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~-Reaction between the tetnmctby44lxnnukae aiumhm trichbridc o-complex Md 0. /Mhic esters 
gave the correspond& 1.4JCtctnmethylbicydo~~.OBu-+eae-2-~~xy~ eatera. AiCl,W cathic 
remtwgemcnt.9 of these bicyclic esters yielded l number of biyclo[3.l.0]bexeae atboxylic esterx cod n&ted 
hctollcs which were isohted and idcntikd. The isomerixath seemr to proceed via steaoxpecik ado pro- 
ton&on and subsequent -meat to ~etboxyarbonyl-l.4J.6ao-tetnmetbylbiyc~[3.l.0~x+yl who- 
calkms. 

Reaction of tctratnethyl(4]annulene’ (tetramethykyclo- 
butadkne) ahuninum bichloride c43mplex” (l)-fomwd 
by cycIodimerization of 2-butyac in the presence of 
ahuninum trichlorid+with appropriate dienophiles 
constitutes a convenient route to carboxyiic esters of 
tetramcthylbicyclo[22.O~xenes’ and -hexadiencs.‘b7 
Two procedures have been reported:’ Method A 
cumpriscs addition of 1 to a solution of the dienophilic 
ester in the presence of dimethyl sulphoxide @MSo). 
The transfer of aluminum trichloride to DMSO results in 
the liberation of tctramethylI4]8nnuleae and its 
subsequent Dicls-Alder reaction. Method B involves 
direct addition of the dicnophilic ester to a solution of 1. 
Superior yields have been reported for this procedure.’ 
However, aluminum hichloride remains present in the 
product mixture, mainly as an ester complex, which is 
an obvious disadvantage with acid-sensitive bicyclic 
products. 

In the present paper we report on the reaction of 1 
with a$-aIkenic monoesters. The resulting biiyclo- 
[2.2.0] hex-kne-2-endo-carboxylic esters were 
rather prone to rcarmnge to isomeric bicyclic esters as 
well as to lactoncs under the co&ions of method B. 
The structure of the products has been ekidatcd and 
provides a basis for the discussion of the mechanism of 
the rearrangements. 

Prrpomtion of bicyclo[2.2.0]hexene catboxyiic esters 

Reaction of 1 with a number of a#-aIkenic esters 
alTordcd the corresponding 2.cndo-mcthoxycarbonyl- 
1,45.6-tetramethylbicyclo[2.2.0]hex-S-cnes 2-6 (Scheme 
1). The cycloaddition reactions of 1 seem to follow the 
afdo rule for Dick-Alder reactions: since no products 
with the ester group in exe position could be detected. 
Some further aspects arc discussed below. 
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scheme 1. 

M& A. The decomposition of 1 by DMSO in the 
presence of a dienophik will obviously lead to compcti- 
tion between reaction of the liberated tctra- 
methyl[4jannulene with itself-yielding dimcrs 8nA 
related products-and reaction with the dienophile. 
When the reaction temperature was raised the latter 
reaction became more competitive: but the tendency of 
the product to isomer& was increased. Methyl acrylatc 
was stickntly reactive to give useful yields of the 
adduct 2 upon reaction at 0” (s&cted yields are tabu- 
lated in the Experimental). Higher reaction temperatures 
were advantageous for the kss reactive aIkenic esters; 
thus, the preparations of 4 aad 6 were carried out in 
reUuxing benzene. 

Method B. Tbc preparation of 3-S according to 
method B required low temperatures (below -2Y) in 
order to avoid the aIuminum trichloride-induced 
isomerixation of the products; 2 isomerixed even under 
these conditions. However, the related compound 2- 
mdo-cyano-I .4,5,btetramcthyIbicycIo[2.2.Ojhex-Scne (7) 
CouId be prepared with this procedure. The yields of 3-6 
were consistcntIy higher than the yields which could be 
obtained with method A. It would seem, therefore, that 
ahlminum trichIoride exerts a strongly activating effect 
on the dienophile. Addition of 1 to the dknophilic esters 
(reaction of 1 in the presence of an excess of dienophile) 
gave the same yields. We suggest that the abstraction of 
ahuninum trichloride and the Dick-AI&r reaction pro- 
ceed simuhancously; a plausible transition state is 
depicted below. This would also explain the higbcr yields 
obtained with the aIkenic esters compared with their 
acetylenic counterparts.‘e since in the latter case syn- 
chronous reaction would seem unfavourabk for gco- 
nh%ric reasons. 

