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1. Einleitung

1.1. Eigenschaftenmittlerer Kohlenstoffringe

Mittlere Ringe werden ganz allgemeiRallge mit eéner Grol3e von achiself Atomen genannt.
Mit zunehmender Ringgrof3e besitzen sie eine steigendeealtatsgraden.ddurch nimmt
die Anzahl der mdglichstabilerKonformationerzu und damisteigtwiederum auch die Anzahl
energetisch niedriger Konformationen, die bei NeBedihgungen populiert sititl Sie
entstehenm Zusammenspiel aysicht idealenBindungswinka| der Tordonsspannung und
nicht bindendenNechselwirkungen benachbarter Atome am.“Rimger den Cycloalkanen
weiserkleine (drei, vier, futdohlenstoffiome) aber auch mittleRenge solche nicht bindenden

Wechselwirkungen durch AbstoRung mehrerer ralraliabhbarteWasserstoffatome axif.

Die WechselwirkungesinerRingKonformationsummieren sich zu einegesamteiVert der
dierelativeAbweichung von détnthalpie debnearen Isomengibt’®Hinter dem allgemeinen
Begri ff , RvuenheggempsamehrareEijekte, namentlich dBAEYER-, PITZER- und
PRELOG-SpannungAbbildung 1 fasst den Anteil der einzelnen Effekte in Abh&ngigkeit der

RinggrofRe fur Cycloalkane zusammen.

Die Bindungswinkel eines Kohlenstoffsmittleren Ringen Ubersteiged9.5° eines idealen
Tetraeder(vgl. VSEPRModell) was zude sogenannteBAEYER-Spannungdlarge angle sfrain
fuhrt*° Als Torsionsspannun@TzeEr-Spannungyvird der Beitrag dzdéchnet, der durch die
(annaherncekliptische Anordnung der@Bindungen im Ring erzeugt wirBie transannulare
SpannungRRELOG-Spannungentsteht durch die &¢hselwirkung nicliindender Atome Uber
die Ringebene hinwegwenn ihr Abstand geringer ist alsSlienme ihreW AN-DER-WAALS-

Radierist®?
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Abbildung 1. Vergleich der relativen Anteile VBRYER-, PITZER- und PRELOG-Spannung in Abh&ngigkeit zur
RinggroRe in Cycloalkan&t =strain enthalp§iibernommen und angepasst von P. Moor, 2086).

Mittlere Kohlenstoffringeaberauch mittler&Ringe mit Heteroatomemterscheiden sich durch
diesetransannare Wechselwirkungean den Makocyclendie mit steigerd Ringgrof3e (und
mit steigender Anzahl Freiheitsgyagkitestgehend frei von Ringspannung’$Dig¢ Ubergange
dieser Eigenschaften sind gublielendrunktionelle Gruppen amd inmittlerenRingenzeigen
eine ungewohnte Reaktivitdt und viele chemische Reaktionenafiihnéitieren Ringenu
anderen Ergebnissen algdan entsprechendéinearensomerett**>**Zur Veranschaulichung
zeigtSchemd. A die insgesamtier Produkteder Formolyse de&SycloocterOxiransl Durch
eine transannulare Reaktil@s intermediaren Carbokatiorisder GC-Doppelbindungverden
die Bicycler3, 4 und 5 gebildet! Analogzu diesem Beispielominierteine transannulare
Wechselwirkunguchden Verlauf deBromierung vorisCyclodecerf] (vgl.Schemd B). Aus
der Reaktionkonnte exklusiv, wenmuch in einer Ausbeute von nur 1%dtstallinescisl,6
Dibromcyclodecarv)isoliert werdef Interessanterweise vertalié Bromierung stereoselektiv,
so ergab die Bromierung vioansCyclodecen das entsprechenaesl,6:Dibromcyclodecan in
20% Ausbeute.

12



i) HCO,H HQ HO
i) OH" OH 7 ~
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(0] + +
o (U E?
OH
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B Br
Br2
CCly, -5°C
e, (andere Produkte wurden nicht dokumentiert)
15%
Br
6 cis-7

Schemal: Beispiele fur ungewoéhnliche Produkte durch transannulare Intefaktieinder Formolyse von
Cyclooctenoxidl) bzw.B bei der Bromierung vansCyclodece(6).17.18

Die Anzahlstabiler Konformationen mittlerer Ringe Ubertrifft zwadeiekleinerRinge- so
wurdendurch DFFKalkulationere.B.fir Cyclodecaachtzehn stabile Konformere gefunden

dennocleeigte W.C.SriLL und I. GALYNKER fur mehrereCycloalkane und Lactgne , d a s s

h ohe

asymmetrische I nduktion eine all gg'eiirene Ei ge |

Publikationenvurde die Stereoselektivitat verschiedener Reaktiordmein erstes chirales
Zentrum bzw. eine planare Chiralitat dirigserz.B. auch in der Totalsynthese des Periplanon
B.*2! Substituenten am Ring nehmen bevorzugt eine psguaimrialePosition ein—
vergleichbar mit dem Modell am CyclohexamWechselwirkungen zu benachbarten Atomen zu
minimieren EineKonformation @s Ringsvird dadurch hinreichend stabilisiéie, interne Seite
der funktionellen Gruppaurch die Ringebene raumlicabgeschirmt und die Reaktfordet
bevorzugainder peripheren Seite stgiripheral attaoidel® An mittlerenund groRerRingen
wurden stereoselektivAdditionenan Enolaté 1,4Additionen’? katalytische Hydrierung&n
Epoxidierung**und Reduktionéhunter makocyclischer Stereoftrolle berichtetAber auch
intramolekulare Reaktionen, wie z.B. transannDimmes-ALDER-Reaktionefi?’ verlaufen
stereoselektiohne externe Steremkrolle. Schem& zeigtBeispiele eineriadtereoselektiven
Methylierungn an den Enonen 8 und 9 durch den bevorzugt peripheren Angdfs
LithiumdimethylcupratsDie Diastereos$ektivitat dieser Methylieryngber auch die der

Hydrierung war mginem dr vor®4:6(oderhdher) auf dem Niveau von acyclischen Derivaten

13



Me,CulLi

H
Et,0, 0 °C 0)
2 Me., -
—_— ’ = L
Me Me
Me 5% Me H
o o]
8 9
dr 94:6
anti : syn
Me,CulLi 0
Et,0, 0 °C ., 0
N Me
NN 82%  Me" o H H
10 11
dr 1:99
anti : syn

Schem&: Zwei Beispielan zehrgliedigen Enoner8 und 10demonstrieren stereoselektiveipbere Additionen
von Lithiumdmethylcuprat. Gezeigt sind die HaRpidukte und eine Skizze ihrer energetisch minimalsten
Konformationen (MM2angepasst va8riLL UND GALYNKER, 198).19

Aus diesen Ergebnissen liel3 sich jedoch der Verlauf der Methylierung anNjabfaengsien

(>12 Atome nicht vorhersageasperipheral attdddell bertcksichtigticht alle Faktoren in
Makrocyclen wie B. attraktiveWechslwirkungen zwischefunktionellen Gruppen und
Reagenzien,2 / 1,3-Allylspannung, WasserstoffbrickenbindursyeRentarWechselwirkung

und die wachsende Anzahl an Freiheitsgraden bei zunehmender Ringgréf3e. Fur akkurate
Vorhersagen der Stereoselektieiner Reaktioan mittleren undyro3en Ringekdnnen heute

anhand von DFT Kalkulationen dkkannterraktoren bertcksichtigt werden.

So grundlegend diese Ergebnisse von SMIC.und |. GALYNKER waren, so bedeutend waren
sie bereits damals fur dietBgse von mittleren Ringen in Naturstoffen. Nach heutiger Kenntnis
sind nittlere Ringemit acht biself Atomenein haufig auftretend&srukturmotivin nattrlichen
Molekilenmit vielfaltiger, biologischer Aktivitat’ Als Teil vieler monound polycyclischer
Naturstoffe bildensie das Ruckgrat fuderenstrukturelle DiversitaZu solchenacht bis
elfgliedrigen Ringezahlenpolycyclisch&esquiterpenoidBjterpenoideoder Terpene, ebenso
wie Heterocyclemnd cydbche Peptide@ Darunter finden siclzahlreicheWirkstoffe und
Molekile mit sehr potesritWirksamkeit, wie z. B. Tax@2 Paclitaxel®Cytostatikumzur
Behandlung einer Vielzahl an Tumptehl Germacranolide wie z.Bucannabinolid14
cytotoxischj*, entClavilacton B(13 TyrosinKinaselnhibitory*2® oder ( ~Wjinigrol (15
Antikoaguiins/TumorNekroseFaktorAntagonist)*(vgl.Abbildung2).

14



Eucannabinolid (14) (—)-vinigrol (15)

Abbildung2: Beispiele vomedizinisch interessantdaturstoffen mit mittleren aliphatischen Ringen.

Diese kurze Ubersicht hebt zur Veranschaulichung nur einige interessante Molekiile hervor, um
einen Eindruckilber die Diversitat und die Bedeutung mittlerer Ringe in bewéhrten oder
potenziden Wirkstoffen zu vermitteln.Dank der vielseitigen pharmakologisch
vielversprechendé&iigenschaftennd der komplexen Strukturmotiidekermittlereund gré3ere
Ringeweite in den Fokus der medizinistiemischeforschungf“- insbesondere im Hinblick

auf das kontinuikche Streben nach neuen Antibiotilantiviralen Wirkstoffen sowie

Chemotherapeutikait neuartigekVirkungsmechanismé&n

Die Synthese mittlerer Ringigedoch nicht unproblematisé¥ahrend die Synthese kleiner Ringe
und die SyntheserwMakracyclen (ab zwdolf Atomen) durch MethodernawdoendCyclisierung,
Ringerweiterung und auch Cycloadditiagelmgenmussen irder Synthesaittlerer Ringe
hohere Energiebarrieren Uberwunden wétdemie erhebliche Ringspannung ueihe
Abnahme der Entropie erschweren alle Ansatze zur direkten Cyclisierung linearef*/orlaufer
beispielsweise durch Ringschlussmetathese ((REMosing metgttidgish de Vielfalt stabér
Konformatbnen in mittleren Ringen stellt eig®Re Herausforderuran die Entwicklung
effizienter séektiver Synthesétr® Doch gerade weil das Probl&omplexund die Lésung
vermeintlich schwierig ist, birgt es das Padtantiavative synthetische Methoden zu entwickeln,
neue Reaktionsmechanismen zu entdecken und dadurch technologischen Fortschritt indirekt zu
ermoglichef. Im nachsten Kapitel wird eine Auswahl bekannter, effeRjimdresStrategien

am Beispiel zehngliedriger Ringe beleuchtet.
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1.2. Transannulare Reaktionen in ghngliedrigen Kohlenstoffingen

SeitRudolfCRIEGEESEntdeckung eindésansannularddalbacetals désHydroxycyclodecaons

sind eine VielzalttansannulareReaktioneran CyclodecabDerivaten dokumentiert worden.
Nebender transannulare@yclisierungen zu bicyclischen Oxetanen, Oxolanen, Oxanen oder
Oxepanefi®®’ sind vor allem intraptekulare Cyclisierungenzweier gegeniberliegender
KohlenstoffAtome zu [4.4.9][5.3.0] oder [6.2.0Bicyclerin der literaturberichtet wordetf 2

In allen transannularen Reaktionen stellt die Kontrolle der Stereoselektivitat eine besondere
Herausforderung dadachdem die planare Chiralitat einggdastituierteCydodecerDerivate

bereits friih genutzt wurdem stereoselektive transannuy@isierungeru entwickelf*gibt

es mehrerdemerkenswertgiingereBeispieleflr stereoselektivReaktiorn in substituierten
Cyclodecenen wie z.B. PATERNO-BUCHI-Reaktionen MICHAEL-Additionen oder eine
enantioselektive, transannuldMerITA-BAYLIS-HILMAN -Reaktiort>®5% Besonders interessant

sind dabei chemiscéaversible Cyclisierungen, welil sie erlauben, die Stereochemie und Rigiditat
des Bayclus fur eine ReaktizZoriibergehend zu nutzen und anschlieRemaittliereRinggrofRe

wieder herzustellétBeispiele sind rar, jedoch publizierte die Grupp€. SCHINDLER kirzlich
eineLEwIs-Saure katalysierte CarbebyiReaktion an Steroiberivaten (vglSchemd).®” Mit
Dimethylaluminiumchlorid verlief die Cyclisierung des Cyclodetémobis zu 85% Ausbeute,
wahrend die Reaktion niitsen(lll)chloridbei Raumtemperatur in &n umgekehrt werden

konnte Lief die Reaktiomit Eisen(lll)chloridénger (224 h), dann reagierte Enb@in einer
CarbonyOlefin-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

Schem®: EineLEWIS Séaure initiiert€arbonyEn-Reaktionvon 5Cyclodecenonetbzu SteroieDerivaten von
C.Schindleet af” Mit katalytischen Mengen Eisen(lll)chlorid watrdigsannular€yclisierunggilweise
reverdiel.

Weiteretransannulare Carboigh-Reaktionen an zehngliedrigen Ringen sind literaturbekannt.
Eine enantioselektive, transannula@arbonyEn-Reaktion wurde von der Gruppe um

E. JAcOBSEN publizierf um substituiertéransDecalinolel9 zu synthetisien (vgl. Schemat)
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Ein chiraler Chrom(llschiffBaseKomplex 20 katalysiert dabei den intramolekularen Angriff

des Olefind8an das Keton

_ Ve _
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%

Schemd: Enantioselektive, transannulare Cardemeaktioran 5CyclodecenonetBss

Die Gruppe von BLIST entwickelte eine asymmetrische AREdktion an mittleren cyclischen
Diketonen mit teils hoher En#m und Diastereoselektivitdurch Katalyse mit dem Fluor
substituierten Proli23 (vgl. Schemab). Kleinere mittlere Ringe erreichten dabei héhere
Enantiomerenuberschisais zehnund elfgliedrige RingeAulerdemwurdein einer neuen
Totalsynthese von Hirsut€®6) das tricyclische Molekulgeriist aus einem achtgliedrigen Ring

enantioselektiv aufgeb&ut

A 23
(0] 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
- P
25
84% (+)-Hirsuten (26)
ee 96%

Shema5 A: Die transannulare AldBeaktion an verschiedenen substituierten, mittleren Rihgelichste
Enantioselektivitat wurde an Cycloodanivaten erreicht. B: Aufbau des tricyclischen GerUsts in der Totalsynthese
von Hirsuten(26).5°
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Interessante transanare Reaktionen finden sich emigen weiteren Totalsynthesen von
Naturstoffe, wie z.B. in der Synthedes Grundgeriists ddraxan€?’ in der Synthese
verschiedendfudesmanolid,’? (+)-Parthenolid® Malacitanolid; sowievon &-Hydroxy4-epk

sonchucarpolig&oebenolid® ( ~yGurjune® unddemd-AmorphenGrundgerist®

Transanulare Reaktionen eignen sich dabei besonders fur den Aufbdar dricyclischer
Molekulgeriste, weil die rdumliche Struktur des mittleren Rings fur die Stereoselektivitat der
intramolekularerReaktion genutzt werden akin. Anschaulich wird das an verschiedenen
Naturstoffsynthesen. Mit hoher Effizienzurde z.B. eine BR@NSTED-SAurekatalysierte
transannulareCyclisierung des Keton&7 genutzt, um nach einer Kaskade zweier
aufeinanderfolgendécylTransfersdas Diterpenoid 29 in 92% Ausbeutdreizusetzer(vgl.
Schem#®).”

/R
n TFA (1 eq) AcO  QCO"Pr
AcQ  QCOFr CHCl, ~ H
: 23°C
—_—
HO"
H* OMe
) g
27 28 29

Schem®: Transannulare Cyclisierung durch Séiadysierte AcetBildung und einer Kaskade zweier-Acyl
Transfere an dem Cyclodelgan27.77

Ganz ahnlickwurdenverschiedenteansannulare CyclisierangonJ.OLTRA et alin derSynthese
einigerSauerstofferbriickter Terpenoidengesetziwie zB. fir dasDiol 30 (vgl. Schema).”
Dabeiwurdedie transannulare Offnungs Epoxid81durch eindransteeSaure katalysiert und

verliefregio und diastereoselektiv zum-BGihydroparthenoliddioB®) in hoher Ausbeute.

OH

OH
2 mCPBA
pyridine TsOH
—_— _—

79% (2 steps)

Schem@: Transannulare Offnung des Epodtizum (+)Dihydroparthenolidiol (32).78
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Il n der Tot al)Vigigid $setzte die Gruppe urfph Huo eine beeindruckende,
transannulare, intramolekul@reLs-ALDER-Reaktion ein, wie iBchema gezeigt ist. Durch
diesethermischeg4+2]-Cyclisiaung konntedas tricyclische Gmdgertst34 diastereoselektiv
aufgebaut werdamd erlaubte eine asymmetrisbbtalsynthesen GrammMal3statausgehend

von kommerziell erhaltlichg®)-Limonenin 19 Stufef®

H
H H
o-DCB = HQ, H
mW, 200 °C - HO
—— > MeO,C E——
54% < HY )
34 (=)-vinigrol (15)

Schem@: Einzigartige, transannulare Didlder Reaktion zum Aufbau des Grundgerists in der Totalsynthese von

(' =Vjinigrol @5.7°
In der Summe erweisen sich transannulare Reaktionen in zehngliedrigen Ringen als &uferst
vielseitig und als sehr niglaé Transformationemm Aufbau biund tricyclischekohlenstoft
oder SauerstofferbrickteGertste irBesquiterpenoidemd anderen Naturstoffedicht nur in
zehngliedrigen, sondern auch in anderen mittleren Riegtchertransannulare Rektionen
durch die Kontrolle der Stereoselektivitat im Autbees odemehrerer Stereozentreirch die
Vielfaltan Reaktivitat zum Aufbau verbrickter Bicyealad erlauben dadurch hoch effiziente
Synthesen komplexer Molekulgeriddank der Entwicklungen neuer Reaktionen an
verschiedenen mittleren KohlenstoffringegrdntransannularReaktioneiin Zukurft deutlich
haufiger in der Synthese von Natund Wirkstoffeneingesetzt werd&f®2° Die groRte
Herausforderung liegt dabei in der externen oder internen KontrolleateseBtktivitat aacht
bis zwdf-gliedrigen Riren, die im Vergleh zu kleinen Kohlenstoffringen noch imrveniger
untersucht sintf*3
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1.3. Methoden zurFunktionalisierung distaler, aliphatischerC-H -Bindungen

Grundsatzlich sind der Literatur viele Strategien und Reaktionen bekamtgruader
intramdekular GH-Bindungen ohndirekteNachbarschaftu eine aktiven chemischen Spezies,
sei es ein Radikain Nukleophiloder ein koordinierter aktiver Ubergangsmetallkomplex, zu
funktionalisiereft®* Hier werden Methoden beleuchtet, die eine Funktionaliseffeiktiy am
vierten GAt o m) oded grolRer erwirken. Metlen, die eine Funktionalisierung eines
Wasserstoffam ersten bis dritten&t o m ¥) celativ fur ersten funktionellen Gruppe des
Swbstrats erlaubesind Gegenstand aktueller ForschungerB&hen z.Teinebeeindruckende

Regie und Enantioselektivit&t}® werden abdrier nicht beriicksichtigt.

Besonders im Feld dexidationaliphatischer-El-Bindungersind in den letzten zwei Jahrzenten
entscheidende Fortschritte in der Substratbreitecer Enantioselektivitaund in der
Regioselektivitat zu verzeichféhDie Oxidation nicht aktivierter, aliphatischét-8indungen

hat sicheinerseitzur C-H-Funktionalisierungomplexer Natu oder Wirkstoffan den letzten
Synthes&tufen late stggantwickelt, anderersdits die Methode bislang nur wenige Beispiele mit
effektiver Kontrolle der Enantioselektivitahervorgebraclit®® Ein jiungeresBeispiel ist die
Oxidation von CyclohexyAmiden katalysiert durch eindvin-Komplex der Gruppe um

M. CosTAs(vgl.Schemd®), wobei die €1-Bi n d u n@Atomnegigselektiv oxidiert wurle.

(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

Schem®: Enantioselektiv€-H-Ox i d a t iCeAtom @womCyglohexyAmiden35.

Dariiber hiaus wurdenMethodenzur selektiven Oxidatioaliphatischer -€El-Bindunga mit
Trifluormethyldioxiran (TFDGY°durch Katalysenit Fe- und Mh-Komplexef-?>*und durch
elektrochemische Oxidation entwickéie Chemeund Regioselektivitaten swetgleichbar
wéahrendlie GH-Oxidation mit Wassedgiperoxid in Kombinatin mitFe-Katalysatoren v.a. an
stickstofhaltigenMolekulen entwickelt worden si@d, 40-42 vgl. Schemd 0.
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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)

Schemd( Vergleich einer Fe(PDIRjtalysierte@WHITE 2017)” mit einer elektrochemischen OxidaflB&aRAN
20173)%2distaler sekundarer und tertiaréd-Bindungen an NMeterocyclen und EstefPrDP = 2-((-2-[1-(pyridin-
2-ylmethyl)pyrrolidi2-yl]pyrrolidinl-yl)methyl)pyridin; RVE reticulated &itrs carbon

Historisch betrachtet, steliedHOFMANN-LOFFLER-FREYTAG-Reaktion diermeintlichélteste
intramolekulare, regioselektive FunktionalisierungdestedenC-H-Bindung dafvgl. Schema
11)811% Der Mechanismus der Reaktion beginnt mithderolytische Spaltung eineX-Br-
Bindung(urspringlicim sauren Miliemitiiert) undiiber einen sechsgliedrigen Ubergangszustand
wird anschligend durch einen AT ein Radikak5 (3-C-Atom) erzeugt?%*1% Die Reaktion

mit einemfreienHalogenieRadikabildetdasd-hdogenierte Amid6. Durch Zusatz einer Base
cydisiert dieses Amin nukleophil einem2-substituiertefPyrrolidin47, wie vonLOFFLER und
FREYTAG spéter in der Totalsynthese von Nicotin demonstriert Wlibie originaén,harschen
Bedingingen sind im Laufe der Zeit durch verschiedarétze optimiert, auf primare, tertiare
und benzylische-8-Bindungen asgeweitatind z. T. stereoselektiv weiterentwickeften®®

10 Dartiber hinaus wurden jiingst verschiedene substituierte Pyrrolidimeh eine
elektrochemische HEReaktion dargestellt und mit einem Fhystem weiterentwickéhiNicht

nur mit der HLFReaktion zur @&-Aminierung, auch mit -B-Oxidation und weiteren
Funktionalisierunpleibt der 1;8HAT dermechanistiscamhaufigsten angewandte Abstand zur

intramolekulareNlodifikation distaler, aliphatisckeH-Bindungen****
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(_\—RZ (_\—F# 1,5-HAT (_\.—RZ
. .

NH" H T NH*H T NH
/X -X / g
R R! R
43 44 45
- NH2+ X —_— N R2
/ _H* 1 ]
R‘] R
- HX
46 47

Schemdl Allgemein akzeptierter Mechanisders@ureinitiiertenHOFMANN-LOFFLER-FREYTAG-Reaktionvon
N-halogenierten Aminen zu substituierten Pyrrolidifien

Durch 1,AHAT mit n>5 sind noch weiter entfernteHzBindungen durch-CN- und SRadikale
regioselektiv adressiert worden,lln@rwiegendhtramolekilare Cyclisierungen zu erziéi&o
wurdevon der Gruppe um HSCHMICKLER aus Carbony8durdh UV-Licht in eineNORRISH

Typ-ll-Reaktion(1,7HAT) das 1,@8iradikal49 freigesetz{vgl. Schemd?d. Am Ende liefed

diese diastereoselektivé,6Photogclisierungausgehend von Aspasixrivaten 48 neue
substituiert®-Lactames 0

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

Schemd2 EineNORRISHTypell -Reaktion und anschlieBenderHAT an AspartaDerivaterd8lieferenach
Cyclisierung des Biradiké®s u b s t i-ltactdmes0in hehedDiastereoselektivitiy.

1,nHAT von noch groRBerer Distanz sind interessamémn auchseltene Strategien zur
regioselektiven Modifikation eineHeBindung. Sie kbnnen in zwei Meten unterteilt werden,

in Mako-Cyclisierungen mit n¥6!*"und in G-H-Furktionalisierungen dirigiert durch starre
Auxiliare (in deLiteraturrigid malelar scaffa@sannt), die einen HAT in kirzeren Abstdnden
unterbindenDie von der Gruppe urR. BRESLOW entwickelten Auxiliare erlaubten vdia.

selektive Funktionalisierudigtaler GH-Bindungeran Steroiden, wie z.B. dui¢bhAbstraktion
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am 3o-Cholestand3zum Olefinb4mit einem Benzophend&thromophor*#*2°Die Ausbeuten
der SteroiDerivate waren nicht immer hoch, wohingetieRegioslektivitat gut kontrolliert
werden konnte. DiStrategievurde auch auf andere Reaktionen, wie z.Bieantramolekulare
Epoxidierungvon Olefn 51 mit Mo(CO} Ubertragen, wodurch ein SterGiertist regiound

diastereoselektiv oxidiert werden konnte$ehemd 3.1

PhH

54
55%

Schemd3 Auxiliarkontrollierte Epoxigrung (A) bzw. Hbstraktion (B) an Stereiddurchrigid molecular scaffolds

Unter den Radikathemischen Methodewurde die Funktionalisierung entlegeneH-C
Bindungerin jingster Vergangenhdiircheinenproton coupled eleatrsf€PCET) initiiert'?*So
wurden photoinduzierte, regioselektivalkylierungen von den Gruppéh KNOWLES und
T. Rovis zeitgleichunabhangigntwickelt?**?*Die Reaktion wird durch einerRhotosensitizer
58aaktiviert und erlaubt die Umsetzung tertiarer und sekundar€rldH8ihdungen mit einem
MichaelAkkzeptos6zu derC-alkylierten Amides7 (vgl.Schema4). MechanistischmBeispiel
des Amids 59 betrachtet, wircein N-Radikal durch PCET mit dem-Rhotokatalysatom
Kombination mit einer Branst@&hseerzeugtdannwird durch einerl,5HAT selektiv ein €
Radikal frgesetztdas mit dmMICHEAL-Akzeptor56 reagiertAnschlie3end wird durch einen
single electron traf@#d) von dem reduzierten HKatalysatordas C-alkylierte Produkt 60
freigesetzfvgl. Schemd4B).
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[Ir] 2 mol% )I\
PhCF4
blue LED, rt
EWG F 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 (@)
T o H T
Ar Ir(1ih) A
60 59 r
Proton PCET
transfer
O (@]
®
H)I\Ar Ir(111) ir(1) N)I\Ar
/B H
H/B H
Q
EWG SET 1,5-HAT
|r(|| C-C bond
formation
56

Schemd4A: Reaktionsbedingungen der@lkylierung mit einem Miche@kzeptorvon R. KNOWLES et alB:
Vorschlag der Autoren eines plausiblen Reaktionsmechanismus mit PCEHARD 2,5

Ein PCETkannaufRerdem zur indirekt&unktionalisierung einesAfoms verwendet werden:

ein durch PCET erzeugtesRadikakpaltet dabei eirgclische €-Bindung (vglSchemds).
Diese Methoderlaubdamit die Funktionalisierung de&tGms im Abstandon [1,n ausgehend
von enem ngliedrigen RingDurch SET nit einem IfPhotokatalysatowurden zuerst von
R.KNowLEs et alC-Radikale aus diversgyclischen und acyclischientigren Alkoholen wigl
erzeugtDarauf aufbaend gelang es der Gruppe urdidJ, das zuvoerzeugt€-Radikamit N-
Bromsuccinimidabzufangen(vgl. Schemal5).’*® Diese Methode ermdglicht@each einer

anschlieBenden Reaktion des Bromdtislen Zugang zu Lfmnktionalisierteraromatischen
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Ketonenwobei ein maximaler Abstarah vierzehiiKohlenstofferewischen Keton und Bromid
erreicht wurdeGanz &ahnlich wurden auch Methoden fur die distale Reaktion mit anderen
funktionelle Gruppen wie Cyan{dgeheSchemadb) oderAzide verdffentlicht Aber auch eine
direkte 1,5Alkinylierungeines Cycloalkanoleonnte durch Afangen des -Radikals mit

Phenylsulforsubsituierten Alkin erzielt werdéti*?5'#

[Ir] 1 mol% CF. TPF®
Collidin 3 eq F @ s e
PhSH 25 mol% SN CF3
H PMP blue LED 3 | X
KNOWLES CHCly, rt PMP._-O _H F //"'Ir”"\N ~
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 é PHCF4/H,0, rt Af\fi(/rBr
2018 S ), YOI
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 ROy PO
REATKY 58¢c

Schemd5 Beispiele fidie photochemisekatalysiert&paltung eine2-C-Bindungdurch PCETKNOWLES 2016),
Bromierung des neuerRadikalsAHuU 2018) bzwintramolekular€yanierung naalem1,5HAT (ZHu 2019).

Es bleibt abzuwartenglgheneuenkreativen Losungen in naher Zukunft entwickelt werden, um
aliphatische, niclatktivierte @H-Bindungen gezielt zu furddalisieren. Die hier prasentierten
Methoden besitzen das Potential, die Synttagegclischerprganischer Molekile durch

Funktionalisierung spéater Phaséie stggeicht nur kirzer, 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 Atomdkonomie die entscheileiteléen, die einer

Methode zum Erfolop derbreiten Anwendungn der Totalsynthese odierindustriellen Mal3stab
verhelfery®8!128
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2. Zielsetzung

Mit dieser Arbeit sollten bestehende oder neue Metbealeiert werden, uane transannulare
C-H-Bindung inzehngliedrigeund ggf. andenemittleren Ring@ zu funktionalisieremislang
bekannte Methoden zur Funktionalisierung aliphatisé¢thé@iadungen sollteswf mittlere Ringe
mit einer ersten funktionellen Gruppgenn moglich Ubertragen werden, um so distald-C
Bindungerregielektiv zu erreichenruhdlegendollte dabi die erste funktionelle Gruppe als
aktives Volumen genutzt und ihr Einfluss aufR#igie und Stereoselektivitat der Reaktion

untersucht werden.

Auf dieser Grundlage sollten die gewoendgrkenntnissegenutzt werden,um mittlere
Kohlenstoffingewie 68mit zwei gegeniberliegenden funktionGlemppen in wenigen Schritten

gynthetisch zuganglich zu machen.

. regioselektive "
C-H-Funktionalisierung

X

intramolekulare
Cyclisierung
Y

69 70

Schemd6 Zwei Strategien zur transannularen Funktionalisierung mittlerer Ringe;HHehk@onalisierung
(oben) odedurchintramolekulare Cyclisierung (unten).

Mittlere Ringe sind als Strukturmotiv allein oder als Teil des polycyclischen Gerlsts vieler
Sesquiterpenoide, Diterpenoide oder Terpene weit verbreitet. Diese Naturstofiieebesitze
vielfaltige biologische und/oder pharmagisiche Aktvitat, wie z.B. Cytotoxizitat, antivirale oder
anttinflammatorische Eigenschaftéfeil die Synthese von mittleren Ringen auch immer hohe
Hurden der Enthalpie/Entropie zu Giberwinden hat, wardirdikte, gezielte Funktionalisierung
einzelner Atome des Rings eine elegante Strategie, um diese Hurden zu umgehen. Die Auswahl an
Methoden fiur eine solche selektive Funktionalisierung des Rings ist jedoch sehr begrenzt. Gerade
weil mittlere Ringe eihehe Prelogannung aufweisen und gleichzeitig Teil vieler interessanter
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Naturstoffe sind, haben neue Methoden zur stégktvgen Funktionalisierung d@stential, die

Synthesen solcher Natund Wirkstoffeklirzerund atomdkonomischer zu gestalten.
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3. Ergebnisse und Diskussion

3.1.Insertion von Nitrenoiden und Carbenoiden in transannulare <1 -Bindungen

Die selektive intramolekulare Insertion von Nitrenoiden und Carbenoiden in benadhdbarte C

Bindungen ist weitreichend bekaftit! Mittlere Kohlenstoffringe, wie z.B. Cyclodebaten

die Gelegenheit mit

ihrer

hohen konformationellen

Rigiditdt gegeniber

linearen

Kohlenwasserstoffen, noch weiter entfernté-Bindungen fir die Insertion @n Nitrenoiden

oder Carbenoiden raumlich zu erreichen

71

NaBH,,
CH,Cl,/MeOH
23°C,1h

93%

IBX, MPO

66%

DMSO

75°C, 24 h

)

73

Cl

76

i-PrMgBr,
CUl'Mezs
THF
-30°C,1.5h

74%

vinylMgCl
i) THF, 0°C, 2h
i) THF, 65°C 3 h

=

78%
dr7:1

LiAIH,,
Et,0
0—23°C, 18 h

93%

(E)-78

OH
g
72
(@)
I
74

trans-77

HO

(E)-79

L-Selectride®

THF O';I
-78 °C, 15 min 2
70% 3(
dr 14:1
75
KH, 18-K-6
HO\ THF
N 0—+23°C,3h
\\\\\\
81%
cis-77

Schemd7 Synthesder verschiedenen Cyclodecanoleg(Ep@yclodeé-enolals Substrate fur dieHG

Insertionsreaktionen
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Diverse Cyclodecdderivate wurden flr diesen Zweck synthetisiert $egemdl7 A). Aus
Kommerziell erhaltlichem Cyclodecardhwurde durch Oxidation mit lodoxybenzoesaure zum
(2)-Enon 73 Kupferkatalysierter 1-Addition eines IsopropfRests und anschlielRender
Redukion des Ketong4 mit L-Selectride®ler Alkohol 75 in 34% (dr 10:1)iber drei Stufen
erhalten. Anhand der NOESignale -H/2-He; und 2He{/3-H wurde trans/5 als
Hauptkomponente identifiziert (vgl. 5.2Ngch Veresterung miparaNitrobenzoesaure wurde
ein dr won 14:1(trankci$ mittels HPLC bestimmt

(E)-Cyclode&-enl-ol (79 wurde in drei Stufen hergestéltjl. Schemal7 B): Durch eine
Sequenz von Grignafdidition an Ketory6, 1,2Umlagerung und erneuter GrigrAddition in

einem Schritt wurden die Alkohatans/7 bzw. cis77 in 78% (dr 7:1)m GrammMalisab
gewonnen. In einer Oxg€opeUmlagerungvurde ausrans/7 exklusiv E)-Cyclodeé&-en1-on

((E)-78), augis77hingegen ein Gemisch vaé){(und ¢)-Cyclode&-enl-on(95:5) erhalten, das
chromatographisch getrennt werden konnte. Reduktion mit Lithiumaluminiumhydrid ergab
Alkohol 79in insgesani8%Ausbeutdiber drei Stufen.

Die Synthese der entsprechenden SuHastett gelang hingegen nicht konseqtianglle
CycbdecanoleBeste Ergebnisse wurden mit Sulfamoylchlorid erzielt, wenn es vorab als kristalliner
Feststoff isoliert und gelagert wulghrend das aliphatische Sulfé80at 63%6 Ausbeutels

weiler Feststoff isoliert werden konnte, wurde das S@famatr 47% undlas Sulfama&tlin

70% als Feststoffe isoliert, die sich auf Kieselgel zerdetge®ulfama®0 wurde durch eine

Einkristallstruktur bestatigt.

Mit in situerzeugtem Sulfamoylchlondrden die Alkoholg5und79zwarvollstandig umgesetzt,
jedochwurden dieentsprechende Cyclodedgrivat als Hauptkomponente gefundengdreh
Eliminierung des Sulfartasters entstehekonnen (Details siehe 5.2.1)ie Methode war
allerdings validaym das literaturbekannte MentByllfamat83 in einer Ausbeute von 74%
herzustellefvgl.Schemdg).
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i) NaH, DMF

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

Schemda8 Die Synthese d&ulfamaEster80-83 unterlagsehrschwankenden Ausbeuten

Anschliel3end wurdenvdrse literaturbekannte Methoden zur Generierung eines Nitrenoids an
diesen Sulfaméistern getestet. Insgesamt konnte unter keinen Bedingungen-Heine C
Aminierung beobachtsterden (vgliTabellel). Die Sulfamate wurden jedogbwohlunter
Katalyse mitRhodium, als auchmit SilbetKomplexenzersett. Dabei wurdeeinmal der
entsprechende IKohol isoliert (Eintrag 2) Mittels GC-MS wurden die Massen der
korrespondierende@yclodecene detektiert, die durch Eliminierung des Sulfamasmemd
transannulareRingschluss entstehéiie Experimente zur intramolekulareil @minierung

an Cyclodecaberivaten wurden damit eingestellt.

Tabellel: Zusammenfassung der Ergebnisse verschiedener Methoden zur Idittbhasgrtion arden
beschriebenen Sulfanrate

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

la 80 Rhy(esp) 0.10 Phl(Oxt-Bu) Toluol 100  Zersetzung
2a 81 Rhy(esp) 0.10 Phl(Oxt-Bu) CH.CL 23 Zersetzung
3a 80 Rhy(tfay 0.50 Phl(Ot-Bu) CHsCR 23 Zersetzung
4b 82 Rhy(S-nap) 0.02 PhlO CH.CL 23 Zersetzung
5¢ 82 [Ag(PyMe)OTfl. .10 PhIO CH.CL 23  Zersetzung

aMethodeSubstrat (0.20.30 mmol)MgO (2.30 eq), Oxidationsmit{€x., 2.0&q),3 A Molsieb (50 mgh dem
entsprechenden Losungsmittel (@)lftir 24 h bei der angegebenen Temperatur geruhrt
bwie a, nur 1.18q Oxidationsmittel.

bwie a, nur 3.50 eq Oxidationsmittel, 4 A Molsieb.
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Analog zu den Sulfarastern wurdn verschiedene DiaEster zur Untersuchung einer
intramolekularen -B-Insertion eine®kRhodiumCarbenoids synthetisiellas Diazoaceta&5a
wurde inB2%Ausbeutalurch die Veresterungn Cyclodecanol@ zum2-Bromaceta84und
anschlieBendgubstitution/DiazotierundgesBromidsmit Ditosylhydrazin und DBErreichivgl.
Schemd9A).

Alternativ wurdeCyclohepnol (6§ zum Butanoat69verestert und anschliel3end durch einen
ReGITz DiazoTransfer in dasntsprechendeniazoDerivat tberfuhrt(vgl. Schemal9 B).
DurchanschlieRendéerseifung mit Lithiumhydroxwurde Diazoacet&6ain drei Stufen (one

pot) in 65% AusbeuterhaltenEine Aufreinigung nach jedem einzelnen Schritt schmaélerte die
Ausbeute erheblich.

A BrCOCH,Br Br TsNHNHTs Ny
NaHCO3 o DBU O
OH MeCN THF
0 °C, 10 min o 0 °C, 10 min o}
93% 88%
72 84 85a
B o}
ﬁ ?
o)< B o o p-TsN3, EtzN
MeCN
OH Toluene,
110 °C, 15 h OM 23°C, 16 h
95% 82%
168 - 169
- 1 LiOH+H,0 o}
o 0 THF/H,0,
OJ\H)\ 23°C,4h o
—_—
N2
N2 83%
86¢c 86a

65% over 3 steps

Schemd9 Synthese von Cycloheptyhd CyclodecyiazoVerbindungemiir die intramolekulare Addition von

Carbenoiden
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Alle DiazoVerbindungen zeigtemterschiedlichesevhalten bei der Fretgung der Rhodium
Carbenoide (vgrabelle?). Mit Rh(55-MEPY), (89 wurde am CycloheptinzoacetaBgg eine
di ast er e-«$lénbeditnt im teraturbekannter Ausbeute erzoklt66:35cis/trans
Eintragl)*°Das CyclodecyliazoacetaBbg wurde unter diesen Bedingemén das LactoBi7a

in 3% Ausbeute bei vergleichbarer(bdr36cis/trandiberfihrt (Eintrad). Die Diastereomere
wurden anhand ihrer NGS&ignale identifizierDie Produkteeiner anderen, distalenHC
Insertionkonnten nicht isoliert werdeAlle anderen Versuche zeigten geringen oder keinen
Umsatzdes Startmaterials odé@hrten zurBildung von OlefifDimeren durch Kombination
zweier CarbenéEintrag 2) Das Lacton87a beweist, dass die Insertion in proximald-C
Bindungen zwar moglich ist, jedé&dmnte durch die vergleichsweise kurzen Hatar keine
distale @H-Bindung erreicht werdeDie Losung kdnnten alsénigere Auxiliare zum Erreichen

grolRerer Abstande im Risgjn undverden immnachsterKapitel vorgestellt.

