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ABSTRACT 

"The Effect of Ring Size on the Thermal Rearrangement of 

Blcyclofn«1.0~|alka-l,n~<ilenes»** 

By 

Brian A* Baker 

The ring expansion synthesis of cycloundacene from cyclooctene 

Is described» Addition of dlbromocarbene» elimination/rearrangement 

by n-BuLl to an aliéné» and Na/NH^ reduction results In the formation 

of the next larger cycloolefin* 

The synthesis and rearrangements of the title compounds n-7-10 

are discussed* Compound n«7 rearranges exclusively to 3-methylene- 

1,4-cyclononadiene * Compounds n«9&10 rearrange to 4-methylene- 

bicyolo[n-3*3*0Jilka-2-enes* Compound n«8 rearranges to a 1*2 mix¬ 

ture of 3-methylene-l»4-cyclodecadiene and 4-methylenebicyclo[5«3*0] 

deca-2-ene respectively* This is the slowest material to rearrange 

requiring sixteen hours at xylene reflux whereas the others rearrange 

within several hours in toluene reflux* 
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INTRODUCTION 

The thermal rearrangements of methylenecyclopropanes, vinyl- 

cyclopropanes f and more recently vinylmethylenecyclopropanes have 

been of interest with respect to the possible mechanisms of the 

observed rearrangements. 

Methylenecyclopropane rearranges with an activation energy of 

about 40 kcal/mole*. It was originally thought to proceed via 

formation of a planar trimethylenemethane diradical with a minor 

concerted mechanism to account for the observed retention of optical 

2 
activity * To account for the stereoselectivity found during a 

study of Fiest's acid and its dimethyl ester, however, a 'pivotal 

mechanism* was proposed^. The carbon atom common to both the old 

and new cyclopropane ring is designated the pivot atom. It. in 

general, bears the substituents which more highly stabilize a free 

radical. The substituents on the pivot atom remain in a plane 

perpendicular to the plane of the cyclopropane rings. This results 

Scheme I 

Pivotal Mechanism 

in an inversion of configuration of the pivot atom. 

This mechanism does not require either a purely concerted or 

diradical pathway. The diradical extreme would occur when an allyl 

radical is fully formed between carbons 2.1, and 3* The purely 

concerted extreme would involve simultaneous rotation of carbons 2 and 3 
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such that the allyl radical is never completely formed. The distinction 

between these extremes Is only theoretically interesting since the 

products of the rearrangement are the same. Depending on the 

substituents on carbons 2 and 3 the nature of the mechanism can vary 

between these extremes. 

The 'pivotal mechanism* does not require formation of a planar 

trimethylenemethane diradical intermediate during the rearrangement. 

This diradical has been prepared at low temperature^*^. ESR 

examination showed that at liquid nitrogen temperature the trimethylene¬ 

methane diradlcal is stable in the triplet state. Calculations^ 

done on the heats of formation of the singlet and triplet diradical 

have also shown that the triplet state is more stable. The 

calculations were performed as a function of the angle of twist of a 

methylene group out of coplanarity with the allyl system. Structure 

represents the 6-0°, planar orientation and 2 represents the ©-90°, 

orthogonal orientation. The triplet was found to be most stable 

when it is planar» 1. Die singlet state, however, was calculated 

to be most stable in the orthogonal orientation 2. This is 

consistant with the 'pivotal mechanism' since a bond broken thermally 

would be expected to form a singlet. Whether the singlet has 

enough time to collapse to a triplet depends on the lifetime of 2 



■3 

Substituents» additional resonance» temperature» and reaction time all 

can affect this lifetime and, therefore, the selectivity of products. 

Gajewski/’® working with cis- and trans-2,3-dimethylmethylene- 

cyclopropane, found that at 170°C the cis and trans isomers rearrange 

to their own ratio of products. At a higher temperature, 225°C, both 

trans 

1 
syn anti cis 

4 

3 170°C m 9+2 57+2 34 
4 170°C 4644 9+2 4546 - 

3 or 4 225°C 1*5 45~ 45“ 3.5 
344 150° lweek 6.2 44.2 40.1 2.5 

isomers form products in the same ratio. This was also nearly 

achieved by allowing a mixture of isomers to thermolyse for one week 

at 150°C. Cis-trans isomerization occurs more rapidly than 

rearrangement but at higher temperature or longer reaction time the 

rearrangement approaches an equilibrium mixture. Opening of the 

cyclopropane ring, inversion of one of the radical centers, and closing 

must occur in preference to the more extensive motion involved in the 

rearrangement. The rearrangement does proceed in favor of the more 

substituted double bond. The ’pivotal mechanism* nicely illustrates 

the steric factors involved in the bond rotations that favor formation 

of the anti more rapidly than the syn isomer. Carbon 2 can actually 

rotate 90° in either direction to form the double bond with carbon 1 

(see Scheme I). Rotation of the methyl groups away from each other 

results in the anti-isomers being formed in favor of the syn-isomers 



Vinylcyclopropane to cyclopentene rearrangements appear to 

proceed via a diradical mechanism^, This is supported by the 

observation that rearrangements of vinylcyclopropanes have activation 

energies about 13kcal/mole lower than their saturated analogs* 

(12.6+1 kcal/mole being the experimental stabilization of an allyl 

radical*®•) A concerted pathway cannot be completely ruled out 

however* A study of cis-l-deutero-2-vinylcyclopropane**,^, showed 

that cis-trans Isomerization proceeds faster than rearrangement to 

cyclopentene* If the cyclopropane ring Is open long enough to 

allow Inversion of carbon 1, it is also open long enough to allow an 

allyl radical to fully form* Reclosure to vinylcyclopropane involves 

less extensive motion of the carbon skeleton than closure to cyclopentene* 

This, however, should be less important than in the methylenecyclopropane 

system since the product cyclopentene does not have the strain of the 

cyclopropane ring* 

Combination of the methylene and vinyl systems into vinyl- 

methylenecyclopropane makes the issue of mechanism even more difficult 

to decide* Vinylmethylenecyclopropane, 6, itself rearranges to 

3-methylenecyclopentene*^, 2J with an activation energy of 26.8kcal/mole*^* 

A methylenecyclopropane rearrangement (E^ 40kcal/mole) enhanced by the 

stabilization gained by formation of an allyl radical ( 13kcal/mole) 

allows a diradical mechanism to proceed with an activation energy of 
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about 27kcal/mole. This is almost identical to the observed value* 

