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Absrract: The Diels-Alder reactivity of the representative sky1 and aryl-substituted keteuedithioacetsl tetroxides of 
general formula 1 is reported. These dienophiles reacted under thermal conditions (refluxing toluene) with 
cychrpemgdiene to afford predomiusntiy the endo adduct. In the case of 1C and 1D the endo end exo ndducts were 
formed with total ste~sel~tivity with respect to the b~phenyl or biua~~yl residue as deans on the basis of 
n.O.e. experiments. belies IA-D failed to react with other dienes under similar resction couditions but reacted 
efficiently in ether containing 5 M Lithium perchlorate under sonicstioa. Under these rnnction conditions, the 
cy~~tion to q~~c~~, I-methoxy-, l- and 2-~e~y~yloxy-l,3-bu~e~ aad to the Danisbefsky d&e were 
~nv~~a~. In the ~yc~~ti~ to l-~me~ylsi~yloxy-13-~~~ and to tbe Doffs dieae the open chain 
adducts (2)-M and 17 were obtained in high yield as primary adducts. Event~y, the former undergoes i~~ti~ 
to (E)-14, white the latter is further hydrolyzed to 18. The open-chain compound 19 was &so obtained via base 
treatment of 12Ac. lbe generation of a highly stabilized bi~ph~yIsulfonyl)-~b~~~ carbanion is probably the 
driving force of these ~sfo~ations. Reductive d~~f~ylad~ of %Ac unex~~y afforded the no~~ffle 20, 
possibiy via a cazbene ~te~~~. At varisnce, adduct exo-8Dc and iOAt! upon reduction gave the hydroembon exo- 
21 and 22. Finally, reduction of 12Ac occurred with concomitant mductiou of the carbunyt group to give alcobot 23, 

By virtue of the high activation imparted by the two geminal sulfonyl groups, the ketenedithioacetal 

tetroxide 1Aa2 has been shown to be a good dienophile.3 So far, however, no work on the cydoadditivity 

properties of derivatives, ~ffe~~t~y substi~t~ at the Rio-residue and/or at the aIkene carbon appears to have 
been done, despite the fact that alkyd- or aryl-substitution on the dienophile should enlarge the synthetic 
~tenti~it~ of these reagents. Here we report on the reaction of a few ~enop~es of the general Fonda IA-IF 

with representative dienes and some transformations of the adducts. Dienophiles 1C and lr) are atropisomeric 

chit-al molecules and the face selectivity associated to their cyc~o~~~on is also reported. 

R a R=H 
b R=CHs 
c R=CsHJ 
d R = CH=CH1 
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Preparation of the Diemphiles. The reagents investigated in this study were the substituted derivatives 
lAb, tAc, IBc, lCc, lDb, lDc, and lDd* which were all unknown and the unsubstituted 
ketenedithioacetals 1Aa,3 1Ca4 and 1Da4 whose preparation has been reported elsewhere. All the reagents, 
except for 1Ac and lBc, were prepared from the respective methylenic dithioacetals, via the Peterson 
methodology as shown in equation (l).’ 
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A: R’ = Ph; C: R’-R’ = 2,2’-biphenyl; 
b:R=Me;c:R=Ph,d:R=CH=C& 

4 

D: RI-R’ = l,l’-binaphtho-2,2’-diyl 

1 

Introduction of the trimethylsilyl group in the dithioacetal2, followed by treatment of the resulting silylated 
product 3 with n-butyllithium and the appropriate aldehyde, furnished the respective ketene dithioacetals 4.5 The 
latter were finally oxidized with m-chloroperbenzoic acid (mCPBA) in high overall yields to the dienophiles 1. 

All the compounds obtained with this route were previously unknown. The methyl substituted derivatives were 
particularly reactive and care had to be paid to avoid decomposition. It should also be noticed that the 
unsubstituted derivatives lAa-1Da could also be prepared in high yields via the same synthetic procedure.4 

Dienophiles 1Ac and 1Bc were prepared via the reported KnSvenagel condensation of benzaldehyde 
with bis@henylsulfonyl)methane6 and 1,3-dithiolane-S,S-tetroxide7 respectively. 

