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ABSIBACT 

ASYmETRIC comuGATE ADDITIONS 'ID PYRIDINE AID QUIOOLINE 

Extensive studies have investigated the stereochemical and 

mechanistic aspects of NADH (nicotinamide adenine dinucleotide)mimics. 

With potential use in mind, chiral 4-methyl and 4-phenyl-1,4-

d ihyd ropy rid ines were synthesized by alkylation of 3-

oxazolinylpyridine. (This oxazoline and the oxazolinylquinoline below 

were derived from (1S,2S)-1-phenyl-2-amino-3-methoxypropanol). 

Addition of excess methyllithium gave the dihydropyridines, isolated as 

the methyl urethanes, in 85-90% de and 79-81% yield. This high 

stereoselectivity was found to be independent of temperature and 

concentration. The oxazoline was readily removed to the aldehyde in 

60% yield fil quaternization with methyl fluorosulfonate followed by 

reduction and hydrolysis. Phenyllithium addition gave the addition 

products in 84% de and 94% yield. 

Chiral 4-methyl-1,4-dihydropyridines were also synthesized by 

alkylation of 3-imino pyridines with excess methyl cuprates. These 

imines were prepared from 3-pyridinecarboxaldehyde condensed with 

phenylalaninol, phenylalaninol methyl ether, (S)-ethylvalinate, and 

(S)-t-butylvalinate. The highest stereoselectivity was realized upon 

alkylation of the t-butylvalinate imine to give the dihydropyridines as 

the methyl urethanes in 56% de. Mild acid hydrolysis yielded N-

carbomethoxy-3-foDT\Yl-4-methyl-l,4~ihydropyridines in 82% yield. 
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PREFACE 

Significant progress has been made in the past ten years towards 

the development of methodology for various asymmetric synthetic 

processes. These include oxidations, reductions, and the formation of 

carbon-carbon bonds. With this arsenal of techniques in hand, chemists 

have undertaken the stereospecific synthesis of numerous complex 

natural products. Organic chemists have also been interested in the 

study of natural chemical processes, including reductions of imines of 

keto acids to amino acids by NADH (nicotinamide adenine dinucleotide). 

This has been studied using laboratory IOOdel systems or NADH mimics. 

In nature, the NADH coenzyme reduces functionalities such as 

aldehydes, carboxylic acids, olefins, and imines to name a few. 

Alternatively, the oxidized NADH (NAO+) participates as a coenzyme for 

oxidation processes, regenerating the NADH. Investigators have used 

the NADH mimics with attention directed towards the role of the metal 

ion present during the reduction process, the mechanism of reduction, 

and the stereospecificity. 

Dihydropyridine A, containing two stereocenters, has been studied 

in other laboratories for the reduction of various carbonyl substrates. 

The absolute configuration of the resulting alcoools (formed in >90% 

ee) was found to depend only on the configuration at C-4, and 

independent of the amide moiety configuration. It should be noted 

however, that the diastereomerically pure dihydropyridines A were 
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prepared by a fractional recrystallization from an equal mixture of two 

diastereomers. Because of the high stereospecificity exhibited by A 

and an interest by the Meyers' group in NADH mimics, a project was 

initiated to investigate the stereospecific synthesis of chiral 1,4-

dihydropyridines. The first portion of this dissertation describes 

their synthesis via two routes. 

Methodology developed by a former postdoctoral fellow in our 

group, N. R. Natale, was used by this author for the synthesis of 

diastereomeric dihydropyridines and E, by the addition of 

methyllithium and phenyllithium to oxazolinylpyridine ~- Consistantly 

high stereoselectivity occurred with addition of methyllithium (85-90% 

de) over a -4o0c to -100°c temperature range. Concentration also had 

no effect, 0.l0M to 0.0lM, resulting in ~90% de. Slightly lower 

asymmetric induction (84% de) was observed for the addition of 

phenyllithium. The formation of the major diastereomers (4S) was 

rationalized in terms of a tightly coordinated pre-addition complex 

formed from the oxazolinylpyridine and the organolithium. 
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The oxazoline moiety was easily removed from U (and ID (R=Me) by 

quaternization, reduction, and hydrolysis to give aldehyde r.. The 

H J:1e C(CHO 
i C02Me 

F 

enantiomeric excess was determined by reduction of the aldehyde and 

preparation of the Mosher ester. Analysis by 19F and 1H NMR indicated 

82% ee, slightly lower than the oxazoline precursor (88% de). 

In a similar fashion, chiral 1,4-dihydropyridines were synthesized 

by conjugate addition to a series of imino pyridines, derived from 3-

pyridine carboxaldehyde and various chiral amines. (It should be noted 

that this investigation was undertaken before the methodology for 

facile oxazoline had been realized. It was postulated that the 

intermediate imino-1,4-dihydropyridines could be hydrolyzed under mild 
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acid conditions to liberate the enantiomeric dihydropyridines). The 

highest stereoselectivity was observed for the addition of lithium 

dimethylcuprate to imine ~, formed from t-butylvalinate. The 

diastereomeric ratio of the dihydropyridine H was found to be 22:78 as 

determined by HPLC. Mild acid hydrolysis gave the enantiomerically 

H 8 &CHO 
N 

!o,Me 
f 

.t1 

R=Me 

enriched aldehyde f., with the newly created center of the (S)-

configuration. This stereochemistry was rationalized in terms of 

conjugate addition of the cuprate to a complex formed from the imine 

and lithium iodide. 

The latter portion of the dissertation is concerned with 

asymmetric synthesis via a self-immolative process. Examples in which 

one stereocenter, or element of chirality, is destroyed with 

concomitant formation of another have aa:>eared in the literature and 

include a hetero-ene reaction, and the formation of allenes and 

olefins. Another type was proposed by Berson and Brown in 1955, in 
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which the sp3 center (central chiral element) of dihydropyridine .I was 

destroyed during the formation of biaryl J.. (axial chiral element), via 

~NO 
CHpcxxCO,Et 

H,C CH3 

H 

[OJ 

oxidation. Because the aryl group in .I was free to rotate, 

diastereomeric transition states were proposed during the oxidation 

process. Thus, enantiomerically enriched biaryl would result upon 

complete reaction, in the absence of any additional stereocenters 

capable of exerting a stereochemical bias during the transformation. 

rue to lack of sufficiently enantiomerically enriched l, the proposal 

could not be conclusively verified, nor has it been since investigated 

or shown to occur until now, albeit on a slightly different system. 

Dihydroquinoline L (R= [OX]) (76% de) was synthesized by addition 

of 1-naphthyllithium to oxazolinylquinoline .K,. Virtually complete 

conservation of chirality occurred upon oxidation with DDQ to biaryl M 

(R= [OX]) (78% de), albeit in the presence of external stereocenters, 

namely the oxazoline. Similar results were obtained for the oxidation 

of .K (R=CHO) (75% ee) to give M (R=CHO in 80% ee). With this high 

degree of conservation of chirality, and establishing the free rotation 

of the naphthyl group by low temperature 1H NMR (rotational barrier= 

tG;98 = 11.2 + 0.2 kcal moi-1, for the 7'-methoxy-Iu R=CHO) complete 

verification of the Berson proposal had been realized. Most 



importantly, this was accomplished with no external stereocenters 

present in the molecule (R=CHO). 

[OJ 

o:}Ph 
,,, ,,,,, 

N I 
OMe 

M 

R 

00 @YR 
(4s)-h 

Ph 

R:~ 

/ 
CHO 

OMe 

Addition of 1-naphthylmagnesium bromide to oxazolinylquinoline K 

in toluene led to the antipodal addition adduct. Based on a solvent 

effect study, this reversal in stereoselectivity was attributed to 

addition of an aggregated Grignard reagent, in contrast to a monomeric 

naphthyllithium. Pre-addition complexes were proposed to rationalize 

the observed stereocremistry. 

As previously mentioned, the oxidation to the biaryls was done 

with DDQ. Subsequent investigation of smaller reducing agents 

including aqueous KMn04 and roe led to considerable loss of chirality. 

