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X~
X X3~ X~ ~c1
[Mn]}{ \C1 v \/C1 x \/C1 . C
Cz \ C . C CZ
v~ \‘(/ Y/ Y/
é : g H © agostic pre-complex

Path C: Retro-Allylation

~ Bk
X X AN
[Mn]/%_ \C'] [Mn]/\>?1 \C'l
— == [M"] +
cL /C2 \ (Cz
~c3 i ~x ] (;4\¢C2

Scheme Mechani sms-mef-adtralnyi dbdoox@ acti vation re

Anot her poss B b lkilbceaprabtohnwaeyl (Sienh eg® adhUB) i | now,
its mechani sm has beemmd@B salmerdi n at ibebagwht icdh h
interaction bat weent &€heamd htyhder oed e nmhnpnraeacnegdniorf g
the cases, f o hoefe dirhiivsicnpgmebwédy om the foC€CmAtion
bondUnl i ke oxib@adinlven ad@ldii miomatrieqqruidoced orw oxi d
orel ectrolm mekttal ss al s oe lpedcspso aorl yee &troh imssitetail an i n
t hehiirgh oxi dathobhhbssastsesnari oan fshper Pbemicaus er ma
heteroatoms such as N orwhd cahr eméadkddds oenlde chtarradn &€ @

(0]



bre&dlkandt O©Omse mai nly usedmaan Icatte ltyrzeerds irteiacrn i
hava much weaker tbhdard nisgdttiwagent er and t he heter
The tphitrhava hreetmrld ylScthieom® g2 hy, G)hi ch gener ates

met al s peac iCe=sX arodn & iwsittehdec ar bon el i mi nahtearoen pat
t hb-car b®nal so el nmiraealtrygldaotweovne.t , HHr oceed-s Vvi a
member ed cycl i cThter arfstilrtywil an | ©thatca.nf rbdem alri ddrer en

el imination by observing %amdlheharhd irfadfi & oyin & tr iatn
t hepolsi titodrp ¢ i (t §.0n

1.12r €mat al y-ceBof€d Activations

Tr ansmdtsalnoch aRsh|RRu,, ANi,, arhcav@o been widely st
theCCbhond activdetHioowmveeact hoset akranarébraorc mal

and very .eXxlplheenrseéfveer e, i n secentieviearsg scsaiahyi
t hat use mor e ssu s tsauicrha bd £ imred ra || whi ch i s ch
envieoanml | yl*¥riendl y.
(@) Fe(CO)s —
Fe
oc"4 co
1 0
2
€2 9
(b) ©((C’:H2)n Ile or Ile
n=1or3 (Co), O (CO),
3 4 5
0]

Ph

Ph ﬂ

© Na[Fe(CO);NO] P Ph
0C”' 1. °"NO

Ph Ph

6

Schem&tdi chi oneetdiiactCedoothd breaking reactions.



Iron compl exes have b&ebnsskd 0 wh ialdiaywonne @agr Cma l
resuln s1.965, Sarel and his cxocvaonr emwssdsd oavee t h
vinyl gr opp opBndyheln folrlienvgeechi myg, aand a hydr c
foirmg r adnisencaempl@&xchemeaddl3n 1980, EilbraCht rep
bond of cycl opent3adine rbee e reik@@y ibvyd-afge o ril-
acyktyclopentadimenpy ledxoerS (Schemg BBl n 1982, Hugh e
demonst r attkean itokna o n c Nmp Fe NOPYyas abdaer btoony | at e
cycl opr ama miommytiheel & x magn si o nd>px odwacltobut enyl ¢
7(Schemeg¢h3!

Usiaogt aamoiwsoet iron ca@ abopsdk s voir oG@Gs were publ
recemhalyl.ploisé¢ ti on bese kooiwmadreglani ¢ mol eitsul es,
not siumtghraits s e ebroanld |l eavage reactio®Manehave bi
t hexampwaes shown bwhKalhby h ma8pornoacteed d atl|l ylyat i on
treathemg avn t(Alel | ) GBlOAR)I9@IM t hencer eosfe tri et hyl al
( Schetmél

X
” smoiwo e R
EtO,C molze EtO,C_H o TONTY o
2 equiv. EtAl, > I
EtO0,C~ "R EtO0,C~ "R N----Fe----N
8 toluene, 20 °C, 24 h 10 P Me Cl" ¢ Cl Md iPr
R = alkyl, Ph 13-91% 9
Schemdeal | yl ation of allyl mal onates.

Wangeport edat&ICypzheednyd qui onl i ne synthesis fr
styrenellaxiddenli2zwWwhneh i nv&l vheodhda a€Cti vati on m
(ScheméFibr)st ,12anitlaicked t he 14 toyrrneibragmioax ® dal coh o
in precsfenkE@€l a Lewiast adleydst,ol | owed by ,a tdheehydr
enamilleas Edrmnaiméérreeact ed with another styren
intermedi aneerlnbeddat went sulbslegueéemti hnpt &@on and
medi at ed eH rbeanddeidv £t ioan-pheos i t hen of rarmsiulintn e gmo
the for matieome@fi 8abhe i ntledrmerdi wan cker weansts icshteeldat |
CC boadti vatfiootmh@&noe mber ed cyZTTuonfdeerrr ad¢lei mi nat i

benzal dehlyddet,hef odndwed by reducti ve el I mi nat
p



oxi dation, t he 1ldneassi roebdt agiuniendo.l i ne

0 NH N
2 25 mol% FeClj; @j\
. Y 5
2 equiv. + 1,4 dloxane;110 C, 12h — Ph
81% 13
1 12

T1. -FeCl
2.0, - 2H

2.-H,0 H
"

T L)

N~ Fe

& \ / 17
Cl

\1. Ring opening

Ph
14 J W4 }- PhcHO
o
g Ph N
N~ 1) B elimination H
O. . Fé Ph
H FeCl, 2) Fe(l)-mediated re
Ph C-H activation Cl
15 0~ “Ph
16
Scheme Ilsreotnal yzed synthesis of quinolines.

Jiaocawdrkevesl opegdr dracCtled oQb admad iact iChvati on r
(Schemd!hey successtfhualrloymalisi Pe®(®® b o naf benzyl

hydroch®lyomsi bpwi tFleCdzDD®Bifemeént azi de sources
diverse Phedarciiddese for med Hyarmnud eamsge TOMS al i pha

azide resulted in d42h0@nd oalmai2th pyadhe of aniline
10 mol% FeCl, 10 mol% FeCl,
O 2.2 equiv. DDQ 1.2 equiv. DDQ H o
1 iv. i 12 equiv. Alkyl-N N
N,R 2 equiv. Me3Si-Ng R2©/\R q YI-N3 , Alkyl + JJ\
R? H H,0, AcOH H,O, TFA R R OH
60 °C, 24 h o
19 ’ 18 60°C,5h 20 21
1=
52 - 93% R’ = Alkyl, Ar 35 - 94%

R? = Alkyl, OMe, Halide

Scheme ®xi d-&€t bwaacdtG vati on

Anot her CCypendf acti vatt h@&C ibso ntdos aocnt isvtartae ned
ascycloprdpaaaeseredaud d selic)at aliyredidr ecpge nriinngg o f

c



cycl oprzZ@prmaner ecsfenS8aesl a reduc$clvenmeagWaser al so
demonstrated t he [ 3+2d ccemprtwlrataminn ozcdwli ddhnop a
al deh¥®Scsh e nfeb.)¥'The reacti on i s3ascuagptpaolryt zedd oy AR e
restuettr ahysdoewihtt reexncel | engogcdissed € ¢ &(hugpi ttioes>20: 1
Thismet hodani saéeomnomi c and Stereosetess i ve V
ami notetrahydrobwi &ns sgivihDi K kaln'é! RNA.

o) o)
1 mol% Fe(dmb),
2 equiv. Sml, Me™
(@) THF, t-BuOH
-78-0°C,2h
22 23
81%
NPhth R2_ O« _.NPhth
. o 5 mol% FeCls/Al,04
R'0,C'
1 R2" H DCM, rt, 2 h 2
(b) ROL CO,R! R'0,C
24 25 26
R = Alkyl R? = Alkyl, Ar 71-99%

(up to >20:1 dr)

Scheme Ifraotnal y& ebdonCd acti vation of cyclopropan:t

Bl echert reported tBhBaakB®d®waree i oliteaimeald adxesa 1
from)-HAlpi ne2nfby Fesic@@)al yziendseC®@i on at el evat ed
(Scheme n8 the syntheAs/iBs hgfagaeEbddndi #addhia i same t
reaction al so hbayd ubseienng rsetpooirctheido met ri ¢ amount s
but wiptlesenG gbafé!

20 mol% Fe(CO)s o 0
CO (2 bar) .

178 °C, 5 days

(1S8)-(-)-S-pinene (27) 28a 28b
7%

Scheme @®atalytic carb€nylobadi acti vaoli winng C



1.38ynt heptpilci c/atTlmaaedf FMeumb e rRe ch g s

Cycl opr op ayncel so baua daencekwnh a4 we hi-ggthr @eicraguse of t h.
very sHwhadnd sgnflhes strain ener gy iinscraesassoecdi arteeadc
Therefore, these cohpbyndsetdaive bEglaniwvc chemi

1..31 DeAracrept or Cyclopropanes

Cyclopropanes which hav-domatei nogr gmooruep-s e |aencdt
withdrawing gr cupvans-cad| ecdadoeaptrorpayes oplrm
the 1960s and 1970s, ther sgajrdavedsecrden | yc tbiewaa ti end
acceptorl'droues1980 the research groups of We

investigation omcrewtardaylkclfideo opammacst ept or

cyclopmwaparne rst introduced by Reissig.
D = donor Donor = Ar, Vinyl, Amine, Alkynyl, etc.
A = acceptor Acceptor = CO5R, COR, CN, NO,, etc.
1,3-dipole
A D~ A
(a) D A ® 0O
29 30

. . D A

I 8" & Y X
A X=Y
31
" A
Cycloaddition /<_<
Y=X SR~
32

Rearrangement /C\\A'
D A/ \All
33

Scheme @Qa) Zwi tteri onA ccyrcelloaptriocopnasnheisp. o(fb)D Di f
reacti eMmscyocfl obr opanes.



Donearcceptor CyeDbDaorpg opa@ees much ckaedvbantinorme
functi cryalliopaethpaatese charged 3Gtaer Medisatabds | | z
the vicinSdhegmepud®Bhils-Bi poheer mddisatgeener al | y q
versatil e whichl tailtluodwes ofordiaf frew entopeeangi on
cycl oaddition, @&Sncdherngd.)r angement

1..31. 1 -(Riienngi ng reactions

The -opeging reacti on i s t he mo s t-a chcaespitcor t r
cycl opropanes .arTeleceanreraicad omisto falne wirse saeemicce cat e
antdthe positiwaptclhrdeedfesbymt ai ni ng whrtk éatdop hli, I3 s,
bi functionalChdetteatriégwpeod.t edycal opr op3drdenagr b o xy
opening reaction with p3fbmauygi ogadde @CiL®awi ys anci
cat a(Sghte me( a)®dfhe enanti omarithhepewedietcy rophilic
cyclopropanes twast lpe eaey & Was eprr oplwicsé¢ E GEM)

cat al yzoepde nriinngg r eacti on o f3 Aaimti m oic3y3iSdclhhggsmep de s
(bbh2¥he indol e al kyhlotreegCosi t h e na vagiwuhi icckle et gos

manlyi oaoamveobatiy GABA) derivatives.

R%N,R1 COM
W'NO, H 10 mol% Ni(ClO,)," 6H,0 2Me
CO,Me + N -
(@) R” R2 DCM, rt, 17 h NO,

34 35 36
ee=90-92% R' = Alkyl, Ar 63 - 94%
R2 = Alkyl, H ee =90 -92%
1 pl 3
RR Ri~=s PRthN  R! a
0 o) PO NPhth
/A . R3-‘- ]f& 10 mol% Sc(OTf)s_ R ol TN h
Et,0, 1, 0.5-6 h Y | e~y
b (o]
(6] R/2 R r h2 R1
37 38 39 40 (R® = H)
R'=CO,CH,CF; R? R®=Alkyl, Ar
0,
R?, RP = Alkyl, Ar, H 49-97%

Scheme: UeOwi s catabyzedpemgngreacti onascceopftodon

cycl opropanes with nucleophil es.



Fér st ner showes-d aa aFcgognajduagca)t ed addirteiageadf Gr i
accepubdbsti tuted vi & Widyhc |coopnrceSppepmedisneta viGng e h e
formation of 4 &g hemp.+Iidiuscti s t he ff itrhet uesxamdl d

organomet al | iicninugd reiogpghcitideosn-aoc¢ ept or cy.cl oprop
1 2
R'0,C COR + R3-MaX 10 mol% Fe(acac); R'0,C S R
_ g toluene, -30 °C, 30 min CO,R?
41 42 43
R', R? = Alkyl R3 = Alkyl 48 - 84%

Scheme 1datnal yzéedophopeni ngngé¢ceadpnhor cycl opr o

Similar to taetiaoma$ ogmplsoyieng nucl eophil es, t
the donor site of cyclopropanes wer(@chkme des
1202Mhei @aseaoand enant ihoosneo aelcltyilvidc8w @l cfochrohesd f r o1
vinylcycldodamap aansecdt o | al detlowd &8ah(S)-Bl NAwodi f i ed
cycl ometal diemdéat al yst

th
5 mol% 47 E". Ir

+
S k or k 5 equiv. H,0 MeOZC
44 45 46 THF, 60 °C, 48 h CO,Me
R = Ar, Alkyl 48
63 - 89% (S)-[Ir]

ee = 91-98% 47
up to >20:1 dr

Scéime L Ri eciaumlryizoegdeni ng with el ectrophil es.

1..31Zycl oaddition reactions

Theyccl oadditioh deactxiyocrl opr bp pmeve mfayl t o
access highly functi omarmberad hreisreg s.eiakt i onss @&
occurvevihy gh regi.os@be-amEmniatnt i osata&lcdo vpoysi bl
whewghiralatsewbstlIoirganatsal yseé én Faerégahedi af 8 d¢ 2]
cycl oaddirtyilacarycbbgdg@wiptame $ sod gmaansat eeported by
(Schem@gl2A3var iNetlyk ydf s ubst i5tcuaueldd | baec t shyst thieisd z e

M AN



met hod.

0

MeOZC COZMe Rz\ COzMe

, 1.1 equiv. FeCly N CO,Me

+ -
. RNCO pem,2s°c &
49
48 R? = Alkyl
R = H, Cl, OMe 50
42 - 78%

Scheme[ 382] cycl ogdcaiytcil oprmfpaames with i socyan

Pl i &t kgr oup ptulb 8 uMs[hFeed(3(CNDQ ) ] (TBA{ &V Be 2]
cycloaddition of 5dwintyH cyat opu® p Mn(Edhmerhe. alcdk e p't
Di eskau and Hol zgaotppr fforromedt hteh e redcg-tli on b
bi s(phenytlestuhlypsh@ansayMi )c h a e | acdeéeptiogd Bdptr v o e
vinyl cyclsdp@®nusrlame and Dieskhaubshipweweds5edi nes
were formed wheasatihe pMioc htaodlean gdé6 duines amee s

reactionslé®dnditi on

Raﬁ/\ R4

R3 R®=CN, SO,Ph
52 R*=H, Ar R! R
10 mol% TBA[Fe] LRt
10 mol% 53 57 - 95%
THF, 60 - 80 °C, 16 - 18 h — SR up to 2.6:1 dr
R
R' R’ 5 55
R? R\(/N\RS
I 5
P H R°>=Ts, Ms
R 51 54 R® = Ar RS
10 mol% TBA[Fe] N

5
R'=CN,CO,Me |10 mol% 53 R mpﬁ 58 - 95%
1:1d
R%=H, Alkyl THF, 60-80°C, 16 - 18 h NC R2 '
NC 56

Mes™ "~ " ~Mes

~N_ N~
53

Schemel 1-dnat alyzed [ 3+2] cycloaddition of vinyl

Tang developed a highly diaster ead all ggziteidv § 3ar
cycloaddi t taccrc e@ft odo g Fwiptrho prath&rso nersecsfeam c e

M M



asymmetric tri shdOGaxhelmeon el FInitbew nemntliyngne enant i
racemic cvy 6 Ifroeparcattpeadi(@+6)0 2The remaini ngRyyl opr o
could be recoveeved uwist h whoaedh coul d transform
enanti omeafi ct etulr agdixyyadz(ipb & ndasi mi | ar reaction co
wi t hout59l iTghaenrdef or e, starting 5ffr @tmh r esmeansti i©of cy C
tetrahyd®@lxraoz6 @eoeul d be prepared.

1 1 o R _O. _R?
RI02C COR' R3® o7 20 mol% Ni(ClOy), N MeO,C CO,Me
N 22 mol% 59
+ U, T20ce 30°C 34 R '
R? R 1EERE TR 2CGAYS RI0,C COLR! Ph
rac-57 58 (+)-60 (R)-57
R' = Alkyl R3 = Ph, Me 74 - 99% ee=91%
R2 = Ar, vinyl R*=Ar dr=4-99:1
ee =91-97% o
Me N
MeO,C CO,Me o O 20mol%Ni(CIOy),  Mesy O wPh 0 ] \ O
. Me\N/O 22 mol% 59 N NJ
o {Ph DCM, rt, 2 days ;h\o Lo P “br
(R)-57 58 ob2b LM 59
ee =91% (-)-60
ee = 90%

SchemeAsdymmetric [3+3] cycloaddition of cycl oy

1..3lRearrangement s

Rearrangemehtusctd ywaoalriopadches ar er iveyg p/a Nncso nonmo n
reactions to form heterocyclopentenes. The fi
in 19%8WmMd Wil soRddli nenévated (3mpmey altdres

Ph NH 180 °C H

(a) Ph N
Cloke \@

61 62

H (0]

) 375 -500 °C o)
Wilson \\_/\

63 64

Scheme 1@a9l Cpropylrirmilmene r.earrangement
(bQycl opr opy !l cdairhbyad rdoethayrdaem n.g e me n t



Cu(i®nd Rua(tla)ll Y€ ¢ 0-Wiel s on rearr ang eamecnetpst oo f
cycl oprihopwerelseen Wpawdvesrhedt.hesealtswo prrenandteiderds
har sh conditions. I n e @& Mi6g kkeadt cahl nyszoerlVi  Ir Gel pookret
rearrangement of éebng | dy dhlyd® ®d pd earss mi | d reac
conds (Sichhre mgl3fMhe stereocent er whaisc hpaeiruspo isiddesn t

i nversion mechanism in the reactions.
O O o
1-5mol% Ni(COD), R 4
R R 2.2-8.5mol% PPh, \ N-R
RS | CH5CN, 25 °C, 30 min o 5 R°
R2
R3 "R* 66
65 76 - 99%
o © 4 mol% Ni(COD), Ph-© N
8.5 mol% PPh; \
Ph Ph CHACN, 25 °C, 30 min O
. 3 s s min Me
Me "7 Ph
65 66
ee = 88% 94%
L ee =88%

SchemeRda&rrangement of viinlyyadryafl opampanes t o

The same nickel patuallpapohtasd btaeeraatrangzement
reaction of wunactivéi#ted swibsytlidwdlégdh typrd opemd ea
of NHC 618 gah@®uwihe mgl 3118

H_ R 1 mol% Ni(COD), R’ pr__iPr
| 2 mol% 68 / \
R2 NN
R2 toluene, rt - 100 °C et
67 1-12h o iPr o iPr
68
R" = Alkyl, Ph 92 - 96%
R2 = Ph, Bn

Scheme MN8cca&kted!l yzed rearrangement of wunactivat



1.3 Cycl obutanes

Theisgrain energy of cyclsibmitlaehractydbopr kpahe
(27.5 kcal/ mol ). Ho we wehri o Awrel idimeasatichy dt lindemr @esdn e
cycl obutanewsnderatsti tbe duéfitoult osfyntihesec
compou.n®dNsat uprraddlduct s whi cenme nchoenrteadi nr ifnogusr ar e not
anthost ofverseyenmt hesi zed using [ 2+29c hceyncgll DIdd di t i
They have shown various biologicadlr dageald&i ti es

OHQ 7
H Hozcﬂ 2 ’/H
/ _ 3
A OE A
HO'= H
69 71

O
70
Caryophyllene Punctaporonin C Kelsoene

(0]
N ) HO
7
o
72 73
(+)-Solanascone Pentacyloanammoxic acid Bielschowskysin
SchemeFd®wre mber edcornitnagisni ng natur al product s

Simil acycwiophropanes whiChlapaee , dcdwd obut anes
proecdeni-ogpening reactions to.rdlneadditlhdoast it aie
undemgpoy -camtgr acti on r eeaxcptainosn so na(nfde arent nfgo,ms t o
siX seveen ghheamber edl 3fTihnfgésseex mbkbestygycl obut anes
val uabl e isntnetrummeadi aptreoduct synthesis.

Jonson has developgadadaykzewdi $ 4akildcyuclcepdddirt i
cycl obutwmintels al d6®gyhemé3T e highly diastereos
ci-dsi substituted “a&erahyor mpyrodnsSgiaesicdatcael yst
The repcocemdadri | d coeadidt ibornroad scopes @afr eal d:i

competent in this system.



COZMe

CO,Me
O 0 CO,Me
<><COZMe . ] 2mo % Sc(OTH);_ ﬁ 2
1 H R2 DCM, rt 1 ') 2
R 15 min - 24 h R R
75 76 77
R = Ar RZ = Ar, Alkyl 68 - 96%
up to 99:1 dr

Scheme B@t¢Oattgl yzed [4+2] coackepddrticgol obuda

APd(/IBlr Bnasdiedt al y zeexdp arnisnigon o f 7 &fyoccrl otblug asnyerst h e
of spirocyd@dl0ic pmeawfarisedzoqui none (BQWwass an
descri bed (oyh eRmdl a%ly i s b eddierwacdt ntt h atsae |l eyd tiicv eC

H actiwaast iionnvol ved in the reaction mechanism
R1
10 mol% Pd(OAc),
20 mol% 79
~ 2 equiv. BQ
\: o
OH  PhCF,, 55072h o OH
‘ 32-95%
dr=5-10:1
78 ee =48 -98%

R2= 2,4,6-tr||sopropyI-CeH2

SchemeFQ@diré i-membered ring expansion reaction o

Transmdt-aant al y-€e d o d activationhasf at g ol obbeuett

publ idédmadra showed-catphiyykadi amyl at BOwi tohf acryyc!|
br onsi8diei aC Cbond e(Sehem@!3FPrst, Pd(IlIl) species
via oxidative addition obydmaabypyh ktomidat aod
t hael kyl pall adium intermediatet h&hylnat ecdhiet or
8 2

1 mol% Pd(dba),CHClI,
2 mol% (R)-(+)-BINAP

R1
1 3 3
R2><><R vOATEr 1 421 unw K201(c3)3 °C, 12 h Ar/\{/\WR
R OH ioxane
81 RZ O
80 82
79 - 96%

Scheme 2Pal lcadiau m zoepde nriinngg reacti on of cyclobut

MPp



Ar hod-c amaltywoe dcons e ubtamnwde aCctivation of spiro
reported by MuSakemi *BHi:idtalniol gati ve add-ition
car bon bond of s Bi3t @c yrcH mdbiva mpghogrmb er e d cyclii
acylrh@&@&dwam £drmSubsequéehel yrhodacydicar bonder w
el iminati dmm laecapde mmn g of adj awhntghhovgelv-ehbhut an
me mber ed cycli 8d85&¢ gl ohexlBabovmmse f or merdedaftt ewve

el i mi mantdi ars,omériomataicgB8b5hodi um
R1 Me
R2
5 mol% [Rh(dppe),]ClI
xylene, reflux 1
22 h - 4 days R R2 o
@]
83 86 .
R, R2 = Ar, Alkyl 59-89%
Oxidative 1. Reductive elimination
addition 2. Isomerization
_ o z
R2
} \\'\ﬁ o p-carbon R
4\_[/Rh ] elimination R2 e
[Rh™]
B 84 85 i

Schemd@8Rhodi wcant(dl)yzed succeéeeaivad€Lobwnldes cof spi
cycl obut.anones

Mur ak ami ede vaen ootphoedrc atma |l y-€e d o €d actalivkhymen 0
substidwdleabut8arwiomle st r i @as8Wlibaoraxdinf f erad htwaryeac
(Schemé*®PModituenrycl obut @a8welréétiest for med- t hrou
addition of an adjacdanrtei agt baormyldi Yyunbbssgmaiternd s .
regi oselbext b vrei red tiomocnur r e d whord lag piaan. -Seven
membewr edg kEWenesformed afohgdrsdecessmvaati on
proceessisd protonol ysi s.



R — -

o Ar
O // 10 mol% [Rh(OH)(cod)], N .
+ (AI'BO)3 20 mol% Pt—BU3 . [Rh]O
3 equiv. H,0, 1,4-dioxane
88
100°C, 6 h
90

87
R = Alkyl 89 50 - 76%

SchemeRRdadicuam al y zeexdp arnisnagp kysmé®d st i t uted cycl obut

1. Rl hot ochemi stry
1..46 I ntroducti on

Phot oc heardisviresyfi, omhemi st r y,c hemipchaelceess aildayt eod t 0
I i g hotr el ectromagfidéiisc teadi agteincent)ahlaltoyh arnei pcrael s e r
reactsamsed by absorption of iqtih afrreadnor 2r5500@& t i
nm), Vi si -0 ®dm)ghtor( 7Wblitghdtv) o{1000 nm)f f eri ng t
t her manldluyced reactions, the absor pt ita ronnastf pho
onlpyr ovintkeeessessary activatmohectmeeggg!l or chareges
symmetry of toheel e mblt enut esc ompfeirgnamationogme r wi s e
i naccessible reaction path.

The first step in a phot oaxthieomvit admplreocwelses i

el evates to a highkietrece netrgtye dtilagiheda.lf pbhbob o obe mi c

tmaformation follows two fundament al principl
knownt e@r ot t-hruaspse r l aw, itshadt dmathte mbat absor be
mol eciunl eor der for la rphoacttda omemM2oc afThlee seplcand. | &
photochemi strtyh8tkafokwis t e@isn | awevesrtyatelsottomatt h
absorbed will cause a (primary) chemical or p
The Jabl onski di alge atnr ssrhioomss Ittedtaelse odnda t he tr

bet weenSthem¢ 2MBhren a mol dcduwlhe abnsortbss ground s
So, assuming a, songl et estraobdore) i ssiexgdriditietda It ol eav e
According to the spin selection ridhe, sihig$et
excitation states can Big dtheotbweshighkhertedct

Sz¢,dependhnnghe absorption wavelength.



Ll

1 Vibrational

< relaxation
i3 ISC

Sy =t R

Fluorescence

Absorption IC ISC

Phosphorescence

LUMO |[——

HOMO H So

SchemeJ&@Bbl ons ki di agram i lilounstlrettveese ne | ceicft freorne |
states. | C: I nternal conversion; | SC: l ntersy

Once an el eictterdo,nq uitsc kelxtypo rledbw@war si ngbgthnonbit:

radi ptrioxessebh as vibrational rel axa#fnootnh eor i |
possible pathway to deal with the absorbed en
This process is Azlkcloedi hgdowdKaesmhees.cence i s |

t howmeph al ways, obtslhfairesd beextcwe eerB1) e htehdptr orawm ds t a't
st a%e. (

Al ternatively, Siimay exchdsespdgoms t ageenefr atitmgpl et
excitedi)swhieh( has two unpaired electrons wit
process is called i nfTéd@ssytsateem ccano salihgogo u( | dSaCx) .
st abopvi(@ni ntersystem crossing or a radiative
Phosphorescence i sflmuarhe s eoamea e tthhains traansi t i
change of el ect rfoonribci dsigeiinm,bywh iech iiosn rul es.
Thphoetxoci t ed ool eaxlude act aesr awhpihcoht otsreannssi fte rzs

anadj aamntec thlee.oplposi teclrloecesguerscherngi twhekr e

mol ecul e is deacti vat eNdathuy aadelaychteino nc adoacnc esaqgtend
onhd mol ecule after photoexcitation. It may
reangement, a photodissociatiofher exentéedwst |

MYy



suchSiasd@, have an electron in a high energy ol
reducing than (Shhe Hroowenwdkrst attet he same ti me,

| oevnerogyoanhdl are more oxidizing as well

1..2 Phot oatealoys iCs

Recenuilsyi,bl gholtiogrhetd o x a ¢ amteavl ybsriasn,c h o f phot oct
atttddbts of bysyretnhetoincl*d®¥hembkiess lda gheéry si mpl «
Ssourcoaneatr &V |, thlmts mhet used iemiogtgrayn.i cl nchaddi
all beawster use of gdsalraeneaadly ptesnenatah es t he a
i abundanrniei shbbht amagti the g hienstte Meor eyi mpositagtl! vy,
Vi si blevoliidshtsi de or eamntpirmmduct i vteh adrescoormmpaolsliyt i

caused by UV photons.

B o) Me ]
N
0 0.5 mol% 93 i 0 cor
COZEt 20 mol% 94 Me= B 2
+ —
H Br CO,Et 2,6-lutidine, DMF CO,Et H CO,Et
Alk 92 visible light, 23 °C HTN Neo.g Alk
i 5-24h Alk 2 97
= 9 % 62 - 93%
ee =90 - 95%
0] Me
iN - HOTf
201 e N)""t-Bu
H
94

93

SchemeAs2yémant rUiad ky | atd eohny doefs alhr oughph diteo rmeed gx n

catalnsli ®rganocatal ysi s

In 20@8Millan pemlaing h ®d@ablekcytliavtei on ®Ibyal deh)
combi phog¢g orceadioax® 3andr ganocad@themel*BW6ter this
pi o0neenmoirrkg t her e haype blbieeat i maarsy i n t he fiel
cat ald’8i dH%e ““Usemosthecommon phot,orRudegtbkgydat al ys
whi ch albisphtwaatedtedrnid 52 @Bmhemdg ART7er the photoex

M &b



and i ntnmercsipsgs,e t hewoudtdad etarcihp |l et *eRud ifFtpeydl hsitsat e
exci teecdi essp can t hemwmneicelreornariercednewd rD) n od oo v e
away one electron to an el ecaterdanr iaataqcl eypsttd rR u((Ad)p
or a strowgt oy dtisZRunghey)can then individually
organic substettie@hgrSound ngdt st &l Re( bpyt) rviedlyet t |
excited st atec anf a*l Rao(pspoarets s t-ter imgldett rée peregy t
(TTETWwh*iReuh( 'pdyi)r ect | yerngywntsd erhe or ¢ grioonod eb st
the mol ecdulse gfroa3n)d os i & seen eringeys p | eTa) .st at e (

Energy
transfer

S  *Ru(bpy);?* '"MLCT, =*s

\
. 1SC
\
D 2+ 3 A
*Ru(bpy);“” °"MLCT4 —
Reductive : Oxidative
cycle ! cycle
o+ ! —
D : A
Ru(bpy)s* = : Ru(bpy)s>*
Amax =452 nm | |
s 5 s
Y
- Ru(bpy)s* -
S S

SchemeTRi7ee di f ftedrce mptatchamaaydsy of Ru(bpy)

| hhe same yea®, gRablOspo uvrved t he s & ohe2 +p2hlo tencoantea
cycloaddSahem&a*' B &8 (es)dBceycl i zedblueohi ghsiirradi
preserfcRusChE,NYii o0 opyl et hDIl REANe+.DhPELE BBt

an el ectr omhootomneoxc iftderRliu (ciid yd)ley scta tca/lcyitei ¢ o f or m
reducti veRudqaipaRuy(shsptyhen transferredaldaneri eamec't
activated9 enndetpei f@+2] iowtyoc | @ adyg cd corbtua iamien g

H AN



addudtdnd regenerating the grsy®Md state cataly

0
e} e) 5 mol% Ru(bpy);Cl,
2 equiv. i-Pr,NEt R R
R | | R 2 equiv. LiBF,4 H H
X CH,;CN, visible light
rt, 20 min-2h X
98
\SET ¥ 100
R = Ar, Alkyl o) 0 68 - 98%
X = CHy, CMe,, O dr=4:1-10:1
R™™S | R
. X
99
SchemeVi28i bl e |l ight photogatl alaysSEBET:.ofss[ngH2x] er
el ectron transfer.
Stephenson de maorhsottroarteeddo xt bcaath app svies f u | t ool

produdthesy s .[&a8t awetlil c g mmeomival |l wbadehdrBd0,bi ne
thetructurally related natur al (Spcrhoednecgtx9 can
Catharaohnder weld@bhaon@ fragmentabienl ugter i vrise
by usi pbot bedtrald@spt@lydt bbpYQ®Ftth i met hyl si |l yl (
( TMSCNo pravecyenated @L0BeTmedcammon 1lOn8aemr medi :
then tranpfeoudnottabedNdnmi-aiotr)onal 0 Bn-2hks(.)eP(
pseudovincad0 8&fammr miene sy rftripems i alm@éuer d e r anot het
photoredox condition 9e3mpd oma lh@@pthe@ ttoermamian glsto X
Thami d®&€aas formed fr om0 afnthgnd medie at  ddbann dwi t h
foll owedarbeyd uNcatBiHo n .



CN

N 2.5 mol% 102 N R N Et
2 equiv. TMSCN H Et (c) H Br. COoMe

\ 21/ MeOH, 3 h Q/ " HMe><
N e oo N T N~ I + CO,Me

7.

H CO,MeEt visible light H CO,Me H CO,Me 107
101 93% 103 106
(+)-catharathine | 1 mol% 93, 2 equiv. 107
DMF, 50 °C, visible light
| \/ F (a)\ J(b) flow, fg = 5 min
N Et 58% Et
S E N\ N
I N
_N S \
5 QNS O i
N CO,MeEt N
e s "os COV
104 105 108
(-)-pseudotabersonine (+)-coronaridine (-)-pseudovincadifformine

Scheme ZYnthesis of alkaloid naturaatlalpyrsgidsuct s
1 equiv. TFA, tol uebel, (0 rnedlddwcG( 1Bathie QB R 5 Bnli n .
equTiWA,0l uene, reflux, 3(d)R2USHMPIBCEAHAL dMleeOMHs ) r t
25 mid. eg@gBH °©O, mMiOh, 98% (over 2 steps).

Yooax ptlteoihe phot @0 &@toa lpyesatf @ # @] styrene <cycl oa
ener gy (SrchreanfpedBDncesttyhed 0@®sre activated by ene
ratheel elbanon tsruabrsstdreaotpee th@®ensi derably bfroader.
deficmentodtyrene coul dtwndgrcdgbh@y aneaddi ti on

R1
R2 R3 1mol% 102

| DMSO, visible light

X r,3-72h

109
R'=NO,, CI, OMe 71 - 90%
R2 R3 = Ar, Alkyl dr=3:1-10:1

X = 0, CH,, NTs

Scheme J3Y0IsiidpHte phot oc attyarl erse sc yodl ¢ 2dr®i]Jt isons by



2 . Phot oaaN[iFveeGIC@Jtat al yz e d-Wi Clsmke
RearrangemenanadafANYyIngycl opropanes

2. Aur poski sfsRetar ¢ h

Catal yti ot &ashe ksttiatbilees el ectron rich, and read
BuN[ Fe sM®@]) ( TBA[ Fe] ) hafs ibreteenr easpt dipmircoar n gmeir
yealr*r$® variety -coaft aTBA[eRle]reacti ons have been r
substit?hityidoms i [ 4tlraat ni sdeisst atritarsb-enansf er [lkact i
[ 3+2] cycfbadnddi(tg)#d nasmi rsadtfinonor der umermre r ¢ thaen d
reactivity ofeltdéetocomnpdexheeansbydioad.>@r oup
combi nea@pdsipnect r os ceoxppiecr i asnedodllgdevdt hatgrtdhwend st at e
met al center of d8d4¢ Faed emdadoalnddbemegati ve cha
beilhgcatthe dNQ é&Scch e me( a3l)n addibbaoed on the ana
CASSCF and |[|-ROmoitentey Fehoul d besicnognlsetd egreau nads

compl ex with ahtacmihtpilfeetr rFoemagneti cally bound by
"-bondstt bphaenti.oNO
(a) NC)
) | 0O 0 ©
oc 1 | ; 1 mol% TBA[Fe] \ A
Fe=N-0° ! DCM, 45°C, 16 h_
o%‘C/ | = 94% 5

111 112

Scheme 3€ed)ectr amidc sgraa e str uc(thur eT BoAB[tFaelIBYAZ d ¢ |

Cl o-Wel son rearrangementlladf vinylcyclopropane

Thd@BA[-Eat al yzeWwi |&Gloomker earrangement (oOMCPwsi)nyl c
unde t her mals cweorbdes er o@d whitlhe ecsa tuadlyyr@iegll o 1Cd
activation of JSomhdmndg bdailheomaecdsani sm of this
i nveasteidg bycéaheacmadésciuivhdhccoowme d a hme t-aeé nrteed at om
orbitals arennohei,beibEt eddogme hoef ttwN -BF@ends
thaeawt sh the i hTTohme ANJOgMGIRI i s ot xhied inzeetda | w hdiol ees
changexitdation state thBoulgh@Be athlde inren tSt i on .

me c hani semse ragreet iecsaslilbyl eac c



With msegatthe unusual el o¢t tdrei d egmraured cotmptl e
eagto kwloevt hlee actfiovatiaodoml yt i <uptorna nisrfroardmaattii oonn
was posBeiclaluse the additi &Niebde€r pcaorshpéhmiléh@) or

l i gands i s n ott h @rBeAd tEiarfead y £ eWi | Gloonk er ear r an g e me
vinylcyclopdepankeksr nsal weombeil i e that it 1 s &
examiinhpphgot ochemi cal activation of TBA[ Fe].
Howevierro,ebrony | c oanpldneoxwesatsao |y undergougeoar bor
UVI i ght i rReacde raBt &i yblriearn d Dia®ficep o rttheaite ( GOQ r

(NHC) Fe@€C®) actif vpehroetdoc he mi c al .dAd c ahrobuogrhy Itahte oemn
mechani sm of t hle gdtod ®aethrebo rdsal aobit onwe | | under

important P ewee pbteinderi i @ @eglimb i falesch p h ou lothryasfi $ R

spectr 6sltlotpryalf @actr on [d&liflemtced s ®mapds Keclt Ploscop
Therettoder the photoshdamiicsali ncpoondniathitidm o F & n o w
remai nsori nutnadeetr goes decarbonylFari de,cdwmpiamg ntgh e
withmanyexampl es mebd@ddr bonyl c ampli evxaege s on t hr
photodecarbomghaédc amb opnayoltaotcihveenit ¢ ¥laf i can -met al

carbonyl ¢ &tnaolwnsti ni st hreotl i t eratur e.

