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CHAPTER I 

HISTORICAL BACKGROUND: THE SYNTHETIC 

APPLICATIONS OF LOW VALENT TITANIUM, 

AND THE SYNTHESIS OF PENDENT 

CHAIN CYCLOBUTADIENE 

TRICARBONYLIRON 

COMPLEXES 

Introduction 

Organometallic chemistry has developed rapidly in the past two decades. 

Examination of recent literature has shown that a number of remarkable organic 

transformations take place only in the presence of transition metals. Applications of 

transition metals, like titanium and iron, in organic synthesis has resulted in a 

tremendous growth of new methods to control stereochemical, regiochemical, and 

chemoselective bond formations. Transition metal carbonyls such as diiron 

nonacarbonyl have also been used to stabilize highly reactive intermediates.1-3 

The focus of this thesis is two-fold: 1) to investigate the applications of low

valent titanium in the selective reduction of aldehydes in the presence of ketones, and to 

explore the ability of titanium to reductively eliminate vicinal diols for the formation of 

cyclobutadiene tricarbonyliron derivatives, and 2) to develop new approaches for the 

formation of mono-, 1,2-, 1,3-, and 1,2,3-substituted cyclobutadiene tricarbonyliron 

1 



complexes. Some examples of synthetic strategies utilizing both titanium and iron will 

demonstrate fundamental chemistry applied in this study. 

Titanium mediated reactions provide new pathways for alkylation,4 coupling,5 

deoxygenation,6 and elimination reactions7, while effecting excellent selectivity. The 

increase in the use of titanium reagents in organic synthesis is the result of a number of 

advantages that titanium reagents can offer to the synthetic chemist. 8 The selectivity and 

reactivity of titanium complexes can be controlled by varying the number and type of 

ligands. By varying the type of ligands for organotitanium reagents from RTi(OR)3 to 

RTi(NR2)3, the Lewis acidity of the complex change dramatically.4 The Lewis acidity 

allows for better control in the transition state by changing the degree of chelation. 

Titanium reagents also effect selectivity through the use of steric bulk or chirality in the 

ligands.9-11 Finally titanium reagents are easily prepared and their workup yields 

relatively nontoxic by-products, in contrast to other heavy metals complexes, e. g., Pd, 

Cd, Sn, Hg. 

()~# N02 -~ ~ Aqueous 
TiCI.3 

0 

Aqueous 
TiCI3 

(1) 

OH 

(2) 

OH 
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The oxidation state of titanium can range from +4, usually associated with 

titanium dioxide (Ti02), to the highly reduced elemental Ti(O). Titanium(III) has an 

elaborate history as a reducing agent in aqueous12 (eq 1 and 2) and nonaqueous13J4 

systems. 

Organotitanium reagents exhibit excellent chemo- and stereo-specificity in 

alkylation of electrophiles, 15 due in part to the decreased activity of the organotitanium 

reagent with respect to lithium and magnesium reagents. The titanium ligands exert a 

greater influence in the transition state of the alkylation due to the involvement of a 

relatively shortTi-0 bond. This short Ti-0 bond causes significant steric repulsion and 

allows for discrimination between multiple electrophilic centers.16 The alkylating power 

of organotitanium reagents can be attenuated by varying the type of ligands. The 

reactions of organotitanium reagents have demonstrated complete selectivity for the 

carbonyl of aldehyde 1 over that of ketone 2, as shown in eq 3. 

3 

CH3 Ti(O-i-Prh 

-60°C 
+ (3) 

1 2 3 2 

Low-valent forms of titanium have also demonstrated the ability to generate 

transient radicals through 1) the homolytic cleavage of carbon-oxygen bonds in 

epoxides, 2) the reductive coupling of allylic and benzylic alcohols, and 3) a one-electron 

transfer to carbonyl compounds during carbonyl coupling. 

Carbonyl coupling by transition metals has a well-established history in synthetic 

chemistry. 17 In the early 70's three research groups simultaneously observed that low 



valent titanium reductively couples ketones and aldehydes to yield olefms.5•17 The active 

coupling species, Ti(O) or Ti(II), can be generated by the reduction of TiC4 or TiCl3 

with alkali metals, Group II metals, or metal hydrides.18 A number of highly strained 

and novel aromatic molecules have been synthesized using Ti(O) induced carbonyl 

coupling, eq 4-6.19-21 

0 
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5 
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The mechanism for low-valent titanium reductive dimerization follows a two-step 

process involving the initial association of the carbonyl 6 to the metal followed by a one-

4 



electron transfer forming alkoxy-alkyl radical7 (see Figure 1). Another molecule 7 

subsequently couples forming the metallopinacol or titanate intermediate 9. Intermediate 

9 can be transformed into a diol or the olefin depending on the reaction conditions. 

Quenching the reaction mixture at 25 oc gives the pinacol10, while heating affords 

olefin 11 by a reductive deoxygenation process.17 McMurry and others have also 

observed small amounts of carbonyl reduction by-products when performing carbonyl 

coupling reactions with low valent titanium.S The reduction occurs when the radical 

intermediate 7 extracts a hydrogen radical before coupling can occur. 

0 
/TiL0 

R~R 
0 

Ln Ti(O) RAR RRCO 

6 
7 

8 9 

1) Cold 

2) H2 0 

OH OH 

R•"'h"R R R 

Path A 

10 

1) Heat 
R-CR=CR-R Path B 

2) ~0 

11 

Figure 1. The mechanism for reductive coupling of carbonyls using low
valent titanium. 
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McMurry also noted that low-valent titanium generated from TiCl:;!LiAJ.l4 

reductively couples both allylic (eq 7) and benzylic alcohols (eq 8).22 The steric bulk of 

these compounds appears to have no adverse effect on the coupling process. 

o-OH TiCI3 
(7) 

LiAIH4 

87% 
12 13 

TiCI3 
PhCH20H PhCH2 CH2 Ph (8) 

14 
LiAIH 4 

78% 15 

A natural extension of titanium's radical nature is the cleavage of epoxides to 

form radical intermediates which subsequently, 1) perform inter- and intra-molecular 

addition to electron-deficient olefins, (2) are reduced to olefins, or (3) are trapped by a 

hydrogen source and reduced to the alcohol. Nugent and RajanBabu have shown that 

Cp2TiCl radically opens epoxide 16 to form an alkyl radical17 which has a sufficient 

lifetime to undergo intra-23 and inter-24 molecular radical cyclization reactions (see eq 9 

and Figure 2). 
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Figure 2. Titanium induced intramolecular radical cyclization. 

0 

Cp2 TiCI 
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21 22 
23 

RajanBabu and coworkers demons~ated that radicals generated by treatment of 

epoxides with Cp2TiCl can also be trapped with a hydrogen source resulting in overall 

reduction to the alcohol, as in eq 10.25 
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(10) 

24 25 

Our interest in titanium chemistry was to utilize these attributes for elimination 

and alkylation reactions. Our initial intent was to explore the radical nature of low-valent 

titanium in the formation of titanium enediolates, eq 11. The ability to substitute chiral 

ligands onto the metal center could potentially lead to the stereoselective alkylations. Our 

interests also included the application of low-valent titanium in the reductive-elimination 

of diols in the formation of cyclobutadiene tricarbonyliron compounds. These 

investigations into alternative methods for generating CB complexes from titanates led us 

to the formation of new cyclobutadiene tricarbonyliron complexes. 

TiCinLm I Zn-Cu 

THF (11) 

Transition metal carbonyls have an ~legant history dating back to the discovery of 

nickel tetracarbonyl by Mond in 1890.1 Metal carbonyls have the ability to coordinate a 

large number of highly reactive intermediates and stabilize them as ligands.3 The 

discovery that cyclopentadienyl radicals could be stabilized by trapping them with an 

iron, as in ferrocene, resulted in an explosion in this field of research. This technology 
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was extended to the formation of cyclobutadiene (CB) complexes. In recent years, a 

multitude of approaches to CB complexes have been investigated due to the high cost and 

difficulty in synthesizing substituted CB ligands. These efforts have met with limited 

success, each method having difficulties forming selectively substituted CB 

complexes.26•27 These approaches are also limited in the number, type, and placement 

of substituents on the ring. These limitations have resulted in a limited number of CB 

synthons available to synthetic chemists. In contrast, the number of potential 

applications of CB complexes has grown. As the number of CB complexes continues to 

grows, the scope of potential applications will grown proportionately. Some 

applications of CB ligands are in the synthesis of 4n/4n cyclophanes to investigate their 

properties as charge transfer systems,21 the synthesis of substituted Dewer benzenes28-

30 to be used as potential monomers in ROMP reactions,31 and the use of CB complexes 

as synthons for highly strained compounds of theoretical interest.32•33 Due to this 

increased interest in CB complexes as synthons, intensive efforts were directed to 

develop general methods for more convenient and cost-effective syntheses of substituted 

cyclobutadiene complexes. 34 · 

Since the turn of this century, chemists have strived to synthesize the elusive 

cyclobutadiene (CB) system.26•27 Experimental evidence has shown cyclobutadienes to 

be highly reactive, transient intermediates.27•35 The HOMO's of CB are predicted to be 

two singly-occupied degenerate non-bonding molecular orbitals in the Htickel treatment 

assuming D4h symmetry.27•35 These ground state triplet diradicals represent a highly 

reactive molecule that is unable to stabilize itself through resonance. In 1956, Longtiet

Higgins and Orgel postulated that metal atoms could stabilize cyclopentadienylligands by 

the formation of a delocalized metal-Cp bond in ferrocene.36 

The postulation was that cyclobutadiene could be stabilized through the symmetry 

allowed donation of electron density from the d orbitals of a metal to the diene forming 
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an organotransition metal1t-complex.36 This favorable overlap allows for effective 

electron de localization resulting in the stabilization of the CB ligand. 37 The synthesis of 

tetramethylcyclobutadienenickel chloride by Criegee and Schroder38•39 ( eq 12) along 

with the synthesis of tetraphenylcyclobutadiene tricarbonyliron complex by Hiibel and 

Braye40 in 1959 helped to confirm these theories and launched intense research in this 

field. 27 
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The chemistry of CB complexes closely parallels that of ferrocene.41 The 

cyclobutadiene ring will undergo electrophilic substitution reactions to yield a variety of 

cyclobutadiene complexes. Electrophilic substitution reactions are commonly employed 

to append groups to the parent CB ring system. These appended groups can then be 

transformed into other functionalities througb traditional reagents without affecting the 

ligand metal-bond, Figure 3.41 
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Figure 3. The synthesis of cyclobutadiene tricarbonyliron derivatives from the parent 
complex. 

Free CB can be generated from the oxidative decomposition of the CB 

tricarbonyliron, retro Diels-Alder reactions,27 photochemically ,42 or through reductions 

of dihalides,43 Figure 4. Free CB can undergo a multitude of reactions with dienes or 

dienophiles, and result in the formation of highly strained intermediates. 



12 

0 

0 

~ 
¢=o 

0 

+ 

Figure 4. Selected examples of cyclobutadiene formation and their subsequent trapping 
with dienes and dienophiles. 

There are several approaches to the preparation of CB complexes. 26 These 

methods revolve around the formation of the strained four-membered ring and 

subsequent trapping of the diene, or formation of the cyclobutadiene as a ligand in a 

metal complex.26 The syntheses of cyclobutadiene complexes has been accomplished by 

transition metal catalyzed cycloadditions of _acetylenes,44 by transfer of the CB ligand 

from one metal to another,45 by photochemical and thermochemical [2+2] reactions,46.47 

and most notably by the dehalogenation of 3,4-dihalocyclobutenes with metal carbonyls 

(see Figure 5).48•49 
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Figure 5. The common approaches to the synthesis of CB complexes. 

The most direct route for the synthesis of the parent CB complex is the reduction 

of 3,4-dihalocyclobutene. In the first synthesis of the parent CB complex (Figure 6), 

Pettit and co-workers discovered a mute to the 3,4-dichlorocyclobutene utilizing an 

electrophilic addition of chlorine gas to cyclooctatetraene (30) yielding 31. The Diels

Alder reaction of 31 with dimethyl acetylenedicarboxylate (32), followed by pyrolysis, 

a retro-Diels-Alder reaction, generates the dichlorocyclobutene 34.50 Dihalide 34 when 

heated with diiron nonacarbonyl smoothly g:enerates the parent cyclobutadiene 

tricarbonyliron complex 36, in yields ranging from 30 to 40%.48 This method has the 

disadvantage of using costly reagents, lengthy reaction times and tedious workups. 

Furthermore, substituents must be placed on the CB ring of 36 through a series of 
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moderate yield reactions. The main disadvantage of this approach is the limited 

availability of dihalocyclobutene derivatives. 
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Figure 6. Pettit's method for the synthesis of the parent CB complex. 

Irradiation of substituted acetylenes with vinylene carbonate 38 forms a mixture 

of cis-3,4-carbonyldioxycyclobutenes (39) and the vinylene dimer, Figure 7.28•51•52 

Intermediate 39 was isolated by fractional distillation in yields ranging from 20 to 40%. 

14 



15 

The cis-3,4-carbonyldioxycyclobutenes 39, when allowed to react with either Fe2(C0)9, 

or Na2Fe(C0)4 gave mono- and disubstituted CB complexes 40 in yields ranging from 

30 to 37%. This [2+2] photochemical cycloaddition reaction is limited to the synthesis 

of 1,2-disubstituted complexes. 
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Figure 7. The synthesis of 1,2-disubstituted CB complexes through 
vinylene carbonate addition to acetylenes. 

Rosenblum and co-workers utilized photolysis of a-pyrone 41 to form the [2+2] 

photochemical intramolecular cycloaddition product 42 (see Figure 8).47 Photolysis of 

42 in the presence of iron pentacarbonyl gives two iron complexes, a-pyrone 

tricarbonyliron 43 and CB tricarbonyliron GOmplex 36. A modification of this method 

by Roberts led to the synthesis of a substituted cyclobutadienecarboxylic acid complex in 

21% yield. 53 These photochemical methods for the preparation of CB complexes 

resulted in low yields due in part to the photolytic decomposition of the CB complex.26 
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Figure 8. Photolytic synthesis of the parent complex from a-pyrone. 
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Metal-mediated cycloaddition of diphenylacetylene 44 by iron pentacarbonyl in a 

pressure vessel at 230 to 240 oc gave the tetraphenylcyclobutadiene tricarbonyliron (45) 

in low yield, Figure 9.26 Substituted CB complexes of cobalt and related compounds 

were synthesized using 1t-cyclopentadienyldicarbonylcobalt and heating in the presence 

of acetylenes to yield a complex mixture of products which included 1t

cyclopentadienyltetraphenylcyclobutadienecobalt complex.54•55 Low yields and complex 

mixtures are common in photo- and thermochemical syntheses of cyclobutadiene 

tricarbonyliron complexes. 
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Figure 9. Thermochemical [2+2] cycloaddition of acetylene assisted by iron 
carbonyls in the formation of complex 45. 
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The syntheses of 1,3-disubstituted CB complexes are limited to certain metal

mediated cycloadditions of acetylenes, or a sequential series of reactions to append 

substituents onto the CB ring. Recently, Adams et al. synthesized complexes 48 and 49 

utilizing an intramolecular Friedel-Crafts acylation of intermediate 47, resulting in a 5:1 

mixture of 1,3- to 1,2-substituted cyclobutadiene tricarbonyliron complexes (see Figure 

10).56 
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Figure 10. The synthesis of a [n]paracyclophane analog from the parent 
CB complex. 

Roberts and co-workers devised a method that utilizes a photochemical [2+2] 

cycloaddition with dichloromaleic anhydride and 1,2-dichloroethylene, followed by 

aqueous workup and esterification with diazomethane to give the adduct 52 in 32% 

yield.46 When intermediate 52 was treated with activated zinc in the presence of diiron 

nonacarbonyl the 1,2-substituted CB complex 40 was formed in 7-9% yield. 
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Figure 11. Synthesis of 1,2-d.isubstituted. CB tricarbonyliron complexes 
from the photochemical [2+2] cycloaddition of dichloromaleic anhydride 
with 1,2-d.ichloroethylene. 
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Brune and Hanebeck utilized the thermal [2+2] cycloaddition between 

perhaloethylene and phenylacetylene to form the cycloadduct 53, which, when 

hydrolyzed with concentrated H2S04, gave phenyl cyclobutenedione 54 in 70% yield 

(see Figure 12).57 Dione 54 was labile towards lithium aluminum hydride and gave the 

diol55 in 9% yield.58 Dials 55 were subsequently brominated and transformed into the 

iron complex to give 1.7% yield phenylcyclobutadiene tricarbonyliron 57 from the 

phenylacetylene. Due to the difficulties involved with the synthesis and reduction of the 

cyclobutenedione this method is impractical as a preparative method. 
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Figure 12. The synthesis of phenyl substituted CB tricarbonyliron from 
dihalide 56. 

None of these approaches offer a universal method for the synthesis of CB 

complexes where the substitution pattem on the CB ring can be easily selected. Each 

method limits the type and number of functional groups attached to the CB ring. These 

limitations are due to the photo- and thermochemical conditions required for ring 

formation, unique for each set of reactants. The [2+2] cycloaddition reactions often 
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proceed in low yields, suffer from separation problems and the high cost of precursor 

synthesis, and lack regioselectivity in the cycloaddition product. These difficulties have 

retarded the use of CB complexes as synthons in chemistry. Our goals were to develop a 

flexible approach to the synthesis of CB complexes and allow for the regioselective 

appending of various groups onto the ring. 



Introduction 

CHAPTERll 

CHEMOSELECTIVE CARBONYL REDUCTION 

MEDIATED BY LOW-VALENT TITANIUM 

Radic·.al reactions are o..n important part of the synthetic chemist's repertoire of 

transformation methods.59-61 Many methods are available for the generation of radical 

species and radicals are generally formed in small amounts during radical propagation 

steps. The reactivity of the radical species guides their usage. One key radical carrier is 

denved from tributyltin hydride (Bu3SnH), a hydrogen radical source (see Figure 13). The 

function of tributyltin hydride can be varied by acidic catalysts,59•62•63 acidic protic 

species,64 pressure,65 solvent,66 and by radical initiators.62•67 Application of various 

organotin hydrides as reducing agents for ketones and aldehydes has demonstrated an 

activity order of BuzSnHz > BuSnH3 > Ph3SnH > Bu3SnH, with Bu3Sn.H requiring a 

catalyst or elevated temperatures (see Figure 14).67•68 Application of organotin hydrides to 

carbonyl reductions has shown some chemoselectivity.60•66 
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Figure 13. Tributyltin hydride initiated radical alkylation of acrylonitrile 
with cyclohexyl iodide. 
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Figure 14. Reduction of cyclohexanone with diphenyltin dihydride to 
cyclohexanol. 
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Our initial investigations involved reaction of a.-dicarbonyl compounds with low

valent titanium,5•69 a radical producing reagent. The attempt to form an enediolate from 2-

oxobutanal and use it to alkylate benzaldehyde resulted in a complex mixture of coupled 

aldehydes with no obsexved formation of compounds derived from titanium enediolate, ( eq 

13). The apparent carbonyl selectivity obsexved parallelled those found with 
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organotitanium reagents,48 and indicate a strong rate preference for radical production from 

aldehydes 62 versus ketones 61, e.g. (eq 14). 
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The chemoselectivity of organotitanium reagents toward aldehydes and ketones in 

coupling and Grignard reactions is well known, e.g. (eq 15).11,15,16 
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This selectivity extends to our investigations utilizing low-valent titanium mediated 

reduction of carbonyls with tributyltin hydride via alkoxy alkyl radical intermediates, 

(15) 

Figure 15. A variety of reagents are available for selective reduction of aldehydes in the 
-

presence of ketones, however most require the use of strongly basic metal hydrides.70 
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L0 Ti(O) 
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Figure 15. The chemoselective reduction of aldehydes in the presence of ketones 
using low valent titanium and tributyltin hydride. 

The goals of this research were the following: 1) to utilize low valent titanium to 

generate radical intermediates which can be trapped by a hydride source, 2) to determine if 

chemoselectivity could be achieved, 3) to determine the reaction conditions which would 

optimize the chemoselectivity, and 4) to determine both the inter- and intramolecular 

selectivity and limitations of this method. 

Results and Discussion 

To determine the selectivity of the low-valent titanium/tributyltin hydride reduction 

method, both aromatic and aliphatic carbonyl compounds were investigated. The reduction 

of aldehydes with low-valent titaniurn/tributyltin hydride mixtures, in benzene at low 

temperature, gave the corresponding alcohols in good yields, Table I. The alcohols were 

readily purified by normal phase HPLC using ethyl acetate/hexane. The reduction of a 

mixture of aldehyde and ketone returns the alcohol of the aldehyde and the starting ketone 

unchanged. The difference in reduction efficiency of the aromatic aldehyde relative to the 

aliphatic aldehyde correlates well with the stability of the alkoxy-alkyl radical 

intermediate.59,61 The rate determining step is the trapping of the radical intermediate with 

Bu3SnH. The alkoxy-alkyl radical of aromatic systems can be stabilized by the phenyl ring 

causing them to be less active than the alkyl radicals towards the tributlytin hydride. 
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Aromatic, aliphatic, and cyclic ketones were all unreactive to the reducing conditions. 

Attempted reduction of esters also revealed these functionalities to be inert and this 

observation correlates well with the observations in titanium induced carbonyl coupling 

reactions.5•69 To confirm the Ti(O) mediation in the reaction mixture TiCl3, (Cp)2TiCI2, or 

zinc with tributyltin hydride returned starting aldehyde unchanged. 

TABLf~I. Preparation of Alcohols by Low-Valent Titanium and Tributyltin hydride 

Substrate Method a Product % Yieldb 

Benzaldehyde 1 Benzyl alcohol 45 

Benzaldehyde 2 Benzyl alcohol 43 

Benzophenone 2 NR 

n-Heptanal 1 n-Heptanol 64 

n-Heptanal 2 n-Heptanol 63 

2-Heptanone 2 NR 

6-Methyl-5-oxononanal 1 6-Methyl-5-ketononan-1-ol 80 

6-Methyl-5-oxononanal 2 6-Methyl-5-ketononan-1-ol 70 

Ethyl benzoate 2 NR 

Cyclohexenone 2 NR 

a Method 1. TiCl3, Zn(Cu), Bu3SnH. Method 2. (Cp)2TiCh, Zn(Cu), Bu3SnH. 
b Isolated HPLC yields, average of three trials. 
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Figure 16. Mechanism for the chemoselective reduction of an aldehyde 
utilizing low-valent titanium and tributyltin hydride. 
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One probable mechanism for the reduction with Ti(O)/Bu3SnH involves the initial 

formation of an alkoxy-alkyl intermediate 70 with low-valent titanium, Figure 16.5•69 The 

rate difference in the formation of the radical 70 for aldehydes over ketones is the key to 

the selective reduction. The radical intermediate 70 is trapped with tributyltin hydride and 

titanate 71 is subsequently hydrolyzed to form the corresponding alcohol 72. 

One synthetic advantage of the method would be the reduction of an aldehyde in the 

presence of a ketone when both functionalities are present in the same molecule. To test for 

potential chemoselectivity, a keto-aldehyde substrate, 6-methyl-5-oxononanal (77), was 

synthesized, Figure 17. Substrate 77, does not possess aromatic groups a to the 

carbonyl, and thus is free of the effect of the ring stabilization of the alkoxy-alkyl radical. 

Intermediate 75 was synthesized by nucleophilic addition of the Grignard 73 to aldehyde 

74 to give 75, followed by Jones oxidation to give ketone 76. Ozonolysis of ketone 76, 

and decomposition of the ozanide with zinc and acetic acid, gave the desired keto-aldehyde 

77 for our study. 
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Figure 17. The synthesis of 6-methyl-5-oxononanal (77) from 5-
bromopentene and 2-methylhexanal. 
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0 

When keto-aldehyde 77 was treated with the Ti(O)/tributyltin hydride mixture, the aldehyde 

was preferentially reduced over the ketone, equation 16. 

0 0 OH 0 

LnTi(O) 

H 
(16) 

77 

Conclusion 

The initial attempts to form enediolates utilizing titanium were unsuccessful, and 

resulted in the apparent selectivity for coupling of aldehydes in the presence of ketones. 
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This led to the possibility of utilizing this selectivity in the reduction of carbonyls. Low

valent titanium was used to generate alkoxy-alkyl radicals which were subsequently trapped 

by tributyltin hydride. The significant difference in the rate of formation of the alkoxy

alkyl radical of the aldehyde relative to the ketone was utilized to chemoselectively reduce 

the aldehydes. Attempted reduction of both inter- or intramolecular mixtures of carbonyls 

demonstrated a high degree of selectivity. The observed selectivity of the Ti(O)/Bu3SnH 

system allows carbonyl differentiation without selective protection-deprotection steps. The 

chemoselective reductions shown by Ti(O)/tributyltin hydride mixtures increases the 

potential for the use of radical reductions for the synthetic chemist.71 
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CHAPTER III 

NEW CONVENIENT MEffiODS FOR mE 

PREPARATION OF PENDENT CHAIN 

CYCLOBUTADIENE 

TRICARBONYLIRON 

COMPLEXES 

Cyclobutadiene (CB) is a highly reactive antiaromatic, 4n-1r electron compound 

used as a synthon in the synthesis of strained compounds like cubane and Dewer 

benzenes (see Figure 18).32•72 Preparative methods of cyclobutadiene metal complexes 

revolve around the formation of the strained four-membered diene ring and the 

subsequent trapping of CB as a Diels-Alder partner with a dienophile 27, or as a ligand in 

a metal complex.26•27 The work by Pettit and his co-workers illustrated the first 

synthesis of the parent cyclobutadiene tricarbonyliron complex (36) via the reduction of 

3,4-dichlorocyclobutene (34) with diiron nonacarbonyl in overall yields ranging from 

30% to 40% (see Figure 19).48,50 
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Figure 18. The preparation of highly strained cubane systems and CB 
dimers from the cyclobutadiene tricarbonyliron complex. 
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Figure 19. The synthesis of the parent cyclobutadiene tricarbonyliron via 
reduction of the 3,4-dichlorocyclobutene with diiron nonacarbonyl. 

Multistep and often low yield reactions characterized attempts to append and 

modify a variety of aliphatic chains and functional groups to the cyclobutadiene (see 

Figure 20).26.41•73 Synthesis of 1,2-disubstituted CB tricarbonyliron complexes by 
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conventional methods starting from the parent system, would result in an overall yield of 

approximately 0.3%. These difficulties led us to investigate alternative approaches to the 

formation of substituted cyclobutadiene tricarbonyliron complexes. 
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Figure 20. The synthesis of monoalkyl cyclobutadiene tricarbonyliron 
from the parent CB complex. 
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Methods to selectively form 1,2- and 1,3-disubstituted cyclobutadiene complexes 

are limited. The 1,2- and 1,3-cyclobutadiene-metal complexes have been prepared 

utilizing two approaches: 1) synthesis of the parent CB ring, followed by a series of 

electrophilic substitutions and chemical transformations to modify the initial substituents 

(see Figures 20 and 21), and 2) by transition metal catalyzed cycloaddition of 

acetylenes55 (see Figure 22). These methods frequently gave complex mixtures in 

moderate to low yields. 
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Figure 21. Friedel-Crafts acetylation of mono-alkylcyclobutadiene 
tricarbonyliron complex. 
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An alternative approach to the 1,2- and 1,3-substituted CB complexes utilizes 

cobaltocene (86) and acetylenes 87 to form the CB complexes 88 and 89. Intermediate 

88 and 89 can be converted to the 1,2 and 1 ,3-disubstituted complexes respectively. 

Moderate yields and complex mixtures are indicative of metal-promoted cycloaddition of 

acetylenes in the synthesis of cyclobutadiene complexes. 54 
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Figure 22. The synthesis of 1t-cyclopentadiene-1t-cyclobutadiene
cobalt(I) with a 1,3-disubstituted cyclobutadiene from cobaltocene and 
acetylene compounds. 

After evaluating the myriad known synthetic methods of cyclobutadiene metal 

complex formation, we concluded that several experimental requirements needed to be 
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met. The first goal was to find a rapid and practical method for the production of a 

functionalized 4-membered ring precursor which produces cyclobutadiene and allows for 

concomitant metal complex stabilization. Second, the 4-membered ring precursor should 

allow for the regiospecific addition of a wide variety of substituents and these products 

could subsequently be transformed into the CB complex. The third requirment 

necessitated that the precursor should be easily synthesized from readily available and 

economic starting materials. 'The fourth goal was to determine the reaction conditions 

necessary to allow for either the direct formation of the complex via cis-diols or through 

the dihalides of compounds 98. The final goal was to investigate alternative methods of 

synthesizing highly substituted and functionalized cyclobutenediones. 

Results and Discussion 

Synthesis of Mono- and 1,2-Disubstituted Cyclobutadiene 

Tricarbonyliron Complexes. Early work by Blomquist demonstrated that 1,2-

diphenylcyclobutadiene tricarbonyliron could be synthesized from its corresponding 3,4-

diphenylcyclobutene-1,2-dione in moderate yields.49 This approach was hampered, 

however, by extremely low yields in the reduction of 3,4-diphenylcyclobutene-1,2-dione 

and by difficulty in the synthesis of appropriate dione precursor. Recent literature helped 

formulate our approach to pendant chain cyclobutadiene metal complexes.74-76 

Application of newer methods for the facile synthesis of cyclobutenediones 96 were 

used as entries for CB tricarbonyliron complex formation. The substitut~ diones, used 

as our starting materials, were readily synthesized from diisopropyl squarate ester (92), 

by two successive additions of organolithium reagents to yield the intermediate 95, 

which rearranges to dione 96 with acid (see Figure 23).74 
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Figure 23. The synthesis of mono- and disubstituted cyclobutenediones 
from diisopropyl squarate. 

Diederich recently demonstrated that low reduction yields of disubstituted 

cyclobutenediones via LiAII4 could be alleviated with NaBf4/CeC13·7HzO (Luche 

reagent), which converted the diones to their corresponding diols in good yields.77 

The synthetic strategy to 1,2-dialkylcyclobutadiene tricarbonyliron complexes 

involves the formation of 3,4-disubstituted cyclobutenediols (98) from 

cyclobutenediones derived from squarate esters (99).76 Retrosynthetic analysis shows 

that the iron complex 97 could be derived from intermediate 98. This could be 

accomplished through either a one-step tra.Ilsformation of 98 to complex 2_7 via an 

elimination of the cis-diols, or the diols could be converted into dihalides, and the 

dihalides subsequently reacted with Fe2(C0)9 to form iron complexes 97. A 

retrosynthetic analysis is shown in Figure 24. 
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Figure 24. Retrosynthetic analysis for the preparation of 1,2-
dialkylcyclobutadiene tricarbonyliron. 

Synthetic Methodology of Mono- and 1,2-Disubstituted Complex 
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Formation. The substituted cyclobutenediones 96 used in this report were synthesized 

using the modified methods of Liebeskind and Moore from squaric acid (see Figure 

26). 74•75 Previous studies have shown that Grignard reagents result in 1,2- and 1 A

additions to dimethyl squarate, resulting in a complex mixture of products.78 Imamoto 

recently showed that high regioselectivity can be obtained using organocerium reagents, 

Figure 25.79-81 Organocerium reagents might allow for the use of Grignard reagents 

without the complications of 1,4-addition to diisopropyl squarate. 
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Figure 25. Selective 1,2-addition reactions promoted by an orgariocerium 
reagent. 
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Figure 26. The preparation of the cyclobutenediols (103) from 
diisopropyl squarate. 

Reduction of diones 96 with sodium borohydride in a mixture of cerium(III) chloride in 

ethanol at 0 oc gave the vicinal1,2-substituted cyclobutene-1,2-diols 103 in yields 

ranging from 35% to 60%. 
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Vicinal-diols in the presence of low-valent titanium could reductively eliminate 

forming the corresponding olefin in a one pot reaction. 5•82 The exposure of diols 103 to 

low-valent titanium and diiron nonacarbonyl could form the CB complex in one step, 

Figure 27. These dials, when exposed to Ti(O), formed titanates 104 which then 

eliminated to form the cyclobutadiene tricarbonyliron complexes 97. 

Rt OH 
,~ TiCI3 / Zn 

RrOH 

103 104 97 

Figure 27. Formation of cyclobutadiene tricarbonyliron using low-valent 
titanium and diiron nonacarbonyl. 
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Possible mechanisms for the formation of 97 involving Fez(C0)9 and the titanate 

are speculative, Figure 28. Two possible sequences begin with the initial formation of 

the titanate intermediate 104. One mechanism proceeds through a free cyclobutadiene 

(106) which is subsequently trapped by thermolysis of Fe2(C0)9, Path A. An 

alternative mechanism involves the sequential displacement of the titanate with Fe2(C0)9 

forming 107, Path B. Some evidence to distinguish these mechanisms was obtained 

through NMR analysis. Pettit has shown that free cyclobutadiene will readily undergo 

Diels-Alder additions forming dimers.72 Examination ofNMR data for 97 synthesized 

from either the titanate intermediate or a 1,2-dibromo-3,4-disubstituted cyclobutene 

showed no signs of Diels-Alder adduct formation. The NMR data suggests that either 

-
106 

Pat~ 

2) Fez(C0)9 

/ 

107 

Figure 28. The proposed mechanism for the formation of cyclobutadiene 
tricarbonyliron complexes from diols. 



free cyclobutadiene 106 is not formed through Path A, or that the rate of trapping 106 

with Fe2(C0)9 is faster than that of dimerization. 

The mono- and disubstituted cyclobutadiene tricarbonyliron complexes were 

formed from diols 103 and the titanates 104 were eliminated with either Na2Fe(C0)4, 

or Fe2(C0)9 and heat. This method demonstrated limited application in the synthesis of 

complexes 97 due to their low yields of 11% or less, Table II. 

TABLE ll. Preparation of Dialkylcyclobutadiene Tricarbonyliron Complexes Via 
Low-Valent Titanium 

R')c( R)c(H Rl 

A B R:z~ 
I 
Fe 

co/~ ·····co 
R:z 0 R2 OH co 

96 103 97 

A = NaBJL./CeCI.J-7H20; B = 1) TiCI3 /Zn 2) Fe2 (C0)9 

Yield: 

Compound Rl R:z Source of A A(%) B (%) 

CH3 CH3 1 57 10 

CH2CH3 CH2CH3 1, 2 38 11 

CH3 H 1 27 <5 

n-Bu H 1 48 <5 

Source 1 = Diisopropyl squarate;74 2 =:= Dichloroketene addition.83 
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To circumvent the low yield reactions involving low-valent titanium, the diols 

could be converted directly to their dibromo compounds 105. Halogenation with oxalyl 
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chloride gave a mixture of isomeric dichlorides in low yield. Some reports indicate a 

mixture of triphenylphosphine and carbon tetrachloride can effect chlorination of allylic 

alcohols, 84 but this was not used due to the difficulty of isolating pure product from the 

reaction. Our initial use of phosphorous tribromide was exploited due to the ease of 

workup. Halogenation of diols 103 using phosphorus tribromide gave dibromides 105 

in yields ranging from 50% to 99% (see Table III). Halogenation of cis-3-tert-butyl-4-

methyl-3-cyclobutene-1,2-diol (103g) yielded a 3:1 mixture of two isomers. The NMR 

of the mixture showed one compound with the expected chemical shift for 105g, where 

the ring protons adjacent to vicinal bromines have a chemical signal at 0 4.8 and 4.9. 

The ring methyl in 105g also has a characteristic signal of 0 1.8. The minor, unknown 

component had signals at o 5.9 and 5.3, with a methyl peak appearing at o 2.1. These 

shifts suggest that the methyl group was being deshielded by an electronegative halogen, 

and one of the ring protons at 0 5.9 was also deshielded and more olefinic. 

Rearrangment of allylic alcohols' with phosphorus tribromide is not uncommon and has 

been previously noted by Babler. 85 Upon halogenation of diol103g the rearrangement 

results in the formation of two of the three possible isomers, which are 105g and 105i, 

Figure 29. Formation of 105Jis unlikely due to the high steric bulk at the electrophilic 

carbon center. NMR integration and chemical shift data support the hypothesis that 

compounds 105g and 105i are formed in a 3:1 ratio. Attempts to purify dibromide 105 



using either silica gel or alumina resulted in significant decomposition. The crude 

bromides were found to be sufficiently pure for complex formation and were used as 

isolated. 

H3C CH3 
Br :;~OH PB_r_3 ----;.,.. 

H3C~CH3 
H3C I + 

~o-PBr0 
H,C k 

H3C OH 
H3C 0-PBr0 H3C Br 

103 

/ I \ 
Br-

H,c~ H3C C~ o-PBr0 
H3C CH3 

"....-JI )[:(0-PB<, fi-t"' H3C I.J H3C '..J 

H,C ::;-... '-nr-
H3C \ Br 

H3C Br H3C O-PBr0 Br-

! ! ! 
H~B H,c~~( H,C~ Br 

H3C r H3C _ 
H3C I 

H 

H3C H H3C Br Br H3C Br 

105j 105i 105g 

Figure 29. The mechanism for phosphorus tribromide allylic 
rearrangement of cis-3-(tert-buty 1)-4-methyl-3-cyclobutene-1 ,2-diol. 
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TABLE ill. Yields for the Formation of Mono- and 1,2-Disubstituted 
Cyclobutenediols, Mono- and 3,4-Dibromocyclobutenes and Mono- and 1,2-
Disubstituted Cyclobutadiene Tricarbonyliron Complexes 

40 

!lt R1)=(o 
A R')cCOH B 

R,)cCB' c ~Rz 
I 
Fe 

Rz OH Br co/\ ·····co 
R2 0 Rz co 

96 103 lOS 97 

A= NaBH4/CeC13·7H2 0; B = PBr3; C = Fez(C0)9/~ 

Yield: 
Compound Rt Rz Source of 96 3 103 (%) lOS (%) 97 (%) 

a H CH3 1 27 75 ss 
b H CH2CH3 2 29 99 34 

c H butyl 1 48 66 57 

d H t-butyl 1 36 73 49 

e CH3 CH3 1 57 80 44 

f CH3 butyl 1 63 99 75 

g CH3 t-butyl 1 so 93 b 70 

h CH2CH3 CHzCH3 1, 2, 3 44 85 61 

asource of 96: 1) Diisopropyl squarate and alkyllithium, 2) Diisopropyl squarate and 
RMgBr/CeCl3, 3) Dichloroketene/acetylene. bA ratio of 105g: 105i of 3:1. 

Reduction of dibromides 105 with Fe2(C0)9 in benzene at 65 ·c produced the 

corresponding 1 ,2-disubstituted cyclobutadiene tricarbonyliron complexes 97a-d in 

yields ranging from 35% to 50% (see Figure 30). 

~1 
PBr3 Fez (C0)9 ~Rz 

I 

R)ceou R)o:B' R, I - ..... % CHCl3 A Fe 

Rz OH 
co/\ ·····co 

co 
103 lOS 

R =Alkyl or H 

Figure 30. The preparation of mono- and 1 ,2-disubstituted 
cyclobutadiene tricarbonyliron complexes from diols. 
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Attempted Synthesis of Substituted Cyclobutenediones from 3-

[(Trimethylsilyl)methyl]cyclobut-3-ene-1,2-dione. To increase the versatility 

of cyclobutenediones in the synthesis of cyclobutadiene tricarbonyliron complexes, we 

envisioned an alternative method of introducing substituents to cyclobutenediones. 

Recently, Hatanaka and Kuwajima demonstrated that 3-[(trimethylsilyl)methyl]-2-

cyclohexenone (108) in the presence of SnC4 smoothly reacts with acetals 109 to 

chemoselectively form 110, Figure 31.86 Attempted synthesis of a cyclobutenedione 

analogue 3-[(trimethylsilyl)methyl]cyclobut-2-ene-1,2-dione (111), was undertaken. 

This approach would allow for the introduction of a wide variety of functionalized 

groups, under extremely mild conditions, not currently available by traditional methods 

developed to date. 87•88 

0 

+ 
OMe OMe 0 

,)(;,(CHz)6~ 
H TMS 

109 
108 

0 

110 

Figure 31. Stannic chloride mediated reaction of 3-
[(trimethylsilyl)methyl]cyclo-2-hexenone with acetal109. 
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A retrosynthetic anaylsis starting with a monosubstituted cyclobutenedione 112 

indicated that the dione could be formed through a trimethylsilyl intermediate 111, 

Figure 32. The silyl compound 111 could be prepared through a modified Peterson89 

reaction utilizing TFAA, or acid to effect the rearrangment of the alkylated intermediate, 

leaving the silyl moiety intact. 

OTBDMS 

:)::\ :)::\ o):r 
0 0 

AA R -Si-

I 
112 111 94 

Figure 32. A retrosynthetic analysis for the preparation of substituted 
cyclobutenediones from 3-[ (trimethylsilyl)methyl]cyclobut-3-ene-1 ,2-dione. 

)-o'tr-(o u""TMs 

.J4H )-o OTBDMS 

94 

):~ 
-Si-

111 I 

)-o OH 

~CH,TMS 
>-0 :TBDMS 

TFAA, 

HCI 

~ne 

complex mixture 

103a 

Figure 33. Attempted synthesis of 3-[(trimethylsilyl)methyl]cyclobut-3-
ene-1,2-dione from 4-(tert-butyldimethylsiloxy)-2,3-bis(1-methylethoxy)
cyclobut-2-en-1-one. 
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Synthesis of 111 was attempted by adding trimethylsilylmethyllithium to a 

solution of 94, followed by treatment with concentrated HCl. The addition of acid 

caused the simultaneous rearrangement and desilylation of the TMS group resulting in 

the formation of dione 103a, Figure 33. The reaction was also attempted using TFAA 

to effect the rearrangement, however this failed to form 111 and resulted in a complex 

mixture of intractable products. 
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The mechanism for desilylation of 111 can be visualized to proceed through an 

acid catalyzed substitution reaction forming enolate 113, which subsequently rearranges 

and is quenched with the acid (see Figure 34). An alternative pathway could involve a 

[ 1 ,5] peri cyclic rearrangement of the silicon between the y-carbon and the oxygen. A y

silyl shift on a,~-unsaturated carbonyls has been observed in acyclic enones.90 

H H 
\ 

)=\ .b~ Cone HCI 0~ 0 

H)h{~ 
H c 

-Si- 113 H+ I -Si-

11 1 
I \_cr I 

t ,_-cr 
TMS 
\ 
0~ 0 

0~ H ~ TMS H)b:{~ 
0)::( 
H- CH3 

103a 
H+ 

Figure 34. The mechanism for the rearrangement of 3-
[(trimethylsilyl)methyl]cyclobut-3-ene-1,2-dione to 3-methylcyclobut-3-
ene-1 ,2-dione. 



This mechanism would be less likely since a six-member transition state would be 

difficult to form due to the planarity of the cyclobut-2-ene-1,2-dione ring. 
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The potential use of different silicon compounds in conjunction with milder 

rearrangement conditions could solve the problem of isolating 111. This method would 

further generalize the synthetic routes to substituted cyclobutene-1,2-diones and would 

permit a greater diversity of cyclobutadiene tricarbonyliron complexes that could be 

synthesized Investigations are continuing to determine the proper reaction conditions 

that will allow for the formation and isolation of 111. 

Synthesis of 1,3-Di- and 1,2,3-Trisubstituted Cyclobutadiene 

Tricarbonyliron Complexes. The previously discussed methods demonstrate that 

substituents can be easily appended to diisopropyl squarate to form a series of mono- and 

1,2-disubstituted cyclobutadiene tricarbonyliron complexes. Convenient modifications 

of these methods could potentially lead to the more desirable 1,3-disubstituted 

cyclobutadiene tricarbonyliron complex, of which few are known. 

A retrosynthetic analysis of 1,3-disubstituted cyclobutadiene tricarbonyliron 

complex shows two possible pathways proceeding through key intermediates 114 and 

115 (see Figure 35). Our previous work on the 1,2-disubstituted systems demonstrated 

that an analogous series of reactions could form the 1,3-substituted complex 118 from 

intermediate 117. The crucial point in either approach is the ability to set the 1,3-

substitution pattern on the substituted cyclobutene ring with intermediate 114 and 115, 

while retaining the double bond and leaving groups. This could be accomplished by 

either a chemoselective alkylation of semisguarate 114 or by preparing th~ mono

protected system in 115. Path I would eliminate any problems of chemoselectivity or 

multiple alkylations with organolithium reagents, while path II would rely entirely on the 

ability of organolithium to differentiate carbonyls. To circumvent the potential problems 

associated with path II, path I was investigated first. 



