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1. Einleitung

1.1.  Eigenschaften mittlerer Kohlenstoffringe

Mittlere Ringe werden ganz allgemein alle Ringe mit einer Grof3e von acht bis elf Atomen genannt.
Mit zunehmender RinggréBe besitzen sie eine steigende Zahl an Freiheitsgraden. Dadurch nimmt
die Anzahl der moglichen stabilen Konformationen zu und damit steigt wiederum auch die Anzahl
energetisch niedriger Konformationen, die bei Normal-Bedingungen populiert sind.'” Sie
entstehen im Zusammenspiel aus (nicht idealen) Bindungswinkeln, der Torsionsspannung und
nicht bindenden Wechselwirkungen benachbarter Atome am Ring.* Unter den Cycloalkanen
weisen kleine (drei, vier, funf Kohlenstoffatome) aber auch mittlere Ringe solche nicht bindenden

Wechselwirkungen durch Abstoung mehrerer raumlich benachbarter Wasserstoffatome auf.>®

Die Wechselwirkungen einer Ring-Konformation summieren sich zu einem gesamten Wert, der
die relative Abweichung von der Enthalpie des linearen Isomers angibt.”® Hinter dem allgemeinen
Begriff ,,Ringspannung® verbergen sich mehrere Effekte, namentlich die BAEYER-, PITZER- und
PRELOG-Spannung. Abbildung 1 fasst den Anteil der einzelnen Effekte in Abhingigkeit der

Ringgrofle fiir Cycloalkane zusammen.

Die Bindungswinkel eines Kohlenstoffs in mittleren Ringen tbersteigen 109.5 © eines idealen
Tetraeder (vgl. VSEPR-Modell), was zu der sogenannten BAEYER-Spannung (large angle strain)
fihrt.”' Als Torsionsspannung (PITZER-Spannung) wird der Beitrag bezeichnet, der durch die
(annihernd) ekliptische Anordnung der C-C-Bindungen im Ring erzeugt wird."' Die transannulare
Spannung (PRELOG-Spannung) entsteht durch die Wechselwirkung nicht-bindender Atome iiber
die Ring-Ebene hinweg, wenn ihr Abstand geringer ist als die Summe ihrer VAN-DER-WAALS-

Radien ist.%"?

11
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Abbildung 1: Vergleich der relativen Anteile von BAYER-, PITZER- und PRELOG-Spannung in Abhingigkeit zur
RinggroBe in Cycloalkanen; SE =strain enthalpy; (ibernommen und angepasst von P. Moor, 2006).1314

Mittlere Kohlenstoffringe, aber auch mittlere Ringe mit Heteroatomen unterscheiden sich durch
diese transannulare Wechselwirkungen von den Makrocyclen, die mit steigender Ringgrof3e (und
mit steigender Anzahl Freiheitsgrade) weitestgehend frei von Ringspannung sind.”” Die Uberginge
dieser Eigenschaften sind jedoch flieBend. Funktionelle Gruppen an und in mittleren Ringen zeigen
eine ungewohnte Reaktivitit und viele chemische Reaktionen fiihren an mittleren Ringen zu
anderen Ergebnissen als an den entsprechenden linearen Isomeren.'>™!% Zur Veranschaulichung
zeigt Schema 1 A die insgesamt vier Produkte der Formolyse des Cycloocten-Oxirans 1. Durch
eine transannulare Reaktion des intermedidren Carbokations mit der C-C-Doppelbindung werden
die Bicyclen 3, 4 und 5 gebildet.'” Analog zu diesem Beispiel dominiert eine transannulare
Wechselwirkung auch den Verlauf der Bromierung von cs-Cyclodecen (6) (vgl. Schema 1 B). Aus
der Reaktion konnte exklusiv, wenn auch in einer Ausbeute von nur 15%, kristallines c/s-1,6-
Dibromcyclodecan (7) isoliert werden.'® Interessanterweise verliuft die Bromierung stereoselektiv,
so ergab die Bromierung von #rans-Cyclodecen das entsprechende #ans-1,6-Dibromcyclodecan in

20% Ausbeute.
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i) HCO,H HQ HO OH
i) OH" OH 7 =
—_—
+ + +
70% //,H
OH OH OH
1 2 3 4 5
B Br
Br2
CCly, -5°C
—_— (andere Produkte wurden nicht dokumentiert)
15%
Br
6 cis-7

Schema 1: Beispiele fiir ungewohnliche Produkte durch transannulare Interaktion A bei der Formolyse von
Cyclooctenoxid (1) bzw. B bei der Bromierung von cis-Cyclodecen (6).17:18

Die Anzahl stabiler Konformationen mittlerer Ringe iibertrifft zwar die der kleinen Ringe - so
wurden durch DFT-Kalkulationen z.B. fiir Cyclodecan achtzehn stabile Konformere gefunden -
dennoch zeigten W.C. STILL und I. GALYNKER fiir mehrere Cycloalkane und Lactone, ,,dass hohe
asymmetrische Induktion eine allgemeine Eigenschaft* mittlerer und groBer Ringe ist.”” In ihren
Publikationen wurde die Stereoselektivitit verschiedener Reaktionen durch ein erstes chirales
Zentrum bzw. eine planare Chiralitdt dirigiert, so z.B. auch in der Totalsynthese des Periplanon
B.*»?' Substituenten am Ring nehmen bevorzugt eine pseudo-iquatoriale Position ein —
vergleichbar mit dem Modell am Cyclohexan, um Wechselwirkungen zu benachbarten Atomen zu
minimieren. Eine Konformation des Rings wird dadurch hinreichend stabilisiert, die interne Seite
der funktionellen Gruppe durch die Ring-Ebene raumlich abgeschirmt und die Reaktion findet
bevorzugt an der petipheren Seite statt (peripheral attack model).” An mittleren und groBen Ringen
wurden stereoselektive Additionen an Enolate,” 1,4-Additionen,” katalytische Hydrierungen,”

21,24

Epoxidierung®** und Reduktionen® unter makrocyclischer Stereokontrolle berichtet. Aber auch

2627 yerlaufen

intramolekulare Reaktionen, wie z.B. transannulare DIELS-ALDER-Reaktionen
stereoselektiv ohne externe Stereokontrolle. Schema 2 zeigt Beispiele einer diastereoselektiven
Methylierungen an den Enonen 8 und 9 durch den bevorzugt peripheren Angriff des
Lithiumdimethylcuprats. Die Diastereoselektivitit dieser Methylierung, aber auch die der

Hydrierung war mit einem dr von 94:6 (oder héher) auf dem Niveau von acyclischen Derivaten.
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Schema 2: Zwei Beispiele an zehn-gliedrigen Enonen 8 und 10 demonstrieren stereoselektive, periphere Additionen
von Lithiumdimethylcuprat. Gezeigt sind die Haupt-Produkte und eine Skizze ihrer energetisch minimalsten
Konformationen (MM2 angepasst von STILL UND GALYNKER, 1981).1°

Aus diesen Ergebnissen lie3 sich jedoch der Verlauf der Methylierung an gré3eren Makrocyclen
(>12 Atome) nicht vorhersagen. Das peripheral attack Modell berticksichtigt nicht alle Faktoren in
Makrocyclen wie z. B. attraktive Wechselwirkungen zwischen funktionellen Gruppen und
Reagenzien, 1,2- / 1,3-Allylspannung, Wasserstoffbrickenbindungen, syz-Pentan-Wechselwitkung
und die wachsende Anzahl an Freiheitsgraden bei zunehmender RinggroBe. Fur akkurate
Vorhersagen der Stereoselektivitit einer Reaktion an mittleren und grof3en Ringen kénnen heute

anhand von DFT Kalkulationen alle bekannten Faktoren berticksichtigt werden.

So grundlegend diese Ergebnisse von W.C. STILL und I. GALYNKER waren, so bedeutend waren
sie bereits damals fiir die Synthese von mittleren Ringen in Naturstoffen. Nach heutiger Kenntnis
sind mittlere Ringe mit acht bis elf Atomen ein haufig auftretendes Strukturmotiv in natiirlichen
Molekiilen mit vielfiltiger, biologischer Aktivitit.**™ Als Teil vieler mono- und polycyclischer
Naturstoffe bilden sie das Riickgrat fur deren strukturelle Diversitit. Zu solchen acht- bis
elfgliedrigen Ringen zihlen polycyclische Sesquiterpenoide, Diterpenoide oder Terpene, ebenso

31 Darunter finden sich zahlreiche Wirkstoffe und

wie Heterocyclen und cyclische Peptide.
Molekiile mit sehr potenter Wirksamkeit, wie z. B. Taxol (12, Paclitaxel®, Cytostatikum zur
Behandlung einer Vielzahl an Tumoren),”” Germacranolide wie z.B. Eucannabinolid (14,
cytotoxisch)®, ent-Clavilacton B (13, Tyrosin-Kinase-Inhibitor)”*® oder (—)-Vinigrol (15,

Antikoagulans/Tumor-Nekrose-Faktor-Antagonist)”™ (vgl. Abbildung 2).

14
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Abbildung 2: Beispiele von medizinisch interessanten Naturstoffen mit mittleren aliphatischen Ringen.

Diese kurze Ubersicht hebt zur Veranschaulichung nur einige interessante Molekiile hervor, um
einen Eindruck tber die Diversitit und die Bedeutung mittlerer Ringe in bewihrten oder
potenziellen =~ Wirkstoffen zu  vermitteln. Dank der vielseitigen, pharmakologisch
vielversprechenden Eigenschaften und der komplexen Strukturmotive riicken mittlere und grofere

Ringe weiter in den Fokus der medizinisch-chemischen Forschung”"41

- insbesondere im Hinblick
auf das kontinuietliche Streben nach neuen Antibiotika, antiviralen Wirkstoffen sowie

Chemotherapeutika mit neuartigen \7(/irkur1gsmechanisrnen.42

Die Synthese mittlerer Ringe ist jedoch nicht unproblematisch. Wihrend die Synthese kleiner Ringe
und die Synthese von Makrocyclen (ab zwolf Atomen) durch Methoden wie end-to-end Cyclisierung,
Ringerweiterung und auch Cycloadditionen gelingen, mussen in der Synthese mittlerer Ringe
hohere Energiebartieren tiberwunden werden.”* Die erhebliche Ringspannung und eine
Abnahme der Entropie erschweren alle Ansitze zur direkten Cyclisierung linearer Vorldufer,”™
beispielsweise durch Ringschlussmetathese (RCM, ring closing metathesis).* Auch die Vielfalt stabiler
Konformationen in mittleren Ringen stellt eine grofle Herausforderung an die Entwicklung
effizienter, selektiver Synthesen.””” Doch gerade weil das Problem komplex und die Losung
vermeintlich schwierig ist, birgt es das Potential, innovative synthetische Methoden zu entwickeln,
neue Reaktionsmechanismen zu entdecken und dadurch technologischen Fortschritt indirekt zu

ermoglichen.” Im nichsten Kapitel wird eine Auswahl bekannter, effektiver Synthese-Strategien

am Beispiel zehngliedriger Ringe beleuchtet.
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1.2. Transannulare Reaktionen in zehngliedrigen Kohlenstoffringen

Seit Rudolf CRIEGEES Entdeckung eines transannularen Halbacetals des 6-Hydroxy-cyclodecanons
sind eine Vielzahl transannularer Reaktionen an Cyclodecan-Derivaten dokumentiert worden.™
Neben der transannularen Cyclisierungen zu bicyclischen Oxetanen, Oxolanen, Oxanen oder
53-57

Oxepanen,

Kohlenstoff-Atome zu [4.4.0]-, [5.3.0]- oder [6.2.0]-Bicyclen in der Literatur berichtet worden.”*

sind vor allem intramolekulare Cyclisierungen zweier gegeniiberliegender

In allen transannularen Reaktionen stellt die Kontrolle der Stereoselektivitit eine besondere
Herausforderung dar. Nachdem die planare Chiralitit einiger substituierter Cyclodecen-Derivate

bereits frith genutzt wurde, um stereoselektive transannulare Cyclisierungen zu entwickeln,”**

gibt
es mehrere bemerkenswerte, jingere Beispiele fiir stereoselektive Reaktionen in substituierten
Cyclodecenen, wie z.B. PATERNO-BUCHI-Reaktionen, MICHAEL-Additionen oder eine
enantioselektive, transannulare MORITA-BAYLIS-HILMAN-Reaktion.®" > Besonders interessant
sind dabei chemisch-reversible Cyclisierungen, weil sie erlauben, die Stereochemie und Rigiditit
des Bicyclus fir eine Reaktion vortibergehend zu nutzen und anschlieBend die mittlere RinggroB3e
wieder herzustellen.” Beispiele sind rar, jedoch publizierte die Gruppe von C. SCHINDLER kiirzlich
eine LEWIS-Sdure katalysierte Carbonyl-En-Reaktion an Steroid-Detivaten (vgl. Schema 3).°” Mit
Dimethylaluminiumchlorid verlief die Cyclisierung des Cyclodecenons 16 in bis zu 85% Ausbeute,
wihrend die Reaktion mit Fisen(III)chlorid bei Raumtemperatur in 10 min umgekehrt werden
konnte. Lief die Reaktion mit Eisen(IIl)chlorid linger (1-24 h), dann reagierte Enon 16 in einer
Carbonyl-Olefin-Methathese weiter.

Me,AICI (1.0 eq)
DCE,0°C,1h

73-85%

FeCl3(0.1 eq)

DCE AcO
16 23 °C, 10 min 17
41% (86% brsm)

AcO

Schema 3: Eine LEWIS-Siure initiierte Carbonyl-En-Reaktion von 5-Cyclodecenonen 16 zu Steroid-Detivaten von
C. Schindler ez a/7 Mit katalytischen Mengen Eisen(IIT)chlorid war die transannulare Cyclisierung teilweise
reversibel.

Weitere transannulare Carbonyl-En-Reaktionen an zehngliedrigen Ringen sind literaturbekannt.
Eine enantioselektive, transannulare Carbonyl-En-Reaktion wurde von der Gruppe um

E. JACOBSEN publiziert, um substituierte #ans-Decalinole 19 zu synthetisieren (vgl. Schema 4).”
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Ein chiraler Chrom(III)-Schiff-Base-Komplex 20 katalysiert dabei den intramolekularen Angriff
des Olefins 18 an das Keton.

Me
20 5 mol%
4 AMS,
toluene
o 23°C, 48 h
7 >
A
R —2
18 19 20
32-96%
dr 19:1
ee 93-96%

Schema 4: Enantioselektive, transannulare Carbonyl-En-Reaktion an 5-Cyclodecenonen 18.68

Die Gruppe von B. LIST entwickelte eine asymmetrische Aldol-Reaktion an mittleren cyclischen
Diketonen mit teils hoher Enantio- und Diastereoselektivitit durch Katalyse mit dem Fluor-
substituierten Prolin 23 (vgl. Schema 5). Kleinere mittlere Ringe erreichten dabei hohere
Enantiomerentiberschiisse als zehn- und elf-gliedrige Ringe. Aullerdem wurde in einer neuen
Totalsynthese von Hirsuten (26) das tricyclische Molekiilgertst aus einem achtgliedrigen Ring

enantioselektiv aufgebaut.”

A 23
O 20 mol% 0]
DMSO H F.
( ) 23°C, 24 h . ( ) O\(O
m m N
© OH H  OH
21 22 23
22-84%
dr >20:1
B ee 0-96%
23
10 mol%
DMSO
23°C,15h
- ———
25
84% (+)-Hirsuten (26)
ee 96%

Schema 5 A: Die transannulare Aldol-Reaktion an verschiedenen substituierten, mittleren Ringen 21. Héchste
Enantioselektivitit wurde an Cyclooctan-Derivaten erreicht. B: Aufbau des tricyclischen Geriists in der Totalsynthese
von Hirsuten (26).%°
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Interessante transannulare Reaktionen finden sich in einigen weiteren Totalsynthesen von

Naturstoffen, wie zB. in der Synthese des Grundgeriists der Taxane, ™"

in der Synthese
verschiedener Eudesmanolide,” (*)-Parthenolid,” Malacitanolid,” sowie von 8a-Hydroxy-4-epi-

sonchucarpolide, Stoebenolid,” (—)-y-Gurjunen® und dem 8-Amorphen-Grundgeriist.”

Transannulare Reaktionen eignen sich dabei besonders fir den Aufbau bi- oder tricyclischer
Molekiilgeriiste, weil die raumliche Struktur des mittleren Rings fiir die Stereoselektivitit der
intramolekularen Reaktion genutzt werden kann. Anschaulich wird das an verschiedenen
Naturstoffsynthesen. Mit hoher Effizienz wurde z. B. eine BRONSTED-Sdure-katalysierte
transannulare Cyclisierung des Ketons 27 genutzt, um nach einer Kaskade zweier
aufeinanderfolgender Acyl-Transfers das Diterpenoid 29 in 92% Ausbeute freizusetzen (vgl.

Schema 6).”

TFA (1 eq) Acﬁconpr
CHClI5 ~ H

23 °C
B —
HO"
H* OMe
) g
27 28 29

Schema 6: Transannulare Cyclisierung durch Siure-katalysierte Acetal-Bildung und einer Kaskade zweier Acyl-
Transfere an dem Cyclodeca-dien 27.77

Ganz dhnlich wurden verschiedene transannulare Cyclisierungen von J. OLTRA e/ /. in der Synthese
einiger Sauerstoff-verbriickter Terpenoide eingesetzt, wie z. B. fiir das Diol 30 (vgl. Schema 7).”
Dabei wurde die transannulare Offnung des Epoxids 31 durch eine Bronsted-Siure katalysiert und

verlief regio- und diastereoselektiv zum (+)-Dihydroparthenoliddiol (32) in hoher Ausbeute.

OH
OH
2 mCPBA
pyridine TsOH
_— _—

79% (2 steps)

Schema 7: Transannulare Offnung des Epoxids 31 zum (+)-Dihydroparthenoliddiol (32).78

18



In der Totalsynthese von (—)-Vinigrol setzte die Gruppe um T. LUO eine beeindruckende,
transannulare, intramolekulare DIELS-ALDER-Reaktion ein, wie in Schema 8 gezeigt ist. Durch
diese thermische [4+2]-Cyclisierung konnte das tricyclische Grundgeriist 34 diastereoselektiv
aufgebaut werden und erlaubte eine asymmetrische Totalsynthese im Gramm-Maf3stab ausgehend
von kommerziell erhiltlichem (§)-Limonen in 19 Stufen.”
H

o-DCB
mW, 200 °C

54%

34 (=)-vinigrol (15)
Schema 8: Finzigartige, transannulare Diels-Alder Reaktion zum Aufbau des Grundgerusts in der Totalsynthese von
(—)-Vinigrol (15).7
In der Summe erweisen sich transannulare Reaktionen in zehngliedrigen Ringen als dufBlerst
vielseitig und als sehr niitzliche Transformationen zum Aufbau bi- und tricyclischer Kohlenstoff-
oder Sauerstoff-verbriickter Gertiste in Sesquiterpenoiden und anderen Naturstoffen. Nicht nur in
zehngliedrigen, sondern auch in anderen mittleren Ringen bestechen transannulare Rektionen
durch die Kontrolle der Stereoselektivitat im Aufbau eines oder mehrerer Stereozentren, durch die
Vielfalt an Reaktivitit zum Aufbau verbriickter Bicyclen, und erlauben dadurch hoch effiziente
Synthesen komplexer Molekilgeriste. Dank der Entwicklungen neuer Reaktionen an
verschiedenen mittleren Kohlenstoffringen, werdn transannulare Reaktionen in Zukunft deutlich
hiufiger in der Synthese von Natur- und Wirkstoffen eingesetzt werden.”** Die grofte
Herausforderung liegt dabei in der externen oder internen Kontrolle der Stereoselektivitit an acht-
bis zwolf-gliedrigen Ringen, die im Vergleich zu kleinen Kohlenstoffringen noch immer weniger

untersucht sind.'*

19



1.3. Methoden zur Funktionalisierung distaler, aliphatischer C-H-Bindungen

Grundsitzlich sind der Literatur viele Strategien und Reaktionen bekannt, um inter- oder
intramolekular C-H-Bindungen ohne direkte Nachbarschaft zu einer aktiven chemischen Spezies,
sei es ein Radikal, ein Nukleophil oder ein koordinierter aktiver Ubergangsmetallkomplex, zu
funktionalisieren.”** Hier werden Methoden beleuchtet, die eine Funktionalisierung effektiv am
vierten C-Atom (8) oder groBler erwirken. Methoden, die eine Funktionalisierung eines
Wasserstoffs am ersten bis dritten C-Atom (o, B, y) relativ zur ersten funktionellen Gruppe des
Substrats erlauben, sind Gegenstand aktueller Forschung. Sie erreichen z.T. eine beeindruckende

85-90

Regio- und Enantioselektivitit,”" werden aber hier nicht bertcksichtigt.

Besonders im Feld der Oxidation aliphatischer C-H-Bindungen sind in den letzten zwei Jahrzenten
entscheidende Fortschritte in der Substratbreite, in der Enantioselektivitit und in der
Regioselektivitit zu verzeichnen.” ™ Die Oxidation nicht aktivierter, aliphatischer C-H-Bindungen
hat sich einerseits zur C-H-Funktionalisierung komplexer Natur- oder Wirkstoffe in den letzten
Synthesestufen (late stage) entwickelt, andererseits hat die Methode bislang nur wenige Beispiele mit
effektiver Kontrolle der Enantioselektivitit hervorgebracht.”™ FEin jiingeres Beispiel ist die
Oxidation von Cyclohexyl-Amiden, katalysiert durch einen Mn-Komplex, der Gruppe um

M. COSTAS (vgl. Schema 9), wobei die C-H-Bindung am y-C-Atom regioselektiv oxidiert wurde.”

(S,S)-Mn("PSecp) 2 mol%

[>—co,H

j.]\ H202, MeCN O (0]
-40 °C, 30 min
RN - R)I\N/ﬁ
H H
35 36
8-85%
ee 62-96%
13 Beispiele

Schema 9: Enantioselektive C-H-Oxidation am y-C-Atom von Cyclohexyl-Amiden 35.

Dariiber hinaus wurden Methoden zur selektiven Oxidation aliphatischer C-H-Bindungen mit
Trifluormethyldioxiran (TFDO),'” durch Katalyse mit Fe- und Mn-Komplexen’”>'"" und durch
elektrochemische Oxidation entwickelt.'”” Die Chemo- und Regioselektivititen sind vergleichbar,
wihrend die C-H-Oxidation mit Wasserstoffperoxid in Kombination mit Fe-Katalysatoren v.a. an

stickstoffhaltigen Molekiilen entwickelt worden sind (37, 40-42, vgl. Schema 10).
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Chinuclidin

R._Me i) MeOTf oder HBF,-OEt Me,NBF,
\ﬂ/ ii) Fe(PDP) 25 mol% HFIP, Luft
0 AcOH, H,0, RVC Anode /Ni Kathode
or i) Nal R><Me 25 mA/mmol R\n/Me
H H o)
R. Me WHITE 2017 BARAN 2017
\ﬁMe
OH
X 9
Me Me
7 0
(CICaHa)~ 0 N @‘
37 38 39
[Fe] 53% (rr 2.6:1) [e]172% (rr 3:1) [e] 83% (rr 3.2:1)

[e144% (rr 2:1)

H
Me— Me NS Me N Me
| Me Me
o) o) = OH OH
40 41 42

[Fe] 56% (rr 20:1) [Fe] 59% (rr 20:1) [Fe] 56% (rr 20:1)

Schema 10: Vergleich einer Fe(PDP)-katalysierten (WHITE 2017)°7 mit einer elektrochemischen Oxidation (BARAN
2017)192 distaler sekundirer und tertidrer C-H-Bindungen an N-Heterocyclen und Estern. PDP = 2-((-2-[1-(pyridin-
2-ylmethyl)pyrrolidin-2-yl]pyrrolidin-1-yl)methyl)pyriding RVC = reticulated vitreous carbon.

Historisch betrachtet, stellt die HOFMANN-LOFFLER-FREYTAG-Reaktion die vermeintlich ilteste
intramolekulare, regioselektive Funktionalisierung einer distalen C-H-Bindung dar (vgl. Schema
11).°"'% Der Mechanismus der Reaktion beginnt mit der homolytischen Spaltung einer N-Br-
Bindung (urspriinglich im sauren Milieu initiiert) und iiber einen sechsgliedrigen Ubergangszustand
wird anschlieBend durch einen 1,5-HAT ein Radikal 45 (3-C-Atom) erzeugt.*”'"*'" Die Reaktion
mit einem freien Halogenid-Radikal bildet das 6-halogenierte Amin 46. Durch Zusatz einer Base
cyclisiert dieses Amin nukleophil zu einem 2-substituierten Pyrrolidin 47, wie von LOFFLER und
FREYTAG spiter in der Totalsynthese von Nicotin demonstriert wurde.'”” Die originalen, harschen
Bedingungen sind im Laufe der Zeit durch verschiedene Ansitze optimiert, auf primire, tertidre
und benzylische C-H-Bindungen ausgeweitet und z. T. stereoselektiv weiterentwickelt worden.'"*
"% Dariiber hinaus wurden jiingst verschiedene substituierte Pyrrolidine durch eine
elektrochemische HLF-Reaktion dargestellt und mit einem Flow-System weiterentwickelt.'"" Nicht
nur mit der HLF-Reaktion zur C-H-Aminierung, auch mit C-H-Oxidation und weiteren
Funktionalisierung bleibt der 1,5-HAT der mechanistisch am hiufigsten angewandte Abstand zur

intramolekularen Modifikation distaler, aliphatischer C-H-Bindungen.'*™"
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(_\—RZ (_\—F# 1,5-HAT (_\.—RZ
+ E— +

NH™ H - ‘NH* H — NH,*
dx T ¢
43 44 45
- NH2+ X 4+> N R2
/1 -H R1
R — HX
46 47

Schema 11: Allgemein akzeptierter Mechanismus der Sdure-initiierten HOFMANN-LOFFLER-FREYTAG-Reaktion von
N-halogenierten Aminen zu substituierten Pyrrolidinen 47.

Durch 1,n-HAT mit n>5 sind noch weiter entfernte C-H-Bindungen durch C-, N- und S-Radikale
regioselektiv adressiert worden, um tiberwiegend intramolekulare Cyclisierungen zu erzielen.** So
wurde von der Gruppe um H. SCHMICKLER aus Carbonyl 48 durch UV-Licht in einer NORRISH-
Typ-II-Reaktion (1,7-HAT) das 1,6-Biradikal 49 freigesetzt (vgl. Schema 12). Am Ende lieferte
diese diasterecoselektive 1,6-Photocyclisierung ausgehend von Aspartat-Derivaten 48 neue

substituierte 8-Lactame 50.''°

OH
1
Ph H\rR UV-Licht  Ph
N_ R?
AcHN ~ 1,7-HAT  AcHN
¢}
48 49 50
R', R?= Ph, CO,Me, H
75-90%
dr 98:2

Schema 12: Fine NORRISH-Type-II-Reaktion und anschlieBender 1,7-HAT an Aspartat-Derivaten 48 lieferte nach
Cyclisierung des Biradikals 49 substituierte 8-Lactame 50 in hoher Diastereoselektivitit.!1

1,a-HAT von noch gréBlerer Distanz sind interessante, wenn auch seltene Strategien zur
regioselektiven Modifikation einer C-H-Bindung. Sie kénnen in zwei Methoden unterteilt werden,

6,%*""" und in C-H-Funktionalisierungen dirigiert durch starre

in Makro-Cyclisierungen mit n>
Auxiliare (in der Literatur rigid molecular scaffolds genannt), die einen HAT in kiirzeren Abstinden
unterbinden. Die von der Gruppe um R. BRESLOW entwickelten Auxiliare erlaubten v. a. die

selektive Funktionalisierung distaler C-H-Bindungen an Steroiden, wie z.B. durch H-Abstraktion
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am 3-a-Cholestanol 53 zum Olefin 54 mit einem Benzophenon-Chromophor.'*"* Die Ausbeuten
der Steroid-Derivate waren nicht immer hoch, wohingegen die Regioselektivitit gut kontrolliert
werden konnte. Die Strategie wurde auch auf andere Reaktionen, wie z.B. auf die intramolekulare
Epoxidierung von Olefin 51 mit Mo(CO) tibertragen, wodurch ein Steroid-Gertst regio- und

diastereoselektiv oxidiert werden konnte (vgl. Schema 13)."*!

UV-Licht
PhH

54
55%

Schema 13: Auxiliar-kontrollierte Epoxidierung (A) bzw. H-Abstraktion (B) an Steroiden durch rigid molecular scaffolds.

Unter den Radikal-chemischen Methoden wurde die Funktionalisierung entlegener C-H-
Bindungen in jiingster Vergangenheit durch einen profon coupled electron transfer (PCET) initiiert.'” So
wurden photoinduzierte, regioselektive C-Alkylierungen von den Gruppen R. KNOWLES und
T. ROVIS zeitgleich unabhingig entwickelt.'”'** Die Reaktion wird durch einen Ir-Photosensitizer
58a aktiviert und erlaubt die Umsetzung tertidrer und sekundarer alkyl-C-H-Bindungen mit einem
Michael-Akkzeptor 56 zu den C-alkylierten Amiden 57 (vgl. Schema 14). Mechanistisch am Beispiel
des Amids 59 betrachtet, wird ein N-Radikal durch PCET mit dem Ir-Photokatalysator in
Kombination mit einer Bronsted-Base erzeugt, dann wird durch einen 1,5-HAT selektiv ein C-
Radikal freigesetzt, das mit dem MICHEAL-Akzeptor 56 reagiert. AnschlieBend wird durch einen
single electron transfer (SET) von dem reduzierten Ir-Katalysator das C-alkylierte Produkt 60

freigesetzt (vgl. Schema 14 B).

23



A O [Ir] 2 mol% )I\
o NBu,OP(0)(OBu), HNT A
HN™ “Ar PhCF; '
blue LED, rt
R? =N R?
R EWG R
H
EWG £ F
55 56 57 [Ir(dF(CF3)ppy)2(5,5'-d(CF3)bpy)]PFg
29-84% (58a)
27 examples
B ©
H
EWG/\></\/N O B a\ ></\/H (@)
\f i § 3 he
60 ' 59 AT
Proton PCET
transfer
X 1
@
NT ar Ir(I) ir(ll) N)kAr
/B H
H/B H
€]
EWG SET 1,5-HAT
(0] C-C bond
Ir(ll Ir{Il
i formation i) (o)

EWG

Schema 14 A: Reaktionsbedingungen der C-H-Alkylierung mit einem Micheal-Akzeptor von R. KNOWLES ef a/. B:
Vorschlag der Autoren eines plausiblen Reaktionsmechanismus mit PCET und 1,5-HAT.!??

Ein PCET kann auBlerdem zur indirekten Funktionalisierung eines C-Atoms verwendet werden:
ein durch PCET erzeugtes O-Radikal spaltet dabei eine cyclische C-C-Bindung (vgl. Schema 15).
Diese Methode erlaubt damit die Funktionalisierung des C-Atoms im Abstand von [1,n] ausgehend
von einem n-gliedrigen Ring. Durch SET mit einem Ir-Photokatalysator wurden zuerst von
R. KNOWLES ¢# a/. C-Radikale aus diversen cyclischen und acyclischen, tertidren Alkoholen wie 61
erzeugt. Darauf aufbauend gelang es der Gruppe um C. ZHU, das zuvor erzeugte C-Radikal mit N-
Bromsuccinimid abzufangen (vgl. Schema 15).'"” Diese Methode erméglichte, nach einer

anschlieBenden Reaktion des Bromids 64, den Zugang zu 1,n-funktionalisierten aromatischen
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Ketonen, wobei ein maximaler Abstand von vierzehn Kohlenstoffen zwischen Keton und Bromid
erreicht wurde. Ganz idhnlich wurden auch Methoden fir die distale Reaktion mit anderen
funktionelle Gruppen wie Cyanide (siche Schema 15) oder Azide veréffentlicht. Aber auch eine
direkte 1,5-Alkinylierung eines Cycloalkanols konnte durch Abfangen des C-Radikals mit

Phenylsulfon-substituierten Alkin erzielt werden.'>'> ¥

[Ir] 1 mol% CF. TPF®
Collidin 3 eq F @ s e
PhSH 25 mol% SN CF3
H PMP blue LED 3 | X
KNOWLES CHyCly, rt PMP. O H F RS
2016 g \fv(/r) FiC N | N7
J )n R/ n Q | S
R CF,
61 62 F F
n=1,2,3 58a
PMP = p-methoxyphenyl
[Ir] 1 mol%
NBS
PhI(OAC),
Ar blue LED
HO
ZHU gj PHCF4/H,0, rt Af\fi(/rBr
2018 S ), ),
R R
63 64
n=1,2,3,8, 11 58b
[Ir] 3 mol%
K5S,04
nBuyNCI
R! OH blue LED
ZHU NC>L/|—|I<R2 PHCF4/H,0, rt
2019 R3
65
1:
R R Ay PO
REATKY 58¢c

Schema 15: Beispiele fur die photochemisch-katalysierte Spaltung einer C-C-Bindung durch PCET (KNOWLES 2016),
Bromierung des neuen C-Radikals (ZHU 2018) bzw. intramolekulare Cyanierung nach dem 1,5-HAT (ZHU 2019).

Es bleibt abzuwarten, welche neuen, kreativen Lésungen in naher Zukunft entwickelt werden, um
aliphatische, nicht-aktivierte C-H-Bindungen gezielt zu funktionalisieren. Die hier prisentierten
Methoden besitzen das Potential, die Synthese (a)cyclischer, organischer Molekiile durch

Funktionalisierung in spiter Phase (late stage) nicht nur kiirzer, sondern vor allem effizienter zu
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gestalten. Dabei sind eine breite Toleranz funktioneller Gruppen, eine hohe 6konomische
Effizienz, ebenso wie eine glnstige Atomokonomie die entscheidenden Kiriterien, die einer
Methode zum Erfolg in der breiten Anwendung in der Totalsynthese oder im industriellen Maf3stab

verhelfen 8128
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2. Zielsetzung

Mit dieser Arbeit sollten bestehende oder neue Methoden evaluiert werden, um eine transannulatre
C-H-Bindung in zehngliedrigen und ggf. anderen mittleren Ringen zu funktionalisieren. Bislang
bekannte Methoden zur Funktionalisierung aliphatischer C-H-Bindungen sollten auf mittlere Ringe
mit einer ersten funktionellen Gruppe - wenn méglich - Gbertragen werden, um so distale C-H-
Bindungen regioselektiv zu erreichen. Grundlegend sollte dabei die erste funktionelle Gruppe als
aktives Volumen genutzt und ihr Einfluss auf die Regio- und Stereoselektivitit der Reaktion

untersucht werden.

Auf dieser Grundlage sollten die gewonnenen Erkenntnisse genutzt werden, um mittlere
Kohlenstoffringe wie 68 mit zwei gegeniiberliegenden funktionellen Gruppen in wenigen Schritten

synthetisch zuginglich zu machen.

regioselektive
C-H-Funktionalisierung

X

intramolekulare
Cyclisierung
Y
69 70

Schema 16: Zwei Strategien zur transannularen Funktionalisierung mittlerer Ringe; durch C-H-Funktionalisierung
(oben) oder durch intramolekulare Cyclisierung (unten).

Mittlere Ringe sind als Strukturmotiv allein oder als Teil des polycyclischen Geriists vieler
Sesquiterpenoide, Diterpenoide oder Terpene weit verbreitet. Diese Naturstoffe besitzen eine
vielfaltige biologische und/oder pharmakologische Aktvitit, wie z.B. Cytotoxizitit, antivirale oder
anti-inflammatorische Eigenschaften. Weil die Synthese von mittleren Ringen auch immer hohe
Hirden der Enthalpie/Entropie zu tiberwinden hat, wite die direkte, gezielte Funktionalisierung
einzelner Atome des Rings eine elegante Strategie, um diese Hiirden zu umgehen. Die Auswahl an
Methoden fir eine solche selektive Funktionalisierung des Rings ist jedoch sehr begrenzt. Gerade

weil mittlere Ringe eine hohe Prelog-Spannung aufweisen und gleichzeitig Teil vieler interessanter

27



Naturstoffe sind, haben neue Methoden zur stereoselektiven Funktionalisierung das Potential, die

Synthesen solcher Natur- und Wirkstoffe kiirzer und atomékonomischer zu gestalten.

28



3. Ergebnisse und Diskussion

3.1. Insertion von Nitrenoiden und Carbenoiden in transannulare C-H-Bindungen

Die selektive intramolekulare Insertion von Nitrenoiden und Carbenoiden in benachbarte C-H-
Bindungen ist weitreichend bekannt.'”~"** Mittlere Kohlenstoffringe, wie z.B. Cyclodecan, bieten
die Gelegenheit mit ihrer hohen konformationellen Rigiditit gegentiber linearen
Kohlenwasserstoffen, noch weiter entfernte C-H-Bindungen fir die Insertion von Nitrenoiden

oder Carbenoiden raumlich zu erreichen.

A o NaBHy,, OH
CH,Cl,/MeOH
23°C,1h
93%
71 72
IBX, MPO
66% DMSO
75°C, 24 h
i-PrMgBr,
e} Cul-Me,S L-Selectride®
THF ? THF oK
o 1
-30°C,1.5h - —-78 °C, 15 min 2
74% 70% 3(
dr 14:1
73 74 75
B o vinylMgCl \ \ KH, 18-K-6
o DTHF0°C,2h  HO HO & 0 zg'l'g 3h
i) THF, 65°C 3 h S N RN :
8% 81%
dr 7:1
76 trans-77 cis-77
LiAIH,,
Et,0
o 0-23°C,18h  HO
/ 7
93%
(E)-78 (E)-79

Schema 17: Synthese der verschiedenen Cyclodecanole und (E)-Cyclodec-5-enol als Substrate fiir die C-H-
Insertionsreaktionen.

29



Diverse Cyclodecan-Derivate wurden fiir diesen Zweck synthetisiert (vgl. Schema 17 A). Aus
Kommerziell erhiltlichem Cyclodecanon (71) wurde durch Oxidation mit Iodoxybenzoesiure zum
(£)-Enon 73, Kupfer-katalysierter 1,4-Addition eines Isopropyl-Rests und anschlieBender
Reduktion des Ketons 74 mit L-Selectride® der Alkohol 75 in 34% (dr 10:1) Gber drei Stufen
erhalten. Anhand der NOE-Signale 1-H/2-He, und 2-He/3-H wurde #ans-75 als
Hauptkomponente identifiziert (vgl. 5.2.1). Nach Veresterung mit para-Nitrobenzoesiure wurde

ein dr von 14:1 (trans/ ¢is) mittels HPLC bestimmt.

(E)-Cyclodec-5-en-1-0l (79) wurde in drei Stufen hergestellt (vgl. Schema 17 B): Durch eine
Sequenz von Grignard-Addition an Keton 76, 1,2-Umlagerung und erneuter Grignard-Addition in
einem Schritt wurden die Alkohole #rans-77 bzw. cis-77 in 78% (dr 7:1) im Gramm-MaBstab
gewonnen. In einer Oxy-Cope-Umlagerung wurde aus #ans-77 exklusiv (E)-Cyclodec-5-en-1-on
((E)-78), aus ¢s-77 hingegen ein Gemisch von (E)- und (Z)-Cyclodec-5-en-1-on (95:5) erhalten, das
chromatographisch getrennt werden konnte. Reduktion mit Lithiumaluminiumhydrid ergab

Alkohol 79 in insgesamt 58% Ausbeute tber drei Stufen.

Die Synthese der entsprechenden Sulfamat-Ester gelang hingegen nicht konsequent fiir alle
Cyclodecanole. Beste Ergebnisse wurden mit Sulfamoylchlorid erzielt, wenn es vorab als kristalliner
Feststoff isoliert und gelagert wurde. Wihrend das aliphatische Sulfamat 80 in 63% Ausbeute als
weiler Feststoff isoliert werden konnte, wurde das Sulfamat 82 in nur 47% und das Sulfamat 81 in
70% als Feststoffe isoliert, die sich auf Kieselgel zersetzten. Das Sulfamat 80 wurde durch eine

Einkristallstruktur bestitigt.

Mit in situ erzeugtem Sulfamoylchlorid wurden die Alkohole 75 und 79 zwar vollstindig umgesetzt,
jedoch wurden die entsprechende Cyclodecen-Derivate als Hauptkomponente gefunden, die durch
Eliminierung des Sulfamat-Esters entstehen konnen (Details siche 5.2.1). Die Methode war
allerdings valide, um das literaturbekannte Menthyl-Sulfamat 83 in einer Ausbeute von 74%

herzustellen (vgl. Schema 18).
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i) NaH, DMF

0—23°C
i) MeCN, 0° C
HO O\\ /NH2 C)\\ .0
CI™ Yy . HaN"Y
72 80
63%
Qo O\\S/o
HaN™ ™Y HaN" ™Y
81 82
70% 47% 74%

Schema 18: Die Synthese der Sulfamat-Ester 80-83 unterlag sehr schwankenden Ausbeuten.

AnschlieBend wurden diverse literaturbekannte Methoden zur Generierung eines Nitrenoids an
diesen Sulfamat-Estern getestet. Insgesamt konnte unter keinen Bedingungen eine C-H-
Aminierung beobachtet werden (vgl. Tabelle 1). Die Sulfamate wurden jedoch sowohl unter
Katalyse mit Rhodium-, als auch mit Silber-Komplexen zersetzt. Dabei wurde einmal der
entsprechende Alkohol isoliert (Eintrag 2). Mittels GC-MS wurden die Massen der
korrespondierenden Cyclodecene detektiert, die durch Eliminierung des Sulfamats und einem
transannularen Ringschluss entstehen.'” Die Experimente zur intramolekularen C-H-Aminierung

an Cyclodecan-Derivaten wurden damit eingestellt.

Tabelle 1: Zusammenfassung der Ergebnisse verschiedener Methoden zur Nitrenoid-C-H-Insertion an den
beschriebenen Sulfamaten.

Nr. Sulfamat Kat. eq Ox. Solv. T/°C Etrgebnis

12 80 Rha(esp)2 0.10 PhI(O2-Bu)z Toluol 100 Zersetzung
22 81 Rha(esp)2 0.10 PhI(O2-Bu)z CH2Cl, 23 Zersetzung
3 80 Rhy(tfa), 0.50 PhI(O2£-Bu), CeHsCFs 23 Zersetzung
4b 82 Rhy(S-nap)s 0.02 PhIO CH2Cl, 23 Zersetzung
5¢ 82 [Ag(PysMe2)OTt]2 10 PhIO CHClL, 23 Zersetzung

a Methode: Substrat (0.10-0.30 mmol), MgO (2.30 eq), Oxidationsmittel (Ox., 2.00 eq), 3 A Molsieb (50 mg) in dem
entsprechenden Losungsmittel (0.10 M) fiir 24 h bei der angegebenen Temperatur geriihrt.
b wie a, nur 1.10 eq Oxidationsmittel.

b wie a, nur 3.50 eq Oxidationsmittel, 4 A Molsieb.

31



Analog zu den Sulfamat-Estern wurden verschiedene Diazo-Ester zur Untersuchung einer
intramolekularen C-H-Insertion eines Rhodium-Carbenoids synthetisiert. Das Diazoacetat 85a
wurde in 82% Ausbeute durch die Veresterung von Cyclodecanol (72) zum 2-Bromacetat 84 und
anschlieBende Substitution/Diazotierung des Bromids mit Ditosylhydrazin und DBU erreicht (vgl.
Schema 19 A).

Alternativ wurde Cycloheptanol (168) zum Butanoat 169 verestert und anschlieBend durch einen
REGITZ Diazo-Transfer in das entsprechenden 2-Diazo-Derivat tiberfithrt (vgl. Schema 19 B).
Durch anschlieBende Verseifung mit Lithiumhydroxid wurde Diazoacetat 86a in drei Stufen (one
pot) in 65% Ausbeute erhalten. Fine Aufreinigung nach jedem einzelnen Schritt schmalerte die

Ausbeute erheblich.

