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ABSTFtACT 

Optically pure, substituted cyclopentane derivatives of interest in synthesis of 
prostaglandin analogs have been obtained by stereocontrolled addition of cyc- 
lopentadiene to frans a&unsaturated sugar derivatives. Methyl (E)-4,5,6,7-tetra- 
O-acetyl-2,3-dideoxy-D-arubinohept-2-enonate (2). obtained by Wittig addition of 
Ph7PCHC02Me to aldehydo-D-arabinose tetraacetate. reacted with cyclopen- 
tadiene in boiling toluene to give 40% of a crystalline, norbornene adduct (3) hav- 
ing the SS-e_ro ester, 6S-endo sugar-chain configuration, as established by crystal- 
lography and by conversions into the known, crystalline (2S,3S)-bis(p-tolylsul- 
fonyloxymethyl)bicyclo[2.2.l]heptane. Likewise, the L enantiomer (19) of 2 was 
converted into the crystalline enantiomer of 3; chromatographic resolution of the 
other Dicls-Alder adducts from the reaction afforded lesser amounts of the other 
three possible isomeric adducts, which were characterized by appropriate conver- 
sions. The PhsPCHC02Me Wittig adduct (9) from 2,3:4,5-di-O-isopropylidene-al- 
dehydo-r>-arabinose with cyclopentadiene in hot toluene gave a crystalline mixture 
of the isomeric 5S,6S adducts (10 and ll), separable after deacetonation and acety- 
l&ion as the already characterized product 3 and its fS-endo ester, SS-exe sugar- 
chain isomer. Likewise, the L enantiomer of the D dienophile 9 gave a crystalline 
mixture of 5R,6R adducts that were the enantiomers of 10 and 11. A reversed ratio 
of adducts resulted when the tetraacetylated I. dienophile 19 reacted at 0” with cyc- 
lopentadiene under AlCls catalysis, and 36% of the crystalline 5S-endo ester, 6S- 
exe sugar-chain adduct (23) was obtained. Hydroxylation-glycol cleavage of the 
double bond in 23, followed by reduction and acetylation, gave 65% of an optically 
pure cyclopentane derivative having five chiral centers of the same absolute con- 
liguration as in prostaglandin F,,. 

*Supported. in part, by Grant No. GM-11976from the National Institute of General Medical Sciences, 
NIH, Bethesda. Maryland 20205. For preliminary reports of part of this work. see rcfs. 1-3. 
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lNTRODLJ(‘TION 

This work is part of a sustained theme in this laboratory concerned with syn- 
thetic applications of unsaturated sugars”. and, in particular, of recent studies on 
the use of carbohydrates as asymmetry-transfer agents in generating chiral. noncar- 
bohydrate molecules of potential biological intcres(. In this context. evaluabon of 
the Die&Alder reaction hetween cyclic diencs and unsaturated-sugar dienophiles 
had as its goal the possibility of developing practical syntheses of optically pure car- 
bocycles bearing multiple carbon substituents capable of differential. synthetic 
elaboration’. 

‘I’he current study focused specifically on the feasibility of producing cyc- 

lopentanes bearing multiple carbon substituents of detincd relative strrcochemistry 

and enantiomeric homogeneily by way of Diels-Alder reaction betwcsn cycloprn- 
tadiene and an unsaturated sugar derived by Wittig chain-extension of a protected 
aldrhydo sugar. It was hypothesized that a high degree of asymmetric inductIon in 
the cycle-addition reaction, with a dienophile of defined geometrical isomerism, 
might permit the isolation. through crystallization. of a single one of the eight pos- 
sible isomeric reaction-products; modification of rhe reaction conditions (thermal 

VS. acid-catalyzed conditions) might further influence the reaction toward a differ- 
ent isomer as the favored product. 

For the present exploratory study. ardbinose was chosen as the slarting sugar 
as this pcntosc is readily available as both the D and I. enantiomers. thus affording 
maximum versatility in accessible stereochemical variants of the target carbocyclcs. 

The results indeed confirmed the validity of the hypotheses; use of an 
arabinosr-derived dienophilr of E conliguration allows isolation of a single. crystal- 
line Diels-Alder adduct in the absence of catalyst. and of a different one when a 
Lewis acid is used; all four possible chiral adducts are thus obtainable by use of the 
appropriate D- or I_-arabinose precursor. One of these four products was readily 
converted, in good yield, into an optically pure. tetra-C-substituted cyclopentane 

derivative. This product has the relative and absolute configurations present in the 
carbocyclic nucleus of 9.11 -bishomo derivatives of prostaglandin I’,,,. 

Although numerous syntheses of prostaglandins or important intermediates 
have been developed’. as, for example. from a-tropolonc methyl cther7. many ot 
them require resolution of racemic products and. also, separation of C-15 dia- 
stcrcoisomcrs. A key. intermediate epoxy-lactonc had been synthcsizrd from D- 
glucose’. Fried and co-workrrsq used a Die&Alder approach to generate racrmic 
0.1 I-his(hydroxymethyl)prostaglandin F,,. and found it to bc biologically active. 
but they did not report resolution of the product. 

Willig condensation of 2.3.J.S-tetra-O-acrtyl-~~~eh.v~~~-D-iirab”’ (1) 

with PhlPCHCOIMc in boiling benzene gave methyl (E)-4.5.6.7-trtra-0-acetyl- 
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2,3-dideoxy-tr-arabino-hept-2-enonate (2), m.p. 116-117”, [a]n +35”, in 87% 
yield. The dienophile 2 was treated with a large excess (13 mol. equiv.) of cyclo- 
pentadicne in the presence of a small proportion of hydroquinone in boiling to- 
luene for 40 h. From the product mixture, the optically pure norbornene adduct 3 
was obtained crystalline, m.p. 103.5-104.5”, [a]n +73”, in 40% yield. The relative 
configuration of 3 was determined by ‘H-n.m.r. spectroscopy, which indicated the 
ester group to be exe and the C, side-chain to be endo. The H-5 resonance ap- 
peared at 6 1.88 as a doublet of doublets (J5.s 4.7, .Js.7,,yn I .5 Hz), whereas J4.s was 
almost zero. These coupling constants indicated that H-5 is endo. The H-6 signal 
appeared at S 2.82 as a doubled doublet of doublets (Jl,h 3.2, Is,6 4.7, and J6_,, 10.5 
Hz). No long-range coupling was observed between H-6 and the bridge protons, in- 
dicating H-6 to be exe. In the norbornene system, it is known” that exo protons re- 

thee . A 

sonate at lower field than endo protons, and the foregoing chemical-shift data are 
in accord with this generalization. 

The absolute configuration of 3 was unambiguously confirmed by X-ray crys- 
tallographic analysis”, based on the known ~arabino stereochemistry of the side 
chain, and this established that 3 has the (5s)~exe ester, (6S)-endo side-chain struc- 
ture. 

The norbomene adduct 3 was converted into the corresponding bis(hydro- 
xymethyl)-norbomene and -norbomane derivatives. O-Deacetylation of 3 with 
methanolic sodium methoxide gave the crystalline tetrol 4. The ‘H-n.m.r. spec- 
trum of 4 showed the H-6 signal at lower field than that of H-5, and both protons 
showed coupling constants similar to those of 3, establishing that no epimerization 
had occurred during the catalytic transesterification. The tetro14 was oxidized with 
sodium metaperiodate to give an aldehyde that was reduced with lithium aluminum 
hydride to give the optically pure (5S,6S)-bis(hydroxymethyl)bicyclo[2.2.l]hept-2- 
ene (5), [o]n -23” in chloroform. The ‘H-n.m.r. spectrum of 5 indicated the two 
hydroxymethyl groups to be trans-disposed. The unsaturated diol 5 was hy- 
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drogenated in the prcscncc of platinum. to give (~,3S)-his(hydros)mcthyl)ncn- 
bornane (6). m.p. 65.5, 67”. [air, -56” (chloroform). Compound 6 was conven- 
tionallyp-toluencsulfonylated, to give the disulfonate 7. whose m.p. (99.511)O.Y) 
and specific rotation ([n],, +32.5” in acetone) wcrc csscnk+lly identical to those of 
an authentic. optically pure sample repcrrtcd in the litcraturc” (m.p. lO~~--lfl1~. 

[a],, +31.3. 

2.3:4-S-Di-0-isopropylidene-aldehydo (8) underwent the Wit- 
tig reaction with Ph3PCHCO,Mc in boiling toluene to g~vc mclhgl (E)-2.3-di- 
deoxy-4.5:6,7-di-O-isopropylidene-D-arabinn-hept-Zenonaie (9) as the major 
product. The dienophile 9 reacted with cyclopentadiene under the conditions used 
for 2. and crystalline material. m.p. H.3-86~. was obtained in 53”; yield. Although 
this product migrated as a single spot in t.1.c.. its ‘I-1-n.m.r. spectrum indicated that 
it was a mixture of two diastereomers, 10 and 11. in the r&o of 5:4. Ih detrrminc 
the configurations of 10 and 11. the mixture was transformed into the correspond- 
ing bis(hydroxymcthyl)norbornenc. Acid-catalyzed deacetonation of the mixrurc. 
followed by pcriodare oxidation and subsequent reduction with lithium aluminum 
hydride. afforded compound 5 (1 ] a ,, -_‘C in chlorok~rm). indist,nputshable from 
a sample of 5 prepared from the adduct 3. ‘l’his result showed that the adducts 10 
and I1 had the (SS.BS) configuration. Deacetonation of the mixture elf 10 and II 
and acctylntion gave two readily separable compounds, the previously chsrdc- 
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PhMe , A 

terized compound 3 and an isomer 12, m.p. 97-100”. [alU +83” (chloroform), in 
the ratio of 1.1: 1. The former product had physical constants and spectra identical 
to those of compound 3 prepared from 2. By correlating the degradation study just 
noted with the ‘H-n.m.r. spectrum of 12, the absolute configuration of isomer 12 
was established as that having the (SS)-exu side-chain, (6.S)-endo ester orientations. 

