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B1E FFil

1 BE

19 HAZIUBIZ, ROBHTHST LE UM (RO EXR Y Colig) DR
TKROLEN 5:8 THDIZLnbRHEN, ZO%, £ OEMORSH - DR
(ZHED ZEBRRIN, T 7 VILE > T ORRIZHE S LEMNRT N~ L4515
Niee ELTU =T INCLTIDTFAATNTIEA VT L2 EOHEL L
TEATVD Z LB S, TETIIT 27 VOL ST N2 LV RESERAL,
BETNR)AF (TAXVE LA YT LA R) LHETh T3, Fiz
WS OPDTNN) A MEEMETT, TNbIIZo0A V7 LU BTk #E->T5
Tl ZonA YT ridhead totail TEELTNADZ &, RE. KBLSNER
EFUSLIEIEATHS Z L, RFEL10ETHSD2, AR 16 ELIT (has5:8 &
13 RERNZ ERALNIENTND, THLBIZEAEDTNAL) A FiisET
2R THS (Fig 1),

4
J\? AVTLY =2—AF N —-13—-T4SxT>

JoJsng, g}m & Jvrf i}sﬁ

PI3=FF+—n Aob—=N  B—-ERY SivTa—) x:zay—e;a'-zj-—n,
—-3—#>

Fig. 1

Lol BB E< 0 RBEDZ D 20D, —E8DA V7 L BB LT<
THTVDHD, F/UVad—NDESTA VT L OBROFREESH 1 -4 [T
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BNBD, ESCERFETEEATVA I ERERMbN TS,

if:\ TR DHRE LT, ZLDTNAR) A RidA VTV BiE o8 -Tn
Bo ZDRDIREEDET )TN LBV, £, A VTPV VEMR4o0B0%
DTN, 6DDEDE YT 8 DOHDET T TNV FRLILED
bOERY TR e (Fig 2), —FHT, 4 VT VVERRFEEEL 0N D
Be AV T VVBAR—D2DEDENIT NN, ZDDEDEERAFT AR, 5
DDHDEERAZ TN EEODN TN D, TARVEDHFTEH, XUEVERST =
S NVEBRPIZEL T = /) —NREEWE LI T3,

OH
)%/\
OH \%9/ ;C\FOH
COOH
TP La—IL  FILERF—IL A 14FRE—I ATFEA—IL
(ASTFIRY) (B/FILRY) (ERFTFILRY) (CFNRY)

Fig. 2

TN HDERRIERR L LT, A0 VEERIEOL F IBRBRNE < &b
NTEY, FIEOESHERE Cii A Y VBN ORIENBESILS (Scheme 1),
ZORFRIXT B F v CoA BHFEMETH Y, v =/V CoA k72> TEHE LI tho
THFDOTEFINCoA EREL, BT L TARR VEBERERT D, & BT ik
BLTA YR T=AER ) VBEROVAFAER Y VEEE 2D TR (ZES
LT EZLY, TR/ A FORBEERPER SN TN, ZOXIITERSHh
TN A NMEBMS AN F 2 R Rl LR L W e 07 v
XUACEBEREND,




-CO,

+ CO, o 0 Claisen reaction 9
’jiS/COA — | S K Coa - o COA ——»
-CO;,
HO, O . - H,O H
HOQC\)QLS/COA — Hooc\g(/\OH o )\/\opp
PNV 3 AR TZN
Eoyr s

I

/k‘/\opp

CAFAEOYEE
Scheme 1

TR IWEEIL, T == moR) A NESRRER THY . FORENLT I B
ThBHT =T FT=VRUF R ATERL TS, BEERE, To=AT S
= e Fu B bEFRICEZRBOAEROWVAEETT 2= 71/ A RO
—ETHDZLBTDD, Zhb I OOERIRIKITT F IBERERBTEZ LoD
T I AR & ML TN D (Scheme 2),

LORRCRONIET ==V T 7203, BT =7 SUSERI LTERT 57
A EBAEDN, RICENIMBTEND L, VU T ATATE ROV FIATA S
—IBERT D, ETo. T EBOZN MIBNEBLSIWTERT S 2— 27 < VB D
B —ERMETH U FAEER, VA— P TURBMEERTRILL T =Y V2V ERT
Do FTOVUNEDITEBESNTERT D &/3—F 0 Y VIRDIREREL LTELR N
—3BELND, TNBRT E=TEND L, a—b—ERD, TNHOERR
B TIEXrrul vy (BEZOFSHSD) BbiFbhs, RLLIC7z=17m
A RERYTFF FOSERTBAEMIT V F T =URT7IR A REbot
RN 7= —VERZET NS (Fig. 3).




OPO(OH
Py (OH), (Ho)zopWL — (HO)zoPo\wcoo}_i . WCOOH

COOH
HQ COOH COOH OOH ;\O(OH)Z
COOH
O OH O O

OOH
NH,
(HO),OP o’u‘com-l e é\ (I;C @

COOH
I~')7’l~77./ (i Sl od)

NH,
i NHz cOOH JIZNTS=Y
Hooc(  COOH COOH /
e ol
NH,
OH OH HOO COOH
TJLoxE FOL
OH
Scheme 2
NH,

0 COOH

~N
@/\)l @/\/\ Eg 0 HyCO. )@/\/U\
+INLTFNLTFEF =3 Ny | Pom B 1B
P T e . o #J ey

Fig. 3

¥z, TAXACEMIZERFEDERMERT VNSRS 22T THRREEE
EREAIN, TIhb I bITREETRIE TR DESERABER D, Thb
{LEMIBRAROTR 2 DEFERBOCHRRICERARWETHY . ARLFEEY -2 LT
EFEINTND, TAXALEWIL, FERITEERRR IR OIEERICR DA E
HEEE T AEUNEFET D200, FREHILFEELDERE—T v b
ELTELSEBY AL, S HITIFEDEROBEOT T, FcRRIGOFERFHR
DR EREEN TS (Fig. 4),




(-)-trans-a -tetrahydrocannabiol Rubustadial A
Fig. 4

I THIROBEFE] OF T, &ERMDME- ST OV TR,

() 13Fx OAETEICE < BB TRY | IRRROEBRDIREITRIL > TE T,
DO TERLIZRE L FHIN A E AR E UCHIA L TE 20, RIFEEINRORBIZHE
VY, RO DHA L NNCEND LRERFIC, RN EN b EHE T 21320 T
. AIHZENDEZERL, BRER~LBEIET, SHIT, 20X ) REXED
FEEIRB O TR~ NF L L TR S BT, SFIORB L TELIR
Sy DEBE - REELCHEERRITOAERED T TR, 4B, SERRERIROREI
B SEARPNTRIT DEBIRS OVERZ: iRk \IOBA SIS & 51272 . R
I TEERPERE ORI R FENT T 2 D DEBE RS L in T, ERNIEELMRATD
ToDIT, xRS TTHARASBRE STV B A, BRITITT S BETLMEELR
WD, REERT LBbDDEERBERENTERNEELHD, 20X
PR RE AR B I DI AR X - CATREMED b 2L &M EEER L., &L
ET D, FIROMEDIRE BT OEBFEDIERD TE RV, £ K G
NEL 2D, WEMBEOTAENE LITRRY . EEROTIAENER IEM ORER
BERLT LD ARETRL . MBOAFREHTH L2720 THD, SDITERHIZED
FREART 7 0 —F PSR ORIV TREMRN ThH D, SETITR
VT LSS DR R L £ OISO IEHE b E 2 AEEE R b DIT L,
ERSEFICBO T LVWERRRERETDDT—F_"—R L2 d, TARER




o T8 ICERT AN T DB TIIHER T < OB bz &> Tk
IR ARSI E DEENEAMATON TN,

R CIIEBEEE R T 5baWE R Lictk, {LREMHTIZLI2XY, &bl
ABEEEZ M BT DR L < HEINTND, FOY—L e LT vBbNTEE
BICEEZBUTCNS D, BNLIITeXZ I3 0000F 7 b B T7A 4R
EEZEALT,T-V7 VA0 PGLBEAR (AFP-07) AL (Fig 5) 2,

o fisE o .
' \\\‘\/\\/\/COOH
v
K/ 1
H OH OH
w iR PG E;
COOH COOH
Y
oA O F
o W F
onY onY Z
OH OH
PG I, AFP-0-7
afifli ~SSCOOH oSN WN=NSCOO0H
W SAA NN NN
OH OH OH

Fig. 5

TRARZTT oYy (PG ) iE. WThb Co DIEIEREIME TH 5, 1FEA
EDHETIIRE S BBROBHENIZ F SR C, BRI Cs DABE(o 5K Vo 89 51
D, VIR F ROBERIUIESZ A B, Coe-- - « RO BRSO &
2T, 1, 2, 3F|LHAINTNDE, Zhb PGEITHL DERNIEHRE, Ll
bERSTFHEL TRINOZHRAETEEEFTHZ L. Eiz. ZORBRYOBRLHT
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058 U T4 7 Corey 172 Bl X Inr I A b Y —05BIFR &, BRAER 84 < O3
FEOWFEORERE 20TV 5 3, PG HIIERS. MR, Hkis Rk Enst
HHRE SR 2 B D RETAVE Y & LTS NAIZE ST Y, FIZIZ PGE(S—Y
v —ESRIARE). PGE, DIRER, HEREREREED 2 ERERR ST
%o BOIETIL, TERANEME PG &\ il PGD2 ORBIEHEFERHISh - CHRIR - ORE &
DEELBE S, REZBEOLAFELN TN D, WTIIC LT PG EITH LV
BERRRBHOEIRE W DILEWEETH Y, Z ZIZEMOKXE D3> 72 Bergstrom,
Samuelsson, Vane ® 318173 1982 4% Nobel B - AHEEZHITE /-,

07 v I SN LAY AFP—07 13 PGL D ¢ b & b CRIIED S
WIP ZEET A=A NThD, Elo, ZOEHOIEENE 90 BULEE 20 TR
PGI2 (Tl T 1 FEU EEE S bV, ETo. in vive, in vitro THI72HUIL/
WIERZ R LT, AFP-07 (dniehEi  OftmiEagAl & L CORARF ST
V5,

=R RDICEMDEEESWH TERE SN TWEEH, [/ &WnHYy—iu
IEHTROBIR, A IEFEAEIOBERIZR S TR bRV b 0 L LTESIT BT
AR

$F2fi RFBBBERS

KRR S T, BRx IR OSRRE BT 5T OITiL, BWEIRRE TR
FET AHTECD D, BITRZX T, TANACEWITER KRB ER
TREYBELFHET D2 LD, (LEMDOSRERIIBNT I ESERKRE— K
FRATERSUSH BRI C& T, FERV LN TV BRI RB ERIUERIGIC
BWT=A FABSMEIGY  Wittig®) BRMFISIZR bID & 5 BRI,
Grignard &%,  FEBRHMEEMIZINTIL, Friedel-Crafts RIS, Suzuki 47
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TV TG 72 EBRHET oD, T NIREEMIZET BT T A RIRE SR
VETHY, SETIIL SADRERGEECRNLF25BA%E 7z (Scheme 3) 9,
RE TR LT m RZ TS D DER TR £OYASEREIERIT ) — L
B EHKSEAE S 0 BINAL—HW0O72 & REFIS B > OBITTITI THED TV EBRIRMEDS
R STURA RS EITISAH ST %,

1) Michael reaction

1) M- Nu
Rco\)\ — B RCO\XNU

2)H*

2) Wittig rearangement

1 2 RM 1—/_\_ 2 T2
R'CH,0R? — | R CH OLIB —» R'R*CHOH
3) Grignard reaction

o) 1) R*MgX 3
R%_OH
RVlLRZ A" B R1>< 2

4) Friedel - Crafts reaction

AlCI R AICI AICI3X R
)+ o M oMo o Ty
5) Suzuki Coupling Reaction
RN= R\« 2
B(OH W
\_/B(OH)s Pd(D)
6) Asymmetric reaction R ol OH
=
N\ / =
OH >ho-oH B
R\— / -~ Jo ZS, 38
\ 7 Ti(O'Pr)4 OH
L-(+)-tartaric Acid R@?ﬁ%
Diisopropyl Ester W/, 4

2R, 3R




7) Enantioselective reaction

Dy | QO s
Al Li AL
e > e >

Li

(R)-BINAL-H [(R) - 1] (S)-BINAL-H [(S) - 1]
Un .’R (R) -1 Un-.R (S)-1 Un . R
Hg% E > J%H

Un = phenyl, alkenyl, alkynyl
R =alkyl, H

Scehem 3

LHRETIE. REFRERELE UCEEERA Y7V A MedhEZ—57 > b
i, BEA U FEAWR 3l 7 e B —EBRISE AV TGERLTWA W, ¥
FHERA VTV /A Rty u<w 8B CESEMEE LAY, BLIcEFI B
REBZOREL LTHLNTNS, £ ORGE, B CHEBRT = ) —
NDA N MLUTERENC T NV FNMAIEZ S MRIF TEATE D REFARFIETH S,
1996 4, Burdon, Moffatt 5133 A F/AANRFY K (DMSO) &7 = ) —nA0[2,3]
V7= b u SRR EITVO, AUV MRIRE A FLF A A F RIS 8E Lz 12,
FISE NN =37 o~ VR YA I REEEEEIE LTRAVERS Y FEE
MEL, 7 = ) FURAF= D MEER ST 2, RICZIUTEREZ M A U FE L,
23]y 7= b a iR R SEINV N TAFALT = ) —VEETHDE, Zh
o USRI I LT A= B AL ROBEHER L L O, S L
CRYEFATIVERNB LT, IV RTARALT = ) L EETNS B, fx
RUTNFIVANFFXY REAWEEETHRINIET L., B o—E0dH 5K
JSTHDZ EHRENT (Scheme 4),




OH + -
+ - ~o” Cl
\S/ Cl @ $ -S0, °~§ >

~,
s” 4, socl, —— | O.0 ——» O0 S i
0 2 CH,Clp-60°C | & -50°C, 1h i @ CH,
' o} o}
EtsN 0_+ OH
~ q,s\ S
-50°C ~r.t. CHz ~

Scheme 4

WHRFFRSR DA H BHIZEEE LTALT 4 RERW, EEEIE UTRIEAVZ UV
PHAESHOEAZRTHRIGIEITT A Z AL L ¥, FERIHEANLT 1 NI
FT57 L TEBITEEREYA L&Y (Scheme 5).

R
oL~ 1 S0,Cl,, s-collidine )\g) o EtN
2. _ : — .
CHyCly, - 40 °C @—x CHoCly, - 40 °C
R hd
)\U . r S_R R
3 —> 9 —> HO —» HO A
cd 1 ..‘_.x z ! X +‘x
&~ l—"x N 1 \ ¥ N
Scheme 5

Lk = OFRTIL, EEEITHBEIEANT VUMIFERITH DT 4 F—VEIER
ELARNDT, IXEDITANT 4 KT 4 M EEE L THBEANVT UV ETHE
THBZ LI XV GEETIR DI ENTED LW IRAR DD BEAFT LU,
Tz )=, ANVT 4 K, s—collidine #MZ—50°CITIMAIL, EHAITHDHEL
ANT YNBSS VEFERT = ) FVRAAK=T MEEFRT D, s—collidine
T OBNICAE U AEIKEE b T v ST AREINRD D, 0N, ZORGERE b
Y ZF AT I DEALA F LV ARRICIAZ B E ANVE=T A U RBER L, (2,37
7= hu B RENE LY BROANV P TAXNT = ) —VERD,
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iz, TN RTAXNT = ) —ANEEBIERELE LTI, 7Y e Pyr
DOHBNZ LD Claisen ERIG 18 07 Y m Pz Lewis BBAERSE5
Fries BRIt 19 231530 TCVY5  (Scheme 6),

O/\% A H
P
© — Claisen rearrangement

Scheme 6

Claisen B&(\7 [ inid, Ludwig Claisen (2 &> T 1912 412, 7 U A= Lm—F )1,
FREREROMBERTOEAINTZT o S OBMRELE LTRESN 10, 20
BT SADPFFE DICL > TTH I, FINREEMTONTRER I TE T
18), Claisen BE-NZRIGOHF ML, EEEERRGY, (ERRA), U7 27 LAERA,
T F AR LIFITRENZ L b, BREIFREL LTE AN TNS 19,
Fio, ZOBURISOER S BRI EED 2 LiEn0 Tl TORERE
DEFRIZHIER BT E -, Hurd & Pollack Hi%, 7 U A= Lo—FIL0OER
ZUTORT L) RERBIETER L. v, 0 —~RNEEMUNR=/HEEW~LBENTNS

(Scheme 7) 20,

o= H' 255 °C
Py —_—> )LOV — /Lol\/\¢

0\ =

Scheme 7

SRS Claisen BERN UL, T5EHE Claisen (Ut~ & i &, orthoClaisen
- ENIRUSDSHESL &7 (Scheme 8) .
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3,3 1
R! IRZ [3,3] R H 2 B =
¢ H
1
\ R i
H
\ g2 L

ortho Claisen ST RISIL, % ORIBBIIEL . Rx BEELTEE 5 RA YT LI A

RREEEAT BT T, B/ ZOBRRENTIE L 725, MERRIEC ST,
Fischer BR7 T ) A MERART B, 7L =N B2 AT Hb0OTEE LT,
NERIRMEORETZHE LT 5 (Scheme 9) 29,

R R R
G Q% . \Q
o\)' HO = X OH
9 2

R Yield Ratio1/2
- CO.CH; 68 % | 6* K
-OCH3 86 % 1 3

* A mixture of (2) and methyl 2,3-dihydrobenzofuran-4-carboxylate.

