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SYNTHRSIS OF ARNEBINOL, AN ANSA-TYPE PRENYLATED PHENOL

WITHE EFPPECTS INHIBITORY TO PROSTAGLANDIN BIOSYNTHESIS
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ADBtract -~Aradino., o New ansa~type prenylatad phono., was aynthesiead in 312 atepe from
guraniol and prbanzoquinone :n Sl ¥ overall yield.

Ir 198} Sankawa and his co-workers reported the isciation of arrebinol la from the root of

Arnebia euchroma (Royle: Johnst, {Japanese name: &a:x~shxko:~.).1 118 unmique ansa-type structure la

as revealed by the X-ray analysis Logether with 118 broactivity as an anhibitor of prostaglandin

1

prosynthesis’' prompted us to synthesize 1t :n an amount sufficient for 1ts further biological

evaluation., Herewn we describe a detasled account of our synthems.2

As shown in Fig 1, our retrosycthetic analysis of arnebirnol was strawghtforward. We could
visuaiize an antermediate A by dasconrecting the bond a of la. As the precursors ieading to A, we
selected B and € by dasconnect:ng the bond b of A, These two building blocks were Lo be coupled
oy the methoxd of Maruyama and Naruta.3 Geraniol D was chosen as the starting material foxr B, The
final macrocyciization reaction (A<la) was the crucial one and most of our efforts were devoled to
1t The overull yield of la as achieved by the present improved route was %.1 % from geranio: and

about 9 Limes higher than that reported in ouy preiiminary communication’
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Fig.l. Retrogynthetic analysis of arnebinol.

*m:m Fellow on leaws fram T, Hamegaws Co,, Ltd. (1982<1985).
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Geranmioir D was converted to 2 {(Fi1g 2) in 49 % yareld by our mcthod." Silylation of 2 with t-
BuMe,SaCl an the presence of EL N and 4-NN-dimethylaminopyridane (oMAP)” gave an acetoxy saiiyl
ather 3a 16 94 % yield, which was hydrolyzed with chog 10 ag MeOH to give g diol monos:lyl ether
3b 1n 98 8 yaeld, Treatrment of 3b waith MsClL and LaCl in g-colhdme-omfb yielded a chloride 4 in
9o & yield, Stannylation of 4 waith (::-Bu)3s.'s!,;.] furnished arr allylstannane 5 (*B) in 9! % yie¢ld.
Reductave preayiation of p-benzoguirone with 2 eq of $ in the presence of BF - £t20 0 C:H?Clz3 gave
a prenylated hydroguisnorne 6a 1n 91 % yield (45,5 & nased on 5),  The use 0f 2 eq of 5 was
assential an regizzang the efticient conversion of 5 and p-benzoquinoe 1o Ba. When 115 g of 5
was used, the yield of 6a dropped to 40.2 ¢ (34,6 v based o 5. Removai of the silyl protective
group of 6a was effected with ag HF an !«,»CNe to give 6b 1 97 % yield, Treatment of 6b with Ph_,?
and CC‘.4 yielded 7a 1n quantitatave y.eld,

|
HOMNC —->+slso\)i\/\)voa —> —{-S:{OM/\X —>

X =Sn(n-Bu),
! 1 P
= 3 s R S +
OR; OR; °
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6a Ry=Rp=H, R3..Sx+- 7a Ry=RjaH 1a R=H

b Ri=Ry=RyzH | b Ry=R,=THP b R=THP 8a R=H
¢ Ry=Rp=Ac, RyaSi4- ¢ Ry=THP, RyaH ¢ RzAc b R=Ac
d Ry=Rp=Ac, Ryt d Ry =H, RpaTHP
e R; :Rz sAC
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Fig.2. Synthesis of arnebinol and isoarnebinol.