A BrCOCH,Br Br TsNHNHTs N,
NaHCO3 o DBU O
OH MeCN THF
0 °C, 10 min 0 0 °C, 10 min o)
93% 88%
72 84 85a
B o)
| o]
o)< B O O |  p-TsNj EtsN
MeCN
OH Toluene,
110 °C, 15 h OM 23°C, 16 h
95% 82%
168 - 169 -
- 7 LiOH+H,0 o)

o 9 THF/H,0,

OJ\H)\ 23°C,4h o
—_—
Ny
N2 83%
86¢c 86a

65% over 3 steps

Schema 19: Synthese von Cycloheptyl- und Cyclodecyl-Diazo-Verbindungen fiir die intramolekulare Addition von

Carbenoiden.
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Alle Diazo-Verbindungen zeigten unterschiedliches Verhalten bei der Freisetzung der Rhodium-
Carbenoide (vgl. Tabelle 2). Mit Rhy(55-MEPY)4 (89) wurde am Cycloheptyl-diazoacetat (86a) eine
diastereoselektive o-C-H-Insertion in literaturbekannter Ausbeute erzielt (dr 65:35 cis/ trans,
Eintrag 1)."" Das Cyclodecyl-diazoacetat (85a) wurde unter diesen Bedingungen in das Lacton 87a
in 36% Ausbeute bei vergleichbarem dr (64:36 ¢is/ trans) tberfihrt (Eintrag 5). Die Diastereomere
wurden anhand ihrer NOE-Signale identifiziert. Die Produkte einer anderen, distalen C-H-
Insertion konnten nicht isoliert werden. Alle anderen Versuche zeigten geringen oder keinen
Umsatz des Startmaterials oder fithrten zur Bildung von Olefin-Dimeren durch Kombination
zweier Carbene (Eintrag 2). Das Lacton 87a beweist, dass die Insertion in proximale C-H-
Bindungen zwar moglich ist, jedoch konnte durch die vergleichsweise kurzen Diazo-Ester keine
distale C-H-Bindung erreicht werden. Die Losung kénnten also lingere Auxiliare zum Erreichen

groBBerer Abstinde im Ring sein und werden im nachsten Kapitel vorgestellt.

Tabelle 2: Zusammenfassung der Ergebnisse der Rhodium-katalysierten Carbenoid-C-H-Insertion.

o Rh-Kat.
MS (3 A), CH,Cl, o
OJ\’(R 40°C, 10 h om
N Spritzenpumpe 0] e
( ’ R N,
( RH-RR O
ava
85an=3;R=H 87an=3;R=H Rhy(5S-MEPY), (89)
85b n = 3; R=COOMe 87b n =3; R=CO0OMe
86an=1,R=H 88an=1,R=H
86b n=1; R=COOMe 88b n=1; R=COO0OMe
Nr. sm Kat. eq Solv. T/°C Etrgebnis
1 86a Rhy(55-MEPY)4 0.005 CHCl, 40 88a 63%,
dr 65:35 cis/trans
2 86a Rhz(OACc)4 0.10 CHCl, 40 Olefin-Dimer
3 86b Rha(esp)2 0.02 CH:Cl, 23 Zetsetzung
85a Rhy(55-MEPY)4 0.01 CH.Cl, 40 872 36%
dr 64:36 cis/trans
5 85b Rho(35-MEPY)s 002 CH,CL, 40 kein Umsatz
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3.2. Synthese kovalenter Auxiliare fiir eine transannulare Carben-Insertion

Konzeptionell sollte ein kovalent verkntipftes Auxiliar von geeigneter Gréf3e, Form und Reaktivitat
die Moglichkeit bieten, — gebunden an eine erste funktionelle Gruppe am Kohlenstoffring — eine
chemische Modifikation an einem gegentberliegenden Kohlenstoffatom einzugehen. Die GroGe,
die Konformation und die chemische Verkniipfung am Substrat sind fir den Effekt auf die
Regioselektivitit der Reaktion von entscheidender Bedeutung. Im Folgenden wird die Synthese
verschiedener Auxiliare und die Ergebnisse der Versuche beschrieben, mit IThnen eine
intramolekulare Carben-Insertion in eine transannulare C-H-Bindung an Cyclodecanen zu

erreichen.

Benzoesaure 90 wurde mit Benzylalkohol und Natriumhydrid in den Benzylether 91 iiberfithrt. In
einer Veresterung mit Cyclodecanol (72) wurde Ester 92 gewonnen. Durch Hydrogenolyse wurde

Phenol 93 als kristalliner Feststoff (Einkristallstruktur) erhalten und anschlieBend mit Carboxy-

OBn
F F
Cyclodecanol
F Na%,\i‘;o” OBn EDC, 4-DMAP
F P 23°C, 45mi F F CH,Cl
> 40 min - 23°C,4h
- 0”0
87% 61%
0~ “OH 0" oH
90 91 92
CbzHN
OH ;\
F F Cbz-Gly-OH 0~ "o
Pd/C, H, DCC, TsOH F F
THE Pyridin
50 °C, 1.5 h 23°C,15h
o0~ o
98% 81% 0~ ~o
93 94

Schema 20: Synthese des Carbamats 94.
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benzyl (Cbz)-geschiitztem Glycin zum Ester 94 gekuppelt, wobei STEGLICH-Bedingungen mit
Dicyclohexylcarbodiimid und Pyridin mit 10 mol% para-Toluolsulfonsiure die hochste Ausbeute
zeigte (81%). Die Ausbeute betrug tber diese vier Stufen insgesamt 31%. Die Freisetzung des
Amins durch Hydrogenolyse war unter den getesteten Bedingungen nicht moglich, wie Tabelle 3
zusammenfasst. Die Elektronegativitit der beiden Fluoratome der Benzoesiure aktivieren den
Ester offenbar so gut, dass in allen Ansitzen unabhingig von der Palladium-Spezies die Spaltung
des Glycin-Esters am Phenol beobachtet wurde. Die Strategie, spater eine Diazo-Gruppe an dem

Glycin durch Natriumnitrit/Essigsidure freizusetzen, musste an dieser Stelle verworfen werden.

Tabelle 3: Zusammenfassung der Versuche zur Hydrogenolyse der Cbz-Gruppe am Ester 94.

CbzHN H,N

1, DR B

F F Pd-Species F F L F F
Ha
Ldsungsmittel, T

o” O o O ; o” O
94 95 | 93
0% 72-96%

Pd-Species Loésungsmittel T /°C Wasserstoff-Quelle  93/%
Pd/C 10% EtOH 23 H; 72%
Pd/C 10% THF 23 H, 85%
Pd(OAC),/C MeOH 23 H, 93%
Pd/C 10% CH.CL/AcOH 23 H, 86%
PdCl, CHCL 23 Et:SiH/EtN 93% (NMR)
Pd/C 10% EtOAc/EtOH 23 Cyclohexadien 96% (NMR)

Das Phenol 93 wurde alternativ mit Bromessigsdurebromid zum Bromacetat 96 umgesetzt.
AnschlieBend wurde versucht, daraus mit Ditosylhydrazin und verschiedenen Basen das
Diazoacetat 97 freizusetzen (vgl. Schema 21A). In der Literatur und auch in dieser Arbeit hat sich
diese Methode bewihrt, um verschiedenste Diazoacetate zu synthetisieren. Hier hingegen wurde

aus 96 erneut Phenol 93 in 82% Ausbeute erhalten, was auf dessen Qualitit als Abgangsgruppe
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hinweist. Die Verwendung der Basen Triethylamin und Tetramethylguanidin fihrten ebenfalls zur
gleichen Zersetzung. Zuletzt wurde die Synthese des Diazoacetats 97 durch eine direkte
Umesterung von Methyldiazoacetat mit Tetramethylammoniumdimethylcarbonat am Phenol 93
versucht (vgl. Schema 21B)."”” Aber diese Reaktion zeigte nach 12 h bei 80 °C keinerlei Umsatz

und wurde verworfen. Weitere Versuche zur Synthese des Diazoacetats 97 wurden an dieser Stelle

eingestellt.
A Br /NZ
Br L
/Q o 0 _NHTs o 0
Br” O F F o TsHN F F
K3PO,, CH,Cly DBU, THF
0°C,3h 0 °C, 10 min
93 - . + 93
74% 0”0 0”0 o2%
96 97
B 0%
N,CHCOOMe,
[Me,N]* [OCO,Me]"
MS (5A, Dean-Stark)
CyH, 80 °C, 12 h
93 1 97

Schema 21 A: Die Diazotierung des Bromacetats 96 scheiterte durch die Hydrolyse des Esters zum Phenol 93. B: Eine
Umesterung mit Methyldiazoacetat zeigte keinen Umsatz des Phenols 93.
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Ein neuer Entwurf zur Carben-Insertion in eine transannulare C-H-Bindung sah vor, ein
Lithium/Halogen-Carbenoid aus einer Dibrommethyl-Gruppe an einem Auxiliar freizusetzen. Die
Erzeugung eines Lithium/Brom-Carbenoids durch Lithium-Brom-Austausch an substituierten
Benzalbromiden fand bereits vielfach Anwendung in der Literatur.”*"** Auch die intramolekulare
Reaktion eines so erzeugten Lithium/Brom-Carbenoids mit Elektrophilen'” und die Insertion in

C,p-H-Bindungen war bekannt, wenn auch nur in wenigen Beispielen.'"’

Die Synthese dieses Auxiliars gelang in nur zwei Stufen, beginnend mit der zweifachen,
radikalischen Bromierung von 3-Methylbenzoesiure zum Dibromid 98, und eine anschlieende
Veresterung mit Cyclodecanol (72) zum Ester 100 (vgl. Schema 22). Unter verschiedenen
Bedingungen wurde versucht, aus dem Dibromid 100 das entsprechende Lithium/Brom-
Carbenoid freizusetzen und eine intramolekulare Reaktion mit einer C-H-Bindung zu erzielen. Die
Zusammenfassung der Versuche in Tabelle 4 zeigt, dass unter keiner der getesteten Bedingungen
cine Insertion in eine C-H-Bindung, sondern ausschlieBlich die Zersetzung des Esters zu

Cyclodecanol (72) beobachtet werden konnte. Andere Produkte konnten nicht isoliert werden.

Br
Cyclodecanol Br
NBS, DBPO Br EDC, 4-DMAP
PhCF4 Br CHCl;
105 °C, 3 h 23°C,15h
> o~ o
e OH 84% 72%
0~ "OH
98 99 100

Schema 22: Synthese des Dibromids 100 fur die Freisetzung eines Lithium/Brom-Carbenoids.
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Tabelle 4: Untersuchte Bedingungen zur Freisetzung eines Lithium/Brom-Carbenoids aus Dibromid 100. Eine
Insertion in eine C-H-Bindung am Cyclodecan-Ring wurde nie beobachtet.

Br
@] ,
Br n-BuLi, ; oH
T, t
0~ o g 5
100 101 72
Nr. c/ M initiale T/°C  Verlauf Ausbeute?
1 0.01 -100 1 min, dann =78 °C, 3 h 100 60%, 72 39%
2 0.01 ~78 10 min (sp)®, + 1 h 72 67%
3 0.01 —78 60 min (sp), + 1 h 72 81%
4 0.01 —78 60 min (sp), + 2 h, dann =23 °C 100 49%, 72 51%
5 0.01 ~78 10 min (sp), + 3 h, =50 °C 72 67%

@ Alle Experimente wurden im Maf3stab von 0.23-0.50 mmol in trockenem Diethylether durchgefthrt. Die Ausbeute
wurde anhand des 'H NMR Spektrums kalkuliert.
b Dosierung mittels Spritzenpumpe (sp).

Nach diesen Ergebnissen blieb unklar, ob ein Lithium /Brom-Carbenoid tiberhaupt gebildet wurde,
oder ob der Cyclodecyl-Ester in 100 basisch gespalten wurde, bevor ein Lithium-Brom-Austausch

stattfinden konnte.

Das gleiche Auxiliar wurde im Ester 102 auf seine Reaktivitit untersucht. Nach Freisetzung des
Lithium-Brom-Carbenoids koénnte es mit der C-C-Doppelbindung zu einem Cyclopropan
reagieren oder durch Insertion in eine allylische (transannulare) C-H-Bindung ein tri-cyclisches
Produkt bilden. In Tabelle 5 sind die Ergebnisse der Experimente zusammengefasst. Wihrend mit
tert-Butyllithium bei —100 °C ein Gemisch aus Brommethyl-, Dibrommethyl- und Methyl-
Benzoesiureester 103/104/105 neben Dimer 106 isoliert werden konnte (Eintrag 1), fihrte jede
Variation von Temperatur, Art der Base und Zeit zur Zersetzung bzw. keiner beobachteten
Reaktion (Eintrige 2-4). Ein Lithium-Brom-Austausch war damit zwar indirekt bewiesen, jedoch
wurde eine Reaktion des Carbenoids weder mit der (E)-Doppelbindung noch mit einer C-H-

Bindung beobachtet.

In der Literatur sind andere Reagenzien und Methoden bekannt, um Carbenoide aus
Dibrommethan freizusetzen und damit, z.T. regioselektiv, C-C-Doppelbindungen in die

entsprechenden Cyclopropane zu iiberfithren.""™* Dibromid 102 zeigte jedoch mit katalytischen
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Mengen Eisen(IIT)chlorid und 3.5 eq Tri-(isobutyl)aluminium bei 5 °C keinerlei Umsatz (Eintrag
5). Auch unter Einfluss von 4.0 eq zer~-Butylmagnesiumchlorid in Tetrahydrofuran wurde keine

Reaktion beobachtet (Eintrag 06).

Die Versuche zur intramolekularen Reaktion von Lithium/Brom-Carbenoiden wurden

anschlieBend eingestellt.

Tabelle 5: Zusammenfassung der Experimente zur transannularen Reaktion des Dibromids 102.

Rl_R?
Br B t-BuLi,
Et,0
-100 °C, 3 h o OH
o) -78°C,5h N +
- 0]
@)
102 103 R", R?=Br (E)-79
104R'=Br,R2=H 4%
105R", R?=H
51% (2:1:1)
Nr. ¢/M Reagenz Verlauf Ergebnis
1 0.01 +Buli —100 °C 5 min (sp), 103+104+105 51%
+3h,—78°C,5h 79 34%
2 0.01 #Bul.i —100 °C, 5 min (sp), Zersetzung
+30 min, 23 °C
3 0.01 #-BulLi —100 °C, 60 min (sp) keine Reaktion
4 0.01 n-Bul.i —100 °C 5 min (sp), +3 h Zetsetzung
5 0.02 Al(Bu); 3.5eq, 50°C,6h keine Reaktion
FeCl; 0.06 eq
6" 0.10 +BuMgCl4.0 eq 10—23°C, 18 h keine Reaktion

2 Methode beschrieben von BRUNNER e¢7 a/. 142

b Methode beschrieben von BRUNNER e¢# a/. 14!

39



3.3. Funktionalisierung der Doppelbindung in (£)-Cyclodec-5-en-1-ol

(E)-Cyclodec-5-en-1-ol ((E)-79) bot als Substrat viele Moglichkeiten, eine transannulare Reaktivitit
zu untersuchen. Der Abstand zwischen der Hydroxy-Gruppe und der C-C-Doppelbindung
entspricht formal einem #7s-Homoallylalkohol. Der tatsichliche raumliche Abstand kann in dem
zehngliedrigen Ring jedoch erheblich geringer sein, wenn sich Hydroxy-Gruppe und
Doppelbindung am Ring unmittelbar gegentiber liegen. Wihrend der Einfluss der Hydroxy-
Gruppe als aktives Volumen auf die Selektivitit verschiedener Methoden zur Epoxidierung in
Allylalkoholen'**  detailliert, in  Homoallylalkoholen*™*  zahlreich und in  bis-

155-157

Homaoallylalkoholen vereinzelt dokumentiert ist, finden sich fiir groflere Abstinde nur sehr

wenige Beispiele in der Literatur.'

Die Epoxidierung des Olefins (E)-79 gelang mit #CPBA in 55% Ausbeute und mit Mo(CO)s /
+~BuOOH in 60% Ausbeute in den ersten Versuchen. Neben dem Epoxid 112 (dr 1:1) wurde ein

Gemisch zweier isomerer Alkohole 113 und 114 in schwankender Ausbeute isoliert.

Tabelle 6: Variation verschiedener Bedingungen zur Epoxidierung des Olefins (£)-79 und ihre Ergebnisse.

t-BuOOH 2.0 eq
Mo(CO)g 0.05 eq

Toluol OH
OH 23°C, 15 h
+ +
o - ,,OH
OH
(2)-79 112 113+114
60% 21%
dr 1:1
Nr.  Losungs- eq eq T/ °C %Umsatz Etgebnis
mittel  BuOOH Mo(CO)s
1 Toluol 3a 0.05 23 100 112 (dr 1:1, 60%)
113/114 (rr 1:1, 21%)
2 Toluol 42 0.15 80 100 113/114 (tr 1:1, 35%) +BnOHd
3 Toluol 82 0.20 23 100 113/114 (tr 1:1, 51%) +BnOHd
4 Toluol  1b 0.10 0—23 100 112 (28%)
113/114 (rr 1:1, 54%)
5 CHxCl, 3b 0.20 0—23 80 113/114 (tr 1:1, 53%)
6 CH2Cl, 3¢ 0.20 0 75 113/114 (tr 1:1, 64%)
7 Benzol 3b 0.20 5—23 60 113/114 (tr 1:1, 49%)

avier Jahre altes Gebinde ~BuOOH.
b neues, frisch geéffnetes Gebinde #BuOOH.
ciiber 4 A Molsieb getrocknet.

4 Oxidation von Toluol zu Benzylalkohol wurde beobachtet.
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Eine Variation der Bedingungen bestitigte den ersten Verdacht, dass das Epoxid 112 in einer
Folgereaktion ge6ffnet wurde und zu den beiden regioisomeren Alkoholen 113 und 114 reagierte
(vgl. Tabelle 6). Die Ausbeute der Reaktion war weniger abhingig von der Temperatur (Eintrag 2
und 4), als vielmehr von der Qualitit der ~BuOOH-L6sung (Eintrag 4) und der Konzentration des

Katalysators (Eintrag 1 und 3).

Epoxid 112 konnte mit verschiedenen BRONSTED- und LEWIS-Sduren in ein Gemisch der Alkohole
113 und 114 uberfihrt werden (vgl. Tabelle 7). Dabei wurde kein Einfluss der
Reaktionsbedingungen oder Art der BRONSTED-/LEWIS-Sdure auf die Regioselektivitit der
intramolekularen Epoxidoffnung beobachtet. Die Cyclisierung fihrte nach den BALDWIN-Regeln
entweder durch 6-exo-fer zum [5.3.1]Jundecan-1-ol 113 oder durch 7-endo-tet zum [4.4.1Jundecan-1-
ol 114. Zum Beispiel wurde aus dem TBS-Ether 115 mit (—)-Camphersulfonsiure bei —20 °C ebenso
ein 1:1 Gemisch dieser beiden Regioisomere erhalten (Eintrag 3), wie auch mit racemischer
Camphersulfonsiure (Eintrag 2)."” Mechanistisch betrachtet wurde dadurch ein Einfluss der Siure

auf die Regioselektivitit der Epoxid—Offnung ausgeschlossen.

Tabelle 7: Zusammenfassung der Ergebnisse aller Sdure-katalysierten Epoxid6ffnungen.

[Saure]
Lésungsmittel
OR T, t
> +
0 ? OH
OH

112R=H 113 114

115 R =TBS
Nr.2  Sdure eq Loésungsmittel T/ °C t Ergebnis
1 p-TsOH 0.05 Toluol 23 18h  113+114 (tr 1:1, 96%)
2 (#)-CSA 0.05 CH:Cl, 23 8h 1134114 (tr 1:1, 99%)
3b (—)-CSA 0.01 CHxCl, -20 24h  113+114 (rr 1:1, 84%)
4 BF;0FEtL 0.10 CHCl, 78 8h 1134114 (rr 1:1, 40%)
5 BuSnO / Zn(OT), 0.60 Toluol 90 24h  Zersetzung
6 PhCOCF; / H0» 1.00 MeCN/#BuOH 23 1h 113+114 (rr 1:1, 66%)

2 Alle Experimente wurden im MafB3stab von 0.30 mmol Substrat in dem entsprechenden Lésungsmittel (0.05 M) und
der genannten Temperatur durchgefiihrt.

b Substrat war der TBS-Ether 115.
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Aus 113/114 konnten nach Veresterung mit 3-Brombenzoesiure die entsprechenden Ester
chromatographisch getrennt und ihre Konstitution anhand von 2D-NMR Experimenten aufgeklart
werden (vgl. Schema 23A). Die relative Konfiguration des 11-Oxabicyclo[5.3.1]undecan-2-ols (113)

wurde durch eine Kristallstrukturanalyse bestatigt (Schema 23B).

A
BrCgH4COCI
Et;N g
CH,Cl, /
. 23°C, 18 h . 0 +
/// O
Z OH
5 Br
Br
113 114 116 117
43% 27%
. X.{‘ o101 .~ (\ - o
NN L Y
AN NS TE—E S
_ /"'\_ e & \ o101 \ 02 ,
/ \, U

113

Schema 23 A: Die Konstitution der beiden isomeren Alkohole konnte anhand von 2D-NMR-Spektren aufgeklirt
werden. B: Die relative Konfiguration des 11-Oxabicyclo[5.3.1Jundecan-2-ols (113) wurde durch ecine
Kristallstrukturanalyse bestitigt. Hier dargestellt ist ein Paar der beiden Enantiomere (1K,25,7K) links bzw. (15,2R,7S5)
rechts.

SHARPLESS' Bedingungen zur asymmetrischen Epoxidierung von primiren Allyl-Alkoholen
erlauben eine kinetische Racematspaltung von sekundiren Allyl-Alkoholen.'* Dariiber hinaus war
ein Beispiel fiir die asymmetrische Epoxidierung eines tertidren #zs-Homoallylalkohols mit einem
Komplex aus Ti(OzPr)s/ Trityl-hydroperoxid bekannt."” Deshalb wurde mit diesen Bedingungen
experimentiert, um eine stereoselektive Synthese des Epoxids 112 zu untersuchen. Alle bis auf einen
Versuch (Eintrag 5) fithrten exklusiv zur Bildung des bekannten Regioisomerengemischs 113/114,
wihrend das Epoxid 112 nie isoliert werden konnte (vgl. Tabelle 8). Der Titan-Komplex stellte
damit seine Fihigkeit unter Beweis, die Offnung des Epoxids als LEWIS-Siure zu katalysieren. Das

Verhiltnis der Regioisomere betrug durchweg 1:1. Der Umsatz lag bei maximal 60%.
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Tabelle 8: Zusammenfassung der Versuche zu SHARPLESS' asymmetrischer Epoxidierung.

ROOH
Ti(Oi-Pr)g4, Ligand
Losungsmittel
MS (4 A)

OH T t

(E)-79 113 114

Nr. Ligand®  Peroxid (eq) T/°C Zeit/h  %Umsatz>  Ergebnis

1 ()-DET  #BuOOH (3)  —40 22 10 113/114 (rr 1:1, 10%)
2 (+)-DET  #BuOOH (2)  —20 18 3 113 /114 (er 1:1, 3%)
3¢ (+)-DET  #BuOOH (2) 20 18 40 113/114 (rr 1:1, 40%)
4 (-DIPT  #BuOOH (4)  —20-23 18 50 113/114 (rr 1:1, 50%)
5 (-DET  titylOOH (2)  —20 48 0 -

6 (-DET  titylOOH (2) 23 24 60 113/114 (1 1:1, 59%)
7 ()-DET  cumylOOH (2) 023 24 16 113/114 (rr 1:1, 16%)

2 MaBstab: 0.32 mmol Olefin, 0.10 eq Ti(O#Pr)4 und 0.20 eq Ligand.
banhand des "H-NMR Spektrums kalkuliert.
¢ Stéchiometrische Menge Ti(O7-Pr)a.

Neben der Oxidation wurde auch eine Iodo-Cyclisierung des Olefins (F)-79 durchgefiihrt. Dabei
wurde der Einfluss eines chiralen Kobalt-salen-Komplexes 120 auf die Stereoselektivitit der Iodo-
Cyclisierung untersucht.'” In durchweg hohen Ausbeuten konnte jeweils ein Gemisch zweier
Regioisomere 118 und 119 isoliert, jedoch nicht chromatographisch getrennt werden (vgl. Tabelle
9). Der FEinfluss des Katalysators auf die Regioselektivitit der Cyclisierung war nur gering
(Eintrag 2). Die Kombination von Iod und Natriumhydrogencarbonat bei Raumtemperatur fihrte
zur héchsten gemessenen Regioselektivitit von 60:40 (Eintrag 3). Andere Isomere wurden nicht
gefunden. Da die intramolekulare Offnung des entsprechenden lodoniumions mechanistisch

164-166

wahrscheinlich analog zur Offnung des Epoxids 112 verliuft, sind die beiden Regioisomere

118 und 119 die logisch nachvollziehbaren Produkte. Die relative Konfiguration konnte anhand der

2D-NMR-Spektren nicht zweifelsfrei zugeordnet werden.

Die Herausforderung einer solchen Cyclisierung liegt in der Kontrolle der Regioselektivitit. Fir

andere (a)cyclische Substrate wurde die Selektivitit dieser 5-exo-fer Halo-Cyclisierung durch

166,167

asymmetrische  Erzeugung  des  Iodoniumions oder  zB. durch  chirale

168,169

Organokatalysatoren erreicht. 6-exo-fef  Halo-Cyclisierungen sind mit asymmetrischen
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Ubergangsmetall-Katalysatoren bekannt.'™

Hier miissen die Untersuchungen fortgesetzt werden.

Wire durch eine selektive Reaktion ein einziges Regioisomer zuginglich, dann konnte es weiter

substituiert und zu einem transannular bi-funktionalisierten Cyclodecanol gedffnet werden, was

formal dem kontrollierten Aufbau zweier Stereozentren an einem zehngliedrigen Ring entspricht.

Tabelle 9: Untersuchung der Regioselektivitit in der Iodo-Cyclisierung von (E)-Cyclodec-5-en-1-ol ((E)-79) unter

verschiedenen Bedingungen.

i) R,R-salen-Co(ll)

NCS, Toluol
23 °C, 30 min
ii) I,, ~78 °C
OH iy Olefin, !
—-78°C,48 h
10
f
86% 2%
|
(E)-79 118
Nr.2  Kat. Reagenzien
(R,R)-salen-
1 Co(ll) I, NCS
2 - I, NCS
» L (3 eq),
NaHCO;

Toluol
Toluol

THF

Losungsm.

120
R =t-Bu

Ausbeute/% rr 118/119

86

96

84

45:55

55:45

60:40

 Alle Experimente wurden mit 0.65 mmol Olefin in dem entsprechenden Losungsmittel (0.01 M) durchgefiihrt.

bNach einer Methode von McDonald e# 2.7
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3.4. Transannulare Cyclopropanierung an mittleren Kohlenstoffringen

Eine intramolekulare Synthese von Cyclopropanen besitzt ein enormes Potential, in nur einem
Schritt eine hohe molekulare Komplexitit und mehrere Stereozentren kontrolliert aufzubauen.'”
Verschiedene inter- und intramolekulare Methoden wurden deshalb an acht- und zehngliedrigen
Kohlenstoffringen im Rahmen dieser Dissertation und in einer betreuten Bachelorarbeit getestet,

so auch eine CRANDALL-LIN Cyclopropanierung.

Die Synthese der Substrate begann mit der Oxidation von ¢s-1,5-Cyclooctadien (121) zum Keton
1227 Addition eines Vinyl-GRIGNARDS an das Keton 122 und Epoxidierung des tertiiren
Allylalkohols 123 mit Vanadylacetoacetonat (vgl. Schema 24). Damit stand der tertidre Alkohol 125
nach drei Stufen in insgesamt 18% bzw. sein Methylether 127 in 6% nach vier Stufen zur
Verfugung. Die Installation der Methyl-Schutzgruppe erwies sich als schwierig. Vermutlich war die
rdaumliche Abschirmung des tertidiren Alkohols hier limitierend. Analog zu dieser Sequenz wurden

die Cyclodecen-Derivate 126 und 128 ausgehend von Keton (E)-78 in 17% bzw. 5% Ausbeute

synthetisiert.
Pd(OAC)2 |) CeC|3, THF VO(acaC)2
1,4-Benzochinon 23°C. 2 h ~ t-BuOOH
H,0,, HOAG 0 ii) vinyIMgBr, OH CH,Cl,
23°C, 24 h 23°C,1h -10°C, 18 h
- Jh —— ),
33% dr 1:1
121 122n =1 123 n =1
78 n = 3 (siehe 3.1.) 124n=3
O NaH, Mel (0]
THF
oM
OH 23°C, 18 h ©
), Jn
31-32%
125 n = 1 18% (3 Stufen) 127 n=1
126 n = 3 17% (2 Stufen) 128 n=3

Schema 24: Synthese der verschiedenen Cycloocten- und Cyclodecen-Substrate fiir die intramolekulare
Cyclopropanierung.

Das terminale Epoxid wurde nun verwendet, um mit Lithium-Tetramethylpiperidin das
entsprechende Lithium-Carbenoid freizusetzen (siche Tabelle 10). Die intramolekulare Addition

dieses Carbenoids an das Olefin gelang mit dem achtgliedrigen Methylether 127 und
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(15%,28%,65* 9R*¥)-6-methoxytricyclo[4.3.1.0*"]decan-10-0l  (129) wurde als Gemisch zweier
Epimere an C10 (dr 55:45) isoliert.

Diese Reaktion ist das bislang erste Beispiel einer transannularen CRANDALL-LIN-
Cyclopropanierung an einem mittleren Kohlenstoffring. Wihrend an kleinen Kohlenstoffringen
bisher neue fiinf- und sechsgliedrige Ringe aufgebaut wurden,"*'” blieben jedoch gréBere
Distanzen zwischen Epoxid und Olefin eine Hiirde dieser Cyclopropanierung.'” Die Methyl-
Schutzgruppe am tertidgren Alkohol und das Lésungsmittel zer~Butylmethylether waren essentiell
tir das Gelingen der Cyclopropanierung (Eintrag 2, 4). Die Cyclodecenyl-Derivate 126 und 128

waren unter diesen Bedingungen nicht stabil (Eintrag 5, 6).

Diese Ergebnisse zeigen nun, dass die intramolekulare Addition eines terminalen Carbenoids an
achtgliedrigen Ringen moglich ist, wihrend sie am zehngliedrigen Ring mit groflerem Abstand
zwischen Epoxid und Olefin nicht gelang. Ohne die Isolation eines (Neben-)Produkts bleibt offen,
ob die Catbenoide der Epoxide 126 /128 durch ecine intermolekulare Addition, durch

Dimerisierung oder durch C-H-Insertion zersetzt wurden.'”

Interne Epoxide hingegen wurden von HODGSON et al. bereits erfolgreich in acht-, neun- und
zehngliedrigen Ringen verwendet, um nach a-Deprotonierung/Lithiierung eine transannulare C-
H-Insertion zu erreichen.'” Eine Addition des Carbenoids an eine Doppelbindung innerhalb des
Rings scheint also theoretisch moglich. Zukiinftige Experimente miissten deshalb zeigen, ob auch
neun-, elfgliedrige oder noch groBere Ringe als Substrate fiir eine CRANDALL-LIN-

Cyclopropanierung geeignet sind.
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Tabelle 10: Zusammenfassung der Ergebnisse zur CRANDALL-LIN Cyclopropanierung an verschiedenen Epoxiden.

o
LiTMP
OMe Lésungsmittel 'j 1020
) T,t o 6
n )_’ OMe
n
127 n=1 129 n=1
128 n=3 130n=3
Nrt.2  Substrat n eq LITMP T/°C Loésungsmittel  Ausbeute
1 127 1 2 0—23 MTBE 129 36% (dr 55:45)
2 127 1 2 0—23  Toluol Zersetzung
3 127 1 2 =78 MTBE keine Reaktion
4 125 1 2 0—23 MTBE Zetsetzung
5 126 3 2 0—23 MTBE Zersetzung
6 128 3 2 0—23 MTBE Zetsetzung

*Methode: LITMP wurde tiber 2 h (Spritzenpumpe) bei 0 °C bzw. -78 °C zu einer Lésung des Substrats (0.59 mmol)
in dem entsprechenden Lésungsmittel (0.08 M) gegeben und anschlieBend fiir 15 h bei 23 °C geriihrt.

Die Epoxide 125 und 126 wurden auch einer Lewis-Siure-katalysierten Offnung unterzogen, um
einen intramolekularen Methylentransfer des terminalen Kohlenstoffs des Epoxids auf das Olefin
zu erzielen.” Mit Lanthan-Triflat, 2,6-Lutidin als Base (5 mol%) und unter Zusatz von
Lithiumperchlorat (0.75 eq) wurde weder beim Cycloocten 125 noch beim Cyclodecen 126 ein
Umsatz festgestellt (vgl. Schema 25). Andere Substrate wurden hier nicht untersucht. Diese
Reaktionsbedingungen wurden urspriinglich fiir den Methylentransfer an linearen Olefinen in
einem Abstand von 5 Kohlenstoffatomen zum Epoxid entwickelt.'”® Auch wenn dieser Abstand
in den Cyclooctenen 125 / 126 formal besteht, verhindert wahrscheinlich die hohere Rigiditit des

Rings eine hinreichende Anniherung von Olefin und Epoxid.

La(OTf)3 5 mol%

0 2 6-Lutidin 5 mol%
LiCIO,, DCE
OH 40 °C. 24 h OH
)n ' i )
125 = 1 131n =1
126 n=3 132n=3

Schema 25: Fin intramolekularer, Lewis-Sdure katalysierter Methylentransfer konnte nicht erzielt werden.
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Neben diesen intramolekularen Methoden wurde ebenfalls eine SIMMONS-SMITH-
Cyclopropanierung als intermolekulare Reaktion an verschiedenen Cyclodecen-Derivaten getestet.
Die Cyclopropanierung von Allyl- und Homoallylalkoholen mit Zink-Carbenoiden ist
diastereoselektiv und (durch die Wahl geeigneter Auxiliare) auch enantioselektiv moglich.'™
Aber auch allein mit Methoxymethylether- (MOM) oder verschiedenen Tri-Alkylsilyl-
Schutzgruppen wurde in der Cyclopropanierung von primiren und sekundiren Allylalkoholen eine
Diastereoselektivitit von bis zu 99:1 erzielt."**"® Die Schutzgruppe blockierte dabei die Riickseite
der C-C-Doppelbindung riumlich, wihrend der Angriff des Zink-Carbenoids von der Vorderseite
stattfand. Um diesen Effekt an Cyclodecenen zu testen, wurde die Cyclopropanierung an
Substraten mit und ohne Schutzgruppe durchgefithrt. Wie Schema 26 zusammenfasst, verlief die
Cyclopropanierung an dem nicht-geschiitzen Alkohol 79 ebenso wie an dem MOM-Ether 133 und
dem Silylether 134 ohne Diastereoselektivitit. Der Abstand zwischen der Schutzgruppe und dem
Olefin im Ring scheint einerseits zu grof3, um den Angriff des Carbenoids von einer Seite zu
blockieren. Andererseits wurde aber mit der freien Hydroxy-Gruppe keine Koordination des Zink-
Carbenoids erreicht, um dessen Angriff an das Olefin zu lenken, wie es von Allylalkoholen
literaturbekannt ist.'**® Da kein Effekt auf die Selektivitit beobachtet werden konnte, wurden
weitere Variationen dieser Cyclopropanierung nicht in Betracht gezogen.
OR ZnEt,, CH,l,

CH,Cl, OR
-10~23°C, 1-4 h

79R=H 134R=H 84% dr1:1
133 R =MOM 135R=MOM  27% dr 1:1
115 R = TBDMS 136 R=TBDMS 87% dr 1:1

Schema 26: SIMMONS-SMITH-Cyclopropanierung an Cyclodecen-Derivaten. Das Diastereomerenverhiltnis wurde
anhand der 'H-NMR Spektren ermittelt.
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3.5. Transannulare Funktionalisierung an Cyclodecan-Derivaten durch radikalische

Ringéffnung

Radikalische Reaktionen laufen an mittleren Kohlenstoffringen mit 2z.T. uberraschenden
Ergebnissen ab. Die beiden energetisch minimalen Konformationen des Cyclodecanons (71) in
Schema 27A weisen je ein Wasserstoffatom auf, das mit einem Abstand von weniger als 2.54 Ain
der riumlichen Nihe des Carbonyl-Kohlenstoffs liegt (rote Markierung)."” Insbesondere die
Konformation 71a zeigt laut SAUERS e¢f a/. eine passende Geometrie des o-Orbitals am Wasserstoff
6-H, zum 7-Orbital der Carbonyl-Gruppe fiir den Ubergang von Elektronendichte — eine
Eigenschaft, die bereits zur selektiven Reaktion am C6 genutzt wurde: N. C. YANG beobachtete

1958 die Photocyclisierung von Cyclodecanon zum ¢/s-Decalinol 139, wie Schema 27B zeigt.

A
Steric Energy=19.8 kcal/mol Steric Energy=20.2 kcal/mol
71a o 71b
B 0
So

lhv (300 nm)

OH OH o) OH OH
b e oy~
I - —
H
H H H

138 I T, I 139

Schema 27 A: Energieminimierte Konformationen des Cyclodecanons (71). Die eingekreisten Wasserstoffatome liegen
in einem Abstand von unter 2.54 A (siche SAUERS e a/); B: Verlauf der Photocyclisierung von 71 unter UV-Licht (300
nm) zu den Regioisomeren 138 und 139 (angepasst von Sauers e al.).!8’

49



Tabelle 11: Variation der Bedingungen zur Optimierung der Photocyclisierung von Cyclodecanon (71).

Lichtquelle
Lésungsmittel
o T,t OH OH OH
> + +
H
H
71 138 139 72
Nr Losungsm. ¢/ T/ t/ Lichtquelle Umsatz/% Ausbeute /%c
M °C h
139 138
CyH 0.10 23 48  2x23 W cfl2 89 49 20
2 CyH 0.10 23 48 23 W cfl, flow 35 41 1
Systemb
3 CyH 0.10 23 72 weile LED 0 - -
4 CyH 0.10 40 48 23 W cfl 100 29 31d
5 MeCN 0.10 23 48 23 W cfl 19 10 -

2 ExoTerra® Reptile 23 W compact fluorescent light (cfl); luftgekiihlt.

b Spiral-Reaktor: 10 m PTFE Schlauch (d; = 0.50 mm) auf einen 100 ml. Ertlenmeyer-Kolben (Borosilikat-Glas)
gewickelt; Spritzenpumpe mit 0.018 mL/min (2 h residence time); entgastes Cyclohexan.

¢isolierte Ausbeute nach Sdulenchromatographie.

4 Cyclodecanol 72 wurde in 25% Ausbeute isoliert.

Eine mechanistische Erklirung der Regioselektivitit der Reaktion folgte 1981 aus dem Labor von
RONALD R. SAUERS: in der Konformation 71a ist ein 1,7-HAT geometrisch und energetisch
gegeniiber einem 1,5-HAT (NORRISH-type-II) bevorzugt.” Weil die in der Literatur
dokumentierten Synthesen wichtige Details offen lieBen, wurde in dieser Arbeit die
Photocyclisierung unter Variation verschiedener Faktoren optimiert und bis hin zum Gramm-
Maf3stab skaliert. Tabelle 11 fasst die wichtigsten Variationen und ihre Auswirkung auf das

Ergebnis der Reaktion zusammen.

Die hochste Selektivitdt und Ausbeute fir cs-Decalinol (139) zeigte sich unter Verwendung von
Cyclohexan als Lésungsmittel, in hoher Verdinnung (0.10 M), bei 23 °C im 3-Gramm-MalBstab im
Kolben (Eintrag 1). Durch die Bestrahlung mit zwei CFL-Lampen (compact fluorescent light, 23 W
UV-B 200, ExoTerra®) wurde die héchste Ausbeute erzielt (Eintrag 1). Der Versuch, den Maf3stab
durch einen einfachen Flow-Prozess zu steigern, resultierten in einem geringeren Umsatz und einer
geringerer Selektivitit fur 139 gegentiber Bicyclo[6.2.0]decan-1-o0l 138 — selbst bei Steigerung der
Bestrahlungsdauer (residence time) im Flow-System, unter Ausschluss von Sauerstoff durch Entgasen
der Lésung und durch Verwendung eines gasdichten Systems (Eintrag 2). Die Regioselektivitit der

Photocyclisierung war auf3erdem von der Art des Losungsmittels abhidngig. Wihrend von SAUERS
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¢t al. eine Verteilung der Produkte 139/138/72 mit 49:30:17 (%) in fert-Butanol angegeben wurde,
konnte in den eigenen Versuchen die héchste Ausbeute des ¢is-Decalinols 139 in Cyclohexan (49%0)
erzielt werden. Andere Losungsmittel wie Wasser, Chloroform und Ethylacetat fihrten zur
Zersetzung des Startmaterials. Insgesamt ist damit eine technisch einfache Methode mit
reproduzierbarer Ausbeute zur Synthese des cs-Decalinols 139 im Gramm-Mal3stab erreicht
worden. Die Struktur des cs-Decalinols 139 wurde durch eine Réntgenstrukturanalyse eines

Einkristalls bestatigt (vgl. Abbildung 3).

d

\01 _l/

cg\ ) Gw""ﬁ —clc2
'

e i o5 OH
—_— #‘C? \ CE\ o N H
Cc8 2
‘ (. — -”54
21°¢C5 \ 139

Abbildung 3: Zeichnung der Kristallstruktur des ¢s-Decalinols 139.

Die Spaltung der verbrickenden C-C-Bindung und die gleichzeitige Funktionalisierung am
Kohlenstoffgeriist des cs-Decalinols 139 bot nun Zugang zu bi-funktionalen, zehngliedrigen
Kohlenstoffringen. Die Spaltung von C-C-Bindungen an tertidaren Alkoxy-Radikalen ist lange
bekannt und wurde in den letzten Jahren um photochemische Methoden z.B. durch die Gruppe
von ROBERT R. KNOWLES erginzt (Stichwort: alkoxy-radcial fragmentation).”® Der Einsatz von
Iridium- und Ruthenium-Komplexen als photosensitizer etlauben durch einen proton-gekoppelten

Elektronen-Transfer (PCET) die selektive Katalyse von diversen Radikalreaktionen.'>'**'*

Unter Bestrahlung mit sichtbarem Licht (blaue LED, Kessil A180M®) in Anwesenheit des Ir-
Komplex 58d und Tosyl-Cyanid zeigte der Alkohol 139 jedoch keinerlei Umsatz zum
entsprechenden bi-funktionalen Cyclodecan 140 (vgl. Schema 28A). Auch in Anwesenheit von IN-
Bromsuccinimid konnte kein Umsatz zum Bromid 141 verzeichnet werden (vgl. Schema 28B).
Unter Verwendung von Brom mit Silber(I)acetat konnte durch Bestrahlung des so erzeugten
Bromhydrins 142 mit einer Kompaktleuchtstofflampe (cfl, 23 W ExoTerra®) 6-Bromocyclodecan-

1-on (141) in 65% Ausbeute gewonnen werden (vgl. Schema 28C). Eine Reaktionstemperatur von
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4 °C und eine hohe Verdinnung bevorzugten die Bildung des Bromids 141. In Konkurrenz zu
dieser C9-C10-Bindungsspaltung fithrte die Spaltung der C9-C1-Bindung zum isomeren Keton 143
in 15% Ausbeute.

A [Ir(ppy)2(dtbbpy)IPFg
TSCN, Phl(OAc),
blue LED,
H MeCN, 23 °C o

\i

7

H NC

140

B [Ir(ppy)2(dtbbpy)]PFe

NBS, Phi(OAc),

%
139
blue LED,
OH CCI4/H50, 23 °C o
H Br
139 141
%
139

C

i) AgOAc ..
Brz, PhH Br ||)°23 W Cﬂ O
H 4°C,10min \O 4 C,15 min O
> +
H H Br
Br
142 141 143
63% 15%

Schema 28: (A) Unter Bestrahlung mit sichtbarem Licht in Anwesenheit eines Ir-Photokatalysators zeigte der Alkohol
139 weder einen Umsatz zum Cyanid 140, noch (B) zum Bromid 141.'%> (C) Die Ringerweiterung zum Bromid 141
gelang tber das Bromhydrin 142 unter Bestrahlung mit einer Kompaktleuchtstofflampe (cfl, 23 W ExoTerra®).!88

Auch andere Versuche zur Ringerweiterung des Decalinols 139 durch homolytische Spaltung der
C9-C10 Bindung waren erfolgreich. Fir hoher substituierte Decalinole ist die Fragmentierung
durch ein Alkoxy-Radikal in die entsprechenden 6-Iodocyclodecan-1-one bekannt.'”"! Unter
Verwendung von Diacetoxyiodobenzol und Iod unter sichtbarem Licht (23 W cfl) konnte das
Decalinol 139 jedoch in nur 18% (31% brsm) in das Keton 144 Gberfihrt werden (vgl. Eintrag 2,
Tabelle 12). Die Variation von Temperatur und Lichtquelle fihrten zu keiner Verbesserung der
Ausbeute. Mit dem FEinsatz von rotem Quecksilber(Il)oxid, Iod und Pyridin gelang die

Ringerweiterung zum lod-substituierten Keton 144 in 86% Ausbeute durch eine Variante der
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DOWD-BECKWITH-Reaktion (vgl. Eintrag 3)."*'"">'> Um die Toxizitit des Quecksilber(Il)oxids
und Benzols zu vermeiden, wurde mit dem BARLUENGA’S Reagenz IPy,BF, ein Kompromiss

94,1

zwischen Ausbeute und Selektivitit erreicht (Eintrag 4)"*'”. Keton 144 wurde auf diesem Weg in

50% brsm neben dem 2-(iodobutyl)cyclohexan-1-on (23% brsm) isoliert.