2.2 Resulitstuasmsd oh

2. 2. 1FeCat al yze@l oMel son earRangemerit

Vi nylcycl opropanes

2. 2. 1t. ilmiOpa thieo nC l-ddfkles ®rmrR ange Memy| oyfcl opropane s
|l nspired by t he t htelt eG4 lo-Wieerl sant i orarafangeme
vinylcyclldfimopamg di,2éwuonaadatmbienyl cyclldfimopane
optimize the rseodctpihon oxcdreddi(fcaddiher elact i on



Tabl.e Qpti mi zatidWWnlebnt heaOfakgeaméoty.cl opropane

0O O
TBAFe] \ A
solvent, time, rt
Z UV-light

111 112

Enttf Cat. [ Solv:i Ti meT.[°C] Conve P§ o

1 5 DCM 70 nm 20 95
2 5 DMF 70 m 20 80
3 5 CHCN 70 nm 20 full con
4 5 acet(70 nm 20 8 2
5 5 CHCN 60 nm 20 95
6 5 MTBE 60 nm 20 74
7 5 tolu' 60 nm 20 71
8 5 THF 60 n 20 75
9 2.5 CHCN 3 h 20 fuddnver
10 1 CHCN 14 20 16
11 - CHCN 3 h 20 -
1pcl 2.5 CHCN 3 h 28 -

[ aAllrleacti ons were performed with t hesodwphttmad) e ( (
underl iGvht i (X &aHigWt Jaonpe{ e mred t WHNMWRig g rea tbiywosni n g
mesitylienmeransal. gftcanldNagrhdUVi rradi ati on.

A variety of solvent swemida ht es tneodl % motft mTeBoAthergei
temperature upon (YY8DH@gWt)a mwea dvieatei ssnur pri sed
reactionqoacchkiFop@dver si on was aoétemsesad [lweetnht
wiitm 70 Emit# yalil)e 11t i s sl i ghttlhya silsecdds ea ¢ dilawne Mt
i nhet andared mal reacti ommeThasr edetni omnehdou c e d
compare with anher f ® alndeetttosawiatsr itlhe opti mal s o
t he r e(acntti-8oyn Habllhee 1c)at al yst | oading wasddecr e
the reaction was coMmMphetgd9af Haealwtk@bddpouoimbal ys
| oadwansgecr dase® 1 mol %,c oonnvleywsliseo% b severe dad t er
houirsr adilaitglnbyy 10, Table 1)

HP



The ipireglssure mercury elmahtepati swhkinloewno pteor at i ng.
exclude t himge redtheroe, cadarr el ation of the react.i
usig wper alnRdl os p e c ttrhoesrcnoopAye/t r wmcr ease of t e&0mper at |
(room temper 8Q uwa3 1t ecar8ded. We a tbterl ii bewtee dt htaa
exother mi ce &gt obbenctanuese no t emper att hperes siemrfccree a s e
TBA[,Feand of courvecumnmiedneadct icoant al yst . (Ent ry
| mportant|-Wjl stome r@lacka@angement dCdwnokvoughke pl
i rrad(ibBntirojn 12, Table 1)

2. 2.Scopethef ClWkles®ermarRangememyl cycl opropanes
Af toert i mioztahrde@arct i ons, c wredikineebnt he rearrangemen
under photochemical 1WbBgdi ¢aBpihsy ust| ejavla e n2)
wondegr whet hient e ess oWV elviegghtvi si bl e I ight irrad,i
ircompl ex. We wefned ptlheaeta gd 5t WVIXampnd eav a
commercial 23| anijhoompeaedto! fdl uo(r@Rlcadtt & atmpe f or n
of dihytPwifehaal | ent i (@SbBhtalt ye dRaybileel d2s)

Tabl.€¢he2 effidgddtercefntd | i ghCtl oReed soes rfe@mamftameg e ment
vinylcycl.opropanes
o

O O
2.5 mol% TBA[Fe] \ N
% CH3CN, 3 h, rt
/ .
light source o
111 112

Enttf Light sYi éido

1 180 HY | 96
2 75 WI Aen 93
3 23 W CI 92

[ @Allrleacti ons were performed wi2h5t hieBlfBdi ns tsrod tvee n(t0 .
(1 mL) ulnideht UMtr ado @ami toenmfzer att ierde .y i [eb ]d .



Withophemized conditions in hanglarewpl dbuatedn
of ¢sbepé& h@l o-Wel son r earlrnangredreerntt o compare th
activation modet he&dkecaTBAEeWEe!|l son rearafangeme
vinylcyclwmpdtomedhree snal s ocoaartlessibisemssed in this c¢ch
werdeonecoaln aborati df&lnd tthh e ua sttt ibrgir 2zneatl | sowarsdfi t @ o |
done byl®Paskbé.he vinylcywelreegnopasegzed®Wiyd Pur sl
Te s kbl

A series of f ucnycctlioopnraol piazneeds vwenryel prepared b
substrate s cogptealoyfz dvh eGlIBmk er earrangement of vi
Vi nyl cycl doperaocp annge sa t ewremien asly nd lheefsiireed aecor di
procedufMdeubl ef bootdi onal i zed wiemnyl csyycnltohpersoi pzaen
olefin cross meGatuh®dgiemneuwminlt i@dhiyvbbgt he correspo
al keh®sheme 32).

1.5 mol% 113 0] (0]
0] (0] ~N N~
10 equiv. olefin R Mes al Mes
DCM, reflux, 16 h Ru=
= = R2 (o _\ph
11 114 - 117 PCys
113
(0] 0] (0] 0] (0] (0] (0] (0]
2SS -GS ¢ Jie-oN
Z n-CyHg Z>co,Me ZMe > pn
114 115 116 117
49% 43% 79% 21%

SchemeS¥BRt hesis of double bond substituted vir

Hi gbupstituted vilryacsy cslympgrhepségée dclimryysnaretthen
11,8 which was deipr ot omatded s@pgDaApy | aamiddef ol | ov
acet ylwaiteiboent gyl of $dlee me 33)



@) o O

H 1) 1.1 equiv. LDA, -78°C, 1 h
EtO > EtO
2) 1 equiv. AcCl, -78 °C - rt, 16 h

118 119
56%

SchemeS¥BRBt hesi s of highly sub%9ituted Vvinyl cyoc«

Met hyl substituted2wwasalysgnthepraepdné Scheme 3
was obtasnhepsZldmemoacet dpBerconrai ng to a modi f i

proce[oel%]re.

Br 2 equiv. S(CHj3), 1equiv. NaH PN
THF, rt, 2 h r@ THF, 0-25°C, 12 h
73% 98%

122

10 equiv. activated | >~ "~_-OH
MnO,, 4 A MS, 123
DCM, reflux, 2 h

43%

. O O

1.3 equiv. PhCOCI 1.2 equiv.Ph3PCH3Br
Ph ‘1.3 equiv. LDA 1.2 equiv. n-BulLi
,,// THF, -78 °C, 2 h THF, 0 °C, 30 min
42% _ 57% O/

126 125 124

3 diastereomers 3 diastereomers

Scheme ®B4nthesis of w2bnyl cycl opropane

The scope ofphohteorcnhae miadnalll yeNM | Gloonk e earrangem
vinylcyclwerepammmari zed in Tabl e 3.

HY



Tabl .eTh3scopef the thphombabchetiactaal yEeWi | Gloonk e
rearrangement of .vinylcycl opropanes

o 0O ‘ A 1 Mol% TBA[Fe] ’
R R? DCM, 45 °C, 16 h R’
R3 RS
R* | ‘B 2.5 mol% TBA[Fe] R2
R6 R7 CH3CN, rt, hV, 3h
Entr Substra Product Condilt Yi éidn]

O O
A 94

B 96, [ 989

0
DY
o)
12
7 9 Ph 7
3 Ph/Jszgff:EE —iféi_j&\\// A 92
4 = Ph™ g 7 B 93
128
o)
EtO
I\
o)

127
(? o)
5 . X)kOEt A 93
6 1 B 94 ,Mdg3
129a
o| o)
7 Eto)”"Kk 130 A 92
8 Z B 92,Mdg2
129b
0O o

| ,LL A 94
? . Ot-Bu
10 o 0 B 85
|
(@] O %
11 P ° A 6 0
t-Buo0” 132
12 0, B 91

131b

H &



O O

|
18¢l Ph) OEt

14 0 0o

133a EtO
|\
j o) Ph™ o
l, 134
15 EtO § “Ph
16 v
133b

O O 0
en )&\ h/\
I\~
1 8ell / n-CqH o n-C4Hg
114 135
0O 0 O
Lo % ﬁ_)\/\
I N\
2 0el I = CO,Me o CO,Me

o o o
2 L e
I\,
7
2 pell o
116 137
O o Y
2e % ﬁ_)\/\
I\
o hell e o Ph
17 138
O O o)
2 5el
/
26 (0]
139 140

(62}

,[d7 6




O (@)
EtO
2 Bel EK{iiZ£%:;L\\ :fZTfiiJ)\\ A T
2 = 2 B 98 [ 96

o)
119 141
o o O
23 Ph Ph ﬁ—f A 72
2 4 " e B 9 2
126 142
O O 0
Et,N
2 6N ELN P T\ B ;
o
143 144

[ &ClondiA:i oOn. 5 mmol of sSfIBA{ FOTCMIn1lmMCYH %1 ® h; condit
B: 0.4 mmol of |s% bosff FleBCARC N(21. SmLWBHg | ,anm@Eq 3b] h. |

|l sol at a7 3 Xleamd]23 W cofupaetscendee5 Inorp% of [fTBA[ Fe]
6 hdgl]0 mol % of THEAJ[ Fel]2 gihth0. mol % of CHBA( Flk) 240 h.

Both ther mal and photochemical condtid hens p
formati on ofs Vekeirtyydhrioghuriasol athbe i pyeds d o0 fwent & e
substrates rwemddri omotchondi ti ons. However, t her

betewre t hese two mie mp lotdleesy wthe fceher e n't activati
Streeocenters witdiwplnayt haen siunbpstt hrtedateat aonaardodli & h eom .
overyalell td heifosr i e rfte rbtdi t y | e sttheeri ng hd YCRLWBA ibs
significanttl gterlaomse e VC®A3INLI@ENO®mand, 1Tabl e 3). T
i ndi cattehdet ehatctal | yt edvairmeysi tdelmogodk h en26§ o m2-)& nt i

t raj eocft otrfyeo mi ng nucl e®lpdainkei ce fcfaetcatl ycsaan. be obs
VCHR 33ani33d -6r i e WtCHd3 3naeedst fmee® more catalyst |
VCH 3 3tbo haaxcwemp aroavbelrea |l (IEnytirel d13 andnl8&pnTalalse , 3
activity of b atahl ndoishesrt teireaolmeursder phot ochemic
5-1 6, TalFlue t B rtmer ehg ghd tyi t ualeldy sh ¥€Plelr ®as

t her malelax t une, but t he delsld aweldd db eh ywrbdearu na d



phothemical sicHBmtdnatni &8 Table 3). mTfgbesetihmpbyl t
changeompgtcegurati on upoln eirrer§adriea tuimo nc.h @ reisc a | S
of phetoactivati oemepr octtshse amfdiatoend ¢ avihpelbe x

di scussheadp tienrrn A .nRi.a@le,iobserwvieed yihalcdroan abied wi
the powklei lturUsda m@® Wg | amg75 WI detpacti vat e
TBA[ Fe] at room t etmpaensaftosCi@d 1®andbboytidwwf than
full coamvewstlilbpmaissolsati@@Wodwayni@&ldade spec(tinvterlyy 24,
Tabl eWh3)l e aaz3 nompddtuorescehnhbe dHempred produ
obtainedsiod at®®Wnyr gl d4AmiTaeb IfeuBgt.i onal i zed vin
148t ayed nonrwlaenedOemeln% of TBA[F4£]heuirs eypl o
25, Tabllet 3c)oul d eblee cdtureomt ona wiheg abi | intox afs am

good as ketonssabrheszseegastitwe charge during tI

2. 2.PatFel Y2eode| semrRangeimeyltcycl opr opan
2.2.Qptimi zati on-Wifl stareer RCd mkesinelt cycl opr opanes

Af tsaurccessful |y prewteplogpti onagh e mi cal actitvlad i on
Cl o-Wel somangament of Vi ngl cywdlscepirwepudsriesds , o nw t h
Cl o-Wiel son rear rraynlgeynelndpsiodPpsmy ésycl opr o plamaewn
to Ilbeess rehahivenylcycl opropamkear gdMamasatoibdnst he
arylcyclopeqgpanelbkewtiBgdinngs tiesfdac nobl e amaltb@i t s
under har sBl64Tdrdietf iomet-@adbal yZedbo@d activatic
arylcyclopr onpdmernsd st Hebeni r e d.

Using 10 mol % of TBA[ FaWhbwiceh odithledcitelsod rvema
for VCPRWICllookre rearrangement i%) phin8@@rcWedipcal ¢
i rradatatn @oom t e€nopre r2adt uhroeu rtsr aaomgdoy nt e edf t ange ment
roduk@Entry 4 ,DuBahloe t he airnydrctynce sosps coffagr i1 eosu,s
ol vents such as metnpanmadlaneT HFo,ulEGQM, odcaonpdr ®ivs id @
Ent6y Bable 4). The meddhtei abscdodt ewof hwvaightat
Ent-8y Tablnehed)end, weDMFpsuna mbrme piod arhesobeert
nd eonlyenhhkecat al yzew IGloomkeeemant an§§ aryl cycl oj
ndphotochemi ca( Erctorndi 2)l.onmabMFe, TBA[XH e]t misg hat

c Q ~ ~ 0 O

OH



solnwseepar at edwhiiosnh gma ifirinccarnetalsyes t he hbmeétalphili
center.

Tabl.®©p#di mi zat i onWiolfs otnh er eGCalrorkaen ge ment. of aryl cy

0O O

0
10 mol-% TBA[Fe] \

solvent, hv, rt, 24 h

145 146

Entlf Sol veYi éfifldo

1 CHCN <5
2 DMF 8 pcl
3 DCM -
4 THF -
5 CHOH -
6 n-pent . -
7L d] DMF -
gLk DMF -

[ &Allrleacti ons were péersftforamed (Wi. t4h mmoe ) s uiam ds ollOv enotl ¢
(1 mL) uwinideht UVt @&@Hga/tldaompPbi er mi nedH-NMR ot @lyr ati on
by umeesgtyl ene as i[rctjerlmall [adieadNd/a fe@® M. Fteh.ee dar k

2. 23x0pe of tWd s@morkReangewrenltcydl opropanes

A sewnifesf unctarmowynlady zleadpr opanebefwerre eexplparriend
substratetiseeopttaloyzeW |G&Gloomk er e amffaarnyd ecnyecdtopr op a
(Table The syauhetwas modified fb¥%asatfkntohven p
arylcycl onerrsepanbkesi zed®Wiyd PKUS&Hh &&ynct i oaraylli z ed
bromosul foni um&dremi desmed from the correspond
14with di met hyl sulfide and brominéad&&€hen th
converted to desirtdBrdabwi ¢tpwdilh @t oplaate® tser
l149i a cyclopropanation.



Tabl.e SS9y nt hesi s of functionalized arylcyclopro
5 O o o
\Cg)/ Br RzMRs
o ©/\ S(CHs),, Br . 149 "~ R? R®
CH4CN R1©)V K,COs3, DCM/H,0
0 t, 0. n. R
147 0°C-rt, 2h rt,
148 145, 149 - 159
ACP R?1 R? R3 Yi é 1 dno]
14 H Me Me 22
149 p-Me Me Me 23
150 p-t-Bu Me Me 8
151 p-F Me Me 37
152 p-Cl Me Me 38
153 p-Br Me Me 19
154 m-OMe Me Me 35
155 m-Cl Me Me 17
156 m-Br Me Me 13
157 0-OMe Me Me 43
158 H Me OMe 24
159 H Ph Ph 23

[ a]

¢ & oydadd o steps.

Thé&eat allzeWie!l son

con

Pur 4 f&rnyd

The
of

dsf mdmso

the optimizat i ®owa Jod nbeykH edr§ &da ¢

r earorf anagreymmecnytc | o ptrrogprameels u

di scussed i

n wh Bd s

dchoal pl taebro, r awh ioamh

Pon’di ey on

scopteh of mad h catnadc h e mniad all yzeWi | Gloonk er earrange

vi nyl cyaissuwmnoaprainzeesd . i n Tabl e
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Tabl.&ubstrate scope pophotbehRdomd mH ly z@&Widl Gloonk e
rearrangfemamyl cycl opropanes.

0 0 [, 5mol% TBA[Fe] ’ 0
o R?
R R2 | DMF, 120 °C, MW, 2h
= /
3 10 mol% TBA[Fe] R R3
R @kk ‘B DMF, rt, hv, 24 h ’ ©
Ent Substrat Product Condilt Yi ¢ do]
0O O
o)
1 \ A 99
2 0 B 8 2, [d 5ldye
145 146
O O
0
\ A 99
) B 85
149 160
0 0 t-Bu
0
5 \ A 75
o) B 77
t-Bu
150 161
(0] (0] F
o)
\ A 76
8 O B 6 2
F
151 162
0O O Cl
0
9 \ A 92
10 (0] B 75
of
152 163

op



11
12

13
14

o_

Q

154
K)&Ok
155

Br
0
\
0

Cl

97

85
93

90
72

92

92
75

92
75




2 3 Ph Ph \ A 93

Ph
159 170

[@AConditions A: 0.25 mmol ApFeBMBAt mafl°€ 0 mi oo b Ma o é
(200 W), 2nsh;B:coOnddi tmnmo | motf %sobsiTBMWKEe IMLQ 8KWg W
lampZQ 2@lIkBol at g7 % i WIl denff]23 W coflmpaetscence | amp.

TheEBA[-Eal alGlzoasdkl son rearrangementwadblaea ytlac y c
proceed under bot h t her mal s.aAld hpthghddhtree mad a
conditiowmashaeamreihe aryl cydlaadprtop abneeist he &t enb | % o
TBA[ Fe] wunder microw@vieoir2aldoat s omaadDMBR2 O0b ut ¢
weea skBortand the cat all ysveescloongakdrnighgghwe me he mi c al
conditi onswe Haorwee vsetri, | | surpriaedyechapr opames
rear ratngreoom ureempweirtant 10 mol %UMTfi gThBtA[iFer]a duinadteirc
houiMee powersoafrpdleygshtan i mpnortthaentr eraorlreange ment
sinaoasiag 180HgW | dmpgrhet andar d4RA€EBul ted i n a s
rearrangiemien82% i soofdiah yedr tyfi.édrd adre vuesri,an@g5 W Xe

| amp a2@dcw mpact fl uorreessacudnceed liaomp ot dmatyii el de

—+

®7% andeSsfpoec(tBEnterlyy 2..Fuhahlieo n@af f ggctossipwer e obs
ndehot ochemical condiilACP s s ,wiawskurhbtsitciulftatrie o n
omat IACPsniavietltect ron donat il A@ge metamyslf ogrrmoewdp b e
hameaubstildd@anddhatubdei tuf(Edt ACPB, THBaldl).d 06
ddi ti on, ptahresh lyg et 9t iotf ult 5efd7 SA%)P i s hpiagfhdeuw o rt ch a n
uUbsti t uthed 2RLEM Lt ry 8 an)dl hlsOa,meT aebflfee c6t was al so
h
0
n

n 9 - 9 C

—+

e corr emepgsands WgtALP&E4ANd586Entry 14 andlol 6, Ta
nversions wepatrba Dsmenrohved-bar 6 mo subst ({ Enateyg ACP:
d 18,)TaAdlteho gt weobdiedve ploe opjeddbogeotiti o
anrextcl ude -tdhacbesag epr edemtdi ammdt & loy st decompos
he rearrathtgdimeandAC®d wdit phenyl 4 519 sbikiett wt et er s

—4 0o © o



158al so possible in both cdinedintail o ragh 4 Bpihpoht oechbe 1

2. 2l.n3vesti gtheReocanc todacrh aMi s m

The mechatnhleBA[&€fatl al vz eM | Gloonk erneearrtr ainmgdeer t her
condividaaueanoin2@npat hway st udieddnabd yBi@e al ¢l s
Il n order tdhenderacttarmnd melk dt o ckeoniudzien ® o
compare pgrtevioou dwer efsiurltstheenuasnetdi omer i caé&BP% % nr i ch
vinylcycl(R-p2&pane he sRURYE.nNn B)-CPWeroebt aif mean
racemi d2%9¢PchiraepidPJoelen anghrod ochemi cal cond
t he WEP27a&r r adit gpeheor r e s peoman tnigomer i cakl YO 5e)r i ¢ h
di hydr @Rf-lur@int h 92 % i s(dcSlcahteente).B3i5e | d

(A 1 mol% TBA[Fe] o

O o DCM,45°C,16h’ Phﬁj\/
- /
K L~

o
2.5 mol% TBA[Fe] R)-128
(R)-127 ‘B CH3CN, rt, hv, 3 h (R)

B: 93% (ee = 95%)

SchemeSt3dr eosel edtec &t & Wlzodbetl F@n rearr angeme

Theconfi gurnatelwy ©6 rAnelbdorn@t aanddt he enantiopur
al most daommplnestféhrirse dr.¢disawdttes nt hank-dabdibRamlte S
mechani sm .iTheprsasnentr esul t walse rarioeiarsu eldtinsing e r
i agereentti t hprtehwei ous!| ymegmhap(eSscehde me. BB nt Ao mer i cal
enriche¥-1Y®Rs al so tpbhbedchbamdctaher maslamcdndi t i
the isol ateebftyhicolrd ea padinkdy chrg(f-lux8aenr e 1 dent i cal
t he experi mdR)-L 2 fsd e VE«Pperpawetnit abhddi ti on, t he
configurALR2,dR)-128SchemegS)-2B8YanE)-12&ee exparli ment
part) were axrsadgndd awcsiomgpetry

oy



(R)-127 (R)-128

Scheme -1IX®6y st r (Rl aa re(R)d 2.8

Toel ucitdhaet @r obabl e activatiphomodeeeoi cstBiAd IF e ]
TBA[ Feldiwa®d | amet omintdr iilrer ada A8 @ dHWwil tahlhp r oo m
temperatuomnebomifie and weirter eslkluppmpemak s uadingti on
SitATR spectr 8sbemg 3 7evchitewvse xhabhded trmadi at |
nosignidharmamne i-snpdachter UnR was observed.

' 1

Schemel B7BRt spectroscopic anadWysrsadofhtTBA[ F



I n addtihe msaxperi ment wa s ardedp etaftoende gwii tvh of
triphenyl@ohoapbiungaNmbegand exaulwlad §lse revveedn
after fotlirmrrhad@msee experi.menthéedpagey CHR 1d4f

was addheed TtBoA[tFe] reactiromadmiavt®magamamcbnyoni t or
i n BRtspect(rSocshceonpey BlBg | RTBARKs]ed$ mow celvaemg e
aftfeer | conver si olnl Bafs dlienVedct oafdar azeet Was @ bn
far, we can coafpHembthkbpyi hdated fd elcBaAr[ bFoeny i

notthe activating step

0]

TBA[Fe]
catalyst product
| N 7
Fe-CO | o
! 112
Fe-NO
Fe-CO

1500

avenUmbEr ( 1 000

em-1)

SchemeIin38IRt spectroscopi phanakchWwEbBA[cBd] alhezed
Cl o-Wel son rearr anlglelment of VCP

Aki nedtiwcdydavibesu si ng di ffer ent2.dcdon e nt7r,aothinodn sl 0
catailygyst he r eacthiBonc omisxutmprtelalnh nafheVGRr mati on
di hydrbIwmerasoni t or adRbgpect (Socshceonpgy f3A9er exposur
t Vvl i ghhte reactions did not nsrteaarctwaiommoe dfiearnveldy .

a certain induadtitormagsefrmbirondat i ons occur scfd. Hi ¢
cat adawsgsed an ear | ifest erre arcetaicotiihoans dr astees ul t s i n ¢
the reaction wil!/l not stahghatnaadt iavad wefdf iccaitee
for med.

nn



o O
2.5-10 mol% TBA[Fe]
P CH3CN, 180 W Hg lamp, rt /i Yy
O
111 112

(a) 2.5 mol % TBA[ Fe] :

S /——___
0.2 N\
——Peak at 1226 cm-1
01 ——Peak at 1691 cm-1
0 T

0h0Om 0h30m 1h00Om 1h30m 2ho0m 2h31m 3h01m 3h31m

(b) S5TBA[ %e] :

0.2 N Pl
——Peak at 1227 cm-1 ><
01 —— Peak at 1691 cm-1
0 T T T T
0OhOOm Oh30m 1h00m 1h30m 2h00m
(c) 7 mol % TBA[ Fe]:
0.2 [ N /f
' / ——Peak at 1227 cm-1 ><
0.1 ——Peak at 1691 cm-1
O T T T T T T 1
0h0Om 0Oh14m 0h28m 0h43m 0h57m 1h12m 1h26m 1h40m
(d) 10 mol % TBA[ Fe]:
0.2 [ — S
/ ——Peak at 1227 cm-1 Y
01 ——Peak at 1691 cm-1 k
0.0 T T T T T 1
0h0Om 0Oh14m 0h28m 0h43m 0Oh57m 1h12m 1h26m

SchemePe3a®®k hei ghpgl ovts ofioneet &f g sentt ohiceengplartat i on s
1226 ken sth VIAPThee apatl 6 9 11lwan sth@ di hydit.df ur an



The eff leoeatt aolfy st | oadi n(gooddni htyhder bifrRiotramaltsi roat e
shown i n SThe menid4t0i.al r ates wearnegsetinetper mt netdef p
of reaction kemaktihat gdtisn hteh & mpg eplodt f or mati on
increase I|linearly with the@&hisanclteasar i degandad

i ndiamtiendi vi dual i nteraction bleltBveeau g éh et ltart a
is only one reactant in thed r%uaglbifmf)rﬁﬁs (Pt he r at

produdt:.Stinme) t he .Jplvasts rd fi neaat we know that x

can confirm t-bhbatdtet hreacsianfirst

20
y = 1.5633x - 0.38
R2 = 0.9969
15 o
Q)
S
£ 10 -9
E
= 8
5 .
.
0 o=
0 2 4 6 8 10 12
Catalyst loading (mol%)
SchemeTHd® effect of catalyst | oading on the ir

We wadto f i ndxawtt twhaes etlheen gatcht ifvoart i an Fdfr stthe tad
emi ssionogspedvtrea | ightHgoluamnegs Whgdawd 23 W
househo)werheamp u(radhe meag. Bldt h 6§ t hep | eama Xee

strong emi ssiows siimbl teh éThigdiniasnsiparmtmaX & a mp

i s continuous, haduwsehtohled Hga mnepr&d awe a@xpectt et he
power of | isghitighepriebieghsti €wmi e6i orh,i gwheirc ip hnod aon
fl ux was Tphhe dlised.bsor ptnsbows B8O Fedbdaspti on
maxi ma at, 2222, 2&88d i3wWt0emaesthaenmdg | ygsddl e poi nt &
nm( Scheme . Alcopapjwaiveh englt at icoomr ref -deateal TyBAe[dF e
rearrangéimegmawed t hat the compxltex ihmays atwih el dibi gt



i 81 os e staod dtl hee p oti hreetb swirtpliiimon cur.vel tofi st haeo tfaebrlre
Si fgchant decroonpveirnsiobs evaate dvavebengédé@Bm a3dn7d0 nm
(Scheme .41 (a))
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di agramwat bngCASSTCAVRRf2quilibrium sd4dNOfjures
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exciteds, saatenilTc & r iamldetnesuttatad TdouwblTehe gDFPTUN
(PBE/-0BY®R) derocieweud | S brium structures of the a
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Att he currentrsdaavwechbfel i leee t photflohi achogmtes
for tenaese nicm e e trtidvaartryaange ment o fo uACHRss.s uBrpst e do
that TB&[FkRe active cat gleysta aredd pieme loanabte mgohnti ci
structure of itvlag eglotsepretcii ®ls ,aapwvast umadh emisc avle r
out .

The theoretical ist oabioersanwevi ¢ hdK&®Pm@ fgr olurp. and
FabiRami from [TWhegerapted sdalteulsatraucc twgiersg C
are shown i n hb9cahleamreg 4wli t h a schemaderci veende rfgryo n
MRCI +Q and CASSCHhealcaulcatdtiaam®.n result sshowed
ot hfrantdhi®est aatreel os eecieaslpl y at 1¢$ thmurcete Iwd>eeace $ he
energy 0s02ve¥Y bedmew gvheatT t he TEGAS Sa@F eliearveen|t.
withesSructur e, anwiNi®@blo nldagl e °ofi Adidbasb h-gf

bond character and theggé¢rde@edOhondeatsi thei Oshi
t hmet al center t)o tThheed NgOe alreicdaacsyed ti@ quhéei IBSr i um
structude ceddsei ent cirnotsesrismygs tftea | Toswnei df nt taglr n
converswdhetef dr e, w et hassstuaniee aibsbftrled:COD) |
speciewshi ch shows i ghoin@y mamiftgduarla tcicannfFeMOa hgl e

otl ose e 1H0 s state, thanmepasteemdal| yeatae:
bindi nghiss teoul d expl ain sttheiintld@lesWmltisroonf t I
rearrangement of VCPs under the photochemical
Baden alelxpterda mesnge@adtroscopic, and t hecamr eti ca
S\2@ntmechani snm hdpdhrot ochemi cacat alByA &dV] | Gloonk e

rearrangement of VCPs (Scheme 42).
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o B Xﬁ”\
more electrophilic, OC\Fe N O
sterically less hindered
metal center O CO o

o)
oC © @ © =
?:e:N-Oe 415 nm OC\Fe N= O
O%c‘ A OCE og;e o® 59 o
s exSs “hedo” ¢
0 T4 0CC
58
o)
& (% N /
o)
E S
A AN
0O OC'F|e_N-O
112 co D

Scheme Méd2hanistic tpreoppls@t ocflwamiat g z eriel Gloonk e
rearmgrarnt offolVCoPwsinh-@nmec tBani s m.

Theat al tylsger cautn d Soaatbate& bght namkandhli é&mxci ttelde t o
Tist ather oiurmgthe r scyrsotsesm ng and i(nsttearghet INacit ahiei, n ¢
more electrophil met ahdcamalsirloy eanpedckoab het bond
oft heCH st agktt B) s dteagmeo,r et -@éfeictciremt Fe can coo
el ectrom al keneThmrrei terasgdry.and t he |dagramdn at o
as el edotnraca@a mtge lcat tealaemcstfreans | nt 0 *ctddei btaanlt i dofo n
the C=C bondulws t(séa taegieh eC )-& kcloynip| ex j swhiocimed wupo
el ectramsfer r eancucsl eno pthhinkt-8hret 8G bB(nsotBa gfeo D g

the dihydrofuregepebpdechgaodmpbkéantien(.shagé E)



i H ®5®
i OC~Fe-N-0
0C.CO
50
P Q= 0
oc 59 e
® © o
B -
Fe=N-0° 415mm OC\Fe-IEFO@ ) O (®
OC\I 2\ 3~ 8~ ©
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SchemeMe&@hani stic proplhesmil c &lat RAddileoelyen ostoonc
rearrangement of VZPeBAGRs hol sowi ng

On the otamneneS hmedhamiasmproposed for th-e ACPs
catalyzeM |IGlomke ea(SahgenmedB), (i sdehethanmni sm
possibl e lfnornt hAeCRdI .r st -bs tpeg p ,a mfdoerd & ti sSTtgedteeaf or me d

af tierrradofat il(@sgthatge A) . Then chhe fuenlsed tulrmn ed ai
sterically |l ess boobddrada&ssbbimplt br terctiary

(or allylic) caocmomylacpan dignt agprédyhld) el ect r ons

transferred from t he pdNOeil ti b acnan d¢@ mbt dhreedh tcaydCt | i ovpart
(stagdhe)arct i on fwdrtrherdulc@ eopdm 28§ aisthd lomses t he
catatcyctclie (stage D) windaspdeaetifwe mdhithyawhrdoff bhiedh e
regener ahfeeonc omp | exs tiaftset age TE)



2.3 Conaclnuds iOCunt | ook

Hereindiwelaosst udiyh €b b-Wiel s on rearofangeamght
arylcyclopropanes by 4ANpFa@C®ODb)o]t o@a TaBsA vaelplgd B
comparisnegegilet s with tloér Mm&BIATI[héece {d avtaa li yosnts s h o w.
reactivity und.erAsocomparcdadntwpotrdc edures i n the
met hpd ® va dceonv,e ng emrt o meinov,i raonyghe n teaadyl yt o @r epar €
vattiyeof substit uurede rdirhiyldd(dsfoahreaitedd nds!

| n addnotpieornaimedoct roscopi ¢ i nyestthiaf ectai hoenosn yd ug
catadyses not daadlromgpylmdemnphot ocheanfltiad icontdh ¢
first example ofphondebamboafyl|acthatedld haphl|l pst
Furthetmer evavelke xcomnlversg iusillyowed tihraotn tchaer bony
was best bgtivghed at 415 qgonmnt tmechemi owl ngnv
suggestthe tthanamitskt ahtaésr om whi c hs ptehcei easc tci avna t uendd ¢
insestem crossing isonpteoendet imceatrdifyploent whi athe,
energetavwabhgt dte i s accessi bl e Twieaatiardtydricall
activeimasaatae mMearf|-fF@1BONd angpreoviwheist e nweidd e
binding site offhthegumetkalt roctehssfudns.ttadahtmerno d uct

st aafttser enougihstaastaes vao enche d.

These resultsy opseaupghadneN ctei(«CMPYgi mg Bu st a
catahgsti s selectédat¢Blymacaivagednai{wawhil ghicd
photochemgaaic (isome)amreandt omae mamnigv .o Sutswed i
conceptacéoprvahieon o fHa nedsGCbroenadcstriavre¢ IGyubei ng c a

out ilna boourat ori es.



For VCPs:

.

