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NEW DIELS-ALDEN REACTIONS WITH VINYLINDOLES: A REGIO- AND STEREOCON- 

TROLLED ACCESS TO ANNELLATED INDOLES AND DERIVATIVES 

Department of Chemistry and Pharmacy, University of Mainz, Saarstrasse 

21, D-6500 Mainz 1, Federal Republic of Germany 

Abstract - New struotilral aspects of vinylindoles for predicting the 
outcome of Diels-Alder reactions are presented for the first time. Novel, 

mostly regio- and stereoselective oycloaddition reactions with 3- and 2- 

vinylindoles are described briefly and, in some cases, new applications 

for the syntheses of alkaloids are discussed. 
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1. Introduction 

Selectively funotionalized 2- and 3-vinylindoles 1 and 2 represent 4n-oompo- 

nents and are thus synthetically attractive building blocks for the regio- and 

~tereoc~ntrolled construction of annellated indoles as well as of indole and carb- 

azole alkaloids1-4. These compounds are also of pharmacological interest as model 

substances and the ['4+2l-cycloaddition has now established itself as a preparati- 

vely valuable concept for their syntheses. Cycloaddition reactions with vinyl- 

heterocycles generally make possible a flexible access to polycyclic heterocycles 

having substitution patterns that cannot be obtained so simply and elegantly by 

other routes. 



The results of cycloadditions with vinylindoles published up to 1983 have al- 

ready been summarized in a review3. However, further interesting synthetic results 

which also contain new structural aspects have been published in the last few 

years so that a summary of the newer Diels-Alder reactions with vinylindoles is 

worthwhile. General methods for the synthesis of vinylindoles as heterocyclic, 

donor-activated 1,3-dienes are given in Refs.ls2 

2. Structural Characteristics of Vinylindoles for Predicting the Results of Cy- 

cloaddition Reactions 

'H- and 13c-nmr spectroscopic studies on selected 3-vinylindoles are in accord 

with the fundamental a-electron density of a 1-aminobutadiene structural unit 

incorporated in a heterocyclic framework5. The steric and/or electronic effects on 

the charge distribution are, for example, reflectea sensitively in the 13c-nmr 

chemical shifts listed in Table 1. With the exoeption of the methoxy derivatives. 

the 2'-oarbon atoms of the vinyl groups all exhibit high "-charge densities. 

According to the polarity concept, this center thus controls the orientation of 

the cyclcaddition partner when unsymmetrical dienophiles are employed. The !-donor 

capacity more than compensates for the acceptor character of a 2'-alkoxycarbonyl 

Table 1. l3c-nmr Chemical Shifts of the 1-Aminobutadiene Moieties of Selected 

3-vinylindoles (in ~ ~ s 0 - d ~ ) ~ .  
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f u n c t i o n ,  as c a n  be s e e n  f r o m  t h e  e x p e r i m e n t a l  r e s u l t s  w i t h  i n d o l y l a c r y l a t e s  a s  

p u s h - p u l l  b u t a d i e n e  s y s t e m s  ( s e e  below and  a l s o  T a b l e  1). 

An !-benzenesulfonyl  g r o u p  i n d u c t i v e l y  weakens  t h e  e n o p h i l e  r e a c t i v i t y  o f  t h e  

3 - v i n y l i n d o l e s .  H o w e v e r ,  D i e l s - R l d e r  r e a c t i o n s  w i t h  ! -acceptor  s u b s t i t u t e d  3- 

v i n y l i n d o l e s  and  r e a c t i v e  d i e n o p h i l e s ,  s o m e t i m e s  u n d e r  L e w i s  a c i d  c a t a l y s i s ,  c a n  

S t i l l  be r e a l i z e d  w e l l  e x p e r i m e n t a l l y .  

A r e c o g n i z e d  mode l  f o r  t h e  a n a l y s i s  o f  r e a c t i v i t y ,  r e g i o -  a n d  s t e r e o c h e m i s t r y  

(e .g .  endo/exo-stereose1ectivity.l o f  D i e l s - A l d e r  r e a c t i o n s  is t h e  FMO c o n c e ~ t ~ . ~ .  