Compound 1Dd was prepared, beside by the Peterson methodology from acrolein as described in 
equation (1) via the route engaging the use of 2,2’-bipyridyl disulfide: albeit in lower overall yield. As described 
in equation (2), treatment of the anion of dinaphthodithiepine 2D with ally1 chloride generated the propenyl 
derivative 5 which was again submitted to treatment with base followed by quenching with 2,2’- 
dipyridyldisulfide to obtain the orthothiocarbonate 6. The latter on silica gel was converted into the diene 4Dd, 
identical in all respects to that obtained via the Peterson methodology. 

2D 
1. n-BuLi 
-- silica gel 

S 
2. 2.2’-dipyridyl- 

b 

dirulfidc 

(2) 

5 6 

4Dd 7 
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In order to confii the structure by chemical means, 4Dd was reacted with tetracyanoethylene (TCNE) to afford 
cycloadduct 7. Diene 4Dd is a chiial diene and may tind useful applications as reported for similar 
compounds.53 From the point of view of its cycloadditivity properties, it did not exhibit a high reactivity, failing 
to react under thermal conditions with staudard dienophiles such as maleic anhydride and fumaric and maleic acid 
dimethyl esters. 

Cycl~~~ition to Cyc~ope~ta~ie~e. The cycload~tion of lA-D with cyclo~nt~iene afforded the 
expected Diels-Alder adducts 8. 

8Ac (R = Ph, K = Ph) 
8Bc (R = Ph. RI-R’ = -CH2CH2-) 
8Cc (R = Pb, R’-R’ = 2,2’-biphenyl) 
8Db (R = Me, R’-R = l , l’-binaphtho-2,2’-diyl) 
8Dc (R = Ph. R’-R’ = l,l’-binaphtho-2.2’-diyl) 

8Dd 9 
(RI-R’ = l,l’-binaphtho-2,2’-diyl) 

The results of the cycloaddition experiments arc summarir.ed in Table I. 

Table I. Reaction conditions, yields and diastcreomeric ratio of the adducts of .lA-D to cyclopeutadiene. 

## Reagent Reaction Conditions Adduct Yield Endo/exo Diastereomeric Ration 

(96) Ratio end~end~~:exo~ex~’ 

1 1Ac Toluene, reflux, 24 h SAC 90 4:l - 
2 LBC Toluene, reflux, 24 h 8Bc 90 2:l - 
3 1Ct Toluene, reflux, 12 h 8Cc 95 1.5: 1 1.5:-: 1 :- 

4 1Db CDCl3,20 “C, 12 h 8Db 98 4:1 4.0 : - : 1 : - 
5 la! Toluene, reflux, 12 h 8De 95 1.5 : I lS:-: l:- 
6 1Dd ~~,~OC,5~ 8Dd 90 6:2 4:2:l:lb 

aRefers to the relative ste~~he~s~ of the biphenyl or ~rn~h~yl residue. “rhe s~~he~s~ of the adducts 

was not sterns. 

A general observation is that methyl or phenyl substitution leads to a dramatic drop of reactivity with respect to 
the unsubstituted derivatives 1Aa“ or 1Ca” and lDa.5 As an example, while the reaction of the parent system 

1Aa with cyclopentadiene proceeds at room temperature in chloroform, the same reaction employing 1Ac 
required heating a toluene solution at reflux for 24 hours. Unexpectedly, under the reaction conditions which 
were effective for the cycloaddition of the phenyl derivative lAc, the methyl substituted analog 1Ab did not 
react. For what the stereoselectivity is concerned, the endo/exo ratio was in favour of the endo isomer (Table I> 
as determined by the coupling constants between the proton a to the R group and the vicinal bridgehead proton 
and decoupling experiments. 

As indicated in Table I, in the case of 1Cc and lDb,c only two, out of the four possible 
diastereoisomeric adducts indicated below for f&D, were formed 
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endo- D 
(major) 

endo-SD’ 

The diastereoisomers were separated by flash chromatography and independently analyzed. The stereochemistry 
of the biphenyl or binaphthyl group with respect to the norbornene skeleton was assigned by n.0.e. 
measurements.tO Substantial enhancements were observed between the protons in the phenyi or naphthyl group 
and the b~dgehead and vicinal protons of the norbornene skeleton thus allowing the assignment of the 

configurations shown in structures 8.” 

ado-8 C3XO-8 

(major) (minor) 

Hence, the reaction of 1Cc and lDb,c with ~yclo~~~ene affords one single endo and one single exo 
~as~~oi~~~ and it is therefore highly face selective. 