It is also low enough so that it does not allow a clear distinction 

between a diradical or concerted mechanism* A £3*3] sigmatropic 
12 shift is a reasonable mechanistic possibility * This process 

resembles the thermal Cope rearrangement of 1,5-hexadiene except that 

there is an additional bond between carbons 3 and 5* 

Deuterium labelling experiments*** have shown that d^-vinyl- 

methylenecyclopropane* 8, undergoes a more rapid methylenecydopropane 

rearrangement to 2 as well as rearrangement to d^-3-methylenecyclo- 

pentene# 10 and 11 * The degenerate rearrangement is about ten times 

faster than rearrangement to 10 and 11* On the basis of these 

observations Gilbert proposed an orthogonal diradical intermediate* 12. 
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Variationa in product ratios expected from such an intermediate were 

attributed to diradicals that do not achieve the orthogonal geometry 

of 12 and to a minor concerted process in competition with the diradical 

mechanism* Formation of this intermediate* however* should result 

almost exclusively in closure to the 3-methylenecyclopentene system 

rather than the more strained vinylmethylenecyclopropane system* It 

is more reasonable to Impose the 'pivotal mechanism' to account for the 

faster equilibration of 8 and 2, and the orthogonal diradical* 12» or a 

more concerted mechanism to account for the formation of 10 and 11* 

The dramatic affect of a methyl group on the vinylmethylene¬ 

cyclopropane rearrangement can be seen in the study of vinylethylidene- 

cyclopropane* ^* 13* The syn and anti isomers could be separated by 

gas chromatography but positive assignment of each structure was not 

possible* The faster isomer of gave 95# 16 and 5# 12* The 

less reactive isomer gave 30# 16 and 70$ 17* When the intermediates 

14 and l£ were isolated and allowed to rearrange the only observed 

product was 16* The slower isomer of 1^ preferentially rearranges 

directly to 12 rather than undergo a methylenecyclopropane rearrangement 

leading to 16* The fast isomer has the opposite preference* 



For this isomer the faster rearrangement of 14 and 15 to 16 than 12 to 

17 accounts for the observed product ratio* These observations do 

not support formation of a diradical intermediate* Such an inter¬ 

mediate* once formed» would not close to yield exclusively one product 

a3 14 and 12 do* Such rearrangements probably have a great deal of 

concerted character resembling a [1,3] sigmatropic shift leading to the 

methylenecyclopentene product* The methyl substituent has a great 

influence on the course of the mechanism equilibrating the vinyl- 

methylenecyclopropanes* 

The affect of temperature on these types of rearrangements was 

demonstrated by Gilbert, et al.^'^« In a study of d^-2,2-diphenyl- 

raethylenecyclopropane, 18, a 1 s 1 ratio of 18 to 1£ was achieved in 

refluxing carbontetrachlorlde* None of the possible rearrangement 

product 20 was observed* This supports the conclusion reached 

earlier that the pivot atom has the substituents more highly stabilizing 

a free radical* In this case its . stability probably allows the 

allyl radical to fully form allowing the 111 equilibrium* At 140°C 

for 9*5 hours 2,2-diphenylmethylenecydopropane, 21_ rearranges 
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to the lndene derivative 24. The ethylldene and isopropylidene 

analogs also rearrange to the corresponding lndene derivative of 24* 

Two separate processes are involved in these rearrangements. One 

proceeds at lower temperature to equilibrate the methylenecyclopropanes. 

The other at higher temperature leads to the irreversible formation of 

the indenes. 

Since the initial reports of the synthesis and rearrangement of 

2#2-dlmethylallylidenecyclopropane^»*®, 2£f a thorough study of the 

kinetics and the possible mechanisms has been reported by Kende and 

Rlecke*9. 25 rearranges to a 2»1 mixture of 3-isopropylidenecydo¬ 

pent ene. 26, to 4,4-dimethyl-3-methylenecyclopentene, 22# One of 

1 - l. * 
26 22 

the unidentifiable syn and anti isomers rearranges at a rate 2.2tl.O 

faster than the other. After thermolysis of a mixture of the syn 

and anti isomers at low conversion the starting material was recovered 

and rerun. This thermolysis yielded the same 2il ratio of products 

even though the ratio of syn to anti differed from the initial 

thermolysis. This observation led to the proposal of a common 

intermediate and a ’conducted tour* mechanism. Syn and anti 2£ open 

to intermediate 28. (AH-32.4 and 31»2kcal/mole). This closes to form 

29. 29 opens to form 30(4H»24«0kcal/mole) and closes to 31. 

31 in turn opens to 32 (AH-28.4kcal/mole ) and finally collapses to 26 and 27. 
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This mechanism is supported by the separate preparation and thermolysis 

of 22 and 31» Compound 2£ rearranges quantitatively to 21 at 61° and 

80°C. Compound 21 rearranges to 26 and 2£, in a 2il ratio at 98° and 

117°C. Glpc analysis during a thermolysis of 2£ revealed a minor 

peak that was collected and identified as 31» Each of the proposed 

’intermediates' strongly resembles the expected transition states 

resulting from the pivotal mechanism that would equilibrate 2£* 22» 

and 21* Only from the orientation of 21 can closure to 26 and 2£ 

be favorable» The 'conducted tour' is the result of a fortuitous 

choice of starting material» 

3-methylenecyclopentens products were also isolated from cis 

and trans-2 » 3-<ii®«thylallylidenecyclopropane , 22» Cis and trans 22 

were thermolysed at 125°C and the products isolated as shown in Scheme II* 

^ Scheme II 

+ 

22 
3.3* 
7.0* 

+ 

22 
90.5* 
81.5* 

22 \ 
trans 
cis 

'2* 
6.2* 

11.5* 

/ 
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The side chain double bond In 22 was shown to be trans from It's strong 

IR band at 960cra”^* Roth and Schmidt proposed the formation of a 

moderately long-lived diradical intermediate 37» 37 resembles the 

Intermediate 28 In the 2,2-dimethylallylidenecyclopropane example and 

indeed a transition state like 22 that achieves the proper orientation 

via a series of methylenecyclopropane rearrangements may account for 

the selectivity of products* Unlike the 2,2-dimethylallylidene- 

cyolopropane example, however, is the presence of only one methyl group 

on three of the participating carbons rather than two methyl groups on 

one carbon* The effect is to allow rearrangement from several of 

the possible transition states rather than only one* . The formation 

of the anti-ethylldene products 2ft an<^ 22 larg® abundance over the 

syn product, 22» *-s t*1® result of the preferred rotation of the C-2 

methyl group away from the adjacent methyl group on G-3* 

Extension of these systems to include an additional double bond 

provides an interesting variation on the formation of the ultimate 

products of rearrangement* 2-vinylallylidenecyclopropane, 38* 

and 2-(l-buta-l,3-dienyl)methylenecyclopropane, 41 were thermolysed 

to the products schown in Scheme III^* Syn and anti isomers of 22 
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A * V» 
22 fto 

were separated but spectrally indistinguishable • The more readily 

rearranged Isomer gave 80# 22 an<* 20# 40 and the other isomer gave 

86# 22 an<* ftS.» Since both syn and anti 22 rearrange to 39 a 

direct [3»5] sigmatropic reaction of 22 was considered unreasonable* 

An initial methylenecyclopropane rearrangement of 22 would form the 

divinylmethylenecyclopropanes 42 an<* itft* The cis divinyl isomer 

2S 

is set up perfectly for a [[3»3] Cope rearrangement to 22* The 

trans isomer can rearrange to 39 or 40 via diradical or concerted 

[1,3] or [3»3] processes* 

An Initial methylenecyclopropane rearrangement of 41 does not 
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glva reactive intermediates like 4^. an(^ 44 and» therefore, suffers the 

expected vinylcyclopropane rearrangement to 42. 