F o r  t h i s  p u r p o s e ,  He(1) PE s p e c t r a  o f  some 3 - v i n y l i n d o l e s  h a v e  been  r e c o r d e d  a n d  

t h e  f r o n t i e r  o r b i t a l  t o p o l o g i e s  h a v e  b e e n  d e t e r m i n e d  by SCF-MO c a l c u l a t i o n s  i n  

o r d e r  t o  o b t a i n  a r e l i a b l e  a n a l y s i s  o f  t h e  HOMOdi,,, e n e r g i e s  o f  v i n y l i n d o l e s 5 .  

Thus ,  1 '-donor S u b s t i t u t e d  3 - v i n y l i n d o l e s  a l l  e x h i b i t  a  f i r s t  v e r t i c a l  i o n i z a t i o n  

p o t e n t i a l  o f  a b o u t  + 7 eV w h i c h  i s  a t t r i b u t e d  t o  t h e  "-HOMO e n e r g y 5 .  I t  c a n  b e  

s a f e l y  a s sumed  t h a t  [ 4 + 2 1 - o y c l o a d d i t i o n s  w i t h  e l e c t r o n - r i c h  v i n y l i n d o l e s  i n  p r i n -  

c i p l e  p r o c e e d  u n d e r  HOMOdi, ,e -LUMOdienophi le  c o n t r o l .  However,  i t  s h o u l d  a l s o  b e  

p o s s i b l e  t o  r e a l i z e  LUMOdiene o o n t ~ o l l e d  c y c l a a d d i t i o n s  a n d  t h i s  h a s  been p r o v e d  

r e c e n t l y  by e x p e r i m e n t  ( s e e  below).  

S e l e c t e d  SCF-MO c a l c u l a t i o n s  t o  r e p r e s e n t  t h e  f r o n t i e r  o r b i t a l  t o p o l o g i e s  h a v e  

been p e r f o r m e d  on t h e  p a r e n t  compound 3 - v i n y l i n d o l e  a n d  on 1 , 1 1 - b i s i n d o l y l e t h e n e  

( F i g .  F rom t h e  H O M O  o f  t h e  d 4  s y s t e m ,  t h e  r e g i o c h e m i s t r y  a n d  a l s o  a f a v o r e d  

s e c o n d a r y  f r o n t i e r  o r b i t a l  i n t e r a c t i o n  ( % - p r e f e r e n c e )  c a n  b e  d e d u c e d  w i t h o u t  

d i f f i c u l t y  f o r  r e a c t i o n s  w i t h  t h e  c o r r e s p o n d i n g  d i e n o p h i l e s .  I n  f a c t ,  a n  e- 
p r e f e r e n c e  ( F i g s .  2 a n d  3 )  h a s  been  f o u n d  e x p e r i m e n t a l l y  u n d e r  L e w i s  a c i d  o a t a l y -  

sis a n d ,  i n  p a r t i c u l a r ,  when o y o l l c  d i e n o p h i l e s  a r e  u s e d  w i t h  b o t h  3- and  Z-v iny l -  

HOMO 
Fig .  1. T o p o l o g i e s  of t h e  F r o n t i e r  O r b i t a l s  o f  3 - V i n y l i n d o l e  and  1 , l ' - B i s i n d o l y l -  

e t h e n e  (SCF Method, P ~ P - ~ r o c e s s ) ~ .  



Figs. 2 and 3. *-Transition States for 2'-Substituted 2- and 3-Vinylindoles 

with N-Phenylmaleimide. 

indoles. In principle, analogous predictions can be made for the reactivity in the 

2-vinylindole series but the available experimental data are not sufficient to 

allow generalizations. 

3. Reactions with 3-Vinylindoles 

In spite of the 2'-acceptor function in 3-vinylindoles, Diels-Alder reactions 

with less reactive dienophiles such as, for example, aorylonitrile, ethyl aory- 

late, and cinnamaldehyde can be achieved without difficulty by working at 130-140 

OC in a sealed tube8. Thus, for example, 3-(13-nitrovinyl)-indole (3) and acrylo- 

nitrile, ethyl acrylate, and cinnamaldehyde undergo direct regiospecific reactions 

to give the 14n-oarbazoles 4-6 via [4+2l-cycloaddition, HN02 elimination, and 
8 thermally induced dehydrogenation . 

