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Summary The product ratio in Dials-Alder reactions of a-ohiral dienea has been examined. 
Cycloaddition oi E-3.5-hexadien-2-01 and methyl propynoate gives a mixture of 
all four dlaatereomera. Intramolecular condensation of the related eater (6) was 
completely regioaelective however, and one stereoiaomer predominated by 6.4:l. Similar 
results were obtained for the corresponding secondary smide, for propynoste eaters of a 
homologous chiral dienol, and for a related 3-acetylpropenoate eater. These observations 
sre related to a simple model in uhloh stereoselectivity arises from ainimiaation of 
1,3-alkyl-H interactions at the cycloaddition transition-state. 

stereochemical potential of intra- and intermoleculsr Dlela-Alder resctlons has been 

widely exploited’. This is particularly true for control of the substitution pattern around 

the cyclohexene ring generated in the cycloaddition step. The endo-relationahlp of dienophile 

aubatltuenta to the diene framework affords a powerful measure of atereoaelectivity’. 

Effort has been expended on defining the relative configuration of exo and - 
endo-cyclic aitea in the cyclohexene ring. A majority of examples involve the intramoleculsr 

variant, and the atereochemicsl preference is leas readily defined. Where the chain connecting 

the two reaction site8 la short (i.e. 3-5 atoms) the ring-fused rather than the ring-bridged 

regioiaomer is formed exclusively. The diene-dienophile reaotivlty can vary ovsr a very wide 

range, and introduction of electron-withdrawing groups can reduce the temperature at which 

reaction is feasible by more than 100°C. Not surprisingly, high selectivity 

frequently correlates with higher reactivity. 

DISCUSSION 

The object of the present work was to develop methods for stereoselective synthesis of 

exocyclia atereogenic centrea in substituted cyclohexanea. Current approaches include aldol 

condensations, where stereocontrol la evident in special caaea including molybdenum dienolatea’ 

and cyclohexanedione-derived nucleophilea’; the reaction of cyalohexenylboron compounds with 

aldehydea’; hydrcboration of exocyclic allylic alcohola’;and stereospecific cycliaatlon’. 

The intramolecular Dlela-Alder reaction has been widely employed in natural product 

synthesis. To the extent that aubacitue.nt.8 may perturb the stereochemical course of reaction 

with complex reactants. simple eater-linked diene and dienophile fragments were selected. 

a) Int~lecular reactivity : Intermolecular Dlela-Alder resction between E-3,5-hexadien-2-01 

(11 and methyl propynoate (2) wsa first examined. The former compound was ayntheaiaed by acid- 

catalyaed rearrangement of E-1,4-hexadien-3-01’. 

Cycloaddition did not occur in CDCl, solution at 65oC over a protraoted period. When 

the reaction was carried out in toluene at ambient temperature and 9 kbar pressure, the 

starting materials were consumed. Four peeks were then present in the analytical g.c. trace, 
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none to the extent of >40$ of the total. The major fraction isolated by flash chromatography, 

m/z 183, was evidently still four components in comparable proportions, with an N?4R spectrum 

conslatent with cycloaddition to the diastereomeric cyclohexadienea (4a) - (4d). Regio- - 
selectivity is lacking, as it la in many caaen provided in an extensive survey.’ 
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b) Intrmlecular reaotlvity : The first case to be examined was the acrylate eater of 

E-3,5-hexadien-2-01 (5). This was prepared from the alcohol employing a threefold excess 

of dicyclohexylcarbodlimide and acrylic acid with a catalytic quantity of 4-dimethylamino- 

pyridine” in 51% yield. Attempts to oarry out Diela-Alder reaction of (5) under moderately 

forcing conditions (refluxing xylene, 18 h) led to complete recovery of starting material. 

This encouraged an effort to increase the reaotivity of the dienophilic component by 

preparation of the oorreaponding propynoate (c.f. Figure 1). Initial attempts to prepare the 

ester (6) by the method described above led to its production in admixture with the allylic . 
isomer (7) in comparable quantities. With a short reaction time and minimal excess of 

propynoic acid, the deaired eater was formed to 91% of total product and further purified by 

preparative glc (51 SE30, 1600~). Eater (8) waa formed in a similar manner, and purified by 

silica gel chromatography. 

Cyolocondensation of the eater (6) was then investigated. Reaotion was carried out in 

oarefully degaaaed toluene (to avoid aromatlaation of the product) and shown to be complete. 

after 15 h. The two products (9a) and (9b) were formed in a ratio of 6.4:1. They could be 

separated by preparative g.1.c. (151 OV225, 15, 210°C) giving the minor isomer (9b) pure, 

but the major isomer part-aromatiaed. In a further experiment. the mixture uaa hydrogenated 

with ClRh(PPh,), as catalyst, which proved selective for the diaubstituted double bond. The 

major component (lOa) (derived from (9a)) was isolated pure by preparative g.1.c.. as above. 
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Figure 1. Synthesis and intramolecular Diela-Alder reaction OF dienylpropynoates. 
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The relative stereochemistry of these lactones was assigned by N.m.r.. For compound (9a), 

the results of n.0.e. experiments were ambiguous, but analysis of the reduction product (lOa) 

proved definitive. A full assignwnt of resonances was made through a 2D COSY experiment. 

and the configuration determined by n.0.e.. In particular irradiation of H9 enhances CH, 

(5%) and H2,x (3%) but not Hl. Irradiation of CH, enhances H9. Hl. H2eq (all 3.5%) and also 

H3 eq, permitting only the atruoture indioated (Figure 1). Compound (9b) was assigned 

directly by n.0.e.. Irradiation of Hl caused enhancement of H9 (6.82) and H2 (5%); irradiation 

of H9 gave enhancement at Hl (7.21) but irradiation of CH, did not. Hence Hl and CH, are 

trans-related. in the minor product as indicated (Figure 2). 