Thus, it was apparent that the proper choice of reducing agents was 

essential for tre transfer of stereocenters. Treatment of the lithium 

xii 



derivative of the dihydroquinolines, with DDQ led to near random 

oxidation and greatly diminished chirality. 
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CHAPTER I 

IN'mDUCTION 

Since the first reported asymmetric synthesis via conjugate 

addition (Michael addition) in 1962, several types of reactions have 

been developed utilizing different functionalities in the construction 

of centers of asymmetry. Overall, the highest selectivity has been 

realized by the addition of an achiral nucleophile to a chiral 

substrate, such as chiral a, e -unsaturated esters, sulfoxides, 

oxazolines, and aryl oxazoline compounds. Considerable attention has 

also been directed towards the use of nucleophiles incorporating a 

chiral ligand, such as chiral heterocuprates and chiral bases, so as to 

impart asymmetry into the reaction. Finally, nucleophiles which are 

inherently chiral due to an attached asymmetric center, such as chiral 

enolates and azaenolates, have undergone conjugate addition. 

Subsequent manipulations removed the asymmetric moiety to give the 

desired prcx:luct. 

This section will survey, in detail, the addition of chiral 

nucleophiles to achiral substrates, followed by achiral nucleophiles to 

chiral acceptors. Special attention, where possible, will be directed 

at proposed transition states and internal chelation. 
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A. Achiral Acceptors 

1. Chiral catalysts 

The first report of the use of a chiral catalyst in a Michael 

addition was reported by Langstrorn and Bergson1 in 1973. Conjugate 

addition of methyl-2-carboxy-l-indanone i to acrolein and -

isopropylacrolein, catalyzed by optically active (R)-(+)-2-

(hydroxymethyl)-quinuclidine .2., led to the Michael adduct .l in 

quantitative yields. Although the enantiomeric excess (ee) could not 

be determined on the optically active products, it nonetheless served 

to open the door to further investigations of this type of reaction. 

+ CH,=C-CHO 
I 
R 

1 
R= Me, i-Pr 

c?.1-H 
N ·••,,cH,OH 

2 

(n'l'yCO~Me 
~'--""~H-CHO 

0 R 

3 

A similar study reported by Wynberg2 described the conjugate 

addition of i to methyl vinyl ketone. The catalyst, (-)-quinine 

afforded the corresponding Michael adduct in 68% ee in 89% yield. The 

use of carbon tetrachloride, in place of toluene, further increased the 

ee to 76%.3 Addition of ethanol (2%), to the carbon tetrachloride 

reaction mixture resulted in a large decrease in selectivity to 33% ee. 

It was concluded that an apolar solvent favored the formation of a 

tight ion pair between the protonated catalyst and the enolate ion. 

Addition of ethanol caused partial destruction of the hydrogen bonding 



3 

between the hydroxyl group and the catalyst .i and the enone, which was 

postulated to be important for high selectivity. 

Several other reports have appeared in the literature in which 

various other cinchona alkaloid derivatives, 4 ephedrine salts, 5 and 

brucine,6 were used as catalysts for the Michael additions. The 

asymmetric induction however, did not exceed 50% ee for any of the 

exanples investigated. 

The use of polymer supported catalysts has also been extended to 

asymmetric conjugate ad:lition processes.7 A copolymer derived from 

acrylonitrile and various cinchona alkaloids, 5, catalyzed the addition 

of indanone to methyl vinyl ketone. Chemical yields were generally 

-fcH,-rHc.., f 
R~OH 

5 R=H,OMe 

90%, with up to 42% ee realized. The polymer, recovered after use by 

filtration of the reaction mixture, was found to retain nearly all of 

its activity. Additions utilizing the non-polymer bound alkaloids gave 
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higher stereoselectivity {up to 57% ee), however they were not as 

easily isolated for reuse. 

Similarly, polymer supported quaternary ammonium salts derived 

from several cinchona and ephedra alkaloids have also been used as 

catalysts.8 Near quantitative yields were realized, albeit with lower 

stereoselecti vi ty {up to 27% ee). These catalysts were also found to 

be rrore fragile, and hence ioore difficult to recycle. 

2. Chiral organometallics 
An area of asymmetric conjugate addition which has received 

considerable attention over the past few years relies on the use of 

chiral heterocuprate reagents. overall, the process may be summarized 

by Scheme 1. Several laboratories have investigated the effect of 

• 1 R-HetCuR M + 

R• = chiral moiety 
Het = N, 0, S 
M = Mg• Br, u• 

Scheme 1 

R1. R2, R3 = alkyl, aryl 

various coordinated chiral amines, 9 with generally low 

stereoselectivity {<1-23% ee). In a similar fashion, chiral thiolates 

and alcoholates10 have been utilized with only slightly greater success 

{up to 34% ee). Many of these alkyl at ions however, were plagued by a 
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central problem. Higher ee's were frequently accompanied by low 

chemical yields, and vice versa, making their synthetic utility 

questionable. 

In 1980, Mukaiyarna11 reported the conjugate addition of a chiral 

heterocuprate which overcame the problem of low ee's and low yields. 

Treatment of chalcone with the cuprate derived from (S)-1-methyl-2-

hydroxymethylpyrrolidine, cuprous bromide, and methylmagnesium bromide, 

led to addition product .6. in 68% ee and 71% yield. 

2 MeMgBr 

Q-., 
1) CuBr 2) Me OH 

3) PhCH=CHCOPh 

Ph 

Mr}o 
Ph 

6 

An interesting feature of this reaction was the observation that 

alkylation of either E or~ chalcone led to the final alkylation 

products, of the same absolute configuration. From these results, 

Mukaiyama suggested that both reactions proceeded through the same 

radical anion intermediate, which was generated by initial one electron 

transfer from the cuprate to the substrate. 

Further investigation of this same reaction in another 

laboratory12 further improved the asymmetric induction. Upon dilution 

of the reaction mixture, up to 88% ee was realized in 80% yield. 

Chiral cuprates have also been reported where the chiral ligand 

was transferred to a series of prochiral receptors.13 Treatment of the 

enones .1-.l.Q. with the homo or heterocuprate of (S)-2-(l~imethylarnino) 



R;culi 
or 

R• (thieny 1) Cu Li 

7 R=R'=-fCH2 -);-

8 R =R ' =Me 
9 R = Ph , R '= Me 
10 R =Ph, R '= t-Bu 

6 

~R' 

R)I 1.-10 

TABLE l 

11 %ee 
>92 

82 
>98 
>98 

phenyllithium, led to the corresponding addition product .ll. The 

reactions were generally characterized by excellent stereoselectivity 

in 42-87% chemical yield (Table 1). 

Treatment of enone .JJl with the chiral phenyllithium (R*Li) gave a 

mixture of 1,2 and 1,4 addition products, the latter being formed in a 

diastereomeric excess (de) of 94%. Interestingly, the absolute 

configuration of the major diastereomer was opposite to that formed in 

the cuprate additions. 

Chiral ligands of another sort were reported in 1979 by Seebach.14 

The use of ligating cosolvents DDB 12. and DEB ll (both derived from 

tartaric acid) in association with various achiral aliphatic cuprates, 
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organozinc, and organolithium compounds underwent conjugate addition to 

u. Yields of .l5. varied (39-84%) with a wide range of ee's. The most 

NMe2 

Me2N~ {~o~ 
0,,. '( NMe2 

(s,s) -12 

X 
R~ 

14 

12 or 13 

X= COR, NO,, CH=<:) 

NMe 2 

(s,s) or (R.R) -13 

15 

effective influence was exhibited for the addition of butyllithium to 

1-nitropropene. DDB complexation resulted in 28% ee with DEB 

cornplexation giving 58% ee, presumably due to the increased number of 

heteroatorns available for cornplexation. 

