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fa) Madd sbda; - Caaml~Rct~%~~f’~~ 

Our idill studies were camid WI vile the uxtylenic CSIQI 19 md 20. which were coclvenicnrly prcpti u 

diqnmmcd in schaat 2 (cf. cxpc&x~~~ul secriar). Upon w8nning. 2O npidly decoIn_ t0 M int?xt&k mixture 
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Sevaal &rnrtives were rvailable fa circumventing the inenmdeculu Micbacl addition. As one possibility, it 

suma! likely that thiazdes of typt 3ir and 31b should k ks rcuxive mwd the f-ew-dig process. since the resulting 

anions 32a ud 32b ate not stab&cd by defouii&on. Furttmmx , rhc drmutivc 8-endo-dig cyclimions, ptoambng 

thmughaUtnolros33aand 33b,ucgccm&cdyun-c 

X)rb Ub 

Thiuok 31s WJS diy pmpucd by cxmdcmution of aidehyde If with pmpynyimgnerium bromide (Pm). 

followed by oxidatim of the tuuhing rctyknic &ohoI 34 with Swem’s rugem cactDe 51.1’ In JnJlogouS fashion. 

3lb was derived by cmdensuioa of 17 with lithiamhyl pmqqyi ahez (WE) and sumumt oxiduion. Bah 3la and 

31 b were &en subjected to thcmolysis under l variety of amditioos. Thirtde 31a suffntd mlinfy slow 

tlb 

-5 

dCCOmposiajon to pOti prduE0 OVQ J perid 0f seed dryS in doing erhyb~~~.~nt (- 136r, C). md d Jttmpt~ It 

catalysis either had no effect (BFPEtzO. Hp(OAc)z I’sOH_ Inch), w led to addition mctions at the acetylenic triple 

band (NcLI).t’ Also, higher tuqmmtup~Fetotmpiddemqosidacanpodtionwhjchcatldnotbeccnadbdbytbeddirian 

of various ndicd SCJWlgeXS.‘s with thiuok Jib, bowcw~. he dditiond activating inflm of J ttWhoxy group 

apparently ftiiitates the Dici~-Al&r pRlau Ia the jmsata d J cprfybc ~ztmmt d mediykac blue.“5 3lb gJ!!e J 48% 

yield of thiophene 35b after &me d8ys at rcflux in degutal mesitykne (-l&P. 62% yield of 3Sb bmal ott recovaed 

Jib). This example pmvidul the fvst cvidclla that thiazoks can undergo the Dick-Alder reaction with vnyknic 

diencqhiks in urstly analogous fashion m their oxuok culmcrptm. 



3330 P. A. J*cwt cl a/ 

7he key iotcmx&te for our spth&s of S7 wns the thinzde aIdehyde 45. which - toutioely derived. &eit in 

modest overall yield, from the rudily rvtiblc thionolutooe 40 (Scheme 7). Thus, n*ction of 40 with 

atnimceuldcbyst diahylvrpl(41, gxve r?5-90% yiekl &the thio&de daivuive 42, which was directly cyciizcd to 

the A-2-thiu&u 43 following Q gaud procedure d Lirwsat. 1’ A: &is nrgc we cnaronprad uncxpacud difrmltie;r 
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in dbing the cIiminub of a second mokcuk of ctJuno1. However, nfuz extensive expuimcnatioo, we found tit 

methmesulfonic rid (MSA) aoUght &out the crocixl uomatiution sup in M-40% yicld.tB ud the rcsuking thixzok 

aJcohol44 w&s smoothly oxiditi to the de&d &l&de 45 using Swan’s rugaltt3 This last mxteu then gave the 

txrget retylenic ketone 37 upon anxkosatial with pKipynylmqnesium bomidc (PMB) fouoweXi by oxiduion (qf. llso 

Schemc5).‘3 Toarrdiuppaiabnau.haweva,~wucxmmctyurnufdveinrhtDids-~rrrtion Thehearnulu 

were obuined at 2400 C, whereupon 37 xffcrdcd 8 5% yield of the desired thiophem 38 along with extensive 

i3umpsidon. 
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Not Slf@Si&, tiazdc 52 wu nlrtivcly uorWXivc in ti Mcmpts u caavarion DD the thiophm ketone 38. 

lnixdingthedtsindcompouadinonlyS%yield~20hu240)C(benzcne.wikdarbc)(Schemc9). Inthiscuetbe 

electron withdmwin8 tosyl group at C-4 undoubraily erer~~ a Mvrting influence. Under tkse same conditions. 

howeva. thiazok 39 at&&d I ?GIO% ykAd 01s widt substantially ku decunpositim than M with eidur 52 or 

37. Although not optimized. these experiments pmvidal sufficient quantities of J1) for futtha study. We hoped that 

UIcbuldk~yrrd~tocrmparndrofthtmnthrnc(4)ckwof~ by Rancy-nickel desulfuriutim.2 

However. all attempts in this directi kd to compkx mixtutes of products which append to cattin both a- and B 

mcnthme,aswe&uvariousarnthoiduivrtivcs. Matsuisfactarytuulowercruliz&uput&uctionof&ethic&& 

derivative 56, which was routinely w ftrxn Jll wilh edunedithioVBF3~ErX). In this case m obtairM a 99% yield 

of the menthanes 40 and 4R (52:47) in addition to tmce amounts (- 1%) of the mnthene derivative 57. 