C”J CH, 

H3C : cn, 

F 
(/ fiXI, 
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C”,d 

AK’bIndlw!d cationic n?amlngancnts 

In tbc course of the preparation of compounds 2-5 
according to method B, the tendency of these 
compounds to undergo cationic rcarrqcmcnts became 
apparent, particularly upon prolonged reaction times at 
-IS’. The rurranpcnunts in the presence of “an- 

569 



570 F.VANRANTWK~UL 

hydrous” alumiamn trichloride reflect a general scnsi- 
tivity of 2-S for strong proton acids as observed by us.” 
Ia the present paper, the discussion will be con5ncd to 
the burnt ~c~o~e-~du~ reactions because of 
fhe obvious connection with the synthetic method. 
Moreover. the combined action of Lewis and proton acid 
as exerted by ahiaum trichloride on tbc bicyclic 
system, results in a reaction pattera which is rather 
different from the one observed with proton acids; this 
latter subject will be d&cussed in a subsequent paper.” 
isolation of 5. Compound 5 was sckcted for a more 
dctaikd study of the aluminum trichloride-induced 
isomerhtion reactions. Reaction of methyl propcne-2- 
carboxylatc with I at - 15” rcsuhd in a complex mix- 
ture, which contained only a maI1 amouut of 5. A 
number of m Ernst (M3, see Scheme 2) 
were isolated from the product mixture. Reaction of S 
proper with aiuminum trichioride gave a similar result. 

Sonw! composition-time plots arc given iu the Experi- 
mental. 

A plausibk reaction me&a&m, involving endo 
protonation of S at the &position and mment 
to tbc epimeric 2-methoxyc~~~yl-l3,4S,buo- 
pen~~yl~~yclo[3,l.O~x4yI carbocations (III and 
IV) is depicted iu Scheme 2. Expulsion of a proton from 
III or IV gives the aIke& esters Ill, whilst attack of 
the carbonyl oxygen at the 4-C atom of the 3-membered 
ring, and subsequent abstraction of the ester Me group, 
e.g. by chloride ion, would account for the formation of 
tbc lactone 13 from III. The sterically unattractive uo 
configmaha of the Me groups is retained in 13; this 
indhtea that the formation of the lactose proceeds 
concerted rather than via a secondary carbochn. Some 
aspects of the reaction mec~sm will be discussed in 
detail. 

The protons which initiate the remment atz 
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pnsumabl~ generated from the traces of water which are 
reputedly’ present in commercial “anhydrous” alu- 
minum trichloride according to: AU,+ I&o+ 
AR&OH + HCI.” It should be noted that hydrochloric 
acid in the absence of aluminum uichloride does not 
initiate the rearrangement at - IY. We conclude from the 
comlgurauon of the isolated products that the protona- 
tioa of 5 proceeds endo in the presence of aluminum 
trichloride ’ (treatment of 5 with strong acid in the 
absence of aluminum trichloride resulted in cxo as well 
as aufo protonation”“‘). Trivalent aluminum is ob 
viously present in the reaction mixture as an ester 
complex,“ and we suggest that the initial step of the 
isomerixation reaction is a rronr-annular transfer of a 
proton from the aluminum complex to the alkenic bond. 

Several additional experiments con6rmed this 
mechanistic picture. Thus, reaction of 5 with 0.25 
quivalent of “anhydrous” aluminum trichloride. or with 
1 quivalent of freshly sublimed aluminum trichloride 
resulted in partial conversion. The reaction rate in- 
creased when dry hydrochloric acid was supplied. Ad- 
dition of 1 quivalent of LM resulted in partial in- 
corporation of deuterium (3096 in 13, according to CC- 
,).” Tlk geometric requirements of the proton trans- 
fer step became apparent with the nitrile 7 and the 
exe-methoxycarbonyl compound 14, which were found 
to be stable for a considerable period in the presence of 
aluminum trichloride at - IS”. Molecular models show 
that a similar geometric effect is operative, although less 
pronounced, in the case of bicycloi2.2.0lhexadkne 
carboxylic esters. Accordingly, ester-substituted Dewar- 
benxenes have been preyed under method B conditions 
without isomerixation.’ 

