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Summary-WE dmcribe an efficient synthests (sumrtagd in Schemee 8 and 10) of m 

advancrevf fntmmediatc ($4) &table for the synthesis af geleemine. The key steps In the 

syntherie am (i) the Dieta-Ndsr resction between f-tetnatrydropyranytoxy~y~~eh~~-~ ,3-dhnrr 

(10) and mthyt tt-nftroumylate (Ii) giving an sdduct [12) I in which thrr chill mntre in the 

t%t~h~~~~~yi ring Xa produced tub&aMMy in only em sente, (iif the rc#rrsngp-ment 

of a bicycfe[ 2,2,2]ectme (23) into a bislry@teg3,2. f fectmm (M), whem centrot of utxfch 

bridge migmtee iu achiewd by 8 choice af the ceunterfon in the Lawis acid, and (iii) the 

efficient formation of the qwrtermmy centrJt by an intrumetttmti reaction between m 

aflylatine: group and an ~~y~~u~ ion f35 * 341” 

lNTRODUCTlON 

we r%prt%d %arlier2’ 2 our pian to ~~th~~~~~ g&m&m ( I )” by way, successivlr?ty , of a 

diketone of the gmerai stmctum (33, with the ketone greups dZferen6mtard in mme way, en& 61 

ketone of gwneml structure (2). In each of the synthetic etepa (3 + 9) end (2 * 1). a ketone 
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aster group &wed us to lntruductt ths broarfn;o submtitusnt ln the lactone (8) w&h the comvm 

orkntatlon to emam the migmtion (43 + 7) of the funetio- br3dgb hold sntfpax4planar to It, 

This brfdgr, krcrurs ft CuTfm ths msthaxyr~rbmyf gmup is fnfusrentiy rlmmt to migrate than tha 

u~u~c~~~ bridga, md it irr m impmmt fecrtum af tha der&n of thfr rautr tlrrt 

ttemochmial control be urced to ensura ilr migmtion. Furtbammm. tha k&on* pup Xn ths 

pmduct (f) um fdarJly pIamd ta u&t fntmmolacukrfy fn the d.i%mntimtion of thm twO 

methoxycubonyf -ups: the bmurate af the ketone (7) mawted with sodium bomhydrfde to gfve 

the dioi (81, by way of a r-trctone intemte, which we wma 8bXrt to im&te when wcg ue& a 

Wted amount of mdiua, bornhydride. Fin&y we mMi,md the rrscsnidmy atmhul gmup of 8 

seXactivefy to gtve the ketcmJcatto1 _( 0) w Ss fw, att the rukitftuent* had caommtrrd in ensuring the 
r&ctivity that WB n%M3d; the problwa wae that the ketomr gmup in 9 ww~ at the wrong snd of 

tha thrwi-cax”bon bridge, and this mute had to be abmduned when we wem unnbie ta truurme 
the carbmyl group to the other ride of tha ring. 

in the sscand appmmch akmg these linao we umd ~nftmac?rybte to ( ti 1 sa the dienophfla. 

This had the advantage that the two groups on the double bmd wctm tidy diffmmtiad, but ft 

posed a number of problems. In the fimt pime, them were now twice as many possible 

Die+AIdat- adducts to tort cmt, and in the mcond them WUI no longer s taethoxyarrbmyl group 

that W8 could uw to mt up the cormct he@s- and etemh#mtrtry fn a b~~~ct~~~~~ step Uke 

(5 *c 6). Nevwtheimo, this approach w&6 sucxxasfuf, and it illurtmtes haw effeKltive ft is to make 

the f&t step in % synthesir cmmta as much ceragptaity LUT pmafbl;e, t t Amy when it mama that it 

and ioubmquent rtttpo am kss eblity pmdktabla. 

We tried a number of protecting groupa on the dfene (10) e nfth vwiour; pmbiamn froaLI sach, 

but the meet iiumeuful, and the only one leading to a czryot&ine adduct (1%) was 

tetmhydropymnyl* With a field of only 436 of a sfngle compound having (c ahmp melting paint, 

and seeing no sign fn the NW3 aJzactmar of any doubting of tha u&m&, we entertained tha hope 

11 
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confinaed our anaiyei8 of the situation. Armed with tW infoxmatton, we opumfred a rlightly 

different sequence of eventr, summu+ed in Scheme 8, which alto include8 the rubrsquent steps 

establishing the ether bridge of the Let& (tls) + These atepa 8~ the brondmtin of the ketone 

(M), protection of the alcohol 

formation, and an add-catrfysed 

protected the ketone group. 

