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CHAPTER I 

INTRODUCTION 

Pyrolysis has been one of the most useful techniques in the investigation of 

organic reaction mechanisms. However, the fact that the entire reaction is run at 

the same temperature places strict limits upon the application of the technique 

itself. Remarkably, multiple photon infrared (MP-IR) photochemistry has the 

potential to overcome the inherent limitations of conventional pyrolysis techniques. 

Prior to this work, the stereochemistry of the thermal cheletropic 

decarbonylation of cis- and frans-2,5-dimethyl-3-cyclopentenone was not known 

because the expected products, trans-, frans-2,4-hexadiene and cis-, trans-2,4-

hexadiene, undergo 1,5 hydrogen shifts at the temperature required for 

decarbonylation. 

Theory implies that these processes are either linear and disrotatory or non

linear and conrotatory, but the rules of orbital symmetry cannot make a firm 

prediction. By exposure of the c/s-2,5-dimethylcyclopentenone isomer to pulsed 

multiple photon infrared light at selected wavelengths, it was anticipated that the 

subsequent dienes formed could be detected, therefore answering this, important 

stereochemical question. 

The purpose of this dissertation is to describe the substantial synthetic 

problems encountered in the preparation of these deceptively simple looking 

substituted cyclopentenones as well as to determine the stereochemistry of the 

diene formed by the MP-IR photolysis and subsequent cheleotropic dissociation 

of c/s-2,5-dimethyl-3-cyclopentenone. This work also describes the ab-initio 

calculations done, using the Gaussian series of programs, to determine the ground 

state geometries, the fundamental infrared vibration frequencies and ground state 

energies as well as transition state geometries for these compounds. The 

calculational results are then compared with the MP-IR experimental photolysis 

results. 
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CHAPTER II 

BACKGROUND 

Decarbonylation Reactions 

Decarbonylation reactions are an important sub-category of cheletropic 

reactions.'' Cheletropic reactions were defined by Woodward and Hoffmann,^ as 

processes in which two sigma bonds that terminate at a single atom are made or 

broken in concert. The fragmentation process occurs to produce a cheleofuge and 

a mono- or polyene (Figure 2.1). 

C.l 

m-2 
\ 

X(YZ...) 

Cm' 

C.l 

m + X(YZ...) 

Cm 

(1) 

Figure 2.1 
Cheletropic Fragmentation Process 

If the cheletropic reaction (1) is considered, in which a small molecule 

X(YZ...) and a polyene containing an m-electron 7c-system are produced, then the 

following geometric aspects and rules may be pronounced. Starting with an 

invariant coordinate system (2), whose origin is always at x, and whose z axis 

bisects the line between C.l and Cm, (Figure 2.2) can be constructed. 

Thus, the sigma bonds being broken in the xz plane, and their four electrons 

are distributed, in pairs, in the two generalized orbitals (3) and (4) (Figure 2.3). 



Figure 2.2 
Invariant Coordinate System 

(3) (4) 

Figure 2.3 
Generalized Reacting Orbitals 



Two electrons must be delivered from these orbitals to each of the 

developing products with conservation of orbital symmetry.^ A crucial point now 

emerges: The transfer of two electrons from the breaking sigma bonds to new 

orbitals in the product molecule X(YZ...) may take place in either of two explicit 

scenarios. 

(a) Two electrons from the symmetric orbital [(3)=(5)] may take up new 

positions in a z-symmetric lone pair orbital of X(YZ...), or enter a 7c-system 

antisymmetric with respect to the XY plane (Figure 2.4). 

(b) Two electrons from the antisymmetric orbital [(4)=(6)] may take up new 

positions in an x-symmetric lone pair orbital of X(YZ...) or enter a rc-system 

antisymmetric with respect to the YZ plane (Figure 2.4). 

z or 

z or 

Figure 2.4 
Pre- and Post-Orbitals of the Cheleofuge 

It becomes clear that the geometrical displacements at C.l and Cm are 

dependent upon the detailed geometry of the departure of molecule X(YZ...), and 

in particular, on the sense of the displacements of the atoms YZ... which are 



attached to X. To illustrate this most important point, Woodward and Hoffmann 

consider the departure of a bent molecule YXZ, which as it develops must aquire 

a symmetric lone pair at the central atom X. The reaction may take place in either 

of two ways, depicted by (7) and (8), (Figure 2.5). 

(8) 

Figure 2.5 
Linear and Non-Linear Trajectories 

(a) Cf. (7): X acquires its needed lone pair from the symmetric sigma orbital 

(5), as X, Y and Z depart colinearly, all remaining in the YZ plane. This process 

is designated as a linear cheletropic reaction. In a formal sense, the product 

electron pair is participating in a suprafacial fashion, in that the two bonds from 

which the two electrons came, lie on the same side of the nodal plane (XY) of the 

product orbital which the pair occupies. 



(b) Cf. (8): X aquires its needed lone pair from the antisymmetric sigma 

orbital (6), as X departs colinearly, remaining in the YZ plane, while Y and Z 

undergo displacements in both the X and Z directions, with the result that the 

product molecule lies In the XY plane. This process is designated as a non-linear 

cheletropic reaction. In this case, the product electron pair at X is participating in 

an antarafacial fashion, in that the two bonds from which the electrons came lie 

on opposite sides of the nodal plane (YZ) of the product orbital which the pair 

occupies. 

It now becomes evident that in cheletropic reactions of the type (1) (Figure 

2.1), that two electrons must be delivered from the antisymmetric sigma orbital 

[(6)=(10)=(13)] to the highest occupied 7c-orbital of the polyene (9), (Figure 2.6). 

The displacements at C.l and Cm must be disrotatory when m=4q [(10)->(11)] 

and conrotatory when m=4q+2 [(13)->(14)] (Figure 2.7). 

m 

C.l 

Cm 

(9) 

Figure 2.6 
Tt-Orbital of Consequential Polyene 

On the other hand, If the fragmentation (1) (Figure 2.1) follows the non-linear 

cheletropic path, two electrons must be delivered to the highest occupied ji-orbital 



of the polyene (9) (Figure 2.6) from the symmetric sigma orbital [(5)=(12)=(15)]. In 

this case, the displacements at C.l and Cm must be conrotatory if m=4q [(12)-

>(11)] and disrotatory when m=4q+2 [(15)->(14)] (Figure 2.7). 

^ m f 4q....Q. 1, ; 

(11) 

X • m f ....4q+2....f 1 „ j 

(14) 

Figure 2.7 
Disrotatory and Conrotatory Paths 

- ^ « f ^ 
(12) 

^J)«f 
(15) 

The selection rules for cheletropic reactions are as follows (Figure 2.8). 

m 

4q 

4q+2 

Allowed Ground 
Linear 

Disrotatory 

Conrotatory 

State Reactions 
Non-linear 

Conrotatory 

Disrotatory 

Figure 2.8 
Selection Rules 

In many pericyclic transformations there exists, for each ground state 

reaction, an excited state counterpart characterized by reverse stereochemical 

7 



features. However, in cheletropic fragmentations, the extruded small molecule 

X(YZ...) will possess many occupied lone pair orbitals, and the accompanying 

possibility of many n-> n* states raises the possibility in any given case, that 

excited state processes with the same stereochemical characteristics as the 

corresponding ground state transformation may be available. 

Correlation Diagrams 

Linear cheletropic fragmentations leading to the formation of nitrogen or 

carbon monoxide represent reactions well-suited for the construction of formal 

correlation diagrams, which have been drawn by Birney,"'' Lemal^and by Baldwin,^ 

as well as by Woodward and Hoffman^ (Figure 2.9). 

P I - S T A R J J : : ^ 

SIGMA 

SIGMA 

SIGMA 

^ H 
Figure 2.9 

Orbital Correlation Diagram 
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Note that the orbitals participating in the reaction are shown, as well as the 

correlation between reactant and products. Figure 2.9 is primarily intended to show 

the symmetry of the orbitals and secondarily the main features of the sigma- or pi-

bonding or antibonding. They do not accurately reflect the shape of the molecular 

orbitals. The fragmentation is via a concerted linear disrotatory pathway which 

formally maintains C^ symmetry throughout the reaction coordinate. The orbitals 

are linear combinations of the reacting bonds. Note that the reaction is allowed in 

the ground state and from the first excited singlet state (n->;r*) via a disrotatory 

pathway as well. 

As stated earlier, the concerted fragmentation of a five membered ring 

cyclopentenone might occur with non-linear conrotation or linear disrotation of the 

ends of the incipient conjugated system as illustrated in Figure 2.10. 

O 
Comrotatory Disrotatory 

Axisymmetric Sigmasymmetric 

Figure 2.10 
Axisymmetric and Sigmasymmetric Fragmentations 

Theoretical Predictions 

Woodward and Hoffman found that orbital symmetry theory predicts that the 

concerted linear cheletropic fragmentation process yields polyenes with 4n 



TT-electrons and should be disrotatory (sigmasymmetric) with the carbon monoxide 

departing along the axis of symmetry of the starting material. On the other hand, 

we have seen that a non-linear fragmentation process give polyenes of 4n n-

electrons and should be conrotatory (axisymmetric) in the ground state. Again it 

is important to emphasize that the excited state process is usually characterized 

by the reverse stereochemical features, for example, the linear fragmentation 

reaction giving a polyene of 4n jt-electrons would be expected to occur with 

conrotation and the non-linear counterpart with disrotation, but detailed orbital 

symmetry predicts parallel stereochemistry. 

Previous Experimental Results 

313 nm 

cis-,cis<17) cis-,trans<17) trans-,trans<17) 

R2 

(16a) 

(16b) 

CH^ 

H 

H 

CH, 

18(dis) 

<4(con) 

22(coii) 

48(dis) 

60(dis) 

52(can) 

Figure 2.11 
Turro's Photodecarbonylation Work 

Photodecarbonylation of the 3-cyclopentenones (16a) and (16b) at 313 nm.in 

benzene at room temperature resulted in the formation of a mixture of dienes,* as 

shown in (Figure 2.11). 

This decarbonylation data contrasts sharply with the photorearrangement 

reaction of saturated cis- or f/'ans-a-,a'-dialkyl cyclic ketones which give the same 

cis-/trans- ratio of enals, indicating a common triplet state biradical intermediate.® 

The results of the above decarbonylation reactions do not conform 

10 



to the expected results of a nonconcerted pathway, since the involvement of a 

common thplet-biradical intermediate would give significant loss of stereochemistry 

among the products. As can be gleaned from the data, Turro and coworkers have 

concluded that a concerted pathway occurs for the decomposition process. Their 

conclusion is based predominantly on the high yield of c/s-,c/s-( 17) from c/s-(16a), 

which must proceed through a most sterically demanding transition state. Turro 

and coworkers' add that the photodecarbonylation of (16a ) and (16b) occurs from 

a triple (n,7c*) state of the 3-cyclopentenones, from quenching studies with 1,3-

pentadiene, leading to ground state singlet products in a non-stereospecific 

manner (Figure 2.12). The products are thought to arise from competing 

concerted linear disrotatory and nonlinear conrotatory pathways. It is suggested 

that spin-orbital coupling may be inherent In the twist motions of the orbitals 

involved in the fragmentation reaction which reduces the apparent forbidden nature 

of the spin-flipping. 

+ 00 

Figure 2.12 
Reaction Coordinate for 3-Cyclopentenone 
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Experimental Conclusions 

The conclusions regarding ketones (16a) and (16b) are in disagreement 

with a rotational and vibrational study reported by Rosenfeld and co-workers^° on 

the gas phase decarbonylation of 3-cyclopentenone (1) at wavelengths of 194, 294 

and 308 nm. These authors appear to assume that photofragmentation of (1) 

occurs with spin conservation. At a point near the transition state, the developing 

fragments are "vibrationally" decoupled from one another. The potential energy 

associated with the activation energy is converted to relative translational motions 

of the departing fragments. From the analysis of the vibrational excitation of the 

CO extruded, the authors conclude that photodecarbonylation occurs after 

nonradiative decay to the ground state potential surface, S .̂ The authors also add 

that the reaction coordinate corresponds to a linear cheletropic fragmentation; 

however, they do not state whether this corresponds to a disrotatory or conrotatory 

fragmentation. Birney has offered an alternative explanation: that all of the 

population undergoes intersystem crossing from the Ŝ  state to the T̂  state. So it 

goes on to make triplet butadiene and CO while part undergoes intersystem 

crossing from the T̂  state to the ground state potential surface S^ at a point near 

the transition state providing ground state butadiene and CO (Figure 2.12).*" 

Pyrolysis of a system such as Turro's (16a or 16b) would only be expected to 

occur at elevated temperatures, where the products would also be expected to 

rearrange. 
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CHAPTER ill 

SYNTHETIC ROUTES TO 3-CYCLOPENTENONE AND cis- or trans-2,5-

DIMETHYL-3-CYCLOPENTENONE 

The literature contains a plethora of synthetic routes to cyclopentenones. 

Unfortunately, the vast majority of these synthetic strategies are for 

cyclopentenones with the carbon-carbon double bond at the number two position. 

When the double bond is at the number two position, it is conjugated with the n-

system of the carbonyl group and is very thermodynamically stable. 2-

Cyclopentenones also serve as precursors and intermediates in many natural 

product syntheses and hence are abundant in the literature. 

It is expected that the 2,5-disubstituted-3-cyclopentenones are relatively 

unstable and in a neat condition, might have a tendency to rearrange to their 2-

cyclopentenone analogues. This would be thermodynamically favored because not 

only is the carbon-carbon double bond conjugated with the 7c-system of the 

carbonyl group, but it is also more highly substituted when in the 2- versus 3-

position. 

Needless to say, there were very few synthetic strategies found in the 

literature for the preparation of 3-cyclopentenones and none, that this author could 

find, for 2,5-disubstituted-3-cyclopentenones. 

The following synthetic strategies involved the modification of syntheses for 

unsubstituted or monosubstituted 3-cyclopentenones, in which the double bond is 

protected until late in the synthesis. 

Retro Diels-Alder Pvrolvsis of Dicvclopentadiene 

Derivatives 

The first attempt involved the hydroboration of dicyclopentadiene (20) with a 

hinderedorganoborane,diisopinocampheylborane,^°and subsequent oxidation with 

H2O2 to give 1- and 2-dicyclopentadienol, compounds (21a) and (21b), 
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respectively (Scheme 3.1). These two compounds wre converted to their 

respective ketones (22a) and (22b) by oxidation with Cr03 in H2 S04 or by the 

Swern method. The next step in this strategy would have been to dimethylate the 

1-dicyclopentadienone (22a) using LDA and methyl iodide followed by a retro 

Diels-Alder type pyrolysis.^ '̂̂ ^ This strategy (Scheme 3.1) was eventually 

1) Diisocsimpheylborane 

2) NaOH/l-feQ2 ' 

(20) (21a) 40% Combined (21b) 

1) CrQb/H2SOVAcetone/0O 
or Swern Oxidation -780 

(22a) 34% 

(22a) 
1)LDA^HF10^ 

2)"Mel *^ 

Pyrolysis 

(22b) 

1) LDA/rHF/-78° 

2) Mel 

^X. v A 
(39a) (39b) 

Scheme 3.1 

abandoned due to extremely low yields of the alcohols and poor regioselectivity 

of the hydroborations. Another drawback to this strategy would have been the 

possiblesubsequentdecarbonylationsofthe2,5-dimethyl-3-cyclopentenonesatthe 

temperature required for the retro Diels-Alder reaction to take place. 
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The "Ramberg-Backlund" Reaction on Derivatives of 4-Thianone 
The second set of synthetic strategies for the formation of 3-cyclopentenone as well 

as cis- and frans-2,5-dimethyl-3-cyclopentenone Involved taking advantage of the little 

used Ramberg-Backlund reaction." The commercially available compound 4-thianone 

(26) is a heterocyclic compound consisting of five carbon atoms and a sulfur atom. Many 

reactions of cyclic sulfur compounds have interesting synthetic potential." Compound (26) 

can actually be considered a very useful five carbon synthon for the synthesis of 3-

cyclopentenones. 

2 Eq. (23) 

1)NaOMe/MeOH 
or NaH/THF , 
or KH/THF 

2)1^ 

(>l OH 
Benzene 
p-Toluenesulfonic acid 
Dean-Stark trap 

1 Eq. Nq̂ S/ Absolute MeOH 
Molecular Sieves 
Reflux 24 Mrs. 

O O 

A A o^ 

(25) 

(27) 

(24) 

10%H2SO4 
VIg. Stirring 
90O 
24 Mrs. 

Nal04 
MeOH/H20 
Reflux 

^ S ^ 
(26) 

CCI4 
t-BuOH 
t-BuOK ^ 

(29) 

Pyridinium 
p-Toluene sulfonate 
Acetone/hfeO 

Scheme 3.2 

(30) 
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The synthetic strategy (Scheme 3.2) involved the preparation of dimethyl-3,3'-

thiodipropionate (24) from the condensation of two equivalents of beta-bromomethyl 

propionate (23) with one equivalent of NagS in dry methanol. The resulting 

symmetrical ester was then cyclized via a Diekmann condensation to the cyclic 3-

keto ester, 3-methoxycarbonyl-4-thianone (25). This was accomplished by using 

either sodium methoxide in methanol or sodium hydride or potassium hydride In 

tetrahydrofuran. Potassium hydride gave the best yield at 85.0% followed by sodium 

methoxide at 81.8% and finally sodium hydride at 61.2%. The cyclic beta-keto ester 

was then decarboxylated with 10% sulfuric acid to 4-thianone (26). The carbonyl 

group was then protected via an ethylene ketal by refluxing (26) with ethylene glycol 

in benzene using p-toluenesulfonic acid as a catalyst. Water was removed via a 

Dean-Stark trap, providing compound (27) which was then oxidized to its 

2 Br 

O 

O ^ 

(31) 

Na2S-9H20 
Absolute Methanol 
Molecular sieves 
Reflux 24 Hrs. 

11 NaH or KH/T^F 
2 ) ' H + 

O O 

No Reaction! 
(33) 

O 

See Scheme 3.2 

10%H2SO4 

90"o 

O 

(39a) + (39b) 
cis- + trans-

Scheme 3.3 

(35a) + (35b) 
cis- + trans-
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corresponding sulfone (28) by Nal04in methanol/water. Compound (28) was then 

made to undergo the Ramberg-Backlund reaction by treatment with t-BuOK and 

CCI4 in t-BuOH. This reaction proceeds via the elimination of an a-halosulfone 

providing a regioselective placement of the double bond at the 3-position of the 

resulting cyclopentenone ethylene ketal (29). At this point, the protecting group was 

removed using pyridinium p-toluenesulfonate in acetone/water, affording 3-

cyclopentenone (30). 

The extension of this synthetic approach (Scheme 3.3) for the synthesis of the 

cis- and frans-2,5-dlmethyl-3-cyclopentenone isomers involved the preparation of 

dimethyl-a,a'-dimethylthiodipropionate (32) from the addition of NagS to two 

equivalents of methyl-3-bromo-3-methylpropionate (31) in absolute methanol in the 

presence of 3A molecular sieves. The diester (31) would then be cyclized via the 

Diekmann condensation giving the 3,5-dimethyl-3-(methoxycarbonyl)-4-thianone 

(33) which would then undergo the same set of reactions shown in Scheme 3.2 to 

give a mixture of cis- and frans-2,5-dimethyl-3-cylclopentenone (Scheme 3.3). 

Cyclized product, however, was never identified. 

The following approach (Scheme 3.4) turned out to be the most successfull 

for the ulltimate synthesis of the desired target molecules and consequently was 

used the most to achieve the desired ends . 

O o 

A , 
(26) 

l)LDA/THF/HMPA/0 

2) Mel 

1)LDAn"HF/HMPA/-7# Ok^ 
(34) 

1) Ethylene Glycol/H<-
2) Nal04 ^ 
3) CCl4/K0t-Bu 

4) H3O+ 

2) Mel 

(35a) + (35b) 
Mixture of cis- and trans- (64.9 

O O 

(39a) 

82.6% 

(39b) 

No appreciable amounts 

Scheme 3.4 
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At this point the 4-thianone was monomethylated to give 3-methyl-4-thianone 

(34) and then a second methyl group added under kinetic control to give the cis-

and fra/7s-3,5-dimethyl-4-thianone (35a) and (35b) respectively. Kinetic control was 

achieved using lithium diisopropylamide and methyl iodide in THF/HMPA at-75°C.". 

O O 

(25) 

O O 

K2CO3/Acetone 
Mel 
Reflux 24 Hrs. ^S^ 

1)LDA/THF/HMPA/-78Q 

2) Mel ^ 

10% H2SO4 

" - ^ 

_?®J?.§_?!?®Q]?L3-.2. 

(35a) -I- (35b) 
cis- + trans-

Scheme 3.5 

The rest of this particular strategy follows the Ramberg-Backlund conditions of 

Scheme 3.1 affording cis- and fra/7S-2,5-dimethyl-3-cyclopentenone, (36a) and 

(36b), respectively. 

The last Ramberg-Backlund type synthetic approach Involved the methylation 

of 3-methoxycarbonyl-4-thianone (25) at the 3-positlon (Scheme 3.5) using 

potassium carbonate and methyl iodide in acetone*® giving 3-methyl-3-

methoxycarbonyl-4-thianone. This route takes advantage of the acidic hydrogen of 

the p-ketoester (25). The methoxycarbonyl group, ineffect, provides a blocking 

group during the addition of the second methyl group. The overall problem with this 

decarboxylation scheme using sulfuric acid were the extremely harsh conditions 

required for decarboxylation. Large amounts of insoluble material were always 

produced and this may have been due to oxidation at the sulfur atom. 
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The Vinyl-Cyclopropane rearrangement as a Route 
to 3-Cvclopentenone Derivatives 

The Diels-Alder reaction" is generally recognized as a powerful stereoselective 

method for the construction of six-membered rings and has the potential of controlling up 

to four stereocenters in the new ring (Eq. 3.1). An analogous process (Eq. 3.2) was found 

for the process of converting conjugated dienes to cyclopentene derivatives.̂ ^ 

RE 

RE 
X-Y 

RE BZ 

RE RZ 

RE RZ 

x-Y 

RE RZ 

Eq. 3.1 

Eq. 3.2 

The desired transformation (Eq. 3.2) formally requires the 1,4-addition of a carbene 

to a 1,3-diene. Unfortunately, the mode of addition of carbenes to conjugated dienes is 

usually 1,2-, presumably because of the high entropic requirements of the 1,4-addition.'"' 