With the desired xey-intermediate 78 10 hand, we attempted the cyclization of 7a ¢r ats
derivatives under varicus conditions. Firstly, direct cyciization of 7a with K,CCy an acetore-DMF
was found to give arnebino. 1a in 1l v yield together with a regiolsoreris cyclization product Ba
named 1scarnebinol (13 % yield), 7o .mprove the yield, many xinds of combinations of s base and
solvents were examined, With ag NaOH as the base, use of DMFP, DMF-ether or DM “6 & 9% the
so.vents resulted in the formation ¢f resinous materials, When agy OMF was used as the solvent, ca
208 yielid of o maxture of 1a and Ba was obtained. The use of aa:omz 1n acetone generated only
isoarnebino! 8a besides polymerico materials, X,COy in acetone or ag acetone produced a mixture of
la and 8a 10 315-40 % yreld only 1 the reaction was carried out an a micro-sca.t. The reaction
was not aiways reproducitle under o large-scale condition. When X5C0, was used in Celg 102 the
pregsence of cither 18-¢crown-6 or (n- Cet) (N m»"", the products were 1soarnebinol 8a and less polar
unidentifed material, and no arnebinol la was ohtained, These unpromising results forced us to
oxamine the gecond approach, Treatment of 7a with 12 eq ot dihydropyran in CP€2CI2 1 the presence
of p T80 yielded Th (12 8 yaeld:, Tc {19 %), 7d (20 %) and the recovered Ta 147 %) after chroma=~
tographic purificetaon, The mono THP ether 7d was treated with ag NaOH 1n DMF Lo gave arrebinol
THP ether lb, Removal of the THP group of 1b with p-T80-CeH NR (PPTS) 1o MeOH yielded arneb:inol
1a 11 4B % yield trom 74, Although the yield of the cyciization (7d41b) was fair, thas approach
had 2o be abandoned due 1o the low yield of 7d from 7a and alse o the instability of 7d.  Indeed
even an the course of 1ts chromatographac purificat:on over 5102. T7d deteriorated 10 give a
mixture of 7a, 7b, 7c¢ and Td, Attempts to prepare 8 monoacetate (7d, Ac ainstead of THP) were not

successful, either,
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Since the cyclization of the mono THP ether M proceeded 1 ar acceptable yireld, we suspected
that the presence of the two tree phenolic CH groups i1n 7a might have beern the origin of the poor
yield observed 1t cyclizing 7a. For this reason we deCided to employ the diacetate 7e ag the
substrate for cyclizatson, Treatment of 7e with a base would first lead to the preferential
nydrolys:s of the less hindered OAc group and ithe resulting phenvlate anion would then pariicipate
i the cyclization reaction to give aranebinol acetate le.  The regquired substrate Te was obtained
by avetylation of 78 wath "Czc'cs“s" e 83 0% yield from 6b. An alternative route to 7e was also
explored starting from 68, Thus acriylation of 6s with ;\<72i) C,:ss,)N%)M.\P gave 60, which was desily:
Tatexd with oag AcURE-THE to &d. Treatment of 64 with N-chloresuaminimide (NUSS and xe32$ wn CSizc:zls
gave e, However, the overall yield ot Fe from 6a via this roule was only 22 % The coyclization
af Te was Siest *ricd with ag KaOK 1o DMF,  To our disapporntrent, 1soarnebinol Ba was the only
dentsfaed product with a large arount of umidentified and jess polar materials.  The second and
succenstul *rial Lo achieve the cyclization was L0 treat 7o wath KZCOR it acetore,  Hydrolysis of
*he crude proaduct yirelded arnedino. la (12«21 % yield) and isparnebinol 8a {(1i~32 % yield),
Untortunaely arnebinol 18 was the minor product, The reaction condition was therefore further
wodified to vstablish a more sucosssiul provedure employing the following one "pol provess, A
dilute soln (0,0 % w/v) of 7@ .5 DMF was treated with an excens of 0,4 N KZC(); aq tor ) day at
roum temp to give o maxture ¢f le and 8a as the rator products,  The very minor products were 1a
and Bb, ®Withoul isolaling tne products, the resct:on mixlure contmaning la, 1o, 8a, 8b and x.‘,(:&;
was diluted with MeCE, This caused the removal of the Ac groups of 1o and 8b to qive a4 mixture ot
1a and 8a, These *wo were separadie by ‘Ssz chromatography, Arnebinol la, mop. 161.5~163,.0°
(:n.‘ mop. 102,.%164,0%), was obtained as the major product an 35 % yield from Te. Its 400 Mz
Viepun spectrum was rompletely tdentizal with the authentic gspeclrum Kandly provided by Prot, U,
SanXawa, The unwanled reglorsomer Ba 1soarzebinoel) was oblained as o manoes product in 235 %
yreld from 7a, The overall yieod of arnetinol 18 was 10,3 % 31n 9 steps fror 2 or 5.10% an 32
ateps from geraniv. D,

In osumNary, our time consuming etficrt to amprove the efficiency of the gycliizatson resaited
1In the prefaration of la h oan amoun! suflicient for ity lurther Liclogical evaluation an Prof,

Bankawa's laboratory,

BXPERIMENTAL

ALl Dps arxd mps were aorrectod, IR Apecira were measured as fiies for ok or as X8r s for solidx on s Jasco
TRA=IO2 specirometr, NME spectrs were recorded ar 60 MHz with TMS o an internal standard on a Kitachy R-24A
AP T TOT unlens DUHeTWINe Blated

