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Abstract - Tabtoxin ill, the exotoxin froll Pseurkmas tabacl (the 
oraanlsm nsooosible for Ylldflre disease of tobacco ~Tlnts). has 
be& synthesised by a stereospecific mute. Tk cycioafkiition of an 
acylnltroso coqtound to a cyclohexadlene proceeded regioselectively 
to lve the blcycllc ester (61, uhlch was transfomd to the amine 
(243 throu~ reductive amlnatloo of the aldehyde (101. Oxldatlvc 
cleavage of the olefln (251 gave the corresponding 4lacl4 (261, uhose 
functional groups were appropriately differentiated by fomtioo of 
the peptide (291. Cyclisatloe of theR-amino acid (301 and subsequent 
hydrogemolysls of the resulting splroR-lactic 1311 gave tabtoxin. 

Yildflre is an infectious disease of tobacco plants causing circular yellou leafspots. first 

recognlsed in 19171. An infecting agent, Pseudommas tabacl. was isolated frca the centre of the 

chlorotic lesfom and the probctioo of an l xotoxin, namely tabtoxln (1). by the bacteria was 

found to be mspooslble for the disease. To exert its effect on plants the toxin appears to 

Inhibit glutamine synthetasc In the photorespiratory nitrogen cycle; smtoms being consldercd 

to be due to the subsequent rccumlatlon of Mi3, the substrate of the inhibited enzyyr.2 

Relatively mently the structure3 of (11, including stereockeistry4, was revealed to be a 

dlpeptide conslstlng of L-threonln or k-serin and an unusual amino acid containing a monocyclic 

fj-lactam with two asyrctrlc centres. In addition to its stereochemical coqlexlty the molecule 

possesses a marked lnstablllty (ti24 hr at pii 7, 15 min at PM 8.2); then-lactam moiety of the 

toxin undergoing a facile transacylation to the stable, inactive isotabtoxln 12) under mild basic 

conditions. lie detail herein the first total synthesis of tabtoxln which has been reported in a 

preliminary form5 

(1) (2) 
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Recognlrlng the chfral 1,4-aminoalcohol part as the key structural feature of the 

molecule, UC settled for a Dials-Alder strategy, starting rlth an appropriate cyclohexadiem (3) 

and an acylnltroso coqound (4) 6. leading to the amino dlacld (51, a logical precursor of the 

toxin (Schcw 1). Owing to a preferential fnteraction betueeo the LUUI of the nftroso 

dlenophfle and the WMO of the diene the desired reglockcmfstry of the cycloadditfon uas 

anticipated. Particularly noteworthy Is that tkc CNClal relative stereochemical relationship 

ktmn C(2) and C(5) could be achieved bring the slultrneour fornation of C(2)-N and C(S)-0 

bonds. 

X 

0 
(3) 

+ ? 7 

N'COR 

(4) 

Scheme 1. E.g. R=OCH2Ph ; X=C02Et 

The cycloaddltlon was shown to be a quite efficient process. The starting dlenc, ethyl 

cyclohexa-1.3-dfemarboxylate (3, X = CO2Et),war prepared according to a conveotlonal and high 

yield procedure.7 It was reacted with benzyl nftrosofornate (4, R = OCIQPh), *crated In situ -- 
fra benzyl W-hydroxycarbaute* and tetraethylaronium perfodateg, resulting in exclusive 

formation of a single regfofsooer (6) In 931 yield. In order to confim the rcglochemlstry the 

adduct (6) uas subjected to hydrogenation (l+.Pd-C. Em0 and acetylation (AI@. pyrldlne). 

successively. The resulting coqwnd (7) exhlblted an aaide Cdrogeo rpllttlng LKDC13) 5.36 (J 

5 Hz)3 from a rlngle mthlne hydrogen M IIf n.m.r. Furthermore, the correct reglochemfstry of 

the a&t was uha~f%wsly established by X-ray crystallography of the W-chloroacetyl 

derfvatlve (14). as will be described below. 

Transformtfon of the ester group of (6) to an aminomethyl group was nxt Investigated. 

Sodium borohydrfde rebctfaf of (6) gave the corresponding alcohol (8) quantitatively. For the 

subseqent dlsplaceomt mactlon, the alcohol (8) was then converted into the arylate (9) in 96% 

yield. However, it was found that reaction of varlws nitrogen nucleophlle with (9) Is not 

possible presumably because of the heopeotyllc nature of the reaction stte. Thus. the alcohol 

(8) uas further transformed to the aldehyde (10) by the I4offat oxidation in 68S yield. Althwgh 

direct rlnatlon of (10) gave rise to the formation of the undesired dlastereowrfc secondary 

aainer (111, on the other hand, the cryrtallfn ~-oethyl oxlr (12). obtained In 879 yield fma 

(10). uas readily reduced with sodium cyanoborohydrl&10 to give the corresponding hydroxylamlm 

derlvatlve (13) In 971 yield. The wthoyamfno group In (13) was protected as the 

Y-chloroacetyl derlvrtlve (141 f87S). 

X-ray diffraction analysis of (14) was carried wt. verifying the reglocMalstry of the 

Diels-Alder reaction, as shown by the gemrrl view of the alecule (Figure 1). Tkc distance for 

~11 atom generally agree with the accepted value. It is noted that the bfcycllc skeleton has 

slightly staggered D3 pseudo syaetry. when vimd ban the C(5)2(8) rxfr and that the 

configurrtlon of both N(l) and N(2) atoms are pyramfdal.LL The displacement of the nitrogeo 

atoms from the plane uere: N(l) 0.260 A; N(2) 0.356 A. 
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R 

0 
(6) R = CO,Et 

(8) R = CH20H 

(9) R = CH20S02Me 

(10) R = CHO 

(12) R = CH=NOMe 

(13) R = CH2NHOMe 

(14) R = CH2N(OMe)(COCH2CI) 

‘If 

0CH2Ph 

0 
(11) 

0 

Figurel. Pctspcctive view of the molecule (14) with atomic numbering 

Oxldatton of the double bond tn (14) to the corresponding dlrctd was strrtcJhtfonrrd. Tk 

use of potasstua perranganrte under phase-transfer condttton l2 effected 3 factle oleftn cleavage, 

affordtng the dtsctd (15) In 58% ytcld. For the cycltsettocl ton-lecta~ the W-chloroacetyl 

group was then moved rtth thlourer In ethanol, followed by sodtum btcarbonrte13 to the 

rthoxyrmtno dlrcld (16) (78%). MMver, all of tie rtttqts to obtatn O-lactam frua (16) were 

unsuccessful. Accordtngly. In order to try cycltsrtton fmR-eatno ester (17) dtsctd (15) was 

trrnsforrd by cstertftcatton wtth dlrrolathrne In 6ClS ytelcl and the wccesstve trertrnt utth 

thtourea and sodtm btcrrbonate gave dtester (18) In 571 yteld. The coqound (18) also fatled 

to cycltse to the O-lrctra. 
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Dfffcrentfatfon of the two carboxyl functfons seeaed csscntfal for efffclent cyclIsatlon. 