The desired formal 1,4-addition might be realized if the vinylcyclopropane obtained from 

the normal 1,2-carbene addition could be converted to a cyclopentene via the 

vinylcyclopropane rearrangement (Eq. 3.3). 
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RE 

v̂  
RE 

Rz 

RE RZ 
RE RZ 

Y EQ. 3.3 

RE RZ 

The vinylcyclopropane to cyclopentene rearrangement^°"^^ was first observed 

in 1959. Neurieter^* found that vacuum pyrolysis of (40) affords a mixture of 

isomeric chlorocyclopentadienes (41). The following year Overberger^* reported 

that cyclopentene is generated in the pyrolysis of 1-cyclopropylethyl acetate (42). 

Ketley^®'̂ ^ subsequently showed that rearrangement of (40) at only 250-275° C. 

allows the isolation of (43) rather than the dehydrochlorination products (41) 

(Scheme 3.6). 

X 

(40) 

CI 
CI 

D> 

6AC 
(42) 

500°C. 

250 - 275 C. 

500° C. 

Scheme 3.6 

CI 

(41) 

\ 

CI 

CI 

(43) 
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The first vinylcyclopropyl methodology (Scheme 3.7) involved the 

modification of a method by Corey and Walinsky.̂ ® Compound (44), 1,3-dithienium 

fluoroborate, was readily prepared from the reaction of 1,3-dithiane^' with trityl 

fluoroborate^° in dry methylene chloride. The addition of the dithienium cation to 

frans-,fra/7S-2,4-hexadiene (45a) occurs smoothly, in the Diels-Alder sense, at 0-

25° C to afford the adduct (46) in good yield. Treatment of the adduct (46) in 

stirred suspension in tetrahydrofuran under argon with one equivalent of n-

butyllithium in pentane at -78°C for 20 minutes and at -78° to 25° over 25 minutes 

afforded, after distillation, the cyclopropyl derivative (47). Compound (47) was 

pyrolyzed, in a sealed tube, under nitrogen via a sand bath for two hours at 200° 

C to give, in theory, compound (48).The isomers of compound (48) were never 

isolated, but had they been, compound (48) would have been treated with excess 

mercuric chloride-calcium carbonate In acetone-water for 16 hours at 25° C to, in 

theory, afford an isomer mixture of the 2,5-dimethyl-3-cyclopentenones, (39). 

(45^ 

CH2OI2 

(46) 

n-BuUrrHF 

-78° 

Pyr. HgC^CaCOb 

Aceton^H20 

(48) 

-Jk^ 
(39) Isomer Mixture 

Scheme 3.7 

The next synthetic scheme investigated involved a variation of the 

vinylcyclopropyl rearrangement method of Danheiser and Martinez-Davila*^ 
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(Scheme 3.8). The oxygenation of lithiocyclopropanes*^ formed the basis for this 

route. Reaction of diene (45a) with 1 equivalent of CHBrg and 1.2 equivalents of 

KO-t-Bu in pentane at 0° C for 15 hours afforded compound (49). The 

dibromovinylcyclopropane (49) was converted to the cyclopentenol (50) in one pot 

by sequential treatment in tetrahydrofuran with; a) 1 equivalent of n-butyllithium 

(-100°C, 0.5 hr), b) 1 equivalent of methanol (-10-78°C, 2 hr), c) 2 equivalents of 

t-butyllithium (-78°C, 2 hr) and d) anhydrous COg free oxygen (-78°C, slowly 

bubbled through the reaction mixture for 2 hr), followed by stirring at 25°C for 2 hr. 

f^ CHB^ / KO-tBu 

S ^ Pentane/O C. 

(45a) (49) 

1)N-BuU 
2) MeOH 

1)t-BuU 02 

OH 

H* 
Swern or 
Fe_tjzon___ 
Oxidation 

(50) 
Three Possible 
Isomers 

Scheme 3.8 

(39a) (39b) 

22 



Yields were slightly better when the gem-dichloro compound (49b) was used. This 

method was abandoned early as a laboratory fire was experienced during one 

sequence at the step where anhydous oxygen is bubbled through the 

PYROPHORIC t-butyllithium mixture! It is IMPORTANT! to point out that this 

occurred in a dry, inert (nitrogen) atmosphere (i.e., all possible precautions were 

taken). Compounds (39a) and (39b) would then have been arrived at by either the 

Swern or Fetizon oxidations. 

The last variation of the vinylcyclopropyl rearrangement synthetic scheme 

that was attempted was also proposed by Danheiser and Martinez-Davila. It 

involved an alkoxy-accelerated vinylcyclopropyl rearrangement*^ (Scheme 3.9). 

Treatment of frans-,fra/7s-2,4-hexadiene (45a) with a-chloromethyl-p-chloroethyl 

ether and the harpoon base, lithium 2,2,6,6-tetramethylpiperide, in ether at 0° C 

gave the chloroethoxyvinylcyclopropyl compound (51). Treatment of the adduct 

(51) with n-butyllithium in a 2:1:2 mixture of THF:hexane:HMPT at 50° C for one 

hour produced the frans-,frans-2,5-dimethyl-3-cyclopentenol (50a) as the only 

product. 

X A 
y CICHbOCHaCHsCI/O' 

(45a) 

'Harpoon Base" 
u 

n-BuU/HMPT 
Ether/0 o 

(51a) 

OH 

(50a) 

Swern or ^ 
Fetizon Oxidation 

(39a) 

Scheme 3.9 

When c/s-,frans-2,4-hexadiene is used all three alcohol isomers are formed 

(Scheme 3.10). *Note- Scheme 3.10 depicts yields obtained by Danheiser's group 

23 



Again, in the current work, only the fra/is-,frans-2,5-dimethyl-3-cyclopentenol 

(50a) and the cis-, fraA7s-2,5-dimethyl-3-cyclopentenol (50b) isomers. These 

occurred along with a complicated mixture of other products, which were difficult 

to separate and hence the approach was deemed impractical and was not pursued 

further. 

y y^ 

(45b) 

CIChtOChbCHsCI/O 
*-

Harpoon Beise 
u 

^ 

n-BuLyHMPT 
Ether/0 o 

OH 

(50a) 
trans-
trans-

Danheiser 15: 

OH 

(50b) 
dSr 
traos-

+ 

79: 

OH 

(50c) 
ds-
ds-

Swemor.__ 
Fetizon Oxidation 

(39b) 
trans-

Unruh Overall 50% Yield of a Mixture of (50a) and (50b) 
No (50c) was Ever Recovered 

Scheme 3.10 
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The Tandem Claisen-Sakurai Methodology 

The next attempt at the synthesis of the 2,5-dimethyl-3-cyclopentenone 

isomers involved making use of organic reactions in tandem. This was called by 

the authors, Paquette and Borelly,*^ a tandem Claisen-Sakurai transformation. The 

M e a S r ^ H 

Ma OMe 

Me OMe 

(TsOH) 

CgHg, RT. 

OMe 

M e a S r ^ H 
Me 

R.T. to REFLUX 
-MeOH 

M e a S r ^ H 
Me 

EtgAlCI 

CH2CI2 

" MeaSi 

Me Me 

10%HCI; 
TBAF, 
THF 

i — • 

Scheme 3.11 

authors obtained compound (52) in 62% yield according to Scheme 3.11. 

It became immediately apparent that this transformation could be modified 

to afford the desired 2,5-dimethyl-3-cyclopentenols which could then be 

subsequentlyoxidizedtothedesired2,5-dimethyl-3-cyclopentenones.Themodified 

procedure (Scheme 3.12) began with the trimethylsilylation of 3-butyn-2-ol, (53). 

This was done by treatment of compound (53) with 2 equivalents 
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of n-butyllithium followed by an excess of TMSCI at -78° C *^ The bis-

trimethylsilylated product was treated with 20% aqueous acetic acid (a vigorously 

stirred two phase Et20/aqueous acetic acid system) to selectively remove the 

trimethylsilyl group from the hydroxyl function only, affording 4-trimethylsilyl-3-

butyn-2-ol, compound (54). Compound (54) was treated with "Red-AI" (sodium 

bis(2-methoxyethoxy)aIuminum hydride) in benzene at 0° C to produce the E-

isomer of compound (55) exclusively.^^ (E)-4-trimethylsilyl-3-buten-2-ol (55) in dry 

benzene was treated with propionaldehyde diethylacetal and p-TSA catalyst. The 

resulting solution was refluxed*®'*^ for 3 days in a Claisen apparatus equipped for 

theconstant removal of ethanol. This afforded 1-(trimethylsilyl)-3-methyl-4-oxa-1,5-

heptadiene (56). 

V OH 

(53) 

Me 

1) n-BuU 
2) MeaSia ^ 
3) Aq-CHaCOOH 

oa 

OB 

TsOH 
CgHg 

Red-AI OH 

MesSr 

(55) 70.9% 

R.T. to REFLUX 

-EtOH 

Me^Si 

(56) 46.7% 

Et2Aia 

Me CHzOz 

OSiMea 
10% HOI 
TBAF, 
THF 

(57a,b) 

Swern Of 
Fetizon Oxidation 

(50a,b) 41.8% (39a,b) 

Scheme 3.12 
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Compound (56) was then made to undergo the tandem Claisen-Sakurai 

transformation in methylene chloride at 0° C using Et2AICI as a catalyst*® affording 

the trimethylsilyl-derivatives of the 2,5-dimethyl-3-cyclopentenols (57a) and (57b). 

Compounds (57 a,b) were treated with 10% HCI/tetrabutyl ammonium fluoride/THF 

to afford the respective alcohol analogues (50 a,b) which were then oxidized via 

the Swern or Fetizon methods to afford the desired A^-ketones (39a) and (39b). 

Again, yields here were extremely poor (approx. 40% for the alcohols). Two 

products were obtained during the oxidation step, but only 39a was characterized. 

This was done by TLC comparison to an authentic ketone sample. 

Fe2(CO)9/Lewis Acid Mediated 4 -f- 1 Annulations 

The next approach involved the attempt at a direct formation of the desired 

cyclopentenones in what formally would be called an actual 4+1 annulation. This 

involved the direct addition of carbon monoxide to a diene. The procedure was a 

modification of the attempt by Johnson and Thompson*® to produce indanones in 

this manner. It involved, first preparing the eta-4 iron carbonyl complex of the 

diene, followed by treatment with a Lewis acid (Scheme 3.13). 

y 1) Fe2(CO)̂ CFtCl2/Reflux 
2) "Lewis" Acid 

L / 3) (Et]5N/(Me)BNO/MeOH 

(45a) (45b) (39a) (39b) 

Scheme 3.13 

Four different Lewis acids were evaluated; these included: AICI3, AIF3, 

EtoAICI and TiCl4. All four of the Lewis acids that were used yielded the same 
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products in approximately equal amounts; however, the yields were extremely poor 

under the conditions that were tried and only trace amounts of (39a) were 

identified by comparison to earlier authentic (39a) TLC samples. The mechanism 

for this reaction, according to the authors is believed to proceed as follows 

(Figure 3.1). 

(C0)3Fa CFe(C0)2- •^ (C0)3F 

Figure 3.1 

Proposed Lewis Acid Mediated Mechanism 

It appears to be possible that this method could be improved upon by 

a study of how the ligands of the Lewis acid affect the reaction (i.e. electron 

releasing or withdrawing). As a preliminary observation, it appears that more 

electronegative and/or electron withdrawing ligands promote the formation of 

products. For instance, AIF3 gave a better yield than AICI3. When electron releasing 

groups were on the aluminum (i.e., EtjAICI) the yields were at their lowest. 

28 



Olefin Metathesis Mediated by a Molybdenum Catalyst 

Another strategy for the formation of cyclic ketones involves olefin metathesis 

by transition metal akylidenes. This process was briefly explored and is a 

candidate for future research. 

^ mv-Y [Ml • / " [M}=^ ^ [Ml 

\<\^ y^/~\\2 R/ \ 

Figure 3.2 
Olefin Metathesis 

T?ihle r̂  1 Yifildc; nf Olpfin Mptathpc:i<; 

2 Mol% Mo Catalyst Benzene/25 C. 15-30 Min. 
ENTRY SUBSTRATE PRODUCT %YIELD 

OTBS OTBS 

A ^ 91 

0CH2Ph 0CH2Ph 

89 

' < ' ^ ' < ' 

Et
OH ^ OH 

A A 

85 

84 
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. 4 9 Fu and Grubbs*' made use of the molybdenum alkylidene. 

[Mo(CHCMe2Ph)(NAr)(OCMe(CF3)2)2; where Ar = 2,6-(i-Pr)2C6H3], to afford the 

products listed in (Table 3.1). It soon became apparent that a modification of this 

method might be used to obtain the desired target molecules (Scheme 3.14). 

OH 

PDC 

^ 

Acetone 
^ DMF ^ 

1)KH 
2) n-BuU 
3) MeOff 

^ 

(58) (59) 

OH 

MQ 
Catalyst 

Red-AI 

Swern 

(50a) (50b) (50c) 

(39a) (39b) 

Scheme 3.14 

This process was briefly explored, but has not been carried through due to 

time constraints. This approach involved oxidizing 1,6-heptadien-4-ol (58) using 

PDC in DMF/acetone at room temperature for 48 hrs. or by the use of the Fetizon 

reagent (silver carbonate on celite™ ). The next step involved placing methyl 

groups at would be the 2- and 5- positions of the desired cyclopentenones." This 

was done by alkylation of the dianion of ketone (59) which was formed using KH 

and n-butyllithium at 5°C. The alkylation was done at -50°C. using methyltriflate 

affording compounds (60a) and (60b). Ketones (60a) and (60b) would be reduced 

to their respective alcohols (61) using Red-AI in toluene-ether at 0°C. The olefin 

metathesis would be performed using the molybdenum catalyst in benzene, to 

afford the alkylated cyclopentenols (50a), (50b) and (50c). The desired ketones 

(39a) and (39b) would be obtained via the Swern oxidation. 
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Future Synthetic Considerations for A3-Cyclopentenones 

Palladium(O) Mediated 4-t-1 Annulation 

One synthetic approach that is currently undergoing trials involves what 

would formally be considered a [4+1] annulation and draws on, or is the 

compilation of, the synthetic strengths and ideas of other researchers in this 

synthetically challenging field. For instance where Corey used the 1,4-dithiane as 

the carbon monoxide synthon, this work used phosgene as a carbon monoxide 

synthon ( available commercially in a triphosgene form) and reacting it with the 

appropriate hexadiene In the presence of a Pd° catalyst (Eq. 3.4). Heck and co

workers have published an abundant amount of literature describing the use of 

C h - ^ C I 

Pdo 

Eq. 3.4 

transition metal catalysts as coupling agents and carbonylation agents with respect 

to alkenes, alkynes, alkyl halides and acyl halides. 

Transition Metal Mediated Isomerization of A2-CvcloDentenones 

The synthetic literature is inundated with preparations for A^-cyclopentenones 

and their saturated analogues, cyclopentanones. Thus if the the isomerization of 

A^-cyclopentenones to A^-cyclopentenones could be carried out using transition 

Pd", Pi!' 

Rhill iHIl 
Eq. 3.5 
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metal catalysts and either thermal enegy or ultraviolet light. 

Chalk and Harrod^^ have shown that, in the presence of a nucleophilic 

RhCb ON-

/ 
EtOH V 

EqS.e 

cocatalyst such as ethanol, 1-hexene is readily Isomerized to 2-hexene in the 

presence of Pt", Pd", Rh'" and Ir'" (Eq. 3.5). Although 2-hexene is 

thermodynamically more stable, an equilibrium mixture Is obtained in all cases. 

Rinehart and Lasky have done the same thing with 1,3-cyclooctadiene using 

a RhClg-ethanol system" (Eq. 3.6). Note, that in this situation, the Ti-system starts 

out in conjugation and ends up unconjugated. 

Pd", Pt!' 

Rh"'. IH" 
Eq. 3.7 

In the case of a A^-cyclopentenone its ketal would first be made. This serves 

a two-fold purpose. First, it prevents the possibility of carbonyl reduction to its 

respective alcohol by the transition metal catalyst and last, but most importantly, 

it "levels" the thermodynamic playing field by eliminating the preference of the TC-

system conjugation between the carbonyl and the A^-double bond (Eq. 3.7). 
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Functionalization of Cyclopentanones via Catalytic 
Dehydrogenation 

The third approach involves the functionalization of a predetermined 

cyclopentenone via dehydrogenation with a transition metal catalyst/hydrogen 

acceptor/thermal or UV system. 

In the presence of ultraviolet light McGrath and Crabtree" readily 

dehydrogenated cyclooctane using the iridium catalyst [lrH2(CF3C02)(PR3)2] (r = 

CgH^F-p) with t-butylethylene as the hydrogen acceptor (Eq. 3.8). 

iHii 

Ultraviolet 
Ught 

Eq. 3.8 

In a like manner, I believe a cyclopentanone ketal would readily undergo the 

following transformation (Eq. 3.9). 

x° . ^ Irlll 

Ultraviolet 
Ught 

-°X?*°X? Eq. 3.9 
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Exclusive trans-Alkylation via the Use of 
N.N-Dimethylhydrazones 

The alkylation of 3-methyl-4-thianone (34) with LDA followed by methyl 

iodide favors the formation of c/s-3,5-dimethyl-4-thianone (35a) over the trans-

isomer (35b) by about a ratio of 19:1. This was why no appreciable amounts of the 

frans-isomer were ever recovered. I would propose to modify a method suggested 

by Corey and Enders^** whereby alkylation of the N,N-dimethylhydrazone of 2-

methylcyclohexanone (Eq. 3.10) yields almost exclusively (97:3) trans-2,5-

dimethylcyclohexanone. 

1)LDA/THF/(P/20Hrs Eq.3.10 

97 

I would make the N,N-dimethylhydrazone of compound (34) using N,N-

dimethylhydrazine/benzene/Dean-Stark trap (EQ. 3.11). 

1) (ChygNNHg 
2) H7Benzene 

"Dean-Stark" Trap 

Eq.3.11 

The N,N-dimethylhydrazone could then be metallated at 0° C, followed by 

methylation at -78° C (EQ. 3.12). 
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1)LDA/THF/00C 

2) Mel/-780C 

'N 
I 

N 

Major 

I 
N 

tr Eq.3.12 

Minor 

The dimethylhydrazone group would then be removed using sodium 

periodate in methanol/water under neutral conditions (EQ. 3.13). 

I 
N 

vA.-
-s^ 

NalOVMeOH/ftO 

pH-7.00 Buffer * 

v l . - Eq. 3.13 

S ^ 
(35b) 

35 



CHAPTER IV 

EXPERIMENTAL 

General Methods 

Unless otherwise noted, all commercially available materials were used as 

received. Tetrahydrofuran was distilled under N2 from a solution containing the 

sodium ketyl of benzophenone immediately before use. Pentane, hexane, 

dichloromethane, dimethylsulfoxide and dimethylformamide were distilled from 

calcium hydride immediately before use. Methanol, ethanol, isopropanol, 2-

butanone and acetone were dried and stored over 3A molecular sieves before use. 

NMR spectra were obtained on either an IBM AF-200 (200 MHz for ^H, 50 

MHz for ^̂ C) or an IBM AF-300 (300 MHz for ^H, 75 MHz for '^C). All spectra were 

obtained in deuterochloroform (CDCy or deuteroacetone with residual CHCI3 (7.26 

ppm) or acetone (2.06 ppm) as internal references, respectively. Spectra were 

reported as follows: Peak positions (5) (multiplicity, coupling constants, number of 

protons). Peak positions (5) are reported in parts per million (ppm). The coupling 

constant (J) is reported in Hertz (Hz). 

Infrared (IR) spectra were measured "neat" on a Perkin-Elmer 1600 Series 

FTIR. Refractive indices (N^) were measured on an ABBE Mark IV refractometer. 

Gas chromatography was performed on a Hewlett-Packard 5890 gas 

chromatograph equipped with both flame ionization (FID) and thermal conductivity 

(TCD) detectors. Both "Micro-Bore" capillary columns and 1/8" packed columns 

were used. Stationary phases were represented by either CARBOW/0( 60000 

PEG, CARBOPACK 80/120 or crosslinked phenylsilicone. 

Elemental analysis and molecular weight determinations were performed by 

Galbraith Analytical Laboratories, Knoxville, TN. 

Analytical thin layer chromatography (TLC) was performed using Whatman 

5 x 1 0 cm. 0.2 mm silica gel on aluminum chromatography plates impregnated 

with a 254 nm ultraviolet indicator. Column chromatography was performed using 
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either silica gel (70-200 mesh, 60 A), Florisil (100-200 mesh, 80 A), activated 

neutral aluminum oxide (150 mesh, 58A) or silver nitrate adsorbed on silica gel 

(50-150 mesh, 60A) for alkene and diene separations. 

Typical Flash Vacuum Pyrolysis Experimental Procedure 

Flash vacuum pyrolysis (FVP) of c/s-2,5-dimethyl-3-cyclopentenone and the 

various hexadienes were carried out between 520° C and 580° C. @ 0.5 mm Hg. 

on the following apparatus (Figure 4.1) whose components are listed in Table 4.1. 

R 

1 
8 

—r D 2 

O 3 O 

"^f 

/ \ 

6 
n—w 

r^ 

^ 

^ 

\ j 

Figure 4.1 

Typical Flash Vacuum Pyrolysis Setup 
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Table 4.1 

Vacuum Pyrolysis Experimental Setup 

NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

DESCRIPTION 

Pyrex"̂ ^ sample holder tube with Rotoflo™ stopcock. 

One meter Vycor™ glass pyrolysis tube, 20 mm id. 

Pyrolysis oven. Heavy Duty Heating Equipment, Trademark multiple 

unit. 

Primary "Coldfinger" sample collector. 

Secondary "Coldfinger" for vacuum pump. 

Precision™ vacuum pump, model DD20. 1 

Dewar flasks. 

