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Abstract - Essod upon the notion of a thrm* carbon 
intsrcalation as a synthetic approach to t8xan*sr a 
tranr-perhydroindanone YOS rrqurred. In order to ansure the __-_- 
stereochemistry of the perhydroindanone, an approach based 
upon the ster*ocontrollad synthesis of a dmcalin followed by 
a rinq contraction was adopted. In the coursb of this phrsb, 
a C-scylation bssed upon the usa of coppar l nolstms was 
smployod. A rinq-contraction saquenc4 was develop4 
initiated by e reqlos*lbctiv* sulfmylation of a kotona. 
Acotoxyl*tion of the resultant b-ketoruifidr generated a 
monoprotacted lr2-diketone. BUS* trbatmmnt created a ring 
contractmd a-hydroxycarboxylic acid which uaa Cl*aVd 

directly to tha nor-kotono. In this blay1 (I suitsblr 
rntermmdiat~ for mlaborstion into the taxsnos w5s 
rynth*sired. 

The taxanes, represented by taxininb 1 1 and tax01 z2, comprise an 

intorastinq challonqo because of the dasiro to understand the structural basis 

for the biological activity of this family of compounds and tha unusual nature 

, .: 
2 

Of the carbon 3 skelrton . In approachinq tha AR rinqs of this family, WI 

davslopsd a stratoqy based upon a thrmo carbon intorcrlation as shown in l q. 1.’ 

(1) 

In dwaloplng (I synthesis of the taxarms afonq such liner, wa require a 

parhydroindanonm such as 2. Taking advantaqti of tha 8bility to easily qanorats 

a tranr-fused docalin, --- rinq contraction from a precursor such OS 2 would provide 

a ready entry to the requisite psrhydroindanons. Dissolving metal reduction of 

the known octalone 5 should establish the proprr ring fusion strreochrmistry5 

‘Dedicated to Professor Ralph A. Raphael, on the occasion of his 8Fwtyfffth birthday. 
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and provide a tomplate to dwalop the correct steraochamistry of the 

substituontr. 

In pursulnq such an approach. we considmrmd employment of a bentilic acad 

typo of r*arran9ament6 for tha rinq contraction as outlined in l q. 2, rinco the 

5- m ‘D 
Ii ‘io% 

- *yp.., - q& (2) 
0 \0* 

z 4 

outltnod in .q. 2, since the lnltlsl product of this r~arranq~mont~ an 

a-hydroxycarboxylic acid, can ba readily daqradad to a keton.‘. In this paper, 

to report a synthesis of the porhydroindanone i l mploylnq a naw approach for 

t-In9 contractton via a sulfur based bonzillc acid typo of roarranqomont. 

Synthesis of Startlnq natarlal - _-_--_----~- -___-- 

For the synthesis of octalono 2, we chose to start from the l thylono ketal 

of diothyl 4-oxopimalato 8 as outlinad In l q. 3 bocauco of the *asa of opmratinq 

c92” 0 
O,C2"5 

CO,C2"5 

_ WO2C2"5_ w - 6 (3) 

on larqe Scala. Diocknann cyclitation with sodium l thoxide in bentone qonmratos 

the sodium salt of the cyclirod B-kotoestor which is directly mathylated to 91~0 

_9 In 90% ylold aftor distillation. Aqueous potassium hydroxide l ffocts ester 

hydrolysis and dmcarboxylation to qivo tha cyclohoxanono lg in 701 distillad 

yield. Robinson annulatlon of cyclohoxanone 10 with mothylvinyl katono 1s best -- 

porformod in ether with l thanolic potassium hydroxide’ to 91~. 453 yiald of 

crystalllno g. 

Elaboration of Ring A __--____----- 

Dissolvlnq mats1 reduction followed by capture of the resultant l nolato wth 

trimethylsilyl chlor Ido sots tha rin9 juncture storaochemistry and th. 

roglosoloctivity for furthor alkylation or acylation as in .q. 4. The l nol 

silyl other, obtained in 851 yioldr exhibits a sin910 sot of 14 slqnals In its 

“C opactrum with the angular methyl qroup appearing at 615.2 indicative of the 

trans rlnq fusion. ---_ 

Attempts to introduce a hydroxymathyl qroup from the kinetic l nolate rolatad 
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to 2 by condensation vith tormald.hyd.‘O or alkylatlon with bonzylchloromothyl 

.th.rll proved unsatisfactory. C.rbom.thoxylation is .ucc.sstul if th. copp.r 

enolate 183 quonchmd vlth l xcoss methyl chlorocarbonat. to ql”. tha 

O.C-dibcylatod product &z12. Th. homoqenaity of the compound is l stabl1.h.d by 

Its combustion analysis, crystallinity, and it. 13C nmr spectrum which aqain 

show. a siqnal FOk- th. an9ul.r methyl qroup at 615.7. Mothanollc sodium 

mathoxldo r.mov.. th. 0-scyl qrou~ to 91”. crystallin. B-kotoostor 12. Th. 13.2 

Hz couplinq betvoon the proton. on C(4) and C(S) confirms their dlsxi.1 nature, 

and th.r.by establishes th. ..tor qroup as .quatorlal. Its staroochomistry 1. 

presumably thermodynamically controlled. 