The formation of III from protonated 5 is accounted 
for by two successive 1.2 alkyl shifts. A d&t rear- 
ran8ement of protouated 5 to give III seems unlikely, 
because the orbit& involved are nearly perpendicular 
(A). The geometry of protonated !i seems favourable for 
the formation of I; we estimate the inter-orbital an8k at 
25’ (B). Likewise, the molecular geometry of I and II 
seems favourable for the 1.2 alkyl and 13 hydrwn 
shifts leading to III and IV. Only a small amount of the 
monocyclic product 12 was formed at - 15’. so /3- 
fission--which involves a much less favourable inter- 
action (A)-seems to be a slow process compared with 
the other reactions. At (P the order was reversed, and 12 
became the main reaction product. This temperature 
effect indicates that the transition state connected with 
l2 is considerably more lkxibk than the transition state 

“cn& “%2&$ 
3 3 

A B 

for alkyl migration, as would be expected. Formation of 
l2 throt@h B-fission and deprotonation of III and IV 
cannot be excluded u phi, but for that case similar 
arguments apply. 

It is pertinent to note that direct kctoue formation- 
which is the main reaction upon treatment of 5 with 
Bronsted acids”“*-does not occur in the presence of 
aluminum trichloride. This may be due to the decreased 
electron density in the aluminum-coordinated CO group. 
The coordinatkn equilibrium: ALL,+ 
RCOOCH,~A1L~.RCOOCH, is of coti dependent on 
the concentration. Accordingly, two protonation and 
subsequent lactoue formation came to the fore when the 
concentration was decreased by an order of magnitude. 

Isometizarion of 2 and 4. The reaction pattern 
established for 5 under the conditions of method B 
(- 150) viz endo protonation, reanangement and finally 
deprotonation and lactone formation, was also operative 
for 2 and 4. Compounds 15 and 16 were isolated from the 
product mixture of 2 as the main components. 
Compound 2 reacted much more rapidly than 5, probably 
because in protonated 2 the buttressing effect of the 
Zexo-Me group is absent. 

15 16 

The isomerixation of 4 proceeded rather sluggishly, 
therefore only small amounts of 17 and 18 could be 
isolated. Compound 17 was also present in the product 
resulting from reaction of 1 and methyl cis-crotonate 
(method B. - 159. 

H 

17 10 

Strmctvml assignments and rpcctml data 
Bicyclo[2.2.O]htxene.r. The ‘H and “C NMR spectral 

data of compounds 2-S and 14 are compikd in Tabks I 
and 2, respectively. Relative values” of the 
europiumfIII) induced shifts are given in parentheses for 
the proton resonances (the LIS of the methoxycarbonyl 
signal is taken as unity). Some structural details are 
con8rmed by the LIS data. Thus, tbc LIS values of the 

Fu 1. Nornbcriag system used in Tables l-6. 
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kbk I. ‘H NMB data of the bicycb[22.0]kx-Scoex’ 

Conpound I-CH3 z-ctl3 3-M3 4-CH3 S-Cl+3 S-M3 2-H 
3-H,"do 3-H~~~ CmM3 -- 

2 .?.I2 0.99 1.5311.43 2.aP 2.C14b 1.73b 3.54 
(0.321 IO.161 to.201 (0.471 10.821 (0.611 (0.431 (1.001 

P 1.03 0.96 1.53 2.65. 2.39O 3.50 
(0.391 (0.251 (0.24) (0.571 d d Il.001 

4 1.09 0.97 0.90 l.5111.43 2.20 3.56 
(0.361 (0.191 to.211 (0.221 to.531 (1.061 ~I.001 

5 1.03 1.30 1.00 1.49 1.37 2.36' 1.30* 3.56 
IO.411 (0.621 (0.221 IO.201 IO.551 (1.06) (0.461 [I.001 

14 1.02 0.83 0.64 I.54 2.196 2.576 3.57 
[0.711 (0.231 (0.261 IO.151 lo.241 Il.021 (1.30) (1.001 

YfPma T-60; d vhes from intanal TMS; CCI, solution. In patentbeser Eu(fod), induced thiftx nktive to the 
ntetboxycubonyl xiglml are giveo. 