2pe-mathyl -2, 6-octatione-1,8-diol 1t tatyldimthylsilyl other B-acetate 3w A soln of 2 {212 g, G moll :n dry ()¥2€:
{35 mi) wan addml dropwiee o & stivred and Loe-conist aoln of z-eumszswi G353 g, O moll, nyﬁ 1% w1, Q16 mol) and
DMAY (488 mq, 4 =mol) an dry 012C12 1120 1) under Ar. THe aixturs was at:rred at room tamp for 1 day., it was then
diiated wath CH L, (150 m1), washod with sat NH,Cl #0ln, water and beine, dried (Ko ,50,) and contentyated in vacuo, The
skl crude o1l {450 Q) was chrometographed over Szoz {Merck, Art 7714, 200 g). Flutice with a-hexane and n-hexans:
#thoer 1L00LY gawe 162 g of 38 (342 & paned or the conmaned 21 100 § of T was recovvered by further elutionl, A portion
of 38 way higtilled Yo Give an analytical sample of 3a&, np 1INIEYA3 mey y 14587 vamax 1740 (r3, 12X i3), }06S
(%), BIG Iu) om % 6$C3Cl}) 0.0% (6Y, w1, 090 198, u), LY9 O3, bBroaed, 162 (3H, browd, 2,03 {34, u}, .09 34, br.a),
3.99 [2H, brual, 456 (2H, <, JuT Hz), 536 (2, br.t, Je7 Hzi. (Pound: ¢, 66.10; H, 10.70. Cale for CrgtyelyS O
66,215 ¥, IAS) M. I another run 855 G of 2 qave 34,3 g (Blé 8 haned o the conuumad 2 145 g of 2 was recoversd) of
I,

26 Dipethyl -2 bxtadiene- L, 8-diol 1-t -tutyldimothylstlyl ether 3 A soln of Ky(Dy LB g, Q) wol) in water (2C nl)
wak adled to g alirred moln of 38 {152 ¢ 466 mmol) 1n MeOH (100 mll  After stirring for 1| h at rooe teap, the mixture
wak COncantrated inovanuo 1o remove KeCH,  The resadue wao partitionsd betweens #ther and brine. The sthar noin was dried
(Na,SC, and concentrated an vacuo, The residue was dietilled to give 129 g 1947 A of Ib sk & alightly paie

yellow o1l g JI9MI24YY 025 mmy ngolM"l; Vmax 33X (bra), 1660 {w), 1250 (=), 110% (m), 1060 (n), 1000 im},
830 (n), 770 (M) :'P”ir Stencs 3) 006 teH, 3), 0,90 (9H, a), 1.57 (M, br.s), 1.65 (3H, br.x), 170 (14, br, OH), 2.06
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(4H, br.s), 3.95 (2H, br.s), 4.06 (2H, d, J=7 Hz), 5.05 (2H, br.t, J= 7 #z)., (Pound: C, 67.20; H, 11,50, Calc tor
CXG“BZO 1 €, 67,55 H, 1134w,

8-Chloro-2,6-dizethyl -2,6-octadien-1-0l t-butyldimethylsilyl ethor & A soln of dry LiCi (5] g, Gl12 mol) in dry OMP (150
ml) was addedd dropwise to A stirred mixture of b (284 g, Q1 mol) and z-collidire (145 g, (12 mol) under Ar, 7o the
stirred and occoled (ice-msit} mixture was added MeCl (137 g, Q12 mol} av 0. Alfter the adiition, the stirring was
contirued tor 3 h at 0%, The mixture was poursd into ice-water and the org layer was separsted,  The aq layer was
extracted with cther-n-pentane (1:1), The combined org layer was washed with a:mo,)z soln ardd water, dried (Nazw‘) and
concentrated in vacuo at 20° to qive 290 g (959 0) of 4, Vmax 1250 (m), 1065 (=), 835 (s), 770 (m} cr.-ln 6(0:;‘) a03
(6H, s}, 0.90 (9, ), 1.58 (3K, br.e¢), 172 (3K, &), 2.10 (4H, br), 3.92 (24, &), 4,00 (2H, d, J=8 Hz), 5.30 {1H, t, Jué
Hel, 5.42 {1H, T, J= 8 Hz), "h:s war erployed 1n the noxt step without furthor purif:ication,