Diels-Alder addition of methyl (I$2,3-dideoxy-4.5:6,7-di-O-isopro- 
pylidene-L-arabino-hept-Z-enonate (14) (obtained’ from 2,3:4.5-di-O-isopro- 
pylidene-afdehydo-Larabinose ” by the Wittig reaction with Ph$CHC02Me) with 
cyclopentadienc under the conditions used with the D enantiomer 9. afforded a 
crystalline, inseparable mixture of two products (15 and 16) that were the enan- 

‘In the prelimmary report2, the namrs and stn~turcs given as L-arabinu should be corrected to read u- 
smbinu. as II was subsequently found thnt the commercial material used in that work. supplied as “L- 
arabinoac”, was acrually D-arabinose. All stereochemlcal attributions given’ for the carbocyclic prod- 
UC~J remain vabd. and the present independent correlation viu cumpvund 7 reaffirms the optical purity 
of the crystalline products. The data and yields given in the present report were verified in scvcral repc- 
titionsof each cxperimcnt. 
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tiomers of compounds 10 and 11. The mixture was subjected to a reaction sequence 
similar to that used for the mixture 10 and 11 to afford the enantiomeric dial, 
(SR,6R)-bis(hydroxymethyI)bicyclo[2.2.l]hcpt-2-ene (17), [a]o +23” (chloro- 
form). 

Methyl (E)-4,5,6,7-tetra-O-acetyl-2,3-dideoxy-L-urabino-hept-2-enona~ 
(19), m-p. 116-117’, [a],, -36” ( hl c oroform), which was obtained* from 2,3,4,.5- 
tetra-O-acetyl-aldehydo-L-arabinose’s (18) by Wittig reaction with 
Ph3PCHC02Me in boiling benzene, was treated with cyclopentadiene under the 
conditions used for the enantiomer 2. The total reaction-mixture was resolved as 
completely as possible by careful column chromatography on silica gel. and by liq- 
uid chromatography, and two optically pure, crystalline norbomene adducts, 20, 
m.p. 102-103.5”, [IX],, -72” (chloroform), and 21, m.p. 9598”, [(Y]~ -80” (chloro- 
form), plus a syrupy mixture of two others (22 and 23, in the ratio of 8:s as deter- 
mined by ‘H-n.m.r. spectroscopy) were obtained in yields of 33, 5, and 30%. re- 
spectively. Compound 20 had i.r. and n.m.r. spectra superposable on those of com- 
pound 3, and its physical constants indicated it to be the enantiomer of 3. Thus, the 
absolute configuration of 20 was established as that of the (SR)-exe ester. (6~)- 
en& side-chain. The structure was further conlirmcd by converting u) into the 
(SR,6R)-diol (17) by successive deacetylation, periodate oxidation, and reduction 
with lithium aluminum hydride. Compound 21 was shown from its i.r. and n.m.r. 
spectra and other physical constants to be the enantiomcr of 12. The syrupy mix- 
ture (22 and 23) was converted into the (5S,6S)-diol (5) by the same reaction se- 
quence as used for 20, indicating that the syrup was a mixture of two diastereomers 
having the (5S,6S) configuration. Although adduct 23, whose configuration is that 
of the (5S)-endo ester, (6S)-exe side-chain, is a desirable compound that could be 
convertible into a prostaglandin precursor, it is only a minor component of the 
product mixture formed under the reaction conditions used. 

Many examples have shown I6 that the addition of a Lewis acid not only accel- 
erates the Dicls-Alder reaction remarkably, but also affects the diastercomeric dis- 
tribution of the resulting adducts, sometimes leading to a major adduct of reversed 
orientation. Thus, Lewis-acid catalysis of the Diels-Alder reaction of cyclopen- 
tadiene with acrylate or mcthacrylate increases the endo selectivity of the addi- 
tion”. Inukai et al. “W attributed this rate acceleration and increased endo selectiv- 
ity to enhanced II interaction between the unsaturated centers of the addends and 
to polarity effects introduced by formation of an ester-AICI, complex. Houk et 
al.“(“) rationalized both rate acceleration and increased endo selectivity from con- 
siderations of frontier-orbital theory. Ry Lewis-acid complexation, the LUMO 
energy of the dienophile is lowered substantially, thus making the HOMO(dienek 
LUMO(dienophile) interaction larger. and, consequently, accelerating the reac- 
tion. The complexation also has the effect of increasing the frontier-orbital 
coefficient at the carbonyl carbon atom. As a result. the secondary orbital-interac- 
tion between the carbonyl carbon atom and C-2 of the diene is increased, making 
the endo transition-state favored. 



When dienophile 19 was ~ubjccted to the Dick-Alder reaction under 
catalysis by aluminum chlrnide. lhe rati of adducts was reversed. and adcluc~ 23 
could be isolated as the major product. Compound 19 was ~rcated wth 5 

mol.equiv. of cyclopentadicnc in the prcsencc of I mol. equiv. of hl<‘lq in tolucnc 
for 3 h at 0”. After separation of the products by chromatography on ~111ca gel. the 
adducts 20 and 21. and a mixture of 22 and 23 wcrc oblaincd in 7. 15. and VP;. 
yields, respectively. From the comiprating n-nxture uf 22 and 23. which was shown 
by its ‘H-n.m.r. spectrum to bc a I :h.S mixture of Ihr two dlastereomers. pure 
compound 23, m.p. 77-78”. [a],, +SY (chloroform). crystallized from 2-propunol 
in 36Q net yield. hased on the dienophilr 19. ‘l’he chemicnl shifts and ccwplingcon- 
stants observed in its ‘H-n.m.r. spcclrum supported thr c:w Gdc-chain. rrwff~ cstcr 
structure. Under these reaction conditions. the (SS.hS)-adducts i22 and 23) pre- 
ponderated. in contrast to the outcome of the uncatalyzrd reaction. and. furlher- 
more. thr cwflu ester orientation (21 and 23) was tavorrd. in hnc with lhc rerults 
reported for comparable rrac~ion~ CYI cyclopen~adicne wth acr~l~e~. A amitillcr CX- 
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cess of cyclopcntadiene was needed for the addition to proceed to completion, and 
the reaction rate was higher. Although the Lewis acid-catalyzed reaction at room 
temperature afforded similar results. the yields were slightly lower. At -3o”, no 
reaction occurred. When the reaction was performed in dichloromethane, similar 
resuIts were obtained, but extensive formation I’(<) of polymerized diene made sep 
aration of the product mixture difiicuit. When RF, . OEt* was used as lhe L.ewis 
acid. practically no reaction occurred, even at room temperature, and the reaction 
catalyzed by stannic chloride was so slow that it was not a practical procedure. 

The preponderance of the (S,S) configuration in the AU,-catalyzed reaction 
may be attributed to steric hindrance ‘s in the dienophile 19. Three possible confor- 
mers, 19A, 19B, and 19C, may be considered in the transition state. 

In the case of conformerl9A. attack of cyclopentadiene would occur at face 
II (the less-hindered face) to give adducts having the (S,S) conguration. With con- 
former 19B, attack at face h would appear favored, and lead to (R,R)-adducts, be- 
cause fact P is hindered by the OAc-5 group. In the (presumably least stable) con- 
former MC, both faces are hindered to a similar extent by the C-5 chain and the 
OAc4 group, and. therefore, attack should occur at both faces. to give a mixture 
of (R,R) and (S,S) adducts. Conformer 19A appears to be the most stable one, and 
it may be further stabilized by complexation with AK&, so that, in catalyzed reac- 
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lions at low temprraturc. the (S.S)-adducts preponderate. At elcvatcd tempera- 
lures in the ahscncc of calalyst. the other conformers (especially 19B) contribute 
more extensively to the transition stale. so thal the proportion of (RR)-adduces 
formed increases. 

When compound 23. the main adduct in the catalyX!d reaction. WRS boiled 
under rellux in toluene in the presence of a large excess of cyclopcntadiene for 36 
h. no transformation into other adducts occurred. as shown by 1.1.~. and by ‘H- 
n.m.r. spectroscopy. This result indicated that, even under the thermal conditions 
used in these studies. rCpealCd dissociation and recombination of addends does not 
lake place. The distribution of adducts thus does not depend on their relative ther- 
modynamic stabilities. but on kinetic considerations based on the favored confor- 
mations of the dienophilel9 in the transition state. 
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Mass-spectrometric data for the derivatives 3, 12, 20, 21, and 23 showed a 
characteristic fragmentation-pathway initiated by hydrogen rearrangement and by 
the loss of a C5H5 * radical from the molecular ion (see Scheme I). 

Oxidative double-bond cleavage” of the (6s)-exe side-chain, (SS)-endo ester 
adduct (23) with osmium tetraoxide-sodium metaperiodate. followed by reduction 
with sodium borohydride and by acetylation, gave 65% of the crystalline, chiral 
tetra-C-substituted cyclopentane derivative 24, m.p. 92-94O, [n], -14’ (chloro- 
form), having the (lS,5S,7R$S) configuration of the ring substituents. Compound 
24 showed i.r. absorption at 1765 cm-‘, indicating the presence of a 1,4-lactone. In 
the ‘“C-n.m.r. spectrum, the resonance of the carbonyl carbon atom of the 1,4-lac- 
tone appeared at lower fieldm (179.4 p.p.m.) than those of the acetoxyl groups 
[171.0, 170.8, 170.4, and 170.0 p.p.m. (double intensity)]. Compound 24 has the 
correct relative stereochemistry of all five chiral centers of 9.11~dideoxy-9,11- 
bis(hydroxymethyl)prostaglandinY F,, and also the same absolute stereochemistry 
as these corresponding centers in prostaglandin F,, itself. 

yy. =o 

IS, ‘u.’ 
/= 

Q 5, 
I*,, 

,’ 
n.ock, 

HCOAC 

ACOCH 

AcOCH 

CHpOAC 

P. 

