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Squire, David J., M.S., February 1996 Chemistry

Investigation of Carbene / Allene Reaction Pathways

Director: Edward E. Waali

A kinetic study of the singlet state cycloheptatrienylidene (1) -cycloheptatetraene (9) 
system was undertaken. The sodium salt of tropone tosylhydrazone was heated in the 
presence of /7-butyl alcohol and 1,3-diphenylisobenzofuran. Two isomers of the DIBF 
product (14) were discovered, separated by chromatographic methods, and their 
structures elucidated by 2-D COSY NMR and computer modeling programs. The 
presence of bitropyl (24) was discovered in the course of this work. The formation of 
several DIBF products, the use of a heterogeneous mixture, and the possible presence of a 
third intermediate made a kinetic conclusion impossible.
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INTRODUCTION

Reactive intermediates are integral parts of chemical reactions which do not 

proceed by single-step concerted mechanisms. By studying the kinetics of reactions, 

chemists may gain knowledge of reactive intermediates and mechanistic pathways.

This work studied two potential reactive intermediates, a carbene and an allene. It 

is the focus of this work to obtain kinetic data which might indicate whether a particular 

reaction occurs by way of one or both of these reactive intermediates.



1.1. Carbene Chemistry

1.1.1. Generation of Carbenes

Carbenes are highly reactive intermediates which contain divalent carbon atoms 

and two non-bonding electrons. ̂  Two ways of generating carbenes are via a-elimination 

(Equations 1,2; Section 1.1.1.1.) and decomposition of certain tt-systems (Equations 

3,4,5; Section 1.1.1.2.).

1.1.1.1. oc-Elimination: net loss of HCl from the same carbon results in the production of 

the carbene.

H

R i Ç Cl

R:

-i-r
Ri-------0 ------ Cl

R2

-Cf
If

Ri-------C

R2

A classical example of a-elimination to generate carbenes is the treatment of

chloroform with a hydroxide ion to yield dichlorocarbene (Equation 2).



H

C l Ç  Cl

Cl

NaOH
water

C l C  Cl

Cl

-Cl

C l c

Cl

(2)

1.1.1.2. Decomposition of Compounds Containing Certain tt-Systems.

General Reaction:

Rf
h v  or \

therm olysis c :  + z

R2 R2

(3)

The two most important ways of generating the carbene via a decomposition 

pathway are exemplified in Equations 4 and 5.



a. decomposition of diazomethanes (Equation 4)

Ri +Na
^ C = N — NTs — ^ 6=N==N: + NaTs 

/  W O '
R2

hv or A

R-
\

R^
C: + N = N :

(4)

Ts =  SO2 — C 7—CH

b. photolysis of ketenes

Ri

/
hv

or A

Ri

C: + ;C: O: (5)

1.1.2. Two Electronic States of Carbenes

Two predominant electronic states are possible for carbenes, including the singlet 

state carbene (Figure 1-1) in which the electrons are paired with opposite spins in the 

same orbital leaving an empty p  orbital, and the triplet state carbene (Figure 1-2)

where the unpaired electrons (having the same spin) occupy two different orbitals. Triplet 

carbenes, in Figure 1-2, exhibit approximately sp hybridization character.



Rc

Figure 1-1 Figure 1-2
Singlet State Carbene Triplet State Carbene

Normally, singlet state carbenes are less stable than their triplet counterparts. This 

is due to electron-electron repulsion that is relieved in the triplet. Hund's Rule dictates 

that the ground state of the lowest electronic configuration of an atom will be the one 

having the greatest multiplicity.^

1.1.3. Reactions of Carbenes

Two types of carbene reactions germane to the current study are the addition 

reaction (Section 1.1.3.1.) and the insertion reaction.^

1.1.3.1. The Addition Reaction of Carbenes

One of the best-studied reactions of carbene intermediates is their addition to 

alkenes generating cyclopropanes. The addition of singlet state carbene intermediates to 

alkenes occur stereospecifically (Equation 6). A singlet state carbene adding to a cis 

alkene will generate the cis cyclopropane. The triplet state carbene intermediates add 

nonstereospecifically to alkenes to generate cyclopropanes (Equation 7). This lack of



stereospecificity is determined just before intersystem crossing (ISC). Initially, the triplet 

state carbene adds to the double bond. Once the intermediate is formed, rotation about the 

single bonds of the carbons becomes possible. The orientation of the carbon atoms (in 

relation to one another before ISC) will determine the stereochemistry of the products. 

Once ISC occurs, the singlet state electrons will couple and form both cis and trcms 

products. In the case of the singlet state carbene, no rotation about the bonds is possible 

because of the rigidity of the double bond. This is the reason for the singlet state's 

stereospecificity.

Singlet Mechanism (Equation 6)

H

R

R

H

+ R'^C:

R'

H R

( 6 )



Triplet Mechanism (Equation 7)

\
R

z ' "  ,
C + R'z cl 

H

H

Rc: / CR'2

'CH

R

Intersystem  
sC rossing (ISC)

H

RCJ

(7)

CR'

'CH

R

1.1.3.2. Carbene Addition Reactions via Carbenoid Intermediates

Addition reactions of carbenes to alkenes are important methods for the synthesis 

of many types of cyclopropanes. Singlet state carbenes are very reactive intermediates and 

sometimes require transition metals to make them less reactive (more selective) in 

practical syntheses. When carbenes are complexed to transition metals, the intermediates 

are called carbenoids. Select synthetic examples that utilize carbenoid intermediates are 

listed in Equations 8-14.



A. Cyclopropanes from Methylene Transfer

1. CH2I2
2. Zn dust. CuCI

92%

H.

H
66%

(8)

1. CH2I2 r ^ A ^ O H (9)

2. Cu - Zn

OH
CM

1. CH2I2
2. Cu - Zn

OH
CH

76%

( 10)

Equations 8 , 9 , and 10 all proceed via the Simmons-Smith zinc-copper couple

o
reaction. In Equations 8-10, an iodomethylzinc iodide intermediate forms. The stereo

chemistry in Equation 9 and 10 results because the zinc present in the intermediate first 

couples with the hydroxyl group. The intermediate's methylene group then adds across the 

double bond cis to the hydroxyl group.



B. Catalytic Cyclopropanation by Diazo Compounds and Metal Salts (carbene 

formation via loss of dinitrogen).

H,
O

H
C=CHCC02CH3 + N2CHCO2C2H5

77%

( 11)

O

CHg + N2CHCCO2C2H5 

C u (a c a c )2

(12) 10

(CH3)3C—(

CC02C2H5

4 5 %

C. Reactions of Carbenes Generated by a-Elimination

Br

'CH.

CH2 BF2 
t-B uO '

CH

(13) 1 1

79%
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Br2CH
\  /

OCHq +

CH.

n-BuLi

(14) 12

OCH

55%

1.2. Allene Chemistry

1.2.1. Hybridization of Simple Aliénés

Aliénés, also known as cumulenes, are dienes which have two olefinic groups 

sharing a central carbon atom. The central carbon atom is sp hybridized, while the outer

J
carbon atoms are sp" hybridized (Figure 1-3).

H

C = C = C ...

H

Figure 1-3. Allene Stereochemistry

Open chain aliénés show the orbitals of the sp" carbons to be orthogonal to each 

other, as can be observed by viewing the positions of the hydrogen substituents in



11

Figure 1-3. This orthogonality is a result of the p  orbitals of the sp hybridized carbon 

overlapping with each of the p  orbitals of the sp^ carbons (Figure 1-4).

Figure 1-4. Allene Orbitals

1.2.2. Generation of Aliénés

A common method of generating aliénés is by dehalogenation of dihaloalkenes 

(Equation 15; allene elimination products and vinyl halide reduction products)^  ̂ and by 

dehydrohalogenation of haloalkenes (Equation 16).^^ In Equation 16, 1-chlorocyclo- 

heptene reacts with the strong base to go to the allene intermediate. In the absence of 

other reagents, this intermediate then dimerizes to the cyclobutane product.

Cl

H— C— C =cH 2 

H Cl

Zn
EtOH

Cl

H2C C CH2 H-jC C CH;

(15)

f-BuO *K +
(16)
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1.2.3. Stability of Cyclic Allene Systems

In a cyclic allene system, two major factors determine the stability or instability of 

that system: 1) size of the ring, and 2) presence of additional unsaturation and other 

functional groups. For example, 1,2-cyclononadiene (25) can be isolated at room 

temperature (Figure 1-5). The more unsaturated 1,2,4,6,8-cyclononapentaene (26) and the 

smaller-ringed 1,2-cyclohexadiene (27) are much less stable and not isolable under the 

same conditions. Inherently, cyclic aliénés containing nine carbons or less are unlikely to 

be isolable under ordinary laboratory conditions.

25 26 27

Figure 1-5. Select Cyclic Allene Systems

1.2.4. Allene Reactions

Aliénés can dimerize to yield cyclobutanes. They can also undergo Diels-Alder 

cycloadditions with 1,3-dienes to yield cycloaddition products (Equations 17,18,19).^^



HgC

H 2 C = C = C H 2  + H 2 C = C = C H C N
20 0  °C

C = N

13

(17)

Cl Cl
150 °C+ H o C = C = C H o  ------------- ► Cl CH

(18)

CUC =  C = C C I: 263 °C
CCI

Cl

(19)

1.3. Prelude to the Current Study

1.3.1. Stabilization of a Singlet State Carbene

A way of stabilizing a singlet state carbene, possibly making it the ground state,

1 Rwas hypothesized by Jones and Ennis. They proposed that by incorporating the empty p  

orbital of the singlet state carbene (as in Figure 1-1) into a carbocyclic, completely
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conjugated, aromatic system at least two effects might be observed in the properties of the 

singlet state carbene (Figure 1-6). First, the electrophilic nature of the vacant orbital 

might be diminished. This would result in the n electron density from the aromatic 

system partially filling the vacant p  orbital. Second, the nucleophilicity of the non-bonded 

pair of electrons might be enhanced. As a result, the singlet state would decrease in 

energy relative to its triplet state, and the singlet state might approach ground state

energy. 19,20

1

Figure 1-6. Cycloheptatrienylidene

Jones and co-workers conducted experiments in which the sodium salt of tropone 

tosylhydrazone (2) was subjected to a thermolysis in diglyme, and a photolysis in 

tetrahydrofuran (THF) (Scheme 1). Both reactions yielded heptafulvalene (3) apparently 

via the cycloheptatrienylidene intermediate (1). It was unusual that the formal dimer 3 

was apparently generated by 1 , rather than carbene 1 reacting with the solvents present in 

the reaction. The significance of this will be more closely examined shortly.

1.3.2, Evidence Supporting the Nucleophilicity of Carbene 1

If cycloheptatrienylidene (1) was electrophilic, like ordinary carbenes, it would
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react with an electron-rich double bond. Normal, singlet state carbenes (such as

Figure 1-1) have been observed to react with electron-rich olefins to yield 

91cyclopropanes. However, these normal singlet state carbenes do not normally react 

with electron-deficient olefins. When 2 was decomposed in the presence of cyclohexene, 

the addition product (4) was not observed (Scheme 1). In order to obtain evidence 

indicating the nucleophilic nature of 1, Jones then carried out a photolysis of 2 in the 

presence of the electron-deficient double bond in fumaronitrile and maleonitrile. This 

photolysis yielded cyclopropanes (5) stereospecifically. These experiments indicated that 

carbene intermediate 1 had nucleophilic character.

Scheme 1. Reaction of Carbenes with Alkenes

 ̂Na
NNTs

h v , THF  

or heat, d iglym e ^

32 1

Fumaronitrile: R=R"=CN; R'=H 

Maleonitrile: R = R -C N ; R '-HH

R

5
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The nucleophilicity of this singlet state carbene was supported by Hammett

studies performed by Christensen, Waali, and Jones in which 1 was generated in the

9 9presence of substituted styrenes (X-Ph-CH=CH2) (Equation 20). Their results showed 

p= +1.05. (The positive p value indicates the nature of the intermediate is nucleophilic.)

X = H, 4-CI, 3-CI, 4-Br, 3-Br 
4 -OCH 3 , 3 -OCH 3

7

(20)

p= +1.05

The lack of reaction of 1 with cyclohexene, its reaction with fumaro- and

maleonitrile, and the Hammett study performed on 1 were good evidence that the

intermediate is indeed nucleophilic. These results were consistent with a ground state 

91singlet carbene.

At this point, this reaction mechanism in the decomposition of the sodium salt of 

tropone tosylhydrazone (2) was thought to proceed strictly through a singlet state carbene 

intermediate.

1.3.3. Allene Intermediate Proposed

Jones first reported the major product heptafulvalene (3) upon addition of 2 to
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refluxing diglyme. In the suggested mechanism, the salt was thought to convert to the 

singlet state carbene 1 which in turn dimerized to 3. Shortly after this, Karl Untch 

discovered that the dehydrohalogenation of 1-, 2-, and 3-chlorocycloheptatrienes (8) with 

potassium r-butoxide also yielded 3 (Scheme 2).^^ In addition, Untch's proposed allene 

intermediate (9) showed the same properties as the one resulting from the decomposition 

of the sodium salt (2). Untch's work introduced the possibility that the allene (9) might be 

involved. As such, can all previous chemistry ascribed to carbene intermediate 1 (Section

1.3.2.) be explained by allene intermediate 9?

Scheme 2. Two Possible Intermediates

- +Na 
NNTs

hv , THF
or heat, diglyme

2 1

f-BuO” K

(and isomers)

3

8

1,3.4. Different Precursors, Same Products

Following the Untch study, it was found that reaction of carbene intermediate 1
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with styrene initially yields the spirononatriene adduct 6 (Scheme 3; paths a,f). Upon 

heating, 6 rearranges to the more stable 10 (path j). The cyclobutane 10 is also the 

expected product for the [2+2] cycloaddition of the allene 9 with styrene (path i). 

Therefore, it becomes apparent that the intermediate reacting with olefins to yield 

cyclopropanes may not be represented solely by the allene structure.

So the question arises: From which intermediate do the spirocyclopropane (6) and 

heptafulvalene (3) result? Reaction Scheme 3 summarizes the possibilities considered up 

to this point.

A carbene reaction followed by a rearrangement might give an allene-like product. 

Conversely, an allene reaction followed by a rearrangement might give a carbene-like 

product. Reactions of carbenes with alkenes inherently yield cyclopropanes (such as 6) in 

which the carbene carbon forms two separate o-bonds with two other carbon atoms. 

Reactions of aliénés with alkenes tend to yield [2+2] cycloaddition products, such as 

cyclobutane 10. Therefore, it is difficult at this point to determine which intermediate 

exists in the mechanism, based solely on structural analysis of the products.
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Scheme 3. Summary of Possible Mechanistic Pathways

TsNN

(+  i s o m e r s )

heat

Ph
Ph

10

1

f-BuO
or A

Ph

f-BuO ■ K Ph

/
698

1.3.5. Possible Carbene/Allene Equilibrium

Thus far, products 3 or 6 have been seen to result from two entirely different 

precursors (2 and 8). Two different intermediates (1 and 9) have been proposed in the 

mechanism of each reaction. The results of the previous sections were inconclusive as to
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which intermediate was present. Evidence was then gathered to either confirm or refute 

the possibility that both cycloheptatriene (1) and allene 9 were present and in equilibrium 

with one another.

1.3.5.1. Equilibrium Studies

Jones and co-workers performed an INDO molecular orbital calculations on

cycloheptatrienylidene (1) and allene 9 to determine their conformations.^^ Their results 

showed 1 to be planar (or nearly so) and 9 to have a twisted conformation (Figure 1-7). In

addition, allene 9 can be seen to have two possible enantiomeric structures. This study is

incorporated in the following MNDO study.

9a

H

9b1

Figure 1-7. Carbene 1 and Two Isomers of 9

MNDO molecular orbital calculations performed by Waali showed the singlet

state allene 9 to be more stable than the singlet state carbene (1) by 23 kcal/mole (Figure 

7 71-8). His calculations also showed the triplet state carbene to be more stable than 

singlet allene 9 What is more important, the calculations suggested the carbene to be a 

transition state for racemization of 9a and its enantiomer 9b.
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E- = 23 kcal/mol

I

Progress of Reaction

Figure 1-8: Energy Diagram Indicating a Carbene Transition State

Calculations performed by Schaeffer and co-workers contradicted these results by 

showing cycloheptatrienylidene (1) to be an intermediate. Their calculations showed 

singlet state carbene 1 to be more stable than the triplet state carbene (thus suggesting a 

ground state singlet carbene responsible for reaction).

9QMcMahon and Chapman performed an Electron Spin Resonance (ESR) study." 

They observed the triplet state carbene 12 in the decomposition of lithium salt of tropone 

tosylhydrazone and found no evidence for the isomerization of it to the allene 9 or any 

other singlet state carbene intermediate. This indicated that triplet 12 was the ground state 

(Scheme 4). However, an interconversion between the singlet state carbene and the allene 

remained possible.
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Wentrup and co-workers reproduced McMahon and Chapman’s results, observing 

the triplet state carbene 12 by Electronic Spin Resonance (ESR) spectroscopy and

on
suggesting a triplet ground state carbene.

At this point, evidence strongly indicated 1 and 9 were not in equilibrium.

Scheme 4: Carbene/Allene Isomerization

11 12

9a

H

1.3.6. Definite Allene Presence

1.3.6.1. Optical Activity Study

Harris and Jones reported definitive evidence that the allene intermediate must be

31present in the reactions. The structure of allene 9 had been calculated to be non-planar
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Oftand chiral, and carbene 1 was calculated to be planar and achiral. If these calculations 

were correct, only allene 9 could generate an optically active adduct. The planar carbene 

was incapable of generating optically active adducts. Harris and Jones created a THF 

solution of a mixture of 1-, 2-, and 3-bromocycloheptatrienes 16 and allowed it to react 

with the potassium salt of (+)-menthol (optically active), in the presence of DIBF, in 

hopes of generating an excess of one of the enantiomeric adducts (Scheme 5). The 

isolated adducts were indeed found to be optically active, suggesting the allene 

intermediate was definitely present.