Figure 2. Stereochemical assignments on intramolecular Diels-Alder products through 
n.0.e. determinations. 

The Diels-Alder reaction was now performed at ambient temperature and high pressure 

(19 kbr) for 18 h. The crude reaction product indicated quantitative conversion, but the ratio 

of (9a) to (9b) was reduced to 3:l. A’t increased pressure the selectivity is diminished rather 

than enhanced. 

when reaction was carried out with the homologous ester (8). the product was Pound to 

aromatise rather readily. This was best averted by working under 0, - free conditions in 

toluene at 80~. C.1.c. analysis then indicated that the product was 5 96% of one component. 

This was assigned by n.0.e. in the manner previously described, demonstrating that the product 

was (ll), in the same stereochemical series as (9a). As expected, the n.0.e. experiment 

demonstrates that Hl and H9 are remote from one another. 

This sequence of intramolecular Diels-Alder reactions demonstrates firstly that 

acetylenlc substratea are substantially more reactive than their ethylenic counterparts. This 

accords with observations made recently on the closely related achiral compounds (12) and 

(13). The former cycllses at 600~ whereas the latter is unreactive at 240°C.” Bicyclic 

lactone formation occurs readily, with no evident rate penalty arising from the enforced 

rotation of an ester away from its preferred Z-conformationla. Reactions proceed with 

substantial stereoselectivity and complete regloselectivity and increasing the steric bulk 

of the alkyl group adjacent to the eater enhances the degree of discrimination. 

12 13 

Othg reaotantsr It was oP interest to compose the cyolisation behaviour in the related amide 

series. E-2-Amino-3,5-hexadlene (14) was prepared e the trichloracetimldate route” 

starting from E-1,4-hexadien-3-01 (Figure 3). Rearrangement in refluxing tcluene gave a 

mixture of trichloracetamides (15) and (16) in 5 : 2 ratio. These were hydrolysed together 

and the amine isolated by preparative g.1.c. (152 Carbowax 2OM, 15’, 12OOC). Propynamlde 

(17) was then prepared by the standard coupling route. 
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Cyolocondensstion of amide (17) was carried out in toluene at 80%~ for 2 

reaction appeared complete. Analysis of the product by ‘H N.m.r. lndtoated a 

two bicyolic laotams f18a) and (18b). The key features ot their spectra were 

days, when 

6:l mixture of 

very similar to 

those of the corresponding lactones (9af and (9bf, pgmftting stereochemical assignment by 

analogy. The reactivity and selectivity of Diels-Alder reactfon are essentially unaffected by 

altering the bridging entity from ester to secondary amide. 

An earlier experiment involving an acrylate ester had failed to effect cydllsatlon under 

mild conditions. The analogue (19) possessing an activated dienophlie was prepared from 

alcohol (1) and E-3-acetylpropmoic acid in the usual way. It polymerised slowly on standing 

and was therefore stored at -30%. As expected, cyclocondensatlon occurred much mOre 

readily’*, and complete reaction was effected by refiuxing in toluene for 18 h. Since the 

product contains two additional, but correlated, asymmetric centres, there are four possible 

dlastereomerlc products for a reaction which proceed8 ulth complete regiochemical control. 

G.1.o. analyeis (41 OV225. gl. 2OOW) showed four components In the ratio 8:72:16:4. The 

major COmpOneIIt (72%) was isolated from preparative g.1.c. and shown to be (20a). The ‘H 

N.m.r. spectrum wss fully assigned by a 2D COST analysis and further n.0.e. experiments. 

(FigWe 2). Irradiation of H? caused enhancement of CR, <5.3$) Hl (6.8%) and H6 (2.3s); 

irradiation of Ii1 likewise caused enhancement of WI only (6.6s). Thus the main product is 

in the same atereochsmical series as other alkyne cycloadduots discussed earlier. Recently 

the intrsmofecular Diels-Alder rffaction of fumarate (21) was examined in Rt,,O at ambient 

tempsature’“. Reaction proceeded through a double sigmatropic rearrangement to (22) and 

thence to the product (23). This was shown by X-ray crystallography to be a single diastereomer. 

Its configuration is identical to that of the preferred diastereomer (20af in the ocetyl- 

propenoate series. 
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Interpretation of results : In three different series, the intramolecular Diels-Alder reaotion 

gives a single diastereomer predominantly or exoluslvely (Table 1). The relative configuration 

of exo- and endocycllc centres is identical, implying a common source of oontrol. 

Table 1. Stereochalstry of intramolecular Dials-Alder reactions. 

l lS7g; lS7S in this series 

Reaaotant. Produot 

X R Method <lS,9R) I (lS.9.5) I d.e. 