R Yield Ratio3/4
-H 85 % 2 1
-CHs 75 % P 0
Scheme 9
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EHEE D mesomeric ZFRIZE D, Claisen B SUGDONEERIENELT 5, A ¥
PLCBEFHREES B URICH D L & BIREITH LTI RIS ET LY
W, Eio, TONT, BFRIIENRD GBI L TA /N MG MEE
HITET T2, Eo, TATE FEEZE TS TR OFNTUAR=AEEL
KBREEZIR L. T7F VAREBBIREY L DT DICE—DARY & LTHELILTHY
5T LDBEshD,

F 7o, EENA RABR, FFZR T L% VT ortho—Claisen S5 G OMEINERE &
T3 (Scheme 10), LAL. /A AWML 2 BHEe, [B83]v 7~ hry
—EAL U< [1,2], [3,4], [8,8]v 7'~ br B —EBALRGPRIRGE LTRZS Z
EEREE ShTun5 22,

OH
| M.210,21331  [331[1,2] QH
R A € OR
. BB
\é{/\ [34][33]| |[33] [3,3] i
Scheme 10

BRI X B Claisen BR(IRUGIC & 5 HZ3ERIEIT [3,3] v~ b o B —ERAIK
IGOREEREBREL VEBETE D, TRUITRT REND MY TICEE L TWS
BRBNEH T INF—DRNIRBEBD DI BTN B2 T %% ML
BTDEEWZZALT 4 UBBELND ZERABITNEN, B/ Claisen B K
CZEERD T LIT—RENCEE LYY, Z070), U7 AT VAR _ERE %
BT HZLEBERE L, EFEVIA ZBRRHIT VI =7 bA V2 Claisen B(7
BIGHSHET SN TE T (Scheme 11) 29,
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C%r??
hMe Ph

.Scheme 11

Bx BEHMETDFELRA V7V /A P4 Stachybotrin ORI~V B8 (7
x /=) a7 T HERAEME BT DIhT o T, BIRKBERARTER
JCDOBRKOT VA ANIFEFEICEEREREL 25,

FHIFED BEITH % Stachybotrin FE ST HICHZY | FiEA Y Fo [2,3] &

7= b o B —EEALRGR Claisen BLSUGNIA AR RBEEERIETH D Z L IVRIE
LY (I

$E3f FHFEEEAVTL /ALK Stachybotrin HIZDUL\T

Stachybotrin £ (Fig. 6) 3. iEF HEHEIERE SN HHATEEYE Th 5,
Stachybotrin A, B29 |3 1992 4. X. Xu £ 0 7 2 U D7 & U ZJ D Brackish water
NHERIR X LT Stachybotrys (CS-TIOCDE D KRR #EH ML EB LT,
Stachybotrin A /32400 L D& HHEA5 400 m g DEREZHH L 31.2 mg DRAMY
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HEEES NIz, Stachybotrin B 3% DEHEN D 15.4 mg DR BRES L=, £D
BRI RE, EARER U U THEEEEREZ R L, ©T 220 bFEREEEE R~ §
ZEBREBNE N TND, Stachybotrin C 2%, 1993 £EIZKTEREROHEHIZ X
> T, BERKETNEHE O HIEN LEREIW-EIE Stachybotrys parvispora
F-4708 )b ERE = hie,

Stachybotrin A : R = OH Stachybotrin C
B:R=H
Stachybotris sp. (CS-710-1) Stachybotrys parvispora F4708
AL BB (ATCC6051)F{E BDNFEF#5E 1
K 48 (Sordaria fimicola) R EHE HE NGFREFIE M
Fig. 6

Stachybotrin C 1% 6 L DEZEAWRID 9.2 mg ORGP EBESND Z & PEHRES
NTNB, ZOLAYITER S NGF (ERZF1E, MEEO—REE B T
VT, EEAREMET in vitro IZRBWTREEEEZ R THID TORITH 5, FEDIT
NGF /Efj#3# %, PC12 fifa% A\ CEHEL T\ 5, PC12 #laid NGF 1255 LT
PRI DI B R R DA A TRIC T BEERIEIED LR 72 VAR L, SRR
W~ L AHET B, T OMERFIE L. Stachybotirn H53MIE~ NGF /EFH3R/ER
EFRNT 10 %FERIE 5 %R/ME, 50 2=y Mml~<=Y 50 pg/ml 2
FLT Mo A LB EETBH Ny aHIEA — VM (Gibeo #HEL, YL T—
AEENT 2X 104 A/l 2% &, 48 REfihzE L7ctk, PC12 Ml DR gsit DR

PR U, RO 0 4, SHEOMEL DTSR L
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fa 1 8, FREOERUNOEL 2R oMIR%E 2 A, MlREOERU EoZSEr i
OfffiaE 3 A& LT, 100 Mg DEFHAESSRMRIEEL Lz, £O/KR. 3 ng/ml
Ti 61 /. 10 pgml Tik 126 ADEHEZRL, MR L LT NGF OAFM LTS
ATl 87 OFEERR N, ITE, MAAEEEEYEIZE SBENBAI T
TEY, BEEINTWELHEFTHS, NGF [T TEEES WP AEE S E <
TR R O BE = = — 1 o OFERGlRE & & DOV DD =2 —a 2 k-
TRWESND, HHEHEREER AR IR = 2 —a COEFELRET D Z L 23
RT3, Zhbid=a—u M) 74V EMINTRB Y TR b R & =a—
oy OAEFRRETBFIZL VR T T TR s s,

TR MR, KIROT 740 M= RTHY | BUIRFERFOFERT R
P RBFS, TR b=V RIEYPEE TP L TDDOMSRR Y AT A ThH D,
FERSEAIII I O FHETE U720 DISEDMEITBE L, MERIZ LT, L
THREEZHIZ L., MR LR TEE RHMIRE VT T AEEMT D, ZDLD
I U CHHEAHER IS L USRS 28R T D PR RaR] B OEROMERE & o R
BRESEE NS, BT, FIRMIRSEIET S RNCZE ORGSR Z B Y BV TR
&, BFZITRET 56if®$$%‘ﬁfﬁﬂﬂ&i%ﬁﬂﬂﬁﬁ%ﬂ: LTLE S, HITIERTHISEES
P OBHET DBICL T %%3 LTHL LHFES A = SRR DE & 23845
ZeBEbhTnd (Fig 7)., bbb, EESIIERY ST AR L TE

Y, Zhid, NGF ((#RERT) ©°BDNF (fHREEETENE) Tho,
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. \\‘ ' oy
J “*"’\a;ﬂ‘

ERZMRn# R (E®)

<50% MM

b FORBEETIX 1 BIC 10 HECHEAIANFEA TND, MIEHIIIEATE
IRVDT AT B D DEE TIREEIZIEN L HSREREE A H T < 2, BRI L b D2,
B, ¥, ARV UANRAZL o THERZ SNAETH D, MITED
AREO T C R OBERHEENEL . LOLZEOIFI NI —2ERTH5TLH S,
Z DOFHEP ZITRMLIZH LTE8<, FHERIIASEIC & 2 itrEfEE s 0y, il
(Z X DRI L TRBIZHIT D72, TAINA2—REDT R p—V R
& DOBFEIIFERITKRE U,

DFEY | REBIIMAOMIERMEREICER L TOHEMME X b, NGF i34k
MOMIRAEFDOY /e LTEK, RNARERHE ChD (F0fh, SR Li-k
SIl=a—n b KL RET 2REE/HFOLDE LT, =a—akarsk
LTEBT bR TWD), =a—n8 b7 ¢ U LERIIEAOEICEL L, TD%OERE
DjzHIZ BDNF EOXRBRFBLBELTH L5105, LoT, =a—r a7y
YOERNTEE 2729 EA L2 RIUT LT F RS HERR & HL, FUPIRRERE A
BEEND, 7AYo RS, RAEEEE (7 FAa ) A
BERENRR) - ORENFER L ShTuva,
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TeFNa Y AAEEEERER (Fig. 8) [IFRMAFERICRVT, PHEMEN S
PRIEAI R 15 515 DI Tb 2 E8HRR L O E EHFROMRMERE L LTH
WTND, MG T BRI LATITESE (U7 R) 2FmL, ==—
REERD, PARMRCBOTS 2 U AAEEWERRITE S 27 LT\ 5, AR
BEEH (71 3V MEEERY, TOIGROMAZER) 2O XMRE, Bk~ #5t
THRERHY, TR - FEEV o EmE LSRRI E L TWADTT AN,
—RE DBV IND, ZOXIRMNERbEL=2—n Y DREITL-TYH
B INAESHONTRY | BRI E 2 IThOTR S S A R E I
FoTTHR M= REP T =2 —a L OEFLRET HECL VR T T T RD3ME
s,

aYor7eEFIL AYT7EFIL
P oy oy 4 IRTI7—t

I+
R CHCHIOH N}; \/v ayr

[
ayy —y‘-‘cu,cnzo—,rcu,
0

HC-G-§CoA — 7EFLaYL T~
(0]

TEFNCoA

CH;COOH

ZEFNQAVDEESELESR
Fig. 8

=D X 5 2R b NGF HFHEEMES BDNF B RIS A AT 289 TES
ROMIE R AR ORI IV THBRDMEFE/- 4, Stachybotrin C iR, 7/ A
RO & B BB BREOIARR L LTI ShD Z LB i &N 5,
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4 FHROBR

Starinchybotrin 35 3HERT b KRR \, Stachybotrin A, B, C D&%
Bix, ~UEBVBRICXRIARYT VRE T I F ARPES SN ZRAERERER
LTEY., VIR 2L, 3URFREFLTND, 3LTITE Fex i ENnF
LTEY, 20T 10 RBEHORDZA VYTV /A FAEER L T\5, £, 0L
FCFAEREENQS, 3 TH D Z LRPEIh TS,

IO EEET D ECRAROMELR2DDH, ¥7 L/ BROMERIRMAER TH D,
WHFIRE TIXT TICRARY NG-121 BRD(2S, 3R)DrfkL Stachybotrin B3
(28, 3S)DLlkD 3— Fufiruv#[231v /< b o P —R G2 BT
EBRAZAR L TS 8, (2,813 7= b o BB RIS T 7 b 3 U
DEATEZ LD, DBBEGIZ K> THELN Y a< OSEITE ST X
S>THEASND TNLFIABED I LI KR S B,

1) Regioselective introduction of
alkyl group
2) stereoselective synthesis of the
/ 3-hydroxychroman

3) Regioseletive synthesis of
isoindolinone

4) Introduction of OH group

Stachybotrin A ; R' = H, R?= OH
B;R'=H,R?=H
C; R'=C,H,CgH4OH, R2= H

Stachybotrin D7 n<DEFNE L TR RO E YA  ADONEEH T A%
n—VEHREREE L THAWAETER L TS, Sharpless BLIZ L 0 STARIREY
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IR REHEE L, Payne (L Z V55T, (285, BR)D AT 4 REARLL.
FOANT 4 FER3lV I~ br B—EUGI Lo TT = /— VD)V MIIZE
RENEA LT, EAINE DA —NRNT 4 RETREY RTS8 < BRfit
12 & BRIEHIBR LEUGIT & o T Stachybotrin FHEMD(28%, 38D 7 n< > 2EE LT
W5 (Scheme 12), ZDEFRIENR Stachybotrin &2 L CHEEICERTH A,

,J\/A\/lj\ - /J\/A\/l\/\gl\ (2R, 35Y)

AcO = Bac
Nerol

oH
*/\/I\/\ A, HO\@ . \f\/lllol | (2R, 3R

AcO = Fac

Scheme 12

iz, BEL LT Sharpless HIZ L > TR EINZT UNAT N a—nd G0 Ll
ARV, ZRFALRREESNTEY, ARGE 7=/ —AOT VA ML X
HrREAL, R BERSIC L B VT AT LARRA S n< VBROSRbbEE ST
TW3Zenbruv 28l TA2FEL LTHFIFRATHL LELND
(Scheme 13) 29,
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'BuOOH ‘Bu ® /Bu

O
R0( - o)
HmJi ey ’“Q:( 3 quﬁﬁ:

R
f
H 0] 3’0 Bu — (? Y
iy .‘..—...———.—- o% \0 0 *———_——— ROI,,' o ;s

A TN

'BuOOH H
~ ’ O/ VO(acac), ~ S
TFA

Scheme 13

L L, KXRWE2ERTHLETHELVEERBRBERIEELEFRETH D
tricyclic[2,3-elisoindolin-8-one MIAERIER CTh D, EREIEE SHBHX
(CAMITEBARNZ — v & LTHRY ki b 523, Stachybotrin F Ao 5

L) EWR, EEFREFRRINES SNTALEWIIFFEITRR TH D, Stachybotrin
FERFEFNCTF ¥ LoD TRt Th D Z L AMER D,

%72, Stachybotrin ¥/ n= 430 T, A VAV R J VBEEERE LTS
TEBEETAREATHD, NUBVBICHRINZT 7 & 22/ T SRNDITE~
RAEBIEMEETDZENLEROY—Fy FE LTET LTV S(Fg 9),
Stausporine?? 13705 A &% —¥ C OEEERR L, BOWEBREEZFOZ &)
5, EREOY — MeAHE LTHFSh TS,

0

HN
OH
Y\/ :qrf I [ i O NH o
A
Zinnimidine Cichorine Stausporine Stachyfline

Fig. 9
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UEDE S R ERARREREERE LT, £8MEERT 2 L CUHNREE L
TN BT OOERER L SRR OB I < AET S Z MR kD bhua,
Wiz, NUBVRITHESE L TWDET VRO 2 UIET S 10 REDA VTV A

NABEDEAN TH B, Stachybotrin A i3A V7L /) A FEEFIZE FrfvErE
LTW5, Z0E REXFILERINCEAT 508 ) BT h AR A
Lrb, YRR TCIHRERIL, VARG LT 4 B, Wittig RIGERVD Z EIzkY
SRR S LA AL L TV A (Scheme 14)30,

THF, HMPA
I" *PPh;P X —_— PPh3W
3 OBn  n.BuyLi, - 65°C OBn
i
OTHP |
WO OR
Yo
n-BuLi X X X XoBn
THF-HMPA, (20:1)
Scheme 14

IORRERVSET 10 REOA VL) A FMUBHIEEShD L EZBND,
Zh o0 RERE 2. KW Stachybotrin 84 &1 210 H 72> TRIBEML & =37
REH & Wittig M X - THBETIUTER NS LB R T, $7o, ZOEFV— T
TiX Stachybotrin A 235, IS FIZFETH e Fax v LEZRITIIES

Stachybotrin B, C ~¢#E x5 (Scheme 15),
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Z-selective

Wittig reaction | 0
\) “
’ THPO
HN,
Stachybotrin A
Dehydroxyzation

Stachybotrin B: R=H
C:R=CyH4CeH40H

Scheme 15

LU EOARFZD BEZ ¥ & 5 &, Stachybotrin OGN — NEREL T 2% H
EE LT, FIics nv  BOMEEIRMER B2E) . RWTA VAV R/ VF
BOMBBRIREERR B3, ZhbORERIZE ST Stachybotirn FDEAEH
T 5 tricyclic[2,3-disoindolin-3-one DERL (F4E), ULziE L TRAWOE
R— b OREL (BE5E) 2HEHE L,




28 /NI BOER

S &E

Iaw RN BVRLE T VRIS LILAID I L THY ., BRRIIELE
TEUSRA RAEREMEZH LTV 5, FAHME. £< OEELRY o< ALaHo
BEUCERY #A, FHIZ n < T E < R OIS UEARF FLOBERLESRRHED
HEANBREL 2> TWB  (Fig. 10),

Vitamin E Clusifoiliol

Chroman
%}”“
OEt

Siccanochromene B
Fig. 10
BEOHREFTIE, 8 BT Va—nNE T = ) —AOBRIERIERT U T—F L ORI

LORLBIE, TAXNT = ) —NOBERIESHRERESE LTabh T (Fig

11) 31)0
H OH o)
m PBr; NaOEt
H Br
wj? DEAD, PPh4 m

Fig. 11
T, bR Moiks o EOMEPREE LTEoAESRH T3 a 752 O
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LT A, FDOFRER REAME L W FRARFRLRSIC L > CTER L TEY,
JERITERTH B2,

E::[;;%\47 = [::I;;Qf§”“WDCOOZCH3

Chromane
Intermediate

mmN
OCH3 PPh, oCH;
Ph,P
H3C OHR\ OCOO,CH;  Pdy(dba); - CHC|3 HyC ot

THF, HOAc

94 %
84 % ee

Fig. 11

FaNERIE TR av Ui Fa R FEOAR LIHERIL VTN Ie s e AT
3 fnice Faxingk 2 LA V7L /A4 FABHER L TS s bizF v b
DU IThD, ZOV nerEERT AT, SERAS AT OERRRE
AL STEBREB IR A T T DB b D, £ MEERHICS nv B Ak
THELBERE LTRSTETTo 7

g2t ERREEANIOT ROSR

[2,3]3 7= b u B—BIRIGNL. T =/ = DFA N ML T AENAUEBEATE
B bk, FEECEIMIBE T o BEABETII LN TE S, TRIDT Lz &
57 REEFIT NS AEEEE T = ) — DAV MICEREIZEAR, Raney Ni 12
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LB AT 4 ROREE, VA A8 (BFs: OEty) ZAW-0FNBRILRGEE T/ o
<2 BIEBEINS (Scheme 16) 3, £ T[23] 7= b v C—ENFGE AWT
7 x ) —=NOF) MITEAT AEIZ OV TR AT 7

[2,3]sigmatropic
rearrangement J\/\

/Uv\ BF;- OEt,
@ + —0 e @(
OH Y. 63% OH Y. 63%

Scheme 16

35—Vt FuX I EREBIF N AT NVELER L LTRW A YU TF VA
N7 4 FERBWTCIRI Y Y= bu P—Bi RSO BRBIREIC DWW TR L
(Scheme 17),

H OMa+ )\/\ /]\ H Me + EtooC H
S
' 9 = 0O~ TOEt Me
1 2 3a 3b

Y. 35% Y. 15%
1) SO,Cly, s-collidine, CH,Cly, - 50 °C, 2) Et3N, c-Hexane, 0°C
Scheme 17

L ORER. BUAIBIZA YR T=NANT 4 RBEA SN LAY 36% THED
h, (EREEZIE 15% THLN. BEOMETT A/ LIET LI b 00,
FRRNEIH O eh T, /BT AXNT =) — WOV TRIERIGEIT-
7o LA F L BFs - OEte M2 72 & 2 A, B(LRUSHHEEIT L B~ BRI
iz, ©3WT, A7 4 K% Raney Ni WAIZ k- TREL, BéHEER LT

(Scheme 18),, .
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S/‘\ BF3. OEt, Raney Ni-W4 r
H ome _CHClh2 OMe OMe
-———-—-»
Y. 66% quant.
OEt 0" "OEt
3a

Chroman (5)

Scheme 18

(2,317 b v U RIE OO BRI & RGHEE SRR EO R, L5513,

SBRT = ) —NVERVTEARNEZT>TVS 3, ZhLOKRIIETFRTILE
£ T& TV VeV (Table 1),

H R’ H R R
R® + /l\s/\,OAc "——"'——l'* R:p/o + w
3 ' R2 R2

1) SO,Cl, s-collidine, CH,Cly, - 50 °C, 2) Et3N, CHCly, -20 °C

Table 1
Yield (%)
entry R1 R2 R3 —
1 Ac H H 45 24
2 Me H H 0 0
3 Ac H CHO 20 .
4 Me H CHO 0 0
5 Ac H CH,OTBS 29 -
6 Ac H CH,0OMe 32 =
7 Ac COOEt H 17 5
8 Me COOEt H 30 14

