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DIELS-ALDER REACTION-IX* 
THE REACTION OF 1,7-, 2,7-, 2,6-, AND 

1,6_DIHYDROXYNAPHTHALENE AND GBROMO-2-NAPHTHOL 
WITH MALEIC ANHYDRIDE AND THE RESOLUTION OF SOME 

DERIVATIVES OF THE ADDUCTS 

KBN’ICHI TAKEDA, S. HAGISHITA, M. SUGRJRA, K. KITAHONOKI, I. BAN, 
S. MIYAZAKI and K. KURWAMA 

Shionogi Research Laboratory, Shionogi & Co. Ltd., Fukushima-ku, Osaka, Japan 

(Received in Japan 8 October 1969; Received in the UKfor publication 18 November 1969) 

Abstrlrt-The Diels-Alder reaction of 1.7; 2.7; 2,6-, 1,6dihydroxynaphthaJene and 6-bromc-2-naphthol 
with uudeic anhydride was investigated. All of these 2-naphthol derivatives Rave exo- and endo-adducts 
(II and III) except for tbc bromo-naphthol, from which only endogdduct was obtained The assignment of 
turo LX arb configuration was based on lactone formation co NaRH., reduction possible only from the 
exe isomer, comparison of NMR spectm and in SOM cases dipole moment measurements. The exo/en& 
ratios Oc the formed adducts vary over a wide range. 

Ratolution of methoxy-trunrdicarboxylk acid VIII and IX was accomplished via the cinchonidiru salts. 
The absolute configratuion of the resolved active compounds was determined by applying the octant rule. 

TRR Diels-Alder reactions of 2-naphtholiA and naphthalene”“‘j with maleic an- 
hydride have been reported to give adducts with the benzobicyclo[2.2.2]octene system. 
2-Naphthol gave a mixture of endo+IIf) and exo-adducts (IIf)? in 30.6% yield 
(endo/exo ratio, 90 :lO), while naphthalene afforded the isomeric adducts in 5.2 % yield 
(en&/exo ratio, 57 :43).6 These facts suggest a strong effect of the substituent of the 
naphthalene ring on the reactivity and endo/ex.o ratio of the adducts formed. 
Consequently, it seemed interesting to investigate further substituent effects on the 
dime syntheses of naphthalenes and naphthols with additional functional groups. 

In this paper, the reaction of maleic anhydride with four kinds of dihydroxy- 
naphthalenes (1,7- 2,7-, 26, and l$dihydroxynaphthalene) and 6-bromo-2-naphthol 
Is-e, all with an OH group in the B-position, is described. From another point of 
view, the anticipated adducts with almost rigid conformation of the benzobicyclo- 
[222]octenone system were interesting as suitable models for the study of the UV 
and CD spectra of the ketones homoconjugated with a benxene ring carryiq hydroxy 
or alkoxy (or bromo) functions at different positions. For this purpose the resolution 
of the compounds was performed in some cases 

The four dihydroxynaphthalene cited and cbromo-Znaphthol were reacted with 
maleic anhydride by heating the mixture at l!M)-220” without solvent in an N, atmo- 
sphere, similar to the case of 2-naphthol itself.‘* z The adducts were separated by 
direct fractional crystallization or sometimes by column chromatography. In some 

l Part VIII: see Ref. 7. Presented in part at t.lmz 19th Annual Meeting of the Japanese Pharmaceutical 
So&y, Tokyo, April 1964. Abstracts, p. 242 

? The prefixes exe and err& am used in the sense that substituents on the same side of the bicyclo[2.2.2)_ 
octene ring as the benzene ring are endo. those on the otha side are exo. 
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cases, unseparable mixtures were converted to the corresponding diester or methyl 
ether followed by fractional crystallizatioa AU these 2-naphthol derivatives gave 
the exe- and endo-adducts, although in a wide range of yields, except for 6-bromo-2- 
naphthol (only endo-adduct) Exclusive l&addition to the benzene ring bearing the 
g-OH group becomes evident from elemental analyses, IR (indicating the presence 
of anhydride group and 6-membered ring ketone) and UV spectra (showing absorp- 
tions of phenol derivatives with oue benzene ring). The endo and exe configuration of 
the anhydride group of the adducts was assigned chemically by the fact that only the 
exo-adduct formed the lactone-acid on NaBH4 reduction of the adducts or their 
dimethyl esters. The assignment was further conhrmed by comparison of the NMR 
spectra and/or dipole moments. The adducts and/or their derivatives are listed in 
Table 1. 

The configuration of the two adducts from 1,7dihydroxynaphthalene was estab 
lished by measurement of the dipole momenta. The adduct of higher mp. (m.p. 
280-281”) showed a moment value of 682D and the lower melting one (m.p. 242”) 
2.89D. From the model inspection and referring to the reported results of the dipole 
moments of the endo- and exe-adducts from 2-naphthol and maleic anhydride,2~’ 
we concluded that the anhydride group of the adduct Ha with larger moment has 
the exe configuration and that of IIIa having smaller value is endo oriented. 

