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Abstract The reactton of dtasomethane wtth endo,ctsJ,6-dtacetoxy, dtmesyloxy, bts(methoxycarbony1) and 

dthydroqbtcyclo[2 2 2]oct-2-ene dertvattves. respecttvely. florded et&r only the antt addttct or a mtxture ofantt and 

syn adducts wheretn the anh dtastereotsomer was htghly domtnanl(210 1) The observedfactal selechnty provtdes 

convtnctng evtdence that &rect through space tnteractwns between the attacbng 1 $dtpole and acetoxy. hydroxy ctc 

subshncents are, as a whole, reptdstve Stertc “non-bonded” rep&tons and dtpole-dtpole tnteractwns ovemde posstble 

stabtltstng tnteracttons. e g orbttal tnteractwns and hy&ogen bonding effects 

INTRODUCTION 

The >98% syn selectrvrty of the reaction of drazomethane with ca-3,4-dracetoxy-, dtmesyloxy- and 
dtalkoxycyclobutene (Figure 1) no doubt provtdes one of the most mterestmg and mmgmng examples of factal 
selectrvrty m the field of 13-drpolar cycloaddmons 2 When one attempts to find out a theoretical ratronale for 
this expenmental findmg the problem of separanng mtramolecular from rntennolecular effects anses In fact, the 
subsntuents at posmons 3 and 4 of the cyclobutene certamly do act both via drrect through space intermolecular 
uneractrons (stenc, electrostanc, secondary orbital mteracnons etc ) wtth the mcomtng reactant and by perturbmg 
the x-bond through mtramolecular hypercoqugattve o-x urteracuons On the basis of theorehcal mvesnganons 
we have recently concluded that mtramolecular hypercoqugatlve mteracnons play a major role in favonng syn 
attack by mducmg m these compounds a srgmficant out-of-plane antr bendmg of the olefimc hydrogens 2*3 
However, owing to the very high selectrvny observed, one may well argue that also mtermolecular mteracttons, 
as a whole, favor syn attack For example, London dispersion forces in Diels-Alder reactions4 as well as 
secondary orbital mteracttons in both Duels-Alders and 1,3-drpolar cycloaddttrons6 (Figure 2) have been 
advanced as stabrlrzmg through space mteractrons’ favormg syn attack Thus, m order to clanfy on an 
expertmental basis what IS the role of mtermolecular mteracttons, it was mandatory to study the reactron of 
drazomethane wuh appropnate drpolarophtles m which the substrtuents could fully explort therr drrect through 
space effect without strongly perturbing the x-bond mtramolecularly Endo,cts-5,6-dtsubstrtuted 
brcyclo[2 2 2]oct-2-enes, e g 1,3 and 4, lend themselves as appealing substrates to study this problem for the 
following reasons 1) Owing to the symmetry of the parent compound there IS not any carbon-skeleton imposed 
facial drastereotoprctty n) Ab-mmo calculattons show that the substrtuents at posittons 5 and 6 do not 
appreciably tmpatr the two faces of the double bond at least as far as the plananty of this bond 1s concerned * 
Subsntuents are located in a homoallyhc posmon and consequently there is not any hypercoqugaave mteracnon 
between the x-bond and oc_x bonds m) The substttuents can efficiently interact (drrectly through space) wrth 
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the mconung 13drpole In fact when attracave uneracttons between substnuents and the attackmg 1,3dtpole 
can be at work they actually show them up clearly m the observed drastereoselectrvtty. For example, tn the 
reactron of mtrones with the endo,crs-5,6-drhydroxybtcyclo[2 2.2]oct-2-ene.1 e. la, syn9 attack is highly 
dommant as a result of hydrogen bondutg tnvolvmg the oxygen atom of the 13dtpole and one of the hydroxy 

group (FqIure 3) * 
In thts paper we descnbe our fmdtngs m the reacttons of dtazomethane with endo,cts-$6~drsubstmued 

btcyclo[2.2 2]oct-2-enes beanng substttuents, such as acetoxy and mesyloxy groups, which are the most 
effictent groups tn pmmoung syn attack to CIS 3,4dtsubstttuted cyclobutenes Moreover. we extended thts study 
also to the reactron of drazomethane wtth &hydroxybicyclooctenes tn order to find out whether hydrogen 
bondrng plays some role tn gtudurg factal selechvny m the cycloadthuons of dtazomethane or not. 

RESULTS AND DISCUSSION 

Bqclooctenes 
Btcyclooctenes used tn thrs study are mported tn Scheme 1. Osmylauon reacttons of compounds 5 and 7, 

respecttvely, were camed out under catalyttc condtttons tn acetone’water 4.31° to produce mtxtures of two 
dthydroxyderrvattves In the case of 5 the dtsubstttuted double bond 1s at least twtce as reacttve as the 
msubsntuted one only products artstng from “bottom stde” attack, t e anti to the ethano bndge, were tsolated 
The attack by OS04 to 7 took place only at the drsubstttuted double bond wrtb formatton of a mutture of the two 
dtastereoisomers 4a and Sa ,wlth the former htghly dommant The observed selectrvny clearly reflects the 
tendency of the mrklly electrophthc osmtum tetroxtde to attack the more electron-nch and less crowded double 
bond on tts stencally less encumbered face Factal selechvny of osmylatton teacaons of 5 and 7 1s stmtlar to that 
found tn the reactton of 7 with 1,3dtpoles In fact, only bottom stde attack was observed m the reacttons of 
drphenyhutnle Irmde, phenyl aztde and nnnle oxtdes wtth 7 .*I The dommant antt 1,3drpolar cycloaddmon to 7 
was tentatively explatned” on the basts of a htgher extension of HOMO and LUMO (as a result of orbrtal 
mtxmg, Fukui’s model)12 on the face antt to the ethano bndge However, we feel that stenc effects (as stated 
above) provtde a much more stratghtforward rattonahxatton of the observed facial selechvrty not only m 
osmylatton reacuons of 5 and 7 but also in 1,3dtpolsr cycloaddmons of 7 

As for the conformatronal tsomensm of the substttuents on btcyclooctenes, X-ray data13a, and MO 
(MNDO) calculattonst” tndrcate that they prefer a conformatton of the type 9 (Scheme 1) with the R groups 
located away from the double bond This conformatron is very sumlar to that adopted by the same substttuents 
rn cts-3,4-dtsubstrtuted cyclobutenes 2,s Thus, stenc hunirance to syn attack in btcyclooctenes should resemble, 
more or less closely, that present in cyclobutenes 