Tabelle 12: Erzielte Ausbeuten in der Ringerweiterung des Decalinols 139 zum Iodo-Keton 144.

)

Lichtquelle
OH Reagenzien 0
H ] |
139 144

Nr.  Reagenzien T/°C t/h Losungsmittel Lichtquelle 144 /%
1 PhI(OAdLL 0 18 CyH LED weil -
2 PhI(OAdn T, 30 2 oH 23W cfl 18 (31 brsm)
3 HgO, I, 23 2 PhH LED weil3 86
4 1Py,BF, 0 12 CH,Cl, LED 435nm 50 brsm

Das Iodid 144 konnte anschlieBend mit Natriumazid in Dimethylformamid in 95% Ausbeute in
das Azid 146 uberfihrt werden (siche Schema 29). Damit gelang in insgesamt drei Stufen die
Transformation des kommerziell erhiltlichen Cyclodecanons (71) zu einem Cyclodecan mit zwei

transannularen, funktionellen Gruppen von orthogonaler Reaktivitit.

Schema 29 fasst dartiber hinaus verschiedene Wege zur weiteren Funktionalisierung zusammen.
Die Keto-Gruppe in 146 kann, formal, mit Natriumborhydrid chemoselektiv zum Alkohol 147

reduziert werden.'®

Andererseits  kann das Azid wunter Lewis-Sdure-Katalyse oder
Triphenylphosphin selektiv zum Amin 148 reduziert werden."” Aber auch eine Azid-Alkin-
Cycloaddition (Click-Reaktion) kommt hiermit in Frage und erweitert damit das chemische

Potential des Azids 146.'%*

Damit sind die Voraussetzungen geschaffen, um transannular bi-funktionalisierte zehngliedrige
Kohlenstoffringe als Strukturmotiv in grélere Molekile einzubinden. Gerade fir die
Molekilbibliotheken zum Hoch-Durchsatz-Verfahren (High-Throughput) der kombinatorischen
Chemie stehen damit neue Bausteine zur Verfligung, um mittlere Kohlenstoffringe in die

Erforschung und Entwicklung von Wirkstoff-Kandidaten einzubinden.'”
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o] NaBH,

141 X = Br
144 X = |

NaN3
DMF 95%
40°C, 20 h

CoCl; NaBH,
o] NaBH, o)

H2N Ref. 197

148 146

Ref. 198

---e-----

149

MeOH, 0 °C

Ref. 196

Br

145

147

Schema 29: Die Substitution des Iodids 144 durch eine Azid-Gruppe, erlaubt eine sequentielle, chemoselektive
Modifikation an C1 und C6 des zehngliedrigen Kohlenstoffrings. Literaturbekannte Methoden erlauben formal eine
chemoselektive Reduktion des Azids oder des Ketons in 146 und z.B. eine Click-Reaktion zu substituierten Triazolen

wie 149.
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4. Zusammenfassung

Im Laufe dieser Arbeit wurden unterschiedliche Strategien herangezogen, um acht- und
zehngliedrige Kohlenstoffringe transannular zu funktionalisieren. Zu diesem Zweck wurden
sowohl intramolekulare, als auch intermolekulare Reaktionen untersucht. Aus Cyclodec-5-enol
((E)-79) wurden die Bicyclen 113 und 114 durch intramolekulare Offnung des entsprechenden
Oxirans bzw. Iodoniumions synthetisiert (vgl. Schema 30 A). Die relative Konfiguration des
[5.3.1]Jundecan-1-0ls 113 wurde durch eine Kristallstruktur bestitigt. Es wurde jedoch kein
wirksamer Einfluss der Hydroxyl-Gruppe auf die Stereoselektivitit der ersten Epoxidierung oder
Iodierung der C-C-Doppelbindung festgestellt. ~Eine intramolekulare  Crandall-Lin
Cyclopropanierung wurde erstmalig auf einen mittleren Ring tibertragen. Aus dem Cycloocten-
Derivat 127 wurde der tricyclische Alkohol 129 in 36% Ausbeute (dr 55:45) erzielt. An dem

groBeren Cyclodecen-Derivat wurde keine solche transannulare Cyclopropanierung beobachtet.

OH
- 5 . +
Y. intramolekulare / “v
Cyclisierung %
79n=3 Y=0,I Y=0 113 114
122 n =1 Y=1 118 119
\ ‘ n=1
O
OMe LiITMP H OH
) CRANDALL-LIN éj;<o,\/|e
Cyclopropanierung
127 129
B
0] UV Licht OH
H N3 Ns
[1,71-HAT Fragmentierung chemische
71 13 und 146 Diversifizierung 147

Funktionalisierung

Schema 30: Ubersicht der erfolgreichen synthetischen Strategien an mittleren Ringen in dieser Arbeit.
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Mit der Photocyclisierung des Ketons 71 und anschlieBender, radikalischer Fragmentierung wurde
ein Zugang zu neuartigen, 1,6-bifunktionalisierten Cyclodecanen geschaffen (vgl. Schema 30 B).
Chemische Diversifizierung wird z.B. mit dem Cyclodecanol 147 erreicht, indem es chemoselektiv
an dem Azid (z.B. Click-Reaktion, Reduktion) oder an der Hydroxyl-Gruppe (z.B. Ester- oder
Ether-Synthese) weiter umgesetzt wird. Mittlere Ringe konnen auf diese Weise als

Synthesebausteine in der kombinatorischen Chemie verwendet werden.

Die Insertion von Carbenoiden und Nitrenoiden in C-H-Bindungen fithrte unter keiner der hier
untersuchten Bedingungen zu einer transannularen Reaktion, sondern war in der tiberwiegenden
Anzahl der Experimente durch die geringe Stabilitit der intermedidren Carbene/Nitrene limitiert.
Dartiber hinaus wurden zwei verschiedene Auxiliare synthetisiert, um zehngliedrige
Kohlenstoffringe zu tberbricken und dadurch selektiv eine gegeniiberliegende C-H-Bindung zu
adressieren. Dabei blieb die Addition eines Carbens an eine C-C-Doppelbindung ebenso wie die
Insertion in eine distale C-H-Bindung mit und ohne diese Auxiliare erfolglos. In zukiinftigen
Experimenten sollte der Fokus auf Auxiliare gelegt werden, die einerseits einen 1,n-HAT in einem
definierten Abstand ermdglichen und andererseits Reaktionen an niheren C-H-Bindungen

chemisch diskriminieren.
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4.1.  Summary

In the course of this work, different strategies have been utilized to transannular functionalize
eight- and ten-membered carbon rings. For this purpose, both intramolecular and intermolecular
reactions were investigated. From cyclodec-5-enol ((E)-79), bicycles 113 and 114 were synthesized
by intramolecular opening of the corresponding oxirane and iodonium ion, respectively (see
Scheme 30 A). The relative configuration of [5.3.1Jundecan-1-ol 113 was confirmed by a crystal
structure. However, no effective influence of the hydroxyl group on the stereoselectivity of the
first epoxidation or iodination of the C-C double bond was found. An intramolecular Crandall-Lin
cyclopropanation was applied to a medium ring for the first time. From the cyclooctene derivative
127, the tricyclic alcohol 129 was obtained in 36% yield (dr 55:45). No such a transannular
cyclopropanation was observed on the larger cyclodecene derivative. Photocyclization of ketone
71 followed by radical fragmentation provided access to novel 1,6-bifunctionalized cyclodecanes
(see Scheme 30 B). Chemical diversification is achieved, for example, with cyclodecanol 147 by
further reacting it chemoselectively at the azide (e.g., click reaction, reduction) or at the hydroxyl
group (e.g., ester or ether synthesis). Medium rings can thus be used as synthetic building blocks in

combinatorial chemistry.

The insertion of carbenoids and nitrenoids into C-H bonds did not lead to a transannular reaction
under any of the conditions studied here, but was limited by the low stability of the intermediary
carbenes/nitrenes in the vast majority of experiments. In addition, two different auxiliaries were
synthesized to bridge ten-membered carbon rings and thereby selectively address an opposite C-H
bond. However, addition of a carbene to a C-C double bond was unsuccessful, as was insertion
into a distal C-H bond with and without these auxiliaries. In future approaches, experiments should
focus on auxiliaries that, one the one hand, enable a 1,n-HAT at a defined distance and, on the

other hand, chemically discriminate reactions at closer C-H bonds.
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5. Experimenteller Teil
5.1.  Allgemeine Anmerkungen

5.1.1. Materialien und Methoden

Alle Reaktionen bei tiefen Temperaturen bzw. mit Hydrolyse- oder sauerstoffempfindlichen
Substanzen wurden in ausgeheizten Schlenk-Apparaturen unter Argon als Schutzgas durchgefiihrt.
Es wurde eine Wechselhahnanlage mit einer Drehschiebervakuumpumpe (vacuubrand RZ.6,
Nenndruck 4:10* mbar) verwendet. Spritzen und Kaniilen wurden vor Gebrauch mit Argon
gespult. Das Entgasen von Losungsmitteln erfolgte mittels der Freege-Pump-Thaw-Methode. Die
Lagerung von hydrolyse- und sauerstoffempfindlichen Substanzen erfolgte in zuvor ausgeheizten
Schlenk-Apparaturen unter Argon. Die Volumen von luft- und sauerstoffstabilen Flissigkeiten

zwischen 1.0 pulL und 1.00 mL wurden mit Transferpipetten der Firma I"I/R abgemessen.

Alle kommerziell erhiltlichen Reagenzien wurden, soweit nicht anders angegeben, ohne weitere
Reinigung direkt verwendet. Alle verwendeten Losungsmittel wurden am Rotationsverdampfer
frisch destilliert. Die Losungsmittel und Reagenzien fir luft- oder feuchtigkeitsempfindliche

Reaktionen wurden unmittelbar vor Gebrauch folgendermalen behandelt:

Acetonitril wurde in HPL.C grade von 1'TVR bezogen und fiir 72 h iiber Molsieb (3 A) unter Argon
getrocknet.

Benzol wurde destilliert, entgast, unter Argon fiir 72 h iiber Molsieb (4 A) getrocknet und gelagert.
Cyclohexan wurde entgast, unter Argon fiir 72 h iiber Molsieb (4 A) getrocknet und gelagert.
Dichlormethan: Erhitzen unter Riickfluss mit Calciumhydrid und anschlieBende Destillation
unter Stickstoff.

Diethylether: Erhitzen unter Riickfluss mit Solvona® und anschlieBende Destillation unter
Stickstoff.

Diethylzink wurde als Lésung (1.0 M in #-Heptan) von Sigma Aldrich oder von Acros (1.5 M in
Toluol) bezogen.

N,N-Dimethylformamid (Firma Rozs, min. 99.8%) wurde entgast, unter Argon tber Molsieb
(4 A) fiir 72 h getrocknet und gelagert.

Methanol: Zugabe von Magnesiumspinen, Erhitzen unter Ruckfluss und anschlieende
Destillation unter Stickstoff.

Tetrahydrofuran: Erhitzen unter Ruckfluss mit Natrium/Benzophenon als Feuchtigkeits- und
Sauerstoffindikator und anschlieBende Destillation unter Stickstoff.

tert-Butyl methylether wurde entgast, unter Argon fiir 72 h iiber Molsieb (4 A) getrocknet und

gelagert.
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Toluol: Erhitzen unter Riickfluss mit Natrium und anschlieBende Destillation unter Stickstoff.
Triethylamin, Diisopropylamin und Diisopropylethylamin wurden jeweils tber
Calciumhydrid getrocknet und unter Argon destilliert.

Wasser wurde in einem Ionenaustauscher entionisiert, entgast und unter Argon gelagert.

5.1.2. Chromatographie

Flash-Siulenchromatographie

Fir die praparative Sdulenchromatographie wurde Kieselge/ 60 der Firma Machery-Nage/ mit einer
Korngrofle von 40-63 um als stationdre Phase verwendet. Das Kieselgel wurde im Laufmittel
aufgeschlimmt und als Suspension in die Sdule gefillt. Die stationire Phase wurde unter Druck
verdichtet. Das Rohprodukt. wurde in wenig Dichlormethan oder zer+-Butyl methylether gelost,
nach Zugabe von Kieselgel vom Loésungsmittel befreit und somit an Kieselgel gebunden
aufgetragen. Empfindliche Substanzen wurden in wenig Laufmittel gelost und direkt aufgetragen.
Der Druck wurde mit Hilfe eines Stickstoff-Anschlusses mit Druckregler reguliert. Die
Sdulengrofe, Kieselgel-Menge und die FraktionsgroBe wurde in Anlehnung an die Empfehlungen

von Still ¢# al. gewihlt.”” Die Laufmittel-Zusammensetzung ist jeweils angegeben.

Diinnschichtchromatographie (DC; thin Iayer chromatography TLC)

Fir die Dinnschichtchromatographie zur Reaktionskontrolle wurden Glas-DC-Platten (Kieselgel
60, 0.2 mm Schichtdicke) mit Fluoreszenzindikator Fas4 der Firma Merck KGaA verwendet. Neben
der Detektion der Fluoreszenzausloschung mit einer UV-Lampe (A = 254 nm) wurden die
Chromatogramme mit einer der folgenden Losungen und durch Erwidrmen mit einem HeiB8luftfén

auf 250-400 °C angefirbt.

(a) Cer(IV)-sulfat/Molybdatophosphorsiure-Tauchlésung: Ammoniummolybdat-hexahydrat
(10.0 g), Cer(IV)sulfat (400 mg), konzentrierte Schwefelsaure (10.0 mL) und Wasser (90.0 mL).

(b) Kaliumpermanganat-Tauchlésung: Kaliumpermanganat (3.0 g) und Natriumcarbonat (20.0 g)
in Wasser (240 mL) gel6st und mit Natronlauge (5%, 5.00 mL) versetzt.

(c) p-Anisaldehyd-Tauchlésung: p-Anisaldehyd (4.00 mL), Essigsiure (2.00 mL), konzentrierte
Schwefelsaure (5.00 mL) in Ethanol (150 mL) l6sen.

Gaschromatographie (GC)
Die GC-MS-Spektren wurden an einem Agient 6890 Gas-Chromatograph (Agilent HP-5MS
capillary column, 30 m x 0.25 mm fused silica; Filmdicke = 0.25 pm) in Verbindung mit einem

Hewlett Packard 5973 Massendetektor aufgenommen.
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High Performance Liquid Chromatography (HPLC)

Gemische diastereomerer Reaktionsprodukte wurden an einer Agilent Technologies 1200 HPLC
Kombination (G1312B Quat-Pumpe, G1329B ALS-Probengeber, G1316A Siulenthermostat,
G4212B Dioden-Array-Detektor) analysiert. Die aufgenommenen Chromatogramme wurden mit
der Software ChemStation von _Agilent ausgewertet. Die verwendeten Siulen und

Lésungsmittelgemische sind den entsprechenden Versuchsvorschriften zu entnehmen.

5.1.3. Physikalische Daten

Molekulare Massen, Dichten

Alle molekularen Massen sind in g'mol" in der ersten spalte jeder Ansatztabelle angegeben. Fiir
Fliissigkeiten und Losungen ist ggf. zusitzlich die Dichte p in g'cm” hinter dem Namen der

Verbindung angegeben.

Kernspinresonanzspektroskopie (NMR)

Die Messung der 1d- und 2d-NMR-Spektren wurden an den Spektrometern 417300
(300.13 MHz) eigenstindig und an den Spektrometern DRX-500 (500.13 MHz), AL"-500
(500.13 MHz) der Firma Bruker durch die Mitarbeiter G. Hide, C. Mischke, A. Rentzos, R. Wagner
oder X. Xie der NMR-Abteilung im Fachbereich Chemie der Philipps-Universitit Marburg
durchgefiihrt. Soweit nicht anders angegeben wurden die Messungen bei 300 K durchgefihrt. Die
Spektren wurden auf das Signal der Restprotonen des Losungsmittels kalibriert: CDCls (99.9%; 'H
6 =7.26 ppm, °C 6 = 77.16 ppm), CDCL (99.9%; 'H § = 5.32 ppm, °C § = 54.00 ppm), CD;CN
(99.8%; "H § = 1.94 ppm, °C § = 1.32 ppm). Die relative chemische Verschiebung § = in ppm zum
externen Standard Tetramethylsilan (TMS) wurde aus der Mitte der Kopplungsmuster abgelesen.
Die "C-NMR-Spektren wurden breitbandentkoppelt aufgenommen und auf das Deuterium-
gekoppelte Losungsmittelsignal kalibriert. Die 1YF-NMR-Spektren wurden auf den internen Standard

Hexafluorbenzol (F ¢ = —164.9 ppm) relativ zu CFCl; als externem Standard kalibriert.

In den Spektren wurde die Signalaufldsung 1. Ordnung, soweit moglich, analysiert und die
Kopplungskonstanten | (in Hz) angegeben. Multiplizititen: s = singlet, bs = brought singlet, d =
doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, sept = septet. Fiir nicht aufgeloste
Signale wurde der Bereich der chemischen Verschiebung als Multiplett (m) gekennzeichnet. Zur
Zuordnung der 'H- und "C-Signale wurden 2d-NMR-Experimente durchgefiihrt (COSY, HMQC,
HSQC, HMBC, NOESY), wobei Standardpulssequenzen verwendet wurden. Die Auswertung der

Spektren erfolgte mit dem Programm TopSpin 4.0" von Bruker.

60



Massenspektrometrie (HRMS)

Alle Massenspektren wurden in der Massenspektrometrie-Abteilung des Fachbereichs Chemie der
Philipps-Universitit Marburg durch J. Bamberger, T.Krieg, A.Hemer oder U. Linne
aufgenommen. Die HR-ESI und HR-APCI Spektren wurden an einem LTQ-FI' Ultra
Massenspektrometer der Firma Thermo Fischer Scientific gemessen. Die Auflosung war auf 100.000

eingestellt. Die Ionenmassen m/z sind in # angegeben

Infrarotspektroskopie

Simtliche IR-Spektren wurden mit einem Bruker AL.PH.A ATR-FT-IR Spektrometer (Attenuated
Total Reflection Fourier Transform Infrared Spectroscopy) aufgezeichnet. Die ILage der
Absorptionsbanden ist in Wellenzahlen v (cm”) angegeben und die relative Intensitit mit

schwach (w), mittel (m) oder stark (s) gekennzeichnet.

Schmelzpunkte
Alle Schmelzpunkte wurden mit einem Mestler-Toledo MP70 in einer einseitig offenen Kapillare
bestimmt und wurden nicht korrigiert. Die Angabe des Schmelzpunktes erfolgt in Kombination mit

dem zuletzt verwendeten Losungsmittel.

Einkristall-Rontgenstrukturanalyse

Die Messung und Losung der Rontgenstruktur ausgewihlter kristalliner Verbindungen wurden in
der Abteilung fir Kristallstrukturanalyse des Fachbereichs Chemie der Philipps-Universitit
Marburgt von Dr. K. Harms, Dr. S. Ivlev oder R. Riedel durchgefiihrt. Die Kristalle wurden in
einem inerten Ol an einem Bruker D8 QUEST oder einem S#e IPDS 2T Diffraktometer mit Mo-
K. Strahlung bei 100 K vermessen. die Strukturen wurden durch Dr. K. Harms und Dr. S. Ivlev
mithilfe der Software SHEIL.XI ., SHEI.XT und Diamond gelost.

5.1.4. Sprache
Die Versuchsbeschreibungen wurden zur erleichterten Verwendung fiir spitere wissenschaftliche
Publikationen in englischsprachigen Fachzeitschiften im Einklang mit der Promotionsordnung fiir

den Fachbereich Chemie, Philipps-Universitit Marburg, in englischer Sprache verfasst.
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5.2.  Versuchsbeschreibung

5.2.1. Insertion of Nitrenoids and Carbenoids in transannular C-H-bonds

2-Iodoxybenzoic acid (149)

Oxone®
H,0O HO
I 75°C, 3h \(/O
L :
CO,H 83%
(0]
148 149

2-iodobenzoic acid 284.02 g/mol 1.00eq 176 mmol 500¢g
Oxone® 307.38 g/mol 1.80 eq 317 mmol 97.1¢g

To a solution of Oxone (70.3 g, 229 mmol, 1.30 eq) in water (650 mlL) was added 2-iodobenzoic
acid (50.0 g, 176 mmol, 1.00 eq). The solution was heated to 75 °C, and the reaction was stirred
for 3 h. Again, Oxone (27.1 g, 88.0 mmol, 0.50 eq) was added and the mixture was stirred for 1 h.
The white suspension was cooled to 0 °C and stirred slowly for 1.5 h. The solid was filtered of and
rinsed with water (6X100 mL) and acetone (2X100 mL), and left to dry at 23 °C for 16 h. 2-
Todoxybenzoic acid (41.0 g, 146 mmol, 83%) was collected as a white solid. The analytical data

were in accordance with the literature.?"!

'H NMR (300 MHz, DMSO-dq) & (ppm) = 8.14 (d, | = 7.4 Hz, 1H), 8.03 (dd, ] = 0.9, 7.8 Hz, 1H),
7.98 (dd, ] = 1.0, 7.6 Hz, 1H), 7.83 (d, ] = 7.3 Hz, 1H).

m.p. 226-230 °C (acetone).
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Iodosobenzene (151)

I(OAC),

150

diacetoxyiodobenzene

sodium hydroxide 3 M in water

NaOH

H,O O%l
23°C,1h {
84%
151
322.09 g/mol 1.00 eq  46.6 mmol 150 ¢g
40.00 g/mol 450 eq 209 mmol 70.0 mL

Diacetoxyiodobenzene (15.0 g, 46.6 mmol, 1.00 eq) and sodium hydroxide solution (3 M, 70.0 mL,

4.50 eq) were mixed in a flask. The solution was stirred for 15 min and left at 23 °C for 45 min. Water

(100 mL) was added and the suspension was filtered through a Biichner-funnel. The residue was

washed with water (200 mL) and methylene chloride (100 mL) and dried under reduced pressure

to afford iodosobenzene (8.63 g, 39.2 mmol, 84%) as a white solid. The analytical data were in

accordance with the literature.?”

'H NMR (300 MHz, CD;CN) & (ppm) = 7.78 - 7.71 (m, 2H), 7.44 - 7.36 (m, 1H), 7.23 - 7.14 (m,

2H).

PC NMR (75 MHz, CDsCN) & (ppm) = 137.1, 130.6, 127.7.

m.p. 208 °C (methylene chloride).

2,2'-(Ethane-1,1-diyl)dipytidine (154)

X X
) .
N F N
152 153

2-flouropyridine p 1.13
2-ethylpyridine p 0.94

n-butyl lithium 2.5 M in #-hexane

i) n-BuLi, THF

—78 °C, 30 min

ii) 75 °C, 30 min

81%
154

97.09 g/mol 1.00 eq  29.3 mmol 284¢
107.16 g/mol 2.10eq 61.5 mmol 6.59¢
64.05 g/mol 2.00eq 58.6 mmol 23.4 mL

#-Butyl lithium (23.4 mL, 58.6 mmol, 2.00 eq) was added slowly via cannula to a stirred solution of

2-ethylpyridine (6.59 g, 61.5 mmol, 2.10 eq) in tetrahydrofuran (29.0 mL) at —78 °C. After 45 min,
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2-fluoropyridine (2.84 g, 29.3 mmol, 1.00 eq) was added slowly. The solution was warmed to 23 °C
and heated to 75 °C for 30 minutes. Ice (9 g) was added, the organic layer was separated and the
aqueous layer was extracted with methylene chloride (3%X10 mL). The combined organic layers were
dried over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by distillation to afford 2,2'-(ethane-1,1-diyl)dipyridine (4.37 g, 23.7 mmol, 81%) as a

yellow oil. The analytical data were in accordance with the literature.*”

TLC (n-pentane/ fert-butyl methyl ether 19:1) R¢ 0.30

'H NMR (300 MHz, MeOD) 8 (ppm) = 8.45 (d, ] = 4.9, 2H), 7.75 (dd, ] = 7.7, 1.8 Hz, 2 H), 7.35
(d, ] = 7.9 Hz, 2H), 7.24 (dd, ] = 7.35, 7.39 Hz, 2H), 4.45 (q, ] = 7.3 Hz, 1H).

3C NMR (75 MHz, MeOD) & (ppm) = 164.7, 149.8, 138.7, 124.0, 123.2, 50.4, 20.0.

2,6-Bis(1,1-di(pyridin-2-yl)ethyl)pytidine (156)

i) n-BuLi, THF
-78 °C, 20 min
+ | N ii) 75 °C, 48 h
=z
F7ON F
72%

154 155 156
2,6-diflouropyridine p 1.27 115.08 g/mol 1.00eq 5.65 mmol 0.65¢
2,2'-(ethane-1,1-diyl)dipyridine 184.24 g/mol 420 eq 23.7 mmol 437 ¢
n-butyl lithium 2.5 M in 7#-hexane 64.05 g/mol 4.00 eq  22.6 mmol 9.04 mL

#-Butyl lithium (9.04 mlL, 22.6 mmol, 4.00 eq) was added to a solution of 2,2'-(ethane-1,1-
diyl)dipyridine (4.37 g, 23.7 mmol, 4.20 eq) in tetrahydrofuran (56.0 mL) at —78 °C. Stitring was
continued for 20 min and a solution of 2,6-fluoropyridine (0.65 g, 5.65 mmol, 1.00 eq) in
tetrahydrofuran (0.80 mL) was added. The mixture was stirred for 1 h at —78 °C and heated to
75 °C for 48 h. The reaction was quenched with water (25 mL) and the aqueous layer was extracted
with methylene chloride (2X18 mL). The combined organic layers were dried over magnesium
sulfate and filtered. The residue was diluted with methylene chloride (2 mL) and layered with diethyl
ether (6 mL) prior cooling to —25 °C. The yellow crystalline PysMe; 156 (1.80 g, 4.06 mmol, 72%)
was collected by filtration, washed with diethyl ether (12 mL) and dried under high vacuum. The

analytical data were in accordance with the literature.””
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'H NMR (300 MHz, CDCL) & (ppm) = 8.58 — 8.48 (m, 4H), 7.57 (dd, ] = 15.5, 7.6 Hz, 1H), 7.40
(td, J = 7.8, 1.9 Hz, 4F), 7.12 — 7.00 (m, 6H), 6.84 (d, ] = 8.0 Hz, 4H), 2.21 (s, GH).

3C NMR (75 MHz, CDCL) & (ppm) = 166.4, 164.4, 148.6, 135.6, 124.2, 121.0, 112.0, 60.3, 26.9.

(E)-/ (Z)-Cyclodec-2-en-1-one (73)

LDA, Pd(OAc)
@) TMSCI, THF, 2
—78-23°C OTMS  MeCN,
30 min F 23°C,1h 2 10
_30min__ _28Cth Ty,
4 50
5 7
6
71 157 (E)-73 (2)-73
65% 5%
cyclodecanone 97%, p 0.96 154.25 g/mol 1.00 eq 5.77 mmol 0.96 mL
diisopropylamine, p 0.72 101.19 g/mol 1.20eq  6.93 mmol 0.97 mL
n-buthyl lithium 2.5 M in #-hexane 64.06 g/mol 1.10eq  6.35 mmol 2.54 mL.
chlorotrimethylsilane 108.65 g/mol 1.70 eq  9.81 mmol 1.07 mL
palladium(II) acetate 224.51 g/mol 1.00eq 5.77 mmol 1.30 ¢

To a solution of lithium diisopropyl amide, freshly prepared by addition of #-buthyl lithium
(2.54 mL, 6.35 mmol, 1.10 eq) to diisopropylamine (0.97 mL, 6.93 mmol, 1.20 eq) in
tetrahydrofuran (5mlL) at —78 to 23 °C, was added cyclodecanone (0.96 mlL, 5.77 mmol) in
tetrahydrofuran (2 mL) at —78°C. After stirring at this temperature for 0.5 h, the solution was
warmed to 23 °C and stitred for 0.5 h. After cooling to —78 °C chlorotrimethylsilane (1.07 mlL,
9.81 mmol, 1.70 eq) was added, and the mixture was stirred at this temperature for 1 h. The reaction
was quenched with sat. ammonium chloride solution and extracted with diethyl ether (3%X10 mL).
The organic extract was dried (magnesium sulfate), filtered and concentrated under reduced
pressure to give a mixture of (E)- and (Z)-1-((trimethylsilyl)oxy)cyclodec-1-ene. The crude silyl enol
ether was dissolved in acetonitrile (7.5 mL) and palladium(II) acetate (1.30 g, 5.77 mmol, 1.00 eq)
was added at 23 °C. The mixture was stirred for 1 h, after which diethyl ether (25 mL) was added
and the solid removed by filtration. The solvent was evaporated under reduced pressure and the

residual datk-yellow oil was purified by flash column chromatography on silica (z-pentane/ethyl
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acetate 20:1) to afford (E)-cyclodec-2-en-1-one (42 mg, 0.28 mmol, 5%) and (Z)-cyclodec-2-en-1-

one (574 mg, 3.72 mmol, 65%), each as a colorless oil.
Analytical data for (E)-cyclodec-2-en-1-one ((E£)-73):
TLC (#-pentane/ethyl acetate 5:1) R¢ 0.50

'H NMR (300 MHz, CDCL) 8 (ppm) = 6.59 (td, ] = 8.0, 16.0 Hz, 1H, 2-H), 6.26 (d, ] = 16.4 Hz,
1H, 3-H), 2.55-2.50 (m, 2H), 2.28-2.24 (m, 2H, 10-H), 1.69-1.60 (m, 4H), 1.43-1.31 (m, 6H).

3C NMR (125 MHz, CDCly) & (ppm) = 206.9 (C1), 138.3 (C2), 132.9 (C3), 42.2 (C10), 28.7 (C4),
25.2,24.9,22.2,22.0,21.2.

Analytical data for (Z)-cyclodec-2-en-1-one ((£)-73):
TLC (n-pentane/ethyl acetate 5:1) R¢ 0.61.

'H NMR (300 MHz, CDCly) 8 (ppm) = 6.29 (td, ] = 1.1, 12.0 Hz, 1H, 2-H), 5.73 (td, ] = 8.7, 11.8
Hz, 1H, 3-H), 2.43-2.39 (m, 4H, 3-H/10-H), 1.89-1.79 (m, 2H, 4-H), 1.47-1.40 (m, 4H), 1.28-1.22
(m, 2H), 1.17-1.11 (m, 2.

3C NMR (125 MHz, CDCIy) & (ppm) = 208.8 (C1), 138.3 (C2), 132.8 (C3), 44.9 (C10), 28.7 (C4),
24.4,24.0,22.2,22.0, 21.2.

(2)-Cyclodec-2-en-1-one ((£)-73)

Method A
o) IBX, o
DMSO 1
55°C,3h 10 2
S 3
46% Tk
7 5
6
4 (2)-73
cyclodecanone 97%, p 0.96 154.25 g/mol 1.00 eq  5.77 mmol 0.96 mL
2-iodoxy benzoic acid 280.02 g/mol 1.80eq 21.7 mmol 6.07¢g

To a solution of cyclodecanone (0.96 mL, 5.77 mmol, 1.00 eq) in dimethyl sulfoxide (57 mL, 0.3 M
with respect to IBX) was added 2-iodoxy benzoic acid (21.7 mmol, 1.8 eq, 6.07 g). The solution

was heated to 55 °C, monitored by TLC until complete consumption of starting material was
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observed. The reaction mixture was cooled to 23 °C and diluted with diethyl ether (50 mL). The
organic layer was washed with aqueous 5% sodium bicarbonate solution (3%X50 mlL), water (50
mL), dried over magnesium sulfate and the solvent was removed under reduced pressure. The
residual brown oil was purified by flash column chromatography on silica (#-pentane/fer-butyl
methyl ether 15:1) to afford (Z)-cyclodec-2-en-1-one ((£)-73, 875 mg, 5.67 mmol, 46%) as a

colotless oil.

Method B
o) IBX, MPO o
DMSO
75°C, 24 h
66%
71 (2)-73
cyclodecanone 97%, p 0.96 154.25 g/mol 1.00 eq  3.10 mmol 0.58 mL
2-iodoxybenzoic acid 280.02 g/mol 1.80eq 21.7 mmol 6.07¢g
4-methoxypyridin-N-oxide hydrate 125.13 g/mol 2.00eq  6.30 mmol 800 mg

2-Iodoxybenzoic acid (6.07 g, 21.7 mmol, 1.80 eq) and MPO (800 mg, 6.30 mmol, 2.00 eq) were
dissolved in dimethylsulfoxide and stirred at 23 °C. This solution was added in four parts (0.45 eq
each) to cyclodecanone (0.58 mL, 3.10 mmol, 1.00 eq) at 75 °C and the mixture was further stirred
for 24 h. An equal volume of aqueous sodium bicarbonate (5%) was added and the aqueous layer
was extracted with diethyl ether (3%X5 mL). The combined organic layers were washed with sat.
sodium bicarbonate solution, water, and brine (20 mL each). After drying over magnesium sulfate,
the organic layer was filtered and concentrated under reduced pressure. The crude product was
purified by flash column chromatography on silica (pentane/7er+-butyl methyl ether 25:1) to obtain
(Z)-cyclodec-2-en-1-one (0.31 g, 2.11 mmol, 66%).

TLC (#-pentane/fert-butyl methyl ether 15:1) R¢ 0.30.

'H NMR (500 MHz, CDCl3) 8 (ppm) = 6.29 (td, ] = 1.1, 12.0 Hz, 1H, 2-H), 5.73 (td, ] = 8.7, 11.8
Hz, 1H, 3-H), 2.43-2.39 (m, 4H, 3-H/10-H), 1.89-1.79 (m, 2H, 4-H), 1.47-1.40 (m, 4H), 1.28-1.22
(m, 2H), 1.17-1.11 (m, 2.

3C NMR (125 MHz, CDCL) 8 (ppm) = 208.8 (C1), 138.3 (C2), 132.8 (C3), 44.9 (C10), 28.7 (C4),
24.4,24.0,22.2,22.0,21.2.
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HR-MS (ESI): m/z caled. for CioHisO1Na [M+Na]": 175.1093; found: 175.1090.

FT-IR (neat) v (cm™) = 2927 (s), 2856 (w), 1686 (s), 1655 (w), 1628 (w), 1468 (m), 1445 (w),
1417 (w), 1399 (w), 1323 (w), 1234 (w), 1199 (w), 1176 (w), 1144 (w), 1117 (w), 1092 (w), 1075 (w),
1053 (w), 1005 (w), 932 (w), 914 (w), 826 (w), 791 (m), 750 (w), 729 (w), 709 (m), 625 (w).

3-(Prop-1-en-2-yl)cyclodecan-1-one (158)

}/BFQ,K
0

@) [Rh(cod),]BF,4 10 )
Et;N, Toluol/H,0
25°C,36h 9 3 12
- 8 4
11
70% 7 5 13
6

(2)-73 158
(£)-cyclodec-2-en-1-one 152.24 g/mol 1.00 eq  0.53 mmol 80.0 mg
potassium (prop-1-en-2-yl)
tifluoroborate 147.98 g/mol 2.00eq 1.05mmol 155 mg
bis(1,>-cyclooctadienc)rhodium(l) 406.07 ¢/mol  0.02eq 0.01 mmol 4.3 mg
tetrafluoroborate
triethylamine 101.19 g/mol 4.00eq  2.10 mmol 0.29 mL

In a Schlenk tube was added potassium(prop-1-en-2-yl) trifluoroborate (155 mg, 1.05 mmol,
2.00 eq) and Rh(cod),BF, (4.3 mg, 0.01 mmol, 0.02 eq). The tube was evacuated and filled with
argon three times. To this mixture was then added (Z)-cyclodec-2-en-1-one (80 mg, 0.53 mmol,
1.00 eq), triethylamine (0.29 mL, 2.10 mmol, 4.00 eq) followed by toluene (1.60 mL) and degassed
water (0.40 mL). The Schlenk tube was sealed and the reaction mixture was stirred at 23 °C for 36
h. The reaction mixture was poured into a mixture of diethylether and sat. aqueous ammonium
chloride (10 mL each). The organic layer was washed with brine (10 mL), dried over magnesium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (z-pentane/ferr-butyl methyl ether 19:1) to afford 3-(prop-1-en-2-
ylcyclodecan-1-one (71 mg, 0.37 mmol, 70%) as a yellow oil.

TLC (n-pentane/ fert-butyl methyl ether 9:1) R 0.15.

'H NMR (500 MHz, CDCL) & (ppm) = 4.72-4.70 (m, 2H, 12-H), 2.81-2.73 (m, 2H, 3-H, 10-H,),
2.59 (ddd, ] = 3.7, 9.5, 15.8 Hz, 1H, 2-H,), 2.51 (ddd, ] = 3.7, 8.1, 15.7 Hz, 1H, 2-H,), 2.33-2.27
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(m, 1H, 10-Fy), 1.94-1.86 (m, 1H, 4-I1), 1.81-1.74 (m, 1H, 4-F1), 1.72 (dd, J = 1.3, 0.8 Hz, 3H,
13-Hs), 1.64-1.57 (m, 1H, 9-F), 1.51-1.23 (m, 9F).

3C NMR (125 MHz, CDCLy) 8 (ppm) = 213.7 (C1), 149.6 (C11), 109.4 (C12), 47.4 (C10), 42.4
(C2), 42.1 (C3), 30.3 (C9), 25.7, 25.0, 24.8, 23.5 (C4), 21.2 (C13).

HR-MS (EI) m/z caled. for CisH201 [M]™: 194.16706, found: 194.16569.

FT-IR (neat) v (cm™) = 531 (m), 670 (w), 689 (s), 724 (s), 798 (m), 919 (m), 1016 (m), 1259 (s),
1415 (m), 1579 (w), 1609 (m), 1681 (s), 2540 (w), 2658 (w), 2814 (w), 2989 (w).

3-Isopropylcyclodecan-1-one (74)

Method a
i-PrMgBr,
0 CuBr-Me,S 0
Et,0,-78°C,2,5h
33%
(2)-73 74
-cyclodec-2-enone 152.24 o/mol 1.00 e 1.01 mmol 154 m
Y g q g

isopropylmagnesium bromide (3 Min 2-
methyl tetrahydrofuran)
copper(I) bromide dimethyl sulfide

complex

147.31 g/mol 120 eq 1.21 mmol 0.41 mL

205.38 g/mol 0.05eq  0.05 mmol 10.4 mg

Under inert conditions copper(I) bromide dimethyl sulfide complex (10.4 mg, 0.05 mmol, 0.05 eq)
was dissolved in dry diethyl ether (1.67 mL) and stitred for 15 min at 23 °C. After addition of (Z)-
cyclodecenone (154 mg, 1.01 mmol, 1.00 eq) the mixture was cooled to —78 °C and a 0.5 M soln.
of isopropylmagnesium bromide (0.41 mL, 1.21 mmol, 1.20 eq) in diethyl ether (2.00 mL) was
added via cannula within 2 h by a syringe pump. The mixture was stitred for 30 min at —78 °C. The
reaction was quenched with methanol (1 mL) and sat. aqueous ammonium chloride solution (5
mL). The organic layer was separated and the aqueous layer was extracted with zer#-butyl methyl
ether (3X15 mL). The combined organic layers were washed with brine, dried (magnesium sulfate),
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (#-pentane/ethyl acetate 40:1) to afford 3-isopropylcyclodecan-1-one

(66 mg, 0.34 mmol, 33%) as a colotless oil.
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Method b

i-PrMgBr,
(@) Cul-Me,S 0]
THF, -30 °C, 1.5h

74%

(2)-73 74

(£)-cyclodec-2-enone 152.24 g/mol 1.00eq  0.51 mmol 77.0 mg

isopropylmagnesium bromide (3 Min 2-
methyl tetrahydrofuran)

copper(I) iodide 190.44 g/mol 2.00eq 1.01 mmol 193 mg
dimethyl sulfide p 0.85 62.13 g/mol 2.00eq 1.01 mmol 74.0 uL.

147.31 g/mol 2.00eq 1.01 mmol 0.34 mL

Under inert conditions, copper(l) iodide (193 mg, 1.01 mmol, 2.00eq) was dissolved in anhydrous
tetrahydrofuran (15 mL) and cooled to —5 °C. At this temperature, isopropylmagnesium bromide
(0.34 mL, 1.01 mmol, 2.00 eq) was added via cannula within 10 min. Then, dimethyl sulfide (74.0 pl,
1.01 mmol, 2.00 eq) was added and the resulting dark-green solution was stirred for another 15 min
at =5 °C, upon which a solution of (Z)-cyclodec-2-enone (77.0 mg, 0.51 mmol) in anhydrous
tetrahydrofuran (3 mL) was added at —30 °C within 1 h. The mixture was then stirred for 30 min.
The reaction was quenched with methanol (1 mL) and sat. aqueous ammonium chloride solution
(5 mL). The organic layer was separated and the aqueous layer was extracted with zer~butyl methyl
ether (3X15 mL). The combined organic layers were washed with brine, dried (magnesium sulfate),
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (#-pentane/ethyl acetate 40:1) to afford 3-isopropylcyclodecan-1-one
(73.0 mg, 0.37 mmol, 74%) as a colorless oil.

70



Method ¢

0 Pt/C 10% ?
H,, EtOH 10 2
20°C,4h 9 3 12
g ° 4
99% 7 5 43
6
158 74
3-(prop-1-en-2-yl)cyclodecan-1-one 194.32 g/mol 1.00eq  2.36 mmol 460 mg
platinum 10% on C 195.08 g/mol 0.0l eq 0.01 mmol 23.1 mg
hydrogen (ballon) 2.00 g/mol - - -

To a solution of 3-(prop-1-en-2-yl)cyclodecan-1-one (460 mg, 2.37 mmol, 1.00 eq) in dry ethanol
(5.50 mL) 10% platinum/C (23.1 mg, 0.01 mmol, 0.01 eq) was added. The reaction mixture was
stirred for 4 h at 23 °C in an atmosphere of hydrogen. The catalyst was filtered off through a plug
of celite and the solvent was removed under reduced pressure. The crude oil was purified using
flash column chromatography (silica gel, pentane/fert-butyl methyl ether 19:1) to afford 3-
isopropylcyclodecan-1-one (464 mg, 2.35 mmol, 99%) as a colorless oil.

TLC (n-pentane/ethyl acetate 40:1) R¢ 0.30.

'H NMR (500 MHz, CDCL;) § (ppm) = 2.58 (ddd, ] = 3.6, 9.3, 15.8 Hz, 1H, 2-H,), 2.50 (ddd, | =
3.9,8.0,16.2 Hz, 1H, 2-H,), 2.46 (dd, ] = 10.8, 14.2 Hz, 1H, 10-H,), 2.24 (dd, ] = 3.1, 14.2 Hz, 1H,
10-H,), 1.95-1.82 (m, 2H, 9-H), 1.80-1.72 (m, 1H, 3-H), 1.64-1.56 (m, 1H, 11-H), 1.51-1.22 (m,
10H), 0.89 (d, ] = 6.8 Hz, 3H, 12-H), 0.86 (d, ] = 6.8 Hz, 3H, 13-H).

3C NMR (125 MHz, CDCy) 8 (ppm) = 215.3 (C1), 46.6 (C10), 42.4 (C2), 41.4 (C3), 33.4 (C11),
28.9 (C4), 25.9, 24.9, 24.2, 23.5,19.9 (C12), 19.5 (C13).

HR-MS (ESI) m/z calcd. for C13H2401Na; [M+Na]": 219.1719, found: 219.1725.

