2900, 1745, 1720,
1685, 1630, 1595, 1575, 1505, 1435, 1405, 1380, 1360, 1340, 1280, 1255, 1220,
1200, 1175, 1135, 1090, 1035, 1020, 985, 820, 750 cm~'. — MS, m/z (%): 311
(5) (M*™ + 1], 310 (23) [M*], 170 (65) [CH,C(OH)C;,H ], 155 (100)
[CO)C\oH/ ], 141 (15) [M" — CH,C(O)CioH,], 127 (85) [CyoHS ] —
CioH 304 (310.4): ber. C 73.53, H 5.85; gef. C 73.75, H 5.92.

(+)-(28,1"R,2'S }-2-( Methoxymethyl )-1-[ 1- {3-methyl-1-[ 2-( phenylsulfo-
nyl)cyclopentylmethyl Jbutylidenamino Jpyrrolidin (25a): Ausb. 0.64 g (51%),
SC (E/P 1:2), E/Z = 1:3.5, de (trans) > 90% (C-NMR) [0]¥ = +679 (c
= 1.29, CHCly). —~ 'H-NMR (300 MHz, CDCL): 8§ = 0.84,0.86 2d, J =
6.5 Hz. 6H. CH;-21.22). 1.32 (m, CHH-5Z), 1.45 (m, CHH-5E), 1.55—2.6 (kB,
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16H, CH,-3,4,7,14,15,19, CHH-5, CH-6,20, NCHH-13), 2.79—3.4 (kB, 5H,
OCH,-17, NCH-16, NCHH-13, CH-2), 3.28 (s, OCH;-182), 3.31 (s, OCH;-
18E), 7.5—8.0 (kB, 5H, ArH). — *C-NMR (75 MHz, CDCly): (Z)-Isomer
(Hauptisomer): 8 = 22.05 (C-14), 22.37, 22.46 (C-21,22), 24.57 (C-4), 26.24 (C-
20), 26.55 (C-15), 27.38 (C-3), 32.38 (C-5), 35.75 (C-7, cis), 37.48 (C-6), 45.02
(C-19, trans), 55.30 (C-13), 59.02 (C-18), 66.00 (C-16), 68.94 (C-2), 75.30 (C-
17), 128.61 (C-10,107), 129.18 (C-11,11"), 133.47 (C-12), 138.88 (C-9), 169.25 (C-
8). — (E)-Isomer (UnterschuBisomer): 8 = 22.05(C-14), 22.41, 22.84 (C-21,22),
24.83 (C-4), 25.52 (C-20), 26.79 (C-15), 28.04 (C-3), 32.86 (C-5), 37.77 (C-6);
39.09, 41.76 (C-7, trans/C-19, cis);, 55.03 (C-13), 59.10 (C-18), 66.18 (C-16),
68.21 (C-2), 75.68 (C-17), 128.53 (C-10,10"), 129.18 (C-11,11"), 133.47 (C-12),
138.88 (C-9), 168.74 (C-8). — IR (neat): ¥ = 3060, 2950, 2860, 1710, 1620,
1580, 1460, 1445, 1380, 1365, 1300, 1285, 1195, 1175, 1140, 1085, 1065, 1020,
995, 960, 760, 730, 720, 690 cm™!. — MS, m/z (%): 421 (1) [M* + 1], 420
(3) [M™*], 375 (100) [M* — CH,OCH;], 279 (37) [M* — SO,C¢Hs], 77 (8)
[CeHs 1, 70 (8) [C4HgN™]. — Cy3H;36N203S (420.6): ber. C 65.68, H 8.63,
N 6.66; gef. C 65.51, H 8.61, N 6.86.

(+)-(25,1"R,2"S )-1-{1-(4-Bromphenyl )-2-[ 2-( phenylsulfonyl )cyclopen-
tylJethylidenamino }-2- (methoxymethyl ) pyrrolidin (25b): Ausb. 1.25 g (80%),
SC (E/P 1:1), E/Z = 2.3:1, de (trans) = > % (*C-NMR), [oa]& = +277
(¢ = 1.66, CHCly). — '"H-NMR (300 MHz, CDCLy): § = 1.31 (m, CHH-3E),
1.4—2.2 (kB, 9H, CH,-3,4,14,15, CHH-5), 2.35—3.08 (kB, 4H, CH-6, CH,-7,
NCHH-13), 3.15—3.5 (kB, 5H, OCH,-17, NCH-16, NCHH-13, CH-2), 3.34
(s, OCH;-182), 3.35 (s, OCH;-18E), 7.4 ~7.9 (kB, 9H, ArH). — *C-NMR (75
MHz, CDCLy): (E)-Isomer: 3 = 22.8 (C-14), 24.3 (C-4), 26.8 (C-15), 27.3 (C-
3), 32.1 (C-5), 34.0 (C-7), 37.8 (C-6), 55.7 (C-13), 59.1 (C-18), 66.7 (C-16), 68.7
(C-2), 75.5(C-17), 123.0 (C-22); 128.3, 128.4, 129.0, 131.3 (C-10,11,20,21); 133.4
(C-129, 137.1 (C-19), 138.4 (C-9), 160.7 (C-8). — (Z)-Isomer: 3 = 22.6 (C-14),
24.3 (C-4), 26.7 (C-15), 28.2 (C-39, 31.4 (C-5), 34.2 (C-7), 38.6 (C-6); 55.5 (C-
13), 59.0 (C-18), 66.6 (C-16), 69.2 (C-2), 75.6 (C-17), 123.0 (C-22); 128.5, 129.2,
131.5 (C-10,11,20,21); 133.6 (C-12), 136.4 (C-19), 138.6 (C-9), 161.4 (C-8). —
IR (neat): ¥ = 3060, 2960, 2870, 2830, 2730, 1585, 1490, 1445, 1390, 1350,
1305, 1290, 1230, 1200, 1180, 1145, 1110, 1085, 1070, 1025, 1005, 970, 950,
835, 760, 740 cm !, — MS, m/z (%) 521/519 (1) [M* + 1], 520/518 (3)
[M*], 475/473 (100/84) [M* - CH,0OCH,], 406/404 (26) [M* —
C¢H;,NO], 379/377 (24) [M* — SO,C¢Hs], 77 (20) [C¢Hs"], 70 (21)
[C;HN*T.

