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The conversion of alkynyl carbonyls to allenyl carbonyls via manganese mediated 

coordinations followed by a based-catalyzed isomerization was carried out using a range 

of chiral and achiral amine bases. In this work we employed HPLC epuipped with a 

chiral column to determine the enantiomeric excess. Deuterium labeling experiments 

suggested that the alkyne/allene rearrangement reaction involved an intermediate 

cumenolate. We also demonstrated that the reaction required a ligand on manganese for 

an amine base to be used catalytically. Phosphines were tested as a possible ligand 

because they are neutral two electron donors that binds to transition metals through their 

lone pairs. It was observed that the rate of the reaction decreased rrom 24hr to 3hr by use 

of phosphine as a ligand. It was also confirmed that amine base with pKa lower then 

DBU (pKa = 13.6) would not carry out the isomerization. Chiral amidine and chiral DBU 

derivatives were synthesized to carry out the isomerization enantioselectively. Alkoxy 

base were also used in isomerization that demonstrated enantioselectivity. 
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CHAPTER I 

Introduction 

Why are we interested in allenic esters? Allenes are characterized by class of 

compounds containing the I ,2 diene grouping. A llenic hydrocarbons serve as 

synthetically useful precursors in organic synthesis. Allenes have a unique chemistry that 

have been successfully applied to the preparations of pharmaceuticals, dyes, and 

polymeric materials as well as highly complex and strained molecules synthesized 

specifically for the investigation of their physical properties and reactivity. 1 Allenes are 

defined as asymmetric when they contain no element of symmetry as shown in tigure I. 

Allenes containing different substituents at the l-and 3-postitions exhibit the property of 

planar chirality and reactions using these optically active substrates usually result in the 

transfer of chirality to the respective products and are therefore desirable in 

transformations leading to natural products.2 

a b 
\ ,'' 

C=C=G 
/ ' d a 

a b 
\ _,,' 

C=C=C 
/ ' d e 

Figure 1. Asymmetric Allene 

Allenes containing a C2 proper axis of rotation are detined as dissymmetric as 

shown in figure 2. Both asymmetric and dissymmetric allenes can exist in two 

enantiomeric forms. The RJS configuration symbol of each enantiomer is assigned 

. I <J 31 based on the nomenclature developed by Cahn, Ingold, and Pre og. · 

a a 
\ ,'' 

C=C=G 
/ 'b 

b 

Figure 2. Dissymmetric Allene 



van't Hoff predicted the existence of chiral allenic compounds in 1875 but it was 

not until 1887 that the first allenic acid was prepared by Burton and Pecmann3
, but the 

structure was not confirmed until 1954. 1 It was believed that the cumulated system would 

be unstable, therefore allenes were mostly regarded as chemical curiosities which 

hindered the growth of allene chemistry. 1
•
2 In 1924 the first naturally occurring allene, 

pyrethrolone shown in figure 3 was isolated. 1 

HO{f,O ·==<' 
s /, H 

A /

H ·~COH 
~ B 2 

Figure 3. First (A) and second (B) naturally occurring isolated allene 

It was not until 1952 that the second naturally occurring allene (mycomycin) as 

shown in figure 4, was isolated and characterized. 1 Subsequently, nearly 20 allenic 

metabolites were found in the Basidomycete fungi. Other allene-containing metabolites 

have also been found in higher organisms such as brown algae and the seed oil of the 

Chinese tallow tree. 1 In recent years methods for synthesis of allenes have been well 

documented. Allenes that are functionalized by carbon-containing electron-withdrawing 

groups such as carboxylic acid derivatives or nitriles exhibit enhanced reactivity toward 

nucleophiles. This property makes them excellent candidates as precursors in synthetic 

manipulations. The functional group attached to the allene also serves as a convenient 

handle for fUI1her elaboration or cyclization to produce a variety of complex acyclic, 

carbocyclic, or heterocyclic molecules. 1 

2 



I. Synthesis of a-AIIenic Esters From Propargyl Derivatives 

a-AIIenic esters containing reactivity-enhancing electron-withdrawing groups, are 

valuable candidates to explore a large panel of reactions such as nucleophilic reactions 

and cycloaddition reactions (l2+2] Diels- Aider, I, 3-dipolar cycloadditions etc.). 11 

Wotiz reported in the 1950s that the Grignard reagent derived from propargyl bromides 

could be carboxylated with dry ice in reasonable yields to give a-a llenic acids 

contaminated with the corresponding acetylenic derivatives 11
. These reaction conditions 

did not allow the preparation of pure butane-2,3-d ienoic acid. but the latter cou ld be 

isolated in nearly quantitative yield by isomerization of but-3-ynoic acid with dilute 

ethanolic potassium carbonate so lution. The same reaction could be carried out with the 

corresponding acetylenic ester leading to an a -allenic ester in modest yield as shown in 

(Scheme I). 11 

C02 

23%-41% 

K2C03/Et0H 

~ 

Scheme 1. Synthesis ofa-allenic esters from progargyl derivatives. 

0 
~o/R2 

Propargyl chlorides (bromides) have been used 1n transition metal-mediated 

carbony lation reactions to generate a-allen ic acids (esters). Recent use of metal-mediated 

conversion of a-haloalkynes into a-allenic acids in the presence of N i(CN )2 under phase-

transfer conditions afford to be very efticient as shown in below (Scheme 2). 11 
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Ni(C0)4 ,Et0H, AcOH, NaOAc 
(10-43%) 

Ni(CNh.4H20 , CO, NaOH 5N 
4-methyl-2-pentanone 

(68-96%) 

Scheme 2. Transition metal-mediated carbonylation applied to 
propargyl chlorides to generate a-allenic acids. 

Propargyllithium alanates or lithium borates have been known to react with 

gaseous carbon dioxide to yield a-allenic esters to some extent contaminated with the 

corresponding acetylenic derivatives. Allyl 1-methoxycarbonyl propargyl ether has been 

metalated with t-BuLi or LDA to afford, after addition of methanoL a-allenic esters. 

However, more recently, synthesis of monocarboxylate derivatives was accomplished 

via a base-catalyzed isomerization of propargyl esters 11 (Scheme 3). 

o'J--R 
X 

~OTMS 
0 

Et3N cat , CH2CI2 

98% 

R=CH 3 , t-Bu; X= O,S 

Scheme 3. Base-catalyzed isomerization of propargyl esters to 
prepare allenic dicarboxylates. 

II. Synthesis of a-Allenic Esters From Palladium-Catalyzed Reactions of Propargyl 

Compounds 

Tsuji et al. reported that the use of palladium-catalyzed decarboxylation-

carbonylation reactions of propargyl carbonates to give allenylpalladium complexes 

4 



which react with carbon monoxide tn alcohol to exclusively furnish a-allenic esters 

(Scheme 4). 11 

50-99% 

R\R2 = H or alkyl 

Scheme 4. Palladium-catalyzed reactions of propargyl compounds 
to afford a-allenic esters. 

Thereafter, palladium(O)-catalyzed reaction was applied to several different 

substrates including allenyl and propargyl halides, tertiary propargyl alcohols usmg a 

Pd(ll) complex, cyclic alkynyl carbonates. propargyl mesylates, alkynyl oxiranes, and 

alkynyl dioxolanones. For the most part, Pd(O) catalysts like Pd(dba)2, Pd(0Ac)2, 

Pd(PPh3)4 were utilized in the presence of a chelating phosphine such as mono or I ,2-

bis(diphenylphosphino) ethane (dppe), 1.3-bis(diphenylphosphino)propane (dppp) or 

. I I h h' 10 II IJ tnp 1eny p osp me. · · -

or 
Pd (dbah, dppe, Bu4 WBr, 0.5M NaoH,CO R1 H 

)=•=(" / 
R2 JrO 

0 
63-90% 

R1 ,R2 = H or alkyl; X= Cl , Br, OMs 

Scheme 5. Palladium-catalyzed reactions of propargyl compounds in the 
presence of chelating phosphine to afford a-allenic esters. 

III. Synthesis of Allene using Horner-Wadsworth-Emmons and Wittig 

Reactions 

Other effective methods that afforded a-allenic ester in reasonable yields were 

reported in 1961 by Wadsworth and Emmons. 11 They demonstrated that a-allenic esters 

5 



can be prepared by treating a phosphonate carbanion with a ketene. Also, acid chlorides 

reacted with resonance stabilized phosphorane in the presence of a second equivalent of 

phosphorane gave a-allenic esters in good yields as demonstrated by Bestmann et al. two 

years later. 11 Thereafter the reactivity of acid chlorides and ketenes towards Wittig and 

Horner- Wadsworth- Emmons reagents were extensively studied. For example, ketene, 

trimethylsilylketene as well as bis(alkoxycarbonyl) ketenes underwent an olefination 

reaction with stabilized phosphorus ylides to give the corresponding a-allenic ester 

(Scheme 6). 12 

(EtO)zP(O)CH2C02Et, NaH, DME 

(yield 39%) 

or 
(C6H5b P=CR3C02Et(Me) , NEt3. 

CH2CI2 or THF 

Scheme 6. a-Allenic esters prepared by using Horner-Wadsworth-Emmons 
and Wittig Reactions. 

a-AIIenic esters have been synthesized by many different methods ranging from 

[3.31 sigmatropic rearrangement, organometallic reagents, Wittig reactions, palladium-

catyzed reactions and acetylenic derivatives. Despite many reviews and papers dealing 

with allenes the synthesis of enantio-enriched allenic esters remains a challenging 

subject and the synthesis of a-allenic esters (acids) has received little attention. 11 

The first asymmetric synthesis of allenic compounds was reported by Maitland 

and Mills in 1935. 13 They carried out the dehydration of racemic allylic alcohols in the 

presence of optically pure I 0-camphorsulfonic acid. Enantio-enriched allenic compound 

was obtained via kinetic resolution of the racemic allylic alcohol, though in quite a low 

enantiomeric excess (Scheme 7). 13 

6 



Ph)j~Ar 
HO Ar Ph 

racemic 

(+)-CSA 

Benzene 

(73%) 

Ph Ar t 11 · t. )==•==( recrys a iza iOn [a)
546 

+4370 
Ar Ph . 

overall 1.4% yield 
[a]546 +1 .25- 1. 75° 

Scheme 7. Dehydration of racemic at lytic alcohol in the presence of optically 
pure 10-camphorsulfonic acid. 

Since then enantiomerically-enriched allenes have been obtained with excellent 

stereoselectivities from enantiomerically pure or enriched propargylic esters by I ,3-

substitution reactions with modified aluminum hydrides, organocopper reagents, or 

palladium-catalyzed coupling reactions. Recentl y, stereoselective copper, nickel and 

palladium-mediated conversions of enantiomerically enriched propargyl mesy lates were 

also shown to be effective for the synthesis of optically active allenes as shown in scheme 

8. However, these approaches rely on the availability of enantiomerically pure (or 

enriched) precursors in stoichiometric amounts. iO 

MsQ_ 
/r--:::=:=-- R2 

R1 

Pd(PPh3)4 

C0(200psi) R~·=<R
2 

H ftOR3 
0 

ee: 80-95% 

Scheme 8. Enantioenriched allenic esters obtained through Pd(O)-catalyzed 
propargy I phosphates. 

IV. Asymmetric Synthesis of a-AIIenic esters by Samarium(Il) iodide-

mediated reduction 

More recently, samarium(! I) iodide has been used in the reduction of secondary 

and primary propargylic phosphates and ethers to obtain allenic esters regio- and 

enantioselectively through dynamic kinetic protonation without chirality transfer as 

7 



shown in (scheme 9). 12 This is the first example of asymmetric synthesis of allenic 

compounds without involvement of chirality transfer or destruction of one enantiomer. 

OPO(OEth 

0 
0" 

Pd(PPh3)4 (cat.) 
Sm1 2 , Chiral alcohol 

THF 

~ 0 
~-~c! 

(R) H 

ee: 95%, 68% 

Scheme 9. Samarium (II) iodide-mediated reduction of secondary and 
primary propargyl phosphate. 

Since the pioneering methods, much refinement has been achieved to synthesis of 

a-allenic ester that are regio-, enantio- and stereoselective. On the other hand, asymmetric 

synthesis of a-allenic ester is still not a straightforward process and new methods that 

provide a more efficient methodology for asymmetric synthesis of a-allenic ester are 

still of interest. In addition, chiral allene compounds have taken on increased importance 

both as synthetic targets and as highly versatiles synthesis intermediates. 