To be noticed that the cycloadducts relative to 1C did not show any interconversion, showing that the 

rotation around the two phenyl rings is not operating at ordinary temperatures even after prolonged time. 
Finally, the cyc~o~d~tion of 1Dd with cyclo~n~ene did not lead to addition to the activate& double 

bond but to the distal one leading to a mixture of at least four isomeric cycloadducts 8Dd which were not further 
characterized. The cycloaddition to 1-methoxy-l3-cyclohexadiene showed the addition again to the least 
activated double bond but it was highly regio- and stereoselective furnishing a single cycloadduct to which was 
assigned structure 9 on the basis of n.0.e. enhancement between H-2 and H-g’. 

The addition of cy~lo~n~~ene to the agency least activated double bond of electron-poor dienes has 
been noticed also with capto-dative dienes,” 
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Cy&aaWtion in 5 MLithium Percfilorate in Ether. The reaction of IA-D with other dienes did not occur 
under the reaction con~tions used with cyclo~n~diene, At variance, the cyclo~~tions were effectively 
performed in ether condom lithium perchlorate (5 h%)13 at room temperature for 12-24 hours. This appears to be 
the first case of catalysis of a sulfonyl alkene in a cycloaddition reaction.‘* The dienes investigated were 
quadricyclane and tbe open chain dieues 1-methoxy and l-trimethylsilyloxy-1,3-butadiene, 2-trimetbylsilyloxy- 
1,3-butadiene and 1-methoxy-3-trimetbylsilyloxy-1,Zbutadiene (Danishefsky diene). Sonication proved 
beneficial to the reaction rate. The thick reaction mixture contained into screw capped vials, turned clear and 
transparent when placed into a ultrasonic bath. Control experiments showed that under so~cation the rate of 
cycloaddition of 1Ae to l-~~oxyl,3-bu~~ene was at least twice as fast. 

Tale II. Reaction conditions and yields in the cycloaddition of IA-D to dienes in 5 M lithium perchlorate in 
ether under sonication. 

# Reagent Diene Reaction Co~tions Adduct Yield 

1 1Ab 2-T~e~ylsilyloxy-1,3-Irene 1.40-50 “C, 24 h; 
2. H90+ 12Ab 95% 

2 1Ab Quadricyclane 40-50 ‘C, 12 h 1OAb 98% 

3 IAC 1-Methoxy-1,3-but 40-50 ‘C, 24 h 11 90% 

4 1AC l-T~e~yisiIyloxy-1,3-bu~ene 40-50 ‘C, 24 h 14a 90% 

5 1Ac 2-T~e~y~~yloxy-l,3-~~ene 40-50 “C, 24 h 12Ac 90% 

6 1Ac Danishefsky diene 40-50 “C!, 24 h 17 99% 

7 1Ac Quadricyclane 40-50 Y!, 24 h 1OAe 99% 

8 1Bc Quadricyclaue 40-50 *C, 12 h 1OBc 80% 

aRatioE:Z= ca.2: 1 

Reaction of lAb, 1Ac and 1Bc with quadricyclane led to the normal cycloadducts lOAb, 1OAc and 

1OBc respectively. The stereochemistry shown was assigned on the basis of the coupling constant of H-4 with 
the vicinal H-5. The size of the coupling constants is in agreement with the Karplus relation plus other literature 

da&l4 

18Ab (R = Me, R’ = Ph) 
1OAc (R = Ph, R’ = Ph) 
1OBc (R = Ph, R’-R’ = -CH2CH2-) 

12Ab (R = Me) 
12Ar (R = Ph) 

13Ab (R = Me) 
13Ae (R = Ph) 

The cycloaddition of IAc to I-metboxy-1,3-butadiene affotded cycloadduct 11. The stereochemistry of 

the latter was assigned as shown because the coupling constant of the proton adjacent to the methoxy group with 
the vicinal vinyl proton, is very small (cu. 0 Hz) indicating a dihedral angle close to 90”. Furthermore, n.0.e. 
enhancement was observed between the methyl group and the proton a to the phenyl ring. 
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The ~~1~~ of lAb and iAc to 2-~yl~yloxy-1,3-~ af%rded the haps produe& 
Z2AB and 12Ac. The primary enolethets 13Ab and 13 AC were hydrolyzed under the aqueous worh up. 