{+)-(25,1"R,2"S )-2-( Methoxymethyl )-1-{1-( 2-naphthyl )-2-[ 2-( phenyl-
sulfonyl ) cyclopentyl Jethylidenamino Jpyrrolidin (25¢): Ausb. 1.05 g (71%), SC
(E/P 1:1), E/Z = 1:1.3, de (trans) > 95% (*C-NMR), [o]¥ = +416 (c =
0.88, CHCly). — 'H-NMR (300 MHz, CDCLy): & = 1.34—1.43 (kB, 2H, CHH-
4,5), 1.43—1.62 (kB, 2H, CHH-4,5), 1.70 {m, 1H, CHH-15), 1.80—1.99 (kB,
4H, CH,-3,14), 2.07 (m, 1H, CHH-15), 2.53 (g, J = 8.5 Hz, 1 H, NCHH-13),
2.65 (m, 1H, CH-6), 3.06 (d/d, / = 13.7/4 Hz, 1H, CHH-7), 3.23—3.40 (kB,
4H, CHH-7, CH-2, NCHH-13, OCHH-17), 3.37 (s, 3H, CH;-18), 3.47—-3.58
(kB, 2H, NCH-16, OCHH-17), 7.39—7.59 (kB, SH, ArH), 7.77—7.95 kB, 6 H,
ArH), 8.10 (s, 1 H, p-Naphthyl-H). — >C-NMR (75 MHz, CDCl,): (E)-Isomer:
3 = 22.6 (C-14), 24.5 (C-4), 26.8 (C-15), 28.3 (C-3), 31.5 (C-5), 34.4 (C-7), 39.0
(C-6), 55.5 (C-13), 59.0 (C-18), 66.6 (C-16), 69.3 (C-2), 75.7 (C-17); 124.6, 126.2,
126.38, 126.42, 127.5, 128.1, 128.55 (tert. C-B-Naphthyl); 128.61, 129.1 (C-
10,10,11,11°); 133.2, 133.6, 134.9 (quart. C-B-Naphthyl); 133.5 (C-12), 138.5
(C-9), 162.7 (C-8). — (Z)-Isomer: § = 22.8 (C-14); 24.3 (C-4), 26.8 (C-15), 27.3
(C-3), 32.1 (C-5), 34.1 (C-7), 38.1 (C-6), 55.7 (C-13), 59.1 (C-18), 66.8 (C-16),
68.8 (C-2), 75.5 (C-17); 124.5, 126.1, 126.4, 127.5, 127.9, 128 .4 (tert. C-B-Naph-
thyl); 128.4, 128.8 (C-10,10",11,11°); 133.08, 133.6, 135.6 (quart. C-B-Naphthyl);
133.15 (C-12), 138.3 (C-9), 162.8 (C-8). — IR (KBr): ¥ = 30602830, 1600,
1585, 1505, 1450, 1350, 1305, 1290, 1235, 1200, 1180, 1145, 1085, 1075, 1025,
1000, 970, 945, 910, 865, 825, 755, 735 cm~ 1. — MS, m/z (%) 491 (1) [M~*
+ 1], 490 (3) [M™], 445 (76) [M* — CH,OCHj], 376 (37) [M* —
C4H;NOT, 349 (23) [M* — SO,CH;], 127 (67) [CioHi ], 81 (100) [CeH5 1,
77 (48) [CeH{ 1, 70 (29) [CsHgN™].

(—)-(1R,2S)-1-(4-Methyl-2-oxopentyl)-2-( phenylsulfonyl )cyclopentan
(24a): Ausb. 0.21 g (87%), SC (E/P 10:1), de > 99% (GC), ee > 90% (*C-
NMR des Hydrazons), [o0]3 = —24.2 (c = 0.60, CHCl;). — 'H-NMR (300
MHz, CDCly): 3 = 0.87,0.88 (2d,J = 6.5 Hz, 6H, CH;-15,16), 1.27 (d/q, J
= 12.5/8 Hz, 1H, CHH-5), 1.63 (m, 2H, CH,-4), 1.86 (m, 1H, CHH-3),
1.97--2.14 (kB, 3H, CHH-3,5,14), 220 (d, J = 6.5 Hz, 2H, CH,-13), 2.42
(d/d, J = 17/9.5 Hz, 1 H, CHH-7), 2.64 (d/d, J = 17/4 Hz, 1H, CHH-7), 2.80
(;quint*/d, J = 8/4 Hz, 1H, CH-6), 3.26 (d/d/d, J = 9/7.5/6 Hz, 1 H, CH-2),
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7.53—7.69 (kB, 3H, ArH-11,11",12), 7.89 (m, 2H, ArH-10,10). — BC-NMR
(75 MHz, CDCl,): & = 22.50, 22.55 (C-15,16), 24.58 (C-14), 24.66 (C-4), 28.0
(C-3), 33.0 (C-5), 36.2 (C-6), 47.8 (C-7), 51.9 (C-13), 68.1 (C-2), 128.6, 129.2 (C-
10,10",11,11%), 133.6 (C-12), 138.5 (C-9), 209.1 (C-8). — IR (neat): ¥ = 3060,
2950, 2860, 1705 (C = 0), 1585, 1465, 1445, 1405, 1365, 1290, 1230, 1205, 1140,
1085, 1070, 1035, 1020, 1000, 950, 760, 730, 720, 690, 670 cm~'. — MS, m/z
(%) 309 (2) [M* + 1], 308 (7) [M*1], 266 (7) [M* — C;Hq], 251 (12) [M*
— C4Hy], 209 (23) [CsHySO,CeHz 1, 167 (22) [M* — SO,CeHs], 109 (17)
[CsH,CO*7, 85 (100) [C(O)C,Hy 1, 77 (23) [C4H5 1, 67 (39) [CsH5 T, 57 (85)
[CiHg . — Ci7HOsS (308.4): ber. C 66.20, H 7.84; gef. C 65.80, H 7.61.