In general, vinylmethylenecyclopropanes undergo a more rapid 

methylenecyclopropane rearrangement and a slower vinylcyclopropane 

rearrangement Irreversibly to products. Both of these processes 

are greatly dependent on substituents, particularly as they contribute 

to the equilibrium or lack of equilibrium established as a result of 

the methylenecyclopropane rearrangements. 

The best representation of the methylenecyclopropane rearrange¬ 

ment is the 'pivot mechanism' which accounts best for the observed 

products and their stereochemistry. Hie mechanism for the vinyl¬ 

cyclopropane rearrangement has not yet been established. It may 

result from a transition state of a methylenecyclopropane rearrange¬ 

ment or as a result of an entirely separate process via diradical or 

concerted mechanisms. 
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Alkylvinylcyclopropanes can also undergo [1*5] hydrogen migrations 

pp 
as reported by S, Winstein, et al*. The comparison of the hydrogen 

shifts of 45 and 46 in Scheme IV shows that each ring size (n«6,7,8,9) 

Scheme IV 

has comparable rates and activation energies in both the 1,3-cyclodiene 

and the open chain analog. Comparing these systems to the vinyl- 

cyclopropane ring system, 4£, shows that at n«8 and 9» the rates and 

activation energies are also comparable. For n-8, AH *29,3kcal/mole 

for the diene and 31,4kcal/raole for 47, The next smaller ring size 

n-7, 4£ has a 7kcal/mole higher activation energy than the diene. 

At n-6 less than one percent of the 1,4-cycloheptadiene could be 

observed under the same conditions. As the ring sizes become 

smaller it becomes more difficult for the double bond and the migrating 

hydrogen to achieve the proper orientation for the concerted hydrogen 

migration. The culprit is the cyclopropane ring since the cyclodiene 

system does not show the same effect of ring size. 

Labelling of these materials shows that in the vlnylcyclopropane 
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Scheme V 

system the migrating hydrogen is trans to the cyclopropane as shown 

for the n«8 case in Scheme V. 

The hydrogen shifts in the open chain and 1,3-cyclodiene systems 

propanes as a result of the comparable activation energies and specific 

however» is less clear due to the strain in the cyclopropane ring» 

the orientation restrictions imposed by the size of the larger ring» 

and the stability of the allylic radical in the possible diradical 

transition state* 

All of the discussed rearrangements and the hydrogen migration 

come into play when cyclic vinylmethylenecyclopropanes such as 4£ and 

54 are thermolysed. Attempts at preparing bicyclo[5*l«Ojocta-l,5- 

diene t 4£, by reaction of 8,8-dichlorobicyclo[5*l«0]octane, 48, with 

potassium t-butoxide in dimethylsulfoxide did not result in the expected 

product^, Instead 7*methylenebicyclo£4,1.03hept-2-ene, 50» was 

isolated* Thermolysis of Jj>0 yielded two products ^ and ^2 in the 

are concerted £l*5] hydrogen migrations. The cyclic vinylcyelo- 

hydrogen migration for the n-8 and 9 may also be concerted. This, 

U15 1 
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same ratio at all the experimental temperatures* Both products can 

be explained by the diradical mechanism outlined in Scheme VI* There 

__ Scheme VI 

E -* G“ 

2. <  ^“^3 = 

is no concerted process or series of concerted processes which can 

account for the formation of *>2* The homolytic bond cleavage 

leading to the cross-conjugated tetraene is a unique feature of this 

particular ring system* A concerted [1*3] sigmatropic shift forming 

51 directly from j50 although conceivable requires formation of an 

unknown trans ring fusion after inversion of the migrating center , 

The slx-membered ring of Jj>0 is also quite rigid making it difficult to 

achieve the proper configuration for the concerted process*. The 

ring system is* however* much less strained than the seven-membered 

ring in which accounts for the facile methylenecyclopropane 

rearrangement to 50* 

Increasing the ring size one methylene unit allows the elimination 

of 9»9-dichlorobicyclo[6*l*0]nonane, to yield the expected product 

blcyclo[6*l*0]nona-l,6-diene, ^ff* Thermolysis of ^ yield exclusively 

3-methylene-l,4-cyclooctadiene, 55* A hydrogen migration is required 

in order to form 55» A [1,5] hydrogen migration can proceed following 

t 
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Scheme VII 

54 # 

31 
O- -O' 

16 -» 

cr 
Z1 

CO 
12 £ 

a methylenecyclopropane rearrangement of to jj6. It may also 

proceed via a diradical mechanism, Scheme VII. Closure of 57 or a 

direct [1,3] sigma tropic shift of $6 leading to j>8 is apparently not 

observed because of the less stringent steric requirements of the 

hydrogen migration which allows to be formed in preference to 58. 

The complete absence of however, supports the concerted [l,5] 

hydrogen migration as the favored process in the formation of 55. 

In the previous two systems the changing of the ring size by 

one methylene unit results in a complete change of rearrangement 

products as well as possible mechanisms. Our interest became 

directed to extending these ring systems further and studying the 

effects of ring size on the thermal rearrangements of bicydo[n.l.O]- 

alka-l,n-dienes. like ^2 and and discussing the mechanistic 

implications of these on the basis of the examples already reported. 