Digital thermometer, HFT-80, 200°-1200° C, Chromel-Alumel 

Thermoprobe™. 

Manometer. 

Approximately 30 mg of c/s-2,5-dimethyl-3-cyclopentenone or the various 

hexadienes were placed in the sample tube and chilled to -100° C in a dry 

ice/ether bath. After freezing, a 0.5 mm Hg vacuuum was drawn on the system 

after which time, the stopcock on the primary sample holder was closed and the 

sample was removed from the cooling bath and allowed to warm to room 

temperature. This sequence was repeated 3 more times in order to degass the 

sample. The primary coldfinger (4) was chilled to -100° C in a dry ice/ether bath 

and the pyrolysis oven was adjusted to the proper temperature. After equilibration 

at the proper temperature, the Dewar flask was removed, the stopcock to the 
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point in time, after the sample had vaporized totally (the manometer reading going 

from 0.5 to approximately 16 mm Hg.) the stopcock to the primary coldfinger was 

closed off and the rest of the system was bled to atmospheric pressure. The 

primary coldfinger was then warmed to room temperature and the small amount 

of condensate was taken up in 0.5 ml of pentane and analyzed by gas 

chromatography. The unknowns were compared to the retention times and NMR 

spectra of known standards (i.e. a pure sample of frans-,/ra/7s-2,4-hexadiene from 

Pfaltz & Bauer and a mixture of cis-,trans- and trans-,trans-2,4-hexQi6\ene from 

Aldrich were identified as such by ^H NMR and used as the gas chromatography 

standards). 

Typical Multiple Photon Infrared (MPIR) Photolysis Experiment 

All of the MPIR experiments were run using a LUMONICS"^^ 840 series 

Transversely Excited Atmospheric (TEA) infrared laser. This is an infrared, carbon 

dioxide laser which is transversely excited at atmospheric pressure. It is 

configured for a range of pulse energy and repetition rates. The 840 series laser 

specifications are presented in Table 4.2. 

Table 4.2 

LUMONICS 840 TEA Infrared Laser Specifications 

Laser type 

Output A, 

Output coupler 

Nominal energy 

density 

Pulsed CO2, transversely excited @ atmospheric pressure, 

grating tuned 

Tunable from 900 cm"* to 1100 cm"" 

Dielectric coated germanium optic with 65% reflectivity 

0.5 J/cm^ 
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Table 4.2 Continued 

Pulse Duration 

Pulse energy 

Maxpulse 

repetition rate 

Beam diverg. 

Min. beam size 

200 ns peak with lower energy 4 microsecond tail 

50 J 

10 Hz 

10 mR, full angle, 1/2 power 

Square with rounded off corners, 2.3 cm x 2.3 cm @ 

90% energy density, one meter from front optic 

A zinc selenide focusing lens was used in these experiments to further 

concentrate the energy density. The beam was reduced to 1.1 cm through an 

aperture and was less than 2 mm in width at the focal length which was 35 cm, 

see Figure 4.2. Components of the laser experiment are listed in Table 4.3. 

IJcm APERTURE 

^ » 

I I 

m PULSED LASER 

FOCAL LENGTH = 30.5CM 

Figure 4.2 
Laser Setup 
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Table 4.3 Laser Setup 

COMPONENT 

1 

2 

3 

4 

5 

DESCRIPTION 

LUMONICS 840 TEA Laser 

Zinc Selenide Focusing Lens 

Gas Cell, 2 cm x 11 cm, with epoxy attached NaCI windows 

Power Transducer 

Volt Meter 1 

A typical photolysis experiment involved placing an approximately 30-40 mg 

sample of c/s-2,5-dimethyl-3-cyclopentenone in a 1 cm x 8 cm vacuum rated 

Pyrex™ tube and placing it on a high vacuum manifold. The sample was then frozen 

in liquid nitrogen and evacuated to 1 x 10"̂  mm Hg. At this point the stopcock to the 

sample was closed to vacuum. The cooling bath was removed and the sample was 

allowed to warm to room temperature. This freeze-thaw cycling was repeated two 

to three times to effectively degas the sample. The sample was then frozen in liquid 

nitrogen again with the stopcock to the manifold closed. A 1 x 10"* mm Hg vacuum 

was then drawn on the whole system (at this point the IR gas cell is on the manifold 

with its stopcock open). The stopcock to the vacuum pump was now closed off and 

the liquid nitrogen removed from the sample tube. As the sample warmed up It 

vaporized into the closed system and into the IR gas cell. At this point a starting IR 

spectrum was taken of the c/s-2,5-dimethyl-3-cyclopentenone in the gas phase 

using a Perkin-Elmer model 1680 FTIR at a 2.0 cm̂ ^ resolution. IR gas cell 

backgrounds were represented by the empty gas cell at 1x10""^ mm Hg. 

Gas phase FTIR spectra were also taken, In the same manner, for a mixture 

of c/s-,rrans-2,4-hexadiene and frans-,frans-2,4-hexadiene. This was done In order 

to be able to pick an absorption line for the IR laser. We did not want to irradiate any 

of the corressponding diene lines with MPIR as this would have a deleterious effect 

on the outcome of the experiment. Luckily, the c/s-2,5-dimethyl-3-cyclopentenone 
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to be able to pick an absorption line for the IR laser. We did not want to irradiate 

any of the corressponding diene lines with MPIR as this would have a deleterious 

effect on the outcome of the experiment Luckily, the c/s-2,5-dimethyl-3-

cydopentenone had an absorption at 1041 cm'̂  that was not present in the 2,4-

hexadiene mixture. The line then, subsequently chosen, for MPIR irradiation was 

1041 cm-\ 

The sample cell was placed in the irradiation pathway, in such a way that, 

the distance from the laser output to the center of the sample cell, represented the 

focal length of the beam for that specific diffraction grating setting and integration 

of the zinc selenide focusing lens. The sample would then normally be irradiated 

for 1,000 pulses ("shots") at a frequency of 10 Hz. After 1,000 shots, the gas cell 

was put into the FTIR spectrophotometer to look for the presence of carbon 

monoxide and diene bands in the "fingerprint" region. 

Hydroboration of Dicyclopentadiene 

1) Diisocampheylborane 
• 

2) NaOH/Ft02 

(21a) (21b) 

In a dry, three-necked, 500 ml round bottomed flask, equipped with magnetic 

stirrer, condenser, pressure equilization funnel and nitrogen inlet were placed 45 

g (330 mmol, 10% excess) of dry a-pinene. The apparatus was purged with N2 for 

10 minutes and placed in an ice/salt bath at 0° C 150 ml of a 1.00 M borane (150 

mmol BH3) in THF were added dropwise over a period of 30 minutes. The resulting 

solution was stirred for 2 hr at 0° C after which time 39.6 g (300 mmol, 100% 

excess) of dicyclopentadiene was added dropwise over 15 minutes. The resulting 
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mixture was allowed to warm to room temperature and allowed to stir for 18 hr. 

Excess hydride was then decomposed by the cautious-slow addition of 5 ml of 

water and the organoborane oxidized by the cautious dropwise addition of 48 ml 

of 3N NaOH followed by 48 ml of 30% H2O2. The aqueous layer was salted out 

with NaCI and the organic layer separated. Excess dicyclopentadiene and THF 

was removed in vacuo. The resulting residue was taken up in 75 ml of ether and 

dried 24 hr over anhydrous MgSOyCelite/vegetable charcoal. The solution was 

then filtered and concentrated in vacuo, then purified by column chromatography 

on a 6 X 32 cm column (silica gel, 9:1 pentane:ethyl acetate eluent) affording 18 

g (119 mmol, 40.01%) of what was believed to be the two isomers (21a) and 

(21b). These two compounds could not be adequately separated at this point. 

FTIR 3618 broad, 3335, 2931, 1545, 1454, 1366, 1253, 1154, 1041, 1004, 929 

cm'V 

Oxidation of the Dicyclopentadienols via the "Jones" Method 

(21 a) + (21b) 

CrO Ĥ2S04 
DeionizedJJO_ 
Acetone /0°C. 

(22a) (22b) 

In a two-necked, 250 ml round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and 125 ml pressure equalized dropping funnel were 

placed 6 g (160 mmol) of the mixed dicyclopentadienols, (21a) and (21b), in 100 

ml of acetone. This solution was cooled to -5° C in an ice-salt bath. A solution 

consisting of 75 ml of deionized water, 25 ml of 98% H2SO4 and 25 g of Cr03 was 

added dropwise-slowly until an excess of orange color developed (68 ml). At this 
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point, the solution was allowed to stir for an additional 15 minutes at 0° C. The 

contents of the flask were then transferred to a 500 ml beaker containing 100 ml 

of satd. NaCI and 80 ml of ether. The two phase system was stirred vigorously and 

transferred to a 500 ml sepratory funnel. The aqueous layer was extracted with 

2x50 ml portions of ether. The ether extracts were combined and washed with 

2x100 ml satd. NaCI, 2x100 ml 3N NaOH, 2x100 ml satd. NaHC03 and finally with 

2x100 ml pH = 7.00 buffer. The ether layer was then dried for 24 hr over 

anhydrous MgSOycelite/vegetable charcoal. After filtration, the residue, a clear 

water-white mobile oil, was concentrated in vacuo and chromatographed on a 6 

X 32 cm silica gel column using 9:1 hexane:ethyl acetate as the eluent yielding 

2.02 g of what was presumed to be (22a) and (22b) (13.5 mmol, 34.1%). Again, 

these two compounds were very difficult to separate and (22a) was the only 

compound identified by NMR. 

(22a) 'H (200 MHz. relative to CHCI3 at 7.26 ppm) 5 6.1-6.0 (s). 3.0-2.8 (m), 2.3-

2.1 (m), 1.8-1.5 (m), 1.5-1.3 (m) ppm. 

(223) IR 3051, 2963, 1729, 1727.0. 1457, 1403. 1343. 1252, 1171, 1043 cm-\ 

(22a) TLC Rf = 0.65 (9:1 Hexane:Ethyl Acetate). 

Oxidation of the Dicyclopentadienols via the Swern Method 

/oia\ + /oiw 1) DMSCyOxallyi Chloride/-7^ Q. 
(^laj T ( îDj 2) Triethylamine 

(22a) (22b) 

In a single-necked, pear-shaped flask equipped with magnetic stirrer and 

nitrogen source were placed 1.0 g of DMSO (13.3 mmol, 4 eq) in 8 ml of dry 

CH2CI2. This solution was cooled to -78° C in a dry ice-acetone bath to which 0.84 
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g of oxalyl chloride (6.6 mmol, 2 eq) in 5 ml of dry CH2CI2 was added dropwise via 

syringe. This solution was allowed to stir for 30 minutes at -78° C after which time 

0.5 g (3.3 mmol, 1 eq) of the dicyclopentadienols in 8 ml of dry CH2CI2 was added 

dropwise via syringe. This solution was then allowed to stir for 1 hr at -78° C. At 

this point, 3.3 g (33.3 mmol, 10 eq) of triethylamine were added dropwise via 

syringe and the resulting mixture was allowed to stir 1.5 hr at -78° C. After 1.5 hrs 

the solution was warmed to -25° C and 10 ml of ether, then 10 ml of pH = 7.00 

buffer were added dropwise. The icy matrix was allowed to warm to room 

temperature and transferred to a 500 ml beaker containing a vigorously stirred 2-

phase system of 100 ml of ether and 100 ml of pH = 7.00 buffer. The ether layer 

was separated and washed with 2x100 ml pH = 7.00 buffer and dried for 24 hrs 

over anhydrous MgS04/celite/vegetable charcoal. After filtration and concentration 

in vacuo, the residue was purified by chromatography on a 2x40 cm silica gel 

column using 95:5 pentane:EtOAc as the eluent yielding 430 mg (2.9 mmol, 88%) 

of ketones (22a and b) . 

Preparation of Dimethyl-3.3'-thiodipropionate (24) 

Anhydrous MeOH 
Na2S9liO 

^ , —0 • 
2 Br^ ^ ^ O 3 A Molecular Sieves 

Reflux 

In a 100 ml, 3-necked, round-bottomed boiling flask equipped with magnetic 

stirrer, 100 ml pressure equalized dropping funnel and nitrogen inlet were placed 

5 g (29.9 mmol) of p-bromomethylpropionate, 4g of 3A molecular sieves and 28 

ml of anhydrous methanol. This solution was brought to reflux temperature in an 

oil bath. Sodium sulfide, Na2S 9H2O (3.58 g, 14.9 mmol, 0.5 eq) in 20 ml of 

anhydrous methanol, which had been previously dried for 48 hrs over 3A molecular 

sieves, was added dropwise over 30 minutes to the refluxing solution. After 

45 



complete addition, the solution was refluxed for 24 hr, cooled and poured slowly 

into a 500 ml beaker containing 100 ml of acidified (HCI, pH = 3.00) satd. NaCI 

solution. The resulting solution was extracted with 3x80 ml portions of ether which 

were then combined and washed with 2x100 ml satd. NaCI, 2x100 ml satd. 

NaHCOa ^^^ 1x100 ml pH = 7.00 buffer. The ether layer was then dried over 

anhydrous MgS04/celite/vegetable charcoal for 24 hr, filtered and concentrated jn 

vacuo. The mobile-yellow residue was chromatographed on a 2x38 cm siliĉ a gel 

column using 98:2 pentane:ether as the eluent Yield 2.73 g (24) (88.6%). 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 3.7-3.6 (s,6 H), 2.8-2.7 (t, 4 H), 2.6-

2.5 (t, 4 H). 

IR 2952, 2844, 1748, 1551, 1437. 1357, 1248, 1021, 984, 894, 804 cm"'. 

TLC Rf = 0.54 (98:2 Pentane:Ether). 

Preparation of Dimethyl-a.a'-dimethylthiodipropionate (32) 

2 B 

Anhydrous MeOH 
Na2S9htO 
—0 » 
3 A Molecular Sieves 
Reflux (32) 

In a 100 ml, 3-necked, round-bottomed boiling flask equipped with magnetic 

stirrer, 100 ml pressure equalized dropping funnel and nitrogen Inlet were placed 

5 g (27.6 mmol) of methyl-3-bromo-3-methylpropionate, 4g of sA molecular sieves 

and 28 ml of anhydrous methanol. This solution was brought to reflux temperature 

in an oil bath. Sodium sulfide, Na2S 9H2O (3.31 g, 13.8 mmol, 0.5 Eq) in 20 ml of 

anhydrous methanol, which had been previously dried for 48 hr over 3A molecular 

sieves, was added dropwise over 30 minutes to the refluxing solution. After 

complete addition, the solution was refluxed for 24 hr, cooled and poured slowly 

into a 500 ml beaker containing 100 ml of acidified (HCI, pH = 3.00) satd. NaCI 
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solution. The resulting solution was extracted with 3x80 ml portions of ether which 

were then combined and washed with 2x100 ml satd. NaCI, 2x100 ml satd. 

NaHCOg and 1x100 ml pH = 7.00 buffer. The ether layer was then dried over 

anhydrous MgS04/celite/vegetable charcoal for 24 hr, filtered and concentrated in 

vacuo. The mobile-yellow residue was chromatographed on a 2x38 cm silica gel 

column using 98:2 pentane:ether as the eluent. Yield 2.41 g (32) (74.6%). 

^H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 3.7-3.5 (s, 6 H), 2.9-2.7 (m, 2 H), 

2.7-2.4 (d, 4 H), 1.4-1.1 (s, 6 H) ppm. 

IR 2977.7, 1745, 1550. 1460, 1435, 1376, 1164, 1119.8, 1044, 987. 748 cm' . 

TLC Rf = 0.6 (98:2 Pentane:Ether). 

Preparation of 3-(methoxvcarbonyn-4-thianone (25) via 
Sodium Methoxide 

S 
(24) 

NaOMe 
MeOH 
Room Temp. 

To a dry, 1 1,3-necked,̂  round-bottomed boiling flask equipped with magnetic 

stirrer, nitrogen source, condenser and 500 ml pressure equalized dropping funnel 

were placed 480 ml of dry ether, 8.24 g (257.3 mmol) of dry methanol and 5.87 

g (255.3 mmol) of sodium metal. A vigorous consumption of the sodium metal 

ensued. Dimethyl-3.3'-thiodipropionate (24). 48.4 g (234.7 mmol) in 240 ml of dry 

ether were added dropwise over six hr via the dropping funnel. The resulting 

mixture was allowed to stir at room temperature for 48 hr. At this point the solution 

was chilled in an ice-salt bath to 0° C and 200 ml of 2N HCI were added dropwise-

slowly. After the white ppt was completely dissolved, the ether layer was separated 

and washed with 4x200 ml of satd. NaHC03 and 2x200 ml of pH = 7.00 buffer. 
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The ether layer was then dried over anhydrous MgS04/celite/vegetable charcoal 

for 24 hr, filtered and concentrated in vacuo. After vacuum distillation at 20 mm 

Hg, 36 g (206.6 mmol, 81.8%) of a clear, viscous water-white oil (25) were 

recovered (bp 144° C @ 20 mm Hg, N^ 1.4780). 

Ĥ (200 MHz, relative to CHCI3 at 7.26 ppm) 5 3.8-3.7 (s, 3 H), 3.0-2.7 (m, 4 H), 

2.7-2.6 (m, 2 H), 2.6-2.5 (t, 1 H) ppm. 

IR2954, 1720, 1713, 1659, 1614, 1441, 1340, 1309, 1255, 1198, 1067, 1011, 933, 

669 cm -1 

Preparation of 3-(methoxycarbonyl)-4-thianone (25) via 
Potassium Hydride 

KH/THF 
Room Temp. 

To a dry 50 ml, 3-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were added 2.1 g (18.3 mmol) of 

35% active KH and 20 ml of dry THF. While stirring at room temperature, 1.75 

g (8.5 mmol) of the diester (24) in 10 ml of dry THF were added dropwise over 15 

minutes via syringe. The mixture was allowed to stir for 24 hr at room temperature 

after which time it was cooled in an ice bath to 10° C and a mixture of 10 ml of 

H2O and 2 ml of HOAc were added dropwise. The mixture was then poured into 

50 ml of satd. NaCI and the organic layer separated via a separatory funnel. The 

aqueous layer was then extracted with 3x50 ml of ether and the organic extracts 

combined. The combined extracts were then washed with 2x50 ml of satd. 
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NaHCOg and 1x50 ml of pH = 7.00 buffer, then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was then filtered, concentrated in 

vacuo and chromatographed on a 2x42 cm silica gel column using 80:20 hexane 

EtOAc as an eluent Yield 1.25 g (7.2 mmol, 85%). 

Preparation of 3-(methoxycarbonyl)-4-thianone (25) via 
Sodium Hydride 

NaH/THF 
Room Temp. 

To a dry 50 ml, 3-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were added 1.4 g (18.3 mmol) of 

60% active NaH and 20 ml of dry THF. While stirring at room temperature, 1.75 

g (8.5 mmol) of the diester (24) in 10 ml of dry THF were added dropwise over 15 

minutes via syringe. The mixture was allowed to stir for 24 hrat room temperature 

after which time it was cooled in an ice bath to 10° C and a mixture of 10 ml of 

H2O and 2 ml of HOAc were added dropwise. The mixture was then poured into 

50 ml of satd. NaCI and the organic layer separated via a separatory funnel. The 

aqueous layer was then extracted with 3x50 ml of ether and the organic extracts 

combined. The combined extracts were then washed with 2x50 ml of satd. 

NaHCOa and 1x50 ml of pH = 7.00 buffer, then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was then filtered, concentrated in 

vacuo and chromatographed on a 2x42 cm silica gel column using 80:20 hexane 

EtOAc as an eluent Yield 0.9 g (5.2 mmol, 61.2%). 
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Attempt at the Preparation of 3.5-dimethvl-3-
(methoxvcarbonvn-4-thianone (33) via Sodium 
Methoxide 

(32) 

NaOMe 
Me_OH 
RoomTerfi'jT 

(33) 
No Reaction 

To a dry, 50 ml, 3-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen source, condenser and 50 ml pressure equalized 

dropping funnel were placed 20 ml of dry ether, 0.34 g (10.6 mmol) of dry 

methanol and 0.24 g (10.5 mmol) of sodium metal. A vigorous consumption of the 

sodium metal ensued. Dimethyl-a.a'-dimethylthiodipropionate (32), 2.0 g (9.7 

mmol) in 10 ml of dry ether were added dropwise over six hr via the dropping 

funnel. The resulting mixture was allowed to stir at room temperature for 48 hr At 

this point the solution was chilled in an ice-salt bath to 0° C and 8 ml of 2N HCI 

were added dropwise and slowly. After the white ppt. was completely dissolved, 

the ether layer was separated and washed with 4x40 ml of satd. NaHCOg and 

2x40 ml of pH = 7.00 buffer. The ether layer was then dried over anhydrous 

MgS04/celite/vegetable charcoal for 24 hr, filtered and concentrated in vacuo. After 

chromatography on a 2x38 cm silica gel column using 80:20 hexane:EtOAc as 

eluent, only unreacted diester (32) and diacid was recovered. 
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Attempt at the Preparation of 3,5-dimethyl-3-
(methoxycarbonyl)-4-thianone (33) via Potassium 
Hydride 

KH/IHF ^ ^ 1 1 

(33) 
No Reaction 

To a dry 50 ml, 3-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were added 2.1 g (18.3 mmol) of 

35% active KH and 20 ml of dry THF. While stirring at room temperature, 2.0 g 

(8.5 mmol) of the diester (32) in 10 ml of dry THF were added dropwise over 15 

minutes via syringe. The mixture was allowed to stir for 24 hr at room temperature 

after which time it was cooled in an ice bath to 10° C and a mixture of 10 ml of 

H2O and 2 ml of HOAc were added dropwise. The mixture was then poured into 

50 ml of satd. NaCI and the organic layer separated via a separatory funnel. The 

aqueous layer was then extracted with 3x50 ml of ether and the organic extracts 

combined. The combined extracts were then washed with 2x50 ml of satd. 