(—)-(1R,28 )-1-(4-Bromphenacyl)-2-( phenylsulfonyl )cyclopentan ~ (24b):
Ausb. 0.76 g (78%), SC (E/P 10:1), Schmp. 104°C, de > 99% (GC), ee >
92% (**C-NMR des Hydrazons), [«]¥ = —9.4 (¢ = 0.66, CHCly). — 'H-
NMR (300 MHz, CDCL): 8 = 1.37 (d/q, J = 12.5/8 Hz, 1H, CHH-5), 1.65
(m, 2H, CH,-4), 1.81—1.95 (m, 1H, CHH-3), 1.97—2.16 (kB, 2H, CHH-3,5),
2.88—3.04 (kB, 2H, CH-6, CHH-7). 3.29—-343 (kB, 2H, CH-2, CHH-7),
7.51—17.67 (kB, 5H, ArH), 7.77 (d/t, / = 8.7/2 Hz, 2H, ArH-15,15"), 791
(d/t, J = 8.7/2 Hz, 2H, ArH-14,14), — BC-NMR (75 MHz, CDCL): § =
24.6 (C-4), 28.2 (C-3), 32.9 (C-5), 36.8 (C-6), 43.5 (C-7), 68.3 (C-2), 128.3 (C-
16), 128.6, 129.2 (C-10,10",11,11"), 129.6 (C-14,14"), 131.9 (C-15,15%), 133.6 (C-
12), 135.3 (C-13), 138.4 (C-9), 197.5 (C-8). — IR (KBr): ¥ = 30902865, 1680
(C=0), 1590, 1570, 1485, 1445, 1410, 1400, 1375, 1325, 1305, 1295, 1255,
1225, 1195, 1180, 1160, 1145, 1120, 1105, 1085, 1075, 1055, 1025, 1010, 990,
810, 800, 765, 735, 690, 595, 570, 540 cm™!. — MS, m/z (%): 409/407 (1) [M*
+ 17, 408/406 (4) [M*], 267/265 (24) [M* — SO,C¢Hs], 209 (15) [M* —
CH,C(OH)C¢H,4Br], 208 (11) [CsH,SO,C¢Hs ], 200/198 (33) [CH,C(OH)-
CsH,Br*], 185/183 (100) [C(O)CsH,Br™], 157/155 (18) [C¢H4Br ™1, 77 (13)
[CeH5 1, 76 (12) [CeHi ], 67 (37) [CsHi]. — CyoHyeBrO;S (407.3): ber.
C 56.03, H 4.70; gef. C 56.11, H 4.60.

{+ )-(1R,2S)-1-] 2-( 2-Naphthyl)-2-oxoethyl |-2-( phenylsulfonyl )cyclopen-
tan (24¢): Ausb. 0.18 g (93%), Schmp. 120°C, de > 99% (GC), ee > 95%
(3 C-NMR des Hydrazons), [¢]8# = +50.0 (¢ = 0.46; CHCly). — 'H-NMR
(300 MHz, CDCl;): 8 = 144 (d/q, J = 12.5/7.8 Hz, 1H, CHH-5), 1.67 (m,
2H, CH4), 1.93 (m, 1H, CHH-3), 2.01 —2.2 (kB, 2H, CHH-3,5), 298 —3.15
(kB, 2H, CHH-7, CH-6), 3.42—3.58 (kB, 2H, CHH-7, CH-2), 7.48 — 7.64 (kB,
5H, ArH), 7.84—8.00 (kB, 6H, ArH), 8.46 (s, 1H, p-Naphthyl-H). — “C-
NMR (75 MHz, CDCl,): § = 24.7 (C-4), 28.3 (C-3), 33.0(C-5), 37.2 (C-6), 43.6
(C-7), 68.5 (C-2); 123.7, 126.8, 127.7, 128.47, 128.53, 129.63, 129.98 (tert. C-B-
Naphthyl); 128.69, 129.20 (C-10,10",11,11"); 132.51, 133.90, 135.6 (quart. C-3-
Naphthyl); 133.61 (C-12), 1385 (C-9), 198.5 (C-8). — IR (KBr); v =
3060 —2860, 1680 (C=0), 1625, 1595, 1510, 1470, 1445, 1410, 1390, 1375,
1360, 1320, 1300, 1285, 1255, 1230, 1215, 1205, 1175, 1145, 1130, 1120, 1100,
1080, 1025, 965, 945, 825, 770, 750, 725, 595 cm™'. — MS, m/z (%): 380 (2)
[M* + 2],379 (4) [M™* + 1], 378 (14) [M*], 237 (7) [M* — SO,CeHs],
170 (62) [CH,C(OH)C,H7 ], 155 (100) [C(O)C,H7 ], 141 (6) [SO-CcH5 1,
127 (54) [C\oH7 1, 77 (17) [CeH . — C33H2,0;S (378.5): ber. C 72.99, H 5.86;
gef. 72.73, H 5.82.