Tabelle2: Zusammenfassung der ErgebnigseRthodiurkkatalysierteCarbenoidC-H-Insertion.

o Rh-Kat.
MS (3 A), CH,Cl, o
O)‘\’(R 40°C, 10 h oM
N Spritzenpumpe 0] M ©
( ’ ) @ N
( RH-RR O
_re
85an=3;R=H 87an=3;R=H Rhy(5S-MEPY), (89)
85b n = 3; R =COOMe 87b n = 3; R=COOMe
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  Ergebnis
1 86a Rh(55S-MEPY), 0.005 CHLCL 40 88a63%,
dr 65:3%is/trans
2 86a Rhy(OAcC) 0.10 CHLCL 40 OlefinDimer
3 86b Rh(esp 0.02 CH.CL 23 Zersetzung
4 85a Rh(5SMEPY) 0.01 CHLCL 40 87a36%
dr 64:3&is/trans
5  85b RR(SSMEPY)  0.02 CH.CL 40 kein Umsatz
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3.2. SynthesekovalenterAuxiliare fur eine transannulare Carbeiinsertion

Konzeptionell sollte ein kovalentkm@ipftes Auxiliar von geeigneigt3e, FornundReaktivitat

die Moglichkeit bieter,gebunden an eine erste funktionelle Gruppe am Kohlensteféiimg
chemische Modifikation an einem gegenuberliegenden Kohlemsteffetogehen. Die Grolie,

die Konformation und die chemische Verknipfung am Substrat sind fir den Effekt auf die
Regioselektivitat der Reaktion von entscheidender Bedeutung. Im Folgenden wird die Synthese
verschiedener Auxiliarend die Ergebnisse der Vetsel beschrieben mit lhnen eine
intramolekulare Carbémsertion in eine transannulareH@indung an Cyclodecanen

erreichen

Benzoesaur@0wurde mit Benzylalkohol und Natriumhydrid in den Benzy8ttiberfuhrt. In
einer Veresterung mit Cyclodecgr®lwurde Este®2gewonnen. Durch Hydrogenolyse wurde
PhenoB3als kristalliner Feststdiinkristallstrukturgrhalterund anscl¢3end mit Carboxy

OBn
F F
Cyclodecanol
3 NaH, BnOH OBn EDC, 4-DMAP
F F 2a+C 45 mi F F CH,Cl
> 40 min - 23°C,4h
0~ o
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 OC,1.5h 23 oC,15h
o0~ o
98% 81% 0~ ~o
93 94

Schem&0 Synthese des Carbangdts
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benzyl (CbzyeschitztenGlycin zum Ester 94 gekuppelt, wobesreGLICH-Bedingungen mit
Dicyclohexylcarbodiimid und Pyridin mitni@l% paraToluolsulfonsédure die hochste Ausbeute
zeigte(81%).Die Ausbeute betguiiber diese vier StufersgesamB81%. DieFreisetzung des
Amins durb Hydrogenolyse war unter den getesteten Bedingungen nicht, mvigliabelle3
zusammediasst Die Elektronegativitat ddseiden Fluoratome der Benzoeséktevierenden
Esteroffenbar so gutdass in allen Ansétzemabhangig von der Palladi@mers die Spaltung
desGlycinEstersamPhenolbeobachtet wurde. D&rategiespatereine DiazeGruppe an m

Glycin durch Natumnitrit/ Essigsaure freizusetzemysstean dieser SteNerworferwerden

Tabelle3: Zusammenfassudgr Versucheur Hydrogenolyse der GBzuppe am Ested4.

CszN;\ HZNJ\ 5
0”0 0”0 OH
F = Pd-Species E = COE E
"Hy" :
Lésungsmittel, T
o~ o o~ o 0~ "0
94 95 93
0% 72-96%
Pd-Species Losungsmittel  T/°C WasserstoffQuelle 93%
Pd/C 10% EtOH 23 H2 72%
Pd/C 10% THF 23 H2 85%
Pd(OAc)yC MeOH 23 H: 93%
Pd/C 10% CHCL/AcOH 23 H: 86%
PdC} CH.Cl 23 Et:SiH/EtsN 93%(NMR)
Pd/C 10% EtOAC/EtOH 23 Cyclohexadien 96%(NMR)

Das Phenol93 wurde alternativ mit Bromessigsaurebromid zum Brom&éetamhgesetzt
AnschlieBnd wurde versucht, daraus miitoBylhydrazin und verschiedenen Basen das
Diazoaceta®7 freizusetzefvgl. Schem&1A). In der Literatuund auch in dieser Arbbgt sich
diese Methode bewdahrt, um verschiedenste Diazoacetate zu synthéigsiGingegemurde
aus96 erneut Phend3in 82% Ausbeuterhaltenwas auf dessen Qualitat als Abgangsgruppe
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hinweistDie Verwendungler Basen Triethylamin und Tetramethylguanidin fligb&srallzur
gleichenZersetzung.Zuletzt wurde die Synthese des Diazoaceiamdurch eine direkte
Umesterung von Methyldiazoateti Tetramethylammoniumdimethylcarbonat am Pi&&nol
versucht (vgiSchem&1B)* Aber dise Reaktion zeigte nach 12 h bei 80 °C keinerlei Umsatz
und wurde verworfen. Weitere Versuche zur Synthese des DiaAyagatden an dieser Stelle

eingestellt.

3 C J&
Br
e

_NHTs o O
Br” O F F o TsHN F F
K3PO,4, CH,Cl, DBU, THF
0°C,3h 0 °C, 10 min
93 - . + 93
74% 0] (0] o o 82%
96 97
B 0%
N,CHCOOMe,

[Me,4N]* [OCO,Me]
MS (5A, Dean-Stark)

CyH, 80 °C,12h
93 / 97

Schem&1A: Die Diazotierung geBromaceta@tscheiterte durch die Hydrolyse des Esters zum PX3eBoEine
Umesterung mit Methyldiazoacetat zeigte keinen Umsatz des $henols
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Ein neuer Entwurf zur Carbémsertion in einetransannular€C-H-Bindung sah vor, ein
Lithium/HalogenCarbenoid aus einer DibrommetByluppean einem Auxdrfreizusetzen. Die
Erzeugungeines LithiuBrom-Carbenoid durch LithiumBrom-Austauschan sultituierten
Benzalbromidefand bereits vielfach Anwendung in der Litet#ttif Auch dieintramolekudre
Reaktion eines so erzeugten LitiBrom-Carbenoids milektrophile® und die Insertion in

CspzH-Bindungemwarbekanntwenn auch nur in wenigen Beispigfen

Die Synthese dieses Auxiliars gelang in nur zwei Stufen, beginnend mit der zweifachen,
radikalischen Bromierung voiM@thylbenzoesdure zum DibrorB] und eine anschlie3ende
Verestang mit Cyclodecandl?2 zum Ester100 (vgl. Schema2?). Unter verschiedenen
Bedingungen wurde versucht, aus dem Dibrdii@idas entsprechende Lithium/Brom
Carlenoidfreizusetzen und eine intramolekulare Reakti@inaitCH-Bindung zu erzielen. Die
Zusammenfassung der VersuchEaipelled zeigt, dass unter keiner der getesiseingungen

eine Insertion in eine-@-Bindung, sondern ausschliellich die Zersetzung des Esters zu

Cyclodecandl2) 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

Schem&2 Synthese des Dibromiti30fir die Freisetzungjnes Lithium/BrorCarbenoids
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Tabelle4: Untersuchte Bedingungen zur Freisetzung eines LithiumBadmnoids auBibromid 100 Eine
Insertionin eine GH-Bindungam CyclodecaRingwurde nie beobachtet

Br
Br n-Bul, ? oH
Et,0 o
T, t
o” "o g
100 101 72
Nr. c/ ™M initiale T/°C Verlauf Ausbeuté
1 0.01 -100 1 min, dann -7 10060, 7239%
2 0.01 -78 10min(sp)+1h 7267%
3 0.01 -78 60 min (sp), + 1 h 7281%
4 0.01 -78 60 min(sp), + 2 hdann' 23°C  10049% 7251%
5 0.01 -78 10 min (sp), 8 h,—-50 °C 7267%

aAlle Experimente wurden im MaRstab von-0.28 mmol in trockenem Diethylether durchgefDiiet Ausbeute
wurde anhand déd NMR Spektrums kalkuliert.
b Dosieungmittels Spritzenpumpe (sp).

Nach diesen Ergebnissen blieb unklar, ob ein Lithium/Bampenoidiberhaupt gebildet wurde,
oder ob der Cyclodddysterin 100basisch gespalten wurde, bevor ein LitBitom-Austausch
stattfinden konnte.

Das gleiche Auxitiavurde im Estefl02aufseine Reaktivitat untersuchtchNdreisetzundes
Lithium-BromCarbenoids konntes mit der @-Doppelbindung zu einem Cyclopropan
reagieren oder durch Insertion in eine allylische (transanmtaBipdling ein trcyclisches

Produkt bilden. IrTabellés sind die Egebnisse der Experimente zusammengefasst. Wahrend mit
tetButy | | i t hi um bei -100 ° C - ©ibrommé&lednunds Methyl aus Br
Benzoesaureesttd3 104 105neben Dimerd 06isoliert werden konnte (Eintrag 1), fihrte jede
Variation von Temperatur, Art der Base und Zeit zur Zersetzung bzw. keiner beobachteten
Reaktion (Eintrage4). Ein LithiumBrom-Austauschwvar damit zwar indirekt bewiesen, jedoch

wurde eine Reaktion des Carbenoids weder miE)ydBogpelbindung noch mginerC-H-

Bindung beobachtet.

In der Literatur sind anderBeagenzierund Methodenbekannt, um Carbenoide aus
Dibrommethan freizusetzen und damit,T.zregioselektiv C-C-Doppelbindungen in die
entsprechenden Cyclopropane zu tUberfifiréhDibromid 102zeigte jedoch mikatalytischen
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Mengen isen(ll)chlorid und.5eq Tri(isobutyl)aluminium bei 5 °C keinerlei Umsatz (Eintrag
5). Auch unter Einfluss von 4.0 tegButylmagnesiumchlorid Tetrahydrofuramvurde keine

Reaktion beobachtet (Eintrag 6).

Die Versuche zur intramolekularen Reaktion von LithiumH8rabenoiden wurden

anschlieRend eingestellt.

Tabelles: Zusammenfassung der Experimente zur transannularen Reaktion des Qib2omids

R!__R?
Br B t-Buli,
Et,O
-100 °C, 3 h o OH
0 -78°C,5h .
- o)
o)
102 103 R', R?=Br (E)-79
104R'=Br,R2=H 4%
105 R', R?2=H
51% (2:1:1)
Nr. c/M Reagenz Verlauf Ergebnis
1 0.01 t-BuLi —100 °C 5 mirfsp), 103104 10551%
+3 h °C,5h7 8 793%%
2 0.01 t-BuLi —-100 °C, 5 min (sp), Zersetzung
+30 min,23°C
3 0.01 t-BulLi —-100 °C, 60 min (sp) keine Reaktion
0.01 nBulLi —100 °C 5 min (sp), +3 h Zersetzung
5 0.02 Al(iBuxk3.5eq 50°C,6h keine Reaktion
FeCt0.06 eq
6° 0.10  t-BuMgCl4.@&q 10' 23°C, 18 h keine Reaktion

aMethode beschrieben VOBRUNNER et alt42
b Methode beschrieben vOBRUNNER et all4t
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3.3. Funktionalisierung der Doppelbindung in (£)-Cyclodec5-en-1-ol

(E)-Cyclodeé-enl-ol (E)-79 bot als Substrat viele Méglichkeiten, eine transannulare Reaktivitat
zu untersuchen. Der Abstamdiischen deHydroxyGruppe undder GC-Doppelbndung
entspricht formal einetrisHomoallylalkohol. Der tatsachliche raumlidhstafdkannin dem
zehngliedrigen Ring jedoch erheblich geringer ®enn sich Hydrox@ruppe und
Doppelbindungam Ring unmittelbagegeniber liegeahrend deEinflussder Hydroxy
Gruppe als aktives Volumen auf die Selektirngt&thiedendviethoden zur Epoxidierung in
Allylalkoholetf>*®  detailliert, in Homalylalkoholetf**** zahlreich und in bs
Homoallyalkoholer>**" vereinzelt dokumentiert ist, finden sich fiir grolRere Abstande nur sehr
wenige Beispiele in deteratur:®®

Die Epoxidierung des Olefiig)-79 gelang mitntCPBA in53% Ausbeutaund mit Mo(CQ)/
t-BuOOH in 60%Ausbeuten denersten Versuchen. Neben dem Epatiddr 1:1)wurde ein
Gemiscleweierisomerer Alkohol213und114in schwankender Ausbeute isoliert.

Tabelles: Variation verschiedener Bedingungen zur Epoxidierung des(@)efidisnd 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%
dr1:1
Nr. Lésungs eq eq T/°C %Umsatz Ergebnis
mittel BuOOH Mo(CO)s
1 Toluol 3 0.05 23 100 112dr 1:160%
113114(rr 1:1, 21%)
2 Toluol 4a 0.15 80 100 113114(rr 1:1, 35%)BnOHd
3 Toluol 8 0.20 23 100 113114(rr 1:1, 51%}BnOH¢
4 Toluol 1o 0.10 0" 23 100 11228%)
113114(rr 1:1, 5%)
5 CHLCL 2 0.20 0' 23 80 113114(rr 1:1, 53%)
6 CH:Cl, 3 0.20 0 75 113114(rr 1:1, 64%)
7 Benzol 2 0.20 5' 23 60 113114(rr 1:1, 49%)

avier Jahe altes GebindeBuOOH.

bneuesfrisch getffnetes GebindBuOOH.

c{iber 4A Molsieb getrocknet

d Oxidationvon Toluol zu Benzylalkohol wurde beobachtet
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Eine Variation der Bedingungen bestatigte den ersten Verdacht, dass ddslFposicer
Folgereaktion getffnet wurde und zu den beiden regioisomeren Alk&Botehl 14reagierte
(vgl.Tabelles). Die Ausbeute der Reaktion war weniger abhéngig voardperatu(Eintrag 2
und 4), als vielmehr von der Qualitat-@erOOH-Ldsung (Eintrag 4) und der Kaentration des
Katalysators (Eintrag 1 und 3).

Epoxid11Zonnte mit verschiedenBR@NSTED- undLEWIS-Sauren in ein Gemisch der Alkohole
113 und 114 Uberfiihrt werden (vglTabelle 7).°%'%* Dabei wurde kein Einfluss der
Reaktionsbedingungen oder Art @®zNSTED/ LEwisSaure auf die Regioselektivitat der
intramolekularen Epoxid6ffnung beobachdet. Cyclisierungihrte nach derBALDWIN-Regeln
entweder durch-éxdetzum [5.3.1]Jundecdrol 113oder durch/-endéetzum [4.4.1]Jundecdn

ol 114Zum Beispiel wurde aus dem FTBtBerl115mit( ~Gamphersulfonsaure b@0°C ebenso

ein 1.1 Gemisch @k%r beiden Regioisomere erhalten (Eintrag 3)awglemit racemischer
Camphersulfonséure (Eintrag*2Ylechanistisch betrachtet wurde dadurch ein Einfluss der Saure

auf die Regioselektivitat der EpeRifhung ausgeschlossen.

Tabelle7: Zusammenfassung der ErgebnisseSillanekatalysierteBpoxidoffnungen.

) [Séure]'
OR Losur}g?stmlttel
> ( T +
o 4 “OH
OH

112R=H 113 114

115 R=TBS
Nr.a  Saure eq Losungsmittel T/ °C t Ergebnis
1 p-TsOH 0.05 Toluol 23 18h  113114(rr 1:1, 96%)
2 (#)-CSA 0.05 CHCb 23 8h 113 114(rr 1:1, 99%)
2 ( ~QSA 0.01  CHCh -20 24h 113114 1:1, 84%)
4 BROEt> 0.10 CHCb —78 8h 113 114(rr 1:1, 40%)
5 BwSrO / Zn(OTf), 0.60 Toluol 90 24 h Zersetzung
6 PhCOCE/ H 20> 1.00 MeCN/t-BuOH 23 1h 113 124(rr 1:1, 66%)

aAlle Experimente wurden im Maf3stab von 0.30 mmol Substrat @mtspnechenddnsungsmittel0.05m) und
dergenannten Temperatur durchgefihrt.
b Substratvar defTBSEther115
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Aus 113114 konnten mach Veresterung mitB3ombenzoesdure dentsprechenden Ester
chromatographisch getrennt und Kwoestitutionanhand von 2ENMR Experimenten aufgeklart
werden (vg5chem&3A). Dierelative Konfiguratiodesl1-Oxabicyclo[5.3.1]Jundec2wols 113
wurde durch eine Kristallstrukturanalyse beqatigema3B).

A
BrCgH,COCI
e (5
CH,Cl, )
. 23°C,18h _ 5 .
, O

2 OH

5 Br
Br
113 114 116 117
43% 27%
B X B Hi:
7 Y \ " | /
NSNS //"” \(I"‘-
2 - T s
@ = " \ \/omz - \:-fmﬂ;‘. \ 02 ’
, A
on NS T

113

Schem&3 A: Die Konstitution der beiden isoraerAlkohole konnte anhand von-RIMR-Spektren aufgeklart
werden. B: [ relative Konfiguration ded1-Oxabicyclo[5.3.1Jundeezwols (113 wurde durch eine
Kristallstrukturanalyse bestatifjer dargestellt ist ein Paar der beiden Enantiork28, TR) links bzw. (32R,79)
rechts.

SHARPLESS Bedingungen zur asymmetrischen Epoxidiexamg primérenAllyl-Alkoholen
erlaubereinekinetische Racematspaltung sekundareAllyl-Alkoholent* Dartiber hinausar

ein Beispidiir die asymmetriscligoxidierungeinegertiarenrisHomoallylalkoholmit einem
Komplex aus Ti(GPr)/Trityl -hydroperoxidbekannt>® Deshalb wurdenit diesen Bedingungen
experimentieyum eine stereoselektive Synthedepmtesdsl12zu untersuchen. Alle bis auf einen
VersuchEintragb) fuhrten exklusiv zur Bildung de=kannten Regioisomerengemisdids 14
wahrend das Exid 112nie isoliert werden konnte (v@abelle8). Der TitanrKomplex stellte
damit seine Fahigkeit unter Beweis, die Offnung des EpokielgialSaure zkatalysieremas

Verhéltnis der Regioisomere betrug durchwelget: Umsatz lag bei maximal 60%.
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Tabelle8: Zusammenfassung der Versuch&HarPLESSasymmetrischer Epoxidierung

ROOH
Ti(Oi-Pr),4, Ligand
Losungsmittel

oH MST(,4t A)

(E)-79 113 114
Nr. Liganda Peroxid (eq) T/°C Zeit/h  %Umsat2  Ergebnis
1 (-DET  tBuOOH (3) 40 22 10 113114(rr 1:1, 10%)
2 (+)-DET  tBuOOH (2) —20 18 3 113114(rr 1:1, 3%)
3 (+)-DET  tBuOOH (2) —20 18 40 113114(rr 1:1, 40%)
4 ()-DIPT  tBUuOOH (4) —20' 23 18 50 113114(rr 1:1, 50%)
5 (-DET  tritylOOH (2)  —20 48 0 -
6 (-DET  tritylOOH (2) 23 24 60 113114(rr 1:1, 59%)
7 (-DET  cumylOOH (2) 0" 23 24 16 113114(rr 1:1, 16%)

aMalstab: 0.32mol Olefin, 0.1@q Ti(Q-Prk und 0.2G=q Ligand.
banhand dedH-NMR Spektrurs kalkuliert.
cS6chiometrisch&lengeTi(Oi-Pr).

Neben der Oxidation wurde auch eine lyclisieung de®lefins(E)-79durchgefiihrtDabel

wurde der Einflsseines chiralerKobaltsaleAdKomplexed 20auf die Stereoselektivitat der lodo
Cyclisierung untersuctit.In durchweg hohen Ausbeuten konnte jeweils ein Gemisch zweier
Regioisomer#18und 119soliert, jedoch nicht chromatographisch getmearden(vgl. Tabelle

9). Der Einfluss des Katalysators auf die Regioselektivitdt deie@yai war nur gering
(Eintrag2). Die Kombination von lod und Natriumhydrogencarbonat beitRapeatur fihrte

zur hdchstegemessenen Regioselektivitat von 60:40 (EintrAgd®re Isomere wurden nicht
gefundenDa die intramolekulare Offnung des entsprechenden lodoniumions mechanistisch
wahrscheinlicanalog zur Offnung dé&poxids112verlaufti®% sind die beiden Regioisomere
11&nd11ielogisch nachvollziehbaren ProduRie.relative Kafiguration konnte anhand der

2D-NMR-Spektren nicleweifelsfrei zugeordnet werden.

Die Herausforderunginer solcheRyclisierung liegt in der Kontrolle der Regioselekthiltit.
andere(a)cyclischesubstrate wurde die Selektivitat diésexeet Halo-Cyclisierungdurch
asymmetrische  Erzeuwy des lodoniumiot$'®” oder z.B. duch chirale

Organokatalysatoréh'®® erreicht. 6-exetet Halo-Cyclisierungen sinagnit asymmetriscine
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Ubergangsmetdlatalysatorebekannt’® Hier miissen die Untersuchungen fortgesetzt werden.
Waredurch eine selektive Reakt@neinziges Regsmmer zugénglich, dakannte es weiter
substituiert unadu einentransannulabi-funktionalisierten ¥&lodecanolgetffnet werdenwas

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

Tabelle9: Untersuchung der geselektivitat in der loe@yclisierungon E)-Cyclodeé&-enl-ol (E)-79 unter
verschiedenen Bedingungen.

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

NCS, Toluol
23 °C, 30 min \
ii) 1, —78 °C N _
OH iy Olefin, ’ Noeg ™
-78°C,48h o * R o "o R
86% 23,' 1 R
(E)-79 118 119 120
R =t-Bu
Nr.a  Kat. Reagenzien Losungsm. T/°C  Ausbeute% rr 118/119
1 (C'Qéﬁ)l')sa'e” I,, NCS Toluol 78 86 4555
2 - I, NCS Toluol —78 96 55:45
_ |2 (3 eq)1 .
3 NaHCO, THF 23 84 60:40

aAlle Experimeng wurden mit 0.65 mmol Olefin dementsprechenddmbsungsmitte]0.01m) durchgefiihrt.

bNach einer Methode vivicDonaldet al’!

44



3.4. Transannulare Cyclopropanierung amittleren Kohlenstoffringen

Eine intramolekulare Synthese von Cyclopropanen besitzt ein enormes Potential, in nur einem
Schritt eine hohe molekulare Komplexitat und mehrere Stereozentren kontrolliert adfzubauen.
Verschiedenmter undintramolekulare Methoden wurden deshalichbiund zehngliedrigen
Kohlenstoffringenm Rahmen dieser Dissertation und in einer betreuten Bachelgedelséit,

so auchiee CRANDALL-LIN Cyclopropanierung

Die Synthese der Substrate beganden®xidation vorcisl,5Cyclooctadie(ll2) zum Keton
122'% Addition einesVinyFGRIGNARDS an das Ketorfl22 und Epoxidierung des tertiaren
Allylalkoholdl23mit Vanadylacetoacetonat (8ghema4). Damit standlertertiareAlkohol 125
nach dei Stufen innsgesamfi8% bzw. sein Methykber 127in 6% nach vier Stufen zur
VerfugungDie Installatiorder MethylSchutzguppe erwies sich als schwigfeggmutlichwar die
raumliche Abschirmung des tin Alkohols hier limitiererfnalog zu dies&Sequenz wurden
die CyclodecebDerivatel26und 128ausgehend von Ketdg)-78in 17% bzw. 5% Ausbeute
synthetisiert.

Pd(OAC)2 |) CeC|3, THF VO(acaC)Z
1,4-Benzochinon 23°C. 2 h ~ t-BuOOH
H,0,, HOAG 0 ii) vinyIMgBr, OH CH,Cl,
23°C,24h 23°C,1h -10°C, 18 h
- Jh —— ),
33% dr 1:1
121 122 n =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

Schema24 Synthese dewnerschiedenenCycloocten und Cyclodece8utstrate fur die intramolekulare
Cyclopropanierung.

Das terminale Epoxid wurde nun verwendet, um mit LHRetramethylpiperidin das
entsprechende Lithiu@arbenoid freizusetzésieheTabellel0). Die intramolekulare Addition

dieses Carbenoids an das Olefin gelang mit dem achtgliedrigen Methy¥etned
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(1,257,655, 9R*)-6-methoxytricyclo[4.3.2Jdecardl 0ol (129 wurde als Gemischweier
Epimerean C10 (db5:4%isoliert.

Diese Reaktion ist das bislang erste Beispiel einer transani@iar&nLL-LIN-
Cyclopropanierung an einem mittleren Kohlenstofiifédirend arkleinen Kohlenstoffringen
bisher neue fiinf und sechsgliedrige Ringe aufgemaudeni’*'’ blieben jedoch rgRere
Distanzenzwischen Epoxid und Olefigine Hirde dieserCyclopropanieruri¢ Die Methy
Schutgruppe am tertidren Alkohol und das LosuittggtertButylmethylether waressentiell
fur das Gelingen der Cyclopropanier{iigtrag2, 4). DieCyclodecemerivae 126und 128

waren unter diesere@ngungen nicht stafilintrag 5, 6)

Diese Ergebnisse zeigen nun, dass die intramolekulaienAsilces terminale@arbenoids an
achgliedrigen Ringen moglich ist, wahrend sie am zehngliedrigen Ring mit groRerem Abstand
zwischeriEpoxid und Olefin nicht gelar@hne die Isolation ein@¥eben)Produkts bleibt offen,

ob die Carbenoide der Epoxid26 /128 durch eine intermolekulare Addition, durch
Dimerisierung oder durchi-Insertion zersetzt wurdéh.

Interne Epoxidéningegerwurdenvon HODGSON et al.bereits erfolgreich in aghheun und
zehngliedrigen Ringenwez n d e t , -Deprotaniarankiithieerung eine transannulare C
H-Insertion zu erreichéf.Eine Addition des Carbenoids an eine Doppelbindung innerhalb des
Rings scheint also theoretisch méghdkiinftige Experimente misstgshallzeigen, ob auch
neun, elfgliedrige oder noch grof3erengei als Substratélir eine CRANDALL-LIN-

Cyclopropanierungeeignet sind.
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Tabelleld Zusammenfsung der Ergebnisse @RANDALL-LIN Cyclopropanierung an verschiedenen Epoxiden.

0
LiTMP
OMe Lésungsmittel 'j 1020
) T, t . _6/
n OMe
Jn
127 n=1 129 n=1
128 n=3 130n=3
Nr.a  Substrat n eq LITMP  T/°C Lésungsmittel  Ausbeute
1 127 1 2 0' 23 MTBE 12936% (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 Zersetzung
5 126 3 2 0" 23 MTBE Zersetzung
6 128 3 2 0' 23 MTBE Zersetzung

aMethodeliTMP wurde tber 2 h (Spritzenpumpei 0°C bzw.-78°C zu einer Losung des Substrats (Qus@)
in dementsprechenddrbsungsmittgl0.08v) gegebennd anschlieend fir h%ei 23°C gerihrt.

Die Epoxide125und126wurden auch einéewisSaurekatalysierten Offnung unterzogen, um
einen intramolekularen Methylentransfer des terminalen Kohlenstoffs des Epoxi@efuf das
zu erzieleW®® Mit LanthanTriflat, 2,6Lutidin a6 Base(5mol%) und unter Zusatz von
Lithiumperchlora{0.75eq) wurde weder beim CyclooctE®5noch beim Cyclodecdr26ein
Umsatz festgestelltgl. Schema25). Andere Substrate wurddier nicht untersuchtDiese
Reaktionsbedingungen wurden urspriinglich firMighylentransfer an linearen Olefinen in
einem Abstand von 5 Kohlenstoffatomen zum Epoxid entwiéldalich wenn dieser Abstand
in den Cyclooctenei?5/ 126formalbesteht, verhindentahrscheinlictie héhere Rigiditat des
Ringseine himeichende Annaherungrnv®Ilefin 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

Schem&5 Ein intramolekularer, Lewsdure katalysierter Methylentransfer konnte nicht erzielt werden.
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Neben diesen intramolekularen Methoden wurde ebenfalls SBIMONS-SVITH-
Cyclopropanierung als intermolekulare Reaktion an verschiedenen Cyéotleden getestet.
Die Cyclopropanierung von Allyund Homoallylalkoholemmit Zink-Carbenoidenist
diastereselektivund (durch die Wahl geeigneter Auxilianehenantioselektiv mogliéiis
Aber auch allein mitMethoxymethylether (MOM) oder verschiedenenTri-Alkylslyl-
Schutzgruppewurde in der Cyclopropanierung von primaren und sekundéren Allylalkoholen eine
Diastereoselektivitat viis zu 99:1 erziéff'° Die Schutzgruppblockirte dabei die Riickseite
der GC-Doppelbindung raumlich, wahrend der Angriff des-Zenbenoids von der Vorderseite
stattfand. Um diesen Effekt an Cyclodecenen zu testen, wurde die Cyclopropanierung an
Substraten mit und ohne Schutzgruppe durchgefubrBchWema6 zusammenfasst, verlief die
Cyclopropanierung an dem rigkeschitzen Alkoh@Pebenso wie an dem MGBther133und
dem Silylethet34ohne DiastereoselektivitBer Abstand zwischen der Sguuppe und dem
Olefin im Ring scheint einerseits zu grol3, um den Angriff des Carbenoids von einer Seite zu
blockieren. Anderseits wude abemit der freierHydroxyGruppekeine Koordination des Zink
Carbenoids erreicht, um dessen Angriff an das Qleflanken wie es von Allylalkoholen
literaturbekannt i$t>***Da kein Effekt auf die Selektivitat beobachtet werden konnte, wurden
weitere Variationen dieser Cyclopropanierung nicht in Betracht gezogen.

OR ZnEty, CH,ly

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

Schem&6 SMMONS-SMITH-Cyclopropanierung an CyclodebPemivatenDas Diastereomerenverhaltnis wurde
anhand deH-NMR Spektren ermittelt.
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3.5.Transannulare Funktionalisierung an Cyclodecaerivaten durch radikalische
Ringoffnung

Radikalische Reaktionen laufen raittleren Kohlenstoffingen mit z.T. Uberraschenden
Ergebnissen alRie beiden energetisch minimalen Konformationen des Cyclode@dhans (
Schem&7A weisen je ein Wasserstoffatuf, das mit einem Abstand von weniger alf\arb4

der raumliche Nahe des Carbomyohlenstoffs liegirote Markierund}’ Insbesondere die
Konformation7lazeigtlautSauersetale i ne p a s s e n d ©rbi@aks anm®asserstef d e s
6-H. z u mOrbital der CarbomyGruppe fiir den Ubergang von Elektronendichteire
Eigenschatft, die beretsr selektien Reaktion am C6 genutzt wuldeC. YANG beobachtete

1958die Photocyclisierung von CyclodecamamcisDecalinoll39 wieSchem27B zeigt.

A
Steric Energy=19.8 kcal/mol Steric Energy=20.2 kcal/mol
71a o 71b
B 2
So

lhv (300 nm)

OH OH o) OH OH
b~ oy o~
I - —

H
H H H
138 I T, I 139

Schem&7A: Energieminimierte Konformationen des CyclodecdifnBie eingekreisten Wasserstoffatome liegen
in einem Abstand von unter 2&4sieheSaUERSset a); B: Verlauf der Photocyclisigrg von7 lunter U\ALicht (300
nm) zu den RegioisomerEsBund 139(angepasst von Sauetrsl) 187
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Tabellel1 Variation der Bedingungen zur Optimierung der Photocyclisieru@gologecanorv ).

Lichtquelle
Losungsmittel
© T, t OH oH OH
+ +
H @
H
71 138 139 72
Nr Losungsm. c/ T/ t/ Lichtquelle Umsatz/% Ausbeute /%
M °C h
139 138
1 CyH 0.10 23 48 2x23W Al 89 49 20
2 CyH 0.10 23 48 23 Wcfl, flow
System 85 41 11
3 CyH 0.10 23 72 weiReLED 0 - -
4 CyH 0.10 40 48 23 Wil 100 29 31d
5 MeCN 0.10 23 48 23 Wcfl 19 10 -

agxoTerra® Reptile 23 W compact fluorescent light (cfl); luftgekihilt.

b SpiralReaktor: 10 m PTFE Schlauch%d.50mm) auf einen 100 mL Erlenmei@iben (BorosilikaiGlas)
gewickeltSpritzenpumpe mit.0B mL/min (2 h residence time); entgasigslohexan

cisolierte Ausbeute nach Saulenchromatographie.

d Cyclodecand2wurde in 25%Ausbeute isoliert

Eine mechanistische Erklarung der Regioselektivitat der Reaktion folgte 1981 aus dem Labor von
RONALD R. SAUERS in der Konformatior7laist ein 1,fHAT geometrisch und energetisch
gegeniber einem HAT (NorrisHtypell) 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
Mal3stab skalierfabellell fasst die wichtigsten Variationen und ihre Auswirkung auf das

Ergebnis der Reaktion zusammen.

Die hochste Selektivitéhd Ausbeutdir cisDecalinol {39 zeigte sich uar Verwendung von
Cyclohexan als Losungsmittel, in hdfeedinnundg0.10M), bei 23C im 3GrammMalistab im

Kolben (Eintrag 1)Durch dieBestrahlung mit zwei CHlampen ¢ompact flsoent ligia3wW

UV-B 200, Exo€rra®)wurde die hochste Ausbeutadt (Eintrag 1Per Versuchden Mal3stab

durch einen einfachen Fl®&ozess zu steigern, resultierten in einem geringeren Umsatz und einer
geringerer Selektivitat fi89gegeniber Bicyclo[6.2.0]detanrh 138— selbst bei Steigerung der
Bestrahlungsdaueegidence Yime~lowSystenunter Ausschluss von Sauerstafth Entgasen

der Losung undurchVerwendung eines gasdichten Sygteimsag 2)Die Regioselektivitat der
Photocyclisierung war aul3erdem dler Art des Lésungsmittels abhéngig. Wahrenshvers
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et aleine Verteilung der Prodult®9 138 72mit 49:30:17 (%) tertButanol angegeben wurde
konntein den eigenen Versuctie hichste AusbeudescisDecalinold.39n Cyclohexa(®9%)

erzelt werden. Andere Losungsmittel wie Wasser, Chloroform und Ethylacetat fuhrten zur
Zersetzung des Startmateridisgesamtist damit eine technisch einfache Methode mit
reproduzierbarer Ausbeute zur SynthliesecisDecalinols139im GrammMalistab erreit

worden Die Struktur desisDecalinols139wurde durch eine RoOntgenstrukturanalyse eines
Einkristalls bestatigidl. Abbildung3).

o1
\C1 '
cg\ _E?L-""l‘ ‘22
L o=t \ca .
— " Ic7 Yoy - H
P8
P \C4 139

Abbildung3: Zeichnung der Kristallstruktur desDecalinolsl39

Die Spaltung der verickenden €-Bindung und die gleichzeitif@nktionalisierungm
Kohlenstoffgerlistles cisDecalinad 139 bot nun Zugangzu bifunktionalen zehngliedgen
KohlenstoffringenDie Spaltung von -C-Bindungen an tertidredlkoxy-Radikalenst lange
bekannt und wurde in den letzten Jabhrerphotochemische MethodeB.durchdie Gruppe
von ROBERT R. KNOWLES erganzt(Stictwort: alkoxyadcial fragmenfgffoDer Einsatz von
Iridium- und RutheniuriKomplexen alghotosensitizdadendurch einen protegekoppelten
ElektronerTransfer (PCET(lieselektive Katalys®n diversen Radikalreaktiofrgf?®1%

Unter Bestrahlung mit bBibarem Lichi{blaue LED, Kessil A180M@) Anwesenheit des-Ir
Komplex 58d und TosytCyanid zeigte der Alkohol 139 jedoch keinerlei Umsatz zum
ensprechenden funktionaén Cyclodeca0(vgl.Schem@8A). Auchin Anwesenheit vON-
Bromsuccinimid konnte kein Umsatz zum Brorddverzeichnet werdgiwgl. Schema&8B).

Unter Verwendung von Brom mit Silber(l)acetat konnte durch Bestrahlung des so erzeugten
Bromhydrirs 142mit einer Kompaktleuchtstofflampe (cfl, 23 W ExoTeBe@®pmocyclodecan

1-on (14} in 65% Ausbeuteegvonnen werdefvgl. Schem@8C). Eine Reaktionstemperatur von
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4°C und eine hohe Verdinnung bevorzugten die Bildurralesls141 In Konkurrenz zu
dieselC9-C10-Bindungsspaltung fukedie Spaltung d€9-C1-Bindung zum isomeren Ketba3
in 15% Ausbeute.

A [Ir(ppy)2(dtbbpy)IPFg |
TsCN, PhI(OAc), |
blue LED, I
OH MeCN, 23 °C 0 |
H NC !
139 140 :
B [Ir(ppy)2(dtbbpy)IPFg :
NBS, Phl(OAc), :
blue LED,
OH CCl4/H,0, 23 °C o
H Br
139 141
c i) A
gOAc ..
Brz, PhH Br ||)°23 W Cﬂ O
OH  4°C, 10 min o | 47 15min 0
> +
H H Br
Br
139 142 141 143
63% 15%

Schem&8 (A) Unter Bestrahlung mit sichtbarem Licht in Anwesenheit elPlestbkatalysators zeigte der Alkohol
139weder einetymsatzzum Cyanid.4Q noch (B) zum Bromidl41125 (C) Die Ringerwégrung zunmBromid 141
gelang Uber das Bromhydt#unter Bestrahlung mit eidompaktleuchtstofflampef(, 23 W ExoTerra®@fs

Auch aadere Versuche zRingerweiterundes Decalinol$39durch homolytische Spaltung der
C9C10 Bindung waren erfolgrei€tir héher substituierte Decalinaedie Fragmentierung
durch ein Alkoxyradikalin die entsprechende6-lodocyclodecaft-one bekannt®*** Unter
Verwendung von Diacetoxyiodobenzol und dater sichtbarem Licht (23 W cfl) konrdas
Decalinoll39jedochin nur 18%(31% brsmjn das Ketori44iberfuhrt verden (vglEintrag 2,
Tabellel?). Die Variation von Temperatur und Lichtquelle fihrten zu keiner Verbesserung
Ausbeute Mit dem Einsatz von rotem Quesdber(ll)oxid, lod und Pyridin gelang die
Ringerweiterung zum latibstituierten Ketod44in 8% Ausbeute durckine Variante der
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Dowb-BeckwiTH-Reaktion(vgl. Eintrag B%%!%1°Um die Toxizitatdes Quecksilber(ll)oxids
und Benzolgzu vermeiden, wurde mit ddBARLUENGA’S Reagenz IBBF, eh Kompromiss
zwischen Ausbeute uBdektivitaterreicht (Eintrag #§'°° Keton144wurdeauf diesem Weg
50% brsm neben dem(iddohutyl)cyclohexafron (23% brsm) isoliert.