V. Franck-Neumann procedure for synthesis of a-allenic esters using 

dicarbonyl(methylcyclopentadienyl)manganes complex. 

In 1979, Franck-Neumann described the synthesis of allenes from electrophilic 

acetylenes VIa novel allenemanganesc complexes.3 He found that 

dicarbonyl(methylcyclopentadienyl) manganese complexes of electrophilic acetylenes 

can very easily isomerizes to allene complexes. The manganese complex, which is 

formed selectively from the alkynyl ester and an irradiated 

tircarbonly(methylcyclopentadienyl) manganese solution in tetrahydrofuran (TH F). gives 

allene manganese complex. He illustrated that manganese complexes of functionalized 

alkynyl esters, aldehydes are converted quantitatively into the allene complexes3
. 

8 



In 1994 Franck-Neumann illustrated that electrophilic alkynes with a second 

substituent bearing at least one a-hydrogen can be transformed into electrophilic allenes, 

without formation of the other isomerization products, if the base-catalyzed isomerization 

is performed on their dicarbonyl(methylcyclopentadienyl) manganese complexes 7. He 

also showed that these dicarbonyl methylcyclopentadienyl manganese complex allenes 

are stable compounds, which can easily be handled in air, or in the presence of water, and 

iso lated or purified using common procedures such as flash chromatography.7 

At present, no mechanistic investigations have been reported for cymantrene 

mediated alkyne/allene reactions. Our current hypothesis of this rearrangement reaction is 

that it involves the intermediacy of cumenolate (tigure 4. (2)). In this conception the 

amine base deprotonates at they-position to give cumenolate which is a planar species. 

Subsequent protonation of prochiral cumenolate (figure 4. (2)) at the a-position to give 

allene (figure 4. (3)) which is thermodynamically favored since a stable manganese/ 

allene r{bond is formed. Based on this hypothesis it was thought that if a chiral amine 

base were used then the reprotonation step would be asymmetric as it would involve a 

chiral aminium species. 

2 
Cumenolate 

Prochiral 

B-H 

~ 
Mn(COh 

H)= l .. ,,H 

R
1 
·~OR2 + 

~ 
0 

Mn(COh 

H GH 

R>:=•-.. ,,1(0R2 

3 
0 

Figure 4. Manganese mediated isomerization ofalkynyl carbonyls to allenyl carbonyls 
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Coughlan and Yang illustrated that strained alkynes are also known to be 

substantially stabilized by complexation to metal centers . It was illustrated that the 

complete isomerization of cyclooctyne complex to allene complex that coordination of 

the metal center to the allene moiety is thermodynamically preferred over coordination to 

the alkyne moiety (Scheme I 0).6 

Scheme 10. Rearrangement of cyclooctyne to 1.2-cyclooctadiene 
within the coordination sphere ofCpMn(COh 

This preference for the allen ic structure may be attributed to destabi I ization of the 

IS-electron alkyne complexes of CpMn(C0)2 through repulsive interaction of the alkyne 

n· orbital with a filled metal d-orbital. Since this repulsive interaction is not expected to 

be present in allene complexes of CpMn(COh, the alkyne complex is expected to be 

destablili zed relative to the allenic structure.6 Also, it has been observed that while 

cymanterene/alkyne complexes are stable in solution in the absence of air and light, they 

are not isolable by chromatographic methods. However, cymantrene/allene complexes 

such as figure 4. (3) are isolable by flash chromatorgraphy and remain undegraded for 

several weeks when stored in the absence of light at 5°C. 

In chapter 2 we will describe novel methods that use Frank-Newmann·s 

procedure31 to systematically investigate different base/ligand interactions with the goal 

of developing an asymmetric synthesis of enantiopure allcnes using chiral amine bases. 
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CHAPTER II 

I. Results and Discussion 

Frank-Newmann's procedure for the coordination reaction involves a low 

temperature (-20°C) reaction of cymantrene with the alkynyl carbonyl under constant UV 

(A= 364 nm) irradiation3
. However, in our hands, the coordination proceeded smoothly at 

room temperature overnight under UV irradiation as shown in scheme I I. The 

coordinated products were monitored by HPLC and TLC where the Rrofthe product was 

always lower than that of the starting alkynyl ester. This reaction was also found to be 

procedure-dependent. First, cymantrene was dissolved in THF and stirred under constant 

UV irradiation (365 nm) for 30 to 40 minutes in a oxygen free environment, during which 

time the yellow colored solution turned wine red . Previous report indicates that this is due 

to molecule of THF coordinating to manganese, at the same time eliminating a molecule 

of carbon monoxide as shown in scheme II. 

-r 0 y ~ 0 ,hu Mn(COh 

THF Alkynyl Ester 
H It oc-Mn-co oc-~n-oCJ H> 

I 365 nm co R1 OR2 30-40 min co 
Methyl Cymantrene 

-CO 4 1 

Scheme 11. Cymantrene Complexed to Alkynyl Ester 

It was found that stirring for more then 45 min give unsatisfactory results. Also 

increasing the energy of UV irradiation to 254 nm resulted in decomposition of 

cymantrene. The isomerization reaction with DBU to give coordinated allene was found 

to proceed efficiently at room temperature overnight give essentially quantitative 
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:onversion. These findings also confirm an earlier report that the use of amine base such 

ts DBU leads to the predominant formation of trans allene complex as shown in tigure 5. 

"trans" "cis" 

Figure 5. Complexed allenyl carbonyls in trans and cis form. 

The isomerized product was readily identified by TLC as a dark yellow spot with 

a lower Rr in relation to both the starting alkynyl ester and the coordinated product. Also, 

by HPLC analysis distinct peaks appeared at the higher retention times. Manganese 

coordinated allenyl ester could easily be isolated in excellent yields by flash column 

chromatography, which indicates that these compounds are stable as show in figure 6. 

However, 1 H NMR spectroscopy of these complexes was not very distinct, as manganese 

caused a considerable broadening of all the peaks because of its paramagnetic properties. 

The only conformation for existence of cymantrene coordinated allenyl esters was that 

when decomplexation was carried out and 1H NMR indicated the formation ofallene. 

P = TBS, THP, Bn 

Figure 6: Methyl Cymantrene coordinated Allenyl Ester 
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II. Use of Amine Base Catalytically 

Pervious repor1s indicated that the alkyne/allene rearrangement reaction rs not 

catalytic with respect to the base. In all cases, it was found that more then one equivalent 

of DBU was needed for the isomerization reaction. All attempts to carry out the reaction 

usi ng a catalytic amount of DBU failed. At 3%, I 0% and I equivalent only a trace 

amount of the product was observed after weeks. We hypothesized that more than one 

equivalent of base is needed because one equivalent is acting as electron pair donor and is 

coordinating to manganese and the other equivalent is acting as a thermodynamic base 

deprotonating and reprotonating. If the cumenolate mechanism is operative as previously 

indicated then a catalytic amount of a chiral amine base should induce asymmetry in the 

reprotonation step that could potentially lead to non-racemic allenes. 

We examined the intluence of chiral tertiary amine bases such as sparteine, 

brucine, strychnine and cinchonidine on enantioselectivity of alkyne/allene 

rearrangement reaction. The amount of base used in the proposed alkyne/allene 

rearrangement was varied form stoichiometic to catalytic quantities. The tirst set of 

experiments was preformed using THP-protected methyl hept-2-ynoate 6. This model 

compound was prepared starting from 5-hexynol which was protected using catalytic 

amount p-toluenesulfonic acid and dihydropyran to give 5. THP-protected 5-hexynyloxy 

was then coupled with methyl ester using n-BuLi at -78"C to give THP-protected methyl 

hept-2-ynoate 6 as shown in scheme 12. 

13 



0 0 c;= c;= Buli ~0/ 0 

Cat p-TsOH CICOOMe 
CH2CI2 -78°C OH OTHP OTHP 

THF 

5 6 

Scheme 12. Synthesis ofTHP-protected Methyl hept-2-ynoate 

Alkynyl ester 6 was coordinated to MMT using Frank-Newmann's procedure. 

Isomerization was carried out using the chiral amine bases shown in figure 7. 

Brucine pKa = 8.29 Sparteine pKa = 9.47 

Strychn ine Cinchonidine pKa = 9.18 

Figure 7. Chiral amine bases used for isomerization reaction with THP-protected methyl 
hept-2-ynoate. 

All attempts to carry out isomerization using stoichiometic and catalytic amount of chiral 

amine base failed. It was thought that the first equivalent of base coordinates the 

manganese producing a steric encumbrance that potentially makes it difficult for the 

second equivalent of base to access they-position. With that in mind it was thought that if 

the coordinating base was small and the kinetic base was large then the isomerization 

might proceed. Several small weak bases as shown in figure 8 were thought to be electron 

pair donors were used in 2 equivalents to determine if they would they act as bases. DBU 
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was used as a control. We observed that no isomerized product resulted after several days 

of reaction time. 

y 
IN\ ""'N~N/ 

I \ 
DIPEA pKa = 10.75 TMEDA pKa = I 0.40 

y 
/N""'- co H 

N 
(II 

N 

'1_; 
N 

--.__/ 

TEA pKa = 9.00 

0 
N 

DMAP pKa = 9.20 DBU pKa = 13.6 Imidazole pKa = 6.95 Pyridine pKa = 6 

Figure 8. Weak achiral bases in isomerization reaction with THP-protected methyl hept-
2-ynoate. 

Proving that the above small achiral bases would only act as coordinating base 

was thought to be a great advantage. These small achiral bases were then used in I 

equivalent and a bulky chiral amine base was used catalytically to deprotonate and 

reprotonate. Several experiments were performed using sparteine and strychnine as the 

catalytic chiral amine base and several small bases such as DIPEA. TEA, TMEDA. 

Pyridine, DBU, and imidazole were used as the coordinating bases (Table I). To our 

surprise no isomerized product was observed for the reactions listed in Table I except for 

entry 2 and 8 which both contains DBU. but no enantioselectivity was observed. After 

purification complexed allene was obtained in 95% yield. However, very low percent 

yield (20%) of free allene was obtained after decomplexation. 
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oc,,,, J. 
oc-~ 

C
CO,MeMMT(1.5eqc C02Me 

hu,THF 

OTHP OTHP 

1. Achiral 
base 

2. Chiral 
base 

6 

Chiral Base 0.30 Achiral Base 
Entry Equivalent 1.0 Equivalent 

1 DIPEA 

2 DBU 
3 TMEDA 
4 

Sparteine 
TEA 

5 Pyridine 
6 lmdiazoe 
7 Strychnine DIPEA 
8 Strychnine DBU 

Isomerization 

No 

Yes 
No 
No 
No 
No 
No 
Yes 

Table 1. Use of chtral amine base catalytically and achiral amine base in 1-
equivalent in asymmetric synthesis of enantiopure allenylcarbonyl. All reactions were 
performed at 25°C. 

III. Cymantrene Decomplexation Methodology 

Different decomplexation protocols were tried. Iodine was used in 2 equivalents 

to oxidative demetalate cymantrene. However, after several weeks of stirring the complex 

allenyl ester in solution of THF at room temperature most of the staring material was 

recovered. Iron trichloride was used in I and 3 eq uivalents only to recover 14% -16% of 

decomplex allenyl ester. Franck-Neumann3 reported that the use of cerium(IV) 

ammonium nitrate in solution of acetone at O"C for 0.5 h to give decomplex product in 

95% yield. All attempt to repeat his procedure to give emcient yield failed. Other 

oxidative reagents such as PCC and mCPBA were tried but no decomplex product was 

ever iso lated . Recently, workers in Canada reported a mild and efficient method for the 
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erivitization of cyclopentadiene moiety of cymantrene.4 Their method consisted of 

:irring a solution of the cymantrene allenyl carbonyl complex in ether and methanol or 

cid under irradiation to obtain the cyclopentadienyl derivatives. Based on their paper we 

ypothesized that once the cyclopemadiene is removed, the complex should collapse and 

l·ee allenyl carbonyl should be obtained. With methanol and constant UY irradiation, 

:fficient removal of manganese was observed for THP protected allenic ester as shown in 

;cheme 13. 
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IV. Method Development for Analysis of Enantiomeric Excess 

A key aspect of this research involved the development of an HPLC method to 

letermine enatiomeric excess. Several broad-range chiral co lumns avai lable in the lab 

ai led to resolve both the complexed and decomplexed all enyl ester. Designed to 

:listinguish between the enantiomers of compounds having certain rather common 

5tructural features, the chiral selector used in chiral stationary phase (CSP) can be used. 

