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Ab&u&-The Die&Adkr m&ion between 6mcthoxy-l,2,3,4,7,&hcxahydronaphthalene and ethyl 
acrylate has been used to dkct an entry imto the &Id of $4a-ct hawkahydronaphthak com- 
pounds. T~fo~tio~ leading to fmcthyl~f4althanoy~~~~e. a model for 
rings B, C and D of atisine, arc described. 

THE 1,ddihydroaromatic compounds obtained by the metal in ammonia reduction 
of a wide range of aromatic substrates, have, until recently,’ been little investigated 
as starting materials for Die&Alder syntheses. The present paper describes one of 
a series of such applications which have been studied, the synthetic objective in this 
case being the tricyclic olefin or), a model for rings B, C and D of the diterpcne 
alkaloid, atisine. Some of the results of these investigations have been briefly reported 
elsewhere.’ 

The equilibration of 6-methoxy-1,2,3,4,5,8-hexahydronaphthalent (I) with potass- 
amide in liquid ammonia* or with potassium t-amyloxidc in t-amyi alcohol:’ gave a 
mixture containing up to 70% of the horno~n~~ conjugated dienol ether (II).” 
This mixture always contained some aromatic material, in spite of stringent pre- 
cautions to exclude air. Reaction of this material, without further purification, with 
ethyl acrylate at elevated temperatures gave a moderate yield of the isomeric esters 
(III and IV, R = Et), in the ratio of 3: 1 as estimated by GLC analysis and NMR 
spectroscopy (see below). 

The modest yields in this reaction, coupled with the chance observation that the 
equilibrium I z+ II could be initiated by heating in a glass vessel, led us to investigate 
the use of the unconjugated dienol ether I directly in the Diels-Alder reaction, 
with the expectation that the conjugated isomer II, produced in situ, could be removed 
efficiently by reaction with ethyl acrylate, thus avoiding the production of aromatic 
compounds by side reactions. When I was heated in a sealed tube with ethyl acrylate, 
a high yield of the mixed esters (Ill and IV, R = Et) was obtained. Similar in situ 

l Present adti: Chemistry Dcpartmcnt, University of Lancas&. 

’ A. J. Birch and P. Hut&. Aurrraf. 1. Ckm. I),% (19M); A. J. Birch, D. N. Butk and J. B. 
Siddall, 1. Chrm. Sot. 2939.2941 (1964); W. Kankk and N. A. J. Rogas, Unpubbbai work; 
K, L. Rabone and N. A. J. Rogas, Ckm. unrfinsi. 1838 (i%S); A. J. Birch and J. S. Hi&i. Ckm. 
sec. (cf. 419 (1966). 

’ A. A. Othman and N. A. 1. Rm Temak&on Z.&fen 1339 (1963). 
’ A. J. Birch, E M. A. Shoukry and F. Stand&Id, 1. Glum. Ser. 5376 (1961). 
’ R. 8. Bates, R. H. Curighan and C. E. Stapkr, J. Amer. Ckm. Sot. 85,3030 (1963). 
’ cf. N. A. J. Rogers and A. Sattar. Te~nahedror kttrrs 1311 (1964). 
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isomerizations and Diels-Alder reactions have been investigated and will be reported 
1ater.O 

The esters (III and IV, R = Et) were found to be stable to the conditions of the 
Diels-Alder reaction, and indeed were not interconverted, even at much higher 
temperatures. They are therefore formed by kinetically controlled processes, and it 
follows from the Arrhenius equation’ that the proportion of the more readily produced 
isomer in the product (III, see below), should be increased at lower temperatures. 
In practice it was only found possible to increase the amount of e&-isomer III 
in the product to 80 % by conducting the reaction under rcflux for an extended period 
of time. 

Hydrolysis of the product gave a mixture of the acids (III and IV, R = H), 
which could only be separated by very careful chromatography on silica gel. The 
separation could easily be followed by NMR spectroscopic analysis of the chro- 
matographic fractions, and integration of the two vinyl proton signals (d 57l-endo; 
~5 592-exe ppm). 

