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Abstract: 2-Henthyltrihalothfophene S,S-dioxides are efficient 
asymmetric dienes in Diele-Alder reactions with dienophiles to 
give regio- and stereoisomerfcally pure adducts. Thu6 styrene, 
ally1 alcohol, methyl acrylate and acrylamids give solely one 
adduct while flat dienophiles such a6 indene and acenaphthylene 
Jive two didstereomers. Analogous l- and 3- chirally aubitituted 
thiophenes are. of little value in generating pure single adducts. 
Further transformations of tie above adducts into useful enantio- 
merically pure compounds is briefly discussed. 

Introduction 

The tremendous grouth and versatility of asymmetric Diels-Alder reactions in 

synthesis has largely been developed utilising a chirally su~tituted.dieno~ile to 

induce stereocontrol,' Relatively few easily accessible and generally useful 

chiral dienes have been employed.2 The remarkable diene reactivity of tetrachloro- 

thiophene dioxide (1, R = Cl,,) with both electron-rich and electron-poor 
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dienophiles,' coupled with the complementary reactivity of the analogous ylfdes4 

2 led us to consider them as potential asymetric inductor8 in Diele-Alder 

applications (Scheme ?I. There are three sites of attachment of an asymmetric 

substituent to a thiophene ring; the I-, 2-, or 3-posktion. 

t Present address: Sterling Organics Ltd, Pawdon, Newcastle-on-Tyne NE3 3TT, UK. 
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The 8ynthelris of ch.ir81 2- and 3-Rubatituted thfophcns d&oxlUes 

Tetrachlorothiophene is readily transformed into a-substituted derivatives via 

the a-lithio cainpound (Scheme 2); In this way using mtnthone, the menthol 

S et x - Cl 6 e. x - Cl 

b, x - Br b, x - BP 

Scheme 2 

derivative 5 was produced in 87@ yield. Subsequent oxidation with m-chloroper- 

tmnzoic acid gave the, corresponding dioxide 6a in 96% yield as a colourlese 

crystalline product. In *a similar way the tribromothienylmenthol 6b dioxide was 

prepared with etepwfse yields of 60 and 63% respectively. 

X-ray crystallographic examination of the menthol derivative 6a confirmed both 

the structure and axial geometry of the OH-group and revealed a useful weak 

hydrogen bond between the OH-group and one of the oxygen8 of the sulphone function 

(Figure 1). This effectively locks the menthol unit so as to protect the back face 

of the thiophene from attack. The X-ray crystsllogtaphic details are given in 

Table 1 (see experimental section). 

nCS 

Figure 1 

The syntneais of the analogous 3-menthylthiophene dioxide required a related 

approach utilising 2,5-dichloro-3,4-dibromothiophene {Scheme 3). In this way the 

7 

Gchensc 3 

dioxide 7 was synthesiaed in an overall 20% yield. 
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Cyclosdditions to the 2- and 3-rsntbylthiophme dioxidrrs 

The thienylmenthol dioxide0 6 and 7 underwent ready cycloadditions with 

electron-rich dienophiles and slowly with some electron-poor dienophiles. The 

Psubstituted derivative 7 showed little regio- or diasterco-diaoriaination in its 

cycloaddition to stytene, all four inseparable isomers 8 being produced in a total 

909 yield at ambient temperature. Its interaction with acenaphthylene was of 

interest in that reaction was complete in 3 h in refluxing toluene solution but 

required 8 days in methylene chloride. Surprisingly, the product 9 was obtained 

apparentiy a8 one pure isomer (indicated by t.1.c.) in 87% yield. The bridging 

aliphatic protons appeared as a broad singlet unchanged by addition of a chiral 

shift reagent. However, closer examination of the product by 13C n.m.r. clearly 

indicated 9 to be a mixture of diastereoisomers in a ratio of about 4.7:1. 

0 9 

By contraet the 2-renthylthiophene dioxide 6a reacted with styrene somewhat 

slower than the 3-menthyl analogue 7 but with complete diaatereo- and 

regiospecificity. After 2 days in refluxing ethanol the pure adduct 1Oa was 

obtained in 958 yield. Less polar solvent8 (e.g. refluxing toluene) proved less 

effective, the cycloaddition being incomplete after 5 days. The structure and 

regiochemistry was confirmed by spectroscopic means (see experimental] and by X-ray 

crystallography which gave less than ideal data due to the destruction of the 

crystal by the X-ray bombardment (Figure 2). The limited data is recorded in Table 

1. The regiochemistry is that predicted by application of simple frontier orbital 

theory.' The corresponding tribromothienyl menthol 6b reacted similarly (2 d, 

refluxing s-butanol, 85% yield) to give the isomerically pure adduct lob. 