Typically, those who wish to chromatographically separate the enantiomers of some 

substance through the use of a chiral stationary phase (CSP) seek a suitable CSP by trial 

and error. CSPs derived form biopolymers typically contain multiple types of binding 

sites and are of such mechanistic complexity as to presently defy a detailed understanding 

of how they differentiate between enantiomers. In contrast, brush-type CSPs have been 

prepared using low molecular-weight selectors which have been designed to contain on ly 

those interaction sites which are essential for the differentiation of the enantiomers. CSP 

I shown in Figure 9 contains a cleft-like binding site which preferentially binds that 

enantiomer which, without departing substantially from a low- energy conformation, can 

undergo simultaneous face -to-face and face-to-edge 7Ht interactions as we ll as a 

hydrogen bonding interaction with the CSP. 

Figure 9: Synthetic chiral stationary phase used in this study CSP I. 
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Analytes containing a n-basic group and hydrogen bond acceptor site near a 

stereogenic center are candidates for enantiodifferentiation by this CSP 1. 14 These work 

for relatively well defined reasons and are commercially available. This particular CSP I 

( a (R,R) Whelk-0 I brush -type HPLC column (25cm x 4.6 5J1m spherical silica 

particles of I 0/1 ooA pore size) available from Regis Technologies Morton Grove, IL) 

was used to separate chiral aromatic allenic acid and esters such as 8. The analytes used 

in the study were prepared using literature methods outlined in scheme 14. Aromatic 

allenic ester 8 was prepared to be use as a standard in developing conditions for the chiral 

column. 

~CI CH3 n 
~ O + Ph3P=<. Et3N . ~ _ .,CH3 

h-
0 tr-oJ 28% yield H c ·-')-ov 

0 3 0 
8 

Scheme 14. Synthesis of Ethyl 2-methyl-4-phenylpenta-2,3-dienoate 

In the process of method development it was thought that if methyl 7-(terahydro-

2H-pyran-2-yloxy)hept-2-ynoate 6 were converted to the corresponding allene that it 

would form diastereomers because of the chiral center in the pyran moiety. With that in 

mind, a benzyl protecting group was used and coupled with methyl ester to prepare an 

alkynyl ester model compound 10 by a straight forward method as shown in Scheme 15. 

COH BnBr,NaH 

DMF 
90% yield 

C Buli 
OBn -C-IC_O_O_M_e_ 

-78°C ,THF 
9 85% yield 10 

methyl 6-(benzyloxy)hex-2-ynoate 

Scheme 15. Synthesis of Methyl 6-(benzyloxy)hex-2-ynoate 
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Methyl 6-(benzyloxy)hex-2-ynoate (10) was successfully coordinated and isomerized 

using DBU (90%) to give the manganese-coordianted allene product. However. no free 

allene was isolated using UV irradiation mediated decomplexation since this let to the 

deprotection of benzyl group in the substrate most likely by light induced radical C-0 

cleavage deprotection . Thus a new alkynyl carbonyl substrate had to be synthesized. In 

designing a more robust alkynyl ester. we developed a synthesis that would allow for the 

preparation of a y-deuterated substrate for the purpose of mechanistic studies. 

V. Mechanistic Studies 

Several mechanistic questions were brought up when performing these 

experiments. Our hypothesis is that the amine base deprotonates at they-position to give 

a cumenolate which is a planar non-chiral species. Subsequent protonation of prochiral 

cumenolate (Figure 4. (2)) at the a-position to give allene (Figure 4. (3)) which is 

thermodynamically favored since a stable manganese/ allene r( bond is formed. As 

previously discussed the net effect should be a transfer of they-proton to the a-position. 

If the subsequent protonation at a-position is accomplished by sources other than the 

conjugate acid of the chiral base then the reaction would been unlikey to lead to non

racemic product. To answer this mechanistic question a labeled compound similar in 

structure to alkynyl esters was synthesized starting from 3-phenylpropanoyl chloride 

which was reduced to the a-deuterated alcohol using deuterated lithium aluminum 

hydride. Deuterated alcohol 11 was then converted to the tritlate using tritluoromethane 

sulfonic anhydride in solution of methylene chloride with catalytic amount of 

dimethylaminopyridine to give 12. The triflate was immediately added to a solution of 
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THF containing LDA and TMS-acetlylene at -78°C to g1ve deurated trimethyl(5-

penylpenynyl)silane 13 in 95% yield. Desilation of l3 was carried out using potassium 

carbonate and ethanol to give 1-(pent-4-ynyl)benzene 14 in 80% yield which was then 

couple with methyl ester using n-BuLi to give the model compound deurated methyl 6-

pheylhexynoate 15 in 77% yield as show in scheme 16. 

l LiAID4 

76% yield 

0 

~CI 
3-phenylpropanoyl chloride 

LOA, THF 

- TMS 
~ V 13 ~TMS 

D 0 

c/ 

15 

methyl 6-phenylhex-2-ynoate 
77%yield 

-78oc trimethyl(5-phenylpent-1-ynyl)silane 

95% yield 

Buli 

CICOOMe 

1-(pent-4-ynyl)benzene 

80% yield 

Scheme 16. Synthesis of Deuterium Labeled Methyl 6-pheny lhex-2-ynoate 

Coordination with cymantrcne and isomerization by DBU was carried as 

described previously to generate complex allenyl carbonyl 17 111 95% yield. 

Decomplexation was carried using methanol and ether in ratio of 2: I and irradiated at 

(365 nm) for several days to give free allenyl carbonyl 18 in 20% yield as shown in 

Scheme 17. An 1H NMR analysis of 18 clearly indicates the presence of the a-deuterium. 

The di-deuterio product would indicate that the proton source is from the y-position to 

give cumenolate which is subsequently transferred to the a-position to give allene as 

product. 
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oc,,_ ~ 
oc-:::~ 

0e-<D 0 - / 
0 

Cymantrene 

THF,hu 

Dt I zoo/ _D_B_u_ 
In the Dark 

Ph 

15 

MeOH/Et20 

hu 
20% yield 

Ph 95% yield 

16 

DF ,,,,,,D 

\_·~C02Me 
Ph 

18 

Scheme 17: Synthesis of Deuterium Labeled Methyl 6-phenylhexa-2.3-dienoate. 

Synthesis of compound 15 was designed to answer mechanistic question but was 

also used to avoid problems with benzyl deprotection when using light-mediated 

decomplexation. A non labeled version of compound 15 was also synthesized to be used 

as the model compound starting form 3-phenylpropanol. The alcohol was converted to 

the tritlate using trifluoromethane sulfonic anhydride in so lution or methylene chloride 

with catalytic amount of dimethylaminopyridine to give 19. The triflate was immediately 

added to a solution of THF containing LDA and TMS-acetlylene at -78°C to give 

trimethyl(5-penylpenynyl)silane 20 in 97% yie ld. Desilation of 20 was carried out using 

potassium carbonate and ethanol to give 1-(pent-4-ynyl)benzene 21 in 78% yield which 

was then couple with methyl ester using n-BuLi to give the model compound methyl 6-

pheylhexynoate 22 in 75% yield as show in scheme 18. 
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3-phenylpropan-1-ol -78°C trimethyl(5-phenylpent-1-ynyl)silane 
97% yield ( 2 steps) 

0 K2C03 1 EtOH 

22 

Buli ~ I _; ~ 
CICOOMe 

21 

methyl 6-phenylhex-2-ynoate 
75% yield 

Scheme 18: Synthesis of Methy 6-phenylhex-2-ynoate. 

1-(pent-4-ynyl)benzene 
78% yield 

VI. Coordination/Isomerization using Methyl-6-phenylhex-2-ynoate 

With the synthesis of compound 22 and methods to determine enantiomeric 

excess using HPLC, most of the experiments were performed to confirm if the trends 

observed with other alkynyl ester substrates were consistent. A series of the reactions 

were executed to as shown in Table 2 using 2 equivalent of amine base. 

c CO,Me MMT (1.5 eq) 

hu,THF 
Ph 22 

Entry 
Achiral and Chiral 
Base 2.0 Equivalent 

1 DIPEA 
2 DBU 
3 TMEDA 
4 TEA 
5 Pyridine 
6 Sparteine 

Isomerization 

No 
Yes 
No 
No 
No 
No 

Table 2. Use of chira l and achiral bases for isomerization of Methy 6-
phenylhexynoate. All reactions were performed at 25"C. 
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TLC analysis of the above reactions was performed at 24hr, 48hr and 72hr. At 24hr only 

isomerization involving DBU gave the allene product in 96% yield after isolation by 

flash column chromatography. Decomplexation was achieved by UV irradiation in 

methanol and ether yielding free allenyl carbonyl in 28% yield. 

Reactions involving other bases (entries I ,3-6 table 2) were allowed to proceed 

for 72 h at which point no isomerization was observed. After 72 h 0.30 equivalent of 

DBU was added to reaction I, 3-6 and allowed to react for an additional 24 h leading to 

complete isomerization. Isolated complex yield for the reaction involving added DBU 

were I) 96 % 2) 66% 3) 97% 4) 95% 5) 51% 6) 83%. These complexed allenes were 

then treated with light, methanol/ether to remove the manganese giving an average yield 

of 20%. Because a catalytic amount of DBU in the presence of I equivalent of small 

weak bases (TMEDA, DIPEA, and TEA) brought about isomerization. we reasoned that 

these non-chiral amine bases could be used as the stoichiometric component in the 

presence of catalytic amount of chiral base to induce asymmetry in the reaction. 
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c C02Me MMT (1 .5 eql 
hu,THF 

Ph 22 

Entry 
Chiral Base 

0.30 Equivalent 
1 
2 
3 
4 Sparteine 
5 
6 
7 
8 Strcychnine 

1. Achirl 
Base 

2. Chiral 
Base 

Achiral Base 
1.0 Equivalent 

DIPEA 
DBU 

TMEDA 
TEA 

Pyridine 
Imdiazole 

DIPEA 
DBU 

Isomerization 

No 
Yes 
No 
No 
No 
No 
No 
No 

Table 3. Use of catalytic amount of chiral amine base coupled with I equivalent of small 
achiral base. 

Table 3 lists a set of reactions using a catalytic amount of chiral amine base and 

one equivalent of achiral amine bases. Coordination/isomerization was carried as before. 

After 24hr TLC and HPLC analysis of the above reactions indicated that only 

combination of sparteine and DBU gave a Ilene product. The rest of the reactions failed to 

show product even after 72 h. After 96 h each of the reaction were heated to 41 °C for 

additional 18 h giving a faint spot by TLC analysis where isomerization product should 

appear for entry 3 and 4. However, THF evaporated after some time and different solvent 

with same properties as THF but higher boiling points needed to be consider, forcing the 

reaction to product by applying heat to system. 
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c C02Me MMT (1.5 eql 
hu,THF 

Ph 22 

Entry 
Chiral Base 2.0 

Equivalent 

1 

2 Brucine 
3 Stcychine 
4 Cinchonidine 
5 Spa11eine 
6 Cinchonidine 0.30eq 
7 
8 Cinchonidine 0.30eq 

1. Achirl 
Base 

2. Chiral 
Base 

Achiral Base 1.0 
Equivalent 

Imidazole I eq/ 
DBU 0.30eq 

Imidazole I eq 
DMAP 2eq 
Pyridine I eq 

Isomerization 

Yes 

No 
No 
No 
No 
No 
No 
No 

Table 4. Use of chiral amine base catalytically and stoichiometrically. 

A series of reactions were performed using chiral amine bases in 2 equivalent 

and some catalytic coupled with achiral base to determine if chiral amine base would 

react in 2 and 0.3 equivalent as shown in table 4. The coordination/isomerization 

reactions where carried out for 53 h at room temperature. Isomerized product was 

observed only in the case of imdazole/DBU (entry I). The remaining reactions were 

heated to 48°C and allowed to react for additional 22 h after which DMAP (entry 7) and 

cinchonidine/pyridine (entry 8) showed some isomerized product by HPLC analysis. All 

of the reactions were allowed to react for 168 h total. HPLC chromatograms of the 

reaction were obtained at 22 h, 72 h, and 168 h after heating and no further isomerized 

product was observed for DMAP (entry 7) and cinchonidine/pyridine (entry 8). Also, it 

was noticed that most of chiral amine bases were spari ngl y so luble in THF which could 

have been the cause for the slow reactivity. It was thought that if heat was applied to the 
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system it would force reactants to product but a higher boiling solvent with similar 

properties to TH F was required such as I ,4-dioxane and I ,2-dimethoxyethane. 

c C02Me 

Ph 22 

oc,, J. 
oc~~ 

j_ 
MMT (1.5 eq) ~C02Me 

hu ~o ... 
1 ,4-Dioxane Ph 

DBU 

Scheme 19. Coordination/isomerization of alkynyl carbonyl using I ,4-dioxane as solvent. 

