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butyl- TLC
benzoyl- ™S
meta-chloroperbenzoic acid Ts

heat induced reactions
1,8-diazabicyclo[5.4.0]undec-7-ene
dicyclohexano-18-crown-6
dihydropyran
4-dimethylaminopyridine
dimethyl sulfoxide
1-ethoxyethyl-

ethyl-

hour(s)

hexamethylphosphoric triamide
high pressure liquid chromatography
iso

lithium diisopropylamide
methyl-

minute(s)

methoxymethyl-
methanesulfonyl-

ortho | ’

para

pyridinium chlorochromate
phenyl

pyridinium para-toluenesulfonate
propyl-

pyridine

room temperature

retention time

tertiary

t-butyldimethylsilyl-
t-butyldiphenylsilyl-
t-butylhydroperoxide
trifluoromethanesulfonyl-
tetrahydrofuran

tetrahydropyranyl-

thin layer chromatography
trimethylsilyl
para-toluenesulfonyl-
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>1000: 1
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(Scheme 1-3)
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R-Me 95: 5 90 : 10 (Fig. 1-2)
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X

P Y

z X
OH

2O ESlc. BETIE ab initio FEHN2Z & B,
RENNBEONBZZLA2BBLELLT. EROMBEREZEENRRETE S &
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LTI Ty HY
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ZUEDYTRAFVIY-DI3bDI®EBR L. YT S/ VyBOSNEiEE
BEL #23 (Scheme 1-8) ,

0 OTBDMS

OTBDMS

Of 0O ! o) O"
Periplanone B

( Scheme 1-8)
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197948, CoreyH W HUBES 7 b VAD 10, I ABE»SOMEFEERS
% (Scheme 1-8),

Erythronolide A
(Scheme 1-9)

= 7~ 10834E, VedejsbW3I-ZAF Ny 7ur7 iy vl EfOZThERE
2T, TEFVIEHINE, FTAIVLBIUEOMNFERELODWTO—&H
ZFREELEESEL TWB®Y (Schene 1-10) .

: (CHy)z, mCPBA

\\““

il

—

|
r
mCPBA

/_\
9
{
|

( Scheme 1-10)

Funk® 1210864, & - AEE{LAHOABO z B84 A\ T2 FAClaisend
EREBETW. 3520 EERMEECopefafl 7 707 THEUL ZHN2EHS
EEFLERVWTEEMICHBE L TWS4® (Scheme 1-11) o Z Offilreland?
-k 3 kEEAIrelandG I KB % B W 2KijacolideA K. Paquetted

=k B EEAO-Cope I KIBA AW EIBBELANOARAR D L EES

hTw %
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ASE=2.07 kcal / mol
( Scheme 1-11)
ERORERI/ VAT IR YEER Y. RUTS ) VBOEKE
ﬁ%%ﬁ%té&?%:kk&%bfhéozoﬁ\w%ﬁﬁé%@ﬁ&%ﬁ

ﬁ@ﬁﬁ%@iii&%@ﬁﬁ%ﬁﬁﬁﬁ%?%kﬁ%bfhé“’wae
1_12) o

o)
o. O o,°
[;;::%::::L\T// ———— e s 2 ‘iq':igglll\1//
TBDPSO '

TBDPSO
Periplanone B

o) 0]
— ——
R R
( Scheme 1-12)

Harshal 15 B R ZERL2BEEZAWITUS I N2 ABBILET» 6 [2,3]-
ﬁﬂwﬁﬂﬁﬁéﬁﬁfﬁﬁﬁﬁﬁéﬁfh%“’Mwwehwh

Lithium (S,S) bis-
N (1 -phenyl-ethyl)-
amide
—~— ——
=— N THF
o

(-)-SS 69%e.e.
( Scheme 1-13)
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= 5 1-Deslongchanps SR AEE MY TV O Fridiels-AlderRIG 2 & % 1,':

I 4 Es DN, EIEOWTRIBHES BBHE L TWw 545 (Scheme 1-14),

( Scheme 1-14)

AFETR. KEEGROBLEBOBERBICE> TESNRTWER « K&
EkeBmirLA2aROERHEICEL. B 5.BRERERIF LR
ZEEONELEHAEAEREL. Th2EBLXAWARCRBAT S L 2H
mabﬁoéBK:@E\%%ﬁ%%%(mm)%ﬁhrﬁﬁﬁwﬁwﬁﬁﬁw
FEHETW. AEOzARTHEBEORFEH AL

E-ETRAFZOLDOMODAHNOFELZEMICAENRT,

ECETHAFTANFIRAIFUIUTTI 2T OARMEL. TORRY
HUOEBRNS Y INEBRRBIEOWTERE,

%EET@kﬁﬁW&hkAMn&mwﬁ%ﬁ&U%wﬁ%ﬁmﬁw%wki
H.OXbRFHAFUSFERAROKALTOROIBEREOTHICOW
THE X o |

BEHE ECHUEEL ) VADOKBEHIRNFVIERBZRVWERYT S/ VA
OERIZODWTHRERE,

AETRUWEEI /) YAOYV IO T unVEERREEEWEEY 707

JVOERIEBIANGEREOTF A OLWTERE
xoicELETR. UEOERZEHLE

bl



2 — B MM 2 EFEI D IR : S AT =
e JT S5 BT

MM2EFEDRHEEAN, FHE IANF-BLUIKAHEOHNDIDDOERE
AT BEN3, TRERROWTEEDRAWAT OV S A HEREI LIZK
T3, HVAENEEIEAMEE (HITAC H-660H) - /XY 3 > (PC-9801VX,
80287) -« microVAXII®O3IE T H 3.

M2 EE TS EDDAN

M2DA DX ER S FOLAELIDONBEEOEENBR > TH D, &
FoRERRESWIHRLIMLENS S, COLEsOEBRWIEE (ILVFYT
VEE) TH50T. BEOEAE  HEf EAZAWIAEER (I-9 b
Yy 7 R) BXYIEZITERLEZLLTEL26% 0w, KEHERE NXVIaYOARH
DB FITHTHRENPOAREE2HARD., VWIEEAZRT 37 0Y T 4
COORD*® 2 AL CIVIEE 2B 5, X bl AHNHB L AEREAELE
XMAZMMHE S ETT 5, —FHnicroVAXIIA#{F - 25 &1, ColumbiakZ D
StillZ#aBHICL o THEEINEY 7 b HacroModel*"™ ZHWTIToTWw3., A
HRZOEOINUTE—RTHI LN TES, Tabb, YORAEERMALT
BEELEATOTEHELHE (HAZEET 32 LSO BEEARL
ED. FOFYTL— b LTHARATH BIRTHEAFA L TEREEEH
TMX22ELTHA5%. LHL., CHhHhoOARDFERCINVELNIPHEE
AU THERE{T S L UBADESCE S BHWE DA (local minisun)
HEBORBEFTSH S (Fig.2-1),

local minimum

local minimum

global minimum
(Fig. 2-1)
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Fich ABEBRUEEGPOIIRSSOBREERB (o VAT —) WEET 2
a. TRLZIFRE (aVFA—vary) 21212 AhLa20hiEe 69, §
FHMOBEELXEEERRERRTRABAMNSZ V. TCTCOMEZBTI I RO

AFACHADRERET OS5 L2AVTILATOTRBIBREONMAY

EEE2REIE A

BEhEL %i/ﬁk&i*%ﬁﬁ&ﬁ{f&:*)./’Sff,\%id)zg:xﬁmﬁé“’?ﬁ A
ETIEStIIIBEOHEHE L = HacrofodelDHULTICE — R4 B3 WIEHEBE XS
DERUEZOHRELAMRS O ZH W, RENCUHANEEL2REI R £, ¢
NeEO7uyI LOoRBRERT. RKIERTENTH S48,
FIZEnEROVEREZ2ES2HE6%2F X 5. (Fig.2-2) ¥1EH LnEH
DRFZIBT 2. EELZ 23 AEI2-IIEFHLII->TEZZOT. |
ZIORTOMNBRESHNICRE S, 0NN EBIXERIA. AK2-3-44
BFERIDEZZOT. 2HAL-2-3-4IcL DR E 3, BIciBZE»51BHO
BFOMEN. ThZThO2AAREI>TRESINS, LEM>TLTOD2HEA
ERIICSEETHICEETNIF (resolution: A% f 2 1X30%60° 12 8 ).
ETOABEENIRBOSND. CITnBRAZERTIICIR. 1LnBEHEORFIE
ELBPREZEZVWOT, ERI-N5BEIR550EF42RD LT3
(closure distance:B#@f x1E 1.0-3.0 Alc8EE). EA2HE 2-1-n, l-n-
(- BELE2AECH2DOEFEZWMYEF AL dTE3 (closure angle
:CA80-130° IKEEE)e T HICHEGFTHER (transannular contact: D
%23.0 AICEBE) 2ED. EEALTVWREWEFES LW ZOEHERICSEZ B0,

A torsional
closure angle

/ resolutlon

closure @istance transannular contact  (Fig.2-2)




T2bhbbEIPDEDTWVWEIIDREEL. II3ILTHEGREUHANEE:2 2
T2 TIANF—BDET A LicdD, £TOTR2EEREROIRINLF
—2HEFZRDIFETDH S, COFER ROBHE (DETHRZIEAHAOR
g)MWTEUTTHERIE, FFELCEDHTH 3. Stillbid, Y J7ubkFFAr> 0
GCEERET 2B £ E (torsional resolution, closure distance,

transannular contactF) TITW, FHRETEONIHEERFORINIKE
CERD, EELEREEABRZ2ELLTILESRBREMSZZEZHBEL T
7% (Table 2-1) . RASFOHMEN O ERZZLEEIESLONME
BEVBEETIED, AEBHEBZAWIEALHEZ2TLRAERSGY. AT
LEEEEAEPBATLESIERFAEVWED, EBCREHET~IINZOH
BOBREEDRBY, ’

Table 2-1 Cyclododecane
Torsional Transannular Closure Number of conformations
resolution Contact Dist Angle Generated Minimized
120° 1.5 1.0-4.0 0-180 14 8
60° 15 1.0-3.0 0-180 317 17
60° 15 1.0-3.0 65-155 153 17
60° 1.5 0.5-25 65-155 104 15
60° 1.5 1.0-2.0 0-180 25 15
60° 1.5 1.3-1.7 0-180 23 g9
30° 1.5 1.3-1.7 90-130 240 17

e
AREFERE NV TN (1977TF) 22 B w A,
microVAXIIT X Macrolodeld2’ (ver. 2.5) MOMINIMIZEE — F CTHH2Z B W %,

HH
HEODERLLTELGNIDIEEZEABOIAINF —LZDIRAEETSH
3o
HEIRZNVFE-— .
BEBOBODOHMBANEEREIWANMOHEER R, 2h¥FhBra ¥ —

& Z2EH (conpression, bending, stretch-bend, van der Waals, torsional

_1Q_



, dipole) koW THHEN B, BELHEHMRAHANTRIDIDDOECERE g
EH. AADOTF—YRUZEDEIZINF—ZHNTEIIENTE %

EShiAREEAKOL P RALEEERBERTZO0T. ALLDIY
BLIAAF—OBEWHIRERS, COFEIAUHESE - XY IV THER

HEOE-RE7T 0 Y5 LUDIF, ORDER%Z AW, nicroVAXIIT X MacroModeld
YULTICE — F T 1T - .

TCTEAhEAHEESRNKR BREREDOAEZEFERETIETTEL. TOR
EDITFNF— (3 Keal/uolipy) 2B PEEEAZIZTOTERT A &M
EETH5. BE—XEHRELTIY PoP—HEZ2ERTRIE (AG=AH) ( &
NYT U RBR(AG-RIINKZAWT, AFOREEXHFHMOIIVF -0
AHPGEBEOBETOREAREORREERBOFERKERD B T LHT

22 BRrIEBAMRAFEAIESWTH-TSRAOKXZAREZ 0 b MR

{': J%Ijﬁg —C :‘é %o
—F. BOhAIRTEEIGRIRXET I 74y V7ERETOILTHTH

DEBERAHEL., ThoAELEL 2B T B L TUGHMELHET
Zoeicd -

BrAfcRECcIAIBbEEL4BA AT &3, KEHERE - XvarTR

ORTEP:Z' A AWVWT ZDIRTHELAEALTWS, £ npicroVAXIIZHAWE

Yacrododel TR Y 57 4w JEBKECIXNTBENERIRTE D, AHHE

NEEEILOBEETRAZ LN TE, ANALYIERE—FTRI I 74y JEBEL

DEEA*TIRAAE-TCHEBOEFHESR, AE HA XbicthihsEl
370 bV MMROEAEHZHMBEICRAZIENTE S,
BE®DE S icHacroModel TIRAN - HE - BHAREYTE—F2BAWHE

RS LT E, MEEES LRSI T4y VERLONERRTHE

ZEDILHNTED, chicHL, ABHEE - NVavERVWEHEDS
CHEFEAWTABL TrANOBEH, TurIL0ETRER T
f%ﬁ%?ﬁ&ﬁ%%ﬁ%éotﬁb\ﬁmw?—ﬁmxﬁ\%mgﬁﬁ%ﬁ

ap
(Y

BELEDOANRBEINTWET— Y2 Z03EAVEED. FhEOHHE

LTWBDT, ABADPTAYIL2AWTHERZT> A



HEEE R F TILF R B F - 2o e
7 F T DO EERUTEE B Lk O S Y e > oL A
VN 7 3ROSR BE DL oD JEE B BT Sl oD B e G

3—1 ¥E

2FANF I RYF Y (Neocarziﬁostatin, PITNCSEBE T ) 121965,
BHORIDEBCA EHAEESEHAPE TSNS, 2-ANIT b2 ¥y ) —
PTFATVIA-NBATFAREORMICED BRI SR TINARYIG 3 2 & i
AMONTWB, NCSIE, FEZEHIOET727 (1) (LFNCS-chreBEd) &
FERY N D (apo-NCS) DB - T W 3 A5, COERERIUET I TEHIZED,
TRYUNIR TREBIVUET AT hFBERATEAAR BOENBFD
FrUYTZ7EULTHSIENRFREINRTWSSY, NCS-chrO ¥ IiZ. 19854 T 75,
HBE, AHGORIDIOTEMHENBEHRIASY, X 5121988 yersh i & D
ERREZOLAWEZERCIGLFIED I OBENBREIRES2Y, 2 DF
EREOBRHIE. Hyersb IR ED RO LS IBRBEA TV B, 2-2A N HT b
I?/—)Dd‘ééhbifﬁ‘ﬁ"):1——)&@)‘?)”&55%%%%&:{#71&1/\ IRFYF
DEAGHZHAERHE-T22EC 5. 2RBEWTIHBEO I ALY ETRF L Y
HMTERREA2ECLTELALE IS ALIHINAFDOF I YOO WEFF 53
VE—ZAD4' B3 WIS OKEZEZF SEHEINALYIE T 2 (Scheme 3-1) ,

Me

Me
[}
o) o a7 o, e fon 0”0, e =
G CL— Lo
Me Me,_0_ 0 Me 0.0 (J
HOI‘J"NH!M HOU'NHMG Ho:(\)"nnug
OH OH

Neocarzinostatin-chromophore (1) 2 : 3
( Scheme 3-1)

FE1987FGolikb it kD, HMEFBHIAAZIZARTIIVY (4) 395 &
U AU Iy (5) 57 (LUITFESP-CALEBE T ) 129D W T &, TOEERER
DEBFROEIILEBEZIRTWE, FYZANLT 4 FRILSFHOKRBERER
EXRFCERTZF AL — 25 PTATHBMAMUL, B2EL 3. 61351
Bl sp A sp e o A EDIODTHF L UMEDES &, 3-T v -1,59
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1 U EHTBergnanRE D HEHBLBINR VY VRAOUSI Y AN T # Rty

B. CAAEEINAOAEES SHET LRI DDA & NS (Schemedsy,
Y~ “Nu .

Esperamicine A; (4) : X=OR
Calicheamicin y; {5) : X=H

H\r
[¢]
o T2
OMe oG

(Scheme 3-2) .
THIRIBIFENAEBIC I THEBINEY A Z2IY Y (8) 592 2o0nTdH, §

MOBENGEERTWS (Fig.3-1), chbOHER. £y rwl1.3.0],
[73.1]1Y AF ARODFAF Y2 HLED TEALERERODOTH 5. HE
HZhbORELBEOERAK. BEUZTOIYANRE DNAYIBIZHET:
FFUALTOBBERCAGEHSARAZRD £,

Me

A D

90 i
MeO OH ‘JLO

0“0, y
Ve
—
Me, O,
o
Dynemicin A (8) Neocarzinostatin-chromophore (1)

.\-CS‘Chrli?k@A, B, C, Q®4O®%ﬁblgﬁzvr‘/\éo A 1-7‘771/

YANKEVE, B: B-XFAT7a¥Iy, C: By rulliolyzxFa, b
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BT AT (Fig.3-2), ZThbBA, B, C, DOYromisy, 7E%
NIDEDHBIZEAGLTWA M, X 5IiCNCS-chr apo-NCSOEAICAE I
LEBEZOBEND HH5VREINAIBOBEYDOL I BEEZLTWENE2HB M
K5 ZDicld. BHUEET IR 2AVWEESRE, DAYVERBEL: T
SLENVDDILEZLOND, LPLAKERRRDNSGOREREETH S -
H., ERRCINDBHUAFET2LEAD 2B DEN DB, 22CEF. 5SuH
VWEEREBERO7HRICOERMENINSGTI2 LIz L &,
FHAREIEIUC D~ LFE. 1988F Wender5 320D 7P L F VA2 ET 3L Y 0
[73.0EEPMZB LD TAERL. BEXATWETRPONMRARY FLizk
C—HTB3TLERELTVWE®Y, o TRONEESRILAMREE I IFEE

T. EETOREHIZIBFEMEBE IR TWS (Schene 3-3) ,
OMs

Br 1) Na,S —
—— ———e x
o) 2) m-CPBA HO =
OMs X=S, SO,
PhCOPh
MeCN, PhH MsCI DMAP —
hv r.t.
- 9-15%
( Scheme 3-3)
SﬂBUg
V4
Br Br Pd(PPhg)s —
——— e——— »
OSiEt, HO —== oH
R, HSCH,CO,Me / R,
Air, 20°C
B sttt .
o AcOH, EtOH HSCH,CO,Me
R o A, 18°C R
2 AcOH, EtOH 2
R1 R1=SCH2C02M9 R1=SCH2C02M9
Ro=H Ro=H
+
.O‘ R=OFEt, Ry=H
OH

o ( Scheme 3-4)
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E%k%®$@6m§E&7U%7x7@%&%E%bb\7»#;wx9
%>k§k5:wt®ﬁ%ﬂﬁy70yﬁﬁﬁ?Méﬁ%ﬁ?éE&ﬁuMJ;
-M%%wé&t&mb\éBt:@ém%%%wﬁxﬁ%ﬁwmﬁﬁ&otoi
WTHR BREHFTHEBITLTWE) (Schene 3-4),
S5 icWender 513 1000FCrlle 2 H WA BT Y LT A5 b FeoHy 7Y
yﬁﬁmf%$;<9§ﬁ%%%é&?é:&t&%brm5“u Zhizruo
AE%N#V—F?%:bt&Dméﬁwéﬁﬁﬁékofﬁﬁﬁﬁﬁ?%ﬁ;
DEBEETNTWS (Schene 3-5), ?

Br
Br z CrCl, — —
— THF OH

O HO ==—CHO HO
cis-substitution 67-76%

trans-substitutuion 10-12%

Ac,0, NEts DMAP, MsCl __
DMAP Y NEt, “‘iliilii'\
52% =" ~OAc 25% C/ OAc

HO , ‘ ﬁ

( Scheme 3-5)

ﬁBmﬁﬁ%MJ%Mﬁmﬁﬁ&mfwﬁiéﬁaThéﬁ\ﬁﬂ%?ﬁ%ﬁ
HRETHBLBNTW S, F£, Krebss & RIS [2,3]-¥ittieh I KRG 1= & 2
Qéfﬁfﬁ%%?&ﬁfhéﬁfkﬁﬁz&:i%bo'Ché“’e SHERBEEFRFEROH
#, %EG%&%%E&&?U—E?#7@%525?%%%&%141\«\5%\ vy so
ROBECZERE->TwaneY,

SR LESP-CALO A A B LU TR B % A ZBergnan KB Ilm £ 2 5 ¥
ﬁ»é&,mmwﬁﬁﬁ%wﬁ%ﬁ\w%ﬁ#%&#kﬁ%éhThé“u
ﬁi:NicolaouB!ilO,%ﬁL:{_td)E’\’@ﬁﬁfhé%?ﬁ@Bergmanii cx BRI L. £
PTEFV HOBREREREZCNEANS 5L 2R HEL. TONIHE |
PERONBHEEENab 2.60A, cd 3.25 ALX'F%BP&E%ET‘%&E??‘EC%E
BELTWA%*2,  (Scheme 3-6)
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(Scheme 3-6)
(Table 3-1)
compound | Ringsize | ab(A) cd(A) | Stability
6* 10 2.55 3.16 spontaneous cyclization
n=2 10 2.60 3.25 cyclization at 25 °C
5 10 265 3.35 stable at 25 °C
n=3 11 272 3.61 stable at 25 °C

* The compound was shown in Scheme 3-2.

% ZDanishefskybid., WU D TCALOT ¥ Y a3 v AT 5 3 Calicheanicinone
Z2ERICEIILTWA®5",  (Schemeld-T7)

Br
OMe

\\ // . TMSO

S;Me

NHCO,Me
A

N/

OH

Calicheamicinone

( Scheme 3-7)
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3—2 WHEHSIHRSLSOHKIHE
KCS-chrD B & % %5 L. ESP-CALY 4 7 DBergnanRIBIc &3 T Y ANREMNE
~ohrEEFHEBEIOAKEZEEL L (Schene 3-8),

9 11

( Scheme 3-8)

LW OIEX A BET RIZNCS-chrdEF N1 02, Y% BEE T HNIZESP-CALD
EFNILIABF AL EXE, 1LOBBREEYZHLIB)D., RREOVIY
HAVERNHETCESNDTOEFNTSH 5. % EBergnanRBIZORRM LD
mamUagd. 1 1ZIBEBAOBergnanR ENFARBRZNDTOHTHD.,
FORERIEROHE TS 7. TITR7EFLVVHORGRAOERE % 5
BL A, 1.1 (X=0H) ZMM2Et&Em 6. ab 2.82 A, cd 2.50 ANRHEIE

1.0 (R=Me,¥=0) BEIURBAMMLMLTT &S 12 (R=He,Nu=H) DFFEI.
2T NS A —F =N B2VWOTEHEBERFORREBIUNDO O T > TWEE
% Zh¥ihab 2.80, 2.95 A%~ (Fig. 3-3) . KkilcB N ZNicolaous ®
FEEes nbErde, BEHOERERARERTERBLEZIALTEAEINR S,

10 ab 2,90 A 12 ab 2.95 A 11 ab 2,82
cd 2.50
( Fig. 3-3 )

P
A
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UL2L. IBRAR2ODT7ALF V4 ET590HER. Bleks2Eats
THELED. COBBREVWHPKHETAMNE—OMETS B, 22T, = OIA
RERZERDITFLOBEEOC AT LEBY. £F VW EAZEADONETWIE
ﬁ&é%%é&b\%@%IVbuE—%tﬁﬂ&ﬁ%?ﬁﬁmﬁm%ﬁw
BETZZLIZL %, |

T2bb8lE DREBET7IYNI-FALI30HTFHI2,3]-WittigEN RS I
IVBRITZZ 2Tl A [2.3]-VittiesBENRBREBFT AL, FTETSH
DILNHALRTWEY, 32AERHATOEERDBIE. T TIERBAMNESR
L. 7HELROAMAZEVWIWAZ D6y O —@WIEHTS 5, L
EHoT. BEATARELTFREShZISELAPOIEETE S &£ 2 1,
FEENLARICHELZL LILERABEY ., BREBIXFAL (D)
(Fig.3-2) KERTHLY N E L2 - IcEATE LN TE, FEELEZ
SN BIR R EN T ERER 2B BT 3 LN TEA3ETOLREICEY
THaeHFxrk,. RER7IYLNI—FANI3RIADHFAI—FNILIc&D
Fohde&%E%x7% (Scheme 3-9),

R R
_ 3 =\ =\
= o O o
— J— e
X R'O - HO -
9 13 14 B
(Scheme 3-9)

2’9"I2,3]-Wittig§iﬁiﬁiﬁ7§fﬁﬁL’P'é’b\:ﬁ‘t’573*%:39?55"!?‘57‘:&)¢:L§.
(R=R’=H) OMBEERIFZMEHELZHWTH - =, ‘MacroModeld HULTIC% A
W<Ttorsional angle® I5E % &, closure distance’1.0-3.0 A O 2 & ¢ 47 25
ANEEERESEITHEREET->T. RERTIDORERMLE
13A, 13B, 13C##%%~, (Fig. 3-4)
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138 0.0 138 2.1 keal/mol 13¢ 3.0 keal/mol
( Fig. 3-4 )

WENOREERGLEERBETRBARNIG ALHERRBEELTEY. 8
EOELZD &S 130[2,3]-WittigBHRBFEFTLR T W EATFREH |

2220, B ERWOC-VELKBREONAELER WIROEEZHHS
PELYARBEYNBONILFHEANE 9 W61 1IrE DI
REBEYZRBETI2LEN S5, OB Lo VELRBENY AR > THRE
TAKBEL ALOKEN S Y ADUBILETH B LNEETH 5. Hi
NCS-chrE D 10 B R YO B-HERBHHURBELTEREN, BB
AW B BERNRE S DA, .

3 —3 NCS-chrE®EFIE LU ESP-CALE FI{LEMOAK E
AREFNZBAVWETRDHEUOEBRR G

3—3—1 XBEA[I-VittigEIRGEAWALYY I 0(1.3.015HB0H#

£

2-78E-2-y70RYTF /Y (18) O REBIETUNVFALRT RV T A
skl -, ERULAZAMF V1 6%1. 98 B0OBliTRAELAR. NI
BVLTZNTERZEMLY T - V1T 2REISSTHE ARIKENLE %
PHERLZ, —F. TOALFLFNI—~LEZPCRELCHSNE18%
ﬂﬁ&?@%iwe:»LgmghtW.;ﬁtFux%wyuw?t%vy}
EEPACUMB™V ZAWTHY ZTY I L (86% ). ERTBH200THSEE
BUAKFZAWTRELTI VS V2128 (34%). EWTEfE=NV1TL
TY4 Y2 1%Pd,CoEZAWTAYTY YT L, 2y YL 222 LE
(81%)oe 2201 DKEEE 7 #HeCNFE P, CBre, PPhs,PyH{F F-40~-
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10 CT7 o A{bL . PPTS, HeOHTTHPZ R EL T7UE L RFY 23 52 WEI1Y%
THEZ ToOT7oaftid. 0 CTAIETHPHBMEEINRIEZONEBERZEIK -
Zo 23DDFHI-FTALE RKOKSII2F> %, 23(57 ng, 0.19 mmol)
®Odry THF(20 ml){E# 2. NaH(90 wmg, 3.7 mmol),EtOH(0.02 wl),THF(20 ml) &
~N20 CTOSRMEMPIFTHETUL BREOUYTI2ZEBI—FNM2 4% 87~ (Schene
3-10),

1)
propargylmagnesium _
Br bromide 1) Buli, I,
q 2) HN =NH
o  2)BuL, (CHzO)n OTHP S MeNH
15 16: R—H (79%)

17 : R=CH,OH (75%)

) Pd(OAc),, Cul
'/\2 ™S _ OTHP b d(0AC),, Cu
OR // OTHP
2) BugNF PPhs, BuNHg

19 - R=THP 20 R=TMS (86%)
(68%) 21 : R=H (94%) 91%

1) CBry, PPhs NaH, THF
MeCN, -40 °C

2) PPTS, MeOH 80%
31%

24
( Scheme 3-10)

2A7ZEEBETABELEMN TLCETEBRICZ>TUE- A, TLCETILEY
BERDZIEDIEZEXLNEZDT. 20D E £ Hel, AcCIETORRIR KN Z
Cl2,3]-VittigHE U ERD I B EohaMno Ak, FC2C. IRABELEELTE
Hyszkicli,. fVYTuRz NAFAVZ—-FN, BEFFSTFALIRXF
NN (TBDHS-CL) TORBRMBEEOZDONET LA > 24, HEiLR
P& ¥ X F )L (MOM-C1), TBDMS(OTE), THSOTE) 2wk I3 REHKRZ2 5 %
frcedT iR

25 ®[2,3]-Vittigh I KIc 25 ¢ UTt-Buli%®1.1~1.5 ¥ EH W, THF
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B -100F 2132-78 CTH-22¢ 25 25 RIISARERL. Ehanfig
ALK T = F o RELTRIGEESEFLELERA6N 326 22 ERY
ELTERE OB b(«:73)1/73':7:—73"/75"%$b\ [1L2IENREMHETLT
BoheEXALN3{LeW2TOIRILE T hoDERKITHPLCICE D &
£ L 7% (Scheme 3-11,Table 3-2), -78 C& D -100 COFMEREN I W
EPSERFHNRAOTO MU EHREDN, ERPOKEIRBLTWS LE 2
Bh3, 2T, DakBRWICI &K 3 MBEL KD, LINTUS) SO HE
FRAVWTBHLULEANBRESZTOLIARILTwE W, FBRLAESERES
DEFEFBELTWAZ L7270 EOERNDOBEWI LN, TORIBIZEFI
fERL. ZEOREWIEREREHETERALE XSO 3,

route a route b
H;
,, e g as
(0« ) THF 3 OH ; OH.
24, 25a-c 27
( Scheme 3-11)
( Table 3-2)
compound temp yield [2,3]-rearrangement : [1,2]-
24 : R=H -78°C —
25a : R=MOM -78°C  84% | (26a:26a'=4:1) 17 : {1 27a
-100°C  93% | (26a:26a'=4:1) 23 : {1 27a
25b : R=TBDMS | -100°C  80% 26b (>10:1) 47 :© 1 2
25c : R=TMS -100°C  80% 26c (>10:1) 30 : <1 27¢c

ERY26 a 3HPLICOM P S2BEOYT7ATF LA -HELEREN., WTFhoU
FATVF?2-dH1 ,H:TBWTIONEXFBHEINEZDOTIELOOFHIED.
ZHNVELKBEIYARBETHLILZ2BRELE LEMN-> T ThbDY
FATVIT-RIBAKBELOIDTHAZ2Wbhro2d 20HMNEER
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RRETSH 5. ROUGBEHERFNTHSNE (Fig. 3-4) 13 A, 13B»5
B2REIDDOKBERYA, L3 CHOERMIVANZTAEhELZSEEER
REBEZBE->THBONBLERBLNG, ERWHITXF LIV -—BEEHI-
ZHEVIRBERIBIII-VIttiglRUMREN. 28 L2200 ERKERE
ZEOTETLACLEZRLTIVWS, COMGBERELZTRATIEADIZIZES
ZENThOSEREBREAZ2RD2FAELRBZ2WOT. FFHEHEE2FL
2 TR LENS 3,

3—3—2 S8%EViBergnankm _

27, BOBRRHOBP £ 26 b2 AVWTRABREOBRE X 2k, T2
DhEWenderb D|ED LARKKBEDOA YL, AR ARENECD 28
EBBTENTER, 28 URBHT AL BVWRIZ o THATL $o 245 <
YEYBBEFE R O® ) Y EETEE Thergnan REAERT L. RE0% T30
ZHABILHMBERTE~ (Schene 3-12), T2 hHIHEOEREFLH S
RADESP-CALE AR RERREFEETERTL, YIS Y ANL285EKRLT
WBEEATE 3.

MsCl, DMAP PhH, rt.

o — H
TBDMSO quant.  TBpMsO Ho<Q)-0
26b 28 50%
Q
TBDMSO TBDMSO
| 30 |
_ 29 . | ( Scheme 3-12)

‘é‘6Kf%@w%ﬁ&QEQT’U)BergNanﬁﬁo)ﬁﬁﬁ’ifﬁﬁ?5EE{JTE:E‘S
EREZPELE. 20, 38, 60 CTE Tz NIcH T 32 808D 2HLLTHF
L. CORBW2ZBDEERALT-RRIBTHZ2rbho &, BEET
DRIGEEER Kk (win-') LEET (K) OMK 4 ArrheniusZ oy L. %
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DEEMB 14 kcal/mol DEHEILZ RN F—ZEH LA (Fig. 3-5),
.\’icolaou655wo)§§§bfh%3-:‘/707”‘*‘.’ ~¥-l, 5-¥ 4~ (Schene 3-8, p,
2) OBergnanik [EEEIL T R L ¥ —54523.8 kcal/molTH 352 & EHEBT 3,

%NMMMM¢é<‘&mﬁwﬁﬁwﬁ@ﬁk%<ﬁmﬁ%%LThé:kﬁ
b 73‘ k) to

20 o¢

Ine 5

20 O¢
4.35-0.0

2- _
38 0c
" 4,36-0.0111x
11 Ye0 Oc
4.39-0.0443x ,
0~ 500
T (K) " k' (min-1)}
293 4 0.00266
311 . . . 0.0111
333 0.0445
{co
60 ®=¢
In k
-3L .
Y - Ink=17.6 -6900/ T
..5 -
._6 =
2 1 2 1 i 4 1 5
o K- 100 : 300 3«2 3.4 llT

Time P

X1073
Arrhenfus : k = A exp(-Ea/RT)

Kinetic Data for 28 toA2_9
hexane solution (0.001 M) of enediyne 28
a=[28]/[biphenyl ]

Ea = 14 ‘kcal/mol

(Fig.3-5)



3—3—3 NCS-chrEF N DA ENCSHY O FEREKID

26 bD2HEKERAFEELED B, Bu:NFH 5 WIZTASFZ B W TTBIMSE O &
EERAEN. BHBLBEO TCTARELR7EFINEOLZWEEEMETIR L I
Y UNLNEDOBHEEIZTE 22> 7% (Schene 3-13) .
FEREBI-FN2403%kBEL5P LOBRBELAES I TEREELLT
t-Buli, LiN(THS):% B W T [2,3]-WittigB U RIBZ M L EH. KD B HMAE
BEHE28A X TE2M»o % (Schene 3-14),

RI226 aDURKREEOEL HHMEOHEARE L L ZHKEEOD
SvernB{b 2K AL 23, BHMEREMFESTL. X HkkBergnanRKBEZZETH
bhirrEz26h3{kaW3 2 %1F 7= (Scheme 3-15),

1) AcCl, Py

/o
OH 2)BuyNF A

TBDMSO or TASF

( Scheme 3-13)

5‘ N MSCI == N
=0 DMAP ;g

HO  — 50%
24 ( Scheme 3-14)
=G o |-G
et e S
oH - .
MoMO 30% | MOMO MOMO -
- 26a

( Scheme 3-15)

SO e, Z2r %10 (Scheme 3-8,R=H) HAMTETH, TOIIYHANE
E2HENE SAHBEREHIMBEICRIILAERLTWVWS, COMEZ®ITS
P, B-KEAEAFNEIZZTNS-chrEF LA ELTERT I LR
U 7 (Scheme 3-8,9 R=Me) , ZZIBAKBEOREER. BVWRTERHEETSE
ZIMSEZRHWAZ E LA



TEDBHEDI-XF N -2-RYF V-d-f ¥-1-F—)) (3.3) ZDHPT R
LTIRGENZ34%AVWT. ARKREBRI~F)136 %8 THSOTZ M
ILKEBEEZRBLEARZ HAU3 T2t-BuLicTUELAEE - 2. %tﬁﬁ@@'
ZE (83%), EIR#E (>80%) TKH338%/E, 2EL. 30 CTTHSH |2
L2RBETIL. T—FAEFBEWTERL = /I/SQWMELtcﬁhé
TIBOBABEET WS NECREL AR BE: I K=t 1: 1TER
TRAELUMSEZREL 2 (68% ). X5IcBBRAEZ40DIH *@g’&)‘/}bg
LA ZTHEL. NCS-chrE F UL AW4 1 A NEHTH/ILICRILE
(Scheme 3-16) . 4 1 BFE LA KECEIUURLARTIRIEL =25 :
30 CTEML. EXNVYUBET HB KU ' 3C-NMRE BT T 3 = z:‘kor%a)z
BEZEBIZeNTEE,

1) coupling

2) CBry, PPhs
/§ i = \
HO  3)PPTS/MeOH
17 33 :R=H 70%

34 : R=THP (quant.)

Me 4 TMSOTf NEt,

Me
NaH, THF 2) 'BuLi, THF, 100°C. i
— OH
RO = [ Tmsd .
36 : R=H (88%)
37 : R=TMS (70%) __OTMs
TMSO —==
39
Me Me
1) AcCl, Py — i MsCl, DMAP ‘ i
2) ACOH:THF:H,0 —=—"0Ac  gg, «OAc|
=4:1:1 HO ‘ a1 .
overall 68% 40

(Scheme 3-16)




NCS-chriz X Bl D 9B T HED., TOIXRABEFTHLMITREZW, £CZ
. BRI EWOXBHEREN AT > T EOIKTHEEZWE ML ED &% &
AR AMOBREILERAL. 380 KBELEENTZ oYV AT
RELA®R FRECHSEABRELAZAEWE (57%), X5IIRARES
BEEIXFA43IAHELZEIERILE (42%), L2 L, BEEZTOLZISXE
CERBRATZA2BEELXEZICEE> TWwZ W (Scheme 3-17)

Me Me
. E 1) p‘NOQ'CGH4COC|, Py — i NO,
TMSO =4:1:1 57% HO 0
T 38 42 |
Me
MsCl, DMAP 0 = == NO,
- P o ( Scheme 3-17)
42% =
o}

43

KRR LEUOBEEREBWEZADPE S E2HBET LA
A1 A2FFTVa-NBAFAVTLBELEY, G0N - BEEEEBRETEY
4 1338 L7%E (Scheme 3-18),

SCH,CO,Me

Me HSCH,CO,Me Me

=, %

41

( Scheme 3-18)



%:Tuwijz&ﬁﬂﬂ%%”%?(?57’5:&)‘:;35@2})‘]s“/a'\@hf-:sg)e _3_&}3;,‘,“
B [2,3]-Vittighi (T4 s W 3 8 % BEES: THF: K=4:1: I.C.ﬁiﬁ-':ﬂgibﬂsgﬁ
ERELE (10%). *6kBOREYF -4 4 %-78 "CTSwernE{k £ 55,
AR T TR AR RS R L TR B SR bR B4 B, by ab iz, g
CTIn sILUEFF VA -V BAF L EMAEZL A LEWAT £1: 10y
FATVEZ-BAWTEE (54%) (Scheme 3-19) :nz;%ﬁ%tﬁﬁz:? ,
ASOSREBAICFA VYA —NBEAF LML, 9EEI A LYk g

b
|5

L. ACOBRRBERTATIABONE LA 1 5, 5

1) (cocy, o
e . AcOH4 Y. DMSO Me
=  THF } = 8¢ ="
= oH HO 1 —= OH 2} NEt3 ’ e
TMSO 700 HO -30 °C = 0
38 44 45 :
" SCH,CO,Me I $CH.CO-Me
HSCHZCOQMG l\__fle
e e ] %
-30°C OHJ

( Scheme 3-19)




3—4 ASREFNEBEHWEEHRE

3—4—1 DNAYIHT/EMEELERSS

¢ X174 Form 1 DNA (5 nM) £ 28 (2.6, 0.26, 0.026 uM) %pH 8.05M k
YA (BEROBF Y)Y PIVOAY-BEBBOEHEBED, 37T CTI8EHHEBEE L.
FHO—RAY N EBWIBRKE£T> % (Fig. 3-6) . % % ¢ X174 Form I
DNA (6 nM) 241 (0.4, 0.04 aM) 22-XA N AT b ¥ /=) (10 ed) FE
T, PHI.SO PR (BRUBF V) T/ RXAYY-EBOBEEBBE®, 371 CT
122 I220BMEREL. 7V —R XV 2RWIEREKB 2T % (Fig. 3-T),
Fig. 3-Tdlane 12 B BN BE 5. NSE2-AAAT FIH ) —NEMRE
FTEForn IIINDINADOYIBIZ2WB T E3H. ARH28L41THEWTILOD
BELINAOYIKERIIZ. Fo02<LRb6hBw, Thid, 28241 0KEHEI
EH¥EHBEHBIXRELZERATRZWRALEEIATW S,

agarose gel electrophoresis agarose gel electrophoresis

Form I E
R grm 11T
st
X ’i}ﬁ‘:‘-"‘g ¥
e },‘3"-"::}::‘51*_‘,:: £.
1i2.34 56171879 0 11 12 13
o . s .
X174 Foim I DNA (5 nM) was incubated with | ¢X174 Form I DNA (6 nM) was incubated with compound 41
compound 28in Tris-acetate buffer at 37 °C in Tris-HCl buffer (pH. 7.5) at 37 °C for 1 or 20 hi,
for 18 h.,
N ; ‘lane 1: Form III DNA
lane 1l: DNA + (2.6 mM) ’ lane 2: DNA alone ; 20 h
lane 2: DNA + (0.26 mM) lane 3: DNA + (0.04 mM) s 200
lane 3: DNA + (0.26 mM) lane 4: DNA + (0.04 mM) + 2-mercaptoethanol, 20 h
lane 4: DNA + (0.026 mM) lane 5: DNA + (0.04 mM) ¢ 1h
lane 5: DNA + (0.026 mM)} lane 6: DNA + (0.04 mM) + 2-mercaptoethanol, 1 h
lane 6: DNA alone lane 7: DNA + (0.4 mM) r 200
lane 8: DNA + (0.4 mM) + 2-mercaptoethanol, 20 h
. lane 9: DNA + (0.4 mM} s 1h
(Flg. 3"6) lane 10: DNA + (0.4 mM) + 2-mercaptoethanol, 1 h
lane 11: DNA + NCS_ (1 uM) s, 1h
lane 12: DNA + NCS (1 uM) + 2-mercaptoethanol,- 1h
lane 13: DNA alone ., 1h

(Fig.3-7)



S—4-2 NSP7RYVNILOHEKEER

NCS-chr A7 Ry YN L BHETEE. 7RI VNP OJHPLCU)ﬁ%5?ﬁa‘i73;5;”;_”;}‘;_‘,_k
ftszazermeohTtwane’y, éﬁ‘,ﬁ,ﬁ,;ﬁiyj—:gy,\eatggﬁzvghzi:@; ”
ZENVMBETEZLERE, 41 (0.1 gaol, 0.03 ol, EtOH) % 7 £ 4 PnE
7 (0.01 pwol) YPH T.20 FY X (EFOFY) 73/ 2 573/~1E§0)§§§““
§ﬁ¢,37fTL5ﬁﬁ%§L\HmoﬂﬁiA%%hfwa%ﬁbtm
HRLETRI YNV ORBBEMORRERONT. AREFLALE 7 s
YNTRBERLEZWZ XN bk (Fig. 3-8) .

The binding-test of the synthetic NCS-chr model with an apo-NCS

QDO-NCS apo-NCS + synthetic product
() | g_
= :
‘t_}‘r 15 — —l _g‘__} .
g_' = 5 . 101~ 4 =5 0
NCS ( NCS-chr + apo-NcS ) -~ min A min
e s ' Me =
]
]
5 - O
= — A =" N0Ac
== | column : Mono Q HR 5/5
= = 0.02 M Tris-HCI buffer pH 7.2 g
5 —— Elution was carried with salt gradief

(Fg.38)




3—5 F¢®

AMETENCS-chroa 7B COBHRAREBIUT I LRI, ERET VR
HWTRKAMELHBOI Y INRELEIOhIERRLBEZBRBTBZILNT
%27, LPL. COBMEFPTRTIEY NI LOHER. WNAOYENThhz
wokAbho k. ROBREELTA, B, D (Fig. 3-2) 2# AL E{Lat
AERTAEIED., TR ZhORNOEEZHOPLTWS I ENTES
r#Ex 6N %,



3-8 HEE{xhrEEFNEAWOARAE

3—6—1 ¥HE
FEANFIRIFVICBFTR—=NRD-HF I b H IV 2EHEES L.
JUETFITLIMTERIIONIPLBEBETIZEHEBEIRTED 2 A,

B (Fig. 3-2) OFUHN, BAREELZEEZLTWACENTEXNZ, %
STRIRCIEH LA, BOEALZHELE,

3—6—2 ARKHHE _
A, BoOBEEARKE., SEREBUICIZODKEBENFTRT S 2, TOERHE
% scheme 3-20lcR L 7=, 7

A CH3
C
‘i £ RO ZZ=T N\
) _— 1V, —
=t = 0
R0 Ho —
48. 49
HO R Qs R
oH ) mgir’ — Siy*
~ Rro OR" R'O
51 52
o)
:> ﬁ ( Scheme 3-20)

R'O 53

LEMA49 28R TENE., KBEOZAFNMIEB LY, Y AVav ik 8T
Bl RE[2,I]-WittieBURIBEZAWT48AKFA LEZONZ, 4913
5005 FAEZ—FAMEIRIDHEEL, S5 00TFTOMBERS IO VaFVE
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(OR") B br~ABE 12-fMEKBTH S, 510D2-v-1,4-YF— )
B PTUyE/IRFYFS20PMBEEZAVWEEE 2L EFYS— o
FTMRBCENHEET 2. CORBPORIBEHBIIODVWTIZSI —6 -3 THLY
B2, TRFYFE2RI/USIATAaAFVYELRAMMD SIBERY
CIRFVELBAR TP UREIALOBEREL ML, ERT 3B KE
EExB-BHBELTEa3zZEIcLA SRTURY TS VI VEARDOEBEDOEE S
METHD, AEZEBHEBLLTOEALTRTS 2H. SEHIA-FTRIFL &,

3—6—3 PAfEARAWVWA1I-YIVEIIXRSZVYEREORD
EMAETRLI-YIVE)IRFY FICH LPMABBEEET. RERTH1,
IfMT B 2REL. CORBEFFHATT>THERCIBERYICEE
BV by 2HEL II-FFX YT ORI IS VY VE 28K T 3L IcR
BMLTW3, COBLI-YTIVE/IRSY FOPAEBE~ORILIHMERIZ
IRFYFRHULIGRETEID., n-FYANRS YT LEGEBRL =&
VU-T UFREARARARERDTC o - DEBITRELRY Y-V EB LY
D, LT AFNAEDABRETETIBLEZ/EL TWwB (Scheme-3-21)

e C:;H
k/_\l>\C5H11 3 CsHﬁ a 5t

m OH
11-deoxyprostaglandin E;

syn-anti

Jk/soztox
— 0
K}\\/\/CSHH

CsHy4

syn-syn P\d 0-
Ln

( Scheme 3-21)
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Ltﬁofﬁﬁtbrﬂ§ﬁ®§1){/1$$9Fig%%urmﬂggé
T. *&ﬁ%(ﬁ»ﬁ#v?—b)%ﬁﬁéﬁhﬁ\iméﬁ¢w$%§?5€g¢
i_l_fﬁfgfivhé&%it ( Scheme 3-22) 7o ‘

- Pd
*,, o
R PdLn [ R ROH Ho, R
Q/ I [} ————————
R'O Rto \\ Rlo "ORH
52 HOR" 51 g
( Scheme 3-22 )
3=6-4 &g

%vf%»yx%»yaéyuuyan&y;/y(gg)?ﬂm&@ﬁ%%’
ﬁ'F'JWA&EF;.@K%?F?T%}L?‘/f:bz\%ﬁfﬁét‘lﬁf#b F55% “
H%H%?%&ozw%\w97A~b7$w&w##vF§§hT%&ﬁbt;
24, THARY RO B BRREN TS 5 2 oy o5 5ulsnan., |
Eoﬁh(i&%hh??t?UFtﬁéyiéﬂhbﬁMEE%ﬁettz
5W$M%Tiﬁéﬁto§jﬁH§K@§§L&w%§D#ET‘X*FU?
w#UX9)Xﬂ$>@T%§$ﬁ\yl)f/lﬁ#&Filﬂﬁhﬁei
lﬁ:@ﬁﬂ@%#??ﬁﬁ?%mv‘JB%T%ﬁbtﬁmbU7wtnx
5’:/;(11171‘\:/@7&-78 °C'C‘7‘%“FL7‘:2::542$54%§’(W&J.EL7‘:0 ST:,565
B NDERII)RD & 2IRfTo k, Pd(0Ac). % 29 mol ki » UPPhs %280 molyz
E . f‘a§@%3§§m\ta:a ﬁfc‘ﬂiiiﬁ‘f‘i&ﬁb\ RKOB5582m= :
83% T8 2, Tabb, :@EE&&:&DNCS—chrf?‘)H:de%&SEﬁ%BﬁZOJF
.-3>x0)200)71<§§<‘:2ﬂ/7+y%%%@"%:&:ﬁf?%f:o THICERL 2%
@g%mwvﬁﬁbt& i§®&>V4»§%mwhth%§L\éﬁbﬁ
gg@*@gémmfgwbx/ygi«i§m6W$w%T§htoﬁhfﬁ
L&:;’!ft?‘uzf}b#}b?ﬁ‘:‘r\y?A%I,Z-ﬁﬂnbﬂéﬁfzo 8§ 2h6128=
1~?»§§«®§&ﬁﬁ&ﬁﬁ¢?5%(&MMBQDO
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TBDMSO TBDMSO TBDMSO

54 71% 55 75%
Pd(OAc),
(FOR0 otHP PPhs _  Ho., OTHP
2,6-lutidine PhCOOH
78°C  TBDMSO 899, TBDMSO
54%
1) DHP, H*
MgBr 7
2)K:COs  THPO.., OTHP =—"9" THPO.. Z OTHP
R and
APCC repMsO "’v TBDMSO' o —=
S8% 59 : X=H, Y=0Bz 62
60 : X=H, Y=OH
61:X=Y=0

------- gt et ”
HO HO = ( Scheme 3-23)

3—-6-—5 %

PABBAAVWEYIVE/ I RS Y FOBE RBEZSBOMMEBICED.
NCS-chrET NV E LUTA, BOEARFARRIOD IS YRAKEBEE®*ET 558
BEUOGRICRITI LN TEE SBHRULEBEI—FLE2HEL 2i& 58
REMOLOD2HKEELXFALTA, BOBEATW., 7RYVYNRILOH
B 530WIRI2,3]-WittisG U RB I K DIBESRSOBE S BE T3 22T
HTHBZEEZ BN,

-47-



3—7 mgﬁx—%wmegai@mgﬁ&ﬁﬁ

3—7—1 &mem
ﬁmﬂﬁkﬁﬁt&mM34uﬁﬁﬂ@ﬁﬁﬁwﬁﬁﬁwﬁﬁ%ﬁvm

Eéé@mﬁﬁﬂé%iﬁ%m%ﬁwé%gémﬁ%wHJL@%MMMJLv
ﬁnuﬁﬂﬁmmeﬁshéa%ztogguujpﬁmﬁﬁﬁbr§uJL§
Eﬁﬁﬁﬁﬁﬁbf%@ié%iétwﬁéﬁﬁ<\QAWB&%%%D ;
saﬁmﬁmﬁﬁ&enaa%ztogguggm%%ﬂ:—i»m&mm;n?
Bohseszs "

X7 ™
HO = N
—_— O ~= l Ho '
' — = Z
64 65 - 66 ¢
(Scheme 3-24)

83-7-2 &g | | | ?
Lyuf-myaa&y§/y<;g>s“&§mﬁu¢A#ETmmuf&+??
YEFERT L. b?uf%@ﬁn&yéf—»(gl)%W%M%?%m |
—ﬁ‘ﬂavéAeﬁﬁﬁﬁﬁ?\7uﬂ»#»m-iwL§aqum@7

uu:%vy(gﬁ)aéﬁvavﬁb\lyfvgﬁéﬂgw%?%t”
’°:®%§§%5§§ﬁh5:2t;0\—ﬁ@&ﬁv?UVﬁbEmé%%
%é:&ﬁ?%t,%hrﬁﬁnﬁﬁva,ﬁﬂﬁ%%hrbvx%wyu
MITRFVYEA YT Y s L ry (3% . TODMYRFAY Y pttzy
vﬁ?bﬁf%»?)f:ﬁA&ﬁhT%fbt(%%)o%Bhtlyﬁf
yli&ﬁl%ﬂ?ﬁﬁA,ﬁﬁ&?ﬁw7UV7ﬁméﬁoT‘91&94
>%é%1g«$ht(%%)oéBtlﬁ@*@E%?t%»mLE%\l
§ﬁHW§%%@t&D%§Lt°%6&&7»:~wliﬁmimﬁ%t

MM%EMTTUA%L\ﬁ%k&b?S@?t%w§%%§LTTUf7w
3—»1&%1@ﬂ6&%“%?%to%Bhtliégﬁﬁﬁﬁv\M&
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THEFFABTFUL AW, RDB3FFAI—FLIRETLEAP oA, TCTHEIR
KZzRAWTEZREGTHRHELELZA, SFHRENETLER 9FAR
BPETLALEZANB2BERITITEINBERE (40%)., 7TTOHERX
RHEABERT PO ITEIZENTEE, COZLRIENFFATT
—THMET 2 EDICREAIKRETEL LD, BEREHLLIPPDLET DT
MREXEID, ROFFAZI~TNERENDMEZWEDI, BEREETE
BIETLEDOLEZXGh S, T2LBUBRBI—FTNES5TCX2EAHE
THRILRENAELLTHETHS I W bhro %k, WEBI—FLILEE N
CIREERZBETAZ LN ESEL 3% 842 »-> & (Schene 3-25).,

o NaBH, OH
G,Br CeCly Q/Br
——————ee
57%
15 67
PA(OAC), 1) T™S
PPhs, Cul g Pd(OAC),

— +BUNH, N\  PPhsCul /  \

~ CoTHp —— ~ g
18 CI/ - \CI THPO 2) BU4NF THPO
69 79% | _ 70 : R =TMS (89%)
68 , 71:R=H (95%)
THPO
Pd(OAG), X
PPhs, Cul l 1) A020 /Py
+BuNH, OH 2) H
- FZ .
67 3) CBry, PPh3
4) K,CO3, MeOH 73 : X=0Ac, Y=OTHP
35% 79 o 74 : X=0OAc, Y=0OH
53% 75 : X=OAc, Y=Br
' — 76 : X=OH, Y=Br
KH, THF
- O O
18-crown-6
40% \\ //

77
( Scheme 3-25)
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EXPERIMENTAL SECTION

Methods and Instrumentation ,

Proton magnetic resonance (1H NMR) spectra were recorded on Jeol Mode] |
FX-90Q, GSX-500, or Varian Gemini-200 (90, 500, or 200 MHz, respectively), and are
recorded in parts per million using tetramethylsilane as a standard on the § scale,
Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet, br = broad), integration, and coupling constants
(Hz). 13C NMR spectra were recorded on Jeol Model FX-90Q, GSX-500, or Varian
Gemini-200 (22.5, 50, or 125 MHz, respectively), and are recorded in parts per
million using CDCl3 (77.13) as a standard on the § scale. Infrared spectra were
recorded on a Jasco Model TRA-2 or IR-700 spectrometer ( vmax in cm-1). HPLC was
performed on a Nihon Seimitsu Kagaku apparatus. Optical rotations were
measured on a Yanako OR-50 polarimeter.