NaHC03 and 1x50 ml of pH = 7.00 buffer, then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was then filtered, concentrated in 

vacuo and chromatographed on a 2x42 cm silica gel column using 80:20 hexane 

EtOAc as an eluent, only unreacted diester (32) and diacid was recovered. 
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Attempt at the Preparation of 3.5-dimethyl-3-
(methoxycarbonyl)-4-thianone (33) via Sodium 
Hydride 

NaH/THF._...^ 
Room temp. 

S 
(33) 

No Reaction 

To a dry 50 ml, 3-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were added 1.4 g (18.3 mmol) of 

60% active NaH and 20 ml of dry THF. While stirnng at room temperature, 2.0 

g (8.5 mmol) of the diester (32) in 10 ml of dry THF were added dropwise over 15 

minutes via syringe. The mixttjre was allowed to stir for 24 hr at room temperature 

after which time it was cooled in an ice bath to 10° C and a mixture of 10 ml of 

HjO and 2 ml of HOAc were added dropwise. The mixture was then poured into 

50 ml of satd. NaCI and the organic layer separated via a separatory funnel. The 

aqueous layer was then extracted with 3x50 ml of ether and the organic extracts 

combined. The combined extracts were then washed with 2x50 ml of satd. 

NaHCOa and 1x50 ml. of pH = 7.00 buffer, then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was then filtered, concentrated jjn 

vacuo and chromatographed on a 2x42 cm silica gel column using 80:20 hexane 

EtOAc as an eluent, only unreacted diester (32) and diacid was recovered. 
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Preparation of 4-Thianone (26) 

10% H2SO4 
Vigorous Stirrinĝ  
onort 90OC. 
24 Hrs. 

In a 100 ml, 2-necked, round-bottomed boiling flask equipped with magnetic 

stirrer and nitrogen inlet were placed 2 g (11.5 mmol) of 3-(methoxycarbonyl)-4-

thianone (25) and 80 ml of 10% H2SO4. This solution was stirred vigorously at 90° 

C for 24 hr after which time it was cooled to room temperature and poured into a 

500 ml beaker containing 100 ml of THF and 100 ml satd. NaCI with vigorous 

stirring. The organic layer was removed via a sepratory funnel and washed with 

2x100 ml satd. NaHCOg and 2x100 ml pH = 7.00 buffer. The organic layer was 

then dried for 24 hr over anhydrous MgS04/celite/vegetable charcoal, filtered and 

concentrated in vacuo. The desired compound, 4-thianone (26) was recrystallized 

from 80:20 pentane:EtOAc yielding 0.98 g (8.4 mmol, 73.6%). Pale yellow crystals, 

mp 61-62° C (lit 62-64° C). 

'H (200 MHz. relative to CHCI3 at 7.26 ppm) 5 3.0-2.9 (t 4 H), 2.7-2.6 (t, 4 H) 

ppm. 

IR 2910, 1706, 1421, 1320, 1220, 1125, 974, 936, 660, 503 cm\ 
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Preparation of 1.4-Dioxa-8-thiaspirof4.51decane (27) 

OH OH 
Benzene 
p-TSA 
"Dean-Stark" Trap S 

(27) 

In a 250 ml, 3-necked,round-bottomed boiling flask equipped with magnetic 

stirrer, nitrogen inlet and Dean-Stark trap were placed 1.0 g (8.6 mmol) of 4-

thianone (26), 20 mg of p-TSA, 0.95 g (17.2 mmol) anhydrous ethylene glycol and 

100 ml of anhydrous benzene. The solution was refluxed for 4 hr In an oil bath 

removing the H20/benzene via Dean-Stark trap. When the volume in the boiling 

flask reached approximately 20 ml, the solution was cooled to room temperature 

and taken up In 100 ml of ether. The ether was filtered, and washed with 2x100 

ml 5% NaHC03, 1x100 ml pH = 7.00 buffer and dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The ether was then filtered, concentrated in 

vacuo and chromatographed on a 2x42 cm neutral alumina column with 95:5 

hexane:EtOAc affording 1.1 g (6.9 mmol, 80.2%) of the ketal (27). 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 4.0-3.9 (s, 4 H), 2.6-2.5 (t 4 H), 

2.2-2.1 (t, 4 H) ppm. 

IR 2960, 2883, 1551, 1462, 1427, 1370,1333, 1260, 1220, 1166, 1095.979,619.4 

cm"\ 

TLC Rf = 0.5 (95:5 Hexane:Ethyl Acetate). 
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Preparation of 1.4-Dioxa-8-thiaspiror4.51decane-8.8-dioxide (28) 

°x? 
S 

(27) 

Nal04 
MeOH/ H?0 
Reflux 

In a 100 ml, single-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were placed 1.2 g (7.5 mmol) of the 

ketal (27), 25 ml of MeOH, 15 ml H^O and 3.0 g (14 mmol) Nal04. This mixture 

was stirred for 30 minutes at room temperature, then refluxed in an oil bath for 16 

hr. The resulting mixture was cooled, filtered and the excess MeOH/H20 removed 

in vacuo. The residue was taken up in 50 ml of CHCI3 and filtered a secx)nd time 

to remove the precipitated sodium iodate. The solids were washed with 50 ml of 

CHCI3 and the combined CHCI3 portions were dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was filtered and concentrated in 

vacuo affording a white solid which was recrystallized from 95% ethanol, yielding 

0.9 g (4.7 mmol, 62.5%) of white rhombic crystals, mp 164-166° C. 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 4.0-3.9 (s, 4 H), 3.2-3.0 (t 4 H). 

2.2-2.1 (t, 4 H) ppm. 

IR 3020, 2891, 1523, 1477, 1430, 1365, 1327, 1294, 1210, 1112, 1025, 893, 670 

cm'V 
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Preparation of 1.4-Dioxaspiror4.41non-7-ene (29) 

O O 
(28) 

CCk 
t-BuQH 
t-BuOK 

O O 

(29) 

In a dry 3-necked, 500 ml, round-bottomed boiling flask equipped with 

magnetic stirrer, condenser, nitrogen inlet and powder addition funnel were placed 

2.2 g (11.5 mmol) of the ethylene ketal protected sulfone (28), 210 ml of 

anhydrous CCI4 and 105 ml of anhydrous t-BuOH. To this solution, at room 

temperature, were added 27.9 g (228.8 mmol) of t-BuOK via the powder addition 

funnel, slowly, maintaining a temperature of 50° C or below in the reaction vessel. 

The reaction mixture was then maintained at 50° C in an oil bath for 24 hr, cooled 

to room temperature and poured into a 500 ml beaker containing 300 ml of ice 

water. The aqueous layer was extracted with 3x100 ml ether. The combined ether 

extracts were washed with 3x100 ml H2O, 2x100 ml satd. NaCI and 1x100 ml pH 

= 7.00 buffer, then dried for 24 hr over anhydrous Na2S04/celite/vegetable 

charcoal. The ether solution was filtered, concentrated in vacuo and purified by 

chromatography on a 2x38 cm florisil column using 98:2 pentane:ether as eluent 

affording 1.1 g (8.7 mmol, 78.5%) of the ketal (29). 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 6 5.5-5.3 (s, 2 H), 4.0-3.9 (s, 4 H), 
2.9-2.7 (d, 4 H) ppm. 

IR2978, 2920.0, 2882, 1602, 1549, 1474, 1438, 1391, 1367, 1251,1106, 1010.8, 
947, 888. 667. 516, 481 cm"\ 

TLC Rf = 0.52 (98:2 Pentane:Ethyl Ether). 
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Preparation of 3-Cyclopentenone (30) 

0 

."^"'^^ Pyridinium p-toluenesulfonate^ ^''^^N 
Acetone/Water 
Reflux 

(29) (30) 

In a 50 ml, single-necked, round-bottomed pear shaped boiling flask 

equipped with magnetic stirrer, nitrogen inlet and condenser were placed 1.0 g (7.9 

mmol) of the ketal (29), 50 mg of pyridinium p-toluenesulfonate, 10 ml of HjO and 

20 ml of acetone. This solution was refluxed for 6 hr, cooled cooled to room 

temperature and poured into 75 ml of satd. NaCI. This solution was extracted with 

3x50 ml ether which were combined and washed with 2x50 ml pH = 7.00 buffer. 

The ether solution was dried for 24 hr over anhydrous MgS04/celite/vegetable 

charcoal, filtered, concentrated in vacuo and chromatographed on a 2x38 cm 

florisil column using 98:2 pentane:ether as the eluent Yield 0.4 g (4.9 mmol, 

62.5%) of (30) a clear water-white mobile liquid. 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 5.5-5.3 (s, 2 H), 2.8-2.7 (d,4 H) 

ppm. 

IR 3018, 2977, 2935, 2873, 1735, 1640, 1546, 1490, 1445, 1261, 1215, 1112, 

1076, 932, 669 cm -1 

TLC Rf = 0.48 (98:2 Pentane:Ethyl Ether). 

57 



Preparation of 3-Methvl-4-thianone (34) via Methylation 
With LDA and Methvl Iodide 

S ^ 
(26) 

1)LD>yTHF/HMPA 

2)lAe\ * 

In a dry 250 ml, 3-necked, round-bottomed flask equipped with magnetic 

stirrer, nitrogen inlet and pressure equalized dropping funnel were placed 80 ml 

of anhydrous THF and 56.11 ml (11.99g.. 112.0 mmol) of 2jV1 LDA in THF. This 

solution was cooled to -78° C in a dry ice-acetone bath. At this point, a solution 

consisting of 4-thianone (26) 10 g (86.1 mmol), HMPA 20 g (111.7 mmol) and 100 

ml of dry THF were added dropwise over 1 hr. After complete addition, the solution 

was allowed to stir for 20 minutes at -78° C after which time, Mel, 24.0 g (169 

mmol) in 60 ml of THF was added dropwise over 1 hr. This solution was then 

stirred for 2 hr at -78° C and then allowed to warm to room temperature at which 

time 100 ml of satd. NH4CI was added. The organic layer was separated and 

washed with 2x100 ml satd. NH4CI. 1x100 ml pH = 7.00 buffer and dried over 

anhydrous MgS04/celite/charcoal for 24 Hr. This solution was then filtered, 

concentrated in vacuo and chromatographed on a 10x46 cm silica gel column 

using 85:15 pentane:acetone yielding 6.8 g (52.2 mmol. 60.71%) of (34). a clear-

colorless oil. 

^H (200 MHz, relative to (CH3)2CO at 2.06 ppm) 5 3.0-2.9 (m, 4 H). 2.64-2.54 (m. 

2 H), 2.40-2.29 (m, 1 H), 1.04-0.92 (d, 3 H) ppm. 
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IR 3400. 2931. 1709. 1423, 1318, 1243, 1044, 978, 931, 750, 499 c m \ 

TLC Rf = 0.61 (85:15 Pentane:Acetone). 

Elemental Analysis (34) Calc: C-55.40, H-7.70. S-24.60 

Found: C-54.94, H-7.67, S-23.98 

Preparation of 3.5-Dimethyl-4-thianone (35a) and (35b) 

1) LD>VTHF/HMPA 

2rMel ' 
OO Ox 

"s 
(35a) 

S 
(35b) 

In a dry 250 ml, 3-necked, round-bottomed flask equipped with magnetic 

stirrer, nitrogen inlet and pressure equalized dropping funnel were placed 80 ml 

of anhydrous THF and 44.88 ml (9.59 g, 89.6 mmol) of 2M LDA in THF. This 

solution was cooled to -78° C in a dry ice-acetone bath. At this point, a solution 

consisting of 3-methyl-4-thlanone (34) 8.0 g (61.4 mmol). HMPA 18 g (100.6 

mmol) and 100 ml of dry THF were added dropwise over 1 hr After complete 

addition, the solution was allowed to stir for 20 minutes at -78° C after which time, 

Mel, 19.2 g (135.2 mmol) in 60 ml of THF was added over 1 hr This solution was 

then stirred for 2 hr at -78° C and then allowed to warm to room temperature at 

which time 100 ml of satd. NH4CI was added. The organic layer was separated 

and washed with 1x100 ml pH = 7.00 buffer and dried over anhydrous 

MgS04/celite/charcoal for 24 Hr This solution was then filtered, concentrated jn 

vacuo and chromatographed on a 10x46 cm silica gel column using 85:15 

pentane:acetone yielding 5.75 g (39.9 mmol, 64.9%) of (35a) and (35b). 
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'H (35a) and (35b) (200 MHz. relative to (CH3)2CO at 2.06 ppm) 5 2.95 (m, 4 H), 

2.5 (m, 2 H). 1.05 (m. 6 H) ppm. 

IR (35a) and (35b) 3402. 2978.2932. 1702, 1454. 1377. 1339, 12989. 1230, 1060. 

984, 835, 699 c m \ 

TLC Rf = 0.7 (35a) and 0.74 (35b) (85:15 Pentane:Acetone). 

Elemental Analysis (35a) and (35b) Calc: C-58.29, H-8.39, S-22.23 

Found: C-59.65, H-8.60, S-19.58 

Preparation of cis- and frans-6.10-Dimethvl-1.4-dioxa-8-
thiaspiro[4.51decane (36a) and (36b) 

I — I 
OH OH 
Benzene/p-TSA ^ 
"Dean-Stark" Trap 

- ^ < ^ 

S 
(36b) 

In a 250 ml. 3-necked,round-bottomed boiling flask equipped with magnetic 

stirrer, nitrogen inlet and Dean-Stark trap were placed 1.0 g (6.9 mmol) of cis- and 

fra/7s-3,5-dimethyl-4-thianone (35a) and (35b), 20 mg of p-TSA, 0.95 g (17.2 mmol) 

anhydrous ethylene glycol and 100 ml of anhydrous benzene. The solution was 

refluxed, removing the HjO/benzene via Dean-Stark trap. When the volume in the 

boiling flask reached approximately 20 ml, the solution was cooled to room 

temperature and taken up in 100 ml of ether. The ether was filtered, and washed 

with 2x100 ml 5% NaHCOg and dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The ether was then filtered, concentrated jn 

vacuo and chromatographed on a 2x42 cm neutral alumina column with 95:5 

hexane:EtOAc affording 0.8 g of (36a) and 0.1 g of (36b) (4.8 mmol, 69.7%). 
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(36a) 'H (200 MHz. relative to (CH3)2CO at 2.06 ppm) 6 3.95 (s, 4 H). 2.9-2.6 (d, 

4 H), 2.3 (t J=3.3, 2 H), 1.1 (d. J=3.15, 6 H) ppm. 

IR 2964. 1465, 1366, 1223, 954. 740 c m \ 

TLC Rf = 0.45 (95:5 Hexane: Ethyl Acetate). 

Elemental Analysis (36a) Theory%: C-57.41, H-8.57. S-17.03 

Found%: C-60.82. H-8.84. S-15.56 

(36b) ^H (200 MHz. relative to (CH3)2CO at 2.06 ppm) 5 4.0 (s, 4 H), 2.75 (d, 4 

H). 2.5 (t, J=7.11, 2 H), 1.0 (d, J=7.00. 6 H) ppm. 

IR 2964, 1464, 1359, 1218, 916, 723, 716 cm -1 

TLC Rf = 0.6 (95:5 Hexane: Ethyl Acetate). 

Preparation of cis- and frans-6.10-Dimethyl-1.4-dioxa-8-
thiaspiro[4.5]decane-8.8-dioxide (37a) and (37b) 

O 

S 
(36) 

NaICk 
MeOH/ H2O 
Reflux 

(37a) (37b) 

In a 100 ml, single-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were placed 1.0 g (5.3 mmol) of the 

ketal (36a) or (36b), 25 ml of MeOH. 15 ml HgO and 3.0 g (14 mmol) Nal04. This 

mixture was stirred for 30 minutes at room temperature, then refluxed in an oil bath 

61 



for 16 hr The resulting mixture was cooled, filtered and the excess MeOH/H20 

removed in vacuo. The residue was taken up in 50 ml of CHCI3 and filtered a 

second time to remove the precipitated sodium iodate. The solids were washed 

with 50 ml of CHCI3 and the combined CHCI3 portions were dried for 24 hr over 

anhydrous MgS04/celite/vegetable charcoal. The solution was filtered and 

concentrated in vacuo affording a white solid which was recrystallized from 95% 

ethanol, yielding 0.8 g (37a) (3.6 mmol, 68.9%) of white crystals, mp 158-161° C 

or a white solid which was recrystallized from 100% ethanol-ether (75:25). yielding 

0.4 g (37b) (1.58 mmol. 34.5%) of white crystals, mp 164-166° C. 

(37a) 'H (200 MHz, relative to (CH3)2CO at 2.06 ppm) 5 4.15 (s, 4 H). 3.05 (d, 

J=2.1. 4 H). 2.4 (m. J=2.0. 2 H), 0.95 (d, J=2.85. 6 H) ppm. 

IR (Diffuse Reflectance) 2964, 1427, 1322. 1144, 916, 602.3 c m \ 

Elemental Analysis (37a) Calc: C-49.07, H-7.32, S-14.55 

Found: C-51.06. H-7.11. S-12.40 

(37b) ^H (200 MHz. relative to (CH3)2CO at 2.06 ppm) 5 4.15 (s. 4 H), 3.5 (m, 4 

H), 2.4 (t J=6.11, 2 H), 0.96 (d. J=6.7. 6 H) ppm. 

IR (Diffuse Reflectance) 2952. 1418. 1316, 1138, 915. 600 cm' . 

Preparation of cis- and trans-^.4-D'\oxa-6.9-
dimethylspiro[4.4]non-7-ene (38a) and (38b) 

O 

(37a) + (37b) 

CCk 
t-BuOH 
t-BuOK 

(38a) (38b) 
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In a dry 3-necked, 500 ml, round-bottomed boiling flask equipped with 

magnetic stirrer, condenser, nitrogen inlet and powder addition funnel were placed 

1.8 g (8.2 mmol) of (37a) or (37b) the ethylene ketal protected sulfones , 149 ml 

of anhydrous CCI4 and 75 ml of anhydrous t-BuOH. To this solution, at room 

temperature, were added 19.8 g (162.4 mmol) of t-BuOK via the powder addition 

funnel, slowly, maintaining a temperature of 50° C or below in the reaction vessel. 

The reaction mixture was then maintained at 50° C in an oil bath for 24 hr, cooled 

to room temperature and poured into a 500 ml beaker containing 200 ml of ice 

water. The aqueous layer was extracted with 3x70 ml ether. The combined ether 

extracts were washed with 3x70 ml HgO. 2x70 ml satd. NaCI and 1x70 ml pH = 

7.00 buffer, then dried for 24 hr over anhydrous Na2S04/celite/vegetable charcoal. 

The ether solution was filtered, concentrated in vacuo and purified by 

chromatography on a 2x38 cm florisil column using 98:2 pentane:ether as eluent 

affording 1.1 g (38a) (7.1 mmol, 87.3%) and 0.83 g (38b) (5.3 mmol, 65.5%). 

(38a) 'H (200 MHz. relative to (CH3)2CO at 2.06 ppm) 5 5.57 (s, 2 H). 3.85 (s, 4 

H), 2.7 (q, J=1.92, 2 H). 1.0 (d, J=1.90. 6 H) ppm. 

13 C (50 MHz) 134.1, 65.1, 64.6, 48.4, 15.6 ppm. 

IR 2980, 2930, 1644, 1550. 1469. 1365. 1179. 928. 643. 518 c m \ 

TLC Rf = 0.55 (98:2 Pentane:Ether). 

Elemental Analysis (38a) Calc: C-64.57, H-10.84 

Found: C-65.77, H-8.73 

(38b) 'H (200 MHz. relative to (CH3)2CO at 2.06 ppm) 5 5.50 (s. 2 H), 3.85 (s. 4 

H), 2.6 (m, J=7.01. 2 H), 0.95 (d, J=7.4, 6 H) ppm. 

'^C (50 MHz) 134.1, 64.6, 48.4, 15.6 ppm. 
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IR 2980, 2929, 1646, 1547, 1469, 1365, 1178, 926, 644, 517 cm-\ 

TLC Rf = 0.62 (98:2 Pentane:Ether). 

Elemental Analysis (38b) Calc: C-64.5, H-10.8 

Found: C-67.2, H-9.4 

Preparation of cis- and frans-2.5-Dimethyl-3-cyclopentenone 
(39a) and (39b) 

(38) 

Pyridinium p-toluenesulfonate^ 
Acetone/Water 
Reflux 

(39a) (39b) 

In a 50 ml. single-necked, round-bottomed pear shaped boiling flask equipped 

with magnetic stirrer, nitrogen inlet and condenser were placed 1.0 g (6.5 mmol) 

of the ketal (38a) or 0.2 g (1.3 mmol) of the ketal (38b), 50 mg of pyridinium p-

toluenesulfonate, 10 ml. of HgO and 20 ml. of acetone. This solution was refluxed 

for 6 hr. cooled cooled to room temperature and poured into 75 ml of satd. NaCI. 

This solution was extracted with 3x50 ml ether which were combined and washed 

with 2x50 ml pH = 7.00 buffer. The ether solution was dried for 24 hr over 

anhydrous MgS04/celite/vegetable charcoal, filtered, concentrated in vacuo and 

chromatographed on a 2x38 cm florisil column using 98:2 pentane:ether as the 

eluent. Yield 0.59 g (5.4 mmol. 82.6%) of (39a). 

(39a) 'H (200 MHz. relative to (CH3)2CO at 2.06 ppm) 5 6.00 (s, 2 H), 3.01 (q, 

J=3.75, 2 H), 1.15 (d, J=3.90, 6 H) ppm. 

IR 2980, 2950. 1724. 1587. 1462. 1454, 1376, 1247. 1146, 1005. 895. 744, 711. 

700 cm'\ 

TLC Rf = 0.20 (98:2 Pentane:Ether). 
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Preparation of 3-fMethoxycarbonyl)-3-methvl-4-thianone 

K2CQ3/Acetone 
• 

Mel/Reflux 24 Hrs. 

In a 100 ml, single-necked, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen inlet and condenser were placed 1.5 g (8.6 mmol) of the 

P-ketoester (25). 4.5 g (32.6 mmol) of K2CO3 and 3.0 g (21.1 mmol) of Mel in 40 

ml of dry acetone. The solution was refluxed for 24 hr, cooled and filtered. The 

acetone solution was poured into 50 ml of satd. NaCI which was then extracted 

with 3x50 ml portions of ether. The combined ether extracts were washed with 

2x100 ml pH = 7.00 buffer and dried for 24 hr over anhydrous 

MgS04/celite/charcoal. After filtration and concentration in vacuo, the residue was 

chromatographed on a 2x36 cm silica gel column using 90:10 pentane:acetone as 

the eluent. This afforded 1.4 g. (7.4 mmol. 87.5%) of a clear water-white oil. 

