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cis,trans- Bicyclo[6.l.O]non-4-enes have been prepared via two different routes and photoisomerized to the 
“parallel” and “perpendicular” isomers of trarzs,trans- bicyclo[6.1.0]non-4-enes. Structures for these isomers were 
confirmed and assigned by chemical and spectral means. Most noteworthy properties of these isomers include dis- 
tortion from true perpendicularity in the “perpendicular” isomer and apparent severe distortion from planarity of 
the “parallel” isomer’s double bond. The latter property apparently facilitates a remarkable thermal cis-trans 
isomerization of an isolated double bond. A comparison of the ultraviolet spectra of the two isomers also supports 
the postulated interaction between the cyclopropane and the T bond. Other chemistry of these isomers is dis- 
cussed. 

The consequences of cyclopropane ring interactions with 
proximate reacting centers and unsaturated groups have 
evoked considerable experimental and theoretical study. In 
an attempt to probe yet another facet of such interactions, 
we undertook syntheses of the “parallel” (1) and “perpen- 
dicular” (2) trans,trans- bicyclo[6.1.0]non-4-enes. Molecu- 
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b , R =  H 
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lar models of these two isomers showed that the 7~ and the 
transannular cyclopropane bonds possessed a common axis 
and that these two bonds were in extremely close proximity 
to each other. Thus, as viewed from the perspective offered 
by molecular models, the structural features of these iso- 
mers might provide a unique opportunity to study interac- 
tions between cyclopropanes and alkenes (as well as other 
alkene derived products) as a function of two closely relat- 
ed and possibly optimum geometries. 

Effects of geometry and distance have been noted on 
through-space cyclopropane-alkene interactions in other 
systems (e.g. ,  3-5).3 In contrast to these previous studies, 
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the interfunctional’distances of 1 and 2 appeared to be sig- 
nificantly shorter. In addition, the parallel orientation of 
the p orbitals and the cyclopropane ring in 1 forces maxi- 
mum possible interactions between these two structural en- 
tities. 

A hint a t  the potential importance of such orientation- 
distance factors can be found in a previous study by Cope 
and Whitesides.4 In this study, photochemical isomeriza- 
tion of the Cu2C12 complex of cis,cis- 1,5-cyclooctadiene (6) 

6 7 8 
formed a product in low (1-2%) yield which was assigned 
the 1,5-trans,trans- cyclooctadiene structure. Although 
these authors were unable to determine whether their 
product was 7 , 8 ,  or a mixture of both, they did note chemi- 
cal instability and ultraviolet spectral properties apparent- 

ly indicative of transannular interactions. By contrast, 6 is 
relatively unremarkable in its chemical reactivity. 

Synthesis. Cyclization Approach. Since the trans- alk- 
ene moiety was expected to be the most reactive compo- 
nent of the desired structures, we focused on synthetic ap- 
proaches in which its formation would be the final step. Al- 
though an isomerization of the cis isomer 9 appeared to be 
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9a. R = C1; Y = H 
b. R = Cl; Y = D 
c . R = H :  Y = H  

the simplest approach, the low yields obtained by Cope and 
Whitesides in the synthesis of trans,trans-1,5-cycloocta- 
diene (6 or 7) made this approach initially less desirable. 

An apparently attractive alternative was found in an ad- 
aptation of Restman’s symmetrical alkene ~ y n t h e s i s . ~  This 
synthesis involves the oxidation of diphosphonium ylides 
by molecular oxygen (Chart I). Under favorable circum- 

Chart I 

stances the ylide-aldehyde reacts intramolecularly more 
rapidly than further oxidation or intermolecular reaction 
can occur. The appropriate precursor 13e was prepared in a 
number of steps (Scheme I) from 13b. Compound 13b was 

Scheme 1 
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in turn synthesized by addition of dichlorocarbene to the 
corresponding trans unsaturated ester.G Simultaneous high 
dilution addition of 13e and 2 equiv of sodium methylsul- 
finyl methide to oxygenated dimethyl sulfoxide yielded a 
single product of the desired molecular weight in 22% 
yield.7 The general structure of this product was estab- 
lished via ozonolysis to 13g. This ozonolysis product was 
identical in all respects with a product obtained by chromic 
acid oxidation of 13c. 