(Z)-(+)-(25,2'S,1"R,2"S )-1- {1-Ethyl-2-[ 2- (methoxycarbonyl )cyclopen-
tyl]propylidenamino}-Z-(methoxymethyl)pyrrolidin (32a): Ausb. 0.77 g (79%),
SC(E/P 1:1),ds = >90% (‘H-NMR), [«]§ = +226 (c = 1.14, CHCL,). —
'H-NMR (300 MHz, CDCl;, 2D-NMR-Zuordnung): 8 = 1.01(d, / = 7 Hz,
3H, CH;-12), 1.10 (t, J = 7.5 Hz, 3H, CH;-11), 1.23 (m, 1H, CHH-5),
1.58—1.87 (kB, 7H, CHH-15, CH,-4, CHH-5, CH,-14, CHH-3), 1.92—-2.06
(kB, 2H, CHH-15, CHH-3), 2.14 (d/q, J = 15.5/7.3 Hz, 1H, CHH-10), 2.22
/g, J = 15.5/1.5 Hz, 1H, CHH-10), 2.28 (m, 1H, CH-6), 2.33 (g, J = 8.7
Hz, 1H, NCHH-13), 249 (d/t, J = 9/7.2 Hz, 1H, CH-2), 2.96 (d/d/d, J =
9.0/6.6/4.2 Hz, 1H, NCHH-13), 3.14-3.23 (kB, 2H, NCH-16, OCHH-17),
3.27—3.44 (kB, 2H, OCHH-17, CH-7), 3.31 (s, 3H, CH;-18), 3.69 (s, 3H, CH;-
9). — BC-NMR (75 MHz, CDCl;, 2D-NMR-Zuordnung): § = 122 (C-11),
16.5 (C-12), 21.9 (C-14), 24.0 (C-10), 25.5 (C-4), 26.5 (C-15), 31.4 (C-5), 31.9
(C-3), 40.2 (C-7), 47.0 (C-6), 48.7 (C-2), 51.7 (C-9), 55.0 (C-13), 58.9 (C-18), 66.2
(C-16), 75.6 (C-17), 174.3 (C-8), 177.7 (C-1). — IR (neat): ¥ = 2950, 2870,
2830, 2730, 1735 (C=0), 1625 (C=N), 1460, 1435, 1375, 1355, 1310, 1285,
1255, 1195, 1155, 1130, 1110, 1100, 1040, 995, 970, 935, 920 cm~!. — MS,
m/z (%) 325 (1) [M* + 17,324 (4) [M*], 279 (71) [M* — CH,OCH,], 123
(34) [C;H;,CO*], 114 (10) [CH,NO™*], 95 (100) [CsH,CO™*], 70 (27)
[C;HN*]. — C;sH3;N,05 (324.5): ber. C 66.63, H 9.94, N 8.63; gef. C 66.16,
H 10.04, N 8.92.
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(Z)-(+)-(28,25.1"R2"S )-1-{2-[ 2-( Methoxycarbonyl )cyclopentyl Jcyclo-
hexylidenamino }-2-( methoxymethyl ) pyrrolidin (32b): Ausb. 0.70 g {69%), SC
(E/P 1:1),ds = >98% (‘"H-NMR), [«]¥ = +182(c = 1.69, CHCl;). — 'H-
NMR (300 MHz, CDCl;): 8 = 1.26 —1.54 (m, 4H, CH,-Ring), 1.58 —1.72 (m,
5H, CH,-Ring), 1.72—1.9 (m, 4H, CH,-Ring), 1.9—2.08 (m, 3H, CH,-Ring),
2.19 (m, 1H, CH-6), 2.31 (m, 1 H, CHH-10), 2.37 (q, / = 8.4 Hz, 1 H, NCHH-
14), 2.48 (dt, J = 9/6.7 Hz, 1H, CH-2), 2.66 (m, 1H, CHH-10), 2.99 (d/t, J
= 9/5.5 Hz, {H, NCHH-14), 3.12—3.45 (kB, 4H, NCH-17, OCH,-18, CH-
7), 3.31 (s, 3H, CHs-19), 3.69 (5, 3H, Chs-9). — PC-NMR (75 MHz, CDCLy);
8 = 20.5 (C-12), 22.0 (C-15), 25.6 (C-4), 26.7 (C-16); 28.5, 30.0, 30.7, 31.8, 32.4
(C-3,5,10,11,13); 42.7, 42.8 (C-6,7), 48.8 (C-2), 51.7 (C-9), 55.2 (C-14), 58.9 (C-
19), 66.2 (C-17), 75.7 (C-18), 172.6 (C-8), 177.6 (C-1). — IR (neat): ¥ = 2940,
2870, 2830, 2730, 1735 (C=0), 1635 (C=N), 1465, 1450, 1435, 1375, 1355,
1340, 1310, 1285, 1255, 1230, 1190, 1160, 1120, 1100, 1035, 1015, 1000, 970,
905 cm=1. — MS, m/z (%): 337 () [M™ + 11, 336 (7) [M*], 291 (100) [M*
~ CH,OCH;], 114 (11) [CH,,NO 7, 95 (4) [CsH/CO™ T, 70 (54) [C,HN T,
67 (18) [C,HZ 1.

(Z)-(+)-(28,2'S,1"R,2"S )-1-{1-Ethyl-2-[ 2- (methoxycarbonyl ) cyclohe-
xylpropylidenamino J-2-(methoxymethyl )pyrrolidin(33a): Ausb. 0.63 g (62%),
SC(E/P 1:2),ds = >92% (‘H-NMR), [a]5 = +194 (c = 1.23, CHCL;). —
'"H-NMR (300 MHz, CDCL): = 0.96 (d, J = 7 Hz, 3H, CH;-13), 1.1 (t,

= 7.4 Hz, 3H, CH,-12), 1.26 (m, 1H, CHH-6), 1.47—1.95 (kB, 11 H, CH>-
3,4,5,15,16, CHH-6), 2.01 (m, 1H, CH-7), 2.15 (m, 2H, CH,-11), 2.29 (m, 1 H,
Ch-2),2.31 (g, J = 8.7 Hz, 1H, NCHH-14),2.97 (d/d/d, J/ = 9/6.5/4 Hz, 1 H,
NCHH-14), 3.14-3.26 (kB, 2H, NCH-17, OCHH-18), 3.32 (s, 3H, CH3-19),
3.32—3.44 (kB, 2H, OCHH-18, CH-8), 3.67 (s, 3H, CH;-10). — *C-NMR
(75 MHz, CDCL): 8 = 12.3 (C-12), 15.8 (C-13), 219 (C-15), 24.2, 24.6, 24.6
(C-4,5,11), 26.7 (C-16), 29.2, 29.5 (C-3,6), 39.1, 39.9 (C-7.8), 46.2 (C-2), 51.5 (C-
10), 54.8 (C-14), 58.9 (C-19), 66.3 (C-17), 75.8 (C-18), 174.1 (C-9), 177.2 (C-1).
— IR (neat): ¥ = 29602820, 2730, 1735 (C=0), 1625 (C=N), 1460, 1445,
1430, 1370, 1350, 1335, 1315, 1275, 1255, 1230, 1200, 1165, 1135, 1115, 1100,
1045, 1020, 995, 970, 915 cm ™!, — MS, m/z (%) 339 (2) [M~ + 1], 338 (7)
[M™], 293 (83) [M* — CH,0OCH;], 224 (6) [M* — CH;NO], 137 (27)
[CH,;CO "], 114 (22) [CH;,NO ], 109 (100) [CcHyCO "1, 81 (13) [CsHy' 1,
70 (40) [C4HgN™*].