C8 

b, x - 8r 

Figure 2 

~11~1 alcohol underwent a alow cycloadditfon (neat under reflux, 3 days, 62% 

yield) to give a product by loss of water from the initial adduct, to which we 

assign the ether structure 11. Although all the analytical data supports this 

structure, the 'H n.lp.r. spectroscopy is, at first sight, rather puzzlfag. The 
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five ally1 alcohol-derived protons show a remarkably complex oDupling pattetn even 

at 500 HHZ, in which each proton is non-equivalent and couples to all the other 

four protons. A ‘H- +I-WSY experiment clearly identified this group of protons 

while a BBTCOkt .study gave unequivocal support for the CH2CHCH20 unit. Once again, 
only one regio- and dia8teKeOieom0K was isolated. 

12a 12b 

13a 

,:; \“’ 
H, II OH e cc 

13b 

The use of flat nucleophilic dienophiles such as acenaphthylene and indene 

proved remarkably unreactive and non-stereospecific. Acenaphthylene was 

surprisingly slow to react with 6a, the reactants being largely unchanged after 7 

days refluxing in toluene. However, after refluxing in c-butanol for 3 days, the 

diastereofsomeric adducts 12% and 12b were isolated (t!i% yield) in a ratio of 

77:23. Indene reacted somewhat faster with 6a, the reactants being consumed in 24 

h in refluxing n-butanol, The diastereoisomeric adducts 13a and 13b were obtained 

in a ratio of 93 : 7 in 86% yield. Despite attempted difference n.0.e. studies of 

the adducts 13, we were unable to define the structure of the diastereomers 13a and 

13b unambiguously. The major isomers of both acenaphthylene and indene adducts 

snowed remarkably similar n.m.r. characteristics in respect of the aliphatic 

menthyl protons, 8s was the case with the minor isomers. This suggests that the 

structures of the major adducts 12 and 13 ate related as are those of the q inoK 

adducts, 

Use of electron-deficient ethylenes was only partially effective. Thus while 

inetnyl vinyl ketone, acrylonitrile, N-vinyl-2-pyrrol idone and phenyl vinyl 

sulphone showed little inclination to react with the thiophene dioxide 6a, methyl 

acrylate and acrylamide both reacted slowly (ester: neat under reflux, 3 dayst 699; 

amide : ethanol solution, 7 days, 61%) to give the atomatised lactone (14, Scheme 4) 

in both cases. Again, a secondary cyclisatfon OCCUKKed subsequent to 

cycloadditicm. NO regio- or stereoisomers were observed in these cases. 
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Scheme 4 

We have noted elsewhere that l-substituted derivatives such as the ylides 2 

undergo ready cycloaddition. The extruded unit, a thfonitroeo compound 3 is also a 

potentially valuable chiral dienophile capable of being trapped by dienes or by 

alkenes in an ene reaction. 4 However, the l-substituted systems have the chiral 

substituent distant from the cycloaddition site and offered little prospect of 

regioselective addition to the symmetrical thiophene ring. This was borne out in 

practice. Trapping of the thionitroso ~rn~und 3 from the ylides (2; R,a = 

(-)-•enthyl, b = (+)fenchyl) gave thiazines (e.g. 4) with no diastereodifferentia- 

tion (the adducts obtained as inseparable mixtures of diastereoisoaers). 

Dnfortunately, we nave so far been unable to generate the corresponding ylides 

bearing the well established chiral auxiliaries described by Corey7 and Oppolzer. 
8 

Transformations of the Cycloadducts 

Having a family of adducts readily available , we next explored the prospect 

for useful transformation of the adducts into simple enantiomerically pure 

Scheme 5 

compounds (e.g. Scheme 5). As a model compound we first examined the racemic 

styrene adduct of tetrachlorothiophene dioxide 3 15. Ozonation proved very slow and 

inefficient (presumably due to the rrell-known difficulties of ozonation of C-C 

olef inic systems bearing chlorine atoms’ and also to competing ozonolysis of the 

phenyl subst ftuent ) . However methyl phenylsuc~inate 16 was isolated in low yield. 

0,. WaOH 

-78 

+ othsr products 

16 29% 

Oxidation with permanganate and sodium periodate yas totally ineffective. Attempts 

to remove -the problematic chlorine atoms first were next examined. TribWtyltin 
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hydride" under photolysis gave solely starting material, whereas ammonium formate, 

known as a powerful transfer-hydrogenolysis reagent in the presence of palladium" 

gave a mixture of biphenyl, I-phenylcyclohexene and phenyl cyclohexanel 

Oxidation of the styrene adduct of trichlorothienylmenthol 10a was next 

explored. Ozonolysis in carbon tetrachloride, methanol or methylene chloride gave 

complex mixtures with no evidence of phenylsuccinic acid derivatives (e.g. 

