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HMnomcotoxin2(tRX)andit8~ are used in 
studies ~~KZGQJ tbc mechanisms involved in tbc 
traassynaptk transmbion of neuromuscular impulses. 
Pcrhydrohi!ltriordcotoxin (H,,HTx) exhibits a similar 
bchwiaurandlmsbcenshown3tobinds&ctivelytoa 
paltkbr part of tbc chol&gk receptor which 
~tbeiontransportmechanisms(bn-conducbcc 
modubor)withouta&ctingthchindingofacetykholinc 
to the receptor. 

clmnc&nwiththisrcmarkahk~activitya &i-al pad s-ve synthesis of H,&ITX and 
strwtwanyrclotedcompounds8ecmtobcofhighinter- 

A general iymacb for the stercocontrolkd synthesis 
Of-I~-Spirallsi.9OutlinedinsChemC1. 
As was already shown” compound 2 (Q = -CHrCHr, 
R = R2 = H, RI = Bum) is a convenient pwcursor for HIS- 
HTX. 

Supposedlythckcy-stq1+2inwhichthc6nalC-C 
bond is formed and the desired stcrcochcmistry is in- 
corporated (3asymmetricCata1ns)p1~c4xdsthrough a 
cbirlike transition state A with synchronous formation 
oftheamC-CaadC-ObondsasisdepictedinF~1. 

r P 

‘fltealbmtivetrans&mstatcsB,CandD(Fii1)wcrc 
coll!Arcd kss likely (oi& infIn) ill the initial stage of 
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our investigation. In order to test the synthetic approach’ 
out&d in Scheme 1 some model experiments were 
carried out. &action of 1 eq of N-methyBuccinimide 
with I.15 eq of +pentenyhnagnesium iodide a&i&d 
after aqueous workup a 2: 1 mixhm of the hydroxy 
compo~d3atuiunrea&dN-n&hyisuccinimide.Inan 
attempt to convert 3 to t& presumably more stable 
ethoxyderivative 4 the slightly unstabk enamide 5 was 
formed quantitatively. However, upon separation of the 
2: 1 mixture of 5 and N-methylsuccinimide only a 42% 
yield of enamide 5 was obtained due to decomposition 
durin9 cohuun chroma@raphy. Cyclisation of either the 
enamide 5 or the hydroxy compound 3 yielded the 
spirocyclic formate ester 8 in a highly stereo-selective 
msllllcr (yield >95%). It is assumed that compound 8 is 
formed via transition state A. Transition state B is con- 
sidered kss likely in view of the marked steric inter- 
actions of the N-Me substituent with the 13 diaxial 
protons of the newly formed cyclobexane ring. Com- 
pound 8 was hydrolysed (EOH/EtOH/I&O) to the azas- 
piro alcohol 9. 

used as tbc starting mated. The desired ci.r-relationship 
between the OH group and the C-N bond at 6 was 
expected to result from a stereocontrolkd reaction pro 
ceeding through transition state A. In this manner a 
HJITX precursor is formed in ooe single step with the 
correct relative stereochemical con5gurations at the C 
atoms Cs, C7 and Cr. 

Initially, experiments were carried out with N- 
methylghrtarimide for the following reasons: (i) due to 
the Me-sub&rent the reaction presumably proceeds 
through transition state A. (ii) From earlier ~tudies’~ on 
Grignard additions to N-H and N-Me imides it can be 
inferred that in the tautomeric equilibrium E acyclic 
forms dominate in the case of N-H imides. Thus, N- 
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The corresponding ghrmrimide adduct 6 was found to 
r+pen extremely fast to the keto-amide 7, while the 
latter form was diEcult to cyclixe back. Therefore the 
experimental procedure had to be mod&d. Thus, after 
completion of the Griguard reaction between N-methyl- 
ghrtarimide and +pentenylmalplesium iodide, the etberai 
solvent was evaporated, the residue dissolved in 
HCOOH and the solution stirred for 40hr at 35-4CP. 
Work-up and cohunn chroma@raphy afforded two 
spirocyclic products, 10 (45% yield) and I2 (15% yield). 
In all probability the formyioxygroup and the C-N bond 
in compound 10 have a e&-relationship. Hydrolysis of 10 
afforded the crystal& alcohol 11. The second spirocy- 
clic product, also formed in a stereospecitk manner, 
proved to be the slightly unstabIe iodo compound 12. 
Presumably formation of compound 12 proceulr Uuouah 
tra&ionstateA(Fiil)wrthI-act&asthen* 
phile. 