(Z)-(+)-(25,2'S,1"R,2°S )-1-{2-[ 2-( Methoxycarbonyl )cyclohexyl Jcyclo-
hexylidenamino }-2-(methoxymethyl) pyrrolidin (33b): Ausb. 0.80 g (76%), SC
(E/P 1:1),ds = 296% ('H-NMR), [0]¥ = +168 (¢ = 1.68, CHCI;). — 'H-
NMR (300 MHz, CDCl,): 6 = 1.01—2.09 (kB, 18H, 9 CH,), 2.14—2.34 (kB,
4H, CH:-11, CH-2,7), 2.36 (g, J = 8.7 Hz, 1H, NCHH-15), 301 (m, 1H,
NCHH-15),3.15—3.44 (kB, 4H, NCH-18, OCH,-19, CH-8), 3.31 (s, 3H, CH;-
20), 3.67 (s, 3H, CH;-10). — *C-NMR (75 MHz, CDCly): § = 20.7 (C-13),
22.4 (C-16), 24.4, 24.6 (C-4,5), 26,9 (C-17); 28.1, 28.6, 29.1, 29.2, 32.8 (C-
3,6,11,12,14); 41.7 (C-7.,8), 46.8 (C-2), 51.5 (C-10), 55.0 (C-15), 58.9 (C-20), 66.3
(C-18), 75.9 (C-19), 172.7 (C-9), 177.0 (C-1). — IR (neat) ¥ = 2930, 2860,
2730, 1735 (C=0), 1630 (C=N), 1450, 1435, 1370, 1355, 1335, 1315, 1280,
1255, 1230, 1200, 1170, 1145, 1120, 1100, 1035, 1025, 1010, 970, 945, 920, 905
em~!, — MS, m/z (%) 351 (2) [M* + 17, 350 (6) [M*], 305 (48) [M* —
CH,OCHj], 114 (28) [CsH;NO™], 81 (37) [C4H," ], 70 (100) [CHgN ]

(+ )-(18.2R,1'S )-2-( 1-Methyl-2-oxobutyl )cyclopentancarbonsdure-methyl-
ester (30a): Ausb. 0.25 g (39%), SC (E/P 1:3), de (trans) > 96% ('H-NMR),
[0]¥ = +35.3 (¢ = 1.57, CHCly). — 'H-NMR (300 MHz, CDCl;): 8 = 1.03
(t, / = 7 Hz, 3H, CH;-11), 1.07 (d, J = 7 Hz, 3H, CH;-12), 1.28 (d/q, J =
11/7 Hz, 1 H, CHH-5), 1.60—2.00 (kB, SH, CH-3,4, CHH-5), 2.39—2.60 (kB,
5H, CH-2,6,7, CH,-10), 3.67 (s, 3H, OCH;-9). — '*C-NMR (75 MHz, CDCl,):
8 = 7.7 (C-11), 14.8 (C-12), 252 (C-4), 31.38, 31.41 (C-3,5), 34.7 (C-10), 45.8
(C-6), 47.2 (C-2), 50.5 (C-7), 51.7 (C-9), 1769 (C-1), 214.3 (C-8). — IR (neat):
v = 2950, 2900, 2870, 1725 (C=0, Ester), 1705 (C=0, Keton), 1455, 1430,
1410, 1375, 1345, 1305, 1260, 1195, 1150, 11085, 1030, 975, 940, 855, 800, 750
cm”!. — MS, m/z (%): 213 (1) [M™ + 1], 212 (7) [M~*], 183 (10) [M*+ —
C;Hs), 181 (10) [M* — OCH;], 155 (15) [M* — C(O)C,Hs), 127 (28)
[CsH3CO,CH5 ], 123 (25) [C;H;;CO™], 95 (100) [CsH,CO™*], 86 (68)
[CsH,;0*], 67 (23) [CsH7 ], 57 (98) [C;HsCO*7]. — Cy;H03 (212.3): ber.
C 67.89, H 9.50; gef. C 66.98, H 9.49.

(+)-(18,2R.1'S )-2-( 2-Oxocyclohexyl ) cyclopentancarbonsdure-methylester
(30b): Ausb. 0.90 g (80%), SC (E/P 1:3), Schmp. <20°C, de (trans) >95%
(GC, 'H-NMR), ee > 96% (**C-NMR des Hydrazons), [a]8 = +3.6 (¢ =
0.95, CHCly). — 'H-NMR (300 MHz, CDCL): 8 = 1.31 (d/q, J = 12.4/8 Hz,



Diastereo- und cnantioselektive Synthese 1,2-trans-substituierter Cyloalkancarbonsiureester und Sulfone

1H, CHH-5); 1.47—2.07 (kB, 11 H, CH>-3,4,11,12,13, CHH-5), 2.20 —2.42 (kB,
3H, CH,-10, CH-7), 249 (g, J = 8 Hz, 1H, CH-2), 2.56 (d/q, J = 8/7 Hz,
1H, CH-6), 3.67 (s, 3H, OCH;-9). — *C-NMR (75 MHz, CDCL): 5 = 24.6,
254, 28.1, 31.0, 31.4, 32.1 (C-3,4,5,11,12,13); 42.2 (C-10); 43.2 (C-6), 47.5 (C-
2), 51.6 (C-9), 55.1 (C-7), 177.2 (C-1), 212.4 (C-8). — IR (neat): ¥ = 2940, 2860,
1730 (C=0, Ester), 1710 (C =0, Keton), 1450, 1430, 1370, 1340, 1310, 1260,
1240, 1210, 1190, 1160, 1140, 1060, 1030, 1010, 960, 945, 920, 905 cm ="', —
MS, mjz (%): 224 (7) [M*1, 127 (19) [CsHzCO,CH; ], 98 (100) [CoH 00 * ],
95 (18) [CsH,CO™], 67 (37) [CsH#]. — Cp3HaO; (224.3): ber. C 69.61,
H 8.99; gef. C 69.11, H 8.99.