Two adducts from 2,7dihydroxynaphthalene could be separated by careful 
fractional crystallization of the reaction mixture or more satisfactorily column 
chromatography on silica gel of the mixture of the corresponding dimethyl ester. 
Comparison of the NMR spectra of these two esters (Fig 1 and 2) shows the proton 
of position 3b* of the adduct, m.p. 168-170”. as a doublet of doublets (J = 186, 3-l 

2.0 1.0 40 1.0 1.0 on 
I : : : I I I 

wan,, +- 4.0 
:.: ..: I 1. - -- 

0.0 7.0 6.0 L.0 mis1 4.0 a0 l.0 

FIG. 1 NMR spectrum of exo-cb-dimethyl ester IVb 

l Tbe numbering of the benzobicyclo[2.2.2]octe~ system used in this papa is shown in formula II. 
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Hz) in de-acetone, while that of the other, m.p. M-192”, exhibits an additional 
W-lettez long-range coupling with the proton of the position 10 (.I = 197, 34, 2.0 
Hz). We therefore decided that the former adduct has the endo configuration Vb 
and the latter the ex0 configuration IVb. 

Moooc H’O 
MIOOC 

Qfl Ii* 
HO H” 

0 

LL 
1.0 3.0 ..O 10 Iw,? .D 7.0 co 
I....:..: I 1 1.. ‘!---.I.. :’ I I .- ! 

80 10 .o 10 WMlbi 4.0 1.0 2.0 

FIG. 2 NMR spectrum of en&xi.sdimethyl ester Vb 

m 

Ra. 3 NMR spectrum of rransdiacid IXa 
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Hoor H’O 
Ii COOH 

6 Id- 
5. 

OCHI H’ o 

1.0 5.0 40 ,.o m ITI 5.0 1.0 8.0 

_ I .::::-I..:.:.. I : I :.:. .I I I 
810 ,A LA 5.0 Ryfll 4.0 5.0 2.0 

FIG. 4 NMR spectrum of rrun.cdiacid VIIIa 

Only a small amount of the exe-adduct IId of 1,6dihydroxynaphthalene was 
isolated by fractional crystallization, but in another experiment separation of two 
isomers was achieved as dimethyl ester or methoxy dies&r on chromatography of 
the mixture. The configuration of each isomer was determined similarly as above by 
way of the analysis of the NMR spectra in CDCIB: HS of the e&-isomer VIM, 
J = 18.5, 2.3 Hz; HS of the e-isomer VId, J = 190, 34, 2-O Hz (long-range 
coupling). 

Adducts from 2,6dihydroxynaphthalene were separated by fractional crystallixa- 
tion; one isomer being obtained in a fair yield, the other one in small amounts only. 
The NMR spectra of the dimethyl ester from the main adduct showed peaks with 
W-letter long-range coupling ascribed to a proton at position 3b. Hence this adduct 
is exe-IVc and the other one the e&-isomer Vc.* 

Reaction of &bromo-Znaphthol with maleic anhydride gave only one adduct IIIe. 
The dipole moment of the compound is 3~30D. Calculated value for an exe-adduct 
is 5.23D and that for an e&o&duct 2~75D. Consequently, the obtained adduct was 
assigned endo configuration. The NMR spectra of the addud and its diester have a 
doublet of doublets pattern for the proton at position 3b, supporting the above 
assignment. 

From the results so far obtained for the present Diels-Alder reaction, the following 
aspects can be pointed out. (i) One mole of maleic anhydride adds to the l&position 
of the benzene ring having a g-OH group. Addition of the reagent to the other benxene 
ring was not observed in any case; although such an attack can not be excluded, 
retrogression of the adduct formed should occur under our reaction conditions,’ in 
contrast to stabilization of the obtained adducts due to ketonization of the g-OH 
function. (ii) The total yields of the adducts from 1,7-, 2,7-, and 2,6dihydroxynaphtha- 
lene are comparable with that of 2-naphthol, whereas the yield of the adducts from 
l$-dihydroxynaphthalene was very poor and that from 6-bromo-2-naphthol was 

l In this connection, reaction of 2,3dihydroxynaphthalem with malcic anhydride was examined, but a 
l$adduct was not obtained. 
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between the two. (iii) The obtained exo/c&o ratios of the adducts vary over a wide 
range depending upon the starting naphthalene derivatives This fact may be note- 
worthy, but it is difficult to rationalize these differences at present. 

To obtain suitable compounds for optical resolution, rruns-diacid derivatives of 
the adducts were prepared as follows : 

From the dimethyl esters (IV and V) of the adducts, methoxy-cisdimethyl esters 
VI and VII were prepared by the usual manner. The corresponding methoxy-trans- 
diacids type VIII and IX were obtained on treatment of cis-dies& with MeOH-KOH. 
Two isomeric truns-acids VIII and IX were formed from exoS-, 6, and 8-methoxy- 
dimethyl ester (VId, VIc and Via), but only one tram-acid VIII was produced from 
endo- and exo-7-methoxy diester (VIIb and VIb) and endo-ti-bromo-diester VIIe. 
Heating of the rntlo-2-naphthol-maleic anhydride adduct IIIf in lqh KOH aq at 100 
gave exclusively VIIIf. The isomer ratios of the two kinds of truns-diacids, IX/VIII, 
are listed in Table 2, including NMR data, and the configurations of the bans-acids 
were determined as follows. 