RESULTS AND DISCUSSION 

Bicyclo[n,1.0jalka-l,n-dienes can be prepared by addition of 

dichlorocarbene to the Cn+2 cycloalkene^-5 and elimination of two 

equivalents of HC1 by reaction with potassium t-butoxide in dimethyl 

sulfoxlde^*^*^?, DMSO* Cyclooctene and cyclododecene are available 

commercially so a method of preparing the appropriate cycloolefins, 

cyclononene, cyclodecene, and cycloundecene, was required* 

Ring expansion can be achieved by a series of three reactlons28*29*30# 

Reaction of the cyclic olefin with dibromocarbene as shown in Scheme VIII 

yields 60* Reaction of 60 with n-butyllithiura yields the ring expanded 

Scheme VIII 

62 

aliéné* 61* Reduction of the aliéné with sodium in ammonia produces 

the cycloolefin, 62^1§32, 

The synthesis of cycloundacene becomes a nine step synthesis 

involving three cycles of this three step ring expansion procedure 

starting with cyclooctene* Two runs were made* The first run 

began with one mole of cyclooctene* Small scale reactions were run 
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on steps B and C in order to establish the procedures before the entire 

substrate was committed to the reactions* Two problems prevented 

completion of this run which was stopped at cydodecene. Storage of 

the 1,2-cyclononadiene In the freezer was found to be insufficient in 

preventing dimerization* Discoloration of the stored aliéné 

originally prompted redistillation* After distillation, however, 

it was apparent that storage of 1,2-cyclononadiene and probably the 

other aliénés in the series should be avoided* The second problem 

arose during the distillation of 10,10-dibromoblcyclop?* 1 «O^decane, 

67 (Scheme IX )* Distillation resulted in a 35# yield of 62* An 

NMR of toe crude 62 after removal of the unreacted bromoform and cyclo- 

nonene showed only minor impurities* The high boiling residue 

appeared from it's NMR to contain mostly 2,3~dibromocyclodecene although 

it's isolation was not pursued* Other than toe distillation of 64 

distillation of the other dibromocarbene adducts was avoided* These 

materials were used after removal of bromoform and the starting olefin 

by partial vacuum distillation from the reaction mixture* Also, 

since the yields in toe addition run about sixty percent, recycling of 

the olefin was a necessity if one seriously expected to prepare cyclo- 

undacene in good yields* The cycloolefin recovered from the second 

dibromocarbene addition was saved for use in preparing the title com¬ 

pounds* 

Vlth this experience in hand a second run was started using two 

moles of cyclooctene* The procedures for this run are given in the 

Experimental and the percent yields are shown in the outline in 

Scheme IX* Only cyclooctene was not recycled and only the dibromo¬ 

carbene adduct 64 was distilled* The somewhat larger scale dibromo¬ 

carbene addition to cyclononene, 66, resulted in an extreme thickening 
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of the reaetion mixture* Excess solvent was added and the addition 

was slowed to six hours* The crude yield for this step before the 

cyclononene was recycled was 75%» Only the very slow addition of 

the bromoform can accout for this higher yield* The thickening 

problem was avoided in the preparation of 22 by use of a more appropriate 

flask and quantity of solvent* 

In the course of running the sodium-ammonia reductions it was 

observed that yields were generally greater when ammonia was used in 

excess of the reported procedure^* The size of the sodium chunks 

had no observable effect on the yields* 

The preparation of aliénés we followed uses methyllithlum which 

is supplied in diethyl ether solvent* n-Butylllthium, which we used, 

is supplied in hexane solvent* As a result the reaction flask had to 

be charged with more ether than the reported preparati n in order to 

keep 64, 6?» and 22 from crystallizing out of the hexane rich solution 

after beginning the n-butyllithlum addition* Compounds 64, 62, and 

22 are apparently less soluble in hexane than ether at the dry-ice 

acetone temperatures* 
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Rearrangement of the Bicyclo[n.l,0]alka-l,n-dienes 

Bicyclo[7*l*0]deca-1,7-diene, 22» rearranges exclusively to 

3-raethylene-l ,4-cyclonona diene, 74» At toluene reflux (110°C) 

rearrangement is complete in thirty minutes* In benzene reflux 

(80°C) it takes three hours* 

The formation of £4 was also observed by Radiick-^ when he 

attempted to prepare 9-methylene[6,l»0]nona-2-ene, £2, ^rom the 

thermolysis of the hydrated amine oxide 76. Compound £2 Nas neither 

isolated nor detected* 

A methylenecyclopropane rearrangement of £2 will give £2 and a 

[1,5] hydrogen migration of £2 yields the observed product 74» The 

inability to isolate £2 allows this two step mechanism to account for 

the formation of £4 by commonly observed vinylmethylenecyclopropane 

rearrangements» 

Models show that £2 can only exist as the cis-syn isomer* Even 

in this configuration the ring is quite rigid and a methylenecyclo¬ 

propane rearrangement to £2 relieves this strain» A direct rearrange¬ 

ment of £2 to the product is unlikely» The rigidity of.the ring does 
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not allow the possible migrating hydrogens to come close enough to the 

methylene double bond for rearrangement# The possible product,22* of a 

direct £3*33 sigraatropic rearrangement is not observed for this reason# 

Similarly 22 can not be formed from a [1*33 sigma tropic rearrangement 

of the Intermediate 25» The eight-membered ring of 21 although less: 

strained than the nine-membered ring of 2it Is still sufficiently con¬ 

strained to prevent the vinyl double bond from achieving the proper 

orientation for this rearrangement# A £1*53 hydrogen migration of 

21 is not prevented by these ring restrictions. For these reasons 

the rearrangement of 21 leads directly to 2ft* No attempt is made 

demonstrate that these rearrangements proceed via concerted processes 

only. Analogous diradical processes are also restricted by the 

geometry of the rings# However the rearrangement of the next member 

of the series suggests that these rearrangements possess a great deal 

of concerted character# 

The synthesis and rearrangement of bicyclo£8,l ,03undeca-l,8- 

diene, 21* proved to be the most unusual in the series, 11,11-dichloro- 

bicyclo£8,l,03undecane, 22* was the °nly dichlorocarbene addition pro¬ 

duct in the series that nas a solid when distilled into an ice-cold 

22 

I 
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receiver. It vas a liquid at room temperature. 

78 rearranged very slowly. Sixteen hours at xylene reflux 

(140°C) yields a 1*2 mixture (NMA) of 3-mothylenecyclodeca-1,4-diene, 

80. and 4-aethylenebicyclo£5.3.0Jdeca-2-ene » 81. Separation of 80, 

81. and unreacted 2â1(818 difficult. No suitable glpc column and 

conditions were found to adequately separate the high boiling, easily 

polymerized compounds. Column chromatography through 2$% silver 

nitrate on silica gel resulted in separation of 81. Compound 80, 

which vas first off the column, could only be enriched. did not 

survive the column, 80 can be identified by its very close NMfl 

resemblance to £4 (see Appendix). 

t 2 

The extremely slow rearrangement of £3 compared to the other 

compounds in the series suggests that it proceeds via a diradical 

mechanism and the others proceed much more concertedly. The ten- 

membered ring in 28 is apparently long enough to accommodate the vinyl- 

methylenecyclopropane system without the strain present in the nine-mem- 

bered ring of 22 aRd also short enough to prevent direct rearrangement of 

78. A methylenecyclopropane rearrangement to 82 is unlikely. 82 once 

formed should at least as easily rearrange to products as 22 with the 



-24- 

addltional ability to undergo a vlnylcyclopropane rearrangement to 81, 

No evidence for any accumulation of 82 was observed byNMfl so the 

unusual stability must be attributed to 2â itself. Models show 

that 2â can exist in the cis-syn or trans-syn configuration. The 

trans-anti is strained, however, so its presence is probably minor 

compared to the cis-syn. No obvious reason can be deduced from the 

models for the greater stability of 2§« 

The rearrangement of blcyclo£9,l«0]dodeca-l,9-diene, 82, proceeds 

exclusively to 4-methylenebicyclo[6,3*03undeca-2-ene, 84, One-half 

hour at xylene reflux or three hours at toluene reflux gave complete 

rearrangement. Column chromatography (25% AgNO-j on silica gel) 

allowed isolation of 84, One other very minor product observed in 

the NMR of the crude reaction mixture was not isolated but can be 

tentatively identified as 8£ or 86 (61,85s Me- and 62,7s for the doubly 

allylie methylene). This product appeared more significantly as the 

reaction time was extended and during an attempted glpc propping. 