'H (200 MHz. relative to CHCI3 at 7.26 ppm) 5 3.75 (s. 3 H). 3.0-2.7 (m. 4 H). 2.7-

2.5 (t, 2 H), 1.5 (s, 3H) ppm. 

IR 2950, 2652, 1706, 1464. 1434. 1381, 1240, 1193, 1149. 987, 942, 845.5. 644. 

532 cm'\ 

TLC Rf = 0.61 (90:10 Pentane:Acetone). 
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Methylation of 3-(Methoxvcarbonvl)-3-methvl-4-thianone 

1) LDA/-78 o 

2) Mel 

In a dry 250 ml, 3-necked, round-bottomed flask equipped with magnetic 

stirrer, nitrogen inlet and pressure equalized dropping funnel were placed 40 ml 

of anhydrous THF and 28.0 ml (6.0 g, 56 mmol) of 2M LDA in THF. This solution 

was cooled to -78° C in a dry ice-acetone bath. At this point, a solution consisting 

of 3-(methoxycarbonyl)-3-methyl-4-thianone 8.14 g (43.3 mmol), HMPA 10 g (55 

mmol) and 50 ml of dry THF were added dropwise over 1 hr After complete 

addition, the solution was allowed to stir for 20 minutes at -78° C after which time, 

Mel, 12.0 g (84.5 mmol) in 60 ml. of THF was added dropwise over 1 hr This 

solution was then stirred for 2 hr at -78° C and then allowed to warm to room 

temperature at which time 100 ml of satd. NH4CI was added. The organic layer 

was separated and washed with 2x100 ml satd. NH4CI, 1x100 ml. pH = 7.00 buffer 

and dried over anhydrous MgS04/celite/charcoal for 24 hr. This solution was then 

filtered, concentrated in vacuo and chromatographed on a 10x46 cm silica gel 

column using 85:15 pentane:acetone yielding 7.1 g (35.1 mmol, 81.1%) of 3,5-

dimethyl-3-(methoxycarbonyl)-4-thianone. 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 3.75 (s, 3 H), 3.0-2.8 (m, 4 H), 2.8-

2.7 (m. 1 H), 1.3-1.2 (s. 3 H) 1.2-1.0 (d. 3 H) ppm. 

IR 2948. 2360, 1706, 1702, 1460, 1436, 1380, 1240, 1191, 1140. 982, 938, 844, 

641 cm'. 

TLC Rf = 0.7 (85:15 Pentane:Acetone). 
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Decarboxylation of 3-5-Dimethvl-3-(methoxvcarbonvl)-4-thianone 

10% H2SO4 
90°C./24Hrs. 

In a 100 ml, 2-necked, round-bottomed boiling flask equipped with magnetic 

stirrer and nitrogen inlet were placed 1.75 g (8.7 mmol) of 3,5-dimethyl-3-

(methoxycarbonyl)-4-thianone and 80 ml of 10% H2SO4. This solution was stirred 

vigorously at 90° C for 24 hr after which time it was cooled to room temperature 

and poured Into a 500 ml beaker containing 100 ml of THF and 100 ml. satd. 

NaCI with vigorous stirring. The organic layer was removed via a separatory funnel 

and washed with 2x100 ml satd. NaHCOg and 2x100 ml pH = 7.00 buffer. The 

organic layer was then dried for 24 hr over anhydrous MgS04/celite/vegetable 

charcoal, filtered and concentrated in vacuo. A mixture of the desired compounds, 

cis- and frans-3.5-dimethyl-4-thianone (35a) and (35b) were obtained In the 

following yield, 0.58 g (4.0 mmol, 46%). 
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Preparation of 1.3-Dithienium fluoroborate (44) 

S^S 
© ®BF4 

CH2CI2 
S^^^-^ 

(44) 

In a 200 ml, 3-necked, round-bottomed boiling flask equipped with magnetic 

stirrer, nitrogen source and condenser were placed 4.0 g (12.1 mmol) of trityl 

fluoroborate. 1.45 g (12.1 mmol) of 1,3-dithiane and 80 ml of dry CHgClg. This 

solution was refluxed for 1 hr. cooled and the excess CHjClg removed in vacuo. 

The solid was then triturated in cold ether. The yellow crystals were dried for 1 hr 

at 35° C and 5 mm Hg. Yield 2.13 g (44) (10.3 mmol. 85.5%) mp 189-192° C (Lit 

188-190° C). 
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Preparation of the Adduct f46) of 1.3-Dithienium Fluoroborate f44) 
and trans-2-trans-4-hexadiene M5a^ 

H 

(44) 

©BF4 
CH2CI2 

(45a) 

In a dry, 50 ml, 2-necked, round-bottomed boiling flask equipped with 

magnetic stirrer and argon source were placed 2.8 g (13.6 mmol) of 1.3-dithienium 

fluoroborate (44) and 20 ml of dry CH2CI2. This solution was cooled to -10° C in 

an ice-salt bath and 2.5 ml (1.8 g., 22 mmol) of trans-2-trans-4-hexadiene (45a) 

were added dropwise via a syringe. The resulting suspension was stirred for 30 

minutes at 0° C, the for 1 hr at room temperature. The excess CH2CI2 was 

removed by passing a slow stream of argon gas over the brown suspension until 

a thick crystalline syrup remained. The crystals were triturated with 2x20 ml of dry 

pentane, decanting the excess pentane carefully each time. The light brown 

crystals were then dried at 30° C. and 5 mm Hg in a vacuum dessicator for 24 hr 

Yield 3.5 g (11.9 mmol, 87.4%) (46). mp 91-92° C. *NOTE Adduct (46) was never 

characterized by IR or NMR. but was taken directly to the rearrangement step. 
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Preparation of the Vinylcyclopropane Derivative (47) 
from the Rearrangement of (46) With n-Butvllithium 

n-BuLi/-78 
THF 

(47) 

In a 100 ml. single-necked, round-bottomed flask equipped with magnetic 

stirrer and nitrogen source were placed 5.6 g (20.9 mmol) of the adduct (46) in 40 

ml of dry THF. This solution was cooled to -78° C in a dry ice-acetone bath. 

Slowly, 10.8 ml (1.38 g.. 1.1 relative Eq.) of 2M n-butyllithium in THF were added 

dropwise via syringe. The solution was then stirred for 3 hr at -78° C after which 

time the cooling bath was removed and the solution was allowed to stir for 1 hr 

further at room temperature. The solution was then cooled to 0° C in an ice-salt 

bath and 10 ml of satd. NH4CI solution were added dropwise. This 2 phase system 

was then transferred to a separatory funnel, then 100 ml of ether and 100 ml of 

satd. NH4CI were added.The ether layer was then washed 2 more times with 

2x100 ml satd. NH4CI and 1x100 ml pH = 7.00 buffer. The ether layer was then 

dried for 24 hr over anhydrous MgS04/celite/vegetable charcoal, filtered and 

concentrated in vacuo. The remaining yellow oil was purified by column 

chromatography on a 2x38 cm silica gel column using 95:5 pentane:ether as the 

eluent. Total yield after combined runs was 3.9 g of compound (47) (19.3 mmol, 

92.4%). 
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^H (200 MHz. relative to CHCI3 at 7.26 ppm) 5 6.0-5.7 (q, 1 H), 5.4-5.2 (q, 1 H), 

3.0-2.9 (t. 4 H). 2.2-1.9 (m.2 H). 1.9-1.5 (d. 3 H), 1.5-1.4 (m,1 H). 1.4-1.3 (m,1 H). 

1.2-0.9 (d. 3 H) ppm. 

-1 
IR2900, 2849, 1680, 1630. 1375, 1202, 1117, 1100.0, 1051, 975, 802, 750 cm"'. 

Thermal Rearrangement of the Vinylcyclopropyl Derivative 
(47) to the Dithiane Protected Ketone (48) 

/ 
^ Pyrolysis/Argon ^H. ̂ X : ^ 

Sand Bath/21 OFC. ^ ^ ^^ 

(48) 
Complex Mixture of Products 

In a 0.75" X 6.0" thick-walled, argon purged VYCOR tube equipped with a 

ROTOFLO stopcock and magnetic stirrer were placed 1.5 g (7.4 mmol) of 

compound (47) and 6 ml of benzene. The tube and its contents were submerged 

in a sand bath and heated to 210° C for exactly 6 hr. The tube was then removed, 

cooled to room temperature and cautiously opened. The dark residue was taken 

up in 100 ml of ether which was washed with 2x100 ml of satd. NaHCOg, 1x100 

ml pH = 7.00 buffer and then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The ether solution was then filtered, concentrated 

in vacuo and chromatographed on a 2x34 cm silica gel column using 98:2 

pentane:ether as the eluent. Yield 0.4 g of a complex mixture of products . 
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Cleavage of the Dithiane Protecting Group of Compound (48) 
with Mel/CaCOg 

Mel/ CaCOa 
THF/CH3CN 
Reflux 

(48)? 
Pyrolysls/Rearrangement Products 

(39a) (39b) 
Not Identified 

In a 25 ml, single-necked, pear shaped flask equipped with magnetic stirrer 

and reflux condenser were placed 200 mg (1.0 mmol) of the dithiane 

rearrangement products, 10 ml of dry THF, 2 ml of dry CH3CN, 5.0 g CaC03 and 

5 ml (7.65 g., 54 mmol) of Mel. This solution was refluxed for 18 hr, cooled, filtered 

and taken up in 50 ml of ether. The ether layer was then washed with 2x50 ml of 

pH = 7.00 buffer and dried for 24 hr over MgS04/celite/vegetable charcoal. After 

filtration, concentration in vacuo and chromatography on a 2x36 cm neutral 

alumina column using 98:2 pentane:ether as the eluent, this afforded 98 mg of a 

complex mixture of products that were not identified. 

72 



Preparation of the Gem-dibromovinylcvclopropvl 
Derivative (49a) 

(45a) 

CHBfe 
t-BuOK ^ 
Pentane/O^C. 

(49a) 

In a 100 ml, 2-necked, round-bottomed flask equipped with magnetic stirrer, 

nitrogen source and 125 ml powder addition funnel were placed 2.5 g (30.5 mmol) 

of frans-,frans-2,4-hexadiene (45a), 7.69 g (30.4 mmol) CHBr3 and 50 ml of dry 

pentane. This solution was cooled to 0° C in an ice-salt bath and 4.09 g (36.5 

mmol) of t-BuOK were added slowly over 30 minutes via the powder addition 

funnel. This solution was then allowed to stir for 24 hr at room temperature after 

which time it was poured slowly into a 500 ml beaker containing 200 ml of ice 

water and 150 ml of ether. The ether layer was separated, washed with 2x150 ml 

of satd. NaHCOa, 1x150 ml pH = 7.00 buffer and dried for 24 hr over anhydrous 

KgCOa/celite/vegetable charcoal. This solution was then filtered, concentrated jn 

vacuo and chromatographed on a 6x42 cm silica gel column yielding 7.1 g (28 

mmol, 91.7%) of the gem-dlbromovinylcyclopropyl compound (49a). 

'H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 5.9-5.6 (q, 1 H), 5.2-5.0 (q. 1 H), 

1.8-1.6 (d. 3 H), 1.5-1.4 (m, 1 H), 1.4-1.3 (m. 1 H) 1.3-1.1 (d, 3 H) ppm. 

IR 2932, 1664, 1452, 1877. 1305. 1249. 1204. 1133. 1033. 968, 922.3. 732 cmV 

TLC Rf = 0.72 (95:5 Pentane:Ether). 
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Preparation of the Gem-dichlorovinylcyclopropyl 
Derivative (49b) 

y 

(45a) 

CHCh 
t-BuOK ^ 
Pentane/CTC. 

(49b) 

In a 100 ml. 2-necked, round-bottomed flask equipped with magnetic stirrer, 

nitrogen source and 125 ml powder addition funnel were placed 2.5 g (30.5 mmol) 

of fra/?s-,frans-2,4-hexadiene (45a), 3.62 g (30.4 mmol) CHCI3 and 50 ml of dry 

pentane. This solution was cooled to 0° C in an Ice-salt bath and 4.09 g (36.5 

mmol) of t-BuOK were added slowly over 30 minutes via the powder addition 

funnel. This solution was then allowed to stir for 24 hr at room temperature after 

which time it was poured slowly into a 500 ml beaker containing 200 ml of ice 

water and 150 ml of ether. The ether layer was separated, washed with 2x150 ml 

of satd. NaHC03, 1x150 ml pH = 7.00 buffer and dried for 24 hr over anhydrous 

KgCOg/celite/vegetable charcoal. This solution was then filtered, concentrated jn 

vacuo and chromatographed on a 6x42 cm silica gel column yielding 4.7 g (28.6 

mmol, 94.4%) of the gem-dichlorovinylcyclopropyl compound (49b). 

^H (200 MHz, relative to CHCI3 at 7.26 ppm) 5 5.9-5.6 (q, 1 H), 5.3-5.1 (q, 1 H), 

1.8-1.6 (d, 3 H), 1.5-1.4 (m, 1 H), 1.4-1.3 (m, 1 H) 1.3-1.1 (d, 3 H) ppm. 

IR2936, 1666, 1450, 1381, 1251, 1208, 1169, 1139, 1042.0,978,803.767.533 

cm'\ 

TLC Rf = 0.71 (95:5 Pentane:Ether). 
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"One Pot" Preparation of trans-.trans-: cis-. trans-: 
and cis-. c/'s-2.5-Dimethyl-3-cyclopentenol 
(50a). (50b) and (50c) via the Vinylcyclopropyl 
Rearrangement and Oxidation of (49b) 

y CI 1)n-BuU 
CI 2) MeOH 

(49b) 

P2 

1)t-BuU 

H* 

OH 

(50) 
Three Possible 
Isomers 

In a 50 ml, single-necked, pear-shaped flask equipped with magnetic stirrer 

and nitrogen source were placed 734 mg (4.47 mmol) of the gem-

dichlorovinylcyclopropyl compound (49b) and 10 ml of dry THF. This solution was 

cooled to -100° C in a dry ice-ether bath. At this point. 2.24 ml (1 rel. Eq.. 4.4 

mmol) of 2M n-BuLi were added dropwise via syringe and the solution stirred 

at -100° C for 30 minutes. Now, 0.18 ml (1 rel. Eq., 4.4 mmol) of dry MeOH was 

added via syringe and the solution was allowed to stir 1 hr at -100° C The whole 

apparatus was then transferred to a -78° C dry ice-acetone bath and stirred at this 

temperature for 1 hr after which time 5.97 ml (2 rel. Eq.. 8.8 mmol) of 1.5M t-BuLi 

were added dropwise via a syringe. The solution was now allowed to stir at -78° 
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C for 2 hr after which time anhydrous, COg free oxygen was bubbled through the 

mixture at the rate of 1 bubble per second through a 6" stainless steel 20 ga. 

needle for a further 2 hr. (WARNING! There is an inherent risk of FIRE at the 

previous step!!) At this point, 1.46 g (2 rel Eq., 8.9 mmol) of HMPT were added 

dropwise via syringe and the solution was allowed to warm to room temperature 

over 3.5 hr At this point, 5 ml of satd. NH4CI was added dropwise via syringe and 

the contents of the flask were transferred to a 500 ml beaker containing 100 ml 

of satd. NH4CI and 100 ml of vigorously stirred ether. The ether layer was 

separated and washed with 1x100 ml satd. NH4CI, 1x100 ml pH = 7.00 buffer and 

then dried for 24 hr over anhydrous MgS04/celite/vegetable charcoal. After filtration 

and concentration in vacuo, the residue was chromatographed on a 2x40 cm 

neutral alumina column using 90:10 pentane:acetone as the eluent yielding 399 

mg (3.6 mmol, 81.7%) of a clear, colorless oil which was composed primarily of 

the trans-, trans-'isomer (50a) and the cis-,trans-'\somer (50b). No cis-,cis-2,5-

dimethyl-3-cyclopentenol (50c) was ever identified. These compounds were 

characterized by FTIR and FTNMR which were compared to the work done by 

Danheiser's group at MIT, Cambridge.*^ The trans-,trans- and cis-, trans-

assignments of the methyl/hydroxyl groups were made by comparison to 

Danheiser's data.*^ 

(50a) 'H (250 MHz, relative to CHCI3 at 7.26 ppm) 5 5.5 (s, 2 H), 3.4-3.3 (t, 1 H, 

J = 5.4 Hz.), 2.6-2.5 (m, 2 H). 1.9-1.8 (s. 1 H), 1.1-1.0 (d. 6 H, J = 7.0 Hz.) ppm. 

^'C (22.5 MHz.) 133.4, 87.8, 48.6, 18.8 ppm. 

IR 3330, 3040, 2950, 2920, 2865. 1650. 1600, 1370, 1325, 1230. 1070, 1035, 

1000. 875, 855, 745. 715 cm-1. 

(50b) ^H (250 MHz, relative to CHCI3 at 7.26 ppm) 6 5.58 (m, 2 H), 3.8-3.7 (dd, 

1 H. J = 4.5, 6.4 Hz), 2.8-2.7 (m, 1 H), 2.6-2.5 (m. 1 H). 1.6 (brs, 1 H). 1.1 (d. 3 

H, J = 7.0 Hz), 1.0 (d, 3 H, J = 7.2 Hz) ppm. 

IR 3350, 3045, 2955, 2925. 2865, 1650, 1600, 1445, 1370, 1315 cm-1. 
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"One Pot" Preparation of trans-.trans-: cis-. trans-: 
and cis-. c/s-2.5-Dimethvl-3-cvclopentenol (50a). 
(50b) and (50c) via the Vinylcyclopropyl 
Rearrangement and Oxidation of (49a) 

(49a) 

O2 

1)n-BuU 
2) MeOH 

1)t-BuU 

H* 

(50) 
Three Possible 
Isomers 

In a 50 ml, single-necked, pear-shaped flask equipped with magnetic stirrer 

and nitrogen source were placed 1.13 g (4.47 mmol) of the gem-

dibromovinylcyclopropyl compound (49a) and 10 ml of dry THF. This solution was 

cooled to -100° C in a dry ice-ether bath. At this point. 2.24 ml (1 rel. Eq.. 4.4 

mmol) of 2M n-BuLI were added dropwise via syringe and the solution stirred 

at -100° C for 30 minutes. Now, 0.18 ml (1 rel. Eq., 4.4 mmol) of dry MeOH was 

added via syringe and the solution was allowed to stir 1 hr at -100° C. The whole 

apparatus was then transferred to a -78° C dry ice-acetone bath and stirred at this 

temperature for 1 hr after which time 5.97 ml (2 rel. Eq., 8.8 mmol) of 1.5M t-BuLi 

were added dropwise via a syringe. The solution was now allowed to stir at -78° 

C for 2 hr after which time anhydrous, CO2 free oxygen was bubbled through the 

mixture at the rate of 1 bubble per second through a 6" stainless steel 20 ga. 

needle for a further 2 hr. (WARNING! There is an inherent risk of FIRE at the 
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previous step!!) At this point, 1.46 g (2 rel Eq., 8.9 mmol) of HMPT were added 

dropwise via syringe and the solution was allowed to warm to room temperature 

over 3.5 hr At this point, 5 ml of satd. NH4CI was added dropwise via syringe and 

the contents of the flask were transferred to a 500 ml beaker containing 100 ml 

of satd. NH4CI and 100 ml of vigorously stirred ether. The ether layer was 

separated and washed with 1x100 ml satd. NH4CI, 1x100 ml. pH = 7.00 buffer and 

then dried for 24 hr over anhydrous MgS04/celite/vegetable charcoal. After filtration 

and concentration in vacuo, the residue was chromatographed on a 2x40 cm 

neutral alumina column using 90:10 pentane:acetone as the eluent yielding 310 

mg (2.8 mmol, 63.0%) of a clear, colorless oil which was composed primarily of 

the trans-, trans-'isomer (50a) and the c/s-,fraA7s-lsomer (50b). No cis-,cis-2,5-

dimethyl-3-cyclopentenol (50c) was ever identified. These compounds were 

characterized by FTIR and FTNMR which were compared to the work done by 

Danheiser's group at MIT. Cambridge.*^ The trans-,trans- and cis-, trans-

assignments of the methyl/hydroxyl groups were made by comparison to 

Danheiser's data.*^ 
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Preparation of a-Chloromethyl-p-chloroethvl Ether 

Anhydrous HCI/tf 0. 
CIChfeCH20H + (CH20)n • CICHfeOChfeCHsCi 

In a 250 ml suction flask equipped with magnetic stirrer and fritted gas 

dispersion tube were placed 100 g (1.24 mol) of p-chloroethanol and 37.28 g (1.24 

mol) of paraformaldehyde. This solution was cooled to 0° C in an ice-salt bath after 

which time anhydrous HCI was bubbled through the stirred solution for 3 hr At this 

point the solution was transferred to a 1 I beaker containing 200 ml of pentane and 

200 ml of satd. NaCI. The organic layer was separated and washed with 2x200 ml 

of satd. NaCI. then dried for 24 hr over 3A molecular sieves. The solution was then 

filtered, concentrated In vacuo and distilled under vacuum. Yield 140 g (1.08 mol, 

88%) of the a-chloromethyl-p-chloroethyl ether, (bp 55-58° C @ 2mm Hg) 

WARNING! This material has been found to be potentially CARCINOGENIC as 

well as TERATOGENIC. 

Ĥ (200 MHz, relative to CHCI3 at 7.26 ppm) 5 5.55 (s. 2 H). 4.9-4.85 (t, 2 H). 3.9-

3.8 (t, 2 H) ppm. 