T TR ORISHEHIAN 7 4 =7 MEOARIZ L 5 b DT, BRI
CEDbDL LTHIICEERITS ZLiZ Lz, 23137~ b o B —BiIREORIBE
ETHDANKFX V=0 MEOKEEEICONT, BHEER BV TEEDEELY
TOL. ANVT 4 DAV TaENFAEL A ZLTHD A b U ETHAR BN
BETE D, ThITLY., 1,35 BRFRICEIT 528137~ b o P —ER 5L
LPMENEEZ N5,
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H
H
HO H

H3PO4, Petroleum ether

o
CHO HO
OH o] o) o OH
+ +
OH OH OH
57% 7% 17%

Scheme 19

wIT, BlO7 o< BEKEEZRNTTATAEOEADY L  IIREREIGON
BRI ALERT A, By AV =70~ 2REEZRHLE, V K
Ahluwalia HDERRIEELSEIC 7 uw VBOSRKRIZ OV TRE L7- (Scheme 19) %,

H R' - o) R! 0 R!
e — O
H
R2 O° "OR? O° “OR?
6a 6b

Table 2
Entry R! R?2 Reagent Solvent Temp. (C) M‘:—)
6a 6b
1 Bn Et HCOOH EtOH reflux 0 30
2 H Me HCOOH EtOH reflux 0 ]
3 H Me H3PO4 n - Hexane 40 0 30
4 Bn Br HsPOs N -Hexane 40 0 0

35—Vt Fr¥ I ZREFMTTFNTAT NV LA VTV ) —)V% Table 21K LK

REERVCTRE LI, Entry 1 1ITRL2L 5, FADE Faxo L Ea(RE# L

7o EE %AV TC Hexane F, ¥BXEAIHE-L 24, BHORGITETE T 70~

ALEBI/ LN oT, E RuaFI L EDREETHS A FLEDSAREEIC L

> TRIGHRES IS o=V BBER SN oTe LB 2, RIT Entry 2 1R L2 X

STt FrX N EERE LRV OO TRINET o7, RGNTETL, 7a~v U td
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W34 LT NOE BB DFER. N EBUVBRO 24027 u<w RS TS =

WO Te, XoT, RIGHFRHEEEZ TEERNETolk, =&/ —AH, U8
MBS0, BRI L FRRIC 6a Bbhiz, BV BO4AMIIs awy
BRI D7D, NSV B ST Entry 4 O X 9 2582 O TRERTT
ST BUSRITAEHET /2 Y BB IHER ShighoTc, —EORET L Y BRIOMIE
TR VERELNR-TZHAE LTEXLLNDEIL 35—Vt Fux i 2EE
BTFNVTRATNVFEEERONEBUVR EOETEENEEL QNBZEREZ LA,
BEFEENERNOME LY = AT NVEDIN MIDOFPIENT-DIZ, Btz k- T

BFAACSNIA VTV ) —VIRERT NDA N MIOFITEREAT IS, AT

BEMERDHPER ST EEE LT (Scheme 20),

l
0
A *f -—-—-—-—-—)-[/L\/ eo
OH HOH
0~ "OMe
",
:9\"'\ OH 0. OH
— T —
l 0~ “OMe 0O~ OMe
6b

Scheme 20

BRI % PV IR CIL B OAIEBIC 7 o= 3B b LT, IT Claisen EEAT R
ERWTT AT IALOMBERIREZ RS L, 3,6-Tt Fu & ZRERREEEIT,
TUIATaI R, REIYVLAERNTT YV —FT N EER LT, ZOx—T/VE
% Xylene 1 140°CTRUG &, Claisen BRSSO EBRIRMEZ R L, RIGITE
7L, BERNECEMAERY 527, Lk, TOMEBEREC OV TIIETAL
BICT VR NVEDBEA SN S DIE 7% & IEFITNERMELS | TONMERMEREE 87%

- CH72 (Scheme 21),
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N l
~ H OMe
one Xylene, 140 ' Ho one ’\E
Fi + -~
Et

Et O~ "OEt
7 8a 8b
Y.T% Y.87%
Scheme 21

ZDIe, BTN LD T VFNIEDOBEA>S BLRIE T, BHDZ nwy
ZALERIRANCED = L itsk/eu o L ARKEA L=,

W3 FH

3,5 =Vt Fud ZEEMHEKIIH LT, NP LB 4IofrBic 7 51
S ZEA L SS<RIURGICE > Ty nw U BEHEET 5 2 L & BIICRS LT,
(2,312 7= b v BRI RURNC & - TR 4 L DALEIC 7 /L F /LRI B LB,
ERHT, BROILAMIEENI SRR B R ERES N7, i Bi
£57 nv P ROBGRERBIN, MEBEMEEISBIRIZE SR, TAXMEOE
& LT Claisen BE\RUGE V- 25, RISHILHLE U7 pshr B Rk RS < &
bz, RETIE, A VA v R U BROMEEBROSRIZ OV TRRS,
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E3E 1V1UFI/oDERERE

E18 BE
A VAV RY ) VBEBRERTARERY
I DEBEE AT B D L b, EE. [
KEEE Sh T B2 Th S, Qg OMe

Isoindolinone

TRIEVER % 3 % Indoprofen® <> protein
kinase C HMEFH®HE F 2 F T 5
Staurosporine® , & L THALEREH T
HDN—23277 %31 > K ) B EET
LRE\ARBY TH D, 7o, 4 KU )V EREFEAMIIABERLE T3
(0 T EEFERF THEDN D EAREHC, MR Y - —D/TERE S L
THYHRRAREEMTHA Z LB EIN TS (Fig. 13) ¥,

IO )< on _(/::\’I(p\u

. N

0 NHMe
Indoprofen DN-2327 Staurosporine

Fig. 13

AV RY ) o BBEET AR WEEEH L T30, TR
TORERAN NI D BB, BRI P R_RCOBES 27V 7L
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TeBBABIIRISTREL I TRV, A YA FY 2 OO UHTORET
1877 4E, Hessert i k5742 Y FL7 =Y LV OMERIGTHB%Y, ZORISIEY
NV RFa2=TZHNT200CE NI REBLWEHET TERIDS YA R ) v %
AL TS, € LTREROMEES G E LT, Sugasawa b2 ZnCle 757E FUNE 90%
THEMEERLTVE4Y, O LIORGRELELFRIZY—V FF2—TT
200CE VI BLVRISRETH D, THOMERGIZE DA YAV K 2 VOB
X B4 YA R/ A OERITITEG LT\, TOMICEREEZRELTH
SHEEIIRUCREPHLVEDITEL TV e EZ bhB,

23T Fischer 63D TRRMARREER WA VA > K J OEREIZ DN
THELZ'Y,  2-Chloromethylbenzonitrile &7 =1 & EMESRET. # 80°C
RS 5 Z L TERZHBTND, £D%, " LT Br R Cl, BARVEE
FHHEEL LTZRTARVT JEBRAVON, ZORISEREZRACEET, 4 VA4
YRUJUBREE 60~80% TROLNDIIICR-EN, 74V Fhb
2-Chloromethylbenzonitrile ~&#$ 588, ZTREZET D ORI ORIGORIEST
Hb, 7=, Thiele bix L7=V>r (1:1) 2x—FL4 FETRESELEE
RBERTNSD 3, BRT =Y (o—BH# : 5—20%, m—{&# : 3—58%, p— &
# . 5—57%) ERAVEEE. RISHEMETLTLE S,

several steps

i Y z=clBr
0 T X X =CN, ester
R-NH; or Ar-NH R-NHz or Ar-NH;
~200°C seald tube ~80°C
CHO
@: s N-R(Ar)
CHO NHz' R(Ar), EtZO, r.t. o
Scheme 22
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BEHIZEHRDA VA FY ) ATH L TR INDDIFEITEIRTE 523, Wi
Fith, ~UEVREOBREICHE, FIAEERESEES N2V EERE<H
2o

I4E A Couture HIEA VAV FY JVEBRERTSH 2 0ORKYME SR LI

(Scheme 23), LU, HEWENPEA VAV RY ) EEREARTBI-0DIC 8 B
MEEEL T3P, @RI IAVEOEANT DS INANRAL NOBETHD
FDHANNAA DN MUZT 0 AELZEATLIECL Y SFHERILERT, 1Y
ARV ) BEREARLTND,

0]
HO
NH
Me'
//'V OMe
Pro Br PMB Pro { Cichorine
N__OMe — > -PMB
Me b tBuLi, THF, Me
OMe O -100 °C OMe \ % o
Y. 55 % o "
Me
OMe
Scheme 23 Zinnimidine

A VA4 RY ) VBEBROGRICET 2BECHRICE S &, RUBVBOBBREICE
BN 0, (IEEIRMESEE S L7200 & 5 B A RIC S BIAE 5 2 L vEs
Fohd, LL, EOERIEICLIBLTRDLND Z Lid, MEBRWT I AF
NDOBEATHD, RETIL, 73/ AFIVEOMBRRIEA L5 FRELRIRIC &
B4 YA R EROBEERR LT
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28 7I/AFNEOMERINGHA

ZBAA VA RY ) EBEARTAIDITIET = ) — A DF N MLZA YAV R
U ) o ~BERREREREEYEA L2 T 6wy, FZTUTITRLEE Y 2T
DOERRIEIZOVWTRETD &L

Path A : stepwise

H OMe

OEt

Path B : direct alkylation
by Mannich reaction

H OMe

Isoindolinone

OEt

Scheme 24

PathAiX, 7=/ —\DFN MUZTaET2EA L, 23WTT I/ AFNE~LE
BRIRERL T VB EA L, BRTHILTT I/ ATFNE~LETHBL, BRILETY
TETAVAVRY ) VB EBRTHINV—FTHD, V— BT I AFNVES
—BEfECEOBICEA LBEET 2= AT NELRILRIGEITONL— FThH D, T
=k A IZOVTHREf L7 (Table 3), 36—k Fr% I REEMBEMKICR LT
Bry L VAXHACLOFABM L VA F Y YT u I R Wb o—F 00 1 YEERX
T T =/ VDAV MLIERIREIC RFE L EA LT, ZOMEHR% NOE (2
Lo TTole, e, VXV V70 Fe 2 YR, 3YUBERESELLEAEN
V7uEE, P TuEEEERTHIENTEE, >O0T, Boh- T aEEIC
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%t LT CuCN(D) 24K DMF iz B S5 CRBMECH D T /& INER 40%
TRAZLNTET,

R2
o
H OBn (™., HO OBn HO OBn
-0 CucCN (1)
— 1 3 —
ether, - 40°C R R DMF, reflux NC
0~ OEt 0° “OEt 0% “OEt
10
Y. 40 %
Table 3
duct
Entry reagent (e.q.) procuc Compd. No. Yield (%)
R'" R® R
1 1.0 Br H H 9a 58
2 2.0 Br Br H 9b 78
3 3.0 Br Br Br 9c : 85

ALY RY ) ~BL DIV T ) ENDT X ) BB T ORERD DD,
RNV, VT EAMEPERLTL 5805 R L NEOE THRMETLTLED
To¥d, > 3WNT Path BIZOWTHKRET LTz, 7 X/ AFVEDMIERREIC BT
MACEIUL, 1 VA KU ) U BREHEL S BRT S 2 LT SEIERCT
RINTERETH B, EEME Mannich KINE7 = /) — VDA MLEASTALTESTRNT
BRI 5 Z e BPE ST 5P, LaL, EOMERIRIEIC- OV TRET L7c#k
& BT A FNOTERE R LB ED T = / —/VITHT 2 Mannich RIS OB R
PFHEZ DN T DRFRIRRENC T AHRIRIT L A LRV, £ 2T, S{LIExEH
ErETAT = ) —N&ET/NE LT Mannich KEOBIRMEE#RE L7 (Table 4),
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Bn
HO R 38% HCHO,BnNH 2 ‘ ro R (l;N
T:I > mm;I:T + R
‘ a b

EtOH, Reflux

Table 4

Entry R Product Yield ( %) Ratioa/b
1 t Bu 11 95 100 : 0
2 Me 12 89 100 : O
3 OMe 13 70 44 : 1
4 CbOEt 14 452) 100 : ©
5 Br 15 74 16 : 1

a) HCI 2mol%was added as an acid catalyst.

—IBT IUTHBERUULT IVEANVS L AT UVERMEEShEY, 2D
#ER% Table 4 1R L7, 3{LIZ tBufk, Me &E%F LI2EE, BUBICHERET
Mannich FsE T L2, A MU Br SV o BFHESEOEREREL AT 55
A, MEERMEHMET U CAF Mannich £83E LN, TFAVZRTVEERE
THEE, KNI ETETERLBREE L TN EEE, KIGITET LT
Mannich A% B—DA&RM L L (7, Mannich SISOAMERRIES B LS
BT 28T B AVTRE LTz, Table 4 THLBEMEEIELIZERIZOW
CTOAFNT IV, VRUUAT I BV THRETZTTo72 (Table 5),
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XN
HO _3B%HCHO H R H R
@ XzN *
EtOH Reflux :

Table § 16a 16b
Entry R Amine Temp.(°C) VYield(%) Ratio/a:b
1 Br Me,NH Reflux 67 1.2:1
2 Br Me,NH 0 42 4:1
3 Br BnyoNH 0 NR
4 Br BnNH Reflux 26 100: 0
5 OMe BnaNH Reflux 72 100:0

a) HCI 2mol%was added as an acid catalyst.

VRAFNT I % Table 4 DRIGEMEERWTEE TIIAERIRIEITEL T,
1.2 : 1 © Mannich £B#% 5277, WIZEELZTIF, BREZAEESE LS L3RR
Tl ZAh, BRIEIREL 44: 1 &7goT (Entry 1,2), PNV UAT IVERNT
B TR T TR, RSITEST LT Mannich FUSARM) & AL ERIRAY
CE X, A MNRVEERFTAT = ) —NVERNTORVUAT I U ERVEEA,
Mannich AR % IR 72% CR—DERY 527z, Table4, 52 F LD L,
MESBIRMEL 7 2 L ONEFH OB VBROBBREDEEORIZIIEEE /BRI
BRI Teb DD, 1,3—BRFERD T =/ —/VTIEA ¥ BRI U T ST ALTES
BNz Mannich RGOSR Z AR S NI 2o 72,
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EIFHAIAIFYIODERL

Mannich FUSOERIRMEOS B A2 b 212 36—Vt RuX R EmSEALY H
WTIRETEIT o T FUNEERRZRITD 0 L), U UAT I v EER
SHBRE, T ) AFAVEREIEETEMEIZEA I (Scheme 25),

HO OMe
BnyNH, 38%HCHO HO one 41 g%(c’:-gon EtOH
> Bn,N o —
o EtOH, reflux

O~ "OEt O0” OEt quant.
17
HO. OMe H OMe

NaOEt
BnHN [
EtOH

O OEt v.58% BN,

18

Scheme 25

ALERIRMES A MU EIZ NOE BRZ1TH Z L THRR L., BbhicT I AF
NEI— DD DNEDBRE, B<EEOIERICL s TA VAU R ) o~EF
E L7, WIZEBINEOREZBRLTA VA R ) EROBRERE LT
ZFY U UBRMIBEERANCER L CBE ST R D BIRPE EESND B X T,
THRT I U ERWEES LERRIC VAT R U E AV T Mannich KRR ToTz &
Z A, 2 Mannich It BINETE 2 o, {bIi=A T ALaWmiEm %
ER SRBER L7=Db, BEET2Z &72< NaOEt Z{EAS 5 Z & CEIrf VA
KUY /v %&&R L7z (Scheme 26),
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H OMe
BnNHp, EtOH [ OMe
e BN
HCHO, reflux

0" OFEt Y. 93 % O~ OEt
19
H OMe
HCI, EtOH H OMe NaOEt, EtOH CE’
R . BnHN e
reflux cl~ Y. 58 %_ Bn
0~ "OEt for 2step yield )
18

Scheme 26
A FLo

A4V RY ) v DERE BRI, (LERRNT X ) AFNVEEARIGEREIGE L
e BV OWTHE ETT o7z, 72 7 AF/UbE LT—REIZE DN TS
Mannich K%, A FBHT =/ —)VE RO TIIERREE RS Ui, BRI L
TG AUBSERNC IR 2 Z EBAL N L R oTe, 35—V N ZREM
FEEE 2 & Z A Mannich FUNTRBRENICET L O OAT I 2 & 4%
DVBNNR I BN, To0 Mannich N LENENA VA KU )V
~EFHETEZERTE,
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Fam ZBAAVIUF) /0 DE BB

1 FERRIT

ZB|RA VAR ) BB OBRERT
bHHIaZUR, A VA RY ) o2 ERE
TIERRAITHEET 5 Z LN TE 20T,
IC Stachybotrin D27 Th 5 =ZH/AA
IAVRY ) BRBROBRERM L, B8 :

FAENT (Fig.14) L LT, R3lv o~ hrE Tﬁcyc?ic=i:|;ig:olinona
— &AL G 721X Claisen 8547 K. Fig. 13

Mannich FGIZE > T7 uv B LHE

WRERTAXNMAE L T R ) AFNBEABA LRI, Zuel @ A /AL R
VBBESRTHENIA—] (Route A) &, A VA2 RY J L BRRNLERRE
CERTELDT, ZOMRESEXA VAV R /2 BRE LTTASMEES
W, Z7avUREERT 54— (Route B) OZ20%ERLI,

—ODZRALED T BT DBRITIES I —H DTN XNVEOREEE 2 2 T
bEVR, ZRACEMEERT DHETE DTN X/VEDIAEE, GRSy
EXRLSTIRRDAR, TALEFRICHEE 35—Vt Fod A EMmEkicx
THTNENUGEADBRR, RUBRERGORMZITO ZBRLAMDOEREF-
oo

OMe

o
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]
Route A

H OMe HO. OMe
Bn,N < R\
R
Ké; O~ "OEt O~ OEt
H

BnN F i - OEt
0 H Me H Me -:
R=H, OH C
Bn
o O

Route B
Fig. 14

28 =RACLESPWOSHE

%7, Route ANBERTL, 23137~ hob—IREEZENTS YU TF=
WANT 4 REEA LT 4B = /) —/iZx L T, Mannich Rz & - TRt efirE
(CT I AFNELEAL, ZRACEYOR ARG 2% L, B+ 5FIE
LT uvVREFIHBETIHEL. A VAV F 7 VB RIOEBET 2T
BEZ b5,