FT-IR (neat) v (cm™) = 2927 (s), 2856 (w), 1721 (w), 1680 (s), 1612 (m), 1478 (w), 1442 (w),
1411 (s), 1364 (w), 1342 (w), 1326 (w), 1306 (w), 1258 (w), 1210 (w), 1159 (w), 1101 (w), 1075 (w),
1048 (s), 943 (w), 879 (w), 829 (w), 787 (m), 708 (w), 672 (w), 593 (m).
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(1R*,3 R¥)-3-Isopropylcyclodecan-1-ol (75)

D L-Selectride® OH
THF, =78 °C, 15 min . )
g 9 3 12
70% 8 7 ﬁ
dr 10:1 , s
13
6

74 75
3-isopropylcyclodecan-1-one 196.33 g/mol 1.00 eq  2.24 mmol 440 mg
L-Selectride®, lithium tri-sec-
butyl(hydrido)borate 1 M in 190.10 g/mol 210eq 4.71 mmol 471 mLL

tetrahydrofuran

To a solution of 3-isopropylcyclodecan-1-one (440 mg, 2.24 mmol, 1.00 eq) in tetrahydrofuran
(29.0 mL) was added L-Selectride (4.71 mL, 4.71 mmol, 2.10 mmol) dropwise at =78 °C. After 15
min of stirring sat. aqueous ammonium chloride (16 mL) was added and the reaction mixture was
allowed to warm to 23 °C. The mixture was poured into water (10 mL) and extracted with Zer~butyl
methyl ether (3X20 mL). The combined organic layers were washed with brine (20 mL), dried
(magnesium sulfate) and the solvent was removed under reduced pressure. The yellow oil was
purified by flash column chromatography on silica (pentane/ fer#-butyl methyl ether 19:1) to afford
the alcohol 75 (313 mg, 0.69 mmol, 70%; dr 10:1 trans/cis by nmr) as a colotless oil. (1R*,3R*)-3-
isopropylcyclodecan-1-ol (trans, 75a) was identified by its NOE signals between 1-H/2-H., and
2-H,./3-H, respectively.

TLC (n-pentane/ethyl acetate 9:1) R¢ 0.15.
HR-MS (ESI) m/z calcd. for Ci3Hxs0O1Na; [M+Na]": 221.1883, found: 221.1876.

FT-IR (neat) v (cm™) = 2915 (m), 2845 (w), 1721 (w), 1680 (s), 1612 (m), 1478 (w), 1442 (w),
1411 (s), 1364 (w), 1342 (w), 1326 (w), 1306 (w), 1258 (w), 1210 (w), 1159 (w), 1101 (w), 1075 (w),
1048 (s), 943 (w), 879 (w), 829 (w), 787 (m), 708 (w), 672 (W), 593 (m), 456 (w).

Analytical data of (1R*,3R*)-3-isopropylcyclodecan-1-ol 75a:

'H NMR (500 MHz, CDCly) & (ppm) = 4.13-4.08 (m, 1H, 1-H), 1.87 (dt, | = 5.4, 6.4 Hz, 1H,
10-H), 1.74-1.40 (m, 18H), 0.88 (dd, ] = 3.3, 6.6 Hz, GH, CLL).
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3C NMR (75 MHz, CDCL3) 8 (ppm) = 70.5 (C1), 38.7 (C10), 38.1 (C2), 34.9 (C11), 33.3 (C3),
27.6,26.4, 25.7, 25.6, 24.9, 23.9, 20.0 (CH5), 19.9(CHs).

Analytical data of the (1R*,35*)-3-isopropylcyclodecan-1-ol 75b:

'H NMR (500 MHz, CDCL) & (ppm) = 4.00-3.95 (m, 1H, 1-H), 1.90-1.83 (m, 1H, 10-H), 1.74-
1.40 (m, 18H), 0.93 (t, | = 7.6 Hz, 6H, CH5).

3C NMR (75 MHz, CDCL3) 8 (ppm) = 69.6 (C1), 38.7 (C10), 38.1 (C2), 34.9 (C11), 32.2 (C3), 27.1,
26.4,25.7, 25.6, 24.9, 23.1, 20.0 (CHs), 19.9(CHs).

(1R*,3 R*)-3-Isopropylcyclodecyl 4-nitrobenzoate (159)

NO,
18
17 19
OH 4-N02-C6H4COC|,
4-DMAP 16 20
CH.Cl, 8.4
23°C,16h 0”0
( . 10 2
87% ° P .
8 7 '/ﬁ
! > 13
6
75 159
3-isopropylcyclodecan-1-ol 198.35 g/mol 1.00 eq 0.13 mmol 25.0 mg
4-nitrobenzoyl chloride 185.56 g/mol 3.00eq 0.38 mmol 70.2 mg
4-dimethylaminopyridine 104.15 g/mol 3.00eq 0.38 mmol 39.4 mg

To a solution of 3-isopropylcyclodecan-1-ol (25 mg, 0.13 mmol, 1.00 eq) in methylene chloride
(5.5 mL) 4-dimethylaminopyridine (39.4 mg, 0.38 mmol, 3.00 eq) and 4-nitrobenzoyl chloride
(70.2 mg, 0.38 mmol, 3.00 eq) were added and the mixture was stirred at 23 °C for 18 h. Sat.
aqueous sodium bicarbonate (5 mL) was added and the layers were separated. The aqueous layer
was extracted with methylene chloride (2X3 mL). The combined organic layers were washed with
brine (10 mL), dried (magnesium sulfate), filtered and the solvent was removed under reduced
pressure. The residual yellow oil (38.0 mg, 0.11 mmol, 87%) was analyzed by HPLC (Chiralpak 1C,
n-hexane/isopropanol 99:1, flow=0.5 mL/min, 30 min) to find a 14:1 mixture of two diastereomers

(trans/ cis).
Analytical data of the major diastereomer (1K*,3R*)-159:

HPLC (rt 21.705 min).
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'H NMR (300 MHz, CDCL) & (ppm) = 8.30-8.25 (m, 2H, Hiom), 8.17-8.13 (m, 2H, Haom), 5.65-
5.55 (m, 1H, 1-H), 2.11-1.95 (m, 1H, 2-F,), 1.89-1.52 (m, 17H), 0.88 (dd, = 0.8, 6.8 Hz, 6H, CIL).

3C NMR (75 MHz, CDCly) 8 (ppm) = 164.5 (C14), 150.6 (C18), 136.6 (C15), 130.8 (2C, C17/19),
123.6 (2C, C16/20), 75.7 (C1), 38.4, 34.8, 33.1, 31.3, 27.8, 26.2, 25.6, 25.5, 24.8, 23.6, 20.0 (C13),
19.9 (C12).

Analytical data of the minor diastereomer (1R*,35%)-159:
HPLC (rt 27.780 min).

'H NMR (300 MHz, CDCL) & (ppm) = 8.30-8.25 (m, 2H, Huom), 8.17-8.13 (m, 2H, Hywm), 6.21
(td, J = 5.8, 10.4 Hz, 1H, 1-H), 1.89-1.52 (m, 18H), 0.88 (dd, ] = 0.8, 6.8 Hz, GH, CH>).

Cyclodecanol (72)

O

NaBH,, OH
CH20|2/MeOH
23°C,1h
93%

71 72
cyclodecanone 98% 154.25 g/mol 1.00eq  3.70 mmol 570 mg
sodium borohydride 37.83 g/mol 5.00eq 18.5 mmol 699 mg

Sodium borohydride (700 mg, 18.5 mmol, 5.00 eq) was slowly added to a solution of cyclodecanone
(570 mg, 3.70 mmol, 1.00 eq) in methanol (6 mL) and methylene chloride (6 mL). The solution was
stirred for one hour at 23 °C. The solution was quenched with water and stirred for 10 minutes.
The layers were separated and the aqueous layer was extracted with methylene chloride (3%X10 mL)
The combined organic layers were dried over magnesium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica (#-
pentane/ zert-butyl methyl ether 5:1) to afford cyclodecan-1-ol (502 mg, 3.12 mmol, 81%) as a white

solid. The analytical data were in accordance with the literature.””

TLC (n-pentane/ tert-butyl methyl ether 6:1) R¢ 0.15

'H NMR (500 MHz, CDCl3) 8 (ppm) = 3.99-3.95 (m, 1H, 1-H), 1.79-1.72 (m, 2H), 1.69-1.59 (m,
4H, 2-H/10-H), 1.54-1.37 (m, 15H).
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3C NMR (125 MHz, CDCLy) 8 (ppm) = 71.4 (C1), 33.4 (2C, C2/C10), 25.4 (2C, C3/C9), 25.3
(C6), 24.3 (2C, C4/CB), 22.1 (2C, C5/CT).

FT-IR (neat) v (cm™) = 3407 (w), 3343 (m), 2984 (w), 2966 (w), 2916 (w), 2893 (s), 2866 (w),
2839 (w), 2690 (w), 1481 (m), 1435 (m), 1340 (w), 1305 (w), 1289 (w), 1262 (w), 1201 (w), 1189
(w), 1165 (w), 1087 (m), 1036 (w), 1004 (s), 966 (m), 927 (w), 897 (w), 848 (w), 799 (m), 783 (w),
765 (w), 717 (m), 697 (w), 592 (w), 576 (w), 547 (m), 514 (w), 500 (w), 441 (w).

m.p. 40-42 °C (methylene chloride).

(£)-Cyclodec-2-en-1-ol (160)

(@) CeCI3-7 H20, OH
NaBH,,
- MeOH
@ 0-23°C, 3h @
82%
(2)-73 160
cyclodec-2-en-1-one 152.24 g/mol 1.00eq 1.97 mmol 300 mg
sodium borohydride 37.83 g/mol 1.00 eq  1.97 mmol 70.0 mg
Cerium(III) chloride heptahydrate 372.58 g/mol 1.00eq 1.97 mmol 730 mg

Cyclodec-2-en-1-one (300 mg, 1.97 mmol, 1.00 eq) was added to a suspension of cerium(III)
chloride heptahydrate (730 mg, 1.97 mmol, 1.00 eq) in methanol (1.55ml) under argon
atmosphere. At 0 °C, sodium borohydride (70.0 mg, 1.97 mmol, 1.00 eq) was added in portions
over a period of 15 min. The solution was stirred at 23 °C for 3 h and then quenched with
hydrochloric acid (1 M, 5 ml). The aqueous layer was extracted with diethyl ether (4 x 5 mL). The
combined organic layers were washed with brine (20 mL), dried over magnesium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (#-pentane/ert-butyl methyl ether 19:1) to afford the title compound
(250 mg, 1.62 mmol, 82%) as a white solid.

TLC (n-pentane/ fer-butyl methyl ether 9:1) R¢ 0.30

'H NMR (500 MHz, CDCL) & (ppm) = 5.46 (td, ] = 5.0, 11.7 Hz, 1H, 3-H), 5.38 (dd, ] = 10.2,
5.0 Hz, 1H, 2-H), 4.85 (td, ] = 5.6, 10.2 Hz, 1H, 1-H), 2.58 — 2.43 (m, 1H, 4-H,), 2.05 — 1.99 (m,
1H, 4-H,), 1.88 — 1.76 (m, 1H, 10-H), 1.61 —1.22 (m, 11H).
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3C NMR (125 MHz, CDCL) 8 (ppm) = 133.4 (C2), 131.1 (C3), 67.5 (C1), 36.9 (C10), 27.4, 25.6,
25.5 (C4), 24.6, 21.1, 20.8.

HR-MS (ESI) m/z calced. for CioHisOH [M+H]": 155.1430, found: 155.1430.

FT-IR (neat) v (cm™) = 3354 (w), 3000 (w), 2911 (s), 2846 (w), 2686 (w), 1467 (w), 1442 (m),
1381 (w), 1338 (m), 1263 (w), 1247 (w), 1191 (w), 1165 (w), 1140 (w), 1098 (w), 1062 (w), 1006 (s),
941 (w), 915 (w), 873 (w), 791 (m), 771 (w), 736 (s), 706 (W), 663 (w), 597 (W), 560 (W), 516 (w),
457 (w), 423 (w).

m.p. 77.9 °C (fert-butyl methyl ether).

1,2-Divinylcyclohexan-1-ol (77)

ZMgCl N
i) THF,0°C, 2 h \ \
? ii) THF. 65 °C 3 h HO 7 HO &
o O O
2
78%
dr 7:1 N8
76 trans-77 Cis-T7
2-chlorocyclohexan-1-one 132.95 g/mol 1.00eq  64.5 mmol 9.00 g
vinylmagnesium chloride 1.7 M in 131.25 g/mol 250eq 194 mmol 114 .
tetrahydrofuran

A solution of vinylmagnesium chloride (1.7 M in tetrahydrofuran, 59.0 mL, 90.7 mmol, 1.40 eq)
and a solution of 2-chlorocyclohexan-1-one (9.00 g, 64.5 mmol, 1.00 eq) in tetrahydrofuran (59 mL)
were added to tetrahydrofuran (26 mL) at 0 °C within 1 h by the same syringe pump. Stirring was
continued for another hour at 0 °C. Then, a solution of vinylmagnesium chloride (55 mlL,
70.3 mmol, 1.10 eq) was added over a period of 10 min at 0 °C. The reaction mixture was warmed
to 65 °C for 3 h and allowed to cool to 23 °C. Sat. aqueous ammonium chloride (75 mL) was added.
The aqueous layer was extracted with diethyl ether (3X50 mL). The combined organic layers were
washed with brine (150 mL), dried over sodium carbonate, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica (z-pentane/ fers-butyl
methyl ether 20:1) to afford «s-1,2-divinylcyclohexan-1-ol (1.05 g, 9.20 mmol, 9%) as a yellow oil
and #rans-1,2-divinylcyclohexan-1-ol (6.74 g, 70.0 mmol, 69%) as a pale green oil.

Analytical data for ¢s-1,2-divinyleyclohexan-1-ol ¢s-77:%
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TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.35

'H NMR (500 MHz, CDCL) & (ppm) = 6.24 (dd, ] = 10.9, 17.2 Hz, 1H, 7-H), 5.62 (ddd, ] = 9.0,
10.2, 17.1 Hz, 1H, 9-H), 529 (dd, J = 1.4, 17.3 Hz, 1H, 10-F,), 5.16 (dd, J = 1.5, 11.1 Hz, 1H,
10-Hy), 5.12-5.06 (m, 2H, 8-H), 2.14-2.08 (m, 1H, 2-H), 2.08-1.85 (m, 1H, 3-H), 1.83-1.67 (m, 5H),
1.59-1.30 (m, 5H).

3C NMR (125 MHz, CDCLy) 8 (ppm) = 146.1 (C7), 139.0 (€9), 116.3 (C10), 111.9 (C8), 73.3 (C1),
48.3 (C2), 38.0 (C6), 26.0 (C3), 25.5 (C4), 21.4 (C5).

FT-IR (neat) v (cm™) = 3452 (w), 3079 (w), 3007 (w), 2931 (s), 2858 (w), 1777 (w), 1683 (W),
1638 (w), 1447 (w), 1416 (w), 1348 (w), 1281 (w), 1197 (w), 1145 (w), 1038 (w), 995 (m), 968 (w),
914 (s), 861 (w), 809 (w), 747 (W), 678 (w), 649 (w), 545 (w).

Analytical data for #rans-1,2-divinylcyclohexan-1-ol #rans-77:%

'H NMR (500 MHz, CDCls) & (ppm) = 5.90 (dd, ] = 10.8, 17.3 Hz, 2H, 7-H/9-H), 5.21 (dd, | =
1.4, 17.2 Hz, 1H, 8-F), 5.13-5.00 (m, 3H, 8-H./10-H), 2.17-2.08 (m, 1H, 2-H), 1.87 (td, ] = 1.6,
7.4 Hz, 1H, 6-I,), 1.82-1.70 (m, 1H, 6-F), 1.68-1.45 (m, 6H), 1.39 (s, 1H, OH), 1.37-1.21 (m, 1H).

BC NMR (125 MHz, CDCLy) 8 (ppm) = 146.1 (C7), 139.0 (€9), 116.3 (C10), 111.9 (C8), 73.3 (C1),
483 (C2), 38.0 (C6), 26.0 (C3), 25.5 (C4), 21.4 (C5).

HR-MS (ESI) m/z caled. for C11H19O1 [M+MeOH]: 183.1391 , found: 183.1382.

FT-IR (neat) v (cm™) = 3413 (w), 3079 (w), 2929 (s), 2857 (w), 1719 (w), 1639 (w), 1448 (m),
1415 (w), 1349 (w), 1294 (w), 1261 (w), 1178 (w), 1151 (w), 1131 (w), 1055 (w), 994 (w), 965 (s),
908 (m), 850 (w), 819 (w), 689 (w), 609 (w), 542 (w).
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(E)-Cyclodec-5-en-1-one ((E)-78)

\ KH, 18-K-6 3
HO THF 2 4
N 0-23°C,3h o
-~ 10 5
6
81% NG
8
trans-77 (E)-78
trans-1,2-divinylcyclodecan-1-ol 152.24 g/mol 1.00eq 23.4 mmol 357¢
potassium hydride 70% in parrafin 40.11 g/mol 1.10eq  25.8 mmol 147 ¢
18-Crown-6 264.32 g/mol 1.70 eq  39.8 mmol 105 ¢

An oven-dried flask was charged with potassium hydride (1.47 g, 25.8 mmol, 1.10 eq), 18-Crown-6
(10.5 g, 39.8 mmol, 1.70 eq) and tetrahydrofuran (20 mlL). To this solution #uans-1,2-
divinylcyclohexan-1-ol (3.57 g, 23.4 mmol, 1.00 eq) in tetrahydrofuran (20 mL) was added at 0 °C
under argon. The red solution was allowded to warm to 23 °C under stirred for 3 h. Upon
completion, sat. aqueous ammonium chloride solution and diethyl ether (40 mL each) were added
and the layers were separated. The aqueous layer was extracted with diethyl ether (3X30 mL). The
combined organic layers were washed with brine (3X20 mL), dried over sodium sulfate, filtered
and evaporated under reduced pressure. The residue was purified by flash chromatography in silica
(n-pentane/diethyl etehr 20:1) to obtain (E)-cyclodec-5-en-1-one (2.90 g, 19.1 mmol, 81%) as a

colotless oil.
TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.26

'H NMR (500 MHz, CDCl3) 8 (ppm) = 5.35-5.30 (m, 1H, 6-H), 5.13-5.07 (m, 1H, 5-H), 2.56—
2.51 (m, 1H, 10-H), 2.40-2.35 (m, 1H, 2-F), 2.30-1.62 (series of m, 16H).

BC NMR (125 MHz, CDCLy) 8 (ppm) = 212.8 (C1), 134.5 (C5), 131.3 (C6), 45.6 (C2), 43.2 (C10),
34.2 (C4), 33.3 (CT), 28.8, 28.1, 22.2.

HR-MS (APCI) m/z caled. for CioH Oy [M+H]": 153.1279, found: 153.1272.

FT-IR (neat) v (cm™) = 3029 (w), 2924 (s), 2850 (w), 1705 (s), 1439 (m), 1426 (w), 1352 (w),
1323 (w), 1252 (w), 1232 (w), 1194 (w), 1167 (w), 1138 (w), 1099 (w), 1082 (w), 1053 (w), 987 (m),
958 (w), 859 (w), 825 (w), 798 (w), 745 (w), 584 (w), 526 (w), 473 (W).
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(E)-Cyclodec-5-en-1-ol ((E)-79)

LiAIH,, 3

Etzo 2 4

0o 0—23°C, 18 h HO
= > 10 6/ °
93% o ,
8
(E)-78 (E)-79

(E)-cyclodec-5-en-1-one 152.24 g/mol 1.00eq 19.0 mmol 290 ¢
lithium aluminumhydride 37.95 g/mol 1.20eq 22.9 mmol 870 mg

To a solution of (E)-cyclodec-5-en-1-one (2.90 g, 19.0 mmol, 1.00 eq) in diethyl ether (70 mL) lithium
aluminum hydride (0.87 g, 22.9 mmol, 1.20 eq) was slowly added at 0 °C. The solution was allowed to warm
to 23 °C and stirred for 18 h. The mixture was quenched at 0 °C by the addition of methanol (10 mL). A
sat. aqueous solution of potassium sodium tartrate (70 mL) was added and stirred vigorously for 3 h. The
layers were separated and the aqueous layer was extracted with diethyl ether (3X50 mL). The combined
organic layers were washed with brine, dried over magnesium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica (#-
pentane/ fert-butyl methyl ether 20:1) to afford (E)-cyclodec-5-en-1-0l (2.83 g, 18.3 mmol, 93%) as

a colotless oil.
TLC (n-pentane/ fert-butyl methyl ether 4:1) R¢ 0.33

"H NMR (500 MHz, CDCL) 8 (ppm) = 5.34 (dt, ] = 14.3, 6.9 Hz, 1H, 5-H), 5.14 (dt, ] = 15.0,
7.2 Hz, 1H, 6-H), 3.81-3.78 (m, 1H, 1-H), 2.10-2.09 (m, 4H, 4-H), 1.66-1.11 (series of m, 10H),
1.43 (s, 1H, OH).

BC NMR (125 MHz, CDCly) 8 (ppm) = 132.0 (C5), 131.6 (C6), 71.9 (C1), 34.8 (C4), 33.9 (C7),
32.3,31.2,27.1,26.2, 24.2.

HR-MS (ESI) m/z calcd. for CioHisO1Ky [M+K]": 193.0983, found: 193.1198.

FT-IR (neat) v (cm™) = 3342 (w, br), 3021 (w), 2920 (s), 2852 (w), 1443 (m), 1340 (w), 1311 (w),
1234 (w), 1201 (w), 1125 (w), 1085 (w), 1022 (w), 983 (s), 954 (w), 919 (w), 820 (w), 803 (w), 785 (w),
755 (w), 724 (w), 640 (w), 455 (w).
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Sulfamoyl chloride (161)”

H,CO,H
CH,Cl,
0° C, 10 min;
Q _Nco 23°C,15h Q. _NH,

oSy g o
o) o)
161
5%

chlorosulfonyl isocyanate 98%, p 1.626  141.53 g/mol 1.00eq  20.8 mmol 1.83 mL
formic acid 99%, p 1.220 46.03 g/mol 1.00eq  20.8 mmol 792 ul.

Formic acid (792 pL, 20.8 mmol, 1.00 eq) was added dropwise to a solution of chlorosulfonyl
isocyanate (1.83 mL, 20.8 mmol, 1.00 eq) in methylene chloride (11.0 mL) at 0 °C at rapid stirring
within 10 min. The resulting viscous suspension was stirred at 0 °C for 5 min. The solution was
stirred at 0 °C for 10 min and then at 23 °C for 12 h. The flask was sealed with a rubber septum
and placed in a =20 °C freezer for 1 h. The cold supernatant was then removed with the aid of a
cannula. The resulting white solid was dried under high vacuum to give sulfamoyl chloride (2.10 g,
18.2 mmol, 88%) as white crystals. The reagent was stored under argon and proofed to be stable
at —20 °C for several weeks. It was successfully used without further purification or analyses for

the syntheses of various sulfamate esters.
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General procedure A (in situ generated sulfamoyl chloride)

Cyclodecyl sulfamate (80)

O\\s _NH,
cI
i) CH,CI ©
i
oH 0°CAh HoN. °
23°C, 8 h) g0
ii) pyridine
0-23°C,3h  _
72 80
47%
cyclodecanol 156.25 g/mol 1.00eq 1.28 mmol 200 mg
formic acid 99%, p 1.220 46.03 g/mol 1.50eq 1.92 mmol 72.0 pL.
chlorosulfonyl isocyanate 98%, p 1.626  141.53 g/mol 1.50 eq  1.92 mmol 171 uLb
pyridine 99% 79.10 g/mol 1.50eq 1.92 mmol 155 uL.

Formic acid (72.0 pL, 1.92 mmol, 1.50 eq) was added dropwise to neat chlorosulfonyl isocyanate
(171 pL, 1.51 mmol, 1.50 eq) at 0 °C at rapid stirring. The resulting viscous suspension was stirred
at 0 °C for 5 min. Methylene chloride (1.00 mL) was added and the solution was stirred at 0 °C for
1 h and then at 23 °C for 8 h. The mixture was cooled to 0 °C and a solution of cyclodecanol
(200 mg, 1.28 mmol, 1.00 eq) and pyridine (155 pl., 1.92 mmol, 1.50 eq) in methylene chloride
(0.50 mL) was added dropwise. The mixture was stirred at 23 °C until TLC indicated full
consumption of the starting material. Water (3 mL) and diethyl ether (5 mL) were added and the
layers were separated. The aqueous layer was extracted with diethyl ether (3X10 mlL). The
combined organic layers were washed with brine (20 mL), dried (magnesium sulfate), filtered and
the solvent was removed under reduced pressure. The crude product was purified by flash column
chromatography (silica gel, #-pentane/ fer-butyl methyl ether 2:1) to afford cyclodecyl sulfamate
(140 mg, 0.60 mmol, 46%) as a yellow oil, which decomposed within days at 23 °C but was stable
at —20 °C for several weeks. As the sole side product, the corresponding cyclodecyl

formylsulfamate (16 mg, 0.06 mmol, 5%) was isolated as a colotless oil.
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General procedure B

i) NaH, DMF
0—23°C,1h
ii) MeCN
OH 0—23°C,1h H,N L
o) N
oS e d 7
0 =
72 80
63%
cyclodecanol 156.25 g/mol 1.00eq  0.64 mmol 100 mg
sulfamoyl chloride 115.53 g/mol 1.50eq  0.96 mmol 111 mg
sodium hydride 23.99 g/mol 1.10eq  0.70 mmol 28.0 mg

Cyclodecanol (100 mg, 0.64 mmol, 1.00 eq) was slowly added to a suspension of sodium hydride
(28.0 mg, 0.70 mmol, 1.10 eq) in dimethylformamide (0.64 mL) at 0 °C and the resulting
suspension was stitred at 23 °C for one hour. The reaction was diluted with acetonoitrile (0.95 mL),
cooled to 0 °C again and sulfamoyl chloride (111 mg, 0.96 mmol, 1.50 eq) was added in one
portion. The mixture was stirred at 0 °C for one hour (until TLC indicated full consumption of the
starting material). pH7 buffer solution (3 mL) and diethyl ether (5 mL) were added and the layers
were separated. The aqueous layer was extracted with diethyl ether (3X10 mL). The combined
organic layers were washed with brine (20 mL), dried (magnesium sulfate), filtered and the solvent
was removed under reduced pressure at 23 °C. The crude product was purified by flash column
chromatography (silica gel, cyclohexane/ethyl acetate 5:1) to afford cyclodecyl sulfamate (95 mg,
0.40 mmol, 63%) as an off-white solid, which decomposed slowly at 23 °C but was stable at —20 °C

for several months.
TLC (#-pentane/ethyl acetate 4:1) R¢ 0.50

'H NMR (500 MHz, CDCl5) & (ppm) = 5.01-4.96 (m, 1H, 1-H), 4.67 (bs, 2H, NI>), 1.83-1.76 (m,
2H), 1.74-1.67 (m, 2H), 1.66-1.45 (m, 14H).

3C NMR (125 MHz, CDCl3) 8 (ppm) = 75.0 (C1), 30.1 (C2/C10), 25.3 (C6), 25.1 (C3/C9), 24.9,
24.1 (C4/CB), 22.2 (C5/C7).

HR-MS (APCI) m/z caled. for Ci0H20N1OsS1 [M]: 234.1172, found: 234.1169.

82



FT-IR (neat) v (cm™) = 3426 (m), 3330 (w), 3256 (w), 3208 (w), 2915 (m), 2845 (w), 1721 (w),
1680 (s), 1612 (m), 1478 (w), 1442 (w), 1411 (s), 1364 (w), 1342 (w), 1326 (w), 1306 (w), 1258 (w),
1210 (w), 1159 (w), 1101 (w), 1075 (w), 1048 (s), 943 (w), 879 (w), 829 (w), 787 (m), 708 (W),
672 (w), 593 (m), 456 (w).

X-Ray see 7.4.

(1R*,3 R*)-3-Isopropylcyclodecyl sulfamate (81)

i) NaH, DMF
0°C,1h
ii) MeCN
0°C,2h o
HoN 2
OH Q__NH, 28
3 g o
Cl o)
75 81

70%

Following general procedure B, 3-isopropylcyclodecan-1-ol (50 mg, 0.25 mmol, 1.00 eq), sodium
hydride (11.1 mg, 0.28 mmol, 1.10 eq) in dimethyl formamid (0.32 mL), sulfamoyl chloride
(58.2 mg, 0.50 mmol, 2.00 eq) and acetonitrile (0.32 mL) were used. The crude product was
sensitive to chromatography on silica and therefore washed with pentane, filtered and the residual
solid was dried under high vacuum to afford sulfamate 81 (49 mg, 0.18 mmol, 70%) as a white
solid.

TLC (n-pentane/ ethyl acetate 4:1) R¢ 0.50

'H NMR (500 MHz, CDCLy) & (ppm) = 5.16-5.12 (m, 1H, 1-H),4.61 (bs, 2H, NH), 1.88-1.84 (m,
1H, 2-H,), 1.66-1.44 (series of m, 18H), 0.87 (d, ] = 6.5 Hz, 6H, 12-H/13-H).

C NMR (75 MHz, CDCly) 8 (ppm) = 74.5 (C1), 38.2 (C3), 35.0 (C10), 33.3 (C11), 31.4 (C2), 27.7,
26.1 (C4), 25.7, 25.4, 24.9, 23.6, 20.0 (2C, C12/C13).

HR-MS (APCI) m/z caled. for Ci3H26N1O5S; [M]: 276.1638, found: 276.1638.

FT-IR (CDCL) v (cm™) = 3339 (w), 3256 (w), 3108 (w), 2915 (m), 1721 (m), 1680 (m), 1612 (m),
1478 (w), 1449 (w), 1411 (s), 1364 (w), 1326 (w), 1306 (m), 1258 (w), 1162 (w), 1101 (w), 1075 (w),
1048 (s), 943 (w), 879 (w), 829 (w), 788 (m), 701 (w), 672 (m), 593 (W).
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m.p. 35.1 °C (diethyl ether).

(E)-Cyclodec-5-enyl sulfamate (82)

i) NaH, DMF
0-23 °C
ii) MeCN,
20°C, 24 h NH,

HO Q. _NH, .
CI/S\\
o)

47%
(E)-79 82

Following general procedure B, cyclodec-5-en-1-ol (100 mg, 0.65 mmol, 1.00 eq), sodium hydride
(28.5 mg, 0.71 mmol, 1.10 eq) in dimethyl formamid (0.50 mL) and sulfamoyl chloride (150 mg,
1.30 mmol, 2.00 eq) in acetonitrile (0.65 mL) were used at -20 °C. The crude product was sensitive
chromatography on silica gel and therefore washed with pentane and dried under high vacuum to
afford cyclodec-5-enyl sulfamate (82, 71 mg, 0.30 mmol, 47%) as a white solid. At higher reaction
temperatures (0 to 23 °C), a mixture of unknown olefin side products was isolated as a colotless

oil (R¢ 0.85) as the main product.
TLC (n-pentane/ ethyl acetate 4:1) R¢ 0.40

'H NMR (500 MHz, CDCl;, 220 K) 8 (ppm) = 5.49-5.40 (m, 2H, 5-FH/6-H), 4.87-4.84 (m, 1H,
1-H), 4.51 (bs, 2H, NH>,), 2.13-2.10 (m, 4H, 4-H, 7-H), 1.82 — 1.32 (m, 10H).

3C NMR (125 MHz, CDCls, 220 K) & (ppm) = 132.6 (C5), 131.7 (C6), 73.1 (C1), 32.8, 32.2, 30.6,
30.0,29.9, 24.6, 22.7.

HR-MS (APCI) m/z calcd. for C1o0HisN1OsS; [M]: 232.1016, found: 232.1013.

FT-IR (neat) v (cm™) = 3430 (w), 3328 (w), 3262 (w), 3204 (w), 2923 (m), 2853 (w), 1681 (s),
1612 (m), 1412 (s), 1335 (m), 1235 (w), 1210 (w), 1180 (w), 1126 (w), 1061 (w), 1043 (m), 978 (m),
927 (w), 901 (w), 788 (w), 725 (w), 676 (w), 587 (m), 463 (w).

m.p. 47.8 °C (chloroform).
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(—)-Menthyl sulfamate (83)

Qv _NH,
_S
N\
c Yy

i) MeCN o
0 °C (1 h); 23 °C (6 h)

OH i) NaH, DMF o
. - 5 1

/,//’/ . 8

74% e ﬁ

164 83

Following general procedure A, (—)-menthol (200 mg, 1.28 mmol, 1.00 eq), formic acid (121 uL,
3.20 mmol, 2.50 eq), chlorosulfonyl isocyanate (284 ul, 3.20 mmol, 2.50 eq) in acetonitrile
(1.20 mL) and sodium hydride (102 mg, 2.56 mmol, 2.00 eq) in dimethyl formamid (1.28 mL) were
used. The crude product was putified by flash column chromatography (silica gel, #-pentane/ethyl
acetate 4:1) to afford (—)-menthyl sulfamate (223 mg, 0.95 mmol, 74%) as a white solid. The

analytical data were in accordance with the literature.?

TLC (#-pentane/ethyl acetate 9:1) R¢ 0.50

'H NMR (300 MHz, CDCly) & (ppm) = 4.65 (bs, 2H, NH>), 4.44 (dt, ] = 4.5, 10.8 Hz, 1H, 1-H),
2.40-2.33 (m, 1H, 2-H), 2.12 (dtd, | = 2.4, 6.9, 13.9 Hz, 1H, 7-H), 1.76-1.65 (m, 2H, 6-H), 1.51-
1.38 (m, 2H), 1.06 (ddd, ] = 3.6, 12.4, 26.2 Hz, 1H, 5-H), 0.94 (dd, ] = 4.2, 6.7 Hz, 6H, 8-H/9-H),
0.91-0.86 (m, 2H), 0.84 (d, ] = 7.0 Hz, 3H, 10-F).

m.p. 57 °C (ethyl acetate).

(E)-8-Oxa-9-thia-10-azabicyclo[5.3.3] tridec-2-ene 9,9-dioxide (165)

Method a
NH
o—to [Ag(PysMe,)OT];

. PhIO ,

o MS 4 A, CH.Cl, 0 /O ;

23 °C, 30 min 0<% !

HN | :
(E)-82 165 1 166
0% 12%
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(E)-cyclodec-5-en-1-yl sulfamate 233.33 g/mol 1.00eq  0.09 mmol 20.0 mg

silver(I) trifluoromethanesulfonate 256.94 g/mol 0.10eq  0.01 mmol 2.2 mg
iodosobenzene 220.01 g/mol 3.50 eq 0.30 mmol 70.0 mg
PysMe: 443.55 g/mol 0.13eq 0.01 mmol 4.8 mg
molecular sieves 4 A 100 mg

A SCHLENK tube was charged with silver(I) trifluoromethanesulfonate (2.20 mg, 0.01 mmol, 0.10
eq) and PysMe: (4.80 mg, 0.01 mmol, 1.13 eq), evacuated and filled with argon. Methylene chloride
(0.70 mL) was added and the mixture was stirred vigorously for 30 min. A portion of 4 A molecular
sieves (100 mg) was added followed by a solution of the cyclodec-5-en-1-yl sulfamate (20.0 mg,
0.09 mmol, 1.00 eq) in methylene chloride (1.00 mL). Iodosobenzene (70.0 g, 0.30 mmol, 3.50 eq)
was added in one portion and the reaction mixture was stirred at 23 °C for 30 min while monitored
by TLC. The reaction mixture was filtered (celite) and the filtrate was concentrated under reduced
pressure. The crude oil was putified by flash column chromatography on silica (cyclohexane/ethyl
acetate 6:1) to obtain an olefin byproduct 166 (2.0 mg, 0.01 mmol, 12%) as a colorless oil. The

bicyclic thiazinan 165 could not be isolated.

TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.90

Method b
NH,
I Rhy(S-nap), .
0=$=0 PhIO i Ts
o MS 3 A, CH,Cl, o O ; _N
23°C, 2h o | : j\/j
-~ : 0N
| ‘ | | L/ 1/
: Rh—Rh
HN ! are
(E)-82 165 : 166 Rh,(S-nap),
0% 20% (137)
(E)-cyclodec-5-en-1-yl sulfamate 233.33 g/mol 1.00eq  0.09 mmol 20.0 mg

rhodium(II) (§)-4-methyl-N-(2-
oxopiperidin-3-yl)benzenesulfonamide ~ 1274.13 g/mol ~ 0.02eq  0.02 mmol 2.5 mg
dimer; Rhy(S-nap).

iodosobenzene 220.01 g/mol 1.10eq  0.10 mmol 22.0 mg

molecular sieves 3 A 40 mg
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A Schlenk tube was charged with (E)-cyclodec-5-en-1-yl sulfamate (20.0 mg, 0.09 mmol, 1.00 eq),
Rhy(S-nap)s (2.5 mg, 0.02 mmol, 0.02 eq) and powdered 3 A molecular sieves (40 mg), evacuated
and filled with argon. Methylene chloride (0.17 mL) was added followed by iodosobenzene (22 mg,
0.10 mmol, 1.10 eq) and the mixture was stirred vigorously at 23 °C for 2 h while monitored by
TLC. The reaction mixture was loaded directly onto silica gel and purified by flash column
chromatography (#-pentane/zert-butyl methyl ether 5:1) to obtain an olefin byproduct 166 (4.20 mg,

0.02 mmol, 20%) as a colorless oil. The bicyclic thiazinan 165 could not be isolated.
TLC (n-pentane/ fert-butyl methyl ether 2:1) R¢ 0.65

'H NMR (500 MHz, CDCl) & (ppm) = 5.39 — 5.31 (m, 1H), 5.20-5.10 (m, 1H), 2.60—2.46 (m,
1H), 2.43-2.31 (m, 2H), 2.21 (m, 4H), 1.89 (m, 3H), 1.79-1.76 (m, 4H).

BC NMR (125 MHz, CDCl;) 8 (ppm) = 134.6, 131.3, 45.7, 43.2, 34.3, 33.4, 29.9, 28.9, 28.2, 22.2.

Cyclodecyl diazoacetate (85a)

Method a: by transformation of the bromoacetate 84

Br
BrCOCH,Br O 2
OH NaHCO3 o 1
MeCN .
0°C, 10 min
93%
72 84
cyclodecanol 156.24 g/mol 1.00eq 1.28 mmol 200 mg
bromoacetyl bromide p 2.32 201.85 g/mol 1.50 eq  1.92 mmol 167 uL.
sodium bicarbonate 84.01 g/mol 3.00eq 3.84 mmol 323 mg

Sodium bicarbonate (323 mg, 3.84 mmol, 3.00 eq) and cyclodecanol (200 mg, 1.28 mmol, 1.00 eq)
were dissolved in anhydrous acetonitrile (5.00 mL). To this solution, bromoacetyl bromide (167 uL,
1.92 mmol, 1.50 eq) was slowly added under stirring at 0 °C. After stirring for 10 min, the reaction
was quenched with water (1.0 mL). The aqueous layer was extracted with methylene chloride
(3%5 mL), before washing the joint organic layers with brine (10 mL). Drying over magnesium

sulfate and evaporating under reduced pressure at 23 °C bath temperature, afforded the
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bromoacetate 84 (330 mg, 1.19 mmol, 93%) as a yellow oil. It was used without further purification

in the next step and slight contamination with bromoacetic acid was accepted.
TLC (n-pentane/ethyl acetate 9:1) R¢ 0.70

'H-NMR (300 MHz, CDCI3) 8 (ppm) = 5.22-5.16 (m, 1H, 1-H), 3.79 (s, 2H, 2-H), 1.91-1.52
(series of m, 18H).

3C NMR (75 MHz, CDCLy) 8 (ppm) = 167.0 (C1), 76.5 (C1'), 30.0 (2C, C2'/10"), 26.6, 25.2, 25.1
(2C), 24.2 (2C), 22.2 (2C).

HR-MS (ESI) m/z caled. for CioHosBriN1O, [M+NH,]™: 294.1068, found: 294.1063.

FT-IR (neat) v (cm™) = 3211 (w), 3208 (w), 2921 (m), 2801 (w), 1721 (W), 1686 (s), 1612 (m),
1442 (m), 1411 (s), 1342 (w), 1258 (w), 1210 (m), 1163 (m), 1101 (w), 1075 (w), 1048 (s), 943 (w),
879 (w), 787 (m), 708 (w), 688 (w).

Br TsNHNHTSs Ny
o DBU Oﬁ) >
THF 1
@) 0 °C, 10 min O
- 1
88%
84 85a
cyclodecyl 2-bromoacetate 277.20 g/mol 1.00eq 1.19 mmol 330 mg
;’?'S;azablcydoﬁ 4OJundec-7-ene, 15224 ¢/mol  500eq 595mmol  0.96 mL
N,N'-ditosylhydrazine 340.41 g/mol 2.00eq 2.38 mmol 856 mg

The crude bromoacetate 84 (330 mg, 1.19 mmol, 1.00 eq) and N,N'"-ditosylhydrazine (856 mg,
2.38 mmol, 2.00 eq) were dissolved in anhydrous tetrahydrofuran (5.0 mL) and cooled to 0 °C. To
this solution, 1,8-diazabicyclo[5.4.0Jlundec-7-ene (0.96 mL, 5.95 mmol, 5.00 eq) was added
dropwise by a syringe pump (5 min). After stirring for 10 min, the reaction was quenched with
sodium bicarbonate solution (20 mL). The aqueous layer was extracted with diethyl ether
(3%20 mL), before washing the joint organic layers with brine (50 mL) and drying over magnesium

sulfate. The extract was filtered through a short plug of silica and the solvent was evaporated under
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reduced pressure at 23 °C bath temperature. The diazoacetate 85a (254 mg, 1.13 mmol, 88%) was

obtained as a yellow oil in sufficient purity.
TLC (n-pentane/ethyl acetate 9:1) R¢ 0.35

'H NMR (500 MHz, CDCL3) 8 (ppm) = 5.2 (tt, | = 4.2, 7.7 Hz, 1H, 3-H), 4.69 (s, 1H, 2-H), 1.85-
1.78 (m, 2H), 1.74-1.68 (m, 2H), 1.66-1.46 (m, 14H).

3C NMR (75 MHz, CDCly) & (ppm) = 166.8 (C1), 74.4 (C3), 46.4 (C2), 30.2 (2C, C4), 25.2 (CB),
25.1 (2C, C5), 24.1 (2C, C6), 22.2 (2C, C7).

HR-MS (FD) m/z calcd. for C12H20NO» [M]*: 224.15248, found: 224.15262.

FT-IR (neat) v (cm™) = 3301 (w), 2915 (m), 2845 (w), 1721 (w), 1680 (s), 1612 (m), 1478 (w),
1411 (m), 1364 (w), 1342 (w), 1326 (w), 1159 (w), 1101 (w), 1075 (w), 1048 (s), 943 (w), 879 (W),
787 (m), 672 (w), 599 (m).

Cyclodecyl methyl malonate (84b)

o O
CIMOMe o o
OH Et;N
CH,Cl, OMOMe
-30°C,1h s 2 4
—23°C 6
71% 7
9
72 10 84b
cyclodecanol 156.27 g/mol 1.00 eq 1.92 mmol 300 mg
methyl malonyl chloride p 1.27 136.53 g/mol 1.10eq 2.11 mmol 0.23 mL
triethylamine p 0.73 101.19 g/mol 2.00eq 3.84 mmol 0.53 mL

To a stirred solution of cyclodecanol (300 mg, 1.92 mmol, 1.00 eq) and methyl malonyl chloride
(0.23 mL, 2.11 mmol, 1.10 eq) in dry methylene chloride (9.40 ml) was added triethylamine
(0.53 mL, 3.84 mmol, 2.00 eq) at =30 °C. The stirring was continued for 1 h at —30 °C and the
mixture was allowed to warm to 23 °C. The reaction was filtered off under suction, concentrated
under reduced pressure and the concentrate was subjected to silica gel column chromatography (-

pentane/ fert-butyl methyl ether 10:1) to afford cyclodecyl methyl malonate (84b, 350 mg,

1.37 mmol, 71%) as a colotless oil.
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TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.35

"H NMR (500 MHz, CDCL;) § (ppm) = 5.23-5.19 (m, 1H, 5-H), 3.73 (s, 3H, 4-H), 3.35 (s, 2H, 2-
), 1.88-1.81 (m, 2H) 1.76-1.59 (serial of m, 16H).