On the other hand, 3-(8-ethoxycarbonylviny1)-indole (7)  reacts with acrylonit- 

rile and ethyl acrylate to give the carbazoles 8 and 9 as well as the tetrahydro- 

carbazoles 10 and 11 in a temperature controlled reaction. The 'ortho'-cyclo- 

adducts formed in this series may be attributed to the high donor capacity of the 

indole nitrogen atom. 
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COOEt 

\ I  \ & R = C N  
H 

- 
9 R =  COOEt 

COOEt 

N R = C N  

. , 
13,17% 

AS a c o n s e q u e n c e  of a new a n d  e l e g a n t  a c c e s s  t o  1-benzenesulfcnyl-3-vinylin- 

d o l e  (12),  i t s  c y c l o a d d i t i o n s  w i t h  1 - P h e n y l m a l e i m i d e ,  d i m e t h y l  a c e t y l e n e d i c a r b o x y -  

l a t e ,  and  p b e n z o q u i n o n e  h a v e  been  s t u d i e d 9 .  H e a t i n g  u n d e r  r e f l u x  i n  x y l e n e  w i t h  

12 r e s u l t s  i n  t h e  f o r m a t i o n  o f  t h e  new [ q a n n e l l a t e d  o r  f u n c t i o n a l i z e d  c a r b a z o l e  

d e r i v a t i v e s  13-15; i n  e a c h  c a s e  i r l d o l i z a t i o n  h a s  o c c u r r e d  v i a  t h e r m a l l y  i n d u c e d  

[ 1 , 3 - H I - s h i f t s .  

Q f  
I I2 - 
S0,Ph 



Also, the now easily accessible 3-indolylenimides and -enamides can undergo 

cycloaddition as 3-vinylindole building blocks with acrolein and acrylic acid 

derivatives to furnish new 4-(acety1amino)-1,2,3,9a-tetrahydrocarbazoles without 

difficultylO. Thus, for example, the enimide 16 reacts with neat methyl acrylate 

as both dienophile and solvent under molecular sieve catalysis (extremely mild 

conditions) to yield the tetrahydrocarbazcle 17. 

_/CWMe - 11 25% 
molecular 

I sieve. Zmonlhs . COOMe 

NHAc NHAc 

R 
13 R =CHO 93% 

4 2_0 R =C02Me 78% 
molecular 21 R=CN 38% 

I sieve, several 
S02Ph days 

The enamide 18 reacts with acrolein, methyl acrylate, and acrylonitrile to 

give the cycloadducts 19-21 following the same regiochemistry. 

Also, the tricyclic enamide 2 2  with its very reactive planar =-*-fixed 3- 

vinylindole structure can undergo cycloaddition in this manner. The Diels-Alder 

reaction with methyl acrylate results directly in the bridged tetracycle 231°, a 

skeleton which is also present in Pleiocarpine-type alkaloids. From the stereo- 

chemistries of the cycloadducts 17, 19, 20, 21, and 23, a concerted cycloaddition 

via an %-transition state may be deduced. 

NHAc FfHAc 

molecular 
sieve. R T  

S02Ph 1 month 

1'-Phenyl substituted 3-vinylindoles 24 react under A1C13 catalysis with pro- 

nounced %-preference to give the new [ajannellated carbazole derivatives 25". 

The endo/exo-product distribution in dependence on both time and temperature has 

been monitored by quantitative tlc-remission measurementsl1. 

On the other hand, the 3-vinylindole 26 reacts to form the cyoloadducts 27 and 

28, which represent the products of a dehydrogenative Diels-Alder reaction1'. 



AICIJ, toluene 
2O0C 

R' -- 
SO,Ph 
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y3 

Ph 
25 

R2 R~~~ie;;l%l - 
endo exo 

Me OMe 

28 - 14% 
A comprehensive initial study on Diels-Alder reactions of cross-conjugated 3- 

vinylindoles having triene structural elements is given in Fief.12 Whereas, for 

example, the bisindolylethene 29 reacted with methyl acrylate to give the cis/ 
trans-tetrahydrocarbazoles 30, the unsymmetrioal bisindolylethene 31 reacted with 

regio- and positional selectivity to give the carbazole derivative 32. In the 

latter case, steric effects most certainly control the positional chemistry1'. 