group (to avoid retm-uidol rsrrstton+), tmm-esullm ether 

removlrl of the tetrahydropyrsnyl gz~up In cond.Mone that alp0 

10 11 12 43% 22 81% 

25 62% 24 78% 23 65% 

We established the structure of the key inten#KUate (tls), end hence of all the intermediates 

pmng it, by an X-my cryrtil structure (Z?) of the methytarnine (28) derived from it by 

reduction with l&Mum alumfnium hydride. In eummary, 80 far, we get the CArbamate (xi) in 15 

step8 fmm phenol, in an 0versl.f yield of 11.76, nith seven cryatallfne intermediate8 and only two 

serious ehxsnatopphies . 

OEt 

HO Ol3 M MO”“- 
0 

26 08% 

2Zt 

We were now ready to put in one of the quaternary centme. In our first appmach, we cwried 

out the sequence in Scheme 9 to set up a compound (111) hating a oily1 group y to a tertiary 

alcohol-the structuti 8UbUnit in whfch we bad l ucornufully induced silioon-controlbd olltionic 

-ngnwnt in our earlkr work (S&ems 3). * In t& ewe, hmever, we were urmbk to induce 

-nqrwnt by acid atalymlr or by any othm raethod: a&her the alcohol (tr) nor the amine 

derived fmm it by r&u&ion with llthlum aluminium hydrfdo grva any wcogntuble product, even 

though the group that should have -ted, tn the ~WWWI menu! (to, srro*rll), w held 
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phenyldimethyleilyl group in place of the ttithylailyi. In this step, the yield was l @ficantly 

better with a trimethylsilyl group than with a phenyldlmethylsilyl, but the yield of the &Iylafbne 

was slightly h&her with the phenyldtmethylaflyl group than with the trimethyLily1 group. Also, 

yield6 of the ally&iianec were slightly h&her with the cuprate reagent8 than with the lithium 

rerIpsnta used by Smith in her otherwise aimthr ailylsuUne eynti.” 

All our attempts to put into pt~ctice our oxindolo syntheses’ on the ketone (34) (or on a 

ketone derived by pmtection of the hydroxyl and amino groupa of 28 followed by hydrolysie of the 

ketal ~IVMP), have 80 far met with failure: the first carbon-carbon bond-forming lstep work@, but 

the subsequent steps, needing astionic intermediates, have been mo6t discounrqfng. We eurmiae 

that the neighbouring oxygen function seriously interferea with the formation of cationic 

intermedetee at the au-bon atom that io to become the second quaternary centre. We aiao failed 

with a method of oxindole syntherki’O based on a reaction of Zeeh’s, ’ i wNch similarly needa 

ationic intermedfatee, and with n Brunner rynthesfa,” which need8 anionic intermedtatea, for 

which we prepared the way by improving the general conditions that this little ueed method 

needs. ?a 

In summary, we have an effective route to an advanced intermediate, the ketone (341, which we 

call the nomxindolylgelsemine ketone. It b produced in twenty well worked upon step6 with an 

overall yfeld of 6.6%, and we have, once again, demonstrated how powerful the allylatlnne group is 

as a carbon nucleophile in organic synthesis. 

EXPERIMENTAL 

l-JTrimethylailyloxy~-1,3-cyclohexadiene (4). -3-Cyclohexen-l-one’5 (23 g, 239 mmol) was added 
to a rolution of Iithium diisopropylamide (LDA)(ZSl mmol) in tettiydrofum (TXF)(/SO ml) at -75’ 
and trimethylaflyl chlorfde (503 mmol) added. The mixtun, wu dbwd to warm to room temp- 
erature, the wlventa evaporated off, and the -idue taken up in pentano (300 ml). The mixture 
was cooled, filtered, and the eolvent evaporated off, and the restdue distilled to give the 8iSq! 
dienol ether (31 .I g, 78%) b-p. 68-72’112 mmHg, IR(film) 3050, 1850, 1590, and 1250 cm , 
IH-NMR(CC1,) 5.9-5.2 (2H, m), 5.02 (lH, d, J 6 Hz), 2.17 (4H, m), and 0.18 (9H, s)(Found: 
fi.1 168.0970. C,H,,OSi require8 168.0970) + 