Thus. the dfacld (15) was reacted with on qulralent of dlphenyldfaromthane, follared by 

dlarorthane. All four possfble products (19a), (19b1, (19c), and (17) were obtilmd, 

Including the desired (19b) In 20% yfeld. The two benzhydryl esters, (19b) and (19c). wept 

dfstlngulshed by thefr 1~ n.m.r. spectra, In partfcular, by the chemical shlfts and couplfng 

constants for the C-6 W-chlo~ce~l-11-rtho~~fm, substltuent l.c.. one benrhydryl methyl ester 

strongly rescdled the dfrthyl ester (17) and the other one closely restdled dl(benzhydry1) 

ester (19a). Thfs asslgtnent was conflmed when the coqound asslgncd (19b) was elaborated to a 

O-lactu as follows. Reaoval of the &chloroacetyl grwp of (19b) ufth thfourea and sodium 

bfcartmate gave (20) (71%). uhlch was further treated wlth trlfluoroacetlc acid for the 

selectfre cleavage of the benrhydvl ester, affordlng the mnoester (21) In 94% yield. All of 

the functlonal groups In (21) are now suitably dlfferentfated and protected and compound (21) was 

successfully cyclfsed to the splro O-lactam (22) In 53% yield by treatment with potassfua 

bicarbonate. rthancsulphcmyl chloride and tetra-n-butylammlum blsulphate catalyst14. Thfs 

reasonably satisfactory entry fnto then-lactam seemed to allar us to reach a major subgoal to 

tabtoxfn. However. a serious problem was encountered In tie remval of the W-rthoxy 

substltuent. Hydrogcnolysls using Rancy Mlckel U-2 gave no desfred products presurbly 

overreductim. The choice of mthoxy group seemed therefore not Ideal. 

be to 

(15) R’ = R2 = H , R3=COCH&I 
A.. r (16) d =R2=R3=H 

N-R3 
(17) R’ = R2 = Me, R3= COW&l 

R'O,C. 

c 

(18) $ = R’=Me, R3=H 

0 
(19a) R’ = R2 = CHPh2, & COCHzCl 

rtc 
‘n’ 

OCH,Ph ( 19b) R’ = CHPh2, R2 = Me, R3 = COCHzCl 

RW 0 
(19c) R’ = Me, R2=CHPh2, R3= COCH&I 

(20) R1=CHPh2, R2=Me, R3=H 

(21) R’=H,R’:Me, R3=H 

OCH2Ph 

Accordfngly. attentlon was centred on the cxploratfon of other approprlate Y-substftuent 

and the problem was solved by a re-•xaafnatlm of the reductive amlnatlon of tin? aldchyde (IO). 

Use of a primary amfm whose alkyl group could be easfly remwed u&r afld acid condftlons 

seemed preferable; 4,4'-dfrthoxyknrhydryl grouf~~~ satlsfles this constraint. Thus, the 

aldehyde (10) was condensed wfth 4,4'-dlwthoxydfphenylwthylamfne and reduced uslng sodfum 

cyanoborohydrlde. The product (23). cbtafned In 59% yield. was readfly &protected rlth 

trlfluoroacetfc acld'to the free amfne (24) (89%). uhlch uas then converted Into the 
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R 

0 
(23) R = CH+WCHW-M~O-C~H~)~ 

lb 
‘1( 

OCHzPh 
(24) R = CH2NH, 

(25) R = CH2NHCOCH2C\ 
0 

COC HzCl 

llrH 

OCH2Ph 

(26) R = H 

(27) R = COBd 

(28) R=H 
(30) (31) 

(29) R = CHPh, 

(32) 
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&chloroacetaide (25) in 86% yield. The DOtaSSium pennanganate oxidation in d two-phase system 

also effected the cleavage of the olefin (251 to the didcid (261 (58%). The use of i-methoxy 

substitwnt rds thus avoided. 

It uds grdtifying thdt selective differentiation of the two cdrboxyl groups was 

successfully dchieved vid pivdlOy1 mixed anhydride methodology. The didcid (26) wds reacted with - 
pivaloyl chloride (2 equiv) in the presence of ttiethyldmfne (2 equfv). The mixed dnhydride (27) 

obtained uds reacted in situ with ;-benzyl-k-threonine benzyl ester16 to give the product (287, -- 

resulting from selective attack dt the 1eSS hindered of the two cdrtmnyl groups, ds d mixtve of 

didstereoisowrs. The absolute stereochemistry of only one of the two diastereoisomers is 

depicted here. 

Separation of the didStereOiSoaerS (28) wds carried out by conversion to the crystalline 

benzhydryl esters by treatment with diphenyldiaromethane. One didStereoiSoiD?r WaS crystdllised 

fraa ethyl dcetdte (now knom to be (291, l .p. 180-182OC, 251 fra (2611, and the other fron 

ether (m.p. 98-lWC, 28x frown (26)). Both isants were cdrried through the rest of the 

synthesis. The higher m.p. iswet (291 uds r&protected with triflwroacetic acid to the RNOdCid 

(28) in 90X yield. The j-chloroacetyl group uds removed by careful treatment with thiourea in 

acetonitrile-ethanol dt exactly WC, affording then-mine acid (301 in 41% yield. Although DCC 

or the tWO-PhdSe reactionll did not effect the cyclisation of (301, the spirofi-ldct&n (31) uas 

obtained in acceptable yield (14'1) by employing the 2,2'-dithiodipyridine-triphenylphosphine- 

acetonitrile system.17 In contrast to the case of hncthoxy fl-lactam (23) deprotection of the 

benryloxycdrbonyl group and reductive cleavage of the perhydro-1,2-oxazine ring of (31) uds 

smoothly carried out SimultdneOuSly via catalytic hydrogenolysis, affording tdbtoxin (1) fn 10(X - 
yield.Stereochemicdl integrity of the coqounds were confirwd via biological tests. The - 

synthetic tabtoxin (11 showed the sdme biological activity on the tobacco plant, the same 

glutamine synthetdse dnd E. coli dssay and had dn identical 300 KHz 1~ n.m.r. spectrum (Figure 2) 

t0 the natural tdbtoxin obtdinerd frm P. tdbdci. The stereoisoner (321, obtained from the lover 

m.p. isomer of (29) by the same procedure, showed virtually no significmt activity in the 

biological tests. 

The total synthesis of tdbtoxin was thus achieved for the first time. 

EXPERICENTAL 

All reagents and chemicals were purified dnd 6ied by d Stdndard procedve. Melting points 
wre determined on d Kofler bloc and are uncorrected. 

