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7T FT7E R 7T o, Ui LiIEsuEAl HIV

i e PO A N RIE L 22 B b DRSS, FlZIE. TV KT

L S oAz 1987 IS KIE TS TR S M HIV

HO oN © HWTHAHY, ZOHIL Fa TAILANOIEA =X L
Tﬁj AT DR, C-3 L R U AEOfRbY 1T Y
Na REIC B & b o> T\ 5728, RNA 56 DNA %#/E5 i

azidothymidine (AZT) e s i2 & BT %, ZHUC L D L ™71 /LA DHGE % 7

EZDHZETHHERBELCND, ZOXHIC, T FT7k K7 T UFEk
I L L TIRSFIHES TV D,

—F. a7 vy FEMIT v BEMRLICH T 2/RRAMEE L RT HONE
<, BRIEPHEIE WoTe BB CIR< LTS, KRz, ABEEYEICT
YHREBEATDHI LT, ROK I RREBHIFRFTE S,

1) IIvIE

7 U HRITKBIZIRNWT/NSRFZFTHY, £@ Van der Waals’ PARITKFED
113 {5 Th D, > T, KFEL 7 v FETEMELIZGE ONIKRBZEGITM O THE
DEE LN TRG/NS VW, TS, ARIETT v R TEWRLZLEYZ D
fbEW & XBIT 5 2 &< YA,

2) 7uav 7R

C-F A%, e x /1 X —2 116 kcal/mol TH Y, C-H #4599 kcal/mol)
X C-0 &4 (86 kecal/moD)=° C-Cl #5A(81 keal/mol) L tb_TRK&EW, F/2, £
< ORFBBRRIZIIM T v S DBEBEREENTWDLD, HFRNOKFEELT v F#
TEWHTHZ LT, C-F #EOREMEEZFHALTAKRS AT a2 kOt %
HEL., ZhUBEOR#EZMZ D Z ENTE D, ZOREHEA LAY
2, HUEBNEEFFO 5-Fu(b-7 A n w7 0) 120836 5,

3) BRIKMERDF

7w FEERENLTALEWIL. IBRMENE KT 72010, AENTORIND X <
720 HHEIRT HZ ENH D, ZOMEEMEH LALEmENI, ERmAl 29,
Wb,



4) ﬂﬁb\aﬁ%?kélﬁ%ﬂ% BB S

Y HREFBLOE T v BERATRVETRGIEELRS, Zokd, flxid
ERrF VALY IV EORBICINLDEBRENHD L, TOE FrX Uk
T R HEOBIEENERT D, ZOMREMEH LiAbaBlic, BERFIENR

IV Enh D,

. EN] LU
Wyt @F F

0”"N -N F
N N

CF;
N\

1 2 3

COHOLEYEMNOHIETIE, T RIE R S5 UBKIC 7 v EFEATS D
RO FT R E L COREENRKEIN TS, 7 vH#7T TR
077 UHEROAGHEIE LT, LT XS lEFIRH L L 00GE 1, 2,
3O NTNDOHEL, T RTE R T IUBKICHLNCDEAIILTY

HEREREZ. MU 7 Fd o XAF ey 7 A a AF L oAb T B & VT
BY., TOEKRIETIRLNATND,

o Ph(CH,),0C(S)SCF3, BEt, O.__SC(S)O(CHy),Ph
]
) r »
CFs
52% (trans : cis = 98 : 2)
CHO
H——OH RO RO
H—OH . 0 1) CF4SiMeg, n-BuNF / THF o%Fs )
H——OH OMe | 2) n-BuyNF / THF-MeOH ome @
CH,OH OR O OROH
D-ribose

BzO o BzO 0
—g_z\ [(MesN)sPCF,Br]Br, Zn —g_?\
0 0 3)
o 01‘/ reflux / THF FoC 5

71%



UIFEETIE, &7 v RILEWO G EORBEERRT 272012 TerT
YTy 7 IZERL, 7y BEBRIEORE AR LI R 7E BE D
BARWIZE 21T > T\ D, BT 47T ay 7k, &7 vFE /NS F 2RIk
BHeETHZLick, BHOGE 7 vy #LEMEEGKRT A2 FIETH DL, ZOFE
OFFIT, ALERIRAIC 7 v FL LT fbEME R LT <. —2DEALT ¢
YTy I InbEREOE T v FLEMNEKTE D RIZH D,

oLl —EE L THYMEETIE, 3,33 N 7 rdurrr-1-0
2 AN TV A a 2AF A=V EGT HILEWEGRT HT-DIZ RO
KO FEEMLL TS, 227 12E-3,33 N 74 a7 a XK R T T
n-Buli 5% s-Buli #EFHE®, VF ULl U ZHIC K VIS T 5 Y
F U LMEEMEFRL, AF T 0T VT RERETAIE L TERHS®ES
ZLT, ENENRHRINETE 7 vy RERET VAT Va— LT AT Va3
—NEHFBTNDHEHA4, 5)Y, ZZTEHIATFRSRINGD N IvAdr AT
N NVEEET AR T LVa—LEHNT, &7 vETF T RKnerzo
HEROEREHETT 228 & LT,