The IR spectra of a very &lute (CCL) solutton of the &hydroxydenvaaves la, 3a and 4a displayed a 
strong band in the regton of OH absorpttons (at 3559,3496, and 3527 cm-‘, respectrvely).Only in the case of 
4a a weak absorptton at 3620 cm-r was also present In contrast, the exo denvattve 2 showed two strong bands 
at 363 1 (free OH) and 3529 (bonded OH) cm-’ These findings suggest that the dommant conformatton of la, 
3a and 4a features both OH groups mvolved tn hydrogen bondutg, 1 e a conformatton of the type 10 or 11 l4 
Aside from hydrogen bondtng effects these conformahons are also favored by a lessemng of tepulstons between 
the electrons of the oxygen lone paus and those of the x bond l4 Regardless of which factor determmes the 
observed conformattonal preference of the two OH groups in la, 3a and 4a, at least one of them 1s properly 
or-rented to be mvolved tn hydrogen bonding wtth the attackmg 1.3~drpole However, rf the reacnon can not take 
advantage of hydrogen bondmg stenc hyndrance to syn attack in 10 and 11 may even be slightly larger than tn 
9 and a higher anu selechvrty can be anttcrpated for the former compounds than for the latter one 

cycloaddltwns 
It 1s known that the double bond of brcyclo[2.2 2]oct-2-ene exhtbtts a very low reachvtty tn 1.3~dtpolar 

cycloaddmons “Jo Actually, the reactron of Qazomethane wtth the x bond of la IS so slow that no adducts of 
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X = OR, OAc , OS02Me 

FIGURE 1 FIGLJRE 2 FIGLJRE 3 
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the type 12 (or 13) (Scheme 2) were formed (at least m isolable amounts) and the monomethyl denvanve of la 
was isolated m good yields after one month Also m the reaction of 2 ~nth dlazomethane the methylanon 
reactton, although slower than that of la, was agam preferred over cycloaddmon 

In the case of lb and lc very long reaction times (two months at rt) allowed us to isolate a single 
monoadduct, 1 e 12b and 12~ respecavely, m low yields (25%) (Scheme 2) Symmetry of the carbon skeleton 
of the hcyclooctane moiety m these adducts, and in all of the adducts which we wtll be dealmg with. precludes 
the posslblhty of using the vlcmal couplmg constants Jt2 and J&T as a stereochenucal probe However, the antt 

structure 12b could fiiy be established by transformmg 12b into the tiydroxydenvatwe 12a whose antt 
stereochermstry was safely inferred from LIS expenments In fact in the presence of increasing amounts of 
Eu(fodh the signals of H-2 and H-6 moved to lower fields more rapidly not only than H-5endo and H-5-exo 
but also than H-l and H-7, respectively This observation 1s consistent with the anti structure 12a but not wth 
the syn one 13a A syn structure would have reqmred the presence of a long range couphng constant (4J) 
between H-2 and H-9 as well as between H-6 and H-8 (owing to the presence of a W couplmg pathway) Such 
a sphttmg was rmssmg in the ‘H NMR spectra of adducts 12 17aThe very smnlar chenucal shifts of H-S-end0 
and H-5-exo m adducts 12 also supports their anti structure 17b It 1s mterestmg to nonce that m 12b and 12c 
the 1-pyrazohne nucleus bnngs about a &fferent deshleldmg of the two bndgehead protons, H- 1 and H-7, ~rlth 
H-l resonatmg at lower fields than H-7 by >I 0 ppm This effect can be attnbuted both to the electron attractmg 
effect of the azo group dmtly attached to posmon 1 and to the proxumty of the lone patr on N-3 to H-l 

We carefully looked for (by chromatographtc and ‘H NMR techniques) the syn adduct m the reacttons of 
lb and lc but we &d not manage to find any evidence of its presence Even If small amounts of the syn adduct 
mtght well have escaped detection, the high anh selectivity (> 95%) observed for lb and lc 1s totally at vanance 
with the > 98% syn selectlvlty of the cycloaddttton of dlazomethane to dracetoxy and 
dtmesyloxycyclobutene Through space mteracnon between the acetoxy or mesyloxy groups and the attackmg 
hazomethane is, as a whole, repulsive Consequently we conclude that the syn onentmg effect of these groups 
m cyclobutenes does not stem from this land of mteracnon 

To properly substantiate this conclusion we deemed it necessary to extend our study to more reactwe 
blcyclooctenes such as 3 and 4 m which the carbon carbon double bond 1s acnvated by the presence of 
methoxycarbonyl groups 

The Qhydroxyblcyclooctene 3a reacted redly (I 6 h) with excess dlazomethane to afford only the anti 
adduct 14a whose structure relies firmly on its very easy lactomzaaon reachon to @ve 18 (Scheme 2) Even if 
small amounts of the syn adduct could have gone undetected this result provides reliable evtdence agamst the 
presence in the transition state of relevant stabdtzmg hydrogen bondmg mteracoons between dnuomethane and 
the OH groups 

Compound 3b and 3c also reacted readily with dammethane to produce mixtures of ana and syn 
adducts, 1 e 14 and 15, (Scheme 2) wherein the anu adduct was highly dommant (14 15 2 10 1) In the case 
of 3b (X = OAc) the syn adduct 15b could be isolated in a pure state and fully characterized Dlfferennatmg 
features between the ‘H NMR of the syn adduct 15b and that of the arm adduct 14b are 1) the presence m 15b 
of a long range coupling constant between H-6 and H-8 cJ6,s = 1 0 Hz) 11) a shift to lower fields of H-5-endo 
in 15b as a result of proximity of the lone paus of the acetoxy groups 17b Chermcal correlation between 14s 
and 14b IS described in Scheme 2 Acetylatlon of hydroxy groups in 14a and 18 1s accompanied by 
tautomenzatlon of the 1-pyrazolme moiety to a 2-pyrazohne structure which m turn IS acetylated L&ewlse 
treatment of 14b and 15b with acetyl chlonde led to 1-acetyl-2-pyrazolmes 16 and 17,respectively In the 
reachon of 3c (X = 0S02Me) the syn adduct was detected by ‘H NMR analysis of the crude reaction rmxture 

Only one adduct was isolated from the reaction of 3d (X = COzMe) with dlazomethane, 1 e the ant1 
adduct 14d 

