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Cycloadd it ion Reaction of Bis( trimet hylsilyl) Al lenedicarboxylate with 
Homocyclic Dienes 
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Halogenolactonisation of the Diels-Alder adduct (4a) derived from bis(trimethylsily1) allenedicarboxylate (3) and 
furan, followed by treatment of the products (5) and (8) with diazomethane, afforded the corresponding up- 
unsaturated methyl esters (6) and (9) respectively. Catalytic hydrogenation of both compounds provided the 
desired methyl esters (7) and (1 0) which were identical to the compounds derived by Arndt-Eistert reaction of the 
halogenolactonic acids (1 1 ) and (1 3) respectively. 

IN  our studies towards the total synthesis of the Ruuwol- Having thus clevelopcd n synthetic routc to thc~ 
$a alkaloids, reserpine (1)  and its analogues, the important interinttdiate (4a), its conversion into tlw 
lactonic ester (2) is essential for construction of the non- 
tryptarnine part of these alkaloids. We have therefore I-Ialogenolactonisation of the cycloridduct (43) 
examined the regioselectivity in the cycloaddition affordccl the ioclolactonic. acid (5 )  wliic.11 was treated wit11 
reaction of hi~(trinirthylsily1) allenedicarbo?c~rlate (3) an excess or diazometll:m3 t(J givt. tilt3 corresponding 

lactonic esters (7) and (10) was then cxaminecl. 

Me02 C -0 C Q 

with furan and its derivatives,29z and the halogenolac- 
tonisation of the resulting cycloadduct as a preliminary 
experiment for an approach to (2). We now describe 
the results of this study. 

The reactions of the allenedicarboxylate with several 
homocyclic dienes are sumrnarised in the Table. All 
these reactions were carried out in dry benzene solution 
in a sealed tube. The crude reaction mixtures were 
treated with water in order to produce the corresponding 
dicarboxylic acids. The regiochemistry of the cyclo- 
adducts was determined by 100-MHz n.m.r. spectro- 
metry. In  the n.1n.r. spectrum of the cycloadduct (4a) 
derived from furan and allenedicarboxylate (3), the 
methine proton adjacent to the carboxy-group appeared 
as a double doublet a t  6 3.97 with J values of 5 and 2 Hz. 
The corresponding protons in the cycloadducts (4b) 
and (4c) were observed as doublets ( J  2 Hz) at 6 3.95 and 
4.20 respectively, thus demonstrating that the regio- 
chemistry of the cycloaddition products is as represented 
in formula (4). This regioselectivity is rationalised by 
assuming that the reactants approach one another in the 
least sterically hindered manner as depicted in (A). 

t Part 854, 1'. Kalnetani, K. Kigasawa, M. Hiiraga, N. 
Wagatsuma, T. Kohagisawa, and H. Inoue, .I. Phamn. SOC. 
j a p a n ,  1980, 100, 844. 

Cycloaddition reactions of allene derivatives with dienes and 
homocyclic dienes are already known (see ref. 2). 
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Reaction o f  the allene with furan derivatives 

ii II 
+ 03 R "JHZO- i. heat 5 CHC02SiMe3 

HO,C 5 CHC02S i Me 
R 

( 3 )  ( 4 )  

a, R=H 
b, R =CH20CH2Ph 
C ;  R =CH,OH 

Reaction 
conditions 

Diem T / " C  t / h  I 'C(d11ct  '' \ ' l t ~ l t l b  (o/o) 
Furan 110 3.5 ( la)  88 
Benzyl furfuryl ether 110 3 (4b) 8.1 

50 4 (4b) 
50 24 (4b) 

Furfuryl alcohol 46 24 (-lc) 
60 50 (4c) 54.8 

40.4 
52.1 
23.4 

a Since the dimethyl esters of these cyclondducts consisted 
of two compounds in the ratio o f  ca. 95:  5, i t  seeins that the 
cycloadducts (4) were mixture of double-bunt1 geometric iso- 
mers. Further investigation of this mixture was not under- 
taken. The yields of tliese cycloarltlucts are based on the yields 
of the corresponding dicarboxylic acids isolated atter aqueous 
hydrolysis. 