8-Tri-n-butylstannyl ~2,6~dimethyl-2,6octadien-iol t-butyldimethylsilyl ether 5. A woin of Lm(;-?r)z wag preparcd by the
dropwise addition of a soln of n-BuLiy in n-haxane (15 M, 120 rl, 180 mmol) over 10 min %0 a stirred and cooied {1ce-malt)
soln of i:-Pr)zlﬂ (275 =1, 196 amol) 1n dry THP (360 =) at $~C* undor Ar. After stirring for 25 min at —6~0%, (n-
&J)3&9§ (44 w1=426 g, 164 =mol) wan added dropwise over 2C run,  The stirring was continued for X min and then he
cooling-bath was changod Lo o dry ice-acetony bath. A soln of 4 (500 g, 165 emol) in dry THF (100 m)) was added dropwise
over 40 min to the stirred and cooled mixture at -68=-65°, The starring was contimmd for 1 h at -68%-65° Then tho teap
wos allowad to rise to 0° over 20 min, THhe rixture was dilutod with n-hexane (1 1. The hoxane moln was washed with
water {1 1 x 2}, dried mqs)‘) ad concertrated 1n vacuo to Give 1030 g of a crude oil.  This was chromatographed over
5:02 (500 g} mixed with fincly powdered dry K2®3 (1% gls  Elutaon with s-hoxane gawe 8L3 g (905 %} lo( S, Vpax 2960 (a),
2950 ia), 2880 (v), 1660 Iw), 1465 (a1, 1255 (83, 1115 (), 107C {vs), 86D (8}, B4D {va), 775 (s} ca 'y 6(CC1‘) 6,03 (64,
8), 089 (94, 8), 0,80~1,90 (29H, m), 1.56 (6H, #), 2.00 (4K, dDr.s), 192 {2H, br.s), 5.28 (2H, ¢, J»8 Hz), Thig was
enployed :n the next gtep without further purification.

8-(2%,5'-Dihycroxyphenyl)-2,6~dimuthyl -2,6~octadien-1-0l t-butyldimothyisilyl cther 6a. A soln of p-benzoquincow (54 5g,
05 mmol) and arB-mzo {71 =g, 61,5 W, 05 arol) in dry G€2C12 (10 m1) was stirred for 30 =un at room tomp under Ar,
Thia was Uwm cooled with a dry iow-acotone bath., To the stirred arxd <ooled 8oln was added 4 woln of $ {575 mg, 10 mmol)
:n dry Gi,Cl, (2 m1) ot =70°%  The stirring was continued at ~70° for X0 min and Uwn the teap was allowed to rise o rooe
tenp Oover 1 h, After stirrang for 1 h, the reaction was quunchad with 2 N HCl. The raxture was extractad with ether, The
other soln was washed witl water, dried o 50,) and concentrated 1n vacuo,  The residual orange syrup (573 mg) was
chromatographed over S:oz {Moerck Art 3385, 6C gl Elution with Gcll (200 =1) and ox:xz-mm {19:1, 500 »l1) gave 171 mg
(9:,0 %) of 64, Vmax 3400 (), 1515 (m), 2460 (8), 1260 ;a), 1200 (), 1075 (x), 840 (s), 780 !m) ca ) S:cocy ‘) 0,09
(6H, ), 0,92 (9H, ), 1.5% (34, br.a), 1.63 (IH, br.g), 2,12 {84, m), 3,22 (2#, 4, J=8 Hzl, 403 (2H, br.sl, 5.10~5.55
(34, », 10M), 6.26 (1H, br.e, OB), 6,60 (34, wls MS {m/z): 376 1M7), 319 I8"-t-Bu), 244 (M"-t-BuMe,Si0H}, 229 (M -2
Bul-krzSial-No). (Pourwd: C, 69,56 H, 3,74, Calc for C22H36038‘.: C, M16; H, 964 8. In another run 650 g (KO wmol} of
Proonzogquinone and .1 ml (394 mrol) of BP3-R.‘,C in dry 012612 {1200 =1} was treated =itk s soln of 390 g 699 maol) of
5 in dry cizc:; {150 1} to give 310 g (402 & based on p-twnzogiinore and 346 & based on S) of 6a.  In thas case G52 ¢
of 6b wag almo obtained as a by-produce,

8-{2%,5'-Dihydroxyphenyi)-2,6~dimethyl -2,6~octadien-1-cl 6 15 8 HF aq (1.5 ml) was added to 2 ustirred soln of 6a {249
9y 661 mmoll in MeCN (50 mi), After atirring for X rmin at roos terd, the 2uxture wags poursd into water (100 =i} and
extracted with ether. The ether soln was washad with trine, dried (8gSO,) and concentrated in vacuo 0o give 266 g of &
crude oi1l. This was chromatographed over 8102 (30 g)o Elution with n-hexane-EXOAC (3:1) gave 168 g (968 8) of 6b, \Jt_\l;x
3135C (br.s), 2940 (s}, 170% (w), 1650 (w), 1610 (w), 1505 (m), 145C !s), 1380 (m), 1195 (3), 1000 (m), BOS (m) cr "3
6(CDC13) 1,62 (6H, 8}, 2.1C~2.30 (4K, r), 3.24 (2, d, =8 Hz), 403 (2K, %), 4,66 (IH, u, ICR!, %.00-5.60 (2H, m),