Introduction of a second methoxycarbonyl group on the blcyclooctene double bond, I e passing to 
compounds 4, brought about a decrease m 1,3-dlpolar cycloaddmon rate as compared to compounds 3 
However, compounds 4 were more reactive than their unsubstltuted counterparts, 1 e compounds 1 The lower 
reactivity of 4 than 3 can be ascribed to stenc congeshon which in 4 impedes adoptton of a coplanar 
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EXPERIMENTAL 

Meltmg pomts were uncorrected. Elemental analyses were made on a Carlo Erba CHN analyser, model 
1106. Infrared spectra were recorded as etther Nujol suspemuons or films on a Perkm-Elmer 157 
spectrophotometer. Infrared spectra of la, 2,3a and 4a, respecnvely, were mconkd m dilute Ct& soluttons 
(~10-~ M) on a PE 983 spectrophotometer. NMR spectra were recorded either on a Bruker WPSOSY (at 80 
MHz) or on a Bruker AE 300 (at 300 MI&) qnxtmmetexs wnh tetramethylstlane aa tnternal standard for CDQ 
soluttons unless otherwise stated Protons were correlated by decouplmg expeoments ‘H NMR spectra were 
evaluated as first order spectra. Lanthamde-mduced shifts f&IS) were measumd tn CDCls solutmns with 
Eu(fod)s as shift reagent AM values (shifts for the 1.1 mole ratio) were evaluated by extrapolahon fmm 
measumments Camed out in the range of la 03 to 10 2 mole ratios of substrate and shrft reagent. Mass vtra 
were measured on a Fuungan MATT 8222 usmg chetmcal mnrxanon (CI) mode. GC analyses were carned out 
with a Dam 6500, PTV injector, CP-SIL-19 CB (25 m) capillary column and canier Ha. Thin-layer 
chmmatograms were done on plates Fated wnh srhcagel60 GFm (Merck) Spots were vuu~ahxed enher by 

spraymg wrth 3% chromtc oxrde m sulphunc actd (50%) followed by heating at 120 ‘C or under UV hght 
Column chromatography was pe&nmed unth Silicagel 60 (70-230 mesh) Merck elutmg wtth cyclohexane-ethyl 
acetate mixtures Blcyclooctenes la, 224a and btcyclo[2 2 2]octa-2,5-&ene 7Wb were prepared accordmg to 
llteraturepmcedun?s 

B1cyclo[2.2%]ocf-2-en Ib amilc 
Denvatives lb and Ic wem obtamed from la m good yields by standard methods lb colorless prisms 

from cyclohexane. mp 101-102 “C, ‘H NMR 6 1 15-l 80 (m, 4H, H-7 and H-S), 2 03 (s, 6H, Me), 2 88 (m, 
H-l and H-4). 5 05 (bs, H-5 and H-6), 6 35 (m, H-2 and H-3) Anal Calcd for Ct2H1e04* C, 64 3, H, 7 2 

Found C, 63 9, H, 7 2 lc: colorless prisms from Qchlotomethane, mp 166-167 ‘C!. ‘H NMR S 142 (m, 4H, 
H-7 and H-8). 3 06 (s, 6H, MeSOa), 3 06 (m, H-l and H-4), 4 84 (bs, H-5 and H-6), 6 33 (m, H-2 and H-3) 
Anal Calcd for CmI-It60eS2 C, 40 5; H, 5 4 Found C, 40 3, H, 5 4 

2-Methoxycarbonylhcyclo[22 2]octa-2,5-drette 5 
To a solunon of 1,3-cyciohexadtene (3.5 g) and methyl proplolate (3 7 g) m anhydrous benzene (50 mL) 

anhydrous alurmnum mchlande (= 3 0 g) was added portronwtse under stming at 0 OC The reachon mrxture 
was stmed overnight at room remperature, poured mto 1ce water and washed wrth a solution of sodium 
bicarbonate After usual workup the yellow residue was column chromatographed to gve 5 as a colorless 011 
‘H NMR S 131 (m, 4H, H-7 and H-S), 3 73 (s, C02Me), 3 75 (m, H-4), 4 20 (m, H-l), 6 33 (m, H-5 and 
H-6), 7 30 (dd. H-3, J,, = 2 0 Hz and Js,., = 6 0 Hz) 

Catalync osmylatton of 5 Synthens of 30-c and 6a,b 
To a soiutton of 5 (453 mg, 2 76 mmol) m acetone/water (4 3, 14 mL) N-methyl morpholme -N- 

oxide Ha0 (7 92 mmol) and 1 mL of a 2 5% solunon of osmmm tetraoxrde in tert-butyl alcohol were added 
The macnon mtxture was left sttmng at room temperature for 43 h before bemg dduted wnh a 10% soluuon of 
sodium sulfite This new solutron was stnred for 10 minutes before addmg a 10% solution of sulfunc acid 
(dropwise) untd the soluhon was neutral to litmus paper Then the reacnon mixture was extracted several times 
wnh ethyl acetate, the organic layers were washed once wnh saturated bnne, dried with sodium sulfate and 
filtered The solvent was removed under reduced pressure and the only residue column chromatographed 
(cyclohexane/AcOEt, 1 1, as eluant) to gve in order of elunon 6a (139 mg, 23%) and 3a (257 mg, 42%) 3a 
colorless needles, mp 61-63 “C, ‘H NMR S 1 18 and 1 44 (m, 4H, H-7 and H-S), 2 93 (bd, H-4). 3 30 (bs, 
H-l), 3 43 (broad, OH), 3 73 (s, C02Me), 3 88 (bs, H-5 and H-6), 7 25 (dd, H-3, J1,s = 1 5 Hz and Jse4 = 

6 3 Hz) AM 3 20 and 4 20 (H-7 and H-S), 8 94 (H-4), 10 80 (H-l), 3 98 (C02Me). 11 85 (H-5 and H-6), 

7 85 (H-3) Anal Calcd for C1&I14O4 C, 60 6, H, 7 1 Found C, 60 5, H, 7 0 6a colorless 011, ‘H NMR S 
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0 75-l 90 (m. 4H, H-7 and H-8), 2 73 (m, H-l and H-4) 3.65 (broad, OH), 3.74 (s, -Me), 4 26 (d. H-6, 