Bacsus. of th. .as. of .noliration of the B-katoester, reduction to th. diol 

1s best accompl1sh.d as a tvo-st.p op.ration. Reduction with L-s.l.ctrid.1’ 

loads to a sin910 R-hydroxy l stor accordinq to 1’C nmr analy.is of the crud. 

product ii which shows only th. roqui.ito 15 slqnals. Th. 616.0 absorption for 

th. anqular methyl qroup confirms th. trans fusion. Th. axial -__-_ ring 

storoochomlstry is as.19n.d on the ba.is of the couplinq botvoon the protons on 

CO) and C(4) beinq only 2.6 Hz. Est.r r.duction with LAH and roadlustm.nt of 

the blocking qroups a8 ln .q. 5 procoods uneventfully to 91”. 1. 

llodifl.d Bonrillc Acid Roarranqomont, ___-__-_____L_______________ ____-- 

synthesis of . Parhydrolndanono ~~~~-------_-__~~ _ __------_ 

To affect a b.nrilic acid r.arranq.m.nt, v. r.qulr. amass to a dik.ton. or 

Its equival.nt. We have provlously shown that sulf.nylation14 follovod by 

ac.toxylatlonl5 of carbonyl compounds 1.q. 6 1 proceeds roadlly. Conversion of 

(61 

th. a-acotoxy.ulf id. 16 to its sulfoxido and -- thormolysis provld.. th. 

spociflcally l nolired 1,2-dlkotone dorivativo 17. _- Altornatiwly, traatmont of 

Lg with ba.ic hydroqon poroxido l ffoct. cloavaq. to tha diacid ig, a r.actlon 

that is typical of an o-dikotono which may b. unmasked under th. basic reaction 

conditions. Such a r.action suqqasts that an a-acetoxysulf id. such as /z may 

suff.r dlroct bonrillc acid r.arrangomont throuqh in situ qan.ration ot an 

a-dlk.ton. as In .q. 7. 

(7) 



3326 B. M. TROST and H. Hmumu 

In the cas. of decalon. 5, th. trsns rlnq ‘)uncturo should direct .nolizatlon -e-w- 

to C(7)16. Sulf.nylation produces tha B-k.tosulfido 20 prodominantly as on. -- 

st.raoi.0m.r and, prosumsbly, as only on. r.qiois0m.r in 75% yl.ld. 

Acmtoxylstion produces 21. in 90% ylold as a 211 diastoroommric mixtur.. Aqu.ous 

potassium hydroxide in refluxinq THF .I facts hydrolysis and m !!rtl! 

r.arranqom.nt to 9ive th. a-hydroxycarboxylic acid 22. _- Subjection of th. crud. 

22 directly to load tetraacotat. __ In acetic acid provides 1 as a crystalline 

solid, mp 78-ao”. The nmr data damonstratas the lntaqrity of th. trans rinq -_-_- 

junction. The bridqohoad hydroqon appears at 2.74 as a ddd, J-13.6, 12.1. and 

7.7 HZ. The two larqo couplinqs corr.spond to two trans diaxial-lik. protons 0 --_- 

to the bridq.h.ad proton. In addition, th. 1’C shift for ths anqular m.thyl 

qroup appears at 616.9. Such a value 1s conslstont only with a trans rlnq _____ 

fusion. 

5- 
AC 

D~‘cu~‘~o~ ---^--- 

The important. of B-kotosulfidos in synthesis has qrown dramatically in 

r.c.nt y.arsl’. Th. lmp.tus for findinq n.v applications of thos. vorsatilo 

intarmodiatos stems from the discovery of th.ir l ass of q.noratlon by the direct 

sulfonylation of carbonyl compounds. Th. dovolopmont of th. vary easy 

a-ac.toxylation, presumably via a Pummsrsr-typ. of proc.so, mak.s thos. 

intermediates the equivalent of 1,2-dlk.tonms but with b.tt.r control. For 

c’ >” - -t 

(9) 

.xampl., lr2-diketones froquontly .xist as their mono-•nolizod tautom.rs. Th. 

sulfoxido pyrolysis pormlts convarsion of acotoxysulfid. 21 to a specifically 

l nolizsd tautomor roqardloss of which is thormodynamlcally pr.forrod (oq. 9a). 