65% 
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As the dialdehydes resulting from hydroxylation-glycol cleavage of 5,6-fans- 
dialkylnorbornenes may be *’ transformed by a Baeyer-Villiger route into the di- 
acetoxy analogs with net retention of stereochemistry, the chiral core of the parent 
prostagiandins is likewise accessible by the sugar-based syntheses described here. 
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EXPF.RJMENTAI 

Gw~emi mrrhods. ..- Melting points were determined with a ‘rhomas-IIoovrr 
apparatus and are uncorrected. Oplical rotations were measured with a Perkin- 
Rlmcr 141 polarimctcr. T.1.c. was performed on prccoated glans plates ((1.25 mm) 
coated with Silica Gel 60 P-X-& (B. Merck, Darmstadt. G.F.R.): components were 
detected by spraying the plates with 10% sulfuric acid. with subsrqucnt heating. 
and by u.v. light, Evaporations were conducted under diminished prcssurc. Col- 
umn chromatography was performed wilh Sihca Gal h(l(7&?30 and 33IWOO mesh: 
8. Merck. Darmsladt. G.F.R.) 1.r. sprclric wcrr recorded with :a Pcrkrn-Flmcr 
157 grating spectrophotometar. ‘H-N.m.r. spectra were recorded, unless stared 
otherwise. at 201) MI-k with a Rruker WP-2110 spectrometer. for holutiom in chloro- 
form-d. Spectra at 90 MHz were recorded with a Varian EM-390. and S(Xl-MHz 
opeclra. with a Bruker WM-3oU Instrument. I%‘-N.m.r. spectra were recorded. un- 
less stated othcrwisc. at 50.2 MHz with a Rrukcr WP-ZIW) spcctrometcr for solu- 

tions in chloroform-d. Spectra at 7.5.4 MHz were recorded wilh :I Bruker WM-300 
instrument. Assignments were verified by heteronuclaar dec<>upling. N.m.r. 
spectra were recorded hy Dr. 0. Mols. Chemical shifts rcfcr to an lntcrnal standard 
of tctramethylsilanc (6 = ll.00). Mass spectra were recorded by C‘ R. Wriscn- 
berger with an AEI MS9 douhlc-focusing instrument cquippcd with a dircot-inlet 
probe (I40-). at an ionization potential of 70 eV and an accelerating potential of X 
kV. Elemental analyses were performed by Dr. 0. Mols. S-Ray powder diflrac- 
tion data give interplanar spacings. A. for CuKrr radiation. The camera dlamcter 
was 114.59 mm: rclutlve inlcnsities were estimated vlsuallg: m, moderalc; s. 
strong: v. very: w. weak. The strongest lines are numbered ( 1. strongest ); double 
numbers indicate approximately qua1 intcnsitics. 

Me/hyl (El-4S.6. 7-r~~/nr-~-rrrety~-~..~-~iilleo.r~-D-urabino-hrpt-_‘-~ncJ?late (2). 
- To :a solution of ~,i,5.5-tctra-O-acctyl-alciPhvdo-D-;lrbirlos~”’ (I; I .10 g. 3.77 
mmol) in benzene (12 mL) was added methyl (triphcnylphosphorar1)lidc~~r)accti~tr 
(I.51 g. 5.2 mmol). and tha.mixture was hoilod under retlux for I h. ‘r.1.c. m 2: 1 
hexane-etttyl acetate then mdicatcd convrrsion into a single product (R,. 0.33). A 
\maii amount of insoluble material was liltcrrd off. and the filtrate \\a% <vnporatrd 
to give a solid Ihal was rccrystalh7cd from Z-propanol. to afford compound 2 ax 
pure crystals; yield I .31 p (X7cie); m.p. 1 lb-1 17”. [cT]~ +3S (c’ I. chloroform): I~~!J~ 
174.5. 1731) (C=O). 1375. and 1Z3.5 cm I; ‘H-n.m.r.: sfi,.7X(Jd. 1 H-J,. 1 15.Y.J,,, 
4.9 Hz. H-3). 5.Y6 (dd. I H. JJ,, I.7 Hz. H-3). 5.70 (Jdd. I 14. .I,,, 3.11 HT. H-41. 
5.40 (dd. 1 H. J5.h X.6 Hz. H-5). S.‘O (ddd. 1 H, J,,.T 2.9. I,,.?. 4.6 Hr. H-h). 4.X 
(dd. I T-r. Ji.,, 12.5 [Iz. H-7). 1.15 (dd. I H. H-7’). 3.71 (\. 3 H. C.‘O.Mc). and 
2.12X. 2.069 (double Intcnsityl. and Z.OSY (s, 12 H. 4 OAc): III:: (rel. tntensitv): 

374 (Il.4 Mf). 315 (2.7. hl’ - CII~OCO~). 301 (1.6. M! - ArCX‘H..). 271 (bf! 
- AcOH - CH,CO). 241 (1.7. 301 - AcOH; m* at 193.0. talc. lY3.0). 217 (‘j.2). 
212 (2.Y. 172 - AcOH; m’ at 165.3, talc. lh5.2). X0 (J.lll. IQ9 (2.0, 741 - 
CH,CO). I70 (6.3. 217 - Cl-1$X>: m’ nt 136.3. c&. 1% 31. 1% (13. 
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AcOCH=CHCH,CO,CH,~t), 145 (2.2, Ac~O+), 139 (2.5, 170 - MeO.), 116 

(31, 158 - CH2CO; m* at 85.2, talc. 85.2), 115 (18), 111 (1.8, 139 - CO), 103 

(2.5, Ac10 ‘H). and 43 (100, AC’ ); X-ray powder diffraction data: 9.63 w, 8.77 s 

(2.2) 7.66 VW, 5.57 w, 5.30 vs (l,l), 4.90 vs (l,l), 4.67 w. 4.47 w, 4.26 m, 4.03 m, 

3.7Sm,3.50s(2,2)3.29m,3.14vw,3.00w,2.83m,and2.67w. 

Anal. Calc. for Cl&vOlu (374.36): C, 51.34; H, 5.92. Found: C, 51.52; H, 

6.04. 

Methyl (5S,6S)-6-endo-(l,2,3,4-~e~ra-O-acetyl-~-arabino-~e~ri~ol-l-yl)bicy- 

clo[2.2.l]hep~-2-enoj-exo-carboxyla~e (3). - To a mixture of the acetylated al- 

kcne 2 (5.03 g, 13.4 mmol) in toluene (SO mL) were added hydroquinone (30 mg, 

0.27 mmol) and cyclopentadiene (freshly distilled from dicyclopentadiene; 1.7 mL, 

20.7 mmol). and the mixture was boiled under reflux in an atmosphere of argon. 

Additional cyclopentadiene (13.1 mL, 159 mmol) and hydroquinone (62 mg, 0.56 

mmol) were added to the mixture in 4 portions, with monitoring of the reaction by 

t.1.c. in 2:l hexane-ethyl acetate. After 40 h, t.1.c. revealed two major spots (RF 

0.38 and 0.29). Solvent (50 mL) was distilled off, and the resultant solution was 

evaporated with addition of water and then of ethanol, to give a brown syrup that 

was dissolved in hot ethanol. From this ethanolic solution, crude crystals of 3 were 

obtained. The crystals were recrystd&ed from ethanol to give pure 3, yield 1.46 g. 

The mother liquors were combined, and evaporated to a syrup; this was charged 

onto a column of silica gel that was eluted with 3: 1 hexane-thy1 acetate. The first 

fractions afforded a further crop of compound 3. which was recrystallized from 

ethanol; yield 0.90 g. The total yield of compound 3 was 2.36 g (40%). Evaporation 

of later fractions gave a syrup that contained two diastereomers in the ratio of 2: 1 

(from the ‘H-n.m.r. methyl-proton signals of the methoxycarbonyl group). 

Compound 3 had m.p. 103%104.5”, [a];,” +73” (c 0.7, chloroform); R, 0.38 

(2: I hexane-cthyl acetate); v::; 1755, 1740, 1730 (C=O). 1370, 1230, and 1210 

cm ‘: ‘H-n-m-r.: 6 6.27 (broad dd, I H. J 2,5 5.6. _Jsa4 3.1 Hz, H-3), 6.13 (broad dd. 

1 H, J,.1 2.7 Hz, H-2), 5.11 (dd, 1 H, J,smz, 1.7. &s,~, 8.5 Hz, H-2’), 5.00 (ddd, 1 H, 

J,,.,. 2.8,5x*,4,, 5.3 Hz, H-3’), 4.65 (dd. 1 H, .I,,,& 10.5 Hz, H-l’), 4.18 (dd. 1 H, J.,,,v 

12.3 Hz, H-4’), 3.97 (dd, 1 H, H-4”). 3.67 (s, 3 H, CO,Me), 2.96 (m, 1 H, H-4), 

2.82(ddd, lH,J, n3.2,Jsb4.7Hz.H-6),2.76(m. lH,H-1),2.107.2.102,2.028, 

2.023 (s, 12 H, 4 dAc), 1.88 (broad dd, 1 H, J4,s -0. .75.7syn 1.5 Hz, H-5). 1.64 (dt, 

1 H,J I .,mn = Ja.mn = 1.4, J~~ti.mtz 8.7 Hz, H-7arrli). and 1.40 (dq, 1 H, J1,7=,.,, = 

J 4v7,,,n = 1.6 Hz, H-7syn); mlz (rel. intensity): 440 (2.3, W), 409 (1.2, W - 

MeO.). 381 (0.4. M+ - MeOCO.). 380 (0.3, Mt - AcOH). 375 [4.9. 

HO+=C(OCHS)CH=CH(CHOAc),CH20Ac]. 367 (0.5, M’ - AcOCH2.), 315 

(25, 375 - AcOH; m* at 264.5, talc. 264.6). 273 (3.3.315 - CH*CO; m* at 236.5, 

talc. 236.6), 255 (1.5, 273 - H20), 241 (4.0, 273 - MeOH: m* at 212.7, talc. 

212.8), 213 (4.2, 273 - AcOH). I81 (2.7, 213 - MeOH), 171 (3.3, 213 - 

CH,CO), I53 (IO. 171 - H,O). 145 (1.6, A+O+), 139 (3.5, 171 - MeOH), 103 

(2.3, Ac*O+H), 66 (60, cyclopentadiene 1-l). and 43 (100. AC+); X-ray powder 

diffraction data: 10.77 m. 7.96 m, 7.15 s (2), 6.71 w, 6.13 m, 5.83 VW, 5.56 VW. 5.30 

vw,4.95vs(1),4.59w,4.26w.4.09m.3.75w,3.55s(3).3.38w.and3.25w. 



Anol. C:tlc. for C,,H,,O,,, (&W.-S): C. 157.27: FT. 6.41. Found: c‘. 57 67: Il. 
6.61. 