ET7ur RERIOBETAEIC LI, TAFAT = ) — U L THEAF L
¥, BFs: OEt: #/ER & R7d, BURGITET L2hote, ZOEAL LT3
I AFNEEEA LB ANBEEEIC L >T 7=/ — VD Fafxi LERmEX
PolelebEEZ b5, ZOEI'H NMR OE—7 BT u— RoRHEh T3
TEPOLBRETED, MFEELBEMIESL2BEHE LTALT ¢ REBiiSE
T2 bDIZHR L TRILRIG R IT o7, BORISIINER X < T Lo T,
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anNH, = S/L BF:.I 'OEtz SJ\

NS 38%HCHO CH,Cl,
H OMe ________ H Me ___sac—a 0. Me
EtOH, reflux
Bn;N BnyN
O” "OEt 0™ "OEt O~ "OEt

20
Raney Ni - W4 l

EtOH Y. 75%
X BF;- OEt,
H Me cnzch OMe
BnzN Trace BN
Et (0] Et
21 22
Scheme 27

ZORERNG, JuvVRERICERTALEEL, RITA VAN ) UF
BEBR LI uv B EART A0 — MIOWTRE LIz, 1 VXU TF=vEd
T X)) AFNEPEASNIALBRPITH LT, REBETHI IRV INVED S H—
DO INVEE Troc FIZEZ, T2 BEOEERIC L > THFB LR, BES
EREEA VAV RY 7 VB LT, L L BbnitAoEs ' H NMR
THERT D L. PdAIEIC Lo CZERAEIKBRINS b0 LARRIMC Lo
TEEELEZbONR 21 THONZ, ZOZo0LEITEEETE T, BAYODE
FROBUYCIGEAT o7, AT L BFs - OB RS- L 2 A, BRYL
TRVAFAET )AL VALV RY ) Uhgbind,
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X i) Zn,
TrocCI H OMe CH3;COOH
CH CN B"‘N i) NaOH >
: Troc” EtOH - H,0
OEt Y. 69 %

Y. 72%
-
=
H OMe H OMe BF;.0Et, OMe
+ —eee
CH,Cl,
Bn o Bn o Bn o
24a 24 Db Tricyclic isoindolinone (25)
156:1 Y. 58%
Scheme 28

ERAERERTOATFANAL VAV RY ) VBBESR LIS, —O8REEIL
EITHETHRUBHZ0DT, & 5IC8REMA L X578 Route B (2oL YORRETS
SIEICLTL, 37bb, A VAU RY ) UBRIZR LT, [28]3 7~ o —igfr
Bt U< i3 Claisen B5(\IFUSNZ & > TT A MAABE 2 WA LBLKIG 34T 5 /L— h
TdH5 (Scheme 29),

Route A SJ\

[2,3]Sigmatropic /
rearrangement

lf (o) % OMe
Bn
Bn 0 Z o)
R=OH, H H OMe %
. Bn o

Route B
Claisen

rearrangement

Scheme 29
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E9 Route A DERIEIZIR, [2,3] V7~ bu PG ERNTT =R
N7 4 REEA L, UL, INERIE29% L {ENEDTih o7~ (Scheme 30),

i) SO,Cl,,s-collidine
J J Stk oue a7 o Jowe B
-~
18 + S \ -
if) NEt3, c-hexane Y 74 %

- 20°C, Y. 29%

Scheme 30

INERMENEBIZONWTA YAV R UERPBEICS L TEATH D L &
FHRL W@ IZAV D EEMES AW Th 2 TDICB TR LOBEFHFSHEENR
CRERRND L, R LIEEA U ROT = AR 5 B A L L CLE
HTeDIZ, T=F U MEBNMETLTLEY e eEZ OIS,

Z DFERD B, Route B IZIRV Claisen ERLRUIGNT & o TT A /AR OV Tt
BT e AL RUSORTEME T 5 =D T U VT —/UHEDEFRIZ OV T b EBREL |
PERTIX Z ORIEMEE BET B 720ITkE, 3-chloro-8-methyl-1-butyne & REEH U &
LEAERSE PUC 1T Lo TKBIRINT AFL Lo T—T MEEER LTV ST,
FEEEEDIZPAOIIZL B4 VT FNUH—RR— e T = ) — VD 3FEDOT INT Y
— V=T N — B TR T A HEERE LT,
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F. Bohiman, U. Buhman, Chem. Ber., 105, 863(2003)

OH Pd(PPhs)s e
@ r Y, —5 <
O,N 0CO0'Bu

O,N
T. Kaiho, et al., JP 06128238(1994)

Scheme 31

ZOERIEEANT, 3I|OT YT U AT EE AR S LT
3-methyl-3-butene-1-0l & ¥V VU B RUBUHEREE, A VT FAL—RE— b
BEEH LTr, ZOH—RF—hEA VA R 7 ERWT, PAPPhy) AT
FTRERSEREEZA, SEOT INT J—Lo—F)UEEINER 68% TEL LT, &b
Nz 3/OT Y AT Y — Lz —F %L L 1400CTIEYT B 2 & T L =)L

ELPHBRIEA LR (Scheme 32),

/L? mcoocnzcmcrﬁi /c‘;? o\)\
o]

OH benzene, py
[

28 Y. 83 % 29

~

Pd(PPhg),, THF, DMF 0) OMe xylene, 140 ¢
18 + 29 . —_—— 27
Y. 68 % BnN Y. 86 %
(0]
30
Scheme 32

BN LA VA RY AR LT, BERIGE T T, WA ABRTHD
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BFs - OEte 2 X%, PAFIA VA K J o BRRAEINE 84% TR,

-~
HO. OMe BF3- OEt, o OMe
-
CH,Cl,
BnN o Y. 84% BnN 0O
27 25
Scheme 33

RIZ3(LICE Fux P NErRT57 0w BEART A0, =R FALER
B LICBERUS 21T D BT L, =ARF Ak#I L LT, VO(acac); & TBHP 2 F\ 3
HZ L7z, m—CPBA =R AL LT—ICAVDRER, 7= /—ADE R
X INERETILERD D LR EBBESNI TS, FDD, /D7 A
M E RO BRISERVSEI LT, EHICE RaxI L DT V2 M X2 o8i¥
HAbd UTTMIEE VD Z LB b TWA DIz, TiOPD, 2RV TRIEEIT

o fr,
Z F 7 H
H OMe
27 31
Entry Reagent Yield (%)
e o e L Sy S i P e e R
1 Ti(O'Pr)g, TBHP 57
2 VO(acac),, TBHP 65
Scheme 34
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Ti A VB A1 83—k RuFi 7 ne i 57% TE LI, IRIZ ST Mk
FRWTRER, INER 65% CHEEX -,

3 FEH

Stachybotrin FEDOEAEK TH 5 tricyclic pyranol2, 3-elisoindol-3-ones (A F/L¥°
/44 RY )24, 83— RaX T /A VA RY ) 81) 2BRT5E
BT, 2 B, 3ETHR L72[2,3]17 7= b r B —ERAI I, Claisen 275, Mannich
ROGODT VA NVEOMBERRIEZFIR U2 T o7, BAREORBR. A V1R
U oEEE L LT Claisen BRIUGEAVDET, LoV ER RIS EAL,
BF3 « OBt #/ERSED L VA F NI aw ¥R b, /AT U0 MMfEs AL oo R
F FERE LIERERGETIE3 — FrE i/ mer M b, ROETIL, &
BRFEL AW RS RIEDHLY BRI E LU CTHEA a2 To 7,
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E5EF KR Stachybotrin D S FIL—
~ODRESL

S8 G RRT

BABTA VAV NY /2 ERL LTRAWT, V=1 E% Claisen BRIRUIRIC &
> TEAL, DO BYLRGRIC & o TIEERIC ZRIER TR OBEER Liz0
T, ZDERNV— b ERARY Stahcybotrin OERIEICEAT 2 Z LIz L, X%
AR A ETRICEIEE 25 D1%, 7 u<v B0 2fLih 34 V7 V) A FEgEOHE
gL, 23MDOTRERDEATHD, £IT. NLORBESAETAETLED, UT
WORT XD RS ERRET AR LTc, £7 15 REBDA VTV /A RN 71
< VEMLIE Cie—Crr BT ZBIR Wittig BUGIC Ko THIR T& B 2B 2 -, T5 &,
Scheme 35 IR L7a L H1T, 8 KRB DRDT7 M UARL TREN GRS 7 nv 5E
BDZDODTZ T A MRBZDND, TRENPORD I 0< L HEEI D F—ND
b, ZARF VR, DO REPBRERIGIZ X > TERIHES LB 277, V4—nikiz
DUNTHL, 34E Sharpless HIZ X - TBAR S WA A I v AL THHREY
b Fa iz Ko Tika REBFRO B G ORE VA —/UWERHE Shan
% (Fig. 15),
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Wittig reaction

l— )
1

Stachybotrins

HQ OH

AD-mix o

Claisen
Rearangement -’/+ ~ “OR
OMe :

Bn‘N (o]
HO
= & e = s
BN o
Scheme 35
Et
Dihydroquinidine derivartives RQ,
(AD - mix - 8) M J

K3Fe(CN)g, K,COj3,

‘ R K2080,(0H), R
— P~  eersesssserscsmamaan-
RL>_(H

Ry, Bwm
t-BuOH/H,0 1:1 viv Rh?—\a_""
Dihydroqunine derivatives N
(AD - mix - ) ‘é: OR
H, H Me
|
N
Fig. 15
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7 IRFESHIL Claisen BT & S TEMINDbO L LHFREE LT 7 REHD
A TFNI—HRF— R eA VA RY ) BRERVDIEIILE, 2017 REDA
Y TFNI—HRR— MIY T a—nAnbFBETE D LB X, ZOWESRARITIZRE,
BEEAT O T L,

E2offi yOov BRAEDERE

Scheme 35 TR~z ERRANTIZIRV ., BEREITH Z &I L, £9. 97 8%
MOERIND Y ne L B ART AL BHE LT, p- Cresol #EE L Li-EF
MEAHEBREL. SRR L,

MOMO

Common Model
intermediate Compound

Fig. 16

TREBEOT Va—d, VFa—Ahbel iz, UV Fe—% THF ¥ n—Buli %
ERSET =42 RES SR, 7 ool VT FUVEERISE, VFUaA Y
TFNI—RF— BB LTz, IR0 3 BELA L7 ¢ VKL% m—CPBA 2{EA X
HEREICTRE AL, BT VRBT M U AOZRF U RERERRIC L - TT v
Te LU, BoN/T AT PRI NaBHy 2B SEBTTHECI-T, B
B LT BTNV ER”RT, FROT Va—% MOM ECTHREL BROD 7 RELE
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L7z,

o~ merea, cHel “\‘/I\/\,?)k HslOg, Dioxane - H0
———» 0_0OBu .

0. 0'Bu
“g’ Y. 66% ”g’ Y.78%
32 33

20 NaBH,, EtOH i*/l\/yOH MOMCL, EtN & _h_~_omom

OTfo'Bu — 0_0Bu —¥  (O_OBu
i Y. 80 % 1§ Y. 60 % i
0 0
34 35 36
Scheme 36

7T REOH —RF— k& p—Cresol ZHVWT 3HEDT Y —FT A EERKL, DD
THF U H 140°CTIET AEIZ LY Clasein BRI SUGE T 070, BRI,

BARETRIE M BN R A Chh o 1o, IBREMEERAMDE E >V THRLEG %
To77. VO(acac). TBHP ZAWT=RFIALERESE LI-RILEISHETL, 'H
NMR IZ& > T 3.1,32ppm (27 B VRO — 7 ZR_ ¢V 7T NELTAFLUD
Jor7a brdd & LTERREZE BIUCOSY Tk 7 nvy 3-4—A 5%
BT LT L7e (Scheme 37), & 51748 SI{LAMOMBERNT % L ) ERECT
oIz, /DT Na—)ETeFVECHRE LT, MERMEEEZ  HNMR 07 2
AN 7 by COSY, NOESY IZXoThF VR v 2=45:1THDHERE LT,
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H Pd(PPh3); MOMO = Xylene, 140 °C
O\©\ + W/OMOM — /\/\IO/\\©\ — >

OCOO'Bu THF

Y. 83 %
Y. 70 %
36 37
MOMO = 4
H VO(acac),, TBHP pMOMO Ac,0, Et;N
B R s—
CH,Cl, DMAP
Y. 49 % Y. 79 %
38 39
Ac Ac
MOMO MOMO™ ™"
40 45 : 1
Scheme 37

TEREBMNERTE D, DWW TCA VAV RY VBB EROTRE L

(Scheme 88), 7 REDT U x—T L, #i< Claisen EEfIFUGIZ Ko T 7 RENR
WA SNz, BARYMOLEHER LI ZA, E1Z2=15:1Thol, ZDLEW
iZxt LT, VO(acac)e, TBHP ZER S, =RF L NEil LICRILEUGHET L
2o "HNMRIZ &> TLEHETER LT L 2 A, BRIOARRRD V7T IVIRNRH
ST Z e ML ABRITER SN TR T E LV BIRGETT LT & 27, 3.15
ppm. 4.78ppm. fHEIZY 7 FDBERNL, —RANCZDALED Y 7T /uid 5 BERE R
THDOTHBHZ &, LT, COSY CLDODVFF/MIFAEEGRRHEZ L, &
512 HMQC. DEP’f 12X - T 3.15ppm (13C NMR 26.7 ppm) . 4.78 ppm(13C NMR
90.7 ppm) D DD T IIEFNEFN TR, ZRIRBTHDZ LB hoTz, ZD
ZEIVELNTLEMIIS BEIRTHD LML,
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H OMe Pd(PPh;),, MOMO'\/% Xylene
* Q‘/L/\,OMOM ——— —_—
BnN OCOO0O'Bu Y.35% Y.87 %
9 BaN—Y |
18 36 41
H -
y/ S member ring
H Me  TBHP OMe
e
e CH,Cl,
"o Y. 48 % BNy,
42 (E:Z =15:1) 43
H
PPTS H
o Me
EtOH, 50 °C
Y.80%
Bn o
44
Scheme 38

5 BBYRBUGIE, Baldwin BTl 5 BRFROEERITT2 - & [IREL <, =R
¥ FOBBEANLER L (Fig. 17),

BnN

'H NMR (270 MHz) & 3.14 (2H, d, J =9.2 Hz), 4.69 - 4.78 (1H, m)
3C NMR (88 MHz) 5 26.7, 90.6

Baldwin
"\
5-exo-tet N 6-exo-tet
pngy
(A\,l " o) @ — "

F.Nu  6-endotet HO
o) -

Fig. 17
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TARF Y ROBRBRRIGIC L ARG T, —RF S FRBEEEL LThit L,
SN2 BUSTEITT A L FRREND, 7/ —/WINTF D0 AEAEITA2E T, 7
EWEEIZLY, TAFIUEFRD ABMRBORIEEBEIN0 | 3RFEFE~ SN2 K
zBI L, SERPEHRINI-LEZDND, BERHETROIL, =RXY FOBR
BRI EI BT L VEER SBAT AL EFET D L5 ICHET 570Dt 6
BRVESND L TFRTE D, TOD, SERORTIE LT, P — B RFy
REFER L., BHERETICL S 6 BRERRIGEITI 2 L8582 60h35,

- @H -

MO
H Om --------- b H Om
Bn o e Bn o -

H
MO
""""" i OMe
Bn o)

B3l FLo

R DERNV— MERELT H7HIZ, BAT S 7 RFUBMEHEE L, KIT, =F
WEBRL LUNRT 7 L=V ERWTALR R R LTc, TORREERE X, 1 /4
v R URERERVTRN LI Z 5B 6 BRIZALNT, 5 BERMWFRSH
T2 ZHUIBMERIGAS Sy 2 BUGIZ & o TEIT LR ¥ ¥ RO 3R iz &
., SERPEHMSNICEERIN, 5%, UA—NhbREy FEREEAE
(2& D Sy 1 FIGIZ L ARG RE L LT b5,
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LA EARRS T, FiiA V7V /A K2 o< Stachybotrin DARD =80, BV
— MERELT S ERT=RA VAV FY /) B ((EEW 24, 81) DOERL. 250
TRERHOERFTHEETH D7 o~ HEEOSRERM L

% 2 E T3, Stachybotirn EMOEE THL=ZRAA VA Y N /) V28 T2EHT
FOWBERATHD Y uv U AERBROICART A L2 BRI 2EIC L
s aw BARTAEDITIE3S— Y Fux REFHRRNAD 47V FNVE

M USRI R I 5 2 & TERT 5 2 L 2800, TARNVIHEHAT ST
DIZHEEA Y FEAVWE [23] V< o P—EMRE, Claisen EBTRIGEAVT
BHEEAT o7, W bEREEPERSh, (EBBRIC o~ e Ehi
otz

AN A N A

Y. 15% Y. 35% Y. 66%

OMe xylene 140 °C % ’\?’
OEt

Y.T% Y. 87%
®IETH, H2HCY v L BABRRAITBONED ST DT, >30TA VA

o

7

YR ) UBRBETAEIILIL, AVAYEY 2R TI 2 AFARL B AR
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ELOMTRILRIGEIT) Z L TEETEH LE R, £Z T, Mannich RIGZEF|
Ad5%L L, ETFEOMEBRRMEIC OV TR 5 Z LIZ L7z, Mannich fU&T
IR Z 5 Z &b, 3,5 -Vt Fux U RREBFHEEICH L TR

MLRER, (ERIRAYZ Mannich FUGHEIT L, #E< BILRIGICE o TA VA~
FU ) &2ERLT

BnoN Y.78%

n

Y.58 % : for 2step yield
0 BnN

OEt
\ 18
Y.93%
Y 58 %
OEt for 2step yield

WAETIL, B 2E 83 ETRN LT AR, BILRGOBRMZEEE 2T,
ERAELAEFROGRERI L, 7u~vrB~ LB T AL ELA YV F
V) o~EHERERT I ) ATFNEEENTNEAL, BRILRNEITo722, VT
NHHERERIIE N oTe, FZTA YAV RY ) BERE LIZTAFME
DRI EIT o7, (23] V7= o C—iREG T, EROBMIE L, MaR’
RICOBFRFEEEN L VI WEENOHBLERII/ON 2o, 2WT
Claisen Ex(IUGE V=L ZA, BRI TV ENEA I, T EBR(ERT
B L LTRERGHITS 2 L CUAFAZ owy, b REXL s nvr~b 2
NAFE LT,
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HO -~ OMe KN NG z
‘?’ otooBu O OMe o OMe
._.._._...__—._-». ———-——--b—