At variance with the previous cases, the cycloaddition of 1Ac with l-~y~~ly~oxy-l*3-~~ led 

to the open chain adduct (514 which on standing in chloroform solution slowly converted into the tram isomer 

(Q-14 [equation (3)J. 

I_ 15 16 _I (Z&l 4 (E&1.4 

The fact that Q-l4 derives from the primary cycloadduct 15 is suggested by the observation tha& at the early 
stages of the reaction the (Z)-isomer was formed highly predominantly while in a dipolar mechanism leading 
directly to 16 both (Z)- and @‘)-isomers would be expected Furthermore, the other cases mported (entries 1 and 
5 in Table II) show that the cycloaddition was effective under the employed conditions. A dipolar mechanism 

would have led to different products also in the cycloaddition to 2-trimethylsilyloxy-1,3-butadiene. 

Unfortunately, the reaction could not be followed by NMR becaum of the unusual reaction medium. 
Cycloaddition to the Danishefsky dime afforded 17 via a similar reaction mechankm as shown in 

equation (4). Adduct 17 was not stable and converted on standing in chloroform solution with Tin of ca. 24 

hours to 18. via hydrolysis of the enolether ~~tio~~~. 

(4) 

17 18 

To corroborate the stabiiity and the actual involvement of a doubly phenylsulfonyl substituted carbanion 

in the reactions so far described we have reacted compound 12Ac with sodium methoxide in methanol. The 
ma&on led in high yield to the open &aim product 19 [equation (5)]. 

McCNahlcOH 
sO,w - (5) 
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It is finally worth mentioning that under the same reaction condition simple enolethers such as I- 
trimethylsilyloxy-cyclohexene did not react with 1Ac. This observation supports the suggestion that the open 
chain derivatives observed in equations (3) and (4) am indeed derived from the primary D&-Alder adducts. 

Reductive Desulfonylation. Sodium amalgam reduction of the endo adduct gAc afforded unexpectedly 
norbomadiene 20” in quantitative yield [equation (6)]. The reaction was expected to give the norbornene 21 
iustead. 

endo- Ac 

(6) 

(7) 

exo-8 D c 
(RI-R’ = 1 ,I’-binaphtho-2,2’-diyl) 

exo-2 1 

The formation of the norbornadiene 20 appears to be associated with the stereochemistry of the adduct. In other 

words, the insertion of the carbene into the vicinal C-II bond was effective only in an exo manner. Infact, the 
desulfonylation reaction performed under the same reaction conditions on the exo derivative 8Dc afforded only 
the exo norbomene 21. 

The reductive desulfonylation of 1OAc gave the expected tricyclic structure 22, the respective 
cyclobutene being not formed. The reduction of l2Ac gave alcohol 23. In this case concomitant reduction of the 

ketone was observed. 

22 23 

Depending upon the products determined in this study, the substituted ketenedithioacetals tetroxides 1 may be 
viewed as synthons of substituted acetylenes or ethyknes in Diels-Alder or dipolar cycloadditions. 

Acknowledgements. Grateful thanks are due to Dr. Marina Senta for early experiments. This work was 
supported by C.N.R. Trogetto Finalizzato”. 

Experimental Section 
ZH-dibenzo[dJJ[l,3]dithiepiae (ZC). This compound was prepared as for the binaphthyl derivative 2D*6 in 

quantitative yields: mp 102-3 ‘T (CH&Jpetrokum ether). ‘H-NMR (CD&, 300 MHz) 6 4.37 (2 H, s), 7.38-7.64 (8 H. series of 

m). Anal. Calcd for ClsH&: C, 67.78; H, 4.37. Found: C, 67.47; H, 4.57. 
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7.95 (12 Ii. series of m, A@. IR (KDr, cm“] 3OSO (w), 2900 (w). 1570 (m). 815 (sJ,74S (s). The pmpene 5 (I.26 g, 3.41 mmoI} in 