6,406,70 (3H, m), {(Pound: C, 72,70; H, 8,30, Caic for C;s"uos’ C, 73.251 H, 8.45 83,

8-(2%, 5 -Diacetoxyphwnyl)-2,6-direthy! -2 6-octadien-1-0l t-tulyld:rethylsilyl ether 6o, I~:20 QS ml, 53 amol) and CMAP
{1 mq) were added to a 80ln of 6& (17! ng, CASS mmol) in dry C5KSN {3 ml), and the mixture was stirred for 16 h at rooe
texp. It wac then poured into dil 0l and oxtracted with ether. The ether soln was washed with il Wi, water, O:.SC‘
oln, wator, NaHCO, msoln and brine, driend (M9SO,) and concentrated in vacuo, The rea:dunl pate ymilow syrup (172 =g) was
chromatographed over 8§10, (Mercx Art 7_7134. 2 gl). Elvtion waith n-punww-cclj (1:1+3:2) gave 120 mq (574 W) of 6c,
V max 1770 (x), 1205 (8), 1170 (8) cm 7y G(CDCEJ) 0.06 (6H, 8), 0.89 (9H, a), 1,56 (3H, &), 1.66 (I, br.s), 2.06 (4H,
®l, 2,24 (6M, s}, 318 (2H, d, J=8 Hz), 194 (24, ¢}, 4,60 (1H, r), 5,30 (14, r}, 690 (34, s} MS (wm/z)}: 460
' 403 (8 -e-m), 361 -1-Bu-GHLOON, 119 (47-r-Bu-201,000

26ecQcS1

§-{24, 5 -Diacetoxyphenyl }1-2,6-digethyl -2, 6-octadien-1-0, 64, A moln of 6C {438 =g crude, projd frow 448 mg (1,16 emol) of
6a) 1n m—ﬂzm (3:1:1, 10 wl) was stirred for 47 h at rood temp under Ar., The #0ln was pourad into Nau;f.)3 scln and
oxtractod with uther, The ethor soln was washed with beine, drind (Na.SO.) and (vmt.mt_a;l 10 varuo to give 214 »g (533 %
froe: 6a) of 64, Vrax 350 (br.aal), 1770 (8}, 162C (w), 1210 (s}, 113C (&), 1170 (s} e 7y K{Cirl’) 161 (6if, br.sy, 20%
(4K, &), 2,17 (6H, #), 3,12 (2H, d, J»7 Hz), 373 (2H, s), 4.30 (1H, br, OH), S.0%«5.60 (2H, x), 6.8% (3, a); MS (m/z):

346 (“.(20"2605)' 328 (n“«zo), X4 (N"Gizm). 286 ()(.-012(1)-9020). 27, 269, 268, 267, 262, 260, 246, 245, 244, 243,

8-(2% 5" -Orthydroxyphany 1 }-2,6-dimothyl -2, 6-octadieny! chloride Ta. Phop (296 g, 113 mmol) was addd to a soln of &b
(2,63 g, 10.0 mmol} 1n DMF (20 ml} and iy (70 =1), The mixture wse stirred and heated under reflux for I h, An
additional amount of Phjp (104 g, 197 rmol) was added o the rixture and the stirring and heating were continued for 3C
nin,  After cooling, the rixture was pournd into water and extracted wi.th CHCl,. The OKC1, soln was washad with water,
drsed mqso‘) art concantrated 10 vacuo.  The residue wau chromatographed over Sx(‘J2 (7 gh  Elution with CoHg "E1ON {1c:1)
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gave 2.81 g {quantitative) of 7a, Vmax JA0O (s}, 1705 {w), 1660 {w), 1605 (w), 1500 (m), 1445 (m), 1190 (s) cn'!x

6(CD(:§3) 1.66 (6H, 8), 2.04 (4H, br.s), 3.2]1 {2H, 4, J=8 Hz}, 3.94 (2H, 8}, 5.05~5,60 (2H, m}, 595 (2H, s, 208),
6.30-6.20 (3, w) Thas was unstable at room tesp and rewdily decomposed to give 1soarnabinol and some unidentified less
polar materiala. This was therefore caploved in the next step without further purificstion,