In view of the promising results of the model studies 
our attention now focus& upon the synthesis of Hlr 
HTX using an analogous scheme. Sii the OH group at 
Cn possesses a tmns-relationship with the BP-sub 
stituent at C7, (E)4uonenyhnagnesium bromide was 

methylghrtarimide was reacted with (E)d_nonenyhnag- 
nesium bromide in THF, the solvent evaporated and the 
residue cyclixed in HCOOH at elevated temperatures. 
However, cyclisation experiments under a wide range of 
reaction conditions failed to give reasonabk yields of 
spirogoducts. A drawback of the method used is that 
the presence of salts in the reaction mixture, cause a 
lowering of the effective acid strength of the medium and 
this necessitates the use of elevated reaction tem- 
peratures. The salts were dithcult to remove hecause of 
the fast ring-opening of the initially formed hydroxy- 
lactam to the k&+amide tautomr upon aqueous work-up. 

The latter complication can in principle be avoided by 
syntbesixing derivatives of the hydroxylactam via alkyl- 
ation or acylation. Thus, after completion of the Grig- 
nard reaction, Me801 was added at room temp. and the 
salts were tihered off. However, due to heterogeneous 
conditions in the latter reaction, the yield of 13 after 
cyclisation in HCOOH was very low. Sli&tly better 
cults WCTC obtaitd by acylation with acetic anhydride 
(18 hr. 70”). After filtration and evaporation of the 
solvent, the residue was cyclixed and yields up to 29% of 
spim products were obtained. After column chromato- 



graphyslightlyimpureWwasisolatedin1046yield. 
Gmpound l3 could be hydrolysed to the hydroxy 
sph&c& 14. In view of the imprac$al yields. $e 
approgchwassliObUy ~~~~_~ 
of o-+noIlen~ 
~~S~.~~~~~~S~~ 
~~of~cy~~~~t~ 
~~ofa~~~~~~~i~n 
state B, the latter approach has the advantage of provi- 
~~a~s~a~~w~h~~y~~n 
u~erted to H&TX. Thus ~ was reacted 
with 2.2 eq of ~~~~ny~si~ bromide in THF 
(3&3Y, #)hrE, Evaporatioa of the solvent and cyclisa- 
tion of the residue in HCOOH at 44” for 8 days afforded 
after coti chromatogmphy the crystalline spirofor- 
mateesterlsin2396yield.Becauseofthepresenceof 
-ted N-H gMaric& in the cnkde product the 
re&ioa was repeated with a larger excess (5.9 eql of 
GrignaA nageat. The reaction time for the cyclisation 
was 14 days, the temperature 42”. Acconfiasly, the yield 
of 15 after cohuna catchy was raised to 30%. 
CompomA 15 was converted into the knowa’ hydroxy 
safe 17 (1. P&s, 2. OH) in 88% yield. Since 17 
had been converted’ into HAITX in 70% yield, the 
synthesis of compound 17 ~~ti~~ a formal totat 
syathesis of H,&TX in 18.7% overaIl-yield. 

Compound lg” obtained after hydrolysis of If, pro- 
vided vital iaformation for the structure determination of 
compouDd 15 and related 1-azaspirans (okfe I?&?,. 

The spirocyclisation ploWeded stereosekctively, only 
traces of isomers could be detected. In one experiment a 
05% yield of crystalliae materkl was obtained ia ad- 
dition to a 19% yield of the spiroformate lS. This minor 
isomf is tentatively assigaed structure 18. 

throu8h tramSon state A. Hydrolysis of 20 aflorded the 
crystak hydroxy compound 21, the C,-epimer of the 
Hn-HTX precursor 16 In addition, from the hydrolysis 
products a 05% yield of a crystalline isomer was 
obtained. Tentatively this isomer is assigned &ucture 23. 