. Y.68 % 0
O™ OEt B o Y. 86 % B,
30 27
o) OMe
Y.84%
Z / BNy,
HO OMe 24

OH
BnN o \
Y.65% 0 OMe
BnN o
31

%5 E T, B4 ECSREREREROAH— FEEE BIFEDT, TOARV—
MR DER— M ERETT 2B LTe, REMEZERRTDOERY, /e~
Lt B ST B RIS, C16—C17 (T Wttig RISIZ & - TS5 =
LRTRETH B LEL T, DI Ehb, THENDMESNG Y nv R ART
BRIz, UFu—AnbREsie T HEOD—R3— MEARL, /T VY A
EIEAET. 3D T INT Y —x—F U EEER L. Claisen BFINT L >TT
AERNEREA LT, ST UT MR R CRURIS R 1T - TR, 20 6 B3
BLNT 5 BERMEES L,
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Momo’\/\h

;EET o OMe
OMOM — S
OCOO Bu Y.35% Y.87%
BnN
(0]
42

MOMO MOMO
Y%%

43 (E:Z =1.5:1)

SBOBLEL UTUIBR LR — MTBWRIC VA — AR LT, = ¥
REREEE, BT X D BEERE < SRIZFFIBYERURTAT © Z L TR Y v~ U BBEEN
B TEDLEZDND,
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B7E EEIE

General

All melting points are uncorrected, and were measured on a Buchi 535
micromelting point apparatus. IR spectra were recorded on a Perkin-Elmer
Paragon 1000 Fourier transform IR spectrometer. H NMR spectra was
measured on a JEOL JNM-EX 270 (270 MH2) and a JEOL JNM-ALS 400 (400
MHz) spectrometer with tetramethylsilane as an internal standard.
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3-Hydroxy-4-(1-isopropylthio-3-methyl-3-butenyl)-5-methoxybenzoic acid ethyl
ester (3a)
3-Hydroxy-2-(1-isopropylthio-3-methyl-3-butenyl)-5-methoxybenzoic acid ethyl
ester (3b)

Sulfuryl chloride (0.05 g, 0.6 mmol) was added dropwise to a solution of
isopentenyl isopropyl sulfide (0.073 g, 0.5 mmol), scollidine (0.08 ml, 0.6 mmol),
and 3-hydroxy-5-methoxybenzoic acid ethyl ester (1) (0.2 g, 0.74 mmol) in dry
CH:Clz (80 mD under dry Ar atmosphere at —50°C. The reaction mixture was
stirred for 20 min at —50°C. The reaction mixture was added dropwise to a
solution of NEts (0.4 ml, 3 mmol) in dry cyclohexane (35 ml), precooled to 0°C, by
cannula under dry Ar atmosphere. After being stirred for 1 h at 0°C, the reaction
mixture was poured into ice—water (100 ml), and extracted with Et20 (80 ml X 2).
The organic layer was washed with saturated NaCl (50 mlX 2), dried (MgSOJ),
and concentrated. The crude product was purified by silica gel column using a
mixture of AcOEt and hexane (1:7) as an eluent to provide compound 8a (0,059 g,

35 %) as colorless oil along with regioisomer 3b (0.025 g, 15 %) as a colorless oil.

Compound 3a

IR (neat) eol: 3219, 2967, 1719, 1582, 1452, 1423, 1370, 1236, 1094, 771

IH NMR (270 MHz, CDCly) 6:1.15(3H, d, J=6.8 Hz), 1.23 (3H, d, J= 6.5 Ha),
1.38 (3H, t, J="7.3 Hz), 1.75 (8H, o), 2.43—2.46 (2H,m), 2.52—2.62 (1H, m), 3.85

(3H, 9, 4.35 (2H, q, J= 7.3 Hz), 4.56 (1H, ), 4.63 (1H, ), 7.12 (1H, ), 7.22 (1H, &)

Compound 3b

IR (neat) cn®: 3177, 2973, 1765, 1718, 1610, 1463, 1367, 1330, 1233, 1158, 1036,
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891, 850, 793. 1H NMR (270 MHz, CDCly §:1.08 (3H, d, J/=6.8 Hz), 1.21(8H,d,

J=6.5Hz), 1.30 (3H, t, J= 7.3 Ha), 1.64 (3H, o), 2.48 (2H, d, J= 7.8 Hz), 2.6—2.7

(1H, m), 3.71 (8H, s), 4.25 (2H, q, J=7.83 Ha), 4.6 (1H, ), 4.69 (1H, s), 5.17 (1H, t, J
=17.3Hz), 6.52 1H, d, J=2.7 Hz), 6.76 (1H, d, J=2.43 Hz)

4-Tsopropylthio-5-methoxy-2,2-dimethylehroman-7-carboxylicacid ethyl ester (4)
BF; » OEtz (1.4 ml, 11 mmol) was added to a solution of 3 a (1.8 g, 5.3 mmol) in dry
CHaClz (20 m) at 0 °C and the mixture was stirred for 3 h at roomtemperature.
The reaction was quenched by adding water (15 ml), and the aqueous suspension
was extracted with Et2O (50 m1X2). The organic layer was washed with
saturated aqueous NaCl (40 m1x 2), dried (MgSO4), and concentrated. The crude
product was purified by silica gel column using a mixture of EtOAc and hexane
(1:8, v/v) as an eluent to give chroman, (1.2g, 66 %) as a colorless oil.,

IR (neat) cm'! : 2928, 1719, 1581, 1458, 1419, 1308, 1235, 1160, 1030, 877, 770.

1H NMR (CDCla) §: 1.86 (15H, m), 2.27 2H, m), 3.87 (3H, s), 4.01 (1H, m), 4.34
(2H, q, J=17.26 Hz), 7.10 (1H, o), 7.15 (1H, 8) .

5-Mthoxy-2,2-dimethylchroman-7-carboxylic acid ethyl ester (5)

Raney-Ni W4 in ethanol (20 ml) was kept adding to a solution of 4 (0.2 g, 0.59
mmol) in ethanol (10 ml) until reaction was achieved at room temperature. After
being stirred for 3 h, the reaction mixture was filtered and concentrated. The
crude product was purified by silica gel column using a mixture of AcOEt and
hexane (1:10, v/v) as an eluent to provide (0.16 g) in almost quantitative yield as a
colorless oil. |

IR (neat) cm : 2957, 1718, 1588, 1454, 1418, 1367, 1307, 1218, 1159, 1030, 877.

IH NMR (CDCly §:1.29 (6H, o), 1.33 (3H, t, /= 7.26 Hz), 1.78 (2H, t, J=6.93 Haz),
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2.66 (2H, t, J=6.93 Hz), 7.06 (1H, 9), 7.17 (1H, o).

7 *Bemzyloxy*2,2-dimethy1chroman-5-ca.rboxy1ic acid ethyl ester (R! = Bn, R%= Et
6b)

Tsoprenole (0.37 ml, 5.6 mmol) in hexane (2 ml) was added dropwise to a mixture
of phenol derivative (1.0 g, 3.7 mmol), and 85 % orthophosphoric acid (0.97 ml, 8.4
mmol) in hexane (10 ml) at 40 °C. After being stirred for 12 h, the reaction
mixture was concentrated. Ether (30 ml) was added to the residue. The organic
phase was washed with saturated aqueous sodium carbonate solution (30 mlXx 2)
and then with saturated aqueous NaCl (30 mlX2). The organic phase was
dried (MgSOys and evaporated. Thé crude product was purified by silica gel
column using a mixture of AcOEt and hexane (1:10, v/v) as an eluent to give 6b,
(0.38 g, 30 %).

'H NMR (CDCla) § :1.21(38H, s), 1.30 BH, t, J=17.26 Hz), 1.73 (2H, t, J=6.93 Ha),
298 (2H, t, J = 693 Hz), 428 (@H, q J = 726 Haz, 50 @H »)
6.55 (1H, s), 7.13 (1H, g), 7.30 (5H, m).

7-Hydroxy-2,2-dimethylchroman-5-carboxylic acid methyl ester (R! = H, R2 = Me,
6b)

Isoprenole (0.71 ml, 8.2 mmol) in n-hexane (2 ml) was added dropwise to a mixture
of phenol derivative (1.0 g, 5.5 mmol), and formic acid (0.38 ml, 8.2 mmol) in
hexane (20 m1) over 30 min, and the reaction mixture was refluxed for 12h. The
reaction mixture was concentrated in vacuo and ether (20 ml) was added. The
mixture was washed with saturated aqueous sodium carbonate (15 mIX2) and
then with saturated aqueous NaCl (15 m1X2). The organic phase was dried

(MgSOQy and concentrated. The crude product was purified by silica gel column
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using a mixture of EtOAc and hexane (1:10, v/v) as an eluent to givedesired
compound, (0.58 g, 30 %).

IHNMR (CDCla) §:1.21(3H, 9), 1.73 2H, t, J=6.93 Hz), 2.98 (2H, t, J=6.93 H2),
3.85 (3H, ), 6.55 (1H, s), 7.03 (1H, s), 7.07 (1H, o).

4-Allyl-3-hydroxy-5-methoxybenzoic acid ethyl ester (8a)

2-Allyl-3-hydroxy-5-methoxybenzoic acid ethyl ester (8b)

Compound 7 (1.0 g, 4.2 mmol) was refluxed in xylene (10 ml) for 1 d. The cooled
reaction mixture was concentrated in vacuo and dissolved in AcOEt (30 ml). The
organic layer was washed with saturated aqueous NaCl solution (100 ml). The
organic phase was dried (MgSO4 and concentrated. The crude product was
purified by silica gel column using a mixture of AcOEt and hexane (1:3) as an
eluent to give compound 8a as colorless oil in 87 % yield (0.87 g along with

compound 8b as a colorless oil in 7 % yield (0.07 g).

Compound 8a

IR (neat) cm'l: 2980, 2939, 1716, 1693, 1640, 1593, 1508, 1465, 1422, 1371, 1325,
1249, 1213, 1127, 1097, 1027, 991, 913, 866, 771. H NMR (270 MHz, CDCly §:
1.37 BH, t, J= 7.3 Hz), 3.48 (2H, d, J=6.8 Hz), 3.76 (3H, s), 4.34 CH, q, J= 7.3
Hz), 5.02—5.09 (2H, m), 5.9—6.05 (2H, m), 7.16 (1H, s), 7.28 (1H, s

Compound 8b

IR (neat) cml: 2980, 1716, 1693, 1610, 1593, 1465, 1422, 1371, 1325, 1249,
1213, 1127, 1097, 1027, 913, 866, 771.

IH NMR (270 MHz, CDCla) §:1.87(3H, t, J=7.3 Hz), 3.66 (2H, d, J=5.9
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Hz), 3.76 (3H, o), 4.34 (2H, q, J= 7.3 Hz), 5.02—5.09 (2H, m), 5.95—6.05 (2H, m),
6.57 (1H, &), 6.59 (1H, s).

5-Benzyloxy-2-bromo-3-hydroxybenzoic acid ethyl ester (9a)

Bromine (0.18 ml, 3.7mmol) was added dropwise to dioxane (0.63 ml, 7.3 mmol) at
0 °C to give yellow crystalline complex. This was dissolved in with ether (20 ml),
énd added dropwise to the solution of 1 (1.0 g, 3.7 mmol) in ether (20 ml) at 0 °C.
After being stirred for 3 h at room temperature, the pale yellow solution was
poured into ice-water (100 ml). The ethereal layer was washed with water (40 ml
x 2) followed by saturated aqueous NaCl solution (40 ml1X2), dried over MgSOy,
and concentrated. The resulting oil was purified by silica gel column using the
mixture of EtOAc and hexane (1:4, v/v) as an eluent to give 9a (0.753g, 58 %, m.p.
88.56—90.6 C).

IR (KBr) cm': 3400, 1686, 1596, 1580, 1446, 1347, 1262, 1161, 1027, 842

IH - NMR (CDCla) §:1.35 (3H, t, J=7.26 Hz), 4.34 2H, q, J=17.26 Hz), 5.02 (2H,

8), 6.56 (1H, s), 6.69 (1H, o), 7.23 (1H, o), 7.37 (6H, m)

5-Benzyloxy-2,4-dibromo-3-hydroxybenzoic acid ethyl ester (9b)

Bromine (0.36 ml, 7.4 mmol) was added dropwise to dioxane (1.3 ml, 14.6 mmol) at
0 °C to give yellow crystalline complex. This was dissolved with ether (20 ml),
and added dropwise) to the solution of 3-benzyloxy-5-hydroxybezoic acid ethyl ester
(1.0 g, 3.7 mmol) in ether (20 mD at 0 “C over 30 min. After being stirred for 3h
at room temperature, the pale yellow solution was poured into ice-water (100 ml).
The ethereal layer was washed with water (40 ml1X2) followed by concentrated.
The resulting oil was purified by silica gel column using the mixture of EtOAc and

hexane (1:5, v/v) as the eluent to give 9b (1.24g, 78%, m.p. 99.3—100.5°C).
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IR (KBr) el @ 3328, 3034, 1713, 1575, 1440, 1395, 1239, 1075, 827.
IH NMR (CDCly : 1.35 (8H, t, J=7.26 Hz), 4.34 (2H, q, J=7.26 Hz), 5.02 (2H, o),
6.69 (1H, o), 7.37(5H, m)

3-Benzyloxy-2,4,6-tribroimo-5-hydroxybenzoic acid ethyl ester (9¢)

Bromine (0.54 ml, 11.1 mmol) was stirred into dioxane (1.89 ml, 21.9 mmol) at
0 °C to give the yellow crystalline complex. This was dissolved with ether (20
ml), and added dropwise to the solution of 3-benzyloxy-5-hydroxybenzoic acid ethyl
ester (1.0 g, 3.7 mmol) in ether (20 mD) at 0 °C. After being stirred for 3 h at room
temperature, the pale yellow solution was poured into ice—water (100 ml). The
ethereal layer was washed with water (40 m1X2) and saturated aqueous NaCl
solution (40 m1X2), dried over MgSO4, and concentrated. The resulting oil was
purified by silica gel column using the mixture of AcOEt and hexane (1:5, v/v) as
an eluent to give 9 ¢, (1.60 g, 85 %, m.p. 102.3—103.5 °C).

IR (KBr) eml : 3284, 1712, 1550, 1454, 1368, 1300, 1242, 1078, 1020, 940, 905,
848.

1 NMR (CDCl) : 1.43 (8H, t, J= 7.26 Hz), 4.47 (2H, q, J= 7.26 H2), 5.01 (2H, o),
7.4 (83H, m), 7.57 (2H, d, J=17.75 H2)

5-Benzyloxy-2-cyano-3-hydroxy-benzoic acid ethyl ester (10)
Copper () cyanide (1.1 g, 12,5 Iﬁmol) was added to a stirred suspension of 9a 2.0 g,
5.7 mmol) in anhydrous DMF (20 mD at room temperature under a dry Ar
atmosphere. The reaction mixture was heated at reflux for 12 h. The cooled
reaction mixture was diluted with water (100 ml), and the solids were filtrated off
by suction filtration. The aqueous phase was then extracted with AcOEt (80 m1 X

2). The organic layers were washed with saturated aqueous NaCl (50 mlXx 2),
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dried (MgSO4), and concentrated. The crude product was purified by silica gel
column using a mixture of AcOEt and hexane (1:5, v/v) as an eluent to give 10,
(0.73g, 43 %, m.p. 179.5~181 C).

IR (KBr) em™ : 3211, 2930, 2236, 1724, 1604, 1467, 1370, 1241, 1150, 1051,

910, 846.

1IH NMR (CDCly) : 1.29 (3H, t, J=7.26 Hz), 4.28 (2H, q, J= 7.26 Hz), 5.10 (2H, o),
6.98 (1H, ), 7.00 (1H, ), 7.45 (5H, m).

Mannich reaction (General procedure), Table 5

A variety of phenols were dissolved in ethanol, and amine (1.5 eq) and 38%
aqueous formaldehyde (1.5 eq) were added. The mixture were refluxed and
monitored by TLC. After completion reaction (~8 h), the reaction mixture was
concentrated in vacuo and dissolved in AcOEt. The organic layer was washed
with saturated NaCl solution (100 ml). The organic phase was dried (MgSOJ)
and concentrated. The residue was purified by flash chromatography on silica gel

to yield the desired Mannich products from 11 to 15.

3-Benzyl-T- tert-butyl-3,4-dihydro-2 Fbenzolel[1,3loxazine (11)

Yield 95 %

M.P. 72.3~75.6 ‘C (White crystal)

IR (neat) cm'l: 2961, 1621, 1572, 1500, 1454, 1419, 1363, 1330, 1260, 1202, 1123,
1086, 1025, 993, 961, 874, 809, 742, 699. H NMR (270MHz, CDCly §:1.27 (9H,
s), 3.84 (4H, o), 4.76 (2H, s), 6.76 (1H, d, J= 8.6 Hz), 6.85—6.86 (2H, m), 7.2—7.27
(5H, m).
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3-Benzyl-7-methyl-3,4-dihydro-2 Hrbenzolel[1,3loxazine (12)

Yield 89 %

M. P. 69.7—70.1 °C (White crystal)

IR (neat) cm: 2961, 1617, 1502, 1469, 1328, 1240, 1167, 1112, 1013, 959, 875, 808,
741.

IH NMR (270 MHz, CDCla) 6:2.29 (3H, s), 3.91(4H, o), 4.82 (2H, s), 6.65—

6.8 (8H, m), 7.29—7.35 (5H, m).

3-Benzyl-7-methoxy-3,4-dihydro-2 Frbenzolel[1,3loxazine (13a)

Yield 57%

M.P. 55.8—56.7°C (White crystal)

IR (neat) cm: 2943, 2901, 2842, 1736, 1619, 1586, 1502, 1451, 1369, 1336, 1246,
1196, 1163, 1119, 1035, 966, 911, 838, 738. | |

IH NMR (270M Hz, CDCla) §:3.77 (2H, s), 3.89 (3H, s), 4.86 (2H, o), 6.39 (1H, ),
6.5 (1H, d, J=8.4Hz), 6.8 (1H, d, J=8.4 Hz), 7.27—17.34 (5H, m)

3-Benzyl-5-methoxy-3,4-dihydro-2 Hbenzolel[1,3loxazine (13b)

Yield 13 %

M.P. 54.7—57.7 °C (White crystal)

IR (neat) cm1: 2933, 2898, 2838, 1591, 1740, 1345, 1263, 1237, 1125, 1091,

1025, 948, 895, 773, 698.

IH NMR (270 MHz, CDCls §:3.7 (2H, s), 3.9 (2H, 9), 4.78 (2H, ), 6.4 (1H, d, J=
8.1Hz), 6.48 (1H, d, J="7.8 Hz), 7.1 (1H, dd, J="7.8, 8.6 Hz), 7.28—7.34

(5H, m).
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3-Benzyl-3,4-dihydro-2 Frbenzolel[1,3loxazine-7-carboxylic acid ethyl ester (14)
Yield 45 % (Colorless oil)

IR (neat) em: 2980, 1717, 1577, 1452, 1428, 1368, 1288, 1252, 1211, 1089, 1022,
946, 759.

