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SUMMA RY: The los s of dienoph i l e s t er eoch emi s t r y in the conv er sion of
~/i i n t o ~/£ i s s hown t o resu l t f r om epimer i z at ion ~- t o t he
lactone carbonyl via 9.

I t was rece nt l y r e por t ed l that t he ma l ea t e es ter ~, on heating at I5 0 aC in

ben zene (sea l ed t ube ), gave th e two t r i cyclic l acton es 2 (1 4% ) , and ~ ( 42%) .

The ass igned stereoch emi stry was based upon nucl ea r Ov er haus er enhancements (n .

O. e . ' s) . Clearly , t hi s obser vati on apparently v iola te s one o f t he basic te ne t s

o f t he Di e ls -Alder r eac t i on - that the s t er eochemis try o f the dieno phi l e is

preserve d i n the cy cl ohe x enyl produc t . 2 Recen t ext ens i v e studi es of t he i nt r a

mol ecular Die l s -Alder react ion 3 have s ugge s t ed th a t in many c as es t he re ac t i on

pr oc ee ds pr e f er en t i a l l y via a geome t ry ( i n t he t r an sition stat e ) in which t he

co nn ec t i ng linkage between d i e ne and dienophi le is exo - , and t he s t ereoc hemis try

o f t he neWl y for med r i ng fu s ion i s det ermined by th e non -bon ded inte r ac tions ,

rat her than ele ct r oni c facto rs . The r e ar e no exampl es wher e the ste r eo chem istry

of t he di en ophi l e is not r e ta i ne d in t he product . In t hi s paper we confi r m the

or iginal s t er eochemic a l as signment s by sing l e c ry s tal X- l' ay crysta llography ; and

through de ut er i um l abell ing have loc ate d t he or i gi n o f t hi s unex pec ted s t er e o

c hemica Z re s u l t .
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The minor isomer ~, m.p. 106.5 - 107°C, gave suitable crystals for X-ray

analysis, FIGURE 1,4 whereas, the major isomer ~ is an oil. In the methyl

ester series i, the corresponding isomer 6, m.p. 58 - 59°C, gave suitable crys

tals for X-ray analysis, FIGURE 2. 4 If the formation of ~/~ from l/i 5 is sim

ply the result of dienophile isomerism prior to cyclization, the corresponding

fumarate derivative Z5 should give the same tricyclic lactone. In the event,

heating Z at 150 oC/36h. gave the lactone i (48%),6 mi p , 97.5- 98°C, whose

structure was based on n. 0. e. measurements and confirmed by X-ray analysis,

FIGURE 3. 4 Clearly, the formation of the trans-lactone 8 excludes a dienophile
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isomerization pathway. The lactones ~/~ do not epimerize u- to the ester or

lactone carbonyl group under conditions used for their formation. The only

reasonable explanation for the loss of dienophile stereochemistry is that epi

merization u- to the lactone carbonyl group has taken place subsequent to the

Diels-Alder cyclization. In other words, the kinetic product from thermolysis

of I/i is !' which is transform~d into ~/! in situ.

!l

l/i - - '2./£

Thermolysis of I at 150 oCIPhH, in the presence of CD 30D (25 equiv.), gave ~

with 71% exchange of Ha for deuterium. More convincingly, thermolysis of 1£5
under the usual conditions gave II and 12. The lH NMR spectrum of 12 shows Ha

as a singlet 0 3.10, and the absence of Hb; whereas, f has Ha as a doublet 0

3.19. The mass spectra of 11 and ~ showed molecular ions at mle 280 and 279

respectively, consistent with the incorporation of two deuterium atoms
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and a single deute rium . Epi mer i za t i on of ~ has taken place on the su r face of

the glassware , resulting in the lo s s of one deute rium atom . SCHEME 1 dep icts

the va riou s t ran sition states invol ved i n these cycli zation s , which are best

r a t i onal ized by product -like transition s t at e s . The pre fe rence f or ~ over ~,

eVen though it leads to ~ which is more s trai ne d, is explained by the pre sence

of more equatorial sub stituents in the tran sition state . Silylation of the

gla ssware did not give ~/~/~, only exten sive decomposition was observed .
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In summary . the obs erv at i on s de scri be d here s hou ld be a cauti on i n i n t er

pr e t i ng the stereochemical outcome of intramolecular Diels - Alder r eaction s in

t erms of strictly ki neti c products . The prot oco l of de uterium labelling t o
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det ec t epim er i za tion processes on t he hy dro phi lic surfac e o f t he r eact i on ve s 

sel should find app l i ca t i on s to other t yp e s o f stereochemica l pro b l ems , ~here

as sump tions concerning kinet ic product s have be en made without due experimenta l

ev i den c e .
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