Tabellel2 Erzielte Ausbeuten in der Ringerweiterung des Decalfnilsnlodo-Keton 144

I2
Lichtquelle
OH Reagenzien 0

139 144

Nr. Reagenzien T/°C t/h Lo6sungsmitte Lichtquelle  144/%

1 PhI(OAch I, O 18 CyH LED weil -

2 PhI(OAc) I, 30 2  CyH 23 W cfl 18 (31brsm)
3 Hgo, L 23 2 PhH LED weil 86

4 IPyBF 0 12 CH.Ch LED 435 nm 50brsm

Das lodid144konnte anschlielBend mit Natriumazid in Dimethylformamid in 95% Ausbeute in
dasAzid 146uberfuhrt werderfsieheSchem&9. Damit gelang imsgesamdrei Stufen die
Transformation ddsommerziell erhaltlichéyclodecan@(7]) zu einem Cyclodecanit zwei

transannulan funktionellen Grupgn von orthogonaler Reaktivitat.

Schema&9 fasstdartiber hinaugerschiedene Wege zur weiteren Funktionalisierung zusammen.
Die KetoGruppe inl46kann,formal mit Natriumborhydrid chemoselektiv zum Alkohé?
reduziert werder® Andererseits kanndas Azid unter LewisSaureKatalyse oder
Triphenylphosphirselektivzum Amin 148 reduziert werdefd” Aber auch einézid-Alkin-
Cycloaddition GlickReaktiop kommt hiermit in Fragend erweitert damit das chemische
Potential des Azids16'®

Damit sind die Voraussetzungen geschaffarifansannular Hunktionalisierteehngliedrige
Kohlenstoffringe als Strukturmotiv in gro3ere Molekule einzubind&erade fiur die
Molekulbibliothekereum HochDurchsat2Verfahren KlighThrogipu) der komlinatorischen
Chemie stehen damit neBausteinezur Verfigung um mittlere Kohlenstoffringan die
Erforschung und Entwicklung von Wirkstifindidaten eimbinden'®®

53



o] NaBH, OH

X Br
141 X = Br
144 X = | 145
NaN3
DMF 95%
40°C,20 h
COC|3 NaBH4
0 NaBH, o MeOH, 0 °C OH
€ oo meeee e NNy mmmmmmmmmeme- >
N N
HaN Ref. 197 3 Ref. 196
148 146 147
| Ref. 198
Y
0
N-
N >/'/“
R
149

Schema29 Die Substitution desodids 144 durch eine Azidruppe, erlaubt eine sequentielle, chemoselektive
Modifikation an Cund C6des zehngliedrigen Kohlenstoffringgeraturbekannte Methoderniauben formal eine
chemoselektiieeduktion des Azids oder des Ketoris4iBund z.B. eine ClidReaktion zu subsiierten Triazolen
wiel49
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4. Zusammenfassung

Im Laufe dieser Arbeit wurden unterschiedliche Strategien herangezogen,- umdacht
zehngliedrige Kohlenstoffringe transannular zu funktionalisteretiesem Zweckvurden
sowohl intramolekulare, als auch intermolekulare Reaktionen untArsicyclode&-enol
((E)-79 wurden die Bicycletil3und 114durch intramolekulare Offnung des entsprechenden
Oxirans bzw. lodoniumions synthetisigdl. Schema30 A). Die relative Konfiguration des
[5.3.1]undecatrols113 wurde durch eine Kristallstruktur bestatigt. Es wurde jedoch kein
wirksamer Einfluss der Hydroxgtuppe auf die Steyselektivitat der ersten Epoxidierung oder
lodierung der @-Doppelbindung festgestellt. Eine intramolekulare Crandall
Cyclopropanierung wurde erstmalig auf einen mittleren Ring Ubertragen. Aus dem Cycloocten
Derivat 127wurde der tricyclische Alkohb29in 36% Ausbeute (&5:45) erzielt. An dem

grolReren Cyclodec@®erivat wurde keine solche transannulare Cyclopropanierung beobachtet.

) s o @ '
n _ ‘,
n=3 Y. intramolekulare g

- Y
Cyclisierung Y
79n=3 Y=0,I Y=0 113 114
122 n=1 Y=1 118 119
H n=1
O
OMe LiTMP H OH
) CRANDALL-LIN éj;<o,\,|e
Cyclopropanierung
127 129
B
O UV Licht OH
H N3 Ns
[1,71-HAT Fragmentierung chemische

71 13 und 146 Diversifizierung 147

Funktionalisierung

Schem&0 Ubersicht der erfolgreichen synthetis@teategiean mittleren Ringen in dieser Arbeit.
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Mit de Photocyclisierung des Ketafisind anschliel3ender, radikalischer Fragmentierung wurde
ein Zugang zu neuartigen,-difeinktionalisierten Cyclodecanen geschéaftgrSchema0 B).
Chemische Diversifizierung war@.mit dem Cyclodecanbd 7erreicht, indemaschemoselektiv

an dem Azid (z.B. CligkeaktionReduktion) oder an der Hydro@duppe (z.B. Esteode
EtherSynthese)weiter umgesetztwird. Mittlere Ringe koénnen auf diese Weise a

Synthesebausteiim der kombinatorischen Chemie verwendet werden.

Die Inserton von Carbenoiden und NitrenoidienC-H-Bindungerfihrte unter keiner der hier
untersuchten Bedingungam einer transannularen Reaktion, sondern war in der Gberwiegenden
Anzahlder Experimenteuwtch die geringe Stabilitét der intermediaren Carbene/Nitnérest.
Daruber hinaus wurdenwei verschiedeneAuxiliare synthetisiert, unzehngliedrig
Kohlenstoffinge zu Gberbriicken und daduretiektiveine gegenuberliegendél®indungzu
adressieren. Dabei blieb die Addition eines Carbens arCGcDep@elbindungbensavie die
Insertion in einalistaleC-H-Bindungmit und ohne diesé\uxiliareerfolglos In zuktinftigen
Experimentesollteder Fokus auf éxiliare gelegt werden, die einersgitn 1,AHAT in einem
definierten Abstand ermoglichen uaddererseitfReaktionen améherenC-H-Bindungen

chemiscldiskriminieren.

56



4.1. Summary

In the course of this work, different strategieg Ieen utilized to transannuiamctionalize

eight and teamembered carbon rings. For this purpose, both intramolecular and intermolecular
reactions were investigated. From cyclbdeol ((E)79), bicyatsll3andll4were synthesized

by intramolecular opening of the corresponding oxirane and iodonium ion, respectively (see
Scheme 30 A). The relative configuration of [5.3.1JuAttetdd3was confirmed by a crystal
structure. However, no effective iafiae of the hydroxyl group on the stereoselectivity of the

first epoxidation or iodination of the@double bond was founsin intramolecular Crandaih
cyclopropanation was applied to a medium ring for the first time. From the cyclooctene derivative
17, the tricyclic alcohdl29was 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 newélirionalized cyclodecanes

(see Scheme 30 B). Chemical diversification is achieved, for example, with cytibt®canol
further reacting it chemoselectively at the azide (e.g., click reaction, reduction) or at the hydroxyl
group (e.g., ester or ether sgai¥). Medium rings can thus be used as synthetic building blocks in
combinatorial chemistry.

The insertion of carbenoids and nitrenoids iAtblonds did not lead to a transannular reaction
under any of the conditions studied here, but was limited Ibwtkibility of the intermediary
carbenes/nitrendsa the vast majority of experimertsaddition, two different auxiliaries were
synthesized to bridge terembered carbon rings and thereby selectively address an ojpposite C
bond. However, addition afcarbene to a-C double bond was unsuccessful, as was insertion
into a distal €4 bond with and without these auxiliaries. In fitppgoachegxperimentshould
focuson auxiliaries thabne the one haneénable a 1JHAT at a defined distance and, the

other hand, chemically discrimirratections at closerkCbonds.
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5. Experimenteller Teil
5.1. Allgemeine Anmerkungen

5.1.1. Materialienund Methoden

Alle Reaktioan bei tieen Temperaturen bzw. mit ydrolyse oder sauerstoffempfindle
Subsarzenwurdenin ausgeheighSchérk-Apparatuenunter Argon als Schutzgas durchgefuhrt.
Es wurde eine Wechselhatiage mit einer Drehschiebervakuumpunmyaeu(UbrarlZ6,
Nemdruck 4-10 mbar) venerdet. Spriten und Karilen wurden vor Gebrauch mit Argon
gespult. DeEntgagn von Losungsmitteln erfolgte mittels BezezZéumfhawMethode. Die
Lagerung vonydrolyseund sauerstoffempfindliehSubsareen erfolgte in zuvor ausgeheizt
Schérk-Apparatuen unter Argon. Die Voluen von luft und sauerstadtabien Flissigkegn
zwischen 1.0 pL urld0OOmL wurdenmit Trarsferpipender Firma/yWR abgemess

Alle kommerziell erhaltlieh Reagrezien wurden soweit nichardersargegebn ohne weitere
Reinigundglirekt verwerdet. Alle ververdeen Losungsmittel wueth am Rotationsverdampfer
frisch destilliert. Die Losungsmittel und Reagn fur luft- oder feuchtigkeitsempfindliche
Reaktioenwurdenunmittelbar vor Gebrauch felglermaBnbehardelt

Acetonitril wurde irHPLC gradeon VWR bezogn und fiir 72 h (iber N&ieb (3 A) unter Argon
getrocknet

Benzol wurdedestilliert, etgast, unter Argdiiir 72 h tiber Molsield A) getrocknet und gelagert
Cyclohexanwurdeertgast, unter Argofiir 72 h tiber Molsied A) getrocknet und gelagert
Dichlormethan Erhitzn unter Ruckfluss mit Calciumhydrid um@chlieBrde Destillation
unterStickstoff

Diethylether: Erhitzen unter Ruckfluss mit Solvona® uadschlie@mde Destillation unter
Stickstoff

Diethylzink wurde als Losung (Iv0in n-Heptan von Sigma Aldricdder vonAcrog1.5Mm in
Toluol) bezogen.

N,N-Dimethylformamid (FirmaRothmin. 99.8%Wwurdeengast, unter Argoiiber Molsieb
(4 A) fiir 72 h getrocknet urgklagert.

Methanol: Zugabe von Magnesiumspdn Erhitzn unter Ruckfluss undirschlieBrde
Destillation untestickstoff

Tetrahydrofuran Erhitzen unter Rickfluss mit Natrium&zoplreron als Feuchtigkeitand
Sauerstoffindikator uradschlie@nde Destillation untestickstoff

tert-Butyl methylether wurdeertgast, unter Argofiir 72 h iibeMolsieb(4 A) getrocknet und
gelagert
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Toluol: Erhitzznunter Riuckfluss mit Natrium uadschlieBrde Destillation untestickstoff
Triethylamin, Diisopropylamin und Diisopropylethylamin wurden jeweils Uber
Calciumhydrid getrocknet und unter Ardestilliert.

Wassemwurde in einem l@rmaustauschertionisierf entgast und unter Argon gelagert

5.1.2. Chromatographie

FlashSaulenchromatographie

Fur die praparative Saéndhromatographie wurd@eselgel 86r FirmaMacheifyagemit einer
KorngréRe von 483um als stationare Phase wwuet. Das Kieselgel wurde im Laufmittel
aufgeschlammt und als Sarspon in die Saule gefillt. Die stationare Phase wurde unter Druck
verdichtet. Das Rohprodukt. wurde g Dichlormetlan oderteriButyl methydther gelost,
nach Zugabe von Kieselgel vom Loésungsmittel befreit und aorKieselgel gebued
aufgetragn Empfindliche Substzenwurdenin weng Laufmittel geldst und direkt aufgetrag
Der Druck wurde mit Hilfe eines Stickstaffschlusses mit Drlegler reguliert. Die
Sautrgrolie, Kieselgderge und die Fraktionsgréf3e wurdAniehnungandie Empfehlungen
von Stillet algewah®°Die LaufmittelZusamnersetzung ist jewedsgegebn

Dunnschichtchromatographie (DC;thin layer chromatograohy TLC)

Fur die DUinnschichtchromatographie zur Reaktionskontrollen@ielsDC-Platen (Kieselgel
60, 0.2mm Schichtdicke) mit Fluoreszindikator kx.der FirmaMerckKGaAverwerdet. Nelen
der Detektion der Fluoremszaisloschung mit einer Udampe ( # 254nm) wuren die
Chromatogramme mit einer der fidenLésung@nund durch Erwarenmit einem Heil3luftfon
auf 250400 °Cargefarbt.

(a)Cer(IV)sulfat/Molybdatophosphorsatfawchlésung: Ammoniummolybetaxahydrat
(100q), Cer(IV)sulfat (400 mghnzertrierte Schwefelsaure (ML) und Wasser (90mL).

(b) KaliumperrargaratTauchlésung: Kaliumpeamarat (3.0 g) und Natriumcarbonat (2f).0
in Wasser (240L) geldst und mit Natronlauge (5%908nL) versetzt.

(c) pAnisaldehydrauchlésungp-Anisaldehyd (80 mL), Essigsaure .GD mL), konzentrierte
Schwefelsaure.g®mL) in Etharol (150mL) 16en

Gaschromatographie (GC)
Die GGMS-Spekten wurden an einemAgilken 6890 GasChromatograph{Agilert HP-5MS
capillary coumn 30 m x 0. 25 mm f us e hVebindlungcnat einefmi | md i c

Hewlett Packard 5M&%sendetektor aufgenommen.
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High Performarce Liquid Chromatography (HPLC)

Gemische diastereomerer Reaktionsprodukteemvardeiner Agilent Technologies HPQCT
Kombination (G1312B Qu&umpe, G1329B AEBrobengeber, G1316A Saulenthermostat,
G4212B Diodew\rray-Detektor)aralysiertDie aufgenommenen Chromatogramme wurden mit
der Software ChemStatiorvon Agikeih ausgewertet. Die verwendeten Saulen und

Losungmittelgemische sind den entsprechenden Versuchsvorschriften zu entnehmen.

5.1.3. Physikalische Daen

Molekulare Massn, Dichten

Alle molekulaan Masgnsind in g-mol in der ersten spalte jedarsatztabellargegebn Fir
Flussigke#tn und Losungnist ggf. zusatzlich die Dichtein gcnt® hinter dem Namen der

Verbindungargegebn

Kernspinresorarzspektroskopie (NMR)

Die Messung der 4dund 2dNMR-Spekten wurden an den SpektrometernAV -300
(300.13VIHz) eigrstandig undan den SpektrometernDRX-500 (500.13VHz), AV -500
(500.13VIHz) derFirmaBrukedurch die Mitarbeiter G. Hade, C. Mischk&entzosR. Wagner
oder X. Xieder NMRADbteilung im Fachbereich Chemie der Philippsgersitat Marburg
durchgefiihrt. Soweit niclitdersargegebnwurdendie Messurenbei300K durchgefihrtDie
Spektenwurdenauf das Signal der Restpretodes Losungsmittels kalibriert; CH@9.9%H
A= 7.26ppm,*C A= 77.16ppm), CDCh (99.9%!H A& 5:32ppm,**C A= 54.00ppm), CRCN
(99.8%H A= 1.94ppm,**C /£ 1=32ppm).Die relative chemische Verschiebng+ppnzum
externerStardard Tetramethylaih (TMS) wurde aus der Mitte der Kopplungsmuster adigeles
Die **C-NMR-Spekten wurcen breittardertkoppelt aufgrommen und auf das Deuterium
gekoppelte Losungsmittelsignal kalibiaet!9~-NMR-Spektenwurdenaufden internen Stdard
Hexafluoberzol (9F A= —164.9pm)relativ zu CFGhls externem &ward Kalibriert.

In den Spekten wurde die Signalauflésung 1. Ordnwsaveit moglicharalysiert und die
KopplungskonstrtenJ (in Hz) argegebn Multiplizitéen s = singlet, bs = brought singlet, d =
doublet, £ triplet, g= quartet, quin= quintet, sext sextet, sept = sept&ir nicht aufgeloste
Signale wurde der Bereich der chems¢lrschiebung als Multipleth)(gelemzeichnet. Zur
Zuordnung detH- und**C-Signale wueh2d-NMR-Experinerte durchgefitt (COSY, HMQC,
HSQC, HMBC NOESY), wobei Strdardpulsseaueenverwerdet wur@én Die Auswertung der
Spektenerfolgte mit dem ProgmmTopSpin 4.0von Bruker.
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Massenspektrometrie (HRMS)

Alle Maserspektenwurdenin der Massrspektrometridbteilung des Fachbereichs Chemie der
PhilippsUniversitat Marburg durch Bambeger, TKrieg, A.Hemer oder U.Linne
auferommen Die HRESI und HRAPCI Spek&n wurden an einem LTQ-FT Ultra
Maserspektrometer der Firmidnermo Fischeetfzigemessn Die Auflosung war auf 100.000

eingestellDie lonermassnm/z sind inuargegebn

Infrarotspektroskopie

Samtliche IFSpektenwurdenmit eiremBrukeALPHA ATR-FT-IR Spektrometgttenuated
Total Reflection Fourier Tarsform Infrared Spectroscopygufgezeichnet. Die Lage der
Absorgionskard e n I st i n (68 latlgegebrn and Idie relative Intensitat mit
schwaclfw), mittel (m) odestark (s) gemnzeichnet.

Schmelzpunkte

Alle Schmelzpunkte wumdmit einemMettlelToledo MP70 einer einseitig @henKapillare
bestimmt und wuehnicht korrigiertDie Angabe des Schmelzpunktes erfolgt in Kombination mit
dem zuletzt verrdeenLdsungsmittel.

Einkristall -R6ntgenstrukturaralyse

Die Messung und Losung d&intgerstrukturausgewahlter kristalliner Verbindungen wurden in
der Abteilung fur Kristallstrukaumlyse des Fachbereichs Chemie der PHilippersitéat
Marburgt von DrK. Harms, Dr. S. Ivleoder R. Riedel durchgefiihrt. Die Kristalle wurden in
einem inegn Ol aneinemBrukeD8 QUEST oder einei®toéPDS 2T Diffraktometer mit Mo

Kq Strahlung bei 100 vermessen. die Strukturen wurden durch Dr. K. Hanohr. S. Ivlev
mithilfe der Softwar8HELXL , SHELXT und Diamondeldst.

5.1.4. Sprache
Die VersuchsbeschreibemgvurdenzurerleichterteVerwerdung fur spatere wisschaftliche
Publikatioenin erglischsprachémFachzeitschiénim Einklarg mit der Promotiagordnundtr

den Fachbereigdbhemie PhilippsUniversitat Marburgn erglischer Sprache verfasst.
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5.2.  Versuchsbeschreibung

5.2.1. Insertion of Nitrenoids and Carbenoids in transannular €4 -bonds

2-lodoxybenzoic acid (149)

Oxone®
H,O HO
I 75°C, 3h \(/O
X :
CO,H 83%
0
148 149
2-iodobenzoic acid 284.0y/mol 1.00 eg 176mmol 5009
Oxone® 30738g/mol 1.80eq 317mmol 97.1¢g

To a solution of @one (70.3 g, 229 mmal30 epin water (650nL) was addedidddberzoic
acid (50.0 g, 176 mmal00 eq). The solution was heatetbtt, ard the reaction was stirred
for 3h. Again Oxone (27.1 g, 88mmol, 0.5 eq) was addeaid the mixture was stirred for 1 h.
The white suspensi@ras cooled to O °@d stirred slowly for 1.5 h. The solid was filtereaitbf
rinsed with water €d00mL) ard acetone2x100mL), ard left to dry at 23C for 16 h.2-
lodoxybennic acid(41.0g, 146mmol, 83%) was collected as a white solidar#igtical data
were in accoadce with the literaturé

H NMR (300 MHz, DMS@) & (ppm)= 8.14 (d,)= 7.4 Hz, 1H), 8.03 (ddz= 0.9, 7.8 Hz, 1H),
7.98 (ddj= 1.0, 7.6 Hz, 1H), 7.88,0= 7.3 Hz, 1H).

m.p. 226230 °C &cetong
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lodosobenzene (151

NaOH

|(OAC)2 Hzo O%l
23°C,1h l
84%
150 151
diacetoxyiodobenzene 32209g/mol 1.00 eqg 46.6 mmol 1509
sodium hydroxide i3 in water 40.00 g/mol 4.50 eq 209 mmol 70.0 mL

Diacetoxyiodobrzere (15.0 g, 46.6 mmol, 1.00 & sodium hydroxide solution N3 70.0mL,
4.50eq)were mixed in a flaskhe stution was stirred for 15 mamd left at23°C for 45 minWater
(100mL) wasaddedard the susprsion was filterethrough a Bichndunnel The residue was
washed with water (2060L) ard methylene chlorid@00mL) ard driedunder reduced pressure
to affordiodosobenzen.63g, 39.2nmol, 846) as a white solidhe aralytical data were in
accorarce with the literatur&.

'H NMR (300 MHz, CGCN) 3 (ppm) =7.78- 7.71 (m, 2H), 7.447.36(m, 1H), 7.23 7.14 (m,
2H).

1 NMR (75 MHz, CRCN) & (ppm) =137.1, 130.6, 127.7.

m.p. 208 °C (methylene chloride).

2,2-(Ethane-1,xdiyl)dipyridine (159

i) n-BuLi, THF
x \ -78 °C, 30 min
| _ + _ i) 75 °C, 30 min
N~ °F N -
81%

152 153 154
2-flouropyriding 1.13 97.09 g/mol 1.00 eq 29.3 mmol 2844
2-ethylpyriding 0.94 107.16 g/mol 2.10 eq 61.5 mmol 6.59¢g
nbutyl lithium 2.5 in n-hexare 64.05 g/mol 2.00 eq 58.6 mmol 23.4 mL

nButyl lithium(23.4 mL, 58.6 mmol, 2.00 eq) was addetlyssia emulato a stirredsolution of
2-ethylpyridine (6.59 61.5 mml, 2.10 eq) in tetrahydrofm(29.0 mL) at78 °C. After 45nin,
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2-fluoropyridine (2.84 89.3 mmol, 1.00 eq) was added sldwly soltion was warmed 23°C
ard heated to 75 °@r 30 minutes. Ice (9 was addedhe ora@ric layer was separated the
aqueous layer was agted with methylene chlori@g10mL). The combined oggic layers were
dried over magnesium sulfate, filtenetconertratedunder reduced pressuide residue was
purified bydistillationto afford 22-(ethare-1,Xdiyl)dipyriding4.37 g, 23.7 mmol, 81%)aas
yellow oil. Tharalytical data were in acamk with the literaturé®

TLC (npertare/ tertbutyl methyetherl91) R0.30

H NMR (300 MHz, MeOD& (ppm) =8.45 (dJ= 4.9, 2H), 7.75 (dd= 7.7,1.8 Hz, 2 H), 7.35
(d,J= 7.9Hz, 2H), 7.24 (dd= 7.35, 7.39 H2H), 4.45 (g]= 7.3 Hz, H).

1C NMR (75 MHz, MeOD¥  ( p [l64)7, 149.8, 138.7, 124.0, 123.2, 50.4, 20.0.

2,6-Bis(1,di(pyridi n-2-yl)ethyl)pyridine (156)

i) n-BuLi, THF
N 7 ~78 °C, 20 min
| _ « |+ | N ii) 75 °C, 48 h
N N F7ONT F
72%

154 155 156
2,6diflouropyriding 127 115.08 g/mol  1.00 eq 5.65 mmol 0.65¢
2,2*(ethare-1, :diyl)dipyridine 184.24/mol 4.20 eq 23.7 mmol 4379
nbutyl lithium 2.5 in n-hexare 64.059/mol 4.00 eq 22.6 mmol 9.04 mL

nButyl lithium(9.04 mL, 22.6 mmol, 4.00 eq) was added to a solut®2*(@thare-1,1-
diyl)dipyriding4.37g, 23.7 mmol, 4.20 eq) in tetrahydrodm(56.0mL) at—78 °C. Stirring was
continued for 20 mirard a solution of2,6fluoropyridine (0.6§, 5.65mmol, 1.00=q) in
tetrahydrofuain (0.80 mL) was added. Timéturewas stirred for 1 ht—78°C ard heatedo
75°Cfor 48 h. The reactiomas quenched with water (25 iauid) the aqueous layer was extracted
with methylene chlorid2%18mL). The combined oggic layers we dried over magnesium
sulfateard filtered. The residweas diluted witmethylene chlorid@ mL)ard layered with diethyl
ether (6 mL) prior cooling #25 °C. The yellow crystallifgMe, 156(1.80 g, 4.06 mmol, 72%)
was collected by filtratiomashed with diethyl ether (12 ralx) dried under high vacuuirhe
aralytical data were in acame with the literaturé
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H NMR (300 MHz, CDG) & (ppm) =8.58—8.48 (m, H)), 7.57 (ddj= 15.5, 7.6 HZ1H), 7.40
(td,J= 7.8, 1.9 Hz, 4HY.12— 7.0 (m, 6H), 6.84 (d= 8.0 Hz,4H), 2.21 (s, 6H).

C NMR (75 MHz,CDCE) &  ( p 66}, 164.4, 148135.6, 124.2, 121.0, 118D(B, 26.9.

(E)-I( 2)-Cyclodec2-en-1-one (73

LDA, Pd(OAc)
O  TMSCI, THF, 2
—78-23°C OTMS  MeCN,
30 min F 23 °C, 1h 2 | 10
T ., +
4 3 9
5 7
6
71 157 (E)-73 (2)-73
65%
cyclodearone 97%y 0.96 154.25 g/mol  1.00 eq 5.77 mmol 0.96 mL
diisgpropylamie,} 0.72 101.19g/mol  1.20 eq 6.93 mmol 0.97 mL
nbuthyl lithium 2.5 in nthexare 64.06 g/mol 1.10eq 6.35 mmol 2.54 mL
chlorotrimethylsilre 108.65 g/mol  1.70 eq 9.81 mmol 1.07 mL
palladium(ll) acetate 224.51 g/mol  1.00 eq 5.77 mmol 1.30¢g

To a saltion of lithium disgoropyl amidgefreshly prepared by addition rébuthyl lithium
(2.54mL, 6.35 mmol, 1.10 eq) toisdpropylamine(0.97 mL, 6.93 mmol, 1.20 eq) in
tetrahydrofusn (5mL) at —78 to 23°C, was adsl cyclodemone (0.96 mL, 5.#4@mol) in
tetrahydrofuain (2 mL) at—78°C. After stirring at this teemature for 0.5 h, the solution was
warmed to 23C ard stirred for 0.5 h. After obng to—78 °Cchlorotrimethylsare (1.07mL,
9.81mmol 1.70eg was addedsd the nixture was stirred at this temperatord h. The reaction
was gerched withsat.ammonium chloride soluti@amd extracted witdiethyl ethe(3x10mL).
The orgnc extract was dried (magnesium sulféilieyed and conertrated under reduced
pressur¢o give a mixture oE}- ard (Z)-1-((trimethylsilyl)oxy)cyclodéene. The crude silyl@n
ether was dissolvedanetonitrilg7.5mL) ard palladium(ll) acetatd.30 g, 5.77 mmdl.00eqg
was addedt23°C. The mixture was stirred fohlafter whicldiethyl ether (25 mL) was added
ard the solidemoved by filtration. The sel¥ was eaporated under reduced pressunkethe

residual d&-yellow oil was purified by flash column chromatography ar(rsgentare/ethyl
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acetat0:1) to affordE)-cyclodee2-enl1-one(42mg, 0.28nmol, 5%)rd (2)-cyclodee2-en1-

one(574mg, 3.72nmol, 686), each as a colorless oil.
Analytical data foE(-cyclodee2-enl1-one((E)-73:
TLC (npertare/ethyl acetate 5:R) 0.50

IH NMR (300 MHz, CDG) & (ppm) =6.59 (td,J= 8.0, 16.0 Hz, 1H;B), 6.26 (dJ= 16.4 Hz,
1H, 3H), 2.552.50 (m, 2H), 2.2824 (m, 2H, 181), 1.691.60 (m, 4H), 1.4B31 (m, 6H).

1C NMR (125 MHz, CDG) & (ppm) =206.9 C1), 138.342), 132.9Q3), 42.2C10), 28.7G¢4),
25.2, 24.9,22.2, 22.0, 21.2.

Analytical data foZj-cyclodee2-enl1-one((Z)-73):
TLC (npertare/ethyl acetate 5:R) 0.61

IH NMR (300 MHz, CDG) & (ppm) =6.29 (td,J= 1.1, 12.0 Hz, 1H-8), 5.73 (tdJ= 8.7, 11.8
Hz, 1H, 3H), 2.432.39 (m, 4H,-81/10-H), 1.891.79 (m, 2H,4), 1.471.40 (m, 4H), 1.2B22
(m, 2H), 1.12.11 (m, 2H).

1C NMR (125 MHz, CDG) & (ppm) =208.8 C1), 138.3G2), 132.8Q3), 44.9C10), 28.7Q4),
24.4, 24.22.2, 22.0, 21.2.

(2)-Cyclodec2-en-1-one ((2)-73

Method A
0 IBX, o
DMSO 1
55°C,3h 10 2
9 3
46% ° Z
7 5
6
4 (2)-73
cyclodearone 97%;j 0.96 154.25/mol 1.00 eg 5.77 mmol 0.96 mL
2-iodoxy benzoic acid 280.0/mol 180 eq 21.7mmol 6.07 g

To a solution otyclodearone(0.96mL, 5.77mmol, 1.0@q)in dimethyl sulfoxidé&s7mL, 0.3M
with respect to IBX) was addaibdoxy benzoic acid (21nfol, 1.8eq 6.07 § The solution

was heated to 5&, monitored by TLC until complete consumption of starting material was
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observed. The reaction mixture was cool@® € ard diluted withdiethyl ether (501L). The
organc layer was washed wathueou$% sodium bicarbonate solutiadxp0 mL), water (50
mL), dried over magnesium sulfatd the solert was removednder reuced pressur@he
residuabrown oil was purified by flash column chromatography on(sieaare/tertbutyl
methyl ether 15:1) to afford){cyclodee2-enl-one ((Z2)-73 875mg, 5.64mmol, 466) as a
colorless oil.

Method B
0 IBX, MPO o
DMSO
75°C,24h
66%
[ (2)-73

cyclodearone 97%y 0.96 154.25/mol 1.00 eg 3.10mmol 0.58mL
2-iodoxyperzoic acid 280.0y/mol 1.80eq 21.7mmol 6.07 g

4-methoxypyridi-N-oxide hydrate 125.13 g/mol  2.00 eq 6.30 mmol 800 mg

2-lodoxybenzoi@cid(6.07g, 21.7/mmol,1.8 eq)ard MPO 800 mg, 6.3thmol, 2.0Gq) were
dissolved in dimethylsulfoxided stirred a23°C. Thissolution was addedfiour parts Q.45 eq

each) to cyclodamne(0.58mL, 3.10nmol,1.00 eq) at 75 °&d the mixture wafurther stirred

for 24h. An equal volume of aqueous sodhioarbonat¢5%)was addedrd the aqueous layer

was extracted with diethyl etig&xg mL). The combined agc layes werewashed wittsat.
sodiumbicarbonatsolution, wategrd brine(20mL each. After dryingovermagnesium sulfate,

the or@nc layer waslteredard concentrated under reduced pressure. The crude product was
purified by flash column chromatographysilicapertare/tertbutyl methyl ether 25:1) to obtain
(Zycyclode€-en1-one(0.31 g, 41 mmol, 66%).

TLC (npentre/tertbutyl methyl ethek5:1)R: 0.30.

H NMR (500 MHz, CDG) & (ppm) =6.29 (tdJ= 1.1, 12.0 Hz,H, 2H), 5.73 (tdJ= 8.7, 11.8
Hz, 1H 3H), 2.432.39 (m, ¥, 3H/10-H), 1.891.79 (m2H, 4H), 1.471.40 (m, 4H), 1.2B22
(m, 2H), 1.12.11 (M 2H).

1C NMR (125MHz, CDCH) & (ppm) =208.8 C1), 138.3C2), 132.8Q3), 44.9C10), 28.7Q4),
24.4,24.0, 22.2, 22.0, 21.2.
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HR-MS (ES)): m/z calcd. for €H10:Na [M+Na]: 175.1093; found: 175.1090

FT-IR (neat)v (cnT?) = 2927 (s), 2856 (w), 1686 (s), 1655 (W8, (B2 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)), 7&®((w), 709 (m), 625 (w).

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

}/BF\O,K
0

@) [Rh(cod),]BF,4 10
EtsN, Toluol/H,O 2
25°C, 36 h 9 3 12
8
4 1"
70% 7 - 5 13
(2)-73 158

(2)-cyclodee-enl-one 152.249/mol 1.00 eg 0.53mmol 80.0 mg
potassiunfprop-1-en2-yl)

trifluoroborate 147.98/mol 2.00eq 1.05mmol 155 mg

bis(1,5cyclooctadiene)rhodium(l)
tetrafluoroborate

triethylamine 101.19 g/mol  4.00 eq 2.10 mmol 0.29 mL

406.07 g/mol  0.02 eq 0.01 mmol 4.3 mg

In a Schérk tube wasadded potassiyprop-1-en2-yl) trifluoroborate (155 md,.05 mmal
2.00eg ard Rh(codBF: (4.3 mg,0.01 mmql0.02 el The tube was evacuased filled with
argon three times. To thigxture was #nadded(Z)-cyclode€-enl1-one (80 mg, 0.53 mmol
1.00eg), triethylamine (0.29 m2.,10 mmql4.00 eyjfollowed by tolare (1.60 mLard degassed
water(0.40 mL). The Sark tube was sealadd the reaction mixtureas stirred at 23 for 36

h. The reaction mixture was pourigtio a mixture ofliethyétherard sat. agueous ammonium
chloride (1@nL each)The or@ric layer was washed whitine (10mL), dried ovemagnesium
sulfatefilteredard con@ntrated under reduced pressline.residue was purifiedftash column
chromatography on silicapenare/tertbutyl methyl ethed9:1) to afford3-(prop-1-en2-
yl)cyclodeznl-one(71mg, 037mmol, 70%) as a yellow oil.

TLC (npentre/ tertbutyl methyl ethed:1) R0O.15.

H NMR (500 MHz, CDG) & (ppm) =4.724.70 (m, 2H, 1B), 2.842.73 (m, 2H, B, 16H.),
2.59 (dddJ= 3.7, 9.5, 15.8 Hz, 1HHR), 2.51 (ddd]= 3.7, 8.1, 15.7 Hz, 1HiH), 2.332.27
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(M, 1H, 16Hy), 1.941.86 (m, 1H,4H.), 1.811.74 (m, 1H,4Hy), 1.72 (ddj= 1.3, 0.8 K, 3H,
13H3), 1.641.57 (m, 1H,®1), 1.511.23 (m, 9H).

5C NMR (125MHz, CDC) & (ppm) =213.7 C1), 149.6G11),109.4 C12), 47.4C10), 42.4
(C2), 42.1@3), 30.3Q9), 25.7, 25.0, 24.8, 2TB)( 21.2C13).

HR-MS (El) m/z calcd. for GH201 [M]*: 194.16706found:194.16569

FT-IR (neatls cnf?) = 531 (m), 670 (w), 689 (s), 724 (sB @9, 919 (m), 101@n), 1259 (s),
1415 (m), 1579 (w), 1609 (m), 1631280 (w), 2658 (w), 2814 (W), 206P

3-Isopropylcyclodecanl-one (74)

Method a
i-PrMgBr,
o) CuBr-Me,S o)
Et,0, -78 °C, 2,5 h
33%
(2)-73 74
(2)-cyclodee2-enone 152.24g/mol 1.00 eg 101 mmol 154 mg

isopropylmagnesiubmomide (3vin 2
methyl tetrahydrofan)

copper(l) bromide dimethyl sulfide
complex

147.31g/mol 120eq 1.21mmol 0.41 mL

205.38 g/mol  0.05 eqg 0.05 mmol 10.4 mg

Under inert conditionsopper(l) bromide dimethyl sulfide comléx4mg, 0.05 mmp0.05eq)
was dissolved oy diethyl ether (1.67 jndurd stirredfor 15min at 23'C. After addition ofZ)-
cyclodeerone (154 mg, 1.01 mmal00 epthe mixture was cooled+@8°C ard a 0.5v soln.
of isopropyimagnesium bromide (0.41L, 1.21 mmgl1.20 eq) in diethyl eth€.00mL) was
added viaamula within 2 h by a syringe puifipe mixture was stirred for 30 mir&8°C. The
reaction was quched with metarol (1 mL) ard sat.agueous ammonium chloride solut{&n
mL). The orgric layer waseparatedrd the aqueouisyerwas extracted witiertbutyl methyl
ether 8x15mL). The combined oagc layers were washed with brine, dreaesium sulfate
filtered,ard conentratedunder reduced pressuiéhe residuevas purified by flash column
chromatography on siligapentrg/ethyl acetatel0:1) to afford3-isopropylcyclodecrl-one
(66mg, 0.34nmol, 386)as a colorless oil.
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Method b

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

74%

(2)-73 74

(2)-cyclodee2-enone 152.24g/mol 1.00 eqg 0.51mmol 77.0 mg

isopropylmagnesium bromidevw(d 2
methyl tetrahydrofan)

copper(l) iodide 190.44 g/mol  2.00 eq 1.01 mmol 193 mg
dimethyl sulfidge 0.85 62.13 g/mol 2.00 eq 1.01 mmol 74.0 L

147.31g/mol 2.0 eq 1.01mmol 0.34 mL

Under inert conditionsopper(l) iodidé193mg, 1.0Inmol 2.00ejjwas dissolved arhydrous
tetrahydrofusn (15 mL) ard cooled to-5 °C At this temperaturésopropylmagnesium bromide
(0.34mL, 1.02mmol 2.00eg was added viamula within 10 mirt.hen, dimethytulfide 74.0ul,
1.01Immol 2.00 epwas addeald the resulting daidgreen solutiowas stirred foarother 15min

at -5 °C, upon which a soluti@f (Z)-cyclode€-enone (77.0ng, 0.51 mmol) irarhydrous
tetrahydrofusn (3 mL) was added aB0 °C within 1 h. Theixture was #nstirred for 30 min.
The reaction was grched with metérol (1mL) and sat.agqueous ammonium chloride solution
(5 mL). The oraric layer was separatad the aqueouayemwas extracted witkertbutyl methyl
ether 8x15mL). The combirgtorgaric layers were washed with brine, dreabfesium sulfate
filtered,and conernratedunder reduced pressuféne residuevas purified by flash column
chromatography on sili¢apentrg/ethyl acetatel0:1) to afford3-isopropylcyclodecrl-one
(73.0mg, 0.3Mmmol, 740) as a colorless oil.
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Method ¢

0]

o) Pt/C 10%

H,, EtOH 10 2

20°C,4h 9 3 12

g ° 4
99% 7 5 45
6

158 74

3-(prop-1-en2-yl)cyclodeanl-one 19432 g/mol 1.00 eqg 2.36mmol 460 mg
platinum 10% on C 195.08/mol 0.0leq 0.01 mmol 23.1 mg
hydrogen (ballon) 2.00 g/mol - - -

To a solution 08-(prop-1-en2-yl)cyclodeanl-one (460 mg, 2.37 mmdl.00eq in dry etlarol
(5.50 mL) 10% platinu@ (23.1mg,0.01mmol 0.01 efywas added. The otian mixture was
stirred for 4 at23°C in anatmosphere of hydreg Thecatalyst was filtered difirough a plug
of celiteard the solert was emoved under reduced pressure. The crude oiuwiesdpusing
flash column chromatography (silica gefttape/tertbutyl methyl ethefd9:1)to afford 3-
isopropylcyclodecrl-one(464 mg, 2.3%nmol, 990) as a colorless oil.

TLC (npentrg/ethyl acetatd0:1) R0.30.

H NMR (500 MHz, CDG) & (ppm) =2.58 (dddJ= 3.6, 9.3, 15.8 Hz, 1i#H.), 2.50 (ddd]=
3.9, 8.0, 16.2 Hz, 18Hy), 2.46 (dd)= 10.8, 14.2 Hz, 1HGH.), 2.24 (ddJ= 3.1, 14.2 Hz, 1H
10-Hy), 1.951.82 (m 2H, 9H), 1.861.72 (m 1H, 3H), 1.641.56 (m, 1H, H), 1.531.22 (n,
10H), 0.89 (d]= 6.8 Hz, 3H 12H), 0.86 (dJ= 6.8 Hz, 3H 13H).

1C NMR (125MHz, CDC}) & (ppm) =215.3 C1), 46.6C10), 42.402), 41.4C3), 33.4C11),
28.9 C4), 25.9, 24.9, 24.2, 23.5, 1019Y, 19.5G13).