Basic hydrogen p.roxida l ffocts vicinal cloavaqa of 12 to a dlcarboxylic acid 

(.q. 9b). As a r.sult of the pr.s.nt study, simple bas. troatmont of 23 

provides direct bsnzlllc acid r.arranq.m.nt (.q. 9c). Th. .as. of oxidativs 

cleavaqo of th. o-hydroxyacid to a kotono mak.s this rinq contraction soquanco 

particularly useful. 

This s.qu.nc. c0mpar.s quit. favorably to traditional rinq contraction 

procoduros to convert a cyclic keton. to its next smallor cycloalkanons. For 

l xampl., th. diarokmton. rlnq contractionlS r0quir.s at least two st.ps to form 

the o-diazoketono from a kotono and th. rinq contraction producbs th. slmplo 

carboxylic acidl’). At least two2’ and as many as fiv.21 addit Ions1 step. must 

b. .mploy.d to comploto th. s.qu.nc.. 
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Th. csrboxylation of 11 is also not.worthy22. -- C-Acylation must procod. 

0-acylatlon since the product of 0-•cylation 1s presumably inott to furthor 

reaction. The succassful formation of 12 l uggosts that the copp.r or mixad - 

coppor-lithium *nolate Inhibita 0-•cylat ion or promoto C-•cylation. 

Insufficient data exist to provide more insight into this obs.rv.tion, but it 

may prov. to bo mar. qonorally uaoful. The trapping of the .nolatos dor1v.d 

from con7ugato addition of orqanocupratos to *non*‘ has pr.viously b..n 

.ff*ct1v*1y acylatod at carbon12. Presumably th. Sam* int.rm.diat.s ar* 

lnvolvod in both cas.s. This approach offors an alternative to the us. of loss 

available carbomothoxylatinq aq.nts2’. 

Whil. a on* ‘tap conver8ion of th. S-k.to.st.r to th. diol could b. 

.nvision.d, th. r*qulr*m.nt for dlastereosolectivo reduction to the axial 

alcohol and th. no.d to avoid problems of l nolixation of th. S-kotoostor 1.d us 

to us. L-soloctride. Its l uccoss precluded our examination of other roduclnq 

aqsnts. 

The availability of tha roquisito porhydroindanon. 1 In only ton st.ps from 

the known octalon. S lad us to preliminarily .xploro its l nolizatIon in 

con)unction with its elaboration to the taxanos. Kinetic l nolato qonoratlon 

LCWTIW 

4 r)(s-c1 
ic2Ii513* 

produces a 2rl mixture of z and 25. -_ Nmr analysis of th. vinyl protons (24, -- 

64.00: 25r 64.68) .stablished th. r.qloch.mistry. The t.ndancy of 

3,3-disubstltutod cyclop*ntanon*s to *noliz* pr*f*r*ntially toward th. 

st.rically more l ncumbarad m.thy1.n. qroup .v.n undmr conditions of kin.tic 

l nolato qanoration has pravlously b.on notad21. Sulfonylation under rovorsiblo 

.nolat. qonmration conditions procoeds virtually quantitativ.ly to a mlxtur. of 

S-k.tosu1fid.s in which on. dia8tor.om.r of 24 qr.atly dominates (>80% of - 

mixturol. Th. st.roochoniatry presumably t-of locts thermodynamics and 1s 

KOC4Rgt) t-C4EgOH 

5 
+ i somern 

PhSSO2Ph 

tontativaly l ssiqnad as bata on the known thermodynamic pr.for.nco of similar 

substitution in trans-p.rhydro1ndanon.s to pr.f*r th. bmta oriantation. The --- 

startllnq hlqh roqios.l.ctavlty may rofloct an .v.n hiqh.r thermodynamic bias of 

this koton. to .nolis. towards tha mor. hinderad mathylono qroup compared to th. 

kin.tlc ratio. Howovor, a kinetic arqumont in which th. l nolat. 24b is mor. - 

toact iv* than th. l ltornativ. l nolato 2s cannot b. rulrd out. Under such 

carcumstancas, th. la)-interactions that can bo cons idorod to slow down 

react iona of 25b must bo trad.d off against the naopontyl natur. of 2%. 