Byuutogy.mexpMcd~tdreray~Ih~~tvaJd~~reff~mtpracurwxforthcdriaphcnelrnaK 

60 (Scheme 10). With Sg. as coatpued to 39. the dime and dieaophilic portions of the molecule are held in close 

proximitylouch~,udIhtmntmpych~geinproc&dingdran58oD~dshouldkffivarrble. Onceinhudif 

wa5 our hope that 60 could be reductively cleaved in such 1 fashiom as to provide the CrcmophiLuw Sa and/or Sl12t 

Ihe stztting point for our synthesis of 58 was the thionoktone 63, which wxs derived in 7@85% ykld by trutmcnt of 

the known oxygen rnaIogue 621’ with Lawsson’s reagent.22 Lactone 63 was then rdily converted to 58 by an 

Antical praedurc u lhrt attpbycd in the synthesis of 39 (cf. experimental section, 63 --> 6Sb --> 658 --> 66 --> 67 --> 

58J.23 Next. we ~TR graMed to f& tM 58 gave an 81% yield d the &sire4 lhiapknc ketone 60 upon thermolysis in 

decalin. and fmdly. 60 wuId be clanly ducad to Ihe mumed andogue 68 witi LAWAIC~I. On the basis of litmtwr: 





mazok, an orgxn~ *ynlheslr 3333 

Hz), 222 (s, 3HI. ZS4 (m. 3HI, 2.79 tar. W). 3.05 (t. 3H). 4.04 (q. 2H. J - 7 Hz). 

-26. As&tiooof280tng~~90amnol)ofretyticrlcdd l9atd lS~(O20 
.“)’ 

d&+uiooncill IOml 
offrcrhlydirtillcd~~)~lbcnsacwuhundrtrrOurt,wirhcxduiimdtigluudur. a8paiaiofthfabaur. 
Theclbyl~mr~rerrronduadcrrsduxd~u,~vr:cndc26uuam~bown~nr)lioereriduc. 
Rcpurd prcpaa& TLC oftbis rrriQc &faded II 303oQb yield of 26 u I colcrlus. crystalline sold. RI 0.60 (2Mb 
ramnc.‘hcuacr). Mw~Wc3ll &I*): IRKHCB) 1690. WScm-‘,nohydmxylorr 

cr 
lenic rbsaptionr, 

‘H NMR(CDCI3) 8 0.9s (d. 3H. I - 6 Hx, collrpring to x ringlet up” indirtion xt 1.96). I.2 (1. 3H. J = 7 Hr. 
colllpsinproasin#au~ imdirtion at 3.86). 1.4&1.8o(brm. 2H). l.%(m. IH. HG3). 2.12 (s. 3H). 2.24 (m. 2H. 
H.9’s). 3.66 (I. 3 , -0 I), 3.86 (q. 2H. J - 7 Hx. WI xing to I singkt upon imdirrion RI 1.28). 5.29 (d. IH. J - 
0.5 ti collrpcine to l 3rpp iagkt mjson &r&Won xt s. IH. collxpsing to 1 doublet, J - 3 Hz. 
upon irndiWm II 1.74 xnd w upon imdirtion 81 1.60. H-4); 1 
13), 20.8 (q. C-II), U.1 (d. C-8). 333 (f. C-7). 46.6 (1. C-9). 500.7 ( 

NMRfW) II .8 (q. C-14), 14.9 ( . C- 

C-151. 110.3 (s. C-W. 114.7 (s. C-3). 137.5 (s. C-2). 159.2 (s, E 
C-17). 69.5 (t. C-12). 81.4 (d. C-6). 84. 8 (d. 

-5). 167.9 (s, C-16). The anxlyticrt sample 
Crytilizcd fmm &&et ether in rhr farm ofcobrkss ncaiks. mp 90920 C. which. however. 
ambient umpmturcs xnd y~e unsnimble for X-ny rrulysis. An&. C&d for CIJHZINOIS: Y!,YGEYrEl 
4.52. Found: C. 57.e H. 6.87; N. 4.23. 

2~2-McctlyIllrry&Yny-s.~yI~mdhyL wu slowly bubbled into x stiring 
solutionof0.9lmJofZOOMEtMzBrialSuil ZLYZ ov nmogat. AfturlDUiof15min,lhc 

I- -- 

~~;~(~~~~*~~~~*~~~~~ llow oil, Rf 0.25 (25% aceton&x;nts). Mus spcctnmi z&.268 
(11.02(d.3H.J=6Hr),i.M(1,3H,J=7Hr),l.66(m2H~.2.12 

(m. IW. 2.21 fs. 3H). 2.81 (m. 2H). 4.02 (q. 2H. J - 7 Hr), 4.32 (m. IH). 

w-ruethyi+luv.~~on!m~~ttlnDk (Jla). This rmmiii wu pp.raJ &ml the aaaylak &fc&ol 
34 in 80% yield following du gcnenJ plardme of Swun et ai. Tbc u*rylenic kern 3la wu isottcd u I p&e 
yellow oil. Rf 0.33 (2.5% ~e~onclhtxurclr). Mass spectrum. m/e 266 (MO); IR(CHCls) 2223, 1665. 1570 cm”; 
NMR(CDCI3) g 1.02 (d, 3H. J - 6 Hz). 1.39 (t. 3X. J - 7 Hz), 2.03 (s. 3HI. 2.24 (I. 3H), 2.54 (m. lH), 2.68 (dd, 
ZH, J - 13.4 Hz), 2.79 (t. W, J - 7 Hz), 4.05 (q, 2X, J = ‘7 Hz). An&. C&cd for CIIHIPN~~S: C. 63.36; K 7.22; 
N, 5.28. Found: C. 63.36. H. 7.43; N, 5.97. 