TABLE 2. rrans-D~nc IIS VIII AND IX t.HoM VI. VII AND XIII AU THEIR NMR DATA (60 Mc ) IN d6-ACEIo\I 

Starting 

Compd. 

IX/VII 

ratio 

Chemical shift Chemical shift 
ofH3bofIX Coupling constant ofH=‘ofVIII Coupling constant 

(r) (Hz) , (7) 0-W 

Via 

VIIIb 

VIb 

VIC 

VId 

Vile 

XIII 

VIlf 

22115 

O/loo 

O/loo 

29;71 

48/52 

o/100 

loo/O 

O/loo 

7.96 

798 

7,87 

J a. au = 18.3 
J J 3b. = 3.4 

J,,. IO = 2.0 

J a. ~a = 18.5 
J Jb.4 = 3.2 

J,,, IO = 2.0 

Jab. 3u = 18.7 

J,,. 4 = 2.5 

Jsb. 10 = 1.8 

787 J s. z+a = 1~ 
J,,, 4 = 3.4 

7.84” J ~,a,= 189 
J 36. 4 = 3.5 

7.84 J a. 3. = 1~ 
J,,, . = 3.5 

7.85 J 36. 3. = 18.6 
J,,, . = 3.3 

7.87b J 3b. 3. = 19.0 
J,,, 4 = 3.3 

7.82 J 3b. 3” = 18.5 
J,,. 4 = 3.3 

7.85’ J 3b. 3. = 19.0 
J,,. 4 = 3.2 

’ Dimethyl ester in CDCI, b in D,O-K,COs. ’ in CDCI,. 

When the trans-diacids of the type VIII were reduced with NaBH,, followed by 
acidification, lactone-acids X were produced, while from the nansdiacids of the type 
IX hydroxydiacids XI were obtained From this fact we can assign endo and exo 
configurations of the carboxylic functions in the keto acids VIII and IX. Also com- 
parison of the signals of the proton at position 3b in the NMR spectra supports these 
configurations. (Figs 3 and 4, and Table 2). 
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The results shown in Table 2 indicate that steric effects may decide which of the 
two tmnsdicarboxylic acids is formed preferentially. In the series a, b, c and e, 
isomer VIII predominates over IX in the equilibrium mixture mainly because the 
repulsion between the C-10 carbomethoxyl group and the C-3 methylene group is 
greater than that between the carbomethoxyl and the aromatic OMe group.’ A 
similar reason can be applied for the formation of rrans-acid VIIIf. On the other hand 
the observation that isomers VIIId and IXd am formed in nearly equal amounts sug- 
gests that the repulsion between the C-10 carbomethoxyl group and the C-5 OMe 
group is almost the same as that between the carbomethoxy group and the C-3 
methylene group. Another but even more apparent repulsion was exerted in the case 
of XIIL Contrary to the result obtained from the base treatment of VIIe (only VIIIe 
was obtained), XIII was transferred to IXe because the repulsion between the C-9 
carbomethoxyl group and the ketal moiety is greater than that between the carbo- 
methoxyl group and a bromo-benzene group. From steric factors one would expect 
relatively less formation of VIII isomer from 8-OMe than from 7-OMe. As the con- 
trary was found to be the case, another factor may be involved. 

XVa: R = R’ = Me 
b:R=Mc,R’=H 

XVI 

d 0 

XVIII 

d? 0 

XIX 

Some of these transdiacids were successfully resolved with cinchonidine. In one 
case both optical antipodes were obtained (VIIIc and antipode). The specifii rota- 
tions of the pure active salts and the optical properties of the corresponding free 
acids are listed in Table 3. The active die&r (+)-XVa was obtained from the active 
mono-ester XVb, which was prepared by resolution via the cinchonidine salt from 
racemic XVb. The monoester XVb* could be obtained by C-9 epimerixation and 
partial hydrolysis of endo, cisdiester Vf with K,COs. From the unsaturated and 
saturated ketones, XVI and XVIII,1o one of active isomers was isolated according to 
the method of Woodward et al. I1 by recrystallization of their menthydraxones and 
regeneration ofthe active ketones by acid treatment of the pure hydrazones. Methylene 
compound XIX were also prepared from ketone XVIII using the Wittig reaction.’ 2* ’ 3 
Optical data of these active compounds (+)-XVI, (-)-XVIII and (-)-XIX are also 
given in Table 3. 