Scheme 5. Optical Activity Study
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This was not conclusive evidence of an allene presence, however, because the 

presence of menthol can create a chiral environment during cycloaddition.

1.3.6.2. Isotope Study

In order to obtain unequivocal evidence of the presence of an allene intermediate, 

Harris and Jones then designed a reaction taking advantage of the primary deuterium 

isotope effect. Their goal this time was to generate an enantiomeric excess of the 

intermediate. They prepared a mixture of optically active l-bromo-7-deuteriocyclohepta- 

triene (deuterated 16, stereochemistry is assumed) by reducing 7,7-dibromocyclohepta- 

triene with LiAlDg (-)-quinine (Scheme 6). Following allene formation, an excess of one 

enantiomer over the other should result since the elimination of HBr from 16 (path a) will 

yield one enantiomer, and the elimination of DBr would yield the other (path b). This was 

indeed the case. Reaction of 16 with 1,3-diphenyl-isobenzofuran (DIBF) in potassium /- 

butoxide and tetrahydrofuran (THF) yielded optically active 14 (optical activity was 

determined qualitatively). Again, the carbene could be disregarded as the possible 

intermediate because of its planar, achiral structure.

Evidence was now strongly in favor of the allene (9) as being the sole 

intermediate.



Scheme 6. Isotope Study Results
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1.3.7. Carbene Makes a Come-Back

Kirmse and Sluma reported evidence that carbene 1 may be present in these 

reactions after all. They observed that the photolysis of sodium salt of tropone 

tosylhydrazone (2) in the presence deuterated ethanol yielded the deuterated tropyl ether 

18 (Scheme 1)?^ They suggested that the carbene intermediate proceeded through the 

tropylium ion and trapped the deuterated alcohols to yield 18. If allene 9 was present in 

these reactions, vinyl ethers should have also resulted because available evidence 

indicated vinyl ethers resulted from the reaction of cyclic aliénés with alcohols (Scheme 

8). It was therefore suggested by Kirmse that "the nucleophilic of the carbene is trapped 

from an unfavorable equilibrium with the allene by protonation."

Scheme 7. Carbene Intermediate Yielding Tropyl Ethers
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Scheme 8. Allene Intermediate Yielding Viny Ethers
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9 3
This carbene trapping was questioned by Waali. He suggested that "the nature 

of the HOMO of 9 is consistent with the observed chemistry" (protonation to yield 14; 

Scheme 5). Waali concluded that all of the chemistry previously attributed to the singlet 

state of 1 should instead be explained in terms of the nonplanar allene 9.

1.3.8. Summary of the Evidence

The preceding sections (Sections 1.3.1. through 1.3.7.) described how the 

literature oscillated in its indications as to whether a carbene intermediate or an allene 

intermediate were present in the decomposition of sodium salt of tropone tosylhydrazone 

(2) and the dehydrohalogenation of 2-chlorocycloheptatriene (8) (Scheme 1 ; Section

1.3.2.). First, only a carbene intermediate (cycloheptatrienylidene 1) was considered 

(Section 1.3.2.). An allene intermediate was then proposed (Section 1.3.3.). Next, 

evidence was gathered under the suspicion that both of these intermediates were present 

and in equilibrium with one another (Section 1.3.5.). "Definitive evidence" of the 

presence of allene intermediate 9 in these reactions was then reported (Section 1.3.6.).
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Now with this last interpretation from Kirmse and Sluma (Section 1.3.7.), carbene 1 again 

becomes a possible intermediate in these reactions. More evidence must be obtained to better 

determine through which intermediate system these reactions proceed.

A kinetic study is needed in order to determine whether these reactions proceed by way of 

a single intermediate or by two intermediates.

1.4. Objectives

A kinetic study was initiated to reveal the preferred pathway for the tropone 

tosylhydrazone reaction - by way of one intermediate or two intermediates.

1.4.1. Synthesis of Expected Products

The sodium salt of tropone tosylhydrazone (2) was decomposed by thermolysis in the 

presence of M-butyl alcohol. An alcohol was used because of Kirmse and Sluma's interpretation 

that singlet 1 reacts with alcohols to give tropyl ethers. If cycloheptatrienylidene (1) was an 

intermediate in this reaction, it would trap the alcohol to yield the butyl tropyl ether product 20 

(Figure 1-9). The ideal alcohol must have a relatively high boiling point since the thermolysis 

reaction occurs at 100 ®C. It is for this reason M-butyl alcohol was selected for this study (other 

primary alcohols with high boiling points may also have been used).

The sodium salt was then decomposed in the presence of 1,3-diphenylisobenzofuran 

(DIBF). This reaction has a purported allene intermediate mechanism (Section 1.3.6.), and yields 

DIBF product 14 (Figure 1-9).
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0-nBu

HH

Ph

Ph

20 14

Figure 1-9. Butyl Ether Product 20 and DIBF Product 14

After  ̂H NMR of the products in these first two thermolysis reactions confirmed the 

presence of the expected products, the kinetics reactions were initiated.

1.4.2. Kinetics Reactions

The sodium salt of tropone tosylhydrazone (2) was decomposed in the presence of 

varying concentrations of both the /7-butyl alcohol and the DIBF. NMR spectra of the 

resultant reaction mixture was elucidated and the peaks representing products 20 and 14 were 

identified. Integration of these peaks yielded the ratio of the butyl ether product 20 to the DIBF 

product (14) (the significance of this will be examined shortly).

1.4.3. Intermediate Reaction Mechanisms

These kinetics reactions proceeded by way of one or two intermediates. The proposed 

single intermediate and two intermediate reaction mechanisms are depicted in Scheme 9 and 

Scheme 10, respectively.^"^



Scheme 9. Proposed Single Intermediate Mechanism
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(Derivation in Appendix I)

(22)



31

Scheme 10. Proposed Two Intermediate Mechanism
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(Derivation in Appendix I)
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1.4.4. The Role of Kinetics

After setting up the two possible intermediate mechanisms of the kinetics reactions, the 

steady state assumption theory of kinetics was employed to determine concentration ratios of 

butyl ether product 20 and DIBF product 14 (Appendix I). The calculated concentration ratios of 

the single intermediate mechanism (Equation 22) and the two intermediate mechanism (Equation

23) are shown below their respective schemes (Schemes 9 and 10, respectively).

The kinetics equations could now be put into "equation of a line" format {y^mx+b) to 

create expected graphs representing the two reaction mechanisms (Figure 1-10).

Single Intermediate Mechanism:

[20]/[14] = (kj[BuOH]/k2)(l/[DIBF]) (22)
y  = m X + b

Two Intermediate Mechanism:

[20]/[14] = (k_gk^[BuOH]/k2kg) (l/[DIBFj) + (k^[BuOH]/k^) (23)
y = m X + b

Figure 1-10. Kinetics Equations in Equation of a Line Format

By varying the concentrations of the M-butyl alcohol and the DIBF, and by measuring the 

concentration ratio between the products ([20]/[14]), data points were then placed on graphs.

In the case of the single intermediate mechanism, no ̂ /-intercept (b) should be observed 

(Equation 22). The expected graph would appear as in Figure 1-11, where all lines have a 

y-intercept of zero. (Slopes are arbitrary in this graph.)
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[BuOH]  ̂

[BuOH]

0 1/[DIBF]
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Figure 1-11. Plot of a Single Intermediate Mechanism (Scheme 9)

In the case of a two-intermediate mechanism, ail jF-intercepts should be non-zero and non

equivalent to one another. The expected graph would appear as in Figure 1-12.
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0
0 1/[DIBF]

Figure 1-12. Plot of a Two Intermediate Mechanism (Scheme 10)

1.5. Preliminary Results of Zepp

Preliminary results of a kinetic study performed by Zepp are shown in Table 1, along 

with the corresponding graph of his data in Figure 1-13.^^ This data indicated the kinetics 

reaction proceeded by way of a two-intermediate mechanism. The preliminary results were 

obtained on an NMR spectrometer that was much less sensitive than the one available currently. 

Since the results of this kinetic study depended heavily upon spectral identification of the 

expected products, it became necessary to further the kinetic study in order to gain unequivocal 

evidence of the presence of a two-intermediate system using a much more sensitive, more 

reliable spectrometer.
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Table 1. Data of Zepp (observing one DIBF product)

(BuOHl

3.01 M 4.01 M 4.61 M l/lDIBFl
0.38 0.69 0.95 7.36
0.25 0.49 0.72 4.63
0.43 0.75 1.11 8.42
0.35 0.55 0.87 5.70
0.28 0.44 0.58 3.78

0.96

0.72

0.24

20 4 6 8 10
1/[DIBF]

r 3.01 M A  4.01 M ■  4.61 M]
Figure 1-13. Preliminary Results of Zepp^^



The graph of Zepp’s preliminary results was consistent with that of a two-intermediate 

reaction mechanism.^^ The current study was performed in order to support or contradict the 

suspicion that this reaction did indeed proceed by way of a two-intermediate mechanism.



2. Results and Discussion

2,1. Synthesis of the Sodium Salt of Tropone Tosylhydrazone (2)

The synthetic route to the sodium salt 2 used in this study is shown in Scheme

Scheme 11. Synthesis of Sodium Salt of Tropone Tosylhydrazone (2)
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Once 2 was synthesized, the next step required the synthesis of the two expected products 

in this kinetic study, the butyl ether product 20 and the DIBF product 14.

2.2. Synthesis of the /i-Butyl Tropyl Ether (20)

One of the expected products synthesized is the butyl ether product 20. In order to 

confirm the reaction mechanisms, this product was prepared using two methods.

Method 1: Generation of 20 from sodium salt of tropone tosylhydrazone (2)

NNTs

A , n-BuGH

diglyme

20

(24)

This sample was then purified by column chromatography and thin-layer chromatography (TLC).

In order to confirm the chemical shifts obtained by Method 7, 20 was then synthesized by 

another method known to yield tropyl ethers (Equation 25). The chemical shift of each proton in 

this product was determined by 1-D and 2-D COSY NMR (Figure 2-1).



H.

F igu r e  2-1.  C O S Y  o f  Butyl  Ether Product 20
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Method 2: Generation of 20 from tropylium tetrafluoroborate (26)

BF

26

a?-BuOH

EtoO

0 -n B u

20

(25)

The spectra of both butyl ether products, generated from different precursors, were 

identical (Figure 2-3).

.0 - CH2p CH2^

Figure 2-2. Butyl Ether Product 20

The proton chemical shifts of 20 are listed in Table 2.



Figure 2-3. Spectra o f  Butyl Btiier Product 20 from Two Precursors
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Table 2. Chemical Shifts of Butyl Ether Product 20

proton ô(ppm) pattern coupling constant

Ha 5.40 d of d ^ab 9.̂ *0
Hy 6.05 d of d 4 e = 9-62
He 6.56 m
Hd 3.30 m
He 3.44 t J= 6 .57
Hf 1.50 P J=  7.46
Hg 1.31 h J=7.51
Hh 0.84 t 7=7.50

2.3. Bitropyl Formation

Analysis of the 1 -D spectrum of the butyl ether product 20 produced from 2 (Equation

24) indicated the presence of a by-product. This by-product was theorized to be bitropyl. Bitropyl 

(24) was synthesized through an alternative, known method (Figure 2-4).^^ Its spectrum was 

compared to that of 20. The chemical shifts of the by-product evident in the spectrum of 20 were 

consistent with those of 24 (Figure 2-5).

BF
Zn dust

Figure 2-4. Alternative Bitropyl Synthesis

24



Figure 2-5. Spectra o f  Butyl Ether Product 20 and Bitropyl (24)
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A COSY spectrum was also obtained for bitropyl (24) and is shown in Figure 2-6.

The most likely mechanism of the formation of the bitropyl is shown in Scheme 12.

Scheme 12. Bitropyl Formation

ISC

o

0 — OH

24

The singlet state carbene intersystem crosses (ISC) to the triplet state, which in turn abstracts a 

hydrogen atom from the n-butyl alcohol to form the tropyl radical. This free radical dimerizes to 

bitropyl (24). The chemical shifts for the protons in bitropyl are reported in Section 4.7..
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2.4. Elucidation of the Structures of the DIBF Product (14)

2.4.1. Isomers Discovered

The other expected product in this study is the DIBF adduct (14). This was synthesized by 

thermolysis of 2 in diglyme in the presence of 1,3-diphenylisobenzofuran (DIBF).

NNTs

Ph

PhA, (DIBF)
Ph

diglyme

14

(26)

A 1-D NMR spectrum was obtained for the crude product (Figure 2-7). This 

spectrum indicated the presence of at least three products in this reaction. The protons at ô 4.7,

5.1, and 5.2 ppm did not exhibit a 1:1:1 ratio. Given the structure of 14, there should have been 

five protons in the alkene region of the spectrum exhibiting equal areas. The fact that there are 

additional unexpected peaks in the alkene region (not in an equivalent ratio with the expected 

peaks) leads to the conclusion that there was more than one product generated in this reaction. 

Figure 2-7 was not consistent with the spectrum that would have been expected if only one 

product was present.



Kigiirc 2-7. 1-D Spectrum o f  the Crude DIBF Reaction Mixture
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The 2-D COSY spectrum of the crude product (Figure 2-9) was also consistent with the 

presence of three separate compounds in the DIBF reaction.

The DIBF products then underwent column chromatography and TLC. The compounds 

containing the protons at Ô 4.7 ppm and ô 5.1 could not be separated. The third product at ô 5.4 

ppm was unstable and not seen after chromatography. Since the two surviving compounds were 

not separable by column chromatography and TLC, it was hypothesized that they were isomers of 

14. As can be seen in Figure 2-8, isomers of 14 are possible (exo and endo structures, depending 

upon the position of H^).

Ph

PR

Figure 2-8. Isomers of 14 Possible

The products 14a and 14b were successfully separated by HPLC. A chromatogram of this 

separation is shown in Figure 2-10. Hydrogen 1-D spectra of the isomers before and after 

separation by HPLC are shown in Figure 2-11.
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Figure 2-10. HPLC Chromatogram of isomer Separation
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Figure 2-11, Spectra o f  the DIBF Isomers
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A COSY spectrum of the isomers after column chromatography and TLC was obtained 

and is shown in Figure 2-12. A COSY spectrum of the minor isomer (14b) was obtained after 

HPLC and is shown in Figure 2-13.

The chemical shifts of the protons of each isomer were determined and placed in Table 3.

Table 3. Chemical Shifts of the Major and Minor Isomers

Major Isomer (14a): (d == doublet, d of d = doublet of doublets, m^multiplet)

proton d (ppm) pattern coupling constant (Hz)

H^ 3.64 d = 3.69
Hy 4.73 d of d Jy^ = 9.72
He 5.85 m J^y = 9.87
Hy 6.23 m
Hg 6.22 m
H^ 6.01 m

Minor Isomer (14b):

2.54 d J^y= 4.35
Hy 5.14 d o f d  7yg= 9.58
Hg 6.02 d o f d  10.78

2.54 d
5.14 d o f d
6.02 d o f d
6.41 d o f d
6.44 d o f d
6.20 d

Hj  6.41 d o f d  J j g - 10.93
Hg 6.44 d o f d  Jg^= 11.06
Hf

As can be seen in Table 3, these two isomers became known as the major and minor 

isomer (14a and 14b, respectively). These designations were assigned in lieu of the fact that the 

proton belonging to 14a (ô 4.7 ppm) exhibited the larger peak area in the 1-D NMR spectrum. 

The transient signal at ô 5.4 ppm will be discussed shortly.



Figure 2-12. COSY Spectrum of DIBF Product's Isomers after Column 
Chromatography and 1 LC
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The relative energies of 14a and 14b were estimated by force field calculations (SYBYL 

and Alchemy The results of the SYBYL calculations, determining the most stable

configurations of the isomers, are shown in Figure 2-14.

Table 4 lists the numerical SYBYL results. These values supported the nomenclature of 

the isomers, which was initially based upon peak areas. The major isomer was calculated to be 

more stable (lower strain energy) than the minor isomer. (The difference was only 0.06 kcal/mol, 

which was within the limits of the calculation.)

Table 4. SYBYL Force Field Results

DIBF Isomer
Minor Major

Strain Energy 26.5565 26.4934
Gradient 0.3862 0.1571
Stretching 0.4732 0.4399
Bending 23.8921 23.0887
Torsion 8.0486 8.8910
VdW Energy -5.9493 -6.0324
Out-of-Plane 0.0918 0.1062

The chemical shifts of the protons in the isomers were then assigned to the structures in 

Figure 2-14 using the following logic. As can be seen in Table 3, the chemical shift of proton 

Hy in 14a is further upfield in the spectrum than proton Hy in 14b This can be explained by 

proximal effects on this proton. The benzo group and one of the phenyl groups are shielding Hy 

in the major isomer to a certain extent. In 14b, Hy is in the vicinity of one of the phenyl groups 

but should not be shielded to the extent that Hy is in 14a



Figure 2-14. Calculated Stereochemistry of the Isomers

Major Isomer (14a) Minor Isomer (14b) LAlOn
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The converse is true for proton in both structures. Proton in 14b should be found further 

upfield in the spectrum than in 14a due to shielding effects from the benzo and phenyl groups.

Further evidence that the two products were isomers was provided by high resolution 

mass spectroscopy (HRMS). After HPLC separation, the samples of the isomers underwent

'XIHRMS. Table 5 lists the results. (Complete analyses given in Appendix II).