(+)-(1S.2R.1'S )-2-( 1-Benzoylethyl ) cyclopentancarbonsdure-methylester
[(+)-30c): Ausb. 1.1 g (84%) (mit TMEDA hergestellt), SC (E/P 1:5), Schmp.
42—-43°C, de (trans) > 98% ('"H-NMR), ee > 97% (HPLC, Cyclobond I),
[«]5 = +700 (c = 1.54, CHCL). — 'H-NMR (300 MHz, CDCly): (2D-
NMR-Zuordnung): 8 = 1.20(d, J = 7 Hz, 3H, CH;-14), 1.31 (d/q, J = 124/
8.2 Hz, 1H, CHH-5), 1.64 (m, 2H, CH,-4), 1.73—-2.03 (kB, 3H, CH,-3, CHH-
5), 2.57 (.9, J = 8 Hz, 1H, CH-2), 2.71 (quint, J/ = 8.1 Hz, 1 H, CH-6), 3.51
(.quint®, J = 7.2 Hz, 1 H, CH-7), 3.64 (s, 3H, CH;-9), 7.4 - 7.6 (kB, 3H, ArH-
12,12,13), 794 (m, 2H, ArH-11,11"). — *C-NMR (75 MHz, CDCl,), 2D-
NMR-Zuordnung): § = 15.8 (C-14), 25.2 (C-4), 31.4 (C-3), 31.6 (C-5), 44.7 (C-
7), 46.2 (C-6), 47.3 (C-2), 51.6 (C-9), 128.2, 128.6 (C-11,11",12,12"), 132.9 (C-
13), 137.0 (C-10), 176.9 (C-1), 203.6 (C-8). — IR (KBr): ¥ = 3080—2850, 1730
(C=0, Ester), 1670 (C= 0, Keton), 1595, 1575, 1465, 1450, 1435, 1375, 1330,
1310, 1290, 1250, 1220, 1195, 1170, 1120, 1075, 1050, 1030, 1000, 975, 935,
920, 800, 715, 690 cm ™', — MS, m/z (%) 261 (2) [M* + 11,260 (11) [M*],
229 (7) [M* — OCH,], 134 (72) [CH;CHC(OH)C(Hs], 105 (100)
[C(O)CeH{ 1, 95 (9) [CsH,CO™], 77 (20) [CeHs ]. — Ci6H2005 (260.3): ber.
C 73.82, H 7.74; gef. C 73.80, H 7.85.

Die durchgefiihrte Rontgenstrukturanalyse eines Einkristalls
wics eine starke Fehlordnung im Fiinfring auf und konnte daher
nicht weiter verfeinert werden.

Dieselbe Verbindung ist auch ohne Verwendung von TMEDA
hergestellt worden: Ausb. 83%; de (trans) = 98% (‘H-NMR), ee =
92% (HPLC, Cyclobond I), [a]¥ = +75.8 (¢ = 0.93, CHCL). —
Die weiteren analytischen Daten stimmten iiberein.

In einem weiteren Versuch wurde die enantiomere Verbindung
via RAMP hergestellt: (— )-(1R,2S,1'R )-2-( 1-Benzoylethyl )cyclo-
pentancarbonsdure-methylester [(—)-30c]: Ausb. 1.14 g (87%),
Schmp. 41 —42°C, de (trans) > 97% (‘H-NMR), ee = 92% (HPLC,
Cyclobond 1), [a]# = —847 (¢ = 1.57; CHCLy). — C,HyOs
(260.3): ber. C 73.82, H 7.74; gef. C 73.60, H 7.64. — Die weiteren
analytischen Daten stimmten mit denen des weiter oben beschrie-
benen Enantiomeren iiberein.

Ebenso wurde via Dimethylhydrazon-Homocuprat ein Racemat
hergestellt, bei dem jedoch nur das gebildete UnterschuBisomer mit
den optisch aktiven Verbindungen via SAMP/RAMP in den NMR-
Spektren Ubercinstimmte. Das Hauptisomer besitzt am exocycli-
schen Zentrum die andere relative Konfiguration. Durch Vergleich
der chemischen Verschiebungen der Diastereomere im '*C-NMR-
Spektrum konnte dies anhand eines, auf der Anordnung der exo-
cyclischen Mecthylgruppe beruhenden, unterschiedlichen y-Effektes
gezeigt werden.

(+)-({SR,2RS,1’'RS )-2-( 1-Benzoylethyl ) cyclopentancarbonsdure-methyl-
ester [(+)-30c]: Ausb. 0.74 g (57%), de (trans) = 27% (**C-NMR). — 'H-
NMR (300 MHz, CDCl3): UberschuBisomer 2D-NMR-Zuordnung): § = 1.17
(d, J = 7 Hz, 3H, CH;-14), 1.41 (m, 1H, CHH-5), 1.57—-2.00 (kB, 5H, CH,-
3,4, CHH-5), 2.53 (,q“, J = 8.2 Hz, 1H, CH-2), 2.67 (t/d/d, J = 9/7.5/6 Hz,
1H, CH-6), 3.64 (d/q, J/ = 6/7 Hz, 1H, CH-7), 3.63 (s, 3H, CH3-9), 74—-7.6
kB, 3H, ArH-12,12/,13), 7.9—8.05 (kB, 2H, ArH-11,11). — *C-NMR (75
MHz, CDCl,), UberschuBisomer (2D-NMR-Zuordnung). 8 = 13.5 (C-14),
24.6 (C-4), 28.4 (C-5), 30.5 (C-3), 43.3 (C-7), 45.8 (C-6), 48.0 (C-2), 51.5 (C-9),
128.3, 128.6 (C-11,11",12,12’), 132.8 (C-13), 136.6 (C-10), 176.4 (C-1), 203.0 (C-
8). — Das Massenspektrum stimmt mit denen der isomeren Verbindungen
iberein.