6 0 Ue Heat a7 13 74 

6 0 l4e Ressure 75 25 50 

a 0 i-pr Heat 96 4 92 

17 NH Me Heat 86 14 72 

19* 0 Me Heat >a0 <20 >60 

‘I’bese observation3 may be compared first with intermolecular examples, where aspects of 

sterecselectlvlty have been subject tc extensive recent discussion*. As reported herein, we 

observed that the Dlels-Alder reaction between diene (1) and Clenophile (2) lacked 

dlscrimlnation, since all four possible dlastereomers were formed in comparable amounts. This 

compares with results for acetylenic dienophiles reported and discussed earlier’*“. At 

‘ambient pressure, the selectivity was never greater than 3rl even when regiochemlcal control 

was achieved. The preferred course 1s indicated in Plgure 4 . Interestingly, reaction of the 

same diene with maleic anhydride gives a major product with opposite relative configuration of 

the two stereocentres. Only those cases where the dlene bears an oxygen subatituent adjacent 

to the asymmetric centre give high selectivity, as shown’*. Given the range of stereochemioal 

outcomes, there is a lack of consensus about the correct sterecohemical model for 

intermolecular reactions’d.‘. 

Figure 4. Intermolecular dienol/propynoate Dlels-Alder reaction. 

The intramolecular variant provide3 a constraint whioh llmlts conformational freedom 

around the stereogenlc centrea at the transition-state. This slmpllfles the interpretation 

considerably. There are several literature precedents for stereoselectivity in related 

cycloadditions, where the existing oentre is next to an acyclic diene , and part of the linking 

moiety. The most notable examples relate to intermediates in lndanomycin synthesis.” and the 

relative configuration observed there is the same as 1s observed here. A similar 

ratlonallsation 13 appropriate. One group at the ohiral centre (Figure 5) experiences a 

destabllslng 1.3 H-X contact with H, of the diene. For the disfavcured pathway, X is an 

alkyl group whilst for the favourad pathway it 13 H. This simple steric argument explain3 

why selectivity 1s greater for CH(CH,), than CH,. 
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Figure 5. Sterio effects at the transition-state for dienylpropynoate 
Diela-Alder reactions. 

The model delineated by Figure 5 represents an Intrinsic stereochemical preference, since 

the system Is lightly substituted. It fits well ror the Indanomycin Intermediates, and for 

several other examples In the literature”. The selectivity is generally modest and can be 

negated or overridden by other structural features In tie reactant.“. 
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EKPEBMENTAL 
Infra-red spectra were recorded on a Perkin-Elmer 297 instrument and were calibrated 

against polystyrene (1601 om-*). Absorption maxima are reported in wavenumbers (cm-‘) and are 
classified as strong (a), medium (ml, weak (u) and broad (br). 

Mass spectra were recorded by Dr.R.T. Aplin and his staff In the Dyson Perrins Laboratory 
on V.G. Mcromaaa 16F or ZAB-lF/16F instruments. 

*Ii NMR spectra were reoorded on Varian Gemini 200 (200 MHz), Bruker WH300 (300 MHz) or a 
Buker AH500 (500 MHz) spectrometer. 

Nuclear Overhauser enhancement (n.0.e) difference measurements and ZD-COST experiments 
were performed either on the Bruker WH300 (300 l4Hz) or the Bruka AM500 (500 MHz) Instrument 
using standard procedures. 

Melting points were determined using a Reichert Kofler block and are uncorrected. 
Elemental microanalyses wme performed by Mrs. V. Lambourn of the Dyson PerrIns 

Laboratory. 
Reparative gas-liquid chromatography (g.1.c.) was carried out by Mr. P. WIllIama of the 

Dyson Perrins Laboratory using a Pye Series 105 Automatic Preparative Chromatograph with N, 
at 20 p.s.1. at the inlet and using columns Of 7 mm internal diameter. Analytical g.1.c. was 
perPormed by the author on a Pye-Unicam Series 204 Chromatograph using 3 nxn internal oolumna 
of the types apeoified in the text. 

All solvents were purified before use according to standard procedureaao. 

E-l ,I(-Heradian-3-01 
To magnesium turnings (3.9 g. 0.16 mles) under argon in THP (80 ml) uainn initiation 

by Iodine,-vinyl bromide-(16;05 8; 10.9 ml, 0.15 mole) was added at-a rate which maintained 
gentle reflux. When the addition was oomplete (40 m) the brown aoln. was cooled to O°C 
and a solution of crotonaldehyde (8.5 g, 0.12 mole) in THF (10 ml) was added over 30 m. 
After complete addition the mixture was stirred a further 10 q then NH,Cl (sat, 10 ml) was 
added slowly and with cooling. A green precipitate formed’which was filtered off and washed 
well with Et,O. The filtrate was dried 04gSO.) and evaporated to give a yellow liquid which 
was distilled to give the required dienol (7.5 g, 661) as a oolourlesa liquid b.p. 51-52OC 
114 mp (lit: 86-87OC 100 mn). %,m) 3340 (br, O-H); 990 (C-CH,); 965 (CH-CH); 925 
(C-CH,). 6H (CDCl,) 300 MHz); 5.90 (lH, ddd, J,,,, - 17 , J,b 2 - 10 , Jp,, - 6 Hz.H,); 
5.74 (lH, ddq. J,,. - 16 , 
H,); 5.26 (lH, dt, Jla,lb - 

J,,, - 1 , J,,, - 4 Hz, H,); 5.54 tlH, ddq, J, 6 - 2 , J, , - 7 Hz, 

Me,) ppm. 
1.5 Hz; H,,); 5.12 (lH, dt, H,b); 4.59 (lH, dd. H,); 1.76 (3H, dd, 

E-3,5-Hexadien-2-01 

This material was prepared by the method of Heilbron, Jones et al.’ from (El-1.4-Hexadien 
-3-01. 