l The structure OtXVb WBS based on the formation da lactone-esta (methylester ofxf), which will be 
reported elsewhere. 
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The absolute configurations of these active compounds were determined by the 
CD (Table 3). Very high rotational strength of the Cotton effect associated with the 
n + n* transition in the region 294307 mg of these compounds is characteristic of 
dissymmetric g,y-unsaturated ketones. l4 The study of the g,y-unsaturated ketones 
has already been done, and the chirality of the composite g,y-benxo ketone chromo- 
phore” has been related to the sign of the Cotton effect by the octant rule.16 It is 
concluded therefore that the absolute configuration of the compounds, (+)-VIIIb, d 
and (+ )-XVa in Table 3, is lR, 4S, 9S, lOS, while that of (+ )-IXa, c, e is lR, As, 9R, 
1OR. The active keto compound (-)-XVIII ate similarly determined to have lS, 4s 
configuration and the 2-methylene compound (-)-XIX derived from (-)-XVIII has 
therefore lR, 4s configuration. Since catalytic hydrogenation of (+)-XVI gave 
(-)-XVIII, (+)-XVI has IS, 4s configuration. 

4.0 

3.5 

loga 

3.c 

2.: 

2.2 

FIG. 5 UV spectra of the adduct IIb (-), IIc (----) and 111~ (-.-) in 95% EtOH 

The UV spectra of the adducts IIc and 111~ from 2,6dihydroxynaphthalene or 
their derivatives VIIIc and IXc show characteristic strong absorption bands at 
about 240 mu &-band) as shown in Fig 5 and Table 3, which enabled us to dis- 
tinguish these adducts from those of the other dihydroxyna~thalene.” The CD 
spectra of the ttrms-acids in Table 3 show characteristic patterns depending upon 
the relative situation of the CO group and the OMe substituent in the different 
positions of the benzene ring For example, the home-puru substituted ketones IXc 
and IXe exhibit a strong negative Cotton effect associated with the B1, transition 
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(-235 mu), as well as a strong positive one due to the CO n --+ IL* transition, while 
the negative Cotton effect associated with Bzu transition (- 280 mu) is observed for 
the horns-meta substituted ketone VIIIb. 

It can be seen from the comparison between the CD data of XVIII and XVa in 
Table 3, that the rrans-dicarboxyl group has no influence on the optical rotatory 
powers associated with the benzenoid transitions above 220 mu. Therefore, the great 
influence of an OMe substituent on the rotatory powers associated with the benzenoid 
transitions is attributable to the interaction between the benzenoid and the carbonyl 
states. The compounds XVIII and XIX are structurally similar and have correspond- 
ing absolute #gyrations yet their optical rotatory properties provide some 
interesting contrasts, as reported by Mislow et al.“* is in benzobicyclo[22,l]heptane 
system; while the Cotton effects associated with the B,, (ca. 265 mu) and Bi, @a. 220 
mu) benzenoid transitions of XVIII are of negative sign ([&,, - 3850 and [8]zZ4 
- 48,000), XIX exhibits the two positive Cotton effects ([6]268 + 680 and [f?],,, 
+ 63,!NO). These contrasts are attributed to the manner in which the benzenoid 
transitions interact with the ethylenic x 3 R* transition in XIX, whereas &XVIII 
they interact mainly with the carbonyl n -+ rc* transition through the mixing of the 
charge transfer transitions. We may, therefore, reasonably conclude that the influence 
of an OMe substituent on the CD spectra of benzobicyclo[2.2.2] octen-2-one system 
is attributable to the mixing of the carbonyl n + ti transition with the benzenoid 
transitions through the charge transfer state. Detailed study of the spectra will be 
described in the subsequent paper. 

EXPERIMENTAL 

The IR spectra were measumf on a Koken Model D.S 301 double-monochromatic spectrophotometer 
and the UV spectra were run on a Hitachi Model E.P.S.-2 UV spectrometer. The NMR spectra wen taken 
at 60 MC with a Varian A-60 spectrometer using TMS as internal standard [a&, were measured with a 
Perkin Elmer polarimeta Model 141, and CD and ORD spectra were taken with JASCG Model ORD/ 
UV-6. Woelm silica gel (grade II) was used for column chromatograph and Merck silica gel G for TLC, 
unless otherwise noted. 

Prepamtion of dihy&oxynaphthalene and Cbromo-2-naphthol-MA* adduct 
Gene& procedure. A mixture of dihy~ox~apht~~ and an excess of MA (5 molar equiv) was heated 

at 190-210“ (bath tcmpf in N, atmosphere for 15-3 hr. In some experiments the remaining MA was 
distilled off in rucuo at 150”. The procedure wax also applied for IIIe. 