X Rt 

R1~Rz /--- )J( 
Pe .. ~Rz I 

co/\ ···co 
co I X H 

~ 118 117 

0 0--< 
_ // o)::J(R, \::\.Path II 
u 114 "'" 

)J(~ 
0 92 0-< 

X· = OH, OR, Halogen, 
or another leaving group 

Figure 35. A retrosynthetic analysis for the preparation of 1,3-
disubstituted cyclobutadiene tricarbonyliron complexes from diisopropyl 
squarate~ 
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The goals of this research were the following: 1) to determine a flexible synthetic 
' 

scheme that alloWs for the regiospecific placement of substituents in a 1,3-orientation 
I 

onto the ring; 2) to investigate alternative methods of synthesizing tri- and tetra-
i 

substituted cycl~butadiene tricarbonyliron complexes; 3) to determine the most 

economical pathway that will facilitate scaled-up production of CB complexes. 

Synthetic Methodology of 1,3-Disubstituted Cyclobutadiene 

Tricarbonyliron Complexes. In an attempt to determine the most efficient approach 

both pathways to the 1,3-substituted cyclobutadiene tricarbonyliron complex were 

investigated. F6llowing methods developed by Liebeskind and Moore.'4•75 starting 
I 
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material94 was readily synthesized from 3,4-bis(1-methylethoxy)cyclobut-3-ene-1,2-

dione (diisopropyl squarate, 92) by reducing one carbonyl to the alcohol and protecting 

the resulting alcohol with tert-butyldimethylchlorosilane (TBDMSCl), pyridine, and 

catalytic amount of imidazole in THF.91 Synthesis of intermediate 115 eliminates the 

complication of multiple alkylations and ensures regiospec,ific placement of each pendent 

group, Figure 36. Addition of alkyllithium reagents to 94 formed intermediate alkoxide 

95 which was readily converted to the ketone 115 in high yields under mild hydrolysis 

conditions.75 The use of trifluoroacetic anhydride (TFAA) with aqueous workup 

initiated the rearrangement of 95 to the ketone 115 without removal of the siloxy 

protecting group. Hydrolysis attempts using dilute HCl were unsuccessful and led to 

ketone 115 in low yield. 

>-0 0 lT---(. BuLi rw~u TFAA 

Jl+oTBDMS THF 

Y Bu 

):+H JL+oTBDMS THF >-0 H 
94 

>-0 H 
95 

0 OTBDMS 

115 

y 

Bn~~ 
H Bu 

BuLi HCI 

Buteo THF CH2CI2 

OH OTBDMS 

119 120 

Figure 36. The preparation of 2,4-di-n-butyl-4-hydroxy-cyclobut-2-en-
1-one from 4-(tert-buty ldimethylsiloxy )-2,3-bis(l-methy lethoxy )-cyclo but-
2-en-1-one. · 
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A second alkylation followed by hydrolysis with dilute HCl simultaneously removed the 

siloxy protecting group and affected the rearrangement producing 120 in high yields. 

Attempted reduction of 120 using a variety of hydride reagents agents gave intractable 

mixtures, presumedly due to the sensitivity of the allylic alcohol to the conditions. 

Protection of the hydroxyl group in 119 and 120 was attempted using both basic and 

acidic methods. These reactions also proved to be unsuccessful and led to ring opened 

products and low yields of 124 (see Figure 36). 

To circumvent reduction problems, an alternative route was investigated, Path II. 

Semisquarates 114 were readily synthesized using methods developed by Liebeskind 

and Moore.14•75 Organolithium additions to 114 gave exclusively 1,2-additions to the 

more electrophilic vinylogous ketone over the vinylogous ester (see Figure 27).91 This 

selective 1,2-addition to the vinylogous ketone is essential for the generation of the final 

complexes, and allowed for retention of the cyclobutene required for subsequent 

rearrangement steps. The one exception to the organolithium selectivity was with tert

butyllithium. Addition of tert-butyllithium to 114c formed a mixture of 121c and 

121e, 31% and 51% yields respectively, and showed a decrease in expected selectivity 

for the vinylogous ketone over the vinylogous ester. Due to the lack of selectivity of tert

butyllithium toward the alkylation of semisquarate, these derivatives were not pursued. 

The difficulties in reducing 120 suggested that the ring system with a free a

hydroxyl group is labile when left unprotected. To circumvent the instability of the 

hydroxy ketone 121 in metal hydride reductions, the hydroxy group was protected as the 

methyl ether 122 (see Figure 37).92 



>-)c( R2Li >-o)c=(" >-o)ctocn, 
1 Rz 

CH3 1, NaH 
1 Rz 

THF THF 
. Rt 0 Rt 0 Rt 0 

114 121 122 

Figure 37. The synthesis of 2,4-dialk:yl-4-methoxy-3-(1-methylethoxy)
cyclobut-2-en-1-one from semisquarate. 
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Reduction of 122a using LiAlH(O-tert-butyl)3 or Vitride in THF was successful, 

though reduction was slow (up to 7 days). The reductions With LiAlH(O-t-butyl)3 were 

also limited to substrates having substituents no larger than methyl vicinal to the methoxy 

group (see Figure 38). To my surprise, the reduction of 122d with LiAlH4 in diethyl 

ether selectively gave the 1,2-3;ddition product 123d in high yield, while in THF the 1,4-

addition product 130 was obtained (see Figure 39). The reason for this 1,2- and 1,4-

addition selectivity is unclear. Both NaBI4 and LiAll4 have been observed to give 1,2-

and 1,4- addition products.93-96 Sodium borohydride tends to add 1,4- to a greater 

extent than LiAlf4. Solvents have been shown to have a profound effect on the 

occurrence of 1,2- or 1,4-additions. Solvents effect ion pairing and consequently the 

chemoselectivity of LiAlf4 reductions. LiAlf4 is extensively associated in diethyl ether, 

while in THF there are ion pairs. The chelation of the lithium cation may prevent the 

cation from activating the carbonyl to 1,2-addition by the hydride. This chemoselectivity 

may also result from electronic effects of the the isopropoxy group on 128. The 

isopropoxy group may chelate the metal hydride in the vicinity of the ~ position allowing 

for greater probability of 1 ,4-addition. 



>--0 OCH3 >-)c(.CH' o):tC:; )ctR, LiAI~ I R2 
TFAA 

ether pyridine OH 
R1 0 Rt H 

THF 
Rt H 

122 123 

uoj:t':.' NaB~ PBr3 

CeCI3·7H20 CHCI3 
EtOH 

Rt H 
125 

Benzene 

R1~R2 
I 
Fe 

co/\ ····co 
co 

118 

124 

H Br n,j:tR, 
Rt H 

126 

Figure 38. The preparation of 1,3-dialk:ylcyclobutadiene tricarbonyliron 
complex from 2,4-dialk:yl-4-methoxy-3-(1-methylethoxy)-cyclobut-2-en-1-
one. 

0 OCH3 
HMe LiAI~ 

k Ether 

tert-butyl 128 0-< 

HOj::f~' 
tert-butyl 0--< 

123c 

L__ __ L_i_A_IH_4 ___ • 8°~:• 
THF ~-< 

tert-butyl 0 
130 

Figure 39. Solvent dependence on the reduction of 2-tert-butyl-
4-methoxy-4-methyl-3-(1-methylethoxy )cyclobut-2-en-1-one. 
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Selective rearrangement of the allylic alcohol U3 was accomplished with a 

mixture of trifluoroacetic anhydride and pyridine to give ketone 124 in high yields. This 

afforded protection of 120, not attainable by other methods. Reduction of 124 with 

either LiAllf4 or NaBif4,/Ce(IIn, gave 125 in high yields.76•77 Bromination of 125 

with phosphorus tribromide gave the desired precursor 126 in fair yields. Reduction 

and complexation of 126 with Fe2(C0)9 at 65 oc in benzene gave the corresponding 

1,3-disubstituted cyclobutadiene tricarbonyliron complexes 118 (see Tables IV and V). 

TABLE IV. Yields for Intermediates in the Preparation of 2,4-Dialkyl-4-
methoxycyclobut-2-en-1-one 

)-o OH )-o OCH3 )-o OCH3 o):tC:,' )c(R, A )c(R, B ~R, c 
OH 

R1 0 R1 0 R1 H R1 H 
121 122 123 124 

A= CH3I, NaH; B = LiAI~; C = TFAA, Pyridine 

% Yielda: 

Compound Rl Rz 
Reduction 
Metbodb 121 122 123 124 

a n-butyl CH3 1 99 71 76 40 

b n-butyl n-butyl 2 68 99 82 76 

c t-butyl CH3 2 70 92 95 55 

ayields refer to isolated products. bReduction Method 1) Vitride{fHF; Method 2) 
LiAlB4/ether. 



TABLE V. Yields for Intermediates in the Preparation of 1,3-Disubstituted 
Cyclobutadiene Tricarbonyliron Complexes 

H OCH3 H Br 

A HOj:tR, B Brj:tR, c Rt~Rz 
124 Fe 

co/\ ·····co 
R1 H Rt H 

co 
125 126 118 

A = NaBH4/CeC13; B = PBr3; C = Fez(C0)9 

% Yield: 
Compound Rt Rz usa 126b nsa 

a n-butyl CH3 85 52 84 

b n-butyl n-butyl 99 42 50 

c t-butyl CH3 78 40 47 

ayields refer to isolated, purified products. bYields refer to crude products. 

Synthesis of 1,2,3-Trisubstituted Cyclobutadiene Tricarbonyliron 

Complexes. The reaction scheme is easily modified to allow for the formation of a 

1,2,3-trisubstituted cyclobutadiene tricarbonyliron complex. Butyllithium addition to 

122 readily formed 127 in high yields. Chromatography of 127 on Si02 partially 

rearranges it to 128, and can be completed by the addition of dilute HOAc in a two

phase system at room temperature (see Figure 40). 

THF 

)-o OCH3 

Ao~' 
t-butyl butyl 

H0Ac/H20 O~~i 
CH2 Cb ~ 

t-butyl butyl 

)-o OCH3 · 

)ct· 
t-butyl 0 

122 127 128 

91 % yield from 122 

Figure 40. The preparation of 2,3,4-trialk:yl-4-methoxycyclobut-2-en-1-
one (128) from 2,4-dialkyl-2-methoxy-3-(1-methylethoxy)-cyclobut-2-en-
1-one (122). 
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Reduction of 128 with LiAII4 in diethyl ether gave the expected 1,2-addition product 

129 in high yield. Halogenation of 129 with PBr3 gave the dibromide 131. This 

dibromide proved to be highly unstable and was used in the next step without 

purification or characterization. Reduction and complexation of dibromide 131 with 

Fe2(C0)9 at 65 oc in benzene gave 1,2,3-trisubstituted cyclobutadiene tricarbonyliron 

complex 132 (see Figure 41). 

HO-j:t~~' 
H Br butyl,,. B•j:tM• •. 

PBr3 Fe2C09 t-butyl~Me I 
Fe 

Benzene co/\ ·····co 
t-butyl butyl 71% t-butyl butyl 65% co 

129 131 132 

Figure 41. The preparation of 1,2,3-trialkyl-cyclobutadiene 
tricarbonyliron (132) from 2,3,4-trialkyl-4-methoxycyclobut-2-en-1-ol 
(129). 

Conclusion: 

Simple, economical, and more practical procedures have been developed for the 

synthesis of pendent chain cyclobutadiene metal complexes. Facile reduction of the 

substituted 1,2-cyclobutenediones was performed using NaBl4/cerum(lll) chloride and 

the vicinal diols converted to their corresponding trans dibromides. Reduction and 

complexation using Fe2(C0)9 formed the pendent chain cyclobutadiene tricarbonyliron 

complexes in good yields. The synthesis of a number of mono- and 1,2-substituted 

derivatives are shown in Tables m. Simple modifications of these methods resulted in 

hydroxy-methoxy cyclobutene derivatives with substituents in 1,3- and 1,2,3-

orientation. These intermediates could be halogenated and subsequently converted to 
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their iron complexes with diiron nonacarbonyl in good yields (see Tables IV and V). 

These methods are, however, limited to appending functional groups which can 

withstand the strong basic conditions, i.e. the Grignard reagents, and the highly Lewis 

acidic conditions, i.e. PBr3, required in these synthetic schemes. The new approaches to 

1,3-di and 1,2,3-trisubstituted cyclobutadiene tricarbonyliron complexes allow for 

control in the selective placement of each pendent group not available through 

conventional methods. These new approaches allow for greater flexibility in the 

synthesis of either mono-, 1,2-, 1,3-, or 1,2,3- substituted cyclobutadiene 

tricarbonyliron complexes from a common substrate. The procedures described herein 

add an extended variety of cyclobutadiene complexes to the repertoire of useful synthons 

for the synthetic organic and organometallic chemist. 



CHAPTER IV 

EXPERIMENTAL 

General Procedures. All reactions were carried out under an atmosphere of dry 

nitrogen. Benzene, dimethoxyethane (DME), tetrahydrofuran (THF) were freshly distilled 

from potassium benzophenone ketyl immediately prior to use. Chloroform (CHCl3) was 

washed twice with H20, dried with MgS04, and then distilled from phosphorus pentoxide. 

Trifluoroacetic anhydride (TFAA) was distilled from phosphorous pentoxide. Air and/or 

moisture sensitive reagents were handled by using standard syringe transfer techniques and 

flasks capped with rubber septa, or under an argon atmosphere in a glovebag (Aldrich 

Atmosbag). Titanium trichloride (Ti03), titanocene dichloride (CP2Ti02), and tributyltin 

hydride (Bu3SnH) were obtained from Aldrich and used \vithout further purification. 

Benzaldehyde was distilled just prior to use. Activated zinc powder was prepared by 

literature methods just prior to use.97 Anhydrous cerum(lli) chloride was prepared 

according to Imamoto immediately prior to use, and used in 1,2-addition reactions.79-81 

Organolithium reagents were obtained from Aldrich or prepared from their corresponding 

bromide98 and titrated according to Watson and Easfuam.99 All other reagents were reagent 

grade and used without further purification. Substituted cyclobutenediones were prepared 

from dichloroketene and substituted acetylenes, or from diisopropyl squarate according to 

published procP...dures as noted,75•91•100 Ozonolyses were performed using a Welsbach T-

231aboratory ozonizer. Reactions were monitored by thin layer chromatography on silica 

gel plates (E Merck Kiesel gel 60 F254) using ethyl acetate/hexane and developed with 2% 
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acetate/hexane and developed with 2% ethanolic phosphomolybdic acid and heat. Flash 

chromatography was performed using silica gel (J.T. Baker, 80-200 mesh). Preparative 

HPLC was performed on a Dynamax Macro HPLC Si column accompanied by a Waters 

Associates M590 solvent delivery system, R403 differential refractometer, and U6K 

injector, at 10 mL/min. High field 13C NMR and lH NMR spectra were recorded on a 

Varian XL-300 spectrophotometer at 75.43 MHz and 299.94 MHz, respectively, and 

chemical shifts are reported in B units, parts per million downfield, using CDCl3 or TMS as 

the reference signal. IR spectra were obtained using a Perkin-Elmer 681 IR spectrometer 

and run neat as thin films on NaCl plates. High-field NMR samples of the iron complexes 

were prepared by filtering through Al203 eluting with CDCl3 just prior to analysis to 

remove residual iron metal ions. Due to their reduced stability all iron complexes were 

charaterized using their mass spectral data. Nominal EI mass spectra were recorded on a 

VG TS-250 mass spectrometer operating at 70 eV. High resolution EI mass spectra were 

recorded on a VG ZAB2-SE HR-HM spectrometer operating at 70 eV. Liquid secondary 

ion mass spectrometry were recorded on a VG ZAB2-SE HR-HM using cesium primary 

ion to bombard the sample in a glyceroVthioglycerol matrix. Elemental analyses were 

carried out by Galbraith Laboratories, Inc, Knoxville, TN. 

General Procedure for Carbonyl Reductions. To 1.17 g (7.6 mmoles) of 

TiCl3 in a round bottomed flask was added 125 mL of dry benzene, 1.25 g (19.1 mmoles) 

of activated zinc and the system was refluxed for 2 hours. The mixture was cooled to 

approximately 5 oc and 1.2 mL (4.5 mmoles) oftributyltin hydride was added. Over a 

period of2 hours, 0.31 g (2.7 mmoles) of n-heptanal in 10 mL ofbenzen~was added via a 

syringe pump. After stirring for 2 hours the reaction mixture was quenched with 1 mL of 

saturated NH4Cl then dried with MgS04. The solution was vacuum filtered through Celite 

and the filtrate was concentrated under reduced pressure. HPLC using ethyl acetate/hexane 

(1:3) eluted unreacted tributyltin hydride followed by 0.20 g (64%) of n-heptanol. In 
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reductions using titanocene dichloride equivalent amounts of this reagent replaced titanium 

trichloride, and the product mixture was chromotographed on a column of silica gel with 

ethyl acetate/hexane (1:1) prior to HPLC. TheIR, lH, and 13C NMR spectra matched 

those of the literature. 

4-Methyl-9-decen-5-one (76). In a 100 mL round-bottomed flask was placed 

3.72 g (25 mmoles) of 5-bromo-1-pentene, 0.64 g (26.4 mmoles) of powered magnesium 

and 50 mL of anhydrous ether. The system was heated at reflux for 30 minutes. After 

formation of the Grignard reagent, 2.50 g (25 mmoles) of 2-methylpentanal (74) in 25 mL 

of anhydrous ether was added dropwise. The reaction was stirred for 4 hours, then 

carefully quenched with saturated ammonium chloride, transferred to a separatory funnel, 

and the ether solution was washed with 2 x 100 mL of water, 100 mL of IN HCl, 100 mL 

of saturated NaHC03, 100 mL of saturated NaCl solution, dried with MgS04, filtered and 

concentrated under reduced pressure to a colorless oil. Jones oxidation of the crude alcohol 

gave the ketone.101 Chromatography on silica gel using 5% ethyl acetate/hexane gave 2.71 

g (71 %) of 4-methyl-9-decen-5-one (76). lH NMR (CDCl3): o 5.77 (ddt, J=16.3, 10.3, 

3.4 Hz, lH,), 5.01 (ddt, J=16.3, 3.4, 1.6 Hz, lH), 5.00 (ddt, J=6.5, 3.4, 1.6 Hz, lH), 

2.43 (t, J=6.7 Hz, 2H), 2.04 (q, J=7.1 Hz, 2H), 1.67 (t, J=7.3 Hz, 3H), 1.23 (m, 4H), 

1.04 (d, J=7.0 Hz, 3H), 0.90 (t, J=6.8 Hz, 3H). 13C NMR (CDCl3): o 214.6, 138.1, 

115.0, 46.1, 40.1, 35.1, 33.1, 22.6, 20.4, 16.3, 14.1. IR (neat): 3090, 2940(s), 2880, 

1720(s), 1645(m), 1460(m), 1380(m), 1000,915 cm-1. Anal. Calcd for CuH2oO: C, 

78.51; H, 11.98. Found: C, 78.19; H, 12.43. MS: m/z 169 (M++H, 100%), 151,139, 

126, 99, 97, 84, 71, 69, 55. 

6-Methyl-5-ketononanal (77). In a 250 mL round-bottomed flask was placed 

2.45 g (14.6 mmoles) of 4-methyl-9-decen-5-one (76) and 100 mL of dichloromethane. 

The solution was cooled to -78 oc and ozone was admitted until the solution turned a light 

blue. Nitrogen was bubbled through the solution to remove excess ozone. The reaction 
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mixture was wanned to room temperature, 0.97 g (14.9 mmoles) of zinc powder was 

added, followed by careful addition of 1 mL of acetic acid. Following ozonide 

decomposition the mixture was filtered, 150 mL of CH2Cl2 was added, and the organic 

layer was washed with 3 x 100 mL of water, 2 x 100 mL of saturated NaHC03, 100 mL of 

saturated NaCl, dried with MgS04 and concentrated under reduced pressure. Preparative 

HPLC on silica using 15% ethyl acetate/hexane, followed by concentration, gave 1.13 g 

(46%) of aldehyde 77 as a colorless oil. 1H NMR (CDCl3): 8 9.76 (t, J=1.5 Hz, 1H), 

2.49 (q, J=6.9 Hz, 5H), 1.90 (q, J=7.0 Hz, 2H), 1.61 (m, 1H), 1.28 (m, 3H), 1.07 (d, 

J=6.9 Hz, 3H), 0.90 (t, J=7.1 Hz, 3H). 13C NMR (CDCl3): 8 213.9, 201.9, 46.0, 43.0, 

39.6, 35.0, 20.4, 16.2, 15.9, 14.0. IR (CDCl3): 2960(s), 2940(s), 2880(m), 1720(br), 

1460, 1380, 790 cm-1. Anal. Calcd for C10H1sO: C, 70.55; H, 10.65. Found: C, 

70.20; H, 10.17. HR MS rn/z calcd for C1oH1gO, (M+-H)calcd 169.1288, (M+-H)obs 

169.1284, 144, 128, 126, 115, 99, 87' 71 (100%), 55. 

6-Methyl-5-oxononan-1-ol (78). Using the procedure previously described 

for n-heptanal, the keto aldehyde 77 was reduced on a 1.4 to 2.0 mmole scale using both 

the titanium trichloride and the titanocene dichloride methods. Preparative HPLC using 

45% ethyl acetate/hexane gave the keto-alcohol 78 as a colorless oil. 1 H NMR (CDCl3): 8 

3.62 (t, J=6.3, 2H), 2.49 (m, 2H), 2.37 (s, 1H), 1.8-1.4 (m, 5H), 1.2~ (m, 3H), 1.06 

(d, J=6.7 Hz, 3H), 0.90 (t, J=7.4 Hz, 3H). Be NMR (CDCl3): 8 215.3, 62.1, 46.0, 

40.6, 35.1, 32.1, 20.4, 19.5, 16.3, 14.0. IR (CDCl3): 3400 (br), 2960 (s), 2920 (s), 

2865 (s), 1705 (s), 1455 (m), 1370, 1240, 1050 cm-1. Anal. Calcd for C10H2o02: C, 

69.72; H, 11.70; 0, 18.58. Found: C, 69:33; H, 11.49; 0, 18.56. MS: ~z (M++H) 

173, 155 (100%), 130, 112, 101, 99, 83, 73, 71, 59, 57, 55. 

Preparation of 3,4-Bis(1-methylethoxy)cyclobut-3-ene-1,2-dione 

(diisopropyl squarate, 92). Diisopropyl squarate was prepared using-a 

modification of the procedure reported by Liebeskind.74 In a 500 mL round-bottomed 
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flask equipped with a Dean-Stark apparatus was placed 40.0 g (0.351 mol) 3,4-

dihydroxy-3-cyclobuten-1,2-dione (squaric acid), 400 mL of 1:1 benzene/2-propanol 

and several boiling chips. The reaction flask was insulated with aluminum foil and 

allowed to reflux for 120 hours. The solution changed from a white suspension to a 

transparent light green solution. The solution was cooled, gravity filtered, and reduced 

in volume to a green oil. The oil was dissolved in 1.5 L of diethyl ether and washed 

with 3 x 75 mL of saturated NaHC03, 1 x 75 mL of saturated NaCl, dried with MgS04 

and reduced in volume to a light green viscous oil. The oil was placed under reduced 

pressure (6 mm Hg/12 hours) and allowed to crystallize. If no solid formed, 

crystallization could be initiated by seeding the oil. The solid was crushed and ground 

with a mortar and pestle, then placed under reduced pressure (6 mm Hg/12 hours) to 

ensure complete removal of the solvent. This gave 45.6 g (0.230 mol, 66% yield) of 92 

as a white solid. The IR, 1 H, and Be NMR spectra matched those reported in the 

literature. 74 

Preparation of 2,3-Bis(l-methylethoxy)-4-hydroxycyclobut-2-en-1-

one (93). Compound 93 was prepared using a modified procedure of Liebeskind. 74 

To a 500 mL 3-necked round-bottomed flask was added 10.0 g (50.5 rnrnol) of 

diisopropyl squarate (92) in 100 mL of dry THF, and the system cooled to 0 oc. To the 

stirring solution was added 16.0 g (62.9 mmol) oflithium tri-tert-butoxyaluminum 

hydride dissolved in 100 mL of THF. After the solution was stirred for 2 hours, the 

mixture was quenched by the dropwise addition of 20 mL of saturated potassium sodium 

tartrate. The aluminum salts were allowed to coagulate and were removec!_ by filtration 

through a pad of silica gel, eluting with diethyl ether. The eluent was concentrated under 

reduced pressure to give 2,3-bis(l-methylethoxy)-4-hydroxycyclobut-2-en-1-one (93) 

as a yellow oil (8.725 g, 43.6 mmol, 87% yield). TheIR, lH, and Be NMR spectra 

matched those reported earlier.74 
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Preparation of 4-(tert-Butyldimethylsiloxy)-2,3-bis(1-

methylethoxy)-cyclobut-2-en-1-one (94). In a 500 mL round-bottomed flask 

was placed 18.8 g (94.0 mmol) of 2,3-bis(1-methylethoxy)-4-hydroxycyclobut-2-en-1-

one (93) in 300 mL of dry DMF. To the stirred solution was added 14.0 g (0.115 mol) 

of 4-(N,N-dimethylamino)pyridine and 10-20 mg of imidazole. After stirring for 15 

minutes, 15.0 g (99.5 mmol) of tert-butyldimethylsilyl chloride (TBDMSCl) was added 

and allowed to stir for 12 hours. The solution was quenched with 100 mL of H20, then 

extracted with 5 x 100 mL of hexane. The combined organic phase was washed with 2 x 

50 mL of saturated NaCl, dried with MgS04 and concentrated to give 94 as a pale 

yellow oil (30.3 g, 0.097 mol, 84 % yield). The IR, I H, and Be NMR spectra matched 

those of the reported compound. 74 Compound 94 was used without any further 

purification. 

Preparation of 3-Ethylcyclobut-3-ene-1,2-dione (96b) with 

Ethylmagnesium Bromide/CeCI3. To a 100 mL round-bottomed flask, equipped 

with an addition funnel and reflux condensor was placed 0.80 g (33 mmol) freshly 

crushed magnesium turnings in 10 mL of dry diethyl ether under a nitrogen atmosphere. 

Small portions of an ether solution of 2.0 mL (2.9 g, 2.7 mmol) of bromoethane was 

added to initiate formation of the Grignard. Once the solution turned grey and began to 

reflux, the remaining bromoethane was added at a rate which maintained a controlled 

reflux. Once the solution stopped refluxing, the solution was allowed to stir for 1 hour. 

In a separate 500 mL round-bottomed flask was added 6.0 g ( 24.3 mmol) of dried 

CeCl3 and 200 mL of dry THF. The mixture was stirred at 25 oc for 2 hQurS, then 

cooled to -78 °C. The ethylmagnesium bromide was added slowly at -78 oc and the 

mixture was stirred for 1 hour. During the addition, the Grignard solution turned from 

white to light blue as the organocerium intermediate was formed. A 10 mL solution 

containing 2.80 g (8.9 mmol) of 93 was added and the reaction was stirred for 1 hour. 
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The mixture was quenched with 5 mL of saturated Nf4Cl, and allowed to wann to 25 

oc overnight. The thick, pasty white, mixture was filtered through a pad of Celite with 

ether and concentrated under reduced pressure to give a yellow oil. The crude oil was 

placed in 150 mL of CH2Cl2 and 5 mL of concentrated HCl added. The solution was 

stirred for 2 hours, filtered through a glass frit with a pad containing a bottom layer of 

silica gel and the top layer of anhydrous Na2S04. The effluent was concentrated under 

reduced pressure to give a yellow oil. Chromatography on silica eluting with 15% ethyl 

acetate/hexane and concentration under reduced pressure gave 0.52 g of 96b as a yellow 

oil (4.7 mmol, 53% yield). 

General Procedure for the 1,2-Dione Reductions. A solution of 1.5 

mmol of the 1 ,2-dione and 10 mL of absolute ethyl alcohol was added to a solution of 

3.0 mmol CeCl3·1H20 in 20 mL of ethanol at 0 °C. To this stirred mixture was added 

3.2 mmol of NaBR4 in small portions. The reductions were monitored by silica gel 

TLC, silica gel eluted with 1:1 ethyl acetate-hexane, until all the starting dione had been 

consumed. The reaction mixture was quenched with 25 mL of saturated Nf4Cl, 

transferred to a separatory funnel and extracted with 3 x 100 mL of ethyl acetate. The 

combined organic phase was dried with MgS04 and concentrated to give a dark orange 

oil. Chromatography on silica gel using 1:3 ethyl acetate/hexane and concentration under 

reduced pressure gave the diols as yellow oils. Reduction times, Rr values and yields are 

given below. The following diols were prepared. 

cis-3-Methyl-3-cyclobutene-1,2-diol (103a). 20 min, Rr 0.37, 31%. 

lH NMR (CDCl3): o 5.99 (s, 1H), 4.63 (s, 1H), 4.54 (s, 1H), 3.82 (s ~r, 2H), 1.75 

(s, 3H). 13C NMR (CDCl3): o 154.60, 135.20, 74.57, 70.96, 13.36. IR (neat): 

3600-3100(br, s), 3045(s), 2925(s), 2718(m), 1734(m), 1650(m), 1441(s), 1392(s), 

1310(s), 1280(s), 1225(s), 1205(s), 1165(s), 1075(s), 984(m), 957(m), 905(m), 



845(m), 802(m), 722(m) cm-1. HRMS rn/z calcd for esHs02: 100.0524, found: 

100.0522, 71 (100), 57, 53. 

cis-3-Ethyl-3-cyclobutene-1,2-diol (103b). 50 min, 0.32, 29% 

1H NMR (eDel3): 8 6.00 (s, 1H), 4.60 (d, J=3.2 Hz, 2H), 3.62 (s br, 2H), 2.14 (m, 

1H), 2.06 (m, 1H), 1.06 (t, J=7.5 Hz, 3H). 13e NMR (eDel3): 8 160.29, 133.18, 

73.48, 70.56, 21.07, 10.35. IR (neat): 3600-3100(s, br), 3053(m), 2969(s), 2928(s), 

1736(m), 1629(m), 1461 (s), 1428(s), 1388(s),1300(s), 1245(s), 1212(s), 1170(s), 

1070(s), 979(s), 970(m), 965(m), 919(m), 849(s), 804(m), 721(m) cm-1. HRMS rn/z 

calcd for e6Hs0 (M+-H20): 96.0575, found: 96.0575, 85 (100), 67, 57, 53. 

cis-3-n-Butyl-3-cyclobutene-1,2-diol (103c). 60 min, 0.38, 48% 

1H NMR (eDel3): 8 6.00 (s,lH), 4.63 (s, 1H), 4.59 (s, 1H), 3.58 (s br, 2H), 2.11 

(m, 2H), 1.46 (m, 2H), 1.36 (m, 4H), 0.92 (t, J=7.3 Hz, 3H). Be NMR (eDel3): 8 

159.11, 133.83, 73.68, 70.73, 28.25, 27.56, 22.44, 13.79. IR (neat): 3600-3100(br, 

s), 3053(m), 2987(s), 2927(s), 2873(s), 1625(m), 1420(m, br), 1305(m), 1210(m), 

1160(m), 1070(m), 960(m), 840(m), 800(m) cm-1. HRMS rn/z calcd for esH1402: 

142.0994, found: 142.0992, 113, 100, 99, 95, 82, 71 (100), 67, 60, 57, 53. 
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cis-3-tert-Butyl-3-:cyclobutene-1,2-diol (103d). 70 min, 0.42, 36%. 

1H NMR(eDel3): 8 5.94 (s, 1H), 4.72 (s, 1H), 4.59 (s, 1H), 3.48 (s br, 2H), 1.09 (s, 

9H). Be NMR(eDel3): 8 167.34, 130.81, 72.21, 69.47, 32.57, 27.78. IR (neat): 

3600-3100(br, s), 3053(m), 2968(s), 2873(s), 1755(m), 1621(m), 1478(s), 1462(s), 

1396(s), 1365(s), 1289(m), 1251(s), 1196(s), 1145(s), 1051(s), 962(s), 918(s), 

854(s), 827(m), 805(m), 736(s), 671(s) cm-1. HRMS rn/z calcd for esf:!_t402: 

142.0994, found: 142.0992, 127, 109, 99, 81(100), 57. 

cis-3,4-Dimethyl-3-cyclobutene-1,2-diol (103e). 50 min, 0.26, 46%. 

1H NMR(eDel3): 8 4.45 (s, 2H), 3.61 (s br, 2H), 1.65 (s, 6H). Be NMR(eDel3): 

8 144.87, 73.02, 10.45. IR (neat): 3600-3100(s, br), 2924(s), 1761(m), 1740(m), 



1688(m), 1442(s), 1378(s), 1312(s), 1224(s), 1150(s), 1065(s), 1011(s), 936(m), 

906(m), 812(s), 735(m) cm-1. HRMS m/z calcd for e6H1002: 114.0681, found: 

114.0681, 100, 85, 69 (100), 67, 60, 53. 
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cis-3-n-Butyl-4-methyl-3-cyclobutene-1,2-diol (103f). 45 min, 0.65, 

63%. 1H NMR (eDel3): o 4.51 (s, 1H), 4.43 (s, 1H), 3.61 (s br, 2H), 2.06 (t, J=7.1 

Hz, 2H), 1.66(s, 3H), 1.43(q, J=7 .3 Hz, 2H), 1.33 (m, 2H), 0.90 (t, J=7 .3 Hz, 3H). 

Be NMR(eDel3): 8 148.92, 144.18, 72.70, 71.81, 28.92, 25.39, 22.59, 13.72, 

10.62. IR (neat): 3600-3100(s, br), 2960(s), 2930(s), 2878(s), 1434(s), 1378(s), 

1313(s), 1230(m), 1197(m), 1071(s), 1010(s), 815(m) cm-1. HRMS m/z calcd for 

e9H1602: 156.1150, found: 156.1157, 127, 109, 95, 85, 71, 67(100), 55. 

cis-3-tert-Butyl-4-methyl-3-cyclobutene-1,2-diol (103g). 75 min, 

0.39, 50%.1H NMR (eDel3): 8 4.59 (s, 1H), 4.35 (s, 1H), 3.10 (s, 2H), 1.76 (s, 

3H), 1.13 (s, 9H). Be NMR (eDel3): 8 155.88, 141.49, 71.83, 70.79, 33.22, 

28.78, 12.07. IR (neat): 3600-3100(br, s), 2959(s), 2912(s), 2874(s), 1745(m), 

1663(m), 1480(s), 1433(s), 1395(s), 1364(s), 1312(s), 1245(s), 1200(s), 1138(s), 

1097(s), 1044(s), 997(s), 913(m), 851(m), 833(m), 820(m), 769(m), 707(m), 667(m) 

cm-1. HRMS m/z calcd for e9H1602: 156.1150, found: 156.1159, 141, 127, 123, 

100, 95, 81, 71, 76, 57 (100). 

cis-3,4-Diethyl-3-cyclobutene-1,2-diol (103h). 80 min, 0.54, 44%. 

1H NMR (eDel3): 8 4.53 (s, 2H), 3.52 (s br, 2H), 2.11 (q, J=7.4 Hz, 4H), 1.05 (t, 

J=7.4 Hz, 6H). Be NMR(eDel3): 8 148.94, 71.17, 19.10, 11.63. IR (neat): 3600-

3100(br,s), 2969(s), 2915(s), 2885(s), 1771(m), 1730(m), 1676(m), 14_§4(s), 1434(s), 

1387(s), 1308(s), 1249(s), 1206(s), 1168(s), 1071(s), 1018(s), 958(s), 943(s), 818(s) 

cm-1. HRMS m/z calcd for esH1402: 142.0994, found: 142.1024, 124, 113 (100), 

109, 95, 69, 67, 57, 55, 53. 



Preparation of 1,2-Diethyl Cyclobutadiene Tricarbonyliron (97h ) 

from TiCI3/Zn and Fe2(C0)9. A suspension of 2.50 g (16.2 mmol) of TiCl3 and 

2.57 g (39.3 mmol) of Zn/Cu97 in 50 mL of dry benzene was refluxed for 4 hours. A 

solution of 0.131 g (0.92 mmol) of diol103h in 10 mL of benzene was added to the 

low-valent titanium mixture at 25 ·c. After stirring for 1 hour, 0.30 g (1.10 mmol) 

Fe2C09 was added and the system refluxed for 8 hours. During this time three more 

additions of 0.3 g Fe2(C0)9 were made giving a total of 1.2 g of Fe2(CO)g. This 

mixture was then cooled, filtered through a pad of Celite with pentane, and concentrated 

under reduced pressure to give a dark oil. Chromatography on alumina using ether 

eluted a single orange, air sensitive fraction. Concentration at reduced pressure gave 

97h as a yellow oil, (98 mg, 0.39 mmol, 43% crude yield). Chromatography on silica 

gel eluting with 5% chlorofonn/hexane, and concentration under reduced pressure gave 

97h as a yellow oil (25 mg, 0.10 mmol, 11 %). 
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Preparation of 1,2-Diethyl Cyclobutadiene Tricarbonyliron (97h ) 

from TiCI3/Na2Fe(C0)4.102 A 250 mL 3-necked round-bottomed flask equipped 

with an addition funnel, containing 4.0 g (19.9 mmoles) of mercury metal and a teflon 

stir bar, was placed 2.6 g (0.113 mmol) of sodium metal under an argon atmosphere. 

The Na/Hg amalgam was formed by gently melting the Na and stirring in the mercury 

metal. To the cooled flask was added 125 mL of dry THF and 8 mL of Fe(CO)s over 15 

minutes. The flask was gently heated for 1 hour, then cooled to 25 ·c. In a separate 

flask 0.63 g ( 4.1 mmol) of TiCl3 and 0.15 g (1.3 mmol) of diol103h in 30 mL of THF 

was allowed to stir for 15 minutes. This titanium solution was transferre<1_ by cannula 

into the Na2Fe(C0)4 reagent and allowed to react for 8 hours. The solution was 

quenched with 1 mL of methanol and extracted with 3 x 75 mL of ether. The combined 

ether layers were washed with 1 x 25 mL of saturated NaCl, dried with MgS04, and 

concentrated under reduced pressure. The resulting red oil was chromatographed on 



alumina eluting with ether. A single yellow fraction was collected and concentrated 

under reduced pressure to give 97h as a yellow oil (0.04 g, 0.15 mmol, 11% yield). 
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General Procedure for 3,4-Dibromide Formation. To a 50 mL round

bottomed flask containing 1.0 mmol of the 1,2-diol in 15 mL of chloroform at -60 oe 

was added drop wise 1.5 mmol of phosphorus tribromide. The solution was stirred for 1 

hour then warmed to room temperature and refluxed for 12 hours. After cooling, the 

solution was quenched with 30 mL of saturated NaHe03, then extracted with 3 x 75 mL 

of eH2C12. The combined organic phases were extracted with 1 x 50 mL of saturated 

Nael, dried with MgS04, filtered and concentrated under reduced pressure to give the 

1,2-dibromides as dark oils. Attempts to chromatograph the dibromides 105 using 

either silica gel or activated alumina resulted in significant decomposition and, they were 

therefor used directly in the formation of the iron complexes. The following compounds 

were prepared. 

trans-3,4-Dibromo-1-methylcyclobutene (105a). 75%. lH NMR 

(eDel3): () 6.00 (s, 1H), 4.92 (s, 1H), 4.89 (s, 1H), 1.82 (s, 3H). Be NMR 

(eDel3): () 149.17, 131.71, 55.02, 50.28, 13.71. IR (neat): 2982(s), 2929(s), 

2858(m), 1784(s), 1733(s), 1693(m), 1628(s), 1442(m), 1258(s), 1219(s), 908(m), 

817(s), 745(s), 683(s) cm-1. HRMS rn/z calcd for esH6Br2: 225.8816, found: 

225.8820, 228, 224, 147 (100), 145, 66, 65. 

trans-3,4-Dibromo-1-ethylcyclobutene (105b). 99%. lH NMR 

(eDel3): () 5.94 (s, 1H), 4.87 (s, 1H), 4.85 (s, 1H), 2.12 (m, 2H), 1.05 (t, J=7 .3 Hz, 

3H). Be NMR (eDel3): () 154.32, 129.89, 53.55, 50.21, 21.20, 9.66:_ IR (neat): 

3078(m), 2974(s), 2928(s), 2880(s), 1796(s), 1771(s), 1736(s), 1696(m), 1626(m), 

1462(s), 1428(m), 1384(m), 1302(m), 1237(m), 1215(s), 1176(s), 1070(m), 1019(m), 

966(m), 904(m), 836(s), 777(m), 741(s), 678(s) cm-1. HRMS rn/z calcd-for e6HsBr2: 

239.8972, found: 239.8969, 242, 238, 161 (100), 159, 80, 79, 66, 55. 



trans-3,4-Dibromo-1-n-butylcyclobutene (lOSe). 66%. 1H NMR 

(eDel3): <5 5.99 (s, 1H); 5.30 (s, 1H), 4.93 (s, 1H), 2.14 (m, 2H), 1.50 (m, 2H), 

1.36 (m, 2H), 0.93 (t, J=7.2 Hz, 3H). Be NMR (eDel3): <5 153.33, 130.59, 54.00, 

50.47, 27.64, 27.60, 22.26, 13.76. IR (neat): 2962(s), 2933(s), 2876(s), 1622(m), 

1470(m), 1425(m), 1382(m), 1218(s), 1166(s), 1007(m), 830(s), 747(s), 730(m), 

670(m) cm-1. HRMS m/z calcd for esH12Br2: 267.9285, found: 267.9266, 270, 266, 

226, 189 (100), 187, 147, 145, 107, 91, 79, 65, 55. 
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trans-3,4-Dibromo-1-tert-butylcyclobutene (lOSd). 73%. 1H NMR 

(eDei3): <5 6.00 (s, 1H), 4.92 (s, 1H), 4.88 (s, 1H), 1.16 (s, 9H). Be NMR 

(eDei3): <5 159.82, 129.12, 51.13, 49.85, 33.29, 27.53. IR (neat): 2965(s), 2938(s), 

2909(s), 2874(s), 1762(s), 1608(m), 1476(s), 1465(s), 1394(m), 1367(s), 1246(s), 

1230(s), 1198(s), 1169(s), 1155(s), 1067(m), 1047(m), 987(s), 904(m), 842(s), 

817(s), 753(s), 628(s) cm-1. HRMS m/z calcd for esH12Br2: 267.9285, found: 

267.9280, 189, 187, 108 (100), 107, 93. 

trans-3,4-Dibromo-1,2-dimethylcyclobutene (lOSe). 99%. 1H NMR 

(eDel3): <5 4.86 (s, 2H), 1.71 (s, 6H). Be NMR (eDel3): <5 140.78, 54.56, 11.35. 

IR(neat) 2983(s), 2917(s), 2867(m), 1761(m), 1682(m), 1441(s), 1309(s), 1193(s), 

1076(s), 1044(s), 979(s), 904(m), 730(s), 667(s) cm-1. HRMS m/z calcd for e6flgBr2: 

239.8972, found: 239.8985, 242, 238, 161, 159 (100), 80, 79, 65. 

trans-3,4-Dibromo-1-n-butyl-2-methylcyclobutene (lOSf). 99%. 1 H 

NMR (eDel3): <5 4.88 (s, 1H), 4.85 (s, 1H), 2.13 (m, 2H), 1.72 (s, 3H), 1.50 (m, 

4H), 0.93 (t, J=7.2 Hz, 3H). Be NMR (~Dei3): <5 144.49, 140.39, 51_.62, 53.38, 

25.93, 22.44, 13.72, 11.65. IR (neat): 2964(s), 2933(s), 2866(s), 1770(m), 1673(m), 

1468(m), 1438(m), 1260(m), 1193(m), 1165(s), 1079(m), 1046(m), 979(s), 914(m), 

761(m), 738(m), 673(m), 652(m) cm-1. HRMS m/z calcd for e9H14Br2:-281.9442, 



found: 281.9462, 284, 280, 203, 201 (100), 161, 159, 122, 121, 93, 79, 77, 69, 65, 

55. 

trans-3,4-Dibromo-1-tert-butyl-2-methylcyclobutene (105g). 93%. 

lH NMR (CDCl3): () 4.88 (s, 1H), 4.78 (s, 1H), 1.83 (s, 3H), 1.20 (s, 9H). 13C 

NMR (CDCl3): B 150.22, 139.00, 54.88, 51.36, 33.90. IR (neat): 2966(s), 2933(s), 

2870(s), 1766(m), 1654(m), 1480(m), 1463(m), 1394(m), 1376(m), 1366(m), 

1319(m), 1239(m), 1201(s), 1168(s), 1058(m), 1050(m), 1011(m), 913(m), 826(m), 

780(m), 765(m), 707(m), 622(m) cm-1. HRMS m/z calcd for C9H14Brz: 279.9463, 

found: 281.9456, 280, 203, 201, 123 (100), 122, 107, 91, 79, 77, 65,57. 
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trans-3,4-Dibromo-1-tert-butyl-4-methylcyclobutene (105i). 1 H 

NMR (CDCl3): B 5.94 (s, 1H), 5.29 (s, 1H), 2.06 (s, 3H), 1.20 (s, 9H). 13C NMR 

(CDCl3): () 164.30, 126.83, 64.50, 59.06, 30.26, 28.39, 13.23. IR (neat): 2966(s), 

2933(s), 2870(s), 1766(m), 1654(m), 1480(m), 1463(m), 1394(m), 1376(m), 1366(m), 

1319(m), 1239(m), 1201(s), 1168(s), 1058(m), 1050(m), 101l(m), 913(m), 826(m), 

780(m), 765(m), 707(m), 622(m) cm-1. 

trans-3,4-Dibromo-1,2-diethylcyclobutene (105h). 85%. lH NMR 

(CDCl3): () 4.89 (s, 1H), 2.21 (m, 1H), 2.11 (m, 1H), 1.09 (t, J=7.3 Hz, 3H). 13C 

NMR (CDCl3): () 144.51, 52.90, 19.78, 11.00. IR (neat): 2974(s), 2938(s), 2883(s), 

1763(s), 1671(s), 1462(s), 1434(m), 1381(m), 1301(m), 1252(m), 1149(s), 1163(s), 

1050(m), 985(m), 967(m), 932(m), 797(m), 756(s), 678(m), 648(m) cm-1. HRMS m/z 

calcd for CsH12Brz: 267.9285, found: 267.9289, 270, 266, 189, 187 (100), 108, 107, 

93, 91, 79, 65. 