E-2-(3,5-Hexadienyl) promoate 

To a mixture of (EC-3,5-hexadien-2-01 (0.5 g, 5 nmioles), propemoio aold (1.08 g, 
15 mpoles) and 4-dImethylamlnopyrIdIne (50 mg) In CH,Cl, (50 ml) was added dicyclohexyl- 
carbodiimide (3.15 g, 30 moles) In CH,Cl, (10 ml). After stirrfng the mixture under argon 
for 3 h the precipitate of dicyclohexylurea was removed by filtration, and the filtrate was 
evaporated to give a partially solid yellow residue. Et,0 (20 ml) was added whioh resulted in 
further solid being precipitated out, this again being removed by filtration. The filtrate was 
concentrated and distilled from trap to bucket (bath temp. 50°C/0.3 mn) to give oolourless 
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E-2-(3,5-heudlenyll) Df’opatollte (0.39 g, 51%). *X (Neat) 1720 (C-0); 993 fC=Cli,); 908 
(CGH,). 6H tCDCl,, 300 MHz): 6.62-6.07 (4H, a, H,, H,,H,a Ha’); 5.83 (lH, d, J,_,b - 10 Hz, 
H,b); 5.72 (tH, dd, J,,, - 15, J, a - 7 liz, H,). 5.48 (IHe da J, i - Ja,, - 6 Hz; fi,); 
5.28-5.10 @If, m, H,, H,b); 1.38 !3 H, d H,) DDm. Zb’Z t(X) 170 (160%. cM+NH,+)* -- 

E-2-(3,5-Hendlenyl) p'oplnoate 
To a mixture of E-3.5-hexadlen-2-01 (2 n. 20 rmzoles). 4-dimethvlaxUOovFidine (100 larl 

and propynoio acid (1.86.mI. 30 laaoles) in CH&l, (30 z&j-at -78~ unds a&on, uas~iddebby 
syringe a solution of dicyolohexyloarbodiimide (5 g) in C&Cl, (15 mI). The solution was 
allowed to warm to room teap. ov8r a period of 4 h during which time the mixture turned a 
dark brown and a preoipitata’formed. Filtration of this mixture using a oannula gave a brown 
solution. The solid residue of diopolohexyluree from the filtration was washed well with 
Et,0 and filtered through a slnter. Combination of the filtrates and evaporation followed by 
dllution with more Et,0 caused the preolpltation of more dioyoIohexylure8 which was removed by 
filtration through a bed of oelite. Concentration of the Et,0 and distillation from trap to 
bucket (bath temp. 52*CI 0.01 rm) gave the colourless E-2-(3,5-hexadleayl) popynoate (1.8 g, 
50%) which by n.m.r. contained 9% of the isomerfo g,E-l-(2,4-hexadienyl) propynate. The 
two materials were separated by glo (SE30. 5X, 8 It, 60°C). (Powid ror E-2-(3,5-hexadienyl) 
propynoate, C, 71.6; H, 6.34; and for E,E-I-(2.4-hexadlenyl) propynoate, C. 71.64; H. 6.86. 
C,H,,O, requires: C, 71.98; H, 6.71%). Spectral data for E.E-t-(2,4-hexadienyl) propynoate: 
vmax (Neat) 3260 (CXH); 2120 (CRC); 1715 (C-0). 6H tCDCl,, 300 ?4Hz): 6.36-6.02 f2H, a, H,H,);. 
5.80 (lH, dq, J, . - 6 t J, , = 14 Hz; H,); 5.63 (lH, dt, J, z - 7 , J, , - 15 Hz, H,); 
4.70 (2H, d, Hi); 2.90 (lH,‘a, C-CE ); 1.80 (3H, d. H,) ppm A/z (CI) 151; (30%. CM+ll+); 168 
(loos, CM+NH,~+). 

_- 

Spectral data for g-2-(3,5-hexadienyl) propynoate: vmax (Neat) 3290 (CZCH); 2111 (CZC); 1708 
(C-0); 1220 (C-O-C); 1000 (C-CH,); 909 (CICH,). 6H (COCl,, 300 MHz)8 6.40-6.23 (2H. m, H; H,); 
5.77-5.63 (lH, m, H,); 5.47 (1H. dq. Jl,.- J,,, - 7 Hz, H,); 5.37-5.15 (2H, m, H,a H,b); 3.90 
(1Ht 8, C-C+; 1.43 (3H, d, H,) PP. 6~ ICDCl,, 62.9 MHz); 152 (C,t); 135; 133; f32 (C-CC); 
118 (C,t); 76 (C&S); 75 (C,ll 73 (C,*) 20 CC,) ppm. m/z (IBEX) 150 (2%. [HI*)! 105 (lOO%,- 
CPhCHCH,]+). 