2802 J.C.S. Perkin I 
methyl ester (6) in almost quantitative yield. Tlie i.r. 
spectrum o f  (6) showed carbonyl absorption bands tlue 
to the y-butyrolartone :it 1 795 c m  1 ;ind to tlit! ap- 
uiisaturatetl methyl ester at 1 715 c m  1. 

Me-'Si 

Me 
/, 

H 

C n t a 1 y t ic 1 1 y (1 r ogcna t ion of t 11 t' cx p - unsa t u ra t eel cs  t cr 
((i) in mc~tlwiol ovvr Atlains catalyst procluwtl tlic tlesired 
inctlryl e5tt.r (7) by selective reduction from the less 
Iiinclert~(1 a-sick. That this derivative (7) h;~d tlic 
cc xrtlct st  error liemist ry was tlcwionst rnttd by (-om- 
p r i w i i  with an autlitwtic. saiiiplc prqxwt~(1 1 roin t l i t :  

lxtonic acicl (1 1 )  by Arntlt-Eistcrt rcaction. 

CO2R C0,Me 

( 5 ) R = H ,  X = I  ( 7 )  X = I  ( 1 1 )  R=OH,  X = I  

( 6 )  R=Me.X = I (10) X =Br 
( 8 ) R = H ,  X = B r  (13) R = OH, X=Br 

(12) R = OMe, X = I 

( 9 )  R =  Me. X =Br (14)  R =Cl ,  X = I  
(15) R =CHN2, X = I 
(16) R =Cl, X = Br 
(17) R =CHN2, X=Br 

CO2R 

(18) R = H  
(19) R = M e  

Thus, Dicls-Alder reaction of furan wi tli maleic 
anhydride in water followed by iodolactonisation 
without isolation of the cycloadduct according to the 
metliod of Berson et afforded the iodolactonic acitl 
(1  1) wliich was also characterised as the methyl ester (12). 
Reaction o f  the lactonic acid (11) with oxalyl chloride 
in refluxing dry benzene gave the acid chloride (14), 
which on treatment witli an excess of diazomethane in 
etlier provided the diazoketone (15) in 80% yield from 
the lactonic acid. Tlie i.r. spectrum of this compound 
showed an absorption band due to the diazo-group at  

2 150 c111-l and a carbonyl absorption band due to the 
y-butyrolactone at 1 790 crr-l. This diazoketone was 
refluxed in absolute nietlianol in the presence of freshly 
prepared silver oxitle for I h to afford the desired methyl 
cater (7). The t.1.c. lwlmviour miti i.r. and n.1n.r. 
spectra o f  this cster wrt"  identical to tliow of the 
(:onipou~i(l (7) derived from t l i t :  ~llenrtlicarbosy1,t~~ and 
furan. 

The 1m)mol;ictoriic cas tcr (10) was also prepared, by t hc 
met hod cltwrilwd a l m \ r c ,  from 1 lie dicw-boxylic acid (4a) 
via tlw broinulactonic acid (8). Thc ester was identical 
(t.1.c. behaviour antl i.r. arid n.1n.r. spectra) to an 
;iutlit~itic samplc~ of (10) prepred from the known 
Imrnolactonic :wid (13) via the acid cliloritle (16) arid 
t lie diazoketonc (I  7) .  

I-Ialol=~'nolactoi~isatian of  the dicarboxylic acid (41)) 
wts also csamiiied in order to confirm its stereoclic~mistry. 
Iodolactoriisatioii of the dicarboxylic acid gave thc 
expected iodolactotiic acid (18) in high yield, wliicli was 
also characterised as thcl corresponding mctlij.1 ester 
( 1 9 ) .  This intlicated thc relative configur:ition lwtwecw 
t h c b  wr-l)osy-group a.11~1 t l i c >  c l t l r c ~  1 ~ ) i i t l  i n  the s;i;irtiiig 
tlicarbosylic ;tcitl (41)) t o  b t b  cis. 