HR-MS (ESI) m/z calcd. for GH»0:Na; [M+Na]': 219.1719, found: 219.1725.

FT-IR (neat)v cn{’) = 2927 (s), 2856 (w), 1721 (w), 1680 (2, (b6)l 1478w), 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)(m§ 7708 (w), 672 (w), 593 (m).
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(1R*,3R*)-3-Isopropylcyclode@n-1-ol (79

? L-Selectride® OH
THF, —78 °C, 15 min
> 0 2
} 9 3 12
70% 8 % ﬁ
dr 10:1
7 5 13
6
74 75
3-isopropylgclodeanl-one 196.33y/mol 1.00 eqg 2.24mmol 440 mg
L-Selectride®lithium trisec
butyl(hydrido)boratém in 190.10y/mol 2.10eq 4.71mmol 4.71 mL

tetrahydrofuran

To a solution oB-isopropylcyclodecrl-one 440 mg, 2.24 mmaol.00 e)yjin tetrahydrofuan
(29.0mL) was added-&electride (4.7mL, 4.71 mmgl2.10mmol) dropwiseat—78°C. After 15
min of stirringsat.aqueous ammonium chloride {6 was addedrd the reaction mixture was
allowed tavarm to 23C. The miture was poured into water (@D) and extracted wittertbutyl
methyl ether3x20 mL). The combined oagic layers were washed with brine {20, dried
(magnesium sulfatard the solert was removed under reduced pres3ire.ydbw oil was
purifiedbyflash column chromatographysiica(pentire/ tertbutyl methyl ether 19:1) to afford
the alcohoV5(313 mg, 0.68mol, 70%; dr 10itans/cisby nmr) as a colorless ¢IR*,3R*)-3-
isopropylcyclodecdrol (trans,759 was identified biys NOE signals betweenH/ 2-H., and
2-H./ 3-H, respectively

TLC (npentrg/ethyl acetat®:1) R0.15.
HR-MS (ESI) m/z calcd. for GH.60:Na;s [M+Na]*: 221.1883, found: 221.1876

FT-IR (nealv  ()c=12915 (m), 2845 (W), 1721 (w), 1680 (S} (tB), 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).

Andytical data oflR*,3R*)-3-isopropylcyclodecdrol 75a

H NMR (500 MHz, CDG) & (ppm) =4.134.08 (m, 1H,-H), 1.87 (dtJ = 5.4, 6.4 Hz, 1H
10-H), 1.741.40 fn, 18H), 0.88 (dd= 3.3, 6.6 Hz, 6HCH.).
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BC NMR (75MHz, CDC}) & (ppm) =70.5 C1),38.7 C10), 38.1G2), 34.9¢11), 33.3q3),
27.6, 26.4, 25.7, 25.6, 24.9, 23.9,a0:) (L9.9CH5).
Analytical data of th@R*,3S*)-3-isopropylcyclodecdnrol 75k

IH NMR (500 MHz, CDG) & (ppm) =4.003.95 (m, 1H1-H), 1.961.83 (m, 1H10H), 1.74
1.40 (m, 18H), 0.93 Jt= 7.6Hz, 6H, GH5).

BC NMR (75MHz, CDC) & (ppm) =696 (C1), 38.7 C10), 38.142), 34.9C¢11), 32.243), 27.1,
26.4, 25.7, 25.6, 24.9, 23.1, ZHG)(19.9CH,).

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

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

To a solution oB3-isopropylcyclodec1-ol (25 mg, 0.18&mol 1.00eg in methylene chloride
(5.5mL) 4-dimethylaminopyridine (39.4 mg, 380l 3.00eg ard 4nitrobenzoyl chloride
(70.2mg, 0.38mmol, 3.0@q)were addedrd the mixture was stirred 28°C for 18h. Sat.
aqueous sodium bicarbong@enlL) was addedrd the layers were separated. The aqueous layer
was extracted withethylene chlorid@x3 mL). The combined oagic layers were washed with
brine (D mL), dried fhagnesium sulfaidilteredard the solert was removed under reduced
pressurel he residual yellow oil (3829, 0.1Inmol, 87%) wamalyzed by HPLC (Chiralpak 1C,
nhexare/isoproparol 99:1flow=0.5mL/min, 30 min) to find a 14:1 mixture of two diastereomers
(trankci$.

Analytical data of thmajor diastereomer%1,3R*)-159

HPLC (rt 21.705 min).
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'H NMR (300 MHz, CDG)  (ppm) =8.308.25 (M, 2HHarn), 8.178.13 (M, 2HHa0n), 5.65
5.55 (m1H, 1:H), 2.131.95 (m1H, 2H.), 1.891.52 (m17H), 0.88 (dd= 0.8, 6.8 Hz, 6HCH.).

BC NMR (75MHz, CDCH) & (ppm) =164.5 C14), 150.6018), 136.6015), 130.8 (2C17/19),
123.6 (2CC16/20), 75.7G1), 38.4, 34.8, 33.1, 31.3, 27.8, 26.2, 25.6, 25.5, 24.8, 2613)20.0 (
19.9 C12).

Analytical data of the minor diastereomiet,85%)-159
HPLC (rt 27.780 min).

H NMR (300 MHz, CDG) 3 (ppm) =8.368.25 (M, 2HHarwon), 8.178.13 (M, 2HHawn), 6.21
(td, J= 5.8, 10.4z, 1H, 1-H), 1.891.52 (m, 1), 0.88 (ddJ= 0.8, 6.8 Hz, 6HCH:).

Cyclodeanol (72)

7 NaBH,, oH
CH20|2/MeOH
23°C,1h
93%
71 72
cyclodearone 98% 154.25/mol 1.00 eq 3.70mmol 570 mg
sodium borohydride 37.8%/mol 5.00 eq 18.5 mmol 699 mg

Sodium borohydride (700 mg, 18.5 m&0D epwas slowly addeddasolution o€yclodearone

(570 mg, 3.70 mmdl.00eq) in metarol (6mL) ard methylene chloridé mL). The solution was
stirred forone hourat 23°C. The solution was gched with wateard stirred for 10 minutes.
Thelayers were separased the aqueous layeas extracteditn methylene chlorid8%X10mL)

The combined oggic layers were driedermagnesium sulfate, filteral conerntratedunder
reduced pressure. The residue was purified by flash column chromatography on silica (
pentare/tertbutyl methyl ether. B)to &ford cyclodeanl-ol (502mg, 3.12 mmol, 81%) as a white
solid.The analytical data were in accordance with the litétature.

TLC (npentre tertbutyl methyl ethes:1) R0.15

H NMR (500 MHz, CDG) & (ppm) =3.993.95 (n, 1H, 1-H), 1.791.72 (m2H), 1.691.59 (m,
4H, 2H/10-H), 1.541.37 (m 15H).
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1 NMR (125MHz, CDC}) & (ppm) =71.4 C1), 33.4 (20C2/C10), 25.4 (2G33/C9), 25.3
(C6), 24.3 (2Q34/C8), 22.1 (2AS5/C 7).

FT-IR (neatyv  ()c=rB407 (w), 3343 (m), 2984 (W), 2966 (WF @9} 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 (36 (w), 1004 (s), 966 (M), 927 (w), 898B4B/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. 4042 °C (methylene chloride).

(2)-Cyclodec2-en-1-ol (160

(@) CeCI3-7 Hzo, OH
NaBH,,
2 MeOH
0-23°C,3h @
82%
(2)-73 160
cyclodee2-enl-one 152.24/mol 1.00 eq 197mmol 300mg
sodium borohydride 37.83 g/mol 1.00 eq 1.97mmol 70.0mg

Cerium(lll) chloride heptahydrate 37258 g/mol 1.00 eg 1.97 mmol 730 mg

Cyclode€-enl-one B00mg, 1.97 mmol, 1.00 eq) was added gospensiomf cerium(lll)
chloride heptahydraté/30mg, 1.97mmol, 1.0@qg) in metarol (1.55mL) under argon
atmosphereAt 0 °C, sodium borohydride (7009, 1.97 mmol, 1.00 eq) was added in portions
over a period of 15 min. The solution was stirr&@B&E for 3 hard thenquenched with
hydrochloric acid (&, 5 ml). heaqueous lay&ras extractedith diethyl ether (4 x 5 mOhe
combined orgric layers wer@ashed with brine (20 midyjed over magnesium sulfate, filtered
ard conertrated under redced pressureThe residue was purified by flash column
chromatography on silicapertare/tertbutyl methyl ether 19 to affordthe title compound
(250mg,1.62mmol, 826) as a white solid.

TLC (npertare/ tertbutyl methyether9:1) R0.30

H NMR (500 MHz, CDG) & (ppm) =5.46 (td,J= 5.0, 11.Hz, 1H, 3H), 5.38 (ddJ= 10.2
5.0Hz, 1H, 2H), 4.85 (tdJ= 5.6 10.2 Hz, 1H, H), 2.58- 2.43 (m 1H, 4H.), 2.05-1.99 (m,
1H, 4Hy), 1.88-1.76 (m, 1H, 161), 1.62-1.22 (m11H).
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1 NMR (125 MHz, CDG) & (ppm) =133.4C2), 1311 C3), 67.5C1), 36.9C10), 27.4, 25,6
25.5 C4),24.6, 21.1, 20.8.

HR-MS (ES) m/z calcd. forCyH10:H [M+H]": 155.1430found:155.1430

FT-IR (neat)v cn(?) = 3354 (w), 3000 (w), 2911 @J46 (w), 268@v), 1467 (w), 1442 (m),
1381(w), 1338 (m), 1263 (w), IZ%), 1191 (w), 1165 (w), 114 1@8 (w), 1062 (w), 1006 (s),
941(w), 915w), 873 (w), 791 (m), 771 (#86 (s), 706 (w), 663 (w), 597 H&Y, (W), 516 (w),
457(w), 423w).

m.p. 77.9°C (ertbutyl methyl ethgr

1,2Divinylcyclohexan-1-ol (77)

ZMgCl N
i) THF,0°C,2h
? ii) THF, 65 °C 3 h HO )7 o HO§
Cl . 6 TN o e N N
78% 2
dr 7:1 s - 3
76 trans-77 cis-77
2-chlorocycloheat1-one 132.95/mol 1.00 eqg 64.5mmol 9.00g
vinylmagnesium chioride 1 131.25 g/mol 250 eq 194mmol 114 mL
tetrahydrofuan

A solution of vinylmagnesiuohloride(1.7m in tetrahydrofuan 59.0mL, 90.7 mmol, 1.4€q)
ard a solutiorof 2-chlorocycloheat1-one (9.00 g, 64.5 mmol, 1.00 eq) in tetrahydnd&@mL)
were added to tetrahydradn(26 mL)at O °C within 1 by the same syringe purBgirring was
continued forarother hour at O °CThen, asolution of vinylmagnesiunhloride (55mL,
70.3mmol, 1.1@&q)wasadded over a period of 10 rai® °C. Thereaction mixture was warmed
to 65 °Cfor 3hard allowed to@ol to 23°C. Sataqueous ammoniuchloride (75nL) was added
The aqueous layer wagaoted with diethyl ethe8X50 mL). The combined oggic layers were
washed with brine (150 miljied ovesodium carbonatélteredand con@rtratedunder reduced
pressureThe residue was purified by flash column chromatography onsditanrgé/tertbutyl
methyl ether 2Q@) to affordcisl,2divinylcycloheat1-ol (1.05 g, 9.2@mol 9%) as a yellow oil
ard trandl, 2divinylcycloheant1-ol (6.74g, 70.0mmol, 69%Hpas goalegreen oill

Analytical data farisl,2divinylcyclohean1-ol cis77:%
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TLC (npertare/ tertbutyl methyether9:1) R0.35

H NMR (500 MHz, CDG)3 ( p [6.24 (dd3= 10.9, 17.2 Hz, 1H-H), 5.62 (dddJ= 9.0,

10.2, 17.Hz, 1H, 9H), 5.29 (ddj= 1.4, 17.3 Hz, 1HIGH,), 5.16 (ddjJ= 1.5, 11.1 Hz, 1H
10H:),5.125.06 (m, B, 8H), 2.142.08 (m1H, 2H), 2.081.85 (m1H, 3H), 1831.67 (M, 5H),
1.591.30 (M5H).

1 NMR (125 MHz, CDG) & (ppm) =146.1C7), 139.0G9), 116.310), 111.938),73.3 C1),
48.3 C2), 38.0@6), 26.4C3), 25.5C4), 21.4(C5).

FT-IR (neat)v cnt®) = 3452 (w), 3079 (w), 3007 (w), 2931 (s), 28587(V),(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), 86@w), 809w), 747 (w), 678 (w), 649 (w), 545 (w).

Analytical dataof trandl,2divinylcyclohean1-ol trans7 7:52

'H NMR (500 MHz, CDG)& ( p (5.90 (dd3= 10.8, 17.3 Hz, 2H-H/9-H), 5.21 (ddJ=
1.4, 17.Mz, 1H 8H,), 5.135.00 (m3H, 8H/10-H), 2.172.08 (m 1H, 2H), 1.87 (td, J = 1.6,
7.4Hz, 1H, 6H,), 1.821.70 (m1H, 6-Hy), 1.681.45 (m6H), 1.39 (s, LHDH), 1.371.21 (m1H).

1C NMR (125 MHz, CDG) & (ppm) =146.1C7), 139.0q9), 116.3¢10), 111.938),73.3 C1),
48.3 C2), 38.0Q6), 26.0C3), 25.5C4), 21.4(C5).

HR-MS (ES) m/z calcd. for GH160: [M+MeOH]: 183.139] found:183.1382

FT-IR (neativ cnt)) = 3413 (w), 3079 (w), 2929 @957 (w), 1719 (w), 1639 (w), 1448 (m),
1415(w), 1349 (w), 1294 (w), 126v), 1178 (w), 1151 (w), 188}, 1055 (WP94 (W), 965 (S),
908 (m), 850w), 819 (w), 689 (W), 609 G2 (W).
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(E)-Cyclodec5-en-1-one ((£)-78)

A\ KH, 18-K-6 3
HO THF 2 4
N 0—23°C,3h 0
- 10 2 5
81% 9 7
8
trans-77 (E)-78
trangl,2divinylcyclodean1-ol 152.24/mol 1.00 eg 23.4 mmol 3.57¢g
potassium hydride 70% in parrafin  40.11 g/mol 1.10 eqg 25.8 mmol 147¢g
18Crown-6 264.32 g/mol  1.70 eq 39.8 mmol 10.5¢

An ovendried flask was charged watitassium hydridd.47 g, 25.8 mmol, 1.4€), 18Crown-6
(10.5 g, 39.8 mmol, 1.70 em tetrahydrofusan (20 mL). To this solutioriransl,2
divinylcycloheantl-ol (3.57 g, 23.4 mmol, 1.00 edetrahydrofuan (20 mL)was added at 0 °C
under argon. The red solutionsvedlowded to warm to 23 °C under stirfed3 h. Upon
completionsat.agueousammonium chloride solutiamd diethyl ether (40 mL each) were added
ard thelayersvere separated. The aqudaysiwas extracted withiethyl ether3dx30 mL). The
combinedorgaric layersvere washed with brin@x@0 mL), dried ovesodium sulfatefiltered

ard evaporated under reduced pressure. The residue was puldsbdimpmatographin silica
(npertare/diethyl etehf0:1) to obtainH)-cyclodeé&-enl-one (2.90 g19.1 nmol, 81%) as a
colorless oil.

TLC (npertare/ tertbutyl methyether9:1) R0.26

'H NMR (500 MHz, CDG) 6 (ppm) =5.355.30 (m, 1H6-H), 5.135.07 (m, 1H5-H), 2.56-
2.51 (m, 1H10H), 2.462.35 (m, 1H2-H), 2.361.62 (series of m, 15H

1 NMR (125 MHz, CDG) & (ppm) =212.8 C1), 134.5C5), 131.3C6), 45.6(C2), 43.2C10)
34.2(C4), 33.3C7),28.8, 28.1, 22.2.

HR-MS (APCI) m/z calcd. for GH./O0. [M+H]": 153.1279found:153.1272

FT-IR (neatv cntd) = 3029 (w), 2924 (s), 2850 (w), 1705 (9, (4B 1426 (w), 1352 (w),
1323(w), 1252 (w), 1232 (w), 1194 (w), 1167 (w), 1138 (W)}, aEEB2 (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)-Cyclodec5-en-1-ol ((£)-79

LiAIH,, 3
Etzo 2 4
o 0—23°C, 18 h HO
7 10 6/5
93% 9 .,
8
(E)-78 (E)-79
(E)-cyclodeés-enl-one 152.24/mol 1.00 eqg 190 mmol 2904¢g
lithium aluminumhydride 37.95/mol 1.20 eqg 22.9 mmol 870 mg

To a solution ofE)-cyclodeés-enl-one (2.90 g, 19.0 mmol, 1.00 eqgliéthyl ether (70 mL) lithium
alumirum hydride (0.87 g, 22nmol, 1.20 eq) was slowly addéd’&t The solution waiowed to warm

to 23°C ard stirred for 18 hThe mixturewasquenched at T by the addition ahetrarol (10mL). A

sat. agueous solution of potassium sodium tartratejA@as addead stirred vigorously fort8 The
layers were separated the aqueous layer was extracted with diethyl &Ben{L). The combined
organc layers wereashed with brinelried over magnesium sulfate, filtexetl conertrated
under reduced pressufidne residue was purified by flash column chromatography om-silica (
pertare/tertbutyl methyl ether 20) to afford E)-cyclodeé&-enl-ol (2.833,18.3mmd, 93%) as

acolorless ail
TLC (npertare/ tertbutyl methyether4:1) R0.33

H NMR (500 MHz, CDG) & (ppm) =5.34 (dt]) = 14.3, 6.9 Hz, 1H,-H), 5.14 (dt])= 15.0,
7.2Hz, 1H, 6H), 3.813.78 (m, 1H,-H), 210E2.09(m, 4H, 4H), 1.661.11 (seriesf m, 10H),
1.43 (s, 1H, B).

1C NMR (125 MHz, CDG) & (ppm) =132.0 C5), 131.6 C6), 71.9C1), 34.8Q4), 33.9C7),
32.3,31,27.1, 26.2, 24.2

HR-MS (ES) m/z calcd. for GH1s0:K1 [M+K]": 193.0983found:193.11983

FT-IR (neaty cnt?) = 3342(w, br), 3021 (wR920 (s), 2852 (w), 1443 (m), 1340 (w), 1311 (w),
1234(w), 1201 (w1125 (w), 1085 (w), 1022 @83 (s), 954 (w), 919 (890 (w), 803 (w), 78h),
755(w), 724 (w40 (w), 455 (w).
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Sulfamoyl chloride (16 %y

H,CO,H
CH,CI,
0° C, 10 min;
Q _NCO 23°C,15h Q _NH,
CI/S\\ CI/S\\
o) o)

161

5%
chlorosulfonyl isocyan#8%,) 1.626 141.53 g/mol 1.00eq 20.8mmol 1.83 mL
formic acid 99%, 1.220 46.03 g/mol 1.00 eq 20.8mmol 792uL

Formic acid {92 L, 20.8mmol 1.00eg was added dropwise dosolution ofchlorosulfonyl
isocyarate (.83mL, 20.8mmol 1.00eg in methylene chloride (1hml) at O °C at rapid stirring

within 10min. The resulting viscous sesgon was stirred at°C for 5 min.The solution was

stirred at 0 °C for @ minard then at 23C for 12h. The flaskwas sealed withrubber septum

and placed in-&20 °C freezer for 1 h. The cold supernatant was then removed with the aid of a
cannula. The resulting whiteédelas dried undéigh vacuum to give sulfamoyl chloride (@,10
18.2mmol, 88%) as white crystals. Téegentvas storedinder argon and proofed to be stable
at-20 °C for several weekswassuccessfullysed without further purification or analyses

the syntheses of variaidfamatesters.
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General procedure A/n situ generated sulfamoyl chloride)

Cyclodecyl sulfamateg80)

()\\ /NH2
S
i) CI-C|; IC| ©
|
OH 0°Cah HZN\S//O
23°C, 8 h) g o
ii) pyridine
0—23°C,3h
72 80
47%
cyclodearol 156.25 g/mol  1.00eq 1.28mmol 200 mg
formic acid 99%, 1.220 46.03 g/mol 150 eq 1.92 mmol 72.0pL
chlorosulfonyl isoeyate 98%; 1.626 141.53 g/mol 1.50eq 1.92 mmol 171pL
pyridine 99% 79.10 g/mol 1.50 eg 1.92 mmol 155uL

Formic acid{20 pL, 1.92mmol, 1.50eg was added dropwise to neat chlorosulfonylaisaiey
(171pL, 1.51 mmoEI1.50eg at O °C at rapid stirring. The resulting viscousi®isp was stirred
at 0 °C for 5 min. Metls#te chloride (1.00 mL) was addedithe solution was stidat O °C for
1h ard then at 23C for 8h. The mixture was cooleal@ °Card a solution of cyclodawml
(200mg, 1.28nmol 1.00 epgard pyridine 155uL, 1.92mmol 1.50eg in methydre chloride
(0.50 ml. was added dropwisThe mixture was stirred at X3 until TLC indicated full
consumption of the starting materiaat®v (3mL) ard diethyl ether (B1L) were addedrd the
layers were separated. The aqueous layer was extracted with dietBy16thdr).( The
combined orgnc layers were washed with brinen2] dried hagnesium sulfaidilteredard
the solert wasremoved under reduced pressline. crude product waanfiedby flash column
chromatography (silica gehentare/ tertbutyl methyl ether 2:1) &fford cyclodecyl sulfamate
(140mg, 0.60nmol, 46%) as a yellow oil, which decompegath daysit 23°C but was stable
at —20 °C for severalveeks As the sole side product, the correspondingodecyl

formylsulfamatél6mg, 0.06nmol, 5%) was isolated as a colorless oll.
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General procedure B

i) NaH, DMF
0—23°C,1h
i) MeCN
OH 0—23°C,1h HN. O
(/)\\S\\/NHZ g0
CI™ Y _
72 80
63%
cyclodearol 156.25/mol 1.00 eq 0.64 mmol 100 mg
sulfamoyl chloride 115.53y/mol 1.50eq 0.96mmol 111 mg
sodium hydride 23.99 g/mol 1.0 eq 0.70mmol 280 mg

Cyclodearol (100mg,0.64mmol 1.00eq)wasslowlyaddedo a suspension obdium hydride
(28.0mg, 0.70nmol, 1.1@&q) in dimethylformamide (0.64 ilat 0 °C ard the resulting
susgrsion was stirreat 23 °C for one houT he reaction walluted with acetonoitrile (0.95 mL),
cooled to 0 °C agaiard sulfanoyl chloride(111mg, 0.96nmol, 1.5&q)was addedh one
portion The mixture was stirred at®© forone hour(until TLC indicated full consumption of the
starting materialpH7 buffer solutiorf3 nlL) ard diethyl ethe(c mL) were addedrd the layers
were separated. The aqueous layeextrasted with diethyl eth€Bx10 mL). The combined
organic layers were washed with brinen2l) dried ihagnesium sulfajdilteredard the solert
was removed under reduced pressu3 °CThe crude product wasinified by flash column
chromatognahy (silica getycloheare/ethyl acetate:®) to affordcyclodecyl sulfamat@5mg,
0.40mmol, 63%) asaff-white soligwhich decomposetbwlyat 23°C but was stable-&20°C
for severamonths

TLC (npentre/ethyl acetaté1) R0.50

H NMR (500 MHz, CDG}& ( p p m¥.96m 15, 1-61)1. 4.6 7bs, 2H NH,), 1.831.76 (m
2H), 1.741.67 (m, 2H), 1.66.45 (m14H).

1 NMR (125MHz, CDC}) & (ppm) =75.0 C1), 30.1G2/C10), 25.36), 25.1¢3/C9), 24.9,
24.1 CA/C8), 22.2Q5/ CT).

HR-MS (APCI) m/z calcd. for GH»dN:0sS; [M]: 234.1172, found: 234.1169.
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FT-IR (neatly cntl) = 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), 829 (W), 787 (MY08 (W),

672(w), 593m), 456 (w).

X-Raysee 7.4.

(1R*,3R*)-3-1sopropylcyclodecyl sulfamatg81)

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 Bs@&ropylcyclodectl-ol (50mg, 0.2%nmol, 1.00 egsodium
hydride (11.ing, 0.28nmol, 1.1@q) in dimethyl formamid (0.82.), sulfamoylichloride
(58.2mg, 0.50nmol, 2.0 eq) ard acetonitrile (0.32L) were used. The crude product was
sensitive to chromatography on silica and thekeésteed with pemta, filtered and the residual
solid was dried under high vacuum to afford sulfe8a&®mg, 0.18nmol, 70%) as wahite
solid.

TLC (npentre ethyl acetaté1) R0.50

'H NMR (500 MHz, CDG) & (ppm) =5165.12 (m1H, 1H),4.61 (bs, 2H, N;), 1.881.84 (m,
1H, 2H,), 1.661.44 (series of m, 18H), 0.87J&l6.5Hz, 6H, 12-H/13-H).

11C NMR (75 MHz, CDC) & (ppm) =74.5 C1), 38.2@3), 35.0C10), 33.3 C11),31.4 C2), 27.7,
26.1 C4), 25.7, 25.4, 24.9, 23.6, 20.0G22/C13).

HR-MS (APCI) m/z calcd. for GH26N10:S [M]: 276.1638, found: 276386

FT-IR (CDCEV  (9)c=18339 (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).

83



m.p. 35.1°C (diethyl ether).

(E)-Cyclodec5-enyl sulfamate (82)

i) NaH, DMF
0—23°C
ii) MeCN,
20 °C, 24 h NH;
0=S=0
HO Q _NH, .
CI/S\\ °
o)
47%
(E)-79 82

Following general procedure B, cyckéders1-ol (100mg, 0.63nmol, 1.00 &g sodium hydride
(28.5mg, 0.7Inmol, 1.1&q) in dimethyl formamid (0.B61L) and sulfamoyl chloride (150,
1.30mmol, 2.0@&q) in acetonitrile (&1L) were usedt-20°C. The crude product wasnsitive
chromatography orlisa gebnd therefore whsd with pentane and dried under high vadaum
afford cyclodees-eryl sulfamaté82 71 mg, 0.30nmol, 4%6) as a white solidt higher reaction
temperatures (0 to 23 °Cnature of unknown olefin side products was isolated as a colorless
oil (R 0.85) as the main product

TLC (npentre ethyl acetaté1) R0.40

H NMR (500 MHz, CDGJ 220 K)3 (ppm) =5.495.40(m, 2H, 5H/6-H), 4.874.84 (m, 1H,
1-H), 4.51(bs, 2H, NH), 2.B-2.10(m, 4H, 4H, 7-H), 1.82-1.32 (m, 10H).

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

HR-MS (APCI) m/z calcd. for GH1dN10sS [M]: 232.1016, found: 232.1013.

FT-IR (neaty  ()c=rB430 (w), 3328 (w), 3262,(8304 (w), 2923 (2853 (w), 1681 (s),
1612(m), 1412 (s), 1335 (m), 1235 (w), 1210180, (w), 1126v), 1061 (w), 1043 (m), 978 (m),
927 (w), 90tw), 788 (W), 725 (w), 676 GG7 (M), 463 (W).

m.p. 47.8 °C (chloroforin
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( T-Nenthyl sulfamate(83)

Qv _NH,
_S
N\
c Yy

i) MeCN
0 °C (1 h); 23 °C (6 h)

OH ii) NaH, DMF o
. > 5 1
/,,/’/ . 8
74% e ﬁ

164 83

Following general procedure A -(nenjhol (200ng, 1.28nmol, 1.00 eq), formic acid (321
3.20mmol, 2.50 eq), chlorosulfonyl isoeye (284iL, 3.20 mmol, 2.5)) in acetonitrile
(2.20mL) ard sodium hydride (102g,2.56mmol, 2.0@&q) in dimethyl formamid (1.28.) were
used. The crude product wasifedby flash column chromatography (silicargenare/ethyl
acetat e 4: Imenthyl sulfamatd (@G8d 0.96nmol, 74%) as a white solid. The
analyticablata were in accandte with the literaturé.

TLC (npentre ethyl acetatg:1) R0.50

H NMR (300 MHz, CDGJ) & (ppm) =4.65 ks, 2H NH>), 4.44 (dt)= 4.5, 10.8 Hz, 1HL-H),
2.402.33 (M 1H, 2H), 2.12 (dtd)= 2.4, 6.9, 13.9 Hz, 1HH), 1.761.65 (m2H, 6H), 1.51
1.38 (m2H), 1.06 (ddd= 3.6, 12.4, 26.2 Hz, 1BH), 0.94 (ddJ= 4.2, 6.7 Hz, 6H8H/9-H),
0.910.86 (m2H), 0.84 (d]= 7.0 Hz, 3H 106H).

m.p. 57 °C (ethyl acetate).

(E)-8-Oxa-9-thia-1Gazabicyclo[5.3.3]tridee2-ene 9,9dioxide (165

Method a
NH
o—do [Ag(PysMe)OTfl,
] PhlO
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)-cyclodeé-enl-yl sulfamate
silver(l) trifluorometaresulfonate
lodosobenzene

PyMe

molecular sieves 4 A

233.33 g/mol
256.94 g/mol
220.01 g/mol
443.55 g/mol

1.00 eg 0.09 mmol
0.10 eq 0.01 mmol
3.50 eq 0.30 mmol
0.13 eq 0.01 mmol

20.0 mg
2.2mg
70.0 mg
4.8 mg
100 mg

A SCHLENK tube was charged with silver(l) trifluororastsulfonate (2.20 mg, 0.01 mmol, 0.10
eq)ard PyMe; (4.80 mg, 0.01 mmol, 1.13 eq), evacaatddled with argon. Metlere chloride
(0.70 mL) was addatt the mixture was stirred vigorously for 30 mpuorfion of 4 A molecular
sieves (10Mg) was added followed by a solution of the cyeleglet-yl sulfamate (20.0 mg,
0.09 mmol, 1.00 eq) in me#m chloride (1.00 mL). lodosstzere (70.0 g, 0.30 mmol, Bes))

was added in one portiard the reactio mixture was stirred at 23 °C for 30 min while monitored
by TLC. The reaction mixture was filtered (calitedhe filtrate was coarrated under reduced
pressure. The crude oil was purified by flash column chromatography on silica(eyetbiiex
actate 6:1) to obtaemn olefin byproducfi66(2.0 mg, 0.01 mmol, 12%) as a colorless oil. The
bicyclic thiazian165could not be isolated.

TLC (npertare/ tertbutyl methyl ethed:1) R0.90

Method b
NH,
L Rhy(S-nap), :
o )
MS 3 , CH2C|2 O -
23°C,2h OS\S/ " j\/j
> O”"N
| 1@ N
HN Yawa
(E)-82 165 166 Rhy(S-nap)4
0% 20% (137)
(E)-cyclode&-enl-yl sulfamate 233.33g/mol  1.00 eq 0.09 mmol 20.0 mg
rhodium(ll) §-4-methytN-(2-
oxopiperidn-3-yl)berezeresulfonamide 1274.13 g/mol 0.02 eq 0.02 mmol 25mg
dimer; RE(Snap)
iodosolerzere 220.01 g/mol  1.10eq 0.10 mmol 220 mg
molecular sieves 3 A 40 mg
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A Schérk tube was charged w(th)-cyclode&-enl-yl sulfamate (20.0 mg, 0.09 mmol, 1.00 eq),
Rhy(S-nap) (2.5 mg, 0.02 mmol, 0.02 ag) powdered 3 A molecular sieves (40 mg), evacuated
ard filled with argon. Metterie chloride (0.17 miyas added followed by iodosatene(22mg,
0.10mmol, 1.1@&qg)ard the mixture was stirred vigorously at 23 °C for 2 h while monitored by
TLC. The reaction mixture was loaded directly onto siliGadyelurified by flash column
chromatographyspentre/tertbutyl methyéther 5:1) to obtasmolefin byproduct66(4.20mg,

0.02 mmol, Zd) as a colorless oil. The bicyclic theaie5could not be isolated.

TLC (npertare/ tertbutyl methyether2:1) R0.65

H NMR (500 MHz, CDG) & (ppm) =5.39—5.31 (m, 1H), 5.26.10 (m, 1H), 2.6Q.46 (m,
1H), 2.432.31 (m, 2H), 2.21 (m, 4H), 1.89 3#), 1.79L.76 (m4H).

1 NMR (125 MHz, CDG) & (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 bromoace®de

Br
BrCOCH,Br o) 2
OH NaHCO3 1
MeCN -0
0 °C, 10 min
93%
72 84
cyclodecan 156.24/mol 1.00 eq 1.28mmol 200 mg
bromoacetyl bromide2.32 201.85g/mol  1.50 eq 1.92mmol 167uL
sodium bicarbonate 84.01 g/mol 3.00 eq 3.84mmol 323mg

Sodium bicarbonaf@23mg, 3.84nmol,3.00eq)ard cyclodecaol (200mg, 1.28nmol, 1.00 eq)
were dissolved arhydrousacetonitrile (5.00 mL). To this solutianboacetyl bromid&§7pL,

1.92mmol, 1.8 eq) was slowly added under stiatr@°C After stirringfor 10 min, the reaction
was gerched withwater (1.0 mL)The agueoukayerwas extracted wittmethylene chloride
(3x5mL), before washing the joint ang layers withbrine (10mL). Drying ovemagnesium

sulfateard evaporabhg wunder reduced pressure at X3 bath temperature, afforded the
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bromoacetat®84(330mg, 1.19mmol, 93%as a yellow oil. \Wtas used without furthpurification

in the next step antight contamination with bromoacetic acid was accepted.
TLC (npentre/ethyl acetate:®) R0.70

H-NMR (300 MHz, CDCI3p (ppm) =5.225.16(m, 1H, 1'-H), 3.79(s, 2H,2-H), 1.931.52
(series of m, 18.

1 NMR (75 MHz, CDCJ) & (ppm)= 167.0 (C1), 76.5 13, 30.0 (2C, C2'/10"), 26.6, 25.2, 25.1
(2C), 24.2 (2C), 242C).

HR-MS (ESI) m/z calcd. for GH2BriN10, [M+NH 4]*: 294.1068, found: 294.1063.

FT-IR (neat)v cn(') = 3211 (w), 3208 (w), 2921 (m), 2801 (w}, WR 1686 (s), 1612 (m),
1442(m), 1411 (s), 1342 (w), 1258 (w), 1210 (m), 1163 (m), 1101 (fw), 1D2B (S), 943 (W),
879 (w), 787 (m), 708 (w), 688 (w).

Br TsNHNHTs N3
o DBU Oﬁ) >
THF 1
o) 0 °C, 10 min o)
> 1
88%

84 85a
cyclodecy?-bromoacetate 277.2@/mol 1.00 eqg 1.19 mmol 330 mg
41’f%'gzab'cyc'o[s""O]U”G'Ee”e’ 152.24 g/mol  5.00 eq 5.95mmol  0.96 mL
N,N'-ditosylhydrazine 340.41 g/mol  2.00 eq 2.38mmol 856 mg

The crude bromoaceta®d (330mg, 1.19mmol, 1.00 egdrd N,N'-ditosylhydraziné856mg,
2.38mmol, 2.00 egyere dissolved arhydroudetrahydrofuan(5.0 mL)ard cooled to OC . To
this solution,1,8diazabicyclo[5.4.0]lundéere (0.96mL, 5.95mmol, 5.00 eq) was added
dropwise by a syringe pump (5 mifler stirringfor 10 min, the reaction waseqched with
sodium bicarbonate solution (20 mLhe aqueousayerwas extracted witdiethyl ether
(3x20mL), before washing the joint ang layers witlbrine (50mL) ard drying ovemagnesium
sulfate. The extract was filtered through a short plug chisdlitee solvent wasraporatd under
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reduced pressure28°C bath temperature. The diazoace888254mg, 1.13 mmol, 88) was
obtained as a yellow inilsufficient purity

TLC (npentre/ethyl acetate:®) R0.35

H NMR (500 MHz, CDG) & (ppm) =5.22 (ttJ= 4.2, 7.7 Hz, 1H3H), 4.69 (s, 1H:H), 1.5
1.78 fn, 2H), 1.74L..68 (m, 2H), 1.66.46 (m 14H).

1C NMR (75 MHz, CDCJ) & (ppm) =166.8 C1), 74.4C3), 46.4Q2), 30.2 (2G34), 25.2G8),
25.1 (2CC5), 24.1 (2Q56), 22.2 (2G37).

HR-MS (FD) m/z calcd. for GH2dN:02 [M]": 224.15248pund: 224.15262.

FT-IR (neatyv cnt) = 3301 (w), 2915 (m), 2845 (w), 1721 (WD (81612 (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), 672w), 599 (m).

Cyclodecyl methylmalonate (8b)

O O
on CIMOMe o o
EtsN
B o o
—~23°C 6
71% 7
9
72 10 84b
cyclodearol 156.27%/mol 1.00 eg 1.92 mmol 300 mg
methyl malonyl chloridel.27 136.53 g/mol 1.10eq 2.11 mmol 0.23 mL
triethylaming 0.73 101.19g/mol  2.00 eq 3.84 mmol 0.53 mL

To a stirred solution ayclodearol (300mg, 1.92 mmol1.00eg ard methylmalonyl chloride
(0.23mL, 2.12mmol 1.10eg in dry methylene chloride (9.40 ml) was addethylamine
(0.53mL, 3.84 mmgl2.00eg at-30 °C. The stirring was continued for 1 k3@ °Card the
mixture was allowed to mrato 23°C. The reaction was filtered off under suction,ertrated
under reduced pressarel the conertrate was subjected to silica gel column chromato@raphy
pertare/ tertbutyl methyl ether 10:1) to afford cyclodecyl methyl mal@#hte 360mg,
1.37mmol, 71%) as a colorless oil
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TLC (npertare/ tertbutyl methyether9:1) R0.%H

'H NMR (500 MHz, CDG)) & (ppm) =5.235.19 (m, 1H, ), 3.73 (s, 3H-H), 3.35s, 2H, 2
H), 1.881.81 (m, 2H) 1.76.59 (serial of m, 16H).

1€ NMR (from HSQC 125 MHz, CDG) & (ppm) =167.3 (C3), 166.6 (C1), 75.7 (C5), 52.4 (C4),
42.0 (C2), 29(2C) 29.124.8(2C) 24.0(2C) 22.1 (2C).

HR-MS (ESI) m/z calcd. for GH»04 [M]*:257.1638found:257.1631

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

p
Q OMe  MeCN, EtsN O)f\ﬁ)?{\OMe
0—23°C,25h N, 4
6
7
83% 8
9
84b 10 g85b
1-cyclodecyl-Bnethyl malonate 25634 g/mol 1.00 eg 1.33 mmol 340 mg
Sglcr;)acetamldoérzeresulfonyl azide 240.24 g/mol  1.30eq 1.72 mmol 414 mg
triethylaming 0.73 101.19g/mol  1.30eq 1.72 mmol 0.24 mL

A solution ofparaacetamidobenzenesulfonyl azide (d@dAL.72mmol 1.30 eq) in acetonitrile
(2.60mL) was added to a solutionlefyclodecyl-Bnethyl malonat40 mg, 1.38mol 1.00 eq)
in triethylamine (0.2#L, 1.72mmol 1.30eg atO °C within 30 minThe mixture waallowed to
warm to 23 °Grd stirred for2 h. It wasdiluted with wateflOmL) ard extracted withertbutyl
methyl ether3x10mL) ard the combined extracts were wash#diwine(30mL). The or@ric
layerwas dried over sodium sulfdtkeredard conenratedunder reduced pressufée crude
yellow oiwas purified by flash column chromatography on sifieaére/tertbutyl methyl ether
4:1) to afforddiazo malonat35b(310mg,1.10 mmol, 8%) & a pale yellow oil.

TLC (npertare/ tertbutyl methyether9:1) R0.40

'H NMR (300 MHz, CDG) 8 (ppm) =5.345.26 (m, 1H,8l), 3.83 (s, 3H-H), 1.911.52 (serial
of m, 18H).
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1C NMR (75 MHz, CDCJ) & (ppm) =162.0 (C3), 160.6 (C1), 75.9 (€%Y, (C2)52.6 (C4), 30.3
(2C) 25.2.25.0(2C) 24.22C) 22.2(2C).