I ,4-dioxane coordinated with MMT and methyl 6-pheylhex-2-ynoate as expected. 

However, no allenyl carbonyl product was observed until 48hr at room temperature. 

Reaction containing I ,2-dimethoxyethane was monitored for several weeks and no 

isomerized product was observed. 

A series of reactions were preformed at 85"C using chrial amine base catalytically 

and small non-chiral base in I equivalent with I ,4-dioxane as solvent are listed in table 5. 

It was thought that with increased heat most of the isomerization reactions should form 

allene. After monitoring the reactions (table 5) for 3 days it was concluded that no allene 

was observed by HPLC and TLC analysis to our disappointment. Nevet1heless, an 

important observation was made; whenever DBU was used isomerized product was 

observed but not enantioselective when DBU coupled with chiral amine base. 
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c C02Me MMT (1.5 eql 
hu 

Ph 22 1 ,4-Dioxane 

Entry 
Chiral Base 0.30 

Equivalent 
l 
2 
3 
4 Cinchondine 
5 
6 
7 Brucine 
8 Strychine 

1. Achirl 
Base 

2. Chiral 
Base 
85°C 

Achiral Base 
1.0 Equiva lent 

DIPEA 
DMAP 

TMEDA 
TEA 

Pyridine 
lmdiazole 
TMEDA 
TMEDA 

Isomerization 

NO 

Table 5. CoordmatJon!JsomenzatJon reaction of alkynyl carbonyl usmg I ,4-DJoxane as 
solvent in place ofTHF. 

All attempts to carry out isomerization enantioselective failed. Properties of bases 

used had to be examined. We noticed that all of the pKa values of the chiral and non-

chiral bases used thus far were less then that of DBU (figure 7 and 8). We hypothesized 

that success of DBU as a catalytic base was related to its basicity. Most of the chiral and 

non-chiral bases used had a pKa of 6-10 where DBU had a pKa of 13.6. 17 It was 

hypothesized that the pKa value of the base plays large role in the deprotonation and 

reprotonation and a chiral base with the same pKa as DBU (pKa = 13.6) would induces 

enatioselectivity. 
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co NH 
)l 

-N N-
/ \ 

DBU pKa = 13.6 Chiral Amidine pKa = II TMG pKa = 13.6 

Figure 10. pKa values for other chiral and achiral amine bases 

Vll. Chiral Amidine used for isomerization 

A search for commercially available chiral bases revealed that there were no bases 

with pKa values similar to DBU. However, Dauwe and Buddrus reported the synthesis 17 

(see scheme 20) of an enantiopure C2-chiral amidinc with a pKa of 11. 15 We decided to 

examine this amidine as a racemate in the alkyne/allene isomerization reaction. 

c~J CH,N02 Mel 

4,5-dihydro-4,4-dimethyl-2-phenyloxazole 

CH3CN, rt 2hr 

Then reflux 2hr 

H 

CX~>-0 
pKa = 11 

24 

Scheme 20: Synthesis of Chiral Amidine for isomerization of coordinated alkynyl 
carbonyl. 

Chiral amidine 24 was prepared from I ,2-diamine (racemic) and oxazolinium 

salts. Oxazolinium salt 23 was prepared by methods reported in 1963 by Allen. 15 The 

amidines themselves were obtained by treating the reaction mixture with a base. 17 

Synthesized chiral amidine 24 was then used in the isomerization reactions with methyl 
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phenylhexaynoate 22 in hopes that it will carry out the isomerization as shown in Scheme 

21. 

MMT 

hu,THF 

oc,, ~ 
oc-.::::~ 

j_ CC02Me 

Ph 

Chiral 
Amidine 

Racemic( 2eq) 

Scheme 21: Coordination/ isomerization ofalkynyl carbonyl using synthesized chiral amidine 24. 

Coordination and isomerization reactions using the synthesized chiral amidine 24 

(racemic) were performed. After 48hr at room temperature no isomerized product was 

observed. Heat was applied to reaction (62°C) after 48hr at room temperature. The 

reaction mixture was monitored by I-IPLC and aliquots were obtained at 12hr, 24hr, and 

48hr. After 48hr of applied heat less then 5% isomerized product was observed although 

the amount was too small to isolate and quantify. The reaction mixture was allowed to 

react for 5 days longer. However, synthesized chiral amidine did not serve the purpose of 

carrying out isomerization in etlicient amount of time. Before investigating the use of 

stronger chiral bases. Other approaches were explored to induce enatioselectively. 
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JIX. Use of Metal Chelators 

From prev1ous findings it was determined that one equivalent of the base 

coordinates with manganese and the other equivalent transfer the proton forming the 

allene. It was contemplated that if a strong electron pair donor was coordinated to 

manganese then manganese alkynyl bond would be weakened by manganese donating 

electron density back to alkynyl system and lowering the acidity of protons at y-position. 

Therefore. the pKa values of base to deprotonate at y-position would not have to be as 

high as DBU allowing us to use commercially available chiral bases. 

Phosphines were considered because possess a neutral electron pair that are well 

know for their ability to bind transition metals. Phosphine ligands have a general formula 

PR3 where R= alkyl, aryl, H, and halide. Phosphines are easy to synthesize and readily 

available. In addition to electronic properties. the availability of various sterically 

hindered phosphine ligands may also control the reactivity or the approach of the base 

from a specific side of the metal complex. Binding in phosphine ligands can be thought 

of as having two important components. The first component is sigma donation of the 

phsophine lone pair to an empty orbital on the metal. The second component is 

backdonation from a filled metal orbital to an empty orbital on the phosphine ligand. This 

empty phosphorous orbital has been described as being either a d-orbital or an 

antiboding sigma orbital; current consensus is that the latter is more appropriate given the 

relatively high energy of a phosphorous d-orbital as shown in figure II which indicates 

energy level differences of metal and phosphine binding. 
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Figure 11: Molecular orbital diagram for Metal phosphine Complexes 

MMT c C02Me 
hu,THF 

Ph 22 

1.PPh3 • 

2. DBU 

Scheme 22:Coordination/isomerization of alkynyl carbonyl using Phosphine as ligand 
coordinated to manganese. 

Isomerization and coordination using MMT and DBU were carried out same as 

before. However. triphenylphosphine was added I h before DBU to coordinate to 

complex alkyne. TLC and HPLC of the reaction after I h with triphenylphosphine 

indicated that only coordination had occurred. After additions of a catalytic amount of 
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DBU (0.30 eq) the reaction was monitored for several hours. Previously, reactions 

without chelating agent, complete conversion to allene was observed after 24 h whereas 

the DBU chelating agent gave allene after 16 h by TLC and HPLC. 

In previous findings triphenylphosphine was used as metal chelator which 

donated two electrons into manganese alkynal bond and enhancing the rate of the 

reaction by small amount. It was hypothesized that if the triphenylphosphine is donating 

more electrons density into the metal then the allenyl 112 bond then excess 

triphenylphosphine should induce ligand substitution to give free allene under UV 

irradiation as shown in scheme 23. 

. oc,,, l,_ 
, H ,,, H OC r 

1.5 eq of PPh3 : t ·--.:.::_ + - ·Mn 
____:.:..:::.....:=-.::..:._:_:~-· : ~co2Me I \ 

hv .THF : Ph Ph3P PPh3 
365nm 

: Not observed 

Scheme 23. Attempted decomplexation using triphenylphospine assisted by UV irradiation 

The ligand exchange procedure failed to give the desired results. It showed that 

manganese/a llene bonds are stronger then Mn/triphenylphosphine bonds. This is not 

necessarily true ; it could be that the kinetic barrier to ligand exchange is very high. 

It was thought that triphenyl phosphine was more of sigma donor then nitrogen 

and that using ligands of elements further down column V in the periodic table might 

improve sigma donation . Thus it was hypothesized that arsenic would be more of a 

sigma donor than phosphorus. However, in the case oftriphenyl arsine this did not appear 

to be the case since the reaction time was increase to 13days. 
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When electron-withdrawing (electronegative) groups are placed on the 

phosphorous atom, the sigma-donating capacity of the phosphine ligand tends to 

decrease. At the same time, the energy of the pi-acceptor (sigma-*) on phosphorous is 

lowered in energy, providing an increase in backbonding ability. Therefore, phosphines 

can exhibit a range of sigma donor and pi-acceptor capabilities, and the electronic 

properties of a metal center can be tuned by the substitution of electronically different but 

isosteric phosph ines. 

Greater rr-acidity --------

------Greater CJ donation 

Figure 12: Phosphine sigma donation 

Several mono and bidenated li gands (Table 6) that contain either electron 

withdrawing or electron donating groups were evaluated for their effect on the reaction 

rate and enantioselectivities in the case of chiralphosphines. 

~ o-r - b 
T ri phenylphosph ine 

I 
- P. 

\ 

Triphenyl Arsine 

I 
'p~P 
/ " 

F. F 

F-p:F)={ 
F. P~F 

F* FF F 
F F 

tris(pentafluorophenyl)phosphine 

Trimethylphosphine 1 ,2-bis(dimethylphosphino)ethane 

OF F-o-q 
Q~O 

p p 

d '0 
1-(phenyl(2 -( di phenyl phosphine )ethyl)phosphino )benzene 

Table 6. Mono and Bidenated Ligands 
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Tris(pentafluorophenyl) phosphine used as a ligand gave no isomerized product 

even after 26 days. This tends to support the hypothesis that an electron-withdrawing 

group on the phosphorous atom decreases the sigma-donating capacity of phosphine 

ligand. Further support of the hypothesis can be seen in the fact that, lowering the number 

of electron-withdrawing groups on the phenyl ring brought about the isomerization 

reaction in 16 h when tris( 4-fluorophenyl)phosphine was used as a I igand. As a 

consequence of these findings it was hypothesized that multidenated ligand if used should 

enhance the rate of the reaction because it would donate double the electron density into 

manganese. Mono and bidenated ligands were used to perceive any change in the rate of 

the reaction. 

Use of trimethylphosphine as a ligand produced rewarding results. Coordination 

and isomerization was carried out as indicated before. Aliquots were taken at 15 min, 1.5 

h, 3 h, and 23 h. Complete isomerization had taken place after 3 h, as determined by 

HPLC analysis. This was a significant rate increase relative to DBU and PPh3. Within 3 

h of when the base was added the reaction had gone to completion which has never been 

observed before. This is likely due to the fact that the sigma donating ability of 

trimethylphosphine is greater then that of triphenylphosphine. For future research a rough 

ordering of the pi-accepting or sigma-donating capabilities of phosphines can be 

accomplished by synthesizing a series of complexes in which the only difference is the 

nature of the phosphine ligand . If these complexes contain a carbonyl ligand, then the 

CO stretching frequency as measured by I R can be used as an indicator of electron 

density at the metal (the lower the value of the CO stretching frequency , the greater the 

backbonding to the metal and thus the higher the electron density at the metal). 
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While the use of trimethylphosphine as ligand decreased the rate of isomerization 

to less then 3 hours, we found that bidenated ligands (Table 6.) actually gave no increase 

in reaction times. The same affect of electron donating capacity was observed for mono 

and bidenated ligand. The effect trimethylphosphine on the reaction rate was so 

significant that we contemplated using this ligand with a weak amine bases in the 

isomerization reaction. A series of reactions described in Table 7 were performed using 

trimethylphosphine as a ligand. 

c C02Me 

Ph 22 

MMT (1 .5 eq) 

hu,THF 

Entry 

1 
2 
3 
4 
5 

oc,,,, J,. 
oc-~ 

j_ 
LC02Me 

Ph 

Achiral Base 0.30 
Equivalent 

TMEDA 
DIPEA 
TEA 

Imidazole 
DBU 

Isomerization 

No 
No 
No 
No 
Yes 

Table 7. Coordination and isomerization of alkynyl esters using catalytic achiral amine 
bases coupled with one equivalent oftrimethylphospine as ligand. 

Aliquots of the reactions were taken at t = 30 min, I h, 2 h, 2 days, 4days, 7days, 

and 13 days. After 2 h some isomerization was observed for entry I, 3, 4 by I-IPLC. 