Furth.rmoro, the us. of phonylthiobonronosulfinato as the l ulfanylatinq aqont 

could b. arquod to trap the .nolat.s fastor than their equlibration should 

occur. Roqardloss of th. sourc. of the l ffoct, th. soloctivo l nolization of 1 

provides the opportunity for Its furthor olaboration towards the taxanos. 
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EXPERIMENTAL 

Clomontal analysas ware p.rforr.d by Spanq Mlcroanalytical Laboratorios, 
Eagl* Harbor, UI or Galbrsith Lab Inc. Knoxville, TN. Malting points w*r* 
maaaurod on a Thomas Hoov*r apparatus and l r. uncorroctod. Boiling points ar. 
uncorr.ctod. Infrared spectra wore r.cordad on a Beckmann Acculab 7. 
and 13C NMR spectra wore reasurod in CDCl, 

All 1H 
solution. 1H N?4R sp*ctra w*r* 

dotorminod on a JEOLCO KH-100 (100 UHz) instrument or a Brukor WH-270 (270 PI 
instrument. 'H chemical shifts are roportod in ppm (Ma,Si at 0 ppm). %1, 

8poctra w.r. roasurod on a JEOLCO FX 200 (SO.10 KHz) or a Varian XL100 (25.2 
UHs) instrum.nt. 13C chemical ahifts ar. qivon in ppm (CDCl, at 77 ppm). Uass 
sp*ctra w*r* obtain*d on an ACT-902 lnstrum.nt at an ionirinq curr.nt of 98 I&A 
and an ionirinq voltaqo of 70 l V. Data l r* reported as n/* (%). 

6-Cthylan.dioxy-~-m.thVl~2-trimoth~il~oxy-3~4~4a~S~6~7~8~8a- -_ - __ --__--- 
octahydronaphthalon. (11) -- 

At -78OC, 1.50 9 (0.22 roll of lithium wire, cut in small piocos, w.r. added 
to 1 L of ammonia fro.hly distil1.d ov.r sodium. Aftor 30 rain at -78OC: a 
mixture of 13.3 9 (60 mmol) of *non* 6, 5.0 mL (52.6 mm011 of t-butanol and 75 
raL of THF was add.d dropwis. ov.r 30 min at -78OC. Aftor th. addition was 
comp1.t.. stirrinq was continued for 10 min, fol1ow.d by addition of 1sopr.n. 
until the blue color disappoarod. Th. whiter cloudy mixtura with th. oily 
lithium l nolato on the bottom was th.n fro.d from tha l mmonls by warninq in a 
water bath and blowing nitroqon qas over the contents In the flask. Host of the 
THF wa. than r.mov.d by usinq aspirator vacuum and the rosidu. was dri.d 
complotoly with an oil pump (1.0 mm H9) for 1 h. 

The whit* roslduo was than dissolved in 240 mL of dry THF followed by th. 
addition of 45 mL of triothylsminm. Aftor chillinq the mixture to about -50°CI 
39 mL (0.31 mol) of fr.shly dlstillod (from tributylamino) chlorotrim.thylsilan. 
w.s added ov.r 1 min. The resultant mlxtur. was stirtad overniqht at rt, than 
cold hoxano and cold saturated sodium bicarbonate in water w.r. add.d. Th. 
aqumous layor was smparated and l xtract.d again with hexano. The combined 
hoxan. solutions w.r. washod with saturated sodium bicarbonat. solution in water 
and dried (K2C03). The hoxano was ramovad under vacuum and th. rasidu. 
dlstillod under vacuum to afford 15.2 9 (51 mmol. 85%) of a colorloss liquid (bp 
1oo-119°c# 0.05 mm H9). IR (liq. film): 1660 cm-'. NMR (100 UHz, CDCl,) 64.39 
1H bsr 3.71, 4H, mt 1.0-2.0, llH, mr 0.77, 3H, sr 0.10, sr 9H 13C NKR (50 NH+): 
6149.5, 109.4, 107.2, 64.3, 63.2, 47.2, 42.7, 38.1, 35.9, 33.1, 27.1, 25.7, 
15.2, 0.2 ppm. 

~l-Carbomothoxy-6-.thylonodioxv-4a-m.thyl-3~4~4a~5~6~7~8~8a-octa- _- -- __-_-_______ 
hydra-2-naphthal.nyl)mothvl carbonsto (11) _- 