HR-MS (ESI) m/z calcd. for @H2N-O:Na, [M+Na]*: 305.1472, found: 305.1474.

FT-IR (neativ cnt)) = 3203 (w), 2921 w2801 (w), 172(w), 1686m), 1612 (s), 144,
1349(w), 1258 (w), 1D (m), 1163 (m), 1109 (w), 10¥y, 104§s), 941 (w), 879 (m), 78,

688 (W).

Cycloheptyl 2diazoacetate(869

iy

(@) () p-TSN3, Et3N
MeCN
T 11T00‘|’lé:e,n1eé h OM 23°C,16h
95% O 82%
168 - 169 -
_ _ LiOH+H,0
O O THF/H,0, 0
J\H/k 23°C, 4 h )H;/H
0 > o1
N, 83% o34 N2
8 5
- - 7 6
86¢c 86a
cyclohemrol 114.19g/mol 1.00eq 17.5 mmol 2.00g
2,2 ,6trimethyi4H-1,3dioxin4-one 142.15g/mol  1.50 eq 26.3 mmol 3.73 g
paratoluenesulfonyl azide 197.21 g/mol  1.10eq 15.5 mmol 3.05¢
triethyl amine p 101.19 g/mol 1.10 eq 15.5 mmol 2.15mL
lithium hydroxide monohydrate 41.96g/mol 8.00 eq 17.3mmol 726 mg

A solution ¢ 2,2,6trimethyt4H-1,3dioxin4-one(3.73 g, 26.8imol 1.50 epard cycloherol
(2.00 g, 17.6amol, 1.0@&Qq) in toluene (35.0 mL) was refluxed fdr 4811C0C. The solent was
removed under reduced pressure. rEsedue was puefl by chromatography on silite
pertare/tertbutyl methyl ether 20) to obtain cyclohept-oxobutroate (3.3@, 16.6nmol,
95%) as a colorless oil, which was directly used in the next step.
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A solution ofparaoluenesulfonyl azid&.05g,15.5mmol 1.10eq) in acetonitrile (2810L) was
added to a solution of cycloheptgx®-butarpate(2.70 g13.6mmol 1.00 eq) in triethylamine
(2.15mL, 15.5mmol 1.10 epat23°C. The mixture was stirred b8 hard diluted with water
(30mL). The mixture was extracted with ethyl ac@e89mL) ard the combined extracts were
washed with brin€60mL). The combined oggic layers were dried over magnesium sulfate,
fiteredard conernratedunder reduced pressuceafford cycloheptyP-diaze3-oxobuarate

(2.61g,116 mmol, 82%) as a yellow oil, which was used directly in the next step.

A solution of ithium hydroxide726 mg, 17.3 mmol, 8.00 eq) in water (dL50vas added to a
solution ofcycloleptyl 2diaze3-oxobutiroate (48%ng, 2.16nmol, 1.00 egh tetrahydrofuan
(2.20ml) ard stirred for 24 h at 23 ?CThe reaction was neutralized to pH 7 by adding drops of
hydrochloric acid (35% imate}, then extracted with ethyl acetaB<20mL). The combined
extracts wergried ovemagnesium sulfafdteredand conerntratedunder reduced pressufée
residue was purified by flash column chromatography omgédaie/ tertbutyl methyl ether

9:1) to afforddiazo acetai@®6a(330mg, 1.81 mmol, 83) as gellow oilard cyclohptarol (168
35mg, 0.25nmol, 11%) was recoverethe aralytical data were in acame with the
literature®

TLC (npertare/ tertbutyl methyether9:1) R0.40

H NMR (300 MHz, CDGJ) & (ppm) =5.01 (it,)= 4.2, 8.4 Hz, 1H), 4.69 (s, 1H), 1.96 (s, 1H),
1.86 (s, 2H)L.73 (s, 1H), 1.40 (s, 10H).

1C NMR (75 MHz, CDCJ) & (ppm) =166.4 C1), 75.9C3), 46.4Q2), 34.1 (2GC4/C9), 28.4
(2C,C5/C8), 22.9 (2A35/C7).
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Cycloheptyl methyl malonate(17Q

PP
8

Cl oM
oH NEt, ¢ o O

i 306 th oy o

> 5
98%

168 170
cyclohepmnl 114.10 g/mol  1.00eq 4.38 mmol 500 mg
methyl malonyl chloridel.27 13653g/mol 1.10 eq 4.82 mmol 0.52 mL
triethylaminey, 0.73 101.19 g/mol  2.00 eq 8.76 mmol 1.22 mL

To a stirred solution afyclohepml (500mg,4.38mmol 1.00eg ard methylmalonyl chloride
(0.52mL, 4.82mmol 1.10eg in dry methylene chloride (17 mL) was added triethylamine
(1.22mL, 8.76mmol 2.00eg at-30 °C.Sirring was continued for 1 h-80 °Card the mixture

was allowed to wa to 23°C. The reaction was fiteal off under suction, cogrtrated under
reduced pressud the conertrate was subjected to silica gel column chromatodraphy
pertare/ tertbutyl methyl ether 10:1) to affordcyicloheptyl -8nethylmalonate (920g,
4.29mmol, 98%) as a colorless oil

TLC (npertare/ tertbutyl methyether9:1) R0.%5

H NMR (500 MHz, CDG) & (ppm)= 4.98 (ttJ= 4.2, 8.4 Hz, 2H5H), 3.73 (s, 3H+H), 3.34
(s, 2H 2H), 1.91 (ddd]= 3.0, 4.7, 8.7 H2H, 6H), 1.761.60 (m, 4H), 1.87.52 (n, 4H), 1.47
1.40 (m2H).

1C NMR (125 MHz, CDG) & (ppm) =167.4 C1), 166.0G3), 76.7C5), 52.6T4), 41.9C2),
33.7 (2C), 28.3 (2C), 22.9 (2C)

HR-MS (EI) m/z calcd. for GH1§0.Na, [M+Na]": 237.109,/found:237.1098
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1-Cycloheptyl 3methyl 2-diazomalonate(86b)

0O O PABSA O O

MeCN, EtsN
OM OMe 0-23°C, 2.5 h OJ\VHKOMG

N,
85%

170 86b
1-cycloheptl 3methyl malonate 214.26/mol 1.00 eg 4.29 mmol 920 mg
gsfzacetam'dmem“'fo”y' azide 54024 g/mol  1.30eq 558 mmol  134g
trimethylaming, 0.73 101.19 g/mol  1.30 eq 5.58 mmol 0.77 mL

A solution ofparaacetamidobenzenesulfonyl azide @,.848mmol 1.30 eq) in acetonitrile
(6.00mL) was added to a solution Btycloheptl 3methyl malonat€d20 mg, 4.2énmol
1.00eq) in triethylamine (0.7, 5.58mmol 1.30eg) atO °C within 8 min The mixture was
allowed to warm to 23 &@d stirred for2 h. It wadiluted with watef20mL) ard extracted with
tertbutyl methyl etheB&20mL) ard the combined extracts were washed with (5@meL). The
orgarc layemwas dried over sodiunifsie filteredard conertratedunder reduced pressurae
crude yellow oivas purified by flash column chromatography on sifieaté&re/tertbutyl methyl
ether 91) to affordhe title compound (86g,3.650 mmol, 8%) & a pale yellow oil.

TLC (npertare/ tertbutyl methyether9:1) R0.40

'H NMR (500 MHz, CDG) & (ppm) =5.10 (ttJ= 4.1, 8.3 Hz, 1H5H), 3.83 (s, 3H+H), 1.93
(ddd,J= 3.3, 4.7, 8.8 Hz, 216H), 1.73 (ddddl= 2.9, 8.0, 9.2, 14.2 Hz, 2FH), 1.671.61 (m,
2H),1.581.53 (m, 4H), 1.4D.43 (m2H).

1C NMR (15 MHz, CDCJ)) & (ppm) =167.1 C3), 166.8Q1), 75.7C5), 52.4Q4), 46.6C2),
29.8 (2C), 29.2, 24.8 (2C), 24.2 (2C), 22.1 (2C).

HR-MS (ES) m/z calcd. for GiH2aN-OsNa[M+Na]*: 284.1621found:284.1611

94



Rhodium(Il) methyl -(§-2-oxopyrrolidine-carboxylate dimer bisacetonitrile complex(89)

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

methyl §)-2-oxopyrolidn-5-carboxylat 14314 g/mol 8.00 eq 3.63mmol 519 mg
rhodium(ll) acetate dimer 441.99 g/mol  1.00 eq 0.45mmol 200 mg

A 100 mL round bottom flask was charged witi®c) (200 mg, 0.45 mmol, 1.6§),methyl
(9-2-oxopyrolidn-5-carboxyla{519mg, 3.63nmol, 8.00 eqard chlorokereere (72 mL). The
flask was fitted with a shquath distillation heaaid a 100 mL receiving flask. Chlewenre
was slowly distilled under argon (2 h) until 5 mL adfrsobmained. The reaction was coaled
the receiving flask was emptied. The redtaglnwas recharged with chlenaere (40mL) ard
this cycle was repeated two additional times. The dark purpisisnspas loaded directly onto
a column pipetting the supemaratwithout the solid residue of unreacteantiglt was purified
by flashcolumn chromatography on silica (acetonitrée;ctioroform/metrarol 10:1). The red
solid was dried under high vacuum to afford dirhodium coB8g18&5mg, 0.43nmol, 946) as
apurple solidThearalytical data were in acamk with the literatur&’

TLC (chloroformt metharol 10:1) R0.30

H NMR (300 MHz, CDGJ) & (ppm) =4.30 (d,J= 7.2 Hz, 2H), 3.95 (d= 7.8 Hz, 2H), 1 (s,
6H), 3.68 (s, 6H), 28756 (n, 4H), 234-2.15 (m, 6H), 2.09 (s, 6H), 11985 (M 6H).

HR-MS (FD) m/z calcd. for @Hs:N4O1.Rh [M]*: 774.0127 found:774.00711
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General procedure C

Octahydro-2H-cycloheptalb]fur an-2-one (88a)

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

o 23°C,18h % : o OH
102
86a 88a | 172 168
0% 20% 80%
1-cycloheptyl @liazo acetate 18222 g/mol 1.00 eg 0.17 mmol 30 mg
rhodium(ll) acetate dimer 441.99 g/mol  0.10 eq 0.02 mmol 7.3 mg
molecular sieves (3 A) 50 mg

To agreen, degassadlution ofrhodium(ll) acetate dimér.3 mg, 0.0e2hmol 0.10 eq) in
arhydrougmethylene chloride (5.010L) was added a degassed solution of diaz8éa(80mg,
0.17mmol 1.00eg) in methylene chloride (1.5Q) at 23°C. The mixture was stirred until TLC
indicaed full consumption of the starting material. Theesbivas evaporated under reduced
pressue ard thecrude product waaalysed by NMR to find a mixture of dimerg(20») ard
cycloheptanol (80).

TLC (npertare/ tertbutyl methyether9:1) R0.40

'H NMR (300 MHz, CDG) & (ppm) =6.80 (s, 2H), 6.17 (s, 2H), 5408 (m, 2H), 2.6B81 (m,
8H), 1.861.34 (serial of m, 32 H).

96



General procedure D

Octahydro-2H-cycloheptalp]furan-2-one 88a)

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

o) (0.5 mol%)
)H MS (3 A), CH,Cl, 0
0 0 .
| 40°C,10h 2
N; syringe pump "N, MOMG
B 6 > 4 ? ’Tl/ o)
63% 10 P
dr 65:35 7 A
8
86a 882 Rh2(5(Sésl\)/;EPY)4
1-cycloheptyl ®liazo acetate 182.22 g/mol 1.00eq 0.50mmol 91 mg
rhodium(ll) methylS)-2-
oxopyrrolidinecarboxylate diméis 91655g/mol  0.005 eq 2 pmol 1.9mg
acetonitrile complex
molecular sieves (3 A) 100 mg

To agreenmixtureof RR(5SMEPY), (1.9 mg2 pmol, 0.005 ecdrd molecular sievg3 A)in
degasse@rhydrousmethylene chloride (28.) was added a degassed solutidacgtloheptyl
2-diazo aceta{®1mg, 0.50nmol 1.00eg at40°C via syringe pump within A0After this time,
GC-MS indicated full consumption of the starting maté&hal.solert was evaporated under
reduced pressurard the residue was purified byuooh chromatography on sili¢a
pentare/ethyl acetatés:1)to afford octahydre2H-cycloheptdffuran2-one (yellow oil, 56ng,
0.36 mmol, 63%) as a mixture of 2 diastereodn®&s 8=cistrarsby NMR). Analyticadlata were
in accordrce with the literaturé’

TLC (npertare/ethyl acetat&1) R0.30
Analytical data faridactonecis88a

H NMR (500 MHz, CDG) & (ppm) =4.65 (dddJ = 4.1, 7.6, 10.9 Hz, 113-H), 2.75 (ddj=
9.5, 17.2 Hz, 1-BH.), 2.712.65 (m 1H, 4H), 2.22 (dd)= 5.9, 17.5 Hz, 1H3Hs), 2.06 (tddd,
J=1.1,4.2,8.4,13.8 Hz, 16H.), 1.791.73 (m1H, 6:Hy), 1.761.47 (m, 5H), 1.38.18 (m, 2H).

1C NMR (125 MHz, CDG) 5 (ppm) =176.7 C1), 84.4C5), 38.9¢4), 36.6C3), 31.0¢6), 30.7,
29.6, 27.9, 23.9.
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Decahydro3H-cyclode@[ b]furan-2-one @7a)

Rh,(5S-MEPY)4(MeCN),
O (1 mol%)

)H MS (3 A), CH,Cl,
O ] 40°C, 10 h
N2 syringe pump
85a 87a 173
36% 19%
dr 64:36
1-cyclodecyl-8iazo acetate 22430g/mol  1.00eq 0.31 mmol 70.0 mg
rhodium(ll) methyl9-2-
oxopyrrolidinecarboxylate diméis 91655g/mol 0.01eq 2 pmol 1.9mg
acetonitrile complex
molecular sieves (3 A) 100 mg

Following general procedureR(55-MEPY), (1.9 mg2 pmol, 0.01 eq), molecular siefe4)
degassedarhydrousmethylene chloride (28L) ard 1-cyclodegl 2diazo acetaté70.0mg,
0.31mmol 1.00eg) were used with a syringe pump for 12 h. After this tim&)&i@dicated full
consumption of the starting nréé The residue was purified byuroh chromatography on silica
(npertare/ethyl acetateb:1) to afford decahydr8H-cyclodecalfuran2-one (colorless oill,
21.9mg, 0.11 mmol, 36%) as a mixture of 2 diasteream@ts3gcistrarsby NMR).Thecis/trans
configuration was assigned by the NOE contactsH# 81 and 5H/6-H, respectively.

Furthermore, estd73(11.1mg, 0.06nmol, 19%) was isolated as a colorless oil.
TLC (npertare/ethyl acetat&1) R0.25
HR-MS (ESI)) m/z calcd. for GH>0- [M]": 197.1536found:197.1538

FT-IR (neaty  ()c=rB208 (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 @79 (W), 829 (w), 787 (m), 708 (W), 672 (W), 593 (m).

Analytical data for lactotrans37a

H NMR (500 MHz, CDG) & (ppm) =5.27 (tddJ= 4.2, 7.9, 7.9 Hz, 115-H), 2.72 (dd)= 8.7,
17.6 Hz, 1H3H,), 2.14 (ddJ= 6.1, 17.5 Hz, 1H3Hy), 1.98 (ddd)= 4.4, 8.9, 19.0 Hz, 1H
6-H.), 1.881.80 (M2H, 4H, 6Hy), 1.771.44 (m13H).
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1C NMR (125 MHz, CDG) & (ppm) =176.8 €2), 76.3 C5), 36.5C3), 33.0C6), 32.8¢13),
30.2 C4), 25.2, 25.0 (2C), 24.8, 24.2, 22.3 (2C).

Analytical data for lactone37a:

H NMR (500 MHz, CDG) & (ppm) =4.64 (dddJ= 3.8, 5.9, 8.1 Hz, 1H;H), 2.632.57 (m
1H, 4H), 2.57 (ddJ= 7.5, 20.4 Hz, 1H3H,), 2.272.21 (m1H, 3Hy), 2.162.07 (M 1H, 6H,),
2.021.88 (m1H, 13H), 1.79 (dtd)= 3.5, 5.8, 15.0 Hz, 218Hy), 1.691.44 (m, 13H).

1C NMR (125 MHz, CDG) 3 (ppm) =176.5C2), 84.0¢5),39.1 C4), 37.0C3), 26.5C6),26.3
(C13),25.2, 24.5, 24.4, 23.4, 23.1, 22.3.

Methyl 2-oxooctahydro-2H-cycloheptd 4] furan-3-carboxylate(88b)

Method a

O O Rh,(OAc),4 10 mol% O e}

CH,Cl,
o) OMe 23°C,8h o) OMe

86b 88b

1-cycloheptl 2diazo 3methylmalonate 24026 g/mol 1.00 eg 0.21 mmol 50.0 mg
rhodium(ll) acetate dimer 441.99 g/mol  0.02 eq 2 pmol 1.8mg

Following gneral procedure, @odium(ll) acetatdimer(1.8 mg2 pmol, 0.02 eq), degassed
arhydrousmethylene chloride (20rlL) ard 1-cycloheptl 2diazo 3methylmalonaté50.0mg,
0.21mmol 1.00eg were usedt 23°C. The solert was evaporated under reduced preasdre
the residue was purified dglumn chromatography on siliggoertare/tertbutyl methyl ether
9:1) but only starting mate(@0).0 mg, 0.16 mmol, 80%) could be recovered.
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Method b

O O Rho(esp), 2 mol% o o Me
CH,Cl, Me
o} OMe 23°C,8h o} OMe 0”0 m
” e
N2 l/o*l <0 Me
Rh=—RH
<1
86b 88b Rhy(esp), (174)

1-cycloheptl 2diazo 3methylmalonate 24026 g/mol 1.00 eg 0.21mmol 50.0 mg
bisfhodiumf,o0 o, ) t e tli3a |

berzeredipropionic acetate] 758.47 g/mol  0.02 eq 2 pmol 1.8mg

Following gneral procedure Rh(esp) (1.8 mg2 pmol, 0.02 eq), degassadhydrousnethylene
chloride (20.61L) ard 1-cycloheptl 2diazo 3methylmalonatg0.0mg, 0.2Inmol 1.00eg were
reactecht 23°C for 8 h.The solernt was evaporated under reduced preasdrine residue was
purified by calmn chromatography on siliggpertare/tertbutyl methyl ether 9:1) but only
decomposition to multiple unknown compounds was observed.

Methyl 2-oxododecahydrocyclodecaj| furan-3-carboxylate(87h)

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

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

Following greral procegre G to a solution ofhodium(ll) acetate dimé4.7 mg, 0.0tnmol
0.10 eq) in degassadhydrousmethylene chlorid@.5 ni.) was added-cyclodecyl -Aiazo 3
methylmalonat30.0mg, 0.rhmol 1.00eg at 23°C.The solernt was evaporated under reduced

100



pressurerd the residue was purified byuceh chromatography on siliggpertare/tertbutyl

methyl ether 9:1) but only decomposition to multiple unknown compounds waslobserv

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
’ - O "N
I/
Wrr O
yawe

(89)

1-cyclodecyl-#iazo 3methylmalonate 282.34 g/mol 1.00 eq 0.11 mmol 300mg
rhodium(ll) methylS)-2-

oxopyrrolidinecarboxylate diméis 91655g/mol 0.02 eq 2 pmol 1.9mg
acetonitrile complex

Following general procedure R,(5SMEPY), (1.9 mg2 pmol, 0.02 eq)legassecrhydrous
methylene chlorid@.® mL) and 1-cyclodecyl -Bliazo 3methylmalonaté30.0mg, 0.1Immol
1.00eqg) were mixeat 23°C for 8 h. Whe@ LC indica¢dno consunption of the starting material
the mixture was warmed to“@Dard stirred for 16 HThe solent was evaporated under reduced
pressureard the residue was purified byuooh chromatography on siliggpentare/tertbutyl
methyl ether 9:1) but only startmagterial (12 mg, 0.04 mmol, 40%) could be recovered.

C-H-Amination of fertbutyl(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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tertbutyl(cyclodecyloxy)diptylsibre 39467 g/mol 1.00 eg 80 pmol 300mg

rhodium(ll)acetate dimer 441.99 g/mol  0.05eq 4 pmol 1.7 mg
I‘Olngguor‘)bmml's”'fo”y' azide 35521 gimol  1.20 eq 91 pmol 30.0 pL
molecular sieves (4 A) 100 mg

The reaction was carried out in a&&Hiube (300mL) under arganlo a degassed solution of
rhodium(ll) acetate dimét.7 mg4 umol, 0.05 eq) imarhydrousdichloroetlare (0.50 mL) was
addedteributyl(cyclodecyloxy)diptylsibre (30.0mg, 80umol, 1.00eq), nonafluorobuare-1-
sulfonyl azid¢30.0 pL, 91 pmol, 1.28)ard molecular sieves (4. Ahe mixture was stirred at
90°C for 24h. Neither by TLC, nor by GMS wasry conversion observed.

Method b
Rhy(esp), 5 mol%
(Cl3CCH,)OSO,NH,
Ph|(02CtBU)2
OTBDPS MS 3 A, CgDg QTBDPS
23°C, 24 h
CliC__ o,
SO
00
175 177

tertbutyl(cyclodecyloxy)diptylsibre 39467 g/mol 1.00 eq 127 pmol 50.0mg
Rh(esp) 758.47 g/mol  0.05eq 6 pmol 4.8 mg
2,2,2Trichloroethyl sulfamate 228.47 g/mol  1.00 eq 127 pmol 29.0 mg
bistertbutylcarbonyloxy)iodobenzen¢ 406.26 g/mol  2.00 eq 253 pmol 103 mg
molecular sieves (4 A) 100 mg

The reaction was carriet in a Scleirk tube (5 mL) under argoh mixture oRh(esp) (4.8mg,

6 umol, 0.05 eq)tertbutyl(cyclodecyloxy)diptylsiare (50.0mg, 127umol, 1.00eq), 2,2,2
trichloroethyl sulfamate (290@, 127 pmol, 1.@®), bisfertbutylcarbonyloxy)iodelezere
(103mg, 253umol, 2.00eq)ard molecular sieves (3 A) was degassed, flushed witramrgon
dissolvedn arhydrousbenzenes; (0.70mL). The mixture was stirred at°Z3for 24h. Neither

by TLC nor by GEMS wasry conversion observed.
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Ritter-Type C-H -amination of Cyclodecanol (72)

OH F-TEDA-PFg,

CuBr,, Zn(OTf),
MeCN O‘\(

23°C,2h N

72 182

cyclodearol 156.27%/mol 1.00 eg 0.32 mmol 50.0 mg
copper(ll) bromide 223.35g/mol  0.25eq 0.08 mmol 18.0 mg
zinc(ll) triflate 406.26 g/mol  0.50 eq 0.16 mmol 65.0 mg
F-TEDA-PK 470.58/mol 2.20 eq 0.70 mmol 331 mg

A ovendried flask was charged wattlodearol (50.0 mg, 0.32mol, 1.0 eg, FTEDA-PFK
(331mg, 0.70nmol, 2.P eq, copper(ll) bromid€l8.0 mg, 0.08mol, 0.2%9 ard zinc(ll) triflate
(65.0mg, 016 mmol, 0.5@&qg)ard the atmosphere wagplacedy argon Acetonitrile(5 mL) was
addedard the resulting mixture was allowed to stir at 2®r@ hours. TLC indicated full
consumption of the starting mateffde mixture was filterexid coneriratedundervacuum.
NMR aralysis of theresidueshowed full decompostion of the starting material, but no

incorporation of acetonitrile could be detected.

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

a) F-TEDA-PFg
e} CUBrz, Zn(OTf)2
MeCN, 23 °C, 2 h o)
b) NaOH, H,O/MeCN
g NH
o)\
7 183
cyclodearone 154.25/mol 1.00 eq 0.65 mmol 100 mg
copper(ll) bromide 223.35g/mol  0.25eq 0.16 mmol 36.0 mg
zinc(ll) triflate 406.26 g/mol  0.50 eq 0.32 mmol 132 mg
F-TEDA-PK 470.58 g/mol  2.20 eq 1.43 mmol 671 mg
sodium hydroxide it in water 39.98 g/mol 1.00 eg 0.65mmol 0.65 mL
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A ovendried flask was charged watitlodearone (100 mg, 0.66mol, 1.0 eq, FTEDA-PFK
(671mg, 1.43nmol, 2.P eq, copper(ll) bromid€36.0 mg, 0.1@mol, 0.2%g ard zinc(ll) triflate
(132mg, 032mmol, 0.5@&q)ard the atmospdre was macedy argon Acetonitrile(5 mL) was
addedard the resulting mixture was allowed to stir at 2Br'@ hours. TLC indicated full
consumption of the starting matedajueoussodiumhydroxidesolution (1 M, 5 mL) waseh
addedard the reaction was stirred &radditional 5 min. The mixture wasaoted with diethyl
ether 8x20 mL). 'The combined oggic layersvere diluted witim-penare (50 mL)dried over
sodium sulfatdilteredard cone@rirated in vacuum. The crude mixtuas dissolved & mixture
of acetonitrile/water (1:10 mL)ard sodium hydroxid@.65 ml.1.00 epwas added. The mixture
was heated to 8C for 3 h. Theyellow solution waalowed to reach 2& ard thenextracted
with diethyl etheB&20 mL).The conbined or@ric layers were dried owediumsulfate, filtered
and conertrated under reduced pressutel-NMR aralysis of theesidual oilshowed full

conversion of the starting material, but no incorporation of acetonitrile could be detected.
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5.2.2. Synthesisof MolecularLinker for a TransannularCarbenoid Insertion

4-(Benzyloxy)-3,5difluorobenzoic acid (97)

Ph
F NaH, BnOH Sko
E F DMF
23°C, 45 min ™ ~NeF
. i .
87% 1
O OH 0”7 OH
90 91
3,4,5trifluorobenzoic acid 98% 176.09 g/mol  1.00 eq 0.57 mmol 100 mg
sodiumhydride 23.99 g/mol 2.50 eq 1.42 mmol 57.0 mg
benzyl alcohql 1.05 108.14 g/mol  2.50 eq 1.42 mmol 0.15 mL

To asolution of benzyl alcohol (0.15 ,mil42mmol 2.50 ein dimethylformamid€l.00mL)
was addedodium hydrid¢60% in mineral 0i§7.0mg, 1.42mmol) at 23 °C. The mixture was
stirred a23°C for 15min. 34,5trifluorobenzoic acid (100gy0.57mmol, 1.00eg was added
ard the mixture was stirred at 23 °C for 30uniii TLC indicated full conversion of the starting
materiallt was quencheditl ice water (10 mLagcidified with condiydrochloric acid to pH
ard extracted witlethyl acetat8%50 mL). The combined oggic layers wensashed with brine
ard water (50nL each)dried oversodiumsulfate, filterechrd conentrated under reduced
pressureThe residue was purified by flash column chromatography om-pdidaré/ethyl
acetate :4) to affordthe 4-(berzyloxyj3,5difluorokerzoic acid131mg,0.50mmol, 87%) as a
colorless ailThearalytical data were in acame with the liteture?®®

TLC (ethyl acetatacetic acid001) R0.65

H NMR & (ppm) =(300 MHz, CDG) & (ppm) =10.37 (bs, ), 7.677.59 (, 2H, 2H/6 -H),
7.467.34 (M5H, GHs), 5.31 (s, 2HBH).

1 NMR (282MHz, CDC}) & (ppm) =—126.3§s, 2F).
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Cyclodecyl 4(benzyloxy)-3,5difluorobenzoate (92

Ph
pr
Ph 0
) cyclodecanol F 2 F
o EDCI, 4-DMAP 3 5
F F CH,Cl,, 2 6
23°C,4h 1 .
o~ ©
61%
O~ "OH
91 92

4-(bereyloxy)3,5difluorokerzoic acid 264.23 g/mol  1.00 eq 0.95 mmol 250 mg

cyclodearol 156.27 g/mol  1.35eq 1.28 mmol 200 mg
4-dimethylaminopyridine 122.17 g/mol  0.20 eq 0.19 mmol 23.1 mg
1-ethyl3-(3

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

To a stirred susgpsion of cyclodearol (200mg, 1.28mmol, 1.3%®q) ard l-ethyt3-(3-
dimethylaminopropyl)carbodiinf@23mL, 1.28nmol, 1.3%q)in methylene chloride (8.00 )nL
was added-dimethylaminopyridin@3.1 mg, 0.18mol,0.2 eq). A solution of-(berzyloxy)
3,5difluorokerzoic acid250mg, 0.93nmol,1.00eq) inmethylene chloride (1.00 mL) was added
dropwise at 23C within 30 minWhen TLC indicated full conversion of the acid after stirring for
3.5 h, diethyl ether (L) was addedrd the suspension was filtered through a ghagt of
silica.The filtrate was concentrated under vacuune fesidue was purified by flash column
chromatography on silicapertare/ tertbutyl methyl ether 1B to affordcyclodecyl 4
(berzyloxy)3,5difluorokerzoate(232mg 0.58mmol, %) as &olorless oil

TLC (npertare/ tertbutyl methyetherl91) R0.70.

H NMR & (ppm) =(300MHz , CDCI 3) &.50((mp2HMH/6 #), 7.45539 (m
5H, GHs), 5.385.30 (M1H, 9H), 5.27 (s, 2H3H), 1.951.64 (m, 12H), 1.8618 (M6H).

1€ NMR (75 MHz, CDCJ) & (ppm) =164.1(C7), 155.5(d, k¢ = 248.7Hz, C3/C5), 137.9G4),
136.2 C1), 128.8, 128.7 (2C), 128.4 (2C), 1C391(13.5C6), 76.0C8), 75.6C9), 30.2 (2C),
25.3, 25.2 (2C), 24.3 (2C), 22.3 (2C).

1= NMR (282MHz, CDC}) & (ppm) =—127.04Ss, 2F).
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HR-MS (FD) m/z calcd. for &H.d~03 [M]*: 402.200650ound:402.20037

FT-IR (neaty  (Y)c=rB211 (w), 2915 (m), 1721 (w), 1680 (s), 1617 (m), 1470 (m), 1442 (m),
143 (s), 1368 (w), 1342 (w), 1326 (w), 1306 (w), 1101 (WnLOX®48 (s), 948 (w), 879 (w),
829 (w), 787 (m), 708 (w), 672 (m), 593 (w).

Cyclodecyl 3,5difluoro-4-hydroxybenzoate (93

OBn OH
F F FOANF
Pd/C, H, 3 5
THF 2 6
50°C,1.5h !
e 0”770
98%
92 93
cyclodecyl4bereyloxy}3,> 402.48 g/mol  1.00 eq 0.72mmol  290mg
difluorokerzoate
palladiunon carbon 10% 106.42 g/mol  0.10 eq 0.07mmol 76.7mg
hydrogen balloon 2.00 g/mol

To a slurry 010%palladium on carbgi@6.7mg,0.07 mmol).10 eq) intetrahydrofusn(6.00mL)
was added a solutionagnzyl ethe®2(290mg,0.72 mmol, 1.00 eigp) THF (1.0mL). Theflasks
atmospherwvasreplacedby hydrogen The mixture was stirred underatmosphere of hydreg
(balloon) at 50 °@r 1.5 h when TLC indicated full conversion of the starting makaeal
mixture was filtered through celite aimbed with tetrahydrofuran (). The filtrate was
conertratedunder reduced pressunal purified by flash column chromatography on sitica (

pertare/ tertbutyl methyl ether 1) to afforahe title compound (217g,0.70mmol, 986) as a
colorless ai

TLC (npertare/ tertbutyl methyetherl91) R0.10

H NMR (500 MHz, CDG} & (ppm) =7.647.58 (n, 2H, 22H/6-H), 5.45 (s, 1HOH), 5.35 (i,
J=4.2,7.Hz, 1H 8H), 1.93 (dtd)= 5.3, 7.4, 14.8 HzH2 9H), 1.841.77 (m2H, 17H), 1.73
1.67 (m, 2H), 1.6649 (m, 12H).
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1€ NMR (from HSQC,125 MHz, CDG) & (ppm) =164.5(C7), 151.0 (dikr = 238.8Hz, 2C,
C3/C5), 137.0Q4), 123.1Q1), 113.5 (2@2/C6), 75.4C8), 30.0 (2G39/C17), 25.0 (2C), 24.2,
24.0 (2C), 22.2 (2C).

¥ NMR (282MHz, CDC}) & (ppm) =-134.42 (s, 2F).
HR-MS (APCI) m/z calcd. for GH1F0s [M]": 311.1464found:311.1466

FT-IR (neativ  ()c=m330 (w), 2915 (m), 2845 (w), 1721 (s), 1680 (s), 1610 (m), 1478 (w),
14@ (m), 1411 (s), 1364 (w), 1342 1826 (w), 1306 (w), 1258 (w), 1210 (w), 1159 (w), 1101 (w),
1071 (w), 1040 (s), 943 (w), 879 (w), 846 (w), 789 (m).

X-Raysee 7.3.

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

Method a
Ph.__O H
15
e l
OH ¢
E £ Cbz-Gly-OH o0
EDCI, 4-DMAP F F
toluene/CH,Cl, 3 5
0—23°C NG
0~ 0
32% 0”770
9
10
11
12
13
93 94
cyclodecyl 3;8ifluoro-4- 312.36 g/mol  1.00 eq 0.32 mmol 100 mg
hydroxylerzoate
((benzyloxy)carbonyl)glycine 264.23 g/mol  1.50 eq 0.48 mmol 127 mg
4-dimethylaminopyridine 122.17 g/mol  0.20 eq 0.06 mmol 7.8 mg

l-ethyt3-(3-dimethylaminopropyl) 155.24 g/mol  1.50 eq 0.48 mmol 87 uL
carbodiimid 0.880

To a stirred solution alyclodecyl 3;8ifluoro-4-hydroxylerzoate(100mg, 0.32nmol, 1.00 eq)
in methy¢ne chloride (4.00 miayd 1-ethyt3-(3-dimethylaminopropyarbodiimid (8D pL,
0.32mmol, 1.00eq) was addedi-dimethylaminopyridiné7.8mg, 0.06nmol, 0.20 eqprd
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((berzyloxy)carbonyl)glycine (8@, 0.48nmol, 1.5&q) at OC. The resulting brown
susersion was allowed to warm to 231@ stirred for 15 h. The mixture was filteredfilinate
was washed with aqueous sodium bicarbonate saladitmine (10nL each). The combined
organic layer was dried over magnesium sulfate, fatetednenratedunder reduced pressure
The residue was purified by flash column chromatograpligaifi-pertare/ tertbutyl methyl
ether 19:1) to afford the title compound@$ig, 10Immol, 32%) agninseparable mixture with
the starting material.

Method b

H
Ph O N
~~ 15
17 16\"/ 14
OH (e
@) (@]
Fo R F

F F Cbz-Gly-OH
DCC, TsOH
- 3 5
pyridine
23°C,15h 2 ) 6
o O
81% 0”70
9
10
11
12
13
93 94

cyclodecyl 3;8ifluoro4- 312.36 g/mol  1.00 eq 0.16 mmol  50.0 mg

hydroxylerzoate

((benzyloxy)carbonyl)glycine 264.23 g/mol  1.50 eq 0.24 mmol 49.5 mg
dicyclohexylcarbodiimide 206.33 g/mol  1.50 eq 0.24 mmol 50.2 mg
paraoluenesulfonic acid 190.10 g/mol  0.10 eq 16 pmol 3.0 mg
pyridine; 0.98 79.10 g/mol 150eq 1.98mmol 0.20 mL

To a solution ottyclodecyl 3:8ifluoro-4-hydroxylerzoate(50 mg, 0.16 mmol 1.00eq) ard
((bereyloxy)carbonyl)glycine (49.5mg, 0.24nmol, 1.5@q) in pyridine (012L),
dicyclohexylcarbodiimidg0.2 mg, 0.2damol, 1.50 eqland paraolueresulfonic aci¢3.0mg,
16.0pmol 0.10eq) were addext 23 °Card stirred for 15 h. Hydrochloric acid (10%;L) amd
ethyl acetate (1lhwere added. The residsizdgrsion was filtereard the filtrate waseparated
The filtrate was washeath water 2x5 L), dried(Magnesium sulfgtdilteredard the solvent
was removed under reduced presslilee crude product was purified by flastumn
chromatographgn silicargpentire/ethyl acetate 4:1) to afford the e8t65mg, 0.129 mmol,
81%) as a yellow oil
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TLC (npertare/ethyl acetaté1) R0.21.

'H NMR (300 MHz, CDG) 6 (ppm) =7.637.53 (m, 2H, -H/6-H), 7.347.13 (m, 5H, &ls),
5.99 (bs, 1H\H), 5.385.30 (m, 1H,-81), 5.17 (dJ= 20.8 Hz, 2H, 1-H), 4.59 (dJ= 7.4 Hz,
2H, 15H), 1.981.54 (series of m, 18H).

9= NMR (282 MHz, CDG) 3 (ppm) =- 1 2 4(s, DF}
HR-MS (ES) m/z calcd. for GHsiFN:OsNay [M+Na]': 526.2012found:526.2032

FT-IR (neaty cn(l) = 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

CszN;\ HZNJ\
o~ o 0~ o 5 OH
i) Pd/C, H, = F
F F EtOH, F F |
23°C,15h
o~ o o0~ o 0~ o
94 95 93
0% 72-96%
clodecyl kereyloxy)carbonyl
aycyl)oxi’f34(5(éiﬂuoﬁobeyr?zoate YD 503.54 gimol  1.00 eq 93 pmol 470 mg
palladium on charcoal 10% 106.42 g/mol  0.10eq 9 pmol 9.9mg

hydrogen (ballon) 2.00 g/mol

To a slurry ofLl0% palladium on charcg@9mg,9 umol 0.10 eq) indry etlarol (1.00mL) was
addedcarbamat84(47.0mg,93umol 1.00 eq)The reactiomixturewaspurgedwith hydrogn
for 1 min The mixture was stirred underatmophere of hydrogen (ballon) at°Z3ard the
consumption of starting material was nooad by TLCAfter 15 h, the slurry was filtered through

celiteard thefiltrate was comstratedunder redusec presstoafford a colorless olnalysis by
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'H-NMR showedlecompositiomo the pheno®3(21.0 mg, 6{dmol 72%) All tested conditions

aresummarized 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(OAcYC 10% MeOH 23 H2 93%
Pd/C 10% CH:CL/AcOH 23 H> 86%
PdC} CH:Cl 23 Et;:SiH/EtsN 93%
Pd/C 10% EtOAC/EtOH 23 cyclohexadiene 96%

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

15
OH /QBr BQ

F F o0
Br (0] F & F
K3PO,4, CH,Cl, 3 5
0°C,3h 2N C
(@) (0] 7
74% o~ "o
8
9
10
1
12
13
93 96
cyclodecyl-ydroxy3,5
difluoroberzoate 312.36 g/mol  1.00 eq 0.16 mmol 50.0 mg
bromoacetyl bromide2.32 201.85g/mol  1.50 eq 0.24 mmol 21.0 yL
potassium phosphate 212.28 g/mol  2.50 eq 0.40 mmol 85.0 mg

Bromoacetyl bromid{pL, 0.24mmol, 1.5 eq) was dissolvednrethylene chloride (1.6100)
ard potassium phospha(85.0mg, 0.40mmol, 2.9 eq)was added under stirrinfgt 0 °C a
solutionof cyclodecyl-hydroxy3,5difluoroberzoate $0mg, 0.16 mmol, 1.00 eq)methylene
chloride (0.5nL) wasadded dropwiswithin 30 minutesStirring was #n continued for3 h,

beforewaterard brine (5mL eah) were addedrd layersvere separate@he aqueouayermwas
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extracted witimethylene chlorid@%5 mL), before washing the joint ang layers witlaqueous
sodium bicarbonate (5%wt, 10 nagd brine (10mL). Drying overmagnesium sulfatd
evaporating under reduced pressure at 3attfCtémperature, afforded the title compound
(51.0mg, 0.12nmol, 74%), which was found not to be stable A a8d therefor used without

further purification. Slight contamination with bromoacetic acid cegseat
TLC (npertare/ tertbutyl methyetherl91) R0.25.