For ACPs:

R3

Scheme

ny

LANI kles o n

0.4 mol% Rh(PPhj3)3Cl
10 mol% AcOH

THF, 100 °C, 1 h
~100%

2 mol% Ni(COD),
2.2 mol% bipy

CH3CN, 25 °C, 12 min
97%

1 equiv. DABCO

DMSO, 120°C, 15h
57%

283 °C
6h
39%

190 °C
97%

200 °C

1h
80%

2 equiv. MCPBA

DCM, rt, 16 h
40 -51%

10 mol% NH,OAc

AcOH, 90°C, 5 h
78 -91%

10 mol% AgOTf

THF, rt, 0. n.
72 - 99%

0.5 equiv. DABCO

DMSO, 120 °C, 15 h
76 - 99%

R3

rearrangements

Tolstikov [ref. 31]

Johnson [ref. 32]

Xu [ref. 68]

McKinley [ref. 64d]

Alonso [ref. 64b]

Ghosh [ref. 64c]

Piras [ref. 64a]

Dong [ref. 62a, 62d]

Davies [ref. 62b]

Xu [ref. 68]

of VCPs

and

ACF



3. TBA[aR a]l @yzceldo pr op Rd a rmri aareg e me n t

3.1 PuoposbBssaRch

2,-3 hydr oplyriraoMee gsii gpreidf i cant attemtoindrmi amonmgg
fi-membermed erobgchese they are i mportant skel
productphaamadceutically reHevaaxamplhp.ahhnasn
andi-2pyr olli7Be wharcghot e mtnitd It urmw§gScheme .89 n(a))
addi t2i,-dnh,ydr opyam obes uvseerds adysnitdnet i ¢ i nter medi &
prepar aftunocnt ioofnal i z&dd plye irroel d uddi dnde sc o)u, n tpeyrrpraorltess
178 heir fullownax)rgpicatelite r more coMmMBtbhemseydbeMmb)

(@)
OH Br
o By 0L
%\ﬁ O
NS e O N
0] O
NC

NH,
Anthramycin
172 173
(b) R
[H] N -
— ] pyrrolidines
R
N 174
)
171 O] '
— < 7 pyrroles
175

Scheme R pPpresentative exampl es of Robipocltoigviictayl |c
2,-8i hydrogynadrol es

Avariodt yynt heti c met-t8 ohdysd rtoophyprivreoplbeese n r epor t e
as [ 3+2] chidhoatdeiophohj c-opemiiongc | i 2@ indn

i odocycdfi zaltskuebmsytl b-e 0o & end n o .l eMbetteardsl i at ed reacti or
ot her approaches.7@neo ngl sad |Ir eopfo rttheedm, oste of t

n o



obtaj-&i hydr opgrcuyochleospr opyl i mi ne Hoavglierangeamé mn o n
usualelgquire very hiaynhd tneoncpoeanbaMtpuerre st r aolgdlL e wi s
oBr BRnatcdd!Schemdh46)ef orie,i ennt eafnfd ppecotrintianlg wa

t heycl opropyl i mi nies reeaagrerralnyg eanweanitt e d
1 1
R )
[ R? 110 -164°C ~ Rr3__N
H)X NH,CI, HCI, etc. u
R3 R2
176 177

R', R?, R3 = Alkyl, Aryl

Scheme2 4B hydr opypr malkeyocn ovpir opyl i mi ne rearrang:¢

Since hwesuccessfully develcoapteadl Likb-&/i | BBA[ Fe |
rearrangemeahdoarylioyt!l opropaeedé¢ halwepgrbespy ! i mi
mi ght undemgad ama pat hway to r eZa,rdi ehrygla op g r rt dhle
Furthetomobhé@dget of ourt kapsmetdidhagw adbyzeedpcopyl i mi
rerrangédmentnot yet bé&ba demcpoifobjeedn.t s i sato de
convenient, ornaopmidc,alanmigtcchoopr Opyl cmi nddyr eaimrr an

ferrate catalyst.

3.2 Resulitscuasmrsd o

3. 2Cylcl opr op wlnitrhiersa sS

I n order to prepare the suitable cyclopropyl
propodsiefd eyenlrotuitilens .t he begiexminigeegd opr opanat.i
met hod that has been uefad yf oy c ltstir oppriefpea reart i
(Scheme Met7hylbenZyl i mi nolb8ubwasoaetaesi |y obtained
conden odteitthry | acelt7o@ancdeintzty ¢ alnfi9n HHoweveesi it de
cgl opropyl i mine was thet cyol mpdomeitahtyflon 3 of
benzyl i mi ndBuwmhdoamesul foni Gth8 bBowthi ddhe start

material shaoarmaa anteal d .

p N



®
\s/ Br@

Ph)\/Br Bn.

AT N S S O
M _*+ HN"Ph )\/U\ " ~ o~
0 n-pentane, rt, 48 h O/ K,CO3, H,0:DCM,
85% rt, 18 h Ph
178 179 180 181
Scheme: 4FRreparation of cbyr col noopsr ual pf yol ni i mi.ré & b rvoi nai

cycl opropiamat hyplen2yl i mi n@B.0t anoat e

Wesuccessfully synthesizedl1l8hGBss deaéer-Widtatciyg | o |
reaction ttoheconrstbamgen ddSkbhembod@@eWiazta g
reage8®8%as prepared 1lfilvioan S and meyer reaction a
treat mema iofterindde@iattéd azi phehwl phdephitwowme have
yi eflar atzhA& t r ie@ c,tfioornmy | cy cll1B@vaosp aalg o svehw a

synt hesicyed oprapaomt epohyl i 8.6 ofly haycled tiact eest er s
knowm Wwset a.bl Bhey pol ymer i zreoorme atdeinhipye reavteur eat T |
ethyl forlm3Badettcatlee prepared from8tdmel werere s |
i mmedi ately after preparation.

NH; 1 equiv. NaNO, N3
1 equiv. NaNjs,
HCI, H,0,0°C,1h
OEt O 11 182
1 equiv. PPhj
BT e 8 Et,0, 1t, 2 h
65% (2 steps)
Dowex 50, \%/ Br@
H,O, rt, 18 h )\/ N//F’Ph3
65% Ph Br o o ! PPy 0
148 Ph
U 2.8 equiv. K,CO3 H%OEt 183 . H%OEt
. o o
H OEt HZO.DCM,Ort, o.n. o THF, 6074(::/, 48 h oh
185 72% 186 ° 187

Scheme &8 nt hettoiwacendasd tog r olp8.41 i mi ne

Anot her sway hegictepr cspwalsi milmseo be( 8¢ beme ed @ d
The aryl cydlOayarsopmmepatrtredylf r @mlnin@ ima t @ohree y

P M



Chaykovehygtrdohl uoroacet il Bibvhcryéd acito dwidteh deprot
arylcycl aptooprantebhec!| opr ob9.2 iTithremd | uor oacet i mi dc
180Qoul d be queidckd m adiicreistsveoHewepesr. ,t hdeub st o at e

Il i mi tarnd otnlpev elyoaviell ds, we do moy Gesethbrs route

11

1 equiv. TFAA,
1 equiv. EtzN
DCM, rt, 4h
96%

N CcF 0

oty OFs

o) OEt

188 |

Ph
1 equiv. PPhy 190
1 equiv. -ProNEt 1.2 equiv. trimethylsufloxonium iodide
1 equiv. Iz, toluene 1.2 equiv. NaH, DMSO, 0 - 60 °C, 0. .
40-80°C, 1.5h 30 %
58%
Oy OFEt Phy o
1.2 equiv LDA
_N__CF, N
PR Z THF, -78 °C, 4 h, F30%05t

I Ph orrt, 18 h Ph

189 191 9% 192

SchemeSy¥®t heti ¢ rowdleo g rom@xddismi ne

3.2.0ptimizatithoenTBAFe€lat al yzyed opG opyl!l i mi

Rearrangement

With the cycl&ipmr olpaynd mimee started tnodiotpitoinnsi z
oft hrearrangement reaction Wy iwss$i ngvesotuamidiamn odrt h
photochemi calofcbhbeddiPt imearr aingre metnhte cycloprop
rearrandgemnmet 50 Howedv%®r of t he st dr8tAthgy emdat el
nonr eac tatinhdee deesarrreadn gemed©O®psodott obser ved.



Ph. o

N O ph N
10 mol% TBA[Fe] /
H OEt DMF, rt, hv, 18 h oFt
Ph Conversion: 39%°? 4
187
193

0%?
SchemeTBA[-Eat alyzed <cycl opr opwlnidmirn ep hrod arcrhanyg

condi®ormovne.rosyi ewmald et er mihm oMy MR ngrea omsbhywg mesityl e

asnternal. standard

Ther mal cso nwdaiftesi oerd e sd ar it yhien g eaatwe tt 22008 no iblat h
for 180 SrcoluempdHes5 e we obsenvedsi mighatfersitalrt ibut
20 % 2g48Bi hy dr olp9®&arso IfeoWaneads sume most of tlBer cycl

was decomposed, due t dH-NMR svpeeco/t rmem swa sc rsuedeen .
Ph
Ph.
N O on_ N
10 mol% TBA[Fe] /
H OEt DMF, 120°C, 18 h oFt
Ph Conversion: 100%? 4
187
193
20%?

SchemeTBA[-Ealt al yzed cycl opropyl itmheadmrceoardri &n ge
Converogyiicemladd et er mi ne tH-NtMRr ogurgaht i on by | @ %ieinmgtsemrersd It y

standard

Fortunately, whWweswsatheeddauvt mborowave 9Crradia
for one hoobseweecdddMR oyfi el d and 30Wfofdeiss oglealt

rearrangemeda®93 pcbodmesSiomi | ar with the ther mal
decomposition of startimgmmaheiHNMRdevaecbbe mr

Al t hd lhigbodyiteel d i s not i deal, it gave us a ste

condsti on

p o



Ph
Ph. I
(@]

N ph_ N
10 mol% TBA[Fe] /
H OEt pMF, Mw, 120°C, 1 h
Ph Conversion: 100%? OEt
187 o
193

45%2 (30%")
Scheme: TBA[-Eatlt al yzed ciyncdl opeapyhbhnmement under
i rrad(2a0t0i*GM)n v e rosyiioeMadd et er mi ne tH-NtMRr oguagthi oms ibryg

mesitylienme ransal.’lssalaantdead dyi el d.

Tabl.®t7i mi z &a heyaon!l epr opyl i mine rearrangement un
Ph. Ph
N O ph_ N
10 mol% TBA[Fe] X /
H OEt  solvent, MW, temp., 1 h

oh OEt
187 ©
193

Entlf Sol veT.°CJ 18 o1 % 187 %
1 DMF 80 6 2 2
2 DMF 100 20 -
3 DMF 120 45([3k -
4 1,-2CE 120 13 -
5

toluc 120 5 18
6ldl DMF 120 13 20
7 DMF 135 76 (lgk -
glel DMF 135 45 -
ol DMF 135 13 5

[a]l]reAddti ons were performed with the subsoéora¢mt (0.
(1 mL) under mi c { @ @& vadV)nidri rcaelpreadt ai tounr e f or was h. [ b
det er mi nedH-NNMRionutgehgr at i aneslhy yushnegas inf{fejndlsosta
yield. [d][ Nl]o I®BAhiFre] .



The opti mihmeytcil®mp rafpyt e mr r acnygcel noepnit alpdyid ni dve r

mi crowavesiconohmarioned in Table 7. WemDMEst c¢h.
to -DCR, but ofhe2iWiydlrbpyd@8mroppreged 13% (Entry 4, i
Whenodmue was o $edfyi@qllBd dr olpYyidsr celveen | oEerteds t o
, TalMF 7*)e.mai ned the best solvent ficrattiloe sr e
Entry 3, Tabl e 7) . Wi tthead¢t iuosni,ngo nBBYAFZF230 vy i
I hydr olpYy®a $od enEnt ry 6, Tabber @jeuccoermp oosridteiron o f

tarting, meaeoersidéesed thbhe deemetbsmper atur e. Unf

f -@i, By dr olpy&rrooplpe6 &b When t he r eacwa soend uccenp etroa t

5
(
d
S
78% conversion was oObserved when°Ct hdheegctiadn
0
10¢€C, only 2di% yodr oYW a ol ebesde,r even though the
s
c

tarting material | eft af(tEat-2y Habitenmihcoprla veasy
ycl oprop&idndner went dewcmdn@rosmitc oowader icrogqmdt h e
reacti oiehner ef ore, we changed our strategy to i
in otderfeora faster t tdreyfcd ompd taipy hbiethamr e 1 ts t

decomposition. Luckily, whaemctrlee sretdg d thiha@nd &t e my
of - y3dr opy9B8mdreeased to 76% (Entry 7, °CTable 7
t hyei elfd-@2i, Bydr opY@amhley 13% (Entry 9,edatilen 7)
ti wag educed t o t3nhQei mliedturteeass,e d Etnada r45%., Tabl e 7)

3.2S3bst rSxtop e of t h-€atTaB Ay[yFeet]o lCr opy | i mi

Rearrangement

With thedoponwoi z,i omes twmumadt ensamrpt owdt don
t he sacfopBEBA[-Eal alcyzeldopr opgdi mamegerdcthent mi cr owayv
condstThoen functionalized cycl opropyrloinmhiene s |
correspbndmoagul f oni by Kfrodrmiogve s qe tt bhdeta s been
described i nAChapthet i &cryxlliopadbpydeadgypedsolayred
to the 1 sunhdaticamdneBenof triethyhddmédd emust
eluent of the colTima cyweclomaygophkkmivielya e@d eect

to TBA[-Eal alryezeecdgyupbcakiltyer puThdulbati @ane scope
TBA[-Ealt pzceydc | opr opy !l i mi nies rseuammmmaarni gzeende nitn Tabl e

PP



Tabl.8uBstrate

scope adfaldyyreel dd BrA¢ grell i mi ne

Phay o R Ph
N
OEt 10 mol% TBA[Fe] . /
DMF, MW, 135°C, 1 h
OEt
0
Substrar Product Yi éMdo
Ph.
N O Ph
N
H OEt /
69
OEt
o)
187 193
Ph.
N O Ph
N
H OEt /
90
OEt
0
194 195
Ph.
N @] Cl '?h
N
H OEt /
4 4
OEt
cl O
196 197
Ph.
N 0] F ',Dh
N
H OEt /
4 8
OEt
E o]
198 199
Ph<
N O Bh
N
| H OEt /
0 < 71
OEt
o)
200 201

reartr

-

C



Ph. Ph

OEt
(@)
202 203

[a]l]reddadti ores fwearmedp wi t h tnhmeo | s)u b satnrda t1e@ [ (Fi®.] 5%i o f DM B
(1 mL) wunder dniact(riddwvthavi®) ICI5F ar ]1 Is.olabh ed yield.

All cybeoprogdgH2 0m8 nmecse ssfdidrlwent t he troeafrorramge
t h2z,-8i hydr cplyhrer oyliee |odit (&y0c%)opr opb Y Wi Emenlee c-t r o n
donamiendgyloaparpaosi ti on of tihse naurcohmahntdimgck euyniietl d
(69%) howubbeitutcgad |l mpenPd@Eniznye Tla b Ine aid.i t i on
yi el dscyd!| aprecsflyd & nnti On8ei €h e c-wir oimdr awi ng groups
Clandatoanparpaosidfi otnhe arsonsarte conulnyi t4 % pamcd i 4& %)
(Ent4y Babl eTl8g same effect was al so meta for
Ssubst iattuntaromamni ¢ . Thmetyh-edyWstoiftuted c¥@0opr op
i's 71% lagsrdob st ictyel egpr oyds nd B%t-2y Tabl e 8)

Al t hough the reactionl eerewdaassmmeds hioe wyeact
mi ght be simil akFeddatoal y hedVi TGk e rearr angeme
arylcycl ofhreopam@®sieani sm i s shownFiirmstS,c htelme &l
rich 1irofre¢ GOYDaetxt atckke phenyl t bay blomprompane.
cycl opropane t o nfgod ma mimdeailTence ny c Itehcepimt t 0gen at o
attacks b aictko otoar dt bat edman iNna8 ashi oyni ehed ,pyy t
di hydropyrrol ehandr o e(l TeBaAs{pHneg]x)



SchemePhbh@posed mechani s-mat atcyykzchldo pTrBoAg yFlei]mi n e

rearrangement

3.3 Concdnundgi ©umt | ook

Herein we showé@BA[-Bajualhkyyzcédldopr opyl i mi ne rear
A seof esunctional iizneede reeppl oipmibip £ | nfeStchhoedne 5 4)

Ph<
N O R Ph
N
H oet 10 mol% TBA[Fe] _ /
DMF, MW, 135°C, 1 h
OEt
R
O
6 examples

44 - 90%

Scheme 98BAcarteal yzed cyclopropyli mine rearrang:e

Compari nchewiptrhocedblbr esyrigptruotvds el e s axi neplhed,ci ent
inexpensive waywctl®ptrrosgndd,fBinrhmdr s pchelme&’>5.5
76a, 76b, T§eanbfi cPlpate that tehld sefauplpriomadty gtohud <d
di scoveaemyd variousBif-dieHyldsr cgp yairmploe Fant he,r mor e
these resul ts dtemmsoyncsl torpartoepdy Itimatnea sle@ac & axnnfgeimey

proceedansietti@an al yzed. reaction

Py



A further ifo\hestriegpectthi @ami ©om | s As tgir leaatreimegtoy na@f.
functionali zed anyd | wipmryolpcyyiclnoignoeisspg | &t oni be ss ameh

and tested in future wor k.
HCI, HBr, or HI
Stevens [ref. 76¢€]
R2 100 - 140 °C IIQZ
°N
| s N R1
R1 zgR (_Z/ Parsons, Doye,
Vollhardt
3 t
NH,Cl R Loewenstein
R' R? R3=Alkyl, Aryl, H 110 - 150 °C [ref. 75b, 76a,
76b, 76f]
Ts <
h L‘“‘
Ph 1,2-DCE 4
o R/ T: f. 78
H ang [re ]
/i 140°C, 12 h J\Q ?
R 80% Ph

R* = n-pentanyl, CoH4Ph

SchemeChdl opropyl i minandear naned enmd 8- a taali ydz e d

conditions.

p o



4. TBAJaRa]l yzed Cycl obutane Rearr an

4.1 Purpose of this Research
Reatiomrmycodobudmtnesns sgmr malnicyruidegeni ng- or r i
expansi onmeichabhhset becasusesof t he*Hpoprngexampbaen
t her molfy xiyc | D2blud aachee t o a fr agmen2®ESconme meo 56 e
(a) t.heAmanldluwedyl cycld @edbunt amge ment transfor ms
2060 cycl daeéxanal kyB( Sschhiefm{eb )5)6.

L
@ [] [ — -

204 205
O S
o $
206 207

SchemeRiS5®gpeni ng -exglamsingn reaction of cyclobu

Due to the rel-G@Gthoedyofveatkledad m ICuh @ fCe doronmadl oG
al kanes, it i ealadbké ntheaahg@ gdonCd acemncéadi oas
which have been desc Hiobedaenmann gC haalplt etrh éls 8 ne&2x a m|
catal y&ebdonCd activation of <cycl obuTthaenrees aaarree osnt
fewr-onvol ved caacthvabiemamnteaovres been reported in
Yeh showed COhan &et bvadgnuolgbibphenyUBonegener at e
t hier on ¢ o mpC &xC OfFed>,d*(CeHs)2) 209 SchemealFMur ahashi
devel opedadmliyzeeni Bheger oxi dati omeOgds Kkiettosnes
t hfeor maotfi-bom yr ol 2t b msher aerobiltOmdadi t otohmstt e
i ron does nott MeCr@ocotnldy o®lldemeonpel ays only a mi
actual 68chesmemBEs airs elde €A103t @ at al y zeen nudl+a2t]i ons
bet ween a’leaedémideocycl2aRwStcehreemec)8Whe iron compl
i s employed as a Lewis acid,Csmond sacsi smseitomar
Neverthel ess-paptaldy® ebdatnCd ac tsiav atroaypoel dobhiaan e

not been reported yet.



Fe,(CO
@ O-O 2(CO)e /e
(CO)oFe_ |
C
208 o)
1 mol% Fe,03 209
o 3 equiv. PhCHO 0
(b) 1 atm O, .
toluene, rt, 17 h (0]
83%
210 211

PhthN_ O Ph
MeO,C NPhth (0] 1 equiv. FeCl3'Al,O4
+

©) Meo,C DCM, 1, 5 h CO,Me
H Ph 95% COzMe
212 76 ° 213
Schem&@&cycl obraaaeneons which involved iron catal
The -VYalwent i r ohBAd dirsf In enxt o activalt ebotnhde oG

vioytl opropanesheemhowh has Chaptheraddied iadms20 w
descritbhheei BA[-Eal al yzedVi |Gloonke r ear r awige yalendt of
arcyylcl oprampdancysc|l opr opyl i minné hri esandrn aslsgprmesndir ce ,
believe that TBA[ Feflode s eiltndmmi rboeastta | o/ ®ibooaeCd

activation of cyclobutanes.

4. 2 Results and Discussi on

4. 2.1 Arylcyclobutane Synthesis

Si mitlesairnyl cycl opropane synthesi sc,ycwe 2wa8i ®ent o
di ket ardéwsi tih,-8i br-b-pmlve ny | pr2adpainel di ng t he corre
arylcycl2b@tSame mp 1 54 br-b-mmoeny | pr2olphaa e easily
synt hefsriamrddmep henyl pRagwanéd 90% i sol atede yi el d
did not oébésiaireyd tchyec 2dlbu darBe br-b-pnweny | p2dbpyvne
using different depmoett @pdit hhpdr @ byWwedan f oanssne d

t he s escudorsd iwaust i dommmOen ulcy e ogpthti duinkk.or t unatel vy, w h
reaction tvwampedead uuroe room t efPemlaher ¢ i3g44d 0 o f
di hydr oplyswwasdecr eaossretier e nwasconversion, but n



arylcycl2d¥watsamdser ved.

T
: R R O
(1)82 equiv. ,,:E;SN Br 149 R = Me, Ph 00 |
/\/\ . equiv. -
Ph Br CH3CN, reflux, Ph)\/\Br 2 equiv. NaH
214 6h 1,4-dioxane, rt, 0. n. Ph O
90% 215 or 2 equiv. K,CO4 216 217
acetone, reflux, o. n. 60%
2 equiv. NaH °
MeO,C 002 e | 1,4-dioxane
218 reflux, o. n.
77%
MeO,C_ CO,Me CO,Me 1.2 equiv. AcCl
2 equiv. LiCl_ LiCI 1.2 equiv LDA
HZO/DMSO THF, 78 °C -
140°C, 16 h
219 89% 220 30%

Scheme S&nthesi s arroyultcey ctlddvpatrodpsa n e

We tmhedo fi ed t hreo uwtyentthored st | d Zna®ioth xBieb r-o mo
lphenyl p2dobminecgy cl oblt%B nMéhe -ssulestierut ed2ycl obt
can be smoothly conv-eubetdi tt ot ead 2nEoPpnyd eosbuet ham e
decar boxlyHetfdiema&reyd cyc l2dbiwatsa noebdbaya et yl| at i on
cycl obauz2z@inteh acet.yl chl oride

4. 2. 2 TMBaAt &leArzyeldc yc | cReat amaeagement

After successfuh&yylsyynd IRRMutwamaeyr i edi ttsG Cact i v
bond by using diBAefeeelod¢omachéet i ons. Il n the begin
thermadi ¢ i othess twed e( Sddmdme t uhadreVYgr,rsiobs ewa & d
ei twheetnhe r ewaacst ihoenaot @ Oor °ClL 2W0l O h moli %oat al yst i r
DMF for 18 hours.

00
o~ 10 mol% TBA[Fe] o
DMF, 100 or 120 °C, 18 h | O
o)
221 299

Scheme TSBAcaFteall yzed ar ghcyahgubnodeearh et hrer nsal con



We also triagcarcecoondetitbBBAcBEal al vz eW |G&loonk e
rearrangement of (aSrcyhlecnyetiotmle vepandot halp haontdo c h e
mi crowave couwldd tn othast y lacy ¢ lod it @ pdainhey dr @ g,2r an

eveiln the case of incrd@®@seodl &atal yst | oading t
00
O/ 10 mol% TBA[Fe] O
DMF, MW, 120 °C, 1 h | O
or DMF, hv, rt, 18 h
221 o
222

Scheme 6TOBAcarFteall yzed ar wlacyalhgeotkaghet ochemi cal
anthi crowao0eécomds.ti on

Reactions with addi acodaliwkeegandated bhswwel |
areummari zed Adndnifa plhe ny.l phosphi 22B8ort WNelCr ¢ agti
mi xtauimdot thel pmprovéé&Entthe 2NT &b Since Lewis aci
knownstsa st nriinmngga otpieon st,r iwveaddedldace w ar i et yn of he her
reac.tunofnortunecatedyl d wnot observe wvaneyadidogver si
addi tZmogdal Sa@bdombi nNHWEI | h2gza8ntd 20o0r 23Ba0s we l |
Entry 3, 4 )dadce elns Taibdeet AHoClIst r ongarlylwe ysclach at &
22hecause no starltefmg anfat er i B8 e sdish y dorua p ynroa o
222oul d be (Hrettreyc to)d Thachmbceea 9 s u mad ytl kaytc [2RbBlut ane
was compl etel Y nddadhemhepandad.al yst 2R,8aarn chgl,ewiisg aan
(Y(QTfYb e OMBX OB)Yweriencr etacs eld e q,u ibveaatd reentt (344l y
di hydr @ewran f oE medly, 7Ta)bNoe cdhonvershesar wad when
Y(OTbYb( &Wwa)s u(sEerdtry 7 and ®8he Tabheti9ng mat e
decompos el3n (whwfas u(skendt ry 9., Tabl e 9)



Tabl.EBA[-Fat alyzed arghcyahgkmeane r

___________________

10 mol% TBA[Fe] | |

o0 10 mol% Ligand ! ;
/ 0 P ; 9 ! © 1

o’ 10 mol% Lewis acid | ! BF, !
solvent, temp., 18 h SN thNvg\ph :

221

222 N )

Enttf Li gaLewis T.°«C[Sol v Yi étifldo

1 PPh - 120 DMF -
2lcl 223 - 100 THF -
el 223 Znel 100 THF -
4 223 Znel 130 THF -
5 223 Al £1 130 THF -
6 223 Snel 130 THF -

79 223 Y(OFf 130 THF -
gd 223 Yb(QT 130 THF -
9d 223 Sn( QT 130 THF -

[a]l]rAddti ons were performed with the substrate (0.

of |l igahdelnomL) ToBHC8!l hgand was depua(®t OGafmendd | By N
Determi nedH-NMR ot g@lyr at i onesbyylbehegas i[nct]leraal h.st[ad
lequiv. of TBA[Fe], ,l bgendj vandf Lb8l&wN8 acid

4. 2Vngl cycl obdndaWenyl cycSymtuh anion e

Si nwe were not abl eC thoonadc tofv aareg tithyec TBA U Fah e
weconsi dered anot her type of . cyal odbrudtearnet o v
vinylcyclobuianéesalf or,nidet sgarit efisrtsgpgans krat ch
procecurtehei | i teratearre.iccdowe ser ,r otuhe to reach
products. Thearhemwlteiwaittoe g edie stireendy | cycsl obut a
(Scheme 61



(A) (c) $

El’>n
0 O ,Bn 0 /OO
() (b) OH O 1)
|| + | —_— o —#4> O -- > -- > —H
224 = = =
o) o) OH
225 226 227 228 232 233
l(d) T(h) or (i)
o) o) o) o)
/Bn /Bn /Bn /Bn
O (e I:(to 5 O (9 o
OH OH H —
0 O 232
229 230 231
(B) Bn
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Scheme ®&yenttioawt e of vi n(yal)c e & odHCaanmentel)y, 56 5 %.
(b)) eqiiAlLtBUpP THRC t208C, 5 hn € qii AltBUsp THRBC t o
20C20n.15 eéqRCWBryL. 12 e@BulLv, °CHE,0 0(td). 83 Bguizyl
alcoh.o83 OHYyyAPY. DCM, rt ,2.18B dBgHITi8WF%. -I@€E)t o rt, overni
56 %.1.(5 )eDgMiPi, v .DCaM,, m8t5%. (g) Wi.tlthi PhrUEEBaL, i B ui v.
n-BulLi, °CHE,o°Cp0 ,1n3.% ( h)}L oThabkaarid o me t 1IRyelqairZ &t HBorn :

TiLl THF, ®©CM,3 Hay,d thhenBé&bbeg imet hgl & na@pro

2. 2guiAlb Me toluene, THF, ,&6 th, 32 2%6/ s€Bp)hiewn.ylrt chl or i o
1. 8qui DA, THBWEfotw, (kl). 03 &agBHVIHEPC, 2 h,138%eqqi V.
Benzoyl ,thB8BoeligDdéetvBu L i T HEBC, 20 .h n.



The cyclobutane ri ng nwsatsa nfaceramg 2 +i2n tchyec | foiardsdti
etem@2d4ndcal eic adhp8chdmeA)X)We then wanted to
reduwdeycl obutane dicarb@R$bihgdaoxgbanh®@gdt adeo
which can then be touifaokygm oopsi nud¢ tHeodwreeetr , st e
aftterymagy redeagemgts and reaction co2n2deve i ons
could only iIiseldatpriovdasbcudy e o 12a3¢4t dhue deo$i rnteck
hydroxybut¥2.®wWealcsoneried to combine the reduc
one pot to prevent the fowrdmr wegbkapi @od whieclh e
mi x t, urbsuttinlol vi nyl c yYQIl8&oabsut ame&@heed.ynt hewass rou
modi faigedime anihgyid@@@as transf bobemegl| 2238 alehre
carbgxpup@26dfulbee redwceadh aBOwdhhaolh t hen was oxi
al deRy3dllele subsequentwaas!| efsii mpttieorms we expected
Wittig reagent ,f oor® utlhde oonllegf% onbaktaitohnre desiandd pr
the stereocenter 203f%avsi nlydscty.c | Todh ua amigd basiersg i n
reacti on -L otnhbea rTdaock aamelt Mg b éheaavtel obneen i nvestigat
By using thesehet wa emaltsh guwhtcleyeta s 2 @ %ti ot hRoBusti n g
the abswofiuger &toi on at tAh ¢ hotuegheealrdesniyetre Isdast i s f &
we could move on to the | ast st2e3plnfoomrtearcdt ¢ lh:
the acedafylatmpyhcyy®addun @atn es, u cecveesns faufltr eracd ii fofne r
conditi oennsplvadiread seemed | i ke tB8Wasnylecympobed
undalrleact¢omwmaeci Beonsse of the failure of the ac
charmngehe routeheoamakel ati on afn tthe doeemti meng ins
Cycl obutane dicarboXxXas meduc eadtutywrrdI|Ba8¢dt one
fol dowehe key acetyl @B)JRemresthrbiagc,ebtyl ati on w:
succe,nflyl decomp-bsi yi olRaBaMacsn eo b suenrdva irleact i on

conditions.



Tama® ugroup repatbégzadPdmphiphilic allylati:
epoxsderomfwi nyl cycl obupla®fFloll $ owbolgemdreé62 proced
obtain viny229rcltobawtsatneods. The al coh®?8®@@soup o
t hetnos ydl atte viionrym cye2é®dotran he substitution re;:
conversion was oObserved in the cyanide substi
and after pcrtaloonngeidnersea We thycrdgrwuf@3I@mhsd or m
bromine group. However, t h,e nieytnhcytlri -p v idmy Id rheu p
cyclobutane migrated when the carbocation was
we could thloé edpreccnoecdy cbl 284.83t ane

O
o TsO \ A \\
' ) NC——"
+ e j:' —ﬁ» ---->
e A Melj " yan
227 238 Ph Ph
239 240 241 242
\SS), or (e) A
Br// 0\%

Me—!:|

Ph

243

SchemeSyRt hreotuitce of vi R@lZcapt | ® brad la%u,eP D(MBSOh  r t
1h, 62). 10 mol % P2Q am@dY% 3 eeui VLHPEL 5D0 h, 51 %.
1.8qup-Val uenesul fonyl E#IN,LoOi &e eqBDIC¥W, e pWMAB,18 ch), 70
eqguNaCN, D MSO, 582k quNaCN, eqglbv.o-&"net herh. r(td) 48
1.elquCBgl. 1 eRRY VIHEK, @. e eRAPBxy1. 2 eiqgmiidvazol e,
sol vent : DéMentT BlBe ,tooOD r t , 0. n.



Based on these results we caméetotthe cygnocli
(Scheme 6MAarget 24@%aes meydntahesi zed24&o@n4 & wo ol e
cr oss met aOh2edéians obt ai fbetdeolRemi & a brominatio
Ssubstitution iB4®%we Boemed DYV e émt emwilf4i®d & thi on
phenyl chlor®drmotrumadteel y, we could ob2&Dnomhe d
ol eZdthicayc!|l i wathobh4% yi el d.

l(‘”

0] (0] O (0] OO0
0 (d) (e)
s 7. Ph Ph
(0] 0] X \
X OCO,Ph
246 24 249 250

8

SchemeS¥mBt heotuitce of vi R2plQcag).cqd oebgBytOa 13 € epgyuriivdi n e,
0°C, 30 nmMe.n,LbS5l6 elg,tBi phenyl propabeddNaHey6 eNauli,v.
DMF, THF, refl ux,1 oevegrlireinggHt ,c h83 @%.2 f (e )mia ke nle ,e qui v.
DMAP, DCM, rt, ouwbr moQrtatb2D%BeOrer dt)ahyst, DCM, refl
37%. 2(eypgNlal, tol ued%e, 16t ht o 18 5.

Af theavionbgt aivinendy | cyc? 950blhuétvameg t |l obu &8mivarse al so
prepdreaace me.SGharftimadgphenyl25BRetdenadd ethee form t he
vioytl obu2 amioame[ 2+ 2] clync | coaasdec itoryfil o wsh | @ac e tdyel at i
reagefnteycylobuz2®S arme uQweaeaet gdat i 25&asr ofdourcnie d .
Luckily,pyrwhveomwda g i lueed t he acetyl atidersi medct
vioytl obu2z@athowmledbbai ned.

cy



0 o 0
Ph
251 P "
253 Ph
(@) 1) @ N
Ph
0 Ph
| © 256
Ph” “Ph Ph X (8 Ph o
252 254 Ph Ph
255 Q
Ph
257

SchemeSYrdt hesi s route o#PR5.Vial).yol5¢c ¥EeNy 05 t©a non e
n(bl). 2 e@HPIPUBrL. 2 emBwilvi‘C ©®o 2 h, 75%. (c) 1Ir.t5 7 d:e
equAwvet yl @&had3pulibdAg ,®C t o r(tel).eq.uPnw.r uv o i g ullbeA,

;78 to rt, 2 h, 26 %.

4 . 2T.BAA[ € alt al Yizrewlc| obRé¢ ameangement

Anal ogous t oenpprtesv,i owes wddd t heyramad , mipchroa wacvhes
conditiomnestbgaereare abl eCtbomadtoivaverRplley €1 o
(Tabl &nt®&W.i ght irradiation at room term(Peratur
for 24ntonrve,waigdrser ved 1 n(Ebbth tTaaseddl 020nl vy
t het arti n® S5Smvatseadrsiealved. Under mior DMEV@tc @B dit
t wo houwresul dientcetctt hRd,ydlichfydr @ p@r a(hent Tgb B 10
|l nst ead, we could isol ate t hecey ctlhoehr2nxa@ln er9elad% r a n

yi el d.

c @



Tabl eTBIOF-e pt al yzed vinylcyclobutane rearrangen

(OO Ph O AN o Q

Ph pnh 10 mol% TBA[Fe] o | Ph Ph
solvent, method,
\ temp., time Ph

250 258 L 259 _
Entif Sol v Met hod T.°C] Ti njeh 2518 %

1 CHCN UM i g Hg ) rt 24 -

2 DCM ther nali | 60 24 -

3 DMF microwa2wd® 120 2 -

[a]rdAddti ons were performed with the s uwobdtvemtte ( O.
mL) . Yi[edl]d i net% rwe snedtH-NMR onutgehgr at i on by using mesit
stamdar

| nspibryeDd e s& auwor kFecaaft al wt é g ICi cboGid activatic
Vilngycl opropanessi mwdetrct e d nsfooorn@e@ht&é oomd acti vat
ofvinylcyclRéloHo waeer , n o conversion wa s o0bse
cycl oaddi tni conf rvd ancgytl & Wil odbruzbyalnied e ne madeownemi t r i
wh etnheeat al ystwalsoadictng als@ dmol % for 24 hours (Sc

00

00 10 mol% TBA[Fe] Ph Ph CTTTTTITIITT T -
Ph 0 Ph - ©
10 mol% 264 ! !
Ph Ph i mol% . o o NN PFg !
o ' Ph~ N\ N ~Ph :
\ NG~ “cn THF. 80°C, 24 h o : ® |
| 2 :
250 52 = o f o '

261

Scémeé 5TBA[-Eal al yzegc| dadHinylomy o2&ut ane

By usihgatbkess al logdndstsiuobris® i maot Pod B At he]
activation of 2Wwi0Onwyloc yexlpaeicgt te@men | 116g® gpsr ofdaurcrme d
(Schemdédoawe ver, gwepresl agked,@ltwydf apBevwmmi ch
we could not obtain f rWem tthheen pgrueie/atkdl uys eraetpteeaotp t
wi t houpr etsteenca&| oonfo rdtn6t2We | € otumal t the i 963,84t ed vy
di hydr @pwaani ncr easlende ftoor €8 8 e c o uthall cerxacr iutdrei |t

TN



26%Was assisiCi mMppntddhec€Ci vati dcNHCdi ingarhdckes reractt loa

widely used | igmedal i oattalaynssii-dd manre ¢ loa MWahcetierr
assumadi d aha®asoor ditnoattehde i rroens wladgiarhgysht hi gher
nucl eophilic iron complex. Thlitsorcmad di rben tdaem

wasable to attack the doubl e 2b606nwdhiodh ttdhau sveidn
activati o boofndt hoef G hénbaddnéi onppgnaowasombasres v
without pfedd8minédle | NHC 22.33aednloy NHC 212i8vgand

empl oiyredr ewict homt @fr eEBMOEec]JO.NnVver si on was obser

Ph_ _O
00 10 mol% TBA[Fe] CN Ph. 0O | A
10 mol% 223
Ph Ph + o eN 0 mol% - e o |©
THF, 80 °C, 24 h

\ 262 Ph Ph

263 258
250 61%
e} 10 mol% TBA[Fe] Ph O X 5 Q o |
Ph Ph 10 mol% 223 o | E N \ BF4E
\ THF, 80 °C, 24 h L Ph" N\ 5Ph
88% Ph 5 :
250 ° 258 , 223

Scheme: 6T6BAc[aFteadl yzed tracel esandal t &1 c amsguebnsetni
vi nyl cycR&But ane

We thenthaperyl cycl dHawdwinbnel so be acttao vywiteldd b
the rearrangemedR6prdawuert sl reaction conditio
and heesuartesummari zed i No Tabheerldion was obse
phot oc heaom cciathidon her maslatc ACHdE nttiroyn 1 and 2Nh eTna b |
the temperatur e Ci nodeeegscemndgobild®compostihe on of
starting2baadaserolmrdEnved B8,) Talbdieomglalwave condi ti
128 for 2 hours also | edgotsodsdtodeEtnltmrgy Myt efraibad le
Whethhreeacti oon cwhmideh i wasdB&pgdhtatdyred vinylcyc
rearrangasmems eadwevever si00 o odoeotuel ¢(dEebder vy 5),. Tabl e



Tabl eTBIANNF-e pt al yzed vVvinyleayaolaonlgetmemdne

0 Ph
Ph O 10 mol% TBAFe | Q
10 mol% Ligand o o)
Ph - | or —
solvent, method, Ph /
N temp., time Ph Ph Ph” Ph
Ph O
257 264 265
Enttf Li gaSol v Met hod T.°)C]Ti me 26/263 %
1 - CHCN UM i §Hg )i rt 18 -
2 - DMF ther mali | 120 18 -
3 - DMF ther nali | 140 18 -
4 - DMF microwawd® 120 2 -
5 223 THF ther nali | 80 18 -

[a]r&d¢c¢ti ons were performed wit h% tohfe TsBuAs[eR evja hien ( O
( mL)[.bY]i ewaseitder mi ne d'H-NKRionutgehgr ati on by wusing mesit

standar d.