The structures of the two adducts were established in the following way. That 
III and IV were related as an endo-oxo pair was readily demonstrated by equilibration 
of the methyl esters using potassium t-butoxide in t-butanol.8 The equilibrium 
constant for this reaction slightly favoured the endo-isomer III. This and other 
equilibria in this series will be reported in detail elsewhere.@ 

The endoconfiguration of the carboxyl group in the more abundant product 
was suggested by the products of hydrogenation (see below), and established by a 
study of the NMR spectra of the acids and their methyl cstcrs.* Thus the two acids 
exhibited vinyl proton signals at 6 567 and 5.78 ppm respectively, while the corre- 
sponding methyl esters exhibited methyl signals at 8 3.53 and 364 ppm respectively. 
The high-field signals (8 5.67 and 3.53 ppm) can be assigned to the endo-isomers, 
shielding of the methyl protons by the double bond, and of the vinyl proton by the 
carbonyl group being anticipated. I1 This situation is illustrated in Fig. 1. 

l The reportcdD formation of an iodolactone from III. to which the structure i was assigned, 
cannot be rcgardcd as evidence for an cndocontiguration of the carboxyl group, since the exe-isomer 
IV has been shown to give a product with very similar properties under the same conditions. It seems 
most likely that the structures of these two iodolactoncs arc ii and iii. arising by rearrangemcnI.*0 It is 
of interest that the IR spectrum of the mother liquors from iodolactoniration of the m&acid III 
suggested the presmcc of a &lactonc (I 780 cm-‘), possibly iv. 

I II 111 iv 

@ K. L. Rabonc, M. A. Q-m. W. Kernick and N. A. J. Rogm. Unpublishal work. 
t A. A. Frost and R. G. Pearson. Ki~icr omf Mechanism 2nd Ed., p. 23. J. Wiky. New York (1961). 
a A. C. Cope, E. Cinganek and N. A. Lelkl. /. Amer. Chem. Sot. 81, 2799 (1959). 
* R. Ncwsrcad, M. A. Qassccm and N. A. J. Rogers. Unpublished work. 

“cf. C. D. dcr Nooy and C. S. Rondatvcdt, 1. Amer. Chcm. Sot. 77, 3583 (1955). 

I1 cf. A. H. Kapadi and S. Dcv, Tefruhcdron Leffcrs 1171 (1964); 0. L. Chapman, H. G. Smith and 
R. W. King, 1. Anur. Chcm. Sot. 85, 806 (l%3). 
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The single vinyl proton signal at b 5.67 ppm, and the retention of the methoxyl 
group on treatment with acid, essentially confirm the position of the double-bond 
and the angular methoxyl group. The position of the double bond was further 
confirmed by an independent chemical method, before the availability of NMR 
facilities. Thus, treatment of the acid (III, R - H) with osmium tetroxide resulted 
in the formation of a glycol to which the structure IX was assigned by analogy 
with the results of hydrogenation (see below). Further oxidation with lead tetraacetate 
yielded a single product, the (nujol) IR spectrum of which suggested the lactol 

I-m. 1. 

structure XI. The solution IR spectrum suggested that this compound was in qui- 
librium with the open chain compound X. The certain identification of the six- 
membered ring carbonyl group was made difficult by the possible presence of a 
carboxylic acid absorption in the same region of the spectrum. The above degradative 
procedure was therefore repeated on the corresponding primary alcohol XIII, when 
the IR spectrum of the product unambiguously indicated the presence of saturated 
carbonyl (1705 cm-l) and aldehyde (1735 cm-l), the low intensity of the latter 
absorption suggesting the intervention of the hemiacetal form XV. 

These observations are best accounted for in terms of the structure (III, R = H) 
for the more abundant Diels-Alder adduct, but do not absolutely rule out the presence 
of a C,-endocarboxyl group (equilibrium involving structure of type XV. The 
position of the carboxylic acid group was established in the following way. The 
structure to be expected on the basis of experience with the Diels-Alder reaction 
(III, R = H),” would lead to two consequences: (i) the related hydroxy ester (XVI, 
R = OH, R’ = Me) would be expected lo show evidence of intramokular hydrogen- 
bonding, and (ii) the hydroxy acid (XVI, R :.: OH, R’ = H) would be expected to 
be a stronger acid than the corresponding methoxy acid (VI, R = H) by virtue of 
hydrogen-bonding in the anion. These predictions are illustrated in Fig. 2. 