3C NMR (from HSQC, 125 MHz, CDCL) 8 (ppm) = 167.3 (C3), 166.6 (C1), 75.7 (C5), 52.4 (C4),
42.0 (C2), 29.8 (2C), 29.1, 24.8 (2C), 24.0 (2C), 22.1 (20).

HR-MS (ESI) m/z caled. for C1sH2504 [M]7:257.1638, found: 257.1631.

1-Cyclodecyl 3-methyl 2-diazomalonate (85b)

o O o o
15 - 2
MeCN, Et;N o1 3 "OMe
0—-23°C,25h N, 4
6
7
83% 8
9
84b 10 85b
1-cyclodecyl 3-methyl malonate 256.34 g/mol 1.00 eq 1.33 mmol 340 mg
lgézﬁ-acetamldobenzenesulfonyl azide 240.24 ¢/mol 130eq  1.72 mmol 414 mg
0
triethylamine p 0.73 101.19 g/mol 1.30 eq 1.72 mmol 0.24 mL

A solution of para-acetamidobenzenesulfonyl azide (414 mg, 1.72 mmol, 1.30 eq) in acetonitrile
(2.60 mL) was added to a solution of 1-cyclodecyl 3-methyl malonate (340 mg, 1.33 mmol, 1.00 eq)
in triethylamine (0.24 mL, 1.72 mmol, 1.30 eq) at 0 °C within 30 min. The mixture was allowed to
warm to 23 °C and stirred for 2 h. It was diluted with water (10 mL) and extracted with zerbutyl
methyl ether (3X10 mL) and the combined extracts were washed with brine (30 mL). The organic
layer was dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
yellow oil was purified by flash column chromatography on silica (z-pentane/ fert-butyl methyl ether

4:1) to afford diazo malonate 85b (310 mg, 1.10 mmol, 83%) as a pale yellow oil.
TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.40

'H NMR (300 MHz, CDCL) & (ppm) = 5.34-5.26 (m, 1H, 5-H), 3.83 (s, 3H, 4-H), 1.91-1.52 (serial
of m, 18H).
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BC NMR (75 MHz, CDCIy) 8 (ppm) = 162.0 (C3), 160.6 (C1), 75.9 (C5), 65.7 (C2), 52.6 (C4), 30.3
(20), 25.2, 25.0 (2C), 24.2 (2C), 22.2 (2C).

HR-MS (ESI) m/z calcd. for C14H2NO4Na; [M+Na]™: 305.1472, found: 305.1474.

FT-IR (neat) v (cm™) = 3203 (w), 2921 (w), 2801 (w), 1721 (w), 1686 (m), 1612 (s), 1442 (m),
1349 (w), 1258 (w), 1210 (m), 1163 (m), 1109 (w), 1077 (w), 1048 (s), 941 (w), 879 (m), 787 (w),
688 (w).

Cycloheptyl 2-diazoacetate (86a)

O
i
o)< B O O p-TsN3, EtsN
MeCN
OH Toluene,
110°C, 15 h OM 23°C,16h
95% 82%
168 B 169
~ _ LiOH+H,0
O O THF/H,0, 0
23°C,4h 2_H
@) - o1
N, 83% o34 N2
8 5
- - 7 6
86¢c 86a

cycloheptanol 114.19 g/mol 1.00eq 17.5 mmol 200 g
2,2,6-trimethyl-4H-1,3-dioxin-4-one 142.15 g/mol 1.50eq 26.3 mmol 373 ¢
para-toluenesulfonyl azide 197.21 g/mol 1.10eq 15.5 mmol 3.05¢
triethylamine o 0.73 101.19 g/mol 1.10eq 15.5 mmol 2.15 mL
lithium hydroxide monohydrate 41.96 g/mol 8.00eq 17.3 mmol 726 mg

A solution of 2,2,6-trimethyl-4H-1,3-dioxin-4-one (3.73 g, 26.3 mmol, 1.50 eq) and cycloheptanol
(2.00 g, 17.5 mmol, 1.00 eq) in toluene (35.0 mL) was refluxed for 18 h at 110 °C. The solvent was
removed under reduced pressure. The residue was purified by chromatography on silica (#-
pentane/zert-butyl methyl ether 20:1) to obtain cycloheptyl-3-oxobutanoate (3.30 g, 16.6 mmol,

95%) as a colotless oil, which was directly used in the next step.
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A solution of para-toluenesulfonyl azide (3.05 g, 15.5 mmol, 1.10 eq) in acetonitrile (28.0 mL) was
added to a solution of cyclohepty 3-oxo-butanoate (2.70 g, 13.6 mmol, 1.00 eq) in triethylamine
(2.15 mL, 15.5 mmol, 1.10 eq) at 23 °C. The mixture was stirred for 16 h and diluted with water
(30 mL). The mixture was extracted with ethyl acetate (2X30 mL) and the combined extracts were
washed with brine (50 mL). The combined organic layers were dried over magnesium sulfate,
filtered and concentrated under reduced pressure to afford cycloheptyl 2-diazo-3-oxobutanoate

(2.61 g, 11.6 mmol, 82%) as a yellow oil, which was used directly in the next step.

A solution of lithium hydroxide (726 mg, 17.3 mmol, 8.00 eq) in water (4.50 mL) was added to a
solution of cycloheptyl 2-diazo-3-oxobutanoate (485 mg, 2.16 mmol, 1.00 eq) in tetrahydrofuran
(2.20 ml) and stirred for 24 h at 23 °C. The reaction was neutralized to pH 7 by adding drops of
hydrochloric acid (35% in water), then extracted with ethyl acetate (2X20 mL). The combined
extracts were dried over magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica (z-pentane/ fer-butyl methyl ether
9:1) to afford diazo acetate 86a (330 mg, 1.81 mmol, 83%) as a yellow oil and cycloheptanol (168,
35 mg, 0.25 mmol, 11%) was recovered. The analytical data were in accordance with the

literature.'

TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.40

'H NMR (300 MHz, CDCly) & (ppm) = 5.01 (tt, ] = 4.2, 8.4 Hz, 1H, ), 4.69 (s, 1H), 1.96 (s, 1H),
1.86 (s, 2H), 1.73 (s, 1H), 1.40 (s, 10H).

BC NMR (75 MHz, CDCl) § (ppm) = 166.4 (C1), 75.9 (C3), 46.4 (C2), 34.1 (2C, C4/C9), 28.4
(2C, C5/C8), 22.9 (2C, C5/C7).
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Cycloheptyl methyl malonate (170)

o O

CIMOMe

NEt,
OH CH,Cl,
-30°C, 1h

98%

168

cycloheptanol 114.10 g/mol
methyl malonyl chloride p 1.27 136.53 g/mol
triethylamine, p 0.73 101.19 g/mol

8
0O O

OMOI\‘{Ie

5

170

1.00 eq 4.38 mmol
1.10eq 4.82 mmol
2.00eq 8.76 mmol

500 mg
0.52 mL
1.22 mL

To a stirred solution of cycloheptanol (500 mg, 4.38 mmol, 1.00 eq) and methyl malonyl chloride
(0.52 mlL, 4.82 mmol, 1.10 eq) in dry methylene chloride (17 mL) was added triethylamine
(1.22 mL, 8.76 mmol, 2.00 eq) at -30 °C. Stirring was continued for 1 h at -30 °C and the mixture

was allowed to warm to 23 °C. The reaction was filtered off under suction, concentrated under

reduced pressure and the concentrate was subjected to silica gel column chromatography (#-

pentane/ fZert-butyl methyl ether 10:1) to afford 1-cycloheptyl 3-methylmalonate (920 mg,

4.29 mmol, 98%) as a colotless oil.

TLC (#-pentane/ fert-butyl methyl ether 9:1) R¢ 0.35

'H NMR (500 MHz, CDCL;) & (ppm) = 4.98 (tt, ] = 4.2, 8.4 Hz, 2H, 5-H), 3.73 (s, 3H, 4-H), 3.34
(s, 2H, 2-H), 1.91 (ddd, ] = 3.0, 4.7, 8.7 Hz, 2H, 6-H), 1.70-1.60 (m, 4H), 1.57-1.52 (m, 4H), 1.47-

1.40 (m, 2F1).

BC NMR (125 MHz, CDCy) & (ppm) = 167.4 (C1), 166.0 (C3), 76.7 (C5), 52.6 (C4), 41.9 (C2),

33.7 (2C), 28.3 (2C), 22.9 (20).

HR-MS (EI) m/z caled. for Ci1Hs04Na; [M+Na]": 237.1097, found: 237.1098.
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1-Cycloheptyl 3-methyl 2-diazomalonate (86b)

0O O PABSA O O
AN MeCN, Et;N
@) OMe 0-23°C,2.5h ) OMe
N
85%
170 86b
1-cycloheptyl 3-methyl malonate 214.26 g/mol 1.00eq 4.29 mmol 920 mg

para-acetamidobenzenesulfonyl azide
97%

trimethylamine, p 0.73 101.19 g/mol 1.30 eq  5.58 mmol 0.77 mL

240.24 g/mol 1.30 eq  5.58 mmol 1.34 ¢

A solution of para-acetamidobenzenesulfonyl azide (1.34 g, 5.58 mmol, 1.30 eq) in acetonitrile
(6.00 mL) was added to a solution of 1-cycloheptyl 3-methyl malonate (920 mg, 4.29 mmol,
1.00 eq) in triethylamine (0.77 mL, 5.58 mmol, 1.30 eq) at 0 °C within 30 min. The mixture was
allowed to warm to 23 °C and stirred for 2 h. It was diluted with water (20 mL) and extracted with
tert-butyl methyl ether (3X20 mL) and the combined extracts were washed with brine (50 mL). The
organic layer was dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude yellow oil was putified by flash column chromatography on silica (#-pentane/ zert-butyl methyl

ether 9:1) to afford the title compound (876 mg, 3.650 mmol, 85%) as a pale yellow oil.
TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.40

'H NMR (500 MHz, CDCL;) & (ppm) = 5.10 (tt, ] = 4.1, 8.3 Hz, 1H, 5-H), 3.83 (s, 3H, 4-H), 1.93
(ddd, ] = 3.3, 4.7, 8.8 Hz, 2H, 6-H), 1.73 (dddd, | = 2.9, 8.0, 9.2, 14.2 Hz, 2H, 7-H), 1.67-1.61 (m,
2H), 1.58-1.53 (m, 4H), 1.49-1.43 (m, 2F1).

BC NMR (125 MHz, CDCy) 8 (ppm) = 167.1 (C3), 166.8 (C1), 75.7 (C5), 52.4 (C4), 46.6 (C2),
29.8 (20), 29.2, 24.8 (2C), 24.2 (2C), 22.1 (2C).

HR-MS (ESI) m/z calcd. for C1iH23NO4Na [M+Na]": 284.1621, found: 284.1611.
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Rhodium(IT) methyl-(S)-2-oxopyrrolidine-carboxylate dimer bis-acetonitrile complex (89)

ha(OAC)4
CeHsCl
OMe 135 °C, 6 h MOMG
0" "N - | &N y * MeCN;
H O Rh—Rh
88% ava
171 Rhy(5S-MEPY),(MeCN),, 89

methyl (§)-2-oxopyrolidin-5-carboxylat ~ 143.14 g/mol 8.00eq 3.63 mmol 519 mg
rhodium(II) acetate dimer 441.99 g/mol 1.00 eq  0.45 mmol 200 mg

A 100 mL round bottom flask was charged with Rh,(OAc)s (200 mg, 0.45 mmol, 1.00 eq), methyl
(8)-2-oxopyrolidin-5-carboxylat (519 mg, 3.63 mmol, 8.00 eq) and chlorobenzene (72 mL). The
flask was fitted with a short-path distillation head and a 100 mL receiving flask. Chlorobenzene
was slowly distilled under argon (2 h) until 5 mL of solvent remained. The reaction was cooled and
the receiving flask was emptied. The reaction flask was recharged with chlorobenzene (40 mL) and
this cycle was repeated two additional times. The dark purple suspension was loaded directly onto
a column pipetting the supernatant without the solid residue of unreacted ligand. It was purified
by flash column chromatography on silica (acetonitrile; then chloroform/methanol 10:1). The red
solid was dried under high vacuum to afford dirthodium complex 89 (365 mg, 0.43 mmol, 94%) as

a purple solid. The analytical data were in accordance with the literature.””
TLC (chloroform/methanol 10:1) R¢ 0.30

'H NMR (300 MHz, CDCl5) 8 (ppm) = 4.30 (d, ] = 7.2 Hz, 2H), 3.95 (d, ] = 7.8 Hz, 2H), 3.71 (s,
GH), 3.68 (s, 6H), 2.67-2.56 (m, 4H), 2.34-2.15 (m, GF), 2.09 (s, 6H), 1.98-1.85 (m, GH).

HR-MS (FD) 1’1’1/2 calcd. fOf C24H32N4012Rh2 [N[JJr: 77401271, fOU.ﬂdZ 77400711
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General procedure C

Octahydro-2 H-cyclohepta[ b]furan-2-one (88a)

o Rh,(OAG); 10 mol% 5 ﬁ\ /@
)1\ MS (3 A), CH,Cl, o | 0
o]
I

° O |
23°C,18h _ : o OH
N2 +
' O

86a 88a | 172 168

0% 20% 80%
1-cycloheptyl 2-diazo acetate 182.22 g/mol 1.00 eq 0.17 mmol 30 mg
rhodium(II) acetate dimer 441.99 g/mol 0.10eq  0.02 mmol 7.3 mg
molecular sieves (3 A) 50 mg

To a green, degassed solution of rhodium(II) acetate dimer (7.3 mg, 0.02 mmol, 0.10 eq) in
anhydrous methylene chloride (5.00 mL) was added a degassed solution of diazoester 86a (30 mg,
0.17 mmol, 1.00 eq) in methylene chloride (1.50 mL) at 23 °C. The mixture was stirred until TLC
indicated full consumption of the starting material. The solvent was evaporated under reduced
pressure and the crude product was analysed by NMR to find a mixture of dimers 172 (20%) and
cycloheptanol (80%).

TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.40

"H NMR (300 MHz, CDCl3) 8 (ppm) = 6.80 (s, 2H), 6.17 (s, 2H), 5.03-4.99 (m, 2H), 2.03-1.81 (m,
8H), 1.80-1.34 (serial of m, 32 H).
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General procedure D
Octahydro-2 H-cyclohepta[ b]furan-2-one (88a)

Rhy(5S-MEPY),(MeCN),

o) (0.5 mol%)
)H MS (3 A), CH,Cl, 0
0 o
| 40°C, 10h o MOMe
N> syringe pump _ 3 o N
> 5
6 4 L/ 1/ 0
63% 10 P
dr 65:35 7 A
8
Rhy(5S-MEPY),
86a 88a (89)
1-cycloheptyl 2-diazo acetate 182.22 ¢/mol  1.00 eq 0.50 mmol 91 mg
rhodium(II) methyl (§)-2-
oxopyrrolidine-carboxylate dimer bis- 916.55 g/mol  0.005eq 2 umol 1.9 mg
acetonitrile complex
molecular sieves (3 A) 100 mg

To a green mixture of Rhy(55-MEPY), (1.9 mg, 2 umol, 0.005 eq) and molecular sieves (3 A) in
degassed, anhydrous methylene chloride (25 mL) was added a degassed solution of 1-cycloheptyl
2-diazo acetate (91 mg, 0.50 mmol, 1.00 eq) at 40 °C via syringe pump within 10 h. After this time,
GC-MS indicated full consumption of the starting material. The solvent was evaporated under
reduced pressure and the residue was purified by column chromatography on silica (#-
pentane/ethyl acetate 5:1) to afford octahydro-2H-cyclohepta[b|furan-2-one (yellow oil, 56 mg,
0.36 mmol, 63%) as a mixture of 2 diastereomers (dr 65:35 ¢/s/#rans by NMR). Analytical data were

in accordance with the literature."”
TLC (#-pentane/ethyl acetate 3:1) R¢ 0.30
Analytical data for ws-lactone cs-88a

'H NMR (500 MHz, CDCLy) 8 (ppm) = 4.65 (ddd, ] = 4.1, 7.6, 10.9 Hz, 1H, 5-H), 2.75 (dd, ] =
9.5,17.2 Hz, 1H, 3-H,), 2.71-2.65 (m, 1H, 4-H), 2.22 (dd, ] = 5.9, 17.5 Hz, 1H, 3-H,), 2.06 (tddd,
J=1.1,42,8.4,13.8 Hz, 1H, 6-F,), 1.79-1.73 (m, 1H, 6-H), 1.70-1.47 (m, 5H), 1.38-1.18 (m, 2H).

3C NMR (125 MHz, CDCL) & (ppm) = 176.7 (C1), 84.4 (C5), 38.9 (C4), 36.6 (C3), 31.0 (C6), 30.7,
29.6,27.9, 23.9.
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Decahydro-3 H-cyclodeca[ b]furan-2-one (87a)

Rhy(5S-MEPY),(MeCN),

O (1 mol%) L
MS (3 A), CH,Cl, O
OH 40°C, 10 h o
N2 syringe pump
+
85a 87a 173
36% 19%
dr 64:36

1-cyclodecyl 2-diazo acetate 22430 g/mol  1.00 eq 0.31 mmol 70.0 mg
thodium(II) methyl (S)-2-
oxopyrrolidine-carboxylate dimer bis- 916.55 g/mol  0.01 eq 2 umol 1.9 mg
acetonitrile complex
molecular sieves (3 A) 100 mg

Following general procedure D, Rhy(55-MEPY)4 (1.9 mg, 2 umol, 0.01 eq), molecular sieves (3 A),
degassed, anhydrous methylene chloride (28 mlL) and 1-cyclodecyl 2-diazo acetate (70.0 mg,
0.31 mmol, 1.00 eq) were used with a syringe pump for 12 h. After this time, GC-MS indicated full
consumption of the starting material. The residue was purified by column chromatography on silica
(n-pentane/ethyl acetate 5:1) to afford decahydro-3H-cyclodeca[/|furan-2-one (colotless oil,
21.9 mg, 0.11 mmol, 36%) as a mixture of 2 diastereomers (dr 64:36 cis/ trans by NMR). The cis/ trans
configuration was assigned by the NOE contacts of 5-H/4-H and 5-H/6-H, respectively.

Furthermore, ester 173 (11.1 mg, 0.06 mmol, 19%) was isolated as a colorless oil.
TLC (#-pentane/ethyl acetate 5:1) R¢ 0.25
HR-MS (ESI) m/z caled. for C12Hz0; [M]": 197.1536, found: 197.1538.

FT-IR (neat) v (cm™) = 3208 (w), 2915 (m), 2845 (w), 1721 (w), 1680 (s), 1612 (m), 1478 (w),
1442 (w), 1411 (s), 1364 (w), 1342 (w), 1326 (w), 1306 (w), 1258 (w), 1210 (w), 1159 (w), 1101 (w),
1075 (w), 1048 (s), 943 (w), 879 (w), 829 (w), 787 (m), 708 (w), 672 (w), 593 (m).

Analytical data for lactone #ans-87a:

"H NMR (500 MHz, CDCLy) 8 (ppm) = 5.27 (tdd, ] = 4.2, 7.9, 7.9 Hz, 1H, 5-H), 2.72 (dd, ] = 8.7,
17.6 Hz, 1H, 3-H,), 2.14 (dd, ] = 6.1, 17.5 Hz, 1H, 3-H), 1.98 (ddd, ] = 4.4, 8.9, 19.0 Hz, 1H,
6-F,), 1.88-1.80 (m, 2H, 4-F, 6-F1y), 1.77-1.44 (m, 13H).
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3C NMR (125 MHz, CDCL) 8 (ppm) = 176.8 (C2), 76.3 (C5), 36.5 (C3), 33.0 (C6), 32.8 (C13),
30.2 (C4), 25.2, 25.0 (2C), 24.8, 24.2, 22.3 (2C).

Analytical data for lactone ¢s-87a:

'H NMR (500 MHz, CDCly) 8 (ppm) = 4.64 (ddd, ] = 3.8, 5.9, 8.1 Hz, 1H, 5-H), 2.63-2.57 (m,
1H, 4-H), 2.57 (dd, ] = 7.5, 20.4 Hz, 1H, 3-H,), 2.27-2.21 (m, 1H, 3-Hy), 2.16-2.07 (m, 1H, 6-H,),
2.02-1.88 (m, 1H, 13-H), 1.79 (dtd, ] = 3.5, 5.8, 15.0 Hz, 2H, 6-H), 1.69-1.44 (m, 13H).

3C NMR (125 MHz, CDCL) & (ppm) = 176.5 (C2), 84.0 (C5), 39.1 (C4), 37.0 (C3), 26.5 (C6), 26.3
(C13), 25.2, 24.5, 24.4, 234, 23.1, 22.3.

Methyl 2-oxooctahydro-2 H-cyclohepta[ b]furan-3-carboxylate (88b)

Method a
O O Rh,(OAc),4 10 mol% O 0
CH,Cl,
O OMe 23°C,8h (e} OMe
N> !
86b 88b

1-cycloheptyl 2-diazo 3-methylmalonate  240.26 g/mol 1.00 eq  0.21 mmol 50.0 mg
rhodium(II) acetate dimer 441.99 g/mol 0.02eq 2 pumol 1.8 mg

Following general procedure C, rhodium(II) acetate dimer (1.8 mg, 2 umol, 0.02 eq), degassed,
anhydrous methylene chloride (20.0 mL) and 1-cycloheptyl 2-diazo 3-methylmalonate (50.0 mg,
0.21 mmol, 1.00 eq) were used at 23 °C. The solvent was evaporated under reduced pressure and
the residue was purified by column chromatography on silica (#-pentane/er-butyl methyl ether

9:1) but only starting material (40.0 mg, 0.16 mmol, 80%) could be recovered.
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Method b

o o Rh(esp), 2 mol% o 5 Me
CH2C|2 Me
o) OMe 23°C, 8h @) OMe oo M
7 e

N, | o-l<ome
Rh“=Rh
<1
86b 88b Rhy(esp), (174)

1-cycloheptyl 2-diazo 3-methylmalonate  240.26 g/mol 1.00eq 0.21 mmol 50.0 mg
bis[rthodium(a,a,0,0°) tetramethyl-1,3-
benzenedipropionic acetate]

758.47 g/mol 0.02eq 2 umol 1.8 mg

Following general procedure C, Rha(esp). (1.8 mg, 2 umol, 0.02 eq), degassed, anhydrous methylene
chloride (20.0 mL) and 1-cycloheptyl 2-diazo 3-methylmalonate (50.0 mg, 0.21 mmol, 1.00 eq) were
reacted at 23 °C for 8 h. The solvent was evaporated under reduced pressutre and the residue was
purified by column chromatography on silica (n-pentane/7ert-butyl methyl ether 9:1) but only

decomposition to multiple unknown compounds was observed.

Methyl 2-oxododecahydrocyclodeca[ b]furan-3-carboxylate (87b)

Method a
O O o
Rh,(OAc)s 10 mol%
OJ\H)‘\OMe 2l CJ;‘Clz ’ o o
N, 23°C, 24 h
OMe
85b 87b

1-cyclodecyl 2-diazo 3-methylmalonate  282.34 g/mol 1.00eq 0.11 mmol 30.0 mg
rhodium(II) acetate dimer 441.99 g/mol 0.10eq  0.01 mmol 4.7 mg

Following general procedure C, to a solution of rthodium(II) acetate dimer (4.7 mg, 0.01 mmol,
0.10 eq) in degassed, anhydrous methylene chloride (6.5 mL) was added 1-cyclodecyl 2-diazo 3-

methylmalonate (30.0mg, 0.11 mmol, 1.00 eq) at 23 °C. The solvent was evaporated under reduced
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pressure and the residue was purified by column chromatography on silica (z-pentane/er#-butyl

methyl ether 9:1) but only decomposition to multiple unknown compounds was observed.

Method b

Rhy(5S-MEPY),(MeCN),
o O (2 mol%) o

CH,Cl,
OJ\VH‘\OMe 23°C, 8h 0 O o
N, 40°C, 16 h oM AHOMe
; - 0" "N
I/
Wrr O

A

(89)

1-cyclodecyl 2-diazo 3-methylmalonate  282.34 g/mol 1.00eq 0.11 mmol 30.0 mg
rhodium(II) methyl (§)-2-

oxopyrrolidine-carboxylate dimer bis- 916.55 g/mol 0.02eq 2 pumol 1.9 mg
acetonitrile complex

Following general procedure D, Rhy(55-MEPY)4 (1.9 mg, 2 pmol, 0.02 eq), degassed, anhydrous
methylene chloride (6.50 mL) and 1-cyclodecyl 2-diazo 3-methylmalonate (30.0 mg, 0.11 mmol,
1.00 eq) were mixed at 23 °C for 8 h. When TLC indicated no consumption of the starting material
the mixture was warmed to 40 °C and stirred for 16 h. The solvent was evaporated under reduced
pressure and the residue was purified by column chromatography on silica (z-pentane/er#-butyl

methyl ether 9:1) but only starting material (12 mg, 0.04 mmol, 40%) could be recovered.

C-H-Amination of tert-butyl(cyclodecyloxy)diphenylsilane (175)

Method a

Rh,(OAc), 5 mol%

(C4F9)SO2N3 OTBDPS
OTBDPS MS 4 A, DCE,
90 °C, 24 h
7\
175 176
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tert-butyl(cyclodecyloxy)diphenylsilane ~ 394.67 g/mol 1.00 eq 80 umol 30.0 mg

rhodium(II) acetate dimer 441.99 g/mol 0.05eq 4 pumol 1.7 mg
E(;n;guombume‘l‘Sulfonyl azide, 32521 g/mol  120eq 91 umol 30.0 ul.
molecular sieves (4 A) 100 mg

The reaction was carried out in a Schlenk tube (5.00 mL) under argon. To a degassed solution of
rhodium(II) acetate dimer (1.7 mg, 4 umol, 0.05 eq) in anhydrous dichloroethane (0.50 mlL.) was
added zerr-butyl(cyclodecyloxy)diphenylsilane (30.0 mg, 80 umol, 1.00 eq), nonafluorobutane-1-
sulfonyl azide (30.0 ul., 91 pumol, 1.20 eq) and molecular sieves (4 A). The mixture was stirred at
90 °C for 24 h. Neither by TLC, nor by GC-MS was any conversion observed.

Method b
Rhy(esp), 5 mol%
(ClsCCH,)OSO,NH,
OTBDPS MS 3 A, CgDg
23°C, 24 h
CI3C\/o\
S-0—
7\
0o
175 177

fert-butyl(cyclodecyloxy)diphenylsilane  394.67 g/mol 1.00 eq 127 umol 50.0 mg
Rha(esp)a 758.47 g/mol 0.05eq 6 umol 4.8 mg
2,2,2-Trichloroethyl sulfamate 228.47 g/mol 1.00 eq 127 umol 29.0 mg
bis(#ert-butylcarbonyloxy)iodobenzene ~ 406.26 g/mol 2.00 eq 253 pmol 103 mg
molecular sieves (4 A) 100 mg

The reaction was carried out in a Schlenk tube (5 mL) under argon. A mixture of Rha(esp). (4.8 mg,
6 umol, 0.05 eq), zer~-butyl(cyclodecyloxy)diphenylsilane (50.0 mg, 127 pmol, 1.00 eq), 2,2,2-
trichloroethyl sulfamate (29.0 mg, 127 pmol, 1.00 eq), bis(zr#-butylcarbonyloxy)iodobenzene
(103 mg, 253 umol, 2.00 eq) and molecular sieves (3 A) was degassed, flushed with argon and
dissolved in anhydrous benzene-4; (0.70 mL). The mixture was stirred at 23 °C for 24 h. Neither
by TLC nor by GC-MS was any conversion observed.
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Ritter-Type C-H-amination of Cyclodecanol (72)

OH F-TEDA-PFg,
CuBr,, Zn(OTf), 4(
MeCN O
23°C,2h N
72 182
cyclodecanol 156.27 g/mol 1.00eq 0.32 mmol 50.0 mg
copper(1l) bromide 223.35 g/mol 0.25eq 0.08 mmol 18.0 mg
zinc(II) triflate 406.26 g/mol 0.50eq 0.16 mmol 65.0 mg
F-TEDA-PF, 470.58 g/mol 220eq 0.70 mmol 331 mg

A oven-dried flask was charged with cyclodecanol (50.0 mg, 0.32 mmol, 1.00 eq), F-TEDA-PF
(331 mg, 0.70 mmol, 2.20 eq), copper(Il) bromide (18.0 mg, 0.08 mmol, 0.25 eq) and zinc(II) triflate
(65.0 mg, 0.16 mmol, 0.50 eq) and the atmosphere was replaced by argon. Acetonitrile (5 mL) was
added and the resulting mixture was allowed to stir at 23 °C for 2 hours. TLC indicated full
consumption of the starting material. The mixture was filtered and concentrated under vacuum.
NMR analysis of the residue showed full decompostion of the starting material, but no

incorporation of acetonitrile could be detected.

Ritter-Type C-H-amination of cyclodecanone (71)

a) F-TEDA-PFg
CUBrz, Zn(OTf)2

MeCN, 23 °C, 2 h O
b) NaOH, H,O/MeCN
g NH
P~
[ 183
cyclodecanone 154.25 g/mol 1.00eq  0.65 mmol 100 mg
copper(Il) bromide 223.35 g/mol 0.25eq 0.16 mmol 36.0 mg
zinc(II) triflate 406.26 g/mol 0.50 eq  0.32 mmol 132 mg
F-TEDA-PF, 470.58 g/mol 2.20eq 1.43 mmol 671 mg
sodium hydroxide 1 M in water 39.98 g/mol 1.00 eq  0.65 mmol 0.65 mL.
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A oven-dried flask was charged with cyclodecanone (100 mg, 0.65 mmol, 1.00 eq), F-TEDA-PF
(671 mg, 1.43 mmol, 2.20 eq), copper(II) bromide (36.0 mg, 0.16 mmol, 0.25 eq) and zinc(II) triflate
(132 mg, 0.32 mmol, 0.50 eq) and the atmosphere was replaced by argon. Acetonitrile (5 mL) was
added and the resulting mixture was allowed to stir at 23 °C for 2 hours. TLC indicated full
consumption of the starting material. Aqueous sodium hydroxide solution (1 M, 5 mL) was then
added and the reaction was stirred for an additional 5 min. The mixture was extracted with diethyl
ether (3X20 mL). The combined organic layers were diluted with #-pentane (50 mL), dried over
sodium sulfate, filtered and concentrated in vacuum. The crude mixture was dissolved in a mixture
of acetonitrile/water (1:1, 10 mL) and sodium hydroxide (0.65 mL, 1.00 eq) was added. The mixture
was heated to 80 °C for 3 h. The yellow solution was allowed to reach 23 °C and then extracted
with diethyl ether (3%X20 mL). The combined organic layers were dried over sodium sulfate, filtered
and concentrated under reduced pressure. 'H-NMR analysis of the residual oil showed full

conversion of the starting material, but no incorporation of acetonitrile could be detected.
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5.2.2. Synthesis of Molecular Linker for a Transannular Carbenoid Insertion

4-(Benzyloxy)-3,5-difluorobenzoic acid (91)

Ph
F NaH, BnOH Sko
F F DMF 4
23°C, 45 min ™ F
- . .
87% 1
O OH 0”7 OH
20 91
3.4, 5-trifluorobenzoic acid 98% 176.09 g/mol 1.00 eq  0.57 mmol 100 mg
sodium hydride 23.99 g/mol 250 eq 1.42 mmol 57.0 mg
benzyl alcohol p 1.05 108.14 g/mol 2.50eq 1.42 mmol 0.15 mL

To a solution of benzyl alcohol (0.15 mL, 1.42 mmol, 2.50 eq) in dimethylformamide (1.00 mL)
was added sodium hydride (60% in mineral oil, 57.0 mg, 1.42 mmol) at 23 °C. The mixture was
stirred at 23 °C for 15 min. 3,4,5-trifluorobenzoic acid (100 mg, 0.57 mmol, 1.00 eq) was added
and the mixture was stirred at 23 °C for 30 min until TLC indicated full conversion of the starting
material. It was quenched with ice water (10 mL), acidified with conc. hydrochloric acid to pH 5
and extracted with ethyl acetate (3X50 mL). The combined organic layers were washed with brine
and water (50 mL each), dried over sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica (#-pentane/ethyl
acetate 4:1) to afford the 4-(benzyloxy)-3,5-difluorobenzoic acid (131 mg, 0.50 mmol, 87%) as a

colotless oil. The analytical data were in accordance with the literature.?®
TLC (ethyl acetate/acetic acid 100:1) R¢ 0.65

'H NMR § (ppm) = (300 MHz, CDCL) 8 (ppm) = 10.37 (bs, OH), 7.67-7.59 (m, 2H, 2-H/6-F),
7.46-7.34 (m, 5H, CHs), 5.31 (s, 2H, 8-F).

F NMR (282 MHz, CDCl3) & (ppm) = —126.38 (s, 2F).
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Cyclodecyl 4-(benzyloxy)-3,5-difluorobenzoate (92)

Ph
Pr
Ph 0
) cyclodecanol F 2 F
®) EDCI, 4-DMAP 3 5
F F CH,Cl,, 2 6
23°C,4h 1 .
(@) (0]
61%
O OH
91 92

4-(benzyloxy)-3,5-difluorobenzoic acid ~ 264.23 g/mol 1.00 eq  0.95 mmol 250 mg

cyclodecanol 156.27 g/mol 1.35eq 1.28 mmol 200 mg
4-dimethylaminopyridine 122.17 g/mol 0.20eq 0.19 mmol 23.1 mg
1-ethyl-3-(3-

dimethylaminopropyl)carbodiimid, 155.24 g/mol 1.35eq 1.28 mmol 0.23 mL
p 0.880

To a stirred suspension of cyclodecanol (200 mg, 1.28 mmol, 1.35eq) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimid (0.23 mL, 1.28 mmol, 1.35 eq) in methylene chloride (8.00 mL)
was added 4-dimethylaminopyridine (23.1 mg, 0.19 mmol, 0.20 eq). A solution of 4-(benzyloxy)-
3,5-difluorobenzoic acid (250 mg, 0.95 mmol, 1.00 eq) in methylene chloride (1.00 mL) was added
dropwise at 23 °C within 30 min. When TLC indicated full conversion of the acid after stirring for
3.5 h, diethyl ether (10 mL) was added and the suspension was filtered through a short plug of
silica. The filtrate was concentrated under vacuum. The residue was purified by flash column
chromatography on silica (#-pentane/ zert-butyl methyl ether 19:1) to afford cyclodecyl 4-

(benzyloxy)-3,5-difluorobenzoate (232 mg, 0.58 mmol, 61%) as a colotless oil.
TLC (n-pentane/ fert-butyl methyl ether 19:1) R¢ 0.70.

'H NMR 8 (ppm) = (300 MHz, CDCI3) 8 (ppm) = 7.59-7.50 (m, 2H, 2-H/6-H), 7.45-7.32 (m,
5H, CoHs), 5.38-5.30 (m, 1H, 9-H), 5.27 (s, 2H, 8-H), 1.95-1.64 (m, 12H), 1.36-1.18 (m, 6H).

3C NMR (75 MHz, CDCL) 8 (ppm) = 164.1 (C7), 155.5 (d, Jor = 248.7 Hz, C3/C5), 137.9 (C4),
136.2 (C1), 128.8, 128.7 (2C), 128.4 (2C), 113.9 (C2), 113.5 (C6), 76.0 (C8), 75.6 (C9), 30.2 (2C),
25.3,25.2 (20), 24.3 (2C), 22.3 (20).

F NMR (282 MHz, CDCL;) & (ppm) = —127.04 (s, 2F).
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HR-MS (FD) m/z caled. for CoHasF>Os5 [M]": 402.20065, found: 402.20037.

FT-IR (neat) v (cm™) = 3211 (w), 2915 (m), 1721 (w), 1680 (s), 1617 (m), 1470 (m), 1442 (m),
1431 (s), 1368 (w), 1342 (w), 1326 (w), 1306 (w), 1101 (w), 1075 (m), 1048 (s), 948 (w), 879 (w),
829 (w), 787 (m), 708 (w), 672 (m), 593 (w).

Cyclodecyl 3,5-difluoro-4-hydroxybenzoate (93)

OBn OH

F F Fo ANF

Pd/C, H, 3 °

THF 2 6

50°C,1.5h 1
o) 0O > o°70
98%

92 93

cyclodecyl 4-(benzyloxy)-3,5- 402.48 ¢/mol  1.00eq 0.72 mmol 290 mg

difluorobenzoate
palladium on carbon 10% 106.42 g/mol 0.10eq  0.07 mmol 76.7 mg
hydrogen, balloon 2.00 g/mol

To a slurry of 10% palladium on carbon (76.7 mg, 0.07 mmol, 0.10 eq) in tetrahydrofuran (6.00 mL)
was added a solution of benzyl ether 92 (290 mg, 0.72 mmol, 1.00 eq) in THF (1.0 mL). The flask’s
atmosphere was replaced by hydrogen. The mixture was stirred under an atmosphere of hydrogen
(balloon) at 50 °C for 1.5 h when TLC indicated full conversion of the starting material. The
mixture was filtered through celite and rinsed with tetrahydrofuran (2 mL). The filtrate was
concentrated under reduced pressure and purified by flash column chromatography on silica (#-
pentane/ Zert-butyl methyl ether 10:1) to afford the title compound (217 mg, 0.70 mmol, 98%) as a

colorless oil.
TLC (n-pentane/ fer-butyl methyl ether 19:1) R 0.10

'H NMR (500 MHz, CDCly) & (ppm) = 7.64-7.58 (m, 2H, 2-H/6-H), 5.45 (s, 1H, OH), 5.35 (tt,
] =4.2,7.7 Hz, 1H, 8-H), 1.93 (dtd, ] = 5.3, 7.4, 14.8 Hz, 2H, 9-H), 1.84-1.77 (m, 2H, 17-H), 1.73-
1.67 (m, 2H), 1.66-1.49 (m, 12H).
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3C NMR (from HSQC, 125 MHz, CDCly) & (ppm) = 164.5 (C7), 151.0 (d, Jor = 238.87 Hz, 2C,
C3/C5), 137.0 (C4), 123.1 (C1), 113.5 (2C, C2/C6), 75.4 (CB), 30.0 (2C, C9/C17), 25.0 (2C), 24.2,
24.0 (2C), 22.2 (2C).

F NMR (282 MHz, CDCl;) 8 (ppm) = —134.42 (s, 2F).
HR-MS (APCI) m/z caled. for Ci-HaF>O5 [M]*: 311.1464, found: 311.1466.

FT-IR (neat) v (cm™) = 3330 (w), 2915 (m), 2845 (w), 1721 (s), 1680 (s), 1610 (m), 1478 (w),
1462 (m), 1411 (s), 1364 (w), 1342 (w), 1326 (w), 1306 (w), 1258 (w), 1210 (w), 1159 (w), 1101 (w),
1071 (w), 1040 (s), 943 (w), 879 (w), 846 (w), 789 (m).

X-Ray see 7.3.

Cyclodecyl 4-((((benzyloxy)carbonyl)glycyl)oxy)-3,5-difluorobenzoate (94)

Method a
Ph O H
~~ 15
a0 ¢ 214
OH @)
F F Cbz-Gly-OH o 04
EDCI, 4-DMAP F F
toluene/CH,Cl, 3 5
0—-23°C 2 1 6
o” O
32% 070
9
10
11
12
13
93 94
cyclodecyl 3,5-difluoro-4- 312.36 g/mol 1.00 eq  0.32 mmol 100 mg
hydroxybenzoate
((benzyloxy)carbonyl)glycine 264.23 g/mol 1.50eq  0.48 mmol 127 mg
4-dimethylaminopyridine 122.17 g/mol 0.20eq  0.06 mmol 7.8 mg
1-ethyl-3-(3-dimethylaminopropyl) 155.24 g/mol 1.50 eq  0.48 mmol 87 uL.
carbodiimid p 0.880

To a stirred solution of cyclodecyl 3,5-difluoro-4-hydroxybenzoate (100 mg, 0.32 mmol, 1.00 eq)
in methylene chloride (4.00 mL) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimid (87.0 uL,
0.32 mmol, 1.00 eq) was added 4-dimethylaminopyridine (7.8 mg, 0.06 mmol, 0.20 eq) and
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((benzyloxy)carbonyl)glycine (127 mg, 0.48 mmol, 1.50 eq) at 0°C. The resulting brown
suspension was allowed to warm to 23 °C and stirred for 15 h. The mixture was filtered, the filtrate
was washed with aqueous sodium bicarbonate solution and brine (10 mL each). The combined
organic layer was dried over magnesium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica (#-pentane/ zert-butyl methyl
ether 19:1) to afford the title compound (51.0 mg, 101 mmol, 32%) as an inseparable mixture with

the starting material.

Method b
Ph O H
~~ 15
17 16\"/ 14
OH (e o o
F F Cbz-Gly-OH ?
DCC, TsOH F F
- 3 5
pyridine
23°C,15h 2 ) 6
(@) (@]
81% 070
9
10
11
12
13
93 94

cyclodecyl 3,5-difluoro-4- 31236 g/mol  1.00eq 0.16 mmol 50.0 mg

hydroxybenzoate

((benzyloxy)carbonyl)glycine 264.23 g/mol 1.50eq  0.24 mmol 49.5 mg
dicyclohexylcarbodiimide 206.33 g/mol 1.50eq 0.24 mmol 50.2 mg
para-toluenesulfonic acid 190.10 g/mol 0.10eq 16 umol 3.0 mg
pytidine p 0.98 79.10 g/mol 15.0eq 1.98 mmol 0.20 mL

To a solution of cyclodecyl 3,5-difluoro-4-hydroxybenzoate (50 mg, 0.16 mmol, 1.00 eq) and
((benzyloxy)carbonyl)glycine  (49.5 mg, 0.24 mmol, 150eq) in pyridine (0.2 mL),
dicyclohexylcarbodiimide (50.2 mg, 0.24 mmol, 1.50 eq) and para-toluenesulfonic acid (3.0 mg,
16.0 umol, 0.10 eq) were added at 23 °C and stirred for 15 h. Hydrochloric acid (10%; 1 mL) and
ethyl acetate (1 mL) were added. The residual suspension was filtered and the filtrate was separated.
The filtrate was washed with water (2X5 mL), dried (Magnesium sulfate), filtered and the solvent
was removed under reduced pressure. The crude product was purified by flash column
chromatography on silica (z-pentane/ethyl acetate 4:1) to afford the ester 94 (65 mg, 0.129 mmol,

81%) as a yellow oil.
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TLC (n-pentane/ethyl acetate 4:1) R¢ 0.21.

'H NMR (300 MHz, CDCly) & (ppm) = 7.63-7.53 (m, 2H, 2-H/6-H), 7.34-7.13 (m, 5H, C,Hs),
5.99 (bs, 1H, NH), 5.38-5.30 (m, 1H, 8-H), 5.17 (d, ] = 20.8 Hz, 2H, 17-H), 4.59 (d, ] = 7.4 Hz,
2H, 15-H), 1.98-1.54 (seties of m, 18H).

F NMR (282 MHz, CDCL;) 8 (ppm) = —124.03 (s, 2F).

HR-MS (ESI) m/z caled. for CoH31FaN1OgNai [M+Na]*: 526.2012, found: 526.2032.

FT-IR (neat) v (cm™) = 613 (w), 699 (w), 781 (w), 816 (w), 994 (w), 1024 (w), 1065 (m), 1089 (w),

1156 (w), 1261 (w), 1374 (w), 1440 (m), 1712 (m), 2998 (s), 3398 (w).

Experiments to the deprotection of carbamate 94

CbzHN

)N

@)
F

O

94

cyclodecyl 4-((((benzyloxy)carbonyl)
glycyl)oxy)-3,5-difluorobenzoate

palladium on charcoal 10%

hydrogen (ballon)

HZNJ\
0~ o

i) Pd/C, H, F e

EtOH,
23°C, 15h

0~ o

95

0%

503.54 ¢/mol  1.00 eq

10642 ¢/mol  0.10 eq
2.00 g/mol

OH
L OF F
. o” o
5 93
72-96%
93 umol 47.0 mg
9 pumol 9.9 mg

To a slurry of 10% palladium on charcoal (9.9 mg, 9 umol, 0.10 eq) in dry ethanol (1.00 mL) was

added carbamate 94 (47.0 mg, 93 umol, 1.00 eq). The reaction mixture was purged with hydrogen

for 1 min. The mixture was stirred under an atmosphere of hydrogen (ballon) at 23 °C and the

consumption of starting material was monitored by TLC. After 15 h, the slurry was filtered through

celite and the filtrate was concentrated under redusec pressure to afford a colorless oil. Analysis by
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"H-NMR showed decomposition to the phenol 93 (21.0 mg, 67 umol, 72%). All tested conditions

are summatized in the table below.