Methyl (5S.6S)-6-endo-(~-~mb~no-tztritr~l-I-~f)bic~cIol~.-7. I]hept-&woJ- 
em-carboxylutr (4). - To :I suspension of the Die&Alder adduct 3 (W6 mg. I. 1 
mmol) in dry methanol (5 mL.) was added a solution of sodium methoxide in 
methanol (25%. 0.13 mL). and the mlxturc was kept tar 30 min ;It room trmprra- 
lure. T.1.c. (5: I chloroform-- methanol) then indicated convers~m into il smglr 
product having KF O.S. ‘l‘he resultant solution was made neutral wth Amberlitr IR- 
120 (H ’ ) resin. and cvaporatcd to a solid that was recrystallized from methanol to 
give 4 as crystals, yield 24% mg (7Y”i*l; m.p. 156-15X”. 1 ]- tr ;: ~-7l~‘(~.tl.X. methanol); 
vhnr 33W (OH). 1730 (C-O). 1IhO. 107.C. and 1055 cm ‘: ‘H-n.m.r. (pyridinc-dc rn.l” . -- 
D,O): Cs 6.39 (dd. 1 H. J,,?. 1.X. J1,3 5.4 HI. If-2). h.13 (dd. I H. Ja,,$ 3 HZ. H-3). 
5.57-t.12 (m. 2 H, H-3’.1’). 4.31 (dd. I H. /J,,J.6, J., ,x 10.5 HI. H-4”). -1.10 (d. 
1 H. J,,,,. -0, h,.,e 7.7 Hz. H-2’). 3.YY (d. 1 H. J,..fi l0.S HZ. H-l’). 3.56 (P. 3 H. 
COIMr). 3.45 (m. I H. H-l ). 3.35 (ddd. I H. J,.* _ ._. 3 5 J+,h 1.9 H7. H-6). 3.01 (m. 
I H. H--I). 2.13 (dd. 1 H. J,.s -0. J5 .,,\,, -1.5 Hz, tf-5). 1.Y-l (tit. 1 H. J,.T~ ,,,, - 
J -I.‘l”#,,, = -1.5 .f7rvn.?.rno X.2Hz. W7rrwi).and I.-t6(dq. I tI.J,.? \,.I, =JJ .,rv n = -1.5 
Hz. H-7s~); “C-n.m.r. (pyrldinr-&I: fi 176.5 (C=OJ. 136.‘). 13h.-t(C‘-2.3). 73.0. 
73.3.73.5 (C-l’ ” ._ .3’). 65.3 (C-J’). rS1.S ((.‘OKHr). _)X 2.4X.1. 4-f.:. 37.0. and U.8 
(C-l .1.5.6.7); mi: (xl. intensity): 223 (1.7, M! - HOCH?- - ff@). 21 I [2.3. 111’ 
- HOCFf,(IfO)CIf.]. ‘07 [2.6. I-IO+=C(OMe)CH=CH(CH~~f)~~~lI~OI1]. 185, 
(3.1. 207 - H?O). IFI. (13. Mf -- HOCH.,(HOCH),.). 17.5 (1.7. ‘(17 - MeOH). 
IS7 (7.2. 175 - H,O or IXY - MeOH). 121 [5.X. HO’=CH(CHOH),CH,Otf]. 
IlS (l-1. 1x1 - CsH,). Y7 (K-l. 115 -- lf,O). 91 111. HO+=CHCH(OH)CH~OH]. 
and 66 [IOO. CFHot]; X-ray powder diffraction data: 12.62 ~4 (1.1.1 I. ‘).X5 vs 
(l.l.l).Y.OYvs(l.l.l).7.W2w.6.66w.5.1~8vw.S.3Ys(~).S.llm.3.7S:,(3.3).4..~7 
~(3.3).J.l~m.3.9hm.3.Xllw.3.h2~~.3.~9m.R._’Sw..3.O8~.and2.O~u. 

AmtI. C’alr. for CI.,HZIIOCI (272.30): C. 57.3-I: f-f. 7.N. Found: C’. 57.31: tf. 
7.5x. 

(5S.bS)-tlisfh_vclrux~metf~~i~bicycl~~f~.~. Ijhept-I-cnc (5). - To a solution of 
the tetrol 4 (16-l mg. 0.60 mmol) in aqueous methanul (I:]. I3 mL) HBS added 
sodium metaperindatc (600 mgs 2.X mmol). and the mixture was stirred [or 3 h at 
room tcmpcrature. T.1.c. (30: 1 benzcnc- butanonc) then showed one major prod- 
uct (R,. 0.4). Inorganic material WYS filtered off. and the filtrate ma\ concentrated 
(<35”) to low volumr. Thr concentrate was extracted with dichloromcthane. .md 
the extracts were washed with water. dried (sodium sulfate). and evaporated to 3 
syrup (Y0 mg). A solution 01 the syrup (90 mg) in dry oxolanc (tctrah~~lr~,furan: I .S 
mL) was slowly added lo il suspension of lithium aluminum hydride (65 mg) in dr, 
oxolanc (I ml.). and the mixture was stirred for I h at room temperature. T.1.c. 
(3: I ethyl acetate-henzcnr) showed the prescncc ot a m;ljor compound (5. RI 
0.73) togcthcr with a \m;rll prcjportion of a by-product (Rr- O.hO). Saturated nque- 
ous ammonium chloride was ~Iowly added to the mixture III an ice bath. and the in- 
organic material with liltercd off. The filtrate was cvapomtcd to u syrup that wiw 
dissolved in dichloromcthane. and the wlution wcils wnshcd once with :+ small vol- 
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umc of coid water. dried (sodium sulfate), and evaporated to a syrup (60.8 mg). 
The water layer was evaporated to a syrup that was dissolved in dichloromethane. 
and the solution was processed as before. to afford additional syrup (13 mg). The 
combined syrups were charged onto a column of silica gel that was eluted with 3: 1 
ethyl acetate--benzene. The second fractions gave pure compound 5 as a syrup that 
afforded hygroscopic crystals on keeping for 2 days at 0”; yield 56.4 mg (61%, 
based on compound 4); m.p. 39-4V. [al&s -23” (c 0.8, chloroform); dA= 3300 
(OH), 2950.2860, 1630, 1340, 1055, and 1020 cm-‘; ‘H-n.m.r.: 6 6.23 (ddd, 1 H, 
J,,s0.8,&.35.7,J3,.,3.2Hz,H-3).598(ddd, 1 H,J,~22.9,J1,.,<0.5H~,H-2).3.77 
(dd, 1 H, Js,t, 5.5, Je.s9.5 Hz, Hb*), 3.65 (ddd, I H, J4.b, 0.7.&* 5.2,Jn,,,. 9.5 Hz, 
Hh’*), 3.43 (t, 1 H. Js.. 9.5 Hz, Ha*). 3.05 (t. 1 H, J*,,, 9.5 Hz, Ha’*), 2.9.3-2.85 
(broad. 2 H. OH). 2.83 (m, 1 H, H-l), 2.61 (m. 1 H, H-4). I .95 (dddd, 1 H. Jab 

3.2, Js,t, 4.3 Hz, H-6), 1.45 (m, 2 H, H-7syn and H-7anli), and 1.32 (dddd, l4.s -0, 
J s.7.vyn -1 Hz, H-5): r3-n.m.r.: 6 138.0 (C-3). 133.4 (G2), 66.5 (CHzOH), 66.0 
(CHsOH), 47.9 (C-6), 47.1 (C-7), 46.9 (C-5), 44.6 (C-l or C-4), and 44.5 (C-4 or 
C-1)22; m/z (tel. intensity): 154.0999 (1.5. h@; talc. for CgHr402: 154.0994), 136 
(7.7. w - HzO: m* at 120.2, talc. 120.1). and 66 (100, Cs&*). For the racemate 
of 5. the following ‘“C-n.m.r. values have been recorded= (assignments identical 
tothosegivenhere): 138.0,133.5,66.4,66.2,47.9.47.1,46.9.44.8.and44.6. 

Anal. Calc. for CZsHr402 (154.10): C, 70.10: H, 9.15. Found: C, 70.15; H, 
9.50. 

(2S,3S)-Bis(hydroxymethyl)bicyclo[2.2.I]heptane (6). - A solution of the 
norhornenedimethanol 5 (40 mg) in methanol (1.6 mL) was hydrogenated in the 
presence of platinum for 2.5 h. T.1.c. (2: 1 ethyl acctatc-benzene) then indicated 
conversion into a single compound (RF 0.29; compound 5 had RF 0.26). The 
catalyst was filtered off, and the filtrate evaporated to a syrup that was passed 
through a short column of silica gel. The eluate was evaporated to afford pure 6 as 
a syrup that crystallized spontaneously after 3 days; yield 38 mg (94%). Recrystal- 
lized from chloroform-hexane, compound 6 had m.p. 65..5-67”, [cY]~ -56” (c 0.5, 
chloroform); v::; 3289 (OH), 2960,2880,2860, 1460, 1205. 1075, 1050, 1030, and 
985 cm-‘; ‘H-n.m.r. (300 MHz): S 3.71 (dd, 1 H, Jge,,, 9.9, Jv,‘ 4.8 Hz, CH,OH), 
3.67 (dd, 1 H, J_,,, 9.6, J I.,= 5.5 Hz, CHsOH), 3.47 (t. 1 H. Jscm = J,, 9.6 Hz, 
CHzOH), 3.23 (t, 1 H. Jpcm = Jv,= 9.9 Hz, CHsOH). 3.09 (broad s, 2 H, OH). 2.27 
(m. 1 H. H-4 or H-l), 2.01 (m. 1 H, H-l or H-4). 1.75 (m, 1 H. H-3 or H-2), 1.58 
(m, 1 H. H-2 or H-3), and 1.47-1.16 (m. 6 H. H-55’. H-6,6’. and H-7.7’); 13C- 
n.m.r.: 6 66.2 (CHzOH), 64.5 (CHrOH). 50.8 (C-3 or C-2), 49.2 (C-2 or C-3), 39.4 
(C-4 or C-l). 39.1 (C-l or C-4). and 37.6,30.2. and 22.4 (C-5,6,7); m/z (rel. inten- 
sity): 138.1053 (8.5, IW - HzO; talc. for CqH,.+O: 138.1045). 120 (16. 138 - HzO; 
m* at 104.4, talc. 104.3), and 79 (100); X-ray powder diffraction data: 10.68 VW, 
9.76 s (2,2), 6.03 VW, 5.52 vs (I), 4.73 VW. 4.26 s (3). 4.07 VW, 3.89 s (2,2), 3.76 VW. 

‘Methylene protons of the exwhydroxymethyl group arc denoted by a and b. and those of ihc endo 
group, by a’ and b’. 



3.67m,3.‘0m.3.10w.?.X’)w.Z.R1 w.‘.70w.?-.4’)b4,?44\3..r! 1Yw 2.1;3m.and 
1.08 w. 

Ancrl. CHIC. for Cr,H,.C) . 11.3 H-0: C’. 67.25: H. 10.35. Fnund: C’. 67.24: 
H. 10.34. 