4. 3 Concadnundi Owmt !l ook

Her ewe reportedysnov el pwapar e vd nOyalncdy c | o b
vinylcymnéed2HaAtpwhoyc l22lAntda meg | cyc | D2HDWwarmeodonabl e
to rearrange in al/l k( 8dlse 9gdWe6 s ctoiweni manygi t i
res wlft sTBARFa] yzed ayyalralmwntgeiwve hty c l2d@uotua nde
undergo reaffoiamghémdinhydr @pWwi ah 88 % of hysol at e
using 10 mol % of TBARAPRBe] TR CaNdEOILBgasamabl y
NHC | i2g2a8nidgni fi cantl puehbaplyebif¢c idhe alf tem ¢ dmp
coordi Mareomnmportantly, we bel i evceattahliy§ eids Ct h

bond activation of cyclobutanes.

___________________

O O 10 mol% TBA[Fe] o :
Ph Ph 10 mol% 223 BF4E
\ THF, 80 °C, 24 h Ph/N N\Ph 5

88% |
250 ! 223

___________________

SchemeTBA[-Eal al yzed vimgplacyahglkemeane

T H



Currently, a&fheweclhalel estgddFiirns ttph iitshiemrdod jit ehaet .
reaction is bennguowpeBktilgat@idmet oataebduse | oad
t he reac.tSiecrontmi nmer der toulspl atrte $bdbepe aof t he
concise routentbi pnaparzedigyhelyaublthttealrde s tihse r e a
mechani sm i sfugtihlelr umelesacgaasoquantum chemic

and spectroscopiawaixtpiemg . ments ar e



5. SumammadyFuture Work

I n thiswetdescs) bed &« auvuarl iy&tehdomtfi actoinvati on r
strained ring systems.

FirstthheTBA[-Eal al yzedVNi |Gloomke rearrangemamd of
aryl cyclsovarsogpawhmebr oad range of dihydrofurans ¢
mi | d ¢ o rJdidtpihoontso.c hemi cg | tcdoeendviitniyooncycl opr opane
rearrange to the dihydrofurans by wusiwigt h2i.n5 m
3 hoanmrispcheme 638

O (0] o) ,
1 R*_,4
R13 R? . 25 mol% TBA[Fe R R*RS
R R
) CH(CN, it hv. 3h ~R7
0
R R7 R®
12 examples
75 - 98%

Scheme a@®8Acarteal yzeM IGloomke earrangement of viny

Il n addition, aryl cycl opr oupsainnegs 1cOo urhal 9% eo fr eTaB

room temperatu(8chemerh&Skouwriaicd i on conditions

highly emphagiytedgcl opropanes display a |l ow re
O O o]
R2
R’ R? 10 mol% TBA[Fe]
DMF, rt, hv, 24 h ’ 3
R® R™ ™o R

10 examples
40 - 93%

Scheme da®BAarteal yzeM |IG&Glomke earrangement of aryl

Fut her ntohresp,ect r oasncdo ptihce or et i waltl shatdi ebBesbompl
best activated by Il ight at phlod ocrhpmd esdmdhd nonde
thactive 3( NBYREOrskeows an al aboispty rtarmiglaanalconf i
witrh BeO angl e oX¥8Gwhopkoviodespaenwiddedi nding sit
met al tdenseopens a new door for discovkdring t

and-CCbonds under the photochemical condi tion

TN



reactioinsr agioat i on.

SecoadTBAf&tdl yzed cycleapramygleimmint ¢ ¥akemepor
7 0. A serigishyafrowBr el essuc ctersasnffsufdd tyamr f r o m

cycl opr olpwbk i tmgshiemp | ecamaod nmed alo d . Moreovem,stt hi
exampfea tmenwadti abyzed cyclopropylimine rearrtr
Ph.

N O R Ph

N

H OEt 10 mol% TBA[Fe] X ]

DMF, MW, 135°C, 1 h
OEt
R

¢

6 examples

44 - 90%

Scheme 7TMBAc[aFteal yzed cyclopropylimine rearrang:¢

Thadandast bewnasmobat al y&zebdon acti vagdanewmsasof cy
demonstrated)VBohkemgcZibaeaanangad htydr p@8r an

by using 10 mol WHC |ITRZBnkde THMCa th 080 2%0 htolue s .
best of ourarkecoant! aeldy@zeehdo nGl acti vatishbasohotyobkeb
descryeted

___________________

00 10 mol% TBA[Fe] Ph O Xy | o :
Ph Ph 10 mol% 223 o | ! BF4E
\ THF, 80 °C, 24 h i Ph/N\yg\Ph ;

88% Ph !
250 258 : 223

___________________

SchemeTBA[-Eal al y zceydc |voi bnug learnrea n.g e me n t

Il n the end, wley apant eNa[thFfeBlICEDNt ( TBARPpoeWer fi sl
catalyéee fhoti WCatbhioommdsofofCcycl opropanes and cyc

no-atrai-@ebbolds wielxlama.lhsad aldedi t i on, expl oring ¢
routfeurmdti onal i zed cyctlhoeb ustuabnsessc agpse wefl Ic yacsl opr

andvinylcycl obutane are currently being carrie



6 Abstr(eEmtg!l i s h)

The stable and readily acceaN[skdod®GEWDYI]e c(tTrBoAN Frei
has beeemattient erfe stour group for Qu rmuenbieo u so f
spectroscopic and experimental studi es i ndi c
regarded as-vadleavhtg!l eetbe negative chdriggeanids |
whi c mipétsh a hfeerrate complex could befmattiiooms ed

upon irrddigatti.on of

The TBARFalyzeWi |Glomker earr an-gaemde nar ylfc ywil mylr o
under both photochemiunpsalasrGkeoavnt heaer mali Foa@mndiseir o
st R spectroscospys heokwpeadt i mbertdet wadabbebonyl at i
of TBAJ[ Fe] upon H igadi atuir aamngsw.it thilen Waédadci ttii o n , a
guantum chemicahdcadtrcwamrei emgt h experi ment s,

sel ectively activated at 415 nm.

|l naddi,t somi It at heCl o-Wiel son rearoangeyehopr opan
cycl opr opcyoluilndi neelsso eandangement to gi2e3the ¢
di hydobggr rusBApFe] under mi cA osvarviee £ oofdi ft u mats
cycl oproweglpeneipnaersed and dmowgomamdngitated r ear r ange

reac.ti on

Mor eowmersynt heti ctunotut ewniafhoyrzeyc walk utsaunceces sf ul
deveelde:prt her mMioBrAd Fe] was ab-Cebboada oyyclcalb et & he
aftcoor di nat eNdHOwg arhd-dofibe chodrmed€Celri gand signif

increased the nucleophilicity of the iron com
To sum up,, TaBgAdiFe,] revealed it-€ pbowdr acnhi ¢ dtei
stranineigsr.t her I nvasti gladsi snagest nosre r aiCiCe dbpo nd s

and-HCbondisilmyg TuBnrAdmHieo]t ochemi cal, microwave, ofr

are cubeiemg | yairm ileadw ooruatt or i e s .

TC



7. Abstract (Deutsch)

Seit vielseh daeabbeheiund | eicht zug?ngliche,
BuN[ Fe (GCNDQ) | [ H®BA ¢r unsere GiuppeesBamigre@ema
unseren bisherigen spektroskopischen udas expert
Met al |l zemteuumad lagpglescdren werden sollte, w2hre
Ladung -amgd®den befindet, was bedeut gt sdaes ¢
Transf or mat i oBneesnt rdauhrlcuhn gdiveon Li cht aktiviert w

Die TBK4dtFellys keaVNitleUo®llaoger ung - wma A/riynlydycl opr o]
unt ephotochemi schemBeuwn ch gtwnegremissaahdddn ssert ati on
Dasnsi-t Bpektr oBXperiiement zeigte, dass -Lbiecihtder
wa@ hrend dern KebBé&ttecaohenyl i eftryy eoholT BAe. Zus?
nach guant enchemi schemd Blméaithzennnifemyen at i one
TBAFe] selektiv bei 415 nm aktiviert werden.

Zus2tzIlich K° nackar, GWialdsdaaihager ung op o op aOyecn
Cylcopr op liinkmhagerung unterzogen werden- um d
Di hydrople unter VelWwWendMumgoweh!| §BBedi ngungen
Eine Reihe von funkopypyhiamiseerr wvamd€y né onpastralt
bis guskbeufen zDu hdyedr 0,y rol en umgeset zt .

Dar ¢ber hi naus wur de eiifmunkyntomeadaewaeger fes Vi
erfodhgreent wickelt. A&GE€E¢r demdwrBli mBANdd e® ad
Vihyl cyclobutan nac¢mNKE@AGrgdinmatni oznu Deark-Do v-0 e r e n .

Charakter-LdgarNeh@dhitee Nuc ldeop [Eii Isieen kso ngpnli ef xi eksa n t

Zusammerefnas | 2sst si cH Fsedgem ,e ddears asuefii Bidee M kG da vii &
der -C-Bi ndungsaktivierung voan gefsfpammarine. Ri
Unt ersuchtArkgenwizurung von (wdrcihge rg ers@aakntdit v&nn C
H-Bidnungen unter VerwEeduwmmgt eonpA®BAocheomdeasr hen,
thermi schen Bedingungen werden dégeéghrin uns

TT






|.Ex per i nteencttail o n

T



8 . Gener al Remar ks

All reactions sensitive to moisture and/or ai.l
nitrogenus(ivg anhydrous solvents. Solvents we
through commerci al InypeantainlegbbtDeCMib$s uimhkizafig t he
(CglHeCh, 2HaCh, t o) uBME THF was freshly distilled
(ketyl radical ) . I R spectra wer-eRrepectdedmeatn:
equi pped with a SpecadntCeonl sdietni eGa taer eATRp aumii fti. e c
(strong) , m ( medi um) and w (weak). The wunit
abbreviat®d Highcmesolution mass spectra (HRN
Finni g&@m MATectr ometer ( EI YQ osrp eac eBrroufkBet hneiacrr OT
magnetic r(éMRPRanmenacter a were recorded MHz,a 3BrOuke
MHz 04 MBD®O MHZOO ™MHz spectrometer and calibr a
no-deuter at esd gsnoallveorrt tetramethyl sil anSe g(hnTaMS) a
are indicated as s (singlet), d (doublet), t

sep (septet), m (multiplet) and br (broad). C
usig silica gel-0.(06603 Dmm) Oanddd Ot hin | ayer chrom
carried out wusing silica gel plated aluminum s
l iquid chromatography (HPLE)1wpesmgaanded &uftRA4
deterctin combinati elnOOwiSih cao lEwmm skbpyh ek NAUER. Th
reactions were carriHgd lcaawtp Usli8g W) ,lHaeam@aORu&5L X
W), or a MEGAMAN Compact Fluorescent Lamp (23
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12. TBBaFelyzeW CbokeRearrangement

and Arylcycl opropanes

12 Pxreparation of Vinylcyclopropanes
Gener al Procedure | : -SRirbespgart aitt (e@R VaCfPsOI e

The apprvamryilatyecl opropane (M engei at )oandaGalupsg
equiv.) was weighed into a dried Schl &M t ube
(0.6 M) was added foll owed by the appropriate
seal ed uumdeat mosphere of dry nitrogen and the
sol vent was removed wunder reduced pressure a
chromatography on silica gel.

121.. 11 ,-0i nylcycl dpdophhdi e( hlaln)one
O O

K

M

tragbs@i bromdbue (4.278 g, 20 m@(8§. L54Lquy, v59 w@r
.95 equiv.) were suspen®edtianedcenené?2(385mmhL
O equiv.) was added droptwidsda oamdeftl uex rhioxt u
ion mixture was cool e (85rmbin wempadat
i ng precipitate was remoWed@2vixa2bi ImiLn at
was removed wunder reduadi pr esds brye ce
graphy on 9pkentaOg&dEtel(wt/ivpg ywiettidi ng
esilrlzasd droadluentl ess oi l

f= 0.nP%® n(t ae/ Bt 1 HNMRY 250 MHz) CDBEIB3&, 2H),

7 13 (m, 2011)8, (M, 67AH), 2.27 (s,J=BH7).,1,2.51.73 (K
), 1J498(8d,5.1 'ANAMRLE3 NMHm) GDEZD2.7, 202. 4,
8.9, 51.2, 32.4, |ROATR A t2pke PQ8 R,0. 220 1pop’m; 1684,
/| MSEI , 70 eV) M/ B5)( %1375 40M, 109 (100), 95

1222 (E)-1,(& Helxenl-yl ) cyc | o-pr-dipyaln)edi e(t#lanone
O O

)ﬁ/ﬁn_%

114



The reactioomuwa®sncar Bi emdhol s cal e blalsTerde iotnl e/ i n
compowasd obtained alccafradeinfgivcat icGdPh umn chr omat

on silica gmrperetlae /Bl w(Vvhv) t o aflffioarsd a5 1tla nmg
oi |

Ri= 0(n3dEnt amOe/ Bt 1 THNWRV3 00 MHB3z), CEBELC.I@a, 1H) ,

4. 93Jedd5. 3, 8.5 HIZzZ=, 81LH) ,Hz2. 51MH)(,9,2. 26 (s, 3H)
(m, 2H),J%.8B04(d8,1 HzJ= 18H)8,, 15..417-Hz@ & ,1(Hm, 4H)3
0.88 (m, 'ENMRpHPHM; MHzs3) GDEOD3. 1, 136. 0, 124. 1,
31.3, 30.9, 26.8, | R2ATIR) 2200.548,, 1239.283 ,p p2n8;7 3, 285
1357, 1310, 1250, 11's&C/ MSEGD) M6 &, ((BB 6%=cHh 09 . 1
28), 191 (15), 167 (16), 149 HRM®&®)ESID3x a(l1c3) ,f o
[ CH202+ Na 231.1356, found: 231.1346.

12. 1M8t hg3-( gdRacetyl cyclopropyl )acrylate (115

O O
%cozlvle
115
The reaccammi ssdsout on a 5 mmol schal.Ehbaskd on
compowasd obtained alccafrtdemgpuei 6tGPcamhononhr omat
on silica gmrderetlaie/BHL WwW{vhv) t o%pflbbarsd a4 5t0a nmg

oi |

Ri= 0.np®En(t asOe/ Rt 1'"HNWRvV3I Q0 MHz), CD@IB4 15.5, 9.9

Hz , 1H) J=65105 K", 1H), 32.784 ((sm, 3HH) , 22.7Z79 (s,
3H) , 917(Gd,5 1 HzJ= BH), 5. 59RANMRLHS MHM;
CD@)I U 201. 6, 201. 4, 165. 9, 143. 2, PP 4, R, 51.
( ATR) 29514, 2919, 2849, 1722, 1686, 1651, 143
cm;GC/ MSESI ) m/ z ( %J, :6)2,1113(7M (+10I—D)HRMIE9ES(I1)8)
calc.1thOas+ [N&@ 233.0784, found: 233.0786.

12. 11404 Met hyl-perdpl ) cycl o-pr-dhipyaln)edi e(t hlatgh)on e
O O

LN

116

The reaction twasnmabdr sicad eobbased ohl.Theylkteé¢cecl o
compowasd obtained alccafrtdemgpuei 6GPcamhonohr omat
oml uminium oxi de (mpeeunttraa®e)/AEetl utv /nyg) wtia haff or d
oftl1éds a-ypdlleow oi | .

yy



Ri= 0.nd&en(t asOe/ Bt 1HNWRY3 00 MHz), CBICITH:, 1H),

2. 67 Jeddm.. 8z, 1H), 2.22 (s, -BHJ2 (@m184K)x, BHG
3H), 1.J58. 0dz8 1H)CNMR;75 MHzs GDEOD3.3, 203.2
138.5, 119.2, 51.0, 30.5, DPRAIR)22926,25681, 2
1451, 1357, 1303, 1252, IGC/,MSEB03, md23( %355,
(M % H5), 163 (18), 145 (35)HRM$RASI()1009I,c.11f30
[ CHi©2+ Na 203.1043, found: 203.1046.

12.11505tyrylcycllopiodarma-Fdred)hanhll7)

O O
pn
117
The reaction was carried out on a TIl.Imnidilet Ise al ¢
compowasd obtained alccafrtdemgpuroi fGIPcati on Vvi a c
on S|I|caP@EB\ el gviwpy f odrleopve éHRYd sig/miB:tlh PE

(v/v) to affortdl®dd0a mgan 2did). of

Ri= 0. 2/5EA BE 11H(-N/MR(/)3))O MHz), (CD®.I3%Bn, 5H),J 6. 65
5

= 15.8 Hz, 1H) 155866 09(d@dHzZ= 1KB) 3,2879 Had, 1H)
3H), 2.21 (sJ=3RA)3,1596 HdY= 184H)7,, 15.519 Hzd d, 1 H)
NMR 75 MHzs) 20D2CI6 8, 202. 65, 136. 38, 134. 06, 128
51. 62, 32. 72, 30. 9K AT2R). 1320,2 62,1 .10678 2p,p n1;5 9 8 , 149
LGC/ MSESI ) m/ z (%) *+= NBERMI ESD) ¢ MHcO2+f 8]la: [ C
251.1043, IT®3alhd: 251.

12. 1E6bhydc el2y-®2i me t3H{ @het hyl-berigyl ) cycl o-pf-r opane
carboxyil@t e (

O O
EtO
Z
119
A solution of diisopropylamine (1.55 mL, 11 mi
te78C and aB6GLIM (6. 87 mL, 11 mmol , 1.1 equi v.
reaction mixture was warmed to r-oool-7t8&0mper at L
Ethyl chrysanthemate (2.17 mL, 10 mmol, 1 equi
mi xture and0smiimBCaetd hear 1 h at room temperatur e
was-croo| e/ld®Ct again and acetyl c¢chloride (0.71 mL
dropwi se. The reaction was allowed to warm to
The reaadsi gmenchedClby d&ialtut &NdH wi t h wat er, and

of diethyl ether. The combined 40rfaohterédyand

y ¢



concentrated under reduced pressur e. The r
chr omat ogrlaipchay goenl sepleunttiannge /VEA MO0: 1 (v/v) to af
ofl18s a colorless oil
Ri= 0.n37% n(t ane /EAlHMMR(BO(OV/M\H)ZB),, WCEECI®® , 1H),
4 19J:(q7,.1 Hz, 2H)8. Q. (#dH)y, 2.27 (s, 3H), 1
1.33 (s, 3H)7. 1L .RH, (3H ), 1€D-NMR7($,MI-BZ-:J)) ohad 1. 3,
168. 6, 137. 1, 117. 1, 60. 8, 51. 2, 34.8,Il RB3. 4,
(ATR) 298®,332929%,001 1446, 1377, 1355, 11304,
HRM$ ESI ) caHcOs+fHa [261. 1461, found: 261. 1452
12. 1(¢(Het WBwli nyl cycl dp-dioplankei s(phenyll2iet hanone)

O O

Ph Ph

"’//
126

Theitodbmpowad synthesized ac(caolrsdad nlgad obdan edad
Chapter a&nd® .wa)purified via column chromatog
PE/ EA 40:1 (lv2Zé&s) a owhaiftfeorsdo!l i d.
Ri= 0. 34 ( PE/ EnmAp 14008 11C; 'HNMR) 3 Q0 MHz), LB @,
1H), -77..5696 ( m, -71.H3)0, (7m,4-Z2.H)8, (7/m,3H4 B2 F.m4d2-2H) , £
4.98 (m, 31088 I ml2221.HN3 (2m,841BF, 614 1Rz (WG H) ppn
NMR 75 MHzs) GDCBP6.5, 196.1, 138.6, 138.5, 133.
128. 49, 128. 42, 118. 1, b ®.A6T,R) 3 73.046,2 , 2 73.03,7 , 1 11.7¢
1490, 1346, 1310,'1125, 848, 761 cm



12.1(&inylcycl dp-dopbphbi s(phenyl methanone) (12
O O

Ph Ph
=

127
1,-Bi phdn-Bt opanedi one (3.364 g, 15 mmol, 1 equi
THF (20 mL) wunder an atmosphere of drmylnit3r0og
mmol ) was added as a solid and the suspension
tragbsl@i br o-mvbue (3. 158 g, 15 mmol , 1 equiv.) w
mi xture sti red for 66 h at room t eurpesd awiutrhe .
Et 20 and th precipitate remoxedAvisatfuirlat rat isa
of .@H (100 L) was added. The220mi( 2t xr d 5WasslLe¢x @
(100 mL). The combined or gani«anpdh atdheee rswoe rwea sd r
removed under reduced pressure. The residue w
n csa lgel elutigag: Witb P&/ EA(V/ V) to yield a
nreacted starting material s. Pur ec aptrioodnu cut s iwnag
PLC el iut hn@BEOWEIA gi vi ng 7b3&snga (d&I%).r lodss sol i

3 (,PEXOEAIH-NMR()30;0 MHz), [LCBC.I§ge, 4HY)Y, 32. 39

Hy, 22. 2 én, -54 18)8, (5m,4Z )9, (3n,3 71 HF7 .,2.434 (dd
H) , J38 58 HzddH,) pENMR 63 MHzs) CDB6L 7, 196.0
, 137.7, 133.0, 132.9, 132.85, 128.6, 12
, heat) 3061, 2986, .5

T 1680, LHHRBIHE S11)6 3c3a,l cl
rnA{ee+ Na 299.1043, found 29

9.1036.

(R)-12:7 U] +305. 6 (c3) £S)B2:BP#°-308Cl6 (c =3 5.33, CHC



Jata File C:\HPCHEM\1\DATA\DP\DP65H200.D Sample Name: DP65h2

Chiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p O o
1

Ph%Ph
S S == ‘ry =
Injection Date : 27.05.15 14:26:59 7
Sample Name DP65h2 vial : 12 (R)-127
Acqg. Operator Dominik

Instrument 1 15.06.15 10:08:23 Dominik

Inj Volume 3 pl
Method C:\HPCHEM\ 1\METHODS\BPODS 1.M
Last changed . 22.05.15 15:55:29 by Dominik
DAD1 A, Sig=235,4 Ref=550,100 (DP\DP65H200.D) ]
mAU i % ~
- 2
0 ‘l\;"'l""\”""l"I“" T
10 20 40 50 60 min
DAD1 B, Sig=240,4 Ref=550,100 (DP\DP85H200.D)
mAU % % f°f
0 === 4 ‘ "" T T R T T I T T
10 ) 20 40 50 60 min
DAD1 C, Sig=220,4 Ref=550,100 (DP\DP65H200.D)
mAU 8 o
0 } T ¥ % ; T T T T T T T T T T T T T T T T v T T T T
10 20 30 40 50 60 min
DAD1 D, 5ig=212,4 Ref=550,100 (DP\DP€5H200.D)
mAU % % o
? 2
0 5 Frees T R S U S B I 1 T
10 20 30 40 50 60 min
DAD1 E, Slg—210 20 Ref=550,100 (DP\DP65H200.D)
mAU i
Y T %I = T T T T T ’ T T T T T T T
10 20 30 40 50 60 mi

Area Percent Report

Sorted By Signal

Multiplier 1.0000

Dilution 1.0000

Signal 1: DADl1 A, Sig=235,4 Ref=550,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

- | = e e |=m=———= == |
1 9.483 PB 0.2796 4.96877e4 2640.18140 99.4388
2 11.107 BP 0.2726 280.42484 14.31167 0.5612

Totals 4.99682e4 2654.49306

Results obtained with enhanced integrator!

Page 1 of 2



Sample Name: DP65H3 !

at%/File C:\HPCHEM\ 1\DATA\DP\DP65H300.D

Chiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p O O
1
Ph Ph
======= = == P
Injection Date 20.05.15 15:59:54
Sample Name DP65H3 vial : 12 (S)127
Acqg. Operator Dominik
Inj Volume : 3 ul
Acqg. Method . C:\HPCHEM\1\METHODS\BPODS_ 1.M
Last changed 20.05.15 15:58:17 by Isabel
(modified after loading)
Analysis Method : C:\HPCHEM\ 1\METHODS\BPOD9_1.M
Last changed . 22.05.15 15:55:29 by Dominik
T DAD1 A, Sig=235,4 Ref=550,100 (DP\DPE5H300.D) )
mAU 2
00 § 3
1 o
0 T 1 T T T T T i T T 1 T T T T T N T T r T T ¥ T T T T T T T 7
5 10 15 20 25 30 35 40 _min
DAD1 B, Sig=240,4 Ref=550,100 (DP\DP65H300.D)
mAU ~
! 11
o e L S A L A N A
5 10 15 20 25 30 35 40 min
DAD1 C, S5ig=220,4 Ref=550,100 (DP\DP&5H300.D)
mAU 2
500 2 g
ol A
0 T T T T T T T ' T T T T i ! T 1 T 1 T T T T 1

‘ :
] 5 10 15 20 25 30 35 40 mi
DAD1 D, Sig=212,4 Ref=550,100 (DP\DPB5H300.D)

Area Percent Report

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Signal 1: DADL A, Sig=235,4 Ref=550,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3
B | === === f=m—mmm |=m=mmm - |
1 9.648 PB - 0.2836 319.26849 16.65573 1.6750

2 11.285 BB 0.3328 1.87413e4 825.64966 98.3250

Totals : 1.90606e4 842.30539

Results obtained with enhanced integrator!

Instrument 1 26.05.15 10:57:42 Dominik Page 1 of 2



.1 (@nti ) and {@ceRyibBtyhylyclopropanecarboxyl &

DU
) OEt EtO [fk
"// "’//
129a 129b
tragbs@i bromwdbue (1. 390 g, €08F 2mm@d®IS) gand 9K 5 mmo
added to a dried flask under an atmosphere of
was added foll owed by the drop wise addition
The reaction mixture was decalteed ttom rredrmh utxe mpet
dilutedOwiih Mmit). The precipitate was removed
(@] 2 x 10 mL). The solvent was removed under
t o three maj or priddantdls2d aDioamgtseé deo i smm
dr of 3.0 abieast e rle2ddicsoourhedr b e separated by r
mat ogr apdiegl oel utiilng Gwilt W vPE/)EA o gi ve 0. 45
riess oil .12Bwasteuriof isetdnev i a giHtRH @R/ : BXA
) giving 0.231 g (20%) as a cddlOoarsl ensost o
r

(o

o—~ooa-m
D<OoOO0O< D __

S
h
r
|
/
t

O< O~ —

o W
QO

.29 (,PEYOEALH-NMRV25HQ MHz), CHCIBE& 2H)5. 5115
1HW, 18. §3, 22H)7, (M,67AH), 2.338 7.s5, 3H)6 Hz,8
Jed
1,

SN

g1 00— 01
~ N

w

8, 4.6 HIs Hzl, 'EDRtA B mMMHzs) GDCI
., G61.BATR2. B. 3
V) W/ 4 oum)d) OM (
, 94 (65), 9 6

~NNPRP—~ PR
01O

OO

e a
182
3 (

Owo
— <

TR
O

o O

.23 (,PEZOEALHNWRV2HQ
17.0, 1.6 HZ= 16)1,
.4, 8.4, 8.4 Hz, 1
1H) ,J=1730a Hiz, TN
.8, 61.4, 43.2, 3

, 16T MSEI , 70

121 (100), 94

-

Hz), ICECI4®, 1H), 5.209
18 Hikd ,7LH) Hz4. 2H)( q,2 .
7.2,40. 6sHzJEHBH)L . 16 %8
BmMHzs @©GDCI021.68.8, 133
AT R2 93n530tDB ., 1,2 484 2, pdHIg
) M/ zf o(uvm)d )1 821 3(9M ( 6 1) :
4y, 93 (56), 67 (54)

~RRPRTGCGLPR
ok, N I
O ©o -
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12.1. (0G&nti) andBuUutsywanc)el-yi nyl cycldparopargl at e
(131a and 131b)
? o) cl) 0
) § ~Ot-Bu t-BuO) K\
"’// "’//
131a 131b
NaH (0.800 g, 60% in miner al oi |, 20 mmol ) wa
under an atmosphere of dry nitrogen The reac:!
teBut vyl acetoacetate (1.6 mL, 9.51 mmol) was
mixte stirred attr 30hsBCbirf omdnle h(.2.(034 g, 9.51 r
added drop wise as a solution in anhydrous TH|
the cooling bath was removed and the reacti ol
suspension was 2@i(l2a& edL )widarhd Etthe precipitate r
washed » t(h2 BExt 10 mL) . The solvent was rremovV
Di aster eb3asacnmde3tilal ongsi de someld.2 hida otf eurr eaanies o
l13dcoube i solated via regul ar column chromat o

PE/ RO :1 (v/ v) giving 0.267 g (13%)l13dwasa col c
i solwiteedHPLC el ut2@glw{VvhvPEYEAlI ding 0.409 g (
The ywifeldd hy dlr3o&ausr annoet det er mi ned.

ok
o]

. 3FE/(EA20: 1'H-NMRV2 50 MHz), CECIB®HM, 2HH, 0. 14
1HR, 4. %%, 1H), 2.329 1s5, 3#H)5 Hz761KOd,1..
8.8, 4.6 HWxNMRIBB Mpimz GDQRIO1.4, 169. 4, 13

43.7, 32.8, BHATR,28e@t)12998pp@#932, 1

m/ zf o(u)d )2 10154M (50), 135 (32),

L

onoNag | w
ol

o —
~
—~
w
o))
—
(o]
a1
~

1 oW
oFr
= . o

2ME/(EA20: 1'HNWMRVAHQ MHz), CECIS®, 1H), 5.29
7.2, 1.6 HZ= 16)1, 511@ Kok, 18H)3,, 28..538 (8d.d3d ,
(s,-13B2, (i, 612 H)6, (Im,511 H) , 1T-MNBR(6s3, MHEZ), pp
i 202.4, 167.8, 133.3, 118ppn;BRTR, mMdat2),
2978, 2934, 1 GCH MSETE09 6e, V)1 6n8/8z “¢(mb)o u2nldo) ,(
7), 135 (32), 121 (57), 111 (48), 94 (5
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—
~N T O

PWONGSGgR
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12.

an

QOO SMO®3IFr—~®3M
goo.—- RS-~
—axXxpoa—=
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O T cCc T o»m

nw

~rzZzhoa~Ngr

ITI©I'

d

NCDOS,['C)OJ

1.@adati) and
133b)

(-segm2-@-ithyllc yic| Apropargl ate (13

)|KOEt EtO)lKLPh

y
der an at

was add
) . The
was i |

—,—pccgf—f-c_
o—ﬂ_.'—jj
~—

(3 40 mL) .

e suspension stirdédman.raddoi tempel at

133a 133b

benzoyl acetate (2.883 g, 15 mmol , 1 equ

mosphe@edoiddry, n3@rmmgein, X eqlL

B oh
ed p{ri &b sdiobrtoebned d i3t. i1dB8 a@f, 15
reaction mixture was stirred f
antde ¢ hiea tpr eeémpdved via filtratdi

V.
e

i20nalfThE&t sol vent was removed under reduc
ned b e(t3wle enmL2H 64 @ BLgu e oluhse laayer was ext
X

The comie me ddoir gdaa madce e EDO v e

removed under reduced pressur e. The re

tography

—~ O

d 936 mg
reoi somer

Q

on sn-pernctaa@Qee/2Bt:el ug v Mbgy wH RUNT o we

(26%)3Bas diasterkessomelk. The
S Ii's based ont etbhie¢ yds isgrementabm

a
ng WwWiot:hl RE/®EA giving 1.3743Bag3d& Wolodr Ide
n
e

. 3mBpe(nt asOe / R0 : LH-NMR(W)0)0; MHz), OISO, 2H),
5750 (m,-7.14HD) ,( n¥,. 415H)=1 65 .92B20( dlaH B, 1 5. 2\, 1H) ,
1

Jeda, 0HzQ

1H)3,. 94. {4n, -22.18)8, (2m,961 H) ~=.,4. 95 (

Hz, 1HY)s8.17 @Rz6( dldH) ,J=0.79 2 (Htz,, *BNHNR( 7B m;

gDal 193. 7
1 3 .R6A TpRo, m;

_CD"

133b
0.nPE n(t as0e/ R0 : I'H-N MR(V3)0)0; MHz), WCBOT.I®®H, 2H),

')

Hz8 1H) ,J=07
. 133.
6, 2982
: 267.0992,

5 c abHcOs+ N a&r:

752 (m, -71 H)1,
43007 (4, HZZ, 2 2HY) , (@, 1HF, 717944(68dHz,

1, 132.8, 128.5, 128.2LRAT®R, 8nea
, 1727, 1678, ZLEBRM$ESI98,.cab®E®l f ol

, 171. 0,
neat) 29
2B 7. 009

137. 7, 133. 2, 132. 8, .
82, 1722, 16 A MHRMIS6 38,
92, found 267.0977.

(7m, 452 )1, (5m, 8L K8)7, (5m, 43 H)9, (5n,
1

2
H

90 Hu,'TNMR PP mMMHzs) @GDCO 4.5, 16¢
1)
4

found 267.0980.



12.1.11,20Z Pr-b-@nr2-yl ) cyc | o-fpr-dhipyaln)eb i-5q red )h a(nl 3 9)

O O

139
1,-@i br-@met hya-eruet (1, 59 g, 7 mnoO&(2,19@®qa, v2) @m
3 equiv.) were suspende®en tndhiremnet o(Mle 7( 210L , mL7) .m
equiv.) was added drop wise and the mixture w
mi xture was cooled to 200085t mmpewasuraedadd E
precipitate was removed VvpOa (f2i Ixt r2eébt imdn .andc ew &
removed under reduced pressure and the residui
silica gel npdnttas@e/4Bnl t Hv/ v) yielding 378 mg
prodi3cas a yell ow oil

Ri= 0.nPp& n(t as0e / Bt 1 'H'NMR( RH0 MHz), ©CD4oWE40.8 Hz,

1H), 4.75 (sJ= 1BH), HzZ.,57H)t1l,. 2. M2, (&H) 1.2. Ha, (
3H), 1.92 §.dadd,5.1, 1.0=Hx.,5 1HD) 1 .34)7,6 i(,d5DH) p
l1¢-NMR 6MHz, ¢gDQl 203.2, 202.5, 138.6, 113.9, 51
ppmMRATR) 2973, 2918, 1688, M@QFBMSENI357,0 123V09 ,n
(%) 168 (fMund), 151 (14) HRMEEI |6 7%T)a,hedmB]fot0q)C
166. 09904, fl66.0991.