3. Resonance stabilized carbanions 
In 1978, it was reported that the enolate of oxazepine dione ll 

underwent addition to 2-cyclopentenone to give, after hydrolysis, 

ketoacid .J,L15 Depending on the base employed, the stereoselectivity 

varied greatly (from 7% ee with NiC12/t-BuOK, to 76% ee with 

dicyclohexyl-18-C-6/t-BuOK). Similar results were realized for the 

addition to 1-phenyl-2-butenone, (0% ee with t-BuOK, and 55% ee with 

1,8-diazabicyclo-[5.4.0]-undec-7-ene (DBU)), to give l!i. 
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co1H 

17 

' ~
0 

RI o "'--- • - ~co H 
Ph O Ph • 

2 

Ph O -)''"'"Ph 18 
/NV -

Me 
Me 

Oxazepine dione .l.6. was also added to 1-nitrocyclohexene, under 

basic conditions, to give addition product li in 67-98% yield, as a 

mixture of cis-trans isorners.16 Further transformations gave hydroxy 

acid .2.Q. and lac tone 2.l. Interestingly, the addition of a crown ether 

to the reaction mixture, increased as well as reversed, the 

stereoselectivity (Table 2). The exact role of the crown ether was not 

known, but was thought to form a bulky complex which somehow controlled 

the stereoselective awroach of the nucleophile. 

c5 
N0 2 

e: ~co,H 16 + H 

19 

9H 

U.:co,H + 
20 21 

-------- --
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TABLE 2 

Abs. Confign. 
Entry Base Additive % ee ( 21 ) (21) (C-1) 

1 t-BuOK 26 s 

2 t-BuOK dicyclohexyl 75 R 
18-C-6 

3 CsF 38 s 

4 CsF dicyclohexyl 71 R 
18-C-6 

A rather novel approach to asymmetric conjugate addition of an 

enolate was reported in 1981 by Cram.17 The potassium enolates of l2, 

2l, and complexed to the chiral crown ethers .2.5. and 2.6., were added 

to methyl vinyl ketone and methyl acrylate. The resulting Michael 

adducts were formed in 60-99% ee and usually >80% yield. The observed 

stereochemistry of the resulting products was rationalized by the 

steric interactions of the incoming electrophile and the naphthalene 

rings. For example, in the reaction of the potassio anion of ll with 

(R) 

25 
H 
I 

Ph-C-C02Me 
I 
Me 

23 

26 
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methyl acrylate, the anion would be situated such that steric 

interactions between the naphthalene rings and the phenyl ring were 

minimized (21.). The rectangle embracing K+ symbolyzes the plane of the 

ion pair. SJbsequent reaction with methyl acrylate, from the toi;side 

~, resulted in the cd:lition product 22., with the (S)-configuration. 

MeOYCH=CH2 
OMe 

0 + Ph .... .. ~-·· ··· .. O . . .... · Me 'K' 

(R) Host 28 

(s)-29 

In 1982, chiral copper azaenolates, derived from acetone and 

chiral amino alcohols, were found to add in a Michael fashion to 

enones.18 Thus, deprotonation of imine .lQ. followed by addition of 

cuprous iodide formed the homocuprate .ll, via _ll. Addition to 2-

cyclohexenone and 2-cyclopentenone gave, after hydrolysis, the 

alkylation products JJ. in 27-44% ee (30-46% yield) and Ji in 16-75% ee 

(54-89% yield) respectively. The stereoselectivity of the alkylation 

generally improved with increasing size of the chiral auxiliary (i.e., 

R = CH2Ph < i-Pr < t-Bu). Furthermore, either enantiomer could be 

-
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prepared by the use of the appropriate enantiomer of the chiral 

auxiliary. 

t1·Buli 

0 

6 
32 + 

0 

0 

H 
R~j>Me I ., Cul N..._,L. __ ....., 

Me,,,l' 
31 

H
3
0@ 

R = CH2 Ph, ,-Pr, t-Bu 

H 
R 
n,,,Me 

N 0~ 
rCuli 

Me CH2 2 

32 

0 w 
33 

0 

0 
34 

More recently, the chiral imine .J.5., derived from glycine ethyl 

ester and (1S,2S,SS)-2-hydroxypinan-3-one, after treatment with base, 

underwent addition to vinyl phosphinate li.19 The resulting(+)-

fH 
NCH.CO1£t 1t1....._ff 

+ 2,.......PCH=CH1 - -R 

36 (R 1
: Me, R2:0H) 

38 (R1 = R2= ou) 

tt,,f .,,co,H 
• ..,P-cH1CM -ct··· R"' . ., ~ ·H 

NH 1 

37 (R1
: Me, R2=0H) 

39 (R1=R 2=0H) 
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pb:>sphinotricine (Il), which exhibits herbicidal activity, was formed 

in 85% ee and 66% yield. Similarly, addition to .3..8. led to antiviral 

(+)-2-arnino-4-ph:>splxX1obutyric acid Ji, in 54% ee and 68% yield. 

Chiral organotin azaenolates are also known to add to acrylates 

and acrylonitrile.20 Tin enarnine JQ., when treated with various Michael 

1)~E 

acceptors, gave optically active addition products, .il,. The highest 

stereoselectivity was observed for addition to methyl acrylate to give 

.il (E = co2Me) in 86% ee (after correction for the optical purity of 

the starting material) in 63% yield. 

The use of chiral hydrazones as masked enolates has been 

extensively studied by F.nders. 21 In 1983, he reported the asymmetric 

conjugate a:kiition to acrylic esters. Deprotonation of hydrazone J2., 

followed by addi tioo to acrylate JJ, gave irnino ester Jj_. Removal of 

the chiral auxiliary afforded iS-keto ester JS. and nitrosarnine which 

was recycled. The alkylations proceeded with high enantioselectivity 

~96%) and 49-61% yield. Here ~ain, either enantiomer could be formed 

preferentially by prq>er cooice of the (R) or (S) chiral auxiliary. 
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9-i 
/ OMe N 

1) LOA 

R1~Me 
42 

1 2 R , R : alkyl, Ph 

/ R2 OMe 
I R 

R1~0Me 
44 

9' I OMe 
NO 

+ 

46 

The chiral delocalized carbanions mentioned thus far have all 

possessed the element of chirality at a carbon atom. .Another class of 

stabilized carbanions, where this is in fact not the case, is chiral 

sulfoxides. 

The first report of the coojugate additioo by a chiral sulfoxide 

appeared in 1979.22 The anion derived from a-sulfinyl ester il, on 

addition to acrylate J,1l gave, after desulfurization, the diesters il in 

up to 24% ee and 70% yield. 

0 
1 

P•lol"""/'-./CO,+ + 
.. 

48 

R=Me,Ph: R1= H,CO2Et 

NaH RaNi_, 



14 

Two years later, Colornbo23 described the addition of a similar 

sulfoxide ,5n to 2-cycl.q>eritenone, producir)3 .51- Reductive cleavage led 
0 0 0 
f ,A Buli/HMPT q 

p-Tot-S-CH2-S 11
" 1111 : + \__j] THF S-p-tol 

\ ¼ / p-tol ,,,,CH 

H ~/0 

P-tol/ \ 

0 

q ,,,,,CO,H 
H 
52 

.. 
51 

to the chiral keto-acid .52, in 381 ee (32.5% overall yield from the 

enone). This metb:)dology was used for the stereoselective synthesis of 

cyclopentanone 24 an intermediate in prostaglandin synthesis. Thus, 

2-substituted-2-cyclopentenone ,5J. was alkylated with sulfoxide .5.Q.. 

&llfoxide reduction gave~ which was obtained in 59% yield as a single 

diastereaner. 

4. Chiral Enamines 

0 
6-(cH,),co,Me 

-~----CH (-s- pto1)
2 

H 

The use of chiral enamines as nucleophiles in Michael additions 

was first reported by Yamada25 in 1969. Enamine .S.S., derived from 

various esters of proline and cyclohexanone, underwent addition to 

acrylonitrile and methyl acrylate followed by hydrolysis of the 
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0-coR 6 CH,=CHX Hoe 
J 

55 

R=Me,Et,t-Bu X=CN, CO1Me 

0 H 

~'"CH2CH2X 

56 

intermediate adducts to give chiral a -substituted cyclohexanones .52,. 

Stereoselectivity increased with size of the chiral auxiliary (R =Me< 

Et < t-Bu), forming (X = co2Me) in 15, 21, and 59% ee respectively, 

and 17-38% yield. Additions to acrylonitrile soowed a similar trend 

with increasing optical rotation for the resulting prcxluct (X = ~, 

in 34-41% yield. 