General Procedure for Pendent Chain Cyclobutadiene 

Tricarbonyliron Complex Formation from Dibromide. To a 100 mL 3-neck 

round-bottomed flask with attached condenser and nitrogen inlet was placed 0.5 mmol of 

the 1,2-dibromide 105, 40 mL of dry benzene, and 3.0 mmol of Fez(CO)g. The system 
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was slowly wanned to 65 °C, and 0.5 mmol of Fe2(C0)9 added after 60 minutes. After 
' 

stirring for 2 hours the dark solution was filtered through Celite using hexane, 

concentrated under reduced pressure, then chromatographed on alumina eluting with 

ether. The complex eluted as a single yellow band. Concentration of the yellow eluent 

under reduced pressure gave the cyclobutadiene tricarbonyliron complexes 97 as yellow 

oils. The yields are given below. 

Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1-methyl]iron (97 a). 

55%. The spectra matched those previously reported.73 

Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1-ethyl]iron (97b). 

34%. 1H NMR (CDCl3): 8 3.99 (s, 2H), 3.95 (s, 1H), 2.05 (m, 2H), 0.98 (t, J=7.4 

Hz, 3H). Be NMR(CDCl3): 8 215.09, 91.34, 63.30, 59.04, 20.42, 12.89. IR (neat): 

2971(s), 2928(s), 2860(s), 2047(s), 1967(s, br), 1420(m), 1380(m) cm-1. HRMS m/z 

calcd for C9Hs03Fe: 219.9823, found: 219.9822, 192, 164, 136 (100), 110, 82, 56. 

Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1-n-butyl]iron (97c). 

57%. 1H NMR (CDCl3): 8 3.97 (s, 1H), 3.92 (s, 1H), 1.97 (t, 2H), 1.37 (m, 2H), 

1.26 (m, 2H), 0.91 (t, J=6.7 Hz, 3H). Be NMR (CDCl3): 8 215.10 89.95, 63.80, 

59.09, 31.67, 27.13, 22.40, 13.76. IR (neat): 2965(s), 2931(s), 2865(s), 2045(s), 

1965(s, br), 1734(s), 1469(m), 1076(m) cm-1. HRMS m/z calcd for CuH1203Fe: 

248.0136, found: 248.0111, 220, 192, 164 (100), 136, 122, 96, 82, 56. 

Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1-tert-butyl] iron 

(97d). 49%. lH NMR (CDC13): 8 4.16 (s, 1H), 3.92 (s, 2H), 1.04 (s, 9H). Be 

NMR (CDCl3): 8 215.46, 99.94, 61.53, 61.10, 30.40, 30.06. IR (neat)~ 2966(s), 

2937(s), 2917(s), 2873(s), 2043(s), 1957(s, br), 1485(s), 1466(s), 1392(m), 1369(s), 

1303(m), 1213(m), 1200(m), 1036(m), 1025(m), 955(m), 928(m), 825(m), 813(m), 

772(m), 690(m), 608(s) cm-1. HRMS m/z calcd for CuH1203Fe: 248.0136, found: 

248.0137, 220, 192, 164 (100), 162, 148, 138, 124, 122, 96, 56. 



Tricarbonyl[(1,2,3,4-11)·1,3-cyclobutadiene-1,2-dimethyl]iron 

(97e). 44%. The spectra agreed with literature values.26 1H NMR (eDel3): 8 3.90 

(s, 2H), 1.75 (s, 6H). Be NMR (eDel3): 8 215.43, 85.42, 59.71, 11.56. IR (neat): 

2960(s), 2925(s), 2859(s), 2033(s), 1964(s, br), 1487(m), 1452(s), 1377(s), 1125(s), 

1028(s), 981(m), 931(m), 695(m), 661(m) cm-1. HRMS m/z calcd for e9Hg03Fe 

219.9823, found: 219.9838, 192, 164, 136 (100), 110, 96, 56. 
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Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1-n-butyl-2-

methyl]iron (97f). 75%. 1H NMR(eDel3): 8 3.96 (s, 1H), 3.91 (s, 1H), 2.04 (m, 

1H), 1.99 (m, 1H), 1.75 (s, 3H), 1.39 (m, 4H), 0.92 (t, 1=6.9 Hz, 3H). Be NMR 

(eDel3): 8 215.60. 89.89, 84.31, 60.86, 59.40, 31.86, 26.05, 22.52, 13.79, 11.98. 

IR (neat): 2966(s), 2936(s), 2863(s), 2038(s), 1955(s, br), 1452(m), 1372(m), 

1026(m) cm-1. HRMS m/z calcd for e12H1403Fe: 262.0292, found: 262.0293, 234, 

206, 178 (100), 148, 136, 110, 96, 56. 

Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1-tert-butyl-2-

methyl]iron (97g). 70%. 1H NMR (eDel3): 8 4.18 (s, 1H), 3.81 (s, 1H), 1.82 (s, 

3H), 1.08 (s, 9H). Be NMR (eDel3): 8 215.94, 98.77, 82.58, 63.72, 56.62, 31.10, 

30.05, 13.46. IR (neat): 2970(s), 2924(s), 2874(m), 2039(s), 1956(s, br), 1488(m), 

1463(m), 1384(w), 1364(m), 1238(m), 1133(m), 1070(m), 1030(m), 615(m) cm-1. 

HRMS m/z calcd for e12H1403 Fe: 262.0292, found: 262.0301, 234, 206, 178, 162 

(100), 138, 136, 122, 96, 56. 

Tricarbonyl [ (1,2,3,4-11 )-1,3-cyclobutadiene-1,2-diethyl]iron (97h). 

61%. 1H NMR (eDel3): 8 4.01 (s, 2H), 2.08 (m, 4H), 1.02 (t, J=7.4 _B:z, 6H). Be 

NMR (eDel3): 8 215.76, 89.83, 59.95, 19.63, 13.27. IR (neat): 2973(s), 2938(s), 

2882(s), 2856(m), 2074(m), 2038(s), 1952(s, br), 1460(m), 1440(m), 1380(m), 

1316(m), 788(m), 613(m) cm-1. HRMS m/z calcd for euH1203Fe: 248.D136, found: 

248.0132, 220, 192, 164 (100), 109, 56. 
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Preparation of 3-n-Butyl-4-(tert-butyldimethylsiloxy)-2-(1-

methylethoxy)cyclobut-2-en-1-one (115). A solution containing 3.53 g (11.9 

mmol) of 4-(tert-butyldimethylsiloxy)-2,3-bis(1-methylethoxy)-cyclobut-2-en-1-one 

(94) under a nitrogen atmosphere in 100 mL of dry THF was cooled to -78 ·c (dry 

ice/acetone) and 7.5 mL (12.0 mmol) of 1.6Mbutyllithium in hexanes was added 

dropwise. The reaction was kept at -78 ·c and monitored by TLC for the disappearance 

of the starting material. After stirring for 1 hour 1.9 mL of trifluoroacetic anhydride was 

added and the solution gradually warmed to 0 ·c. The reac.tion mixture was quenched 

with 5 mL of saturated Nl4Cl and allowed to warm to 25 ·c. The mixture was diluted 

with 200 mL of diethyl ether and the aqueous phase removed. The aqueous phase was 

further extracted with 2 x 50 mL ether. The combined ether phase was washed with 1 x 

50 mL of saturated NaCI, dried with MgS04, and concentrated under reduced pressure 

to yield 4.12 g ( 11.3 mmol, 96% yield) of 115 as a pale yellow oil. Rr 0.88 ( 15% 

EA/Hex). lH NMR (CDCl3): o 4.81 (septet, 1=6.2 Hz, 1H), 3.69 (s, 1H), 2.39 (td, 

1=4.8, 2.3 Hz, 2H), 1.56 (m, 2H), 1.32 (m, 2H), 1.23 (d, 1=6.2 Hz, 3H), 1.20 (d, 

1=6.2 Hz, 3H), 0.85 (m, H), 0.78 (s, 3H). 13C NMR (CDCl3): 0 187.39, 156.65, 

152.25, 80.04, 73.00, 28.21, 25.67, 25.62, 25.54, 22.66, 18.19, 13.64, 13.58,-

4.64, -5.04. IR (neat): 2965(s), 2934(s), 2864(s), 1765(s), 1645(s), 1606(m), 

1467(m), 1377(m), 1336(m), 1311(m), 1296(m), 1256(m), 1220(m), 1178(m), 

1140(m), 1106(m), 1029(s), 1006(m), 936(m), 875(m), 837(m), 802(m), 781(m), 

734(m), 681(m) cm·l. MS (FAB+, PEG 960): 312. 

Preparation of 1,3-Di-n-butyl-4-(tert-butyldimethylsiiQXY)·2-(1-

methylethoxy)cyclobut-2-en-1-ol (119). To a solution containing 1.50 g (4.8 

mmol) of 3-n-butyl-4-(tert-butyldimethylsiloxy )-2-(1-methylethoxy)-cyclobut-2-en-1-

one (115) in 50 mL of dry THF cooled to -78 ·c was added 3.5 mL (5.6 inmol) of 1.6 

M n-Butyllithium in hexanes. The solution was stirred for 4 hours at -78 ·c then 
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quenched with 1 mL of saturated Nl4Cl. The mixture was diluted with 200 mL of 

diethyl ether and the layers were separated. The aqueous phase was extracted with 2 x 

50 mL ether. The combined organic phase was washed with 1 x 50 mL of saturated 

NaCl, dried with MgS04, and concentrated under reduced pressure to give 1.72 g ( 4.7 

mmol, 97% yield) of 119 as a pale yellow oil. Rf 0.91 (15% EA/Hex). 1 H NMR 

(CDCl3): o 4.37 (septet, J=4.7 Hz, 1H), 4.16 (s, 1H), 2.90 (s, 1H), 1.95 (t, J=6.7 Hz, 

2H), 1.60 (m, 2H)~ 1.30 (m, 6H), 1.22 (m, 8H), 0.88 (m, 15H), 0.08 (s, 3H), 0.07 (s, 

3H). 13C NMR (CDCl3): o 153.92, 116.93, 80.12, 72.20, 71.22, 34.41, 30.06, 

26.44, 25.82, 25.64, 24.55, 23.14, 22.71, 22.63, 22.39, 13.99, 13.88, -4.51, -4.56. 

IR (neat): 3600-3200(br, m), 2961(s), 2934(s), 2862(s), 1696(m), 1679(m), 1628(m), 

1467(m), 1376(m), 1329(m), 13ll(m), 1284(m), 1254(m), 1220(m), 1178(m), 

1142(m), 1117(m), 1074(s), 1037(s), 1006(m), 936(m), 864(m), 837(s), 778(m), 

671(m) cm-1. HRMS m/z calcd for C21il4203Si: 370.2903, found: 370.2894, 327, 

283, 267, 253, 236, 212, 186, 161, 113, 85 (100), 75, 73, 57. 

Preparation of 2,4-Di-n-butyl-4-hydroxycyclobut-2-en-1-one 

(120). A solution of 0.52 g (1.4 mmol) 1,3-di-n-butyl-4-(tert-butyldimethylsiloxy)-2-

(1-methylethoxy)-cyclobut-2-en-1-ol (119) in 30 mL of CH2C12 and 10 mL of 1N HCl 

was stirred for 9 hours. The mixture was diluted with 100 mL of CH2Ch and the 

aqueous layer removed. The organic phase was filtered through a pad of anhydrous 

Na2S04 under vacuum. The yellow solution was concentrated under reduced pressure 

to give 0.44 g (2.2 mmol) of a crude yellow oil. Chromatography on silica gel with 15% 

ethyl acetate/hexane eluent afforded a yello~ fraction which was concen~ted under 

reduced pressure to give 0.19 g (1.0 mmol, 70% yield) of 120 as a golden yellow oil. 

Rf 0.55 (30% EA/Hex). lH NMR (CDCl3): o 7.98 (s, 1H), 3.50 (s br, 1H), 2.10 (t, 

J=7.5 Hz, 2H), 1.72 (t, J=7.3 Hz, 2H), 1.46 (q, J=7.3 Hz, 2H), 1.26 (ni, 6H), 0.84 

(m, 6H). 13C NMR (CDC13): o 198.11, 164.58, 159.06, 93.63, 33.77, 28.34, 26.93, 
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24.04, 22.76, 22.22, 13.76, 13.56. IR (neat): 3600-3100(br, s), 3067(m), 2962(s), 

2934(s), 2867(s), 1754(s), 1603(m), 1469(m), 1382(m), 1329(m), 1259(m), 1235(m), 

1182(m), 1143(m), 1103(m), 1058(m), 994(m), 922(m), 880(m), 837(m), 786(m), 

762(m), 732(m) cm-1. HRMS m/z calcd for C12H2o02: 196.1463, found: 196.1466, 

179, 168, 162, 153, 139, 111 (100), 97, 83, 69, 57, 55. 

General Procedures for the Preparation of 2,4-Dialkyl-4-hydroxy-

3-(1-methylethoxy)cyclobut-2-en-1-ones (121). The preparation of 121a is 

typical. A solution of 3.69 g (18.8 mmol) of 4-n-butyl-3-(1-methylethoxy)cyclobut-3-

ene-1,2-dione (114a) in 75 mL of dry THF at -100 oc (using a liquid N2fpentane bath) 

under nitrogen atmosphere was treated with 17.0 mL ( 18.7 mmol) of 1.1 M 

methyllithium dropwise over 1 hour. The solution turned from an orange color to red. 

The reaction was kept at -100 oc and monitored by TLC for the disappearance of starting 

material. The reaction was quenched with 2 mL of saturated Nf4Cl and poured into a 

separatory funnel. The solution was diluted with 100 mL of diethyl ether, the organic 

layer was extracted with 2 x 50 mL saturated of NaCl, dried with MgS04, and 

concentrated under reduced pressure to give 3.94 g (18.6 mmol, 99% yield) of 2-n

butyl-3-(1-methylethoxy)-4-hydroxy-4-methylcyclobut-2-en-1-one (121a) as a pale 

yellow. Rf 0.20 (30% EA/Hex). lH NMR (CDCl3): o 4.92 (septet, J=6.2 Hz, 1H), 

2.03 (t, J=7.3 Hz, 2H), 1.56 (s, 3H), 1.44 (d, J=6.2 Hz, 3H), 1.42 (d, J=6.2 Hz, 3H), 

1.30 (m, 2H), 0.89 (t, J=7.2 Hz, 3H). Be NMR (CDCl3): 195.32, 184.23, 124.55, 

87.82, 29.10, 22.67, 22.52, 22.37, 21.65, 19.79, 13.57. IR (neat): 3600-3100(br, s), 

2980(s), 2934(s), 2869(m), 1753(s), 1607(s), 1458(m), 1387(m), 1336(_m), 1314(m), 

1218(m), 1186(m), 1142(m), 1101(m), 946(m), 919(m), 850(m), 788(m), 763(m) cm-

1. HRMS m/z calcd for C12H2o03: 212.1412, found: 212.1404, 170, 169, 161, 151, 

142, 133, 126, 113, 109, 100, 99, 95, 87 (100), 81, 72, 71, 55. 

The following compounds were prepared similarly. 
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2,4-Di-n-butyl-4-hydroxy-3-(1-methylethoxy)cyclobut-2-en-1-one 

(121b). Rr 0.34 (30% EA/Hex), 68%. lH NMR (eDel3): o 4.85 (septet, J=5.7 Hz, 

1H), 4.00 (s, 1H), 2.06 (m, 2H), 1.90 (m, 1H), 1.78 (m, 1H), 1.49 (m, 2H), 1.43 (d, 

J=5.7 Hz, 3H), 1.41 (d, J=5.7 Hz, 3H), 1.31 (m, 6H), 0.90 (m, 6H). Be NMR 

(eDel3): o 194.32, 182.44, 126.14, 91.43, 76.53, 32.57, 29.54, 27.25, 22.74, 

22.67, 22.53, 22.01, 13.83, 13.66. IR (neat): 3600-3100 (br, s), 2962(s), 2933(s), 

2867(s), 1747(s), 1611(s), 1463(s), 1381(s), 1338(s), 1315(s), 1262(m), 1224(m), 

1182(m), 1142(m), 1099(s), 1014(m), 974(m), 922(m), 804(m), 784(m), 761(m), 

727(m) cm-1. HRMS m/z calcd for e1sH2603: 254.1882, found: 254.1881, 212, 211, 

195, 184, 169, 155, 142, 141, 127, 99, 85 (100), 57. 

3-n-Butyl-4-tert-butyl-4-hydroxy-2-(1-methylethoxy)cyclobut-2-

en-1-one (121e). Rr 0.65 (30% EA/Hex), 51%. 1H NMR (CDCl3): 8 4.92 (septet, 

1=6.1 Hz, lH), 2.48 (m, 1H), 2.42 (m, 1H), 2.37 (s, lH), 1.67 (q, 1=7 .6 Hz, 2H), 

1.38 (m, 2H), 1.27 (d, J=6.1 Hz, 3H), 1.25 (d, J=6.1 Hz, 3H), 1.05 (s, 9H), 0.94 (t, 

J=7.6 Hz, 3H). Be NMR (eDC13): 8 159.19, 153.21, 93.32, 73.06, 35.88, 28.69, 

26.46, 26.32 (3), 22.91, 22.75, 22.68, 13.67. IR (neat): 3600-3100 (br, s), 2963(s), 

2872(s), 1755(s), 1637(s), 1487(m), 1467(s), 1377(s), 1327(s), 1315(s), 1252(s), 

1179(m), 1144(m), 1110(m), 1043(m), 1015(m), 975(m), 937(m), 886(m) cm-1. 

HRMS m/z calcd for e1sH2603: 254.1882, found: 254.1882,236,212, 197, 183 

(100), 167, 155, 127, 109, 95, 81, 69.-57, 55. 

2-n-Butyl-4-tert-butyl-4-hydroxy-3-(1-methylethoxy)cyclobut-2-

en-1-one (121d). Rr 0.23 (30% EA/Hex)_, 31%. lH NMR (eDCl3): _§ 4.72 (septet, 

1=6.2 Hz, lH), 2.70 (s, 1H), 2.15 (m, 2H), 1.52 (m, H), 1.44 (d, 1=6.2 Hz, 3H), 

1.42 (d, J=6.2 Hz, 3H), 1.35 (m, 2H), 1.05 (s, 9H), 0.91 (t, J=7.3 Hz, 3H). Be 

NMR (eDCl3): 8 193.78, 180.38, 125.60, 94.98, 75.86, 34.64, 30.32, 25.77(3x), 

23.19, 22.71, 22.51, 22.16, 13.72. IR (neat): 3600-3100 (br, s), 2966(s), 2872(s), 
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1746(s), 1608(s), 1587(s), 1483(m), 1463(s), 1385(s), 1313(s), 1251(m), 1234(m), 

1199(m), 1179(m), 1144(m), 1104(m), 1081(m), 1057(m), 1023(m), 972(m), 933(m), 

899(m), 795(m) cm-1. HRMS m/z calcd for C1sH2603: 254.1882, found: 254.1884, 

236, 226, 212, 197, 184, 167, 162, 151, 127, 125, 113, 99, 86, 85, 71, 57 (100). 

2-tert-Butyl-4-hydroxy-4-methyl-3-(1-methylethoxy)cyclobut-2-en-

1-one (121c). The crude orange crystalline product was recrystallized with boiling 

hexane. The white crystals were isolated by vacuum filtration, washed with cold hexane 

and dried under vacuum (25 OC/6mm Hg) for 12 hours: mp 125-126 oc, Rr 0.21 (30% 

EA/Hex), 70%. 1H NMR (CDCl3): B 5.01 (septet, J=6.2 Hz, 1H), 4.80 (s, 1H), 1.62 

(s, 3H), 1.42 (d, J=6.2 Hz, 3H), 1.41 (d, J=6.2 Hz, 3H), 1.15 (s, 9H). 13C NMR 

(CDCl3): B 193.94, 183.25, 133.04, 88.13, 77.09, 30.74, 28.07, 23.20, 22.84, 

20.74. IR (KBr): 3400-3100 (br, m), 2950(m), 2920(m), 2850(m), 1730(s), 1595(s), 

1470(m), 1450(m), 1400(m), 1365(m), 1325(m), 1240(m), 1180(m), 1135(m), 

1090(m), 920(m), 870(m) cm-1. HRMS m/z calcd for CgH1203 (M-C4Hg): 156.0786, 

found: 156.0789, 142, 127, 114 (100), 86, 71, 57. MS (LSIMS+, thioglycerol): 213 

(M+). 

General Procedure for the Preparation of 2,4-Dialkyl-4-methoxy-3-

(1-methylethoxy)cyclobut-2-en-1-ones (122). The preparation of 122a is 

typical. A mixture of 1.5 g (37.5 mmol) 60% NaH in oil was washed 2 times with 10 

mL of dry THF under N2. Addition of 100 mL of anhydrous THF, followed by 3.99 g 

(18.8 mmol) of alcohol121a and 10-20 mg of imidazole was allowed to stir for 30 

minutes. The solution gradually turned to~ red color and 3.6 mL (38.9 11J1110l) of methyl 

iodide was added; the reaction was stirred for 15 minutes. The system was quenched 

with 1 mL of H20 and diluted with 100 mL of diethyl ether. The mixture was extracted 

with 2 x 25 mL of saturated NaCl, dried with MgS04 and concentrated under reduced 

pressure to give a yellow oil. Chromatography on silica gel with 15% ethyl 



acetate/hexane eluted a yellow fraction which, on concentration, gave 3.02 g (13.3 

mmol, 71% yield) of 2-n-butyl-4-methoxy-4-methyl-3-(1-methylethoxy)cyclobut-2-en-

1-ones (122a), as a pale yellow oil. Rt 0.66 (30% EA/Hex). 1H NMR (CDCl3): 8 

4.82 (septet, 1=6.2 Hz, 1H), 3.30 (s, 3H), 2.10 (t, 1=5.3 Hz, 2H), 1.48 (s, 3H), 1.46 

(d, J=7.2 Hz, 3H), 1.44 (d, J=6.2 Hz, 3H), 1.34 (m, 2H), 0.91 (t, J=7.2 Hz, 3H). 
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Be NMR (CDCl3): 8 192.93, 182.49, 126.19, 93.25, 76.12, 52.06, 29.12, 22.54, 

22.28, 22.19, 21.60, 18.47, 13.33. IR (neat): 2966(s), 2932(s), 2875(m), 2864(m), 

2830(m), 1757(s), 1718(m), 1618(s), 1458(m), 1442(m), 1386(m), 1342(m), 1317(m), 

1272(m), 1179(m), 1149(m), 1002(m), 1067(m), 940(m), 919(m), 860(m), 842(m) cm-

1. HRMS m/z calcd for C12H2203: 226.1569, found: 226.1568, 212, 197, 184, 183, 

169 (100), 155, 139, 127, 113, 99, 95, 81, 67, 55. 

The following compounds were prepared similarly: 

2,4-Di-n-butyl-4-methoxy-3-(1-methylethoxy)cyclobut-2-en-1-one 

(122b). Rt 0.50 (30% EA/Hex), 99%. 1H NMR (CDCl3): 8 4.78 (septet, J=6.0 Hz, 

1H), 3.32 (s, 3H), 2.13 (m, 3H), 1.90 (m, 1H), 1.74 (m, 1H), 1.56 (m, 2H), 1.42 (d, 

J=6.1 Hz, 6H), 1.31 (m, 6H), 0.92 (m, 6H). 13C NMR (CDCl3): 8 193.11, 181.58, 

127.63, 97.15, 76.27, 52.18, 31.99, 29.66, 29.58, 26.89, 22.80, 22.65, 22,54, 

21.99, 13.76, 13.61. IR (neat): 2950(s), 2863(s), 2832(s), 1758(s), 1718(m), 

1616(s), 1458(m), 1382(s), 1336(m), 1316(m), 1273(m), 1248(m), 1221(m), 1178(m), 

1142(m), 1104(s), 1030(m), 975(m), 920(m), 851(m), 803(m), 750(m) cm-1. HRMS 

m/z calcd for C16H2s03: 268.2038, found: 268.2035, 226, 225, 211, 197, 183, 161, 

125, 95, 85, 84, 69 (100), 57. 

2-tert-Butyl-4-methoxy-4-methyl-3-(1-methylethoxy)cyclobut-2-en-

1-one (122c). Rr 0.55 (30% EA/Hex), 92%. 1H NMR (CDCl3): 8 4.81 (septet, 

1=6.1 Hz, 1H), 3.33 (s, 3H), 1.54 (s, 3H), 1.34 (d, J=6.1 Hz, 6H), 1.19 (s, 9H). 13C 

NMR (CDCl3): 8 191.31, 181.60, 135.40, 93.95, 76.55, 52.21, 30.92, 27.99, 23.29, 



22.84, 19.79. IR (neat): 2960(s), 2874(s), 2828(m), 1751(s), 1608(s), 1452(s), 

1364(s), 1280(s), 1223(s), 1176(s), 1098(s), 1065(s), 953(m), 925(m), 855(m), 

811(m), 776(m), 763(m), 747(m) cm-1. HRMS m/z calcd for C13H2203: 226.1569, 

found: 226.1567 (100), 184, 169, 155, 141, 127, 113, 99, 95, 83, 67, 57. 
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General Procedure for the Preparation of 2,4-Dialkyl-4-methoxy-3-

(1-methylethoxy)cyclobut-2-en-1-ol (123). The preparation of 123a is typical. 

To a solution of 0.764 g (3.4 mmol) of 2-n-butyl-4-methyl-3-(1-methylethoxy)-4-

methoxycyclobut-2-en-1-one (122a) in 30 mL of anhydrous THF cooled to 0 oc was 

added 0.5 mL (1.3 mmol) of sodium Vitride (70% in toluene) dissolved in 2 mL of dry 

THF over 18 hours. The reaction mixture was quenched with 1 mL of saturated Nlf4Cl 

and diluted with 150 mL of diethyl ether. The mixture was extracted with 1 x 50 mL of 

saturated NaCl, dried with MgS04 and concentrated under reduced pressure to give 0.97 

g of a yellow oil. Chromatography on silica gel using 5% ethyl acetate/hexane and 

concentrated under reduced pressure gave 0.575 g (2.5 mmol, 76% yield) of 2-n-Butyl-

4-methoxy-4-methyl-3-(1-methylethoxy)cyclobut-2-en-1-ol (123a) as a colorless oil. Rr 

0.29 (15% EA/Hex). 1H NMR (CDCI3): 8 4.38 (septet, 1=6.1 Hz, 1H), 4.01 (d, 

1=3.2 Hz, 1H), 3.41 (s, 3H), 2.26 (d, 1=3.2 Hz, 1H), 2.10 (m, 2H), 1.51 (m, 2H), 

1.36 (s, 3H), 1.29 (d, 1=6.1 Hz, 3H), 1.23 (d, 1=6.1 Hz, 3H), 0.91 (t, 1=6.1 Hz, 3H). 

13C NMR (CDCl3): 8 151.10, 117.57, 81.23, 73.37, 70.95, 52.80, 29.84, 25.13, 

22.70, 22.41, 22.07, 17.12, 13.77. IR (neat): 3600-3200(br, s), 2973(s), 2933(s), 

2865(s), 2840(m), 1675(s), 1466(m), 1454(m), 1369(m), 1329(m), 1308(m), 1255(m), 

1220(m), 1188(m), 1139(m), 1115(m), 10~8(m), 960(m), 937(m), 847@), 788(m), 

762(m) cm-1. HRMS m/z calcd for C12H2403: 228.1725, found: 228.1724 (100), 211, 

197, 186, 171, 169, 168, 153, 137, 127, 111,97, 88, 85, 83, 67, 59, 57, 55. 

The following compounds were prepared by a similar procedure: -



2,4-Di-n-butyl-4-methoxy-3-(1-methylethoxy)cyclobut-2-en-1-ol 

(123b). Rf 0.50 (30% EA/Hex), 82%. lH NMR (eDel3): o 4.38 (septet, J=7.2 Hz, 
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1H), 4.06 (s, 1H), 3.44 (s, 3H), 2.40 (s, br, 1H), 2.07 (m, 2H), 1.83 (m, 1H), 1.49 

(m, 3H), 1.35 (m, 6H), 1.29 (d, J=6.8 Hz, 3H), 1.23 (d, J=6.4 Hz, 3H), 0.94 (t, 

J=7.4 Hz, 3H), 0.93 (t, J=7.1 Hz, 3H). Be NMR (eDel3): o 150.48, 118.10, 83.63, 

71.02, 70.98, 53.06, 30.40, 29.99, 26.15, 25.37, 23.01, 22.81, 22.47, 22.21, 13.97, 

13.85. IR (neat): 3600-3200(br,m), 2900(s), 2850(s), 1660(m), 1440(m), 1360(m), 

1275(m), 1245(m), 1210(m), 1170(m), 1060(s), 990(m), 920(m), 840(m) cm·l. 

HRMS m/z calcd for e16H3o03: 270.2195, found: 270.2199 (100), 228, 227, 210, 

195, 185, 167, 153, 139, 127, 125, 111, 101, 85, 69, 57, 55. 

2-tert-Butyl-4-methoxy-4-methyl-3-(1-methylethoxy)cyclobut-2-en-

1-ol (123c). Rf 0.48 (30% EA/Hex), 95%. lH NMR (eDel3): o 4.37 (septet, J=6.1 

Hz, 1H), 4.10 (s, 1H), 3.37 (s, 3H), 1.80 (s, 1H), 1.46 (s, 3H), 1.24 (d, J=6.1 Hz, 

3H), 1.23 (d, J=6.1 Hz, 3H), 1.11 (s, 9H). Be NMR (eDel3): o 150.54, 131.81, 

84.18, 73.61, 71.60, 52.02, 28.94, 23.06, 22.61, 17.92. IR (neat): 3600-3200(br, 

m), 2950(s), 2860(s), 2825(m), 1760(s), 1640(m), 1595(m), 1460(s), 1360(s), 

1285(s), 1140(br, s), 1060(s), 930(m), 880(m), 780(m), 740(m) cm·l. HRMS m/z 

calcd for 123c spontaneously rearranged to intermediate e10H1602: 168.1150, found: 

168.1148, 153, 125 .(100), 112, 93, 83, 77, 67, 57. 

Preparation of 4-tert-Butyl-2-methoxy-2-methyl-3-(1-

methylethoxy)cyclobutanone (130). To a solution of 1.50 g (6.6 mmol) of 2-tert

butyl-4-methoxy-4-methyl-3-(1-methylethoxy)cyclobut-2-en-1-one (122_!1) in 50 mL of 

anhydrous THF cooled to -40 o e was added over 1 hour 0.27 mL (7 .1 mmol) of LiAlB4 

dissolved in 20 mL of dry THF . The reaction mixture was quenched with 2 mL of 

saturated 10% Hel, diluted with 150 mL of diethyl ether, and allowed to warm to 25 °e. 

The mixture was extracted with 2 x 50 mL of saturated Nael, dried with MgS04 and 
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concentrated under reduced pressure to give 1.45 g of a yellow oil. Chromatography on 

silica gel using 15% ethyl acetate/hexane and concentrated under reduced pressure gave 

1.40 g (6.1 mmol, 93% yield) of 130 as a colorless oil. Rf 0.54 (30% EA/Hex). lH 

NMR (CDCl3): o 3.85 (d, J= 7.8 Hz, 1H), 3.75 (septet, J=6.1 Hz, 1H), 3.47 (s, 3H), 

3.20 (d, J= 7.8 Hz, 1H), 1.27 (s, 3H), 1.24 (d, J=6.1 Hz, 3H), 1.22 (d, J=6.1 Hz, 

3H), 0.99 (s, 9H). Be NMR (CDC13): o 211.29, 90.22, 75.67, 75.37, 72.22, 54.42, 

31.50, 27.62, 23.03, 21.51, 16.82. IR (neat): 2950(s), 2880(s), 2840(m), 1775(s), 

1470(m), 1370(m), 1330(m), 1290(m), 1260(m), 1220(m), 1190(m), 1120(br, s), 

1050(s), 980(m), 940(m), 790(m), 750(m) cm-1. HRMS m/z calcd for C13H2403: 

228.1725, found: 228.1717, 213, 186, 172, 141, 130 (100), 115, 101, 97, 88, 85, 57. 

General Procedure for the Preparation of 2,4-Dialkyl-4-

methoxycyclobut-2-en-1-one (124). The preparation of 124a is typical. To a 

solution of 0.56 g (2.5 mmol) of 123a and 0.3 mL (3.5 mmol) of pyridine in 20 mL of 

dry THF at 0 oc was added 0.5 mL of trifluoroacetic anhydride and the reaction was 

stirred for 30 minutes. The system was quenched with 1 mL of H20 and diluted with 

100 mL of diethyl ether. The organic layer was extracted with 1 x 20 mL of saturated 

NaHC03, 1 x 20 mL of saturated NaCl, dried with MgS04, and concentrated under 

reduced pressure resulting in 0.40 g of a crude pale yellow oil. Chromatography on 

silica gel using 5% ethyl acetate/hexane and concentration of the eluent under reduced 

pressure gave 0.17 g (1.0 mmol, 40% yield) 2-n-butyl-4-methoxy-4-methylcyclobut-2-

en-1-one (124a) as a pale yellow oil. Rf 0.58 (15% EA/Hex). lH NMR (CDCl3): o 

8.16 (t, J=1.5 Hz, 1H), 3.27 (s, 3H), 2.19 (dt, J=7.3, 1.5 Hz, 2H), 1.5_1 (s, 2H), 1.45 

(s, 3H), 1.34 (septet, J=6.9 Hz, 2H), 0.92 (t, J=7.3 Hz, 3H). Be NMR (CDCl3): o 

197.61, 165.95, 158.71, 95.80, 52.62, 28.33, 23.98, 22.19,19.52, 13.51. IR (neat): 

3073(w), 2958(s), 2932(s), 2873(s), 2833(m), 1763(s), 1666(m), 1602(Ih), 1460(m), 

1442(m), 1372(m), 1289(m), 1263(m), 1178(m), 1154(m), 1129(m), 1067(m), 



937(m), 899(m), 879(m), 834(m), 811(m), 759(m) cm-1. HRMS m/z calcd for 

C10H1602: 168.1150, found: 168.1144, 153, 141, 137, 126, 125, 111, 109, 98, 97, 

93, 88, 85, 83 (100), 81' 79, 72, 67' 57' 55. 
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The following compounds were prepared by a similar procedure: 

2,4-Di-n-butyl-4-methoxycyclobut-2-en-1-one (124b). Rf 0.59 (15% 

EA/Hex), 76%. 1H NMR (CDCl3): o 8.15 (d, J=1.4 Hz, 1H), 3.26 (s, 3H), 2.20 (m, 

2H), 1.77 (m, 2H), 1.54 (m, 2H), 1.32 (m, 6H), 0.92 (t, J=7.3 Hz, 3H), 0.89 (t, 

J=6.8 Hz, 3H). 13C NMR (CDCl3): o 197.76, 165.01, 159.44, 99.35, 52.59, 33.24, 

28.51, 26.90, 24.04, 22.87, 22.30, 13.81, 13.60. IR (neat): 3069(m), 2963(s), 

2933(s ), 287 5(s ), 2833(m), 17 61 (s ), 1602(m), 1461 (m), 1379(m), 131 O(m), 1156(m), 

1131(m), 1075(m), 975(m), 918(m), 876(m) cm-1. HRMS m/z calcd for C13HzzOz: 

210.1620, found: 210.1621, 195, 168, 167, 153, 125 (100), 113, 97, 86, 84, 79, 67, 

57. 

2-tert-Butyl-4-methoxy-4-methylcyclobut-2-en-1-one (124c). Rf 

0.46 (30% EA/Hex), 55%. 1H NMR (CDCl3): 8 8.03 (s, 1H), 3.26 (s, 3H), 1.44 (s, 

3H), 1.18 (s, 9H). 13C NMR (CDCI3): () 196.58, 167.24, 161.82, 95.06, 52.58, 

31.52, 27.46, 19.54. IR (neat): 3060(w), 2980(s), 2880(s), 2840(m), 1760(s), 

1600(m), 1470(m), 1370(m), 1290(m), 1210(m), 1150(br, m), 1070(m), 930(m), 

880(m), 850(m), 780(m), 650(m) cm-1. HRMS m/z calcd for C10H1602: 168.1141, 

found: 168.1150, 153, 151, 125 (100), 109, 93, 83, 77, 67, 57, 55. 

2,4-Di-n-butyl-4-hydroxycyclobut-2-en-1-one (120). A solution of 

0.34 g (1.3 mmol) 123b in 30 mL of CHzClz and 10 mL of 6N HCI was_stirred for 10 

hours. The mixture was diluted with 100 mL of CHzClz and the aqueous layer 

removed. The organic phase was filtered through a pad ofNazS04 under vacuum. The 

yellow solution was concentrated under reduced pressure to give a crude yellow oil. 

Chromatography on silica gel with 15% ethyl acetate/hexane gave a yellow fraction 
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which was concentrated under reduced pressure to give 0.19 g (1.0 mmol, 73% yield) of 

120 as a golden yellow oil. Rr0.55 (30% EA/Hex). lH NMR cene13): o 7.98 (s, 

lH), 3.50 (s, br, lH), 2.10 (t, J=7.1 Hz, 2H), 1.72 (t, J=7.2 Hz, 2H), 1.46 (q, J=7.3 

Hz, 2H), 1.26 (m, 6H), 0.84 (m, 6H). Be NMR (CDel3): o 198.11, 164.58, 159.06, 

93.63, 33.77, 28.34, 26.93, 24.04, 22.76, 22.22, 13.76, 13.56. IR (neat): 3600-

3100(br, s), 3067(m), 2962(s), 2934(s), 2867(s), 1754(s), 1603(m), 1469(m), 

1382(m), 1329(m), 1259(m), 1235(m), 1182(m), 1143(m), 1103(m), 1058(m), 

994(m), 922(m), 880(m), 837(m), 786(m), 762(m), 732(m) cm-1. HRMS rn/z calcd for 

e12H2o02: 196.1463, found: 196.1466, 179, 168, 162, 153, 139, Ill (100), 97, 83, 

69, 57, 55. 

Preparation of 2-n-Butyl-4-methoxy-4-methylcyclobut-2-en-1-ol 

(125a) using NaBH4/CeCI3. To a solution of 0.18 g (1.1 mmol) of 124a in 5 mL 

of absolute ethyl alcohol was added a solution of 0.8 g (2.1 mmol) of eeel3·?H20 in 10 

mL of ethanol. This mixture was stirred for 15 minutes then cooled to 0 oe and 0.25 g 

(6.6 mmol) NaBH4 was added portionwise. The reaction was followed by TLC until 

complete then quenched with 2.0 mL of saturated NH4el. The mixture was diluted with 

100 mL of diethyl ether and the aqueous layer removed. The organic layer was extracted 

with 1 x 50 mL of saturated Nael, dried with MgS04 and concentrated under reduced 

pressure to give 0.154 g (0.9 mmol, 85% yield) of 125a as a pure colorless oil. Rr 

0.59 (30% EA/Hex). lH NMR (eDel3): o 6.07 (s, 1H), 4.18 (s, 1H), 3.36 (s, 3H), 

2.75 (s, br, lH), 2.08 (m, 2H), 1.47 (m, 2H), 1.35 (s, 3H), 1.26 (m, 2H), 0.91 (t, 

J=7.0 Hz, 3H). Be NMR (eDC13): o 158.13, 132.92, 80.75, 77.47, ~1.49, 28.18, 

27.35, 22.36, 19.27, 13.71. IR (neat): 3600-3100(br, m), 3039(m), 2965(s), 2920(s), 

2869(s), 2834(m), 1768(m), 1733(m), 1698(m), 1668(m), 1635(m), 1461(m), 

1383(m), 1327(m), 1280(m), 1210(m), 1182(m), 1142(m), 1087(br, s), 939(m), 

899(m), 866(m), 841(m), 766(m), 731(m) cm-1. HRMS m/z calcd for ewH1s02: 



170.1307, found: 170.1304, 155, 141, 139, 128, 127, 123, 109, 99, 95, 88, 85, 81, 

72, 67 (100), 57, 55. 
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General Procedures using LiAIH4 for the Preparation of 2,4-

Dialkyl-4-methoxycyclobut-2-en-1-ol (125). The preparation of 125b is 

typical. To a solution of 0.11 g (0.51 mmol) of 124a in 30 mL of diethyl ether at 0 oc 
was added 0.05 g (1.3 mmol) of LiAIH4 portion wise and the solution stirred for 30 

minutes. The system was quenched with 1 mL of saturated NaCl and diluted with 100 

mL of diethyl ether. The organic phase was extracted with 1 x 25 mL of saturated NaCl, 

dried with MgS04, and concentrated under reduced pressure to give 0.108 g (0.51 

mmol, 99% yield) of 2,4-di-n-butyl-4-methoxycyclobut-2-en-1-ol (125b) as a pure 

colorless oil. Rr 0.39 (15% EA/Hex). lH NMR (CDCl3): 8 6.09 (t, J=1.7 Hz, 1H), 

4.21 (s, 1H), 3.33 (s, 3H), 2.80 (s, 1H), 2.11 (m, 2H), 1.70 (m, 1H), 1.46 (m, 4H), 

1.33 (m, 6H), 0.91 (t, J=7.3 Hz, 6H). 13C NMR (CDCl3): 8 159.02, 132.00, 83.31, 

75.75, 51.58, 32.62, 28.27, 27.49, 26.71, 22.94, 22.44, 13.98, 13.78. IR (neat): 

3600-3100(br, m), 3041(m), 2963(s), 2937(s), 2866(s), 2830(m), 1776(m), 1728(m), 

1700(m), 1633(m), 1466(m), 1434(m), 1382(m), 1387(m), 1301(m), 1274(m), 

1199(m), 1178(m), 1096(m), 1071(m), 1031(m), 999(m), 915(m), 840(m), 765(m), 

732(m) cm-1. HRMS m/z calcd for C13H2402: 212.1776, found: 212.1777, 185, 181, 

169, 156, 155, 127, 125, 109, 108, 101, 95, 85, 81, 69, 59, 58 (100). 