To a solution of 15.0 9 (50.6 mmol) of TKS l nol .thor 11 in 400 mL of 
anhydrous other was added dropwise over 30 min at O°C andyith mechanical 
rtirrinq 82 mL of 1.25 N mothylllthium in other (102.5 ~01). The resultant 
clear solution was stirrod at rt for 90 min. Than, 9.6 9 (50.4 -1) of dry 
copper(1) iodide was added and stirring was continued for 30 min. The mixture 
turn.d bright yellow. It was th.n cooled to O°C followed by .ddition of 15 mL 
(18.3 9, 194 mm011 of methyl chloroformat. ov.r 30 sot. The mixture was stirrod 
ovorniqht at rt. Th. colorloss solution was decanted from the qray procipitata. 
Eth.r was added to th. roslduo in the flask and this mixture was filtorod with 
auction. The solid was washod with other and th. filtrato was combined with the 
other solution, obtained from docantation. The resultant solution was washod 
with 1% sodium bisulfat. solution in water (200 mL) and brine (200 mL) and than 
dri.d tn9S04). The other was romovod under vacuum and the rosiduo (oily solid) 
was rocrystallirad from a mixtur. of bantono and hoxano to afford 8.72 9 (25.6 
mmol, 51t) of crystals. Another recrystallization yioldod analytically pur. 
material: mp 106-108O (c1os.d tub.). IR (KBr pol1.t): 1755, 1720, 1665 cm-l. 
'H NNR (270 KHz): 63.8-4.1 (rn, 4H)r 3.84 (s, 3H), 3.74 (se 3H)r 2.55 (m, lH)r 
2.34 (drn, J-11 Hz, 1H), 2.17 (dm, J-20 Hz, lH), 1.88 (drn, J-11 Hz, lH)r 1.4-1.75 
(rn, 7H), 1.11 (sr 3H). 13C NNR (25 KHz): 166.4 (~1, 153.2 (s), 149.9 (s), 
122.1 ts), 108.6 (~1, 64.5 tt)r 63.4 (t), 55.1 (q), 51.4 (q)r 47.1 (t), 43.3 
(d), 36.7 (~1, 35.6 (t), 33.5 (t), 24.4 (t), 21.7 (t), 15.7 (q). Anal. Calcd 
f;; ;f,7;2407: C, 59.99: H, 7.11; MU, 340.1515. Found: C, 60.09; H, 7.171 KU, 

. 

l-Csrbocamthoxy-6-ot~l.n.dioxy-4a-mothvl-octahvdro-2~1H~- -- _-- --__ 
naphthalonona (e) 

Enol carbonat. 2 (8.72 9, 25.6 mmol) was stirrod at rt for 2 h with 150 mL 
of mothanol and 18 mL of a 1.47 N (26.5 mmol) solution of sodium mothoxldo In 
mothsnol. Most of the methanol was then r.mov.d und.r vacuum. To th. r.siduo 
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wa. added 150 mt of m.thylone chlorad. and 150 mL OC an aqueous saturatad 
solution of ammonium chloride. Th. orqanic laysr was l oparated and the aqueous 
layor .xtractod with mothy1.n. chloride. Tha combined organic layars w.r. 
washod with water and drlod (U950,). Evaporation OC th. .olv.nt 1oCt a whit. 
solid which was r.crystal1ir.d Crom a mlxturo of benton. and hoxane to afford 
5.59 9 (19.8 mmol, 75%) of no.dl.8. Another 
analytically pur. material, mp 106-108°C. 

rscryst.llisatlon 
IR (KB~)X 1735, 1715 cm-l. 

producsd 
‘H NPlR 

(270 MHz): 63.85-4.05 (rn, 4H), 3.76 (s, 3H), 3.22 (d, 13.2 Hz, lH), 2.53 (ddd, 
J-16, 13, 7, 1 ) 
1.21 (s. 3H). 13; ;;I:' ,',","";,,";~";205;.;'(;;; ,';,'."O '~;,,'";;,.';';~;~'6:'1; ","t:; 

63.4 (t), 59.4 (d)r 51.7 (q), 47.8 (t), 45.8 (d), 39.9 (t), 36.8 (t), 34.6 tt), 
33.7 f.1, 24.6 (t), 16.2 (q). Anal. Calcd for C15H2205r C, 63.81: HI 7.04; MU 
282.1461. Found: C, 63.69; H, 7.07: MU, 282.1420. 

l-Carbom.thoxy-doca~dro-6-othvlsnod~oxy-4a-mo~~yl-2-naphthalrnol (L() ------_--_ _____ 

