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Ac acetyl

acac acetylacetone

AIBN azobisisobutyronitrile

aq aqueous

Ar aromatic, aryl

Bn benzyl

bpy 2,2’-bipyridyl

br broad

Bu butyl

Bz benzoyl

c cyclo

conc. concentrated

cod 1,5-cyclooctadiene

d doublet

dba dibenzylideneacetone

DBU diazabicycloundecene

dd doublet of doublets

ddd doublet of doublets of doublets
dpephos 2,2’-bis(diphenylphosphino)diphenyl ether
dppf 1,1'-Bis(diphenylphosphino)ferrocene
6-DPPon 6-diphenylhposphanylpyridone
dq doublet of quartets

DMF N,N-dimethylformamide
DTBHN di-tert-butylhyponitrite

eq. equivalent

ESI electrospray ionization

Et ethyl

EWG electron withdrawing group
gem geminal

hexane n-hexane

HRMS high resolution mass spectrum
i iso

IR infrared



L leaving group

LDA lithium diisopropylamide

m multiplet

Me methyl

Mp melting point

MPM p-methoxyphenylmethyl

MS mass spectrum

n normal

NMR nuclear magnetic resonance
NOESY nuclear Overhauser enhancement and exchange spectroscopy
NR no reaction

Nu nucleophile

Ph phenyl

Pr propyl

q quartet

qt quartet of triplets

guant. guantitative

rt room temperature

S singlet

S secondary

t triplet

t tertiary

td triplet of doublets

TBS tert-butyldimethylsilyl group
temp. temperature

TEMPO 2,2,6,6-tetramethylpiperidinyloxy
Tf trifluoromethanesulfonyl
THF tetrahydrofuran

TLC thin layer chromatography

Ts p-toluenesulfonyl



#wlbamom4 L, AL LT Chemical Abstracts D £ 1EICHE - 7228, A7 b
AT — 2 DML, IR b O 2 M L,
. v u T uSUREED Numbering 2MEA I & > TRARD -0, RiLE
BET B 72 b1 AFRSCR B4 0 Numbering 12 TR0 X 5 Ic#— L7z,

EWG EWG

1 1

R73 2°CCl, R™3 2°NO,






B Bl === = oo 1

R === oo - 10

F1E M) v XF a7 aNFHONE R B BR SUL -----mmmmmeeme - 10

B1E MV ZumXAF Ay ruaraN o7y FE b D BB KOR ------- 15

B L KRB OB, e 15

L N Ak 19

B 3TH BEHEFNR DRI - 21

B2 NV ruaAFAvra s aUEHOBRINT YUV R KG ------- 25

B 1 R DR, oommm oo 25

L R Y Y A = T 27

FEI3E EE REDOBRE - 32

% 3 Hi Permethrin D A5 - 35

g2 hsmnAFLvraFa U BEOERRTOEAL M BB E---37

FLHET VAT IVHER & BN T2 B BR SIS === mmmmmmm oo 39

B 1 RBERE O, oo 39

B2 TH IR B 0D B B e 42

B3 BEEEZRDOBRE - 43

28 HALE() % O To B BR DU --mmmmmmmmmm e 45

HIE I/ n TN D Z b I AL mmmmmmm e mm e 47

#1HET R AT VBT KD = B BB e e 51

B BB R DOBRET - 51

B2 TH PUGHRRE D B B - mmm oo 53

3 BRI DOREF oo 58

B2 = briru 7 m RO E IO --mmmmmmmmm oo 60

R B -mmmmmm e e e 62

B T oo m oo 64
%4



TR I TR R iF B UL ——— 70
ER R I TR D (7 R (oL T S — 75
ER R I AR T D 7 R (oL T S —— 77
R I R D B oL T S ——— 79
R I TRy T S ——— 84
I TR R 7 R I oL T S — 86
R I D R 7 AR oL T S —— 89
R I D D L S — 95
E RN I R AR T R (/L S ——— 98
ERRE IR T RR (T DR (O S —— 100
CRIDY I R T BR (T B (/L - S —— 101
1 3K 53 B 2 10D FE R e mmeemmmmeem e e 106
----------------------------------------------------------------------------------------------------- 107



N
5>

E=qui
Fp

vruFaNEY v rn T a Ui 1, EELEIIUD ET D EMERES
WOEMIZEBWCTHERZRAEREZEF L L THAIN TCWAILEMIECTH D, OB L
LT, ZOwﬁiﬁéEﬁ%i%hé 1O REREAEAICERT D EmWIREE b

OO, EENEERRE - myﬁ\n"*/\@Eﬁp”bﬁEﬁL’?’ﬁ‘b‘ﬁf‘&)é %49 1 o,
4 H7D/\/1‘E75>9 WEAME. M vy aTa X UERN S EmEESE Y 2TV
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NWRTZENFMBILTUWD (Scheme 1), Bz X, 77 U n/KRFEFEHLA T, BIEA&
TRHET L2 (R DICL-T, KFELSNDO LRI, V7 a7 a XUl R#E
—RBREAORAEE - TETERE 525 (X 2, YE7, v FaXEHoe R
a2 ARV I VAEROGE, TAF EIFIER USSR CEIT T2 2 EnHE SN TN D
(H3BLWAY, Yoo oREREEEZFIATIE. ChE TAERBKRETH > 721k
A%®Aﬁ%ﬂ%k¢é’&ﬁﬁﬁf%ék@ VA= A=PaNE - C i/l =0l = FaVg
WA W2 RS OBRBENEANITDIL TS, LirL, Y7 a7 a/NUBROR
F—IRFBAECORALEZ G EMEIC L > THIET 2L R v ruraugEe
FUMNEEDORE O A X, FARHER R SR TV ARNWSEFTHY, TR
SEOH L WFERCKGORREIT, a7 u XU EBLI 0y a X a XU EHOR M
HEIBIIEKRTED EEZBND,

R * C-C bond is weak.
ii ¢ The reactivity of cyclopropanes is similar to that of alkenes.
R2 R3 * The reactivity of cyclopropenes is similar to that of alkynes.
Hydrogenation + Hydrofolmylation
' CO/H, (5 bar)
, [Rh(CO),acac]
CO,Et H,, PtO, R CO,Et ' (CF3),-6-DPPon nPr. nPr
— > (1) ' pPr—=—nPr == (3)
R AcOH H H ! toluene, 50 °C CHO
CO/H, (10 bar)
! [Rh(CO),acac] Ph. Me
Me.__Me Ha, PtO, Me Me : Phy Me dppf Y,
———— M, @ — )
AcOH ! toluene, 60 °C CHO

Scheme 1. Cyclopropanes and cyclopropenes.



UEDXS 7 mnt, EFFKISHFMHITE > TR A ERIRECEITT 27
o0 aNUROBBRKIGSORERL O 7 a7 a XU O T 2 B VAN G o B 5
I EAT > 72,

FTEHIL, KSFFICL > TR DMERRECHEITT 2707 o U BRBOM
BRSO EZHEL, N oo xAF st ov a7 o/ R0 8HIERLE, b
UZ7ma AF R, e 0eBEEORISITEY | bAoA 4 OBl E 7213 EHR
FIONNOBBEC L DR RSN EITT D Z e nmen TS, PWLER->T, b
YrzuauaxAFrrrsaraNUEE L2 O RE COET UL, JSEMICE > TR
72 DAL EBRIRNE CHEAT T D BRI TE 5 L WIfF L7 (Scheme 2), T 72b b,
TAXNLEEBEBFREE2 bSO NV ZouxF o rsaraNy 1 bl A 4
ARt L, YZun AT hTFAEr ABRAEKRT D, RIZ, KVEETHDL EH
RONDHNRATFA L B BERT DL DT C2-C3 G ORANEITT 5, mEIT,
HIVKR T F A BITKRERIDAHMT 52 & CTHBRE2MELNIEEZOND, — T,
WHERTEZ—EBrETTDHE, WETVDARBEEL, Y7o XAF 70/ C®»
BT D, FT, BFREIFEIZE LRI RICL > TREMINTL T UL D HBAE
T 5 L DIC Cl-C2 R ENHAT 5, B, ZOT7 VAN EHMETHZ LT, FHER
KID/FoNnNsEH 2T,

— o] EWG  c2-C3 ©
(lonic reaction) J cleavage EWG X EWG
il : e AIkyI\CB)\¢CC|2 o A'kY'WCCb
| 3 ' 27CcCl
EWG | Alkyl 3 27CCL, B X 5

EWG C1-C2 EwWG

' . EWG Y

| ' cleavage J\/ Y

a e e cel
Alkyl Alkyl” N2

] 2
Alkyl ccl
c 7 D 3

Radical reaction Cle

Scheme 2. Strategy for regiodivergent ring-opening reaction of trichloromethylcyclopropanes.

FUHIChY 7o AFryrraraxyEOo7 N7 7 v Ea R UBRE v
v AL AL D BBRISICOWTHE L7- (Scheme 3), VE, n-7FariloF Lo
2T NEHATHRN) 7aaxF s s aFasy dad23trans £ (DL T, 2,3-trans-4a)
EEBELLTHNT, 77 7A0ARRUBT NI TFAT UE= T LFEFR, T b
T I7NFA R TR L ORIEA-10 °C THRF L7z, TR, HiftE v kA 4




D KFR S TIESIARALF D F D (trans, cis. anti 35 & OV syn)iE, X THIKHE B 2 £ 7,
DO, C2-C3 B DR, 7 v BIRFDOEANET L, BIIZT v RIEFIB L Cofif
IZgem-Y7 ma B =LA S O8Ik AT L 5a @ anti K& (LU, anti-5a)7% 81% D I
KCVHBIRICHE SNz, RIS, 3 MONIKEEN RS 4a @ 2,3-cis & (LLTF,
2,3-cis-4a) % W TIRISMH T CRISZAT o 7o/ . syn OSARLE % &> 5a (AT,
syn-5a)» 59% DINR T LIT-, L= > T, ARIGIES IR RAICH#EITL TV D &
EZHND (51 ES LEE 1HE), 2

AgBF, (1.2 eq.
C?ZEt BugNB?:( “ 262 ) ) GOEL
TS Bu ~CCh (1)
s, O
2,3-trans-4a ) ' anti-5a
81%
AgBF, (1.2 eq.
CO,Et gBF4 ( q.) CO,Et

1 BuysNBF, (1.2 eq.)

nBu. B> _CCl,

(2)

nBu"'3 2 “CCl, 0?20'2 F
2,3-cis-4a -10°C,10h syn-5a
59%

Scheme 3. Ring-opening fluorination of trichloromethylcyclopropanes.

ABHBR B D USRI DWW TEEZL L7z (Scheme 4), £, T h T 7 LA R Ul
RN IELTZRA A 22N 2,3-trans-4a O b U 7 v r A F VEOHE TR IZEANL L7
%, BNLIRFE~D T v bW A A DREZHKEE | C2-C3 & O BRI I UM R 5+ D i it
2SHRE L CHEAT L anti-ba WAERK LT B X b D, el ARSI LIRRE RAIZHELT

S fofe

L7=o b, SRBTHEITLTVWAEEZOND (B 1 =8 1S 2mH), ?

CO,Et
1 AgBF S2 type 1
4 Ne Y CClI
' _ - . ”BU\;B/ak& 2
nBu”s 2 CCl, CH,Cl, £
anti-5a

2,3-trans-4a

Scheme 4. Possible reaction pathway of ring-opening fluorination.

vra N BRO 3NOEBRIEN IOV THRET L7z (Scheme 5), £ DfER, <
YUNEEEFT D 2,3-trans-4b & W23 6 TR Rl O BOS O N AREIRME L3RR Y
syn-5b AN L THE LN, ELHREWNC L, AR E LT = = L EDfEAL
METLIZEEZEZOND T by 6 BHE—ONARRMERE LT 48%DINETERT 5
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ZEDBHENERST,
CO,Et AgBF,

Bu.NBE CO,Et CO,Et O __o
1 Ug 4
N B CCl p CCl
: F>h/\;/a'v 2+ F>h/\‘/m'v 2 + q’
Ph 3 2"’CCI3 CH,Cl,, -10 °C E P PR —CCl,
2,3-trans-4b anti-5b syn-5b 6
12% 35% 48%

Scheme 5. Substituent effects of ring-opening fluorination.

syn-5b BLOT 7 hr6id. V= /=T LA A PRHIEF ZfEH LTRSS ETT
BT ETHERLIEEEZ NS (Scheme 6)(F 1 &4 1 &i% 3 H), 2

>~

CO,Et

CCl
path a an/k& 2
CO,Et

_— F
~ o
3 \"',//CC|3 CH20|2
2,3-trans-4b o0__o

Scheme 6. Possible reaction pathway via the phenonium ion intermediate.

iz, 2,3-trans-4a & THF RIEH ., BERRIR & OIS 2 FH & H, 100 °C TR L7
(Scheme 7), = DOfEHR, HIBRENZ LI1Z, 7 N7 70 Au R UgRE W54 L it
BRIz, 7 ar7aXUBO Cl-C2 fianBAL, S LI AT VO afiflZKERT
MEASNTZEEZEZLNDLBAIC gem-Y 7 nu B =LA L D8k — 27 )L 7a 7 82%
DIETHELND Z LN LN o7 (551 B 2 fid 1H), ?

CO,Et
) AgOAc (1.2 eq.) EtOzC“LH
o CCl
., THF, 100 °C ZR
nBu”3  2"CCl, 82% nBu” P
2,3-trans-4a 7a

Scheme 7. Reductive ring-opening reaction of trichloromethylcyclopropane.

FERR SR 2 T U 72 BR BR B s D BRI I DWW T & 22 L7= (Scheme 8), £9°. #iA1 4
PVELED THF 1238 T S0 0l O ER S ERT 5. ISR L 72 0ffi O ER7S 2,3-trans-4a
DLV rzar AFLVEOERF % —E & LL, BT r7maxAFLrIohn
GMWERLEE, /a7 uRXUED CL-C2HREEGNREAEL, a-I LR =/LTF /L H



DAERT D, BBIZC.HDTHEF PO KFBR 7252k 2 & Tgem-¥ 7 mr B =/t
S TanBEon-eE2 LN (1 EF 2 f6iE 2 H), ¥

AgOAc + THF H\@ e
Ag(0) AgCl CO,Et
CO,Et 2
; \ , N Etozc \ ? EtO,C
o _CcCl,
u nBu

nB

_CcCl,

nBu”3 2 CCly nBu”3  2('GCl,
2,3-trans-4a G

Scheme 8. Possible reaction pathway of reductive ring-opening reaction.

BICH T ¥ B VBB ROSC BT D FEE — R MEIZ DWW TR E U 72 R R, 3 L D SRR
ﬁﬂ&5%%@?»%»%%&&5%%%%mk%é?%E%Kﬁm%@ﬁﬁé:k
WS ME o= (BB 1 2 5% 3 1H),

BT T U h VRIS E O TR TH D Permethrin ) O & KICE T L7-

(Scheme 9), KU zZwwmAF v ruaras/N> ViR B A7 )L 2,3-trans-4¢c % = ¥
Jo—LH . JRIERER TR 5 L. TBS OB EBRILMIGNEIT L, BEv e T
R 8 M TT%DINRTHE LT, WIZ 8 O THF AR & B F/E T, &4, 100 °C
TMEAS 2 LB T7 U NABRERKISHNEITL, gem-vY 7 e b= 1 X2 653577
FY 9N TT%DIHETHE L, 9 iiﬁ@ﬁ%’%ofmpmmwmAtﬁﬁf%
%2 b, Permethrin O GECZ R L2 (BF 1 =5 3 i),

CO,Et
conc. HCI AgOAc O
TBSO — Me
“/CCly eon Me "ICCl,  THF 'V'e _ _ccl,
Me 7% 77% Mé ccl
2,3-trans-4c Permethrin

Scheme 9. Formal total synthesis of Permethrin.

WIZ, WERIRFOBEANEZEI /a7 RV BRBORRKICEZRET L7201, MY
saarAFsraraN HEHE D AF O E ORIG & BELZ (Scheme 10), kU
7mn%%wy7mfnﬂyzmmwm%&nm$wA$ IR TY A FI/VEEH TR
FL7-L 2 A, v /aFu U B0 C2-C3faDMEANETL, pRICERETFH LV
afZlZ gem-2 7 mm B = LA 6 DK = X 7 )L 10a @ anti {ZIK (LT, anti-10a) 2’ 93%
DL TR H O Tz, o, SAONAREE N # e 5 2,3-cis-4a & N TiE
AR CTRINZAT > TofE R, syn ONLAKBLE 2 $ -2 10a (LA T, syn-10a) 28 Hi— D N7 AR



PEIRL LT 76%DIRTH LN, 2O &b, RRUSISLRRFFRAICET LT
2 ENMSME o7 (52 B LHEIS 1),

CO,Et
CO,Et
1 ZnMe, (2 eq.
2 q)= nBuWCCIZ 1)
nBu”3 2"CCl, CHCl3, rt Cl
2,3-trans-4a angtg:/ 0a
(o]
CO,Et
1 ZnMe, (4 eq.) CO,Et
> nBu. B A /CC|2 (2)
nBu'3 2 “CCl, CHCls, reflux Cl
2,3-cis-4a syn-10a
76%

Scheme 10. ZnMe,-mediated ring-opening reaction.

ARBRBR LG O RS FR I & HEE L7 (Scheme 11), £9°, Y A FLHighnN b U 7 r 2
FVHE ORI T ICEAL L7tk Hb A A &8 k&, Yrnu A FAnF 4y ]
WERRT B, W, HALWA AL Dy n T a g M~ OREKHEL C2-C3 A
OMZAHEST L, anti-10a B LAE EEZ TS, 23, WO 7 7 kL LS
WERDTHEMEDEZ OND, Fio, ARGEIAEFROICETLEZZ L5, SW2
MTHETL TS B2 BN (52 H LI 2 ),

CO,Et CO,Et S) CO,Et
ClZnMe CO,Et
1 1 S) 2 A SN2 type
- Cl—2ZnMe, = K’ — ”B”\_B/ZLVC%
nBu”3  2”CCl, nBu” 3 2"(%CI2 nBu 3(}"(%@2 Cl
|
1 ( ClZnMe, J J anti-10a

Scheme 11. Possible reaction pathway of ZnMe,-mediated ring-opening reaction.

F. TAFAEOBBRILEDEICONVTHRF LEER, BEEROT A FIALERL T =2
FNEEFTHEEZHWESHATHRIMIET L, IR E LR IRIZ BB
DOBBRIENEOND Z END-oTc (B2 EHE 1HISE 3 H),

AF I X DB BRIRFBEASOEDBRFEIZRI LoD T, WRIZT VA VEREIZ K
HWFRRFEARCOMIEEZ B L. 1 O & O i % #at L7z (Scheme 12),
2,3-trans-4a M 12-V 7 nn T X URIREZ 0.1 Y EOHELEHIL LY 2,2°-B B Y U LIEE
T, BT HE. BB o a XU B CL-C2 fEE DBZUT L 5 BB ES A



TL o ICHFBIRABLIOBMIC gem-P 7 n o B = L& & O8Ik 2T /L 11a 28 1:
1OVTATUAY—IREWE LT BUNDONETH LT,

CO,Et

1 CuCl/bpy (0.1 eq.) EtO,C. o ClI
nBu”3 27CCl, (CH,CI),, reflux nBu” B
95% (dr = 1:1)
2,3-trans-4a 11a

Scheme 12. CuCl-catalyzed atom-transfer ring-opening reaction.

AT D ARG DN THEE L 7= (Scheme 13), X U HIZ, 1D LEAN ~V »
nu AFNLVEOEER 2 —EFETL, Y7 AF T G L 2oL
WAERRT D, RIZ, BERa-DIVR= VT OOV HNERT DL IICy 7T r v
IR D C1-C2 #E& L EIBIRANICBHA T 2, R%IC 2 i0HEENBIEER T 2 L p it
H&h, NanfFonzBExTWD (5B 2 ®E 2 fH).

1 2 0‘. Et 2 o |
! LL, N\ LL,
W /CCIZ /CC|2
nBu”3 2',/CC|3 nBu” 3 2(90|2 nBu” B nBu” B
2,3-trans-4a G H 1Ma

Scheme 13. Possible reaction pathway of CuCl-catalyzed atom-transfer ring-opening reaction.

W, HEHWXT 7 a7 aXUEHOHRT CHNVMNKIGOREEZBfR L, 7V —7
CAIND—FETHDH BIEEFRBLOBLER LR EIEL T LN TE HHMET
AT NVERE v a TN E OIS ERET LT (Scheme 14), n-7 F Lkl = F L
AT NEATDHY 7 a7 ar 12a % THE RET ., EBRSM T T3 YEOEMER t-~
FNEDORIEERF LT, TORER, = befbeHPEITL=Frr¥ 7 a7 a3 13a
M1 1OYPTATULA~Y—REMELTHEONE (B 3ES LEF 1H),

CO,Et CO,Et CO,Et
1 tBUONO (3 eq.) 1
g H,, «NO
THF, reflux, Ar AT
nBu= 2 3 61% nBu? 3 2 H H H
12a 2,3-trans-13a 2,3-cis-13a

1 : 1

Scheme 14. Nitration of cyclopropene with t-butyl nitrite.



AP D A & %55 L7z (Scheme 15), A= bk 2 fbLiiE 2 D ORRFEIT L 0 AT
LTWEEEZXLND, 120X, ETHMHEBET AT VOBSRIC X > TAR L 72—tk
BRNELVLERZMORFET P HINVEERTHLOIC, vruardaXro 3 A0
EERNAICAIML, Y7 a 7o LI 0L K BNAERT S, RIS, K2 THF 225k
TN G| SR PRE 14 B L72% 14 BRE S D 2 & T 18a ARG D%
W&z 55 (patha), b9 1 DOKRKIL, FTRANTHRAE L —BRILERNERIL S
A, TEEERDAERT D, IO L ERN T 7 a7 a XD 3 THLEIER
AU R L 28 B LT 1Ban KT 5 B2 65 (B3 ESE LHiE 2 1),

tBUONO <f}/H
CO,Et l CO,Et O,Et
A 'N°A#4A

[e1 mj

KAz X

nBu “NO,

Scheme 15. Possible reaction pathway of nitration reaction.

= F A bSO BEBIED IOV THRE LR, -7 F VR 2 H 9 5 WECHIEHIZ
RUPUVREATAHIRE, vZou~dF U A2 3o E2HWEZEATH, e
ITTHZENRmholz, (B 3EH LHIF 3 H),

Gohfc=rriruaruXUEOGMRETF L L TORMAMELZRT DI, EILK
Fi\%‘:ﬁo 7= (Scheme 16), = b 7 1m 7,3 13a Z Mgk K L OUEEE COLHET 5
L AXFTULAISNEZ=2 1 DREAME LT R2%DOINETHE LN, —F., 13a &K
FHRPX T, Raney Ni TULELT B L v-F 7 X A 16 D TT%DOINRTHELILD Z &3 H]
Lk ol (85 3 EH 2 ),



CO,Et o)

EtO,C Zn (20 eq.), HCI Raney Ni, H,
nBu” N "“oH iPrOH NG EtOH

nBu 2
15 13a U

72% (E/Z = 2/1) 7%

Scheme 16. Reduction of nitrocyclopropane.

bl Xy, EHFIv/Z7uraxvEBLIRY 7 a7 e XU EHOR R MEIZE
HL., MIEEMICk s TR DMERRETHEITT 27 270 XU BROBERKGD
B KONy 7 a7 a XU O T ¥ hNTIME S OB 21T > 1=, = OFEE,
TNAFNIELBEBLRSEEZ b O Y Z7un XA F v s a7 a XU EHOBRBRKIG T,
AV2E&REIC X > CHEFR OB AR R RE»SHERMEORRD 2
FBEOEEDPEONEZ L2 RHL, YZau b= baWoHRAREEZREL
2o Fio, a7 aXUHEAOHRT YIS DB TIE, 7Yk
WICEDRF—LBRMEEERISORBICKII L, = a7 a7 o X Ok
Bz L,



ZA
i

H1E N rzuaaAFAirza a2 HONBEIRIN
BH BR S his

gem-¥ 7 v a7V = VIR, EIEM AL LD ET DA AR E YOS

FZEEN TV D, Bl 21, Sigillin A IXEENGEHER 2 AT 2eWTh 5,1 £iz,
Permethrin 35 X OY Cypermethrin 1, ANiZxf3 2 @mMENMES, mWEREELZ -2 &
G, BEISPEML I ORI s TWwW5 (Figure 1), ¥

O+ O. /( j\
OPh

RCI
Me
Z Cl
Me
Sigillin A Permethrin (R = H)

Cypermethrin (R = CN)

Figure 1. Biologically active compounds containing gem-dichloroalkenyl group.

T, gem-Y a7 = VEEET AW A RLFIOICEE R PR S L
THEmbNTWD, # 21X, Roulland (35 & 2 &IE IR IEGEMH{LE 4 Td 5 Oocydin A
(Haterumalide NA & 721X FR177391) ) O A D= HIz, gem-¥ 7 v ua 7 L7 =LA
M1T LT hI e R 730 BE2 L7 VX LRI 18 Lo AR—gilih v 7Y 7
ZFMALTW5 (Scheme 17), ® L ED X 51T, gem-¥ 7 nu 77 = b &WITA
WAL T B XORIBEOBLE LD BEERAAWMEDO 1 DTHLDT, ZOFHBEMKIE
DOFENELS EEN TV D,

H, o, H
WOMPM
R,B
18 ‘0Bz
CCl
2 [Pdy(dba)s],  ©!
OTBS dpephos,K3POy,
X CO,Et THF, reflux
Me
17 19 Oocydin A/Haterumalide NA/FR177391

Scheme 17. Synthesis of Oocydin A using gem-dichloroalkenyl compounds.
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https://ja.wikipedia.org/wiki/%E8%BE%B2%E8%96%AC
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INFETICHREESN TS gem-¥ 7 aa 7Ly = ULEMOERREIR, £ 2212
SHEEND, 1203, CliRFa=v b LTV ZuarFLrdgnszmicE8AL
BT H5ETH S (Scheme 18), ¥R HRIC, TATE RERLIEZ F 20 2 EE L L
7= Horner-Wadsworth-Emmons % 1 7O s i&, gem-¥ 27 vu v 7 V7 = Ab&5W 21 =&
T Db EHEN T RNRTETHDE (K1), P E, NIsouaxrFrr=4v
EHNR= VIS, NV ZaaAFuhre s —v22 & L%, BLBERIGIZ
Lo TEMMICERT 2 HEbBEENLTVS (X 2), P 2ok LTiE, &
STV 23y rmaar Ty ORISR E o Ty r T X ) v 24 BT
BOHDRIC L > Tgem-Y 7 nu B = b AW E L TE R T T B Y
7aaAFNTVhNEMNSER%, HETUIET S 2 TR L (KD el
WS STV,

o)
Ig
EtO”/ “CHCI,, LDA
o) EtO CCl,
> 1
R1JJ\R2 R1 RZ ( )
20 21
0] CCl;CO,Na HO_ CCls Sml, CCl,
R1JJ\R2 - R “R? © RUOR2 @)
20 22 21
o)
M i
JL ClI”~ "CCls, Zn <><CI hy ﬁ\cl2
- - 3
R' "R2 R! RZC| R" "R ©
23 24 21
OAc
CBrCls, AIBN AcO_ Br Et;N o
25 26 27

Scheme 18. Synthesis of gem-dichloroalkenyl compounds by introduction of one carbon

unit.

HI) 1D C2FELIFC3I2=y FELT, gem-v 7 v a7 )V = VA EHEE AT
55T % (Scheme19), 2 C2 =y hDEAL LTI, I VLT /LF L 28 &Y
rBaa b LT F AR NG DA — BB s (R 5) P R, Ty U
LA F AT gem-Y 7 un = F L2 BN S BT %, HETOERT 5 H1E (R 6) 2 N
LI TWb, £72, C32=y bOEALLTF, gem-¥ 7 a7 VAT =4 %7
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Ry 20 ICHEBEMNMESELGR ERREEN TS (KT, @

"7

£ S CCl . (tBUO),

R—I - R Nccl, (5)
28 29
:i\ 1) AICI5, H,C=CCl,
g CCl (6)
R™ >Cl 2) Et;N Zr
30 27
ccl
o) Z > CHCl,, LDA o ~2 7
N - >, (7)
R1 R2 R R
20 31

Scheme 19. Synthesis of gem-dichloroalkenyl compounds by introduction of two or three
carbon units.

ZoXoiCgem-T 7 v a7 v = ALEBO G MIEITR 2 R FENHE I N TWVWD
N, INHOKGEHAWTREYLPERGOEREIT ) HAITIE, gem-Y 7 r e T b
e VFEOEAN LT TR CTHOEREDEASCHREEZITOMLENDH L, FEHME
RNFEMEOB AN LHEELK L TWe, Tk i, gem- 7 ma 7 L7 = LD AR
ERFFICM O EREOBEALERBEZIT) 2N TENEL., G LCEEEZH LT 2
EMTE, TNOOHRBEEMRTEDLEEZOND, ET-TOME. AHRIELOHEH
BOHIRE IR OAKIL D EBRTE 572D, Z V=0T IA RN —0BENL S
BHERNNCRDEEZEZDND,

T TEHIT, gem-Y 7 u a7V =VEEO AR & OB RERL DA E AR &
FFFICAT D) 2N TEDHB gem-P 7 v 7 7 = VAL EWME RRIEDTESL 2 B L C.
YIuTaNCHORRKIGICER L, mWOTAZRAX 2T 57 n 70
SNUBIL, BHIRKISIZE > THix OFREZBEATEZLIZ 00, EELEZIFILD L
THEMIEHEALEYOERICBWTEREZET L LTHORALETH D, Y i,
WA BT HAT A 7T N 32 L REREDRKISTIX, 7 r 7 r /N8
DIRF~DREEOLEL 7 a T a XV BOKRE - IREMAEORENEITL, AT
T UM RERENEAN SN GIROT vy 33 28K T 252 LN T& 25 (Scheme
20),
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o ANy
Nu L -L
A/L /’ > \’ — Nu/\/\
32 Nu 33

Scheme 20. Cyclopropane ring-opening reaction.

ZIZT, FHEF NV ZouAFARKIZERB L, N Zama AT R, Beos
B E DROSIZ XY | Ak A F o OBBEE 21T FE T O VO RBEIC X D8R % 72X
JIEREATTH e NMbEN TS, W Lo T, Ml zuonxFLikisboirn
TaN R R O RE TLE T, RISSEMFIC K o TR 2 A7 E BRI CHEAT
T HBABRNA B TE D L WIFF L7=(Scheme 21), I 72bH, 7TIF AL E K5
HExbo NV IunurAF v rsaraxy 1 nolElkA 4t a2l ses s, U7
BRAFNAFE ABEKRTH, RIZ, TORERDNVEIIFTH L BBAEKT S X
12 C2-C3 A DANEITT D, RZIT, DRI TF A BITREAINMHMT 2 Z
ETHERK 2 "o 2EEX6NDL, —J, NI 7o XAFVENLERT DL
DBEET X, P 7auaXAF AT 00N CREKRT D, FWVWT, BRIk st
R > TLEENEINTZT VAN D BNERT D X I CL-C2HEANRET S, &
B, TOTVHNERMETHILET, HBREINGOLNDIEZXOND,

DX IICHEBIREFOBBERERICL - Ty 7 a7 U BROBBRAE ZH#+ 5 =
ENRTENIE, R—EENS LY ZER gem-U 7 ua 7 A = AbLEMNELND T2
W, AHARFIECRD EWGF L,

I c® EWG  C2-C3 ©
A cleavage EWG X EWG
e : e Alkyl\ea)\¢CC|2 B A"W'WCC'Z
! 3 1 2>cal
EWG | Alkyl % 27CCly B X 5
1 A L
Alkyl”3 2 °CClg . B
1 : EWG C1-C2  EWG. . EWG. .Y
: . cleavage j\/ Y
X RN _CCly |----= ccl
. A Alkyl ZR
Yl Alkyl 2>ccl, y Alkyl
Radical reaction) ~ Cl* c D 3

Scheme 21. Strategy for regiodivergent ring-opening reaction of

trichloromethylcyclopropanes.
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FPEH L, HADA A4 OB XD C2-C3FEAIA N & LT, AlEIZB W T
BHER 7 v BRFEARSORBICER Lz, 7 v FFREFE, FHAEES/DE B
BREMEELZ AT 0, EEBIEATDLZ L2 AWFErRI AR ENE.
Rtz Eom B, &5120F, 2 o X7 BICHRRES TE 57 8O RN
TEH0, TOFHEANEORBITAKICBWTEETHS, P T rnrn
NUBRORBEZMED 7 v BRFEARSERF LT, 372bb, M) ZorAFLry
2= = 0 D N Al N A 7 = B N 73 el N AR B 2 (- AV N B Y e
DEIEHRELT FNTIAFRRTEBA T INLD T v FEFFOEANRET L, P &K
ET U7 v BREFNEANSNTZ gem-P 7 a7 7 = L&Y 34 ™G5 5
&% % 7= (Scheme 22),

EWG . EWG
1 AgBF, | F—B—F Ag EWG
...... : s Alkyl ccCl
;;73 2Q}' AgCl ’ 7
Alkyl” 3 2 CCls y (/CI cl F o34
M

Scheme 22. Strategy for ring-opening fluorination.
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E1E NV ZuouRrFriraruNUEO Ty BALR)ISEED
B BR S i

1 SR O RES

Uiz, BHERD NV ZuaAF oy rara N HOAERETS T,

i%@ﬁ%L%OTf%MMHVWA%%ﬁkLTLA%V/%V?VﬂMi?W
@5 Ty rzura ML v ara XU AR T AT )V 12a & 83% D IR T
ot TC, R2azrmaahRhbl NIZFART UV EZHWERNIZaa2AFALoon
JASINEE P A2 L ic kv  BHDO MU 7 A F L7 mFuasi 23 trans-4a
Z 63%, 2,3-cis-4a & 1A% DR TE L7 (Scheme 23),

CO,Et nBu—= CO,Et C1OzEt CO,Et
M [Rh(OAC),], & Et;B f E A
N, B—— - + g 5
CH,Cl,  nBu CHcl;  nBu”3 2 7CCl nBu' 3 2 "“CCly
35 83% 12a 2,3-trans-4a 2,3-cis-4a
63% 14%

Scheme 23. Preparation of trichloromethylcyclopropane 4a.