Solvents were distilled under argon as follows: Benzene, dioxane, ether,
hexane, THF, toluene, and xylene were distilled over sodium. Dichloromethane
was distilled over P20s5. Triethylamine, pyridine, hexamethylphosphoric triamide
V(HMPA), dimethyl sulfoxide (DMSO0), and acetonitrile were distilled ‘over CaHoa,
Reactions were monitored by analytical thin-layer chromatography (TLC) using .
Merck silica gel 60 F254. Column chromatography separations were performed |

under pressure by using silica gel (Fuji Davison BW820 MH or Daiso IR-60) or

activated alumina (Wako 200 mesh).

Calculations were performed using Allinger's MM2 program. Specific
parameters were input to calculate structures with enone system, diene moiety, and
epoxide. Input data containing listings of added parameters for each calculated
structure, and final energies and all coordinates for optimized geometries were
described in this section. All atom types utilized were shown below.

Atom tvpes utilized :
O (carbonyl)

1 C sp3 carbon 7

2 C (olefin) 21  H (alcohol)

3 C (carbonyl) 22 C (3-membered ring)

5 H (C-H bond) 29 C (inside atom of diene)
6 O (aleohol) 30 O (epoxide)
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1-(2-propynylD)-2-bromo-2cyclopenten-1-ol (16)

In a flask were placed 9.6 g of magnesium turnings and 40 mL of dry ether
and 600 mg of mercury(II) chloride were added successively. After stirring for 30
min at room temperature an additional 100 mL of ether were added and the mixture
was cooled in a bath of ice and ice-water. After the temperature has reached 0 °C,
2.0 mL of propargyl bromide were added. As soon as the temperature began to rise
(5 °C), the bath was removed and replaced with dry-ice and acetone. The
temperature was lowered to 0 °C, the remainder of the bromide (18.0 mL) was added
dropwise in 45 min at -10 °C. After the addition, the temperature was allowed to rise
to 5 °C in 30 min. The grey solution obtained was then decanted from the excess of
magnesium and transferred into another reaction flask. ;

To the solution of propargylmagnesium bromide®® was added a solution of 2-
bromo-2-cyclopentenone (15)68 (21.3 g, 132 mmol) in dry ether(80 mL) dropwise over 1
h at 0 °C. After addition was complete, the reaction mixture was poured into ice-
cooled saturated ammonium chloride with vigorous stirring. The aqueous layer
was extracted with ether. Then the combined organic layer was washed with brine
and dried over MgSO4. After removal of the solvent, the residue was column
chromatographed on silicaAgel (elution with hexane : ether = 10 : 1) to give the
alcohol 16 (21.0 g, 104 mmol, 79%).

1H NMR (90 MHz, CDCl3) § 6.09 (t, 1H, a, J = 2.64 Hz), 2.61 (dd, 1H, b, J = 16.2, 2.64
Hz), 2.55 (dd, 1H, b, J = 16.2, 2.64 Hz), 2.16-2.5 (m, 4H, ¢), 2.02 (t , 1H, d, J = 2.64 Hz)
13C NMR (22.5 MHz, CDCls) & 134.5, 126.9, 84.3, 79.6, 70.5, 35.5, 30.0, 29.9

IR (neat) 3300, 2925, 2850, 1720, 1620, 1265, 1060, 940, 740

a
. Br
L
HO p— ¢
16

1-(2-bromo-2-cyclopentenylidene)-3-pentyne-1,5-diol (17)

To a solution of the alkyne 16 (12.8 g, 63.7 mmol) in dry ether(25 mL) was
added dropwise a solution of butyllithium (1.69 N, 71.6 mL, 1.9 eq.) at -78 °C. After 10
min paraformaldehyde (1.1 eq. 2.10 g) was added in one portion at the same
temperature. After being stirred for 1 h at -40 °C, the reaction mixture was stirred
for 12 h at room temperature. The reaction mixture was washed with ice-cooled
water and the aqueous solution was extracted with dichloromethane. The combined



organic layer was washed with brine and dried over MgSO4. After removal of the
solvent, the residue was column chromatographed on silica gel (elution with ethyl
acetate : hexane = 1: 1) to give the diol 17(11.0 g, 47.6 mmol, 75%), and the recovered
alkyne 16 ( 3.0 g, 14.9 mmol, 23%).

1H NMR (90 MHz, CDCI3) 5 6.05 (t, 1H, a, J = 2 Hz), 4.23 (brs, 2H, b), 2.64 (dd, 1H, ¢,
J =16.6, 2.0 Hz), 2.50 (dd, 1H, c, J = 16.6, 2.1 Hz), 2.2 -2.42 (m, 4H, d)

13C NMR (22.5 MHz, CDCl3) & 134.2, 127.2, 84.3, 81.3, 80.7, 50.9, 35,6, 30.0, 29.8

IR (neat) 3300, 2920, 2850, 2220, 1620, 1480, 1380, 1250, 1170, 1140, 1060, 1010, 970, 940,
900, 840

a
d Br
dCf OH
HO¢ — b
17

tetrahydro-2-{(Z)-3-iodo-2-propenyloxy]-2H-pyran (19)

To a solution of tetrahydro-2-(2-propynyloxy)-2H-pyran (18) (9.5 g, 67.9 mmol)

in dry ether (100 mL) was added dropwise a solution of butyllithium (1.73N, 1.05 eq,,
41.2 mL) at -78 °C. After 30 min a solution of iodine (21 g, 82.7 mmol) in dry THF (40
mL) was added dropwise to the white solution at the same temperature. The
temperature gradually rose up to -20 °C. The reaction mixture was poured into an
aqueous solution of sodium bicarbonate and sodium thiosulfate, and the aqueous
layer wad extracted with ether. The combined organic layer was washed with brine
and dried over MgS04. After removal of the solvent, the residue was used for the
next reaction without further purification.
_ To a solution of the crude alkynyl iodide and potassium azodicarboxylate (28 g,
144 mmol) in methanol (250 mL) wad added dropwise acetic acid (16 mL) at room
temperature. After 3 h the reaction mixture was poured into water with stirring.
The aqueous solution was extracted with ether and the combined organic layer was
washed with ice-cooled saturated sodium bicarbonate , brine and dried over MgSOu4.
After removal of the solvent, 50% aqueous dimethylamine (150 mL) was added to the
residue at 0 °C. After being stirred for 10 h, the reaction solution was extracted with
ether. The combined organic layer was washed with saturated sodium bicarbonate,
brine and dried over MgSO4. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with hexane : ether = 50 : 1) to give the
alkenyl iodide 19 (12.9 g, 48 mmol, 68%). '



1H NMR (500 MHz, CDCl3)  6.484 (ddd, 1H, a, J = 7.69, 5.99, 5.13 Hz), 6.381 (ddd, 1H,
b, d =7.69, 1.71, 1.71 Hz), 4.654 (t, 1H, c, J = 3.63 Hz), 4.291 (dd4, 1H, d, J = 13.7, 5.13,
1.71 Hz), 4.103 (ddd, 1H, d, J = 13.7, 5.99, 1.71 Hz), 3.88 (m, 1H, e), 3.53 (m, 1H, e), 1.5
-1.9 (m, 6H, f)

13C NMR (22.5 MHz, CDCl3) 5 138.4, 98.4, 82.5, 70.0, 62.2, 30.6, 25.4, 19.4

IR (neat) 3066, 2940, 2868, 1612, 1453, 1439, 1385, 1345, 1280, 1200, 1120, 1066, 1027, 903,
869, 814

f

e
l/_d\ocOe

18
tetrahydro-2-[(Z)-(5-trimethylsilyl-2-penten-4-ynyloxy)]-2H-pyran (20)

To a mixture of palladium acetate (3 mol%, 280 mg), triphenylphosphine (12
mol%, 1.5 g), Cul (6 mol%, 550 mg) and ¢-butylamine (10 mL, 97 mmol) in benzene
(90 mL) was added a solution of alkenyl iodide 19 (13 g, 48.5 mmol) in benzene (20
mL) and a solution of trimethylsilyl acetylene (10 mL, 73 mmol) in benzene (10 mL)
at 5 °C. After being stirred for 4 h at room temperature, the reaction mixture was
diluted with hexane and filtered by cotton. The filtrate was washed with ammonia-
ammonium chloride pH 8 buffer solution, 1IN HCI, saturated sodium bicarbonate,
brine and dried over MgSO4. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with hexane ether = 50 : 1) to give the enyne
20 (9.9 g, 41.8 mmol, 86%).

1H NMR (90 MHz, CDCl3) § 6.04 (ddd, 1H, a, J = 10.0, 6.59, 5.93 Hz), 5.59 (ddd, 1H, b,
J =10.0, 1.54, 1.54 Hz), 4.63 (br, 1H, ¢), 4.46 (ddd, 1H, d, J = 13.2, 5.93, 1.54 Hz), 4.32
(dd4, 1H, 4, J = 13.2, 6.59, 1.54 Hz), 3.3 -4.1 (m, 2H, e), 1.4 -2.0 (m, 6H, f), 0.18 (s, 9H,
g)

13C NMR (22.5 MHz, CDCl3) § 140.7, 111.1, 98.6, 65.2, 62.2, 30.7, 25.5, 22.7, 19.5, 14.1,
-0.1

IR (neat) 2930, 2140, 1250, 1200, 1120, 1030, 840, 760

AR



tetrahydro-2-[(Z)-(2-penten4-ynyloxy)]-2H-pyran (21)

To a solution of the protected enyne 20 (11.6 g, 48.9 mmol) in THF (120 mL)
was added tetrabutylammonium fluoride (4.6 g) in several portions at 0 °C. After
being stirred for 10 min, the reaction mixture was poured into ice-cooled saturated
sodium bicarbonate and the aqueous layer was extracted with ether. The combined
organic layer was washed with brine and dried over MgSO04. After removal of the
solvent, the reside was purified by short column chromatography on silica gel
(elution with hexane : ether = 50 : 1) to give the deprotected enyne 21 (7.59 g, 45.7
mmol, 94%).

TH NMR (90 MHz, CDCl3) § 6.13 (dddd, 1H, a, J = 11.0, 7.3, 6.4, 0.94 Hz), 5.60 (dddd,

1H,b, J =11.0, 1.7, 1.7, 2.6 Hz), 4.65 (brs, 1H, c), 4.42(ddd, 1H, 4, J = 13, 6.4, 1.7 Hz),
4.30(ddd, 1H, 4, J = 13, 7.3, 1.7 Hz), 3.46-4.04 (m, 2H, e), 3.16 (brd, 1H, f, J = 2.6 Hz),
1.4-2.0 (m, 6H, g) ~

I3CNMR (225 MHz, CDCl3) § 141.7, 109.9, 98.6, 83.1, 79.4, 65.2, 62.2, 30.6, 25.5, 19.5
IR (neat) 3250, 2920, 2850, 1200, 1120, 1020, 900, 865, 810

g
ﬂOcoe
d
V4
21

2-[(Z)-5- (tetrahydro-zH-pyran-Z-yloxy)-S-penten-1-ynyl]-2-cyclopenteny]idene-3-
pentyne-1,5-diol (22) '

To a mixture of palladium acetate (3 mol%, 222 mg), triphenylphosphine (12
mol%, 1.2 g), Cul (6 mol%, 435 mg) and ¢-butylamine (8.0 mL, 76 mmol) in benzene
(80 mL) was added a solution of alkenyl bromide 17 (8.80 g, 38.1 mmol) in benzene (40
mL) and a solution of the enyne 21 (7.59 g, 45.7 mmol) in benzene (40 mL) at room
temperature. After being stirred for 10 h at the same temperature, the reaction
mixture was diluted with ethyl acetate and filtered by cotton. The filtrate was
washed with ammonia-ammonium chloride pH 8 buffer solution, IN H(I,
saturated sodium bicarbonate, brine and dried over MgS04. After removal of the
solvent, the residue was column chromatographed on silica gel (elution with
hexane : ethyl acetate = 1: 1) to give the dienediyne 22 (11.0 g, 34.8 mmol, 91%).

-49-

b o 7



TH NMR (90 MHz, CDCI3) 3 6.17 (brs, 1H, a), 5.68-6.24 (m, 2H, b), 4.6 -4.8 (br, 1H, c),
4.1-4.6 (m, 2H, d), 4.2 (brt, 2H, e), 3.4 -4.0 (m, 2H, ), 1.9 -2.9 (m, 6H, g), 1.3 -1.8 (m,
6H, h)

IR (neat) 3370, 2925, 2850, 2170, 1440, 1380, 1320, 1260, 1200, 1140, 1120, 1060, 1020, 960,

900, 860, 780, 760
a b h
h h
=
o dL oo~
Hog = e
,p OH

1-(4-bromo-2-butyny1)-2-[(Z)-5-hydroxy-3-peliten-ljynyl]-2-cyc10penten-1-01 (23)

To a mixture of the diol 22 (4.66 g, 14.7 mmol) and pyridine (1.19 ml, 14.7
mmol) in dry acetonitrile (90 mL) was added tetrabromomethane (1.01 eq, 4.91 g)
and triphenylphosphine (1.01 eq, 3.89 g) in three portions at -40 °C. After being
stirred for 1 h at the -20 °C, the reaction mixture was poured into ice-cooled
saturated sodium bicarbonate. The aqueous layer was extracted with ethyl acetate
and the combined organic layer was washed with brine and dried over MgSOy4. After
removal of the solvent, the residue was stirred with pentane (40 mL), ether (40 mL),
ethyl acetate (4 mL), and water (4 mL) for 1 h. After decantation, the solution was
washed with saturated sodium bicarbonate, brine and dried over MgSO04. After
removal of the solvent, the residue was diluted with methanol (50 mL). A catalytic
amount of pyridinium p-toluenesulfonate was added to the solution at room
temperature. After being stirred for 12 h, the reaction mixture was poured into ice-
cooled saturated sodium bicarbonate and the aqueous layer was extracted with ethyl
acetate. The combined organic layer was washed with brine and dried over MgSQ4.
After the removal of the solvent, the residue was purified by the column
chromatography on silica gel (elution with hexane : ethyl acetate = 1: 1) to give the
bromo alcohol 23 (1.36 g, 4.6 mmol, 31%).

1H NMR (90 MHz, CDCl3) § 6.23 (t,1H, a,J = 1.8 Hz), 6.19 (dt, 1H, b, J = 11.0, 6.2 Hz),

6.07 (brd, 1H, ¢, J = 11.0 Hz), 4.43 (brd, 2H,d,J =6.2 Hz), 3.92 (t, 2H, e, J = 2.4 Hz),

2.72 (dt, 1H, f, J = 16, 2.4 Hz), 2.68 (dt, 1H, f,d =16, 2.4 Hz), 1.8 -2.6 (m, 4H, g)

13C NMR (22.5 MHz, CDCl3) § 141.7, 140.0, 129.6, 110.4, 89.1, 88.7, 85.1, 83.9, 77.1,

60.5, 36.9, 30.6, 30.4, 15.3

IR (neat) 3300, 2900, 2850, 2230, 2180, 1210, 1160, 1060, 1010, 960, 920, 840, 780,760, 600
c

a

g Z=" \, b
g 9L 0oH
Ho — e

Br

_CN. ~e



6-oxabicyclo[10.3.0]pentadec-8,12-diene-3,10-diyn-1-ol (24)

To a suspension of NaH (60%, 150 mg) which was already washed with dry
hexane (3 mL X 3) in dry THF (20 mL) and ethanol (0.02 mL) was slowly added a
solution of the bromo alcohol 23 (57 mg, 0.19 mmol) in dry THF (20 mL) dropwise
over 5 h at 20 °C. After being stirred for 1 h at the same temperature, the reaction
mixture was poured into saturated ammonium chloride and the aqueous sclution
was extracted with ethyl acetate. The combined organic layer was washed with
brine and dried over MgSQO4. After removal of the solvent, the residue was purified
by short column chromatography on silica gel (elution with hexane : ethyl acetate =
5 : 1) to give the cyclic ether 24 (33 mg, 0.15 mmol, 80%).

IH NMR (200 MHz, CDCl3) § 6.185 (t, 1H, a, J = 2.79 Hz), 6.087 (ddd, 1H, b, J = 10.5,
7.76, 7.22 Hz), 5.988 (d, 1H, ¢, J = 10.5 Hz), 4.431 (d4, 1H, d, J = 10.7, 7.76 Hz), 4.383
(dd, 1H, d, J = 10.7, 7.22 Hz), 4.19 (dt; 1H, e, J = 16.1, 2.2 Hz), 4.18 (dt, 1H, e, J = 16.1,
2.0 Hz), 2.744 (dt, 1H, £, J = 16.8, 2.2 Hz), 2.619 (dt, 1H, f, J = 16.8, 2.0 Hz), 2.553
(dddd, 1H, g, J = 18.2, 8.7, 3.8, 2.8 Hz), 2.374 (dddd, 1H, g, J = 18.2, 7.8, 6.4, 2.8 Hz),
2.149 (ddd, 1H, h, J = 13.5, 8.7, 6.4 Hz), 1.948 (ddd, 1H, h, J = 13.5, 7.8, 3.8 Hz)

13C NMR (22.5 MHz, CDCl3) 5 139.1, 136.5, 130.4, 117.1, 90.6, 89.5, 83.7, 82.9, 80.0,
63.9, 56.3,38.4, 31.9, 29.8.

IR (neat) 3430, 3030, 2940, 2850, 2280, 2200, 1450, 1360, 1320, 1140, 1060, 1020, 960, 920,
900, 880, 840, 790, 760

methoxymethyl ether 25a

To a mixture of the alcohol 24 (121 mg, 0.56 mmol), dry dichloromethane (1
ml) and diisopropylethylamine (2 mL) was added chloromethyl methyl ether (6 eq,
0.26 mL) dropwise at 0 °C. After being stirred for 18 h at room temperature, the
reaction mixture was diluted with ether. The solution was washed with saturated
copper sulfate, saturated sodium bicarbonate, brine and dried over Na2SO4. After
removal of the solvent, the residue was passed through a short pad of silica gel
(elution with hexane : ether = 2 : 1) to give the ether 25a (126 mg, 0.485 mmol, 87%),
which was used for the next reaction.

1



t-butyldimethylsilyl ether 25b

To a mixture of the alcohol 24 (117 mg, 0.55 mmol), dry triethylamine (0.37
mL, 2.75 mmol) and dry dichloromethane (5 mL) was added ¢-butyldimethylsilyl
triflate (0.25 i_nL, 1.1 mmol) dropwise at 0 °C. After being stirred for 10 h at room
temperature, the reaction mixture was diluted with ether. The solution was washed
with saturated sodium bicarbonate, brine and dried over Na2SO4. After removal of
the solvent, the residue was passed through a short pad of silica gel (elution with
hexane : ether = 3 : 1) to give the ether 25b (160 mg, 0.49 mmol, 90%), which was
used for the next reaction

trimethylsilyl ether 25¢

To a mixture of the alcohol 24 (31 mg, 0.145 mmol), dry triethylamine (0.24
mL, 1.45 mmol), and dry dichloromethane (2 mL) was added trimethylsilyl
trifluoromethanesulfonate (0.1 mL, 0.435 mmol) dropwise at 0 °C. After being
stirred for 6 h at room temperature, the reaction mixture was diluted with ether.
The solution was washed with saturated sodium bicarbonate, brine and dried over
Na2S04. After removal of the solvent, the residue was passed through a short pad of
silica gel (elution with hexane : ether = 1: 1) to give the ether 25¢ (29 mg, 0.10 mmol,
70%), which was used for the next reaction.

A general procedure of [2,3]-Wittig reactions

) To a solution of the protected cyclic ether 25 (0.83 mmol) in dry THF (20 mL)
was added ¢-butyllithium (1.93 N, 1.2 eq, 0.21 mL) dropwise at -100 °C. After 30 min,
3 mL of saturated ammonium chloride was added to the reaction mixture in one
portion at the same temperature. After being stirred for 10 min zt room
temperature, the mixture was diluted with ether. The organic layer was washed
with saturated ammonium chloride, and the aqueous layer was extracted with
ether. The combined organic layer was washed with brine and dried over Na2SOa4.
After removal of the solvent, the residue was purified by short column

chromatography on silica gel to give the mixture of rearrangement products (80-
92%).

~R2-



the [2,3]-rearrangement product 26a (major isomer) :

HPLC (Silica gel 60-5 mm, 7.5 o0.d. x 300 mm, 3% i-PrOH in hexane, 3.4 mI/min);
Rt=8.5-9 min

1H NMR (500 MHz, CDCl3) § 6.199 brs (1H, a), 5.851 (ddd, 1H, b, J = 16.95, 10.08,
6.42 Hz), 5.429 (dd, 1H, ¢, J = 16.95, 1.37 Hz), 5.286 (dd, 1H, d,’J = 10.08, 1.37 Hz),
4.786 (d, 1H, e, J = 7.34 Hz), 4.742 (d, 1H, e, J = 7.34 Hz), 4.447 (br, 1H, f), 3.753 (br
dd, 1H, g, J = 6.42, 3.9 Hz), 3.414 (s, 3H, h), 2.843 (d, 1H, i, J = 17.2 Hz), 2.565 (m, 1H,
), 2.558 (d, 1H, i, J = 17.2 Hz), 2.382 (m, 1H, 3, 2.279 (m, 1H, j), 1.846 (m, 1H, j)

13C NMR (125 MHz, CDCl3) § 138.4, 132.6, 126.8, 118.9, 97.8, 95.5, 93.9, 92.3, 87.1, 86.7,

67.9, 55.7,48.9, 36.7, 31.8, 30.4
j =3¢
i —=""1 ~OH

0_01
e 26a

h -
the [2,3]-rearrangement product 26a' (minor isomer)
HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, 3% i-PrOH in hexane, 3.4 mL/ min);
Rt=13-14 min | ;
'H NMR (500 MHz, CDCl3)  6.190 (t, 1H, a, J = 2.75 Hz), 5.828 (ddd, 1H, b, J = 16.95,
10.08, 6.87 Hz), 5.436 (dd, 1H, ¢, J = 16.95, 1.38 Hz), 5.323 (dd, 1H, d, J = 10.08, 1.38
1z), 4.765 (d, 1H, e, J = 7.34 Hz), 4.647 (d, 1H, e, J = 7.34 Hz), 4.615 (br, 1H, ), 3.730
dd, 1H, g, J = 6.87, 4.59 Hz), 3.400 (s, 3H, h), 2.840 (d, 1H, 1, J = 16.7 Hz), 2.594 (d, 1H,
»d =16.7 Hz), 2.567 (m, 1H, j), 2.3 -2.42 (m, 2H, j), 1.849 (m, 1H, j)

he [1,2]-rearrangement product 27a

IPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, 3% i-PrOH in hexane, 3.4 mL/min);
1t=18-19 min

H NMR (200 MHz, CDCly); 6.28 (t, 1H, J=2.9 Hz), 5.96 (dd, 1H, J=10.9, 6.7 Hz), 5.71
1, 1H, J=10.9 Hz), 5.0-5.1 (m, 1H), 4.84 (d, 1H, J=7.4 Hz), 4.78 (d, 1H, J=7.4 Hz), 3.47

3, 3H), 2.8 (m, 1H), 2.2-2.7 (m, 6H), 1.7 (m, 1H)
T L

RO
27a
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1-z-butyldimethylsilyloxy-6-vinylbicyclo[7.3.0]ldodec-9-ene-3,7-diyn-5-0l (26b)

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, 5% ethyl acetate in hexane, 3.4 mL/
min); Rt=8.7-9.5 min

1H NMR (500 MHz, CDCl3) § 5.959 (t, 1H, a, J = 2.56 Hz), 5.847 (ddd, 1H, b, J = 17.1,
9.83, 5.99 Hz), 5.424 (ddd, 1H, ¢, J = 17.1, 2.99, 1.28 Hz), 5.272 (ddd, 1H, d, J = 9.83,
2.99, 1.28 Hz), 4.451 (brdd, 1H, e, J = 10.26, 4.70 Hz), 3.790 (brdd, 1H, £, J = 5.99, 4.70
Hz), 2.685 (d, 1H, g, J = 16.7 Hz), 2.569 (m, 1H, h), 2.494 (dd, 1H, g, 16.7, 1.29 Hz),
2415 (m, 1H, h), 2.094 (ddd, 1H, i, J = 14.10, 8.98, 3.42 Hz), 1.934 (ddd, 1H, i, J =
14.10, 8.98, 5.56 Hz), 0.898 (s, 9H, j), 0.135 (s, 3H, korl),0.109 (s, 3H,lor k)

13C NMR (125 MHz, CDCl3) § 134.4, 132.5, 130.8, 118.8, 96.5, 96.4, 90.6, 87.9, 86.2, 67.8,
49.1, 38.3, 34.3, 30.2, 25.8, 18.3, -3.0, -3.2. .
IR (neat) 3000, 2920, 2850, 2180, 1460, 1385, 1250, 1215, 1080, 1010, 985, 920, 830, 750,
660

MS(FD); m/z 328 (M+) : a b
. - h __ f =3
i
OH
'Me 0% °
\ -
1By~
i Me,  26b

the [2,3]-rearrangement product 26¢

HPLC (Silica gel 60-5 mm, 7.5 0.d. x 300 mm, 5% ethyl acetate in hexane, 3.4 mL/
min); Rt=14.5-15.3 min

1H NMR (90 MHz, CDCl3) § 5.95 (m, 1H, a), 5.89 (ddd, 1H, b, J = 15, 9.5, 5.6 Hz), 5.44
(ddd, 1H, ¢, J = 15 Hz), 5.26 (ddd, 1H, d, J = 9.5 Hz), 4.24 (m, 1H, e), 3.72 (brdd, 1H, f,
J =5.6,4.6 Hz), 2.64 (d, 1H, g, J = 16.4 Hz), 2.53 (dd, 1H, g, J = 16.4, 1.0 Hz), 1.8 -2.5
(m, 4H, h), 0.17 (s, 9H, 1)

a B d

preparation of ESP-CAL model 28 and Bergman cyclization of 28

A mixture of the alcohol 26b (20 mg, 0.06 mmol), dichloromethane (2 mL) and
DMAP (100 mg, 0.82 mmol) was added dropwise distilled mesyl chloride (0.02 mL,
0.25 mmol) at -20 °C. After being stirred for 30 min at 0 °C, the reaction mixture was
poured into water. The aqueous layer was extracted with pentane and the combined
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organic layer was washed with brine and dried over Na2S04. After the solution was
concentrated to 1 mL in vacuo, the residue was passed through the short pad of
silica gel eluted with petroleum ether to give the solution of 28. After the solution of
28 was concentrated to 0.5 mL in vacuo at 0 °C, the residue was immediately diluted
with degassed benzene (30 mL) and the resulting solution was standing in the
presence of hydroquinone (1 g) at room temperature for 24 h to give the cyclized
product 30 (10 mg, 0.03 mmol) in 50% yield.

1-#-butyldimethylsilyloxy-6-vinylbicyclo[7.3.0]dodeca-5,9-diene-3,7-diyne (28)

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with hexane, 2.0 mL/min);
Rt=16-17 min

1H NMR (90 MHz, CDCl3) & 6.38 (dd, 1H, a, J = 16.3, 9.9 Hz), 6.06 (t, 1H, b,d = 2.6
Hz), 5.98 (br, 1H, ¢), 5.71(d, 1H, d, J = 9.9 Hz), 5.69 (d, 1H, e, J = 16.3 Hz), 2.88 (d, 1H,
f, J=18Hz),2.85 (d, 1H, f, J = 18 Hz), 1.8 -2.7 (m, 4H, g), 0.89 (s, 9H, h), 0.06 (s, 6H, 1)

y b a d
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2,3,3a,4-tetrahydro-3a-t-butyldimethylsilyloxy-7-vinylcyclopent{alindene (30)

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with hexane, 2.0 mL/min);
Rt=10.7-11.2 min -

1H NMR (90 MHz, CDCl3) § 7.47 (br, 1H, a), 7.24 (d, 1H, b or ¢, J = 6.1 Hz), 7.18 (4,
1H, cor b, J = 6.1 Hz), 6.72 (dd, 1H, d, J = 17.8, 10.5 Hz), 5.93 (dd, 1H, e, J = 3.5, 1.7
Hz), 5.76 (dd, 1H, f, J = 17.8, 1.1 Hz), 5.20 (dd, 1H, g, J = 10.5, 1.1 Hz), 2.92 (brs, 2H,
h), 1.8 -2.8 (m, 4H, i), 0.74 (s, 9H, j), -0.11 (s, 3H, k or 1), -0.28 (s, 3H, 1 or k)

IR (CHCIl3) 2920, 2850, 1060, 1010.

MS(ED); m/z 312(M+, 5.9%), 255(33.7%), 181(11.6%), 75(100%)
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o 30
6-oxabicyclo[10.3.0] pentadec-1,8,12-triene-3,10-diyne (31)
To a solution of the alcohol 24 (30 mg, 0.14 mmol) in dichloromethane (2 mL)

and DMAP (100 mg, 0.82 mmol) was added dropwise distilled mesyl chloride (0.02
mL, 0.25 mmol) at 0 °C. After being stirred for 1 h at the same temperature, the



reaction mixture was poured into water. The aqueous layer was extracted with
ether and the combined organic layer was washed with brine and dried over
NapSOy4. After removal of the solvent , the residue was column chromatographed on

silica gel (elution with hexane : ether = 10 : 1) to give the dehydrated product 31 (14
mg, 0.07 mmol, 50%).

1H NMR (90 MHz, CDCl3) § 6.54 (br 1H, a), 6.00 (dd, 1H, b, d = 10.3, 7.0 Hz), 5.95 (4,
1H, ¢, J = 10.3 Hz), 5.42 (br, 1H, d), 4.2-4.7 (m, 4H, e), 2.4-2.8 (m, 4H, f)
13C NMR (22.5 MHz, CDCl3) § 156.6, 148.8, 137.4, 126.9, 117.1, 98.2, 90.2, 89.9, 86.1,
85.3, 63.9, 56.6, 31.1, 31.0
IR (neat) 3010, 2920, 2860, 2180, 1700, 1440, 1360, 1215, 1060, 920, 745, 660
c
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2.3,3a,4-tetrahydro-3a-methoxymethyloxy-7-vinyleyclopent[alindene (32)

To a mixture of dry dimethyl sulfoxide (0.06 mL, 0.84 mmol) and dry
dichloromethane (1.5 mL) was added distilled oxalyl chloride (0.03 mL, 0.35 mmol)
at -78 °C. After 1 h, a solution of 26a (10 mg, 0.05 mmol) in dry dichloromethane (1.5
ml) was gdded to the mixture at the same temperature. After 1 h, dry triethylamine
(0.6 mL) was added to the reaction mixture at -78 °C. After being stirred for 30 min
at room temperature, the reaction mixture was poured into water and the aqueous
layer was extracted with ether. The combined organic layer was washed with
saturated copper sulfate, saturated sodium bicarbonate, brine and dried over
Na2S04. After removal of the solvent, the residue was column chromatographed on

silica gel (elution with hexane : ether = 20 : 1) to give the cyclized product 32 (3 mg,
0.015 mmol, 30%).

HPLC (Silica gel 60-5 mm, 7.5 o0.d. x 300 mm, elution with 0.5% [-PrOH in hexane,
3.3 mL/min); Rt=5.2-5.8 min

IH NMR (80 MHz, CDCl3) § 7.51 (br, 1H, a), 7.26 (d, 1H,borec,J =54 Hz), 7.20 (d,
1H, corb, J =5.4 Hz), 6.70 (dd, 1H, d, J = 18.0, 10.0 Hz), 6.12 (br, 1H, e), 5.76 (d, 1H, f,
J =18.0 Hz), 5.24 (d, 1H, g, J = 10.0 Hz), 4.66 (d, 1H, h, J = 7.3 Hz), 4.61 ( d,1H,h,J =
7.3 Hz), 3.24 (s, 3H, 1), 3.22(d, 1H, j, J = 16 Ha), 2.84 (4, 1H, j, J = 16 Hz), 1.8 -2.1 (m,

4H, k) e a d
k N

_/O\/o ]
L6 ! h on



tetrahydro-2-(Z)-(3-methyl-2-penten-d-ynyloxy)l-2H-pyran (34)

To a mixture of commercially available 3-methyl-2-penten-4-yn-1-ol (33) (15.0
g, 156 mmol), dry dichloromethane (120 mL), and a catalytic amount of p-
toluenesulfonic acid was added dihydropyrane (15.7 mL, 172 mmol) at 0 °C. After
the addition was complete, the mixture was poured into ice-cooled saturated sodium
bicarbonate. The aqueous layer was extracted with ether and the combined organic
layer was washed with brine and dried over MgSO4. After removal of the solvent,
the residue was purified by short column chromatography on silica gel (elution with
hexane : ether = 10 : 1) to give the ether 34 (28.0 g, 155 mmol, quant.).

15 NMR (90 MHz, CDCl3) § 5.90 (brt, 1H, a, J = 6.8 Hz), 4.61 (br, 1H, b), 4.0 -4.5 (m,
9H, c), 3.3 -4.0 (m, 2H, d), 3.13 (brs, 1H, e), 1.88 (dt, 3H, f,J = 1.3, 1.3 Hz), 1.3 -1.8 (m,

6H, g)
130 NMR (22.5 MHz, CDCl3) & 135.4, 120.2, 98.5, 82.0, ,65.8, 62.2, 30.7, 25.5, 23.0,
19.6. -
IR (neat) 3280, 2930, 2860, 1440, 1380, 1355, 1320, 1260, 1205, 1120, 1080, 1055, 1025, 910,
870, 870, 815, 640 o

Me
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1_(4_bmmo.2—butynyl)-2-[(Z)-5—hydmxy—3—methyl-3-penten—1—ynyl]-2-cyclopenten—1-ol
@35)

To a mixture of palladium acetate (3 mol%, 88 mg), triphenylphosphine (12
ﬁ;ol%, 476 g), Cul (6 mol%, 173 mg) and ¢-butylamine (3.2 mL, 30 mmol) in benzene
(32 ml) was added a solution of alkenyl bromide 17 (3.5 g, 15.2 mmol) in benzene (16
mL) and a golution of the enyne 34 (3.27 g, 18.1 mmol) in benzene (16 mL) at room
temperature. After being stirred for 3.5 h at the same temperature, the reaction
mixture was diluted with ethyl acetate and filtered by cotton. The filtrate was
washed with ammonia-ammonium chloride pH 8 buffer solution and 1N HCl. The
aqueous layer was extracted with ethyl acetate twice and the combined organic layer
was washed with saturated sodium bicarbonate, brine and dried over MgSQO4. After
e solvent, the residue was column chromatographed on silica gel

removal of th
(elution with hexane : ethyl acetate = 3 : 2) to give the coupling product (4.38 g, 13.3

mmol, 87%)-



To a mixture of the coupling product (3.8 g, 11.5 mmol) and pyridine (0.94 mL,
11.6 mmol) in dry acetonitrile (80 mL) was added tetrabromomethane (1.01 eq, 3.84
g) and triphenylphosphine (1.01 eq, 3.04 g) in several portions at -40 °C. The mixture
was stirred for 2 h at the -20 °C, methanol (1 mL) was added to the clear solution at
the same temperature. Then the reaction mixture was poured into ice-cooled
saturated sodium bicarbonate. The aqueous layer was extracted with ethyl acetate
and the combined organic layer was washed with brine and dried over Na2SOu4.
After removal of the solvent, the residue was dissolved by pentane (40 mL), ether (20
mkL), ethyl acetate (2 mL), and water (1 mL) with vigorous stirring. After
decantation, the residue was washed with five portions of pentane (20 mL), ether (10
mL), and water (0.5 mL) with vigorous stirring. The combined filtrate was washed
with saturated copper sulfate, saturated sodium bicarbonate, brine and dried over
Na2SO04. After removal of the solvent, the residue (6.12 g) was diluted with methanol
(50 mL). A catalytic amount of pyridinium p-toluenesulfonate (90 mg) was added to
the solution at room temperature. After being stirred for 15 h, the reaction mixture
was concentrated to 10-20 mL under reduced pressure at 20 °C. The concentrated
solution was poured into ice-cooled saturated sodium bicarbonate and the aqueous
layer was extracted with ethyl acetate. The combined organic layer was washed
with brine and dried over Na2SO4. After the removal of the solvent, the residue was
purified by the column chromatography on silica gel (elution with hexane : ethyl
acetate = 1: 1) to give the bromo alcohol 35 (2.50 g, 8.1 mmol, 70%).

1H NMR (90 MHz, CDCl3) § 6.20 (t, 1H, a, J = 2.8 Hz), 5.89 (tq, 1H, b, J = 6.8, 1.6 Hz),
4.28 (dd, 2H, ¢, J = 6.8, 0.9 Hz), 3.91 (t, 2H, 4, J = 2.5 Hz), 2.70 (dt, 1H, e, J = 16.6, 2.5
Hz), 2.65 (dt, 1H, e, J = 16.6, 2.5 Hz), 1.9 -2.6 (m, 4H, f), 1.93 (dt, 3H, g, J = 1.6, 0.9 Hz)
13C NMR (22.5 MHz, CDCl3) § 140.0, 136.0, 129.6, 120.9, 91.2, 88.2, 85.1, 83.9, 77.2,
66.0, 61.2, 36.9, 30.5, 23.1, 15.2

IR (neat) 3354, 3052, 2920, 2846, 2310, 2230, 2186, 1728, 1435, 1206, 1062, 1003, 959, 736,
696, 608, 541

9-methyl-6-oxabicyclo[10.3.0]pentadec-8,12-diene-3,10-diyn-1-o0l (36)

To a suspension of NaH (55%, 280 mg), which was already washed with dry
hexane (5 mL X3), in dry THF (65 mL), dry HMPA (0.5 ml, 2.2 mmol), and ethanol



'0.03 mL) was slowly added a solution of the bromo alcohol 35 (207 mg, 0.67 mmol) in
dry THF (65 mL) dropwise over 32 h using microfeeder at 20 °C. After being stirred
for 1 h at the same temperature, the reaction mixture was poured into ice-cooled
saturated ammonium chloride and the aqueous solution was extracted with ethyl
acetate. The combined organic layer was washed with brine and dried over Na2SOy4.
After removal of the solvent, the residue was purified by short column
chromatography on silica gel (elution with hexane : ethyl acetate = 8 : 1) to give the
cyclic ether 36 (134 mg, 0.59 mmol, 88%).

1H NMR (90 MHz, CDCl3) § 6.18 (t, 1H, a, J = 2.9 Hz), 5.85 (tq, 1H, b, J = 7.9, 1.6 Hz),
4.30 (brd, 2H, ¢, J = 7.9 Hz), 4.15 (t, 2H, d, J = 2.1 Hz), 2.69 (dt, 1H, e, J = 17, 2.1 Hz),

2.64 (dt, 1H, e,J =17,2.1 Hz), 1.8 -2.6 (m, 4H, ), 1.97(d, 3H, g, J = 1.6 Hz) ,
13C NMR (22.5 MHz, CDCl3) § 139.3, 131.1, 130.6, 127.2, 91.9, 89.3, 83.5, 83.0, 804

65.1, 56.4, 38.5, 31.9, 29.8, 22.7.
IR (neat) 3416, 2936, 2848, 2280, 2218, 2192, 1733, 1625, 1446, 1353, 1258, 1056, 924, 892,
804, 734, 714, 588.

protection of the alcohol 36 i

To a mixture of the alcohol 36 (134 mg, 0.59 mmol), dry triethylamine (0.35
mL, 3 mmol), and dry dichloromethane (3 mL) was added trimethylsilyl
trifluoromethanesulfonate (0.19 mL, 0.98 mmol) dropwise at 0 °C. After being
stirred for 18 h at 20 °C, the reaction mixture was diluted with ether. The solution
was washed with saturated sodium bicarbonate, brine and dried over Nag2S0O4. After
removal of the solvent, the residue was column chromatographed on silica gel
(elution with hexane : ether = 20 : 1) to give the ether 87 (123 mg, 0.41 mmol, 70%).
When this reaction was carried out at 30 °C, 89 was also obtained(~10%).

1-trimethylsilyloxy-9-methyl-6-oxabicyclo[10.3.0lpentadec-8,12-diene-3,10-diyne (37)
1H NMR (90 MHz, CDCI3) 6 6.10 (t, 1H, a, J = 2.8 Hz), 5.78 (m, 1H, b), 3.8 -4.3 (m, 4H,
¢), 2.56 (dt, 1H, d, J = 13, 2.6 Hz), 1.8 -2.54 (m, 5H, e), 1.95 (brs, 3H, 0), 0.20 (s, 9H, g)
13C NMR (22.5 MHz, CDCl3) 5 137.8, 132.2, 131.5, 126.9, 91.8, 90.6, 85.9, 85.0, 78.6,
61.6, 55.9, 40.0, 33.1, 29.8, 22,6, 2.1 |

£a



IR (neat) 2950, 2896, 2848, 2284, 2198, 1624, 1450, 1352, 1320, 1250, 1181, 1123,1090,

1059, 988, 927, 894, 842, 756 f
Me
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1-(4-u'imethylsﬂyloxy-2-butynyl)-2-(3-methylene-4-penten-1-ynyl)-2-cyclopenten—1-y1
trimethylsilyl ether (39)

1H NMR (500 MHz, CDCl3) § 6.368 (dd, 1H, a, J = 17.0, 10.1 Hz), 6.205 (t, 1H, b, J =
2.75 Hz), 5.702 (dd, 1H, ¢, J = 17.0, 0.92 Hz), 5.520 (s, 1H, d), 5.433 (4, 1H, e, J =
0.92Hz), 5.256 (ddd, 1H, f, J = 10.1, 0.92, 0.92 Hz), 4.252 (t, 1H, g, J = 2.29 Hz), 2.671
(dt, 1H, h, J = 16.5, 2.92 Hz), 2.655 (dt, 1H, h, J = 16.5, 2.29 Hz), 2.5-2.6 (m, 1H, 1), 2.3-
2.47 (m, 2H, i,j), 1.97-2.07 (m, 1H, j), 0.152 (s, 3H, k or 1), 0.124 (s, 3H, 1 or k)

13C NMR (125 MHz, CDCl3) & 139.9, 136.0, 130.6, 130.3, 123.4, 117.9, 89.1, 87.8, 86.9,
82.1,79.6, 51.3, 36.8, 31.8, 30.9, 1.9, -0.3

IR (CHCI3 solution) 3026, 3008, 2956, 2440, 2396, 1602, 1252, 1176, 1145, 1122, 1082, 997,
923, 895, 864, 844

1-hydroxy-6-methyl-6-vinylbicyclo[7.3.0]dodec-9-ene-3,7 -diyn-5-yl acetate (40)

To a solution of the protected cyclic ether 87 (74 mg, 0.25 mmol) in dry THF (7
mL) was added ¢-butyllithium (1.93 N, 1.2 eq, 0.20 mL) dropwise at -78 °C. After 10
min, 3 mL of saturated ammonium chloride was added to the reaction mixture in
one portion at the same temperature. After being stirred for 10 min at room
temperature, the mixture was diluted with ether. The organic layer was washed
with saturated ammonium chloride, and the aqueous layer was extracted with
ether. The combined organic layer was washed with brine and dried over Na2SOu4.
After removal of the solvent, the crude 38 was used for the next reaction without
further purification.

A mixture of the crude alcohol 38, dichloromethane (2 mL) and pyridine (0.18
mL, 2.2 mmol) was added acetyl chloride (0.08 mL, 1.1 mmol) dropwise at 0 °C.
After being stirred for 15 min at the same temperature, the reaction mixture was
poured into water. The organic layer was washed with saturated copper sulfate, the
aqueous layer was extracted with ether. The combined organic layer was washed

~-60-



with saturated sodium bicarbonate, brine and dried over Na2SO4. After removal of
the solvent, acetic acid, THF and water (4:1:1, 3 mL) was added to the residue at 20
°C. After being stirred for 1 h at the same temperature, the reaction mixture was
diluted with ether. The solution was washed with saturated sodium bicarbonate
several times and brine, and dried over NagS04. After removal of the solvent, the
residue was column chromatographed on silica gel (elution with hexane : ether =5 :
1) to give the alcohol 40 (46 mg, 0.17 mmol, 68% from the cyclic ether 37).

33
HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, 0.5% i-PrOH in hexane, 3.3 mL/ min);
Rt=6.5-7.2 min
1H NMR of 38 (500 MHz, CDCls) § 5.945 (t. 1H, a, J = 2.75 Hz), 5.839 (dd, 1H,b,dJd =
16.95, 10.08 Hz), 5.502 (dd, 1H, ¢, J = 16.95, 1.38 Hz), 5.230 (dd, 1H, d, J = 10.08, 1.38
Hz), 4.037 (4, 1H, e, J = 9.16 Hz), 2.670 (d, 1H, f, J = 16.96 Hz), 2.564 (dddd, 1H, g, J =
18.3, 8.71, 5.50, 2.75 Hz), 2.482 (d, 1H, f, J = 16.96 Hz), 2.403 (dddd, 1H, g, J = 18.3,
9.16, 4.13, 2.75 Hz), 2.218 (ddd, 1H, h, J = 13.6, 8.71, 4.13 Hz), 1.941(ddd, 1H, h,J =
13.6, 9.16, 5.50 Hz), 1.359 (s, 8H, 1), 0.161 (s, 9H, j) '
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1H NMR (500 MHz, CDCl3) 5 5.979 (t, 1H, a, J = 2.75 Hz), 5.671 (dd, 1H, b, J = 17.0,
10.1 Hz), 5.524 (dd, 1H, ¢, J = 17.0, 1.37 Hz), 5.165 (dd, 1H, d, J = 10.1, 1.37 Hz), 5.295
(brs, 1H, e), 2.679 (4, 1H, f, J = 17.0 Hz), 2.640 (dd, 1H, f, J = 17.0, 1.37 Hz), 2.616
(dddd, 1H, g, J = 18.3, 9.17, 5.50, 2.75 Hz), 2.422 (dddd, 1H, g, J =18.3, 8.7, 4.13, 2.75
Hz), 2.180 (ddd, 1H, h, J = 13.7, 9.17, 4.13 Hz), 1.924 (ddd, 1H, h, J = 13.7, 8.7, 5.50 Hz),
2.041 (s, 8H, 1), 1.417 (s, 34, j)

1H NMR (500 MHz, CeDg) § 5.654 (dd, 1H, ¢, J = 17.0, 1.84 Hz), 5.642 (¢, 1H, 8, = 2.75
Hz), 5.595 (dd, 1H, b, J = 17.0, 9.62 Hz), 5.506 (brs, 1H, e), 5.002 (dd, 1H, d J =9.62,
1.84 Hz), 2.425 (d, 1H, f, J = 17.0 Hz), 2.153 (dddd, 1H, g, J = 17.9, 8.70, 5.04, 2.75 Ha),
2.109 (dd, 1H, f, J = 17.0, 1.5 Hz), 2.007 (ddd, 1H, h, J = 13.8, 8.70, 4.12 Hz), 1.840
(dddd, 1H, g, J = 17.9, 8.70, 4.12, 2.75 Hz), 1.520 (s, 1H, i), 1.393 (ddd, 3H, h J = 13.8,
8.70, 4.12, 2.75 Hz), 1.279 (s, 3H, j)

13C NMR (125 MHz, CDCl3) § 170.0, 136.8, 134.6, 129.8, 116.9, 100.1, 93.2, 87.4, 87.0,
84.5,72.9,51.6, 36.5, 32.8, 30.2, 26.2, 20.9



13C NMR (125 MHz, CeDs) 5 169.4, 137.6, 134.2, 130.8, 116.7, 100.5, 93.9, 88.4, 87.2,
85.2,73.2,562.3, 36.7, 33.0, 30.3, 26 .4, 20.3

IR (neat) 3440, 2930, 2850, 2352, 2210, 1742, 1453, 1370, 1228, 1149, 1063, 1023, 927,
850, 759.