I* A. Wascrmann. Die/s-Akkr Reactions p. 31. Elsevia (1965). 
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FK. 2. 

At concentrations of the order of lO-a molar in carbon tetrachloride the hydroxy 
ester showed strong absorption at 3532 cm-’ (bonded OH) and weaker absorption 
at 3593 cm-l (unbonded OH). This result was supported by a study of the NMR 
spectrum of the hydroxy ester in solution in carbon tetrachloride. This revealed two 
methyl ester signals, at d 4.12 and 4.16 ppm, integration suggesting a ratio of about 
1:3. This would be in accord with a preponderance of hydrogen-bonded ester 
groups, the bonding causing slight deshielding of the methyl protons. 

The pKa’s of three related acids (measured in aqueous methanol) are shown in 
Table 1. The expected trend in acid strength is clearly observed. That this increase 

Acid PKa 

XVI, R = R’ 2 H 6.45 
VI, R - H 5.90 

XVI, R - OH, R’ = H 5.45 
HOCH,CO,H 3.83’ 
MCOCH,CO,H 3.48. 

l SccRcf. 13. 

in acid strength is not associated merely with inductive effects is shown by the last 
two entries in Table 1. 

Hydrogenation of the acid (III, R = H) under atmospheric pressure, led to a 
single product in high yield. Hydrogenation of the isomeric acid (IV, R = H) on 
the other hand, gave a low-melting product, which, after esterification with diazo- 
methane revealed the presence of two compounds in about equal proportions on 
GLC analysis. These findings are fully in accord with the stereochemistry assigned 
to III and IV. Thus, in the case of the endo-isomer III, approach of the double bond 
to the catalyst surface would be expected to be hindered on the a-face of the molecule 
by the bulky carboxyl group, hydrogenation therefore leading to the 8aO_product 
exclusively (VI, R = H). The double bond in the exe-isomer (IV, R = H) on the 
other hand, should be equally accessible from either face, hydrogenation therefore 
leading to approximately equal amounts of the isomers (VII, R := H) and (VIII, 
R = H). Support for these conclusions was forthcoming from a study of the base- 
catalysed isomerization of the saturated ester (VI, R = Me), which lead to the 
production of a new ester, with a retention time on GLC identical with that of one 
of the products of hydrogenation of the exeunsaturated ester (IV, R = Me). 

As a result of these studies, it became clear that 2-mcthoxy-2@),4a(#ethano- 
8a(&decahydronaphthalene-3(+carboxylic acid (VI, R = H), was the only one of 

’ H. zimmamonn. J. Amer. Cium. Sot. 7&1168 (1956). 
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Three methods were used for the conversion of the acids to the olcfin XXIII. These 
were : 

(a) Reduction with lithium aluminium hydride to a mixture of the alcohols 
(XVIII, R = OH), which with trifhroroacetic anhydridp gave the trifluoroacetates 
(XVIII, R = OCOCFJ. Pyrolysis at 400°,Ls followed by column chromatography 
gave 3-methylene-2(B),4a(thano-8a(&licahydronaphthalene (XXIII) in moderate 
yield. The product was homogeneous to GLC apart from a minute trace of impurity 
of shorter retention time. 

(b) Conversion of the acids, through the acid chlorides, to the dimethylamides, 
followed by reduction with lithium aluminium hydride to the dimethyl amines 
(XVIII, R - NMeJ. Oxidation to the amine oxides, followed by pyrolysisa gave 
the olefin XXIII in poor yield. 