The mechanism postulated for the observed stereochemistry, was 

based on the preference of conformer n. Conformers -5..e. and il were 

assumed to be less favorable due to interactions of the ester moiety 

and the C-2 proton. Similarly, the interaction of the ester moiety and 

the C-6 quasi-equatorial proton, in conformer~ was determined also to 

be less favorable. Hence, ll appeared to be the most stable, and was 

assumed to undergo axial attack of the electrophile to yield the 

ooserved stereochernistry. 
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58 

t 

60 

Simultaneously, Yamada26 reported the addition of chiral enamine 

il, derived from 2-phenylpropionaldehyde and various proline 

derivatives, to methyl vinyl ketone. The resulting keto aldehyde~ 

was cyclized toil in an overall yield of 43-53%. The 

0 

1) ~/MeOH 

2) Hlo® 

_FH3 

-----~O.o-Ph 
63 

R= O-t-Bu, N R2 
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stereoselectivity exhibited in the synthesis of ll varied considerably. 

In direct contrast to the cyclohexanone series (vide supra), alkylation 

of il (R = t-Bu), gave only 6% ee. The highest induction was realized 

for il (R = ~, R = -(CH2)4-) which resulted in 49% ee. Various other 

aldehyde enamines were investigated, all of which formed the 

corresponding optically active 4,4~isubstituted-2-cyclohexenones. 

Subsequent reports reinvestigated this aldehydo enamine 

chemistry,27 and determined the absolute CCl'lfiguration of 4-methyl-4-

phenyl-2-cyclohexenone. 28 Further, the asymmetric syntheses of 

mesernbrine29 and podocarpic acid30 were completed using this enamine 

chemistry. In all of the above reports however, there was no 

inprovement in asynmetric induction. 

In 1982, Seebach31 reported the first in a series of papers in 

which two chiral enamines underwent conjugate addition to various 

Michael acceptors. In contrast to the previous work, diastereomeric 

products resulted after hydrolysis. Thus, addition of enamine .li, 

derived from (S)-2-methoxymethylpyrrolidine and cyclohexanone, to 

various 2-arylnitroethylenes .§5. gave additioo products 

Q--, 6 OMe 
~N01 

Ar ts 

r<CO,Me 

Ar CO2Me Ho• 
----------• l • 

67 

Of the four 
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i;x>ssible diastereomers, only one (.6.6.) was generally formed in yields of 

>70%. Hydrolysis of the crude primary addition products furnished the 

alkylated cyclohexanones in >90% ee. Similarly, enamine was cdded 

to several methyl-a-(methox:ycarbonyl)cinnamates ,il.32 The resulting 

cyclohexanones were formed with high stereoselectivity (88->95% de, 

80-95% ee) in 35-76% yield. 

The observed stereochemistry for il and il was rationalized by 

approach of the acceptor to the enamine as shown in il and 1Q 

respectively. In both cases, the aryl group was anti to the enamine, 

so as to minimize steric interactions. 

OJMe 
N Me02C) ,,,,CO2 Me 

.................... :~-u Ar ,,,,,H 

70 

Enamine 1l, derived from various 8 -tetralones arx:l (S)-2-methox:y-

methyl pyrrolidine, was added to several w-nitrostyrenes 12..33 

Hydrolysis of the intermediate products led to mixtures of a -tetralones 

:U ai'd 1i, with ratios varying from 1:5 - 1:20. The desired product .1i 

was recovered in 3S-55% yield, arx:l found to be >90% diastereomerically 

µ.ire (7S-99% ee). 
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+ 

+ 

73 

Likewise, the observed stereochemistry of the cdJition products 

was rationalized by the approach of the acceptor to the enamine as 

depicted in .ll, with the aryl group anti to the enamine. 

fhMe 

B. Chiral Acceptors 

1. Addition t9 Chiral Ac,cylates 

In 1962, Inouye and Walborsky34 reported the first conjugate 

additioo to an a, a-unsaturated ester containing a chiral moiety. 'lb.Is, 
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menthyl crotonate li was treated with phenylmagnesium bromide, and 

after hydrolysis gave (S)-(+)-3~henylbutarv:>ic acid IL, in 6.7% ee and 

• Men = 

PhMgBr KOH 

),, 
~Me 

53% yield. Of particular interest oowever, was the fact that addition 

of cuprous chloride to the reaction mixture favored the formation of 

the antip:,de, (R)-(-)-3-phenylbutanoic acid, in 10.2% ee and 64% yield. 

A similar phenomenoo was observed in the addition to 3-0-Crotonyl-

1,2-<risopropylidene-5-deoxy-D-xylose .ll by phenylmagnesium bromide. 35 

Addition in the absence of cuprous chloride led to the formation of 

0 
II CH 

CH,CH=CHC-O~co 'M + PhMgBr 

0 0 
X 

1) Addn. 

2) NaOH 

Ph 1C02H 
CH, 

79 

(+)-3-phenylbutanoic acid ]j_ in 16% ee arxl 32% yield. Alternatively, 

the antipode predominated in better yield (61%) and significantly 

higher optical yield (58%) upon aa:lition of catalytic cuprous chloride. 

Formation of (S)-]j_ was ratiooal.ized in terms of acklition from the 

a -face of due to steric interactions exerted by the methyl group on 

the chiral auxiliary. Addition of cuprous chloride resulted in 
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0 

H,C~OH 
Ph 

(s)-( + )-79 

formation of phenyl copper, which was believed to form a complex 

between the olefin and the C-2 oxygen on the furan tal). As a result, 

a-face addition was restricted, causing addition from the backside to 

give (R)-,ll. Several other sugar derivatives were investigated and 

resulted in enantioselectivities up to 74% ee in 42-58% yield. 

Additioo of cuprous chloride in these examples, b::>wever, did little to 

reverse the observed stereochemistry. 

Menthyl acrylates in addition to several other acrylates, have 

been used as acceptors for chiral cuprates36 and an enamine.37 The 

yields of the resulting addition products b::>wever, reached only 31% at 

best, with up to 49% ee realized. 
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~lzer an:l coworkers3B reported the very highly stereoselective 

~ition of cuprates to acrylates, derived from (-)-B-phenylmenthol 

and (S)-(-)-camphor, and ll respectively. Upon treatment with 

various Cllprates, the resulting ester li was hydrolyzed to the chiral 

Me 

Me .. , .. .. 

,,___.__ 0 r!R 

I 

0 

Me,C~~ 

0 0 0 

R'O~ 

11R'Cu" 
R'O~ HO~ 

R • R' R • R 1 R 

82,83 84 85 

a-substituted alkanoic acid~- Enmltiomeric excesses ranged from 24-

>99% (most were >BO% ee) depending on the nature of the cuprate. The 

chemical yields were generally >BO%. This high selectivity was 

attributed to the antiplanar C=C/C=O disposition in the erlOlate, thus 

blocking one side of the olefin to attack {82 an:l ~- By altering the 

order of introduction of the substituents, or by using either 

enantiomer of ll, either enantiomer of acid .a5. could be formed 

preferentially. 

Another form of a chiral acrylate is one in which the center of 

asymmetry is attached at the a -terminus of the olefin. In 1979, 

Mukiayama39 reported the copper (I) catalyzed conjugate cd3ition of a 
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series of aliphatic and benzyl Grignard reagents to chiral aminal M, 

derived from fumaraldehydic acid methyl ester and 

CCN-Ph 
_,,,,,,,c...........__ 

H ~-C0
2
Me 

86 

RMgBr 

cat.Cul 

/H 
O=C\_ 

H'''7 \ 
R CO 2Me 

+ YI I NHPh 
H 

(S)-2-(anilinomethyl)-pyrrolidine. The resulting -formyl esters~ 

were formed in 38-83% yield. Enantiomeric excesses were consistently 

high, (except for R = PhCH2-; 35% ee), with 85-93% being the norm for 

the other examples. Formation of the product, determined to be of the 

(R) configuration, was rationalized in terms of precomplexation and 

addition to conformer li,. This was believed to be the preferred 

conformation, since the double booo, which underwent aa:lition would be 

flanked by the two smallest groups attached at C-4 (the proton and the 

~2 of the pyrrolidine ring) • 

In 1979, a series of papers describing asymmetric natural product 

synthesis based on this methodology began to appear. These utilized 

acxiition to acrylates cootaining several asymmetric centers, in which 

the one nearest to the site of reaction resided at they -carbon. 
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Nicolaou40 accomplished a synthesis of a portion of the ring 

present in carbomycins A and B, and Leucomycin A3• 'lbe transformation 

of interest was the conjugate addition of lithium di-2-methallyl 

MeO, 

,,,,,,",,,,,,~·::r 
ether 
-78° 

cuprate to acrylate jQ., derived from D-glucose. The resulting product 

.il, was formed in excellent diastereoselectivity (90%) in 85% yield. 