Dimethyl l(SR)-Hyd~?oxybicyclo( 2.2.2]oct-S-ene-2(SR),3(RS)-diarboxyhte (S).-The dkcne (4) 
(9.73 g) and dimethyl fumarets (8.34 g)we&-refluxed in toluene (60 ml) for 16 h. The solvent 
WIUI ekpolated offs-the nssidue diaaolved in MeOH (60 ml), and HCl (6 ml, 3bJ) added. After 2 
h, the MeOH wm evaporated off, and the residue worked up tn CHCl, , waahlng with edurn 
bicarbonate solution and water, Evaporation and chromatognrphy (MO,, EtOAc-CHCl,) gave ffrat 
recovered fumarete (3.38 g), then the diaatereoiaomeric adduct followed by the adduct (5)(4,86 g, 
36%) b.p, 134-135’10.4 mmHg (Found: C, 60.2; H, 6.4. C,,H,,O, requ&rea C, 60.0; H, 6.73). 
IR( fflm) 3480 and 1725 cm ‘, ‘H-NMR(CDC1,) 6.28 (lH, dd, J 8 and 1.5 Hz), 6.07 (lH, dd, J 8 
and 6 Hz), 3.79 (3H. s), 3.70 (3H, s), 3.5 (lH, 8, OH), 3.19 (lH, dd, J, S+S and 2.5 Hz), 3.05 
(lH, dd, J 5.5 and 2 Hz), 2.9 (lH, m), and 1.8-1.35 (IH, m), _miz 240 (0.2%. ItJ’) and 153 (100). 

6(RS)-Bromo-Z(SR)-methoxycarbonyl-f(RS)-hydroxy-lO-oxlt~~clo[2.2.2.2”‘)decan-B-ona (a).- 
Bromine ( 10.9 n) was added to a vigwwrly etimwd ouspenrlon of anhydroue ZnBr, (15.4 g) in a 
solution of S (is.4 g) In CH,Cl, (BO ml)-. ~queour workup and trliuretlon with‘ Et,0 g&e the 
bromolactone (13.6 g, 85#) an prfrme, m.p. 145-146’ (from hexane-CHCl,)(Pound: C, 42+9; Ii, 
4.2. C,,H,,BtQ, requires c, 43.3; H, 4.38), IR(CHC1,) 3575, 1795, and 1725 cm”, 
:H-NMR(CDC1,) 4.92 (lH, dd, 2 5 and 1.5 Hz), 4.12 (lH, d, 2 2 Hz), 3.85 (3H, 8), 3.25 (lH, 
dt, i 4,s and 1.5 Hz), 3.1 (1X, 8, OH), 2.8 (IH, 1, i l+S Hz), 2.5 (1X, ml, 2+2-1.8 (4H, m), 
m/t 30S (21, M’) and 179 (100). -_ 

Dimethyl B(SR)-Hydroxybfcyclo(3.2.1 ]octm-S-one-2(RS),3(RS)-dieuboxvkts (?).--Stiver nitrate 
(5.95 g) wan added to B solution of 6 (m n)~MeOH (250 mlf and mter (9 ml) and the mixture 
reflux<d for 16 h. The AgBr was fiItere6 off and the MeOH evaporated. An awmou8 workup 
pve the ketone (5.85 g, 98$), b.p. 180-185’10.1 mmHg, IR(CHC1,) 3425 and 1720 cm“, 
l H-NMR(CDC1,) 4.02 (lH, a), 3.98 (iH, 1, J 6 Hz), 3.79 (2H, 8). 3.70 (3H. 8), 3.33 (lH, d, ;?: 6 
HZ), 3.25 (LH, a, OH), 3.20 (lH, d, J 6 HI), 2.91 (lH, ml, 2.3-2.0 (2H, ml, ans 2.0-1.7 (2H, 
m)( Found: g‘, 256.0963. C,,H:,O, reqUtrsr h¶, 2!i6.W47), m/r 256 (31%. bJ.1 and 181 (100). -- 

Dimethyl 8(SR)-Benuoyloxybfcyclo~3.2.1]actan-S-one-2(RS),3(RS)-dSaarbox late.-Bentoyl chloride 
(3.32 g) and 7 (6.08 g) were kept in-@&&-(54 ml) at SO’ --?zdK The pyridine was 
evaporated off, and the residue worked up In EtOAc wa&ing with diiute hydrochloric acid and 
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impure dkste!w&otaer (13) gave 4(SR)-[ 1’-(RS)-matho~~crrbonyl-2-nitroethyl~cWohex-2-~none 
1:15)(83%) IR(CH,Cl,) 2940, 1710, 1680, and IS60 cm k ‘H-NMR(CSX1,) 6.95 (IH, d, J lO.SHt), 
6.17 (lH, dd, J IO+5 and 3 Hz), 4.8s (lH, dd, g 1S’and 9 Hz), 4.SS (lH, dd, J lS_knd 3 Hz), 
3.80 (3H, e), 3.65-3.55 (lH, m), 3.20-2.95 (lH, m), 2.65-1.60 (IH, m), t&utely but just 
detectably dffferent from its dlaate~isomer (14). 