(c) Conversion of the acids to the corresponding acid chlorides, followed by 
treatment with bromine= gave the bromo acid chloride XIX. Hydrolysis with 
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” E. J. Boumc, J. C. Tatlow and C. E. H. Tatlow, 1. Chem. Sot. 1367 (1950). 
a cf. C. H. DcPuy and R. W. King, /. Amer. Chcm. Sot. 83,215 (1961). 
” H. Kwart and G. Null, /. Amer. Chem. Sot. al,2765 (1959). 
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sodium bicarbonate yielded the hydroxy acid XX. The stereochemistry shown was 
assigned to these compounds on the basis of the following arguments. Bromination 
of the acid chloride must proceed via the enol XXIV, in which the (a>face is seen 
to be shielded from attack by the carbon atoms of the unsubstitutcd cyclohexanc 
ring. Basecatalysed hydrolysis of a-halo acids is known in other cases= to proceed 
via an a-lactone intermediate XXV, with consequent retention of configuration. 
Lithium aluminium hydride reduction of the hydroxy acid XX, followed by periodic 
cleavage of the resulting glycol XXI gave the ketone, 2(8),4a(B)-erhano_8a(B)- 
decuhydronuphthulene-3-one (XXIII). A Wittig reaction with methylene triphenyl 
phosphoram? gave the olefin XXIII as an oil, homogeneous to GLC. 

Further aspects of this synthetic approach, of general interest, will be described 
in subsequent papers. The overall synthetic objectives, however, have been abandoned 
in light of the recent successfully completed synthetic essays in the diterpene alkaloid 
field.” 
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EXPERIMENTAL 

All m.p arc wwrrcctcd. NMR spa%ra were measured on a Varian A-60 spearometa. GLC 
analyses were performed on a Pyc Argon chromatograph. the stationary phase being polycthyknc 
glycol adipate (PEGA) unless othawisc indicated. Light pet. rcfm to the fraction boiling bchvan 
40 and 60”. 

U W. A. Cowdrcy. E. D. Hughes and C. K. Ingold, 1. Gem. Sot. 1208 (1937). 
.a S. Trippett. A&vue~ h Or;pMic Chemirfry. hi&o& and Resnh. Vol. I, p. 98. 
” S. Masamune. J. Amer. Ckm. Sot. 86,290. 291 (1964); S. W. PelI&r and P. C. Parthasrathy, 

Terrahdron Ltrrers 205 (1963); W. Nagata CI oL J. Amer. Chem. Sot. 85.2342 (1%3); 2. Vaknta. 
K. WicsnerandC. M. Woq. Tefrakdron~rfers2437(1964); R. W.Guttuie,A. Philipp,Z. Vaknta 
and K. Wiuncr, Ibid. 2945 (196S). 



w A. A. OIHUAN, M. A. QUSU and N. A. J. RCSERS 

(a) To a soln of potassamidc (from 40 g P) in liquid NH, (2.5 I.). was added a solution of chc 
uaconjugatcd dicnc (1.35 gl in dry 1.2dimahoxyethanc (200 ml), the rcztion being conducted under 
dry N,. A deep red colour was immediately established. and stirring was continued for 1.5 hr. 
EtOH was then added to destroy the colour, followed by brine until no further violent evaporation 
azcurmd. Extraction with ether gave an oil (33 g) which on CLC showed peaks attributable to 
bme(hoxy-l.~3.4.7,8-huLahy&onaphthaknc (II, 76x), the starting material (I, 16%). bmahoxy- 
1.2,3,4-tctrahydronaphthaknc (3.5%) and bmethoxy-1,2,3,7,8.9-hcxahydronaphthakne (4.5%): 
The product had &,.x 270 rnp (c-.x 3280); u-.x 1680 and 1625 cm’. characteristic of the homo- 
annular conjugated diene (II). 

(b) To a solution of potassium t-amyloxide (from 2.5 g K) in t-amyl alcohol (SO ml), under dry 
N,, was added the hexalin (1, S g). and the mixture stirred at 100” for 4 hr. Removal of solvent, and 
a-ion with ether led to the isolation of an oil (4.35 g), of similar composition to that described 
under (a). The hetcroannular dienc was not observed using this procedure. 

Diets-Atder reaction us& the equilibrated dienes 

(a) A mixturc of the equilibrated dicncs (26 g) ethyl acrylatc (45 ml), and hydroquinonc (1 g) was 
heated in a scaled tube. at ISO”, under N,. for 36 hr. The volatile materials were removed in MCUO 
and the resulting dark oil distilled to give a nearly colourlm product (16 g); b.p. 1 IO-120”/0~1 mm; 
x-.x 1730 (CO,Et), and 1105 (OMe) cm-i. The NMR spectrum showed signals at d 5.67 (en&isomer) 
and 5.78 (exe-isomer ) ppm, integrating for and endo-exo ratio of 3: 1. GLC on Apicxon L indicated 
the prcsencc of two substances in this ratio. 