IS XPE R1 M I< NTAL 

h1.p.s were tlcteriiiined on a Yazawa micro-apparatus. 
I .r. spectra, Lvere recorded with a Sliiiiiazu T 1<-400 spectro- 
photometer. Mass spectra were obtained wi th  I-litaclii 
rVl-6fLG and JEOL-MJS-OISG-E spectrometers. N.ii1.r. 
spcctra were recortletl for solutions in carbon tetracliloride, 
tleu tcr iocli lorofc )mi, or tleu teriometlt an01 ( tetraniet hyl- 
silatie as internal standard) with J IWL J SM-ISMX-60 or 
JEOL J NM-I'S- 100 instrunients. 

12is(tvimethylsilyl) Allenedicuvboxylate (3) .-To allenedi- 
carboxylic ;kcid (4.4 g )  a t  -40 "C was added during 10 niin 
with stirring a. mixture of tri~iietliylclilorosilane (3.92 g) 
antl liex~~nietliyldisilazane (2 .9  1 g) and stirring was continued 
for an atlclitional 15 min. The mixture was then allowed 
to warm to rooin temperature over 30 min. Dry pentane 
(W nil) was added and stirring was continued for 1 11. The 
precipitate of ammonium chloride was removed by filtration 
and washed with dry pentane. The combined filtrate and 
washings were evaporated, and distillation of the residue 
afforded bis(trimethylsily1) allenedicarboxylate as an oil 
(6  g, 63.20/,), b.p. 84 "C at 0.03 mmHg, 8(CC1,) 0.03 (18 H, 
s, fi x CH,) and 5.83 (2 H, s). 

Diels-A lder Reaction of Bis(trirnetJaylsi1yl) Allenedi- 
carboxylate (3) witJL Furan.-A mixture of bis(triniethy1silyl) 
allenedicarboxylate (297 ma), furan (297 mg), and a catalytic 
amount of  liydroquinone (10 nig) in dry benzene (3  ml) was 
heated with stirring in a sealed tube for 3.6 11 a t  110 "C. 
Evaporation aflforded a pale yellow syrup. A small 
;mount of water was added and the mixture was stirred 
for 5 inin and then evaporated in V ~ G U O  to aflord a solid 
which was washed with ether. Filtration followed by 
recrystallisation from methanol-water gave 6-carboxy- 
inetliylene-2,6-epoxyc-ycloJiex-3-ene- 1-carboxylic ucid (4a) ( 124 
mg, 88*:) ,  m.p. 26&--268 "C (Found: C, 54.8; H, 3.9.  
C,H,O, requires C, 55.1 ; H, 4.1%), v , , ~ ~ .  (KBr) 1 680 and 
1 700 c r i i - l ,  S(CI_)CI, 1 CI>,OD) 3.97 (1 H, dd, J 5 and 2 
€12, 3-11), 5.20 (1 H, S ,  1-H), 5.30 ( 1  €3,  d, J 5  Hz, 4-H), 6.0 
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(1  11, cl, J 2 l l z ,  >C=CHCO,H), and 6.53 ( 2  H ,  s, 5- and ti- 
H), m / e  196 (Mt) .  

This compound was also charxterisetl as tlie tlinic.th~-l 
ester prepared by treattnent with an excess o f  (liazo- 
methane, vII IR~. (CHCI,) 1 7 2 0  and 1 7 0 0  c ~ I - ~ ,  S(Cl)CI,) 
3.63  (6 H,  s,  2 Y O('H,), :].!I3 ( 1  H ,  dtl, J 7 ;inti 2 l i z .  3- 
H ) ,  5.1i'hr (2 H, 5, 1- and +ti), 5.!j:l ( I  11, (1, J 2 t i z ,  >('-= 

CfICO,C'H,), and 6.27 arid 6.43 (2  11, c;u.li t l t l ,  J' 5 and 1.5 
Hz), Inle 224 (A/ ' ). 