In order to establish the stereochemistry of the cycliza- 
tion product, f3a6 was deuterated by exchange with 
(CH&COD-(CH3)3COK. This product was transesterified, 
the tetradeuterio dimethyl ester was then carried through 
steps outlined in Scheme I, and the resultant tetradeuterio 
diylide 14b was cyclized to 9b as described above. A 13C 
satellite nmr spectrum was obtained on the olefinic protons 
of this product and this spectrum revealed a coupling con- 
stant JC~-H,CIZ.H of 11.5 Hz. Comparison of this coupling 
constant with coupling constants obtained for other normal 
and medium-sized rings8 established that the cyclization 
product had the cis stereochemistry about the double bond. 
Chemical confirmation of this assignment was obtained 
from the observed total unreactivity of the cyclization 
product toward 173-dipoles such as phenyl azide.g Final 
proof of structure was obtained by the reaction of the cycli- 
eation product 9b with 1 mol of dichlorocarbene to  give 15. 
This product was identical in all respects with one pre- 
pared directly from 16. 

15 16 

Formation of Alkenes uia the Wittig reaction ordinarily 
yields a stereochemical mixture.lO Although it is difficult to 
predicl; the Composition of such mixtures, the trans isomer 
is most frequently the major product. To the extent, how- 
ever, that  stereochemistry i s  governed by angle stain and/ 
or steric crowding in the transition state (or intermediate) 
17, molecular models seemed to indicate a preference for 
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the desired trans isomers. From our observed results it is 
clear that these factors do not dictate stereoselectivity in 
this cyclization. This result is all the more interesting in 
view of the fact that a mixture of 1 and 2 (uide i n f r a )  was 
unaltered in composition (although partially destroyed) 
when subjected to the cyclization reaction conditions. 

Compound 9 could be prepared more efficiently by con- 
trolled selective addition to the more reactive trans double 
bond of 16. Thus, addition of dichlorocarbene or diazo- 
methane (followed by photolysis) yielded 9a and 9c,11 re- 
spectively. The more cumbersome oxidative cyclization 
route did make 9b available and this compound proved to 
be exceptionally useful, as will be described subsequently. 

Isomerization Approach. Since the results of the oxi- 
dative cyclization suggested that any nonstereospecific alk- 
ene formation might also yield 9, we reconsidered the pos- 
sibility that 9 could be photochemically isomerized to the 
desired structures I and 2. The two major problems with 
this approach were the prospects for low yields (uide 
s u p r a )  and the lack of a stable complex between 9 and cu- 
prous chloride. After some experimentation it was found 

that a preformed cuprous chloride complex was unneces- 
sary. Observations concerning this procedure and itaappli- 
cation to the synthesis of trans- cyclooctene have already 
been published.12 In brief, the cuprous chloride functions 
both as a sensitizer for the isomerization and also displaces 
the equilibrium by virtue of the greater stability of the 
complex with the more strained trans-  alkene. 

Irradiation of 9a and cuprous chloride a t  2537 A in hex- 
ane for 27 hr produced a mixture which had three compo- 
nents with similar glc retention times. Extraction of this 
mixture with aqueous silver nitrate left the major compo- 
nent behind in the organic phase. This component was 
shown to be identical with starting material 9a. Addition of 
aqueous ammonia to the silver nitrate solution liberated 
the two minor products in 43% yield. These two minor 
products were present in a 5 to 1 ratio before and after the 
silver nitrate extractions. They were separated by prepara- 
tive glc and shown by mass spectroscopy to be isomeric 
with 9a. Gross structure and the location of the double 
bond were confirmed by ozonolysis. In a similar manner 
isomerization of 9c gave a mixture of two silver nitrate sol- 
uble isomers in 20% yield. These isomers which were pres- 
ent in a 7 to 1 ratio were also separable by preparative glc. 