(b) A mixture of the dicncs (4 g). ethyl acrylate (15 ml) and hydroquinone (2%) mg) was ret’luxed 
(110”). under N, for 48 hr. The product (3 g) exhibited an endo-exo ratio of 4: 1. 

In situ isomerizarion and Dieb-Alder reaction of the unconjrCgared hexxolin (I) 

(a) A mixture of the mcthoxy-hexalin (I. 14 g), ethyl acrylate (25 ml) and hydroquinone (OS g) 
was heated in a scaled tube to ISS”. uner N, for 36 hr. The product, after distillation (16 g). was 
identical in all respects with the mixture obtained under (a) above. 

(b) A mixture of the mrthoxy-hexalin (I, 15 g), ethyl acrylate (30 ml), and hydroquinonc (0.5 g) 
was heated to 1 lo” under N,, in a scaled tube for 6 days. The product after distillation (22 g) was 
identical with that obtained under(b) above. 

Hydrolysis of the mixed esters (12.35 g) in aqueous-alcoholic KOH gave a crude mixture of the 
endo- and cxo-acids as a yellow gum. Careful chromatography on silica gel gave, on eluting with 
ether-light pet. (1:4) the l xo-acid (IV, R = H). (l-5 g), m.p. 118-l 19”, *me= 1700 (CO,H) and 1105 
(OMc) cm-i. The NMR spectrum showed signals at b S.92 (broad, vinyl proton) and 3.38 (OMe) 
ppm. (Found: C. 71.17; H. 8.65. C,,H,O,rcquircs: C, 71.16; H, 8.S3%.) The methyl ester of his 
acid showed a single peak on GLC on Apicxon-L. 

Further clution with the same solvent gave a mixture of isomers (15 g), and clution with ether-light 
pet. (I :2) gave the endwcid(III, R = H), (8 g), m.p. lO4-104.5”. ~rn~z 1700 (C0.H) and 110s (OMe) 
cm-*. The NMR spectrum showed signals at d 5.71 (broad, vinyl proton) and 3.34 (OMc) ppm. 
(Found: C. 70.8; H, 8.2. ClrHtoOl requires: C. 71.26; H. 8.53 %.) The methyl cater showed a singk 
p&c on GLC on Apiuon-L. 

Oxidatiw &gr&rion of the endoacid (III, R - H) 

A solution of the acid (III. R = H, 230 mg) and OsO, (200 mg) in dry ether (35 ml) and dry 
pyridinc (I .2 ml) was heated under rctlux for 1 hr and then left overnight at room tanp. The solvents 
were removed In LWCUO and the residue shaken with a solution of mannitol(5 g) in 10% KOH (50 ml) 
for 12 hr. Acidification followed by extraction with ether gave a green crystalline solid. Heating 
to 100” with aqucoluJlcoholic Na$iO, for O-S hr. followed by acid&cation and axtraction with ether 
gave the UC&&glycol (IX, 134 mg). which was rcayatalhmd from light pa. m.p. 150-1S2°. (Found: 
C, 61.21; H. 8.54. C,,H.,O, requires: C. 62.2; H. 8.2%) 

This material was dissolved in gakial A&H (5 g). (AcG),Pb (2DOmg) ad&d and the solution 
stirred for 2 days. Removal of the volatile materials in oocw. followed by addition of brine and 
extraction with ether gave the spiroundecanone (XI) as a solid (87 mg): m.p. 16&162”. t_x (CH,Cl& 
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By using a krgcrcxass of HI, and a catalytic quantity of red P. the iodoacid (XVI, R = I, R’ - H) 
could be obtained as the sole product of this reaction. 

(b) The acid (VI. R - H. 417 mg) was dissolved in the minimum quantity of glacial AcOH. 
Redistilled HBr (48 %, 1 I g) was added, and the mixture hcatcd to 135” for 3 hr. Isolation of the 
acidic product, followed by chromatography on silica gel afforded on elution with light pet.+hcr 
(4: I), unchanged starting material (120 mg) and on further elution with light pct..cthcr (I : I). the 
hydroxyacid (XVI, R =.. OH, R’ n H. 204 mg). 