Table 5. HRMS Results of the DIBF Product’s Isomers^^

Mass. found Mass. calculated

Major Isomer (14a): 360.149651 360.151415
Minor Isomer (14b): 360.150482 360.151415

The masses found for each isomer were in good agreement with their calculated masses, and the 

empirical formulas of both were calculated to be C27H2QO. The two isolated DIBF products 

were therefore considered to be isomers, having structures 14a and 14b seen in Figure 2-14.

2.4.2. The Third DIBF Product

The third product generated in this reaction was unstable and disappeared rather rapidly

in the spectra of the DIBF reaction mixtures. It exhibited an unusual splitting pattern in the 1-D 

spectrum at ô 5.4 ppm. At first glance it appeared to have one proton being split by four non

equivalent protons into a doublet of doublet of doublet of doublets (d of d of d of d) pattern. If 

this was the case, the largest coupling constant would have been 22 Hz. It would have been 

highly unlikely that any product generated in this synthesis would have exhibited this coupling 

constant. Upon closer inspection, the splitting pattern was seen to be two doublet of doublet of
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doublets (d of d of d). Due to its instability, this product was not isolated, and its structure was 

not identified

This product was only observed in the DIBF syntheses. It was not observed in the 

competition reactions, perhaps augmenting the likelihood of a rearrangement during reaction.

Scheme 13 shows one feasible structure of the unknown product (27) using both 1 and 9 

as potential intermediates.

Scheme 13. Possible Formation and Structure of the Unknown DIBF Product
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The carbene intermediate 1 or allene 9 may react with the DIBF to generate spiro compound 27. 

This Spiro compound could then rearrange to 14. The splitting pattern at ô 5.4 ppm (Figure 2-7.) 

is consistent with the pattern expected for the highlighted protons in 27.

2.5. Reaction Time vs. DIBF Product Generation

In an attempt to see what effect the reaction time had on the generation of the three 

observed DIBF products, a series of six DIBF reactions were performed and terminated at 

designated time intervals. Table 6 lists the DIBF products' reaction durations and the percentage 

of each product's peak area in proportion to the combined peak area of all three products. 

Concentration effects were avoided by adding the same volume of sample (~ 0.1 ml) from the 

reaction vessel to the NMR tubes containing equivalent amounts of the standard (TMS).

Table 6. Stabilization of the DIBF Products Over Increasing Reaction Time

_____________ Time of Reaction___________

15 min. 30 min. 45 min.
% Peak Major Isomer (14a): 46 46 54

Area: Minor Isomer (14b): 25 25 27
Unknown: 29 29 19

I hr. 2 hr s. 3 hrs.
Major Isomer (14a): 54 53 56
Minor Isomer (14b): 31 31 32
Unknown: 15 16 12

The 14a: 14b ratio is about 1.8:1 throughout, the relative amount of the third (unknown) 

product decreases with time. If the unknown product rearranges to 14a and/or 14b or
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decomposes in some other way, it seriously impacts the kinetic study.

2.6. Competition Reactions

2.6.1. Preparation for the Kinetic Study

The competition reactions were then undertaken. The sodium salt of tropone 

tosylhydrazone was decomposed in diglyme in the presence of specific concentrations of «-butyl 

alcohol and DIBF concentrations. The 1-D  ̂FI NMR spectra were obtained. Due to slight 

variations in chemical shifts with NMR concentration, it was then necessary to "spike" the NMR 

samples containing the kinetics products. First, additional butyl ether product 20 was added to 

the kinetics NMR samples, allowing the chemical shifts of the protons belonging to 20 to be 

more easily identified. The same was then done for the DIBF products (14a and 14b) and their 

corresponding proton chemical shifts.

Figure 2-15 shows spectra of a competition reaction (before HPLC) which had been 

spiked with first additional butyl ether product 20, then with additional DIBF products (14a and 

14b). The peaks are labeled by the number of the product they represent. For example, the pattern 

at Ô 5.66 ppm increased in size after butyl ether product 20 was added to the competition 

reaction sample. The other patterns, not representing 20, decreased in size. The converse was true 

upon addition of more DIBF product. The peaks of the protons contained in the isomers 

increased upon addition of the DIBF product and the peaks of 20 decreased.



Figure 2-15. Spectra of the Competition Reaction Sample with Spiking
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Figure 2-16 shows the spectra of a competition reaction and three of the products 

prepared independently. Slight chemical shift differences appeared with concentration 

differences. The proton at ô 5.68 ppm belonged to the butyl ether product 20 (as seen in Figure 

2-15). In comparison to the butyl ether spectrum, it is likely this proton is due to the 

similarity in the splitting patterns. It is observed almost 2.5 ppm downfield of in the butyl 

ether spectrum, however. The protons at ô 5.42 and 5.56 ppm are seen with question marks 

because it is unknown what is responsible for their presence. At first glance it appears the proton 

at Ô 5.42 ppm is in the butyl ether product. Results of the spiking (Figure 2-15) showed that 

this was not the case. The pattern at ô 6.7 ppm was designated as arising from 20 This was 

because of its similarity to in the spectrum of 20, both in chemical shift and splitting pattern. 

With the exception of and in the minor isomer, the protons belonging to both isomers are 

more easily identified in the competition reaction. The same splitting patterns and similar 

chemical shifts were observed in the protons of the major isomer (14a) and the minor isomer 

(14b)

2.6.2. Competition Kinetics

Once the NMR peaks were identified, competition reactions were performed. Once the 

spectra of these competition reactions were obtained, the relative areas of the butyl ether product 

(20;ô 5.68 ppm), the minor isomer (14b; ô 5.14 ppm), and the major isomer (14a; ô 4.72 ppm) 

were measured by integration in each spectrum in order to obtain a ratio of the products.
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The data obtained in the preliminary results were not reproducible. Due to incomplete 

NMR data, only one DIBF product was observed in the preliminaries,^^ The present study 

observed at least three DIBF products, one of which was unstable. This seriously affects the 

kinetics. There were also other products which were not identifiable in the competition reactions 

(specifically those whose protons are at ô 5.40 and 5.54 ppm; Figure 2-16). The inability to 

account for all products generated in these competition reactions made a kinetic treatment of the 

data impossible.



3. Summary and Conclusions

This study was valuable in that it helped to assess the validity of the proposed kinetic 

treatment. It served a purpose in showing that the preliminary results performed by Zepp were 

based upon incomplete NMR data.^"  ̂The following is a list of reasons why this kinetic study 

failed to shed light on the mechanism of the thermolytic decomposition of the sodium salt of 

tropone tosylhydrazone (2):

1. The reaction system was much more complex than it was originally assumed. Several 

products were generated in these kinetic reactions. Several DIBF products, previously 

unobserved, were discovered.

2. Some of the products were unstable. One of the DIBF products disappeared rather 

rapidly. Thus, it was not possible to account for all of the products generated in the competition 

reactions. This inability to integrate all of the products nullified the kinetic treatment.

3. A heterogeneous mixture was unavoidable in this reaction. The solid precursor (2) was 

only slightly soluble in the reaction solution. The by-product, sodium p-toluenesulfinate, was 

also insoluble. This may have led to solid surface problems during the reaction, and may account 

for the lack of reproducibility of the preliminary results.

4. A third intermediate, the triplet state carbene, may have been present. Bitropyl (24) was 

reported in the synthesis of the butyl ether product 20 (Section 2.3.). This suggests that a triplet 

state carbene was present at some point in that reaction. The presence of a triplet state carbene in 

the competition reactions would mean the proposed kinetic schemes are questionable.
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4. Experimental Section

General Experimental

NMR spectra were recorded on a Varian Unity Plus 400 spectrometer at 399.953MHz 

(^H) and 100.568 MHz (^^C) using deuteriochloroform (CDCl^, 7.26 ppm, ^H; 77.0 ppm, 

as an internal reference. Data are reported in the following order: chemical shifts are given (ô); 

multiplicities are indicated as s (singlet), d (doublet), t (triplet), pent (pentet), hex (hextet), d of d 

(doublet of doublets), d of t (doublet of triplets), m (multiplet)); coupling constants, J, are 

reported in Hz. High performance liquid chromatography (HPLC) chromatograms were recorded 

using a Waters 501 solvent delivery pump and Waters 486 Tunable Absorbance Detector on 

Baseline 810 software.

Thin layer chromatography (TTC) was performed on preparative glass plates (8x8 cm) 

using Silica Gel 60 PF 254 + 366 indicator (Merck). Visualization of developed plates was 

accomplished by UV light. The following reagents and solvents were distilled before use: M-butyl 

alcohol was distilled from sodium metal; THF was distilled from Na/benzophenone ketyl; 

diglyme was distilled from CaH; petroleum ether and methylene chloride were distilled neat; 

diethyl ether was reagent grade and used as received.

All thermolysis reactions were performed under a dry nitrogen atmosphere.
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4.1. Synthesis of Tropone (21)^^

To a solution of potassium dihydrogen phosphate monohydrate (27,75g, 0.20 mol) in 

water (67.8 mL) in a IL 3-necked round bottom flask was added 1,4 dioxane (700 mL, 7.9 mol), 

cycloheptatriene (98 mL, 0.94 mol), and selenium (IV) oxide (103.88 g, 0.94 mol).

The mixture was refluxed under nitrogen for 15 h at 88 ^C. The mixture was allowed to cool to 

room temperature and was then vacuum filtered. The filtrate was divided into two halves (due to 

the large volume). The first half was placed into a 2000 mL separatory funnel containing 750 mL 

of water and extracted with methylene chloride (3 x 200 mL). The organic layer was washed with 

a 3:2 mixture of saturated sodium bisulfiteidiethyl ether (8 x 400 mL). The organic layer was 

then dried over anhydrous magnesium sulfate. The drying agent was separated from the tropone 

via vacuum filtration. The methylene chloride was removed by rotary evaporation until all of the 

desired crude tropone remained in that one flask. The second half of the filtrate was then put 

through the same procedure and added to the other half of the recovered tropone.

The 1,4 dioxane was then removed by direct mechanical vacuum distillation (pressure = 

9.48 torr, 45 ^C). The tropone was then removed from the remaining inorganics (e.g. selenium) 

by direct mechanical vacuum (3 torr, 77 ^C). Data for 21: = 1.6164; NMR (400 MHz,

CDCI3); Ô 6.92 (d of d, 2H, J^j=9.09 Hz), 6.96 (m, 2H, H^), 7.05 (m, 2H, Hy, H^).

4.2. Synthesis of 7,7-dichlorocycloheptatriene (22)^^

Thionyl chloride (143 mL, 1.98 mol) was placed in a 300 mL, 3-necked round bottom 

flask equipped with a magnetic stir bar and cooled to 0 in an acetone/ice bath. Tropone 21 

(24.9 mL, 0.26 mol) was added dropwise to the thionyl chloride over a 5 min period.
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The mixture was then refluxed for 5 min (reflux began at 57 ^C) in an oil bath under nitrogen. 

The excess thionyl chloride was removed from the 7,7-dichlorocycloheptatriene (theoretical 

yield: 41.37 g, 0.26 mol) by simple distillation, using a water aspirator as the source for the 

vacuum. Data for 22: ' H NMR (400 MHz, CDCI3); ô 5.99 (m, 2H, H^, Hj), 6.11 (m, 2H, Hy, 

Hg), 6.44 (d, 2H, H^, Hf, J=8.77).

4.3. Synthesis of Tropone Tosylhydrazone (23)^^

7,7-Dichlorocycloheptatriene (22) was placed in a 1000 mL Erlenmeyer flask equipped 

with a magnetic stir bar. A solution of ̂ -toluenesulfbnylhydrazide (47.84 g, 0.26 mol) in ethanol 

(642 mL, 11.0 mol) was added to the 7,7-dichlorocycloheptatriene. The mixture was stirred for 2 

h at room temperature, and the crude tropone tosylhydrazone (yellow precipitate) was removed 

by vacuum filtration. The crude product was placed in a 1500 mL Erlenmeyer flask containing 

350 mL of methylene chloride and 649 mL of saturated sodium bicarbonate and stirred for 30 

min. In three aliquots, this mixture was transferred to a 1000 mL separatory funnel and the 

organic layer was drained into a 500 mL Erlenmeyer flask. The aqueous layer was washed with 

methylene chloride (3 x 50 mL). After all of the crude product in solution was once again in the 

same flask, the methylene chloride was separated by rotary evaporator. The tropone 

tosylhydrazone (82% yield, 57.77 g, 0.21 mol, m.p. range ^ 137.9-139.0 °C) was recrystallized 

with 95% ethanol. Data for 23: melting point = 140.5-141.1 (lit.= 142.5-143.5 yield =

61.8%; ’h  NMR (400 MHz, CDCI3) ô 2.41 (s, IH), 6.30 (m, 2H, H^, Hf), 6.53 (m, 2H, Hy, Hg), 

6.59 (m, 2H, Hj), 7.30 (d, 2H, 7=^8.14, arom.), 7.84 (d, 2H, J=8.30, arom.).
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4.4. Synthesis of Sodium Salt of Tropone Tosylhydrazone (2)^^

A solution of tropone tosylhydrazone 23 (40.0 g, 0.15 mol) in THF (252 mL, 3.11 mol) 

was prepared in a 500 mL, 3-necked round bottom flask equipped with a stir bar. To this was 

added sodium hydride (60% dispersion in oil, 7.05 g, 0.176 mol). This mixture was stirred for 40 

min under nitrogen and the sodium salt of tropone tosylhydrazone (brown solid, 51.28 g) was 

vacuum filtered in a fritted funnel using the water aspirator as the vacuum source. The salt was 

washed with THF (4 x 25 mL) and the salt was transterred into a brown bottle and placed upright 

into a vacuum dessicator. The salt was subjected to direct mechanical vacuum (to rid it of any 

residual tetrahydrofuran) for 15 h. The bottle containing the sodium salt was capped, nitrogen 

was introduced into the dessicator, and the product was stored until used in the kinetics reactions. 

Data for 2; ' h N M R  (400 MHz, CDCI3) Ô 6,77 (m, IH), 6.88 (m, IH), 7,09 (ra, IH), 7,32 (m, 

2H), 7.63 (m, IH), 7.91 (d, 2H, 7=8.37, arom.), 7.99 (d, 2H, 7=8.54, arom.), 8.61 (s, IH, arom.)

4.5. Synthesis of l-Butoxy-2,4,6-CycIoheptatriene (Butyl Ether Product) (20)^^

Data for 20: »Q^°=1,6]73; 'h  NMR (400 MHz, CDCI3) Ô 0,84 (t, 3H. H,,, J=7.5Q). 1,31 (hex. 

2H, H J=7,5I), 1,50 (pent, 2H, Hf, J=7,46), 3,30 (ra, IH, Hj), 3,44 (t, 2H, H^, 7=7,35), 5,40 (d 

of d, 2H, H^, Jab=9,50), 6,05 (d of d, 2H. %  7yg=9,63), 6,56 (ra. 2H, H^),

Synthetic Route 1:

The sodium salt of tropone tosylhydrazone (0.5 g, 1.7 mmol), diglyme (8.8 mL), and n- 

butyl alcohol (7.5 mL, 0.082 mol) were placed into a 50 mL, 3-necked round bottom flask and 

stirred for 1 h at 98.5 ^C. The mixture was allowed to cool and transferred to a 250 mL
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separatory funnel with 60 mL pet ether. The organic layer was washed with water (5 x 20 mL). 

The crude product was transferred to a 250 mL round bottom flask and the solvent was removed 

by rotary evaporation. The residual diglyme was removed by direct mechanical vacuum. The 

resulting crude butyl ether product 20 was purified by silica gel column chromatography ( 100% 

pet ether) and silica gel thin layer chromatography (100% diethyl ether).

Synthetic Route 2:^^

Reagent grade tropylium tetrafluoroborate (Aldrich)(0.50 g, 0.003 mol) was dissolved in 

20 mL anhydrous diethyl ether in a 125 mL Erlenmeyer flask equipped with a magnetic stir bar. 

With stirring, w-butyl alcohol (0.38 mL, 0.004 mol) was added slowly over a period of 3 min. 

After the addition was complete, the reaction mixture was transferred to a 60 mL separatory 

funnel containing 20 mL of diethyl ether. The organic layer was separated and washed with 

saturated sodium bicarbonate (7 x 140 mL). The ether was removed from the crude product by 

rotary evaporation. The crude product was purified by silica gel, thin-layer chromatography 

(100% diethyl ether) to yield 0.035 g (7.6%) of the butyl ether product 20.

Synthetic Route 3:

Tropylium tetrafluoroborate (0.50 g, 0.003 mol) was dissolved in 20 mL anhydrous 

diethyl ether in a 125 mL Erlenmeyer flask equipped with a magnetic stir bar. With stirring, n- 

butyl alcohol was added slowly over 3 min. Saturated sodium bicarbonate (10 mL) was then 

added slowly to the reaction mixture with stirring in order to keep it basic (basicity was tested 

with red litmus paper). The diethyl ether was evaporated from the product to yield 0.31 g, (68%)
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of the crude butyl ether product 20.

Synthetic Route 4\

Tropylium tetrafluoroborate (0.50 g, 0.003 mol) was placed in a 50 mL Erlenmeyer flask 

to which M-butyl alcohol (0.38 mL, 0.004 mol) was added slowly with stirring. After the addition 

was complete, solid sodium bicarbonate (excess) was added to the mixture. Water ( -  1 mL) was 

added to the mixture to neutralize the mixture. Diethyl ether (10 mL) was added to the mixture, 

as well as more solid sodium bicarbonate (to keep it in excess). The solid sodium bicarbonate 

was separated from the organic layer by gravity filtration. The ether was separated from the 

product by rotary evaporator to yield 0.379 g (82.6%) of the butyl ether product 20.