“I = 6.2 Hz; ‘J(H&,) - 10.0 Hz; “/(II,&) = ( - )120 Hz 
‘LIS for Eu(dpm),. 
‘Owing to overkp with otba r&lx no furtber data cao be riven. 
“I(H*H,) * 10.7 Hz. 
‘x~(H,&) - (-)12.0 Hz. 
“&HzH,x) = 6.5 Hr. 

Tabk 2 “C NMR data of the bicyclo(2.2.0jhexJ~nes’ 

-M3 cH2 L" C 
quat 

c.c c-o 

2 6.7, 9.4, 15.0, 16.11 50.6 30.0 42.9 47.01 52.6 136.1, 143.3 174.0 

3 10.1, 11.01 13.61 14.61 16.1, 50.4 40.1, 45.9 49.01 so.4 140.61 140.6 173.5 

4 6.68 6.21 8.61 17.01 17.6, 50.6 35.6; 53.0 49.3‘ 50.7 136.6, 144.6 174.5 

5 6.78 9.11 10.21 15.61 23.2: 50.9 40.0 45.1, 54.5 139.4‘ 143.9 176.6 

14 6.5; 10.41 11.0, 15.3: 16.71 50.4 39.5; 46.6 47.21 50.0 140.61 142.4 '174.5 

‘Verian XLIOD and CFT-20: 8 valuex downlkld from iatemal TMS: CDCI, xolution. 

l-Me si@al of 25 ale in the range OM.4, whilst for 14, 
with the methoxycarbonyl group cxo, a LIS of 0.71 wld 
Observed. 

Bicycl0[3.1.0]h?xatu end -hcJuMa. The prcsencc of 
a 3-membered ring in compounds B-11, 15 and 17 
becomes apparent from the shielding of the 0Whinc 
proton in 8, 9 and IS. as well as from the high-field 
position of two quaternary C atoms (8 = 3040) and one 
tcrthry C atom (8 =20-31) in the ‘H and “C NMR 
spectra (Tabks 3 aad 4). The end0 positioo of tbe 
mcthoxycarbonyl groups in I, 10, U and 17 is required 
by the relative LIS of the bridgehead Me signals (0.4-0.5 
and 0.1-0.2) compared with the exemethoxyaubonyl 
compounds 9 and ll(O.6-0.9 ad 03). 

Tbc 6-em-Me confisrtntioa of 6, 10, ls and 17 is 
inferred from the LJS of the proton at the 6-position 
(0.7-1.0). Th pattern in the “C NMR spccba of 8 aad 
lO,witbthneMegroupsreso~tiapat8<10kPlso 
obscrval in the spectra of tbc cx0-mcthoxycarbonyl 
compounds 9 and ll.p We conclude that compounds 9 
and 11 also posacss the 6-exe-Me confi6uration. 

L.ucroncs 13.16 Md 18. The ‘H and “C NMR spectral 
data arc compiled in Tabks 5 lad 6. The presence of a 
S-membered bone rink becomes apparent from the IR 
frequencies of the CO moieties (1765-1774 cm-‘).” The 
preacnce of a carbocyclic S-membered ring is hlicatcd 
by the ‘J values of the q ethylene moieties in I3 and 16 
(( - ) 16 Hz).= Furtbcr configuhonai assignmenta arc 

relatively rtraightfonvard. The “C NMR signals at 8 = 
9-10 and 12-13 arc assigned to the 6- and 7-Me groups. 
Tbc sigh at 8 = 17.3-19.5 indicate that the car- 
rcspooding Me groups are exe.= The pnscnce of three 
vi&al cis-exe Me groups io 13 should cause an uptleld 
shift of the S-Me carbon IWXUUKC.~ AccordinRIy, one 
Me group resonates at 8 = 14.4. 

NMR rpectn were recorded on Varian TdO, XL100 aad 
Cm-20 inxtrumentx. The xbift reagentx tris(bexxfhIorodimetbyI- 
octadionatekuropium(111) (Eu(fodh) uni trix(dipivdometh- 
anato)europium(lII) (Eu(dpmh) were supplied by Merck. 