By continuing the reflux for 24 hr. followed by separation of the acidic products by chromatography 
of their methyl cstcrs and subsequent hydrolysis, the major product was 2_bromo_YIY),4aO_crhano- 
8a~c~y~o~~fh~e~e-3(z~c~~~xy~ic ocid(XVI. R L Br, R’ - H); m.p. ISS-1%“. (Found: 
C. 54.3; H, 6.7; Br. 27.5. C,,H,,O, Br requires: C, 54.3; H, 6.6; Br. 27.8x.) This product was 
accompanied by 30% of the hydroxyacid (XVI, R 7 OH, R’ 7 H). 

(c) The acid (206 mg) in dry ether (4 ml) was added to a solution of BF,cthcratc (3 ml) in Ac.0 
(8 ml), and the mixture maintained at 0” for 20 hr. and then at room tanp for 30 min, cautious addition 
of MeOH. and then of water at 0” was followed by removal of solvents in VUCUO, and extraction to give 
a mixturc of the acids (XVI, R = OH, R’ = H and R = OAc, R’ = H) and their methyl cs~crs. 
Mild alkaline hydrolysis of rhc mixture yielded the hydroxyacid (XVI. R = OH, R’ = H; lo6 mg). 

(d) The acid (6 g) was dissolved in CH,CI, (35 ml). and BCI, (25 ml) added at -60”. The vessel 
was scaled and shaken at room temp for 20 hr. The container was then opened. and the exces BCI, 
allowed to evaporate. McOH (8 ml) was added cautiously with swirling. On removal of all volatile 
materials in UUCLW, a thick syrupy product (5.5 g) was obtained. EsterScation with diazomethan- 
ant gave a mixture of the esters (XVI, R I- OH, R’ - Me and R c Cl. R’ z Me) which could be 
separated into its components on column chromatography, but was normally used further. without 
additional purification. 

The chloro acid(XVl, R u Cl, R’ - II) 

A solu1ion of the hydroxy ester (XVI, R I- OH, R’ -.I Me), or of the mixed esters described in (d) 
above (5 g) in dry ether, WBS added IO a suspension of PCI, (25 g) in Ccl, (100 ml) and 1hc mixture 
stirred a1 room tcmp for 3 days, with rigorous exclusion of moisture. The mixture was then cooled 
in ice. and ice-water cautiously added. Extraction with ether yielded the chloro e~rer (XVI, R - Cl, 
R’ = MC; 5.4 g), which on mild alkaline hydrolysis yielded 2_drloro_2(~),4e(,~~f~~-~(~~c- 
~~ooMphflurle~-3(z~cur~xy/ic acid (XVI, R = Cl. R’ = H). recrystallized from light pet.; m.p. 
155-156” (4.4g). (Found: C. 64.55; H. 7.89; Cl. 14.77. C,,H,,O,Cl requires: C, 64.33; H. 7.83: 
Cl. 14.63 %.) 

Hydrolysic ofrite haloxeno acids (XVI. R - Cl and Br. R’ = H) 

The acid (I 50 mg) in EIOH (0.5 ml) Was added to a 1% NaOH solution in SO?/. EtOH (IO ml) and 
the mixlure heated under rcflux for 24 hr. Extraction of the organic acid and recrystallization from 
n-hcxam-ethcr gave the hydroxy acid (XVI, R - OH, R’ -- H), m.p. 124-125” alone, and in ad- 
mixture with an authentic sampk. 

Efhrrifcorion ofrhc hydroxy ester (XVI, R = OH, R’ = MC) 

The hydroxy ester (151 mg) in dry ether (5 ml) was added 10 a suspension of NaH (3ooo mg) in 
dry e1ha (10 ml). and the mixture heated under rctlux. under N, for 48 hr. Me1 (8 ml) was added. and 
the heating continued for I6 hr. More Me1 (2 ml) was added, and the heating continued for a further 
4 hr. The excess NaH was then decomposed by rhc addition of AcOH at 0°C. and the crude produc1 
cstcrificd with diazomchtanc IO yield a mixture of hydroxy and mcthoxy esters (138 mg). which was 
separated into its components by column chromatography. GLC revealed that the mcthoxy c&r 
was a mixture of VI and VII (R = Me), in which the latter predominated. 