RIZ, FARmE LTHORTE M) Z7ra AF Ly 7 mFasiy 23-trans-4a & HIV
TT R 770 AR UBRIC K DBBRKIEZRTF Lz (Table 1), £9°, Y7mrm A4
VIR, BIRTLI2 Y8BT VI 7 Ak U CAET S &, WFREY BHOR
BRISHEITL, €TV /I/4ibl7 vHRFEFEbHo gem-Y 7 1o B =LA anti-5a
23 49% DU CANRRINAZE DL (entry 1), FoglIAEkME LTI 7 F 36 b
12% DR T B LT, fock T b 36 X EHEAONMERMEIK 37 LOIRAEME
LTHELNEZTED, TORAWE M) ZF LT T 36 ~& BME{L X7 (Scheme
24), F7o. ARISEMH T TIIBERETE R WVEIERM DR AR L TEBY . LD
BHAE L T eled ISR T THRET Lo, TORER, 10 ° CTRIGEIT -T2
AT I A B L, 60% DI T anti-5a 235 H L7z (entry 2), F 7o REE & LT,
ANFF TG B AFTY TG T U FE BB AW RGBT o E D
5,0 7 o #Fbik anti-ba 1TIF L A EELNT. T2 b3 NEAERMELTELR
7z (entries3and 4), TN O DFRMNOARKETIE, T T I NVA v R UERA I N7
HRIFELTHELTWDIERH LN E 2o Tz, RIZT v HRILDOFEE M ESH 57
b, FEDOT AbIA AR E 2D S DZREERFM L TRIEERT Lz, T ORE R,
TRIZINIAORUBRT VT TFAT U= A EMATEHGAE TR bR L SHEITL,

15



anti-5a 73 81% DK TH LT (entry 7)., B, T R I I NAF R gT 7 7 F )L
TR LADHBTRIGEAT 12 E TR DNEIT LR o722 &b KK
IR A A BMBETH D I ENRAL N E /o7 (entry 8),

Table 1. Optimization of the ring-opening fluorination.

Et AgX (1.2 eq.) O
& additive (1.2 eq.) §O*F!
2 eq. nBu\_)\¢00|z N Q" Y cHel,
nBu “CCly CH,Cl F or
2,3-trans-4a -10°C, 10 h anti-5a 36
yield (%)?

entry  Agreagent additive  temp. (°C) time (h)  anti-5a 362

1 AgBF, - rt 3 49 12
2 AgBF, - -10 10 60 5
3 AgPFg - -10 10 trace 32
4 AgSbFg - -10 10 ND (19) 43
5 AgBF, KF -10 10 59 (10) 7
6 AgBF, LiBF, -10 10 64

7 AgBF, BuyNBF, -10 10 81 ND
8 - BusNBF, -10 10 ND ND

a) Yields in parentheses are for recovered starting material.
b) Lactone 36 was exclusively obtained after the treatment of the mixture of 36

and its double-bond regioisomer 37 with Et3N.

Et;N

CHCl, + Scal, CHCI,

CH,Cl,
nPr nPr nPr

36 37 36

Scheme 24. Isomerization of lactone 37.

BT 3N D NLARELE S # 72 5 2,3-cis-4a & VT i 54 F (Table 1, entry 7) C
Kt w 41> 72, £ OFER. syn-5a 7 59% DU =R TILARINICH STz, T OfEEMN
B, ARBSIARFERANCHETT L TWD Z E B 52k 72 o 7= (Scheme 25),
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AgBF,

GO2E BuyNBF, CO,Et
- nBu — CC|2
nBu "'CCly CH,Cl,, -10 °C F
2,3-cis-4a syn-5a
59%

Scheme 25. Stereochemistry of ring-opening fluorination.

728, anti-FB X OV syn-5a O SLAREE XK O X D ITHEE Lz, Ayi HiE, p-7 /4=
AT anti-38 L ZED VT AT LA~ —"Td D syn-38 ORI AR KT L TV 5,
B ZnSDIEEHD HNMR 227 MLIZEBWT, 2{ik#E L 37 vHEDE LT
Ty PN TEREBLRETS L, anti-38 Dh v TV 7 ER (Clue = 21.48 Hz)D S5
syn-38 DB v SV T ER (e = 9.60 HD) LV b+ ICKREVEZ RT Z & 03 HE S
NTW5, ZOWEEZSBICL T, AEIERK L7 anti-3 X W syn-5a @ 2 iK% & 3 1L
TvFEOEVFNN TV T ERERSET DL anti-ba D v TV T EE (e =
28.0 Ho)® 528 syn-5a D » 7V v 78 (Cdue = 120 H2) £ 0 b+ IC K& W EE R
LTWb, LERST, FOVRKREWI TV T EREEZRLE S % anti /£, L0 /h&E
WHhH TV T ERER LTI FZ syn ke b of&E &2 HEE L= (Figure 2),

H CO;Me H CO.;Me
3 > 2-H &: 2.85 ppm 3 > 2-H &: 3.02 ppm
N\ 2Me  (ue=2148Hz) N\ 2Me (e =960 Hz)
F H H F
anti-38 syn-38
H CO,Et H COzEt
nBu_3_4__CCl, 2-H &: 3.57 ppm nBu_3 _4__CCl, 2-H 6: 3.71 ppm
N2 (CJye = 28.0 Hz) N2 (Jue = 12.0 Hz)
F H F
anti-5a syn-5a

Figure 2. Stereochemistry of 5a.

F7. TV Fr 36 ONARKEEICE L TIZ NOESY 27 "MUIZ L VR LT-, T72
bbb, vZua AFNLVEOKEL 4 (TOKERIZZ o A= BB LN, E

BLiE CTod 5 L HEE L7z (Figure 3),



/\B

Figure 3. Stereochemistry of lactone 38.

UEo Xy, Ml ZuauAFrvrsarany 4a 2V 7vn XX iRy, -
10°CTCT h 77NV A uRUBBBINT N 704 R UBT N7 7T AT U E=
VAT T DL, Ty FEMEORENEITL, FET VAT v ERFZ2HD
gem-2 7 v v B = AL BN B IR O B ARRIRIIC GO NS Z s 2 RS L,
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o 2IH USREE D55

ARG D RERRBEIZ DN TEZE LT, gem-T 7 v o B =/1{LA&¥ anti-F L O syn-5a
DOHETE R FR S % Scheme 26 (Z/R”T, 1ZUDIZ, T F T 74 R UBRENS AL
78R A AN 23-trans-da D F U 7 oo AF VO FIRF-ICEN L%, 3/RFE~
D7 AL A F v DORBZELEE, C2-C3 #EH DOBR I X OMEFE 1 0 BB »3 8 L i
fTL anti-ba WAER LI-EEZEXDBND, £z, 2,3-cis-4a 7* 5 syn-5a ~D 2 [FIEED
FOSREBTHITL TNWD EEX DI ENTE D, B, ARUNMISLIREERICHEIT L
2D, SRETEITLTWE EEILNS,

CO,Et CO.Et
1 AgBF, Sn2 type ~ o
nBu _CCl
S :
nBu”3 2 ccl. CH2Cl _ Fluorination =
3 F4B F
2,3-trans-4a anti-5a
CO,Et CO,Et ot
AgBF, S2 type 2
- . o nBu _CCl,
nBu''3 2 gl CH2Cl H F
2,3-cis-4a CMA syn-5a
N g

Scheme 26. Plausible reaction pathway of the ring-opening fluorination.

—Ji. 77 hr 36 OERBRKIZKDO L 21CBE 2 Hivd (Scheme 27), £9°, kit
FIRRIZT NI 70 A R RN SRELT-RA 42 23trans-4a O VY 7 oo X
FNEOE R ITHNT D, KRIZ, Y7 a7 e XU ROBRRICHEY, B8O n-7F
NEDOAKFIRFNE RU RS Z ML, BARIFAL OBERKR L%, 27 ik
THEMEAGO RN EITTE LTI N ELNTEEZTND,
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CO,Et

I|Et
/@ CO,Et . _ (C)\ J
AgBF, NPT Hydride shift -—
®
. - > _CCl,
o H nPr
nBu”3 2 CCly CH,ClI, I
2,3-1 -4 o
, rans-4a N ®
E C||||||Ag
9 0 cely
EtsN
Q" 7 cHel, Q
nPr nPr H
36 37

Scheme 27. Possible reaction pathway of ring-opening lactonization.
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W3 BRI OB

BEHIL BRI OV TP T 2720 3R R ZBEHRIEZ2ETH M) 7oa A F )L
ra T aRUEORRET Tz, Thhbb, Biga Yy Akt LT, U7 VR
e F L3N LAk x RIEHIEL A G T HRmMT VX D7 ara X AfbziT0, &
raFay R g 25 )L 12b,d-f 2157 (Table 2),

Table 2. Preparation of cyclopropene 12b,d-f.

R—=
CO,Et
rCOzEt [Rh(OAc),],
| —_—
N
2 CH2C|2 R
35 12b,d-f
entry R product yield (%)
1 Bn 12b 54
2 iBu 12d 59
3 nOctyl 12e 43
4 PhCH,CH, 12f 62

BT Eonz 12bd-f~D MY Z7aa XAF LT AN EZE 7 7 a kL,
NV ZFART Lo TITHO ZEIZED, NV v AF iy ruarasiy 4bd-f
AR LT (Table 3),

Table 3. Preparation of trichloromethylcyclopropanes.

CO,Et CO,Et CO,Et
Et,B ! + {
. N .
R CHCls R™3 27CCl3; R"3 2"CCl
12b,d-f 2,3-trans-4b,d-f 2,3-cis-4b,d-f
yield (%)
entry R 2,3-trans-4b,d-f 2, 3-cis-4b,d-f
1 Bn 34 17
2 iBu 33 28
3 nOctyl 43 22
4 PhCH,CH, 44 30
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ALz b Zan AF sy a7 a3 trans-4d-f O 7 v #E &L D BBRRG
Rt L7z (Scheme 28), i-7 FNEAFGT L5 4d0n-A4 7 FAEELHET S de. 7 =X
FNEEAET DM EZHNTRICETo TR -7 TFNLVEEZET D a2z H0TGa L
[FARIC OGS ITHETT L, BAFZRIE D @ SLARRIRIIIZ H R OB ER K anti-5d-f 2315 5 41
7=

AgBF
CO,Et gbry o
BusNBF, \/CO'VZEct:m 5d(R = iBu): 76%
R0k 5e (R = nOctyl): 85%
R “'CCly CH,Cl, -10 °C F 5f (R = PhCH,CH,): 77%
2,3-trans-4d-f anti-5d-f

Scheme 28. Substituent effects of ring-opening fluorination.

WA, RPNV HEEAT D 23trans-4b &7 b T 7 v A u R UERIR & OGN E R L
7= (Scheme 29), ZDOfER, LR OIS OSLAEIRME L 1 X872 syn-5b 2AE L THE
bivlc, £, BREWZ L2, AR LE L TT7 == VEOBMLAEIT LI LB X
bNDT7 b6, BH—OSREMERLE LT 48%DINRTAERL -,

CO,Et BASJE;?: CO,Et CO,Et o0 __o
u
4 4 Ph/chb + Ph/WCCIz + q
Ph “/CCly CHaCly, 10 °C F F PR N=CCl
2,3_trans_4b anﬁ-Sb Syn-5b 6
12% 35% 48%

Scheme 29. Ring-opening fluorination of 2,3-trans-4b.

I THELNARY anti-5b,d-f 35 X T syn-5b DNLAERAEE TR O X O ITHER L 7=
(Figure 4), £9°. anti-5d-f % anti-5a ® 'H-NMR A7 hLIZEIFT 5 2 kFEE 3~
YEOETFT Ny TV TERE DML VR L, Thbb, Zhbo 2
NAKFEOHF 7V 7 EKIT, £ Eh 28.0 Hz, 28.0 Hz, 27.5 Hz &+t K&
VMEZRL7ZZ EnD, anti iR EHEE L7z,

anti-} X O syn-5b ORI, £ END H-NMR 27 MUIZEIT D 2 ik
E3NTvFEOETTFT NI T T EROEEICL VER L, T2 6, anti-5b
DOH TV T ER (e =28.0H2)D I A syn-5b D7 v 7V > 7 ER (Pye = 13.0 Hz)
FOBHFHICREVEERL TSI EnD, KOVREAR DTV T ESRERLT
Jik oantifk, XO/NShHy TV U TERER LG Z syn (KL 20 OREE=HEE
L7,
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H CO,Et

2 ocl 5d (R = iBu) 5e (R = nOctyl) 5f (R = PhCH,CH,)
3 -
R X 2 Z 2 2-H 3: 3.54 ppm 2-H 5: 3.57 ppm 2-H 3: 3.59 ppm
F H (3Jyr = 28.0 Hz) (Jyr = 28.0 Hz) (CJye = 27.5 Hz)
HF
anti-5d-f
H CO,Et H CO,Et
3 A__CCl, 2-H &: 3.60 ppm 3 A__CCl, 2-H &: 3.74 ppm
Ph X 2 3 - Ph X 2 3 —
S (°Jug = 28.0 HZ) S (°Jur = 13.0 Hz)
F H H F
anti-5b syn-5b

Figure 4. Stereochemistry of anti-5b,d-f and syn-5b.

Flo, 77 by 6 ONARMEEIZE L TIL, NOESY A7 MLTHEWT, 3ALDKHE
DT FNEBEFRE AN MLOKFZEO L 7 F NV EDOM T v A —7 BRERIS 2
LBl sup b= kEELE AMOKEFEEOM T r ALY — 7 NEHIS L
ZED 34-trans Bl ThH D EHEE L7 (Figure 5),

Figure 5. Stereochemistry of lactone 6.

ZZ T RUDNEEAET LY 2,3 trans-4b DT b T 7 A R U ERER & O RS D
FOSTERIZ DWW THEE L7 (Scheme 30), 4. anti-5b (X, 7 M7 7 LA vk U EER
INOIEELToERA A 08 2,3-trans-4b D F U 7 mo X F VRO FIZEAL L7 .
BALIRFE D7 At A & v O RIZEKEE, C2-C3 f5H D BRI L UM B 7 o it i 3 18
e L CHEEITLAERLZEE X BN D (path a),

—J7. syn-5b DAERMGREEIZE L TiX, IZULHIcy 7 a7 a XU ROBBRIZHE NV
PUBRMNO DOREBKENEITL. 72 ) =0 A F A ENERT S (path b), 3239
W, T oAb A F L ORBEHZRL 7 a0 XU ROBRKSHEIT L TELNLE
EEZ BN 5 (pathc),
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o, T M6 T T2 ) =LA T HRIKF BER LR, AT VO VR
SOVEEFRN T 7 a T u N URIRFESKREKHET DL THERLIEEEZ BN D (path
d)o

Bon=bAW anti-5b, syn-Sb B LN T 7 b 6 DINKE KT HE, 72/ =0
LA UHHRZRETOIKIGHERKE THLIEZ 26N, Zhuix, —B&MIZH T
MEIETHD 7 v RBIFRFOBEANLY b FARIETH LB UEND ORBEKED
FRFHICHEN D EEZBND, ) E7-, anti-33 X O syn-5b 1%, HFEH T O BiEE L
vruaZaRXUBRORBRKIGNEIT L, RET VAT A FRIE Q B4 Lk,
7o RN EITL THEORZAREELZ X DN D,

path a

agsr, b\ PO =
7 2

- . . Bn

A. a
Ph '/CC|3 CHzclz ﬁ =
S

H F
2,3-trans-4b F;B—F anti-5b (12%)

.
Cl'Ag \ CO,Et

_cch

P
Bn
® _Fluorination
Nucleophilic attack path b Q \—
of phenyl group CO,Et
d

CO,Et

Bn _CCl,

[\ path c F

syn-5b (35%)

WH (Fluorination)
path d
H \c ccly O _o
o ) —
FB—F P\ H
F H —=CCl,
6 (48%)

Scheme 30. Possible reaction pathway via the phenonium ion intermediate.

e X oIz, 7 v #ELE D BRI 2 BRI D0 THRET LR,
-7 FNESN-F TN T xTFAEEET O NV sau AT o saTa sk
AONTRISZEITS T2 HAETIE, -7 FAEEETLHA L FFIC, BREKETHRO 7
v RENELNTZ, —FH, XUUNEEAETLHRETIE, BT = AAF
HEAEZRBE L CT7 2= VEPBEM LT 7 MR EERDE L THELILD Z &2
binkinoil,
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WoE RUZuuAFaruruaNUEOBE T Y VB
I i

9 1IH  RIESRMEORE

AIfiC, SRIEE LCAX VT udm ) VB~ 7 vAn T v FE BRI E A
WA TIE T v F bR anti-ba (X1Z LA EHB LT, 727 b 36 BEERME LT
Bohi, LR T, REMEZET L7 v B R T2 7220 REZ AW TG Z21T
X727 Fr 36 BBIRVIZH/EOLND EE X H4LD (Scheme 31),

CO,Et
ccl
y reu A0
Y —H CO,Et 7 F
CO,Et />H e i
1 AgX nPr /// anti-5a
______ - H
Et

nBu” 3  27CCly

YIS P .
2,3-trans-4a 9 (Hydride shiff @ _ccly - > Q77 “CcHcl,

E nPr

Scheme 31. Strategy for synthesis of lactone 36.

ZITEHIL, 77 b3 BRI LT-DICT7 v RIFETE2 T RWVERIETH D
FEBRERE N U Zmu XA F Ly 7 m 7 usX 23-trans-4a O % Fiat L7z (Table 4), 1
Ui, 2,3-trans-4a & 2.4 Y EOFFRIPAFE T, Wt LTY 7 mn A2 L THF &
AWT, |IRCKIEZEITo72, LL, BOKISIEEETET, A BRI E
HDHRTH -7 (entries land 2), & I TWKIZ, KIGREZ EF57-0, THF B
TRIGZRF Lz, TORE. 727 b 363G onihro2b00, gem-Y 7 oot
=L G Ta 3 25% DR TE L Lz (entry 3), Rifi Tk 727 v T 74k Uk
RAERNZHE L IIARIC, 7Taliv 7o 7o /R0 B0 CI-C2HAaNEE L, &5
TAT VDN KB FREANIND Z EICLoTEKRLEEEZOND, AiH &1
A HALERIRVE CRBRKGHEIT Lo Z &, 2 OISO FEM 72 OGRS L O
O MEMEICBBE N -7, £ 2 CTWIZ 7Ta IR L < 55 720 O RSSO itk
EATo7, ETHREIZ T X CHEESEL =0, BHEH, 100 °C THRILNEIT-TE 2 A,
7a OULHRIL 90%IZ F Tla) L L7z (entry 4), F7=, HigiRz 12 Y EFTHOLLTLE
T 7a B35 537z (entry 5), WIT, FEx OERMEZE AW TG ERTT L7223, RO
M X R SR> 72 (entries 6-11),
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Table 4. Optimization of the reductive ring-opening reaction.

CO,Et

] Ag reagent EtOsz/
BUT 3 2"’CC|3 conditions nBu ~CCl
2,3-trans-4a 7a
entry Ag reagent (eq.) solvent temp. (°C) yield (%) @
1 AgOAc (2.4) CH,Cl, rt NR
AgOAc (2.4) THF rt NR
AgOAc (2.4) THF reflux 25 (51)
4 AgOAc (2.4) THF 100 90
5°) AgOAc (1.2) THF 100 82
6> AgCN (2.4) THF 100 51 (39)
7°) Ag,0 (1.2) THF 100 26 (54)
gb) AgF (2.4) THF 100 68
9b) AgCl (2.4) THF 100 50 (33)
10°) AgBr (2.4) THF 100 16 (73)
11°) Agl (2.4) THF 100 trace (95)

a) Yields in parentheses are for recovered starting materials.

b) The reactions were performed in a sealed tube.

Lk Xz,

KU Zmo2F)Ls 7 mrFrsiy 23-trans-4a @ THF I8k % BERG 4R

FEET, EET, 100 °C TRIEZATI & 7 F I 7 A uk vigie nicha L
By, vraFaSUBEO CL-C2 A ORANSHEIT LT gem-Y 7 B u B =L {LAY
Ta NENETHEOND Z ERPENE BT,
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KBABR BG D RO AR Z AT A7 DI T D X 5 I EBr AT - 72,

L S BIRFI O B

BT, Liu I Lo TRO XD REIER RS TS, ¥ F bbb p-7rE= |
B AF L (39) % THR IS 22 KAFE F.70°C T Y 7 bd | A 5 2 ALk VERER
REEH Y 7 AR LAY ) — LV TRELT 5 &, AF L2 39 ~D THF T VB AKX
JEHEIT L, 40 35605 Z LA STV 5 (Scheme 32), Z DS Tik, Lo
PUESEIE D THE ICBIEEND Z & T, Ol 0MBERT D EEZ LA TN S,

0,
VRN
Ag(l)  Ag(0) .
Ot == O
@
| -
o
AgOTf (0.4 eq.) [ < 7' 7]
o NO2 MeOH - NO2
S S —_— .
Br Br NOz | —— OMe
THF
air, 70 °C Br 0
39 L 39 R _ 40

Scheme 32. Generation of Ag(0) by redox reaction between Ag(l) and THF.

FREOWE RIS, AKIGIZE W TS 0 oSO AR DO bNTEZ &b, K
BRER LA R CTART 2 0 MiDRICE > TEITL TCW B AEEMEREBEZOND, £ 2
TOMDEIRZEANCTAKEEIT-oTE 2 A gem-U 7 v a B =L{bLEW) Ta i’ 67%D Y
RTHELINT (Scheme 33),

CO,Et
Ag(0) powder (2.4 eq.) EtO,C H
THF, 100 °C, 17 h LCClz
nBu CCly nBu
2,3-trans-4a 7a

67% (18% SM recovered)

Scheme 33. The reductive ring-opening reaction with Ag(0).

27



F72. THF OEEMEEZFEND D BT, 7 v LRGFEE T, WEHRICO W THREIL
oo ZTORER, 7RV AR B U ERAWESE T gem-T 7 oo =L {bEY
7TalXfG o T, 7 v FILIK anti-5a 2MEILR 2 A SR L7 (Table 5),

Table 5. Solvent effects of the reductive ring-opening reaction with AgF.

CO,Et

AgF (2.4 eq.) EtO,C.__H CO,Et
L . mu L _cch

CCI :

X / 2 -

nBu "CCI3 solvent, nBu F

100 °C, sealed tube
2,3-trans-4a 7a anti-5a
yield (%) ?

entry solvent 7a 5a
1 THF 68 2
CHCl3 - (5) 27
benzene - (67) 17

a) Yields in parentheses are for recovered starting material.

PLEDOFERNS  ARBBRMIGIE THE 12X 2 1 MioEDETIZE > TAEK LTZ 0ffid
HlIcLoTHEITLTWDEEZDON D,

2. T HNVOREDIEH
0 fliDRIT aFURFE BFEILTDHIENMONTND, P HIziE, KEL
IZAEER R A i it & U 72 b T vk v 41 & BAb R //b?&%/?A LY A AN/
FOSH0 Ml OERIC L AL T AFAD—EFETERE L THEITTHZEE2ME LT
V% (Scheme 34), 9 Z OIS TIE, 1 X UOITBRRN B D~ 7RI 7 LI
iffnézh 0 Ml DM AT D, KW T, 0 MEDIEAHLT L F L 41 DR T 2 —
ot L, Z7NAFNNT IO S BRERLIEEK, SHBE O 14510 0 MioMITHES
zh'fﬂ/ﬂwl/ﬁET DAERT D, SHIZ, XRUVMREDBETH A v 7Y 712K - T,
RUVIME SN ERY 82 2 525 B2 TW5E, ZOWREEBEBIZTHE, K
BRABRSISIZEWT S TV NVORAELZFEH L THEITLTWD Z ENRRBIND,
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BnMgBr

Me Me cat. AgNO3 Me Me
nOctyl Cl Et,0, reflux nOctyl Fh
o)
41 66% 42
2MgBrNO3 Bn-Bn
2BnMgBr f f
+ 2BnAg 2Ag(0)
2AgNO;5
Ag(0) AgCl Ag(0) BnAg 2Ag(0)
Me Me \ { Me Me E Me Me E i‘ Me Me
nOcty nOctyl nOctyl Ag nOctyl
M s T 42

Scheme 34. Silver catalyzed benzylation reaction of alkyl halide.

T, REBRKICD 7 VAN THEITL TV ENEP LN T 5720, Tl
DEBRZ{T - 7= (Scheme 35), £, T VW AHIEH TH %5 TEMPO Z iz THigt L 7=
LA Vrunbe= kA TaldB oot (K1), £, HBirosBE LK
L7 AN EIT T ENmeE N TS NNN-UT7 YL ) 77 & b
T R@43)% B L LU CHIBRIBIC L DG EI T 2 A, 5 BRI 7 X L 44 73
B5% DI TR LI (N 2).441FV 7 ma AF T U UBRERL %, 5-exo-trig
R OBRILSICNEITL, F1IHR T IV ERALTAERLEEEZOND, UL
DFERLY | AKINX T VN DOREZRB L TEITLTWDL I ERH LN E ST,

CO,Et AgOAc EtO,C.__H
TEMPO
R _CCl, (1)
nBu "'CCly THF, 100 °C ,
a
2,3-trans-4a

o Q 0 0
AIIyI\NJ\CCla AgORe AIIyI\NJ\CCIZ A||y|\N\§C| Allyl\N§C|
> T e (2)
| ﬁg * Me
43 U v a4

55%

Scheme 35. Control experiments for determining the radical process.
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3. KRFEP DK iE

7a DT AT )VafLDKFRZ P 60T 2 BB TEAKFIERLIT o772, EHTHFE
WA OIS EATS TR, RIEETIEH -T2 DD, AT VO DEAKFE(L ST
gem-¥ 7 v v B = Lt &Y T 0 EHAKFELER 99%LL L TE 5 v (Scheme 36), F 7.

ARBABR PG BV TH

1ERE LT THF HETHD EEZOND T 7 F 2 45 DARL

MR STz, LEDRR IV . oD KFPITEBED THFE THDH EERZ BN D,

CO,Et
nBu “'CCly
2,3-trans-4a

CO,Et
nBu “'CCly
2,3-trans-4a

LU b oifs B 2 FEAZ

AgOAc EtO,C._ _D

- e, @
THF-dg, 100 °C R NF7T2

7a'
19% (>99% D)

AgOAc EtO,C.__H O _o
- U e
_ccl,

THF, 100 °C nBu

7a 45
82% byproduct

Scheme 36. Deuterium labeling reaction.

ARG DRGSR 2 £%2 L7- (Scheme 37), £, 81 4 MR

BED THF IZIEBIC 4, OMMOIRN AR T 5D, WIZARK L7z 0D ERA 2,3-trans-4a D -

U7 onoXAF Lol

ERFE2Z BB FHETL, HLBE L 7o A F LT 0L G N

R LTE®R, > 7a7a XU CL-C2HAaMNEL, a-I/VR=1LTF I HBNE
KT D, EZIZ. HN THE B KER 25k 2 & Togem-v 7 va = {LEW
TanEobnr-eEzon%, 3
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CO,Et
]

nBu”3 2 “CCl,

AgOAc EtO,C H
THF LCC'z

nBu

2,3-trans-4a 7a
AgOAc + THF o ﬁ O, 0 A
/Ag(O) reduc:io)
. -
' AgCl
C1-C2
CO,Et EtO,C_,
A )y
CCl
) nBu e
nBu 2,”ccl,
GK' H
C2-C3
cleavage
CO,Et
nBu._A_CCl,
w

Scheme 37. Possible reaction pathway of reductive ring-opening reaction.

B, YrZuZuNUENHERT HERIC,

C1-C2 A MBAZL L T H 23R4 2 %

L C2-C3FEAMBAHL TWMRERTIMRENEZX ONLN R L TEKT LTI
NHERDO L EMNEZ B LGB a-WIVR= VT VANV HDOER T VAL W LD Y
TNV =NV L DRI RICE S TLRETHH72DIT, CL-C2 FEA D EINAIZBH R
LizE&E2bLD,

UEnXoic, NV ZuaaxFrvrara XU 8%E THE EERT . BERESR COLBE 5
L, RBILH T UHNVEHRKIGNET L, AT ILOBMIZ gem-T 7 nu B = L%
LML EMBEOND Z ERPALMNE ST,
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o5 3IH  HE Rt O RRES

I T VA VHBR RS IC R T DB R IOV THRFT 2720 Y 7 rRa A
Forarany agj OFRET-T-, £, Y7 uerar 12g,h [ 3FiEa v
LRt LT U7 VEER =T L@ LD T AF D a S a ARl XY ARk
L7z £/, = NIV EETHY 77 a0 12103, 227378 =YL 46 &
HREE T U T AERHNWTY T YL, 7Y TR = MU A@AT)E L2tk ® EifR
DY AEMEEE LT l-~F DY Al ko Tl L7, Weinreb 7 2
ReEfTovr7ar7aXr 12jiF.vr7uraxXy 12a DT AT )VER5y & KL
W THLAXR Y D LI Ko TWEIkE L2 NO— Y AF e Rk vy I v
AT D ETARR LT,

R—
CO,Et
ﬁCOzEt [Rh(OAc),l, 12g (R = tBu) : 53%
= 12h (R = cPentyl) : 699
N, CH,Cl, (R = cPentyl) : 69%
35 12g,h
nBu——= CN
CN NaNO, WCN [Rh(OAC);],
NH2 * HCI H20, CH2C|2 N2 CH2C|2 nBu
46 47 12i
54% (2 steps)
I\I/Ie
CO,Et CO,H 1) (cocl), O~ _N.
NaOH 1 DMF, CH,Cl, OMe
B THF/MeOH nBuU 2) NHMeOMe « HCI
pyridine, CH,ClI, nBu
12a 48 12j

71% (3 steps)
Scheme 38. Preparation of cyclopropenes 12g-j.

ERRcHEoNnNTvI/n e 12gjiFk. 7rakv il NV ZFART o2 AW

)7 vaXAF T O HINMNEIREIT) Z TR ZaaAF oy ray
4g-j ~ L FHE L= (Table 6),
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Table 6. Preparation of trichloromethylcyclopropanes.

1 R1 1
R Et;B R
- +
R772 3 CHCl, rRZ73 2ol RS 2 eq,
12g-j 2,3-trans-4g-j 2,3-cis-4g-j
yield (%)

entry R R? 2,3-trans-4g-j 2,3-cis-4g-j
1 CO,Et tBu 83 0
2 CO,Et cPentyl 46 16
3 CN nBu 51 10
4 CONMeOMe nBu 49 9

ARBHBR SIS O R — R PEIC DWW TR L= (Table 7), £3°. 3 £ O SLARELE 23 H 7%
% 2,3-Cis-4a # W TG # T o oAb R, trans (K& W56 L RERICEINETHN
OBBRENF ST (entry 1), L7 o> T, ARG T 3MONARELEIZZEL 2N
Nl

WRIZEBIEH RO N TR L, £, SMLOBEHILIZ OV TR L 7R, ok
EbHo4d 4y, MBHOME Lz de, 7 a0 FAEEHETD AN ITEBWVTHRR
KBS IEZEIT L7z (entries 3-6), — 7. AEERZ AT D 4b Z W358 Tk, BHBR
RITHRE DR TH LN (entry 2), RIC 1 ALO B HILS R IZ OV TG L 72545 £
= U NVEAET D4 Weinreb 7 X RE2FT 5 4 Z W56 TH R L RS
179562 LR L E 7257 (entries 7 and 8),
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Table 7. Stereochemistry and substituent effects of reductive ring-opening reaction.