MS(FD) m/z 270 (M+)
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6-methyl-6-vinylbicyclo[7.3.0ldodeca-1,9-diene-3,7-diyn-5-yl acetate (41)

To a solution of the alcohol 40 (15 mg, 0.056 mmol) in dichloromethane (2 mL)
and DMAP (100 mg, 0.82 mmol) was added dropwise distilled mesyl chloride (0.02
mL, 0.25 mmol) at 0 °C. After being stirred for 20 min at 20 °C, the reaction mixture
was poured into water. The aqueous layer was extracted with ether and the
combined organic layer was washed with brine and dried over NasSO,. After
concentration of the resulting solution to 1 mL, the residue was passed rapidly
through a short pad of silica gel (Kieselgel 100, Art. 10185, Merck, elution with
hexane : ether = 5 : 1), After removal of the solvent at -20 °C, thus obtained pure 41
(12 mg, 0.048 mmol, 86%) was dissolved with C¢Dg and immediately examined by

NMR spectroscopy at room temperature. The lablle 41 was easily decomposed in
CDCl3 within three hours.

IH NMR (500 MHz, CDCl3) § 6.347 (m, 1H, a), 5.684 (dd, 1H, b, J = 16.95, 10.08 Hz),
5.500 (dd, 1H, ¢, J = 16.95, 1.37 Hz), 5.384 (dd, 1H, d, J = 1.38 Hz), 5.282 (br, 1H, e),
5.161 (dd, 1H, f, J = 10.08, 1.37 Hz), 2.718 (m, 2H, g or h), 2.587 (m, 2H, h or g), 2.039
(s, 3H, 1), 1.452 (s, 3H, j)

1H NMR (500 MHz, CgDs) § 5.926 (dt, 1H, a,J =1.83, 3.0 Hz), 5.69 -5.71 (m, 3H, b,c,d),
5.108 (br, 1H, e), 5.079 (dd, 1H, £, J = 6.88, 4.58 Hz), 2.08 -2.12 (m, 2H, g), 1.88 -1.92 (m,
2H, h), 1.640 (s, 3H, 1), 1.385 (s, 3H, j)

13C NMR (125 MHz, CeDs, 0.06 M) & 164.9, 161.1, 140.6, 136.6, 130.5, 117.6, 105.2,
101.4, 100.5, 98.7, 92.7, 79.9, 60.4, 42.0, 41.5, 37.6, 32.6

IR (CCl4 soln.) 2956, 2926, 2854, 2184, 1742, 1369, 1228, 1122, 107 1, 1018, 975, 926.



l-hydroxy-6-methyl-6-vinylbicyclo[7.3.0ldodec-9-ene-3,7 -diyn-5-yl p-nitrobenzoate (42)

A mixture of the alcohol 38 (39 mg, 0.13 mmol), dichloromethane (2 mL) and
yyridine (0.2 mL, 2.5 mmol) was added p-nitrobenzoyl chloride (72 mg, 0.39 mmol)
iropwise at 0 °C. After being stirred for 4 h at room temperature, the reaction
nixture was poured into water. The organic layer was washed with saturated
sopper sulfate, the aqueous layer was extracted with ether. The combined organic
ayer was washed with saturated copper sulfate, saturated sodium bicarbonate,
srine and dried over Na2S04. After removal of the solvent, a mixture of acetic acid,
THF and water (4:1:1, 5 mL) was added to the residue at 20 °C. After being stirred
for 30 min at the same temperature, the reaction mixture was diluted with ether.
The solution was washed with ice-cooled saturated sodium bicarbonate several
times and brine, and dried over Na2SO4. After removal of the solvent, the residue.
was column chromatographed on silica gel (elution with hexane : ether =5 : 1) to
give the alcohol 42 (28 mg, 0.074 mmol, 57%).

1H NMR (500 MHz, CDCl3) § 8.272 (d, 1H, a or b, J = 9.2 Hz), 8.156 (4, 1H, bora,d =
9.2 Hz), 6.034 (t, 1H, ¢, J = 2.75 Hz), 5.376 (dd, 1H, d, J = 17.0, 10.1 Hz), 5.594 (dd, 1H,
e,d =17.0, 1.38 Hz), 5.480 (s, 1H, f), 5.154 (dd, 1H, g, J = 10.1, 1.38 Hz), 2.707 (d, 1H, h,
J = 17.4 Hz), 2.690 (d, 1H, h, H = 17.4 Hz), 2.638 (dddd, 1H, i, J = 18.3, 8.9, 5.0, 2.75
Hz), 2.452 (dddd, 1H, i, J = 18.3, 8.7, 4.1, 2.75 Hz), 2.187 (ddd, 1H, j, J = 14.2, 8.9,
4.1Hz), 1.950 (ddd, 1H, j, J = 14.2, 8.7, 5.0 Hz), 1.503 (s, 3H, k)

13C NMR (125 MHz, CDCl3) 5 163.7, 150.8, 136.7, 135.05, 135.02, 130.9, 129.7, 123.7,
117.4,99.7,94.2, 87.9, 87.1, 84.0, 74.6, 51.9, 36.6, 32.9, 30.3, 26.3
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6-methyl-6-vinylbicyclo[7.3.0ldodec-1,9-diene-3,7-diyn-5-yl p-nitrobenzoate 43)

To a solution of the alcohol 42 (7 mg, 0.018 mmol) in dichloromethane (1 mL)
and DMAP (100 mg, 0.82 mmol) was added dropwise distilled mesyl chloride (0.02
mL, 0.25 mmol) at -20 °C. After being stirred for 1 h at 10 °C, the reaction mixture
was poured into water. The aqueous layer was extracted with ether and the
combined organic layer was washed with brine and dried over NagSOy. After
removal of the solvent, the residue was column chromatographed on silica gel
(elution with hexane : ether = 10 : 1) to give the dehydrated product 43 (3 mg, 0.008
mmol, 42%).



1H NMR (500 MHz, CDCl3) § 8.260 (d, 1H, aor b, J = 8.5 Hz), 8.178 (4, 1H, bor a, J =
8.5 Hz), 6.396 (s, 1H, ¢), 5.760 (dd, 1H, d, J = 17.0, 10.1 Hz), 5.572 (d, 1H, e, J = 17.0
Hz), 5.536 (s, 1H, f), 5.299 (s, 1H, g), 5.163 (d, 1H, h, J = 10.1 Hz), 2.7-2.8 (m, 2H, i or j),
2.58-2.65 (m, 2H, j or i), 1.531 (s, 3H, k)

13C NMR (125 MHz, CDCl3) d 165.8, 163.8, 150.7, 143.2, 136.7, 135.2, 131.0, 127.4, 123.5,
116.9, 101.2, 97.2, 95.3, 95.0, 87.8, 75.0, 51.4, 31.3, 30.7, 26.0

= ™
1] a
43 °

6-methyl-6-vinylbicyclo[7.3.0ldodec-9-ene-3,7-diyne-1,5-diol (44)

To a solution of the protected cyclic ether 37 (60 mg, 0.20 mmol) in dry THF (6
mL) was added ¢-butyllithium (1.93 N, 1.5 eq, 0.16 mL) dropwise at -78 °C. After 10
min, 2 mL of saturated ammonium chloride was added to the reaction mixture in
one portion at the same temperature. After being stirred for 10 min at room
temperature, the mixture was diluted with ether. The organic layer was washed
with saturated ammonium chloride, and the aqueous layer was extracted with
ether. The combined organic layer was washed with brine and dried over Na2SQ4.
After removal of the solvent, acetic acid, THF and water (4:1:1, 3 mL) was added to
the crude 88 at 20 °C. After being stirred for 2 h at the same temperature, the
reaction mixture was poured into ice-cooled saturated sodium bicarbonate and the
aqueous layer was extracted with dichloromethane. The combined organic layer
was washed with saturated sodium bicarbonate and brine, and dried over Na2SOQa.
After removal of the solvent, the residue was column chromatographed on silica gel
(elution with hexane : ether = 2 : 1) to give the diol 44 (32 mg, 0.14 mmol, 70% ).

1H NMR (500 MHz, CDCl3) 8 5.990 (t, 1H, a, J = 2.75 Hz), 5.800 (dd, 1H, b, J = 16.5,

10.1 Hz), 5.523 (d, 1H, ¢, J = 16.5 Hz), 5.237 (d, 1H, 4, J = 10.1 Hz), 4.071 (s, 1H, e),

2.698 (d, 1H, f, J = 17.0 Hz), 2.603 (4, 1H, f, J = 17.0 Hz), 2.57 -2.67 (m, 1H, g), 2.388

(dddd, 1H, g, J = 17.9, 8.70, 3.67, 2.75 Hz), 2.142 (ddd, 1H, h, J = 13.8, 8.25, 3.67 Hz),

1.897 (ddd. 1H, h, J = 13.8, 8.70, 5.95 Hz), 1.366 (s, 3H, 1)

13C NMR (125 MHz, CDCl3) & 137.9, 135.1, 129.8, 116.9, 100.8, 91.4, 87.5, 87.4, 86.6,

73.2,53.13, 37.3, 32,5, 30.1, 26.1

IR(CHCIg, solution) 3406, 2928, 2854, 2204, 1602, 1528, 1283, 1069, 1038, 1014, 924, 849
a il_#e b

d
g ( @— S
h \ — e OH

44



sthyl (7-methyl-6-oxo-7-vinyl-1,2,3,5,6,7 -hexahydro-1-s-indacenylthio)acetate (47)

To a mixture of dry dimethyl sulfoxide (0.40 mL, 5.6 mmol) and dry
-hloromethane (3 mL) was added distilled oxalyl chloride (0.24 mL, 2.8 mmol) at -
°C. After 30 min, a solution of the diol 44 in dry dichloromethane (3 mL) was
ded to the mixture at the same temperature. After 1 h, dry triethylamine (2 mL)
1s added to the reaction mixture at -78 °C. After the suspension was stirred for 30
in at -30 °C, methyl thioglycolate (0.1 mL) was added dropwise to the resulting
lution of 45 at the same temperature. After being stirred for 30 min at -30 °C, the
action mixture was poured into water and the aqueous layer was extracted with
her. The combined organic layer was washed with brine and dried over Na2S04.
ter removal of the solvent, the residue was column chromatographed on silica gel
lution with hexane : ether = 12 : 1) to give a 1 : 1 mixture of diastereomers 47 (24

g, 0.076 mmol, 54%).

PLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, 10% ethyl acetate in hexane, 3
L/min); Rt=20-22 min

I NMR (500 MHz, CD3Cly); see attached spectra.

Aneat); 2954, 2926, 2854, 1743, 1601, 1436, 1286, 1262, 1126, 1009, 930, 809

S(FD); m/z 316 (M+)

SCH2C02 Me

\S* 3R* 4R*)-4-(¢-butyldimethylsilyloxy)-2,3-epoxycyclopentanone (55)

To a mixture of 2-(¢-butyldimethylsilyloxy)-3-cyclopentenone (54) (13.4 g, 63.6
imol) in dichloromethane (200 mL) and tetrabutylammonium hydrogensulfate (1.3
. 3.8 mmol) was added 10% aqueous solution of sodium hypochloride (33 mL, 445
1mol) dropwise at 0 °C. After being stirred for 24 h at room temperature, the
saction mixture was poured into an aqueous solution of saturated sodium
yiosulfate. The aqueous layer was extracted with ether and combined organic
iyer was washed with saturated ammonium chloride and brine. The organic
olution was dried over MgSQO4. After removal of the solvent, the residue was
slumn chromatographed on silica gel (elution with hexane : ether = 85: 15) to give
ae epoxide 55 (10.3 g, 45.2 mmol, 71%).



1H NMR (90 MHz, CDCl3) 6 4.60 (brd, 1H, ¢, J = 5.7 Hz), 3.79(d, 1H, a,J = 2.1 Hz),'
3.40 (brd, 1H, b, J = 2.1 Hz), 2.61 (dd, 1H, d, J = 18.0, 5.7 Hz), 1.93 (dd, 1H, d, J = 18.0
Hz), 0.89 (s, 9H, ), 0.12 (s, 6H, e)

IR(neat) 2930, 2856, 1756, 1470, 1396, 1347, 1258, 1161, 1084, 1006, 977, 902, 782, 669, 433

o"’ a
S0
d
c

TBDMSO
f e 55

(25*3R* AR*)4-(t-butyldimethylsilyloxy)-1-[(Z)-5- (tetrahydro-2H-pyran-2-yloxy)-3-
methyl-3-penten-1-ynyl]-2,3-epoxycyclopentanol (58)

To a solution of (Z)-1-(tetrahydro-2H-pyran-2-yloxy)-3-methyl-2-penten-4-yne
(34) (1.04 g, 5.78 mmol) in dry THF (20 mL) was added dropwise a solution of
butyllithium (1.84 N, 2.9 mL, 5.33 mmol) at -78 °C. After 1 h, a solution of the ketone
55 (1.01 g, 4.4 mmol) in dry THF (10 mL) was added dropwise at the same
temperature. The temperature gradually rose up to -50 °C. The reaction mixture
was poured into an aqueous solution of saturated ammonium chloride, and the
aqueous layer was extracted with ether. The combined organic layer was washed
with brine and dried over MgSO4. After removal of the solvent, the residue was
column chromatographed on silica gel (elution with hexane : ether = 2 : 1) to give
the 1,2-adduct 56 (1.37 g, 3.33 mmol, 75%).

1H NMR (200 MHz, CDCl3) 8 5.83 (dd, 1H, f, J = 7.41, 6.59 Hz), 4.69 (m, 1H, h), 4.45 (d,
1H, ¢, J = 5.29 Hz), 4.28 (d, 1H, g, J = 7.41 Hz), 4.25 (m, 1H, g), 3.79-3.93 (m, 1H, i),
3.56 (d, 1H, a, J = 2.36 Hz), 3.44-3.58 (m, 1H, i), 3.38 (dd, 1H, b, J = 2.36 Hz), 2.06 (d,
1H, d, J = 13.9 Hz), 1.89 (dd, 1H, d, J = 13.9, 5.29 Hz), 1.83 (s, 3H, ), 1.4-1.8 (m, 6H, j),
0.845 (s, 9H, 1), 0.04 (s, 6H, k)

IR(neat) 3422, 2946, 2242, 1632, 1384, 1253, 1121, 1020, 908, 838, 733, 429

~AA-



(3R*4R* 5R*)-3-(-butyldimethylsilyloxy)-1-[(Z)-5-(tetrahydro-2H-pyran-2-yloxy)-3-
methyl-3-penten-1-ynyl]-4,5-epoxy-1-cyclopentene (57)

To a solution of the alcohol 56 (1.53 g, 3.75 mmol) in freshly distilled dry
jichloromethane (30 mlL) was added 2,6-luthidine (1.30 mL, 11.25 mmol) and
-rifluoromethanesulfonic acid anhydride (0.63 mL, 3.75 mmol) dropwise at -78 °C.
After being stirred for 20 min at the same temperature, the reaction mixture was
soured into water. The aqueous layer was extracted with ether and combined
yrganic layer was washed with saturated copper sulfate, sodium bicarbonate, and
srine. The organic solution was dried over Na2S0O4. After removal of the solvent,
‘he residue was column chromatographed on silica gel (elution with hexane : ether
= 10 : 1) to give the diene monoxide 57 (786 mg, 2.02 mmol, 54%).

lH NMR (200 MHz, CDCl3) 3 6.12 (m, 1H, d), 6.10 (m, 1H, ), 4.61 (m, 2H, c,h), 4.34-
£.10 (m, 2H, g), 3.94-3.78 (m, 3H, a,b,1), 3.44-3.58 (m, 1H, j), 1.85 (m,3H e), 0.90 (m,
)H, 1), 0.12 (m, 6H, k)

R(neat) 2948, 2192, 1632, 1593, 1460, 1202, 1024, 834, 671

TBDMSO
Ik

- 57
1S*25*,3R*)-2-(t-butyldimethylsilyloxy)-5-[(Z)-5-(tetrahydro-2H-pyran-2-yloxy)-3-
nethyl-3-penten-1-ynyl]-3-hydroxy-4-cyclopentenyl benzoate (58)

A mixture of palladium acetate (50.6 mg, 20 mol%, 0.226 mmol),
riphenylphosphine (237 mg, 0.904 mmol), and benzoic acid (415.3 mg, 3.4 mmol)
vas stirred for 1 h at room temperature. To the mixture was added a solution of
liene monoxide 57 (442.6 mg, 1.13 mmol) in THF (5 mL) dropwise at 0 °C. After
eing stirred for 24 h at room temperature, the reaction mixture was filtered
hrough Celite with hexane. The filtrate was washed with saturated sodium
icarbonate and brine. The organic solution was dried over MgSO4. After removal
f the solvent, the residue was column chromatographed on silica gel (elution with
iexane : ether = 1: 1) to give the benzoate 58 (515 mg, 1.0 mmol, 89%).

H NMR (90 MHz, CDCI3) & 8.31-7.26 (m, 5H, k), 6.21 (m, 1H, a), 5.85 (m, 2H, f,d),
.79 (m, 1H, b), 4.70-4.40 (m, 2H, c,h), 4.30-3.20 (m, 2H, g,i), 1.70 (m, 3H, e), 2.0-1.2
m, 6H, j), 0.86 (m, 9H, 1), 0.05 (m, 6H, m)



IR(neat) 3436, 2950, 2194, 1727, 1602, 1452, 1265, 1115, 1025, 838, 712

TBDMSO

¢ “oBz
I m k

58
(2S* 3R*)-2-(t-butyldimethylsilyloxy)-3-(tetrahydro-2H-pyran-2-yloxy)-5-[(Z)-5-
(tetrahydro-2H-pyran-2-yloxy)-3-methyl-3-penten-1-ynyl]4-cyclopentenone (61)

To a solution of the alcohol 58 (837 mg, 1.63 mmol) and dihydropyran (0.22
mL, 2.42 mmol) in dichloromethane (10 mL) was added a catalytic amount of D-
toluenesulfonic acid at 0 °C. The reaction mixture was stirred for 20 min at room
temperature. To the organic solution was added large excess of triethylamine and
the mixture was concentrated in vacuo. The residue was used for the next reaction
without further purification.

To a solution of the crude ether 59 in methanol was added potassium
carbonate (2.0 g, 14.4 mmol) at room temperature. After being stirred for 24 h at the
same temperature, the reaction mixture was filtered through Celite with hexane.
The filtrate was washed with brine and the organic solution was dried over MgSO4.
After removal of the solvent, the residue was used for the next reaction without
further purification.

To a solution of the crude 60 in dichloromethane (15 mL) was added
pyridinium chlorochromate (1.05 g, 4.89 mmol) at room temperature. After being
stirred for 8 h at the same temperature, the reaction mixture was diluted with
dichloromethane. The organic solution was passed throﬁgh florisil and the filtrate
was washed with saturated sodium bicarbonate, brine, and dried over MgSO4.
- After removal of the solvent, the residue was column chromatographed on silica gel
(elution with benzene : ethyl acetate = 75 : 1) to give the enone 61 (463 mg, 0.95 mmol,
58%)

1H NMR (90 MHz, CDCl3) § 7.44 (d, 1H, a, J = 2.2 Hz), 4.86 (m, 1H, e), 3.4-5.0 (m, 10H,
b,e.fg,ij,k), 1.91 (d, 3H, d, J = 1.1 Hz), 1.2-2.0 (m, 6H, h,]), 0.91 (m, 9H, n), 0.17 (m,
6H, m)

IR(neat) 3456, 2932, 2202, 1738, 1463, 1256, 1120, 1033, 839, 782, 733

TBDMSO' ¢ Yo
n m
61



2S* 3R*)-2-(¢-butyldimethylsilyloxy)-1-(2-pentynyl)-3-(tetrahydro-2H-pyran-2-yloxy)-
L[(Z)-5-(tetrahydro-ZH-pyran-Z-yloxy)-3-methyl-3-penten-1-yny1]-4—cyclope1_1tenol (62)

To a solution of the enone 61 (45.1 mg, 0.092 mmol) in dry ether (2 mL) was
dded an ether solution of propargylmagnesium bromide (1.2 N, 0.20 mL, 0.22
amol) dropwise at 0 °C. After being stirred for 1 h at the same temperature, the
eaction mixture was poured into ice-cooled saturated ammonium chloride with
igorous stirring. The aqueous layer was extracted with ether. Then the combined
rrganic layer was washed with brine and dried over MgSO4. After removal of the
olvent, the residue was column chromatographed on silica gel (elution with
yenzene : ethyl acetate = 15 : 1) to give the alcohol 62 (39.0 mg, 0.074 mmol, 80%).

‘H NMR (90 MHz, CDCl3) § 6.17 (m, 1H, a), 6.02, (m,1H, g), 4.0-4.8 (m, 6H, b,c,h,i,n),
3.4-4.0 (m, 4H, j 1), 2.5 (m, 2H, d), 2.0 (m, 1H, e), 1.85 (m, 3H, f), 1.4-2.0 (m, 12H,
t,m), 0.93 (m, 9H, p), 0.17 (m, 6H, o)

>-bromo-2-cyclopenten-1-ol (67)

To a mixture of 2-bromo-2-cyclopenten-1-one (15) (5.9 g, 37 mmol), cerium(III)
shloride heptahydrate (13.6 g, 37 mmol), and methanol (90 mL) was added sodium
yorohydride (1.4 g, 37 mmol) portionwise at 0 °C. After being stirred for 1 h, the
-eaction mixture was poured into 1 N HCI solution. The aqueous layer was
sxtracted with dichloromethane and the organic layer was washed with saturated
sodium bicarbonate and brine. The resultant organic solution was dried over
MgSO4 and concentrated in vacuo. The residue was column chromatographed on
silica gel (elution with hexane : ether = 6 : 1) to give the alcohol 67 (3.4 g, 21 mmol,
37%).

lH NMR (90 MHz, CDCl3) 8 6.04 (m, 1H, a), 4.5-4.8 (br, 1H, b), 2.0-2.6 (m, 4H, c)
[R(neat) 3250-3500, 2920, 2850, 1620, 1430, 1320, 1160, 1040, 1020, 980, 920, 900, 810

OH

b
c Br
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tetrahydro-2-[(Z)-5-chloro4-penten-2-ynyloxy]-2H-pyran (69)

To a mixture of palladium acetate (3 mol%, 44 mg), triphenylphosphine (12
mol%, 240 mg), Cul (6 mol%, 80 mg) and ¢-butylamine (1.5 mL, 14.3 mmol) in
benzene (14 mL) was added (Z)-1,2-dichloroethylene (68) (2.7 mL, 35.7 mmol) and a
solution of tetrahydro-2-(2-propynyloxy)-2H-pyran (18) (1.0 g, 7.14 mmol) in benzene
(10 mL) at 20 °C. After being stirred for 2 h at the same temperature, the reaction
mixture was diluted with hexane and filtered by cotton. The filtrate was washed
with ammonia-ammonium chloride pH 8 buffer solution, 1N HCI, saturated sodium
bicarbonate, brine and dried over MgS04. After removal of the solvent, the residue
was column chromatographed on silica gel (elution with hexane : ether = 13 : 1) to
give the enyne 69 (1.13 g, 5.64 mmol, 79%).

1H NMR (90 MHz, CDCl3) § 6.40 (d, 1H, a, J = 7.5 Hz), 5.90 (dt, 1H, b, J = 7.5, 2.0 Hz),
4.88 (brs, 1H, d), 4.46 (d, 2H, ¢, J = 2.0 Hz), 3.36-4.0 (m, 2H, e), 1.4-2.1 (m, 6H, )
IR(neat) 3080, 3020, 2940, 2860, 1590, 1450, 1440, 1340, 1260, 1200, 1180, 1120, 1080,

1060, 1020, 940, 900, 870, 790, 760, 720, 640 ,
a_b -
Cl f f
LD
073>
69

tetrahydro-2-[(Z)-7-trimethylsilyl-4-heptene-2,6-diynyloxy]-2H-pyran (70)

To a mixture of palladium acetate (3 mol%, 47 mg), triphenylphosphine (12
mol%, 254 mg), Cul (6 mol%, 91 mg) and t-butylamine (1.7 mL, 16 mmol) in benzene
(15 mL) was added a solution of alkenyl chloride 69 (1.6 g, 8 mmol) in benzene (5 mL)
and a solution of trimethylsilylacetylene (3.4 mL, 24 mmol) in benzene (5 mL) at 5
°C. After being stirred for 2 h at room temperature, the reaction mixture was
diluted with hexane and filtered by cotton. The filtrate was washed with ammonia-
ammonium chloride pH 8 buffer solution, 1IN HCI, saturated sodium bicarbonate,
brine and dried over MgSQ4. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with hexane : ether = 20 : 1) to give the
enediyne 70 (3.5 g, 13.3 mmol, 89%).

1H NMR (90 MHz, CDCl3) § 5.84 (brs, 2H, a), 4.‘87 (br, 1H, b), 4.46 (brs, 2H, c), 3.4-4.0

(m, 2H, d), 1.4-2.0 (m, 6H, e), 0.215 (s, 9H, f)
IR(neat) 2940, 2130, 1440, 1390, 1250, 1120, 1080, 1050, 1020, 940, 900, 840, 790, 760, 630

7N
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70

tetrahydro-2-[(Z)4-heptene-2,6-diynyloxy]-2H-pyran (71)

To.a solution of 70 (3.5 g, 13.0 mmol) in THF (25 mL) was added tetra-
butylammonium fluoride (1.0 g) in several portions at 0 °C. After being stirred for 10
min, the reaction mixture was poured into ice-cooled saturated sodium bicarbonate
and the aqueous layer was extracted with ether. The combined organic layer was
washed with brine and dried over MgSQ4. After removal of the solvent, the reside.
was purified by short column chromatography on silica gel (elution with hexane :
ether = 10 : 1) to give the deprotected enediyne 71 (2.4 g, 12.7 mmol, 95%).

TH NMR (90 MHz, CDCl3) § 5.94 (ddt,-1H, ¢, J = 11.0, 0.4, 1.5 Hz), 5.84 (dd, 1H,b,d =
11.0, 1.9 Hz), 4.90 (brs, 1H, e), 4.47 (d, 2H, d, J = 1.5 Hz), 3.4-4.0 (m, 2H, ), 3.33 (d, 1H,
a,d = 1.9 Hz), 1.4-2.0 (m, 6H, g)

13C NMR (22.5 MHz, CDCl3) § 121.2, 118.7, 97.2, 96.8, 93.7, 84.7, 80.6, 62.1, 54.7, 30.4,
25.5,19.2 '

TR(neat) 3280, 2940, 2860, 1200, 1120, 1020, 900, 870, 790

71

2-[(Z)-7-(tetrahydro-2H-pyran-2-yloxy)-3-heptene-1,5-diynyl]-2-cyclopenten-1-ol (72)

To a mixture of palladium acetate (3 mol%, 34 mg), triphenylphosphine (12
mol%, 182 mg), Cul (6 mol%, 66 mg) and ¢-butylamine (1.2 mL, 10.5 mmol) in
benzene (12 mL) was added a solution of alkenyl bromide 67 (940 mg, 5.77 mmol) in
benzene (5 mL) and a solution of enediyne 71 (993 mg, 5.23 mmol) in benzene (5 mL)
at 5 °C. After being stirred for 2 h at room temperature, the reaction mixture was
diluted with hexane and filtered by cotton. The filtrate was washed with ammonia-
ammonium chloride pH 8 buffer solution, 1IN HCI, saturated sodium bicarbonate,
brine and dried over MgSO4. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with hexane : ether = 10 : 1) to give the
enediyne 72 (495 mg, 1.82 mmol, 35%).

71



1H NMR (90 MHz, CDCI3) § 6.24 (br, 1H, ), 5.94 (d, 1H, a, J = 10.7 Hz), 5.84 (dt, 1H, b,
J =10.7, 1.8 Hz), 4.93 (br, 1H, d), 4.6-4.9 (br, 1H, g), 4.45 (d, 2H, ¢, J = 1.8 Hz), 3.3-4.0
(m, 2H, e), 2.0-2.4 (m, 4H, 1), 1.3-2.0 (m, 6H, h)

IR(neat) 3400-3500, 2950, 2850, 2190, 1200, 1120, 1020, 900, 870, 820, 740

2-[(Z)-7-bromo-3-heptene-1,5-diynyl]-2-cyclopenten-1-ol (76)

To a solution of the alcohol 72 (495 mg, 1.82 mmol) in pyridine (3 mL) was
added acetic anhydride (0.6 mL, 6 mmol) at 0 °C. After being stirred for 6 h at room
temperature, the reaction mixture was diluted with ether. The solution was
washed with ice-cooled 1IN HCI and saturated sodium bicarbonate and brine. The
organic layer was dried over MgSO4. After removal of the solvent, the residue was
used for the next reaction without further purification.

To the crude acetate 73 in methanol (20 mL) was added a catalytic amount of
p-toluenesulfonic acid at room temperature. After being stirred for 3 h at the same
temperature, the reaction mixture was poured into an aqueous solution of saturated
sodium bicarbonate. The aqueous layer was extracted with dichloromethane and
organic layer was washed with brine and dried over MgSO4. After removal of the
solvent, the residue was used for the next reaction without further purification.

To a solution of the crude alcohol 74 in dry acetonitrile (18 mL) was added
tetrabromomethane (1.5 eq, 900 mg) and triphenylphosphine (1.5 eq, 710 mg) in one
portion at 0 °C. After being stirred for 30 min at the same temperature, the reaction
mixture was poured into ice-cooled saturated sodium bicarbonate. The aqueous
layer was extracted with ether and the combined organic layer was washed with
brine three times and dried over MgSO4. After removal of the solvent, the residue
was used for the next reaction without further purification.

To a solution of crude bromide 75 in methanol (20 mL) was added potassium |
carbonate (1.0 g) at the room temperature. After being stirred for 3 h, the reaction
mixture was filtered with Celite and the filtrate was concentrated in vacuo. After
the removal of the solvent, the residue was purified by the column chromatography
on silica gel (elution with hexane : ether = 10: 1) to give the bromo alcohol 76 (240 mg,
0.96 mmol, 53% from 72).

77~



1H NMR (90 MHz, CDCl3) 8 6.28 (m, 1H, e), 5.97 (d, 1H, ¢, J = 10.8 Hz), 5.86 (dt, 1H, b,
J =10.8, 1.9 Hz), 4.7-4.95 (m, 1H, e), 4.16 (d, 2H, a, J = 1.9 Hz), 2.1-2.7 (m, 4H, f)

13C NMR (22.5 MHz, CDCl3) 6 141.5, 128.2, 121.1, 118.2, 93.2, 92.1, 89.5, 84.2, 78.8,
32.8, 314, 15.0

TR(neat) 3300-3400, 3040, 2920, 2840, 2170, 1040, 920, 740, 600 p

O-alkylation of 76

To a suspension of KH (20 mg, 0.5 mmol) washed with dry hexane (3 mL X 3)
and 18-crown-6 (30 mg) in dry THF (10 mL) was slowly added a solution of the bromo -
alcohol 76 (26 mg, 0.10 mmol) in dry THF (10 mL) dropwise over 3.5 h at -78 °C.
After being stirred for 6 h at -20 °C, the reaction mixture was poured into saturated
ammonium chloride and the aqueous solution was extracted with ether. The
combined organic layer was washed with brine and dried over MgSO4. After
removal of the solvent, the residue was purified by short column chromatography
on silica gel (elution with hexane : ether = 10 : 1) to give the cyclic ether 77 (7 mg,
0.04 mmol, 40%).

1H NMR (90 MHz, CDCl3) § 6.34 (t, 1H, a, J = 2.9 Hz), 5.94 (4, 1H, b, J = 9.0 Hz), 5.88
(d, 1H, ¢, J = 9.0 Hz), 4.81 (brs, 2H, d), 4.6-4.8 (m, 1H, e), 1.7-2.6 (m, 4H, f)
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The structure 11 was calculated using the MacroModel implementation of the MM2
molecular mechanics force field.

TOTAL M2 ENERGY IS 23.442 kcal/mol

Van der Waals 6.271 Stretch 0.957
Torsion 0.838 Bend 15.871
Improper Torsion 0.016 Stretch-Bend -0.197
Hydrogen-Bond 0.000 Electrostatic ~0.314
Energy minimization RMS = (.0009 kcal/A-mol

Connection Table
Atomic Charges, Coordinates and Connectivity
- single bond, = doble bond, ¥ triple bond

Atom Charge Coordinates Residue Attached Atoms & Bonds
Type Number X Y Z
2 ( 1) -0.042 6.6773 8.6388 0.5337 0 2- = 15-
3 ( 2 0.042 5.3495 7.9841 0.2495 0 1- 3- 16- 17-
3 ( 3) 0.000 5.7501 6.8607 -0.7182 0 2~ 4- 18- 18-
€3 ( 4) 0.107 7.2352 .6.5288 -0.4188 0 3- 5- 26~ 14-
€2 ( 3) -0.042 7.6939 7.8565 0.1603 0 4- = 6=
€1 ¢( 6) 0.000 9.0872 8.1188 . 0.3573 0 5~ %
€1 ( 7 0.000 10.3108 8.10686 0.3843 0 6% 8-
€2 ( 8) 0.000 11.6807 7.7617 0.1825 0 7- = 10-
€2 ( 3)  0.000 11.8487 5.7181 -0.6554 0 = 12- 20~
2 ( 1 0.000 12.8043 8.4624 0.8296 0 8- 11= 21-
€2 ( 1D 6.600 12.6288 §.4878 1.6628 0 10=  22- 23-
C1 ( 12) 0.000 10.6232 6.1868 -1.1820 0 8-  13%
€1 ( 13 -0.107 9.4497 5.9850 -1.4872 0 123 14-
3 ( 1o 0.107 7.9880 6.6023 -1.6612 0 13-  24-  25- 4-
HI ( 15) 0.000 6.7796 9.6163 1.0341 0 1-
Hl ( 16) 6. 000 4.8240 7.5859 1.2009 0 2~
HI ( 17) 0.000 4.6302 8.7089 -0.2163 0 2-
HI ( 18) 0.000 5.0732 5.8755 -0.6588 0 3~
- Hl ( 19 0.000 53.6737 7.2611 -1.7580 0 3-
HI ( 20 0.000 12.8283 6.3008 -0.9345 0 9-
HL ( 21) 0.000 13.8339 8.1232 0.6214 0 10-
Bt ( 22) 0.000 11.6284 9.8862 1.9127 0 11-
H (23 $.000 13.4928 9.4991 2.1287 0 11-
Hl ( 24) 0.000 7.8037 6.6739 -2.5305 ] 14-
Hl (  25) 0.000 7.6360 4.9811 -1.9348 0 14-
03 ( 26) 0.313 7.2812 5.5428 0.5924 0 4-  27- 28- 24-
HZ ( 2D 0.245 6.7570 4.8096 0.3401 0 26-
Ip ( 28) -0.312 7.8380 5.2385 0.5637 0 26-
Lp ( 29 -0.312 6.9752 5.7524 1.0577 0 26~

Total charge on system =  0.000

_RA_



Conformational analysis of 13

The starting geometries were generated using MULTIC submode of the Macroodel at 15
dihedral angle resolution and with a closure distance range of 1.0-2.0 A. Structures of 183
conformations obtained were subjected. to block diagonal Newton-Raphson energy minimization u
sing the MacroModel implementation of the MM2 molecular mechanics force field to obtain 3 ¢
onfomers of 134, 13B and 13C, within 3.0 kcal/mol from the lowest energy conforger.

*#facrofodel Ver2.Swkiioromisik  TOTAL M42 ENERGY IS 17.277 kecal/mol

% *

P ® Van der Waals 4.678 Stretch 0.832

* * Torsion 0.651 Bend 7.887

X * Improper Torsion 0.294 Stretch-Bend 0.0935

® * Hydrogen-Bond 0.000 Electrostatic 3.040

x - ¥  Energy minimization RMS = 0.0016 kcal/&-mol --

Xoloicioiololiok kool ook ook

*¥Macrododel Ver2. Sicewiorkiorsso TOTAL MM2 ENERGY IS 18.368 kcal/mol

* % ~

X * Van der Waals 5.478 Stretch 0.894

* * Torsion 0.508 Bend §.581

¥ * Improper Torsion 0.594 Stretch-Bend 0.059

# * Hydrogen-Bond : 0.000 Electrostatic 2.246

* s *  Energy minimization RMS = 0.0016 kcal/A-mol

fokloloksoioiololoiokoliok dolokkskokkskoksk

“HacroModel Ver2.5wksokiokiciikx  TOTAL M2 ENERGY IS 20.244 kcal/mol

k : %

K * Van der Waals 5.579 Stretch 0.909

¢ *  Torsion 0.757  Bend 10.060

¢ * Improper Torsion 0.473 Stretch-Bend 0.054
* Hydrogen-Bond 0.000 Electrostatic 2.412

13c *  Energy minimization RMS = 0.0014 kcal/Ai-zol

e i mm—

-85~




Ccanscticn Table

13A
Atca

Type XNuszber
3 ( D
03 ¢ 2
a3 3
2 ¢ &)
ez ¢ 3
c1 < 6)
1 ¢ D
€2 ¢ 8
€1 ( 9)
c1 ¢ 10)
3 ¢ 1D
G 12
3 ( 13
L3 ( 14
03 ( 13)
H2 ( 16)
€2 ( 1D
HI ( 18)
HL ( 13)
Ip (20
Ip ( 21)
HL ( 22)
H ( 23)
Hi (24
Hl (  23)
H1 (  26)
HL ( 27)
H (  28)
H ( 29)
H (C 30)
H ( 3D
Ht (  32)
lLp ¢ 33)
Ip ¢ 34)

Total charge on system =

Atoaic Charges, Coordinates and Connectivity

- single bond,

Charge

o T oo N o ]

(o= B o T oo Y v T cue B con BN o T covo TR cove T TN

-0
-0

172
.494
107
.Gs2
G090
.000
.000
. 042
107
. 107
.107
107
.000
.042
.313
. 246
.042
.000
.000
312
.312
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.312
.312

W O O O O b UL Oy ~1 00 O U1 O ~) 00 OO W w

Uy
<

D D O DO O DU W ] 00 D OO WD

X
.6900
4834
. 2634
2082
.5415
.6355
8999
.8478
.6083
6802
.5461
7270
.4897
4424
.5633
.0564
.0834
.8805
L6171
.8238
3872
.1890
.4131
.9979
6174
.1915
.8106
.8323
.0842
.T138
.4022
.5281
6771
.9321
0.000

Coordinates
Y

3.7816
L4584
.0155
.5257
.3252
.8077
L3331
.1643
.3996
.1215
.B245
4.0783
L7764
.8424
.9886
.7420
L1378
.8769
.2522
.7484
.8626
.6418
.6044
.9883
.4210
.7081
L0730
.3582
L7740
.7516
4.4420
5.7601
4.7415
5.2269

B A2 GO O LN N on L b G

[ BN S CRE o R LR RS L I U JC A - T 7C IO VORI - S - S S £ Y~ G SN

(L]

™~

-3.0787
-10.4455
-10.8730
-11.0174
-10.2503

-8.2709

-8.4204

-7.1211

-8.1570

-7.4158

-6.5408

-6.2078

-5.3285

-3.7092

-5.5244

-5.2747

-7.4079

-8.8831

-8.7337
-10.7380
-10.4492
-12.0210
-10.4174
-11.7350
-10.3449

-7.8212

~7.0635

-5.6047

-5.6080

-4.2354

~5.68543

-5.0808

-4.9882

-5.9328

SRA

Residue

OOOOOOOOCJOOOOOOOOOOOOOOOOOOODOQC:OO

= doble bord,

% triple bond

Attached Atoms & Bonds

10%

18-
20-
22-
24-
25-

26-



13B

Atom

Type Number

€3
03
C3
c2
€2
C1
€1
C2
€1

E88geaga

NN N N SN N NN SN SN NN NN NN NN SN SN ON SN NN NN SN AN SN N AN AN

H2
€2
H1
H1
Lp
Lp
H1
H1
Hi
H1
H1
H1
H1
H1
- H1
Hi
H1
Lp
Lp

1)
2)
3)
4)
5)
6)
)
8)
8)
10)
11)
12)
13)
14)
15)

- 18)

17
18)
19)
20)
21
22)
23)
24)

. 25)

26)
27)
28)
29)
30
3
32)
33)
34)

Charge

[ B o B e ]

172
.494
. 107
.042
.000

0.000
0.000

OO O oCc O o oo o oo

]
<

.042
.107
.107
.107
.107
.000
.042
.313
. 246

.042
.000
.000
.312
.312
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.312
-0.
Total charge on system =

312

.3818
.1218
.8410
.8245
.7658
.5103
.4086
.0583

.5889
.8718
.1387
.6310
L9375
.1668
.4318
.0886
.3943
.4253
.6487
.6027
L1346
.8386
.8098
.5899
.0249
.4633
.5804
.1095
.9262
9732
.0950
.8841
5.5574
0.000

(= T~ RS L R L R R - B B e < IS LR B e o B T~ R - B e < B Vo B o]

[oey
~] 00 OO W W O

Pt
[ R e ]

w2 o ot~ Ut

.4219

Coordinates
Y
4.4263
5.6347
6.7285
7.0096
6.9133
6.5093
6.1300
6.4381
4.0157
3.6754
3.2572
4.2084
4.3261
5.6695
3.6736
4.2010
5.6656
4.4910
3.6132
5.7797
5.5339
7.6321
.5650
.3082
.1286
.5340
L2471
.1461
.3884
.4609
.1639
.5610
.1640
.7816

Cad G T N O m GO BN wd ] ~I

Z
-8.5118

-10.2081

-8.3488
-8.3314
-7.0018
-6.4456
-6.0801
-6.1518
-8.4734
-7.5680
-6.4145
-6.0230
-7.0845
-6.7965
-4.8452
~-4.5833
-5.7776
-8.0461
-10.2730

-10.4632

-10.4880
-9.9970
-8.8866
-8.7305
-6.3142
-6.0282
-6.6418
-5.5563
-8.1018
-7.1067
-7.7280
-6.0735
-5.0084
-4.4025

Residue

0O OO0 OO OO OO COE OO0 OO OO OWmWmQRQODEODODMODOOOOOOonOoOCOoD

Attached Atoms & Bonds

10%

18-
20-
22-
24-
25-

26-

27-
15-
29-
31-
33-

12-

19-
21-
23-

28-

17-

30-
32-
34-

'
e b ek ha e

Tt



13C

Type Number

c3
03
€3
c2
C2
C1
(1
C2
C1

S8838aa

H2
c2
H1
H1
Lp
Lp
H1
H1
H1
H1
H1
H1
H1
H1
- H1
H1
H1
Lp
Lp

Total charge on system =

Atoa

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

1)

2)

3)

4)

5)

6)

)]

8)

9
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)

Charge

.172
.494
107
-0.042

0.000

0.000

0.000
-0.042
-0.107
-0.107
0.107
0.107
0.000
0.042
0
0

oo

.313

. 248
-0.042
0.000
0.000
-0.312
-0.312
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.312
-0.312

9.
10.

10

[y
mmhuumuxmmqmc’\qmwo

e T e TGN
U e st D e OO

DN b L3 D W -3 o Ut

X

3600
6898
.8793
.8015
. 7650
.5352
4417
.0991
.3301
.5585
L1257
6767
.5082
.9012
.1548
.4647
L1127
. 2866
.1617
.7608
.0204
.1794
.8028
.6838
.8238
. 1267
.2374
.4288
.9240
.7620
.5019
. 1047
.8478
.5773
0.000

Coordinates
Y
.2932
L1572
.7300
.2367
.9690
.4247
.0107
.3818
.8001
.4486
.0851
. 1402
L2173
.6184
.7542
L3441
5.5929
3.7146
5.3664
3.5642
4.5050
4.2674
4.4369
6.7678
8.0692
7.4848
2.1042
1 2.9444
4.1556
3.3953
6.0394
5.6267
J.2468
3.8830

e R S LB S Y P B JC B WU - i S - Y S YNGR U

-9.3706
-8.8894
-7.6026
-7.5917
-7.1571
~6.6648
-6.3092
-6.3615
-8.4413
-7.5725
-6.4194
~6.0438
-7.0585
~6.8555
-4.7933
-4.5430
-5.8750

-10.3219

-9.6038
-8.8027
-9.2559
-6.8682
~7.2631
~7.9914
-7.2029
~6.3469
-6.6231
~3.3658
-8.0945
-6.9445
-7.8087
-6.0746
-4.8888
-4.3870

Residue

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Attached Atoms & Bonds

10%

18-
20-
22-
24-
25-

18-
21-
23-

28-
17-
30-
32-



== = K E TP Diels-Alder B2 s

4—1 KEBFEWDiels-AlderRIEDEH

Diels-AlderRE M E DL ASGATWIEREERBEZDISOTHEND. 0
AFARBOADEECELBEZIRTVWISON™, XBEANTORIGE I
FLAEZV, UL, KEEWDiels-AlderREVET T 232 61F., —2|23
DPORLIDDFFFLAEEETIILNTE, FETRAORERY., HFETH
HBEREELIBDTEENSKEWLE L SR 3,

TORBERICBRZ, #EOHRLELEWO T FAdiels-AlderR 512 KB =
MEACKEFET I IOND, RIGICEE T 3= EHAOTHBEOFMIZEE >
Twhwah, Thicxl, XERELEHDODiels-AlderRB T, KIS E LI 0 &
ﬁ‘ﬁ@m%%kibﬁﬁdéhé@? REREBEUAFIDELRREFEE LY PO
—HEREMNICE %, THOLTHERBEEICHUKRE AR OMNEH 2 -
D, EFEOAfZMWIWS rn#Eiz. RIEKESEETCE32E26h0
5, TORTHRLLEDPS ERILAMEHERKEELRD, BOTHEWRG
EXFEBETED. FAXERONBEELZHMHETZ Lk D, Diels-Alder K
BOMBEMEANTETS 5 LHE 2k, (Fig. 4-1),

intramolecular Diels-Alder reaction intramolecular Diels-Alder reaction
on acyclic compound on macrocyclic compound
(Fig. 4-1)




aubens |3 1681, WWEREZ NV Z VvABUET I E, 1,5- F VU NEfI
LTEULR Py TOFADiels-AlderRIBHEB I B2 EABEELTWSE ™
( Scheme 4-1),

1,5-H shift A
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( Scheme 4-1)

Deslongchamps® iF. 1987&HEIF U H TIIBEE W Diels-AlderKBlc & D, 6,8,
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ZEELTWAT® (Scheme 4-2),
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( Scheme 4-2)




I BT, HoukbiZ198FT7 ¥y v ez F Ly Dbiels-AlderRIGDER K
B % ab initio FE M 5RO, %ﬂ%%l:bﬁMHZ%%iﬁﬁfﬁ%?w%ﬁ%h’Cl:
:’5:8_—/—-}':;:‘/:?3&01,3,9-'7“7‘3 Pz yo4o FADiels-Alder RSO X v F,
VEREZEBHOCHEBET LI LIZRIILT W 315 (Schene 4-3) , -

D QYT

experimental result
AAH=-1.00
AAS™= 0.0
, AE 4=-1.00
AX=X(cis) - X(trans) [kcal / mol]

S0 — O

experimental result

AAH™= -0.27
AAS™=-0.3
AEact——- '027

( Scheme 4-3 )
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( Scheme 4-4)

(1) URREDIDOBREOREHLP 5 ZBI KA HATEE S (Schene
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( Scheme 4-5)
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( Scheme 4-6)
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(i) —1 ¥YM2EBREETFIOHS
MEBREETFVOHERROEL S 1275 %,
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Diels-AlderRIED BB ILEHE 152 (Fig. 4-2) ICBEIE LR, EED o® DI,

EIMOEBEHEOEL. ML I BT AALSF—EALET> T NEBRE
ME%RDE, (Fig. 4-3)
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MM2 transition structure model STO-3G Diels-Alder transition structure
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(Fig. 4-3) (Fig. 4-2)
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MM2 TRANSITION STRUCTURE MODELS
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79 - 80 =4 . 3 (calculation)
( Fig. 4-4 )
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877V
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83 62% 84
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VEURBIXsMEEH®EB 0 QEYUNRNFNASATHIEL, B

Hg(OAc),

R

80°C

2) Bu,NF
OHC/\/\/\/\/\OTHP - ch/\/\/\/\/\omp
3) ethyl vinyl ether OEE

+ 85 (49%) H
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~. .0
" 86 | (5%) + 84 (44%)
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2) H* Z
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93% 87
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( Scheme 4-7)
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quant
94 78 ) 1
( Scheme 4-9) 80 exo

YF7/7EFUVYO 4% F%u—- bhT. 2%DKELEFFYTAKEBBED °CT
IAHEDRBE T, T/ YT 8~EE BMBEECH.Cl.th20 (TRELEE =
5. 302 Thiels-AlderRE MW EBRNICET T AL ARIATCEE, Boh i

789t80miid. HPLCA#Ick D 27: 1T H - = (Schene 4-9),

(i) —3 #HERFE

‘2D, 'H NMRZAZELTX PO aflOT O YOERERARRTAHAS L
18T, 7.8 HZE7F v V=AM TP NOEEERE2TFLEDICH L.
BOTEII N 7F Y P V—TFF Y v VOERERERLAECENS T 9%
TUF 8O0MNIFVkEBELE (Fig. 4-5),
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23T E. TLRLDBMBBREBETTNOIRANF —E»PSI Y FOERBRED
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i

*
ilo

(ii) —1 WEBFEWEMMEBREIFNOHE

S 5 DDiels-AlderRIBEZfTT>TIT/TANDEREZYNMOKEBEEDNK
e 5hiels-AlderREO BB A BHANTHENM OV TRHET 58I L A,
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MM2 TRANSITION STRUCTURE MODELS

HO 95
'ENDO PRODUCTS EXO PRODUCTS

_§ 1\§
: ] o~ e, ¢ HO,,
IacHar  oos ‘e I\Ha CHAIR 157 ‘e

Ib BoaT  co0 g 96 IIIb BOAT 234 g 98

g-Me

N \ (e} X [a)

a-HMe A + /
g ‘ HO, _~U e \ j/{ HO'-.