! 
Infrared spectra were recorded on d 

Perkin-Elmer 257 spectrcneter. H n.m.r. spectras were recorded on a Bruker UH3OO spectrwter 
at 300 MI. Mass spectra were recorded on VdCuum Generators Micromass ZAR 1F and l6F 
instruments. 

stirred solution of ethyl cyclohexd-l,3-dienecarboxylatejC 63 0 21 1) 
Ethyl 3-benzyloxycarbonyl-2-oxd-3-ardbicyclo[2.2.2 act-5-ene-l-cdrboxyldte (61. - To d 

d& nryl 
N-hydroxycarbamate8 (38.29, 0.2Noll in 012Cl2 (351hl1, d soiutP&i of z4RIaig (73.59, 0.23roll 
in CH Cl2, 

t 
wds added over 1 hr whilst l dintdfning the temperature at -5@C. After Stirring for 

d fur her 20 min the solution was washed with aq. sodium bisulphite (15X, 3 x 2OOnl1, saturated 
do. NaHCO3 (2 x is&l) dnd brine (15lhl), (6ied F+g5O4) and concentrated in vdcuo. The resulting 
brown oil was purified by fldSh chromatography (stepwise elution rith CH n =tOAc-Cli Cl21 o 

8 
ive (61 as a viscous yellow oil (61.299, 93X).rmax(CHCl31 3000, 1745, f712 , 1455 and 13&3 cm-l; 
HKDCl31 1.3(3H, t, J 7H2, CH2CH ) 

4.85ilH, m, ring CHl, 5.1(2H. s, 
2 , 1:3-2.5(4H, m, ring CH2), 4.25(2W, q, J 7H2, CtqCH31. 

nrylic), 6.6(2H, m, vinylic) dnd 7.25(5H, m, pheny l;m/e 
317Wl. 

l-1) was dTs.solved in CtBH (1011) and 1M Pd-c 79-d. 
Ethyl t-4-acetamido-t-1-acetoxycyclohexane-r-1-carbox late (71. - The ester (61 (317mg, 

Th e mixture uds stirred for 
The cdtdlfit WdS filtered off and the filtrdte wds concentrated in vacua. The 

&ntnOdlCOhOl was dissolved in pyridine (2mll dnd AC 0 (bl) wds dad.e 

solution WdS stirred for 18 hr dt room tem@erdture, then water ? (101 ) wds added. After stirring 
for 1 hr dt row temperature Et& (5031) WdS added. The EtOAc solution uds washed with HCl CM, 
10 x 5ml ), Sdturdted da. NdHCOj (20~11) dnd brine (MaI ), dried (la25041 dnd Concentrated fn 

VdCW. The residue uds purified by prepdrdtfve t.1.C. 

T45;lmg. 

(Et20) to give (7) as white crystal? 
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16%). m.p. 128-1330C(EtOAc);3m,,x(KBr) 3290, 2960. 2930, 1735, 1635 and 1545 cm-l; bH(C(K13) 
1.25(3H, t, J ?.Stiz, CH2Cli 

E3 
1, 1.3-1.5(2H. n, ring CH2). 1.78-2.40(6H, II, ring CH 

5 
1, 1.97(3HH, s, 

CH3). 2.11(3H, s,CH3), 3. 2(1H, n, ring Cli). 4.18(2H, qr J 7.5H2, CH$H3) and 5. 6(1H, k d, J 
SHz,H); n/e 272W ). 

3-Eenzyloxycarbonyl-2-oxa-3-arabi C2.2.2loct-5-ene-l-methanol (8). - A solution of 
the ester (6) (31 03 . a. -1) i nHeW 1) was added to solid NaBH4 (11.29. 291rrsl) over 5 
min with stirring. ihe mixture frothed and boiled. The solution was illoued-to cool to room 
tanperature and was partitioned between water (30&l) and CH2Cl2 (3o(kl). The aq. layer was 
extracted with CH 
in vacw to give 

f 

Cl2 (lO(hl). The combined organic layers were 6ied (MgSO I and concentrated 

T45?Gia1400 011- 
8) as a viscous yellow oil (26.929, 100X). 3umx(CHC13) 34 od , 2940, 1750, 1715, 
; CHCCDcl ) 1.2-1.4(4H, n, ring Clip), 3.75(2H, s, Cl&OH), 3.75(1H, br, OH and 

), 4.75flH m, r ng 00 5.10(2H, s, benzylic), ? 
m/e 275(d) snd 276Wi'). 

6.4-6.7(2M, m, vinylicl and 7.25(5H, 

~3-Benryloxycarbonyl-2-oxa-3-a~abicyclo[2.2.2~0cC-5-en-1-yl~~thyl methanesulphonate (9). - 
A solution of alcohol (0) (181 0 6mol) In dry pyridine (Iml) was ad&d to a solution of 
methanesulphonyl chloride ~0.ll?%11.~0.6~1) in dry oyrfdine (lml) over 15 min at 0%. The 
solution was stirred for 16 hr at ram temperature and then diluted with cold Et 

e 
(1Onl). The 

solution was washed with cold HC1 (M, 2 x 10111, saturated aq. H&C03 (2 x lb1 dnd bine 

(loll), dried (Ha2W4) and concentrated in vacw to give (9) as a rhite solid (20 96X). m.p. 
86-B@% (CH2Cl2 - light petrolew);ti ,7KBTB40, 2970, 1710, 1350 and 1178 cm- ; 
1.2-2.4OH. m, ring CH2). 2.95(3H, s,% 

P 6HfCDcl3) 

2 
), 4.4(2H, 5, CM2050 1. 4.85flH. m, ring CM), S.l(2H, s, 

benzylic). 6.6(2H. m, vinylic) and 7.25( H, m, phenyl); m/e 3 54fHH*). 

3-Benz lox arbonyl-2-oxa-3-arabicyclo[2.2.2loct-S-ene-l-carbaldehyde (lo).- 
(26.92gMas di 

Alcohol (8) 
ssolved in dr dimethylsulphoxidef 15hl) d dr Ph 

dry pyridine (7.749, 9Ewol) and &y'trifluoroacetic acid (5.59g,%o:I. 
H (lS(Lnl) containing 
N,N'-dicyclo- 

hexylcarbodiimide (60.569, 294mw,l) was added. After stirring for 18 hr at roan teapcrature a 
solution of oxalic acid (26.469. 294mol) in W (25(hl) was added cautiously over 20 min. 
After further 40 min Et20 (11) and water (11) were added. The mixture was filtered to rwve 
N,N'-dicyclohexylwea and the filter cake uas washed with Et20 (2 x 20&l). The ccnbined organic 
solutions were concentrated to 500 ml in vacw, washed with saturated aq. NaHCO 
water (3 x 15bl) and kine (lSOnl), me-504) and concentrated in VICUO. # 

(3 x lS(kl), 
he reside was 

purified by flash chrcnatography (stepwise elution with 5X dnd 33X Em%f7$12) to give a 
nxiture of aldehyde (10) and its hydrate (ca. 80X hydrate) 

f 
s .s viscous pale yellow oil (19.469, 

68X).~m ,(CHCl ) 3400, 2940, 1740, 1720, 1455 and 1390 cm- ; 6hfCOCl3) 1.1-2.4 (5.6H, m, ring 
CH 

5 
and !OX CHfdH) ),4.8(1H. n, ring CH), S.O(O.EH, b 5, 80X CHCOH)2), 5.1(2H. 5. benrylic), 

6. (2H, m, vinylcc , -3 7.25(5H, m, phenyl) and 9.7(0.2H, s, 20X CiiO). 