Reducrion o/the halogctw acids (XVI, R - X, R’ - H) 

A solution of the chloro acid (XVI, R = Cl, R’ = H; 4 g) in tetrahydrofuran (20 ml) and dry 
t-BuOi 1 (100 ml) was heated 10 reflux under N,. Li (10 g) was added in small piccu over a period of 
30 min. followcd by more 1&H (5 ml). and the refluxing conlinued for 3 hr. MeOH was added 10 
destroy the excess Li, the mixture aciditkd with 2N HCI and 1hc product extracted 10 yield a solid 



Dihydnmromatic compounds in the Dik+Aldcr reaction-l 97 

melting over a wide ran% (3.4 3. GLC of the methyl tdm rcvatkd the pr*rcaa of two conlpomats. 
By analogy with the methoxyatcrs (VI and VII, R = Me), the component of lower retention time 
was assigned the endoconfiguration (XVI, R - H, R’ = Me). the other component (XVII, R - H. 
R’ = Me) being present to the smaller extent. This material, after recrystallization from n-hcxanc, 
was used without further pudkation in all subscqucnt stages; m.p. 114-120”. (Found: C, 75Q; 
H, 9.7. CI,HIO, requires: C, 75.0; H. 7.9%) 

Adsorption of the mixed acids (340 mg) onto a silica gel column followed by elution with light 
pct.-ahcr (19: 1) gave a large fraction (270 mg) melting at 107-l 14”. Recrystallization from n-hcxanc 
gave white crystals, m.p. 1 IO-1 13”. GLC of the methyl esters me&d that the major component of 
the acid was 2(B),4a(B)-rthono_8a~c~~o~ht~~-~a~a~xylic acid (XVII. R - R’ - H; 
82%) accompanied by the 3O_isomer (18%). Further elution with light pct.xtha (9:l) gave a 
second fraction (32 mg), m.p. 114-120”. GLC of the methyl esters revealed that the main component 
of this acid was 2~,4a(~thMctsacc~~o~ht~fcne-3(~ar~xylic acid (XVII, R = H, 
R’ - H; 83%) accompanied by the 3(a)-isomer (17%). 

The 2-bromo and 2-iodo acids bchavcd similarly on reduction. 

(a) The mixed acids (XVI and XVII. R =- R’ -1 H; 500 mg) were reduced with LAH to the 
afcohols (XVIII, R 2 OH; 490 mg). The oily product was stirred with trifluoroacctk anhydride 
(5 ml) for 2 hr at room tanp. The volatik materials were removed under red. press., and dry Ccl, 
(2 ml) added. and then distilled off. This process was repeated three times, and then the product 
dissolved in CC& and shaken with anhdrous NaHCO,. the solution tiltcrcd and evaporated to yield 
the trifluoroacctatcs (XVIII, R n OCOCF,; 570 mg); vII).= 1790 cm-*. 

The oily esters were dissolved in pyridcm (2 ml) and passed down a pyrolysis tube at 400” in a 
stream of dry NI, the product (u)o mg) being collected in a trap cooled by an acetonoI%ikold bath. 
Chromatography on an ahrmina column gave, on clution with pcntane, the exocyclic methyknc 
compound (XXIII; 84 mg); ~p~.x 1730 (w), 1680 (w) and 880 and 885 (s) cm-*. GLC showcd the 
product to be 95 % pure. 

(b) The mixed acids (XVI and XVII, R - R’ r- H; 2 g) wcrc rcfiuxed in thionyl chloride for 
3 hr. The excess thionyl chloride was ranovcd in CWCUO, and the crude acid chlorides (v,.x 1800 cm- r) 
dissolved in dry ether (5 ml), cooled to 0”. added slowly to dimcthylaminc (5 ml) cooled to -3O”, 
and allowed to stand at 0” for 4 hr. On evaporation of the volatile materials, and washing with brine. 
the crude amides (1.9 g), I_.= 1655 cm-‘. wcrc obtained. Reduction with an excess of LAH (3 hr at 
room tanp) gave the amincs (XVIII. R = NMc,; I-7 g). 