In order to distinguish between 1 and 2, the major isomer 
from 9a was converted to its epoxide and submitted for X- 
ray diffraction ana1y~is. l~ This analysis established struc- 
ture 15 for the epoxide and proved that the predominent 
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isomer was 2a. The most interesting structural feature re- 
vealed by the X-ray analysis is the deviation from true per- 
pendicularity of the two three-membered rings. This devia- 
tion apparently results from minimization of transannular 
repulsions between Ha and Hb. The resultant angle be- 
tween the planes of the two three-membered rings i s  thus 
70.3’ instead of 90’. I t  is likely that similar factors pertain 

Addition of the Simmons-Smith reagent converted 2a to 
19. The same product was obtained by addition of dichloro- 

to 2.14 
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carbene to the major product from 9c. In this way both 
major products were assigned the ‘6perpendi~ular77 struc- 
ture and the “parallel” structure was attributed to the 
minor isomers. 

Chemical and Spectral Properties. The fact that 1 
and 2 (in contrast to 9) are soluble in aqueous silver nitrate 
confirms the presence of strained trans double bonds in 
both of these compounds.15 Also, in another reaction char- 
acteristic of olefinic strain, both 1 and 2 reacted extremely 
rapidly with phenyl azide.g The resultant triazolines were 
not characterized but photochemically converted to the 
corresponding aziridines 20 and 21. Further important in- 
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formation concerning the nature of 1 and 2 was obtained 
by preparing tetradeuterio analogs 22 and 23 from 9b. The 
small amounts of material available precluded separation 
of 22 and 23, It was possible, however, to resolve the olefin- 
ic peaks in the mixture by high-resolution nmr spectrosco- 
py and to determine JHC=CH from the carbon-13 satellites. 

These coupling constants are summarized in Table I, I t  is 
clear from Table I that, while the values €or 9b and 23 fall 
within accepted limits for the cis and trans coupling con- 
stants, respectively, the coupling constant of 22 is highly 
unusual for a trans double bond.8 Since it is known that 
coupling constants are maximal when C-H single bonds are 
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Table I 
Olefinic Vicinal Coupling Constants 
of the Tetradeuterated Trans-Fused 

Bicyclo[G. 1 .O]non-4-ene Isomers 

Qb (cis) 11.5  

23 (trans-perpendicular) 16.5 
22 (trans-parallel) 11.0 

coplanar, we believe that the reduced coupling constant for 
22 indicates the presence of noncoplanar olefinic C-H 
bonds. 

D D 

D 
22 

D 
23 

Two possible conformations for nonplanar strained dou- 
ble bonds have been proposed, discussed, and experimen- 
tally observed in the literature. The first of these, exempli- 
fied by structure 24, retains the sp2 hybridization and re- 
sults in a skewing of the substituents.16a-c The second of 
these, 25, involves the rehybridization of the two olefinic 

A 
24 

A 
25 

carbons and retains the eclipsed arrangement of the subst- 
ituents.16c-e Formation of either structure 24 or 25 would 
effectively move the a bond further away from the cyclo- 
propane ring and thereby diminish interaction between the 
a bond and the internal cyclopropane ring bond. Since such 
repulsions are almost certainly greater in the case of the 
parallel form, it is not surprising that the parallel isomers 
show a much greater tendency to relieve such interactions. 
Although the T-u interactions may be smaller in structure 
25, it  appears that transannular H,Hb interactions are 
much less severe in 24. Unfortunately, the available data do 
not allow a distinction between 24 and 25. It  is also impos- 
sible to relate quantitatively the magnitude of the devia- 
tion to the observed coupling constants. 

Structures 1 and 2 are much more stable than their diene 
analogs 6 or 7. They were indefinitely stable when kept a t  
-20' in a dilute hexane solution and reasonably stable in 
solution at  room temperature under nitrogen. I t  was hoped 
that the forced close proximity of the P bond and the cyclo- 
propane might force forbidden 2 + 2 cycloadditions. In- 
stead, at  elevated temperatures, the parallel isomer l b  was 
slowly converted to the cis,trans isomer 9c. For example, 
when l b  was heated at  138' for 84 hr, glc analysis indicated 
31% conversion to 9c. The extent of isomerization was not 
effected by the presence of quinoline which indicates that 
the isomerization is not acid catalyzed. By contrast, 2b and 
9c were unchanged when heated at  this temperature for the 
same period of time.17 The facility of this unprecedented 
thermal isomerization of an isolated double bond lends 
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Figure 1. 

chemical support to the postulated weakened, distorted a 
bond depicted in 24 (or possibly 25). 