6-endo-EthoxycarbonyIamino-5-exo-methoxy~rbonyl-l-( 2’-tetruhydrwwuwloxy)bicwlo[ 2.2.2 )oct-2- 
ene .-Aqueous methanol (1750 ml, lol H,O) wes added to a mixture of It (45.5 g) and alumfnium 
GilgWP (48 g) in THE’ (80 ml) and stirred vlgomusly for 12-18 h. The mixture was flltered 
through a larga frltted glass funnel and the aluminfum salts washed thomghly with ether (4 s 206 
ml). Evaporation of the solvent gave the amine (38.4 g, 93%), lR(fIlm) 3420, 3345, 3095, and 1730 
clu l* *H-NMR(CDC1,) 6.5-5.99 (2H, m), 4.92 (lH, br s), 3.76 (3H, 6). 4.2-3.4 (3H, m), 2.83 
(lH, m), 2.13 (lH, m), 1.91 (2H, br a), and 2.03-1.23 (iOH, m). Ethyl chioroforamte (17.9 g, 
IS. 7 ml) was added by syringe to a solution of the amine (38 +I g) and distilled trlsthylamine (21+8 
g, 30 ml) in Et,0 (800 mI) at O’, and the suspension stirred for 5-12 h slowly allowing it to come 
to room temperature. An aqueous work up using ether, and ttituntion fn ether gave the 
carbamate (47.6 g, 99%), m.p. 61-69‘ suitable for the next step. Recrystalliaation gave pleter;, 
-82-84* (from ?&OH-Et,O, S:gS)(Found: C, 61.4; H, 7.85; N, 3.95. C,,H,,NO, requfres C, 
61.2; H, 7.7; N, 3,951). IR(CC1,) 3440, 3325, 38S0, and 1720 cm”, ‘H-NMR(CDC1,) 6.47-5.98 
(2H, m), 4.90 (2H, m), 4,OS (2H, q, J 7 Hz), 3.71 (3H, B), 4.32-3.21 (3H, m), 2.65 (lH, CD), 
2.3 (IH, m), 2.0-1.35 (lOH, m), and 1.18 t3H, t, 2 7 Hz), _ _ m/z 353 (O.oII, I$), 269 (4). 174 
(22). 96 (70). and 8s (100). 

1 -H drox -6-endo-ethoxycarbonyIaaino-S-exo-methoxycarbonylbicyclo{ 2.2.2 joct-2-ene 
+V 

(16) .-A 
nuxtura o the tetrrhydropyrsnyl ether (3 g) In THF (70 ml) and aqueou~hyd~horic acid (SO 
ml, lI$) wao stirred for S h. Extraction with EtOAc and chromatography (SiO,, Et,O) gave the 
alcohol (1.9 8, 831). IR(CHC1,) 3650-3050 br, 3048, 1750, and 1700 cm”, ‘H-NMR(CDC1,) 6.05-5.7 
(2H, m), 4.7 (IH, br s), 3.97 (2H, q, 1 7 Hz), 3.95-3.7 (lH, m), 3.57 (3H, 81, 2.5 (lH, ml, 
2.07 (lH, m), 1.8-1.2 (4H. m), 1.2 (3H, t, ; 7 Hz). 

I-Hydru>xy-6-endo-ethoxycarbonyLilrrnfno~ 2.2.2]octan-2,3-epordde ( 17) : 
The alkene (16)(9.2 g), 4,4’-thiobis(2-t-butyl-6-methylphenol),’1 and p-Mroperbentoic acid (18.7 
g) were stirred in CHCl, (350 ml) for 24 he An aqueouo workup using EtOAc, followed by 
chmmatography (SIO, , Et,O) gave the epoxide (7 g, 72%)(Found: C, 54.7; H, 6.5; N, 5.1. 
C,,H,,NO, requires C, 54.7; H, 6.7; N, 4.90). IR(CHC1,) 3750-3266 and 1750-1685 cm I, 
‘H-NMR(CDCl,, 250 MHz) 5.37 (IH, br d, j 9.9 Hz), 4.24 (IH, br m), 4.1 (2H, Q, i 7.1 Hz), 
3.69 (3H, a), 3.48 (lH, t, J 5.1 Hz), 3.25 (IH, dd, J 5.1 and 1.7 Hz), 2.56 (2H, m), 1.76-1.S6 
(SH, m), and 1.22 (3X, t, 3 7.1 Hz), “C-NMR(CDCl,) 173.23, 157.57, 74.22, 64.15, 55.8, 55.2, 
53.45, 52.19, 47.95, 31.45, 29.32, 22.24, and 14.44. 