An appropriate series of £l,5] hydrogen.migrations yield these more 

highly substituted double bond isomers. 

The ease of this rearrangement again allows the intermediate 

87 to be considered. The ring has become long enough for the vinyl 
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cyclopropane rearrangement to predominate over a £l»5] hydrogen migration* 

The vinylcydopropane rearrangement Is* therefore* the more facile of 
« 

the two when the length of the ring does not inhibit this rearrangement* 

Models indicate that both the cis-syn and the trans-syn isomers 

are stable* Even the cis-anti isomer appears possible but this 

should be distinguishable from the others since several hydrogens are 

forced into very close proximity to the methylene pi-system* The 

trans-anti only compounds this problem even though there is little 

strain in the ring* 

The rearrangement of bicyclo£lO*l*0]trideca-l,10-diene, 88,■ 

yields only 4-methylenebicyclo^7*3«0]]dodeca-2-ene, 89* Compound 

88 could be prepared in sufficient quantity from commercially available 

cyclododecene so^that 8£ was easily isolated by vacuum distllation* 

Four hours in toluene reflux converted 88 cleanly to 89» 

The course of the rearrangement should be no different than 

for 82* A faster methylenecyclopropane rearrangement to 90 

followed by a facile £l,3] vinylcydopropane rearrangement to 8£* 
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20 

Models show that 88 can exist in all the possible configurations! 

cis-syn, trans-syn, cis-anti, and trans-anti* The trans-anti and to 

a lesser extent the cis-anti are restricted in the freedom of ring 

0 

motion but the ring is long enough for all of them to exist* 

The change-over in the rearrangement products of 21 occurres at 

the n-8 ring sise (bicycloQ8,l*0]undeca-l » 8-diene « 78)* This is the 

slowest material to rearrange and also the only one to yield both 

products observed in this series* Several conclusions are possible 

based on these results and other systems that have been reported* 

First, without any steric effects imposed by ring size the primary 

rearrangement product of a vinylmethylenecyclopropane system is a 

methylenecyclopsntene* Vinylmethylenecyclopropane itself rearranges 

to 3-methylenecyolopentene and 21 where n-9,10 rearranges to the 

3~methylenecyclopentene system 2^* Thi3 irreversible formation of 
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products Is generally proceeded by a more rapid and sometimes degenerate 

methylenecyclopropane rearrangement* This is the process that has 

the greatest affect on the ultimate formation of products* The ease 

and position of this equilibrium controls the materials available for 

the irreversible rearrangements* In this series' the direct vinyl- 

cyclopropane rearrangement of 21 is not observed. The ring never 

becomes long enough for 21 to achieve the proper orientation for this 

rearrangement so only the rearrangement of 21 is observed* At some 

point* however, this direct rearrangement should begin to compete with 

the rearrangement of 92* 

When the ring size becomes small enough so that even the vinyl- 

cyclopropane rearrangement of 21 is prevented by these same sterio 

effects, the other rearrangement becomes important* The rearrangement 

of 21 where n-6,7 both form 22* The observation of a specific 

hydrogen migration of the hydrogen trans to the cyclopropane ring fusion 

suggests that this is a concerted process* Models show, however, 

that the specific migration may be the result of conformational 

restrictions in the smaller rings which allow only the one hydrogen 

to achieve the proper orientation for either a concerted or diradical 
l 

migration* The one product, 21» of the n-5 analog formed from the 

diradical mechanism is not observed in either of these systems just as 
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the hydrogen migration product is not observed in the n«5 rearrangement# 

This also favors a concerted £lf 5] hydrogen migration as the mechanism 

of formation of 22. i*1 these two systems# 

The n-8 analog presents a problem# As suggested earlier the 

unusual stability of this member of the series must be the result of 

some subtle stability of 21. which shifts the equilibrium of 21. and 92 

far in favor of 21* Models only suggest that this ring sise is 

'just right' for the vinylmethylenecyclopropane system# Smaller 

rings introduce strain which is relieved by a methylenecyclopropane 

rearrangement to 92# 92 is then free to undergo the hydrogen 

migration to 21* larger rings appear to be somewhat crowded# 

Again a methylenecyclopropane rearrangement leads to 22, where the ring 

is less restricted# The vinylcyclopropane rearrangement of 22 then 

yields the observed products# The only feature preventing the 

methylenecyclopropane rearrangement to 22 the fact that 21 has the 

more highly substituted double bonds# The effect of ring size must 

be at a minimum for the n-8 system so that the degree of substitution 

becomes the controlling feature# The observed products are then the 

result of the small amount of 22 available from the methylenecyclopropane 

rearrangement equilibrium and a competing diradical mechanism# 

Much could be done to determine the actual mechanism# Separation 

of the cis-syn, trans-syn, cis-anti, and trans-anti isomers of the title 

compounds and determination of the stereochemistry of their rearranged 

products should be informative# Rate studies# although generally not 

helpful in these systems, may also be useful, particularly for the n=8 

analog# The problems of separation of products experienced in this 

work, however, suggests that these studies would be difficult to do 

properly# 
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OTHER INVESTIGATIONS 

One other line of study was undertaken during the course of the 

main investigation* 

Attempts were made to prepare palladium complexes of vinyl- 

methylenecyclopropane and 2f2-dimethylallylidenecyclopropane by reaction 

with dichloro-bis(benzonitrile)palladium* The results of this work 

will appear in a paper entitled "Trimethylenemethane vs. Diene Coordin¬ 

ation in the reaction of 2*2-dimethylallylidenecyclopropane with FegCcO)^" 