t-WWhyUby&nny-7. 
“*“a, 

-~ylWmt@+-5-&oxyW8xnk (34f. A sdution ofO.21 ml (2.44 ti. 1.25 
al, of methyl pco~l ether ul mlddryTHFwrscookd~o-780CinrIlun:dricdfLsLrunder~remcnphcrrof 
nitrogen. A t-1 of 1.80 ml (2.44 mmol. 1.25 cq) of 1.35 hi n-butyllithium in hcxanc was then xddcd in dropwise 
fashion. with vigorous stirring. over I period of 15 min while ~n~iag x tanpenntn of -780 C. Stig wxs 
cQntinucdfaxn&fitiotul10millro the famuion of lithiaa*hyl poproy ctbcr. A solution of 446 mg (I.95 
ounol) of rldehydc 17 in IO ml of wu then mldui dmcvwisc with vi~orarr stinine xnd xftcr uldition wu 
compkrc the &ction WLI allowed td m slowly to RT over ihe EOM~ of-l h. ‘Ihc ns&ing solution wu then 
qucncbcd with 12 rnJ of 108 4ucous KH2Kk. and the 4ucous lag wu cxh with 3 x 10 ml of CH2Cl2. The 
oo~nbincd exuacu were dried over rnhydrous NuSO( xnd conanarti under nduccd prcssurr IO rffofd x yellow oil. 

cllowoil.WO.34(3O%uzemn&exancs). Mxss 
NMR(CDCl$) 6 0. 4 5 (d, 3H. J - 6 Hz). 1.31 (t, 3H. J 

(m. 3H). 2.15 0, 3H). 2.77 (m. 2H). 3.30 (I. 3d). 3.98 (q, 2H. J = 7 Hz), 4.08 (s. 2H). 4.49 (m. IH). 
= 7 Hz). 1.70 

t(tM~hrt-Coxctl-mctk-~~yl~~byl-S~~~b~e (31b). This mrtial was prcpamd fmm the 
vctylenic alcohol 36 in 85% yield foilowing the gatmJ pmadurv of Swan et d.13 The l aryknic ketone Jib wu 
isolated xs x plk yclkrw oil. RI 0.45 (309b rncmc/bcuncs). Mus 
1565 cm.‘; NMR(CDCls) (I 1.01 (d. 3H. J = 6 Hz). 1.35 (t, 3H. J ‘3”” 

m, nJe 295 +I.); lR(CH~) 2205. 1715, 
= 

3.39 (s. 3X), 4.02 ( 
Hx), 220 (s, 3H). 2.57 fm. 3H). 2.76 (m, 2H), 

10.85. Found: C. a. 
2H, J - 7 Hz). 4.25 (I. 2H). Anal. C&d fa CtsHaNChS: C. 60.99; H. 7.17: N. 4.74; S. 

70. H. 7.40, N. 4.44; S. 10.60. 

2-Et~xy-+m~~~~7-~y~~byl~b)t~~~ (3Sbk A solution of 106 mg (0.35 
mrol) of 3lb ud 26 mg (0.07 mmd. 0.2 op) of meth 

l 

lau 
dux. with exclusion of light xnd cit. for a period of 7 

blue in 20 ml of freshly ditilkd mcrirykm was hued u 

af5x-d a dark oil. 

h. I’& mcsitylcnc wu then removed unde mlud prcuurc 1~ 

Chzomuogmphy on ribco gel then gave 43 mg (48%. 62% based ar recovered Jib) of 35b u; I 
cdc&u oil. Rf 0.50 00% acmnbleuncs). Mass vwum. m/e 2U (M*); IR(CHCly) 1660. lSSJ, 1500 cm.‘; 
NMRKDCI~) b 1.14 (d. 3H. J - 6 Ha colla 
collwng to l singkr 

‘ng to x singkt u n ieon u 2.42. ~-MC). 1.42 (1. 3H, J - 7 Hz. 

H”qpon’ u&ia&mupar 
i?mdiUion at 4.1 , ~ki2c!fJ), 2. r 3r (dd. 1H. J = 14.12 Hz. collapsing to a double, I - 12 

ti 58. H-7). 2.42 (tn. tH. sharpens upn irndimon xt 1.14, Hd). 2.58 fm. 2H. simplifies up 
imdution II either 2.30 Q 2.95. H-S’ ml H-77.2.95 (dd. IH. J - 15.3 Hr. collrpJing to I doublet, J - 3 Hz. upon 
imdild~n xt 2.JfJ. H-5). 3.41 (s. 3H. -CMXHJ), 4.13 (q. 2H. J = 7 Hz. collrpung to a singlet upon &&i&on xt 
1.42. -OCHzCW). 4.60 (s. 2H. -CHzOCHs). Anal. C&d for CI3HlsOlS: C. 61.39; ff, 7.13. Found: C, 61.60; ft. 
7.25. 

I-Metbyi-anknat&aWfooc (.@)01. A mixture of 3.26 g (28.7 mrml. 1.0 cq) of 3.methyl-bv&rolactonc xnd 6.6 g 
(16.3 mmd. 1.1 ~q) of ~wctron’s ma nt in 40 ml of freshly dirtilkd btnxenc wxs hurcd rt reflux. umkr xn 
xtmmpharofni~farpaiafof 1. h. 
alitc, UId 

p” n The ruulfing @Jaw suspension wxs &en aed IO RT. frlurv_d !hrough 
waaad mda rcduad ptuurr to afford I yellowuanp gum I7&s residue wxs cxtmcted with scvcnl 

parims Of 8:2 heXw2t%. ud the canbincd cxm wnz filrczrd through riliu gel to remove polu impurities. 