-_ 

Dl8lS-Alder reaction between E-3.5-Hexsdisn-2-01 and methyl popynoate 

A mixture or E-3,5-Hexadien-2-01 (211 mg) and methyl propynoate (181 mg> in ohlorotorm 
(3 ml) was pressurlsed to 9 kbar pressure at 45vC for 18 h. The q lxture’was evaporated and 
ohromatograpbed in 1:l E&O: heXan to give one major product (160 mg) which by n.ia.r. was 
shown to b8 a mixture Oi all four pos8lbl8 diaSt8r8omaFic Dials&Alder products. GlO analysis 
(4% OV 225, 8 ft. 145*C) of the mixture Drovided oonfirmation with four main peaks being 
observed. kx (Neat) 3420 (br, C-H); 1700 (C-0); 1250 (C-0). 6H (CDCl,, 60 MHz): 7.3-6.9 
(1H. m); 6.2-5.6 (2H, m); 3.80 (3H. 8, O-Me); 3.7-3.4 (1H. m): 3.1-2.6 (3H, m); 1.4-1.2 
f3H, m); ppm. m/z (CI) 183 (lOOf, CM+ll’f; 200 (lo%, CM+NH,I+); 165 (801, IM-OH]+). -- 

Attenpted Diels-Alder reactions of E-2-(3,5-hexadiemyl) prOp8Mat8 

E-2-f3,5-Hexadienylf propenoate (60 mgf was refluxed in xylene (5 ml) for 18 h. After 
this time analysis by t.1.o. (Et,0 or CH,Cl,) and WR showed no evidence of product formation. 

Att8mptS at Lewis acid catalysis using diethylaluminlum chloride resulted Only in 
d8COIIIpOsltlOn of the substrate. 

(lS,VRf- and (lS.9Sf-9-h8thyl-8-OxabiOyO~O~4.3.O~nOna-2,5-dien-?-on8 

S-2-(3,5-H8Xadienyl)-prOpynOat8 (38 mg) in toluene (2 ml) Under argon was refluxed 18 h. 
Solvent was removed, with oar8 being taken to k88p the sample cold, to yield a brown oil 
which by glo analysis (4s 011225, 8 it, 160~) was shown to b8 a mixture oi two isomers in 
ratio 6.4:1 (yield 97%). Separation of the two materials by glo (OV225, 15 ft. 210°C) gave 
the two isOmers of F~8th~l-~O~biUyOlo~4.3.O~noM-2,5-di~-7-On8. The major product,-the 
(lS.9R)-isomer had m.p. 52-56*C (plates). (Found: C, 72.01; H, 6.75; C,H,,O, requires: 
C. 71.98; H, 6.71). velv (CHCl,) 1751 (C-0). 6~ (CDCl.). 300 Ml&): 6.85 flH. m. H.): 5.98-5.72 
(2H;m, H,H,); 4.15 (iii, dq, J; , - 9 , J.,he f’ 
1.57 (3H, d, 9-H8 ) ppm. n.O.e.‘(H,*) 

6 HZ,-H,); 3.11-2.79’(38, ml H;a H,b H,); 

(1.5%) H, (4%).?c (CDCl,. 
* t48 (421, H, (7%)~ H, (4%). H, (2%); (Me)-H, (3%)~ H, 

62.9 MHz): 185 CC,); 132 tC,); 126 CC,); 122 CC,); 80 (C.); 45 (C,): 
28 (C,); 19 (9;Ma) ppm. m/z (CI) 151 (601, CM+ll’fr 168 flDO%. Ch+NH,3’); 106 15%, EM-CO,l+).f 
Spectral data fG the mi;oF product, the (lS,PS)-isomer: 6H (CDCl,, 
5.98-5.72 (2H. m, H, H,); 4.92 (lH, dq, JI,, - J,,M8 

300 l4Ht): 6.90 (lH, m, H,); 

3.11-2.79 (2H, m, H,B 
- 7 Hz, 1.1; 3.73-3.57 (1H. m, H,); 

R,b); 1.16 f3H, d, 9-M8) ppm n.0.8. (H, )- R, (5%). H, (6.8%); (H,*)-H, 
(7.2x1, ~8 (2%); (~8 )- H, (10.2s). H, c13.S?). 

~M8thyl-~oxablcyolo~4.3.O~nona-2,5-di~-7-on8 (130 mg) in THF (3 ml) wapl hydrogenated 
by the standard procedure using tris(trlphenylphosphln8) rhodium OhlOrld8 (25 mg, 3 molf) as 
the catalyst. After 3.5 h the reaction wa8 warked up in the usual manner, ohromatographed in 
2:l hexane: Et,0 and further purified by Pt'8p. gl0 (OV225. 15 it, 200°C) to &five 
f1S,9it)-~yl-S-oxablayoloC4.3.OJnom-S-~-7-cme (plates m.p. 60-62*Cf as a single isomer. 
(Pound: C.70.93; H. 8.32; C,H,,O,‘requir=: C, 71.03; H, 7.95). vmax (Nujol) 1750 (C-0). 6H 
(CDCl,, 300 MHz): 6.82-6.74 (lH, a, H.);, 4.07 (1H. dq, JI,, - 9 Hz, JI,h8 - 7 Hz, H,); 
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2.54-2.36 (lH, m. H,); 2.36-2.30 (lH, m, H 
1. 2.00-1.88 (lH, m, H 