However, after thi1teen days of reaction no further product was observed. It was deduced 

from the above findings that trimethylphosphine enhances the reaction rate only when 

used with a strong base such as DBU . Chiral phosphine ligand such as dimethyl-4,5-
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bis((dippheylphosphino)methyl)-1 ,3-dioxolane(DIOP) and Bis(diphenyl-phosphino)-1, 1-

binaphthyl (Figure 13.) were used in combination with 0.30 eq of DBU to induce 

asymmetry in the isomerization reaction. 

Q 0 
;=(-/>-{p0 
v ox v 

(4S,5S)-2,2-dimethyl-4,5-bis((diphenylphosphino) 
methyl)-1 , 3-dioxolane 

DIOP 
2-( diphenylphosphino )-1-(2-( diphenylphosphino) 

naphthalen-1-yl)naphthalene 

Figure 13. Chiral bisphosphines used in the isomerization reaction. 

Coordination/ isomerization using chiral phosphine were performed as before. 

DBU was used as the isomerizations base and the reactions were monitored by HPLC. 

Although reactions gave high yie lds of isomerization products in 23-30 h no 

enatioselectivity was observed as measured by chiral HPLC. We next turned our 

attention to chiral amine bases with pKa values greater than 11. The next section 

describes our synthesis and application of these bases to the isomerization reaction. 
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IX. Guanidines as Chiral Superbase 

Modified guanidines have been used as a chiral superbase for asymmetric 

synthesis. 16 Due to their strongly basic character quanidines can be characterized as 

superbases. Chiral guanidines have only found limited use in asymmetric synthesis as due 

mainly to the lack of simple preparation methods. 16 Prior to the synthesis of a chiral 

derivative of tetramethyl guanidine (TMG), commercially available TMG was used in 

isomerization reaction. This experiment was performed to determine if more than one 

equivalent of TMG without ligand would lead to isomerization. Aliquots of the reaction 

were taken at t = 30 min, I h, 2 h, 8 h.l9 hand 7days. After 19 h some isomerization was 

observed by HPLC analysis. However, after one week of reaction only I 0% of 

complexed allene was observed. We next attempted the isomerization reaction using 

trimethylphosphine and 0.30 eq of TMG. We expected that the PMe3 should increase the 

reaction rate as in the case of DBU. 

c C02Me 
hu,THF 

Ph 22 

MMT 

Scheme 24. Coordination/isomerization of alkynyl carbonyls using TMG as base and 
Trimethylphosphine as ligand 

In fact this combination did not show any isomerization product even after 2 

weeks. At this point it is not understood why TMG possessing the same pKa as DBU 

( 13.6) did not catalyze the isomerization reaction . The pKa of TMG and DBU were 
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determined in DMSO. Perhaps the pKa of these two bases is quiet different in THF since 

the electronic effect have only a secondary role when it comes to base strength. Much 

more important is the salvations of the base. Better solvated species is a weaker base. Up 

to this point all attempts to carry out isomerization enantioselectively failed, which leaves 

one other possible approach; the synthesis of chiral DBU derivative. 
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X. Synthesis of Chiral DBU Derivatives 

I, 8-Diazabicyclo [5.4.0] undec-7-ene (DBU) and, I. 5-diazabicyclo [4.3.0] non-

5-ene (DBN) have attracted considerable interest due to their importance as non

nucleophilic strong organic bases in promoting a variety of organic transformations, such 

as isomerizations, esterifications, alkylations, Michael additions, condensations, and 

functional group protections. Accordingly, it is easy to imagine that the introduction of a 

chiral center onto the DBU/DBN skeleton could provide an efticient entry to novel 

enantiopure organic base catalysts. Unfortunate ly, very few examples of the synthesis of 

chiral DBU/DBN derivatives have been reported to date. Kotsuki described a novel 

synthesis of a sterically hindered DBU starting from (+)-camphoric acid. 18 

( +) camphor lactam was prepared in four steps starting from the appropriate 

anti pods of camphoric acid22
·
23 which was monomethylated in methanol and sulfuric acid 

under reflux to give 36 in 80% yield . Subsequent amination was carried out using 

phosphorus pentachloride and aqueous ammonium hydroxide to give 37 in 95% yields. 

The corresponding product 38 was obta ined by a Hoffmann rearrangement and cyclized 

using sodium hydride and aqueous ammonium chloride to give the desired lactam 31 111 

78% yields. 

The synthesis of 30 was carried out starting from I ,4-butancdiol. Nishiguchi and 

Kawamine 19 reported that highly selective monacylation or I ,n-diols could be achieved 

by transesteritication catalyzed by metall ic su lphates supported on chromatographic silica 

gel [M 111(S04) 11-Si02] . That study suggested that se lective reactions such as monacylation 

may occur when the polarity successive ly decreases from starting material to the final 

product and the polarity of so lvent is suitable. 19 
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HO \X OH 1. MeOH 

~ 2.Sulfuric acid 
Ho~o- 1PCI5 H2N~d 

2.NH40H O 
37 

O 0 
refulx for 20min 

(+)-Camphoric acid 

1.MeOH (solvent) 
2.Na metal 

3 Br2 

4. 50°C Heated for 3 h 

5. The acid was precipitated by HCI 

o 36 0 
80% 

'o ~ oA cf _1~. N.:..::a:.:_H~--
N 2.aqNH4CI 
H 38 0 

68% 

95% 

~0 
31 H 

78% 

AI2(S04)3-Si03 
25 

HO~OH 25 HO~OTHP 1.Triethylamine- 2eq TsO~OTHP 

Hexane:THF 
1:1.5 

Dihydropyran- 1eq 

26 2. p-TosCI-1 .3eq 27 51 % 

1.NaN3 
Dry DMF , 
70°C overnight 

85% 

N{'"'-,._..~OTHP MeOH, Amberlyst H-15 

28 92% 45°C, 3hr 

N~OH 
3 

29 98% 

1.Triethylamine- 2eq N{._..,,._..~OTs 
2. p-TosCI- 1.3eq 30 55% 

31 

KH, THF 
0°C, rt 

#~N, 
32 
55% 

H2. 20% Pd(OH)2/C, 

( Boc hO, EtOAc, rt 

CH2CI2 

1-Mel ,rt 

0 Lawesson's reagent, s CH2CI2. ooc _ ~ 
2-CF3COOH, 

toluene 100°C 3- 10% aq NaOH . N 
~NH Boc ~NH Boc 

33 
78% 

34 
44% 

35 42% 

Scheme 25: Total Synthesis of ( I R,SS)-2,6-Diaza- 1, I I, ll-trimethy ltricy clo[7.2 .1 .0]tridec-6-ene (35) 
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44% 
2-azabicyclo[2 .2.1]hept-5-en-3-one 

H2, 20% Pd(OHh/C, 

(BochO,EtOAc,rt 

Lawesson's reagent, , 
toluene, 1 00°C 

d:Js 
N~NHBoc 

42 

1-Mel ,rt 
2-CF3COOH, 
CH2CI2, 0°C 

3- 1 0% aq NaOH 

32% 

JTO 
~NHBoc 

41 
22% 

Scheme 26. Total Synthesis of( I R,8S)-2,6-Diaza-tricyclo[7 .2 .1 .0]dec-6-ene (43) 

HO~OH 

Hexane: Dihydropyran 

1:1 

Scheme 27. Monoprotection of I ,4-butanediol using AI2(S04)] as a phases-transfer 
catalysts. 

However, all attempts to mono protect I ,4-butanediol us111g the conditions 

described by Nishiguchi and Kawamine failed to give monoacylation. After some trial 

and error we altered the solvent system to hexane/THF and used only I equivalent of 

dihydropyran giving 85% of monoprotected product 26. 

HO~OH AI2(S04h-Si03 

Hexane:THF 
1:1 .5 

Dihydropyran- 1 eq 

HO~OTHP 

26 

Scheme 28. Monoprotection of I ,4-butanediol using AI 2(S04h as a phases-transfer catalysts 
with hexane and THF as solvents 

Tosylation of monoprotected THP-butanol 26 was achieved us1ng p-toluene sulfonyl 

chloride in the presence of triethylamine21 to give tosylated product 27 in 51%. Tosylated 

27 was treated with sodium azide in water or DMF under microwave irradiation to afford 

the corresponding azide 28 in quantitative yield. 20 Synthesis of fragment 30 was achieved 
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via THP deprotection followed by tosylation. Coupling of tosylated azide 30 with (+) 

camphor lactam 31 that was prepared by KH mediated alkylation of the lactam nitrogen 

to give compound 32 in 55% yield. Reductive transformation of the terminal azido group 

to the corresponding N-{ler/-butoxycarbonyl)-protected amines 33 and under catalytic 

hydrogenation conditions, followed by treatment with La wesson ·s reagent in toluene at 

1 00°C, gave thiolactams 34 and 42. Finally, treatment of 34 and 42 with excess Mel, 

followed by deprotection of Boc group with trifluoroacetic acid in methylene chloride at 

0°C. afforded the corresponding ammonium salt which, upon exposure to excess I 0% 

aqueous NaOH, cyclized to give the desired amidines 35 in 42%. Also total synthesis of 

43 is shown in Scheme 26 and details of the synthesis are discussed in the experimental 

section. 

However, before the synthesis of(+) camphor lactam it was thought that it was 

available commercially and in place of it 2-azabicyclo [2.2.0] hept-5-en-3-one 39 was 

purchased which was also coupled with tosylated azide to give 40 in 45% yield. We 

consider the use of compound 39 used in place of the (+)camphor lactam could would 

save few steps in the synthesis if its reactivity of compound 39 is the same as (+) 

camphor lactam 3 t. 

Isomerization and coordination using synthesized chiral DBU 35 derivatives were 

carried out as before. However, chiral DBU was added before the ligand and reactivity of 

the chiral DBU derivative was very slow. The cause for slow reactivity could be due to 

the fact that chiral DBU was added prior trimethylphosphine. Perhaps a ligand exchange 

to free up the DBU derivative was prohibitively slow. With no free DBU derivative 
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allene is not likely to form. This suggests a follow up experiment involving the initial 

addition of PMe3 with the addition of 35 following the phosphine/Mn coordination. 

XI. Use of Alkoxy Bases 

Alkoxy base were considered because there pKa is greater then DBU and chiral 

derivatives are available commercially. A series of alkoxide bases were evaluated for 

their effect on the isomerization of alkynyl esters when complexed to MMT. 

We initially attempted the isomerization reaction with potassium tert-butoxide 

( 1.3 eq). We were pleased to observe that allene formation had completely occurred in 3 

h. In the spectra (Figure 17.) a very small amount of free allene can be observed at tr= 

7.52 min and 8.17 min at 50/50 ee as expected. Also at tr= 11.34 min and 12.70 min 

represent complexed allene. The peaks at tr = 14.30 min and 16.95 min are the peaks that 

represent the cis form of the complex. Sodium methoxide was also used but only some 

isomerized allene was observed after 6 days. Then several chiral alcohols (Table 8.) were 

examined for their reactivity and asymmetric influence on the isomerization reaction. 
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Chiral Alcohols 

H)-0 
(S)-cis-verbenol (S)-(-)-1-Phenylethyl A I coho I 

~ 
(I R)-endo-(+)-Fenchyl alcohol (S)( + )-1-phenyl-2-propanol 

DL-6-methy 1-5-hepten-2-ol alpha-(tri fl uoromethy I) benzy I alcohol 

Table 8. 

S)-(-)-1-Phenylethyl alcohol produced only a small amount of allene leaving a 

significant amount(> 90%) even after 72 h of reaction (Figure 18). (S)-(+)-1-Phenyl-2-

propanol as base reacted somewhat slower. However. enantioselectivity was observed, as 

show in the chromatogram (Figure 19). At R1 = I 0.60 min , alkyne is observed and at R1 

= 10.90 min and 12.70 min allenyl ester enantiomers appear in a ratio of 3:1 which 

corresponds to 50% enantiomeric excess. Alpha-(trifluoromethyl) benzyl alcohol, DL-6-

methyl-5-hepten-2-ol and (S)-cis-Yerbenol were used in isomerization but were reacted 

very slowly. 

By contrast, (I R)-endo-(+ )-Fenchyl alcohol as the isomerization base reacted to 

give the isomerized allene product within 15min as shown in the chromatogram in figure 

22. The reaction had completely isomerized after 2 h as shown in the chromatogram ( 

Figure 21 ). Also, by TLC which indicated no starting material. The reaction was 

monitored for 36 h and chromatograms at 2 h , 23 h and 36 h give the same percent of 
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complexed allene formed. The ratio of enantiomer were 2: I g1vtng an enantiomeric 

excess of 33%. 