The following compound was prepared by a similar procedure: 

2-tert-Butyl-4-methoxy-4-methylcyclobut-2-en-1-ol (125c). Rr 0.41 

(30% EA/Hex), 78%. lH NMR (CDCl3): o 6.01 (d, J=2.2 Hz,1H), 4.~1 (s, 1H), 3.36 

(s, 3H), 2.60 (s, br, 1H), 1.33 (s, 1H), 1.09 (s, 9H). 13C NMR (CDCl3): o 166.13, 

129.95, 79.51, 76.31, 51.54, 32.47, 27.75, 19.26. IR (neat): 3600-3100(br, s), 

2990(s), 2880(s), 2830(m), 1755(m), 1720(m), 1690(m), 1620(m), 1460(m), 1360(m), 



1290(m), 1100(br, m) cm-1. HRMS m/z calcd for 125c with M-CH3 C9H1s02: 

155.1072 (M-CH3, 100), found: 155.1072, 123, 95, 88, 85, 73, 57. 
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General Procedures for the Preparation of 1,3-Dialkyl-3,4-

dibromocyclobut-1-enes (126). The preparation of 126a is typical. To a solution 

containing 0.15 g (0.86 mmol) of 125a in 15 mL of chloroform at -60 oc was added 

dropwise 0.1 mL (0.55 mmol) of phosphorus tribromide. The solution was stirred for 

one hour then refluxed for 12 hours. After cooling to room temperature the solution was 

quenched with 30 mL of ice cold saturated NaHC03. The mixture was extracted with 3 

x 7 5 mL of CH2Cb and the combined organic phase washed 1 x 50 mL of saturated 

NaCl, dried with MgS04, and concentrated under reduced pressure to give 0.127 g 

(0.45 mmol, 52% yield) of 126a as a crude dark oil. Attempts to chromatograph the 

dibromides U6 using either silica gel or activated alumina resulted in significant 

decomposition and, thus, they were used directly in the formation of the iron complexes. 

General Procedures for the Preparation of Tricarbony1[(1,2,3,4-11)· 

1,3-cyclobutadiene-1,3-dialkyl]iron (118). The preparation of 118a is typical. 

To a 50 mL 3-neck round-bottom flask, with attached condenser and nitrogen inlet was 

placed 0.13 g (0.4 mmol) of dibromide 126a, 40 mL of dry benzene, and 0.5 g (1.4 

mmol) of Fe2(CO)g. The system was slowly warmed to approximately 65 °C. After 60 

minutes 0.5 g (1.4 mmol) ofFe2(C0)9 was added and the mixture stirred for 2 hours. 

The solution was allowed to cool to room temperature and the dark solution was filtered 

through a pad of silica eluting with diethyl ether. Concentration of the filtrate under 

reduced pressure gave a dark green oil. Chromatography on alumina elutJ!lg with ether 

and concentration under reduced pressure gave 0.098 g (0.37 mmol, 84% yield) of 

tricarbonyl[(1 ,2,3.4-11)-1,3-cyclobutadiene-1-n-butyl-3-methyl]iron (118a) as a yellow 

oil. Rf 0.64 (5% CHCl3/Hex). 1 H NMR (CDCl3): o 4.05 (s, 1H), 1.98 -ct, J=6.8 Hz, 

2H), 1.75 (s, 3), 1.35 (m, 2H), 1.26 (m, 2H), 0.90 (t, J=4.4 Hz, 3H). Be NMR 
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(eDel3): o 215.55, 84.02, 80.72, 65.68, 29.70, 26.74, 22.44, 13.78, 13.03. IR 

(neat): 2965(s), 2929(s), 2860(s), 2072(m), 2037(s), 1956(s), 1863(m), 1765(m), 

1735(m), 1670(m), 1455(m), 1380(m), 1312(m), 1277(m), 1190(m), 1105(m), 

1047(m), 1028(m), 825(m) cm-1. HRMS rn/z calcd for C12H1403Fe: 262.0292, found: 

262.0293, 234, 206, 178 (100), 176, 175, 148, 136, 134, 125, 110, 96, 56. 

The following compounds were prepared by a similar procedure: 

Tricarbonyl [ ( 1,2,3,4-11 )-1,3-cyclobutadiene-1,3-di-n-butyl]i ron 

(118b). Rt 0.63 (15% eHel3/Hex), 50%. lH NMR (CDel3): o 4.03 (s, 2H), 2.00 

(t, J=6.8 Hz, 4H), 1.36 (m, 8H), 0.90 (t, 6H). Be NMR (CDCl3): o 215.65, 85.27, 

64.55, 31.77, 26.71, 22.44, 13.79. IR (neat): 2950(s), 2925(s), 2850(s), 2025(s), 

1960(br, s), 1460(m), 1420(m), 1370(m), 625(s) cm-1. HRMS rn/z calcd for 

CtsH2o03Fe: 304.0762, found: 304.0765, 276, 248, 220 (100), 178, 162, 148, 136, 

134, 121, 110, 96, 79, 55. 

Tricarbonyl [ (1,2,3,4-11) -1,3-cyclobutadiene-1-tert-butyl-3-

methyl]iron (118c). Rt 0.68 (30% eHCl3/Hex), 47%. 1H NMR (CDCl3): o 4.00 

(s, 2H), 1.82 (s, 3H), 1.02 (s, 9H). Be NMR (CDCl3): o 215.77, 83.85, 62.95, 

31.13, 30.26, 12.87. IR (Ce4): 2980(s), 2940(s), 2865(s), 2040(s), 1965(br, s), 

910(m), 800(br, s), 625(s) cm-1. HRMS rn/z calcd for C12H1403Fe: 262.0292, found: 

262.0292, 234, 206, 178, 162, 147, 138, 123, 95, 84 (100), 57. 

Preparation of 3-n-Butyl-2-tert-butyl-4-methoxy-4-methylcyclobut-

2-en-1-one (128). A solution of 1.08 g (4.8 mmol) of 122a in 30 mL of dry THF at 

-78 ·c was treated with 5.0 mL (6.5 mmol) of 1.3 M n-butyllithium drop_wise over 15 

minutes. The reaction was quenched with 1 mL of saturated NH4Cl and diluted with 50 

mL of diethyl ether. The organic layer was extracted with 1 x 25 mL of saturated Nael, 

dried with MgS04, and concentrated under reduced pressure to give 1.26 g ( 4.4 mmol, 

93% yield) of 127 as a crude pale yellow oil. The alcohol127 can be isolated at this 



point or rearranged by addition of HOAc in methylene chloride or chromatography on 

silica. Chromatography on silica eluting with 5% ethyl acetate/hexane followed by 

concentration of the eluent under reduced pressure resulted in a partial rearrangment. 
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The oil was diluted with 20 mL of CH2Cl2 and 5 mL of HOAc was added to the stirring 

solution. The solution stirred for 2 hours and the aqueous phase was separated The 

organic phase were washed with 2 x 25 mL of NaHC03, with 1 x 25 mL of NaCl, dried 

with MgS04, and concentrated under reduced pressure to give 0.97 g (4.3 mmol, 91% 

yield) of 128 as a colorless oil. Rf 0.62 (30% EA/Hex). lH NMR (CDCl3): 8 3.24 (s, 

1H), 2.01 (m, 2H), 1.62 (q, J=7.5 Hz, 2H), 1.43 (m, 2H), 1.40 (s, 3H), 1.23 (s, 9H), 

0.97 (t, J=7 .3 Hz, 3H). Be NMR (CDC13): 8 196.16, 178.84, 158.37, 95.54, 52.04, 

32.45, 29.51, 28.10, 27.44, 23.33, 18.98, 13.62. IR (neat): 2950(s), 2820(s), 

2810(m), 1740(s), 1610(m), 1450(m), 1360(m), 1290(m), 1265(m), 1195(m), 1125(s), 

1055(m), 910(m), 845(m), 770(m), 750(m), 725(m) cm-1. HRMS rn/z calcd for 

C14H2402: 224.1776, found: 224.1776 (100), 209, 181, 168, 167, 153, 139, 125, 

109, 95, 83, 69, 57. 

Preparation of 3-n-Butyl-2-tert-butyl-4-methoxy-4-methylcyclobut-

2-en-1-ol (129). To a solution of 0.970 g (4.3 mmoles) 128 in 20 mL of ether was 

added 0.025 g (0.66 mmol) of LiAlH4 portion wise and the solution stirred for 15 

minutes. The reaction was quenched with 1 mL of saturated NH4Cl and diluted with 50 

mL of ether. The mixture was extracted with 1 x 20 mL of saturated NaCl, dried with 

MgS04, and concentrated under reduced pressure to give 0.913 g (4.0 mmol, 93% 

yield) of 129 as a pure colorless oil. Rf 0.~7 (30% EA/Hex). 1 H NMR (_CDCl3): 8 

4.20 (s, 1H), 3.37 (s, 3H), 2.20 (s, lH), 2.12 (m, 2H), 1.45 (m, 2H), 1.34 (s, 3H), 

1.13 (s, 9H), 0.91 (t, J=7.2 Hz, 3H). Be NMR (CDCl3): 8 154.35, 145.63, 81.02, 

76.45, 52.10, 33.19, 30.99, 29.02, 26.42, 23.24, 18.09, 13.83. IR (neat): 3600-

3200(br, m), 2920(s), 2850(s), 1450(m), 1355(m), 1260(m), 1185(m), 1100(s), 



84 

1030(s), 935(m), 895(m), 860(m), 820(m), 725(m) cm-1. HRMS m/z calcd for 

C14H2602: 226.1933, found: 226.1932, 211, 195, 179, 169, 168, 151, 141, 137, 123, 

114, 109 (100), 95, 85, 84, 83, 81, 67' 57. 

Preparation of 3,4-Dibromo-2.:n-butyl-1-tert-butyl-3-

methylcyclobutene (131). To a solution containing 0.183 g (0.81 mmol) of 129 in 

20 mL of carbon tetrachloride at -20 oc was added dropwise 0.1 mL (0.55 rnmol) of 

phosphorus tribromide. The solution was stirred for 3 hours and allowed to warm to 25 

oc. The solution was quenched with 10 mL of saturated NaHC03 and the mixture was 

extracted with 3 x 50 mL of CC4, with 2 x 25 mL of NaHC03, 1 x 25 mL of saturated 

NaCl, dried with MgS04, and concentrated under reduced pressure to give 0.195 g 

(0.58 rnmol, 71% yield) of 131 as a crude dark oil. The dibromide was sufficiently 

pure for the iron complex formation and was not characterized due to instability. 

Preparation of Tricarbonyl[(l,2,3,4-11 )-1,3-cyclo bu tadiene-2-n

butyl-1-tert-butyl-3-methyl]iron (132). To a 100 mL 3-neck round-bottom 

flask, with attached condenser and nitrogen inlet was placed 0.195 g (0.58 rnmol) of 

dibromide 131, 20 mL of dry Benzene, and 1.0 g (2.8 mmol) of Fe2(CO)g. The system 

was slowly warmed to approximately 65 °C. After 1 hour, 0.5 g of Fe2(C0)9 was 

added and the mixture stirred for 2 hours. The solution was allowed to cool and 

concentrated under reduced pressure to a dark oil. Chromatography on alumina eluting 

with ether and concentration under reduced pressure gave a crude dark yellow oil. 

Chromatography on silica gel using 5% chloroform/pentane eluted a single yellow band 

which upon concentration of the eluent under reduced pressure gave 0.12_9 g (0.38 

mmol, 65% yield) of 132 as a yellow oil. Rt 0.44 (15% CHCl3/hexane). lH NMR 

(CDCl3): o 3.97 (s, 1H), 2.20 (m, 1H), 2.00 (m, 1H), 1.82 (s, 3H), 1.43 (m, 2H), 

1.23 (m, 2H), 1.07 (s, 9H), 0.94 (t, J=7.2 Hz, 3H). 13C NMR (CDCl3)~ o 216.33, 

93.49, 87 .28, 84.99, 60.63, 32.39, 31.06, 30.55, 26.99, 22.92, 13.87, 11.68. IR 



(neat): 2930(s), 2850(s), 2005(s), 1940(s, br), 1450(m), 1355(m), 1200(m), 610(s) 

cm-1. HRMS m/z calcd for C16H2203Fe: 318.0918, found: 318.0887, 290,262, 234 

(100), 218, 192, 190, 176, 162, 151, 148, 136, 134, 122, 110, 96, 83, 69, 57. 
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Spectrum 10 
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IN N WP 18103 0 

DP N YS 200 

HS NN sc 0 

A.LOCk y we •oo 
IS 500 

RF 1706 7 
RF 5808.1 
TH 20 
IN I 000 

,J,. ......... _l .• a. •• L u.L--. 
..., ~ . ......... , . ..l 

,. .. , ... ,.,. ..., ..... .. , . . , .. . ... ,...., .• .... . ,,, ... . .... 

~40 
I ~Jo 

I 2Jo I tdo I ~do 
I do I do I 1Jo I eb I sb 46 2b PPM o' 

13c NMR Spectrum of 78 
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Spectrum 12 

28911984157 x1 8gd~I3 9-NDY-89 IS 41-tl 16 89 ZRB-SE El• 
Bpft~ I '18Y Ho,493 TIC9i7)61l4832 Rent KIIB Sys EIEI!IIRSS 
JES 51 112. PI' 8° Cal 18811984 

88 55. 382 71. SIS 83. ~84 181.8651 

95 

98 

85 

BB 

IS 

0 
78 

~OB 65 

BB 

55 
112. 881 

58 138.B!l9S 

45 

48 

35 

38 

25 
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IS 
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OSU STD Hl 

EXP2 PU1..8E SEQUENCE. STDSH 
DATE 04-tiii-BI 
S(LVENT CIICL3 

FILE Hl 

ACQUISITION DEC. 8 VT 

TN 1.1100 DN 1.1100 
1111 4000.0 DO 0 
AT 2.000 DN -,.. 18000 a.P 20 
PW 8.0 HOMO H 
P1 0 
Dl 0 PAOCESSIN9 
D2 0 HATH F 
TO 0 
NT 128 DISPLAY 
CT 42 SP -148 g 

PIISO 22.0 liP 374111 
BS 11 VB 200 
99 2 sc 0 
IL N IIC 3111 
IN N IS 422 
DP N FFL 337.4 
liS HN FFP 0 
AUJCK y 1H 111 

INS 1.000 
DC 

OSU STO HI 
REGION STARHPPMI END INTEGRAL 

01 6 143 s 939 0.1002 
02 4. 754 4 559 e. 1405 
83 4.557 4,341 "· 1134 
04 4.219 3.803 11.2885 
05 I .902 I 597 0.3574 