1’::: ;;HHXde!d;l J 
,eq); 

seq); 2.26-2.13 (lH, a, H.ax); 2.09-2.02 

(32), l4e’(51&H:a? ;t,Ji;:%; 
_ J*a,ze 

1.63-1.50 (1B, 11111, H,ax)r 1.50 (3H, d, 9-We)/ 
i 12 Ha, J,a,,e - ‘1 HZ, Hzax) ppm. n.0.e.E. )- Hxax 

H 
CM-CO,l’). 

leq (3.52). H, (3.51). ~i’2 (IBEI) 152 (61, CM]+); 108 (1005, 

To a solution of isopropylmagneslum bromide prepared in THF (25 ml) from magnesium 
(0.44 g) and P-bromopropane (2.25 g) was added E-pentadienal (1.5 g) in THF (10 ml) prepared 
by the method of Woods et al”. After 2 h stirring at room temp., ater (3m.l) was added 
carefully, then lZt,O f5rmn. me mixture was filtered and the magnesium salts washed with 
with more Et,O. The combined organics were washed with water (5 ml), dried (HgSO.) and 
ooncentrated to give a orude matglal (1.5 R) which decomDosad uoon attemoted chromatonraohv 
to give bnly 0.3-g of the pure g-2-eethyl~h&,a-4,6-dl~-~-ol as’a slightly y&or liquid= - 
(b-p. 5OW 0.5 am). The material was therefore used in its crude form in the ensuing 
reactions. tix (Neat) 3390 (br, O-H); 1362 (Me,C); 1350 (He&); 905 (C-CH,).. 6H CCkl,, 60 
HHz): 6.46-4.88 (5H, m, H,H,H,H,aH,b); 3.88 (1H. dd, J,,, - J,,, - 5 Hz, H,); 1.75 (1H. dqq, 
J1.z - J,,He - 7 Hz. H,); 0.93 (3H, d. H,); 0.87 (3H. d, 2-k) ppm. m/z (CI) 144 (151, 
CM+NH,]+); 126 (lS$, Cl41+)109 (loo%, [M-OH]‘). 

E-3-(2-Hethylhepts-4,6-diay1) propynoate 

A solution was prepared of E-2-methyl-hepta-4,6-dlen-3-01 (0.75 g), propynolc acid 
(0.5 g, 430 ul) and 4-dlmethylamlnopyrIdIne (50 mg) in CH,Cl, ( 6 ml). This was cooled to 
-78V and to lt wss added dropwise a solution of dloyclohexyloarbodllmide (1.5 g) in 
CH,Cl, 3 ml). The solution was warmed slowly over 4 h, going black and throwing down a 
precipitate upon approaohlng room temp. The mixture was diluted wlth 5 volumes of Et,O, 
filtered, and the filtrates concentrated to give a dark red 011. Flash ohromatography in 5:2 
hexane : CH,Cl, changing to neat CH,Cl, gave a poor yield of E-3-(2aethylhepta-4,6-dlaYl) 

oate (250 mg, 251). (Found: C, 74.28; H, 8.26: C,,H,.O, requires C. 74.13; H, 7.92). 
=-?--- kx Neat) 3280 (CCH); 2116 (CC); 1708 (C-0); 1390 Me&); 1370 (Me&). 6H (CDCl,), ,300 
MHz); 6.39-6.26 (2H. m, H, H,); 5.62 (1H, dd, J;,, - 15 , J,,, - 7 Hz. ii,); 5.32-5.12 (2H, 
m, Hla H7b); 2.87 (1H. 8, CCH); 1.97 (lH, qq, J, 1 - 6 HZ, Ha); 0.98 (3H, dr J, Me _ 6 Ha, 
2-Me); 0.95 (3H, d, H,) ppm.-m/z (CI) 196 (lOO1,‘CWNHnr,l’); 179 (2511 CM+ll*): iO9 (151, 
CM~H,CO,l+). 

-- 

E-3-(2+fethylhepta-4,6-dienyl) propynoate (25 mg) in degassed toluene (1.5 ml) was 
heated under argon at 75OC for 18 h. Clc analysis (4% OV225, 8 ft., 170°C) at’this stage 
showed the material to have been converted quantitatively into a 97:3 mixture of the two 
Isomers of ~1S,9R~-9-~1~-methylethyl~-8-orblcyolo[4,3,O~o~-2,5-di~-7~e. tix (NuJo~) 1745 
(C-0). 6H (CDCl,, 300 MHz): 6.88-6.77 (lH, ID. H,); 5.97-5.77 (2H. m. H, H,); 3.86 (lH, dd, 
J, 1~ - 10 Hz, H,); 3.25-2.76 (3H, m, H, H,, H,b); 2.02 (lH, dqq, J,I,,* - J,v,,I - 6 Hz, H,I) 
1.12 (3H. d, HI,); 1.06 (3H, d, H,t) ppm. n.0.e. (Hl’*)- H1 (5.3%), H, (4.15). Me (8.81); 
(He*) - H, (62); (H,*) - H,t (451, H, (4S);Me (5.61); (Me ) - H, (2.91), H,* (5%). H, 
(2.42), H, (2.91), __ m/z (CI) 196 (100%. Ct4WH,J4); 179 (601. CM+ll*); 106 (205). 