W,E. Billups* B.A. Baker* and L*P* Lin* This paper has been accepted 

by the Journal of Otganometallic Chemistry and is attached in the Appendix* 



EXPERIMENTAL 

NMR spectra were recoriei on Vartan A-56/6OA or Perkin-Elmer R-12A 

spectrometers In CCl/j, solutions* Infrared spectra were recorded 

(neat) on a Beckman IR-8 spectrometer* Glpc analyses were carried 

out on a Hewlett-Packard ?00 or an Aerograph Autoprep A-700 Instruments 

both with thermal conductivity detectors* The analytical column used 

was a by l/8in* 15$ g,0-oxy4ipropionitrile on Chromosorb P* All 

boiling points are uncorrected and were run* except for separations of 

bromoform and the unreacted olefins, using a short-path distllation head* 

9.9-Dlbromoblcvclo|~6.1«Olnonane. 64 

In a three liter flask cooled in an ice bath was placed 225gm (2*0H) 

potassium i-butoxide, 220gm (2*0M) cyclooctene, and approximately 1*5 

liter of pentane* 506gm (2*0M) of bromoform was added dropwise over 

three hours* Hie solution was stirred one hour* The ice bath was 

removed and the solution was stirred an additional hour* Hater was 

added and the pentane layer was washed three times with water and dried 

over sodium sulfate* Distillation yielded 331gm (1*17*0 of 64, 59%» 

b*p* 128° @ 0*3mm (reported^ 45° @ 0*15mm) 

1.2-cvclononadlene* 65 

In a two liter flask equipped with a dry-ice condenser and bath 

was placed 331g® (1*17*0 of 64 and 300ml of diethyl ether* 1»55M of 

n-butyllithlum (Ventron Corp. 20,7% in hexane) was added dropwise over 

two hours* The cooling bath was removed allowing the reaction to room 

temperature* Cold water was added slowly (cooling as necessary)* 
. I 

Workup with hexane washed three times with water, dried over sodium 

sulfate and distilled. Yield 122gm (1.0M) of é£, 86%, b*p. 70-7l°@15m« 

(reported 94°@44mm^ and 83-84*5°@36mm^) 
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Cvclononene. 66 

Two runs eachi In a three liter flask Has condensed approximately 

1500ml of liquid ammonia(dry-ice acetone hath and condenser). 55g® 

(2.4H) of sodium metal Has added In small chunks. 6lgm (0«5M) of 65 

Has added over one-half hour. The reaction mixture uas stirred three 

hours. 130gm (>2,4M) of ammonium chloride nas added slowly. The dry- 

ice acetone bath Has removed and the ammonia alloned to evaporate over¬ 

night. Ether and water were added. The ether layer was washed three 

times with water and dried over sodium sulfate. Distillation gave 

(combined yield) l08.igm (0.87M) of 66, 87#, b.p. 168-I70°®latm 

(reported 85-86°@45mm-^ and 86-87°@50mm-^) 

10.10-dibromoblcyclor7.1.0~|decane. 67 

In a two liter flask was placed approximately 500ml pentane, 108gra 

(0.96M) potassium t-butoxlde, and H8gm (0.95M) of 66. The mixture 

was cooled in an ice bath. 252gm (l.OM) of bromoform was added drop- 

wise (at this point thickening of the reaction mixture became a serious 

problem. Pentane was added and the addition slowed in order to main¬ 

tain adequate stirring) over six hours. The approximately 1800ml of 

reaction mixture was poured on to ice. The pentane layer was washed 

three times with water and dried over sodium sulfate. Unreacted 66 

and bromoform were removed by vacuum distillation. No further dis¬ 

tillation was attempted. 29.7gm (0.24M) of 66 was recovered and rerun» 

26,9gm (0.25M) potassium t-butoxide, 6lgm (0,24M) bromoform. Total 

yield of crude 67 240gm. (reported^® b.p, 97-101,5°@0*5"™) 

1.2-cvclodecadiene. 68 

In a three liter flask was placed 240gm (assume 0.81M) of crude 

67 and approximately 300ml of ether. The mixture was cooled in a .dry- 
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ice acetone bath* i*06M of n-butyllithium was added over three hours* 

The bath vas removed allowing the reaction mixture to room temperature* 

Cold water was added slowly(cooling as needed)* Workup with pentane 

washed three tirae3 with water and dried over sodium sulfate. Distil- 

ation yielded 105gm (0,77M) of 68. b.p. 60°®3mm (reported 110-115°® 

40-42mm3° and 74°@10mra31'’) Combined yield 66 to 68 81% 

Cvclodecene. 69 

In a three liter flask equipped with a dry-ice acetone condenser 

and bath was condensed approximately 1200ml of liquid ammonia* 38»2gm 

(l*66M) of sodium metal was added in chunks* 52*5g® of 68 was added 

dropwise over one-half hour* The reaction was stirred three hours* 

90gm (>1.66M) of ammonium chloride was added and the ammonia allowed to 

evaporate overnight* Workup with water and ether* The ether was 

washed three times with water and dried over sodium sulfate* Distill¬ 

ation gave 45*8gm (0.33M) of 6£, 86%, 25gm of 68 were saved for an¬ 

other project. The remaining 27*5g® (0.21H) of 68 was reduced in a 

second runt 700ml of ammonia* 20*3gm (0*88M) sodium metal* Total yield 

of 62 62.2gm (0.45M) 7756, b.p. 60°@3*3mm (reported30 100-l03°@42-44mm) 

ll.ll-dlbroreoblcyclor8*l«Olundecane* 70 

In a two liter flask was placed 62*2gm (0.45M) of 69. 50*5g® (o*45M) 

potassium t-butoxide and about one liter of pentane* The mixture was 

cooled in an ice bath* 114gm (0.45M) of bromoform was added over one 

hour* .The reaction mixture was stirred one hour* The ice bath was 

removed allowing the reaction to room temperature(one hour)* Water was 

added and the pentane layer was wqshed three times with water and dried 

over sodium sulfaté* Unreacted 6£ and bromoform were removed by partial 

vacuum distillation* 75*5g®(this yield was found to be incorect during 
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the next reaction) of crude 22 remained. 10«9gm (0.08M) of 6£ was 

recovered and rerunt 8*9gra (0.08M) potassium t-butoxide and 20,2gm 

(0.08H) bromoform. Total yield of crude 22 

1.2-cvcloundecadlene. 71 

In a two liter flask cooled in a dry-ice acetone bath was placed 

84*5gm (assume 0.27M) of crude 22 in approximately 400ml of dry ether* 

0.35M of n-butyllithium was added over three hours* The bath was re¬ 

moved allowing the reaction mixture to room temperature* Mater was 

added slowly (cooling as needed)* The ether layer was washed three 

times with water and dried over sodium sulfate* Distillation yielded 

44*5gm (0*29M) of 2JL» b.p, 70°@2mm (no b*p* reported^®) Combined 

yield 62 to 21 66# 

Cvcloundecene. 72 

In a one liter flask equipped with a dry-ice acetone condenser and 

bath was condensed about 500ml of liquid ammonia* 19*8gm (0*86M) of 

sodium metal was added in chunks • 30*0gm (0*2M) of 21 was added drop- 

wise over one-half hour* The reaction was stirred three hours* 50gm 

(>0*86M) of ammonium chloride was added and the ammonia allowed to 

evaporate overnight* Vorkup with water and ether* The ether layer 

was washed three times with water and dried over sodium sulfate* 

Distillation gave 28«6gm (0.19M) of 22.» 9^% b.p* 57°®2">m (reported^ 

88-90°@12mm) 