I’S.3S)-Lll.s(p-tol~i.~lrlj~~rl~l~~.~.v~~l~tfl~l~hr~~rl~~~-7.~. I /hrpuw (7). - .I‘0 B 401u- 

bon of the norhornunedimetha~~ol 6 (70 mg. 0.45 mmol) in dry pyridinc ( I .S mL) 
was added p-tolucncsulftrnyl chloride: 1280 mg. 1 47 mmol). and the solution was 
kept tar IS h at room temperature. T.1.c. (chloroform) then indicatcti convcrsicln 

into H single compound (IZr. (I 1s). After the addition of water (0. I ml.). the wlu- 
lion was evaporated 10 ii h\rup that was d~hxolvcd in tIlchl~,r~,lrlcih.llIc. I‘he wlutwn 
was success~vrly washed nith \aturuted quctws potasannn h~drugrnsulfatc. wtu- 
rated sodium hyrlrogencarhon;l~, and water. dried (sadrum wlfntcl. and e\npo- 
rated to a syrup that crystallwcd rapidly on addition of cthancrl. Kecrqstalli7aticm 
trcnn ethanol afforded 7 as nredlcs: I66 mg (7Yci ); n1.p. YY 5 I(HJ.5 [trji;’ +ZW (C 
0.S. chloroform). [(xJ~:’ +32.5” (1‘0.5. acet1mc) (Ill.‘? q1.p lot--ltll~. I./],, +.V 2’. 
solvent not report_ed): 1 m.,, *LH’ IhOll. 13% (rv.,, SW). 1175 (13 S02). USlb. x(15. and ?(?(I 
cm ‘: ‘H-n.m.r. (200 Mllr: C’,,D,.): 6 7.H1 (d. 2 H. J 8.-l Hz. anrrnat~c). 7 St (d. 2 

H. J X.1 I-b, arclmatir). h.77 (d. 4 II. J h.-l liz. aromatic). 3 “2 (dd. I II. J, ..,, I 9.9 
J2,c..f,.(,,, 6.X Hz. rrufr> Cff207‘s). 3.69 (dtl. 1 t 1. J2,<.H, ,,,, r).O Hz. vrrcfc> C‘ff.O’l‘s). 

3.5X (cl. 2 El. J l.( ,,.(,,< 7 5 117. A2 part of A:X. c.w CIf:OT\r. I .OO lm. I H. H-l ). 
1.84 (s. 6 H, CH, of T%). i.71 (m. I II. H-4). 1.33 (rldddd. 1 14. J! I h. J,,: 3.7. 

J 21.h ,.,,, ‘-1 .2 I Iz. H-2 ). 1 .UX (m. I H. H-S~z.ro). O.YMl.YO (tn. 2 14. H-hrxo and H- 
Sendrj or H&nd~s). 0.8~ (tdd. I H. .I3 7t ,,,,, - I S, jl.l -41 147. H-3). (1.~0 (dq. 1 Il. 
J yrm 1’). J,.~wr = Ja.7.w = Jio m,.r.:.vrr - J,w,,,,> ~\vn -.- I.7 Hz. H-7,.w). 0 :I (dt. I il. 

J ,.,r,nrr = 4.7, ,,,,, = J J z 7r,r,,, = -- I .S Hz. H-7u~r). and 0.57 (m. I H. H-SP&O or II- 

brrrdn ); “C-n.m.r. (75.4 IL; C,D,): R l2Y.Y. 128. I (aromat~r). 72.3 l~!_rct 
CH?OTs). 70.X (e&o Cl-l@Tb). 45.7 (C-3). -l3.b (V-2). .W.Y ((‘-4). .W.1 (C-l). 
36.6 (C-7). 2Y.5 (C-S). 2I.Y (C-6). and 21.1 lCII.q of Ts): ~1,: (Mel intensity): 466 
(.1.9. M + 2). 45s (7.2. M + I). JhJ.l33Y (7h. M’: G&Z. I;,r C‘~.IkI.!x0,,S2~ 

&1.1327), 309 (3.3. Mt - C11K~tI.,S02.), ‘03 (11. kl’ - <‘H&-,.H,SO;.J. 292 
(12. M’ - CHxC’,,H4S0.3H). I71 (8.7. CH&‘,,H_+Oi~I1’). 1.55 (2‘+. 

CH,C,H,SO;). 11’) (‘3). 137 (1-l. 1Y2 -- CHIC’,H$02-). I21 (62. 293 - 

CII&.,,I~.,SOI.). I08 (57). It17 (79). Y’ (6-l). 41 t 100. c‘ti.~(‘,tl,,~~ i. 7‘) (Y-l). 77 
(X.5). 6.i (5)s). 63 (79). Sl (60). and -ll (X7); X-ray powder diffracti<)n data: 11..54 w. 
7.4S m. h.h~,(‘.1.~).6.15~\h.S.lhh( 2.22). S, IS m. s.tt2 4 (22.2). A.‘? 4 (3). 1.11 
vs(1.1).-1.OIvr.(I.I).L.6Ym.3.S~w.3.37n~.3.~1m.and3.l1O~n 

Anrrl. Calc. for C;.,l12,0,.S9 (464 13): C. SY.46: H. 6.07; S, l.q.KtI. I+und: c’. 
S!J.S8(: H. 6.39; S. 13.hC). 

hGrh.vl (P)-~._~-dr~leo~.~~-J.s:b~ ;-dr-O-irtlpropvfid~ne-u-nrahlno-lzept-2-c*no- 

nate (9). - To a solution of -7.2.~.5-dl-C)-isopropylidene-ukkl,ve’~ 
(8; I.53 g. 6.64 mmol) in lolucnr (I6 ml.) W~LI ;rtlded mrth>l ttriphrnylphos- 
phnranylidene)acetatr (1.73 g. S. I6 mmol). and the mlxturc w.1~ howled under 
reHux for I h. ‘1 .I.c. (JO: I chloroform-ethyl acctntc) then <howed tht* presence of 
two compounds having similar R, v:ilueh (I<, (1.27. majcw. 9: RI II .‘.; mlnkw Z 
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isomer). A small amount of insoluble material was tiltercd off, and the filtrate was 
evaporated. The residue was extracted with hexane, and the extract evaporated, to 
give a syrup (1.65 g) that was shown by its n.m.r. spectrum to contain -25% of the 
Z isomer. The syrup was resolved by column chromatography on silica gel (30: 1 
chloroform-ethyl acetate). The first fraction afforded crude 9 as a syrup, which was 
shown to contain -10% of the 2 isomer by its n.m.r. spectrum; yield 896 mg 
(47%). A sample of pure compound 9 was obtained from the earlier-eluted portion 
of the first fraction: yield 212 mg; [a]:: -1.5” (c 0.6, chloroform); virX2995. 1730 
(C=O), 1665, 1440, 1385, 1375, and 1065 cm-‘; ‘H-n.m.r.: S 7.02 (dd. I H. Ja..r 
15.6, Ja.., 4.6 Hz, H-3). 6.17 (dd, 1 H, Jz.4 1.7 Hz. H-2). 4.54 (ddd. I H,J.,s 7.7 Hz, 
H-4), 4.2CU.08 (m, 2 H. H-7.7’). 4.Os3.90 (m. 1 H. H-6), 3.75 (s, 3 H, COzMe). 
3.68 (t. 1 H, J.5,6 7.7 Hz. H-5), 1.43, 1.41 (double intensity), and 1.35 (s, 12 H, 2 
CMer); ‘3C-n.m.r.: S 166.8 (C=O), 145.5 (C-3), 121.2(C-2). 110.4, 110.0 (ChIca). 
81.3 (C-5). 79.0 (C-4), 77.0 (C-6), 67.5 (G7). 51.5 (COzCH,), 26.8. 26.6 (double 
intensity), and 25.0 (Me): m/z (rel. intensity): 286 (0.1, W). 285 (0.1. M+ - 1). 
271.1190 (30, W - Me.; talc. for C13HIgOh: 271.1182), 255 (1.0, W - MeO-), 
228 (0.6, M* - Me&O), 213 (4.3.271 - Me&O). 197 (3.1,255 - MeaCO), 185 

(8.7. Me,=&-CH=CHCOrMe). 156 (18). 127 (7.7, 185 - Me&O), 101 

(62, Mez~~Hr), 98 (43, 156 - Me&O; m* at 61.6, talc. 61.6). 73 (14), 59 
(11, MerCO+H). and43 (100, 101 - MezCO). 

Anal. Calc. for C14H220h (286.16): C, 58.73; H, 7.75. Found: C, 58.93; H, 
7.94. 

Methyl (5S,6S)-6-endo-(1,2:3,4-di-O-isopropylidene-~-arabino-te~ritol-l-y1)- 
bicyclo[2.2.I]hept-2-eno-5-exo-carboxylate (10) and methyl (5S,6S)-5-exo- 
[1.2:3.4-di-O-isopropylidene-D-arabin~tetn’to~-l-yl)bicyclo[2.2. Ilhept-2-enod-en- 
do-carboxylute (11). - To a solution of the isopropylidenated alkene 9 (830 mg, 
2.90 mmol, containing -10% of the 2 isomer) in toluene (10 mL) were added hy- 
droquinone (7 mg, 64 pmol) and cyclopentadicnc (freshly distilled from dicyc- 
lopentadiene; 0.35 mL, 4.37 mmol), and the mixture was boiled in an atmosphere 
of argon under rcflux. Additional cyclopentadienc (2.35 mL, 28.5 mmol) and hy- 
droquinone (13 mg, 0.12 mmol) were added to the solution in 5 portions, while 
monitoring the reaction by t.1.c. (5:l hexane-ethyl acetate). After boiling for 27 h 
under reilux, t.1.c. showed a major component (RF0.45, 10 + 11) and a minor one 
(RF 0.40). Although the minor component and the starting compound 9 had 
the same RF value. they could be diffcrentiatcd by their sensitivity to U.V. light (254 
nm); the former component was u.v.-negative, whereas 9 was positive. It was de- 
termined that 9 was absent. A lo-mL portion of the solvent was distilled off. and 
the resultant solution was evaporated, with periodical additions of water, to give a 
pale-yellow syrup. This syrup was dissolved in hot hexane and kept for 15 h at 
-20”. The crude crystals obtained were recrystallized from hexane. to give a crys- 
talline mixture of 10 and 11; yield 376 mg. The mother liquors were combined, and 
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ume, the concentrate poured into water. and the mixture extracted with di- 

chloromethane. The extract was successively washed with saturated aqueous potas- 

sium hydrogensulfate, sodium hydrogencarbonate, and water, dried (sodium sul- 

fate), and evaporated to a pale-brown syrup which was resolved by column 

chromatography on silica gel (2:l hexane-ethyl acetate). The first fractions af- 

forded crystalline compound 3, yield 132 mg (31%, based on 10 + 11). which was 

recrystallized from ethanol; m.p. 103.5-104.5”, [ali”,’ +72” (c 0.8, chloroform). The 

i.r. and ‘H-n.m.r. spectra were identical to those of 3obtained from 2. 