1.7~Dihydroxynaphthafene adducf Ila and IIIa 1.7~Dihydroxynaphthallene (20 g) and MA (6.5 gl were 
used. The red brown oily residue was dissolved in acetone and kept overnight, Yellow crystals (0062 g) 
precipitated, which were recrystallized from acetone to give yellow needles, mp 3273 The residue (4.8 g) 
of the filtrate of the crystals was chromatographed on silica gel (90 g) The fraction (l-44 g 44*7”!! eluted 
with CHCI, and AcGEt (2:l) was recrystallixed 4 times from acetone to give Ha as prisms (0145 g 4.5’4). 
m.p. 2I?O ,281‘ (decl: IR r!$; (cm - ’ ) 1866. 1722 (anhydride), 1723 (carbonyl): dipole moment : p = 6.8213 

(m dioran at 25”); UV 1&“” 279 tnu (s = 2,372). 2&Q mp (c = 2,507). (Found: C, 65.30; II, 401. talc. for 
C,,H,,O,: C 65.12; II, 390%). 

From the mother liquor another product was obtained by fractional recry~talhxations repented 5 times 
from acetoae-CHCI,; IIla prisms (0.150 g, 45%X mp 242”; IR &$ (cm-‘) 1878, 1789, 1732; dipole 
moment: )I = 2*89D (in dioxan at 25”b (Found: C, 6495; II, 4w. Calc for C,,H,,Os: C, 6412; H, 3wk) 

~7-D~y&ox~~~f~ addtuz IIb umi III& ~7-~~ydrox~aph~l~ (200 & and MA (61: g) were 
used. The reddish brown reaction mixture was extracted several times with ether (6% mlt Tk residue 
from the ether extract was separated by fractional rccrystallizatiolrp from AcOEt into the following two 
products Sandy crystals of IIb (5.84 g 18.10/,). mp. 277-278”; IR pdd (cm-i) 1880. t86Q 178Q 1710: 

l MA will be used as abbreviation for maleic anhydride. 
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IVdandVdPurcVdw~obtaintdbyhuthachromatographyofthcmixturcoasilicagd~setdinga 
pure specimen of Vd (isolated by TLC) to the early benxene eluate Prisms from benxene-acetone, mp. 
14~143~5”;IR~_~(~-‘)1~,1744.(Found:C,6260;H.5~28.CalcforCIsH160~;~63~15;~5~~~~ 

6-&omo-2-napMol odduct 111~. It (5G a) and MA (100 g) were used After tk remain+ MA in the 
reaction mixture was removed, tk residue was dissolved in benxene. After benxek insolubk part (83 mg) 
was filtered off the filtrate was evaporated and crystalkation from acetone gave needles of 111~ (1.17 g, 
1637’ mp 234”; IR ?z (cm-‘) 18% 1835,1770,1728; dipok moment: p = 3.30 D (in dioxan at 25”). 
(Found: C, 52.39; II, 2.81; Br, 2469. Calc for C,,H,BrO.: C, 52.36; II, 2.82; Br, 2489 %) Formation of 
adduct IIe was not detected. 

Est&aticn cf the &duct 

General procedure. A soln of the addud II or 111(5 g) in MeOH-H,SO, (5% 100 ml) was heated under 
reflux for 2 hr. After cooling, the soln was poured into ice water (MO ml), and extracted with ether. After 
treating as usual, evaporation of tk soIn gave the ester IV (x V quantitatively. 

Thedimethy1&emIVandVobtainedareaummar&dinTab1e4(tkeaterIVdandVdwmalready 
described above) The ketaIdiester XIII was obtained from 111~ according to tk general procedure Treat- 
ment of XIII with HCl in acetone gave the dkster Vc. 

NaBb Reduction cf the adduct b-d 
General pmcedure. Adduct II (380 mp) was dissolved in 2% NaOHaq (7 ml) with gentle warming NaBH, 

(153 mg 10 molar equiv) was added to tk cold soln and kept at room temp for 2 hr. Tk soln was acidified 
with 10% HClaq and concentrated. The precipitated crystals were collected and recrystallized to give 
lactone-acid XII. 

The data d the obtained lactonaacids XII (and their methyl ester) are summarized in Table 5. 

Lactonb 
acid 

mp, C IR (Nujol) AnaL* Found, % 
(sob=@ cm - ’ (Iact one) C H 

XIIa 

XIIb 

Me-ester 
OfXIIb 

222-226 
(MeOH) 
278-280 
(MeOH) 
205-207 
(acetone) 

1775 64.78 489 

1760 64.55 4.83 

1755 65.86 5-2Sb 

XIIC 

Me-ester 
of XIId 

262-264 1769 
(MeOH-H,O) 

201-204 1767 
(acetone) 

‘ Cak for C,*H,,O,: 
* Cak. for C,,H,,Os: 

64.74 468 

64.74 5-33b 

64.61 465 
6569 5.15 

Methoxy-cis-dimethyler VI ad WI 
General pmcedure. K&O, (10 g) was suspended in a soln d IV or V (5 g) in acetone (120 ml) Under 

vigorous stirring Me,SO, (5 g) was added dropwisz and tk mixture was heated under reflux for 5 hr. 
After c$lution with water under cooling, tbe product was extractad with ether. 