12. 2 TBCA[tRael ]y ze &k eWi Cbon Rearrangemen

Vi cwopropanes
Gener al Priofcheedumrad Icondi t.iWoRhef f ¥E€EP$ he C
(GPI)

TBAK¢(10.3 mg, O0.025 mmol) was weighedDCHKMt o a
(5 mL) was added and the mixture stirifFedd unt i |
of this solution was transferred to a separat
charged with the appropriate vinylcyceéalpedpan:
under an atmosphere of dry nitrogen and heat
removed under reduced pressure and the residu
on silica gel

Gener al PrloRrdadtuag cch &mincdalt i ons-WfRhaof t he C
VCPEGPI 1)

A ImlL Schlenk tube was charged with vinkgég cycl o]
(0.001 mmol, O0.0&ZN €duimkL.) uhaedr dBBcti ons wer e
at room temperature under Hog rlaedmpa5 oW, oXe nlovnh ||

QT



at distanyreomsfivwl® dmght (23 W, Compact Fluore

cm) for 3 h. The reaction was quendmed.awiutoh
Purification by silica col ummedhrdormygtdo gorf arp layn
12. 21-0Met R5wli n4y,kdbi hydr e3ftydr)aert henone (112)
0]
ﬁ_)\/
0]
112
Ther mal condition:

Theitle cwanpopuwmdi fied via column chromatograp
pent ame 2REtL (v/v) to afibagd & lc @l onngl € 94 %) i lo.f

UVLi ght (Hg8 O pWhpondi ti on:
Theitle cwanpopuwmdi fied via column chromatograp
pent ame 2REtL (v/v) to afibagd &8cdl onngl D6 %) i lo.f

UVLight (75 W, Xenon Lamp) condition:
Theitle cwanpopuwmdi fied via column chromatograp
pent ame 2REtL (v/v) to afibagd &6c &l ongl DB %) i lo.f

Vi si-lbilgeght Ca@®p ac tr &d aweont) Lcaoompdi t i on:
Theitle cwanpopuwmdi fied via column chromatograp
pent ame REtL (v/v) to afibagd &6c ®d orgl d D2 %) i lo.f

Ri= O0.nlpeen(t asOe/ Bt 1HNWRY 250 MHz), CDOEI®E 17. 0,
10.3, 6.6 Hz,J=1HY, 15.311(#H@s 1B)4,5122-ddt, 1}
9

4.99 (m, -3LH)8, (3n,1-BLH)9, (2m,7 8JH) ,1.24. He , (t3,H), 2.2
ppmMTNMR( 63 MHzs @DQI94. 4, ,162639,136179, 82.6
15.0 PRATR, neat) 3409, 3086, 2989GC/2\WSEB, 286
70 eV) m/z*( 900152 1(3MW (36), 109 (72), 95 (26)

hy



12. 2P Renypl h(e2nbyvli ndy,lbi hydr e3fydr)amet hanone (128)
o)

Ph%\/
|\
Ph™ g

128
Ther mal condition:

Theitle cwanpopuwmdi fied via column chromatograp
pent ae/1Bt 1 (v/v) to afid8d d426o0bomhbge¢92%pI| od

UVLiIi ght (Hg8 O pWhpondi ti on:
Theitle cwanpopuwmdi fied via column chromatograp
pent ae/lBt 1 (v/v) to afia8sd 4d0RoBomhbge¢93%9pI od

Ri= 0.nlp&En(t amelVELL (WNMR(BO0O0 MHz), LbCI4%&F:m, 2H),
7.27415 (m, -74H)3, (7,10 H)s1 76,.01100 . (2d, d d61 K5)dt,J5 . 46 (
17, 1Hz1 1HY, 38.23n, 2HFE1437H39(ddH,), J31449 (dd,
8.z, 1H}T-NMR{;63 MHzs) @DCIO3.4, 165.5, 139.0, 1
129.9, 129.4, 128.9, 127.6, 12MW ABR, llngat2) 3a
3027, 2985, 2848, 1615, LIHROMMS E IR OLrCi®65, 148
Na‘] 299 . 1f0ctBH¥9 . 1054 .

(R-12:8 fU22.5 (c =35S)-23:8 RAHCH22.5 (ca3)=. 5.33, CH

soed



lad _

pata File C:\HPCHEM\1\DATA\DP\CL-24A00.D

?
Sample Name: CL-24A

thiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3n

1

22.05.15 14:34:47
CL-24A
Dominik

Injection Date
Sample Name :
Acqg. Operator

Acqg. Method
Last changed

C:\HPCHEM\ 1\METHODS\BPOD9 1.M
22.05.15 14:33:48 by Dominik
(modified after loading)

¢:\HPCHEM\1\METHODS\BPOD9 1.M
22.05.15 15:55:29 by Dominik

Analysis Method :
Last changed

vial : 11 O
Ph
Inj Volume 3 ul
N \
o) Ph
(R)-128

Product of photochemical condition

. DAD1 A, Sig=235,4 Ref=550,100 (DP\CL-24A00.D)
‘ mAU ] fg\
| 10% IV "\_ AN —
0= e T T i i T 1 i T e T ]
] 5 ] 10 15 20 min
DAD1 B, Sig=240,4 Ref=550,100 (DP\CL-24A00.D)
mAU =
10 /E\
3 e . [ e ; o
0- T i i T T — T T T T T T
| B 5 10 15 20 min
DAD1 C, Sig=220,4 Ref=550,100 (DP\CL-24A00.D)
mAU
10- BN |
N ) R 15 ‘ 2 min
DAD1 D, Sig=212,4 Ref=550,100 (DP\CL-24A00.D)
mAU 3 B
o] N |
0 ‘e e e : L —— |
S 10 15 20 min
DAD1 E, Sig=210,20 Ref=550,100 (DP\CL-24A00.D)
mAU
"é// L ‘
BUIINEe R ) !
0 i T T T T i T T 1
5 10 15 20 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Signal 1: DAD1 A, Sig=235,4 Ref=550,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
m—— | == | === f=mmmm——— | ===
1 17.821 BB 0.5863 908.40143 21.97522 100.0000
Totals 908.40143 21.97522
Results obtained with enhanced integrator!
Instrument 1 26.05.15 10:55:58 Dominik Page 1 of 2

MAan



yata File C:\HPCHEM\1\DATA\DP\CL-24B00.D Sample Name: CL-24B

/égiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p

1
Injection Date : 22.05.15 14:59:51 o
Sample Name : CL-24B vial : 10
Acqg. Operator : Dominik Ph
Inj Volume : 3 pl
Acg. Method : C:\HPCHEM\l\METHODS\BPODQ#l.M §§ ) \
Last changed . 22.05.15 14:33:48 Dby Dominik w 0 Ph
(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\BPODY 1.M (S)-128
Last changed . 22.05.15 15:55:29 by Dominik Product of photochemical condition
{ DAD1 A, §ig=235,4 Ref=550,100 (DP\CL-24B00.D) T
IRV TE
L wd
0 === e e T T T
4##‘4#..4722_,,442_,M<,JE_A,,AJQ..,4ﬁ}5
DAD1 B, Sig=240,4 Ref=550,100 (DP\CL-24800.D)
mAU
\ o
: 0 < e R ﬂ‘r’:wj__rﬁ”‘:—————L‘:,—_—,&—H—:'—'—:‘?:":_'
] ] 25 5 75 0 125

DAD1 C, Sig=220,4 Ref=550,100 (DP\CL-24B00.D)
| mAU
i mj

0 ';ﬁ:——‘j:?—r—v—frﬂ—w—ﬁ—?;-.——;,:raﬁr—:;ﬁ:r

25 5 75 1w 128 B

DAD1 D, Sig=212,4 Ref=550,100 (DP\CL-24B00.D)

] S e S e e e
25 5 75 10 125
DADT E, Sig=210,20 Ref=550,100 (DP\CL-24B00.D)

mAU 8

| 50 Jo
/

\ Q = =T S ] e e i B e i e e
| 25 5 75 10 125 15 175 20 mi

Sorted By : Signal
Multiplier : 1.0000
pilution : 1.0000

Signal 1: DADL A, Sig=235,4 Ref=550,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
St R e f—m=——— |—==m— f=mmm |
1 16.267 BB 0.5276 4053.75537 113.80764 97.3832
2 17.777 BB 0.4835 108.92802 2.71816 2.6168
Totals : 4162.68339 116.52580

Results obtained with enhanced integrator!

Instrument 1 26.05.15 10:58:12 Dominik Page 1 of 2

MM



12. 2EBh yme t2h5wli ndy,kdbi hy dr e3fciarrabmo xyl ate (130)

0
EtO

| N\ o

0]

130
Ther mal condition:
Starting from H2& s tTehned d ies oaonwmso upnudr i f i ed vi a
chromatography on snperctaasQee/lEBtel u¢(¢ vhyg) wi o haff c
(93%L386 a colorless oil
UVLi ght (Hg8 O pWhpondi ti on:
Starting efrreoom shadde s tTheet | e cov@pgoupnudr i fi ed via
chromatography on snperctaasQee/lEBtel u¢ vhyg) wi 6o haff c
(94136 a colorless oil
Vi si-lbilgeght Ce@®pasct Fluoréscomdilamom:
Starting from HW2& s tTehred d ies oonemso upnudr i fi ed vi a
chromatography on snperctaasQee/lEBtel u¢(¢vhyg) wi o haffc
(93136 a colorless oil
Ther mal condition:
Starting from HdO2fh shtBdriddies oanwm@mpgoupnudr i fi ed vi a
chromatography on snperctaasQee/lEBtel u¢ vhyg) wi 6o haff c
(92136 a colorless oil
UVLi ght (Hg8 O pWhpondi ti on:
Starting from W2t s tTehred d ies oanempo upnudr i fi ed vi a
chromatography on smnperctaasQee/lEBtel u¢(¢ vhyg) wi o haffc
(92w13a@6 a colorless oil
Vi si-lbilgeght Cae@®pawct Fluoréscomidiltamm:
Starting from W2 s tTehreea d ies odwempgoupnur i fi ed vi a
chromatography on snperctaasQee/lEBtel u( vhyg) wi o haffc
(92136 a colorless oil
Ri= 0 .ndp& n(t asOe/ H5: I'H-NMR(V2)5)0; MHz), COHRB, 17. 1,
10.3, 6.6 HzJ=1H)Y, 15. 292(dHPD= 180) 3, 5120-ddt, 1t
4.98 (m, 1X) ,7 4Hz1L,7-2(HP,1 Gml21H)2, (m,720H) 1.5. 21
Hz, 3H),J=1728 Htz,  'BNHNVR BBmMMHzs) 10DCI5, 166. 1, 1
116. 6, 101.7, 82.5, 59 R5ATR35 .nee;atlh4 .249,8 11 4 .219 28p
164216/ MSEI , 70 eV) m/ z540)%) 113892 ((5M8) , 137 (5"
(100), 94 (64), 93 (54), 67 (50), 66 (83), 65



12. 2t dBut yrhe t2h5wli ndy,lbi hy dr e3fcrarrabmo xy |l at e (132)
0

t-BuO

| N\ 7

0]

132
Ther mal condition:
Starting from U3ahs tTdned d ies oaonwmso upnudr i f i ed Vvi a
chromatography on snpaerctaasQee/LlBue/lvu)( ithag anfiftchr d 9
(94%13@6 a colorless oil
UVLi ght (Hg8 O pWhpondi ti on:
Starting from HW3dans tTehred d ies oonemso upnudr i fi ed Vvi a
chromatography on snperctaasQee/lEBtel u¢ vhyg) wi 6o haff c
(851 3@6 a colorless oil
Ther mal condition:
Starting from W3kb s tTehred dies oanempo upnudr i fi ed Vvi a
chromatography on snperctaasQee/lEBtel u¢(¢vhyg) wi o haffc
(60%L3@ds a colorless oil
UVLi ght (Hg8 O pWhpondi ti on:
Starting from HWO3dbs tTehrea dies oonw@mpso upnudr i fi ed Vvi a
chromatography on snperctaasQee/lEBtel u¢ vhyg) wi 6o haff c
(91%1 386 a colidr.l ess

I
o

. 3nfpe(nt asOe / BH5: BH-NMRW2)5)0; MHz), OB, 17.0
1

.3, 6.7 HzJ 1#).,2,5.12 P (Hdkt), 120H)4, 51.119 Hzd,0 41 H) ,
4

R

10 ,

(m, 1HR, 93. @™, 2L 1)8, (2n,68J) 1.5H. Hz,(t3,H), 1.48 |
I1E.NMR( 6 3 MHzs @DQI66.2, 165.6, 137.1, 116.5, 1
14.1 IppMAMTR, neat) 2975, 2928GC/2WSED, 168&YV) 1GAEZ
210*(M2), 154 (63), 137 (1a3) (8835 OB5)Y10021 ¢
57 (46) .

12. 2ESh yd h enb5yli n4y,ldbi hydr e3tcuarrabm xy |l at e (134)

0
Etoﬁ_)\/
/
Ph™ g 7
134
Ther mal condition:
Starting fromldBiBasi eme[fBvs®Berdhedt |l e compound
was purified via column chromapegtramwadiftPod si l
(v/iv) to affodl84408.do0( 87 Pesefoil.

Mo



UVLiIi ght (Hg8 O pWhpondi ti on:

Starting fromldBBasTiheet ¢ @i sowampopuwmdi fi ed via col
chromatography on qipleint @a10g éLlBt ell utvi/rvg wiot mf f or
ofl3d4s a colorless oil .

Ther mal condition:

Starting fromldBBiBasTtheat ¢ @i swampopmudi fi ed via col
chromatographyca gepeal atOedptviti t(hv/ v) t o affor
(86%1L3d6 a colorless oil

UVLiIi ght (Hg8 O pWhpondi ti on:

Starting fromldBBiBasTthea ¢ @i cwampropmudi fi ed via col
chromatography on waniplhinde @ 10g éLIBt ell utvi/rv) t o affor
(92%13d6 a colorless oil

Ri=0. 2nfpe(nt as0e / B0 : FH-NMR \2)5)0; MHz), ICBTC.IB™M, 2H),

7. 44233 (m, 3HJ)5176.10130.013¢d d61 BB, 12. 4, 3H), 4. 1:
7.2 Hz, 2HJs 5,31 Bz 6§ dldH) , J21 921843, 1H) J=1. 20 (t
7.2, 3HLNMRnNG MH z3) GD(EI65.2, 164.6, 136.8, 13
127.6, 116. 8, 102.1, 82RATR)5929780,372867,141 7220 P,
1623, 1597, 1574HRM&S9BESN Y 4.6HLO@mN[E]C 267. 0992,
found 267.0994.

12. 2(ERL-( ] Hxl-enl-y -2Yme t hRdy,tbi hydr e3tydr)eerl-bar ( 135)
o]

%\/\H-C4H9

o)
135
ermal condition:
i sctrieman was per f & nMePed u Jtihietgl & aovwahp opuwdi f i ed
l umn chromatography mpnetnainled &: Ig e(l v /ev )u tti an ga fwfi
7%135% 6 a brown oil .

=
=

UVLi ght (Hg8 O pWhpondi ti on:

This reaction was nmewsSfToFedear b haurtsl.e Tchoemp o u n
was purified via col umn c¢hr onmapteongtraafpehdE tio n( ws/i )i
to afford 7213&8snga (B&dlw)owfoil

Ri= 0.nPp2xen(t asOe/ Bt: 1 'THINMRY 3D 0 MH=z), LCDEHW,761H), 5. 6.
5.51 (m 1HF, 18. 00 @dd&d, Hz, 1H), 3.09J=n,. 31H),
Hz, 3H), 2.19 (s,13H6, @.8AHRIFdIdIAHN,, 4H)474.0L. 90
Hz, 3HYCHNMR;75 MHz3) GDCO4.6, 167.4, 135.1, 12E¢
31. 8, 30. 9, 29. 4, 12RAZR) 13997, 139,271p5p@13,57138H
1216, 1132, 1061,5,GCd MSESRY, mb25( Hm2059 ,( M 6+7 H 1
149 (18), 123 HRMY ESI1IN 3c &HOM ¥ N F31. 1356, fo



231.1358.

12. 2M@t hg)B3-( b ceHmet Ry iBi hydr e2tydr)aancr yl ate (136)
0

%\/\COQMe
0

136

Ther mal condition:

Thi sctriemn was per f o mdged u Jthietgl & owahp opuwdi f i ed
column chromatography opesteadcd: dell véebltitowg aw
mg (96X)Gawonfa red oil.

UVLiIi ght (Hg80O apwhpondi ti on:

This amawasd performeth DHFAHAOsrnd BHaoomotkl.e Tchoemp o un
was purified via col umn c¢hr onmapteongtraaeh4E tb n( \s/i \)i
to afford 7418&é@asnga (BOI)owfoil

Ri= O0.np%® nt an® /2Et1HNWMR¢3IDO MHz), CDOEI®S3 15. 6,

4.8 Hz, 1H¥,16.62H¢+&, 161)(m5. 21B), 33.7165 ((sm, 31H)),
2.77J€dd4.0, 7.1 Hz, 1H), 2.'ZTNMRs753MMHzs) 2CRCI (
a 194. 0, 166. 8, 166. 2, 145. 2, 12ppBI;R ATR) 6, 7
2953, 2923, 1722, 1673, 1597, 141352, 1BBM,, 9uUBLK,2,
625 i/ MSESI ) m/ z (%) 12271)1, (M3 »#+ (HIPMY ESN1L9cane)
fornH{{u+ *H 211. 0965, found: 211.0961.
12. 21-8B2Met Roy(l2Znet hy |-be ri-p I4),-dbi hy dr e3fydr)eerdl-bae
(137)
0
ﬁ/_)\%
0]
137
Ther mal condition:

The reaction was performed on-%a TEA2 7 Fthietmod S
C 0Omp o umdc purified via <col umn chromat mmgraphy
pent ame 4EtL (v/v) to a@afif7asda2@gumpl €5d ).

UVLIi ght (Hg80O pWwhpondi ti on:

This reaction was pehTBEmedr bg baurng.e5Tcmenp o un
was purified via col umn c¢hr onmapteongtraafpehdE to n( ws/i )i
to afford 5413&@snga (d&%)r loéss oi l

Vi si-lbilgeght Ce@®pa&ct Fluorégscomdilamm:
This reaction was pewnwTBWmedr bg baurng.e5Tcmenp o un

M p



was purified via col umn ¢ hr o nmapteongtraaeh4E tb n( \s/i \ )i
to afford 5418&snga (d6&%)r loéss oi l

Rit= 0.nZp5e n(t a10e / Ht: 1'HNMR) 300 MHz), DX B3I, 2H),
3.8B702 (m, -2LH)8, (2n,731H) ,1 . 4. Hlz,(t3,H), 2. 19 (s,
1.74 (s, 'B-NMR(p/pdbm;MHz3) @DQ94.7, 167.9, 138.5,
37.1, 29.4, 25.BRAIR)239725.29pfm; 2859, 1714,
1380, 12,16928,13865GC/6MSESEIM m/ z *(%1)1811¢3¢M (18)
(25),123 (100) , HRMB8E®S23) cabsO ¢ 28 ; 203. 1043, f
203.1039.

12. 2(EPRL-( Met Royslt y-# ybi hydr e3tydr)eertl-oae (138)

Ther mal condi tion:

This reaction mwaa Ppe2bommed ec%®al FAuUsTthiat | %2 mo
C Omp o uadck purified via <col umn chromat mgraphy
pent am®e 2REtL (v/v) to aiB@8sdabbrogn(8BM) of

UVLi ght (Hg8 O pWhpondi ti on:

This amawad performeth DPEFAHAOsrng B aoamotkl.e Tchoemp o u n
was purified via column c¢hr omapteongtrBa@eh/: o n( w/i \)i
to afford 89138snga (®B86Wwnodi I .

Ri= 0 .ndp®nt as0e/ Bt 1'H-MMR)3)0;0 MHz), ICOCIZ®;, 5H), 6.6
(= 15.8 Hz, 1IH)1568267 (88HA5 I, 1H)263. 19 (.
(m, 1H) J=212@ HEz, 3H), ZTNMR 75, MB) @GP®O 4. 46,
167. 39, 135.97, 132.57, 128. 66, 128. 22, 127. €
15. 08 I gpFm;l m) 2922, 2863144%,691 4 2F;,HRMIBASIAAM
calc.1$h@r+ [N 251.1043, found: 251.1040.
12. 2.1 @™Met Roy(lp r-benr2-y I-4),-bi hydr e3ftydr)eedloare ( 140)

o)

/

o)

140
Ther mal condi tion:
Thi sctriecan was upe mfgdsSmdpddgl Tthiet | e cwanpomudi fi ed
column chromatogr aphy nmnepne nstiaiec/2E tlg e(l v /eM )u tti a0 ga fwfi
(96 %L 0a6 a yellow oil.

MnacC



UVLiIi ght (Hg8 O pWhpondi ti on:
Theitle cwanpopuwmdi fi ed via column chromatograp
pent am®eREt1 (v/v) to afidasd &4y &1 Imgw (®i71%) of

Rr= 0.ndp6e n(t asOe /2Et1 HWMR()JI Q00 MHz), DBEIDE, 2H),

4. %188 (m, 1HJs 133.0%, (1dod.g6, 1.4d=Hz4.1H)S8.2, 765,
1H), 2J=28 .6t Hz, 3H), 2.21 (&NMRH)5 MHZzZ4 GGl 3
194.4, 167.6, 143.3, 112.1, 11PRG, I8%J.29185. 2,
1672, 1%®8,12ABOC/KCMSElI , 70 eV) m/ z*( %123 16 )( 3
(10RM$ EIl ) caidtkeD] fod6pC0O0994, found: 166.0995.

12. 2 Eltlthy !l -t2,iMmeBF(Rydt hyl-pberi-p 4),-dbi hydr e3f ur an
carboxylate (141)
0

EtO
I N\,

e}
141

UVLiIi ght (Hg8 O pWhpondi ti on:

This reaction wansg pleofrnodgte d nb yT HuFsfi(or m2l4 hour s .
Theitle cwanpopuwmndi fied via column chromatograpl
PE/EA 20:1 (v/v) to ladfafsorad c903l.03r Inmegs s( 908i%). o f
UVLight (75 W, Xenon Lamp) condition:

This reaction waisngpgeX® omanled DHAuFEéDri B4THBuU( &
Theitle cwanpopuwnrdi fied via column chromatograpl
PE/EA 20:1 (v/v) to ladfadfsorad c9oll.o5r Inmegs s( 906i%). o f

Vi si-lbilgeght Ce@®pawct Fluoréscomidilamom:

This reaction waisngpgel@ 8Adie®d ] by nu TfHHd&r (24 mhhour s .
Theitle cwanpopwmndi fied via column chromatograpl
PE/EA 20:1 (v/v) to ladfdfsorad clo8l.olr Inmegs s( 109i%). o f
Rek= 0. 35 ( PE/ EANKR(:310(0v /MHz),; ICOHEGIB=2 .,8 Hz3 1H),
4.78J=(®,.8 Hz, 1837. 14 HKS 7RHq, 2.17 X=s,1.RH)Hz, 1.
3H), 1JF41(3,Hz, 3BH)7,. 21 .Hz0, (3tH), 1.23 (&, 3H),
NMR( 75 MHz3 @Dal67.7, 1®621, 113997, 88.5, 59.0,
21. 8, 18. 4, 114R ATR)141 89 3,pm1 628, 1334, 1308, 1
951, T7YWBRM$ESI ) caHcO::+fNHa [261. 1461, found: 26

MIT



12. 2 .(1M2et Ryplh e nSyvli ndy,kdbi hydr e3fydr)amphenyl ) met hanon
1 4)2

%"/%

(¢}

142
Ther mal condi tion:
Theitle cwanpopuwrdi fied via column chromatogr apl
PE/ EA 20:1 (v/v) tol4dadd oa dc &dl2o0 rmge s7 204) 1 .o f
UVLiIi ght (Hg8 O pWhpondi ti on:
Theitle cwanpopuwrdi fied via column chromatograpl
PE/EA 20:1 (v/v) to 4#fBsesrd tOo6o0o7|Imgs(92%) of
Ri= 0.33 (PE/EA:NMRIO3QO( MHR) ) )ICEDC.I4BH, 2HY, 1D. 27
(m, 3HYyY,12. I, -7LH)0, (/m,124HJ=5176,.10170 .M d d6,1 BB) ,
5. 4d4J%17, 2Hz2 1H)d,J=5103,04Hz0Q0 1HI4. 649 7(7m, - 1 H) , 3
3.46 (m, 1H) & .Hz36 3HG-NMRM;5 MHzs) GDCRO3.8, 164.
139.2, 135.9, 131.4, 130.03, 129.97, 129.4, 1
46.5, 1717 RATRRYHmM;3061, 2958, 1721, 1613, 1593, 1
729, 69RRM$ESI|I )f ocebHe+ Na 313.1199, found: 31

12 P3 eparatiybeyct oAr opanes
Gener al Prvoc @cerad i I€CP s o INGR

O O
® O o 0
SMe r R2 R3
R1©/\ S(CHa)y. Br, 2 149 R? R?
CH;CN R K,CO3, DCM/H,0
oc . rt, 0. n. R’
147 0°C I‘t, 2h
148 145, 149 - 159

The procedure was modified Bbrom téde( Imidelr)al ,ur 2
in DCGM mL) was added in a solution of e iNmet hyl
(20 mLY B0 Qive a yellow precipitatelddh@ corr
mmol ) was then added at the same t dnmpeweat uroe.
warm to room temperature and stirred for 2 hoc
give a precipitate, which was then filtered
corresponding bromb4g®il flooutwmf bromedepur i ficat

T bromosul fodad@mObmmml yeand potassium car bon
were disDCIWE®d (Lnl) mi xtur e -2 2di0o nneL ) (. 2 . F0e5n t maln,
mmol )-di ph&pgdopanedi one (4.49 g, 20 mmol ) or
mL, 20 )mmnwas added amdt emperadumaé owdearyneirg mta.s T
separated and the aqueous | ayeDCMvaFBhextomlkit eda

MY



organic | ayers weige fdrlited edvemndMg®h@n concent
pressur es.i dluhee waes puri fied by column chromat ocg
npent ame/ (Bt 1 to 2:1) to give the desired aryl

12.311Phenyl cycldpdioplankei-5qred)hanl45s)
O O

145

Thei clobempowad obtained addoradfitnegr tpouaGRiod atmino
chromatography on splkint ai0g HIE tle |(wt/ivhpg twi taf f or d

t wo steps ovledaasl la ycioellodr)l eosfs sol i d.

Rf= np2nt aOe / Bt 1m.p.6 A6v2) )AC [ I'H-NMR538 0OAQMHz), CDCI
a 3ZMm, 3HYy, 12. I, 2B¥,8352Bz(bitH), 2.28 (s,
J:7.,95-| 3 1H), 1.81 {=9. B3 LHGENMBREG?ZS5 MHz,
cbegly 4 202.7, 202.2, 134.1, 128.5, 1ppgm;R , 12
(ATR) 3098, 3065, 3020HRNMFES| ) 166l Ok4BIGr c n
225.0886, found: 225.0871.

12. 31204p-Tol yl ) cycl-bpdioyla)nkei-5d red()hdadn9 )
O O

149

Theaitle cwmpowrhd ai ned add&oradfitnegr typouaGRiod atmino
chromatography on spéntamgB8Etlellwt!vnpgtwi ahford
t wo steps ovledr8asl la yyieellldow osfol i d.

0.nd& n(t ap® /3EtImp.6/249) )AC [519i tAKHIHMRE300 MHz,

Gl U (7m,102HY, O2. @60, 2B, 53H27 (H), 22.323 (s,
1.84 (s, 830), 4136 2NMRLAF Mpims) GDCI

. .4, 137.3, 130.9, 129.2, 128.
3, 1681LHRMBIETS,I )14 XmH©18 560 rc n
3



12. 31304t eButyl )phenyl ) dy-di ppb)y bphkdgqred)hanl550)
O O

t-Bu
150
Theitle cwmpowrmd ai ned addoradfitnegr tpouaGRiod atmino
chromatography on snipleind aa10ed3lE tle | (uvt/ivn)g twoi tahf f or c
t wo steps ovlebrfasl la ycioellodr)l eosfs sol i d.

Ri= 0.nd%nt an® /3EtImp.6AV]) )AHNMR 300 MHz), WCPTI31
7.27 (m,. @d83H)3, (m, 2M) .,8.3%H. 2z ,(t1,H), 2.X2=7 8(.s0,, 3H
5.3 Hz, 1H), 1.82= (%.,1,3H).,3 1Hz6,5 L(HENMR 28 ( s,
MHz, €Dl 202.9, 202.6, 150.6, 130.9, 1278.0, 1;
19.2 PRMATR) 2962, 2869, 1684, HRIMRIBSI )1:42&a! 1.3
[CiH2©0 + *INea81. 151 »u1d.:1494
12.3140ZZF1 uorophenyl ) clydli ogpr dp-&ded) anl51)

(0] (0]

F
151

Theai clompowad obtained addoradfitnegr tpouaGRiod atmino
chromatography on splkint ai0g SEtle |(wt/ivh)g twi taf f or d
t wo steps ovledraasl la ycioellodr)l eosfs oi | .

Ri= O0.nip7e n(t as0e / Bt: 1'H-UMRV3I0Q MHz), ECDBTIAB, 2H),

7.®2 93 (m, 2X) ,8.35 2Hz,(tLH), 2.287 .(9sHzB8HNLH)2. 2
1.84 (s, 3M)9,,11H54 {HHLCNWMR;75 MHzs) GDEZD2.6, 20°
162. U=(@45.2 Hz)ys 830D.Hz) {5 129249 Haxd)J= 2RU5.55 (
Hz), 52.6, 32.8, 3d® ATR)273081,0,191684p,pnmM;605, 15
1224, &HRMENES!| ) caHcFEQ+H oda: [ 243. 0792, found: 2

12.315@Z4Lhl orophenyl ) cly,edliogdr) b sded)idnR
0O O

Cl
152

Thaitle cwmpowrhd ai ned ad&oradfitnegr tpouaGRiod atmno
chromatography on splkint a10g £E tle I(wt/ivpg twi talf f or d

MM



t wo steps ovlebrdasl la ycioellodr)l eosfs sol i d.

Ri= 0.nd& n{t azOe/ Bt 1m.p.V FvHC) [ | i-1 7 °GH®-NeMR 300 MHz,
CDG) U -7.2B:, 2HY,.0Z.10n, 2H) 8.F. M&,(tH), 2.28
(dds7.,8 Hz3 1H), 1.86 (0s9. BH)z4 1. HL-PPRE7 S

MHz , 3)CDuCI202 4, 201.7, 133.4, 132.7, mee;. 7, 1
| R ATR) 3087, 3053, ®Z405,14D670,137893,119P4, 851
HRM$ ESI ) C&HlC:C|ZG'O|1§ﬂa[C259 0496, found: 259.048E¢E

12. 3160 Bromophenyl ) cyl,tdaprl o ha 154 red)h5a3n)
O O

Br
153

Theaitle cwmpowrhd ai ned add&oradfitnegr typouaGRiod atmino
chromatography on splkint a10g S8Etle I(wt/ivpg twi talf f or d
t wo steps ovlebr8asl la ycioellodr)l eosfs sol i d.

Ri= On-Bert ame/ Bt 1mp.IBNGC) ;[ | i-13 °AJHNMR 300 MHz,
CDG) U -77..3®m, 2H, 97. 6én, 23 ,8.35.,241H)t,, 2,28 (s
(dd=7.,8 Hz4 1H), 1.86 (s9. ®HB)z4 U HE-pMRET7 5

MHz, Da@l 202. 4, 210.17,7,13®8.31,3,12113. 6, 5ppwhm; 32.:¢
| RATR) 3008, 1681, 149MHRM®BBES) 10&WcBra®Ra@r c[mC
Nda]: 280.0099, found: 280.0103.

12.317QLZ3Methoxyphenyl hely,dl gpr dop-&q ree )hanhl54)
O O

154

Theaeitle cwmpowrmd ai ned add&oradfitnegr tpouaGRiod atmino
chromatography on splkint ai0g £IE tle |(wt/ivh)g twi taf f or d
t wo steps ovlebdasl la ycioellodr)l eosfs oi | .

Ri= 0.nplen(t asOe/ Rt: 1THNWRY 3 00 MHz), COQIA97. 92 Hz,

1H), -66.7851 ( m, -61 )5 (6m,742H), 3J7Z88(5, H3H) 1B) 262
3H), 2.J27.0ddz3 1H), 1.84 (s9. ®B)z3 WL.HGL-ppdd,

NMR( 75 MHz3) @DQl0O2. 7, 202. 3, 159 6, 135. 8, 12¢
52.6, 33.5, 30.4#RAZR)730D%.,3 29PRM;, 2838, 1683,
1358, 1256, HBMS ESWL) cmailHeOs+f dra: [ 205959 2, f ound
255.0981.



12.3180ZXhl orophenyl ) cly,edli oyd r) dp & ee d)hSagn)
O O

Cl

155

Theitle cwmpowrmd ai ned addoradfitnegr tpouaGRiod atmino
chromatography on splkint ai0g SEtle |(wt/ivpg twi taf f or d
t wo steps ovlebr&asl la ycioellodr)l eosfs oi | .

Ri= O0.n2pden( as0e/ Bt: 1 ' HINMRy B DO MHz), KLDLTIRI, 2H),
7.478 14 (m, -6LH)6, (7m,04I) ,8.F. He , (tL,H), 2.Jx9 (s,
7.,9 Hz3 1H), 1.88 @(Us9.3HH.z4 11KEBRATHME,75 MHz,
CDGl U0 202. 3, 201. 6, 136. 4,, 112364..54,, 5122.96.,7 ,3 21.278,
19.1 IpPRMTR) 3009, 2927, 1687, 1598RMYESL) 13
calc.1# €3 ®laa 259. 0496, found: 259.0483.

12.3190ZBromophenyl ) cy-t]|-dipylo)pbainkef red )i d B )
0O 0

Br

156

Theaitle cwmpowrhd ai ned add&oradfitnegr typouaGRciod atmino
chromatography on splkint a10g S8Etle I(wt/ivpg twi talf f or d
t wo steps ovlebréasl la ycioellodr)l eosfs oi | .

r= 0.nPpEn(t an®, /ELLHNMRCIDO MHz), LCOCIZ3®, 1H),

R
7.32)=(1t1,. 8 Hz, IH) 7. 8. HE, (WHE) ,7.8. H&, ( d,H) , 3. 2
8.Hz, 1H), 2.29 (s, 738),5242Rz(ddH) ,J=1.9.80,(s,
5.4 Hz, ;28NNMR{pP®w® MHz3 GDQIO2.3, 201.6, 136.7, 1
126.9, 122.6, 52.6, 3RRATRP0.95, 32071.09,, 2199.31, plp6
1564, 1478,cth4HRMY EISA5H7 CidHIBrOf 8]leB0[4. 99T Dund:
304.99714
12. 3.1 Met hoxyphenyl ) elydl gprn dop-&ded )i d7T)

O O

O/

157
Thaitle cwmpowrbd ai ned ad&oradfitnegr tpouaGRiod atmno



chromatography on splkint a10g S8Etle I(wt/ivpg twi talf f or d

t wo steps ovlebdasl la ycioellodr)l eosfs sol i d.
Ri= 0.nd4ent an® /3EtLImP.66O6]3 )AHNMR 300 MHz), CDTI22
(m, 1H), 6.98 (m, 1H), 6.8F Bm,7 Hz)-2.1H58 4 A 3,C
4H), 1.82 (sJ=3%)0, 1569 aNMRLHD MHm) GDCD3. 9,
202.2, 158.6, 128.9, 128.6, 122.46, 22014,11.03
| R ATR) 3006, 2939, 2838 HRM&KEEXS,I| )160€CKH:1O14 S0 rcm
Nda&l 255. 09 9 225m5d.:0982
12. 3 Melt hyalce®2phenyl cycld-papoppbarnf@l hd e

O O

O/

158

Theai clompowmad obtained addoradfitnegr tpouaGRiod atmino
chromatography on splkint ai0g HIE tle |(wt/ivhpg twi taf f or d
t wo steps oVviBBaasl la yiod lod ) exsfs oc kFammtsr anssd:mle rmsi. x t |

Ri= 0.npent a®e/ Bt 1 HNWRY3 00 MHz), CBCIB®, ci B
5Hrans 3.81r@ges 33BE5i)6s.,3.RB8 §bi ,elgs BH2F
.7 HezrahbBl2.48i)6s,2.83¥8.(HA&H.zQ tIrHgns 2. 248 (1

(bt
8 d
4 Wz, cli)l 1.93r@ws 13HIA9 (A dH.z7 cl)H 1. 09 (dd,
5 71.
S
5.

. Hz, tIhnp p®®NMR( 75 MHz3 ODQWIiRs 2199:;)9;5(1
tragns 168s7 1(84s8 1(38339Nns(128s7 1(28a4s (12838 s (
128ci)s( 1e7aghs@e2iJs 4 5@.96n s(5cl).s9 4&4).s6 A4 .32 s(3 5
(ci)s 3t4r. gbn s(3t0r 32n s(2c9i).s6 Zcli).s6 Lt7r.a8n g p R, ATR) 3031,
3005, 2952, 72839916285 41H6RAMBEI tm c atids] : ro
218.0943, found 218.0947.

12. 3.(henylcycldpdioplankei s(phenylLmét hanone)
O O

Ph Ph

159

Thaitle cwmpowrhd ai ned add&oradfitnegr tpouaGRiod atmno
chromatography on splint asOgéllBt ell utvi/nwvg wiot mf f or
t wo steps ovlebr8asl la ycioellodr)l eosfs sol i d.

R 0.nPp7e nt azOe / A0 : Imp Y323 ) ;' ACGMR( 300 MHz), LDCI
7.78 73 (m, -72.t6)6, (7m,5-92.H8)4; (7m,3-9LH)2, (7m,2-86HQ05 7. 1
( 5H) ,J=3.89.95 (Hozt,, 1M)8,,224d8%# 1Hdd, J29.78B Hz6d,

MMO



1H) p'€MNMR 75 MHzs) @DQ@WO7.0, 194.4,133798,13377
128.6, 128.5, 128.4, 128. 2, R1ART8R)1,3018257,. 13 0 6449, .
1656, 1595, 1576,,HR1\/|z$9E98|)144c7amc@a+fl‘¢a~ B@O©. 1199,
found: 349.1195.