J1,6 = 2 5 Hz), 6 22 (m, H-2 and H-3) Anal Found* C, 60 3; H, 7 3. Compounds 3a and 6a. resptmvely. 
were dissolved m acetyl chlonde and left standmg at rt for 48 h The solvent was removed under reduced 
pressure and the resrdue column chromatographed to give 3b and 6b, respectively, m 2 90% yields 3b: 
colorless pnsms from petroleum ether, mp 72-73 ‘C, IR v,, 1740.1702 and 1630 cm-l, ‘H NMR 6 1.27 and 
1 59 (two m. 4H, H-7 and H-8), 1 93 and 1 95 (two s, OAc), 2 95 (bd. H-4), 3 40 (bs, H-l), 3 77 (s, 
CO*Me), 5.02 (m, H-5 and H-6). 7 27 (dd, H-3, J1,3 = 1 5 Hz and J3,4 = 6 8 Hz) Anal Calcd for Ct4H,s06 
C. 59 6, H, 6 4 Found C. 59 4, H. 6.2 6b colorless needles from cyclohexane-petroleum ether, mp 95-97 “C, 
‘H NMR 6 0.90-2 10 (m, 4H, H-7 and H-8), 1 88 and 2 00 (two s, OAc), 2 81 (m, H-l and H-4). 3.71 (s, 
C02Me). 5 81 (d. H-6, J1,6 = 3 0 Hz), 6 25 (m, H-2 and H-3) Anal Found. C, 59 3, H, 6.6 

To a soluuon of 3a (0 594 g, 3 0 mmol) and methylamme m anhydrous &chloromethane (25 mL) at 0 Y! 
was added a solution of methanesulfonyl chlonde (6 6 mmol) m Qchloromethane (5 mL) dropHrlse under 
stunng The reaction rmxture was left stmmg at 0 “C for 1 h and at rt for 2 h before berg washed mce urltb 
saturated brme and once with water Usual workup and column chromatography (cyclohexane/AcOEt, 1 1, as 
eluant) afforded pure 3c (0 584 g, 55%) which was recrystallized from cyclohexane/AcOEt to gave colorless 
platelets, mp 124 Y! IR v,,,*= 1706. 1625, 1350 and 1170 cm- 1 ‘H NMR 6 1 37 and 162 (two m, 4H. H-7 
and H-8), 3 08 ( s, 6H, MeSOz), 3 25 (bd. H-4), 3 63 (m, H-l), 3 81 (s, CQMe), 4 94 (m. H-5 and H-6), 
7 34 (dd, H-3, J1,3 = 1 5 Hz and J,,4 = 7 5 Hz) Anal Calcd for Ct2H1sOsS2- C, 40 7, H, 5 1 Found. C, 
409,H,53 

Catalytic osmylatton of 7 Synthesis of 4a-c and 8a,b. 
An ldenucal procedure to that reported above for 5 was followed for the as-&hydroxylatlon of 7 (4 00 g) 

to afford 4a (2 74 g, 73%) and 8a (0 119 g, 3%) Compounds 4a and 8a were transformed into 4b and 8b 
(SO% yield) by treatment with acetyl chlonde and 4a mto 4c (51%) by treatment with methanesulfonyl 
chlonde and tnethylamme 4a colorless 011, IR v,, 3440,1715 and 1640 cm-l; ‘H NMR 6 1 15-l 75 (m, 4H. 
H-7 and H-8), 3 02 (broad , OH), 3 21 (m. H-l and H-4). 3 80 (s, 6H. CO*Me), 3 92 (m, H-5 and H-6) 

Anal Calcd for C!t2H1606 C, 56 2, H. 6 3 Found C, 56.5, H. 6 1 8a colorless 011, ‘H NMR 6 1 23 and 
2 09 (two m, 4H, H-7 and H-8). 2 80 (very broad, OH), 3 13 (m, H-l and H-4). 3 79 (m, H-5 and H-6), 3 82 
(s, 6H, C02Me) AM 4 97 (H-7 and H-8 anti to OH groups), 8 80 (H-7 and H-8 syn to OH groups), 8 53 (H- 
1 and H-4), 11 50 (H-5 and H-6), 1 20 (C02Me) Anal Found C. 56 0, H, 6 1 4b: colorless platelets from 

cyclohexane, mp 113- 114 “C, IR v,, 1725 and 1635 cm-‘, ‘H NMR 6 1 15-l 80 (m, 4H, H-7 and H-8), 195 
(s, 6H, OAc), 3 27 (m, H-l and H-4), 3 79 (s, 6H, C02Me), 4 99 (m, H-5, and H-6) Anal Calcd for 

C16H~00s C, 56 5; H, 5 9 Found C, 56 2, H, 5 8 8b: colorless glassy sohd, IR v,, 1735 and 1640 cm-l+ 

‘H NMR 6 125 (m, 4H, H-7 and H-8), 2 00 (s, 6H, OAc), 3 16 (m, H-l and H-4), 3 75 (s, 6H, COzMe), 
4 72 (m, H-5 and H-6) Anal Found C, 56 6, H, 6 0 4c colorless pnsms from AcOEt, mp 149-150 OC, IR 
v,, 1721,1706, 1635, 1350 and 1160 cm- ‘, ‘H NMR 6 157 (m, 4H, H-7, and H-8), 3 18 (s, 6H, MeSO& 
3 5l(m, H-l and H-4), 3 85 (s, 6H, C02Me), 4 98 (m, H-5 and H-6) Anal Calcd for C,,H,,O,& C, 40 8, 
H, 4 85 Found C, 410, H, 4 9 

Reachon of drazomethane wrth bxyclooctenes General procedure 
The reactlons of dlazomethane with blcyclooctenes (200-500 mg) were camed out m ether at room 

temperature (-20-23 “C) by usmg a large excess of a concentrated solution of the 1.3~&pole The spanngly 
soluble dlmesyloxy denvanves were dissolved m DMF or bchloromethane and to that solution was added an 
ethereal soluaon of Qammethane When the dqolarophlle had totally been consumed (as Judged from TLC) the 
solvent was evaporated and the reaction products separated by column chromatography The adducts of 
dlazomethane to brcyclooctenes proved stable under reactmn and workup conditions with the exception of anh 
adducts to 3a and 4a which underwent a lactomzatmn reachon. The presence of a I-pyrazohne nng m the 
adducts was clearly lsclosed by a weak N N absorptmn at 1530-1550 cm-’ m their IR spectra This 
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absorption was missmg in the IR spectra of 1-acetyl-2-pyraxolme derivatives formed durmg acetylanon 
processes. The spectra of the latter compounds &played 
1600 and 1670 cm-l, respechvely 

C H, C N andMeCON absorpttonsat~3060, 

Reacnon of diazomethane wrth la-c and 2 
Endo,crs-5-hydroxy-6-methoxybicyclo[2.2.2loct-2-ene [75%, IR (CC& 5.0 10m3 M) v,, 3524 cm-l, 