R
A AgOAc (1.2 eq.) Rf'/
2”3 27CCl, THF, 100 °C, 24 h N
4a-j 72
entry substrate R? R2 yield (%)?)
1 2,3-cis-4a CO,Et nBu 84
2 2,3-trans-4b CO,Et Bn 56 (38)
3 2,3-trans-4d CO,Et iBu 81
4 2,3-trans-4e CO,Et nOctyl 76
5 2,3-trans-4g CO,Et tBu 80
6 2,3-trans-4h CO,Et cPentyl 88
7 2,3-trans-4i CN nBu 84
8 2,3-trans-4j CONMeOMe nBu 74

a) Yield in parentheses is for recovered starting materials.
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% 3f1 Permethrin D JERAEE K

B HAG 2> B B S 7= RRFR Ak 2y Td 5 Pyrethrin (3 EOFELI L 7= 6 FFE D — 2
TIOIREWTH Y, T OH The b & BIEMED &\ Pyrethrin | O 3% % Figure 6 1271
9, Pyrethrin |&, &L WEBRAEICH L THEWERRIEEZ R L, DO ILE IR L T
EMWEENERET L LN, FileeFZbFE L THERSINTE L, Ll EFRX
Azt T D LEEEDORIMZEY . 2O HEBIIBREIN TV, ZD7=D, Pyrethrin O
EZ AL 72138 E L CRARMIZIT W B EREZM G5 L, BNl ZertEidiERL
TEFERBEEEED, TH TREAETE 2ILEMERIDRLN L OMFREIC L
STITbNTE =, Y Z» X 97 Pyrethrin OfEZ b L ICTF A v SRt WIE
L AaA REFETI, ZNETIZEARE LA A RRBHIEINATWD, 1972 (2
Elliott Ik > TR SN gem-Y 7 nnb =12 HF+ oL 204 RTHD
Permethrin 35 & OY Cypermethrin (%, AL 7- R BIEHESCE 2MEITHERF L2 E FI2m 0t
BEME LD LD, BESLEERELALCEVHBATHN O TS, i
Permethrin (X, & ¥ o & =3 2 EEGE CTH DO RKEE L LTHHW L
TW5,

7
Me
Y
O%:/OII- (@) O OPh
: Me © RCI
Me Me
NMG ¢l
Me Me
Pyrethrin | Permethrin (R=H)

Cypermethrin (R=CN)

Figure 6. Natural and synthetic pyrethroids.

ZITCEFEIME TCHELEB LN VO AKIEE A WTHBIBEEIETH D
Permethrin ® & %1235 F L7= (Scheme 39), (X U®IZ, Hiign o A&t L TY T
VEHIBE T FA@BINC L o T T F 49 kv ru sk, e ey 12 A
e L7z%, Zeradir sl RV ZFART U ERHWE N Zaa X FvT 2
B &0, M zaaxF e rsaraNy Ry Bo 2T )L 2,3-trans-4¢ & H—
DT AT VA~ —& LT 8NDINHETHE, KIZ, dc =X /) —/LH | JRIEEETL
BT 5 L, TBS EDONIRGE L BRILISHNEITL, B> 27T 7 hr 80 TT%DINERT
FoHhiz, Hi T 8 @ THF Wik & WEBEERAFAE . B H . 100 °C THEAS 2% & = ITHY
FTYUNNVHBIGHEITL, YZ7un b=V EEHETH5T7 27 b 90N TT%DILRTH
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537z, 91% Permethrin & OEEF AR E L THWLN TWAIEEMTH Y . XEDO
EIZHE - T, ® Permethrin ~& &R TX %,

CO,Et CO,Et
(COZEt TBSO [Rh(OAc)2]2 Et;B
I + Me = TBSO S TBSO
N2 Me CH,CI CHCI 'ecls
oGl 3
35 49 43% 83% 2,3 trans-4c
(0]
conc. HCI AgOAc o ref 15
EtOH Me "ICCl;  THF Me _CCl,
77% 77% M€ —=CCl,
9 Permethrln

Scheme 39. Formal total synthesis of Permethrin.

DlED X oz, ZFF T gem- 7 n o ¥ = /{bLEMERBIEOREZ B L. I
W N 7aax2F vy ara N HOEFRIF O BUBEZ O BRER KIG % Bt
L7z, TORER, HODHIEIZ L > THEIBRFOMBEARK2A 27220 | BFHRAE DR
L 2D gem-U 7 na B = b ARG OLNLZ EE R LT, Thbb, MUY
nuRAFLrsaTanNy 4T T T7VA R TR TS S & kA A
DORiEE. C2-C3FEADBHB L7 v LN HEIT L BALIZ 7 v FIF 1B L QofiZiZ gem-
Vr/rmu bV EELO8RT AT S BN ELND, —H. 4% THF iR, BEfR
THES 5 & R T VOl C1-C2 i & DA L ONEIL A EST L, BALIC gem-
vsuernbonvEE LR AT AT RGNS Z & & R L7 (Scheme 40), & 5
2. RITH T Y VBB RS & VT, Permethrin OB EE K b ER L 72,

Fluorinative Reductive
C2-C3 cleavage CO,Et C1-C2 cleavage
CO,Et S) . EtO,C.__H
F 1 H 2
CCl bigl >
K{L¢ ’ }zl% I;ﬁ%
= R 1 'CCls R
5 4 7

Scheme 40. Regiodivergent ring-opening reaction of trichloromethylcyclopropanes.
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o hlrZuuArAFrrruara XU EOEERRTO
BN Z D B BR RO

AIECRLELIIC, e rda Ui ECE PRSI EETLVILVEEET DY
saaAF v rsaraxy 1 OFEE RS BBRKE T, HEER-OBBERERIC
FoTyvr7u7e RUROBBMENRRY, 7o REFERIIAFERTF-DEASH
FRRBRAENMELOND ZERHLMNE ol ZNE DT O b 0 I & I BB G
OEFAELTHHTELZEBIRFE2HAT LI ENTEX, ERMOE 7 5%
KHTT D72, ABERICBWTEERMEVHEE TELEEZ26ND, £2TH
Fix., MV ZmaxFryraraNCcBOERROENZ NS PR KGO %
HfEL., N ZoaXFUEnolipid 2EERFIZEE Lz, BIECIIEREEE L
THEEZH W TWS I, Bl L 7R3 & U CiB L, B - FFHIE
WEEChoto, T THEHIX, ZOBMT2EREFRTF2RRTHA BB LIODICHY
WMATLHZENTEIR, KSHEBICEENDIRFEBEKIZ LW U —2 7 I AR
U —IZ3E L= RN BIETE % L& 27~ (Scheme 41),

EWG
EWG 1 (Radical reaction) EWG._ClI
Alkyl _CCl, S N -
_ccCl,
Cl Alkyl” 3 2 "CCl, Alkyl
50 1 51
i B\ !
| / |
) e N i
""""" CI@ D ‘\““-——---_-> Cle --------
y \
C2-C3 EWG EWG C1-C2 EWG
EWG cleavage ! cleavage .
Alky|\)vCC|2 ~------- : A 7T > /CC|2
® Alkyl” 3 ' 2>CCl,  Alkyl 2>ccl, Alkyl
B A © c D

Scheme 41. Strategy for atom-transfer ring-opening reaction.

ZO LX) BERRXO KNI FBER R & FEIEL, AREARIC B W TRE KSR
D 1oL LTHRHBENTND, YV HC, HH v T A E AR B B RG
T2 DEELZIILD ETLEMEELEMOERICLHVWENTEBY, ZhET
ICHk % e RO RUE DN ST D, O B2 MINBE R B A RO BRALBG
MBS 72 ED3 A STV % (Scheme 42),
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2 R

. 2
Polymerization R

ley (Cyclization) . X

Cycloaddition

Scheme 42. Various atom-transfer reactions.

LWLARREL, FEDMBRY . 7 u7a XU BoORRKIGE D R B8 K
JSIZIE L A EMEFINR L. G AFA T a S a XU B E W T Y AR
ERISDEOHRThH L, O Fbb, v r7un7u b2 o0& R EE o
AL AFNAT I TRy B2 BT U IVEWBEIGFET, TAr s ERIGSE D & v
7 a7 asNUBRORBR & [BL2MMBRILEENEIT L, B bshizv s ¥ v
54 N5 5L TW5 (Scheme 43), D Loy 7 uaru XUBROMERE NS BB
RIS DOFRMEDOE 2 IR D T2 DI, H LW Z A 7 O R 1B 8 BB BR KU O BE 5 A
HETHLIEBEZROND, LEOERNL, FEHIINV Z7anAFryrsasa Ny
D1 BB BR SOS DB IZHEF LT,

EWG.___EWG ical initi EWG
N R radical initiator R

| EWG
[

52 53 54

Scheme 43. Atom-transfer reaction involving cyclopropane ring-opening.
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B1HI U AF S E W= BRER NG

DT IVXIVHMEEE D I AE LTOMEEZLLRNL T I HABBAIE L
THbAATCERERRIETCHLTD, N rnm m%%ﬂ/%k@ﬁm ZHLBR SR
oo Thbb, UTIRNEHMMBLA AEE L TETIE, XZUDITTT X LEHN
MU Zwaa AF VRN A A 2Rl &h&E, P7va AF AT F L APRER
L7cth, C2-C3fEAaMMAE L, INAITF AL BE x5, WIZ, kWA 41 B
WZAHINE % Z & T 50 BT IV, AL A A ORLEEE BB U7 R BB B BR I
55753‘%%\%?%6&%2%%5 (Scheme 44, K1), —J5. T I/VFILHMENT ¥ HIVE
AL L TENTIE, IZUDICYTAFNVEREMBENDLIELIET VX ILT VIR
}\)71313)‘7‘/1/%75>5) BRTOONEFEHRE, Yraa AT LT TN CHBAER
5, WRIZ, CL-C2HsEa AL, VNV D BAEK L%, DR L OHEET D
NEGIEHRLS ZENTEL, 51 G610, HET U NLVORMEIC L 2R B8 A5
BRGNBRE TE 5 & 27 (Scheme 44, KX 2), TZCTEHIX., V7 AT g s b
YoruoaAF L raraXUEHE ORISR RS LT,

EWG EWG
1 ICZ -C3 EWG EWG
cleavage
....... - o/ N\e® D A”‘S"x@)\&@CC'z --------»AIkyIWCCb (1)
Alkyl” 3 2 "CCl CCl
1 nRko A CI—ZnR2 B 50
Radical reaction
ZnR2 + 02
EWG | EWG  C1-C2
1 ‘R 17 cleavage EWG U EWG
&\@ ------- AV > Alk IJ\/CCIZ ) CC|2 (2)
Alkyl” 3 2 - Alkyl LCCI y Alkyl
1 cCl D 51

Scheme 44. Strategy for ZnR,-mediated atom-transfer ring-opening reaction.

ZU®HIZ, NV ZvrAFryrarasNy 23trans-4a % b= |ETY A
FOVRS T LT L 2 A HRDOBRABERMSITHEIT L2 > 7= (Table 8, entry 1), &I
BIREIE TG E T T 2 A, a7 a0 C2-C3 A DA NELT L, [3
MAZHE SRR 78 L Pofiziz gem-v 7 v v B = V% & DUk A7 /1 anti-10a 25 41%
DOULHFETNARTINIZE B LT (entry 2), WEORIITITERIRF 0N TN
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ZEmb, BBRIK anti-10a D= 2T ABMDOEEHEIFE 1. HEDO Y 7 mw A F LK
KThdEBEXAOND, ZOXIITHIFLIE NI e XA F Ly rarua/NUHEOE
FIRF BRSO FIZHKII L, £ 2 TRIC, IWEROM L4 B L THEEZ)
FIZOWTHRHF LIERR, XU B2 HWESA TIHINEO M ER SN0 T2,
7R b I AW T35 G I BOSIE =R T H T L, 93% DI T anti-10a 2315 b L7z
(entry 4), 2B, KEUSSKMHTIE, = AT VOB OB NEEED 7 v v /L A
RTHLARMEREZ N D20, RS R FBEVE THEIT L TV 5 0 IEEBLE
DEZARPLINZR > TRV, Ll BT8RN &I ETH
L2 b, ZruRL AT REERE LT, LFTOBSE2IT> 2L L, &
ICHSARIEIC OV TR LR, =T villidh 2 AW 2548 TR O T2 A 5
L7z (entry 5), FE 7o, HALHEN 2 H W TREGGET Lo R, ARIER 72 3 & BABR RO 23 AT
THZEDRHLMNERST (entry 6), HEALHER T A ABGAIE L THERET S Z &
X722 REISRMFIZB W TRINE 2 5 anti-10a 2345 572 2 Lk, RGN
A A VBB TEITL TSI L EZRBLTWS, KRIZ, 3 MONEEENRLRD
2,3-cis-da Z# W TS ZAT o TR, J|IR T CIEEISDEIT Lo 72y, BIESM:
TTITH &, anti-10a & IINTARBLE O D syn-10a S H— O NARKEMER L LT 76% D
WERTELNZ, ZOZ D, RRIGIISEREERMICHEITL TV Z ERHL ML
VAW

Table 8. Optimization of ZnMe,-mediated ring-opening reaction.

COEt CO,Et CO,Et
1 Zn reagent nBuWCClz . nBu ~_ccl,
nBu™’s 2"ccl,  conditons cl Cl
4a anti-10a syn-10a
ratio
entry substrate Znreagent(eq.) solvent temp. time (h) vyield (%) anti : syn
1 23-trans-4a  ZnMe, (2) toluene rt 6 NR -
2 23-trans-4a  ZnMe, (2) toluene reflux 6 41 (21) >10: 1
3 23-trans-4a  ZnMe, (2) benzene reflux 6.5 37 (9) >10:1
4 23-trans-4a  ZnMe, (2) CHCl, rt 2 93 >10: 1
5 23-trans-4a  ZnEt, (2) CHCl; rt 5 44 (44) >10: 1
6 23-trans-4a  ZnCl, (2) CHCl; reflux 48 12 (64) >10:1
7  2,3-cis-4a ZnMe, (2) CHCl; rt 24 NR -
8 2,3-cis-4a ZnMe, (4) CHCl; reflux 13 76 1:>10

a) Yields in parentheses are for recovered starting materials.
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SOz 2 FREE O BHER R O M X SEAREL E A R 9 5 72 912, anti-3 L O syn-10a D1k
%%E@%:ﬁof: (Scheme 45), anti-10a %> 7 mru X ¥ U iEiERY . DBU TULEET % & |
WAV K E DO PLBEN AT L, %P 2 (E)-55 NWHE—DERM & LT 76% DR TH 5
Nic, —Ji, syn-10a % [FZ&M4 F TR S/ 5 & (2)-55 " &ERWICH -, Z Ok
FOGIISEAREE RIS T o FREECH#EITL TV D EEZbN5E, LR -> T, E K35
SV OSNAKELE % anti (K, Z (K35 B V72 07 ONLARELE % syn IR & HEE L7z,

CO,Et

CO,Et Cl
DBU CCl
nBu\)\¢CC|z — Eto20®§00|2 .~ %\f 2
: H nBu CH,Cl,, 0 °C nBu H
Ci H 76%
anti-10a (E)-55
CO,Et Cl CO,Et
2 EtO,C DBU 2
nBu\H\¢CCI2 _ gﬁccb . nBu.___CCl,
nBu H CH,Cl,, 0 °C
Cl H 2800 H
syn-10a (2)-55

Scheme 45. Conversion of anti- and syn-10a into conjugated diene (E)- and (Z)-55.

Fo, T (E)-B L N(2)-55 D NLARHEE L, NOESY A7 FLIT XV iR L
7= (Figure 7). £9°. (BE)-55 X DALV 7 4 VKB L ANDATF L U KFRIZZ 1 A
E—r RNl En- NS, ERTHD LR L, —FH. (2)-551F. 34 L7
4 UKFBL VDAL T 4 VKB 0 A= PR ENT-21D 2K TH S
LR LT,

NOESY)
CO,Et ]
g gt
4 H nPr N 2
nPr /b H H
H
(E)-55 (2)-55

Figure 7. Stereochemistry of conjugated diene (E)- and (Z)-55.

DLEo X oz, NV ZuouaRrFrrsaryaXvrrraafR/Laf, A F /L
THRET 5 &, C2-C3FEADOBANHET L, BMIZHEFER 7B L Pafii gem-2 7 1 o
o VA S OIRE AT VN EINRENOEKBRIRETEOND Z ERHALNE R

-7,
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5238 PUGTKERES D55

BB BES D SR DWW THELE LTz, ZHE TIZ Mayr HIZ X > TRD L H 728
PRIERHE ShTnD, D bbb, HET V56 &7 57 ZH L T
BT 5L, REBEAMINIEDET L, LT VXN 58 B3G50 2 EnHE I
TU % (Scheme 46), = OLIGHTlE, (X U DI LI NEL T UV v Sk A 4
ERIEHE . TYADTAY Y BERT D WIS, TV ADF A RT o 2k
L. ANKRAFH ZBER L T2%, Ak A A P42 2 & T 58 MR LT
EFEZLNTWD,

= R3 R* . R5 ZnCl, R! R3R4RS RS
RZMg /]\Rﬁ RN cl
56 57 58
© RS S
Cl—2ZnCl, CI ZnCl
1 534 2
2 X o NQZ -
R Cl ZnCIZ R2 R4 R2 N\ ® R6 R2 N cl
X Y 4 58

Scheme 46. ZnCl,-mediated addition reaction.

Flo . UTARHEMMBLA ARE LTHE L LT VL ERIST A6 E LT,
TNk DA F A EERIENHE SN TS (Scheme 47), )

,R? JR\Z js R R3 R2 R3
R R?2 2
1 R
Rﬁ\/a\“ZnEtz —» RIORg MG) o — RM
Cl—2ZnEt, Cl—2ZnEt, nX
AA AB AC 59

Scheme 47. ZnEt,-mediated polymerization.

UEDHERAESEIZ L T, ABRBERICO OGS 2 #EE L7z (Scheme 48), £¥, ¥
AFVHERAN N U 7 mm AF VKO RF RN L%, kA F ol &k,
vrsauaAFNhFAy IBRERT D, P RIS, kA Aoy s T a0 3
14«@:!?1‘*15@’“9: C2-C3 fA DA AT L, anti-10a "B N EEZ TS, %

ARSI ERFFRAOICEIT L2 D, S ERTHEITL TV EE x5,
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CO,Et CO,Et CO,Et © CO,Et

Cl—ZnMe, y 2 CO,Et
ZnMe, S) SN2 type B \/kz/CCI
— Cl—ZnMe, = — fbu o
"“CCl, ,

nBu “ccl nBu “cgl, nBu nBu “cel G
3 oLl & (/ & 2 Cl .
2,3-trans-4a I QD J J anti-10a

ZnMe,

Scheme 48. Possible reaction pathway of ZnMe,-mediated ring-opening reaction.

o5 3IH  EHALLNIR O R

ARBRRISOBEBENRIZOWTHRFT 57201, M) ZraAF Ly raran
v AK-0 DA EAT o To, Hilg m U A&l s LT, 7 Y EB T F L (35)I2 L Dk~
mERLEEAET ORI AR O 7 a T a il Lo T, v e a Xy R
VT AT )L 12k-0 & 1572 (Table 9),

Table 9. Preparation of cyclopropenes 12k-o.

R——
CO,Et
rCozEt [Rh(OAC),]> 2
| B ————
N2 CH,CI R
35 2v2 12k-o0
entry R product yield (%)
1 nPr 12k 73
2 nPentyl 12| 67
3 nHexyl 12m 36
4 2-NaphtylCH,CH, 12n 39
5 4-BrC6H4CH20H2 120 49

HBohni 12k-0 ~O R 70 a XAF AT AN EZ 7 aaR/LAR, MY
FNRT AL STITH I Z LIk, MV xAF v a7y 4k-0 ARk L
7= (Table 10),
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Table 10. Preparation of trichloromethylcyclopropanes 4k-o.

CO,Et CO,Et CO,Et
Et;B ! n {
R CHcl; R73 27CCl; R“3 2"ccly
12k-o 2,3-trans-4k-o 2,3-cis-4k-0
yield (%)
entry R 2,3-trans-4k-0 2, 3-cis-4k-0
1 nPr 52 13
2 nPentyl 47 13
3 nHexyl 47 21
4 2-NaphtylCH,CH, 27 19
5 4-BrC6H4CH20H2 41 27

Wiz, BEBERIZOWTHREF L7z (Table 11), EHEKOT A LV EH T 5 HE
2,3-trans-4k-m & W7o 86 I T H KNIEET L. @ICEN D@L REIRIC BB
DOBAERIR anti-10k-m 235 S 7= (entries 2-4), HEWTCT U — L= FLEEET L HEE
2,3-trans-4f,n,0 DS EFT LTz, T OFREFR, 7 = X F A KOG EIT =R CRIGITEST
L. anti-10f N E AR B 7z (entry 1), ZHICK LT, 7 FLoF ik
Y47 ow7 2 xFNEKEET S EE 2,3-trans-4n,0 O s iTe e T Lic< <
BEUEDMETH T2, WTLh mALAREIRAYIC anti-10n & X T anti-100 2345 5 4L

7= (entries 5 and 6),

Table 11. Substituent effects of ZnMe,-mediated ring-opening reaction.

CO.Et — CO,Et CO,Et
2 R /CC|2 n R /CC|2
R "/CCly CHCly cl cl
2,3-trans-4f k-o anti-10f,k-o syn-10f,k-o
ratio
entry  substrate R temp. time(h) vyield (%) anti: syn

1 2,3-trans-4f PhCH,CH, rt 2 95 >10:1
2 2,3-trans-4k nPr rt 2 97 >10:1
3 2,3-trans-41 nPentyl rt 2 97 >10:1
4  2,3-trans-4m nHexyl rt 2 89 >10:1
5 23-trans-4n  2-NaphtylCH,CH,  reflux 5 64 >10:1
6 2,3-trans-40  4-BrCgH,CH,CH,  reflux 3.5 60 >10:1

44



2 HALSR) & V2B BR G

A F RIS WRIFFOBEANZMED BRSO LoD T, RIZT Y
T NVHEREIZ K D ﬁﬁ%@%ﬂ%ﬁéﬁsﬁ BB DOBRICE T Lz, LIOHE AR E 7 2
VB T A A A DA TR BN A b E R L. T U ARSI L
Fix DA BEUSOSNEITT 5 Z ERMBN TS, Y Z Ofiffil R 13t 2 7o L
THRATL20H &V BIEOFE SN, E%Yﬁ‘ith¢@@AE}2 IZHIES Hnbs T
Wb, £ T, EHFZOMBREZ N 7aa 2T ara XU ERORBRKIEIC
WHTZEE LT,

2,3-trans-4a O 1,2-v 7 v X CERE 0.1 YEOEHIBS L O 2,2-e Y YLfF
BT, BT HE, MIFFEY 7 v 7 a/ RO CL-C2 56 ORI X 5 BB FG A
EIT L, afICHFBRFBLIOBMLIC gem-Y 7 n o B =14 b S8Rk A7 /L 11a
L1OYTATUA~—REWE LT I5%DILR T S L7z (Table 12, entry 1), ¥k iZ
3ALDONAREL & AN B 7p % 2,3-cis-4a & W CARKIGZIT o T/ R., mINETH E’U@Faﬁf)ﬂ
K 11a 28 2,3-trans-4a Z# WG E ERRIC L 1 OV T AT LA~ —REME L TH
iz (entry 2), L7z T, AREISIZEWT MO EITRZELZ KIFI 20
EWG ol FEWT, 3 MLOBEBENRICHOVWTHREFF LIERER. n-A 7 FALES |-
TFNIEEFT DG TIERBRICENECTHR ORI 11de & 517z (entries 3
and 4), — 5. 7 FNVEERTHEE T, RICOETRELS | ISR OIE & A3 A
HAVTZA, mNCETHB OB BERIK 11g 7345 54172 (entry 5),

Table 12. CuCl-catalyzed chlorine atom-transfer ring-opening reaction.

CO,Et

1 CuCl/bpy (0.1 eq.) EtOzcj/\C/l
/ \ - cCl
., CH5CI),, reflux “ 2
R™3 2 /CC|3 ( 2Cl)2 R

4a,d,e,g 11a,d,e,g
entry substrate R time (h) vyield (%) dr
1 2,3-trans-4a nBu 4 95 1:1
2 2,3-cis-4a nBu 4 84 1:1
3 2,3-trans-4d Bu 4 83 1:1
4 2,3-trans-4e nOctyl 4 89 1:1
5 2,3-trans-49g tBu 8 92 1:3
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ASE D REREBEIZ DWW TRET L 72 (Scheme 49), (X U@, 1o LN U 2
BuAFLROEER T2 B FETL, Y7 AF LT T0hL G L 2 Mo LR
DAERT 5, RIS, BERo-DIVR= VT OHNVHBNERTLE Iy 7T ay
PR D C1-C2 #E & NLEIRIRANCBAA T 5, mZIZ 2 DM IR T 2 L p ik
I, lanfmonizeBZBzxTni,

CO,Et
EtO,C.__Cl

! CuCl/bpy (0.1 eq.)
, g _CCl,
nBu” 3 2'CClg (CH5CI),, reflux nBu
2,3-trans-4a 11a
CuCl,
CO,Et C1-C2

e~ cleavage EtO,C_.
-~/ o jvccb

nBu 2"L’QC|2 ned
G H

Scheme 49. Possible reaction pathway of CuCl-catalyzed chlorine atom-transfer ring-opening

reaction.

ko Xz, FFE NV zaarFryrrsara vz 12-V7onx ¥ V%
W, RO LEOHEAEIB LN 2,2-E Y DA TR S L T hEREIIC L
DMBIRF DEANZAE D ARG EIT L, afLIZHERE T L OBHLI gem-v 7 m o

ol EE oo 2T A nEons 2ty R L,
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Ha3E rvurXuXdEH0= bk

=huvrzaFaxHT i 7 Y TIEEE AT D5 KW TH S Hormaomycin (2
GENLTVWHIEERBOWETH D, O o, = brLIIEHICT IV HEA~LEHRT
X5 &S PiEIETEE AT % Belactosin A R0 C BT RIGEH T H % Simeprevir *®
ZIILOETLHLL DEMEMLEYOMETIZEENDT I /¥ 7 nF a/N U O]

A LTH LIZLITHVWSER TV S,
0
i H Y7HTjiiﬂ
HzNj\W el 3
O COH o H:

Belactosin A
Me H (0] Me
K\ N > Me S
SN >
(@)

Simeprevir
Figure 8. Biologically active compounds containing nitrocyclopropane and
aminocyclopropanes.

ZoXosiZ=rrrruaru T, ABRICBWTEHERMEEGM THLI D, Z
NE TR R B RUIENBIR STV % (Scheme 50), “% fil 213, (U F 6l £7-1%
DTV = bhu AL 63 LTI 62 EOMIIIETES ik (1B LU 2) 90
K= a7y 64 L IRFERER 65 & D Michael £HANE G & BRLAIBRLE T K -
TEkT 2 R3). WS IRELIC2 >OMMELZ G T 5T L0 66 &= |
0 A K 67 ORBEBRLISICE > THKT D 5L (K 4), 2 £ FHNIE TIEyhL
ICHiBEE 2 AT 5= a7 b 68 DRILKISICE » TAET 2 Fik (K 5) 2% 7
ERREINTWD, ZoXkric=ruv 7o/ XU HHiTEx R ARENRSE S
TWAHD, AIRICBWTIERICEERLAEM TH DL Z &b, FHEBIEDRFRE AR
< EENTND,
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N X.
(1 92 TeR R g - >~L + RNO, (4)

61 62 66 67
Qii; R Céf?
R’ "NO,
/ X \
O,N
+
2 \“ R R L~ NO2 (5)
(2) N2 Y
68
63 62

Scheme 50. Known synthetic methods for nitrocyclopropanes.

ZITEZFEF= b RUEHOHBERIEOREEBE L, ket L7
A VEO= b ERISICHOW LR TV A BT AT VEICER Lz, % Mao 5%
7 2=V T B F L (69)%F THF IR . TEMPO f74E T Bl EA t-—7 F /L THLER 5 & |
= haRFLUTOBRELND Z EEWELTWD (Scheme 51), *" Z ORIETiE, %
WTHRAELE L= EN 9 IZMHIMLE=1LF Y H/ AD WA L7=%. TEMPO |2
FoTHiEEnNs Z L TIO0RELNTZEEZLNTVD,

tBUONO (2.0 eq.) [ Me
~~ TEMPO (1.3 eq.) N TEMPO \,L/\g
- _—  » O/
THF, 70 °C © NO, (o me®
69 i AD ] NO,
70

Scheme 51. Radical addition reaction to phenylacetylene.

ZIZT, vruryaxy 12 #HEBE AT VETOABET IR, RN THRAE Lz B
fbEHEN 7 ara XL, vyaZeLrI Vb AE NEKRT L EEZD
L% (Scheme 52), & HIT ARk L7- AE Z L DK FERF THIE T 5 2 & 23T E L,
= =007 = B = DA K IV Y C I WS d it
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R { R R’
*NO, solvent-[H]
------------- S -------------»> H
R2 R2 "/NO R2 "/NO
12 AE 2 13 2

Scheme 52. Strategy for nitration of cyclopropens with alkyl nitrite.

INETIE, »uaFaXUEA~DT NI OWTIEFEE D MBHRY |
Bl Laovilid STV 20y (Scheme 53), 377206, Zard & Zaici¢ HIZ Lo THEEH
XY T — 2T UHARERALE LTHWE R O, EEOMEEREICENT
B EIN7T=Z7uaarRihE NI ZFART U EZHWEZ N Z7aa 2F 0T 2 AN
FOGoF (2 2), ? Landais HIC k> THE Sz LT A F AL EZHOLHORTH
%5 (#3),

s hv (visible)
or 1 1
1 Ri R2 R R
RUR S)J\OE’[ , Et;B ff (1)
A R2 "'SCSOEt
71 72
R? = CH,COCHg3, CH,CN
CO,Et CO,Et
CHCI; , Et;B
(2)
R R “/cCly
12 4
I_EWG
CO.Et ~ CO,Et
2 p-TsCN, DTBHN, (Me3Sn),
~ R 3)
., EWG
R NC' -
12 73

Scheme 53. Radical addition reaction to cyclopropenes.

B DORIGE, T P HATIMEISIZ &0 R3E — R FEREE F 21T E — s S 5
B ENDIETH D, Lol TV HNMATMEISIZ & 5 K3 — B RS SIZ
BALTIEINETICmRERITRS, KFEZ 7 u T aXUEEHRTR T DN L
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DR % Bl 2 BBRIEWFEIC e b B2 b D,
PLEOEENL, HEHF=bnvrua a0 OoRERIEORS B L., V7
o7 aRy B XTIV E DORR R R T,
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1 dAEEe = X 7 VERIZ X A = b e fb O

1 e SR ORRES

FlwE, F2Mi, FE2HCTTHF R T P HNAIGICBWTKET VO ALK E 2D
VYL EDRALNEIRSTDT, WL U T THF 2@ L, HEB = AT VE E DK
IS A ME L7- (Table 13), ¥ 7 v~y 12a ® THF &k %z . HH&d, 100 °)CT 24
BOHME -7 F LV CTOET S E, WfFLE= befbEREITL, =bhry vy
13 2,3trans-13a L Z DV T AT LA~ —"Th D 2,3-Cis-13a X 1: 1 DIREME LT
Q1% DR T LIV, FFRIFFIZFEECTh 5 12a b 22%[EII S 4L7- (entry 1), 13a (X,
vrm7uR e 12a® 30T = b AL 2K BIRFAMSMUAER LI EEZBND,
W2, FEZ TR TCHESE L7012, 4 Y E20HMERt-7FLEH TG EIT- T2
EZA WENM EL, 49%DIE T 13a 557 (entry 2), £72, BHIZSWNT
1 En Ok v N a b AV b/ = = B N PR SR - o Gl e )= YN [ B ol e G MW g WA /R
o7 (entry 3), Ht\NT, MBZ X 2B OO AREM N E 2 b1, B S
TS AT 2Tz, T ORESE, IEREM E L, 62%DIRT 13a 23 5417 (entry 5).
I 5T, HHEE -7 FLOYEIZOWVWTHBRF LR 3YEXHVWSEE THRE
FEONKRTI3aNFEoNDZ ENHLNER -7 (entry 6), E7-. FEEEELCHM O
IR = AT WIZOWNWT B R ZIT > 2RO M EIX R S iv72 )y~ 7= (entries 8 and 9),

i
=

&

Table 13. Optimization of nitration reaction of cyclopropenes with t-butyl nitrite.

CO,Et RONG CO,Et C?zEt
1 1
conditions, Ar H., oNOz  + 1B o NO2
nBu 2 3 mBu’ 3 2%y H 3 2 H
12a 2,3-trans-13a 2,3-trans-13a
ratio
entry RONO (eq.) solvent (M) temp. yield (%)?  trans : cis
10) tBUONO (2) THF (0.2) 100 °C 27 (22) 1:1
20) tBUONO (4) THF (0.2) 100 °C 49 1:1
30 tBUONO (4) dioxane (0.2) 100 °C 37 1:1
40 tBUONO (4) CHCI; (0.2) 100 °C 5 1:1
5 tBUONO (4) THF (0.2) reflux (70 °C) 62 1:1
6 tBUONO (3) THF (0.2) reflux (70 °C) 61 1:1
7 tBUONO (2) THF (0.2) reflux (70 °C) 43 1:1
8 tBUONO (3) THF (0.1) reflux (70 °C) 56 1:1
9 /AMONO (3) THF (0.2) reflux (70 °C) 50 1:1

a) Yield in parentheses is for recovered starting material.

b) The reactions were performed in a sealed tube.
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e, = havrrarry 23 trans-3 LY 2,3-cis-13a /A X, NOESY A
7 MZ X U HEFR L7z (Figure 9), £ 3. 2,3-trans-13a (2B L CiZ 2 i D AKFE & 3 LD
AFVIKFERIZZ B A= BHER I, 2 LALDKFE L 3D AF L IKFERM
27 A= NERl S N> 7=2 LB 1,2-trans-2,3-trans BLE CTH D &R L
7=

—J7 . SARRMEERTH D 2,3-cis-13a 1E, LLDOKFE L 3D ATF LU KFERIZI v
A= DHER ST, £, 2LDKFE L 3MLD AT L IKFEMIZ T 1 A — 7 DR
ENlehol=Z &b, 1,2-trans-2,3-cis BlE TH D &R LT,

2,3-trans-13a 2,3-cis-13a

Figure 9. Stereochemistry of nitrocyclopropane 13a.
Uboksic, ¥uarur 12a® THF FE % 3 Y BEO TR t-7 F VIF1E T

BREMCRIGSED &, = FfLRUSBH#EIT L, = ey rar7r 0 13ap1:1
DT AT LAY —REWME L THLND Z EH R LT,
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H 2T USKEEE DEE
R BB I O G R8s & WIS 5 72010 D & 5 BB L OB B & 4T - 72,

1. 7 AV DREDFE

ABEOHHTHHRR/T L9, A= FefbOSIET PNV TEITL TS &5
AbNDH, £EZT, FVANORRAZERTL2HOTARRISEZ 7 VNV TH S
TEMPO Il x CiTHo7c L 2 A, = huavrarru X 13alifGF o> 7 (Scheme
54), L7eDo> T, ARISIETZ P AONVOREZREBE L THEITL TWDLZ ERHLNER

> 77,

CO,Et tBuONO CO,Et CO,Et
TEMPO ] 1
THF i H., wNOz  + ”BU’/,,s 2‘\\\N02
nBu reflux, 24 h nBu” ® 2 W H H
12a 2,3-trans-13a 2,3-cis-13a

Scheme 54. Control experiments for determining the radical process.