syn-3-Ethoxycarbonyhunino-4-anti-methoxycarbonyl-8-syn-h dro y rybiylo[3.2.1)octan-2:E (19).- 
The epoxide (160 mg) in CH,Cl, (3 ml) was added to a suspenamn o AlCl, (300 mgl in CH,Cl, (5 
ml) at -10’ and the mixture stirred at -10” for 4 h before being quenched with sodium bkarbonate 
solution (10 ml). An aqueous workup gave the ketone as needles m.p. 128-131’ (from 
EtOAc-Et,O, 1~4, at -20*)(55 mg, 3Sa)(Found: C, 54.7; H, 6.5; N, S.f. C,,HI,NO, requtm C, 
54.7; H, 6.7; N, 4.9%). IR(CHC1,) 3650-3156 and 1730 cm’i, ‘H-NMR(CDCI,, 250 MHz) S,39 (lH, 
br d, J 8.7 Hz), 4.5 (IH, br t, 2 8.7 Hz), 4.4 (IH, t, J 5 Hz, CffoH with the H “equatorial” in 
the six-membered ring)(this signal was shIfted to d 5.2 on acetyktion), 4.09 (2H, q, J. 7.1 Hz), 
3.73 (3X, a), 3.34 (lH, br d, & 8.7 Hz), 2.81 (IH, br t, J 5.S Hz), 2.62 (lH, br m), 1.99-1.85 
(3H, br m), 1.X (lH, m), and 1.22 (3H, 1, J 7.1 Hz), “C-NMR(CDCI,) 207.26, 173.24, 156.93, 
77.61, 61.51, 55.56, 54.36, 52.19, 48.28, 41.64, 23.63, and 14.38. 

Treatment of the Epoxide (17) with Hafcnesium Bromide .--The epoxidt (1.56 g, 5.45 mmol) in THF 
(35 ml) was added to a stirred solution of MaBr, etherate’ 1 (27.25 mmol) in ether (50 ml) and 
benzene (70 ml). More THF (35 ml) was thin idded and the mixture stirred for 17 h, An 
aqueous workup and chromatography ( SiO, , Et,01 gave first, Rf 0.5 (Et,O), 2-exo-bromo-6- 
endo-ethoxycarbonyko-3-h dn, 
44%) as prisms q .p. 

(#l)(8?0 mq, ,y f xy-S-exo-methoxycarbonylbicyclo[2.2.2Joctm-1-d 
163-165 ( ram EtOAc-Et,O, l:I), IR(CHC1,) 3600-3160 and 1740-1700 cm’ , 

‘H-NMR(CDCl,, 250 MHz) 5.54 (IH, br m), 4.47 (IH, dd, i 7.1 and 5.2 Hz), 4.34 (lH, m), 4.18 
(lH, br s), 4.09 (2H, q, J 7.1 Hz), 3.73 (3H, e), 3.8 (lH, br s), 3.51 (IH, br s), 3.09 (lH, br 
a), 2.12 (2H, m), I,94 (lH, m), l.?l-1.5 (2H, m), 1.22 (3H, t, J. ?+l Hr)(Found: hJ*, 365.0478. 
C, ,H,,BrNO, RQUfrer, 36S.Or?S), followed by, Rf 0.33, ?-anti-et hoxycarbonylami.no-8- 
anti-hydroxy-6-sy-n-methoxycarbonylbfcyclo[ 3.2.1 joctan-2-one (21)(600 mg, 39%) as prioms m.p. 
119-120” (from MeOH-Et,O, 15:8S), IR(CHC1,) 35SO-3lSO%id 1740-1686 cm’ ‘, ‘H-NKR(CDCl,, 90 
MHz) 5.83 (lH, br d, J. 9 Hz), 4.67 (IH, dd, J 9 and 6 Hz), 4.18 (‘LX, q, J 7 Hz), 3.81 (3H, s), 
3.5 (lH, m), 2.93 (IH, m) 2.78 (IH, br s), 2.69-2.03 (2H, m), 1.8-1.5 (2H, m), and 1.29 (3H, 
t, J 7 Hz)(Found: M’, 285.1216.. C, ,H, ,NO, requires 285.1216). 