M~~~~~~~~~~~ 
V~~.~~~~Of~~ 
(~~~ny~~s~rn bromide, foilowed by cyclisa- 
tion io HCOOH, ~~~ after c&no catchy 
the oily formate 24 in about 30% y&d. Hydrolysis of 24 
8ave the crystalline ague 25 (21% yield based on 
succhdmide). 

The above discussed cyclisation reactions proceeded 
predominantly via a C&do-Tri$ mode of ring closure 
throu& transition state A. No products formed via tran- 
sition state B could be isolated. Small amounts of the 
isolated sptr, compounds are formed via a S-&o-Trig’ 
mode of rin8 closure (presumably through transition 
state C with synchronoos &m3coplanar formation of 
the new C-C and C-O hoods). 

However, startiog from 3,S ~~~~~~ and (l&4- 

- g& 2aK?Bu”H 

ak 2 H Bu”H 

2Q!? 2 CHOHW 

zI!lk 2 H H &I” 

illp 1 CHO BkP n 

1 H Eiu”H 

Tbeversatilityoftherr-acyliminiumion-oIe6ntechnique 
isill~tratedbyvariousmodifkationsiaboththehe&o- 
cyclic and the ol&ic syathons thereby allow& 
SteRoselectiW “one-pot~ syotheses of related l-ax& 
!+ltS. 

~~,~nof~~&~3~of~ 
~y~~i~ bromide followed by cyclisatbn in 
HCOOH a&&d the oily spiroformate ester 211 in 22% 
yield. A8ah1 the cyclisatiox~ proc&ed skreoseleetiv~y 