Preporation of Uw THE cthers Th, To ard M To a stirred soln of Ta (128 ng, 046 mmol} and pTedH (2 mg) 10 dry s JAPY
(40 m)) was addﬁd -louly a soin of dxhydmwrm (50 g, (.59 smol) an dry CHy Ch L, =1} at roce temp After 20 min X0 mg
(2,36 mmol) of dihydropyran way »ded to the mixturs, Subsequently 40 ran afuer the second addition ancther 200 mg portion
(2.3 wroll of dalydropyran was added, The maxture was stirred for 30 min aftar the third addtion. It waes then poured
Into sat Mms soln.  The org layer was separatad, draed (nqsog and concentratad in vacuo Lo remove the solvent and low
iy aapuritiss or:ginating from dihydropyran. The rasichoe was chrosmatographed over Sx02 {Merck Art 7734, 20 9l Elution
with Csas Gave 2% mng {12 %) of Th, 31 mqg (39 &) of e, 33 nmg {20 %) of T4 and 60 mg {47 W) Qf_ithe recovered 78, The
spectrel data of T v omax 1665 {m}, 1608 (w), 159C {w), 149% {(s8), 1200 @a}, 3035 (s}, 970 {a} om 6“}‘:16} 1,70 (6H, 8,
L0280 (164, o), L4000 (6H, £), 390 (2N, s}, SO0-RTI0 (4, n), &IOTI0 (M, ml The spedtral data of To: v max
3400 (=), 1€65 {w), 1610 !w}, 1500 (¥}, 1200 (s} cn'lx 6((.‘(.‘!‘) 1.30 2.8C (10K, =), 1.68 (68, %), 3,10~4.00 (4K, =), 188
(78, 8}, S00=56C (44, m), 6&S50«7.10 (W, ®), The spectral date of T Vmax 400 (m), 1665 (wi, 1600 (w), 1500 (s}, 1200
[E3 cr:_ls & {CCE‘) 167 (BH, al, L.I0=2.7C (104, 3}, 30C-4,00 (44, =), 388 {24, #), 5.00-5.60 {4, m}, 6.I0~020 (34, =)},
6,22 (14, br.s, O@),

8-12, $*-Dracot oxypbany11-2,6dimelhyl -2 b-octadieny. chlorade Ta,  (a)} Prom 6b: P\,b {998 mg, 80 mmol) was a¥ed 0 &
soln of 6B (412 ng, 157 mmoll in DMYF (¢ ml) at @, 1o 2il  The mixture was stirred and heoted uder reflux for 25 h
It was ther pourad Anto water and oxtrasted with oK ¥ The OICL, soln was washad with water, dried (»q&}‘i and roncen-
trated in vacuo, The residual Ta was dissolved in ether % rl) and csn,,a {385 sl To thus wan added a0 (108 g, 106
emol) and the poln wan atirred overnigh! at room temp, It was then poursd 17to water and extracted with ether, ‘The ether
3N was washix! with 2 K HCl andt Drine, dried (!«;s) }oand conewntrated in vacuo., The residue was chromatographed over 5:0
{1C g}, Elution wath cﬁ”s gave 475 ng (823 &) of Te, Vmax 177% ia;, 1210 {8) 1170 (8} ¢ )‘; 6(CDC13} 1,65 {34, ),
100 4, s., 207 (4, =3, 2,24 i6ﬂ, a), 317? (2}!. 4, Je7 Hz), 3,95 (M, t). 4,5045.60 (21, :l). 6,93 (34, ) MS imfz):
366, ¥4 M *Cmazs C1, 328 (M foucly, 324, 322 0 0&2m), 28%, 282, 280 x -—2042(::)). 244 (-1~ AH,001

) From 6d: Ku?S (B8 pi, 12 mmoil was added to a stirrad and ice-cooiad moln of NOS (147 mg, 1.0 mmol) in dry Q§2<_‘!2 {10
=1 at O under Ar. To the resulting mixture wam added alowly a wln of 63 (46 =g, L0 mrol) an dry Ol2(2‘12 S mln
The mixture was stirred for 1 b at O, ' was thon poured inlo water.  After mixing thoroughly, the org laver was
soparated and the aq layer woay extractead with ether, The combined org soln was washead with brine, dried mqso‘x and
concentzated tn ovacuo,  The residue wai chronstographrd over $10, (Merck Art 7734, 20 gL Elution with n-hexane-ONC),
17:3) gave 144 mg {716 ¥ Dased on the consumed 63) of Te, whose spoctral properties were dentical with thowe described
atxare,  The atariing 6d (155 mg) was recovered o the later fractions.