To a solution OC 1.50 9 (5.31 mmol) OC B-kstoostor 13 In 25 mL of THF was 
added ovsr 5 mln at -78OC 5.6 mL of a 1N (5.6 mmol) solution of L-.ol.ctrido in 
THF. The mixture was l tirrod Cor 2 h bstwssn -78O and -60°Ce warmed up to rt in 
2 h and than stirrsd at rt for 1 h. Excass hydrid. was dsstroysd by slowly 
addlnq 3.3 mL of ethanol Collowod by 0.9 mL of wator. Suba.qu.ntly, a mixcur. 
of 2.2 mL of a 10% aqueous solutaon of potassium hydroxld. and 3.3 mL of 30\ 
aquaour hydroq.n paroxidm was addad vary slowly with coolinq In ic.. Actor 
completion of addition of th. pocoxids mlxturs and stirrinq for anoth.r 15 mln 
at rt, solid potassium carbonat. was addad to .aturato the aqu.ou. 1ay.r. Actor 
soparatlon ot the orqanlc lay.r, th. aqu.ous layor was l xtract.d with other. 
Th. combined organic 1ay.r‘ w.r. warhod with a little brln.. dr1.d (K2C03) and 
frood Crom volatllas under vacuum to afford a colorloss solid (1.14 4.01 
mmol, 76%). % R.crystallltatlon from hoxan. yl.1d.d crystals, mp 102-104 C. 1H 
NP(R (270 MHz): 64.11 (broad ., lH), 63.8-4.0 (mr IH), 3.72 (s, 3H), 3.50 (broad 
.I 1H)r 2.44 (dd, 12.9, 2.6 Hz, lH), 1.95 (td. J-12, 3.5, lH), l-35-1.90 (m, 
8H). 1.10-1.26 (mr 2H), 1.00 (6, 3H). "C NRR (50 (MHz): 6176.4, 106.6, 66.5, 
64.3, 63.2, 51.3, 46.7, 47.6, 39.2, 35.6, 34.7, 34.5, 26.9, 23.5, 16.0 ppm. 
Calcd. for C15H2,05: 284.1617. Found: 284.1623. 

Doca~dro-6-othvlsnodfoxy-l-hydr~~y_mothyl-4a-mothyl-2-naphthalonol (E) --__ 

The crud. hydroxy l stor 14 (1.14 9, 4.01 mm01 1 was disso1v.d ln 25 mL of 
athor and this solution add.rslowly to a susponslon of 260 mq (6.8 mmol) of 
lithium aluminum hydride in 15 mL of .th.r. Th. rixturo was than rofluxod for 2 
h. After coolinq a mixtur. of 1.4 mL of mothanol and 8 mL of other wa. added 
alowly, Collowod by a saturated solution of ammonium chlorld. In water until th. 
salts pracipitatad. The other solution was docanted and the rosiduo washod 
twit. with 20 mL of *that-. The combined orqanlc solutions w.r. dried (K2C03) 
and the solvonta W.C. th.n romovod under vacuum to loavo a whlto solld (940 mq, 
3.67 mmol, 91%). One rocrystallitation from toluon. afforded analytically pur. 
material, 129-13ooc. IR (KBr): 3380 cm-l. 'H NllR (270 MHz): 64.16 (br s, 
1H)r 3.85-4.0 (rn, 6H), 2.80 (br sr lH)r 2.56 (br s, lH), 1.1-1.95 (rn, 12H), 0.98 
(8, 3H). 13C NUR (50 MHZ): 6109.0 (‘1, 71.4 (d), 64.4 (t), 64.0 (t), 63.2 (t), 
48.9 (t), 40.9 (d), 37.6 cd), 35.8 (t)r 35.4 (t), 34.7 (s), 28.8 (t), 21.9 ttl, 
16.2 (q). Anal. Calcd. for C14H2,04: CI 65.60; HI 9.44; MU, 256.1668. Found: 
C, 65.61; H. 9.40: MU, 256.1673. 

lr3-Dioxo-dod.cah~ro-2~2rBa-trim.t~l-7~8H~-~~p~+h~~~ (2) _--___-- _---__--- --- 

The crud. dial AS (1.11 9, 4.33 mmol) wa8 stirrod with 25 mL of THF and 10 
mt of 5% aqueous hydrochloric acid Cor 3 h at rt. Most of the THF was then 
svaporated undsr vacuum. Tha r.sidu. was noutralitod with a solution of 
potassium cacbonato in water and thmn saturatmd with sodium chloride. Thr. 
aqueous mixtur. wa. than .xtractod thr.. tina. with l th.r. Thm combined 
oxtracts w.ro dread (K2C03) and ths l olvant .vaporat.d. Th. rosiduo was bollad 
In 25 mL of acetone in rho proamco of a Cow crystals of p-toluonosulfonic acid 
monohydrat. for 2 h. Aftor coolinq, solid potassium carbonat. was added and the 
solv.nt remov.d und.r vacuum. The 
rosidu. was taken up 

To the realduo wet-b l dd.d wator and CH2C12. 
in water and mothylon. chloride and the aqueous layor 