The photochemistry of 1 and 2 was also briefly investi- 
gated for signs of internal cycloaddition. The irradiation a t  
2537 A of a mixture of la and 2a in hexane for 22 hr re- 
sulted in conversion to the cis,trans isomer 9a along with 
the formation of considerable gray polymer. No starting 
material or other volatile products were formed. Similar 
treatment of 9a resulted in neither change nor polymer. A 
final attempt at  cycloaddition in this system with aziri- 
dines 21 and 20 was made. I t  is known that aziridines un- 
dergo thermal conrotatory ring opening to azomethine yl- 
ides. Although such intermediates might have added across 
the cyclopropane ring bond to give products such as 26 and 

a p e  I I 
I 

Ph 
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26 27 

27, both 20 and 21 were recovered unchanged when heated 
at  138' for 60 hr. 

In order to further assess the nature of the transannular 
interaction, vacuum ultraviolet spectra were obtained for 
lb ,  2b, and 9c. These spectra are reproduced in Figure 1 
along with, for purposes of comparison, trans- cyclooctene. 
From these spectra it can be seen that the parallel form l b  
has the longest wavelength maximum and that both the 
cr-u* and n-a* absorption bands are considerably broad- 
ened for the parallel form. The shift to longer wavelengths 
appears to be indicative of transannular resonance stabili- 
zation in the excited state. A similar observation has been 
made by Cram in the paracyclophane series (28) where m 
and n are small (e.g. ,  when m = n = 2) . l9  I t  is interesting 

28 
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to note that shifts to longer wavelengths in the paracyclo- 
phane series were also associated with broadened bands 
and decreased absorption intensities. 

The properties of 1 are thus vastly different from the 
perpendicular isomer 2 or other analogous trans-alkenes. 
The difference appears attributable to the transannular re- 
pulsions between the s bond and the cyclopropane ring. 
These repulsions distort the T bond and thus greatly alter 
its chemical reactivity. Further studies on these and related 
distorted alkenes should clarify the precise nature of the 
distortion process and the chemical consequences of such 
distortions. Finally, it  is apparent that the unique features 
of the trans,trans arrangement present in these compounds 
offer many opportunities for chemical study of previously 
unavailable molecular arrangements.20 
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The preparation of N,N, 2,2-tetramethyl-1,3-propanediamine, cis- and trans- 2-(dimethylaminomethyl)cyclo- 
hexylamine, and %em- dimethylaminomethyl-2-endo- norbornanamine has been accomplished by the Mannich 
reaction on the appropriate carbonyl compound, followed by oximation and reduction. The reactions of methacro- 
lein and 3-methylene-2-norbornanone with methylhydrazine gave pyrazolines whose methiodides were reduced to 
N,N, 2-trimethyl-1,3-propanediamine and 3-endo -dimethylaminomethyl-2-endo- norbornanamine, respectively. 

The dedeuteration of acetone-da has been shown to be carbon-3 bond. The greatly increased bifunctional catalytic 
catalyzed bifunctionally by the monoprotonated form of activity of both the cis and trans isomers of 2-(dimethylam- 
N,N-dimethyl-l,3-pr0panediamine.~~~ Examination of inomethy1)cyclopentylamine experimentally demonstrated 
models of the transition state of the rate-controlling step in the importance of conformational  effect^.^^^ To study such 
the reaction showed that in the two most stable conformers effects in more detail we have synthesized several addition- 
the carbon-1-nitrogen bond from the diamine was approxi- al conformationally constrained derivatives of N,N -di- 
mately eclipsed with a carbon-2-hydrogen or carbon-2- methyl-1,3-propanediamine and also two 1,4-diamines. 