1H NMR (270 MHz, CDCly) §:1.87 (3H, t, J= 7.3 Ha), 3.88 (2H, ), 3.97 (2H, ),
4.34 2H, q, J= 7.3 Hz), 4.87 (2H, ), 6.96 (1H, d, J= 7.8 Hz), 7.29—17.33 (5H, m),
751 (1H, 9), 7.54(1H, d, J="7.8 Ho).

3-Benzyl-5-bromo-3,4-dihydro-2 Hbenzolel[1,3loxazine (15a)

Yield 46 %

M.P. 71.2—75.1°C (White crystal)

IR cm'l: 2987, 1598, 1564, 1460, 1366, 1326, 1238, 1132, 1025, 988, 933, 877, 851,
775, 699. THNMR (270 MHz, CDCls) §:3.86 (4H,s), 4.84 (2H, ¢), 6.74 (1H, d, J=

7.3Hz), 697 (1H, d, J=7.3Hz), 6.98 (1H, o), 7.24—7.33 (5H, m).

3-Benzyl-7-bromo-3,4-dihydro-2 Fbenzoldl[1,3loxazine (15b)

Yield 28% (Colorless oil)

IR (neat) cm : 2898, 1737, 1598, 1438, 1414, 1366, 1325, 1214, 1130, 989, 929, 870,
796, 714, 699.

'H NMR (270 MHz, CDCl) §:3.88 (2H, ), 3.95 (2H, ), 4.82 (2H, ), 6.78 (1H, 4,
J=173Hz), 7.02 1H, dd, J=8.6 Hz, 7.8 Hz), 7.11 (1H, d, J=8.1 Ha),

7.81—7.4 5H, m).

5-Bromo-2-(dimethylaminomethyl)phenol (16a, R = Br, Rl =Me)
Yield 37 % (Colorless oil)

IR (neat) cm™l: 2952, 2789, 1602, 1582, 1486, 1468, 1377, 1351, 1236, 19, 1179,
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1069, 1017, 891, 849, 799.
1'H NMR (270 MHz, CDCly §: 2.4 (6H, 9, 3.59 (8H, s), 6.8 (1H, d, /= 7.9 Ha),
6.88 (1H, d, J=7.9Hz), 6.98 (1H, 9).

3-Bromo-2-(dimethylaminomethyl)phenol (16b, R = Br, R! =Me)

Yield 30 % (Colorless oil)

IR(neat) cm'! : 2954, 1600, 1574, 1453, 1389, 1355, 1274, 1181, 1018, 879, 774.

1H NMR (270 MHz, CDCly) §:2.36 (6H, s), 3.87 (2H, ), 6.75 (1H, dd, J=5.9, 3.3
Hz), 6.99 (1H, 4, J=5.9Hz), 7.0 1H, 4, J=38.3 Hz)

5-Bromo-2-(dibenzylaminomethyl)phenol (16a, R = Br, Rl =Bn)

Yield 26 % (Colorless oil)

TR(neat) el 3026, 2912, 2820, 1737, 1604, 1582, 1484, 1453, 1376, 1236, 1101,
1073, 961, 894, 750, 699.

1IH NMR (270 MHz, CDCly) §:3.59 (4H, s), 3.67 (2H, s), 6.82—6.92 (2H, m), 6.99
(1H, s), 7.25—17.35 (10H, m).

2-Dibenzylaminomethyl-5-methoxyphenol (16a, R = OMe, R* = Bn)

Yield 72 % (Clorless oil)

IR (neat) cm’l: 3026, 2930, 2833, 1790, 1509, 1496, 1436, 1626, 1509, 1496, 1453,
1374, 1312, 1287, 1242, 1199, 1159, 1122, 1103, 1011, 1030, 964, 834, 749, 699.

I NMR (270 MHz, CDCla) §:3.57 (4H,9), 3.65 (2H, s), 3.73 (3H, ), 6.35 1H, d,
=8.4Hz), 6.43 (1H, ), 6.87 (1H, d, J=8.4 Hz), 7.28—7.33 (10H, m).
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2-Dibenzylaminomethyl-3-hydroxy-5-methoxybenzoic acid ethyl ester (17)

A mixture of 3-hydroxy-5-methoxybenzoic acid ethyl ester 1 (3.5 g 18 mmol),
BnoNH (4.2 ml, 22 mmol), 38 % formaldehyde (1.4 ml, 22 mmol) was refluxed in
ethanol (100 ml) for 1 d. The cooled reaction mixture was concentrated in vacuo
and dissolved in AcOEt (50 ml). The organic layer was washed with saturated
NaCl solution (50 ml X 2). The organic phase was dried (MgSOy and
concentrated. The crude product was purified by silica gel column using a mixture
of AcOEt and hexane (1:7) as an eluent to give 17 as a colorless oil (0.42 g, 58 %).
IR (neat) cm : 2936, 1716, 1613, 1586, 1496, 1451, 1330, 1205, 1098, 848.

IH NMR (270 MHz, CDCls §:1.38 (3H, t, J= 7.3 Hw), 3.62 (4H, ), 3.78 (3H, o),
4.06 2H, s), 4.37 CH, q, J="7.3 H2), 6.58 (1H, s), 6.82 (1H, s), 7.22—7.36 (10H, m).

3-Benzyl-7-methoxy-3,4-dihydro-2 FFbenzolel[1,3loxazine-5-carboxylic acid ethyl
ester (19)

A mixture of 1 (3.0 g, 15.4 mmol), BnaNH (1.89 ml, 18.5 mmol), 38 % aqueous
formaldehyde (1.46 ml, 18.5 mmol) was refluxed in ethanol (80 ml for 1 d.
Cooled reaction mixture was concentrated in vacuo and dissolved in AcOEt (50 mD).
The organic layer was washed with saturated NaCl solution (50 m1X2). The
organic phase was dried (MgSO4 and concentrated. The crude product was
purified by silica gel column using a mixture of AcOEt and hexane (1:6) as an
eluent to give 19 (4.68 g, 93 %).

M.P. 89.5—96.4 °C (White crystal)

IR (KBr) ecm:: 2962, 1713, 1587, 1452, 1355, 1299, 1214, 1159, 1129, 1105, 1033, |

1000, 979, 897, 872, 759, 728.

'H NMR (400 MHz, CDCly §: 1.38 (3H, t, J= 7.3 Hz), 3.82 (3H, ), 3.942H, 9),
437 2H, o J= 7.3 Hz), 482 (2H, o), 6.58 (1H, ), 7.17 (1H, 9), 7.29—7.35 (5H, m).
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9-Benzyl-4-hydroxy-6-methoxy-2,3-dihydroisoindol-1-one (18)

(from compound 14)

To a solution of 16 (9.0 g, 23 mmol) in 4.4 % formic acid—ethanol (150 ml) was
added 10 %Pd/C (0.45 2 and the mixtuture was stirred for 6 h. The reaction
mixture was filtered and concentrated. The organic residue was dissolved in dry
THF (30 ml) was added to a suspension of NaH (1.1 g, 28 mmol) in dry THF (100
ml at 0°C and the mixture was stirred for 4 h at room temperature. Saturated
NH4Cl (50 ml) was added to the reaction mixture at 0°C. Water (50 ml) was
added to the reaction mixture at 0°C. The mixture was extracted with CHCls
(100 m1 X 2) and organic layer was washed with saturated NaCl (80 mlX 2), dried
(MgSOy), and concentrated. The crude product was recrystallized in Hz0 —

ethanol (1:1, 100 ml) to provide 18 (4.7 g, 75 %) as white solid.

(from compound 19)

Oxazine 19 (20 g, 0.066 mol) was treated with conc. HCI (16.4 ml, 0.197 mol) in
ethanol (200 m) under reflux. After completion of reaction (ca. 8 h), NaOEt (4.6 g,
0.197 mol) was added. After being stired for 10 h, the mixture was filtered and the
solution Wés concentrated in vacuo. The residue was dissolved in AcOEt (200 ml).
The organic layer was washed with saturated NaCl solution (300 ml). The
organic phase was dried (MgSO4) and concentrated. The residue was purified by
recrystallization from ethanol (200 ml) to yield 18 as a white solid in 58 % yield for
two steps (10.3 g). |
M.P. 180.8—181.7 °C (White crystal.

IR (KBr) cm’®: 3061, 2928, 1650, 1613, 1453, 1357, 1156, 1082, 854, 700
1H NMR (400 MHz, CDsOD) 6 : 3.8 (3H, o), 4.18 (2H, ), 4.78 (2H, s), 6.86 (1H, ),
6.97 (1H, s), 7.24—7.34 (5H, m).
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2-(Dibenzylamino-methyl-3-hydroxy-4-(1-isopropylthio-3-methyl-but-3-enyl)-5-me

thoxybenzoic acid ethyl ester (20)

A mixture of 3a (0.6 g, 1.8 mmol), dibenzylamine (0.42 ml, 2.2 mmol), 38 %
formaldehyde (0.17 ml, 2.2 mmol) in ethanol (30 mD were refluxed for 1 d. A
cooled reaction mixture was concentrated in vacuo and diluted with AcOEt (50 ml).
The solution was washed with saturated aqueous NaCl (40 m1X 2), dried (MgSOJ),
and concentrated in vacuo. The crude compound was purified by silica gel
column using a mixture of AcOEt and hexane (1/7, v/v) as an eluent to give 20,
(0.54g, 58 %) as a yellow oil.

IR (neat) cm : 3028, 2962, 2838, 1716, 1604, 1573, 1493, 1413, 1367, 1233, 1117,
1032, 744, 700.

IH NMR (CDCly) 6 1.28 (9H, m), 1.71 (3H, s), 2.63 (1H, m), 2.90 (1H, m), 3.60 (4H,
9), 3.84 (8H, o), 4.07 (2H, 9), 4.35 (2H, q, J= 7.26 Hz), 4.65 2H, ), 4.78 (1H, m),
7.15 (1H, ), 7.27 (10H, m).

2'(Dibenzylaminomethyl)-3-hydroxy'5‘methoxy'4'(3'methy1'but'3‘enyl)0benzoic
acid ethyl ester (21)

Raney-Ni W4 in ethanol (15ml) was kept to add to a solution of 20 (0.3 g, 0.56
mmol) in ethanol (10 ml) until reaction was achieved at room temperature. After
being stirred for 3 h, reaction mixture was filtered and concentrated. The crude
prodﬁct was purified by silica gel column using a mixture of AcOEt and hexane
(1:10, v/v) as an eluent to provide 21, (0.20 g, 75 %) as a colorless oil.

IR (neat) cm? : 3028, 2936, 2838, 1714, 1604, 1495, 1367, 1328, 1115, 1032, 747.

IH NMR (CDCly §:1.35 (3H, t, J=7.26 Hz), 1.82 (3H, s), 2.21 (2H, m), 2.83 (2H,
m), 8.6 (2H, ), 3.81 (3H, ), 4.21 (2H, ), 4.35 2H, q, J= 7.26 Hz), 469 (2H, o), 6.8
(1H, ), 7.27 (10H, m).
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2f[N-benzy1'(2,2,2-trichloroethoxycarbony1~am:ino)'methy]]-3-hydroxy'5-methoxy-
4-(3-methylbut-3-enyl)benzoic acid ethyl ester (23)

TrocCl (0.18 ml, 1.3 mmol) was added to a solution of 22 (0.5 g, 1 mmol) in dry
CH3CN (20 mD at 0 °C under Ar atmosphere and the rection mixture was stirred
for 12 h at room temperature. The reaction mixture was concentrated in vacuo
and diluted with AcOEt (30m1). The organic layer was washed with water (30 ml
X 2) and saturated aqueous NaCl solution (30 mlX 2), dried (MgSOy), and
concentrated. The residue was purified by silica gel column using a mixture of
AcOEt and hexane (1:12, vA) as an eluent to give 28, (0.41g, 72 %) as pale yellow
oil.

IR (neat) cm : 2961, 1776, 1715, 1606, 1451, 1233, 1114, 1033, 751

ITH NMR (CDCly) §:1.40 (8H, t, J=7.26 Hz), 1.64 (8H, g), 1.83 (2H, m), 2.82 (2H,
m), 3.86 (8H, s), 4.16 (2H, s), 4.39 (2H, q, J=7.26 H2), 4.80 (2H, brs), 5.11 (2H, brs),
5.41 (2H, brs), 7.10 (1H, ¢), 7.31 (5H, m).

2-Benzyl-4-hydroxy-6-methoxy-5-(3-methoxybutyl)-2,3-dihydroisopropyl-1-one
(24a)
2-Benzyl-4-hydroxy-6-methoxy-5-(3-methoxybut2-enyl)-2,3-dihydroisopropyl-1-one
(24b)

Zn (0.15 g, 2.3 mmol) was added to a solution of 23 (0.6 g, 1 mmol) in acetic acid
(10 ml) at room temperature. After being stirred for 5 h, the reaction mixture
was filtered and concentrated in vacuo. The organic residue in dry THF (10 ml)
was added to a solution of NaH (28 mg, 1.2 mmol) in dry THF (10 ml) at 0 °C
under dry Ar atmosphere and the reaction mixture was warmed to room
temperature. Saturated aqueous NH4Cl (10 ml) was added to the reaction

mixture and the mixture was extracted with AcOEt (30 ml1X2). The organic
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layer was washed with water (20 ml and saturated aqueous NaCl (20 m]1X 2),
and then dried (MgSO4). The solvent was evaporated and the crude compound
was purified by silica gel column using a mixture of AcOEt and hexane (1:4, v/v) as
an eluent to provided, (0.22 g, 69 %). A ratito of 24a and 24b was determined as
1:1.5 by *H NMR.

Compound 24 a

1H NMR (CDCla) 6:0.96 (6H, d, J= 6.6 Hz), 1.27 (2H, m), 1.56 (1H, m), 3.29 (2H, t,
J=8.3Hz), 3.81 (3H, ), 419 (2H, s), 4.69 (2H, s), 6.80 (1H, ), 7.30 (5H, m)
Compound 24 b

IH NMR (CDCla) §:1.69 (6H, d, J= 16 Hz), 2.60 (2H, t, J= 8.3 Hz), 3.80 (3H, ),
4.19 (2H, ), 4.69 (2H, ), 5.11 (2H, m), 6.8 (1H, ), 7.30 (5H, m).

2-Benzyl-5-methoxy-8,8-dimetyhl-1,2,7,8-tetrahydro-3H,6H-2-aza-9-oxa-cyclopent
alalnaphthalene-3-one (25)

BFs - OEt: (1.4 ml, 1.1 mmol) was added to a solution of 24 (0.18 g, 0.53 mmol) in
dry CHzClz (10 ml) at 0 °C and the mixture was stirred for 3 h at room
temperature. Water (15 ml) was added to the reaction mixture, and the aqueous
suspension was extracted with EtzO (40 m1X2). The organic layer was washed
with saturated aqueous NaCl (40 m1X2), dried (MgSO4), and then concentrated.
The crude product was purified by silica gel column using a mixture of EtOAc and
hexane (1:8, v/v) as an eluent to give tricyclic compound 25, (0.10 g, 58 %) as a
colorless oil.

IR (neat) cm : 2930, 1689, 1610, 1472, 1366, 1320, 1158, 1110, 887.

IH NMR (CDCly §:1.23 (6H, s), 1.78 2H, t, J=6.6 H2), 2.68 (2H, t, J= 6.6 Hx),

3.88 (3H, o), 4.12 (2H, o), 4.78 (2H, ), 6.92 (1H, ), 7.31 (5H, m).
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2-Benzyl-4-(1, 1-dimethyl-2-propenyloxy)-6-methoxy-2,3-dihydroisoindol-1-one (30)
Compound 18 (2.0 g, 7.4 mmol) and 1,1-dimethyl-2-propenyl isobutyl carbonate
(207 g 0011 mol) were dissolved in DMF and THF (1:1) (30 ml.
Tetrakis(triphenylphosphine)palladium (0.19 g, 0.16 mmol) was added to the
solution and the mixture was stirred for 10 h. Reaction mixture was poured into
an ice water (30 ml). The organic phase was washed with saturated NaCl solution
(50 ml), dried (MgSOs and concentrated. The residue was purified by silica gel
column chromatography using a mixture of AcOEt and hexane (1:3) as an eluent
to give 30 as colorless oil in 68 % yield (1.7 g).

IR (neat) cm'l: 2984, 1689, 1605, 1499, 1412, 1358, 1317, 1203, 1137, 1080, 993,
917,883, 854, 699.

IH NMR (270 MHz, CDCls) §:1.47 (6H, ), 3.85 (3H, ), 4.13 (2H, 9), 4.77 @H, 9),
5.16—5.25 (2H, m), 6.03—6.13 (2H, m), 6.77 (1H, ¢), 6.99 (1H, ), 7.3—7.4 (5H, m).

2-Benzyl-4-hydroxy-6-methoxy-5-(3-methylbut-2-enyl)-2,3-dihydroisoindol-1-one

@7

Compound 30 (1.7 g, 2 mmol) was refluxed in dry xylene (5 ml) for 10 h. The

mixture was dissolved in AcOEt (50 ml) and washed with NaCl solution (50 ml).

The organic phase was dried (MgSOs and concentrated. The residue was purified

by silica gel column chromatography using a mixture of AcOEt and hexane (1:2) as

an eluent to give compound 27 in 86 % yield (1.46 g).

M.P. 178.2—187.2 °C (White crystal)

(KBr) cm'l: 3365.8, 2912, 1674, 1650, 1595, 1473, 19332, 1198, 1172, 1137, 1084,
833, 766.2, 699.

I'H NMR (270 MHz, CDCls) §: 1.61 (3H,9), 1.71 (3H, s), 3.39 (2H, d, /= 7.3 Hz),
3.73 (3H, ), 4.12 (2H, 9), 4.61 (2H, ), 5.14 (1H, t, J="7.3 H2), 7.09—7.18 (5H, m).

75




2-Benzyl-7-hydroxy-5-methoxy-8,8-dimethyl-1,2,7,8-tetrahydro-6H-2-aza-9-oxa
cyclopentalalnaphthalen-3-one (31)

Under an argon atmosphere, VO(acac)z (3 mg, 0.011 mmol) and 27 (0.19 g, 0.7
mmol) were added to anhydrous CHzClz (5 ml) ; then after 5 min 5N TBHP in dry
CHsClz (0.2 ml) was added. Upon completion of reaction, the solvent was removed
in vacuo and the crude product was purified by flash chromatography using a
mixture of AcOEt and hexane (1:1) as an eluent to give 81 in 65 % yield (0.13 g).
M.P. 78.3—79.2 °C (White crystal)

IR (neat) cm™:: 3399, 2977, 2936, 2245, 1671, 1609, 1473, 1437, 1418, 1367,

1324, 1191, 1141, 1113, 1091, 1058, 910, 733.