Ila cHAIR 183 ‘e IVacuar  as7 @

IIb BoAT 178 H o 97 IVDBOAT  4.63 keal H 99
96 : 97 : 98 : 99 = 92 : 4 : 4 : 0 ( calculation )
( Fig. 4-6 )
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4:
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(ij) —2 Egpgn

Scheme 4-TITR LA X F U8 94 LIAI. TERLTELR cYF—-No7

W7 Nha—-NVEF2 Bk o F vTE{EL. BOWTIHKEELZROIZ b
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HO NC
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i BugN
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TADZTRANF—EA2HELEAER2Fig. 4-8lcF L %,
HEEEM,SBoltzaannSHFLEN2 CTL106: 107: 108: 108 =
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FEEBRIILUTURERE7EY - N ELT(R,R)-2,3-TF¥ U IF—NVEE
WELIODHEDIfT AN, F-AFN111ta-AFN11 208888
IFRNVF—ZRREIBIPoEDOT, REBERRYY Y IF -1
ZFEWEIBEBROREEFHRET Y — NI OWTEBOER A fT> & (Fig. 4-9),

-4

(@

© %:m\i\ﬁ } ) g

o — s Y | e
"lll.o" f:fJ
i~ Ia 0.0 H 411

110 =

11

—_— @]

oy e
b4 — N H
7 M v 112
Ila 0.075 kcal/mol (Flg. 4-9)

(iii) —2 EBRER

BSDIODKEEA27EF—FTREL A% THSQOTHZ A W T (2R,4R)-2
A4-R v F ‘/*/“73‘—)1/:‘)‘9') VWI—FN (1L13)T7Ey—N{EL*Y, HWn
77— F2Z2RBREFLTOF—-N11 42RFI8NTHRELZ 1L14D07YN7T
Wa—=NVEGTER B FTEBIEL B-oA2KBEERIFYMELILEA




OH 1) Acy0(91%) OH

2
HO\ ) 'l,"
TMSO OTMS 1) MnO,
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EZZERZUBRILEMMPE SR TR W (Schene 4-12),
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AlderRBIEDWTHENTE R, ZOISLEFUPREIBCBALHEEEL A
WENOEBREETLOHELZTICLICED. ZONGBERBZTAT S
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—DODEREE L TR, Diels-AlderRIBICEZEME ¢ 5 Ml £ab initiofts
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( Table 4-1 ) Total syntheses of the Most Important Natura] Steroids

name of steroid Type of synthesis Authers and year
Equilenin AB—C-D Bachmann, 1939
AB-D-C Hughes, Smith, 1960
Estrone AB-C—D Anner, Miescher, 1948
AB-CD Johnson, Robins, 1958
AB-D—(C Windholz; Crispin, Whitehurst;
Miki; Smith; Trogov, 1963
AC—-B-D Johnson, Christiansen, 1951
AD-BC Smith, 1960
BC-D—-A Velluz, 1960
CD—A-B - - Smith, Hughes, 1963
CD-B-A Velluz, 1963
Androsterone, BC—A-D Robinson, 1951
testosterone BC—-D-A Velluz, 1960
CD-B-A Stork, 1958
Pregnanolone, BC—A-D Nagata, 1963
pProgesterone BC-D-A Velluz, 1961
CD—-B—A Nagata, 1960
Cortisone BC—A-D Sarett, 1952
BC—-D-A Velluz, 1960
CD-B-A Woodward, 1951
Aldosterone BC—A-D Wettstein; Reichstein; Szpilfogel,
1955-1960
CD-B-A Johnson, 1958
Conessine BC—A-D Nagata, 1963
BC-D—A Stork, 1962
CD-B-A Johnson, 1962
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EXPERIMENTAL SECTION
(4E)-8-(tetrahydro-2H-pyran-2-yloxy)-1,4-octadien-3-ol (84)

To a solution of the alkyne 83 (29.8 g, 177 mmol) in dry THF (300 mL) was
added a hexane solution of butyllithium (1.60 N, 110 mL, 176 mmol) dropwise over 30
min at -76 °C under nitrogen. The mixture was stirred for 30 min each at -40 °C, -20
°C, and 0 °C. To the solution was added dropwise a solution of acrolein (15 mL) in
dry THF (100 mL) at -78 °C. After being stirred for 2 h at -40 °C and for 1 h at 0 °C,
the reaction mixture was poured into cold saturated ammonium chloride. The
aqueous layer was extracted with 7:3 ether:hexane and the organic layer was
washed with saturated sodium bicarbonate, brine and dried over MgSO4. After
removal of the solvent, the residue (49 g) was used for the next reaction without
further purification.

To a suspension of lithium alminum hydride (8.7 g, 0.22 mol) in dry THF (300
ml.) was added dropwise a solution of the crude alkynyl alcohol in dry THF (200 mL)
at 0 °C. After being stirred for 6 h at room temperature, the mixture was diluted
with ether (500 mL) at 0 °C. To the solution was added dropwise saturated sodium
sulfate at the same temperature until white solid was brecipitated. After
decantation of the reaction mixture, the solution was dried over MgSO4. After
removal of the solvent, the residue was chromatographed on silica gel (elution with
2:1 hexane:ether) to give the (E)-allylic alcohol 84 (24.7 g; 109 mmol, 62% from the
alkyne 83).
1H NMR (90 MHz, CDCl3) § 5.0 -6.14 (m, 5H, a), 4.4 -4.6 (br, 2H, b), 8.2 -4.0 (m, 4H, ¢),

(4E,6E)-10-(tetrahydro-2H-pyran-2-yloxy)4,6-decadienal (85)

A mixture of the allylic alcohol 84 (1.88 g, 8.32 mmol), Hg(OAc)2 (160 mg, 0.5
mmol), AcONa (50 mg, 0.6 mmol), and ethyl vinyl ether (25 mL, large excess) was
heated in an autoclave at 80 °C for 20 h. Then the reaction mixture was cooled to 0
°C. Potassium carbonate (500 mg, 3.6 mmol) was added to the solution. After being
stirred for 1 h, the mixture was diluted with ether and passed through a short pad
of Celite. After removal of the solvent, the residue was chromatographed on silica
gel (elution with 5:1 hexane:ether) to give the vinyl ether 86 (100 mg, 0.4 mmol,
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4.8%), the aldehydes 85 (1.03 g, 4.09 mmol, 49%), and the allylic alcohol 84 (830 mg,
3.67 mmol, 44%).

The aldehydes 85 were 3:1 mixture of regioisomers, which were used for the
next reaction without further purification.

The aldehyde 85 (major isomer)

1H NMR (90 MHz, CDCl3) 6 9.76 (t, 1H, a, J = 1.3 Hz), 4.9 -6.4 (m, 4H, b), 4.4 -4.6 (br,
1H, ¢), 3.2 4.0 (m, 4H, d), 2.0 -2.7 (m, 6H, e)

IR (neat) 2925, 2860, 2700, 1725, 1440, 1350, 1260, 1200, 1140, 1120, 1080, 1030, 990, 900,
870, 810, 735

SSSOWS
CHC NN d -
a e b b 0°c0

85

The vinyl ether 86
TH NMR (60 MHz, CClg) § 615(dd 1H, a,Jd =7, 14 Hz), 4.9 -6.5 (m, TH, b), 4.3-4.5 (br,

2H, ¢)

SOSWE
bé\(\b/\/\oco
b0

* - g

(5E,7E)-2-(1-ethoxyethyloxy)-11-(tetrahydro-2H-pyran-2-yloxy)-5,7-dodecadienenitrile
8" '

A mixture of the aldehydes 85 (10.3 g, 40.9 mmol), trimethylsilyl cyanide (5.5
mL, 40.9 mmol), and a catalytic amount of DC-18-CR-6 was stirred for 2 h at 0 °C.
The mixture was diluted with THF (50 mL) and tetrabutylammonium fluoride (2.0
g) was added to the solution at 0 °C. After being stirred for 1 h at the same
temperature, the reaction mixture was poured into ice-cooled 1N HCl (20 mL). The
aqueous layer was extracted with ether twice and the organic layer was washed
with brine twice and dried over MgSO4. After removal of the solvent, the residue (14
g) was used for the next reaction without further purification.

To a mixture of the crude cyanohydrin in dry dichloromethane (100 mL) and
ethyl vinyl ether (4.7 mL, 50 mmol) was added a catalytic amount of p-
toluenesulfonic acid at 0 °C. After the reaction mixture was stirred for 15 min at the
same temperature, triethylamine (0.1 mL, large excess) was added to the solution.
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After removal of the solvent, the residue was purified by short column
chromatography on silica gel (elution with 1:1 hexane:ether) to give the protected
cyanohydrin 87 (13.4 g, 93% from the aldehydes 85).

1H NMR (90 MHz, CDCl3) 8 5.3 -6.4 (m, 4H, a), 4.5-5.2 (m, 3H, b), 3.2-4.2 (m, 6H,c)

A A~ A L)
\l/\/W\/\oboc
oko _ ?® @

87

(2E,8E,10E)-1,14-dihydroxy-3-methyl-2,8,10-tetradecatrien-5-one (89)

To a solution of NH(TMS)2 (4.6 mL, 22 mmol) in dry THF (46 mL) was added
dropwise a hexane solution of butyllithium (1.6 N, 12.5 mL, 20 mmol) at 0 °C and the
reaction mixture was stirred for 30 min. A mixture of the protected cyanohydrin 87
(1.32 g, 3.75 mmol), the allylic bromide 88 (1.5 g, 6.0 mmol), and dry THF (30 mL)
was added to the solution of LiN(TMS)2 dropwise over 1 h at 60 °C under argon.
After the addition was complete, the reaction mixture was poured into cold
saturated ammonium chloride with vigorous stirring. The aqueous layer was
extracted with 7:3 ether:hexane. The organic layer were washed with saturated
sodium bicarbonate, brine and dried over MgSO4. After removal of the solvent, the
residue was used for the next reaction without further purification.

To a solution of the crude alkylated product in methanol (20 mL) was added a
catalytic amount of p-toluenesulfonic acid at 0 °C. After the mixture was stirred for
3 h at room temperature, triethylamine (0.1 mL, large excess for acid) was added
dropwise to the reaction mixture at 0 °C. The solution was poured into ice-cooled
saturated sodium bicarbonate. The mixture was vigorously shaken for 5 min in a
separatory funnel. Then the aqueous layer was extracted with three portions of ethyl
acetate. The organic layer were washed with brine and dried over MgSQu4. After
removal of the solvent, the residue was column chromatographed on silica gel
(elution with 1:3 hexane:ethyl acetate) to give the ketone 89 (700 mg, 2.8 mmol, 54%)
and the mixture of the ketone 89 and more polar product 90 (300 mg, 23%) which is a
regioisomer obtained by the Claisen rearrangement of the allylic alcohol 84.

The ketone 89

1H NMR (90 MHz, CDCl3) § 5.8 -6.2 (m, 2H, a), 5.3 -5.75 (m,3H, b),4.17(d, 2H, ¢,d =
6.8 Hz), 3.64 (t, 2H, d, J = 6.3 Hz), 3.10 (s, 2H, e), 2.0 -2.7 (m, 6H, ), 1.4 -2.0 (m, 2H, g),
1.66 (d, 3H, f,J = 0.7 Hz) '
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13C NMR (22.5 MHz, CDCI3) 3 208.8 (C=0), 132.4, 131.8, 131.3, 130.4, 123.0, 129.0

(clefin), 61.8, 58.7, 53.5, 41.6, 32.2, 28.8, 26.7, 16.7
IR (neat) 3050-3650, 2920, 1710, 1440, 1060, 995, 910, 735

The isomer 90

1H NMR (90 MHz, CDCl3) § 6.29 (ddd, 1H, a, J = 15.5, 10.1, 9.2 Hz), 6.02 (dd, 1H, b, J
=10.1, 10.1 Hz), 5.50 (t, 1H, ¢, J = 6.8 Hz), 5.3 -5.6 (m, 1H, d), 5.10 (dd, 1H, e, J = 15.5,
2.0 Hz), 4.98 (d4, 1H, f,J = 9.2, 2.0 Hz),4.16 (d,2H, g, J = 6.8 Hz), 3.60 (t, 2H, h, J =
6.5 Hz), 3.06 (s, 2H, 1), 2.3 -2.8 (m, 3H, j), 1.66 (brs, 3H, k), 1.3 -1.6 (m, 4H, 1)

a dj! h
f/b/

(2E,8E,10E)-3-methyl-2,8,10-tetradecatrien-1,14-diol (91) 90

To a solution of the diol 89 (2.0 g, 7.93 mmol) in dichloromethane (50 mL)
containing a catalytic amount of p-toluenesulfonic acid was added dihydropyran
(1.52 ml, 16.6 mmol) at 0 °C. After being stirred for 15 min at the same
temperature, the reaction mixture was poured into ice-cooled saturated sodium
bicarbonate. The aqueous layer was extracted with dichloromethane and the
combined organic layer was washed with brine and dried over MgSQO4. After
removal of the solvent, the residue was used for the next reaction without further
purification.

To a sclution of the crude ketone in THF (70 mL) were added several portions
of lithium alminum hydride (300 mg, 7.93 mmol) at 0 °C. After the addition was
complete, ether (50 mL) was added to the reaction mixture. To the mixture was
added saturated sodium sulfate dropwise at 0 °C until white solid was precipitated.
After decantation with several portions of ether, the solution was dried over MgSO4.
After removal of the solvent, the residue was purified by short column
chromatography on silica gel (elution with hexane : ether = 2 : 1) to give the alcohol
(2.97 g), which was used for the next reaction without further purification.

To a solution of the alcohol (2.97 g, 7.03 mmol) in chloroform (7 mL) which
was passed through a plug of alumina, was added pyridine (2.27 mL, 28.1 mmol) at

ca
te
th
ch
(1

4

te:



0 °C. Several portions of p-toluenesulfonyl chloride (2.68 g, 14.1 mmol) and a
catalytic amount of 4-(N,N-dimethylamino)pyridine were added to the solution at 0
°C. After being stirred for 9 h at room temperature, the reaction mixture was
poured into water. The aqueous layer was extracted with 7 : 3 mixture of ether and
hexane, and the combined organic layer was washed with ice-cooled 1IN HCl
solution twice, saturated sodium bicarbonate, and brine. The organic solution was
dried over MgSO4 and concentrated in vacuo. The residue was used for the next
reaction without further purification.

To a solution of lithium alminum hydride (1.07 g, 28.1 mmol) in THF (50 mL)
was added dropwise a solution of the crude tosylate in THF (70 mL) at 0 °C. After
being stirred for 1.5 h at 65 °C, the reaction mixture was diluted with ether (100 mL)
at 0 °C. To the solution was added dropwise saturated sodium sulfate at the same
temperature until white solid was precipitated. After decantation with several
portions of ether, the organic solution was dried over MgSQ4. After removal of the
solvent, the residue (4.2 g) was used for the next reaction without further
purification. .

To a solution of the crude protected diol in methanol (140 mL) was added a
catalytic amount of p-toluenesulfonic acid at 0 °C. After stirring for 3 h at room
temperature, triethylamine (0.5 mL, large excess for acid) was added dropwise to
the reaction mixture at 0 °C. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with hexane : ether = 2 : 1) to give the diol 91
(1.19 g, 4.99 mmol, 63% from 89). -

1H NMR (90 MHz, CDCl3) § 5.2-6.2 (m, 5H, a), 4.11 (d, 2H, b, J = 7.0 Hz), 3.6 (t, 2H, c,
J = 6.4 Hz), 2.4-2.95 (m, 2H,d), 1.85-2.4 (m, 6H, e), 1.1-1.85 (m, 6H, f), 1.63 (s, 3H, g)
13C NMR (22.5 MHz, CDCl3) § 139.3, 132.4, 131.2, 130.9, 130.3, 1234, 62.1, 59.2, 39.3,
324, 32.3,28.9,28.8,27.2,16.1

IR(neat) 3270, 2910, 1665, 1435, 1050, 990, 630

OHd

(4E,6E,12E)-13-formyl-12-methyl4,6,12-tridecatrienyl p-toluenesulfonate (92)
To a solution of the diol 91 (120 mg, 0.50 mmol) in dry dichloromethane (2 mL)

was added several portions of manganese(IV) oxide (0.66 g, 7.5 mmol) at room
temperature. After being vigorously stirred for 15 h at room temperature, the
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reaction mixture was diluted with ethyl acetate. To the solution was added florisil
(0.67 g) with vigorous stirring. The mixture was filtered through Celite, which was
washed with ethyl acetate (300 mL). After removal of the solvent without heating,
the residue was used for the next reaction without further purification.

To a solution of the crude alcohol in chloroform (1 mL) which was passed
through a plug of alumina, was added dry pyridine (0.12 mL, 1.5 mmol) at 0 °C. To
the solution was added several portions of p-toluenesulfonyl chloride (145 mg, 0.76
mmol) at the same temperature. After being stirred for 2 h at 0 °C, the reaction
mixture was poured into water. The aqueous layer was extracted with three
portions of 7 : 3 mixture of ether and hexane. The organic layer was washed with
ice-cooled 1N HCI twice, saturated sodium bicarbonate, and brine. The organic
solution was dried over MgSO04. After removal of the solvent without heating, the
residue was column chromatographed on silica gel (elution with 2:1 hexane:ether)
to give the tosylate 92 (154 mg, 0.39 mmol, 78% from 91).

1H NMR (90 MHz, CDCl3) § 9.96 (4, 1H, a, J = 8.4 Hz), 7.77 (d, 2H, b, J = 8.1 Hz), 7.33
(4, 2H, ¢, J = 8.1 Hz), 5.0-6.1 (m, 5H, d), 4.01 (t, 2H, e, J = 5.9 Hz), 2.44 (s, 3H, f). 2.14
(s, 3H, g), 1.85-2.65 (m, 6H, h), 1.04-1.85 (m, 6H, i)

IR(neat) 2920, 2850, 1665, 1600, 1440, 1360, 1175, 1100, 990, 960, 920, 815, 660, 575, 555
13C NMR (22.5 MHz, CDCl3) § 191.1, 164.0, 144.6, 133.1, 132.3, 131.6, 130.4, 129.8,
127.8, 127.2, 69.8, 40.3, 32.2, 28.7, 28.4, 28.2, 26.5, 21.6, 17.5

(4E6E,12E)-14-cyano-14-(1-ethoxyethyloxy)-12-methyl-4,6,12-tetradecatrienyl
p-toluenesulfonate (93)

A mixture of the enal 92 (189 mg, 0.48 mmol), TMS(CN) (0.1 mL, 0.75 mmol)
and a catalytic amount of DC-18-CR-6 was stirred for 15 min at 0 °C. After the
reaction mixture was diluted with THF (2 mL), 0.1 N HC1 (0.3 mL) was added to the
solution at 0 °C. After being stirred for 15 min at the same temperature, the reaction
mixture was poured into ice-cooled 1IN HCl. The aqueous layer was extracted with
ether and the combined organic layer was washed with brine twice, and dried over
MgSO4. After removal of the solvent, the residue (222 mg) was used for the next
reaction without further purification.
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To a mixture of the crude cyanohydrin in dry benzene (3.6 mL) and ethyl vinyl
ether (0.07 mL, 0.7 mmol) was added a catalytic amount of p-toluenesulfonic acid at
4 °C. After stirring for 10 min at the same temperature, triethylamine (0.1 mL,
large excess for acid) was added dropwise to the reaction mixture. The mixture was
poured into ice-cooled saturated sodium bicarbonate and the aqueous layer was
extracted with ether. The combined organic layer was washed with brine and dried
over MgSO4. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with 5:1 hexane:ether) to give the protected
cyanohydrin 93 (198 mg, 0.40 mmol, 83%).

1H NMR (90 MHz, CDCl3) § 7.79 (d, 2H, a, J = 8.1 Hz), 7.34 (d, 2H, b, J = 8.1 Hz), 4.65-
6.3 (m, 7H, ¢), 4.03 (t, 2H, d, J = 6.2 Hz), 3.2-3.8 (m, 2H, e), 2.45 (s, 3H, ), 1.9-2.5 (m,
6H, g), 1.73(d, 3H, h, J = 1.1 Hz), 1.05-1.9 (m, 12H, i)

IR (neat) 2930, 1660, 1600, 1440, 1365, 1190, 1180, 930-1150, 815, 660, 575, 555

g 3

(2E,8E,10E)-1-hydroxy-3-methyl-2,8,10-cyclotetradecatrienylcarbonitrile (94)

A solution of the protected cyanohydrin 93 (38 mg, 0.078 mmol) in dry THF (5
mL) was added to a solution of NaN(TMS)2 (0.66 N benzene solution, 1.18 mL, 0.78
mmol) and dry THF (3 mL) dropwise over 1 h at 60 °C. After the addition was
complete, the reaction mixture was poured into ice-cooled ammonium chloride with
vigorous stirring. The aqueous layer was extracted with ether and the combined
organic layer was washed with saturated sodium bicarbonate and brine. The
organic layer was dried over MgSO4. After removal of the solvent, the residue was
dissolved in methanol (2.5 mL). To the solution was added a catalytic amount of p-
toluenesulfonic acid at 0 °C. After being stirred for 1 h at room temperature, the
reaction mixture was diluted with ether. The organic solution was washed with
brine twice and dried over MgSO4. After removal of the solvent, the residue was
purified by short column chromatography on silica gel to give a mixture (7.6 mg,
0.03 mmol, 40%) of 14-membered ring compound and diastereomers of Diels-Alder
product. The cyanchydrin 94 was isolated by HPLC.

HPLC (Silica gel 60-5 mm, 7.5 0.d. x 300 mm, elution with 1% i-PrOH in hexane, 3.35
mL / min); Rt=14.2-16.8 min
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1H NMR (90 MHz, CDCl3) § 5.2-6.3 (m, 5H, a), 1.94 (d, 3H, b, J = 1.3 Hz), 0.8-2.4 (m,

15H) N
' HO
b

a 94

Diels-Alder reaction of 4

A mixture of the cyanohydrin 94 (5.3 mg), dichloromethane (15 mL), and ice-
cooled 2% NaOH was vigorously shaken for 3 min in a separatory funnel. The

aqueous layer was extracted with dichloromethane and the combined organic layer

was washed with brine. The organic solution was dried over MgSO4. After
filtration, the solution of the enone 78 was kept at 20 °C for 12 h. After removal of the
solvent, 14 : 1 mixture of the Diels-Alder adducts of 79 and 80 was obtained
quantitatively.

cis-transoid-trans-rel-(4aS,4bS,8aR,10aS)-4b-methyl-1,2,3,4,4a,4b,5,6,7,8,8a,10a-
dodecahydrophenanthren4-one (79)
HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with 2% ethyl acetate in
hexane, 2.39 mL / min); Rt=19.1-21.7 min '
1H NMR (500 MHz, CDCl3) § 5.58 (ddd, 1H,a or b, J = 10.1, 3.2, 3.2 Hz), 5.33 (dm, 1H,
bor a, J = 10.1 Hz), 2.56 (m, 1H), 2.47 (dm, 1H, J = 14.7 Hz), 2.43 (d, 1H, ¢, J =7.8 Hz),
2.30 (ddd, 1H, J = 14.3, 14.3, 5.6 Hz), 2.05 (ddd, 1H, J = 12.5 Hz, 6.1, 2.9 Hz), 1.91 (dm,
1H, J = 13.3 Hz), 1.2-1.8 (m, 11H), 0.98 (s, 3H, d)
IR (CHCIl3 solution) 2928, 2858, 1687, 1601, 1094, 933, 631

a0

H a 79

trans-transoid-cis-rel-(4aS4bS,8a8,10aR)-4b-methyl-1,2,34,4a,4b,5,6,7,8,8a,10a-
dodecahydrophenanthren-4-one (80)

HPLC (Silica gel 60-5 mm, 7.5 0.d. x 300 mm, elution with 2% ethyl acetate in
hexane, 2.39 mL / min); Rt=10.2-11.2 min

IH NMR (500 MHz, CDCl3) § 5.61 (ddd, 1H, a or b, J = 9.6, 5.0, 2.8 Hz), 5.39 (brd, 1H, b
ora,d =9.6Hz), 2.67(d, 1H, ¢, J = 11.9 Hz), 2.53 (dm, 1H, J = 14.7 Hz), 2.37 (ddd, 1H,

~172R%.
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J =13.2,13.2, 6.4 Hz), 2.24-2.32 (m, 2H), 2.06-2.13 (m, 1H), 1.96 (dm, 1H, J = 11.5 Hz),
1.60-1.83 (m, 3H), 1.47-1.60 (m, 2H), 1.39-1.47 (m, 1H), 0.98-1.39 (m, 4H), 1.08 (s, 3H, d)
IR (CHCI3 solution) 2926, 2854, 1706, 1601, 1453, 665

80

(4E,6E,12E)-13-formyl-10-hydroxy-12-methyl-4,6,12-tridecatrienyl p-toluenesulfonate
(100)

To a solution of the ketone 89 (1.0 g, 4.0 mmol) in dry THF (70 mL) were added
several portions of lithium alminum hydride (320 mg, 8 mmol) at 0 °C. After the
addition was complete, ether (100 ml) was added to the reaction mixture. To the
mixture was added saturated sodium sulfate dropwise at 0 °C until white solid was
precipitated. After decantation with several portions of ethyl acetate, the solution
was dried over MgSO4. After removal of the solvent, the residue (1.18 g) was used for
the next reaction without further purification.

To a solution of the crude triol in dry dichloromethane (8 mL) was added
several portions of ménganese(IV) oxide (3.6 g, 41 mmol) at 10 °C. After being
vigorously stirred for 5 h at room temperature, the reaction mixture was diluted
with ethyl acetate. To the solution was added florisil (4 g) with vigorous stirring. The
mixture was filtered through Celite, which was washed with ethyl acetate (300 mL).
After removal of the solvent without heating, the residue was roughly purified by
short column chromatography on silica gel (elution with 1:3 hexane:ethyl acetate) to
give the enal (950 mg), which was used for the next reaction without further
purification.

To a solution of the diol (690 mg, 2.74 mmol) in chloroform (2.8 mL) which was
passed through a plug of alumina, was added dry pyridine (0.44 mL, 5.4 mmol) at 0
°C. To the solution was added several portions of p-toluenesulfonyl chloride (780 mg,
4.1 mmol) at the same temperature. After being stirred for 1 h at 0 °C, the reaction
mixture was poured into ice-cooled 2 N HCI solution. The aqueous layer was
extracted with three portions of ethyl acetate. The organic layer were washed with
brine, saturated sodium bicarbonate, and brine, then dried over MgSO4. After
removal of the solvent at 10 °C, the residue was column chromatographed on silica
gel (elution with 1:1 hexane:ethyl acetate) to give the mono-tosylate 100 (790 mg, 1.95
mmol, 71% from the ketone 89), which was used for the next reaction immediately.
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1H NMR (90 MHz, CDCl3 6 9.96 (d, 1H, a, J =7.9 Hz), 7.77 (d, 2H, b, J = 8.2 Hz), 7.34
(4, 24, ¢, J = 8.2 Hz), 5.7 -6.2 (m, 3H, d), 5.2 -5.7 (m, 2H, e), 3.6 -4.3 (m, 1H, f), 4.02 (t,
2H, g, J = 6.2 Hz), 2.45 (s, 3H, h), 2.20 (s, 3H, 1), 1.9 -2.5 (m, 6H, j), 1.4 -1.9 (m, 4H, k)
13C NMR (22.5 MHz, CDCl3) 8 190.9 (C=0), 160.9, 144.7, 133.3, 131.8, 131.4, 130.7,
130.1, 129.8, 129.2, 127.8, 69.8, 69.1, 48.6, 37.1, 28.7, 28.6,28.2, 21.6, 18.0

IR (neat) 3350-3450, 3020, 2930, 2870, 1660, 1440, 1380, 1270, 1200, 1130, 1060, 995, 740, o 2
700 ' ¢ 3

ad
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(4E,6E,12E)-14-cyano-10,14-bis(1-ethoxyethyloxy)-12-methyl-4,6,12-tetradecatrienyl p- : We

toluenesulfonate (101)

| S0,

A mixture of the enal 100 (790 mg, 1.95 mmol), TMS(CN) (0.55 mL, 4.1 mmol) » re

and a catalytic amount of DC-18-CR-6 was stirred for 1 h at 0 °C. After the reaction - ag

mixture was diluted with THF (10 mL), tetrabutylammonium fluoride (500 mg) was We

added to the solution at 0 °C. After being stirred for 50 min at the same temperature, . we

the reaction mixture was poured into ice-cooled 1N HCI solution. The aqueous layer 20

was extracted with dichloromethane and the combined organic layer were washed - di:
with brine twice, and dried over MgSQ4. After removal of the solvent, the residue |

was used for the next reaction without further purification. cy

To a mixture of the crude cyanohydrin in dry benzene (6 mL) and ethyl vinyl ~

ether (0.75 mL, 8 mmol) was added a catalytic amount of p-toluenesulfonic acid at 0 ‘ HI

°C. After being stirred for 1 h at 0 °C and additional 4 h at room temperature, the : 2.8

reaction mixture was poured into ice-cooled saturated sodium bicarbonate and the - 1H

organic layer was washed with brine and dried over MgSQ4. After removal of the » 1.8

solvent, the residue was column chromatographed on silica gel (elution with 1:1
hexane:ether) to give the protected cyanohydrin 101 (990 mg, 1.54 mmol, 78%).

1H NMR (90 MHz, CDCl3) 8 7.78 (d, 2H, a, J = 8.2 Hz), 7.33 (d, 2H, b, J = 8.2 Hz), 5.0 -
6.1 (m, 8H, c), 4.02 (t, 2H, d, J = 6.2 Hz), 3.3 -3.9 (m, 5H, e), 2.45 (s, 3H, f), .1.9 -2.4 (m,
6H, g), 1.79 (brs, 3H, h), 1.44-1.9 (m, 4H, i), 1.04-1.44 (m, 12H, j)

IR (neat) 2980, 2930, 1600, 1440, 1360, 1190, 1180, 930-1140, 840, 820, 740, 710, 690, 660,
580, 560

172N



(2E,8E,10E)-1,5-dihydroxy-3-methyl-2,8,10-cyclotetradecatrienylcarbonitrile (102)

To a solution of NH(TMS)2 (1.3 mL, 6.1 mmol) in dry dioxane (20 mL) was
added dropwise a hexane solution of butyllithium (1.76 N, 3.0 mL, 5.3 mmol) at 10 °C
and the mixture was stirred for 30 min. A solution of the protected cyanohydrin 101
(500 mg, 0.87 mmol) in dry dioxane (40 mL) was added to the solution of LiN(TMS)2
dropwise over 4 h at 70 °C. After the addition was complete, the reaction mixture
was poured into ice-cooled saturated ammonium chloride with vigorous stirring.
The aqueous layer was extracted with 7:3 ether:hexane. Then the organic layer was
washed with saturated sodium bicarbonate, brine and dried over MgSO4.

After removal of the solvent, the residue was dissolved in THF (10 mL). To the
solution was added 3 N HCI (3 mL) dropwise at 0 °C. After being stirred for 1 h, the
reaction mixture was poured into ice-cooled saturated sodium bicarbonate. The
aqueous layer was extracted with three portions of ether and the organic layer was
washed with brine and dried over MgSO4. After removal of the solvent, the residue
was purified by short column chromatography on silica gel to give a mixture (ca.
200 mg, ca. 85%) of diastereomers of the 14-membered ring product and
diastereomers of Diels-Alder product.

As one of the diastereomers of the 14-membered ring product, the
cyanohydrin 102 was isolated by HPLC. |

HPLC (Silica gel 60-5 mm, 7.5 o0.d. x 300 mm, elution with 10% i-PrOH in hexane,
2.53 mL / min); Rt=14.0-14.8 min

1H NMR (90 MHz, CDCl3) § 5.3 -6.2 (m, 5H, a),34-3.8(m, 1H, b),2.08(d,3H, ¢, J =
1.3 Hz)
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Jiels-Alder reaction of 95

A mixture of the cyanohydrin 102 (10 mg), ether (10 mL) and ice-cooled 2%
NaOH was vigorously shaken for 3 min in a separatory funnel. The aqueous layer
vas extracted with dichloromethane and the organic layer was washed with brine
ind dried over MgSO4. After the filtration, the solution of the enone 95 was kept at 20
'C for 30 min. After removal of the solvent, 14 : 1 mixture of Diels-Alder adducts of
}6 and 98 was obtained quantitatively.

ris-transoid-trans-rel-(4aS,4bS,6R,8aR,10aS)-6-hydroxy-4b-methyl-
,2,3,4,4a,4b,5,6,7,8,8a,10a-dodecahydrophenanthren-4-one (96)

IPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with 10% i-PrOH in hexane,

2.53 mL / min); Rt=15.1-16.7 min

'H NMR (80 MHz, CDCl3) & 5.60 (ddd, 1H, a or b, J = 10.0, 2.6, 2.6 Hz), 5.37 (ddd, 1H,
yor a,J = 10.0, 1.6, 1.6 Hz), 3.5 -4.1 (m, 1H, ¢), 0.9 -2.7 (m, 15H), 0.95 (s, 3H, d)

R (CHCI3 solution) 2930, 2860, 1690, 1020

13C NMR (22.5 MHz, CDCl3) § 212.6, 129.6, 128.9, 67.1, 60.6, 47.0, 45.2, 43.1, 38.6, 36.0,
35.8, 29.2, 26.0, 24.7, 16.5

Che acetate 96'
'H NMR (500 MHz, CDCl3) § 5.62 (ddd, 1H, a or b, J = 10.0, 3.0, 3.0 Hz), 5.87 (ddd, 1H,
yora,dJ =10.0, 1.8, 1.8 Hz), 4.96 (dddd, 1H, ¢, J = 11.4, 11.4, 4.9, 4.9 Hz), 2.46 (d, 1H, 4,
I =79Hz),2.00(s,3H,e), 1.02(s, 3H, )

‘rans-transoid-cis-rel-(4aS,4bS,6R,8aS,10aR)-6-hydroxy-4b-methyl-
(,2,3,4,4a,4b,5,6,7,8,8a,10a-dodecahydrophenanthren-4-one (98)

IPLC (Silica gel 60-5 mm, 7.5 o0.d. x 300 mm, elution with 10% i-PrOH in hexane,
2.53 mL / min); Rt=9.0-9.5 min

IHN
or &,
Hz),

IR(CE
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1H NMR (500 MHz, CDCl3) 6 5.63(ddd, 1H,a orb, J = 9.9, 4.3, 2.4 Hz), 5.44 (dd, 1H, b
ora,d =9.9, 1.7), 4.09 (dddd, 1H, ¢, J = 3.0, 3.0, 3.0, 3.0 Hz), 3.13 (d, 1H, d, J = 11.7
Hz), 2.77 (dm, 1H, e, J = 15.0 Hz), 1.1-2.5 (m, 13H), 1.05 (s, 3H, f)

IR(CHCI3 solution) 2900, 2850, 1700, 940

13C NMR (22.5 MHz, CDCl3) § 197.1, 131.4, 128.6, 109.1, 67.3, 53.8, 45.5, 43.6, 41.9,
40.5, 32.8, 324, 37.1, 35.7, 23.6 |

98

The diketone 103 (104)

To a solution of the alcohol 96 (98) (8 mg, 0.03 mmol) in dry dichloromethane (1
mL) was added- pyridinium chlorochromate (30 mg, 0.08 mmol) at room
temperature. After being stirred for 30 min, the reaction mixture was diluted with
7:3 ether:hexane. The solution was passed through a short pad of Celite. After
removal of the solvent, the residue was chromatographed on silica gel (elution with
ether:hexane 2:1) to give the diketone 103 (104) (5 mg, 60%).

trans-transoid-cis-rel-(4aS,4bS,6R,8aS,10aR)-4a-methyl-1,2,3,4,4a,4b,5,6,7,8,8a,10a-
dodecahydrophenanthrene-3,5-dione (103)

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with 5% i-PrOH in hexane, 2.53
mL / min); Rt=7.8-8.3 min

1H NMR (90 MHz, CDCl3) § 5.70 (ddd, 1H, a or b, J = 10.0, 2.6, 2.6 Hz), 5.38 (d, 1H, b
ora,d =10.0Hz),2.26(d, 1H, ¢,d =5.3 Hz), 0.91 (s, 3H, d)

IR (CHCI3 solution) 2930, 2860, 1710, 1680 o

g0

H? 103

cis-transoid-trans-rel-(4aS,4bS,6R,8aR,10aS)-4a-methyl-1,2,3,4,4a,4b,5,6,7,8,8a,10a-
dodecahydrophenanthrene-3,5-dione (104)

HPLC (Silica gel 60-5 mm, 7.5 0.d. x 300 mm, elution with 5% i-PrOH in hexane, 2.53
mL / min); Rt=6.3-7.2 min

1H NMR (90 MHz, CDCl3) § 5.70 (dm, 1H, aor b, J = 10.3 Hz), 5.40(d, 1H,bora,dJ =
10.3 Hz), 2.84 (d, 1H, ¢, J = 14.6 Hz), 1.13 (5,3H, d)
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IR (CHCI3 solution) 2930, 2860, 1710

preparation of diol 114

To a solution of the diol 89 (3.73 g, 14.8 mmol) in dichloromethane (80 mL) was
added pyridine (7.17 mL, 88.7 mmol) at 0 °C. To the solution was added acetyl
chloride (3.15 ml, 44.3 mmol) at the same temperature. After being stirred for 5
min at 0 °C, the reaction mixture was poured into water. The aqueous layer was
extracted with 7 ; 3 mixture of ether and hexane, and the combined organic layer
was washed with ice-cooled 1 N HCl twice, saturated sodium bicarbonate, and
brine. The organic solution was dried over MgSO4. After removal of the solvent, the
residue was column chromatographed on silica gel (elution with hexane : ether = 3:
1) to give the diacetate (4.54 g, 13.5 mmol, 91%).

To a mixture of the ketone (1.06 g, 3.15 mmol) and (2R,4R)-2,4-
bis(trimethylsilyloxy)-pentane (1.57 g, 6.32 mmol) in freshly distilled
dichloromethane (2.5 mL) was added trimethylsilyl trifluoromethanesulfonate
(0.024 ﬁJL, 0.12 mmol) at -78 °C. The reaction mixture was warmed from -78 °C to -
10 °C over 3 h. After stirring for 3 h at -10 °C and additional 1 h at room
temperature, pyridine (0.3 mL) was added dropwise to the mixture at 0 °C. The
reaction mixture was poured into ice-cooled 1 N HCIl and the aqueous layer was
extracted with ether. The combined organic layer was washed with saturated
sodium bicarbonate and brine. The organic solution was dried over 1 : 1 mixture of
Na2S04 and Na2CO3 and concentrated in vacuo. The residue was used for the next
reaction without further purification.

To a solution of the crude diacetate in methanol (50 mL) was added potassium
carbonate (131 mg, 0.95 mmol) at 0 °C. After being stirred for 3 h at room
temperature, the reaction mixture was diluted with ether. After removal of the
solvent without heating, the residue was diluted with dichloromethane and the
solution was poured into water. The aqueous layer was extracted with
dichloromethane and the combined organic layer wad washed with saturated
ammonium chloride, brine, and dried over Na2S04. After removal of the solvent
without heating, the residue was column chromatographed on silica gel (elution
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with hexane : ethyl acetate = 1: 1) to give the diol 114 (404, mg, 1.19 ;mmol, 38% from
the ketone), which was used for the next reaction immediately.

IH NMR (90 MHz, CDCl3) § 5.3-6.2 (m, 5H ,a), 4.15 (d, 2H, b, J = 6.6 Hz), 3.63 (t, 2H, c,
J = 6.4 Hz), 3.4-4.3 (m, 2H, d), 1.95-2.65 (m, 6H, e), 1.4-1.95 (m, 8H, D), 1.74 (s, 3H, g),
1.17 (4, 6H, i, J = 6.2 Hz)

13C NMR (22.5 MHz, CDCl3) 5 135.4, 132.3, 131.3, 130.9, 130.0, 128.0, 102.5, 62.7, 62.6,
62.3,59.3, 44.6,41.1, 35.0, 32.3, 28.9, 27.0, 21.8, 21.6, 17.5
IR(neat) 3340, 2924, 1662, 1444, 950-1400, 915, 829, 734, 615, 435.
[o]p25=-16.4° (¢ 2.01, CHCI3)

preparation of tosylate 115

To a solution of the diol 114 (157 mg. 0.46 mmol) in dry dichloromethane (2
mL) was added several portions of manganese(IV) oxide (800 mg, 0.92 mmol) at
room temperature. After being vigorously stirred for 17 h at the same temperature,
the reaction mixture was diluted with ethyl acetate. To the solution was added
florisil (4 g) with vigorous stirring. The mixture was filtered through florisil and the
filtrate was concentrated in cacuo. The residue was used for the next reaction
without further purification.

To a solution of the crude alcohol in dichloromethane (1 mL) which was
passed through a plug of alumina, was added dry pyridine (0.11 mL, 1.39 mmol) at 0
°C. To the solution was added several portions of p-toluenesulfonyl chloride (138 mg,
0.72 mmol) at the same temperature. After being stirred for 3 h at 0 °C, the reaction
mixture was poured into ice-cooled 1 N HCI solution. The aqueous layer was
extracted with three portions of ether. The organic layer were washed with brine,
saturated sodium bicarbonate, and brine, then dried over MgS04. After removal of
the solvent, the residue was column chromatographed on silica gel (elution with 3:1
hexane:ethyl acetate) to give the mono-tosylate 115 (180 mg, 0.39 mmol, 85% from
114)

1H NMR (90 MHz, CDCI3) § 10.00 (d, 1H, a, J = 8.4 Hz), 7.78 (d, 2H, b, J = 8.1 Hz), 7.33
(d, 2H, ¢, J = 8.1 Hz), 5.1-6.1 (m, 5H, d), 4.01 (¢, 2H, e, J = 6.2 Hz), 3.7-4.25 (m, 2H, 1),
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2.45 (s, 3H, g), 2.26 (d, 3H, h, J = 0.88 Hz), 1.9-2.75 (m, 6H, i), 1.45-1.9 (m, 6H, j), 1.18
(d, 6H, J = 6.6 Hz) |

13C NMR (22.5 MHz, CDCl3) § 190.9, 159.9, 144.6, 133.1, 132.1, 131.6, 130.7, 130.0,
129.8, 127.9, 127.8, 101.9, 69.8, 63.0, 62.8, 46.2, 40.6, 35.7, 28.5, 28.2, 26.9, 21.8, 21.6,
21.5,18.8

IR(neat) 2968, 2928, 1670, 1629, 1598, 1445, 1361, 880-1320, 815, 764, 664, 574, 555

[a]p25 = -6.34° (¢ 3.88, CHCl3)

preparation of the protected cyanohydrin ether 116

A mixture of the enal 115 (157 mg, 0.34 mmol), TMS(CN) (0.05 mL, 0.37 mmol)
and a catalytic amount of DC-18-CR-6 was stirred for 1 h at 0 °C. After the reaction
mixture was diluted with THF (2 mL), 0.1 N HCI (0.3 mL) was added to the solution
at 0 °C. After being stirred for 5 min at the same temperature, the reaction mixture
was poured into brine. The aqueous layer was extracted with ether and the
combined organic layer was washed with brine twice, and dried over Na2SO4. After
removal of the solvent, the residue was used for the next reaction without further
purification. |

To a mixture of the crude cyanohydrin in dry benzene (4 mL) and ethyl vinyl
ether (0.2 mL, 2.1 mmol) was added a catalytic amount of pyridinium p-
toluenesulfonate at 4 °C. After stirring for 1 h at room temperature, triethylamine
(0.1 mL, large excess for acid) was added dropwise to the reaction mixture. The
mixture was poured into ice-cooled saturated sodium bicarbonate and the aqueous
layer was extracted with ether. The combined organic layer was washed with brine
and dried over Na2S04. After removal of the solvent, the residue was column
chromatographed on silica gel (elution with 4:1 hexane:ether) to give the protected
cyanohydrin 116 (157 mg, 0.28 mmol, 82%).

1H NMR (90 MHz, CDCl3) 5 7.79 (d, 2H, a, J = 8.1 Hz), 7.34 (4, 2H, b, J = 8.1 Hz), 5.25-
6.1 (m, 5H, c), 4.7-5.25 (m, 2H, d), 3.3-4.15 (m, 6H, e), 2.45 (s, 3H, 1), 1.9-2.5 (m, 6H, g),
1.83 (d, 2H, h, J = 1.3 Hz), 1.45-1.9 (m, 6H, i), 1.17 (d, 6H, j, J = 6.4 Hz), 1.0-1.45 (m,
6H, k)

IR(neat) 2970, 2928, 2232, 1662, 1597, 1445, 1362, 900-1200, 815, 664, 575, 555

add
116

was
The

was

silic
(19.:
p-to
was
laye
the

58%

11 2
Oor a4,



ring closure reaction of 116

To a solution of NH(TMS)2 (0.26 inL, 1.2 mmol) in dry dioxane (8 mL) was
added dropwise a hexane solution of butyllithium (1.69 N, 0.59 mL, 1.0 mmol) at 10
°C and the mixture was stirred for 30 min. A solution of the protected cyanohydrin
116 (70 mg, 0.12 mmol) in dry dioxane (8 mL) was added to the solution of LiN(TMS)2
dropwise over 3 h at 60-80 °C. After the addition was complete, the reaction mixture
was poured into ice-cooled saturated ammonium chloride with vigorous stirring.
The aqueous layer was extracted with ether. Then the combined organic layer was
washed with saturated sodium bicarbonate, brine and dried over Na2SOa4.

After removal of the solvent, the residue was passed through a short pad of
silica gel (elution with hexane : ether = 10 : 1) to obtaine only Diels-Alder adduct
(19.5 mg). A mixture of this product and methanol (2 mL) and a catalytic amount of
p-toluenésulfonate was stirred at room temperature for 1 h. The reaction mixture
was poured into water and the aqueous lay was extracted with ether. The orgainic
layer was washed with brine and dried over MgSO4. After removal of the solvent,
the residue passed through a short pad of silica gel to give 117 (19 mg, 0.07 mmol,
58%}), which was led to a mixture of diketone 103 and 104 with weak base treatment.

1H NMR (90 MHz, CDCl3) § 5.56 (ddd, 1H,a or b, J = 7.4, 4.6, 2.6 Hz), 5.38 (dd, 1H, b,
ora,d =174, 2.0 Hz), 1.2-2.6 (m, 15H), 1.25 (s, 8H, ¢)
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M42 transition structure models of transannular Diels-Alder reaction on 78

442 transition structure models of Diels-Alder reaction on 78 were obtained
as follews. Houk’s synchronous ST0-3G transition structure of the butadiene-
ethylene reaction was used as the partial structure of the reactive diene and
dienophiile in the macrocycle. Connecting saturated cabon chains were substituted
for appropriate hydrogens, and resulting conformations were obtained by using

¥M2 force field.

»_ "

a” means the transition state of chiar-boat-chiar like confirmation.
”b” means the transition state of chiar-boat-boat 1like conformation.
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Y42 transition structure models of transannular Diels-Alder reaction on 83

¥M2 transition structure models of Diels-Alder reaction on 95 were obtained

as follows. Houk’s synchronous ST0-3G transition structure of the butadiene-
ethylene reaction was used as the partial structure of the reactive diene and
dierophile in the macrocycle. Connecting saturated cabon chains were substituted
for appropriate hydrogens, and resulting conformations were obtained by using
42 force field.

"a” means the transition state of chiar-boat-chiar like confirmation.

”b” means the transition state of chiar-boat-boat 1like conformation.

Ia
FINAL STERIC ENERGY IS 67.1483‘KCAL.
COMPRESSION 1.8823
BENDING 5.93530
STRETCH-BEND .2070
VANDERWAALS
1,4 ENERGY 11.2125
OTHER 26.9887
TORSIONAL 21.4244
BIPOLE -.52186 - DIPOLE MOMENT 2.104 D
END OF DAOHAMO ENDO CHAIR CHAIR TRANSITION STATE
Ib

FINAL STERIC ENERGY IS 67.1109 KCAL.

COMPRESSION 1.8002
BENDING 6.2786
STRETCH-BEND .2364
© VANDERWAALS
1,4 ENERGY  11.3761
OTHER 27.6328
TORSTONAL 20.1859
DIPOLE -.4992  DIPOLE MOMENT  2.127 D

END OF DAOHAMO ENDO CHAIR BOAT TRANSITION STATE

10N



Ila

FINAL STERIC ENERGY IS 68.9411 KCAL.

COMPRESSION 1.9061
BENDING 7.0201
STRETCH-BEND .2724
VANDERWAALS
1,4 ENERGY 11.2137
OTHER 27.4049
TORSIONAL 21.5146
DIPOLE -.3906 DIPOLE MOMENT 3.311 D

END OF DAOHBMO ENDO CHAIR CHAIR TRANSITION STATE

II
FINAL STERIC ENERGY IS  68.8882 KCAL.
COMPRESSION 1.9281
BENDING 7.3571
STRETCH-BEND .3015
VANDERWAALS
1,4 ENERGY  11.3726
OTHER 28.0636
TORSIONAL 20.2290
DIPOLE -.3638  DIPOLE MOMENT  3.343 D
END OF DAOHBHO ENDO CHAIR BOAT TRANSITION STATE
I1a

FINAL STERIC ENERGY IS 67.5295 KCAL.

COMPRESSION 1.8464
BENDING 5.5738
STRETCH-BEND .2226
VANDERWAALS
1,4 ENERGY 11.1450
OTHER 27.2682
TORSIONAL 21.8840
DIPOLE -.5105 DIPOLE MOMENT 2.167 D

END OF DAOHAMO EXO CHAIR CHAIR TRANSITION STATE

17



I11b

Ya

Ivb

-
il

E-'.

FINAL STERIC ENERGY IS

END OF DAQOHBMO EXO CHAIR CHAIR TRANSITION STATE

FINAL STERIC ENERGY IS

END OF DAOHBMO EXO CHAIR BOAT TRANSITION STATE

]

L
A ]

L STERIC ENERGY IS

COYPRESSION
BENDING
STRETCH-BEND
YAXDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

D OF

COMPRESSION
BENDING
STRETCH-BEND
VANDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

COMPRESSION
BENDING
STRETCH-BEND
YANDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

68.7963 KCAL.

1.9112
6.2540
2592

11.3278
28.1424
21.4117

-.3101

DIPOLE MOMENT

DACHAMO EXO CHAIR BOAT TRANSITION STATE

69.3288 KCAL.

1.8714
6.6512
. 2838

11.1265
27.7566
22.0137

-.3764

2.153 D

DIPOLE MOMENT

70.5923 KCAL.

1.8337
7.3452
.3220

11.3015
28.6163
21.4501

-.3764

DIPOLE MOMENT

cA

3.332 D

3.323 D
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120

2.16783  1.69334  3.22711 7 -2.69498 -.13138 1.35692 1 20
-2.30484  -.94477 .11223 1 -4.06754 .19220 1.24171 6 22
-4.57524 -.60007 1.28058 21 -.47719 -1.97741 .80490 5 24

-.62820 -1.79874 -.96518 5 2.18752 4.21782 -.94512 5 28

3.38114  3.45521 .13783 5 -2.14225  1.88170 .71244 5 28
-2.35083  1.68549  2.46396 5 1.08276 -.29331 2.63693 5 30

-.33382 -.93174 2.70200 . 3 -.11011 .33198  3.84660 5 32

3.17488  3.890393 2.77625 5 1.58798 4.53979  3.34991 5 34

.86797 5.00363  1.04041 5 2.55187 5.55082 1.14854 5 38
-2.82748 -.76937  2.26917 5 -2.88550 -1.89835 .10089 5 38
-2.62185 -.37692 -.79513 5 LAST

Ila
0 DADHBMO0 ENDO CHAIR CHAIR TRANSITION STATE

23,14,22,29,29, 2, 1.359, 1.421, 121.2,
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1, 2, 3, 8, 1,9,1.083,117.8, 165.1, 3, 0, 0, 0,0,
3, 2,1, 8, 1,8,1.079,120.2, 32.1, 1, 0, 0, 0,0,
2, 3, 4,10, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,9,1.500,121.1, -172.6, 1,21, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.6, 4,18, 0, 0,0,
4, 5, 6,13, 2,9,1.500,120.2, -101.0, 6,20, 0, 0,0,
1, 6, 5,14, 1,9,1.080,120.2, 101.0, 5, 0, 0, 0,0,
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13,20,22,23,21,9,0.940,106.9, 60.0, 22, 0, 0, 0,0,
DAOHB¥O ENDO CHAIR CHAIR TRANSITION STATE 391110 1 500.
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.18746
.61600
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DAGCEBY0 EXO CHAIR BOAT TRANSITION STATE

4
1
)
14
20

2
13
13
22

3 4

1

0 22

2 18

0
17

0
14

17

-.53279 -1
-1.90642 -1
-.46736 -1
2.83718 3
-2.22584 1.