Iliels-A ldrv Hccictioii of r ~ ~ , ~ ( ~ ~ , i ~ ~ i ~ J ( ~ i ~ l . ~ ~ f ~ i ~ )  I l f p l w d i  
carboxylatr (3) with J3citqvl Fz~t . f i tryl  1:tJit.i~. - -A mix tiirc o f  
bis( trimcth~-lsilyl) alle~ietlic~trl~o;.ivl;lt c ( 1 0 0  ins) , bcn zy1 
furfuryl ether (138 nig), and a cr2t;ilytic amoi int  o f  11yclro- 
quinone ( 1 0  mg) in dry l~cnzene ( 3  nil) \ \as  1ie;~tetl M i t  11 
stirring in a sealetl tube for 24 11 at 50 'C. Remr)val o f  
solvent left a pale yellow syrup. A sinall anlount of water 
was added t o  thc residue antl tlie ~iiixture WilS stirred for 
6 iuin and then evaporated in iiacuo to givc a solid wliicli 
\vas waslied \vit li etlier t o  afford the pra('tic.;illy pure 
tlicarboxylic acid (4b) (60.6 nig, 52.1c)o), 11i.p. 183--184", 
vlllrlX. (KBr) 1 6!)0 antl I 5 1 0  ciii I ,  8(('l)Cl, -i Cl) ,Ol))  

Hz, CH,O), 4.68 ( 2  H, s, UCfd2Ar),  5 . 2 7  ( 1  11, (1, J 2 €lz+ 
4-H), 6.01 ( 1  13, d,  J 2 H z ,  >C=cflCO,H), (i.34 (1  H, (1, J 
G Hz,  5-H), 6.61 (1 El, tlcl, J 6 and 2 H z ,  (i-ll),  and i.32 
( 5  1 3 ,  s ,  .4rH). 

This comp0und M ' ~ S  also clinractcrisetl as  its tliiiietliyl 
ether, preparetl 1)y treatment with excess o f  t1i;tzomt~t hanc, 
v,I,,lx. (C'HCI,) 1 7 2 0  and 1 706 ciii-l, 8(C1)('It) 3.60 ( 3  H, s, 
OC*H,), 3.63 (3  H, S, OCH:J, : < . ! I 0  ( 1  € 1 ,  (1,  J 2 Hz, "El), 
:].!I7 (2  H, s, C H 2 0 ) ,  4.60 ( 2  13, x, OCJ12,\r), 5.13 ( 1  11, ( I ,  
J 2 Hz, 4-H), 5 .90 ( 1  H, (1, .[ 2 H z ,  >C-C/I('02('H3), ( i .20 
( 1  FI, t l ,  J 6 Hz ,  6-13), 6.42 ( I  H,  clt l ,  ar f i  and 2 Hz, 5-El) ;tnd 
7.24 (5 H ,  s, ArIi ) ,  m / e  344 ( M  I ) .  

Diels-A Eder Reaction of / 3 i s ( t r i t~ i e t l i~~ l s i I~~ l )  L4 Ilmedicnrh- 
oxylnte (3) with FzwfirryE "1 lcolrol. --A iiiisturc o f  his- 
(triiiietliylsilyl) ;tllenetlicarboxvlate (223 mg), furfur) 1 
alcohol ( 1  61 nig), and a catalytic. amount of 1iS.di-o~luirioIie 
(10 nig) in dry 1)enzene ( 3  nil) was 1ic:itetl wit11 stirring in ;I 

sealed tube for 50 11 at 50 "C'. Evaporation left a )~l lo\+r  
syrup, t o  which a sniall amount o f  water lvas  iitlded. 'l71ie 
mixture was stirred for 5 rnin and then evaporatetl ip? V N C Z I O  

t o  leave a solid which was washetl witli etlier and recrystal- 
lised froni ethyl acetate to  give (i-carbo,~.viiictlriifci~e-~,5. 
cpoxy-2-lr I-idraxynzetJ~ylc3'cloIieX-3-e?1e- 1 -cnvho,~ylic acid (4.) 
(101 nig, 64.80/) ,  1i i .p .  1 % - I  94" (cleconip ) ( I ; o u i i ( I :  (', 