0 CF; OH
R1/<1/R2 8
R2 (4)
CFs  pBuLi o R
Br or s-Buli SJJ\ CF4
R3”H s
R (5)
OH

2-hU TZNFaAFN-1-T AT (MY Tt a AF L= bEYIIE R Y
TNFa A FNIEOBRNE T RMEDOT-D, REAIZIEHSEL 4L 7 0>
EIAL D RURIRE A BB L, SN2 AURNIC L » T, gem-V 7 /A TV R4
B35 (Sn2 B R) 9 (G 6),

_ N
/l N, 9[ —F . : (6)

addition F2C|3 R elimination  f.c
(F

ZDORYTZNFARRAF TN OREMITE LS W0, YFEE Ty
THREFEEHWD Z LI, FixDE7 v ERRILEMDR AR TEDHZ L



LML TE U0, KR 5 BEROFM (n=0) TiE, Baldwin HIT
AFE END|EBNODIRNKEZR 5-endo-trig BRALDSZER STV D 11,

CFj3 CF CF,

(n=0,1)

X=NTs, S, C(EWG),

ZITEHFIT, P IAFuRATFURET YAT L3—Lz v, 57K
BHALE LTTvaxy FeA S, ROSHAAER IS S BRIV REK
5-endo-trigb{bIZ L 53—V TN A v AF LT NI K77 O/ ERM
72(: K 8),

G NS
8
FiC R F,C Ph (8)

FREFL, FERET7yFET NI a7 I UFERE ST, MY
TINFaRXAFATINLTIa—LETarObX b LT 1,60 A ZFHFE L,
FOILHI T v ) T RRR T, T, = A 2 Pauson—Khand X
WaEEHL, BRI N g a2 FVEERET 57 7 VREGBRILIED G %
Hig L7=GL o),

X
(@]
Bl

w

R CF;

Co,(CO)g
o} ¢} 9)

Pauson—-Khand 7 v F v, Ty, —BR{LRFED 3 sy & — B
MLy ¥ 7axeT ) CEARTORICSTH 05, 2 ORISZ 57 BRISICIE
72 L. MARILERE O 5, Pauson—-Khand IiiE, 4L 7 4 UEALIC
B ROGIMEEDFEAE LTS EEITLICS WE S, FInd7rey, 72, U
TFda A FNEERREE LT B IC L D Pauson—Khand S IHRIERIZ#& D -
VS HE D HHGE 10019,

x



Cl

P H CFs3
CFy 1) Cos(CO)g (1.1 eq), 1 h, rt/ toluene

(10)
TSN 2)NMO (6-12eq), 0.5-1 h, rt /toluene 1N ©

14%

S5, AFZEEORA(K DD L S ICA LT 4 VINERIRFEICE 7RI A2 HT
% FE O Pauson—Khand SUSBNTIFE E A E7e< | ISHEICBLBR N -5, £
ST EHIE C2 ES AT N TG O AFAEEET S 1,650 A LDy
M Pauson—Khand <& % fgt L7z,

BIF, AT TR LR EFEINCE 5,



A
F—E N T7AFr AFE = ULEYOREN 5-endo-trig BRIKIZ XL 5
ET7vRTNTE Ra 7T UBROMBE

Fim Chik 7= L 912, BMEETIEI MY 74 A F e =% LT,
SFTNTESR, i, r%*ﬁﬂﬂ%@%éﬁé L2 LV, Baldwin I TR
& &, 80D 72 W RER 72 5-endo-trig BRAL DS EITT A Z & 2 RWiZ L
TW5GEE 11, 12), k7w b MREER TR LR EIT L, 7 h o
PEVABE R Clrx SN2 RBRAL AT T 5 Z L o TN D 19,

F3C

——— b (11)

CF3 F +HT X

I\ /,/’J
.~ , F,C’ -
MRS 5-endo-trig 2
L Y~ e T
(x> L FoC

- X o* A

X =NTs, S, C(EWG), — 5 j (12)

5-endo-trig BRALDI AR & STV HEEH & L TIROENZET bl b, sp? k%
EASDOAIINEOS 3 Z D BRI, sp2 IRFB M~ D KRIEZH OBEIL 109° DA L
(Biirgi—Dunitz UDﬁV) B CHAE T D DOBEFITH 5705, 5-endo-trig BRIL TIE
IRBENENTZDIZ, ZDOX D RAETHET HRENSIRY IS < RoTWVD
(X 13),

5-endo-trig cyclization

\‘\ )(_ / X
o) —— 2wy
[ Y Y

DX DI FIINAF]TH D 5-endo-trig BRIL2S, b 74w AF B
:/V%%ﬁﬁ“éﬁ%’%‘f‘Lﬁbf:EﬂEﬁlk LT, ROZOBEBEz 6D, £3., &H

—X, 7 v ROE IR . Thbb, N TZAFEAFLE= A
%iﬁ)7»ﬁm%%w%®ﬁwﬁ%kar ;@E:wﬁiﬁﬁﬁm®ﬁ#
WENEITT LT, £72. 7 v R FIIROE RO MEDFE ) RIZ
B=HINRT =F L ENTE D720, JUST R Z L ENT D, 5 13, Sn2”