Thedata of the OMe compounds thus obtained are summarimd in Table 6. 
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TABLE 6 

Methoxy-cis- Yield mp., “C IR (Nujol) Anal_. Found, % 
die&r % (Solvent) cm-’ C H 

Via 

Vlb 

VIIb 

VIC 

VId 

VIIId 

83Q 

19,8 

69.5 

826 

82.5 
2.3’ 
1-r 

1575-159 

(C&&,-pet. e-ther) 
111-113 

(MeOH) 
126128 

(MeOH) 
1270-128.5 

(MeOH) 
143-145 

(AcOEt-n-Hexane) 
126127 

(MeOH) 

1760 64.75 5.84 
1740 
1735 64.27 574 

1753 IS01 5.76 
1735 
1730 64.12 5.77 

1737 64.20 5.74 

1730 6390 5.72 

p Calc. for C,,H,sO,: 64.14 5.70 
b Yield isolated by fractional crystallization of tk estezified reaction mixture from Id. 

Preparation sf methoxy-transdicarbxylic acid VIII Md IX fra methoxy-cisdiester VI m VII 
General procedure. The cisdimethyl ester VI or VII (3 g) in MeOH-KOH (10% 60 ml) was heated under 

reflux for 3 hr. The soln was condensed in uacuo, acidified with 6N-HCl, and extracted with ether. 
8-Methoxy-2-oxo-l~3,4-tetrohydro-l,4-ethanonophthalene-9(exo~ lO(endo)-dicarboxylic acid (VIIIa) 

and 9(endob lU(exo)-dicarboxylic acid isomer (IXa) from Via The acid mixture from Via was recrystallized 
5 times from AcOEt to give IXa Tbe NMR spectrum is shown in Fig 3 and Table 2 Crystals from the 
mother liquor were recrystallized twia from AcOEt-benzene and then from MeOH-H,O to give VIIIa. 

tram-D&acid VIIIb fran VIb or VIIb. The crude acid both from VIb and VIIb showed only one spot on 
TLC (10% AcOH in CHCl,). After chromatography on silica gd (100 g), the fraction elutal with CHCl,- 
AcOEt (1: 1) was recrystallized from MeOH-H,O to give VIIIb. 

trans-Diacid VIIIc and IXc fran VIc The crude acid mixture from VIc WBS chromatographed over silica 
gd (70 g Woelm, grade II) in AcOEt-CHCl, (1:2). Tbe first fraction gave IXc (031 9) on recrystallization 
from CHCl, The second fraction gave VIIIc (075 g) on recrystallization from AcOEt-CHCl,. 

trans-&acid VIIId and IXd from VId The acid mixture from VId (3a 9) wm chromatographed over 
silica gel (100 g) in AcOEt-CHCI, (1:4). The first fraction (064 9) was recrystallized from MeOH-H,O to 
give IXd The second fraction (@69 g) was recrystallizd from MeOH-H,O to give VIIId. 

trans-Diacid VIIIe from VIIe. The crude trans-acid from VIIe showed only one spot on TLC (10% AcOH 
in CHCl,). Recrystallization from MeOH-H,O gave VIIIe in quantitative yield. 

tram-D&id IXe from the ketal XIII. The crude tram-acid from XIII prepared by the general procedure 
showed only one spot on TLC (10% AcOH in CHCl,). Crystallization from AcOEt gave IXe 

Tbe data ofthe obtained tram-diacid VIII and IX are listed in Table 2, including tk VIII/IX ratio and the 
NMR data The mp. and elemental analyses of nunsdiacids are summarized in Tabk 7. 

tram-Diucid VIIIf md its diester XVa fran IIIC ndo-2-Naphthol-MA addud IIIf (6251 g) was heated in 
10% KOHaq (870 ml) at 97-100” (bath temp) for 11 hr. Tk soln was acidified with cone HCI, extracted 
with ether and dried. Evaporation and recrystallization from acetone-benzene gave VlIIfsp plates (58.31 g, 
867’%), m.p 1895-192”; IR pAd (cm-‘) 1714 1734. (Found: C, w69; H, 4.70. Calc for C,,H,,O,: 
C, 6461; H, 465%). The compound was also obtained from cis,endodiesta V (R = H). 

Dimethyl ester XVa Prepared by general procedure for esterilication Plates (from AcOEtb mp 99-100”. 
IR pAd (cm-‘) 1227,174O. (Found: C, 6672; H, 573. talc for CL6Hi60,: C, 66.60; H, 5.59%) 

NaBH, Reductian of the transdiacid VIII and IX 
General procedure. The transdiacid (100 mg) was dissolved in 2 % NaOH aq (4 ml). NaBH, (50 mg) was 

added, and the soln was kept at room temp for 2 hr. After acidilication with dil Ha tk crystalline product 
was collected and recrystallized. In some rum tk produd was extra&xi with ether. 