0.29mol). Molecular sieves 3A (209) and RaBH3CN (1.839, 2.9anol)-*ere added successively. l& 
mixture uas stirred for 7 days at room tqeratve and filtered. The pH was adjusted to 2 with 
methanolic ttC1 (2U) and the solution was concentrated in E. The residue was triturated with 
Et20 to revove nonbasic organics and then partitioned titween brine (2OOal) and Et20 (2OOnl). The 
aq. layer was adjusted to pH 10 with solid KOH and extracted with Et20 (3 x 20&l). The cabined 

The residue uas separated by 

3-Benzylox~arbonyl-l-C~nethoxyinino~nethyll-2-oxa-3-~abicyclo[2.2.2loct-5-ene (12). - 
Aldehyde (10) (19 46 67 lnwl) and methoxyamonium chloride (6 
dry pyridine f1261)9* ' 

.72g, 60.5avol) were dissolved in 
After stirring for 18 hr at roan temperature the reaction mixture uas 

poured into water (40011) and extracted with CH2Cl (3 x lo(hl). 
8 

The carbined extracts were 
washed with HCl (2n, 6 x StBl), saturated aq. 
concentrated in VICW. 

NaHC 3 (5&l) and brine (S[hl),dried (Mg504) md 

The residue was taken w in Et20 (50011), filtered and concentrated 
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in vacw to give (12) as crystals (17.79 87%). 
Fx(tntl3) 3000, 1705, 1455 and 1390 clr- 

m.p.58.S59.5oC (Et2Glight petroleum);,, 
'; SH(COC13) 1.3-2.5(4h n ring CH 1 3.85(3h s 

O&i ) 4 8(1H II ring 00, 5.1(2ti, s, benrylic), 6.6(2h, m, vinili;), 7.25( H: m, phen;l)'and 
7.41& ;, Cti:N)i (Found: 

3 
C, 63.55; H, 5.9; N, 9.15%. C16HlBN204 requires C, 63.55; H, 6.0; N, 

9.25%). 

3-Beclrylox~arbonyl-l-[(PcthoxyaPino)Rethyl]-2-oxa-3-~abicyclo[2.2.2]0ct-5-ene (13). - 
Hethox‘lme (Im16.49. 54.-l) and NaCNBH2 (10.29. 16-l) were dissolved in ReOH (16bl) 
containing a trace oiVmethyl orange. HethaGolic HCi (2M) was ad&d to maintain the pii at 3 
(indicator just pink). The reaction was ccrplete (no more HCI required) after 30 min. The 
solution was partitioned between EtOAc (IO(k)) and Sdturated dq. NaHC03 (40(h)). The aq. layer 
was extracted with EtOAc (2 x 10&l). The combined organic solutions were 6ied (Hg504) and 
concentrated in vacua to give (13) as a pale yellow oil (16.09, 97%).6H(CDC13) 1.2-2.4(4H, m, 
ring CH2). 3.x(-, CH N), 
6.55(2H, m, vinylic) and S 

3.5(3H, 5, OCH3). 4.75(1H, II, ring 00. 5.1(2H, 5, benrylic), 
.25(5H, n, phenyl). 

3-Benryloxyarbonyl-l-[[N-(chloroacetyl)-Nnethoxy~ino]ncthy1]-2-oxa-3-~abicyclo[2.2.2]- 
act-5-ene (14) To a solutTon of th hyd 1 i dc I ti (13) (I 52 5 -1) 1 C 
(1011). EtqN (t).835ml. 6.-l) and chl~roac~~~: ~l~:ider(~47~l. 6.&l)'&; successyvely 

H2Cl2 

added at 06C. After stirring for further 1 hr-at the same tenperature the mixture was - 
partitioned betnen EtOAc (4Onl) and HCl (2H. 2&l). The organic layer was washed with saturated 
aq. NaKO 
puified a 

(2&l) and kine (2hl) then dried (HgSOq) and concentrated in vacua. The residue was 
y flash chromatography (7% EtOAc-Oi2Cl ) to give an off whiteSor Recrystallisation 

frc*l Et 0 gave (14) as fine white crystals 
f 

(1.65 g. 87%). m.p. 78.0-79.oOC; V max(CHC13) 3000, 5 
1695, 1 55 and 1395 a-1; 6~(CDcl 1 1.2-2.4(4H. n, ring CH2). 3.7(3H, s, OCH ), 3.7(lH, A8 
quartet, J 16H~, CH2Cl). 4.2(1H. AiI quartet, J 16H2, CH Cl), 
CH), 5.1(2H, s, benzylic), 6.5(2H, l , vinylic) and 7.3( 3 

4.25(2W, s, CH2N ? 4.8(1H, m, ring 
H, m, phenyl); (Found: C, 56.45; H, 

5.55; N, 7.5% C)BH2)H205Cl requires C, 56.75; H, 5.55; N, 7.35%). 

(3$*,6S*)-Bcnryloxyarbon l-6-[EN-(chloroacet I)-N-methoxyamino]methylJpe rhydro-1.2- 
oxarin-3.6-dicarboxylic acid ti- -A&h; amfde (n) (12 94 34 0~~1) 1 n PhH 
ml) was stirred with aq. KHnOq (0.2& 453.*l, 90.67mol) and aq. n:Bu$H504 (O.lM 34411 
3.ml)for 16 hr at rocm temperature. The mixture was filtered to rciiove MOP and th; filtir 
cake was washed four times with alternate portions of water (5(hl) and EtOAc (5ml). The 
combined aq. solution was adjusted to pH 2 with HCI (Zn) and extracted with EtOAc (2 x 10&l). 
All the organic solutions were ccnbined, &ied (Mgu))) dnd concentrated in vdcw. The residue 
wds crystallised from toluene-Et 0 to give (15) as d nhite powder (8.84gTq m.p. 
10-8-1110c(&c);v x(nujol) Cd. 3 000 (partly obscured), 2600, 1755, 1700 and 1460 cm-); 
6 (acetone-d6) l?-2.6(4H l ring Ch ) 3.7(3H, s, OCH3). 3.7-4.5(48, RI, CH2N dnd CH2Cl), 
4.!(lH, n, ring CM), 5.2(2;, ;, benzy ii), ? 
446W). 