Curthmr l xtractrd with mothylena chloride. Usual axtraction aCCord*d a 
mothylone chlor ldo solution. Actor drying th. orqanic layor (K2C03)r the 
.olutlon was l vaporatod under vacuum to afford a yellow oil which was purlCi.d 
by using C1a.h chromatography (4 cm dianotor column. lonqth 15 cm, l luont l thyl 
acmtato/hoxano 113) Curnlshinq 777 mq of a whit. solid (3.08 msol, 71%). TWO 
rocrystalllratlon. from hoxano yi.ldod analytically pure matorlal, mp 92-94OC. 
IR (Karl: 1715 cm-'. 1, NtlR (270 MHz): 64.15 (qr J-2 Hz, lH)r 3.98 (dd, 12.5, 
2.9 Hz, 1H)r 3.90 (ddr 12.1, 1.5 Hx, lH), 2.06-2.46 (mr 4H), 2.30 (dr J-15 HZ, 
1H)r 2.12 (d, J-15 Hz, lH)# 1.58-1.85 (mr 3H), 1.47 (5, 3H)r 1.44 (8, 3H), 
1.11-1.45 (rn, 3H) 0.81 (sr 3H). 13C NMR (50.10 PIH+)s 6210.6 (a), 96.0 t.), 



B. M. TRW and H. H~usm 

66.7 (d)r 60.7 (t)r 56.1 (t)r 40.8 (t), 37.2 (s), 36.4 (d), 35.8 cd), 34.7 (t), 
29.3 (q), 26.6 (t), 24.9 (t)r 18.7 (q), 16.4 iq). Anal. 
c, 71.39; H, 9.59. Found, Cr 71.47; H, 9.36. 

Calc'd for C15H2403r 

lr3-Dioxo-dodecahydro-6-phmnylthio-2r2r8a-trimothyl-7~~H~-phonanthranon~ (20) _-----_ -- -_ 

Over 15 min, a solution of 631 mg (2.5 mmol) of katons 2 in 6.25 mL of THF 
was added to a -700 solution of LDA qanaratad from 0.425 mL (3.03 mmo1) of 
dilsopropylamino and 1.88 mL (1.5 N, 2.82 mmol) of n-butyllithium in 12.5 mL of 
THF. Tho mixture was stirrod at -78OC for 30 min and at rt for 60 min. After 
adding 12.5 mL of HMPA, 550 mq (2.52 mmol) of diphonyldisulfida was added to the 
orange solution. Tho mixture turned yellow and was stirrod overnight at rt. 
Than water and a 111 mixture of other and pontane wore addad. The organic layor 
was sopsrated and thm aqusous layor l xtractad again with the sama solvant 
mixture. The combined organic layers were washed with water and brlno and dried 
(K2C03). The solvent was romovod under vacuum to loavo a yellow oil, which was 
flash chromatoqraphod (hoxano/ethyl l catats 3rl; Rf of 22 on TLC (athmr)r 0.65) 
to 

-Y 
iold 680 mq of colorloss oil il.89 mmol, 75%). IR (liq film): 1705, 1380 

cm . 1H NMR (100 l4Hs)r 67-l-7.6 (m, SH), 3.64-4.20 (mr 4H)r 1.0-3.2 im. lOH), 
1.40‘ 1.45, 1.42 and 1.40 (4 singlets, 6H), 0.81 and 0.76 (2 singlots, 3H). 13C 
NllR (270 t4Ht)r prsdominant isomorr 6204.9 is), 133.6 (s), 132.1 (d), 128.5 
cd), 126.9 id), 98.1 (‘1. 66.5 (d), 60.6 (t), 57.2 (d), 56.0 (t), 38.1 (‘1, 37.2 
(d), 35.5 id), 34.2 (t), 33.5 tt), 29.5 (q)r 26.6 (t)r 18.7 (q)r 16.4 (q). 

6-Acoto~-1r3-dioxo-dodocahydro-6-ehe~lthio-2r2rBa-trim~thyl-7(8H)- _-_- __---- ------ ---_- - ____-_-____--I_ ___-_ 
phananthronons (21) 

A mixture of 680 mq il.89 mm011 of B-kotosulfldo 20 fpurifiod by flash 
chromatography). 3.0 g (6.8 mmol) of load totraacotato anr2-25 mL of bontono was 
tofluxed for 1 h. Soon a whit. procipitato aros.. After cooling to about 50°C, 
7 mL of l thylonoglycol was added and the mixture stirred for 10 rain at about 
40-soot. Tha mixture was than cooled to rt and diluted with bonrana. The 
qlycol layer was saparatad and l xtractad once again with benzene. Tha combined 
bonzono solutions were washad twice with brina and drlmd (K2C03). Tha bmnzmna 
was l vaporatod under vacuum to afford an almost colorloss powder (714 mg, 1.71 
mmol, 91%), mp 135-15S°C, 