=VdINaM 

Ha-HTX 

moenyl-magkum bromide, followed by cyclisation in 
HCOOH only the crystal&~ S-&o-Trig product 24 was 
formed in a highly stereoselective manner @&ted yield: 
4l%):~c~~~~~t~~~ 
~ state c with SyXchronouS trmrscophaar for- 
mation of the 6-c, bond and the C!,,-o bond. No 
6-*Trig prodoe& were isolated. In a similar manner 
start&g from 3~~~~ and o&oneayl- 
~~~~~~sp~~rn~~ 
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wasisoktedin47%ykldaftercohunuc~by. 
The stN&rre of the latter compound was firmly 
established by an X-ray d&action study’~“= 

Altbou& spectral data and stmtm proofs of com- 
pounds a-12, 15-17 and 2629 have been publkhed in 
~“~~~on~~~~of 
rekm for a general disamioll win be given. Bcsidcs, 
~~S~C~~Of~~~ 
compounds are presented in more detail. Compounds 
lSl7 and compound S are considered as a reference set 
of mate&s, the suucuues of whkb were unequivocally 
established by comparison with the data kindly provided 
tousbyfk.Y.Kishi(compounds16and17)orbyX-ray 
analysis’* (compolmd 22). 

Sructme ass@ment of the remainin compounds was 
based upon a comparison of ‘H NMR, “C. NMR and 
mass spectml data’ combined with nn?chanistic con- 
siderations (ai& k&z). 

An important &ua&ristk of spirol~tam 16 is the 
existence of a conformational ~~~ Ma #Mb, 
which was demonstrated by variabk temperature ‘H and 
‘?I NMR experiments in different solvents. In the apolar 
sofvent CD@ the equihium is shifted to conformer 
16h.duetotheinternalH-bondingbetweentheamide 
and OH functions. In the pofar and protk solvent 
CD&D a fast equil’tium lh #Mb is observed. The ‘H 
NMRspectNmatn0showstheHaabsorptioaatS= 
3.67 whik WI = 15 Hx. At -6tP, a rmw signal at B = 4.10 
(W$= 7Hx) i&cams the presence of conformer 19, 
while the H;I signal for 16a is observed at S = 3.3. Exact 
nkasurement of Wi of the latter signal is obscured by 
overlap with the solvent signal. Upon raising the tem- 
perature of the sampk, line broadeni and coalescence 
of the Hs sigual takes place. 

These phenomena are only &rno~~ by 
variabk temperatu’z ‘Ic NMR experiments. At -60”. in 
CfhoD as the solvent, the two conformers are observed 
separately(estimatedratiolc:l(b=95:5).uponrai~ 
the temperature of the sample line broadening and 
uml~oceurs(tempe&uerange-5Oto-1iP).At37” 
14 sharp p&s are observed due to tbc fast equilibrium 
Ma # 1Q @!!4timated ratio 2: 1). 

Tbc internal hydrogen bonding was indkated by IR 
dihrtion experiments. Upon dhutkn (CCL) tlm absorp 
tion pattern in tbs regio MOMOOOcm-’ remained un- 
changed. A free OH- stretchise vi&ration at 36OOcm-’ 
was absent (consentration: 0.006 mok/l). 

Formation of compound 26 presumably proceeds 
through transition state A with buns-coplanar addition of 
the a-~y~ ion and the ouckophik to the (2) 
-substituted double bond, kadii to a product with a 
~~~1~~~ between the Bu~~~~n~ the for- 
mykxy group and the C-N bond. The conformational 
equiliim 2Oa#2& is shifted completely to the co* 
former with an equatorkl BP-substitusnt, zob, as is 
indicated by the Wf = 7 Hx for & [a =4.12 (CDCl& 
Again the &relationship between the C-N bond and the 
OH function in compound 21 was establii by similar 
IR dihrtion experiments as descrii for compound 16. 
Compound 21 was also subjected to variabk temperature 
‘H and “C NMR experiments in different solvents. 
However, in CIX OD as the solvent the ‘H and “C NMR 
spectraof2lattemperauuesvaryingfromd[p-+5fP 
were almost identicai. From the ‘H NMR and ‘T NMR 
data no conclusive evidence for the stereochemical 
s~of~rn~~s~~21~~~. 
However, the cfs-relatioaship between the oxy-s’& 
stituent at Cs and the Bu”-group at Cr seems to be well 
established in vkw of the abundant experieaces in this 
type of heterocyclisation with (2&substit@d olefhm. As 
mentioned before the c&relationship between the 
hydroxyl and amide function in 21 was in evidence from 
the IR data. Representative “C NMR data for the l- 
axaspiran systems discussed above are collected in Table 
1. 

Because compkxhq mainly occurs at the amide CO 
function in 16 shift reagent experiments with Eu(fodb 
provided no further information. Only small downfield 
shifts were observed for the OH and CH-OH protons. 
On the contrary, addition of the shift reagent to com- 
pound 21 showed an upfkld shift for the OH proton, 
indicating an OEZuH-an& in the range 54.7-125.3013. 

The marked differences in spectral behavkur of the 
structurally related compounds 16 and 21 indicate a large 
intluence of the Bu”-substituent on the conformation of 
the isomeric 7-butyl-&bydrox~l-~piro[S.S]und~cane- 

T&k 1. “C! NMR data on compounds 16 and 21 solvent and t#npmrhut dkts 

forpo-6 solvent toxuperaturea 
‘6 % ‘8 

-13 p.t. 57.5 49.5 69.9 

is @3DD p.t. 59.9 33.6 72.2 

16b CD,OD -60. 60.6 55.0 73.2 - 

16b 
rn30D 

-60' 58.4 50.Eb 70.2 
- 

Ir =l3 p.t. 57.5 47.1 66.9 

Ir m3m p.t. 58.6 47.P 68.1 

1L CD30D -60. 58.5 ~48 67.7 

a. p.t.0probe teqmrature (37'1 

b. l 8tfut8d valu* 

c. determined vf8~the inversion-recovery wthod.12. 
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derived from the (Z)-substituted alkeue, these values are 
6 = 47.1 and 66.9 respectively. 