(+)-(1S,2R,1’S }-2-{ 1-(4-Brombenzoyl Jethyl [cyclopentancarbonsdure-me-
thylester (30d): Ausb. 1.15 g (68%), SC (E/P 1:5), Schmp. 42°C, de (trans) >
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98% ('H-NMR), [0]¥ = +64.0 (¢ = 1.05, CHCI;). — 'H-NMR (300 MHz,
CDCly): 8 = 1.19 (d, J = 6.7 Hz, 3H, CHCH;-14), 1.30 (d/q, J = 12.4/8 Hz,
1H, CHH-5), 1.65 (m, 2H, CH,-4), 1.79—2.01 (kB, 3H, CH,-3, CHH-5), .56
(-g%, J = 8 Hz, 1H, CH-2), 2.69 (quint, J = 8 Hz, 1H, CH-6), 3.46 (quint,
J = 7 Hz, 1H, CH-7), 3.65 (s, 3H, OCH,-9), 7.60 (d/t, J = 8.7/2.2 Hz, 2H,
ArH-12,12'), 7.80 (d/t, J = 8.7/2.2 Hz, 2H, ArH-11,11"). — “C-NMR (75
MHz, CDCLy): 8 = 15.5 (C-14), 25.2 (C-4), 314, 31.5 (C-3,5), 44.6 (C-7), 46.1
(C-6), 47.1 (C-2), 51.6 (C-9), 128.1 (C-13), 129.8 (C-11,11"), 131.9 (C-12,12"),
135.7 (C-10), 176.7 (C-1), 202.5 (C-8). — IR (KBr): ¥ = 3070—2850, 1730
(C=0, Ester), 1690 (C=0, Keton), 1585, 1565, 1485, 1450, 1435, 1395, 1380,
1370, 1335, 1310, 1290, 1280, 1255, 1225, 1200, 1175, 1160, 1090, 1070, 1045,
1010, 975, 950, 840, 750, 510, 465 cm . — MS, m/z (%): 341/339 (1) [M* +
1], 340/338 (5) [M*7, 309/307 (5) [M* — OCH,], 214/212 (85) CH;-
CHC(OH)C4H,Br*], 185/183 (100) [C(O)CsH,Br*], 157/155 (16)
[CeH,Br=1, 133 (12) [C;H,,CO* 1, 95 (24) [CsH,CO*], 76 (10) [CeHi ] —
CiHsBrO; (339.2): ber. C 56.65, H 5.65; gef. C 56.97, H 5.80.

(+)-(1S,2R.1'S )-2-( 1-Ethyl-2-oxopentyl jcyclopentancarbonsdure-methyl-
ester (30€): Ausb. 0.50 g (69%), GC = 75%, de > 93% (‘H-NMR), [«]% =
+18.7 (¢ = 1.22, CHCL). — 'H-NMR (300 MHz, CDCL3): & = 0.81(t, J/ =
7.5 Hz, 3H, CH;-12), 092 (t, J/ = 7.5 Hz, 3H; CH,-14), 1.31 (m, 1H, CHH-
5),1.42—2.02 (kB, 9H, CH,-3,4,11,13, CHH-5), 2.33 —2.54 (kB, 5H, CH-2,6,7,
CH,-10), 3.68 (s, 3H, OCH39). — *C-NMR (75 MHz, CDCL): § = 12.0,
13.8 (C-12,14), 16.7 (C-11), 23.3 (C-13), 25.2 (C-4), 31.0, 31.3 (C-3,5), 45.0 (C-
6), 45.1 (C-10), 47.7 (C-2), 51.7 (C-9), 58.4 (C-7), 177.0 (C-1), 213.8 (C-8). —
IR (neat): ¥ = 2950, 2870, 1730 (C=0O, Ester), 1705 (C=0, Keton), 1455,
1435, 1405, 1375, 1300, 1260, 1230, 1195, 1150, 1120, 1085, 1030, 945, 910,
875, 805, 780, 750 cm ™. — MS, m/z (%): 241 (19) [M* + 17,240 (6) [M*1],
209 (7) [M* — OCH,], 197 (8) [M* — C;H,], 169 (17) [M* — C,H,CO],
137 (25) [CgH;3CO*], 114 (69) [CHO*], 109 (77) [C:HiD, 95 9)
[CsH,CO™], 71 (100) [C3H,CO™*], 67 (45) [CsH7 ], 43 (65) [C:H7 ]

(—)-(1S,2R,1'R )-2-( 2-Ox0-1,3-diphenylpropyl ) cyclopentancarbonsdure-
methylester (30f): Ausb. 0.60 g (59%), SC (E/P 1:3), Schmp. 48 -49°C, de
(trans) > 96% (‘H-NMR), [a]# = —160.4 (¢ = 1.60, CHCL;). — 'H-NMR
(300 MHz, CDCl,): 6 = 1.01 (d/q, J = 13/7.5 Hz, 1H, CHH-5), 1.44—1.89
(kB, 4H, CH,-3,4), 201 (m, 1H, CHH-5), 2.24 (“q”, J = 8 Hz, 1H, CH-2),
3.05 (d/q, J = 10.7/8 Hz, 1H, CH-6), 3.16 (s, 3H, OCH;-9), 3.58 (s, 2H, CH,-
10), 3.59 (d, / = 10.7 Hz, 1H, CH-7), 7.00—7.35 (kB, 10H, ArH). — “C-
NMR (75 MHz, CDCl;): & = 24.85 (C-4), 31.3, 32.0 (C-3,5), 45.6, 48.3 (C-2,6),
49.2 (C-10), 51.1 (C-9), 63.2 (C-7), 126.9, 127.6 (C-14,18); 128.6, 128.7, 129.3,
129.5 (C-12,12°13,13',16,16",17,17); 133.9 (C-11), 136.7 (C-15), 176.3 (C-1),
206.4 (C-8). — IR (KBr): ¥ = 3090—2870, 1730 (C= O, Ester), 1710 (C=0,
Keton), 1605, 1585, 1495, 1455, 1435, 1415, 1375, 1335, 1325, 1310, 1275, 1240,
1200, 1165, 1115, 1095, 1075, 1035, 1025, 1005, 975, 950, 920, 850, 800, 770,
760, 750, 715, 705 cm~'. — MS, m/z (%): 337 (1) [M™* + 11,336 (3) [M "],
245 (23) [M* — CH,Ce¢H;5 1, 217 (27) [M* — C(O)CH,C4H5 ], 185 (13)
[CeHsCsHsCO ™7, 91 (53) [C;H7 ], 28 (100). — C5;H405(336.4): ber. C 78.54,
H 7.19; gef. C 78.37, H 6.99.