Dick-Alder reaction--IX 1449 

TABLE I 

tra?ls-Diacid 

VIIIa (1/2H,O) 
IXa 
VIII (1/2H,O) 
WIIC 
IXC 
VIIId 
IXd 
VIIIc (1,‘2H,O) 
IXe 

m-p, “C 

U&229 
251-253.5 
200+202 
216217 
220-221 
2405-241 
24%!%?49~5 
261-262 
165-166 

IR (Nujol) 
cm-* 

1700,1723 
1690,1735 

171s 
1720,169s 
1725.1700 
1740,171o 
1735,170o 

1700 
1735,170o 

Anal. Found, % 
c H 

6@35 49k 
6164 4.91 
6075 5.03’ 
62.10 4.80 
62.03 4.97 
61.70 5.22 
62.13 4.88 
4768 3.59 
4913 3.25 

Br 

2314* 
23@Y 

Calc. for &H,,O,: 6207 4.86 
(t Calc. for C1$I,60, .‘1/2H@: 6&21 5.05 
’ Calc for C,,H,,BrO, .1/2H,O: 48.29 3.48 2295 
’ Calc. for C16H,,Br0,: 49.58 3.27 2356 

TA~ILE 8 
~~~ ~ ~~~ 

ap., “C IR (Nujol) Anal. Found, “f, cak. % 
XorXI (Solvent) cm- i (lactone) Formula c H Br 

Xa 241-243 1742 C,,HJ&*H,O 61.18 547 
(MeOH-H,O) 6164 5.52 

Xla 2685-270 t%H,@, 61.49 5.57 
(MeOH-H,O) 6164 552 

Xb 1975-198.5 1742 C,sHJ& 65.57 491 
(AcOEt-C,HJ 6569 5.15 

XC 232-234 1758 C,,H& 6591 526 
(MeOH-H,O) 65.69 5.15 

XIC 219-220 ‘&H&S. W&O 5918 5.52 
(MeOH-H20) 59.79 5.69 

x6 238-241 1773 C,,H,,BrO+ 52.11 346 2493 
(MeOH) 52.03 3.43 24.73 

XIe 239-240 C,,H,,BrOs . l/2H10 48.28 4-06 23.17 
(MeOH-H,O) 4802 4.03 22.82 

The data of the lactone-acid X or hydroxy-trans-diacid XI thus obtain& are summarized in Table 8. 

Optical resolution L$ trans-diucid VIIIa, b, d, IX c, c, and XVb wirh cinch&dine 
Geaer& procedure. A sob of trm-dieid (@5 gY! and cinchonidine (@5 gl in EtOH (15 ml) was heated 

under refhu for 1 hr. The soln was evaporated and the residue was dissolved in AcOEt After standing 
overnight the precipitated salt was recrystallized from MeOH until the optical rotation ([a]d d the salt 
bccamz constant The purified salt (mokcular ratio, 1: 1, as shown by ekmental analyses) wig suspended 
in etti and decomposed by shaking with dil HCL The free act& acid was purified by rbcrystallization. 

M.ps and solvents for recrystallization of tbe active acids wexe as follows: (+)-VIIIa. 1/2Ha0, 168-169” 
(MeOH-H,O); (+)-IXc.l/2H,O, 112-114” (MeOH-H,O); (+~VlIId, 23&231” (AcOEt-CHCl,): 
(+)-I%, 166-1675” (AcOEt-C,H,); (-FIXe, 166-167.5” (AcOEt<,H3 Satisfactory ekmental analyses 
were obtained for these active acids Attempted crystallixatiom of the active acid VIIIb and its dimethyl 
estu were unsuccessful However, when the diacid was chromatographul on silica gel (Merck, e2-05 mm) 
and developed with MeOH-AcOEt (1: 19j crystak of the Na saltdihydmte wm accidentally obtained; 
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IR ~~~(cm-‘)3390.172O. 1615.1575. (Found:C. 48.37; H.4.36. Calc.for C,,H,,N~,O,.ZH,O:C48.65: 
H, 4.62%); [a]u of the pun salts and active acids thus obtained are shown in Table 3. 

Preparatiat ami resolution oj trans-diacid-monoester XVb 
trans-Diucid-mon XVb. To a soln d cis Vf (6552 gl in MeOH (150 mlj K,COa (3.284 g) dissolved 

in water (30 ml) was added. The resulting soln was heated at 60-63” (bath temp) for 3 hr. The bulk of the 
MeOH was removed under reduced press, and tht residue was acidilled with I@/, HClag extracted with 
ether, washed with water, dried cud evaporated The residue (shown to be a mixture d VllIf and XVb) was 
crystalhxed from AcOD to give impure crystals, mp 141-151~5” (3iwI gj a soht d which was chromatc- 
graphed on silica gd (62 gj The fraction (2.7% g) clutal with AcOEt-benxene (10:90-50:50) was recrystal- 
lixed from AcOEt to give XVb as plates, mp 154-155” (2444 g 392”/& IR e” (cm-i) 1754, 1732 1710. 
(Found: C, 65.93; H, 5.12 Calc. for C,,H,,O,: C, 65.69, H, 5.15%). 
Resolution of XVb and preparaticm qf (+bXVa A soln of XVb (10045 @ and cinchonidine (5412 g 0.5 

molar equiv) in abs McOH (200 ml) was rdluxed for 1 hr. After evaporation, the crystalline residue was 