BB OGEIXREMINE., 7 b A A BRBET 2 DT, WL TH HH
RAMFI CELRTH D, AFETIE, REEABRICEZ DI LITED,
Thpob 2(FNV I Fa AFV)EET VAT Va— LeHEWE LT DL
T, B7vHT FTb Fr7 T U FEEROERERAT,

FRHERRE LT X D2 iiEICky fxD 3-(F) 7rdm AFLE =)L)

RETYLT ILa—LE A LT 10,

PCC-Silica gel
(1.5-3.0)

rt, 212 h / CH,Cl,

U—I
FsC R

4a R=Ph
4b R = (CHyp),Ph

it
FsC R

5a R =Ph 88%
5b R = (CH,)-Ph 96%

(14)

KHMDS (1.1) 0 KHMDS (1.0) 0
MeOTf (2.0) J\H}\ MeOTf (1.0) ]
—78°Ctot, FsC Ph o _78°Ctort, FsC " Ph (15)
12h/Et,0 Me 12h/Et,0 Me
6 87% 7 51%
KHMDS (1.1)
| | @ 0o
¥ 6.0) KHMDS (1.0)
* Zecuomzn C Pho —78°Cion, FaC Ph (10
/ Et;0-HMPA G 4h/Et0
9 10 67% (2 steps)
KHMDS (1.1) 0 KHMDS (1.1) 0
MeOTf (2.0) pn  MeOTf (2.0) Ph )
~78 °C to rt F3C 2 —100°Ctort,  FsC 2
’ Me M
2 h/Et,0 Me 2h/Et,0 e
12 94% 13 73%
O OH
M NaBH, (1.0-1.5) MR (18)
FsC R, 'R A 50 °C-reflux, FsC R, R, |
2 Ms 4 h/EtOH 2 s
7,10, 13 R, Re Ry
8 Ph Me Me 87%
11 Ph -(CHp)s-  86%

14 (CH2)2Ph Me Me 84%



TP BoNARETET AT IV a—LERANTTa b R CRHNERAL
BT, Ll TUWEIBNEBEROLE CRISERATZEZ A, Tr by
PEVABER CIIIE & A CERIGE T, FEF 1 b MRIEBE TR RS 28 T LT
VI UNAETTLEY, BRORILEAZSD Z LN TER)-72(H 19),

Ui/ ks M
OPMB P OPMB (19)
FsC 100 °C / DMF F4C

4c 15 14%

FIZ T, TINMMLE TV AF AL LT EE 2 A, tBuOH % Iz VTR
ALz ATz, L, TREEITERY . MINEREIIE LN D ODOIEN
9% S K< SN2 HUBAL IR A FAERM E L TH 272X 20), =D X 51T SN2 HER
BB U CTAR L7 DX, 58, Wi, REREEEZ W56 0RE L
IIHEE N2 . T U NMIR T A TF LI TN D T ONREENRKE L, 7
2 RARKY T oAb A OB ER L TEIT LI L ZE 2 BN D,

OH (@] 0]
Jg(k +-BUOK (1.3) F30>€2\Ph i C&
2 Ph
FaC Ph 53 h, reflux H + + 8 (20)

Me Me Me Me Me Me

- O,
8 rotﬁchucSEitions 16 17 2%
P 9% 25%

WIZZDOFEREZHE 2T, RICEEZHWTIET 1 MRS CRISETT

ZIE SN2’ }Fuf)ﬁﬂﬁﬁ3%\~% T D EE X, G ERAZG 21, FOREE
Table 1 |2/~ L7z, DMF &t ¥k L LT KOH <° tBuOK, tBuONa % £
SELHE. BRTHLRUSHEITL, TNTI 45%. 62%. 51%DIRTHHID
BIbiRZ 55 2 LN T& = (Entries 1, 2, 3), {E. L. tBuONa (X DMF (Z%}4 %
WIRFEIMELS . BUSOEITIZE > 7= (Entry 3), ZAUCEV. B U LD
MR E L THY THDHEB 2T, WIT, BEL LT tBuOK ZHW, &%
THF (£ 2722 A, FiLFT i}iﬁ}@ ETTMEEN > T27228 (Entry 4). INER
BIRTHZ LKV ANDEZ v#ET FTE FrT 7 UFFEK 1T % 80% DI
RTHED Z ENTE = (Entry 5),



OH )

Base
F3C Me” “Me Ph non-protic conditions FoC Me MePh 1)
8 17
Table 1
Entry Base Solvent Conditions Yield S.M.
1 KOH (1.3 eq) DMF rt, 28 h 45% 0%
2 t-BuOK (1.3 eq) DMF rt,3.5h 62% 0%
3 t-BuONa (1.3eq) DMF rt, 48 h 51% 14%
4 t-BuOK (1.3 eq) THF rt, 27 h 55% 25%
5 t-BuOK (1.3 eq) THF reflux, 5.5h  80% 0%
6 KH (1.3 eq) THF reflux, 6 h 73% 0%

E 5T, RKBEALRIEDORE — M2 N D D720, RET VAT ==
EoORDLVICT7 2 xTFNVEEAET HEEEntry 2)°, TV AN Y AF LY
b= FEE Entry INTHOWT HERRICIGEIT - T2FE R, HICBAFRINERT
HOE 7 v#FT N7 e 77 a8 K18,19 2155 Z L3 TX 7=(Table 2),