12. ATBA[ Ea]t al yze &k eWi Cbon Rearr aomfgemen

Arlgyopr opanes
Gener al Pr olcheedruntae W:ondi t.iWoRvs oEf®sA t he C

( GWV)

TBKE(5.2 mg, 0.0125 mmol, O0.05 equiv.) and th
equiv.) were weighed into a dried 10 mL microa
added and the tube was sealed wunder an at mos
mi xture was stirred for 2 h at 120 AC wunder
obtained via chromatography on silica gel

Gener al Procedure ¥YlondPh otoaodcVeR oodl
ACPYg GFI )

A In0L Schlenk tube was charged with AryHéycl op
(0.04 mmol , 0.1 equiv. )2, @ahd D&&ctilomd ) wearnea ea
room temperatur under 1 r Hgdi atmipo/m5 &Ng mpK\eat i gl

ur e
di stance ofsilbl e
for 24 h . The r
Purification by

ightv(23 W, Compact Fluoresc
tion was quencheidn w.achuodi e
ica co¢udnasiche @ mait oygd aphyr :

nw @3
-_0 -

12. 41-0Met Royplh e nrdy,idbi hy dr e3tydr)eerdl-bagl 4 6)

O
\
0]

146
Ther mal condi tion:
Theitle cwampopudi fied by column chroman-ograph
pent am©eREt1 (v/v) to afil#asda50omgr | ©69%)opDfl .
UVLIi ght (Hg80O pWwhpondi ti on:
Theitle cwampopudi fied by column chroman-ograph
pent am©eREt1 (v/v) to afiéasd &6c Bl ongl d 82 %) i of

UVMLIi ght (75 W, Xenon Lamp) condition:
Theitle cwampopudi fied by column chroman-ograph



pent am®eREt1 (v/v) to afiéasd &6cdl ongl d S %9 i lo f
Vi silbilgght Cae@®@padkt Fl uor ¢gcsaeraditt iLam:p

Theitle cwampopuwdi fied by column chroman-ograph
pent am©eREt1 (v/v) to af#ag da 4c Ol argl € ) o iolf .

Ri= 0.ndPeen(t arOe/ Bt: 1IHINWMRE BDO MHz , U CDTABIn, 5H),

5.60J¢€d@, 68Hz4 1H)d,d B=140 300.Hz, 11HK)dd 2=1%7 2(

8. 4,HA,. 51H) J=21385 Hz, 3H), 'TNMR 15, MBH)I QDo 3)
194. 4, 167. 4, 141. 2, 128. 7, 128. 2, IIRRATR), 111
3063, 3032, 3002, 2954, 2919, 286HRM$EEB0, :159
calc.i1i2+ [N@ 225.0886, found: 225.0892.

12. 41-2-Met Roy(p-t o l-4 ki hy dr e3fydr)eedl-bag 16 0)

o
\

160

Ther mal condi tion:
Theitle cwampopudi fied by column chroman-ograph
pent am®eB3Et1 (v/v) to afib@sgabsdomgoi(d99%) of

UVLi ght (Hg8 O pWhpondi ti on
Theitle cwampopwmdi fied b
i

3./ column chromathograph
pent am©eBEtL (v/v) to afieéd &3c&l ongl d 85 %)i lof
Ri= 0 .nZple n(t az0e / Bt: 1 HINMMRY BPOD MHz), KE£DBLCIRI™, 4H),
5.56Jeddp. 6, 8.4 Hz, 1H), 3.3 (m, 1H) ,1.25 96

Hz, 3H), 2.2YW-NMR 73HMHg9 mEDCH4.5, 167.5, 138.:
125.7, 111.9, 8323, 138®7miplan®). 5292211 (w), 2864 |
1592 (s), 1516 (m), 14Q@@GCHMSESBBImM(m)(BB59 Z3
[ M+ NBRMS ESI) caMHcO:+f Ma [2339. 1043, found: 239.

12. 41-(38 4t e-But yl ) phimreentyHdy) tbi hydr e3fydr)eerl-oag 16 1)

t-Bu
o)

\

161

Ther mal condi tion:
Theitle cwampopudi fied by column chroman-ograph
pent am®eBEtL (v/v) to afibasdad8embow76m). of



UVLiIi ght (Hg8O pWhpondi ti o
Theitle cwampopudi fied
pent am®e/BEt1 (v/v) to a

column chromatnograph

y
fiodsd a9y &l mgw (adi71%) of
0
6

Ri= 0.nPlen(t ase/ Bt: 1'HNWR¢ 300 MHz), EDLIZ&, 2H),
7.273%¥d2.,0, 1.2 Hz)= 21H).,6,5.8574 (Hdkd, 1H), 3.37 (
2.3Q=(1,5 Hz, 3H), 2.21 {BNMRH)S5, MHz32 GDLD 49 I5),
167.5, 151.4, 51%8. 21113®5. B3.22 38.5)] R3¥F4.lem) 31
2959 (m), 2867 (w), 1671 (m)LGCAMSEI(,s)7,0 1e5V)2 n
(%) = 258] (1DH3 (M), 169 HRMSEI F7c o) f dB [ 6
258. 1f6@Wnd: 258.1622.

12. 4148 1 vuor op-B-@meaty h4y,idbi hydr e3tydr)eedl-bag 16 2)

F
)

\

162
Ther mal condition:

Theitle cwampopudi fied by column chroman-ograph
pent am®eBEtL (v/v) to afib@8sdadfembow76m). of

UVLi ght (Hg8O pWhpondi ti on
Theitle cwampopwmdi fied b
pent ame BEtL (v/v) to aflé

ol umn chromanograph

y col
Basgd D4y Sl mgw (®i21%) of
MH z), (D] B, 2H) ,

Ri= 0.nple nit ase / Bt: 1 HINMRY B P 0
d@)3,. 323.(4n6, -21+8)8, (3m,0 0L H)

7. 7201 (m, 2HE1O0548124 (

2.30=(1t1,.4 Hz, 3H), 12tI\2|\Z{((755, MHHE ) @94 . 3, 16"
162.5=(@45.5 HzYys 332. Hz)ds182725Hf£dJ)J=125.3 (d
Hz) , 111. 9, 82.5, I3I¥§A$R)29954,15601ppm59 15
929, 833, B12HIRMIPBES| )cmcaltkkFQf oNa[Z43. 0792, f o
243.0785.
12. 41-684C€hl oropf-may h4y,ibi hydr e3fydr)eerl-bag 16 3)
Cl
O
\
O

163
Ther mal condi tion:
Theitle cwampopudi fied by column chroman-ograph
pent am®eBEtL (v/v) to afi68sdabyyembowoadm). of
UVLiIi ght (Hg8 O pWhpondi ti on:



column chroman-ograph

Theitle cwampopwmdi fied b
i®&8«d dolwe&dilmg (75%) of

pent ai©eBEtL (v/v) to af

y

®
Ri= O0.nip& n(t as0e / Bt 1 HINWMR¢ BDO MHz,0 CDTI®BIn, 2H),
7.%022 (m, 2HFE10578%83 (d)3. 333.(4n8, -21L18)6, (2n,9 71 H
30J=(t1,.5 Hz, 3H), DCNMR((7S, MHH)) @OHB]3, 167.

. 134.0, 128.9, 127.0, | RIAT.RY), 28922.13, 13687.28,,

381, 1215, LIHRMS ESBP, c 624 €lc@ro rKa] C
6

, found: 259. 0484.

)
2

12. 41-64 Br omoph@mgt Rly,ibi hydr e3fydr)eerl-bag 16 4)

Br
0]

\

164
Ther mal condition:
Theitle cwampopudi fied by column chromanograph
pent am®eBEtL (v/v) to allbdsda68embow9od@m). of

Ri= 0.ndpZXni ame/ Bt: 1'HNWRY 300 MHz), ICDTILXH8n, 2H),

7.234.17 (m, 2HE, 19.55 8da&, Hz, 1H), 3.39 (m, 1
= 1.5 Hz, 3H), 'ZNMR 15,MBH) GREO4. 3, 167.2, 1
127.3, 122.1, 111.9, S8I2RBi,| ®B.29229( %), 153866 p
1601 (s), 1488n{@&¢/, MIEIG2 70meV) m/ z](%L86 228)
115 (23), HRMSSEI()L 00aubHeBr Hor 2BC. 0099, found: 28

12. 41-(78 et hoxypbhmaty hdy,ldbi hydr e3tydr)eedl-bag 155

165
Ther mal conditi on:

Theitle cwampopumdi fied by column chroman-ograph
pent am©eRREt1 (v/v) to afibédasdad9embow86pm) . of

UVLi ght (Hg8 O pWhpondi ti on
Theitle cwampopwmdi fied b
pent ameREt1 (v/v) to afil

ol umn chromanograph

col

&8s B6ydl Imgw (®i31%) of
Re= 0.n2p7e n(t a10e / BRt: 1 H(NMRY
6. $4 82 ( m, 1HF1057 &G4

( 3.8232s,(mMHILH)3. &
2.90 (m, 1H),1.25 3Hz,(t3

y
®

PO MHz), LDTIRen, 3H),
) ,

), BPT-RMR((S, MHH) @pPe!

B
d
H

MMT



194. 4, 167. 4, 159. 9, 142. 9, 129. 9, 117. 8, 113.
ppm;RATR) 29%38B, 1670, 1586, 1489, 1383, -1
PHRM$ ESI ) caHcOQ:+fNHa [265. 0992, found: 255.

12. 41- 88 £hl orop-may h4y,idbi hydr e3fydr)eedl-bag 16 6)

O
\ ci

166
Ther mal condi tion:
Theitle cwampopudi fied by column chromanograph
pent am®eRREt1 (v/v) to afibédsdaS58embow9o906pm) . of

UVLiIi ght (Hg8 O pWhpondi ti on:
Theitle cwampopuwmdi f i edr dongatcoog ruatpnhyc hon sinti ca ggc¢
pent ame 2REtL (v/v) to afieéd H8ydl mgw (di2l%) of

Ri= 0.n%p2 nt aie/ Bt: 1 H(NMR¢ BP P MHz), KLDTIB®E, 3H),
7.Z415 (m, 1HF1057%83 (d#)3. 353.(4n7, -21L H8)7, (2n,9 9 H)

2.32)J=(1t1,.5 Hz, 3H), 2LC-NMR(7S, MHH) mD@94. 3, 16"
143. 4, 134. 7, 130. 1, 128. 3, 125. 7, IIRRARTR), 111
2998, 2922, 1672, 211%93,9 2133 8 37,8 54,8 BOPEIE B 16)2 4¢c «Inc .
fonHd{€€l G Na 259.0496, found: 259.0492.

12. 41-08 Br omoph@mgt Rly,}bi hydr e3fydr)eedl-bag 1§ 7

0
\ Br

167

Ther mal condition:
Theitle cwampopumdi fied by column chroman-ograph
pent am®eREt1 (v/v) to afibdasdabS59embow8dpmo) . of

Ri= 0.np% nt ae / Bt: 1 H(NMR¢ BP D MHz), LDTI43, 2H),
7.6 23 (m, 2HE, 19.55 @d®, Hz, 1H), 3.40J(m, 11
= 1.5 Hz, 3H), 'ZNMR 1(5,MB#) GDP®GO4. 3, 167.2, 1!/
130.4, 128.6, 124.2, 122.8, HLRFiIm 82922 IF&.)8
(w), 1672 6i), 18585 (W), 1aBGCIMSESILBE®/ £ m) %) =
(1009+ [NWMRM$ ESI) caHcBr&O oNa[ G302.9991, found:



12. 4.1 Met hoxyp-bmatyhdy,ldbi hydaae3tydr) etlbape [ 1638

168
Ther mal condition:

Theitle cwampopudi fied by column chroman-ograph
pent am®e 2REtL (v/v) to afitb8sdadgembow88m) . of

UVLi ght (Hg8 O pWhpondi ti on
Theicompowad purified b
pent am®e 2Et1 (v/v) to aft

column chroman-ograph
81 &838ydl mgw (a@dill%) of

y
®

ndpde n(t a10e / B2t 1 H(NMRY BD O MHz), DTl B3,
7

Ri= 0. 2H),
6.97 (m, 1H), 6.9D= (In0. 72,H)8. 05.HZz7, (1dHI),, 3. 84
2. 79 ( m, 1H9 ,1 25 3Mz ,(t3H), 2RECNMR((F7S, MHH) @ODE]
194.8, 167.5, 155.9, 129.9, 128B5.94, 12&..3, 2A2.0%
ppm;RFilm) 2938 (w), 2838 (w), 1670 (m); 1588
LGC/ MSESI ) m/ z (%) *+= NBEBPMIESD) ¢ MHcOs+f &la: [ C
255.0992, found: 255.0978.

12. 4 Melt hyrle t ”WSyplh eydd5-di hydr e3tcuiarrabmoxy |l ate (169)

o}
\
@)
0
/
169
Ther mal condition:
Theitle cwampopumdi fied by column chroman-ograph
pent am®e 2REtL (v/v) to afit@sdadOoimgr ( @48%)opnf.

UVLi ght (Hg8 O pWhpondi ti on
Theitle cwampopwmdi fied b
pent am©eREt1 (v/v) to afil

y column chromanograph
©8sd &FO0cal ongl € 84 %) i lof

Ri= 0. n2p7en(taz®e/ELt0:11H-|(\IMR(v3)O)O; MHz), CPBKCI&dM, 5H),
5.59 Jed 78.3 Hz, 1H), dBd,F=11 4(,s5103H),, 13.633Hz(, 1
(dq,J=14,58.3—I,z,1.16—|),J=2.12% Hz , TNV R @p mMMHzs) CDCI
4 168.0, 166.4, 141.5, 128.7, 12&pMRATIR)7, 1
3032, 2949, 1690, I'"fHRMS E8DPD P, dda®s «cimfa: [ C
241. 0835, found: 241.0832.



12. 4. (22D5phednydbli hydr e3fydr)aimhenlgd h(@h#&0)

Ph— ©
\
o)
Ph
170
Ther mal condition:
Theitle cwampopudi fied by column chroman-ograph
pent am®eSEtLl (v/v) to afi7v@sda76oimgr( 8688%)sofid.

UVLi ght (Hg8 O p@dppn di t i on:
Theitle cwampopudi fied by column chromanograph
pent ame/SEtL (v/v) to afio@d &2c @l ongl € A9 %9 o loif d .

R= 0.nd2n(t as0e/ Bt 1mp.LA-¢} 2 ;"AEMR 250 MHz), UICDICI51
7.05 (m, 15M) ,9.55 8tz ,( btH31 5,317z 3( dlcH,) , J3. 39 ( d
15, 1H20 1H)YIECHMR;63 MHzs) aBGL 4, 165.5, 141.1,
130.1, 129.9, 129.5, 128.9, 128.8, 41281 Bppmn;27
(ATR) 3061, 3030, 1611, “MISRMS ESHYS3, cathi®2, f a#a4
+ NMa 349.1199, found: 349.1215.

13. TBA[aRa]l @yzceldo pr op Rd a rnri anreg e me n t

13 PXreparation of Cyclopropylimines
Gener al PNdcedPurepalrat mphcypt!l OBRIDpane

NH, N3

NaNO,, NaNs, PPh, n=FFhs
HCI, H,0,0°C, 1h Et,O,1t,2h  pp
183

1" 182

O O
OEt O
Dowex 50 K,CO4 H OEt
EtO)\/U\OEt H50, rt, 18 h J\/U\ ‘O)\/ H,O:DCM, rt, 0. n.
R
184

S-1-8-6

Ani I1il(nle. 82 ®,Q )mmwals di ssol ved i n HCI (6 M, 12. 6
cool edC.atAnm0 aqueous sol ufiloggDrm.f3 sromaAblL,fH7NnimL ) i t e
was sl owly added. Theag emct i ®inl ¢ wenp®°Er @lt uir ®le eva
same way, an aqueofd.g8300.ul i mmeddlf( 7NanNl) ] was ad
and stirring was continued for 15 min at r oo
neutralized with satyraneddtageuepowsuNaH@@s extr
et her (6*50 mL) . The combined smQgati¢ctbagdrs

MH N



concentrated in vacuo. The residue waonpurif]
silgela (PE: EA2) to gil8@sphengpegThawnvcmedry l azide
l18®assed in the next step.without further pur

To a stirripnhge nsyollludt@ilodg®, 0oLl 6 mmol ) i n ether (24
added anstodffiuphenyl phagsphinenmo4.)20 n et her (24
mi xture was stirred foThe& woladt irloeosm weerng err eama
The crude materi al was purnmgdaeretda nbey/ ErAe c(rly:slt)a |t
tphenyl pnhepls @il &8s a -ypdlleoow sol i d

Ethyldi2thoxypt®p00@adat emL) was dissolved in dec
undey &nd then Dowex 50W (2 g)Theasr eaadcdteido ni nmio:
was stirred at r oohnoutresmp elrhaet urreea cftoironl 8mi xt ur e
agueous phase was extracted with DCM for sev
combined washed with kricmencedrtiread eavesmsdidgeS @ e
to gieehyheform§FT heetctatuidyl formgvameeatien t he
next step without further purification

The bromosul fdliBdu® bhmomndepotassi um amarobgnat e
were di s®PEMER d( I:n1) mi xteutrhey I( 2f00r IBIB)a.c&6 ad e 16
mmolwasadded and samrtrempertatrua e ovdraryieghtwasTh
separated and the aqgueous | ayeDCMvaFhextomlkit red
organic | ayers weyge fdrlited edvemndMg$h@n concent
pressure. The residue was purified by col umn
PE EA (20:1) ttoo 1i veot mel desbd@Bopane

Gener al PiVdldedPureepat at mphcyptl C@RIbpane
-PPhs

N Ph
(0] 0] | =~
Ph N O
H OEt 187 R H OEt
THF, 60 °C, 48 h
R 74% R
S-1-8-6 187 - 202

To a solutnylnphdsphiimenephgeny 6i i shmolTHF98 42 mL)
added formyl 8¢6b(o2p.r3o07p agn ¢ 9u Md.eanmiddNe r eacti on mi x
stirre® dtor5®Dvdremi glhoth.centrated undersiddeced
was purified by column chromaPRBgrhapB9:)ntteo LD
give t he yddiprred842i0r2i n e



13. 1Etthyflorl@plhenyl cycld4papbppargl ate (S1)
O O

H OEt

S-1
Theaitle cwmpouwrmd ai ned a<#/¢ddr daifntgertwvop @@ Pcfoil cuartni
chromatography on <PIiEI/IRRAalgéed / &% iavsi dag cwil.tolr | es s

Ri= 0 (P3EY EA21 ( WHANVMMR{ @0 MHz ,3)UC D@ s3,4t 1 8ilns 9. 95 (s
l1Hci)s @7#.323 (tnr,amEls 4.B4 7Hql, caA)s 3393 ( m, 2 H
tragns 3.J449Hz0,,cli)d 3 .J208Hz9,, tlrHns 29,36 1. 1Hz ,4. 4
2Hci)2.06Jq4. RHJnsB6Ift7HZ, c3I)H ¢ I8&9 7THz21, 3 H
tranP;pNMR( 100 MHz), LDEIBInNs 18#Hs8 1(¢0s6 168. 1
trans 18MaasCB8Rs91RHs71R9.4 (trams)leiflsB86.12 7(
(ci)s 6t1r.g91n s(4cl).¢71 (t7r g 44 .c3i) s( 4tlr.g2n s( (t2rlg B9 . c2i) s(
14.c2i)s( W3r.a7m KR ATR¥65, 2982, 1706, 18MHRMB149,
(ESI') caHcOs+f BHa [@&3A5, fowWBB: 241

13.1.t2hy-f odBE@ypd-t ol yl )cycllapropa@pg®at e
O O

H OEt

S-2
Theaitle cwmpouwrmd ai ned a<#/ddr daifntgertwvop @@ Pcfoil cuartni
chromatography on <iEl/iH®a 1g e(bv /avkb)Ratsi dag cwil.tolr | es s

Ri= 0 (#E/EAD ( WNVMR @0 MHz,s) aiDCIBS, t . 8ns 9. 94 (s,
1Hi)s 7. 0#%4Htm,a4H i),s 4. 34 {(Hgl, cdh)¥d 3. 92 T1dy, 3.0
Hz, t2H8s 41=(©OHz0, cli)4 3 .J%6 8H=zO,, tirH ns 2d.tB=H6 §. 5,
4.HMz, cAHH 2.31t(dns 3aH3Q@I)Qs @830, t2HMs 36J=(1,
7.Hz, cI)H 0.J%3 7THZA, tIH NP PBNMR( 1 MHz, §DTO.80
transedl10i)6 1T0s7 168308(F.Giks (13t7r.HBRs 18130 s (
129c¢chs( 129.5 (taidsm)s, 121809 2(2 8 38 s (6cli).s6 G 1r.aln s(

42 .c9tsr gns 4l).s8 4AIr.94 s(2x.9d s(xl,ist 90 s x0).s2 1€4).s2 (
13.t8r ¥psmM RATR) 2982865928704, 1311¢nmHRMS, 114:¢
(ESlI') caHcOQ:s+f Ba [265. 0992, found: 255.0981



13.1.t3hy-( 42l or op-bfearyiy |l cycl-bpanmnipaniEedat e
O O

H OEt

Cl
S-3

Thei cobempowmasd obtained a<o/d¢ddr daifntger twvop @@ Pcfoil cuantni
chromatography on <iEl/ iH®a 1g e(bv /avkb)Batsi dag cwil.tolr | es s

Ri= O(PE/EAL ( WANVWMR{ @0 MHz ,3) CDCYG., 33 8ns 9s98
l1Hci)ys 7-72%2n2Ht r g2Hsci),s 7-72D2 (trmr,amsBiy4. 343 q,
7.Hz, cA). 9@d5 70.3Blz, t2HBs Vs 9Hz0, cli)y B 15

= 8HZz9 tlrHg 2s 33JX d&. ™z ,4cd3®. 06 J€d8d9, 3Hz24t 33 ns

1. 36=(fHz2, c3)4 OQUeB.Hz, tIHnPp&NMR 7TMHz, gDCI
0197¢7ansAl@i)s 1T 0a4s 1@6Vs8 183s7 1(3237;5(131.0
trans.1M)(s 1(@Bts3gns €l).s8 @1Ir.g3 s54c).s 241Ir.a 49 .

(ci)s  4tOr.a1a( @ r 9 n s52c0i). s 1c4i).s2 9Xt3r.an P p R, ATRP 8 2,
2869, 1701, 1311, 1279, 1t M5HRMP ES)] ) 16abc. 8
[ CH1 €03+ Na 275f.00dMds:;, 275. 0423

13. 1.tdhy-(42uor ophfeorymhy)l cycl-bpanlpaniedat e
O O

H OEt

F
S-4
Theaitle cwmpouwrmd ai ned a<#/ddr daifntgertwvop @@ Pcfoil cuartni
chromatography omwi ®Pikl/ iH®a 1g e(lvd evB)4atsiormgat 6 1.or | es s

Ri= O0O(PE®/ EA, 1 H:NMR( B0 vMHz ,3) ADCIBe, t A8ns 9. 98 (s,
l1Hciys 7-72%5m, t2Hnsth,s 76 0F2n, t2H N<HS 4. B84 (q,
7.Hz, cA)B. 9445 721Hz, tZ2HBs {4 W 8HZz9 clik B16

8HZz9, tlrH3 2s 28 292Km),s 2. 06 9d2Hz ,4t2MHns 1.J36 (1,
7Hz1, c3) QW5 7HzZL, tIHNPPBINMR 75 MHzs) 109D7C18
rgnsal1q90)s 170Oghs 16Hhs9 1@IJ=38Hz2i))s 1@I=08. 2

zt rgns 1t Hs2 1(L 5960s 6¢cli).s8 @1lr.g2n s64c2).s 34tlr.ag44d . 0

ci)s 4t0r.g3n3.ZL r g n s62cOi). s 1t4r.32n sBXc3i).s pp R;ATRDP 8 3,

67, 1706, 1514, 1SMHRMEZESA, kiladHrfOs& oMa: [ C
9.0741, found: 259.0732

I\)I\)’“I’: Il

[
8
5



13.1.t5hy-f odBE@IBnet hoxyphenyl ) elyccalr doporxdybyan ee

0O 0
| H OEt

S-5
Theitle cwmpowrmd ai ned a<®/ddr daifntger twvp @G Pcfoil cuantni
chromatography on <iEl/ iH®a 1g e(bv /avk)batsi dag cwil.tolr | e s s

Ri= O0(P&/ EA, 18H:NMR(%060) MHz), 1IOD@KE, t A 8ins 9s95
1Hi)s 7,JE87HzBHt r atHc i) $ . &5 73 Htm,am38 i)4. 34J=( q,
7.Hz, c) B3dgzd 7. 1Hz ,1t21H4 B8s 783HEt s an 8 H3. 4 @

8. Wz, cli)ld BuIf78HZ9 tirHENns 2d.q35 6. 9Hz ,4cdB® . Q 3 g,
J= B, Hz 5t2H,nsl. 36 T{Htz, cI QUI$2 7HzL, tIHNnPpmM;
1CNMR( 100 MHz), 1IBE® ans 1®Ys7 1(0)s6 16Ba060. 4
(ci)s 16PgAs(1lB8BHEagd8ABcHs( 1@Ptsr1lgn@2cD,4@1t73a3hs
115chHs( 11563980s(11B8aaAs(1tB$A .(¢7i))s 6tlr.gln s( Bt5r.33n s
55.@i)s( 4t2r.g6n s 4cli) H1l .(2i)s( 4tlr.g1 X .t0r g ns ZcOi).s1 14 . 2
(ci)s U3r.g8ngwp M;ATRP80, 2939, 1708, 18MHRMB281,

(ESI) caMHcOQs+f Ma [2071.0941, found: 271.0933

13. 1.téhy-( 2l or op-bfeaiyimy | cycl-bpanmnipaniehat e
O O

H OEt
Cl

S-6
Theaitle cwmpouwrmd ai ned a<#/ddr daifntgertwvop @@ Pcfoil cuartni
chromatography on <iEl/iH®a 1g e(bv /ak)batsi dag cwil.tolr | es s

Ri= O0O(P&/ EA, 18H:NIMR( 400 ) MHz), 1LIOD@K, t d8ns 9. 99 (s,
lHi)s 7.28 Htnr,a38sc i) g . ¥4 6nlHt r aXtHsc V4. I 3J= 7. 2

Hz, c2)4 3dg6 7. 1Hz ,1t2H B8s I WV= 8HZ, cl)ly 3JUES
8.z, tirHgns 200848 .,964H.z Hcl)Q .3¢ dd=9.,84Hz HtI gns

1. 3&5 7Hz1, c3)4 5009 7Hzl, tIHNnPpPpHNMR 100 MHz), CDCI
0197¢7Tagnsda®@ds 3FT0ans 16N,s&H.3Bragnsl1l®i)d434. 11
(ci)s 13t4r.PBR®.q(ci) 429 .t4rdg s 1 2c9i). 54224 (t(r a3 nZ7L @9 s

127 . ®% g n&71(c8i) s2 7L(t7r g n s6fcl).s Gtlr.93n sd8@ r g n s 4cli).sO

40 . (61) 8 9 .(t9r 3,219 (t r g n s420).s 1cd).s2 1 3r.a8n F.p M



13. 1Et7ThE)-2-phenly(l( phenyl i mino) met Helay byxlydmant @par
(1 8)7

Ph<
N O

H OEt

187

Theitle cwmpowrmd ai ned a-</¢lorafitnegr tpu G Hcioc autmno |
chromatography on sRB/iEkA dJwil/tvig | M i oofg afvtiB @ h d
as a col.orless oil

Re= O(.P”2E/ EA, 1B :NMR(400)WVHz), 8ICD@&HT7. F9 15 (m, 8H)
7.T1 05 (,B,. BA3H)7 (B, IAH 8Hz7 ) 2H24,J6Ed@&.BHz,
1H)2 . 22 JEd®., 1Hz M)12 QU867.12 ) )HppPpBHMR( 100 MHz,
CDQ) tﬁ9163 , 151.6, 135. 6, 129. 4, 129.0, 128
37.1,12178IprmT229)80 1713H9UBOBRZ0BL 4 76h, 696
LHRM$ E) calgdaNGor Z2€L3. 1416, found: 293.1415
13.1282t,r2i fINpdhreomyl ac gt &8ni de
H
Ph/N\n/CF3
0
188

To a 100udmdttom f | asknl iwaes (ald.d82d maLi, e t2h0y | nanmoi I n)e
2.82, mLO mmonl DCM Trd4d Ilmlb)oacetic, adby dhmoatse ( 2
added dropwise to the miXhteunreea cotvieorn 3n@iaxnimm|rdea tw a
to room temperature andhet imixddrfeomwaab aviats h4 dh
extedwitt h DCM, whe semoeertd under retdbheedrpdes:
producpgurwidfsi ecdol umn chromatofraphwolBEfBAd 3. 6
(®%) 188s a whliitc.

Ri= O(#PE/EA, )1)H:NIMR(¥00 MHz), DI, 881H].,5F. 60
2 H), -77..3454 (m, -72H)4, (7m,2BEMMRPPOQ MHz), CDXH4. 8
J= 3Hz), 135.1, 129.4, 126288z )6l 00RATRBLY, 7
1703, 1548, 1285, cimt51, 755, 732, 691

(g

13912)-2, 2t,r2i f Npdhreamy !l aceti mi(d&Qy | i odi de
N.__CF;

PRy

|
189
To a stirr erdi pshodnuytli pohno sopfhith@ mmol62 209 n gt ol uene
addediine (2. 3®8)Imnaptl 20 A@i uhder 18 min. The m
stirred at 40 AOmpobet 80 dimsosdoiluSmithisienqaoefn til vy, 2
tri f INpbeoyl acelt88mli .n&9, 13109 )mneod,d-di i sopropyl et hyl

MH P



(1.74 @D )mmoelre added, thwasesuitiaead ai x80r AC
cool ed tnePend 6M®. mL) was added and the mixture
cm silica gel pl ug. The filtrate was concentrt
(PE: EA tolaffiprd 1. 3848 gd a(r5k3 %)e do foi |

Ri= O (#E&/ EA, )IH:NMR( 400 MHz), LY@ m, 23HY7,.037.
(mH)E8. $3 § M2H) pPONMR 100 MHz), &LDICI, , 129D#O0
=81.HMzZ) 71,1128, 313 )= 786 Hz) PdHRMTRY25, 2853, 1687,
1161, 912 cmM8BBMS EPOcalstlsFal for 2P8. 9419, . found:

13.1.1tbyphe@Byl cycl-@paoparnr@l9dt e

OZ :OEt

191

spenmiedomydbf sul foxomi ulnm8 HNmmaonld & MSD. 6D0D6 r
wih vigorous stodr umgh(ywes7i 2d1dgd pndmaslidatr miNs p her e .
After 30 min, the reactCoantaghiyelit wrien nvaargat ®6 d 12e &
mmo)l was té@aeéntaddhe reactidmuur ;i xwtawsr est i The dmi
temperatume ghbeeaovmro»nhure was queneaterdL)widrhd w
extracted with di ehkeycoebimekeay &t g@a sthigr O w(i t h |
mL), drieds oved tddwda@ e dTahtetnhcer ud e p r opduur ci bf yi weads
column chromat ogr:ajp htyo (aPfE:oErAd6F0 108086 1 agcOBOr | e
oi l

Ph

To a su

Ri= O0(PE/ EA, )IYM:NMR(#00 MHz), EBDRIA m, 2MH37, 15.
(mMH)ZL.37 . Q52 H) 4. 0% {(Hzl, 2H)YdddR= 5%2. 3, Hoz.,4,1H)., 1
1.9@d= 5.2Hz,4,12HE3 F6nlH)1 . a3 ZIiH) 1. 2 8 =( t7H z1,

3Hpp MENMR( 100 MHz), WDBCI4, 140.1, 128.5, 126.5,
24.2, 1Pppon 14.3

13. 1. E1hyzZ)-2p(henlyl2,2r2fdl-0phenyl i mino)ethgl)cycl
carbox@9OrRt e

Ph.
N O
ac%oa

Ph

192

Mi xeidi sdopropyl ami de 5( onmdtBh mLHF/ 8C7 mlh)e nandr op
BulLi (2. &1 5mngnlod wl ys oil utt o otelceondéet i Wldn. sdDheni
was warmed up to room temnmpersadwati dmawl-@® mi
°C, thewlgyg droppegldrRyhcecl dpaoparlwl@adt.e570B. @
0

d

[elue]
> D
-~

mmo)l i n THFTh(e2 smUwyats toinrart-é 8°C f or ,1 ethho a't room
temperat ur e hfeors olvdatsmiarbaldeker 8@ agai n, and rop
(2)-2, 2t,r2i f-N-juloeroy | acet i nli8d9oOy.19 516008 ig@)e mmo | THF (2 m

MHC



S|l owmlty it he bel uebano Xitw@se staitr it s anuer et efnopre rdat
hours or at room t enphea artaa ctufeoont hveadse mon it gnh ts at L
N HC | solution, the wtaetde rdviipthbdishde rwa st heex tcroambi n e C
phase was drigd tdeeandMgwadds demoveduoced pressu
puribbyebdumn chromat og©0:ajlp htyo (aPfE:gE Abh)3=0lod0d9s7 6a
paiyel bow.

Ri= O0(PE&/ EA, )IYH:NMR(&0 vMHz ,3)iCBGI3 A m, 2MH¥, 22.

(m, Z1TH¥Q 14BH)7,. 0 $41, @HHI § M, 2HF@= 7HzlL, 2H),
2. W= B8Hz9, 1HYdJ2.8584z,5.1HX/dl= 9. G. 6 )Wz 051H
(5 7Hzl, 3H}C-NMR.1MHz, ©§DWWE7.4,( d5H2HY, 146. 8,
133. 6, 129. 4, 129. 2, 12JE. @8HAB7 . B19.125.@B1. 8,1 9<
19.5,pi®.RBATRYP82, 2923, 2852, 1738, 1713, 117!
698mMHRMS$ EI ) cadieéN@or F&€1. 1290, found: 361.12

13. 1. E12y)I-(((phenyl i mi-2v(p-) ey hytycllcoprbpayéate
(19)4

Ph<
N O

H OEt

194
Theitle cwmpowrmd ai ned ad/¢dddianfg etrwip@GPd dli wcmrn i
chromatography on SPiEl/iHRa: 1g e(lviévl )ofiwimEgh @idthlor d
as a col.orless oil

Ri= 0(P£/ EA, 18HNIMR( ¥00) MHz), CCD&I,711H],37. 388,
2H), -77..1253 ( m, -73.H)4, (7/m,1-24.H8)1, (3m,9 62H9) ,8HF7, 28 H(t ,
2.38J¢€d8, 4Hz ,4.12H) , 2. 32 {=,9 3Myr,4 A2HFW =( dd ,1
Hz, SH)!CPMR;100 MHzn), 1WBDBCI6, 163. 5, 151. 7, 136.
129.0, 128. 7, 125. 6, 1.20..81,,pL3u;8AT &7 9,, 13771 52,,
187, 1305, 12009, 1t mM3HRMP BI7), c7a5l8c. Noa/r N:C
330.1464, found: 330.1453
13. 1. E1BE)2((€hl orop-brehyhényl i mi no) met iyl ) cycl oj
carbox@owt e

Ph.

N O
H OEt

Cl
196

Thei cbempowmad obtained ad/¢dddianfg etrwipp@Pd dli wcmrn i

MHT



aphy on sPiEl/iEcAa 1de |l g Ivu i) rt gvi viidté8 fod o f
| ess )

as a co oi |

Ri= O0(PE/EA, 10HNMR(¥00) MH=z), 8COGIH)7R. 9 31 ( m,
2H), -77..1269 ( m, -75H)4, HYW,18D §2n, 3 HXABI= 8HzZ7, 1H),
2. 38ds 8. 3Hz,4.22HY@ds 9. 1Hz ,4.134Y g0 7Hz1, 3 H) ppm;
IE-NMR( 100 MHz) WBDCUSD 2,. 9145 14.32 31.31, ,1 3102981228 .
125.7, 120.,8,3BA1@®pp3®,RATR) 3059, 2981, 2904,
1593, 1487, 130D93120401611&B8BRHRMSESI) cal c.