1 NMR (400 MHz, CDCla §:1.26 (3H, o), 1.32 (3H, ¢), 2.72 (1H, dd, J=5.4, 18
Hz), 2.92 (1H, dd, J=5, 18 Hz), 3.81—3.85 (4H, m), 4.1 2H, ), 4.75 (2H, ¢), 6.9 (1H,
s), 7.25—7.33 (5H, m).

Carbonic acid 1,5-dimethyl-1-vinyl-hex-4-enyl ester isobutyl ester (32)

Linalool (20g, 0.13 mol) was solved in THF (80 ml) and cooled at -40°C, and mBuli
(125 ml, 0.195 mol) was added dropwise and stirred for 4 hours. Chloro fomic acid
isobutyl carbonate (15 ml, 0.156 mol) was added to solution. After 5 hours, reaction
mixture was warmed to RT. After completion reaction, water added to reaction
mixture and extracted with ethyl acetate (200 ml). Organic layer was washed with
saturated NaCl aqueous solution (100 ml) and dried with NaSOs The residue
was condensed with vacuo and the crude product was purified by silica gel column
using a mixture of AcOEt and hexane (1:20) as an eluent to provide compound 32
(0.059 g, 35 %) as colorless oil. |

IH NMR (270 MHz, CDCla) §:0.94 (6H, d, J=6.5 Hz), 1.57 (3H, ¢), 1.58 (3H, ),
1.67 (3H, ), 1.80—1.87 (2H, m), 1.87—1.99 (3H, m), 3.86 (2H, d, J=6.5 Hz), 5.05—
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5.1 (1H, m), 5.17 (1H, d, J=11Hz), 5.2 (1H, 4, J=17 Hz), 6.01 (1H, 44, J=11, 17
Hz).

IR (neat) cm™: 2966, 1745, 1645, b1470, 1397, 1378, 1262, 1173, 1080, 972, 925,
880, 792.

Carbonic acid isobutyl ester 1-methyl-1-(3-oxo-propy)-allyl ester (34)

Compound 32 (2g, 7.86 mmol) was dissolved in CHCl3(50 ml) and mrCPBA (1.6 g,
9.3 mmol) was added to solution under 0 °C. After stirring 5h, white solid was
removed by aspirating filtrate and the residue was extract with ethyl acetate (150
ml). Organic phase was washed with saturated NaCl solution and dried with
NaSO4. The residue was condensed with vacuo and the crude product was
purified by silica gel column using a mixture of AcOEt and hexane (1:10) as an
eluent to provide compound 33 (1.4 g, 66 %) as colorless cil. Compound 33 (1.4 g,
5.18 mmol) was dissolved in Hz0 and dioxane (1:1, 60 ml) and HsIO¢ (1.4 g, 6.2
mmol) was added into solution under 0 °C. After stirring for 3h, white solid was
removed by aspirating filtrate and the residue was removed with vacuo. The crude
" was purified by silica gel column using a mixture of AcOEt and hexane (1:7) as an
eluent to provide compound 34 (0.92 g, 78 %) as colorless oil.

1IH NMR (270 MHz, CDCl3y) §:0.94 (6H, d, J=6.4 Hz), 1.59 (8H, s), 1.9—1.99 (1H,
m), 2.13—2.21 (2H, m), 2.52—2.55 (2H, m), 3.86 (2H, d, J=6.4Hz), 52 (1H, d, J=

11 Hz), 5.22 (1H, d, J= 18 Hz), 5.96 (1H, dd, /=11, 18 Hz), 9.77 (1H, s)

IR (neat) cml: 2965, 1744, 1471, 1415, 1398, 1379, 1262, 1178, 1088, 973, 928, 879,
792.
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Carbonic acid isobutyl ester 1-(3-methoxy-propyl)-1-methyl-allyl ester (36)
Compound 35 was dissolved in CH2Clz (30 ml) and MOMCI (0.6 ml, 8.34 mmol)
and PraNEt (1.4 ml, 8.23 mmol) was added under 0 °C. After stirring for 10 h, the
reaction mixture was extracted with ethyl acetate (100 ml) and the organic phase
was washed with satulated NaCl solution (100 ml). After dried NaSOy, the residue
was condensed with vacuo, and the crude product was purified by silica gel column
using a mixture of AcOEt and hexane (1:5) as an eluent to provide compound 36
(1.06 g, 56 %) as colorless oil.

1H NMR (270 MHz, CDCla) §:0.94 (6H, d, /= 6.6 Hz), 1.58 (3H, ), 1.58—1.69
(2H, m), 1.87—1.98(3H, m), 3.35(3H, s), 3.52(2H, t, J=6.6 Hz), 3.85(2H, d, J=6.6
Hz), 461 (2H, s), 5.16—5.24 (2H, m), 6.00 ( 1H, dd, J= 11.2 Hy).

IR (neat) cnl: 2964, 1744, 1646, 1470, 1414, 1378, 1246, 1179, 1131, 1096, 1041,
1008, 973, 927, 897, 793, 607.

2-(6-Methoxymethoxy-3-metyhl-hex-2-enyl)-4-metyhl-phenol (38)

pCresol (1.5 g, 13.8 mmol) and compound 36 (2.53 g, 9.22 mol) were dissolved in
dried THF (10 ml. Tetrakis(triphenylphosphine)palladium (0.23 g, 1.99 mmol)
was added to the solution and the mixture was stirred for 10 h. Reaction mixture
. was poured into an ice water (30 ml). The organic phase was washed with
saturated NaCl solution (50 ml), dried MgSO4 and concentrated. The residue was
purified by silica gel column chromatography using a mixture of AcOEt and
hexane (1:16) as an eluent to give compound 37 as colorless oil in 70 % yield (0.25
o). Compound 37 (0.25 g, 0.95 mmol) was refluxed in dry xylene (5 ml) for 10 h.
The mixture was dissolved in AcOEt (50 ml) and washéd with NaCl solution (50
ml). The organic phase was dried (MgSO4 and concentrated. The residue was

purified by silica gel column chromatography using a mixture of AcOEt and
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hexane (1:10) as an eluent to give compound 38 in 83 % yield (0.21 g).

IH NMR (270 MHz, CDCls) §: 1.75 (5H, brs), 2.08—2.16 (2H, m), 2.29 (3H, s),
3.32 (2H, d, J=7.83 Hz), 3.49—3.58 (2H, m), 6.67 (iH, d, J=17.8 Hz), 6.88 ( 2H, d,
J="1T7.3H2).

IR (neat) cm'*: 3380, 2931, 2358, 1799, 1612, 1509, 1458, 1382, 1346, 1263, 1209,
1149, 1110, 1038, 921, 811, 623.

Acetic acid 2-(8-methoxypropyl)-2,6-dimethyl-chroman-3-yl ester (40)

Under an argon atmosphere, VO(acac)2 (1 mg, 3.78 mmol) and 38 (0.1 g, 0.378
mmol) were added to anhydrous CH2Clz (5 ml) ; then after 5 min 10N TBHP in dry
CH2Clz (0.378 ml) was added. Upon completion of reaction, the solvent was
removed in vacuo and the crude product was purified by flash chromatography
using a mixture of AcOEt and hexane (1:5) as an eluent to give 39 in 49 % yield
(0.052 g).

Obtained compound 89 (0.1 g, 0.356 mmol) was dissolved in dry CHzClz (20 ml). To
a solution, AczO (0.04 ml, 0.43 mmol), DMAP (0.02 g, 0.174 mmol) and EtsN (0.06
ml, 0.43 mmol) was added and stirred for 3 h. The reaction mixture was extracted
with diethyl ether (50 ml) and washed with saturated NaCl aqueous solution (100
ml). After dried with NaSO4 and organic residue was condensed with vacuo. The
crude compound was purified by flash chromatography using a mixture of AcOEt
and hexane (1:5) as an eluent to give 40 in 79 % yield (0.09 g).

IH NMR (270 MHz, CDClg) §:1.26(3H, s), 1.68—1.72 (4H, m), 2.05 (3H, s), 2.25
(3H, ¢), 2.73 (1H, dd, J=5.9, 17 Hz), 3.11 (1H, dd, J=5.4, 17 Hz), 3.3 (3H, 4, J=
5.14 Hz), 3.46-3.54 (2H, m), 4.58 (2H, d, /=5.4 Hz), 5.06 (1H, dd, /=5.9, 5.4 Ho),
6.71 (1H, d, J=8.6 Hz), 6. 82 (1H, 8), 6.91 (1H, d, J= 7.3 Hz),

IR (neat) cmX: 2937, 1741, 1499, 1376, 1239, 1151, 1118, 1040, 917, 818, 734.
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2-Benzyl-6-methoxy-4-[1-(3-methoxymethoxy-propyl)-1-metyhl-allyloxyl-2,3-dihyd
ro-isoindol-1-one (41)

Isoindolinone (0.45 g, 1.67 mmol) and compound 86 (0.68 g, 2.5 mol) were dissolved
in DMF and THF (1:1) (20 mD. Tetrakis(triphenylphosphine)palladium (0.043 g,
0.0375 mmol) was added to the solution and the mixture was stirred for 10 h.
Reaction mixture was poured into an ice water (30 ml). The organic phase was
washed with saturated NaCl solution (50 ml), dried (MgSO4) and concentrated.
The residue was purified by silica gel column chromatography using a mixture of
AcOEt and hexane (1:3) as an eluent to give 41 as colorless oil in 35 % yield (0.24
.

'H NMR (270 MHz, CDCly §:1.59 ( 3H, s), 1.64-1.83 (41, m), 3.33 (3H, s), 3.51
(2H, t, J=5.4 Ha), 3.81 (3H, ), 4.14 (2H,9), 4.62 (2H, s), 4.78 (2H, ), 5.18—5.27
(2H, m), 6.04 (1H, dd, J/=10.8 Hz), 6.78 (1H, s), 6.98 (1H, s), 7.28—7.36 (5H, m)

2-Benzyl-4-hydroxy-6-methoxy-5-(6-methoxymethoxy-3-methyl-hex-2-enyl)-2, 3-di
hydro-isoindol-1-one (42)

Compound 41 (0.24 g, 0.583 mmol) was refluxed in dry xylene (5 ml) for 10 h. The
mixture was dissolved in AcOEt (50 ml) and washed with NaCl solution (50 ml).
The organic phase was dried (MgSO4) and concentrated. The residue was purified
by silica gel column chromatography using a mixture of AcOEt and hexane (1:2) as
an eluent to give compound 42 in 87 % yield (0.21 g).

IH NMR (270 MHz, CDCla) §:1.67 (3H, 9), 1.8 (3H, ), 2.04-2.10 (2H, m), 2.29—
2.35 (2H, m), 3.31 (3H, ), 3.37 (3H, ¢), 3.47 (2H, t, J=6 H2), 3.568 (2H, t, /=6 H2),
3.59 (3H, s), 3.83 (3H, s), 4.16-4.19 (2H, m), 4.57 (2H, s), 4.64 (2H, o), 4.74 (2H, s),'
5.23—5.24 (1H, m), 6.99 (1H, ), 7.28—7.3 (5H, m)
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7~Benzyl-2'(1-1:wdroxy-3-methoxymethoxy-l-methyl'pl‘opyl)'4'methoxy-2,3, 7,8tet
rahydro-1-oxa-7-aza-indacen-6-one (43)

Under an argon atmosphere, VO(acac)2(0.64 mg, 0.00243 mmol) and compound 42
(0.1 g, 0.24 mmol) were added to anhydrous CHzCls (5 ml) ; then after 5 min 10N
TBHP in dry CHxCl> (0.024 ml) was added. Upon completion of reaction, the
solvent was removed in vacuo and the crude product was purified by flash
chromatography using a mixture of AcOEt and hexane (1:1) as an eluent to give 43
in 48 % yield (49 mg).

TH NMR (270 MHz, CDCly) 6:1.16 (3H, ¢), 1.23 (3H, &), 1.6—1.76 (4H, m), 3.15
(2H, dd, J=9.2 H2), 3.34 (3H, d, J= 5.4 Hz), 3.52—3.57 (2H, m), 3.88 (3H, ), 4.12
(2H, ), 4.61 (2H, d, J=3.24 Hz), 4.74—4.78 (3H, m), 6.95 (1H, s), 7.28—7.36 (5H,
m)

7-Benzyl~2;t1,3-dihydroxy-l-methyl"pl'pyl)'4'methoxy'2,3, 7,8-tetrahydro-1-oxa-7-a
za-as-indacen-6-one (44)

Compound 43 (49 mg, 0.115 mmol) was solved in EtOH (5 ml) and PPTS (0.32 mg,
0.075 mmol) was added to solution. Reaction mixture was stirred under 50 °C for
3h. After completion the reaction, solvent was removed in vacuo and the crude
product was purified by flash chromatography using AcOEt as an eluent to give 44
in 80 % yield (85 mg).

IH NMR (270 MHz, CDCla) §:1.16 (8H, 9, 1.59—2.03 (4H, m), 3.1—3.17 (2H, m),
8.65—3.7 (2H, m), 3.88 (3H, ), 4.13 (2H, ), 4.58—4.79 (8H, m), 6.96 (1H, ), 7.27—
7.35 (5H, m).

IR (neat) cm™: 3397, 2927, 2370, 1670, 1472, 1346, 1304, 1244, 1190, 1119, 1063,
1021, 964, 840, 766, 701.
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Spectra Data (\H NMR)

Compound Number : 3a, 3b, 4, 5, 8a, 8b, 11, 12, 13a, 13b, 14, 15a, 15b,
16a, 16b, 18, 19, 25, 27, 30, 31, 32, 34, 36, 38, 40, 41, 42, 43, 44
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4-Isopropylthio-5-methoxy-2,2-dimethylchroman-7 -carboxylicaqid ethyl ester (4

F:icnemcomm\chroman=sulfide \Hchroman=-sulfide.ais
chroman-sulfide

O < WO F~NOO0DODWVWODFNDA DTANMIOWAHIOMNMWLLONMND [s2)
W s O M AN A HEAVUT ANNMNMECNMNOODTOTMA® o~
A MmaaNeooTaRNNa YT snapTanas <
[l i pall g QLT TFTONMNOMON NNNH AT et el e o
YD LU L) Ny L
\\{/ \‘ A |
W m i |
il
' | g
: o
’b \A‘A'\—%A
N AL LL:\“L__,~: ]
PPM|
TIIIIIlllllllllllllillllllllllilTIIlllIllIlllIlI|Illll||ll[lllll|II||III!IIIII|IlIIIHIIlllIl'IIlll
1o 9 8 7 6 5 4 3 2 1
5-Mthoxy-2,2-dimethylchroman-7-carboxylic acid ethyl ester (5)
F:\ChemComm\chroman\H~chroman—-anal.als
chroman
N <« N N~ ™~ now T oM N — Q
O W ooy (= o~ < COCOWWYwH oY ~N o
N e oo K L. emseaana <
~ e~ vvvjr' ™ RN .—a'—ll—l«.-a\-c.-( — o
(X=]
m
o
~
Il f
(=}
(=]
)
N3 . o o
(=)} - [=)% [=)}
- - &
[P L
1 i
tt it !
1l ki
14 4 _ ] |
i J i, !
PPM]
I||[|]||l|l]||lll|ll|ll]ll||||Il|I|IIl‘lll]|||||||l|\|l|l|||1l|||ll|T|Tj||I|
7 6 5 4 3 2 1 0

DFILE
COMNT
DATIM
OBNUC

‘EXMOD

OBFRQ
OBSET
OBFINM
POINT
FREQU
SCANS
ACQTM
PD
PH1
IRNUC
CTEMP
SLVNT
EXREF
BE
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1

IRNUC
CTEMP
SLVNT
EXREF

RGAIN

F

ci
Tl
11
N¢

1F

CI

1E

CL




4-Allyl-3-hydroxy-5-methoxybenzoic acid ethy! ester (8a)
E: \CHaMCsmm\Chem. Conm\vynylethar adnd ‘claisenNallyl-etahar-basic-claisenl-anal.als
K DFILE &:\ChamComm\Cham.Comm\vyny
coMuT
DATIM Sat Oct 16 14:15:36 2004
OBNUC 1H
EXMOD NON
OBFRQ 270.05 MHz
OBSET 112.00 KHz
OBPINM 5800.90 Hz
BOINT 8192
FREQU 5405.4 Hz
SCANS 8
ACQTM 1.516 sec
PD 5.484 sec
PW1 4.9 us
IRNUC 1lH
CTEMP 23.0 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BE 0.12 Hz
RGAIN 15
3 E
'; Iy
r
- \
a
-
'/"
o
(=]
hh‘ 1=
PEM
TTTTTTT Illllllll)lIlllllll[!llll!lllllllllll!llilllllIIIIIlIlIlllI‘lllI|l|ll||l|lll\ll|ll|l|lll
8 [ .2
IR A
53 z 583 2388 3 98 g 523
N (-2} O O Q TOAMM @ - o s m
~~ S www weww @ Mm@ o~ o
2-Allyl-3-hydroxy-5-methoxybenzoic acid ethyl ester (8b)
E:\ChemComm\Chem.Comm\vynylether and claisen\allyl-eteher-basic2.als
DFILE E:\ChemComm\Chem.Comm\vyn
COMNT
DATIM Sat Oct 16 14:57:55 2004
OBNUC 1H
EXMOD NON
OBERQ 270.05 MHz
OBSET 112.00 KHz
OBFIN 5800.0 Hz
POINT 8192
FREQU 5402.4 Hz
SCANS 8
ACQTM 1.516 sec
PD 5.484 sec
PW1 4.9 us
IRNUC 1H
CTEMP 23.3 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BE 0.12 Hz
o RGAIN 11
o™
w
P
-
™
-
-
& P
. .
|
~
=]
)
- p— 7/ — -
A N
PEPM
TTTTTTT [IlllllII!HlIlrlll|HIHHIIIIIlllll(lllllllllllllHIIIllI'lllllllllllllllﬂlIlHIlllIlIlHllHllIIl!llIllll
10 9 8 1 6 S 4 3 0
[ i i} il il 1l |
A b N N
Tt e er Y (TN D ‘N
N TNOAT~DTAANTOVDANNDANAN a NN (=]
LN TPV DOCMADINNOO D~ (=
deennadaacoccEnnnAnE G noo 2
'\Dwmomwm\n\n\n‘nmmvwﬂ-vmmm o (=]