2. KSR D FxE

A= b aAfb RO KEIRZ D D B CEAFRILEREZIT-> 72, & THFIAKRT T
KIGaZAT o T2 fE R 3N EKFLENZ= by a7 a0 1320 1.1 DIREW &
L T 30%D IR THE S 7= (Scheme 55), L7223 > T, ARG TITIEBED THF 23k 35E
WTHDHZENRHALNERST,

CO,Et CO,Et CO,Et
tBUONO ] 1
D,, WNO, + nBu,, wNO,
THF-dg SN p—
nBu reflux, 24 h nBu” 3 2 YH D H
12a 30% (dr = 1:1,>99% D) 2 3-trans-13a’ 2,3-cis-13a’

Scheme 55. Deuterium labeling reaction.

3. = b EOBEROHE

MR A7 VEEZ Wiz = b e bsSiE, —RICEEE 7213 KFE T TITbs,
ZhiE. TREET X7 L¥ % Scheme 56 IR L7- L 9 RIB THMR S, i beEH
REREEL O ThHLEEZLND, P

53



In the presence of water

H,0

tBUONO —— HNO, + tBuOH

2 HN02 —_— ° N02 + ° NO + Hzo
0,

In the absence of water

tBUONO ———» tBuO* + * NO

O,
2 *NO ——> 2 +NO,

Scheme 56. Generation of nitrogen dioxide in the presence of water or oxygen.

Lo T, FREOFETTIE=baEoBER 1O 1 2%, AkBLXOEBELAEKT
bHEZEZOND, LILR6, RS TIERAK - WBFERETHDICTHED LT,
= haERMIMLTALEMRELNTZZ EnD . ZOARBEICHEN -5, £
ZTCWIZ, = b aOEREEIC O OWTER L,

M Sk, —BEEZIZIAT V7583 0= buafbRzBWVWT, b9 107D —
M2 FE N = P EOBEREFICARY 55 Z L E2HE LTS (Scheme 57), 9 +722p
H, = b fERIERER THOKMHEBRI L O LIERER, RN TERENERK L TWDHZ
ERMERSINTND, ZORRIT= T AT o TANERT DIC O TERPIEED |
TN B3 MMIER URISNET T 5 LRI, 2FOAEMKGIEIET S EHEI N T
5o

1atm NO
RN - XNz 4 R)\/Noz + N,
(CHLCI),, rt
53 74
Scheme 57. Nitration of alkene with NO gas.
INHORRIT, ~BLERERN= P EORBR LRI L2TRTRLTWS, T2
bbb, #RI% *ﬁafh%?: LIb=trmYEELITL I 1 5 FO—RIEEZDERIIZ

KoTAHKLIEEZE Z B 5 (Scheme 58),
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2 R/\/NO > 2 R/\/NOZ + N,
76 74
2 °*NO
2 *NO 2 *NO, + N,

Scheme 58. Generation of N; gas.

F72, Jio HIEN-AFIVN-AZ 27 U)LT I K 77 % DMF E T, daHEE -7 F 17
£, 100 °C TS S D &, MgELRNHTHLICHLEADLLT, = brfkanziks
W18 RGO TS, D 51E, = b koBBEREZH LT H-DICHBE L H
W [N R R 21T > T b, T72bb, IS TRICKISEIR Z BiEERAK
T, BB CTUHT 5L 78 LEHEBEFEILINTALEM TIN5 1 DETH LN TN D,
Flo. = bfbEW 78 Z DMF IR, EEEFE RS T TR L TH EEEFR R 79
BLOBITHEOLNRP-T2Z BRI TVN S (Scheme 59),

tBUONO (2.5 eq)

M

[::ijif DMF., 100 °C, Ar
N
Me

then 180,, rt
77 78 79
5 : 1
Qu o° M%
Me N@ 1802
L
N DMF, 100 °C
Me
78 79 80
trace 0%

Scheme 59. Labeled experiment with *%0,.

INHOREFRIL, 77 ZWiK - BEEFEEMN T, BB AT VTS L, =R
fbem 78 &= ha VLAY 8L MIRAW & L TAER L, KIGK TH, BRAEHDEEIC
D=ra Y EREJITOBBIZL > TH{LENDZ & T, = hafbEW 78 DABED
N7z L%&Z/RxLTW5 (Scheme 60),
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Me Me  ~ N7O N-O
fBUONO ® 0, Me &
—_— + O —
N" "0 pmF, 100 °C 0 N 0
N N

Me \ Me |

77 L 78 81 — 78

Scheme 60. Possible reaction pathway of nitration reaction of 77.

UbED 2 o0EESHZICTHE, BK - BERESM T CH#ITT AT AT L
& D= e fbRE T, AR O= v KOBEFRITEICRNICBEICFET 5 —
BILZERPHEEXRTHL B2 OND, o, —HIFBRABOBRICfith 5 2R OfEH#
ThdEBEIOLND,

PLEDFER & G IZE SN T, RIS DGR 2 5% L7 (Scheme 61), A= k&
EEJSIZ 2 ORIV EITL TS EBEXHND, 120, FTHMEBZXAT /L0
BGRICE o TAR LT —BILERZEN L VRLER SMDOREFET PNV EAEKT DH LD
W2, a7 aRr O3 ERIRIIICAH L, 7 e ng ol KBAR
T 5, WIZ, KB THF OB AKFET O H NV ESI EHEHEIE 14 BAERKR LR, 14 3%
NO—bER LT, BAUBOBRIZE[RFTOBRBICMNDL Z LIk TRk D
T T1BanERTEIRKENEZ NS (patha), b 9 1 SDORRKKIL, T RN TEAE
L7e—BILERDB LI 1070 —B{EERICL - Tt —BILERZDEKT 5,
WICZ OB ERZ N 7 a7 a X O IAATALE RN L, A L Z#H
LT 183a BNERTDHEEZLND, BIEDEZAH, EHLLORENTERETH 500
B & 272 > T g,
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tBu(fNO Q/

CO,Et CO,Et CO,Et
1 * NO E i
Az 3 path a A/ H )
nBu nBu NO nBu NO

12a K 14
* NO .

NO, =—— * NO NO

or

path b 0,

Scheme 61. Possible reaction pathway of nitration reaction.

LED X9, K= buofbTZ T PV THEITLTBY ., £/-=fni s
7rsXr 13a O 3O KFBIIIIEED THF THHZ ENP LML o7-, £/2. = F
XD 2 DOBFEIRFD O b—HIL, FWICEFENAAAET 2 —BILER 0 ITZ=KF
DEFHEKTHL EEZEXLND,
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BT BRI OB

A= F e bBOSDBEENRIZONWTHRETT 272DI1C, v rrr~y 12p-s OF
KEIToT2, T, vor7a7aXv AR VBT ATV 12p-r XEEEE v ¥ 7 A% il
LT, VT VHEHIBTZ AT VIR Dk REBHREZHET 2 RKE T VX O 7 nru
~ABIZ Ko TRz (Table 14),

Table 14. Preparation of cyclopropenes 12p-r.

RZ—=— R

r R' [Rh(OAC),],

I

N2 CH20|2 2

35, 82, 83 12p-r
entry R? R? product  yield (%)

1 CO,Et  cHexyl 12p 73
2 CO,tBu  iBu 12q 58
3 CO,Bn Bu 12r 52

F/o, = NIV EFET D7 TR 12s 1, 2-7 2 7T b= kUL 46 & dEAY
BFr)OATYTEL, 7Y TR M= NI VAN ZER LTCE, Bifte U L%
fiiiE L L Ca4-AFN-1-_oTFrakvruaraXu 3562 LKV L7 (Scheme
62).

Bu—= CN
rCN NaNO, WCN [Rh(OAC),] %
NHz * HCL 1y 6, cH,Cly N2 CHCly, Ar it g

46 47 12s

55% (2 steps)
Scheme 62. Preparation of cyclopropenes 12s.

WIT, K= b b OBHESRICOVWTHF LI, £, v r7uaraXro 2
MEOBEBRIEDFIC OV THRF LR -7 FLEEZ o 12d UV B UBREH
THLRbBLIYL2A, 7 ~F I NEELD R2p 2 HEE L THNTH, -7 F L
RO GA L RBRICRE DN EITT 5 2 & 2Ny h- 7= (Table 15, entries 1-3,5),

WAZ, LA O BHRIEFAZ DN TR 21T o T2 R, Weinreb 7 X REH T 5 12
t-TFNTATLNELT S 12, RPNV ATAEAT S 12r = U LEAT S 125
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WCBWTHREBRICR ISR ETT 5 2 E BN B0 L 72572 (Table 15, entries 4, 6-7),

Table 15. Substituent effects of nitration.

R
1 {BUONO
A THF
R?2 3 reflux, 24 h
12b,d,f,j,p-s 2,3-trans-13b,d f,j,p-s 2,3-cis-13b,d f,j,p-s
ratio
entry  substrate R’ R? yield (%) trans : cis
1 12b CO,Et Bn 42 1:1
2 12d CO,Et Bu 42 1:1
3 12f CO,Et  PhCH,CH, 59 1:1
4 12j CONMeOMe nBu 44 1:1
5 12p CO,Et cHexyl 53 1:1
6 12q CO,tBu iBu 50 1:1
7 12r CO,Bn iBu 55 1:1
8 12s CN iBu 60 1:1
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F2HT =buvradas/NCEEOE TN

=havruaFa T, EPEEEEDOBERICEENS LT TR, AH

REREFETFELTHHAVLNIERENMEEH TH D, D T2 Tkic, EHITE LH
THonlc=hrei oo XU HOGKRETELE LTORRAMELZ RTZDIZ, 60
le=tuerrzua7a/ N HDOETLKIGEEIT> 7 (Scheme 63), = Fr 7o rra/,N
13a A V7 a/X ) —)VERF, 20 Y@&0finh Rl L OB TUET 5L, = b
Eoe Fraxi 7 I 2 ~0Brt s 7uau XU BORBRICHETLEEE X
HILAAF T L 15 A, EIZ=2:1 DIREME LT 12%DINHETHE LN, —J, 13a
ok ) —)h KFEFRHLK T, Raney Ni TUET L L, =hrlo7 I 2 E~0X
o, > 77 a/NUBROBRE,. A ORI, BICKISHERE L T, #IT LB X
HNDy-T 7 X516 DS TT%DONETH LI,

CO,Et CO,Et
Zn (20 eq.), 1M HCI > Ring-opening CO,Et
] JA - _OH ] J/\d“
nBu NO, iPrOH nBu ‘N nBu “OH
13a 84 H 15
72% (E/Z =2/1)
Raney Ni, Hy
EtOH
COzEt
,, L NH
nBu ’NHZ nBu 2
85 87

77%

Scheme 63. Reduction of nitrocyclopropane 13a.

kB, AXT L 15 OKMBMEIZHOWTIIKRD L 5 IHEE L7 (Figure 10), Ustinov
5. A% A(E)-B X UNZ)-88 D 'H-NMR A2 RLIZBWT, A 2 UV AKFEO(LFEY
7 NEWEET D & (E)-88 DS (2)-88 LV bR ICHN S NS Z LExREL TS,
D ZoWEEBEICL T AEIEGK LT-AF Y A (E)-3B8 L UN(2)-15 DA I v kFEDLF
V7 MNEWKRTLHIET, ENOLOMEERHE L, Thbb, RS bY T
~ (8:7.42ppm)Z s LT %4 ERE ., mEESGMNILFE 7 & (8:6.62 ppm) &R LT %
Z Bl & HEE LT,
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Me Me CIJH

MeO,C ” 2" N\OH 2'-H 6: 7.42 ppm MeO,C ” 2N 2-H35:6.75 ppm
MeO,C H MeO,C H
(E)-88 (2)-88
EtO,C EtO,C
(I)H
1N “H8:7. ' “H &
nBU OH 1'-H &: 7.38 ppm nBU 1_N 1'-H &: 6.62 ppm
H H
(E)-15 (2)-15

Figure 10. Stereochemistry of oxime (E)- and (Z)-15.
UbD Xz, FHIFZV 7 n7Z o _UHEA~0= b fbRISICE > TR L= b

a7 aANCHOBETICICOWTRE L, BRI L > TRRDETEDED
noZ eExzRHELE,
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4T REROH

NMR spectra were recorded at 300 MHz/75 MHz (*H NMR/**C NMR), 500 MHz/125 MHz
(*H NMR/®C NMR) or 600 MHz/150 MHz (*H NMR/**C NMR) using Varian Gemini-300
(300 MHz), Varian MERCURY plus 300 (300 MHz), Varian NMR system AS 500 (500 MHz)
or Bruker AVANCE 111 HD (600 MHz) spectrometers. IR spectra were obtained on a Perkin
Elmer SpectrumOne A spectrometer. High-resolution mass spectra were obtained by ESI, El,
Cl or APCI methods on Thermo Fisher Scientific Exactive. Melting points (uncorrected) were
determined on BUCHI M-565 apparatus. Preparative TLC separations (PTLC) were carried
out on precoated silica gel plates (E. Merck 60F254). Medium-pressure column
chromatography was performed using Lobar grofe B (E. Merck 310-25, Lichroprep Si60).
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2-Butyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12a). To a solution of 1-hexyne (2.1
g, 25 mmol) and Rh,(OAc), (17.6 mg 0.04 mmol) in CH,Cl, (10 mL) was added a solution of
ethyl diazoacetate (2.0 g, 17.5 mmol) in CH,CI; (2.5 mL) by a syringe pump at rate of 1.0
mL/h under argon atmosphere at RT. After being stirred for overnight, the reaction mixture
was filtered through a thin pad of silica gel. The filtrate was concentrated under reduced
pressure. The crude product was purified by flash column chromatography (hexane : AcOEt =
10 : 1) to afford 12a (2.4 g, 83%). A colorless oil; IR (neat): 1725 cm™; *H NMR (300 MHz,
CDClIy) 8: 6.32 (1H, q, J = 1.5 Hz), 4.18-4.07 (2H, m), 2.50 (2H, td, J = 7.5, 1.0 HZz), 2.12 (1H,
d, J =15 Hz), 1.63-1.52 (2H, m), 1.45-1.29 (2H, m), 1.25 (3H, t, J = 7.0 Hz), 0.98 (3H, t, J =
7.5 Hz); *C NMR (75 MHz, CDCl;) 8: 176.5, 115.4, 93.8, 60.0, 28.6, 24.5, 22.1, 19.6, 14.2,
13.6; HRMS (ESI) m/z: calcd for CyoH160,Na [M + Na]* 191.1043, found: 191.1043.

Triethylborane-mediated Trichloromethyl Radical Addition to Cyclopropenes. To a
solution of 12a (168 mg, 1.0 mmol) in CHCI; (10 mL) was added Et;B (1.0 M in hexane, 1.0
mL, 1.0 mmol) under nitrogen atmosphere at rt. After being stirred at the same temperature for
2 h, the reaction mixture was diluted with H,O and extracted with CHCI;. The organic phase
was dried over MgSO, and concentrated at reduced pressure. The crude product was purified
by medium-pressure column chromatography (hexane) to afford 2,3-trans-4a (181 mg, 63%)
and 2,3-cis-4a (40 mg, 14%)

(1R*,25*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-4a). A colorless oil; IR (neat): 1732 cm™; *H NMR (500 MHz, CDCl,) &: 4.21-4.16
(2H, m), 2.71 (1H, dd, J = 6.5, 5.0 Hz), 2.29 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J = 10.0,
7.0, 6.5 Hz), 1.67-1.54 (2H, m), 1.44-1.32 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.96 (3H, t, J =
7.5 Hz); *C NMR (125 MHz, CDCl;) &: 169.7, 98.3, 61.1, 45.7, 31.2, 29.5, 27.1, 25.3, 22.2,
14.2, 14.0; HRMS (CI) m/z: calcd for C1;H;50,°°Cls [M + H]* 287.0372, found: 287.0362.

(1R*,2R*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-4a). A colorless oil; IR (neat): 1732 cm™; *H NMR (500 MHz, CDCls) 8: 4.18 (2H, q,
J = 7.0 Hz), 2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.96-1.89 (1H, m),
1.81-1.69 (2H, m), 1.49-1.44 (2H, m),1.38-1.33 (2H, m) 1.30 (3H, t, J = 7.0 Hz), 0.91 (3H, t, J
= 7.0 Hz); *C NMR (125 MHz, CDCls) &: 171.8, 97.3, 61.2, 45.8, 31.9, 31.1, 28.6, 24.5, 22.3,
14.2, 13.9; HRMS (CI) m/z: calcd for Cy3H150,%°Cls [M + H]* 287.0371, found: 287.0364.
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[Table 1, entry 1]. A two-neck flask was charged with AgBF, (42 mg, 0.21 mmol) in a
glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added CH,CI; (3
mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH,CI, (3 mL) was added at rt. After
being stirred at the same temperature for 3 h, the reaction mixture was diluted with H,O and
filtered through a thin pad of Celite. The filtrate was extracted with CHCI 3, dried over MgSO,
and concentrated at reduced pressure. The residue was purified by preparative TLC (hexane :
AcOEt = 10 : 1) to afford anti-5a (23.9 mg, 49%) and lactone 36 (4.8 mg, 12%).

(2R*,3R*)-2-(2,2-Dichloroethenyl)-3-fluoroheptanoic Acid Ethyl Ester (anti-5a). A
colorless oil; IR (neat): 1739 cm™; *H NMR (500 MHz, CDCI;) &: 6.10 (1H, d, J = 10.0 Hz),
4.93 (1H, ddt, J = 48.0, 9.0, 3.5 Hz), 4.22 (2H, q, J = 7.0 Hz), 3.57 (1H, ddd, J = 28.0, 10.0,
3.5 Hz), 1.76-1.28 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); *C NMR (75
MHz, CDCl;) 8: 169.3 (d, J = 4.0 Hz), 124.6, 122.7 (d, J = 5.0 Hz), 93.2 (d, J = 176.0 Hz),
61.7,51.2 (d, J = 22.0 Hz), 32.4 (d, J = 20.0 Hz), 27.2 (d, J = 4.0 Hz), 22.3, 14.1, 13.9; HRMS
(ESI) m/z: calcd for Cy1H17,0,FNa*Cl, [M + Na]* 293.0482, found: 293.0477.

(3E)-3-(2,2-Dichloroethylidene)-dihydro-5-propyl-2(3H)-furanone (36). A colorless oil; IR
(neat): 1761 cm™; *H NMR (300 MHz, CDCls) &: 6.90 (1H, dt, J = 9.0, 2.5 Hz), 6.24 (1H, d, J
=9.0 Hz), 4.62 (1H, tt, J = 7.5, 5.5 Hz), 3.14 (1H, ddd, J = 18.0, 7.5, 2.5 Hz), 2.62 (1H, ddd, J
=18.0, 6.0, 3.0 Hz), 1.82-1.38 (4H, m), 0.98 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl,)
o: 169.4, 1345, 128.7, 77.9, 66.0, 38.4, 31.1, 18.1, 13.7; HRMS (ESI) m/z: calcd for
CoH130,%°Cl, [M + H]* 222.0890, found: 223.0292.

[Table 1, entry 2]. A two-neck flask was charged with AgBF, (42 mg, 0.21 mmol) and
Bu;NBF, (71 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled
with argon, and added CH,Cl, (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in
CH,CI, (3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the
reaction mixture was diluted with H,O and filtered through a thin pad of Celite. The filtrate
was extracted with CHCI;, dried over MgSO, and concentrated at reduced pressure. The
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (29.3 mg,
60%) and lactone 36 (2.0 mg, 5%).

[Table 1, entry 3]. A two-neck flask was charged with AgPFs (53 mg, 0.21 mmol) in a
glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added CH,ClI, (3
mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH,CI, (3 mL) was added at —10 °C.
After being stirred at the same temperature for 10 h, the reaction mixture was diluted with H,0O
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and filtered through a thin pad of Celite. The filtrate was extracted with CHCIs, dried over
MgSO, and concentrated at reduced pressure. The residue was purified by preparative TLC
(hexane : AcOEt = 10 : 1) to afford the mixture of 36 and the regioisomer 37. To a solution of
the mixture in CH,CI, (1 mL) was added EtsN (42 uL, 0.3 mmol) under nitrogen atmosphere
at rt. After being stirred at the same temperature for 24 h, the reaction mixture was extracted
with CHCI;. The organic layer was dried over MgSQO,, and the solvents were removed under
vacuum to afford exclusively lactone 36 (12.7 mg, 32%).

[Table 1, entry 4]. A two-neck flask was charged with AgSbFs (74 mg, 0.21 mmol) in a
glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added CH,CI, (3
mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH,CI, (3 mL) was added at —10 °C.
After being stirred at the same temperature for 10 h, the reaction mixture was diluted with H,0O
and filtered through a thin pad of Celite. The filtrate was extracted with CHCI;, dried over
MgSO, and concentrated at reduced pressure. The residue was purified by preparative TLC
(hexane : AcOEt = 10 : 1) to afford the mixture of 36 and the regioisomer 37. To a solution of
the mixture in CH,Cl, (1 mL) was added Et;N (42 uL, 0.3 mmol) under nitrogen atmosphere
at rt. After being stirred at the same temperature for 24 h, the reaction mixture was extracted
with CHCI;. The organic layer was dried over MgSO,, and the solvents were removed under

vacuum to afford exclusively lactone 36 (17.4 mg, 43%).

[Table 1, entry 5]. A two-neck flask was charged with AgBF, (42 mg, 0.21 mmol) and KF
(12.5 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled with
argon, and added CH,CI, (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH,CI,
(3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the reaction
mixture was diluted with H,O and filtered through a thin pad of Celite. The filtrate was
extracted with CHCIs, dried over MgSO, and concentrated at reduced pressure. The residue
was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (28.6 mg, 59%)
and lactone 36 (2.9 mg, 7%).

[Table 1, entry 6]. A two-neck flask was charged with AgBF, (42 mg, 0.21 mmol) and LiBF,
(20.3 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled with
argon, and added CH,Cl, (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in CH,ClI,
(3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the reaction
mixture was diluted with H,O and filtered through a thin pad of Celite. The filtrate was
extracted with CHCI;, dried over MgSO, and concentrated at reduced pressure. The residue
was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (31.2 mg, 64%)
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and lactone 36 (3.2 mg, 8%).

[Table 1, entry 7]. A two-neck flask was charged with AgBF,; (42 mg, 0.21 mmol) and
Bu;NBF, (71 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled
with argon, and added CH,Cl, (3 mL). A solution of 2,3-trans-4a (52.6 mg, 0.18 mmol) in
CH,CI, (3 mL) was added at —10 °C. After being stirred at the same temperature for 10 h, the
reaction mixture was diluted with H,O and filtered through a thin pad of Celite. The filtrate
was extracted with CHCI3, dried over MgSO, and concentrated at reduced pressure. The
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford anti-5a (39.3 mg,
81%).

(2R*,35*)-2-(2,2-Dichloroethenyl)-3-fluoroheptanoic Acid Ethyl Ester (syn-5a). A
two-neck flask was charged with AgBF, (42 mg, 0.21 mmol) and Bu,NBF, (71 mg, 0.21
mmol) in a glovebox at nitrogen atmosphere, evacuated and backfilled with argon, and added
CH,CI, (3 mL). A solution of 2,3-cis-4a (52.6 mg, 0.18 mmol) in CH,CI, (3 mL) was added at
—10 °C. After being stirred at the same temperature for 10 h, the reaction mixture was diluted
with H,O and filtered through a thin pad of Celite. The filtrate was extracted with CHCI;,
dried over MgSO, and concentrated at reduced pressure. The residue was purified by
preparative TLC (hexane : AcOEt = 10 : 1) to afford syn-5a (29.0 mg, 59%). A colorless oil;
IR (neat): 1743 cm™; *H NMR (300 MHz, CDCls) 8: 5.97 (1H, d, J = 10.0 Hz), 4.72 (1H, dtd,
J = 47.0, 7.5, 5.0 Hz), 4.20 (2H, g, J = 7.0 Hz), 3.71 (1H, ddd, J = 12.0, 10.0, 7.5 Hz),
1.72-1.22 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); **C NMR (75 MHz,
CDCl;) &: 169.1 (d, J = 4.0 Hz), 124.9, 123.1 (d, J =8.5 Hz), 93.2 (d, J = 175.0 Hz), 61.6, 51.9
(d, J=24.0 Hz), 32.2 (d, J = 20.0 Hz), 27.1 (d, J = 3.0 Hz), 22.3, 14.1, 13.9; HRMS (ESI) m/z:
calcd for Cy1H;;0,FNa**Cl, [M + Na]* 293.0482, found: 293.0477.
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General Procedure for Preparation of Cyclopropenes [Table 2, entries 1-4]. To a solution
of alkyne (25 mmol) and Rh,(OAc), (0.04 mmol) in CH,Cl, (10 mL) was added a solution of
ethyl diazoacetate (17.5 mmol) in CH,CI, (2.5 mL) by a syringe pump at rate of 1.0 mL/h
under argon atmosphere at RT. After being stirred for overnight, the reaction mixture was
filtered through a thin pad of silica gel. The filtrate was concentrated under reduced pressure.
The crude product was purified by flash column chromatography (hexane : AcCOEt=10: 1) to
afford corresponding cyclopropenes 12b,d-f in yield shown in Table 2.

2-(2-Phenylmethyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12b). A light yellow
oil; IR (neat): 1721 cm™; *H NMR (300 MHz, CDCl;) &: 7.36-7.24 (5H, m), 6.67 (1H, g, J =
1.5Hz), 4.13-4.05 (2H, m), 3.89 (1H, dd, J = 17.5, 1.5 Hz), 3.79 (1H, dd, J = 17.5, 1.5 Hz),
2.22 (1H, d, J = 1.5 Hz), 1.25 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCl;) &: 176.4, 140.7,
128.4, 128.3, 126.2, 114.9, 94.9, 60.2, 32.9, 26.7, 19.8, 14.4; HRMS (ESI) m/z: calcd for
Ci3H1,0,Na [M + Na]* 225.0886, found: 225.0889.

2-(2-Methylpropyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12d). A colorless oil;
IR (neat): 1712 cm™; *H NMR (300 MHz, CDCls) &: 6.38-6.34 (1H, m), 4.15-4.09 (2H, m),
2.41-2.36 (2H, m), 2.13-2.11 (1H, m), 1.99-1.90 (1H, m), 1.25 (3H, t, J = 7.5 Hz), 0.98 (6H, t,
J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 176.7, 114.7, 94.5, 60.1, 33.9, 26.8, 22.3, 19.7,
14.4; HRMS (ESI) m/z: calcd for C1oH1;0, [M + H]* 169.1223, found: 169.1218.

2-Octyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12e). A colorless oil; IR (neat):
1727 cm™; *H NMR (300 MHz, CDCl;) 8: 6.33 (1H, g, J=1.5 Hz), 4.19-4.08 (2H, m), 2.49 (2H,
td, J = 7.5, 1.5 Hz), 2.12 (1H, d, J = 1.5 Hz), 1.63-1.49 (2H, m), 1.40-1.23 (13H, m), 0.88 (3H,
t,J = 7.5 Hz); *C NMR (75 MHz, CDCl5) 8: 176.7, 115.6, 93.8, 60.1, 31.8, 29.2, 29.15, 29.10,
26.6, 24.9, 22.6, 19.7, 14.3, 14.1; HRMS (ESI) m/z: calcd for C14H,,0;Na [M + Na]* 247.1669,
found: 247.1671.

2-(2-Phenylethyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12f). A colorless oil; IR
(neat): 1722 cm™; 'H NMR (300 MHz, CDCl3) &: 7.32-7.20 (5H, m), 6.35 (1H, q, J = 1.5Hz),
4.18-4.07 (2H, m), 2.95-2.79 (4H, m), 2.14 (1H, d, J = 1.5 Hz), 1.25 (3H, t, J = 7.0 Hz); *°C
NMR (75 MHz, CDCl;) &: 176.4, 140.7, 128.4, 128.3, 126.2, 114.9, 94.9, 60.2, 32.9, 26.7,
19.8, 14.4, HRMS (ESI) m/z: calcd for C14H;60,Na [M + Na]* 239.1043, found: 239.1044.
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General Procedure for Triethylborane-mediated Trichloromethyl Radical Addition to
Cyclopropenes [Table 3, entries 1-4]. To a solution of cyclopropene (1.0 mmol) in CHCI; (10
mL) was added Et;B (1.0 M in hexane, 0.5-2.0 mL, 0.5-2.0 mmol) under nitrogen atmosphere
at RT. After being stirred at the same temperature for 2 h, the reaction mixture was diluted
with H,O and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated at reduced pressure. The crude product was purified by medium-pressure column
chromatography (hexane) to afford the corresponding cyclopropanes 4b,d-f in yield shown in
Table 3.

(1R*,25*,3R*)-2-(2-Phenylmethyl)-3-trichloromethylcyclopropane-1-carboxylic Acid
Ethyl Ester (2,3-trans-4b). A colorless oil; IR (neat): 1721 cm™; *H NMR (500 MHz, CDCl5)
d: 7.31-7.27 (2H, m), 7.22-7.20 (3H, m), 4.20-4.16 (2H, m), 3.05 (1H, dd, J = 15.5, 6.5 Hz),
2.89-2.94 (2H, m), 2.37 (1H, dd, J = 10.0, 5.0 Hz), 2.16 (1H, ddt, J = 10.0, 8.0, 6.5 Hz), 1.25
(3H, t, J = 7.5 Hz); *C NMR (125 MHz, CDCI5) &: 169.7, 139.5, 128.5, 128.4, 126.4, 97.9,
61.2, 45.7, 31.6, 30.1, 27.0, 14.2; HRMS (EI) m/z: calcd for Cy4H:50,°°Cl; [M]" 320.0137,
found: 320.0129.

(1R*,2R*,3R*)-2-(2-Phenylmethyl)-3-trichloromethylcyclopropane-1-carboxylic Acid
Ethyl Ester (2,3-cis-4b). A colorless oil; IR (neat): 1723 cm™; *H NMR (500 MHz, CDCl;) §:
7.32-7.29 (2H, m), 7.26-7.21 (3H, m), 4.19-4.14 (2H, m), 3.25 (1H, dd, J = 15.0, 5.0 Hz), 3.15
(1H, dd, J = 15.0, 9.5 Hz), 2.95 (1H, dd, J = 9.5, 5.0 Hz), 2.47 (1H, t, J = 5.0 Hz), 2.10-2.00
(1H, m), 1.27 (3H, t, J = 7.0 Hz); **C NMR (125 MHz, CDCls) &: 171.3, 139.9, 128.6, 128.4,
126.4, 96.9, 61.3, 45.6, 31.2, 30.6, 28.8, 14.1; HRMS (EI) m/z: calcd for C14H150,%°Cl; [M]*
320.0137, found : 320.0133.

(1R*,25*,3R*)-2-(2-methylpropyl)-3-trichloromethylcyclopropane-1-carboxylic Acid
Ethyl Ester (2,3-trans-4d). A colorless oil; IR (neat) 1722 cm™: *H NMR (300 MHz, CDCl,)
§:4.18 (2H, g, J = 7.0 Hz), 2.71 (1H, t, J = 6.0 Hz), 2.29 (1H, dd, J = 10.0, 5.0 Hz), 1.91 (1H,
dg, J = 10.0, 7.0 Hz), 1.70-1.53 (2H, m), 1.48-1.39 (1H, m), 1.29 (3H, t, J = 7.0 Hz), 0.96 (3H,
d, J = 6.5 Hz), 0.92 (3H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCly) & : 169.7, 98.4, 61.0, 45.5,
34.4, 28.2, 27.1, 22.6, 22.0, 14.2; HRMS (ESI) m/z : Calcd for Cy1H1,0,Na*Cl; [M + Na]*
309.0186, found: 309.0183.