~WWhy cm silica et ustn ~CXMC u ciumt hn 
(cmh). ff(nuC) ,260 &; , ‘d I(‘@, w-f. “.J ~(~3~~‘,.~~%’ d ‘@ u ’ @d- Oi’* Rf Ofi5 (d, 3H. J - 5 Hz), 2. (a 3H1.255 (dd. 
*He J - ig. i0 Hx). 3.ta?dd, ik, J -‘IA 6 HZ). ix (a 1~) 4.55 (a 1~ tW NMR(CDCII) 21 (-at), 26 GCH-f. 
x, (-cH2-). ‘9 (-w-j. 71 (-ocIi2-). 222 (Ds). Anal. d fa C,H&: C, 5S.M; H, 7.74. Found: C. 55.18; 
H. 7.70. 

~thf~JI-Cb~droIJ~~~*A-2-tbhdb 42iniOml 
olcocanmaalmwuhuvxlmwCfar 

(43). Ardurianofi.6g(6.08annot)ofthiout& 
oflh.TRetcamion 

oncz dtcpHwadjusecJto8withi0NNaOH,f 
wu~powedoW?XsOgofawbodicfMd 

by-N_. 7hc4utx~eiayunuexuacmdwith3x50 
mfOfCHZC%UldthCCanbiiCXmnSWCZC&iOdWCf~ 

~~~yellosl~. ctuollm e 
MgSO1, N&ztd. u& conccnuated wukr Kduad 

t/Y 
eycllowotLRf0.43( z 

phyalSiiiagcLuriog 
acctaWhcxMc). 

raroocmaurrselornr,thp vcO.97g(14%)of 
JR(-) 1730 (w). 1620 (al) cm-‘; NMJI( &a3 

J - 8 
)giM)(d.3K 

1. 1.20 (t. 3H. J - 8 Hz). 1.58 (a~ 2HI. Z2O(m. II+). 2.55 (tn. 2H). 2.90 (br a, IH. *OH). 3.38 (tn. iH). 
3.57 (a lM, 3.65 tm 2H). 4.10 (dd. IH, J - 17.7 Hz). 4.45 (d. IH, I = I7 Hz), 5.59 (d, IH, J - 7 Hz). 

2_(tMItbyiJ.bldroxybutJtlt~ (44). A soiutioo of 35 g (161 mux& 1.0 cq) of A-24hiUdinC 43 in 50 ml d 
fnthlydistilkdtoiucncwastnXtaIwith 1.7g(17.7trxnol. i.leq)afaWbMcUf 

. , 

wuhutcdufdhlxforr 
upinl5Omlof1:1 

&‘h. Thrtdumewxstha~rrmwtd~~-~~~~~~ 
Tbc~Of~qrqwauphwwudJuntdro8wilh58N12COt.udIkrquaxrs 

lryczwuexamct&with3x75miofcH2ch -iluannbinalutruuWucdricdovcranh 
maydhd. cbnrrauogrpbyoo~gcl,using e 

&SO*, fiiti atxf 
-8sclumlt 

then gave 855 mg (31%) 
NMR(CDCI3) 8 1.00 (6 3H. I - 8 Hz). 

IR(nM) 1740 (at). 1503 cm-t; 
I - 16.8 Hz\. 3.07 Idd_ IH J - 

16. 6 Hz). 3.iO (IX s:iH. -&H). 3.7i.(m. 2J$;7.ti-(d. Iii i - i‘ Hz), i.O(d,WIH. J - 2 Hzj; Anal. Cakd for 
CIHI~NOS: C, 56.1 I; H. 7.65; N. 8.18; S, 18.72. Found: C. 566.07; ii. 7.88; N, 8.01; S. 18.63. 

N2-MttbyuoxO&tyl~~0. ma lmtaial 

P 
wasprcp8Kdfmmthcdliaxo&ak7lbd44in68%yk!Jdf~tht 

proadmdSwcmcrd. 3 Rw~ydcUwui~otrcdur~ercUmvoilR10.61 (~O%~CCEXMCWIC~). 
(nut) 172.5 cm-l; NMRGDCb) 5 1.05 (d. 3H. J - 6 Hz). 2.36 (m, IH). 2.56 (m 2W. 3.00 (d. 2H. J = 6 HZ). 7.20 

(6 IH. J - 2 Hz), 7.70 (d. IH. J - 2 Hx), 9.8 (a. IH, -Cli=O). 

2~~~~yd~~~~~ t46k -i-his txmtaiai rwls ptcpuai ftcm~ the thiam& akkhyk 4s in 73% yield 
fo~~g~Lsntiul~~utidarribsdfor~. TheryLnicJtohd~vuisoktadurprk~ovod.Rf 
0.49 (40% rttoWbeums). UUCHKiZ) 2320 (w) cm-‘; NMR(W) 6 1.00 (d, 3H. J - 8 Hz). I.70 (m, w), 1.84 
(s. 3H). 2.30 (tn. IH). 2.92-3.15 @I. 2l-t). 4.45 (IQ IH). 7.20 (d, iH, J - 2 Hz). 7.70 (d. IH, J - 2 Hz). AnJ. C&d 
for CIIHI~NOS: C. 63.12; H. 7.22; N. 6.69. Found: C, 62.78; H. 7.26; N. 6.34. 

2~(2-Muhyi4oSos-beptynyi)tbimole m. ThiS mraakl wu ppuul frun the wtyknic aic&oi 46 in 81% yicid 
following the 
(40% latz 

poccdurc of swcm cl iaLl The aatyk-nic kem~e 37 wr) is&ted as a pak yellow oil, Rf 0.61 
s). JRMcat) 2220 (ml. 1670 (0 cm-t; NMRKDCi3) i 1.00 (d. 3H. J = 6 Hz). 204 (s. 3H). 2.45 

(m. iH). 2.65 (m. X9, 3.00 (m. 2H). 7.22 (d. IH J - 2 HZ). 7.70 (d. IH. J - 2 HZ). ANJ. C&d T~~c~~HI~Nos: 