Completion of carbomycin B and leucomycin A3 was reported in 1981, 41 

which utilized the same cuprate oo a slightly different acrylate. 

Workers in other laboratories have also used this awroach towards 

elaboration of chiral acrylates. Natural product targets again 

included carbomycin Band leucomycin A3 , 42 tylonolide, 43 O-

mycinosyltylonolide,44 and olivin.45 All of which exhibited generally 

high stereoselectivity am high yields. 

Similar to the conjugate addition to chiral acrylates, the 

corresp::n:iing a, s~turated amides have also been investigated. '!be 

condensation of an aldehyde with the 6-unsubstituted oxazepine dione 

was reported in 1978. 46 The resulting alkylidene ll reacted in a 

Michael fashion with various Grignard reagents and homocuprates. 

Hydrolysis of the alkylation product ..li gave, after decaiboxylation, s -
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substituted alkanoic acids in 56-99% ee (generally >80% ee) and 55-

94% yield. 

RCHO + 
Py 

(E) or (z)- 93 

I 

RMgX 

R,R': alkyl, aryl 

The versatility of the reaction was shown by the fact that either 

enantiomer could be formed selectively with the proper choice of 

alkylidene. Thus, addition of Grignard reagents to the .z. olefin 

resulted in alkarX>ic acids of the (R) configuration, while the~ olefin 

gave the corresponding (S)-acids. This selectivity however, was not 

characteristic of the homocuprate additions. Alkylation of either the 

or .z. olefin resulted in formation of the (S) product for both cases, 

implying a radical anion intermediate. In all of the above Grignard 

reagent additions, the observed stereochemistry of the products was 

rationalized by approach of the nucleophile from the less hindered 

topside of the alkylidene _il. 

Another highly stereospecific route to chiral a-substituted 

alkanoic acids was reported in 1981. 4 7 Addition of excess Gr ignard 
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reagent to eneamide resulted initially in deprotonation, followed 

by formation of a rigid internal chelate complex R Because of these 

strong interactions, subsequent acxlition of the nucleophile to the less 

hirrlered bottom side gave the substituted acid Hin 79-99% ee and >85% 

yield. 

?i Me H .AV'~:(· 
HO Ph 

u R'MgBr - . 

Me 
I :.yyNXMe 

H 0 
HO Ph 

H 
R,R ' : alkyl, aryl 

Me 
I 

R-........-0--~ Me 
1'1' "X ,' H 0 

R'- , , , ,Br, , j Ph 
'-Mg Mg,,....o 

''\.., / 
Br 

R OH R··YY 
H 0 

Support for the hypothesis that formation of the rigid chelate 

complex was important prior to alkylation was accumulated by a solvent 

study. Alkylation in highly coordinating solvents such as THF or 

dimethyl ether resulted in 22 and 19% ee respectively, significantly 

lower than the 85% ee observed for diethyl ether. These results were 

attributed to competative complexation with the metal salts, and 

deterioration of the asymmetric synthesis through disruption of the 

strong internal chelate. 

A recent report by Eliel and Kogure48 describes the asymmetric 

synthesis of (-)-magyngolide ll.Q., utilizing this methodology. 
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Conjugate addition to~ gave~ (R = Me, R' = Ph) in 97% de (after 

recrystallization) am 70% yield. Further transformations led to .lQQ. 

in 97.4% de. 

Soai and coworkers49 reported an interesting phenomenon for the 

conjugate addition of butyllithium to the eneamide l,QL derived from 

proline. By reversing the order of addition of the reagents to the 

Buli • 

Ph~OH 

_/ ll 
-n·Bu 0 

103 

Scheme 2 

TM EDA t1·Buli (R)-103 S1%ee, 29%yield 

101 
TMEDA ( S) -103 39 % ee, 43% yield 
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reaction mixture, the observed stereochemistry of the resulting acid 

ill. was reversed. The results are summarized in Scheme 2. The 

explanation of these interesting results are yet unknown and further 

work by the autrors is in progress. 

2. a,a-Unsaturated Aldehyde Derivatives 

Koga and coworkers50 examined the use of chiral a , B -

unsaturated aldimines as Michael acceptors. Addition of phenyl and 

several aliphatic Grignard reagents to aldimine .lQL derived from an 

aldehyde and a chiral amino ester, led to alkylated aldehyde .lQl. 

R' H 

R NY-o+ 
II 
0 

R \ ...... H 

.. I o 
R Mg 

I 
Br 

R: Me,Ph ; R ': , ·Pr, t-Bu 

~o 
R' H 

Peduction of the aldehyde, provided the primary alcohol which was used 

for the determination of optical purity and yield. For all cases 

examined, >90% ee was realized for the addition to lli. (R' = t-Bu) in 

40-56% overall yield. lower asymmetric induction (63% ee, 41% yield) 

was obtained for the alkylation of .lQi (R' = i-Pr) with phenylmcgnesium 

bromide. It should be noted that the amino ester (R' = t-Bu) is not 
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from a naturally occurring amino acid and its availability is based on 

resolution. 

The observed absolute configuration of the products, (R), was 

rationalized by initial chelation between the magnesium and the lone 

pairs on the nitrogen and carbonyl to form complex .J.0.5.. With the 

remainder of the molecule in an (S)-cis conformation, subsequent 

addition, to the less hindered bottom side gave .l.0.6., the precursor to 

Subsequent investigation of this chiral aldimine chemistry 

involved the conjugate addition of diethyl potassiomalonate. 51 

Treatment of ill with the malonate anion gave, after hydrolysis, .lQi in 

R: ,-Bu ,-Pr t·Bu I I 

1) KCH(C02Et) 2 

2) EtOH/THF 
H,o+ 

R' 
~CHO 

CH(C0 2Et)2 

(s)-109 

86% ee (for R' = t-Bu) and 48% yield. Interestingly, the sense of 

addition was opposite to that reported for the addition of Grignard 

reagents (vide supra). This stereochemical outcome was rationalized by 

complexation of the potassium to the imine nitrogen and carbonyl, 

followed by addition to the less hindered backside of the (S)-trans 

conf armer .J.J.Q. 
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(s)-109 

A further extension of work used cyclic aldimines m.52 

Treatment with excess Grignard reagent led to addition, producing the 

intermediate ill. Depending on the reaction conditions, the product 

ootained was either the cis or trans aldehyde ill. or Yields were 

generally 50-65% in usually >90% ee. 

RMgBr 

111 

+ 

n= 1,2; R= Ph, vinyl; E= aliphatic, benzyl 

t:i o+ t-Bu'f-{ 
N 0 [;'1~-Br 

(CH2)n H 
U2 

E>(,C,:~ 
(C~)"H 

cis -114 

-
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Subsequent use of this methodology resulted in the asymmetric 

total synthesis of optically pure (+)-ivalin .ill., 53 an antileukemic 

sesquiterpene. 

HO ,, ,, ,,, 
Me t;t 

0 

us 

Another interesting route to chiral s -s~bstituted aldehydes 

employed the conjugate addition of methyl cuprate reagents to 

eneoxazolidine .ill., derived from cinnamaldehyde and ephedrine.54 

H / ,,,, Ph 
PhCH=C O ] ,,, ·x ,, ,,, 

H N ,,, I ,,,,,Me 
Me 

Ph H 

M'YY 
ll1 

M: Li, MgBr 
Z: I, Me 

Considering the experimental parameters examined, the most striking 

feature was the pronounced sol vent effect. Ethereal sol vents resulted 

in formation of (S)-.lll (up to 49% ee), while utilization of a 
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non-coordinating solvent gave predominantly the enantiomeric product 

(up to 80% ee). This dichotomy in selectivity was considered to be the 

result of differing aggregation of and coordination by the cuprate 

reagents. 