The mixed amines (704 mg) were dissolved in McOH (10 ml). H,O, (100 vol., 6 ml) added dropwise, 
and the reaction mixture kept at room tcmp for 24 hr. Moistened Et black (300 mg) was added at 
0”. and the mixture stirred at for 16 hr at room tanp. Filtration of thccatalyst followed by evaporation 
of the solvents yielded the hydratcdaminc oxti (XVIII, R _ NMe,* O.H,O) as a thick syrup. This 
product was heated slowly to 16&190”, under partial vacuum, while a stream of N, was passed 
through the system. Volatile materials were collected in an acctonc_Drikold cooled trap. Aftcr 
2 hr, the distilkd mat&al (240 mg) was colkctcd. and chromatographed on alumina to yield the 
hydrocarbon (XXIII. 22 mg). The spectroscopic and GLC bchaviour were identical with those of the 
product of the previous experiment. 

(c) The mixed acids (700 mg) were added to freshly distilled thionyl chloride (30 ml) and the 
mixture rcfluxcd for 1 hr. Br, (4 ml) was then added slowly and the heating continued for a further 
4 hr. The volatile materials were evaporated, yielding the crude a-bromo ucid chiorldr (XIX). A 
solution of NaOH (5 g) in water (25 ml) and 1,2-dimcthoxycthanc (25 ml) was added, and the mixture 
heated under rcflux for 3.5 hr. Acidification and extraction gave the crude z-hydroxy actif (XX) 
as a viscous oil (600 mg). Estcritication of a small portion with diaxomethanc yielded the hydroxy 
mtm; v-*x 3400 (OH) and 1740 (CO,Mc) cm- ‘. 

The crude hydroxy acid was dissolved in dry ether (IO ml), added to a suspension of LAH (500 mg) 
in dry ether (20 ml) and rcfluxcd for 4 hr. T~K excc~ hydride was decomposed carefully with water, 
and the product isolated by extraction with ether. The crudcglycol (XXI; 400 mg) was obtained as 
viscous oil; Y_.= 3400 cm-r. 

The crude glycol(S.03 g), in McOH (30 ml), was added to a solution of NaIO, (12.5 g) in McOH 
(445 ml) and water (25 ml). The mixture was stirred at room tanp for 40 hr. and then tht MeOH 
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evaporated In wcno and the crude product isolated as an oil (43 g). Adsorption onto a silica gc 

column. and dution with light pct.&cr (19: 1) gave 2(8),4a(r~e~3~~ (XXII; 
1.7 g) as a colourkas oil. The product showed a singk peak on GLC; *I= 1710 cm-r. The 2.4 
dinitrophmyfhydrazone had m.p. 175-l 76”. (Found: C, 6033; H, 6.37; N. 1550. CI,HUOIN, 
requires: C, 60.32; H, 6.19; N, 15.63 “/,) Further elution with light pct.+hcr (3: 1) gave a mixture of 
the ketone (XXII) and the glycol (XXI). 

Into a solution of the ketone (800 mg) in dry ether (10 ml) was tiltcrcd through glass wool, a solution 
of mcthylcnc triphcnyl phospharane (from tripbcnyhncthylphosphonium bromide. 2OgP in dry 
ether (150 ml), under Ns. The mixture was stirred for 12 hr at room tanp, and then dry tctrahydro- 
furan added while the ether was being rcmovcd by distillation. When the distillation tcmp rose to 
65” the addition was stopped. and the mixture rctluxcd for a further 6 hr. The volatile mamrials wcrc 
removed and the product (1.25 gl extracted into n-pcntane. washed with water, dried and evaporated. 

Adsorption onto an alumina column. and clution with n-pcntanc gave the product, 3-merhyknc- 
2@),4a@)-er&u1f+8ao-&c~~&o1rqMMa/c~ (XXIII; 200 mg) as a colourkss oil. GLC rcvcakd a 
single peak ; pm.= 3050 (m) (=CH, stretch). 1670 (m) (C=C stretch) and 880 and 885 (s) (=CH, out 
of plane bending) an-r. The NMR spectrum showed a complex multipkt with peaks at d 4.58 and 
4.70 ppm, integrating correctly for two vinyl protons. (Found: C, 88.77; H. 1 l-30. C&w rcquiru: 
C. 88.57; 11.43 %.) 