[ CHi€NQ+ Ka503 0,9 1f80o 59d 0.93 1

13. 1 .Er1t&hVE)2((4 1 uor oph(e(npyhenyl i mi no) met Hy |l ) cycl onp
carbox@oBt e
Ph.
N O

H OEt

F
198
Theitle cwmpowrmd ai ned ad/¢dddianfg etrwipp@GPd dli wcmrn i
chromatography omwidihl iPEd EPe L BD&ilofNi Edpp a42068or d
as a col.orless oil

Ri= G(PE/ EA, 18HNIMR( 80 v MHZ ,3) BDJIG, 2H],37. G388,
2H), -77..1269 ( m, -75H)4, (7m,1-B2.HB)2, (4m,0 02H9 , 8HZF7, 2 6L H( t, ,
2.35J(:d8,3l—tz,4.12—|),J2.201H,(zd4|.,13H) J=07Hz4, (3tH) ppm
IC-NMR( FMHz , ¢DAil 4J(t6r96),r1§3c7)§,(6 Lrfgnd9c?ds( 151. 9
(c)458ttgns8l1l. 4=(68Hzeti)s 1849B8s@A3T=08(rthns 129. 1
tragns l1e2phps8l@bhagaifslehps3 1@NDagBs@leDs21@d4=921d5
Hzt r dns 114=82Hz8)$ 1. 688 6$@19.t ¢ 9,n s 9(ra)ns 3x8).847 .(1
tragRB® .cdi) K2 .(t1r 3,4 8 .cli) s( 1c5).963 .¢(9r agp s MHRMS ESI ) <cal c.
forndAdlé#DO+ Na343 1,2 1fdo34dd 1.23 4

13. 1.Et By)2-((3net hoxyp-h-egopgheényl i mino)metHyl )cycl
carbox@lo@t e

| H OEt

200

Theitle cwmpowrmd ai ned ad/¢dddianfg etrwipp@GPd dli wcmrn i
chromatography omwidihl iPEd EQe 1D &I1lofNiviEdw ) a@Dobhd
as a col.orl ess oil

MHY



Ri= O0(#E/EA, 10HNMR(%00) MHz), CD&I,721H], 32, 38
2H), -77..1263 (m, -72 H)6, HY¥6,.1®2 75 H)B, B8 § M, 2H$0 (s,
3H), (WsF2BHz7, 1H), J2.883Hzdd.,12H  dd2. 201Hz ,4 .12H) ,
037 )= 7Hzl, 3HYTHNMR;100 MHz), (CDI6693, 1659 . 4, 151.6
137.2129.1, 125256020185. 0, 601585 .92, 40. 7,,13378. 0,
ppm:R ATRDPS81, 2958, 2936, 1714, 1637, cl94, 14
HRM$ ESI1) cabcNQ# oMa [ G46. 143146 . FdouNnd:

13. 1. E16)2((hl orop-b-ehyhényl i mi no) met HHyl ) cyc | o
carbox@IORt e
Ph.
N O

H OEt
Cl

202

Theitle cwmpowrmd ai ned ad/¢dddianfg etrwip@GPd dli wcmrn i
chromatography on SPiEl/iEcAa 1Pwlilt HIvB i) o & ®@iOtRlor d
as a col.orless oil

Ri= O0(P&/ EA, 18HNIMR( ¥ 00) MHz), W©COD&sl,7 18], 34, 3
2H) , -77..238a1 H) , -77.612¢@4mM)7 . 1 52H)4 . 8048 ( m, 3 .BH) ,

J= 8HZz7, 1HY  dd2.8433z, 1H), J2. 903zdd,1H) ., J=0.90 (
7.Hz, BHRE-NMR 100 MHz), WCDICd9 .1454,.1 6831703195,
129129.1, 1212812DBR.,H58392p6,, R62..0, LU3R BTRH)p m;
2981, 1711659416 3183,05, 12009, TITMEBRMIESG6,) ¢80 c. 6!
[ CHiENQ+ Na 350.0918, found: 350.0922

13.2ubstrate Scope <«fat dlhyey eldBALrFoep]ly | i mi
Rearrangement
Gener al PlXcMderewndeti onGydlooprtdipey!l i mi

Rearr ang(eGRXt

TBK&(20.8 mg, O.aquimmdl an@. 1t he corresponding
mmol , 1 equiv.) were weighed into a dried 10 n
was added and the tube was sealed under an at
mi xture wéasr sti mAed u nld3esr mircrraodw aaltbieo npr oduct

obati ned via chromatography on silica gel

MH g



13. 2.tlhyl-dilfp bhednybli hy-tl Hoy r r-33daer box @98t e
zh
J

OEt
0
193
Theitle cwmpowrmd ai ned adXoradfitnegr tpouaGRiod atmino
chromatography on ®EI/IEAal@edlf IvME/s) naty ocwoi ltohr | es s

Ri= O0(P&/ EA, 18HNIMR( ¥00) MHz), KCCDGI911H],27. @0,
3H), -77..125 (m, 64 H)m DIHPO3IHN= (1ldld Bz, 54BH)8I=( ¢/,. 1
Hz, 2H)YddJB. 513 .5, Hz2 . 0L, H)dd. d&@=. 7175. 5, H5, 61 Hp, 91. 2
(0= 7HzI, 3H)1tp|p1ﬁ(100 MHz), 1l6BCHL, 142.5, 142. 4,
129.1, 127.5, 12B6550,185. 3, mEB,RATRYI78, 24928,
1686, 1593, 1579, ]:2#3%5RM$EESI1) CamcN@®PDd OeNa [ C
316. 130 ®uln6d.:1292
13. 2 .t2hy-p h éExns5y(p-t ol-4 ,,i hy-@l Hoy r r-ddaer box ({@L9OBt e

Ph

N

/

OEt
o)

195

Theaeitle cwmpowrmd ai ned adcXoradfitnegr tpouaGRiod atmino
chromatography on sRE/EA gkl e(lWis&ngaonviathhor d
solid

Ri= O(P&/ EA, 1@ pLIGOAHNMR( 400 MHz), 7C@MmCY, 1H),
720-707 (6H), -6. 8@3H), 06d®ds Bl5Hz, 1H),J=4.718 (Hg,,
2H) ,0(3d.d3k, 15.9 ,6Hzl,. 1HY 4= 7155%. Hz,0 2H29 (s,
3H)1,87 tJ= 7.1 Hz, 'BMYR(A®ME@; MHz), LCDC666, 114142,
139.5, 1297 .13291425121.1, 118, 059 .DiR5.318,. G 5p p m;

| R TR}978 2926, 1679, 1590, 1578, 15ef; 1231
HRM$ ESI) cabHcNQ+# oMaJo3 1,4 6f403810d 1.45 7

13. 2.t3hy-( €53l or op-b-gmeg hdy,}bi hy-&l Hoyr r-ddaer boxyl at e

a 9)7

cl Ph
N

/

OEt

o
197



Theitle cwmpowrmd ai ned adXoradfitnegr tpouaGRiod atmino
chromatography omwigihl iPEd Efe |If Fedlrad sv i &y -yped |beo &
solid

Ri= ®B(PE/ EA, 1@m: plLLI1(Q@MHNNMR( 400 MHz), DT 881H),

7.F1 24 (m, -72H)4, Hy®,2®4 84 ( m, -61 H)7, (6H,83@2H):,

12. 0,Hz5. 6H) ,J=.7H&l, ( @ H)(,dd&=, 525. 5, HzZ2, 0L H)1,. 62. 7
(dddJ= 15.6,H5, 51HPP817Hz9, 3HITNMR;100 MHz), CDCI
0165.9142. 4, 140. 9, 129.3,,12384@3, 112904,105. 0,
38.174,. 6 IpRATRY 8 2, 1714, 1636, 1302, 1224, 120
758, CGHBARMS ESI ) f caHEEONQ+ Na: 350. 0918, found:

13. 2.t4h $-( 4 I[Euor o phpemeyddy),tdbi hy-l Hoy r r-Bdaer boxyl at e

(19)9

F Ph
N

/

OEt

0]
199

Theaeitle cwmpowrmd ai ned adcXoradfitnegr tpouaGRiod atmino
chromatography omwigihl iPEd EReADéHOa 8 sviag )]l itgpht vye
solid

Ri= ®(PE/EA, 16: pl.o@@ HNMR( 400 MHz), 7CHE&, 1H),
7.7 13 Hm, 64 93 H)2 6. 8301H)®, $4 78 ( &, I 2H)%,
11. 9, Hz5. 88 H),qd,=4 .7H21, 2H) ,ddB®= 505. 5, HzA, 91 H)L,. 62. 7
(dddJ= 15.5,HB, 51HD,J817Hz9 (3tH}PEC-NMR{;100 MHz), CDCI
0166,162(d= 24Hz)9, 142.5, 1J4038z3) ,13B22. 4d,127. 2
8. Hz), 1210 @&F-

= PH&$ 5.D1105.0, 64, 61,4 .560RpAHIMRE 8. 8
296885161 1505, cI BI&RMSEDO0 2 aleI4eEN@)r: [ C

594,
311. 1,32f20di1d1.335

13. 2EtShy-(3dn®2t hoxyp-h-phheghdy,ibi hy-l Hoy r r-ddaer boxyl at e
(2 0)1
Ph
N
0 J
\ OEt
0]
201
Theaeitle cwmpowrmd ai ned adcXoradfitnegr tpouaGRiod atmino
chromatography owis$ihl| PE& Ede Ll 0Oe2lQua(sv hag )c otl.oo ral fefsosi

Ri= Q(PE/EA, 16HNMR(80vMEPGIUT7. QGL,H), -77..127 ( m,

MO M



= 11. 9z,516),J=4.7H8, (H), 3.76
5, Hz2,. OLH)lddg®= 7175. 5, H5, 6 LHX t11. 28
R 7MH z , gDl ]116660,.121 44 . 1 142. 5, 141
1 9. 3, 105.,25.3885..72,, 1549R6ATERpP m;

5 , 1577, 1502,cr;HROMS EISA0 7 ,c all @cQ
1f4dodldd1.43 3

I|3h

N

cl |
OEt
o)
203
Theaeitle cwmpowrmd ai ned adXoradfitnegr tpouaGRiod atmino
chromatography owi $ihl|l PEd Ede Ll 0 e2lQu& sv hag )c otl.oo ral fef sosi

Ri= O0(PE/EA, 16HNMR(400) MHz), 7CE®LH) , -77..1219 ( m,
6H), -66..8%52 (m, -61L H)8, 62H)5d0d5.BD. Bz, 518 99=4.714

Hz, 2H), B= 5125 .(6ddHz2 . 01, H)lddd®=. 7145 . 6, H5, 41 H)L, 21. 2
(0 7Hzl, 3HYTPNPMR;100 MHz), UCDICTA454..95, 142.4, 140.

130. 4, 12,91.2%,1 2132172 19. 4, 114. 9, 590%.,1,386R7 14. 6
(ATR) 2978, 29B8392168979161333, dMf;HRM$IEINI0, 75
calc.18fi@NQFCNa503 0,9 1f80o 519d 0.93 2

14. TBA[aRea]l yzed Cycl obutane Rearr a

14 Prepar ati oynt coldf u tAanyd s

14. 11 23i brelmdhenyl prapane (
Br

©)w8r

215

I n aneéwled flask fitted with -bar ai@gdHanxylcpmaparse
2143. 04 Q )Mbolomosuccini mi dnemo(l3.0b3%6 sgp,buzlyr on
(0. 07D&EMg)Y 20 mL)I)CN and GH ). The mi xture was hg
t o refl ux unt il a spontbandoucswarke atchteino na psptlaire
necesddrynore than a nddlriognomluenc @irmo wnetmad fhed

bottodmt he f |l ask (touddienismirdlewogaotsgef, thleemtsamg an
werceconti nuedevuonltuitli oaan o f h'y d rnoog edith .eb rnoinxi tduer ew avee
cool ed, and themeswdd dsy weu et woshdd | wirtah i D@M.an

MOH



washi ngsomwkeireed with the original filtrate, an
under redueced prféosdr 5. 4217%s gan 9BE@H h gelk o | . ]
cruzlkvassed without further purification in t|

IH.NMR( 400 MHz), 7iC&EIZ MmH)5 5. 30 1(1d.dBlz, 5 1. 41)9d, d5

J= 8§.8Hz H)4. 8051 H)®, 88 37 H)®, 1 71 ( @, &2 )0,

(m, plpHHE-NMR( 100 MHz), 18DCIB, 128.9, 128.7, 127.
ppm.

14. 11-QMet hdplh e n3y,idti hy-d Hoyr-anl ) etl-bag 1)7

(0]
|
Ph O
217
Ri= 0.23 (PE/EMNMR)Z4Q0( MH®) YICEHG6IZ ™M, 2H¥S5 16
(mH)&. 40 03 H)m, 82 95 H)B®), 842 73 (m, 1H) 2221383 (s,
(mH) 1.98 (s1.88)(pmdmMBRAMR 100 MH2), 1I89Cb6, 165. 5
145.2, 128.6, 128.1, 126.6, pPphLRATRYI 73, 29249,
1667, 1565, 1264, 1087, 1602¢rmkMGBRESIN346],Na7 55,
2 3.9

14. 1DiB3met hpypHe Ryl cyc Hoducamd o E)Pat e
MeOZC COzMe

SO0

219
Undez, MW f | ame drieed @bWdtmLomed fl ask containi
stir bar was cdharglgpgdhewiyit pRrdg&Sn et 2275199 6, mmo l
d met hyl magdrnad 83 mL, 21.56 mmodi pxaaerd ( 868 hynd

The flask was affixed wthé aolretfilax wasndkeat
Sodium hydri,del 0( B.)&0witesogadded i n small portion
10 minutes. The reacti omuwaast awhiowre dpdiontr ed d diix
hydride (0.8075 g) was madded .i MM hen remaltd g wa
for an addiutriscanalwhl 2 hh point it was sl|lDblwédy coc
resulting heterogeneous mixture was filtered

with cofoi ams Ehwad iddmadretrat edmaRagr &3p.B3g h( 2 h'!
5.0% EA/PE) to provkRd8s3a75BRgbht(y 7%l bbw cl e
Ri= 0.23 (PE/EANMR)Z4Q0( MHw) VICB&HGBIZ ™, 4HY, 17. 24

(m, ) 1H4,J379HBH)R. 78 (s, (8H) 3H3., 2@ . /@, 23 1)3,

(m, 1HR, 13. 2|®prﬁ<€ENMR100 MHz), 1llcbCP, 169.8, 139.
127. 6, 126. 59. 7, 5Ppm,RBATIR294485. N,72835. 1,242
1166, 7686t, 698



14. 1Melt hyplhe2nyl|l cyc tlamutboax@2®t e

COzMe
220
A stirredi miex tpyhleendyol fc ydcl ,edli wwctaarhe2 1 PBavt 88 4g 09
mmo)l, Li Cl ,( 13.02.702p4, ngmp 8§ wat er (0.28 mL) i n DM

heated °CoanddtOstirredf fergdtohionom®m. | empert atr er e
was diluted with diethyl ether (100 mL) then v
and brine. The asr gdaniead pmase hve sol vent was r
pressure. The resi duechwaosmaptuoognrfaspentlyi bgy gel ume |
npent eéEn@ := 120t 2. BiYobe 8928w fartebs oil.

Ri= 3W(npent &4@, /021 (M-NMRO)GO MHz,3) D@7 {4n,H 5
transbhdg. 4 gOn, ci)ld 3. T8 Htm,agRs 70 (s agn3B. 26 (s,
3Hci)s 3.243% (tm,gnsH2. 6% (on)s 1BA. 48 (tnr,a MsklBP s
PPpMECNMR 1 MMHz, gDUT4(t 8913 chs( 148396s@140s9 (
128t43fhs 128§s1 1@7v3ghs(12hs5 1@6aaci3g 51r.g7ns(51. 0
(ci)s 45.392n s(4chH).s1 4 3r.g2n s(4c2).s7 25.394n s(2c4i).s5 2 1r.97n s(
20.2)p(pmM;R ATRP83950, 1732, 1435, 692@#3HRMSL 96, i
(ESI') caHcO2+f Haa [2Q13. 0886, found: 213.0886

14. 1.6t hyalcdi2phenyl cyc Hahutboxé2Ht e

OO

O/

221

solivuits mmr wgy ldami e 4] tnmd4 TME (6 mBulLwas a:
, mL. 44 nmm®| A€d stirred for 30 min, and 1
rature for 30f mMLDA Whae -860IMCd minaygIm 2

| ¢y c¢l-coabrubt cax@y2l0ht. 8 802 . ) mmoITHF (2 mL) was
ed for 30 min. The reaction was war med t
i on was-78o0dACeaeérntyda chl ori 8e6) Gimmd BTHA (2 mL)
d dr opwi seen Wahse st@i8&Gdf oart Thehaowrasc.t i on W
ched by aLdi fgOsanlL.) . NHhe aqueous phase Ww:
3 mL) . The organic 4gphasd wanceamtireadt e(dMgdS
oraatidhmwas puri fi ed olayt ocgalayporhny o hPrE: EA = 10:
94%)g 0ZAG cal ornliéss

Ri= O(#E/EA, 1B:NIMR(400) MHz),0 OOGIZ24H) , -7. 22

(m, 4H28&=(8Hz6, ,3H23 (s,23Bp, (M, R6H)3, (2,6 6168H) ,
2.05 (m, 2H), BPT-NNMR (1,0 3MHz), R@®CL, 170.2, 139.
127.7, 126.8, 66.4, 5pp8;RABRYU512517392511082



1282, 1 178 mMHRMBESIZ YO0 alBi@8+ f §a 5[5C 099 2,
f ound: 17

14 P2eparation of Vinylcycl obutanes

14. 23 @ abicycl o[ 3.-2,:d0]olhe2R2t69g n e
0

0

226
Mal eic ag@B¥%pdbr i 8886600 ) mmoads i ntroduced into a ¢
containChMg)ICWwi th acet op,het onindgod( ¢ .e@acrhli on was s
room tempedatlasved hf am gdh min, randdt we hthxdat byl e

for 3Whmle.e2blkrmlei ng continued, the mixture

W medpuses ure mercury |l amp fittedhwi sl ae Pty r w:
evaporated and the solid rengiehiuemokgas ioacit s tad
4. 7670 g2Q@as5%p white solid.

IH.NMR( 80 MHz ,3) UiGBDGQ 451, 2H)2, §&n,892H)2,. 32. §3n, 2H)
ppnC-NMR( 78Hz, @D@F3. 4, 3BpM;R ABRW69, 1780, 12
1257, 11c7m;, HRMS$E) caletleOs]f:orl26C 0317, found: 126

14. 22-RQ(eBrzyl oxy)carbonyichrecpokkygbuxkhoaei d

o)

_Bn

¢)

OH

o)

229
A mixt Boxalifcycl|l o[ 2.,2 0O B®e(p2t.abn2e2 2 g, , 2 b emmypl )
al co(hlo.l7 mL, 16 atdm@®MAP280 g, | In6.DECHMVOIMmAE P
stirred at room temperatur e ofl ant i D& 0o wasshe NAf t
poured into the reaction mixture and the | aye
with 1 M HCI and extracted with EA. The EA |
N aS Q, and evapagrn atted.7949 @208nliWasofuserdudve t ho
further purification in the next step.

IH-NMR( 400 MHz),i @@ M5 HB. 11,Jed@1. 1Hz ,HP3 .35 3

3.37 (m, 22181, (2m,5-22 H)5 (2mp3IdTWMMR( 100 MHz), {CDCI
179.1, 173.0, 135.7, 128.5, 12%.pIM;RAIRYIZI6 66. ¢
(bs), 1731, 1704, G¢BIABRMIESD) T&McD160D8Fa [ C
257.0784, found: 257.0785

MO p



14. 2B8Bnzy(lhyYydroxymet hyl-lcgchobipk athe
0

_Bn
0]
E&w
230
To the sdB(eemzghoaly) carbobhga)bobygxydDb@gladrdd g
mmol ) i n THRva(sl 3a dndle HA dMoBpHl ex (15.)4 -anAC, 15. 4
undey &§nd the reaction mixture prasatalrleowed ht
for ov.éfoniNgh&«®Pueous sol pytwas §d8ediLt o the rea
the reducledwad cextor acted) wi TheEAt hgtrthawemkat e
dried o6@ranMNa concent rraetseiddue T hwea s puri fied

chromatography on sHHEAc=al )getld (dggibvie2z i g gCB® %oh of
a crolleoess oi | .

Ri= 0. 22 (PLE/(BHNWR) 400 MH2z)U0 COGIZ8BH)5. 12 X s, 2H
3.71,J6edd1. 59z H83 359 JEdd1. Bz 8 HI, J3F. B4 2( Hz 1H)
2. 87 (™M, 2HJO0 (bs,-2.14H) H)mM,.-21299 ( m, -12HH)9, HIm,7 71
ppmMENMR 100 MHgz), 1ebdClVF, 135.8, 128.87,1858.50 63
39.70, 2dp@ R ATR¥0L9 (bs), 2974, 2859, 1726, 11
cmMHRM$ ESI ) caHcO:s+f §laa [2G43. 0992, found: 243.09
14. 2. ednzyfloB2myl cycilcahuban§g?2 pte
Q _Bn
0]
H
o)

231

Benzy(lhy2dr a>hymg c y cll-coabrubtoaxBydl (at .e2 202 gand bDEMBI )
(0.8483 g,wals. 5admdneod( 3 n@alY Mt heaeh st iroom temper a
overghhe reaction mi xt ur es hwoarst ppaocsts eodf tshirloiucgah g
as smtl vendcentundeedreducd@&@tdepressdue. was pur i fi
chromatography on silica gelO(®2Heagi8igyIauwmth PE
a colorless oil

0.37 (CPIEVOEJANME 400 MHz)0 ©N®@&GE 1.8 Hz,- 1H),
28 (m, 5H), 53.1425 ((sm, -31HB)2, B83IN5LEL H)6, (Fnp4né H)
TNMR( 100 MHz), 20DCI®8, 1635128. @, LBSB.8467, 0
0, 2259 pdmRATRY53, 1728, 1248 HHRMRESIFp1lcabeo
(0]

Rf =
7.
1
4
f MA@+ Na 128835o0uh.d08 28



14. 2Bébnzydi Ryl cyc Hehutbomxdg 2ht e

d with DCM. The yorMpanOfa |Iteay ertsr avnedrdec och
ducdheprewmagluei fied by columnlclmaomat
ting withOPEJPBAR 13 2%BP@:9lf)a tcw | pirvess oi l

he
or ovéenisghtur ated ammonium chloride was
ct

r

0
,Bn
=g

232
Wittig :nBac@8dmiL 1. 3molwlasdded dropwise to a s
met hyl triphenyl ph @s.pdhp3h0i @nfimohh o MitHdHept °CQA T h e
yell ow sad util dowevd tmi nshtebenzfydrorbBtdy cl o-but ane
carboxysladt. 2619 g, 1.2 mwmasideod of Hbe( ¥ emlc)t i on
at °CaT reacti onstmirxrteudr eatwarso o m t etnhpeenr ahteuartee df ot
4 °C f
e X
un
ge

c o D

Taklaombardo metAylenanth eohkweod rootuthodnmask was add
activat ed r(ZOn. 2p8oAwdhmo)l ( atcetd vwai th 0.1 N MHCI) i n
di br omome.tlh atnledmod ) was -4s®Ci.Tror etdh ea ts tiiornr erd Xxrt euar cet
was added idtramiwicrd ¢toartirdae 1( maR) mayeThd5c maini.ng
bath is removed and t e fmi3xtdarye -2ico detr itimeodld at
dafmk ay slurry was cwatl erd lwa &ftho r amd ciycedt obut ar
car boxy3lgadt.e2 1 B8B8magl,) i n DCMa(dewdro a period of

The cooling bath was removed and the mixture
houiTfhe reaction mi xtduireet wals édtildeud e@d4d svalt hhr at e d

soluti dgnw@3 mldded cautiousloy gawerc » oHsulte do nT hvea
3 ti mkisetofy(1@)mlemThe combined organic pahases

and concentuattad pmowiade t he wearsu dpeu rpirfoideudc thyy w
chromatography on siBH:iEcAa =g e4 0 {¥)0 4908 By 2@&i2t h P

as a colorless oil

Tebbe met hpl Soht aaoak tubiet avmse adidel! dr,i dle. 1( 0. &
mmo)l amidmeét hyl dRumM)num tolueng .( Mel hraln,e y.azd mn
by the sBeattowerdt hree syieintti mmg r e dd srod aimh i toenmp esr att
for 3THdayfebbe thus uUoegdneidn asidt walsy caono biicneg t F
water bat h,2ftoreny | ad/cHBodabraix yahdefl @. 2183 gi,n 1T HhEmo | )
(1 )mLov-28® #BTihne.ol uti on was all owed to wsarimrteod r c
for 3 days and then 6 hoUhe atactheosamextaeampe
with ether (2.5saml dgtbaod (2M5NdOBp230) mwias. altdiedr
wagontinuédagwsltuti on essdmhmti alelswul teageDr gani ¢
dried over sodium ssud fwdteert.o Trhedmioiwier reexiteet Wwa ® u
Celite pad with et hetre tCongreantircad etdhe her ddé tp
puri fe¢@ldumy chromatography obEn BA I=i da 0gledl4 7(6e Igu t
g 499 203F&28s a colorl ess oil

Ri= 0.25 (PE/ EWINMRD400 MH2z), 7ICEHEGIZS8, 5HY0Q (ddd,

MOT



J= 17. 2, H=z0,. 11, H)7,. 35. 0-9. €5n, 2H)B23 [(.@M & 2-B) 262. 43
(mH)Z. 22 99 (pppMB8NMR 100 MHz), ICDICMB37..49, 136.1, 12
128.4,,113842 66. 1, 43.41,ppwRMI4LE) 2cdal2cH:1 &f0or [ C
216. 1150, found: 216.1150
14. 230Gxabycl o[ 3. 2-20ph&6&pt an
0
Edo
234

Il nto a 50bonlLt comaddf | ask were placed of 2d0@i un
mmo)l and THF ( l1lPatmhgs pmdrmkee NI ask was cool ed in
bath -6&8t AC. nUntdreorge n at mosphierrrei ngnd awistohl us i ¢
oxabilomyfc. 2. 02],ldle phZ@2. 9642@3g 9% mmolMHF (10 mL) we
over a period of 30 min. The cooling bath was
stirred fort ar damtthemp &r themcei on waasddirtiad e dof
M HCI unt i | al | t he swdgs de htarda ddti escs otl lvreae
bper e(3*25 mL) . The combined organic | ay
ous Nadlt,h darniheydd4; oam dNa®@centrated to affoc
The crudespusddcwi thout further purificat

14. 22-Met hyphendywli nyl cyc-l-olpB B &n

HO,

\
Mej;:|~

Ph
239

Theitle cwanpokheswit zed accordamdgg was | pureirfaitad evi
chromatogsiaphyaogel (el ut itrog aRiBtls dREcBA ox | G :s.

Rr= 0.24 (PE/ EXMNMRIA400 MH2),U GBGIZ6n, 2HY, 14. 24
(mH)8. 90 J=ddiud7,. 2, H=z0,. 33, H)X7236, 17. Rz, 1184),J4.99 (
= 10. 8lz,14846 04 (m, -2LH)OM, 229239 (bs, IH)9. 2. 10
Hz, 1H) J=11®%3(tLtH), Ip.piC-NMR 13dH8) MH2z), 1IEDCB,
139.5, 128.4, 125.7, 124.9, plplid. 5, 78.4, 46. 3
14. 22-8et hpphendyli nyl cyc tneebtuntyylbednzenée2880fonat e
TsO \X
Mej;:|
Ph
240

0O a O mL Schl erketthyplaelwlaaylpt pd-e@BOt an
. 0483.¢57 mmol ) ri PCNMy(@&G.mimhemL,t 0. 643 mmol ),



to°WThis was foll owedDMAR 9hEe57adg, t0ob2Df mmol
solutptohuefhesul fonyl ,ch(4o3nihd & OMO0L OnBL3)6 wogys ed r o p
with stirringheveadtBAgmsol utatomr owans t efmoprer ad u
over nligeghtresul ting solution was diluted with D
wi tslat. ¢(B0Oi me The mi xdirureed weevsdhry ddowsn sul f at e
concentrated under vacuum {Thepsowlausep u thief ice di d
column chromatograpglky drl 2itldin)g twd tghi6vReEN)EA( #0
o48s a colorless oil.

Ri= 0.20 (©®E/ EXINMR] 400 MHz), 7ICH@I~= 8Hz3, 2H29
(dd= 8H=zl, 2HJy,.817(2®)e;,. ¥8 12 (m, -61H)8, (M, 0L HJ, 5. 6¢
= 7.0, HzOH¥, . 89.J dt. 8Hz,1.144) ,J=4 .1BB8AH)d, 4. 73 (d
J= 7Hz9H) , -3.Q2@81dp, 44H(3%.,1,8=00H21H) 1. 80 Q. 4
Hz, 1H), 1p g CNMR( B3HO MHB) W2 BCl6 , 144. 7, 137.
129.7, 128.4, 128.1, 126.1, 124.8ppaIR5AT2ZR) 84 .
2971, 1367, 1189, 1176, 986 c MBHHRMI BR7¢calBd3, fa
[ £H2€03S] : 342.1290, .found: 342.1288
14. 24-Br o mo bltetn € 2 4 5

Z"pr

245

A sol ut-buctndold4 430. 86 mD )mmolPyri di ne 3( Inmavd s mL

cool edC,awmd 3RB®r. 47 mL, 5 mmbhég walsutaidamrdWas st i
form3®fter allowing the reaction mixture to w
was distill etded&®q) imdmwmeiavicrog fl ask 2465pP00Vvi de
The compound nwatsheusmeedk hostepurther purificatio

14. 2 .29 @B+3-e nl-y I-1),-Bi phenyl plr,-c8p & i &%
O O

Ph Ph

X
246

To a 250 rblotdroaruNnhdH als. k2,0642% ,i n  mi3re rldl wansll )
added in dry THF ¢dbp helb ¥8Irompd ntgldd.m6m@s) 3 g, 29. 7
in dry( 60DMFma3$ added into the suXpemnmsdiedn as oNi |
at mosphere. Thestneacectdmofnob wédstek-ene® 4% 2. 74 mL,
27mmoland anhyd(?u42®&2alg, wk6 e2 amdmde@|dé¢ mp e rraotount et.

The me xwas heated to réE€héuxi xbureveasi glitenct
satur atiCéd sMHuti on. The aqueaws Itaymrers was he xdtire
The combined organic | SSpamdewdoéventedasvewvap
The crude pr acuc tb yewodlduapmxthomat ography on silica
PEEA= 20: 1) 4t. @ ffpf600bId4 &6 s @l aor |l ess oi | .

Ri= 0. 43 (PE/ BEARNMR:B0 (MH/izvs) )GDGCGD. IUH)7 . &1 52
2HYQ 40 (m, -54 H)4n, S.HED 2, 2 HYQ §72H)2. 30

~—

MO o



2. 14miH)p p ME-NMR 7MHz, €§DUH3.0, 151.1, 136.6, 129
117. 2., pp20RATRPG64, 2931, 1693, 1669, 1447, 123
741, 6&9HBOM® ESI ) caHcOs+f*pr pT8. 1380, found:

14. 2 .Bui3-e n2-yl phenyl (c28% bonate
o)
\AO)J\O,Ph
248

A sol uthue od®Rf4 737 . 58 mL, ,87@A dhiSeponymiode)of or mat e ( 8.
70mmol ) in DCM (100 nmamRw®sehuostdtidrd ®kt 30 min un
N2condiAioat.al ytic apmOuBts5af gRNMAK mmoil ne (6. 79
84dnmowpkre added to the teactidomt mirxtoumr ¢ eanper at

(

The react iwars miaxsthwerde wi t h )1 M nHICIt b(ed *a @ amlwas dr
over MHgBEOer evapor aegnton tolie tthemasiodivng yel |l ow
fl ash column chromat ogr ahp hPyE :0EnA s=i |12i0c:al )ggetlo (aefIfu
(89 %p 48 a colorless oil
Rir= 0. 65 (PE/Ellél-NMR(:GlO (MHzv,3) ) QD@13 I3n,H)2. Z8 15
(m, BHYYIdF, 17. 2, H20,. 6LH)Y6dI55L73.62 Hz1l. 2H) ,J 5. 29
=6. 4, HZ1.H) , 5J231QdBlz, 11H) ,J=1 %462z (pdp3nHY-NMR
(7MH, gbws3. 0, 151.1, 136.6, 129ppn;RIRBR 9, 1.
2953, 1728, 1248 mMHRMRE) 764 1H6®:Por 1pE. 0786, f
192. 0787
14. 2. (B)Z-BenzeBywlxBpheny-Ben2tyl phenyl (cca¥9Donat e

O O

Ph Ph

" 0c0o,Ph

249

To 580 mbubdt tfdnwsaks addadi bBAgener ati o0 .caldnd ygt
0. 2466 amnio ID)CGM8 umbLdam at mosphere 2fB@AERL-yhi)troge
1,-Bi phenyl-brddipocdnéeg 4. 5756 g, | 16 . acr@leddbmbt phenyl

carbonhag®. 5970 g, 29.12 imnmwl )tehveefrigamakd,d etdhen f |
DCMThe remicttwanser s ed @t ( ddfl ux) f areaoceamini tglnnt e
was cooled to room tempes artaumede da ne d lhee & op vees
The rewagdupadi foycolluadnh o mat ography on silica

PEEA= 15%) t @ . a&6fPloped 2048s a dark oil .

Ri= DI PE/ ER]1l (HINWMRI B0 MHz,3) GD&I3 §8n, AH¥Q 49
(m, 2HY,.2D. 48, -76 H)1, (M, 258 H)6, (5m,98HF, 15. 34 (7. 1
Hz, 1H)Y, 1B. 342, 22 H)2, (m, (4dH3¥ , 6HIZ5, 4 03 H)Y T-HMR;
(7MHz, ¢§DXO6.0, 158509, 151.1, 136315513533.,213B
129.4, 128.9, 128.6, 128.5, 125p@m 121.1, 76.

MO N



14. 2. BB8ZL Po-penl-yl )cycl elbdit ghe¢bi s(phenyPRPmét hanor
00

Ph Ph

\

250

A25 ml -n & owkoe d -broa u fothma s k ¢ warsg e d(E)-WB ¢ h z-8& X-8-

p h e ny3-eonr2-y | phenyl 2480b®® &8t2e mmahdnd ol ue6 mL) a
cooledC.NaHO®O. 16 g, 4 nhneodl )wpweahst awmes t o remove t
was suspended i h.tdbuethepa(SaSpambddiedctt @ otnheni xt
over 20 midn bfyolal otwol ueneThwa srhe a(c2t.i20 nmLwa.s stir
temperature for 30 mi?t drmd tame ra dwdrhmeed etdad t5 O n
cooled to room temperature and poured into W
separated and the aquedudileahgil )ex tTrhaec tlcebdmbwW nn
organic | awaesrhedwewiga h 2 M afq, NaOEHASOQR Y &ath d MDb

f
|

concentThat edsi due was pcuhrriofmaetdo gbrya pchoyl uormn s i | i c
with PE: EA = (0.5085952 tgp2®@H4%m deafolidr.l es s
Ri= DY PE/ ER]1l ( HINMR{ B0 MHz ,3) QD@4 §In,H)4 -7. 28
(m, 6H)dd B. 518.(@ .0z, HFHJbg,J= 15.0, 9.4, 1.5 Hz,
4.22 H)®, 883 29 H)®, 26 12 (m, -121)3, (2m,0(dH)F, 61 441
1.6z, 3HYCHPMR;7MHz, ¢DGO7.8, 197.1133609, 13258
130.3, 129.3, 1,2289,1,43.867%213.1Q@ d1lpB R ATRO94 1,
2916, 1656, 1447 ,95123,766 5H,HRIES ElL)8 C,al2cH20f or [ C
+ Na 327.1356, found: 327.1354
14. 2. Dlidphenyl (k2 ene

o)

PhJ\Ph

252
To a 25-nml ktewoebroaumdn f |l ask was charged with a
chloride (1.3841g, 6 mmol ) 2amhnmoisphleyle. efTher f (
cool ed itbmtadan ainde tri ethylamine (0.88 mL, 6.3 m
min to the reaction mixture. Triethylamine hy
and the ether becomes bradditt iyoen | ofwi ti ne weod ioat
compl et e, the reaction mixture was stirred e
triethyl amine hydrochloride wa$t mpepheratedahbv
washed with anhydrous di et hwelr eetcltodrord retsisl. (tThe
removed under reduced pressure and thepresidi
without further purification.