16) being present, even after subsequent further oxidation of the mixtures. 

Potassium permanganate in benzene containing l&crown-6 ('purple benzene') l2 

was totally without effect. Vanadium catalysed nitric acid oxidationL3 gave 

numerous products with no evidence of phenylsuccinic acid derivatives. Transfer 

hydrogenolyais also yielded a mixture of dechlorinated products. 

In conclusion, the principle of efficient chiral induction in cycloadditions 

to halothiophene dioxides bearing an asymmetric 2-euostituent has been 

established. The requirement for an easily cleaved chiral auxilliary remains and 

is now under active exploration. 

Experimental 

H.p.s were recorded on a Kofler hot-stage apparatus and are uncorrected. 

1.r. spectra were obtained on Perkin-Elmer 257 or 883 spectrophotometers and 'H 

n.m.r. spectra on a Varian M-390 or Bruker WI4 500 spectrometer operating at 90 OK 

500 MHz respectively. The n.m.r. data refer to deuteriochloroform solutions 

relative to tetramethylailane as internal standard. 13C N.m.r. (125 MHz) Spectra 

were recorded on the Bruker KU 500 spectrometer for deuteriochlorofonn solutions. 

mass spectra were taken on a Varian MAT 212 instrument. Chromatography used silica 

throughout; t.1.c. plates were Merck Silica Gel 60 F254, while for column 

chromatography Merck Silica Gel 60 (70-230 mesh) was used. Flash chromatography 

utilized Merck Silica Gel 60 (230-400 mesh). Petrol refers to light petroleum, 

o.p. 60-80°C. 

l-(3,4,5-Trichlorothicn-2-yl)-(lR,2S,5R)-menthol 5a 

To a solution of tetrachlorothiophene (11.1 g, 0.05 xanol) in dry ether (100 

ml) at -78' under an atmosphere of Nq, n-butyl lithium (1.6 M solution, 35 ml, 

U.056 mol) was added. A suspension was formed which was stirred at -78O for 30 min 

and a solution of (-)-menthone (7.70 g, 0.05 mol) in dry ether (25 ml) was then 

aaded. The resulting solution was allowed to attain room temperature and stirred 

for a further 1 h, poured into water and the ether layer separated, dried (MgSOr) 

and evaporated. Chromatography on silica (light petroleum) gave the title compound 

a8 a white solid which recrystallised fran pentane as water-white needles (14.8 gr 

87%), m.p. 69.5-71°C (Found: C, 49.2; H, 5.54. C1~H19C13OS requires C, 49.2; 8, 

5.60%); Vmax (Nujol) 3600 (OH) QII-~; &H (90 MHZ; CDC13) 0.80-0.95 (9H, m, 

CH3's), 1.3-2.0 (9H, m, aliphatics), 2.30 (lH, bs, OH); m/z 340 (I@), 305, 255, 

228, 165, 110. 

l-(3,4,5-Tribromothicn-2-yl)-lR,2S,5R)-m8nthol 5b 

In a similar manner, tetrabromothiophene gave the title compound as a white 

solid (60%). Recrystallisation of a sample from petrol yielded water-white 

needles, m-p. 103-104°C (Found: C, 35.5; H, 4.12. ClcH1gBr3SG requires C, 35.4: HI 

4.03%); Vmax (Nujol) 3600 (OE) Cm-'; 6H (90 MHZ; CDCl3) 0.80-1.00 (9H, m, 

CE3's), 1.15-2.1 (9H, m, aliphatics), 2.40 (18, bs, OH). 
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l-(3,4,!5-Trictilorothien-2-yl)-(lR~2S,5R)-~nthol S,S dioxide 6a 

To a solution of HCPBA (89, 8.50 g, 0.042 ml) dissolved in warm 

1,2-dichloroethane (50 ml) was added 5a (5.00 g, 0.015 ml). The solution was 

refluxed for 3 h, allowed to cool and 3-chlorobenxoic acid was filtered off. The 

cake uas washed with cold 1,2-dichloroethane (10 ml) and the combined filtrates 

were washed with aqueous sodium carbonate (10%) until free of acid. The filtrate 

*las dried (MgSO4) and evaporated to give 6a as a white wfid. Recrystallisation 

from methanol afforded water-white needles (5.30 g, 96%), m.p. 122.5-123.5°C 

(Found: C, 45.1~ I& 5.20. ClQi~pCl&O~ requires C, 45.0; h, 5.10%): vmax (Nujol) 