PnpMJbn of tem1mcthyl[4]a11&ae dwinm ttichlotide 
comp&J (1,’ 

h d&h&tumAa~ A xolo of 2-butyne (Cbemische Wake 
HUab, Marl, Q.PK) (108g, 2 moks) io CH& (lOOmI) wax 
ddeddropwiseoverIhrtoartiTrcdxuxpenxiondpowdered 
uhy MCI, (J. T. Baker Chemiak) (1335 6, I mok) in CH& 
(lUlml).ThctrmpwuLept~-l~.Tbemultisldecp~cdn 
aurtindforormddnl~Omin.mrdcuptoOJlwi(hCH~md 
xtored at - IV. The compkx wax St&k for xevml w&x. 

bbrnuu Arolnof2-butyae(~g.0.5mole)iaC+H,(~~) 
wax added dropwke to a atilTed tuxpenxion of AU, (3351. 
0.25 mole) iu C,H, (1% ml) which wxx kept et + 6’. 

Ptrpamfba of the bicyc/0[2.20~hcx-5-a 
&neralproaxhxuedexcrii6rxt,tbentheprepanthof 

27ixdexaibedaccordiitotbeprocuhrewhicbOlvetbebext 
lex4dtx. 
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Tabk 3. ‘H NMR data of rbc bkyclo(3,1.0]bexcacs xad kxancs 
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I COITVOWI~ l-Ch3 2-tH3 3-CH3 '(-CM3 s-cH3 '6-Di 
3 

2-H 3-Hando 3-Hex0 6-H -al 
2 -fls 

-- 

8 1.06 1.21 1.67 0.78 0.91 4.89 0.38 3.51 
(0.511 to.711 (0.11) fO.221 (0.241 (0.771 to.941 (1.001 

I 9 1.w 0.114 1.70 0.98 0.91 4.65 0.42 3.511 
(0.87) ro.711 (0.23) IO.311 (0.201 (0.67) 10.341 (1.001 I 10 1.01 3.13 1.01 1.00 2.6SC l.asc ll 4.66 3.64 
(0.43) IO.601 fO.161 (0.17) IO.85) lO.45) (0.671 (O.OSjO.lZJ (1.001 

11 0.85 1.14 1.03 0.93 l.Ofd 2.31* 4.59 3.56 
(0.581 (0.761 10.331 [0.201 10.49) 10.60) (OF451 10.3610.381 Il.001 

15 1.12 1.67 0.97 0.92 3.34 0.51 3.58 
(0.45) [O.lOl co.191 (0.241 (1.101 IO.IBJ 11.001 

17* 1.08 1.511 1.47 0.96 0.84 3.24 3.80 
co.491 10.53) tO.20) (0.221 (0.17) 11.241 ZO4J (1.001 

‘Varhn T-60; d vahur downfkid from intcnul TMS; CC& solution. IO puc~~tb~~~ Eu(fodh induced shifts 
nktive to t& q elboxycuboayl signal aIt given. 

‘Becauxc of ovmiap with other xi&s, no fur&r data can be given. 
“J(H,H,J = ( - )16.4 HL 
“I&H,,) - (- 116.0 Hz. 
‘US for Jh(dpm),. 

Tab&s 4. ‘C NMR data of the biiyclo[2.2.0]bcxencs and -bexancs’ 

8 7.8: 8.21 9.3: 14.21 23.71 51.2 3'1.2 33.41 36.81 59.4 

9 7.8, 8.7, 9.31 14.21 16.5r 51.2 29.3 34.3, 37.5, 60.1 

10 7.9, 9.11 9.31 21.98 51.7 40.8 23.2 33.6l 38.61 51.1 

11 8.41 8.9, 9.21 18.41 51.4 41.7 21.7 35.31 39.81 52.3 

15 7.81 8.9r 13.21 14.41 51.2 27.9, 50.4 29.7; 36.8 

lrb 8.28 8.9, 11.71 12.41 32.7 26.9, 62.3 29.81 37.3 

C qust C-C c-0 

124.71 146.2 176.9 

124.71 q52.2 176.9 

102.01 155.5 105.5 

100.61 157.2 177.5 

117.91 151.3 174.2 

124.28 143.5 180.4 

‘Varim XIAOO; 8 values dowafkid from internal TMS; Cf.Xi> xolutiun. 
+&X&ual rccMdcd with the cuboxyfic acid. 