‘H NMR 6 L26 (m, 4H, H-7 and H-8), 2 74 (m, H-l and H-4). 3 00 (d, OH, Js,OH = 7.0 Hz), 3.40 (s, 
OMe), 3.40 (m, H-6), 3.85 (ddd, H-5, J5,6 = 7 0 Hx and J.,> = 3 0 Hz), 6 20 (m, H-2 and H-3) Anal. Calcd 
for CgHt40a C, 70.1, H, 9.15 Found C, 70 4. H, 9.45 ] and exo,crs-5-hydroxy-6- 

methoxybrcyclol2 2.2]oct-2-ene [73%, IR (CQ. 8 0 10” M) v,, 3524 cm-l; ‘H NMR 6 1.03 and 1.85 (two 
m, 4H, H-7 and H-8), 2 68 (m, H-l and H-4). 3 16 (dd, H-6, J1,6 = 3 5 I-Ix and J5,6 = 9 0 Hz), 3.45 (s, 

OMe), 3.61 (dd, H-5, J4.s = 3.0 Hz), - 3 5 (broad, OH), 6 22 (m, H-2 and H-3) AM 5 1 (H-7 and H-8 ant1 
to OH), 10 0 (H-7 and H-8 syn to OH), 8 2 (H-4), 11.3 (H-l), 13.3 (H-6), 11.95 (H-5). 14 5 (OMe), 3.9 (H- 
2 and H-3). Anal. Found C, 70.4; H, 8.95 1 were Isolated as colorless 011s from the reactton of la and 2, 
respectively, with draxomethane after 30-45 days GC analysis (after 17 h) of a reactlon camed out wtth an 
equmolar mtxture of la and 2 showed that la IS methylated -2 5 rimes faster than 2 

A 25% (25%) yield of 12b (12~) was obtamed from the reactron of lb (lc) after 37 (45) days wtth a 
60% (63%) recovery of lb (1~). 12b: colorless prisms from benzenekzyclohexane, mp 153-154 Y!, IR v,,,, 

1735 and 1545 cm-‘, ‘H NMR 6 140 (m, 4H. H-10 and H-11), 1 71 (m. H-7, J,, = 2.0 Hx and J7,s = 2.7 
Hz), 2 49 (m, H-6, J2,6 = 110 Hz, Jsa,,do,6 = 3 3 Hz, and J5exo,6 = 10 0 I-lx ), 3 02 (m, H-l, J1 2= 2 0 I-Ix 
and Jig = 4.0 Hz), 4 50 (dad, H-5-exo, Jz,~+~~ = 2 2 Hz and Js_exO,s_e,,Q = 18 0 Hz), 4.67 (ddd,’ H-5-endo, 

Jz.s-endo = 3.3 Hz), 4.72 (m, H-2). 4.98 (dd, H-8, Js,9 = 8 4 Hz), 5 25 (dd. H-9) Anal. Calcd for 
CisHisN204 C, 58.6; H.6.8, N, 10.5 Found: C, 58 6; H, 6 8; N, 10 5 12~: colorless needles, mp 160- 

161“c; IR v,, 1550, 1355 and 1172 cm-‘, ‘H NMR 6 1 15-1 55 (m, 4H. H-10 and H-l 1). 1.97 (m, H-7, J6,7 
= 2 5 I-Ix and J7,s = 2.6 Hz). 2 58 (m. H-6, Jab = 100 Hz, Js_cndo,6 = 3 0 Hz, and JS_exo,6 = 9.8 Hz), 3 12 
and 3 18 (two s, MeS02) 3.25 (m, H-l, J1,2 = 2 5 Hz and J,,g = 4 0 Hz), 4 54 (ddd, H-5-exo, Jz5_exo = 2 0 
Hz and Js-exO,~ando = 18.5 Hz), 4.71 (ddd, H-5-endo, Jzs_sllQ = 3 0 Hz), 4 78 (m, H-2), 4 83 (dd, H-8, Js,a 
= 8 3 Hz), 5 10 (dd, H-9) Anal Calcd for CllHisNZG& C, 39 05 I-I, 5 3, N, 8 3 Found C, 39 05. H, 
5 4. N, 8 3 

Compound 12b was reduced with excess LtAE& m ether at rt to give 12a (40% yield) 12a. glassy solid 

purified by column chromatography; ‘H NMR 6 125 (m, H-10 and H-11). 1.60 (m, H-7, J7.s = 2.5 Hz), 2 50 
(m. H-6), 2 50 (broad, OH), 2 97 (m, H-l, Jl,, = 4.0 Hz), 3.95 (dd, H-8, Js,s = 8.0 Hz), 4 16 (dd, H-9), 
4 55 (m, H-5-endo and H-5-exo, Jzs- = Js+,,,,,,~ = 3.0 Hz, J2,5-ex0 = 2 0 Hz, Js_exO,scndo = 18 5 Hz, and 
J&x,,& = 10 0 Hz, these couphng constants were evaluated from the spectrum in the presence of Eu(fod)3), 

4 80 (m, H-2) AM 3 26 (H-10 and H-l l), 12 40 (H-7), 14 67 (H-6), 1160 (H-l), 15.00 (H-8), 15 90 

(H-9), 2 30 (H-5-exe), 5 35 (H-5-endo), 1180 (H-2) Anal Calcd for C$Ii4N202 C, 59 3; H, 7 7, N, 
15 4 Found C, 59 0, H. 7 4, N, 15 1 

Reacnon of dtazomethane wtth 3a-d 
All of the three dqolarophdes had totally been consumed after = 6 h Several expenments were carried 

out with 3a In the first one we managed to isolate 14a as colorless od in 59% yield by column chromatography 
and to record its IR and ‘H NMR spectra [ IR v,, 3400,173O and 1688 cm-l, ‘H NMR 8 0 90-l 50 (m, H- 
10 and H-11). 1 60 (m, H-7), 2 95 (m, H-6), 3 43 (m, H-l), 3 70 (s, C&Me). 3 80 (dd, H-8, J7.s = 2 6 Hz 

and Js,a = 8 0 Hz), 4 06 (dd, H-9. Jig = 4.0 I-Ix), 4 70 (m. H-5-endo and H-5-exo) AM = 4 0 (H-10 and H- 
ll), 8 90 (H-7). 10 50 (H-6), 9.15 (H-l), 0 0 (C&Me), 11 20 (H-8). 12 30 (H-9). 2 20 (I-I-5-exo), 3 90 (I-I- 
5-endo)] When we med to repeat this expenment the only product. that we were able to isolate by column 
chromatography, was the lactone 18 as a glassy solid. 18: IR v,,, 3430, 1755 and 1545 cm-‘, ‘H NMR 6 
1 15-180 (m, H-10 and H-l l), 160 (broad, OH), 2 12 (m, H-7, J6,7 = 4 0 Hx and J7.s = 2 0 I-Ix), 2 50 (m, 
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H-6, J5_,6 = 10.5 Hz and J5cx,.,6 = 7 5 Hz ), 3 38 (ddd, H-l, J1,9 = 5 5 Hz and J1.10 - 3 0 I-W, 4.07 (dd, 
H-8, Jsg = 5 5 Hz), 4 53 (dd, H-S-exo, J5_e,,40,5_exo = 18.9 Hz). 4 91 (dd, H-5-endo), 4 92 (dd, H-9) 