4.6. Synthesis of the DIBF Product (14)^^

The sodium salt of tropone tosylhydrazone (0.10 g, 0.3 mmol), 1,3-diphenylisobenzo- 

furan (Aldrich) (DIBF, 0.091 g, 0.3 mmol), and diglyme (3.0 mL) were placed into a 15 mL test 

tube equipped with a magnetic stir bar. The mixture was stirred for 1 h at 100 ^C. The organic 

layer was transferred to a 125 mL separatory funnel with 30 mL of diethy ether, washed with 

water (5 x 60 mL), and dried over anhydrous magnesium sulfate. The ether was removed by 

rotary evaporation and the crude product was purified twice by preparative silica gel thin-layer 

chromatography (100% pet ether). The isomers were separated by HPLC (3:1 acetonitrile/H2 0 ) 

yielding a yellow crystalline solid (major isomer) and an opaque liquid (minor isomer).
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Data for Major Isomer (14a):^^ 'h  NMR (400 MHz, CDCI3) 3.64 (d, IH, H^, Jg(,=3.69), 4.73 (d 

of d, IH, Hy 7yç=9.72), 5.85 (d of d, IH, H^, ^^=9.87), 6.01 (m, IH, Hf), 6.22 (m, IH, H^),

6.23 (m, IH, Hj).

Data for Minor Isomer (14b):^^ 'h  NMR (400 MHz, CDCI3) 2.54 (d, IH, H^, Jgy=4.35), 5.14 

(d of d, IH, Hy, Jyc=9.58), 6.02 (d of d, IH, H^ J^j=I 1.06), 6.20 (m, IH, Hf), 6.41 (d of d, IH, 

10.93 ), 6.44 (do fd , IH, H^, 7^^11.06).

4.7. Synthesis of Bitropyl (24)^^

Zinc dust (0.200 g, 0.003 mol), tropylium tetrafluoroborate (0.53 g, 0.003 mol), and water 

(6 mL) were placed into a 15 mL centrifuge tube. The centrifuge tube was corked with a rubber 

stopper, and the mixture was shaken thoroughly for 4 min. The product was washed with pentane 

(4x5  mL). The pentane was removed by rotary evaporation leaving the yellow crystalline 

product. Data for 24: NMR (400MHz, CDClg) 1.87 (m, 2H, H^), 5.21 (d of d, 4H, Hy

Jy^-9.02), 6.19 (d oft, 4H, H^ J^j=9.24), 6.62 (m, 4H, H^).

4.8. Competition Reaction (synthesis of 20 and 14)^^

DIBF (0.429 g, 1.6 mmol), /7-butyl alcohol (3 mL, 0.0328 mol), and diglyme (6 mL) were 

placed into a 15 mL test tube equipped with a magnetic stir bar and stoppered with a rubber 

septum. The mixture was heated at 100 for 10 min. The sodium salt of tropone 

tosylhydrazone (0.075 g, 0.3 mmol) was added immediately thereafter and this mixture was 

heated for an additional 50 min at 100 ^C. The solution was allowed to cool. The solution was
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transferred to a 250 mL separatory funnel with 50 mL pet ether. The organic layer was washed 

with water (2 x 125 mL). The DIBF products and butyl ether product were separated by Grade 111 

alumina column chromatography (100% pet ether). The DIBF products were purified by silica 

gel thin-layer chromatography (7:3 pet ether/methylene chloride) and separated by HPLC (RP-18 

column, 3:1 acetonitrile/water). Data for Competition Reactions: reported in Section 4.5. (butyl 

ether product 20) and Section 4.6. (DIBF products 14a and 14b).
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Appendix I

Scheme A1 : Single intermediate kinetics (see Scheme 9, pg. 30) 

d[9]/dt = -k] [9][BuOH] -k2[9][DIBF] 

d[14]/dt = k2[9][DIBF] 

d[20]/dt = k,[9][BuOH]

d[20]/d[14] = k j[9][BuOH]/k2[9][DIBF]

[20]/[14] = k, [BuOH]/k2[DIBF]

Scheme A2: Two-intermediate kinetics (see Scheme 10, pg. 31) 

d[l]/dt = k j)!] - k 3[9] + k^[l][BuOH] 

d[9]/dt = -k jfl] + k_3[9] + k2[9][DlBF] 

d[14]/dt = k2[9][DIBF] 

d[20]/dt = k^[l][BuOH]

[20]/[14] = k4[l][BuOH]/k2[9][DlBF] 

k_3[9] + k2[9][DlBF] = k3[l]

[9] = k3[l]/(k_3 + k2[DIBF])

[20]/[14] = k4[l][BuOH]/{k2[DlBF](k3[l]/(k. 3 + k2[DlBF])}

= k4[BuOH]/{(k2k3[DIBF])/(k. 3 + k2[DlBF])}

= k4[BuOH] + (k_3 + k2[DlBF])/(k2k3[DlBF])

= {(k.3k4[BuOH])/(k2k3[DIBF])} +

{(k2k4[BuOH][DlBF])/(k2k3[DlBF])} 

[20]/[14] = {k_3k4[BuOH]/k2k3[DIBF]} + {k4[BuOH]/k3J
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Appendix II

HRMS results of the DIBF products 14a (major isomer) and 14b (minor isomer).

Ph

Pin

14a 
Major Isomer

Ph

Ph

14b
Minor Isomer

Structures of the isomers were determined by SYBYL and Alchemy III. 

Computer generated drawings are seen in Figure 2-14, page 56.
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93 . 0 8 3 8 6 0 3 0 2 . 5 0 1 1 6 .44 3 3 3 4 E + 0 2 0 . 2 0
95 . 0 8 3 8 5 9 6 7 5 . 5 3 7 3 5 . I55000E+ Û3 1 . 5 9
9 6 . 1 0 0 5 5 9 3 6 1 . 7 2 1 9 1.930000E4-03 0 . 6 0
9 7 . 1 1 1 5 5 9 0 5 2 . 9 1 6 7 7 .255333E + 03 2 . 2 4
9 8 . 0 8 6 8 5 8 7 5 7 . 9 7 4 1 5 -9 9 7 3 3 3 E » 0 3 1 . 8 5
9 9 . 1 0 4 1 5 8 4 5 3 . 3 9 1 7 8 .4 3 0 0 0 0 E + 0 2 0 . 2 6

1 0 1 . 0 5 0 7 5 7 8 7 9 . 0 4 8 4 3 .361000E + 03 1 . 0 4
102 . 0551 5 7 5 8 6 . 9 8 0 1 8 .11 3 3 3 4 E + 0 2 0 . 2 5
105 .0 4 0 0 5 6 7 3 5 . 6 2 9 8 2.314027E+OS 7 1 . 4 3
106 . 0408 5 6 4 5 5 . 6 4 8 6 1 .730 9 3 3 E + 0 4 5 . 3 4
1 0 6 . 9 9 3 8 5 6 1 9 1 . 5 0 1 8 1 .997 6 6 7 E + 0 3 0 . 6 2
1 0 9 . 0 9 5 6 5 5 6 1 7 . 4 2 4 2 2 .263 3 3 3 E + 0 3 0 . 7 0
1 1 1 . 1 0 8 2 5 5 0 7 8 . 3 3 5 0 2 . 5 3 7 6 6 7 E f 0 3 0 . 7 8
1 1 2 . 0 7 9 2 5 4 8 2 1 . 8 7 3 0 1 .228667E + 03 0 . 3 8
1 1 3 . 0 4 2 5 5 4 5 6 9 . 7 5 8 7 8 .5 2 0 0 0 0 E + 0 3 2 . 6 3
1 1 3 . 9 8 1 9 5 4 3 2 6 . 0 0 9 4 2 .4 1 5 6 6 7 E + 0 3 0 . 7 5
1 1 5 . 0 5 9 0 5 4 0 4 9 . 0 7 1 9 4 .5 6 9 0 0 0 E + 0 3 1 . 4 1
1 1 6 . 0 5 8 2 5 3 7 9 4 . 4 9 5 8 5 .6 7 0 0 0 0 E + 0 2 0 . 1 8
1 1 8 . 9 6 1 2 5 3 0 6 7 . 0 7 7 2 9 .2 6 6 6 6 7 E + 0 2 0 . 2 9
1 1 9 . 6 5 4 2 5 2 8 9 6 . 0 0 5 8 8 .3 8 3 6 6 7 E * 0 3 2 . 5 9
123 . 1231 5 2 0 5 2 . 6 6 0 2 8 . 1 5 6 6 6 7 1 * 0 2 0 . 2 5
1 2 5 . 0 6 7 3 5 1 5 9 1 . 9 2 6 6 4 .5 2 8 6 6 7 5 * 0 3 1 . 4 0
1 2 6 . 0 5 5 0 5 1 3 5 9 . 9 5 9 2 1 . 949200E*04 6 .0 2
1 2 6 . 3 7 5 8 5 1 1 6 8 . 5 4 8 7 6 .2 6 8 3 3 3 5 * 0 3 1 . 9 3
1 2 8 . 0 3 3 4 50899  . 4877 5 -8 6 6 6 6 7 E * 0 2 0 . 1 8
1 2 9 . 0 3 1 5 5 0 6 6 0 . 1 3 7 5 1 .3 8 7 0 0 0 E * 0 3 0 . 5 8
1 3 1 . 3 5 4 1 5 0 0 3 3 . 1 7 8 4 3 ,7890D0E*03 1 . 1 7
13 2 , 6901 4 9 8 4 6 . 6 9 5 4 1 .4 7 1 3 3 3 E * 0 3 0 . 4 5
134 . 062 1 4 9 5 4 3 . 2 0 0 5 2 . 5 0 9 6 6 7 E * 0 3 0 .7 7
1 3 7 . 0 8 1 1 4 8 8 8 6 . 2 3 3 3 6 .5 1 3 3 3 4 5 * 0 2 0 . 2 0
1 3 9 . 0 5 8 9 48463  . 7 2 9 7 4 . 0 3 9 6 6 7 e *03 1 . 2 5
1 4 0 . 3 : 6 : 48070  . 4 1 6 9 9 . 4 0 1 6 6 7 1 ^ 0 3 2 . 90
141,  :~ 5 ~ 4 7 9 3 4 . 3 5 0 5 1 .7 2 7 3 3 3 5 * 0 3 0 , 53
143 14 6 “ 4 6 4 1 9 .  1 3 0 : 4 .0 3 2 0 0 0 5 * 0  3 1 . 2 4
- '  '  '  '  ?  : 4 6 : 1 9 . 4 : 3 - : . 575331E* :3 I . " :

1 l : 5 3 3 3 E * - 4
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■ 1 6 6 .0 8 6 7 4 3 2 2 0 . 6 1 3 4 4 . 7 6 7 3 3 3 E + 0 3 1 . 4 7167 . 0 9 5 1 4 3 0 4 1 . 6 8 4 4 2 . 1 7 7 3 3 3 E + 0 3 0 .  67
175 . 0 7 5 8 4 1 6 6 2 . 4 7 9 2 1 .9 7 3 0 0 0 E + 0 3 0 . 6 11 7 6 . 0 7 4 7 4 1 4 9 4 . 2 9 3 7 2 . 7 2 4 8 0 0 E f 0 4 8 . 4 1177  . 0 0 4 9 4 1 3 2 5 . 1 8 9 1 2 . 7 B 8 5 3 3 E + 0 4 8 . 3 61 7 8 . 0 9 2 1 4 1 1 5 7 . 5 2 7 3 5 - 9 6 1 0 6 7 E + 0 4 1 8 . 4 0
179 . 0 9 6 9 4 0 9 9 1 . 2 1 2 6 2 .5 B 7 7 3 3 E + 0 4 7 . 9 91 8 0 . 0 9 8 5 4 0 8 2 6 . 3 6 6 1 1 -0 2 9 7 3 3 E > 0 4 3 . 1 81 8 1 . 0 4 1 4 4 0 6 7 2 . 0 1 1 8 1 .4 0 C 5 0 0 E > 0 4 4 . 3 4
1 8 2 . 0 8 5 4 4 0 5 0 2 . 0 5 0 5 l - 6 « 7 3 3 3 E + 0 3 O .S l
1 8 7 . 0 7 6 0 3 9 7 0 2 . 8 4 2 7 7 - 6 5 6 6 6 7 E + 0 2 0 . 2 4
1 8 9 . 0 8 1 2 3 9 3 8 7 . 7 1 9 5 4 . 5 5 2 0 0 0 E + 0 3 1 . 4 1
1 9 3 . 0 7 7 9 3 8 7 6 9 . 4 6 2 1 S . 1 9 1 J 3 3 E + 0 3 1 . 6 01 9 4 . 0 7 9 6 3 8 6 1 6 . 5 1 5 5 2 . 6 2 W 0 0 E + 0 3 0 . 8 11 9 5 . 0 8 1 3 3 8 4 6 4 . 3 3 6 3 7 .1 4 0 0 0 0 E + 0 2 0 . 2 22 0 0 . 0 6 4 6 3 7 7 1 8 . 7 9 1 8 2 . 3 5 7 3 3 3 E + 0 3 0 . 7 32 0 1 . 0 8 2 6 3 7 5 6 8 . 7 9 0 5 6.8BD000E+Û2 0 . 2 12 0 2 . 0 8 7 6 3 7 4 2 1 . 4 6 5 2 7 . 2 5 8 6 6 7 E + 0 3 2 . 2 42 0 3 . 0 9 5 7 3 7 2 7 4 . 4 2 5 6 9 .17QO 00E +02 0 . 2 8
2 0 5 . 0 7 7 8 3 6 9 8 7 . 4 7 2 0 6 .0 1 7 3 3 3 E + Q 3 1 . 8 6
2 09  . 0 7 3 6 3 6 4 1 7 . 4 9 1 1 6 . 686000E+03 2 . 0 6
2 1 3 . 0 9 2 0 3 5 8 5 5 . 1 9 2 7 2 .8 7 9 0 0 0 E + 0 3 0 . 8 9
215 . 0989 3 5 5 7 8 . 2 6 6 9 1 .1 2 9 6 0 0 E + 0 4 3 . 4 9
2 1 6 . 1 0 3 3 3 5 4 4 0 . 6 3 9 4 1 . 0 4 2 0 0 0 E + 0 3 0 . 3 2
2 2 4 . 0 7 2 4 3 4 3 7 0 . 0 3 2 1 2 .7 6 7 6 6 7 E + 0 3 0 . 8 5
2 2 5 . 1 0 2 5 3 4 2 3 4 . 3 7 5 6 2 . 1 8 2 3 3 3 E + 0 3 0 . 6 7
2 26  . 0866 3 4 1 0 5 . 3 6 4 5 1 . 9 5 6 4 3 3 E + 0 4 6 . 0 4
2 2 7 . 0 9 1 0 3 3 9 7 4 . 1 5 8 1 6 .6 5 1 3 3 3 E + 0 3 2 . 0 5
228 .1 0 8 9 3 3 8 4 2 . 0 0 5 8 9 -3 1 7 3 3 4 E + 0 3 2 . 8 8
2 2 9 . 1 1 2 6 3 3 7 1 2 . 1 7 7 9 1 .2 9 5 3 3 3 E + 0 3 0 . 4 0
2 3 7 . 0 7 9 0 3 2 7 0 1 . 9 8 3 0 2 .3 0 7 6 6 7 E + 0 3 0 . 7 1
238  . 1 1 4 1 3 2 5 7 3 , 2 5 8 8 1 . 8 4 3 6 6 7 E + 0 3 0 . 5 7
2 3 9 . 0 9 8 2 3 2 4 5 1 . 3 6 9 6 7 .4 4 6 6 6 7 E + 0 4 2 2 . 9 9
2 4 0 . 1 0 7 7 3 2 3 2 6 . 8 5 9 4 3 .8 B 0 S 3 4 E + 0 4 1 1 . 9 8
2 4 1 . 1 1 4 5 3 2 2 0 3 . 1 8 3 1 3 .0 0 6 4 0 0 E + 0 4 9 . 2 8
242  . 1 1 9 7 3 2 0 8 0 . 1 9 4 3 3 . 7 8 4 3 3 3 E + 0 3 1 . 1 7
2 5 0 . 0 8 7 2 3 1 1 2 2 . 5 2 0 4 1 .7 5 D 6 6 7 E + 0 4 5 . 4 0
2 5 1 . 0 8 3 8 3 1 0 0 4 . 8 7 6 3 1 . 026033E + 04 3 . 1 7
2 5 2 . 1 0 2 8 3 0 8 8 5 . 0 8 7 0 1 .Û 0 6 4 S 7 E + 0 5 3 1 . 0 7
253  . 1 0 6 5 3 0 7 6 7 . 5 9 6 7 9 . 6 1 7 S 6 7 E f 0 4 2 9 . 6 9
2 5 4 . 1 1 7 9 3 0 6 4 9 . 6 9 5 8 7 . a 7 1 B 0 0 E + 0 4 2 4 . 3 0
2 5 5 . 1 2 6 6 3 0 5 3 2 , 5 9 9 6 2 . 8 4 7 1 4 7 E + 0 5 8 7 . 8 9
2 5 6 . 1 2 9 1 3 0 4 1 6 . 7 2 1 5 5 . 9 5 3 6 0 0 0 0 4 1 8 . 3 8
2 5 7 . 1 3 1 3 3 0 3 0 1 .3 5 4 4 . 4 -7 7 7 0 0 0 E + 0 3 1 . 4 7
2 6 3 . 0 9 9 7 2 9 6 2 3 . 7 3 0 5 2 . 2 0 3 0 0 0 E + 0 3 0 . 6 8
2 6 5 . 1 2 1 4 2 9 3 9 7 . 6 5 7 7 5 . 6 6 5 6 0 0 E * 0 4 1 7 . 4 9
2 6 6 . 1 2 5 9 2 9 285  . 9 3 7 0 1 . 1 9 6 9 3 3 E + 0 4 3 . 6 9
2 6 7 . 1 1 5 4 2 9 1 7 6 . 2 8 4 2 5 . 9 8 2 6 6 7 E + 0 3 1 . 8 5
2 6 8 . 1 0 7 7 2 9 0 6 6 , 6 9 7 8 9 . 3 1 5 3 3 4 E + 0 3 2 . 8 8
269  .1 1 3 9 2 8 9 5 5  . 9 5 7 8 1 . 2 4 7 4 6 7 E * 0 4 3 . 8 5
2 7 0 . 1 2 3 9 2 8 8 4 5 . 1 8 6 5 5 . 6 0 4 2 6 7 E + 0 4 1 7 . 3 0
2 7 1 . 1 2 2 2 2 8 7 3 6 . 0 6 5 9 9 . 1 4 8 0 0 0 E + 0 3 2 . 8 2
2 8 0 . 1 5 0 6 2 7 7 6 6 . 6 7 8 2 2 . 8 2 2 6 6 7 E * 0 3 0 . 8 7
2 8 1 . 1 0 9 4 2 7 6 6 5 . 6 1 0 0 1 . 4 64133E + 05 4 5 . 2 0
2 8 2 . 1 1 1 7 2 7 5 6 0 . 3 5 0 5 7 . 0 7 2 9 6 7 E + 0 4 2 1 . 8 3
283 . 1 2 1 6 2 7 4 5 4 . 6 8 7 3 4 . 2 8 3 2 0 0 E > 0 4 1 3 . 2 2
2 8 4 . 1 2 6 6 2 7 3 4 9 . 9 3 4 7 6 . 4 3 0 6 6 7 E * 0 3 1 . 9 9
2 8 6 . 1 1 8 0 2 7 1 4 3 . 4 9 7 5 1 . 4O7667E+03 0 . 4 3
2 8 7 . 1 1 4 4 2 7 0 4 0 . 7 7 0 5 2 . 016667E + 03 0 . 6 2
2 8 9 . 1 1 1 2 2 6 8 3 5 . 9 9 2 4 1 . 2 2 3 3 3 3 E f 0 3 0 . 3 8
313 . 1 6 7 6 2 4 4 7 2 . 1 4 5 3 1 . S 54000E + 03 0 . 4 8
3 1 5 . 1 2 8 7 2 4 287  .2943 1 .3 4 2 3 3 3 E + 0 3 0 . 4 1
326 . 1291 2 3 2 7 2 . 0 3 6 4 3 .7 5 8 0 0 0 E + 0 3 1 . 1 6
3 2 7 . 1 3 3 9 2 3 1 8 1 . 0 6 7 6 2 .  494000E1-03 0 . 7 7
3 2 8 . 1 4 7 7 2 3 0 8 9 . 5 6 9 3 1 . 8 8 0 3 3 3 E + 0 3 0 . 5 8
329  . 1637 2 2 9 9 0 . 1 5 6 1 8 .S 2 3 3 3 4 E + 0 2 0 . 2 6
3 3 1 . 1 7 0 3 2 2 8 1 3 . 4 3 6 2 9 . 2 4 3 3 3 4 E * 0 2 0 . 2 9
3 3 9 . 1 4 7 2 2 2 1 1 4 . 1 4 9 1 4 . 8 3 3 3 3 3 E * 0 3 1 . 4 9
3 40  . 1 5 6 9 22026  . 0 9 0 2 1 . 2 9 6 3 3 3 E + 0 3 0 . 4 0
341 . 1 6 3 1 21930  .5 6 3 5 2 . 6 7 5 7 3 3 E + 0 4 8 .2 6
3 4 2 . 1 6 7 7 2 1 8 5 1 . 3 9 2 9 2 . 5 4 0 5 3 3 E * 0 4 7 . 8 4
343 . 1668 21764  . 9275 8 . 6 5 2 667E + 03 2 . 6 7
3 4 4 . 1 5 3 1 2 1 6 7 9 . 3 3 9 0 2 . 2 1 2 3 3 3 £ * 0 3 0 . 68
3 4 5 . 1 4 8 0 2 1 5 9 4  . 0969 5 .  1 7 2 0 0 0 E * 0 3 1.  60
3 46 . 1513 2 1 507  . 9275 6 . 5 2 0 0 0 0 E * 0 2 0.  20
353  . 1675 2 0 4 9 6 . 5 0 9 9 1 . 4 4 3 0 0 0 E * 0 3 0 . 45
3 5 9 . 1 5 9 0 2 0 4 1 4 . 8 4 8 5 4 . S2 0 0 0 0 E + 0 4 13 . 95
3 6 0 . 1 6 9 2 2 0 3 3 1 . 3 9 0 9 3 . ; 3 9 5 0 7 E * 0 5 1 0 0 . 0 0
361. 1-49 20249 . 5473 9 . 511467E-04 2 9 . 3 6
36: . 1 - 66 20: 6 - . - 5 7 3 1 . :44667E. . ;4 J . 22
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t