(+)-(1S,2R,1'S )-2-( 1-Methyl-2-oxobutyl)cyclohexancarbonsdure-methyl-
ester (31a): Ausb. 0.69 g (61%), SC (E/P 1:1), de (trans) > 96% ('H-NMR/
GQ), [0]# = +90.3 (¢ = 1.60, CHCl;). — 'H-NMR (300 MHz, CDCly): 3
= 1.02(t,J = 7.2 Hz, 3H, CH;-12),1.06 (d,J = 7Hz, 3H, CH;-13),1.15—-1.35
(kB, 3H, CHH-4,5,6ax), 1.45 (q/d, / = 12.5/4 Hz, 1H, CHH-3ax), 1.67—1.82
(kB, 3H, CHH-4,5,6eq), 1.87 (m, 1 H, CHH-3eq), 2.00 (t/t, / = 11.5/3 Hz, 1 H,
CH-7ax), 2.29 (t/d, J = 11/4 Hz, 1H, CH-2ax), 2.39 (d/q, J/ = 17.8/7.4 Hz,
1H, CHH-11), 2.50 (d/q, J = 17.8/7.2 Hz, 1H, CHH-11), 2.52 (q/d, J = 7/
3.5 Hz, 1H, CH-8), 3.63 (5, 3H, CH3-10). — *C-NMR (75 MHz, CDCly): §
= 7.8 (C-12), 13.2 (C-13), 25.2, 25.9 (C-4,5), 28.9 (C-6), 30.6 (C-3), 35.2 (C-11),
41.9 (C-7), 46.4 (C-2), 49.2 (C-8), 51.4 (C-10), 176.2 (C-1), 213.8 (C-9). — IR
(neat): v = 2970, 2920, 2850, 1730 (C= O, Ester), 1705 (C= 0, Keton), 1445,
1430, 1380, 1350, 1325, 1290, 1255, 1190, 1165, 1105, 1075, 1030, 980, 950,
915, 900 cm~!. — MS, m/z (%) 227 (2) [M* + 1], 226 (9) [M~*], 197 (8)
[M* — C,Hs], 195 (10) [M* — OCH;], 194 (19) [M* — HOCH;], 169
(15) [M* — C,H,CO], 141 (27) [C¢H,,CO,CH5 1, 137 (35) [CsH;,CO™* ],
109 (86) [CcHo,CO™], 86 (62) [CsH,c(O*], 81 (30) [CeHys'], 57 (100)
[C;HsCO™]. — Cy3H04 (226.3): ber. C 68.99, H 9.80; gef. C 68.70, H 9.77.

(+)-(1S8,2R,1’S )-2-(2-Oxocyclohexyl)cyclohexancarbonsdure-methylester
(31b): Ausb. 0.87 g (73%), SC (E/P 1:3), de (trans) > 98% (‘H-NMR), ee >
92% (*C-NMR des Hydrazons), [¢]5 = +8.6 (c = 0.98, CHCL). — 'H-
NMR (300 MHz, CDCl3): 8 = 1.18—-1.33 (kB, 2H, CHH-5,6ax), 1.41 -2.05
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(B, 13H, CH,-3,4,12,13,14, CHH-5,6eq, CH-7), 2.14—2.39 (kB, 3H, CH-2,
CH,-11), 2.66 (/d, I/ = 11.4/3.3 Hz, 1 H, CH-8), 3.61 (s, 3H, CH;-10). — “C-
NMR (75 MHz, CDCLy): 8 = 252, 25.3 (C-4,5), 26.0, 27.0, 27.4 (C-12,13,14),
30.1, 30.4 (C-3,6), 40.5 (C-7), 42.5 (C-11), 45.8 (C-2), 51.2 (C-10), 53.1 (C-8),
176.5 (C-1), 211.4 (C-9). — IR (neat): v = 2930, 2850, 1725 (C=0, Ester),
1705 (C=0, Keton), 1450, 1430, 1370, 1320, 1285, 1255, 1235, 1215, 1190,
1165, 1130, 1075, 1065, 1025, 995, 975, 945, 915, 900, 865, 845, 750 cm~". —
MS, m/z (%): 239 (4) [M* + 1], 238 (24) [M*], 207 (17) [M* — OCH;},
206 (56) [M* — HOCH,], 141 (31) [CsHCO,CH5 1, 109 (15) [C4H,CO* ],
98 (100) [CeH;eO* 7, 81 (26) [CoHs ] — CuHpuO; (238.3) ber. C 70.56,
H 9.30; gef. C 70.58, H 9.34.

(4 )-(1S,2R,1'S)-2-( 1-Benzoylethyl )cyclohexancarbonsdure-methylester
(31c): Ausb. 0.61 g (74%), SC (E/P 1:4), GC = 97%, de (trans} > 98% (GC,
'H-NMR), [«]} = +65.5(c = 1.34, CHCl;). — 'H-NMR (300 MHz, CDCls):
8 = 1.18 (d, / = 7 Hz, 3H, CH;-15), 1.13—1.47 (kB, 4H, CHH-3,4,5,6ax),
1.63—1.94 (kB, 4H, CHH-34,5,6¢eq), 2.09 (t/t, J = 11.5/3.7 Hz, 1H, CH-7),
2.24 (t/d, J = 11.5/3.7 Hz, 1H, CH-2), 3.51 (s, 3H, CH;-10), 3.53 (q/d, J =
7/3.7 Hz, 1H, CH-8), 7.4—7.6 (kB, 3H, ArH-13,13",14), 7.85 (m, 2H, ArH-
12,12). — *C-NMR (75 MHz, CDCl;): 8 = 13.8 (C-15), 25.2, 25.9 (C-4,5),
28.8 (C-6), 30.7 (C-3), 42.0, 43.6 (C-8,7), 46.3 (C-2), 51.1 (C-10), 128.0, 128.5
(C-12,12,13,13"), 132.6 (C-14), 137.6 (C-11), 176.0 (C-1), 203.5 (C-9). — IR
(neat): v = 3060, 3020, 2930, 2850, 1730 (C=O0, Ester), 1680 (C=0, Keton),
1595, 1580, 1445, 1435, 1375, 1355, 1325, 1290, 1255, 1220, 1190, 1165, 1135,
1120, 1070, 1050, 1030, 1000, 985, 965, 915, 840, 795, 745, 710 cm ™!, — MS,
mjz (%): 275 (1) [M* + 1], 274 (4) [M*], 243 (4) [M* — OCH3;], 134 (87)
[CH3CHC(OH)C¢H; ], 109 (11) [CcHCO™], 105 (100) [C(O)C¢H5' ], 81 (6)
[CeHs"], 67 (10) [CsH7" 1.

) Herrn Professor Hermann Stetter zum 75. Geburtstag gewidmet.
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