10.10-Alchloroblcvclor7.1.0~[decane« 96 

In a 250ml flask cooled in an ice bath was placed about 100ml of 

pentane* 22.4gra (0il8M) of 66 and 22*0gm (0.18M) of potassium t-butoxide, 

2l*5gm (0*18M) of chloroform was added over one hour* After stirring 
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one hour the Ice bath was removed allowing the reaction mixture to 

room temperature* Water was added and the pentane layer was washed 

three times with water and dried over sodium sulfate* Distilla tiom 

gave li*6gm (0*056M) of £6, 3156. b*p* 87°@lmm Ift and NMR spectra 

in Appendix* 

Blcyclor7.1.0~}deca-1.7-dlene. 73 

In a 100ml flask was placed about 50ml of distilled dimethyl 

sulfoxide and 12.4gm (0.11M) of potassium t-butoxide* The mixture 

was cooled in an ice bath* ll*0gm (0,053*0 of £6 was added dropwise 

over one-half hour and then stirred an additional hour. Pentane and 

water were added* The pentane layer was washed three times with water 

and dried over sodium sulfate* Distillation gave 3*0gm (0*023*0 of 

73. 4256* b.p* 28°@0*2mm IR and NMR spectra in Appendix. 

11.1 l-dlchlorobicvclof8.1.0~]undecane. 79 

In a 100ml flask cooled in an ice bath was placed about 50ml of 

pentane» ll*7gm (0.085M) of 69 and ll*0gm (0.098M) of potassium 

t-butoxide* 10*2gm (O.O85M) of chloroform was added dropwise over 

one hour* After stirring one hour the ice bath was removed allowing 

the reaction to room temperature* Water was added* The pentane layer 

was washed three times with water and dried over sodium sulfate* 

Distillation recovered 6*6gm of 62 and 6*0gm of 22 (0.027*0, 3256 

b.p. 94-95°@l *2mm IR and NMR spectra in Appendix, 

Blcvclo[~8*1.0")undeca-1.8-diene. 78 

In a 50ml flask was placed about 25ml of distilled dimethyl 

sulfoxide and 6*2gm (0.056M) of potassium t-butoxide. The reaction 

was cooled in a c61d water bath* 6*0gm (O«O27*0 of 22 1,48 added drop- 

wise over one-half hour and stirred an additional half-hour* Water was 
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added. Workup with pentane washed three times with water and dried 

over sodium sulfate. Distillation yielded 2.9gm (0.02M) of 2â» 72#. 

b.p. 55-57°@l.3mm IB and NMH spectra in Appendix. 

l2.12~dichlorobicvclor9.1.0[]dQdacane. 97 

In a 250ml flask cooled in an ice bath was placed about 100ml of 

pentane. I4*9gm (0,133M) of potassium t-butoxide, and 20gm (0.13M$ of 

72. I5*3gn (0.13M) of chloroform was added over one and one-half hour. 

The ice bath was removed allowing the reaction to room temperature* 

Water was added and the pentane layer was washed three times with water 

and dried over sodium sulfate. Distillation gave 8*3gm (0.051M) of 

97. 39#. b.p. 121-l23°@2mra IR and NMR spectra in-Appendix. 

Blcvclofo.l.0*)dodeca-l.9-dlene« 83 

In a 100ml flask cooled in an ice bath was placed about 50ml of 

distilled dimethyl sulfoxide and 11.7gm (0.104M) potassium fe-butoxide* 

8,3gm (0.051M) of 2Z was added over one-half hour. The reaction was 

stirred one-half hour. Pentane and water were added* The pentane 

layer was washed three times with water and dried over sodium sulfate. 

Distillation gave 5.6gm (0.035M) of 83., 69#. b.p. 68-70°®1.2mm 
« 

IR and NMR spectra in Appendix* 

13.13-dlchloroblcyclo(~ 10.1 .0~ltrldecane. 98 

In a 250ml flask cooled in an ice bath was placed about 100ml of 

pentane. 13.8gm (0.123M) of potassium t-butoxide, and 20.0gm (0.12M) 

of cyclododecene (Chemical Samples Co.). 14.3gm (0.12M) of chloroform 

was added over one and one-half hour. The ice bath was removed allow¬ 

ing the reaction to room temperature. Water was added, the pentane 

layer was washed three times with water and dried over sodium sulfate. 

Distillation gave 13.*fgm (0.054M) of 2â» ^5#. b.p* 150°@lmm 

(Reported-^ 135-l43°@0.1mm) IR and NMR spectra in Appendix, 
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Bicvclo[lO»l.Oltrldeca-1,10-diene. 88 

In a 100ml flask cooled in a cold Mater bath vas placed about 50ml 

of distilled dimethyl sulfoxide and 12*3gm (O.llM) of potassium 

t-butoxide• 13»**gm (0*05^M) of £8 was added over one-half hour. The 

reaction was stirred one-half hour* Pentane and water were added* 

The pentane layer was washed three times with water and dried over 

sodium sulfate* Distillation gave 7«lg® (0,04M) of 88, 75%» 

b*p* 83-85°@l»3mm (no b*p# reported2*?) IR and NMR spectra in Appendix* 

Rearrangements of the Blcyclorn*l»0~)alka»l*n-dlenes 

All of the rearrangements were run by refluxing 0*5g® of the title 

compound in 20ml of the appropriate solvent (benzene, toluene, or xylene)* 

Solvent was removed in vacuo and the products isolated as indicated in the 

text* The spectra of the rearrangement products are in the Appendix* 
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TRIMBTHYLENEMETHANB vs DIENE COORDINATION IN THE REACTION OF 