IR 2967, 1550. 1458. 1298. 1212. 1069. 992, 752, 532 cm-1. 
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Preparation of 1-(2-chloroethoxv)-3-frans-methvl-2-(Z)-
propenvlcvclopropane (51a) 

X 
(45a) 

CICH2OCH2CH2CI/ 0 

"Harpoon Base" 
u 

(51 a) 

To a solution of 2,2,6,6-tetramethylpiperidine (1.85 ml, 11 mmol) in 3 ml of 

ether at 0° C was added dropwise a methyllithium solution (9.48 ml, 1.16M in 

ether, 11 mmol). The solution was stirred at 0° C for 20 minutes and added via 

cannula to a solution of rra/7S-,frans-2.4-hexadiene (1.14 ml, 10 mmol) in 10 ml of 

ether simultaneously with a-chloromethyl-p-chloroethyl ether (1.2 ml, 12 mmol). 

The resulting solution was stirred at 25° C for 24 hr after which time it was treated 

with 5 ml of a 5% aqueous citric acid solution and extracted with 3x8 ml of ether. 

The combined ether extracts were washed with 2x10 ml 5% citric acid, 1x10ml 

satd. NaCI and dried for 24 hr over anhydrous MgS04/celite/vegetable charcoal. 

The solution was then filtered, concentrated in vacuo and chromatographed on a 

1x20 cm silica gel column using 98:2 hexane:EtOAc as the eluent. Yield 0.53 g 

(30%) of (51a) as a pale yellow oil. Again, the following NMR and IR data is that 

of the Danheiser group.*^ I was able to identify (51a) by comparison of NMRs. 

'H (250 MHz, relative to CHCI3 at 7.26 ppm) 5 5.56 (dq, 1 H. anti-isomer. J = 6.4. 

15.3 Hz), 5.4 (dq, 1 H, svn-isomer. J = 6.4, 15.3 Hz), 5.25 (ddq, 1 H, anti-isomer. 

J = 1.6, 9.1, 15.3 Hz), 5.10 (ddq, 1 H, syn-isomer, J = 1.6, 7.8, 15.3 Hz), 3.8-3.5 

(m. 4 H, both isomers). 3.17 (ddq. 1 H. syn-isomer. J = 2.7. 6.7 Hz). 3.12 (dd. 

1.0H, anti-isomer, J = 2.7, 6.4 Hz), 1.68 (dd, 3 H, antj-isomer, J = 1.6, 6.4 Hz). 

1.63 (dd, 3 H. syn-isomer, J = 1.6, 6.4 Hz), 1.26-1.09 (m, 1 H, both isomers, 3 H, 
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syn-isomer), 1.05-0.84 (m, 1 H, both isomers. 3 H. anti-isomer) ppm. 

IR 3010, 2950. 2920. 2860. 2715, 1660, 1445, 1420, 1370. 1340. 1290, 1250, 

1200, 1150. 1100. 1080, 1040, 1000, 975. 955, 900, 835, 790, 745, 660 c m \ 

Preparation of 1-(2-Chloroethoxv)-3-c/s-methvl-2-
(E)-propenvlcvclopropane (51b) and 
1-(2-chloroethoxv)-3-^rans-methyl-2-
(Z)-propenvlcvclopropane (51c) 

/ = ^ \ CICItOCFt2CH2CI/0° 

"Harpoon Base" 
(45b) "" 

^ 

(51b) (51c) 

To a solution of 2,2,6,6-tetramethylpiperidine (5.56 ml, 33 mmol) in 5 ml of 

ether at 0° C was added dropwise a methyllithium solution (28.4 ml, 1.16M in 

ether, 33 mmol). The solution was stirred at 0° C for 20 minutes and added via 

cannula to a solution of c/s-,fraA7s-2,4-hexadiene (3.41 ml, 30 mmol) in 20 ml of 

ether simultaneously with a-chloromethyl-p-chloroethyl ether (3.62 ml, 36 mmol). 

The resulting solution was stirred at 25° C for 24 hr after which time it was treated 

with 10 ml. of a 5% aqueous citric acid solution and extracted with 3x15 ml of 

ether. The combined ether extracts were washed with 2x15 ml 5% citric acid. 1x15 

ml satd. NaCI and dried for 24 hr over anhydrous MgS04/celite/charcoal. The 

solution was then filtered, concentrated in vacuo and chromatographed on a 1x20 

cm silica gel column using 98:2 hexane:EtOAc as the eluent. Yield 1.76 g (33%) 

of (51b) and (51c) as a pale yellow oil.* NOTE-Compounds (51b) and (51c) were 

never separated, the following is that of the Danheiser group.*^ Our FTNMR data 

was compared to their data, which was the basis of my identification of these 

compounds. 
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(51b)'H (250 MHz. relative to CHCI3 at 7.26 ppm) 5 5.69-5.51 (m. 1 H. both 

isomers), 5.40-5.27 (m, 1 H, syn-isomer), 5.15-5.04 (m. 1 H, aoti-isomer), 3.76-

3.57 (m. 4 H, both isomers), 3.35 (t, 1 H, syn-isomer. J = 6.4 Hz), 2.96 (t, 1 H. 

anti-isomer, J = 2.9 Hz), 1.71 (dd. 3 H. antj-isomer. J = 1.4. 6.2 Hz), 1.67 (dd, 3 

H, syn-isomer. J = 1.4, 6.2 Hz). 1.63-1.58 (m. 1 H. syn-isomer), 1.50-1.39 (m. 1 

H. anti-isomer), 1.28-1.17 (m. 1 H, syn-isomer). 1.10 (d. 3 H. syn-isomer, J = 5.9 

Hz), 1.00(d, 3 H, anti-isomer, J = 6.7 Hz), 1.06-0.96 (m, 1 H, anti-isomer). (51c)'H 

(250 MHz, relative to CHCI3 at 7.26 ppm) 5 5.5-5.35 (m, 1 H, both isomers), 5.24-

5.14 (m, 1 H, anti-isomer), 4.83-4.75 (m, 1 H. syn-isomer),3.85-3.56 (m, 4 H, both 

isomers). 3.23-3.19 (m. 1 H, both isomers), 1.74-1.69 (m, 3 H, both isomers), 1.44-

1.34 (m. 1 H, both isomers). 1.21 (d, 3 H, syn-isomer, J = 6.2 Hz), 1.07 (d. 3 H. 

anti-isomer, J = 5.1 Hz), 1.09-0.97 (m, 1 H, both isomers) ppm. 

Preparation of frans-.frans-2.5-Dimethvl-3-cyclopentenol (50a) 

OH 
n-BuU/HMPT 
Ether/0 0 ^ 

(51a) (50a) 

To a solution of vinylcyclopropyl ether (51a) (175 mg. 1 mmol) in 4 ml of dry 

THF at 0° C was added dropwise over 5 minutes an n-butyllithium solution (2.2 ml, 

2.27M in hexane, 5 mmol). After 5 minutes. 4 ml of HMPT was added and the 

solution was heated at 50° C for 1.5 hr The reaction mixture was then treated with 

satd. NH4CI and extracted with 2x10 ml ether. Purification on a 1x20 cm silica gel 

column with 98:2 hexane:EtOAc as the eluent gave 82 mg (74%) of (50a) as a 

pale yellow oil. 

82 



Preparation of trans.trans-. cis.trans-^ 
and c/s.c/s-2.5-dimethyl-3-cvclopentenols 
(50a). (50b) and (5Qc^ 

(51c) 

OH 

n-BuU/HMPT 
Ether/0 o 

(50a) 
trans-
trans-

15: 

OH 

(50b) 
cis-
trans-

79: 

OH 

(50c) 
cis-
cis-

To a solution of a mixture of the vinylcyclopropyl ethers (51b) and (51c) (66 

mg., 0.38 mmol) in 2 ml. of dry THF at 0° C was added dropwise over 5 minutes 

an n-butyllithium solution (0.83 ml., 2.27M in hexane, 1.9 mmol). After 5 minutes, 

2 ml of HMPT was added and the solution was heated at 50° C for 1.5 hr The 

reaction mixture was then treated with satd. NH4CI and extracted with 2x5 ml 

ether. The combined ether extracts were washed with 1x15 ml water, 2x15 ml of 

satd. NaCI, and 1x15 ml pH = 7.00 buffer. The solution was then dried for 24 hrs 

over anhydrous MgS04/celite/vegetable charcoal, filtered and concentrated in 

vacuo to afford 31 mg of a pale yellow oil. Purification on a 1x20 cm silica gel 

column with 98:2 hexane;EtOAc as the eluent gave 21 mg (50%) of (50a) and 

(50b) as a pale brown oil. No (50c) was ever identified. Again, the yields shown 

in the equation above are those realized by Danheiser's group at MIT."*̂  
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Preparation of Ketone Isomer (39a) 
from Alcohol (50) via the Swern Oxidation 

OH 

1)DMS0/0xalyl Chloride 
-78° ^ 

2) TriethylarDine 
(50) (39a) (39b) 

Three Possible 
Isomers 

In a 50 ml, pear-shaped flask equipped with magnetic stirrer and nitrogen 

source were placed 0.72 ml (0.871 g., 4 rel. Eq.) of DMSO and 7.4 ml of dry 

CH2CI2. This solution was cooled to -78° C In a dry ice-acetone bath. At this point 

2.56 ml (0.6559 g., 2 rel. Eq.) of a 2M oxallyl chloride in CHjClj solution were 

added dropwise via syringe. This solution was allowed to stir at -78° C for 30 

minutes after which time 288 mg (2.6 mmol, 1 rel. Eq.) of the alcohols (50) in 7.4 

ml of dry CH2CI2 were added dropwise via syringe. The resulting solution was 

allowed to stir at -78° C for 1 hr At this point, 3.62 ml (2.64 g., 10 rel Eq.) of 

triethylamine were added dropwise via syringe and the solution allowed to stir at -

78° C for 1.5 hr after which time 9.3 ml of ether and 9.3 ml pH = 7.00 buffer were 

added dropwise. The resulting "icy" matrix was transferred to a 500 ml beaker 

containing 100 ml of ether and 100 ml of vigorously stirred pH = 7.00 buffer. The 

2 phase system was then transferred to a sepratory funnel and the ether layer 

washed with 4x100 ml pH = 7.00 buffer and then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. After filtration, concentration in vacuo and 

chromatography on a 2x40 cm neutral alumina column, 240 mg (2.2 mmol, 85.6%) 

of compound (39a) was obtained. No (39b) was recovered. Although yields were 

fairly good, this synthetic route was not pursued do to the inherent toxicity and 

danger involved in working with all the precursory intermediates. 
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Preparation of Ketone Isomer (39a) from Alcohol (50) 
via the Fetizon Oxidation 

AggCQyCelite/Reflux 
Benzene 

(50) 
Three Possible 
Isomers 

(39a) (39b) 

In a 250 ml, single-necked boiling flask equipped with magnetic stirrer and 

nitrogen source were placed 0.5 g (4.5 mmol) of the alcohol isomers (50), 100 ml 
TMi of benzene and 24.7 g (45 mmol) of Ag2C03 on "Celite"^" (50% active). This 

solution was refluxed for 24 hr, cooled to room temperature, filtered, washed with 

2x100 ml pH = 7.00 buffer and dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was then filtered, concentrated in 

vacuo and chromatographed on a 2x40 cm neutral alumina column yielding 485 

mg (4.4 mmol, 97.9%) of compound (39a) . No (39b) was recovered. Although 

yields were fairly good, this synthetic route was not pursued do to the inherent 

toxicity and danger involved in working with all the precursory intermediates. 
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Preparation of 2.5-Dimethyl-3-cyclopentenone via the 
Fe.(CO),^-AICU One Pot Method 

(45a) (45b) 

1) Fe2(CO)̂ CH2Cl2/Reflux 
2) AlCfVCKCljEtO ^ 
3) (Et]bN/(Me]bNO/MeOH 

(39a) 

O 

(39b) 

In a three-necked, 100 ml, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen source, 125 ml pressure equalized dropping funnel and 

condenser were placed 2.0 g (24.3 mmol) of an isomer mixture of the 2,4-

hexadienes (45a) and (45b) (approximately 80:20) in 20 ml of dry CH2CI2 along 

with 4.43 g (12.2 mmol) of Fe2(CO)9. This solution was refluxed until all of the 

orange Fe2(CO)9 was solubilized (approximately 1.5 hr), then cooled to 0° C in an 

ice-salt bath. At this point, a solution consisting of 3.24 g (24.3 mmol) of AICI3 in 

20 ml of dry CH2CI2 and 6 ml of EtjO were added dropwise over 30 minutes via 

the dropping funnel. After addition of the AICI3, the solution was brought to reflux 

in a mineral oil bath at which time an "emerald-green" complex began to form and 

precipitate out of solution. After refluxing for 4 hr, the solution was cooled to room 

temperature and then added dropwise to a 500 ml beaker containing 100 ml of dry 

MeOH, 8.0 g (79.2 mmol) of E\^W and 12.0 g (108 mmol) of Me3N02H20 with 

vigorous stirring at 0° C After addition was complete, the solution was allowed to 

warm to room temperature and stirred there for 48 hr At this point, the solution 

was filtered to remove the unwanted iron-trimethylamine oxide complex which had 

formed and then poured into a mixture of 200 ml. of pH = 7.00 buffer and 200 ml 

of EtjO. The ether layer was then separated and washed with 2x200 m pH = 7.00 

buffer and dried for 24 hr over MgS04/celite/vegetable charcoal. After filtration, 

concentration in vacuo and chromatography on a 1x28 cm neutral alumina column 
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with 95:5 pentane:acetone yielding 83 mg (0.8 mmol. 3.1%) of the ketone (39a). 

no (39b) was identified. Compound (39a) was compared against authentic ketone 

samples via TLC that had been synthesized by an earlier method. 

Preparation of 2.5-Dimethyl-3-cvclopentenone via 
the Feo(CO)̂ -AIF>^ One Pot Method 

y y 
s 

1) Fe2(CO)̂ CH2Cl2/Reflux 
2) AlFVCHgCI^E^ 

^ ^ 3) (Et)BN/(Me)3NO/MeOH* 

(45a) (45b) 

v l , . -

(39a) (39b) 

In a three-necked, 100 ml, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen source. 125 ml pressure equalized dropping funnel and 

condenser were placed 2.0 g (24.3 mmol) of an isomer mixture of the 2,4-

hexadienes (45a) and (45b) (approximately 80:20) in 20 ml of dry CH2CI2 along 

with 4.43 g (12.2 mmol) of Fe2(CO)9. This solution was refluxed until all of the 

orange Fe2(CO)9 was solubilized (approximately 1.5 hr), then cooled to 0° C in an 

ice-salt bath. At this point, a solution consisting of 2.04 g (24.3 mmol) of AIF3 in 20 

ml of dry CH2CI2 and 20 ml of EtjO were added dropwise over 30 minutes via the 

dropping funnel. After addition of the AIF3. the solution was brought to reflux in a 

mineral oil bath at which time an "emerald-green" complex began to form and 

precipitate out of solution. After refluxing for 4 hr, the solution was cooled to room 

temperature and then added dropwise to a 500 ml beaker containing 100 ml of dry 

MeOH, 8.0 g (79.2 mmol) of EtgN and 12.0 g (108 mmol) of Me3NO-2H20 with 

vigorous stirring at 0° C After addition was complete, the solution was allowed to 

warm to room temperature and stirred there for 48 hr At this point, the solution was 

filtered to remove the unwanted iron-trimethylamine oxide complex which had 
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formed and then poured into a mixture of 200 ml of pH = 7.00 buffer and 200 ml 

of EtgO. The ether layer was then separated and washed with 2x200 ml pH = 7.00 

buffer and dried for 24 hr over MgS04/celite/vegetable charcoal. After filtration, 

concentration in vacuo and chromatography on a 1 x28 cm neutral alumina column 

with 95:5 pentane:acetone yielding 124 mg (1.1 mmol, 4.6%) of the ketone (39a), 

no (39b) was identified. Compound (39a) was compared against authentic ketone 

samples via TLC that had been synthesized by an earlier method. 

Preparation of 2.5-Dimethvl-3-cvclopentenone via 
the Fe.(CO),-AI(Et),CI One Pot Method 

s 
(45a) (45b) 

1) Fe2(C0)̂ C42Cl2/Reflux 
2̂  AI(EtK^I/CFtCI^E^ 
3) (Et)QN/(Me)QNO/MeOH* 

(39a) (39b) 

In a three-necked, 100 ml, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen source, 125 ml pressure equalized dropping funnel and 

condenser were placed 2.0 g (24.3 mmol) of an isomer mixture of the 2,4-

hexadienes (45a) and (45b) (approximately 80:20) in 20 ml of dry CH2CI2 along 

with 4.43 g (12.2 mmol) of Fe2(CO)9. This solution was refluxed until all of the 

orange Fe2(CO)9 was solubilized (approximately 1.5 hr), then cooled to 0° C in an 

ice-salt bath. At this point, 24 ml of a 1M AI(Et)2CI (2.89 g, 24 mmol) in CH2CI2 

were added dropwise over 30 minutes via the dropping funnel. After addition of the 

AI(Et)2CI, the solution was brought to reflux in a mineral oil bath at which time an 

"emerald-green" complex began to form and precipitate out of solution. After 

refluxing for 4 hr, the solution was cooled to room temperature and then added 

dropwise to a 500 ml beaker containing 100 ml of dry MeOH. 8.0 g (79.2 mmol) 
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addition was complete, the solution was allowed to warm to room temperature and 

stirred there for 48 hr At this point, the solution was filtered to remove the 

unwanted iron-trimethylamine oxide complex which had formed and then poured 

into a mixture of 200 ml of pH = 7.00 buffer and 200 ml. of Et20. The ether layer 

was then separated and washed with 2x200 ml. pH = 7.00 buffer and dried for 24 

hrover MgS04/celite/vegetable charcoal. Afterfiltration, concentration in vacuo and 

chromatography on a 1x28 cm neutral alumina column with 95:5 pentane:acetone 

yielding 42 mg (0.4 mmol, 1.6%) of the ketone (39a) , no (39b) was identified. 

Compound (39a) was compared against authentic ketone samples via TLC that 

had been synthesized by an earlier method. 

Preparation of 2.5-Dimethyl-3-cyclopentenone via the 
Fe,(CO)g-TiCI, One Pot Method 

f 
Ky 

(45a) (45b) 

"•) Fe2(CO)̂ ChtCl2/Reflux 
2) TiCti/CHgCb ^ 
3) (Et]BN/(Me)3NO/MeOH 

(39a) (39b) 

In a three-necked, 100 ml, round-bottomed boiling flask equipped with 

magnetic stirrer, nitrogen source, 125 ml pressure equalized dropping funnel and 

condenser were placed 2.0 g (24.3 mmol) of an isomer mixture of the 2,4-

hexadienes (45a) and (45b) (approximately 80:20) in 20 ml of dry CH2CI2 along 

with 4.43 g (12.2 mmol) of Fe2(CO)9. This solution was refluxed until all of the 

orange Fe2(CO)9 was solubilized (approximately 1.5 hr), then cooled to 0° C in an 

ice-salt bath. At this point, 32 ml of a 1M TiCl4 (24 mmol) in CH2CI2 were added 

dropwise over 30 minutes via the dropping funnel. After addition of the TiCl4, the 

solution was brought to reflux in a mineral oil bath at which time an "emerald-
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green" complex began to form and precipitate out of solution. After refluxing for 4 

hr, the solution was cooled to room temperature and then added dropwise to a 500 

ml beaker containing 100 ml of dry MeOH. 8.0 g (79.2 mmol) of Et3N and 12.0 g 

(108 mmol) of Me3N02H20 with vigorous stirring at 0° C After addition was 

complete, the solution was allowed to warm to room temperature and stirred there 

for 48 hr At this point, the solution was filtered to remove the unwanted iron-

trimethylamine oxide complex which had formed and then poured into a mixture 

of 200 ml of pH = 7.00 buffer and 200 ml of EtjO. The ether layer was then 

separated and washed with 2x200 ml pH = 7.00 buffer and dried for 24 hr over 

MgS04/celite/vegetable charcoal. After filtration, concentration in vacuo and 

chromatography on a 1x28 cm neutral alumina column with 95:5 pentane:acetone 

yielding 78 mg. (0.7 mmol, 2.9%) of the ketone (39a), no (39b) was identified. 

Compound (39a) was compared against authentic ketone samples via TLC that 

had been synthesized by an earlier method. 
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Preparation of 4-Trimethvlsilvl-3-butvn-2-ol (54) 

P H 1)n-BuLi OH 

2) TMSCI 
3) Aq. Acetic Acid 

Sf-

(54) 

In a dry 3-necked, 500 ml, round-bottomed boiling flask equipped with magnetic 

stirrer, nitrogen inlet and pressure-equalized dropping funnel were placed 10.0 g 

(142 mmol) of 3-butyn-2-ol in 40 ml of anhydrous ethyl ether and 60 ml of 

anhydrous THF. This solution was stirred at -78°C and 214 ml (299 mmol.) of 1.4 

M methyl lithium in hexanes was added dropwise over 30 minutes through the 

dropping funnel. After 1 hr, 2.55 g (299 mmol.) of trimethylsilylchloride was added 

dropwise via syringe. After 1 hr, the cooling bath was removed and the solution 

was allowed to stir for 2 hrat room temperature. Aqueous acetic acid (100 ml, 1M) 

was then added dropwise and the two phase mixture was stirred vigorously for 18 

hr The organic layer was then separated via a sepratory funnel and washed with 

1x50 ml H2O, 2x50 ml satd. NaHC03, then dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. Filtration and subsequent distillation of the 

residue gave 18.0 g (125.8 mmol, 88.62%) of (54) as a colorless oil: bp 81-84°C 

(20 mm Hg). 

^H(200 MHz. relative to CHCI3 at 7.26 ppm) 5 3.5-3.4 (q. H), 2.45-2.35 (bs, 1 H), 

1.2-1.1 (s, 9 H), 0.9-0.0 (d, 3 H) ppm. 

IR 3644. 3510,2990, 2819, 2214, 1640, 1510, 1503, 1499, 1420, 989, 850, 813, 

619 cm'\ 
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Preparation of fE)-4-Trimethvlsilyl-3-buten-2-ol (55) 
via reduction of (54) with Red-AI 

•^ ^ Red-AI 
Si ^ <" zr-^TT^r^ 

E t 2 0 / 0 0. 