6-endo-Ethoxycarbonv~no-S-exo-hyd~x~thyl-l-(2’-tetlrhydmpyranyloxy)bicyclol3.2.2.2)~t-2- 
e_n_e . -The ester (prepared in two steps from lt as described above) (47.6 E() in Et,0 (7503) was 
added to a suspension of LiAlH, (20.5 g) in Et,0 (406 ml) at -1s’ over 75 min. and the mixture 
stirred for a further 30 min. The excess hydride was decomposed by l lovv addition of EtOAc (100 
ml) and the mixture stirred for IS min. Sodium hydroxide solution (SO ml, IS%) and L#)T(! ether 
(566 ml) were added, and the mixture filterad, 
948) suitable for the next step, 

Evaporrrtion of the solvent gave the alcohol (41 g, 
IR(CCI,) 3650-3150, 3055, and 1730-1695 cm’ *, ‘H-NMR(CDCl,, 96 

MHz) 6.53 (lH, dd, J, 7 and 6 Hz), 6.12 (IH, d, J 7 Hz), 5.01 (2H, br m, including NH), 4.12 
(2H, q, J 7 Hz), 4.32-3.31 (6H, m, including OH), 2.52 (2H, br m), 2.9-1.2 (IOH, m), and 1.23 
(3H, t, 2 7 Ht)(Found: g’ - 1 - C,H,O 240.1233. C,,H,,NO, - 1 - C,H,O requires 240.1236). 
m/z 240 (0.4%, E - 1 -- - C,H,O), 223 (5). 180 (5). 146 (S), 129 (51)‘ 96 (62). and 85 (100). 
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CHCl,)(Found: C, 44.3; H, 5.3; N, 3.8 C,,HI,BrNO, ~M@.w 6, 44,St H, 5.3; N, 3.?$)+ 
tR(CCt,) 3SW=3200, 1735, 1715, md 1690 a’ A* ‘H=NMR(CDCl,, 2.W MI&) S-23 (lit, br d, 4 9,S 
Hz, NH), 4.63 (1X, dd, 1 12.5 and 9 Hz), 4.48 flH, dd, 1 11.5 and 6.5 Hz), 4.31 (lH, dd, 2 
11.5 Md 8 Ht), 4.17 (1H. br rr2, 4.t2 (2H, q, g ? Hz), 4.U2 (fH, m), 3.03 (1X, bt e), 2.86 
(lH, m), 2.6-2.5 (2H, m, including OH), 2,lQ f3H, e.), 2.06-1.31 (2H. m), and I,25 (3H, t, f 7 
Hz), mfx 2?18 (11% M’ -_ = Br), 238 (Sl), 220 (ZO]., 149 (371, 148 (36), 121 (401, and !#4 (4s). 

10, i~-Mathory=?=exo=ethorvarrtrony~=6=%x~=hyd~~=S=~~t~~~~[ 4,3, X .O’ ’ * ~dumo l - lsil 
The &&d (7 t 24 8) 1 dihydropynin (2.61 @PC) and p~dfnh.ux ~=t~~u~~~~h~~t~ f 340 mg) were 
kept tpt CH,Ct, (806 mt) for 2 h. The ~tfutkm wu mncmtmtwi to 300 ml &fon an aqueaur rvork 
up to gm! thtt tetmhydrupym?yl ethar, which was dimmived Ln Me0H (400 ml, AR) end stked 
with KzCO, (8 g, fine& prrrrdsmd) and water (l-2 al) fur 2 h. Tha methan& wm evapomted off, 
the msidua takrrn up in EtOAc (3ooO ml), washed with water I30 ml) and brima (30 mt). The 
mpmour lrybn wepa kc& extracted w&h EtQAc: 12 f 7S a), and the -bined orgs& phrees 
mhti again wfth brine, checking that the pH of the brine wu 7. The EtOAe layw wua dried 
(Na,SO, ) l and the aolvlrmt svrrpocated of? to give the tetrwzyciie &hurt which rra* refiuxed in 
EtOH (SO6 mi) with pyridinlun p-toluzneruiphonate (535 mg) for 2 h+ Ths BtOH was evaporated 
off, the mfdua d&wlved in CH,Cl, (lo=15 ml) and chrometsgrapw (SSOxt. SO0 g1 Et,O) to give 
the _ketat (3.92 g, 62%). m.p, 129-136’ suftable foor tfre next step, RacryWUsMon guvsr needget, 
m.p. 146=X47* (from CH,Cl,=pentanef(Found: C, 58.2; H, 8.3; N, 4.3. C,,H*,NO, requires C, 
58.3; H, 8.3; N, 4,3$), Rf (EtQAcf 0,4, IRfCCf,) 3S~=32~ ad 1690 cm”, ‘H-NMR(CDCI,, 250 
MHz) 6.24 flH, d, 4 10 Hz), 4.40 (fH, d, 2 8.5 Hz, NH), 4.07-4+01 (3H, at), 3.75-3.7 (3H, ml, 
3.52 (2H, q, g 7.1 Hz), 3.45 (2M, q, 1 6-9 Hz), 3+4 IlH, br LL+ OH), 2.36-2.27 (3H, m), 3.97 
ClH* ddd, i 14*2, 2.7, rnd 2,§ Htf, I.52 (I H, dd, f ll+l and 2.6 Hz), 1.16 f6H, I, 2 7 Hz), 
and Its10 (3X, t, J 7.1 Hz), ‘%=NMR(CDCt,) 156 fe),t0l.3 is), 81.1 (df, 70,O (d), 62.9 (tS, 
60.3 (t), 56+7 (d), S6.2 ft), 53.3 ft), 53.6 (d), 46-3 Qd), 40.2 fd), 2S.4 (t), IS.3 19). IS.3 
Iqj, and 14.7 tq), @Q 329 (l%, &I, 311 (lOI, 300 (51, 282 (371, 267 (lOOf, 266 (351, 236 (331, 
2X6 {68), 211 f87), 193 (701, 165 fS?), 145 (Si), 142 (71), and 114 f38)+ 