MS_aSER:SPE_DEFAtJLT.I.XS 2 9 -S E P - 1 9 9 5  0 8 : 1 1  
. L i s t i n g  o f  r a w  d a t a  f o r  -  

d a t a  f i l e  2BSEP950 
d a t a  i d e n t  1 S 1 _ 1 £ 1  Mer D e f  0 . 2 5  

A x i s  d i s p l a y  r a n g e  X_MASS ( 4 5 . 0 0 .  5 0 0 . 3 1 )
N o r m a l i s i n g  i n t e n s i t y  1 .38600E *O S  
D a t a  t h r e s h o l d  0 .17%  o f  i i a t e n s i ü y

MASS TIME ABS BEICHT REL HEIGHT 1

5 0 . 0 1 8 7 7 8 6 5 3 - 2 0 0 1 1 .953455E *03 1 . 4 1
5 1 . 0 2 7 4 7 8 0 6 2 . 8 1 1 3 2 .701546E +03 1 . 9 5
5 2 . 0 3 5 9 7 7 4 8 4 . 1 4 2 8 1 .245546E+03 0 . 9 0
53 . 0 4 6 4 7 6 9 1 5 . 4 2 9 8 1 .009346E +04 7 . 2 8
5 4 . 0 5 5 2 7 6 3 5 8 . 3 4 1 2 2 .83 5 4 1 8 E + 0 4 2 0 . 4 6
5 5 . 0 5 9 2 7 5 8 1 4 . 1 6 7 5 1 .3 8 6 0 0 0 E f0 5 1 0 0 . 0 0
5 6 . 0 7 2 8 7 5 2 7 4 . 7 7 6 2 3 .966055E +04 2 8 . 6 2
5 7 . 0 8 1 5 7 4 7 4 7 . 5 7 7 1 1.027189E+-05 7 4 . 1 1
5 8 . 0 6 5 2 7 4 2 4 2 . 3  577 5.728O91E+03 4 . 1 3
5 9 . 0 5 4 5 7 3 7 4 2 . 7 7 3 3 3 .550000E >03 2 . 5 6
60 . 0 3 4 1 7 3 2 5 6 . 3 0 7 5 2 .1S9709E + 04 1 5 . 5 8
6 1 . 0 3 9 8 7 2 7 6 5 . 0 8 7 7 4 .031364E + 03 2 . 9 1
63 . 0 3 6 1 7 1 8 1 3 . 5 1 1 4 6 .747273E + 02 0 . 4 9
65 . 0 5 0 6 7 0 8 8 3 . 3 1 7 1 2 .364182E + 03 1 . 7 1
66 . 0 5 8 9 7 0 4 2 8 . 4 6 8 1 2 .S34727E + 03 1 . 8 3
67 . 0 6 5 4 6 9 9 8 1 . 3 5 0 1 5 .440 1 4 6 E + 0 4 3 9 . 2 5
6 8 . 0 7 2 3 6 9 5 4 0 . 6 9 5 4 2 .63 6 2 1 8 E + 0 4 1 9 . 0 2
6 9 . 0 7 9 4 6 9 1 0 6 . 4 5 2 8 8 .010473E + 04 5 7 . 0 0
7 0 . 0 8 5 8 6 8 6 7 8 . 7 8 2 6 2 .55 7 8 9 1 E + 0 4 1 8 . 4 6
7 1 . 0 9 3 6 6 8 2 5 6 . 6 1 4 7 4 .5 4 8 6 5 5 E + 0 4 3 2 . 3 2
7 2 . 0 8 5 2 6 7 8 4 7 , 0 9 3 3 1 .097273E + 03 0 . 7 9
73 . 0 4 1 3 6 7 4 5 7 . 5 9 9 2 3 .437 7 4 6 E + 0 4 2 4 . 8 0
7 4 . 0 4 1 9 6 7 0 5 5 . 3 7 6 9 3 .796909E + 03 2 . 7 4
75 . 0 3 4 7 6 6 6 6 1 . 7 5 0 1 1 .882909E + 03 1 . 3 6
7 7 . 0 4 0 8 6 5 8 8 2 . 1 7 9 6 5 .14454SE+ 03 3 .7 1
7 8 . 0 4 8 7 6 5 4 9 8 . 2 8 1 1 1 .962546E + 03 1 . 4 2
7 9 . 0 5 6 3 6 5 1 1 9 . 4 9 4 2 1 .487 7 4 6 E + 0 4 1 0 . 7 3
8 0 . 0 6 5 7 6 4 7 4 4 . 9 4 4 3 9 .268000E + 03 6 . 6 9
8 1 . 0 7 3 0 6 4 3 7 5 . 9 5 2 5 4 .5 1 0 0 4 6 E + 0 4 3 2 . 5 4
8 2 . 0 8 0 8 6 4 0 1 1 . 4 6 5 8 2 .7 0 9 7 5 5 E + 0 4 1 9 . 5 5
8 3 . 0 8 9 1 6 3 6 5 1 . 3 4 0 0 5 .990 2 5 5 E + 0 4 4 3 . 2 2
8 4 . 0 7 2 9 6 3 3 0 4 . 2 4 0 1 3 .3 3 4 3 2 7 E + 0 4 2 4 . 0 6
8 5 . 1 0 7 3 6 2 9 4 3 . 6 9 0 6 2 .44261B E +04 1 7 . 6 2
8 6 . 0 9 8 8 6 2 6 0 2 . 2 3 6 5 2 .9 3 7 2 7 3 E + 0 2 0 . 2 1
8 7 . 0 5 3 8 6 2 2 7 7 . 0 5 9 2 3.882546E+G3 2 . 8 0
9 1 . 0 6 9 0 6 0 9 4 7 . 8 2 5 1 1 .0 1 2 6 0 0 E + 0 4 7 . 3 1
9 2 . 0 7 5 9 6 0 6 2 3 . 6 2 5 9 2 .1 3 4 0 9 1 E + 0 3 1 . 5 4
93 . 0 8 4 4 6 0 3 0 2 . 3 8 7 9 8 .7 7 5 6 3 7 E + 0 3 6 . 3 3
9 4 . 0 9 0 9 5 9 9 8 5 . 2 0 1 8 5 .330 9 0 9 E + 0 3 3 . 8 5
9 5 . 1 0 0 2 5 9 6 7 0 . 4 5 3 6 3 .4 1 8 5 4 6 E + 0 4 2 4 . 6 6
9 6 . 0 9 3 7 5 9 3 6 3 . 8 2 5 9 2 .2 1 1 3 1 8 E + 0 4 1 5 . 9 5
9 7 . 1 0 8 5 5 9 0 5 3 . 8 0 2 2 4 .2 9 1 0 2 7 E + 0 4 3 0 . 9 6
9 8 . 0 9 0 7 5 8 7 5 6 . 7 8 7 3 6 .7 2 9 8 9 1 E + 0 4 4 8 . 5 6
9 9 . 1 0 0 1 5 8 4 5 4 . 5 6 4 8 8.804728E4-03 6 . 3 5

1 0 0 . 0 6 9 7 5 8 1 6 7 . 1 0 7 0 1 .4 4 1 0 9 1 E + 0 3 1 . 0 4
1 0 1 . 0 7 4 0 5 7 8 7 2 . 2 5 8 8 1 .8 5 5 6 3 6 E + 0 3 1 . 3 4
1 0 5 . 0 7 3 2 5 6 7 2 6 . 2 8 9 5 4 .4 7 1 4 5 5 E + 0 3 3 . 2 3
1 0 6 . 0 8 0 0 5 6 4 4 4 . 7 3 4 0 5 .7 S 9 0 9 1 E + 0 2 0 . 4 2
1 0 7 . 0 0 8 0 5 6 1 6 5 . 5 3 7 2 4 .8 9 5 0 0 0 E + 0 3 3 . 5 3
1 0 8 . 0 9 6 5 5 5 8 8 8 . 9 0 2 0 2 .5 3 2 7 2 7 E + 0 3 1 . 8 3
1 0 9 . 1 0 4 0 5 5 6 1 5 . 1 4 4 7 1 .6 2 6 2 9 1 E + 0 4 1 1 . 7 3
1 1 0 . 1 0 6 6 5 5 3 4 5 . 3 2 9 2 8 .1 9 2 0 0 0 E + 0 3 5 . 9 1
1 1 1 . 1 0 3 4 5 5 0 7 9  . 5 9 8 1 1 .9 7 9 1 2 7 E + 0 4 1 4 . 2 8
1 1 2 . 0 9 0 2 5 4 8 1 6 . 8 7 4 5 1 .5 3 2 9 4 6 E + 0 4 1 1 . 0 6
1 1 3 . 0 9 1 7 5 4 5 5 6 . 9 1 9 2 4 .0 1 9 2 7 3 E + 0 3 2 . 9 0
1 1 4 . 0 7 7 9 5 4 3 0 1 . 2 2 3 4 3 . 7 9 8 1 8 2 E + 0 2 0 . 2 7
1 1 5 . 0 7 3 0 5 4 0 4 5 . 5 0 0 7 3 . 4 8 3 0 9 1 E t 0 3 2 . 5 1
1 1 6 . 0 6 2 4 5 3 7 9 3 . 4 2 8 0 4 . 730909E+03 3 .4 1
1 1 7 . 0 7 2 0 5 3 5 3 8 . 4 5 3 7 4 .1 8 3 6 3 7 E + 0 3 3 .0 2
1 1 8 . 0 8 9 1 53283  . 7 5 7 4 2 . 9 4 7 2 7 3 E + 0 2 0 . 2 1
1 1 9 . 0 9 5 7 5 3 0 3 3 . 7 9 3 0 1 . 664909E+03 1 . 2 0
1 2 0 . 1 0 3 5 5 2 7 8 5  . 5 9 3 1 3 .0 2 9 0 9 1 E » 0 2 0 . 2 2
1 2 1 , 1 1 4 2 5 2 5 3 8 . 6 9 9 6 5 . 532909E+03 3 . 99
1 2 2 . 1 2 1 5 52294  , 6 0 6 7 1 .2 2 1 3 6 4 E + 0 3 0 .3 8
1 2 3 . 1 2 5 2 52053  . 3 4 2 2 8 . 002728E+03 5 . 7 7
1 2 4 . 1 2 2 7 5 1 8 1 4 . 0 5 6 9 3 . 340727E+03 2 .4 1
1 2 5 . 1 2 2 1 51577  , 36 5 3 5 . 587637E*03 4 . 0 3
1 2 6 . 13 3 1 51341  . 69 10 1 . 75B182Ei -03 1 . 2 7
127 1 2 : 3 5 1110 .3 057 2 . 4 8 5 2 7 3 E - 03 1 . 7 9

5 0 6 5 3 . 6 5 9 9 I . 3 6 1 1 : 7 1 - 0 4 9 . 8 2
: . 7 : 5 4 5 5 5 - :

FLAGS
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1 3 7 . 1 2 6 8  
1 3 8 . 1 3 4 7  
1 3 9 . 1 3 3 2  
1 4 0 . 1 4 5 0  
1 4 1 . 1 2 6 3  
1 4 3 . 1 1 0 4  
1 4 5 . 1 1 1 6  
1 4 7 . 1 0 0 0  
149 . 1 3 7 0  
1 5 0 . 1 4 5 7  
1 5 1 . 1 4 1 0  
1 5 2 . 1 4 2 4  
1 5 3 . 1 4 2 1  
1 5 4 . 1 4 3 7  
155 . 1 3 7 1  
1 5 7 . 1 2 6 7  
1 5 8 . 0 9 2 6  
163 . 1 4 3 1  
1 6 5 . 1 3 8 7  
1 6 6 . 1 7 9 7  
1 6 7 . 1 5 4 6  
1 6 9 . 1 1 9 2  
1 7 1 . 1 1 4 2  
177 . 0 3 9 9  
185 . 1 5 3 6  
1 9 1 . 0 2 3 3  
193 . 1 0 4 6  
207  . 0589  
2 0 8 . 0 6 1 8  
2 0 9 . 0 6 1 6  
213 . 1 9 3 8  
2 2 1 . 1 3 7 8  
2 2 7 . 1 6 7 9  
2 3 9  . 2 6 3 7  
2 4 0 . 2 6 1 4  
2 5 6 . 2 5 3 4  
2 6 2 . 2 6 0 1  
263 . 2 6 0 4  
2 6 4 . 2 7 4 6  
2 6 5 . 2 8 1 7  
2 6 6 . 2 7 8 9  
2 6 7 . 2 6 2 2  
2 8 1 .  0 7 9 9  
2 8 2 . 0 8 8 0  
2 8 3 . 1 0 5 6  
3 1 3 . 3 1 2 6  
314  . 3 1 4 0  
3 3 8 . 3 2 0 3  
3 3 9 . 3 3 3 4  
3 4 0 . 3 3 2 0  
3 4 1 . 2 7 6 2  
3 42  . 1 8 8 4  
344 . 1 8 9 6  
3 55  . 1 1 1 5  
367 . 3334