In the 5-&o-Trig series the spirocompounds 19 and 
27. derived from the (Q-aIkeue, exhibit chemical shifts 
or resp. 6 = 69.9 ami 68.1 for the CH-OH atoms, whereas 
compounds 23 and 29, derived from the (QaIkeue, show 
cbemicalshatsof8=ca~.3forthecH-oHatom. 

h4r.W spectnd data 
Tbc cyclisa~Il reactions discus!u?d above either pro- 

ceed via a iEndo-Trig or a S-Exo-Tri2 n&e of ring 
closure. Structure determination of the basic spire 
skektonisrathercumhersomebysta&rdNMRtecb 
niques, necessitating the use of selective ‘W’H)- 
decoupli experiments. 

Based on a mass spectrai study of the various spire 
compounds synthesized so far, notabIy the hydroxy 
spiroMams 9. 11, 16. 21, 23, 25, 27 and 29 combined 
with the puhiisbed data” on compounds 30 and 31 an 
empirical ruIe was form&ted which can be conveniently 
apphed to distinguish between the products from 5-Ew- 
Trig and C&do-Trig reactions. As shown from the EI 
Mass spectra combined with exact mass determi&ons 
the spire co~unds with a Gtuemhered carhocychc ring 

haractenzed by the (M43)+-fragment ion formed 
gitbe molecular ion by expulsion of a C&&agment 
from the Cmemhered carhocychc ring (compounds 911, 
16, 21, 25 and 31). On the contrary, in the spire com- 
pounds formed via a 5-Exe-Ttig mode of ring closure the 
(M43)+-ion is virtuahy absent, instead loss of C3H6 
involving the C atoms from the 5-membered carbocychc 
ringuowheingatypicaIfragmentationmo&.Theabun- 
dance of the (M42)+‘-ion is in the order of 5-35% (15 eV, 
rel. int). The generation of a (M-CJb)+~-fragment was 
observed in compounds 23,27,29 and 36. In addition, in 
the 5-I&o-Trig hydroxycompounds 23, 27 and 29 the 
moIecuIar ion loses C& from the side chain [(b&57)+1, 
whik loss of m/c 57 is virtuahy absent in the ELmass 
spectra of the corresponding CZMo-Trig type of com- 
pouuds (16, 21 and 25). In the Condo-Trig type of 
compounds 16,21 and 25 possessing a DBU substituent a 
similar fragmentation wih lead to the (M-43)+-ion due to 
loss of C&I, involving the C atoms of the side chain 
Thus, in the latter series formation of the (M43)+-frag- 
mentation is due to two fragmentation modes; (i) WI, is 
geuemt4 from the carbocychc Cmembered ring as can 
be inferred from the observation of a (M&H,)+-ion in 
the mass spectra of compounds 9.11 and 31 (no n-Bu 
substitueut). (iii The (M433)+ -ion may also 0righW from 
the mokctdar ion by loss of C& from the side chain 
(compounds 16,21 and 25). Which of these two frag- 
mentation modes is the major process cannot be ascer- 
tained without the study of labelled (or stnrcturahy 
related) compounds. 

The sImrt and stereosekctive synthesis of the His- 
HTXpreausorWnicelyilhtstratesthepotentiaIofthe 
a-acyhminium ion-oletin cychsation technique for the 

general preparation of this e class. The pos- 
siMitytomodifyboththeheterocycIicamitbeok6nic 
synthoas offers an attractive metlmd for the stereo&c- 
tive synthesis of a muhitude of I-axaspiro systems, 
fuuctionaIixedbothinthe&terocycIicaudintImcar- 
bocydic part 

The reaction cithcr proceeds via a b&d&Trig type of 
riugcIosurethroughachairIiketransitionstateAwith 
syuchronous hruu~hutar formation of the new C-C 
aad C-O hot& or via a 5-Exe-Trig mode of cydisation 
through a transition state C, a& with a synchronous 
tmnscoplanar addition of the a-acyhminium ion and the 
nudeophhe to the double bond. No cydisation products 
arisii from reactions through the transition states B or 
D have been found. 