THE’ (15 mL) was cooled to -70 Oc and a 1.6 M solution of a-3nLi in a-hexane (2.18 ml+ 7.0 mmol) was added dropwise under 

argon. After stirring for S h at -70 “C, 2~~~1~~ (tl.77 g, 3.S inmoD in 1S mL of dry THF was a&d dropwise and the 

reaction mixture was let reaching room ~~~. After 12 h, saWnted ~~&~~~~e~~~~W~ 

extracted with dicbloromethane. After drying, the crude orthothiocarbonate was parified by fIash chromatography eluting with 

dichloromethane to afford 6 as a crystalline solid (O.% g, 85% yield): mp 202-5 “c (CHaCl#tOH); ‘H-NMR (CDCls, 300 MHz) S 

3.01 (I H,dd,J= 14.4and 7.8 Hx), 3.SO(I H,dd,J= 14.4andS.7 Hz), 5.05 (1 H,dd,J= 17.7and l.ZHx), 5.11 (I H,dd,J=9.3 

and 1.2 Hz), 6OP (I H, m}, 7.11-8.06 (I6 H, series of m, Ar). IR (RI&, cm‘“) 3050 (w), 1560 (s), 1410 (s), 1115 (s),81S (s), 750 

(s). A mixtnre of the o~~i~~~te 6 (0.5 g, 2.0 mmoi), silica gel (cu. 25 g, 230-400 mesh) and ~chl~e~ (cu. 25 mL) 

~stirredatnmntem~~for3~y~Filteredand~~The~dieneQDd~puritibdbyn~~~a~y 

elating with n-~x~~~l~e~~ $3~2 and ~~Q&WT& from ~~I~e~ - petroleum ether (0.19 g, SO% yield). 