C, 63.73; H. 6.32; N. 6.76. Found: C. 63.78; H. 6.34; N. 6.42. 

4~~Tdurncnrifonrl)_5~2-~tbyi-4-by4rorrbutrl)tbiuoir (49b). A solution of 2.55 P 113.08 mmoL 1 .l ea1 of 
to~ylaxchylisqnd (47b) in 75-ml ofhry T& w~coolcd to i78o.C in l flwc dkl fl&‘unda M m&p&& of 
nitmgm. Atoulof5.2ml(l3.08~l,i.ieq)of2.5Mn-butyllithiwninhexuKwu~ddalin 

72%; withvi~omurstifrinn.owrtxriodof 15nintoniverdbcr,radsoiutiak. Aftcrstiffkfarmadditionai 
C,*sc;iurioaot1.5~g(li.B9mmol,i.0aq)dthiono~ume40ial0mloCdry~war~~~w~ 
akntcning a 1#npaurpc of -780 C. Tht tesuking ““ge mixnnt was then shmd fa 1 h u -780 C befat qmcbing 
z; ~n;8wmr&l.; cq&laMetk md. Afta wmingto8c.tbercurioflwpoulujDpD1oOdof 

The combined cxtmxs ~lrc then dried ova anhydtous MgSO+ filtard, 
and cotKalumtcd under duad pRrwtx to 1 dark oil. t&omr~ 
elurnt. then gave 2.74 g (67%) of 49b as 1 pk yellow oil. RI 0.3 $%s 

hy on silica gel. using 20% YMCV~XMC u 
( acclon&hcx~nc). lR(neat) 1700 fm) cnrt; 

NMRKDCia) II 1.00 (d. 3H. J - 6 Hz), 1.65 &a. 2H-J. 1.74 fr. iH. +0/f). 2.10 (at, iH), 2.40 (s, 3H). 3.04 (dd. iH. J 
- 14. 9 W. 3.50 (dd. iH. J = i’. 5.S Hz), 3.75 0n. 2H). 7.37 (d. 2H. J - 7.6iiz), 7.94 (d, 2H. J = 7.6-L 8.a (I, 
lH). Aoat. c&d for CIJHIQN@SX C, 55.36; H. 5.89; N. 4.30. Found: C. 55.51; H. 5.97; N. 4.25. 

S*CZ~~b~hyd~xybutylIt.bkde M!W. Methud A. A solution of 486 mg (1 I.8 mmol. I .4 eq) d mcthykocyan& 
(‘7O)in~mfd~~mJcooledoo-7g0CinafkmcdricdfkrkunQut~dnitrogar. A WdS.5mi 
(1 I .O mmol. 1.3 eq) of 2.0 M n-butyilithium in hex8nc was then ad&d in dfo0wite fdiori. with vi 

qunchedwith629pi(l.‘aQofgkialac&cyib Ma ~g~~C~~~wu~~~l~~dH~ 
and exmctcd with 3 x 50 ml of CJiiC& I& YbinuJ e~tru~ WOT then dried over a~&ydrous~~~~~ 
concalu8tcd under reduced 
then gave 413 tng (28%) o r 

mhy 01) silica gel, using 10% l rf . 
498 as I paie yellow oil, Rf 0.37 (40% acctoWk 

NtCOVaedSeutin8~40. tR(lK’N) 1731 (W)COl , -1. 

(tn. IH). 1.86 (m. Hi), 2.66 (dd. iH I - 14.8 Hz). 2.80 
IH). An&. Cklcd fa CIHDNOS: C, 56.11; H. 7.65; N. 8.18; S. 18.72. Found: C, 56.23; H, 7.67; N. 7.72 S. 18.55. 





gum Qwhy &I silica gel. udng 5% ~~@.nWhcxmus 8s cluux. -27 
yellow. aysUnc did. mp 73-74OC (frum hcxuwr), Rf0.67 (20% UXO.IW& 
IRO<Br) 
3.07 
Hz). {dd. 3C 

1470. 1375, 1245. 122Ocm ‘; ‘H NMR(CDCl~) b 0.88 (6 3H. I - 6.4 Hx),’ 
lH, J - 13.6, 2.2 Hz). 3.14 (dd. 1H. J - 13.6, 2.2 Hz). 3.89 (d. 1H. J - 11.4 Hz), 4.45 (d. 1H. I = 11.4 
NMR(CDCti) 30.51. 31.97. 35.20. 41.23, 44.27, 44.86. 49.59. 52.74. 58.96. 93.98, 238.57 (CM). A& 

C&d for CI~HI~OS: C, 66.62; H, 9.15; S. 16.17. F+und: C, 66.70, H. 9.17; S. 16.11. 

Thtudc llcobd 6Sb. A sdudoo of 525 ml ft.0 mmol. 1.5 CQ) of tosvlmahvlisocvanidc 147bl in I I ml of& 1w: 

to I light brown oil. Ouomrtogrxphy cm silica cl. u&g 20% 
u I cohku, czyst8llinc sdid, mp 126-1270 t 

waxKmexuuuel e551 mgCt?%jdGb 

mte 393 f&P); IR(CH2CIz) 3688. 
(fmm ahyl ueuac), Rf 0.2g (20% 

3627. 3559. 1320. 1145 cm-‘; NMR(m) 6 0.83 (d, 
3HX l.Ml.70 

3$i 6Ez 
(m.7H). 2.02 On. IH). 2.25 (m. lH), 2.43 (5. 3H). 3.42 (CM, IH. J = 15.0. 11.7 Hx). 3.49 (dd. lH, i 

=11.7.3.9Hr).3.65~d.IKJ~12.0Hr).3.69(d.IH,J-l~OHr).7.34(d,2H,1-8.5Hr).7.94(~W,Jr 