7.3(5H, n, phenyl) and 8.5(2M. b s, CO2H); m/e 

(3~*,6~')-2-Benzyloxyarbonyl-6-[(nethoxy~ino)~thyl]perhydro-1.2-oxdzine-3.6-dicarboxylic 
da (16). - A solution of the didcid (15) (795 6ag 1 7-l) dnd thioured (272~19 3 5-l) 
in EtOH (3011) was stirred for 16 hr at 40°C. Th; soiution was allowed to cool to rL 

. 

taperature and saturated dq. NaK03 (-1) wds added. The resulting suspension was stirred for 
15 ain at rooa temperature, then partitioned between EtOAc (5Chl) dnd water (5Lkl). The aq. 
layer was adjusted to ph 4 with tccl (2U) and extracted with EtOAc (5 x 5011). The combined 
extracts were 6ied (Hg504) and concentrated in vacua. The resulting orange saisolid was taken 
up in acetone (6x11) and PhH (Ml) wds added. The solution was filtered and concentrated in 
vacw to give (16) (514.m. 78%). m.p. 
mH, s, CH2N and OCH3), 4.7(1H, m, 

IlO-116oC(dec);bH(DlSO-d6) 1.5-2.4(4H, m, rinp CF). 
ring CH), 5.2(2H, s, benrylic), 5.8(2H. b s, NH2 ), 

7.1(1H, b 5, CO2H) and 7.35(5H, m, phenyl). 

arbonyl-6-[[N-(chlorodcetyl)-N-rmethoxyanino]methyl]- 
perhy~~x~f~;~::~~~;~:~~~7~e (17). _ A di till ed solution of dlarocnethane in Et20 wds 

added to a solution of the dtacid (m (691.W. 1.5L1) in EtOAc (10~1) until d Yellow colora 
just persisted. The excess diazomethane was destroyed with two drops of UethdnOliC HCl CM) dnd 
the solution wds concentrdted in vacua. The residue wds purified by flash chraatogrdphy (13% 

ive (17) as acmess oil (587.&q, BO%).v ,(CHCl ) #)OO, 1740, 169O(sh), 
::$;z2t:g ~-~;6~(CDCl3) 1.82(~, l , ring CH2). 1.97(1H, m, 2ng CH2j,2.26(2H, n, ring CHf), 
3.62(3H, 5, OCH3). 4. O(lH, AB quartet, J lS.OHz, CH2Cl), 4.22(1H, A8 quartet, J 13.8H2, CH2N , 
4.28(1H. AB quartet, J 13.BHr. CH2N). 4.58(1H, A8 quartet, J lS.OHr, CH2Cl), 4.76(1H, m, ring 
CH), S.ld(lH. d, J 12.7Hz, benzyllc), 5.28(1H, d, J 12.7Hz, benrylic) and 7.3(5H, n, phenyl). 

Oimethyl (3~',6~~)-2-benryloxycdrbony1-6-[(nethoxyanino)~thyl]pcrhydro-1.2-oxarine- 
3 6-diCdrbOxyfdte (18). - A solution of the dlester (lm7 6mg 1 2(mol) d hi 
&g.(hg, Z.-l) in Etch (4Oal) was stirred for 16 hr at 4OoC. 'Th; soluti: wis izE:ed to 
cool to rm teclperature dnd saturated dq. NdHCO3 (4Onl) wds added. The resulting suspension wds 
stirred for 20 min dt roan temperature, then partitioned between Et20 (10&l) and HCl (2M, b(hl). 
The organic layer was extracted with HCl (2H. 3 x 25ml). The combined dq. layers were adjusted 
to pH 8 with Saturated aq. NaHC03 and extracted with CH2Cl2 (4 x 8011). The conbined organic 
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extracts were dried (K2C03) md concentrated in vacua. The residue was pvified by flash 
chromatography (20% EtOClc-CH2 
3000, 1740, 1440 and 1410 ca- F 

12) to give (18Fas a colourless oil (282.w. 57X'.V,,(CHCl3' 
; 6H(acetone- 

i 
1 1.25(1H, a, ring CH 7, 1.76(1H, II, ring CH2'. 

2.07(2H,m, ring 012'. 3.33(3H, s, oCH3', 3.33 lH, AE quartet, J 14. Hz, CH2N'. 3.41(1H, A9 3 
quartet, J 14.3H2, CH N'. 4.72(1H, t, J 6.OH2, ring CH), S.lS(lH, A9 quartet, J 12.2H2, 
benrylic), 5.33tlH. $ quartet, J 12.2H2, benzylic' and 7.4(5H, m, phenyl); m/e 396W). 

oethylt$$$$$&&-3,6-dfcar 
6s*')-2-benryloxycarbonyl-6-[[N- chloroacetyl)-N-rthoxvwino& 

(3$= 6~w1)-6-knlhvdrul_ rsmv 
oxycarbonyl-2-knzyloxyrrbonyl-6-[N- 
oxazine-3-carboxy'ate (Igo' be rhvs 

~N-rcthoxyani~o~thyl]perhydro-1,2- 

N-mthoxym'nojuthy'j-6-&ox>arbo 
21benzyloxyarbo yl-6-[[N-[chlororcetyll- 
2-oxazine-3-carbonxy'ate T19c) and (17) 

5olution of d'phcnyld'azwthane (60% 16 hoi) in toluene (20 n l) iasadded ;o- 
solution of diacid (15) (6.679, 15.0~01) in EtW (l&l). When the purple colour had been 

A 

discharged a distilled solution of diazonethane in Et 0 was dded until a yellor colour just 
persisted. The solution uas concentrated in vacw. ? he residue was separated by flash 
chromatography (14% and 20% EtOAc-toluene'fox (19s) 0.669, 31%'. (19b) (1.879, 20%'. (19c' 
(2.349, 25%' ad (17' (l.lOg. 16%). (1 a), m.p. 159.0-160.S°C (tolwne-Et 0';~ f 
1735, 168O(sh), 1495, 1455 and 1410 011- ; 6 H(CDcl3' 1.88(2~, mr ring 0i2$, 2.$$cH~'3~i~CC'* 
CH2', 3.09(3H. s, OCH37, 4.08(2H, s, CH2N'. 4.11(1H, AE quartet, J 14.6Hr. CH2Cl',l.?O(iH, A9 
quartet, J 14.6Hr, CH Cl', 4.92(1H, m, ring Of', 5.12(1H, AB quartet, J 12.38H2, benzylrc', 
5.18(1H, AE quartet, 3 12.38H2, benzylic', 6.85(1H, s, CHPh2', 6.92(1H, s, CIjPh2' and 7.3(25H. m, 

requires C, 66.0; H, 5.3; N, 3.6%'. 