OH 'e)
Base
FSCJB(k R? FZC& R3 22)
R!' R2? non-protic condition R'” "R2
Table 2
Entry Conditions R! R2 R3 Yield
t-BuOK (1.3 eq) o
1 55h, reflux/ THF Me — Me Ph 80% (17)
t-BuOK (2.0 e
2 2_5”h, re(ﬂux ; %F Me Me  (CHy),Ph 87% (18)
3  EBUOK(1.3eq) (CHy)s- Ph 70% (19)

6 h, reflux / THF

PLERARIZFEIN S, BRBEREENMNE N 74 A F L= LR F L
VTG SN TV A EYE Tl SN2 RIBR LR EIT L, -V 7 A e ATF L
T IR T T UNRBKRTED I ERHALMNI T,



% %  Pauson—Khand KJSIZ X2/ MY 7 vt a 2 FAEEHT D
ST yFEF RS Fr 7T L BORSE

Frim T Hab 7= X 512, Pauson—Khand JiE,. =2 A > DOA L 7 4 VEATL
IZEREIMEEZATHRE TITEIT LIS W E &, #EFILROIL TS,
F72. 43 1W Pauson—Khand G X DHEEER O T, MR ICE 1R 511
BT 05580 %52 5BISFIESHICHTHY, bz A D C-3
PZH IR =)V EE A4 5 FE T Pauson—Khand NG EEST L72LLF O G
B < HWTH D 23) 17,

COz(CO)G 0

MeO =
(23)
85 °C, 12 h / Frorisil

O
© 53%

ZIZTHEEZ. L7 0 CABRFBIZEFRGHPEORN N U 7 vA 8w AF L
HEETDH 1,60 A D554 Pauson—Khand [zl A b 2 & & Lz, =
DS THELNDILEWT. BB RN 7 da A FAIEREET 857 v#ET b
T Ra 77U EERTHY ., ERYOBEND LBIERNENS, T
BT NI aA FEICES RO AEMATFAVEEZ MY 7 vFdr X FLVEETE
XD LICRY, ABEEOWEZIT IORBPMOENTND N, FRIALIC
NU Znd v 2 FVEERT LA OEBIETRD T, fEkikE LT,
MU ZnFda A FVEEET D4 L7 ¢ & vz Diels—Alder S8 5 G
200 H OO, Z ) LEFIEFTIRIEREAK E S 25,

0 Fc O
_ FsC
-
Me,SiO 1,24 h/CHCl, o i
0] (@]
89%
FsC Q
= ) e
(@)

Wieland—Miescher Ketone analogue
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JFEFE L, 2-(R Y 74 a A F )T U AT va—L 20 =7 a7 LX)l
THIETLETZ A2 21 IZ#%E L= 25),

R
R /
F3CJL(0H . NaH (1.5) FSCJL(o/ o5
Ph rt, 2 h /DMF Ph

H  81%(21a)
Et  83% (21b)

20 (1.0) (2.0 R
R

Boiiz 1,602 A D5y fWN Pauson—Khand G217V &7 vHET b7
B Fe 77 B8R oaema LG 26), £7°, FiE T Ta UL MEERIC
TV VLA AL S T2tk MBS S0 it NMON-A FVE/LT7 4 U 2 -N-
Fx T PERML TRIbEZRA T, kAT L THF, bz ondiho
W CH, a0 h—T X BB RN AR L7 Z £ & TLC THERTE 72, 2
D%, FEx DS F(Table3 ,Conditions B) CEiL 21T o72& Z A, I bV
TUNRD L, NMO M7 2 X 0MEGER L7 7B BRI R%E 5 %,
54% DILETHBIDOEM N 7V Au AFNEERT L7 M7 K77 08
WK 22a NE LTz,

Pf}\?; Ph CF, Ph CF3
Coy(CO)s (1.2 eq) =
O — o} " o} O (26)
== Conditions A \/7§ Conditions B
(OC)GCOZ
21 22a
Table 3
Entry Conditions A Conditions B Yield (anti : syn)
1 1 h, rt/ CH,Cl, 31h, 60 °C/CHsCN 5% (0:1)
2 1 h, rt/ CH,Cl, NMO (6eq), 31 h, rt / CH,Cl, 14% (trace : 1)
3 1h, rt/THF NMO (6eq), 24 h, rt / THF trace
4 1 h, rt/ toluene NMO (9eq), 44 h, rt/ toluene 38% (44 : 56)
5 1 h, rt/ toluene 5 h, reflux / toluene 54% (64 : 36)

11



B2, NET VX2 HT 5 EEIZONWT S RS CTRIGEIT - -4
B 20% BN BMOT T Fa 7T UikEk 22b AT A N TE

(X 27),
Ph cF, Ph cF, Ph, CFs
L= CoyCO)s(1.2e0) O>\|7 5 o @
O\/E\ 1 h, rt / toluene = R reflux / toluene
R (OC)sC0, R

R Time Yield/% (anti : syn)

H 5h 54 (64 : 36) (22a)
Et 34h 20 (56 : 44) (22b)