-CWMe - -- 
2 bar, 120- 

H 122-. nh 
COOMe 



4 OOMe 

The highly reactive, in situ generated benzyne only undergoes successful 

cycloaddition with N-acceptor substituted bisindolylethene, as illustrated by the 

sequence 33 + 34 + 3512. 
R 

'0 Q-f- r THF 
40-45O, 6.5h G$y 1 

PhO+ Ph02 

33 - - 34 12% 

PhO, 

Steric and electronic affects also control the results of further new reac- 

tions of 2'-substituted 3-vinylindoles with carbon- and heterodienophiles. Thus, 

for example, the (El-ethyl indolylacrylate 36 reacts directly with 8-phenyl- 

maleimide (NPMI) to furnish the carbazole derivatives 37 (d.e. > 95%) and 3813. 
The reaction of 39, in contrast, stops at the Michael adduct 40 stage since the 

ring closure is apparently prevented by steric factors. Analogously, the ethyl 

indolylacrylate 41 with lowered HOMOdiene energy reacts with dimethyl acetylenedi- 

carboxylate to give the Michael adduct  42 only13, 

COOEt COOEt 

NPMl 
toluene. b 

I 
Me Me 

COOEt .COOEt 

NPMl - 
benzene.& 

I 
Mo 
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41 - E = COOMe 

An interesting product distribution was observed in the Diels-Alder reactions 

of 2'-methoxy substituted 3-vinylindoles (en01 ethers of 3-ind~lylacetaldehyde)'~. 

Thus, for example, @/&)-43 reacted with NPMI under A1C13 catalysis to give initi- 

ally the +-cycloadduct 44. The epimer 45 derived directly from the 2-isomer 

could not be detected, apparently as a result of its instability. Its existence, 

W O M e  
Y toluene 

I 
Ph02S 

( E l  -& 

fast NPMl I 



however, was confirmed by its rapid subsequent reaotion to yield the double Diels- 

Alder product 47 (& > 95%). The reactive %-&-fixed 3-vinylindole 46 must be 

assumed as an intermediate in this sequence. Since it can be demonstrated that 47 

cannot be formed from 44, the reaction route to 47 via 45 is thus verified 

experimentally13. In principle, four isomers (two with CS and an enantiomeric pair 

with C1 symmetry) are feasible in the cycloaddition of 46 and NPMI. The configura- 

tion of the Cs-symmetrical double cyoloadduct 47 was unambiguously elucidated from 

the 'H-NOESY spectral3. 

Compound 43 was used initially for the synthesis of 4-demethoxycarbazomycin 

(49)14. [4+2l-C~Cl0addition of 43 with dimethyl acetylenedicarboxylate and dehy- 

drogenation of the initially formed cycloadduct gave 48. Hydrolysis of 48 to give 

the isolable, free dicarboxylic acid and reduction of the two carboxyl groups led 

finally to 49. 

OMe 

43 E-E-E - toluene, A 
1. [4+21 
2. -H, Ph0,S 

In the course of the study of this methodology, the regioisomerio 3-demethoxy- 

carbazomycin was also prepared for the first time by an 'in situ' 3-vinylindole 

&Re NOH 

\ 1 
N' DME 

Rt - so0 " BF,? 
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process15. The thermally stable indolyl(meth0xy)methylcarbenium tetrafluoroborate 

(50) was deprotonated in situ to the reactive (1-unprotectedl) 3-vinylindole 51. A 

I4+2 ]-trapping reaction of 51 with dimethyl acetylenedicarboxylate and subsequent 

dehydragenation step gave the carbazole 52, which was reduced to 3-demethoxycarb- 

azomycin (28% yield) by known methods15. 

Compound 43 also undergoes varying reactions with heterodienophiles. Thus, for 
example, the highly reactive 1-phenyltriazolinedione (PTAD) reacts smoothly in a 

stereospecific [4+21-oycloaddition to give the tetracyclic [blannellated indole 

5316. In contrast, the CO-polarized diethyl mesoxalate reacts with 43 in the sense 

of an electrophilic addition at the d4 vinyl function. Subsequent elimination of 

methanol and dimerization leads to the new carbazole derivative 5416. 

,OMe 
OMe 

RT 

53 55% L3 - 5L 20% 

E =  COOEt 

In the last few years, new structural aspects of the cycloaddition (confarma- 

tion, relative configuration) have been determined by high resolution l~-nmr spec- 

troscopy and X-ray structural a n a l y s i ~ ~ ~ . ~ ~ .  Thus, for example, the cyclohexene 

rings in the pyrrolo[=]annellated tetrahydrocarbazoles of type 25 and 44 generally 

take up a slightly twisted boat conformation both in solution and in the crystal 

state1l. 

