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A Photochemically Mediated [4C t 2C] Annelation. 
Synthesis of (&)- 1 0-Epijunenol 

Sir: 
We described in a previous communicationla a metathetical 

route to medium-sized carbocycles and a procedure for dif- 
ferentiated dialkenylation of olefins, methods pertinent to 
germacrane and elemane syntheses. More recently, our con- 
tinuing studies on these and related annelation methods2 have 
been extended to  a further objective of general importance in 
synthesis design, the controlled synthesis of trans-3 and cis- 
fused ring systems. The synthetic salience of a [4C + 2C] route 
to  cis-fused [4.n.0] systems is described herein along with an 
application of this method to the synthesis of (*)- 10-epijunenol 
(18).4 

As illustrated for the annelation of cyclopentene (Scheme 
I ) ,  a [2 t 21 photocy~loaddi t ion~ is utilized in the present 
method to effect a latent [4C t 2C] connection under mild 
thermal conditions (-78 "C to ambient temperature). The 
second step involving a a-bond cleavage6 facilitated by the 
strain' of the bicyclo[2.2.0]hexane subunit is readily performed 
by addition of the photoadduct ( 1  mol equiv in diethyl ether 
containing 5 mol equiv of tert-butyl alcohol) to a solution of 
lithium (10 g-atom equiv) in liquid ammonia (-33 "C). These 
reducing conditions (A), which provided the alcohols 5a-5a' 
in an isolated yield of 87% from photoadduct 3, can be readily 
tailored to suit various synthetic objectives. For example, re- 
duction of photoadduct 3 (1 mol equiv in tetrahydrofuran 
containing 0.8-0.9 mol equiv of aniline) with lithium (2.5 g- 
atom equiv) in liquid ammonia followed by addition of NH&I 
(conditions B) provided esters 5b-5b' (79%, isolated), while 
quenching of the ester enolate intermediate with methyl iodide 
(conditions C )  afforded the methylated esters 5c-5c' (76%, 
isolated). Alternatively, the commonly occurring methylene- 
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cyclohexane subunit (vide infra) can be elaborated by 
metal-ammonia reduction of the phosphate esterlo derived" 
from the photoadduct (e.g., 4 to 6a). 

In accordance with a syn mode of photocycloaddition the 
ring juncture stereochemistry developed in this sequence was 
determined to be exclusively cis by the following correlations. 
Thus, saponification of esters Sb-Sb', which were demonstrated 
to be related as C-1 epimers (NaOMe, MeOH) and which 
share a common ring juncture stereochemistry with 5a-5a' and 
SC-~C',  gave Zhe corresponding acid mixture from which the 
known acid 5d (mp 77 "C, lit.12 mp 77 "C) was easily isolated. 
Esterification (CH2N2) of 5d afforded Sb, the major product 
obtained from the initial cleavage reaction. Finally, acids 
5d-5d' were readily converted'* to the known cis-fused inda- 
none 6b.13 

As expected from previous studies,14 the overall regiose- 
lectiuitt. of the annelation is governed, in part, by steric and 
polar effects associated with the photocycloaddition step. 
While studies on how these effects can be utilized to control 
orientation are  in progress, it is of interest to note a t  this point 
that the head-to-tail preference (1:2.5 = 7a:7b, CH2C12, 50% 
yield) observed in the photoaddition of cyclopent-2-en- 1 -one 
to ester 1 is similar to that found in the related photodimeri- 
zation of c y ~ l o p e n t e n o n e . ~ ~ ~ ' ~  The head-to-head and head- 
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to-tail relationship between these adducts was unequivocally 
established by conversion of the 7a-7b mixture (1.2 = 7a:7b) 
to lactone 9 and ester 10 (1 :2 = 9:10, combined yield 90%);" 
independent transformation of 9 and 10 to adducts 7a and 7b, 
respectively; and comparison of the products obtained from 
pyrolysis of the original mixture and pure ester 7b.8 Finally, 
ketalization of 7b followed by reduction (method A) furnished 
the annelated product 88 (89%, isolated). 

In  contrast to cyclopentenone, irradiation of isophorone in 
the presence of ester 1 provided substantially, if not exclusively, 
adduct 11 (85%,  isolated) which was assigned the cis-anti- 
cis, head-to-head structure on the basis of its conversion (K- 
selectride, H30+;  76%) to lactone 12.Ia Reduction (method 
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A) of 12 provided a single lactol (mp 127--128 "C) which on 
oxidation gave lactone 13 (92% overall, isolated). The further 
conversion18 of this lactone (13) to enone 14 represents a po- 
tentially general extension of the annelation to the preparation 
of octalones. 

As demonstrated in the following synthesis of ( 2 ~ ) -  10-epi- 
junenol, the structural features of the photoadducts and de- 
rivatives can be effectively utilized in elaborating stereocenters 
in the preformed ring. Thus, photoadduct 15 (obtained in 62% 
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yield (distilled, mp 61-62 "C) from irradiation of piperitone 
in the presence of ester I )  was converted to the corresponding 
tosylhydrazone (65%, mp 149.5-1 50.5 "C dec) which reacted 
with sodium hydride in toluene (ambient temperature for 5 
min, 110 "C for 2 h)I9 to provide alkene 16 (64%, isolated). 

&-&&&-g? OH H i  OH 
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Reaction of alkene 16 with diborane occurred with addition 
to the sterically less encumbered olefin face and concomitant 
ester reduction to afford exclusively diol 17a8 (85%, m p  
69.5-70.5 "C). Finally, selective esterification (1.1 equiv of 
BuLi; (Et0)2POCI) of diol 17a gave 17b (99%) which upon 
reduction with lithium naphthalideZ0 (THF,  0 "C) provided 
(f)-IO-epijunenol (18,70%, i ~ o l a t e d ) . ~ , ~ ~  

In addition to the above features, it is noteworthy that ester 
1 and various substituted cyclobutene esters utilized as  4C 
components in the present annelation are  readily availablez2 
in preparative quantities (e.g., ester 1,60% overall yield from 
commercially available23 ethyl l-bromocyclobutanecarbox- 
ylate; 170-mmol scale) and can be stored in methylene chloride 
solution (-1 5 "C) for periods in excess of 8 months. W e  have 
also found that cyclobutenecarboxylic acid can be used in the 
photocycloaddition and expect that this method would be 
readily extended to other cyclobutene derivatives. Further 
studies are  in progress. 
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Supplementary Material Available: Structure assignments for 7a 
and 7b as determined from pyrolysis experiments, spectroscopic data 
on compounds 8, 13, and 14, and a structure correlation which serves 
to independently confirm the relative stereochemistry previously as- 
signed to 10-epijunenol (2 pages). Ordering information is given on 
any current masthead page. 
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Photodissociation of Nitrogenous Bases 
from Hemochromes and Kinetics of Recombination 
of Axial Bases 

Sir: 
The photodissociation of low-spin iron(I1) hexacoordinate 

complexes of biological importance, such as carboxymyoglobin, 
carboxyhemoglobin, oxyhemoglobin, or of synthetic car- 
boxyhemochromes containing porphyrin, carbon monoxide, 
and an additional base as ligands is well known.'-4 Photodis- 
sociation of other axial ligands (cyanide, isocyanide, nitric 
oxide) involving heterolytic bond cleavage from various d6 
complexes has also been r e p ~ r t e d . ~ - ~  W e  wish to present pre- 
liminary results on the photodissociation of low-spin hexa- 
coordinate complexes of iron( 11) porphyrins and nitrogenous 
bases as  ligands (hemochromes) and on the kinetics of ligand 
recombination. 
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