4 8 8 7 6 . 4 0 2 2 4 . 6 0 0 0 0 0 8 ^ 0 3 3 . 3 2
4 8 6 6 0 . 3 8 6 6 1-9771B 2E+03 1 .  43
4 8 4 4 7 . 9 6 5 4 1 .1 9 9 7 2 7 E + 0 3 0 . 8 7
4 8 2 3 4 . 3 1 0 5 2 . 6 9 4 5 4 6 E + 0 2 0 . 1 9
4 8 0 2 8 . 5 8 0 2 5 .8 8 0 0 0 0 E + 0 2 0 .  42
4 7 6 1 7 . 0 4 9 6 5 .7 6 8 1 8 2 E + 0 2 0 . 4 2
4 7 2 0 7 . 8 3 3 7 2 . 8 0 S 4 5 5 E + 0 2 0 . 2 0
4 6 6 0 6 . 7 7 8 7 2 .4 5 4 6 3 6 E + 0 3 1 . 7 7
4 6 4 0 1 . 2 7 3 9 1 .3 6 8 6 3 6 E + 0 3 0 .  99
4 6 2 0 2 . 3 7 9 6 4 .0 9 9 0 9 1 E + 0 2 0 . 3 0
4 6 0 0 7  . 3 4 1 2 3 .Q 2 4 1 8 2 E + 0 3 2 . 1 8
4 5 8 1 2 . 3 1 2 6 1 . 4 4 2 2 7 3 E + 0 3 1 . 0 4
4 5 6 1 8 . 8 2 6 9 8 .5 8 3 6 3 6 E * 0 2 0 . 6 2
4 5 4 2 6 . 2 0 0 0 2 . 4 9 9 0 9 1 E + 0 2 0 . 1 8
4 5 2 3 6 . 3 6 2 0 1 . 2 7 9 0 0 0 E + 0 3 0 . 9 2
4 4 8 5 9 . 7 5 3 0 7 .0 7 S 4 5 5 E + 0 2 0 . 5 1
4 4 6 7 8 . 6 4 2 4 3 .2 6 9 0 9 1 E + 0 2 0 . 2 4
4 3 7 4 9 . 1 8 4 3 3 .1 9 3 6 3 6 E + 0 2 0 . 2 3
4 3 3 8 9 . 8 1 4 6 1 .1 8 6 0 C 0 E + 0 3 0 . 8 6
4 3 2 0 4  .0 7 4 2 S .0 2 9 0 9 1 E + 0 2 0 . 3 6
4 3 0 3 1 . 1 6 8 9 2 . 7 7 0 9 0 9 E + 0 2 0 . 2 0
4 2 6 8 5 . 7 5 6 5 6 .9 1 0 9 0 9 E + 0 2 0 . 5 0
4 2 3 3 9 . 0 8 7 6 2 .3 6 B 3 6 4 E * 0 3 1 . 7 1
4 1 3 3 2 . 6 9 0 9 8 .2 4 7 2 7 3 E + 0 2 0 . 6 0
4 0 0 0 8 . 1 4 8 2 1 .6 4 2 3 6 4 E + 0 3 1 . 1 8
3 9 0 8 5 . 6 9 4 7 1 .3 0 6 3 6 4 E + 0 3 0 . 9 4
3 8 7 6 5 . 3 8 2 0 3 . 5 0 0 9 0 9 E + 0 2 0 . 2 5
3 6 7 0 3 . 4 8 5 3 4 .5 B 3 5 6 4 E + 0 4 3 3 - 0 7
3 6 5 6 0 . 7 7 2 9 6 . 7 9 3 0 9 1 E + 0 3 4 . 9 0
3 6 4 1 9 . 1 8 0 0 3 .S 6 7 1 8 2 E + 0 3 2 . 7 9
3 5 8 4 1 . 0 7 9 4 6 .2 6 5 4 S S E + 0 2 0 . 4 5
3 4 7 5 9 . 9 0 8 0 4 .4 4 4 5 4 6 E + 0 2 0 . 3 2
3 3 9 6 4 . 2 5 3 2 3 . 8 0 5 4 5 5 E + 0 2 0 . 2 7
3 2 4 3 0 . 9 2 5 1 9 .Û 4 7 4 5 5 E + 0 3 6 . 5 3
3 2 3 0 7 . 9 4 1 3 4 . 0 4 2 7 2 7 E + 0 2 0 . 2 9
3 0 4 0 2 . 3 8 5 0 1 .2 9 7 1 8 2 E + 0 3 0 . 9 4
2 9 7 1 8 . 1 1 8 2 4 .6 1 2 1 8 2 E + 0 3 3 . 3 3
2 9 6 0 5 . 6 9 1 3 1 -3 7 3 4 5 S E + 0 3 0 . 9 9
2 9 4 9 2 . 1 4 5 2 1 .3 7 7 8 9 1 E + 0 4 9 . 9 4
2 9 3 7 9 . 7 9 3 8 8 .8 1 6 4 5 5 E + 0 3 6 . 3 6
2 9 2 6 8 . 9 6 1 3 5 . 7 3 4 5 4 6 E + 0 2 0 . 4 1
2 9 1 6 0 . 0 5 2 2 9 . 2 0 6 3 6 4 E + 0 2 0 . 6 6
2 7 6 6 8 . 7 1 4 5 7 . 2 3 3 2 7 3 E + 0 3 5 . 2 2
2 7 5 6 2 . 8 2 5 6 6 .4 Q 1 8 1 8 E + 0 2 0 . 4 6
2 7 4 5 6 . 3 5 5 3 5 . 2 6 0 9 0 9 E + 0 2 0 . 3 8
2 4 4 5 8 . 4 3 4 6 1 . 0 8 5 5 2 7 E + 0 4 7 . 8 3
2 4 3 6 3 . 9 4 0 7 9 . 0 1 8 1 8 2 E + 0 2 0 . 6 5
2 2 1 8 6 . 4 3 8 7 2 .0 8 2 6 3 6 E + 0 3 1 . 5 0
2 2 0 9 7  ,8895 6 . 621637E + 03 4 . 7 8
2 2 0 1 0  .8 4 4 4 4 . 5000QOE+02 0 . 3 2
2 1 9 2 8 . 7 3 9 5 1 .8 9 7 0 9 1 E + 0 3 1 . 3 7
2 1 8 4 9 . 6 0 4 1 5 . 9 2 0 9 0 9 E + 0 2 0 . 43
2 1 6 7 6 . 6 2 6 8 1 . 8 3 3 8 1 8 6 + 0 3 1 . 3 2
2 0 7 4 9 . 8 8 0 9 5 . 2 3 0 9 0 9 E + 0 2 0 . 3 8
1 9 7 4 9 . 8 5 6 8 4 .1 4 7 2 7 3 E + 0 2 0 . 3 0
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Minor Isomer (14b)

KlemencaJL C om position

F i l e : 1 0 O C T 9 S B 1  I d e n C : I  A c q : 1 0 - O C T - 1 9 9 5  0 7 : 3 6 : 5 7  + 3 : 1 0  C a l  ; 1 QOCT9 5 B1  
7 0 S  E I +  V o l t a g e  B p M : 3 3 1  B p l : 1 0 1 7 3 4 4  T I C : 4 1 9 8 6 8 4  F l a g s  : NORM 
F i l e  T e x t  : e w ;  m i n o r  d i a s t e r e o m e r  C r e a t e d  f r o m  1 0 O C T 9 S B  4 2 _ 5 2  SMO( 1 , 7 )  

H e t e r o a t o m  M a x : 2 0  I o n : B o t h  E v e n  a n d  O dd
L i m i t s  :

- 0 . 5 5 10 0
3 6 0 . 1 5 0 4 8 2 1 0 . 0 2 0  . 0 3 0 SO 3

M a s s m Da PPM C a l c .  M a s s DEE C H 0

3 6 0 . 1 5 0 4 8 2 0 . 9 2 . 6 3 6 0 . 1 5 1 4 1 5 1 8  . 0 2 7 20 1



l e : 2 8 S E P 9 5 N  # 1 - 2 9 7  A c q T i S - S E P - 1 9 9 5  1 2 : b 2 : b 4  S e p t u m  E I +  M a g n e t  v O s  
C ( + R P )  E x p : P R O B E  
l e  T e x t  : HPLC F r a c t i o n # ?

) 0 %
_ 8 . 4 E 6

L 8 . 0 E 6

L 7 . 6 E 6

L 7 . 2 E 6

1 6 9

L 5 . 5 E 6

L 5 . 1 E 6  

L 4 . 6 E 6  

L 4 . 2 E 6

02
5 3

L 3 . 8 E 6

L 3 . 4 E 6

L 3 . 0 E 6

L 2 . 5 E 6

2 8 3
L l . 7 E 6

L 1 , 3 E 6

: 8 . 4 E 5

4 . 2 E 5

O. OEO
S c a n
T i m e5 0

5 : 0 63 : 2 6

00LH



1 e : 2 B 5 E P 9 5 N  I d e n t : 5 0 Z ^ 5  M e r  D e f  0 . 2 5  A c q : 2 8 - S E P - 1 9 9 5  1 2 : 5 2 : 5 4  + 1 : 5 1  C a i : 2 8 S E P 9 b N _ l  
:1 E I +  M a g n e t  B p M : 2 0 9  B p l : 9 3 3 1 3 9  T I C : 4 1 3 2 3 0 2  F l a g s : H A L L  
l e  T e x t : H P L C  F r a c t i o n # ?  

in‘). 2 0 9
_ 9 . 3 E 5

L 8 . 9 E 5

L 7 . 9 E 5

7 . 5 E 5

L 7 . 0 E 5

6 . 5 E 5
1 0 5

L 6 . 1 E 5

; 5 . 6 E 5
7 7

L 5 . 1 E 5

2 8 6 l 4 . 7 E 5

3 . 7 E 5

L 3 . 3 E 5

: 2 . 8 E 5

L 2 . 3 E 5

1 5 2
L l . 4 E 5

5 1 9 . 3 E 4

1 8 1 4 . 7 E 4

0 , OEO|11 |,li { . r -  
8 0  1 0 0  12 m / z

6 0

oo
<7\
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MS_USE31:SPE,DEFAULT.LIS 2 3 -S E P - 1 9 5 5  1 3 : 0 7
L i s t i n g  o f  r a w  d a t a  f o r  -  

d a t a  f i l e  28SEP9SN 
d a t a  i d e n t  SO_5 5 Mer D e f  0 . 2 5  

A x i s  d i s p l a y  r a n g e  X_MASS (4 5 .0 0 ,  4 5 0 . 2 3 )
N o r m a l i s i n g  i n t e n s i t y  9 . 3 3 1 3 9 E + 0 5

t h r e s n o i d  0.17% o f  Q o x m a l i s i n g  i n t e n s i t y

MASS TEHE AES aBXGKT REL HEIGHT

SO. 0 1 9 3 7 8 6 5 2 . 8 7 7 8 2 .994800E + 04 3 . 2 1
5 1 . 0 2 8 2 7 8 0 6 2 . 3 8 9 1 1 .1 6 2 4 5 3 E + 05 1 2 . 4 6
5 2 . 0 3 4 0 7 7 4 8 5 . 1 9 7 9 5 .268833E+03 0 . 5 6
5 4 . 0 5 5 7 7 6 3 5 8 . 0 7 1 9 2.924333E +03 0 . 3 1
5 5 . 0 6 3 1 7 5 8 1 2 . 0 8 3 1 3 .443584E + 04 3 . 6 9
5 6 . 0 7 2 8 7 5 2 7 4 . 7 8 3 8 1 .384133E +04 1.  485 7 . 0 8 1 0 7 4 7 4 7 . 8 5 2 6 5 .22 9 0 1 7 E + 0 4 5 . 6 0
6 0 . 0 3 4 0 7 3 2 5 6 . 3 6 2 2 5 .942667E+03 0 . 6 463 . 0 3 4 7 7 1 8 1 4 . 1 5 6 9 6.220000E+Û3 0 . 6 7
6 7 , 0 6 5 0 6 9 9 8 1 . 5 1 3 6 9.454667E+-03 1 . 0 16 8 . 0 7 0 5 6 9 5 4 1 . 4 7 5 1 3-895167E<-03 0 .426 9 . 0 7 8 6 6 9 1 0 6 . 7 7 0 4 2 .S27733E + 04 2 . 7 1
7 0 . 0 8 4 2 6 8 6 7 9 . 4 2 7 1 1 .020600E + 04 1 . 0 9
7 1 . 0 9 2 5 6 8 2 5 7 . 0 8 8 2 2 .663 7 3 3 E + 0 4 2 . 8 573 . 0 4 3 2 6 7 4 5 6 . 8 2 0 5 1 .361533E + 04 1 . 4 67 4 . 0 2 2 4 6 7 0 6 3 . 1 8 0 7 9 .289334E + 03 1 . 07 5 . 0 2 8 5 6 6 6 6 4 . 2 0 2 9 1 .8 1 9 7 3 3E+04 1 . 9 5
7 6 . 0 3 2 8 6 6 2 7 1 . 2 9 2 1 3 .976 8 0 0 E + 0 4 4 . 2 6
7 7 . 0 4 1 1 6 5 8 8 2 . 0 5 5 3 S.431240E+ 05 5 8 . 2 0
78 . 0 4 5 1 6 5 4 9 9 . 6 4 0 7 4 .1 4 8 6 6 7 E + 0 4 4 . 4 5
7 9 . 0 5 5 0 6 5 1 1 9 . 9 8 6 0 2 .989333E +03 0 . 3 2
8 1 . 0 7 0 9 6 4 3 7 6 . 7 4 7 1 1.075933E+O4 1 . 1 5
8 2 . 0 7 9 0 6 4 0 1 2 . 1 4 0 6 5 .291000E+03 0 . 5 7
8 3 . 0 8 8 4 6 3 6 5 1 . 6 0 0 0 1 .63840Q E f04 1 . 7 6
8 4 . 0 7 9 5 6 3 3 0 1 . 9 3 1 8 5 .933667E + 03 0 . 6 4
8 5 . 1 0 4 6 6 2 9 4 4 . 6 1 9 4 1 .3 9 0 5 3 3 E + 0 4 1 . 4 9
8 7 . 0 3 8 3 6 2 2 8 2 . 2 9 7 4 2 .834167E + 03 0 . 3 0
9 1 . 0 6 4 9 6 0 9 4 9 . 1 3 7 7 1 .984000E +03 0 . 2 1
95 . 0 9 8 4 5 9 6 7 0 . 9 9 2 6 7 .445833E + 03 0 . 8 0
96 .1 0 6 6 5 9 3 5 9 . 8 5 1 7 3 .5 8 0 8 3 3 E>03 0 . 3 8
97 . 1 1 3 2 5 9 0 5 2 . 3 8 9 9 1 .1 5 5 2 1 7 E + 0 4 1 . 2 4
9 8 . 0 9 1 9 5 8 7 5 6 . 4 4 2 8 7 .1 6 2 8 3 3 E + 0 3 0 . 7 7
9 9 . 1 0 9 1 5 8 4 5 1 . 8 9 8 1 3 .039500E + 03 0 . 3 3