CSU STO HI 
SPECTRAL LINES FOR TH• 

RFL= 337.4 RFP• 

INDEX FREO PPM 
01 1793 73 5.980 
02 1394.07 4 614 
03 1357.48 4,526 
04 1196 33 3.989 
05 522.80 1.743 

14.50 
0 

INTENSITY 
42.766 
39 990 
39.279 
16.108 

206 195 

Spectrum 13 

~~~~~~~~~~~~~~~1~"11""'11.-rrTJo-OI'(o-rriT""'TJ""IT"-,'T::PPMr 
12 10 a s 

1 H NMR Spectrum of 1 03a 
\0 
00 



C 13 SW ITCHA8LE Cl3 BIIITCIWIIJ! 
NO TUNNJN8 BTia< 
BREEN 33T JN 
BLUE lOT JN 

SPECTRAL LINES FOR TH• 19.40 
RFL• 6708 0 RFP• 5808.1 

INOEX FREO 
EXP3 PIA.8E SEGUENCE. 
DATE 04-81-1!1 
SOLVENT COCL3 

9TDI3C 01 11652.1 
02 10194 I 
03 5840 0 

FILE Cl3 

ACIIUISITION 
TN 13.!00 
sw 20000.0 
AT 1.000 
II' ~0000 

PW 9.0 
PI 0 
Dl 3.000 
02 0 
TO 1eoo 
NT 1024 
CT 84 
PW90 18.0 
as 32 
ss 0 
JL N 
IN " DP " NS NH 
ALOa< y 

04 5808 I 
05 5776.2 

DEC 
DN 
DO 
DN 
DNN 
DIF 
!I..P 

C VT 06 5623 0 
1.1100 07 5350 5 
170 2 08 1005 I 
yyy 
9 

7900 
0 

HOMO N 

PROCES9IN9 
SE 0 1!9 
LB 2.000 
MATH F 

DISPLAY .. ... 
VB 
BC 
IIC 
JS 
IFL 
IFP 
1H 
INS 

18!94.1 
200 

0 
400 
1100 

1708 0 
11808.1 

18 
1.000 

PPM 
154 477 
135.148 
77 423 
77 001 
76.579 
74 547 
70 934 
13 325 

INTENSIT\ 
66 258 

202 210 
39 197 
40 681 
40.724 

197.773 
196.880 
152.077 

Spectrum 14 

nc NMR Spectrum of 1 03a 
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Spectrum 16 
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PI• B0 
~ • .U ~w 

JESI 8584-248 Fl S C•l ZI81HIB6 !ASS 71 859 
*IIJO•D XIO•D • 

18 71. 595 

95 

98 

BS 

Bll 

75 

78 

65 

68 ;=COil 55 

58 

45 HJC OH 

48 

35 

38 

25 59 8918 

28 52.7566 113.8118 

IS 
188 8522 

18 56 44 

8 
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Mass Spectrum of 1 03a ....... 
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OSU STO HI 

EXP2 PULSE SEGUENCE. ST01H 
DATE 04-22-91 
SOLVENT COCL3 
FILE Hi 

ACQUISITION DEC C VT 
TN s.eoo ON 1 500 
811 4000.0 DO 0 
AT 2000 ON NNH 
NP 18000 DLP 20 
Pll a o HOMO N 
Pl 0 
01 0 PROCESS INS 
02 0 MATH F 
TD 0 
NT 128 DISPLAY 
CT 32 SP 

Pll90 22.0 I<P 
as IB VS 
sa 2 sc 
IL N we 
IN IB 
DP N FFL 
HS NN FFP 
ALOCK TH 

INS 
DC 

OSU STD HI 
REGION START!PPH I ENO 

I 
12 

01 6.205 5 765 
02 4 839 4 450 
03 4.341 3. 792 
04 2414 185J 
05 I 195 0.939 

-148 8 
3748 e 

200 
0 

3118 
428 

3370 
0 

10 
1.000 

INTEGRAL 
0 0889 
0.1910 
8.2337 
8 2027 
0 2837 

Spectrum 17 

o;.., ;ro Ht 
SPECTRAL LINES FOP TH• 9.52 

RFL• 337 0 RFP• 

INOEA FREQ pp~ INTEI<SIT 
01 1796.88 5. 991 50.449 
02 1795 14 5 985 46.265 
03 1380.il5 4.Sill 61.975 
04 1376 as 4 590 53.062 
05 1374.30 4.582 49 418 
06 1205.12 4.018 21.567 
07 655 35 2.185 12.753 
08 646 56 2.156 20 883 
09 638 75 2.130 211 775 
10 631.32 2 105 10 044 
II 620 sa 2 069 18.998 
12 GIJ 25 2.045 21 110 
13 605 43 2 018 12.589 
14 604 08 2.014 12 J51 

cu,cu, 't(~~ 15 323.28 1.078 118 330 
IS 315.74 1.053 209 990 
17 308.25 I 028 106.164 
18 270 54 0 902 12 256 
19 263 22 0.878 16.716 

,-
PPM 

lH NMR Spectrum of 103b 



I. I J SW !TCHABlE Cl3 SIIJTCI!A8l[ 
NO TINIIN8 STICK 
IIIEEH 33T IH 
BLUE lOT IN 

SPECTRAL LINES FOR TH• 46 07 
RFl• 6706 I RFP• 5808 I 

INDEX FRED 

EXP3 PULSE SEQUEHCE. STDI3C 
DATE 03-0B-111 
SOl. VENT COCL3 
FILE Cl3 

01 12090.6 
02 10045 9 
03 5839 8 
04 5807 8 
05 5775 8 

ACQUISITIDH DEC. C VT :; ~~~~:~ 
TN 1a.eoo DN 1.110<0a 1sas z 
Sll 20000,0 DO 170 ~ 09 780 8 
AT 1.000 DN YYY 
.. -4000011111 8 
I'll 11.0 - 71100 
PI ODLP 0 
01 3 000 tiOHO 
02 0 
TO 
NT 
CT 
1'11110 
BS 
ss 
JL 
IN 
DP 
H8 
ALOCIC 

seOO PROCESSING 
1024 BE 0 Ill 

1111 LB 2.000 
18,0 MATH F 

32 
DISPLAY 

N SP 0 
N NP leOSI.I 
N VB 200 
NN BC 0 

NC 400 
IS eoo 
RFL 1708.1 
RFP 1808.1 
TH 48 
INS I 000 

PPM 
160.291 
133 183 
77.421 
76. 997 
76.572 
73 481 
70.558 
21.069 
10.351 

INTENSITY 
65 282 

200 000 
103 722 
103 035 
101 044 
199.249 
199 031 
199.316 
1 as 406 

Spectrum 18 

l3c NMR Spectrum of 103b 
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Spectrum 19 
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Spectrum21 

0811 BTD HI 
DSU STD HI 
SPECTRI\l LINES FOR TH• 19 08 

EXP2 PILSE BEOUEHCE: 
RFL• 339 9 RFP• 0 

STDIII 
DATE IHI-90 INDEX FREQ PPH INTENSITY 
BOL~EHT CDCI.3 01 1798 07 5 995 74 205 
FILE Ill 02 1387 87 4 627 74 903 

03 1376 63 4 590 63 992 
ACQUISITION DEC. C VT 04 1073 97 3 591 26 799 

1N 1.1100 DN 1.1100 05 1070 82 3 570 26 454 
811 4DDD.D DD D 06 1066 92 3 557 24 976 
AT 2.DDD ON - 07 640 60 2 136 34 163 
NP IBDDD D1.P 20 08 632 78 2 110 49 757 
Pll 8 0 HOMO N 09 623 72 2 079 47 589 
PI 0 10 616 40 2 055 32 542 
Dl D FAOCEBSINB II 456 60 I 522 28 596 

D2 0 """'" F 12 449 76 I 499 43 959 

TO D 13 442 06 I 474 55 250 

NT 121 DISPLAY 14 438 42 462 58 099 

b~y·lc(:~ CT 23 BP •141.1 IS 431 59 439 54 914 

Pli90 22.0 NP 3HI.II 16 423 39 412 47 616 

liB II ~· 
200 17 416 07 387 70 058 

81 2 8C 0 18 408 85 363 86 991 

JL N we 381 19 401 90 340 83 603 

IN N 18 428 ~~ 394 58 316 61 651 .. N IF\. 
387 25 291 49 234 

339.1 22 379 93 267 64 387 .. NN IFP 0 23 374 18 247 31 184 
JLDCJ( Til II 24 361 86 I 206 20 643 

IllS 1.000 25 298 97 0 997 19 384 

OSU STD HI 26 293 87 0 980 26 051 

RE6ION STIIRHPPH) END INTE6R~l 2~ 281 77 0 939 129 448 

01 6 107 5 863 0 0537 2 274 45 0 915 200 000 

02 4 792 4 510 0 1124 29 267 61 e 892 108 315 

03 3 877 3 243 0 1312 30 262 24 0 874 28 580 

04 2 317 1 877 0 1307 31 255 51 0 852 22 805 

05 I 670 I 086 0 3691 
06 1 084 0 768 0 2028 

I I J 12 

1 H NMR Spectrum of 103c 



CIS -TaiAILE 
liD llftlllll STICK 
-DTIN 
BLUE lOT IN 

- P1ILllli: EIIIENCE: BTDI3C 
DATE 12-Ge-10 
Ba.VENT CDCL3 
FILE Cl3 

ACIIUIBITIDR DEC, I VT 
TN lli.IDO DN 1.100 .. 20000.0 DO 170.2 
AT I.ODO DR m 
II' 4DODO - a 
Ptl 1.0 - 7110 
PI 0 DLP 0 
Dl 3.010 Hllllll N 
D2 D 
TO 1100 PROCESSINS 
NT IOU IE 0111 
CT .. Ll 1.000 - 11,0 MATH F 

• II 

• 0 DISPLAY 
IL N IP 0 
IN N tiP llltM.I 
DP N VI 200 
HI NN 8C 0 
ALOCIC y tiC -II 100 

RFL -·· IFP 1801.1 
TN 70 
INS 1.000 

C1 3 SWITCHI'IILE 
SPECTRAL LINES FOR TH• 70 07 

RFL• 6705 5 RFP• 5818 1 

INDEX FREO 
It 12101 5 
02 10094 7 
03 5840 a 
04 5808 1 
05 5776 2 
06 5557 2 
07 5334 9 
08 2130 8 
09 2178 7 
11 1&92 4 
tt 1140 5 

PPH INTENSIT~ 
159 119 182 382 
133 831 195.568 
77 423 133 37& 
77 001 140 24& 
7& 578 1 37 509 
73 675 181 &30 
71 728 I 84 977 
28.248 211 959 
27 558 191 423 
22 437 190 2&1 
13 794 173 043 

Spectrum 22 

butyi~OB 

~OH 

13C NMR Spectrum of 103c -~ 
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Spectrum24 

J£s16lliHD4 PI• 8° c.it ZI411D83 71.8! 
n. 367 

95 

98 
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65 
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35 
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6}. 69( 
IS 
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18 

Mass Spectrum of 1 03c 



osu sm HI OSU STD HI 
SPECTRAL LINES FOR TH-

EXP2 PILIIE SI!QIENCE: BTDIH ijfl- 336.5 
DAlE 04-01-111 
SOLVENT COCL3 HlQE.• 
FILE Ht 01 

02 
ACGUIBmOH DEC. II VT 03 

TN 1.800 OH 1.800 04 
Bll 4000.0 DO 0 05 
AT 2.000 Dll - 06 .. 18000 II.P 20 07 
Pll a.o HOMO N 08 

PI D 09 

Dl 0 PROCESSINS 10 
II D2 0 NATH F 
12 TO 0 
13 Nr 128 DISPLAY 
14 

CT 311 SP 
PII90 22.0 MP 
BS 18 VS 
88 2 sc 
IL H IIC 
IN N IS 
DP H 11'1. .. HH IFP 
ALOCK TH 

liB 
DC 

JSU STD HI 
'E610N STMT( PPM I END 
01 6.143 5.692 
02 4.863' 4.632 
03 4.630 4.425 
04 4.047 3.754 
05 3.753 3.413 
06 1.208 I 000 

I I 
12 

-148.8 IS 
3749.8 16 

737 17 
0 18 

398 19 
428 20 

338.8 21 
0 22 
7 

1.000 

INTEGRAL 
0. 0652 
0.1638 
0. 0647 
0. 0762 
0.0810 
0.6491 

F~EO 
177~.45 
1775.12 
1-41@,33 
1371.26 
1369.12 
614.60 
385,25 
378.03 
370.76 
359.26 
355.30 
352.69 
346 23 
338.42 
326.59 
312 05 
309.01 
298.38 
276.94 
270.54 
262.94 
259.69 

RFP-

FP~ 

s. 925 
5.918 
4.70;? 
4.572 
4.561 
2.049 
1.284 
1.260 
1.236 
1.199 
1.185 
1.176 
I. 154 
1.129 
1.089 
1.040 
1.030 
0.995 
0.923 
0.902 
0,877 
0.866 

6.50 
@ 

INTEIJS!Ti 
42. 1::?9 
39.972 
24.4Zll 
31.603 
26.475 
19.803 
7.441 

15.071 
7.295 

12.216 
15.972 
11.866 
8.378 

40.024 
743.660 

8.923 
10 993 
7.369 
6. 697 

10. 181 
8 873 

15'. 734 

J 

Spectrum 25 

terl-OOlyl C(OII 

OH 

1 H NMR Spectrum of 1 03d 
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'• U SWITCHABLE CU IIIIITCHAIII.E 
NO 1UNNIN8 STlQC 
BREEN 33T IN 
BLUE lOT IN 

SPECTRAL LINES FOR TH• 12,09 
RFL• 6708 0 RFP• 5809 I 

INDEX FRED 
EXP8 PULSE SEIIUENCE. STDI3C 
DATE 04-GI-111 

01 12599 I 
02 9960 7 

SOLVENT COCL8 
FILE Cl3 

ACilUISITION 
TN 13.!00 
1111 20000.0 
AT 1.000 
NP 40000 

"" 9 a 
PI a 
Dl 3.000 
D2 a 
TD 11!00 
1(1' 1024 
CT B4 
PIISO 18,0 
as 32 
sa o 
lL N 
lN N 
liP N 
HS NN 
ALOQC Y 

03 5839 9 
04 5909.1 
05 5775.9 

DEC 
liN 
DO 
liN 
DNM 
DNF 
II.P 
HOMO 

I VT 06 5450.4 
!.BOO 07 5241 ,5 
170 2 09 2452.4 
yyy 09 2093 4 
s 

7800 
a 

N 

PROCESSINB 
BE 0.1!9 
L8 2.000 
MATH F 

DISPLAY 
SP a 

1111194 4 
200 

a 
400 
1100 

!708 0 
eaaa.1 

12 

liP 
VB 
sc 
we 
IS 
RFL 
FFP 
TH 
INS 1.000 

PPM INTENSITY 
167 032 25.106 
130 729 66.025 
77.422 18.949 
77.001 19.961 
76 574 18.791 
72 259 69 840 
59 488 69.236 
32.513 26.011 
27.753 200 000 

Spectrum 26 

lnf..bulyi[::(OH 

OH 

13C NMR Spectrum of 103d 
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Spectrum 27 
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Spectrum28 
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Spectrum 29 

osu sm Hl OSU STO HI 
SPECTML LINES FOR TH- 4,90 

EXP2 PILliE SEQUENCE. BTDlH RFL• 34G.~ fl~P- 0 
DATE 03-17-91 
SCILYEHT CDC!.3 I NOEll. FREO PPII fNTE1.,5IT 1 

FILE H1 01 1336.21 4. 455 32 I 64.6 
02 saa 79 3 zs; 4, i373 

ACilUIS!TlDH DEC &YT o3 966.50 3.299 ••••• 
TN t.800 DH 1.5oo 
811 4000.0 DO 0 
AT 2.000 DH -HP 16000 DLP 20 
I'll 8 0 HOMO H 
P1 0 

•• 985.47 3.266 •· sse 
05 994.50 3. 292 4. BBI 
06 614. G0 2.049 8.475 
07 482.25 I. 641 200.000 
~8 378.25 I 261 7 748 
bs 376.89 I 257 s. 983 

01 0 PROCESS INS 
02 0 MATH F 
TO 0 
HT 128 DISPLAY 
I:T 98 SP -1~a a 
P1190 22.0 NP 3749.8 
88 111 YB 200 
88 2 sc 0 
IL N we 318 
IN N IS 878 
DP H WI. 3~8 2 
H9 HN IFP 0 
ALOCK TH 8 

IHS t.OOO 
DC 

)SU STO HI 
>EGlON >TART< PPM I END INTEGRAL 
01 4.645 4 2S7 0 19~7 
02 3.499 3 059 0 2243 
03 I 780 I 524 0. 5951 

i. f 
,./\____ 

I I J J l J 12 10 PPM 

1 H NMR Spectrum of 1 03e 



Cl3 SWITCHASI.E 
NO TIHIINQ STICK 
~ 33T IN 
BLUE lOT IN 

EXP3 PIA.SE SEOUENCE. STDI3C 
DATE 03-17-91 
SilL VEtil COCL3 
FILE Cl3 

ACQUISITION DEC. & VT 
TN 13.SOO ON s.eoo 
811 20000.0 DO 170 2 
AT 1.000 ON yyy ... •oooo DIIM 8 
PW 9.0 DNF 7900 
PI 0 IILP 
01 s.ooo HOMO N 
02 0 
TO iSOO PROCESS INS 
NT IOU 8E o.sea 
CT 98 LB 2.000 
PW90 18.0 MATH F 
88 32 
ss 0 DISPLAY 
IL N 8P 0 
IN N NP !8S9 •• t 
DP N vs 200 
HS "' 8C 0 
ALOCK y NC •oo 

IS eoo 
IFL 11705.7 
RFP 8808.1 
TH 20 
IllS I 000 

1.1 J SWITCHABLE 
SPECTRAL LINES FOR TH• 20.00 

RFL• 6706 7 PFP• 5808, I 

I NOE~ FREO 
01 10934 7 
0Z 5839 8 
03 5808.1 
04 5775.9 
05 5504.1 
06 789 8 

PPM 
144.967 
77 421 
77.001 
76.574 
72.971 
10.471 

INTENSITY 
78.961 
86.143 
85 082 
97 190 

200.000 
194.639 

Spectrum 30 

13C NMR Spectrum of 1 03e 
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Spectrum 33 

DSU BTD HI OSU STO HI 
~PECTRAL LINES 1=np n~· c:;;,zt 

EXP2 PUUIE SEQUENCE: STDIH RS:I • 33B r; RI="P• 
DATE 03-97-91 
SOLVENT COCL3 INDEX f:REQ PPM TNTI=N; IT' 
FII.E HI ~I 1'4fl R0 4, 9~0 Ft. ?4J:: 

liZ q52. 22 4.509 25. IRS 
ACQUISITION DEC. C VT 03 1329 37 •. 432 25.1?7 

TN 1.500 DN t.eoo 04 1063.25 3.612 13.521 
Sll ~ooo.o DO 0 05 1068.00 3.5£;1 8. 88~ 
AT 2,000 DH -06 1061.06 3.538 5. 509 .. 18000 DlP 20 ~7 I 056.39 3.522 6. 236 
PW 8 0 HOMO N 08 1049,34 3 498 6. 469 
PI 0 09 1042.23 ~ &7S , 787 
Dl 0 PROCESS IN& 10 623.50 2.079 39 564 
D2 0 MATH F 11 616.40 2.055 68.921 
TO 0 IZ 608 96 2.030 38.568 

NT 128 DISPLAY 13 497.13 1.657 162.793 

CT 22 BP -ua.a 14 458, I 7 1.528 9.069 

PMBO 22.0 MP s,.a.e IS 450.74 1.503 14.706 

BS 18 VB 200 16 444.99 1.484 28 406 butyi)=COH BS 2 BC 0 17 437 55 1.459 46 693 

IL N MC SIMI 18 430.12 I 434 47 678 
19 422.31 I ,408 31.144 

IN N IS 428 
20 414 22 I .?.iS I 19 935 

DP N RFL 338.8 21 411 18 I .371 22 467 
H3 NN RFP 0 22 404.83 I .350 49 402 
ALDCIC TH 8 23 397 51 I 325 66.823 

INS 1.ooo 24 390.29 1.301 61.413 
DC 25 383 35 I 278 35 960 HJC OH 

16 377 00 I .257 22 718 OSU STO HI 
INTEGRAL;~ 370.05 1.234 8.283 REGION START( PPM I END 

01 5 031 4 665 0 0297 is 362 95 1.210 a. 12s 
02 4.663 4.214 277 65 0 926 121 644 

03 3.860 3.312 : :~~; 30 270 54 0 902 200 000 

I 04 2. 252 1.874 0 1191 31 263 22 0 878 87 721 

05 1.850 I 556 0.1794 
06 1.555 1.143 0 2839 
07 1.105 0 679 0 2016 

I H NMR Spectrum of 1 03f 



Cl3 SIIIT®III.E 
1. I~ SWITCHABLE 
SPECTRAL LINES FOR TH• 20.42 

NO TUNNIN!I BTJCII RFL• 6708.0 RFP• 5809. I 
11EEN 33T IN 
BlUE tOT IN INDEX FRED PPM INTENSIH 

01 I 1233,7 149.938 29.367 
ElCP3 PII.8E EllUENCE: STDI3C 02 10875.4 144.180 26.747 
DATE 03-07-111 03 5840.4 77.429 57.242 
SCl.VENT CIII:Lll 04 5808.2 77.002 57.91~ 
FILE Ct3 05 5776.4 76.580 57.890 

06 5483.5 72.697 62.334 
ACQUISITION DEC. I VT ~7 5416.2 71.806 61.951 

TN 13.1100 ON s.aoo 08 2181 3 2a. 918 200.000 
811 20000.0 liD 170.2 09 1915.2 25 390 88 276 
AT 1.000 Ill yyy 10 1704.1 22 592 129 099 
NP ~0000 OHM 8 II 1034 8 13.719 171 238 

Pll 1.0 IIIF 7800 12 801.2 10 622 64 931 

PI 0 DLP 0 
Dl 3.000 HOMO N 
D2 0 
TO saoo PROC£SSINB 
NT 1024 8E o.saa 
CT 128 L8 2.000 
Plf90 18.0 MATH F 
83 32 
83 0 DISPLAY 
JL N 8P 0 
IN N NP 111119~.1 

DP N VB 200 
HB NN BC 0 
ALOCK y MC ~00 

IS aoo 
IFL a70B.O 
RFP 15808.1 
TH 20 
INS 1.000 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Spectrum 34 
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Spectrum 35 
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Spectrum 36 
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OSU STD HI 

EXP2 PULSE SEQUEIICE: SlOtH 
DATE 04-18-91 
SOLVEMT COCL3 
FILE HI 

ACQUISITION DEC & VT 
TN 1.500 ON 1.500 
sw 4000.0 DO 
AT 2.000 DN NNH 
NP 18000 OLP 20 
I'll a o HOI40 N 
PI 0 
01 0 PAOCESSINS 
02 0 MATH F 
TO 0 
NT 128 DISPLAY 
CT 31 SP 
Pll90 22.0 NP 
BS IB VS 
ss 2 sc 
IL N we 
IH N IS 
OP N RFL 
HS I'H IFP 
ALDCK TH 

IHS 
DC 

OSU STD HI 
REGION START1PPM J END 

01 4.730 4.474 
02 4472 4,170 
03 3.279 2.841 
0' 1.890 1.597 
05 

I 
12 

1 jl7 0 588, 

-1411 II 
37.9.8 

•28 
0 

399 
•2& 

3•1 8 
0 
5 

1.000 

INTEGRAl 
0. 0476 
0. 0484 
0.ii94B 
0. 1935 
0 6158 

OSU STO HI 
5PECTRnl LINES FOR TH• 5.35 

RFL• 341 8 RFP• 0 

II~DE' FREO 
01 1377 50 
02 13il6 Bil 
03 !3W/4 :zs 
04 S~l 50 
05 397 02 
06 396 W/7 
~7 360.12 
08 358 53 
09 337 82 

FPII 
4 593 
4 357 
4 348 
I 760 
I 324 
I 317 
I 201 
I 197 
I. 126 

!NTENSIT• 
13 695 
13.609 
13 647 
78 529 

9 938 
5. 4Z5 
7. 182 
5.632 

428 646 

J 

Spectrum 37 

ler1-butyi~OH 

J-l..-ou 
H3C 

_[.J _f 

Jl. / 

J I I 
4 0 PPM 

lH NMR Spectrum of 103g 



Spectrum 38 

<.IJ SWITCHA8LE 
C13 SWITCHAIII.E SPECTRAL LINES FOR TH• 9.30 
NO TUNNINB STICK RFL• 6706 I RFP-= 5808 I 
BREEN 33T IN 
BLUE lOT IN INDEX FREO PF~I INTENSIT• 

01 11758.0 155.881 15.342 
EXP3 PUI.SE SEIIUENCE. BTD13C lii2 Hi672 6 141 492 14.794 
DATE o•-18-91 03 5639.8 77 421 50. 162 
SOLVENT CDCL3 04 5808.0 76.999 51.~96 

FILE C13 05 5775. a 76.572 51.138 
06 5416 I 71 830 67.457 

ACQUISITION DEC Q VT 07 5339 8 70 792 63.876 
TN 13.800 DN 1.eoo 08. 25~6 Q 33.223 29.433 

sw 20000.0 DO 170 2 08 2170 9 28.781 200 000 

AT 1.000 DM yyy 10 2161.7 28.659 51.257 
NP •oooo DMN II 910 5 12.071 40 402 

Pll 9.0 DMF 7900 
P1 0 DLP 0 
01 3.000 HOMO N 
D2 0 
TO 1800 PROCESS INS 
NT 102. SE 0 189 
CT 128 L8 2 000 
Pll90 18,0 MATH F 
ss 32 
ss 0 DISPLAY 
IL N SP 
IN N NP 1se8•.1 
DP N vs 200 
HS NN sc 0 
ALOCK y NC •oo 

le.t-butyl )c(OH 

HJC OH 
IS eoo 
AF\. 8708 1 
11'1' 8808 1 
TH 9 
INS i.OOO 

J .... .~ ·- •n .... , 
I' I ~Jo' ~do' I I I I 

~Jo' I I ~Jo' I I I' I I' I I I I I I I' I I j I I I! I I I ''1 
220 160 100 80 60 40 20 PPM 0 

13C NMR Spectrum of 103g 
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Spectrum40 

JES221 R4-262 PI' 8" Cal 11488183 !RSS 57 87 

18 57 }8Q 

95 188 8585 

98 l•rl-b•lyl )cCOH 
85 

88 95 8933 

}5 HJC OH 

18 

141 1821 
65 

68 123 8991 

55 
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45 91 8697 

48 67 8547 

35 
53 8393 

38 

15 

18 
12! 1866 

15 )} 8391 

18 156 1159 

168 

Mass Spectrum of 1 03g 



0SU STD H1 OSIJ STO Ul 
SPECTPAL LINES <OR TH• 1 ~ 66 

EXP2 PULSE SEIIIJENCI!: STD1H ••L= 339 • R<P• 
DATE 03-27-81 
SILYENT CDa..3 INOE~ <PEO 
FlU! H1 01 1357 10 

02 1075,44 
ACGUISITIOH DEC. I VT 03 642 77 

TN 1.1100 ON 1.~00 04 635.33 
DO 0 05, 627 52 
DM - 06 620.19 
DlP 20 07 321 39 
lllliiO N 09 314,00 

09 306.24 

811 ~000.0 

AT 2.000 .. 16000 
Pll 8.0 
P1 0 
01 0 PROCESSING 
D2 a MATN F 
TD 0 
NT 128 DISPLAY 
CT 27 SP -149.9 
PII90 22.0 NP 37~9.11 

• 16 VS 200 

• 2 sc a 
IL N NC 399 
IN N IS ~28 

DP N 11'1. 339.4 
H8 NN RFP 0 
ALOQ( y TN U 

INS 1 000 
DC 

JSU STD ._,, 
REGION l.TAATCPPf'l) ENO, INTEGRAL 

I 
12 

01 " 681 • 352 0 1406 
02 : 815 3 j03 0 1446 
03 366 I 841 0 2944 
04 I Z31 0. 866 0 4204 

··~ 4, s:s 
3. 585 
2.143 
2 liB 
~ .092 
2. 068 
1.071 
1.047 
1.021 

INTENSITY 
95.691 
17 732 
25 965 
66 :!26 
69.663 
28 ~96 

109.177 
200.000 

96.838 

J 

Spectrum 41 
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lH NMR Spectrum of 103h 



Cl3 SMITCHABLE 
NO TLNIINB STICK 
&REEN 33T IN 
BLUE lOT IN 

EXP8 PIA.BE SEOUENCE. 
DATE 03-27-91 
SOLVENT CDCL3 
FILE C13 

ACQUISITION 
TN 13.500 
SN 20000.0 
AT 1.000 
II' 40000 
Pll 9.0 
PI 0 
Dl 3 000 
D2 0 

DEC. 
DN 
00 
DN 
DNM 
DNF 
DLP 
HOMO 

STDI3C 

I YT 
1.000 
170 2 
yyy 
8 

7900 
0 

N 

TO 1500 PROCESSINB 
NT 
CT 
Pll90 
as 
S9 
IL 
IN 
DP 
HS 
ALOCK 

I I I 
220 

1024 
160 

IB.O 
32 

N 

N 
N 

SE 0 159 
L8 2 000 
HATH F 

DISPLAY 
SP 
MP 16594 1 
Y9 200 

NN sc 0 
y we 

IS 
IFL 
RFP 
TH 
IN3 

I I I 
200 

400 
500 

8707 4 
5808.1 

20 
I 000 

•~I J ~WITCHABLE 
S.PECT~AL LINES FOR TJ.f,. ;::0,00 

RJ:'L= 670-. 4 P!=P= 5908 I 

JNOE< >REO 
01 ! 1231 1 
02 5839 B 
03 5808 0 
04 5775 B 
05 5369 2 
06 1440.6 
<t7 877 5 

PPM INTENSITY 
148 896 
77 421 
75 999 
76 572 
71 1 a: 
19.099 
11 .6:i4 

I I I 
160 

77 887 
40 929 
42 :i09 
42 456 

189 :;79 
163.857 
200.000 

I I I 
140 

Spectrum42 

I I I 
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I I I 
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Be NMR Spectrum of 103h 
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Spectrum 43 
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Spectrum44 
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Mass Spectrum of 103h 



OSU STO HI 
OSU STO "' 

EXP2 PlA.SE SEGUENCE. 
DATE 02-19-91 
SOLVENT CDCL3 

STDIH 
SPECTRAL LINES FOR n-1 .. 

Hl=l• 344,3 RJ:'p,. 

FILE HI 

ACQUISITION 
TN 1.500 
SM 4000 0 
AT 2.000 
NP 16000 
PM 8 0 
PI 0 
Dl 
02 0 
TO 0 
NT 128 
CT 50 
PM90 22 0 
as 16 
ss 2 
IL N 
IN N 
DP N 
HS NN 

ALDCK y 

lSU STD "I 

lt>JDE~ OREQ 
~I 19AI II 
•2 1476.7• 

DEC G VT 03 1466. 98 
DN I 500 04 1255.53 
DD 0 05 1246,94 
DM NNN 06 1239.52 
DLP 20 ~7 574,34 
HOHO N 08 546, 07 

09 410.21 
PROCESSING 10 377 00 

MATH F 

DISPLAY 
SP -149 9 
liP 3749 5 
VS 200 
sc 0 
we 399 
IS 426 
FI'L 344 3 
FI'P 0 
TH 10 
INS 1.000 

DC 

lEGION START< PPM> ENO INTEGRAL 
0 0991 
0 1864 
0 I 175 
0. 2977 
0 3003 

01 6 156 5.914 
02 5.096 4 743 
03 4 34 I 3 974 
04 I . 950 I 708 
05 I 586 l 024 

I 
12 

PPM 

6.005 
4. 923 
.t,EI9J 
4,186 
4' 157 
4, 132 
I, 9lS 
1,82 I 
1.368 
I 257 

10,41 
~ 

INTENSITY 
~9 714 
64.327 
78.530 
10.732 
JS. 999 
17.565 
20.351 

201.119 
42.250 
30 910 

Spectrum45 
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1 H NMR Spectrum of 105a 
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Cl3 SWITCHABLE 
NO TUNHIN9 STICK 
GREEN 33T IN 
SLUE lOT IN 

EXP3 PULSE SEIIUENCE. 9TDI3C 

DATE 02-19-91 
SOLVENT CDCL3 
FILE Cl3 

ACQUISITION DEC & VT 

TN 13.~00 ON 1.500 

sw 20000.0 DO 170 2 

AT 1.000 11M yyy 

NP 40000 DMW 
PM 9 0 - 7900 

Pi 0 DLP 0 

Dl 3.000 HOMO N 

02 
TO 1~00 PROCESSING 

NT 1024 SE 0 1~9 

CT 98 LB 2 000 

PM90 lB.O MAlH F 

as 32 
ss 0 DISPLAY 

IL N SP 0 
IN N WI' sse94.l 

DP N vs 200 

HS NN sc 0 
ALOCK y we 400 

IS eoo 
RFL B70B.B 
FFP 5BOB.l 
1H 2S 
INS 1.000 

C 13 SWITCHA8LE 
SPECTRAL LINES FOR TH• 29.22 

RFL· 6709.6 RFP• S809 I 

INDEX FREQ 
01 11251 7 
02 9934 9 
03 5841.1 
04 5908.9 
05 5777 0 
06 4150.1 
07 3792.3 
09 1034 3 

PPM 
149 168 
131 710 
77.438 
77 010 
76.588 
55.028 
50 276 
13.713 

INTENSITY 
59 726 

179 449 
200.000 
197 498 
199 595 
161.493 
161 107 
130 ISS 

Spectrum46 

13C NMR Spectrum of 1 05a 



Spectrum 47 
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!f. WILMAD GLASS CO , INC. BUENA, N J. 08310 CHART NO. WGPE- 199-1042 
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Spectrum 48 
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Spectrum 49 

OSU STD HI G';U STO HI 
";PEGTPAL LINES FOR TH=- 11 .31 

EXP2 PULSE SEOUEHCE. STDIH RFL• 348 2 RF?o 0 
DATE 04-28-91 
SOLVENT CDCL3 HiOE,. FREO PP~ IrHEI•SlT! 
FILE HI 01 218~.68 7.271 II' 770 

02 17g9, sz 6.001 53.531 

ACQUISITION DEC & VT 03 14?9.32 4 929 51.256 

TN s.aoo ON I BOO 04 1473.31 4. S/4 71 G60 

SN 4000 0 DO 0 05 661." 2.204 ;z '· 792 

AT 2.000 OM NNN <16 659.75 2, 2G0 20.076 

NP 16000 OLP 20 
07 654.00 2.1 Bil 26.053 

Pll a o HOMO H 
0~ 64 7. 54 2.1sg 23.221 

PI 0 
09 640.49 2.1;:;5 20.428 
10 6<12. 89 2 110 I 1. 449 

Dl 0 PROCESSING II 391. 99 1.274 13 524 
02 0 MATH F 12 376.40 I .255 35.655 
TO 0 13 355.51 I 185 II ,841 

CH,CH,~Br NT 128 DISPLAY 14 347 61 1.160 12 701 
CT 58 SP -148.8 15 340.59 1.136 96 156 
Pll90 22.0 NP 3749 a 16 339 I B I l:il 73 940 
BS IS vs 200 17 3Z3 I~ I Ill ~02. 032 
BS 2 sc 0 IS 331 75 I 106 135 796 
IL H NC 388 19 325.79 l.i16S 101 ass 
IN H IS 428 20 324 L6 I 081 67 6il7 .....• ,Br 
DP N RFL 348 2 21 316.92 I 056 IS 046 
HS NN FFP 0 22 315 09 1 05~ 15 76J 
ALOCK TH u 23 313 52 I 045 12. 141 

INS i 000 24 309 17 I 031 15 959 
DC 25 307 60 1.026 13.336 

26 0 05 I 92E-4 13 544 
OSU STD HI 
REGION START< PPM I END INTEGRAL 

01 6 190 5 903 0 0947 
02 5 107 4 692 0.1708 
03 2 366 I 939 0 2627 
04 I 219 0 964 0 4717 

J 

1 H NMR Spectrum of 1 05b 



•.IJ SW!TCHABLE Cl3 SIIITCHABLE 
NO TINIING STICK 
fiiiEEN 33T IN 
BLUE lOT IN 

SPECTRAL LINES FOR TH• 35,50 
RFL• 6706 I RFP• 5808, I 

EXP3 PIA.SE sewce. sTotac ~~~Ex 11 ~~~0 a 
DATE 04-28-91 02 9806. 8 
BIII.YENT COCL3 03 5840 0 
FILE C13 04 5808.0 

05 5776.2 
ACIIUJSlTJON DEC. S VT 06 4049.6 

TN 13.eoo DN 1.eoo · 01 3798.3 
811 20000.0 DO 170.2 08 1608.8 
AT 1.000 DM yyy 09 737 7 
NP 40000 DNM S 
PW 9 0 D1F 7800 
PI 0 DLP 0 
Dl 3.000 HOMO N 
02 0 
TO leDO PAOCESSINS 
NT 1024 SE o.ma 
cr e12 LB 2. ooo 
PW80 18,0 MATH F 
as 32 
ss 0 
JL N 
IN N 
DP N 
ItS NN 
ALOCK Y 

DISPLAY 
SP 0 
liP 
vs 
8C 
NC 
IS 
IFL 

16!194.1 
200 

0 
400 
eoo 

8708 I 
1FP MOB.I 
TH 3e 
INS 1.000 

PPM INTENSIT\ 
154 473 48.649 
130 014 153 905 
77.423 200 585 
76.999 193026 
76,578 I 86.987 
53.688 154.083 
50.356 158.938 
21. 328 143. 902 

9. 780 139.375 

Spectrum 50 
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Spectrum 52 

bpft'bil I•I.:IU III=Jij'l ilt.-14::ktlbiJllll H1,.nt t~unna ay~ Ut.NIH::J~ 
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IB 88733 158.9793 

95 

98 

95 

88 

15 

78 

65 

69 cu,cu,U"' 55 

58 

45 ······nr 

48 

35 

38 

15 

18 

15 
67 519 97 8561 
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Mass Spectrum of 1 05b 



OSU STD tit OSv 5iQ "' 

EXPI PUlBl SEQUDICE: STDS~ nrt..- ,.o 
D•lE 02-2&-91 
80lVEif1 COCL3 .t.I•UCI'I 

fJLE t4t " 1 

.CQUJSITION DEC IH 
TN t.eoo ON !.!00 
810 •aoa.a DO 0 

•• 2.aoo Ill< """ tiP ssaaa OLP 20 

"" e.a 1401<0 ,.. 
PI a 
Dl 0 PROCESSING 
Dl! a tfATt-1 F 
TO a 

"' !28 DISPUY 
Cl 311 8P -ua 9 
Plf90 u.a WP 3148.5 
88 II ~s 200 
88 2 8C a 
IL ,. IOC 398 
110 N 18 428 

DP N AFL 348,7 ... .. ,. AFP a 
ALOCI< Ttl t3 

INS t 000 
oc 

usu s;o "r 
RC:&IUi~ STMRTd·::F;; 1 E:::I~IJ il'liEDfML 

wl 
rl2 
93 

•• 
95 
GO 

1 
12 

& 
5 

' 

t31 5 .. , . 
292 I 
000 ' .. :;; I 
j ,; .. 

000 

743 
,.. 
435 ... 
000 

i) IUtJ.&-::10 

6 10::10 

• I :SO~ ; 1575 

• :2271 
., O::f':J::ll 

1 
10 

~· 
63 

•• 
175 

~· 
i7 
~0 .. 
,;; 

,;: 
.~ 

;; 
,;; 

" .. .. 
<• 
« 
2:2 

,..,..c:;..., 
I I tiD Di 
,;so.;;, 
, .. ;;,~I 

, .. ;i ... ; 
S5C •• 2 
;,.S,IV 

D"'' II 
&3~ .~s .. ;. 67 
... s .. 05 
...... a.;;a .... ;.;; 
... 33 .. 
4.::12 .... 0 

•<o 39 
otii) .a 
.,.;o,;; .... .. 
;;; ... 00 

206 73 
£<0 :i7 

"' "' 

FFn 
.,,~;," 

:lo.:l'G.::; . O<O 

... ;va 
2 175 
2 ,;, 
2. t20 
2 000 

i .; ... ;. 

' Slii 

' .. ss 
i ... ;; 
I , .. .,.0 

' 431 

' . .. ,:z 
' ;;;; 

' 363 
i .;;.;; 
I ,. 
a 553 
;, 920 

• sas 

;; 

htftr~sn, 

0 I o ""':I 
l'i. ;,o 
co:: .. :::~~ 

'"•VO-:r 
'g, :::141 

42 cos , 0£0 

,;, 975 
co. ·66 
... a. 722 

•• ... 36 ti•7 
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Spectrum 54 

Cll BIIJT~IIU '"'1 3 Swl TCHA&LE 
M1 1W<Nlll8 STJQC SFECIRAL dNCS FUR Trf• 2~.33 
-.EH331 JN f;FL- &70S I nFF- saa; ' ll.IJE tOT !II 

Jt•vr::.JI F'REC FPti 1/ltiE:r ... Sli I' 
£lCP3 PIA.SE SEIIUENC£: STDI3C 6i r1565 7 i53.332 58 ,6t7 
DATE 02-28-81 (i2 SSS0.6 ,30 ss.;. 1 Sil 375 
BOt.VEIIT CDCll 63 6&39.6 77 421 102.952 
FILE Cl3 •• 5866 I 77 Qil 1 ;s a2a 

i)5 5775. ~ 76 573 I 03.560 
.-cauJSJTJOII DEC. c., ;; 4072.9 53.596 .sa s1a 

TN 13.500 011 t.eoo 67 3S6S 6 s; .. ;s 175.665 
811 20000.0 DC 170.2 06 20S5 I 27 S<43 2.05.612 ., t.ooo Dll YYV ilS ZG61 7 27 597 ,;,,a~a 

liP •oooo Dtt>< s .~ 1&79.1 22 280 u; .. 0s• 
PW 8.0 IIMF 7900 

,; t037 ; .3 7&0 1 .. "1- ...... 

PI 0 DlP 0 
Dl 3.000 140110 " 

bulyltrBr 
02 0 
TO 1!00 PFlOCESS!IIB 
NT 102• BE o.tss 
CT 98 LB 2.000 
PII90 18.0 .... ,~ f 
88 32 

~ 

88 0 DISPLAY 
·· ..• ,,Br JL N SP 0 

Ill N liP 16!9 •• 1 
DP II va 200 
~ 1111 sc 0 
.LOCI< y we •oo 

JB 500 
RfL 8708 I 
RFP !BOB.I 
,~ 20 
JNB 1.000 

.•. ..... . L. .Jl "'' ... • L ... • k ....... 1 L .I. .. ltl~· .1L wll • 1. " .ku, l.J •- _,, .... II .... •u .H .. a .. I.L lo• ........ ..... 1 .. l~~ J ... ~ 
l'fl .... .,.,T'lJ . 

~·· r T T I I T T I I J T ' I ·r T T l 220 teo 160 200 t40 t20 tOO 80 60 40 20 PPM 0 
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Spectrum 56 

r,l; ~ 107.89 
•xs·o 115•0• 

181.8819 
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OSU STD Ht OSU 5TD HI 
SPECTPAL LINES FOP TH• 

EXP2 PULSE SEQUENCE. STDIH 
DATE 04-Dl-111 

PFL• 345 7 RFP• 

SOL VENT CDCL3 
FILE HI 

ACQUISITION 
TN 1.500 
SN 4000.0 
AT 2.000 
NP 16000 
PN e.o 
Pt 0 
Dl 0 
D2 0 
TO 0 
NT l2B 
CT u 
PN90 22.0 
as ll 
as 2 
tL N 
IN N 
DP N 
H9 NN 
ALOCK 

OSU STO HI 

INDEX FPEO 
01 1800.03 
02 1476.36 

DEC 
ON 
DD 
DM 
DLP 
HOMO 

I VT 03 I 464 I 6 
1 eoo 04 410.69 

0 05 379.01 
NNN 06 348,40 

20 
N• 

PROCES9IN9 
NATH F 

DI!II'I.AY 
9P -14DD 
NP 3748.1 
vs 370 
SC 0 
NC 3DD 
IS 422 
11'1. 341 7 
RFP 0 
TH lD 
lH9 t 000 

DC 

PEG ION START< PPM) END INTEGRAl 
0.0729 
0.1399 
0. 7972 

01 6.143 5.838 
02 5.072 •• 730 
03 I ,268 ) .062 

12 

PPM 
6.001 
4.922 
4.881 
1.369 
I .264 
I. 162 

I 9.08 
0 

INTENSITI 
32.097 
31.405 
35.844 
20.339 
24.891 

414.860 

Spectrum 57 

terl-bulyl trBr 
· ...• ,,Br 
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1 H NMR Spectrum of 1 05d 



C 13 SW ITCHABLE 
CS3 SIIITCIWILE 
Ill TIIHING STICK 
1REEN 33T IN 
BLUE SOT IN 

SPECTRAL LINES FOR TH• 13. •s 
RFL• 6707,4 RFP• 5808 I 

EXP3 PIA.SE SEQUENCE. 91Dl3C 
DATE o•-ss-ss 

!NOH FREO 
01 12055 0 
02 9739 5 

81LVBIT COCL3 
FILE CS3 

ACQUISITION 
TN sa.eoo 
aw 20000.0 
AT s.ooo ... •oooo 
P'll 9.0 
PS 0 
DS 3.000 
D2 0 
TO seoo 
NT 102. 
CT a. 
1"1190 sa.o 
as 32 
ss 
IL N 
IN N 
DP N 
HS NN 
ALOCK y 

03 5840.0 
04 5808. I 
05 5776.2 

DEC. & YT 0G 3856.7 
DN t.eoo 07 3760.4 
DO S70.2' 08 2511.3 
Ill yyy 09 2076. 9 
Dill 9 
1M' 
ILP 
HDMO N 

7900 
0 

PROCESS INS 
BE O.SS9 
LS 2.000 
HATH F 

DISPLAY 
SP 0 
MP t8894.S 
YS 200 
sc 0 
we •oo 
IS SOD 
IFL 5707.4 
IFP ssoa.s 
TH S3 
INS t.ooo 

b~~ ' ~Jo' ~do' 

PPM INTENSITY 
159.819 14,gS2 
129.121 62.642 

77 423 45.673 
77.001 46.920 
76 578 46.138 
51.130 55.943 
49 a 53 sa. 448 
33 293 17 592 
27 534 200 000 

.1 
~do' 

Spectrum 58 

.1 I l 

~Jo' I I' I I' I I 14b 1 
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Spectrum 59 
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Spectrum 60 
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J[S'I5BH44 PI= 8° Cal ZIBB4186 ftRSS IBB 89 
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Spectrum 61 

0811 STO ~~ OSU STD HI 
SPECTRI\l LINES FOR TH• s. 38 

UP2 PIJlBE BEOUENC£: SlOtH RFL• 337.4 ~FP• 0 

DATE 03-1!&-91 
INDEX FPEO PPM IN TENS IT> 

SOL~EI<T COCI.3 
01 2391 52 7. 973 B. 490 FilE ~~ 02 1698.83 5.664 8. 618 
03 I 593 46 s. 313 14.725 

ACIIUISITJOH DEC I ~T 04 1456 67 4 856 44.040 
TN S.I!OO ON 1.&00 05 1253 63 4.180 14.035 
Sll 4000.0 00 0 06 1252.00 4.174 13. 169 
AT ~.ooo 014 - 07 1246.57 4 ISS 14.917 
II' 18000 OLP ~ 08 1244 78 4.150 20.632 
I'll 8.0 1'0110 N 09 1237 57 4.126 16.221 
Pt 0 10 1235.99 4.121 9.548 
Dt 0 PROC£SSING II 578 79 I. 930 14 128 
~ 0 ~ATH F 12 577 44 I .925 9. 740 
TO 0 13 538 04 I, 794 12 669 
NT 121 DisPlAY 14 536 42 I. 788 12.082 
CT 27 8P -s<l.l IS 534.73 I. 783 6 659 H,c)o::Br PN90 22.0 NP 3741.8 16 511 78 I. 706 200 000 
88 18 VB 200 17 417.32 I 391 30 258 
GB 2 sc 0 I B 415.90 I 387 20.708 
ll N IIC 391 19 410 26 I 368 54 312 

IN N IS 428 20 408 74 I 363 33 054 

CP " llfl 337 .. 21 403 21 I 344 26.147 

HS liN IIFP 0 22 401 80 I 340 16 685 

ALQCI( Tlf 5 23 376 02 I 254 7 441 B 
INS 000 H3C r 

DC 

JSU STO HI 
lEGION START! PPM I END INTEGRAL 
01 5 005 4 713 0.1311 
02 4 334 3 921 0 1246 
03 I 837 1 568 0 5197 
04 I 532 I 239 0 2247 

12 10 8 

lH NMR Spectrum of 105e 



CS381<1T-.L£ 
NO T"""JHI STICK 
IIRE£I< 33T IN 
BlUE SOT IH 

E.ICP3 PIJLI£ 8£0UEHCE: STDS3C 
U.TE 03-2&-81 
SOL tEHT CDC\.3 
FILE CS3 

.CIIUISJTIDH DEC. C Yl 

TN 13.800 DH s.eao 
811 20000.0 DO 170.2 
AT s.ooo 010 YYY 

"" •oooo """ s 
I'll a.o IJI4F 7900 
PS D DLP D 
OS 3.000 t4DMO .. 
02 0 
TO seoo PROCESSING 
NT 102• SE 0.181 
CT &• LS 2.000 
PIIBO 18.0 ...... ~ F 
88 32 
as 0 DISPLAY 
JL H SP 
Ill II WP Slm94.1 
OP " YS 200 
lf9 NH sc 0 
•Lac~ we 400 

JB BOO 
RFL S7U I 
RFP eaos.s 
Til 7 
INS I ODD 

. ~ 
f I I 'I' I I 
220 200 

~~' SWlTCHABlE 
SPECTRAl LINES FOR TH• 7,06 

RFL• 6711 6 RFP• 5908. I 

INOEX FRED 
01 10618.6 
02 9646 4 
03 5939.9 
04 5B0B 0 
05 5775 9 
06 4652 a 
07 4647 2 
08 4412.7 
09 4115 3 
10 2067.9 
II 1226 3 
12 1220. I 
13 856 • 

I I' 
180 

PPM 
140 775 
127 997 
77 421 
76' 999 
76.572 
61 695 
61 610 
59.501 
54,558 
27 415 
16 257 
16 175 
II 354 

I I I 

160 

INTENSITY 
47 110 

B, 979 
32.660 
35.791 
34.819 
29.969 
~2.619 

7 624 
207 322 

9 340 
30,968 
29 409 

145 979 

Spectrum 62 
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Spectrum 64 
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OSU BTU Ht OSU STD "I 
<>PECTRAL LINES 

EXP2 P1LSE BEIIUENCE. SlOtH ~1=1. 14S 
DATE 03-0IHIS 
SOLYEHT cua..3 INOEA 
FILE Ht 01 

02 
ACGUISITIOII DEC. CVT 03 

1H S.ISOO DN t.BOO 04 
811 4000.0 110 0 05 
AT 2.000 Ill -06 
NP 16000 ILP 20 ~7 
Plf 8 0 HOMO N 08 
PI 0 09 
DS 0 PROCESS INS 10 

D2 0 HATH F II 

TO 0 12 

KT 129 DISPLAY 13 

r:T 26 SP 
Pll90 22.0 NP 
BS 1B vs 
ss 2 sc 
II. N we 
IN N IS 
DP N RFL 
HS HH RFP 
ALOCK y TH 

INS 
DC 

OSU STD HI 
REGION START! PPM) END 

01 
02 
03 
04 
05 
06 

I 
12 

I 

5 010 
4. 352 
2.366 
I. 889 
I .609 
1.073 

I I 

4 694 
3. 974 
I 890 
I 610' 
I, 146 
0 757 

I I I 

-148 g 14 

3749.B IS 

200 16 

0 17 

398 18 
19 

138 20 
34!5.3 21 

0 22 
8 Z3 

1.000 

INTEGRAL 
0 0857 
0 0588 
0. 1285 
0 1652 
0 3636 
0 1983 

I I I 
10 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

1 

t:REQ 
2~Cll (4 

2194 19 
1698 ss 
1463 07 
1454.88 
1261.06 
I 253.95 
1252.05 
1246.90 
1244,94 
I 239.74 
1237.89 
1230.73 
652.53 
644.72 
637.29 
628 98 
625 19 
618.13 
517 IS 
473 IS 
467 51 
464 96 
459 85 
457 25 
453.78 
451 77 
449 00 
445 96 
443 41 
441 46 
438 15 
435 71 
433 05 
430 01 

1 I I 

1 
FOFI T~• 

RI=P• 

pp" 
7 q7' 
1 282 
5 661 
4,878 
4.850 
4 204 
4, 181 
4.174 
4, 157 
4. lSI 
4.133 
4.127 
4 103 
2.176 
2. 149 
2.125 
2 097 
2 084 
2 061 
1.724 
I. 577 
I 559 
1.550 
1.533 
I 524 
1.513 
I 506 
1.497 
I 487 
I .478 
I 472 
I 461 
I, 453 
I 444 
I 434 

I I 

Spectrum65 

R, 30 

• 
TNTEN51TV 

17 ?:1Q 36 427 68 I 426 20 457 
S9 703 37 421 93 I 407 22 937 
I~ 1~7 38 417 48 I 392 74 324 
43 102 39 414 76 1.383 46 375 
45.455 40 410 37 I. 368 135 022 
10.254 41 407 44 1.358 58 284 
30.044 42 403.32 1.345 74 814 
13.981 43 400.06 I. 334 44 776 
~~- 194 44 392.41 1.308 26.395 
33.668 45 386 39 1.288 14 666 
14.863 46 384 43 I 282 14 362 
31 656 47 376.62 I 256 25 436 
12.367 48 285 19 0. 951 116.740 
10 103 49 277 97 0.927 202.307 
21.823 50 270 76 0 903 82 565 butyi)J:Br 31. 175 51 264 08 0.880 8 600 
27 817 52 0 16 5 43E-4 13 246 
21 982 
16 562 

167 724 
9 505 

13 198 
II .094 'B 25 255 HJC r 
16 187 
24 985 
31 605 
23 193 
24 164 
30 926 
22 687 
16 687 

1----
v 

29 148 
/"'" 16 142 1-13 819 r-- - - - .... 

1 I .l 
J\wU "'.) I -

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

d J I 
0 PPM 

1 H NMR Spectrum of 1 05f 



CS3 IIIIITQIAIILE 
NO TUNNIN9 anac 
BREEN 33T IN 
ILUE SOT IN 

EliP3 PIA.BE BEilUENCE: 
DATE 03-011-111 
BOLYENT COCL3 
FILE CS3 

STDS3C 

ACQUISITION DEC. C YT 
TN 13.800 DN s.soo 
811 20000.0 DO 170 2 
AT 1.000 11M YYY ... M!OOO IIMM 8 
Pll 9.0 - 7900 
PI 0 ILP 0 
DS 3.000 HOMO N 
D2 0 
TO seoo PROCESSING 
NT 102~ SE o.sea 
CT 96 L8 2 000 
Pll90 IB.O HATH F 
88 32 
ss 0 DISPLAY 
IL N SP 
IN N NP l&e94.1 
OP N YS 200 
HS NN BC 0 
ALDac y lie -IB BOO 

IFL rr107 ~ 
IFP ,esos.s 
TH 23 
INS 1.000 

~ 1 J SW ITCHABLE 
SPECTRAL LINES FOR TH• 22.96 

RFL• 6707 4 RFP• 5908 1 

INDEX FREQ 
01 10899.1 
02 10599.6 
03 5839 9 
04 5823.1 
05 5807.8 
06 5775.8 
07 4657.6 
08 4652.1 
09 4120.0 
10 4026.4 
11 2130.8 
12 1956.2 
13 1692 2 
14 1230 8 
15 1224 6 
16 1035.0 
17 878 5 

PPM 
144.494 
140.391 
77.421 
77.199 
76.997 
76.572 
61.747 
61.674 
54 620 
53 380 
28 249 
25.934-
22.435 
16.317 
16.235 
13.721 
II 647 

INTENSITY 
56.032 
54. 126 

103 845 
23.473 

100.894 
105.658 
37 800 
37.474 

201.709 
196 705 
190 776 
189.827 
179 822 
38.426 
38.167 

167 585 
133 960 

Spectrum 66 

buty•rcu, 

u,c)!--J.. .... Br 
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Spectrum 68 
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0SU STD Ht 

El<P2 PillS£ SEIIUEIICE. SlOSH 
DATE O.C-t8-91 
SOLVENT COCL3 
FILE H1 

ACGUISITIOH DEC & VT 

TN 1.500 CH 1.500 

Sll •ooo.o DO 0 
AT 2.000 OK NNN 

liP 16000 DIJ' 20 
PW 8.0 HOMO N 
Pl 0 
Dl 0 PROCESSING 
D2 0 MATH F 
TO 0 
NT 128 DISPLAY 
CT 33 SP 
PW90 22.0 liP 
as 16 vs 
ss 2 sc 
IL " we 
IN " IS 
Ill' N RFL 
HS NN RFP 
ALOCK y Til 

INS 
DC 

ISU STD HI 
lEGION START< PPM I END 
01 6.058 5 803 
02 5 412 5 I 55 
03 4998 4814 
04 4 813 4 656 
05 2.193 I 950 
06 1.949 I 659 
07 I .377 I 024 

12 

-141.1 
3749 .. !5 

400 

399 

••s 
349 2 

0 

1.000 

INTEGRAL 
0 0120 
0.0145 
0.0441 
0 0393 
0 0583 
0 1606 
0 6713 

10 

Spectrum 69 

OSU 5TO HI 
5PECT~.i\L LINES FOR TH• a, ~S 

RFL• 349 2 RFP= 

!NOEl FREO PFII INTE• .. SITt 
01 178~.49 5 93S 9.884 
02 1586 13 5 .:as a. 905 
03 1463. '' 4. 680 15.654. 
04 1461.88 4. 874 14 015 
05 1434.85 4. 784 20 400 
05 617.26 2.058 44.850 
07 547 54 I, 825 58.:;32 
08 404.09 I ,347 9. 908 
09 379.57 1.2S2 IS 258 
10 376 51 1.255 14.446 
II 359.50 1.195 401,846 
12 347 97 1.160 12,098 

l<>rl-butyl ~Br 

)-J ...... ,B 
H3C r 

8 6 4 

lH NMR Spectrum of 105g and 105i 



~I J SWITCHA8LE Cl3 BII!TCHAILE 
110 TUNNJNI STJCI< 
M££11 33T JN 
SLUE lOT IN 

SPECTRAL LINES FOR TH• 10.37 
PFL• 6785.5 RFP• 5809. I 

INDEX FREO 

EXP3 PULSE SEQUENCE: STOUC 
DATE 04-18•91 

81 11338,7 
02 10484.9 
03 9566.7 SDL VENT COCL3 

FILE Cl3 

ACIIUJSITJON 
TN 13.000 
1111 20000.0 
AT 1.000 
NP 40000 
PM !1.0 
PI 0 
Dl 3.000 
Ill 0 
10 ISOO 
!If 1024 
Cl 128 
PM90 18.0 
88 32 
88 0 
Il 
lH H 
DP N 
tiS NN 
ALOCI< y 

& Vl 
l,liOO 
170.2 
YYY 

04 5940.4 
05 5908.2 
es &77&.4 
07 4454.6 
08 4139.3 
09 3874.0 
10 2556.7 

DEC 
DH 
DO 
DM 
DIOM 
DMf 
DLP 
1101<0 

B II 2292.3 
7900 12 Z141.1 

0 13 2134.3 
N 

PROClSSJNG 
SE 0.159 
La a.ooo 
MATH F 

DISPLAY 
SP 0 

1&094,1 
200 

0 
400 
eoo 

e1oa a 
8808.1 

to 

WP 
•s 
sc 
we 
IS 
FIFL 
FIFP 
TH, 
INS t.OOD 

14 991.6 

I I I 
220 I ~Jol ~Jol 

PPM 
150.217 
139.003 
126.930 
77.429 
77.002 
76.580 
59.057 
54.977 
51.359 
33.995 
30.258 
28.396 
28.296 
13.226 

I 

I I ;Jol 

INTENSITY 
12.567 
14. 430 
18.146 
46.522 
47.592 
48.214 
17.132 
63.056 
58.936 
15.997 
22.365 
69.051 

200 389 
33. 119 

.l 

Spectrum 70 
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13C NMR Spectrum of 1 05g and 105i 
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Spectrum 72 
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OSU STD Ht 

EXP2 PIA.SE SEIIUENCE. STOtH 
DATE 0!1-211-91 
SOI.YEHT COCL3 
FILE Ht 

ACOUISIT ION DEC C YT 
TN t eoo ON s.eoo 
811 ~000.0 DO 0 
AT 2.000 lll4 NNN ... 16000 OI.P 20 
Pll 80 HOllO N 
Pt 0 
Ol 0 PROCESS INS 
02 0 HATH 
TO 0 
NT 128 DISPI.AY 
CT ~g SP -l~B 9 
Pll90 22.0 liP 37~9 e 
88 18 YS 200 
88 2 sc 0 
IL N we 31111 
IN N IS '426 
DP N IFL 347 2 
HS NN IFP 0 
ALOCK y TN 10 

INS t.OOO 
DC 

1SU STD HI 
~EGlON START I PPM) £NO INTEGRAL 
01 5 072 4 681 0 1292 
02 2 463 1 926 0 3665 

03 I 231 0 951 0 S042 

,;su 'iTO 1-11 

";PECTAAL LINES 
R~L= 347 

ftJQE)I' I=REQ 
01 ~!Ell 47 
~,2 1467 47 
03 679 77 
04 671 96 
05 664' 14 
06 656' 4.:1 
07 649 01 
08 640 81 
09 633 39 
10 625 67 
11 GIS 13 
12 410 69 
I] 343 30 .. 335 49 
'5 328 17 
16 320 41 

~OP '"• 
R~P"' 

PPM 

" 2T: 
4 892 
: 26E' 
~. 240 
2' 214 
2 189 
2 IG4 
2 136 
2, I 12 
2 086 

061 
I 369 
I 145 

119 
094 
068 

10 :a 
0 

[NTENSIT 
:0 654 
71 950 
It,:, , 95 
25 .1gg 

35 57R 
32 536 
24.227 
24. 173 
26 741 
18 496 
11 134 
12 167 
14,3~2 

121 737 
200 000 
102 490 

J 

Spectrum 73 

CH3CH1 )=r:Br 
CH,cu, I ·····"or 

lH NMR Spectrum of 105h 
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CS3 SWITCIIABI.E 
NO TIHIIN9 STICK 
8IEEN 33T IN 
SLUE sOT IN 

EXP3 PULSE SEQUENCE. STDS3C 
DATE 03-28-BS 
SCI.. VENT CDCL3 
FILE CS3 

ACQUISITION DEC C VT 
TN s3.eoo DN s.eoo 
sw 20000 0 DO s70 2 
AT s.ooo llll YYY 
NP 40000 IHI s 
PM g 0 lliiF 7900 
PS 0 CI..P 
Ds 3 000 HOMO N 
D2 0 
TD seoo PROCESSING 
NT 1024 SE o sea 
CT 84 LB 2 000 
PN90 ss.o MATH F 
88 32 
88 0 DISPLAY 
IL N SP 
IN H NP sses4.S 
liP H VB 200 
HB HN sc 0 
ALDCK y NC 400 

IS eoo 
IFL 8708 7 
FFP esos s 
TH 20 
INS s.ooo 

IJ 1 J SWI TCHoA8LE 
SPECT~AL LINES FOP Tl·l• 20,00 

RrL= 6706,7 RrP• 5908 I 

I~DE< FRED 
01 10900 6 
02 5839 8 
03 5807 B 
04 5775 8 
05 3990 I 
0G 1492 2 
07 929 J 

PPM 

144,514 
77 421 
76 997 
76 572 
52 898 
19.782 
10 995 

INTENSITY 
49.296 
75 570 
71 097 
74 061 

207 807 
169 084 
169 797 

Spectrum 74 

13C NMR Spectrum of 105h 
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Spectrum 76 
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JES2JBR4-2l2 PT• 8° Cal Z2SB3111 

Ill 252331111. 
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9B 

B5 
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71 

65 

68 
9UBI7 

55 

CH,CH, ):J:"' 
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Mass Spectrum of 1 05h 



EXPI PILS!IIIIIlSICE: BTDIH 
DATE 01-111-111 
IIILVEHT CIICUI 
FILE BRIDH 

ACGUIBITION DEC. I VT 
Til 1.1100 DN 1,800 
811 .taoo.o DO 170.1 
AT 2.0110 Ill -,. 111000 IILP 20 
Pll 7.0 HOMO N 
PI 0 
Dl 1.000 PAOCEBSINI 
D2 0 MATH F 
70 100 
HI' 400 DISPLAY 
cr 411 • - 18.0 ... 
Ill 18 VB 
as 0 8C 
IL N IIC 
IN N IS 
DP N RFL .. NN ""' ALDDC Til 

Ii8 

<EGlON START<PP") ENO 
Ill 4.132 5 360 
02 9 1139 3 961 
03 3960 3841 
04 2.195 ),877 

1s2 
I 

-141.1 
!741.1 

181 
0 

400 
100 

212.1 
0 

17 
1.0110 

INTEGRAL 
0.1957 
0.0921 
0 2466 
0. 4279 

sb 

Spectrum 77 

5PECTRAL LINES FOR TH• 16.90 
RFL• 252.5 RFP• 0 

INDE~ FREQ PP" INTENSITY 
01 2176.64 7. 257 24.230 
02 1196 II 3. 988 167.920 
03 1183.74 3. 9'7 87.993 
04 626 81 2.090 21.994 
06 619.38 2.065 63.194 
06 612.00 2.040 65.605 
07 604.62 2.016 24.667 
08 429.25 I HI 25.353 
09 376.02 I. 254 113.964 
10 369.29 I 231 29 213 
II 362.29 1.209 27.901 
12 302.29 1.008 74.390 
13 294.96 - 0 983 131 799 
14 287.52 0 959 64.713 
IS 263 70 0 879 22. 137 
16 256.38 e. s5s 20.632 
17 -0.33 -0 001 18 460 

.... 

-' 

_L 1 

d J 1 I I 

lH NMR Spectrum of97b 



EliP3 PII..IIE BEQIEIICE: SlDl3C ;PECTRAL LINES FOR TH• 12.54 
DATE 03-111-111 RFL• 6703 7 RFP• 5909 1 
BIILVEIIT CIICL3 
FILE BRJDC 

ACIIUISITIIIH 
TN 13.1100 
911 20000.0 
AT 1.900 .. 40000 
Pll 10.0 
PI 0 
Dl 3.900 
D2 0 
TD 11100 
NT -CT :sa. - 18.2 
99 IB 
99 0 
IL H 
IN H 
DP H 
Ill HH 
ALOCK H 

INOE> FRED 
01 16224 1 

DEC. C YT 02 6889 8 
11H t.SOO 03 5839 4 
DO 170 2 04 5822 6 
11H YYY 05 5807 5 
- 8 06 5775.6 
DHF 7800 07 5765 4 
1LP 0 08 4774 9 
1D40 N 09 4453.6 

10 2407 7 
PROCESIIIH9 11 2239 9 

12 1711 9 
13 -1540 5 
14 1064 8 
15 972 1 

BE o.sllll 
LB 2.900 
HATH 

DISPLAY 
.. 0 
.. IIIB94.l 
V8 200 
8C 0 

IIC -I8 900 
IFL 1703.7 
1FP 11808.1 
TH 13 
INS 1.000 

PP" 
215 090 

91 .341 
77 415 
77.193 
76 992 
76 570 
76.434 
63 303 
59 043 
31 919 
29 696 
22 694 
20 423 
14 116 
12 887 

INTENSIT 
63.860 
16.284 

I 82 467 
16.720 

189.014 
182 087 

14.126 
203.496 
113 284 

13 377 
80.995 
14.181 
94 724 
15.744 
92.619 

Spectrum 78 

13C NMR Spectrum of 97b 
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OSU STD H1 

EXP2 PULSE SEQUENCE. STD1H 
DATE 02-16-91 
SOLVENT CDCL3 
FILE Hi 

ACQUISITION DEC & VT 
TN 1 500 DN 1 500 
SN 4000 0 DO 0 
AT 2 000 DN NNN 
NP 16000 DLP 20 
PW 8 0 HOMO N 
P1 0 
D1 0 PROCESSING 
D2 0 MATH F 
TO 
NT 128 DISPLAY 
CT 33 9P 
PW90 22 0 WP 
89 18 vs 
S9 2 sc 
IL N we 
IN N IS 
DP N IFL 
H9 NN IFP 
ALOCK TH 

INS 
DC 

OSU STD HI 
'lESION STARTCPPHl END 

01 4.093 3.947 
02 3 945 3.916 
03 2.134 1.841 
04 1.524 I 306 
05 1.304 I 135 
06 I 049 0. 744 

I 
12 

-150 0 
3749 3 

200 
0 

399 
876 

352.6 

20 
1 000 

INTEGRAL 
0 0937 
0 0489 
0.1093 
0. 2753 
0.1951 
0. 2876 

I 
10 

Spectrum 81 

OSU STO HI 
SPECTPAL LINES FOR TH• 20.04 

RFL• 352.6 RFP• 0 

INDEX FPEO pp~ INTENS!T\ 
01 II 91.06 3.~71 200.000 
02 1176.90 3. 924 102.441 
03 603.97 2. 014 39.565 
04 597 24 1.991 75.519 
05 590.30 I. 968 44.242 
06 429.76 1.429 20.821 
07 410.70 1.369 139.614 
09 407.28 1.359 127.&37 
09 403.75 1.34& 100.638 
10 376.51 1.255 147.293 
II 362.24 I 208 22.962 
12 279.35 0.928 95 861 
13 271 63 0, 906 153.749 
14 265.06 0.884 97.16& 
IS 257 95 0.860 33 792 

~butyl 
I 
Fe 

/ ~·····co co co 

lH NMR Spectrum of97c 



Cl3 SNITCHABLE 
NO TUNNING STICK 
GREEN 33T IN 
BLUE lOT IN 

EXP3 PULSE SEQUENCE. sm13c 
DATE 02-16-91 
SOLVENT CDCL3 
FILE Cl3 

ACQUISITION DEC S VT 
TN 13 ~DO ON 1.!00 
SN 20000 0 DO 170 2 
AT 1.000 DH YYY 
NP 40000 OHM s 
PM 9 0 OHF 7900 
PI 0 DLP 0 
Dl 3 000 HOMO 
02 0 
TO 1~00 PROCESSING 
NT 1024 SE 0 1!9 
CT 96 LB 2 000 
PNSO IS 0 MATH F 
as 32 
ss 0 DISPLAY 
IL N SP 0 
IN N NP 16~94 I 
DP N YS 200 
MS NN sc 0 
AL CK we 400 

IS !00 
RFL 6703 7 
RFP !BOB I 
TH 20 
INS I 000 

C 13 SUITCHABLE 
SPECTRAL LINES FOR TH• 20. 00 

RFL• 6703 7 RFP• 5808 1 

INDEX FREO 
01 16224.7 
82 6784 8 
83 5839 8 
04 5808 0 
05 5775 9 
06 4912 1 
87 4457 3 
08 2388 9 
09 2239.9 
10 2046.5 
11 1689.5 
12 1039 I 

PP~ 

215.098 
99 949 
77.421 
76 999 
76.573 
63 796 
59.092 
31 671 
29 695 
27.132 
22 399 
13 762 

INTENSITY 
65.688 
24 304 
83 662 
84.483 
84 239 

201.879 
106.052 
103 169 
45.599-

100.681 
96 531 
87 875 

Spectrum 82 
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Spectrum 84 
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EXP2 P11L111! 8EIIUENCE: STDSH 
DATE 04-11-111 
IIGLYEIII' CDI:L3 
FD.E IAJDII 

ACQUJBJTJOH DEC. I VT 
1H 1.800 OH 1.100 
8W 4000.0 DD 170.2 
AT z.ooo OH -.. 11000 II.P 20 
Pll 7.0 HOHII H 
PI 0 
DS s.ooo --D2 0 HATH F 
TO 100 
NT 400 DJIIPLAY 
CT II SP -141.1 
PII90 11.0 .. 3741.11 
18 Ill V8 200 

• 0 8C 0 
JL N IIC 400 
IN N JB 800 
II' N IFL 28111 
H8 NH IFP a 
AI.DCIC y TH so 

JH8 s.ooo 
PE610N STAI'T<PPM) E~D INTEGRAL 
II 4.352 4,023 0.08110 
02 4.021 3. 755 1.160& 
13 1.208 8.915 0.7594 

SPECTPAL LINES FOR TH• 10,39 
RFL.,. ZSI.S ~FP• 0 

INOE~ FI'EO 
II 1246.31 
12 1174 95 
03 311 29 

I I 
12 

PPII INTEhSITr 
4.155 29.162 
3.917 &e 531 
1.038 210.3&8 

Spectrum 85 
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EliP3 PULSE SEilUENCE: STDl3C ;PECTRAL LINES FOR TH• 7, 37 
DAT£ 04-111-lll 
SOLVENT CDCL3 
Fli.E BRlDC 

ACQUISITION 
TN !3,800 
.. 20000.0 
AT l.OOO 
II' 40000 
PW 10.0 
P1 0 
Dl 3.000 
D2 0 
TD 1800 
NT 3000 
CT 112 
Pli90 18.2 
B8 18 
BS 
1L N 
IN N 
DP N 
Ill NN 
ALDCK N 

... ..... 

RFL• S703 1 RFP• 5808. I 

DEC 
Dll 
DO 
Dll 
IIIII 
DIIP 
OLP 
HOMO 

NDEA FREO 
01 16251 7 

I YT 02 7538 4 
1.800 03 5839 8 
l70.2 04 5808.0 
yyy 05 5775.9 
B 06 4641.0 

71100 07 4608.9 
008 2293.11 

N 09 2267.5 
II 2240.2 

PROCESSING 
se o.t!l8 
L8 2.000 
MAnt F 

DISPLAY .. 
liP 
VB 
8C 
IIC 
IS 
FFL 
lFP 
nt 
Ill! 

18!184.1 
200 

0 
400 
800 

8703.7 
8808.1 

7 
t.ooo 

PPM 
215,45S 

99 940 
77 421 
76 999 
7& .573 
SI.S<!S 
61.103 
30.359 
30.061 
29.700 

....... , 

lNTENSln 
31.765 
8. 100 

46.427 
47.089 
45.416 
58.179 

109.451 
IS 814 

203.287 
8.959 

6~~ I j I I I ~Jo' ~do' ' ~Jo' 

Spectrum 86 
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Spectrum 89 

ElCP2 PULSE IIEIIUENCE. STDIH iFEi:TrtAL LINES FO~ T,..• Q. 75 
DAlE 04-111-91 R~l"" 251 5 f'~F"'" 0 
SOLVENT CDCL3 
FILE BAIOH WOE~ FPEO PPM INTENSITY 

01 ZZ08. :;3 7 :;sz 12.495 
ACQUISITION DEC GVT 02 2177.51 7 ~60 15,658 

TN s.eoo ON 1.!100 03 1203.71 4.013 110.438 
Sit 41500.0 DO 170.2 04 655.41 2.185 13.142 
AT 2.000 ON - 05 647 87 2.160 19.095 
II' 16000 DLP 20 06 639.89 2 133 30.810 

Pll 7.0 HOllO N 07 632.40 2 108 30.029 

PI 0 08 624.91 2 083 12.788 

Dl 1.000 PRDCESSINB 09 623.61 2 079 12.104 

D2 0 MATN F 10 616.23 2 054 28.706 

TO 100 11 609 69 2 029 31.269 

NT 400 DISPlAY 12 601 04 2 004 19 105 

CT 36 SP -1411.11 13 593.17 1. 978 13 198 

Pll90 16.0 liP 37411.11 14 376.40 1 .255 14 821 

• tS V8 IBI 15 369 67 1 232 10 413 

• 0 sc 0 16 362.78 1 210 15 168 

CH2CH3 IL N NC 400 17 313.51 1 045 90 083 
18 306.08 1 020 IS I 70-5 

~CH2CH3 IN N IS 1500 19 298.59 0 995 74 554 ... N IFL 2!11.8 
119 NN IFP 0 
.ILOCIC y TN I I 

IH9 1.000 Fe 
REGION STARTCPPMI END INTEGRAL co_...... ~·····co 

01 4 24:! 5 ;)63 0 1478 co 02 9 04J 3 803 0 j444 
03 ' J77 1 .828 0 4962 
04 I.IJS 0 655 0 
05 0. :i'Z:i -0 501 0.0116 

d J J 

lH NMR Spectrum of97h 



EXP3 PULSE SEQUENCE. smsac 
DATE 04-91-91 
SOLVENT COCL3 
FILE BRIDC 

ACIIUISITIOH DEC C VT 
TN 13.800 DN 1.800 
SN 20000.0 DD 170 2 
AT s.ooo 011 yyy 
1\P 40000 - 9 
Pll 10 0 1M' 7900 
PI 0 OLP 0 
01 3 000 HOMO N 
D2 0 
TD seao PRDCES91N9 
NT 3000 SE 0 189 
CT U2 L.S 2 000 
1'1190 16 2 MATH F 
BS 16 
69 0 DISI'LAY 
IL N 9P 0 
IN N NP 16e94 1 
DP N vs 200 
H9 NN sc 0 
ALOCK N we 400 

IS eoo 
FFL 6703.7 
IFP 8808 1 
TH 20 
INS 1 000 

~PEC iiOMt.. Llt~ES FOF TI-t"' £:0 • Iii~ 
FiFL"' 6703 i ;:;;::p: '3808 I 

li~OE" I=~EQ 
~I 16:C::7d. 5 
0'2 6775 i 
03 5;40 I 

ii4 5506 I 

05 5i76 2 
06 4521 6 
07 1480 6 
0S 1000 7 

Ft:n 
;: t5 75'9 
;;s ;zg 
7i 425 
77 001 
'76 578 
S9. 94S 
19 629 
13 L67 

IIHEt-.Sii' 
57 900 
jl 7a:i 

t0i:i. ~ 10 
110.ag; 
10; 4'59 
201 ;:g; 
175. 16'3 
173 li01 

Spectrum 90 
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EXP2 PIA.8E SEGIJEHCE: STIIIH 
DAlE 03-IIHII 
SOLVENT cocu 
FILE SRIOH 

ACWIBITIOH DEC. IVT 
1M 1.1500 Ill 1.1500 
811 4000.0 DO 170.2 
AT 2.000 11M -II' 115000 DLP 20 
Pll 7.0 HOMO N 
Pt 0 
Dl 1.000 PAOCEBBIIIB 
D2 0 MATH , 
TO too 
NT 400 DISI'UY 
CT 30 8P -t41.1 
PIIIO t8.o "" 3741.8 

• 18 VB 200 

• 0 sc 0 
JL N IIC 400 
IN N u 1500 
IP N IFL 183.4 
Ill NN IIFP 0 
ALOCK y TH 4 

IHII t.OOO 

lESION START< PPM I END INTEGRAL 
01 4.121 3 925 0.0527 
02 3 924 3. 792 0.0564 
03 2 206 1.853 0 1127 
04 1.851 I 622 0 1907 
05 I 548 1.110 0.3513 
06 I ,073 0. 757 0 2364 

~PECTRAL LINES FOR TH• 
RFL• 253.4 RFP• 

INDEX FREO PPM 
01 2206.32 7.356 
02 1188 57 3. 963 
03 1171.91 3. 907 
04 623. 18 2.078 
05 615.91 2.053 
06 608.36 2 028 
07 606.47 2.022 
08 603 97 2.014 
09 598 71 I 996 
10 591 .82 1.973 
II 593 46 I 945 
12 576.73 I 923 
13 523.94 I. 747 
14 429.25 I 431 
IS 425.51 I 418 
16 422 52 I 409 
17 419.00 1.397 
18 415 58 I .386 
19 412.38 1.375 
20 409.12 1.364 
21 407 17 I 357 
22 402.01 I ,340 
23 392.90 I 310 
24 391. 16 1.304 
25 376.51 1.255 
26 368.70 1.229 
27 361.81 I 206 
28 282 26 0.941 
29 275.37 0.918 
31 268. 10 0 894 

4,47 
0 

INTENSIT1 
4. 842 

62.958 
64,263 

8.825 
15.011 
11.146 
7 .SSG 
4. 744 

12.747 
9.245 
4. 722 
4 571 

201 157 
II 813 
19. 115 
25 188 
31.782 
32 910 
22.904 
15.106 
13.907 
7 796 
4.562 
4.524 

14 804 
5.654 
7.031 

30.057 
57.136 
24 308 

Spectrum 93 

CH3 

~butyl 
I 
Fe 

co/\ ·····co 
co 

lH NMR Spectrum of97f 

l PPM 

........ 
-...,J 
00 



Spectrum 94 

DPI PIL8E SEIIIENCE: S'TDi!C >PECTRAL LINES FOR TH• 12.54 
DAlli 03-IB-111 RFL• 6703.7 RFP• 5909. I 
ICLYEHT CIICL3 
FILE IIIIDC INDEX FRED PPM INTENSIT\ 

01 16262 7 215 602 113 047 
-.IBn ION DEC. & VT 02 6790.4 99 991 39 963 

1N 13.1100 Ill 1.1100 03 6359 3 94.309 39 883 
1111 20000.0 110 170.2 04 5939 8 77.421 79.035 
AT 1.000 Dll 'fYY 05 5909.1 77.001 80. 191 ... - - 8 06 5775.9 76.573 77 881 
I'll 10.0 IIF ,_ 07 4590 9 60 963 202.505 
PI 0 lUI 0 08 4490 5 59.401 199.724 
Dl 3.000 HDIIO N 09 2402.9 31 856 197 979 
112 0 18 2239 7 29 693 25.248 
TO tiiOO PIIDCESSINII II I 864.7 26.046 199 181 

CH3 NT 3000 liE 0.18 12 1698 a 22 522 182.210 

~110 
128 L8 2.000 13 1040 3 13 792 165 551 

~butyl 18.2 MATH F 14 983 8 II 983 169 517 

: II 
0 DISPLAY I 

~ N .. 0 Fe N .. tiM-4.1 
II N VB 200 co/' ·····co 
=~ 

NN 8C 0 
N we - co 

18 100 
IF\. &703.7 
IFP eeoe.1 
1H 13 
1N8 1.000 

. Ln 11 ••• -· .a .. .J.l .l l.oii.I .. •••L •"-"-'•'"" . .. ~ll.o . .1 • .•. .. " .... .... .... 
...... .•. ,... ,., 

~~0 2do I I tdo I ~do I ~Jo t~O ~do eb I eb I .o~b 2b PPM o' 

13C NMR Spectrum of 97f 
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I 

!XP2 PIA.IE 8£GIJftiCE: S1DII4 
DATE 01•22-91 
SOL VEIOT C0Cl3 
fJL£ IIIIJD~ 

•COUJSJTJCIN DEC. I '1 
Til s.eoo DH 1.500 
Ill 4000.0 DO 170.2 
AT 2.000 DH ~~N 

HP 11000 DLP 20 

"" 7 0 -0 N 
PI 0 
Dl s.ooo PROC£S8JI'I 
D2 0 ... ,~ 
TO 100 

"' •oo DIBPL•T 
CT 35 !I' 
PH90 16.0 HP 
II II •e 
81 0 IC 
JL H NC 
JN " II 
gp " AFL 
tiS "" I'IFP 
ALOC~ '~ 

lotS 

REGION START! PPM I mo 
01 4.376 3. 966 
02 3.984 3.621 
03 I • 975 I • 6ol6 
04 1.1ss e.s:;; 

...... 
37•1.5 

200 
0 

400 
500 

252.5 
0 

II 
1.000 

INTEGRAL 
0.U13 
0.Q6Siil 
a.,Zt:4 
0.651:; 

ii=i:Cii'.;u .. ~.o.iiotES FUR Trl- 1 ... 7; 
f'FL- ZSL.5 f\FF-

INOE,. FREC FPN INTEl! SIT, 
01 1263.19 4,170 22.5·1:1 
02 1143.75 3.813 2Ei. 7,'5 
03 544.28 1.815 7L. g;1 
04 JZ4.66 1 MJ ZQS. i35 

I 
12 10 
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EliP3 Pll.BE BECIISICE: SlDI3C 
DAlE 04-22-111 
801.V£NT CDCl3 
FILE IIIIDC 

ACGUISITIDII DEC. C VT 
1N 18.800 liN 1.800 
1111 20000.0 DO 170.2 
AT 1.000 1111 yyy 

IP 40000 Dill s 
Pll 10.0 IINF 7800 
PI 0 II.P 0 
Dl 3.000 HOMO N 
D2 0 
TO 11100 PRDCE99INS 
NT 3000 SE 0.188 
CT 128 LB 2.000 
PII9D 18.2 MATH F 
88 Ill 
ss 0 DISPLAY 
lL N SP 0 
IN N ... 111!194.1 ... N VB 200 
HS IW sc 0 
AI.OCIC " lfC 400 

18 1100 
IFL 8703.1 
II'P !1808.1 
TH 8 
DIS t.ooo 

b~~ 
I I • ~Jo• 

>PECTRAL LINES FOR TH• 7. 70 
RFL= 6703.1 RFP• 5819.1 

INDEA Fi<EO 
11 16299.3 
02 7450 I 
03 6229.8 
04 5940,3 
05 5808.1 
06 5776.4 
07 4806.2 
08 4270.4 
09 2345.5 
10 2Z66 9 
II 22411.5 
12 1015.Z 

~do' 

PFN 
215.941 

98.769 
82.579 
77.428 
77.001 
76.5811 
53.718 
56.615 
31.096 
30.053 
29.703 
13.459 

~do' 

INTENSIT I 
35.379 
a. 983 

10.646 
45.177 
48.358 
46.647 
58.683 
ss. 534 
ts. ass 

Z02 584 
II, 802 
5J.s;:J 

~Jo' 

Spectrum98 
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~Jo' I I ~do' I 
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osu sm HI OSU STO HI 
SPECTRAL LlrlES FOR TH• 5 20 

EXP2 PULSE SEOUENCE. smiH RFL• 25:6 3 RFP• 2171 6 

DATE 07-13-91 
SOLVENT COCL3 II~DEX FREQ PPM INTENSIT T 

FILE HI 01 1463 19 4 878 6 330 

02 1456 89 4 857 14 653 

ACQUISITION DEC & VT 03 1450 65 • s:l6 19 480 

TN I 500 ON I 500 
04 1442 24 4 808 54 312 

911 4000.0 DO 
05 1438 7: 4 797 16 331 

0 
AT 2.000 OM 

06 1432. 96 4 777 9 051 -NP 16000 DLP 
07 1424 39 4 749 B 720 

20 ~B I 421 08 4 738 6 120 
PW 8 0 HOMO N 09 723 51 2 412 14 296 
PI 0 
01 

10 720 69 2 403 16 142 
0 PROCESSING II 715 92 2 387 29 420 

02 0 HATH F 12 713 64 2 379 29 251 
TO 0 13 708 32 2 362 21 703 
NT 128 DISPLAY 14 706 04 2 354 22.977 
CT 56 SP -147.5 IS 698 Z3 c :ze 9 590 
PW90 22.0 WP 3749.5 16 690 79 2 303 5 577 
as 18 vs 605 17 476 52 I 589 13 648 

ss 2 sc 0 I 8 468 98 I 564 25 047 

IL N we 399 19 461 38 I 538 27 :78 

IN N IS 428 :0 454 33 I SIS 19 685 

DP N IFL 2528 3 cl 447 -- I 491 10 874 

liS NN IFP 2171 8 -- 444 67 I 483 7 496 

ALoa< y TH 5 23 441 63 I 472 6 986 

INS I 000 24 420 04 I 400 6 396 

OSU STO HI 
25 412. 44 I :75 I B 275 

REGION START I PPM I END lNTEGRAL 
:s 405 II I 351 32 195 

01 4 998 4 608 0 0562 
27 397 79 I 326 33 874 

02 2 609 2 196 0 0577 
28 390 46 I 302 24 2"74 

03 I 707 I 427 0 0590 

04 I 426 I :69 0 0654 

05 1 268 I 061 0 :164 

06 1 025 0 696 0 3881 

07 0 172 0 025 0 1273 

08 0 024 -0 084 0 0299 

I I I I I I I I I I I I I I I I I I I I I 12 10 8 

Spectrum 101 

Z9 387 91 I c93 I 5 476 

30 383 52 279 16 886 

31 378 IS 261 16 405 

32 Jn 40 242 93 771 

33 366 16 221 104 145 

34 363 93 213 114 850 

35 357 75 193 105 661 

36 355 03 184 46 953 
37 351 51 172 33 913 
38 348 58 162 33 296 
39 346 ,. 154 32 662 
40 342 72 143 22 585 
41 340 17 134 19 BBB 

42 336 64 I 122 IS 127 

43 331 48 I 105 B 870 
44 325 30 I 085 7 615 
45 277 28 0 924 II 484 

46 271 53 0 905 54 018 
47 264 26 0 881 103 865 
48 257 04 0 857 5 I 5 023 
49 254 II 0 847 131 837 >-o)c( 50 245 92 0 820 64 456 
51 :43 85 0 813 62 582 
52 239 19 0 797 87 131 
53 235 66 0 786 53 691 I H 54 228 33 0 761 8 364 

55 226 44 0 755 7 734 

56 ';!Z 74 0 076 192 377 
57 6 14 0 020 33 790 butyl OTBDMS 
58 2 n 0 009 23 970 
59 -I 57 -0 005 10 100 
60 -10 52 -0 035 12 960 

v-
-
J \ 

I I I I I I I I I d I I I I I I I I I I I I I 
4 

1H NMR Spectrum of 115 
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Cl3 SIIITCHAIILE Cl3 SWITCHA8LE 

NO TUNNINS STICK SPECTRAL L1 NE 5 FOR IH• 

BREEN 33T IN RFL• 6703 I RFP• 

BLUE lOT IN 
INDEX FREQ PPM 

EXP3 PIA.SE BEOUENCE. STDI3C 01 14134 6 I 87 389 

DATE 07-13-111 02 11816 0 156 650 
03 II 484 4 I 52 254 

SOLVENT CDCL3 
04 6037 6 80 043 

FILE Cl3 
05 5839.7 77 420 
06 5807 8 76 997 

ACQUISITION DEC &VT 07 sns a 76 572 
TN 13 500 ON 1.500 08 5506 6 73 003 
SM 20000.0 DO 170 2 09 2127 7 28 208 
AT 1.000 ON yyy 10 1936 4 25 672 ,.. 40000 - s II 1932 2 zs 817 
PM 9.0 OMF 7900 12 1926 5 25 540 
PI 0 OLP 0 13 1709 6 22 665 
Dl 3.000 HOMO N 14 1371 9 I 8 188 
02 0 IS 1367 2 18 125 
TO 1500 PROCESSING 16 1029 0 13 642 
NT 1024 SE 0.1.58 17 1024 6 13 584 
CT 98 LB 2.000 18 -350 2 -4 643 
Pll90 1.8.0 MATH F 19 ·380 2 -s 041 
BS 32 
ss 0 DISPLAY 
IL N SP -7114 4 
IN N liP 1.6840.3 
DP N VB 200 
MS NN sc 0 
ALOCK y tiC 400 

IS 500 
IFL 5703 I 
IFP 5808.1. 
TH 9 
INS 1.000 

J J 
I I boo 

I I I I I I 1 I I I I I I I I I I I I I I I 

9 07 
5808 I 

INTENSITY 
16 330 
22 844 
16 301 
75 472 
14 586 
15 126 
IS 498 
64 943 
63 643 

202 155 
92 345 
75 881 

151 503 
24 000 

9 716 
55 732 
20 664 
37 090 
37 076 

I I I I I I I 

Spectrum 102 
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Spectrum 104 
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0811 STD HI 

EXP2 PILSE SEQUENCE. STDIH 
DATE 08·211-111 
SOL VEHT COCL3 
FILE H1 

ACQUISITION DEC & VT 
TN s.eoo DN 1 eoo 
811 ~ooo.o DD 0 
AT 2.000 OM NNH 
HP 18000 DLP 20 
P1l 8 0 HOMO N 
PI 0 
Dl 0 PROCESSINB 
02 0 MATH F 

TO 0 
NT 128 DISPlAY 
CT 29 9P -148 g 
1'1<90 22.0 "" 374s.e 
BS 18 VB 36~ 

ss 2 sc 0 
IL N NC 389 
IN N IS 622 
DP N RfL 2S27 2 
HS Nil RFP 2171.1 
ALDCK y TH ' INS 1000 

DC 

OSU STO HI 
REGION STARf(PPM) END INTEGRAL 

01 4 523 4 ~43 0 0158 
02 4 2 41 4 010 0 0163 

03 3 012 2 792 0 0089 
04 048 841 0 0318 
05 I 708 475 0 0438 
06 I 473 I 244 0 1800 
07 I 242 I 073 0 1961 
08 1 024 0 757 0 3921 
09 0 220 -0 036 0 1150 

Spectrum 105 

OSU STO HI 
SPECTRAL LINES FOR TH• 4 65 

RFL" 2527 RFP• ~171 5 

INDEX FREO 
01 1316 51 
02 1315 05 
03 I 310 33 
04 1308 97 
05 1304 31 
06 1302 84 
07 1247 66 
08 869 68 
09 591 22 
10 584 49 
II 577 17 
12 491 33 
13 480 85 
I 4 479 01 
15 475 97 
16 470 33 
17 4:?4 32 
I 8 416 I 2 
I g 414 06 
20 412 49 
21 406 14 

-- 385 36 
23 379 50 

24 370 60 I 236 87 809 
PPM INTENSITY 25 364 47 215 136 358 
4 389 9 093 26 358 66 196 82 859 
4 384 8 510 27 349 98 I 16 7 20 305 
4 369 12 :96 28 348 03 160 18 001 
4 364 II --- 29 346 18 154 13 747 
4 348 9 514 30 342 55 142 II 368 
4 344 8 55: 31 327 14 I 091 5 776 

160 33 301 32 265 22 0 884 369 641 
899 16 979 33 263 60 0 879 361 505 

I 971 II 529 34 259 26 0 864 183 164 
I 949 28 405 35 251 82 0 840 77 612 
I 924 17 907 36 246 45 0 822 32 939 
I 638 8 ~00 37 244 61 0 816 27 470 
I 603 16 544 38 227 30 0 758 7 413 

597 15 175 39 221 55 0 739 5 593 
587 14 853 40 217 75 0 726 740 

I 
568 9 275 41 201 63 ~672 I i3 

I 415 7 333 42 ~0 CJS 0 070 123 084 
I 387 II 489 43 19 26 0 064 98 539 
I 380 II 958 44 15 30 0 051 o5 736 
I 375 II 284 45 13 57 0 045 :0 542 
I 354 17 655 46 7 27 0 024 5 560 
I 285 57 E50 47 -14 59 -0 04~ 5 413 
I 265 53 --4 

48 -I 4 -- -~ 047 4 973 

>-0 butyl 

)t~n 
butyl OTBDMS 

It 

I 
B 

1 H NMR Spectrum of 119 



Cl3 SY!TCHABLE Cl3 SWITCIIAIILE 
NO TU!IfiNB STICK 
6flEEH 33T IN 
BLUE lOT IN 

SPECTRAL LINES FOR TH• 44 74 
RFL• 6703 I RFP• 5808 I 

EXP3 PIA.BE SEQUENCE. 
DATE 06-28-11 
SOLVENT CDCL3 

STD13C 
INDEX FRED 
01 I 1607 < 
02 8818 6 
03 604< 5 

FILE Cl3 

ACQUISITION 
TN 13 500 
sw 20000 0 
AT 1.000 
NP 40000 
Ptl 9.0 
PI - 0 

Dl 3.000 
D2 0 
TO 1500 
NT 1024 
CT 121 
PII90 16.0 
IS 32 
IS 0 
IL N 
IN N 
OP N 
H9 NN 
ALDCK y 

04 5839 B 
05 5808 0 

OEC 
ON 
DO 
ON 
111411 
1111' 
DLP 
HOMO 

II VT 
1.500 
170.2 
YYY 

06 5775 8 
07 5444 3 
08 5372 2 

s 

N 

09 
10 

7800 " 
0 12 

13 
14 

PROCESSING I 5 

BE 0.1511 16 

LB 2000 17 

HATH F 18 
19 
~0 

DISPLAY 
SP 0 :I 

16894.1 NP 
vs 
sc 
lfC 
IS 
RFL 
IFP 
TH 
INS 

304 
0 

400 
BOO 

1703.1 
!1801.1 

45 
1.000 

2593 3 
~~67 0 
1993 3 
1946 s 
1932 2 
I 851 5 
1744 4 
1712 s 
1706 3 
1687 6 
1366 
1054 
1046 

PPM 
I 53 882 
1 16 912 
80 108 
77 421 
76 999 
76 sn 
72 178 
71 2~1 

34 380 
30 055 
26 426 
25 806 
25 617 
.24 547 

23 126 
22 704 
<2 621 
~2 373 
18 115 
13 985 
13 873 

INTENSITY 
56 711 
65 :57 
97 I 51 

154 519 
I 53 278 
147 474 
124 165 
122 712 
109 453 
125 058 
125 353 
375 564 

55 446 
110 018 
130 586 
137 582 
128 596 
II 5 556 
60 203 

135 '30 
1 32 960 

Spectrum 106 
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Spectrum 109 

SPECTRAL LINES FOR TH• 10 78 

OSU BTD Hi RFL• 33S s RFP• 0 

EXPI PIA.IIE SEQUENCE: STDiH INDEX FREO PPM INTENSITY 

DATE aB-28-111 01 2"3 38 8 046 7S 234 

SOLVENT CIICL3 
02 1050 31 3 502 13 742 

FILE Hi 
03 656 76 2 190 42 390 
04 649 28 2 165 76 357 

ACQUIBITIOH DEC IVT 05 642 17 2 I 4 I 50 807 
06 544 99 817 33 093 

TN 1.8aa 1111 I.IIOa 07 537 56 792 65 IU 
1111 .eoaa.a DD a 08 530 34 768 39 538 
AT I.GDG 1111 - 09 467 94 560 13 399 .. iiiODG IILP 10 10 460.51 535 36.826 
I'll 1.0 HOMO N II 453 07 511 55 us 
PI 0 12 us 75 486 47 253 
Dl 0 PAOCESSIII& 13 437 55 459 I 9 125 
02 a MATH F 14 420 95 403 IS 696 
TO 0 IS 413 57 379 45 011 butyl 0 
NT ill DISPI.AY 16 406 19 354 85 495 4butyl CT 311 BP •141.1 17 398 97 330 liS 220 
PII90 22.a liP 3741.8 I 8 393 60 312 I 00 904 

• II Ill 2aa 19 379 93 267 29 424 

• I IC a 20 376 51 255 28 300 

IL N IIC -21 369 67 I 232 I 4 829 

IN N II 1211 22 279 33 0 931 97 977 H OH IP N IFL 3311.8 23 272 II 0 907 200 331 

I .. NN IFP a 24 266 IS 0 887 I 76 042 ,-
ALGaC TH u 25 260 18 0 867 63 278 

INS i.aaa 
DC 

OSU STD HI 
RES ION START< PPM I END INTEGRAL 

01 8 215 7 862 0 0397 
02 3 694 3 279 0 0428 
03 2 353 I 950 0 0955 
04 I 949 I 635 0 1057 I-

,... 
05 I 633 I 426 0 0999 
06 425 I 097 0 3194 
07 096 0 708 0 2971 1-

- - - -
I '.J..J \oro) ~ """ _tl 

I I tb J J l I J I I J P~M 1 
12 

lH NMR Spectrum of 120 



Spectrum 110 

C 13 SWITCHA8LE 
C13 SIIITCHAIIl.E SPECTRAL LINES rOR TH• 37 32 
Ill TIJHNING STICK RFL• 6707 4 RFP• 5808 I 
IIIIEEll 83T IN 
ILUE lOT IN INDEX FREO PPM INTENSITY 

01 14943 4 198 Ill 66 820 
EXP3 PULSE BEGIJENCE. 9TDI3C 02 12413 5 164 572 200 000 
DATE 08-28-BI 03 12001 I 159 103 85 343 
SOLVENT COCL3 04 7063 6 93 646 138 448 
FILE Cl3 0S 5839 8 77 421 95 520 

06 5808 0 77 000 96 954 
ACIIUISITION DEC IYT 07 5775 9 76 573 97 645 

TN 11.800 DN 1.noo 08 2548 2 33 783 195 536 

811 20000.0 DO 170 2 09 2138 6 28 352 196 357 

AT 1.000 DN yyy 10 2032 4 26 945 197 321 

NP 40000 - 8 II I 814 5 24 056 187 193 

Pll 1.0 - 7100 12 1717 9 22 776 193 313 

P1 0 DLP 0 13 1677 5 22 240 I 80 937 

01 3 000 HOMO N 14 1039 8 13 785 I 82 559 

02 0 
IS 1024 6 13 584 167 146 

TO InDO PROCESSING 
NT 1024 BE 0.181 

CT 121 LB 2 000 

PII90 11.0 MATH F butyl gO IS 32 
IS 0 DISPLAY 
IL N BP 0 

/ butyl 
IN N WP 18!194.1 

OP N VB 200 

NB NN sc 0 
ALOCK y M 400 

H OH I 800 

:p 1707.4 
1908,1 

;~ 
17 

1.000 

......... .1...• .. ..... ,J., .J. ... ', .... I. .. 1 . .L I to" ..... .Lhol. lo.l ·-
'll"ff' ""' ~· IJf .•• 1'11' IPJI'II"' 1111" ...... 

~20 
., 

2Jo I tdo ~~0 iJo I ~do ' I tdo I ab ab' .cb I 2h PPM 1 o' 

13C NMR Spectrum of 120 
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o<>u <>ru Hl 

EXP2 PULSE SEOUFUrt= ~mw 

DATE 10-02-91 

SOLVFNT cor11 
FHF Ill 

AI IJIH<>IT[llN 

TN 
SH 

AT 
NP 

PH 

PI 
01 
02 
TO 
Nl 
rT 
PH'IO 

es 
ss 
IL 
IN 
OP 
HS 
AI OrK 

,, ,, 
I l" I 

"' ~~: 

~-

" 

I 
12 

" ,. 

I 

I 500 
4000 0 

2 000 
16000 

" 0 
0 

128 
~3 

?2 0 
16 
2 

N 

N 
N 
NN 
y 

"I 
rfl! 111' 

'"f_ 
.5> 
J,t,q 

IJ 

I 
I 

(Jrr •vr 
ON 1 'iOO 
00 0 

OH NNN 

IJLP eo 
HOMll 

PROt F'"i'iiNG 

MAnl 

DISPLAY 

SP -149 9 
HP 3749 5 

vs 200 
sc 0 
we 399 
IS 426 
RFL 329 I 
AFP 

TH 
INS l 000 

DC 

1'!1) 'l'r .,., 
,•J " ''9 I 

!l'i'l 0 10 1 1 

!: ~ 2 ,. lb:l 
·ss . qoo 
1.!/ I' li'':.r, 

I 
10 

Spectrum 113 
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C13 SHllCHABLE 
NO TUNNINr. STrrK 
Gill frl '3~1 [N 

Ill IIF 101 [N 

EXP3 PUI SE SEOIJFt.JI r 'HDI.3t 

OAIE 10 02-qt 
SOl Vf Ill ( Drl ~ 

r lLf ,,. 
A,rQII['lil ION OFr < VI 

TN 13 500 ON I 500 
sw ?0000 0 DO 170 2 
AT I 000 DH YYY 

NP 40000 OHM s 
PW 9 0 OHF 7900 
PI 0 OLP 0 
Dl 3 000 HOHO N 
02 0 
TO 1500. PnOrF<;SING 

NT 102-4 SE 0 159 
CT 06 LB 2 000 
PWr"IO 

'" 0 
MArH F 

OS 12 
ss 0 orc;rr AY 

!L N SP 0 
IN N WP tfl594 I 
OP N VS 200 
H"> NN sc 0 
AI OCK y we 400 

IS 500 
RH 6709 2 
RFP 5808 I 
TH 20 
INS ! 000 

I I I 
220 

I I I I I 1 I 
200 

I r--rr I I I 

.wr • H•\lill 
I •I ' I fql 

'" ' 
,, 

![PI I Ill ,, II, ' 

'·'· 
r I 

'· 
'" ,, 
re 
1'9 

"' II 
IC 
I 

I I 
180 
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'"''1h I 
I ,., ·' ( [. I' 
~~~·r 0 
I::! I':- 0 
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rn0 I 
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169 ;r s 
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Spectrum 115 
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Spectrum 117 