50.3; 11, 4.!). C,,H,,O,;-d/3M,O rcquircs (-, 50.4;  1 I ,  
4.8;()), vlll,,x. (KHr) 1 7 0 0  ;tntl 1 7 2 0  clllrl, 8(C'I>C1, :- < ' I ) . + -  
OD) 4.20 ( 1  H, d ,  J 2 Hz, 2-H), 5.21 ( 1  H, ( I .  J 2 Hz, 4-11), 
(i .01 ( 1  11, J 2 Hz ,  >C=ClfCO,H), 6 .38  ( I  H ,  ( I ,  .I (i I l z ,  
6-H),  antl li.41i ( 1  H, dtl, J 6 and 2 H z ,  5-H), 

ronofnctonisatio.rzz of Ilicls-ii Edev A dduct (4;i). - A sol (1 tion 
o f  iodine ( $ 3  nig) and potassium ioclidc (254 nix) in \v;iter 
( 1  nil) was added t o  ;L stirred solution of tlie I)iel+Al(lcr 
adduct (4a) (60 nig) in O.Cin.-sodiuni 1~ydro~encarl~o1i :~te  
( 3  nil). After stirring for 3 11 at rooiii teiiipm-aturc in the 
tl;irk, tlie mixture was iiiade ac.itlic by xltli tion o f  %Of?/,, 
sulpliuric acid solution ant1 extracted with ctlicr. The 
cxtr;ic.t \vCis waslietl Ivitli saturated sotliuiii t1iiosulpli;tte 
solution and brine, dried (hlgS( la) ,  a n t l  t l ~ t w  evaporated to 
leave a solid. After washing with et her, the rcsulting 
crvstalline solid (87 m g ,  680/:,) w a s  recrystallisetl froni 
1 iietliariol t o  afkorcl 3, S-epo,~~l--l-ionc,- 7-0,~~o-U-oxrcbicyClo- 
[3.2.l~oct-2-ylirlcizeiccetic acid (5), r1i.p. 126-1 26" (tleconip.) 
(1;ound: C, 33 5; EI, 2.1. C,H,O,l requires C, 33.6; II, 

;1.!15 ( 1  H, d,  J 2 Hz,  2-H), 4.02 a ~ i d  4.18 (2 H ,  each (1, J 12 

2.2')/0), vlllrLX. (KUr)  1 6!)5 and 1 775 cm-l, 8(ClL)CI, + CL),OII), 
4.25 (1 €4, S, 4-H), 5.02 ( I  H, S, Ca-H), 5.11 ( 1  El, d, J 5 
Hz, 6-11}, 5.44 ( 1  €I ,  t, J 5 Hz, 6-H) arid 6.09 ( 1  H, (1, J 2 
IIz ,  )('=CM.CO,H), wz/c 322 (A1 I ) .  

3,8-Epoxy-4-iodo- i-uxo-~i-oxccbicyclo~~.2.1 J oct- 2- 
vfticctote ( 7 )  .---'Hie iodolactonic acid (5) (50 mg) w i t s  treated 
n i t l i  an escess o f  diazoniethane in ether a t  room teniper- 
a lute  to afford thc methyl ester (6) (52 ing, qiiantitative) 
after cliIoiiiatob'ra1'1iy on silica gel, v,,,~~. (CHCI,) I 71 5 
;ti id 1 705 cni 8(CIKl3)  3.86 (3 €3, s, OCIi , ) ,  4.05 ( 1  H, s, 

A I  ethyl 

+ I f ) ,  4.  I8 ( 1  H, dd ,  J 2 ~ i t l  4 Hz, l-H),  5.08 ( 1  €I, S, % € I ) ,  
5.25  ( 1  H, cl, .I 4 Hz, 5-H),  5.5fi ( 1  €3, t .  J 4 Mz, ti-El),  :iiitl 

ti. I8 ( 1  H. t i ,  J 2 Hz, >C=C'HCO,H). 
A soliitioii of this methyl ester (35 nig) in methanol (2 1111)  

u a s  liydrogciiated over Adanis catalyst (30 mg) and the 
I eaction iiiisture was filtered tlirougli a Celite pad. I'hc 
filtrate was evaporated and the residue purified by pre- 
parative 1.1 v.  (60yo ethyl acetate-liexane as eluant) to  
give 21 crystalline solicl (21 nig, 58.!1(){)), which on recrystal- 
lisatioii froni Iiexan-benzene a fiorded t lie iodolactonic 
estev ( i ) ,  ni p. 13-134 "C (deconip.) (Found: C ,  33.3; 
H,  3.1. C,,H,lC),I.I-I,O requires C, 33 .7 ;  11, 3.7"<,), v , ~ ~ ~ ~  
1 725 and 1 770 cni-', 8(CDC13) 3.63  ( 3  H, s ,  OCH.J, 3 {I!) 
( I  H ,  s ,  4-H) ,  4.70 ( 1  H, d,  J 5 H z ,  5-H), and 6.23 ( I  H, t ,  .[ 