1 0 1 . 0 5 1 4 5 7 8 7 8 . 8 5 1 2 3 .074 1 6 7 E + 0 3 0 . 3 3
1 0 4 . 0 3 4 5 5 7 0 1 9 . 6 7 7 4 7 .452 6 6 7 E + 0 3 0 . 8 0
1 0 5 . 0 4 0 9 5 6 7 3 5 . 3 8 9 2 6 .448 0 5 5 E + 0 5 6 9 . 1 0
1 0 6 . 0 4 4 1 5 6 4 5 4 . 7 2 1 0 4 .6 6 4 5 3 4 E + 0 4 5 . 0 0
1 0 7 . 0 5 4 4 5 6 1 7 4 . 8 0 9 0 2 .114667E + 03 0 . 2 3
1 0 9 . 1 0 3 2 5 5 6 1 5 . 3 7 3 5 3 .276333E+03 0 . 3 5
1 1 1 . 1 1 5 7 5 5 0 7 6 . 3 3 7 7 4 .457667B + 03 0 . 4 8
1 1 2 . 1 1 2 4 5 4 8 1 3 . 1 5 7 4 2 .34 8 6 6 7 E + 0 3 0 . 2 5
1 1 3 . 0 9 6 7 5 4 5 5 5 . 6 2 3 9 3 .474 3 3 3 E + 0 3 0 . 3 7
1 2 3 . 1 2 6 8 5 2 0 5 2 . 9 5 6 2 1 .84 9 3 3 3 E + 0 3 0 . 2 0
1 2 5 . 1 2 4 4 5 1 5 7 8 . 4 8 2 1 2.2650Û0E+O3 0 . 2 4
1 2 6 . 0 6 4 5 5 1 3 5 7 . 7 4 5 0 7 .3 3 6 6 6 7 E + 0 3 0 . 7 9
1 2 7 . 0 6 9 9 5 1 1 2 3 . 4 4 5 7 1 .2960Û0E+04 1 . 3 9
1 2 9 . 0 8 3 9 5 0 6 5 9 . 6 0 1 9 2 .8 5 2 5 0 0 E + 0 3 0 . 3 1
1 4 9 . 0 4 4 2 4 6 4 1 9 . 6 2 7 5 1 .2 0 3 6 0 0 E + 0 4 1 . 2 9
1 5 0 . 0 6 1 9 4 6 2 1 8 . 8 6 8 2 7 . 059667E*03 0 . 7 6
1 5 1 . 0 7 0 4 4 6 0 2 1 . 1 3 3 2 3 . 957900EvG4 4 . 2 4
1 5 2 . 0 7 9 6 4 5 8 2 4 . 5 1 9 6 1 . 634250E+05 1 7 . 5 1
1 5 3 . 0 8 5 5 4 5 6 2 9 . 7 5 9 9 6 .5 3 3 0 6 7 E + 0 4 7 . 0 0
1 5 4 . 0 9 1 6 4 5 4 3 6 . 1 9 7 8 5 .0 0 0 1 6 7 E + 0 3 0 . 5 4
1 6 5 . 0 8 8 8 4 3 3 9 8 . 7 6 1 7 1 . 928867E+04 2 . 0 7
1 6 7 . 0 6 4 6 4 3 0 4 7 . 0 8 9 1 2 .  001833E+03 0 . 2 1
1 7 8 . 0 9 5 6 4 1 1 5 6 . 9 5 1 7 2 .2 8 0 6 6 7 E + 0 3 0 . 2 4
1 8 0 . 0 7 4 5 4 0 8 3 0 . 2 9 8 6 1 .3 7 7 4 6 7 E + 0 4 1 . 4 8
1 8 1 . 0 8 0 3 4 0 6 6 5 . 6 5 1 2 S .S 93067E + 04 5 . 9 9
1 8 2 . 0 8 6 6 4 0 5 0 1 . 8 4 2 4 5 .  981S0OE1-O3 0 . 6 4
1 9 3 . 0 7 9 7 3 8 7 6 9 . 1 8 8 4 2 . 0 2 1 3 3 3 E + 0 4 2 . 1 7
2 0 9 . 0 7 7 3 36416 . 8 9 8 1 9 .3 3 1 3 9 0 E + 0 5 1 0 0 . 0 0
2 1 0 . 0 8 3 1 36275  . 2 2 4 4 1 .4 0 5 1 7 3 8 * 0 5 1 5 . 0 6
2 1 1 . 0 8 5 3 36134  . 6535 1-1 0 6283E + 04 1 .1 9
2 2 6 . 0 9 4 2 34104  . 3 6 2 1 1. 938333E*03 0 .21
2 2 8 . 1 0 8 8 3 3 8 4 2 . 0 1 0 4 1. 658B33E*03 0 . 1 8
2 3 9 . 1 0 6 6 3 2 4 5 0 . 3 3 4 1 5 , 933333E + 03 0 . 6 4
2 4 1 . 1 : 0 6 3 2 2 0 2 . 4 3 4 2 4 , 2010CCE+03 0 .45
: s ; . 0 3 8 4 30885 . 6030 4 .1 9 3 6 6 7 2 * 0 3 0 .45
25 2 . 1 1 4 0 3 0 7 6 6 . T233 4. 920167E*03 0 .53

20649 : : 3 . ’ 2232 3 E -0 3 3 .1 3
. . .  - - :  , ' 3 0 4 6 7 c - -  ;
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2 8 1 . 1 0 1 7 2 7 6 6 6 . 4 2 1 8 4 .4 8 6 6 6 7 E + 0 3 0 . 4 8
282 . 1 2 3 9 2 7 5 5 9 . 0 6 3 6 1 . 892500E + 03 0 . 2 0
283 .1 2 9 2 2 7 4 5 3 . 8 9 5 3 2 . 0 0 6 2 3 3 E + 0 4 2 . 1 5
2 8 4 . 1 2 6 3 27349  .9 6 9 7 2 .8 3 3 3 3 3 E + 0 3 0 . 3 0
2 8 5 . 1 0 9 1 2 7 2 4 7 . 8 9 7 9 4 . 871667E + 03 0 . 5 2
286 . 1 1 6 2 2 7 1 4 3 . 6 9 2 8 4 . 7 8 3 5 1 3 E + 0 5 5 1 . 2 6
2 8 7 . 1 1 9 5 2 7 0 4 0 . 2 4 3 4 1 . 050 8 3 0 E + 0 5 1 1 . 2 6
2 8 8 . 1 2 3 2 2 6 9 3 7 . 1 2 7 8 9 .6 7 8 3 3 4 E + Q 3 1 . 0 4
3 6 0 . 1 7 0 7 2 0 3 3 1 . 7 6 8 8 2 . 3 8 6 6 6 7 E + 0 4 2 . 5 6
3 6 1 . 1 8 3 5 2 0 2 4 8 . 8 4 3 8 5 .1 5 5 1 6 7 E + 0 3 0 . 5 5



I 1 ë  : 2 8 S Ë P 5 5 N  I d e n t  : r e ^ _ l  7 4  " M ê i r W f  0 T 2 5  A c q :  2 8 - S E P - i y y S  1 2 : 5 2 7 5 4  + 5 : 4 6  C a l  : i J H S E P i ) b N _ l  
IS E I +  M a g n e t  B p M : 5 5  B p I : 5 0 9 9 3 8  T I C : 5 9 6 5 7 9 3  F l a g s : H A L L  
l i e  T e x t : H P L C  F r a c t i o n # ?
) 0% 5 5 _ 5 . 1 E 5

4 . 8 E 5

L 4 . 1 E 5

i 3 . 8 E 5

L 3 . 6 E 5

9 8
L 3 . 3 E 5

L 3 . 1 E 5
6 9

L 2 . 8 E 5

L 2 . 5 E 5

L 2 . 3 E 5
8 3

L 2 . 0 E 5

L 1 . 5 E 5

L 1 . 3 E 5

2 6 4 5 7 8 L 1 . 0 E 5

111 : . 7 . 6 E 4
3 1 3

: 5 . 1 E 45 5 22 3 91 2 9
3 3 9 ; . 2 . 5 E 4

0 . OEO
7 0 0 m / z

00
VO



90

MS_'JSÏR;SPE_DEFAni.T.I ,IS 28-SEB>-lS95 1 3 - qb
L i s c i n g  o f  raw  c iaca  £ o r  -  

d a t a  f i l e  23SEP95H 
d a t a  i d e n c  1 6 6 _ 1 7 4  Mer De£ B_25  

A x i s  d i s p l a y  r a n g e  X_lOSS Ï C . O O .  7 0 0 . 0 0 )
N o r m a l i s i n g  i n t e n s i t y  5 . 0993BE-*-OS 
D a t a  c h r e s h o l d  0 -17% o£ a o r a s a l â jn a ig  i u t e n s i t y

MASS TIME 8 B S  HEIGHT REL HEIGHT

5 0 . 0 1 7 8 7 8 6 5 3 . 7 2 6 » 1_186000E+ 03 0 . 2 55 1 . 0 2 6 8 7 8 0 6 3 . 1 5 4 * 3 -2 4 6 3 3 3 E + 0 3 0 .  645 2 . 0 3 4 7 7 7 4 8 4 . 7 8 2 1 1 _ 7 44444E *03 0 . 3 45 3 .0 4 5 6 7 6 9 1 5 . 8 5 6 8 3_665T78E+04 5 .235 4 . 0 5 4 6 7 6 3 5 8 . 6 8 3 6 #_ 8 4 6 0 4 5 E f0 4 1 9 . 3 15 5 . 0 5 4 8 7 5 8 1 6 . 5 4 2 0 S.O99377E+05 1 0 0 . 0 05 6 .0 6 7 9 7 5 2 7 7 . 3  875 1_1#7738E+05 23 .4957 .0788 7 4 7 4 9 . 0 0 6 2 3 -8 1 9 3 I 4 E > 0 S 7 4 . 3 0
5 8 .0 6 9 3 7 4 2 4 0 . 271B 2.40S2B 9E +04 4 . 7 2
5 9 . 0 5 5 1 7 3 7 4 2 . 5 0 0 3 1 -1 3 7 4 6 7 E + 0 4 2 . 4 3
6 0 .0 3 2 3 7 3 2 5 7 . 1 8 8 # « -7 9 5 9 1 1 E + 0 4 1 3 . 3 3
6 1 .0 3 9 3 7 2 7 6 5 . 3 2 8 1 1 .7 4 8 0 4 5 E + 0 4 3 .43
6 5 .0 4 8 3 7 0 8 8 4 . 3 4 9 8 5 .407T 78E + 03 1 . 0 6
6 6 . 0 5 4 9 7 0 4 3 0 . 2 5 9 4 #_160667E+03 1 . 8 2
6 7 . 0 6 3 4 6 9 9 8 2 . 2 2 0 9 1_#86133E *05 3 8 . 9 5
6 8 . 0 7 0 4 6 9 5 4 1 . 5 4 4 8 8_#96000E+04 1 7 . 4 5
6 9 . 0 7 7 5 6 9 1 0 7 . 2 5 7 1 2 - J 7 6 8 5 3 E + 0 5 5 8 . 3 3
7 0 . 0 7 9 0 6 8 6 8 1 . 6 4 4 2 ■ - 3 9 7 1 7 8 E *04 1 6 . 4 7
7 1 . 0 9 1 1 6 8 2 5 7 . 6 5 2 8 1 _ I 5 6 I 6 0 E * 0 5 3 4 . 4 4
7 2 . 0 8 3 0 6 7 8 4 8 . 0 2 3 4 #_#06667E+03 1 . 9 4
7 3 . 0 3 4 4 6 7 4 6 0 . 3 7 5 7 8 -2 3 5 7 3 4 E f 0 4 1 6 . 1 5
7 4 . 0 3 8 9 6 7 0 5 6 . 6 0 1 6 l- f l7 0 4 8 9 E ^ 0 4 2 . 1 0
75 .0 3 9 8 6 6 6 5 9 . 7 2 0 5 l_3fl2667E*-03 0 . 4 5
7 7 . 0 4 0 1 6 5 8 8 2 . 4 5 5 2 1 .8 2 7 2 4 4 8 + 0 4 2 . 0 1
7 8 . 0 4 7 1 6 5 4 9 8 . 8 6 1 9 8 .7 5 8 0 0 0 E + 0 3 0 . 9 3
7 9 . 0 5 4 6 6 5 1 2 0 . 1 0 7 8 4-38S 24SE+ 04 8 . 6 0
8 0 . 0 6 1 5 6 4 7 4 6 . 4 8 4 5 3 .6 1 7 7 3 3 8 + 0 4 7 . 1 1
8 1 . 0 7 0 6 6 4 3 7 6 . 8 4 8 3 1 .6 8 8 8 1 S E + 0 5 3 3 . 1 2
8 2 . 0 7 7 7 6 4 0 1 2 . 5 8 4 4 9 -7 8 4 5 3 4 8 + 0 4 1 9 . 1 9
8 3 . 0 8 6 5 6 3 6 5 2 . 2 7 3 9 2 . 3 1 0 7 0 2 8 + 0 5 4 3 . 3 5
8 4 . 0 6 4 8 6 3 3 0 7 . 0 6 7 7 1 .363360E+O S 2 4 . 7 7
8 5 . 1 0 3 9 6 2 9 4 4 . 8 6 6 3 5 . 6 7 8 2 2 3 8 + 0 4 1 8 . 9 8
8 6 . 1 0 3 5 6 2 6 0 0 . 5 9 5 3 S .9 0 7 3 3 3 E + 0 3 0 . 9 8
8 7 . 0 5 1 3 6 2 2 7 7 . 8 8 8 0 1-4 8S 867E + 04 2 . 9 1
9 1 . 0 6 5 1 6 0 9 4 9 . 0 6 8 7 2 .09262ZE+ O 4 4 . 1 0
9 2 . 0 7 1 0 6 0 6 2 5 . 1 9 0 7 5 .6 6 1 7 7 8 E + 0 3 1 . 1 1
93 . 0 8 1 1 6 0 3 0 3 . 4 3 3 9 3 . 4 5 3 6 8 9 8 + 0 4 6 . 7 7
9 4 . 0 8 9 0 5 9 9 8 5 . 7 9 3 6 2 . ^ 3 3 2 4 5 8 + 0 4 4 . 5 8
9 5 . 0 9 7 8 5 9 6 7 1 . 1 7 6 9 1.4aS56SE+Û5 2 7 . 9 6
9 6 . 1 0 3 4 5 9 3 6 0 . 8 3 9 9 7 .3 6 5 1 5 5 8 + 0 4 1 4 . 4 4
9 7 . 1 0 5 3 5 9 0 5 4 . 7 7 6 7 1 .6 3 7 6 8 9 8 + 0 5 3 2 . 1 2
9 8 . 0 8 5 9 5 8 7 5 8 . 2 4 2 3 3 .4 1 4 3 5 7 8 + 0 5 6 6 . 9 6
9 9 . 0 9 5 5 5 8 4 5 5 . 9 5 3 4 4 . 2 9 6 0 0 0 8 + 0 4 8 . 4 2

1 0 0 . 0 6 6 9 5 8 1 6 7 . 9 4 4 1 2 . 3 4 3 9 6 7 8 + 0 4 2 . 6 4
1 0 1 . 0 7 1 6 5 7 8 7 2 . 9 5 8 5 1 . 0 6 3 9 5 6 8 + 0 4 2 . 0 9
1 0 2 . 0 5 7 6 5 7 5 8 6 . 2 5 4 5 3 .9 4 1 9 8 9 8 + 0 3 0 . 4 0
1 0 5 . 0 7 3 8 5 6 7 2 6 . 1 2 4 7 1 -2 4 5 5 5 6 E + 0 4 2 . 4 4
1 0 6 . 0 7 9 9 56444 . 7 5 2 1 3 .6 2 5 5 5 6 8 + 0 3 0 . 7 1
1 0 7 . 0 8 6 6 5 6 1 6 5 . 9 2 7 8 2 -0 7 9 1 1 1 E + 0 4 4 . 0 8
1 0 8 . 0 9 2 0 5 5 8 9 0 . 1 2 7 4 1 .S 36B 89E + 04 3 .01
1 0 9 . 1 0 1 0 5 5 6 1 5 . 9 5 4 0 7 -3 2 4 0 8 9 8 + 0 4 1 4 . 3 6
1 1 0 . 1 0 4 0 5 5 3 4 6 . 0 3 9 6 3 . 7 8 8 9 7 8 8 + 0 4 7 . 4 3
1 1 1 . 0 9 7 2 5 5 0 8 1 . 2 6 5 2 8 . 7 2 2 1 3 4 E + 0 4 1 7 . 1 0
1 1 2 . 0 9 2 3 5 4 8 1 8 . 4 3 2 2 7 . 5 4 9 5 1 1 8 + 0 4 1 4 . 8 0
1 1 3 . 0 8 5 3 5 4 5 5 8 , 5 9 6 9 2 . 5 1 9 5 6 7 8 + 0 4 4 . 9 4
1 1 4 . 0 7 5 6 5 4 3 0 1 . 8 0 5 0 4 .1 4 0 7 7 8 8 + 0 3 0 . 8 1
1 1 5 . 0 7 6 0 5 4 0 4 4 . 7 2 7 0 1 -2 2 2 4 8 9 8 + 0 4 2 . 4 0
1 1 6 . 0 5 9 2 5 3 7 9 4 . 2 5 5 4 1 .4 0 9 0 2 2 8 + 0 4 3 . 5 5
117 .0 6 7 4 5 3 5 3 9 . 5 9 2 8 1 . 2 6 4 5 7 8 8 + 0 4 2 . 4 8
l i a .0 8 0 2 53285 , 9784 9 -1 7 4 4 4 5 8 + 0 2 0 . 1 8
1 : 9 . 0 9 4 1 5 3 0 3 4 . 1 9 4 2 8 . 0 1 6 8 8 9 8 + 0 3 1 . 5 7
1 2 0 . 1 0 0 2 5 2 7 8 6 . 4 0 1 0 3 -0 6 2 2 2 2 8 + 0 3 0 . 6 0
1 2 1 . 1 1 2 7 5 2 5 3 9 . 0 7 0 7 2 . 9 3 6 8 8 9 8 + 0 4 5 . 5 6
1 2 2 . 1 1 9 0 5 2 2 9 5 . 4 5 4 7 9 . 6 4 4 8 8 9 8 + 0 3 1 . 3 9
1 : 3 . 1 2 2 6 5 2 0 5 3 . 9 7 7 0 3 .7 6 9 9 5 5 8 + 0 4 7 .39
1 2 4 . 1 2 - 9 5 1 8 1 4 . 2 3 8 3 2 .1 5 7 5 1 1 8 + 0 4 4 . 2 3
125 .1244 5 1 5 7 3 . 4 7 4 7 2 . 6 4 6 4 8 9 8 + 0 4 5. 19
126 . 1251 5 1 3 4 3 . 5 6 2 2 1 . 3 5 5 8 2 2 8 + 0 4 2 . 6 6

5 1 1 1 1 . : 6 : s 1 .3 9 6 8 4 4 8 + 0 4 2 . '2
1 :  ‘ : r 51835 : l a a 1 . 1 1 2 1 1 1 8 - 0 3 0 . 14