Ill 
I II I ''I '' O'lll "TlJ HI 

II• I' "' 
EXP2 PULSE SEQUENCE 'lTDtH 

lfll•l I loll: fiH 1111111'111 

"' ,,u DATE 0~-21-91 
I' I 11[.. 1 I' I ' I• ,I ~" I 4 SDLVFNI CDCL3 ,,.,, ,. I II'• I ·' I~ 11 !.l'l ,, II,J, FILE HI 

''I 
II 'II Ill I ~p' 4- ,~, ,., Ill 'I 
I• "I .:&,~ .I 091 ACQUiqiiiON DFC & VT .l'J I "• ,'1 & ,,~. 

"' "· I' .!41 IU liH~I TN I 500 DN I 500 I'G b.AI I' I 'J ~ 66~ 
II .hh 14 •" "' 944 SN 4000 0 DD ,, h.!U 94 101 :I ··- II I, 'I' I .!I.) u 41' AT 2 000 OM NNN 1'8 1,'!, 114 011 I ~1 I,'..~ .. , ~ 'h 1,/ s:• 80 u.: NP 16000 DLP 20 '9 6 I I ~, 0' ·~ 31 us: 

'·~" 'I:. II q0q 65 13'•0 PM "0 HOMO N I~ (riiJ 1 1 01r.! 3• ~6 
'•I 'h9 10 91J'1 146 •• 9 PI 0 II L I~ I.J 0S I :4 E<J '•' ,bfJ 

~· 80 I 1~4 '" 0 PRorec;siNG I' '"- " 04h I'• 111 •r. 
~· 

,, p /4 ~ B':t(L 
Dl 

0 HATH F I_ fdl ' 0.! 1 .: tj 71 
'I II n n '"·- 'Ill' 

02 
II ''M I' 'JIJI I J','• I •I' I I I 

TO 0 
91b ~ 8 ,t 121 DISPLAY IS 'rUJ ., NT 

CT 21 SP -149 I lfi 5110 04 I q 4 I 91 
PN90 22.0 NP 3749 B II t,;r; f31J I ·-~ I- 4AI 

BS 18 VS 200 II ' I 'I I 'II " qa7 
9~1 q :~ • ., >-0 OH 0 11 '·'" 99 2 sc 

r..r,r... I~ H"1 I I fil0 IL N NC 399 
1,1, ~ "r) I 81' I ~ ,4 'I 

II 
IN N IS 421 

11r ~ f-11 1 06' 9 .! UJ )ctbutyl DP N AFL 341 4 
1ulfi t' R'l 1.! 0lP NS NN AFP 0 

'4 .:;,u, <PI 10 ,.,:I 
ALOCK TH 7 

'l' ;lj I ,pi) 1!, I I INS I 000 
53: ~I I 774 I) R ,l• oc 
C..!O 1: I 761 I' 1.31 

'I' ''I I" 
·q c; .. s ss I 7':1 b q57 butyl 0 

I/ 
. ,. •q r;;"'.: 04 140 7 100 

'~ 464 41 ~•o 9 091 . .. I 4G7 ~~~ 5 ·~ . n-
,I 411!; I' Sl, I~ ld , .. I 1,r 1 'l '· 4~~ 14 "" 31 644 

~I "" /_ 
I ' 

,, J4 ... 3: 4ql 
'I "5 441 9~ 473 • I 656 

r-.,, 4JO 40 46~ 19 b71 _r -431 S! 4 P3 140 qes - -4 s ' 1 ,,,~ ""0 

Wu 
I II H'l • 

I 
I ' I 

\...) _l 

I I d d J J 0 PPM 
I 
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C13 SNl !CHABLe 
NO TUt.tNlNG STICK 
&RFEN 33f IN 
BLUE !Of IN 

EXP3 PULSE SEQUENCE S 10 UC 
DATE OS-21-91 

SOL YFNT CDCL3 
FILE C13 

ACOIII'HfiOM DEC & VT 

TN 13 500 ON 1 SOD 

s• 20000 0 DD 170 2 

AT I 000 OH VYY 

"" 40000 OMM s 
P• g 0 !lMF 7900 

PI 0 OLP 

Dl 3 000 HDHD N 

02 0 
TO 1500 PROCESSING 

NT 1024 SE 0 159 
CT 64 LB 2 000 
PM90 19 0 HATH F 
89 32 
ss 0 DISPLAY 

IL N SP 
IN N .p t65q4 1 

DP H YS 200 
HS HN sc 0 
ALOCK •c 400 

IS 500 
RFL 6705 5 
RFP 5908.1 
TH 20 
INS I 000 

'~I I 11 1'1 I 

I '' 
'Ill' 

,,, 

lfj1 1 lid 

1\1,\1 

'I I 
ll'il I I ,,, hl! 1ft 

~"' 1.1!41' I 
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'. I' 

Spectrum 118 

II 

Ill\ IIlii II d I, 
I'll I' '" II ' I tl C,!-1 

I'' II, •H' I•IH 

" ' I' !I ... Ill ,r,7 

' 0\~ I q•l ~m' 
1; ., ., I J' fllll 

~,,(, l ~, 1 4 I 

I 'rH' H>r• ~ ll 
'1''::1 l ·~ t ,, ., 
,41 II' a, ' 
l·ll l 11•1 1JL,_3 

~~· 0~ 0('0 
014 gq 814 

'l' l(l{jf:: 

rr,• I t 

)-o OH )ctbmyl 
butyl 0 

13C NMR Spectrum of 121b 



25 3 

Spectrum 119 

.''t! .. WILMAD GLASS CO , INC. BUENA, N J. 08310 CHART NO. WGPE-199-1 042 
MICROMETERS 4 S 6 7 8 9 10 12 14 16 

I l' J-;.:ji;J ~ :;:: ;;; ~~~--~~·~ F 

r2·o_er.= E=!rr:+"' ,,,. 

:oWo~~--E·~~~~3~s~oo~~~~~~~~~~~illi~~~~~~mm~~~§£~~~~~~~~$,o~o~o~~~~m~ aoc Iii 

IR Spectrum of 121 b 

20 25 50 

-~~:.~: •80 - ,,, -· 
1·-

r:::1=3-. li,·:f. 
. 

. 

: 
lii1• 

200 

N 

~ 



Spectrum 120 
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Spectrum 121 

OSU STO HS ;FECTRAL LINES FOR TY• ~ 6J n 445 96 I 486 8 007 

RFL• 343 8 RFP,.. 0 c8 444 :s 482 7327 

EXP2 PU\.SE SEil!J£HCE. STDIH 29 434 62 449 53 I 98 

DUE 12-02-91 INDEX FREO PPM INTENSITY 30 430 :4 435 72 458 

SOLVENT COCL3 01 1422 32 4 742 8 440 31 4~8 44 428 72 332 

FILE HI 02 1419 n 733 5 412 32 424 :6 I 414 67 080 

03 1416 14 7: I I 2 094 33 421 44 405 30 464 

ACQUISITION DEC C VT 04 1413 31 712 6 461 34 413 52 379 II 754 

TN s.eoo Ill' 1 ,00 05 1409 95 701 8 827 35 410 :I 368 8 810 

SW 4000.0 DO 0 06 659 37 198 6 755 36 406 19 354 IS 098 

AT 2.000 ON - 07 652 86 177 7 508 37 402 88 343 II S28 

NP 18000 OlP 20 08 650 69 169 8 800 38 398 sg 329 14 446 

PW 80 HOHO N 09 648 52 162 5 398 39 395 66 319 10 368 

PI 0 
10 644 07 147 7 538 40 391 :7 304 9 346 

Dl 0 PROCESSING II 640 54 136 8 299 41 388 :3 294 6 435 

02 0 HATH 
12 633 60 II~ 7 840 42 385 J8 I 284 5 815 

TO 0 
13 632 02 107 8 100 43 381 I 9 271 5 442 

NT 
14 628 77 096 6 383 44 377 92 :60 9 347 

128 DISPLAY 
CT 

I 5 627 30 091 5 906 45 314 II 047 259 <45 
63 6P -UQ 9 

16 625 13 084 7 879 46 311 0i 037 I 17 939 butyl 0 
PW90 22.0 NP 3749 5 17 622 09 074 4 602 47 286 55 955 4 845 

41-butyl BS IS VB 256 I 8 613 74 2 046 48 280 :s 934 26 653 9 450 
ss 2 sc 0 19 610 59 036 5543 49 Z76 69 923 17 ~19 
IL N NC 399 Z0 468 4] 562 6 Ill 50 272 98 0 910- 48 618 
IN N IS lBB :I 464 90 I 550 8 380 51 :70 05 0 900 23 860 
DP N Rfl 343 B 22 460 78 536 II 021 52 265 66 0 886 23 029 
HS NN RFP 0 :3 456 27 5:1 II 231 53 ~62 73 0 876 II 723 

>-0 OH ALOCIC TH e 24 454 27 SIS 10 514 54 0 :3 0 001 IS 911 
INS 1 000 25 450 79 I 503 9 706 55 -I " -0 004 5 337 

DC :6 44'8 ~g I '96 9 ::s S6 -: 88 -0 010 5 899 

OSU STO HI 
RE5IOU START'PPM) ENO INTEGRAL 

01 4 949 4 534 0 0401 
02 2 877 537 0 031:: 
03 366 I 939 0 0855 
04 I 659 I 184 0 3921 
05 18::! 0 975 0 3239 
06 974 0 -sa 0 1 ~7~ 

--- _/-

L 
I I J J l ---r-r-r-
12 10 0 PPM 

lH NMR Spectrum of 121d 



Cl3 SWITCHABLE 
CS3 SIIJTCIIAII.E SPECTRAL LINES FOR TH• a 89 
NO TIH<IN8 ITICK RFL• 6714 9 RFP• S809 I 
IREEN 33T IN 
BLU£ lOT IN INDEX FREQ PPM INTENSIT~ 

II 14616 4 193 7/6 9 730 
EXP3 PIA.SE 8£GUEHCE: 9TDI3C 02 13606 z I 80 383 13 362 
DATE 12-02-&S 03 9473 s 12S S9S 22 847 
8DLVENT CDCL3 04 9470 9 12S 561 19 107 
FILE Cl3 05 7164 5 94 983 29 640 

06 5940 • 77 423 81 .999 
ACIIUISJTION DEC I VT 07 S818 I 77 001 84 602 

TN t3.!DO ON t.BDO 09 5176 2 76 S78 91 970 
SM 20DOO.D DO t7D 2 09 S722 2 7S 961 123 162 
AT !.ODD ON yyy 18 2612 5 34 636 68 627 

NP 40000 DMM 8 II 2296 9 30 318 12S 777 

PM 1.0 ONF 7100 12 1943 5 2S 766- 390 I 01 

PS 0 DlP 0 13 1749 I 23 189 95 906 

DS 3 000 lfONO N I 4 1713 0 22 711 112 280 

02 0 IS 1697 9 22 SIS 123 482 

TO I BOO PRDCESSINI 
16 1671 I 22 ISS 114 247 

NT 1024 BE o sea 
17 1035 I 13 723 103 816 

CT 2ell L8 2 ODD 
PMIO S8.D MATH F 
BS 32 
S8 D DISPLAY 
IL H liP 0 
IN H "" S8!194.1 
DP N VB 411 
HS HN sc 0 
ALOCIC y MC 4DD 

IS !OD 
RFL B7D4 8 
RFP eaDa s 
lll 8 
INS 1.000 -

..... .L .J. ~-. ..J I ...... 
I I I 

220 
I I 

·r.,.· 
I I I I I I I I I I I I I I 

180 
I I I I I I 

.,,..,..." 
I I 
160 

I I I I I I I I I I 
140 

I I I 

Spectrum 122 
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eb I 

I I I I I I I I I I i I I I I I I I I I I I I I I I I r rr-rT"'Tl 
20 PPM 0 



Spectrum 123 
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Spectrum 124 
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184.1478 
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Spectrum 125 

II 1481.36 4 939 " 672 
0811 STD HI 02 1475 17 4.918 13 529 

03 14&9 19 4 898 10 &II 

EXP2 PULSE SEOUENI:E. STDIH 04 759 80 2 533 7 211 
05 751 29 2.505 II 259 

DATE 12-02-91 0& 743.53 2 479 18 127 
IIIII. VENT COC\.3 07 735 77 2 453 II 127 
FILE HI 08 734 36 2 448 II 028 

09 726 &5 2 423 18 715 
ACQUISITION DEC C VT 10 718 95 2 397 II 992 

TN 1.800 liN I. BOO II 710 37 2 3&8 & 826 .. 4000.0 DO 0 12 702 78 2 343 a 202 
AT a.ooo liN - 13 516 01 I 720 5 854 
II' IBOOO IX.P 20 14 518 81 I &9& IS 1&5 ... 8 0 HOI<O N IS 511 14 I &70 22 195 
PI 0 I& 498 92 I 663 12 317 
Dl 0 PROCESSJNI 17 493 33 I 645 21 165 
Dl 0 MATH F 18 491 22 I 638 & 985 
TO 0 19 485 &8 I 619 7 401 >-0 0 NT 128 DISPlAY 20 437 83 I 460 5 721 
CT 28 8P -ISO 0 21 434 52 I 449 5 044 
Pll90 22.0 NP 3741.3 22 430 50 I 435 13 470 
18 II YB 398 23 422 90 I 410 19 277 41-butyl 88 2 sc 0 24 414 82 I 383 37 200 
1\. N MC 311 25 408 14 I 361 13 892 

JN N IS 421 26 402 61 I 342 IS 303 

DP N AFI. 341 8 27 408 93 I 337 8 835 

N9 NN RfP 0 28 393 II I 311 7 191 butyl OH 
ALOCK TN 4 29 385 03 I 284 75 281 

IN9 1.000 38 388 42 I 268 81 073 

DC 31 378 95 I 263 84 773 
32 374 34 I 248 78 717 

OSU STD HI 33 3&8 59 I 229 4 881 
qE6!0N STARTIPPHl END INTEGRAL 34 324 86 I 183 20 900 

01 5 072 ' 778 0 0229 35 314 II I 047 409 232 
02 2 681 2 206 0 0932 36 309 34 I 131 77 927 
03 I 817 I 561 0 0656 37 303 75 I 113 & • 738 
04 I 560 I 329 0 1092 38 299 " 0 997 8 731 
IS I 327 I 171 0 2036 39 293 00 II 977 13 &88 
I& I 169 I 013 0 3283 41 288 99 0 963 44672 
07 I 1111 0 781 0 1772 41 285 79 II. 953 23 471 

42 281 77 0 939 78 720 
43 278 41 II 928 20 223 
44 274 39 0 915 34 580 
45 271 03 0 904 1& 326 
4& 263 70 0 879 7 &79 

J J 1-.-r-I ib 
I J 12 0 PPM 

lH NMR Spectrum of 121e N 
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Cl3 IWITC"AII.I 
110 TIJNNIN8 ST I CM 
Gi>EEN UT !N 
BLUE lOT IN 