According to predictions from the FMO concept, Diels-Alder reactions with in- 

verse electron demand should also be realizable with electron-rich 3-vinylin- 

Indeed, the new substituted 1,2-diazines 56 and 57 and, after elimina- 

55bIMe Me - 
E = COOMe 



W - - 58 45% 

E = COOMe 

tion of methanol, 5 8 ,  were prepared for the first time from the 3-vinylindoles 

55a,b as well as 43 and dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate as the 4 n -  

systemla. 

4. Reactions with 2-Vinylindoles 

The synthetic potential of 2-vinylindoles as 4"-components for Diels-Alder 

reactions has not been probed so extensively since accesses to this interesting 

structural olass are still associated with a relative high synthetic effort2. 

In a recent report the reactivity of 1'-substituted 2-vinylindoles in compari- 

son to vinylpyrroles with dimethyl acetylenedicarboxylate as dienophile was sys- 

tematically investigated19. It was found that the overall reaction rates of 1'- 

Cope reorange- 
p e n t  _ 

Me Me 

h-Bu 17 14 - Md, 2P 
14d, 6P 

Ph I I $ 1 ad, 6P 
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substituted 1-(1-methyl-2-indoly1)-ethenes with dimethyl acetylenedicarboxylate 

are about 100 to 1000 times lower than the overall rates of reaction with the 

corresponding 2-vinylpyrroles19. In somes cases, steric hindrance between the N- 
methyl group on the indole ring and the 1'-substituent on the ethene moiety 

renders the assumption of a coplanar cisoid conformation more difficult and thus a 

competing Michael addition can take place in addition to the cycloaddition. 

Whereas, for example, 59a,b polymerize too rapidly, with 59e,d ( R  : 4-Bu, Ph) the 

cycloadditon can be realized under defined conditions. In the case of 59c, Michael 

addition competes with the ~ycloaddition~~. 

New investigations on the reactions of 2'-substituted 2-vinylindoles with azo- 

dienophiles have shown that reaction of 63a with 'I-phenyl-l,2,4-triazoline+3P-dione 

(PTAD) gives rise to the cycloadduct 63b whereas that with diethyl azodicar- 

boxylate (DEAD) leads to the Michael adduct 63c2'. In contrast, the electron-rich 

indolyl enol ether 64a reacts to give the cycloadduct 64b exclusivelyz0. 

Ph . .. 

Michael 
E 

addition 
\ E  

Me 
I 

Me 
r 
Me 

E w e  OMe 

After an intramolecular Wittig reactionz1, the parent 2-vinylindole (65) was 

obtained for the first timez2. [4+21- yol lo additions of the stable, crystalline 



compound 6 5  with carbon dienophiles gave rise to the expected carbazole deri- 

vatives 66a and 66bZZ. 

In an earlier publication2, we pointed out the great significance of the 

methyl 2-(2-indoly1)-aorylate 67 as a 2-vinylindole building block for the regio- 

and stereocontrolled synthesis of Iboga and Aspidosperma alkaloids; this has 

recently been reconfirmed by reports on further variations. Thus, the Diels-Alder 

reaction of methyl 8-benzenesulfonylindole-2-(2-propenoate) (67) (as 2"-component) 

and l-(benzyloxycarbonyl)-4-methoxy-1,2-dihydropyridie (68) (as 4"-component) was 

recently exploited as the key step in the syntheses of 20-deethyl-15-0x0-analogs 

of Iboga alkaloids such as, for example, the oxocoronaridine derivatives 69, 70, 

and 7123. 

0CH3 OMe 
rylene. N2 
68-70' 
36 

In the course of studies on biomimetic syntheses of Aspidosperma alkaloids, 

intramolecular Diels-Alder reactions of secodine derivatives were reinvestigated. 