T&k 5. ‘H NMR dnfa of the &y&c kctonera 

r 
Conpound l-W3 4-Cn3 S-CW3 6-CH3 7-M3 mi3 1-n 4-n 

'-'ondo 8-Hclxo -- 

13 1.20 1.25 0.96 1.59 4.39 2.66b 2.10b 
Il.381 IO.611 10.60) 10.3+1 to.401 ~1.001 (2.llJ Il.071 

16 1.22 1.08 1.57 2.54' 4.45 2 5e*= 
f0.631 10.5OJ (0.381 12.06) Il.001 (2.oa; co.941 

I 18 1.25 1.w l.50 1.$5 2.27' 4.38 2.76d 
10.581 10.53) fO.401 (0.601 (2.251 (1.00) $2.461 

l V& Tdo, 6 values don&M from iatcmal TMS; CC& solution. In parentheses Eu(fodh induced shifts 
ntive to the +H lignd arc giveo. 

h2J(H&J = ( - )l6.0 Hz. 
=‘J(IiolH,) = 7.6 Hr. 
“J(Si,Hd - 1.4Hz. 

Method A (CH&). A 2M soh of 1 in C&CL, (125 I& 
O.Umok)wulddsdov~Mmirttor~rotndthedie~ 

MethfA(C&L AlMsohof1inC~(25Oml,0.25mok) 

phik (0.25 mok) mid DMSO (20 ml, 0.25 mok or 40 ml, 0.5 mok. 
wux#ddropwkctotIthed,rc~solnoft&dirophik 

T&k 7) in CH&& (~~~). Tke mixtum was poured into kc- 
(025 mok) aud DMSO (40 ml, 05 mok) in t& (100 ml). The 

w8tw N&d cxancrcd ffuice with pcnr8nc. Tbc culubiaed extracrs 
wolir-il$ prochm was xhlikr ax given for C&t,& 

wwe w&cd (f&O), dried (MSSOJ and c5llcc~lr8tad br MCYO. 7. 
Sh%ui ykidr obtahed with methd A ace compikd in Table 
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Tabk 6. ‘C NMR data of tbe bieyclic ketones 

13 3.71 13.78 14.41 *6.1t la.0 48.4 79.6 50.61 57.9 ?31.11 134.7 163.3 

16 9.3~ 13.9~ 17.31 eb.8 36.9 47.31 78.9 57.7 131.3, 134.3 180.3 

18 9.5s 12.lr 16.51 19.41 19.6 47.31 54.81 50.0 56.9 133.21 135.9 lY9.6 

‘%rirn XIAM; 6 v&tes dwnlield from intcrnai TMS: CD& solution. 

T&k 7. Results obtained witb method A* 

l?esction tsc*lortltu!n -19 O0 *40° -80' 

COlWMd aolvant 
CV'2 '6'6 

10 31Jb 

“Isokted ykIds in 96. 
~Rcactioa in tbt! presence of 2 ~~~~ of DM!a 

Mdaod B. A sola of the dknophibc ester (0.25 mok) ia C&CL, 
(SOmI) was added over 30 min to a stirred 2 M aofn of 1 in 
C&C (125 ml, 0.2Smofe). After an addnl I3 mitt. a soln of 
RM S& (2@ ml, 0.25 mok) in CHrCl, (20 ml) was added cau- 
tiously, The aqueous work-up was carrkd out ns descrii 
8bOVfh 

2 * endo * hfcrhoxycalfM.uryl - 1,4-$,6 - &tramet~yf- 
b&rcfof220llmx - 5 - me (2). Reaction of 1 (0.2Smofe) with 
mcibyl -acrykte (21 g. 0.25 t&c) and DMSG (20 ml, 0.25 mok) 
according to method A (CH&!l,, 09 rtiotded after work-up sod 
aeon ~42A*/o.u mm) 10.3 g (21%) of 2. The acid was 
obtain& by alhalitk hy&oI~is (19% me~~lic ROH) and 
pm&d by repeated crystaRizatiott from bexane, m-p. 90.9-91X. 
(Found: c, 73.06: II. 9.03. cak. for CIIH,‘G$ c, 73.30; H. 
8.9s%)* 

2 I tad0 - ~~t~~yca~nyf - I,3 - endo, 4&6 - F~am~yi- 
bicycfo[22.0] - hex - 5 - rae (3). Reaction of methyl (Z)-propcnc- 
l-csboxykte (log. 0.1 rnok~~ from i~~rotoaic acid= by 
cst&cationn) (mctbod 8, -30’) gave after work-up and dis- 
tiuatioa @0-41”fo,15mm) 8.3g(40%) of 3. -a? a&l was obtaitxd 
by ahline hydrolysk and purifkd by rcpe&d crystalliutioa 
from bexatm, m.p. 985-lOOJ* (Founds C, 74.17; N, 9.30%. UC. 
for C,#,&: C, 74.19; H, 9.34%). 