IH-NMR( @0 MHz,3) CGDGH2 (3n, 10HIT-NMWRA;LOMHZ, ©ODCI
201.1, 130.8, 129.p2pm127.7, 126.2, 46.9



14. 2. BABut-h,Bi elsyy | bentebd

|

Ph

254
suspension of methyltriphenyd2 hromglh dMHiFum
(100 mL) at 0 AC wauutydded hdudnd fi2d@eTlinle r eact i

m Xxture was stihlhg edi fmamalls5demhiynd & .T6)2 . &ndh® md dd e d
in to the reaction mixture. After 1 hande sol
stirred for @addiutriattedd osieCldf ( NHO mL) was adde
mi xture was et (180 endL )w.i tThheEtcombi ned organic
wi bhine (10@rmled s0vandMgBe® sol vents were r emc
pressure (3Cp. mbhe, r @¢@rdde eWady f | soggh agpdlyu mm
purea®$Eeluent to give the title compound as a

Ri= €8 | MHENMR @0 MHz ,3) CGD@I4 ™, 2HY, 2B.R)m, 2B
7.18 (M@, 7TPH)dd 5.6, 10. 46 H44mH)B) 3385 6D6z9
1H) 5. U7 (HzOH)ApmMT-NMR( 1UMHz, ¢DGWB7.2, 137.1, 1
129.6, 128.6, 1lg@gmé6, 126.4, 117.6
14. 2. @ ,- phedytlyryl cydloolg2thdn
0
Ph

Ph
X
Ph
255
To Schl enk tube nWivpabenadd2kbdtOe.n5e827 gan @E)bmmal )
l1,-Bidyl benzeh®. 1717 gyndermmimd ttheomper 8t ureed t he
reaction mixeéemperfadrurdeodnays. Remo2vbedd ankdepexc é s
byomm chromatography on silicd)geld.E@ef8atr idn8gs Ui

of258s a colidr.l ess

Ri= DA PE/EA]1l ( HINMR} @0 MHz ,3) Q&2 46n,H)2 7.386
(mH)2. 024 (m, -75.H)6, (Tm,2468F, 1BzHF61HYddI5. 86
15,978z, 4HYH= 8HZ9, 3IHPHBIIJE 17. 6z, 916)ddl3. 19 (
17. 6 Hz8. AHMET-NMR 1 MH z , gDZ07. 6, 141. 9, 139. 4,
130. 6, 128. 63, 128. 61, 128. 5, 127. 9, 127.5, 1
ppmM RATTRO027 1776, 1493cm HRME,E) 7 4c6a,l cH38f or [ C
324.1514 found: 324. 1511



14. 2.B)-A4,3 phe3dytlyryl cy-ehRleydutace2h6 e
0

OJ\
Ph

Ph
AN

Ph
256

Dii sopropyl anmd meEmo(iwa.s3 mimale d THF -7 &C ,mLthkBeart i

Q. 63, 2mbmoiwas dreppewdy i nto t hxeatsmolswpihieratmh ainder
reaction nmwaxtmerde twag oo nf otre nBpOhreaitsworvwedisi emo | e d
t o7 8°C, t(B)en-Ri phldsy yr vyl c yleolna2bbuptOa.n6 48 82 .¢d) mimmo |
THF (1 nsU)odwagspped i nto thehe eachva®ine mE7x8t ur e .
°Cfor, 1twaest i atedoom t dmpeBdDh d@ieowasi obmalckd

t 678C agai ngetaynld cahl or i dBe OjWwanlowty ppeaed o t he
sol uthethhe Treacti on miaxtt urroeo nwatsef neptei erarhéldigds t .

reacti ome nwalse dg WiHCHh sat uti on, t he xwa taveittehd h a s ¢
di etehyhler , the omdmbipheads eorwgaas datileed DolevenMg SW
reoved under reduvacdd hepr eesudmwer | fvgsdaom! u

chromatogsiaphyaogel (el utilngt RiSétsf RECEA dx. | G s

Ri= D PE/ ERAL1l ( HINWMR @0 MHz ,3) CDOD@iO 1 B, ]165 HY8d (
J= 15.6,HZ, 26HRIIJE( AL HHz5 @& H¥YS 4, 22H)(s6,H)3 pp m;
I1CNMR(1O0MHz, €§DChKk8.1A43. 5, 139. 4, 139. 3, 137. 2,
130.4, 129.5, 128.7, 128.6, 128.3, 128pm, 127
| R AJTRO024, 1768, 1493, 1446¢ m;HIROMS, E)1 3681, c .7 418¢
[ €H202] @ 366. 1620, found: 366.1623
14. 2 .(B)-4-Ac et-,lRi phe3mylyryl cydioomlg@tha n
0
Ph O
Ph
X
Ph
257

Dii sopropyl ami 2e 6)wiamd tmwrle d THF -7 $C ,mLthkBeart i

(1.632.mL ppwads | odkrpppedo the sobadn dint iuinml.e rT Ne n
sol uwaonwar med up to frooron T eanpealadtuirceto-7wBas Cc 00
°C, tmenRi phlsyyryl cyloln@bbt0a® 48 ypimon THF (2 m
was sl owly droppedei s othwa st Bda tim&Cetdua e . L hTéhn was
stirred at r dom tldmgnesnallvat ico balckd PO agai n, and
pyruvond.t2g |@mL6)wamsdlodlrppped into d htehe orl ad a toin
mi Xt uret iwrarsed samatt eémper atTUhe fe®act2i Mmuwas (L
wi t hNBl@lt .sol uti on, t hextwaawkttdehdgeeddshde rwa s he comb

Mno



or giach phase was dstiheed soovlevrenoMgeSdn s#s edeiced pr essu
and the resi dbg wmd ephuroinfait eosyirlaipchay goenl (el uting
= 10) t d.afof0br dy 2G&G6 %A afolidr.l ess

Ri= 3B(PE/EALl ( WHINWR @0 MHz,3) Q8% . 4 In, 2.H)B,. 3D
(m8gH), -77..2300 ( m, -66.H)4, (7m,092 H) , 5.72 (3CNNMR) , 2.
(1MHz, g0 3. 0, 196. 7, 145. 4, 142. 6, 140. 7, 1.
128.8, 127. 8, 127p B8 RIAZNRO0B,0,5B.0R,6,31N.6H5B379,1607
1201, 1150, 971, THBHRMSI3IBD), EB9gH2BMclr 366. 1620,
found: 366. 1617

14 TBA[ £alt al yzed Vinylcyclobutane
14. 3(EXPhenyplt &n2y(lp r-oenl-y |-3),-dti h y-8 Hpoy r -&-n

yl ) met h@2aaode
Ph__O._Xu

Ph
258
chl enk tube NG dahaBfedOad g, t 0. wD8N
Owa&s mdidded foll oW®d OB 9sagl i DTHRABE mi
ub
so

- o
®
=wn

t

o =
oSO B

e bwWELs floeabeld, t avadkse thh e d /3 wftoBrO eanot he
) utwiaen a(d@.ed mlo a 10 ml ScHARdénk tu

o
8:Wﬂ_
)

d8 .mmdle Schlenk tube fwardAflh elat €ed ol 0 n§
MpEER-¢ & poPpeenl-y | ) cycl-blbduitydnebi s(pheB@g0Dmet ha
®8 mmole added. The r e@cftoonRdvarnse asatiiran
chedetwhéeh dndtbghcentratE€dei nesiedue ewe
ilica columfekhriomagt ot Hlp R oEA fgf 03 d O
a colorless oil

o
ogo-

N
cChTW45S T3

DO D@D
o8 s

q

y
)
I

ocCc 9 OO0 O
®=»-

o\o_

ol

By

DY PE/ERA]l (WHINWMRI 680 MHz ,3) QD&I5 48, 2HY, 2D. 25
2HY, 1B5. 20n, -61H)8, H)M,18E 87 ( m, -51H)7, (&m,7 4 H) ,
7Hz7, 1HY, 8D. QOn, 1HYsz 2750, (H,d21 HYB,. 87. 16
1HX, 81. 90n, 1M ,6HxBHND pMENMR 125 MHz),l CDCI
9, 161.1, 139.3, 135.7, 131.2, , 12¢
g, 6, 271.BpP@AR AMTRB79, 1268152, 159 2, 13
, 967 ,cmFHRMY6ED G cal eH20Of40r Ng: C 3 6, fc
27.1354

PP o383
N Tt
0 =y -

8
5, 149
27.135

14. 3(Methyl cyB8¢nmbedki yl )bis(phenylPmét hanone)
00

Ph Ph

259



10
pPDheOi&Boe) D) 2were weighed
e Anhydrous DMF (1 mL) was

althieom eacti onttwadiguagthedhwer
sure. The e

S res
: 10)6 9920 (DL DHA @ .col orl ess oil

i n
ad

dragctniidam omiext urTeh éwaast AsCQ 2 O m cealr

and

PA PE/ EAL ) MNWMR 500 MHz), 8ICECIE 52 H) , -77..7895

2HY, 3B. 48, -72R)4, H)H, 3B 75 (m, -51H)2, (5m,6 1

3 (m, -21.1B)0, (2m,4-52. D)5, (2m,0-61.+5)3, (1m,6 BldHI 7. D .
3H)ITNMMRML 25 MHz), leDAI®PBL137.1,,1B36.31 13
9

) , 128,18248, 1 213288 .78,
2, 1124, 1205, 1175¢
327.1356, found: 3

4. 9,162pF.n7T R AZTIR.DA 6

OHRM $ EB12), BBIBCO2 674
7 5

3
mt
27.1350

Mp

H) ,
8
2

A,

t

2

o]
de
f o

C

4 )g, amE)-OC2popemiryl ) cycl-bblt ane

i due wa@s aplryi f(ieedthy

~
-
-

8

[5@



15X-Ray Diffnatysos A
15 R-(2Zi nylcycl dpdopbhhbki s(phenyR)-Im27Z hanone)

Table S1. Crystal data and structure refinement for (R -127.
Identification code s2179Ic (compound h2)

Empirical formula C19 H16 02

Formula weight 276.32

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system, space group Monoclinic, cz2

Unit cell dimensions a=14.3210(8) A alpha =90 deg.

b= 8.9769(5) A beta =91.660(2)
¢ =11.7100(7) A gamma = 90 deg.

Volume 1504.78(15) A 3

Z, Calculated den sity 4, 1.220 Mg/m 3
Absorption coefficient 0.618 mm -1

F(000) 584

Crystal size 0.5 9x0.40x0.23 mm

Theta range for data collection 3.78 to 65.82 deg.
Limiting indices - 16<=h<=16, -9<=k<=10, - 13<=l<=13
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Reflections collected / uniqgue 8918 / 2432 [R(int) = 0.0386]

Completeness to theta =65.82 98.3 %

Absorption correction Semi - empirical from equivalents

Max. and min. transmission 0.7528 and 0.6481

Full - matrix least onF 2

Refinement method - squares

Data / rest raints / parameters 2432 /1/191

Goodness - of - fit on F~2 1.032

Final R indices [I>2sigma(l)] R1=0.0232, wR2 =0.0611

R indices (all data) R1 =0.0232, wR2 = 0.0612

Absolute structure parameter  0.04(16)

Extinction coefficient 0.0046(3)

Largest diff. peak and hole 0.152 and -0.117eA -3

Table S2. Atomic coordinates ( x 10 4) and equivalent isotropic
displace ment parameters (A 2 x10 3for (R -127.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.
y z U(eq)
0(1) 8220(1)  9840(1)  1002(1)  24(1)
Cc(1) 6872(1) 11133(1)  1633(1)  20(1)
0(2) 5476(1) 11548(1)  2652(1)  30(1)
C(2) 7035(1) 12823(1) 1512(1)  22(1)
C(3) 6736(1) 11912(2) 491(1)  25(1)
C(4) 7733(1) 10182(1)  1798(1)  19(1)
C(5) 7995(1)  9741(1)  2991(1)  19(1)
c(6) 8571(1) 8501(1) 3169(1)  22(1)
C(7) 8859(1)  8112(2)  4265(1)  26(1)
C(8) 8596(1) 8970(2) 5191(1)  28(1)
C(9) 8031(1) 10208(2) 5016(1)  28(1)
C(10)  7723(1) 1058 5(1)  3923(1)  23(1)
C(11)  6006(1) 10654(1)  2228(1)  21(1)
Cc(12) 5796(1)  9026(1)  2243(1)  21(1)
C(13)  6034(1) 8118(1) 1328(1) 22(1)
C(14) 5790(1) 6619(1)  1320(1)  25(1)
C(15)  5331(1) 6018(2) 2237(1)  26(1)
C(16) 5107(1) 6911(2) 3162(1) 27(1)
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C(17) 5330(1) 8410(2) 3161(1) 25(1)
C(18) 7985(1) 13444(1) 1643(1) 23(1)
C(19) 8159(1) 14773(2) 2084(1) 26(1)
Table S3. Bond lengths [A] and angles [deg] for (R -127.

0O(1) - C(4) 1.2193(14)

C(1) -C(11) 1.5030(16)

C(1) - C(4) 1.5080(17)

C(1) - C(3) 1.5170(16)

C@1) - C(2) 1.5418(17)

0(2) - C(11) 1.2202(15)

C(2) - C(18) 1.4742(17 )

C(2) - C(3) 1.5007(17)

C(2) -H(2) 1.0000

C(3) - H(3A) 0.9900

C(3) - H(3B) 0.9900

C(4) - C(5) 1.4898(17)

C(5) - C(10) 1.3926(17)

C(5) - C(6) 1.3972(17)

C(6) - C(7) 1.3818(18)

C(6) - H(6) 0.9500

C(7) - C(8) 1.3898(19)

C(7) - H(7) 0.9500

C(8) - C(9) 1.3863(19)

C(8) - H(8) 0.9500

C(9) - C(10) 1.3838(18)

C(9) - H(9) 0.9500

C(10) - H(10) 0.9500

C(11) - C(12) 1.4921(17)

C(12) - C(17) 1.3964(17)

C(12) - C(13) 1.3969(17)

C(13) - C(14) 1.3903(19)

C(13) - H(13) 0.9500

C(14) - C(15) 1.3841(18)

C(14) - H(14) 0.9500

C(15) - C(16) 1.3933(19)

C(15) - H(15) 0.9500

C(16) - C(17) 1.382(2)

C(16) - H(16) 0.9500

C(17) - H(17) 0.9500

C(18) - C(19) 1.321(2)

C(18) - H(18) 0.9500

C(19) - H(19A) 0.9500

C(19) - H(19B) 0.9500

C(11) - C(1) - C(4) 117.47(10)

C(11) - C(1) - C(3) 117.00(10)

C(4) - C(1) -C(3) 117.27(10)

C(11) -C(1) -C(2) 116.97(10)

C(4) - C(1) -C(2) 116.31(10)



C(3) -CQ) -C(2)
C(18) - C(2) - C(3)
C(18) - C(2) - C(1)
C(3) -C(2) -C(1)
C(18) - C(2) - H(2)
C(3) - C(2) -H(2)
C(1) -C(2) -H(2)
C(2) -C(3) -C(1)
C(2) - C(3) - H(3A)
C(1) - C(3) - H(3A)
C(2) - C(3) - H(3B)
C(1) - C(3) - H(3B)
H(3A) - C(3) - H(3B)
O(1) - C(4) - C(5)
O(1) - C(4) - C(1)
C(5) - C(4) -C(1)
C(10) - C(5) - C(6)
C(10) - C(5) - C(4)
C(6) - C(5) -C(4)
C(7) - C(6) - C(5)
C(7) - C(6) - H(6)
C(5) - C(6) - H(6)
C(6) - C(7) - C(8)
C(6) - C(7) -H(7)
C(8) - C(7) -H(7)
C(9) - C(8) - C(7)
C(9) - C(8) -H(8)
C(7) - C(8) -H(8)
C(10) - C(9) - C(8)
C(10) - C(9) - H(9)
C(8) - C(9) -H(9)
C(9) - C(10) - C(5)
C(9) - C(10) - H(10)
C(5) - C(10) - H(10)
O(2) - C(11) - C(12)
O(2) - C(11) - C(1)
C(12) - C(11)-C(1)
C(17) - C(12) - C(13)
C(17) - C(12) - C(11)
C(13) - C(12) - C(11)
C(14) - C(13) - C(12)
C(14) - C(13) - H(13)
C(12) - C(13) - H(13)
C(15) - C(14) - C(13)
C(15) - C(14) - H(14)
C(13) - C(14) - H(14)
C(14) - C(15) - C(16)
C(14) - C(15) - H(15)
C(16) - C(15) - H(15)
C(17) - C(16) - C(15)
C(17) - C(16) - H(16)
C(15) - C(16) - H(16)
C(16) - C(17) - C(12)
C(16) - C(17) - H(17)

58.75(8
122.09(10)
120.30(10)
59.80(8)
114.6
114.6
114.6
61.45(7)
117.6
117.6
117.6
117.6
114.7
121.11(10)
121.88(10)
116.93(10)
119.57(11)
121.48(10)
118.84(10)
119.92(11)
120.0
120.0
120.27(12)
119.9
119.9
119.93(12)
120.0
120.0
120.10(12)
120.0
120.0
120.19(11)
119.9
119.9
120.76(11)
122.12(11)
117.08(10)
119.48(11)
119.90(11)
120.58(11)
120.20(11)
119.9
119.9
119.82(12)
120.1
120.1
120.27(12)
119.9
119.9
120.07(11)
120.0
120.0
120.12(11)
119.9
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C(12) - C(17) - H(17) 119.9

C(19) - C(18) - C(2) 123.10(11)
C(19) - C(18) - H(18) 118.5
C(2) - C(18) - H(18) 118.5

C(18) - C(19) - H(19A) 120.0
C(18) - C(19) - H(19B) 120.0
H(19A) - C(19) - H(19B) 120.0

Symmetry transformations used to generate equivalent atoms:

Table S4. Anisotr opic displacement parameters (A 2 x10 3)for (R -
127.

The anisotropic displacement factor exponent takes the form:

-2pi 2 [h? a*2 Ull+..+2hka*b*Ul2 ]

ull u22 u33 u23 ui3 Uiz

O(1) 26(1) 22(1) 25(1) -4(2) 6(1) 0(1)
C(1) 241 16(1) 21(1) -1(2) -1(1) 0(1)
0O(2) 26(1) 24 1) 412 -7(2) 7(1) 1(2)
C(2) 26(1) 16(1) 23(1) 2(1) -1(1) 1(2)
C(3) 30(1) 22(1) 23(1) 3(1) -3(1) -1(1)
C(4) 21(1) 13(1) 23(1) -2(1)  3() - 4(1)
C() 16(1) 16(1) 25(1) -1(2) 2(1) -3(1)
C(6) 20(1) 16(1) 30(1) -1(1)  3(2) -2(1)
C(7) 241 18(1) 36(1) 6(1) -3(1) -1(1)
Cc(8 27(1) 31(1) 26(1) 91 - 3(1) - 6(1)
C(O 28(1) 31(1) 24(1) -2(1) 4(1) -1(1)
C(10) 22(1) 21(1) 25(1) 0(1) 2(1) 3(1)
C(11) 20(1) 22(1) 22(1) -1(2) -2(1) 2(1)
C(12) 16(1) 22(1) 24(1) 0(1) -11) 1)
C(13) 22(1) 22(1) 24(1) 1(1) 1(1) -1(1)
C(14) 22(1) 22(1)  31(1) -4(1) 1(1) 0(1)
C(15) 21(1) 19(1) 40(1) 3(1) 0(1) -1(1)
C(16) 21(1) 29(1) 31(1) 7(1) 4(1) -3(1)
C(17) 21(1) 28(1) 25(1) O 1) 21 1(1)
C(18) 27(1) 19(1) 22(1) 4(1) 2(1) 3(1)
C(19) 26(1) 22(1) 31(1) 1(1) -1(1) -1(1)
Table S5. Hydrogen coordinates ( x 1 04) and isotropic
displacement parameters (A 2 x10 3for (R)-127.
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X y z U(eq)

H(2) 6532 13460 1830 26
H(3A) 7204 1 1725 - 99 30
H(3B) 6087 12041 189 30
H(6) 8764 7926 2537 27
H(7) 9238 7255 4387 31
H(8) 8804 8708 5942 34
H(9) 7855 10798 5648 33
H(10) 7325 11421 3808 27
H(13) 6364 8525 709 27
H(14) 5937 6009 688 30
H(15) 5169 4992 2235 32
H(16) 4800 6491 3795 32
H(17) 5165 9021 3786 30
H(18) 8496 12862 1399 27
H(19A) 7660 15377 2334 32
H(19B) 8784 15126 2152 32

Table S6. Torsion angles [deg] for (R -127.
C(11) -C(1) -C(2) -C(18) 141.50(11)
C(4) -C(1) -C(2) -C(18) -4.50(16)
C(3) -C(1) -C(2) -C(18) -111.82(13)
C(11) - C(1) -C(2) -C(3) -106.68(11)
C4) -C(1) -C(2) -C(’d) 107.33(11)
C(18) -C(2) -C(3) -C(1) 108.91(12)
C(11) - C(1) -C(3) -C(2) 106.63(11)
C@) -C(1) -C(3) -C(2 -105.70(11)
C(11) - C(1) - C(4) - O(1) 135.43(11)
C(3) -C(1) -CM@) -0(1) -12.09(16)
C(2) - C(1) - C(4) - O(1) - 78.75(14)
C(11) -C(1) -C@) -C(5 -47.73(14)
C(3) -C(1) -C@) -C(5) 164.75(10)
C(2) -C(1) -C(4) -C(5) 98.09(12)
0O(1) -C(4) - C(5) - C(10) 151.98(11)
C() -C@@) -C(5) - C(10) - 24.89(16)
0O(1) -C(4) -C(5) - C(6) - 24.20(17)
C(1) -C(@4) -C(5) - C(6) 158.93 (10)
C(10) -C(5) -C(6) -C(7) 0.65(17)
C(4) -C(5) -C(6) - C(7) 176.91(10)
C(5) - C(6) - C(7) - C(8) - 1.54(17)
C(6) -C(7) -C(8) -C(9) 1.02(18)
C(7) -C(8) - C(9) - C(10) 0.41(18)
C(8) - C(9) - C(10) - C(5) -1.30(18)
C(6) - C(5) - C(10) - C(9) 0.77(17)
C(4) -C(5) -C(10) -C(9) -175.39(11)
C(4) -C(1) - C(11) - 0(2) 141.85(12)
C(3) -C(1) -C(11) -0(2) - 70.54(15)
C(2) -C(1) - C(11) - 0(2) - 3.75(16)
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C(4) - C(1) - C(11) - C(12) - 40.41(14)
C@3) - C(1) - C(11) - C(12) 107.20(12)

C(2) - C(1) - C(11) - C(12) 173.99(10)
0(2) - C(11) - C(12) - C(17) - 33.00(17)
C(1) - C(11) - C(12) - C(17) 149.23(11)

0(2) - C(11) - C(12) - C(13) 144.85(11)

C(1) - C(11) - C(12) - C(13) - 32.92(16)
C(17) - C(12) - C(13) - C(14) 1.42(17)

C(11) - C(12) - C(13) - C(14) - 176.44(11)
C(12) - C(13) - C(14) - C(15) -1.71(18)
C(13) - C(14) - C(15) - C(16) 0.54(18)

C(14) - C(15) - C(16) - C(17) 0.93(18)

C(15) - C(16) - C(17) - C(12) -1.22(18)
C(13) - C(12) - C(17) - C(16) 0.05(17)

C(11) - C(12) - C(17) - C(16) 177.93(11)

C(3) - C(2) - C(18) - C(19) 142.07 (12)
C(1) - C(2) - C(18) - C(19) - 146.68(12)

Symmetry transformations used to generate equivalent atoms:

1R(S)-(&Zinylcycl dp-dophphki s(phenyShim2% hanone)

Table S7 . Crystal data and structure refinement for (S -127.

MP H

Identification code
Empirical formula

Formula weight

s2181lc (compound h3)
C19 H16 O2

276.32



Temperature 100(2) K

Wavelength 1.54178 A

Crystal system, space group Monoclinic, C 2

Unit cell dimensions a =14.3185(10) A alpha = 90 deg.

b= 8.9738(6) A beta=91.675(3)
c=11.7148(8) A gamma = 90 deg.

Volume 1504.61(18) A 3
Z, Calculated den sity 4, 1.220 Mg/m 3
Absorption coefficient 0.619 mm~" -1
F(000) 584

Crystal size 0.53x0.49 x 0.27 mm

Theta range for data collection 3.77 to 65.86 deg.

Limiting indices - 16<=h<=16, -9<=k<=10, - 13<=I<=13
Reflections collected / uniqgue 8708 / 2353 [R(int) = 0.0340]

Completeness to theta = 65.86 96.5 %

Absorption correction Semi - empirical from equivalents

Max. and min. transmission 0.7528 and 0.6797

Refinement method Full - matrix least -squaresonF 2
Data / restraints / parameters 2353/1/191

Goodness - of - fit on F*2 1.055

Final R indices [I>2sigma(l])] R1=0.0233, wR2 = 0.0593

R indices (all data) R1 =0.0233, wR2 = 0.0594

Absolute s tructure parameter  0.00(16)

Extinction coefficient 0.0041(2)
Largest diff. peak and hole 0.137 and -0.101eA -8
Table S8 . Atomic coordinates ( x 10 #) and equivalent isotropic

displacement para meters (A 2 x10 3)for (S)-127.
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

MPp O



X y z U(eq)

0(1) 1780(1)  159(1)  8999(1)  25(1)

c(1) 3128(1) -1133(1)  8367(1)  21(1)
0(2)  4524(1) -1548(1)  7348(1)  31(1)
c() 2965(1) -2823(1)  8489(1)  23(1)
c@3) 3264(1) -1913(2)  9509(1)  26(1)
C(4) 2267(1) -183(1)  8201(1)  20(1)

C(5) 2006(1)  258(1)  7010(1)  20(1)
C(6) 1431(1)  1499(1) 6832(1)  23(1)
c@) 1142(1)  1889(2) 5737(1)  27(1)
C(8) 1404(1)  1031(2)  4810(1)  29(1)

C(9) 1968(1) -206(2)  4985(1)  28(1)
C(10)  2276(1) - 584(1) 6078(1)  23(1)
C(11)  3994(1) -654(1)  7773(1)  22(1)

C(12)  4204(1)  975(1) 7759(1)  22(1)
C(13)  3967(1) 1883(2) 8671(1)  23(1)
C(14) 4210(1)  3380(2) 8681(1)  26(1)
C(15)  4669(1) 3982(2) 7762(1)  27(1)
C(16)  4893(1) 3089(2) 6839(1)  28(1)

C(17) 4670(1) 1591(2) 6839( 1) 26(1)
C(18) 2016(1) - 3445(1) 8357(1) 23(1)
C(19) 1841(1) -4772(2) 7916(1) 27(1)
Table S 9. Bond lengths [A] and angles [deg] for (9)-127.

0(1) - C(4) 1.2221(14)

C(1) - C(11) 1.5026(16)

C(1) -C(4) 1.5064(17)

C(1) - C(3) 1.5167(17)

C(1) -C(2) 1.5423(18)

0(2) - C(11) 1.2198(15)

C(2) - C(18) 1.4722(17)

C(2) - C(3) 1.4992(18)

C(2) -H(2) 1.0000

C(3) - H(3A) 0.9900

C(3) - H(3B) 0.9900

C(4) - C(5) 1.4877(17)

C(5) - C(10) 1.3923(17)

C(5) - C(6) 1.3972(18)

C(6) - C(7) 1.3809(18)

C(6) - H(6) 0.9500

C(7) - C(8) 1.392(2)

C(7) - H(7) 0.9500

C(8) - C(9) 1.384(2)

C(8) - H(8) 0.9500

C(9) - C(10) 1.3839(18)

C(9) - H(9) 0.9500
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C(10)
C(11)
C(12)
C(12)
C(13)
C(13)
C(14)
C(14)
C(15)
C(15)
C(16)
C(16)
C(17)
C(18)
C(18)
C(19)
C(19)

C(11)
C(11)

C(3)
C(1)
C(2)
C(2)
C(1)
C(2)
C(1)

- H(10)
-C(12)
- C(13)
-C(17)
- C(14)
- H(13)
- C(15)
- H(14)
- C(16)
- H(15)
-C(17)
- H(16)
- H(17)
- C(19)
- H(18)
- H(19A)
- H(19B)

- C(1) - C(4)
-C(1) - C(3)
C(4) -CQ1) -C(3)
C(11) - C(1) - C(2)
C(4) - C(1) -C(2)
C(3) -CQ) -C(2)
C(18) - C(2) - C(3)
C(18) - C(2) - C(1)
C(3) -C(2) -C(1)
C(18) - C(2) - H(2)

-C(2)
-C(2)
-C(3)
-C(3)
-C(3)
-C(3)
-C(3)

-H(2)
-H(2)
- C(1)
- H(3A)
- H(3A)
- H(3B)
- H(3B)
H(3A) - C(3) - H(3B)

O(1) - C(4) - C(5)
O(1) - C(4) - C(1)
C(5) - C(4) -C(1)
C(10) - C(5) - C(6)
C(10) - C(5) - C(4)

C(6) -
C(7)
C(7)
C(5)
C(6)
C(6)
C(8)
C(9)
C(9)
C(7) -

C(5) -

- C(6)
- C(6)
- C(6)
- C(7)
- C(7)
- C(7)
- C(8)
- C(8)

C(8) -

C(4)

- C(5)
- H(6)
- H(6)
- C(8)
- H(7)
-H(7)
- C(7)
- H(8)

H(8)

C(10) - C(9) - C(8)
C(10) - C(9) - H(9)
C(8) - C(9) - H(9)

0.9500
1.4931(18)
1.3940(18)
1.3972(17)
1.388(2)
0.9500
1.3870(19)
0.9500
1.391(2)
0.9500
1.381(2)
0.9500
0.9500
1.320(2)
0.9500
0.9500
0.9500

117.52(10)
117.00(10)
117.29(10)
116.97(10)
116.24(10)
58.69(8)
122.11(11)
120.34(11)
59.80(8)
114.6
114.6
114.6
61.51(8)
117.6
117.6
117.6
117.6
114.7
121.09(11)
121.81(11)
117.03(10)
119.41(11)
121.56(11)
118.93(10)
120.03(11)
120.0
120.0
120.25(12)
119.9
119.9
119.87(12)
120.1
120.1
120.12(12)
119.9
119.9
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C(9) - C(10) - C(5) 120.31(12)

C(9) - C(10) - H(10) 119.8

C(5) - C(10) - H(10) 119.8

0(2) - C(11) - C(12) 120.79(11)

0(2) -C(11) -C) 122.18(12)

C(12) - C(11) -C(1) 116.99(10)

C(13) - C(12) - C(17) 119.51(11)

C(13) - C(12) -C(11) 120.69(11)

C(17) - C(12) - C(11) 119.76(11)

C(14) - C(13) -C(12) 120.34(11)

C(14) - C(13) - H(13) 119.8

C(12) - C(13) - H(13) 119.8

C(15) - C(14) - C(13) 119.71(12)

C(15) - C(14) - H(14) 120.1

C(13) - C(14) -H(14) 120.1

C(14) - C(15) - C(16) 120.23(13)

C(14) - C(15) - H(15) 119.9

C(16) - C(15) - H(15) 119.9

C(17) - C(16) - C(15) 120.18(11)

C(17) - C(16) - H(16) 119.9

C(15) - C(16) - H(16) 119.9

C(16) - C(17) -C(12) 120.00(12)

C(16) - C(17) - H(17) 120.0

C(12) - C(17) -H@A7) 120.0

C(19) - C(18) - C(2) 123.14(11)

C(19) - C(18) - H(18) 118.4

C(2) - C(18) - H(18) 118.4

C(18) - C(19) - H(19A) 120.0

C(18) - C(19) - H(19B) 120.0

H(19A) - C(19) - H(19B) 120.0

Symmetry transformations used to generate equivalent atoms:
Table S10 . Anisotr opic displacement parameters (A 2 x10 3)for (S) -
127.
The anisotropic displacement factor exponent takes the form:
-2pi* 2 [h2 a*2 Ull+..+2hka*b*Ul2 ]
ull u22 u33 u23 ul13 ul1z2

O(1) 27(1) 24(1) 25(1) -3(1)  7(1) 0
C(1) 24(1) 18(1) 22(1) -2(2) 1(1) 0(2)
O(2) 25(1) 27(1) 41(1) -70) 7)) 2(0)
C(2 2711 171 24(1) 2(1) 1(1) 2(1)
C(3) 30(1) 24(1) 241) 3(1) -2(1) -1(1)
C@4) 21(1) 15(1) 23(1) -3(2) 4(1) - 4(1)
C(5) 16(1) 18(1) 25(1) -1(1)  3(2) - 3(1)
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C(6) 21(1) 18(1) 31(1) -1(2) 3(1) -3(2)
C(7) 24(1) 20(1) 36(1) 6(1) -1(1) -1(2)
C(8) 27(1) 34(1) 26(1) 8(1) -3(2) -6(2)
C(O 27(1) 33(1) 25(1) -2(2) 4(1) -1(2)
C(10) 23(1) 22(1) 25(1) 0(1) 3(1) 2(1)
C(11) 20(1) 24(1) 22(1) -1(2) -1(2) 2(1)
C(12) 17(1) 23(1) 25(1) 0(2) -1(1) 1(2)
C(13) 22(1) 24(1) 25(1) 1(1) 2(1) -2(2)
C(14) 22(1) 23(1) 32(1) -4(2) 2(1) -1(2)
C(15) 22(1) 20(1) 40(1) 4(1) 0(1) -1(2)
C(16) 22(1) 31(1) 31(1) 8(1) 5() -2(2)
C(17) 21(1) 30(1) 26(1) 0(1) 3(1) 1(1)
C(18) 27(1) 21(1) 22(1) 4(1) 3(1) 3(1)
C(19) 26(1) 23(1) 32(1) 1(1) 0(2) -1(2)
Table S11 . Hydrogen coordinates ( x 10 4) and isotropic
displacement parameters (A 2 x10 3)for (9)-127.
X y z U(eq)
H(2) 3467 - 3461 8171 27
H(3A) 3912 -2043 9810 31
H(3B) 2796 -1726 10097 31
H(6) 1239 2076 7463 27
H(7) 762 2746 5616 32
H(8) 1196 1293 4059 35
H(9) 2144 -797 4353 34
H(10) 2673 - 1422 6192 28
H(13) 3637 1475 9290 28
H(14) 4063 3990 9313 31
H(15) 4832 5009 7763 33
H(16) 5199 3509 6207 33
H(17) 4834 979 6214 31
H(18) 1505 - 2862 8602 28
H(19A) 2340 - 5376 7666 32
H(19B) 1216 -5124 7849 32
Table S12 . Torsion angles [deq] for (S)-217.
C(11) - C(1) - C(2) -C(18) -141.50(11)
C4) -C(1) -C(2) -C(18) 4.48(16)
C(3) -C(1) -C(2) -C(18) 111.84(13)
C(11) - C(1) -C(2) -C(3) 106.65(12)
C4) -C(1) -C(2) -C(’3) -107.36(11)
C(18) - C(2) -C(3) -C(1) - 108.95(13)




C(11) - C(1) - C(3) - C(2)
C(4) -C(1) -C(3) -C(2)
C(11) - C(1) -C(4) - 0(1)
C(3) -C(1) - C(4) - O(1)
C(2) -C(1) -C4) -O(1)
C(11) - C(1) - C(4) - C(5)

C(3)
C(2)
O(1)
C(1)
O(1)
C(1) -

-C(1)
- C(1)
-C(4)
- C(4)
-C(4)

C4) -

-C(4) - C(5)
- C(4) - C(5)
- C(5) - C(10)
- C(5) - C(10)
- C(5) - C(6)

C(5) - C(6)

C(10) - C(5) - C(6) - C(7)

C(4) -
C(5)
C(6)
C(7)
C(8)
C(6)
C(4)
C(4)
C(3)
C(2)
C(4)
C(3)
C(2)
O(2) -
C(1) -
0(2) -
C(1) -
C(17) -
C(11)
C(12)
C(13)
C(14)
C(15)
C(13)
C(11) -

cG) -

- C(6) -
-C(7) -
-C(8) -
-C(9)
- C(5)
- C(5)
- (1)
- C(1)
-C(1)
- C(1)
-C(1)
-C(1) -

C(11) -
C(11) -
C(11) -
C(11) -
C(12) -
- C(12)
- C(13)
- C(14)
- C(15)
- C(16)
- C(12)
C(12)

C(6) - C(7)
C(7) - C(8)
C(8) - C(9)
C(9) - C(10)

- C(10) - C(5)
- C(10) - C(9)
- C(10) - C(9)
- C(11) - O(2)
- C(11) - O(2)
- C(11) - O(2)
- C(11) - C(12)
- C(11) - C(12)

C(11) - C(12)
C(12) - C(13)
C(12) - C(13)
C(12) - C(17)
C(12) - C(17)

C(13) - C(14)
- C(13) - C(14)
- C(14) - C(15)
- C(15) - C(16)
- C(16) - C(17)
-C(17) - C(12)
- C(17) - C(16)
- C(17) - C(16)

C@3) - C(2) - C(18) - C(19)
C(1) - C(2) - C(18) - C(19)

105.58(12)
12.19(17)

78.76(15)
47.69(15)

24.36(17)

1.36(18)

1.28(19)
175.49(11)

70.52(15)
3.80(17)

32.94(16)

33.06(18)

176.43(11)
1.75(18)

1.17(18)
0.02(18)

146.59(12)

- 106.61(12)

-135.45 (12)

- 164.67(10)

- 98.10(12)

-151.97(12)

24.92(16)

- 158.75(10)

-0.49(17)

- 176.90(11)

-0.91(18)
-0.41(19)

-0.83(18)

- 141.75(12)

40.50(15)

- 107.24(13)
- 173.96(11)
- 144.85(12)

- 149.15(11)

-1.49(18)

-0.56 (18)
-0.91(18)

-177.92(11)
-142.11(13)

Symmetry transformations used to generate equivalent atoms:

MpYy



13B83R)-( Phenyh¢ &dyli ndy,ldd hydr o-8-wlilrJamet h &lodh e (

Table S13 . Crystal data and structure refinement for (R) - 128.
Identification code $2180Ic (compound 24A)

Empirical formula C19 H16 02

Formula weight 276.32

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system, space group Monoclinic, P 21

Unit cell dimensions a = 6.3155(3) A alpha = 90 deg.
b= 7.7433(4) A beta =100.579(3)
c = 15.0935(9) A gamma = 90 deg.

Volume 725.57(7) A 3

Z, Calculated den sity 2, 1.265 Mg/m 3
Absorption coefficient 0.641 mm -1
F(000) 2 92

Crystal size 0.54 x 0.20 x 0.08 mm

Theta range for data collection 2.98 to 65.87 deg.
Limiting indices - 6<=h<=7, -8<=k<=9, -17<=Ik=17
Reflections collected / unique 8588 / 2439 [R(int) = 0.0583]

Completeness to theta = 65.87 98.7 %










