3600 (OH), 1320 and 1160 (SO2) cm"; qI (90 MHz; CDC13) 0.90-1.03 (9H, xl, CK3’s), 

1.50-2.10 (108, m, aliphatics and OH). 

l-(3,4,5-Trik>rwthie~-2-yl)-(lR,~,5n)-~~~l 8,s dioride 6b 

In a similar manner, treatment of tri~ro~thienyl menthol with HCPBA gave the 

dioxide 6b as a white solid. Rccrystalliaation from petrol afforded water-white 

prisms (63%), m-p. 185-187°C (Pound: C, 33.6; H, 3.63. Cl+RlgRr~3 requires C, 

33.2; 8, 3.78%); vmax (Nujol) 3600 (CM), 1300 and 1150 (8Q2) em"; 6R (90 &HZ; 

CDC131 0.70-0.90 (9H, m, CHJ'S), 1.15-2.20 (9H, m, aliphatics), 2.38 (lH, bs, OK). 

l-(4-Srcmo-2,5-dichlorothien-3-yl)-(lR,2S,SR)-munthol S,S-dioxide 7 

To a solution of 3,4-dibro~-2,5-di~hlorothiophenei4 (5.00 g, 16 mpol) in dry 

ether (50 ml) at -78OC, s-butyl lithium (1.6 ti solution, 11.3 ml, 18.8 mm011 wa8 

added dropwiae and the resulting solution stirred for IS min. Then a solution oE 

f-)-menthone (2.48 g, 16 mmol) in dry ether (20 ml] was added, The resulting 

solution was allowed to attain room temperature and stirred for a further 1 h, 

poured into water and the ether layer separated, dried {HgSO~) and evaporated. 

Chromatography of the residual oil (petrol:Cti2Clz, l:l, as eluant) gave the title 

compound as a colourless oil (2.32 g, 37%); Vmax 3590 (OH) cm"; &R (90 Miz, 

CDC13), 0.8U-1.05 (9H, m, CH3's), 1.10-2.60 (lOH, m, aliphatics and OH). 

A solution of the thienyl menthol (1.00 g, 2.6 mmol) and HCPBA (859, 1.30 g, 

6.5 mmol) in 1,2-dichloroethane (10 ml) was refluxed for 2 h. The solution was 

cooled and 3-chlorobenzoic acid filtered off. The cake was washed with cold 

1,2-dichloro- ethane (5 ml) and then the combined extracts were evaporated to give 

a slightly discoloured oil;. Chromatoqraphy (petrol:ethyl acetate, 10:lr as eluant) 

gave a white solid. Recrystallisation from ethyl acetate-petrol gave 7 68 white 

plates (0.60 g, 54%), m.p. 126,S-127.S°C (Found: C, 40.0; H, 4.54. ClcH~9BrC1$30~ 

requires C, 40.2; Ii, 4.54%); vmax (Wujol) 3540 (OH), 1330 and 1165 (SO2) cm-l; 

68 (90 MHz, CDCl,) 0.83-0.90 (Ski, m, CB 3's), 1.15-2.35 (9H, m, aliphatics), 2.50 

(18, b6, OHI]. 

Preparation of Thiophene S.af-Ylidcs 

(1) Preparation of Wcnthyl azidoformate 

To a solution of (-)-menthol (20.0 g, 0.13 m>l) in dry pyridine (20 ml) cooled 

in an ice-bath, phenyl chforoformate (17.7 ml, 0.14 mol) was added slowly with 

vigorous stirriny. A white precipitate formed. The mixture was stirred at room 

temperature overnight and was then poured into water and the mixture extracted with 

ether. The ethereal extract was then washed successively with aqueous citric acid 

i lo%), aqueous sodium hydrogen carbonate and finally water. Tbe extract was dried 

(Hgq34) and evaporated to give menthyl phenyl carbonate as a oolourless oil (32.0 

gr 95%)r vmax (liquid film) 1750 (CO) and 1230 (C-O-C) cm-l; bR (90 MHz, CDCls) 
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0.80-1.00 (9tl, m, CHa's), 1.03-2.25 (9H, m, aliphatics), 4.60 (lH, dt, J 11 Hz, 

CH), 7.10-7.45 (5H, m, aromatics). 

To a solution of menthyl phenyl carbonate (32.0 g, 0.12 mol) in ethanol (75 

ml) was added hydrazine hydrate (25 ml, 0.42 mol). The solution was refluxed for 

1 h and allowed to cool. The solution was poured into water and extracted with 

ether. The extract was washed successively with aqueous sodium hydroxide (10%) and 

water, dried (H~SOI,), and evaporated to give menthyl carbaxate as a white solid 

(24.5 g, 959), Vmax (Nuj01) 3400 (NB) and 1630 (CC) QP-~. The crude carbaxate 

was used vithout purification. 