O DEILYL | LEL0 VULYL O, % ULILYULO™ AL UG HAULE] LL, OJUXLLULS \11)
Er\CHSMCORANCHEM. Conm\Maanich reaction\m-t-butyl-phenol\m-t-butyl-phenolanal.als
DEILE E:\ChemComm\Chem.Comm\Maa
COMNT :
- DATIM Wed Jan 05 17:10:12 2005
OBNUC 1H
EXMOD NOM
OBFRQ 270.05 MHz
OBSET 112.00 KHz
OBEFIN 5800.0 Hz
POINT 8192
FREQU 5405.4 Hz
o SCANS 8
byl ACQTM 1.516 sec
* PD 5.484 sec
PHl 4.9 us
IRNUC 1H
CTEMP 15.4 ¢
- SLVNT CDCL3
EXREF 0.00 ppra
BF 0.12 Hz
RGALN 5
a
o™
-
i :
. —
) o
&N
o
3
™
| —
|
—J ] k —1_— —_
PEM
T T T T T I T T T T I— T T T T T T T
10.0 7.5 . 5.0 2.5
[l | : |
A | |
MO MW M o o~ (=3
~MeVn~T ] - ~
NN ND©M~~ ~ @ o~
freNowEw - - -
3-Benzyl-7-methyl-3,4-dihydro-2 Frbenzolel[1,3]oxazine (12) )
E:\ChemComm\Chem.Comm\Maanich reaction\m-cresol\m-cresol-lHanal.als
DFILE E:\ChemComm\Chem.Comn\Maa
COMNT
DATIM Tue Jan 11 08:53:46 2005
OBNUC 1H
EXMOD NON
OBERQ 270.05 MHz
OBSET 112.00 KHz
OBFIN 5800.0 Hz
.| BOINT B192
FREQU 5405.4 Hz
- SCANS 8
o ACQTM 1.516 sec
™ PD 5.484 sec
T PW1l 4.9 us
IRNUC 1H
CTEMP 15.9 ¢
SLVNT CDCL3
EXREF 0.00 ppm
. BF 0.12 Hz
RGAIN 11
{
|
r_J'
,J
8
N
-
by
-
—
=S
-
s ] 8 S
K S J s s
° > B W | U S
PPM
T ] T T T T T I T T T T T I T T T
10 4 2 0
!I/IJ i /ll ll\ [
S “\ //
- 4 "~ -
iy NI [
TNMNMT OO D™ W~ ™ o= N o v O
VTN ACDMO W - -~ QoW @ ~
MO MNMNOODrMr~ W @ © O\ @ N O
P N A A AV R AR RN - memm oo




O DELIZYL )% ULLYULU LUd UGLELULEILL, DIVARLLIC { CALUULY UL AU GLLLY L SSLEL \ LS

E:\Chém&omm\Chem.Comm\Maanich reaction\ethyl :estar\ethyl esterZanal.als

DFILE E:\ChemComm\Chem.Comm\Maa

COMNT

DATIM Thu Feb 03 17:58:08 2005
OBNUC 1H
EXMOD NON
OBEFRQ 270.05 MHz
OBSET 112.00 KHz
OBEFLN 5800.0 Hz
POINT 8192
FREQU 5402.4 Hz
SCANS 8
ACQTM 1.516 sec
PD 5.484 sec
PW1l 4.9 us
IRNUC 1H
CTEMP 18.0 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 10

—

™~

w

-

4.14

569

N Zo00
Y Z.07

m
4 o
J L
o, - ] UL}JI . | —j l‘_,ft T
BPM
T T T T T T T I T T T T T T T I T T T I T
6 4 2 0
///ﬂ -l | //ﬁk lk )Qk\ |
N 7
1IN KON (Y |
OOV @WY =N N oMW @ DN
VN O MmO~ ~OOUMOIr~wK o Al el
VTN MM N O oMM MMmaom o MO MON©
A ] Tww T M@ N Heemao
3-Benzyl-7-methoxy-3,4-dihydro-2 Frbenzoldl[1, Sloxazine (13a)
E:\ChemComm\Chem.Comm\Maanich reaction\m-ome\M-ome-2005-2-1.als
DFILE E:\ChemComm\Chem.Comm\Maa
COMNT
DATIM Tue Feb 01 18:28:54 2005
OBNUC 1H
EXMOD NON
OBFRQ 399.65 MHzZ
OBSET 124.00 KHz
OBEFIN 10500.0 Hz
POINT 32768
FREQU 7993.6 Hz
SCANS 8
ACQTM 4.099 sec
™ PD 2.901 sec
- PW1 5.8 us
= IRNUC 1H

/" ’ CTEMP 18.0 ¢

SLVNT CDCL3

EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 17
wy
(-]
w
-

| 2.00

.14

U N e -?

PEM
Illll!lllllllllllllHIIIHIIIIIIlIlIllllIiI|lIlI!IIlIlIII(lIIIIIIlH‘IIllIH||IIIllfllllllIIIllI\Illlll!ll

4 3 2 1 0
| [ I [ | [}
%7/’?/(\\ A1 N |
vhcal\;\l-—-ﬂmom\na\ ™~ I R e (=] o WY~ o
TMOHOMDMNO @ v NO OV - ~nm (=]
NHNNNDNW'W“J\VMM o - O~ =1 oo™ (=]
ﬁhl\l\hm\b\ﬂ@d\ﬂ\ﬂu - 'ﬂ'"l";l"; o - -
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3-Benzyl-7-bromo-3,4-dihydro-2 Hbenzolel[1, 8loxazine (15b)
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5-Bromo-2-(dimethylaminomethyl)phenol (16a, R =By, R* = Me)
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DFILE
COMNT
DATIM
oBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCaNS
ACQTM
2D
PWL
IRNUC
CTEMP
SLVUNT
EXREF
BE
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBEFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLUNT
EXREF

RGAIN

E:\ChemComm\Chem.Comm\all
allyl aryl eter
Tue Sep 07 20:59:34 2004
1H
NON

270.05 MHz

112.00 KHz

5800.0 Hz

8192

5402.4
8
1.516
5.484

Hz

sec
sec

4.9 us
1H
. 22.7 ¢
CDCL3
0.00 ppm
0.12 Hz
12

E:\ChemComm\Chem.Comm\Cla

Fri Sep 03 11:44:33 2004
1H
NON

270.05
112.00
5800.0
8192
5402.4
8
1.516
5.484

MHz
KHz
Hz

Hz

sec
sec

4.9 us
1H
22.8 ¢
CDCL3
0.00 ppm
0.12 Hz
15




47 DELAYLY LSLUUAY 0,0 WLUSLY UI™L, 4 {,0° LELIWLY ULU™ 0L, O Il 4™ a4 " Y"0Xa" cycmpentalajnapntnalene J-one (25)

E: \ChemComm\Chem Comm\d).mal:hylisomdolinone\dimethleON FT.als
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DFILE
COMNT
DATIM
0oBNUC
EXMOD

OBFRQ .

OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

E:\ChemComm\Chem.Comm\dimet}

Sat Dec 10 13:04:37 2005

1H

NON
399.65
124.00
10500.0
32768
7993.6
8

4.099
2.901
5.8

MHZ
KHz
Hz
Hz

sec
sec

ppm.

.Kz

2-Benzyl-7-hydroxy-5-methoxy-8,8-dimethyl-1,2,7, 8-tetraliydro*6H-2-aza-9-oxa cyclopentalalnaphthalen-3-one (31)

D3 \ChemComm\Chem.Conm\ch
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o
z
2
&
-
\

—m 2.7703
= 750y

— 2,725
—— 2,717

TIIIIlIIllIlI‘IIlI
2.8

PEM

 o—]

40—
4.7308 —

1084 ———

4
3

8552 —J__

3280 -~
L2601 ———f—

1.2039 —

1.
1

0.0000
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Mon Dec 12 20:54:59 2005

1H
NON

399.65
124.00
-10500.0
32768
7993.6
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4.098
2.901
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sec

sec
us

1H
7ec
CDCL3
0.00 ppm
0.10 Hz
15




Carbonic acid 1,5-dimethyl-1-vinyl-hex-4-enyl ester isobutyl ester 32

\\rtman\Mthf%'foulllq.duI—puj \ca-—bone—to\LmaJ.yusonut:u.\zuua 2=LSTEYals™ o

DFILE \\Ftnmr2\MOFfhf%fCSfuli%alf—pl:
COMNT
DATIM Tue Feb 15 20:02:25 2005
OBNUC 1H
EXMOD NON
OBFRQ 270,05 MHz
OBSET 112.00 KHz
OBFIN 5800.0 Hz
POINT 8192
< FREQU 5402.4 Hz
= SCANS 8
g ACQTM 1.516 sec
PD 5.484 sec
PW1 4.9 us
IRNUC 1H
CTEMP 15.6 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 9
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Carbonic acid isobutyl ester 1-methyl-1-(3-0xo-propy)-allyl ester (34)
E \ca~-bone- to\arudehldol als.:
DFILE iE:\ca—bone
~d %‘3‘33@3333333?338532;3g?ﬁ'%ﬁ?32§5’(28 DATIM { Wed May 11
NN B R RUE=R R w NN OOV Oy e a
LO0E QAR e9 a BB BN BB T TN NN NNNNNNN AT e o 6o OBNUC\lﬂ Y
N'ozw'ﬁ PRI K B M W \k}%&nwz//%% EXMOD NON
\ OBFRQ 399.6
SETOSNYSSNE : oBSET 124.0
OBFIN 10500.
POINT 3276
FREQU 7993.
. SCANS .
ACQTM 4.09
PD 2.90:
PW1 5.1
‘IRNUC 1H
i CTEMP 24.."
SLVNT CDCL3
) EXREF 0.01
‘BF 0.1:
RGAIN 1:
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Carbomc_ acid isobutyl ester 1 (3 meLhoxy propyl) 1 methyl- allyl ester 36
\\Acd\E:\ca'bone to\alcohol MOM\’OOS 6~ 25 als

DEILE \\Acd\E\ca-bone-to\alco

COMNT
DATIM Sat Jun 25 17:09:20 200
OBNUC 1H
EXMOD MON .
OBERQ 270.05 MHz
OBSET 112.00 KHz
OBEINM ' 5800.0 Hz
POINT 8192
FREQU 5402.4 Hz
SCANS . 8
ACQTM 1.516 sec
PD 5.484 sec
PWl . 4.9 us
e LH

= . CTEMP 23.0 ¢

. SLVNT CDCL3
EXREF 0.00 ppm
BE 0.12 Hz
RGAIN 13
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Z\0" MIELDOXY e tNoXY 3 " Iety Nl DeX Z 81y U 4" ety L pueivl 5o
= DFILE E:\ca-bone-to\7-MOM-

COMNT
DATIM Thu Jun 30 18:11:33
OBNUC 1H
EXMOD  NON
OBEFRQ 270.05 MHz
OBSET 112.00 KHz
OBFIN 5$B800.0 Hz
POINT - 8192
FREQU 5402.4 Hz:
SCANS 2
ACQTM 1.516 sec
BD 5.484 sec
PWL 4.9 us
IRNUC 1H
CTEMP 23.4 ¢
SLUNT CDCL3
. EXREF 0.00 ppm
~ ) BF 0.12 Hz
] RGAIN 13
©w . S
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l} Acetic acid 2-(8-methoxypropy))-2,6-dimethyl-chroman-3-yl ester: 40 o

E:\ca-bone~-to\Chroman\Chroman~OAc~39_FT.als

DFILE E:\ca-bone-to\Chroman\Chroman-(
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R33N gggﬂ;ﬁzﬁgﬂg‘éhiﬁéﬁﬂggﬁgﬁﬁg g DATIM Fri Jul 15 17:20:00. 2005
~eewwe B R T L L e R o OBNUC 1H
WP WSS ST
ﬁ OBFRQ 270.05 MHz
[ I . OBSET 112.00 KHz
OBFIN 5800.0 Hz
POINT 8192
| FREQU 5405.4 Hz
! o SCANS 2
: +{ ACQTM 1.516 sec

BD 5.484 sec

N o~
o

PW1 4.9 us

’ IRNOC 1H
CTEMP 39.9 ¢
: i SLVNT CDCL3
’ EXREF 0.00 ppm
! . . BE 0.22 Hz
' - : RGAIN 19
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9- Beuzyl 6-methoxy-4-[1-(8- methoxymethoxy'propy]) 1-metyhl- allylnxy] 2,3-dihydro-isoindol-1-one 41

B R e C AR .y V-

22.87

=

N J.96

<"3.50

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1

IRNUC
CTEMP
SLUNT
EXREF
BF .

RGAIN

frunumTStueL \euvo=s=ua—e_c [.als
\\ Ftnmr2\MOfhf% fCfulikoif—pl:
Wed Sep 14 13:17:41 2005
1H

NON
270.05
112.00
5800.0
8192
5405.4
8
1.516
5.484
4.9
1H
24.6
CDCL3
0.00

MHz
KHz
Hz
Hz
sec
sec
us
c

ppm

0.12 Hz
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|
771 2-Benzyl-4-hydroxy-6-methoxy-5-(6-methoxymethoxy-3-methyl-hex-2-enyl)-2,3-dihydro-isoindol-1-one; 42

\\Ftnmr2\MOfhf% fCfuli k3II—plj \ca~bone~to\7-MOM-Claisen\Isoindolinone\claisen\2005-11-2-claiseh~70MOM_FT-KORE!! Multiview.als
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DFILE
COMNT
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OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™M
PD

PWl

IRNUC
CTEMP
SLVNT
EXREF
BF -
RGAIN

\\ Ftnmr2\MOfhf%fCfulli%alf—pl:

Wed Nov 02 17:32:50 2005

1H
NON
399.65
124.00
10500.0
32768
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8
4.098
2.901
5.8
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24.7
CDCL3
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0.10
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4 ("Denzyl'z-\1"nyaroxy-g-methoxymethoxy-1-methyl-propyl)-4- methox
v-2,3 7 8- tetrah dro 1 oxa 7 .
- B: ’&:a -bona-~ to\7-MOM-Claisen\IsoindolLuona\claisen\2005-11 1<el ,Ls SMOHM: ET y aza lndacen 6 One 43

DEILE E:\ca«bone-tc\7~ﬂ0t{-clais
- o . . . - | DATIH ' Tue Nov 01 13:07:51 2005
; L v A OBNUC, 1H -
. . . Co - | EXMOD” uon ) o

- o Ll .270.05 MAZz -
i - . - : A "112.00 KHz" r
5800.0 Hz
8182 . -
° 5405.4 Hz
« 8
o 1.516 sec
R 5.484 sec
+ r-/ 4.9 us
- IRNUC 1H
- CTEMP . 23.1 ¢
2 SLVNT CDCL3
H . . EXREF 0.00 ppm
- . | BF 0.12 Hz
RGAIN 17
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7 Benzyl-2 (1 3- d1hydroxy-1 methyl‘prpyl) 4'methoxy-2 3,7,8* tetrahydro 1- oxa'7 aza-as-mdacen-G one 44

C:\WINNMRIB\TEMPDATA\AutolNON E1 _ET.als

DFILE C:\WINNMROB\TEMPDATA\AutolNOK
COMNT
DATIM Tue Nov 22 22:30:31 2005
OBNUC 1H
EXMOD NON
OBFRQ - 270.05 MHz
OBSET 112,00 xHz
OBFIN 5800.0 Hz
POINT 8192
EREQU 5405.4 Hz
SCANS 8
a ACQTM 1.516 sec
™ eD 5.484 sec
PW1 ° 4.9 us
M IRNOC 1H .
) CTEMP 39.7 ¢
| SLVNT CDCL3
EXREF 0.00 ppm
BE 0.12 Hz
RGAIN 19
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C:\WINNMROB\COMMON\_DEFAULT.ALS | HMQC of 44

’ DFILE C:\WINNMR98\COMMON\_DEFAULT.ALS
COMNT
jk ) DATIM Tue Nov 22 07:29:40 2005
‘ H | EXMOD VEGHMQC
OBNUC 1H
T T T T T T T T T

ppM OBERQ 399.65 MHz
T T T 1 T - OBSET 124.00 KHz
o5 50 >S5 OBFIN 10500.0 Hz
POINT 512
L : FREQU 7993.6 Hz
: o) CLENT 256
O s TODAT 128
- A€ s CLFRQ 16129.0 Hz
SCANS 32
o ACQTM 0.064 sec
. PD 1.200 sec
PW1 11.5 us
g ) & PW2 23.0 us
£ 1B ¢ PW3 12.1 us
; p PIL 50.000 ms
B pI2 0.031 ms
PI3 3.45 ms
2 IRNUC 13C
: CTEMP 30.2 ¢
SLVNT CDCL3
EXREF 0.00 ppm
CLEXR 77.00 ppm
RGAIN 35
@
LB 4]
—
)

c:\WINNMROS\TEMPDATA\Auto2DERT_135_El_Fr.als © DEPT of 44
tedt1000 } )

DEILE C:\WINNMRIS\TEMPDATA\Auto2DEE
COMNT tedt1000
DATIM Mon Nov 14 04:49:19 2005

OBNUC 13C

EXMOD DEPRT
OBERQ 67.80 MHz
OBSET 135.00 KHz
OBFIN 5200.0 Hz
POINT 16384
FREQU 18348.6 Hz
SCANS 4000
ACQTM 0.893 sec
PD 1.211 sec

: o : [ IRNUC 1H
CTEMP "39.8 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BE 1.20 Hz
RGAIN 28




C:\WINNMROB\TEMPDATA\Auto2VCOSYNH_E1 FT.als 'H-'HCOSY of44

A,

I

PPM

DFILE
COMNT
DATIM
EXMOD
OBNUC
OBFRQ
OBSET
OBFIN
POINT
FREQU
CLPNT
TODAT
CLFRQ
SCANS
ACQTM
PD

PW1l

PW2

PW3

PIl

PI2

PI3 -
IRNUC
CTEMP
SLVNT

.EXREF

CLEXR
RGAIN

. OBATN

LOOP1

C: \WINNMRIS\TEMPDATA\Auto:

Tue Nov 22 23:00:23 2005

VCOSYNH

1H

1H

CDCL3

270.05
117.50
40.7
512
2876.8
256
256
2881.8

4
0.178
1.500

9.8
9.8
10.0
0.185
0.347
1.00

39.7

0.00
0.00
19
511
1000

MHz
KHz
Hz

Hz

Hz

sec
sec
us
us
us
ms
ms
ms

ppm
ppm