Evaporation of later fractions from the column afforded compound 12 as 

crystals. yield 118 mg (29%. based on 10 + 11). which were recrystallized from 

ethanol; m.p. 97-100”. [a]2 +83” (c 0.7, chloroform); v;:: 1740 (C=O), 1370, and 

1235 cm-‘; ‘H-n.m.r.: 66.26 (broad dd, 1 H, Jz,., 5.5, Js, 3.3 Hz, H-3), 5.94 (broad 

dd, 1 H, Jl.z 2.8 Hz, H-2), 5.29 (dd. 1 H, J,e,z. 2.2, &,,sv 8.5 Hz, H-2’), 5.12 (dd, 

1 H, Js.,, 10 Hz, H-l’), 5.08 (ddd. 1 H, Js,,4, 3, Js,.J” 5.7 Hz, H-3’), 4.22 (dd, 1 H, 

14,.J,0 12.2 Hz, H-4’), 4.00 (dd, 1 H, H-4”). 3.60 (s, 3 H, CC&Me), 3.18 (m, 1 H, H- 

l), 2.60 (dt, 1 H, J4.s -0, J,,,,,” 1.7, J4,,anr, 1.5 Hz, H-4), 2.58 (dd, I H, J,,6 3.7, 

IsVh 4.5 Hz, H-6). 2.14 (ddd, 1 H, J5.,syn 1.7 Hz, H-S), 2.13, 2.09, 2.05, 2.04 (s. 12 

H, 4 OAc), 1.61 (dt. 1 H,J~.r.n,r 1.5, J7syn.7ann 8.9 Hz, H-7anfi). and 1.45 (dq, 1 H, 

J Iv’lrm 1.7 Hz, H-7syn): m/z (rel. intensity): 440 (1.9, M+). 381 (0.1, M+ - 

MeOCO.), 380 (0.3. M+ - AcOH), 37s 14.1. HO+= 

C(OCH,)CH=CH(CHOAc),CHzOAc]. 367 (0.4, M+ - AcOCHs-), 31.5 (27. 375 

- AcOH; m* at 264.5, talc. 264.6), 273 (3.4, 315 - CHzCO; m* at 236.5, talc. 

236.6). 255 (1.5, 273 - HsO), 241 (3.8, 273 - MeOH), 213 (4.2, 273 - AcOH). 

181 (2.6,213 - MeOH), 171 (35,213 - CH,CO), 153 (10, 171 - HzO), 145 (1.9, 

AcsO’), 139 (3.6, 171 - MeOH). 103 (3.0, AqO+H), 66 (67, CsH,+), and 43 
(100, AC+); X-ray powder diffraction data: 9.82 s (2). 8.49 m. 6.59 w. 5.66 vs (l), 

5.37 w, 5.20 VW, 4.98 m. 4.73 w, 4.49 w, 4.20 w, 4.00 w, 3.69 w, 3.51 m, 3.36 w. 

3.25 m. 3.13 w. and 3.02 w. 

Anal. Calc. for C21H2sOll, (440.45): C, 57.27; H, 6.41. Found: C, 57.02; H, 

6.54. 

Methyl (E)-2,3-didcony-4,5:6,7-di-O-hopropylidene-L-arabino-hept-2-eno- 

nnte (14). - To a solution of 2,3:4,S-di-O-isopropylidene-ufdehydo-l.-arabinose’~ 

(13; 1.68 g, 7.29 mmol) in benzene (20 mL) was added methyl (triphenylphos- 

phoranylidene)acetate (2.95 g, 8.82 mmol), and the mixture was boiled under 

reflux for 1 h. T.1.c. (20: 1 tolucne-ethyl acetate) then indicated the presence of two 

components having similar RF values (the less-polar one, RI; 0.25, was prcponder- 

ant). A small amount of insoluble material was filtered off, and the filtrate was 

evaporated. The residue was extracted with hexane, and the extract evaporated to 

a syrup (2.98 g) that was resolved by column chromatography on silica gel (2O:l 

toluene-ethyl acctatc). The first fraction afforded pure 14 as a syrup; yield 1.16 g 

(56%); [a]g +S” (c 0.7, chloroform). The i.r., ‘H-n.m.r.. and mass spectra were 

identical to those of the enantiomer 9. 

Anal. Calc. for C H 0 (286.16): C, 58.73: H, 7.75. Found: C. 58.43; H, 14 22 b 
7.78. 



Methyl (5R,bR)-bcndo-f I .2:3.Cdi-O-i~r~pnIpyli~~ene-~-~r~~~incr)- 

hic_vcla~2.2. Ijhept-2-entr-S-cro~~urbf~x~lttt~ (15) und mrthyl I.iR.fiRr-S-exe- 
(1.1:3.edi-O-tsc~prt~p~lidenc-1 -ar~hintrtc~itr~l-l-~l)bic~~c~~~~~.~. Iflrt’pt-,‘-r~nr1-6-m- 

do-carfw.yvfate ( 16). - To a solution 01 the isopropyl&cn~~ud nlhcnc I4 ( I .IU g. 
3.63 mmcrl) in toluenc ( I1 mLt were added hydrqumtrnc (N mg. 7.X ~rnr~l) and cyc- 
lopenladiene (freshly dktilled from dicyclopentad~ent*; 0.45 ml . 5 41 mmol). und 
the mixture was InGlcd under rcilu\ In an .Itmohphcrc r)f argon. Additional r)c- 
lopentadicnc (1.5 mL. Xl..33 mmol) and h~tlroquinonr (8.4 rng. 76 *muI) were 
added to the solution m 5 pljrtions. and the reaction was momtored h> t.l c. (5: I 
hrxane-ethyl acetatc). After lhc mixture had heen hoilrd ttu W h under rcllur. 
t.1.c. showed a major compnnrnt (RI 0.G: I5 + 16) and a minor one (Rb II -l(t) 
‘I’he minor component and the starting LrBmpound I-i ha&l the \ilrnc R. \aluc. but 
the fmmcr was not rlsihle under U.V. hght (3-t nm). whcrcas compound I4 HDS: it 
way absent from the reaction product. Solrcnc (- IO ml.1 was dlsiillcd ofl. and the 
residue evaporated. with periodical additions of water. to gi\c :I pelt-brown r)rup. 
which was dissnlvcd in a sm;tll amount IIF hot hexane and kept for 1s h at --XI”. 
The crudr crystals obtained from hexanc were rccrystalli7cd frtmi hc\,mc. IU glrc 
a crystalline mixture of 15 .md 16 (2NV mg). The molhrl hquofi wcw combined. 
and evaporated to a syrup that was purified by column chrcrmntopraph!, rm \rlica gel 
(7: I hexaneethyl acctatc). Fractions contaimng 15 and 16 :a~ lhr: m:nn Lmnplmrnrw 
wcrc evaporated to a syrup that crystallized from hexanc. to give .I cr)~talline mrx- 
lure (354 mg) of 15 and IL ‘I he total yield of cllmpounds 15 and 16 was M.3 mg 
(SW;): m.p. 77-X”. [n]f -77”kO.Y. .hl L orulorm) The ‘H-n m.r. spectrum of the 
mlxturc showed two uinglctr. ot S 3.W and 3 hl (usdpncd Io the mcth>l pri-ton* ~1 
the mrthoxycarhonyl group of 15 and 16. rcnpcclibrl) ). m the ral~ ari I ‘8. I 

And. C’alc. for C’,,,F~..,O,. f3S2.43): 4’. ft4.75: H. 8.01. Found: 1 . ti.72: H. 
H. IO. 

(SR.6R)- Rr~f~~~~~~.~.~ttf~~th~lJh~c~vc~lr~/~.~. Ijhrpt-Sent* ( 171 tram the mt.nure 

of 15 and 16. -.... A xuspenkm of the foregoing mixture of D~cl+Aldc~ adducta 15 
and 16 (36 mg. 0.73 mmol) in u mixture of mclhanol ( 3 5 mLt :md \I hydrochloric 
acid (It.65 mL) wab stirred for 3 h at (15”. ’ 1 1 .I.c. (5: I chloroform .nlcthnnol) 01’ the 
resultant. clear solution then rhowrd a major (Rc IL-l-It and a minor ccrmponrnt ( Hk 
11.17). The solution wae cvapa>ratcd. with periodical ;ldJition* 1-t’ w;ltcr and then 
tolurnc. to afford a pale->cllow solid ( 1% mg). ‘1.0 *I st4ution ot th14 uthd In SWr 
aqueous methanol ( I h ml. I ma\ added sodium mctapcnodabz 1h31 mc. .'.V.i mmol). 
and the mixlure wa\ \tirrtd for 3 h ii( toorn tcmpcraturc. T.I c:. 131 I hrnircnc- 
hutanonr) then showed one major component (R, 0.4) The mlrtnrr uar prkcr+ 
sed a* described for the prcparatitm of 5. to gibe the +rupr :ddchyJc 1 III6 me) A 
wllution of this syrup in dn c)\nlanc (I .S ml.) wab 4cml~ add4 to :I l u*pcnbum of 
lithium aluminum hydride ihh mg) in dry oxolanr I I mLb. and tlrc mlxturc ~a. atlr- 
red for I h at room temperature. I‘ I c. (3: I ethyl ucct:tatr--hcnrcnc) then hhclwcd 
the prcscncc of ia mujor rr)mplmcnt (17. R,. 11.23). logcthcr anh lraccs III ;t hy- 
product (RI O.Sh). The mlxlurc was further pmcesscd :~b rlr~crihr*cl tot the prcpara- 
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tion of 5, to give pure 17 as a syrup, yield 64 mg (57%. based on compounds 15 and 
16). which afforded hygroscopic crystals by keeping for 15 h at -20”; m.p. 36-38”. 
[a]g +23” (c 0.6, chloroform); m/z (rel. intensity): 1.54 (0.3. MT). 136.0892 (2.2. 
M+ - H,O; talc. for C9H120: 136.0888), and 66 (100, C,H,i). The i.r. and ‘H- 
n.m.r. spectra were superposable on those of compound 5. 

Anal. Calc. for CPH1402 * 0.25 HzO: C, 68.11: H. 9.21. Found: C, 67.73; H. 
9.33. 