Assrgnment of H-5~x0 and H-5-endo is tentative 
Treatment of 18 with excess acetyl chlonde for 24 h led to 19 in 90% yeld. 19: colorless needles from 

methanol, mp 209-213 “C, IR v,, 3060.1812,1743,1670 and 1598 cm-l, 1H NMR S 161 (m, 4H. H-10 and 
H-11), 2 13 (s, OAc), 2 39 (s, NAc), 2 39 (m, H-7), 3 48 (m. H-l), 3 70 (bd, H-6, J6.7 = 4.0 Hz), 4 78 (dd, 
H-8, J7,s = 1 7 Hz and J8,9 = 6 0 Hz), 5 03 (dd, H-9, J1,9 = 6 0 Hz), 6 82 (bs, H-5) Anal. Calcd for 
C14H16N205 C, 57 5, H, 5 5, N, 9.6 Found C, 57 1; I-I, 5 6, N, 9 7. 

In a third exFment the solvent was removed from the reachon rmxture under reduced pressure and the 
crude residue was seated ~th a large excess of acetyl chlonde at rt for 24 h Acetyl chlonde was evaporated 
under reduced pressure and the residue SubJected to column chromatography (cyclohexane/AcOEt, l:l, as 
eluant) to gve m order of elunon 16: colorless prisms fmm cyclohexane-petroleum ether, mp 137-138 ‘C, lR 
V ,,,= 3060,1745,1670 and 1608 cm-*, ‘H NMR 6 125-l 70 (m. 4H. H-10 and H-11), 1.96 and 2 05 (two s, 
OAc). 2 00 (m, H-7). 2 30 (s, NAc), 3 59 (m, H-l), 3 75 (s, C02Me),4 02 (bs, H-6), 4 95 (dd, H-8, J7,s = 
2 5 Hz and J8,9 = 8.3 Hz), 5 26 (dd, H-9, Jt,9 = 4.0 Hz), 6 81 (bs, H-5) Anal Calcd for C17HZ2NZ07 C, 
55 7, H, 6 05, N, 7 65 Found C, 55.4, H, 6 3, N, 7 4 

From the reactron of 3b we isolated 14b (higher Rron TIC, cyclohexane/AcOEt, 7 3, as eluant) m 81% 
yield and 15b III 8% yleld.Treatment of 14b and 1Sb with acetyl chlonde (at rt, 24 h and 4 days, respechvely) 
afforded 16 (95%) and 17 (30%). respectively 14b: 

15b glassy solid, IR v,, 1740 and 1545 cm-l, ‘H 

NMR 8 (CDCls) 156 ( m, 4H, H-10 and H-l l), 199 and 2 03 (two s, OAc), 2 07 (m, H-7), 2 63 (m, H-6, 

J5_,&,,6 = 4 0 Hz and J5_cX0,6 = 10 0 Hz), 3 44 (m, H-l), 3 81 (s, CO*Me), 4 64 (dd, H-5-exo, J5_._nQ,5_exo = 

18 3 Hz), 4 93 (m, H-8 and H-9), 5.17 (dd, H-5-endo), 6 (C6D6) 0 80-l 50 (m, 4H, H-10 and H-11). 172 
(m, H-7, J6.7 = 3.0 Hz), 1 69 and 172 (two s, OAc), 2 30 (m, H-6), 3 24 (s, C02Me), 3 58 (m, H-l), 4 38 
(dd, H-5-exo, JS_e,,d,,S_exo =18.1 Hz and J5_eno,6 = 10 0 Hz), 4.70 (ddd, H-8, J6,s = 1 0 Hz, J7,8 = 3 0 Hz, 
and Js,9 = 9 0 Hz), 4 92 (dd, H-5-endo, Js_~~,~ = 4 0 Hz), 4 92 (dd, H-9, J1,9 = 3 0 Hz), CI (1sobutane) 
mass specrmm, m/e 325 (MI-P, 5%). 297 ([MI-V - Nz], 100%) Anal Found C, 55 9, H, 6 5, N, 8 8 17 

COlOrleSS needles from cyclohexane, mp 150-152 “C, ‘H NMR 6 1 54 (m, 4H, H-10 and H-11). 197 and 
2 03 (two s. OAc), 2 27 (s, NAc), 2 30 (m, H-7), 3 31 (m, H-6), 3 40 (m, H-l), 3 75 (s, COZMe), 5 04 (m, 
H-8 and H-9), 6 86 (d, H-5, J5,6 = 1.0 Hz) Anal Found C. 55 5, H, 6 3, N, 7 9 

In the reachon of 3c with dammethane only one spot was detected by TLC Column chromatography 
allowed us to isolate the reacnon product in 96% yreld Its *H NMR spectrum showed that 1t consisted of two 
adducts. 1 e 14c and 15~ (14~ 15~ = 10 1) IR v,, 1730, 1550. 1375, and 1175 cm-’ 14c ‘H NMR 6 
104, 130, and 166 (three m, 4H, H-10 and H-11), 1.98 (m, H-7, J6,7 = 2 5 Hz and J7,8 = 2 5 Hz ), 3 10 
and 3 13 (two 8, MeSO& 3 10 (m, H-6, J5_&,$ = 2 5 Hz and J5_ex0,6 = 8 0 Hz), 3 83 (m, H-l), 3 83 (s, 
COzMe), 4 78 (dd, H-8, Js.9 = 8 5 Hz), 4 79 (dd, H-5-exo, J5_e,,do+5_exo = 18 0 Hz), 4 86 (dd, H-5-endo), 