'H NMR (300 MHz, CDG) & (ppm) =7.707.64 (m, 2H,-M/6-H), 5.425.34 (m1H, 8H), 4.14
(s, 2H 15H), 1.981.56 (sries of m18H).

1 NMR (75 MHz, CDG) 3 (ppm) = 163.7 (C7), 163.4J; = 3.0 Hz, C14)156.4 (dkr =
39Hz, C2, 153.0 (dkr= 3.9 Hz, C§, 130.6 (tkr= 7.8Hz, C4), 130.2 (C1), 11383.5 (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 @GH.BrF0.[M]": 432.07478ound:432.07510

FT-IR (neat)v cntl) =3209 (w), 2922 (m), A7{w), 17 (w), 1689 (s), 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), 68{w).
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Experiments to cyclodecyl 4(2-diazoacetoxy}3,5difluorobenzoate(97)

Method a by conversion of the bromoace@te

C L

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

cyclodecyl42-bromaacetoxyB,>
difluorokerzoate

N,N'-ditosylhydrazine 340.41 g/mol  2.00 eq 0.23 mmol 78.6 mg
tetramethyl qandine 115.18 g/mol  5.00 eqg 0.58 mmol 72.0 uL

433.29 g/mol  1.00 eq 0.12 mmol 50.0 mg

To a solution ofcyclodecyl 42-bromoacetoxy3,5difluorobenzoatg50.0 mg, 0.12mol,
1.00eq) in tetrahydrofuran (1.50 mL) was addd@'-ditosylhydrazine (78itg, 0.23nmol,
2.00eq)At -10 °C, t et72.@uhe.58mymdl 5.00eq)wasddiedaesulting
yellow solution waallowed to warm t83 °C over a period of 30 min while a white precipitate
wasobserved. Theusgrsion was stirred f&0 min when TLC indicated full consumption of the
starting materiabefore removing thsolventunder reduced pressure28t . Diethyl ether
(5mL) was addeaid the suspension was filtered through a short plug of siligeel[otefiltrate

was concentratathder reduced pressuratT. Analysis of the residual yellow oil (31 mg) by

'H-NMR showed no formation of the desired diazo a®&tate
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S N,N-ditosylhydrazine ~ F F F F
F F DBU, THF
0°C, 10 min
o0” o o” Mo
o o
96 97 ' 93
0% 82%

cyclodecyl42-bromoacetoxy3,5

difluoroterzoate 433.29 g/mol 1.00 eq 69 pmol 30.0 mg
N,N'-ditosylhydrazine 340.41 g/mol  2.00 eq 138 pmol 47.1 mg
41,(E)}(Sialglzablcyclo[5.4.O]undéa%n, 153.24 g/mol  5.00 eq 346 umol 5804

To a solution ofyclodecyl 42-bromoacetoxy3,5difluorokerzoate(30.0 mgé9 umo) 1.00eq)

in tetrahydrofuan (0.50mL) was addedl ,N'-ditosylhydrazine (47mg,138umol 2.00 epard
cooled to 0 °Cl,8Diazabicyclo[5.4.0]Jundé&n(58.0uL, 346 umol, 30 eqwas added dropwise
ard the mixture wastirred a0 °C for 10 minutes. After guching of the reaction by the addition
of sat.sodium bicarbonate solution (3 mL), the aqueouswageextracted witthiethyl ether
(3x5mL). Thecombinedorganc extractswerewashed with brin€l5 mL) dried(magnesium
sulfatg, filteredand concentrated under reduced pressure to give a yelkoalggiof the crude

product by'H NMR showed decomposition to the corresponding pl#&n(@8mg, 58umol
82%) as the main component

114



Method b: by trarsersterification from gimol 93

OH MeO™ YO 0~ ~0
F F [MesNJ* [OCO,Me] F F
MS (5 A, Soxhlet)
CyH, 80 °C, 12 h
o~ "o ! . o o
93 97

cyclodecyl-ydroxy3,5

difluoroberzoate 312.36 g/mol  1.00 eq 80 pmol 25.0 mg
methyl diazoacetate 100.08 g/mol  1.10 eq 88umol 8.8 mg

tetramethylammonium methyl 14919 g/mol  0.10eq 8 umol 1.5 mg

carbonate

molecular sieves (5 A) - - - 160 mg

In a 5 mL test tubeydodecyl sydroxy3,5difluorokerzoatg(25.0 mg, 8Amol 1.00 eq), methyl
diazoacetate (883, 88umol 1.10 egprd tetramethylammonium methyl carbor{at® mg,

8 pumol, 010 egweresuspended in cyclofzerl (0.50 mL#t23°C. The mixture was heated under
azeotropic reflux condition80(°C). Methrol was removed throughnaini-Soxhlet extractor
containingnolecular sieves £ 160 myy After 12 h, the reaction mixture was allowembol to

ambient temperature. The mixture was filtered through a short plug of silica using a mixture of
ethyl acetatethexare (1:1). The filtrate wasnertrated under reduced pressutel-NMR

aralysis of the crude residue did not shignconversiomf starting material.
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3-(Dibromomethyl)benzoic acid (99

NBS, DBPO PR
PhCF; 5 BB
105°C, 3 h 3 Bf
6 2
o7 o 84% 1
0”7 OH
98 99
3-methylbenzoic acid 136.15 g/mol  1.00 eq 2.20 mmol 300 mg
N-bromosuccinimide 177.99 g/mol  2.30 eq 5.07 mmol 902 mg
dibenzoyl peroxide 242.23 g/mol  0.05eq 0.11mmol 26.7 mg

A solution of 3methyberzoic acid300mg, 2.20mmol 1.00 e}y N-bromosuccinimide©02mg,
5.07mmol) ard diberzoyl peroxide26.7mg, 0.11mmol 0.05 ejin trifluorotolueng(4.50mL)
was heated tb05 °Cfor 3 h The reactiomas cooled to 2%, the yellowsolid was fiered off
ard washed consecutively with cyclaheand water (5 mL eachlhe solid was dissolved in
diethyl ether (10 migrd the resulting solution was dried over magnesium sulfate,dntetieel
solvent was removed under reduced press@r@ibromomethyldrzoic acid (545mg,

1.85mmol, 846)was obtained as a pale yeHoiid.
TLC (npertare/ tertbutyl methyether6:1) R0.60.

H NMR (300 MHz, CBCN) & (ppm) =9.66 (bs, CO8),8.19 (tJ= 1.8 Hz, 1H 2H), 7.98 (id,
J=1.3, 7.8 Hz, 1H6H), 7.87 (ddd)= 1.0, 1.87.9 Hz, 1H4H), 7.54 (dd)= 7.8, 7.8 Hz, 1H
5-H), 6.99 (s, 1HBH).

1 NMR (75 MHz, CRCN) & (ppm) =179.9, 155.8, 143.82113 131.9, 130.4, 128.3, 41.3.
HR-MS (APCI) m/z calcd. for @HsBr.O, [M]": 292.8642found:292.864.7

FT-IR (neaty cn{') = 1686 (s), 1419 (m), 1294 (s), 1224.(fBY, (W), 945 (m), 776 (w), {BS,
689(s), 642 (s), 580 (m), 534 (m), 2560 (w), 2819 (w), 3015 (w).

m.p. 7879 °C (diethyl ether
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Cyclodecyl 3(dibromomethyl)benzoate(10Q

4 8
Br 5 3 Br
cyclodecanol )
Br  EDCI, 4-DMAP © ™
CH,Cly, 23 °C
- 0”70
1e) OH 72% 2 10
11
12
13
14
29 100
cyclodearol 156.27 g/mol  1.10 eq 9.36 mmol 1.46 g
3-(dibromomethyl)rzoic acid 293.94 g/mol 1.00 eg 8.51 mmol 250¢g
1-ethyt3-(3-dimethylaminopropyl)
carbodiimid hydrchloride 191.70 g/mol  1.10 eq 9.36 mmol 1.79¢
4-dimethylaminopyridine 122.17 g/mol  0.10 eqg 0.85 mmol 104 mg

To a solution of 3-(dibromomethyl¥zoic acid (2.8g, 8.5Immol 1.1Ceq),
4-dimethylaminopyridin€l04 mg, 0.85 mmol, 0.10 eq) cyclodearol (1.46g, 9.36nmol,
1.10eq) in methgre chloride (2B mL), a solution ofl-ethyt3-(3-dimethylaminopropyl)
carbodiimid hydmhloridein methygre chloride (25 mL) was added dropwise at 23 °C within 30
min. The reaction mixture was stifi@d20 h as TLC indicated full consumption of e dic

acid. The mixture was filterad the filtrate was washed with 12.8odium carbonate solution
(100mL). The orgric layer was driedMagnesium sulfgtefilteredard conertrated under
reduced pisure The residue was purified by flash column chromatography ongditang/
tertbutyl methykther 10:1) to afford the title compound (8,6& 15mmol, 72%) as a colorless
oil.

TLC (npertare/ tertbutyl methyetherl0:1) R0.50

H NMR (300MHz, CDC}) & (ppm) =8.15 (tJ= 1.7 Hz, 1H 2H), 7.99 (tdJ= 1.4, 7.7 Hz,
1H, 6H), 7.81 (ddd]= 1.7, 1.3, 7.8 Hz, 1H4H), 7.47 (dd]= 7.8, 7.8 Hz, 1H5-H), 6.68 (s, 1H,
8-H), 5.455.37 (n, 1H, 9H), 2.001.58 (sries of mM18H).

1 NMR (75 MHz, CRCN) & (ppm) =165.3 (C7), 142.4 (C1), 131.6 (C4), 131.2, 131.0, 129.1,
127.2, 75.3 (C9), 4008) 30.3 (2C), 25.3 (2C), 25.2 (2C), 24.3 (2C), 22.4 (2C).

HR-MS (El) m/z calcd. for @H.BrO. [M-Br]*: 351.09597ound:351.09420
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FT-IR (neatyy cnth) = 497 (w), 579 (m), 635 (m), 692 (s), 73FHB)(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 =~ GH-insertion of  cyclodecyl 3
(dibromomethyl)benzoate (101

Br
Br n-BulLi, O ,
Et,O OH
temperature, time (e} '
[ 5o T >
100 101 72

cyclodecyl-8dibromomethyl¥zoate 432.20 g/mol  1.00 eq 0.23 mmol 100 mg
nbutyllithium 2.1 in hexares 64.06 g/mol 1.00 eg 0.23 mmol 93 uL

Under inert conditionssbutyllithium (93uL, 0.23nmol, 1.00 gwas added to a solution of the
dibromide100(100mg, 0.23nmol, 1.00 eq) in diethyl ether if@2) at—100 °C within 1@nin by

a syringe pump. The reaction was allowed to +&&ctC ard monitored by TLC. After the
indicated time, the yellow seispon was filterednd aqueous ammonium chloride solution
(10mL) was addedThe aqueous layer was extracted with diethyl 2#i€r (L) and the
combined extracts were driddagnesium sulfgiefiltered and cancentrated under reduced
pressure. The residual yellowwaisdirectlyaralyzed by NMRird GGMS.In the table below,

variations of the proceduaad theirs results are summarized.

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

1 0.01 -100 1 min, then -7 10061%7239%
2 0.01 -78 10 min (sp)}t 1 h 72670

3 0.01 -78 60 min (sp), + b 7281%

4 0.01 -78 60 min (sp), + B, then" 23°C 100490 7251%
5 0.01 -78 10 min (sp}+ 3 h at-50 °C 1006706

6 0.01 -78 t-BuLi, 10 mir(sp), + 1 h 7293%
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(E)-Cyclodec5-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 10
CH,Cly, 23 °C 6 7
10, 9 e}
1
0” “OH 73% 12 8 .
13
14 16
15
29 102
(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 3.24 mmol 500 mg
3-(dibromomethyl)rzoic acid 293.94 g/mol 1.10eq 3.57 mmol 1.05¢
1-ethyt3-(3-dimethylaminopropyl)
carbodiimid hydrchloride 191.70 g/mol  1.10 eq 3.57 mmol 684 mg
4-dimethylaminopyridine 122.17 g/mol  0.10 eq 0.32mmol 39.6 mg

To a solution of 3-(dibromomethyl¥woic acid (1.09, 3.57mmol, 1.1@q),
4-dimethylaminopyridin€39.6 mg, 0.32mmol, 0.1@q) ard (E)-cyclodeé&-enl-ol (500 mg,
3.24mmol, 1.0@qg) in dry methghe chloride (18mL), a solution ofl-ethyt3-(3-
dimethylaminopropyl) carbodiimid hydrochlori(@4mg, 3.5Mmmol, 1.1®&q) in dry
tetrahydrofusin (10 mL) was added dropwise at 23 °C within 30Timnreation mixture was
stirred for 1& as TLC indicated full consumption ofal@hol The mixture was filteradd the
filtrate was washed with ®13o0dium carbonate solution (8Q). The orgnc layer was dried
(magnesium sulfgtdilteredard conertratedunder reduced pressuiige residue was purified
by flash column chromatography on sihgeeitare/ tertbutyl methykether 10:1)at afford the
titte compound (1.04,2.35mmol 73%) as a colorless oil.

TLC (npertare/ tertbutyl methyetherl01) R0.50

H NMR (500 MHz, CDG) & (ppm) =8.14 (dd,J= 1.8, 1.8 Hz, 1H2H), 7.98 (tdJ = 1.4,
7.9Hz, 1H 6H), 7.80 (dddJ= 1.2, 2.0, 7.9 Hz, 1HH), 7.46 (ddJ= 7.8, 7.8 Hz, 1H5H),
6.68(s, 1H, 8H), 5.555.44 (m, 2H, 1Bl/14-H), 5.395.24 (m 1H, 9H), 2.282.04 (m 4H,
12H/15-H), 1.881.43 (m, 10H).
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1 NMR (125 MHz, CDG) & (ppm) =165.4 (C7), 142.1 (C3), 132.8 (C14), 132.7 (C1), 131.6
(C13), 131.0 (§6130.6 (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 calcd. for @H.Br.O-H: [M+H]": 428.9882found:428.9878

FT-IR (neat)v cn(') = 581 (m), 648 (m), 694 (s), 732 (w), 758B08)(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 onan intramolecular carkene addition with (£)-cyclodec5-en-1-yl 3-
(dibromomethyl)-benzoate (103

Rl__R?

Br B t-BuL,

Et,0
~100 °C, 3 h o oH
o  -78°C,5h .
g o
¢!
102 103 R, R?=Br (E)-79
0,

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

51% (2:1:1)

(E)-cyclode&-enlyl 3
(dibromomethyl)¥rzoate

t-butyllithium 1.7 in pertare 64.06 g/mol 1.01 eg 0.59 mmol 345uL

430.18 g/mol  1.00 eq 0.58 mmol 250 mg

Under inert conditionsputyllithium (34%L, 0.59nmol, 1.0k9g was added to a solution of the
dibromidel02(250mg, 0.58nmol, 1.00 eghidiethyl ether (22L) at—100°C within 5min by

a syringe pumpt was stirred for 3 h at the same temperaturenonitored byfLC. The now
yellow suspensiomas allowed to reaefi8 °C ard stirred for 5 h. e susprsion was filtered

ard the filtrate was @uched by the addition of aqueous ammonium chloride sqL@imL).

The aqueous layer was extracted with diethyl 2&i€)Y nL)ard the combined extracts were
dried Magnesium sulfgtdilteredard cancentrated under reduced pressure. The residual yellow
oil waspurified by flash column chromatography oraditigentire/tertbutylmethyl ether 19:1)
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to obtainaninseparable mixture of dibromit&3 bromidel04ard methyl benzoatl05(yellow
oil, 127mg, 030mmol, 51%) in one fraction aaldohol E)-79(31 mg0.20 mmol, 34%).

Methods andonditiongested

entry c/M reagent procedure result
1 0.01 t-BulLi —100 °C5 min (sp), 8 h, 103 104+10%1%
-78°C,5h 7934%
2 0.01 t-BuLi —100 °G5min (sp);+30 decomp
min, then 23 °C
3 0.01 t-BuLi —100 °G 60 min (sp) no reaction
0.01 nBuLi —-100 °C5 min(sp), +3 h decomp.
5 0.02 Al(iBu) 3.5 eq, 50°C, 6 h no reaction
FeCt0.06 eq
6° 0.10 t-BuMgCl 4.&q 10' 23°C, 18 h no reaction
amethod as described by Brunner étal.
b method as described by Brunner étfal.
Bicyclo[4.4.0}1(6)-decen-2-one (109
O
A 3
2_0
Me,AICI 4

@ CH,Cl, 0°C,8h 4 1

107

dimethyl aluminum chlorigém in
hexareg

methylene cyclohare
acroleinj 0.84

44% ™
108

92.50 g/mol 1.00 eq 18.1 mmol 18.1 mL

96.17 g/mol 1.15eg 20.8 mmol 2.00g
56.06 g/mol 2.10 eq 38.0 mmol 2.54 mL

Dimethyl aluminum chlorid@8.1 mL, 18.inmol 1.00eg was addely a syringe punip a
soluton of methylene cyclohae (2.0@,20.8mmol 1.15%0 ard acroleinZ.54 mL, 38.0 mmol)
in methyére chloridé30mL)within8 h at 0 °C. The reaction wasmphed by addition of soaiu
potassium tatrate soluti@®0mL) followed bydiethyl ether (I0mL) ard stirred vigorously for
1 h. The layers were separaredthe aqueous layer wasaoted with diethyl ethe2X50 ).

The combined oggic layers wereashed with brine (100 mdyjed over magnesium sulfate,

filtered ard conentrated under reduced pressuiEhe residue was purified by flash column
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chromatography on silicapertare/ tertbutyl methyl ether:%) to affordbicyclo[4.4.0](6}
de@n2-one(1.259, 8.32mmol, 81%) as colorless ailThe aralytical data were in accomk
with the literaturé?

TLC (npertare/ tertbutyl methyether4:1) R0.30

H NMR (300 MHz, CDG) & (ppm) =2.38 (dd,J= 5.9, 7.5 Hz, 2H3H), 2.252.14 (m, 6H,
5-H/7-H/10-H), 1.971.89 (m, 2H,4), 1.621.58 fn, 4H, 8H/9-H).

1€ NMR (125 MHz, CDG) & (ppm) =199.3 €2), 157.0G1), 132.4Q6), 38.0C3), 31.9, 31.6,
22.6,22.3,22.2, 22.1.

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

H,0,, NaOH 3
o} MeOH 4 2.0
1023 °C, 23 h

40%

7 9
8
108 109
bicyclo[4.4.6](6}de@n2-one 155.22 g/mol  1.00 eq 7.73mmol 1.20 g
hydrogenperoxide 30% in water 34.01 g/mol 2.40 eq 18.6 mmol 2.10 mL
Sodium hydroxide 6nMin water 40.00 g/mol 1.00eq 7.73 mmol 1.29 mL

Bicyclo[4.4.6](6)de@n2-one(1.20 g. 7.78mol, 1.0@&q) was dissolved in mathl (5mL)ard

a 60M sodium hydroxide solution (1129, 7.73nmol 1.00 eq) was added. The reaction mixture
was cooled to 10 °@d 30% HO, (2.10mL, 18.6mmol 2.40eg was addedropwise The
reaction was allowed to warm to 2&af€ stirred for 3 h. As TLC indicated no full conversion,
arother aliquot of KD, was added at 2C ard the mixture was stirred at°Z3for 18 h. The
mixture was diluted with water (80), extracted diethyl eth8x60 mL). The combined @ngc
layers wer dried over magnesium sulfate, filtarddconerntratedunder reduced pressuide
residue was purified by distillation§81C, 0.10 mbar) to afford the title compound (510 mg,
3.07mmol, 40%) as a colorless Hilearalytical data were in acamk with the literaturé’

TLC (npertare/ tertbutyl methyether4:1) R0.20.

H NMR (300 MHz, CDG) & (ppm) =2.792.75 (m, 2H, 1), 2.382.34 (m, 2H, 161), 2.16
2.05 (m, 6H,4H/5-H/7-H), 1.821.90 (m, 2H,-81), 1.671.59 (m, 2H, B1).
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1 NMR (125 MHz, CDG) & (ppm) =210.4 C2),85.8 C1), 83.4C6), 42.7C3), 42.6C10),
26.9, 25.7, 21.8, 19.3, 18.2

b.p. 51-:60°C at0.1® mbar(Lit: 6870 °C at 0.30 mmHg).

Cyclodec5-in-1-one (11D

TsNHNH,
ACOH, CH2C|2
o -20 °C, 30 min 0
0°C,2h
23°C,2h
84%
109 ® 110

1,6epoxybicyclo[4.4.6fle@n2-one 166.22 g/mol  1.00 eq 3.01mmol 500 mg
tosylhydrazine 186.23 g/mol 1.10 eq 3.31 mmol 616 mg
acetic acid 30.05 g/mol 33.0 eq 99.3 mmol 5.68 mL

1,6Epoxybicyclo[4.4.6dean2-one (500 mg, @ mmol, 1.0@&q)ard acetic acid (5.68L) were
dissolved in methylene chloriBeml). Thesolution was cooled t620 °C ard tog/lhydrazine
(616mg, 3.3Inmol, 1.10 eq) was add€&de yellow mixture was stirred-20°C for 30 min, at
0 °C for 2 hpefore it was allowed to re@h°Card stirred for 2. TLC indicated full conversion
of the starting materidlhe mixture was neutralizeg addition of solid sodium carbonaig
water (10nL) was added.alyes wereseparatedand the aqueoukayerwas extracted with
methylene chloridé8X10mL). The combined oagic layers werevashedwith sat. aqueous
sodium bicarbonate (8fL), dried over magnesium sulfate, filtesed conertrated under
reduced pressur€he residue was purified by flash column chromatography ongditang/
diethyl ether 9:1) to afford cyclo@&eo-1-on (420mg, 2.53nmol, 846) as gale yellow oil. The
analytical data were in acamk with the literaturé

TLC (npertare/ tertbutyl methyether4:1) R0.45

H NMR (300 MHz, CDG) & (ppm) =2.57 (dtd,)= 1.2, 4.7, 17.2 Hz, 112H.), 2.27 (tdJ =
6.0, 15.9 Hz, 1H2Hy), 2.131.72 (n, 7H), 1.66.18 (m5H).

11C NMR (75 MHz, CDCJ)) 3 (ppm) =207.2C1), 66.2@5), 64.1G6), 36.8, 30.1, 29.3, 21.3, 20.2,
19.9, 17.8.
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(2)-Cyclodec5-en-1-one ((2)-79

% 5% Pd/CaCO5(PbO,) Q
H, EtOH 10 2
23°C,2h 5
> 9
96% 8 )
=S , 5
6
110 (2)-78
cyclode&-in-1-one 150.22 g/mol  1.00 eq 3.33 mmol 420 mg
Lindlarcatalyst (5% Pd/CaGQ@bO2 106.42 g/mol 0.02 eq 0.06 mmol 119 mg
hydrogen (k] balloon) 2.00 g/mol - - -

To asolution ofcyclodeés-in-1-one(420 ng, 3.33mmol 1.00 epin etharol (6.0mL) wasadded
Lindlarcatalys{119mg, 0.06nmol, 0.02 eq). The solution was degassgdatie atmosphere was
replaced by hydrogeAfter 2 h at 23 °C TLC indicated full conversiard the mixture was
filteredthrougha plug of Celite. The filtrate was concenteatgthe residue wamirified by flash
column chromatography on silingpdrtare/diethylether9:1) to affordZ)-cyclodeé&-enl-one
(445mg, 2.68 mmol, 9%b) asa colorless oil. Thamalytical data were in acamk with the
literatures®

TLC (npertare/ tertbutyl methyether4:1) R0.80

IH NMR (300 MHz, CDG) & (ppm) =5.405.29 (m2H, 5H/6 -H), 2.482.43 (m2H, 2H), 2.33
2.29 (m2H, 16H), 2.132.07 (m, 2H,-H), 2.021.96 (m, 2H,-H), 1.931.83 (m, 2H), 1.76.68
(m, 2H), 1.68..57 (n, 2H).

1C NMR (125 MHz, CDG) & (ppm) =214.9C1), 132.1G6), 128.905), 46.0C2), 34.9C10),
28.7 C4), 24.5C7), 23.4, 23.3, 21.1.
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(2)-Cyclodec5-en-1-ol ((2)-79

o LiAIH, OH
Et,O
0°C,2h _ 10 2
3
9
92% 8 )
7 5
6
(2)-78 (2)-79
(2)-cyclodeés-enl-one 152.24 g/mol  1.00 eq 1.08 mmol 165 mg
lithiumaluminumhydride 37.95 g/mol 1.20 eq 1.30 mmol 49.4 mg

To a solution ofZ)-cyclodeé&-enl-one (165 m, 1.08mmol, 1.00 eq) idiethyl ether (7.0 mLijHium

aluminumhydride (49.4ng, 1.30 mmol, 1.20 eq) was added slovly’@ Themixturewasallowed to
warmto 23 °Card stirred for 2 hThemixturewasquenched at @ by the addition ahetharol (2mL).

A sat. aqueous solution of potasssodium tartrate (L) was addead stirred vigorously fort8 The
layers were separated the aqueous layer was extracted with diethyl @1€nfL). The combined
organc layers wergvashed withbrine (50 mL)dried over magnesium sulfate, filteaed

conertratedunder reduced pressufde residue was purified by flash column citagraphy
on silicargpentare/diethyl ether 4) to affordZ)-cyclode&-enl-ol (153mg, 1.00mmol, 926)

as ayellow oil Analytical data were in acamk with the literatufé.

TLC (npertare/ tertbutyl methyether4:1) R0.20

'H NMR (300 MHz, CDGQ) d (ppm) =5.365.22(m, 2H, 5-H/ 6-H), 3.953.88 (m, 1H, -H),
217R2.11(m,4H, 4H/7-H), 1.671.27 (series of m, 10H), 1.42 (bs, 1H).O

1C NMR (75 MHz, CDCJ) & (ppm) =132.1C5), 128.8 C6), 72.6C1), 34.2@¢4), 33.9C7), 32.3,
31.227.8, 25.94.1

FT-IR (neat)v cn(?) = 3340 (W, 3012(w), 2920 (s), 2888 (w), 1443 (m), 1340 (w), 1311 (w),
1234(w), 1201 (w)L125 (w), 1081 (w), 1022 (w), 98828 (w), 813 (w), 785 (w), 724 (w) (640
460(w).
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5.2.3. Double bond functionalisation of (€)-cyclodec-5-en-1-ols

11Oxabicyclo[8.1.0Jundean-1-ol (112

Method a
m-CPBA \
CH,Cl, OH
OH ~78°C, 48 h 3 7
2 6 7 + +
0 8 ~ ,/OH
107 OH
(E)-79 112 113+114
55% 20%
(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 3.24mmol 500 mg
metahloroperoxybenzoic acid 172.57 g/mol  1.50 eq 4.86 mmol 840 mg

A solution of(E)-cyclode&-enl-ol (500 mg, 3.24 mmol, 1.00 eq) muatiechloroperoxybenzoic
acid(840 mg, 4.86 mmol, 1&6@3) i n met hyl ene chloride (10.0
48h TLC indicated full consumption of the starting material. The resulting suspension was filtered
through celite and washed with cold methylene chlorioiY5The filtrate was washed veidt.

aqueous sodium thiosulfate (50 mL) and the aqueous layerexteacted with methylene
chloride (3x30 mL). The combined organic layers were washeatvatidium bicarbonate

solution (50 mL), dried (sodium sulfate), filtered and concentrated under reduced pressure. The
residue was purified by flash column chrognaphy on silica-pentaneftertbutyl methyl ether

10:1) to afford tbxabicyclo[8.1.0Jundeeknl (310mg, 1.80nmol, 55%) as a colorless oil. The

Oxiran 112proved to be unstable at 23 °C, under neutral and acidic conditions. It proofed to
undergaafurther reaction to a regioisomeric mixture edxbicyclo[5.3.1Jundeeznl and 11
oxabicyclo[4.4.1Jundeeznl (113114 110mg, 0.65nmol, 20%), isolated as a colorles§alil.

analytical data @fl3and114aregivenbelow.

Analytical data dfl-oxabicyclo[8.1.0Jundeeknl (112
TLC (npertare/ethyl acetaté1) R0.25

HR-MS (ESI)) m/z calcd. for @H10.Nas [M+Na]*: 193.1202found:193.1201
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FT-IR (neatv  ()c=r2919(m), 2845w), 1721 (w), 1680 (m), 1610 (s), 1478 (W), (D411
1342(w), 1306 (w), 1258 (s), 1210 (WF11w), 1101 (w), 1046 (m), @49 879 (M)320 (M),
701 (w), 681 (w), 59h).

Diastereomer a:

IH NMR (500 MHz, CDG) & (ppm) =3.95 (ddt, J = @, 4.9, 9.5 Hz, 1H;13), 2.632.55 M,
1H, 16H), 2.322.19 (m, 2H,-H), 1.891.30 (m, 12H), 1.4M89 (M 2H).

1 NMR (75 MHz, CDCJ) d (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, CDG) & (ppm) =3.893.72 (m, 1H5H), 2.78(dddd, J = 2.7, 2.8, 8.9,
14.1Hz, 1H 10H), 2.322.19 (m, 1H,-H), 1.891.30 (m, 12H), 1.2112 (m2H)

1 NMR (75 MHz, CDCJ) 5 (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 4 5 OH
OH 23°C, 15 h s
- S, 4 +
o 8 - “OH
107 OH
(E)-79 112 113+114
60% 21%
dr1:1
(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 3.24mmol 500 mg
tertbutylhydroperoxide 5mbin de@are  90.12 g/mol 3.00 eq 1.95 mmol 360uL
hexacarbonylmolybdenum(0) 264.00 g/mol  0.05eq 0.03 mmol 10.0 mg

To a solution ofE)-cyclode&-enl-ol (100 mg, 0.65 mmol, 1.00 eq) indrdu(1.20nL) was
added hexacarbonylmolgbdm(0) (10.0 mg, 0.03 mmol, 0.05ax)tertbutylhydroperoxide
(240uL, 1.30mmol,2.00 eq) at 23 °C. The reactiixture was stirred for 6 h when TLC indicated
no further reactiorAnother equivalertertbutylhydroperoxidel?0 pL, 0.65 mmglwas added
ard the mixture was stirred foh@t 23 °Quntil TLC indicated full consumption of the starting
materialtertButyl methyl ether (50 miwas addedrd the suspension whitered through a plug
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of celite. The sobrt was evagrated under reduced pressamkthe residual oil was purified by
flash column chromatography (siliggertare/ethyl acetate 5:1) to afford @xil12(70.0 mg,
0.39mmol, 60% dr 1:} as a colorless oil besides a mixture of the regioisdiferic
oxabicyclo[5.3.1Junde€2-ol ard 1toxabicyclo[4.4.1]undae2-ol (230 mg, 0.14mmol, 21%) as
a colorless oil.

Variations from stdard conditions:

entry  solvent eq eq T/°C % conv. result
t-BUOOH Mo(CO)s
1 toluere 3 0.05 23 100 112(dr 1:1)60%
1132114(rr 1:1, 21%)
2 toluere 42 0.15 80 100 113114(rr 1:1, 35%)BnOHd
toluere & 0.20 23 100 113114(rr 1:1, 51%}BnOHd
4 toluere  1v 0.10 0' 23 100 112(dr 1:128%,
113114(rr 1:1, 5%)
5 CHLCL 3 0.20 0' 23 80 113114(rr 1:1, 53%)
6 CHLCL 3 0.20 0 75 113114(rr 1:1, 64%)
7 bereerec 3 0.20 5'23 60 113114(rr 1:1, 49%)

afour year old antainer ot-BuOOH

bnew, freshly aaed containerBuOOH
cdriedover4 A molecular sieves

d oxidation of toluene to benzylic alcohol observed.

Method c: Sharpless asymmetric epoxidation conditions

ROOH
Ti(Oi-Pr),, (-)-DET
solvent, MS (4 A) 4 _5s_OH
OH T, t 3
2 6 - +
o)
. 4 OH
10 . OH
(E)-79 112 113 114
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(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 0.32mmol 50 mg
tertbutylhydroperoxide 5mbin de@are  90.12 g/mol 3.00 eq 0.97mmol 177uL

titanum(lV) isepropoxide} 0.96 284.22 g/mol  0.10 eq 0.03 mmol 9.6uL
(H)-diethyltartratg, 1. 2 0 206.19 g/mol  0.20 eq 0.06 mmol 7.0uL
molecular sieves (4 A) 100 mg

At 0 °C O)-DET (7.0uL, 0.06 mmol, 0.2€q)ard 4A molecular sieves (10@)were susprded

in methylene chloride (8L) ard titanum(lV) isepropoxide(9.6 uL, 0.03mmol, 0.10eq) was
addedThe mixture was cooled+420 °Card afterl5 mintertbutylhydroperoxidé&77uL, 0.97
mmol,3.00 eq) was addedhelreaction was stirred for furthBrmiinard thencooled to-40 °C.
(E)-cyclodeé&-enl-ol (50 mg, 0.3thmol, 1.00 eq) was ad@ed the reaction mixture was stirred
at—40 °C for 22 hThe excess peroxide was quenched by addition of a solubolBfsulfate
ard citric acid inwater(3.30 g/1.10 g/10.0 mL) at 0 4d stirred for 15 minLayers were
separatednd the aqueous layer was extractedteritbutyl methyl ethgBx5mL), the combined
organic layers were washed wat. aqueous sodium bicarbonaterl20ard brine(20mL),
dried (magnesium sulfatejd conertrated under reduced pressdiee crude yellow oil was
aralyzed by NMR spectroscopy. It showed 10% conversion, no formatioraml bRibut a
mixture of the regioisomericll-oxabicyclo[5.3.1Junde€2-0l (113 5%) ard 1%
oxabicyclo[4.4.1]undgee2-ol (114 5%).

Variations from stdard conditions

entry ligarda oxidan (eq) T/ °C time/h  %convt result

1 (--DET  t-BuOOH @3 -40 22 10 113114(rr 1:1, 106)
2 (+)-DET  t-BuOOH (2) 20 18 3 113114(rr 1:1, 86)
3 (+)-DET t-BUOOH (2) -20 18 40 113124(rr 1:1, 406)
4 (-)-DIPT t-BUuOOH (4) —20'23 18 50 113/114rr 1:1, 5%)
5 (H)-DET tritylOOH (2) -20 48 0 -

6 (-)-DET tritylOOH (2) 23 24 60 113/114rr 1:1, 5%)
7 (-)-DET  cumylOOH (2) 0" 23 24 16 113/114rr 1:1, 166)

aZtale 0.32mmol defin, 0.1@&q Ti(A-Pr) and0.20eqligand
bCalculatedrom the'H NMR spectrum

¢ Stoichiometric amount of Ti{®r).
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(E)-tertButyl(cyclodecyt5-en-1-yloxy)dimethylsilane (1195

TBSCI, imidazol
OH CH,Cl,
0—23°C,4h

89%

(E)-79

(E)-cyclode&-enl-ol

chlorotertbutyl dimethylsaire 99%

imidazole 98%

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

13

1\
—Si12
|
2 1_0
3
4 10
5 9
6 8
7
115

1.00 eq 4.77 mmol
1.20 eq 5.73 mmol
2.50 eq 11.9 mmol

740 mg
860 mg
810 mg

To a stirred solution ¢E)-cyclodeé&-enl-ol (0.74 g, 4.77 mmol, 1.00 eq) in metkythloride
(200 mL) was added imidazole (0.81 g, 11.9 mmol, 2.50 eq) followed by dropwise addition of a

solution ofchlorotertbutyl dimethylsiire (0.86 g, 5.73 mmol, 1.20 eq) in metkythloride

(5.00mL) at 0 °C. The mixture was allowed to reach aB&l°@as stirred for 4 h. Conversion was

monitored by TLC. The mixture was filteaed the filtrate was extracted wigtbutyl methyl

ether (320 mL). The combined @ngc layers were washed with bri@e20 mL), dried over

magnesium sulfate, filterdl con@rtratedunder reduced pressuide residue was purified by

flash column chromatography on silingpe(tare/ethyl acetate 10Q to affordthe title

compound1.14g,4.25mmol, 896) asa colorlss oil Analytical data were in acame with the

literature®

TLC (npentre/ethyl acetatg(1) R 0.50.

'H NMR (300 MHz, CDG]) & (ppm) =5.41 (m, 2H>-H —6-H), 3.74 (bs, 1H;H), 2.06 (m, 4H,
4-H, 7-H), 1.63-1.38 (series of m, 1pH.87 (s, 9H,3H), 0.03 (s, 12H,1-H).

1T NMR (75 MHz, CDG) & (ppm) == 131.9C6), 131.7C5), 82.4C1), 47.1, 32,31.2, 31.1,

29.4, 26.13C,C13),24.7, 22.5, 18(812),-4.3(2C,C11.
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((1xOxabicyclo[8.1.0undecan5-yl)oxy)(zert-butyl)dimethylsilane (184

CH,Cl,
23°C, 15 h

\ J< -CPBA
o)

84%
dr 1:1

115

(E)-tertbutyl(cyclodecyg-en1-
yloxy)dimethylsihe
metahloroperoxybenzoic acid

286.52 g/mol
172.57 g/mol

184

1.00 eq 1.12 mmol 300 mg
1.50 eq 1.68 mmol 290 mg

A solution of(E)-tertbutyl(cyclodecyd-enl-yloxy)dimethylsilan@00 mg, 1.12 mmol, 1.00 eq)
andmetahloroperoxybenzoic a¢@P0 mg, 1.68 mmol, 1.50 eq) in methylene chloriden(2.2

was stirred at 23 °C for 15 h. The resulting suspension was cooled to 0 °C, filtered through celite

and washed with cold methylene chloridenl(5 The filtrate was washed ws#t.aqueous

sodium thiosulfate (20 mL) and the aqueous layer \wasacted with methylene chloride

(3x10mL). The combined organic layers were washedsatibqueous sodium bicarbonate

solution (30 mL), dried over magnesium sulfate, filtered and concentrated under reduced pressure.

The residue was purified by flash coleahmomatography on siliagapentane/tertbutyl methyl
ether 19:1) to afford a mixture of two diastereomersn@ M94nmol, 81%dr 1:1) as a colorless

oil.

TLC (npentanefertbutyl methyl ethed:1) R0.57

Analytical data for diastereomer a:

'H NMR (500 MHz, CDG) & (ppm) =3.783.74 (m, 1H,41), 2.81 (dt, 3 2.6, 9.4z, 1H, &
H),2.72 (dt,3 3.2, 9.3z, 1H, 16H), 2.282.16 (m, 2H,4H), 1.861.06 (series of m, 10H), 1.03

0.95 (m, 2 H,-B1) 0.88 (s, 9H, 14), 0.06 (M, 6H, 18).

11C NMR (125 MHz, CDG) & (ppm)= 69.0 C5), 62.9C10), 59.1 (C1), 36Q4), 34.7G3), 31.5
(C6), 31.0Q2), 26.0 (3Q314), 24.1Q9), 22.7Q8), 21.5C7), 18.2C13)~3.8 C12),—4.2 C12).
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Analytical data for diastereomer b:

H NMR (500 MHz, CDG) & (ppm) =3.93-3.85 (m, 1H, 51), 2.61 (di)= 2.3, 10.3z, 2H,
1-H); 2.56 (di)= 2.0, 10.Mz, 16H), 2.282.16 (m, 2H,4), 1.861.29 (series of m, 10H), t.18
1.09 (m, 2H,-B1), 0.88 (s, 9H, 14), 0.06 (m, 6H, 18).

1€ NMR (125 MHz, CDG) & (ppm)= 73.0 C5), 63.3C10), 60.9 (C1), 36340, 34.8C3), 32.1
(C6), 30.8@2), 26.0 (3C;14), 24.1Q9), 22.4C8), 20.9C7), 18.2C13),—4.3 C12),~4.4 C12).