The crude menthyl carbaxate (24.5 g, 0.11 mol) was dissolved in acetic acid 

(30 ml) and the solution cooled below 5OC, stirred and treated dropwise with a 

solution of sodium nitrite (9.00 g, 0.13 mol) in water (20 ml). The temperature 

was maintained below SOC. On addition of the aqueous sodium nitrite, a precipitate 

formed. After the addition was complete, the mixture was stirred for a further 15 

min below 5'C and then for 1 n at room temperature. The resulting mixture was then 

poured into water and extracted with ether. The extract was washed successively 

with aqueous sodium hydrogen carbonate and water, dried (MgSD4) and evaporated & 

vacua. Chromatography of the residual oil (CH2C12 as eluant) gave a yellow Oil 

which solidified on standing. Hecrystallieation from petrol afforded (-I-menthyl 

azidoformate as white needles (20.0 g, 78%), m.p. 30-30.5*C (lit., m.p. 28-30°C).'5 

In a similar manner, (+)-fenchyl azidoformate was prepared as water-wnite 

plates (from methanol), m.p. 45-46'C (Found: C, 59.2; H, 7.77; N, 18.7. CA~HI~N~DZ 

requires C, 59.2: 8, 7.67; N, 18.8%); vmax (Nujol) 2190, 2130 (NJ), 1725 (CO) and 

1245 (C-O-C) cm-'; 6H (90 MHz, CDCl3) 0.83 (3H, 8, CH3), 1.06 (3H, s, CH3), 1.09 

(3H, s, CH3)r 1.19-1.86 (7H, m, aliphatics), 4.35 (lli, d, J 1.8 Hz, CH). 

(2) Preparation of Tbiopbene S,N-Ylides 2 

(-)-Menthyl azidoformate (13.0 g, 0.057 mol) was added dropwise to tetra- 

chlorothiophene (80.0 g, 0.36 cool) at 135'C. The solution was stirred until no 

more nitrogen evolved (1 h), and the excess of tetrachlorothiophene was distilled 

off under reduced pressure. The residue was then chromatographed (CH2C12 as 

eluant) to give a red oil. Crystallisation from hexane afforded N-(-)-menthoxy- 

carbonyl(2,3,4,5-tetrachloro-1-thiophenio)amide, 2a (7.00 g, 298) as white needles, 

m.p. 97-98OC (Found: C, 43.2; H, 4.63; N, 3.36. C~5H~$XrN02S requires C, 43.0; H, 

4.57; N, 3.34%); vmax (Nujol) 1670 (CO) cm-l; bH (90 MHz, CDC13) O-80-2.30 

(18H, m, aliphatics), 4.55 (lH, dt, J 11.0 and 5.0 HZ, CH). 

Similarly, decomposition of (+)-fenchyl azidoformate in tetrachlorothiophene 

gave after crystallisation, N-(+I-fenchoxycarbonyl-(2,3,4,5-tetrachloro-l- 

thiophenio)amlde, 2b (48%) as water-white plates, m.p. 135-137OC (from methanol) 

(Found: c, 43.1; H, 4.18; N, 3.44. C15817Cl4NO~S requires C, 43.2; H, 4.11; N, 

3.36%); vmax (Nujol) 1660 (CO) QP-I; 6~ (90 MHZ, CDC13) 0.83 (3H, 8, CH3), 

1.00-1.90 (7H, m, aliphatics), 1.10 (68, 6, CH3's), 4.30 (lH, d, 3 1.8 Hz, CH). 

Reaction of 6 with Styrene 

A solution of 6a (0.72 g, 1.93 mmol) and styrene (0.21 g, 2.02 nanol) in 

ethanol (2 ml) was refluxed for 2 days. The solution was concentrated in vacua and 

chromatographed (petrol:ethyl acetate, lOO:l) to give a coloutless oil which 

solidified on standing. Hecrystallisation from pentane gave the adduct 1Oa (0.76 
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g, 959) as white plates, m.p. 60-62'C (Found: C, 63.6: ii, 6.55. c22x27c130 

requires C, 63.8; 8, 6.57%); 6H (90 MHz, CDCl3) 0.75-1.00 [9H, m, CDS's), 

1.00-2.65 (lOH, m, aliphatics and OH), 2.55 (lli, dd, J 17 and 0.7 Hz, C&), 3.35 

(lH, dd, J 17 and 8.5 liz, ClS2), 4.40 (1% dd, J 8.5 and 0.7 Hz, CH), 7.30 (5& bs, 

aromatics). 