2 - end0 - ~e~~cu~~i - 13 - exa, 43-6 - F~am~&yf- 
~i~~fo[2.~0]~~ - 5 - au (4). Ractioa of methyl (IQ-propcne-l- 
csboxyktc (25 g, 025 mok) with I(035 mok) (method 8, - 30? 
gave after work-up and diitiliation (&S1*10.15mm~ 20.4~ @%I 
of 4. Alk&ae kydrolyl sod repeated cryrt. from bcxaoc 
pdorded the acid, m.p. 104.&1M.V (Four& C, 74.36; H. 9.3s. 
Cak. for C,JI,&: C, 74.1.19; H, 9.34%). 

2 - end0 - ~U~~~a~yl- 12 - exe, JJ,6 - paUaar~&.rl- 
fJkycfO[220]bcx - 5 - crre (!I). Reaction of mrtbyl propcoe-2* 
carboxykte (Mg, 0.5 mok) with 1 (0.3 mole) CeUtod B. - w) 
pve afta work-up and diatilktion (43-48VO.15 mm) 40.1 g (39%) 
of s which soli upon standing. Repeated tryst. from hexane 
and suborn afforded a pure sample, m.p. 33.0-35.7’ (Found: 
C, 74.68: H. 9.76. Cak. for C&H&: C, 74.%; II, 9.68%). 

Compound !l resisted alhalinc hy~ofysis when tbc usual pro- 
c&rcs were applkd. To a stirred, rcnuxing sok of dicyclo- 
hcxyl-18-crown-6r’ (u ~hiricb) to.5 g. 1.2 mmoks) in 2 N spuwus 
KOH VO ml), 5 (5.7 g. 27 mmoks) was rddad. After 2 days, the 
rosuftitqt mixture was cxttncted with hexan& acidifkd and cx- 
tracted witb ether. Tbc et&r layers wert dtkd fMgSGJ and 
concentratul In sucllo. The crude acid (3.6&68%) was purifkd 

via the benxykminc salt and biratcd by tmatment with acid, 
mp. 73.2-74-Y. 

2 - cndo - ~et~oxy~a~yt - 1,4.5,& - f~~am~hyi - 3 - exo - 
~~y~~~~[2.2.01~ - 5 - ue (6). Reaction of etbvf tE& 
&ayktbct&cuboxylatcm (46.Sg, 0.25mok) with. .l 
IO.25 mole) was carried out rrxordiag to method B (- 153. The 
tmconvtrted ethyl cinnmnatc was removed by dktihth~ at 
O.lmm. The r&due was treated wit& 10% ttfmnolii KC&II 
(ISOmJ) for 3 days at room temp. After ?ke osual work-up 21.78 
(34%) of tbc acid was obtained. which was pti&Iod by tryst. 
from A&II. “C NMR (CD&): d = 8&9.& 10.5, 16.4 #imary 
C); 47.6, 48.7 (teh C); 512. 51.8 (quaternary C); i262. 128.3. 
128.4, 139.2, 140.4, 144.8 (ok&tic aad arom. C); 180.2 (CO). 
Cryst. from hexanc and sublimation ia naeuo al&&d a pure 
sampk of the acid, m.p. 136.&138.6* (Found: C, 79.48; II, 7.88%. 
Cak. for C,,II,Of: C, 79.65: H. 7.86%). ~~~a~~ with 
CHIN, aiIorrkd 6, H NMR <CC&): 6 = 0.62 (s. 3H), 1.28 (s, 3H), 
1.48 (q, 3H), 1.63 (q, JII), 3.06 (d. III), 3.47 fd, III), 3.58 (s, 3II). 
7.17 (br.s, SH), m.p. f5.5-58.5”. 