-2.43741
1.16832 -~
.04089 5
2.13269 5
.73548 -2
-3, 3,10,12,0,
6, 6,14,16,0,
5, 5,13,15,0,
2, 0, 0, 0,0,
3, 0,0, 0,0,
1, 0, 0, 0,0,
4, 0, 0, 0,0,
1,21, 0, 0,0,
4,18, 0, 0,0,
6, 0, 0, 0,0,
5,17,19,19,0,
6,20, 0, 0,0,
5,0, 0, 0,0,
14,18, 0, 0,0,
12,17, 0, 0,0,
14,14, 0, 0,0,
15,21,22, 0,0,
11,20, 0, 0,0,
20,23, 0, 0,0,
22, 0, 0, 0,0,

.40840
.41037
.91627
.81446

74030

.21035
.06639
.73909
.82655
.46204

.66639
.38832
.83929
.87594

.68039

.503586

2.70759

.82036

.44709

.26288

LI O O U1 ON e

g o Oy en

20
22
24
26
28
30
32
34
36
38
LAST



1 9 2 ) 3 8 4 10 5 16 11 24 11 25 12 28
12 27 13 28 13 29 13 30 15 31 15 32 17 33 171 34
18 35 18 36 20 37 21 38 21 39 22 23

.00000 .00000 .00000 2 1.35300 .00000 .00000 29 2
2.09512  1.21547 .00000 29 1.46550 2.41982 .00000 2 4
.26504  2.29020 1.85935 2 -.44129  1.12391 1.85933 2 6
1.883923 -.91183 .24633 5 J.14866 1.16793 .24633 5 8
-.54278 .78938  -.4895586 5 .51395  2.53482 -.489558 5 10
-.71233 -1.33310 .07989 1 2.28127 3.70192 .02806 1 12
-1.94376 1.19858 1.60436 1 -.30846 3.62835 1.51088 3 14
.05501 .01083  2.78131 1 1.14559  2.38384  2.47600 5 16
.64171  4.81730 1.82307 1 2.11543  4.50867 1.32274 1 18
-1.44301 3.83626 1.15757 7 -.53660 -1.40796 2.66585 120
-.33046 -2.13873 1.33055 1 -1.91110 -1.40884 2.88415 6 22
-2.02542 -1.10084 3.86689 21 -.46692 -1.91634 -.83945 5 24
-1.81668 -1.19475 .04848 5 1.98728 4.33168 -.84521 5 26
3.36585  3.47980 -.11097 5 -2.22263  1.74454 67675 5 28
-2.44055 1.68560 2.47432 5 -2.43875 .21457  1.49984 5 30
-.15535 .J6628  3.817178 5 1.16527 -.06701 2.71102 5 32
.33670  5.25264  2.64476 5 .J0008  5.59436 .89842 5 34
2.68304 5.48724 1.23980 5 2.58866 3.96394 2.17329 5 36
-.07258 -2.04148 3.46257 5 .73485 -2.46070 1.26455 5 38
-.91760 -3.08857 1.34108 5 LAST



¥¥2 transition structure models of transannular Diels-Alder reaction on 105

¥42 transition structure models of Diels-Alder reaction on 105 were obtained

as follows. Houk’s synchronous ST0-3G transition structure of the butadiene-
ethylene reaction was used as the partial structure of the reactive diene and
dienophile in the macrocycle. Connecting saturated cabon chains were substituted
for appropriate hydrogens, and resulting conformations were obtained by using
¥¥2 force field.

"a” aeans the transition state of chiar-boat-chiar like confirmation.

"b” means the transition state of chiar-boat-boat 1like conformation.

la
FINAL STERIC ENERGY IS  82.1878 KCAL.
.
CO4PRESSION 2.4720 \?§:>;::??—Q§i:é%“- -
BENDING 9.7232 of ¥
STRETCH-BEND .5332 < ] \
VANDERWAALS |
1,4 ENERGY  16.8709 3
OTHER 25.5100
TORSIONAL 27.8618
DIPOLE -.7832  DIPOLE MOMENT  2.643 D
EXD OF DAG66KE6MO0 ENDO CHAIR CHAIR TRANSITION STATE D
ib

FINAL STERIC ENERGY IS 82.0698 KCAL.

COMPRESSION 2.4953
BENDING 10.0887
STRETCH-BEND .5448
VANDERWAALS
1,4 ENERGY 16.8780
OTHER 26.5238
TORSIONAL 26.2903
DIPOLE -.7624 DIPOLE MOMENT 2.617 D

END OF DAB66KE6MO ENDO CHAIR BOAT TRANSITION STATE 1

-1A7-



11

FINAL STERIC ENERGY

COMPRESSION
BENDING
STRETCH-BEND
VANDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

IS 82.8075 KCAL.

\
2.4975
3.9212

] I-(
5 ST
16.6835 B an Ve o
26.2508
27.7048

-.7685 DIPOLE MOMENT 2.621 D

END OF DAG666KA6MO ENDO CHAIR CHAIR TRANSITION STATE 4

I1Ib
FINAL STERIC ENERGY IS 82.7074 KCAL.
COMPRESSION 2.4895
BENDING 10.3135
STRETCH-BEND L5471
VANDERWAALS
1,4 ENERGY 16.98175
OTHER 26.6495
TORSIONAL 26.5316 .
DIPOLE -.7412 . DIPOLE MOMENT 2.681 D
END OF DAGG66KASMO ENDO CHAIR BOAT TRANSITION STATE iC
I11la

FINAL STERIC ENERGY IS 82.3880 KCAL.

COMPRESSION
BENDING
STRETCH-BEND
YANDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

END OF DAG66KA6MO

2.3969
9.2020
.5310

16.7511

26.1218

28.1574 ‘

-.7721 DIPOLE MOMENT 2.623 D

EX0 CHAIR CHAIR TRANSITION STATE 1




FINAL STERIC ENERGY IS 83.6426 KCAL.

COYPRESSION 2.4534
BENDING 9.9080
STRETCH-BEND .5646
VANDERWAALS
1,4 ENERGY 16.8320
OTHER 26.9280
TORSIONAL 27.6259
DIPOLE -.7693 DIPOLE MOMENT 2.618 D

END OF DAG66KASMO EXO CHAIR BOAT TRANSITION STATE 1

iva
FINAL STERIC ENERGY IS 83.3952 KCAL.
COMPRESSION 2.4352
BENDING 9.7398
STRETCH-BEND .5001
VANDERWAALS
1,4 ENERGY 16.6481
OTHER 26.6551
TORSIONAL 28.1641
DIPOLE -.7562 DIPOLE MOMENT 2.548 D
END OF DA666KEGMO EXO CHAIR CHAIR TRANSITION STATE 1
IVb

FINAL STERIC ENERGY IS 84.6468 KCAL.

COXPRESSION
BENDING
STRETCH-BEND
VANDERWAALS
1,4 ENERGY
OTHER
TGRSIONAL
DIPOLE

2

186.

27

EXD OF DABG66KE6MO EXO

.4328
10.
.5430

4376

8287

.4605
27.
L7534

6376

DIPOLE MOMENT

2.544 D

CHAIR BOAT TRANSITION STATE 1

-169-



0 DASSSKES40 ENDO CHAIR CHAIR TRANSITION STATE D

28,14,22,28,28, 2, 1.359, 1.421, 121.2,

2, 2, 8,11,

1, 1, 3, 1,

2, 4, 4, 8,

1, 2, 3, 4,22,9,1.358,121.2, 6.0, 3, 3,10,12,0,
2,1, 4, 5,22,9,2.217, 70.7, -117.3, 6, 6,14,16,0,
3, 4, 1, 6,22,8,2.217, 70.7, 117.3, 5, 5,13,15,0,
4, 3,2, 7, 1,9,1.083,117.8, -165.1, 2, 0, 0, 0,0,
1, 2, 3, 8, 1,9,1.083,117.8, 165.1, 3, 0,0, 0,0,
3, 2,1, 8, 1,9,1.079,120.2, 32.1, 1, 0, 0, 0,0,
2, 3, 4,10, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,8,1.500,121.1, -172.86, i,2:, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.6, 4,18, 0, 0,0,
4, 5, 6,13, 2,9,1.500,120.2, -101.0, 6,20, 0, 0,0, -
1, 6, 5,14, 1,9,1.080,120.2, 101.0, 5, 0, 0, 0,0,
4, 5, 6,15, 2,9,1.500,120.3, 104.1, 6, 0, 0, 0,0,
1, 6, 5,15,32,9,1.500,120.3, -104.1, 5,17,19,18,0,
6, 5,16,17, 2,9,1.500,120.0, 180.0, 16,18, 0, 0,0,
5,16,17,18, 2,9,1.540,109.5, -87.0, 12,17, 0, 0,0,
6, 3,156,18,14,9,1.400,120.0, 6.0, 16,16, 0, 0,0,
5, 6,13,20, 2,8,1.540,109.5, 171.0, 13,21,22,25,0,
6,13,20,21, 2,9,1.546,109.5, --65.0, 11,20, 0, 0,0,
6,13,20,22, 4,9,1.450,109.5, 60.0, 20,23, 0, 0,0,
13,20,22,23, 2,8,1.450,108.5, 130.0, 22,24,28, 0,0,
20,22,23,24, 2,8,1.540,108.5, 175.0, 23, 0, 0, 0,0,
§,13,20,23, 4,9,1.450,109.5, 180.0, 20,26, 0, 0,0,
13,20,75,26, 2,9,1.450,109.5, 175.0, 25,27,28, 0,0,
20,25,26,27, 2,9,1.540,109.5, 170.0, 26, 0, 0, 0,0,
20,22,23,28, 2,8,1.540,109.5, 55.0, 23,26, O, 0,0,

DAGG6KEGYD ENDO CHAIR CHAIR TRANSITION STATE D

]

1

]
16
20
23
26
1
12
18
26

2
15
i3
22
24
27

9
32
40
48

.00000

3

23

2
13
18
21

28

i
33
41
49

.00000

0
12

26

13

21

27
.00

30
18

25

34
42
50
000

0
17

20

15
21
27

0
16

10
35
43
51

0
5

5
15
23
28
1.358

14
36
44
52
00

11
15
24
28

29
37
45
33

.00000

53111 0 1 895.

0
21

11
17
24

0
11

30
38
46

.00000

0
1

12
17
24

29

0

31
3
47




2.08512
.25304
1.88823
-.54276
-.81858
-1.83838
-01512
2.16015

1.54702
-2.10033
1.07332
-.15173
1.37285
3.87878
-2.60008
-4.2174
-3.49158
-7.29032
-6.66404
~-3.41225
11
1111 2111
14

N

~o

(%)
PR €O WO = N DM WD = NN = NN YL

DY Do O O O DN e QO U e e O O N
o3

1.21547
2.29020 1
-.911863
.78989 -~
-1.26396
1.20219
.00258
3.868189
1.66104
-.91378
-.63769
.39695 1.
.06172
~-1.96848
4.56898 -
1.89888
-.28059
.30527
.65683
.173883
.36121
.32005
.38375
.642889
1.01282
-1.85452

[ SR

[Pt ]

[ S I S N A
PO k=t e O e D GO B

.00000
.85935
.24633
.49556
.00721
.54781
.78526
.54088
.30932
07377
.39150

02274

.83261
.81394
.09086
.69194
.64365
.84406
.50000
.38863
.85185
41752
.36621
.02156 .
.371486
.90585

LWL U N Q1T QT LN LN LT LI DT LT b D b e ] b b e s T O DO WD

3111 4111 5111 6111 7111

1 8
3 1
3 7
3 1
3 1
2 28 -
29 29
28 28
2 29
29 2
29 5
28 5
28 5
2 28
23 5
§.370
9.444

[V
. .

[ I o B o TR o TR o TR s Y e TR o TR oo B v B e B 0 S v T e |
P e e« & s
e €O O W

N s N

O e e N
N -] O O O O O O C o O

[=2 =1

~3

B O WM WY DWW NN DD DN

.46550
.44129
.14866
.31395
.25682
.21986
.53476
.06546
.17635
.714512
.45903
.11443
.10985
.62596
.892665
.38348
.53873
. 75556
.56472
.87758
.60961
.45281
.891779
.43184
.85711

[ R SCR SUR JUREF X QU S X

!
-

i

e~ B )

.41982
.12391
.16783
.53482
.71452
.21888
.48210
.893922
.08008
.93914
.51017
.94421
.881781
.78871
.74294
.713059
.94653
.06519
.83736
.87655
.43253
.28513
.45306
.28871
.27648

8111 81111011114111

.081
.091
.091
.081
.24
415
.415
.0
.23
.415
.23
.415
.0
.23

~-171-

DO D DO DO O O O o
a e ¢ e & & s e & e & e« s o

[T I - I S |

[5) P ]

1B s B 0O e s B

.00000
.85935
.24633
.49556
.02078
.597317
.62837
.30484
.29245
.42013
.62352
.28754
.718301
.95456 -
.87125
.42152
.66842
.46408
.26273
.04122
.68641
.05239
.67114
.25853

3.34129

O e L NN N U1 LT O U O e e et O ket s R0 T e O LN DO B

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
LAST



2 23 9.444 1.359
5 28 4.60 1.08 f
25 29 6.115 1.421 ?
29 0.044 1.940 i

2 29 29 ©0.43 120.0 §
5 29 29 0.36 120.0 %
29 23 0.050 ?

5 29 2 0.36 120.0 §
29 2 0.05 %

1 2 29 0.55 121.4 j
52 29 0.36 120.0 ;
2 23 0.05 §

ib
0 DAGG6KE6MO ENDO CHAIR BOAT TRANSITION STATE 1
28,14,22,28,29, 2, 1.359, 1.421, 121.2,

4
2, 2, 9,11,
1, 1, 3, 17,
2, 4, 4, 8,
1, 2, 3, 4,22,9,1.358,121.2, 0.0, 3, 3,10,12,0,
2, 1, 4, 5,22,9,2.217, 170.7, -117.3, 6, 6,14,16,0,
3, 4, 1, 6,22,9,2.217, 70.7, 117.3, 5, 5,13,15,0,
0 4,3,2,7,1,9,1.083,117.8, -165.1, 2, 6, 0, 0,0,
1, 2, 3, 8, 1,9,1.083,117.8, 165.1, 3, 0, 0, 0,0,
3, 2,1, 9, 1,9,1.079,120.2, 32.1, 1, 0, 0, 0,0,
2, 3, 4,10, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,9,1.500,121.1, -172.8, 1,21, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.8, 4,18, 0, 0,0,
4, 3, 6,13, 2,9,1.500,120.2, -101.0, 6,20, 0, 0,0,
1, 6, 5,14, 1,9,1.080,120.2, 101.0, 5, 0, 0, 0,0,
4, 5, 6,15, 2,9,1.500,120.3, 104.1, 6, 0, 0, 0,0,
1, §, 5,16,32,9,1.500,120.3, -104.1, 5,17,19,14,0,
6, 5,16,17, 2,9,1.500,120.0, -175.0, 16,18, 0, 0,0,
5,16,17,18, 2,9,1.540,109.5, -38.0, 12,17, 0, 0,0,
6, 5,16,19,14,9,1.400,120.0, 6.0, 16,16, 0, 0,0,
5, §,13,20, 2,6,1.540,109.5, 171.0, 13,21,22,25,0,
6,13,20,21, 2,9,1.540,108.5, -61.0, 11,20, O, 0,0,
§,13,20,22, 4,9,1.450,108.5, 60.0, 20,23, 0, 0,0,
13,20,22,23, 2,9,1.450,109.5, 86.0, 22,24,28, 0,0,
20,22,23,24, 2,9,1.540,109.5, -173.0, 23, 0, 0, 0,0,
6,13,20,23, 4,9,1.450,108.5, -179.0, 20,26, 0, 0,0,
13,20,23,26, 2,9,1.450,109.5, -156.0, 25,27,28, 0,0,
20,25,26,27, 2,9,1.540,109.5, -175.0, 26, 0, 0, 0,0,
20,22,23,28, 2,9,1.540,109.5, 65.0, 23,26, 0, 0,0,

17N



DAGESKESM0 ENDO CHAIR BOAT TRANSITION STATE 1 53 1110 1 800.

8 0 30 0 0 0 0 0 0 0 0 0 0
1 2 3 4 12 18 17 18 5 6 13 20 21 11 1
6 15

15 18

20 22 23 28 26 25 20

23 24

26 27

1 9 2 7 3 8 4 10 5 14 11 29 11 30 12 31
Iz 32 13 33 13 34 15 35 15 36 15 37 17 38 17 39
18 40 18 41 21 42 21 43 23 44 24 45 24 46 24 47
26 48 27 49 27 50 27 51 28 52 28 53

.00000 .00000 .00000 2 1.35800 .00000 .00000 29 2
2.08512  1.21547 .00000 29 1.46550 2.41882 .00000 2 4
.26504  2.29020 1.83935 2 -.44129 1.12391  1.85935 2 6
1.88923 -.891163 .24633 5 3.14866 1.16793 .24633 5 .8
-.34276 .78993  -.49556 5 51395  2.53482  -.49558 5 10
-.82033 -1.26803 -.00217 1 2.29652 3.69248 .02771 1 12
-1.94237 1.17292 1.57641 1 -.21986  3.21898 1.58737 5 14
.06305 .01589  2.77918 1 1.54052  2.54258  2.59737 J 16
2.05885 3.97694 2.52799 1 1.88333  4.64885  1.15627 1 18
2.17732 1.74287  3.24420 7 -2.73832 -.14501 1.38132 1 20
-2.31806 -.93172 .12028 1 ©-2.58842 -1.02610 2.48323 6 22
-3.40289 -.70708 3.59379 1 -3.01934 -1.64262 4.74675 1. 24
-4.08326 .25390 1.20282 ) -5.02723 -.70198 1.66559 1 26
-6.431538 -.23363  1.26646 1 -4.87417 -.84850  3.18445 1 28
-.48710 -1.89333 .77368 5 -.65349 -1.77274 -.98386 5 30
2.20011  4.20436 -.95943 5 . 3.37838  3.45729 .14988 5 32
-2.13650  1.83911 .70334 5 -2.38524 1.72065 2.43878 5 34
1.14837 -.19711 2.67875 5 -.38720 -.97547 2.61744 5 36
-.13770 .28556  3.83719 5 3.14811 3.95798 2.77511 5 38
1.55564 4.57615  3.32233 5 .84781  5.00585 1.00079 5 40
2.52650 5.56926 1.11871 5 -2.88167 -1.88272 .06999 5 42
-2.63446 -.34816 -.77726 5 -3.17233 .33837  3.90424 5 44
-3.64183 -1.43883 5.64824 5 -1.95057 -1.50664 5.03252 5 46
-3.15888 -2.71088 4.46279 5 -4.81848 -1.67106 1.15198 5 48
-7.20617 -.95311 1.61885 5 -6.52363 -.14848 .15885 5 50
-6.66381 .76518  1.70222 5 -5.47147 -.07485  3.72207 5 52
-3.28490 -1.84011  3.48766 5 LAST

0 DAG66KABMO ENDO CHAIR CHAIR TRANSITION STATE 4 -
28,14,22,29,29, 2, 1.359, 1.421, 121.2,
2, 2, §,11,
1, 1, 3, 1,

_177%.



2, 4, 4, 8,
1, 2, 3, 4,22,9,1.359,121.2, 0.0, 3, 3,10,12,0,
2, 1, 4, 5,22,9,2.217, 70.7, -117.3, 6, 6,14,16,0,
3, 4, 1, 5,22,9,2.217, 70.7, 117.3, 5, 5,13,15,0,
4, 3, 2, 7, 1,9,1.083,117.8, -165.1, 2, 0, 0, 0,0,
1, 2, 3, 8, 1,9,1.083,117.8, 165.1, 3, 0, 0, 0,0,
3,2,1, 8, 1,9,1.078,120.2, 32.1, 1, 0, 0, 0,0,
2, 3, 4,19, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,9,1.500,121.1, -172.8, 1,21, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.6, 4,18, 0, 0,0,
4, 5, 5,13, 2,9,1.500,120.2, -101.0, 6,20, O, 0,0,
1, 6, 5,14, 1,9,1.080,120.2, 101.0, 5, 0, 0, 0,0,
4, 5, 8,15, 2,9,1.500,120.3, 104.1, 6, 0, 0, 6,0,
1, 6, 5,16,32,9,1.500,120.3, -104.1,  5,17,19,18,0,
6, 5,16,17, 2,9,1.500,120.0, 180.0, 16,18, 0, 0,0,
5,16,17,18, 2,9,1.540,1098.5, -100.0, 12,17, 0, 0,0, )
6, 53,16,19,14,9,1.400,120.0, 0.0, 16,16, 0, 6,0,
5, 6,13,20, 2,9,1.540,109.5, 180.0, 13,21,22,25,0,
6,13,20,21, 2,9,1.540,108.5, -110.0, 11,20, 0, 0,0,
6,13,20,22, 4,9,1.450,109.5, 10.0, 20,23, 0, 0,0,
13,20,22,23, 2,9,1.450,108.5, 80.0, 22,24,28, 0,0,
20,22,23,24, 2,9,1.540,109.5, -150.0, 23, 0, 0, 0,0,
6,13,20,25, 4,9,1.450,109.5, 130.0, 20,26, 0, 0,0,
13,20,25,25, 2,9,1.450,109.5, -55.0, 25,27,28, 0,0,
20,25,26,27, 2,9,1.540,109.5, -150.0, 26, 0, 0, 0,0,
20,22,23,28, 2,9,1.540,109.5, -30.0, 23,26, 0, 0,0,
DAGG6KAG40 ENDO CHAIR CHAIR TRANSITION STATE 4 53-1 11 0 1 800.
6 6o 38 0 o 0 6 o6 0 0 0 0 o0

1 2 3 4 12 18 17 18 5 6 13 20 21 11 1
8 15

16 19
20 22 23 28 26 25 20
23 24

26 27

1 8 2 1 3 8 4 10 5 14 11 28 11 30 12 31
1z 32 13 33 13 34 15 35 15 36 15 37 17 38 17 39
18 40 18 41 21 42 21 43 23 44 24 45 24 46 24 47
26 48 27 48 27 50 27 51 28 52 28 53

.00000 .00000 .00000 2 1.35800 .00000 .60000 29 2
2.08312 1.21547 .00000 28 1.46550  2.41982 .00000 2 4
.26504  2.29020 1.85935 2 -.44129  1.12381  1.83835 2 -6
1.88823 -.91163 .248633 5 3.14866 1.16793 .24633 3 8
-.34276 .78399  -.49556 5 .51385  2.53482  -.49556 5 10
-.83152 -1.26145 .02364 1 2.25826  3.713177 .012489 1 12



2

-1.94400 1.20368 1.58298 1 -.21986 3
.04255 .00470  2.77753 1 1.53738 2.
2.15640 3.87931 2.52840 1 3.06520 3
2.11625 1.67849 3.30715 7 -2.76846 -
-2.32332 -.90633 .13835 1 -2.66406 -
-3.77773 -1.71853  2.79055 1 -3.44464 -2
-4.11688 .28283 1.11301 6 -4.88674
-6.26547 1.02421 1.84745 1 -5.00972 -
-.50682 -1.897950 .80936 5 -.66912 -1
1.54958 4.56824 -.10612 5 2.82839 3
-2.14043 1.89478 .712995 5 -2.34481 1.
1.11466 -.25617  2.64726 5 -.46906 -
-.14077 .29004  3.83861 5 2.74827 4
1.36637 4.66539  2.48142 5 3.56321 4
3.87813 3.18813 1.38503 5 -2.91394 -1
-2.61376 -.32239 -.76854 5 -3.93048 -2
-4.28874 -3.29422 4.22591 5 -3.21208 -2
-2.35630 -3.25721 3.76753 5 -4.39658 1.
-6.92176  1.19405 2.73196 5 -6.78428
-6.15320 1.89513  1.31042 5 -5.12677 -.
-5.91861 -1.41003 2.73318 5
b
0 DABBSKAG6Y0 ENDO CHAIR BOAT TRANSITION STATE 1C
8,14,22,28,28, 2, 1.358, 1.421, 121.2,
2, 2, 9,11,
1, 1, 3, 1,
2, 4, 4, 8,
1, 2, 3, 4,22,9,1.359,121.2, 0.0, 3, 3,10,12,0,
2, 1, 4, 5,22,9,2.217, 70.7, -1117.3, 6, 6,14,16,0,
3, 4, 1, 6,22,9,2.217, 70.7, 117.3, 5, 5,13,15,0,
4, 3, 2, 7, 1,9,1.083,117.8, -165.1, 2, 0,0, 0,0,
1, 2, 3, 8, 1,9,1.083,117.8, 185.1, 3, 0,0, 0,0,
3, 2,1, ¢, 1,9,1.079,120.2, 32.1, i, 0, 0, 0,0,
2, 3, 4,10, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,9,1.500,121.1, -172.6, 1,21, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.6, 4,18, 0, 0,0,
4, 3, 6,13, 2,9,1.500,120.2, -101.0, 6,20, 0, 0,0,
1, €, 5,14, 1,9,1.080,120.2, 101.0, 5, 0,0, 0,0,
4, 3, 6,13, 2,9,1.500,120.3, 104.1, g, 0, 0, 0,0,
1, 6, 5,16,32,8,1.500,120.3, -104.1, 5,17,19,19,0,
6, 5,16,17, 2,9,1.500,120.0, -175.0, 16,18, 0, 0,0,
5,16,17,18, 2,9,1.540,109.5, -38.0, 12,17, 0, 0,0,
6, 5,16,18,14,9,1.400,120.0, 6.0, 16,16, 0, 0,0,
5, 6,13,20, 2,9,1.540,108.5, 171.0, 13,21,22,25,0,

170

.21898

49106

.94629
.09383
.88260
.62011
.48193
.84219
.18376
.73551

12121

.96585
.08511
.84487
.84943
.36514
.01755

25637

.31478

61668

e ek DD B ek

16 N O B et pd DO e

- B o |

.597317
.62291
.295381
371713
.55102
.98532
.27680
.04228
.84955
.878175
.48349
.64415
.45310
.24961
.06314
.88428
.89330
.80523
.16253
.12838

QT 1 LN W W N T O T U e e e O e s DR

14
186
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
LAST



6,13,20,21, 2,9,1.540,109.5, -63.0, 11,20, 0, 0,0,
6,13,20,22, 4,9,1.450,108.5, 60.0, 20,23, 0, 0,0,
13,20,22,23, 2,98,1.450,109.5, 126.0, 22,24,28, 0,0,
20,22,23,24, 2,9,1.540,1098.5, -177.06, 23, 0, 0, 0,0,
6,13,20,25, 4,9,1.450,109.5, -178.0, 20,26, 0, 0,0,
13,20,25,26, 2,9,1.450,109.5, -69.0, 25,27,28, 0,0,
20,25,26,27, 2,9,1.540,109.5, -169.0, 26, 0, 0, 0,0,
20,22,23,28, 2,9,1.540,109.5, -55.0, 23,26, 0, 0,0,

DA666KA6M0 ENDO CHAIR BOAT TRANSITION STATE 1C

29
317
45
53

.00000

.41982
.12391
.16793
.53482-
.69271
.21898
.53030
.64360
.08223
.87353
.57420

.56557

6 0 30 0 0 6 0 ©

1 2 3 4 12 18 17 16 5 & 13

6§ 15 o
16 19
20 22 23 28 26 25 20
23 24
26 27 -

1 8 2 7 3 8 4 10 5 14 11
12 32 13 33 13 34 15 35 15 36 15
18 40 18 41 21 42 21 43 23 44 24
26 48 27 49 27 50 27 51 28 52 28

.00006  .00000  .00000 2 1.35900
2.09512  1.21547  .00000 29 1.46550 2

.26504  2.29020 1.85935 2 -.44129 1
1.88923  -.91163  .24633 5 3.14866 1
-.54276  .78999 -.49556 5 © .51395 2
-.82772 -1.26291  .03092 1 2.29633 3

-1.94286 1.20830 1.58019 1 -.21986 3

.04494  .01605 2.78788 1 1.54267 2
2.07083 3.86141 2.53500 1 1.90168 4
2.17569 1.71860 3.23250 7 -2.77298 -

-2.32177 -.90819  .13342 1 -2.68852 -
-3.84264 -1.64722 2.78773 1 -3.54127 -2
-4.11543  .29720 1.06861 6 -4.90776
-6.27812  1.05945 1.72033 1 -5.01403 -
-.50666 -1.96969  .82826 5 -.65826 -1
2.19426 4.21080 -.95250 5 3.38047 3
-2.13555  1.80703  .73254 5 -2.34076 1
1.11774  -.24236 2.65789 5 -.47515 -
-.12948  .31828 3.84573 5 3.16007 3
1.57385 4.55848 3.33546 5 .85702 5
2.53818 5.56086 1.13202 5 -2.90803 -1
-2.60613 -.33716 -.78298 5 -4.05103 -2
-4.42922 -3.19785 4.22487 5 -3.25640 -1
-2.69673 -3.26153 3.73285 5 -4.42479 1

.70085
.79610
.45639
.71823
.85260
.93373
.00505
.85411
.27574
.99250
.39168

531110

bt B €0 B bt b DD e

0
21

11
17
24

0
11

30
38
45

.00000
.00000

.85935

.24633

.48556

.03081

.581737
.53687
.16808
.J6016
.53325
.87122
.20986
.06861
.93513

. 14457

= B B DN

.48617
.66992
.77682
.01943

07171

.88926

4.87787

.78296

1
0
1

12
17

QU L W U O U1 U N U U e e et O ket e QO T s O DT PO DD WO

800.
0




.28471
-.40357

~6.94440 1.28855 2.59280 5 -6.78287
-6.17708 1.98836 1.12160 5 -5.03434
-5.96573 -1.24725 2.87055 5
I11a
0 DAGG6KAGMO EXO CHAIR CHAIR TRANSITION STATE 1
28,14,22,29,29, 2, 1.358, 1.421, 121.2,
2, 2, 9,11,
1, 1, 3, 7,
2, 4, 4, 8,
1, 2, 3, 4,22,9,1.359,121.2, 0.0, 3, 3,10,12,0,
2, 1, 4, 5,22,9,2.217, 70.7, -117.3, 6, 6,14,16,0,
3, 4, 1, 6,22,9,2.217, 70.7, 117.3, 5, 5,13,15,0,
4, 3, 2, 7, 1,9,1.083,117.8, -165.1, 2, 0, 0, 0,0,
1, 2, 3, 8, 1,9,1.083,117.8, 165.1, 3, 0, 0, 0,0,
3, 2,1, 8, 1,9,1.079,120.2, 32.1, 1, 0, 0, 0,0,
2, 3, 4,10, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,9,1.500,121.1, -172.8, 1,21, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.8, 4,18, 0, 0,0,
4, 5, 6,13, 2,9,1.500,120.2, -101.0, 6, 0, 0, 0,0,
1, 6, 5,14,32,9,1.500,120.2, 101.0, 5,17,19,18,0,
4, 5, 6,15, 2,9,1.500,120.3, 104.1, 6,20, 0, 0,0,
1, 6, 5,16, 1,9,1.080,120.3, -104.1, 5, 0, 0, 0,0,
6, 5,14,17, 2,9,1.500,120.0, 177.0, 14,18, 0, 0,0,
5,14,17,18, 2,9,1.540,109.5, 84.0, 12,17, 0, 0,0,
6, 5,14,19,14,9,1.400,120.0, 0.0, 14,14, 0, 0,0,
5, 6,15,20, 2,9,1.540,109.5, -172.0, 15,21,22,25,0,
6,15,20,21, 2,9,1.540,109.5, . 67.0, 11,20, 0, 0,0,
6,15,20,22, 4,9,1.450,109.5, -57.0, 20,23, 0, 0,0,
15,20,22,23, 2,9,1.450,109.5, -86.0, 22,24,28, 0,0,
20,22,23,24, 2,9,1.540,109.5, 173.0, 23, 0, 0, 0,0,
6,15,20,25, 4,9,1.450,109.5, 180.0, 20,28, 0, 0,0,
15,20,25,26, 2,9,1.450,109.5, 156.0, 25,27,28, 0,0,
20,25,26,27, 2,9,1.540,109.5, 175.0, 26, 0, 0, 0,0,
20,22,23,28, 2,9,1.540,108.5, -65.0, 23,26, 0, 0,0,
DAG66KAGMO EXO CHAIR CHAIR TRANSITION STATE 1
) 0 30 0 0 0 0 0
1 2 3 4 12 18 17 14 5 8 15
g8 13
14 18
20 22 23 28 26 25 20
23 24
26 27
1 9 2 7 3 8 4 10 5 16 11

_1

77~

0
20

29

1.09527 5 50
4.14456 5 52
LAST

531110 1 800.
0 0 0 0
21 11 1

11 30 12 31



12 32 13 33 13 34 13 35 15 38 15 37 17 38 17 39
18 40 18 41 21 42 21 43 23 44 24 45 24 46 24 47
26 48 27 49 27 50 27 51 28 52 28 53

.00000 .00000 .60000 2 1.35900 .00000  .00000 29 2
2.09512 1.21547  .00000 29 1.46550 2.41982  .00000 2 4
.26504  2.29020 1.85935 2 -.44129  1.12391 1.85935 2 6
1.88923 -.91163  .24633 5 3.14866 1.16793  .24633 5 8
-.54276  .78998 -.48556 5 .51395 2.53482 -.49556 5 10
-.70032 -1.33843 .08627 1 2.30216 3.67970  .08600 1 12
-1.94079  1.21876 1.58415 1 -.31558 3.63232 1.53256 3 14
.03775 .00022  2.77579 1 1.14558  2.393%4 2.47600 5 1B
.65124  4.80501 1.85560 1 1.47141  4.93980  .36673 1 18
-1.45137 3.88174 1.18961 7 -.62247 -1.39835 2.70269 1 20
-.33881 -2.12257 1.36981 1 -2.03236 -1.33740 2.84803 6 22
-2.47186 -1.18048 4.18204 1 -3.99373 -.99174 4.15980 1 24
-.01589 -2.16401 3.73815 6 -.88095 -3.13228 4.29791 1 26
-.07029 -3.99512 5.27202 1 -2.04273 -2.41086 4.99148 1 28
-.42713 -1.935904 -.80602 5 -1.80505 -1.21529  .03231 5 30
2.83429 3.81075 -.88631 5 3.07916 3.56338  .87818 5 32
-2.20079 1.81448  .68279 5 -2.45312  1.65615 2.47131 5 34
-2.44481 .25460 1.38967 5 -.08887 .38757 3.81223 5 36
1.13948 -.12528 2.66246 5 1.32342 4.67524 2.53583 5 38
.07394 5.74230 © 1.83981 5 ©.78401 5.13604 -.48108 5 40
2.14914  5.82403 .44549 5 .73550 -2.41780 1.34769 5 42
-.90206 -3.08507 1.34338 5 -2.01259 -.24968 4.53110 5 44
-4.39464 -.87072 5.19248 5 -4.50139 -1.86545 3.68030 5 46
-4.27595 -.08482 3.57656 5 -1.25491 -3.78455 3.47211 5 48
-.71446 -4.76961 5.74846 5 .38153 -3.37633 6.08098 5 50
.75966 -4.51031 4.74408 5 -2.88550 -3.13136 5.11152 5 52
-1.75075 -2.08302 6.01692 5 LAST
11
1111 2111 3111 4111 5111 6111 7111 8111 91111011116111
14 5 1 8
2 2 3 1 0.15 2.091 0.0
2 2 3 7 0.91 2.091 0.0
5 2 3 1 0.0 2.091 0.0
5 2 3 7 0.0 2.091 0.0
1 1 2 29 -p.44 0.24 0.06
1 2 23 29 0.0 g.415 0.0
5 2 29 29 0.0 9.415 0.0
5 1 2 28 0.0 0.0 -0.24
2 20 29 2 0.0 2.23 0.80
1 2 29 5 0.0 9.415 0.0
2 29 29 5 0.0 2.23 0.0,
5 2 28 5 0.0 9.415 0.0

_17R%.



31 2 28 0.0 0.0 0.10
5 28 28 5 0.0 2.23 0.0
2 3 6.370 1.4767
2 2 9.444 1.366
2 29 9.444 1.359
5 29 4.60 1.09
28 29 6.115 1.421
29 0.044 1.940
2 29 29 0.43 120.0
5 29 29 0.36 120.90
29 29 0.050
5 29 2 0.36 120.0
28 2 0.05 |
1 2 29 0.55 121.4
5 2 29 0.36 120.0
2 29 0.05
11Ib

0 DA666KAMO EXO CHAIR BOAT TRANSITION STATE 1
28,14,22,28,29, 2, 1.359, 1.421, 121,2,

2, 2, 9,11,

1, 1, 3, 7,

2, 4, 4, 8,

1, 2, 3, 4,22,9,1.359,121.2, 0.0, 3, 3,10,12,0,
2, 1, 4, 5,22,8,2.217, 70.7, -117.3, 6, 6,14,186,0,
3, 4, 1, 6,22,9,2.217, 70.7, 117.3, 5, 5,13,15,0,
4, 3, 2, 7, 1,9,1.083,117.8, -165.1, 2, 0, 0, 0,0,
1, 2,3, 8, 1,9,1.083,117.8, 165.1, 3, 0, 0, 0,0,
3, 2,1, 9, 1,9,1.079,120.2, 32.1, 1, 0, 0, 0,0,
2, 3, 4,10, 1,9,1.079,120.2, -32.1, 4, 0, 0, 0,0,
3, 2, 1,11, 2,9,1.500,121.1, -172.86, 1,21, 0, 0,0,
2, 3, 4,12, 2,9,1.500,121.1, 172.6, 4,18, 0, 0,0,
4, 5, 6,13, 2,9,1.500,120.2, -101.0, 6, 0, 0, 0,0,
1, 8, 5,14,32,8,1.500,120.2, 101.0, 5,17,18,19,0,
4, 5, 6,15, 2,9,1.500,120.3, 104.1, 6,20, 0, 0,0,
1, 6, 5,16, 1,9,1.080,120.3, -104.1, 5, 0, 0, 0,0,
6, 5,14,17, 2,9,1.500,120.0, 178.0, 14,18, 0, 0,0,
5,14,17,18, 2,9,1.540,108.5, 31.0, 12,17, 0, 0,0,
6, 5,14,19,14,9,1.400,120.0, 6.0, 14,14, 0, 0,0,
5, §,15,20, 2,9,1.540,109.5, -172.0, 15,21,22,25,0,
6,15,20,21, 2,9,1.540,108.5, 7.0, 11,20, O, 0,0,
6,153,20,22, 4,9,1.450,109.5, -57.0, 20,23, 0, 0,0,
15,20,22,23, 2,9,1.450,109.5, -86.0, 22,24,28, 0,0,
20,22,23,24, 2,9,1.540,109.5, 173.0, 23, 0, O, 0,0,
6,15,20,25, 4,9,1.450,1098.5, 180.0, 20,26, 0, 0,0,

17aQ



15,20,25,26, 2,9,1.450,108.5, 156.0,  25,27,28, 0,0,
20,25,26,27, 2,9,1.540,108.5, 175.0, 26, 0, 0, 0,0,
20,22,23,28, 2,9,1.540,109.5, -65.0, 23,26, 0, 0,0,

DAG66KAG6MO EXO CHAIR BOAT

TRANSITION STATE 1

8 0 30 0 0 0 0 O
1 2 3 4 12 18 17 14 5 6 15
6 13 '
14 19
20 22 23 28 26 25 20
23 24
26 27
1 9 2 7 3 8 4 10 5 16 11
1232 13 33 13 34 13 35 15 36 15
18 40 18 41 21 42 21 43 23 44 24
26 48 27 43 27 50 27 51 28 52 28
.00000 .00000 .00000 2 1.35900
2.09512  1.21547 .00000 28 1.46550 2
.26504  2.29020  1.85935 2 -.44129 1
1.88923 -.91163 .24633 5 3.14866 1
-.54278 .78998 -.49556 5 .51395 2
-.70078 -1.33805 .09698 1 2.28375 3.
-1.93990 1.22334 1.58136 1 © -.20255 3
.03451 .00093  2.77793 1 1.14558 2
.67150 4.81441 1.64488 1 2.13963 4
-1.42331 3.88722 1.16788 7 -.62685 -1
-.34003 -2.12120 1.37131 1 -2.03701 -1
-2.47986 -1.17759 4.17782 1 -4.00110 -
-.02376 -2.16295 3.74063 6 -.89094 -3
-.08371 -3.99432 5.27402 1 -2.05483 -2
-.42738 -1.93633 -.80474 5 -1.80546 -1
1.87764 4.33827 -.83857 5 3.36549 3
-2.19719  1.82145 .68090 5 -2.45159 1.
-2.44654 .26063 1.38607 5 -.09405
1.13635 -.12555 2.66648 5 .57818 5
.33362 5.60788 .93637 5 2.71515 5.
2.61617 3.93737 2.16863 5 .73471 -2
-.80210 -3.08437 1.34427 5 -2.01966 -.
-4.40440 -.86530 5.18369 5 -4.50920 -1
-4.28015 ~-.07799 3.56887 5 -1.26243 -3
-.72967 -4.76868 5.74823 5 .36568 -3
.74778 -4.51868 4.74869 5 -2.89874 -3
-1.76672 -2.08315 6.01434 5

29

37 .

45
53

.00000
.41982
.12391
.16793
.53482

70038

.63760
.39394
.49552
.39752
.33423
.98602
.13105
.40942
.21452
47722

66287

.38807
.23334

44869

.41496

24801

.85831
.78307
.37582
.12931

531110

0
21

11
17
24

0
11

30
38
46

.00000
.00000

.85835

.24833

.49556

.02459

e e R N DD ek DO e

.51847
.47600
.32867
.70344
.84482
.15181
.29746
.98732

.03272

[ B o R P P L - "Iy R |

.13358
.46781
.81385
.67455
.24964
.35105
.58885
.68024
.47038
.08455
.10302

1
0
1

12
17
24

29

G L1 Q1 W N O W OO U R e ek el O R ek QGO = AT T RO BN

800.
0

LAST




I¥a

0 DABG66KE6MO EXO CHAIR CHAIR TRANSITION

28,14,22,29,29, 2,
2, 2, 9,11,
1, 1, 3, 1,
2, 4, 4, 8,
1, 2, 3, 4,22,8,1
2, 1, 4, 5,22,9,2
3, 4,1, 6,22,9,2
4, 3,2, 71, 1,9,1
1, 2, 3, 8, 1,8,1
3, 2,1, 9, 1,9,1
2, 3, 4,10, 1,9,1
3, 2, 1,11, 2,9,1
2, 3, 4,12, 2,9,1
4, 5, 6,13, 2,9,1
1, 6, 5,14,32,9,1
4, 5, 6,15, 2,9,1
1, 6, 5,16, 1,9,1
6, 5,14,17, 2,9,1
5,14,17,18, 2,9,1
8, 5,14,18,14,8,1
5, 6,15,20, 2,9,1
6,15,20,21, 2,9,1
6,15,20,22, 4,9,1
15,20,22,23, 2,9,1
20,22,23,24, 2,9,1
6,15,20,25, 4,9,1
15,20,25,26, 2,9,1
20,25,26,27, 2,9,1
20,22,23,28, 2,9,1

.358,121.2,
.217, 70.
.217, 70.
.083,117.
.083,117.
.079,120.2,
.079,120.2,
.500,121.
.500,121.
.500,120.
.500,120.
.500,120.3,

1.3589,

.080,120
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¥¥2 transition siruciure models of transannular Diels-Alder reaction on 110

¥4¥2 transition structure models of Diels-Alder reaction on 110 were obtained
as follews. Houk’s synchronous ST0-3G transition structure of the butadiene-
ethylene reaction was used as the partial structure of the reactive diene and
diencphile in the macrocycle. Connecting saturated cabon chains were substituted
for zpprepriate hydrogens, and resulting conformations were obtained by using
M¥2 force field.
"a” geans the transition state of chiar-boat-chiar like confirmation.
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- A
CO¥PRESSION 2.1108 /.\;\\,{ \&\ ‘L“?_
BENDING 8.7098 fs \,‘<
STRETCH-BEND .3043 N — )
YANDERWAALS /\\b@[
1,4 ENERGY 12.8832 /I
OTHER 95.2187 o~
TORSIONAL 28.6361
DIPOLE C o -.7046 DIPOLE MOMENT  2.612 D
T5D OF DAGB6KESMO ENDG CHAIR CHAIR TRANSITION STATE 2
Ila B ]
FINAL STERIC ENERGY IS 77.3035 KCAL. A >_<
e
COMPRESSION 2.1052 f—“>_ T\
BENDING 8.6660 < 7.
STRETCH-BEND .3031 T °>(A
VANDERWAALS L\
1,4 ENERGY  12.8707 /X
OTHER 95.2782
TORSIONAL 28.7800
DIPOLE -.6996 DIPOLE MOMENT  2.616 D

END OF DAG666KASMO ENDO CHAIR CHAIR TRANSITION STATE
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Conformational analysis of the 14-membered (E,E,E)-triene 120
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The starting geometries which were constructed to be a s-cis form of E,E-
diene, were generated using MMRS at 45° dihedral angle resolution and with a
closure distance rangeof 1.0-3.0 A, and with a transannular contact of 2.4 A.
Structures of 11 conformations obtained were optimized by M2 to get 4 confor-
sations (HITAC).
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Conforemsticnal analysis of the 14-membered Z,E,E-triene 121

The starting geometries which were constructed to be a s-cis form of Z,E-
diene, were generated using MMRS at 45° dihedral angle resolution and with a
closure distance range of 1.0-3.0 A,and with a transannular contact of 2.4 A.
Structures of 25 conformations obtained were optimized by MM¥2 to get 11 confor-
mations within 2.0 kcal/mol from the lowest energy conformation.
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II K0= 20 ENERGY=  30.2730
\\f/<-_-,.-<\</ J
ST= 1.38 BD= 7.24 SB= .26 14= 11.06 ol %
0T= -4.58 T= 13.62 DP= 1.10 DM= 4.37D /\_;‘\,'X
: TN

III %0= 6 ENERGY=  30.8681 .
ey’
ST= 1.84 BD= 8.59 SB= .15 14= 11.23 - \’%fé\(/

13.52 DP= 1.05 DM= 1.93D c—(__/

o
—y
1
[
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.
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<
Lac:]
]

| /=
- IV K0= 17 ENERGY=  31.3879
DE= ;.sf BD= 10.43 $B= .13 14= 11.44 \\.___(;——(\/
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\O\
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V. N0= 22 ENERGY=  31.9488 NG
ST= 1.71 BD= 8.95 SB= .31 14= 11.10 AR Y
_ TN, ./ //\\
0T= -5.13 T= 13.87 DP= 1.14 DM= 2.48D /‘\%/»\
_ 7\
VI X0= 14 ENERGY=  32.1007 . X/
ST= 1.53 BD= 8.34 SB= .27 14= 11.18 | 7~
0T= -5.01 T= 14.75 DP= 1.05 DM= 5.13D [7\
A P
i

ENERGY: FINAL STERIC ENERGY, ST: COMPRESSION, BD: BENDING, SB: STRETCH-BEND,
14: VAN DER WAALS_1,4 ENERGY, OT: VAN DER WAALS_OTHER, T: TORSIONAL, DP: DIPOLE,
DM: DIPOLE MOMENT [ KCAL/MOL ]
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as follows.
dienophile in the macrocycle.
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¥M2 transition structure models of transannular Diels-Alder reaction on 120

¥¥2 transition structure models of Diels-Alder reaction on 120 were obtained
Houk’s synchronous ST0-3G transition structure of the butadiene-
ethylene reaction was used as the partial structure of the reactive diene and
Connecting saturated cabon chains were substituted
for appropriate hydrogens, the macroring was constructed by using the MRS

and the resulting conformations were optimized by MM2 to get 4 p0551b1e

transition structure models of A, B, C and D.
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Conformation znalvsis of enolate 134

6 possiple conformers of 134 were calculated using the MacroModel implementation of the
M42 molecluar mechanics force field.