2.2-DIMETHYLALLYLIDENECYCLQPROPANB WITH Feo(CO)^ 

W. E. Billups, B, A, Baker, and L, P. Lin 

Department of Chemistry, Rice University 

Houston, Texas 77001 

There is considerable interest in transition metal promoted cleavage 

of strained carbon-carbon sigma bonds and stabilization of the resulting 

ligand by coordination with the metalThe present communication 

(l) For references relevant to the present study sees a) W. E« Billups, 
L, P. Lin, and 0, A* Gansow, Angew, Chem»«84» 684 (1972)| Angew. Chem. 
internat. Edit»» 11. 637 (1972/1 b) R. Aumann, Angew. Chem.. 84. 583. 
(1972)t Angela Chem, internat. Edit». 11. 522 (19?2)| c) R. M. Moriarty, 
R. M. Chen, K. N. Yen, J. L. Flippen, and J. Karle, J. Amer» Chem. Soc». 
94. 8944 (1972)| R. M. Moriarty, C. L. Yeh, and K. C. Ramey, ibid., 93. 
6709 (1971 )j d) R. Aumann, Angew. Chem.. §2, 175. 1?6. 177 (197Ü7 
Angew. Chem, internat. Edit». 10. 188, 189, 190 (19?l)| e) R. Ben-Shoshan 
and S. Sarsl, Chem. Commun.. 883 (1969)| f) H. N-'vori, T. Nishimura, and 
H, TV?kya, Chem, Commun,. 80 (1969)| g) C. H. Depuy, V. M. Kohal, »"d 
D. H. Gibson, J. Organometal, Chem,. 13. 266 (1968)1 h) S. Sarel, R. 
Ben-Shoshan, and B. Kirson, J. Amer. Chem, Soc.. 8?, 2517 (1965)* 

reports on the stable iron complexes 2, 2» and 4 derived from 2,2-dimethyl- 

allylidenecyclopropane, 2, and Fe2(C0)ç. 

-1- 
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Reaction of 50 mmol of 1^ (mixture of stereoisomers) with 50mmol 

Shields» W. E. Billups, and A. R. Lepley, ibid.. 20, 4749 

of Fe2(C0)^ in refluxing benzene (70 ml) for 50 min. followed by bulb- 

to-bulb distillation gives a mixture (3»96g, 32#) of CgH^gFeCco)^ 
o it 

complexes.'7' Final purification was accomplished by adsorption 

(3) GC (iOft. x 0,25in, 1056 UCON W-98 on Chromosorb P operated at 
130°) showed two major products in a 41*59 ratio, 

(4) The reaction occurres at lower temperatures but the extended 

reaction time and the resulting decomposition gives lower yields of 

products* 

chromatography (silica gel-CGl^) * Compound 2 was found in early 

fractions and identified by its spectral properties* the mass spectrum 

showed a parent molecular ion, m/e 248, M-CO, m/e 220, M-2C0, m/e 192, 

M-3CO, m/e 164* the infrared spectrum showed C==0 absorptions at 

2045 and 1975cm'"11 the 1H-NMR spectra parameters are shown in Table 1* 

Pure 2 (NHK) was isolated from later fractions* mass spectrum (parent 

molecular ion m/e 248)| XR absorptions at 2045 and 1975cm”*' (C==0), 

1610cm”1 (C=C). The *H-NMR spectrum (Table l) provides convincing 

evidence-* for the proposed stereochemistry* It was not possible to 

(5) The 1H-NMR spectrum of trime thy lenemethaneiron tricarbonyl 
appears as a sharp singlet®, whereas substitution causes all the 
ligand protons to become nonequivalent?. Further, only trans coupling 
(W coupling)® of the ligand protons are observed* Thus, for compound 

2 (Table 1) the prbton, H^, couples with H-j by long range trans or W 
coupling, whereas H2 appears as a singlet since it is located over a W 
configuration from the methyl substituent* 

-2- 
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(6) G. F* Emerson, K, Ehrlich, V, P. Giering, and P* C. I&uterbur, 
J, Amer. Chem. Soc», 88. 3172 (1966). 

(7) K. Ehrlich and G. F. Emerson, Ibid.. £4, 2464 (1972). 

(8) M. Barfield and B. Chakrabarti, Chem. Rev». 69. 757 (1969). 

purify 4, although it was obtained in sufficient purity from inter¬ 

mediate cuts (mixed with 2) for characterization by NMR (Table 1). 

He have no Indication that these products interconvert during 

purification. In fact, attempts to thermally interconvert the isomers 

by heating 2 or 2 in refluxing benzene or CCl^ resulted in decomposition 

but not isomerization. In addition, when the pure isomers were passed 

through the silica gel column no isomerization was observed. 

It was of interest to determine whether the syn (la) and anti (lb) 

H 

stereoisomers of 1, behave differently in their reactions with Fe^Cco)^, 

The pure isomers are readily available by preparative GC,^ but stereo- 

(9) 15ft. x 0.25in. 15# 0,0'-oxydipropionitrile on neutral Chromo- 
sorb P operated at 45°. 

chemical assignments have not been made 2,10 Isomer A 11 gave 67# 2 

(10) A.S. Ksnde and E. E. Riecke, J. Amer. Chew. Soc.. 94. 1397 (1972). 

(11) This isomèr had the shorter retention time? and showed NMR signals 
at 6 0.94(2H), 1.19(6H), 4.64-5.40(2H), and 6.04-6.74(2H), The remaining 
isomer (isomer B) showed signals at 6 1.0l(2H), 1.23(6H), 4,68-5.43(2H), 
and 6.00-6.75(2H). 
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and 33% 2 yield) upon reaction with FegCCO)^, whereas the remaining 

isomer (isomer B) gave 2 (21# yield) and traces of 4* 

The reaction sequence shown in Scheme 1 accounts for the observed 

products and allows a tentative assignment of stereochemistry to A and B« 

Formation of 2 from la would be difficult since the gem-dimethyl group 

imposes severe steric restraints for diene coordination* These steric 

Impositions are not present in lb* On this basis isomer A can be identi¬ 

fied with lb and isomer B with la* 

Finally* reaction of 1, (mixture of isomers) with PdCl^PhCN^ in 

benzene gave an Insoluble yellow powder* A strong IR band at 1500cm”’* 

and lack of absorbance between 1550-*700cm"* indicated both double bonds 

IP 
were coordinated to palladium* The mass spectrum showed a highest 

(12) G. Albelo and M, Rellig* J» Qrganometal* Chem** 42* 183 (1972)* 

mass of 493 (calc* MV 370 for the dimer)* It seems probable*^ that 

this material is polymeric* although its extreme insolubility in most 

solvents prevented further structure elucidation* 
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Foundation and the Petroleum Research Fund administered by the American 
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Table 1. ^H-NMR data (60MHz) for compounds 2, and 4/ 

■fte). 

H-l 0.24 (d) 

H-2 0.68 (d) 

H-3 0.92 (m) 

methyls 1.15 (s)f 1.22 (s) 

H-4 1.92 (m) 

H-5,6 5.00-5.70 (m) 

^1,2 " 4.66 

Jl,2 " 4.66 

methyls 1,53 (s)t 1.60 (s) 

H-l 2,46 (d) 

H-2 2.53 (3) 

H-3 4.11 (d,d) 

vinyl 4,75-6.00 (m) { 
Jl,3 " 2.43 

Jl,3 “ 2.43 

J3,4 - 9.43 

methyls 1.46 (s)| 1.48 (s) 

H-l 2.20 (s) 

H-2 2,24 (s) 

H-3 3.47 (d) 

vinyl 4.55-5.80 (m) 

J3,4 * 9.43 

aTMS - 0 
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