5 05 (dd, H-9, J1.9 = 4 3 Hz) 15c ‘H NMR 6 2 31 (m, H-7), 2 63 (m, H-6, J5-enQ,6 = 3 0 Hz, J5_exo,6 = 9 5 
Hz, and J6.7 = 2 5 Hz), 3 09 and 3 15 (two s, MeSO& 3 84 (s, COzMe), 4 63 (dd. H-5-exo, J5_exo,5-endo = 
18 5 Hz), 5 35 (dd, H-5-endo), the other signals are burred under those of 14c Compounds 14c and 15~ 
could not be isolated m a pure state and a = 9.1 mixture of 14c and 15c( mp 152-154 “C), obtained by 
crystallization from ethyl acetate of the crude product, was subJected to elemental analysts Anal Calcd for 
C13H2~$aOs C, 39 4, H, 5 05, N, 7.1 Found C, 39.1; H. 5 0, N, 7 3 

Adduct I4d was obtamed m 97% yield from 3d 14d colorless pnsms from cyclohexane, mp 98-100 “C, 

IR “max 1743, 1725 and 1545 cm-‘, ‘H NMR 6 093, 121, 138, and 177 (four m, 4H, H-10 and H-11), 
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2 01 (m. H-7), 2 65 (dd, H-8, Jss = 11 8 Hz and J7.s = 175 Hz), 3 18 (m, H-6, Js.d,a = 1.9 Hz, JscxO,a = 
8 0 Hz, and Js,7 = 2 5 Hz), 3 32 (dd, H-9, J1,9 = 3 6 Hz), 3 59, 3.61,and 3 64 (three s, -Me), 3.65 (m, H- 
I), 4 78 (dd. H-5-exo, J~-eX,,scndo = 18 0 Hz), 4 92 (dd, H-5-endo). Anal Calcd for Ct,HmN20,j C, 55 55, 
H, 6 2; N, 8 6. Found, C, 55 9; H, 6.4; N, 8.6. 

Reacnon of dtazomethane wuh 4a- c 
The man of 4a with dlazomethane was interrupted after 63 h and the residue from evaporanon of the 

solvent column chromatographed (cyclohexane/AcOEt, 1 1, as eluant) to @ve m o&r of elutlon 21 and 22 
(22 5% and 18.5% yield, respectively) and the startmg compound (32% recovery) along wth mmor amounts of 
two other adducts. Compound 21 was characterized as its acetyl denvatlve colorless all; IR v,, 1725 and 

1638 cm-‘, ‘H NMR 6 1 52 (m, 4H, H-7 and H-8), 2 07 (s. OAc), 3 19 (m, H-4). 3.35 (s, OMe), 3.47 (m, H- 
I), 3 62 (dd, H-6, J1,6 = 2 9 Hz and J9,6 = 7 8 Hz), 3 82 (s, 6H. C02Me), 4.93 (dd. H-5, Jds = 2.5 Hz) 
Anal Calcd for C15H20& C, 57 7, H, 6.5 Found C, 57 95. H, 6 7 22. colorless prisms from AcOEt, mp 

180 ‘C dec.; IR v,,,, 3420,1778,1725, and 1550 cm-‘, tH NMR 6 128,159, and 1.82 (three m, 4H, H-10 
and H-11), 2.42 (m, H-7), 3 18 (m. H-l), 3 73 (s. C&Me), 403 (ddd, H-9, J9,0H = 10.5 Hz, J1,g = 1.0 Hz, 
and J,,, = 6 5 Hz), 4 73 (d, OH), 4 79 (dd, H-8, J7,s = 6 5 Hz), 4 80 and 4 91 (AB system, H-5-endo and H- 

5-exo. Js-endo.s-exo =18 0 Hz) Anal Calcd for Ct2H14N~05 C, 54 1, H, 5 3; N, 10 5. Found C, 54 5. H, 
5 4, N, 10 2 Treatment of 22 ~th acetyl chlonde (48 h) affonied quanntanvely 25.25: colorless needles, mp 
207-208 “C!, IR v, 3085, 1788, 1750, 1730, 1663, and 1598 cm-l; ‘H NMR 6 168 (m, 4H, H-10 and H- 
11). 2 15 (s, OAc), 2 34 (s, NAc), 2 71 (m, H-7). 3 40 (m, H-l), 3.69 (s, CO*Me). 4 99 (m, H-8 and H-9), 
6 81 (s, H-5) Anal Calcd for ClbHtsN~O,* C, 54 85, H, 5 2, N. 8 0 Found C, 54 6, H, 5 15, N,7 9 

Compound 21 was reacted with dazomethane and after seven days we managed to Isolate (by column 
chromatography m order of elution) lactone 27 (45% yield) and adduct 23 (15% yield) along Hnth startmg 
matenal(l5% recovery) Compounds 23 and 27 were identical m every respect to the mmor adducts Isolated m 
the reaction of 4a. Compound 23 was transformed into 26 (80% yield) by treatment with acetyl chloride. 23 
glassy sohd, ‘H NMR S 0.80-l 80 (m, 4H, H-10 and H-l l), 2 23 (m, H-7). 3 37 (dd, H-8, J,,s = 2 0 Hz and 
Js,g = 8 0 Hz), 3 43 (s, OMe), 3 47 (m, H-1). 3 69 and 3 72 (two s, COzMe), 3 90 (d, OH, J9,0H = 8 0 
Hz),4 20 (ddd, H-9, J,+g = 4 0 Hz), 4 85 and 5.05 (AB system, H-Iendo and H-5-exo, JS_endo,S_exo = 18 0 

Hz) AM = 4 80 (H-10 and H-l l), 10 90 (H-7), 10 76 (H-8), 9.98 (OMe), 8 20 (H-l), 2 40 (COzMe). 10 76 

(H-9), 5 97 and 6 04 (H-5-endo and H-Sexo) 26. glassy sohd, IR v,, 3060, 1755, 1725, 1680, and 1605 

cm-‘, CI (lsobutane) mass spectrum, m/e 397 (MH+), ‘H NMR 6 120-l 70 (m, 4H. H-10 and H-11), 2.10 (s, 
OAc), 2 28 (s, NAc), 2 48 (m. H-7), 3 26 (s, OMe), 3.43 (m, H-l), 3 51 (dd, H-8, J7,s = 2.0 Hz and Js,g = 
9 0 Hz), 3.62 and 3 71 (two s, COzMe), 5.23 (dd, H-9, Jl.9 = 4 0 Hz), 6 75 (s, H-5). Anal Calcd for 
C,sH,,N,Os C, 54 5. H, 6 1, N, 7 1 Found C, 54 5, H, 6 3, N, 7 0 27 colorless needles from 