(54) (55) O H 

In a dry, 3-necked, 2-liter, round-bottomed boiling flask equipped with 

magnetic stirrer, thermometer, nitrogen inlet and pressure-equalized dropping 

funnel were placed 150 ml of a 3.4M solution of Red-AI (sodium bis(2-

methoxyethoxy)aluminum hydride, 70% in toluene) and 200 ml of anhydrous ethyl 

ether. This solution was cooled to 0° C In a "salted" ice bath and then treated 

dropwise via the dropping funnel with a solution of 40 g (310 mmol.) of compound 

(54) in 180 ml of anhydrous ethyl ether over 1.25 hr maintaining the temperature at 

5°C or less. Ten minutes after the complete addition, the ice bath was removed and 

the solution was stirred at room temperature for 1 hr At this point, the mixture was 

cooled to 0°C and quenched carefully with 1 liter of 3.6M H2SO4. The two phases 

were then transferred to a separatory funnel and the aqueous phase was extracted 

with 2x100 ml. EtgO. The ether layers were combined and washed with 2x100 ml 

H2O, 2x100 ml satd. NaCI and dried for 24 hr over anhydrous 

MgS04/celite/vegetable charcoal. The solution was then filtered and concentrated 

in vacuo. Distillation of the yellow residue afforded 29.0 g (220 mmol.) of (55) as a 

clear, colorless oil, bp 73-75°C (20 mm Hg). 

^H(200 MHz. relative to CHCI3 at 7.26 ppm) 6 6.1-6.0 (q, 1 H), 5.9-5.7 (d. 1 H). 3.5-

3.4 (q, 1 H), 1.8-1.7 (bs. 1 H), 0.2-0.1 (d, 3 H), 0.1-0.0 (s. 9 H) ppm. 

FTIR 3640, 3505, 2989, 2799, 1644, 1639, 1517. 1461, 1404, 990, 850, 799. 754, 

608 cm\ 
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Preparation of 1-(Trimethylsilvl)-3-methyl-4-oxa-1 5-
heptadiene (56) 

MeaSr 

•OH 

(55) 

OEt 

Me'^ OEt 

TsOH 

CeHe 
"Dean-Stark" Trap 

MeaSr 
Me 

R.T. to REFLUX 

-EtOH 

MeaSr 

(56) 

In a 250 ml 3-necked boiling flask equipped with nitrogen inlet, Dean-Stark 

trap and condenser were placed 8.0 g (56.3 mmol.) of 4-trimethylsilyl-3-butyn-2-ol 

(55), 200 ml of dry benzene, 16.0 g (121.1 mmol.) of propionaldehyde diethyl 

acetal and 100 mg of p-toluenesulfonic acid. This solution was refluxed for 72 hr 

under nitrogen, removing 10 ml aliquots of the benzene-ethanol azeotrope at 4 hr 

intervals and replacing the lost benzene. After 3 days, the solution was cooled to 

room temperature and 40 drops of triethylamine was added. The benzene solution 

was then transferred to a separatory funnel and washed with 2x100 ml satd. 

NaHC03 and then dried over K2C03/celite/vegetable charcoal for 24 hr The 

solution was concentrated in vacuo and purified by column chromatography on 

a 4x44 cm silica gel column using 5:1 petroleum ether:CH2Cl2 as the eluent 

affording a total yield, after combined runs, of 4.8 g (26.4 mmol., 46.7%) of 

compound (56). 

'H(200 MHz, relative to CHCI3 at 7.26 ppm) 6 6.1-5.7 (m, 2.0H), 5.5-5.2 (m, 1 .OH), 

4.5-4.0 (m, 2.OH), 3.8-3.3 (m, 3.0H), 1.2-1.1 (d, 3.0H), 0.1-0.0 (d, 9.0H) ppm. 

IR 3101, 2994, 1681, 1642, 1601, 1549, 1501, 1460, 1399, 972, 800, 749, cm'V 
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Preparation of the 2.5-Dimethvl-3-cvcloDentenol isomers (50a), 
and (50b) via the Tandem Claisen-Sakurai Reaction. 

MeaSr^ 

EfeAICI 
SMGQ 

CH2CI2 

(56) (57a.b) 

10% HCI 
TBAF, 
THF 

(50a,b) 

In a 100 ml two-necked, pear-shaped flask equipped with magnetic stirrer 

and nitrogen inlet were placed 833.5 mg (4.6 mmol.) of the enol ether (56) and 40 

ml of dry CH2CI2. This solution was cooled to 0°C in an ice bath. At this point, 8.0 

ml (8.0 mmol) of 1M (Et)2AlCl in hexanes was added dropwise via syringe. This 

solution was removed from the ice bath and stirred at room temperature for 4 hr 

after which time it was carefully quenched with 10 ml of 10% HCI. The organic 

layer was then separated, concentrated in vacuo and taken up in 10 ml of THF to 

which 1.0 g of tetrabutylammonium fluoride had been added. This solution was 

stirred at room temperature for 2 hr, diluted with 60 ml of ether and washed with 

1x60 ml. H2O and 1x100 ml. of satd. NaHCOg. The organic layer was then dried 

for 24 hr over K2C03/celite/vegetable charcoal. The ether solution was filtered, 

concentrated in vacuo and chromatographed on a 2x40 cm neutral alumina column 

using 90:10 pentane:acetone as the eluent yielding 215 mg (1.9 mmol., 41.8%) of 

a clear colorless oil (50a) and (50b) . Compounds (50a) and (50b) were not 

separated, but were characterized by TLC companson to earlier known authentic 

samples from previous synthetic sequences (i.e., vinylcyclopropyl rearrangement). 
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Preparation of 1.6-Heptadien-4-Qne (59) via Oxidation 
With Pyridinium Dichromate 

OH 

y % 
(58) 

PDC 
Acet9ne/DMF 
25 C./24 Hrs. ^ 

% 

(59) 

In a dry, 3-necked, round-bottomed 250 ml boiling flask equipped with a 

magnetic stirrer, nitrogen source and pressure-equalized dropping funnel were 

placed 10.0 g (26.6 mmol) of PDC in 80 ml of DMF. A solution consisting of 2.0 

g (17.8 mmol) of 1,6-heptadien-4-ol in 20 ml of acetone were added dropwise at 

25°C through the dropping funnel. The resulting dark orange solution was allowed 

to stir for 48 hr at 25°C after which time it was poured into 200 ml of Et20 

containing 5.0 g of Celite"^. This solution was filtered and then washed with 2x100 

ml of pH = 4.00 buffer, 2x100 ml Dl H2O, 2x100 ml satd. NaHC03 and then dried 

for 24 hr over anhydrous K2C03/cellte/vegetable charcoal. This solution was then 

filtered, concentrated in vacuo and chromatographed on a 10 x 46 cm silica gel 

column using 88:12 pentane:ether as the eluent yielding 1.5 g (13.3 mmol., 

74.88%) of (59) as a clear, colorless oil. 

'H(200 MHz, relative to CHCI3 at 7.26 ppm) 6 6.2-5.9 (m, 2.OH), 5.3-5.1 (dd, 4.OH), 

3.4-3.3 (d, 4.0H), ppm. 

IR 3010, 2940, 1732, 1541, 1503, 1399, 1281, 1100, 1098, 1041, 989, 850, 813, 

602, 535 cm'\ 
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Preparation of 1.6-HeDtadien-4-Qne (59) via oxidation 
With Silver Carbonate on Celite 

OH 

(58) 

AgCOb/Celite 
Acetone 
Reflux 24 Hrs. 

In a dry, 3-necked, round-bottomed, 250 ml boiling flask equipped with 

magnetic stirrer, nitrogen source and reflux condenser were placed 2.0 g (17.8 

mmol.) of 1,6-heptadien-4-ol (58), 20.0 g 50% active AgCOg-Celite™ (59.6 mmol 

AgCOa) and 120 ml of dry acetone. This dispersion was refluxed with vigorous 

stirring for 24 hr after which time it was cooled, filtered, poured into 200 ml of EtjO 

and washed with 2x100 ml of satd. NaHC03 in a separatory funnel. The ether layer 

was then dried for 24 hr over anhydrous K2C03/celite/vegetable charcoal after 

which time it was filtered, concentrated in vacuo and chromatographed on a 10 x 

46 cm silica gel column using 88:12 pentane:ether as the eluent yielding 1.74 g 

(15.3 mmol., 87.0%) of (59) as a clear-colorless oil. 
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Preparation of 3.5-Dimethyl-1.6-heptqdien-4-one (60^ 

0 

y K. 
(59) 

1)KH/Cyclohexane 
2) n-BuU 
3) MeOTf/-5tfC. 

In a dry, 250 ml round-bottomed, 3-necked boiling flask equipped with 

magnetic stirrer, nitrogen source and pressure-equalized dropping funnel were 

placed 10.0 g (87.3 mmol.) of a 35% KH dispersion in mineral oil. The KH was 

washed with 2 x 20 ml of pentane via cannula. At this point, 90 ml of cyclohexane 

was added and the dispersion was cooled to 5°C in an ice bath. A solution of 7.4 

g (64.9 mmol.) of the ketone (59) in 46 ml of cyclohexane was added dropwise 

through the dropping funnel and allowed to stir for 2 hr at 5°C To the resulting 

yellow enolate was added 39.7 ml (71.4 mmol.) of a 2M n-BuLi solution in hexanes 

dropwise via syringe. The resulting bright red solution was stirred for 8.0 hr at 

room temperature then cooled to -50°C in a CHClg-dry ice bath. At this point, 40.0 

g (10.0 Eq) of methyl triflate were added via the dropping funnel and the resulting 

solution was allowed to stir for 20 hr while warming up to room temperature once 

more. The bright red color of the dianion faded immediately after the addition of 

the alkylating agent. The reaction was now carefully quenched with 10.0 ml of 

cone. HCI and then poured into 100 ml. of H2O and 100 ml of ether with vigorous 

stirring. The ether layer was separated and stirred vigorously overnight with 100 

ml of satd. NaHCOg to destroy any excess triflate. The ether layer was then 

washed with 2x100 ml pH = 7.00 buffer and dried for 24 hr over anhydrous 

KjCOg/celite/vegetable charcoal. Afterfiltration, and concentration in vacuo. 4.2 g 

97 



of a pale yellow oil were recovered. This material was never purified or identified, 

but two new compounds were evident according to TLC using 95:5 

pentane:acetone as eluent. 
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CHAPTER V 

AB INITIO THEORY AND CALCULATIONS 

Introduction 

The subject of ab initio quantum chemistry has become a major tool for the 

study of molecular problems of structure, stability and reaction mechanisms". 

Quantum mechanics relates molecular properties to the motions and interactions 

of electrons and nuclei. Soon after its conception in 1925," it was clear that solution 

of the Schroedinger differential equation could, in theory, lead to direct quantitative 

prediction of most, if not all, chemical phenomena using only the values of a small 

number of physical constants (Planck's constant, the velocity of light, and the 

masses and charges of the nuclei and electrons). This procedure constitutes an ab 

initio approach to chemistry, independent of any other experiment other than 

determination of these constants.̂ ^ 

Quantum Mechanical Principles 

Born-Oppenheimer Approximation 

This approximation is based on the fact that the nuclei are so much heavier 

than the electrons that they must move slowly.̂ *̂' For the purpose of calculation the 

nuclei are fixed In space and the electronic wave functions are calculated 

independently. 

Time Independent Schroedinger Equation *̂* 

The total energy of a system is composed of its kinetic and potential energy. 

The Hamiltonian (H) is the operator used to find the total energy. The Schroedinger 

equation is shown below where H is an operator which operates on a function UJ 

called the eigenfunction and yields a constant E which represents the eigenvalue 

(the energy). This equation becomes very complicated with 
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multinuclear systems so approximations are made. The Born-Oppenheimer 

approximation is used here. 

H ^ = E4' (Eq. 5.1) 

Transition State Theory 

The time independent Schroedinger equation is fine for the stationary state 

of a molecule, but to describe a state which is evolving with time as it undergoes 

a chemical reaction one commonly uses the transition state theory. The barrier 

between the reactants and the products are discussed in terms of geometrical 

changes as the reaction progresses. At some specific geometry the free energy 

of a systemreaches a maximum. This encountered geometry is considered a state 

(hence the term transition state theory). 

Variational Principle 

The variational phnciple"*" states that energy constructed from an exact 

Hamiltonian and an arbitrary wave function is always greater than or equal to the 

true energy represented by that Hamiltonian. It uses an approximate wave function 

that contains parameters that can be varied. The energy is constructed as a 

function of these parameters. The parameters are then varied to minimize the 

energy. It has been observed that within a series of calculations for different 

molecules at a particular level, errors due to approximations often cancel leading 

to useful comparisons. 

Hartree-Fock Method 

Treatment of many electron atoms are based on an approximation where it 

is assumed that each electron moves independently in a sphehcally averaged field 

arising from the nucleus and the other electrons."'* The orbital coefficients for one 

electron are solved with the potential calculated from the assumed distribution of 

the others. The calculated distribution of this electron is then incorporated in the 
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approximate field and another electron is solved for in this new field and so on. 

The cycle Is continued until the results from one end of the iteration agree with 

those of the preceeding iteration. This procedure was developed by D. R. Hartree 

in 1928 and is called the Self Consistent Field. The three main approaches to 

finding a Hartree-Fock SCF wave function are (1) molecular orbital, (2) valence 

bond and (3) semiempirical calculations. Molecular orbital and valence bond 

calculations are termed ab-initio techniques (from first principles). The semi-

empirical approach neglects some weak interactions between electrons and often 

holds the core electrons fixed, thus saving computer time. MlNDO/3, MNDO and 

AMI are among the semi-empirical methods. 

An HF wave function is based upon a single electronic configuration. It 

neglects electron correlation and does not reflect mixing from higher excited states. 

A consequence of this is that HF theory provides a better description of the 

equilibrium geometry of a molecule than it does of a distorted geometry or higher 

energy transition state. 

LCAO-MO 

Starting with a set of atomic orbitals (AO's) on each atom, linear 

combinations (Eq. 5.2) are used to construct a set of molecular orbitals (MO's). For 

use in an SCF calculation, the wave function is the product (Eq. 5.3) of MO's. 

N 
Ti = Z cpi Oi (Eq. 5.2) 

M=1 

N 
4^ = n Sj Vj (Eq. 5.3) 

i=1 

For computational convenience, each AO is represented by a set of 

Gaussian functions. The coefficients of each Gaussian in each AO of each MO 
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can be varied in each calculation. It is also common to vary some sets of 

Gaussians together. For example, for the 6-31G* basis set, six Gaussians (varied 

together) represent the core Is orbital. The 2s, 2px, 2py and 2pz valence orbitals 

are each represented by three Gaussians varied together and one varied 

independently. The star implies that the d orbitals are used to allow for polarization 

of electron density around an atom. 

Electron Correlation 

The most serious problem with HF theory is electron correlation."" One 

electron never sees a smear of the other electrons but sees each one in motion. 

It can minimize its energy by moving away from an electron that is coming towards 

it. Thus the motion of electrons is correlated. The Moller-Plesset corrections (MP2, 

MP3, MP4) based on the perturbation theory are available to compensate for this 

once a Hartree-Fock SCF wave function is obtained. Other methods available are 

configurational interaction (CI) or the multi configurational self consistent field (MC-

SCF). 

Transition States^^ 

The geometries of stable molecules can be determined accurately by 

spectroscopic and synthetic techniques. The geometries of transition states, on the 

other hand, can be obtained only from a theoretical calculation, since reacting 

molecules in general, do not remain near their transition states long enough to be 

accurately measured. Yet, the structure and energy of the transition state can 

determine the stereochemical outcome of the reaction and the reaction rate. Its 

potential surface influences the distribution of energy in products and its force 

constants account for isotope effects. It can be solvent stabilized or destabilized, 

aromatic or anti-aromatic, acidic or basic. Thus the knowledge of the transition 

state geometry is very important in understandinding the stereochemical outcome 

and the mechanism of the reaction. The activation energy, the lowest possible 

energy barrier between reactants and products, is an observable property of the 
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transition state. It can be compared to the calculated energy difference between 

reactants and transition state. 

In chemistry important geometrical structures are stationary points on the 

potential energy surface, i.e., where 6E/6Xi=0 (zero potential energy gradient for 

all coordinates of Xi) or more simply, it means the slopes are of zero magnitude. 

The reactants, products and the transition states lie at these stationary points. 

Potential energy minima are a special kind of stationary point in that the potential 

energy curvature must be positive along any direction. The curvature of a surface 

is measured by the second derivatives Fij=62E/6Xi6yi.The transition state is another 

special kind of stationary point on the potential energy surface. Here there is only 

one independent direction of negative curvature. This means the force constant 

matrixof the transition state must have one and only one negative eigenvalue. 

Ground state ab initio molecular orbital calculations were done on 3-

cylcopentenone (30) (Figure 5.1) and the cis- and frar7S-2,5-dimethyl-3-

cyclopentenones (39a), (39b), Figures 5.2 and 5.3, respectively. 

Symbolic Z-matrices for all three compounds (30, 39a and 39b) were derived 

using models to obtain approximate bond distances and bond angles (see Figure 

5.1). Optimized ground state energies and geometries were calculated first, at the 

RHF (restricted Hartree Fock) ST0-3G level. Calculations were done under the 

constraint of CjV symmetry (i.e., as a planar molecule); however, the second 

derivative (vibrational) calculation verified that these are indeed local minima. 

Using the optimized geometry derived at the ST0-3G level, the 

energies/geometries for (30), (39a and 39b) were optimized at the RHF 3-21G level 

of theory. The energy/geometry for (10) was also calculated at the RHF 6-31G* 

level. The fundamental infrared vibrational frequencies were calculated for all three 

compounds (30, 39a and 39b) at the RHF ST0-3G level of theory. Fundamental 

infrared vibrational frequencies for compound (30) were also derived at the RHF 3-

21G level. Table 5.1 defines subsequent tables which summarize the scope of all 

the ground state calculations at the three levels of theory. 
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Table 5.1 

Contents of Subsequent Chapter 5 Tables 

Table Contents 

5.2 Symbolic Z matrix for (30), RHF ST0-3G 

5.3 Symbolic Z matrix for (39a), RHF ST0-3G 

5.4 Symbolic Z matrix for (39b), RHF ST0-3G 

5.5 Optimized geometry/energy for (30), RHF ST0-3G 

5.6 Optimized geometry/energy for (39a), RHF ST0-3G 

5.7 Optimized geometry/energy for (39b), RHF ST0-3G 

5.8 

5.9 

5.10 

5.11 

5.12 

5.13 

5.14 

5.15 

Optimized geometry/energy for (30), RHF 3-21G 

Optimized geometry/energy for (39a), RHF 3-21G 

Optimized geometry/energy for (39b), RHF 3-21G 

Optimized geometry/energy for (30), RHF 6-31G* 

Vibrational frequencies for (30), RHF ST0-3G 

Vibrational frequencies for (39a), RHF ST0-3G 

Vibrational frequencies for (39b), RHF ST0-3G 

Vibrational frequencies for (30), RHF 3-21G 
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Figure 5.1 Ketone (30) 

Table 5.2 Symbolic Z matrix for (30), RHF ST0-3G 
O 
C 
C 
C 
C 
C 
H 
H 
H 
H 
H 
H 

1 R1 
2 R2 1 A2 
2 
3 
4 
6 
5 
3 
3 
4 
4 

R2 1 /\2 3 
R3 
R3 
R4 
R4 
R5 
R5 
R5 
R5 

2 
2 
5 
6 
5 
5 
6 
6 

180.0 0 
0 A3 1 180.0 

A3 1 180.0 0 
A5 3 180.0 0 
A5 4 180.0 0 
A4 8 -D8 0 
A4 8 D8 0 
A4 7 D8 0 
A4 7 -D8 0 

R1 
R2 
R3 
R4 
R5 

1.2148 
1.5527 
1.5205 
1.0819 
1.0903 

A2 125.9766 
A3 102.6719 
A4 112.4432 
A5 125.9766 
D8 -60.6957 
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Figure 5.2 Ketone (39a) 

Table 5.3 Symbolic Z matrix for (39a), RHF ST0-3G 
0 
C 1 R1 
C 2 R2 1 /\2 
C 2 R2 1 / ^ 
C 3 R3 2 
C 4 R3 2 
C 3 R6 5 
C 4 R6 6 

3 Dl 

H -̂  Pfi fi A.̂  

A3 1 D2 
A3 1 D2 
A4 6 D8 
A4 5 -D8 

n^ 

0 
0 
0 
0 
0 

SL 
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Table 5.3 (Continued) 

H 4 R5 
H 8 R7 
H 8 R8 
H 8 R9 
H 7 R7 
H 7 R8 
H 7 R9 
H 5 RIO 
H 6 RIO 

R1 1.215 
R2 1.5581 
R3 1.5237 
R5 1.0926 
R6 1.5467 
R7 1.0861 
R8 1.0862 
R9 1.0862 
RIO 1.0819 

6 
4 
4 
4 
3 
3 
3 
6 
5 

/\2 125.6561 
A3 101.9966 
A4 113.9307 
A.S 1inR4r:iR 

A5 5 
A6 10 
A7 10 
A8 10 
A6 9 
A7 9 
A8 9 
A9 4 
A9 3 

AT 
A8 
A9 
Dl 
D2 
D3 
D4 

-D4 
D9 
D10 

-D11 
D9 
D10 

-D11 
D3 
D3 

A6 

0 
0 
0 
0 
0 
0 
0 
0 
0 

110.907 
110.3725 
110.1256 
125.4821 
180.000 
179.8965 
179.9341 
116.6062 

D8 
D9 
D10 
D11 

-120.9779 
179.2025 
59.0811 
60.700 

'cmA 

-̂̂  / : - ' 

••• . h -
-..,^^.:....s^5 

Xr \ ^ 
•••• .: ^ : i . ^ 

Ŝr 

Figure 5.3 Ketone (39b) 
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Tat 

0 
C 
C 
C 
C 
C 
C 
C 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

R1 
R2 
R3 
R5 
R6 
R7 
R8 
R9 
RIO 
A2 
A3 
A4 
A5 

)le 5.4 

1 R1 
2 R2 
2 R2 
3 R3 
4 R3 
3 R6 
4 R6 
3 R5 
4 R5 
8 R7 
8 R8 
8 R9 
7 R7 
7 R8 
7 R9 
5 RIO 
6 RIO 

1.2159 
1.5424 
1.5286 
1.0877 
1.5794 
1.0877 
1.0877 
1.0877 
1.0817 

Symbol 

1 
1 
2 
2 
5 
6 
5 
6 
4 
4 
4 
3 
3 
3 
6 
5 

126.1984 
103.5256 
113.8453 
110.8438 } 

A2 
A2 
A3 
A3 
A4 
A4 
A5 
A5 
A6 
A7 
A8 
A6 
A7 
A8 
A9 
A9 

ic Z matrix for (39b), RHF ST( 

3 Dl 0 
1 D2 0 
1 D2 0 
6 D8 0 
5 D8 0 
6 D4 0 
5 D4 0 

10 D9 0 
10 D10 0 
10 -D11 0 
9 D9 0 
9 D10 0 
9 -D11 0 
4 D3 0 
3 D3 0 

A6 113.8453 
A7 113.8453 
A8 113.8453 
A9 126.1984 
D1 180.0000 
D2 180.0000 
D3 180.0000 
D4 122.9418 
D8 -122.9418 
D9 180.0000 
D10 60.0000 
D11 60.0000 
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Table 5.5 Optimized geometry/energy for (30), RHF ST0-3G 
Angstroms and degrees 

NAME VALUE 

R1 
R2 
R3 
R4 
R5 
A2 
A3 
A4 
A5 
D8 

1.2146 
1.5535 
1.5198 
1.0818 
1.0904 

126.0153 
102.6972 
112.4617 
125.5353 
-60.7000 

Dipole Moment: 1.8221 Debye 
Energy, E(RHF): -264.327546603 A.U. 