(1R*,2R*,3R*)-2-(2-methylpropyl)-3-trichloromethylcyclopropane-1-carboxylic Acid
Ethyl Ester (2,3-cis-4d). A colorless oil; IR (neat) 1721 cm™; *H NMR (300 MHz, CDCls) § :
4.19 (2H, q,J =7.0 Hz), 2.83 (1H, dd, J = 9.5, 5.0 Hz), 2.26 (1H, t, J = 5.0 Hz), 1.91-1.84 (1H,
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m), 1.81-1.68 (2H, m), 1.54-1.64 (1H, m), 1.30 (3H, t, J = 7.0 Hz), 0.96 (3H, d, J = 6.5 Hz),
0.95 (3H, d, J = 6.5 Hz); *C NMR (125 MHz, CDCls) & : 171.8, 97.3, 61.2, 45.2, 33.6, 29.7,
29.0, 28.8, 22.6, 21.9, 14.2; HRMS (ESI) m/z : Calcd for C1;H;,0,Na**Cl; [M + Na]* 309.0186,
found: 309.0179.

(1R*,25*,3R*)-2-Octyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-4e). A colorless oil; IR (neat): 1724 cm™; *H NMR (300 MHz, CDCls) 8: 4.18 (2H,
q,J =7.0Hz), 2.71 (1H, dd, J = 5.0, 1.0 Hz), 2.29 (1H, ddd, J = 10.0, 5.0, 1.0 Hz), 1.91-1.81
(1H, m), 1.68-1.49 (2H, m), 1.47-1.20 (14H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 6.5
Hz); **C NMR (75 MHz, CDCl;) &: 169.7, 98.3, 61.0, 45.7, 31.8, 29.50, 29.45, 29.2, 29.1, 29.0,
27.1, 25.6, 22.6, 14.2, 14.1; HRMS (APCI) m/z: calcd for C15H,60,%Cls [M + H]* 343.0993,
found: 343.0992.

(1R*,2R*,3R*)-2-Octyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-4e). A colorless oil; IR (neat): 1722 cm™; *H NMR (500 MHz, CDCls) &: 4.18 (2H, q,
J =7.0 Hz), 2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.95-1.88 (1H, m),
1.80-1.69 (2H, m), 1.52-1.44 (2H, m), 1.34-1.26 (10H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t,
J = 6.5 Hz); ®*C NMR (125 MHz, CDCls) &: 171.8, 97.3, 61.2, 45.7, 31.8, 31.2, 29.8, 29.4,
29.24, 29.18, 28.6, 24.8, 22.7, 14.2, 14.1; HRMS (APCI) m/z: calcd for Ci5H260,°°Cl; [M +
H]* 343.0993, found: 343.0992.

(1R*,25*,3R*)-2-(2-Phenylethyl)-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl
Ester (2,3-trans-4f). A colorless oil; IR (neat): 1728 cm™; 'H NMR (500 MHz, CDCl;) &:
7.30-7.26 (2H, m), 7.21-7.18 (3H, m), 4.18-4.14 (2H, m), 2.77 (1H, dd, J = 5.0, 4.5 Hz),
2.76-2.72 (1H, m), 2.68-2.62 (1H, m), 2.30 (1H, dd, J = 9.5, 5.0 Hz), 2.03-1.98 (1H, m),
1.93-1.87 (2H, m), 1.28 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;) &: 169.6, 141.0,
128.5, 128.4, 98.1, 61.2, 45.8, 35.2, 28.9, 27.6, 27.0, 14.2; HRMS (EIl) m/z: calcd for
Ci5H17,0,°°Cly [M]* 334.0293, found: 334.0298.

(1R*,2R*,3R*)-2-(2-Phenylethyl)-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl
Ester (2,3-cis-4f). A colorless oil; IR (neat): 1729 cm™; '"H NMR (500 MHz, CDCl;) &:
7.30-7.25(2H, m), 7.21-7.17 (3H, m), 4.18-4.12 (2H, m), 2.88-2.82 (1H, m), 2.84 (1H, dd, J =
9.5, 5.0 Hz), 2.79-2.73 (1H, m), 2.30-2.22 (1H, m), 2.20 (1H, dd, J = 6.0, 5.0 Hz), 2.16-2.00
(1H, m), 1.75 (1H, tt, J = 9.5, 6.0 Hz), 1.28 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl5)
6:171.6, 141.0, 128.5, 128.4, 126.1, 97.1, 61.2, 45.6, 35.8, 30.4, 28.5, 26.7, 14.2; HRMS (EI)
m/z: calcd for CisH17,0,%°Cl; [M]* 343.0293, found: 334.0309.
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General Procedure for AgBF,;-mediated Fluorination/Ring opening Reaction of
Cyclopropane baering Trichloromethyl group [Scheme 28]. A two-neck flask was charged
with AgBF, (42 mg, 0.21 mmol) and BusNBF, (71 mg, 0.21 mmol) in a glovebox at nitrogen
atmosphere, evacuated and backfilled with argon, and added CH,Cl, (3 mL). A solution of
cyclopropane (52.6 mg, 0.18 mmol) in CH,CIl, (3 mL) was added at —10 °C. After being
stirred at the same temperature for 10 h, the reaction mixture was diluted with H,O and
filtered through a thin pad of Celite. The filtrate was extracted with CHCI 3, dried over MgSO,
and concentrated at reduced pressure. The residue was purified by preparative TLC (hexane :
AcOEt = 10 : 1) to afford anti-5d-f in yield shown in Scheme 27.

(2R*,35*)-2-(2,2-Dichloroethenyl)-3-fluoro-5-methylhexanoic Acid Ethyl Ester (anti-5d).
A colorless oil; IR (neat): 1740 cm™; *H NMR (300 MHz, CDCl,) &: 6.10 (1H, d, J = 10.0 Hz),
5.03 (1H, ddt, J = 48.0, 10.0, 3.5 Hz), 4.22 (2H, q, J = 7.0 Hz), 3.54 (1H, ddd, J = 28.0, 10.0,
3.5 Hz), 1.87-1.59 (2H, m), 1.37-1.17 (1H, m), 1.30 (3H, t, J = 7.0 Hz), 0.96 (6H, d, J = 6.5
Hz); *C NMR (75 MHz, CDCl;) 8: 169.3 (d, J = 4.0 Hz), 124.6, 122.7 (d, J = 4.5 Hz), 91.7 (d,
J =176.0 Hz), 61.7, 51.5 (d, J = 22.0 Hz), 41.5 (d, J = 20.0 Hz), 24.5 (d, J = 3.5 Hz), 23.1,
21.9, 14.1; HRMS (ESI) m/z: calcd for Cy1H1,0,FNa**Cl, [M + Na]® 293.0482, found:
293.0485.

(2R*,35*)-2-(2,2-Dichloroethenyl)-3-fluoroundecanoic Acid Ethyl Ester (anti-5e). A
colorless oil; IR (neat): 1740 cm™; *H NMR (300 MHz, CDCl;) &: 6.10 (1H, d, J = 10.0Hz),
4.93 (1H, ddt, J = 48.0, 8.5, 4.0 Hz), 4.22 (2H, q, J = 7.0 Hz), 3.57 (1H, ddd, J = 28.0, 10.0,
4.0 Hz), 1.74-1.21 (14H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 7.0 Hz); *C NMR (75
MHz, CDCls) 8: 169.3 (d, J = 4.0 Hz), 124.6, 122.7 (d, J = 4.5 Hz), 93.2 (d, J = 176.0 Hz),
61.7,57.1 (d, J = 21.0 Hz), 32.7 (d, J = 20.0 Hz), 31.8, 29.4, 29.2, 29.1, 25.0 (d, J = 4.5 Hz),
22.6 14.1; HRMS (ESI) m/z: calcd for CisHps0,FNa*Cl, [M + Na]* 349.1108, found:
349.1107.

(2R*,35*)-2-(2,2-Dichloroethenyl)-3-fluorobenzenepentanoic Acid Ethyl Ester (anti-5f). A
colorless oil; IR (neat) 1738 cm™; *H NMR (300 MHz, CDCls) 8: 7.35-7.16 (5H, m), 6.11 (1H,
d, J = 10.0 Hz), 4.95 (1H, ddt, J = 48.0, 9.5, 3.5 Hz, 1H), 4.21 (2H, q, J = 7.0 Hz), 3.59 (1H,
ddd, J = 27.5, 10.0, 3.5 Hz), 2.96-2.64 (2H, m), 2.13-1.94 (2H, m), 1.28 (3H, t, J = 7.0 Hz);
¥C NMR (75 MHz, CDCl3) &: 169.1 (d, J = 4.0 Hz), 140.5, 128.6, 128.4, 126.3, 124.9, 122.6
(d,J=4.5Hz),92.2 (d, J =177.0 Hz), 61.8, 51.1 (d, J = 21.0 Hz), 34.6 (d, J = 20.0 Hz), 31.3
(d, J = 4.5 Hz), 14.1; HRMS (ESI) m/z: calcd for Cy5H150,F*°Cl; [M + H]" 319.0662, found:
319.0657.
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AgBF,;-mediated Fluorination/Ring opening Reaction of Trichloromethylcyclopropane
carboxylate (2,3-trans-4b). A two-neck flask was charged with AgBF, (42 mg, 0.21 mmol)
and BusNBF, (71 mg, 0.21 mmol) in a glovebox at nitrogen atmosphere, evacuated and
backfilled with argon, and added CH,CI, (3 mL). A solution of 2,3-trans-4b (57.9 mg, 0.18
mmol) in CH,ClI, (3 mL) was added at —10 °C. After being stirred at the same temperature for
10 h, the reaction mixture was diluted with H,O and filtered through a thin pad of Celite. The
filtrate was extracted with CHCI;, dried over MgSO, and concentrated at reduced pressure.
The residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford the mixture
anti-5b and syn-5b (25.8 mg, 47%, anti : syn = 1:3) and lactone 6 (22.2 mg, 48%).

(2R*,35*)-2-(2,2-Dichloroethenyl)-3-fluorobenzenebutanoic Acid Ethyl Ester (anti-5b). A
colorless oil; IR (neat): 1738 cm™; *H NMR (300 MHz, CDCl,) 8: 7.36-7.21 (5H, m), 6.16 (1H,
d, J=10.0 Hz), 5.18 (1H, dddd, J = 47.0, 8.0, 5.0, 3.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 3.60 (1H,
ddd, J = 28.0, 10.0, 3.5 Hz), 3.11-2.76 (2H, m), 1.28 (3H, t, J = 7.0 Hz); *C NMR (150 MHz,
CDCly) 6: 169.1 (d, J = 3.5 Hz), 135.7 (d, J = 5.0 Hz), 129.3, 128.7, 127.1, 125.3, 122.3 (d, J
=4.5Hz),93.3(d, J=179 Hz), 61.8, 50.6 (d, J = 21.0 Hz), 39.2 (d, J = 22.0 HZz), 14.1; HRMS
(ESI) m/z: calcd for C14H1s0,F%Cl, [M + H]" 305.0506, found: 305.0501.

(2R*,3R*)-2-(2,2-Dichloroethenyl)-3-fluorobenzenebutanoic Acid Ethyl Ester (syn-5b). A
colorless oil; IR (neat): 1738 cm™; *"H NMR (300 MHz, CDCls) &: 7.33-7.20 (5H, m), 6.00 (1H,
d, J=10.0 Hz), 4.93 (1H, dtd, J = 47.0, 13.0, 6.0 Hz), 4.20 (2H, d, J = 7.0 Hz), 3.74 (1H, ddd,
J =13.0, 10.0, 7.0 Hz), 3.06-2.92 (2H, m), 1.28 (3H, t, J = 7.0 Hz); *C NMR (150 MHz,
CDCl5;) 6: 168.8 (d, J = 4.5 Hz), 136.0 (d, J = 2.5 Hz), 129.4, 128.6, 127.0, 125.3, 122.9 (d, J
= 8.0 Hz), 93.5 (d, J = 180.0 Hz), 61.7, 51.4 (d, J = 24.0 Hz), 38.9 (d, J = 21.0 Hz), 14.1;
HRMS (ESI) m/z: calcd for C14H160,F*Cl; [M + H]* 305.0506, found: 305.0506.

(3R*,4R*)-3-(2,2-Dichloroethenyl)dihydro-4-pheny-2(3H)-furanone (6). White crystals;
Mp: 102-103 °C (hexane-AcOEt); IR (CHCIs): 1770 cm™; 'H NMR (300 MHz, CDCl;) &:
7.43-7.26 (5H, m), 5.86 (1H, d, J = 9.5 Hz), 4.64 (1H, dd, J = 9.0, 8.0 Hz), 4.26 (1H, dd, J =
10.5, 9.0 Hz), 3.88 (1H, dd, J = 11.5, 9.5 Hz), 3.63 (1H, ddd, J = 11.5.10.5, 8.0 Hz); **C NMR
(125 MHz, CDCI;) 8: 173.8, 135.8, 129.3, 128.3, 127.2, 123.3, 72.0, 48.5, 48.2; HRMS (ESI)
m/z: calcd for Cy,H100,Na**Cl, [M + Na]* 278.9950, found: 278.9949.
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AgOAc-mediated Ring-opening Reaction of trichlorocyclopropane [Table 4, entry 3]. A
solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgOAc (70 mg, 0.4 mmol) in THF (5 mL)
was added to a round bottom flask. After being stirred at reflux for 24 h, the reaction mixture
was filtered through a thin pad of celite. The filtrate was concentrated at reduced pressure. The
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a (10.7 mg,
25%).

3-(2,2-Dichloroethenyl)heptanoic Acid Ethyl Ester (7a). A colorless oil; IR (neat): 1737
cm™; 'H NMR (500 MHz, CDCI3) 8: 5.70 (1H, d, J = 10.0 Hz), 4.14 (2H, qd, J = 7.0, 1.0 Hz),
2.97-2.89 (1H, m), 2.40 (1H, dd, J = 15.0, 6.0 Hz), 2.29 (1H, dd, J = 15.0, 7.5 Hz), 1.50-1.44
(1H, m), 1.40-1.23 (5H, m), 1.26 (3H, t, J = 7.0 Hz), 0.89 (3H, t, J = 7.0 Hz); *C NMR (125
MHz, CDCl;) &: 171.6, 132.6, 120.9, 60.5, 39.3, 37.2, 34.0, 29.1, 22.6, 14.2, 13.9; HRMS
(ESI) m/z: calcd for C11H150,%Cl, [M + H]" 253.0757, found: 253.0754.

[Table 4, entry 4]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgOAc (70 mg, 0.4
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford 7a (38.7 mg, 90%).

[Table 4, entry 5]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgOAc (35 mg, 0.2
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford 7a (36.2 mg, 82%).

[Table 4, entry 6]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgCN (56 mg, 0.42
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford 7a (21.9 mg, 51%).

[Table 4, entry 7]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and Ag,O (48 mg, 0.20
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
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reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford 7a (11.2 mg, 26%).

[Table 4, entry 8]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgF (53 mg, 0.42
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcCOEt =10 : 1) to
afford 7a (29.3 mg, 68%).

[Table 4, entry 9]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgCI (60 mg, 0.42
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford 7a (21.5 mg, 50%).

[Table 4, entry 10]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgBr (79 mg, 0.42
mmol) in THF (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford 7a (6.9 mg, 16%).
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Procedure for Ag(0) powder-mediated ring-opening reaction of 2,3-trans-4a [Scheme 33].
A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and Ag powder (45 mg, 0.42 mmol) in THF (5
mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture
was filtered through a thin pad of Celite. The filtrate was concentrated at reduced pressure.
The residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a (28.8 mg,
67%).

[Table 5, entry 2]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgF (53 mg, 0.42
mmol) in CHCI; (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford anti-5a (12.4 mg, 27%).

[Table 5, entry 3]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol) and AgF (53 mg, 0.42
mmol) in benzene (5 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h,
the reaction mixture was filtered through a thin pad of celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt =10 : 1) to
afford anti-5a (7.8 mg, 17%).

[Scheme 35, eq. 1]. A solution of 2,3-trans-4a (50 mg, 0.17 mmol), AgOAc (35 mg, 0.21
mmol) and TEMPO (33 mg 1.2 eq.) in THF (5 mL) was added to a sealed tube. After being
stirred at 100 °C for 24 h, the reaction mixture was filtered through a thin pad of celite. The
filtrate was concentrated at reduced pressure. The residue was purified by preparative TLC
(hexane : AcOEt = 10 : 1) to afford no desired products.

Procedure for preparation of trichloroacetamide 43. To a solution of diallylamine (1.23 mL,
10.0 mmol) and pyridine (1.21 mL, 15.0 mmol) in dry CH,Cl, (20 mL) at 0 °C, trichloroacetyl
chloride (1.34 mL, 12.0 mmol) was added dropwise and the reaction mixture was warmed to
room temperature over 2 hours. The reaction was poured into water, washed with 1 M HCI,
and the aqueous layer extracted with CHCI;. The combined organics were washed with sat.
NaHCOj3;, dried over MgSOQ,, filtered. The filtrate was concentrated at reduced pressure. The
residue was purified by silica gel column chromatography (Et,O/pentane = 2 : 3) to afford 43
(2.75 g, quant.).
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2,2,2-Trichloro-N,N-di-2-propenylacetamide (43). A yellow oil; IR (neat): 1679 cm™; 'H
NMR (300 MHz, CDCls) 6: 5.80 (2H, br s), 5.33-5.17 (4H, m), 4.33 (2H, br s), 4.01 (2H, br s);
13 NMR (75 MHz, CDCly) &: 160.2, 132.0, 131.0, 119.3, 118.1, 92.9, 51.6, 49.7; HRMS
(ESI) m/z: calcd for CgH1oNONa**Cl; [M + Na]" 263.9720, found: 263.9722.

3,3-Dichloro-4-methyl-1-(2-propenyl)-2-pyrrolidinone (44) [Scheme 35, eq 2]. A solution
of trichloroacetamide 43 (42 mg, 0.17 mmol) and AgOAc (35 mg, 0.21 mmol) in THF (5 mL)
was added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was
filtered through a thin pad of celite. The filtrate was concentrated at reduced pressure. The
residue was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 44 (20 mg, 55%).
a colorless oil (20 mg, 55% vyield). A colorless oil; IR (neat): 1725 cm™; *H NMR (300 MHz,
CDCl3) 8:5.72 (1H, ddt, J = 17.0, 10.5, 6.0 Hz), 5.26 (1H, ddt, J = 10.5, 2.5, 1.0 Hz), 5.24 (1H,
ddt, J =17.0, 2.5, 1.5 Hz), 3.95 (2H, dt, J = 6.0, 1.0 Hz), 3.33 (1H, dd, J = 10.0, 7.0 Hz), 3.03
(1H, dd, J = 10.0, 8.5 Hz), 2.79 (1H, ddqg, J = 8.5, 7.0, 6.5 Hz), 1.34 (3H, d, J = 6.5 Hz); **C
NMR (75 MHz, CDCl,) 6: 166.8, 130.8, 119.1, 87.1, 49.6, 46.2, 45.4, 11.8; HRMS (ESI) m/z:
calcd for CgHy,NO*CI, [M + H]" 208.0290, found: 208.0287.

3-(2,2-Dichloroethenyl)heptanoic-2-d Acid Ethyl Ester (7a’) [Scheme 36]. A solution of
2,3-trans-4a (31 mg, 0.11 mmol) and AgOAc (22 mg, 0.13 mmol) in THF-dg (3 mL) was
added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was filtered
through a thin pad of celite. The filtrate was concentrated at reduced pressure. The residue was
purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a’ (4.1 mg, 18%). A
colorless oil (4.1 mg, 18% vyield); IR (neat): 1729 cm™; 'H NMR (300 MHz, CDClI3) &: 5.70
(1H, d, J = 10.0 Hz), 4.13 (2H, q, J = 7.0, Hz), 2.98-2.88 (1H, m), 2.38 (1/2H, d, J = 6.0 Hz),
2.28 (1/2H, d, J = 8.0 Hz), 1.51-1.41 (1H, m), 1.36-1.21 (5H, m), 1.26 (3H, t, J = 7.0 Hz), 0.89
(3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 171.7, 132.5, 120.9, 60.5, 39.0 (t, J = 20.0
Hz), 37.2, 33.9, 29.1, 22.5, 14.2, 14.0. HRMS (ESI) m/z: calcd for C1;H15°HO,*Cl, [M + H]"
254.0819, found: 254.0821.
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General Procedure for Preparation of Cyclopropenes [Scheme 38.]. To a solution of alkyne
(25 mmol) and Rh,(OAc)s (0.04 mmol) in CH,Cl, (10 mL) was added a solution of ethyl
diazoacetate (17.5 mmol) in CH,CI, (2.5 mL) by a syringe pump at rate of 1.0 mL/h under
argon atmosphere at room temperature. After being stirred for overnight, the reaction mixture
was filtered through a thin pad of silica gel. The filtrate was concentrated under reduced
pressure. The crude product was purified by flash column chromatography (hexane:AcOEt =

10:1) to afford corresponding cyclopropenes 12g,h in yield shown in Scheme 38.

2-(1,1-Dimethylethyl)-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12g). A colorless oil;
IR (neat): 1726 cm™; *H NMR (300 MHz, CDCl;) &: 6.21 (1H, d, J = 1.5Hz), 4.30-4.06 (2H,
m), 2.17 (1H, d, J = 1.5 Hz), 1.24 (3H, t, J = 7.0 Hz), 1.18 (9H, s); *C NMR (75 MHz, CDCls)
5:176.6, 123.3, 91.9, 60.0, 31.2, 27.7, 19.8, 14.3; HRMS (ESI) m/z: calcd for C1oH;60,Na [M
+ Na]" 191.1043, found: 191.1044.

2-Cyclopentyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12h). A colorless oil; IR
(neat): 1724 cm™; *H NMR (300 MHz, CDCl5) 8: 6.26 (1H, t, J = 1.0Hz), 4.19-4.07 (2H, m),
3.06-2.98 (1H, m), 2.15 (1H, d, J = 1.0 Hz), 1.93-1.83 (2H, m), 1.70-1.57 (6H, m), 1.25 (3H, t,
J = 7.0 Hz); **C NMR (75 MHz, CDCls) &: 175.9, 118.4, 91.9, 59.4, 34.9, 30.4, 30.0, 24.6,
19.2, 13.7; HRMS (ESI) m/z: calcd for C11H160,Na [M + Na]* 203.1043, found: 203.1045.

2-Butyl-2-cyclopropene-1-carbonitrile (12i). 46 (4.63 g, 50 mmol) was dissolved in water
(10 mL) in a 50 mL round-bottomed flask immersed in an ice-water bath, and then CH,CI, (20
mL) was added. The mixture was stirred vigorously, and NaNO, (3.45 g, 50 mmol) was added
over 5 min. After stirring for another 15 min, the mixture was extracted with CH,ClI, (80 mL).
Washing with saturated aqueous NaHCOj solution and drying with Na,SO, gave a solution of
47 (100 mL). To a solution of 1-hexyne (1.23 g, 15 mmol) and Rh,(OAc), (8.8 mg, 0.02 mmol)
in CH,CIl, (10 mL) was added a solution of diazoacetonitrile (20 mL, 10 mmol, 0.5 M in
CH,Cl,) by a syringe pump at rate of 1.0 mL/h under argon atmosphere at room temperature.
After being stirred for overnight, the reaction mixture was filtered through a thin pad of silica
gel. The filtrate was concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane:AcOEt = 10:1) to afford 12i (651 mg, 54%). A colorless
oil; IR (neat): 2225 cm™; *H NMR (300 MHz, CDCl;) &: 6.46 (1H, q, J = 1.5 Hz), 2.57 (2H, td,
J=7.0,15Hz),1.83(2H, d, J =1.5 Hz), 1.69-1.58 (2H, m), 1.47-1.35 (2H, m), 0.95 (3H, t, J
= 7.5 Hz); ®*C NMR (75 MHz, CDCl;) &: 123.5, 115.7, 93.8, 28.1, 24.4, 22.1, 13.6, 2.7;
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HRMS (ESI) m/z : calcd for CgHi;NNa [M + Na]* 144.0784, found: 144.0781.

2-Butyl-N-methoxy-N-methyl-2-cyclopropene-1-carboxamide (12j). To a solution of 12a
(420 mg, 3 mmol) in CH,CI, (18 mL) was added DMF (1 drop) and oxalyl chloride (762 mg, 6
mmol) under nitrogen atmosphere at 0 °C. After being stirred at the same temperature for 1 h,
the reaction mixture was concentrated at reduced pressure. The residue was dissolved in
CH,CI, (18 mL) and added N,O-dimethylhydroxylamine (322 mg, 3.3 mmol) and pyridine (1.5
mL). The reaction mixture was stirred for 22 h at room temperature and then diluted with H,O
and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated at
reduced pressure. The residue was purified by flash column chromatography (AcOEt) to afford
12j (393 mg, 71%). A colorless oil; IR (neat): 1656 cm™; *H NMR (300 MHz, CDCl;) &: 6.28
(1H, q, J = 1.5 Hz), 3.76 (s, 3H), 3.22 (3H, s), 2.64 (1H, s), 2.59-2.42 (2H, m), 1.64-1.54 (2H,
m), 1.45-1.34 (2H, m), 0.92 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCls) &: 176.4, 114.4,
92.7, 61.3, 32.8, 28.8, 24.6, 22.1, 17.2, 13.7; HRMS (ESI) m/z: calcd for C;,H;;NO,Na [M +
Na]* 206.1152, found: 206.1149.

General Procedure for Triethylborane-mediated Trichloromethyl Radical Addition to
Cyclopropenes [Table 6, entries 1-4]. To a solution of cyclopropene (1.0 mmol) in CHCI; (10
mL) was added Et;B (1.0 M in hexane, 0.5-2.0 mL, 0.5-2.0 mmol) under nitrogen atmosphere
at RT. After being stirred at the same temperature for 2 h, the reaction mixture was diluted
with H,O and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated at reduced pressure. The crude product was purified by medium-pressure column
chromatography (hexane) to afford the corresponding cyclopropanes 4g-j in yield shown in
Table 6.

(1R*,25*,3R*)-2-(1,1-dimethylethyl)-3-trichloromethylcyclopropane-1-carboxylic ~ Acid
Ethyl Ester (2,3-trans-4g). A colorless oil; IR (neat): 1732 cm™; *H NMR (500 MHz, CDCl,)
8: 4.24-4.12 (2H, m), 3.00 (1H, dd, J = 7.0, 5.5 Hz), 2.22 (1H, dd, J = 11.0, 5.5 Hz), 1.73 (1H,
dd, J = 11.0, 7.0 Hz), 1.29 (3H, t, J = 7.0 Hz), 1.02 (9H, s); *C NMR (125 MHz, CDCl;) &:
169.5, 99.0, 61.1, 42.0, 40.4, 30.6, 29.4, 27.7, 14.1; HRMS (EI) m/z: calcd for C1;H150,%°Cly
[M + H]* 287.0371, found : 287.0370.

(1R*,25*,3R*)-2-Cyclopentyl-3-trichloromethylcyclopropane-1-carboxylic  Acid Ethyl
Ester (2,3-trans-4h). A colorless oil; IR (neat) 1731 cm™; 'H NMR (300 MHz, CDCl;) &:
4.24-4.13 (2H, m), 2.78 (1H, dd, J = 6.0, 5.0 Hz), 2.31 (1H, dd, J = 10.0, 5.0 Hz), 2.00-1.84
(2H, m), 1.75-1.42 (8H, m), 1.29 (3H, t, J = 7.0 Hz), 0.96 (3H, t, J = 7.5 Hz); **C NMR (125
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MHz, CDCl,) 5: 169.8, 98.2, 61.0, 45.8, 36.9, 34.7, 32.4, 31.9, 27.3, 25.1, 25.0, 14.2; HRMS
(C1) m/z: calcd for C1,H150,%Cl; [M + H]* 299.0371, found: 299.0364.

(1R*,2R*,3R*)-2-Cyclopentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl
Ester (2,3-cis-4h). A colorless oil; IR (neat): 1731 cm™; 'H NMR (300 MHz, CDCl;) &: 4.18
(2H, q, J=7.0 Hz), 2.86 (1H, dd, J = 9.5, 5.0 Hz), 2.36 (1H, dt, J = 11.0, 8.0 Hz), 2.26 (1H, dd,
J=6.0, 5.0 Hz), 2.03-1.84 (2H, m), 1.74-1.27 (7H, m), 1.29 (3H, t, J = 7.0 Hz); **C NMR (75
MHz, CDCl,) &: 171.9, 97.3, 61.2, 46.5, 37.3, 35.8, 33.9, 32.9, 28.1, 25.6, 25.0, 14.2; HRMS
(Cl) m/z: calcd for C1,H150,>°Cls [M + H]* 299.0372, found: 299.0360.

(1R*,2S*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carbonitrile  (2,3-trans-4i). A
colorless oil; IR (neat): 2244 cm™; *H NMR (300 MHz, CDCls) &: 2.50 (t, J = 5.0 Hz, 1H),
2.10 (dd, J = 9.0, 5.0 Hz, 1H), 1.89-1.36 (m, 7H), 0.94 (t, J = 7.0 Hz, 3H). *C NMR (75 MHz,
CDCly); 6: 117.2, 96.4, 45.5, 30.4, 28.6, 26.4, 22.2, 13.9, 11.5; HRMS (ESI) m/z: calcd for
CsH1,NNa*Cl; [M + Na]* 261.9928, found: 261.9931.

(1R*,2R*,3R*)-2-Butyl-3-trichloromethylcyclopropane-1-carbonitrile (2,3-cis-4i) A
colorless oil; IR (neat): 2244 cm™; *H NMR (300 MHz, CDCl5) &: 2.87 (1H, dd, J = 9.5, 6.5
Hz), 2.03 (1H, t, J = 5.5 Hz), 1.98-1.89 (1H, m), 1.85-1.70 (2H, m), 1.54-1.33 (4H, m), 0.94
(3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCl3) &: 119.1, 95.6, 44.3, 31.5, 30.3, 24.2, 22.2,
13.9, 11.4; HRMS (ESI) m/z: calcd for CoH1,NNa**Cl; [M + Na]* 261.9928, found: 261.9926.

(1R*,2S5%*,
3R*)-2-Butyl-N-methoxy-N-methyl-3-trichloromethylcyclopropane-1-carboxamide
(2,3-trans-4j). A colorless oil; IR (neat): 1660 cm™; *H NMR (300 MHz, CDCl,) &: 3.77 (s,
3H), 3.23 (s, 3H), 2.83 (dd, J = 6.0, 5.0 Hz, 1H), 2.78-2.70 (br s, 1H), 1.95-1.85 (m, 1H),
1.61-1.53 (m, 2H), 1.47-1.25 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H); *C NMR (75 MHz, CDClI,) &:
169.1, 98.9, 61.6, 44.8, 32.6, 31.4, 29.7, 25.3, 25.1, 22.3, 14.1; HRMS (ESI) m/z: calcd for
C1H1sNO,Na*Cl; [M + Na]* 324.0295, found: 324.0295.

(1R* 2R*,
3R*)-2-Butyl-N-methoxy-N-methyl-3-trichloromethylcyclopropane-1-carboxamide
(2,3-cis-4j). A colorless oil; IR (neat): 1661 cm™; *"H NMR (300 MHz, CDCls) &: 3.80 (3H, s),
3.25 (3H, s), 2.82 (2H, d, J = 7.0 Hz), 2.01-1.88 (1H, m), 1.85-1.72 (2H, m), 1.53-1.29 (4H,
m), 0.91 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 171.1, 97.9, 61.9, 45.9, 32.5, 31.4,
30.3, 25.9, 24.6, 22.3, 13.9; HRMS (ESI) m/s: calcd for C11H:sNO,*Cls [M + H]" 302.0476,
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found: 302.0478.

AgOAc-mediated Ring-opening Reaction of Cyclopropane 2,3-cis-4a [Table 7, entry 1]. A
solution of 2,3-cis-4a (50 mg, 0.17 mmol) and AgOAc (35 mg, 0.2 mmol) in THF (5 mL) was
added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was filtered
through a thin pad of Celite. The filtrate was concentrated at reduced pressure. The residue
was purified by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7a (36.0 mg, 84%).

General Procedure for AgOAc-mediated Ring-opening Reaction of Cyclopropane [Table
7]. A solution of 4 (0.17 mmol) and AgOAc (35 mg, 0.2 mmol) in THF (5 mL) was added to a
sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was filtered through a
thin pad of Celite. The filtrate was concentrated at reduced pressure. The residue was purified
by preparative TLC (hexane : AcOEt = 10 : 1) to afford 7 in yield shown in Table 7.

3-(2,2-Dichloroethenyl)-benzenebutanoic Acid Ethyl Ester (7b). A colorless oil; IR (neat):
1734 cm™; *H NMR (300 MHz, CDCl3) 8: 7.33-7.15 (5H, m), 5.78 (1H, d, J = 10.0 Hz), 4.12
(2H, q, J = 7.0 Hz), 3.29-3.16 (1H, m), 2.73 (2H, d, J = 7.0 Hz), 2.43 (1H, dd, J = 15.5, 5.5
Hz), 2.29 (1H, dd, J = 15.5, 8.0 Hz), 1.25 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl,) &:
171.5, 138.2, 129.2, 128.4, 126.5, 121.3, 60.6, 39.9, 38.7, 38.0, 14.2; HRMS (ESI) m/z: calcd
for C1,H170,>°Cl, [M + H]" 287.0600; found: 287.0600.