cyclohexane, mp 150 OC dec ; IR v,, 1788,1742, and 1542 cm-‘, ‘H NMR 6 125,l 55. and 189 (three m, 
4H, H-10 and H-11). 2 38 (m, H-7). 3 47 (s, OMe), 3 72 (s, COzMe), 3 60 (dd, H-9, Jt.9 = 2 0 Hz and Js,9 
= 7 0 Hz), 3 70 (m, H-l), 4 73 (dd. H-8, J7.s = 5 5 Hz), 4 92 and 5 08 (AB system, H-5-endo and H-5-exo, 
J5c~,~cX0 = 18 0 Hz) Treatment of 27 ~th acetyl chlonde led to a monoacetyl2-pyrazolme colorless prisms 

from chloroform, mp 265 ‘C dec , IR v,, 3070,1780,1703,1665, and 1602 cm-‘, ‘H NMR 6 160 (m. 4H, 
H-10 and H-11), 2 35 (s, NAc), 2 68 (bd, H-7), 3 45 (s, OMe), 3 70 (s, CO*Me), H-l and H-9 are buned 
under these two latter ngnals, 4 90 (dd, H-8, J,,s = 5 5 Hz and Js,~ = 6 5 Hz), 6 80 (s, H-5) Anal Calcd for 
C15H1sN20s C, 55 9. H, 5 6, N, 8 7 Found C, 56 2, H, 5 4, N, 8 9 

It took 2 15 days to reach 100% conversion m the reactmns of duuomethane with 4b and 4c with 
formation of the sole anti adduct, 1 e 28b (as Judged by TLC and ‘H NMR analysts. 96% yield). and of a 
mixture of 28c and 29~ (28c 29c = 95 5, 67%yleld). respectively 28b: colorless pnsms from ethyl acetate, 
mp 150-153 ‘C, IR v,, 1750 and 1560 cm-‘, ‘H NMR 6 0 88-1 80 (m, 4H, H-10 and H-11), 2 01 and 2 06 
(two s. OAc). 2 28 (m, H-7), 3 62 and 3 75 (two s, CO*Me), 3 64 (m, H-l), 4 81 (dd, H-8, J7.s = 2 0 Hz and 
Js.9 = 9 0 Hz), 4.86 and 5 10 (AB system, H-Send0 and H-5-exo, JS_endo.S_exo = 18 5 Hz), 5 24 (dd, H-9, 
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J1,9 = 4.0 Hz). Anal. Calcd for C17H,2N,0s. C, 53.4; H. 5.8, N, 7.3 Found: C, 53.7, H. 5.5, N, 7 3. 
Treatment of 28b with excess acetyl chlonde (15 days at rt) led to the related I-acetyl-2-pymzolme [colorloss 
needles from methanol, mp 216-219 “C, IR V, 3070.1760,1742,1730,1678, and 1603 cm-l; ‘H NMR 6 
1.50 (m, 4H, H-10 and H-11). 2 02 and 2 05 (two s, OAc), 2.28 (s, NAc), 2 45 (m, H-7), 3.56 (m, H-l), 
3 63 and 3 82 (two s, -Me). 4.88 (dd, H-8, J7.s = 2.2 Hz and Js,p = 9.0 Hz), 5 27 (dd. H-9, Jt.9 = 4 0 

Hz), 6 77 (s, H-5) 1. 28c: colorless prisms from ethyl acetate, mp 218-219 OC, IR v,, 1760, 1715, 1560, 

1350, and 1170 cm-l, ‘H NMR 6 106, 1.27, 148, and 173 (four m, 4H, H-10 and H-11). 2.50 (m, H-7), 
3 08 and 3 22 (two s, MeSO& 3 63 and 3.74 (two s, COZMe), 3 72 (m, H-l), 4 72 (dd, H-8, J7.s = 1 8 Hz 
and Js.9 = 9 0 Hz), 4.88 and 5 14 (AB system, H-5-endo and H-5-exo, Js-mdo,scxO = 19 0 Hz), 5 15 (dd, H- 
9, J1,9 = 5.5 Hz). Anal Calcd for Ct5HZZN201& C, 39 6, H. 4 8, N. 6.2 Found: C, 40 0; H, 4 8, N, 6 2 

29c (not isolated m a pure state), tH NMR 6 3.11 and 3 14 (two s. MeSQ), 3 67 and 3 73 (two s, CO$e), 
5 58 (d, H-5-endo, Js-enQ.s-exo = 18 5 Hz), the signals of protons H-7 (2 52). H-l (3 58). H-5-exo (4 78). H- 

8 (4 85) and H-9 (4 93) are partly overlapped by signals of the protons of 28c 

Reacnon of drazomethane wrth exo,as-5,6-dtaceto~bicyclo[Z 22]oct-2-ene 8b 
The reacoon went to completion within 24 h to gve a rmxture of two adducts, 1 e 30 and 31 (but we do 

not know whtch 1s which). Column chromatography (cyclohexane/AcGEt, 3 2, as eluant) led to lsolatton of two 
fractions in 48% and 52% relauve yield (total yield = 95%). Fast fraction. colorless sohd, mp 181-184 “C. IR 
v,,,, 1750,1730, and 1555 cm-‘, ‘H NMR 6 1 15-2 30 (m, 4H, H-10 and H-l l), 2 00 and 2 08 (two s, OAc), 
2 04 (m, H-7), 3 47 (m, H-l), 3 66 and 3.74 (two s. CO*Me), 4 38 (dd, H-8, J,,s = 2 0 Hz and Js9 = 8 7 
Hz), 4 93 (dd, H-9, Jtg = 4.0 Hz). 4 93 and 5 27 (AB system, H-5-endo and H-5-exo, Js_endo,+xo = 19 0 

Hz) Anal Found C, 53 4, H, 5 9, N, 7 3 Second frachon colorless glassy s&d, mp = 1 lo- 120 “C, IR v,, 

1750, 1730, and 1560 cm-‘, ‘H NMR 6 0 90, 1 30, and 125 (three m, 4H, H-10 and H-11). 2 03 and 2 10 
(two s, OAc), 2 18 (m, H-7), 3 28 (m, H-l), 3 70 and 3.78 (two s, CO*Me), 5.01 and 5 09 (AB system, H- 
5-endo and H-5-exo, JS_endo,S_exo = 19 0 Hz), 5 09 (ddd, H-9, Jtg = 4 0 Hz, Js,9 = 8 5 Hz, and J = 1 3 Hz), 
542(ddd,H-8,J7,s=20HzandJ=20Hz) Anal Found C,535.H,58,N,74 
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