Arpebanol 18 and imoarrabanol Sa. {s) From Ve To a gtirred and heated soln of K:(XJ (196 g, 142 meol] an acetone {3000
|l)-DMF {150 :nl) waler (J0C nl) wau Xt dropwise owwr 1 h a soln of 7a (L85 g, 112 mmol) i acetone (5C rl) under
reflux. The color of the saxture changed from pale green 1o Gark brown, The mixture was stirred and heated under rof.ux
at 9 for 22 h it was then concentrated an vacua The residue was acidified with 2 B HCL (500 1) and axtracted with
other,  The o11ar soln was washed with water and brine, dried (MgSO,} and concentrated in vacuo, The residue (8.72 g! was
ohrorsatogragtad over S‘.O2 {Rerck Art 7734, 40 g)  Elution with € H -ether (111} gave a mixture of Ia and 8a. This was
rechronatograghmd  cver s;sz. Flurion with C6 e gave 362 mg (108 % of la and 423 mg 129 W) of Ba. zmr xynthvt 1
armelinol la showed the following propertivs: prisks from csu , mp 16L51630M it © 164516407 1at.S 1590-1600 ")
Vmax 3440 (¢, W0 tel, XXOC (w), 2990 (3), 293C (s), 2890 (ah), 2850 (s}, 1822 (w), 1658 iwl, 1602 (), 1505 (vs}, 1458
a3, 1440 (s, 1420 (83, 1390 (£), 1340 (r}, 1310 Im), 1270 im}, 1250 {a}, 1190 (vs), 1540 (s}, 1102 {(w), 1085 {(m), 1062
{w), 1040 {w), (020 iw}, 985 {8}, 970 (¥}, 935 i), DO (m), #90 {w), B60 Im), 84S (s}, 830 (=), 8OZ (a), 795 (a), 708 (w),
695 (u), 638 {mi, 607 (w), 75 [r), %40 (wl, D0 {w), 470 (), 450 (w} cmqr Amax 203 nm (logF wd6)) 400 MMz, C!XZI;)
24 (3H, 8, LSC 38, 8), 2,14 (IH, Brig), 2,34 (2H, t, J*7 Hzl, 2,49 (1#, brue), 307 {1H, bral, L3I0 (14, br.g, 4.3%
114, 61, 4.52 (28, brusd, 551 (34, v, Je7 #Hal, 567 {14, t, I=7 Hzl, 6.55 (1M, dod, J=3, 8.5 Hzl, 6,59 {1H, d, I=8.5 Hz),
A4 LH, 4, J=3 sz} KS {n/zh 2341463 ' 6xm02-2¢u«»¢). {Pourd: C, 7ROY H, 807, <CGale for €‘6F2OQ2 T, 765
He B25 %) The 40C MHx Is—wm apactrum of synthotis 1e was identical with that of the natural product,  Isoarnabine]l Be
showed the following properties: prisms from Csub-wmmm ™5 xm.s-xez.s‘nn.? nga 1630~1650 3 umax W00 (u),
030 {w), 299C (n), 293C in), 2900 (8}, 2850 (8), 8B40 (w), 1665 [w), 1615 fw], 158% (m], 1498 {vy), 1460 {8), 1435 (s},
1383 (m), 136C €wl, 1325 (s), 129C (w), 1265 (m), 1232 (va), 1192 (vs), 1165 (m), 1145 (rm), 1100 (m), 1075 (), 1030 (®),
9BC (w3, 940 (va), B20 (n), 910 (m), 880 (5), 858 (s}, BIC (w), BIS (), BOO (s}, 170 (r}, T6C {m), 738 (w}, 72C tw}, 670
w), 630 im), 603 Im}, 560 (nl, X (wl 502 (=} (w"i: Amax 2055 nr (log g =449 41400 NEg, CSIIla) 157 (3, =), L5Y
DI, ml. .19 [4H, mI, 319 124, O, Je6 Nz, 4.39 (2H, #h, 447 {18, 8}, 4,83 (1N, ¢, -6 Hz), S.08 (1K, t, I=8 Hz), 6,60
LiH, de J=3 Hz), 6,64 L1IH, dd, J=3, 8 Hz), 6.85 (1M, 4, J~8 Hz); NS ég/g) 34,1428 Ut .CSG”Z’GOP.Q“’}“)‘}‘ Found: €,
78,32 H, 8.9, Calc tor Cl& 20 3¢ Ce 72,65 H, 8,25 s