phenyl); (Found: C, 61.4; H, 5.3; N, 4.7%. 
(17'. identical to the material derived from 

ekth 1 (35' 61*)-6-benzhydrylox 
rhyd?&-ox&in+carboxy'~te (28 

arbonyl-2-benzyloxycarbonyl-6-C(methoxyanino)aethyl]- 

i 
A solution of diester (19b) (313~9 0 -1) and 

hiourea (76m9, lmo') n EtOH (5Chl' dd_EtOAc (lml) was stirred for 18 hr at i& then allowed 
to cool to rob taperature and saturated aq. NaHC03 (25411) was tided. The resulting suspension 
was stirred for 20 min then partitioned between water (Zhl)-brine (25ml) and CHCl3 (50x1'. The 
aq. layer was extracted with CM13 (3 x 3Chl). The ccrrbined organic extracts were &ied (K CO ) 
and concentrated in vacw. The residue was purified by flash chraatography (15% EtOAc-CH2 z 3 12 
to give (2Uo) as aco70ut7ess oil (195.bg, 71%O.SH(COC13) 1.8O(lH, m, ring CH2). 2.07(3H, m, 
ring CH2). 3.04(3& s, NOCH31, 3.39(1H. AB quartet, 
13.7lHz. CH N', 

J 13.71H2, CH2N). 3.44(1H, A6 quartet, J 

benrylic', 5 
3.72(3H. s, CO2CH3'. 4.73(1H, m, ring CH), 5.21(1H, A9 quartet, J ll.%Hz, 

.30(1H, AB quartet, J ll.%Hr, benrylic', 6.93(1H. s, CHPh2) and 7.3(15H, a, phenyl). 

(3s'. 6~+~)-2-Benryloxycarbony1-6-[(sthoxysmino~~thyl]-3-nethoxycarbonylperhydrg-1.2- 
A solution of the benzhydryl ester (20) (138.709, 0.25Jmol' 

1) ;a; stirred for 45 min at roan temperature then concentrated in 
vacua. The residw was taken rg in EttMc (Ml). The solution was extracted with I:5 saturated 
aa_aal+C03-water (3 x 6ml). The combined extracts were adjusted to pH 6 with HCl (2'4) and then 
to pH 4.5 with saturated aq. NaH FQ4. 

&I 
The aq. solution was extracted with Et& (4 x 25ml). The 

cmbined extracts were &'ed (Mg 4) and concentrated in VICUO to give (21) as a colourless oil 
(90.6ag, 94%) which was used without further purificatxn. 

Methyl (a$', 7~*)-6-benrylox~arbonyl-2nethoxy-l-oxo-5-oxa-2.6-diaraspiro[3.5]nonane- 
I-carboxylate (22'. - A mixture of the nethoxyanino acid (21) (273ag 0 71 
3.55mol). aq. tetra-n-butylwrmoniun bisulohate (0.M. 1.07ml. 0.107rdl)'in water (2Bn 1 and 

m", KHCgi (355m9, 

CHCl3 C&l) was stirTed ai roan temper&-e. After bll mateiial had diisolved a &i&i&of 
aethanesulphonyl chloride (O.llml, 1.42mol) in CHCl (2ml) was added. The mixture was stirred 
for 20 hr at rota temperature and saturated aq. NaHC ClCml, was added. 
separated, dried (MgSO4' and concentrated in vacua. 

The organic layer was 

chraatography (12% EtCMc-CH C12) 
he residue was purified by flash 

5 i 
o give n2xa colourless oil (138.7~~. 53SI.3, x(CHC131 

3000,1790, 1740, 1715 and 14 0 cm- ; GH(COCl3) 1.68811H, m, H(9)], 1.90[1H, m, H(813, $.ll[lH, m, 
H(9'3. 2.4311H. m, H(8)], 3.43[1H, A9 quartet, J 4.78, H(3)]. 3.63(3H. 5, NOCH 1. 3.6911H. AB 
quartet, J 4.78, H(3)], 3.71(W. s, CO2CH3). 4.78(1H, dd, J 2.0, 5.7H2, ring CH ! 5.13(1H, AB 
quartet, J 12.13Hr. benrylic).5.23(1H, AB quartet, J 12.13Hr. benzylic), and 7.3iSH.m. phenyl); 
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6,+CDcl3) 2l.@-Olt, C(9)1,23.65[t,C(8)1,52.88(q, MOCH 1. 56.03Ct, C(3)], 56.27[d, C(7)], 63.04 (q, 
ester o(3). 68.16(t, tenzyllc) 87.W~. C(411, 128.1 , a 128.43 and 128.55 (all d, phenyl), 
135.62(s, phenyl), 155.33(s, carbonyl),159.70(s. carbonyl) and 168.99(s, ester carbonyl); m/e 
364W); (Found: C 56.30; Ii, 5.45; N, 7.65%; F@i+, 365.1356. C17H2ON207 requires C. 56.05; H, 
5.55; N, 7.70s; l&65.1349). 

N-C(3-8enryloxycarbonyl-2-oxa-3-azabicyclo~2.2.2loct-5-en-l-yl)acthyll-N-(4,4~-di~thoxy- 
diphen$liethyl)anlne m A 1 tl f 4 4V-almsthoxydlphenyl~thylaine T8.74g 35 -1) in 

) was added'& a :xlLii"n zf tke aldehyde (10) (4.909, 17.-l) in &y I&i d kM'(30nl 
CL). The mixtve was adjusted to pH 6 with rthanolic HCl (M). Anonitn acetate (4-, 
S.-l) end activated molecular sieves 3A (59) were added and after stirring for 2 hours at roa 
temperature under Ar HaCN8H3 (1.229. 19.-l) was ad&a. The mixture was stirred for 24 hours 
then filtered. The filtrate was adjusted to pH 3 with methanollc HCl (H) and concentrated in 
vacua. The residue was triturated with Et20 then partitioned between Et20 and aq. K CO 
ldyCr was extracted with Et20 (3 x 15@al). The ctnbined Et 

k" 
solutions were &tea CBa2&4Ed*' 

concentrated in vacua. Tk residue was purified by flash c rcratography (Et20:light petrolcur 
3:l) to give n3xa colourless oil (5.289. 591). 3 
6hCCOCl3) 1.28-2.15(5H,m,ring CH2 and NH), 

1590 and 151Ocm-1; 

4.78(1H,s,CHAr2), 4.8~4.82(1H,m, ring CH). 
6.79-7.37(8ti.m, aromatic) and 7.29(5H,s,phenyl); m/e 500( 

~(3-8enzyloxycarbonyl-2-axa-3-arabicycloC2.2.2loct-5-en-l-yl)laethylJmine (24). - A 
solution of protected amine (23 
(15al) nas stirred for 1 hour at rob k&rature under Ar. 

1 (1 31 2 6-l) in anisole (2ml) and trifluroacetic acid 
The solution was concentrated in 

vacua mcl the residue was partitioned between Et20 (25al) and aq. Hcl (H, 2-l). The aq. layer 
was extracted with 
The ccnbined EtOAc 

6.44-6.63(2H,m,vinylic 
274.1317). 