Rvoiizolacto7iisnti,,n of the Ihels-A Ider '1 tMur:t (la) CI ?id 
its flsteri~ccrlio?i.--7't~ a solution of the 1)iels-Alder ;ttldilc-t 
(h) ( 1  00 mg) in 0.W-sodium liytlroxicle solution (2  1111)  is 

atl(let1 a solution of sodium Iiytlrogcncarbonatc (85 7 111g) 
iii  water (2 nil) and then bromine (15 drops). Tlie niixturc 
was stirred for 2 li a t  room temperature, acitlificd Jvith 
concentrated hydl-ochloi-ic acid, and extracted with ethyl 
acetate . 'I'h e c s  t rac t w as washed wit li saturated sod i u I 11 
tliiosulphate solution and brine, tlried (NIgS04), arid then 
evaporated to  afford the crude bromolactonic aci(l (8) 
u.hic.h was esterified witliout further purification. 

'I'he rcsultant crude broniolactonic acid (8) was trc3:tted 
\\.it11 a n  ~ S C C S S  of tliazonietliane in ether for 3 h at room 
temperature. l h e  solvent was evaporated off ant1 the 
residue \vas  subjected to  c1iromatograpli)r on silica gel to 
give tlie iiietli>-l ester (I)) ( 5 0  nig, 34°/0), v ~ , , ' ~ ~ .  (CHC1,) 1 720 
ant1 1 7!15 c'ni l ,  8(C1Kl3) 3.!W ( 3  H, s, OCH,), 3.94 ( 1  l-I, s, 

5 Hz, fi-H). 

4-13), 4.13 ( 1  EI, d t l ,  ,J 2 and 3 Ifz ,  I - E l ) ,  4.!1!) ( 1  H,  S ,  3-11), 
5 .0  ( 1  l € ,  (1, .[ 5 Hz, 5-€I), 5 .53  ( 1  H, t, J 5 Hz, 6-H),  id 
( i . 1 0  ( 1  11, t l ,  J 2 Hz, )CXfiCO,H). 

4- liroii? o- 3,8-epoxy- 7-oxo- ~ i - o x a h i q d o  [ 3.2.  1 ] oct- 2- 
yfurl cttrte (1 0)  .--A solution of the 1)i-oiii~)l~~ctoiiic ester (!)) 
(22 mg) in nict1i;tnol (2 nil) w a s  hydrogenated over .2tlarils 
catalyst (30 111s). 'I'he reaction mixture was filtered tlirongh 
'1 Cclite p d .  l'lie filtrate bvas evaporated to Icave ;t resi(lL1e 
w hich w;is piirilietl by preparative t.1.c. (5"(, nietlimiol- c.hloro- 
form its eluant) to  give a crystalline solid (16 nig, 72.:3';:,), 
wliich o n  rec.rystallisation from Iiesane-benzene, afforded the 
Dvoimlactonic ester ( l o ) ,  m.p. 140 "C (Found: C, 41.2; H ,  
3.6.  C l o H ~ 1 0 5 1 3 r  requires C, 41.3; F i ,  3 . 8 " ; , ) ,  vll ,~Lx. (C1lCl.J 
I 7 2 5  a n t 1  1 780 c n - l ,  G(CL>Cl,) 3 . 7 0  ( 3  H ,  s, OCH,) 4.0:) 
( 1  Ti, s, 4-H), 4.!)3 ( 1  1-1, d ,  J 5 H z ,  5-H), antl 5.3'7 (1 1-1, t .  
J 5 I l z ,  (i-kl), trr/e 290 aiitl 2!12 (,I2 ' ) .  