fO,lQ=Diethoxy=!+exo- 
beimata f2.43 g) wu 

2-exo=~thytualno=S=~~t~~eI~~4.3.1.0” ‘Idecane (ZB)*--The cm- 
with WH. (1.13 g) in THF (SO ml) fur 16 h, and th8 excess 

hydride deanmpoced by rlow addition of water (l-2 ml), The THP wu decmntad off, and the 
msidua extracted w$th boWng THF (3 s SO mi), filtering esch W. Ths THF n\s 8WQSWWBd off 
to givs tha amine cl,96 g, 98%). m.p. 118-12S*, suftsble far th8 next atep. RecryWaUatIon gave 
p&mr, m.p,131-135’ (from Et,Of(Found: C, 31.S; H, 9.1; N, S.l* C,,H,,NO, mquirsr C, 61,s; 
H, 9.3; N, 5.2%). IR(GC1,) 3400-3100 cm’ 1, “H=NMR(CDCl,, 250 MHz) 4.10 (ZH, br 8, NH and 
OH), 3.79=3+33 (SH, m), 3,4S (IH, qs 2 7 Hz), 2.41-2.18 13H, m), 2.30 (3H, 01, I.95 (tH, ddd, 
?r_ 14.2, 2.8, and 2.6 Hz), t.Sl CiH, dd, 2 Ii.1 and 2.5 Hz), 1.10 (3H, t, J ? fit), and 1.07 (3H, 
t, I 7 Hz), mlt 242 (3‘\, M’ - Ett, 227 [IO,, 226 (18), 225 (20). 224 (20), 211 (II), 206 f2?,, 198 
(30), $96 (l&OK 176 (tl),-145 (20)s 94 (2jf, and 84 fS3f+ 

&48W 
rv+t& DM.a fop tha AtPine f¶W+-C1,H,,NO,, & = 271.35, t&&tic, %;p~% lfraup PT (No. 2), g = 

= s.si?(z), c - rosm(z)A, o = ee+as(1), B = SI,M{I~, y 0 roz.so(l), v = 
712+2[2)& “Z = 2 D = 1 26S-g cm’ 1 x(Cu=Ko) = l.S4l6& gZCu=&x) 
2S47 fntenrftGt# i&l!&Wi ^(S 5 23 5 ‘125”) ofi ZL syntex P2, 

= 6.64 cm’ tt &OOO) = 2%. 
diffrmWmetBr* udng an uf28 WXn 

trtchnfque, and averq@ to give 2236 unique bata. Strzrctunz solved by dfrect methods (SHBLX 
86) and Four&r differsme tecbniquar, and mf&md by full matrfx ksut oquwee to E = 0,050 and 
R = 0.063 foi 1987 unique observed reflectiona with F > 40(F). The atomic camdirutsr for thlo 
;;;fJrk ane available on rmplolt from the LXxwctorc of t-h Cam&“rtdg,w Cryrrtrftogmphic DuU Centre, 
Unfvsmfty Chemicai Lrrbonatory , tarmffald Raad, Gnmbridga CB2 1 EW (C-t Britain). Any request 
should be accompaniled by the full litemtuw citation. 