Similarly, a solution of styrene (1.37 g, 13.2 mm011 and 6b (3.00 gt 7.50 

mmol) in n-butkol (5 ml) was refluxed for 24 h. After concentration of the 

solution in vacua, the resulting oil was chromatographed (petrol) to give a 

colourless oil. Crystallisation from methanol afforded lob as a white Cry8talline 

solid (2.70 g, &SO), m.p. 64-66OC (Pound: C, 47.6; H, 4.90. C22H 27BY30 requires CI 

48.2; H, 4.97%); 6~ (90 MHz; CDC13) 0.70-2.65 (19Ii, m, aliphatics and OH), 2.60 

(lH, dd, J 16.5 and 0.7 Hz, Ck&), 3.25 (lH, dd, J 16.5 and 7.5 Hz, CE2), 4.30 (lli, 

dd, J 7.5 and 0.7 Hz, Ctl), 7.25 (5H, bs, aromatics). 

Reaction of ba with methyl acrylate 

A solution of 6s (1.00 g, 2.68 mmol) in methyl acrylate (10 ml) was refluxed 

Ear 3 days. Concentration of the resulting solution in vacua followed by 

chromatography fpetrol:ethyl acetate, 5O:l) gave a white solid. Recrystellisation 

from petrol gave the lactone 14 as white needles (0.60 g, 69%), m.p. 149-152’C 

(round: C, 62.6; H, 6.19. C17HpQClfl2 requires C, 62.4; f%, 6.169); sax (CHCL3) 

1760 (CO) and 1215 (C-O-C) cm-'; h (90 MHz, CDC13) 0.70-2.10 (18H, aliphatics), 

7.45 (IH, s, aromatic CH), 7.93 (lH, s, aromatic CD); 6C (500 MHz; CDC13) 167.8 

s, 153.2 s, 139.0 s, 133.6 s, 127.3 d, 126.1 s, 123.0 d, 90.8 s, 48.6 d, 47.3 t, 

34.4 t, 28.9 d, 26.7 d, 23.3 t, 21.8 q, 21.7 q, 17.8 q. 

Reaction of 6a with acrylamide 

A solution of 6a (1.00 g, 2.68 mmoi) and acrylamide (0.95 

ethanol (IO ml) was refluxed for 7 days. Concentration of the 

followed by flash chromatography (petrol:ether, 95:5) gave the 

g0 13.4 mmolj in 

resulting solution 

lactone I4 (0.37 g, 

61% based on starting material consumed) identical in all respects to that formed 

from methyl acrylate, together with some unreacted 6a (0.30 g). 

Reaction of 7 with acenaphthylene 

A solution of the dioxide 7 (0.15 gr 0.36 nnnol) and acenaphthylene (0.06 g1 

0.39 maol) in toluene (2 ml) was refluxed for 3 h. Concentration of the resulting 

brown solution followed by flash chromatography (hexane as eluant} gave a white 

solid which upon recrystallisation from hexane afforded 9 as water-white plate8 

(0.16 gr 8791, m.p. 169-170.5°C (Found: C, 61.0; H, 5.30. C26H27RrCl20 requires C, t 

61.6; H, 5.389); vmax (CKl3) 3600 cm-' (OH); bR (90 MHz; CDC13) 0.75-2.40 

(1!3H, aliptlatic menthyl protons and OH), 4.55 (2H, s, bridging CH's), 7.40-7.80 

{6H, m, aromatics); m/z, 506 (M+), 470, 389, 353, 304, 236, 200, 153, 109, 69 (100) 

41. 

Reaction of 6a with ally1 alcohol 

A solution of 6a (1.00 g, 2.8 ramol) in ally1 alcohol (5 ml) was Yefluxed for 3 

days, The solution was concentrated in vacw, Flash chromat~rap~y jhexane) gave 

the adductt 11 as a white solid (0.60 g; 628) which reorystallised from heuane as 

wnite needles, m.p. t82-183.S°C (Found: C, 58.6; D, 6.48. Cl7!%2@@ requires C, 

58.7; H, 6.239); vmax (CHCla) 1210 (C-O-C) cm-'; b (SO0 13H~; CDCl3) 0.85-0.96 

(9H, mr CHa's), 1.48-1.53 (Sa, m, aliphatics), 1.73 (28, I, aliphatic CH2), 1.86 

(IH, m, aliphatic CH), 2.12 [lb, dd, aliphatic CD), 2.56 (2H, m, CHzf, 3.48 (2H, m, 
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Cd and OCH2), 4.14 (lH, m, OC&2); k (500 MHz; CDC13) 144.2 s, 128.6 s, 116.7 s, 

90.93 s, 71.6 t, 45.6 d, 44.9 t, 42.6 d, 34.0 t, 34.6 t, 28.3 d, 28.1 d, 23.7 t, 

22.1 qr 21.6 q, 17.9 q. 