Table 5.6 Optimized geometry/energy for (39a), RHF ST0-3G 
Angstroms and degrees 

NAME VALUE NAME VALUE 

R1 
R2 
R3 
R5 
R6 
R7 
R8 
R9 
RIO 
A2 
A3 
A4 

A5 

1.215 
1.5582 
1.5236 
1.0926 
1.5466 
1.0861 
-1.0862 
1.0862 
1.0819 

125.6597 
101.9985 
114.0124 

110.7796 

A6 
A7 
A8 
A9 
D1 
D2 
D3 
D4 
D8 
D9 
D10 
D11 

110.9268 
110.2486 
110.2404 
125.4805 
179.9188 
179.9988 
180.0126 
115.9880 
-121.5849 
180.0118 
59.8994 
59.8874 

Energy, E(RHF): -341.489305298 A.U. 
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Table 5.7 Optimized 

NAME 

R1 
R2 
R3 
R5 
R6 
R7 
R8 
R9 
RIO 
A2 
A3 
A4 

A5 

geometry/energy for (39b), RHF ST0-3G 
Angstroms and degrees 

VALUE 

1.215 
1.5581 
1.5237 
1.0926 
1.5467 
1.0861 
1.0862 
1.0862 
1.0819 

125.6561 
101.9966 
113.9307 

110.8438 

NAME 

A6 
A7 
A8 
A9 
Dl 
D2 
D3 
D4 
D8 
D9 
D10 
D11 

VALUE 

110.9070 
110.3725 
110.1256 
125.4821 
180.0000 
179.8965 
179.9841 
116.6062 

-120.9779 
179.2025 
59.0811 
60.7002 

Dipole moment: Not calculated. 
Energy, E(RHF): -341.489288854 A.U. 
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Table 5.8 Optimized geometry/energy for (30), RHF 3-21G 
Angstroms and degrees 

NAME VALUE 

R1 
R2 
R3 
R4 
R5 
A2 
A3 
A4 
A5 
D8 

1.2053 
1.5330 
1.5133 
1.0696 
1.0850 

125.7443 
103.0219 
112.4617 
125.9766 
-61.4242 

Dipole Moment: 2.9883 Debeye 
Energy, E(RHF): -266.180282496 A.U. 

Table 5.9 Optimized geometry/energy for (39a), RHF 3-21G 

NAME 

R1 
R2 
R3 
R5 
R6 
R7 
R8 
R9 
RIO 
A2 
A3 

Angstroms and degrees 

VALUE 

1.2068 
1.5327 
1.5116 
1.0857 
1.5421 
1.0835 
1.0834 
1.0884 
1.0705 

125.3145 
102.3117 

NAME 

A6 
AT 
A8 
A9 
Dl 
D2 
D3 
D4 
D8 
D9 
D10 

VALUE 

110.2715 
110.1815 
110.1769 
125.1214 
181.7412 
180.0003 
180.0009 
117.4324 
-118.1369 
180.0323 
60.0808 
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Table 5.9 (Continued) 

Angstroms and degrees 

NAME VALUE NAME VALUE 

A4 113.7979 D11 
A5 111.9128 

Dipole moment: 2.8486 Debye 
Energy, E(RHF): -343.825331353 A.U 

60.0211 

Table 5.10 Optimized geometry/energy for (39b), RHF 3-21G 

NAME 

R1 
R2 
R3 
R5 
R6 
R7 
R8 
R9 
RIO 
A2 
A3 
A4 

A5 

Angstroms and degrees 

VALUE 

1.2068 
1.5325 
1.5118 
1.0857 
1.5423 
1.0835 
1.0839 
1.0830 
1.0705 

125.3063 
102.3018 
113.7521 

111.9168 
Dipole moment: Not calculated. 

NAME 

A6 
A7 
A8 
A9 
Dl 
D2 
D3 
D4 
D8 
D9 
D10 
D11 

Energy, E(RHF): -343.825287174 A.U. 

VALUE 

110.2475 
110.6346 
109.7104 
125.1303 
180.0000 
179.7448 
179.3689 
117.3462 

-118.2396 
178.6901 
58.6462 
61.4283 
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Table 5.11 Optimized geometry/energy for (30), RHF 6-31G* 
Angstroms and degrees 

NAME VALUE 

R1 
R2 
R3 
R4 
R5 
A2 
A3 
A4 
A5 
D8 

1.1873 
1.5275 
1.5062 
1.0745 
1.0867 

125.5911 
102.8786 
113.5371 
124.7224 
-61.2059 

Dipole Moment: 3.0756 Debye 
Energy, E(RHF): -267.678197508 A.U. 

Table 5.12 Vibrational frequencies for (30), RHF ST0-3G 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

cm" 

107.1013 
435.9369 
512.9725 
516.1038 
689.6781 
824.3378 
891.6187 
925.0985 
1026.6127 
1133.9363 
1141.9503 
1183.4096 
1189.5250 
1311.7926 
1352.4142 

NUMBER 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

cm' 

1356.5218 
1398.4624 
1557.1166 
1576.5414 
1627.9644 
1792.6617 
1794.9168 
2050.0678 
2146.9426 
3587.2276 
3589.6166 
3695.1153 
3696.5723 
3719.7302 
3755.5941 
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Table 5.13 Vibrational frequencies 
Kl 1 1 R/l D C O —̂  : i 
N U M D C K 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

cm 

54.1428 
210.0531 
225.2143 
227.5416 
236.2271 
299.9927 
371.7232 
563.8372 
635.4889 
647.8072 
723.0239 
859.6485 
863.2026 

931.13396 
1051.6699 
1063.1126 
1158.5350 
1187.6323 
1232.6790 
1261.5238 
1283.6560 
1294.9767 
1328.7554 
1337.4355 

for (39a), RHF ST0-3G 

NUMBER c m ' 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

1378.9859 
1541.0490 
1561.9424 
1570.6267 
1605.1298 
1658.8182 
1725.6198 
1728.5986 
1829.3741 
1829.8150 
1832.6596 
1833.4578 
2047.3557 
2142.1860 
3568.0995 
3568.1924 
3614.3221 
3616.1995 
3715.6687 
3751.6468 
3751.7917 
3752.2352 
3753.9207 
3754.0957 

Table 5.14 Vibrational frequencies for (39b), RHF ST0-3G 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

cm" 

54.6369 
213.0784 
227.8591 
227.8788 
243.7530 
287.7116 
384.4056 
531.7197 
579.9237 
712.7786 
774.4925 

NUMBER 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

c m ' 

1385.8805 
1541.7847 
1552.0486 
1578.3836 
1604.1594 
1659.5149 
1726.8195 
1727.1397 
1829.2571 
1829.6522 
1833.1019 
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Table 5.14 (Continued) 

12 844.8784 36 1833.1282 
13 857.6863 37 2047.4150 
14 917.7565 38 2142.2991 
15 1053.8050 39 3568.1602 
16 1061.9020 40 3568.1885 
17 1163.1138 41 3615.2708 
18 1185.2524 42 3615.2881 
19 1207.4392 43 3715.6592 
20 1279.2154 44 3751.5634 
21 1280.9887 45 3751.7917 
22 1298.5247 46 3752.1151 
23 1327.6180 47 3754.1796 
24 1334.3673 48 3754.1841 

Table 5.15 Vibrational frequencies for (30), RHF 3-21G 
NUMBER cm' NUMBER cm" 

1 170.7301 16 1298.9403 
2 430.3398 17 1351.6370 
3 487.4482 18 1427.1201 
4 551.6522 19 1429.7184 
5 657.1876 20 1524.8674 
6 783.1614 21 1608.223 
7 836.8893 22 1613.9207 
8 850.4943 23 1864.5582 
9 936.7716 24 1904.7799 
10 996.1349 25 3167.9984 
11 1001.2536 26 3170.1227 
12 1129.5263 27 3197.4101 
13 1170.8108 28 3198.1682 
14 1185.7945 29 3261.0257 
15 1288.6449 30 3292.2497 
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Transition State Calculations 

/\b-initio transition state calculations were started on the parent compound, 3-

cyclopentenone (30) using the RHF 6-31G* Basis set These calculations were 

done by holding the C2-C3 and C2-C4 bond distances (R2) constant and allowing 

the geometry (all other bond distances and angles are variables) to optimize and 

the SCF energy to converge. These calculations were then repeated, stretching 

(R2) in each succesive calculation. From this data (energies), a reaction coordinate 

may be plotted indicating the transition state at the maxima of the curve. 

Calculations approximating a conrotatory transition state would not converge. 

Data from calculations approximating a disrotatory transition state for the 

cheleotropic fragmentation of (30) are listed in Table 5.16. The reaction coordinate 

is plotted in Figure 5.4. 

Table 5.16 Bond Length versus Energy for the Cheleotropic Fragmentation of 
(30) 

R2A 

1.3582 

1.8582 

2.0582 

2.1582 

2.2582 

2.3082 

2.3300 

E(Kcal/mol) 

0 

32 

56 

84 

110 

121 

87 

116 
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Figure 5.4 
Plot of Bond Length versus Energy for the Transition State of (30) 
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CHAPTER VI 

RESULTS AND DISCUSSION 

Vacuum Pvrolvsis of c/s-2.5-dimethvl-3-cyclopentenone. cis-. 
fraA7s-2.4-hexadiene and frans-.frans-2.4-hexadiene. 

The vacuum pyrolysis of c/s-2,5-dimethyl-3-cyclopentenone was done at 540' 

C, 560° C and 580° C The results are listed in the tables below. 

Table 6.1 GC Integration Report: Ketone (39a) Pyrolysis at 540° C. 

Hexadiene 

1,3-hexadiene 

t,t-2,4-hexadiene 

c,t-2,4-hexadiene 

Integration Report 

2.6 % 

7.7 % 

Trace 

% of Hexadiene 

Normalized 

75.0 

23.5 

Trace 

Table 6.2 GC Integration Report: Ketone (39a) Pyrolysis at 560° C. 

Hexadiene 

1.3-hexadiene 

t.t-2.4-hexadiene 

c.t-2.4-hexadiene 

Integration Report 

13.7% 

34.6 % 

6.5 % 

% of Hexadiene 

Normalized 

25.0 

63.1 

11.9 
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Table 6.3 GC Integration Report: Ketone (39a) Pyrolysis at 580° C. 

Hexadiene 

1,3-hexadiene 

t,t-2,4-hexadiene 

c,t-2,4-hexadiene 

Integration Report 

9.4 % 

81.3% 

1.5 % 

% Of Hexadiene 

Normalized 

10.3 

88.0 

1.7 

As can be seen from Tables 6.1, 6.2 and 6.3, 1,3-hexadiene, trans-.trans-

2,4-hexadiene and c/s-,/rans-2,4-hexadiene are formed at all three temperatures. 

In each case the predominate hexadiene is /raA7s-,frans-2,4-hexadiene which would 

indicate that the disrotatory ring opening is the favored mode for the thermal 

decomposition of cis-2.5-dimethyl-3-cyclopentenone with a possible linear loss of 

carbon monoxide. Note that in each case 1,3-hexadiene is formed with the trend 

showing an increase up to 560° C and then dropping off at 580° C. One would 

expect more 1,3-hexadiene to be formed at the higher temperature. This might, in 

fact, be the case, as more non-soluble oligimeric or polymeric material was formed 

on the inside of the Vycor tube at the higher temperature as it is a well known 

fact" that unsubstituted vinyl groups are more readily polymerized than substituted 

ones. I do not know that an upper limit for 1,3-hexadiene formation, via thermal 

pyrolysis can be set, as 1 believe it probably undergos further reactions as it is 

formed (i.e. polymerization. The formation of c/s-,rrar7S-2,4-hexadiene does not 

follow a trend either, as the amount increases up to 560° C and then drops off at 

580° C. Control pyrolysis of /rans-,fraA?s-2,4-hexadiene show: that at the 

temperatures required for pyrolysis that the fraA7s-,frans-2,4-hexadiene is 

isomerized to the c/s-,/raA7S-2,4-hexadiene and then on to the 1,3-hexadiene via 

a [1,5] sigmatropic rearrangement 
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Control pyrolysis of fraA7s-,/ra^s-2,4-hexadiene was done at 520°. 540°. 560° 

and 580° C yielding /raA7s-,/rans-2,4-hexadiene, small amounts of c/s-,/raA7s-2,4-

hexadiene and the expected 1.3-hexadiene as shown in Tables 6.4 - 6.8. 

Table 6.4 GC Integration Report: frans-,/raA7s-2,4-hexadiene at 520° C. 

Hexadiene 

t,t-2,4-hexadiene 

1,3-hexadiene 

c,t-2,4-hexadiene 
1 

Integration Report 

7.2% 

0.9% 

Trace 

% of Hexadiene 

Nomialized 

89.0 1 

11.0 

Table 6.5 GC Integration Report: frans-,fraA?s-2,4-hexadiene at 540° C. 

Hexadiene 

t,t-2,4-hexadiene 

1,3-hexadiene 

c,t-2,4-hexadiene 

integration Report 

13.6 % 

3.3 % 

Trace 

% of Hexadiene 

Normalized 

81.0 

19.0 

^^ —1 
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Table 6.6 GC Integration Report: /ra/?s-,frans-2,4-hexadiene at 560° C. 

Hexadiene 

t,t-2,4-hexadiene 

1,3-hexadiene 

c,t-2,4-hexadiene 

Integration Report 

25.6 % 

9.9 % 

0.5% 

% of Hexadiene 

Nomialized 

71.3 

27.3 

1.4 

Table 6.7 GC Integration Report: fraA7s-,frans-2,4-hexadiene at 580° C. 

Hexadiene 

t,t-2,4-hexadiene 

1,3-hexadiene 

c,t-2,4-hexadiene 

Integration Report 

5.3 % 

1.9% 

0.6% 

% of Hexadiene 

Normalized 

67.8 

24.0 

8.2 

As can be seen from the tables, the expected trends are followed in the 

pyrolysis of frar7S-,fra/7S-2,4-hexadiene. Very little c/s-,fraA7s-2,4-hexadiene is 

formed at the lower temperatures, with not much more being formed at the two 

higher temperatures. The formation of 1,3-hexadiene increases as the 

temperatures increase, again leveling of at 580° C. This leveling off, again, I feel 

can be attributed to subsequent polymerization. 
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Results of the MPIR Photolysis of c/5?-2.5-Dimethvl 
-3-cvclopentenone 

In the most successful MPIR photolysis of c/s-2,5-dimethyl-3-cyclopentenone 

the diffraction grating of the laser was set at 6595, which corresponds to the 9P26 

line of the CO2 laser. This is in the 00°1 - 02°0 transition and is at 1041 cm'V The 

optimum voltage displayed on the volt meter at this grating setting was 0.134 volts 

which corresponds to 142 watts or 142 Js\ This also corresponds to 14.2 

joules/pulse at 10 Hz. 

Unlike the vacuum pyrolysis of c/s-2,5-dimethyl-3-cyclopentenone, the MPIR 

photolysis gave only the ^rans-,/rans-2,4-hexadiene and carbon monoxide as the 

products. This result was verified by taking the gas phase spectra of the starting 

ketone in the gas cell (Figures 6.2-6.4) and subtracting it from the gas phase 

spectra of the gas cell after it had been irradiated with 1,000 focused IR laser 

pulses at the aforementioned power settings. This "difference" spectra (Figure 6.4 

reproduced at the end of this chapter) shows the formation of carbon monoxide at 

2143.2 cm'\ the disappearance of the ketone carbonyl stretching frequency at 1724 

cm*̂  and other peaks and finally the appearance of the diene absorption 986.7 cm'V 

After the MPIR photolysis, the material in the gas cell was condensed into a 

sample tube using liquid nitrogen and a series of vacuum manifold manipulations. 

This material was compared to authentic frans-frar7s-2,4-hexadiene and cis-,trans-

2,4-hexadiene using gas chromatographic and IR techniques (Figures 6.5-6.7). 

Isothermal gas chromatograph runs were done at three different temperatures and 

in each case the retention time of the MPIR product matched the retention time of 

the authentic trans-,trans-2,4-hexa6\ene perfectly. The three temperatures were 

60°, 80° and 100° C. In any case, the c/s-frans-2,4-hexadiene has a 2.0 - 2.5 minute 

faster retention time than the frans-,frar7S-2,4-hexadiene. No peaks corresponding 

to the c/s-fraA7S-2,4-hexadiene were ever found in any of the gas chromatographic 

analyses, in fact the only peak found in the MPIR residue was that which 

corresponded to the frar7S-,frans-2,4-hexadiene. When c/s-2,5-
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dimethyl-3-cyclopentenone undergos a disrotatory ring opening it is possible to 

form c/s-,c/s-2,4-hexadiene, even though this would invoke a most sterically 

demanding transition state. If this material were present, it should in theory have a 

retention time faster than that of the cis-,trans- and frans-,̂ rar7s-dienes as its boiling 

point is 2.0° lower than that of the c/s-,frar7s-diene and 4.0* lower than that of the 

trans-,trans-6\ene. Again no other peaks were present in the gas chromatographic 

traces. 

Regardless, as can be seen from all the experimental results, MPIR provides 

a much cleaner method and greater stereochemical insight into product formation 

than its thermal pyrolytic counterpart as none of the competing thermal side 

reactions come into play. 

What was predicted by Woodward and Hoffman twentyfive years ago with 

respect to the thermal stereochemistry of this most interesting class of reactions 

can now be confirmed and that is that the disrotatory mode of ring opening is 

preferred. 
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Assignment of cis- Stereochemistry to c/s-2.5-Dimethvl 
-3-cvclopentenone (39a) 

In the dialkylation of 4-thianone (26) with LDA and methyliodide , the c/s-2,6-

dimethyl compound (35a) is the favored product. The ratio of cis- to trans- was 

usually 8:1. Nevertheless, it is not possible to elucidate the stereochemistry of the 

dialkylated ketone due to the symmetry of the two products. The c/s-2,6-dimethyl-4-

thianone possesses Ĉ  symmetry while the trans-isomer possesses C2 symmetry. 

For both the cis- and trans- Isomers of 2,6-dimethyl-4-thianone (35a and 35b), the 

methyl groups are equivalent by symmetry. Thus neither ^H or^^C-FTNMR can 

distinguish the two isomers. It was necessary to validate the stereochemistry of 

methyl groups at the ketal stage of the synthetic sequence. Although the two 

respective ketals possess the same symmetry as their ketone analogues, the 

environmental effects around the methylene carbons in the ketal bridges are 

c 
90O 

1 3 c NMR 
A = B 

13c NMR 

A' F B' 
Figure 6.1 

Assignment of cis-stereochemistry 

different in the two isomers. The ketal ring is in a plane that is perpendicular to the 

plane of the ring bearing the sulfur (Figure 6.1). 
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In a HETCOR (Figure 6.8) analysis of the cis-, the Ĥ NMR, the methylene 

protons appear as a singlet, but in the ^̂ C portion of the spectrum the carbons that 

these protons correlate with appear as two lines, since they are not in identical 

environments. In the ^̂ C spectra of the trans-isomer the two carbons appear as one 

line since they are in identical environments. This again, is a consequence of the 

different symmetries. 
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Table 6.8 Experimental versus Calculated IR Vibrational Frequencies of (39a) 

Experimental IR Frequencies cm-̂  

699.9 

711.2 

743.8 

895.3 

1005.1 

1065.0 

1146.3 

1376.2 

1453.6 

1462.0 

1587.0 

17241 

2950.0 

2980.4 

Calculated IR Freq 

54.1428 

210.0531 

225.2143 

227.5416 

236.2271 

299.9927 

371.7232 

563.8372 

635.4889 

647.8072 

723.0239 

859.6458 

863.2026 

931.1339 

1051.6699 

1063.1126 

1158.5350 

uencies cm'̂  

1378.9859 

1541.0490 

1561.9424 

1570.6267 

1605.1298 

1658.8182 

1725.6198 

1728.5986 

1829.3741 

1829.8150 

1832.6596 

1833.4578 

2047.3557 

2142.1860 

3568.0995 

3568.1924 

3614.3221 
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Table 6.8 (Continued) 

Experimental IR Frequencies cm'̂  

1246.8 

Calculated IR Freauencies cm ^ 

1187.6323 

1232.6790 

1261.5238 

1283.6560 

1294.9767 

1328.7554 

1337.4355 

3616.1995 

3715.6687 

3751.6468 

3751.7917 

3752.2352 

3753.9207 

3754.0957 
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