X X
X %
X %

TOTAL MM2 ENERGY IS

Van der ¥aals 1.761
Torsion 1.833
Improper Torsion 0.004
Hydrogen-Bond 3.000

Energy minimization RMS

TOTAL MM2 ENERGY IS

Van der Waals 1.747
Torsion 1.483
Improper Torsion 0.008
Hydrogen-Bond 0.000

Energy minimization RMS

TOTAL MM2 ENERGY IS

Van der ¥aals 2.2253
Torsion _ 0.997
Improper Torsion 0.003
Hydrogen-Bond 0.000

Energy minimization RMS

TOTAL MM2 ENERGY IS

Van der ¥Waals 2.463
Torsion 0.644
Improper Torsion 0.007
Hydrogen-Bond 0.000

Energy minimization RMS

10.839 keal/mol

tretch 0.549
Bend 8.454
Stretch-Bend -0.152
Electrostatic -2.711

= 0.0011 keal/A-mol

10.607 kcal/mol

Stretch 0.512
Bend 8.763
Stretch-Bend -0.135
Electrostatic -2.772

=  0.0010 kecal/A-aol

11.011 kcal/mol

Stretch 6.529
Bend 10.038
Stretch-Bend -0.152
Electrostatic -2.630

= 0.0015 kcal/A-amocl

11.083 kcal/mol

Stretch (.482
Bend 10.328
Stretch-Bend -0.125
Electrostatic -2.715

= 0.0008 kcal/A-mol




Connecticn Table

TOTAL MM2 ENERGY IS

Van der Waals 1.740
Torsion 1.792
Improper Torsion 0.001
Hydrogen-Bond $.000

Energy minimization RHS

TOTAL HM2 ENERGY IS

Van der ¥aals 1.854
Torsion 2.032
Improper Torsion §.010
Hydrogen-Band 0.000

Energy minimization RMS

Atcaic Charges, Coordinates and Connectivity

- single bond,

I
Atom Charge
Iype Kugmber
€3 ( D 8.083
€3 ( 2) 0.000
3 ( D 0.042
€2 ( 4) 0.114
€z ( 5) -0.368
€3 ( 6) 0.042
04 ( 7) -0.870
Hl ( 8) 0.000
H1 ( ) 0.000
H ( 10) 0.000
H (11 0.9800
H ( 12) 0.000
3 ( 13 0.000
H ( 14) 0.000
Ht (  13) 0.000
HL (  18) 0.000

e 2 - I o~ IS e A N (S5 S o T o » B <PL Y- S 5 | B » B 5 { Y 9% 3

.1826
.0786
.2638
.5744
.2315
.2802
.3559
.9704
.1513
.0828
.6236
.1085
.4422
.8690
.6312
L7794

Coordinates Residue
Y YA :
4.4842 0.4357 UNK O
5.0084 1.1041 UNK O
4.3257 0.3858 UNK O
3.1000 -0.1165 UNK @

- 3.1474 -0.0968 UNK O
2.0852 -0.5861 UNK O
2.1109 -0.5438 UNK O
4,36717 1.1922 UNK 0.
6.1221 1.1228 UNK O
4.6622 2.1677 UNK O
4.9326 -0.4783 UNK O
4.0882 1.0774 UK O
1.5041 0.5512 UNK O
1.2616 -1.0671 UNK O
2.5263 -1.3706 UNK O
0.6893 0.1767 UNK 0

72172

10.897 kcal/mol

Stretch 0.567
Bend 9.676
Stretch-Bend -0.164
Electrostatic -2.715

0.0013 kcal/A-mol

11.441 kcal/mol

Stretch 0.514
Bend 9,938
Stretch-Bend -0.124
Electrostatic -2.784 -

0.0013 kecal/A-mol

doble bond, ¥ triple bond

Attached Atoms & Bonds
2- 5- 8- 19-
1- 3- g- 10-
2- 4-  11-  12-
3- 5= 7-
4= 1- 6i
5~ 13- 14-  15-
4..

1_
2_
2-
3_
3..
6- 16- 17- 18-
6_
6_
13-



Ht ( 17) §.000 3.0879 1.0758 1.35330 UNK O 13-
H ( 18) 0.000 1.7868 2.2784 1.0122 UNK O 13-
€2 ( 19) -0.042 3.3504 5.3571 -0.7154 UNK O 20=  21- 1-
2 ( 200 0.000 2.0876 5.7652 -0.9029 UNK O 18=  22- 23-
H1 (  21) 0.000 4.1241 5.6551 -1.4446 UNK 0 19~
HI ( 22) 0.000 1.81539 6.3958 -1.7653 UNK O 20-
i1 (23 0.000 1.2841 5.4817 -0.2046 UNK 0 20~
Total charge on system = -1.000
11
Atoa Charge Coordinates Residue Attached Atoms & Bends
Iype MNuzber X Y YA
3 ( 1 0.042 7.5217 4.6894 -0.0966 UNK O 2- 3- 8- 12~
3 ( 2) 0.000 6.3225 ° 5.5138 -0.6316 UNK 0 1- 3- 8- - 10-
3 ( k) 0.083 5.0488 4.7588 -0.1798 UNK 0 2- 4-  11- 18-
£z ( 4) -0.389 5.5436 3.3405 -0.0746 UNK 0 3- 5= 7-
£z ( 3) 0.114 6.8887 3.3483 -0.0206 UNK 0 4= 1- 6-
04 ( §) -0.870 7.7120 2.3125 0.1234 UNK O 5-
Q3 ( ()] 0.042 4.6514 2.1409 0.0484 UNK O 4- 13- 14- 13-
HL ( 8) 0.000 8.4013 4.7319 -0.7827 UNK O 1-
Hl ( 9 0.000 6.3348 6.5830 -0.3109 UNK O 2-
H (10 0.000 6.3752 5.4987 ~-1.7480 UNK O 2-
H ( 11) 0.000 4.7606 5.0875 0.8480 UNK 0 3-
H ( 12) 0.000 7.8161 5.0308 0.9272 UNK O 1-
H ( 13) 0.000 5.2658 1.2098 0.0488 UNK O 1-
3 ( 10 0.000 3.8115 2.1929 1.3298 UNK O 7- 16- 17- 18-
HL ( 15)  0.000  3.9866 2.0930  -0.8458 UNK 7-
it (  16) 0.000 3.1711 1.2850 1.4238 UNK 0 14~
i (¢ 17 0.000 4.4827 2.2451 2.2334 UNK 0O 14-
HU ( 18) 0.600 3.1365 3.0798 1.3401 UNK 0 14~
c2 ( 18 -0.042 J.8857 4.9209 -1.1359 UNK 0 20=  21- 3-
€2 (¢ 20 0.000 2.7052  5.4284 -0.7808 UNK 0 19=  22- 23-
_HL (C21) 0.000 4.0584 4.5966 -2.17817 UNK O 19-
H ( 22) 0.000 1.8823 5.5245 -1.5298 UNK O 20~
i (  23) 0.000 2.4999 5.7629 0.2387 UNK © 20-

Total charge on system = -1.000

111
Atea Charge Coordinates Residue Attached Atoms & Bonds
Type Xuamber X Y Z
€3 ( 1 0.083 3.7828 4,1971 0.7479 UNK 0 2- 5=~ 8- 18-

3 ( 2) .0.000 5.06786 4.3168 1.5888 UNK 0 - 3 9 10



€3 ( 3 0.042 6.2638 4.0847 0.6255 UNK 0 2- 4-  11- 12—
€2 ( 4) 0.114 5.5744 3.2744 -0.4224 UNK O 3- o= 7-
€2 ( 3) -0.369 4.2315 3.3056 -0.3817 UNK O 4= 1i- 6-
€3 ( ) 0.042 3.2902 2.6303 -1.3365 UNK 0 5- 13- 14- 15~
o4 ( 7)  -0.870 6.3559 2.6315 -1,2870 UNK O 4-
H ( 8} 0.000 2.9704 3.7178 1.3448 UNK O 1-
H1 ( ) 0.000 5.1513 5.2719 2.1619 UNK O 2~
HI (  1D) 0.800 5.0829 3.48352 2.3368 UNK O 2-
il ( 1D 3.400 §.6236 5.0423 0.1805 UNK 0 3-
H ( 12} 0.0600 7.1085 3.5419 1.1107 UNK O 3-
€3 ¢ 13> - 0.000 4.0373 1.7883 -2.3776 UNK O 6- 16- 17- 18-
Hl (  14) §.000 2.8726 3.3867 -1.8619 UNK 0 -
H ( 13) §.000 2.5802 1.9873 -0.7527 UNK O -
HL (  18) 0.000 3.3254 1.3288 -3.1021 UNK O 13-
H C 17) 0.000 4.7333 2.4147 -2.9572 UNK O 13-
H1 ( 18) 0.000 4.6084 0.9587 -1.8020 UNK O 13- -
€2 ( 18 -0.042 3.3504 5.5286 0.1875 UNK O 0= 21- 1-
€2 ( 20 0.000 2.0876 5.9757 0.2281 UNK 0 18=  22-  23-
H1 ( 21) 0.000 4.1241 6.1512 -0.2950 UNK 0 19-
H ( 22) 0.000 1.8159 6.9531 -0.2025 UNK O 20-
HL ( 23) 0.000 1.2841 5.3811 0.6921 UK O 20-
Total charge on system = -1.000
H .
Atca Charge Coordinates ) Residue Attached Atoms & Bends
Type Number X Y Z
€3 ( 1 0.042 7.5216 4.3538 0.5422 UNK O 2- 5- 8- 12-
3 ( 2) 0.000 6.3223 5.2242 0.9798 UNK 0 - 3- g- 10-
3 ( 3) 0.083 5.0487 4.4551 0.5521 UNK O 2- 4-  11- 18-
€2 ( 4) -0.369 5.5457 3.6550 -0.6237 LNK O 3- 5= 7-
€2 ( 3) 0.114 6.8887 3.6122 -0.5898 UMK O 4= 1- 6-
0y ( 6) -0.870 7.7121 2.9686 -1.4148 UNK- O 5-
a3 ( ID) 0.042 4.6516 2.9486 -1.6011 UNK O 4- 13- 14- 15~
Hl ( 8) 0.000 8.4012 4.9643 0.2273 UNK O 1-
L ( 3 0.000 6.3345 5.4811 2.0662 UNK O 2-
H 10 0.000 6.3744 6.1834 0.4085 UNK O 2-
B (1D 0.000 4.7605 3.7296 1.3506 UNK 0 3-
HI ( 12) 0.600 7.8160 3.8329 1.3412 UNK O 1-
HL (  13) 0.000 4.0235 3.6832 -2.1472 INK O 1-
3 ( 14 0.000 5.4596 2.1281 -2.6132 UNK O 7-  16- 17- 18-
HL ( 13) 0.000 3.9536 2.2857 -1.0379 UNK O 7-
HU (  18) 0.000 4.7889 1.6285 -3.3496 UNK O 14~
HL ( 17) 0.000 6.1656 2.7171 -3.1820 UNK O 14-



HL ( 18)  0.000 6.0538 1.3302  -2.1106 UNK O 14-
€2 ( 13 -0.042 3.8366 5.3643 0.2142 UNK O 20=  21-  3-
€2 ( 29 0.000 2.7055 5.3197 0.8271 UNK O 1= 22-  23-
HI (21 0.000 4.0580 6.1046 -0.5886 UNK O 18-
Hl ( 22 0.000 1.8932 6.0078 0.5408 UNK O 20-
HI ( 23) 0.000 2.5004 4.5962 1.6321 UNK O 20~
Total charge on system = -1.000
¥
Atom Charge Coordinates Residue Attached Atoms & Bonds
Type Xuzber X Y Z
G ( D 0.083 3.7769 4.1888 0.7287 UK 0 2- 3= 8 18-
3 ( 2) 0.000 5.0471 4.3236 1.6038 UMK O - 3- 98-  10-
3 ( 3) 0.042 6.2547 4.1184 0.6642 UNK O - 4 11- 12—
2 ( 4) 0.114 5.8066 3.2934 -0.4001 UNK O - 5= 7- --
€2 ( 3) -0.389 4.2619 3.2999 -0.3803 UNK 0 4= 1- 6-
83 ( §)  0.042 3.3011 2.6203 -1.3245 ONK O 5- 13- 14- 13-
1], ¢ 7) -0.870 6.4403 2.6683 ~1.2280 UNK 0 4-
HlI ( 8) 0.000 2.9532 3.6955 1.2991 UNK 0 1-
H1 ( 9) 0.000 5.0904 5.2763 2.1838 UNK O 2-
H (10 0.000 5.0475 3.4868 2.3460 UNK O 2-
i (11 0.000 6.6029 5.0843 0.2277 UK O 3-
H ( 12) 0.000 7.1022 3.5950 1.1675 UNK O 3~
G ( 13) 0.000 2.3884 3.5487 -2.1326 UNK O 6- 16- 17- 18-
HI ( 14) 0.000 2.6702 1.9260  -0.7206 UNK O 6-
HU ( 15) 0.000 3.89499 1.9968  -2.0297 UNK O 6-
Hl (16 0.000 -1.7187 2.9592 -2.8018 UNK O 13-
A ( 1D 0.000 1.7334 4.1572 -1.4667 UNK O 13-
HI ( 18) 0.000 2.9788 4.2368 -2.7812 UNK O 13-
c2 ( 19 -0.042 3.3468 5.5184 0.1614 UNK O 2= 21- 1-
€2 ( z0) 0.000 2.0895 5.9791 0.2193 UNK O 18=  22-  23-
HL (2D 0.000 4.1190 6.1310  -0.3361 UNK 0 18-
CHL 22 0.000 1.8212 6.9560 -0.2149 UNK O 20-
H ( 23) 0.000 1.2873 3.3972 0.7010 UNK O 20-

Total charge on system = -1.000

¥I
Ator Charge Coordinates Residue Attached Atozs & Bonds
Type Nueber X Y Y/
3 ( 1 0.042 7.5089 4.3607 0.5928 UNK 0 2- 3- 8- 12-

3 ( 2) 0.000 6.2940 5.2162 1.0112 UMK O - 3 % 10-
3 ( k) 0.083 5.0412 4.43717 0.5445 UNK O - 4- 11— 18-



c2
W
oM
€3
H1
H1
H1
H1
H1
11
a3
H1
H1
H1
H1
€2
€2
H1
H1
H1

PN SN TN SN SN SN NN N N SN N SN PN SN SN SN PN AN N
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)
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!
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.369
.114
.870
.042
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.042
.000
.000
.000
.000
Total charge on system =

5.5682

6.9125 -

1.7837
4.6558
8.3808
§.2776
6.3511
4.7401
7.7903
4.0113
3.7572
5.2822
3.1185
3.0723
4.3385
J.8882
2.6873
4.0583
1.8757
2.4732
-1.000

3.6506
3.6244
3.0115
2.9671
4.9825
5.4612
6.1816
J.6983
3.6340

2.2553

3.8888
2.3636
3.2972
4.4836
4.5814
5.3422
5.2842
6.0921
5.8702
4.5519

-217-

UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK

O OO D oD Od O OCEE-CDDDOOEDOOMDD O

16-

21-
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W42 transition structure medels in the methylation of enclate 134

calculated, respectively.

MM2 transition structure models in «- and A-methylations of the enolate 1341 and 134II were
In these calculations, the distance (3.0 A) and the attacking angle
(106 °) of the methyl iodide to the enolate, and the two sp? hybridized carbons of the enolate were

fixed and the geometry for the rest of molecule was optimized by MM2.

*
X
*

b3

*
*

* K KX K %K %X

*
%
*
L3
%
*

% X % % % % 3

TOTAL H42 ENERGY IS

Van der ¥aals 0.836
Torsion 4.821
Improper Torsion 0.211
Hydrogen-Bond 0.000

Energy minimization RHS

TOTAL MM2 ENERGY IS

Van der ¥Waals 0.099
Torsion 4,096
Improper Torsion 0.166
Hydrogen-Bond 0.000

Energy minimization RMS

TOTAL MM2 ENERGY IS

Van der ¥aals -0.154
Taorsion 3.048
Improper Torsion 8.171
Hydrogen-Bond 0.000

Energy minimization RMS

TOTAL MM2 ENERGY IS

Van der Waals 1.209
Torsion 4.796
Improper Torsion 8.157
Hydrogen-Bond 0.000

Energy minimization RMS

13.246 keal/mol

Stretch 0.794
Bend 8.545
Stretch-Bend -0.174
Electrostatic -2.847

= 0.7642 kJ/A-mol

12.488 kcal/mol

Stretch 0.683
Bend 10.297
Stretch-Bend -0.137
Electrostatic -2.715

= 0.1593 kJ/A-mol

11.021 keal/mol

Stretch 0.624
Bend 10.326
Stretch-Bend -0.130
Electrostatic -2.863

= 0.8283 kJ/A-mol

14.997 keal/mol

Stretch 0.758
Bend 10.831
Stretch-Bend -0.071

Electrostatic -2.782
= 1.7439 kJ/A-mol




Connecticn Table

Atoaic Charges, Coordinates and Connectivity

18
Atoa

Type Nuzber
3 ( 1
I G))
8 (¢ 3
e ¢ 4
2 ( 3
g ( 6
cY ( D
H ( 8
Hl ( 8)
H ( 10
H (11
H ( 12)
G ( 13)
H ( 14)
H ( 13)
HL ( 16)
H ( 1D
HI ( 18)
2 ( 19
c2 ( 203
H ( 21)
H ( 22)
H ( 23)
G ( 24
H ( 23)
H ( 28)

- HL (27
I0 ¢ 28)

Charge

0.083
0.000
0.042
0.114

-0.369
0.042

-0.870
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.042
0.000
0.000
0.000
0.000
0.126
0.000
0.000
0.000

-0.126

2.8041
4.0859
5.2759
4.6030
3.2583
2.3617
5.3741
2.0024
4.1594
4.1158
5.5727
6.1589
2.1500
2.8210
1.3751
1.5040
3.1194
1.6546
2.3511
1.0727
3.1246
0.7897
0.2676
2.4596
1.5508
3.3020
2.78817
1.8888

Total charge on system = -1.000

Coordinates
Y

4.3187
4.1641
4.2925
3.7782
3.8082
3.0420
3.1134
3.6600
4.8675
3.1271
5.3565
3.6861
1.6030
3.0058
3.5531
1.0326
1.0580
1.5771
5.7530
6.1317
6.5309
7.1971
5.3910
6.1035
5.8337
6.4617
5.2824
7.7445

Constrained Interaction Energies

Constrained Distances Specified

Atom Numbers

-

3

24

Fo

rce Const

2.2000

-0.9358
-0.0917
~1.0774
-2.3071
-2.2893
~3.2233
-3.1646
-0.5244

0.7728

0.3295
-1.2325
-0.7641
-2.7334
-4,2392
-3.3080
-3.4411
~2.64717
-1.7355
-0.9397
-0.7962
-1.0725
-0.8100
-0.6668
-4.0565
-3.4789
-3.4263
-4.7410
-5.3197

Distance
Constr
3.0000

Residue Attached Atoms & Bonds

WK 0 2~ 5
K 0 - 3
K 0 2 4
™K 0 3 5=
WK 0 4= 1-
MK 0 5 13-
K 0 4
MK 0 1
K 0 2
WK 0 2
MK 0 3-
UK 0 3-
K 0 6 16
WK 0 6
MK 0 6
K 0 13-
N 0 13-
WK 0 13-
K 0 20= 21-
WK 0  19=  22-
WK ¢ 19
MK 0 20-
MK 0 20-
0 25 2-
0 -
0 -
0 -
0 u-

4 Constrained Interactions
Number = 1
Energy (kJ/mol)

Actual
3.0343 1.455

19-
8- 10-
11-  12-
7_
6_
14- 15~
17- 18-
1_
23-
27- 28
Present



Constrained Three Atom (A-B-

—._—-..—-._-—*_-__—_~—-..—

Atom Numbers
4 5 24
3 24 28

Constrained Four Atog (4-B-

——
Atom Numbers
7 4 5
Ia
Atom Charge
Type Number
G ¢ 0.083
G ( 2 0.000
G ¢ 3 0.042
2 ( g 0.114
€2 ( 5 -0.369
G ( g 0.042
0 ¢ -0.870
H ( @) 0.000
I G )! 0.000
H (1) 0.000
H ¢ 1D 0.000
H ( 12) 0.000
G ( 1 0.000
H o 19 0.000
CHD (0 15) 0.000
H (¢ 18) 0.000
H 11 0.000
A ¢( 18) 0.000
2 (¢ 19 -0.042
2 ¢ 20 0.000
Hl ¢( 21) 0.000
H (22 0.000
H ( 23) 0.000
G ( 2 0.128
H ( 25) 0.000

B - S

3.5311
4.9747
5.9158
4.9954
3.7046
2.5966
5.5395
2.8281
5.1846
5.1213
6.1950
6.8319
1.2037
2.8703
2.5428
0.4472
1.1595
0.8724
3.0833
2.0204
3.6806
1.7366
1.3987
J.4211

C) Angles Specified Number = 2
Force Consts Angle Energy (kJ/mol)
KBnd1 KBnd2 Constr Actual
99.9000 0.0000 105.9998 105. 9603 0.014
99.9000 0.0000  179.99g7 179.9998 0.000
C-D) Angles Specified Number= 1
————
Force Consts Angle Energy (kJ/mo})
V1 ¥2 V3 Constr Actual
~8536.023 0.000 0.000  -gp.p00g -89.3802 -5.824
Coordinates Residue Attached Atogs g Bonds
Y Z '
4.0987 1.6064 UNK ¢ - 5 g 18-
4.0469 2.1657 WK ¢ - 3~ g 10-
4.1094 0.9429 UK 0 2~ 4~ q1- 12-
3.5708  -p.1028 UK 0 3 =  1-
3.4448 0.2563 g ¢ = - 6
3.1721  -0.7263 UINK ¢ 5 13- 14- 13-
3.2902 -l.2844 g g 4-
3.5355 2.2633 Nk ¢ 1-
4.8347 2.9281 N ¢ 2-
3.0583 2.6669 N 0 2-
5.1601 0.6928 vk g 3-
3.4862 1.0759 INK ¢ 3-
2.9706  -0.1187 UK o 6- 16- 17- 18-
2.2978  -1.3817 UK ¢ 6-
4.0577  -1.4044 K o 6~
2.7956  -0.9169 I 0 13-
2.0854 0.5672 K o 13-
3.8672 0.4552 [Nk ¢ 13-
5.5298 1.4282 ;g ¢ 0= 21- 1-
6.0593 2.0500 K ¢ 18= 22- o3-
6.1708 0.7384 k¢ 18-
7.1129 1.8931. W ¢ 20~
5.4605 2.7346 K ¢ 20~
0.6642 1.3575 0 25~ 26- 97- 28~
1.3107 1.8927 0 24-

2.7804

~220-



-221-

4 Constrained Interactions Present

1

2

Energy (kJ/mol)

Angle

0.018
0.004

Energy (kJ/mol)
Actual
90.04983

-6.406

Attached Atoms & Bonds

H1 ( 28 0.000 4.4964 0.9390 1.4336 0 24-
H O 2D 0.000 3.0844 0.6174 0.2998 0 24~
10 ( 28) -0.126 3.2186 -1.3236 2.1447 0 24~
Total charge on system = -1.000
Consirzined Interaction Energies
Consirzined Distances Specified Number =
Atoa Numbers Force Const Distance Energy (kJ/mol)
Constr Actual
3 24 2.2000 3.0000 3.0243 0.745
Constrained Three Atom (A-B-C) Angles Specified Number =
Atom Numbers Force Consts Angle
KBnd1 KBnd?2 Constr Actual
4 3 A4 99.9000 0.0000 105.9388 105.9542
5 244 28 89,9000 0.0000 179.9997 179.9800
Constrained Four Atom (A-B-C-D) Angles Specified Number=
Atcs Numbers Force Consts
V1 V2 V3 Constr
7 4 5 24 -956.023 0.000 0.000 80. 0000
118
Atoa Charge #boordinates Residue
Type Nizber X Y yA
3 ( 1 0.042 7.0271 4.8136 -0.35317 UMK O 2-
G ( 2 0.000 5.8240 5.4883 0.3433 UK 0 1-
G ( 3 0.083 4.5728 4,73716  -0.1706 UNK 0 2-
2 4 -0.389 5.0028 4,3171 -1.5572 UK O 3-
-2 (C 3 0.114 6.3478 4,2980 -1.5786 UMK 0O 4=
oM ( 8) -0.870 7.1344 3.7513 -2.5024 UNK O 5
(¢ D 0.042 4.1218 3.5856 -2.5398 I 0 4-
HI ( 8) 0.000 7.8480 5.5333 -0.5818 INK O 1-
Hl ( 3 0.000 5.8044 5.4930 1.4568 I 0 2-
H (1) $.000 5.7819 6.5512 0.0019 UNK O 2-
H ¢ 1D 0.000 4.4511 3.7987 0.4191 U 0 3-
HI ( 12) 0.000 7.4171 3.9577 0.2484 INK O 1-
H (C 13) 0.000 4.5883 3.6304 -3.5522 WNK 0 7-
G ( 14) 0.000 3.8181 2.1308 -2.1322 UMK O 7-
Hi ( 13) 0.000 3.1320 4.1005 -2.6136 UNK O 7-

8-
g-
11-
7-
6-

14-

12-
10-
18-

15-

18-



H1
Hi
H1
C2
C2
H1
H1
H1
G
il
H1
i1
10

PN SN SN N SN N SN N N N N N

16)
1D
18)
19
20)
21)
22)
23)
24)
23)
28)
27)
28)

0.000
0.000
0.000
-0.042
0.000
0.000
0.000
0.000
0.126
0.000
0.000
0.000
-0.126

3.2808
4.8912
3.4167
3.2937
2.0851
3.3587
1.1713
1.9685
4.1889
3.2434
4.8573
4.7208
3.6071

Total charge on system = -1.000

Constrained Interaction Energies

1.5857
1.5903
2.0496
5.5252
4.9617
6.6234
5.5767
3.68686
6.8100
6.3523
7.1236
6.1637
8.5529

Constrained Distances Specified

Atom Numbers

4

24

Force Const

2.2000

-2.8743
-2.0636
-1.1402
-0.0841

0.0530
-0.1635

0.09566

0.1239
-3.0203
-2.6618
-2.1888
-3.7529
-4.0667

INK O 14-
UNK 0 14-
UK 0 14-
K 0 0= 21- 3-
UNK 0 18= 22- 23~
K 0 18-
K 0 20-
UINK 0 20-
0 25~ 286- 27- 28-
0 24~
0 24~
0 24-
0 24~

4 Constrained Interactions Present

Number = 1

Distance Energy (kJ/mol)

Constr
3.0000

Constrained Three Atom (A-B-C) Angles Specified

5

Atom Numbers

4

4 24

24
28

Force Consts

KBnd1
83,3000
89,9000

KBnd2
0.0000
0.0000

Constrained Four Atom (A-B-C-D) Angles Specified

Atom ANumbers
6 3 4
la
Atom Charge
Type Number
3 ( 1) 0.042
£ 2 0.000
G 3 0.083
€2 ( 4) -0.369
2 3 0.114

Force Consts

V1

24 -836.023
Coordinates

X Y
7.1390 4.1721
5.9060 4.8338
4.6732 4.1014
5.2209 3.3095
6.5337 3.4914

V2
0.000

1.138%4
1.6738
1.1637
-0.0020
-0.0421

Actual
3.0252 0.799

_ Number = 2
Angle Energy (kJ/mol)
Constr Actual
105.9998 105.9621 0.013
178.9997  179.0998 0.000

Number= 1

Angle Energy (kJ/mol)
V3 Constr Actual
0.000  -50.0000 -89.7019 -6.280

Residue Attached Atoms & Bonds

UNK

WK 0 - > 8 12
K 0 - 3= 9 10-
INK 0 - 4 11- 18-
Nk 0 3 5= T

0




o ( 6} -0.870 7.3989 3.0921 -0.9833 ENK O 5~
3 ( 7 0.042 4.4332 2.8151 -1.1820 UNK 0 4- 13- 14~ 15-
21 ( 8) 0.000 7.8785 4.8784 0.8678 UNK O 1-
31 ( 3) §.000 5.9136 5.0235 2.7826 ULNK O 2-
R G 11)) 8.000 5.8865 5.9162 1.2224 UNK O 2-
H (11 0.000 4.3299 3.4010 1.9578 UNK O 3-
i {12 0.000 7.5298 3.4048 1.8594 UNK O 1-
20 13 0.000 5.0124 2.00%4 ~-1.7046 UNK 0 7-
G ( 14 0.060 2.9842 2.3377 -0.9716 UNK O - 16 17- 18-
B OO 1) 8.000 4.3918 3.6747 ~-1.8026 UNK 0 1
HO{ 18) 0.600 2.5008 2.1348 -1.9510 UNK O 14-
(1D 8.500 2.9325 1.3885 -0.33956 Nk O 14-
i1 (18 0.600 2.3703 3.0956 -0.4489 INK O 14~
€2 ( 19 -p.042 3.5651 5.0507 0.7835 UNK 0 20= 21- 3-
2 ¢ 20 0.0800 2.4418 5.2075 1.4977 K 0 19= 22- 23-
H (2D 0.000 3.7139 2.6833 -0.1216 UNK O 19~
H ( 22) 0.050 1.6660 5.9260 1.1862 UK O 20~
B 29 0.000 2.2581 4.6244 2.4143 N 0 20-
Q ( 24) 0.126 4.7868 0.6398 1.4238 0 25-  26- 27- 28-
H ( 253  0.000 3.8367 1.2826 1.5874 0 24-
H (26 0.000 5.6681 1.1862 1.88686 0 24-
i 2D 0.000 4.9799 0.4563 0.3561 0 24~
e ( 28) -0.126 4.4768 -1.1634 2.4427 ] 24~
Total charge on system = -1.000
Censirained Interaction Energies 4 Constrained Interactions Present
Constrained Distances Specified Number = 1
Atom Numbers Force Const Distance Energy (kJ/mol)
Constr Actual
4 24 2.2000 3.0000 3.0308 1.180
Censtrained Three Atom (A-B-C) Angles Specified Number = 2
Atom Numbers Force Consts Angle Energy (kJ/mol)
KBndl KBnd2 Constr Actual
3 4 99.3000 0.0000 105.8398 105.9408 0.032
4 24 28 99.9000 0.0000 179.8997 178.8800 0.004
Censtrained Four Atom (A-B-C-D) Angles Specified Number= 1
Atom Numbers Force Consts Angle Energy (kJ/mol)
V1 ¥2 V3 Constr Actual
B 3 4 24 -856.023 0.000 8.000 80.0000 80.1179 -6.399

-773~
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NUYTS A (UTPAL®Y, 137), RY7S5,vB (PB,
138 )i HEVEVIFTYOHIzOEVELTHSATWAEF LYY
TUVEEZAFTNRYTH B3, VEVIXT VORI UE Y OHEIRD,
I 0FLUBRZDOHWEEIE 2D B0V —T R ENERITPAT &
Ze LML, ZORBEVHEOREIZ XAPHFEBLISOALZWI L, %
EEENEVED I EDEER B EEL L CORENERNICE L > £ o
P EHEEBED 2, 19742,  Persoons 5 3. TEVIFT YO, 000K
MEIODEEHEAPA, PBaTh¥h 20 g, 200 vgBEL Y, PBO
TEHHEERXZEBHLA°, 19794 5tilliz &K (Schene 1-8) kN PBOH
ERHEAREDLED 1l38<‘:ii’%ﬁb7":23'96’o % @ % Schreiber®?’ ,Hauptmann
B, BEY, kR B2 oTZhEhPBORAEABEIR T 3, 45
CHEMRETRUERTI ) VO BRERF 2T V. $RTOBRER#HEM
SOFEMEIINE-HPELL, BEEHAOEEEN 20O EEREICRE
TH3EREL T, Iﬂ#*/ftd)ﬁﬁii%?ﬂﬁm%iﬁmfifﬁ‘éf?éé:t%ﬁ%b’(
W2, §2bbSchreiberbs O AD I RFVYLOTEBERENL: 1TH 32
t (Scheme 5-1), EHBOSOFHEIGDOIRF YR BABEFTHE &
(Scheme 5-2) BHM2OHEHER L XKL TW 3,

e a Y

experiment
Bia= 4:1 periplanone B (138)
lculati
ca cuﬁallzn— . (Scheme 5-1)
o
gi:H/ — penplanone B (138)
TBDPSO 139 TBDPSO experiment
B:a=>95:1
calculation ( Scheme 5-2)

B:oa= 12 :1
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IBTZIAB L U'IBZ &L 255 PersoonsS OB/ELTWARI AR ML EIZE
ZoTnk1en,

acdenald5 1319874, IIIBX IIBA &R L. IIIBOHE L PALEBEBL, %2
DEEFI-107 g/alTPBEACEBE TS 3 LBELTW S92, B
B U < Hauptmann5 X198 FE[IIAZ VR VIS T UDLHEEL, ZOEKD T,
ERIOEYERRB LS IIIMNEVWENER AT TILABELAE, Ly
L. ChEOEMDNRZ XY b LIE, PersoonsDBE L2 2< Bl o Thh i

.Iﬂ

rm

[y

W

)
°

?EHaCdonaldG‘“’&%?‘%EB”“&?EE&:1987ﬁiéﬁ£%tNMRxf\°7 [\
DiE» 5 1ICH Persoons5 DPADDBHLBVIBELE XBIcERE ST, ﬁ}
FHEHELZAWENMRAR I PV OB H» HPersoonsb ODP ADEEHE %
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The proposed structures of periplanone A (137)

!

1A 1HIB (Fig.51)



IS

#. E£H W Hauptnannb O AR FHFELL40M P A, PBOEGRITBE 3
HEOGHEET, BILEOEWTIIIALPB (138) MWTEBLE X,
PersconsSb OB EE L A2{LE&MIE. IIIAVEBRINVERERIGLTERLEDOT
T2 nr e #EAML HEOPAZKDTHREZIT- &

Haupteranno gz / Y 1 A0 IR LEEA MBI RF Y {LE2T>T9: 10X
BERETIIAXEELEELTW 52 (Scheme 5-3),

HIA 1B

( Scheme 5-3)

LL140 MO E %L &Schreiber b5 @ difli{& (Scheme 5-1) IE. M {K
REERIORELSCORERRBEEET SN 6. 1402 5HWE
RETIHF VN ETL T 2Hauptnanmn 5O RICEME o E, F &
Nacdonaldb A EBH L TWARIIBOXIRFYEOUK{ZRHEEICT ES.
Haupteann 5 OB HE L TWABIIIALZEL DN BHEENEETIHREROUE{LE
RMAREERWNATOLINENSGRELTBVHEND D EE XX,

€ Z CHauptnannS D AR FEE 1 4 00T HEERIF LT - =
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5—2 MWM2xHEWAENMEEEAREIR
14002 TOUERELEKD B 2 .

MMRSZH W TV BEE L2 R4 X ¢,
ECAEOLGREELZIMAC I - THEREET 22 5, 2.0 kecal/

moll R Ic8o D REEHENELEL &,

(Fig. 5-2),
dihedral angle resoclution 30 deg
closure distance 1.0-2.4 A

transannular contact 2.4 A

|

/I~ =%

II 0.18 kcal/mol
( 30% at 0 °C )

_ﬁfl?
N\

" III 0.52 keal/mol

( 16% at 0 °C ) H (légzaicglggl)

/
q\¥ °-:Sﬁr ,;’g\\“(ﬁif <
v (léj3atcg1£g0; VI 1.52 kcal/mol

(2% at 0 °C)
0\(

/
\ ~ ~
|
“\\r ~ 45%}2» . o
' = -

oy N
O
/—- Z / \ % N
VII 1.68 kcal/mol D——‘k\s
(2% at 0°C) VIII 2.07 kcal/mol
- (1% at o0 °C )

( Fig. 5-2)
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5—-3 ZEBEERE'"S

EHRAETCITREBELTWSPBAKTHEFELI S izHL. Yoo
a’ fiNOKBEZEOEBEAZHBH LA LAZAWTIY Py Da’ iicERSICT
JV—brEEZE BER Nl HIPAZYESETEERBEOEAZHALEMNH
E43RFETRKDILA4IDPBOABPSEDTY YNNI/ —N—TFILOT
TEviEzBIL &

. - ) - OH
o o , o]
—te Y e i
TBDPSO | TBDPSO 1 TBDPSO
139 141
OTMS o IMS
+
TBDPSO TBDPSO
142 143

( Scheme 5-4)
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IDACHRELET,) L— 2 THSCITHIRL 2225, BEOEKIFCTREL
ERZWC-Y Y VLA ETL, 1434BehE, CThAEBRTLVIFYAFILE
LD UEABROUGRENHEEA, FYTYBE1I428ED I WAEDT
2w E %= (Scheme 5-4),

EIT139L7AAFYAFNENIEY—TH 5144 TRIFLE
IDAZEWTH bvDa’ fIRT/ V—bE2HEEL, THSETHELT145 %
TEBARZENTER, 1LASRBRYVAFNVIIRET, AT LTEKRTEI L
HTEEY., 20FFolPBATIRF YL, RAEZTSLARICMAKSEM
EZD, kD5a’-bFuFyrbr14642RFBIBNTRIIELHFTEE
( Scheme3-5) ,

o ~ OTMS
) LDA mCPBA
e S
2) TMSCI 81%
TBDPSO™ TBDPSO” TBDPSO”
144 145 146
( Scheme 5-5)
ZEVnT. 146 DKBEAZIFAICNI—-FAUTRELTLILL4TEL, -7

FAS T2V YUNEEBELER HLV/ILLTRIETZE. BRERRE
22714808 oh i, X51cCpeTiCHeClAlHeeZFAWTH PV 2 FVRTF
VyvAZBL, BEEZREZLTILTPORELB%TLI49~ENE

149 %CollinsEf{b L THaupteann5 O F R FE1 402 WE3% TRE. 28
148652 "Bt v Ty CEETRE Bil2F> TEEFEZ>Z1350H
s~ (Scheme 5-6) ,

N




OH ethyl vinyl

O
ether /H*
—reee
87%
e S
TBDPSO” 146 TBDPSO” 447
OH O
1) Cp,TICH,ClAIMe2 CrOg+2Py «
- _—
2)H 63%
25% from 147

149 140

CHO

146 ————

hAnC&

( Scheme 5-6 )
TBDPSO” 150

r/v140%0 °C'Cﬂ‘}f7L\t77‘11/’\1&1‘#/?‘%-4205@@1/7”‘2:25\

2‘3&’3511’«'/{&%151 1527)‘&?80%’(?&62“7;0 HPLCIz & A B H D
152 =5: 44TH B raib,o 7= (Scheme 5-7)

2 15 1:
(0]
+
80%
151 56 : 44 152

(Scheme 5-7)

£ ¢ Bz Hauptmann o@mE1t» LRIERD, HEERLI—BLE

(4
)
a
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5—-4 HBERFE

151156 20HMBEREEZRAIEDCRENSOUBRERZANLI I b |
AT REEZ M2EAWETHEERKE T 2 | .

15 1DATONBEESRDB 2D, HHRSZAWTHHEEERE S
EUEEONBEELMAcCE - THEREE{LETTo AL A5, 3.0 keal/
pol Bl ICA DEREERBEMNEEL £ (Fig. 5-3).

dihedral angle resolution 30 deg
closure distance 1.0-2.7 A
transannular contact 2.24 A

1 0.0 II  2.07 kcal/mol
93% ( 27 :C) 3% ( 27 °C)
97% (-30 °C) 1% (-30 °C)

IV 2.43 kcal/mol

ITI 2.20 kcal/mol °
ik LR
1% (-30 °C)

( Fig. 5-3)



—FA. 15202 TCOUNBEELERDZ =D, MRSZAWTHHEEL &4
EH., HEUASMEONBEEZM2CE - CHEEHS{LEZT AEZ 5. 2.0
kcal/molPl A8 DEEBEMSEEMNELEL # (Fig. 5-4) .

dihedral angle resolution 30 deg
closure distance 1.0-2.7 A
transannular contact 2.24 A

/4
1 0.0 \\ II 0.21 kcal/mol
31% ( 27 °C) 21% { 27 °C)
342 (-30 °C) 22% (-30 °C)
j/§\ ’o
A\
\ > =S
RN
111 0.33 kcal/mol IV 0.43 kcal/mol
17% ( 27 °C) 15% ( 27 °C)
17% (-30 °C) 14% (-30 °C)
. Z '
\I
.-\%;>w‘if§?;;:i%£§;j—d*\s L ‘ ] L~
/ - -
{ ‘ 7~ ™\
v 0.88 kcal/mol \ VI 1.04 kcal/mol
7% ( 27 °C) 5% ( 27 °C)
6% (‘30 OC) 4% (_30 oc)

.1& VII 1.44 kcal/mol ’A\‘s
3% ( 27 °C) St
2% (-30 °C)
VIII 1.8? kcal/?o]
. 12 ( 27 °C
( Fig. 5-4 ) 12 (~30 °C)
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SNEDERNMSE, 1513 BLAYIDOBEEESHEFEFEINELELT LS
EFEEND, TITLI5 1ONMRRARY FARIONGBREENAEZAE S0
EZRO6NB, kAL, ELORBEERGBHIHEELTWEETFREIAS
152 DNRARY MV, EEEHGBOTHE LIHESRILEELER S, |
LENSTIDOREE#RBELAZWIE 1OARY A RBEMNERE VTS
E¥T. 152 TREORERRAMOZHENERICZAC Lk DEL
20, WSOROREEERBIRESIE -7 ADRLD, BEERBOEER
BT A Ll kA E Y T OB R E MR BT TS 52,

EITERRNRROEBEHNERT> %, Fig. 5-51227 C&-30 COEE %7
L 7%=,

’ 2
5 6 i [
% 1S 151 ¢ 152
s €, G
c, '
— UU—-_W st e ; R Sttty
: X
! oG
! Vo
\
’U }l / .
T i -30°C JJ J l( '
— | S ORI Wil ¥ t‘/m&%'é«'ﬁ"‘} Ripsetsgpupfiend

1] Y T
5.2 5.0 sl

( Fig. 5-5 )
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ZOER. 15 1 TRNMROBREMELIZAL—~JO0THBEDIWELELZT IO
ZBEFLAER o EolcL. 152 CRE-60T7 B bYW TO—-F
L. C-5oyxzvo7ubri@dggBicy 7 bLE, LENFN>TIS 1R1IDO
BEEEXGOHFEEN. 15234 2 30U LOoRBERBGOFENFT XS
N, HFEEELHEEBELC1I51, 15 20NBEEERDOLISIICREL &

1353 1ONRARY b it Hauptoannd OIIIAL. 1 5 2 I3 Hacdonalds @
HHIBE—~HLAZLPBHLOBEBELANELEEFNELWI EHRETE X,

5-5 “HEEIABS

EHEERBRE. EBRUEVIFTVORTI 0T VOREZT>T WA,
FERAZOEBESHEBLERAT T2k IFT7VOBD, 720 T Vi
AT 2REHIE. BORE BEREOX4FHULRZYOERERI. »2DEERIL
FAERTED., RKeRTBELZHFT7EYT 7Y (Periplaneta
americana), ¥ ¥ I %7 Y (Periplaneta japonica), r¥ASBITFT Y
(Periplaneta brunnea), F® 3 I F7 Y (Blatta corientalis), IV %
v I% 7Y (Periplaneta australasia), 27w I %7 VY (Periplaneta
fuliginosa) IO WTEH KB £#{T > % (Table 5-1,2),

<EH>
2 BREMAIRBEVWAERER FOBRE2»5—rAMEBEL &
£ AEWEBRER. 120-120 OXEGHOBEEICTo £ (19:00 on/5:00 off),
P LAPBEZToEAHER. 26 °C £ 2 °CcHEBLE

<HFE>

—FEOCHENE 2T FONTAKEOLICHY. BOY VY —DFET 5 cu
DFRICEL. BRERY IV Y—HDPOoHTETHFIARIECALIZETS: (HEE

AFT3252b8. WhWw3 dragonfly posture 2& - 2D, BHERXEX
HEREOTH) 2L 3, OB-1FOMEFTIADEDDICEEFL>TER
BOMEARDZ, REOBE42ET2ODRROEEZRI. (D)) (++4)
4 BERTRT o5

8

I )
4
,

S W W ot
o
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(=) BEorwnk g

+) 12ARIIEMTORNEE> 2L &,

G+4) IO IR FOEMNEE - R E &,
HHDRBOODWETZARZELEISCIRIEEOBIFEZ - £ 2 &,
<BRESZEER>

Table 5-1 Behavioral responses of six species to synthetic 151

Dose (g)
Male - Behavior observed
4x101 4x1010 4x10° 4x10° 4x107
P. americana + i+ H# +# H# Attracted to the source
P. japonica —_ —_ — -+ -+ Walking around the source,
not attracted, a few raised wings
P.brunnea — —_ —_ -+ +H Slowly attracted
B. orientalis — — - + H Running around
P. gustralasiae —_— Running around, not attraced,
+ + # * a few raised wings and short flight

P. fuliginosa —_ — —_ — — Antennal waving

Table 5-2 Behavioral responses of six species to synthetic 152

Dose (g)
Male ‘ Behavior observed
4x107%° 4x10% 4x10® 4x107 4x10°
P.americana —_ -+ + H+ # Attracted to the source
P. japonica — — —_— — + Walking around, a few raised wings
P.brunnea —_— —_— —_ —_— ~+ Slowly attracted, a few raised wings
B. orientcalis — — — — + Running around
P. custralasiae — — — i + Running around, a few raised wings
P. fligincsa — — — — — Antennal waving

CODER. UV ITFTYAULIS 11520100080 ENEB N
DD, Hauptmannb QBB U AIIIAVEOPALEZObNE, £7215 1,
l32@3oyY~ a7y, b1 ITFTY, aUEYyIFTY, b3
TIFTYDOHRIKDI O EVERENE -~

AT




5—6 &HEFHEDEE

T/ 1403 FTHEFEOEEPSDLIBE LS. BLONGBBEES
LHIENTEDLED, T HRFIVIMOALBEREN 2 W D EE ISR B,
EIT, T HRFVIEOMNBLELHMTTIEDICLIL400ERELEZ BT
EREoTUBBREZRAFMLEIS>IEERX 2 T2bb, RicRTHhMEELS 1,
15 4%%%7 (Scheme 5-8),

O

RO™ 151 RO™ 152 RO™ 153

RO™ 154 RO™ 156

( Scheme 5-8)

ChodFHBEOIRFVYLONBEERELZFHT 22D LI NUEER
Fx2fTok AELHEREBILOZD PN IAFVYAFNELZIFLELLE
157, 158Tf->7%~ (Fig. 5-6),

O

157 158 (Fig.5-6)
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157122WT MMRSZHAWTROEHRT

dihedral angle resolution 30 deg
closure distance 1.0-2.4 A
transannular contact 2.4 A

mﬁ@@ﬁlb&%%%,mwﬁﬁﬁﬁw%ﬁota:a.Lsmutha
DOEEEHEOHEEN DM > £ (Fig. 5-7),

e 88
=N\ \
I 0.0
(33% at g °¢ ) IT 0.13 kcal/mol

(27% at 0 °c )

IV 0.49 kcal/mol

IIT 0.48 kcal/mol ( 142z at 0 °C )

( 142 at 0.°C )

-\ \
i /
i J.I\Y/“/%M
‘\\l‘f‘\ /\\,:
VI 1.11 kcal/mol
(4% at 0 °C)

V 0.75 kcal/mol
(8% ato0°c)

( Fig. 5-7 )



158IcoWTHEBIZMMRSZHEWTKROEHET

dihedral angle resclution 30 deg
closure distance 1.0-2.4 A
transannular contact 2.4 A

SIEOWMHANERELZE. MM IVHBEEFILA2TT-2E 25 2 kcallly
OO DBEEENKOFEEN M- 2 (Fig. 5-8),

/ X X
YA L N\ }7/@&/\
I~ L 4 -
“'J/TX yan W /{f\\ ij }f
1
N, P

I 0.0
- o IT 0.96 kcal/mol
(78% at 0 °C ) (132 at 0 °C )

\ et

e~l/ /K{:
Nl

O-—L\

IIT 1.33 kcal/mol IV 1.98 kcal/mol

(72 at 0 °C ) (2% at 0 °C)
( Fig. 5-8 )

COER ROFErERI. AGEEOFEEINEHICERYOMLFILFEL
RETZEREL. BoltznamnB 260 CTROLIBTH£2E =
157—-xRFviLk B: a=1:5
158—->xhRFv B: a=10:1
LEM->T, 158L154ATHROIABEENEFLAEPDEZVWEEZXS
N30T, 15 44%#FME s hiFS-RFYBLESHFEARETAEFWILE
BERETHBNEZLE X BN D,
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uxzyiiinﬁuxm$ymbtﬁ\ﬁﬁgbrﬁenamﬁgﬁi
TAZkickhme, 154>, )&@a’ﬁtz@%?%%%@i[,
\b»ﬁ:»gél#VX?vymﬁﬁbfg<el/)LiiﬁﬁﬁLff w
t97>tFungg®9$m?w#wmﬁmt&D§<oLi§ﬁ7uwi“'
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~ BEUT NI A NE LtV T O LD s — e mogs, o
%ﬁ%ﬁ?ﬂt%%bfh%PB@é&?& ng@hbf%ﬁ@L@i&ﬁ%

B -5 FIXflblﬁd)L-Selectride%ﬁ&\EE%EI&T‘E?RBM:%\ 139 .