Reaction of 6a with acenaphthylene 

Reflux a solution of 6a (113 mg, 0.30 mmol) and acenapthylene (55 mg; 0.36 

mm01 I in I-butanol (2 ml) for 3 days. The solution was concentrated in vacua and 

chromatographed (petrol) to give firstly 12a as a colourless oil which solidifies 

on standing (81 mg , 58%) ; bar (CHCl%) 3630 (OH) ~0-l; 6H (90 MHZ; CDC13) 

0.80-2.61 (19H, m, aenthyl protons and OH), 4.50 (lfl, d, J 9.0 Hz, CH), 5.10 (lH, 

d, J 9.0 Hz, CH), 7.35-7.75 (68, m, aromatics); 6~ (500 MHz, CDC13) 144.4 s, 

141.4 141.2 st 8, 8, s, s, d, 136.4 132.5 130.4 127.4 d, 126.9 d, 123.6 123.2 d, 

123.1 d, 120.2 d, 80.1 49.5 d, 48.5 d, 45.7 d, 43.2 5, 34.4 28.5 d, 28.3 d, 8, t, 

24.0 t, 22.3 q, 21 .O 18.7 m/z 460 (M+), 407, 371., 339, 283, 236, 200, 152, q, q: 

94, 69, 41, followed by its diastereoisomer 12b as a white solid (24 mg, 17%) wnich 

gave upon recrystallisation from ethyl acetate-hexane water-white prisms, m.p. 

21 6-218°C (Found: C, 68.0; Ll, 5.94; Cl, 23.0. C26H27C130 CeqUiCeS c, 67.6, H, 

S.89; Cl, 23.0%); Vmax (CHCl3) 3630 (OR) ~IU”; h (90 MHZ; CDC13) 0.90-3.00 

(19H, m, menthyl protons and OH), 4.45 (lH, d, J 8.5 Hz), 4.95 (lH, d J 8.5 Hz), 

7.45-7.80 (6H, m, aromatics); EC (500 NHz; CDC13) 144.0 141.0 136.5 8, s, s, 

132.8 s, 130.2 s, 127.5 d, 126.7 d, 123.7 d, 123.0 d, 123.0 d, 120.7 d, 82.0 sr 

50.6 d, 47.8 d, 46.4 t, 45.9 d, 34.8 t, 28.6 d, 28.1 d, 23.9 t, 22.4 22.1 q, q, 

19.8 m/z 460 q; (M+), 425, 389, 339, 270, 236, 200, 152, 95, 69, 41. 

Reaction of 6a with indene 

A solution oE 6a (1.00 g, 2.80 mmol) and indene (0.35 ml, 3.00 mmol) in 

a-butanol (5 ml) was refluxed for 24 h. Concentration of the resulting solution in - 
V@CUO followed by flash chromatography (petrol:ether, 2O:l) gave firstly the 

adduct 13a which gave upon recrystallisation from hexane water-white needles (0.95 

Y# NJ%), m.p. 175-176.5’C (Found: C, 64.8, H, 6.32. CZJH27C130 required C, 64.9; 

H, 6.39%): VIaax (CHC13) 3600 (OR) cm”; 6H (500 WZ; CDCl2) 0.98-2.73 (19Hr 

al iphat ice and OH) , 3.24 (‘IH, dd, J 15.6 and 6.3 Hz, (X2), 3.54 (lH, dd, J 7.3 and 

6.3 HZ, CH), 3.63 (lH, d, J 15.6 Hz, Cz2), 4.68 (lH, d, J 7.3 Hz, CR), 7.22-7.28 

(Id, m, aromatics); bC (SO0 MHz; CDC13) 142.7 8, 142.5 s, 140.3 s, 134.5 B, 127.7 

s, 127.2 d, 126.6 d, 123.6 d, 123.4 d, 121.2 s, 79.9 s, 47.9 d, 46.6 d, 45.7 d, 

43.5 t, 37.6 t, 34.4 t, 28.6 d, 28.3 d, 23.9 t, 22.3 q, 20.7 q, 18.5 q, followed by 

its diastereoisomer 13b as a uhite solid. Recrystallisation from hexane afforded 

white needles (0.07 g, 6%), m.p. 173-174OC (Found: C, 65.0; H, 6,35. C23H27C130 

required C, 64.9; H, 6.39%); umax (CHC13) 3600 (OH) cm-‘; bH (500 MHz; CDCl3) 