As observed earlier,” 6memhered ring formation is 
favoured over 5-membered ring formationin this type of 
biomimetic cychsations with electronicaIIy unbiased 
olefms. Molecular model studies imhcate oniy minor 
differeoces in steric interactions in the four possii 
transition states A-D (in the case of N-H imides). 
Therefore, the predominance ofAoverBandCoverD 
is tentatively assumed to he governed by ehzctronic 
factors also. 

tbc a-acyliminium ion ole& cycIisa&s discussed 
ahove with the both experimentaUy’6 and theoreticahy” 
studied MeroIytic fragmentation may he of relevance. 
The course of the cydisation reaction is controlled to a 
great extent by the same stere+ekctronic and orbital 
symmetry-factors that govern the Grobfragumntation. 

At the moment the different results of the cychsation 
reactions reported by Evans ami Thomas’ canuot he 
ratiouahxed satisfactorily. In partic& the question of 
S&o-Trig vs Mne’o-Trig cychsations in the &&mide 
series and the exclusive formation of 6/5 spire com- 
pounds in the oxa-series can only be answered by further 
exper&nts aimed at the cMication of the reaction 
path. In tbe latter context the question of kinetic vs 
thermodynamic contfd deserves speciai attention. 

IRsPectrawacrecordedoaU~SP2oodPcrkinElmer 
1?7and254inmments.‘H-NMRspcctrawcrctakmonVariaa 
AUI, HA-100, XL-100 ad 3&J-FT imtrumcnts. ‘)c NMR qcdra 
w~taLenoaPVarianXLlOO~ins~tat25.2MHzklps 
arellmmecd Mimanalyscs were carrkd out by Meax H. 
Pktm of the mimanalyticd dctmrtmcat of our momtory. 
Mass sptctrometric llwmlmmtswaepcrfomlaiat1spnd 
7OeV ck43mn energy on a Variaa Mat 711 double focw& 
hsbumcnt. !hpks were intmdud into the ion source (2009 
byuseofadir&iumtionpmbc(@-l~.Inadditiontothc 
rrkvant pealw (MC&)+, M-Cd&)+., (MC&)+ and the base 
pMk,allpCaLsWithal&tiVCi&U8ity>2O%lladml~~100~ 
givenasutassspamldata. 

clr - N - Akihyl- Z fomjfoxy- 7- aimpitu[4S]deca1w - 8 - oee 
0 

(a)N-~~-~-(4-~~-4-pyrroUn-Z-oruQ.To 
asolnof4-pcntenybmgmmmi0dik(pnpandfrom~Otgof 
Mg and 2txg of +entenylkdidc~ *h*mnl ctiK# WaE added 
l.OOg (8.8-k) of N-methyisuccnnrmde in THF Od). The 
~mixturcwasstimdfor2ahratr.t.msolnis 
thpoudintodhtcaqueousNH,CLTheetbcdkycrwas 
sqmtcd and wasbal with aatmtcd aqmolls N&l. Tbc 
aaueousk~wasexmted5timswithCHChTbeCH4 
&CtWSS-WfUbdWilb~N&CI~.Thecombinedetbarld 
CHCl,aotnwmdrkdovcrNa&LWork-upat?oftkdayd- 
lowish oil which accod& to ‘H NMR coosistai of a 2:l 
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W+7H% lH,H#cq); 3.96 (m, 1H. OH); 0.&240 (m, ZH). 
MSflOeV): 239 (M+, Cd&o, 3396). 197 (8); 1% (48, 
C,,H,&Jq); 182 (2); 168 (21); Is0 (21); I24 (so); 112 (loo, 
C&NO); Ill(U). (Fwnd: C. 703; H, 10.6; N. 5.9. C,,HaN~ 
M-239.35. Cak.: C, 70.25; H. 1033: N. 5.83%). 