E-3-(1,4-HexadlQlyl)-trlohloroaoetlmidate 

This material was prepared by a modlfioation of the method of Overman.” 
Potassium hydride (160 mg, 15 mol$) WBS washed with dry hexane, filtered by cannula 

filtration and dried on the vacuum line. This was added as a slurry In hexane (5 ml) to a 
solution of (El-1,4-hexadlen-3-01 (3.0 g) In THF (24 ml) under argon at -1OOC. The solution 
quickly turned yellow and hydrogen was evolved. After all the base had dissolved, the 
alcohol/alcoholate mixture was transferred dropwlse by cannula into a solution of 
trlchloroacetonltrile (2.9 ml) in dry Et,0 at -1OOC whereupon a dirty brown preclpltate 
appeared. The solution was warmed over 30 m to room temp. 

The material was conoentrated to one quarter of its volume and hexane (120 ml) containing 
methanol (0.75 ml) was added. A dark precipitate settled out and the clear orange supernatant 
solution was ocllected by filtration and concentrated to give an orange/brown 011 (6.25 g, 84%) 
which was stored at -3O’T to suppress isomerisatlon. bax (Neat) 3340 (N-H); 1661 (C-011 968 
(CH-CH); 930 (c=cH,). 6H (CDCl,, 60 MHz): 8.17 (lH, br s, N-H); 6.05-5.02 (5H, m. HIa H,b H, 
H.H,); 1.68 (3H, d, J,,, - 5.5 Hz, H,). 

E-2-(3,5-Hexadlenylj-trlohloroacetsmlde 

The crude trichloroacetlmldate (117 ms) was refluxed in toluene (3 CM). the reaction 
being followed by t.1.c. (Et,O). After 3 ii the solvent was removed to glie a mixture of 
E-2-(3,5-hexadienyl)-trfohloroaoetilde and g,E-1-(2,4-hexadlcnylj-trlohloroacet.a=lde 
(auant.) in ratio of 5:2. Q,,~~ (Neat) 3418 (N-H): 1698 (C-0); 1001 (CH-Cli); 905 (C-CH,). 6~ 
&Cl,* 300 MHZ): 6.55 (lH,% s, N-g); 6.40-6.20 (2H, m, H, H;)I 5.68 (lH,dd. J, * 1-14 Hz, 
J, I - 5 Hz. H,): 5.32-5.12 (2 H. m, H,, H.b); 4.60 (lH, dq, J,,. - 6 Hz. Jl,# - 12 Hz; Hz); 
1.38 (3H. d, H,) ppm. 
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E-2-Amino-3,5-hexulise 

The mixture of trlchloroaoetamides obtained Prom the Overman rearrangsllent (1.5 g, m 
infra) was stirred with aqueous caustic soda (W, 5 ml) for 18 h. The brown oil which formed 
athe surface of the aqueous phase use extracted into Et,0 (2 x 20 ml), dried MgSO,), and 
concentrated on an ice/water bath to give a brown orude aample of amine8 lwthe ratio 5:2 (0.6 
8, quant). The material was separated by prep. g.1.c. (CIQOM, 15 it, 15s. 120°C) with poor 
efpiciency to glve E-2-limo-3,5-hexadlane (98 xgl and R.R-l-amino-2,4-hexmdi~e. 
Spectral data Por E-2-amino-3.5-hexadiene: bax (CDCl,) 3375; 3305 (-NH,). 6H (CDCl,), 300 
MHz): 6.39-6.07 (2H. m. H, H,); 5.71 (lH, dd, J,,. - 15 Hz, J.,. - 6 Hxr H,); 5.16 (1H, dd, 

Jr, .a = 17 Hz, J.a,.b = 1 Hz, H,,);‘5.04 (lH, dd, J. .b - 10 Hz, H.b); 3.54 (1H, dq, J, 1 - 
7 Hz, J,;, - 7 Hz, H,); 1.46 (2H, br s, NH,); 1.18 (SH, d, H,) ppm. 6~ (CDCl,, 62.9 MHz): 140; 
137; 128 (C-C_); 116 (C,): 49 (C,); 24 (C,T ppm. 

E-2-(3.5-Hexadienyl) propynamlde 

A solution oP (El-2-amino-3,5-hexadlene (130 mg). propynolc acid (117 me), and 
4-dlmethylamlnopyridlne (20 mg) was cooled to -4OOC. Dlcyolohexyloarbcdiimide (300 mg) in 
CH,Cl, was added to this by syringe and the mixture was warmed to room temp. over 2.5 h. Et,0 
(6 volumes) was added and the eupernatant liquid was isolated by filtration and COnCentreted. 
Flash chromatography in Et,0 gave E-2-(3,5_hexadlayll propynmmide (168 mg, 842) as a 
yellowish 011. vmax (Neat) 3250 (CCH); 2120 (CC); 1635 (C-0). 6R (CDCl,, 300 MRz): 6.31-6.14 
(2H, m, H, H,); 6.10 (lH, br a., N-H); 5.68 (lH, dd, J,,, - 15 , J.,B - 4 Hz, H,); 5.25 (1H, 
d, Js,. - 16 Hz, H,,); 5.08 (lH, d, J,,,b - 9 Hz, H,b); 4.67 (1H, dq, J,,, - 7 Hz, J, , - 14 
Hz, H,); 2.82 (1H. si, CCH); 1.31 (3H, d, H,) ppm. 6C (CDCl,. 62.9 MHz): 153 (C,.); 138; 135: 
132 (C-C); 120 (C,); 81 (C,I); 79 (C,l); 75 (C,); 22 CC,) ppm. m/z (CI) 150 (100*, CH+ll*). 