FT-IR (neaty cntl) = 536 (m), 652 (W), 689 (s), 724 (s), 919 (w), 1016 (m), 1162 (w), 1259 (s),
1416 (m), 1579 (w), 1609 (m), 1685 (), 2556 (W), 2658 (W), 2814 (w), 2980 (M), 2998 (m).

(18,2R*75%)-110xabicyclo[5.3.1Jundecar?2-ol (113 and (1R*2S*6S%-1toxabicyclo
[4.4.1lundecan2-ol (114

Method a
p-TsOH |
OH toluene 6 1 2 9 \ 3N 6 >4
23°C, 15 h _~7" A\ /
5 10 i N + 3
0) 4 1 /'\,/‘/\ 8 27,
96% 3 2 > —/ "' “OH
OH VAN 10
112 113 114
1l-oxabicyclo[8.1.0]undar5-ol 170.25 g/mol  1.00 eq 0.30 mmol 50.0 mg
paraoluensulfonic acid hydrate 99% 200.21 g/mol  0.05eqg 15 pmol 2.9mg

To a solution of -oxabicyclo[8.1.0]Jundar5-ol (50 mg, 0.30 mmol, 1.00 extpluene (6.061L)
was addeparaoluenesulfonic acid hydra{@.9mg,15 mol, 0.05%eq)at23°C. The reaction was
monitored by TLC. After 1% aqueoussodiumbicarbonate (BL) was added.ayerswere
separatedhe or@nc laye wasdried(magnesium sulfaidilteredand the solvent was removed
under vacuurto afford a mixture of two isomers (rr 1:1 by nirirg residuahixturewas purified
by flash column chromatography (sihgeentre ethylaceate 4:1) to affordlS+,2R*,75%-11-
oxabicyclo[5.3.1Junde€2-0l (113 24mg, 0.14nmol, 48%) as colorless crystasd
(1R*,25* 65%-11-oxabicyclo[4.4.1Jundee2-ol (114 23 mg, 0.13 mmol, 46%s a colorless oil.
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Summaryof testecacidsard methods

entry Lewis acid eq solvent T/ °C time result

1 pTrsOH 0.05 toluene 23 18 h 113/114r 1:1, 96%
2 (+)-CSA 0.05  CH.Ch 23 8 h 113/114r 1:1, 99%
3 BFROEt> 0.10 CHxChL —78 8h 113/114r 1:1, 40%
4 (ZEFIL(EOS%? ! 0.60 toluene 90 24 h decomp.

5 PhCOCE/H:0, 1.00 MeCN/tBUOH 23 1h 113/114r 1:1, 66%

all experiments were performed with 0.30 mmol substrate in the appropriate solvgnt (0.05

Analytical data of &,2R* 75%-11-oxabicyclo[5.3.1]Jundae2-ol (113:
TLC (npertare/ethylacetat®:1) R0.25

H NMR (500 MHz, CDG) & (ppm) = 3.84 (tJ= 9.2 Hz, 1H 7-H), 3.78 (tdJ= 5.7, 11.4 Hz,
1H, 2-H), 3.35 (ddJ= 4.9, 9.4 Hz, 1H,-H), 2.79 (bs, 1H, ), 2.031.96 (m, 1H), 1.9B54 (m,
9H), 1.441.36 (m, B).

1C NMR (15 MHz, CDCH) & (ppm) =76.0 C2), 73.9C1), 71.9¢7), 37.8C10), 33.7G8), 30.9
(C3), 28.4@6), 25.8, 25.1.

HR-MS (ES) m/z calcd. for GH140-Nas: [M]: 193.1199, found: 193.1202.

X-Raysee 7.1.

Analytical data qfiR*2S*65*-11-oxabicyclo[4.4.1]Jundee2-0l (113:
TLC (npertare/ethyl acetatz1) R0.18

H NMR (500 MHz, CDG) & (ppm) = 4.084.03 (m, 1H, 1), 3.943.90 (m 1H, 1-H), 3.73
3.69 (M1H, 2H),1.931.54 (m, 10H), 1.8047 (m, 1H), 1.48.36 (m3H).

1C NMR (15 MHz, CDCJ) & (ppm) =81.7 C7), 77.6 C1), 71.7Q2), 37.7C10), 34.9Q6), 33.4
(C8), 30.8@3), 28.8, 25.5, 19.6.

HR-MS (ES) m/z calcd. for GH160-Nau: [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% (RY, ™ oH
OH
rr1:1
115 113 114

((1xoxabicyclo[8.1.0]lundaes-
yloxy)tertbutyl)dimethylsalre
(S-camphorsulfonic acid 99% 232.29 g/mol  0.10 eq 0.02mmol 4.1mg

284.52 g/mol  1.00 eq 0.18 mmol 50.0 mg

A solution of a mixture of diastereomers ofamxid 550 mg, 0.18 mmol, 1.00 ayjnethylene
chloride (2.0 mL) was treated wiBlircamphorsulfonic acid (4rig, 0.02nmol, 0.1@q) at
—20°C.The reaction was monitored by TLC. Afteh Zzfjueousodiumbicarbonate (B1L) was
addedard the mixture was waed to 23 °ClLayers were separateéde aqueous layer was
extracted with methylene chlori8eq mL). The combined oggic layers wengashed with water
(10mL), dried over magnesium sulfate, filtemedl the solvent was removed under reduced
pressure. Tdyellow oil was submitted to namalysisard compared tan authentic sample

find anequimolar mixture of §,2R*,75%-11-oxabicyclo[5.3.1]undee2-ol and (1R*,2S* 65%)-
1l-oxabicyclo[4.4.1Jundge€2-ol (rr 1:1, 25.0ng, 0.15mmol, 84%) contaminated witkrt
butyldimethylsalrol.

Analyticallata for(1S*,2R*,7S*-11-oxabicyclo[5.3.1]Jundae2-ol (113:
TLC (npertare/ethyl acetatz1) R0.25

'H NMR (300 MHz, CDG) & ( p p m)4.0k=(m ¥H, 1H), 3.953.87 (m 1H, 16H), 3.35
(dd,J= 4.4, 9.4 Hz, 1H>H), 2.041.34 (m, 14).

Analytical data for R, 25*65S*-11-oxabicyclo[4.4.1]undae2-ol (113:
TLC (npertare/ethyl acetatz1) R0.18

H NMR (300 MHz, CDG)& ( p p m33.695(m 3, 1-81/2 -H/10-H), 2.041.34 (m, 14).
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(1R*25%65%-110xabicyclo[4.4.1Jundecar2-yI 3-bromobenzoate (11p and
(18,2R*75%-12oxabicyclo[5.3.1Jundecar?-yl 3-bromobenzoate (17

BrC6H4COCI
Et;N
CH,Cl,
@ 23°C, 18 h
+

- “OH

OH

113 114 116 43% 117 27%

mixture of 1ioxabicyclaindeares 170.25 g/mol  1.00 eq 0.26 mmol 45.0 mg
triethylaming, 0.73 101.19 g/mol  2.00 eqg 0.53 mmol 730 L
3-bromobenzoic acid chloride 219.46 g/mol  1.50 eq 0.40 mmol 870mg

A mixture of lioxabicyclaindeares 113ard 114 (45.0mg, 0.26 mmol, 1.00 )egrd 3-
bromokerroicacid chlorideg§7.0mg,0.40mmol, 1.5&g were dissolved in metirgd chloride
(300 mD ard triethylamine7@0 pL, 053mmol, 2.0@g was added. Bhmixture was stirred at
23°C for 24 h until TLC indicated full conversiome Tmixture was washed with sodium
bicarbonatsolution (5 mL) After separation of the layers, thancjayer was washed with water
(10mL), dried above magnesiwulfate filteredard the solert was removed under reduced
pressureThe residue was purified by flaslhuewwol chromatography on silicaesié npentare
9:1) to affordesterl16(40.0mg,0.11mmol, 436) ard 117(25.0 mg, 0.07 mmol, 27%)yalow
oils

Analytical data for @&,2R* 7S%-11-oxabicyclo[5.3Jundean2-yl 3bromolerzoate(116:
TLC (tolueng R 0.40.

H NMR (500 MHz, CDG) & (ppm) =8.12 (tJ= 1.6 Hz, 1H), 7.93 (td;= 1.2, 7.8 Hz, 1H),
7.67 (dddj= 1.7, 0.9, 8.0 Hz, 1H), 7.313¢ 7.9 Hz, 1H), 5.27 (dd= 9.2, 9.8 Hz, 1H), 3.85
(td,J= 5.8, 11.6 Hz, 1H), 3.78 (dds 4.7, 10.2 Hz, 1H), 2.08 (ddt 2.5, 9.0, 13 Hz, 1H),
1.951.90 (n, 1H), 1.87.74 fn, 5H), 1.68.41 (m, B).

1 NMR (125 MHz, CDGJ) & (ppm) =164.9 C7"), 136.0G4"), 132.6506"), 132.61Q1"), 130.1
(C5"), 128.3q2"), 122.6Q3"), 76.7Q2), 72.5Q1), 72.2C7), 34.4 (C8), 33.6 (C30,3 (C3), 28.3
(C6), 25.7 (C4), 25.0 (C9), 13.8 (C10).

HR-MS (APQ) m/z calcd. for GH2BrOs: [M+H]*: 353.0747, found: 353.0760
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FT-IR (neatyy cnth) = 498 (w), 673 (W), 748 (s), 812 (m), 812008)(w), 947 (m), 983 (w),
1112(m), 1151 (m), 1205 (WR52 (s), 1280 (w), 1336 (w), 1423 (w), 1467 (w), 1569 (w), 1713 (S),
2858 (W), 2924 (m).

Aaralytical data fdiR*,25* 65%-11-oxabicyclo[4.4.1Junde€2-yl 3bromokerzoate(117:
TLC (tolueng¢R 0.30

H NMR (500 MHz, CDG} & (ppm) =8.18 (d,)= 1.2 Hz, 1H), 8.00 (dd= 0.9, 7.9 Hz, 1H),
7.66 (ddj= 1.2, 8.2 Hz, 1H), 7.30 (dt; 7.5, 8.3 Hz, 1H), 5.21 Jt 5.2 Hz, 1H), 4.16 (ttd=
4.6, 4.6, 18.0 Hz, 1H), 2283 (m, 1H), 1.94.86 (m, 1H), 1.84.60 (m 10H).

1C NMR (125 MHz, CITk) & (ppm) =165.1 C7'), 135.9G6'), 133.2Q2'), 132.9 (C3"), 132.8
(C6"), 130.1@5"), 129.902'), 122.6CL"), 78.9Q2), 77.5C6), 75.9C1), 34.6C10), 33.805),
33.1 C7), 32.0G3), 25.7Q¢4), 25.7G8), 20.9Q9).

HR-MS (APQ) m/z calcd for C;/HBrOs: [M+H]*: 353.0747, found: 353.0760.

FT-IR (neat)v cn{®) = 498 (w), 673 (wYy47 (s), 812 (m), 812 (m), 80}, 947 (m), 983 (w),
1117 (m), 1151 (m), 1205 (w), 1252 (s)1 ¢28 1336 (w), 28 (w), 1467 (w), 1569 (w), 1{&8
2858 (W, 2924 (m).
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(18,2R*75%-2-lodo-1oxabicyclo[5.3.1Jundecar (118 and (1R*2S*6S%-2-iodo-1%
oxabicyclo[4.4.1Jundecan€119

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

NCS, toluene
23 °C, 30 min
ii) I, 78 °C , .
OH iii) olefin,
-78°C,48h +
10
86% X t
| 10
(E)-79 118 119
(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 0.65 mmol 100mg
iodine 253.80 g/mol 1.20eq 0.78mmol 197mg
cobalt(ll) R,R)-N,N'"-bis(3,5di-tert
butylsalicyliere)1,2 603.74 g/mol  0.30 eq 0.19 mmol 117 mg
cyclohearediamin
N-chlorosuccinimide 133.53 g/mol  0.75eq 0.49 mmol 64.9 mg

Under inert condition&,R)-saleACo(ll) (117 mg, 0.19 mmol, 0&f)ard N-chlorosuccinimide
(64.9mg, 0.49nmol, 0.7%q) were dissolved in degassed toluene (55dmdt)rred at 23 °C
for 30min. The red solution, was cooled8°C, iodine (197hg, 0.78nmol, 1.2@q) was added
ard stirring continued forfin. A solution ofE)-cyclode&-enl-ol (100mg,0.65mmol 1.00eq

in toluene (5 mL) wasldedwithin 8 h by a syringe pump-&8°C. The mixture wastirred for
additional 12 h, beforewas gerched withl0%aqueous sodiu thiosulfatél mL)ard allowed
to warm to 23 °C. The aqueous layerextracted witldiethyl ethe(3x10mL), the combined
organc layers were washed with br{fd® mL),dried over magnesium sulfate, filteaed
conertratedunder reduced pressulderesidue was purified by flash column rlatography
on silica r¢pentare/ethyl acetate 50 to afforda mixture of (%,2R* 7S5%-2-iodo-11-
oxabicyclo[5.3.1Jundee (118 ard (1R*2S*6S%-2-iodo-11-oxabicyclo[4.4.1Jundee (119
(76.0mg, 0.27mmol, 884, rr 45:5pas gellowpowder Attempts to separate the twgitgsomers
were not sufficient. NMR signals were assigned to each isomer by the corresponding HMBC,
HSQC and COSY spectra.
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Variations from stdard conditions

entry catalyst conditions solvent T/°C vyield/% rr 118/119
1 (RR)-saknCo(ll) 12, NCS toluene —78 86 45:55
2 - I, NCS toluene —78 96 55:45
3 - [>(3 eq), NaHC® THF 23 84 60:40

all experiments were performed with 0.65 mmol substrate in the appropriate solvgnt (0.01

TLC (npenrtarg/ethyl acetat®:1) R0.50
HR-MS (ESI) m/z calcd. for @H:4.:0:Na[M+Na]": 303.0216, found: 303.0219

FT-IR (neatlv cn(?) = 421 (w), 479 (w), 589 (m), 619 (w), 68B{)(w), 861 (w), 931 (m),
976(w), 1037 (m), 1085 (m), 1141 (s), (rh$31197 (m), 1276 (w), 1358 (w), 1440 (m), 2852 (w),
2920 (s).

m.p. 81-83 °C (ethyl acetate

(1$+,2R*,7S%-2-iodo-11-oxabicyclo[5.3.1]Jundee (118:

'H NMR (500 MHz, CDGJ) 3 (ppm) =4.41 (ddJ= 9.4, 10.8 Hz, 1H¥.04 (ddJ=5.7, 11.1 Hz,
1H), 3.79 (td)= 5.8, 11.5 Hz, 1H), 2.67 (dd&; 2.4, 5.1, 14.7 Hz, 1H), 2.41 (ddbd 2.7, 9.3,
120, 14.7 Hz, 1H), 2.2416 (, H), 1.981.59 (serial of pd1H).

BC NMR (75MHz, CDC}) & (ppm) =77.6, 71.9, 40.7, 38.3, 34.5, 2B®, 26.6, 24.9, 13.7
(1R*,25* 65%-2-iodo-11-oxabicyclo[4.4.1]undee (119:

'H NMR (500 MHz, CDG) 6 (ppm) =4.57 (dtJ= 3.6, 5.1 Hz, 1H%.264.20 (m, 1H), 4.19.13
(m, 1H),2.242.16 {n, 2H), 1.94.59 (serial of n11H), 1.52A.33 (m, H).

BC NMR (75MHz, CDCH) & (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. Transamular Cyclopropanationof Medium Sized Rngs

General procedure E

Bicyclo[8.1.0]Junde@n-5-0l (139

OH ZnEtz, CH2|2

CH,Cl, ~OH
-10—23°C, 1 h
> 2
84%
10
79 134
(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 1.95 mmol 300 mg
diethylzinc M in n-heptin 123.05 g/mol  5.00 eq 9.72 mmol 9.70 mL
diiodometlan j 3.33 267.84 g/mol  5.00 eq 9.72 mmol 780 pL

To a solution ofE)-cyclode&-enl-ol (300mg, 1.95 mmol, 1.00 eq)arhydrousmethylene
chloride (8.0€L) at —10°C was added dropwise diethyl@&0mL, 9.72 mmol, 5.0£p)
followed bydiiodometlare (780uL, 9.72nmol, 5.00 eq)Yhe bath was allowed to warm to 23 °C
overl h ard the mixture was stirred fmadditional 1 h, &dr which time TL@ralysisndicated
complete consumption tife starting material. A satnmonium chloride solutighO mL)ard
10% ag. hydrochloric a¢itDb mL)was addedrd the mxture was diluted with ethe® (®L). The
layers were separatadl the orgaric layer was #m successively washed wéit. sodium
thiosulfate solutio20 mL), sasodium bicarbonate solution (20 raid) satbrine(20 mL). The
organic layer was dri¢thagnesium sulfatélteredand conerrated undereduced pressurgne
residue was purified by flash column miatography on silicagenare/ethyl acetate:%) to
afforda mixture of diastereomersbafyclo[8.1.0Jundac5-ol (270mg,1.63mmol, 8446, dr 1:)
as eaolorless all

TLC (npentre/ethyl acetate:®) R 0.3
HR-MS (APCI) m/z calcd. for GH1401: [M]: 167.1430, found: 167.1435

FT-IR (neat)v cnt) = 3051 (w), 2988 (w), 1843 (br), 1491 (s}, () 1381 (w), 1304 (w),
1299(m), 1091 (w), 1041 (s), 966 (W), 888 (W), 794 (W), 732 (M), 616 (W).
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Analyticadata for diastereomer a:

H NMR (500 MHz, CDG) & (ppm) =4.013.97 (, 1H, 5H), 2.142.01 (m2H, 16H), 1.80
1.39 (0, H), 1.34 (dddd]= 4.4, 5.7, 8.0, 13.9 Hz, 16iH.), 056:0.49 (m, 2H,-H/2-H),0.18
(dd,J= 6.3, 7.0 Hz, 12, 11H).

1C NMR (125 MHz, CDG) & (ppm) =72.4 C5), 35.46), 34.5@9), 33.76Q2), 33.71Q7),
26.6 C8), 24.0Q¢4), 23.7@3), 19.6C10), 17.8Q1), 13.5C11).

Analytical data for diastereomer b:

H NMR (500 MHz, CDG) & (ppm) =4.09 (dtd)= 4.0, 7.4, 7.2 Hz, 115H), 2.142.01 (m2H,
10-H), 1.83 (dtdJ= 3.4, 5.5, 10.9 Hz, 113H.), 1.861.39 {n, 9H), 0.620.52 (m, 2H,-81), 0.51
0.46 (m, &, 2H), 0.350.27 (m, 1H,-H, 1-H),0.22 (tdJ= 6.8, 1.1 Hz, &, 11H).

1€ NMR (125 MHz, CDG) & (ppm) =694 (C5), 36.2@6), 33.8@2), 33.1 (C9), 32.810), 26.3
(C8), 24.9Q7), 24.0Q¢4), 23.8¢1), 22.3C3), 11.7C11).

(E)-6-(Methoxymethoxy)cyclodecl-ene (133

MOMCI 11 O
OH DIPEA (
CH,Cl, . O
0 °C, 30 min
g 2
83%
1
10
79 133
(E)-cyclode&-enl-ol 154.25 g/mol  1.00 eq 3.24 mmol 500 mg
chloromethylmethyl ethgerl.06 80.51 g/mol 2.00 eq 6.48 mmol 0.49 mL
ethyldi{sgoropyl)aming 0.76 129.25 g/mol  3.00 eq 9.72 mmol 1.65 mL

To a solution ofE)-cyclode&-enl-ol (500mg, 3.24nmol 1.00eg) ard ethyld{isopropylamine
(1.65mL, 9.72nmol, 3.0@&g in methylene chlorid@00mL) was added chloromethyl methyl
ether 0.49mL, 648mmol,2.00eg, ard the mixture was stirred28°C until TLC indicated full
consumption of the starting material if830). After aqueous workup with sodium bicarbonate
(10mL) ard extraction with diethyl eth@x@(0mL), the combined oggic layers were dried over

sodiumsulfate, filteredrd con@rtratedunder reduced pressifée residue was purified by flash

140



column diromatography on silicagertare/ tertbutyl methyl ether 1B to affordthe title
compound532mg,2.68mmol, 8386) as a white solid.

TLC (npertare/ tertbutyl methyether9:1) R0.30.

'H NMR (600 MHz, CDG) 6 (ppm) =5.505.43 (m, 2H,-H/2-H), 4.62 (ddJ= 6.9, 11.Hz,
1H, 11-Hy),4.61 (s, 1H, 1H), 3.5 -3.60 (m, 1HE6H), 3.36 (s, 3HL2H), 2.50- 1.87 (m, 4H),
1.83-1.00 gerial oim, 14H).

1€ NMR (125 MHz, CDG) & (ppm) =132.2(C1) 131.6C2),94.9(C11) 63.9 (C6), 55.6 (C12)
32.4, 31,23.5, 18.8, 18.1, 15.5.

HR-MS (ES) m/z calcd. for GH.:20.Na[M+Na]*: 221.1512found:221.1512

FT-IR (neatyy cn(l) = 2923 (m), 2854 (w), 1444 (w), 1373 (Wi Q21 1147 (w), 1128 (w),
1096(m), 1037 (s), 984 (W), 950 (w), 916 (M)MB03

5-(Methoxymethoxy)bicyclo[8.1.0hindecane(135

12 (O
OMOM ZnEtz, CH2|2 o
CH,Cl, .
-10—23°C,4 h )
27%
10
133 135

(E)-6-(methoxymethoxy)cyclodéere 198.31g/mol 1.00 eq 0.76 mmol 150 mg
diethylzinc Min nheptin 123.05 g/mol  5.00 eq 3.78 mmol 3.80 mL
diiodometlan j 3.33 267.84 g/mol  5.00 eq 3.78 mmol 260 pL

To a solution of(E)-6-(methoxymethoxy)cyclodéere (150mg, 0.76 mmol, 1.00 e
arhydrousmethylene chloride (3.00L) at—10°C was added dropwise diethyl{iBx80mL,
3.78mmol, 5.0@g followed bydiiodometlare (260puL, 3.78mmol, 5.00 eq)The bath was
allowed to warm to 23 “@verl h ard the mixture was stirred fanadditional 1 h, after which
time TLCaralysisindicatedcomplete consumption dfie starting material. Aat.ammonium
chloride stution (10 mL)ard 10% aq. hydrochloric a¢id mL)was addedrd the mxture was
diluted with methylene chlorid® (BL). The layers were separatedhe orgnc layer was é&n

successively washed wgih sodium thiosulfate solutiof (L), satsodium bicarbonate solution
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(10 mL)ard sat brine (D mL). The oraric layer was drig@nagnesium sulfatdijteredard
conertrated undereduced pressurghe residue was purified by flash columnneatagraphy
on silica rfpentre/ethyl acetate 30D to afford a mixture of diastereomers 6&f
(methoxymethoxy)bicyclo[8.1.0]urae¢l21mg,0.57mmol, 2%6, dr 1:) as aolorless ail

TLC (npentre/ethyl acetate 19 R 0.41.
HR-MS (ESI) m/z calcd. for @H./0.Na [M+Na]: 235.1668, found: 235.1669

FT-IR (neat)v cn(') = 3057 (w), 2987 (w), 2917 (m), 2847 (wi (¢ 1401 (w), 1373 (w),
1304(w), 1214 (w), 1148 (w), 1096 (m), 1041 (s), 966 (w), 941 (w), 886 (m), 842 (w),
794(w), 754w), 732 (w), 618 (w).

Analytical data for diastereomer a:

H NMR (500 MHz, CDG) & (ppm) =4.67 (ddJ= 6.8, 20.8 Hz, 1H), 4.65 (s, 1H), 3.94 (dd,
5.2, 6.7, 6.6z, 1H),3.38 (s, 3HR.132.01 (M 2H), 1.94 (dddd,= 5.0, 5.0, 9.6, 14, 1H),
1.781.35 (m, 11H), 0.7867 (m, 1H), 0.38.31 (m1H), 018 (dd,)= 6.1, 7.3 Hz, 2H).

1€ NMR (125 MHz, CDG) & (ppm) =95.1 C12), 77.55), 55.4¢13), 34.6Q9), 33.9Q2),
32.5 C10), 31.2Q7), 26.8C8), 24.01Q4), 23.0¢3), 19.6C6), 17.9C1), 13.4C11).

Analytical data for diastereomer b:

H NMR (500 MHz, CDG) & (ppm) =4.67 (ddJ= 6.8, 20.8 Hz, 1H), 4.65 (s, 181§93.85 (,
1H), 3.38 (s, 3H)2.132.01 (m 2H),1.781.35 (m, 12H)).660.47 (m, 2H)0.21 (dd,) = 7.8,
7.8Hz, 2H).

1C NMR (125 MHz, CDG) & (ppm) =94.8 C12), 75.0G5), 55.3 C13), 33.8G2), 32.8Q9),
32.5 C10),30.9 C6), 26.3@8), 24.6C7), 24.05G4), 23.4C1), 22.4Q3), 11.7C11).
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(E)-2-((Cyclodec5-en-1-yloxy)methyl)oxiran (189

0
n-BU4NSO4 ! 2 3
OH NaOHqq '
23°C,18h
51%
79 189
(E)-cyclode&-enl-ol 154.25 g/mol  1.00eq 648mmol 1.00 g
tetrabutylammonium sulfate 339.54 g/mol 0.08 eq 0.52 mmol 176 mg
epichlorhydriny 1.18 92.53 g/mol 5.31 eq 34.4 mmol 2.70 mL

To a suspension of epichlorhydrin (20£0 34.4 mmol, 5.31 eayd tetrabutylammonium sulfate
(176mg, 0.52mmol, 0.0&q) in 50%wt aqueous sodium hydroxidenfd)Owas added (E)
cyclodeé&-enl-ol (1.00g. 6.48nmol, 1.00 eq) at 4 °C. The ice bath was reraode¢de mixture
was stirred at 23 °C for 18 h. The mixture was extracted with diethyB>&iBenl(). The
combined orgric layers wereashed with briné8x50mL), dried oversodiumsulfate, filtered
ard conertrated under reduced pressur@he residue was purified by flash column
chromatography on silicapertare/ tertbutyl methylether 5:1) to afforthe title compound
(694mg,3.30mmol, 5%6) as goale yellow all

TLC (npertare/ tertbutyl methyether6:1) R0.15

H NMR (500 MHz, CDG) & (ppm) =5.645.20 (m, 2H), 3.62 (dits 11.4, 3.3 Hz, 1 3.53
3.39 (m, 1H), 3.43.21 (m, 1H), 3.10 (d& 6.1, 3.1 Hz, 1H), 2.77 @ 9.2 Hz, 1H), 2.57 (dd,
J=5.1, 2.7 Hz, 1H), 2.08 (d& 16.4, 9.1 Hz, 4H), 1.87.07 (m, 10H).

C NMR (75 MHz, CDCJ) 6 (ppm) =132.1, 131,59.5, 69.4, 51.4, 51.3, 47.1, 45.1, 44.7, 32.4,
316, 27.2, 24.7.

HR-MS (ES) m/z calcd. for GH20.Na[M+Na]": 233.1514found:235.1512.

FT-IR (neativ cntl) = 2921 (s), 2853 (w), 1445 (m), 1336 (w), @5 1207 (w), 1158 (w),
1128(w), 1083 (s), 985 (M), 945 (w), 913 (W), 841 (m), 758 (w).
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(E)-1-Vinylcyclodec5-en-1-0l (124

i) CeCl,, THF

o} 23°C,2h N OH
ii) vinylIMgBr, g
23°C,18h
- 5
38% 6
78 124
(E)-cyclodeés-anl-one 152.24/mol 1.00 eqg 13.1 mmol 2.00¢g

cerium(lll) chloride heptahydrate 37258g/mol 0.10 eq 1.31 mmol 490 mg

vinylmagnesium bromidexin
tetrahydrofuain

131.26y/mol 2.60 eq 34.2 mmol 34.2 mL
Cerium(lll) chlorideneptahydrate4@0 mg, 1.3fnmol, 0.10 epgwas heated undeigh vacuum
for 12 h at 150C. The flask was flushed with argod allowed to cool to Z& before suspended
in arhydrous tetrahydrofan (6.50 mL) und stirrin¢)-cyclodeé&-anl1-one(2.00 g, 13.4hmol,
1.00eywasadded tahis suspensioard stirred for 2 h untthe yellowish colored gesnsion
became homogenous. To this mixturej dinyl magnesium bromidd4(2 mL, 34.2nmol,
2.60e9 in tetrahydrofuanwas addely syringe pump within 10 mitiri$rg was continueaid
the conversion of the staig ketone was monitored by TLC. After 18 hpbtben mixtue was
poured into cold water (BL) ard tertbutyl methyl ether (30L) wasaddedUnder stirring10%
hydrochloric acidolution was added until the mixture becamearigawo-phased (pH < 3).
The aqueous layer was extractedteviitutyl methyl ether (50L) ard the jointorganc extracts
werewashed with watewith sa. sodium bicarbonate solutiard brine(100mL, each)The
organc layers were dried over magnesium sulfate, fidededonerirated under reduced
pressureThe residue was purified by flash colummuagraphy on silica (cyclode{ethyl

acetate :®) to affordthe title compoun(®00mg,4.99 mmol, 3B) as gellow oil
TLC (cycloheare/ethyl acetate:8) R: 0.15.

H NMR (500 MHz, CDG) & (ppm)= 5.91 (dd,J= 15.6, 11.1 Hz, 1H.1H), 5.44-5.09 (m,
3H, 12H/6-H), 5.07-4.91 (m, 1H5H), 2.61-0.63 gerial ofn, 14H).

1€ NMR (75 MHz, CDCJ) & (ppm) =145.2C11) 133.3C12) 133.4C6), 131.1C5), 77.2C5),
45.5(C10) 43.0(C2), 34.5, 33.2, 29.3, 26.9, 21.2

HR-MS (APQ) m/z calcd. for GH:1dO1 [M]*: 179.1430found:179.1435.
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FT-IR (neatlv cnf') = 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 (w),
1044 (w), 982 (s), 966 (w), 920 (w), 883 (w), 806 (w), 7= ((w), 573 (w), 556 (w), 502 (w),

462 (w).

(E)-1-(Oxiran-2-yl)cyclodec5-en-1-0l (126

VO(acac), 120
A\ tBUOOH b
OH CH,Cl, OH
-10°C, 18 h !
. 5
46% 6
124 126
(E)-1-vinylcyclode&-enl-ol 180.29 g/mol  1.00 eq 3.83 mmol 690 mg
tertbutyl hydroperoxide 5Mbin
nde@ne 90.12 g/mol 3.00eq 11.5 mmol 2.09 mL
varadyl acetylacetonate 265.16 g/mol  0.05eqg 0.19 mmol 50.7 mg

To a solution oftf)-1-vinylcyclode&-enl-ol (690mg,3.83mmol 1.00 epindegassed methylene
chloride (43nL) wasaddedvaradyl acetylacetonate (50.7 mg,rari8l 0.05eg) ard the mixture
was cooled te10°C. A 5.5m solution oftertbutyl hydroperoxide (2.6, 11.5mmol 3.00eq)

in nrde@re was addedithin 10min ard the resulting mixture was stirred1&t°C for 18 h. The
reaction mixture was dilutadth methylene chloriderd sequentially washed with water, sat.
sodium thiosulfate solutiamd brine(50mL, each).The or@ric layewasdried over magnesium
sulfate, filteredrd coneriratedunder reduced pressurée residue was purified by flagbmn
chranatography on silicafentire/ethyl acetate:#) to affordthe title compoun@343mg,

1.75mmol, 466) as gellow oil.
TLC (npentre/ethyl acetate:#) R 0.30

'H NMR (600 MHz, CDG) d (ppm) =5.98-5.04 (m, 2H5H/6-H), 2.94 dt, J= 3.5 18.6Hz,
1H, 11H), 2.83 (dd, J=2.9,4.8 5.2Hz, 1H, 12H,), 2.72-2.65 (m, 1H12H,), 2.5%1.28(serial
of m, 14H).

1C NMR (125 MHz, CDG) & (ppm) =1344 (C6), 131.3G5), 72.0 C1),569 (C12) 44.3 C11)
34.5 C2), 33.1, 32.5, 2526.3, 22.8, 28,

HR-MS (ES) m/z calcd. for GH.dO-Na[M+Na]": 219.1355found:219.1356
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FT-IR (neaty cnt)) = 3464 (w, br), 2927 (s), 2855 (w), 1739 (w),(@J01455 (m), 1408 (w),
1342(w), 1303 (W), 1242 (w), 1201 (w), 1147 (w), 1098 (WjwL08B82 (s933 (W), 907 (W),
883(m), 8294m), 813 (W), 769 (W), 744 (W), 720 (W), 626 (W), 589 (W), 564 (W), 523 (W), 444 ().

(E)-2-(1-Methoxycyclodec5-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-(oxiran2-yl)cyclode&-enl-ol 196.29 g/mol  1.00 eq 1.27 mmol 250 mg
silver(ll) oxide 231.74 g/mol  1.70 eq 2.17 mmol 502 mg
iodometlare,} 2.28 141.94 g/mol  19.0 eq 24.2 mmol 1.50 mL

(E)-1-(oxiran2-yl)cyclode&-enl-ol 250mg, 1.27 mmol, 1.00 efywas dissolved imcetonitrile
(L5 mb ard iodometlare (1.50 mL) Silver(ll) oxide (50&g, 2.17 mmol, 1.7€) was addedrd
the mixture was stirréor 72 h until TLC indicated full consumption of the starting maférel
solids were removéy filtrationard the filtrateconertratedunder reduced pressufée residue
was purified by flash column chromatography on sifeatére/ tertbutyl methyl ether.9) to
affordthe title compound (85r08g,0.41 mmol, 3%) as &olorless oil.

TLC (npertare/ tertbutyl methyether9:1) R 0.30.

'H NMR (500 MHz, CDG) & (ppm) =5.74-5.22 (m, 2H5-H/6-H), 3.373.29 (m, 1H, 1H),
3.29 (s, 3H13H), 2.84 (dtJ= 3.5, 12.2 Hz]H, 12H,), 2.64 (dtJ= 4.6, 9.3 Hz1H, 12H,),
2.34-0.94(serial o, 14H).

1 NMR (125 MHz, CDG) & (ppm)= 131.8 €6), 131.4Q5), 78.3¢1), 77.4C13), 56.8, 56.7,
51.6, 51.5, 42.6, 42.3, 37.9, 28.3, 2@.

HR-MS (ES) m/z calcd. for GH20-H [M+H]": 211.1692found:211.1693

FT-IR (neat)v cnt)) = 2928 (s), 2856 (w), 2830 (W), 1704 (w, (b46 1390 (w), 1356 (w),
1297(w), 1275 (W), 1203 (w), 1149 (w), 1083 (s), 1054 (w), SB49((m), 900 (w), 881 (w),
828(w), 81w), 796 (w).
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(2)-Cyclooct4-en-1-on (123

Pd(OAc),
benzoquinone,
H202, HOAc o)
© 23°C,24h ]
33%
5 4
121 122
cyclooctdl,5diene 108.18 g/mol  1.00 eq 46.2 mmol 5.00 g
benzoquinone 182.22 g/mol  0.10 eq 4.62 mmol 842 mg
palladium(ll) acetate 224.51 g/mol  0.05eq 2.31 mmol 519 mg

hydrogenperoxide 30% in water 34.02 g/mol 1.50 eg 69.3 mmol 6.07 mL
acetic acid 99% 60.05 g/mol 200 mL

Palladiur(l) acetate519 mg, 2.3hmol 0.05 egard benzoquinone (842 mg, 4ol 0.10e9g
weredissolvedh acetic acid (10 mithesolutionwasdegasseaid flushed witlargon Cycloocta
1,5diene (5.00g, 46.2 mmol, 1.00aed)3®% hydrognperoxide .07mL, 69.3mmol,1.50eq)
were addedt 23 °C After 24 h, GEMS indicatedho further conversion of the starting olefin.
The solution was diluted witipertare/diethylether(1:1, 50 mL), layers were separatetthe
organc layemwassequentiallwashed witlvaterard 2m sodium hydroxide8«50mL, each)The
combined aqueous layers wesxteacted witih-pertare/diethylether(1:1 3x50 mL).Thejoint
organc layerswere dried over magnesium sulfate, filteaed conerirated under reduced
pressureTheresidue was purified by flash column chromatography omgiéidaie/ tertbutyl
methylether 5:1) to affor@)-cyclooct4-enl-on (1.91g, 15.3 mmol, 38) as gale yellow ail
Thearalytical data were in acamk with the literaturé’

TLC (npertare/tertbutyl methyethers:1) R0.30.

H NMR (500 MHz, CDG) & (ppm) =5.80— 5.59 (m, 2H4-H/5-H), 2.57— 2.35 (m, 6H
2-H/3-H/8-H), 2.25-2.09 (m, 2H6H), 1.69- 1.52 (m, 2H7-H).

C NMR (75MHz, CDC}) & (ppm) =214.7(C1), 130.9C5), 130.3C4),47.8(C2), 40.4(C8),
26.4(C3), 24.0(C6), 22.0(C7).

HR-MS (ES) m/z calcd. for GH1,O:Na[M+Na]": 147.0780found:147.0780
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FT-IR (neativ cnt)) = 3018 (w), 2933 (m), 2860 (W), 1701 (s§, (6 1443 (w), 1344 (w),
1245(w), 1225 (w), 1200 (w), 1162 (w), 1135 (w), 1104 (w), 1084 (w),SBAL((w), 841 (),
817 (W), 7285), 629 (W), 578 (W), 254v), 518 (m).

(2-2-Vinylcyclodec4-en-1-ol (123

i) CeCls, THF o
o 23°C,2h =0
ii) vinyIMgBr, OH
(j 23°C,1h
80%

5 4

122 123
(2)-cyclooct4-enl-one 124.18 g/mol  1.00 eq 8.05 mmol 1.00g

cerium(lll) chloride heptahydrate 37258g/mol 0.10 eq 0.81 mmol 302 mg

vinylmagnesium bromidevin
tetrahydrofuain

131.26 g/mol  1.60 eq 12.9 mmol 12.9 mL
Cerium(lll) chlorideneptahydrate302 mg, 0.8tnmol, 0.10 epgwas heated undeigh vacuum
for 12 h at 150C. The flask was flushed with argod allowed to cool to Z& before suspended
in arhydrous tetrahydrofan(3.20 mL) under stirrin@)-cyclooct4-enl1-one(1.00 g, 8.0&mol,
1.00eg wasadded tahis suspensioard stirred for 2 h untihe yellowish colored gansion
became homogenous. To this mixturej dinyl magnesium bromid&2(9 mL, 12.9mmol,
1.60eg in tetrahydroftanwas addedly a syringe pump within 10 miticrlag was continued
ard the conversion of the siag ketone was monitored by TLC. After 1 hptleevn mixtue
was poured into cold water (BQ) ard tertbutylmethyl ether (50L) wasaddedUnder stirring,
10%hydrochloric acigdolution was added until the mixtureamee cleaard two-phased (pH 8).
The aqueous layer was extracted terthutyl methyl ethe2«50 mL) ard the jointorgaric
extractsverewashed with watesat. sodium bicarbonate solutod brine(3x50mL, each)The
organic layers were dried over magnesium sulfate, fikededonertrated under reduced
pressureThe residue was purified by flash colummua@graphy on silica (cyobeare/ethyl
acetate :8) to affordZ)-1-vinylcycloded-enl-ol (978mg,6.43 mmol, 8d) as gellow oll

TLC (cycloheare/ethyl acetate:8) R 0.30

H NMR (500 MHz, CDG) & (ppm) =6.03 (ddJ= 17.3, 10.8 Hz, 148-H), 5.75 (dtd]= 11.3,
5.5, 1.Hz, 1H, 5H), 5.56 (dit)= 11.3, 8.1, 1.6 Hz, 1¥-H), 5.23 (ddJ= 17.3, 1.3 Hz, 1H
10H,), 5.02 (ddj= 10.8, 1.3 Hz, 1HLOH.), 2.39- 2.15 (m, B, 6:H), 2.00 (ddd)= 14.7, 9.6,
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2.7 Hz, 1H 3H.), 1.90- 1.82 (m, &, 8H.), 1.77 (dddJ= 14.7, 9.3, 2.Biz, 1H, 3Hy), 1.69-
1.51 (m, B, -H/8-H.).