Compod23wasa&aincd(6mg)afterhydrdyaisofaseumd 
cob’mnfrsctioacoa&iniastbcester22aodsow”aidcotifkd 
produds m.p.: 130-le (iprop&@. fR(CHCl& 1635cd. ‘H 
NMR d(CDCl,): 6.30 (br.s, lH, NH): 3.64 (m, Wf=2OHz, 1H. 
HI,); 0.~2.50 (m. 23H). MS (7OeV): 239 (h¶+, C,&NQ. 21%); 
197 (12, C,,H,dC?& 1% (3); 182 (13, CdM’J4); 131 (29); IsO 
(28); 127 (21);‘124 (Q1);_112 (100. C&NO); 111 (81. C&NO). 
A” ex&ct ‘kMmM&m 8ave m/e 239.1879. (Cdc. for 
C,,H,jN02: m/r 239.1882). 

(lR~6R)-ord(lS,2$6S)l-r-Bdgl-2-h~-7- 
azaapitv[45@cane - 8 - ow (ts) 

(a)-l-n-Bdll-2-fo~~-7-awpino(4JJdscorv-S- 
OIV (24) Cyclisation of tbc Gr&d add&o product of NH . . . 
uammde (19Orng. 1.92 mmok) aad (iI) - 4 - noocnybnag- 

Ilium bromide in 100 ml HCOOH (14 days, 429 a&rdai after 
woik-ap and K’bmm cbroadgn’pby 1s ‘I@ of tbe oily esta u 
(aligbtiy impure). IR(CHC&): 16W ad 172Ocm- (CO). ‘H NMR 
8(&&k 7.90 (br.s, 1H NH): 7.76 (a, lH, CHO); 4.6M.00 (t of d, 
lH, HG); 0.70-2.30 (III, 2OH). 

(b)HJdrdrsisdwporrnd24(20’d~onfedafta’wEal- 
lizatknfromipropcthwahx+~Z5(12mg,O.O53atmok),ykld 
21% based upon NH 8luamwk. m.p.: 13s1419 IR(KBr): 
1670 cm-’ (CO). ‘H NMK 8(CDC!Q 754 (br.s. 1H. NH); 4.04 (m, 
wf = 8 Hz. H, cq ); 352 (br.s, lH, OH) 0.60-2.M (m, m. MS 
CtOew 225 (M+, ChbNar 2m 208 0; 183 (6); 182 (3% 
C,&NW; 164 (29); 151(21); 137 (32, GIGIN?); j% 03; 111 

(20); 110 (100. C&NO). An cxd ma.4s d&mmueoa @VC m/r 
225.1712. (Calc. for c,&NO$ mlr 225.1720). 

(6$7s,Il~u~d(6~7R,llR)7-(l-Hy&nxy-pentyf)-1- 
oto-4-oxaspiro[4.SMxone-2-oae(~ 

(a)(6s.7S,11~Md(6R.7R11R)7-(1-~~~-~ 
-1-ozo-4-oxerpbo[4~dscMc-2-~(II).Cyclisationof 
t!leGdgfmdrddition~of35moQ~nc(2001a& 
1.74 made) ad (JQ&ownM$m Lromidc in 100 ml 
HCOOH (10 dava. ST) &dal afta workup and dumn 
c~ytbcaysinlline*formateester~(1!Jopls,o.71 
mmok). yidd 41%. m.p.: 99-101” (ii). IR (CHQ): 1660 
and 1715 cm-’ (CO). ‘H NbfR 8(CDCl$8.04 (8, lH, CHO); 7.88 
(lxs, 1H. NH);521 (m, Wi= 13Hz 1H,Hll);4.09(AB,2H.2.Ht); 
3.64 (AB, a&) = 3.83, is&l - 3.1) Jm - 12 Hz); 0s2.n (‘& 
16H). “C NMK a(CDCl,): 169.8 (a, Cd; 160.6 (d+.CtO); 71.7 (d, 
C,,);626(s,Cd;~9(6CI).Aneract~~~~nJc 
269.1627. (Cak. for C,&NO,: m/e 269.1627). 