N-~(3-6enryloxycarbonyl-2-oxa-3-a2abicyclo[2.2.2]oct-5-en-l-yl)rethyl~chloroacetamide 
Et3q ?O kl 2 hrnol) 

(25). 
and chloracetyl chloride (0 23n), 2.-l) uere added to a solution of 

the mine i24)'(64(kg, 2.Jmol) in CH Cl2 (1011) at SC. 
f 

The solution was stireed for 90 minutes 
at the same temperature. Water (l&l was added and the organic layer was separated. The aq. 
layer was extracted with CH2Cl2 (3 x 10 ml). The combined organic solutions were dried 
and concentrated in vacua. 
a colourless oil 
1535 ana 1500 cm- 

3430, 1710, 1680, 

and 7.34(5H,s,Phenyl); (Found: C,58.57;H,5.41;N,7.83%. C)7H)gN204Cl requires C.58.21; 
H.5.46;N,7.99%). 

(32.. 6~*)-2-8enzyloxycarbonyl-6-C(chloroacetaniQ)aethyllpcrhydro-l-2-oxazine-3.6- 
dicarboxylic acid. - To an Ice-cooled mixture of chloroacet&side (25) (1 166 3 
phH (60~1) 

.3-l) in 
aq. n-8u4NHSO4 (0.M. 3.74m1, 0.37-l) and aq. KHnOq CO.&, 64.kl,gi2.88mo)) was 

added over.5 minutes with stirring. After stirring for 30 minutes at rorm tmerature 
concentrated aq. sodium sulphite (1011) was added with external cooling. The mixture was 
filtered and the filter cake washed with water and EtOAc. The combined filtrate was basified 
with concentrated aq. NaHC03. The aq. layer was separated, acidified with HCl (xl) and extracted 
with EtOAc (5 x 200~11). The combined extracts were bled (Na SO)) and concentrated in vacua. 
The resultin colourless oil was crystallisea fron EtOAc to g ve (26) as white crystgsm, 

9 
? 

58%). m.p. 78-179oCfdec);P 
(4H.n. ring Oi ), 3.48(1H,dd,r;f4,3Hr,CH2N), 

x(CH3CN) 3200, 1755, 1720, 1685 and 1535&;6,@03CN) 1.79-2.23 

f 
3.92(2H,s.CH2Cl), 4.05OH,dd,J14,8Hr,CH N), 

4.74(1H,dd,J4. *ring CH), 5.23(2H,s,benrylic), 7.16(1H,b s,Mi) and 7.39(5H,s,pheny ); (Found: ? 
C,49.01;ti,4.66;N,6.69%. C)7H)gN208Cl requires C,49.22;H,4.62;N,6.76 I). 

N-[:(3~,6~)-6-8enzhy~yloxyCarbOnyl-2-knry1oxycarbonyl-6-C(chloroacet~ido)~thyll- 
perhyd-i0-1.2-oxaz~ne-j-carbonylJ-O-~-L-thrconine be zvl estc (29) &wdlaztcrcolzmr. 

Et N (41&l, 3.kxol) was added-to a suspension of the.'diacid (26) (624 1 5mol) in 6y 
& Ci (6~1) at O°C under Ar and the mixture was stirred until it becsnc &ge~eous 
ch oride (366~1, 3.&l) was added and the mixture was stirred for 10 minutes at Ok then 3.0 f 

Pivaloyl 

minute at roon temperature. 
f 

The mixture was again cooled to OOC and 0-benryl -threonine benzyl 
ester 6 (44&q, 1.-l) in CH3CN (4ml) was added. After stirring for 30 l inu es at OOC Et31 + 
(210~1, 1.-l) WaS da&d. The solution was stirred for 30 l inutes at OOC then 2 hwrs at rorn 
temperature. Saturated aq. NaHC03 (al) and water (2011) were added and the resulting mixture 
was stirred vigorously for 30 minutes. The mixture was extracted with Et20 (2 x 1011). The aq. 
layer was acidified with HCl (H) and extracted with EtOAc (5 x 25al). The combined EtOAc 
solutions were dried (Na 504) and concentrated in vacua. 

3 
The resulttng crude acid (28) was 

dissolved in CHCI~ (25ml and diphenyldiazoneth~eTT&2Cl2 was added bopuise with stirring 
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until the prrrple colour just persisted. After stirring for 30 minutes dt roan tmerdture the 
excess diphenyldidzmthdne wds destroyed with d few drops Of AcOH. The Solution WdS 

COnCentrdted in vdcw. The residue uds CryStdlliSed frm EtOAc t give (29) ds white crystals 

(32&q, 25%). -mm-l82oC;ti P 

CHj), l.g-2.2(4H,n,ring CH 
,(CHC13) 1745, 1680 and 1525 0' ;bHKDC13) 1.06(3H,d,Jd.ZHr, 

T 
1, 3?)Qg(2H,coincident d,JlSHz,CH2N dnd CH 

qudrtet,Jl5Hr,CH2C1), 4.1( H,dqq,J6.3,2.5Hr,Ct$H 
4.25(1H,dd,JlS,g.5Hz,CH N), 4.4(1H,d,Jll.gHr,CH 

f 
8 

4.7(1H,t,J6.5Hr,ring CH , S.OS(lH,AE qudrtet,Jl2Hz,benzylic), 
S.lS(lH,AB qudrtet,Jl2Hr,benzylfc) 5.20(1H,AB qudrtet,Jl2Hr,benrylfc), 6.87(lH,s,CHPh2), 
7.04(1H,d.J9Hz,NH), dnd 7.1-7.4(26H,n,phenyl and NH); (Found: C,66.65;H,5.57;N,4.871. 

The mother liquor wds COnCentrdted in vdcuo. 

the didstereoisomer of (29) (365m9, 28io. 
above, notable exceptions being, l.Og(Yc.d,J6.2Hz, 03). 

4.%(lH,AB qudrtet,Jl2Hz,benzylic) dnd 5.02(1H,AB 
qudrtet,Jl2Hz,benrylic). 

O-Benz l-N-[(3S,6S)-2-benryloxycdrbonyl-6-cdrboxy-6-[~chlorodcet~ido)raethyl]perhydro-l.2- 
o&ni-T$bo;ll]<-tTreonine benryl ester (28) A solution of the benrhydryl ester (29) 
m.p. 180- 82 ( Sag, 0.1) in trifluorodceti; ;cid (5ml) uds stirred for an hour dt rod 
temperature under At. The Solution uds COnCentrdted in vdcuo and the residue wds pdrtftioned 
between Et20 dnd dilute dq. NdHCO3. The dq. layer warm-ted rfth Et20 (2 x 15m1), acidified 
with HCl (Ml dnd extracted with Et& (5 x 20 ml). The combined EtOAc solutions were dried 
(la 504) and concentrated in vdcw to give (28) (g84uq, 90x). m.p. 
1.1$~3H,d,J6.2Hz,CH3). l.g~.~,m.ring 012) 

154-156OC;6H(CO CN) 
7 

4.07(lH.ABX.J14.5,g.SHr,CH2N), 
3.3g(lH,A8X,J14.5.2.8Hr,CH21), 3.92 2H,s,CH2Cl), 

4.16(1H,dqa,J6.3:2.5Hr,CH CH). 4.2g(lH.AB qudrtet,J,ll.7Hz, 
CHOCH Ph), I- 
ring z 