10,10=D$t~y=9=exo=hydmxy 
f4e3.1.0 ’ Jdeaure 

+8~0-f N-methyl-N-( 3’=trlnwthylllvlarosXonyl)amfaof=S-oxrttr*icycla- 
.--The mune (m)(lOO mg), 3-t~tby~~ylp~~~uny~ c&x ss (246 mg), und 

triethyiaenfne (18U mg) were mfxed fn CH,Ci, (25 mi) at -10” and kept at 0” for 30 min. AQWQU~ 
work&p and chmm&&gnrphy iSi& * EtGA<j gave the tide f486 ‘rag, 8361, Rf iEtOAc) - 0.65, 
fRiCH,Cl,) 3300 and 1640 cm *+ W=NMRfC!XX,, 250 MNL)4.05 (fH, a), 3.88-3.70 f2H, m), 
3-61-3.47 (6H, m, tnctudfng OH), 3,03 13H, 8>, 2.58-2.47 [2H, m), 2,32=2.23 f2H, m), 2.05 (lH, 
dd, z 13,S and 3 Hz), I.64 (tH, dd, 3 13.5 urd 3 Hz), 1.28-1.1 (ZXH, m), 11.88-0.71 (2H. m), and 
-0.13 (3H, e)(Found: 384.2199. Ct,HstNQ,Sf requirm E = lcte 384.2206), y$t 384 (X50, )J - Me), 
381 <IO,, 222 fKW, and 179 fiO0). 

10,lO-Dfeiho~=2=ttxo=[N~mr?th~t-N-f3’-t~thytrtl~ffs~~~~nyf)~a~-S=~~tricrystaf4.3,f.0~‘*fdec- 
+&-9=ons (s&f * -The alcahoi ( f .I? g) t pmpyluns oxide f 0.2-J ) and pyrfdinfum chloroch~ta 
(PCC)(O,946 g) wem rtLtllPKt in CH,Cl, (100 mI) for 3 h, The btack solution rmuo filtered thraunh 
catite, evapo&ted, and the resfduk &hrrwxrrrtomphed ( SiO, , Et,01 to @Ve the k8tOZl8 (I.01 ;, 

87$), RI (EtOAc) 0.75, lR(CC1,) 1765 and 166C1 cm l, *H=NKR(CDCI,, 250 MHt) 3.96-3.48 (7H, 
m), 2.97 [3H, a), 2*75-2*26 (SH, m>, 2+18 (2H, t, 2 8,6 Ht), I.94 (lH, br d, ;r ll.? Hz), f-2 
(3H, t, J 7 Hz), I.fl 33H, t, 2 7 Hz), 0.86-0.71 (2H, a), and -OS03 (SH, a). 

~=Aur=l3,X3=dist)raxy=l=h~drx~=~=~~~~=6~~~=l~-~~~~y~th~~t~t~~~o{6~3~l.l 
id&&- 1 O-one 

l * LtO?*tjfr_ 

I #c) .-The ketone (127 mg) and pota~rfum t-butotidrr 140 mg) we- kept rt 60*% 
t-butmn& (rQ ml) for 2 h. An l queour rrurkup and chwtognrphy (SiQz , Et,+Ught pew&wa, 
4: 1 I @V8 the dkri2arectftomeric rrtcaheh (102 mrg, 8cPlif. 
properties: XWPB polar isxnef, 

Separated, these had the foUawing 
Rf f&Of Oa28r m-p+ lS8=15_1)’ (frwm haxme)CPound: C, 60.1; H, 

9.15; N, 3.6. C2,H,,N0,Sf muirecr C, 
1 H=NMR( CDCt, * 

60,4; H, 8+8; N, 3,5%.2, XR(CH,CX,f 3450 and 1650 cm I, 
“MO MHz) 4.74 fIH, rf. 3,84-3.56 f7H, m), 3.4 (lH, br a), 2,84 f3H, sI), 

2.55-2.45 f2H, m), 2+24=3.95 (4H, PI), X.27-1.19 f7H, a), 0.82 flH, dd, J IS md 7 Hr), and 
0.01 (SH, sf, m/t 397 (3S%, 5’). 382 (TOO), and 212 (503; km patar kkar, Rf 0e38, nr,p+ II- 
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