3-(2,2-Dichloroethenyl)-5-methylhexanoic Acid Ethyl Ester (7d). A colorless oil; IR (neat):
1737 cm™; *H NMR (300 MHz, CDCl;) 8: 5.68 (1H, d, J = 10.0 Hz, 1H), 4.14 (2H, qd, J = 7.0,
2.5 Hz), 3.09-2.96 (1H, m), 2.38 (1H, dd, J = 15.0, 6.0 Hz), 2.27 (1H, dd, J = 15.0, 7.5 Hz),
1.62-1.48 (1H, m), 1.35-1.19 (2H, m), 1.27 (3H, t, J = 7.0 Hz), 0.92 (3H, d, J = 6.5 Hz), 0.90
(3H, d, J = 6.5 Hz); **C NMR (75 MHz, CDCls) &: 171.6, 132.7, 120.7, 60.5, 43.6, 39.6, 35.4,
25.7, 23.2, 22.0, 14.2; HRMS (ESI) m/z: calcd for Ci;H;50,Na*Cl, [M + Na]* 275.0576,
found: 275.0577.

3-(2,2-Dichloroethenyl)undecanoic Acid Ethyl Ester (7e). A colorless oil; IR (neat): 1737
cm™; *'H NMR (300 MHz, CDCl;) &: 5.70 (1H, d, J = 10.0 Hz), 4.14 (2H, q, J = 7.0 Hz),
2.99-2.87 (1H, m), 2.44 (1H, dd, J = 15.0, 6.5 Hz), 2.29 (1H, dd, J = 15.0, 8.0 Hz), 1.52-1.40
(1H, m), 1.36-1.19 (13H, m), 1.26 (3H, t, J = 7.0 Hz), 0.88 (3H, t, J = 6.5 Hz); *C NMR (75
MHz, CDCls) 8: 171.7, 132.6, 120.9, 60.5, 39.3, 37.2, 34.3, 31.8, 29.5, 29.4, 29.2, 26.9, 22.6,
14.2, 14.1; HRMS (ESI) m/z: calcd for CisH,s0,Na**Cl, [M + Na]* 331.1202, found:
331.1203.
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3-(2,2-Dichloroethenyl)-4,4-dimethylpentanoic Acid Ethyl Ester (7g). A colorless oil; IR
(neat): 1737 cm™; *H NMR (300 MHz, CDCls) &: 5.74 (1H, d, J = 11.0 Hz), 4.13 (1H, qd, J =
7.0, 1.0 Hz), 2.81 (1H, td, J = 11.0, 4.0 Hz), 2.55 (1H, dd, J = 14.0, 4.0 Hz), 2.15 (1H, dd, J =
14.0, 11.0 Hz), 1.26 (3H, t, J = 7.0 Hz), 0.93 (9H, s); *C NMR (75 MHz, CDCl,) &: 172.4,
130.3, 121.5, 60.6, 47.3, 35.3, 34.1, 27.2, 14.2; HRMS (ESI) m/z: calcd for Cy;H;50,Na*Cl,
[M + Na]® 275.0576, found: 275.0574.

3-(2,2-Dichloroethenyl)-cyclopentanepropanoic Acid Ethyl Ester (7h). A colorless oil; IR
(neat): 1737 cm™; *H NMR (300 MHz, CDCl5) &: 5.76 (1H, d, J = 10.0 Hz), 4.13 (2H, q, J =
7.0 Hz), 2.89-2.78 (1H, m), 2.52 (1H, dd, J = 15.0, 5.0 Hz), 2.26 (1H, dd, J = 15.0, 9.0 Hz),
1.89-1.49 (8H, m), 1.32-1.14 (1H, m), 1.26 (3H, d, J = 7.0 Hz); **C NMR (75 MHz, CDCl5) &:
172.1, 132.0, 121.0, 60.8, 44.3, 42.6, 38.8, 30.8, 30.2, 25.4, 25.3, 14.4; HRMS (ESI) m/z:
caled for C1,H;90,%Cl, [M + H]" 265.0757, found : 265.0758.

3-(2,2-Dichloroethenyl)heptanenitrile (7i). A colorless oil; IR (neat): 2249 cm™; *H NMR
(300 MHz, CDCl,) 6: 5.76 (1H, d, J = 9.5 Hz), 2.83 (1H, dtt, J = 9.5, 6.0, 5.5 Hz), 2.44 (2H, d,
J=6.0 Hz), 1.67-1.24 (6H, m), 0.92 (3H, d, J = 7.0 Hz); *C NMR (75 MHz, CDClI5) &: 130.2,
123.1, 117.5, 36.7, 33.3, 28.9, 22.4, 22.2, 13.9; HRMS (ESI) m/z: calcd for CgH.sNNa*Cl, [M
+ Na]* 228.0317, found: 228.0317.

3-(2,2-Dichloroethenyl)-N-methoxy-N-methyl-heptanamide (7j). A colorless oil. IR (neat):
1667 cm™; 'H NMR (300 MHz, CDCls) &: 5.74 (1H, d, J = 10.0 Hz), 3.68 (3H, s), 3.18 (3H, 9),
3.06-2.94 (1H, m), 2.51 (1H, dd, J = 15.0, 7.0 Hz), 2.44 (1H, dd, J = 15.0, 7.0 Hz), 1.60-1.47
(1H, m), 1.40-1.21 (5H, m), 0.89 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCl;) &: 172.4,
133.2, 120.4, 61.2, 36.8, 36.6, 34.1, 32.1, 29.2, 22.6, 14.0; HRMS (ESI) m/z: calcd for
C1H,0NO®*Cl, [M + H]" 268.0866; found: 268.0867.
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(1,1-Dimethylethyl)[(1,1-dimethyl-2-propynyl)oxy]dimethylsilane (49). To a solution of
2-Methyl-3-butyn-2-ol (1.7 g, 20 mmol) in CH,CI, (60 mL) was added 2,6-lutadine (5.8 mL,
50 mmol) and TBSOTT (5.5 mL, 24 mmol) at room temperature. After being stirred for 2 h, the
reaction mixture was extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated at reduced pressure. The residue was purified by flash column chromatography
(hexane) to afford 49 (3.7 g, 93%). A colorless oil; *"H NMR (300 MHz, CDCls) &: 2.39 (1H, s),
1.47 (6H, m), 0.86 (9H, s), 0.17 (6H, s); **C NMR (75 MHz, CDClI;) &: 89.2, 70.7, 66.1, 32.9,
25.7, 18.0, -2.9, -3.0; HRMS (ESI) m/z: Calcd for C;3,H,30Si [M + H]® 199.1513, found:
199.1512.

2-[1-[[(1,1-Dimethylethyl)dimethylsilylJoxy]-1-methylethyl]-2-cyclopropene-1-carboxylic
Acid Ethyl Ester (12c). To a solution of 49 (3.6 g, 18 mmol) and Rh,(OAc), (5.3 mg, 0.012
mmol) in CH,CI, (10 mL) was added a solution of ethyl diazoacetate (684 mg, 6 mmol) by a
syringe pump at rate of 1.0 mL/h under argon atmosphere at rt. After being stirred for
overnight, the reaction mixture was filtered through a thin pad of silica gel. The filtrate was
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 10 : 1) to afford 12c¢ (740.9 mg, 43%). A pale yellow oil;
IR (neat): 1728 cm™; 'H NMR (300 MHz, CDCls) &: 6.36 (1H, d, J = 1.5 Hz), 4.20-4.05 (2H,
m), 2.28 (1H, d, J = 1.5 Hz), 1.46 (3H, s), 1.40 (3H, s), 1.24 (3H, t, J = 7.0 Hz), 0.87 (9H, s),
0.09 (6H, s); **C NMR (75 MHz, CDCIs) &: 175.7, 120.9, 93.6, 71.2, 60.2, 29.5, 29.2, 25.6,
21.6, 18.0, 14.3, -2.5, -2.6; HRMS (ESI) m/z: calcd for Cy5H,903Si [M + H]* 285.1881, found:
285.1879.

(1R*,25*,3R*)-2-[1-[[(1,1-Dimethylethyl)dimethylsilylJoxy]-1-methylethyl]-3-(trichlorom

ethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester (2,3-trans-4c). To a solution of 12¢ (1.0
g, 3.5 mmol) in CHCI; (35 mL) was added Et;B (1.0 M in hexane, 7.0 mL, 7.0 mmol) under
nitrogen atmosphere at rt. After being stirred at the same temperature for 2 h, the reaction
mixture was concentrated at reduced pressure. The crude product was purified by
medium-pressure column chromatography (hexane : AcOEt = 10 : 1) to afford 2,3-trans-4c
(1.17 g, 83%). White crystals; Mp: 65 °C (hexane); IR (neat): 1743 cm™; *"H NMR (300 MHz,
CDCl;) &: 4.16 (2H, g, J = 7.0 Hz), 3.08 (1H, t, J = 6.0 Hz), 2.24 (1H, dd, J = 10.0, 6.0 Hz),
1.79 (1H, dd, J = 10.0, 6.0 Hz), 1.41 (3H, s), 1.40 (3H, s), 1.28 (3H, t, J = 7.0 Hz), 0.88 (9H, s),
0.14 (3H, s), 0.03 (3H, s); *C NMR (75 MHz, CDCls) &: 167.9, 99.0, 71.4, 60.9, 40.38, 40.36,
30.9, 29.2, 27.2, 25.9, 18.2, 14.1, -2.0, -2.3; HRMS (ESI) m/z: calcd for C15H3,03Si*Cl; [M +
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H]" 403.1024, found: 403.0025.

(1a,50,,60)-4,4,-Dimethyl-6-trichloromethyl-3-oxabicyclo[3.1.0]hexan-2-one (8). To a
solution of 4i (1.2 g, 3 mmol) in EtOH (100 mL) was added conc. HCI (30 mL) under nitrogen
atmosphere at 40 °C. After being stirred at the same temperature for 17 h, the reaction mixture
was poured sat. NaHCO; and extracted with AcOEt. The organic phase was dried over MgSQO,4
and concentrated at reduced pressure. The residue was purified by flash column
chromatography (hexane : AcOEt = 20 : 1) to afford 8 (560 mg, 77%). A colorless oil; IR
(neat): 1772 cm™; *H NMR (300 MHz, CDCl;) &: 2.70 (1H, t, J = 4.5 Hz), 2.56-2.53 (2H, m),
1.55 (3H, s), 1.49 (3H, s); *C NMR (75 MHz, CDCl5) &: 171.5, 95.5, 82.9, 41.6, 34.3, 28.7,
27.5, 23.6; HRMS (ESI) m/z: calcd for CgH10,%°Cl, [M + H]* 242.9741, found: 242.9743.

4-(2,2-Dichloroethenyl)dihydro-5,5-dimethyl-2(3H)-furanone (9). % A solution of 8 (97 mg,
0.4 mmol) and AgOAc (35 mg, 0.2 mmol) in THF (5 mL) was added to a sealed tube. After
being stirred at 100 °C for 24 h, the reaction mixture was filtered through a thin pad of Celite.
The filtrate was concentrated at reduced pressure. The residue was purified by preparative
TLC (hexane : AcOEt = 10 : 1) to afford 9 (64.7 mg, 77%). White crystals. Mp: 115-117 °C;
IR (KBr): 1768 cm™; *H NMR (300 MHz, CDClI;) 8: 5.81 (1H, d, J = 10.0 Hz), 3.33 (1H, td, J
=10.0, 8.5 Hz), 2.79 (1H, dd, J = 17.5, 8.5 Hz), 2.49 (1H, dd, J = 17.5, 10.5 Hz), 1.50 (3H, 3),
1.33 (3H, s); *C NMR (75 MHz, CDCl;) &: 173.8, 126.0, 124.1, 86.2, 46.1, 34.7, 27.8, 23.0;
HRMS (ESI) m/z: calcd for CgH;;,0*°Cl, [M + H]* 209.0131, found : 209.0131.
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ZnMe,-mediated Ring-opening Reaction of trichlorocyclopropane 2,3-trans-4a [Table 8,
entry 2]. To a solution of cyclopropane 2,3-trans-4a (30 mg, 0.10 mmol) in toluene (5 mL)
was added ZnMe, (1.0 M in hexane, 0.2 mL, 0.2 mmol) under nitrogen atmosphere at room
temperature. After being stirred at reflux for 6 h, the reaction mixture was diluted with sat.
NH,4CI and extracted with CHCI3. The organic phase was dried over Na,SO, and concentrated
at reduced pressure. Purification by preparative TLC (hexane : AcOEt = 20 : 1) afforded
anti-10a (12.3 mg, 41%) .

(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)heptancic Acid Ethyl Ester (anti-10a). A
colorless oil; IR (neat): 1738 cm™; 'H NMR (500 MHz, CDCl;) &: 6.16 (1H, d, J = 10.0 Hz),
4.42-4.38 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 10.0, 4.5 Hz), 1.73-1.69 (2H, m),
1.55-1.52 (2H, m), 1.40-1.27 (2H, m), 1.30 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); °C
NMR (125 MHz, CDCIs) 6: 169.2, 124.7, 123.4, 62.4, 61.8, 52.6, 35.8, 28.7, 22.0, 14.1, 13.9;
HRMS (CI) m/z: calcd for C11H;50,%Cl; [M + H]* 287.0372, found: 287.0369.

[Table 8, entry 3]. To a solution of cyclopropane 2,3-trans-4a (30 mg, 0.10 mmol) in benzene
(5 mL) was added ZnMe; (1.0 M in hexane, 0.2 mL, 0.2 mmol) under nitrogen atmosphere at
room temperature. After being stirred at the reflux for 6.5 h, the reaction mixture was diluted
with sat. NH,CI and extracted with CHCI;. The organic phase was dried over Na,SO, and
concentrated at reduced pressure. Purification by preparative TLC (hexane : AcOEt = 20 : 1)
afforded anti-10a (11.1 mg, 37%).

[Table 8, entry 4]. To a solution of cyclopropane 2,3-trans-4a (287 mg, 1.0 mmol) in CHCI;
(10 mL) was added ZnMe; (1.0 M in hexane, 2.0 mL, 2.0 mmol) under nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 2 h, the reaction mixture
was diluted with sat. NH,CI and extracted with CHCI;. The organic phase was dried over
Na,SO, and concentrated at reduced pressure. Purification by flash column chromatography
(hexane) afforded anti-10a (266 mg, 93%) .

[Table 8, entry 5]. To a solution of cyclopropane 2,3-trans-4a (85 mg, 0.3 mmol) in CHCI; (3
mL) was added ZnEt, (1.0 M in hexane, 0.6 mL, 0.6 mmol) under nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 5 h, the reaction mixture
was diluted with sat. NH,CI and extracted with CHCI;. The organic phase was dried over

Na,SO, and concentrated at reduced pressure. Purification by preparative TLC (hexane : AcOEt

86



=20 : 1) afforded anti-10a (37.4 mg, 44%) .

[Table 8, entry 6]. To a solution of cyclopropane 2,3-trans-4a (58 mg, 0.2 mmol) in CHCI; (5
mL) was added ZnCl, (55 mg, 0.4 mmol) under nitrogen atmosphere at room temperature.
After being stirred at reflux for 48 h, the reaction mixture was diluted with H,O and extracted
with CHCI;. The organic phase was dried over Mg,SO, and concentrated at reduced pressure.
Purification by preparative TLC (hexane : AcOEt = 20 : 1) afforded anti-10a (7.0 mg, 12%) .

[Table 8, entry 8]. To a solution of cyclopropane 2,3-cis-4a (37 mg, 0.13 mmol) in CHCI; (10
mL) was added ZnMe, (1.0 M in hexane, 0.52 mL, 0.52 mmol) under nitrogen atmosphere at
room temperature. After being stirred at the reflux for 13 h, the reaction mixture was diluted
with sat. NH,Cl and extracted with CHCI;. The organic phase was dried over Na,SO, and
concentrated at reduced pressure. Purification by preparative TLC (hexane : AcOEt = 20 : 1)
afforded syn-10a (28.1 mg, 76%).

(2R*,35*)-3-Chloro-2-(2,2-dichloroethenyl)heptanoic Acid Ethyl Ester (syn-10a). A
colorless oil; IR (neat): 1739 cm™; *H NMR (300 MHz, CDCl5) &: 5.96 (1H, d, J = 10.0 Hz),
4.26-4.10 (3H, m), 3.75 (1H, dd, J = 10.0, 8.0 Hz), 1.85-1.50 (4H, m), 1.48-1.27 (2H, m), 1.30
(3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); **C NMR (125 MHz, CDCl,) &: 169.2, 125.2,
124.3, 61.7, 61.6, 54.2, 34.8, 28.3, 22.0, 14.1, 13.9; HRMS (CI) m/z: calcd for Cy;H150,%°Cl;,
[M + H]* 287.0372, found: 287.0365.

Elimination of anti- and syn-10a with DBU [Scheme 45].
(E)-2-(2,2-Dichloroethenyl)-2-heptenoic Acid Ethyl Ester ((E)-55). To a solution of
anti-10a (30 mg, 0.1 mmol) in CH,CI, (1 mL) was added DBU (15 mg, 0.1 mmol) in CH,Cl,
(1 mL) under nitrogen atmosphere at 0 °C. After being stirred at the same temperature for 2 h,
the reaction mixture was diluted with sat. NH,CI and extracted with CHCI;. The organic phase
was dried over Na,SO, and concentrated at reduced pressure. Purification by preparative TLC
(hexane : AcOEt = 20 : 1) afforded (E)-55 (19 mg, 76%). A colorless oil; IR (neat): 1708 cm™;
'H NMR (500 MHz, CDCl3) &: 6.92 (1H, td, J = 8.0, 1.0 Hz), 6.48 (1H, d, J = 1.0 Hz), 4.22
(2H, g9, J =7.0 Hz), 2.18 (2H, qd, J = 8.0, 1.0 HZz), 1.58-1.43 (2H, m), 1.37-1.33 (2H, m), 1.31
(3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;) &: 165.6, 147.7,
126.5, 124.2, 123.5, 61.1, 30.3, 29.7, 22.4, 14.2, 13.8; HRMS (EI) m/z: calcd for
C11H160,°Cl, [M]* 250.0526, found: 250.0538.
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(2)-2-(2,2-Dichloroethenyl)-2-heptenoic Acid Ethyl Ester ((Z)-55). To a solution of
syn-10a (10 mg, 0.035 mmol) in CH,CI, (1 mL) was added DBU (11 mg, 0.1 mmol) in CH,Cl,
(1 mL) under nitrogen atmosphere at 0 °C. After being stirred at the same temperature for 2 h,
the reaction mixture was diluted with sat. NH,CI and extracted with CHCI;. The organic phase
was dried over Na,SO,4 and concentrated at reduced pressure. Purification by preparative TLC
(hexane : AcOEt = 20 : 1) afforded (Z)-55 (7.0 mg, 80%). A colorless oil; IR (neat): 1718 cm™;
'H NMR (500 MHz, CDCls) &: 6.51 (1H, d, J = 1.0 Hz), 6.29 (1H, dt, J = 7.5, 1.0 Hz), 4.24
(2H, g9, J =7.0 Hz), 2.48 (2H, qd, J = 7.5, 1.0 HZz), 1.46-1.42 (2H, m), 1.39-1.33 (2H, m), 1.32
(3H, t, J = 7.0 Hz), 0.91 (3H, t, J = 7.0 Hz); **C NMR (125 MHz, CDCl,) &: 165.9, 147.5,
127.2,126.4, 61.0, 31.1, 29.7, 29.4, 22.4, 14.2, 13.9; HRMS (EI) m/z: calcd for C11H160,%°Cl,
[M]" 250.0526, found: 250.0527.
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General Procedure for Preparation of Cyclopropenes [Table 9, entries 1-5]. To a solution
of alkyne (25 mmol) and Rh,(OAc), (0.04 mmol) in CH,Cl, (10 mL) was added a solution of
ethyl diazoacetate (17.5 mmol) in CH,CI, (2.5 mL) by a syringe pump at rate of 1.0 mL/h
under argon atmosphere at RT. After being stirred for overnight, the reaction mixture was
filtered through a thin pad of silica gel. The filtrate was concentrated under reduced pressure.
The crude product was purified by flash column chromatography (hexane : AcOEt =10: 1) to

afford corresponding cyclopropenes 12k-o in yield shown in Table 4.

2-Propyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12k). A colorless oil; IR (neat):
1724 cm™; *"H NMR (300 MHz, CDCls) &: 6.34 (1H, g, J = 1.5 Hz), 4.18-4.07 (2H, m), 2.48
(2H,td, J=7.0, 1.5 Hz), 2.13 (1H, d, J = 1.5 Hz), 1.68-1.58 (2H, m), 1.25 (3H, t, J = 7.0 Hz),
0.98 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCl5) &: 176.4, 115.5, 94.1, 60.1, 27.0, 20.2,
19.8, 14.5, 13.8; HRMS (ESI) m/z: calcd for CyH,O,Na [M + Na]® 177.0886, found:
177.0884.

2-Pentyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12I). A colorless oil; IR (neat):
1727 cm™; *"H NMR (300 MHz, CDCls) &: 6.32 (1H, g, J = 1.5 Hz), 4.18-4.08 (2H, m), 2.49
(2H, td, J = 7.0, 1.5 Hz), 2.12 (1H, d, J = 1.5 Hz), 1.64-1.55 (2H, m), 1.37-1.23 (4H, m), 1.25
(3H,t,J =7.0 Hz), 0.89 (3H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCl;) &: 176.4, 115.6, 93.9,
60.1, 31.4, 26.4, 25.0, 22.4, 19.8, 14.5, 14.0; HRMS (ESI) m/z: calcd for Cy;H10,Na [M +
Na]* 205.1199, found: 205.1198.

2-Hexyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12m). A colorless oil; IR (neat):
1726 cm™; *H NMR (300 MHz, CDCls) &: 6.32 (1H, q, J = 1.5 Hz), 4.18-4.07 (2H, m), 2.49
(2H,td, J = 7.5, 1.5 Hz), 2.12 (1H, d, J = 1.5 Hz), 1.57 (2H, m), 1.38-1.24 (6H, m), 1.25 (3H, t,
J =7.5Hz), 0.89 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl,) &: 176.7, 115.6, 93.9, 60.1,
31.5, 28.8, 26.6, 24.9, 22.5, 19.7, 14.4, 14.0; HRMS (ESI) m/z: calcd for Cy,H,,0,Na [M +
Na]* 219.1356; found: 219.1358.

2-[2-(2-Naphthalenyl)ethyl]-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12n). A
colorless oil; IR (neat): 1720 cm®: *H NMR (300 MHz, CDCly) &: 7.81 (1H, br d, J = 8.5 Hz),
7.79 (2H, br d, J = 8.5 Hz), 7.65 (1H, br s), 7.46 (1H, br td, J = 8.0, 1.5 Hz), 7.43 (1H, br td, J
= 8.0, 1.5 Hz), 7.35 (1H, br dd, J = 8.0, 1.5 Hz), 6.36 (1H, q, J = 1.0 Hz), 4.15-4.04 (2H, m),
3.08 (2H,t,J = 7.5 Hz), 2.97-2.88 (2H, m), 2.15 (1H, d, J = 1.0 Hz), 1.22 (3H, t, J = 7.5 Hz);

89



C NMR (75 MHz, CDCl;) &: 176.4, 138.1, 133.6, 132.1, 128.0, 127.6, 127.5, 126.9, 126.5,
126.0, 125.4, 114.9, 95.0, 60.2, 33.0, 26.6, 19.9, 14.3; HRMS (ESI) m/z: calcd for C15H190;
[M + H]" 267.1380; found: 267.1376.

2-[2-(4-Bromophenyl)ethyl]-2-cyclopropene-1-carboxylic Acid Ethyl Ester (120). A
colorless oil; IR (neat): 1720 cm™; *H NMR (300 MHz, CDCl;) &: 7.41 (2H, br d, J = 8.0 Hz),
7.09 (2H, brd, J = 8.0 Hz) 6.36 (1H, q, J = 1.5Hz), 4.17-4.06 (2H, m), 2.90-2.76 (4H, m), 2.12
(1H, d, J = 1.5 Hz), 1.25 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 176.3, 139.5,
131.5, 130.1, 120.0, 114.5, 95.2, 60.2, 32.2, 26.4, 19.8, 14.3; HRMS (ESI) m/z: calcd for
C14H150,Na’Br [M + Na]* 317.0148, found: 317.0151.

General Procedure for Triethylborane-mediated Trichloromethyl Radical Addition to
Cyclopropenes [Table 10, entries 1-5]. To a solution of cyclopropene (1.0 mmol) in CHCI;
(10 mL) was added Et;B (1.0 M in hexane, 0.5-2.0 mL, 0.5-2.0 mmol) under nitrogen
atmosphere at RT. After being stirred at the same temperature for 2 h, the reaction mixture was
diluted with H,O and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated at reduced pressure. The crude product was purified by medium-pressure column
chromatography (hexane) to afford the corresponding cyclopropanes 4k-o in yield shown in
Table 12.

(1R*,25*,3R*)-2-Propyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-4k). A colorless oil; IR (neat): 1732 cm™; *H NMR (300 MHz, CDCl;) 8: 4.18 (2H,
q,J =7.0 Hz), 2.71 (1H, dd, J = 6.0, 5.0 Hz), 2.29 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J
=10.0, 7.0, 6.0 Hz), 1.70-1.25 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); °C
NMR (75 MHz, CDCIs) &: 169.7, 98.3, 61.0, 45.6, 29.3, 27.6, 27.1, 22.2, 14.2, 13.7; HRMS
(CI) m/z: caled for C1oH160,%°Cls [M + H]* 273.0215, found: 273.0208.

(1R*,2R*,3R*)-2-Propyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-4k). A colorless oil; IR (neat): 1722 cm™; 'H NMR (300 MHz, CDCl;) &: 4.18 (2H, q,
J = 7.0 Hz), 2.84 (1H, dd, J = 9.0, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.93-1.88 (1H, m),
1.78-1.70 (2H, m), 1.58-1.42 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 0.95 (3H, t, J = 7.5 Hz); °C
NMR (75 MHz, CDCIs) &: 171.8, 97.3, 61.2, 45.6, 30.9, 28.6, 26.8, 22.9, 14.2, 13.7; HRMS
(CI) m/z: calcd for C1oH160,>°Cl3 [M + H]* 273.0215, found : 273.0200.

(1R*,25*,3R*)-2-Pentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-4l). A colorless oil. IR (neat): 1731 cm™; *H NMR (300 MHz, CDCl5) &: 4.18 (2H,
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q,J=7.0Hz), 2.71 (1H, dd, J = 6.5, 5.0 Hz), 2.28 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J
=10.0, 7.5, 6.5 Hz), 1.70-1.48 (2H, m), 1.45-1.26 (6H, m), 1.29 (3H, t, J =7.0 Hz), 0.88 (3H, t,
J=7.0 Hz); ®*C NMR (75 MHz, CDCls) &: 169.3, 98.3, 61.0, 45.7, 31.3, 29.5, 28.7, 27.1, 25.4,
22.5, 14.2, 13.9; HRMS (CI) m/z: calcd for C1,H500,%Cls [M + H]® 301.0527, found:
301.0521.

(1R*,2R*,3R*)-2-Pentyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-4l). A colorless oil; IR (neat): 1722 cm™; *"H NMR (300 MHz, CDCI;) &: 4.18 (2H, q,
J =7.0 Hz), 2.84 (1H, dd, J = 9.0, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.95-1.89 (1H, m),
1.80-1.69 (2H, m), 1.52-1.42 (2H, m), 1.34-1.25 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.89 (3H, t,
J=7.0 Hz); ®*C NMR (75 MHz, CDCl5) 8: 171.8, 97.3, 61.2, 45.7, 31.4, 31.1, 29.4, 28.6, 24.7,
22.5, 14.2, 14.0; HRMS (CI) m/z: caled for Ci,H»0,*Cl; [M + H]* 301.0527, found:
301.0524.

(1R*,25*,3R*)-2-Hexyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-4m). A colorless oil; IR (neat): 1732 cm™; *"H NMR (300 MHz, CDCls) &: 4.18 (2H,
q,J=7.0Hz), 2.71 (1H, dd, J = 6.0, 5.0 Hz), 2.28 (1H, dd, J = 10.0, 5.0 Hz), 1.86 (1H, ddt, J
=10.0, 7.5, 6.0 Hz), 1.68-1.49 (2H, m), 1.45-1.20 (8H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t,
J=7.0 Hz); ®*C NMR (75 MHz, CDCl,) &: 169.6, 98.3, 61.0, 45.7, 31.7, 29.5, 29.0, 28.8, 27.1,
25.6, 22.5, 14.2, 14.0; HRMS (CI) m/s: calcd for Ci3H»,0,*Cl; [M + H]* 315.0684, found:
315.0662.

(1R*,2R*,3R*)-2-Hexyl-3-trichloromethylcyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-4m). A colorless oil; IR (neat): 1722 cm™; *H NMR (300 MHz, CDCl;) &: 4.18 (2H, q,
J =7.0 Hz), 2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.25 (1H, t, J = 5.0 Hz), 1.98-1.85 (1H, m),
1.80-1.66 (2H, m), 1.51-1.40 (2H, m), 1.40-1.23 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 0.88 (3H, t,
J=7.0 Hz); ®*C NMR (75 MHz, CDCls) &: 171.8, 97.3, 61.2, 45.7, 31.6, 31.1, 29.7, 28.8, 28.6,
24.8, 22.6, 14.2, 14.0; HRMS (CI) m/z: calcd for Cy3H»,0,%Cl; [M + H]* 315.0684, found:
315.0663.

(1R*,25*,3R*)-2-[2-(2-Naphthalenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic

Acid Ethyl Ester (2,3-trans-4n). A colorless oil; IR (neat): 1739 cm™; *H NMR (500 MHz,
CDCl;) &: 7.81-7.77 (3H, m), 7.63 (1H, br s), 7.47-7.40 (2H, m), 7.32 (1H, br dd, J = 8.0, 2.0
Hz), 4.16-4.05 (2H, m), 2.92 (1H, ddd, J = 14.5, 8.5, 6.0 Hz), 2.85-2.79 (1H, m), 2.80 (1H, dd,
J =6.0, 5.0 Hz), 2.30 (1H, dd, J = 9.5, 5.0 Hz), 2.12-2.06 (1H, m), 2.04-1.90 (2H, m), 1.23
(3H, t, J = 7.0 Hz,); **C NMR (125 MHz, CDCls) &: 169.6, 138.5, 133.6, 132.1, 128.0, 127.6,
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127.4, 127.2, 126.6, 125.9, 125.3, 98.1, 61.7, 45.8, 35.4, 28.9, 27.5, 27.0, 14.1; HRMS (EI)
m/z: calcd for CigH1,0,%°Cl; [M]* 384.0450, found: 384.0455.

(1R*,2R*,3R*)-2-[2-(2-Naphthalenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic
Acid Ethyl Ester (2,3-cis-4n). A colorless oil; IR (neat): 1728 cm™; *H NMR (500 MHz,
CDClj) 8: 7.81-7.75 (3H, m), 7.60 (1H, br s), 7.47-7.41 (2H, m), 7.32 (1H, br dd, J = 8.0, 1.5
Hz), 4.11-3.92 (2H, m), 3.03 (1H, ddd, J = 14.0, 8.5, 6.0 Hz), 2.91 (1H, dt, J = 14.0, 8.0 Hz),
2.84 (1H, dd, J = 9.5, 5.0 Hz), 2.35 (1H, ddt, J = 14.0, 8.0, 6.0 Hz), 2.25-2.18 (1H, m), 2.16
(1H, dd, J = 6.0, 5.0 Hz), 1.77 (1H, tt, J = 9.5, 6.0 Hz), 1.15 (3H, t, J = 7.0 Hz,). *C NMR
(125 MHz, CDCIls) &: 171.5, 138.4, 133.6, 132.1, 128.1, 127.6, 127.4, 127.0, 126.7, 126.0,
125.3, 91.1, 61.2, 45.5, 36.0, 30.4, 28.6, 26.5, 14.0; HRMS (EI) m/z: calcd for CyoH100,%Cls
[M]" 384.0450, found: 384.0457.

(1R*,25*,3R*)-2-[2-(4-Bromophenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic
Acid Ethyl Ester (2,3-trans-40). A colorless oil; IR (neat): 1728 cm™; 'H NMR (500 MHz,
CDCly) 6: 7.40 (2H, br d, J = 8.5 Hz), 7.06 (2H, br d, J = 8.0 Hz), 4.20-4.09 (2H, m), 2.75 (1H,
dd, J = 5.5, 5.0 Hz), 2.74-2.68 (1H, m), 2.64-2.58 (1H, m), 2.28 (1H, dd, J = 10.0, 5.5 Hz),
2.01-1.96 (1H, m), 1.91-1.84 (1H, m), 1.80-1.74 (1H, m), 1.28 (3H, t, J = 7.5 Hz,); *C NMR
(125 MHz, CDCl,) 8: 169.6, 139.9, 131.5, 130.2 119.8, 98.0, 61.2, 45.8, 34.6, 28.7, 27.3, 27.0,
14.2; HRMS (EI) m/z: calcd for C15H160,°°Cl;"°Br [M]* 411.9398, found: 411.9410.

(1R*,2R*,3R*)-2-[2-(4-Bromophenyl)ethyl]-3-trichloromethylcyclopropane-1-carboxylic
Acid Ethyl Ester (2,3-cis-40). A colorless oil; IR (neat): 1729 cm™; 'H NMR (500 MHz,
CDCls;) &: 7.40 (2H, br d, J = 8.5 Hz), 7.04 (2H, br d, J = 8.5 Hz), 4.18-4.09 (2H, m), 2.83 (1H,
dd, J = 9.5, 5.0 Hz), 2.83-2.79 (1H, m), 2.73-2.67 (1H, m), 2.25 (1H, ddt, J = 14.5, 8.5, 5.0
Hz), 2.16 (1H, t, J = 5.0 Hz), 2.13-2.05 (1H, m), 1.70 (1H, tt, J = 9.5. 5.0 Hz), 1.29 (3H, t, J =
7.5 Hz); ®*C NMR (125 MHz, CDCls) &: 171.4, 139.9, 131.5, 130.2, 119.1, 97.0, 61.3, 45.4
35.2, 30.1, 28.5, 26.5, 14.2; HRMS (EI) m/z: calcd for CysH160,%°Cl;"°Br [M]* 411.9399,
found: 411.9402.