P 
ura according to TLC (Rf~ S102, other, 0.50). IR 

(KBr): 1745, 1720, 1380 cm- . ‘H NMR (270 IlHz)r two isomers in ratio of about 
2:l; 67.3-7.6 (m, SH), 4.14 (br sr minor) and 4.08 (br sr major) (total lH)r 
3.94 (dd, J-11.5, 1.5, minor), and 3.82 (dd, J-12, 2.5. major) (total lH), 3.75 
(br d, J-11.5, minor) and 3.49 (br dr J-12, major) (total In), 2.92 (br dr J-15 
HZ, 1H)r 2.40-2.60 (m, 2H), 2.06-2.32 ime 2H), 2.17 (a) and 2.10 (‘1 (total 3H)r 
1.06-1.86 (m), 1.51 is, minor), 1.48 (sr minor), 1.40 (s, minor), 1.36 (‘r 
minor) (total 6H), 1.22 (dr J-9) and 1.11 (dr J-11, minor) (total lH)r 1.04 is, 
minor), 0.83 (8, major) (total 3H). MS: 418 (0.31, 403 (0.41, 360 (0.3)r 309 
(l.B)r 300 (1.4)r 251 (5.21, 191 (10.91, 152 (5.6), 110 (15.31, 78 (23.4)r 43 
(100). 

6r8-Dloxo-dodmc~ro-3ar7r7-tr~met~l-1H-bons(e)indon-2-ono (2) ---- -_--_ -_-------_-_ 

A mixture of the crud. katono 21 (418 mg, 1.0 mmoll, 12 mL of THF, 12 mL of 
water and 700 mg (12.5 mmol) of-potassium hydroxide was doqassod and than 
rafluxod under a nitrogan atmosphoro for 14 h. Subsequantly most of the THF was 
romovod under vacuum, and the rosiduo (yellow mixeuro) diluted wath watorr and 
extracted twica with athor. To tha aqueous solution was then addad the same 
volume of sthor and the mixture cooled to lowor than 5OC. At a tmmperaturm 
bmtwoon 0 and S°C and with vigorous stirring, a dilute aqueous sodium bisulfatm 
solution was added slowly until the mixture was acidic. The organic layor was 
soparatad and tha aqueous layor l xtractod with other. Tho combined other 
solutlons were washod with brine and dried (UqS04)- The solvent was than 
romovod under vacuum to loavo a yellow oil (small of bonronothiol). This oil 
was dissolved in 12 mL of acetic acid and stirrad with 1.0 g (2.26 mm011 of load 
totraacotato and 800 mq (9.75 mmol) of sodium acatato for 2 h. The acetic acid 
was than mostly romovad under vacuum. Tho residue was stirrad with 10 mL of 
l thylono glycol and 50 mL of bonrona for 15 min. The bonreno layor was 
ssparatad and the qlycol layar l xtracted with banrana. Thm combined bantan. 
solutions wer. washed with brine (twica), dried (K2C03) and l vaporatad. Tha 
rasiduo was purified with flash chromatography (oluont hexano/EtOAc 211) to givs 
120 mq (0.50 mmol, 50%) of a slowly solidifying slightly yellow oil, which was 
purm according to "C NMR. Recrystallization from hoxano affordad crystals, mp 
70-0ooc. Sublimation (bath tamp. 80-8S°CI 0.5 mm Hg) furnishad analytically 
pur. material. 
IR (KBr): 1730, 1380 cm-l. 'H N?lR (270 UH‘): 64.20 (qr J-2 HZ, lH), 4.08 (dd. 
12.1, 2.9 Hz, lH), 3.59 (ddr 12.1, 1.1 Hz, 1H)r 2.74 (ddd, 7.7, 12.1, 13.6 Hz, 
1H)r 2.37 (ddr 7.4, 18.0 HZ, 1H)r 2.15, dr J-17.1 Hz, 1H; 2.10, dr J-17.1 Htr 
lH, 1.50-1.95 (mr 6H), 1.47 (se 3H), 1.41 (s, 3H), 0.90 ts, 3H). 13C NMR (50.10 
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MHz); 6216.7, 98.1, 66.4, 62.2, 55.5, 38.9, 38.7, 38.2, 35.1, 29.7, 27.5, 18.6, 
16.9 ppm. Anal. Calc'd for C14H2203: C, 70.56: H, 9.30, Foundr C, 70.70; HI 
9.19. 
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