Our studies involving alkoxide bases although very encouragtng are only 

preliminary. Follow up experiments are required to substantiate the results. 
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Selected HPLC chromatograms are shown for the purpose of generality and to show how 

the experiments were monitored . 
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Figure 14: HPLC chromatograms of complexed alkynyl carbonyl with MMT 
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In the chromatogram below (S) ( + )-1-Phenyl-2-propanol used for isomerization and after 

72 h the reaction had not completed isomerized. However enantioselectivity was 

observed. As show in the chromatogram blow at R1= I 0.60 which is alkyn and at R1= 

I 0. 90 and 12.70 are the two enantiomers. A ratio of 3: I can be observed. 
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In the chromatogram below (I R)-endo-(+)-Fenchyl alcohol used for isomerization and it 

15min 50% had isomerized and enantioselectivity was observed . 
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In the chromatograms below (I R)-endo-(+)-Fenchyl alcohol used for isomerization and 

it 30 min the reaction seemed almost completely isomerized and enantioselectivity was 

observed. The reaction had completely isomerized after 2hr as shown 111 the 

chromatogram below labeled t =2 h. The reaction was monitored for 36 h and the 

chromatogram at 2 h, 23 hand 36 h give the same percent of complexed allene formed. 
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Figure 21: Isomerization with (I R)-endo-(+)-Fenchyl alcohol at 30 minutes and 2hr. 
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CHAPTER II I. 

Experimental 

All 1H and 13C NMR spectra were recorded on a Varian Mercury Plus 400 MHz 

spectrometer. All NMR spectra were taken in CDCI 3 solutions. Chemical shifts of 1H 

and 13C NMR were expressed in parts per million relative to chloroform (8 7.26). All 

spectra were analyzed using Mestre-C NMR Software version 3.7.9 and were treated 

using the 'Full Fr. 'A utomatic Phase APr and 'Full Auto Baseline Correction' 

processing options (in that order). Mestre-C was also used to integrate the peaks to 

produce normalized areas for each compound. HPLC analyses were carried out using 

Hitachi-L4200H UY-Yis Detector, Hitachi -L-6200A Intelligent Pump Model-Gradient, 

Hitachi (EM-Science) D-2500 Chromato-lntegrator. A (R,R) Whelk-0 I brush - type 

HPLC column (25cm X 4.6 5).!m spherical si lica palticles of I 011 ooA pore size) available 

from Regis Technologies Morton Grove. I L was used to derivatize between the 

enantiomers. HPLC sample was prepared by dissolving aliquots of crude sample in 95:5 

hexane/ I P A. 

Cyclopentadienylmanganese Dicarbonyls THF complex (4) 

CpMeMn(CO)J added to vial containing a stir bar. sea led and flu sed with argon. Then dry 

THF was added and allowed to stir for few minutes followed by UY (365 nm) irradiation 

for 30 min leading to a color change from yellow to wine red. Subsequent flushing with 

for few minutes to eliminate CO (note: if precipitate forms repeat reaction). According to 

pervious reports the wine red color confirms the presence of complex 4. Also an IR study 

of the complex by Frank-Neumann demonstrated that the CO bonds of the 
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(CsHs)Mn(C02)(THF) resonate at 1921 and 1850 cm-1 but decomposes gradually over 

the course of time.25 

2-(hex-5-ynyloxy)-tetrahydro-2H-pyran (5). 

To a round bottom flask equipped with a stir bar was added hex-5-yn-1-ol (5g, 

50.95mmole), 3, 4-dihydro-2-pryan (8.57g, I 0 1.87mrnole), and in CH2Cb The mixture 

was cooled to 0°C followed by the addition of p-TsOH ac id (0.0 I eq). The reaction 

allowed to react over night. CH2Cb was removed by rotavapor, 50ml of Et20 was added 

to the flask and the organic layer was washed with 50ml of solution mixture of I: I: I, 

H20, Brine, sat NaHC03 Flash column chromatography was carried out using I% E/H to 

give 5 in 76% yield. 1H NMR (CDCI 3) () 1.43 (4H,m), 1.59 (5H, m), 1.85 (2H, m), 

2.03(2H, t). 3.37(2H,t), 3.55-3.65(2H, q), 4.95 (I H,m). 

Methyl 7-(tetrahydro-2H-pyran-2-yloxy)hept-2-ynoate (6). 

2-(hex-5-ynyloxy)-tetrahydro-2H-pyran was added to so lution of THF and cooled to -

78°C and stirred for I Om in then n-BuLi was added and st irred for 2 h. After 2 h 

CICOOMe was added (0.969g, 15 .72mmole) and sti rred over night25
. The reaction 

mixture was quenched with brine and THF layer separated. THF layer was dried over 

MgS04 and concentrated to a crude oi I. Purification by flash column chromatography 

was carried out staring at 3% E/H to give 6 in 75% yield. 1 H NMR (CDCI 3) 8 1.43 

(4H,m), 1.59 (5H, m), 1.85 (I H, m). 2.03(2H, t), 3.3 7(2H,t), 3.55-3.65(2H, q), 3.69 (3H, 

s), 4.95 (I H,m). 

Methyl6-(benzyloxy)hex-2-ynoate (10) 

A round bottom flask equipped with Teflon coated magnetic stir bar was charged with 

NaH (273. 7mg, 7.125mmol) in 60% oil was washed with hexanes 20m I x 6. I Om I of 
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DM F was added to the fiask and brought to -78°C. The reaction mixture was allowed to 

cool for 30m in and then benzyl bromide ( 1.423g, 8.32mmole) was added slowly and 

allowed to react over night. The reaction was worked up with water and extracted with 

ether. Purification was done staring at 2% E/H and increased to 6% E/H. The purified 

benzyl protected allenyl ( 1.2g, 6.89mmole) was added to a round bottom flask equipped 

with a Tefion coated magnetic stir bar and rubber septum and solution of THF. The 

reaction mixture was cooled to -78°C and stirred for I Om in then n-BuLi was added and 

stirred for 2 h. After 2 h CICOOMe was added (0 .969g, 15.72mmole) and stirred over 

night25
. The reaction mixture was quenched with brine and THF layer separated. THF 

layer was combined and was dried over MgS04 and nash column was carried out staring 

at 3% E/H given 10 in 84% yeild. 1H NMR (CDC1 3) 8 1.82 (21-1, m), 2.4 (21-1, t), 3.49( 

21-1, t), 3.67( 31-1, s), 4.49 (2H,s), 7.30 (51-1, m). 

Ethyl 2-methyl-4-phenylpenta-2,3-dienoate (8) 

A 1-L, three-necked, round-bottomed flask was equipped with a nitrogen inlet pressure

equalizing dropping funnel fitted with a gas outlet, and a Teflon-coated magnetic stirring 

bar. The flask was charged with dichloromethane 16ml and ethyl 

(triphenylphosphoranylidene) acetate ( 1.17g, 3.23mmole) and flushed with nitrogen. The 

yellow solution was stirred at 25°C as a so lution of triethylamine ( 0.327g, 3.23mmole) in 

dichloromethane was added dropwise over 5 min. After I 0 min, propionyl chloride 

(0.500g, 3.23mmole) in dichloromethane was added drop wise to the vigorously stirred 

solution over 15 min. Stirring was continued for an additional 16 hr, after which the clear, 

yellow-tinted mixture was evaporated on a rotary evaporator at reduced pressure using a 
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water bath maintained at 25°C. 1H NMR ( CDCI 3) 8 1.30( 3H, t), 1.59 ( I H, s), 4.23 (2H, 

t), 6.5 (I H, s), 7.14- 7.30( 5H,m); MS mlz for HR ( 202.02992) [M( 

Deuterium labeled 3-phenylpropan-1-ol (It) 

A round bottom flask equipped with a Telfon coated magnetic stir bar charged with THF 

and LiAID4 (0.2489g, 5.929mmole) was cooled to -I OOC and flashed with argon for about 

I Om in. Then acid chloride (3-phenylpropanoyl chloride) (I g, 5.930mmole) was added 

cautiously. The reaction mixture was allowed to react over night. Work up was done by 

adding di-H20 to the flask slowly. Then the reaction mixture was extracted with ether 

and purified starting with 10% E/H to give (11) in 90% yield. 1H NMR (CDCI 3) 8 1.82 

(2H, t) 2.7 (2H, t) 7.12-7.40 (5H , m). 

Deuterium labeled 3-phenylpropyl trifluoromethanesulfonate (12) 

Deuterium labeled alcohol (ll) (.700g, 5.139mmole) was suspended in CH 2Cb and 4-

dimethylaminopyridine (0.224g, 0.0067mmole) was added. Trifluoromethane sulfonic 

anhydride (2.9g, 10.27mmole) was cautiously added via syringe and the solution was 

then stirred at room temperature for about 2 h. Thereafter the solution was washed with 

IM hydrochloric acid (3x50ml), water (lx50ml) and saturated brine (lx50ml). After 

drying the solution with magnesium sulphate the solvent was removed in concentrated 

vacuo to give (12) in 95% yield.26 This was immediately taken to the next step. It was not 

purified and no NM R of the product was obtained. 

Deuterium labeled Trimethyl (5-phenylpent-1-ynyl)silane ( 13) 

A round bottom flask equipped with a Telfon coated magnetic stir bar charged with THF, 

TMS-acetylene (3.188ml, 22.55mmole) and LOA (7.52ml) and stirred for 20min under 

argon at -78"C. Then the triflated alcohol (12) ( 1.50g, I 1.0 14mmole) was added and 
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allowed to react over night. The reaction mixture was concentrated in rotavap. A thick 

dark yellow mixture was left behind which was puritied using hexane by column 

chromatography starting with 1% E/H to give (13) in 94.5% yield. 1H NMR (CDCI 3) () 

0.8 (9H,s), 1.8 (2H,t), 2.75 (2H, t), 7.2-7.4(5H,m); R1= 0.78 in 20%E/H. 

Deuterium Labeled 1-(pent-4-ynyl)benzene (14) 

Trimethyl phenylpentynyle silane was dissolved in MeOH then K2C03 was added to the 

solution and allowed to react overnight. The reactions was purified by column 

chromatography using hexane to give (14) in 55.4%. When EtOH was used as solvent 

percent yields were 80.25% and higher. 1H NMR (CDCI 3) 8 1.8 (2H,t), 1.90 (1 H,s), 2.75 

(2H, t) , 7.2-7.4(5H,m); R1= 0.68 in 20%E/H. 

Deuterium Labeled Methyl6-phenylhex-2-ynoate (15) 

In a oven dried round bottom tlask containing stir bar and pentynlbenzene (0.072g, 

0.499mmole) in solution ofTHF was sealed with a rubber septum and flashed with argon. 

The reaction mixture was then cooled to -78°C for 20min and BuLi (0.299ml, 

0.499mmole) was added. The reaction mixture was kept cooled for 2hr at -78"C. After 2 

hours CICOOMe was added and allowed to warm to room temperature. The reaction was 

allowed to react over night. The mixture was concentrated by using Buchi (EL 131) 

rotavapor. The concentrated oily mixture was then purified using silica gel slatting at 

solvent concentration at 2% E/H and increased to give. 11-1 NMR (CDCI 3) 8 1.8 (2I--l,t), 

2.75 (2H, t). 3.8 (3H,s) 7.2-7.4(5I--l ,m); R1= 0.50 in 20%£/ I--1. 
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Deuterium Labeled Methyl 6-pheylhex-2-ynoate complexed with 

Cyclopentadienylmanganese Dicarbonyls ( 16-17) 

CpMeMn(C0)3 added to vial containing a stir bar, sealed and flu sed with argon. Then dry 

THF was added and allowed to stir for few minutes followed by UV (365 nm) irradiation 

for 30 min leading to a color change from yellow to wine red . Subsequent flushing with 

for few minutes to eliminate CO (note: if precipitate forms repeat reaction). According to 

pervious reports the wine red color confirms the presence of complex 4. The ester 

dissolved in TI-IF was added and it was irradiated under UV light overnight. TLC 

analysis indicated that all of the 6-phenylhex-2-ynoate had coordinated to give (16). Then 

a base was added for isomerization in the absence of light and allowed to react over night 

at room temp. TLC analysis indicated that isomerization had completely taken place to 

give (17). The reaction mixture was puritied using silica gel starting with 0.05% E/1-1 . 