Methyl (E)-4.5,6,7-tetm-O-acetyl-2,3-dideoxy-L-arabino-hept-2-enonate (19). 
-To a solution of 2,3,4,5-tetra-O-acctyl-aldehydo-r.-arabinose’s 18 (854 mg. 2.68 
mmol) in benzene (9 mL) was added methyl (triphenylphosphoranylidene)acetate 
(1.1 g, 3.29 mmol), and the mixture was boiled under reflux for 1 h. T.1.c. (2:l 
hexane-thy1 acetate) then indicated conversion into a single product (R, 0.33). A 
small amount of insoluble material was filtered off. and the filtrate was evaporated 
to a solid that was recrystallized from Z-propanol, to afford pure, crystalline 19; 
yield 916 mg (91%); m.p. 116-117”. [a]g -36” (c 0.3, chloroform); “C-n.m.r.: 6 
170.6. 169.8. 169.7, 169.5 (C=O of OAc). 165.8 (C=O of CO,Me). 141.1 (C-3), 
123.4 (C-2), 69.8 (C-4), 69.7 (C-5). 68.3 (C-6). 61.7 (C-7), 51.7 (C02C’HJ). 20.47, 
20.36, 20.31, and 20.27 (OAc); X-ray powder diffraction data: 9.66 VW, 8.84 s 
(2.2). 7.66 VW, 5.53 w. 5.32 vs (l.l), 4.91 vs (1.1). 4.70 w, 4.48 w, 4.27 m, 4.04m, 
3.77 m, 3.51 s (2.2) 3.29 m, 3.14 VW. 3.02 w. 2.84 m, and 2.67 w. The i.r., mass, 
and ‘H-n.m.r. spectra of 19 were superposable on those of its enantimer 2. 

Anal. Calc. for ClhH22010 (374.36): C, 51.34; H, 5.92. Found: C. 51.09; H. 
5.94. 

Die&Aider reaction of 19 with cyclopentadiene in boiling toluene to give 
methyl (SR.6R~-ri-endo-(l,2,3,4-tetra-O-acetyl-r.-arabino-retritol-I-yl)bicyrIo- 
[2.2.ZJhept-2-eno-5-exo-carboxylate (20). methyl (SR,6R)-5-exo-(1,2,3,4-tetra-O- 
ucetyl-~-arabino-tetritol-l-yl)bicyclo~2.2.I~hept-2-eno-6-endo-carboxylate (21). 
und a mixfure of methyl (5S,6S)-5-endo-(1,2,3,4-tena-O-acetyl-~-arabino-te~ritol-l- 
yl)bicycIo/2.2.l]hept-2-eno-6-exo-crrrbox.vlate (22). and methyl (5S,6S)-6-exo- 
(1,2,3,4-tetra-O-ace:yl-r.-arabina-tetritol-I-yl)bicyclo/2.2.Ifhepr-2-cno-5-endo-car- 
boxylate (23). -To a mixture of the acetylatcd alkenc 19 (880 mg, 2.35 mmol) and 
toluene (9 mL) were added hydroquinone (6 mg. 45 pmol) and cyclopentadiene 
(freshly distilled from dicyclopentadienc: 0.45 mL. 5.46 mmol). and the mixture 
was boiled under reflux in an atmosphere of argon. Additional cyclopentadiene 
(2.50 mL, 30.33 mmol) and hydroquinone (13.5 mg, 0.12 mmol) were added to the 
solution in 6 portions, the reaction being monitored by 1.1.~. (3:l hexanesthyl ace- 
tate). After 40 h, 1.1.~. showed two (apparently major) components [RF 0.25 (20) 
and -0.2; after removal of the excess of reagent. the latter fraction was shown to 
comprise two components. having Rr 0.21 (21) and 0.19 (22 + 2311; only a trace 
of the starting material 19 (RF 0.16) remained. Solvent (8 mL) was distilled off. and 
the resultant solution was evaporated, with periodical additions of water and then 
of ethanol, to give a pale-brown syrup that crystallized from ethanol by keeping the 
solution for 15 h at 0”. The crude crystals were recrystallized from ethanol, to af- 



ford pure. crystalline 20 (247 mg). The mother liquors were combined. and ebapo- 
rated. to give a brown syrup that was purified by column chromatography on silica 
gel (3: 1 hexane-ethyl acetate). Fractions containing the less-polar constitueni were 
evaporated. to give a syrup that crysLallixed from ethanol IO afford xklitional crys- 
talline 20 (96 mg): the total yield of compound 20 was 33X mg (3.qr; ): m.p. l(P- 
103.5”. [u]$ -72” ((0.S. chloroform). The 1.r.. ‘I I-n m.r.. and mash \peclra of20 
were Identical to those of its enantiomer 3; ‘“C-n.m.r.: fi 175.0 (C’=O of COzMe). 
170.6. 170.0 (double intensity). 16Y.Y (C=O of OAr). 136.X. 13h.h (C-1.3). 73.2 
(C-l’). hY.6 (C-2’). 6X.6 (C-3’). 62.0 (C--t’), 51.x (CO+x,). 4X.6 (C.-J). 4h.S (c‘- 
S), 46.0 (C-7). 14.1 (C-6). 43.7 (C-l). 20.5 (douhlc intensit?). 70.4. and 70.3 
(OAc); X-ray powder diffraction data: 13.75 VW. IO.Kl m. 9.13 m. X.(IZ m. 7.22 \ 

(7). 6.78 w. 6.71 m. 5.83 VW. 5.57 VW. 5.1s m. 4.Y.x VL (I). 1.57 w. -l.Zh m. 4. II? m. 
3.86vw.3.74w,3.55s(3).3.38w.3.26w,and3.1Xvw. 

Aw/. Calc. fur C~,H&,,, (440.45): C. 57.27: Il. 6.41. Found: C‘. 57.44: H. 
6.78. 

Evaporation of the later fractions from the column afforded a syrup rontain- 
inp 22 + 23 (RR 0.19. major). 21 (RF 0.21. mmor), and 20 (Rb 0.3. trace). which 
was resolved on a second column (3: 1 hewanr~thyl acetatr). Thr \eoond fractions 

from the bccond column were cvaporatcd. to give 21 as a syrup that cry,talhzrd on 
being kspt for 5 days at 0”; yield 1X mg (Sri). An analytical sample of 21 was oh- 
taincd by l.c. on a column (4.6 mm x 25 cm) of LiChrosnrb ST-100. 5 pm. with 3: 1 
hexane-ethyl acetate as the rluant. at a How rate of I .S ml’min and a pressure of 

4.8 MPa (700 Ib.in. ‘); retcntmn time. X.3 min. It was rccrystallizcd from cthnnul: 
m.p. 9s-OX”. [a]$ -80” (c 0.7. chloroform). ‘l‘hr i.r.. ‘H-n.m.r.. nnd mass spectra 

of 21 wcrc identical to those of its cnantiomer 12: ‘-‘C-n.m.r. data for 21: 173.X 
(C=O of CO?Me). 170.X. 171j.7. 170.3. 170.1. (C=C) of OAc). l_W.l (C-3). 134.1 
(C-2). 73.0 (C-l’). 69.7 (C-2’). 68.X (C-3’). 62.1 (C-3’). 51.7 (CO>CW~). 47.0 (C-4 
or C-6). 46.X (double intensity) (C-l and C-7). 41.6 (C-6 or C-4). 43.11 (C-S). Z0.h 
(double intensity). 10.5. and 10.4 (C)AC): X-ray powder diffraction data: IS. I6 w. 
10.01 s (7). X.13 w. h.Sl w. S.h?4 vs (I). S.25 m. 4.Y9 m. 4.70 m. 1.53 \w. 4.36 w. 
4.1Sw.4.02w.3.Xl w..?.Shm.1.-17vw..3.32m.3.~0~.3.11 ~.and3.(Uw. 

Anal. Calc. for C,,H.&,,, (441.45): C’. 57.77: H. 6.41 Found: C. 57.61: H. 

6.33. 
The thircl fractions from the second column were evaporated to gire crude 22 

+ 23 as a syrup (307 mg. 3OC ). According to l.c. analysis under the forcgoinp con- 
ditions (retention time of 21. X.3 min: of 22 + 23. Y.3 min). and the ‘Ii-n.m.r. sprc- 
trum. the syrup was contaminated with -Y% ofcompound 21. The ‘I-l-n.m.r. spec- 
trum of the syrup showed three singlets . :*I 3.h81.3.hlX. and 3.fW.5 p_p m.. asnrgnrd 

to the methyl protons of the mcthoxycnrbonyl group of 22.23. and 21. respectively. 
in the ratios of 1 .S9: I :0.35. 

fSR.6R~-Bi.~lhyclrr~.~y~~et/~~i)bicycl~~~2.2. Ifhept-J-em (17) fnm 20. --- ‘To a 
suspension of the Diels-Alder adduct 20 (?9?- mg. II.66 mmol) in dry methanol (3 
ml.) was added a 15% solution of sodium mcthoxidc in mcthannl (X0 ML), and the 
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mixture was kept for 3 h at room temperature. T.1.c. (5: 1 chloroform-methanol) 
then indicated conversion into a single product having RF 0.5. The resultant solu- 
tion was made neutral with Amberlite IR-120 (H+) resin, and evaporated to a solid 
that was recrystallized from methanol to give the crystalline, O-deacetylated com- 
pound: yield 142 mg. To a solution of the crystals in 50% aqueous methanol (11 
mL) was added sodium metaperiodate (546 mg, 2.55 mmol), and the mixture was 
stirred for 3 h at room temperature. T.1.c. (20 : 1 benzenebutanone) then showed 
one major prodqct (RF 0.4). The mixture was processed as described for the prepara- 
tion of 5, to afford a syrupy aldehyde (93 mg). A solution ot this syrup in dry 
oxolane (1.7 mL) was slowly added to a suspension of lithium aluminum hydride 
(70 mg) in dry oxolane (1 mL), and the mixture was stirred for 1.5 h at room tem- 
perature, and processed as described for the preparation of 5. to give pure 17 as a 
syrup, yield 53 mg (52%, based on 20); this afforded hygroscopic crystals on kecp- 
ing for 15 h at -20”; [n]g +22” (c 0.8, hl c oroform); RF 0.23 (3: 1 ethyl acetate- 
benzene). The ‘H-n.m.r. spectrum was identical to that of 17 obtained from 15 + 
16. 