PLERRZZBENS, M) 7 da X FALREHT5T7 VAT a—1L 1D
O 24TRET, BB N 4 e XA FVEEZET 5T o7 a7 o U EE

EOEGENTEDH T EEZHLMNIT LT,
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FEBRDER
2,2-Dimethyl-1-phenyl-3-(trifluoromethyl)-but-3-en-1-ol (8)
OH

F5;C

Me Me
To a solution of 2,2-dimethyl-1-phenyl-3-trifluoromethylbut-3-en-lone (7,
350 mg, 1.45 mmol) in EtOH (14 mL) was added sodium borohydride (84.5
mg, 2.23 mmol) at rt. The reaction mixture was heated to reflux for 3 h, and
then phosphate buffer (pH 7) was added to quench the reaction. The mixture
was extracted with EtsO (5 mL X 3) three times. The combined organic
extracts were washed with brine, and dried over Na2SO4. After removal of
the solvent under reduced pressure, the residue was purified by preparative
thin layer chromatography (hexane—EtOAc, 5:1) to give 8 (306 mg, 87%) as a
colorless liquid.
IR (neat): 3464, 3064, 3022, 2987, 2924, 1454, 1321, 1115, 1092, 1039, 949,
727, 702 cm'L.
1H NMR: § 1.08 (3H, s), 1.19 (3H, s), 1.94 (1H, d, J= 2.8 Hz), 4.85 (1H, d, J =
2.8 Hz), 5.49 (1H, q, Jur = 1.8 Hz), 5.92 (1H, d, Jur = 1.2 Hz), 7.23-7.32 (5H,
m).
13C NMR: §21.7, 23.8, 43.0, 77.7, 122.0 (q, Jor = 7 Hz), 124.4 (q, Jor = 277 Hz),
127.5, 127.6, 128.0, 140.2, 143.3 (q, Jcr = 27 Hz).
19F NMR: 67 100.9 (br s).
Anal. Caled for C1sH15Fs0: C, 63.93; H, 6.19. Found: C, 64.12; H, 6.46.

[1-(1,1,1-Trifluoroprop-2-en-2-ylcyclopentyll(phenyl)methanol (11)
OH

F3C

Compound 11 was prepared by the method described for
2,2-dimethyl-1-phenyl-3-trifluoromethyl- but-3-en-1-ol (8) using
phenyl-[1-(1-trifluoromethyl-vinyl)-cyclopentyll-methanone (10, 91.1 mg,
0.34 mmol) and sodium borohydride (19.3 mg, 0.51 mmol) in EtOH (2 mL)
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refluxed for 4 h. Purification by preparative thin layer chromatography
(hexane—EtOAc, 5:1) to give 11 (78.6 mg, 86 %) as a colorless liquid.

IR (neat): 3464, 3064, 3032, 2962, 2879, 1454, 1301, 1159, 1115, 1078, 947,
704 cm'1,

TH NMR: 6 1.50-1.59 (4H, m), 1.78-1.80 (1H, m), 1.88-1.94 (3H, m), 2.07 (1H,
d, J=3.0 Hz), 4.87 (1H, d, J= 3.0 Hz), 5.29 (1H, d, Jur = 1.5 Hz), 5.86 (1H, d,
Jur = 1.2 Hz), 7.24-7.31 (5H, m).

13C NMR: 6 22.7, 22.8, 32.1, 32.6, 55.9, 76.6, 123.0 (q, Jcr = 7 Hz), 124.4 (q,
Jor = 277 Hz), 127.6*2, 127.7, 141.1, 141.1 (q, Jcr = 26 Hz).

19F NMR: 6r101.8 (br s).

HRMS (FAB): caled for C15H1sF30 (IM + H]*) 270.1310; found 271.1308.

5-(Trifluoromethyl)-4,4-dimethyl-1-phenylhex-5-en-3-0l (14)

OH
FsC
Me Me

Compound 14 was prepared by the method described for
2,2-dimethyl-1-phenyl-3-trifluoromethyl- but-3-en-1-ol (8) using
4,4-dimethyl-1-phenyl-5-trifluoromethyl-hex-5-en-3-one (13, 153 mg, 0.57
mmol) and sodium borohydride (22.5 mg, 0.59 mmol) in EtOH (6 mL)
refluxed for 4 h. Purification by preparative thin layer chromatography
(hexane—EtOAc, 5:1) to give 14 (129 mg, 83%) as a colorless liquid.

IR (neat): 3456, 3028, 2981, 2929, 1319, 1153, 1117, 1092, 949, 748, 698 cm™1.
H NMR: 6 1.14 (3H, s), 1.19 (3H, ), 1.55 (1H, d, J = 5.2 Hz), 1.57-1.64 (1H,
m), 1.74-1.82 (1H, m), 2.62 (1H, ddd, 13.6, 10.0, 6.8 Hz), 2.92 (1H, ddd, 13.6,
10.4, 5.2 Hz), 3.69 (1H, dd, J = 10.4, 5.2 Hz), 5.50 (1H, q, Jur = 2.2 Hz), 5.88
(1H, d, Jur = 0.8 Hz), 7.19-7.30 (5H, m).

13C NMR: 6 22.2, 23.4, 33.4*2, 42.7, 75.5, 121.1 (q, Jcr = 7 Hz), 124.2 (q, Jcr =
277 Hz), 125.9, 128.4, 128.4, 142.0, 143.8 (q, Jor = 26 Hz).