(b)zfyddydsofctMlpud26atTor’Jaithe’Qilokctmn~ 
bol27 IR(CHCl,): 166.5 cm-’ (CO). ‘H NbIR b(cDcIJ): 7.49 (br.s, 
lH, NH); 4.18 (AB, &l&.)=4.24, 8&j-4.12, J-= 16Hz); 
3.79 (AB. 6(H,.) = 4.14. b(Hsd - 3.44 Jm = 12 Hz), 3.88 (m. lH, 
4,); 291 (br. d,J -4Hz, OH); 0.70-220 (m, 16H). MS(70 eV): 
241 @f+. C,dW’Jo3.24%~; 223 0; 199 (3, C13117N4); 196 (-1; 
184 (1s. C,H’*NO& 154 (22); 153 (33, C&NO&: IS2 (55); 151 
(34); 150 (34): 141(35. C,H,,NCM; 126 (66, CdMM; 125 0: 
124 (26); 115 (25); 114 (81, C&NO.& 113 (SO!; l!m); 110 (79, 
C&d: 41 (100). An exact mnss dc&‘mmdn gave m/e 
241.1667. (Cdc. for C&&O’: m/e Ul.1672). 

(a$7$11R)_ond(6~7~11S)7-(l-H~-paJII)-l- 
aza-4-oxaepitv[45J&xo~e-2-one(29) 

(a)(6s,7S,llR~Md(6R7RllS)7-(1-~~-~ 
-1-oto-4-arcupiro-[4s]rdkmu-2-~(~).C~~of 
tbeGliguad’dditkmploductof3~morpholiaediooc(2ooms. 
1.74 mmok) ad (z) - 4 - e bmdk 
in 100ml HCOOH (14 days, 42’) daded aftee work- ad 
column chromstoprspby. the crystaltine ester 28 (218’1’8, 0.81 
mnmk), yk#47%. nip.: 106-108 (ii). IR(CHCQ: 1665 

and 1715,x1-’ (CO). ‘H NMR b(CDCl,): 8.07 (a. IH, CHO); &99 
(br.s. 1H. NH): 5.19 (‘IL wt = 19 Hz 1H. HI,): 4.05 MB. 8fH..) - 
4.68 ti&4.oL. j-i 17~2); 3.?2 .‘(AB, acHj.-538, 
a(Hs,,)= 3.56, Jm - 12Hz); 0.~236 (m, 16H). “C NMR 
a(cDClJ): 169.3 (s. 0; 160.4 (6 CH?)); n.5 (d C,,); 624 (& Cd; 
50.1 (6 CT). A” exact ‘Bass dctarrmrpbw 8ave mle 269.3627 
(Cakt for C’JIdO,: de 269.1627). 

0’)ffydn7fylsirofts7qnwf1al?otdadtbc~rlco- 
bol 29 IR(CHCQ: 1665cm-‘. ‘H NMR b(CDC&): 7.63 (m, lH, 
NH): 4.14 (AB. W, W,); 380 (AB, 8(H,.) = 4.03. d&J - 3.37, 
JA,, = 12 Hz); 3.45-3.75 (m, 1H. HI,); 282 (m, 1H. OH); 0.75-2.20 
(m. 16 H). MS cl0 cv): 241 (M+. CdbN4,61); 223 (a 199 (4, 
C,JIaNO& 198 (4); 194 (20); 193 (28); 184 (48); 166 (40); 155 
06); 154 (31); IS3 (so); 152 (73); 151 (41); 141 (46); 127 (23); 126 
00); 125 (37); 1u (29); 115 (31): 114 (97): 113 (59): 112 (31): 110 
(100). Au exact maas detam&ioo gave m/e 241.1667 (Cdc. for 
C’&NQ: m/e 241.1667). 
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dcrGrccfadMr.RH.Mkcnsformwqwtralady&P. 
EJ.VawielofCcatralLab.otR(O,~isrlmowlsdOsdfor 
thcfacili&toobtaintbcxwMHzNMRdat&Wea&o 
gntdpltoProf.Y.Kisbiforpfo~spe&aofcompadm16 
and17andforagiftofaaautbdcsampkofcompod1(.R 
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