Summary of tested conditions:

palladium species  solvent T/°C hydrogen source yield 93
(NMR)
Pd/C 10% EtOH 23 H» 72%
Pd/C 10% THF 23 H» 85%
Pd(OAc),/C 10% MeOH 23 H, 93%
Pd/C 10% CH.Cl,/AcOH 23 H, 86%
PdCl, CH.CL, 23 Et:SiH/EtN 93%
Pd/C 10% EtOAc/EtOH 23 cyclohexadiene 96%

Cyclodecyl 4-(2-bromoacetoxy)-3,5-difluorobenzoate (96)

15 _-Br
OH o ﬁi
. - /Q o o
Br™ ~O F &_F
K3PO,4, CH,Cl, 3 5
0°C,3h - 2 » 6
o” O 7
74% o” O
8
9
10
11
12
13
93 926
cyclodecyl 4-hydroxy-3,5-
difluorobenzoate 312.36 g/mol 1.00 eq  0.16 mmol 50.0 mg
bromoacetyl bromide p 2.32 201.85 g/mol 1.50eq 0.24 mmol 21.0 ulL
potassium phosphate 212.28 g/mol 2.50eq  0.40 mmol 85.0 mg

Bromoacetyl bromide (21 pL, 0.24 mmol, 1.50 eq) was dissolved in methylene chloride (1.00 mL)

and potassium phosphate (85.0 mg, 0.40 mmol, 2.50 eq) was added under stirring. At 0 °C a

solution of cyclodecyl 4-hydroxy-3,5-difluorobenzoate (50 mg, 0.16 mmol, 1.00 eq) in methylene

chloride (0.5 mL) was added dropwise within 30 minutes. Stirring was then continued for 3 h,

before water and brine (5 mL each) were added and layers were separated. The aqueous layer was
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extracted with methylene chloride (2X5 mL), before washing the joint organic layers with aqueous
sodium bicarbonate (5%wt, 10 mL) and brine (10 mL). Drying over magnesium sulfate and
evaporating under reduced pressure at 30 °C bath temperature, afforded the title compound
(51.0 mg, 0.12 mmol, 74%), which was found not to be stable at 23 °C and therefor used without

further purification. Slight contamination with bromoacetic acid was accepted.
TLC (n-pentane/ fert-butyl methyl ether 19:1) R¢ 0.25.

"H NMR (300 MHz, CDCL) 8 (ppm) = 7.70-7.64 (m, 2H, 2-H/6-H), 5.42-5.34 (m, 1H, 8-H), 4.14
(s, 2H, 15-H), 1.98-1.56 (series of m, 18F).

3C NMR (75 MHz, CDCy) 8 (ppm) = 163.7 (C7), 163.4 (¢, Jor = 3.0 Hz, C14), 156.4 (d, Jor =
3.9 Hz, C2), 153.0 (d, Jr = 3.9 Hz, C6), 130.6 (¢, Jr = 7.8 Hz, C4), 130.2 (C1), 113.8-113.5 (m, 2C,
C3/C5), 76.2 (C8), 30.1 (2C), 25.2 (C15), 25.1 (2C), 24.2 (2C), 24.0, 22.3 (2C).

HR-MS (FD) m/z calcd. for C1oHa3BriF2O4 [M]": 432.07478, found: 432.07510.

FT-IR (neat) v (cm™) =3209 (w), 2922 (m), 2711 (w), 1720 (w), 1689 (5), 1610 (m), 1421 (s),
1342 (w), 1248 (w), 1210 (m), 1163 (m), 1102 (w), 1070 (w), 1047 (s), 943 (m), 879 (w), 789 (m),
708 (w), 681 (w).
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Experiments to cyclodecyl 4-(2-diazoacetoxy)-3,5-difluorobenzoate (97)

Method a: by conversion of the bromoacetate 96

C L

o O
(0] @) N,N’-ditosylhydrazine = F
= F TMG, THF
0 °C, 30min
23 °C, 90 min
’ o0~ "o
o~ ©
96 97

cyclodecyl 4-(2-bromoacetoxy)-3,5-

difluorobenzoate 433.29 g/mol 1.00eq  0.12 mmol 50.0 mg
N,N'"-ditosylhydrazine 340.41 g/mol 2.00eq 0.23 mmol 78.6 mg
tetramethyl guanidine 115.18 g/mol 5.00eq 0.58 mmol 72.0 uL.

To a solution of cyclodecyl 4-(2-bromoacetoxy)-3,5-difluorobenzoate (50.0 mg, 0.12 mmol,
1.00 eq) in tetrahydrofuran (1.50 mL) was added N,N'-ditosylhydrazine (78.6 mg, 0.23 mmol,
2.00 eq). At —10 °C, tetramethyl guanidine (72.0 uL, 0.58 mmol, 5.00 eq) was added. The resulting
yellow solution was allowed to warm to 23 °C over a period of 30 min while a white precipitate
was observed. The suspension was stirred for 90 min when TLC indicated full consumption of the
starting material, before removing the solvent under reduced pressure at 23 °C. Diethyl ether
(5 mL) was added and the suspension was filtered through a short plug of silica. The yellow filtrate
was concentrated under reduced pressure at 23 °C. Analysis of the residual yellow oil (31 mg) by

'H-NMR showed no formation of the desired diazo acetate 97.
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0] e} OH
¢ o N,N*-ditosylhydrazine T F . F F
F F DBU, THF ;
0°C, 10 min ;
T o o 0~ 0
0~ "o 5
96 97 ' 93
0% 82%
cyclodecyl 4-(2-bromoacetoxy)-3,5-
difluorobenzoate 433.29 g/mol 1.00eq 69 pumol 30.0 mg
N,N'"-ditosylhydrazine 340.41 g/mol 2.00 eq 138 pmol 47.1 mg
;’i_glzmblcydo[5'4'O]undec'7'en’ 15324 g/mol  5.00eq 346 umol 58.0 ulL

To a solution of cyclodecyl 4-(2-bromoacetoxy)-3,5-difluorobenzoate (30.0 mg, 69 umol, 1.00 eq)
in tetrahydrofuran (0.50 mL) was added N,N'-ditosylhydrazine (47.1 mg, 138 umol, 2.00 eq) and
cooled to 0 °C. 1,8-Diazabicyclo[5.4.0Jundec-7-en (58.0 ul, 346 umol, 5.00 eq) was added dropwise
and the mixture was stirred at 0 °C for 10 minutes. After quenching of the reaction by the addition
of sat. sodium bicarbonate solution (3 mL), the aqueous layer was extracted with diethyl ether
(3%5 mL). The combined organic extracts were washed with brine (15 mL), dried (magnesium
sulfate), filtered and concentrated under reduced pressure to give a yellow oil. Analysis of the crude
product by '"H NMR showed decomposition to the corresponding phenol 93 (18 mg, 58 umol,

82%) as the main component.
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Method b: by transersterification from phenol 93

OH MeO™ SO 0”0
F F [Me4N]* [OCO,Me] F F
MS (5 A, Soxhlet)
CyH, 80 °C, 12 h
0~ O ’ ~ o” o
93 97
cyclodecyl 4-hydroxy-3,5-
difluorobenzoate 312.36 g/mol 1.00eq 80 pumol 25.0 mg
methyl diazoacetate 100.08 g/mol 1.10eq 88 umol 8.8 mg
tetramethylammonium methyl
carbonate 149.19 g/mol 0.10eq 8 umol 1.5 mg
molecular sieves (5 A) - - - 160 mg

In a 5 mL test tube cyclodecyl 4-hydroxy-3,5-difluorobenzoate (25.0 mg, 80 umol, 1.00 eq), methyl
diazoacetate (8.8 mg, 88 umol, 1.10 eq) and tetramethylammonium methyl carbonate (1.5 mg,
8 umol, 0.10 eq) were suspended in cyclohexanol (0.50 mL) at 23 °C. The mixture was heated under
azeotropic reflux conditions (80 °C). Methanol was removed through a mini-Soxhlet extractor
containing molecular sieves (5 A, 160 mg). After 12 h, the reaction mixture was allowed to cool to
ambient temperature. The mixture was filtered through a short plug of silica using a mixture of
ethyl acetate/n-hexane (1:1). The filtrate was concentrated under reduced pressure. "H-NMR

analysis of the crude residue did not show any conversion of starting material.
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3-(Dibromomethyl)benzoic acid (99)

3-methylbenzoic acid

N-bromosuccinimide

dibenzoyl peroxide

98

OH

NBS, DBPO
PhCF,
105 °C, 3 h

84%

136.15 g/mol
177.99 g/mol
242.23 g/mol

1.00eq  2.20 mmol
2.30 eq
0.05eq 0.11 mmol

5.07 mmol

300 mg
902 mg
26.7 mg

A solution of 3-methylbenzoic acid (300 mg, 2.20 mmol, 1.00 eq), N-bromosuccinimide (902 mg,

5.07 mmol) and dibenzoyl peroxide (26.7 mg, 0.11 mmol, 0.05 eq) in trifluorotoluene (4.50 mL)

was heated to 105 °C for 3 h. The reaction was cooled to 23 °C, the yellow solid was filtered off

and washed consecutively with cyclohexane and water (5 mL each). The solid was dissolved in

diethyl ether (10 mL) and the resulting solution was dried over magnesium sulfate, filtered and the

solvent was removed under reduced pressure. 3-(dibromomethyl)benzoic acid (545 mg,

1.85 mmol, 84%) was obtained as a pale yellow solid.

TLC (n-pentane/ fert-butyl methyl ether 6:1) R¢ 0.60.

'H NMR (300 MHz, CD;CN) & (ppm) = 9.66 (bs, COOH), 8.19 (t, ] = 1.8 Hz, 1H, 2-F), 7.98 (td,
J=1.3,7.8 Hz, 1H, 6-H), 7.87 (ddd, ] = 1.0, 1.8, 7.9 Hz, 1H, 4-H), 7.54 (dd, ] = 7.8, 7.8 Hz, 1H,

5-H), 6.99 (s, 1H, 8-H).

PC NMR (75 MHz, CD;CN) & (ppm) = 179.9, 155.8, 143.8, 132.1, 131.9, 130.4, 128.3, 41.3.

HR-MS (APCI) m/z caled. for CsHsBr,O, [M] : 292.8642, found: 292.8647.

FT-IR (neat) v (cm™) = 1686 (s), 1419 (m), 1294 (s), 1224 (m), 1150 (w), 945 (m), 776 (w), 758 (m),

689 (s), 642 (s), 580 (m), 534 (m), 2560 (w), 2819 (w), 3015 (w).

m.p. 78-79 °C (diethyl ether).
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Cyclodecyl 3-(dibromomethyl)benzoate (100)

cyclodecanol

3-(dibromomethyl)benzoic acid
1-ethyl-3-(3-dimethylaminopropyl)

99

Br

OH

carbodiimid hydrochloride

4-dimethylaminopyridine

To a solution

Br

cyclodecanol
EDCI, 4-DMAP
CH,Cl,, 23 °C

72%

156.27 g/mol
293.94 g/mol

191.70 g/mol
122.17 g/mol

of  3-(dibromomethyl)benzoic

acid

1.10 eq
1.00 eq

1.10 eq
0.10 eq

(2.50 g,

100

9.36 mmol
8.51 mmol

9.36 mmol

0.85 mmol

8.51 mmol,

1.46 ¢
250 g

1.79¢

104 mg

1.10 eq),

4-dimethylaminopyridine (104 mg, 0.85 mmol, 0.10 eq) and cyclodecanol (1.46 g, 9.36 mmol,

1.10 eq) in methylene chloride (25.0 mL), a solution of 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimid hydrochloride in methylene chloride (25 mL) was added dropwise at 23 °C within 30

min. The reaction mixture was stirred for 20 h as TLC indicated full consumption of the benzoic

acid. The mixture was filtered and the filtrate was washed with 0.3 M sodium carbonate solution

(100 mL). The organic layer was dried (Magnesium sulfate), filtered and concentrated under

reduced pressure. The residue was purified by flash column chromatography on silica (#-pentane/

tert-butyl methyl ether 10:1) to afford the title compound (2.66 g, 6.15 mmol, 72%) as a colorless

oil.

TLC (#-pentane/ fert-butyl methyl ether 10:1) R¢ 0.50

'H NMR (300 MHz, CDCL;) & (ppm) = 8.15 (t, ] = 1.7 Hz, 1H, 2-H), 7.99 (td, ] = 1.4, 7.7 Hz,
1H, 6-H), 7.81 (ddd, J = 1.7, 1.3, 7.8 Hz, 1H, 4-H), 7.47 (dd, ] = 7.8, 7.8 Hz, 1H, 5-H), 6.68 (s, 1H,

8-H), 5.45-5.37 (m, 1H, 9-H), 2.00-1.58 (series of m, 18H).

3C NMR (75 MHz, CD-CN) 8 (ppm) =165.3 (C7), 142.4 (C1), 131.6 (C4), 131.2, 131.0, 129.1,
127.2,75.3 (C9), 40.1 (C8), 30.3 (2C), 25.3 (2C), 25.2 (2C), 24.3 (2C), 22.4 (2C).

HR-MS (EI) m/z caled. for CisHa4BriO, [M—Br]": 351.09597, found: 351.09420.

117



FT-IR (neat) v (cm™) = 497 (w), 579 (m), 635 (m), 692 (s), 733 (w), 758 (m), 882 (w), 933 (w),
983 (m), 1080 (w), 1119 (w), 1162 (w), 1185 (m), 1230 (m), 1286 (s), 1438 (m), 1478 (w), 1603 (w),
1698 (s), 2844 (w), 2920 (m), 2968 (w), 3021 (w).

Experiments  to an  intramolecular =~ C-H-insertion  of  cyclodecyl  3-

(dibromomethyl)benzoate (101)

Br
Br n-BulLi, O
Et,0 ! OH
temperature, time @) :
oo TS > :
100 101 72

cyclodecyl 3-(dibromomethyl)benzoate ~ 432.20 g/mol 1.00 eq  0.23 mmol 100 mg
n-butyllithium 2.5 M in hexanes 64.06 g/mol 1.00 eq  0.23 mmol 93 uL.

Under inert conditions, #-butyllithium (93 uL, 0.23 mmol, 1.00 eq) was added to a solution of the
dibromide 100 (100 mg, 0.23 mmol, 1.00 eq) in diethyl ether (22 mL) at =100 °C within 10 min by
a syringe pump. The reaction was allowed to reach —78 °C and monitored by TLC. After the
indicated time, the yellow suspension was filtered and aqueous ammonium chloride solution
(10 mL) was added. The aqueous layer was extracted with diethyl ether (2X10 mL) and the
combined extracts were dried (Magnesium sulfate), filtered and concentrated under reduced
pressure. The residual yellow oil was directly analyzed by NMR and GC-MS. In the table below,

variations of the procedure and theirs results are summarized.

entry ¢/ M  initial T/°C procedure yield (NMR)

1 0.01 —100 1 min, then =78 °C, 3 h 100 61%, 72 39%
2 0.01 —78 10 min (sp), + 1 h 72 67%

3 0.01 —78 60 min (sp), + 1 h 72 81%

4 0.01 —78 60 min (sp), + 2 h, then =23 °C 100 49% 72 51%
5 0.01 =78 10 min (sp), + 3 h at =50 °C 100 67%

0 0.01 —78 #Buli, 10 min (sp), + 1 h 72 93%
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(E)-Cyclodec-5-en-1-yl 3-(dibromomethyl)benzoate (102)

Br.s Br
Br 3
(E)-cyclodec-5-en-1-ol 4 2
Br EDCI, 4-DMAP 5 1 .0
CH,Cl,, 23 °C s Y7
10 9.0
11
73%
0~ “OH % 12 ®
13
14 16
15
99 102
(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00 eq  3.24 mmol 500 mg
3-(dibromomethyl)benzoic acid 293.94 g/mol 1.10eq 3.57 mmol 1.05¢

1-ethyl-3-(3-dimethylaminopropyl)

carbodiimid hydrochloride 191.70 g/mol 110 eq 3.57 mmol 684 mg

4-dimethylaminopyridine 122.17 g/mol 0.10eq  0.32 mmol 39.6 mg

To a solution of 3-(dibromomethyl)benzoic acid (1.05g, 3.57 mmol, 1.10 eq),
4-dimethylaminopyridine (39.6 mg, 0.32 mmol, 0.10 eq) and (E)-cyclodec-5-en-1-ol (500 mg,
3.24 mmol, 1.00eq) in dry methylene chloride (18.0mL), a solution of 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimid hydrochloride (684 mg, 3.57 mmol, 1.10eq) in dry
tetrahydrofuran (10 mL) was added dropwise at 23 °C within 30 min. The reaction mixture was
stirred for 18 h as TLC indicated full consumption of the alcohol. The mixture was filtered and the
filtrate was washed with 0.3 M sodium carbonate solution (50 mL). The organic layer was dried
(magnesium sulfate), filtered and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica (#-pentane/ zert-butyl methyl ether 10:1) to afford the

title compound (1.01 g, 2.35 mmol, 73%) as a colotless oil.
TLC (#-pentane/ fert-butyl methyl ether 10:1) R¢ 0.50

'H NMR (500 MHz, CDCL) & (ppm) = 8.14 (dd, ] = 1.8, 1.8 Hz, 1H, 2-H), 7.98 (td, ] = 1.4,
7.9 Hz, 1H, 6-H), 7.80 (ddd, ] = 1.2, 2.0, 7.9 Hz, 1H, 4-H), 7.46 (dd, ] = 7.8, 7.8 Hz, 1H, 5-H),
6.68 (s, 1H, 8-H), 5.55-5.44 (m, 2H, 13-H/14-H), 5.39-5.24 (m, 1H, 9-H), 2.28-2.04 (m, 4H,
12-H/15-H), 1.88-1.43 (m, 10H).
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3C NMR (125 MHz, CDCLy) 8 (ppm) = 165.4 (C7), 142.1 (C3), 132.8 (C14), 132.7 (C1), 131.6
(C13), 131.0 (C6), 130.6 (C4), 129.1 (C5), 126.9 (C2), 75.0 (C9), 39.8 (C8), 32.0 (2C, C12/C15),
31.2,26.4,25.0, 23.5,23.1, 20.2 (2C).

HR-MS (APCI) m/z caled. for CisHxBr.O.H; [M+H]": 428.9882, found: 428.9878.

FT-IR (neat) v (cm™) = 581 (m), 648 (m), 694 (s), 732 (W), 759 (w), 803 (w), 908 (w), 949 (w),
1020 (w), 1081 (w), 1146 (w), 1177 (w), 1221 (m), 1280 (s), 1374 (w), 1444 (w), 1605 (w), 1708 (s),
2855 (w), 2925 (m).

Experiments on an intramolecular carbene addition with (E)-cyclodec-5-en-1-yl 3-

(dibromomethyl)-benzoate (102)

R! R?

Br-Br t-BuLi,

Et,0
-100°C, 3 h o oH
o —78°C,5h .
g o)
o)
102 103 R', R2=Br (E)-79
0,

104R'=Br,R2=H 4%
105 R'", R2=H

51% (2:1:1)

(E)-cyclodec-5-en-1-yl 3-
(dibromomethyl)benzoate

t-butyllithium 1.7 M in pentane 64.06 g/mol 1.01eq 0.59 mmol 345 ul.

430.18 g/mol 1.00 eq  0.58 mmol 250 mg

Under inert conditions, #butyllithium (345 pl., 0.59 mmol, 1.01 eq) was added to a solution of the
dibromide 102 (250 mg, 0.58 mmol, 1.00 eq) in diethyl ether (22 mL) at =100 °C within 5 min by
a syringe pump. It was stirred for 3 h at the same temperature and monitored by TLC. The now
yellow suspension was allowed to reach —78 °C and stirred for 5 h. The suspension was filtered
and the filtrate was quenched by the addition of aqueous ammonium chloride solution (10 mL).
The aqueous layer was extracted with diethyl ether (2X10 mL) and the combined extracts were
dried (Magnesium sulfate), filtered and concentrated under reduced pressure. The residual yellow

oil was purified by flash column chromatography on silica (z-pentane/zer#-butyl methyl ether 19:1)
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to obtain an inseparable mixture of dibromide 103, bromide 104 and methyl benzoate 105 (yellow

oil, 127 mg, 0.30 mmol, 51%) in one fraction and alcohol (E)-79 (31 mg, 0.20 mmol, 34%).

Methods and conditions tested:

entry ¢/M  reagent procedure result

1 0.01 +-BulLi —100 °C 5 min (sp), +3 h, 103+104+105 51%
—78°C,5h 79 34%

2 0.01 #Bul.i —100 °C, 5 min (sp), +30 decomp.
min, then 23 °C

3 0.01 #-Bul i —100 °C, 60 min (sp) no reaction

4 0.01 n-Buli —100 °C 5 min (sp), +3 h decomp.

5 0.02 Al(Bu); 3.5 eq, 50°C,6h no reaction

FeCl; 0.06 eq
6° 0.10 +~BuMgCl 4.0 eq 10—23°C, 18 h no reaction

2 method as described by Brunner et al. 142

b method as described by Brunner et al. 14!

Bicyclo[4.4.0]-1(6)-decen-2-one (108)

O\/\ 3 2 0
Me,AICI 4
CHaClp, 0°C,8h 4l
> 5 10
44% 7 9
8
107 108
dimethyl aluminum chloride (1 Min 92.50 g/mol 1.00eq 181 mmol 181 m.
hexanes)
methylene cyclohexane 96.17 g/mol 1.15eq 20.8 mmol 200 g
acrolein, p 0.84 56.06 g/mol 2.10eq  38.0 mmol 2.54 mLL

Dimethyl aluminum chloride (18.1 mL, 18.1 mmol, 1.00 eq) was added by a syringe pump to a
solution of methylene cyclohexane (2.00 g, 20.8 mmol, 1.15 eq) and acrolein (2.54 mL, 38.0 mmol)
in methylene chloride (30 mL) within 8 h at 0 °C. The reaction was quenched by addition of sodium
potassium tatrate solution (100 mL) followed by diethyl ether (100 mL) and stirred vigorously for
1 h. The layers were separated and the aqueous layer was extracted with diethyl ether (2X50 mL).
The combined organic layers were washed with brine (100 mL), dried over magnesium sulfate,

filtered and concentrated under reduced pressure. The residue was purified by flash column
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chromatography on silica (#-pentane/ ferr-butyl methyl ether 4:1) to afford bicyclo[4.4.0]-1(6)-

decen-2-one (1.25 g, 8.32 mmol, 81%) as a colotless oil. The analytical data were in accordance

with the literature.?”

TLC (n-pentane/ fert-butyl methyl ether 4:1) R¢ 0.30

'H NMR (300 MHz, CDCl5) 8 (ppm) = 2.38 (dd, J = 5.9, 7.5 Hz, 2H, 3-H), 2.25-2.14 (m, 6H,
5-H/7-H/10-H), 1.97-1.89 (m, 2H, 4-H), 1.62-1.58 (m, 4H, 8-H/9-H).

3C NMR (125 MHz, CDCL) & (ppm) = 199.3 (C2), 157.0 (C1), 132.4 (C6), 38.0 (C3), 31.9, 31.6,
22.6,22.3,22.2,22.1.

1,6-Epoxy-bicyclo[4.4.0]-decan-2-one (109)

H,0,, NaOH 5
o} MeOH 4 2.0
1023 °C, 23 h 1
> ®3 10
40%
7 9
8
108 109
bicyclo[4.4.0]-1(6)-decen-2-one 155.22 g/mol 1.00 eq 7.73 mmol 120 g
hydrogenperoxide 30% in water 34.01 g/mol 240 eq 18.6 mmol 2.10 mL
Sodium hydroxide 6.0 M in water 40.00 g/mol 1.00 eq 7.73 mmol 1.29 mL.

Bicyclo[4.4.0]-1(6)-decen-2-one (1.20 g. 7.73 mmol, 1.00 eq) was dissolved in methanol (5 mL) and
a 6.0 M sodium hydroxide solution (1.29 mL, 7.73 mmol, 1.00 eq) was added. The reaction mixture
was cooled to 10 °C and 30% H,O, (2.10 mL, 18.6 mmol, 2.40 eq) was added dropwise. The
reaction was allowed to warm to 23 °C and stirred for 3 h. As TLC indicated no full conversion,
another aliquot of H,O, was added at 10 °C and the mixture was stirred at 23 °C for 18 h. The
mixture was diluted with water (20 mL), extracted diethyl ether (3X50 mL). The combined organic
layers were dried over magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by distillation (51-60 °C, 0.100 mbar) to afford the title compound (510 mg,

3.07 mmol, 40%) as a colotless oil. The analytical data were in accordance with the literature.™”

TLC (n-pentane/ fert-butyl methyl ether 4:1) R¢ 0.20.
'H NMR (300 MHz, CDCls) 8 (ppm) = 2.79-2.75 (m, 2H, 3-H), 2.38-2.34 (m, 2H, 10-H), 2.16-

2.05 (m, 6H, 4-H/5-H/7-H), 1.82-1.90 (m, 2H, 8-H), 1.67-1.59 (m, 2H, 9-H).
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3C NMR (125 MHz, CDCly) 8 (ppm) = 210.4 (C2), 85.8 (C1), 83.4 (C6), 42.7 (C3), 42.6 (C10),
26.9,25.7,21.8,19.3, 18.2.

b.p. 51-60 °C at 0.100 mbar (Lit: 60-70 °C at 0.30 mmHg).

Cyclodec-5-in-1-one (110)

TsNHNH,
ACOH, CH2C|2
-20 °C, 30 min 0

0°C,2h

23°C,2h

84%

109 11%

1,6-epoxy-bicyclo[4.4.0]-decan-2-one 166.22 g/mol 1.00 eq  3.01 mmol 500 mg
tosylhydrazine 186.23 g/mol 1.10eq 3.31 mmol 616 mg
acetic acid 30.05 g/mol 33.0eq 99.3 mmol 5.68 mL

1,6-Epoxy-bicyclo[4.4.0]-decan-2-one (500 mg, 3.01 mmol, 1.00 eq) and acetic acid (5.68 mL) were
dissolved in methylene chloride (5 mL). The solution was cooled to —20 °C and tosylhydrazine
(616 mg, 3.31 mmol, 1.10 eq) was added. The yellow mixture was stirred at —20 °C for 30 min, at
0 °C for 2 h, before it was allowed to reach 23 °C and stirred for 2 h. TLC indicated full conversion
of the starting material. The mixture was neutralized by addition of solid sodium carbonate and
water (10 mL) was added. Layers were separated, and the aqueous layer was extracted with
methylene chloride (3X10 mL). The combined organic layers were washed with sat. aqueous
sodium bicarbonate (30 mL), dried over magnesium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica (#-pentane/
diethyl ether 9:1) to afford cyclodec-5-in-1-on (420 mg, 2.53 mmol, 84%) as a pale yellow oil. The

analytical data were in accordance with the literature.?”
TLC (#-pentane/ fert-butyl methyl ether 4:1) R¢ 0.45

'H NMR (300 MHz, CDCly) § (ppm) = 2.57 (dtd, ] = 1.2, 4.7, 17.2 Hz, 1H, 2-H,), 2.27 (td, ] =
6.0, 15.9 Hz, 1H, 2-Hy), 2.13-1.72 (m, 7H), 1.66-1.18 (m, 5H).

3C NMR (75 MHz, CDCL;) & (ppm) = 207.2 (C1), 66.2 (C5), 64.1 (C6), 36.8, 30.1, 29.3,21.3, 20.2,
19.9,17.8.
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(Z2)-Cyclodec-5-en-1-one ((£)-78)

O 59 Pd/CaCO4(PbO,) Q
H, EtOH 10 2
23°C,2h L L
4
96% °
— . 5
6
110 (2)-78
cyclodec-5-in-1-one 150.22 g/mol 1.00eq 3.33 mmol 420 mg
Lindlar-catalyst (5% Pd/CaCO; (PbO2)  106.42 g/mol 0.02eq 0.06 mmol 119 mg
hydrogen (Hz, balloon) 2.00 g/mol - - -

To a solution of cyclodec-5-in-1-one (420 mg, 3.33 mmol, 1.00 eq) in ethanol (6.0 mL) was added
Lindlar-catalyst (119 mg, 0.06 mmol, 0.02 eq). The solution was degassed and the atmosphere was
replaced by hydrogen. After 2 h at 23 °C, TLC indicated full conversion and the mixture was
filtered through a plug of Celite. The filtrate was concentrated and the residue was purified by flash
column chromatography on silica (z-pentane/diethyl ether 9:1) to afford (Z)-cyclodec-5-en-1-one
(445 mg, 2.68 mmol, 96%) as a colotless oil. The analytical data were in accordance with the

literature.”"
TLC (n-pentane/ fert-butyl methyl ether 4:1) R¢ 0.80

'H NMR (300 MHz, CDCl3) & (ppm) = 5.40-5.29 (m, 2H, 5-H/6-H), 2.48-2.43 (m, 2H, 2-H), 2.33-
2.29 (m, 2H, 10-H), 2.13-2.07 (m, 2H, 4-H), 2.02-1.96 (m, 2H, 7-H), 1.91-1.83 (m, 2H), 1.76-1.68
(m, 2H), 1.65-1.57 (m, 2H).

3C NMR (125 MHz, CDCIy) & (ppm) = 214.9 (C1), 132.1 (C6), 128.9 (C5), 46.0 (C2), 34.9 (C10),
28.7 (C4), 24.5 (CT), 23.4,23.3, 21.1.
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(£)-Cyclodec-5-en-1-ol ((£)-79)

o) LiAIH,
Et,0
0°C,2h

92%

(2)-78

(Z)-cyclodec-5-en-1-one 152.24 g/mol
lithium aluminum hydride 37.95 g/mol

10 2

(2)-79

1.00eq 1.08 mmol
1.20eq  1.30 mmol

165 mg
49.4 mg

To a solution of (Z)-cyclodec-5-en-1-one (165 mg, 1.08 mmol, 1.00 eq) in diethyl ether (7.0 mL) lithium

aluminum hydride (49.4 mg, 1.30 mmol, 1.20 eq) was added slowly at 0 °C. The mixture was allowed to

warm to 23 °C and stitred for 2 h. The mixture was quenched at 0 °C by the addition of methanol (2 mL).

A sat. aqueous solution of potassium sodium tartrate (10 mL) was added and stirred vigorously for 3 h. The

layers were separated and the aqueous layer was extracted with diethyl ether (3X10 mL). The combined

organic layers were washed with brine (50 mL), dried over magnesium sulfate, filtered and

concentrated under reduced pressure. The residue was purified by flash column chromatography

on silica (z-pentane/diethyl ether 4:1) to afford (Z)-cyclodec-5-en-1-ol (153 mg, 1.00 mmol, 92%)

as a yellow oil. Analytical data were in accordance with the literature.”

TLC (n-pentane/ fert-butyl methyl ether 4:1) R 0.20

'H NMR (300 MHz, CDCLy) & (ppm) = 5.36-5.22 (m, 2H, 5-H/6-H), 3.95-3.88 (m, 1H, 1-H),

2.17-2.11 (m, 4H, 4-H/7-H), 1.67-1.27 (series of m, 10H), 1.42 (bs, 1H, OH).

BC NMR (75 MHz, CDCL) § (ppm) = 132.1 (C5), 128.8 (C6), 72.6 (C1), 34.2 (C4), 33.9 (CT), 32.3,

31.2,27.8,25.9, 24.1.

FT-IR (neat) v (cm™) = 3340 (w), 3012 (w), 2920 (s), 2888 (w), 1443 (m), 1340 (w), 1311 (w),
1234 (w), 1201 (w), 1125 (w), 1081 (w), 1022 (w), 985 (s), 820 (w), 813 (w), 785 (w), 724 (w), 640 (w),

460 (w).
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5.2.3. Double bond functionalisation of (E)-cyclodec-5-en-1-ols

11-Oxabicyclo[8.1.0]undecan-1-ol (112)

Method a

m-CPBA

CH,Cl, 4 s _OH

OH ~78°C, 48 h °
- 5 ., 4 .
o 8 ~ “OH
1077 OH
(E)-79 112 113+114
55% 20%

(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00 eq  3.24 mmol 500 mg
meta-chloroperoxybenzoic acid 172.57 g/mol 1.50 eq 4.86 mmol 840 mg

A solution of (E)-cyclodec-5-en-1-ol (500 mg, 3.24 mmol, 1.00 eq) and meta-chloroperoxybenzoic
acid (840 mg, 4.86 mmol, 1.50 eq) in methylene chloride (10.0 mL) was stirred at —78 °C. After
48 h TLC indicated full consumption of the starting material. The resulting suspension was filtered
through celite and washed with cold methylene chloride (50 mL). The filtrate was washed with sat.
aqueous sodium thiosulfate (50 mL) and the aqueous layer was re-extracted with methylene
chloride (3%X30 mL). The combined organic layers were washed with sat. sodium bicarbonate
solution (50 mL), dried (sodium sulfate), filtered and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica (n-pentane/ fer-butyl methyl ether
10:1) to afford 11-oxabicyclo[8.1.0Jundecan-1-ol (310 mg, 1.80 mmol, 55%) as a colorless oil. The
Oxiran 112 proved to be unstable at 23 °C, under neutral and acidic conditions. It proofed to
undergo a further reaction to a regioisomeric mixture of 11-oxabicyclo[5.3.1]Jundecan-2-ol and 11-
oxabicyclo[4.4.1Jundecan-2-ol (113/114, 110 mg, 0.65 mmol, 20%), isolated as a colotless oil. Full

analytical data of 113 and 114 are given below.
Analytical data of 11-oxabicyclo[8.1.0Jundecan-1-ol (112):
TLC (#-pentane/ethyl acetate 4:1) R¢ 0.25

HR-MS (ESI) m/z caled. for CioHisO2Na; [M+Na]": 193.1202, found: 193.1201.
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FT-IR (neat) v (cm™) = 2919 (m), 2845 (w), 1721 (w), 1680 (m), 1610 (s), 1478 (w), 1411 (s),
1342 (w), 1306 (w), 1258 (s), 1210 (w), 1161 (w), 1101 (w), 1046 (m), 949 (w), 879 (m), 820 (m),
701 (w), 681 (w), 591 (m).

Diastereomer a:

'H NMR (500 MHz, CDCL) 8 (ppm) = 3.95 (ddt, ] = 2.0, 4.9, 9.5 Hz, 1H, 5-H), 2.63-2.55 (m,
1H, 10-H), 2.32-2.19 (m, 2H, 1-H), 1.89-1.30 (m, 12H), 1.10-0.89 (m, 2F).

BC NMR (75 MHz, CDCl3) § (ppm) = 81.6, 75.9, 71.8, 37.7, 33.6, 33.4, 30.9, 25.7, 25.4, 19.7.
Diastereomer b:

'H NMR (500 MHz, CDCly) 8 (ppm) = 3.89-3.72 (m, 1H, 5-H), 2.78 (dddd, ] = 2.7, 2.8, 8.9,
14.1 Hz, 1H, 10-H), 2.32-2.19 (m, 1H, 1-F), 1.89-1.30 (m, 12H), 1.21-1.12 (m, 2.

3C NMR (75 MHz, CDCL3) 8 (ppm) = 77.6, 73.6, 71.8, 34.9, 33.5, 33.1, 28.3, 25.7, 25.0, 13.8.

Method b
-BuOOH 2.0 eq
Mo(CO)g 0.05 eq
toluene A5 OH
OH 23°C,15h ’
- ol e, .
o 8 - “OH
10 OH
(E)-79 112 113+114
60% 21%
dr 1:1
(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00 eq  3.24 mmol 500 mg
tert-butylhydroperoxide 5.5 Min decane  90.12 g/mol 3.00eq 1.95 mmol 360 ul.
hexacarbonylmolybdenum(0) 264.00 g/mol 0.05eq 0.03 mmol 10.0 mg

To a solution of (E)-cyclodec-5-en-1-ol (100 mg, 0.65 mmol, 1.00 eq) in toluene (1.20 mL) was
added hexacarbonylmolybdenum(0) (10.0 mg, 0.03 mmol, 0.05 eq) and zerbutylhydroperoxide
(240 pL, 1.30 mmol, 2.00 eq) at 23 °C. The reaction mixture was stirred for 6 h when TLC indicated
no further reaction. Another equivalent zer~-butylhydroperoxide (120 pL, 0.65 mmol) was added
and the mixture was stirred for 9 h at 23 °C until TLC indicated full consumption of the starting

material. 7er+-Butyl methyl ether (50 mL) was added and the suspension was filtered through a plug
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of celite. The solvent was evaporated under reduced pressure and the residual oil was purified by
flash column chromatography (silica, #-pentane/ethyl acetate 5:1) to afford oxiran 112 (70.0 mg,
0.39 mmol, 60%, dr 1:1) as a colorless oil besides a mixture of the regioisomeric 11-
oxabicyclo[5.3.1Jundecan-2-ol and 11-oxabicyclo[4.4.1Jundecan-2-ol (23.0 mg, 0.14 mmol, 21%) as
a colorless oil.

Variations from standard conditions:

entry  solvent eq eq T/°C % conv. result
t+-BuOOH Mo(CO)s
1 toluene 3¢ 0.05 23 100 112 (dr 1:1) 60%,
113/114 (rr 1:1, 21%)
2 toluene 4+ 0.15 80 100 113/114 (rr 1:1, 35%) +BnOHd
3 toluene 8a 0.20 23 100 113/114 (rr 1:1, 51%) +BnOHd
4 toluene 1b 0.10 0—23 100 112 (dr 1:1) 28%,
113/114 (rr 1:1, 54%)
5 CH:Cl, 3b 0.20 0—23 80 113/114 (rr 1:1, 53%)
6 CH:Cl, 3b 0.20 0 75 113/114 (rr 1:1, 64%)
7 benzenec 3P 0.20 5—23 60 113/114 (rr 1:1, 49%)

afour year old container of #BuOOH
b new, freshly opened container #BuOOH
cdried over 4 A molecular sieves.

d oxidation of toluene to benzylic alcohol observed.

Method c: Sharpless asymmetric epoxidation conditions

ROOH
Ti(Oi-Pr)4, (-)-DET
solvent, MS (4 A) 4 _5s_OH
OH T, t 3
2 8, + +
0
8 Z OH
10 . OH
(E)-79 112 113 114
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(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00eq 0.32 mmol 50 mg
fert-butylhydroperoxide 5.5 Min decane  90.12 g/mol 3.00eq 0.97 mmol 177 pL.

titanium(IV) zso-propoxide, p 0.96 284.22 g/mol 0.10eq  0.03 mmol 9.6 ulL
(—)-diethyltartrate, p 1.20 206.19 g/mol 0.20eq  0.06 mmol 7.0 uL.
molecular sieves (4 A) 100 mg

At 0 °C (9-DET (7.0 uL, 0.06 mmol, 0.20 eq) and 4 A molecular sieves (100 mg) were suspended
in methylene chloride (2 mL) and titanium(IV) Zso-propoxide (9.6 pL, 0.03 mmol, 0.10 eq) was
added. The mixture was cooled to —20 °C and after 15 min zr#butylhydroperoxide (177 uL, 0.97
mmol, 3.00 eq) was added. The reaction was stirred for further 15 min and then cooled to —40 °C.
(E)-cyclodec-5-en-1-ol (50 mg, 0.32 mmol, 1.00 eq) was added and the reaction mixture was stirred
at —40 °C for 22 h. The excess peroxide was quenched by addition of a solution of iron(II) sulfate
and citric acid in water (3.30 g/1.10 g/10.0 mL) at 0 °C and stirred for 15 min. Layers were
separated and the aqueous layer was extracted with Zer#butyl methyl ether (3X5 mL), the combined
organic layers were washed with sat. aqueous sodium bicarbonate ( 20 mL) and brine (20 mL),
dried (magnesium sulfate) and concentrated under reduced pressure. The crude yellow oil was
analyzed by NMR spectroscopy. It showed 10% conversion, no formation of oxiran 112, but a
mixture of the regioisomeric 11-oxabicyclo[5.3.1Jundecan-2-0l (113, 5%) and 11-

oxabicyclo[4.4.1]Jundecan-2-ol (114, 5%).

Variations from standard conditions:

entry ligand® oxidant (eq) T/°C time/h  %conv.> result

1 (-)-DET  #BuOOH (3) —40 22 10 113/114 (rr 1:1, 10%)
2 (+)-DET  #BuOOH (2) 20 18 3 113/114 (11 1:1, 3%)
3c (H)-DET  #BuOOH (2) 20 18 40 113/114 (er 1:1, 40%)
4 ()-DIPT  £BuOOH (4) 20—23 18 50 113/114 (tr 1:1, 50%)
5 ()-DET  tritylOOH (2) 20 48 0 -

6 ()-DET  tritylOOH (2) 23 24 60 113/114 (tr 1:1, 59%)
7 ()-DET  cumylOOH (2) 0—-23 24 16 113/114 (tr 1:1, 16%)

2 Scale: 0.32 mmol olefin, 0.10 eq Ti(O7-Pr)4 and 0.20 eq ligand.
b Calculated from the 'H NMR spectrum.

¢Stoichiometric amount of Ti(O7-Pr)s.
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(E)-tert-Butyl(cyclodecyl-5-en-1-yloxy)dimethylsilane (115)

(E)-79

(E)-cyclodec-5-en-1-0l

chloro-zert-butyl dimethylsilane 99%

imidazole 98%

TBSCI, imidazol

CH,Cl,

0—-23°C,4h

89%

154.25 g/mol
150.72 g/mol
68.08 g/mol

13

115

1.00eq 4.77 mmol
1.20eq 5.73 mmol
250 eq 11.9 mmol

740 mg
860 mg
810 mg

To a stirred solution of (E)-cyclodec-5-en-1-ol (0.74 g, 4.77 mmol, 1.00 eq) in methylene chloride
(20.0 mL) was added imidazole (0.81 g, 11.9 mmol, 2.50 eq) followed by dropwise addition of a

solution of chloro-zer#-butyl dimethylsilane (0.86 g, 5.73 mmol, 1.20 eq) in methylene chloride

(5.00 mL) at 0 °C. The mixture was allowed to reach 23 °C and was stirred for 4 h. Conversion was

monitored by TLC. The mixture was filtered and the filtrate was extracted with er~butyl methyl

ether (3%X20 mL). The combined organic layers were washed with brine (2X20 mL), dried over

magnesium sulfate, filtered and concentrated under reduced pressure. The residue was purified by

flash column chromatography on silica (z-pentane/ethyl acetate 100:1) to afford the title

compound (1.14 g, 4.25 mmol, 89%) as a colorless oil. Analytical data were in accordance with the

literature.®

TLC (#-pentane/ethyl acetate 50:1) R¢ 0.50.

'H NMR (300 MHz, CDCL) & (ppm) = 5.41 (m, 2H, 5-H — 6-H), 3.74 (bs, 1H, 1-H), 2.06 (m, 4H,
4-H, 7-H), 1.63 — 1.38 (seties of m, 10H), 0.87 (s, 9H, 13-H), 0.03 (s, 12H, 11-H).

BC NMR (75 MHz, CDCly) & (ppm) = = 131.9 (C6), 131.7 (C5), 82.4 (C1), 47.1, 32.5, 31.2, 31.1,

29.4,26.1 (3C, C13), 24.7,22.5, 18.3 (C12), -4.3 (2C, C11).
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((11-Oxabicyclo[8.1.0]lundecan-5-yl)oxy)(zer-butyl)dimethylsilane (184)

12 14
\ e
\ m-CPBA —Si™13
_SII
0

CH,Cl, 4 . 0
23°C,15h 3
> 2 6 -
84% o
dr 1:1 10 8
9
115 184

(E)-tert-butyl(cyclodecyl-5-en-1-

vloxy)dimethylsilanc 286.52 g/mol 1.00eq 1.12 mmol 300 mg

meta-chloroperoxybenzoic acid 172.57 g/mol 1.50eq 1.68 mmol 290 mg

A solution of (E)-fert-butyl(cyclodecyl-5-en-1-yloxy)dimethylsilane (300 mg, 1.12 mmol, 1.00 eq)
and meta-chloroperoxybenzoic acid (290 mg, 1.68 mmol, 1.50 eq) in methylene chloride (2.20 mL)
was stirred at 23 °C for 15 h. The resulting suspension was cooled to 0 °C, filtered through celite
and washed with cold methylene chloride (5 mL). The filtrate was washed with sat. aqueous
sodium thiosulfate (20 mlL) and the aqueous layer was re-extracted with methylene chloride
(3%x10 mL). The combined organic layers were washed with sat. aqueous sodium bicarbonate
solution (30 mL), dried over magnesium sulfate, filtered and concentrated under reduced pressure.
The residue was putified by flash column chromatography on silica (#-pentane/ zert-butyl methyl
ether 19:1) to afford a mixture of two diastereomers (270 mg, 0.94 mmol, 81%, dr 1:1) as a colotless
oil.