recrystallixed several times from acetone and then from CHCl,-ether. Finally, recrystallimticm from McOH 
was repeated until the [a]n became constant; needles (0682 gj mp 208-209° (decj [a]?” + 503” 
(*@7) (EtOH, c = 1067j (Found: C 71.55; H, 6-H); N, 504. Calc for C,,Hs,N,O,: C, 71.81; H, 6.38; 
N, 493%j The pure salt (370 mg) in CH,Cl, (15 ml) was shaken with cold Yk NaHCO,aq, and aqueous 
layer ~8s washed with ether, acidified with 5% H,SO, and extracted with ether. Evaporation of the ether 
gave an oil (159 mg active XVbj The dimethyl eater obtained by methylation of the active XVa was also 
an oily substana and purified by preparative TLC to give (+ FXVa The IR in Ccl, was identical with that 
of racemic XVa; [a]? +208.1”( *46)(MeOH, c = 0571j (Found: C, 66.49; H, 5.82 Calc for C,,H,,O,: 
C 6666; y 559%j 

Resolutim c$ the unsaturated ketone XVI through the menthydrazone XVII’? A soln d XVlli” (30 g) 
and l-menthydraxidell (3.78 g equivalent mole) in 9% EtOH (45 ml) containing AcONa.3H,O (09 g) and 
AcOH (045 ml) was relluxed for 48 hr. After cooling and dilution with water, the precipitated crystals were 
collected, washal with water and recrysmllixed from MeOH until the [ah became constant Purified XVII 
was obtained as needles (190 mgj mp 225-2263 [a]:’ +47.3” (fD8) (CHCl, c = 1.001 j (Found: C, 75.36; 
H, 8.22; N, 7.61. Calc for C,sHs,,N,O,: C, 75.37; H, 8.25; N, 764%j 

The above hydrazone XVII (250 mg) was hydrolii by refluxing in WA H,SO,aq (14 ml) for 2 hr. 
Dilution with water and extraction with ether gave an oil (1% mgj which war distilled in tnrcw and further 
purified by TLC on silica gel using benzene-AcOEt (10: 1 j TM crystals (39 mg) obtainal were recrystallixed 
from ether-n-hexane to give (+)-XVI as rods (24 mgj mp 68-69’. [a];’ +87-S” ( f 1.2) (CHCl, c = lG38). 

Resolutim qf the saturated ketone XVIII through the menthydrazone. Menthydraxone d XVlllLo was 
prepared similarly to the above. The mixture of the diasteoisometi hydraxones was recrystallixed from 
95% EtOH until the [alo bscam constant to give needles, mp 223-2253 [a]ix -81.3” ( f 1.1) (CHCI,, 
c = 0.983). (Found: C, 7513: H, 8.75; N, 7.78. Calc for C,,H,,N,O,: C, 7496; H, 8.75; N, 7+ZOy<j The 
hydraxone was hydrolysed similarly as above, and tht oil obtained was purified by distillation in uacuo 
followed by crystallization from n-hcxane to give (-)-XVIR as prism& mp 52-539 [a%* -356.2” (f4) 
(CHCl, c = @957j The IR in CHCI, was identical with that of racemic XVIIL (Found: C 83.63; H, 7.06. 
Calc for C,,H,,O: C, 83.69; H, 702”/,j Catalytic hydrogenation of (+)-XVI with WC in EtOH also 
gave (-)-XVIII with [a]p -331.5” (CHCI,, c = 1047. somewhat lower value than the above). 

Preparation of actice and racemic XIX 
(a) Capound (-)X1X. Methylenetriphenylphosphorane was generated in DMSO (5 ml) according to 

Corey et al.” using NaH (87 mg) and methyltriphenylphosphonium bromide’s (l-29 gj To a stirred 
solution of the phosphorane, (-~XVlll(3OO mg) in DMSO (05 ml) was added in an N, atmosphere at 
room temp. The mixture was stirred for 1 hr. After cooling and dilution with water, the product was ex- 
tracted with ether, washal with water, dried and evaporated to give an oil (650 mgj This was chromato- 
graphed on silica gd (12 g Merck) with benxene-n-hexane (2: 1 j Fractions eluted with the m solvent 
gave 200 mg of an oil. Vacuum distillation afforded pun (-)-XIX (oil, 167 mg 57 %j [a]:’ - 140.4” 

( f 1.7) (CHCI, c - 1.178); IR v ~(cm-‘)883(~C==CH~(Found:C,9195;H842CalcforC,,H1,: 

C 91.71; H, &29”/,). 
(b) Racemic XIX This compound was prepared similarly from racemic ketone XVIII as an oil. Tk IR in 

CHC& was identical with that d(-)-XIX (Found: C 91.43; H, 8.32%). 
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