llf et hyL 

4- i odo - 7 - o m  - (i - oxu h i c j J ~ . l ~  r : ! 2 . 1 j o L t ne - 2 - 
id  ( 1  I).-A niisture o f  ni~ilcic anlrvtlritlc (15 g ) ,  

furan (7 .5  n i l ) ,  ant1 liytlroquinorie ( 1 0 0  nig) in wi tv r  (35  
nil) n i t s  stirred for T2 h a t  room tentper;itur-c Sotliuiii 
1iyclrogeiic.arbonate ( 1 1.3 g)  was added in  sniall portions 
over 1 0  niin t o  the above mixture at 0 "C and the precipitate 
was removed by filtration. To the filtrate was added 
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sodium hydrogencarbonate ( 5  g) and then EL solution o f  
iodine (15 a) and potassium iodide (40 g) in water (75 ml) 
was added tlroptvise. 'l'ht mixture was stirred for 1 h a t  
room temperature. After adding a trace of sodium thio- 
sulpliat~,  the colourless precipitate was filtered off, washed 
with a small aniount of cold water, and recrystalliscd from 
methanol to affortl the iodolactoizic ncid (11) (13 g ,  40.774), 
tn.p. 185-1137 "C (Fountl: C,  31.0;  H ,  2.3. C,H,O,I 
requircs C,  30.!$; H, 2 . 3 O ; , ) ,  v,,~ :,,, (KBr) 1 720 and 1 770 
vni  I ,  S(('lK~1, i CI),OI)) 2.!U ( 1  11, tlcl, 1 0  and 6 Hz,  
l-EJ), 3.23 ( 1  H, ( I d ,  J 10 atid 4 Hz, 2-H), 4.63 ( 1  H ,  S, 
4-H),  4.83 ( I  H,  (1, .\ 4 Hz, 3-11), 5.12 ( 1  H, d,  J 5 Hz, 5-H), 
ant1 5.40  ( 1  El, t, .J 5 Fiz ,  6-H). 

Tlie correspotitlitig mctliyl ester (1  2) was prepared by 
treatnient o f  the iodolactonic acid ( I  1)  with an excess of 
diazoiiietli,~ne, m p. 167-169 "C, v , , ~ : ~ ~ .  (liHr) 1 730 and 
1 785 cni-l, 8(CI)(13) 2.Y4 ( I  H,  &I, J !I and 5 Hz, I-H), 

4.63 (1  H, s, 4-H), 4.86 ( 1  H ,  d, J 4 Hz, 3-H), 5.15 ( 1  H, cl ,  

The I otlolactonic Estev (7)  via tlie Dinzoketone ( 15) .--lo a 
suspension of the iodolactonic acid (11 )  (200 nig) in dry 
benzene (10 nil) a t  0 "C was added dropwise oxalyl chloride 
( 3  ml) and the mixture was then refluxed for 1 11 under 
nitrogen. Tlie solvent aiitl the excess of osalyl cliloritle 
were evaporated in vacuo t o  leave the acid cliloricle ( I  4) 
which was treated with an excess o f  diazomethane in ctlicr 
for 1 h .  '['he sol\-ent was evaporated off to leave a solid 
which was filtcrccl off and waslied with ether to afford tlie 
pr;ictically pure diazoketone (15) (I72 ing, 80(;4) as a 
colourless crystalline solid, n1.p. 147-149 O C ,  v , , , ~ ~ .  (Kl3r) 
1 7!)O antl 2 1.50 cn- l .  This diazoketone was used in tlie 
following reactioii witliout further purification. 

A mixture of the tliazoketone (15) (70 mg) and freshly 
preparetl silver oxide (30 nig) in absolute inetlianol (6  inl) 
n a s  refluxed for 1 h untler nitrogen. l'he niisture was 
filtered tlirougli a Celite pad and tlie solid washed with 
metliatiol. The combined filtrate antl washings were 
evaporated to leave a pale yellow syrup which was purified 
by prcp;irative t.1.c. (CHC1,-MeOH, 19 : 1 v/v) to afford the 
tlesirecl metliyl estcr ( 7 )  (50 mg, 5!jc%). 'Hie t.1.c. behaviour 
ancl i r .  ; ~ n d  ii.ni.t-. spectra o f  this methyl ester bvere itlentical 
to  those o f  the coiiipound (7) derived from the reaction of 
~illctietlicrtrb(:,sVl ate with f ura 11. 