0.98-2.92 (19H, m, menthyl protons and OH), 3.15 (lH, dd, J 15.6 and 6.0 Hz, Cg2), 

3.36 (lH, dd, J 6.3 and ti.0 Hz, CH), 3.54 (1 H, d, J 15.6 Hz, CIIz), 4.43 (lH, d, J 

6.3 Hz, CH), 7.13-7.46 (4H, m, aromatics). 

Reaction of the ylidcs 2 with l,l-diphenylbutadiene in the presence of 

acenaphthylene 

A solution of the ylide 2a (1.00 g, 2.46 mmol), acenaphthylene (0.37 g, 2.46 

mmol) and dipnenylbutadiene (0.51 g, 2.47 mmol) in CH2C12 (10 ml) was stirred at 

room temperature overnight. A white crystalline precipitate forms. The mixture 

was chronatographed directly (hexane :CH 2C12, 1: 1) to give firstly the acenaph- 

thylene adduct (0.58 g, 70%), m.p. 173-174OC (lit. m.p. 173-174°C)3 followed by 

la (an inseparable diastereoisomeric mixture) as a colourless oil (0.41 g, 38%), 

Vmax (liquid film) 1685 (CO) CIU”; 6~ (90 RHz, CDCl3) 0.75-2.30 (18H, m, 
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aliphatic menthyl protons), 4.70 (ltl, dt, J 10 Hz, C$O-), 4.95 (lH, m, CH), 5.90 

(lH, m, Ckl), 6.10-6.40 (Pii, m, 2 x CH), 7.15-7.70 (lOH, m, aromatics). 

Similarly, reaction of ylide 2b gave adduct 4b as a yellow oil (59%), %ax 
(liquid film) 1685 (CO) cm-‘; 6~ (90 MHz, CDC13) 0.80-1.90 (16H, m, aliphatic 

fenchyl protons), 4.45 (lH, be, CHO-), 5.00 (lH, m, CH), 5.95 (Iii, m, CH), 

6.10-6.40 (2H, m, 2 x Ca), 7.20-7.70 (lOH, m, aromatics). 

X-Ray Crystallographic Analysis 

Data for 6a and 10a were collected at room temperature on an Enraf Nonius CAD4 

diffractometer. The relevant details are summarised in Table 1. 

Table 1 Crystallographic details of ooq~~nda 6& und 10a 

Crystal size /mm 

a /A 

b /A 

c /A 

B /O 
V /A3 

Space group 

2 

F(ooO) 

fi /cm-' 

Dcalc /g cm-j 

O range /O 

w: 28 

Scan speed P lain" 

dean angle /O 

n 

K 

1 

We f lect ions measured 

Reflection8 used (P > 0) 

Parameter refined 

Pmax /e Ae3 

R = I( IPoj-jPCl I/l\PoI 

Compound 6a 

0.09 x 0.1s x 0.37 

8.374(2) 

20.888(r) 

10.041(2) 

95.90(2) 

1747(l) 

p2 1 
4 

776 

5.86 

1.42 

3-28 

3:1 

variable, max = 3.30 

0.54 + 0.34 tan 0 

0 + 11 

0 •? 27 

-13 * 13 

4316 

3846 

400 

0.35 

0.066 

Compound 10a 

0.05 x 0.07 x 0.70 

6.877(4) 

11.061 (3) 

30.398(8) 

90.0 

2312 

p212121 

4 

880 

3.58 

1.23 

3-23 

1:l 

variable, max = 3.30 

0.77 + 0.34 tan 9 

0 l 7 

0 + 12 

0 + 33 

1908 

1323 

70 

0.77 

0.180 

The diffraction intensities were corrected for Lorentz and polariaation 

effects. An empirical absorption correction was applied for 6a, and the data of 

10a were corrected for crystal decay (36%). 

Both structures were solved with direct methods16 and refined with SI~ELX~~,~~ 

using blocked matrix (6a) and full-matrix (lOa) least-squares methods. 

Non-hydrogen atoms were refined anisotropically for 6a and isotropically 

for 10a; the hydrogen atoms were included in calculated positions with a common 

isotropic thermal parameter that refined to Uiso = O.lOS(9) A2 for 68 and 

O.l2(3)A’ for 10a. There are two molecules of compound 6 in the asymmetric unit, 

called A and B, with the numbering scheme indicated in the perspective drawing” of 

one molecule (A) shown in Figure 1. A spurious atom, probably crystal water, was 

found in 10a. The molecule is depicted in Pigure 2. 
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The scattering factore were taken from International Tables for 

Crystallography." The final fractional atomic coordinates,* structure factors, 

thermal parameters, bond lengths and bond angles have been deposited with the 

Editors as supplementary data. 
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