Adduct to 4Dd of TCNE (7). To a solution of 4Dd (200 mg, 0.54 mmot) in chloroform (10 ml.,) was added at room 

~~~ ~~y~~yle~ (0.7 mg, S.0 mmol). After 10 mitt the solvent was removed to afford a colorless so&k ‘II-NMR 

(CD&, 300 MHs) 6 3.00-3.33 (2 II, m, H-3), 4.65 (1 H, m, H-2),5.98 (1 H, m, H-l), 7.10-8.05 (12 H, series of m, Ar), 

General Procedure for the Oxidation Reaction to tbe Tetroxides. A solution of m-chloroperbenzoic acid (70% 

pme, en. 100 mmol) in ~chlo~meth~e (cc. 30 mL) was added under stirring at room urns to the ke~n~~~~ (IO 

mmol) in dichlorometbaae (cu. 20 mL). ‘Ihe reaction mixture was slightly wamted to 40 Oc for 12 h. The solution was cooled to 

room temperature and washed with saturated sodium me~isu~te, sodium b~~ua~ and water. After drying ~Na~~O~) aed 

aver of the solvent, the tetroxide was ~~~~z~ from the ~~p~~ solvent. In the preparation of lDd, washing with 

metabisulfite and sodium bicarbonate led to degradatiou of the product. In tbii case it was necessary to elimii the excess mCPBA 

via a rapid ~h~~o~y eluting with ~hI~e~~e. 

l,l-Dipbeaykm~fonylpropene (1Ab). In this case 99% mshloroperbenzoic acid was used: 90% yield, mp 1824 T 

tC~~Cl~-~~l etherk ‘H-NMR (CD&, 300 MHz) 6 2.35 (3 H, d J = 7.8 HZ), 7.49-8.03 (10 H, s&es of m, Ar), 7.93 (1 II, q, I +: 

7.8 Hz). 

2-Benzylideae-dibenzoIdfl[l,J]dithiepiae-S,S’-tetroxide (1Cc). 97% yield, mp 115-6 T (C!HsCls/petroleum 

ether): ‘H-NMR (CDCls, 300 MHx) 6 7.42-8.18 (13 H, series of m), 8.19 (1 II, s). IR (KBr, cm“) 2910 (w), 1335 (s), 1115 (s), 789 

(ml. Anal. Cakd forCzoH@.&: C, 62.80: II, 3.69. Founds C, 62.88: II, 3.76. 

t-Etbylidene-dinapbtho[2,1-d:i’,2’-~[1,3]dithlepine-S,S’-tetroxide (1Db). 90% yield, mp 195-6 *CT 

(C~~~I~~~leurn ether); “H-NMR (CDCI~, 300 MHz) 6 2.41 (3 II, d, J = 7.6 Hz), 7.18-7.47 (4 H, series of m), 7.51 (1 H, q, J = 

7.6 Hz), 8.02-8.36 (8 H, series of m, Ar). IR (KKBr, cm-“) 3060 (m), 291s (m). 1600 (ml, 1320 (s), 1150 (s). 750 (s), 610 (s). 

2-Benaylideoe-dioapbtho[2,1-~:1’,2’-fjlepi~e~S,S’-tetroxide (1Dc). 98%, mp 214-S OC 

fCHAWWro~emn ether); ‘H-NMR (CIXTls, 300 MHxj 6 7.20-8.28 (17 II, series of m, Ar), 8.25 (1 H, s}. IR (IC.Rr, cm”) 3U70 (w), 

2925 (wX 1610 (m), 1315 (s). 1115 (s), 710 (s). Anal. Czdcd for Cs$ItsO&: C, 69.60: H, 3.75. Found: c, 69.18; II, 3.62. 

2-Butylidene-dinaphtho~2,1-6:1’,2’-~[1,3]ditbiepine-S,S’-tetroxide (1Dd). 90%. mp 26.5 T (CH2CI$EtOH); 

‘II-NMR (CDCls, 300 MHz) 6 5.94 (2 H, m), 7.1.5-8.30 (14 H, series of m). lFt (KBr, cm”) 3070 (w), 2925 (w), 1605 (w)” 1320 

($1. 1130 (s). 720 (s). 

General Procedure for the Dleis-Alder Reactions of IA-D with Cyciopentadiene. A solution of dienophile 

lA-D (S mmol) and c~l~n~ene (ca. 20 ~01~ in the axial solvent was stirred for the period of time aad tbe Ernst 

iadicated iu Table I. After rotoevaporation of the solvent and of the excess ~c~l~n~~, the reaction mixture was purifll by 

~h~~~~phy duting with ~ch~~~~. 