The I~voiriolncfoizic 1Satev ( 1  0) \ T i ; t  the 1)inzol;etonc ( 1  7)  .--'To 
;L suspeiision of tlie b r o i i i o l ~ ~ ~ t ~ ~ i i i ~  acid ( 1  3) (5 g) i n  dry 
h i z e n e  ( 1  :lo 1111) at 0 "(' wac; atltletl clropvist oxalyl chlctri(le 
( I  20 ~ n l )  an t1  tlie iiiiyture was tlicii refluxed h r  2.5  11 untler 
iiitrogcti. '1Yiv solvctit am1 the excess o f  osalyl  cliloride 
\\ere w;Ll,oratctl in ZIULLUO to leave the acid cliloriclc (16) 
11 h ' l i  Q;LS trvattvl \?.it11 ;in excess o f  cliazoniethane in ether 
for 1 .T i  1 1 .  l h e  wlvcnt W;LS evaporated ofi to leave i t  solid 
tvliicli was washed with etlier to afford the pi-actically 
piire diazokctone ( 1  7) (4.94 g ) ,  m.p. 147-14!)", v , , , ~ ~ .  (I i l3r)  
1 7!)0 and 2 130 cni-I. Tltis tliazoketone was used in tlie 
following reaction without further purification. 

A mixture of the diazoketone (17 )  (70 rng) and freshly 

3.25 (1 13, dd, J !I atid 4 Hz, 2-H), 3.70 ( 3  H, S ,  CKH,), 

5 Hz, 5-H), and 5.44 (1 H, t, J 5 Hz, 6-H). 

prepared silver oxide (30 mg) in absolute methanol (6 ml) 
was refluxed for 1 h under nitrogen. After the usual work- 
up, the desired methyl ester (10) (45 mg, 47.4% overall) 
was obtained. The t.1.c. behaviour and i.r. and n.m.r. 
spectra of this methyl ester were identical to those of the 
compound (10) derived from the reaction of allenedicarbosy- 
late and furari. 

Iodolactonisation of the Diels-A Idev A dduct (4b) .-A 
solution o f  iodine (78 nig) and potassium iodide (21 1 mg) 
in water ( I  ml) was added to a solution of the Diels-Alder 
adduct (4b) (50 mg) in 0,5~-sodium hydrogencarbonate ( 3  
nil). After stirring for 3 11 a t  rootn temperaturc in the dark, 
the mixture was made acidic by addition of 20'); sulphuric 
acid solution and extracted with ether. The extract was 
washed with saturated sodium tliiosulpliate solution arid 
brine, dried (MgSO,), and evaporated to leave a solid which 
\vas purified by preparative t.1.c. (C'HC1,-MeOH, 8 : 2 
v/v)  to give the desired iodolactonic ac-id (18) (76.8 nig, 
!H.57{)), in 1). 134-136 "C', v,,~:,~. (CHC1,) I 700 and 1 800 
cni-', 6(CI)C1,) 3.97 (2 H ,  s, CH,O) ,  4.0 ( 1  H, d,  J 2 Hz, 
I-H), 4.03 (1 H, s, 4-H), 4.63 (2 H ,  s, OCH,Ar), 4.98 and 5.0 
(2 H, each s, 3- and 5-H), 6.05 (1 H,  d, J 2 Hz, >C=CHCO,- 
H), and 7.27 (5 H, s, ArH). 

This iodolactonic acid (18) was also characterisetl as its 
nictliyl ester (l!)), prepared by treatment with an excess o f  
diazomethane in ether, (CHCI,) 1 700 and I 800 cni-l, 
S(Cl)CI,) 3.77 (3  H, s ,  CCH,), 3.97 (2 H, s, CH,O), 4.0 
(1 H ,  s ,  4-14), 4.83 (2 H ,  s, OCfi2Pt i ) ,  4.!)7 and 5.0  ( 2  II ,  each 
s, 3 -  and 5-H), 6.05 ( 1  I-I, (1, J 2 Hz,  >C'-CIICO,CH,), and 
7.27 (5 1-1, S ,  ArH) ( l ~ o u i i t l :  M i ,  45(i.O05 7.  ClNHl,I06 
requires M ,  456.006 7 ) .  
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