8.5 Hz), 8.60 (L IKt. AnaB. C&d for CzoHz?NO&: C, 61.04; H, 6.92; N, 3.45; S, 16.55. Found: C, 61.15: H, 
6.96; N. 3.55; S. 16.47. 

Thhmslc&obol~. MerhodA. Ami~n~~of6.7g(16.8n~nol,l2ae)d6%sodiutnamal~~ul2.4g(168mmol. 
12eq)olNuHPOIin14mlofmhy~w:MtOHwuco0kd~OC~~ilhvi~rs~g,unda~Imocnqharof 
nitrogen. A solution of SSI 
vigorous stir&g vu lz!. 

(1.40 mmol) of 6Sb ia 14 ml of Mhydru~s THF was tha ukkd in one 
contin Afm45min.mddidohll6aqdboth68sodium~lplm~N r”d PO4Wa 

Iddcd siInulw3a<nn ly, end sthing vu continued for 30 min. Thc~mution mixture w then-pot& into 30 ml d ice 
cold brine and extrxctcd with 3 x 25 ml of CHzCit. The combined extncu were washed with big, dried over 
rnhydzous Na2S04. and conccntntcd undo reduced prcssun. Chromritogtnphy on silica 
acctonc&xMcs IS cluul~ then w 299 (89%)of6saasrc&rlus. &line rdid. mp 107-l cis” 

I, using 20% 

acea&), Rf 0.30 (20% ? -uns). I (CItzUz)3621 cm-t NMRf ?L3 
0 C (from ethyl 

) i 0.86 (d. 3H J - 7.2 Hx). 1.23 (I. 
3H). l.mI.60 (m 6H). 1.70 (m. 2i-0. 1.83 (m. IH). 2.91 (dd, 1X. 3 - 15.4, 11.6 Hz). 3.08 (dd, IH, I = 15.4, 3.2 
Hz). 3.65 (m, 2H). 7.58 (s. lH), 8.67 (s, 1H). Anal. C&d forC13HztNOS: C. 65.23; H. 8.84; N. 5.85: S, 13.39. 
Found: C. 65.24; H. 8.86; h’. 5.84; S. 13.44. 

McihodB. lhircdc&oM6&cudd&okdaivcdia25%yickibytbcruaiar of litbiomahylimXyW& (178) 
with the thionolrr0ac 63. using identical cadidons xs those mpard for 498 (h&M A). 

Tbiazdt rldtbyde 66. This material was pnpucd tiun the thiuok alcohol W in > 95% yield fdlowing bu gauml 

$“’ 
umdSwcmeruL’3 Inrrypialrccwri~t29nrl,oi65~Jlonfbd220mgoCrldeh~66u~u)~koiLRf 

.33 (20% uzton&cxancs), which w-u used dii fcx the prpuuion of67 wilhwr futtha purifkaion fR(CIizCiz) 
1718 cm-l; NMRfCDCb) 60.86 (d. 3H. J = 7.2 Lx). 1.08 (s. 3H). 1.2CLl.64 (m 6ti) 1.79 (m, IH) 209 (m, 1H). 
2.86 Mt. 1H. J - 15.0. 4.0 Hz). 3.01 (dd. lH, J - 15.0, 10.6 Hz), 7.54 fs, IH), 8.;53 (; IH), 9.59 (r.‘tjf). 

AcetyknkWbd67. Asolutionof385mg(1.S3mmot. 1.3eq)duiphm 
to-780Cinrfhncdriuiflrskundcr~ umospha of nim>/cn. A toml d 

hztbancin 18miofdryTHFwua~W 
588 111 (1.53 mmol. 1.3 cql of 2.60 M II- 

puicd ova the solution uodl it wu once M&i *cu. The 
fashion with li solution of 271 mg (1.14 tnmol. 1 cq) of tbirtdc 
solutionwxss&alu-78”Cfa:3h. Thcnrtion wuthcilquaKhaiwith3omld2.58lWPQMdcxtrWDdwith 
x20mldCHaCh.T)wuJmbindexorrsanrrdrlsdovarnhydraaNUSOIudaraanmtedunlarsduadprrrsme. 
Chnmutognphy on silica gel, using 20% kztoWhcx~e as cloant. then gee 287 mg (91%) of 67 u 8 5545 
diutaeunaic mixture, RfO.31(20% ucton&ex~). Mass spccmtm. II& 277 @I+); NMR(aDctt) (RM~~X ~XXXKX) d 
0.86 (d. 3H. J = 6.6 Hz). l.IO (s. 3H), 1.16-1.59 (m. 6H), 1.62 (m. lH), 1.70-1.90 (m, ZH), 1.84 (6. 3H, 1 - 2.4 
W. 2.94 (m, 1H). 3.52 (m. 1Hf. 4.45 (s, 1H). 7.56 (s, lH), 8.66 fs. 1H). 

Arctyltnk kctom SK This tnattil vu pcpmd from the rayknic tiohol67 in 93% yield folknhg rbt gauml 
proa*lufcofSmmcruLt3 lnrfypicrlnrction, 539 mg (1.94 mmol) of 67 rf’rardai 495 mg of M. 
ketone 58 was isoiucd as 1. colortess. crystdlinc 

I’tu rctyknk 