19F NMR: 6% 101.3 (br s).

HRMS (FAB): caled for C15HzoF50 (IM + HI*) 273.1466; found 273.1473.
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4-(Difluoromethylene)-tetrahydro-3,3-dimethyl-2-phenylfuran (17)

(e}
F2C%2\©
Me Me

To a solution of 2,2-dimethyl-1-phenyl-3-trifluoromethyl-but-3-en-1-0l (8,
34.2 mg, 0.14 mmol) in THF (2 mL) potassium tert-butoxide (20.4 mg, 0.18
mmol) was added at rt. The reaction mixture was heated to reflux for 5.5 h,
and then phosphate buffer (pH 7) was added to quench the reaction. The
mixture was extracted with Et2O (5 mL x 3). The combined organic extracts
were washed with brine, and dried over NasSO4. After removal of the solvent
under reduced pressure, the residue was purified by preparative thin layer
chromatography (hexane-EtOAc, 10:1) to give 17 (25.1 mg, 80%) as a
colorless liquid.

IR (neat): 3032, 2970, 2931, 2850, 1766, 1466, 1271, 1226, 1030, 723, 700
cm'l.

TH NMR: 6 0.74 (3H, s), 1.31 (3H, s), 4.42 (1H, ddd, J= 12.3 Hz, Jur = 4.7, 4.1
Hz), 4.52 (1H, s), 4.67 (1H, ddd, J= 12.3 Hz, Jur = 2.8, 2.8 Hz), 7.30-7.36 (5H,
m).

13C NMR: 6 21.9, 22.6, 43.7 (dd, Jcr = 4, 3 Hz), 65.0 (d, Jcr = 4 Hz), 90.6, 97.9
(dd, Jer = 18, 18 Hz), 126.7, 127.8, 127.9, 136.8, 149.2 (dd, Jor = 287, 284
Hz ).

19F NMR: 6%67.6 (1F, d, Jrr = 66 Hz), 75.4 (1F, d, Jrr = 66 Hz).

HRMS (FAB): caled for C13Hi5F20 (IM + HI*) 225.1091; found 225.1107.

4-(Difluoromethylene)-tetrahydro-3,3-dimethyl-2-phenethylfuran (18)

(e
F.C
Me Me

Compound 18 was prepared by the method described for
4-(difluoromethylene)-tetrahydro-3,3- dimethyl-2-phenylfuran (17) using
5-(trifluoromethyl)-4,4-dimethyl-1-phenylhex-5-en-3-o0l (14, 25.0 mg, 0.091
mmol) and potassium tert-butoxide (20.8 mg, 0.18 mmol) in THF (ImL)
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refluxed for 2.5 h. Purification by preparative thin layer chromatography
(hexane—EtOAc, 10:1) to give 18 (20.0 mg, 87%) as a colorless liquid.

IR (neat): 3028, 2956, 2927, 2854, 1768, 1496, 1456, 1277, 1227, 1027, 698
cm'l,

TH NMR: 6 1.02 (3H, s), 1.17 (3H, s), 1.63-1.81 (2H, m), 2.63 (1H, ddd, 13.6,
10.0, 6.8 Hz), 2.91 (1H, ddd, 13.6, 10.4, 5.2 Hz), 3.42 (1H, dd, J= 10.0, 2.4 Hz),
4.25 (1H, ddd, J=12.4 Hz, Jur = 4.4, 4.0 Hz), 4.47 (1H, ddd, J = 12.4 Hz, Jur
=2.8, 2.8 Hz), 7.17-7.31 (5H, m).

13C NMR: 6 20.8, 22.7 (d, Jer = 4 Hz), 30.8, 33.3, 42.5 (d, Jer = 3 Hz), 64.9 (d,
Jor = 4 Hz), 88.3, 98.3 (dd, Jcr = 18, 18 Hz), 125.9, 128.4 X 2, 142.0, 149.1 (dd,
Jor = 286, 283 Hz).

19F NMR: §767.3 (1F, d, Jrr = 66 Hz), 75.1 (1F, d, Jrr = 66 Hz).

HRMS (FAB): caled for C1sH19F20 (IM + H]*) 253.1404; found 253.1384.

4-Difluoromethylene-1-phenyl-2-oxa-spiro[4.4]lnonane (19)
0]
F.C

Compound 19 was prepared by the method described for
4-(difluoromethylene)-tetrahydro-3,3- dimethyl-2-phenylfuran (17) using
[1-(1,1,1-trifluoroprop-2-en-2-yl)cyclopentyll(pheny)mEtOH (11, 58.1 mg,
0.22 mmol) and potassium tert-butoxide (31.8 mg, 0.28 mmol) in THF (2.15
mL) refluxed for 5 h. Purification by preparative thin layer chromatography
(hexane—EtOAc, 10:1) to give 19 (37.6 mg, 70 %) as a colorless liquid.