General Procedure for ZnMe,-mediated Ring-opening Reaction of Cyclopropane [Table
11]. To a solution of cyclopropane 4 (0.10 mmol) in CH,CI, (5 mL) was added ZnMe, (1.0 M
in hexane, 0.2 mL, 0.2 mmol) under nitrogen atmosphere at room temperature. After being
stirred at reflux for 6 h, the reaction mixture was diluted with sat. NH,CIl and extracted with
CHCI;. The organic phase was dried over Na,SO, and concentrated at reduced pressure.

Purification by preparative TLC (hexane : AcOEt = 20 : 1) afforded anti-10 in yield shown in
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Table 11.

(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)benzenepentanoic Acid Ethyl Ester (anti-10f)
[entry 1]. A colorless oil. IR (neat): 1738 cm™; *H NMR (300 MHz, CDCls;) &: 7.34-7.19 (5H,
m), 6.16 (1H, d, J = 10.0 Hz), 4.41-4.35 (1H, m), 4.20 (2H, q, J = 7.0 Hz), 3.73 (1H, dd, J =
10.0, 4.0 Hz), 2.95-2.86 (1H, m), 2.74 (1H, dt, J = 14.0, 8.5 Hz), 2.05-1.98 (2H, m), 1.29 (3H,
t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 168.9, 140.2, 128.6, 128.5, 126.3, 124.9, 123.3,
61.8, 61.5, 52.7, 37.8, 32.7, 14.1; HRMS (ESI) m/z: calcd for C1sH150,%Cls [M + H]"
335.0360, found : 335.0368.

(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)hexanoic Acid Ethyl Ester (anti-10k) [entry 2].
A colorless oil; IR (neat): 1738 cm™; *H NMR (300 MHz, CDCl,) 8: 6.16 (1H, d, J = 9.5 Hz),
4.45-4.39 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 9.5, 4.5 Hz), 1.74-1.54 (3H, m),
1.50-1.39 (1H, m), 1.30 (3H, t, J = 7.0 Hz), 0.95 (3H, t, J = 7.0 Hz), **C NMR (75 MHz,
CDCly) &: 169.1, 124.7, 123.4, 62.1, 61.8, 52.6, 38.1, 19.8, 14.1, 13.3; HRMS (ESI) m/z: calcd
for C1oH160,%Cl3 [M + H]* 273.0215, found: 273.0200.

(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)octanoic Acid Ethyl Ester (anti-10l) [entry 3].
A colorless oil; IR (neat): 1738 cm™; *H NMR (300 MHz, CDCl,) &: 6.16 (1H, d, J = 9.5 Hz),
4.42 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 9.5, 4.0 Hz), 1.74-1.67 (2H, m),
1.60-1.25 (6H, m), 1.30 (3H, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz); **C NMR (75 MHz,
CDCl;) &: 169.1, 124.7, 123.4, 62.4, 61.8, 52.6, 36.1, 31.0, 26.2, 22.4, 14.1, 13.9; HRMS
(ESI) m/z: caled for Cy,H,00,%Cls [M + H]* 301.0527, found: 301.0544.

(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)nonanoic Acid Ethyl Ester (anti-10m) [entry
4]. A colorless oil; IR (neat): 1738 cm™; 'H NMR (300 MHz, CDCls) &: 6.16 (1H, d, J = 10.0
Hz), 4.43-4.37 (1H, m), 4.22 (2H, q, J = 7.0 Hz), 3.72 (1H, dd, J = 10.0, 4.0 Hz), 1.74-1.67
(2H, m), 1.62-1.50 (1H, m), 1.43-1.26 (7H, m), 1.29 (3H, t, J = 7.0 Hz), 0.89 (3H,t,J =7.0
Hz); *C NMR (75 MHz, CDCl;) 8: 169.2, 124.7, 123.4, 62.4, 61.8, 52.6, 36.1, 31.6, 28.6, 26.5,
22.5, 14.1, 14.0; HRMS (ESI) m/z: calcd for Ci3H»,0,°Cl; [M + H]* 315.0684; found:
315.0655.

(2R*,3R*)-3-Chloro-2-(2,2-dichloroethenyl)-2-naphthalenepentanoic Acid Ethyl Ester
(anti-10n) [entry 5]. A colorless oil; IR (neat): 1732 cm™; *H NMR (500 MHz, CDClI;) &:
7.83-7.78 (3H, m), 7.64 (1H, br s), 7.47 (1H, br td, J = 8.0, 1.5 Hz), 7.44 (1H, br d, J = 8.0 Hz),
7.32 (1H, br dd, J = 8.0, 2.0 Hz), 6.17 (1H, d, J = 10.0 Hz), 4.43-4.37 (LH, m), 4.19 (2H, q, J =
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7.0 Hz), 3.75 (1H, dd, J = 10.0, 4.5 Hz), 3.07 (1H, dt, J = 13.5, 7.0 Hz), 2.90 (1H, dt, J = 13.5,
8.0 Hz), 2.10 (2H, g, J = 7.0 Hz), 1.25 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCl;) &:
168.9, 137.7, 133.6, 132.2, 128.3, 127.6, 127.5, 127.0, 126.8, 126.1, 125.4, 124.9, 123.3, 61.9,
61.5, 52.7, 37.7, 32.8, 14.1; HRMS (EI) m/z: calcd for C1oH160,%Cls [M]* 384.0450, found :
384.0453.

(2R*,3R*)-5-(4-Bromophenyl)-3-chloro-2-(2,2-dichloroethenyl)pentanocic  Acid  Ethyl
Ester (anti-100) [entry 6]. A colorless oil. IR (neat): 1732 cm™; *H NMR (300 MHz, CDCl5;)
8:7.43 (2H, br d, J = 8.0 Hz), 7.07 (2H, br d, J = 8.0 Hz), 6.15 (1H, d, J = 10.0 Hz), 4.33 (1H,
dt, J = 9.0, 4.5 Hz), 4.21 (2H, q, J = 7.0 Hz), 3.71 (1H, dd, J = 10.0, 4.5 Hz), 2.91-2.81 (1H,
m), 2.70 (1H, dt, J = 14.0, 8.5 Hz), 2.02-1.94 (2H, m), 1.27 (3H, t, J = 7.0 Hz); *C NMR (75
MHz, CDCls) &: 168.8, 139.1, 131.7, 130.2, 125.0, 123.2, 120.2, 61.9, 61.2, 52.7, 37.5, 32.0,
14.1; HRMS (EI) m/z: calcd for C15H150,°°Cl;"®Br [M]* 411.9399, found: 411.9402.
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Procedure for CuCl/bpy-catalyzed Ring-opening Reaction of Cyclopropane 2,3-trans-4a
[Table 12, entry 1]. A two-neck flask was charged with CuCl (1.7 mg, 0.017 mmol) and bpy
(2.7 mg, 0.017 mmol), evacuated and backfilled with argon. A solution of 2,3-trans-4a (50 mg,
0.17 mmol) in 1,2-dichloroethane (5 mL) was added. After being stirred at reflux for 4 h, the
reaction mixture was filtered through a thin pad of Celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane) to afford 11la (47.5
mg, 95%) as a 1:1 mixture of diastereomers. Each diastereomer was separated by preparative

TLC (hexane). The stereostructure was not determined.

2-Chloro-3-(2,2-dichloroethenyl)heptanoic Acid Ethyl Ester (11a).

[Less polar product]. A colorless oil; IR (neat): 1743 cm™; *H NMR (500 MHz, CDCl5) §:
5.79 (1H, d, J = 10.0 Hz), 4.28-4.22 (3H, m), 3.19-3.09 (1H, m), 1.70-1.64 (1H, m), 1.46-1.39
(1H, m), 1.38-1.20 (4H, m), 1.31 (3H, t, J = 7.0 Hz), 0.90 (3H, br t, J = 7.0 Hz); *C NMR
(125 MHz, CDCls) 6: 168.2, 128.7, 123.4, 62.3, 60.8, 44.3, 30.1, 28.7, 22.5, 14.1, 13.9; HRMS
(E) m/z: calcd for C11H1,0,%Cly [M]* 286.0293, found: 286.0305.

[More polar product]. A colorless oil; IR (neat): 1735 cm™; *H NMR (500 MHz, CDCl5) &:
5.84 (1H, d, J = 10.0 Hz), 4.36 (1H, d, J = 5.0 Hz), 4.28-4.21 (2H, m), 3.20 (1H, tt, J = 10.0,
5.0 Hz), 1.60-1.45 (2H, m), 1.38-1.25 (4H, m), 1.31 (3H, t, J = 7.0 Hz), 0.91 (3H, brt, J = 7.5
Hz); *C NMR (125 MHz, CDCl;) &: 168.3, 128.0, 123.0, 64.4, 60.6, 44.1, 31.5, 28.8, 22.5,
14.1, 13.9; HRMS (EI) m/z: calcd for Cy,H,,0,°°Cl; [M]* 286.0293, found: 286.0292.

CuCl/bpy-catalyzed Ring-opening Reaction of 2,3-cis-4a [Table 12, entry 2]. A two-neck
flask was charged with CuCl (1.7 mg, 0.017 mmol) and bpy (2.7 mg, 0.017 mmol), evacuated
and backfilled with argon. A solution of 2,3-cis-4a (50 mg, 0.17 mmol) in 1,2-dichloroethane
(5 mL) was added. After being stirred at reflux for 4 h, the reaction mixture was filtered
through a thin pad of celite. The filtrate was concentrated at reduced pressure. The residue was
purified by preparative TLC (hexane) to afford 11a (47.5 mg, 95%) as a 1:1 mixture of
diastereomers.

General Procedure for CuCl/bpy-catalyzed Ring-opening Reaction of Cyclopropane
2,3-trans-4 [Table 12, entries 3,4]. A two-neck flask was charged with CuCl (1.7 mg, 0.017
mmol) and bpy (2.7 mg, 0.017 mmol), evacuated and backfilled with argon. A solution of
2,3-trans-4 (0.17 mmol) in 1,2-dichloroethane (5 mL) was added. After being stirred at reflux
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for 4 h, the reaction mixture was filtered through a thin pad of Celite. The filtrate was
concentrated at reduced pressure. The residue was purified by preparative TLC (hexane) to
afford 11 as a 1:1 mixture of diastereomers in yield shown in Table 14. Each diastereomer was
separated by preparative TLC (hexane). The stereostructure was not determined.

2-Chloro-3-(2,2-dichloroethenyl)-5-methylhexanoic Acid Ethyl Ester (11d) [entry 3].
[Less polar product]. A colorless oil; IR (neat): 1744 cm™; *H NMR (500 MHz, CDCI;) &:
5.79 (1H, d, J = 10.5 Hz), 4.32-4.20 (3H, m), 3.27-3.21 (1H, m), 1.59-1.51 (1H, m), 1.42-1.39
(2H, m), 1.32 (3H, t, J = 7.0 Hz), 0.93 (3H, d, J = 7.0 Hz), 0.91 (3H, d, J = 7.0 Hz); *C NMR
(125 MHz, CDCl,) 6: 168.1, 129.2, 123.2, 62.3, 60.6, 42.5, 39.6, 25.5, 23.7, 21.6, 14.1; HRMS
(ESI) m/z: calcd for C11H170,Na*Cl;, [M + Na]® 309.0186. found: 309.0184.

[More polar product]. A colorless oil; IR (neat): 1746 cm™; *H NMR (500 MHz, CDCl,) &:
5.82 (1H, d, J = 10.0 Hz), 4.32 (1H, d, J = 5.0 Hz), 4.31-4.20 (2H, m), 3.32-3.26 (1H, m),
1.62-1.52 (2H, m), 1.47-1.41 (1H, m), 1.33-1.30 (3H, t, J = 7.0 HZz), 0.95 (3H, d, J = 6.5 Hz),
0.93 (3H, d, J = 6.5 Hz); *C NMR (125 MHz, CDCI5) 8: 168.2, 128.3, 122.9, 62.4, 60.8, 42.2,
40.8, 25.5, 23.0, 22.2, 14.1; HRMS (ESI) m/z: calcd for Cy;H170,Na*Cl; [M + Na]* 309.0186;
found: 309.0184.

2-Chloro-3-(2,2-dichloroethenyl)undecanoic Acid Ethyl Ester (11e) [entry 4].

[Less polar product]. A colorless oil; IR (neat): 1743 cm™; *H NMR (500 MHz, CDCl;) &:
5.79 (1H, d, J = 10.0 Hz), 4.28-4.22 (3H, m), 3.19-3.09 (1H, m), 1.70-1.64 (1H, m), 1.46-1.39
(1H, m), 1.38-1.20 (12H, m), 1.31 (3H, t, J = 7.0 Hz), 0.90 (3H, br t, J = 7.0 Hz). *C NMR
(125 MHz, CDCls) 5: 168.2, 128.8, 123.4, 62.3, 60.1, 44.4, 31.8, 30.4, 29.40, 29.37, 29.2, 26.5,
22.7, 14.10, 14.07; HRMS (ESI) m/z: calcd for CisH,50,Na**Cl; [M + Na]* 365.0812, found:
365.0810.

[More polar product]. A colorless oil; IR (neat): 1746 cm™; *H NMR (500 MHz, CDCls) &:
5.83 (1H, d, J = 10.0 Hz), 4.36 (1H, d, J = 4.5 Hz), 4.30-4.20 (2H, m), 3.23-3.17 (1H, m),
1.57-1.47 (2H, m), 1.33-1.26 (12H, m), 1.31 (3H, t, J = 7.0 Hz), 0.88 (3H, br t, J = 7.0 Hz);
¥C NMR (125 MHz, CDCI;) &: 168.3, 128.0, 123.0, 62.4, 60.6, 44.1, 31.82, 31.79, 29.37,
29.35, 29.2, 26.6, 22.6, 14.10, 14.05; HRMS (ESI) m/z: calcd for Ci5H,50,Na**Cl; [M + Na]*
365.0812; found: 365.0810.

2-Chloro-3-(2,2-dichloroethenyl)-4,4-dimethylpentanoic Acid Ethyl Ester (11g) [Table 12,
entry 5]. A two-neck flask was charged with CuCl (1.7 mg, 0.017 mmol) and bpy (2.7 mg,
0.017 mmol), evacuated and backfilled with argon. A solution of 2,3-trans-4g (50.0 mg, 0.174
mmol) in 1,2-dichloroethane (5 mL) was added. After being stirred at reflux for 8 h, the
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reaction mixture was filtered through a thin pad of Celite. The filtrate was concentrated at
reduced pressure. The residue was purified by preparative TLC (hexane) to afford 11g (45.8
mg, 92%, dr = 1:3). Each diastereomer was separated by preparative TLC (hexane). The
stereostructure was not determined.

[Less polar product (minor isomer)]. A colorless oil; IR (neat): 1746 cm™; *H NMR (300
MHz, CDCl,) 8: 6.18 (1H, d, J = 11.5 Hz), 4.49 (1H, d, J = 5.0 Hz), 4.28-4.17 (2H, m), 2.95
(1H, dd, J = 11.5, 5.0 Hz), 1.32 (3H, t, J = 7.0 Hz), 1.00 (9H, s); **C NMR (125 MHz, CDCls)
d: 168.9, 126.3, 123.7, 62.1, 56.5, 55.2, 35.2, 28.1, 13.9; HRMS (ESI) m/z: calcd for
C1:H170,Na*Cl; [M + Na]* 309.0186, found: 309.0181.

[More polar product (major isomer)]. A colorless oil; IR (neat): 1750 cm™; *H NMR (300
MHz, CDCl,) &: 6.06 (1H, d, J = 11.0 Hz), 4.61 (1H, d, J = 3.5 Hz), 4.32-4.15 (2H, m), 3.07
(1H, dd, J = 11.0, 3.5 Hz), 1.60-1.45 (2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.04 (9H, s); **C NMR
(125 MHz, CDCly) &: 169.3, 126.7, 123.3, 63.0, 58.7, 52.5, 35.7, 28.5, 14.4; HRMS (ESI) m/z:
calcd for C4;H;;0,Na**Cl, [M + Na]* 309.0186; found: 309.0185.
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Alkyl nitrite-mediated nitration reaction of cyclopropene 12a [Table 13, entry 1]. A
solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (82.5 mg, 0.8 mmol) in THF (2 mL) was
added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction mixture was
extracted with CHCI;. The organic layer was dried over MgSO, and the solvents were
removed under vacuum. The residue was purified by preparative TLC (hexane : AcOEt = 20 :
1) to afford 2,3-trans-13a (11.8 mg, 14%) and 2,3-cis-13a (11.5 mg, 13%).

(1R*,25*,3R*)-2-Butyl-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-13a). A colorless oil; IR (neat): 1733, 1550 cm™; *H NMR (300 MHz, CDCl5) &:
4.56 (1H, dd, J = 4.5, 3.5 Hz), 4.20 (2H, g, J = 7.5 Hz), 2.89 (1H, dd, J = 11.0, 3.5 Hz), 2.36
(1H, dtd, J =11.0, 7.5, 4.5 Hz), 1.76-1.50 (2H, m), 1.43-1.25 (4H, m), 1.30 (3H, t, J = 7.5 HZz),
0.90 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCIs) &: 167.5, 64.0, 61.6, 32.0, 30.8, 30.3,
24.3, 22.1, 14.2, 13.9; HRMS (ESI) m/z: calcd for C1oH;;NO,Na [M + Na]* 238.1050, found:
238.1055.

(1R*,2R*,3R*)-2-Butyl-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester (2,3-cis-13a).
A colorless oil; IR (neat): 1733, 1547 cm™; *H NMR (300 MHz, CDCls) &: 4.67 (1H, dd, J =
8.5, 3.5 Hz), 4.18 (2H, q, J = 7.0 Hz), 2.74 (1H, dd, J = 7.5, 3.5 Hz), 1.99 (1H, dg, J = 8.5, 7.5
Hz), 1.79-1.57 (2H, m), 1.47-1.22 (4H, m), 1.29 (3H, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz);
®C NMR (125 MHz, CDCI5) &: 169.3, 64.4, 61.7, 31.3, 30.7, 29.3, 24.7, 22.1, 14.1, 13.8;
HRMS (ESI) m/z: calcd for C;oH;;NO,Na [M + Na]* 238.1050, found: 238.1053.

[Table 13, entry 2]. A solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (165 mg, 1.6 mmol)
in THF (2 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the reaction
mixture was extracted with CHCI;. The organic layer was dried over MgSQO,, and the solvents
were removed under vacuum. The residue was purified by preparative TLC (hexane : AcOEt =
20 : 1) to afford 2,3-trans-13a (21.2 mg, 25%) and 2,3-cis-13a (21.0 mg, 24%).

[Table 13, entry 3]. A solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (165 mg, 1.6 mmol)
in dioxane (2 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (15.8 mg, 18%) and 2,3-cis-13a (16.2 mg, 19%).
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[Table 13, entry 4]. A solution of 12a (67.2 mg, 0.4 mmol) and tBuONO (165 mg, 1.6 mmol)
in CHCI; (2 mL) was added to a sealed tube. After being stirred at 100 °C for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (2.3 mg, 3%) and 2,3-cis-13a (2.0 mg, 2%).

[Table 13, entry 5]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to
tBUONO (165 mg, 1.6 mmol) at room temperature. After being stirred at reflux for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSQO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (26.7 mg, 31%) and 2,3-cis-13a (26.8 mg, 31%).

[Table 13, entry 6]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to
tBUONO (123.8 mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (26.2 mg, 30%) and 2,3-cis-13a (26.5 mg, 31%).

[Table 13, entry 7]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to
tBUONO (82.5 mg, 0.8 mmol) at room temperature. After being stirred at reflux for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (18.7 mg, 22%) and 2,3-cis-13a (18.3 mg, 21%).

[Table 13, entry 8]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (4 mL) was added to
tBUONO (123.8 mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (24.1 mg, 28%) and 2,3-cis-13a (24.3 mg, 28%).

[Table 13, entry 9]. To a solution of 12a (67.2 mg, 0.4 mmol) in THF (2 mL) was added to
iIAMONO (140.6 mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the
reaction mixture was extracted with CHCI;. The organic layer was dried over MgSQO,, and the
solvents were removed under vacuum. The residue was purified by preparative TLC (hexane :
AcOEt = 20 : 1) to afford 2,3-trans-13a (21.3 mg, 25%) and 2,3-cis-13a (21.2 mg, 25%).
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Control experiments for determing the radical process [Scheme 54]. To a solution of 12a
(67.2 mg, 0.4 mmol) and TEMPO (93.8 mg, 0.6 mmol) in THF (2 mL) was added to tBUONO
(165 mg, 1.6 mmol) at room temperature. After being stirred at reflux for 24 h, the reaction
mixture was extracted with CHCI;. The organic layer was dried over MgSO,, and the solvents
were removed under vacuum. The residue was purified by preparative TLC (hexane : AcOEt =

20 : 1) to afford no desired products.

Deuterium labeling reaction [Scheme 55]. To a solution of 12a (67.2 mg, 0.4 mmol) in
THF-dg (2 mL) was added to tBUONO (123.8 mg, 1.2 mmol) at room temperature. After being
stirred at reflux for 24 h, the reaction mixture was extracted with CHCI;. The organic layer
was dried over MgSO, and the solvents were removed under vacuum. The residue was
purified by preparative TLC (hexane : AcOEt = 20 : 1) to afford 2,3-trans-13a’ (13.0 mg,
15%) and 2,3-cis-13a’ (12.8 mg, 15%).

(1R*,2S5*,3R*)-2-Butyl-3-nitorocyclopropane-2-d-1-carboxylic  Acid Ethyl Ester
(2,3-trans-13a’). A colorless oil; IR (neat): 1733, 1550 cm™; *H NMR (300 MHz, CDCl;) :
455 (1H, d, J = 3.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 2.88 (1H, d, J = 3.5 Hz), 1.71-1.51 (4H, m),
1.47-1.25 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 0.90 (3H, t, J = 7.0 Hz); **C NMR (75 MHz,
CDCl,) &: 167.5, 63.9, 61.6, 31.7 (t, J = 24.5 Hz), 30.7, 30.2, 24.2, 22.0, 14.2, 13.8; HRMS
(ESI) m/z: calcd for C1oH1’HNO,Na [M + Na]* 239.1113, found: 239.1115.

(1R*,2R*,3R*)-2-Butyl-3-nitorocyclopropane-2-d-1-carboxylic  Acid Ethyl Ester
(2,3-cis-13a’). A colorless oil; IR (neat): 1733, 1547 cm™; *H NMR (300 MHz, CDClI,) &: 4.67
(1H, d, J = 3.0 Hz), 4.18 (2H, q, J = 7.0 Hz), 2.74 (1H, d, J = 3.0 Hz), 1.76-1.58 (4H, m),
1.44-1.30 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 0.89 (3H, t, J = 7.0 Hz); **C NMR (75 MHz,
CDCl;) &: 169.3, 64.3, 61.7, 31.7, 30.6, 29.7, 24.5, 22.1, 14.1, 13.8; HRMS (ESI) m/z: calcd
for C1oH16°HNO,Na [M + Na]* 239.1113, found: 239.1116.
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General Procedure for Preparation of Cyclopropenes [Table 14, entries 1-3]. To a solution
of alkyne (25 mmol) and Rh,(OAc), (0.04 mmol) in CH,CI, (10 mL) was added a solution of
diazoesters (17.5 mmol) in CH,Cl, (2.5 mL) by a syringe pump at rate of 1.0 mL/h under
argon atmosphere at RT. After being stirred for overnight, the reaction mixture was filtered
through a thin pad of silica gel. The filtrate was concentrated under reduced pressure. The
crude product was purified by flash column chromatography (hexane : AcOEt = 10 : 1) to

afford corresponding cyclopropenes 12p-r in yield shown in Table 14.

2-Cyclohexyl-2-cyclopropene-1-carboxylic Acid Ethyl Ester (12p) [entry 1]. A colorless
oil; IR (neat): 1724 cm™; *H NMR (300 MHz, CDCls) &: 6.29 (1H, t, J = 1.5 Hz), 4.12-4.07
(2H, m), 2.59-2.53 (1H, m), 2.13 (1H, d, J = 1.5 Hz), 1.92-1.82 (2H, m), 1.73-1.59 (3H, m),
1.28-1.42 (5H, m), 1.25 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) 8: 176.6, 118.9, 92.6,
59.9, 34.1, 30.1, 30.0, 25.8, 25.0, 24.9, 19.0, 14.2; HRMS (ESI) m/z: calcd for C;,H;50,Na [M
+ H]" 195.1380, found: 195.1384.

2-(2-Methylpropyl)-2-cyclopropene-1-carboxylic Acid 1,1-Dimethylethyl Ester (12q)
[entry 2]. A colorless oil; IR (neat): 1723 cm™; 'H NMR (300 MHz, CDCls) &: 6.34 (1H, q, J
=1.5Hz), 2.38 (2H, dd, J = 6.5, 1.5 Hz), 2.03 (1H, d, J = 1.5 Hz), 2.00-1.86 (1H, m), 1.44 (9H,
s), 0.99 (3H, t, J = 6.5 Hz), 0.98 (3H, t, J = 6.5 Hz); *C NMR (75 MHz, CDCl;) &: 175.8,
114.9, 94.8, 79.6, 34.0, 28.3, 27.0, 22.50, 22.47, 20.9; HRMS (ESI) m/z: calcd for C;,H,00,Na
[M + Na]* 219.1356, found: 219.1350.

2-(2-Methylpropyl)-2-cyclopropene-1-carboxylic Acid Phenylmethyl Ester (12r) [entry 3].
A colorless oil; IR (neat): 1726 cm™; *H NMR (300 MHz, CDCl,) &: 7.37-7.30 (5H, m), 6.37
(1H, g, J = 1.5Hz), 5.15 (1H, d, J = 12.5 Hz), 5.09 (1H, d, J = 12..5 Hz), 2.39 (2H, dd, J = 7.0,
1.5 Hz), 2.19 (1H, d, J = 1.5 Hz), 1.99-1.86 (1H, m), 0.97 (3H, t, J = 7.0 Hz), 0.95 (3H, d, J =
7.0 Hz); *C NMR (75 MHz, CDCl;) &: 176.5, 136.6, 128.6, 128.3, 128.2, 114.9, 94.7, 66.3,
34.3, 27.2, 22.73, 22.70, 20.2; HRMS (ESI) m/z: calcd for Ci5H;50,Na [M + Na]* 253.1199,
found: 253.1195.

2-(2-Methylpropyl)-2-cyclopropene-1-carbonitrile (12s) [Scheme 62]. 46 (4.63 g, 50 mmol)
was dissolved in water (10 mL) in a 50 mL round-bottomed flask immersed in an ice-water
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bath, and then CH,Cl, (20 mL) was added. The mixture was stirred vigorously, and NaNO,
(3.45 g, 50 mmol) was added over 5 min. After stirring for another 15 min, the mixture was
extracted with CH,ClI, (80 mL). Washing with saturated aqueous NaHCO solution and drying
with Na,SO, gave a solution of 47 (100 mL). To a solution of 4-Methyl-1-pentyne (1.23 g, 15
mmol) and Rh,(OAc), (8.8 mg, 0.02 mmol) in CH,CI, (10 mL) was added a solution of 47 (20
mL, 10 mmol, 0.5 M in CH,Cl,) by a syringe pump at rate of 1.0 mL/h under argon
atmosphere at rt. After being stirred for overnight, the reaction mixture was filtered through a
thin pad of silica gel. The filtrate was concentrated under reduced pressure. The crude product
was purified by flash column chromatography (hexane : AcOEt = 10:1) to afford the title
compound (651 mg, 54%). A colorless oil; IR (neat): 2225 cm™; *H NMR (300 MHz, CDCl5)
d:6.48 (1H, q, J = 1.5 Hz), 2.46 (2H, dd, J = 7.0 Hz), 2.09-1.96 (1H, m), 1.82 (1H,d,J =15
Hz), 1.02 (3H, d, J = 6.5 Hz), 1.00 (3H, t, J = 6.5 Hz); *C NMR (75 MHz, CDCls) &: 123.4,
115.0, 94.5, 33.7, 26.7, 22.40, 22.36, 3.0; HRMS (APCI) m/z: calcd for CgH;,NNa [M + H]*
122.0964, found: 122.0973.

General procedure for alkyl nitrite-mediated nitration reaction of cyclopropene 12 [Table
15, entry 1-8]. To a solution of 12 (0.4 mmol) in THF (2 mL) was added to tBUONO (123.8
mg, 1.2 mmol) at room temperature. After being stirred at reflux for 24 h, the reaction mixture
was extracted with CHCI;. The organic layer was dried over MgSO,, and the solvents were
removed under vacuum. The residue was purified by preparative TLC (hexane : AcOEt = 20 :
1) to afford 13 in yield shown in Table 15.

(1R*,2R*,35*)-2-Nitoro-3-(phenylmethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-13b) [Table 15, entry 1]. A colorless oil; IR (neat): 1730, 1549 cm™; *H NMR (300
MHz, CDCls) &: 7.34-7.15 (5H, m), 4.73 (1H, t, J = 4.0 Hz), 4.19 (2H, q, J = 7.0 Hz), 3.08 (1H,
dd, J = 15.0, 7.0 Hz), 2.98-286 (2H, m), 2.73-2.63 (1H, m), 1.26 (3H, t, J = 7.0 Hz); *C NMR
(75 MHz, CDCl;) &: 167.2, 138.0, 128.6, 128.0, 126.7, 63.9, 61.7, 32.1, 30.4, 30.2, 14.1;
HRMS (ESI) m/z: calcd for C13H1;sNO,Na [M + Na]* 272.0893, found: 272.0901.

(1R*,2R*,3R*)-2-Nitoro-3-(phenylmethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-13b) [Table 15, entry 1]. A colorless oil; IR (neat): 1732, 1547 cm™; *H NMR (300
MHz, CDCl;) &: 7.35-7.14 (5H, m), 4.73 (1H, dd, J = 8.5, 3.5 Hz), 4.18 (2H, q, J = 7.0 Hz),
3.13 (1H, dd, J = 15.5, 7.0 Hz), 3.01-2.92 (1H, m), 2.35-2.24 (1H, m), 1.28 (3H, t, J = 7.0 Hz);
3C NMR (75 MHz, CDCls) &: 168.6, 137.9, 128.8, 128.1, 126.8, 64.1, 61.9, 31.8, 31.0, 29.8,
14.2; HRMS (ESI) m/z: calcd for C;3H;5NO,Na [M + Na]* 272.0893; found: 27.0900.
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(1R*,25*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-13d) [Table 15, entry 2]. A colorless oil; IR (neat): 1732, 1549 cm™; *H NMR (300
MHz, CDCI;) &: 4.55 (1H, dd, J = 4.5, 3.5 Hz), 4.24-4.14 (2H, m), 2.89 (1H, dd, J = 11.0, 3.5
Hz), 2.41-2.31 (1H, m), 1.73-1.41 (2H, m), 1.31-1.26 (1H, m), 1.29 (3H, t, J = 7.0 Hz), 0.95
(3H, d, J = 6.5 Hz), 0.91 (3H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCl;) &: 167.5, 64.0, 61.6,
33.1, 30.6, 30.1, 28.0, 22.2, 22.0, 14.2; HRMS (ESI) m/z: calcd for C;H;;NOs;Na [M + Na]”
238.1050, found: 238.1052.

(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-13d) [Table 15, entry 2]. A colorless oil; IR (neat): 1733, 1547 cm™; *H NMR (300
MHz, CDCls) 8: 4.67 (1H, dd, J = 9.0, 3.5 Hz), 4.19 (2H, q, J = 7.0 Hz), 2.73 (1H, dd, J = 7.5,
3.5 Hz), 1.99 (1H, dq, J = 9.0, 7.5 Hz), 1.74-1.50 (2H, m), 1.29 (3H, t, J = 7.0 Hz), 1.28-1.26
(1H, m), 0.96 (3H, t, J = 6.5 Hz), 0.91 (3H, t, J = 6.5 Hz); *C NMR (75 MHz, CDCl;) &: 169.1,
64.3, 61.7, 33.6, 30.1, 29.4, 28.0, 22.3, 22.2, 14.2; HRMS (ESI) m/z: calcd for C;oH;;NO4Na
[M + Na]* 238.1050, found: 238.1052.

(1R*,2R*,3S*)-2-Nitoro-3-(phenylethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-trans-13f) [Table 15, entry 3]. A colorless oil; IR (neat): 1732, 1550 cm™; *H NMR (300
MHz, CDCl;) 6: 7.32-7.26 (2H, m), 7.24-7.13 (3H, m), 4.48 (1H, dd, J = 4.5, 3.5 Hz),
4.24-4.08 (2H, m), 2.85 (1H, dd, J = 11.0, 3.5 Hz), 2.70 (2H, t, J = 7.5 Hz), 2.35 (1H, dtd, J =
11.0, 7.5, 4.5 Hz), 2.03 (1H, dq, J = 14.5, 7.5 Hz), 1.91 (1H, dq, J = 14.5, 7.5 Hz), 1.28 (3H, t,
J=7.0 Hz); ®*C NMR (75 MHz, CDCls) &: 167.4, 140.1, 128.6, 128.4, 126.4, 63.8, 61.7, 34.8,
31.2, 30.0, 26.3, 14.1. HRMS (ESI) m/z: calcd for Cy,H;;NO4Na [M + Na]* 286.1050, found:
286.1049.