Similar results for alkylations of~ in ethereal solvents, were 

also reported by Normant and coworkers. 55 

3. a,B-Unsaturated Chiral Sulfoxides 

In 1973, Tsuchihashi and coworkers reported asymmetric 

conjugate addition of malonate anion to the chiral sulfoxide ~-56 

The resulting mixture (80:20) of diastereomers was formed in 80% yield 

with .l2l predominating. 

' 
H .. 

s ,,, 

Toi........_ ./"-,... ....,Ph 
S'~ 

/~ 0 .-. 

H2C(C02Et)2 
NaOEt/EtOH 

Toi'- ~ ------- Ph 

/~ ,,,,H 

0 .-. CH(C02Et)2 
119 

l 

' 

Toi-........_ -~H ..,..,.Ph ,r \ ''••·cH(C02 Et)2 
0 .. H 

120 

l 
Toi........_ Ph 

/s_::-(--cH(co,E 1), 

122 

I 
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Of particular interest however, was a later report57 in which 

diastereomer 122. could be predominantly formed (60% de). This was 

accomplished by generation of the li thio anion of diethylmalonate in 

THF-hexane (3:2), followed by addition of sulfoxide ~- A yield of 

63% was realized. 

The observed stereochemical outcome was toought to result from the 

stability of the intermediate carbanionic addition adducts ill. and .l2Q.. 

In a polar protic sol vent (ethanol), carbanion ill. would be favored due 

to the trans relationship of the carbanion to the sulf inyl oxygen, thus 

leading to .lli,. Alternatively, the more stable conformer in THF-hexane 

is .l.2.Q. Preferred because the carbanion is gauche to the sulfinyl 

oxygen and able to form a chelate between the cation and the oxygen, 
I 

resulting in m. 
Employing a chiral vinyl sulfoxide in a cyclic system for the 

stereoselective synthesis of substituted cyclopentanones was reported 

by Posner and coworkers58 in 1981. Virtually complete asymmetric 

induction was achieved for the conjugate addition of vinylmagnesium 

pTol:i'{J 
123 

ZnB,, ?ip .,....s 
P·Tol 

-- ----------
HO 
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bromide to enantiomerically pure (S)-(+)-(p-tolylsulfinyl)-2-

cyclopentenone .ill, forming 3-vinylcyclopentanone .ill,. Further 

transformations led to the trisubstituted cyclopentanone ill., as a 

single diastereomer in an overall yield of 30% from ,ill. This 

constituted a formal total synthesis of natural estrone Cl21). Crucial 

to the high stereoselectivity was the precoordination of the substrate 

with zinc bromide. The proposed chelate model ill., involved 

complexation to the sulfinyl and ketone oxygens, thus limiti:ng access 

to the electrophilic olefin to the side opposite the eclipsing p-tolyl 

group. Without zinc bromide, alkylation, (in the presence of catalytic 

copper bromide), under the same conditions resulted in a decrease in 

asymmetric induction (80% ee). 

Either enantiomer of 3-rnethylcyclopentanone could be formed 

preferentially from a common precursor .ill., by simple modification of 

the alkylation procedure. Thus, precomplexation with zinc bromide, 

followed by addition of methylm~nesium iodide gave mainly (R)-ll in 

87% ee and 89% yield. Alternatively, in the absence of zinc bromide, 
' the antiµx3e (S)-lli predominated in 72% ee and 76% yield. 

p-Tol .,,.,.,MJ / 2) MeMgl 

.IV 
m \ ...,_M_e_M_g_l _--t•• 

• j) 
Me (R)-m 

0 

Me""P(s)-129 

-
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This result was rationalized by addition of the nucleophile to the 

enone primarily in conformation ill., in which the sulfoxide and 

carbonyl dipoles are anti-periplanar. Attack from the less hindered 

bottornside led to the observed stereochemistry. Further examples of 

this reversed stereoselectivity for both cyclopentenone and 

cyclohexenone ring systems was recently r~ported. 59 Up to >98% ee was 

observed for a wide range of nucleophiles. 

An extension of this methxlology gave a stereoselective synthesis 

of quaternary carbons.60 Beginning with .lll, additions by a series of 

0 0 
p-Tol , II~ ,,,,,,,5 • 

I .. 
R 

w 
R= p- Tol, Me 

1) R'M/THF 
2)AI/Mg 

of organometallic reagents led to the 3,3-disubstituted cyclopentanone 

ill, after reductive cleavage of the sulfinyl group. Asymmetric 

induction was generally >75% ee with yields of 53-79%. The observed 

stereochemistry followed that of the already familiar chelate model 

m. 
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4, SUbstituted YillYl Qxazolines 
A route to chiral a-substituted alkanoic acids which enjoyed 

very high stereoselectivity, as well as a reusable chiral auxiliary, 

employed substituted vinyl oxazolines. The first, in a series of 

reports by Meyers61 , 62 investigating this methodology, appeared in 

1975. 

The requisite vinyl oxazoline ill., for the conjugate addition, was 

prepared by the use of a Wadsworth-Emmons olefination. Deprotonation 

of 2-methyl oxazoline .l.3.3., followed by addition of diisopropyl 

phosphonochloridate, gave phosphonate ru.. Subsequent deprotonation 

and reaction with a suitable aldehyde led to the desired vinyl 

oxazoline .135., with near exclusive formation of the (E) isomer. 

Ph 

CH,-{f.. 
I 

OMe 

Ph 

1) LDA nO--f 
-2)-(i--P-r0-~

2
-P_O_CI _ _,. O=P ,,,,,,,, 

(Oi -Pr)2 I 
OMe 

ill ill 

2) RCHO 

R= alkyl, aryl 

Addition of phenyllithium and related alkyl derivatives gave 

oxazoline m. Hydrolytic removal of the oxazoline yielded chiral a -
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substituted acids .ill in >90% ee (50-80% yield) for all the cases 

examined. 

Mechanistically, the observed stereochemistry of the products was 

thought to be a result of initial complexation of the organolithium 

reagent to the nitrogen and the methoxy group of the oxazoline to form 

complex _ill. Topside addition to the n -system afforded lithio 

oxazoline .l.12., which upon quench gave .lll. Because of the 

stereospecificity of the alkylation, either enantiomer of the resulting 

acid could be formed preferentially by reversing the order in which the 

substituents were introduced. 
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An experiment which supported the idea that formation of the 

initial complex m was indeed important for high stereoselectivity. was 

realized by alkylation of vinyl oxazoline .l!.O., derived from 

serine.62 , 63 Addition of n-butyllithium gave (S)-3-phenylheptanoic 

acid ill, in 96% ee (after correction for the optical purity of the 

0 

Ph~~ OMe 

ft.•Buli 

starting material). Taking into account the absolute configuration at 

C-4 on liQ., (R), and on oxazoline .ill, (S), the nucleophile added in 

the same sense for both cases, i.e., (R)-ill. gave the (S) acid and (S)-

lli gave the (R) acid. Thus, it was considered reasonable that the 
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organolithium reagent added as shown c.l.J.a-. .ill -. .l.lfil, and that the 

phenyl group had no effect on the stereochemical outcome. 

This met:txxlology was subsequently used in the synthetic ai;:proaches 

to carbomycins64 arxl also for the asymmetric total synthesis of (+)-ar-

turmerone. 65 

s. Aromatic Oxazolines 
Recently, two variations of asymmetric conjugate addition 

have ai;:peared in the literature. First, aryl oxazolines have undergone 

nucleophilic aromatic substitution to form biaryl compounds, which were 

chiral by virtue of axial asymmetry. Secondly, conjugate addition 

reactions have occurred, whereby aromaticity was lost in the formation 

of dihydronaphthalene compounds. 