IR (neat): 3032, 2956, 2870, 1765, 1454, 1265, 1217, 1051, 985, 729, 702 cm'1.
TH NMR: 6 0.76-0.81 (1H, m), 1.40-1.50 (3H, m), 1.59-1.67 (2H, m), 1.86 (1H,
ddd, J=13.6, 8.3, 8.3 Hz), 2.09 (1H, ddd, J=13.6, 8.8, 6.7 Hz), 4.46 (1H, ddd,
J=12.1, Jur = 4.1, 3.5 Hz), 4.65 (1H, ddd, J = 12.1, Jur = 2.9, 2.9 Hz), 4.66
(1H, s), 7.29-7.36 (5H, m).

13C NMR: 6 24.9, 25.6, 34.2 (d, Jor = 2 Hz), 34.3, 54.3 (d, Jor = 4 Hz), 65.6 (d,
Jcr = 4 Hz), 90.1, 99.1 (dd, Jcr = 19, 17 Hz), 127.3, 127.9 x 2, 137.4, 148.9 (dd,
Jcr = 286, 283 Hz).
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19F NMR: 6r 68.2 (1F, d, Jrr = 65 Hz), 74.7 (1F, d, Jrr = 65 Hz).
HRMS (FAB): caled for Ci5H17F20 ([M + H]*) 251.1247; found 251.1271.

General procedure for the preparation of 1,6-enyne (21)

To a solution of 2-(trifluoromethyl)-1-phenylprop-2-en-1-ol 20 (1.0 mmol) and
propargylbromide (2.0 mmol) in DMF (10 mL) was added sodium hydride
(55%, in mineral oil; 64 mg, 1.5 mmol) at rt. The reaction mixture was stirred
for 2 h, and quenched with pH 7 buffer (10 mL). Organic materials were
extracted with EtOAc (10 mL X 3). The combined extracts were washed with
brine (15 mL), and dried over Na:SOQ4. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography
(hexane—EtOAc, 5:1) to give 1,6-enyne 21.

1-(2-(trifluoromethyl)-1-(prop-2-ynyloxy)allyDbenzene (21a)

g
FsC oLF

A pale yellow liquid. 81%.

IR (neat): 3309, 2925, 2854, 1456, 1313, 1261, 1173, 1130, 1072, 1027, 956,
760, 627 cm'l. 'TH NMR: 6 2.46 (1H, t, J = 2.4 Hz), 4.02 (1H, dd, J = 16.0, 2.4
Hz), 4.18 (1H, dd, J = 16.0, 2.4 Hz), 5.27 (1H, s), 5.76 (1H, ddd, J = 1.2, 1.2,
1.2 Hz), 5.94(1H, dd, J = 1.2, 0.4 Hz), 7.31-7.42 (5H, m). 13C NMR: § 55.8,
75.1, 76.4, 78.8, 120.6 (q, Jcr = 5 Hz), 123.0 (q, Jer = 275 Hz), 127.7, 128.6,
128.7, 137.3, 138.9 (q, Jcr = 28 Hz). 19F NMR: 6 95.7 (br s). Anal. Calcd for
C13H11F50: C, 65.00; H, 4.62. Found: C, 64.95; H, 4.84.
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1-(2-(trifluoromethyl)-1-(pent-2-ynyloxy)allyl)benzene (21b)

/
/

A colorless liquid. 83%.

IR (neat): 2925, 2856, 1456, 1358, 1313, 1261, 1170, 1132, 1068, 1022, 955,
757, 700 cm'. 'TH NMR: 6 1.14 (3H, t, J= 7.5 Hz), 2.23 (2H, ddq, J = 7.5, 2.2,
2.2 Hz), 4.01 (1H, ddd, J= 15.4, 2.2 Hz), 4.15 (1H, ddd, J= 15.4, 2.2 Hz), 5.26
(1H, s), 5.75 (1H, ddd, J = 1.2, 1.2, 1.2 Hz), 5.92 (1H, J = 1.2, 0.4 Hz),
7.30-7.38 (5H, m). 13C NMR: 6 12.4, 13.7, 56.6, 74.4, 76.1, 89.1, 120.5 (q, Jcr
=5 Hz), 123.0 (q, Jcr = 275 Hz), 127.7, 128.5%2, 137.8, 139.1 (q, Jor = 28 Hz).
19F NMR: 6r 95.7 (br s). Anal. Caled for Ci15H15F30: C, 67.16; H, 5.64. Found:
C, 67.37; H, 5.80.

General procedure of Pauson-Khand reaction of 1,6-enyne (21)

To a solution of 1,6-enyne 21 (0.244 mmol) in toluene (8 mL) was added
Co2(CO)s (0.29 mmol), and the solution was stirred for 1 h at rt. The reaction
mixture was heated to reflux for 5-34 h, and then phosphate buffer (pH 7)
was added to quench the reaction. After the mixture was filtered through a
pad of Celite, the mixture was extracted with EtOAc (8 mL X 3). The
combined organic extracts were washed with brine, and dried over Na2SO4.
After removal of the solvent under reduced pressure, the residue was
purified by preparative thin layer chromatography (hexane—EtOAc, 5:1) to
give tetrahydrofuran 22.

(S)-3a-(trifluoromethyl)-3a,4-dihydro-3-phenyl-1 H-cyclopentalclfuran-5(3 H)-
one (22a)
54% (anti: syn= 64 : 36).