I-IPLC of the following allene was obtained using Hexane and IPA 95:5. No NMR was 

obtained because Mn causes considerable band broadening. 

Deuterium Labeled Methyl2-methyl-6-phenylhexa-2,3-dienoatc (18) 

A vial equipped with Teflon coated magnetic stir bar and rubber septum was charged 

with the manganese coordinated allenyl ester with 2ml ether. To this was added 6ml of 

methanol, and the reaction mixture stirred under constant UV irradiation for several days 

to give some (18) in 2%. TLC indicated decomposition of the reaction. 

labeled 3-phenylpropyl trifluoromethanesulfonate (19) 

3-phenylpropan-1-ol (.700g, 5.139mmole) was suspended 1n CI-I2Cb and 4-

dimethylaminopyridine (0.224g, 0.0067mmole) was added . Tritluoromethane sulfonic 

anhydride (2.9g, I 0.27mmole) was cautiously added via syringe and the solution was 
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then stirred at room temperature for about 2 hr. Thereafter the solution was washed with 

I M hydrochloric acid (3 X 50ml) , water (I X 50ml ) and saturated brine (I x50ml). After 

drying the solution with magnesium sulphate the solvent was removed in vacuo to give 

(19) in 97% yield26
. This was immediately taken to the next step. It was not purified and 

no NMR of the product was obtained . 

Trimethyl (5-phenylpent-1-ynyl)silane (20) 

A round bottom flask equipped with a Telfon coated magnetic stir bar charged with TI-l F, 

TMS-acetylene (3.188ml, 22.55mmole) and LDA (7.52ml) and stirred for 20min under 

argon at -78°C. Then the tritlated alcohol ( 19) ( 1.50g, I 1.0 14m mole) was added and 

allowed to react over night. The reaction mixture was concentrated in rotavap. A thick 

dark yellow mixture was left behind which was purified using hexane and column 

chromatography starting with 1% E/1-1 to give (20) in 94.5% yield. 11-1 NMR (CDC1 3) 8 

0.8 (91-l,s), 1.8 (21-1, p), 2.25 (21-1, t), 2.89 (211 , t) 7.2-7.4 (51-l,m); R1= 0.78 in 20%E/H. 

1-(pent-4-ynyl)benzene (21) 

Trimetyl (5-pehylpent-1-ynyle)silane was dissolved in MeOH then K 2C03 was added to 

the solution and allowed to react overnight. The reactions was purified using silica gel 

staring with hexane to give (21) in 78.25%. When EtOH was used as solvent percent 

yields were 80.25% and higher. 11-1 NMR (CDCI 3) 8 1.89 (21-1 , p), 2.00(1 H,s), 2.20 (21-1, 

t), 2.79 (21-l,t), 7.2-7.4(51-l,m); R1= 0.68 in 20%E/1-1 . 

Methyl 6-phenylhex-2-ynoate (22) 

In a oven dried round bottom flask containing stir bar and pentynlbenzene (0.072g, 

0.499mmole) in solution ofTHF was sealed with a rubber septum and tlashed with argon. 

The reaction mixture was then cooled to -78"C fo r 20min and BuLi (0.299ml, 
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0.499mmole) was added. The reaction mixture was kept cooled for 2hr at -78°C. After 

hours CICOOMe was added and allowed to warm to room temperature. The reaction was 

allowed to react overnight. The mixture was concentrated by using Buchi (EL 131) 

rotavapor. The concentrated oily looking mixture was then purified using silica gel using 

starting at solvent concentration at 2% E/H and increased to give. 1H NMR (CDCI 3) 8 

1.8 (2H,t), 2.40 (2H,t), 2.75 (2H, t), 3.8 (3H,s) 7.2-7.4(5H,m); R1= 0.50 in 20%E/H. 

3,4,4-Trimethyl-2-phenyi-A-oxazolinium Iodide (23) 

A solution of 3.56g (25.08mmol) of iodomethane and 2g (I 1.41mmole) of 2-phenyl-4,4-

diemthyl-~2-oxazoline in 30ml of nitromethane was heated at reflux for 3.5hr during 

which the retluxing temperature rose form 76 to 95°C and the solution turned dark 

yellow. However in the reference it indicated that the solution should turn red. The 

reaction was allowed to reflux for 17hr and st ill did not turn red. On cooling the solution, 

yellow crystals precipitated as soon as the temperature dropped to 70°C, but up on 

cooling no crystals precipitated out so large amount of ether was added and cold in dry 

ice. Then crystals were observed and allowed to cool for 45min. The crystals were 

collected using Bucker funnel and dried. Recystall ization was attempted using anhydrous 

methanol and ethyl acetate that gave (.270g) in 56% as colorless needles of 3,4,4-

trimethyl-2-phenyl-~2-oxazolinium iodide27
• 

1H NMR (CDCI3) 8 1.60(3H,d), 1.80(6H,s), 

3.8 (2H, s). 7.6-8.1 (5H, M). 

(3aR, 7aR)-3a,4,5,6, 7, 7 a-hexahydro-2-phenyl-1 H-benzold] imidazole (24) 

In a oven dried round bottom flask equipped with stir bar, rubber septum and 

oxazolinium iodide( .270g, .14191 mmole) dissolved in I Om I of acetonitrile was flashed 

with argon. Then reacemic trans-diaminocyclohexane (.194g, 1.698mmole) was 
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dissolved in acetonitrile was added to the reactions flask and stirred at room temperature 

for 2hr. Then reflux at 94-97°C for 2hr. After evaporation of the solvent at reduced 

pressure, the residue was dissolved in CH2Cb (60ml) and extracted with 5% aq Na2C03 

(30ml x 3). The organic phase was dried (Na2S04) and the solvent was evaporated at 

reduced pressure leaving the amidine as an oil. 1 H NMR (CDCI3) 8 1.2- 1.6(6H,m), 1.76-

1.88 (2H,m), 2.23 (I H,t), 3.8 (I H,q), 6.15( I H, broads), 7.40-7.60(3H,m), 8.00(2H,d). 

Aluminium Sulphate Supported on Silica Gel (25) 

The catalyst was prepared by adding 3g of chromatographic sil ica gel to a so lution of Ab 

(SO) 3 (3.087g, 6mmol) in water (60ml). Water was removed at first in a rotary 

evaporator and then under reduced pressure (5-I 0 x I 0~ Pa) at 230-240°C for I h while 

stirring. No NMR was obtained . 

4-(tetrahydro-2H-pyran-2-yloxy)butan-1-ol ( 26) 

In a oven dried round bottom flask containing a stir bar and 8g of I .4-butanediol was 

added 0.5992g of the catalysts in a solutions of I : 1.5 of hexane and THF to which I eq of 

dihydropyran . The reaction mixture was allowed to react for 4.5 h and then pluged and 

rotavapor and concentrate. TLC of the staring material and reactions mixture was done. 

Some diprotected alcohol was observed but mostly it gave monprotected alcohol at 

75.83% yield. 1 H NMR (CDCI3) 8 1.40-1 .80 (I OH , m), 3.43-3.60(2H,m). 3.65(2H, t), 

4.65 (I H, t); 13C NMR (CDCI3) 8 20, 25.5, 26.9. 30.33, 30.85, 62.60, 63.00, 67.75, 

99.10; Rr= .47 in 30% E/H 

4-(tetrahydro-2H-pyran-2-yloxy)butyl 4-methylbenzenesulfonate (27) 

To a solution of THP-protected butaneol (.222 g, 1.27 mmol) in CH2CI2 (I 0 ml) were 

added triethylamine (0.258g, 2.55mmol), p-TosC I (0 .3 15 g, 1.65mmol) and a catalytic 
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amount of DMAP at rt. The mi xture was stirred at rt for 48 h. Subsequently, the so lvent 

was concentrated by rotavapor, the residue was taken up in water (30 ml) and extracted 

with diethyl ether (4x40 ml). The organic layers were combined, washed with brine, 

dried over Na2S04 and concentrated. The crude product was purified by column 

chromatography (silica gel, ethalacetate and hexane 3%). Analys is of NMR indicated that 

compound (27) was obtained in 51.66% yie ld. 1 H NMR (CDCI 3) 8 1.49-1.80 (I OH, m), 

2.49 (3H, s), 3.32 (I H, m), 3.48 ( I H, m), 3.60-3.80(21-1, m) , 4.51 (I H, t), 7.32 (2H, d), 

7.79 (2H, dt) ; Rr= 0.50 in 30% E/H 

2-(4-azidobutoxy)-tetrahydro-2H-pyran (28) 

Reaction mixture oftosylated (27) (.1147g, 0.349mmole) and sodium azide (0.0341g, 

0.522mmole) in DMF (IOml) was heated at 70°C for 16hr. After cooling to room 

temperature, ether (15m I) was added and the organic layer was washed with water, 

collected and dried over sodium sulfate. Evaporation under reduced pressure and flash 

co lumn chromatography gave 0.0644g (28) in 92.5%. 1H NMR (CDCI 3) 8 1.50-1.60 (6H, 

m), 1.64-1.74(61-1, m), 2.88 (2H, s), 2.95(21-1, s), 3.30 (2H, t), 3.40 ( IH , m), 3.50(11-1 , m) 

3.72- 3.90 (2H, m), 4.5 7 (I H, t); 13C NMR (CDCI3) o 20, 25 .52, 26.20, 27.20, 30.90, 

5 1.50, 62.50, 67.00, 99.100; Rr = .65 in 30% E/H 

4-azidobutan-1-ol (29) 

In a oven dried round bottom nask containing (. 165g) of Amberlyst H-15 to which 

(0.064g) of THP azid (28) was added in 5ml of methanol and allowed to stir for 24hr 

and plug using silica to give 98%. 1H NMR (CDCIJ) 8 1.45 (2H,t) 1.62-1.75(41-1, m), 

3.30(21-t ,q), 3.65 (2H, t) ; 13C (CDCI3) () 25.62, 30.00, 51.50, 62.45; Rr= .35 30% E/H. 
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4-azidobutyl 4-methylbenzenesulfonate (30) 

To a so lution of 4-azidobutane-1-ol (29) (5.42g, 31.1 02mmol) in CH 2CI 2 ( 150 ml) were 

added triethylamine (9.52g, 94.08mmol), p-TosCI ( 13. 17g, 69.05mmol) and a catalytic 

amount of DMAP( 0.065g, 0.53mmole) at rt . The mixture was stirred at rt for further 48 

h. Subsequently, the solvent was concentrated by rotavapor, the residue was taken up in 

water (90 ml) and extracted with diethyl ether (4 x 60 ml). The organic layers were 

combined, washed with brine, dried over Na2S04 and concentrated. The crude product 

was purified by column chromatography (silica gel. ethalacetate and hexane 3%) to give 

(30) in 55.87%. 1H NMR (CDCI 3) 81.58-1.75 (4H. m), 2.45 (3H, s), 3.25 (2H, t), 4.05 

(2H. t). 7.35 (2H, d), 7.78 (2H. d); 13C NMR (CDCI ,)8 21.85, 25.25, 26.36, 50.88, 69.85, 

128. 10, 130.10, 145.10; Rr = .8 in 75% E/H. 