(SS&S)-Bis(hydroxymethyl)hicycloJ2.2. I]hept-2-cnc (5) from the mixture of 
22 and 23. - The mixed (5S.6S)-Die&Alder adducts 22 + 23 (213 mg, 0.48 
mmol), containing -9% of the (SR,6R)-adduct 21, were deacetylated with 25% 
methanolic sodium methoxide (60 /.&L) in dry methanol (2.5 mL) as described for 
the preparaion of 17 from 20. affording a solid (120 mg). This solid was treated with 
sodium metaperiodate (460 mg, 2.15 mmol) in aqueous methanol (1: 1; 10 mL) as 
already described. to give a syrupy aldehyde (72 mg). The syrup was reduced with 
lithium aluminum hydride (54 mg) in dry oxolane (2.3 mL.) as already described. to 
afford 5 as a syrup (which was expected to contain 10% of its enantiomer 17); [ru]z 
-17.4” (c 0.7, chloroform). The value for optically pure 5 calculated from this ob- 
served value is thus -21.8”. This value is in good accord with the value observed for 
opticallypure ([cu]o ” -23”inchloroform)derivedfrom3. 

i&+-Alder reaction of 19 with cyclopentadiene in tofuene at 0” in the presence 
of aluminum chloride, to give methyl (5R.6R)-6-rndo-(I.2.3,4-tetru-O-ucetyl-1_- 
arabino-tetritol-l-yl)hicyclo/2.2.l~hept-2-eno-5-cxo-carboxylate (20). methyl 
(5R,6R)-5-exo-(1,2,3.4-tetra-O-acetyl-~-arabino-tetritoi-I-y~)bicyclo~2.2.I]hept-2- 
enod-endo-carboxylate (21). and methyl (5S.6S)-6-exo-(1.2,3,4-terra-O-acetyf-L- 
arabino-tetritol-I-yl)bicyclof2.2.l~hept-2-eno-5-endo-curboxylate (23). - To a sus- 
pension of aluminum chloride (364 mg. 2.73 mmol) in dry toluene was added the 
acetylatcd alkcne 19 (1.02 g, 2.72 mmol). and the mixture was stirred for 30 min at 
0” in an atmosphere of argon. To the suspension was added cyclopentadiene 
(freshly dislilled from dicyclopentadiene; 0.7 mL, 8.49 mmol). and the resultant 
pale-yellow suspension was stirred for 3 h at 0”. Additional cyclopentadicne (0.5 

mL, 6.07 mmol) was added to the mixture, which was stirred for a further 1.5 h at 
0”. T.1.c. (3: I hcxanc-cthyl acctatc) then showed the adducts as two minor compo- 

nents [RF 0.25 (20). and 0.21 (21)], and a major one (RF 0.19, 22 + 23); the 

starting compound 19 (RF 0.16) was absent. The mixture was poured into M hydro- 





TETRA-C-SUBSTITUTED CYCLOPENTANFS 159 

Anal. Calc. for C2,HZXOI,, (440.45): C. 57.27; H, 6.41. Found: C, 57.15; H, 
6.58. 

(IS.5S.7R.BS)- 7-(Acetoxymethyl)-8-(1,2,3,~-tetra-<)-acetyl-~-arabino-tetri- 
tol-I-yl)-2-oxo-3-oxabicyclo~3.3.O]oc~ane (24). - ‘1’0 a solution of the Die&Alder 
adduct 23 (248 mg. 0.56 mmol) in oxolanc (4 ml_) was added osmium tetraoxide 
(2% solution in butanol; 0.4 mL, 0.03 mmol). The solution was kept for 15 min at 
room temperature, and then water (0.5 mL) was added. Sodium metaperiodate 
(307 mg. 1.44 mmol) in water (2 mL) was now added to the solution during 20 min. 
and the resultant suspension was stirred for 15 h at room temperature. -l’.l.c. (3: 1 
ethyl acctatc-hexanc) showed that the starting material (23) was absent. and that 
several polar compounds were present; these may be attributed to partial forma- 
tion of hydrated forms of the aldehydes. Inorganic material was filtered off. the 
filtrate was concentrated (<30”) to low volume, and the concentrate extracted with 
ethyl acetate. The extracts were combined. washed with water. dried (sodium sul- 
fate), and concentrated (~30”) to -5 mL. The concentrate was diluted with 
methanol (2.5 mL). sodium borohydride (89 mg , 2.35 mmol) was slowly added to 
the solution, and the mixture was stirred for 20 min at room temperature. T.1.c. 
(3: I ethyl acetate-hexane) then showed the presence of a major product (RP 0.25). 
Aqueous hydrochloric acid (M; I mL) was added to the mixture, which was then 
evaporated (~30”) to a dark syrup that was extracted with dichloromethane. The 
extracts were combined. washed once with water. dried (sodium sulfate), and 
evaporated to a syrup (182 mg) which was acetylated with acetic anhydride (0.45 
mL) in pyridine (3.5 mL) for I5 h at room temperature. T.1.c. (3:2 ethyl acetate- 
hexane) then showed the presence of a major product (R,; 0.30), together with a 
small proportion of a byproduct (RF 0.40). Water (0.4 mt) was added, and the sol- 
ution was evaporated to a syrup that was dissolved in dichloromethane. The solu- 
tion was successively washed with saturated aqueous potassium hydrogensulfate. 

saturated sodium hydrogencarbonate, and water. dried (sodium sulfate), and 
evaporated to a syrup which was purified by column chromatography on silica gel 
(3:2 ethyl acetate-hexane). The second fraction from the column was evaporated. 
to afford pure 24 as a syrup that crystallized on being kept for IO days at 0”; yield 
179 mg (65%. based on 23). It WPS recrystallized from 2-propanol; m.p. 92-94”. 
[a]:; - 14” (c I. 1, chloroform); v::; 2970, 1765 (C=O of 5-membered lactone), 
1745, 1735 (C=O of OAc). 1385, 1225, and 1045 cm-‘; ‘H-n.m.r.: 6 5.48-5.38 (m, 
2 H, H-1’,2’), 5.24 (apparent td, 1 H. JX...,, 6.3, J_,,.(,O, 3.1, J.v,~~, 5.9 Hz, H-3’). 
4.36 (dd. 1 H.J+,. 9.5. J.,s 5.8 Hz, H-4*), 4.33 [dd, I H, J<_,,,qcV, 12.4 Hz, H-(4’)*], 

4.25 (dd. 1 H, J7.7.4.9, J,.+.,J 11.3 Hz, H-7a*). 4.16 (dd. 1 H. J-1v.5 -1 IVz, H-4’*), 
4.07 [dd, 1 H. H-(4”)*], 3.95 (dd. I H.J7.7aV 5.8 Hz. H-7a”). 3.28 (dd, 1 H, J, .s 8.7. 
J,.s 3.5 Hz, H-l). 2.78 (m, 1 H, Js.h -6.5. Js,~, -9 Hz, H-5), 2.38 (ddd, I H, J,.s 
8.0. Js_,, 2.0 Hz, H-8). 2.23-2.16 (m, I H. H-7). 2.092. 2.0X8, 2.0X1. 2.U70, 2.067 

*Protons att;rched to C-e% are dcnotad by H-4 and H-4’, and those attached to C-4’ are denoted hy H- 
(4’) and H-(4”); methykne protons of the acetoxymethyl group attached to C-7 arc denoted hy H-7a 
and H-7a’. 



(s. 15 H. 5 OAc). 1.38 (m. 1 )I. H-6’ or H-6); (300 MHz; C,D,): S 5.75 (dd. 1 H. 

JI,,.F 5.1. .Jy.. 3, 6.6 Hz. H-2’). 5.60 (ddd. I H. JT,.,l., 1.‘). Jq..,_F’, h..x H7. H-3’) 5.58 

(dd, I H-J,.,. 2.6 Hz. 11-1’1. 4.56 [dd. I t-i. JtJ,j,(a,.I 12.5 Hz. H-(-l’)]. 4.19 [dd. I 

H. H-(4”)]. A.15 (dd. I II. J ,.,., 4.X. J ,.,,,. tr 11 .-I HT. H-7:1). .J.h(l (dd. I H. J7.‘.,’ 6.6 

Hz. H-7a’). 3.45 Idd. I H. Jd,de -9.5. J, < -S 7 Hz. H-41. 1.36 (dd I H. J,, i -1 

11~. 11-4’). 3.02 (ddrl. 1 H.J,.q X.X.J,_x 3.5. .I,., -I Hz. H-l). 2.U (Jdd. I 1-I. J,v 
X.4 Hz. H-X). 1.98-1.85 (m. 2 H. H-S.7). 1.841. 1.818. 1.X11. 1.77-l. 1.76.5 (3. IS H. 

5 OAc). 1.31 (dddd. 1 H, JF .,,., rh.7 -6.J ,,,,‘, rG.,, -7. Jf,.o -13 Hz. 11-h)‘. and I).67 

(ddd. I H. Js.,v ,>, cr.., -1 1.5. Jh.., ,.r 3.6’ -10.5 Hz. H-6’). “C-11.m.r.: R 179.4 (C-0 

of Ixtono). 171.0. 170.X. 170.4. 170.0 (double intensity: C-O of OAc). 71.4 (C- 

I’or C-2’). 70.7. 7U.h (C-l’ or C.-l’. C-l ‘>I- C-l’). hY..3 [C-J’). 6.5 3 (C-73). 61.7 (C- 

4’ or C-4). 47.2 (C-X). 4S.h (C-l). 43 5 (C-7). 40.5 (C-5). 31.0 (C-6). Z(l.6. and 31.5 
(OAc); w/z (rel. intensity): -IXh(<O.l.M! ). 4%(0.7. M’ - A&H). -113(1.3. hit - 

AcOCH2.). 38-l (1. I. 4’6 - CH?CO). 366 ( 1.3. ah - ArOIl). 341 (13). 32.l 

(4.2. 3X4 - AcOH). ZYY (IO) . 2X.2 (4.6. 31-l - CH,CO). IhY (1.5). 2’7 (71)). 117 

(20). 167 (23). I45 (6. I. AC,<> ’ H). 103 (-1.1. Acd) ’ H). and 13 ( 100. Ac’ ): S-my 
p~~wdrr diffraction data. IO.07 w. K.31 m. 7.16 vs ( I). h.XO w. h.lr( m, i.7.3 w. 5.40 

bw. S.19 m, 4.91 s (3). 4.70 VW. l.60 m. 4.43 VW. -!.(I7 w. 3 78 k (7). 3.53 m. 3.31 

w. 3.11 VW. and 3.11 m. 

Aanl. Calc. for C:~H&,~ (486.4X): C. 54.32: H. 6.22. b’ound: C’. 51.3Y: H. 

6.-w. 
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