so&L mp 71-720 C ffmn ethyl aceuttlhexmes), Rf 0.34 (20% 

KC-). MAU spcarum, t&c 275 (IW); NMR(CDCXQ 60.81 (4 3H, J - 7.2 Hr.), 1.24 (I. 3H). l.ui-1.W (br 
tn. 7H). 1.96 (I, 3H). 2.15 (m. 1H). 2.64 (dd. IH. J - 14.4. 3.2 Hx). 2.98 (dd. 1H. 1 = 14.4. 12.0 Hz). 7.52 (s. 1K). 
f6;(s.;H). Anrl. C&d for CMH~INOS: C. 69.78; H. 7.69; N. 5.09; S. 11.64. Farnd: C 69.84; H. 7.72; N, 5.07; 

Tbiopbene kewnc 60. An rpproprirte fulction vessel was prcpued by se4ling ti end of I 15 mm ppx audrni ti 
tuukandamsui&ngthcothaatd#)cmfnnnthcbatan. Ihenrbcwuwrrhaitirhsasuru&NaHCO3.rimadwitb 

equipped with l nadk which was lon 



EaO,ydst&gwuan&ndfal.Sb. r)rexcas~~~tharderooyed~irarrfu)drtIdondO.Smtdabyl 
uuue,ud~sun(an*lupaacdinoDlOmlof2(M,~01mdcxavratvrith2xSmldEaO. *eocnbiacd 
orgxnic CXPMJ m wasbed with brine. dried over tiydrous NuSCk, and concentrated under re&ced pressure. 
C?unmatography oo xilicr gel, using 1% abyl ~euu./hexuys x.s chum. then gave 91 mg (94%) of 68 x.s I pale yelbw 
oil, RI 0.85 (2% erh 1 aaurcmeuneS ). Mur spamun. m/c 234 (Wf; IRfCH2Cl2) 1464, 1448, 1378, I368 cm-‘; 
NMR(CDCl3)6 0.8J(s, 3H). 0.92 (d, 3H. J = 3.0 Hz), 1.1@1.60 (m. 7H). 1.62-1.85 (m. ZH), 1.91 (d, IH. J - IS.4 
Hz). 2.05 (I. 3H, thiophene-klc). 2.52 (dd. 1H. J - 16.1, 4.0 Hz). 2.74 (dd. IH. J = 15.4. 5.4 Hz). 6.66 fs, IH. 
thiopbem-)l). Exu~ - C&cd fa C~sHz?S: 234.1444. Found: 234.1445. 

I-a-Emnopbi~ (610). Adudonof90mgofthphcnckeume60~ 15mJofbexxnerwas~~tedwirhr 
l&20 fold excess of freshly mcpxral W-7 Raney+ickel on I Pm hvdroncaator in I 200 ml hydrwcnrtion bottle. A 

NMR(CDCb) 6 032 (4 3H. J - 6.5 Hz), 0.84 (4 3H. J = 7.8 
Ilx). 0.85 (d. 3H. J - 7.8 Hx). 1.13 (s, 3H). 1X-1.62 (m, 8H). 1.78 (m, 2H). 1.90 (m, 1H). 2.08 (m. lH), 2.31 (m. 
If& 2.41 (m. IH). Exod nmu C&I for CIJW: 222.1985. Found: 222.1989. 

74LEremopbilrnc~ (618). A soWion of 42 mg (0.19 mnol) of 610 in 6 ml of rnhydrwr M&H was frutcd 
wide I-2m dfruhfypnpuadNxOMe,udtbcresdtingrdutiarnuha*durdhuwdtrin~of~n 
farrperiobd8 h. l’bc nrdonwut&oawkdcRTxnd- uadcrlxduccdpruwW lnefcsiduewxsulr+n 
up in 2 ml of CHICh, wuhcd with bias. rkied cwz urhydroas NazSOc. end caaarntrxtcxi DD xffmd 42 mg (100%) of 
616 u I colorIcrs oil. Rf 040.2% ctb 1 aauomaurC 

N& 
s. Tbcmuaidrbutobubatwu 

contxined c 2% 61a by GC xnd uulysis. Massr mt~ ;y ~;)~~~,~~~~~~ 
1364~1~~‘; NMR(0) 6 0.62 (d. 3H. J - 6.5 Hz). 0. (d. 3H. J 
3H). 1.161.80 (m. IOH), 1.98-2.30 (tn. 3H). 2.38 (m. 1H). Exrct mass. Cal& fdr C~;Hzkk 1222.1985.’ FoundI 
222.1980. 

Ertrnopbilrn l ko&l 69x. A solution of 2S mg (0. I 1 mmd) of 7-aampphikncborr (61a) in 1 ml of dry ‘lWF wu 
xddai in 8 dropwise f&ion. with vigorous stirring, fo I solution of 220 rJ (2 
lHFundermrtmosphcrcofniaogcn. Afwt~ngfa30minuRf,exceu~)irwudatroycd 
clhyl acctxu. xnd the rcution was 

rKo6 

,“r’ of 1 M L~i~~~~g~~~~ 

intoSmloflWbHzSOIxndexvoeudwith3x5miof The combined 
cxtrxcts were wx&aJ wilh briae. cwcr xnhydrous NxISCk xnd amccotnrd u&r ruluocxl prc&re. Prcpxrxdvc 
TLC then xffonlul21 mg (85%) of 69a u I colorless oil. Rf 0.35 (2% ethyl acetau&xxnes). Mxss rp&oun, r&e 224 