El<P3 PULSE SEQUENCE. STD13C 
DATE 12-02-91 
SOLVENT CDCL3 
FILE Cl3 

ACQUISITION DEC & VT 
TN 13 eoo Ill< t.eoo 
SW 20000 0 DO 170 2 
AT 1.000 DN YYY 
IF 40000 DNM s 
PW 9 0 - 7900 
Pl 0 DLP 0 
Dl 3 000 NOHO N 
D2 0 
TO seoo PROCESSING 
NT 102. SE o tes 
CT 96 LB 2 000 
PW90 sa.o MATH 
liS 32 
ss DISPUY 
IL N SP 
IN N "" 16594 I 
DP N VS 200 
HS HN sc 0 
ALDCK •c •oo 

IS 500 
RFL 1704 3 
RFP 5808.1 
TH 10 

'"" t 000 

.I 
I I I I I I I I I 
220 200 

Ci3 SWITCHABLE 
~PECTRAL L lNFS roA TU~ '::1 ! 6 

HFL• ~704 3 RFP• 5808 I 

INDEX FREQ PPM !NTENS!T' 

01 I 2007 5 I 59 191 13 820 

0~ 11556 ' 153 :08 II 693 

03 7038 9 93 318 17 954 

04 5840 3 77 429 29 427 
05 5808 : 77 002 30 430 

06 5776 • 76 580 30 983 

07 5510 9 73 060 56 709 

08 2706 2 35 877 31 781 

09 2215 6 29 373 10 983 

10 ::05 : 29 :48 10 571 

II 2163 7 28 685 60 726 

12 1996 I 26 464 68 2~1 

13 1985 2 26 31 '3 201 549 
14 1979 3 :6 :41 41 183 

15 1738 3 23 045 13 463 

16 11:7 9 2::! 906 63 491 

17 1716 .:! 22 752 67 324 

18 1710 5 :::2 677 73 635 
19 1030 9 13 667 66 ~30 

.1 J 
~do' I I I 1 I I 

160 

Spectrum 126 
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13C NMR Spectrum of 12le 
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Spectrum 127 
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Spectrum 128 
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butyl OH 
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OSU STD Hi 

EXP2 PULSE SEQUENCE STDIH 

DATE 02-05-92 
SOLVENT COCL3 

FILE HI 

ACGUISITION DEC & VT 

TN I 500 DN I 500 
SH 4000 0 DO 0 
AT 2 000 DH NNN 

NP 16000 OLP 20 
PH a o HOMO N 

PI 0 
01 0 PROCESSING 

02 0 MATH 

TO 
NT 129 DISPLAY 

CT 31 SP -149 9 
Pll90 22 0 HP 3749 5 

BS 16 VS 199 
ss 2 sc 0 
IL we 399 
IN N IS 426 
DP N RFL 345 3 
HS NN RFP 
ALOCK y TH 

INS I 000 
DC 

OSU STD HI 
REGION START< PPM l END INTEGRAL 

01 5.161 4 905 e 0545 
02 4 904 4 637 e.0s02 
03 I. 711 I 504 0 1441 
14 1.503 I 285 I 3061 
05 I 283 I 029 0 4452 

osu no HI 
SPECTRAL LINES FOR TH• 3.15 

RFL• 345 3 RFP• 0 

INDEX FREQ 
01 1517.51 
02 1501.27 
03 1495.30 
04 485.41 
05 429 as 
16 423 83 
07 417 53 
08 358 44 
09 345.31 
10 1 

PPM 
s 126 
5.015 
4 985 
I 618 
I 433 
I 413 
I 392 
I 195 
I 151 

0 

INTENSITY 
5.545 
7 139 
5.455 

71 787 
35 330 
65 876 
35 106 

3 881 
199 481 
39 782 

Spectrum 129 

)-o OH )etcH, 
t-butyl 0 

Jr 

r-~,--.~-,--.-.-.--.-r-.-.--.-~,--.~-.--.-~,--.~-.--.-~,--.~-,--r-.-.--r~-o--r-o--r-r-o-o--r-o--r-r~-o--r-.-.--r-o-o-;r-~. ,-·~,--r,-.-.~ 

12 10 8 6 4 2 0 PPM 

lH NMR Spectrum of 121c 



C 13 SWITCHABLE 
NO TUNNlNB STICK 
GREEN 33T IN 
BLUE 10T IN 

EXP3 PULSE SEGUENCE STDI3C 
DATE 02-05-92 
SOLVENT CDCL3 
FILE Cl3 

ACGUISITION DEC & YT 
TN 13 500 ON I 500 
SW 20000 0 DO 170 2 

AT I 000 DH yyy 

NP 40000 OMit s 
P• 9 0 OHF 7900 
PI 0 DLP 
Dl 3 000 HOMO N 
02 0 
TO 1500 PROCESSING 
NT 1024 SE 0 159 
CT 192 LB 2 000 
P•9o 19 0 MATH 
as 32 
ss 0 DISPLAY 
IL N SP 
IN N .p 16594 I 
DP N YS 200 
HS NN sc 0 
ALOCK •c 400 

IS 500 
RFL 6703 5 
eFP 5809 I 
TH 
INS I 000 

J J 
I' I I I' I I I I I 

220 200 

Cl! SIIITCH~BLE 
SPECTRAL LINES FOR TH• 7.54 

RFL• &703 5 RFP• 5808 .I 

INDEX FREO 
II 14628.9 
02 13922 2 
03 10035 I 
04 &647 2 
05 5940 7 
06 5814 7 
17 5808 6 
18 577&.& 
09 2319 9 
10 2117 6 
II 1750.2 
12 1722.4 
13 1564 0 

I' 
180 

PPM INTENSITY 
193 94111 10 529 
183 247 15.324 
133 140 9 634 
88 125 31.252 
77 432 40 962 
77 089 76 476 
77.009 46.927 
7&.583 40 733 
31.742 1&.366 
28 074 214 844 
23.203 63 &20 
22 835 - &4 144 
20 735 &3 832 

~Jo' I I' 
140 

Spectrum 130 

>-0 OH )ctcu, 
t-butyl 0 

J 1 
I I' I I' I I' I I I I I I I I I I I I I I I I I I' 

120 100 80 60 40 20 PPM 0 

13C NMR Spectrum of 121c 
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Spectrum 132 

& ,., .. ~!,1 lwt~'tolol IUo-ILQ'tl'-loiCIU UioiU, ~Ill IIY~ L&I.I'IIUIWW 
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!ASS uum 
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O~ll 'HD lit 

I'll 

EXP2 PULSE SEOUENCF 'HDtH ,•1 

DATE lO 02-Ql '.1' 
SOLYFNr CDl.L'=t 
FILE Ill ·" 

ACQUISITION DEC & vr w.) 
TN l 500 ON l 501 0' 
SM 4000 0 DO I 119 

AT 2 000 DH NNN ~9 

NP 16000 DLP 2( II 

PW 9 0 HOHO II 

I 2 PI 
I_ 

Dl PRDrft:;r,ING 
14 

D2 0 HATH 
I'· 

TO 0 1', 
NT 128 DISPLAY 

CT 29 SP -t-49 9 
PNQO 22 0 NP 3749 5 

'l as 16 YS 200 'l 
ss 2 sc 0 
IL NC 399 
IN H IS 426 'j 

OP H RFL 295 9 '4 
HS NH RFP 0 ,<, 
.\LOCK y TH 10 ·~ 

INS I 000 '7 
DC q 

,,, 'J ,, ''1'1 I•; 
,0 

"' l_.j 
>I 

\1' ' I I I ~8 

1 ''il H1 '~ ... '1') 

lfll, L 
I •,1r1 '17 • 

' "' 11-lr 
,, 
,,, 
31 
,g 
•q 

I J 
II 
I' 

I I 
12 10 

dl t 1 lit 

jiii•J I " II·' "' I tt,ll 

'I ·' ), lj,,' 

lllr 1 " I 

111.1 I II 

I 4 1~ ' ••'()l 

I 4 JB " 'g' 
'4J' ") IE:Il 

991 II ::i~'j 

9q1 81 '9 
6j6 ll I~ I 

Gc I J~ llbS 
6 ~9 89 097 

6~J f,l 079 

5:1 ·7 OIJ 
tl4 % C';ll"" 

1',4 ·~ I •D 

II' l I ' 
I'• 
I ·'' 
112 J 4 -;•, 

~ >8 11 -HJ' 

4JS II 4'J 1 
4 '9 14 4 3 I 

4 I R 40 jq5 

110 RD J 70 
41,~ Y9 34 l 

3'3~ 84 J:J 
J~:h 6!; 319 
,:,9J lH JIO 
399 10 ~97 

395 7') ~86 

30 I 01 270 
377 6~ I ~SJ 
j,f fil ~13 

'Ll ld ~·q 

J 11 •,J I 0'.,9 

314 49 I 049 
zgt 50 0 939 
:'IIJ 46 0 9713 
2 11 ~9 0 914 

'II " 0 g~ I 

,f,7 I' ~, [!CJ, 

'!JJ ~, ~~ ,, 11~1.) 

lllli!!oll 

I' 'II 

II ·11 11 
I G I• 

' lUI 

I" ..'IJ 1 

I·' ~.:I 

II 9'-~~ 

I g I BS9 
10::1 9iZ 
:!) 4 /B 

4' Jl8 
;~ 79~ 

:• 0s: 
'~ 1,0·~ 

II I< I 
)t ,,, '•I 
'I l, 

'" 
·J~) '.J 7-: 

I H' .?I! 
1')5 0<1~ 

I 9~1 0S2 
.~ 1 'J3'] 

J(l ~4·} 

411 441 
31 7~7 

J' CJdQl 
31 :96 
_•::; 456 
I 8 ~44 

IS 6b~ 

" 55~ I jq..., 

II 2. I 
II 915 
II BIS 
6 I SZ9 
su 101 
q? Ill ,. 1gl 
I •1'·1 

I l, 11 
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Cll 
NO Jl 
GiAFEr 
SLUE 

EXP3 
DATE 
SOL VI 
Fllf 

ACQI 

TN 
SM 
AT 
NP 
pw 
PI 
Dl 
02 
TO 
NT 
CT 
PM90 

us 
ss 
IL 
IN 
liP 
HS 
ALOCK 

tl JCHABLE 
lfrUNG SfH.K 

••r IN 
lOT lN 

PULSE SEOUENCE SJ013C 

t0-02-91 
or COCL3 

Cl3 

1 1HTION DEC & VT 
t3 500 DN I 500 

20000 0 DO 170 2 
I 000 DH YYY 
40000 OHM s 

9 0 DHF 7900 

0 OLP 0 

3 000 HOMO N 
0 

1500 PROCESSING 

1024 SE 0 159 
96 lB 2 000 

18 0 HAJH F 
32 

0 DISPLAY 

N SP 0 

N MP t65q4 t 
H YS 200 
HN sc 0 
y we 400 

IS 500 
AFL 6717 I 
RFP 5808.1 
TH 25 
INS t DOD 

~; ~ I 
I '7. I I I 

200 
' I ; ; ' I 

220 

'.!1' 11•!11 

' •I'! 
Ill '· I I 

ltlf•l I Rl· rl 

~I I ~'J'J:' J 

o· 13 ,f I " 
''· 'l'll q ., 
"~ t(!jJ 1 ,,,, rJfl.j<l 

N~ 5!109 I 

'", ~ lj 1?S I' 
'~H ~741 b 
') :11:G 'I 
I'' :196 ~ 
II l11i)0 : 
I' IL80 ~" 
I; 161, I 
14 16:'9 G 
I' I'!" 

" '''"• 

I I I I t d I I 

1 0 

I H' 101 

Ill 'Jill I 

Cl M JllT[IICJJ' 
l'l. Cf • .IJ J6 S81 
ltlc "' "" tHI'I 
1;!1, r•r.: '" ,, .. , 
'n :···' o•l ~£)' 

'• 1: I I'' .:fl!) 
,/ (),If ~8 cs0 

'" s .. : .r, ISc 
7b 11'1 .. 011 M\0 
•,-: ('f I 1 ~' r,t~s 

c9 I :0 I 11' bIB 
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:I 601 185 1:8 
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Spectrum 134 
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13C NMR Spectrum of 122a 
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Spectrum 135 
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12 

USU STO H1 
(• I• 

EXP2 PULSE SEQUENCE '>TD1H 
DATE 0'1 21-Q1 
SOLVFNJ CDI..Ll 

FILF H1 

AfOUISI TION 
TN 1 500 
SM .4000 0 

2 000 

DFC 

DN 

DO 
DH AT 

NP 16000 DLP 
fM B 0 HOHO 

PI 0 

& VT 

1!11' 

"' 
1 500 tll 

0 w. 
NNN 

20 ,, ' 
N 

"" "' 01 0 PROCE'iSINS 1 ~~ 

02 0 HATH 1 1 

TO 
NT 128 DISPLAY 

CT 23 SP -149 9 14 
PM90 

89 
9S 
IL 
IN 
OP 
HS 
A LOCK 

' ' 

22.0 MP 3749 15 ,,, 

16 Y9 
2 9C 

N MC 

199 ,,, 

0 ' . 
399 18 
426 I lJ 

331 6 
N 
N 
NN 

I '1 ~·' 

'" 

I' 

IS 
RfL 
RFP 
TH 
INS 

DC 

0 
~ 

1 000 

• • 1 I JJ T ~ 1 

I b I 0 I 

•,11 ''I fj 

lqlJ ,, t~S I 

i'lr " 0.3, 
I '}"' ~ 0 ~I 
I t ~,, , 
I I 

0 Nl9'J 
0 ~~0 
,, ·-1,1 

.I 
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1n •• , 
1 ltll' •rr '" 

I r II I 
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144~ II 
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I 4: ~ 1-. ~ 

1UA0 ~1 1 

qqt, '1 .,q .... , 
h1' 0G 
h4 ~ 011 

f. t4 
f,jt 114 

631 91 
b '7 S" 
c, 7R Fi9 

t," /4 

'-J/,9 B1 
1jfi2 qc, 
S',9 41 
!JS4 ~ l 

1,49 39 

5~fJ 87 
5_3 50 

'-JIB 6::! 
515 6g 
51::: 8 7 
C,09 Sb 
L.06 7'-t 
• 0 

Jl/1 

1 !I I 
4 0(11 

4 'II l 
4 ,r1J 
I 11J 

l 4 
;1n 
-~n 

"' 141 
I- I 

II· 
1(,/ 
00, 

q29 
q0f) 

I fl% 
81. 
RS I 

"' y 
A1' 

I 71i3 
I 74S 

I ,' ~ 9 
I /I 9 

110 
59g 

I 6 Hll 

I' ' 

!Ill f liS II 

f, qt r, 'I 
,., qr;.:; 

I fJ~4 

1 h ·~~~ ,1 

,, '• I 11 1S 
I ) rP .36 

r qq PJ4 -,I 
HJ R48 HJ 
I 7 ,a PI J4 
l'l 7hc; 40 
1 ~ 'I~ 41 

!,41] 4: 
'4. 110 "' 
1q 1,~,7 H 

c; :II 45 
S G25 46 
4 176 4 7 

I I 81 q 4R 
q ((II G 49 

14 I 9 I 1,~ 

A 0~' 51 
R ~n I 5: 