TLC (n-pentane/ fert-butyl methyl ether 9:1) R 0.57

Analytical data for diastereomer a:

'H NMR (500 MHz, CDCLy) & (ppm) = 3.78-3.74 (m, 1H, 5-H), 2.81 (dt, ] = 2.6, 9.4 Hz, 1H, 1-
H),2.72 (dt,] = 3.2,9.3 Hz, 1H, 10-H), 2.28-2.16 (m, 2H, 4-H), 1.80-1.06 (series of m, 10H), 1.03-
0.95 (m, 2 H, 3-F) 0.88 (s, 9H, 14-H), 0.06 (m, 6H, 12-H).

3C NMR (125 MHz, CDCL) 8 (ppm) = 69.0 (C5), 62.9 (C10), 59.1 (C1), 36.1 (C4), 34.7 (C3), 31.5
(C6), 31.0 (C2), 26.0 (3C, C14), 24.1 (€9), 22.7 (C8), 21.5 (C7), 18.2 (C13), ~3.8 (C12,), —4.2 (C12y).
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Analytical data for diastereomer b:

'H NMR (500 MHz, CDCly) & (ppm) = 3.93-3.85 (m, 1H, 5-H), 2.61 (dt ] = 2.3, 10.3 Hz, 2H,
1-H); 2.56 (dt, ] = 2.0, 10.2 Hz, 10-H), 2.28-2.16 (m, 2H, 4-H), 1.80-1.29 (series of m, 10H), 1.18-
1.09 (m, 2H, 3-H), 0.88 (s, 9H, 14-H), 0.06 (m, GH, 12-H).

BC NMR (125 MHz, CDCL) 8 (ppm) = 73.0 (C5), 63.3 (C10), 60.9 (C1), 36.1 (C4), 34.8 (C3), 32.1
(C6), 30.8 (C2), 26.0 (3C, C14), 24.1 (C9), 22.4 (C8), 20.9 (CT), 18.2 (C13), —4.3 (C12,), —4.4 (C12).

FT-IR (neat) v (cm™) = 536 (m), 652 (w), 689 (s), 724 (s), 919 (w), 1016 (m), 1162 (w), 1259 (s),
1416 (m), 1579 (w), 1609 (m), 1685 (s), 2556 (w), 2658 (w), 2814 (w), 2980 (m), 2998 (m).

(18*%,2R*75%)-11-Oxabicyclo[5.3.1Jundecan-2-ol (113) and (1R*25%65%)-11-oxabicyclo-
[4.4.1]undecan-2-ol (114)

Method a
p-TsOH |
OH toluene 6 7 8 0 N\ 3N
23°C, 15 h o~ A\
5 10 | N +
0) 4 1 /”\,/'/\
96% 32 ™
OH AN
112 113 114
11-oxabicyclo[8.1.0Jundecan-5-ol 170.25 g/mol 1.00 eq  0.30 mmol 50.0 mg
para-toluenesulfonic acid hydrate 99%  200.21 g/mol 0.05eq 15 umol 2.9 mg

To a solution of 11-oxabicyclo[8.1.0Jundecan-5-ol (50 mg, 0.30 mmol, 1.00 eq) in toluene (6.00 mL)
was added para-toluenesulfonic acid hydrate (2.9 mg, 15 umol, 0.05 eq) at 23 °C. The reaction was
monitored by TLC. After 15 h, aqueous sodium bicarbonate (5 mL) was added. Layers were
separated, the organic layer was dried (magnesium sulfate), filtered and the solvent was removed
under vacuum to afford a mixture of two isomers (rr 1:1 by nmr). The residual mixture was purified
by flash column chromatography (silica, #-pentane/ethyl acetate 4:1) to afford (15%2R*75%)-11-
oxabicyclo[5.3.1Jundecan-2-ol (113, 24 mg, 0.14 mmol, 48%) as colotless crystals and
(1R*25%,65%)-11-oxabicyclo[4.4.1]Jundecan-2-ol (114, 23 mg, 0.13 mmol, 46%) as a colorless oil.
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Summary of tested acids and methods:

entry Lewis acid eq solvent T/ °C time result

1 pTsOH 0.05 toluene 23 18 h 113 /114 rr 1:1, 96%
2 (#)-CSA 0.05 CH>Cl, 23 8h 113 /114 rr 1:1, 99%
3 BF;OFEt, 0.10 CH:Cl 78 8h 113 /114 rr 1:1, 40%
4 Z@rig?g / 0.60  toluene 90 24h  decomp.

5 PhCOCF; / H2O, 1.00 MeCN/BuOH 23 1h 113 /114 rr 1:1, 66%

all experiments were performed with 0.30 mmol substrate in the appropriate solvent (0.05 M)

Analytical data of (15*,2R*75%)-11-oxabicyclo[5.3.1]Jundecan-2-o0l (113):
TLC (n-pentane/ethyl acetate 2:1) R¢ 0.25

'H NMR (500 MHz, CDCL) & (ppm) = 3.84 (t, ] = 9.2 Hz, 1H, 7-H), 3.78 (td, ] = 5.7, 11.4 Hz,
1H, 2-H), 3.35 (dd, | = 4.9, 9.4 Hz, 1H, 1-H), 2.79 (bs, 1H, OH), 2.03-1.96 (m, 1H), 1.93-1.54 (m,
9H), 1.44-1.36 (m, 2H).

3C NMR (125 MHz, CDCL) & (ppm) = 76.0 (C2), 73.9 (C1), 71.9 (C7), 37.8 (C10), 33.7 (C8), 30.9
(C3), 28.4 (C6), 25.8, 25.1.

HR-MS (ESI) m/z calcd. for CioHisO2Nay: [M]™: 193.1199, found: 193.1202.

X-Ray see 7.1.

Analytical data of (1R*25%*,65%)-11-oxabicyclo[4.4.1]Jundecan-2-ol (114):
TLC (n-pentane/ethyl acetate 2:1) R¢ 0.18

'H NMR (500 MHz, CDCL;) 8 (ppm) = 4.08-4.03 (m, 1H, 6-H), 3.94-3.90 (m, 1H, 1-H), 3.73-
3.69 (m, 1H, 2-F), 1.93-1.54 (m, 10H), 1.50-1.47 (m, 1F), 1.44-1.36 (m, 3H).

BC NMR (125 MHz, CDCLy) 8 (ppm) = 81.7 (C7), 77.6 (C1), 71.7 (C2), 37.7 (C10), 34.9 (C6), 33.4
(C8), 30.8 (C3), 28.8, 25.5, 19.6.

HR-MS (ESI) m/z caled. for CioHisONay: [M]*: 193.1199, found: 193.1204.
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Method b

(S)-CSA 0.1 eq

CH,Cl, S
OTBS —20°C. 24 h: (S) (S)
aq. work up +
(s) R ¢
° 84% GP ® OH
OH
rr1:1
115 113 114

((11-oxabicyclo[8.1.0Jundecan-5-
yl)oxy) (zer+-butyl)dimethylsilane
(§)-camphorsulfonic acid 99% 232.29 g/mol 0.10eq  0.02 mmol 4.1 mg

284.52 g/mol 1.00eq 0.18 mmol 50.0 mg

A solution of a mixture of diastereomers of oxiran 115 (50 mg, 0.18 mmol, 1.00 eq) in methylene
chloride (2.0 mL) was treated with (§)-camphorsulfonic acid (4.1 mg, 0.02 mmol, 0.10 eq) at
—20 °C. The reaction was monitored by TLC. After 24 h, aqueous sodium bicarbonate (5 mL) was
added and the mixture was warmed to 23 °C. Layers were separated, the aqueous layer was
extracted with methylene chloride (3X5 mL). The combined organic layers were washed with water
(10 mL), dried over magnesium sulfate, filtered and the solvent was removed under reduced
pressure. The yellow oil was submitted to nmr analysis and compared to an authentic sample to
find an equimolar mixture of (15%,2R*75%)-11-oxabicyclo[5.3.1Jundecan-2-ol and (1R*25%,65%)-
11-oxabicyclo[4.4.1Jundecan-2-ol (rr 1:1, 25.0 mg, 0.15 mmol, 84%) contaminated with zerr-
butyldimethylsilanol.

Analytical data for (15%,2R*75%)-11-oxabicyclo[5.3.1Jundecan-2-ol (113):
TLC (#-pentane/ethyl acetate 2:1) R¢ 0.25

'H NMR (300 MHz, CDCL) 8 (ppm) = 4.11-4.01 (m, 1H, 1-H), 3.95-3.87 (m, 1H, 10-H), 3.35
(dd, ] = 4.4, 9.4 Hz, 1H, 2-H), 2.04-1.34 (m, 14F1).

Analytical data for (1R*25%,65%)-11-oxabicyclo[4.4.1Jundecan-2-ol (114):
TLC (n-pentane/ethyl acetate 2:1) R¢ 0.18

"H NMR (300 MHz, CDCIy) 8 (ppm) = 3.84-3.69 (m, 3H, 1-H/2-H/10-H), 2.04-1.34 (m, 14H).
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(1R*25%,65%)-11-Oxabicyclo[4.4.1]Jundecan-2-yl 3-bromobenzoate (116) and
(18*,2R*75%)-11-oxabicyclo[5.3.1]Jundecan-2-yl 3-bromobenzoate (117)

BrC6H4COCI
Et;N
CH,Cl,
@ 23°C, 18 h
+

- “OH

OH

113 114 116 43% 117 27%

mixture of 11-oxabicyclo-undecanes 170.25 g/mol 1.00 eq  0.26 mmol 45.0 mg
triethylamine, p 0.73 101.19 g/mol 2.00eq 0.53 mmol 73.0 uL.
3-bromobenzoic acid chloride 219.46 g/mol 1.50 eq  0.40 mmol 87.0 mg

A mixture of 11-oxabicyclo-undecanes 113 and 114 (45.0 mg, 0.26 mmol, 1.00 eq) and 3-
bromobenzoic acid chloride (87.0 mg, 0.40 mmol, 1.50 eq) were dissolved in methylene chloride
(3.00 mL) and triethylamine (73.0 uL, 0.53 mmol, 2.00 eq) was added. The mixture was stirred at
23 °C for 24 h until TLC indicated full conversion. The mixture was washed with sodium
bicarbonate solution (5 mL). After separation of the layers, the organic layer was washed with water
(10 mL), dried above magnesium sulfate, filtered and the solvent was removed under reduced
pressure. The residue was purified by flash column chromatography on silica (toluene/ #-pentane
9:1) to afford ester 116 (40.0 mg, 0.11 mmol, 43%) and 117 (25.0 mg, 0.07 mmol, 27%) as yellow

oils.

Analytical data for (15%,2R*,75%)-11-oxabicyclo[5.3.1Jundecan-2-yl 3-bromobenzoate (116):
TLC (toluene) Ry 0.40.

'H NMR (500 MHz, CDCly) & (ppm) = 8.12 (t, ] = 1.6 Hz, 1H), 7.93 (td, ] = 1.2, 7.8 Hz, 1H),
7.67 (ddd, J = 1.7, 0.9, 8.0 Hz, 1H), 7.31 (t, ] = 7.9 Hz, 1H), 5.27 (dd, ] = 9.2, 9.8 Hz, 1H), 3.85
(td, ] = 5.8, 11.6 Hz, 1H), 3.78 (dd, ] = 4.7, 10.2 Hz, 1H), 2.08 (ddt, | = 2.5, 9.0, 13.3 Hz, 1H),
1.95-1.90 (m, 1H), 1.87-1.74 (m, 5H), 1.65-1.41 (m, 6H).

3C NMR (125 MHz, CDCL) & (ppm) = 164.9 (C7"), 136.0 (C4), 132.65 (C6'), 132.61 (C1"), 130.1
(C5'), 128.3 (C2'), 122.6 (C3'), 76.7 (C2), 72.5 (C1), 72.2 (CT), 34.4 (C8), 33.6 (C5), 30.3 (C3), 28.3
(C6), 25.7 (C4), 25.0 (C9), 13.8 (C10).

HR-MS (APCI) m/z calcd. for C7H2BrOs: [M+H]™: 353.0747, found: 353.0760.
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FT-IR (neat) v (cm™) = 498 (w), 673 (w), 748 (s), 812 (m), 812 (m), 906 (w), 947 (m), 983 (w),
1112 (m), 1151 (m), 1205 (w), 1252 (s), 1280 (w), 1336 (w), 1423 (w), 1467 (w), 1569 (w), 1713 (s),
2858 (w), 2924 (m).

Aanalytical data for (1R*25%,65%)-11-oxabicyclo[4.4.1]Jundecan-2-yl 3-bromobenzoate (117):
TLC (toluene) R¢ 0.30

'H NMR (500 MHz, CDCL;) 8 (ppm) = 8.18 (d, J = 1.2 Hz, 1H), 8.00 (dd, ] = 0.9, 7.9 Hz, 1H),
7.66 (dd, ] = 1.2, 8.2 Hz, 1H), 7.30 (dd, ] = 7.5, 8.3 Hz, 1H), 5.21 (t, ] = 5.2 Hz, 1H), 4.16 (ttd, [ =
4.6,4.6,18.0 Hz, 1H), 2.08-2.03 (m, 1H), 1.94-1.86 (m, 1F), 1.84-1.60 (m, 10H).

BC NMR (125 MHz, CDCL) 8 (ppm) = 165.1 (C7"), 135.9 (C6"), 133.2 (C2)), 132.9 (C3'), 132.8
(C6'), 130.1 (C5'), 129.9 (C2), 122.6 (C1Y), 78.9 (C2), 77.5 (C6), 75.9 (C1), 34.6 (C10), 33.8 (C5),
33.1 (C7), 32.0 (C3), 25.7 (C4), 25.7 (C8), 20.9 (C9).

HR-MS (APCI) m/z caled. for Ci7H2BriOs: [M+H]™: 353.0747, found: 353.0760.

FT-IR (neat) v (cm™) = 498 (w), 673 (w), 747 (s), 812 (m), 812 (m), 901 (w), 947 (m), 983 (w),
1117 (m), 1151 (m), 1205 (w), 1252 (s), 1281 (w), 1336 (W), 1423 (w), 1467 (w), 1569 (w), 1728 (s),
2858 (w), 2924 (m).
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(15%,2R*75%)-2-Iodo-11-oxabicyclo[5.3.1]Jundecane (118) and (1R¥25%65%)-2-iodo-11-
oxabicyclo[4.4.1Jundecane (119)

i) R,R-salen-Co(ll)

NCS, toluene
23 °C, 30 min
ii) I, ~78 °C
OH ii) olefin, ’ c
_78°C,48h .
10
9 1 "R
86% a2 -

(E)-79 118 119
(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00eq  0.65 mmol 100 mg
iodine 253.80 g/mol 1.20eq  0.78 mmol 197 mg
cobalt(Il) (R,R)-N,NN'-bis(3,5-di-zers-
butylsalicylidene)-1,2- 603.74 g/mol 0.30eq  0.19 mmol 117 mg
cyclohexanediamin
N-chlorosuccinimide 133.53 g/mol 0.75eq  0.49 mmol 64.9 mg

Under inert conditions (R,K)-salen-Co(II) (117 mg, 0.19 mmol, 0.30 eq) and N-chlorosuccinimide
(64.9 mg, 0.49 mmol, 0.75 eq) were dissolved in degassed toluene (55.0 mL) and stirred at 23 °C
for 30 min. The red solution, was cooled to =78 °C, iodine (197 mg, 0.78 mmol, 1.20 eq) was added
and stirring continued for 5 min. A solution of (E)-cyclodec-5-en-1-ol (100 mg, 0.65 mmol, 1.00 eq)
in toluene (5 mL) was added within 8 h by a syringe pump at —78 °C. The mixture was stirred for
additional 12 h, before it was quenched with 10% aqueous sodium thiosulfate (1 mL) and allowed
to warm to 23 °C. The aqueous layer was extracted with diethyl ether (3X10 mL), the combined
organic layers were washed with brine (25 mL), dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash column chromatography
on silica (n-pentane/ethyl acetate 50:1) to afford a mixture of (15%2R*75%)-2-iodo-11-
oxabicyclo[5.3.1Jundecane (118) and (1R*25%*,65%)-2-iodo-11-oxabicyclo[4.4.1Jundecane (119)
(76.0 mg, 0.27 mmol, 86%, rr 45:55) as a yellow powder. Attempts to separate the two regioisomers
were not sufficient. NMR signals were assigned to each isomer by the corresponding HMBC,

HSQC and COSY spectra.
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Variations from standard conditions:

entry catalyst conditions solvent T/°C yield/% tr118/119
1 (R,R)-salen-Co(II) I, NCS toluene 78 86 45:55
2 - I, NCS toluene -78 96 55:45
3 - I> (3 eq), NaHCO; THF 23 84 60:40

all experiments were performed with 0.65 mmol substrate in the appropriate solvent (0.01 M)

TLC (#-pentane/ethyl acetate 9:1) R¢ 0.50
HR-MS (ESI) m/z calcd. for CioHi71:O1Na [M+Na]™: 303.0216, found: 303.0219.

FT-IR (neat) v (cm™) = 421 (w), 479 (w), 589 (m), 619 (w), 689 (w), 811 (w), 861 (w), 931 (m),
976 (w), 1037 (m), 1085 (m), 1141 (s), 1163 (m), 1197 (m), 1276 (w), 1358 (w), 1440 (m), 2852 (w),
2920 (s).

m.p. 81-83 °C (ethyl acetate).

(15%,2R*75%)-2-iodo-11-oxabicyclo[5.3.1]Jundecane (118):

"H NMR (500 MHz, CDCL) 8 (ppm) = 4.41 (dd, ] = 9.4, 10.8 Hz, 1H), 4.04 (dd, J = 5.7, 11.1 Hz,
1H), 3.79 (td, ] = 5.8, 11.5 Hz, 1H), 2.67 (ddd, ] = 2.4, 5.1, 14.7 Hz, 1H), 2.41 (dddd, ] = 2.7, 9.3,
12.0, 14.7 Hz, 1H), 2.24-2.16 (m, 1H), 1.98-1.59 (serial of m, 11H).

PC NMR (75 MHz, CDCl3) 8 (ppm) =77.6, 71.9, 40.7, 38.3, 34.5, 33.0, 28.6, 26.6, 24.9, 13.7.
(1R*25*,65%)-2-iodo-11-oxabicyclo[4.4.1]Jundecane (119):

"H NMR (500 MHz, CDCl;) 8 (ppm) = 4.57 (dt, ] = 3.6, 5.1 Hz, 1H), 4.26-4.20 (m, 1H), 4.19-4.13
(m, 1H), 2.24-2.16 (m, 2H), 1.98-1.59 (serial of m, 11H), 1.52-1.33 (m, 1H).

3C NMR (75 MHz, CDCL3) 8 (ppm) =83.5, 77.9, 39.3, 38.0, 34.5, 33.6 (2C), 25.7, 25.4, 24.2.
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5.2.4. Transannular Cyclopropanation of Medium Sized Rings

General procedure E

Bicyclo[8.1.0Jundecan-5-ol (134)

ZnEt,, CH,l
OH 25 212
CH,Cl, . OH
-10—+23°C,1h
- 2
84%
10
79 134
(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00eq 1.95 mmol 300 mg
diethylzinc 1 Min #-heptan 123.05 g/mol 500eq 9.72 mmol 9.70 mL
diiodomethan, p 3.33 267.84 g/mol 5.00eq  9.72 mmol 780 pl.

To a solution of (E)-cyclodec-5-en-1-ol (300 mg, 1.95 mmol, 1.00 eq) in anhydrous methylene
chloride (8.00 mL) at —10 °C was added dropwise diethylzinc (9.70 mL, 9.72 mmol, 5.00 eq)
followed by diiodomethane (780 ulL, 9.72 mmol, 5.00 eq). The bath was allowed to warm to 23 °C
over 1 h and the mixture was stirred for an additional 1 h, after which time TLC analysis indicated
complete consumption of the starting material. A sat. ammonium chloride solution (10 mL) and
10% aq. hydrochloric acid (10 mL) was added and the mixture was diluted with ether (20 mL). The
layers were separated and the organic layer was then successively washed with sat. sodium
thiosulfate solution (20 mL), sat. sodium bicarbonate solution (20 mL) and sat. brine (20 mL). The
organic layer was dried (magnesium sulfate), filtered and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica (z-pentane/ethyl acetate 4:1) to
afford a mixture of diastereomers of bicyclo[8.1.0Jundecan-5-ol (270 mg, 1.63 mmol, 84%, dr 1:1)

as a colotless oil.
TLC (n-pentane/ethyl acetate 4:1) R¢ 0.33
HR-MS (APCI) m/z calcd. for C1iH1O1: [M]": 167.1430, found: 167.1435

FT-IR (neat) v (cm™) = 3051 (w), 2988 (w), 1843 (br), 1491 (s), 1401 (m), 1381 (w), 1304 (w),
1299 (m), 1091 (w), 1041 (s), 966 (w), 888 (w), 794 (w), 732 (m), 616 (w).
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Analytical data for diastereomer a:

'H NMR (500 MHz, CDCLy) 8 (ppm) = 4.01-3.97 (m, 1H, 5-H), 2.14-2.01 (m, 2H, 10-H), 1.80-
1.39 (m, 9H), 1.34 (dddd, ] = 4.4, 5.7, 8.0, 13.9 Hz, 1H, 6-H,), 0.56-0.49 (m, 2H, 1-H/2-H), 0.18
(dd, ] = 6.3, 7.0 Hz, 2H, 11-H).

BC NMR (125 MHz, CDCly) & (ppm) = 72.4 (C5), 35.4 (C6), 34.5 (C9), 33.76 (C2), 33.71 (C7),
26.6 (C8), 24.0 (C4), 23.7 (C3), 19.6 (C10), 17.8 (C1), 13.5 (C11).

Analytical data for diastereomer b:

"H NMR (500 MHz, CDCI3) 8 (ppm) = 4.09 (dtd, ] = 4.0, 7.4, 7.2 Hz, 1H, 5-H), 2.14-2.01 (m, 2H,
10-H), 1.83 (dtd, ] = 3.4, 5.5, 10.9 Hz, 1H, 3-F,), 1.80-1.39 (m, 9 H), 0.61-0.52 (m, 2, 3-E), 0.51-
0.46 (m, 1H, 2-H), 0.35-0.27 (m, 1H, 1-H, 1-H), 0.22 (td, ] = 6.8, 1.1 Hz, 2H, 11-H).

3C NMR (125 MHz, CDCL) & (ppm) = 69.4 (C5), 36.2 (C6), 33.8 (C2), 33.1 (C9), 32.9 (C10), 26.3
(C8), 24.9 (C7), 24.0 (C4), 23.8 (C1), 22.3 (C3), 11.7 (C11).

(E)-6-(Methoxymethoxy)cyclodec-1-ene (133)

MOMCI 11 O
OH DIPEA (
CH,Cl, . O
0 °C, 30 min
g 2
83% ;
10
79 133
(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00 eq  3.24 mmol 500 mg
chloromethylmethyl ether p 1.06 80.51 g/mol 2.00eq 6.48 mmol 0.49 mL
ethyldi(isopropyl)amine p 0.76 129.25 g/mol 3.00eq 9.72 mmol 1.65 mL

To a solution of (E)-cyclodec-5-en-1-o0l (500 mg, 3.24 mmol, 1.00 eq) and ethyldi(isopropyl)amine
(1.65 mL, 9.72 mmol, 3.00 eq) in methylene chloride (2.00 mL) was added chloromethyl methyl
ether (0.49 mL, 6.48 mmol, 2.00 eq), and the mixture was stirred at 23 °C until TLC indicated full
consumption of the starting material (30 min). After aqueous workup with sodium bicarbonate
(10 mL) and extraction with diethyl ether (3%X10 mL), the combined organic layers were dried over

sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by flash
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column chromatography on silica (z-pentane/ zert-butyl methyl ether 19:1) to afford the title

compound (532 mg, 2.68 mmol, 83%) as a white solid.
TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.30.

'H NMR (600 MHz, CDCL) & (ppm) = 5.50-5.43 (m, 2H, 1-H/2-H), 4.62 (dd, ] = 6.9, 11.4 Hz,
1H, 11-H,), 4.61 (s, 1H, 11-H,), 3.75 — 3.60 (m, 1H, 6-H), 3.36 (s, 3H, 12-H), 2.50 — 1.87 (m, 4H),
1.83 — 1.00 (serial of m, 14H).

3C NMR (125 MHz, CDCly) & (ppm) = 132.2 (C1), 131.6 (C2), 94.9 (C11), 63.9 (C6), 55.6 (C12)
32.4,31.5,23.5,18.8,18.1,15.5,

HR-MS (ESI) m/z calcd. for C12H20,Na [M+Na]": 221.1512, found: 221.1512.

FT-IR (neat) v (cm™) = 2923 (m), 2854 (w), 1444 (w), 1373 (w), 1214 (w), 1147 (w), 1128 (w),
1096 (m), 1037 (s), 984 (w), 950 (w), 916 (m), 803 (w).

5-(Methoxymethoxy)bicyclo[8.1.0]lundecane (135)

12 ro
OMOM ZnEtz, CH2|2 o
CH,Cl, .
-10—23°C,4 h )
27%
10
133 135

(E)-6-(methoxymethoxy)cyclodec-1-ene  198.31 g/mol 1.00eq 0.76 mmol 150 mg
diethylzinc 1 Min #-heptan 123.05 g/mol 5.00eq 3.78 mmol 3.80 mL
diiodomethan, p 3.33 267.84 g/mol 5.00eq 3.78 mmol 260 uL

To a solution of (E)-6-(methoxymethoxy)cyclodec-1-ene (150 mg, 0.76 mmol, 1.00 eq) in
anhydrous methylene chloride (3.00 mL) at —10 °C was added dropwise diethylzinc (3.80 mlL,
3.78 mmol, 5.00 eq) followed by diiodomethane (260 pL, 3.78 mmol, 5.00 eq). The bath was
allowed to warm to 23 °C over 1 h and the mixture was stirred for an additional 1 h, after which
time TLC analysis indicated complete consumption of the starting material. A sat. ammonium
chloride solution (10 mL) and 10% aq. hydrochloric acid (10 mL) was added and the mixture was
diluted with methylene chloride (20 mL). The layers were separated and the organic layer was then

successively washed with sat. sodium thiosulfate solution (10 mL), sat. sodium bicarbonate solution
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(10 mL) and sat. brine (10 mL). The organic layer was dried (magnesium sulfate), filtered and
concentrated under reduced pressure. The residue was purified by flash column chromatography
on silica (z-pentane/ethyl acetate 30:1) to afford a mixture of diastereomers of 5-

(methoxymethoxy)bicyclo[8.1.0]Jundecane (121 mg, 0.57 mmol, 27%, dr 1:1) as a colorless oil.
TLC (n-pentane/ethyl acetate 19:1) R¢ 0.41.
HR-MS (ESI) m/z caled. for C13H240:Na [M+Na]": 235.1668, found: 235.1669

FT-IR (neat) v (cm™) = 3057 (w), 2987 (w), 2917 (m), 2847 (w), 1444 (w), 1401 (w), 1373 (w),
1304 (w), 1214 (w), 1148 (w), 1096 (m), 1041 (s), 966 (w), 941 (w), 916 (m), 886 (w), 842 (w),
794 (w), 754 (w), 732 (w), 618 (w).

Analytical data for diastereomer a:

'H NMR (500 MHz, CDCL) & (ppm) = 4.67 (dd, ] = 6.8, 20.8 Hz, 1H), 4.65 (s, 1H), 3.94 (dtd, | =
5.2, 6.7, 6.6 Hz, 1H), 3.38 (s, 3H), 2.13-2.01 (m, 2H), 1.94 (dddd, J = 5.0, 5.0, 9.6, 14.5 Hz, 1H),
1.78-1.35 (m, 11H), 0.76-0.67 (m, 1H), 0.36-0.31 (m, 1H), 0.18 (dd, ] = 6.1, 7.3 Hz, 2H).

3C NMR (125 MHz, CDCL) 8 (ppm) = 95.1 (C12), 77.5 (C5), 55.4 (C13), 34.6 (C9), 33.9 (C2),
32.5 (C10), 31.2 (C7), 26.8 (C8), 24.01 (C4), 23.0 (C3), 19.6 (C6), 17.9 (C1), 13.4 (C11).

Analytical data for diastereomer b:

'H NMR (500 MHz, CDCL3) 8 (ppm) = 4.67 (dd, ] = 6.8, 20.8 Hz, 1H), 4.65 (s, 1H), 3.89-3.85 (m,
1H), 3.38 (s, 3H), 2.13-2.01 (m, 2H), 1.78-1.35 (m, 12H), 0.66-0.47 (m, 2H), 0.21 (dd, | = 7.8,
7.8 Hz, 2H).

BC NMR (125 MHz, CDCy) & (ppm) = 94.8 (C12), 75.0 (C5), 55.3 (C13), 33.8 (C2), 32.8 (C9),
32.5 (C10), 30.9 (C6), 26.3 (C8), 24.6 (CT), 24.05 (C4), 23.4 (C1), 22.4 (C3), 11.7 (C11).
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(E)-2-((Cyclodec-5-en-1-yloxy)methyl)oxiran (189)

0
n-BU4NSO4 T2 3
OH N
aOHyq '
23°C,18h
51%
79 189
(E)-cyclodec-5-en-1-ol 154.25 g/mol 1.00eq  6.48 mmol 1.00 g
tetra-butylammonium sulfate 339.54 g/mol 0.08 eq  0.52 mmol 176 mg
epichlorhydrin, p 1.18 92.53 g/mol 531eq 34.4 mmol 2.70 mLL

To a suspension of epichlorhydrin (2.70 mL, 34.4 mmol, 5.31 eq) and tetra-butylammonium sulfate
(176 mg, 0.52 mmol, 0.08 eq) in 50%wt aqueous sodium hydroxide (4.0 mL) was added (E)-
cyclodec-5-en-1-ol (1.00 g. 6.48 mmol, 1.00 eq) at 4 °C. The ice bath was removed and the mixture
was stirred at 23 °C for 18 h. The mixture was extracted with diethyl ether (3%X50 mL). The
combined organic layers were washed with brine (3%X50 mL), dried over sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (#-pentane/ zert-butyl methyl ether 5:1) to afford the title compound

(694 mg, 3.30 mmol, 51%) as a pale yellow oil.
TLC (n-pentane/ fert-butyl methyl ether 6:1) R 0.15.

'H NMR (500 MHz, CDCL) § (ppm) = 5.64-5.20 (m, 2H), 3.62 (dd, ] = 11.4, 3.3 Hz, 1H), 3.53—
3.39 (m, 1H), 3.42-3.21 (m, 1H), 3.10 (dt, ] = 6.1, 3.1 Hz, 1H), 2.77 (d, J = 9.2 Hz, 1H), 2.57 (dd,
] =5.1,2.7 Hz, 1H), 2.08 (dt, ] = 16.4, 9.1 Hz, 4H), 1.87-1.07 (m, 10H).

3C NMR (75 MHz, CDCLy) 8 (ppm) = 132.1, 131.7, 69.5, 69.4, 51.4, 51.3, 47.1, 45.1, 44.7, 32.4,
31.6, 27.2, 24.7.

HR-MS (ESI) m/z caled. for Ci3H20,Na [M+Na]": 233.1514, found: 235.1512.

FT-IR (neat) v (cm™) = 2921 (s), 2853 (w), 1445 (m), 1336 (w), 1251 (w), 1207 (w), 1158 (w),
1128 (w), 1083 (s), 985 (m), 945 (w), 913 (w), 841 (m), 758 (w).
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(E)-1-Vinylcyclodec-5-en-1-ol (124)

i) CeClg, THF y
0 23°C,2h N
ii) vinylIMgBr, f
23°C,18h
B} 5
38% 6
78 124
(E)-cyclodec-5-an-1-one 152.24 g/mol 1.00eq 13.1 mmol 200 g
cerium(III) chloride heptahydrate 372.58 g/mol 0.10eq 1.31 mmol 490 mg
vinylmagnesium bromide 1 Min 13126 g/mol  2.60eq 342mmol  342mL
tetrahydrofuran

Cerium(III) chloride heptahydrate (490 mg, 1.31 mmol, 0.10 eq) was heated under high vacuum
for 12 h at 150 °C. The flask was flushed with argon and allowed to cool to 23 °C before suspended
in anhydrous tetrahydrofuran (6.50 mL) und stirring. (E)-cyclodec-5-an-1-one (2.00 g, 13.1 mmol,
1.00eq) was added to this suspension and stirred for 2 h until the yellowish colored suspension
became homogenous. To this mixture, 1 M vinyl magnesium bromide (34.2 ml, 34.2 mmol,
2.60 eq) in tetrahydrofuran was added by syringe pump within 10 min. Stirring was continued and
the conversion of the starting ketone was monitored by TLC. After 18 h, the brown mixture was
poured into cold water (50 mL) and zer~butyl methyl ether (50 mL) was added. Under stirring, 10%
hydrochloric acid solution was added until the mixture became clear and two-phased (pH < 3).
The aqueous layer was extracted with Zer#-butyl methyl ether (50 mL) and the joint organic extracts
were washed with water, with sat. sodium bicarbonate solution and brine (100 mL, each). The
organic layers were dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica (cyclohexane/ethyl

acetate 8:1) to afford the title compound (900 mg, 4.99 mmol, 38%) as a yellow oil.
TLC (cyclohexane/ethyl acetate 8:1) R¢0.15.

'H NMR (500 MHz, CDCl3) 8 (ppm) = 5.91 (dd, ] = 15.6, 11.1 Hz, 1H, 11-H), 5.44 — 5.09 (m,
3H, 12-H/6-H), 5.07 — 4.91 (m, 1H, 5-H), 2.61 — 0.63 (serial of m, 14H).

3C NMR (75 MHz, CDCLy) & (ppm) = 145.2 (C11), 133.3 (C12), 133.0 (C6), 131.7 (C5), 77.2 (C5),
455 (C10), 43.0 (C2), 34.5, 33.2, 29.3, 26.9, 21.2.

HR-MS (APCI) m/z caled. for Ci2Hi9O1 [M]": 179.1430, found: 179.1435.
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FT-IR (neat) v (cm™) = 3453 (w, br), 2925 (s), 2853 (w), 1683 (s), 1471 (w), 1440 (m), 1408 (w),
1351 (w), 1338 (w), 1321 (w), 1293 (w), 1249 (w), 1205 (w), 1154 (w), 1118 (w), 1095 (w), 1080 (),
1044 (w), 982 (s), 966 (w), 920 (w), 883 (w), 806 (w), 753 (w), 731 (w), 573 (W), 556 (w), 502 (W),
462 (w).

(E)-1-(Oxiran-2-yl)cyclodec-5-en-1-0l (126)

VO(acac), 120
A\ tBUOOH b
OH CH,Cl, OH
-10°C, 18 h !
g 5
46% 6
124 126
(E)-1-vinylcyclodec-5-en-1-ol 180.29 g/mol 1.00 eq  3.83 mmol 690 mg
sert-butyl hydroperoxide 5.5 Min 90.12¢g/mol  3.00eq 11.5mmol 209 mL
n-decane
vanadyl acetylacetonate 265.16 g/mol 0.05eq 0.19 mmol 50.7 mg

To a solution of (E)-1-vinylcyclodec-5-en-1-ol (690 mg, 3.83 mmol, 1.00 eq) in degassed methylene
chloride (43 mL) was added vanadyl acetylacetonate (50.7 mg, 0.19 mmol, 0.05 eq) and the mixture
was cooled to —10 °C. A 5.5 M solution of #r#-butyl hydroperoxide (2.09 mL, 11.5 mmol, 3.00 eq)
in 7-decane was added within 10 min and the resulting mixture was stirred at —10 °C for 18 h. The
reaction mixture was diluted with methylene chloride and sequentially washed with water, sat.
sodium thiosulfate solution and brine (50 mL, each). The organic layer was dried over magnesium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (#-pentane/ethyl acetate 4:1) to afford the title compound (343 mg,

1.75 mmol, 46%) as a yellow oil.
TLC (n-pentane/ethyl acetate 4:1) R¢ 0.30

"H NMR (600 MHz, CDCl3) 8 (ppm) = 5.98 — 5.04 (m, 2H, 5-H/6-H), 2.94 (dt, ] = 3.5, 18.6 Hz,
1H, 11-H), 2.83 (ddd, ] = 2.9, 4.8, 5.2 Hz, 1H, 12-H,), 2.72 — 2.65 (m, 1H, 12-Hy), 2.51-1.28 (serial
of m, 14H).

BC NMR (125 MHz, CDCly) & (ppm) = 134.4 (C6), 131.3 (C5), 72.0 (C1), 56.9 (C12), 44.3 (C11),
34.5 (C2), 33.1, 32.5, 25.4, 25.3, 22.8, 20.3.

HR-MS (ESI) m/z caled. for Ci2H200:Na [M+Na]": 219.1355, found: 219.1356.
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FT-IR (neat) v (cm™) = 3464 (w, br), 2927 (s), 2855 (w), 1739 (w), 1701 (w), 1455 (m), 1408 (w),
1342 (w), 1303 (w), 1242 (w), 1201 (w), 1147 (w), 1098 (w), 1051 (w), 982 (s), 933 (w), 907 (w),
883 (m), 829 (m), 813 (w), 769 (w), 744 (w), 720 (w), 626 (w), 589 (w), 564 (w), 523 (W), 444 (w).

(E)-2-(1-Methoxycyclodec-5-en-1-yl)oxiran (128)

120
O
Ag20 11
OH Mel,MeCN OMe
° 1 13
23°C,72h
5
32% 6
126 128

(E)-1-(oxiran-2-yl)cyclodec-5-en-1-ol 196.29 g/mol 1.00 eq 1.27 mmol 250 mg
silver(II) oxide 231.74 g/mol 1.70 eq  2.17 mmol 502 mg
iodomethane, p 2.28 141.94 g/mol 19.0eq 24.2 mmol 1.50 mL

(E)-1-(oxiran-2-yl)cyclodec-5-en-1-ol (250 mg, 1.27 mmol, 1.00 eq) was dissolved in acetonitrile
(1.5 mL) and iodomethane (1.50 mL). Silver(II) oxide (502 mg, 2.17 mmol, 1.70 eq) was added and
the mixture was stirred for 72 h until TLC indicated full consumption of the starting material. The
solids were removed by filtration and the filtrate concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica (z-pentane/ zer#-butyl methyl ether 9:1) to

afford the title compound (85.0 mg, 0.41 mmol, 32%) as a colotless oil.
TLC (n-pentane/ fert-butyl methyl ether 9:1) R¢ 0.30.

'"H NMR (500 MHz, CDCls) 8 (ppm) = 5.74 — 5.22 (m, 2H, 5-H/6-H), 3.37-3.29 (m, 1H, 11-H),
3.29 (s, 3H, 13-H), 2.84 (dt, | = 3.5, 12.2 Hz, 1H, 12-H.), 2.64 (dt, | = 4.6, 9.3 Hz, 1H, 12-Hs,),
2.34-0.94 (serial of m, 14H).

3C NMR (125 MHz, CDCly) § (ppm) = 131.8 (C6), 131.4 (C5), 78.3 (C1), 77.4 (C13), 56.8, 56.7,
51.6, 51.5, 42.6, 42.3, 37.9, 32.5, 25.3, 20.3.

HR-MS (ESI) m/z calcd. for Ci3H2O.H [M+H]": 211.1692, found: 211.1693.

FT-IR (neat) v (cm™) = 2928 (s), 2856 (w), 2830 (w), 1704 (w), 1466 (m), 1390 (w), 1356 (),
1297 (w), 1275 (w), 1203 (w), 1149 (w), 1083 (s), 1054 (w), 984 (m), 949 (w), 900 (w), 881 (w),
828 (w), 816 (w), 796 (w).
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(£)-Cyclooct-4-en-1-on (122)

Pd(OAc),
benzoquinone,
H202, HOAc
© 23°C,24h ]
33%
5 4

121 122
cycloocta-1,5-diene 108.18 g/mol 1.00eq 46.2 mmol 500 ¢
benzoquinone 182.22 g/mol 0.10eq 4.62 mmol 842 mg
palladium(II) acetate 224.51 g/mol 0.05eq 2.31 mmol 519 mg
hydrogenperoxide 30% in water 34.02 g/mol 1.50eq  69.3 mmol 6.07 mL
acetic acid 99% 60.05 g/mol 200 mL

Palladium(II) acetate (519 mg, 2.31 mmol, 0.05 eq) and benzoquinone (842 mg, 4.62 mmol, 0.10 eq)
were dissolved in acetic acid (10 mL), the solution was degassed and flushed with argon. Cycloocta-
1,5-diene (5.00g, 46.2 mmol, 1.00 eq) and 30% hydrogen peroxide (6.07 mL, 69.3 mmol, 1.50 eq)
were added at 23 °C. After 24 h, GC-MS indicated no further conversion of the starting olefin.
The solution was diluted with 7-pentane/diethyl ether (1:1, 50 mL), layers were separated and the
organic layer was sequentially washed with water and 2 M sodium hydroxide (3%50 mL, each). The
combined aqueous layers were re-extracted with z-pentane/diethyl ether (1:1, 3X50 mL). The joint
organic layers were dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was putified by flash column chromatography on silica (#-pentane/ fers-butyl
methyl ether 5:1) to afford (Z)-cyclooct-4-en-1-on (1.91 g, 15.3 mmol, 33%) as a pale yellow oil.

The analytical data were in accordance with the literature.'”
TLC (n-pentane/ tert-butyl methyl ether 5:1) R¢ 0.30.

'H NMR (500 MHz, CDCly) & (ppm) = 5.80 — 5.59 (m, 2H, 4-H/5-H), 2.57 — 2.35 (m, GH,
2-H/3-H/8-H), 2.25 — 2.09 (m, 2H, 6-H), 1.69 — 1.52 (m, 2, 7-F).

3C NMR (75 MHz, CDCLy) 8 (ppm) = 214.7 (C1), 130.9 (C5), 130.3 (C4), 47.8 (C2), 40.4 (C8),
26.4 (C3), 24.0 (C6), 22.0 (C7).

HR-MS (ESI) m/z caled. for CsH1,O:Na [M+Na]": 147.0780, found: 147.0780.
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FT-IR (neat) v (cm™) = 3018 (w), 2933 (m), 2860 (w), 1701 (s), 1465 (w), 1443 (w), 1344 (w),
1245 (w), 1225 (w), 1200 (w), 1162 (w), 1135 (w), 1104 (w), 1084 (w), 971 (w), 881 (m), 841 (w),
817 (w), 728 (s), 629 (w), 578 (w), 542 (w), 518 (m).