(1 R, 4S)-1 ,7,7-Trimethyl-2-azabicyclol2.2. 1 lheptan-3-one (3 1) 

To a suspension of ( 1.575g, 65.62mmole) of sodium hydride (60% suspension in mineral 

oil) in 20m I of anhydrous THF at 0°C was added a solution of (38) (7 .736g, 31.79mmole) 

in 6ml of anhydrous THF. Once addition was complete, the reaction was warmed to room 

temperature and stirred for 8hr. The reactions was quenched with 5m I of saturated 

aqueous ammonium chloride and the THF was evaporated in vacuo. The resulting slurry 

was dissolved in a minimum amount of saturated aqueous sodium bicarbonate and 

extracted with ether ( 3x 50ml). The combined organic layers were dried over magnesium 

sulfate, tiltered, and concentrated in vacuo. Chromatographic purification in (60:40 ethyl 

acetate/hexane) give (31) in 71.86%. 1 H NMR (CDCI3) 8 0.87(3H, s), 1.033(3H, s), 1.52-

1.64 (2H, m), 1.85-2.05(2H, m). 2.24 (I H, d), 5.40 (I H, broad s): 13C NMR (CDCI 3) 8 

13.42, 18.30, 18.70, 23.05, 35.82, 51 .1 0. 55 .60, 67.00, 180.50. 
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2-( 4-azidobutyl)-l, 7,7 -trimethyl-2-aza-bicyclor2.2.11 heptan-3-one (32) 

In a oven dried round bottom flask containing a stir bar and KH( 30% suspension in oil; 

0.881 g, 21 . 96 mmole) was washed with hexane I Om I x 4 and flashed with argon and 

then suspend in I OOml of TI-l F at O"C. To which (+)-camphor lactgam (31 )( 1.50g, 

9.78mmole) was added dropwise in 20m! of dry THE. The mixture was stirred under Ar 

for I hr at room temperature. A sol ution of 4-azidobutyl tosylate (30) (2.75g, I 0.85 

mmole) in 20m I of dry THF was then added dropwise at 0°C. and the misture was stirred 

for 24hr at room temperature. After quenching by adding water, the mixture was 

concentrated in vacuo and extracted with AcOEt. The extracts were washed with water 

and brine, dried (Na2S0 4), and concentrated. The crude product was purified by sil ica gel 

column chromatography (hexane/AcOEt = 40:60) to give (32) in 55.75% yield. 1 1-1 

NMR (CDCb)o 0.85 (31-1 , s), 0.95 (311, s), I ,20 (31-1, s), 1.48-1 .650 (61-1, m), 1.79 ( I 1-1, 

ddd). 1.94 (I 1-1, m), 2.28 ( I 1-1 , d), 3.08 (I 1-1, m), 3.18 ( I 1-1 , m), 3.30( 21-1, t); 13C NMR 

(CDC13) o 12.2, 18.2, 18.8, 23.50, 26.50, 27.40. 34.00, 38 .40, 51.30, 55.00, 70.82, 180.0; 

Rr= .33 in 75% E/1-1. 

Tert-butyl 4-(1, 7, 7 -trimethyl-3-oxo-2-azabicyclol2.2.11 heptan-2-yl)butylcarbamate 

(33) 

A mixture of azidobutyl azabicycloheptenone (32) (.600g, 2.9 1mmol), Boc20 ( 1.142g, 

5.23mmole), catalytic amount of 20% Pd(Ol-1)2/C in AcOEt (I Om I) was stirred under 

1-hfor 36 hr at room temperature . The inorganic catalyst was removed by filtration 

through Celite, and the tiltrate was concentrated in vacuo. The crude product was purified 

by slilica gel column chromatography to give (33) in 78.8%. 11-1 NMR (CDC b) o 0.87 

(31-1. s), 0.95 (31-1. s), 1.18 (31-1. s), 1.43 (91-1, s), 1.45-155 (61-1, m), 1.78 (I 1-1, ddd), 1.94 
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(IH, m) 2.28 ( IH,d), 3.00-3.20 (4H, m) 4.64 (IH , broad s); 13C NMR (CDCI 3) 8 12.40, 

18.36, 18.70, 23.75, 27.48, 28.60. 38.50, 55.30, 70.82, 179.5. 

tert-butyl 4-(1, 7, 7 -trimethyl-3-th ioxo-2-aza-bicyclol2.2. 1 I heptan-2-yl) 

butylcarbamate (34) 

A solution of N-Boc-lactam (I.OOg, 3.22mmole) (33) and lawesson's reagent (0.86g, 

2.12mmole) in dry tolulene was stirred at I 00°C for 3h under N2. The mixture was 

concentrated in vacuo to give brownish oil which was purified by preparative TLC 

(hexane/AcOEt= 1:1) Rr = .22; 1H NMR (CDCI 3) 8 0.88 (3H, s) 0.90 (3H. s), 1.28 (3H, 

s), 1.44( 9H, s), 1.46-1.64 (6H , s), 1.82-1.88( Ill , m), 1.95-2.00( I H, m) 2.85 (I H, d), 

3.15 ( 2H, q) 3.50-3 .65 (2H, m), 4.70 ( I H, broad s) . 

(I R,8s)-2,6-Diaza,1 ,11, 1 1-trimethyltricyclol7.2. t.O]tridec-6-ene (35) 

A solution of thio azabicycloheptenon (34) in Mel (I ml , 16mmole) was stirred under N2 

for 15hr at room temperature in the dark (cover in alumina foil). After concentration in 

vacuo, the crude product was dissolved in dry CH2C I2 (4ml), and tritluoroacetic acid at 

0°C was added. After stirring at 0°C for 4hr, the mixture was quenched by adding ice and 

I 0% NaOH. The aqueous layer was extracted with CH2Cb, and the combined extracts 

were washed wit h brine, dried (K2C03) , and concentrated. The residue was purified by 

alumina preparative TLC. 

(I R,3S)-3-(methoxycarbonyl)- 1 ,2,2-trimethylcyclopentanecarboxylic acid (36) 

To a solution of 3g ( 14.98mmol) of (+)-camphoric acid in 17m! of anhydrous methanol 

was added 1.197ml of concentrated sulphuric acid and the mixture heated at reflux for 

30min.Upon standing at O"C over night. The resulting so lid was collected by decantation, 

the solid was dissolved in minimum amount of satd. NaHC03 (60ml)_ and washed with 
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ether. The aqueous layer was acidified with cone. HCI to pH 3, where upon the acid ester 

was precipitated. The white crystalline solid was collected by filtration to give (36) in 

76.62%. 1H NMR (CDCI 3) o 0.85 (3H, s), 1.25 (31-1, s), 1.27 (3H, s), 1.55 (2H, m) 1.83 

(I H, m), 2.22 (I H, m), 2.55 (I H, m), 2.83( I H, t), 3.70(3H, s): 13C NMR (CDCI 3) o 21.50, 

21.80, 22.70, 22.80, 32.50. 46.80, 51.55. 53.00, 56.40, 58 .54, 174.50; Rr = .6 in 30% E/1-1. 

(l S,3R)-methyl 3-carbamoyl-2,2,3-trimethylcyclopentanecarboxylate (37) 

To a solution of the acid ester (36) (3g, 14.00mmole) dissolved in 9ml of hexane and 

PCI 5 (3.79g, 18.20mmole) was added in small portions. The resulting homogeneous 

solution was stirred for 1.5hr at room temperature and then transferred to a dropping 

funnel. The acid chloride was added dropwise over I hr to an ice cold solution of 

saturated NH40H (9 ml). The resulting precipitate was collected by filtration and washed 

with Di-water until all the NH40H was completely washed away to give (37) as a white 

sold in 95%. 11-1 NMR (CDCI 3) o 0.85 (31-1, s), 1.23 (3H, s), 1.55 (21-1, m), 1.85 (I H, m), 

2.25 (I H, m). 2.40 (I H, m), 2.82 (I 1-1, m) 3.70 (3H, s). 5.35 (I H. broads) 5.53 (I H, broad 

s). 

Methyl (1 R,3S)-3-(Methoxycarbonyl)-1,2,2-trimethylcyclopentylcarmata (38) 

Sodium metal (0.218g, 9.47mmole) was dissolved in absolute MeOH (20ml). To the 

solution bromide (0.598g, 3.74mmole) was added dropwise at -60°C via syringe, and the 

reaction mixture was stirred for I Om in. To the resul ting white slurry was carefully added 

a solution of amide ester (37) (0.613g. 2.87mmole) in absolute MeOl-1 (20ml) with 

ensuring that the internal temperature of the solution remained <-50°C. The resulting 

colorless. homogeneous solution was then slowly warmed to 0°C over 2hr and then 

heated up to 55°C for 3hr. Up cooling to room temperature, the reaction mixture was 
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acidified to pH 5 with 2N-HCI. After removal most of the solvent and the remaining 

slurry was dissolved in minimum amount of water. The solution was extracted with ether 

and the combined organic extracts was dried over Na2S04 to give (38) in 68%. 1H NMR 

(CDCb) o 0.88 (3H, s), 1.11 (3H, s) 1.38 (3H , s) 1.90 ( 2H. m) 2.10 (2H. m), 2.70 (I H, 

q), 3.62 (3H, s) 3.70 (3H. s), 5.20 (I H, broads). 

2-azabicyclol2.2.11 hept-5-en-3-one (39) 

Available commercially. 

2-( 4-azidobutyl)-2-aza-bicyclol2.2.1] hept-5-en-3-one ( 40) 

In a oven dried round bottom tlask containing a stir bar and KH( 30% suspension in oil; 

1.242g, 30.96 mmole) was washed with hexane I Om I x 4 and tlashed with argon and 

then suspend in I OOml of TH F at one. To which 2-azabicylo[2.2.0]heptenone(2g) was 

added dropwise in 20m I of dry THE. The mixture was stirred under Ar for I hr at room 

temperature. A solution of 4-azidobutyl tosylate (30) (4.678g, 18.46mmole) in 20ml of 

dry THF was then added dropwise at one. and the misture was stirred for 24hr at room 

temperature. After quenching by adding water, the mi xture was concentrated in vacuo 

and extracted with AcOEt. The extracts were washed with water and brine, dried 

(Na2S04). and concentrated. The crude product was puritied by silica gel column 

chromatography (hexane/AcOEt = 40 :60) to give (40) in 44.78% yield. 1H NMR 

(CDCI3)o 1.55 (5H, m), 2.30 (I H. tt), 2.90 ( Il-l, r ), 3.20 ( I H, p), 3.30 (2H , t), 3.35 (I H. 

p). 4.17 (I H, m) 6.65 (I H, td), 6.84 (I H. dd) ; 13C NMR (CDCI3) 8 21.50. 21.85, 22.90, 

32.50, 46.90, 51.75, 53.00. 56.25, 174.65 ; Rr= .45 in 75% E/H. 
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Tert-butyl 4-(3-oxo-2-aza-bicyclo(2.2.11heptan-2-yl)butylcarbamate (41) 

A mixture of azidobutyl azabicycloheptenone (40) (.600g, 2.91 mmol), Boc20 ( 1.142g, 

5.23mmole). catalytic amount of 20% Pd(OH)2/C in AcOEt (IOml) was stirred under 

H2for 36 hr at room temperature. The inorganic catalyst was removed by filtration 

through Celite. and the filtrate was concentrated in vacuo. The crude product was purified 

by slilica gel column chromatography to give (41) in 46.73% as a colorless oil. Rr = .42 ( 

90% E/H). 1 H NMR (CDC b) 8 1.45 (9H. s). 1.55 (7H, m), 1.80 (3H, m), 2.80 (2H, m), 

3.15 (21-1, q), 3.40 (I H, ). 3.72 ( I H, q). 3.79( I H. broad t) 4.58 (Il-L broad s): 13C NMR 

(CDCi]) 8 24.70, 27.65, 27.75, 28.65. 40.20. 40.50. 46.00. 59.50, 85.50, 147.0. 

Tert-butyl 4-(3-thioxo-2-aza-bicyclo(2.2. 1 (heptan-2-yl)butylcarbamate (42) 

A solution of N-Boc-azabicyclo heptenone (41) (0 .3838g, 1.36mmole) and lawesson' s 

reagent (0.5497g, 1.35mmole) in dry tolulene (8ml) was stirred at I OO"C for 3h under N2. 

The mixture was concentrated in vacuo to give brownish oi l which was purified by 

preparative TLC (hexane/AcOEt= 1:1) to give (42) in 40.50%. 1H NMR (CDCI 3) o 

1.45( 9H. s), 1.50-1.70(7H. m), 1.85 (3H , m). 3.15 (2H, broad q). 3.30 (I H. m) 3.38 (I H. 

q), 3.70 (2H, m). 4.70 (I H. broads). 

( 1 R,8S)-2,6-Diaza-tricyclol7.2. 1 .O(dec-6-ene ( 43) 

A solution of thio azabicycloheptenon (42) (.0025g. 0.0083 mmole) in Mel (lml. 

16mmole) was stirred under N2 for 15hr at room temperature in the dark (cover in 

alumina foil). After concentration in vacuo. the crude product was dissolved in dry 

CH2CI2 (4ml), and trifluoroacetic acid (0.0063ml, 0.083mmole) at O"C was added. After 

stirring at O"C for 4hr, the mixture was quenched by adding ice and I 0% NaOH. The 

aqueous layer was extracted with CH2CI2, and the combined extracts were washed wit h 
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brine, dried (K2C03), and concentrated . The residue was purified by alumina preparative 

TLC. ( The time allowed to for cyclization was not enough and the experiment have to 

repeated) 

I. Selected Spectra 

A se lection or 1H NMR spectra arc given in the same order as they appear 

in the experimental. 
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4-(tetrahydro-2H-pyran-2-yloxy)butyl 4-methylbenzenesulfonate 
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2-( 4-azidobutoxy )-tetrahydro-2H-pyran 
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