Major product (anti-isomer).
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Ph cF,

0] @)

A pale yellow solid.

m.p. 118-121 °C

IR (neat): 2927, 2875, 1733, 1654, 1455, 1415, 1286, 1251, 1163, 1036, 754,
700cm’. 'TH NMR: 6 1.71 (1H, d, J=17.6 Hz), 2.51 (1H, d, J = 17.6 Hz), 4.86
(1H, d, J = 14.8 Hz), 5.00 (1H, d, J = 14.8 Hz), 5.56 (1H, s), 6.29 (1H, s),
7.05-7.08 (2H, m), 7.29-7.38 (3H, m). 13C NMR: 6 41.7 (dd, Jcr = 3, 2 Hz),
62.6 (q, Jcr = 26 Hz), 66.5, 80.4, 125.6, 126.3 (q, Jcr = 284 Hz), 128.8, 129.0,
129.6, 137.8, 171.9, 204.7. 19F NMR: 8 r 87.5 (br s). Anal. Caled for
C14H11F50s: C, 62.69; H, 4.13. Found: C, 62.66; H, 4.21.

Minor product (syn-isomer).

PR CFq
e

A pale yellow solid.

m.p. 103-106 °C

IR (neat): 3032, 2871, 19730, 1653, 1496, 1456, 1371, 1259, 1143, 1026, 736,
700 cm'l. 'TH NMR: 6 2.60 (1H, d, J=17.6 Hz), 2.85 (1H, d, J=17.6 Hz), 4.82
(1H, d, J=16.0 Hz), 4.91 (1H, d, J= 2.0 Hz), 5.00 (1H, dd, J = 16.0, 2.0 Hz),
6.39 (1H, s), 7.35-7.44 (5H, m). 13C NMR: 6 42.4 (dd, Jcr = 4, 2 Hz), 60.9 (q,
Jor = 25 Hz), 65.8, 84.9, 125.0 (q, Jor = 285 Hz), 125.8, 128.4, 128.6, 129.9,
134.7, 175.7, 204.2. 19F NMR: 6F 92.6 (br s). Anal. Caled for C14H11F302: C,
62.69; H, 4.13. Found: C, 62.56; H, 4.13.

(9)-6-ethyl-3a-(trifluoromethyl)-3a,4-dihydro-3-phenyl-1 H-cyclopentalclfura
n-5(3H)-one (22b)
20% (anti: syn= 56 44).

Major product (anti-isomer).
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Ph cR,

0] O

A pale yellow oil.

1H NMR: 6§1.11 (3H, t, J=8.0 Hz), 1.65 (1H, d, J=17.6 Hz), 2.29 (1H, dq, J =
15.2, 7.6 Hz), 2.33 (1H, dq, J = 15.2, 7.6 Hz), 2.50 (1H, d, J = 17.6 Hz), 4.82
(1H, d, J=14.4 Hz), 5.02 (1H, d, J= 14.4 Hz), 5.53 (1H, s), 7.03 (2H, d, J= 6.8
Hz), 7.30-7.34 (4H, m).

19F NMR: 6r 87.2 (br s).

Minor product (syn-isomer).
PR CFs

0] O

A pale yellow oil.

1H NMR: 61.15 (3H, t, 8.0 Hz), 2.31 (1H, dq, J=15.2, 7.6 Hz), 2.39 (1H, dq, J
=15.2,7.6 Hz), 2.56 (1H, d, J=17.6 Hz), 2.84 (1H, d, J=17.6 Hz), 4.82 (1H, d,
J=15.2 Hz), 4.84 (1H, s), 4.96 (1H, d, J = 15.2 Hz), 7.34-7.44 (5H, m).
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BRI EMEICBN T, 27 1E-333 ) 7t a7 aXUnbERICE
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TRk a7 T o BEAROERKIZOWTIRRZ, THF BT, mE7 VAT
Na— WAL LT ¢BuOK Z{EH S22 &Ik, KEZrY7Ze SN2 il
5-endo-trig BRALNHEIT L, SIS I NAa AF LU EAEH+THT Tk K
TIUNERTEDLZ EEW LN LT,

OH 0]
t-BuOK (1.3 eq) 3
F3C R3 FoC R (29)
reflux / THF

R" R? R 'R2

non-protic conditions

B2ETE 228NV IAABATFATIAT V=V ERANWDLET vHET b
T R 77 U FEROGMRIZOWNWTIRNZ, TIUAT Vva— i 7 asLF
MMELT1,60=2 A ZFEE L, 407 Pauson—Khand K& &17->7=, h/LT
YRR T a oL MER AR AR S BTG, T D 2 BT KD BRAEDETT L,
rulUT ) UBRBHEE LT N AR AFLEBRT NS ke 5w
HEREGRT D Z EMNTE T, 47N Pauson—Khand KJSIZ X D HE S EREK
T, BENICEFRGIMEZ BT 24E8M % 5 2 58S BI03RD TH 7R A8,
FUTAFAaAFVEZEAN LD TR TAD I L 2RI ZENTE
T7o [RIERC, BADOKEERE Y Z0F 0 X FILELRHT L KO =
Y52 ENTE,

Ph CF, P CFs Ph. CF,

>\l/ Co,(CO)g (1.2 €q) )\l/
1 h, rt/ toluene . reflux / toluene O O (30
r =
\/Q\R ) =
(OC)GCOZ R
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