î . : : : 3 i i 8 - : 4
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1 3 6 . 1 2 2 7 4 9 0 9 3 .1 9 4 1 • 7 ,JM 889E + 03 1 . 3 71 3 7 . 1 1 - 8 4 8 8 7 8 . 3 3 3 1 3 .1BB 756E v04 6 . 0 0138 . 1 2 8 9 4 8 6 6 1 .6 3 5 7 1 _ S 8 4 0 0 E + 0 4 3 . 0 2
1 3 9 . 1 2 3 3 4 8 4 4 9 . 0 0 9 2 3~23«311E*04 2 . 3 11 4 0 . 1 3 4 1 4 8 2 3 6 . 6 0 2 * 3 -J 7 2 3 3 3 E + 0 3 0 . 6 4
1 4 1 . 1 3 0 9 4 8 0 2 7 .6 1 4 * 5_a»377BE+03 1 . 1 6
1 4 3 . 1 0 4 9 4 7 6 1 8 . 1 7 5 1 4_3g5444E+03 0 . 8 2
1 4 5 . 1 0 6 9 4 7 2 0 8 . 8 0 4 » ]._444111E+03 0 . 2 8
1 4 7 . 1 2 0 9 4 6 8 0 2 .5  870 «_370222E+03 1 . 2 5
1 4 8 . 1 2 9 3 4 6 6 0 1 . 2 0 5 1 2 ^ * 1 * 4 4 4 2  03 0 . 4 0
1 4 9 . 1 4 2 4 4 6 4 0 0 . 2 0 9 9 1~147067E *04 2 . 2 5
1 5 0 . 1 4 0 6 4 6 2 0 3 . 3 8 7 4 5 - f0 1 7 7 8 E + 0 3 1 . 1 0
1 5 1 . 1 3 6 9 4 6 0 0 8 . 1 4 4 * 2_240400E+ 04 4 . 3 9
1 5 2 . 1 4 5 8 4 5 8 1 1 . 6 5 7 » 3_431067E+04 2 . 8 1
1 5 3 . 1 4 3 2 4 5 6 1 8 . 6 2 6 3 7_4»6889E*03 1 . 5 1
1 5 4 . 1 4 7 1 4 5 4 2 5 . 5 4 8 * 3_*22889E+03 0 . 5 9
155 .1 3 5 9 4 5 2 3 6 . 5 8 7 3 %_236622E+04 2 . 2 3
1 5 7 . 1 2 9 5 4 4 8 5 9 . 2 3 8 9 i - 0 2 7 0 0 0 E + 0 3 0 . 9 9
1 5 8 . 0 7 6 6 4 4 6 8 1 . 6 2 9 4 7 .7 3 1 3 3 3 E + 0 3 1 . 5 2
1 5 9 . 1 0 7 9 4 4 4 8 9 . 4 4 1 8 3 -3 2 2556E + 03 0 . 2 2
1 6 1 . 1 3 8 8 4 4 1 1 4 . 5 6 9 1 2-2 7 9778E + 03 0 . 4 5
1 6 3 . 1 5 0 7 4 3 7 4 7 . 8 0 8 7 4_7»6444E+03 0 . 9 4
164 . 1 4 8 6 4 3 5 6 7 . 5 7 4 1 4 - 5 0 3 l l l E + 0 3 0 . 8 8
1 6 5 . 1 4 9 0 4 3 3 8 7 .9 7 7 3 1_241867E*04 2 . 2 4
1 6 6 . 1 7 3 2 4 3 2 0 5 . 2 2 1 8 4-4S 3333E + 03 1 . 6 6
1 6 7 . 1 5 3 4 4 3 0 3 1 . 3 8 6 3 4-534 5 5 6 E + 0 3 0 . 8 9
1 6 8 . 1 6 3 9 4 2 8 5 3 . 2 1 0 1 1_556444E*03 0 . 3 1
1 6 9 . 1 5 1 1 4 2 6 8 0 . 1 9 5 5 5 -595667E + 03 1 . 1 0
1 7 1 . 0 9 9 6 4 2 3 4 1 . 6 1 5 9 2_T23956E+04 3 . 4 8
1 7 2 . 1 1 5 1 4 2 1 6 6 . 6 7 2 8 1_262D00E*03 0 . 2 5
1 7 5 . 1 5 4 0 4 1 6 4 9 . 2 7 6 9 3-9f76B89E^03 0 . 2 1
1 7 7 . 1 6 5 1 4 1 3 1 1 . 7 9 0 » 3-»8S8B9Et-03 0 . 3 9
1 7 8 . 1 5 6 7 4 1 1 4 6 . 8 0 8 1 2 .9 4 7 8 8 9 E + 0 3 0 . 4 0
1 7 9 . 1 6 4 1 4 0 9 8 0 . 1 1 6 4 4-T 45333E+03 0 . 9 3
1 8 0 . 1 8 2 1 4 0 8 1 2 . 6 4 2 7 3 J7 6 5 5 6 E + Q 3 0 . 6 4
1 8 1 . 1 6 7 5 4 0 6 5 1 . 4 2 4 7 2_240000E+03 0 . 4 4
183 .1 5 4 5 4 0 3 2 9 . 0 0 0 8 1 -9 6 7 2 2 2 E * 0 3 0 . 3 9
1 8 5 . 1 3 9 2 4 0 0 1 0 . 4 4 1 3 3 _ 1 04844E *04 2 . 1 7
1 9 1 . 1 5 9 5 3 9 0 6 4 . 6 1 4 8 4 .9 9 1 1 1 1 E + 0 2 0 . 1 8
1 9 2 . 1 5 7 5 3 8 9 1 0 . 7 1 0 8 1_ 3 0 % 6 7 E * 0 3 0 . 2 2
193 . 1 6 1 0 3 8 7 5 6 . 7 4 6 8 3-*54S 56E>03 0 . 7 2
1 9 4 . 1 9 9 4 3 8 5 9 8 . 2 6 9 9 3 .7 9 0 3 3 3 E + 0 3 0 . 3 5
195 . 1 8 4 2 3 8 4 4 8 . 7 4 8 9 3_392778E+03 0 . 2 7
199 . 1 5 7 3 3 7 8 5 3 . 1 2 6 3 2-431SS6EV03 0 . 4 0
2 0 7 . 0 6 5 0 3 6 7 0 2 . 6 1 2 2 1_577422E ^04 3 . 0 9
2 0 8 . 1 0 7 7 3 6 5 5 4 . 2 5 4 0 2-J .42B89E i-03 0 . 4 2
2 0 9 . 1 4 3 0 3 6 4 0 7 . 6 8 6 7 1 -7 I 8 6 6 7 E » 0 3 0 . 3 4
2 1 1 . 2 0 2 4 3 6 1 1 8 . 2 7 2 0 l_ » * 2 4 4 4 E + 0 3 0 . 2 0
2 1 3 . 1 8 8 8 3 5 0 4 1 . 7 7 5 7 *_661 1 1 lE + 0 3 1 . 7 0
2 2 0 . 2 3 5 9 3 4 8 8 0 . 7 5 1 6 3 .5 1 7 1 1 1 E + 0 3 0 . 6 9
2 2 1 . 2 1 3 6 3 4 7 4 9 . 7 7 2 6 4-4 9 1 2 2 2 E + 0 3 0 . 8 8
2 2 2 . 2 2 5 9 3 4 6 1 4 . 7 6 7 9 l_ 3 9 2 8 a 9 E * 0 3 0 .2 7
2 2 7 . 1 6 2 2 3 3 9 6 4 . 9 8 8 0 5-592222E +0  3 1 . 1 0
2 2 9 . 1 6 2 8 3 3 7 0 5 . 6 8 7 5 1_303333E*03 0 . 2 6
2 3 4 . 2 3 5 0 3 3 0 5 8 . 5 8 9 9 1 -4 5 2 2 2  2 E<-03 0 . 3 6
2 3 5 . 2 1 8 9 3 2 9 3 4 . 7 3 1 6 1 .4 9 8 0 0 0 E + 0 3 0 . 2 9
2 3 6 . 2 3 2 5 3 2 8 0 7 . 6 7 6 5 5 - 5 2 7 5 5 6 E - 0 3 1 . 0 8
2 3 7 . 2 3 6 7 3 2 6 8 2 . 3 3 1 2 4-3 0 3 3 3 3 E + 0 3 0 . 8 4
2 3 8 . 2 4 4 3 3 2 5 5 7 . 0 9 6 2 3 -3 1 6 8 8 9 5 + 0 3 0 . 6 5
2 3 9 . 2 5 0 4 3 2 4 3 2 . 5 7 2 0 5 -3 0 0 6 2 2 5 + 0 4 1 0 . 3 9
2 4 0 . 2 5 0 5 3 2 3 0 9 .2 0 5 3 7 . T U 3 3 3 E + 0 3 1 . 5 1
2 4 1 . 1 9 9 0 3 2 1 9 2 . 8 2 0 7 3 -1 0 6 0 0 0 5 + 0 3 0 . 6 3
2 4 6 . 2 4 0 5 3 1 5 8 1 .0 8 6 5 2-Û44778E+03 0 . 40
2 4 7 . 2 4 6 8 3 1 4 6 0 . 4 3 1 9 2 -4 8 7 0 0 0 E + 0 3 0 .  57
253 .2 0 9 3 3 0 7 5 5 . 5 9 3 2 1_C63667Et 03 0 . 2 1
255 .1 9 1 3 3 0 5 2 5 . 1 0 8 0 1 . 3 1 0 7 7 8 5 + 0 3 0 . 2 6
256 . 2 4 5 4 3 0 4 0 3 . 3 0 7 6 1-198089E+Û4 2 . 3 5
257 . 2 5 2 6 3 0 2 8 7 . 4 1 9 6 2 .0 6 3 7 7 8 5 * 0 3 0 . 40
2 6 1 . 2 3 5 2 2 9 8 3 3 . 7 3 1 3 1-2 4 7 7 7 0 E -O 3 0 .2 4
262 . 2 4 4 0 2 9 7 1 9 . 9 2 3 7 3 -6 4 8 3 5 5 5 + 0 4 7 .  15
263 . 25 11 2 9 6 0 6 . 7 3 5 3 1 .6 3 9 6 4 5 5 + 0 4 3 . 22
2 6 4 . 2 6 3 5 2 9 4 9 3 . 3 8 5 5 1 .1 0 8 8 3 6 5 + 0 5 2 1 . 7 4
2 6 5 . 2 6 9 7 2 9 3 8 1 . 1298 « .8 2 8 4 4 5 5 + 0 4 13 . 39
266 . 2758 2 9 2 6 9 . 3 0 7 4 1 . 0 3 7 9 1 1 5 + 0 4 2 . 0 4
2 6 7 . 2 8 0 7 29158 . 0006 8 . 3 6 8 6 6 / E + 0 3 1 . 6 5269 . :11'7 2 8 9 4 4 . 5 6 2 0 8 .9 2 8 8 8 9 E + 0 2 0 . 1 8279 2444 27862 . 5355 2 . 2 5 9 5 5 6 5 + 0 3 0 . 4 4
280 : 5 : 2 2 7 7 5 5 . 3 3 6 1 2 . 2 1 4 5 5 6 5 + 0 3 0 , 4 2
2 2 1 . 1 6 0 : 2 7 6 6 0 . 2 8 4 3 3 . 6 8 8 3 3 : 5 + : ] 0 . - 2

2 7 3 3 4 . : i 2 1 2 . 3 1 0 0 0 : 5  + .:] 0 } 5
: " 2 3 : - 6 : i 2 . 1 3 5 5 5 6 5 . , ]

- - . - - -
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337 .2 9 7 6  
3 3 8 . 2 1 1 3  
3 3 9 . 3 1 5 0  
3 4 0 . 3 1 7 3  
3 4 1 . 3 2 9 3  
3 5 4 . 2 8 1 9  
3 5 5 . 2 8 3 1  
3 6 7 . 3 1 9 7  
3 6 8 . 3 2 7 2  
3 8 0 . 3 1 8 6  
3 3 1 . 3 1 7 0  
3 9 3 . 3 3 0 6  
3 9 4 . 3 3 3 5  
3 9 5 . 3 3 6 5  
4 2 3 . 3 8 3 9  
4 4 9 . 3 9 1 5  
4 5 1 . 4 0 8 9  
4 6 5 . 4 0 9 7  
4 6 7 . 3 9 4 7  
4 7 7 . 4 2 0 1  
4 7 9 . 4 1 1 6  
4 9 3 . 4 3 8 3  
5 2 3 . 4 9 6 0  
5 4 8 . 5 0 7 5  
5 4 9 . 5 2 0 1  
5 5 0 . 5 1 5 6  
5 5 1 . 5 2 7 9
5 5 2 . 5 3 4 4
5 5 3 . 5 3 4 4  
5 6 3 . 5 3 2 8  
5 7 4 . 5 7 4 8  
5 7 5 . 5 7 8 3  
5 7 6 . 5 8 9 1  
5 7 7 . 6 0 0 2  
5 7 8 . 6 0 6 9
5 7 9 . 6 2 3 3  
5 8 0 . 6 1 7 7  
6 0 0 . 5 9 8 7  
6 0 1 . 5 3 9 2  
6 0 2 . 6 2 2 7  
6 0 3 . 6 2 1 0  
6 0 4 . 6 1 6 7  
6 0 5 . 6 2 0 9
6 0 6 . 6 2 3 4

22276
22187
22099
22012
21924
20819
20735
19750
19669
18719
18641
17721
17646
17570
15536
13762
13629
12717
12590
11957
11832
10971

9198
7793
7 737
7682
7626
7571
7 516
6 976
6388
6 335
6282
6229
6176
6123
6071
5 037
4988
4933
4882
4831
4779
4728

. 0 7 4 5  

.2 3 3 4  

.5 0 1 6  

. 1 2 3 1  

. 1 2 9 2  

.1 2 2 8  

. 5 8 6 1  

. 9 5 7 0  

.8 5 1 5  

. 1 5 8 2  

. 3 6 5 7  

. 8 0 4 0  

.2 7 2 7  

. 9 0 3 6  

. 0 1 3 4  

. 4 9 1 1  

.3 9 6 1  

.3 7 1 4  

. 1 3 9 7  

.0 4 4 4  

.9 4 0 9  

. 7 8 6 0  

.7 2 7 3  

.0 2 7 7  

.2 1 3 6  

.4 3 3 2  

. 8 3 8 8  

. 6 6 8 6  

.9 6 4 4  

.1 6 4 6  

. 8 6 7 6  

. 9 3 4 0  

. 6962 

.5 2 1 5  

. 6 5 4 1  

. 3 5 6 2  

. 2 9 5 2  

.2 5 1 0  

.9 8 9 3  

.4 3 7 5  

. 3 0 0 6  

.3 3 5 4  

.9 8 5 5  

. 7 7 4 4

6 . 2 0 4 2 2 2 E + 0 3  
1 . 645 0 6 7 E + 0 4  
3 . 3 8 0 0 0 0 E + 0 4  
6 . 276 6 6 7 E + 0 3  
9 . 0 8 0 6 6 7 E * 0 3  
4 . 3 8 0 5 5 6 2 * 0 3  
3 . 1 8 4 3 3 3 2 * 0 3  
1 . 4 5 1 9 5 6 2 * 0 4  
2 . 3 1 9 3 3 3 2 * 0 3  
2 . 7 0 8 0 0 0 2 * 0 3  
2 . 3 2 1 7 7 8 2 * 0 3  
7 . 5 5 2 0 0 0 2 * 0 3  
1 . 0 3 6 1 1 1 2 * 0 3  
1 . 8 8 5 2 2 2 2 * 0 3  
5 . 9 5 6 4 4 4 2 * 0 3  
2 . 2 9 7 7 7 8 2 + 0 3  
1 . 3 5 7 6 6 7 2 * 0 3  
1 . 1 7 2 8 8 9 2 * 0 3  
1 . 2 3 0 7 7 8 2 * 0 3  
1 . 5 8 6 8 8 9 2 + 0 3  
9 . 5 7 2 2 2 2 2 * 0 2  
1 . 6 0 0 6 6 7 2 * 0 3  
1 . 2 0 8 6 6 7 2 * 0 3  
2 . 9 3 2 3 3 3 2 * 0 3  
7 . 7 8 2 4 4 4 2 * 0 3  
7 . 1 6 0 0 0 0 2 * 0 3  
4 . 9 7 1 5 5 5 2 * 0 4  
1 . 7 8 3 8 6 7 2 * 0 4  
1 . 6 2 2 0 0 0 2 * 0 3  
1 . 2 7 5 6 6 7 2 * 0 3  
7 . 4 1 3 5 5 6 2 * 0 3  
1 . 4 1 5 8 4 4 2 * 0 4  
8 . 0 7 2 1 7 8 2 * 0 4  
1 . 0 3 9 3 2 9 2 * 0 5  
3 . 7 5 3 8 6 7 2 * 0 4  
2 . 0 0 0 3 5 6 2 * 0 4  
3 . 9 7 3 1 1 1 2 * 0 3  
9 . 1 9 8 8 8 9 2 * 0 2  
2 . 0 3 8 7 7 8 2 * 0 3  
2 . 3 1 0 6 6 7 2 * 0 4  
2 . 1 9 5 0 2 2 2 * 0 4  
1 . 5 1 0 9 7 8 2 * 0 4  
1 . 0 9 0 2 2 2 2 + 0 4  
2 . 1 5 4 0 0 0 2 * 0 3

1 .22
3 . 2 3  
6 .6 3
1 .2 3
1 . 7 8  
0 . 8 6  
0 . 6 2  
2 . 8 5  
0 . 4 5  
0 . 5 3  
0 . 4 6  
1 . 4 8  
0 . 2 0  
0 . 3 7  
1 . 1 7  
0 . 4 5  
0 . 2 7  
0 . 2 3  
0 . 2 4  
0 . 3 1  
0 . 1 9  
0 . 3 1  
0 . 2 4  
0 . 5 8
1 . 5 3  
1 . 4 0  
9 . 7 5  
3 . 5 0  
0 . 3 2  
0 . 2 5  
1 . 4 5
2 . 7 8  

1 5 . 8 3  
2 0 . 3 8

7 . 3 6
3 . 9 2
0 . 7 8
0 . 1 8
0 . 4 0
4 . 5 3  
4 . 3 0  
2 . 9 6  
2 . 1 4  
0 . 4 2
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