In 1982, Meyers and Lutomski 66 reported the synthesis of chiral 

substituted binaphthyls ,lli and li1 via nucleophilic aromatic 

substitution. Alkylation of chiral oxazolinylnaphthylenelJ,2 with 

naphthalene Grignard re~ents ill led to the diastereomeric binaphthyls 

ill and ill, in 52-83% de and 68-80% yield. Treatment with acid, 

followed by LAH reduction gave the binaphthyl alcohols, formed with 

enantioneric enrictment (87.4-96% ee and 29-46% overall yield). 
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~K>Mel 
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Ph 
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R: H, Me 

2) LAH 

2) LAH 

~OMe w~ 

The preliminary rationalization of the observed stereochemistry 

for ill was considered to be the result of addition of the Grignard 

reagent to form dihydronaphthalene intermediate ill., in which the 

unsubstituted naphthalene ring was at a maximum distance from the 

phenyl ring. SUbsequent elimination of Mg(OMe}Br afforded biaryl ill. 

The precursor to li5. was postulated to be dihydronaphthalene J.ll, in 

which chelation of the methoxy group overrode the steric effects. 

Elimination of Mg (01e} Br then gave the binaphthyl. 
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" 0-+Mg +-OMe 
Me I 

Br I ·M,(oM,)o, 

~~~->==--~;::{' 
0-+Mg.-OMe 
Me I 

Br I ·Mg(oM,)B, 

OMe 

In a similar fashion, binaphthyls were formed utilizing 2-achiral 

oxazolinylnaphthalene which was also substituted at the 1-:position with 

various chiral ethers.67 U};x>n displacement with 1-naphthyllithium and 

2-rnetb:>xynaphthylmagensium bromide, binaphthyls were realized in 10-

94% ee and 7-80% yield. 

Chiral biphenyls have also been synthesized via this same 

metrodology.68 .Addition of various ortoo-substituted phenyl Grignara 

reagents to l,iQ. resulted in bi phenyl l.5.l, via nucleophilic aromatic 

substitution. Good to excellent yields were realized (59-95%), as well 

as a wide range of de's (Table 3). Interestingly, on addition of the 

rorrespoooing aryllithium r~ents, the resulting biphenyls exhibited 

little or no diastereoselectivity. This was attributed to lack of a 

rigid complex formation prior to displacement, or very rapid reaction, 
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devoid of any selectivity. Further studies are obviously necessary to 

establish this point. 

# 

2 

3 

4 

5 

6 

«o-f'. 
N / 

OMe 
Me 

R 

©I:R1 

0 
MgBr 

1)NCS 

Ph 

~=~. 

Me 

Me 

OMe 

OMe 

OMe 

Me 

I 
OMe 

TABLE 3 

Me 

OMe 

Me 

OMe 

CH20SiMe2t-Bu 

CH20CH20Me 

% de ( 151) 

36 

92 

60 

0 

58 

68 

1) DIBAL 

z)+)iCI 

% ee (153) 

36 

0 

60 

0 

52 

64 

Ehantiomeric biphenyls were obtained by reductive cleavage of the 

oxazoline, which after further transformation, afforded the desired 

aldehydes ill,. Under these mild conditions, synthetically useful 
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yields resulted {56-72%), as well as the preservation of the axial 

chirality in most cases {Table 3). 

In a rather novel reaction, chiral 1,2-dihydronaphthalenes 15.5. 

were synthesized from oxazolinylnaphthalene .1.5J..69 Treatment with a 

series of organolithium reagents, followed by quenching with an 

electrophile, gave only the trans orientation {of Rand E) in the 

resulting dihydronaphthalene ill- The diastereomeric ratios therefore, 

Ph'>--{-OMe 

0 

1)RLi 

1) FS03 Me or Me 30BF4 

2)NaBH4 - ., 

· Ph 

~=~. 

Rli 

n-Buli 

Phli 

Meli 

TMSLi 

I 
OMe 

TABLE 4 

Et 

PhSSPh 

Mel 

% de (155) 

88 

66 

72 

20 

155 
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reflected the facial selectivity of the initial attack of the incoming 

nucleophile (predominantly from the a-face), (Table 4), with yields of 

56-99%). This was consistant with the precomplexation-addition 

mechanism for the addition to the substituted vinyl oxazoline (vide 

supra). Subsequent removal of the oxazoline, via quaternization, 

reduction, and hydrolysis, yielded the corresponding aldehydes 15.6. in 

69-88% yield. 

In a similar fashion, dihydronaphthalenes were formed from the 

isomeric oxazolinylnaphthalene l51.70 Alkylation with a series of 

organolithium reagents and quenching with methyl iodide afforded the 

1)Rli 

2) Mel 

157 

Ph 

I 
OMe 
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intermediate dihydronaphthalene ill, in 49-96% de and 67-89% yield. 

Removal of the oxazoline, via quaternization, generated the aldehyde 

ill in 65-81% yield. These alkylations also exhibited the same sense 

of diastereoselectivity as that of the substituted vinyl oxazoline 

system (vide supra). 

The preceding survey of asymmetric conjugate additions represents 

the major contributions from a number of laboratories mainly over the 

past 15 years. The following section will describe the author's 

results on conjugate additions on pyridines and quinoline to furnish 

chiral dihydropyridines and dihydroquinolines. 



CHAPTER II 

RESULTS AID DIOCUSSIOO 

Since the first reported asymmetric reduction of a prochiral 

substrate by a so-called ~H (nicotinamide adenine dinucleotide) mimic 

in 1975,71 numerous other reports have appeared in the literature. 

These have focused on both the stereocremical and mechanistic aspects 

of this intriguing reaction, which was recently reviewed by Inouye.72 

For the sake of brevity, only a portion of the work from three 

laboratories will be examined. 

Significant contributions has been made by Kellogg73 and Inouye74 

utilizing the macrocyclic dihydropyridine .liQ and the bis-

dihydropyridine .lil, respectively. Both led to the stereospecific 

reduction of carbonyl compounds with enantiomeric excess reaching 2.90% 

(Scheme 3). Common to each of the reagents was the centers of 

asymmetry, outside the dihydropyridine nucleus, which contained two 

transferrable hydrides located at C-4. 
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Scheme 3 

fbrldgo) 
H,,tNM 1 .... A 

R NH ~H 

R: , -Pr, benzyl 
bridge: alkyl 

+ 
0 ,A,, 

R R 

x------' 

X: alkyl, aryl 

X ' ' ' 
I fl 

R R 

Comparable asymmetric induction (up to 99% ee) was realized by 

Ohno and coworkers 75 using dihydropyridine ill_. In contrast to the 

work by Kellogg and Inouye (vide supra), the dihydropyridine contained 

CHJ HO Ph ft NH_j__cH, 
HJC I CHl 

Pr 
(R,R);(s,s);(s,R) 162 + 

+ 
0 

A 
R' R" 

OH H 

X ' 
R' R" 

an asyrnmtric center at C-4, in addition to an asymmetric amide moiety 

attached at C-3. For a series of reductions, the absolute 
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configuration of the resulting alcohol lil was dependent only on the 

configuration at C-4, and not the asymmetric side chain. A 

disadvantage of this method however, was the required fractional 

recrystallization of from an equal mixture of two diastereomers. 

Because of the interest in NADH mimics and the high 

stereoselectivity exhibited by the dihydropyridine of type it was 

desirable that methodology for their asymmetric synthesis be developed. 

'!be preparation of chiral 1,4-dihydrq:,yridines will be discussed in the 

first portion of this dissertation, following a brief review of 

pertinant work for the synthesis of achiral analogs. 

In 1978, Meyers and Gabel 76 reported the synthesis of 3-

oxazolinyl-1,4-dihydropyridines ill., by alkylation of oxazolinyl-

1)RM .. [OJ .. 

pyridine ill, with several organometallic reagents (in near 

(Jlantitative yields). &lbsequent oxidation led to the disubstituted 