NEWTWB3Zempgen (Scheme 5-10) . <y FD%ISMO%?%‘S%LZ)&S SRS
l442ERMARTE 3L 22 2, |

5
3

-

ety

f

o)

(Scheme 5-9)

OTHP OTHP
O
1) L-selectride
2) LIAIH
= ) LiAH, =
TBDPSO
MeO,C
: HO 139
162 161

(Scheme 5-10)
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L% 4

5 —8
160, 16 10EAHWAE0.T—Ex/ 16 3ICERLAEHE. In(BHs)e
ZEWVWT 0 CTERXTAL160: 161 =4: 1THBRAE (Scheme 5-11).
COEHMBORRERMABEEG TCABELIBORBZ MY F—Vi20T
HPLCS #i 2T, PBEROBEOKRLERTIZERIDREL %

OTHP OTHP
Mn02
Il o — = 4 — = 160 + 161
= F Zn(BHa)2 4 1
NaBH,4 3 1
HO HO . .
160 + 161 163 LiAlH, 2 : 1

( Scheme 5-11)

2516 3%NaBH.CET LA L &123: 1, LiAlHaTIid2: 1LTRDB160
FEERBELCEZE COBRETLILE60L16 1008 BTDLDTEREE
D, (UTEERPEFTEZETT. )

29, YUF—NL160DIRFAI—-NEFEEEL~, (t-BuPh.SiCl/DHAP
/ EtsN, 0 °C, 54%)s COYYNBRALIYYS—I, HFRTHFSI IV YN
165%5x23, BbhEY YNl T—FN16 4%HwWnIohnson-Claisen#zfs
R I6% W (CHsC(O0Me)s/H*, 140 C) . TATN 16 6 ~WEIRTEWE,
DL EC-SMDC-0ORFACCRFALFRBLTIUWS, 166DOTATFINEET
L. 7A2—167%0U kLA, 0C, 80%). cOEHEWNE LT=H
ganEnIhEtBEbhrEmgweEohi, 167 %My A{EOsCL/PYL
2#%. 16 8MOTHPEEEL (p-TsOH/MeOH), FA I —N 16 9 AWE50% THE
W, X521 690 =g %LindlarBEZ#HWTKEZFEHKT. YXA0Z
BESAETLU8%). EWT1T70DOKBEEZMTE{ELTZF -
171 %WEE8%TH/E 17T1REERLRW. RELEYZ7YRFYY
159 AREIHTLEHBLE, BERBIZLININS) OV F ¥ BHEF 280
CT1l59%#FFTLTA>%. ERPLEET I LR, FE FEELHE
£F->7. BEWOUEBET ) v 14 4~E82% THWE (Schene 5-12),
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TBDPSC]
NEt,, DMAP ’

T

54% form
160 + 161

160 164 : R=TBDPS, R'=H
165 : R=R'=TBDPS

Ts 1) TMS(CH
2)H*

1)Hz, Pd/ A0, ;
OR g 3) ethyl viny

i

2)hAan E
RO~ ether/H.
76%

. t n_ 0, 170 :X=OH, Y=H (78%)
167 : R'=H, R=THp (80%) ; S
168 . R.=TS, R"=THP 171 o X=Y=O (69 /O)
169 : R'<Ts, R"-H (50%)

o} R=TBDPS
1) LIN(TMS),
2) H*
3) OH

( Scheme 5-12 )

82%  RO” 144

X ~1 4 4 1FSchege 5-5,66:1’;EL\M_«\E!§L7”:° L/ 21477 7p-
CHzBr.-TiC], 8% °C’F)§E§é"ﬁ"fl#‘/)‘?l/>éf§§b\ ﬁh‘CPPTS/
HeOHs“é#‘F‘C‘Eﬁﬁ?ﬁLT\ 7"))1/7)11:1~JDIL2_%1¥2$41%'C?§7‘:° 172
%CollinsE‘i{tL(CrOs/ Zeq Py, 36%). %ﬂhfsﬂxiﬂ%%é: EHNT 5 A,
ITJT'—’%~‘/{Bii£c“xiit-Bu00H€oTHF;?§!§€CPKHT5@§L'Cib‘f:?:ﬂ‘ YBEHH Iz,
=20 Ctx ‘/@%ﬁ?b‘(ﬁo %o TORBELHS F173Hmesg
XTiEsh, HPLC@%H?‘C‘!&‘%&@%EL\E?‘Z é:?bftﬂikt.«‘?b*of: ( Scheme 5
-13) .
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1) Zn-CH,Brp-TiCls

o

2) PPTS / MeOH .
} 41% P
RO” 144 RO™ 147 RO 472
o)
CrO3-2Py +-BuOOK R=TBDPS
36% 50%

RO™ 154 RO™ 473 (Scheme 5-13)

5—9 Fr (Fig. 5-9)

1988 FEF H 1ok » CHauptmanmn b AR ICILIANT BV IF T Y PO BEZ R
Fi1eh X plrEEE L ZHaupteann S O EIE 1 4 0 » H11IA, 1IIBOARK %
fo., B£6:AROZKE (LLA: [1I1B=53: 37, -23 C) 2% LIIAIX 5 x
10-12 g/alCEMHEAERLEDODILIBIZI0® g/l THFHAETE 2o ELR
ELTWwWA12®, 22 THauptmann b QO BEE L A LIIANE O P AT, Persoonss
DPAREEOBGHURIGHETL 2artefactO THEEMNE £ 2 1

1908904 HEHIc I DIICHE R X A, Persoonsb PP ADEBUERHELE -T2
zen@gEIREY,

I EEZRELIIHESOEBBELTWAIIDOSEKZTW,. Persconsb ODPAD
ARV MLV EHEBEBLEX-RLEPEELRRELEY,

RELII1000%, AREEHGOLIAXGRL. XBEEBEN S RNESRY
Z2DIIADNEEELEEICRELE'Y, &6 (TPersoonsS5D P AL,
Hauptmann 5 O P A (LIIA) OBREMERM TH D2 F A 1IIAD220 COHT R
yav bTIT74—oGBEMERBINDER TOBEBFOXREREBAP LI
hEEEHREL A, LIDOKMS, IR, NHRD X X7 PV F — ¥ iZPersoons5 NP A &
ERIC—R LA LD EmiEEid4 { Persoons5 O P AjfartefactT 5 5 Z
ENbhrok,




18304, Persoons, Ritter, Verwiel, Hauptmann, FEo'"OI11IA4~Yy >
i/yAaL'Iw%4VNU77//At§wb‘°éekhwﬂekiot
RESNEODEMEWR " 2 xyT7S »C(140) BEURYTS )
D(173) LT BHILEREL %=,

X 19804, REXZEOEFEBE=6I1cth v PI*7V0HT7znEY e
VTHEBEhERY TS /0T (174) 3110, BRETNRIRZ ML A2
s NN %@%E%:Jﬁl&tﬂéﬂ‘(hék?%?‘ HMEETCEDOIIEHEE

@&;&0) &)‘s &éﬁ?fk‘%c

137 llC lsopenplanone A (IID) penplanone A (l1A) 1B

= ®Y

periplanone B (138) periplanone C (140)  periplanone D (173) periplanone J (174)

(Fig.5-9)
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EXPERIMENTAL SECTION

C-silylation of 139

In a dried two-necked flask were placed dry THF (1 mL) and
diisopropylamine (0.037 mL, 0.26 mmol) under nitrogen. To this solution was added
butylithium (1.57 N, 0.16 mL, 0.25 mmol) dropwise at 0 °C. After 5 min, the
solution was cooled to -78 °C. The enone 13943) (30 mg, 0.065 mmol) was added
dropwise to that solution which became yellowish. After the mixture was stirred
for 15 min at -78 °C, trimethylsilyl chloride (0.025 mL, 0.22 mmol) was added to the
reaction mixture. After being stirred for 15 min at -15 °C, the reaction mixture was
~ poured into an aqueous solution of saturated sodium bicarbonate. The aqueous
layer was extracted with pentane and the combined organic layer was washed with
brine and dried over Na2S0O4. After removal of the solvent, the residue was column
chromatographed on silica gel to give the C-silylated product 143 (15 mg, 0.027
mmol, 41%).

1H NMR (90 MHz, CDCl3) § 7.2-7.7 (m, 10H, a), 6.14 (d, 1H, b, J = 12.0 Hz), 5.64 (ddd,
1H, ¢, J = 9.8, 9.8, 12 Hz), 4.8-5.3 (m, 2H, d), 3.4-3.8 (m, 2H, e), 1.2-2.6 (m, 8H), 1.02 (s,

9H, ), 0.84(d, 3H, g, J = 6.5 Hz), 0.76 (d, 3H, g, J = 6.5 Hz), 0.05 (s, 9H, h)
TMS
h

TBDPSO
f a 143

(4S*,7R*)-(5E,92)-7-(¢-butyldiphenylsilyloxy)methyl-2-hydroxy-4-isopropyl-5,9-
cyclodecadien-1-one (146)

In a dried two-necked flask were placed dry THF (1 mL) and
diisopropylamine (0.042 mL, 0.3 mmol) under nitrogen. To this solution was added
butyllithium (1.68 N, 0.17 mL, 0.29 mmol) dropwise at 0 °C. After 5 min, the
solution was cooled to -78 °C. The enone 14443) (35 mg, 0.074 mmol) was added
dropwise to that solution which became yellowish. After the mixture was stirred
for 45 min at -30 °C, trimethylsilyl chloride (0.025 mL, 0.22 mmol) was added to the
reaction mixture. After 15 min, the reaction mixture was poured into saturated
sodium bicarbonate. The aqueous layer was extracted with pentane and the
combined organic layer was washed with brine and dried over MgSQO4. After
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removal of the solvent, the residue was used for the next reaction without further
purification.

To a mixture of mCPBA (34 mg, 0.15 mmol) and hexane (8 mL) which was
stirred for 30 min at room temperature was added the solution of the silyl enol ether
145 in hexane (5 mL) at -20 °C. After being stirred for 30 min, the reaction mixture

bicarbonate, brine and dried over MgSO4. After removal of the solvent, the residue
was chromatographed on silica gel (elution with 1:9 hexane:ethyl acetate) to give the
hydroxyketone 146 (27 mg, 0.06 mmol, 81%).

TH NMR (90 MHz, CDCl3) § 7.2 -7.7 (m, 10H, a), 6.56 (d, 1H, b, J = 11.6 Hz), 5.90 (ddd,

1H, c,d=9.0,9.0, 11.6 Hz), 4.7 -4.9 (m, 24, d), 3.84-4.1 (br, 1H, e), 3.7 (dd, 1H, f, J =
6.2, 10.3 Hz), 3.56 (dd, 1H, g, J = 6.9, 10.3 Hz), 1.6 -2.6 (m, 7H, g), 1.04 (s, 9H, h), 0.91
(d,3H,i,J=486 Hz),0.82(d,3H,j, =46 Hz)

§f
TBDPSO”
h a

146

(4S%,7R*)-(5E,92)-7 -(t-butyldiphenylsﬂyloxy)methyl-z-(1-eﬂ10xyethyloxy)-4-isopropyl-
5,9-cyclodecadien-1-one (147)

To a mixture of the alcohol 146 (41 mg, 0.086 mmol) in dichloromethane and
ethyl vinyl ether (0.06 mL, 0.6 mmol) was added a catalytic amount of D-
toluenesulfonic acid at 0 °C. After being stirred for 30 min at the same
temperature, the reaction mixture was poured into saturated sodium bicarbonate,

brine and dried over MgSO04. After removal of the solvent, the residue was column
chromatographed on silica gel to give the ether 147 (41 mg, 0.075 mmol, 87%).

IH NMR (S0 MHz, CDCl3)67.2 -7.8 (m, 10H, a), 6.58,6.62 (d,1H,b,J =116 Hz),5.7-
6.1 (m, 1H, c), 4.4-49 (m, 3H, d), 3.2 -4.0 (m, 5H, e),1.5-28 (m, 5H, f), 1.1-1.85 (m,
6H, g), 1.04 (s, 9H, h), 0.89 (d, 3H, 1,J=3.1 Hz), 0.82 (d, 3H, 1 d=3.1Hz)
g 19
d
| oJ\oJ ¢
e

b O
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(3Z,7E)-9-isopropyl-2,6-divinylidene-3,7-cyclodecadien-1-ol (149)

After being stirred for 1 h at the same temperature, the reaction mixture was
poured into brine and extracted with ether. The combined organic layer was dried

A mixture of the residue and o-nitrophenyl selenocyanate (359 mg, 1.58
mmol) in THF (5 mL) was treated with tributylphosphine (0.4 mL, 1.58 mmol) at
room temperature. After 30 min, 35% hydrogen peroxide (1 mL) was added to the
mixture at 0 °C, and the reaction mixture was stirred for 10 h at room temperature.

aqueous layer was extracted with ether, and the combined extracts were washed
with brine and dried over MgS0O4. After removal of the solvent, the residue was
purified by short column chromatography on silica gel to give the diene 148,

To a solution of the enone 148 in dry THF (5 mL) was added a benzene solution
of szTiCHzClAlMez (0.176 N, 6.5 mL, 1.14 mmol) at room temperature. The
mixture was stirred for 1 h at the same temperature, and 2% NaOH was added
dropwise to the reaction mixture at 0 °C, The aqueous layer was extracted with
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(3Z,7E)-9~isopropyl—2,6-divinylidene—3,7—cyclodecadien—1-one (140)

To a solution of pyridine (0.42 mL, 5.4 mmol) and dichloromethane (1.5 mL)
was added chromium oxide (245 mg, 2.45 mmol) at 0 °C. After the mixture was
stirred for 30 min, a solution of the alcohol 149 (16 mg, 0.07 mmol) was added to the
solution at 0 °C. After being stirred for 1 h at room temperature, the reaction
mixture was diluted with 7:3 ether:hexane. This solution was passed through a
short pad of florisil and concentrated in vacuo. The residue was purified by short
column chromatography on silica gel to give the enone 140 (10 mg, 63%).

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with 1% ethyl acetate in
hexane, 2.67 mL / min); Rt=26.5-28.5 min

1H NMR (90 MHz, CDCl13)86.2(d, 1H, a, J = 11.3 Hz),5.82 (4, 1H, b, J = 15.4 Hz), 5.73

(s, 1H, ), 5.36-5.72 (m, 2H, d), 5.44 (s, 1H, c), 4.90 (s, 1H, e), 4.70 (s, 1H, e), 3.40 (dd,
1H, £, J = 9.8, 10.3 Hz), 3.00 (dd, 1H, £, J = 10.3, 10.3 Hz), 2.58 (dd, 1H, g, J = 6.9, 13.0
Hz), 2.37 (d4, 1H, g, J = 7.7, 13.0 Hz), 1.9 -2.2 (m, 1H, h), 0.95 (d, 8H, i, J = 6.7 Hz),
0.84(d, 3H,i,J =6.7 Hz)

oxidation of 146 with manganese(IV) oxide

A mixture of the alcohol 146 (10 mg, 0.02 mmol) and manganese(IV) oxide (50
mg, 0.57 mmol) in hexane (1 ml) was stirred at room temperature for 12 h . The
reaction mixture was filtered through Celite. The filtrate was concentrated in
vacuo. The residue was column chromatographed on silica gel to give the enal 150
(5 mg, 0.01 mmol, 50%)

TH NMR (90 MHz, CDCI3)88.85(d, 1H, a, J = 1.3 Hz), 7.3-7.7 (m, 10H, b), 5.70 (ddd,
1H, ¢, 9.0, 10.3, 11.6 Hz), 5.25 (d, 1H, d, J = 11.6 Hz), 5.10 (m, 1H, e), 4.5-5.0 (m, 2H, ),
3.4-3.8 (m, 2H, g), 1.2-2.4 (m, 7H), 1.04 (s, 9H, h), 0.93 (d, 3H, 1, J = 3.8 Hz), 0.85 (d,

3H, 3.8 Hz) a
d CHO_
[

= f
h b :
TBDPSO” ° 150
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epoxidation of 140

To a suspension of potassium hydride (40 mg, 1 mmol) which was washed
with dry hexane, in THF (56 mL) was added anhydrous TBHP (3.4 M, 0.3 mL, 1
mmol) at -20 °C. After 15 min, a solution of the enone 140 (4 mg, 0.018 mmol) was
added dropwise to 1 mL of above solution at 0 °C. The reaction mixture was stirred
for 30 min at the same temperature, and then poured into cold-water. The aqueous
layer was extracted with ether and the combined organic layer was washed with
saturated sodium thiosulfate, brine and dried over MgS0O4. After removal of the
solvent, the residue was purified by short column chromatography on silica gel to
give a mixture (3.3 mg, 0.014 mmol, 80%) of epoxide 151 and 152. The epoxides were
separated by HPLC leading to 151 (1.3 mg) and 152 (1.1 mg), respectively.

151 :

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with 2% ethyl acetate in
hexane, 2.67 mL / min); Rt=18.0-21.0 min

1H NMR (200 MHz, CDCl3) 3 6.08 (dd, 1H, a, J = 8.0, 16.0 Hz), 5.96 (d, 1H, b, J = 6.0
Hz), 5.95 (4, 1H, ¢, J = 8.0 Hz), 5.66 (ddd, 1H, d, J = 7.2, 8.8, 12.4 Hz), 4.92 (s, 1H, e),
4.77 (s, 1H, e), 3.74 (d4, 1H, f, J = 8.8, 12.0 Hz), 2.87 (d, 1H, g, J = 4.0 Hz), 2.82 (d, 1H,
g,d = 4.0 Hz), 2.66 (dd, 1H, h, J = 8.0, 11.6 Hz), 2.56 (dd, 1H, £, J = 7.2, 12.0 Hz), 2.01
(dd, 1H, h, J = 8.0, 14.0 Hz), 1.5 -1.7 (m, 2H, i), 0.87 (4, 3H, j, J = 6.0 Hz), 0.84 (4, 3H, j,
J = 6.0 Hz)

MSEID); m/z 232 (M+)

152

HPLC (Silica gel 60-5 mm, 7.5 o.d. x 300 mm, elution with 2% ethyl acetate in
hexane, 2.67 mL / min); Rt=30.0-35.0 min

1H NMR (200 MHz, CDCl3) 8 6.00 (d, 1H, a, J = 11.6 Hz), 5.85 (4, 1H, b, J = 16.0 Hz),
5.65 (ddd, 1H, ¢, J = 8.0, 8.0, 11.6 Hz), 5.59 (dd, 1H, d, J = 8.8, 16.0 Hz), 4.93 (s, 1H, ),
4.79 (s, 1H, ¢), 3.0 -3.1 (m, 1H, f), 2.88 (d, 1H, g, J = 7.2 Hz), 2.82 (d, 1H, g, J = 7.2 Hz),
2.51(dd, 1H, h, J = 104, 15.2 Hz), 2.48 (dd, 1H, h, J = 10.4, 12.8 Hz), 2.23 (dd, 1H, f, J =
8.0, 8.0 Hz), 1.5-1.7 (m, 2H, i), 0.92 (d, 3H, j, J = 6.8 Hz), 0.87 (d, 3H, j, J = 6.8 Hz)
MSEID; m/z 232 (M+) . ' o]
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(E)-2-[4-(tetrahydro-2H-pyran-2-yloxy)-2-butynyl]-1-hydroxy-6-methyl4-hepten-3-one
163)

A mixture of the diol 160 and 161 43) (4.2 g, 14 mmol) and manganese(IV)
oxide (12 g, 140 mmol) in dichloromethane (30 mL) was stirred at room temperature
for 3 days. The reaction mixture was filtered through Celite. The filtrate was
concentrated in vacuo. The residue was used for the next reaction without further
purification.

IH NMR (CDCl3 90 MHz) § 6.92 (dd, 1H, a, J= 6.4, 15.8 Hz), 6.15 (dd, 1H, b, J= 1.3,
15.8 Hz), 4.77 (brs, 1H, ¢), 4.22 (brs, 2H, d), 3.35-4.00 (m, 4H, e), 3.13 (t, 1H, £, J= 5.7
Hz), 2.20-2.65 (m, 3H, g), 1.35-1.90 (m, 6H, h), 1.01 (d, 6H, i, J= 6.4 Hz)

IR (neat) 3450, 2950, 1690, 1670, 1630, 1440, 1360, 1270, 1220, 900, 870, 820, 740

(25*,35*)-(E)-2-[4-(tetrahydro-2H-pyran-2-yloxy)-2-butynyl]-6-methyl-4-heptene-1,3-
diol (160) ‘

To a mixture of the crude enone 163 (10 g) in ether (100 mL) was added zinc
borohydride (0.397 N in ether, 72 mL) at 0 °C. The mixture was stirred for 30 min.
The reaction mixture was quenched with 1 N HCl. The aqueous layer was extracted
with ethyl acetate. The organic layer was washed with saturated sodium
bicarbonate and brine. The organic mixture was dried over MgSO4 and
concentrated in vacuo. The residue was used for the next reaction without further
purification.
1H NMR (CDCl3 90 MHz) § 5.73 (dd, 1H, a, J= 5.9, 15.7 Hz), 6.15 (dd, 1H, b, J= 6.7,
15.7 Hz), 4.80 (brs, 1H, c), 4.25 (brs, 2H, d), 3.40-4.10 (m, 5H, e), 2.05-2.45 (m, 3H, f),
1.25-2.00 (m, 7TH, g), 1.02 (d, 6H, h, J= 6.7 Hz) a O
IR (neat) 3350, 2950, 1440, 1200, 1120, 1020, 900, 870, 820




(55*,65%)-(F)-6-(t-butyldiphenylsilyloxy)methyl-2-methyl-10- (tetrahydro-2H-pyran-2-
yloxy)-3-decen-8-yn-5-ol (164)

To a mixture of crude diol 160 (10 g), triethylamine (14 mL) and 4-
dimethylaminopyridine (150 mg) in dichloromethane (30 mL) was added dropwise ¢-
butylchlorodiphenyl silane (11.1 mL, 41 mmol) at 0 °C. The mixture was stirred for
1 h. The reaction mixture was quenched with 1 N HCl. The aqueous layer was
extracted with ether. The organic layer was washed with saturated sodium
bicarbonate and brine. The organic mixture was dried over MgSO4 and
concentrated in vacuo. The residue was chromatographed on silica gel (elution
with 1:5 ether:hexane) to give the alcohol 164 (10 g, 18.6 mmol, 54% from the
mixture of alcohol 160 and 161). -
1H NMR (CDCIl3 90 MHz) & 7.60-7.80 (m, 4H, a), 7.30-7.55 (m, 6H, b), 5.73 (dd, 1H, c,
J=5.9, 15.7 Hz), 5.37 (dd, 1H, d, J= 6.7, 15.7 Hz), 4.76 (brs, 1H, e), 4.30-4.45 (m, 1H, f),
4.20 (brs, 2H, g), 3.35-4.00 (m, 4H, h), 2.20-2.55 (m, 3H, i), 1.40-1.90 (m, 7H, j), 1.08 (s,
9H, k), 0.98 (4, 6H, 1, J= 6.7 Hz) '

IR (neat) 3400, 2950, 2850, 1590, 1470, 1430, 1390, 1360, 1260, 1200, 1110, 1020, 820, 700
0,80+

TkBDP§O/-h
& 164
methyl (8S*,6 R*)-(E)-6-(t-butyldiphenylsilyloxy)methyl-10-(tetrahydro-2H-pyran-2-
yloxy)-3-isopropyl4-decen-8-ynoate (166)

o A mixture of the allylic alcohol 164 (12 g, 22.3 mmol) trimethyl orthoacetate
(8.5 mL, 67.2 mmol) and a catalytic amount of heptanoic acid in xylene (40 mL) was
heated at 140 °C for 2 h with continuous removal of methanol. The reaction mixture
was quenched with saturated sodium bicarbonate. The aqueous layer was extracted
with ether. The organic layer was washed with brine. The organic mixture was
dried over MgSO4 and concentrated in vacuo. The residue was chromatographed
on silica gel (elution with 1:10 ether:hexane) to give the ester 166 (11.8 g, 20.0 mmol,
89%).

1H NMR (CDCl3 90 MHz) & 7.55-7.80 (m, 4H, a), 7.30-7.50 (m, 6H, b), 5.30-5.50 (m, 2H,
¢), 4.76 (brs, 1H, d), 4.20 (brs, 2H, e), 3.40-3.95 (m, 4H, f), 3.60 (s, 3H, g), 2.20-2.55 (m,
6H, h), 1.40-1.85 (m, 7H, i), 1.04 (s, 9H, j), 0.70-0.95 (m, 6H, k)

IR (neat) 2950, 2850, 1740, 1590, 1430, 1270, 1200, 1150, 1020, 910, 740, 700
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§f
TBDPSO”
] an 166

(3S*,6R*)-(E’)-6-(t-butyldiphenylsﬂyloxy)methyl-3—isopropyl-10~(tetrahydro-23-pyran-
2-yloxy)-4-decen-8-yn-1-ol 167)

To a suspension of LiAlH4 (90 mg, 2.2 mmol) in dry THF was added a solution
of the ester 168 (900 mg, 1.5 mmol) in dry THF at 0°C. After being stirred for 1h,
the reaction mixture wag quenched with an aqueous solution of saturated sodium
sulfate. The mixture was filtered through Celite, The filtrate was concentrated in
vacuo. The residue was chromatographed on silica gel (elution with 1:5
ether:hexane) to give the alcoho] 167 (680 mg, 1.2 mmol, 80%).

IH NMR (CDCI3 90 MHz) § 7.55.7.75 (m, 4H, a), 7.25-7.50 (m, 6H, b), 5.20-5.35 (m, 2H,
¢), 4.77 (brs, 1H, d), 4.20 (brs, 2H, e), 3.35-3.95 (m, 6H, f), 2.10-2.50 (m, 3H, g), 1.50-
1.95 (m, 10H, h), 1.06 (s, 9H, i), 0.75-0.95 (m, 6H, j)

IR (neat) 3350, 2950, 2850, 1590, 1470, 1430, 1380, 1250, 1120, 1030, 980, 910, 790, 700,

§f
TBDPSO”
I ab

167

(3S*,GR*)-(E)-G-(t~buty1dipheny1s1’1yloxy)methyl-3~isopropyl-10-(teh'ahydro-mp}m-
2-yloxy-4-decen-8-yny1 P-toluenesulfonate (168)
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1H NMR (CDCl3 90 MHz) § 7.55-7.85 (m, 6H, a), 7.30-7.50 (m, 8H, b), 5.10-5.20 (m, 2H,
c), 4.77 (brs, 1H, d), 4.19 (brs, 2H, e), 3.40-4.05 (m, 6H, f), 2.20-2.50 (m, 6H, g), 1.40-
1.90 (m, SH, h), 1.05 (s, 9H, 1), 0.65-0.85 (m, 6H, j)

IR (neat) 2950, 2850, 1590, 1460, 1420, 1360, 1170, 1110, 1020, 810, 750, 700, 660, 550

e
TBDPSO
i ab 168

(3S*,6R*)-(E)-6-(¢-butyldiphenylsilyloxy)methyl-10-hydroxy-3-isopropyl-4-decen-8-
ynyl p-toluenesulfonate (169)

A mixture of the crude tosylate 168 and a catalytic amount of p-
toluenesulfonic acid in methanol (5 mL) was stirred at room temperature for 1 h.
The reaction mixture was quenched with saturated sodium bicarbonate. The
aqueous layer was extracted with ethyl acetate. The organic layer was washed with
brine. The organic mixture was dried over MgSO4 and concentrated in vacuo. The
residue was chromatographed on silica gel (elution with 1:2 ether:hexane) to give
the alcohol 169 (390 mg, 0.6 mmol, 50% from the alcohol 167). |
1TH NMR (CDCl3 90 MHz) § 7.55-7.90 (m, 6H, a); 7.20-7.50 (m, 8H, b), 5.10-5.25 (m, 2H,
c), 3.90-4.30 (m, 4H, d), 2.55-2.65 (m, 2H, e), 1.20-2.45 (m, 10H, ), 1.06 (s, 9H, g), 0.70-
0.86 (d, 3H, h,J =3.8 Hz), 0.76 (d, 3H, h, J = 3.8 Hz)

IR (neat) 3550, 2950, 2850, 1600, 1460, 1430, 1360, 1180, 1110, 960, 780, 700, 660

e
TBDPSO”
g ab

169

(35*,6R*)-(4E,8Z)-6-(t-butyldiphenylsilyloxy)methyl-10-hydroxy-3-isopropyl-4,8-
decadienyl p-toluenesulfonate (170)

A mixture of the alkyne 169 (100 mg, 0.16 mmol) and 10% Pd/Al203 (20 mg) in
methanol was stirred at room temperature for 2 h under a hydrogen atmosphere.
The reaction mixture was filtered through florisil. The filtrate was concentrated in
vacuo to give the allylic alcohol 170 (78 mg, 0.12 mmol 78%).
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1H NMR (CDCl3 90 MHz) § 7.50-7.85 (m, 6H, a), 7.25-7.50 (m, 8H, b), 5.30-5.70 (m, 2§,
¢), 5.00-5.20 (m, 2H, d), 3.80-4.20 (m, 4H, e), 3.40-3.90 (m, 2H, ), 2.30-2.45 (m, 3H, g),
1.30-2.30 (m, 7H, h), 1.06 (brs, 9H, 1), 0.70-0.95 (m, 6H, j)

IR (neat) 3400, 2950, 1740, 1600, 1460, 1360, 1180, 1100, 970, 910, 820, 700, 660, 550, 500

A mixture of the allylic alcohol 170 (100 mg, 0.18 mmol)and manganese (Iv)
oxide (137 mg, 1.5 mmol) in hexane (2 mL) was stirred at room temperature for 2 h.
The reaction mixture was filtered through florisil. The filtrate was concentrated in
vacuo to give the enal 171 (69 mg, 0.11 mmol 69%).

1H NMR (CDCI3 90 MHz) § 10.02(d, 1H, a, J=7.9 Hz), 7.50-7.80 (m, 6H, b), 7.10-7.50
(m, 8H, ¢), 6.51 (dt, 1H, d, J= 7.7, 11.5 Hz), 5.92 (dd, 1H, ¢, J= 7.9, 11.5 Hz), 5.00-5.25
- (m, 2H, 9, 3.90-4.00 (m, 2H, g), 3.45-3.65 (m, 2H, h), 1.30-3.05 (m, 7H, i), 2.39 (s, 3H,
3),1.03 (s, 9H, k), 0.65-0.85 (m, 6H, 1)

IR (neat) 2950, 2850, 1680, 1600, 1460, 1430, 1190, 1180, 1110, 970, 910, 780, 700, 660,
560, 500

(3S*,6R*)-(4E,87)-6 (t-butyldipheny]sﬂyloxy)methyl-10~cyano-10-(l-ethoxyethyloxy)~3-
isopmpyl—4,8—deczdienyl DP-toluenesulfonate (159)

A mixture of the enal 171 (1.7 g, 2.69 mmol), trimethyl silyl cyanide (0.8 ml, 6
mmol) and 3 catalytic amount of DC-18-CR-6 KCN was stirred at 0 °C for 30 min, To
the mixture wag added dry THF (15 mL)and 0.1 N HCl (2 mL). The reaction
mixture was stirred at room temperature for 1 h. The organic mixture was washed
with brine. The aqueous layer wag extracted with ether., The organic layer was
dried over MgS0O4 and concentrated in vacyo. The residue was used for the next
reaction without further purification,

-253-



To a mixture of the cyanohydrin and ethyl vinyl ether (0.36 mL, 4 mmol) in
dry benzene (20 mL) was added a catalytic amount of p-toluenesulfonic acid at 0 °C.
After being stirred for 20 min, the reaction mixture was quenched with saturated
sodium bicarbonate. The aqueous layer was extracted with ether. The organic
layer was washed with brine. The organic mixture was dried over MgSO4 and
concentrated in vacuo. The residue was chromatographed on silica gel (elution
with 1:10 ether:hexane) to give the protected cyanohydrin 159 (1.5 g, 2.04 mmol, 76%
from the enzl 171 ).

1H NMR (CDCl3 90 MHz) 3 7.50-7.85 (m, 6H, a), 7.30-7.50 (m, 8H, b), 4.75-5.80 (m,
6H, c), 3.80-4.10 (m, 2H, d), 3.30-3.70 (m, 4H, e), 2.42 (s, 3H, f), 1.10-2.30 (m, 13H, g),
1.05 (s, SH, h), 0.65-0.90 (m, 6H, i) ]
IR (neat) 2950, 2850, 2250, 1800, 1470, 1430, 1190, 1180, 1110, 1050, 910, 820, 740, 700,
660, 560, 500

(4S*,7R*)-(5E,9Z)-7-(t-butyldiphenylsilyloxy)methyl4-isopropyl-5,9-cyclodecadien-1-
one (144)

To a solution of HN(TMS)2 (3.2 mL, 15 mmol) in dry dioxane (50 mL) was
added 1.65 N butyllithium (8.2 mL, 13.5 mmol) at 10 °C. After being stirred for 1 h,
to the mixture was added dropwise a solution of the protected cyanohydrin 69 (1 g,
1.37 mmol) in dry dioxane (80 mL) for 6 h at 80 °C under a nitrogen atmosphere.
The addition was complete, the reaction mixture was stirred at 80 °C for 30 min.
The organic mixture was quenched with saturated ammonium chloride. The
aqueous layer was extracted with ether. The organic layer was washed with brine
and dried over MgSO4. The resulting mixture was concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a solution of the crude cyclic compound in methanol (20 mL) was added a
catalytic amount of p-toluenesulfonic acid at 0 °C. The mixture was stirred for 1 h.
The reaction mixture was diluted with ether. The organic mixture was quenched
with 2% NaOH for 5 min. The aqueous layer was extracted with ether. The organic
layer was washed with brine and dried over MgSO4. The resulting mixture was
concentrated in vacuo. The residue was chromatographed on silica gel (elution
with 10:1 hexane:ether) to give the cyclic enone 144 (520 mg, 1.13 mmol, 82%).
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1H NMR (CDCl3 90 MHz) § 7.55-7.70 (m, 4H, a), 7.25-7.45 (m, 6H, b), 6.26 (d, 1H, ¢, J=
11.8 Hz), 5.70 (dt, 1H, d, J= 8.6, 11.8 Hz), 4.70-4.85 (m, 2H, e), 3.50-3.80 (m, 2H, f),
1.25-2.60 (m, 9H, g), 1.02 (s, 9H, h), 0.70-0.95 (m, 6H, 1)

IR (neat) 2950, 2850, 1690, 1620, 1590, 1460, 1430, 1390, 1110, 990, 820, 740, 700, 610, 500

144

(6R*,95%)-(3Z,7E)-6-(t-butyldiphenylsilyloxy)methyl-9-isopropyl-2-vinylidene-3,7-
cyclodecadien-1-ol (172)

To a solution of Zn-CH2Br2-TiCl14106) (0.25 N, 2 mL, 0.5 mmol) in
dichloromethane (0.7 mL) was added a solution of the ether 147 (100 mg, 0.18 mmol)
in dichloromethane (0.5 mL) at 0 °C. The mixture was stirred for 1 h. The reaction
mixture was quenched with saturated sodium bicarbonate. The aqueous layer was
extracted with ether. The organic layer was washed with brine. The resulting
mixture was dried over MgSO4 and concentrated in vacuo. The residue was used
for the next reaction without further purification. To a solution of the diene in
methanol (2 mL) was added a catalytic amount of pyridinium p-toluenesulfonate at
0 °C. The mixture was stirred at room temperature for 3 h. The reaction mixture
was quenched with saturated sodium bicarbonate. The aqueous layer was
extracted with ether. The organic layer was washed with brine. The resulting
mixture was dried over MgSO4 and concentrated in vacuo. The residue was
chromatographed on silica gel (elution with 1:5 ether:hexane) to give the allylic
alcohol 172 (35 mg, 0.07 mmol, 41% from the ether 147).

1H NMR (CDCl3 90 MHz) § 7.55-7.80 (m, 4H, a), 7.30-7.50 (m, 6H, b), 6.12(d, 1H, ¢, J=
12.0 Hz), 5.35-5.75 (m, 1H, d), 5.13 (d, 1H, e, J= 1.9 Hz), 4.94 (brs, 1H, ), 4.70-4.90 (m,
2H, g), 3.95-4.20 (m, 1H, h), 3.55-3.70 (m, 2H, 1), 1.40-2.50 (m, 7H, j), 1.02 (s, 9H, k),
0.75-0.95 (m, 6H, 1)

IR (neat) 3450, 2900, 1700, 1360, 1160, 960 e £ OH

;i
TBDPSO”
h ab

172



(6R*,95%)-(3Z,7E)-6-(t-butyldiphenylsilyloxy)methyl-9-isopropyl-2-vinylidene-3,7-
cyclodec_zdien-l—one (154)

To a solution of pyridine (0.43 mL, 5.4 mmol) in dichloromethane (1.5 mL)
was added chromium oxide {250 mg, 2.50 mmol) at 0 °C. After being stirred for 1 h,
to the mixture was added a solution of the alcohol 172 (15 mg, 0.03 mmol) in
dichloromethane (1 mL). The reaction mixture was stirred for 15 min. The
organic mixture was filtered through florisil. The filtrate was concentrated in
vacuo. The residue was purified by HPLC to give the enone 154 (5.4 mg, 0.011 mmol,
36%).

IH NMR (CDCl3 90 MHz) § 7.50-7.75 (m, 4H, a), 7.25-7.45 (m, 6H, b), 6.50 (d, 1H, ¢, J=
11.9 Hz), 5.60-5.95 (m, 1H, d), 5.67 (d, 1H, e, J= 1.5 Hz), 5.30 (brs, 1H, f), 4.50-5.05 (m,
2H, g), 3.50-3.75 (m, 2H, h), 1.40-2.60 (m, 6H, 1), 1.04 (s, 9H, j), 0.75-0.95 (m, 6H, k)
efO
c

TBDPSO/
154

(6R*,95%)- (3Z,7E)-6-(t-butyld1phenylsxlyloxy)methyl-9-lsopropy1-2-epoxymethylene-
3,7 -cyclodecadlen-l-one (173)

To a suspension of KH (1.1 mg, 0.03 mmol) which was washed with dry
hexane (0.2 mL) in THF (0.3 mL) was added dry ¢-butylhydroperoxide (3.491M in
toluene, 0.008 mL) at -20 °C. After being stirred for 20 min, a solution of the enone
63 (4.5 mg, 0.01 mmol) in dry THF (0.8 mL) was added dropwise at -20 °C. After
being stirred for 30 min, the reaction mixture was quenched with saturated sodium
thiosulfate. The aqueous layer was extracted with ether. The organic layer was
washed with brine. The resulting mixture was dried over MgSO4 and concentrated
in vacuo. The residue was chromatographed on silica gel (elution with 4: 1 hexane :
ether) to give the epoxide 173 (2.2 mg, 0.005 mmol, 50%).

1H NMR (CDCl3 90 MHz) § 7.50-7.70 (m, 4H, a), 7.25-7.45 (m, 6H, b), 5.30(d, 1H, ¢, J=
8.1 Hz), 5.10-5.55 (m, 1H, d), 4.65-5.05 (m, 2H, e), 3.45-3.60 (m, 2H, ), 3.14 (d, 1H, g
J=4.9 Hz), 2.86 (d, 1H, g, J= 4.9 Hz), 1.40-2.50 (m, 7H, h), 1.04 (s, 9H, 1), 0.75-0.95 (m,
6H, j)

TBDPSO
i ab 173
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The Starting geometries of 140 were generated Using MMRS at 30¢ dihedral

I .
FINAL STERIC ENERGY 13 28.5012 KCAL.
COMPRESSIQN 1.592¢
BENDING 4.85866
STRETCH-BEND -0342
VANDERWAALS
1,4 ENERgy 9.0231
OTHER -.8966
TORSIONAL 13.8648
DIPOLE 0272
II
FINAL STERIC ENERGY 15 28.6765 KCAL.
COMPRESSIQN 1.2083 : \
BENDING 2.9753
STRETCH-BEND -0993
VANDERWAALS
1,4 ENERGy 3.099s
OTHER ~2.0021
TORSIONAL 17.1604
DIPOLE .1358
111

FINAL STERIC ENERGY 13 28.0197 KCAL.

COMPRESSIQN 1.253¢
BENDING 3.4780
STRETCH-BEND .1082
VANDERWAALS
1,4 ENERrgy 9.0538
OTHER ~2.0333
TORSIONAL 17.1221
DIPOLE 0372 DIPOLE MOMENT 2.875 )
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1y

FINAL STERIC ENERGY IS

COMPRESSION
BENDING
STRETCH-BEND
VANDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

29.8252 KCAL.

.4197 \_J ' )
4.1042 2 :—f}&/

1211 \
.9537 —
.7627 N\
.9505

.0327 DIPOLE MOMENT  2.653 D

FINAL STERIC ENERGY IS

COMPRESSION
BENDING
STRETCH-BEND
VANDERWAALS
1,4 ENERGY
OTHER
TORSIONAL
DIPOLE

8.
-1.
15.

.1381 DIPOLE MOMENT 2.874 D

FINAL STERIC ENERGY IS

COMPRESSION
BENDING
STRETCH-BEND
VANDERWAALS
1,4 EXNERGY
OTHER
TORSIONAL
DIPOLE

.0382 DIPOLE MOMENT 2.732 D



¥IiI

FINAL STERIC ENERGY IS 30.1831 KCAL. <
COMPRESSION 1.5759 -
BEXNDING 5.7200 1-\;\//\%\{3 A
7 4

STRETCH-BEND .0912 !r" ;9
VANDERWAALS : Ve °-—\\
1,4 ENERGY 8.8762 \
OTHER -.5337
TORSIONAL 14.4284
DIPOLE .0250 DIPOLE MOMENT  2.639 D
viIg
FINAL STERIC ENERGY IS 30.5716 KCAL. -
COMPRESSION 1.1680 \
BENDING 2.9645
STRETCH-BEND .1288
 VANDERWAALS
1,4 ENERGY 9.0462
OTHER -2.5966
TORSIONAL 19.6785

DIPOLE .1822 DIPOLE MOMENT 3.029 D

A e D S L e . o o T T WD WD G . . L 4 -~ " " — - - — ——— ——— —— s — o ————
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15

64 00
23
15 31

22
30

14
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21
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0.0
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0.06
0.50
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911110
12
0.0
0.0
0.0
0.0
0.0

1

20

28

36
2.091
2.081
2.081
2.091
0.24
0.0
0.0
0.0
2.23
2.23
9.462
0.0

12

0.0 3 512120
16

0.0 4 613130
6.0 5 7 0 00
0.0 6 814 00
0.0 7 39 9 00
0.0 8 810 0O

20
19
27
35

16
0.15
0.91
0.0
0.0

-0.44
0.10
0.10
0.10
0.0
0.0
0.0
0.0
0.0

11.54 109.5 180.0 14 0 0 00
11

2 1.34 120.0 180.0 10 10 0 01
21.34 120.0 180.0 4 4 0 05
2 1.41 120.0 180.0 5 5 0 06
2 1.54 109.5 240.0 7 1516 0 8
11.54 109.5 -60.0 14 0 0 00

0 1.50 120.0
0 1.50 120.0

0 1.54 108.5
0 1.50 108.5

18
26
34
17
29
29
29

2
7 2
g8 22
3 2822 0 1.34 120.0
22
3 412 22
2
2
2
12
13
16
17
11
16
28
29
29 238
29 29

g 10 2822 1 1.50 120.0 180.0
33

8
7 14 18

14
32

1 2 3 4 29221 1.50 120.0
8

1
2
§

0.60
0.0

0.0

5

28

-0.24
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9.415
9.415
0.0

0.0
0.0

28
29
28

28
28
28
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6.370
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0.0 0.0
0.0 2.23
0.0 9.415
0.0 0.0
0.0 2.23
0.0 3.415
0.0 2.20
0.0 2.23
0.91 1.540
0.91 1.540
0.0 2.20
0.0 8.415
0.15 1.540
0.0 0.0
0.0 0.0
0.10 0.0
0.15 1.540

340

.4787

-486

.03

.470

.480

.940

.45 109.47
.35 109.39
.55 121.4
.43 120.0
.36 120.0
.43 117.0
.050 :

.85 121.4
.36 120.0
.36 121.4
.05

.55 121.4
.36 120.0
.05

.43 122.5
.43 115.0
.050
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.73430
.79741
.40571
.284352
.30448
.10872
.36601
.81518
.38127
.28133
.70688
.41568
.76143
.13740
.80452
.753031
.74286
.02764

.88555
.78746
.34127

1.267178

4 !
[*-" G I FC R B I |

1
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.80161
.75814
.439388
.80837
.39680
.35167
.80618
.37928
.48604
.80637
.37214
.71163
.80821
.78132

.12532
.47174
.89567
.01468
.95848
.66448
.85553
.22320
.75538
.24461
.01845
.28461

.42141

2.02269

1.08284

.31288
.10315
.72859

.01867
.37457

1.89191

.07935

1.47573

.83600
.32639
.06455
.75300
.06220
.03201
.20638
.64112
.17414
.57086
.35968

1.13313

.74802

.71492
.73754
.11640
.23174
.00631

1.73575

.62027
.12319
.36768
.83184
.46568
.29920
.94633
.57180
.09636
.40484
.80117
.44551

.70894
.17401
.41056
.25395
.618960
.83965
.52965
.00915
.61342
.67160
.51570
.35750
.65124
.70865
.44511
45126
.30366
.50420

3 N 1 U L T O LY O ks ] BN O e L WD
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.25378
.72329
.80748
.09560
.25837
.83710
.381787
.85312
.84731
.41802
.84878
.00480
.80870
.82263
.47239
.3381¢0
.78583
.96458

.44815
51213
.04743
.01743
.17457
.46483
.52508
.66455
87713
.18119
.20080
.24567
.20818
.53890
.41901
.83607
.56931
.75271

-.78630
1.31169
1.25144
-.94146

-1.48143
1.51520
-.639980

-1.98872

-1.73383

.92800
1.01842

-1.4692Z1

-1.46837
2.11770
-.97954

.58681

-2.49380

-1.77011

.20528
.70543
.42424
.79659
.87972
L137317
.66257
.16723
.56185
.11086
.64151
.66002
.48618
.95995
.23973
027173
-2.59438
-2.35260

i

]
I bt DN et DN ) bt ped | peh e

}
-

-1.
.52188
.57690
.10637
.70633
.20622
.24015
.56067
L17241
.62405
.663500
.85525
.77788
.12828
.31630
.91889
.21787
.64715

82247

.05141
.49842
.03022
.20460
.23697
.84237
.42689
.12882
.10064
.87828
.11050
.26476
65038
.39473
.53304
.11527
.61932
.86615
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12
14
16
18
20
22
24
26
28
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32

34
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12
14
16
18
20
22
24
26
28
30
32
34
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-3.23140
-1.93653
-91810
.82438
-1.43338
-3.73012
1.42372
3.46093
-2.64832
-3.76217
.02039
1.07309
-1.28285
4.78887
-2.17384
4.28585
3.57845
1.12937

~3.03694
-2.24438
-.24690
1.20412
-.56378
-2.327438
.13322
3.64550
-4.07197
-3.21087
1.66299
1.56705
.0394¢
-3.38217
~3.58285
4.48784
3.51797
1.83338

-.10107
1.71748
1.76049
-.76000
-1.65081
-2.43480
2.44073
~.64758
.16131
77778
.59376
-1.53207
-2.21771
-2.29835
2.56676
-.80849
.39411
-2.45448

1.09536
-.87540
-2.0847¢
-.02837
1.79502
3.48074
-3.11121
.09485
1.50692
.82756
-1.72292
-.53966
2.33277
3.79833
-1.91020
.78026
-.57021
2.58808

-.50420 1
-82412 29
.J4860 K
.63418 1
.01478 29

.22226 2
-.0799s8 7
.27288 1

-1.41344 5
1.46169 5
2.10577 3
1.42718 5
1.43415 5
-.05768 3

-1.71482 5
-.45866 5

64773 5

-1.60691 5

-.16629 1
1.27089 29
20398 3
-.23373 1
01304 29
.00557 2
-.31337 7
.56240 1
~.20629 5
2.03048 5
1.08362 5
-1.15789 5
-74443 5
-.00233 3
-.80010 5
.81215 5
1.44582 5
-1.08428 5
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-3.03512

-.88465

.81475
-.41258
-2.82016
-1.14377
2.08603
2.07759
-4.30227
-1.83832
1.75091
-.56221
-3.44734
-.33280
1.95195
3.62432
2.90469
2.20117

-2.88374
-1.69831
.78234
-.07612
-1.88529
-2.50952
2.36219
2.70370
-2.91464
-2.08010
.38135
-.70174
-1.56290
-2.13220
2.05658
3.96476
3.51664
3.04477

.87646
1.97830
.62133
-.97419
-1.46560
2.39234
~.88037
-2.26550
-.07274
2.23434
.85415
-.43785
-3.39839
2.57758
~-.11182
-1.34414
-2.35962
-3.07848

.30267
-1.72620
-1.11207

.698396

2.18564
-2.15861
.88420
1.84078

.47681

-1.23075

-.64196
-19135
4.26614
-2.78324
1.40962
-.53181
2.61925
1.45815

-63604

-11647
.32418
.03500

.01319

.37058
.37874
-05392
.81198
. 78459
.88090
.98133

-67474

.09300
.17873
.12665
.79470
.30234

.11538

.18088
.78808

.58770
-12663
.79199

.23585

.83450
1.08188

2.29052

.71931
.34922

.11950

-1.

.61803
.17285
-30150
.487490

77884
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.52862
.17560
.37980
.27921
.94428
.16373
.36125
.82847
.23373
.33874
.74072
.30857
.88120
.09667
.87463
.75388
.80193
.08840

.07254
.12176
.43816

1.34170

.61287
.31629
.28712
.67427 .
.23533
.80137
.56332
.77565
.31551
.35641
.74176
.49066
.41718
.08148

-1.
.43105
.91421
.02212
.06369
.86541
.87569
.29329
.21088
.72781
.03418
.22744
.46045
.34535
.25044
.21075
.19600
2.72686

05084

.48153
.80685
.91007
.10260
.398147

2.37754

.83650
.12278

2.42482

.61107
.02433
.56991
.38827
.66091
.94812
.50440
.87721
.57066

b}

| L

.57576
.42407
.14586
.20818
.73478
.41355
.58988
.08821
.25668
.62229
.38510
.28604
.63843
.15576
.38415
.12233
.56274
.37251

.86692

1.56958

.02538
.29060
.15643
.32688
.78861
.76751
.43843

2.90960

.15241
.20788
.20554
.55454
.58551
.19452
.54518
.80835
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-3.55014
-1.68415
©.94647
.14515
-2.19711
-1.88852
2.64045
2.87558
-3.92928
-2.893343
.950686
.15812
-1.22411
-1.08649
2.62891
3.84708
3.84808
2.88893

-2.69845
-1.80225
.78548
.16288
-2.00184
-2.72380
2.45818
2.92285
-4.04563
-1.82767
.53188
-.17478
-1.55264
-2.49869
2.05961
4.08981
3.72142
3.33263

.43484
.32064
.27480
.98074
.704483
.67282
.65111
.86922
.58644
.42146
.09136
.49714
.38151
.56571
.88486
.63052
.43330
.78713

.38234
.34755
.23872
.14216
.18824
.333317
.13608

1.87374

.21911
1.42921
.86033
.62086
61471
.72328
.18875
.66284
.48718
.47078

.90547
571517
.56880
.05262 .
.27061
.73283
.17354
.58824
.46271
.85813
.66730
.03215
.63758
.48854
.26874
.14381
.30804
.68994

.84796
.22765
.60268
.72986
.15797
.75354
.317321
.535660
.38178
.4180%
.61843
.77366
.08491
.75930
.30827
.11382
.07873
51111
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34
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3.13260 -1.06631 ~.64628 1 2.87363 .13824 -1.52166 2
2.11513 1.22237 -1.25177 29 1.43728 1.55304 02137 23
-.04625 1.75484 .02316 3 -.80129 1.13273 -1.08287 1
-1.21024 -.36735 -.85559 1 -14612 -1.03495 -.73255 2
-80730 -1.18342 -43105 29 2.27217 -1.38615 91371 29 ]

2.79233 -1.77923 1.69475
-.38378 2.37464 -91301
~3.57682 -00383 -07477
4.24452 -.893408 ~.30254
3.33378 08740 -2.52528
-.38323 1.26918 -2.05982 -1.84158 1.718392 -1.18897

2 2.16158 1.63541 1.15258
7
1
5
5
3
-1.68828 =.77125 -1.7811¢0 3 .67013 ~1.22162 -1.68429
5
5
5
5
5
5

2
=2.20326 -.66004 29492 1
~2.42142 -2.17660 -46809 1

3.17977 -1.97181 -1.29655 35y
1.85792 1.93305 -2.06628 5
3

. 28481 -.98584 1.36673 2.15509 -1.98733 2.56934

3

3
3.87781 -1.91316 1.82608 1.69180 1.85717 2.12398 32
3.25268 1.48094 1.14418 -1.79768 =.24989 1.25072 5
-4.29917 -.28982 -87062 -4.01599 ~.29138 -.80335 3 3
-3.51833 1.11491 10831 ~3.11200 -2.39315 1.31337 5 34
~1.47379 -2.71938 .68122 -2.86246 ~2.62404 -.45386 5 LAST

VIIT

3.16841 -1.12655 -81939 1 3.57981 -.09142 - 20513 2 2
2.96043 1.0834¢ =.44403 29 1.80172 1.60852 31266 29 4
-33841 1.74343 -.47235 3 ~.78937 1.38324 -17689 1 ]
-1.35953 04258 -.35448 1 -.22218 -.85370 -.46783 2 8
-63793 -1.19498 33793 24 1.94325 -1.84727 -30945 29 10

2.04192 -2.97778 -.41353
37225 2.00256 ~1.65428
=3.70152 -46985 .57962
2.94949 -.64967 1.80058
4.37739 -.40167 -.90301
-1.51027 2.21530 -.03582 -.70344 1.33388 1.28368

2 1.91689
7
1
5
5
5
-1.73861 .22879 -1.38915 5 -.02137 -1.3674¢ -1.47088
5
5
5
5
5
5

~2.52569

1.85758 1.62935 2

- 1

-3.02779 -1.85779 -.08404 1 16
1 3

3

3

.91887 -48810

4.01049 - -83216  1.00913
3.28340 1.65774 -1.31521

-48272 ~.693686 1.49334 1.15064 -3.48918 -.81088
3.02318 -3.43280 -.62194
2.87841 1.72566 2.15052

-4.55185 .03335 1.15261
=3.41583 1.40921 1.10450
-2.22824 =2.63342 ~.08969

3

3

1.07737 2.24215 2.22816 K]
-2.15580 ~.70865 1.52568 3 30

-4.07845 74047 - 43309 5

-3.86776 ~2.26710 -52307 3

=3.39313 -1.73540 -1.12931 3
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Conforzz=ional analysis of 151

starting geometries of 151 were generated using MMRS at 30° dihedral

angle resclution and with a closure distance range of 1.0-2.7 A, and with a
1

ar contact of 2.24 A. Structures of 88 conformations obtained were

optizizzd by 442 to get 4 confomers within 3.0 kcal/mol from the lowest energy

1=

transannu!

conforzer.