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dichloromctlmne (co. 75 mL) was added and the solution was wasbed with water (3 x 50 mu). after drying ma@,) aad 

rotoevtlporationoftbesOlveot,tbecrudeaddactswweptuifMbyflasb cbroarathogrcrphy eMrIg with dictdaum&aae. 

10Ab: 98% yield. ‘H-N’MR 0Cl,, 300 MHZ) 6 1.22 (3 H, d, J= 7.2 Hz, CH,), 1.45 (1 H, d, J z 10.5 IIZ, H-9). 2.34 (I 

H. t. J = 7.5 Hz. H-5). 2.36 (14 d, J = 10.5 Hz, H-9’). 2.73 (I H, d, J = 7.5 Hz, H-2). 2.92 (1 H, broad s, H-6). 3.06 (1 H, dq, J = 
7.5 and 7.2 H& H-4). 3.31 (1 H, broad s, H-l), 6.09 (2 H, m. H-7 aad H-8). 7.55-8.05 (10 H, series of m, or). 

10Ac: 99% yield. ‘H-NhiR (CDcl3, 300 MHZ) 6 1.42 (1 H, dt, J = 9.9 and 0.3 Hz, H-9), 2.35 (1 H, &I, J = 9.9 and 0.3 

H& H-91, i-77 (1 H, dd, J = 7.8 and 7.5 Hz, H-5). 2.89 (1 9 dd, J = 7.5 and 0.3 Hz, H-2). 2.% (1 H, m, H-1 or H-6). 2.99 (1 H, 

m.H-l~H~).4.59(lH,d,J=7.8Hz,H-4),6.04(1H,dd,J=5.4and3.0Hz,H-7orH-8),6.11(lH,dd,J=5.4~d3.3Hz,H- 

7 or H-8). 6.98-8.20 (15 H, series of m, Ar). 

1Ok: 80% yield. ‘H-M (CM31,. 300 MHz) 6 1.53 (1 H, d, J = 10.5 Hz, H-9). 1.91 (1 H, d, J = 10.5 Hz, H-9’). 2.76 (1 

H, broad s. H-6), 2.80 (2 H, m), 2.95 (1 H, broad s, H-l), 3.37 (1 H, m), 3.57-3.65 (3 I-i, series of m), 4.25 (1 H, m, H-4), 6.08 (1 

H, dd, J = 6.1 and 2.4 HZ, H-7 or H-8), 6.11 (1 H, dd, J = 6.1 aad 2.9 HZ, H-7 or H-8). 7.20-7.40 (5 H, series of m, or). 

11: 90% yield, ‘I-I-Nh4~ (CDCl,, 300 MHZ) 6 2.46 (1 H, ddd, J = 19.2.4.5 and 3.3 HZ, ~-6 or ~-6’). 3.02 (1 H, ddd, J= 

19.Z6.9 and 1.2 Hz, H-6 or H-6’). 3.35 (3 H, s, OCH,), 4.38 (1 H, dd, J = 6.9 and 4.5 Hz, H-5). 4.66 (1 H, broad s, H-3). 5.86 (2 

H, m, H-1 and H-2). 7.20-7.70 (15 H, series of m. Ar). 

12Ab: 95% yield. ‘H-NMR (CDCI,, 300 MHZ) 6 1.09 (3 H, d, J = 10.2 Hz, CH,), 2.24-2.76 (4 H, series of m), 2.87 (1 

H. ddq. J= 13212.9 and lo.2 f-k H-5), 3.06 (1 H, d, J= 12.9 Hz, H-6 orH-6’). 3.12 (1 H,d, J= 13.2 Hz, H-6 or H-6’). 7.58-8.18 

(10 H, series of m, Ar). 

12Ac: 90% yield. ‘H-NMR (CD& 300 MHz) 6 2.69-2.92 (4 H, series of m), 3.13 (1 H, d, J = 7.2 HZ, H-2 or H-6 or H- 

6X3.15 (1 H, d, J = 7.2 HZ, H-6 or H-6’). 4.27 (1 H, t, J = 7.2 Hz, H-5). 7.05-8.10 (15 H, series of m, 15 H). 

(G-14: 35% yield. ‘H-NMR (CDCI,, 300 MHz) 6 3.43 (1 H, m, H-4). 3.81 (1 H, m, H-4). 3.% (1 H, m, H-5). 4.77 (1 

H. d, J= 1.0 a, H-6). 5.78 (1 H, dddd, J = 11.1.9.0, 1.2 and 1.1 Hz, H-2), 6.29 (I H, ddd, J = 11.1.6.2 and 6.0 I&, H-3), 7.30_ 

7.85 (15 H, series of m, Ar), 9.85 (1 H, d, J = 9 HZ, CHO). 

(Wlr: 6546 yield. ‘I-MWR PC&, 300 MHZ) 6 3.03 (1 H, dddd, J = 16.2.6.3,3.0 and 1.6 HZ, ~-4). 3.65 (1 H, dddd, J 

= 18.6 16.2.6.1 ad 1.5 Hz, H-4). 3.93 (1 H, ddd, J= 18.6,6.9and 1.5 Hz, H-5),4.75 (1 H, d,J= 1.5 HZ, H-6). 5.%(l H,dddd, J 

= 15.6.8.1, 1.6 and 1.5 HZ, H-2). 6.50 (1 H, ddd, J = 15.6.6.3 and 6.1 Hz, H-3). 7.30-7.80 (15 H, series of m, or), 9.28 (1 H, d, J 

= 8.1 Hz, CHO). 

17: 99% yield. ‘H-NMR (CD&, 300 MHz) 6 3.22 (1 H, dd, J = 18.0 and 2.7 Hz, H-4). 4.55 (1 H, ddd, J = 10.8.2.7 and 