The syntheses of isolated 15-oxo-~~~(~~)-secodine (73) and deethyl-15-oxo-~~~(~~)- 

secodine (74) from methyl 1,2,3,4,5,6-hexahydroazepino[4,5-~lindole-5-carboxylate 

(72) by spiroquaternization or, alternatively, by a bridged azepine pathway were 

describedz4. Thermolyses of these secodine derivatives gave 15-oxovincadifformine 

(75) and deethyl-15-oxovincadifformine (76). Subsequent transformations led to 

tabersonine and deethylvincadifformine, respectively. In the key steps, the 2- 

vinylindole structural units in 73 and 74 served as 4 " - c o m ~ o n e n t s ~ ~ .  A further 

variant is reported in ~ef.'~. 
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toluene Ar,lOh 

llO0C 

COOMe 

thwmdysis. 
tduene 
NEt3 .llO°C 

COzCH, 
22 h 

COOMe 

REFERENCES 

1. E. Akgiln and U. P i n d u r ,  J.Heteryclic Chem., 1985,  2 2 ,  585; L. Pfeuffer a n d  

U. P i n d u r ,  M o n a t s h .  Chem., 1 9 8 7 ,  1 1 8 ,  1 0 3 1 ;  U. P i n d u r  a n d  R .  Adam, J. H e t e r a -  

c y c l i c  Chem., i n  p r e s s .  

2 .  E. AkgUn a n d  U. P i n d u r ,  w, 1 9 8 5 ,  3 9 ,  264 .  

3. U. P i n d u r  a n d  L. P f e u f f e r ,  Cht:m.-Ztg., 1 9 8 6 ,  1 1 0 ,  95. 

4. R.A.  J o n e s ,  ' C o m p r e h e n s i v e  H e t e r o c y c l i c  C h e m i s t r y , '  Vol .  4 ,  ed.  by C.W. B i r d  

and G.W.H. Cheeseman, Pergamon P r e s s ,  Oxford ,  1984, pp. 279 f f .  

5. U. P i n d u r  a n d  L. P f e u f f e r ,  k l v .  Chim. Ac ta ,  i n  p r e s s .  

6. J. S a u e r  a n d  R.  S u s t m a n n ,  Angew. Chem. 1 9 8 0 ,  92,  7 3 3 ;  Angew. Chem. I n t .  Ed. 

1 9 8 0 ,  19, 779 .  

7. I. F l e m i n g ,  ' F r o n t i e r  0 r b i t a l . s  a n d  O r g a n i c  R e a c t i o n s , '  V e r l a g  C h e m i e ,  Wein-  

heim,  1979.  

8 .  R.S. K u s u r k a r  a n d  U.G. P a t i l ,  I n d i a n  J. Chem., 1 9 8 6 ,  258 ,  1038.  

9 .  8. S a r o j a  a n d  P.C. S r i n i v a s a n ,  S y n t h e s i s ,  1 9 8 6 ,  748. 

10. P.H. G o t z ,  J.W. B a t s ,  a n d  H. F r i t z ,  L i e b i g s  Ann. Chem., 1 9 8 6 ,  2065.  



11. L. Pfeuffer and U. Pindur, w, 1987 ,  4 1 ,  126. 

12. L. Pfeuffer and U. Pindur, w, 1986,  4 0 ,  124. 

13. L. Pfeuffer and U. Pindur, Helv. Chim. Acta, 1987,  70, 1419.  

14. U. Pindur and L. Pfeuffer, Heterocyoles, 1987, 26,  325. 

15. U Pindur and L. Pfeuffer, Tetrahedron Lett., 1987, 28,  3079. 

16. L. Pfeuffer and U. Pindur, Monatsh. 1987, 118,  1073. 

17. L. Pfeuffer, U. Pindur, H.-J. Sattler, W. Massa, and G. Frenzen, Liebigs Ann. 

w, in press. 
18. U. Pindur and L. Pfeuffer, w, 1987 ,  41,  125. 

19. R.A. Jones, P.M. Fresneda, T.A. Saliente, and J.S. Arques, Tetrahedron, 1984,  

40, 4837. 

20. M.H. Kim and U. Pindur, unpublished results. 

21. M. Le Corre, A. Heroouet, Y. Le Stanc, and H. Le Baron, Tetrahedron, 1985, 41,  

5313. 

22. M. Eitel, and U. Pindur, Tetrahedron Lett., in press. 

23. R.J. Sundberg, M. Amat, and A.M. Fernando, J. Org. Chem. 1987,  5 2 ,  3151.  

24. M.E. Kuehne, W.G. Bornmann, W.G. Earley, and I. Marko, J. Org. Chem., 1986, 

51, 2913. 

25. M.E. Kuehne, D.E. Podhorez, T. Mulamba, and W.G. Bornmann, J. Org. Chem., 

1987, 52 ,  347. 

Received, 1 2 t h  November, 1987 