1 Ko= 22 ENERGY=  22.7942
Si= 1.03 BD= 4.74 SB= .17
0iz -2.82 T= 11.11 DP= .13

IT %0= 23 ENERGY=  24.8600
51= .98 BD= 4.43 SB= .20
0T= -3.88 T= 14.36 DP= .16

IITI  NO= 31 ENERGY=  24.98834
§i= 1.15 BD= 8.50 SB= .20
0T= -1.72 T= 7.88 DP= .11

IV XG= 27 ENERGY=  25.2268

.76 8B= .23
.18 DP= .07

DM=

DM=

DM=

8.53
2.94D

8.41
3.02D

8.75
2.85D

8.51
2.74D

?r/
’:;éggpi;U\\Tﬁ%y—‘ R
/Y Y
’—‘*\ [
N

ENERGY: FINAL STERIC ENERGY, ST: COMPRESSION, BD: BENDING, SB: STRETCH-BEND,
14: VAN DIR WAALS_1,4 ENERGY, 0T: VAN DER WAALS_OTHER, I: TCRSIONAL, DP: DIPOLE,

DM: DIPOLE MOMENT

[ KCAL/MOL ]

-270-
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Conformational analysis of 152

The starting geometries of 152 were generated using MMRS at 30¢ dihedral
angle resolution and with a closure distance range of 1.0-2.7 A, and with a
transannular contact of 2.24 A . Structures of 54 conformations obtained were

optimized by MM2 to get 8 confomers within 2.0 kcal/mol from
conformer.
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Confcrxaticnal analysis of 157

OpPtisized by ¥y2 to ¢
Conforger,

20 ENERGy=

(]
-t
W

ST= 1.21 BD= 2,
0T= -3.24 T= 14.33

28  ENERGY=

ST= 1.36 BD=
0T= -2.53 I= 12

(]

1T ¥ps 17 ENERgy=
ST= 1.3¢0 BD=
0T= -3.34 T= 14
I¥  xo= 33 ENERGY=
ST= 1.37 BD= 3
0T= -2.19 T= 12
¥ M= 15 ENERGY=
ST= 1.18 Bp= 2
0T= -3.55 I= 15
VI xp- 38  ENERGY=

ST= 1.33 BD=
0T= -3,14 T= 14
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24.9588
58 $B= -18 14= 9.67
= .22 DY= 3.02p

25.0848

.75 SB= -20 14= 9.69

-51 pp= -11 D¥= 2.74D
25.4338

-78 $B= <17 14= 9.87

-33 DPp= <11 D= 2.80D
25.44497

.53 §B= .18 14= 9.77

-68 Dp= -11 D= 2.70D
25.7109

--66 SB= 3 14= g g3

-40 DP= .17 DY= 3.05D
26.0660

-81 8B= -16 14= 10. 11

-68 Dp= -11 D¥= 2.77D

: dihedra]

ange of 1.0-2.4 A, and ¥ith a
onformations obtained were

the lowest €nergy
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ENERGY: FINAL STERIC ENERGY, ST: COMPRESSION, BD: BENDING, SB: STRETCH-BEND,
14: VAN DER WAALS_1,4 ENERGY, OT: VAN DER WAALS_OTHER, T: TORSIONAL, DP: DIPOLE,

DH: DIPOLE MOMENT
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(a4
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0
9.415 0.
2.20 0
2.23 0
1.540 0
1.54¢ 0.
2.20 0
9.415 0
1.54¢0 0
0.0 -0.330
0.0 0.0
1.549 0.0

109.47
109. 39
121.4
120.0
120.0
117.0

121.4
120.0
121.4

121.4
120.0

122.5
115.¢0
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.0243
L3137
.1305
.4248
. 8417
.1227
. 2068
.5649
.5380
. 8567
. 2287
.5591
.8378
.2263
.1355
.2835
. 7948
.088%
.6274

.0872
.4245
.8758
. 3475

.9560°
.9308

.6400

.5803

.9146
.0305
.9381

.8376
.2873
.5024
.0883
L1783

.1209

. 7640
.8884

.4132

1.9645
2.2110

.0240
.8858
.7824
.8384
.1724
.2643
.9283
.0424
.0781
.6250
.5242
.2308
.8358
.8205
.8102
.7769

.3105
L9721
.8932
L4767
.8942
.0126

2.3307

.5298
.7539

1.1080

.3235
. 9837
.6820
.0135
. 1666
.9011
.0625
.4688
.8350

.3278
.3252
.1699
.1828
. 7986
.2383

1.2025

.1018
1.3171
. 1846
.0215

1.2898
1.8508

.3544
.3827
.3645
.4656
.6103
.1023

.0487
L0731
.0287
.9398
.0405
.89911
.8012
.2852
.9549
L1271
.1299
. 8064
.0564
.9454
.8767
.3365
L1744
.3387
.5545
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-3.1593
-1.1762
1.3613
. 0985
-2.2143
-1.2969
2.5934
2.5705
-4.0457
-2.4740
1.3860
-.1044
-2.7430
~1.6472
-.4306
2.4740
4.1106
3.4065
2.6683

-2.5507
-.5805
1.4372
-.1171

~-2.4476

-1.1119
2.0911
1.9512

-4.2045

-1.0999
2.5006
-.5315

-2.8775

-2.8128
-.4862
1.6554
4.0840
2.4710
2.3929

.8943
.0631
.4703
.6356
.4404
. 8497
.8059
. 2439
.8048

2.7835
1.4725

.8612
1.6164
.6885
.0083
.8622
.0182
.8511
L2477

.1984
.1786
.0482
.8520
.0868
.6440
. 9847
.5127
.2359
.4510
L3412
.0113
.5452
.5918
.8033
.5053
.0218
.81788
.0427

.4219
.5376
.3520
.1238
.4870
.8917
.3956
.157%
.5455
.0277
.4643
.1854
.4562
.2408
.5671
.5058
.9920
.2595

1.2672

L1471
.0727
L1728
.0059
.1068
. 2458
.3183
.4668
. 1580
.8982
.3307
.0160
.0896
.0074
.1383
.2276
.6232
.3820
.4078
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- 4457
2.1931
1.884¢
~.6165

~1.032¢
=2.0506
2.3958
~.7685

-3978
1.5309

-9591

~1.3147
-1.1912
=3.070¢
=2.0233

2.8505
-1.1083

-3016

~2.6133

~.2317
- 8156
1599
.6838
-8494
~.7665
-.417¢
-1807
-1.1803
1.6944
2.0633
1.5478
1.9345
=.359¢
-1.1254
~1.7811
-. 5450
- 3984
~1.3007
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-289-

~2.6061
~.4428
1.2202
~.2387
=2.7352
=.7479
2.2386
2.0868
4.0869
-1.2357
2.2113
~.3603
=3.4387
-2.317s
0205
2.1185
3.8184
2.8539
2.2034

~2.534p
~1.3061
1.2182
-1331
-2.1814
=2.2466
2.6222
2.6833
~3.2722
~1.2683
1.0035
~.0155
~2.5968
~1.781¢
-1.9741
2.5005
4.1002
3.54396
2.7880

1.4689
2.2334
-8275
~.7798
-.9768
2.5721
~.8675
~2.4250
<5748
2.7793
1.0194
-.5689
=1.17p5
-1.9097
2.5889
~.3011
~1.3456
~2.6811
~3.1388

~.0593
~2.0398
~1.3092
. 7855
1.4913
-2.7388
-8441
2.1711
-.3818
~1.3063
~1.0923
1.2747
1.7452
2.6801
-3.4382
1.0875
-.2419
2.7927
1.9861

- 8094
=. 2051
1.2323

-1051

3039

~1.4915
-.3558
-.8337
=.4813
1.7130
1.7027
-. 9697
1.1525
-1.6537
~2.2809
-1.244g
1.1309
~1.6004
.0137

1.32349
.4212
7129
.052¢

~.6488

-.2802
-3608

-.4216

-.6923

2.4450

1.784;1

1.0287

-1.6551

1.1851

~1.0863

1.4451

-.8586 -

-. 0873
-1.5152
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.1362
L1276
.2213
.5212
L7243
.4163
.9169
.8281
.0383
.5836
.2074
.0156
.4988
.63586
.4108
.5928
.5031
. 7588
.6657

L8713
.7501
L4251
.4603
L7444
.1738
.0182
.7669
.0686
.0843
.1819
.9891
.4358
.1874
.8217
.8707
.4083
. 7698
.4501

.3529
.8965
2.2424
.0884
. 9552
. 7486
.3808
.3800
.0639
.8118
.9157
L4475
.9165
.5345
. 1356
.9668
.1783
.3858
.6902

.1506
.5058
.2700
.0035
1.1868
.6201
.1885
L7139
.3284
L0071
.5042
L4720
.5256
.5564
.8281
.8410
.5823
.0348
.5987

b b DD

.0574
.6925
L0707
.3503
.1303
.5000
.9831
.65486
.1286
L1831
.6648
1.2854
1.2084
.2821
.2028
.0063
.0582
.4401

.8548

. 2423
1.2815
.2502
. 2517
.0101
.3857
. 2668
.8105
.3241
1.9801
L1737
.1167
.9820
. 2479
.0795
.6912
.8851
1.4924
1.0885
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2.9918
1.1934
.2718
.1862
.0882
.5424
L4477
.6324
.1687
.0751
. 9666
.0560
.1344
2.4344
.7940
.9731
.3238
.2891
.0861

.6478
. 0696
.2202
.1014
L1736
. 7687
.3454
.4450
L7077
.5047
.7161
.2336
L1951
.7882
.2609
. 8865
. 2606
.0833
. 8887

.8488
.0877
.3222
.5078
.4487
.0714
.9678
.1816
.7545
.6074
.0022
.5255
.6689
.5868
.2134
L3312
.0546
. 9466
.8771

.4818
.24178
.0838
.4476
.4622
.8271
.1685
.2655
.5358
.7670
.6706
.0655
.7554
2.4002
3.4925
.6232
.1843
L1127
1.8635

.8515
.3745
.5437
. 1476
. 2563
1.6928
.2941
.6384
.0717
.2203
.5652
.8238
.3513
.6023
.4880
L2394
.2384
.1758
.6072

.0899
. 2643
.8166
L7432
.4168
.6917
.2311
.84176
.0778
.3131
L7148
.7218
.4954
.4875
L4831
. 1429
.2360
.5063
.1871
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Confcrxational analysig of 158

OPtizjzed by 4y2 to get 4 Confomerg Within 2. kcal/poj from the lowest energy

=242 12 13 45 oo 11 D4 2, 9qp B

[N

- _— L
II No= 37 ENERGY 25.3402 ':If%>?_;j:i>§?ﬁcfk\

ST= 1.32 ppe -6 SB= 15 142 10.05 Toh
0T= -3.95 po H.01 pp= 4 D= 2.78p

I yp= 20 ENERGY= 25.7107 ' \

ST= 121 Bpe 5 54 SB= .19 14= g, ’;_/ ,_—.{ %

0T= -3, 05 T= 14,91 DP= o3 DM= 3.02p

AN
IV xp- g ENERGY= 55 356,
Ve
S5 132 80e 5 g5 g 18 14= g gg LA N
- 0= -3.11 12 15, DP= .11 DM= 5 gy NV 7\
| <

EXERgy. FIxar STERIC ENERGY, ST: COMPRESSION, BD: BENDING, SB: STRETCH—BEND,
I4: yay DER WAALS_1,4 ENERGY, OT: yaN DER WAALS_OTHER, T: TORSIONAL, Dp: DIPQLE,
DH: DIPoLE AOHENT [ KCAL/MoL, ]
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29
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wwwNNN

29

29
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9.444
6.370
4.40

4.60

6.115
6.290
0.044
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9.415
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2.23
9.415
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2.23
9.415
2.20
2.23
1.540
1.540
2.20
9.415
1.54p
0.0
0.0
1.540
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0.0
-0.24
-0.24
0.80
0.0
-0.24
0.0
0.0
0.0
0.0
0.91
0.91
0.0
0.0
0.0
~0.330
0.0
0.0



.0286
.4862
.2115
.4646
.8576
.8740
.4857
.0327
.0047
L4079

2.2747

.5210
.8330
.2341
L1311
.2529
.3152
.1694
.8338

. 9686
. 7640
.2484
.4004
.6501
.3055
L7167
.8384
.0510
.8007

2.1523

. 1942
.1901
.6551
.0736
. 1543
3767
. 8848
.5169

.4363
.3284
. 1687
.0707
.9603
.3002
L8133
.1518
.8331
. 2435

1.9143

. 03863
.2313
.1118
.6050
.6256
L7758
.8188
.8667

.4080
.5617
L3033
.0522
. 2520

2.5465

.1828
.3683
.6700
.1083
.8018
L4077
.4476
.4512
.9940
.5412
.1376
.4458
. 7464

.5507
1.5941
.0828
.0685
.05034
.1753
.9876
.p108
.8141
.6826
.3652
.1782
.5188
.5826
.0073
.0600
.2822
.5378
.1366

2562

.3663
.0355
.2263
.4380
.9781
.6520
.4453
.3180
.4221
.8662
.2091
.4206
.9501
.9182
.7148
1712
.2029
.6414
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.3239
.2019
.3368
.2073
.1578
.2107
.7163
L7238
.2691
.8496
.2230
.1528
.9488
.8217
.0247
.6883
.0780
.6187
.7363

.5880
.2329
.1843
.0360
.0912

.0586

.4264

.4946

.8245

.4519

.8034

.4446
.3700
.3632
.6629
L1121
.1813
L2334
.7978

.2522

2.0621
1.3414

.8224
.5696

2.5669

.8496
L2773
.2830

1.6316
1.2890

1.2086
.3084
L1672
.2338
.9301
.0384
.8481
.2533

LA717
.1678
.2825
.5523
.6784
.6135
.9684
L2185
.1226
.0042
.9776
.3100
.2926
.8914
.0692
.2851
.0443
.9555
. 9451

-1.
.3887
.5431
.3005

7008

.0298
.2953

.4000

.1815
.2631

.4953
.6300
3321
.7825
.8208
L2212
1.5147

1.0858

.1372
.2953

42717
.1837
.6833
.4785
.2698
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.3182
.5824
L7101
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~2.8927
~1.4694
1.0014
1.1423
-1.3327
~3.805p
1.9936
3.7015
-2.2282
-3.3777
L3011
1.1585
-1.3500
=3.6320
~3.9187
-1.4887
4.3557
3.8849
1.3654

-.3283
1.8759
2.0797
~.0785
~1.0160
~2.1984
2.4775
=. 2145
-0101
-7361
1.9427
=.2187
~.8737
=3.0738
-1.5097
2.26866
-.7913
.8388
=2.7904

-3.1300
-1.0658
1.4445¢
-2036
~2.1631
~1.064¢
2.7188
2.8742
=3.3085
=2.5062
1.5559
- 1237
-1.8466
~3.9639
~. 1409
2.7075
4.0790
3.5580
2.6691

~2.6192
=.3533
1.1306
=. 1628
-2.6583
~.5039
2.3568
2.287¢
-3.3338
-1.3693
2.0532
~. 1562
-2.6025
-4.7789
-3532
2.3389
3.7473
3.1499
2.3049

.8209
2.1067
1.4380
=.6774

-1.5048
2.2601
~-.7938

-2.3046
~.6649
2.5633
1.8322
~.7787

-2.2609

=2.5725
2.4258
~.6610
~. 2437
~2.8287
~2.4958

1.3407
2.2177
.5839
-.8220
-1.0035
2.7550
~. 8443
-2.3077
6723
2.4831
. 6894
=.4842
-1.5620
-1.5174
2.8810
-. 1457
-1.3638
~2.4453
-3.1485
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.3398
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.2018
-5724
.3563
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. 0648
3231
-2134
-3569
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-3904
-1064
-0172
.8065
-9377
.2628
.3237
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.1723
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190 ( Scheme 6-3)
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o Ph____SOCH,Ph Ph SO,CH,Ph
| S S— I
/ "l,
H Ph X<
, H Ph H Ph
194 e ron
Mez§—CH2
© 185 ( Scheme 6-4)
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torsiona] angle Tesolution 3g deg
closure distance 1.0 - 2.7 &
transanniyap Contact 2.24 &

\
- 10,00 Kcal-/gml - II 0,21 Kcal/mo]
45% (-30"¢) 30% (-30°¢)
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ﬁ% \ )}\{ ¢ . -

I1T 0,33 Kcal/mo]
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23% (-30°7)

2% (-30°C)

( Fig, -2 )
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E3bhmo 7 (Fig. 6-3),
torsional angle resolution 30 deg
closure distance 1.0 - 2.3 A

transannluar contact 1.5 A

I 0.0 IT 0.91 kcal/mol

ITI 1.73 kcal/mol

IV 6.49 kcal/mol

( Fig. 6-3)
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nicrzaticnzl analysis of 10-membered dienone 178

The starting geometries of 178 were generated using MMRS at 30° dihedral
engie resclution and with a closure distance range of 1.0-2.3 A, and with 2
transannular contact of 2.2 A. Structures of 75 conformations obtained were
optizized by ¥M2 to get 4 confomers within 3.0 kcal/mol from the lowest energy

I %0= 17 INERGY=  21.4983 | f i N
\xf I~
ST= 1.97 BD= 5.64 SB= .30 14= §.64 ::37“<§ T N
NT - - n _ - - - \
0T= 1.11 T= 4.53 DP= -.79 D= 2.95] «’>“ffi /
I1  X0= 19 ENERGY=  21.7086
ST= 1.97 BD= 4.38 SB= .37 14= 8.18 ’D”*?>>_—4r N
0T= 1.22 T= 6.21 DP= -.81 DM= 2.76D

III N0= 52 ENERGY=  21.8329 >;>~‘T{f

ST= 1.84 BD= 5.04 SB= .38 14= 8.§7 I <

0T= .18 T= 6.47 DP= -.73 DM= 2.98D “*
IV %3= 21 ENERGY=  23.0262 ~

ST= 1.86 BD= 3.43 SB= .30 14= 8.13 oy A >

0T= -.38 T= 10.04 DP= -.36 DM= 3.38D N N1

P

ENERGY: FINAL STERIC ENERGY, ST: COMPRESSION, BD: BENDING, SB: STRETCH-BEND,
14: VAN DER ¥AALS_1,4 ENERGY, OT: VAN DER WAALS_OTHER, T: TORSIONAL, DP: DIPOLE,

AN
D¥: DIPOLE MOMENT [ KCAL/MOL ]
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374 00 1500

0 0
3 11
4 0
3 4 2 11.50 120.0 180.0 3 5 0 00
4 5 2 01.54108.5 0.0 4 1213 60
5 5 2 01.54108.5 0.0 5 7 0 00
§ 7 22 01.50108.5 0.0 6 8 g§ 00
7 8 22 01.34120,0 9.0 7 7 8 140
§ ¢ 32 1 1.50 120.0 180.0 810 15 15 0
310 2 ©01.54108.5 0.0 1 8 0 00
211 2 11.50120.0 0.0 2 O 0 00
512 2 2 1.54 109.5 240.0 5 O 0 068
513 2 2 1.54 109.5120.0 3 O 0 06
814 2 11.50120.0 0.0 8 O 0 00
g 15 14 2 1.50 109.5 240.0 98 8 0 0 10
22

2 3 4 3 B 7 8 10 1

11

12

13

14

15

16 1 17 3 18 4 18 4 20 g8 21 6
24 10 25 11 26 11 27 11 28 12 29 12

32 13 33 13 34 U4 35 14 36 14 37
i 0 0

2 3 1 0.15 2.091 0.0

2 3 7 0.91 2.091 0.0

2 3 1 0.0 2.091 0.0

2 3 7 0.0 2.081 0.0

3 8.370 1.4767
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1.8880  -1.6122  -.7409 1 -.5507  -1.9310  -.3718
4382 -1.2014 - 913 o 1.8949  -1.1720  -.4836
2.3385 2407 -.g070 1 1.4935 .8449  1.1394
.5333 -5963  1.0162 2 -.8021  1.3185 .3385
.2575 .8120 .1808 3 -2.6509  -.g741 .2923
-.2887  -2.gg5p .6895 1 3.8138 .1205 .5116
2.2077  1.1874  -1.2201 -.6020  2.8375  -.3337
3.1801  1.5832 - pgp4 - -2.5508  -2.5708  -.819¢
2.8303  -1.1371  -1.7473 3 1792 4677 -1.8770
2.3181  -1.3238  -1.3183 3 2.0801 -1.8753 .3738
1.7083  1.9308  1.2540 ;3 1.8039 23927 2.1102
—-3213 0 -.3253 1.5172 s ~2.4836  -1.0225  1.3384
3.7334  -.7528 1333 3 .6633  -3.2848 .8918
-.§123  -3.9172 3884 5 -.8248  -2.6543  1.gg68
12105 1.1077 8424 3 4.4987  -.2683  -.27g1
3.8853  -.573¢  1.3801 2.8057  2.1981  -.935
1.4103  1.3620 -1.6704 ;5 3.0673 8001 -2.0245
4340 3.0042 - 1722 ;5 -1.2749  3.4318 .0616
--7674  2.5539  -1.4319 5 .0000 .0000 .0000
~1.7806  -1.9656  -.3084 -.5118  -1.6505 .4911
-6837  -1.5817 - 1954 o 1.9967  -1.1172 .4509
2.4873 -2294  -.1567 1 1.4450  1.3791 - 0225
0786 1.0113 - 5489 o -1.1167  1.241% .0218
-2.3285 5664 -.5305 3 -2.2037  -.7968 -1.2193
--7481 -1.3499  1.9525 1 3.7654 .6571 .6067
2.8957 0369 -1.6357 1 -1.3229  2.1084  1.2490
~3.4311 1.0425 - 3780 7 -2.5912  -2.2397 .3834
1.5730  -2.8710  -.9335 5 -7098  -1.8483  -1.1975
2.7355  -1.9139 2721 5 1.8332  -1.0103  1.5549
1.8013  2.2834  -.5678 5 1.3776  1.6424  1.0535
.1088 4590 -1.4968 3 -3.1872  -1.0589  -1.6350
L3347 -7118 0 -2.1052 s 0867  -.7788  2.4447
--8348  -2.3066  2.5054 3 -1.6784  -.7555  2.0914
41784 1.§117 2076 3 4.5664  -.1132 .5264
3.3539 8118 1.6918 5 3.3031 .9788  -2.0684
2.0516  -.2771 -2.2872 5 3.6858  -.7415  -1.7389
--4082  2.8440 1.5794 5 -1.7051  1.5144  2.1004
“2.0717  2.9021  1.0167 3 .0000 .0000 .0000
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Conforrational analysis of E-enolate 198

The starting geometries of 198 were generated using MULTIC submode of the MacroModel at

30> dihedral angle resolution and with a closure distance range of 1.0-2.3 A, and with a
ransannular contact of 3.0 A. Structures of 66 conformations obtained were subjected to

block diagonal Newton-Raphson energy minimization using the Macrododel implementation of the

MM2 molecular mechanics force field to get 4 conformers.

X

X

* K R X % %

* e

kool seckiokeek Rk ek ok
® %
% %
% *
® %
® %
% %

X N K N
o
4
N
V7

K K K K X Kk

TOTAL MM2 ENERGY IS
Van der ¥aals 8.140
Torsion 3.837
Improper Torsion 0.022
Hydrogen-Bond 0.000
Energy minimization RMS

TOTAL HM2 ENERGY IS
Van der ¥aals 8.473
Torsion 4.004

Improper Torsion 0.080
Hydrogen-Bond 0.000
Energy minimization RHS

TOTAL HM2 ENERGY IS

Van der kaals 8.830
Torsion 6.412
Improper Torsion 0.031
Hydrogen-Bond §.000

Energy minimization RMS

TOTAL MM2 ENERGY IS
Van der ¥aals
Torsion

8.49
7.25
Improper Torsion 0.12
0.00
S

[am e PR B VA

Hydrogen-Bond
Energy minimization RY

20.478 kcal/mol)

Stretch 1.821
Bend 5.499
Stretch-Bend 0.479
Electrostatic -2.440

= (.0007 kcal/A-mol

21.3981 kcal/mol

Stretch 1.937
Bend 8.480
Stretch-Bend 0.535
Electrostatic -2.118

= {0.0009 kcal/A-mol

22.208 kcal/mol

Stretch 1.902
Bend 6.879
Stretch-Bend 0.519
Electrostatic -2.185
=  0.0008 kcal/A-nol
26.969 kcal/mol

Stretch 2.171
Bend 8.807
Stretch-Bend 0.553
Electrostatic -2.233

= 0.0038 kJ/A-mol




Connection Table

I

Atom

Atomic Charges, Coordinates and Connectivity

- single bond,

Type Xumber

€3
€3
g2
€2
a3
€3
a3
€3
€2
c2
€3
€3
€3
€3
oA
H1
H1
Hl
H1
Hl
H1
H1
Hl
Hl
H1
H1l
H1
i1
H1
Hi
Hl
H1
il
il
fl
Hl
%
H1
H1
H1
H1

Total charge on system =

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

D
2)
3
4)
5)
8)
7
8)
9)
10)
i)
12)
13)
14)
15)
186)
17
18)
19)
20)
2D
22)
23)
24)
25
26)
2D
28)
29)
30)
31
32)
33
34)
33)
38)
3N
38)
39)
40)
41)

Charge

0.
0
-0
-0.
0
0
0
0
-0
0
0.
0
0.
0.
-0

0
0
0
0
0
0
0
0
0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0
0
0.
0.
0.
0.

0.

042

. 042
.083

042

.04
.000
.000
. 042
.369
114

000

.000

042
042

.870

000
000
000

000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

Coordinates
X Y
-2.9078 1.2113
~-2.4072 0.1243
-0.8213 -0.1213
-0.0366 0.8033
1.4520 0.8068
1.8004 1.7318
1.0383 1.5301
-0.3384 2.2344
-1.4181 1.3286
-2.5033 $.9228
1.9298 3.2012
3.3802 1.3434
-0.5754 -1.3962
-1.2260 0.8857
-3.4245 0.1184
-2.5380 2.2124
-4.0193 1.2823
-2.9723 -0.8230
-2.6170 0.4326
-0.4311 1.7024
1.8069 -0.2277
1.9582 1.1011
0.8010 0.4308
1.6218 1.8385
0.9377 3.5622
2.2768 3.8738
2.6311 3.3396
3.7902 2.0165
3.4248 0.3026
4.0234 1.4030
0.5083 -1.3372
~1.0638 -1.4164
-0.9392 -2.2736
-0.2223 0.4286
-1.3215 1.7506
-1.9700 0.1268
-0.2826 3.5584
-0.6430 2.5163
-1.2881 4.0383
0.0730 3.4133
0.40860 4.2926
-1.000
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-0.0112
-0.9788
-0.8118
-1.2282
-0.9857

0.1686
1.4457
1.5303
2.1114
1.4098
0.2898
0.5187
0.0759
3.5450
1.9587
-0.3285
-0.0840
-0.8151
-2.0312
-1.7313
-0.8024
-1.9447

1.5612-~

2.3420
-0.6489

0.5150
-1.1542

1.2958

0.9121
-0.3733
0.0893
0.9230
0.6568
3.65086
4.2381
3.8730
2.3151
0.5041
2.3614
3.3602
1.8406

Residue

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Atom Charge Coordinates Residue Attached Atoms & Bonds
Type Number X Y Z
€3 ( 1)) 0.042 -1.6432 -0.7171 -2.94495 0 2- 10~ 16~ 17-
3 ( 2) 0.042 -1.7807 -0.1808 -1.5111 0 1- 3- 18~ 18-
€2 ( 3) -0.083 -0.4463 -0.2529 -0.8191 0 2- 4= 13-
€2 ( 4) -0.042 0.4027 §.7750 -0.6832 0 = 5-  20-
€3 ( 3) 0.042 1.8711 0.8185 -0.6586 0 4- 6- 21- 22-
3 ( 8) 0.000 2.7544 1.1305 ~-1.8880 0 5- - 11-  12-
3 ( I). 0.000 2.7813 §.0300 -2.9683 0 - 8- 23~ 24-
€3 «( 8) 0.042 1.4838 -0.5445 -3.4831 0 7- 8- 37-  38-
2 ( 8) -0.358 0.4560 0.2544 -4.1519 0 8- 10= 14~
c2 ( 10 0.114 -0.8682 0.1999 -3.8632 0 = 1- 5-
3 C 11 0.000 4,2083 1.3106 -1.3639 il 6- 25- 26- 27-
€3 ( 12 0.000 2.3757 2.5214 -2.4918 0 - 28- 28- 30-
3 C 13) 0.042 ~0.1188 -1.5642 -0.1448 0 3-  31- 32~  33-
G ( 14 0.042 0.8371 1.1289 -5.2922 0 8-  34- 33- 38-
o4 ( 15) -0.870 -1.7409 0.9736 ~4.5208 0 10-
HL (  186) 0.000 -1.1808 -1.7310 -2.9527 0 1-
HL ( 17) 0.000 -2.6637 -0.8771 -3.3742 0 1-
Hl (  18) 0.000 -2.1845 0.8494 -1.5318 0 2-
HE (19 0.000 -2.5288 -0.8008 -0.8387 0 2-
H (  20) 0.000 0.0085 1.6672 -1.4838 0 4-
HL ( 2D 0.000 2.0040 1.5992 0.1253 0 5=
Hl ( 22) 0.000 2.2307 -0.1371 -0.2214 0 5-
HL (  23) 0.000 3.3727 0.3958 -3.8399 0 7-
HI (  24) 0.000 3.3908 -0.8003 -2.5396 0 7-
H ( 25) - 0.000 4.5726 0.3863 -0.8592 0 11-
HI (  26) 0.000 4.9208 1.5382 -2.1800 0 11-
H (27 0.000 4.2910 2.1381 ~-0.6220 0 11-
H1 (  28) 0.000 3.0960 2.8315 -3.2831 g 12-
HL ( 29) 0.000 1.3664 2.5321 -2.9332 0 12~
HI (C 30) 0.000 2.3814 3.3201 -1.7152 0 12-
H (31 0.000 0.8464 -1.5857 0.4038 0 13-
H ( 32) 0.000 -0.9014 -1.8014 0.6107 0 13-
H ( 33) 0.000 -0.0820 -2.3869 -0.8827 0 13~
H ( 34 0.000 1.8846 1.6351 ~-5.0589 0 14-
~HL C  33) 8.000 1.1228 0.4991 -6.1821 0 14-
H1 ( 38) 0.000 0.2043 1.8121 -5.5835 0 14-
3 ¢ 3D 0.000 1.8430 -1.7810-  -4.4740 0 8- 38- 40- 41-
Ht ( 38) 0.000 1.0278 -1.1557 -2.6227 0 8-
H ( 39) 0.000 0.8299 ~-2.3127 -4.8257 0 37-
H C 40) 0.000 2.3831 -1.3985 -5.3711 0 37-
HU ( 41) 0.000 2.5028 -2.5439 -3.9960 0 37-
Total charge on system = -1.000
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Atom Charge Coordinates Residue Attached Atoms & Bonds

Type Number X b Z

€3 ( 1) 0.042 -1.8996  -0.1738  -2.8662 0 9- 10- 18- 1i-
3 (  2) 0.042  -1.8283  -0.0538  -1.4340 0 - 3- 18- 1¢-
c2 ( 3) -0.083  -0.4022  -0.1648  -0.9347 0 - 4= 13-

g2 ( 4 -0.04 0.3676 0.8351  -0.8772 0 = 3 0

3 (  3) 0.042 1.8439 1.0116  -0.5853 0 4~ - 21- 22
3 ( 8  0.000 2.7518 0.9656  -1.8465 0 5-  7-  11- 12
3 C 7)  0.000 2.0684 1.5983  -3.0832 0 §-  B- 23- 24-
3 (8  0.042 1.0028 0.7603  -3.8384 0 7- 8- 37- 38
c2 ( 9 -0.369  -0.2865 1.5263  -4.09990 0 8- 10= l4-

c2 ( 10) 0.114  -1.3003 1.0897  -3.6846 0 = 1= 15

€3 ( 11)  0.000 3.2332 -0.4730  -2.1324 0 6- 25- 25 27-
€3 ( 12)  0.000 4.0232 1.7948  -1.5270 0 g- 28— 29- 30-
€3 ( 13)  0.042 0.0788  -1.3665  -0.6484 0 3-  31- 32- 33~
c3 ( 14)  0.042  -0.1871 2.8121  -4.8908 0 g- 34- 33— 36-
oM ( 13) -0.870  -2.6063 1.7998  -3.9390 0 10-

HL ¢ 18)  0.000 -1.2957  -1.0377  -3.3277 0 1-

HI ( 17) 0.000 -2.9482  -0.4305  -3.2531 0 1-

HI ( 18)  0.000 -2.2837 0.9078  -1.1116 0 2-

HL ( 19)  0.000 -2.4329  -0.8394  -0.8538 0 2-

Ht ( 20) 0.000 -0.1024 1.8942  -1.1560 0 4-

HT ( 21)  0.000 1.9868 1.9780  -0.0474 0 5~

HL ( 22)  0.000 2.1602 0.2394 0.1507 0 5~

HL ( 23)  0.000 1.6340 2.5638  -2.7423 0 7-

HL ( 24)  0.000 2.8482 1.8921  -3.8297 0 7-

HI ( 25)  0.000 2.3989  -1.1834  -2.3131 0 11-

H1 ( 28)  0.000 3.8873  -0.5038  -3.0258 0 11-

HL ¢ 27)  0.000 3.8166  -0.8838  -1.2768 0 11-

H1 ( 28)  0.000 4.7662 1.7482  -2.3562 0 12-

HL ( 23)  0.000 3.7825 2.8708  -1.3644 0 12-

Ht ( 30)  0.000 4.5320 1.4226  -0.6079 0 12-

HL ( 31)  0.000 1.1243  -1.6186  -0.2762 0 13-

Hl ( 32) 0.000 -0.5588  -2.0367 0.1311 0 13-

HL ( 33)  0.000 0.0223  -2.1902  -1.5696 0 13-

HI ( 34)  0.000 0.5073 3.5421  -4.3929 0 14-

H1 ( 35)  0.000 0.2350 2.8071  -5.9074 0 14-

HI ( 36) 0.000 -1.1392 3.3336  -5.0354 0 14-

3 ( 37)  0.000 1.5423 0.1643  -5.1513 0 g- 33~ 40— 4l-
HI ( 38)  0.000 0.7453  -0.1144  -3.2088 0 8-

HL ( 33)  0.000 0.7664  -0.4555  -5.8387 0 37-

HI ( 40)  0.000 1.8676 0.8523  -5.8678 0 37-

HU ( 41)  0.000 9.4221  -0.4941  -4.9693 0 37-

Total charge on system = -1.000

-314-
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Atoz Charge Coordinates Residue  Attached Atoms & Bongg

Type ‘uzber X Y YA

3« 1 0.042 -2.0727 1.6803 -0.4771 0 2-  10- "16- 17~
£3 ¢ 2) 0.042 ~1.8308 0.5451 -1.4847 0 1- 3- 18-  1¢-
€z ¢ 3)  -0.083 -0.6352 -0.2331 -1.0354 0 2- = 13-

£z ¢ 4 -0.042 0.5805 0.2888 ~1.2744 0 = 5- 20-

3 { 3) 0.042 1.8633 -0.0853 -0.5839 0 4- - 21-  22-
o g 0.000 2.2564 1.0035 0.4550 0 5= - 11- 12-
3 ( 7 0.000 1.0370 1.4330 1.3325 0 6- 8- 23- 24-
33 9 8 0.042 0.4768 2.8761 1.2733 0 7- 8-  37- 38-
€2 { 3}  -0.389 -0.1219 3.3913 -0.0288 0 8- 10= 14-

2 ( 1 0.114 -1.1665 2.8678 -0.7167 0 = 1-  15-

83 (1D 0.000 2.9381  2.174 -0.2850 0 6- 25- 26~ 27-
€G3 12) 0.000 3.3412 0.3790 1.3713 0 6- 28- 28-  30-
G 13 0.042 -0.9315 -1.4201 -0.1480 0 - 31~ 32- 33-
23 19 0.042 0.4545 4.7235 -0.4788 0 8- 34- 33~ _3s-
04 ( 13 -0.870 -1.6231 3.4872 -1.8137 0 10-

H ( 18) 0.000 -1.8830 1.3130 0.5647 0 1-

HE (1D 0.000 -3.1268 2.0492 -0.5632 0 1-

H (  18) 0.000 -2.7383 -0.1331 -1.5101 0 2-

i 18) 0.000 -1.7266 0.9370 -2.5218 0 2-

1 (  20) 0.000 0.642¢0 1.18860 -1.9117 0 4-

H ( 2D 0.000 1.7681 -1.0632 -0.0675 0 3=

H ( 22) 0.000 2.6634 -0.2286 -1.3471 0 o~

i1 23) 0.000 0.2027 0.7109 1.2323 0 7-

HI ( 24) 0.000 1.3432 1.2918 2.3946 0 7-

Hl (. 23) 0.000 2.2748 2.6147 -1.0572 0 11-

HL (  26) 0.000 3.2838 2.9749 0.4142 0 11-

H { 27) 0.000 3.8527 1.83860 -0.8249 0 11-

H ( 28) 0.000 3.7368 1.1240 2.1000 0 12-

H (28 0.000 2.9427 -0.4828 1.9554 0 12-

Ht (  30) 0.000 4.2081 0.0016 - 0.7826 0 12~

H (3D 0.000 -0.0400 -2.0060 0.1578 0 13-

Bl ( 32 0.000 -1.4568 -1.0967 0.7788 0 13-

HL ( 33) 0.000 -1.5947 -2.1332 -(.6878 0 13-

H (349 0.000 0.2094 5.5060 0.2749 0 14~

H ( 33) 0.000 1.5610 4.6880 -0.5803 0 14~

Hi ( 38) 0.000 0.0649 5.0813 ~1.4578 0 14-

G ¢ 37D 0.000 -0.2253 3.1339 2.4176 0 8- 38~ 40~ 41-
Hl ( 38) 0.000 1.3479 3.5314 1.5141 0 8-

H (39 0.000 -0.8611 4.1972 2.4303 0 37-

2 (40 0.000 -1.4332 2.4376 2.3333 0 37-

HL (4D 0.000 ~-0.0731 2.9236 3.4152 0 37-
Total charge on system = -1.000




Conformational analvsis of Z-enclate 188

The starting geometries of 188 were g

enerated using MULTIC submode of the Hacrc¥cdel at

30¢ dihedral angle resoclution and with a closure distance range of 1.0-2.3 A, and with a

transannular contact of 3.0 A. Structures of 116 conformations obtained were
block diagonal Newton-Raphson energy minimization usin

¥42 molecular mechanics force field to get 3 conformers with

conformer.
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%% X R X X

TOTAL M2 ENERGY 1S

Van der Waals §.088
Torsion 5.204
Improper Torsion 0.078
Hydrogen-Bond §.000

Energy minimization RMS

TOTAL MH2 ENERGY IS
Van der Kaals 8.588
Torsion 7.822
Tmproper Torsion 0.114
Hydrogen-Bond 0.000
Energy minimization RS
TOTAL HM2 ENERGY IS
Van der Waals 9,141
Torsion 6.852
Improper Torsion 0.088
Hydrogen-Bond 0.000

Fnergy minimization RHMS

_21A-

g the Hacrododel impleme
in 3.0 kecal/mol from the lowest

subjected ic

23.291 kcal/mol

Stretch 2.176
Bend 7.814
Stretch-Bend 0.4835
Electrostatic -1.3%4
= 0.0005 keal/A-mol
24.869 kcal/mol
Stretch 2.109
Bend 7.104
Stretch-Bend 0.489
Electrostatic -1.246

= 0.0015 keal/A-gol

24.964 kcal/mol

Stretch 2.211
Bend 7.768
Stretch-Bend 0.485
Flectrostatic -1.367

= 0.0008 keal/A-zcl

ntation cof the



Connecticn Table

Atcmic Charges, Coordinates and Connectivity
- single bond, = doble bond, ¥ triple bongd

1=

Atca Charge Coordinates Residue Attached Atoms & Boends
Type ANusber X . Y Z
3 ¢ i) 0.042 -2.4310 -0.2714 -0.2358 0 2- 10~ 18- 17-
L3 ( 2) 0.042 -2.2670 0.7588 0.8881 0 1- 3- 18- 18-
€2 ( 3) -0.083 -(.8319 1.4645 0.7330 g 2- 4= 13-
£2 < 4)  -0.042 0.1780 3.8732 1.2186 4] = 3-  20-
g3 ( 3) §.042 1.6150 1.24863 0.8797 a 4~ - 21~ 22-
€3 «( £) §.000 2.6028 0.0583 0.7816 0 o= - 11-  iz-
0% I 7) 0.009 2.4342 -0.7423 -0.3330 0 §- §-  23- 4-
3 ( 8) 0.042 1.2003 -1.648§ -0.7721 0 7- 9- 37-  38-
€2 ( 8) -0.388 -0.0834 -(.8828 -1.0605 0 8- 10= 14-
2 ( 10 0.114 -1.2028 -1.1092 -0.3307 0 = - 15- .
8 C 1 §.000 2.5691 -{.8882 2.0121 0 - 25- 26- 27-
g3 C 12) 0.000 4.0204 0.6878 3.7418 0 6- 28- 2%~ 30-
€3 ¢ 13 0.042 -(.9581 2.73086 -0.0848 ] - 31- 32~ 33~
G C 14 §.042 -0.0198 0.1433 -2.1675 ] 8-  34- 33- 36-
g4 ( 13) -0.870 -1.2428 -2.0403 0.6305 0 10-
Ht (  18) 0.000 -2.6623 0.2350 ~1.1828 0 1-
1 ¢ 1D 0.000 -3.3441 -0.9128 -0.0418 0 1-
HL (  18) 6.000° -3.1032 1.4857 0.9153 0 2-
Ht ( 13) 0.000 -2.2398 0.2345 1.8834 0 2-
H1 (  20) 0.000 0.0320 -0.0257 1.8356 0 4-
H ( 21) 0.000 1.7114 1.9201 0.1007 0 5-
HT ( 22) 0.000 1.9231 1.8352 1.8751 0 5-
H ( 23) 0.000 2.5635 © -0.0547 -1.3941 0 7-
H ( 24) 0.000 3.3161 -1.4233 -0.5843 0 7-
il Z3) 3.000 1.6468 -1.4470 2.1338 0 11-
H (  28) §.000 3.4030 -1.6331 1.8304 0 11~
H1L ( 27) 0.000 2.7704 -0.3270 2.9591 0 11-
H1 (  28) 0.000 4.8224 -0.0688 0.6372 ] 12-
Ht (  29) 0.000 4,1249 1.4008 -0.1168 0 12-
HI (  30) 0.000 4.2480 1.2731 1.6685 0 12-
- HL (31 0.000 0.0341 3.2173 -0.1973 0 13-
H ( 32) 0.060 -1.3649 2.5371 -1.1018 0 13-
i 33) 0.000 -1.6211 3.4762 0.4089 0 13-
H (34 0.000 0.4102 -0.2968 -3.0824 0 14~
HL (33 0.000 -1.0126 §.5380 -2.4684 0 14-
H (38 0.000 0.6074 1.01865 -1.8804 0 14-
c3 ¢ 3D 0.000 1.4641 -2.6505 -1.9122 0 8- 39-  40- 41-
Ht (  38) §.000 1.0683 -2.2700 0.1422 0 8-
H ¢ 39 0.000 0.5712 -3.2820 -2.0980 0 37-
H1 (  40) 0.000 1.7258 -2.1413 -2.8671 0 3i-
HL (41 0.000 2.3108 -3.3330 -1.6658 0 37~

Total charge on system = -1.000
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Charge

042

.042
.083
.042
.042
.000
.000
. 042
. 368

114

.0380
.000
g.
g.
-0.
0.
0.
0.

042
042
870
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
009
009
060

Coordinates

.3663
.3624
.1820
.0208
.3564
4807
.0976
4537
.0185
L8718
.6413
.0454
4225
.1866
.7790
.7181
.1014
.2715
.3203
.0613
.6325
.2539
.4764
.0435
.3235
.5182
.9984
.8852
.2661
4239
.5319
.2236
.7609
.3967
.2454
.1600
.5248
.0848
.0885
.9753
2.5784
-1.000

0.3861
0.2141
0.9837
.3799
.0651
.3561
L2772
.5813
L0138
.1338
.3700
.7867
. 4425
.5123
.1893
.4088
.3110
.8698
.5626
.7021
1710
.0970
.1831
.6866
.2393
.9037
.7182
.3149
.5502
L4067
.9627
.5318
.9942
.0336
.8313
.8929
1271
1.4962
0.5087
-1.0956
-0.3461

-318-

UL O L N B GO DO

2.7844
1.2468
0.6850
.6522
.5650
.3541
L7235
.8381
.5738
.3182
.2580
.4644
.3833
L6376
3328
.0445
.2536
.9853
.7938
.84396
.5087
8665

-

.3531
L1501
L1783
.0636
.5856
.8548
.2404
5122
.0297
.3823
.2888
.8470
.5486
.6251
.2044
.3336
.0098
.2008
L4856

16-
18-
13-
20-
21-
11-
23-
-
14-
13-
26~
289~
j2-

.
35-

40-

Attached Atoms & Bonds

17-
18-

22-
12-
24~
38-

27-
30-
33-
36-

41-
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Atom Charge . Coordinates Residue  Attached Atozs & Bonds
Type \Number X Y z
€3 ( 1) 0.042 -2.4767 -0.4258 -0.8708 0 2- 10~ 18- 17-
€3 ( 2) 0.042 -2.2889 -0.1013 (.6278 0 1- 3- 18- 18-
£2 ( 3y -0.083 -1.1363 0.8755 8.7773 0 2- = 13-
£2 ( 4) -0.042 0.1017 0.3806 $.4910 ] 3= 3-  20-
€3 ( 3) 0.042 1.4104 1.1141 0.8334 0 4- 6- 21- 22~
3 ( 6) 0.000 2.4327 0.3844 -0.0629 0 5- - 11- 12~
€3 ( D) 0.000 1.9612 0.1178 -1.5184 0 6~ 8- 23- 24-
€3 ( &) 0.042 1.25380 -1.2080 -1.9115 ] 7- &- 37— 38-
£2 ( 8) -0.363 -0.1426 -1.4110 -1.3542 0 8- 10=  14-
€z ( 10) 0.114 -1.1308 -0.5073 -1.5449 0 = - 13-
c3 ( 11 0.000 2.9782 -(.8883 0.6174 0 g- 23- 28- 2%-
c3 ( 12) 0.000 3.6658 1.3541 -0.1541 0 - 28- 28-  30-
3 ( 13) 0.042 -1.4604 2.3168 0.4552 0 3- 31- 32- 33~
3 ( 14 0.042 -0.3688 -2.7073 -0.6103 g §- 24- 35~ _.36-
oM ( 13) -0.870 -(.9374 1.5888 -2.2723 0 16~
HL ( 16) 0.000 -3.05832 -1.3689 -1.0123 0 1-
HL (1D 0.000 -3.0914 0.3779 -1.3427 4] 1-
Ht ( 18) 0.000 -3.2238 §.3058 1.0799 ] 2-
Hl ( 19) 0.800 -2.0673 -1.0407 1.1864 0 2-
HL ( 20) 0.000 0.1997 -0.6778 1.2273 0 4-
HL (2D 0.000 1.2428 2.1274 0.4088 0 5=
HL ( 22) 0.000 1.8293 1.2580 1.8563 0 5-
HL ( 23) 0.000 1.3766 0.9982 -1.8663 0 7-
Hl ( 24) 8.000 2.8718 0.1291 -2.1529 0 7-
H ( 25) 0.000 2.1827  -1.6518 0.7852 0 11-
HL (- 26) 0.000 3.7721 -1.3816 0.0045 0 11-
HL C 27) 4.000 3.4185 -0.6747 1.6159 0 11-
H (  28) 0.000 4.5239 ¢.38007 -0.7020 0 12-
HI (  29) 0.000 3.3877 2.2877 -0.6838 0 12-
H1 ( 30) 0.000 4.0466 1.6366 0.8545 0 12-
H ( 31 0.000 -0.6491 3.0253 §.7370 0 13-
HL ( 32) 0.000 -1.6047 2.4527 -0.6136 ] 13-
H (  33) 0.000 -2.3510 2.6353 1.0523 0 13-
H (  34) 0.000 0.2845 -2.7859 0.2773 0 14~
Hl ( 35) 0.000 -1.4145 ~-2.8393 -0.2586 0 14-
Hl ( 38) 0.000 -0.1508 -3.5648 -1.2864 0 14-
€3 ( 3D 4.000 1.2086 -1.3787 -3.4434 0 8- 39~ 4G~ 41-
Hi ( 38) 0.000 1.8878 -2.0410 -1.5381 0 8-
HL ( 39) 0.000 0.7325 ~-2.3466 ~-3.7267 0 37-
HL (40 0.000 0.6343 -0.3617 -3.9358 0 37-
H (41 §.000 2.2310 -1.3774 -3.8878 0 37-

Total charge on system = -1.000
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BB KEFEADiels-AlderREOMETIE. HEDERILAWDD T M

Diels-AlderRISE DBWEIEH T AL HIZ TO UGB ERKED T 5 % HHEB &
BEFLEROWCHGL. COHBOARTMBR S s EAEEERL
Ze TOR BEREOBBZTI /T 4NDDiels-Alder R TRIGET L 5
REBHEZATOEBRLHEERLORENOHML. BEEAZAT S = &
CEDBRLE EEARBEZAWERTOS FERSEAREOEE <R
L. M2EBREEFLOHEO —BEER LA,

FELE RVTS5)VADEBEBETIE. WEHLELSPOIEFViErol
BNERYT S ) VABIUZONGERGONBERELZ SRS D
2 B2 AVWEANGEEER»SFHL. EBEE LI -RT 34588
LZ, BRONZEEWONBREORERTOIAEEZF LNROEEAED
BEPLGTL. M2HEZ2A VAL BEERNMNERDOMERE L EY TS 5
StERLE THRMABERNEZNYTI ) VADARTHEBOZH~ABHE
L Ee

EXRE VBRI /) VAOHBNNMN-SBERREOTEZRED T H:
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L. €207 480 v B ERBEART A LRI LA, = O
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