2.6 Hz. H-5). 3.82 (1 H, dd, J = 18.0 and 10.8 Hz, H-4), 3.64 (3 H, s, OCH& 4.53 (1 H, d, J = 12.6 Hz, H-1 or H-2). 4.81 (1 H, d, 

J = 2.6 I-k H-6). 7.10-7.94 (16 H, series of m, Ar and H-2 or H-l). 

18: Obtained in quantitative yield from 17 in CDQ. ‘H-M (CDQ, 300 MHZ) 6 3.25 (1 H, dd, J = 17.5 and 3.2 f-ix, 

H-4), 3.82 (1 H. dd, J = 17.5, and 9.9 Hz, H-4). 4.59 (1 H, ddd, J = 9.9.3.2 and 1.3 Hz, H-5). 4.82 (1 H, d, J = 1.3 Hz, H-6). 4.58 

(1 H, d, J = 12.8 Hz, H-1 or H-2). 7.10-7.95 (16 H, series of m, Ar and H-2 or H-1). 

Reaction of 12Ac with sodium methoxide (19): A solution of 12Ac (100 mg, 0.025 mmol) in methanol (ca. 10 

mL) containing sodium methoxide (13.8 mg, 0.25 mmol) was refluxed for 12 h. Tbe reaction mixture was wasbed witb saturated 

ammonium chloride and extracted with dicblorometbane (3 x 50 mL), dried (N%S04) and mtoevaporated~ 90 mg, 90% yield, mp 115 

“C (CHzClz-petroleum ether). ‘H-NMR (CDQ, 300 MHz) 6 2.51 (2 H, q. J = 6.6 Hz, H-4). 3.18 (2 H, t, J I 6.6 HZ, H-3). 4.85 (1 

H, t, J = 6.6 HZ, H-5). 6.63 (1 H. d, J = 16.2 Hz. H-l), 7.50 (1 H, d, J = 16.2 Hz, H-2), 7.30-7.94 (15 H, series of m, Ar). IR (KBr, 

cm-‘) 3050 (w), 2965 (w), 1685 (m), 1655 (m), 1610 (m), 1450 (s), 1375 (s), 1150 (m), 725 (s). 

General Procedure for the Sodium Amalgam Redection of the Die&Alder Adducts. Sodium amalgam 

(6% by weight NaRIg, 3.6 mmol) was added in small pmtions under argon to the betexogeneous mixture formed by the Diels-Alder 
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adduct (0.44 mmol). sodium dihydrogenphosphate (7.7 mmol) and methanol (ca. 10 mL) and stirred at room temperatute for 12 h. 

Water was added and the organics were extracted with pentane (3 x 50 mL). After drying (MgSO,) and mtoevapo&on of the solvent 

the hydmcarbonic product was obtained virtuaBy pum as determined by NMR. 

exo-21: 90% yield, oil. ‘H-NMR (CDCls, 300 MHZ) 8 1.05 (1 H. dt, J = 9.5 and 1.5 Hz), 1.22 (1 H. dt, J = 9.5 and 1.3 

I-Ix), 1.40 (1 H, dt, J = 10.2 and 1.6 Hz), 1.48 (1 H, d, J = 10.2 Hz), 1.52 (1 H. m), l.% (1 H, m), 2.83 (1 H, m), 7.18 (2 H, m). 

7.23 (5 Il. m, Ar). MS (70 eV): 170 (80%, M), 142 (100%). 93 (40%). 77 (15). 

22: 95% yield, oil. ‘H-NMR (CD&, 308 MHz) 8 1.45 (1 H, d, J = 9.0 Hz, H-9 or H-9’) 1.90 (1 II, d. J I 9.0 I-lx, H-9 or 

H-9’) 1.92 (1 H, m). 2.10-2.26 (3 II, series of m), 2.82 (1 H, m). 2.78 (1 H, m, H-l or H-6). 2.83 (1 H, m, H-l or H-6). 6.03 (1 H, 

dd, J = 5.7 and 3.0 Hz, H-7 or H-8), 6.09 (1 H, dd, J = 5.7 and 3.0, H-7 or H-8). 7.10-7.40 (5 H, m, Ar). ‘kNMR (CDCls, 74.5 

MHz) d 28.74, 33.57, 38.88.40.55, 44.05.44.25.45.45, 125.41, 126.70, 128.17, 134.82, 135.66, 147.65. 

23: 93% yield, oil. ‘H-NMR (CDCls, 300 MI-Ix) 8 1.20-2.20 (10 H. series of m), 3.70 (1 H, m, H-3), 7.20-7.35 (5 H, 

series of m, Ar). IR (KBr. cm”) 3370 (m). 2925 (s), 1440 (m), 740 (s), 700 (s). 
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