2 - ondo - CyaRo - 1.4.5.6 - frrroma~y~fc~foI2.2.oI~~ - 5 - 
ene (7). Reaction of ~~0~~ (138, 0.25 mok) with 1 
(0.25 mok) @&rod 3, - 157 gave after work-up and d&ilk&o 
@8=42YO-S mm) 22 I (55%) of crude 7. A small amount of a 
persistent impurity was removed by tryst. from pentanc at - 6lP. 
‘II NM\ KXI,l: d = I.00 (a. 3H). I.11 (s, 3X), 1.61 (q, 3H), t.70 
Q 3ff), 1.9-2.3 (m. 2H), 2.75 (dd, 1H). 

2 - exe - ~~~a~nyl - 13 - endo, 43.6 - partamefh9f- 
b~9c~01~2.oJ~~ - s - me 04). c0~1pound 3 (3 g, 15 ~01~8) web 

epimcrizcd in remixi methnoiic (30 ml) CH,ONa (f.6gs 
30 mmoks) for 2 b. After aqueous work-up, the nstdtir~ mixture 
(GC: 3, IS% 14.85%) was subjected to preparative GC (SE-M 
cohtma, IYV): tbc fractions c00taMng 14 were colkctcd. 

~~t-c~~si~n mt5sumnuts. Some plots arc depicted 
inFii2. 

Isolation 5f &i3. Reaction of 1 with methyl propcnc-2- 
carboxylate (25 g, 0.25 mok) (method 8, - lS*) for 1 hr afforded a 
mixture which was fractionated under nduced pressure. The 
fraction boiling at 56-76YO.25 mm (10.49) was subjected to pre- 
parative GC {SE-30 column, 1700). A 2: 1 mixture of g and 9 was 
collected in one fraction (4.2s). corn~u~s lb (0.53g) and 11 
(O&g) were colkctcd in separate fractions. From the fraction 
boiling above 77@/0.2.5 mm (4.48) compound 13 (IS g) was isolated 
by means of preparative GC (SE30 column- 180”). 

Reaction of methyl propcnc-tcarboxykto with 1 &&md B, 
tY) alIorded a mixture from wbicb l2 was separated by means of 
preparative GC. ‘II NMR (CCl,): d = 1.09(s. 3Ii). 1.71 (br.s. 12H). 
1.92 cbrd, 1H). 2.76 @rd. lH), 3.59 (s. 3Hb 

Isomtdiptlotr of 2 aad 4 
Pmpirratka of 15 and lg. Reaction of methyl acrykte (213 g. 

0.25 mole) with 1 (0.U mok) (method 6, -153 for Mmin 
f&wed by aqueous worh-up afforded a mixtmc from wbiib 
15 (3.5g. 7%) was isolated by means of fractknation under 
rnduced prersutw (b.p. 46*/l mm). The fractions with boiIing 
w 46-75Yl mm (16 g) were treated with 10% metbaaoIk KGH 
for 3 days at room temp. Water was added and tbe mixture was 
extracted with pctnatte. Tbc aqtmous kycr was acid&led aad 
cxtractod with ether, the extracts were washtd with aqueous 
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Fig. 2. Iaomerixation of S in tbc presence of AfCI,. A: composi- 
tion-time plot of the preparation of 3 accordiq to inctbod B at 
- Iso; B: reaction of S (1.25 mmoks) with AKII, (1.25mmoks) ia 
CH,Cl,(f ml) at - IS’; C: ditto. at fP. 0.5; A, Ii); t ,12;0,13. 

NaHCOl until free of acid. washed with Ha and dried fMgSO+l 
Removal of the solvent B wcuo afhded 16 (5.6 S 12.4%). 

Pmpamtion o/ 17 and IS. Reaction of methyl (E)-pmpene-f- 
carboxylate (4Og. 0.4 mole) with I (0.4mok) (method B. -IS”, 
I hr) afforded after work-up and distilfation at 0.1 mm a mixture 
which conhhcd 4, 17 and It. Preparative GC afTordod 4 (18g. 
~l,compound17ff.Sg.296~and1S(2g,396).Asunpkofl7wPs 
hydrofysed in mcthanolic KOH. the acid was rqeatedfy tryst. 
from ftexaae. m.p. lOf.~iO2.~(Foun~ C74.38; H.9240. Calc. for 
C,zH~sa: C. H.lP: H. 9.34%). 
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