(lS,9R)- and (1S,9S)-FF!ethyl-8-axablcyclo~4,3,Olnona-2~5-dlsn-7-one 

E-2-(3,5-Hexadienyl) propynamlde (50 mg) in degassed toluene (2 ml) was heated at 80°C 
under argon Por 2 daya. 0.1.0. analysis (4s 0V225, 8 it, 200°C) showed the reaction to give 
the desired 9-methyl-8-azabioyolo[4,3,O~ona-2,5%llan-7~e in 85) yield BJ a 6:l mixture of two 
dlaetereomere (plates m.p. %-98oC). vmax (Nujol) 3420 (N-H); 1682 (C-0). 6H (CDCl,, 300 IfHx): 
6.63-6.55 (lH, m, H,); 5.94-5.87 (2H. m, H, H,); 3.44 (lH, m, H,); 2.96-2.77 (3H, m1H.a H=b HI); 
1.39 (3H, d, J.,ge = 7 HZ, 9-E) PPm. __ m/a WI) 150 (loo), CM+I~+); 148 (POS, GM-11'). 

A mixture containing (E)-3,5-hexadien-2-01 (0.5 g), (E)-3-acetylpropenoio acid (0.67 6). 
and 4-dimethylaminopyridine (50 mg) was prepared in CH,Cl, (10 ml). To this mixture was 
added dicyclohexylcarbodllmlde (1.1 g) in CH,Cl, (10 ml). The solution quickly turned orange 
then brown, and a precipitate appeared. 

Alter stirring overnight under argon , a large quantity of Et,0 was added and precipitated 
dlcyclohexylurea removed by Plltration. Evaporation of the Piltrate gave a reddish brown 011 
which was puritled by Plash chromatography in 3:l hexane: Et,0 to give E,E-2-(3,5-hexadlanyl)- 
3-aoetylpropenoate as a yellow 011 (785 mg, 792). This material was Pound to polymeriee slowly 
on standing at room temp. and consequently was stored at -3OOC. vmax (Neat) 1720 (C-O. ester): 
1681 (c-0); 980 (CHICH); 918 (C=CH,). dH (CDCl,, 300 MHz): 7.05 (lH, d, J,~,,I - 16 Hz, H,I); 
6.65 (lH, d, H,t); 6.40-6.23 (2H, m, H, H,); 5.78-5.65 (lH, m; H,); 5.52 (lH, dq, J,,* = J, , 
- 7 Hz, H,); 5.31-5.15 (2H. q , H,, H,b); 2.38 (3H, s, !4eCO-1; 1.43 (3H. d, H,) ppm. m/z (Cf) 
195 (121, Cn+il+); 212 (8%. CM+NH,~+); 98 (901, WX,CHCHCHCH(OH)CH,I*~; 81 (1001, [if-EH, 
CHCHCHCHCH,l+) 

Dlele-Aide reaction of E,E-2-(3,5-hexadlemyl)-3-aoetylpropenoate 

(E,E)-2-(3,5-Hexadienyl) 3-acetylpropenoate (40 mg) in toluene (5 ml) was refluxed under 
argon for 18 h. Evaporation to dryness gave (lR,2R,6R,7R)-2-acetyl-7-methyl-8-oxablcyolo 
[4.3.03non;4-en-Fone as a white solid product (38 mg, 95%). 

G.1.c. analysis oP this material (4s 011225, 8 it, 2OO’C) showed it to be a mixture of 
Pour dlaetereomers A.B,C,D in the ratio 8:72:16.4. Preparative g.1.c. (Silicone oil, 152, 
15 Pt. 220°C) gave a small amount of the major component B (microplates m.p. 85-89OC) which 
98s assigned by n.0.e. and COSY experiments. umax (CHCl,) 1765 (C-O, ester): 1710 (C-O, 
ketone). 6H (CDCl,. 300 MHz): 5.82 (2H, s, H, H,); 4.23 (lH, dq. Jl,, - 11 , J, Re - 6 Hz. 
H,); 2.71 SlH, dd, J, l - Jl,, - 12 Hz, H,); 2.36 OH e, 5-CCMe); 1.48 (3H, d. !Wle) ppm. 
n.0.e. (H, ) - Me (5.511, H, (6.81). H, (2.31); (H, 1 - H, (6x1). m/z (IBEI) 19471OS. lM*); 
151 (25g, CM-CH,CO]+); 107 (301, [!4-CH,C-O-CO,]+); 79 (1OOS); consist& with structure (2Oa). 
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