(1R*,2R*,3R*)-2-Nitoro-3-(phenylethyl)-cyclopropane-1-carboxylic Acid Ethyl Ester
(2,3-cis-13f) [Table 15, entry 3]. A colorless oil; IR (neat): 1732, 1547 cm™; *H NMR (300
MHz, CDCls) &: 7.29-7.11 (5H, m), 4.62 (1H, dd, J = 8.0, 3.5 Hz), 4.14 (2H, q, J = 7.0 Hz),
2.74-2.66 (3H, m), 2.11-1.91 (3H, m), 1.27 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl5) &:
168.8, 139.9, 128.4, 128.2, 126.2, 64.1, 61.7, 34.6, 30.5, 29.3, 26.8, 14.1; HRMS (ESI) m/z:
calcd for Cy4H;,NO4Na [M + Na]* 286.1050, found: 286.1050.

(1R*,25*,3R*)-2-Butyl-N-methoxy-N-methyl-3-nitorocyclopropane-1-carboxylic Acid
Ethyl Ester (2,3-trans-13j) [Table 15, entry 4]. A colorless oil; IR (neat): 1662, 1547 cm™;
'H NMR (300 MHz, CDCls) &: 4.64 (1H, dd, J = 4.5, 3.5 Hz), 3.76 (3H, s), 3.34-3.31 (1H, m),
3.21 (3H, s), 2.39 (1H, dtd, J = 11.5, 7.0, 4.0 Hz), 1.65-1.50 (2H, m), 1.41-1.25 (4H, m), 0.89
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(3H, d, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 166.9, 63.7, 61.8, 32.4, 30.9, 28.9, 24.3,
22.0, 13.9; HRMS (ESI) m/z: calcd for C1oH13N,0,Na [M + Na]* 253.1159, found: 253.1160.

(1R*,2R*,3R*)-2-Butyl-N-methoxy-N-methyl-3-nitorocyclopropane-1-carboxylic Acid
Ethyl Ester (2,3-cis-13j) [Table 15, entry 4]. A colorless oil; IR (neat): 1659, 1542 cm™; 'H
NMR (300 MHz, CDCl;) &: 4.66 (1H, dd, J = 8.5, 3.5 Hz), 3.76 (3H, s), 3.26-3.22 (1H, m),
3.21 (3H, s), 2.02 (1H, m), 1.81-1.60 (2H, m), 1.47-1.25 (4H, m), 0.89 (3H, t, J = 7.0 Hz); *°C
NMR (75 MHz, CDCIs) &: 168.5, 64.9, 62.0, 32.5, 31.1, 30.8, 29.7, 24.8, 22.2, 13.9; HRMS
(ESI) m/z: calcd for C1oH1gN,O,Na [M + Na]* 253.1159, found: 253.1159.

(1R*,25*,3R*)-2-Cyclohexyl-3-nitorocyclopropane-1-carboxylic ~ Acid Ethyl Ester
(2,3-trans-13p) [Table 15, entry 5]. A colorless oil; IR (neat): 1733, 1550 cm™; *H NMR (300
MHz, CDCls) 6: 4.58 (1H, dd, J = 4.5, 3.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 2.89 (1H, dd, J = 11.0,
3.5 Hz), 2.17 (1H, td, J = 11.0, 4.5 Hz), 1.84-1.36 (6H, m), 1.29 (3H, t, J = 7.0 Hz), 1.25-1.04
(5H, m); *C NMR (75 MHz, CDCls) &: 167.4, 63.3, 61.6, 38.1, 34.0, 32.5, 32.2, 30.1, 26.0,
25.61, 25.59, 14.2; HRMS (ESI) m/z: calcd for C;,H;oNO,Na [M + Na]* 264.1206, found:
264.1205.

(1R*,2R*,3R*)-2-Cyclohexyl-3-nitorocyclopropane-1-carboxylic ~ Acid Ethyl Ester
(2,3-cis-13p) [Table 15, entry 5]. A colorless oil; IR (neat): 1732, 1548 cm™; *H NMR (300
MHz, CDCls) &: 4.69 (1H, dd, J = 9.0, 3.5 Hz), 4.25-4.01 (2H, m), 2.76 (1H, dd, J = 7.5, 3.5
Hz), 1.87-1.42 (7H, m), 1.29 (3H, t, J = 7.0 Hz), 1.25-1.09 (5H, m); **C NMR (75 MHz,
CDCly) &: 169.3, 64.2, 61.7, 37.3, 34.5, 32.7, 32.1, 28.5, 25.9, 25.7, 25.4, 14.1; HRMS (ESI)
m/z: calcd for C1,H1oNO4Na [M + Na]* 264.1206, found: 264.1206.

(1R*,25*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid
1,1-Dimethylethyl Ester (2,3-trans-13q) [Table 15, entry 6]. A colorless oil; IR (neat): 1727,
1548 cm™; '*H NMR (300 MHz, CDCl3) &: 4.49 (1H, dd, J = 5.0, 3.5 Hz), 2.81 (1H, dd, J =
11.0, 3.5 Hz), 2.37-2.27 (1H, m), 1.73-1.48 (3H, m), 1.47 (9H, s), 0.96 (3H, d, J = 6.5 Hz),
0.92 (3H, d, J = 6.5 Hz); **C NMR (75 MHz, CDCls) §&: 166.4, 82.5, 64.0, 33.2, 31.3, 30.7,
28.1, 22.4, 22.1; HRMS (ESI) m/z: calcd for Ci,HNO4,Na [M + Na]® 266.2922; found:
266.1362.

(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid
1,1-Dimethylethyl Ester (2,3-cis-13q) [Table 15, entry 6]. A colorless oil. IR (neat): 1720,
1544 cm™; 'H NMR (300 MHz, CDCI;) &: 4.60 (1H, dd, J = 8.5, 3.5 Hz), 2.64 (1H, dd, J = 7.5,

104



3.5 Hz), 1.92 (1H, dg, J = 8.5, 7.5 Hz), 1.76-1.50 (3H, m), 1.46 (9H, s), 0.95 (3H, d, J = 6.5
Hz), 0.90 (3H, t, J = 6.5 Hz); *C NMR (75 MHz, CDCI;) 5: 166.4, 82.4, 64.2, 33.6, 30.5, 30.0,
28.1, 22.3, 22.1; HRMS (ESI) m/z: calcd for Ci,H,NOsNa [M + Na]* 266.2922, found:
266.1359.

(1R*,25*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid Phenylmethyl
Ester (2,3-trans-13r) [Table 15, entry 7]. A colorless oil; IR (neat): 1736, 1547 cm™; 'H
NMR (300 MHz, CDCly) 8: 7.41-7.34 (5H, m), 5.18 (1H, d, J = 12.0 Hz), 5.12 (1H, d, J =1 2.0
Hz), 4.57 (1H, dd, J = 4.5, 3.5 Hz), 2.94 (1H, dd, J = 8.0, 3.5 Hz), 2.41-2.31 (1H, m),
1.70-1.39 (3H, m), 0.91 (3H, d, J = 6.5 Hz), 0.84 (3H, d, J = 6.5 Hz); *C NMR (75 MHz,
CDCl;) &: 167.2, 134.9, 128.6, 128.5, 67.4, 64.1, 33.2, 30.8, 30.1, 28.0, 22.3, 22.0; HRMS
(ESI) m/z: calcd for Cy5H;5NO4Na [M + Na]* 300.1260, found: 300.1204.

(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carboxylic Acid
Phenylmethyl Ester (2,3-cis-13r) [Table 15, entry 7]. A colorless oil; IR (neat): 1732, 1548
cm™; *H NMR (300 MHz, CDCl3) 8: 7.40-7.30 (5H, m), 5.14 (2H, s), 4.68 (1H, dd, J = 9.0, 3.5
Hz), 2.78 (1H, dd, J = 7.5, 3.5 Hz), 2.01 (1H, dq, J = 9.0, 7.5 Hz), 1.75-1.48 (3H, m), 0.94 (3H,
d, J = 6.5 Hz), 0.89 (3H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCI;) &: 169.0, 134.9, 128.6,
128.5, 67.5, 64.3, 33.6, 30.2, 29.3, 28.0, 22.2, 22.1; HRMS (ESI) m/z: Calcd for C;sH;9NO4Na
[M + Na]* 300.1206, found: 300.1202.

(1R*,25* 3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carbonitrile  (2,3-trans-13s)
[Table 15, entry 8]. A colorless oil; IR (neat): 1728 1556 cm™; *H NMR (300 MHz, CDCls) &:
4.38 (1H, dd, J = 4.5, 3.5 Hz), 2.74 (1H, dd, J = 10.0, 3.5 Hz), 2.33 (1H, dtd, J = 10.0, 7.5, 4.5
Hz), 1.92-1.79 (1H, m), 1.65-1.47 (2H, m), 1.01 (6H, d, J = 6.5 Hz); *C NMR (75 MHz,
CDCl3) 6: 114.7, 62.6, 36.2, 27.9, 27.7, 22.4, 22.0, 14.7; HRMS (ESI) m/z: Calcd for
CgH12N,0,Na [M + Na]* 191.0791, found: 191.0794.

(1R*,2R*,3R*)-2-(2-Methylpropyl)-3-nitorocyclopropane-1-carbonitrile (2,3-cis-13s)
[Table 15, entry 8]. A colorless oil; IR (neat): 1727, 1552 cm™; *H NMR (300 MHz, CDCl5)
8:4.75 (1H, dd, J = 8.5, 3.5 Hz), 2.58 (1H, dd, J = 7.5, 3.5 Hz), 2.05 (1H, dqg, J = 8.5, 7.5 Hz),
1.80-1.47 (3H, m), 0.99 (3H, d, J = 6.5 Hz), 0.94 (3H, t, J = 6.5 Hz); *C NMR (75 MHz,
CDCly) &: 116.3, 62.2, 33.5, 29.3, 27.7, 22.1, 22.0, 12.6; HRMS (ESI) m/z: calcd for
CgH1,N,0;Na [M + Na]* 191.0791; found: 191.0793.
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Reduction of 13a [Scheme 63].

(E/Z)-3-(Hydroxyiminomethyl)heptanoic acid ethyl ester (15). To a solution of 13a (86 mg,
0.4 mmol) in MeOH (8 mL) and 1M HCI (4 mL) was added Zn powder (523 mg, 8 mmol) in
small portions over 10-15 min at room temperature. After being stirred for 1 h, the reaction
mixture was poured sat. NaHCO; and extracted with CHCIs, The organic phase was dried over
MgSO, and the solvents were removed under vacuum. The residue was purified by
preparative TLC (hexane : AcOEt = 10 : 1) to afford 15 (58.0 mg, 72%). A colorless oil; IR
(neat): 1736 cm™; *H NMR (300 MHz, CDCls) &: 7.38 (2/3H, d, J = 4.2 Hz), 6.62 (1/3H, d, J =
7.5 Hz), 4.14 (6/3H, q, J = 7.0 Hz), 3.51-3.40 (1/3H, m), 2.83-2.72 (2/3H, m), 2.54-2.37 (6/3H,
m), 1.52-1.43 (6/3H, m), 1.37-1.22 (12/3H, m), 1.25 (9/3H, t, J = 7.0 Hz), 0.89 (9/3H, t, J =
7.0 Hz); **C NMR (75 MHz, CDCl;) &: 172.0, 171.9, 154.7, 153.8, 60.6, 37.3, 37.0, 36.4, 32.3,
32.0, 29.3, 28.8, 22.5, 14.2, 13.9; HRMS (ESI) m/z: calcd for C1oH,oNO3 [M + H]" 202.1438,
found: 202.1437.

4-Butyl-2-pyrrolidinone (16). *® To a solution of the 1:1 mixture of 13a (43 mg, 0.2 mmol) in
EtOH (2 mL) was added Raney Ni under H, atmosphere at room temperature. After being
stirred for 18 h, the reaction mixture filtered through a thin pad of Celite, and the solvent were
removed under vacuum. The residue was dissolved in toluene and the solution was heated at
reflux to assure complete cyclization. After the removal solvent, the residue was purified by
preparative TLC (hexane : AcOEt = 1 : 1) to afford 16 (21.7 mg, 77%). A colorless oil; IR
(neat): 1692 cm™; *"H NMR (300 MHz, CDCls) &: 6.34 (1H, br s), 3.48 (1H, t, J = 8.5 Hz), 3.01
(1H, dd, J = 9.5, 6.5 Hz), 2.49-2.38 (2H, m), 1.99 (1H, m), 1.49-1.42 (2H, m), 1.37-1.25 (6H,
m), 0.90 (3H, t, J = 6.5 Hz); *C NMR (75 MHz, CDCls) &: 178.6, 48.1, 36.7, 34.9, 34.3, 29.6,
22.6, 14.0; HRMS (ESI) m/z: calcd for CgH1gNO [M + H]* 142.1226, found: 142.1228.

106



SRR

(1) (a)Jdiao, L.; Yu, Z.-X. J. Org. Chem. 2013, 78, 6842-6848; (b) Cavitt, M. A.;Phun, L. H.;
France, S. Chem. Soc. Rev. 2014, 43, 804-818; (c) Schneider, T. F.; Kaschel, J.; Werz, D.
B. Angew. Chem. Int. Ed. 2014, 53, 5504-5523.

(2) (a) zZhu, Z.-B.; Wei, Y.; Shi, M.; Chem. Soc. Rev. 2011, 40, 5534-5563; (b) Ma, S. Pure
Appl. Chem. 2008, 80, 695-706; (c) Rubin, M.; Rubina, M.; Gevorgyan, V. Chem. Rev.
2007, 107, 3117-3179; (d) Marek, I.; Simaan, S.; Masarwa, A. Angew. Chem. Int. Ed.
2007, 46, 7364-7376; (e) Rubin, M.; Rubina, M.; Gevorgyan, V. Synthesis 2006, 1221
1245; (f) Komatsu, K.; Kitagawa, T. Chem. Rev. 2003, 103, 1371-1427.

(3) a) The Chemistry of the Cyclopropyl Group; Vol. 1; Rappoport, Z., Ed.; Jhon Wiley: New
York, 1987; b) The Chemistry of the Cyclopropyl Group; Vol. 2; Rappoport, Z., Ed.; Jhon
Wiley: New York, 1995.

(4) (a) de Meijere, A. Angew. Chem. Int. Ed. 1979, 18, 809-826; (b) Zacuto, M. J.; Leighton,
J. L. Org. Lett. 2005, 7, 5525-5527; (c¢) Murakami, M.; Nishida, S. J. Synth. Org. Chem.
Jpn. 1983, 41, 22-37.

(5) Muller, D. S.; Marek, I. Chem. Soc. Rev. 2016, 45, 4552-4566.

(6) (a) Xu, W.; Ghiviriga, I.; Chen, Q.-Y.; Dolbier, W. R. J. Fluorine Chem. 2010, 131,
958-963. (b) Yang, T.-P.; Li, Q.; Lin, J.-H.; Xiao, J.-C. Chem. Commun. 2014, 50,
1077-1079.

(7) (a) Kulinkovich, O. G. Chem. Rev. 2003, 103, 2597-2632; (b) Nithiy, N.; Orellana, A.
Org. Lett. 2014, 16, 5854-5859; (c) Bloom, S.; Bume, D. D.; Pitts, C. R.; Lectka, T.
Chem. Eur. J. 2015, 21, 8060-8063.

(8) (a) Ferjan¢ié, Z.; Cekovi¢, Z.; Sai¢i¢, R. N. Tetrahedron Lett. 2000, 41, 2979-2982; (b)
Legrand, N.; Quiclet-Sire, B.; Zard, S. Z. Tetrahedron Lett. 2000, 41, 9815-9818.

(9) Ueda, M.; Doi, N.; Miyagawa, H.; Sugita, S.; Takeda, N.; Shinada, T.; Miyata, O. Chem.
Commun. 2015, 51, 4204-4207.

(10) Dange, N. S.; Robert, F.; Landais, Y. Org. Lett. 2016, 18, 6156-6159.

(11) (a) Karatholuvhu, M. S.; Fuchs, P. L. J. Am. Chem. Soc. 2004, 126, 14314-14315; (b)
Ram, N. R.; Manoj, T. P. Org. Lett. 2008, 10, 2243-2246; (c) Koch, F. M.; Peters, R.
Chem. Eur. J. 2011, 17, 3679-3692.

(12) Doi, N.; Takeda, N.; Miyata, O.; Ueda, M. J. Org. Chem. 2016, 81, 7855-7861.

(13) Ge, X.; Hoang, K. L. M.; Leow, M. L.; Liu, X.-W. RSC Adv. 2014, 4, 45191-45197.

(14) (a) Elliott, M.; Farnham, A. W.; Janes, N. F.; Needham, P. H.; Pulman, D. A.; Stevenson, J.
H. Nature 1973, 246, 169-170; (b) Elliot, M. Environ. Health Perpect. 1976, 14, 3-13.

(15) Heine, H.-G.; Hiibner, A.; Hartmann, W. U.S. Patent 4288370, September 8, 1981.

(16) Schmidt, W.; Schulze, T. M.; Brasse, G.; Nagrodzka, E.; Maczka, M.; Zettel, J.; Jones, P.
G.; Grunenberg, J.; Hilker, M.; Trauer-Kizilelma, U.; Braun, U.; Schulz, U. Angew. Chem.
Int. Ed. 2015, 54, 7698-7702.

107



(17) (a) Takada, N.; Sato, H.; Suenaga, K.; Arimoto, H.; Yamada, K.; Ueda, K.; Uemura, D.
Tetrahedron Lett. 1999, 40, 6309-6312; (b) Thaning, C.; Welch, J. C.; Borowicz, J. J.;
Hedman, R.; Gerhardson, B. Soil Biol. Chem. 2001, 33, 1817-1826; (c) Sato, H.;
Nakajima, H.; Fujita, T.; Takase, S.; Yoshimura, S.; Kinoshita, T.; Terano, H. J. Antibiot.
2005, 58, 634-639.

(18) Roulland, E. Angew. Chem. Int. Ed. 2008, 47, 3762-3765.

(19) (a) Speziale, A. J.; Ratts, K. W. J. Am. Chem. Soc. 1962, 84, 854-859; (b) Corey, E. J;
Fuchs, P. L. Tetrahedron Lett. 1972, 13, 3769-3772. (c) Bandzouzi, A.; Lakhrissi, M.;
Chapleur, Y. J. Chem. Soc., Perkin Trans. 1 1992, 1471-1473. (d) Chaplerur, Y. J. Chem.
Soc. Chem. Commun. 1984, 449-450. (e) Carran, J.; Waschblsch, R.; Marinetti, A.;
Savignac, P. Synthesis 1996, 1494-1498.

(20) (a) Wang, Z.; Campagna, S.; Yang, K.; Xu, G.; Pierce, M. E.; Fourtunak, J. M.;
Confalone, P. N. J. Org. Chem. 2000, 65, 1889-1891. (b) Tanaka, H.; Yamashita, S.;
Yamamoue, M.; Torii, S. J. Org. Chem. 1989, 54, 444-450; (c) Wang, Z.; Campagna, S.;
Xu, G.; Pierce, M. E.; Fortunak, J. M.; Confalone, P. N. Tetrahedron Lett. 2000, 41,
4007-4009; (d) Calvet, F.; Mejuto, M. N. J. Chem. Soc. 1936, 554-556; (e) Kiehlmann,
E.; Bianchi, R. J.; Reeve, W. Can. J. Chem. 1969, 47, 1521-1527; (f) Gajewski, R. P.;
Jackson, J. L.; Jones, N. D.; Swartzendruber, J. K.; Deeter, J. B. J. Org. Chem. 1989, 54,
3311-3317; (@) Li, J.; Xu, X.; Zhang, Y. Tetrahedron Lett. 2003, 41, 9349-9351.

(21) Ramnauth, J.; Lee-Ruff, E. Can. J. Chem. 1999, 77, 1245-1248.

(22) Wilson, B. D. Synthesis 1991, 283-284.

(23) Bertrand, F.; Quiclet-Sire, B.; Zard, S. Z. Angew. Chem. Int. Ed. 1999, 38, 1943-1946.

(24) Canepa, C.; Prandi, C.; Venturello, P. Tetrahedron 1994, 50, 8161-8168.

(25) Bohm, H-J.; Banner, D.; Bendels, S.; Kansy, M.; Kuhn, B.; Miiller, K.; Obst-Sander, U.;
Stahl, M. ChemBioChem. 2004, 5, 637-643.

(26) (a) Griesbaum, K.; Keul, H.; Kibar, R.; Pfeffer, B.; Spraul, M. Chem. Ber. 1981, 114,
1858-1870; (b) Griesbaum, K.; Lie, G. O.; Raupp, E. Chem. Ber. 1981, 114, 3273-3280;
(c) Keul, H.; Pfeffer, B.; Griesbaum, K. Chem. Ber. 1984, 117, 2193-2204.

(27) Bloodworth, A. J.; Bowyer, K. J.; Mitchell, J. C. Tetrahedron Lett. 1987, 28, 5347-5350.

(28) Cresswell, A. J.; Davies, S. G.; Roberts, P. M.; Thomson, J. E. Chem. Rev. 2015, 115,
566-611.

(29) Muller, P.; Grénicher, C.; Helv. Chim. Acta. 1993. 76, 521-534.

(30) Sellers, C.; Suschitzky, H. J. Chem. Soc. C 1968, 2317-2319.

(31) Ayi, A. I.; Remli, M.; Guedj, R. J. Fluorine Chem. 1981, 17, 127-144.

(32) (a) Durie, A. J.; Fujiwara, T.; Al-Mabharik, N.; Slawin, A. M. Z.; O’Hagan, D.; J. Org.
Chem. 2014, 79, 8228-8233; (b) lichenko, N, O.; Tasch, B. O. A.; Szabhd, K. J. Angew.
Chem. Int. Ed. 2014, 53, 12897-12901; (c) Kitamura, T.; Muta, K.; Oyamada, J. J. Org.
Chem. 2015, 80, 10431-10436; (d) Bykova, T.; Al-Maharik, N.; Slawin, A. M. Z,;
O’Hagan, D. J. Fluorine Chem. 2015, 179, 188-192; (e) Geary, G. C.; Hope, E. G.; Stuart,

108



A. M. Angew. Chem. Int. Ed. 2015, 54, 14911-14913.

(33) (a) Cram, D. J. J. Am. Chem. Soc. 1949, 71, 3863-3870; (b) Brookhart, M.; Anet, F. A. L.;
Cram, D. J.; Winstein, S. J. Am. Chem. Soc. 1966, 88, 5659-5660; (c) Olah, G. A,
Pittman, C. U., Jr. J. Am. Chem. Soc. 1965, 87, 3509-3510; (d) del Rio, E.; Menéndez, M.
I.; Lopez, R.; Sordo, T. L. J. Am. Chem. Soc. 2001, 123, 5064; (e) Tsuji, Y.; Ogawa, S.;
Richard, J. P. J. Phys. Org. Chem. 2013, 26, 970-976; (f) Kumar, M. A.; Swamy, P.;
Naresh, M.; Reddy, M. M.; Rohitha, C. N.; Prabhakar, S.; Sarma, A. V. S.; Kumar, J. R.
P.: Narender, N. Chem. Commun. 2013, 49, 1711-1713.

(34) Bruice, P. Y. Organic Chemistry, 7th ed.; Prentice Hall: New Jersey, 2010.

(35) (a) Edwards, O. E.; Vocelle, D., ApSimon, J. W. Can. J. Chem. 1972, 50, 1167-1180; (b)
Edwards, O. E.; Paskovich, D. H. Reddoch, A. H. Can. J. Chem. 1973, 51, 978-980; (c)
Someya, H.; Ohmiya, H.; Yorimitsu, H.; Oshima, K. Org. Lett. 2008, 10, 969-971; (d)
Mitamura, Y.; Asada, Y.; Murakami, K.; Someya, H.; Yorimitsu, H.; Oshima, K. Chem.
Asian J. 2010, 5, 1487-1493.

(36) (a) Motoyama, Y.; Kamo, K.; Yuasa, A.; Nagashima, H. Chem. Commun. 2010, 46,
2256-2258; (b) Pattarozzi, M.; Roncaglia, F.; Giangiordano, V.; Davoli, P.; Prati, F,;
Ghelfi, F. Synthesis 2010, 694-700; (c) Nagashima, H.; Ozaki, N.; Ishii, M.; Seki, K.;
Washiyama, M.; Itoh, K. J. Org. Chem. 1993, 58, 464-470; (d) Faulkner, J.; Edlin, C. D.;
Fengas, D.; Preece, |.; Quayle, P.; Richards, S. N. Tetrahedron Lett. 2005, 46, 2381-2385;
(e) Huther, N.; McGrail, P. T.; Parsons, A. F. Tetrahedron Lett. 2002, 43, 2535-2538.

(37) (a) Lin, Q-.Y.; Xu, X.-H.; Qing, F.-L. Org. Biomol. Chem. 2015, 13, 8740-8749; (b) Kong,
D.-L.; Cheng, L.; Wu, H.-R.; Li, Y.-X.; Wang, D.; Liu, L. Org. Biomol. Chem. 2016, 14,
2210-2217; (c) Jing, J.; Newcomb, M. J. Org. Chem. 2008, 73, 7901-7905; (d) Paradas,
M.; Campafia, A. G.; Jiménez, T.; Robles, R.; Oltra, J. E.; Bufiuel, E.; Justicia, J.;
Cardenas, D. J.; Cuerva, J. M. J. Am. Chem. Soc. 2010, 132, 12748-12756.

(38) Yang, Z.; Son, K-II.; Siqi, Li.; Zhou, B.; Xu, J. Eur. J. Org. Chem. 2014, 6380-6384.

(39) (a) Salamone, M.; Bietti, M. Acc. Chem. Res. 2015, 48, 2895-2903; (b) Schwarz, H.
Chem. Phys. Lett. 2015, 629, 91-101; (c) Dietl, N.; Schlangen, M.; Schwarz, H. Angew.
Chem. Int. Ed. 2012, 51, 5544 -5555.

(40) (a) Kitagawa, O.; Yamada, Y.; Fujiwara, H.; Taguchi, T. J. Org. Chem. 2002, 67,
922-927; b) Kitagawa, O.; Yamada, Y.; Sugawara, A.; Taguchi, T. Org. Lett. 2002, 4,
1011-1013; c¢) Kitagawa, O.; Fujiwara, H.; Taguchi, T. Tetrahedron Lett. 2001, 42,
2165-2167; d) Kitagawa, O.; Yamada, Y.; Fujiwara, H.; Taguchi, T. Angew. Chem. Int.
Ed. 2001, 40, 3865-3867; ) Kitagawa, O. Miyaji, S.; Sakuma, C.; Taguchi, T. J. Org.
Chem. 2004, 69, 2607-2610. (f) Gu, X.; Li, X.; Qu, Y.; Li, P.; Yao, T. Chem. Eur. J. 2013,
19, 11878-11882.

(41) (a) Sebren, L. J.; Devery Ill, J. J.; Stephenson, C. R. J. ACS Catal. 2014, 4, 703-716; (b)
Nagashima, H.; Itoh, K. J. Synth. Org. Chem. Jpn. 1995, 53, 298-307; (c) Clark, A. J.

109



Chem. Soc. Rev. 2002, 31, 1-11; (d) Mufioz-Molina, J. M.; Belderrain, T. R.; Pérez, P. J.
Eur. J. Inorg. Chem. 2011, 3155-3164; (e) De Paoli, P.; Isse, A. A.; Bortolamei, N.;
Gennaro, A. Chem. Commun.2011, 47, 3580-3582; (f) Clark, A. J.; Eur. J. Org. Chem.
2016, 2231-2243.

(42) (a) Akindele, T.; Yamada, K.; Tomioka, K. Acc. Chem. Res. 2009, 42, 345-355. (b)
Yamada, K.; Yamamoto, Y.; Tomioka, K. J. Synth. Org. Chem. Jpn. 2004, 62, 1158-1165.

(43) Mayr, H. Angew. Chem. Int. Ed. 1990, 29, 1371-1522.

(44) (a) Saegusa, T.; Imai, H.; Furukawa, J. Makromol. Chem. 1964, 79, 207-220; (b) Imai, H.;
Saegusa, T.; Furukawa, J. Makromol. Chem. 1965, 81, 92-99.

(45) Olah, G. A.; Rasul, G.; Yudin, A. K.; Burrichter, A.; Pakash, G. K. S.; Chistyakov, A. L.;
Stankevich, I. V.; Akhrem, I. S.; Gambaryan, N. P.; Vol’pin, M. E. J. Am. Chem. Soc.
1996, 118, 1446-1451.

(46) Zlatopolskiy, B. D.; Radzom, M.; Zeeck, A.; de Meijere, A. Eur. J. Org. Chem. 2006,
1525-15534.

(47) (a) Asai, A.; Hasegawa, A.; Ochiai, K.; Yamashita, Y.; Mizukami, T. J. Antibiot. 2000,
53, 81-83. (b) Asai, A.; Tsujita, T.; Sharma, S. V.; Yamashita, Y.; Akinaga, S.;
Funakoshi, M.; Kobayashi, H.; Mizukami, T. Biochem. Pharmacol. 2004, 67, 227-234.
(c) Vanier, S. F.; Laroughche, G.; Wurz, R. P.; Charette, A. B. Org. Lett. 2010, 12,
672-675.

(48) Rosenquist, A.; Samuelsson, B.; Johansson, P. O.; Cummings, M. D.; Lenz, O.; Raboisson,
P.; Simmen, K.; Vendeville, S.; Kock, H. K.; Nilsson, M.; Horvath, A.; Kalmeijer, R.; de
la Rosa, G.; Beumont-Mauviel, M. J. Med. Chem. 2014, 57, 1673-1693.

(49) (a) Bonge, H. T.; Hansen, T. Synlett 2007, 55-58; b) Hubner, J.; Liebscher, J.; Pétzel, M.
Tetrahedron 2002, 58, 10485-10500; c) Aggarwal, V. K.; Smith, H. W.; Hynd, G.; Jones,
R. V. H.; Fieldhouse, R.; Spey, S. E. J. Chem. Soc. Perkin Trans. 1 2000, 3267-3276; d)
Galley, G. Hibner, J.; Anklam, S.; Jones, P. G.; Patzel, M. Tetrahedron Lett. 1996, 37,
6307-6310; e) Kumaran, G.; Kulkarni, G. H. Synthesis 1995, 1545-1548; f) Johnson, C.
R.; Lockard, J. P.; Kennedy, E. R. J. Org. Chem. 1980, 45, 264-271; g) Asunskis, J.;
Shechter, H. J. Org. Chem. 1968, 33, 1164-1168.

(50) (a) Moreau, B.; Charette, A. B. J. Am. Chem. Soc. 2005, 127, 18014-18015; b) Wurz, R.
P.; Charette, A. B. J. Org. Chem. 2004, 69, 1262-1269.

(51) Fan, R.; Ye, Y.; Li, W.; Wang, L. Adv. Synth. Catal. 2008, 350, 2488-2492.

(52) Rabasso, N.; Fadel, A. Tetrahedron Lett. 2014, 55, 6068-6071.

(53) Wade, P. A.; Dailey, W. P.; Carroll, P. J. J. Am. Chem. Soc. 1987, 109, 5452-5456.

(54) (a) Yu, J.; Falck, J. R. J. Org. Chem. 1992, 57, 3757; b) Radatus, B.; Williams, U.; Baer,
H. H. Carbohydr. Res. 1986, 157, 242 — 250.

(55) (a) Ballini, R.; Palmieri, A.; Fiorini, D. ARKIVOC 2007, 7, 172-194. (b) Das, U.; Tsai,
Y.-L.; Lin, W. Org. Biomol. Chem. 2013, 11, 44-47.

110



(56) Manna, S.; Jana, S.; Saboo, T.; Maji, A.; Maiti, D. Chem. Commun. 2013, 49,
5286-5288.
(57) Yan, H.; Rong, G.; Liu, D. Zheng, Y.; Chen, J.; Mao, J. Org. Lett. 2014, 16, 6306-6309.

(58) Taniguchi, T.; Yajima, A.; Ishibashi, H. Adv. Synth. Catal. 2011, 353, 2643-2647.

(59) Shen, T.; Yuan, Y.; Jiao, N. Chem. Commun. 2014, 50, 554-556.
(60) (a) Mukaiyama, T.; Hata, E.; Yamada, T. Chem. Lett. 1995, 505-506. (b) Hata, E.; Yamada,

T.; Mukaiyama, T. Bull. Chem. Soc. Jpn. 1995, 68, 3629-3636.

(61) Ustinov, A. V.; Dilman, A. D.; loffe, S. L.; Belyakov, P. A.; Strelenko, Y. A. Russ. Chem.
Bull. Int. Ed. 2002, 51, 1455-1459.

(62) (a) Tsuboi, S.; Amano, E.; Takeda, A. Bull. Chem. Soc. Jpn. 1984, 57, 802; (b)
Klemmensen, P. D.; Kolind-Andersen, H.; Madsen, H. B.; Svendsen, A. J. Org. Chem.
1979, 44, 416.

(63) Meyers, A. I.; Snyder, L. J. Org. Chem. 1993, 58, 3.

111