(i From 7d: Pour drops of % N NaOH aq were added to the stirred soln of M {12 nq, 0.033 mmol) 1o DMP {12 #1), The
mIxture wan stirred for 1 h at room tesp and then concentrated 1N VACUO o Femovw DMP, The redidue was partitioned bmtwer:
othor ardd water, The ether soln was dried (ugm‘) and concentrated 1n vacuo, q“"' rensdue (8 mq) was purified by prep TIC
T Give & mg {35 %) of 1b, ymax 16EC (w), 1610 (m), 150% (&), 120% (#) o= ". This was dissclved in NeCH (2 »l), PPTS
oGl wan added 1o the moln and the mixture was stirrsd for 2 days 8t room taap It was then {1itered through a small
anount (2 g) of s:02 and oopcertrated an vacuo, The remidue was purifsod by prep TIC to qave 4 mg (48 % from 1B} of 1a
whiich was :0entical in avery rospect with 1a preparsd by other methods,

i¢) Proe Te with x2m3 inoaq DMF: Q4 N x2co3 aq {60 m1} wae added dropwise over 1 h to o stirred and ioe-cooled soln of e
(428 mg, 1.20 mmol) in DMF (438 ol), After the addition, the cooling bath wss resoved, The stirring wvas contirued for 14
h In the reaction mixture there still remsined 7e upon TIC analysis. Therofore an additional amount (40 ml) of O4 N
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x2w3 a7 was addod to the mixturs snd Uw stirring was continued for 7 hount:l the disappesrance of Te To this msxturs
wos added MeCH (50 ml), The stirring was continuad for 18 h at room tmep  Then the mixture was concentretad in vacuo at
ca 40" to remove MACH, water ad DMP, The reaidue was mixed with N HCL (500 ml) and extractod with C‘,Ns. The Cb"(a soln
was washed with water, dried (MGSO) axd concentrated in vacua, The residue was chromatographed over §i0, (Marck, Art
7734, 15 gk Elution with CgHg wthor {100:1) gave 104 g 1355 &) of 1a ant 69 mg (245 8 of B A mixiure of la & Ba
(4 »q 14 %) wan alac cbtainad, Amebinol 1a and iscamebinol 88 propared o this way were identical in ewry respact
with thoee proparsd from 7a.  In anothor run amabinol scrtate 1c was :solated, A(CDC) J LI8 (H, »h, L48 (34, s}, 227
(34, 8), 2.20~2.,40 (4H, m), 3,06 (2H, 3, I8 Hz}, 4.56 (2H, ), S5.40~5.85 (24, m), 6.65~7.65 (34, m),

(d} Froe 7e with x2m3 10 acwtone: x;,coj (5 ) was &kiod o a soln of Te (169 kg, Q46 mrol} 1n scetone (200 ml) under Ar.
The maxture was stirred and heatad under reflux for 48 i, KaBr {1 g! was addax! %o the saiture and the SLAIFTING WAR
contirue! for 20 h under refiux. The mixture was concentrated in ya&uo,  The rosidue was acaditiod with dil HCl and
extracted with ather, The other soln was washead with hrine, dried and concentrated D ovacuo, The ressctaal okl (141 eqg)
wag purifiod by prep TIC, The loast polar fraction was a mixturs of 1o amd 8b (90 mg, 687 % yiaid or 769 & based on the
consumed Tel. Te (20 mg, 118 V) war recoversd in s small amount. The mixture of lc and 8b showad the following IR
spectrum: ymax 1773 (8}, 1660 (w), 162C {w], 1500 (s}, 1210 ta}), 1185 (8} cn-l. The mixture {90 mg, 0.31 nrol) was
dissolved i NeOH {4 mil  To thir was added ag sz3 (90 mg 1n 1 mi} and the mixture waz stirzet for 45 min al oon teon
It owas thean conoentrated i vacua,  The residos was amdified with dil HC1 and extractad with HCLy, The CHCL, #oln was
wanhed with watyr, dried m:zso‘) and concentrated 1n vacuo 1O Give A brown qum (54 mg).  This was chromatographad over
SiOz and tha more polar fraction (51 wg) was obtainod by elution wath Gt’:lr 1a was seperated from Ba by HPTIC (Morok Art
5628, Silica qul WZS&’ triply doveloped with 0{:}3). Aamabinol Ia (9 mg, 1LY 4 was nbtained s thee legs polar saomer,
mp 1591607, whome spoctral properties wore dentioal with 1a prepared by other procwduzes, As the more golar isomsr,
isarnabinol Ba (24 mg, L2 V), mg 1631650, wan obtainad, whome spactral propertien wers 1dimtical with 84 prepared by
athey  procedures,
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