(M’f; iR(CH2C12) 35SO. 3380, 1481, 1381. 1365 cm’; NMR(CDC&) (I 0.71 (I, 3H), 0.90 (d, 3H. J = 6.4 Hx). 0.93 
(d. 3H, J - 7.2 Hz). 0.94 (d. 3H, J - 7.2 Hz). 1.25-1.64 (m. 12H). 1.75 (m, 2H). 1.96 (m, 1H). 3.~9 (d. 1H. J = 2.3 
Hz). Euct moos. C&d for C~sHlto: 224.2144. Found: 224.2146. 

Ercmopbibne &co&l 69b. This mxtuixl was pqared fmm ‘I-&zcmophilxnebau (6lfI) by an ida&ul poadum xs 
fhxl described above fa the iranric Jcohd69r. Jnxtypi&nrction,2Smgof618pvc 19mg(?E%)of69bur 
cob&u oil. Rf 0.35 (2% ethyl aatxt&exancs). Mrrt ~psanm, m/e 22.4 fM*); lR(Cti2Ct2) Mol. 1470. 1465. 1388, 
1365 cm-l; NMR(CDCls) 6 0.80 (d, 3H. 1 - 6.8 Hx). 0.93 (d. 3H. J - 7.2 Hx). 0.96 (d. 3H. J - 7.2 Hz), 1.08 (s, 
3H). 1.16168 (m. 12W. 1.7s (m. 2H), 2.08 (m, IH), 3.07 (d, 1H. J - 11.2 Hz). EW muaCdcdforC~WsO: 
224.2144. Found: 224.2146. 

Xanthrtt 7Oa. A solution of 36 mg (0.16 axmol) of ~~lilcohol6~in!mlofdryTHFvuautbdvirha 
unfoldcxceuofNaH(6O%oiJdixpas&)xnd 1 mgd The resulting rmxfurc wxs hutfd U mflux under xn 
snnosphcreofnirmgcnforrperiodof8h. AttnfddclatJdCS2wuthardQdinxdropvircfuhion.rndbuting 
wu ContinUod for M additioarl %I mia kfa’e quenching with x tenfold cxcesx of CHG. After cooling to RT. x few 
~psof8licilfrc+dccridwut~rodutroyexfeubr~.udIhrructioow~dilutcdvirh lOmlofH10xnd 
extrectcd with 3 x 5 ml of CWCl2. The exuuu were wrrhcd with dilute HQ, saturaud NxHCOs, xnd tine. bcforc 
drying OVQ rnhydrous NuSOl udarnanouing rmdcr ttdrred pmssurc. 
d 7Oe u x colaless oil, Rf 0.6s. 2% ethyl xoeuu/bexxnes. 

Rperative ‘JLC &en x&r&d 40 mg (79%) 
Mass spzmun. m/c 314 (M*); NMR(CDCls) IO.81 (d, 

3H. J - 9.1 Hz). 0.88 (6 3H. J - 9.3 Hz), 0.98 (s. 3Hi. 0.99 (d. 3H. J = 8.2 Hx). l.lS-I.78 (m. 13H’). 1.92 (m. tH). 
2.~8 (I. 3H). 5.93 (br s, 1H). Euc( M C&d for C17WS2: 314.1740. Found: 314.1738. 

XanfJWc 76b. This mx&xJ was pcm kxn the aunaphilaac sJcahol69b by an identical prooedurc xs that &s&bed 
above for rhe iromric xanthxle 7b. In I typiclrl reaction. 22 mg of 69b gxvc 24 mg (8O%) of 70b xs x colorku oil. Rf 
0.70 (2% ethyl xcefxtelhcxmes). MISS spectrum. rru’e 314 (hi+); lR(CHXlz) 1766, 1451. 1257. 1227 cm.‘; 
NMR(CDCIs) b 0.78 (d. 3H. J - 8.2 Hx), 0.88 (d. 3H, J - 9.2 Hz). 0.94 (d. 3H. J = 9.2 Hz). 0.97 (s. 3H). 1.18-l.% 
(m. 13H). 2.16 (m, 1H). 2.56 (s, 3H’I. 5.56 Id. IH. J = 11.7 Hx). Exact mass. Calcd for CI~HJOOSZ: 314.1740. 
Found: 314.1738. 

7.a-Ercmoohilene (Sal. A dution of fmshlhlv distilled 18_clown-6 (lOfold exccssj in 2 ml of anhvdmus r-burvlxminc 
WUSthd;i~yUiKkM lmroqbQc of krogcn xrxf acelad with xn cquivxlcntxmwnt of oil-f&c pock&k mtxk 
Aftn ~rirring for 30 min ti chpwtatic royti blue co&x had xppcucd A solution of 27 mg (0.086 axnol) of xamhxtc 
76a in dry THF wxs duo &da! in a droowisc fashion. xt sub x ntc xs IO mxintin the blue color. After dditkm wxs 

Mass sp6Frmm. m/e 2 

NMR(CDCWgO.84 (d. 6H. J -6.5 Hr).0.91 (s. 3m.o.94 (d. 3H. J ~7.1 Hz). 1.11.1.82 (m 16H). m- 
CaJcd for CrsHa: 208.2192. Found: 208.2191. 
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2082192. Found: 208.2192. 
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