1€ NMR (125 MHz, CDG) & (ppm) =146.2 C9), 132.1Q5), 127.4G4), 110.9G10), 75.7G1),
39.4 C2), 35.4@8), 25.006), 24.8C3), 23.6C7).

HR-MS (APCI) m/z calcd. for GH1s0: [M]™: 151.1131found:151.1128

FT-IR (neaty cnt?) = 3401 (w, br), 3084 (w), 3006 (w), 2980 (wf),(2932860 (W), 1639 (w),

1480(w), 1469 (w), 1445 (w), 1415 (w), 1334 (w), 1311 (), 1281 (w), 1250 (w), 1233 (w), 1204 (w),
1134 (w), 1095 (w), 1072 @@¥4 (W), 994 (m), 981 (W), 9188 (W), 850 (W), 816 (W), TR

731 (s), 704 (w), 671 (W), 655 556 (W), 515 (w).

(2)-1-(Oxiran-2-yl)cyclooct-4-en-1-ol (125

VO(acac),
§ {BUOOH 02
OH CH,Cl, 9\ OH
—10°C,18h
70%
5 4
123 125
(2)-1-vinylcycloded-enl-ol 152.24 g/mol  1.00eq 4.93 mmol 750 mg
fjefcgféy' hydroperoxide Sibin r+ 90.12 g/mol  3.00eq 148mmol  2.69 mL
varadyl acetylacetonate 265.16 g/mol  0.05eq 025mmol 65.3 mg

To a solution ofZ)-1-vinylcycloded-enl-ol (750mg,4.93mmol 1.00 epinarhydrousdegassed
methylene chloride (43iL) wasaddedvaradyl acetylacetonate (65.3 mg, fu2bl 0.05e0)

ard the mixture was cooled #40°C. A 5.5M solution oftertbutyl hydroperoxide (2.6,
14.8mmol 3.00eq) innrde@re was addedithin 10min ard the resulting mixture was stirred at
—10°Cfor 18 h. The reaction mixture was diluted widthylene chloride (50 nary sequentially
washed with water, ssodium thiosulfate solutiamd brine(50mL, each). The cagc layemwas
dried over magnesium sulfate, filteraticon@riratedunder reduced pressuide residue was
purified by flash column chmatography on silicegentire/ethyl acetate: %) to afforahe title
compound582mg,3.46mmol, 706) as gellow oil.

TLC (npentne/ethyl acetate: ) R: 0.35
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H NMR (500 MHz, CDG) & (ppm) =5.83- 5.80 (m1H, 5-H), 5.63-5.50 (m, 1H4-H), 2.99
(ddd J= 0.9, 2.9, 3.8 H4H, 9H), 2.83 (dd, J= 2.9, 5.3, 8.Az, 1H 10H.), 2.70dt, J= 4.1,
5.1Hz, 1H 10H,), 2.48-2.30(m, 2H 3H), 2.25-2.10 (m, 2H6H), 1.94- 1.47 (m, 6H).

1€ NMR (125 MHz, CDG) & (ppm) =131.8(C5), 128.1(C4), 71.6(C1), 58.6(C9),43.8(C10),
39.0 2), 31.4@8), 25.0Q3), 23.6@5), 23.2C7).

HR-MS (ES) m/z calcd. for GH1d0.Na[M+Na]*: 191.1043found:191.1043

FT-IR (neaty cn(') = 3467 (w, br), 3060 (w), 3002 (w), 2930 (n8,(hM3 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 (wp 9&), 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 (w).

2-(1-Methoxycyclooct4-en-1-yl)oxiran (127)

O NaH, Mel 100
OH THF
23°C, 18 h 7\ OMe
31%
5 4
125 127

(2)-1-(oxiran2-yl)cyclooc#-en1-ol 168.24 g/mol 1.00 eq 1.19 mmol 200 mg
sodium hydride 23.99 g/mol 2.40 eq 2.85 mmol 114 mg
iodometlare,} 2.28 141.94 g/mol  320eq 3.80 mmol 0.24 mL

(2)-1-(Oxiran2-yl)cyclooc#-enl1-ol (200mg, 1.19 mol, 1.00 ey was dissolved in
tetrahydrofuain (11.0 ml) ard sodium hydride (13g, 2.85mmol, 2.4@q) was addedlext,
iodomettare (0.24ml, 3.80 mmol, 3.20 )agas addedrd the mixture was stirrédr 18 h until
TLC indicated full consumption of the starting rret&hemixture was poured on water (2D)
ard extracted with methylene chlori@x50 mL). The joint oggic extracts were dried
(magnesium sulfate), filtewsd concentrated under reduced pres3ine.residue was purified
by flash column chromatoghy on silican{pertare/tertbutyl methyl ether.®) to affordhe title
compound (67.6hg,0.37 mmol, 3b) as &olorless oil.

TLC (npertare/ tertbutyl methyether9:1) R0.50
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H NMR (500 MHz, CDG) & (ppm) =5.74—5.60 (m, 1H,51), 5.54-5.42 (m, 1H4-H), 3.35
(s, 3H, 18H), 2.94 (dd,J= 2.9, 4.4, 131z, 1H 9-H), 2.70 (dtU= 4.6, 4.7 HZIH, 1G6H,), 2.55
(ddd, J= 2.9, 4.9, 138z, 1H, 1GH,), 2.5%2.28 (m, 2H), 2.21L93 (m, 2H), 1.8069 (m, 2H),
1.651.44 (m, 2H)1.371.31 (m, 1H).

1 NMR (125 MHz, CDG) & (ppm) =130.2, 129.7, 77.2, 71.0, 61.D, 58.8, 34.0, 25.5, 24.4,
22.6

HR-MS (ES) m/z calcd. for @H:40-Na[M+Na]*: 205.1198found:205.1199

FT-IR (neaty crtl) = 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(w), 500 ().

5.2.4.1. Experiments onaLEwis acid catalysed intramolecularmethylene transfer

General procedure F
4-hydroxybicyclo[6.1.0honan-4-carbaldehyd (13]L

La(OTf); 5 mol%

O 2,6-lutidine 5 mol% O
LiClo4 DCE H H
OH 40 é 5h °
125 131
(2)-1-(oxiran2-yl)cyclooc#-en1-ol 168.24 g/mol  1.00 eq 150 pmol 25.0mg
lartharum(lll) triflate 575.56 g/mol 0.05eq 7 pmol 4.0 mg
2,6lutidine} 0.923 107.16 g/mol  0.05eq 7 pmol 1.0 uL
lithium perchlorate 106.39 g/mol  0.75eq 121 pmol 12.2 mg

Lithium perchloratél0.2mg 121umol, 0.75 ejjwas dried under high vacuum (i@Pfor 3h
ard stored undesinargon atmosphere before uge a solution ofZ)-1-(oxiran2-yl)cyclooct}-
enl-ol (25mg, 15Qumol, 1.00eq) n 1,2dichloroetlare (0.7mL) were added 2J6tidine {.0pL,
7 umol, 0.0%e0g ard lartharum(lll) triflate (4.0 mgy pmol, 0.05 epat23°C. The reaction was

stirred at 40 °C fd&4 h ard the progress was monitored by-K8SaralysisThe reactiomixture
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wasthen cooled to 23C, diluted withethyl acetat¢5 mL) ard washed witlsat. sodium
bicarbonaterd brine(5 mL, each)rhe orgnc layerwasdried over magnesium sulfate, filtered
ard conertrated under reduced pressur@he residue was purified by flash column
chramatography on silicagentare/ ethyl acetate:®) but only starting materia25(17.2mg,
102pmol, 69%) could be isalted. Aldehyd&31was neither isolated, nor detected byM=C

5-Hydroxybicyclo[8.1.0undecan5-carbaldehyd(132)

La(OTf)3 5 mol%
2,6-lutidine 5 mol%

o) LiCIO4, DCE
40 °C, 24 h NG
OH 80 °C, 24 h OH
126 132

(E)-1-(oxiran2-yl)cyclode&-enl-ol 196.29 g/mol

lartharum(lll) triflate 575.56 g/mol
2,6lutidine} 0.923 107.16 g/mol
lithium perchlorate 106.39 g/mol

1.00 eq 127umol
0.05eq 6pumol
0.05eq 6 pmol
0.75eq 96 ymol

250mg
3.7mg
1.0 pL
10.1 mg

Following general procedure(E)-1-(oxiran2-yl)cyclode&-enl-ol (25mg, 127umol, 1.00eq)

in 1,2dichloroetlare (0.6mL), 2,6lutidine {.OuL, 6 pmol, 0.05eg ard lartharum(lll) triflate
(3.7 mgp pmol, 0.05 epwere used at 40 °C. Afieth GC-MSaralysis indicated no conversion
of the starting material at all. The starting mategdi@mng,100umol, 79%6) but not cyclopropane

132could be isolated.
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5.2.4.2. Experiments onan intramolecularCRANDALL -LIN cyclopropanation

General procedure G

(18,258,658 ,9R*)-6-Methoxytricyclo[4.3.1.6%decan-1Gol (129)

LiTMP
0 MTBE y
0°C,2h OH
OMe 23°C, 15 h %
° ~S0Me
36% 8 7 1
dr 55:45
127 129
gzx)i'é'r(:methoxycyc'oom’e”1'3"} 182.26 g/mol  1.00 eq 247umol  450mg
nbutyl lithium 2.5 in nthexare 64.05 g/mol 2.00 eq 494 pmol 198 pL
2,2,6,&etramethylpiperiding,0837  141.25 g/mol  2.00 eq 494pumol 83.0 uL

To a stirredsolution of 2,2,6;&tramethylpigridine 3.0 pl.494 umol2.00eg) in drytertbutyl
methyl ether (1.50L) was added-butyl lithium (2.5 in n-hexare, 198 pL.494umol,2.0eqg at
—78 °C. The pale yellow solution formed was stir@&F@tfor 15 minard agaircooled to 0 °C.
To a stirred solution ¢Z)-2-(1-methoxycyclooet-en1-yl)}oxirare (45mg,247 pmaql1.00eq) in
tertbutyl methyl ether (1.50L) was added the TMP solutiorby a syringe pumpithin 2h at

0 °C. The resulting ntixre was stirred a8°C. After 15 h TLC indicated full consumption of the
starting oxan The reaction wagernched withmetharol (0.5 mL)ard the solvent was removed
under reduced pressuiée residue was dpaded onto a small amount of siicépurified by
flash column chroatography on silica (cyclodwe{ethyl acetate 1:1to afford
(1$+,28+,6SF,9R*)-6-methoxytricyclo[4.3.*Jdecarl 0ol (17.3mg, 95umol,36%) as aolorless

oil ard a mixture of tw@pimers at C10 (dr 55:4Bhe relative configuration at C10 could not

unambiguously be assigned by the 2d nmr sjiittea products could not be isolated.
TLC (cycloheare/ethyl acetaté:2 R 0.60
HR-MS (ES) m/z calcd. for @H:40.Na[M+Na]*: 205.1199%found:205.1199

FT-IR (neatv cn(?) = 3447 (w), 2931 (s), 1671 (w), 1450 (WY, (17 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 afpimera:

H NMR (500 MHz, CDG) & (ppm) =4.28 (dJ= 5.5 Hz, 1H)2.07—2.02(m, 2H 8H), 1.90-
1.82 (m, 2H,%51), 1.75-1.69 (m, 2H,-H), 1.541.46 (m, 2H,-}), 1.24 (ddd]= 5.6, 9.1, 9.8z,
1H, 1-H), 1.11 (dt,J= 1.6, 9.1, 9.8z, 1H, 2H), 1.02-0.88 (m, B, O-H).

1C NMR (125 MHz, CDG) & (ppm) =80.9 C6), 76.0C10), 49.1G11),31.6 C3), 31.4C5),
24.7 C7), 21.6Q4), 19.9Q9), 18.5C1).

Analytical data adpimerb:

IH NMR (500 MHz, CDG) & (ppm) =4.06 (bs, 1H, 18), 3.20 (s, 3H11-H), 2.11- 2.09(m,
2H, 8H), 1.72— 1.69 (m, 2H,-H), 1.71.60 (m, 4H, 51/4-H), 1.511.46 (m, 2H, B1), 1.33
1.28 (m, 2H,®), 1.02-0.88 (m, 2H,-H/2-H).

1C NMR (125 MHz, CDG) & (ppm) =78.5 C6), 68.9C10),48.5 C11), 34.2Q4), 34.1C5),
25.9 C7), 25.6@8),21.8 €3), 20.9Q9), 19.0¢7) 15.3 C2), 10.0C1).

Experiment to tricyclo[4.3.1.6decan-6,10diol (129b)

LiTMP
0 MTBE
0°C,2h H OH
OH 23°C, 15 h @
# —~~OH
125 129b

(2)-1-(oxiran2-yl)cyclooc#-en1-ol 168.24/mol 1.00 eq 0.59 mmol 100 mg
nbutyl lithium 2.5 in nthexare 64.05 g/mol 2.00 eq 1.19 mmol 500 pL
2,2,6,&etramethylpiperiding,0837 141.25g/mol  2.00eq 1.19 mmol 200 pL

Following gneral procedure, &)-1-(oxiran2-yl)cycloocd-en1-ol (100 mg, 0.59 mmol, 1.00 eq),
nbutyl lithium (500 pL, 1.19 mmol, 2.00eed)2,2,6,8etramethylpiperidine (200, 1.19mmol,
2.00eq) were used. The crude productamalyzed by NMR in CD¢&but only decomposition to
multiple unknown products was observed.
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Experiment to 7-methoxytricyclo[5.4.1.6"Ydodecan-120l (130

o LiTMP
MTBE
OMe 0°C,2h
23°C,15h OMe
128 130

gli)i;z;](l-Methoxycyclodeﬁ-enl—yl)— 21032g/mol  1.00eq 0.24 mmol  50.0 mg
nbutyl lithium 2.5 in nthexare 64.05 g/mol 2.00 eq 0.48 mmol 190pL
2,2,6,8etramethylpiperidej 0837 141.25 g/mol  2.00 eq 0.48 mmol 80.0 pL

Following gneral procedure, (&)-2-(1-Methoxycyclodes-enl-yl}oxiran(50.0 mg, 0.2smol,
1.00 eq)nbutyl lithium (190 uL, 0.48 mmol, 2.00a1)2,2,6,&etramethylpiperidine (8QuQ,
0.48 mmol, 2.08q) were used. The crude product aval/zed by NMR in CDEbut only
decomposition to multiple unknown products was observed.

Experiment to tricyclo[5.4.1.6*}dodecan7,12diol (130b

O LiITMP
MTBE
OH 0°C,2h
23°C,15h
126 130b
(E)-1-(oxiran2-yl)cyclode&-enl-ol 198.31 gmol 1.00 eqg 027mmol 500mg
nbutyl lithium 2.5 in nthexare 64.05 g/mol 2.00 eqg 0.56mmol 201pL
2,2,6,8etramethylpiperide,] 0837  141.25g/mol 2.00 eqg 056mmol 89.0 uL

Following gneral procedure ,GE)-1-(oxiran2-yl)cyclode&-enl-ol (50.0 mg, 0.2nmol,
1.00eq),n+butyl lithium (190 uL, 0.56 mmol, 2.00a4)2,2,6,8etramethylpiperidine (89uQ,
0.56 mmol, 2.06q) were used. The crude product avayzed by NMR in CDEbut only
decomposition to multiple unknown products was observed.
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5.2.5. TransannularFunctionalization by I ntramolecularRadical Reactions

Octahydronaphthakn-4a(2+)-ol (139

23 W cfl (UV-B) 6 014
CyH ’ HO
23°C,48h 75 ‘
= - \:‘ (‘\ i +
I ‘ 1
71 139 ' 138
49% 20%
cyclodearone 154.25 g/mol  1.00 eq 19.5 mmol 3.00¢g
cycloheare 84.16 g/mol - - 195 mL

A 500mL flaskwas chrged with cyclodamne (3.00 g, 19.5 mmard cycloheare (195mL,
c=0.10M). The reaction mixture was degassdrbbgpumpthaward flushed with argoihe
reaction was stirred under irradiatibtwo compact fluorescent lightlbs(UV-B) at23 °Card
monitored by GEMS After 48 h, lhe reaction mixture was certcatedunder reduced pressure
The residue was purified by flash columnnehatagraphy osilica (-pentre/ethyl acetate:9)
to affordoctahydronaphthah4a(24)-ol (1.46g,9.47mmol, 49%) asolorlessrystalsAnalytical
data were in accate with the literatufé.?**Furthermorebicyclo[6.2.0]dac1-0l (596mg,
3.27mmol, 20%) was isolated as a colorleasdodlyclodearone (320ng, 2.08nmol, 11%) was
recoveredVariations frontheseconditionsare summarized in the table below.

TLC (npertare/ tertbutyl methyether9:1) R0.15
'H NMR (500 MHz, CDG) & (ppm)= 1.791.60 (m, 6H), 1.5B24 (m, 12H).
13 NMR (125 MHz, CDG) 3 (ppm)= 71.9 C4a), 43.008a), 28.2 (4C), 23.3 (4C)

m.p. 51-:53 °C (ethyl acetate
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Variations from stdard conditions:

ertry sohert c/M T/°C t/h lightsource yield /%

139 138 71
1 CyH 0.10 23 48 2x23 W cft 49 20 11
2 CyH 0.10 23 48 23 W cfl, flow system 41 11 15
3 CyH 0.10 23 72 white LED - - 100
4 CyH 0.10 40 48 23 W cfl 29 31 25
5 MeCN 0.10 23 48 23 W cfl 10 - 81

agxoTerra® Reptile LB 23W compact fluorescent light bulb coolean®fectric &n

b Coil reactor: 10 m PTFE pipe#d.50mm) coiled omn100 mL Erlenmeyer flask (borosilcate glas); syringe pump
with 0.018nL/min (2 h residence time); degassed cgzhob.

¢ Cyclodearol 72was isolated in 25% yield.

6-Bromocyclode@n-1-one (14)

Method a%

[Ir(ppy)2(dtbbpy)]PFg
NBS, Phl(OAc),

blue LED,
OH CCly/H,0, 23 °C o
H - Br
139 141
[Ir(ppy)2(dtbbpy)IPFe
(58d)
octahydronaphthatda()-ol 154.25 g/mol  1.00 eq 050mmol 77.0 mg
N-bromosuccinimide 177.98 g/mol 1.8 eq 0.75 mmol 133 mg
diacetoxyiodadrzere 322.10 g/mol 200 eq 1.00 mmol 321 mg
[Ir(ppy)X(dtbbpy)]PE 917.96 g/mol 0.03 eq 15 pmol 13.7 mg

A Schlenk flask was loaded wattahydronaphthatda(2)-ol (77mg, 0.50mmol, 1.0 eq,
photocatalyst [Ir{py)}(dtbbpy)]PE(13.7 mgl5 pmo]l 0.03 e)y diacetoxyiodadrezere (321 mg,
1.00 mmol, 2.8q)ard N-bromosuccinimid€l33 mg, 0.78imol, 1.9 eq)ard was subjected to
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evacuation/ flushing withargon three times.A mixture of carbon tetrachloride/water
(5.0mL/0.25mL) was addead theyellow solutionvas irradiated witgn14 W blue LED (Kessil
A160WER) at 23 °C for 48.IThe residue wasncentrated under vacuamn directly loaded on
aflash columrof silica (rpertane/diethyl ether 9:1). Only starting material (40.0 mg, 0.26 mmol,
52%) could be isolated as a colorless solid.

Method b'

i) AgOAc, Bry, PhH

4 °C, 10 min
o BENE o
H - Br
63%

139 141
octahydronaphthat4a()-ol 154.25 g/mol  1.00 eq 0.65 mmol 100 mg
silver(l) acetate 166.91g/mol 1.00 eg 0.65 mmol 108 mg
bromine} 3.12 159.81 g/mol  1.00 eq 0.65 mmol 330uL

Silver acetate (108g, 0.65 mmol 1.00 ejjard octahydronaphthet4a(24)-ol (100mg,
0.65mmol 1.00 epin degassed benzene (2.00 mL) were stirretCain4he dark undeargon
atmosphere while bromir@30 L, 0.65mmol 1.00eq)was added. The mixture was stirred in
the dark at 4 °C for 10 mithen filtered rinsed with benzene (In) ard the filtrate was
illuminated with 23 W cfl bulb at 23 %€ 15 minThe oarge colofadedard TLC indicated full
consumption of the starting mateffdle solvent was removed under reduced pressure at 23 °C.
The residue was purified by flash column chromatography om-péitarg¢/ethyl acetate:)

to afford 6-bromocyclodean1-one (95ng, 0.41 mmol, €3) as aolorlessolid. The aralytical

data were in accanate with the literaturé®
TLC (npertarg/ethyl acetate:9) R 0.20.

IH NMR (500 MHz, CDG) & (ppm)= 4.21 (quint)= 7.0 Hz, 1H 6H), 2.67 (ddd]= 3.4, 9.2,
15.7 Hz, 2H2H), 2.37 (ddd)= 3.8, 8.7, 15.7 Hz, 2HOH), 2.061.91 (m, 6H), 1.84.75 (m,
2H), 1.671.60 (m4H).

1C NMR (125 MHz, CDG) & (ppm)= 214.241), 53.3906), 42.162C,C2/C10), 35.902C,
C5/C7), 24.362C,C3/ C9),22.96 2C,CA4/ C8).
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m.p. 3536 °C (ethyl acetate

Bar | uengad s(pyRdnae)igdomum(l) teBafluoroborate(190

AgBF,
pyridine, silica
CH,Cl, | +
23 °C, 2h BN
I O “@ BFy
Z G
190
66%
lodine 253.81 g/mol  1.00 eq 25.6 mmol 6.50 g
Silver(l) tetrafluoroborate 194.67 g/mol  1.00 eq 25.6mmol 498 ¢
pyridine, p 0.98 79.10qg/mol 2.00 eq 51.2 mmol 4.13 mL
dlicagel - - - 5.00 g

Silver(l) tetrafluoroborate (4§&5.6 mmolL.00eq) silica gg5.00g; ratio 0.2@/mmol AgBR)
were suspended in methylene chlgfi®@ ml) in a round bottom flask. Pyridine (413
51.2mmol, 2.0@q) was added at rodsemperature undersing followed by addition of iodine
(6.50g, 25 mmol 1.00eg). After 2 h at room temperature the silica gel waseeny filtration
and washed witmethylene chloride (2 x 10 mIChe combinedolventwas emoved by rotary
evaporation. e orangeesiduevasrecrystallized from diethyl ether (80 at-20°C, washed
with cold diethyl ethemd dried under high vacuum to afford the title compoupalegliow
crystal$6.30g, 16.9mmol, 666). The reagent was stored in the darRGiC.

Analytical data were in acamk with the literatur&.?*2

'H NMR (300 MHz, CRCN) & (ppm)= 8.78 (dJ= 6.1 Hz, 4), 8.25 (ddJ= 7.7, 7.7 Hz, ),
7.63 (ddJ= 6.5, 7.4 Hz, H).

1C NMR (75 MHz, CRCN) & (ppm)= 150.6 (4C), 143.2 (2C), 128.9.(4C)

m.p. 149151 °C (diethyl ether
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6-lodocyclodecanl-one (149

Method a
HgO (red), I,
pyridine, PhH
white LED
OH 23°C,2h o)
H ] |
86%

139 144
octahydronaphthatd4a()-ol 154.25 g/mol  1.00 eq 0.65 mmol 100 mg
mercury(ll) oxide, red 216.59 g/mol  3.00 eq 195mmol 386 mg
iodine 253.81 g/mol  3.00 eg 1.95 mmol 454 mg
pyridine} 0.98 79.10 g/mol 4.00 eq 2.60 mmol 192 uL

To a solution obctahydronaphthe4a(24)-ol (100 mg, 0.6mmol 1.00 eq) in benzene (6.0 mL)
were added pyridin@92 uL,2.60 mmol, 4.00 gged mercury(ll) oxide (386 mg, In@%hol
3.00eqg)ard iodine (454 mg, 1.88mol 3.00 egunderargon The solution waluminated with

a white LED (15 W outpufpr 2 hat 23°C until TLC indicated full conversion of the starting
maerial. The mixture waduted with diethyl ethét0 mL)ard filteredthrough a plug of celite
The filtrate wawashed successively with 5% aqueous sodium thiosulfatendiatiee(15 mL
each)ard was tkendried over sodium sulfatgtter filtration, the solvent was removed under
reduced pressurd@he residue was purified by flash column chromatography onnsilica (
perntare/ethyl acetate :Q) to afford6é-iodocyclodeanl-one (12ing, 0.546 mmol, 86 as a
yellowoil. Thearalytical d& were in accoadce with the literaturé
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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%
octahydronaphthe4a(2)-ol 154.25 g/mol  1.00 eq 0.62 mmol 95.0 mg
diacetoxyiodobenzene 322.10 g/mol  1.00 eq 0.62 mmol 198 mg
iodine 253.81 g/mol 1.00 eq 0.62 mmol 156 mg

To a solution ofboctahydronaphthatda(2)-ol (95.0 mg, 0.6ehmol 1.00 eq) in cyclohane
(65.0 mL) were added diacetoxyiodobenzene (198 mgn@62.00eq)ard iodine (156 mg,
0.62mmol 1.00 efy The solution wagedassed by fregmempthaward illuminated with two 23
W cfl bulbsat 30°C. Progress was moitored by TLC. After 2 h, itkieirewasdiluted with diethyl
ether (25nL) ard washed successively with 5% aqueous sodium thicsulfatene (50 mL
each)The orgnc layewasdried over sodium sulfate, filteead the solvent was removed under
reduced pressurd@he residue wasupfied by flash column chromatography on siliea (
pentare/ethyl acetate:}) to affords-iodocyclodean1-one (31.0ng, 0.11 mmol, ¥8) as gellow

oil ard starting material (42r@y, 0.27 mmol, 44%) was recoverée aralytical data were in
accorarcewith the literatur&?
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Method ¢

Py2|+BF4_
CsCO3, CH,Cls
LED 435 nm o)
OH 0°C,12h o ij/\/\/l
+
H |
139 144 145
50% brsm 23% brsm
octahydronaphthatd4a()-ol 154.25 g/mol 1.00 eq 3.24mmol 0.50¢g
bis(pyridinejpdonium(l)
tetrafluoroborate 37191 g/mol 1.Deq 3.89 mmol 1.45¢
caesium carbonate 325.82 g/mol 5.00 eq 16.2 mmol 5.28 g

A degassednmixture of octahydronaphthet4a(24)-ol (0.50 g, 3.24mmol 1.00 eq)
bis(pyridine)iodonium(etrafluoroborate (1.4 3.89mmol 1.20eq)ard caesium carbonate
(5.28g, 16.2nmol 5.00 eq)n methylene chlorid@65.0 mL)was cooled to @C andlluminated
with a 435nm LED sourceProgress was mitored by TLC. Aftei2 h, the mixturgvasdiluted
with diethyl ether (B5mL) ard washed successively with 5% aqueous sodium thiesdlfatee
(250 mL each)The or@ric layerwasdried over sodium sulfate, filter@all the solvent was
removed under reduced presstlie residue was purifiegl flash column chromatography on
silica fpentare/ethyl acetate:8) to affords-iodocyclodeam1-one (307Mg, 1.10 mmol, 34) as
ayellowoil and2-(4-iodobutyl)cyclohexatzone(141mg, 0.50nmol, 16%) as a yellow oil. Starting
materiall39(164mg, 106 mmol, 3%) was recoverex a colorless solichearalytical data were
in accordrce with the literaturé

TLC (npertarg/ethyl acetat 41) R 0.6

IH NMR (500 MHz, CDG) & (ppm)= 4.29 (quinj= 7.2 Hz, 1H, &), 2.67 (ddd]= 3.3, 9.3,
15.7 Hz, 2H, M), 2.36 (ddd]= 3.7, 8.7, 15.7 Hz, 2H,-H), 2.041.90 (m, 6H,-B1/5-H/7 -H),
1.811.73 (m, 2H, 1), 1.671.58 (m, 2H), 1.56.50(m, 2H).

1C NMR (75MHz, CDCH) & (ppm)= 216.1(C1),45.7(C10), 44.2C2),36.9(C5), 35 (C7), 33.3
(C6), 29.3, 26.5, 24.3, 23.7

FT-IR (neat)v cn{') = 2921 (s), 2852 (w), 1703 (m), 1449 (M)(WB 1376 (w), 1250 (w),
1156(w), 1111 (w), 93%), 989 (w), 579 (w), 1180 (w), 450 (w).
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6-Oxocyclode@ne-1-carbonitrile (14Q

[Ir(ppy)2(dtbbpy)]PFe
TsCN, PhI(OAc),

blue LED,
OH MeCN, 23 °C
H NC
139 140
octahydronaphthat4a()-ol 154.25 g/mol
paraoluenesulfonyl eyide 181.21 g/mol
diacetoxyiodobenzene 322.10 g/mol
[Ir(ppyX(dtbbpy)]PE 917.96 g/mol

z
x

PFg

[Ir(ppy)2(dtbbpy)]PFe

(58d)

1.00 eg 050mmol
1.9 eq 0.75 mmol
2.00 eq 1.00 mmol
0.03 eq 15 pmol

77.0 mg
136 mg
321 mg
13.7 mg

A Schlenk flask was loaded vatiahydronaphthet4a(24)-ol (77.0mg, 0.50nmol, 1.0 eq,
photocatalyst [Irfpyk(dtbbpy)]PE(13.7 mgl5 pmol 0.03 e)j diacetoxyiodadrzere (321 mg,
1.00 mmol, 2.8q) ard paraoluenesulfonyl eyide (136 mg, 0.7%mol, 1.8 eq)ard was
subjected to evacuatidlushing withargonthree timesAcetonitrile (5.0nL) was addedrd the
yellow saltion was irradiated with 14 W blue LED (KessN160WER) at 23 °C for 72.1The
residue wasoncentrated under vacuward directly loaded o flash columnof silica
perntare/diethyl ether 9:1). Only starting matek88(75.0 mg, 0.48 mmol, 97%) could be isolated

as a colorless solid.
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6-Azidocyclode@n-1-one (149

NaN3
DMF
o) 40°C,20h o]
' 95% N3
144 146
6-iodocyclodesm1-one 280.15g/mol  1.00 eq 0.21 mmol 60.0 mg
sodium azide 65.01 g/mol 3.00 eq 0.64 mmol 41.8 mg

6-lodocyclodeanl-one (60.0 mg, @1 mmol, 1.0@&g was dissolved idimethylformamide
(1.0mL) ard sodium azide (41m8g, 0.64nmol 3.00eg was added. The reactimixture was
stirred atd0 °C for 2(h as TLC indicated full consumption of the starhagerial. The mixture
was poured into water (fr)) ard extracted twice with a mixturedaéthyl ether/ethyl acetate
(1:1, 10nL). The combined orgnc layers were dried over magnesium sulfate, fiteded
conertratedunder reduced pressure to afférdzidocyclodearl-one (40.Ing, 0.20mmol,
9%%) as aolorless solid

TLC (npertare/ tertbutyl methyether9:1) R0.30.

H NMR (300 MHz, CDGJ) & (ppm)= 3.503.41 (m 1H, 6H), 2.65 (ddd]= 3.6, 9.1, 15.7 Hz,
2H, 2H), 2.37 (dddJ= 3.9, 8.5, 15.7 Hz, 2HOH), 2.362.07 (m, 1H), 2.6R42 (erial of m,
11H).

BC NMR (75MHz, CDC}) 3 (ppm)= 214.3 (C1), 59.8 (C6), 42.1 (2C), 30.2 (2C), 23.2 (2C), 23.1
(2C).

HR-MS (ES) m/z calcd. for GHiNsO: [M+H]": 196.1444found:196.1447.

FT-IR (neatv cntd) = 2917 (s), 2853 (w), 1702 (m), 1456 (16 (@), 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. KiristallographischerAnhang

7.1. 11Oxabicyclo[5.3.1Jundean-2-ol (113

Crystal data:
Habitus, colour

Crystal size
Crystal system
Space group

Unit cell dinersions

Volume

Cell determination
Empirical formula
Moiety formula
Formula weight

Dersity (calculated)

Absorption coeffi@rt
F(000)

Data collection:
Diffractometer type
Wavedrgth
Temperature

Theta arge for data collection

needle, colourless
0.25 x 0.04 x 0.03 Mm

Monoclinic

P2/c Z=8
a=4.9228(1) A a=90°.
b=12.1782(3) A b=90.374(3)".
c=31.534(1) A g=90°.
1890.45(9) A

9460 peaks with Theta 3.9 to 75.7°.
ClO H18OZ

ClO H18OZ

170.24

1.196 Mg/nd

0.643 mmt
752

STOE STADIVARI
1.54178 A

100(2) K

3.629 to 67.991°.
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Index arges

Data collection software
Cell refinerart software
Data reduction software

Solutionard refinenert:
Reflections collected
Indeperdert reflections
Complegéress to theta = 67.679°
Observed reflections
Reflections used for refinerh
Absorption correction

Max.ard min. tarsmission

Largest diff. peadd hole
Solution
Refinenernt

Treatnert of hydrognatoms
Programs used

Data / restraints / parameters
Goodnes®f-fit on P
Rindex (all data)

Rindex conertional [F> 23 ( F

-5<=h<=4, -14<=k<=14,-37<=I<=34
X-Area Pilatus3_SV 1.31.127.0 (STOE, #2016)
X-Area Recipe 1.33.0.0 (STOE, 2815)
X-Area Integrate 1.71.0.0 (STOE, 2816)
X-Area LANA 1.68.2.0 (STOE, 20%6)
PLATON (Spek, 2015)

19749

3412 [R(int) = 0.0716]

99.9 %

2075[1 > 2X1)]

3412

Semiempirical from equiverits”
0.908&d 0.2996

0.450ard -0.225 e./3

intrinsic phasés

Fulkmatrix leassquares on¥’

CH calculated, constr., OH located, isotr. ref.
XT V2014/1 (Bruker AXS Inc., 20F4)
SHELXL-2018/1 (Sheldrick, 2018)
DIAMOND (Crystal Impacty

ShelXle (Hubschle, Sheldrick, Dittrich, 2011)
3412/0/226

0.950

«R(P) = 0.1536

R1 = 0.0541
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7.2. Octahydronaphthakn-4a(2+)-ol (139

Crystal data:
Habitus, colour
Crystal size
Crystal system
Space group

Unit cell dinersions

Volume

Cell determination
Empirical formula
Moiety formula
Formula weight

Dersity (calculated)

Absorption coeffi@rt
F(000)

Data collection:

needle, colourless

0.36 x 0.04 x 0.03 dm

Triclinic

P-1
a=7.6990(2) A
b = 13.4269(4) A
c = 18.6688(5) A
1835.04(9) &

Z=8
a=86.012(2)°.
b=79.898(2)°.
g=75.051(2)°.

18600 peaks with Theta 6.0 to 75.6°.

CioHisO
154.24

1.117 Mg/n?

0.530 mmt
688
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Diffractometer type STOE STADIVARI

Wavetrgth 1.54186 A

Temperature 100(2) K

Theta arge for dat&ollection 2.405 to 76.091°.

Index arges -9<=h<=3, -16<=k<=16, -23<=I<=23

Data collection software X-Area Pilatus3_SV 1.31.127.0 (STOE, #016)
Cell refinerart software X-Area Recipe 1.33.0.0 (STOE, 2815)

Data reduction software X-Area Integrate 1.71.0.0 (STOE, 2816)

X-Area IANA 1.68.2.0 (STOE, 20%6)

Solutionard refinenert:

Reflections collected 65686

Indeperdert reflections 14952 [R(int) = 0.0553]
Complegeress to theta = 67.686° 99.2 %

Observed reflections 9885[1 > (1)]

Reflections used for refinerh 14952

Absorption correction Semiempirical from equiverits”
Max.ard min. tarsmission 0.9237ard 0.1998

Largest diff. peakrd hole 0.283ard -0.221 .83

Solution intrinsic phasés

Refinenent Fulkmatrix leassquares on%d
Treatnert of hydrognatoms Calculated positions, constr. ref.
Programs used XT V2014/1 (Bruker AXS Inc., 20%4)

SHELXL-2018/1 (Sheldrick, 2018)
DIAMOND (Crystal Impacty
ShelXle (Hubschle, Sheldrick, Dittrich, 2011)

Data / restraints / parameters 14952 /0/403
Goodnes®f-fit on P 0.915

Rindex (all data) «R(FP) =0.1282
Rindex conertional[F>20 OF R1 = 0.0480
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7.3. Cyclodecyl 3,5difluoro-4-hydroxybenzoate (93)

* Displacement ellipsoids are shown at 50 % probability level at 100 K. The hydrogae atoms

shown with arbitrary radii.

Identification code
Empirical formula
Molar mass / g-mol
Space group (No.)
al A

b/ A

c/ A

A/ o

V /A3

z

Zac/ g-cm™3

u/ mm-t

Color

Crystal habitus
Crystal size / mn
T/K

ki A

Grange / °

Range of Miller indices

181

Bo1356
CiH2F203
312.34

P2/ n(14)
11.0487(2)
10.62610(10)
13.4287(3)
101.245(2)
1546.32(5)

4

1.342

0.893

colorless

plate

0.521 x 0.388 x 0.078
100

1.54186 (CKo)
4.752 t0 76.071
-12 hg 13
-13 ks 9



Absorptioncorrection

Trminy Tmax

Rint, Roz

Completeness of the data set
No. of measured reflections
No. of independent reflections
No. of parameters

No. of restraints

S(all data)

R(F) ( = 08, all data)

wRPF) (= 08, all data)
Extinction coefficient

AZna 3V €-A°

182

-161x< 16
multiscan 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. Cydodecylsulfamate (80)

* Displacement ellipsoids are shown at 50 % prob&hiityat 100 K. The hydrogen atoms are
shown with arbitrary radii.

Identification code Bo1429
Empirical formula CiH21NOsS
Molar mass / g-mol 235.34
Space group (No.) P2,:2:2, (19)
al A 7.8025(2)
b/ A 11.8830(3)
c/ A 12.9006(3)
V /A3 1196.11(5)
Z 4

3/ g-cm3 1.307

u/ mm-t 2.330
Color colorless
Crystal habitus needle
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Crystal size / mfn

T/K

k/ A

Grange / °

Range of Miller indices

Absorption correction

Trminy Tmax

Rint, Roz

Completeness of the data set
No. of measured reflections
No. of independent reflections
No. of parameters

No. of restraints

S(all data)

R(F) ( = 08, all data)

wRPF) (= 08, all data)
Extinction coefficient

Flack parameter

D Zuld € A2

References for-Ray Analysis

0.237 x 0.078 x 0.051
100

1.54186 (GK.,)

5.060 to 75.991

-8 x 9
-14 k< 13
-161x 14
multiscan 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

[1] X-AreaPilatus3_SV, STOE & Cie GmbH, Darmstadt, Geyn2016.

[2] X-Area Recipe, STOE & Cie GmbH, Darmstadt, Geyn2015.

[3] X-Area Integrate, STOE & Cie GmbH, Darmstadt, Geyn2016.

[4] X-Area IANA, STOE & Cie GmbH, Darmstadt, Gearg, 2016.

[5] A. L. Spek, Acta Crystallographica Section C, Strudteraisiry 2015, 71, 9.

[6] G. M. Sheldrick, Acta Crystalkyginica Sectiod Found Adv2015, 71, 3.

[7] G. M. Sheldrick, Acta CrystallograpBiegion C, Structuralt@mistry 2015, 71, 3.

[8] K. Brarderburg, Diamond Crystabrd Molecular Structure Visualization, Crystal Impact
- Dr. H. Putz & Dr. K. Barderburg GbR, Bonn, Gerany, 2014.

[9] C. B. Hubschle, G. M. Sheldrick, B. Dittrich, Jourrfgbplied CQystallography 2011, 44,
1281.
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