4.52(1H,A8 qudrtet,Jll.7Hz, CHOCHi.Ph), 4.61( H,dd,J2.5,gHz,NHCHCO2), 4.68(1H,t,6.5Hz. 
HI, 5.12(2H.s.benrylic), 5.17(2H,s,benzylic), 6.gS(lH,d,Jg.lHz,H) and 

7.21-7.37(16H,m,phenyl dnd NH); (Found: C.60.50;H,5.57;N,5.77%. C35H3BN3OlOCl requires 
C,60.38;H,5.50;N,6.03%). 

loxycdrbonyl-6-CdrbOxype rhy&O-1,2-mdZine-3-Cdrbonyl]-O- 

Thioured (24mg 0 32mol) . UdS added 
n (Ll) dnd dry itOH (3.Ll) under Ar. 

to d solution of The 
The solution wds 

After cooling to roan temperature water (61) and saturated 
dq. NdHCO3 (61) were sulting nlxture wds stirred for 30 minutes dt roan 
temperature. The solution wds then acidified to pH 6 with HCl (MI and extracted with EtOAc 
(5 x lchll). The ccrbined EtOAc solutions uere 6ied (Nd 504) 

f 
dnd COnCentrdted in vdcuo. The 

residue wds purified by preparative t.l.cl (15% MeOH-CHC 3) 
3640, 3540. 1735, 1700, 1670 dnd 1630 cm- . 

to give (30) (18ag.~l~n,dx(CH3CN) 

f 
-thrGn‘me> ZY ester (3lsFeh- 

0-BenzylnH-F(4S,71)-6-~nz lox arbon l-l-oxo-5-oxd-2.~~dldzdspiro[3.5lnondne-7-cdrbonyl]- 

7.609, 
-mine acid (30) (15mg. 0.02-l). PPh3 

0.029mol1, 2,2'-dithiodipyridine (6.5ng. 0.02til) dnd 6y CH3CN (3nl) wds refluxed for 
6 hours under Ar. The mixture uds concentrated in vdcuo md the residue uds purified by 
prepdrdtive l.c. (EtOAc) to give (31) ds d CO&rlessOfl (bg. 14%). J 
dnd 1680 a‘ k ;6~(CDcl 

(neat) 1780, 1745 

qudrtet,J5.7Hr,CH2N), 3 
1 1.27(3H,d,J6.3Hz,CH3), 1.7-2.5(2H.m,ring CH2). 3.!?)IH,AB 
.68(lH,br AB quartet, J5.7Hr,CH2N), 4.lg(1H,bq,6.3,2.4Hr,CH3CH), 

4.30(1H,A8 qudrtet,Jl2Hz,CHOCH Ph), 
3 

4.54 (1H.M quartet, JlZHr,CHOCH Ph), 4.73(1H,ddTJg.l, 
2.4Hr,NHCHC02), 4.92(lH,dd,JS. ,2.4Hr,ring CH), 5.07(lH,AB quartet, 3 
pudrtet,J~2HZ,benZyliC), 5.14(1H.A8 qudrCet,Jl2Hr,benzylic), 

12Hz,benrylic),S.l2(1H,A8 
S.Z(lH,AB qudrtet,J12Hr, benzylic), 

5.8(lH,br s,NH) md 7.0-7.4(16H,m,phenyl dnd WI; m/e 602(W). 

Tdbtoxin (1) pnd its dipstereoisaner (32). - The spiron-ldctan (31) uds dissolved in 6y 
Etch (Zml) dnd 10X Pd-C (1-j wds added. The mixture wds stirred for 16 hours under H2. The 
mixture wds flltered through celite dnd the celite wds washed uith EtOH (4al). The filtrate WdS 
concentrated fi vdcuo to give tdbtoxin (1) ds d colourless oil (Img, 100X).6 (0 0) 
1.02(3H,d,J7Hz.C~l.66-l.g2(4H,m,ring 012). 3.16(lH,d,J6Hz,CH2N), 3.U)(lH, 
4.0-4.12(3H,n,CH 

it 
HO,Cl$H md %fWz) 

~.J~Hz,CH2Nl and 
(identical to natural tdbtoxin, Figure 2 (A) (B) (Cl). The 

didstereoisoner 31) Ids prepared in dn identiCd1 manner Stdrting with the lO*er m.p. isomer of 
the benrhydryl ester (29). Noteworthy is the fdct thdt in this cdse the yield of thefl-ldctdm 
formation wds 3C?!4 dnd thdt the StereOiSOmer of the Spiro fl-ldctan (31) exhibited d methyl doublet 
dt 61.1 rhich is significantly different fron that of (31) (Figure 2 (0)). 

A COlourleSS Crystal Of (14) wds Obtdined by SIOU evdpOrdtiOn Of CH2Cl2 - hexdne. odtd 

collection wds performed with d CAD - 4F computer controlled diffrdctoneter equipped with 
graphite crystal monochrmdtor. The cell dimensions were derived by least-squares Cdlculdtlons 
from angular settings of 25 reflections l edsured dt 8 ( 8 <16o. 
reflections with e< 250 were collected using 8/28modeT 

Integrated intensities of 2575 
1755 reflections were dSSUm?d to be 

observed by the criterion 1 > 3(I) and used for further calculations. oats were corrected for 

Lorentr dnd poldrisdtion effects-but not for dbsorption. 
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The structure uds solved using #ILlAH 8018 and refined with isotropic taperdture factors. 
All hydrogens except those dttdched topphenyl ring were located on d difference fourier map 
and included in the refincclent (co-wdindtes and isotropic taperdture factor 

1 
1. Hydrogens 

dttdched to the phenyl ring uer placed geoatricdlly with d C-H distance 1.0 . The weight for 
each reflection wds cdlcul ted1 frm the Chebyshev Series U = c392.5 to (X) l 586.0 tl(X) + 
236.4 t2(X) l 41.0 t 
conventional R = 0.0 9 dnd G = 3 

(XII- f g where X = Fo/(Fo),,. Least squares refinennt converged uith 
O.'(k9 %r &served reflections. 

in parameters-were less thdnl).5 of their e.s.d's. 
In the ffndl Cycle dll shifts 

The diffeCence Fourier mdp calculated dfter 
the last cycle of refinement showed no peaks higher thdn 0.4eA-3. 

All calculations were Carried out on the Oxford Uni 
11/750 ccmquter using MTAN 80, CRYSTALS20 dnd CHEMGRAF2 I 

erSity Chemical CryStdllOgrphy VAX 

scdtterings were taken fra refer- 
pdCkdgeS of progrw. Atomic 

TdbleS of bond distances and angles hdve been deposited at the C&ridge CryStdltOgrdphic 
Data Centre, University ChaiCdl Laboratories, Lensfield Road, Cabridge CB2 1EH. 
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