(£)-1-Vinylcyclodec-4-en-1-ol (123)

i) CeCl3, THF 10
o 123°C,2h O
ii) vinyIMgBr, OH
23°C,1h _
80%
5 4
122 123
(£)-cyclooct-4-en-1-one 124.18 g/mol 1.00eq  8.05 mmol 1.00 g
cerium(III) chloride heptahydrate 372.58 g/mol 0.10eq  0.81 mmol 302 mg
vinylmagnesium bromide 1 M in

tetrahydrofuran 131.26 g/mol 1.60 eq 12.9 mmol 12.9 mL

Cerium(III) chloride heptahydrate (302 mg, 0.81 mmol, 0.10 eq) was heated under high vacuum
for 12 h at 150 °C. The flask was flushed with argon and allowed to cool to 23 °C before suspended
in anhydrous tetrahydrofuran (3.20 mL) under stirring. (£)-cyclooct-4-en-1-one (1.00 g, 8.05 mmol,
1.00 eq) was added to this suspension and stirred for 2 h until the yellowish colored suspension
became homogenous. To this mixture, 1 M vinyl magnesium bromide (12.9 mlL, 12.9 mmol,
1.60 eq) in tetrahydrofuran was added by a syringe pump within 10 min. Stirring was continued
and the conversion of the starting ketone was monitored by TLC. After 1 h, the brown mixture
was poured into cold water (50 mL) and Zer#-butyl methyl ether (50 mL) was added. Under stirring,
10% hydrochloric acid solution was added until the mixture became clear and two-phased (pH <3).
The aqueous layer was extracted with Zer#butyl methyl ether (2X50 mL) and the joint organic
extracts were washed with water, sat. sodium bicarbonate solution and brine (3%X50 mlL,, each). The
organic layers were dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica (cyclohexane/ethyl

acetate 8:1) to afford (Z)-1-vinylcyclodec-4-en-1-ol (978 mg, 6.43 mmol, 80%) as a yellow oil.
TLC (cyclohexane/ethyl acetate 8:1) R¢0.30

'H NMR (500 MHz, CDCL;) & (ppm) = 6.03 (dd, ] = 17.3, 10.8 Hz, 1H, 9-H), 5.75 (dtd, ] = 11.3,
5.5, 1.1 Hz, 1H, 5-H), 5.56 (dtt, ] = 11.3, 8.1, 1.6 Hz, 1H, 4-H), 5.23 (dd, ] = 17.3, 1.3 Hz, 1H,
10-H,), 5.02 (dd, ] = 10.8, 1.3 Hz, 1H, 10-H,), 2.39 — 2.15 (m, 2H, 6-H), 2.00 (ddd, ] = 14.7, 9.6,
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2.7 Hz, 1H, 3-H,), 1.90 — 1.82 (m, 1H, 8-F,), 1.77 (ddd, J = 14.7, 9.3, 2.8 Hz, 1H, 3-I%), 1.69 —
1.51 (m, 3H, 7-H/8-H1,).

3C NMR (125 MHz, CDCL) & (ppm) = 146.2 (C9), 132.1 (C5), 127.4 (C4), 110.9 (C10), 75.7 (C1),
39.4 (C2), 35.4 (CB), 25.0 (C6), 24.8 (C3), 23.6 (C7).

HR-MS (APCI) m/z caled. for C1o0HisO1 [M]: 151.1131, found: 151.1128.

FT-IR (neat) v (cm™) = 3401 (w, br), 3084 (w), 3006 (w), 2980 (w), 2930 (m), 2860 (w), 1639 (w),
1480 (w), 1469 (w), 1445 (w), 1415 (w), 1334 (w), 1311 (w), 1281 (w), 1250 (w), 1233 (w), 1204 (w),
1134 (w), 1095 (w), 1072 (w), 1044 (w), 994 (m), 981 (w), 918 (s), 896 (w), 850 (w), 816 (w), 771 (w),
731 (s), 704 (w), 671 (W), 655 (w), 556 (w), 515 (w).

(£)-1-(Oxiran-2-yl)cyclooct-4-en-1-ol (125)

VO(acac),
§ {BUOOH 0 <S
OH CH,CI, 9\ OH
-10°C, 18 h
70%
5 4

123 125
(£)-1-vinylcyclodec-4-en-1-ol 152.24 g/mol 1.00eq 4.93 mmol 750 mg
fert-butyl hydroperoxide 5.5 Min - 90.12¢/mol  3.00eq 148mmol 269 mL
decane
vanadyl acetylacetonate 265.16 g/mol 0.05eq 0.25 mmol 65.3 mg

To a solution of (Z)-1-vinylcyclodec-4-en-1-ol (750 mg, 4.93 mmol, 1.00 eq) in anhydrous, degassed
methylene chloride (43.0 mL) was added vanadyl acetylacetonate (65.3 mg, 0.25 mmol, 0.05 eq)
and the mixture was cooled to —10 °C. A 5.5 M solution of #r#butyl hydroperoxide (2.69 mlL,
14.8 mmol, 3.00 eq) in #-decane was added within 10 min and the resulting mixture was stirred at
—10 °C for 18 h. The reaction mixture was diluted with methylene chloride (50 mL) and sequentially
washed with water, sat. sodium thiosulfate solution and brine (50 mL, each). The organic layer was
dried over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica (z-pentane/ethyl acetate 4:1) to afford the title

compound (582 mg, 3.46 mmol, 70%) as a yellow oil.

TLC (n-pentane/ethyl acetate 4:1) R¢ 0.35
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'H NMR (500 MHz, CDCLy) & (ppm) = 5.83 - 5.80 (m, 1H, 5-H), 5.63 — 5.50 (m, 1H, 4-H), 2.99
(ddd, J = 0.9, 2.9, 3.8 Hz, 1H, 9-H), 2.83 (ddd, ] = 2.9, 5.3, 8.7 Hz, 1H, 10-H,), 2.70 (dt, ] = 4.1,
5.1 Hz, 1H, 10-F), 2.48 — 2.30 (m, 2H, 3-H), 2.25 — 2.10 (m, 2H, 6-F), 1.94 — 1.47 (m, GH).

BC NMR (125 MHz, CDCly) & (ppm) = 131.8 (C5), 128.1 (C4), 71.6 (C1), 58.6 (C9), 43.8 (C10),
39.0 (C2), 31.4 (CB), 25.0 (C3), 23.6 (C6), 23.2 (C7).

HR-MS (ESI) m/z caled. for CioH1s0O:Na [M+Na]": 191.1043, found: 191.1043.

FT-IR (neat) v (cm™) = 3467 (w, br), 3060 (w), 3002 (w), 2930 (m), 1738 (m), 1653 (w), 1471 (W),
1446 (w), 1406 (w), 1374 (w), 1337 (w), 1316 (w), 1242 (m), 1203 (w), 1164 (w), 1129 (w), 1092 (w),
1069 (w), 1036 (m), 990 (w), 969 (w), 931 (w), 907 (s), 879 (w), 849 (s), 796 (m), 768 (w), 732 (s),
708 (m), 689 (w), 661 (w), 630 (w), 607 (W), 573 (w), 538 (w), 499 (w), 472 ().

2-(1-Methoxycyclooct-4-en-1-yl)oxiran (127)

0 NaH, Mel 10O
OH THF
23°C, 18 h 7\ OMe
31%
5 4
125 127

(£)-1-(oxiran-2-yl)cyclooct-4-en-1-ol 168.24 g/mol 1.00eq 1.19 mmol 200 mg
sodium hydride 23.99 g/mol 240 eq 2.85 mmol 114 mg
iodomethane, p 2.28 141.94 g/mol 320eq 3.80 mmol 0.24 mL

(£)-1-(Oxiran-2-yl)cyclooct-4-en-1-ol (200 mg, 1.19 mmol, 1.00 eq) was dissolved in
tetrahydrofuran (11.0 ml) and sodium hydride (114 mg, 2.85 mmol, 2.40 eq) was added. Next,
iodomethane (0.24 ml, 3.80 mmol, 3.20 eq) was added and the mixture was stirred for 18 h until
TLC indicated full consumption of the starting material. The mixture was poured on water (20 mL)
and extracted with methylene chloride (2X50 mL). The joint organic extracts were dried
(magnesium sulfate), filtered and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica (z-pentane/zer#-butyl methyl ether 9:1) to afford the title

compound (67.0 mg, 0.37 mmol, 31%) as a colotless oil.

TLC (n-pentane/ fer-butyl methyl ether 9:1) R¢ 0.50
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'H NMR (500 MHz, CDCls) 8 (ppm) = 5.74 — 5.60 (m, 1H, 5-H), 5.54 — 5.42 (m, 1H, 4-H), 3.35
(s, 3H, 11-H), 2.94 (ddd, ] = 2.9, 4.4, 13.2 Hz, 1H, 9-H), 2.70 (dt, ] = 4.6, 4.7 Hz, 1H, 10-H,), 2.55
(ddd, J = 2.9, 4.9, 13.5 Hz, 1H, 10-H,), 2.51 — 2.28 (m, 2H), 2.21-1.93 (m, 2H), 1.80-169 (m, 2H),
1.65-1.44 (m, 2H), 1.37-1.31 (m, 1H).

BC NMR (125 MHz, CDCls) 8 (ppm) = 130.2, 129.7, 77.2, 71.0, 61.2, 59.0, 34.8, 34.0, 25.5, 24.4,
22.6.

HR-MS (ESI) m/z caled. for C11HisO:Na [M+Na]': 205.1198, found: 205.1199.

FT-IR (neat) v (cm™) = 3008 (w), 2930 (s), 2831 (w), 1466 (m), 1383 (w), 1261 (w), 1221 (w), 1194
(w), 1160 (w), 1121 (w), 1072 (s), 1006 (w), 950 (w), 893 (w), 861 (w), 826 (w), 768 (w), 731 (m),
665 (), 500 (w).

5.2.4.1.  Experiments on a LEWIS acid catalysed, intramolecular methylene transfer

General procedure F
4-hydroxybicyclo[6.1.0]nonan4-carbaldehyd (131)

La(OTf); 5 mol%

) 2,6-lutidine 5 mol% 0
LiClo, DCE H—~ on
OH 40°C,5h
125 131
(£)-1-(oxiran-2-yl)cyclooct-4-en-1-ol 168.24 g/mol 1.00eq 150 umol 25.0 mg
lanthanum(I1I) triflate 575.56 g/mol 0.05eq 7 umol 4.0 mg
2,6-lutidine p 0.923 107.16 g/mol 0.05eq 7 umol 1.0 uLL
lithium perchlorate 106.39 g/mol 0.75eq 121 umol 12.2 mg

Lithium perchlorate (10.2 mg, 121 umol, 0.75 eq) was dried under high vacuum (160 °C) for 3 h
and stored under an argon atmosphere before use. To a solution of (Z)-1-(oxiran-2-yl)cyclooct-4-
en-1-ol (25 mg, 150 umol, 1.00 eq) in 1,2-dichloroethane (0.7 mL) were added 2,6-lutidine (1.0 pL,
7 umol, 0.05 eq) and lanthanum(III) triflate (4.0 mg, 7 umol, 0.05 eq) at 23 °C. The reaction was

stirred at 40 °C for 24 h and the progress was monitored by GC-MS analysis. The reaction mixture
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was then cooled to 23 °C, diluted with ethyl acetate (5 ml) and washed with sat. sodium
bicarbonate and brine (5 ml,, each). The organic layer was dried over magnesium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica (#-pentane/ ethyl acetate 9:1) but only starting material 125 (17.2 mg,

102 umol, 69%) could be isolated. Aldehyde 131 was neither isolated, nor detected by GC-MS.

5-Hydroxybicyclo[8.1.0lundecan-5-carbaldehyd (132)

La(OTf)3 5 mol%
2,6-lutidine 5 mol%

0 LiClO,, DCE
40°C, 24 h H A0
OH 80 °C, 24 h OH
126 132
(E)-1-(oxiran-2-yl)cyclodec-5-en-1-ol 196.29 g/mol 1.00eq 127 umol 25.0 mg
lanthanum(I1I) triflate 575.56 g/mol 0.05eq 6 umol 3.7 mg
2,6-lutidine p 0.923 107.16 g/mol 0.05eq 6 umol 1.0 uL.
lithium perchlorate 106.39 g/mol 0.75eq 96 umol 10.1 mg

Following general procedure F, (E)-1-(oxiran-2-yl)cyclodec-5-en-1-ol (25 mg, 127 umol, 1.00 eq)
in 1,2-dichloroethane (0.6 mL), 2,6-lutidine (1.0 pL, 6 pmol, 0.05 eq) and lanthanum(III) triflate
(3.7 mg, 6 umol, 0.05 eq) were used at 40 °C. After 24 h GC-MS analysis indicated no conversion

of the starting material at all. The starting material (19.7 mg, 100 pmol, 79%) but not cyclopropane
132 could be isolated.
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5.2.4.2. Experiments on an intramolecular CRANDALL-LIN cyclopropanation

General procedure G

(15*,25%,6 5,9 R*)-6-Methoxytricyclo[4.3.1.0>°]decan-10-ol (129)

LiTMP
O MTBE H
0°C,2h OH
OMe 23°C, 15 h N
° ~>oMe
36% 8 7 1
dr 55:45
127 129
(2)-2-(I-methoxycyclooct-d-en-l-yh- 0 56 0 /mol 100 eq 247 pmol 45.0 mg
oxirane
n-butyl lithium 2.5 M in #-hexane 64.05 g/mol 2.00eq 494 umol 198 uL.
2,2,6,6-tetramethylpiperidine, p 0.837 141.25 g/mol 2.00eq 494 umol 83.0 pl

To a stirred solution of 2,2,6,6-tetramethylpiperidine (83.0 uL, 494 umol, 2.00 eq) in dry zer#-butyl
methyl ether (1.50 mL) was added #-butyl lithium (2.5 M in #-hexane, 198 uL, 494 pmol, 2.0 eq) at
—78 °C. The pale yellow solution formed was stirred at 23 °C for 15 min and again cooled to 0 °C.
To a stirred solution of (Z)-2-(1-methoxycyclooct-4-en-1-yl)-oxirane (45 mg, 247 umol, 1.00 eq) in
ter-butyl methyl ether (1.50 mL) was added the LiTMP solution by a syringe pump within 2 h at
0 °C. The resulting mixture was stirred at 23 °C. After 15 h TLC indicated full consumption of the
starting oxiran. The reaction was quenched with methanol (0.5 mL) and the solvent was removed
under reduced pressure. The residue was dry-loaded onto a small amount of silica and purified by
flash column chromatography on silica (cyclohexane/ethyl acetate 1:1) to afford
(15%,25%,65* 9R*)-6-methoxytricyclo[4.3.1.0>’]decan-10-ol (17.3 mg, 95 umol, 36%) as a colorless
oil and a mixture of two epimers at C10 (dr 55:45). The relative configuration at C10 could not

unambiguously be assigned by the 2d nmr spectra. Other products could not be isolated.
TLC (cyclohexane/ethyl acetate 1:2) R¢ 0.60
HR-MS (ESI) m/z caled. for C11HisO:Na [M+Na]': 205.1199, found: 205.1199.

FT-IR (neat) v (cm™) = 3447 (w), 2931 (s), 1671 (w), 1450 (w), 1377 (w), 1232 (w), 1193 (w),
1075 (s), 1027 (w), 985 (w), 951 (w), 900 (w), 866 (w), 778 (w), 757 (w), 738 (w), 718 (w), 634 (w),
446 (w).
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Analytical data of epimer a:

'H NMR (500 MHz, CDCL;) & (ppm) = 4.28 (d, ] = 5.5 Hz, 1H), 2.07 — 2.02 (m, 2H, 8-H), 1.90 —
1.82 (m, 2H, 5-H), 1.75 — 1.69 (m, 2H, 4-H), 1.51-1.46 (m, 2H, 3-H), 1.24 (ddd, J = 5.6,9.1,9.1 Hz,
1H, 1-H), 1.11 (dtd, ] = 1.6, 9.1, 9.2 Hz, 1H, 2-H), 1.02 — 0.88 (m, 1H, 9-H).

3C NMR (125 MHz, CDCly) 8 (ppm) = 80.9 (C6), 76.0 (C10), 49.1 (C11), 31.6 (C3), 31.4 (C5),
24.7 (C7), 21.6 (C4), 19.9 (C9), 18.5 (C1).

Analytical data of epimer b:

'H NMR (500 MHz, CDCLy) 8 (ppm) = 4.06 (bs, 1H, 10-H), 3.20 (s, 3H, 11-H), 2.11 — 2.09 (m,
2H, 8-H), 1.72 — 1.69 (m, 2H, 7-H), 1.71-1.60 (m, 4H, 5-H/4-H), 1.51-1.46 (m, 2H, 3-F), 1.33 —
1.28 (m, 2H, 9-H), 1.02 — 0.88 (m, 2H, 1-F/2-F).

3C NMR (125 MHz, CDCL) 8 (ppm) = 78.5 (C6), 68.9 (C10), 48.5 (C11), 34.2 (C4), 34.1 (C5),
25.9 (CT7), 25.6 (C8), 21.8 (C3), 20.9 (C9), 19.0 (C7) 15.3 (C2), 10.0 (C1).

Experiment to tricyclo[4.3.1.0>’] decan-6,10-diol (129b)

LiTMP
0 MTBE
0°C,2h H OH
OH 23°C, 15 h @(
# —~~OH
125 129b

(£)-1-(oxiran-2-yl)cyclooct-4-en-1-ol 168.24 g/mol 1.00eq  0.59 mmol 100 mg
n-butyl lithium 2.5 M in #-hexane 64.05 g/mol 2.00eq 1.19 mmol 500 L.
2,2,6,6-tetramethylpiperidine, p 0.837 141.25 g/mol 2.00eq 1.19 mmol 200 pl.

Following general procedure G, (Z)-1-(oxiran-2-yl)cyclooct-4-en-1-ol (100 mg, 0.59 mmol, 1.00 eq),
n-butyl lithium (500 pL, 1.19 mmol, 2.00 eq) and 2,2,6,6-tetramethylpiperidine (200 pL, 1.19 mmol,
2.00 eq) were used. The crude product was analyzed by NMR in CDCI; but only decomposition to

multiple unknown products was observed.
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Experiment to 7-methoxytricyclo[5.4.1.0>""|dodecan-12-ol (130)

o LiTMP
MTBE
OMe 0 OC, 2 h
23°C,15h OMe
128

(E)-2-(1-Methoxycyclodec-5-en-1-yl)-

oxiran

n-butyl lithium 2.5 M in #-hexane 64.05 g/mol 2.00eq 0.48 mmol 190 uL.

210.32 g/mol 1.00eq  0.24 mmol 50.0 mg

2,2,6,6-tetramethylpiperidine p 0.837 141.25 g/mol 2.00eq 0.48 mmol 80.0 L.

Following general procedure G, (E)-2-(1-Methoxycyclodec-5-en-1-yl)-oxiran (50.0 mg, 0.24 mmol,
1.00 eq), #-butyl lithium (190 pL, 0.48 mmol, 2.00 eq) and 2,2,6,6-tetramethylpiperidine (80.0 pL,
0.48 mmol, 2.00 eq) were used. The crude product was analyzed by NMR in CDCl; but only

decomposition to multiple unknown products was observed.

Experiment to tricyclo[5.4.1.0>""|dodecan-7,12-diol (130b)

0 LiTMP
MTBE
OH 0°C,2h
23°C, 15 h
126

130b

(E)-1-(oxiran-2-yl)cyclodec-5-en-1-ol 198.31 g/mol 1.00 eq  0.27 mmol 50.0 mg
n-butyl lithium 2.5 M in #-hexane 64.05 g/mol 2.00eq 0.56 mmol 201 pL.
2,2,6,6-tetramethylpiperidine, p 0.837 141.25 g/mol 2.00eq 0.56 mmol 89.0 ul.

Following general procedure G, (E)-1-(oxiran-2-yl)cyclodec-5-en-1-ol (50.0 mg, 0.27 mmol,
1.00 eq), #-butyl lithium (190 uL, 0.56 mmol, 2.00 eq) and 2,2,6,6-tetramethylpiperidine (89.0 uL,
0.56 mmol, 2.00 eq) were used. The crude product was analyzed by NMR in CDCl; but only

decomposition to multiple unknown products was observed.
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5.2.5. Transannular Functionalization by Intramolecular Radical Reactions

Octahydronaphthalen4a(2H)-ol (139)

23 W cfl (UV-B) o4
230 48 h ¢z HO
) - I
= {"‘I\\\: / ~ +
I ‘ 1
7 139 l 138
49% 20%
cyclodecanone 154.25 g/mol 1.00eq 19.5 mmol 3.00 g
cyclohexane 84.16 g/mol - - 195 mL

A 500 mL flask was charged with cyclodecanone (3.00 g, 19.5 mmo) and cyclohexane (195 mlL,
¢=0.10 M). The reaction mixture was degassed by freez-pump-thaw and flushed with argon. The
reaction was stirred under irradiation of two compact fluorescent light bulbs (UV-B) at 23 °C and
monitored by GC-MS. After 48 h, the reaction mixture was concentrated under reduced pressure.
The tresidue was putified by flash column chromatography on silica (#-pentane/ethyl acetate 9:1)
to afford octahydronaphthalen-4a(2H)-ol (1.46 g, 9.47 mmol, 49%) as colotless crystals. Analytical
data were in accordance with the literature.””*"" Furthermore, bicyclo[6.2.0]decan-1-ol (596 mg,
3.27 mmol, 20%) was isolated as a colotless oil and cyclodecanone (320 mg, 2.08 mmol, 11%) was

recovered. Variations from these conditions are summarized in the table below.
TLC (#-pentane/ fert-butyl methyl ether 9:1) R¢ 0.15.

'H NMR (500 MHz, CDCl3) 8 (ppm) = 1.79-1.60 (m, 6H), 1.53-1.24 (m, 12H).

PC NMR (125 MHz, CDCl;) 8 (ppm) = 71.9 (C4a), 43.0 (C8a), 28.2 (4C), 23.3 (4C).

m.p. 51-53 °C (ethyl acetate).
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Variations from standard conditions:

entry

1
2
3
4

5

solvent

CyH
CyH
CyH
CyH
MeCN

c/ M

0.10
0.10
0.10
0.10
0.10

T/ °C

23
23
23
40
23

t/h

48
48
72
48
48

light source

2X23 W cfl»

23 W cfl, flow systemP

white LED
23 W cfl
23 W cfl

yield /%
139 138 71
49 20 11
41 11 15
- - 100
29 31 25¢
10 - 81

»ExoTerra® Reptile UV-B 23W compact fluorescent light bulb cooled by an electric fan.

b Coil reactor: 10 m PTFE pipe (d; = 0.50 mm) coiled on an 100 mL Erlenmeyer flask (borosilcate glas); syringe pump

with 0.018 mL/min (2 h residence time); degassed cyclohexane.

¢ Cyclodecanol 72 was isolated in 25% yield.

6-Bromocyclodecan-1-one (141)

Method a'®

I

139

[Ir(ppy)2(dtbbpy)]PFe

NBS, Phl(OAc),

blue LED,

CCly/H,0, 23 °C

octahydronaphthalen-4a(2H)-ol

N-bromosuccinimide

diacetoxyiodobenzene

[Lr(ppy)2(dtbbpy)|PFs

Br

141

154.25 g/mol
177.98 g/mol
322.10 g/mol
917.96 g/mol

1.00 eq
1.50 eq
2.00 eq
0.03 eq

[Ir(ppy)2(dtbbpy)IPFe
(58d)

0.50 mmol
0.75 mmol
1.00 mmol
15 pumol

77.0 mg
133 mg
321 mg
13.7 mg

A Schlenk flask was loaded with octahydronaphthalen-4a(2H)-ol (77 mg, 0.50 mmol, 1.00 eq),

photocatalyst [Ir(ppy)2(dtbbpy)|PFs (13.7 mg, 15 umol, 0.03 eq), diacetoxyiodobenzene (321 mg,

1.00 mmol, 2.0 eq) and N-bromosuccinimide (133 mg, 0.75 mmol, 1.50 eq) and was subjected to
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evacuation/ flushing with argon three times. A mixture of catbon tetrachloride/water
(5.0 mL./0.25 mL) was added and the yellow solution was irradiated with a 14 W blue LED (Kessil
A160WE®) at 23 °C for 48 h. The residue was concentrated under vacuum and directly loaded on
a flash column of silica (z-pentane/diethyl ether 9:1). Only starting material (40.0 mg, 0.26 mmol,

52%0) could be isolated as a colotless solid.

Method b'*
i) AgOAc, Bry, PhH
4 °C, 10 min
on AN :
H - Br
63%

139 141
octahydronaphthalen-4a(2H)-ol 154.25 g/mol 1.00eq  0.65 mmol 100 mg
silver(I) acetate 166.91 g/mol 1.00eq  0.65 mmol 108 mg
bromine, p 3.12 159.81 g/mol 1.00 eq  0.65 mmol 33.0 uL.

Silver acetate (108 mg, 0.65 mmol, 1.00 eq) and octahydronaphthalen-4a(2H)-ol (100 mg,
0.65 mmol, 1.00 eq) in degassed benzene (2.00 mL) were stirred at 4 °C in the dark under argon
atmosphere while bromine (33.0 pL, 0.65 mmol, 1.00 eq) was added. The mixture was stirred in
the dark at 4 °C for 10 min, then filtered, rinsed with benzene (1.0 mL) and the filtrate was
lluminated with 23 W cfl bulb at 23 °C for 15 min. The orange color faded and TLC indicated full
consumption of the starting material. The solvent was removed under reduced pressure at 23 °C.
The tresidue was putified by flash column chromatography on silica (#-pentane/ethyl acetate 9:1)
to afford 6-bromocyclodecan-1-one (95 mg, 0.41 mmol, 63%) as a colorless solid. The analytical

data were in accordance with the literature.'®
TLC (n-pentane/ethyl acetate 9:1) R¢ 0.20.

'H NMR (500 MHz, CDCL) & (ppm) = 4.21 (quint, ] = 7.0 Hz, 1H, 6-H), 2.67 (ddd, ] = 3.4, 9.2,
15.7 Hz, 2H, 2-H), 2.37 (ddd, ] = 3.8, 8.7, 15.7 Hz, 2H, 10-H), 2.00-1.91 (m, 6H), 1.84 -1.75 (m,
2H), 1.67-1.60 (m, 4H).

3C NMR (125 MHz, CDCL) 8 (ppm) = 214.24 (C1), 53.39 (C6), 42.16 (2C, C2/C10), 35.90 (2C,
C5/CT), 24.36 (2C, C3/C9), 22.96 (2C, C4/C8).
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m.p. 35-36 °C (ethyl acetate).

Barluenga’s Reagent: Bis(pyridine)iodonium(I) tetrafluoroborate (190)

AgBF,
pyridine, silica
CH,Cl, | .
23°C,2h ST AN
I, O ’\O BF,”
F F
190
66%
Iodine 253.81 g/mol 1.00eq  25.6 mmol 650 ¢g
Silver(I) tetrafluoroborate 194.67 g/mol 1.00 eq  25.6 mmol 498 ¢
pyridine, o 0.98 79.10 g/mol 2.00eq 51.2 mmol 4,13 mL
silica gel - - - 500¢g

Silver(I) tetrafluoroborate (4.98 g, 25.6 mmol, 1.00 eq), silica gel (5.00 g; ratio 0.20 g/mmol AgBF,)
were suspended in methylene chloride (150 mL) in a round bottom flask. Pyridine (4.13 mlL,
51.2 mmol, 2.00 eq) was added at room temperature under stirring followed by addition of iodine
(6.50 g, 25.6 mmol, 1.00 eq). After 2 h at room temperature the silica gel was removed by filtration
and washed with methylene chloride (2 X 10 mL). The combined solvent was removed by rotary
evaporation. The orange residue was recrystallized from diethyl ether (50 mL) at -20 °C, washed
with cold diethyl ether and dried under high vacuum to afford the title compound as pale yellow

crystals (6.30 g, 16.9 mmol, 66%). The reagent was stored in the dark at -20 °C.
194212

Analytical data were in accordance with the literature.

'H NMR (300 MHz, CD;CN) & (ppm) = 8.78 (d, J = 6.1 Hz, 4H), 8.25 (dd, ] = 7.7, 7.7 Hz, 2H),
7.63 (dd, ] = 6.5, 7.4 Hz, 4H).

3C NMR (75 MHz, CD;CN) & (ppm) = 150.6 (4C), 143.2 (2C), 128.9 (4C).

m.p. 149-151 °C (diethyl ether).
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6-Iodocyclodecan-1-one (144)

Method a

I

139

octahydronaphthalen-4a(2H)-ol
mercury(Il) oxide, red
iodine

pyridine, p 0.98

HgO (red), I,
pyridine, PhH
white LED
23°C,2h

86%

154.25 g/mol
216.59 g/mol
253.81 g/mol
79.10 g/mol

1.00 eq
3.00 eq
3.00 eq
4.00 eq

144

0.65 mmol
1.95 mmol
1.95 mmol
2.60 mmol

100 mg
386 mg
454 mg
192 ul.

To a solution of octahydronaphthalen-4a(2H)-ol (100 mg, 0.65 mmol, 1.00 eq) in benzene (6.0 mL)

were added pyridine (192 plL, 2.60 mmol, 4.00 eq), red mercury(Il) oxide (386 mg, 1.95 mmol,

3.00 eq) and iodine (454 mg, 1.95 mmol, 3.00 eq) under argon. The solution was illuminated with

a white LED (15 W output) for 2 h at 23 °C until TLC indicated full conversion of the starting

material. The mixture was diluted with diethyl ether (10 mL) and filtered through a plug of celite.

The filtrate was washed successively with 5% aqueous sodium thiosulfate, water and brine (15 mL

each), and was then dried over sodium sulfate. After filtration, the solvent was removed under

reduced pressure. The residue was purified by flash column chromatography on silica (#-

pentane/ethyl acetate 9:1) to afford 6-iodocyclodecan-1-one (121 mg, 0.546 mmol, 86%) as a

yellow oil. The analytical data were in accordance with the literature.?"
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Method b

PhI(OAC),
l,, CyH
23 W cfl
OH 30°C,2h o OH
- +
H | H
139 144 139
18% 44%
octahydronaphthalen-4a(2H)-ol 154.25 g/mol 1.00eq  0.62 mmol 95.0 mg
diacetoxyiodobenzene 322.10 g/mol 1.00 eq  0.62 mmol 198 mg
iodine 253.81 g/mol 1.00eq  0.62 mmol 156 mg

To a solution of octahydronaphthalen-4a(2H)-ol (95.0 mg, 0.62 mmol, 1.00 eq) in cyclohexane
(65.0 mL) were added diacetoxyiodobenzene (198 mg, 0.62 mmol, 1.00 eq) and iodine (156 mg,
0.62 mmol, 1.00 eq). The solution was gedassed by freeze-pump-thaw and illuminated with two 23
W cfl bulbs at 30 °C. Progtess was moitoted by TLC. After 2 h, the mixture was diluted with diethyl
ether (25 mL) and washed successively with 5% aqueous sodium thiosulfate and brine (50 mL
each). The organic layer was dried over sodium sulfate, filtered and the solvent was removed under
reduced pressure. The residue was purified by flash column chromatography on silica (#-
pentane/ethyl acetate 5:1) to afford 6-iodocyclodecan-1-one (31.0 mg, 0.11 mmol, 18%) as a yellow
oil and starting material (42.0 mg, 0.27 mmol, 44%) was recovered. The analytical data were in

accordance with the literature.?"
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Method ¢

Py2|+BF4_

CsCO3, CH,Cl,

LED 435 nm

O

I

139

octahydronaphthalen-4a(2H)-ol
bis(pyridine)iodonium(I)
tetrafluoroborate

caesium carbonate

0°C,12h 9 I
> +
I

144 145
50% brsm 23% brsm
154.25 g/mol  1.00eq  3.24 mmol
37191 g/mol  1.20eq 3.89 mmol
32582 g/mol  5.00eq 16.2 mmol

050 g
145¢
528 ¢

A degassed mixture of octahydronaphthalen-4a(2H)-ol (0.50 g, 3.24 mmol, 1.00 eq),

bis(pyridine)iodonium(I) tetrafluoroborate (1.45 g, 3.89 mmol, 1.20 eq) and caesium carbonate

(5.28 g, 16.2 mmol, 5.00 eq) in methylene chloride (165.0 mL) was cooled to 0 °C and illuminated

with a 435 nm LED source. Progress was monitored by TLC. After 12 h, the mixture was diluted

with diethyl ether (250 mL) and washed successively with 5% aqueous sodium thiosulfate and brine

(250 mL each). The organic layer was dried over sodium sulfate, filtered and the solvent was

removed under reduced pressure. The residue was purified by flash column chromatography on

silica (#-pentane/ethyl acetate 5:1) to afford 6-iodocyclodecan-1-one (307 mg, 1.10 mmol, 34%) as

a yellow oil and 2-(4-iodobutyl)cyclohexan-1-one (141 mg, 0.50 mmol, 16%) as a yellow oil. Starting

material 139 (164 mg, 1.06 mmol, 33%) was recovered as a colotless solid. The analytical data were

in accordance with the literature.?"

TLC (n-pentane/ethyl acetate 4:1) R¢ 0.60

'H NMR (500 MHz, CDCy) 8 (ppm) = 4.29 (quin, ] = 7.2 Hz, 1H, 6-H), 2.67 (ddd, ] = 3.3, 9.3,
15.7 Hz, 2H, 2-H), 2.36 (ddd, ] = 3.7, 8.7, 15.7 Hz, 2H, 10-H), 2.04-1.90 (m, 6H, 3-H/5-H/7-H),
1.81-1.73 (m, 2H, 9-H), 1.67-1.58 (m, 2H), 1.56-1.50 (m, 2H).

BC NMR (75 MHz, CDCL) 8 (ppm) = 216.1 (C1), 45.7 (C10), 44.2 (C2), 36.9 (C5), 35.9 (C7), 33.3

(C6), 29.3, 26.5, 24.3, 23.7.

FT-IR (neat) v (cm™) = 2921 (s), 2852 (w), 1703 (m), 1449 (m), 734 (w), 1376 (w), 1250 (W),
1156 (w), 1111 (w), 932 (w), 989 (w), 579 (w), 1180 (w), 450 (w).
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6-Oxocyclodecane-1-carbonitrile (140)

[Ir(ppy)2(dtbbpy)]PFe
TsCN, PhI(OAc),
blue LED,
OH MeCN, 23 °C
H NC
139 140
octahydronaphthalen-4a(2H)-ol 154.25 g/mol
para-toluenesulfonyl cyanide 181.21 g/mol
diacetoxyiodobenzene 322.10 g/mol
[Lr(ppy)2(dtbbpy)|PFs 917.96 g/mol

1.00 eq
1.50 eq
2.00 eq
0.03 eq

z
x

PFg

[Ir(ppy)2(dtbbpy)]PFe

0.50 mmol
0.75 mmol
1.00 mmol
15 pmol

(58d)

77.0 mg
136 mg
321 mg
13.7 mg

A Schlenk flask was loaded with octahydronaphthalen-4a(2H)-ol (77.0 mg, 0.50 mmol, 1.00 eq),
photocatalyst [Ir(ppy)2(dtbbpy)|PFs (13.7 mg, 15 umol, 0.03 eq), diacetoxyiodobenzene (321 mg,

1.00 mmol, 2.0 eq) and para-toluenesulfonyl cyanide (136 mg, 0.75 mmol, 1.50 eq) and was

subjected to evacuation/flushing with argon three times. Acetonitrile (5.0 mL) was added and the

yellow solution was irradiated with a 14 W blue LED (Kessil AI60WE®) at 23 °C for 72 h. The

residue was concentrated under vacuum and directly loaded on a flash column of silica (#-

pentane/diethyl ether 9:1). Only starting material 139 (75.0 mg, 0.48 mmol, 97%) could be isolated

as a colotless solid.
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6-Azidocyclodecan-1-one (146)

NaN3
DMF
O 40 °C,20 h 0]
! 95% Ns
144 146
6-iodocyclodecan-1-one 280.15 g/mol 1.00 eq  0.21 mmol 60.0 mg
sodium azide 65.01 g/mol 3.00eq 0.64 mmol 41.8 mg

6-lodocyclodecan-1-one (60.0 mg, 0.21 mmol, 1.00 eq) was dissolved in dimethylformamide
(1.0 mL) and sodium azide (41.8 mg, 0.64 mmol, 3.00 eq) was added. The reaction mixture was
stirred at 40 °C for 20 h as TLC indicated full consumption of the starting material. The mixture
was poured into water (10 ml) and extracted twice with a mixture of diethyl ether/ethyl acetate
(1:1, 10 mL). The combined organic layers were dried over magnesium sulfate, filtered and
concentrated under reduced pressure to afford 6-azidocyclodecan-1-one (40.1 mg, 0.20 mmol,

95%) as a colotless solid.
TLC (#-pentane/ fert-butyl methyl ether 9:1) R¢ 0.30.

'H NMR (300 MHz, CDCL;) & (ppm) = 3.50-3.41 (m, 1H, 6-H), 2.65 (ddd, ] = 3.6, 9.1, 15.7 Hz,
2H, 2-H), 2.37 (ddd, | = 3.9, 8.5, 15.7 Hz, 2H, 10-H), 2.30-2.07 (m, 1H), 2.02-1.42 (serial of m,
11H).

3C NMR (75 MHz, CDCLy) 8 (ppm) = 214.3 (C1), 59.8 (C6), 42.1 (2C), 30.2 (2C), 23.2 (2C), 23.1
20).

HR-MS (ESI) m/z caled. for CoHisN:O; [M+H]": 196.1444, found: 196.1447.

FT-IR (neat) v (cm™) = 2917 (s), 2853 (w), 1702 (m), 1456 (m), 1360 (w), 803 (m), 1734 (w),
1167 (w), 1093 (w), 1002 (w), 722 (w), 537 (w), 617 (w), 913 (w).

m.p. 47-49 °C (ethyl acetate).
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7. Kristallographischer Anhang

7.1.  11-Oxabicyclo[5.3.1Jundecan-2-ol (113)

Crystal data:
Habitus, colour

Crystal size
Crystal system
Space group

Unit cell dimensions

Volume

Cell determination
Empirical formula
Moiety formula
Formula weight

Density (calculated)

Absorption coefficient
F(000)

Data collection:
Diffractometer type
Wavelength

Temperature

Theta range for data collection

needle, coloutrless

0.25 x 0.04 x 0.03 mm?3

Monoclinic

P21/C 7 =8
a=4.9228(1) A a=90°.

b =12.1782(3) A B=90.374(3)°.
c=31.534(1) A Y = 90°.

1890.45(9) A3

9460 peaks with Theta 3.9 to 75.7°.
C]O H18 OZ

C]O H18 OZ

170.24

1.196 Mg/m3

0.643 mm-1
752

STOE STADIVARI
1.54178 A

100(2) K

3.629 to 67.991°.
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Index ranges

Data collection software
Cell refinement software
Data reduction software

Solution and refinement:
Reflections collected
Independent reflections
Completeness to theta = 67.679°
Observed reflections

Reflections used for refinement
Absorption correction

Max. and min. transmission

Largest diff. peak and hole
Solution

Refinement
Treatment of hydrogen atoms
Programs used

Data / restraints / parameters
Goodness-of-fit on F?
R index (all data)

R index conventional [F*> 20(F?)]

-5<=h<=4, -14<=k<=14, -37<=1<=34
X-Area Pilatus3_SV 1.31.127.0 (STOE, 2016)
X-Area Recipe 1.33.0.0 (STOE, 2015)"
X-Area Integrate 1.71.0.0 (STOE, 2016)"
X-Area LANA 1.68.2.0 (STOE, 2016)"
PLATON (Spek, 2015)"!

19749

3412 [R(int) = 0.0710]

99.9 %

2075[1 > 20(1)]

3412

Semi-empirical from equivalents!”
0.9088 and 0.2996

0.450 and -0.225 ¢.A-3

intrinsic phases®

Full-matrix least-squares on p2"

CH calculated, constr., OH located, isotr. ref.
XT V2014/1 (Bruker AXS Inc., 2014)1
SHELXI.-2018/1 (Sheldrick, 2018)"
DIAMOND (Crystal Impact)®

ShelXle (Hiibschle, Sheldrick, Dittrich, 2011)"
3412 /0 / 226

0.950
wR(F?) = 0.1536
R1 =0.0541
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7.2.  Octahydronaphthalen-4a(2H)-ol (139)

Crystal data:
Habitus, colour

Crystal size
Crystal system
Space group

Unit cell dimensions

Volume

Cell determination
Empirical formula
Moiety formula
Formula weight

Density (calculated)

Absorption coefficient
F(000)

Data collection:

needle, coloutless

0.36 x 0.04 x 0.03 mm3

Triclinic

P-1 Z =8
a=7.6990(2) A o= 86.012(2)°.
b = 13.4269(4) A B=79.898(2)°.
c = 18.6688(5) A Y =75.051(2)°.

1835.04(9) A3

18600 peaks with Theta 6.0 to 75.6°.
Cio His O

Cio His O

154.24

1.117 Mg/m3

0.530 mm-1
688

179



Diffractometer type
Wavelength

Temperature

Theta range for data collection
Index ranges

Data collection software

Cell refinement software

Data reduction software

Solution and refinement:

Reflections collected
Independent reflections
Completeness to theta = 67.686°
Observed reflections

Reflections used for refinement
Absorption correction

Max. and min. transmission

Largest diff. peak and hole
Solution

Refinement
Treatment of hydrogen atoms
Programs used

Data / restraints / parameters
Goodness-of-fit on F?

R index (all data)

R index conventional [F*>20(F?)]

STOE STADIVARI

1.54186 A

100(2) K

2.405 to 76.091°.

-9<=h<=3, -16<=k<=16, -23<=1<=23
X-Area Pilatus3_SV 1.31.127.0 (STOE, 2016)
X-Area Recipe 1.33.0.0 (STOE, 2015)"
X-Area Integrate 1.71.0.0 (STOE, 2016)"
X-Area LANA 1.68.2.0 (STOE, 2016)"

65686

14952 [R(int) = 0.0553]

99.2 %

9885[1 > 20(1)]

14952

Semi-empirical from equivalents“]
0.9237 and 0.1998

0.283 and -0.221 e.A-3

intrinsic phases!”

Full-matrix least-squares on p2

Calculated positions, constr. ref.

XT V2014/1 (Bruker AXS Inc., 2014)F
SHEILX1.-2018/1 (Sheldrick, 2018)!)
DIAMOND (Crystal Impact)!”

ShelXle (Hiibschle, Sheldrick, Dittrich, 2011)"
14952 /0 / 403

0.915
wR(F?) = 0.1282
R1 = 0.0480

180



7.3.  Cyclodecyl 3,5-difluoro-4-hydroxybenzoate (93)

* Displacement ellipsoids are shown at 50 % probability level at 100 K. The hydrogen atoms are

shown with arbitrary radii.

Identification code
Empirical formula
Molar mass / g'mol™’
Space group (No.)
a/ A

b/ A

¢/ A

B/°

/A

Z

Ot / g cm™

w/ mm™!

Color

Crystal habitus
Crystal size / mm’
T/K

A/ A

0 range / °

Range of Miller indices

181

Bo1356
C17H22FZO_’>
312.34

P2i/n (14)
11.0487(2)
10.62610(10)
13.4287(3)
101.245(2)
1546.32(5)

4

1.342

0.893

coloftless

plate

0.521 x 0.388 x 0.078
100

1.54186 (Cu-K.)
4.752 t0 76.071
—12<Hh<13
—135£<9



Absorption correction
Tmin, Tmax
Riai, R,

Completeness of the data set

. of measured reflections
. of independent reflections
. of parameters

. of restraints

S (all data)

R(F) (I = 20(]), all data)
wR(F?) (I Z 20(]), all data)
Extinction coefficient
Almasy Domin | €A™

182

-16=</516
multi-scan and numerical
0.3080, 0.8469
0.0183, 0.0098
0.999

18901

3204

203

0

1.065

0.0367, 0.0385
0.0937, 0.0948
0.0023(3)
0.286, -0.177



7.4.  Cyclodecyl sulfamate (80)

* Displacement ellipsoids are shown at 50 % probability level at 100 K. The hydrogen atoms are

shown with arbitrary radii.

Identification code
Empirical formula
Molar mass / g'mol™’
Space group (No.)
a/ A

b/ A

¢/ A

/A

Z

Ot / gcm™

u/ mm™

Color

Crystal habitus

183

Bo1429
CioH21NOsS
235.34
P2,2,2, (19)
7.8025(2)
11.8830(3)
12.90006(3)
1196.11(5)
4

1.307

2.330
colorless

needle



Crystal size / mm’
T/K

A/ A

0 range / °©

Range of Miller indices

Absorption correction

Tining Tinas

Riai, R,

Completeness of the data set
No. of measured reflections
No. of independent reflections
No. of parameters

No. of restraints

S (all data)

R(F) (I =2 24()), all data)
wR(F?) (I Z 20(]), all data)
Extinction coefficient

Flack parameter x
Agmax, AQmin / C'A73

References for X-Ray Analysis

0.237 x 0.078 x 0.051
100

1.54186 (Cu-K.)
5.060 to 75.991
—8<hH=<9
—14< k<13
-16=/514
multi-scan and numerical
0.608, 0.890
0.0336, 0.0272
1.000

14654

2443

143

1

1.075

0.0314, 0.0333
0.0843, 0.0850
0.0030(7)
-0.001(10)
0.341,-0.314

] X-Area Pilatus3_SV, STOE & Cie GmbH, Darmstadt, Germany, 2016.

] X-Area Recipe, STOE & Cie GmbH, Darmstadt, Germany, 2015.
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