12 210 Sl 
I,' 619 54 
I'" 497 55 
I I S90 56 
~~~ 181 57 
6 86Q c;t;~ 

I (14 l,ll 

J 

jll (\1 ,, 
lh I 
u.•, •r, 
lhtl ;"] 
,.,,g ,~b 

IIS2 I 11 

11-1-1 ,t, 
4 ..J 96 

" '1 ~~, 
4 I ~ GZ 
111t, Rl 

-1' ~w 
:::i13 2' 
B4 131 
37 7 99 
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366 64 
36;' 84 
35r_, qs 
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Cl3 SWUCHABLE 
NO TUNrfiNG SrtCt< 
GREEN 33T IN 
BLUE tOT IN 

'' Pllr llt•l!ll 
EXP3 PULSE SEOUENCE STOt3C lfr llr' I Jtl 1 '1'1' '" DATE 05-21-91 ,, '" >I> 
SOlYFNT COCLJ 
FILE CIJ IIJII fill• 1'111 

Ill I •lt,l,h I~, IJU 
ArOIJ!Sl liON DI'C & YT " I lf,'ll, ' I HI t, 19 

TN 13 eoo DN I 500 I' ll,.;l 0 I'< r, •g 

sw 20000.0 DO 170 2 ,,,, ,, ' q q I I'·'J 
AT I 000 DH yyy I" t,fl41~ • ,/ ''l 

"" <0000 D ... s '" l,•l,HI 0 jfl q lq 

PW g 0 DHF 7qoo ,. 'l''' 1 "' ' 

PI 0 DLP 0 ~,,, .,,•,.:. I ,I, .LG 
Dl 3 000 HOMO N (''l .9 ~ : sc 

1 "' 
02 0 "' ~41:; ' " qgJ 

TO 1eoo PROCES9IN9 II '"'""17 " '9 6% 

NT 1024 se o 1eu f ','.SI - '!:J su, 
CT !18 LB 2 000 1 :'11.:9 4 c5 Rq' 

PM90 18 0 HATH F " I/Z0 I Z' Be' t 

89 32 
1'· t7CB - ,. h4' 

ss 0 DISPLAY "' 1700 ' :: ~41 

IL N SP 0 
f' fb'q q f qq1 

IN N WP 16994 I 
I> I V."'7 r; 1• -,., 
'' I~-, f I, I> I 

DP N YS 200 
HS NN sc 0 
ALOCK y we 400 

IS eoo 
RFL 8708 I 
RFP 5BOB.I 
TH 20 
INS I 000 

.. .I 

. ...,. •·r , .. 
I I I I f I I I I I I I I I I I I I I I I I I I 

Spectrum 138 
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OSU STD HI 

EXP2 PULSE SEQUENCE STD1H 
DATE 02-06-92 
SOLVENT CDCL3 

FILE HI 

ACQUISITION DEC & VT 
TN I 500 ON 1 500 
SH 4000 0 DO 0 

AT 2 000 OM NNN 
NP 16000 DLP 20 
PW 8 0 HOMO 

PI 
Dl PROCESSING 
D2 0 MATH F 
TO 
NT 128 DISPLAY 
CT 49 SP -149 9 
PH90 22 0 NP 3749 5 
BS 16 VS 200 
ss 2 sc 
lL N we 399 

IN N IS ~26 

DP N RFL 330 I 
HS NN RFP 0 
ALOCK TH 3 

INS I 000 
oc 

DSU STD HI 
REGION START I PPM I END INTEGRAL 

01 4 949 4 645 0 0443 
02 3 499 3 181 a 1352 
03 I 670 I 464 e 1385 
04 I 462 I 306 e 2807 
05 I 304 I 049 0 4014 

12 10 

OSU STD HI 
SPECTRAL LINES FOR TH• 2, 95 

RFL• 330 I RFP• 0 

INDEX FREO 
01 1447 12 
02 1441 10 
03 1434 86 
04 999 25 
05 462 57 
06 423 88 
07 417 64 
08 383 56 
09 367 12 
10 365 66 
II 355 68 
12- 0 II 

PPK 
4 825 
4 805 
4 784 
3.331 
I 542 
1.413 
I 392 
I 279 
I 224 
1.219 
1.186 
62E-4 

INTENSITY 
5 675 
7 460 
5 700 

84 595 
72 094 
76 470 
74 666 
3 323 
4 913 
5 751 

201 451 
14 198 

8 

Spectrum 141 
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Cl3 SNITCHABLE 
NO TUNNING STICK 
&llEEN 33T IN 
BLUE lOT IN 

EXP3 PULSE SEQUENCE STD13C 

DATE 02-06-92 
SOLVENT CDCL3 
FILE Cl3 

ACQUISITION DEC & VT 
TN 13 500 ON I 500 
SN 20000 0 DO 170 2 
AT I 000 OH yyy 

NP 40000 DHH 
PN g 0 OHF 7900 
PI 0 DLP 
01 3 000 HOMO N 

02 0 
TO 1500 PROCESSING 
NT 1024 se 0 159 
CT 98 LB 2 000 
PW90 18 0 HATH 
as 32 
ss 0 DISPLAY 
IL N SP 
IN N NP 16594 I 
OP N vs 200 
HS NN sc 
ALOCK NC 400 

IS 500 
RFL 6707 4 
RFP 5808 I 
TH 7 
INS I 000 

L 

Cl3 SWITCH~8LE 
SPECTRftl LINES FOfl TH• 7 ,Z7 

RFL• 6707 4 RFP• 5808 I 

INDEX FREQ 
01 14430 0 
12 13597.7 
113 10213 2 
114 7085 6 
05 5839 8 
05 5808 0 
07 5774 I 
08 3938 0 
09 2332 4 
10 2111.6 
II 1756 4 
12 1722 9 
13 1492 8 

J 

PPH 
191 305 
181.595 
135.401 
93.951 
77.421 
76 999 
76 549 
52 208 
30 921 
27 994 
23 285 
22.841 
19.790 

INTENSITY 
9.129 

12 929 
8 798 

17 458 
19.571 
19 535 
76.497 
53 831 
14 667 

202 509 
54 592 
54 724 
54.029 

I' I I I I' I I I I 
1 ~do' I I' 

220 200 160 

Spectrum 142 
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0911 'HIJ Ht 

E)I.P2 PULSE 9E~.IENCE. "llDtH 

DoTE 10-02-q1 
SOL'It-tlf CO~t J 
F ll€ HI 

A' U'H'H UON 

'" sv 
AT 

HP 
PV 
PI 
01 
02 
TO 
HI 
CT 
PN 1!.1-

BS 
ss 
IL 
Ill 
DP 
HS 
ALOOC 

I' I 

'" '" 

I 
12 

I 

I 

' 

' 5~0 
•o~o o 
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I 

UFC ~ VT 

"" l !JJD 
DO 0 
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DLP 20 
HUHU H 

PRD'~F'' .'oiNt; 
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Ol~lAV 

SP -149 9 
liP 3749 ' 
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sc 0 
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RFP g 
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UL 
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C1J •,HJ TCtU.SLE 
t'D lllt1NIN'1 9Yl' I 
GHEEII 331 '" IJI JF 

·~· 
I~ 

EXF'l PULS£ SEJ11E11' F '1YUt3' 

DAlE ~~ 02-'11 
SOLYtllf CDC• J 

Fll£ Ctl 

AC!J'IJ!tJTIIJtf DEG & •I 
lN 13 500 01< I DOD 
SV 20000.0 DO 170 2 
Al I 000 ON nv ... 40000 """ 

q 

PV q D - 7100 

PI 0 lllP 0 

01 3 000 HUttO " 02 0 
TO ISOO Pfl!l':Et;;'tJN~ 

"' 102. •• 0 189 
Cl a• LB 2 000 
FWl~ •• 0 HAiti F 

89 32 
99 0 IH'1PlA't 

IL " SP 0 
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"" "" sc 0 
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Spectrum 148 
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OBU STD Ill 

DP2 PULSE 8£11U£NCE. STDIH 
DATE 03-23-82 
BOLVEHT CDCL3 
FILE HI 

ACQUISITION DEC. I YT 
TN I.BOO DH I SDO 
BW 4000.0 DD 0 
AT a.ooo DM liNN .. I BODO OLP 20 
I'll I 0 HOHO N 
PI 0 
Dl 0 PROCESS INS 
Dl 0 HAT II F 
TO 0 
NT 121 DISPLAY 
CT sa SP •lBO 0 
PWBO 22.0 liP 3748.3 
18 II VB 201 
BS 2 BC 0 
IL H we Ill 
IN H IS 421 
DP H RFL 117 g 
HB HH RFP 0 
ALOCK TH B 

INS 1.000 
DC 

OSU 5TO HI 
REGION START!PPHl END INTEGRAL 

01 
02 
03 
04 
05 
06 
07 
08 

I 
12 

4 572 
4 228 
3 572 
2 &70 
2 217 
I 949 
I 693 
I 037 

4 230 0 0305 
3 901 0 0284 
3 303 0 093& 
2 219 0 0275 
I 950 0 0609 
I 695 0 0338 
I 097 0 5220 
0 757 0 2033 

SPECTRAL LINES FOR TH• 
RFL• 337 9 RFP• 

INDEX FREO PPH 
01 1325 41 4 419 
02 1320 37 4 402 
03 1313 IS 4 378 
04 1308 16 4 361 
05 1300 94 4 337 
06 1218 41 4 062 
07 1051 40 3 505 
08 1039 57 3 466 
09 1030 as 3 437 
10 1000 50 3 336 
II 999 42 3 332 
12 95& 66 3 189 
13 955 68 3 186 
14 660 62 2.202 
IS 657 80 2 193 
16 651 94 2 174 
17 &4& 19 2 154 
18 643 IS 2 144 
19 63& 91 2 123 
20 ''630 83 2 103 
21 628 39 2 095 
22 622 04 2 074 
23 613 74 04& 
24 563 44 878 
25 556 82 856 
26 552 91 843 
27 548 90 830 
28 538 26 I 795 

Spectrum 149 

5 00 
0 

29 534 90 793 6 131 
INTENS!T\ 30 479 93 600 9 910 

7 177 31 475 16 584 12 199 
IS 287 32 469 40 I 565 17 495 
20 498 33 461 27 538 18 564 
IS 075 34 454 65 516 20 520 
6 187 35 446 62 489 20 434 

46 599 36 440 00 467 18 103 
5 925 37 437 45 458 14 885 
9 747 38 435 87 453 12 657 

200 679 39 430 83 436 17 890 
9 086 40 429 &3 432 I& 696 
8 017 41 423 39 412 18 481 
5 019 42 416 93 390 25 847 
5 569 43 411 19 371 44 990 )-o OCH3 
5 847 44 404 35 349 68 039 
5 712 45 397 13 I 324 79 993 

16 134 4& 390 18 301 143 213 
14 471 47 383 35 278 liS 104 A butyl 14 104 48 373 58 246 102 487 
23 401 49 367 23 ZZ4 96 322 
13 963 50 358 82 196 7 368 OH 
14 870 51 354 92 183 7 806 
IS 773 52 348 57 162 7 755 butyl H 5 660 53 342 44 142 s 033 
& 194 54 281 72 939 71 383 
5 771 55 279 71 933 57 829 
8 578 56 274 34 0 915 141 491 

II 356 57 267 :J 0 991 69 606 
II 106 58 0 0 52 630 

J J 

lH NMR Spectrum of 123b 



Spectrum 150 

Cll SMJTCHAILE 
Cl3 S~ITCHA8LE 
SPECTRAL LINES FOR TH• 43 42 

NO TUIININ8 STICK RFL• 6704 9 RFP"' same 1 
8REEN 33T IN 
SLUE tOT IN INOEX FREQ PPM INTENSITY 

01 11350 9 150 494 59 075 
EXPa PULSE SEilU£NCE. STD13C 02 9909 2 119 100 75 478 
DATE 03-23-92 03 6309 5 83 634 80 698 
SOLVENT COCL3 04 5840 4 77 429 73 130 
FILE Ct3 05 5808 2 77 002 71 420 

06 5776 4 76 580 73 143 
ACOUISITION DEC 8 VT 07 5356 8 71 017 178 529 

TN t3.SOD DN t.soo 08 5354 0 70 980 200 000 
SM 20000.0 DO 170 2 09 4001 9 53 055 129 174 )-o OCH3 AT t.ooo 11M yyy 10 2293 0 30 399 139 678 

NP 40000 DMM s II 2261 8 29 986 145 180 

PM 8.0 DNF 7800 12 1972 I 26 145 !47 741 

PI 0 DLP 0 13 1913 4 25 367 139 491 ~butyl Dl 3 000 HOMO N 14 1735 ~ 23 005 156 242 

02 0 IS 1720 3 22 907 146 099 

TO !SOD PROCESSING 16 1694 9 22 471 150 549 )H 
NT 1024 BE o.1S8 17 1675 0 22 206 142 397 

CT lBO LS 2 000 18 1054 I 13 974 149 072 
butyl H 

PM90 ti.D MATH F 19 1044 3 13 845 144 483 

n 32 
as 0 DISPLAY 
IL N SP 0 
IN N NP !BSU.t 
DP N VB 200 
H9 NN sc 0 
ALOCK y NC 400 

IS SOD 
RFL S704 8 
RFP SSOB.t 
TH 48 
INS 1.000 

....... ·~ 
•. ~. J • L .1. .. . . L. .... dl 1.ll..o .II. lt "' r..; ....... ,.~ ... , ..... ""'" ~20 I 2Jo I tdo tdo 1Jo I ~do 1Jo eb I ab I .o~b 2b 

13C NMR Spectrum of 123b 
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Spectrum 152 

181142112125 II ~I 1-lft-92 12 IN 15 II Zlii-SE El• 
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OSU STD HI 
0111 II1D HI SPECTRAL LINES FOR TH• 

RFL• 348 2 RFP• 
IEXP2 PIJl8! IIE8lENCE: SlDIH 
OAT! 02-1•-1111 INDEX FREQ PPH 
SIJLVEHT C:DC:U 01 1318 09 4 394 
Flt.E HI 02 1311 96 4 374 

03 1305 82 4.354 
ACGUJBITlOH DEC. IVT 04 1009 18 3 365 

TH 1.1100 DH 1.1100 05 437.66 1.459 .. ~oo.o DO 0 06 385 25 1 284 
AT 2.000 DH - 07 381 45 1.272 

II' 11000 ILP 20 08 373 96 1.247 

Pll 1.0 HOMO H 09 370 65 I 236 

PI 0 10 367 88 1.227 

Ill 0 PIIOCESS1118 II 364.47 I 215 

Dl 0 HATH F 12 356 81 I 190 

TO 0 13 352 75 1.176 

NT lie DlBPlAY 
14 344 17 I 147 

CT 31 8P ....... IS 331 69 I 106 
I& 3 36 e 011 - 22.0 liP 3741.11 17 0.16 5 43E-4 

18 18 VI 201 .. a sc 0 
It. H IIC -lH N 18 •21 
DP H llfL S...2 
HI NN AFP 0 
AI.OCK y TH :s 

1HI 1.000 
DC 

OSU STD HI 
REGION START! PPM I END INTEGRAL 

01 4 572 4 230 0 0374 
02 4 228 3 925 0 0382 
03 3.474 3.255 0 1205 
04 I 964 I 683 0 0350 
e5 I 635 I 353 0 1300 
06 ) 351 I 159 0.3101 
07 I 158 1.000 0 3288 

I I I I I I I I I I I I I I I I I I 

12 10 

Spectrum 153 

3.40 
0 

INTENSITY 
4 750 
6 057 
4.604 

73 622 
70 046 

4 229 
II 572 
32 245 
31.652 
30.108 
28.271 
4.898 
4 46& 
3 976 

208.366 
4 575 

63 347 >-o)c(ca•, I CH3 

OH 

t-butyl H 

_r..r 

1 A 

I I I I I I I I I I I I I I I I I I I I I 
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C13 IIWJTI:IUBl.E 
NO 1\HIIllll BTitx 
11REEJ1 !!T IN 
ILIIE tOT IN 

EXP3 PULSE SEIIUENCE: BTOt3C 
DATE 02-t•-112 
IICILVEHT COCL3 
FILE C13 

ACQUJBJTION DEC. I VT 
TN 13.800 DN 1.BOO .. 20000.0 DO 170.2 
AT 1.000 DN yyy .. -- s 
I'll 12.0 - 7-
P1 0 DLP 0 
D1 3.000 1010 N 

D2 0 
TO tBOO PROCESSIN8 
NT toa• BE o.tlll 
CT 281 L8 2.000 - ti.O !lATH F 

18 32 
18 0 DISPLAY 
IL N .. 0 
IN " "" 11159 •• 1 
DP " VI 200 

118 "" IIC 0 

--- y IIC -IS BOO 
RFI. 1703.1 
IFP BBOI.1 
TH I 
INS t.OOO 

I I I I I I I I 

220 200 

C1 3 SWITCHA8LE 
SPECTRAL LINES FOR TH• 8 00 

RFL• 6703 1 RFP• 5808 1 

INDEX FREQ 
01 11355 0 
02 9942.3 
03 6349 2 
04 5839 5 
05 5807 5 
06 5775 8 
07 5552.5 
08 5400 6 
09 3924 0 
10 2360 2 
" 2183.0 
12 1739.7 
13 1705 7 
14 1352 0 

I I' 
180 

PPH 
150 538 
131 809 
84 115 
77 417 
76 992 
76 572 
73 612 
71 599 
52 023 
31 290 
28 942 
23 064 
22 614 
17 924 

I I I 
160 

INTENSITY 
8 553 
8 175 

11 429 
38 548 
40 811 
42 113 
60.707 
57 993 
49 030 

8.544 
200 102 

61 942 
63 043 
65 632 

J 
I I I 

Spectrum 154 
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Spectrum 156 
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Spectrum 157 

OSU STD HI 
OSU STD H1 SPECTR~L LINES FOR TH• 3 67 

RFL• 340.4 RFP• 0 

EXP2 PULSE SEQUENCE STD1H 
DATE 02-21-92 INDEX FREQ ppn INTENSITY 

SOLVENT CDCL3 01 1161 95 3 871 12 63S 

FILE H1 12 IIS3 19 3 84S 13 149 
03 1129 IS 3. 76S 5 703 

ACOUISITIDN DEC & VT 04 1123 12 3744 7 293 

TN 1 500 ON 1 500 IS 1116 89 3 724 5.652 

sw 4000 0 DD 06 1040 28 3 468 91 024 

AT 2 000 11M NNN 07 963 01 3 211 10 990 

08 955 25 3 ISS 9 908 
NP 16000 DLP 20 

09 379 39 I 265 79 853 
PM 8 D HOMO N .. 375 59 I 252 36 167 
P1 0 II 371 14 1.237 36.S36 
OJ 0 PROCESSING 12 369 40 1.232 36 19S 
D2 0 MATH 13 36S 06 1.217 31 723 
TO 0 14 3S3.07 I 177 3 972 
NT 128 DISPLAY IS 331 20 I 104 4 949 H 0 
CT 27 SP -149 9 16 316 46 I 122 4 639 
Pll90 22 0 WP 3749 5 17 295.83 • 986 203 SIS 
as 18 VS 200 18 286 22 • 954 3 784 1-butyl~ ss 2 sc 0 19 -· 0S -1 SIE-4 25 831 H CH3 IL N we 399 
IN N IS 426 )-o OCH3 
DP N RFL 340 4 
HS NN RFP 0 
ALOCK TH 4 

INS 1 000 
DC 

OSU STO HI 
RE610N STI\RTtPP"I END INTE6RI\l .. 3.999 3 792 • 0431 

02 3 791 3.645 8.8383 
03 3.583 3 390 I 1169 
04 3 328 3.072 • 0417 
IS I 402 I 122 1.3816 
16 I 120 • 878 • 3785 

_L 
I I d J I J T I J PPM 12 10 4 

lH NMR Spectrum of 130 



Cl3 SMITCHABLE 
NO TUNNING STICK 
GREEN 33T IN 
BLUE lOT IN 

EXP3 PULSE SEQUENCE STOI3C 
DATE 02-21-92 
SOLVENT CDCL3 
FILE Cl3 

ACQUISITION DEC & VT 

TN 13.500 DN I 500 

SM 20000 0 DO 170 2 
AT I 000 DM yyy 

NP 40000 DMM s 
PM 9 a DMF 7900 

PI 0 DLP 0 

Dl 3 000 HOMO N 

D2 0 
TO 1500 PROCESSING 

NT 1024 SE 0 159 

CT 96 LB 2 000 
PM90 18 0 HATH F 

BS 32 
ss 0 DISPLAY 
IL N SP 0 
IN N MP 16594 I 

DP N vs 200 
HS NN sc 0 
ALQCK y MC 400 

IS 500 
RFL 6704 3 
RFP 5808 I 
TH 12 
INS I 000 

J 
I I I I I I I I I I I I I I I I 

C 13 SW ITCH~BLE 
SPECTRAL LINES FOR TH• 

RFL• 6704 3 RFP• 

INDEX 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 

I I 
180 

I 

FREO 
15937 3 
6805.3 
5840 0 
5808 1 
5776 I 
5707 4 
5684 8 
5447 4 
4104 6 
2376 0 
2083 2 
1737 0 
1622.2 
1268 4 

I I I I 

PPM 
211.288 

90 221 
77 423 
77 001 
76 576 
75 665 
75.366 
72.218 
54 416 
31 500 
27 618 
23.028 
21 506 
16 815 

I I I I I 

Spectrum 158 

11.84 
5808 I 

INTENSITY 
13 950 
16 844 
28 655 
29 698 
28 415 
71 416 
72 662 
54 955 
49 422 
28 520 

204 290 
61 190 
61 440 
61.277 

H 0 

t-butyl :):=:(. 
H CHJ 

)-o OCH3 

J Ll. 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I' I I I I I I I I I' I I I I ·~ 140 120 100 80 60 40 20 PPM 0 

13C NMR Spectrum of 130 



Spectrum 159 
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XL-300 

EXP2 PULSE SEQUENCE STO 1H 
DATE 10-25-91 
SOLVENT COCL3 
FILE Hi 

ACQUISITION DEC & VT 
TN I 500 DN I 500 
sw 4000 0 DO 
AT 2.000 DH NNN 
NP 16000 DLP 20 
PW 8 0 HOMO 
PI 
Dl PROCESSING 
D2 0 MATH 
TO 
NT 128 DISPLAY 
CT 22 SP -149 9 
PW90 22 0 WP 3749 ~ 
BS 16 vs 201 
ss 2 sc 0 
IL we 399 
IN N IS 186 
DP N RFL 334 0 
HS NN RFP 
A LOCK y TH 

INS I 000 
DC 

XL-300 
REGION START I PPM l END INTEGRAL 

I 
12 

01 
02 
03 
04 
05 
06 
07 

8 373 
3 439 
2 366 
I 708 
I 473 
1 400 
I 062 

7 960 0 0442 
3 I: I 0 1690 
2 048 0 1190 
I 475 0 1088 
I 402 0 I 809 
I 171 0 1804 
0 7q1 0 1 q7s 

XL-300 
SPECTRAL LINES 

RFL• 334 0 

INDEX FREQ 
01 2449 90 
02 2448 49 
03 2447 08 
04 980 53 
05 666 10 
06 664 52 
07 658 77 
08 657 09 
09 653 02 
10 651 34 
II 649 82 
12 469 84 
13 462 62 
14 459 91 
15 454 27 
16 447 05 
17 435 00 
18 417 37 
19 409 72 
20 402 01 
21 395 07 
22 283 62 
23 276 29 
24 269 02 
25 -0 II -3 

Spectrum 161 

FOR TH• 6 90 
RFP• 0 

PPM INTENSITY 
8 168 14 001 
8 163 28 898 
8 158 IS 604 
3 269 ~04 825 
2 221 8 590 
2 2 I 5 8 465 
2 I 96 IS 824 
2 191 15 226 
2 177 8 917 
2 172 14 141 
2 166 9 903 
I 566 13 444 
I 542 19 521 

533 9 688 
515 16 876 
490 9 543 

I 450 191 530 

o):f~;,, 
I 391 13 497 
I 366 16 407 
I 340 17 233 
I 317 II 495 
0 946 38 982 
0 921 77 456 
0 897 30 496 
61 E-4 14 228 

butyl H 

-

v 

{j( 
I/ 

-

~ 

I I I 
4 2 0 PPM 

lH NMR Spectrum of 124a 



Spectrum 162 

Cl3 5WITCHA8LE 

Cl3 SNITCHJ.BLE SPECTRAL LINES FOR TH• 20 00 

NO TUNNING STICK RFL• 6709 2 RFP• 5808 I 

GREEN 33T IN 
BLUE lOT IN INDEX rREO pp" INTENSITY 

01 14905 8 I 97 613 29 939 

EXP3 PULSE SEQUENCE STDI3C 02 12518 5 165 963 200 000 

DATE 10-25-91 03 II 971 0 158 705 53 484 

SOLVENT COCL3 04 7226 I 95 799 49 284 

FILE Cl3 
05 5839 8 77 421 47 074 
06 5808 0 76 999 48 465 

ACOUISITION DEC & VT 
07 5775 8 76 572 47 469 

TN 13 500 ON I 500 
08 3968 7 52 615 153 288 

SN 20000 0 DD 170 2 
09 2136 8 28 328 I 90 620 
10 1808 5 23 976 I 84 377 

AT 1.000 ON yyy 
II 1673 5 22 187 174 920 

NP 40000 DMH s 12 1472 6 19 523 1 BB 379 
PN 9 0 DMF 7900 13 1018 9 13 508 159 014 
PI 0 DLP 0 
Dl 3 000 HOMO N 
D2 0 
TO 1500 PROCESSING 
NT 1024 SE 0 159 

):f~:., 
CT 64 LB 2 000 
PN90 190 MATH F 
89 32 
ss 0 DISPLAY 
IL N SP 0 
IN N liP 16594 4 
DP N vs 200 
HS NN sc 0 
ALOCK y NC 400 butyl H 

IS 500 
RFL 6709 2 
RFP 5808 I 
TH 20 
INS I 000 

• .L. ,_. -' _.I, .... , ..... DLU ..JI ..L . ..1. . .... ..1 .. I, ~ .. ILL I ll . .... .LL ..,. , .. , ...... ·~ ..• •rr 1'1""'1' 

k2o I 2do 
. n ...... 

I ~do ~do ~Jo 
I do I 1d I :t ~t I I I' I I I I I I I I I I I I I I I I I I I 

' 0 80 60 40 20 IPM 0 

13C NMR Spectrum of 124a 



Spectrum 163 
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0811 BTD HI SPECTRAL LINES FOR TH• 
RFL• 335 5 RFP• 

DP2 PULSE IEIIUEHCE: STOIH 
DATE U-ICHII INDEX FREQ PPM 

IIOI.YENT CDCL3 01 2443 01 8 145 

FILE HI 02 2441 65 8 140 
03 977 77 3 260 

ACGUIBIT!CIII DEC. C YT 04 670 22 2 234 

TN 1.1100 liN 1.eoo 05 668 54 z 229 .. •ooo.o DO 0 06 662 90 2 210 

AT 1.0110 liN - 07 661 Z I z 204 .. 111000 DLP 20 08 655 19 z 184 

Pll 1.0 H1JMO N 
09 653 89 2 180 

PI 0 
10 540 00 1.800 
II 537 28 I 791 

Dl 0 PIIOCEBB!NII IZ 533 65 I 779 
Dl 0 MATH F 13 530 66 I 769-
TD 0 14 528 01 I. 760 
NT Ill D!!IPUY IS 523 50 I 745 
CT 32 IP -141.1 16 521 77 I 740 
PIIIO 22.0 NP 17.1.1 17 477 92 I 593 

• II VI 33<1 18 470 65 I 569 
18 2 BC 0 
n. N I1C 1111 
IN N JB 411 
DP " IFI. 3311 
NB NN RFP 0 
ALOCK y TH 7 

INS 1.000 
DC 

OSU STO HI 
REGION START! PPM I ENO INTEGRAL 

01 8 305 7 976 0 0421 
02 3 455 3 064 0 1370 
03 2 419 z 053 0 0868 
04 I 944 I 664 0 0919 
05 I 662 I 431 0 0938 
06 I 429 I 115 0 2840 
07 I 11<1 0 725 0 2644 

I I 
12 

I I I I I I I I tb I I I I I I I I 

Spectrum 165 

7.46 20 463 33 545 34 925 

0 21 460 67 536 16 947 
22 455 13 517 28 614 

INTENSITY 23 453 02 510 8 730 

51 781 24 447 91 493 13 918 

29 528 zs 4 " 32 421 8 463 

342 134 26 41 '3 21 398 Z I 974 

Z I. 435 27 411 18 371 30 841 

IS 260 28 403 80 346 45 567 

38 567 29 396 91 323 52 725 

zs 354 30 390 08 300 44 799 

zs 865 31 385 90 287 Z3 784 

16 326 32 381 39 272 IZ 893 

II 141 33 377 98 260 10 956 

14 694 34 294 21 948 71 529 

14 172 35 276 89 923 138 678 

- 32 663 36 272 44 908 43 248 

19 762 37 269 56 899 74 550 

17 689 38 265 60 886 78 553 

12 957 39 262 84 876 22 019 

7 689 40 258 33 0.861 22 583 

23 436 41 -0 27 -9 05E-4 21 462 

0 OCH3 ):tbutyl 
butyl H 

f--
I 

I d I I I I I I I I I d I I I I I I I I 

lH NMR Spectrum of 124b 
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Spectrum 166 

SPECTRAL LINES FOR TH• 20 00 
Cl3 BIIITaiA&£ RFL• 6705 5 RFP• 5a0a I 
Ill 11MIN8 STICK 
1REEN 33T IN INDEX FREQ PPM INTENSITY 
._UE lOT IN 01 14916 a 197 759 32 692 

02 12447 0 165 015 201 196 
EXP3 PU..BE BEIIUENCE: 9TD13C 03 12026 7 159 443 51 349 
DATE U-IG-11 04 7493 a 99 349 57 276 
BilL VENT CDCL3 05 Sa40 2 77 426 53 377 
FILE Cl3 06 Sa0a I 77 001 55 356 

07 5776 2 76 57a 54 342 
ACQUJSJTIDH DEC. C VT 0a 3966 7 52 5a9 156 378 

TN 11.1100 DH s.aoo 09 2507 3 33 240 196 930 
811 20000.0 DO 170.2 10 2150 8 28 514 179 055 
AT 1.- Ill yyy II 2029 2 26 902 190 254 .. 40000 IHI a 12 1913 I 24 037 176 539 

Pll 1.0 DIF 7100 13 1724 9 22 868 179 014 

PI 0 DI.P 0 14 1692 0 22 299 164 991 

Dl 3.000 HOMO N IS 1041 7 IJ 910 165 416 0 OCH3 
D2 D 

16 1025 a 13 600 150 930 ):tbutyl TD SaGO PROCESS INS 
NT 1024 BE o.sa1 
CT 18 1.11 1.000 
Pll90 11.0 MATH f 
18 31 
18 0 DI!IPI.AY 
JL N SP 0 butyl H 
IN N liP llal4.l 
DP N ¥8 200 
liS NN BC 0 
ALOCIC y IIC 400 

JB 1100 
IFL 17011.a 
IFP aaoa.1 
TH 20 
INS 1.000 

.. ~ .. " '~ .. ...... I." ..... Au ..... . .... .... ..... ...... .... ... 
"'"""' . .... .... 

~20 2Jo ~do tdo 1Jo I ~do I ~do eb sb' 4b I 2b PPM T J 

13C NMR Spectrum of 124b 



Spectrum 167 

25 3 
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11811 I1D HI 

EXPI PU.R - llDIH 
DATE 011-21-111 
1101. VEIIT I:DCUI 
FIL£ HI 

AC8UJSJTJIII DEC. I YT 
111 1.1101 Ill 1.1101 

• -.0 110 0 
AT 1.000 Ill -.. 111010 II.P 20 
Pll 1.0 HDMO N 
PI 0 
Dl 0 PIIIICEliSJ .. 
Ill 0 MATH , 
TO 0 
NT ... DJIFUY 
c:r 14 .. - aa.o .. 
• II va 
• • IIC 
JL N IIC 
JJI N II .. N IIFl. .. NN RFP 
ALIICIC y TH 

JNI 
DC 

OSU STO HI 
REGION STARTIPPH) END 
II 8 131 7 922 
02 3 439 3 121 
13 I 597 I 342 
04 I 306 I 073 

I I 
12 

-1411.1 
37•1.1 

Ill 
0 --337.4 
D 
ll 

1.000 

INTEGRAL 
• 0526 
• 1843 
• 1827 
• 5804 

OSU STD HI 
SPECTRAL LINES FOR TH• 

RFL• 337 4 RFP• 

INDEX FREQ PPM 
II 2407 36 8 026 
02 979 12 3 264 
13 431 61 I 436 
14 353 56 I 179 
05 -1 II -3 62E-4 

18.54 
0 

INTENSITY 
21 997 
74 475 
73.928 

199 165 
11.523 

d 

Spectrum 169 
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..) J 

.L .J 
J l J 

1 H NMR Spectrum of 124c 



1:13 IIIITQIA8l.l 
Nil liMite 8TICIC 
-liT IM 
IILUE lOT IN 

lliP3 PIA.S! IIUUEliC£: aTDI!C 
PAlE 011-21-a 
IILVEHT CDCU 
FJL£ Cl3 

ACGUIIITJOH D!C. C VT 
TH 11.1110 OH 1.1110 .. aoooo.o DO 170 2 
AT s.ooo OH yyy .. 40000 - 8 
I'll 1.0 - 7100 
PI 0 11.1' 0 
Dl 1.000 10«1 " Dl 0 
TD 11100 PlllliUSIIIO 
NT 1014 • 0.1111 
et 121 LS 1.000 
1'1110 18.0 MATH F 

• II 

• D DISI'I.AY 
IL H SP 0 
1M II liP 11115114.1 
II' II VI 200 .. ... sc 0 
ALDCIC y we 400 

JS 1110 
11ft. aT04.1 
RFP 11108.1 
TH 7 
IMI 1.000 

I 
I I I 
220 

I ;JOI I 

C1! SWITCHABLE 
SPECTRAL LINES FOR TH• 6. 77 

RFL• 6704 9 RFP• 5809 1 

INDEX FREO 
01 14827 9 
02 12614 9 
03 12206 I 
04 7169 9 
05 5840 6 
06 5808 7 
07 5776 5 
08 3965 g 
09 2377 3 

" 2070 g 
11 1473 9 

I 
~do' IiI 

PPM 
196 580 
161' 242 
161 822 
95 055 
77 431 
77 009 
76 582 
52 577 
31 SIB 
27 455 
19 540 

~Jol 

INTENSITY 
B 627 

12 929 
63 609 
IS 441 
23 244 
23 621 
23 326 
52 311 
19 826 

201 912 
62 404 

Spectrum 170 

o;:e~~., 

t-butyl H 

t 
I I' ~Jo' ' ;Jo' I I 'ab' 'I' I I' I I' j I I I I 
140 60 40 20 PPM 0 

13C NMR Spectrum of 124c 
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Spectrum 172 
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08\1 BTD Hi 

EXP2 PULSE IIEIIUENCE. BTDiH 
DATE iO-~i 

IOLVEHT COCL3 
FILE Hi 

ACQUISITION DEC IVT 
TN l.SOO DH I. SOD 
!Ill 4DDD.O DO D 
AT a.DDD DH -"' iBDDD IJI.P 2D 
PW I D HOMO N 
Pi D 
Di 0 PROCESS INS 
oa 0 MATH F 
TO 0 
NT iH DISPLAY 
CT 211 8P -ua.a 
PWBO 22.0 ., 374a.s 
II il VI aos 
II a 8C 0 
lL " we saa 
IN " 18 421 
DP " II'L 33D I .. Ill IFP 0 
ALDCK y TH 7 

INS i ODD 
DC 

OSU STD HI 
REGION START! PPM I END INTEGRAL 

01 6 241 5 912 0 0295 
02 4 376 4 034 0 0311 
03 3 4GI 3 243 0 1381 
04 2 914 2572 0 0264 
05 2 268 I 926 0 09G4 
06 I 586 I 110 0 4825 
07 I 109 0 708 0 1961 

OSU STO HI 
SPECTRAL LINES 

RFL• 330 6 

INDEX FREQ 
01 1821 89 
02 1254 55 
03 1006 47 
04 998 17 
05 961 06 
06 957 04 
07 638 64 
08 630 94 
09 623 12 
10 615 80 
II 474 67 
12 449 06 
13 445 26 
14 439 40 
15 431 69 
16 424 86 
17 418 51 
I 8 413 14 
19 404 35 
20 399 46 
21 392 03 
22 384 43 
23 378 36 
24 365 77 
25 279 44 
26 272 49 
27 265 17 
28 256 87 
29 0 

FOR TH• 
RFP• 

PPM 
6 074 
4 183 
3 356 
3 328 
3 204 
3 191 
2 129 
2 104 
2 077 
2 053 
I 583 
I 497 
I 484 
I 465 
I 439 
I 416 
I 395 
I 377 
I 348 
I 332 
I 307 
I 282 
I 261 
I 2I 9 
0 932 
0 908 
0 884 
0 856 

0 

7 47 
0 

INTENSITY 
23 151 
17 693 

165 359 
15 156 
7 731 
7 723 

13 796 
29 278 
30 091 
14 884 
8 356 

19 286 
21 689 
27 016 
26 536 
23 765 
26 917 
42 777 

200 575 
58 701 
38 581 
20 992 
23 394 

9 008 
62 532 
96 218 
47 967 
8 200 
8 268 

J 

Spectrum 173 

H OCH3 noj:tcu,· 
butyl H 

lH NMR Spectrum of 125a 

PPM 

N 
VI 
00 



Spectrum 174 

CU IIWITCIIAIU! Ci 3 SWITCHABLE 
1111 T\Hilll8 ITICK SPECTRAL LINES FOR TH• 34 88 
11REEN SST IN RFL· 6708 0 RFP• 5808 I 
BLUE tOT IN 

INDEX FRED PPM INTENSITY 
EJIP! fiiLRIII!IIlJeHCE_ STDl!C 01 11927 7 158 131 52 437 
DATI! lG-211-Dl 02 10026 2 132 922 174 416 
80LY£NT CDCL3 03 6090 6 80 745 60 633 
FILE Cl3 04 5843 5 77 470 187 781 

05 5808 0 76 999 47 867 
ACOUISITION DEC IVT 06 5775 8 76 573 47 092 

TN 13.800 1111 l.eoo 07 3884 I 51 493 I 21 949 
Ill 20000.0 DO 170 2 08 2125 4 28 177 178 480 
AT l.OOO 1111 yyy 09 2062 7 27 347 182 297 .. 40000 liNN 9 10 1686 9 22 364 200 000 

Pll 8.0 - 7900 II 1453 I 19 265 147 415 

PI 0 11.1' 0 12 1033 8 13 705 176 687 H OCH3 
Dl 3.000 HOMO N H0j:tCH3 D2 0 
TD 1800 PROCESS IN& 
NT 1024 Ill! o.1n 
CT I till Ll 2.000 

PII90 18.0 MATH F 

18 32 
18 0 DISPLAY butyl H 
lL " .. 0 
IN " ... 18!1114 I 

DP N VB 200 
HB NN 9C 0 
ALOCK y IIC 400 

IS eoo 
IIFI. 8701.0 
RFP 8801.1 
TH !B 
INS I 000 

- J. 11 "J" .. [ ' ! ~1. .J .J ....... .,.. .. 
""" 

,.....,, .... ..... ,... ,.. 
I I II I I I I I I I I I I i i I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

tdo sb sb 40 20 PPM 0 ~·I I' I 
20 

nc NMR Spectrum of 125a 



Spectrum 175 
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Spectrum 176 

Zi!SIIm411l xl Bgcr-1 25-HB-92 12 46-a Bl 54 2118-SE El• 
11!111'61 l=l.lu IIPI!IIi llt=119368111 l1cnt till Sys EIIJIIIJISS 

- ,ESl4M·Ill PT = 81 c.t Z25li!l!l2 
I 

1111 3486188 
IIIISS 15'5-1172 

155.1Vi! 

95 

• 
85 

• 95. 85 
123-8823 

}5 
5]69Ji 

71 

65 

II 

5'5 
n. 6 

5I 

45 

41 88. 479 

J5 

311 v. 16 

25 
168-VII -

21 

15 

II 

188 

Mass Spectrum of 125a 



Spectrum 177 

';)t't:L.IHftL. i..J.I~t~ 1 Uh in• 

OIU I1D Hl RFL• 340 4 RFP• 0 

DP1 PUI.II SI!GUENC£: STDlH INDEX FREQ PPH INTENSITY 

DATE U-l5-lll 01 1825 26 6 085 22 485 

IIII.VENT CDCI.3 
02 1823 52 6 080 21 sse 

FILE HI 
03 182 I 73 6 074 9 909 
04 I 263 34 4 z 12 19.562 

ACIIU!IJTIOH DEC. IVT 05 999 20 3 331 I 97 930 

'" 1.800 DN t.soo 06 991 93 3 307 6 692 
07 641 19 2 138 6 898 

Ill 4000.0 DO 0 08 632 89 2 110 16 009 
AT a.ooo DN - 09 625 57 2 086 16 339 .. 11000 DI.P 20 10 617 75 2 060 7 122 
Pll • 0 HOMO N II 519 97 I 734 5 955 
Pl 0 12 511 02 704 7 870 
Dl 0 PAOCESSIII8 13 466 37 555 7 037 
oa 0 MATH F 14 461 86 540 7 882 
TO 0 IS 457 09 524 8 864 
NT 121 DISPUY 16 452 80 510 B 313 H OCH3 
CT 211 IP •1411.8 17 449 33 498 II 566 

HO~butyt - 22.0 .. 3748.8 18 444 99 484 12 965 

• II VI 1117 19 442 06 474 14 032 

• 2 IC 0 20 439 02 454 14 381 

1L N IIC - 21 437 IZ 457 IZ 207 

IH N IS 421 zz 435 22 451 10 0ZZ 

DP N IFL 340.4 23 431 26 438 II 731 

Ill NN AFP 0 24 429 47 432 8 345 butyl H 
Al.oa< y TH • 25 426 92 423 6 686 

INII t.ooo 26 424 04 414 8 211 
27 420 14 401 8 730 

OSU STD HI 28 418 13 394 8 224 
REGION STARTCPPMI END INTEGRAL 29 413 52 379 20 431 

01 6 254 5 949 0 0306 30 406 41 355 32 520 
02 4 401 4 059 0 0309 31 399 46 332 41 420 
03 3 474 3 219 0 1088 32 394 80 316 33 629 
04 z 988 z 633 0 0345 33 392 41 308 36 414 
05 2.341 915 0 0696 34 385 08 284 17 915 
06 I 913 622 0 0396 35 380 04 267 12 936 
07 I 620 122 0 4218 36 377 zz 258 14 565 
08 I 120 708 0 2642 37 372 22 241 s 840 

38 279 66 932 53 921 
39 272 39 908 I 07 232 
40 265 zz 884 49 077 
41 0 05 ZE-4 14 272 

I I J 12 10 d J PPM 

lH NMR Spectrum of 125b 



Spectrum 178 

C I 3 SW I TCHABLE 
CI3SUTIJfAil! SPECTRAL LINES ~OR TH• 48 43 
... TUMIINO STICK RFL• 6705 5 R~P· 5808 I 
-DTIH 
lll.UE tOT IH INDEX FREQ PPM INTENSITY 

01 11994 6 ISS 018 60 994 
EXPI PIA.&£ IE~£: STDI:IC 02 9956 4 131 996 I 93 881 
DATE U-18-11 03 6283 s 83 309 62 335 
IICLVEHT CDCL3 04 5839 8 77 421 53 534 
FII.E Cl3 05 5807 s 76 998 53 140 

06 5775 8 76 572 54 517 
ACIIUISITIOII III!C. C VT 07 5713 5 75 746 200 000 

TN 11.1100 liN 1.1100 08 3890 5 51 577 132 282 

"' 20000.0 DO 170.2 09 2460 7 32 623 183 053 

AT 1.010 liN 'IYY 10 2132 3 28 269 169 389 .. 40000 - s II 2073 z 27 485 177 337 

Pll 1.0 DHF 71100 12 2014 8 26 711 180 309 

PI 0 II.P 0 13 1730 6 22 943 175 666 H OCH3 
Dl 3.010 - H 14 1692 8 22 443 160 086 

HO~butyl Dl 0 
15 1054 7 13 982 170 352 

TO 11100 PROCESSINII 16 1039 5 13 781 151 844 

liT 1024 81 o.1111 
CT Ill Ll a.ooo - ti.O MATH f 
Ill 32 
Ill 0 DISPUY butyl H 
IL H liP 0 
IN H .. 1111114.1 
DP N VII 200 
HI NH 8C 0 
ALOCK y we 400 

IS 1100 
AFL 11011.11 

""' !!801.1 
TN .. 
IHI t.ooo 

• h .. . .... ,, .I ·" ...... . J ... ..... ,_,, ...... . ~ . .J ol -· .... .. I .J _ ...... .... .... '1" Tl'l" .......... 
~ 

62o ~do ~do 
I I slo ~do 

I ~do I eb sh :;I; ·-r 2h PPM SEO 0 

13C NMR Spectrum of 125b 



Spectrum 179 
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IIIII lTD Ill 

EXPI 1'11..11! IIEGimiCe IIlii IIt 

DA~ 011-11-111 
IGLVENT CDCU 
FILE Ill 

ACGUIBITION DEC. C Vl 
111 1.1100 1111 1.1100 
Ill <IOOO.a DO 0 
AT 1.1100 1111 -... 1- II.P ao 
I'll e.a 1111110 H 
PI a 
Dl a PIIDCESIIIH8 
Dl a HATII f' 
TD a 
HT Ill DISPUY 
CT II BP -1110.a - aa.o liP 1741.1 

• II VI Ill 

• I BC 0 
IL H IIC -IH N u -.. N IFL 3<10.1 .. ... ..,. a 
ALOCIC y "' I 

JHI 1.1100 
DC 

OSU STD HI 
REGION START! PPM I END INTEGRAL 

II 
02 
13 
14 
IS 
06 

I I 
12 

6 107 
4 437 
3 486 
2 841 
I 451 
I 184 

5 876 1 0426 
4 157 0 0476 
3 194 0 1795 
2 475 1 0519 
I 280 0 1887 
I 013 0 4897 

OSU STO HI 
SPECTRAL LINES FOR TH-

RFL• 340 9 RFP• 

INDEX FREQ PPM 
01 1802 36 6 009 
02 1800 13 6 002 
03 1291 45 4 306 
04 1007 77 3 360 
05 399 84 I 333 
06 326 54 I 089 
17 285 73 1.953 
08 -1 16 -s 43E-4 

5.96 
0 

INTENSITY 
12 319 
10 922 
6 127 

80 064 
77 348 

212 117 
7 270 

II 637 

J 

Spectrum 181 

H OCH3 

li0~CH3 

t-butyl H 

I I 
0 PPM 

lH NMR Spectrum of 125c 



:' 
Cl! .aTDIA&I 
Ill -IIIITIIIII 
RINIIY IN 
._UE lOT Ill 

IDIPI I'Ull! llt:IIUEIICE: llDI!C 
DATI 01-11-ea 
•vENT c:uc:u 
nu: ct! 

ACGUISnlllll DEC. I YT 
111 11.100 1111 1.100 

• 20000.0 00 170.2 
AT I.DOD 1111 '" IP 40000 - II ,. 1.0 - 7100 ,. • - 0 
Dl 3.000 HOMO N 
Dl 0 
TO 1800 PAOCIIIIIINI 
liT 1014 II •••• CT .. Ll 1.000 - 11.0 MATH , 
• • a 0 DIIIPUY 
lL II • 0 
Ill N IP 1111114.1 
liP N VI ROO .. NN IC 0 
ALDCIC y lfC 400 

II 100 
AFL 17011.1 
AFP 11101.1 
TH II 
INS 1.000 

C 13 SIIITCHftBLE 
SPECTRftL LINES FOR TH• 11,48 

RFL• 6705 5 RFP• 5808.1 

INDEX FREQ 
01 12531.0 
02 9811 9 
03 5997 2 
04 5839 8 
05 5817 8 
06 5775 8 
87 5756 2 
IB 3887 3 
89 2449 4 
le Ze93 I 
11 1452 6 

PPM I NTENS lTV 
166 129 16 701 
129 948 69.302 
79 517 19.045 
77 421 22 447 
76 997 22 343 
76 572 23.317 
76 313 71 468 
51 536 52 752 
32 472 21.894 
27 749 215 932 
19 257 65 121 

Spectrum 182 

H OCH3 

uo~cu, 

t-butyl H 

~2~21 0~1~1~1~1 ~1~1~1~2'dlo;1~1~1 ~1 ~1~1~1 ~1 ~1sjd~o1~1 ~1~1 ~.~~~~~~;s'di0~1~1~1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~~~~J~~~~~~~·~~~~~~~~~ I I I I i 11 jOI I I I I I I I IS)Oi I I i j I I I 'sdo' i i i I I ~ C! ''l''''l'iii(iilij IJillljiiiijlii ~~ 
~ ~ ~ ~~ 0 

13C NMR Spectrum of 125c 



Spectrum 183 
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Spectrum 184 
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lCL-300 

EliP2 PUI.8£ BEIIUENCE. STDIH 
DATE u-so-ss 
IOLYEHT I:IICL3 
FILE BAIOH 

ACQUISITJIIH DEC. CVT 
1M 1.800 1111 1.800 
8W .qoo.o 00 170.2 
AT 2.000 OM -IF 18000 OLP 20 
PW 7.0 HDIIO N 
PI 0 
Dl I 000 PAOCESSJNI 
02 0 MATH F 
TO 100 
NT ~00 DI!IPUY 
CT 38 SP -148.8 
PW90 18.0 NP 37~8.8 

88 18 VS ISS 
88 0 sc 0 
lL N NC 400 
IN H IS 800 
II' N IFL 281 0 
NB NH II'P 0 
AI.IICK y lH IB 

INS 1.000 

XL-300 
REGION START< PPM I END INTEGRAL 

•• 02 
113 
04 
05 

I 
12 

4 248 
2.12& 
I 845 
1.584 
I 0&5 

3 833 0 0654 
I 846 0 0917 
I 615 0 1343 
I 066 0 4404 
0 664 0 2682 

XL-300 
SPECTRAL LINES FOR TH• 

RFL• 251 0 RFP• 

INDEX FREQ PPM 
01 1215 37 4 052 
02 598 60 I 996 
03 592 74 I 97& 
04 585.90 I 953 
05 524 97 I 750 
06 429 25 I 431 
07 404 45 I 348 
08 400 93 I 337 
09 37& 89 I 257 
II 369 29 I 231 
II 362 24 I 208 
12 355 13 I 184 
13 286 66 0 956 
14 269 46 0 898 

15 265 06 0 884 
16 250 41 0 835 
17 0 0 

IS 23 
0 

INTENSITY 
102 581 

21 45& 
38.148 
22 083 

160 725 
27 584 
69 376 
75 375 

I 04 396 
34 824 
31 257 
19 337 
21 781 
89 204 

60 634 
18 445 
49 140 

J 

Spectrum 185 

butyi~CH3 
I 
Fe 

co/~ ·····co 
co 

J 

1 H NMR Spectrum of 118a 
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liL-300 

EliPI PULSE SEQUENCE. STDI3C 
DATE 11-IIHII 
8GLVEHT CllCI.3 
FILE BAIDC 

ACIIUISIUON DEC CVT 
TN 11.100 Ill 1.100 
811 20000.0 DO 170.2 
AT 1.000 Ill YYT 
II' 40000 Dill 9 
Pll 10.0 - 7900 
PI 0 III.P 0 
Dl 3.000 HOMO N 
D2 0 
TO 1100 PIIOCESSIN8 
NT 3000 8E 0.118 
CT 178 Ll 2.000 
PII!IO 18.2 MATH F 
88 " 88 0 DISPLAY 
1L N 8P 
IN N liP 181184.1 .. N Y8 1811 
IB NN 8C 0 
ALoac N IIC 400 

I8 1100 
11'1. 8702.11 
IFP 11808.1 
TN 18 
JN8 s.ooo 

XL-300 
SPECTRAL LINES FOR TH- 16.24 

RFL• 6702 5 RFP• 5808 I 

INOEX FREO 
01 16258 6 
02 6337 5 
03 6088 7 
04 5840 3 
05 5808 4 
06 5776 4 
07 4954 3 
08 2404 I 
09 2240 0 
10 2017 0 
II 1711 4 
12 1692 4 
13 1064 2 
14 1139 s 
IS 983 0 

PPn 
215547 

84 019 
80 721 
77 428 
77 004 
76 580 
65 682 
31 872 
29 697 
26 740 
22 689 
22 437 
14 108 
13 781 
13 032 

INTENSITY 
47 371 
17 471 
19 468 
96 439 

102 064 
105 954 
186 350 
95 985 
62 346 
91 259 
17 021 
85 603 
17 973 
83 447 
84 787 

Spectrum 186 
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co 

13C NMR Spectrum of 118a 
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Spectrum 187 
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Spectrum 188 
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DSU STD H1 

EXP2 PULSE SEQUENCE. STD1H 

DATE 04-08-92 
SOLVENT COCL3 
FILE H1 

ACQUISITION DEC I VT 

TN 1.900 ON 1 soo 
SN 4000.0 DO 0 
AT 2.000 DH NNN 
NP 16000 llLP 20 
PW 7 0 HOMO N 

P1 
01 PROCESSING 

02 HATH 
TO 
NT 128 DISPLAY 
CT 81 9P -14& g 
PN90 22.0 NP 3749 5 

89 18 vs 172 

9S 2 sc 0 

IL N we 399 
IN N IS 426 

DP N RFL 391 1 
HS NN RFP 0 
A LOCK y TH 15 

IN9 1.000 
DC 

OSU STD HI 
REG t Gr~ START (PPM l END INTEGRAL 

01 4 170 890 0 0653 
Q~ ~~s ' s:a 0 1871 
03 I 499 ~I 9 0 3993 
"~ 1 097 763 0 3483 

I 
12 

USU STO 1-H 
SrECTRAL LINES FOR T"• 

RFL• 351 I RFP• 

I :JOE X FREO PPM 
~I 1273 Sl 4 ~47 
02 1:09 78 4 033 
03 599 57 I 999 
04 592 74 I ''" 05 465 99 ss 
06 406 79 JSb 
07 403 37 :;4C. 

08 377 00 ~57 
~9 :96 53 989 
10 289 10 964 
II Z70 43 902 

" 

15 40 
0 

ItHEUSITY 
I 0 :!44 

'05 949 
00 834 
;9 o09 
19 693 
,. 037 
-I 829 
26 096 
n 181 
34 262 

172 7Z8 
50 Sb7 

Spectrum 189 
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Fe 
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co 

1 H NMR Spectrum of 118b 



Cl3 SWITCHAil.l 
NO TINIIIII ITICIC 
~NUT IN 
ILIJE lOT IN 

IXPI f'UL!I( !I(QIJENC£: STOI3C 
DATI 04-08-N 
IGLVENT cocu 
PILl! Cll 

ACGUISITIIIII DEC. C VT 

Til 11.1100 ON 1. 1100 
Ill l!OOH.O DO 170 . 2 

" 1.000 ON '" .. 40000 ONN s 
Pll 1.0 ONP 7100 

I' I 0 IJlP 0 
Dl J.OOO HOMO N 

112 0 
'10 1!100 PROCESS IIIII 
NT 1024 !I( 0 . 151 
CT 114 Ll a.ooo 
PIIIO 11. 0 MATH , 
IS J2 
Sl 0 DISPLAY 
IL N , 
IN N liP 18~14 . 1 

II' N ¥1 1311 
H8 ... sc 0 
AI.OCIC ' IIC 400 

IS ~00 

II'L 1701 . 1 

""' MOI.I 
TN .. 
INS 1.000 

C 1 3 >WIT CHADLE 
SrECTRAL LltlES FOR Til• 

RFL• &701 . :1 RFP• 

INOEX FREQ PPH 
11 1&26& .7 : 15 . 654 
oz &nt .a 85.:&9 
OJ suo . • 77 • .a:g 
04 5808 .G 77 . 007 
05 5776 . 5 76 . S8Z 
06 0868 . 7 64 . 547 
07 <:396 . I 31.767 
18 Zll 4. 7 <:6 . 711 
0 9 169Z .G :t . UI 
10 1140 . 5 13 . 79 .. 

"'= , 51 
'3888 . 1 

INTENSITY 
&: .a'J• 
ss . :<:J 

179.739 
ZII.07:S 
189 . 712 
155 . 172 
14 1 • .a:Jt 
143.553 
151.565 
on.:u 

Spectrum 190 
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Spectrum 192 

Ho•5h 
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HIIR JIJIII~ 1~ ... I!N98i*l8119 Rent cnR Sys EIEKnR55 0918888 .•.J!:SIIllll-116 PI• 8° Cil 18784211 111155 221em 
18 228.893& 

95 

98 

B5 

118 

15 

11 
butyl~butyl 

65 I 
Fe 

61 co/\ ····co 
co 

55 

5I 

45 
178.8381 

48 

35 55. 922 
135 9981 384 8165 • 95. 68 

Z5 147.9814 276.8898 -
i!ll 

162.8826 
15 189.9624 

79. 547 
18 

Mass Spectrum of 118b 



0SU Slll HI 

EXP2 P1LSE SEIIUEIICE: SlliiH 
DA'Il! 0!1-2!1-112 
SOLVEHT CDCU 
FJL£ HI 

ACGUISlTICH DEC. I VT 
tN I.BOO CH 1,1100 
811 4000.0 DO 0 
AT 2.000 11M -... IBOOO lll.P 20 
Pll 1.0 HOllO N 

PI 0 
Dl 0 PIIOCESSIIIB 
D2 0 MATH F 
TD 0 
HT 121 DISI'UY 
CT 32 SP ·141.1 
PII90 22.0 liP 3741.& 
as II VB 1118 
88 2 sc 0 
IL N IIC 3811 
IN N 18 -DP N IIF\. 3!11.1 
HB NN IFP 0 
AI.OCK y TH II 

IHB 1,000 
DC 

OSU STO HI 
REGION ST~RT(PPMI END INTEGR~L 

0) 4 121 3 877 0 0655 
02 I 950 I 695 0 2070 
03 ) 110 0 915 0 7275 

OSU STO HI 
SPECTR~L LINES FOR TH• 

RFL• 351 I RFP• 

I NOEX FRED PPM 
01 I 198 82 3 997 
02 541 62 I 806 
03 384 05 I 280 
04 375 91 I 253 
05 372 22 I 241 
06 305 48 I 018 
07 0 0 

36 25 
0 

INTENSIT\ 
36 821 
69 845 
47 862 
62 961 
39 0 499 

214 981 
101 442 

Spectrum 193 

t-butyi~CH3 
I 
Fe 

co/ L ·····co 
co 

lH NMR Spectrum of 118c N 
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00 



Spectrum 194 

SPECTRAL LINES FOR TH,. ~ 52 

EXP3 PULSE SEQUENCE. STOI3C 
RFL"" 5703 I RFP• 5808 1 

DATE 05-211-92 INDEX FREO FPN INTENSITY 
SOLVENT COCL3 01 16275 1 215 766 '1 096 
FILE CBUTBU 0: 8380 8 Ill 108 8 506 

03 63~4 3 83 645 8 122 
ACQUISITION DEC I VT 04 5839 8 77 4::! 1 181 :::.:!9 

TN 13.500 ON 1.500 05 5808 0 76 999 180 755 
!Ill 20000.0 DO 170 2 06 5775 8 76 573 I 77 860 
AT 1.000 OM YYY 07 4747 8 62 943 69 752 
NP 40000 OMM s 08 2347 5 31 122 ~2 :20 

PW 9.0 DHF 7900 09 :3:3 ' 30 799 II 57: 

PI 0 OLP 0 10 ::a1 9 30 :52 113 667 

01 3 000 HOMO N 'I :::::::70 9 30 107 13 472 

02 0 I: 2239 9 29 595 ! 3 ~69 

TO 1500 PROCESSING 13 970 - " 869 :0 469 

NT 1024 BE 0 159 

CT 1024 LB 2.000 

PM90 IB.O HATH F 

B8 32 

as 0 DISPLAY 

IL N 9P 0 t-butyi~CH3 
IN N WP 18594.1 

OP N VB IBI I 
HS NN sc 0 Fe 
ALOCK y we 400 co/\ ····co 

19 500 

RFL 8703.1 co 
RFP SBOB.I 

1H a 
INS I 000 

l _J. ~<II. J '. __._..1.. .•. .1 _l I.a. .... I .. L 
~ .. -. -..- . ,. '""""''""' 

.. . 
I I I I I J J -'- _t I _I I I I I I I I I I 

220 200 180 160 140 120 100 80 60 40 20 PPM 0 

13C NMR Spectrum of 118c 
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~ 
N 

0SU lTD HI 

IXPll PUI.SI IIIIUINCE! STDtH 
DATE 03-13-A 
BOLVEHT CDCL3 
FILE HI 

ACQUISITION DEC a VT 
TN t.IOO ON t.soo 
811 ~000.0 DD 0 
AT a.ooo ON -"' 11000 I1.P 20 
Pll 1.0 HOMO N 
Pt 0 
Dl 0 PAQCESSINB 
oa 0 HATH F 
10 0 
NT tal DI~Y 

C1 31 8P -1~1 8 
Pll80 22.0 liP 37~8.8 

A II VB 200 
sa 2 IC 0 
IL H IIC 388 
IN H ra ~21 

liP H 11'1. 3282 
H8 NN II'P 0 
ALOCK y TH 8 

Ill& t.ooo 
DC 

OSU STO HI 
REGION START(PPM) END 

146 
450 

r 
12 

01 3 377 3 
02 2 755 
03 I 804 
04 I 5 II 
05 I 316 
06 I 120 

513 
I 317 
I In 
0 830 

INTEGRAL 
0 II 32 
0 0812 
0 0842 
0 2050 
0 3755 
0 1408 

sb 

8Zl JO Wll.ll:xldS }IWN H1 

OSU STD HI 
<PECTRAL LINES FOR TH• 4 59 

RFL• 328 2 RFP• 0 

INDEX FREQ PFM INTENSITY 
01 971 37 3 238 85 553 
02 794 26 2 646 5 ~62 
03 786 93 2 624 9 420 
04 778 96 2 597 9 595 
05 771 42 2 572 5 II I 
06 494 60 I 650 5 518 
07 487 26 I 624 9 II 9 
08 479 06 I 597 7 329 
09 444 39 I 482 6 154 
10 437 01 I 457 8 670 
II 429 14 I 431 9 382 
12 420 52 I 402 76 943 
13 385 19 I 284 4 865 
14 382 37 I 275 7 174 
IS 368 32 I 228 203 658 
16 298 92 0 997 17 507 
17 291 59 0 972 32 468 
I 8 284 32 0 948 13 236 
I g 0 05 I 82E-4 10 081 o)::tOCH3 CH3 

I-butyl butyl 

I/ 

r .. / 

I f j,l/1) 

L,l____,Vu --
d 1 J I I I I I I I I I J I I 1 1 I 1 1~ PPM 

L6I Wll.ll;)~ds 



CS3 IIWITafAa.E 
1m TlHIJN8 STICIC 
&fEBI 33T IN 
M.IIE SOT IN 

EliP3 PUL8E SEIIUEIICE: STDS3C 
DATE 03-Slt-112 
IICI.VENT CDCL3 
FILE Cl3 

ACQUIBJTIOII 
TN 
811 
AT .. 
" PI 
Dl 
D2 
TO 
NT 
CT -II IS 
JL 
Ill 
DP 
Ill 
ALOO< 

I I I 
220 

···-20DDD.O 
I.DDD 
4DDDD 

t.O 
0 

3.DDD 
0 

1!100 
1024 

121 
11.0 

32 
0 

" N 
N 
NN 
y 

DEC. C VT 
011 1.!100 
DO 170 2 

011 yyy - B - 7100 
ll.P 0 
HOllO N 

PRIJCESSINI 
81 0.1111 
u 2.000 
HATH F 

DJSI'LAY .. 0 
liP I&!IIM.I 
VI 200 
IC 0 
IIC 400 
II !100 
IFL 1101.7 
IFP 11808.1 
TN u 
INS- 1.000 

I 
I I 

Cl3 SWITCHASLE 
SPECTRAL LINES FOR TH• 

RFL• 6706 7 RFP• 

INDEX FRED PPM 
01 14796 5 196 164 
02 13490 I 178 844 
03 11945 8 158 371 
04 7206 J 95 537 
05 5839 9 77 422 
06 5808 0 77 000 
07 5775 8 76 573 
08 3925 3 52 040 
09 2448 0 32 454 
10 2225 9 29 510 
II 2119 s 28 099 
12 2069 7 27 439 
13 1759 4 23 326 
14 1431 3 18 975 
15 1027 J 13 619 

I 

10 85 
5808 I 

I NTENSIT' 
II 858 
20 440 
13 980 
21 615 
20 994 
21 705 
21 078 
55 068 
20 304 
54 756 

201 392 
63 917 
60 537 
62 175 
54 783 

Spectrum 198 
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nc NMR Spectrum of 128 
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08U lTD HI 

EliPI PIA.8E IIGUEIICE: BTDIH 
DATE 03-111-112 
BOI.YEHT COCL3 
FILE HI 

ACIIUIIJTIOII DEC. & YT 
TN 1.100 1111 I.BOO 

"' 4000.0 DO 0 
AT z.ooo OM -liP 18000 DI.P 10 
PW 1.0 HOMO H 
P1 0 
Dl 0 PADCEIIINII 
DZ 0 HATH F 
TO 0 
NT 121 DISPLAY 
CT 71 IP -1110.0 - 22.0 liP 3741.1 
II Sl '111 101 
II 2 8C 0 
IL N IIC 181 
IN N II 421 
DP N AF1. 341.1 
HI NH IFP 0 
ALOCK y TH I 

IHI s.ooo 
DC 

OSU STO HI 
REGION START! PPM I ENO INTEGRAL 

01 
02 
03 
04 
05 
06 

I 
12 

4 352 
3 523 
2 377 
' 573 
' 219 
I 022 

4 072 0 0337 
3 230 0 1080 
I 9:6 0 I 138 

' 257 0 2772 
' 024 0 3347 
0 757 0 1326 

OSU STD HI 
SPECTRAL LINES FOR TH-

RFL• 341 8 RFP• 

INDEX FREO 
01 1009 94 
02 968 38 
03 6H 50 
04 636 91 
05 630 94 
06 628 39 
07 623 61 
08 U0 10 
09 433 59 
'0 430 34 
II 426 48 
12 424 37 
13 417 53 
14 410 21 
IS 402 18 
16 396 IS 
17 394 47 
18 348 78 
19 338 47 
20 281 01 
21 273 80 
22 266 63 
23 0 05 

PPM 
3 367 
3 229 
2 149 
2 123 
2 104 
2 095 
2 079 
' 467 
' 446 
' 435 
' 422 
' 415 
' 392 
' 368 
' 341 
' 321 
' 315 
' 163 
I 128 
0 937 
0 913 
0 889 

I 82E-4 

3 31 
0 

INTENSITY 
91 271 

3 994 
3 641 
5 848 
5.771 
4 693 
4 042 
3 868 
7 566 

356 
649 

4 877 
4 836 
6 966 

66 949 
5 749 
4 389 

14 526 
208 762 

16 093 
27 492 
" 031 
24 422 

J 

Spectrum 201 

H OCH3 HOj:tCH, 
!-butyl butyl 
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Cl3 IIWITCHAILI 
Ill TUNNJIIII IITJQC 

C I 3 SW IT CHABLE 8AEEN 3IT IH 
SPECTRAL LINES FOR TH• liLliE lOT Ill RFL• 6703 7 RFP• 

EXP! PIJUI! II&IIU£NCE: S1DI3C 
INCEX FRED PPM 

IIATE 03-111-111 01 11542 5 154 350 
IIOLVEIIT CDCU 02 10984 B 145 630 
FILE Cl! 03 5110 9 Bl 015 

04 5940 0 77 423 
ACQUJBITJOII DEC. IVT 05 5909 I 77 001 

Til 13.1100 Ill 1.1100 06 5776 I 76 576 
Ill aoooo.o liD 170.2 07 57&& 4 76 448 
AT 1.000 Ill nY 09 3929 B 52 099 .. 00000 IMI • 09 2503 9 33 194 
I'll 1.0 1M' 7100 10 2337 3 30 987 
PI 0 ILP 0 II 2197 0 29 127 
D1 3.000 IQIII II 12 2188 7 29 017 
Dl 0 13 1992 9 25 421 
TO 11100 PIIOCE!IIIllltl 14 1752 6 23 235 
NT 1oa• • O.IU IS 1364 2 18 086 
CT .. Ul ··- IS 1042 B 13 825 - 18,0 MATH F 

• sa 
• 0 DJI!Ft.AY 
IL N • 0 
IH N .. 1111184.1 .. N Y8 aoo .. 1111 IC 0 
ALOaC y IIC •oo 

II 1100 
IFL 1701.7 
IFP •oe.1 
TH 1. 
INS 1.000 

i i I I I I I I I I I I I I I I I 
sdo 

I I I I I I I I I 

Spectrum 202 

13 BB 
5909 I 

INTENSITY 
IB 779 
20 814 
26 229 
31 569 
33 493 
35 224 
74 429 
54 020 
21 50& 
55 436 
14 610 

202 620 H OCH3 64 293 uoj:tcu, 64 299 
52 324 
57 444 

t-butyl butyl 

I I I I I I I I I I I I I I I I I I I I I I I I I I i I I I I I I 

13C NMR Spectrum of 129 

.II. 

-· 
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12b 1 ~P~ I I 

N 
00 
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QSU STD Ht 
OSU STD HI 

EllP2 PUI.SI KIIU£HCE. STDtH SPECTRAL LINES ~OR TH• 

DATE 03-tll-92 RFL· 351 G RFP• 

SDLYEHT COCL3 
FILE Ht INDEX FREQ PPM 

01 1189 71 3 966 

ACQUISITION DEC I YT 02 659 26 2 198 

TN t.DOO DN t.DOO 03 589 43 965 

SM 4000.0 DD 0 04 544 50 815 

AT 1.000 11M - 05 461.54 539 

liP 18000 DLP 20 06 435 17 451 

Pll 8.0 -0 N 
87 429 74 433 

Pt 0 
08 427 68 .426 

Dl 0 PAOCESSIHII 
09 425 73 419 
10 422 69 409 

D2 0 MATti F II 420.4G 402 
TO 0 12 413 79 380 
NT Ill DISPI.AY 13 489 88 367 
CT a SP •S!O.D 14 405 32 351 
1'1190 22.0 MP 3741.3 15 398 38 328 
IS II YS 200 16 390 78 303 
ss 2 sc 0 17 386 98 290 
IL N lfC 319 18 377 49 259 
IH N IS 473 19 369 40 232 
DP N RFL 3!111 20 356 54 I 89 
HS NN RFP 0 21 335 22 liB 
ALDCK Ttl I 22 330 23 101 

IHS 1.000 23 319 86 066 
DC 24 312 65 042 

OSU STD HI 25 310 48 835 
REGION STARTIPPHI END INTEGRAL 2G 308 41 028 

81 
02 
03 
04 
05 
06 
07 
08 

I 
12 

4 072 
2 266 
2 068 
I 853 
I 433 
I 288 
I 086 
0 975 

3 863 0 0404 
2 164 0 0596 
I 962 0 0512 
I 786 8 0897 
I 312 0 1660 
1 :!02 " 1372 
I 040 " 280;! 
0 891 0 1757 

27 306 24 I 021 
28 300 87 I 803 
29 287 58 0 959 
30 280 42 0 935 
31 273 25 0 911 
32 264 84 0 883 
33 257 74 0 859 
34 3 42 0.011 
35 0 16 S 43E-4 

Spectrum 205 

5.62 
0 

INTENSITY 
21 232 

8 933 
7 449 

69 079 
II 053 
5 706 
7 112 
5 999 
5 873 
6 507 
7 663 

10 098 
9 649 

19 506 
6 429 ~utyl 
9 556 
5 944 

CH ~t-butyl 16.851 
27 852 3 I 
s 913 

18 146 Fe 
30 122 co/\ ·····co 

198 173 
6 125 co 
6 676 
6 160 
7 027 
6 200 

18 787 
32 088 
IS 842 

It 
II 615 
6 288 
9 002 

123 586 

J d I 
4 

lH NMR Spectrum of 132 



Cl3 SllrTCIWLE 

Ill -- IITJCIC II&N:UT 1ft 
IIUlE IDT 1ft 

EliP3 Pll.SE SEGIBICE: STDI3C 
DATI! 03-11-112 
IICI.'WEHT aJCL3 
FILE Cl3 

ACGUIBITIOH DEC. I YT 
TN 11.1100 Ill 1.1100 .. 20000.0 110 170.2 

"' 1.000 Ill YTY .. 40000 -- a ,.. 1.0 - 7100 
PI 0 II.P 
01 3.000 HOMO H 
D2 0 
TO 1800 PROCESS IIIlO 

"' 1024 SE 0.181 
CT 1024 L8 2.000 
PII90 11.0 MATH F 
88 32 
Ill 0 DISPI.AY 
II. " 8P 
IN N ... 1111594.1 .. H V8 200 
Ill ... BC 0 
.U.OCK y IIC 400 

J8 1100 
IFL 1702.8 
IFP 118011.1 
111 17 
IllS 1.000 

C13 SWITCHABL• 
SPECTRAL LINES FOR TH• 17.37 

RFL• 6702.5 RFP• 5888.1 

INDEX FREQ 
11 16317.5 
82 7052.1 
03 6583.4 
84 6418.7 
as 5839.8 
e6 5887.8 
07 5775.8 
08 4573.4 
09 2442.9 
18 2372.9 
11 2342 5 
12 2314 0 
13 2035.5 
14 1728 5 
15 1146.1 
16 881.3 

PPH 
216.328 

93 493 
87.279 
84.990 
77.421 
76.997 
78 572 
60 631 
32 386 
31 458 
31 855 
30 545 
26 985 
22 916 
13 869 
II 683 

INTENSITY 
45 947 
17 881 
19 448 
18 153 

132.635 
138.711 
137 986 
61 767 
61.233 
28 983 
33 608 

208 000 
59 924 
54 671 
57 446 
53 148 

Spectrum 206 
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