pyridines in 45-100% yield. 'llle atly exception was the cddi tion of 

t-b.ltyllithium, which afforded 6-t-butyl-3-oxazolinylpyridine (59%) m 
the corresporxling dihydro compoun:1. 

This methodology was recently reinvestigated in another 

laboratory.77 Depending oo reactioo cooditions, substantial amounts of 

1,2~ihydropyridines were formed. ('lbe synthesis, by various routes, 

ald use of dihydropyridines was recenUy reviewea78). 
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Incorporation of the chiral oxazoline moiety saw the preferential 

synthesis of either 3,4-disubstituted or 3,6-disubstituted P.tridines.79 

Thus, alkylation of oxazolinylpyridine .l.61. with a series of 

©f:S:;h Ph R OiPh 
1) Ali ff>-JH .. + ©fN '"JH 2)000 OH 

N N 
167 168 169 

R:Me,Bu,Ph 

organolithium reagents, followed by oxidation resulted in the P.fridines 

ill and ill• Variation of the reaction conditions allowed for the 

formatioo of~ in up to 95% selectivity (60-95% yield). 

Alternatively, use of the methylated oxazolinylpyridine .l2Q. 

resulted in near exclusive formation (>99%) of the 3,4-disubstituted 

pyridine l.U. after oxidation. Trapping of the intermediate lithio 

dihydroP.fridine with t-butyl chloroformate afforded .l2l (R = n-Bu, E = 

CC>it-Bu) with a diastereomeric ratio of 89:11 (by LI$) in quantitative 

yield. 

This approach to chiral 1,4-dihydropyridines will be further 

expamed in the following pages. 
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A. SEthesis .Qf Chiral 1,4::PihydrQlliridines w m axazoline 

'!'re requisite oxazolinylpyridine .115. was prepared as outlined in 

Scheme 4. Treatment of 3-cyanopyridine with dry HCl ar'¥:l ethanol gave 

imidate ID in 92% yield as a dihydrochloride salt. The oxazoline was 

formed by warming a solution of the imidate, triethylamine, and 

(1S,2S)-(+)-1-phenyl-2-amino-3-methoxy-l-propanol ill,. Kugelrohr 

distillatioo afforded l15. as a clear vicous oil in 511 yield. 

©r'CN 

HO Ph 

H,N:i; 
OMe 

Scheme 4 

HCI 
EtOH 

~Et 

·2HCl 
173 
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Al.kylation with methyllithiwn and phenyllithiwn in IBF gave the 

intermediate lithio anion ,lli. Subsequent quenching with methyl 

RLi 

H~ 

N 

!02Me 
• 

(•s)-m 

Ph 

R:Me,Ph 

I 
OMe 

Ph 

'" '"" I 
\ ~OMe 
Li-

N 

!o,Me 
(4R)-ru 

chloroformate resulted in the formation of urethanes ill and l11i,. ('lbe 

determinatioo of the absolute configuration of the major diastereomer 

ill will be discussed shortly). The results of these alkylations, 

including a temperature cl1d concentratioo effect stooy for the c0:1ition 

of methyllithiwn, are smwn in Table s. 
The diastereomeric ratios were determined for the reaction 

mixtures after extractive isolation. So as to avoid a resolution, an 

aliquot was eluted through a small plug of silica gel or florisil with 

copius amounts of ethylacetate. All of the ratios were found to be 
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TABLE 5 

Ratiob 
Addition Concentration (177:178) --

RMa Temperature (oC) ( M) (S,S,S):(R,S,S) % Yield 

CH3Li - 40 0.01 93:7 79 

CH3Li - 78 0.01 94:6 79 

CHli -100 0.01 95:5 81 

CH3Li - 78 0. 10 93:7 81 

Phli - 78 0.01 92:8 94 

alnverse Addition: RM was added to a chilled THF solution of the oxazolinyl-
pyridine. 

bDetermined by HPLC. Diastereomeric dihydropyridines 177 & 178 (R=CH3) were found 
to have the same extinction coefficients by N. R. Natale. 80-

u, 
N 
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coo.sistantly high as imicated by HPIC, with good to excellent yields 

after p.irificatioo. 

Because the product dihydropyridines were previously unknown 

compollllds, it was necessary to determine the absolute caifiguration of 

the newly formed center. Bydrogenolysis of a pire diastereomer of 4-

Ph 

H O_/ 
~)"""\ l __ j OMe 

i 
CO,Me 

177 (R=u.) 

H, 
Pa/C 

H 0 
Ph 

"-NH-1; ,, ,, 

7 oi: 
CO,Me 

180 

methyl-1,4-dihydropyridine 111. (R = Me) by N. R. Natale led to the 

crystalline amide .l.Wb The X-ray structure imicated the carboo at C-4 

was of the (S)-caifiguratioo. 

Mechanistically, slx>wn here for the addition of methyllithium, the 

observed stereochemistry may be rationalized by formation of 

preoodition complex lll., where the methyllithium bax3 is cq>laner with 

w 
S = Solvent 
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the n-system. (This type of precomplex was invoked for the 

stereospecific conjugate addition to substituted vinyl oxazoline 

compounds).62 Subsequent conjugate addition, from the topside, 

resulted in intermediate .ll2., with the observed stereochemistry of the 

final product. The alternative caifiguration would require the solvent 

molecule arx:i the methyl group be interchanged. The result would be a 

near orthogonal arrangement of the TT -system with the methyllithium 

bond, less suitable for addition. That no difference in 

diastereoselectivity was observed for the addition of methyllithium 

aver the raD3e of temperatures arx:i co~entratioos implied that all of 

the reactions proceeded through the same, highly coordinated, 

precomplex ll,l. The analogous precomplex was also formed for the 

prenyllithium addition. 

Alkylations of l.15. by N. R. Natale, 81 using a series of other 

nucleophiles followed by quenching with methyl chloroformate gave 

urethanes lll and lll are shown in Table 6. The results were also 

characterized by excellent diastereoselectivity and good to excellent 

yields. 

A very significant problem associated with some of the oxazoline 

chemistry was the removal of the chiral auxiliary after use. Normal 

hydrolysis generally required strong acid at elevated temperatures, not 

ER.Iitable for the preservation of the dihydropyridine. CUaternization, 

which had been used for the removal of achiral oxazolines, 82 met with 

limited success for the chiral analog. SO More recently, facile 

quaternization was realized by the use of strong metbylating agents 

such as methyl fluorosulfonate ("magic methyl•) and trimethyloxonium 

tetrafluoroborate,69 which led to the removal of the oxazoline moiety 

-
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MeMgCl 

n-Buli 

n-BuMgCl 

EtMgBr 

Addition 
Temperature 

0 

-78 

0 

0 

TABLE 6 

Ratiob: ( 177; 178) - -
(oC) (S,S,S): (R,S,S) % Yield 

91:9 88 

97:3 95 

95:5 98 

92:8 63 

alnverse Addition: RM added to a chilled THF solution of the 
oxazolinylpyridine. 

bDetermined by HPLC. 

(J1 
(J1 



56 

from dihydronaphthalenes. This procedure was applied to a 3-

oxazolinyl-1,4~ihydropyridine ill (R=Me). 

Treatment of 4-methyl-1,4~ihydropyridine ill {R=Me) (94:6 ratio) 

with methyl fluoroatlfooate resulted in a rapid oolor cbDJe from light 

Ph 

""''"\ 
I OMe Me 

Ph 

H ~e o_j 
~>"""\ l .. J •\ OMe 

N Me 
I FS03-
C02Me 

183 

H tf!e C(CHO 
i 
C02Me 

ru 
yellow to green. Upon stirring overnight, the intermediate oxazoliniurn 

salt ill was reduced with NaBH4 to give oxazolidine ill. Acidic 

hydrolysis gave aldehyde ill as an oil in 60% overall yield after 

p.irification ([a ]0 +144). 

The enantiomeric excess was determined by reduction of ill to 

alcoool 18.6, 'lbe hydroxyl group was acylated with (+)-methoxyphenyl-

trifluoromethylacetyl chloride83 (derived from the corresponding acid, 

•M~her's acid"). 'lbe resulting ester ill was analyzed by 1H NMR (270 

MHz) and found to have a ratio of 91: 9. This corresponded reasonably 

well with the 94:6 ratio of the startinJ oxazoline m {R=Me). 
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a. S_ynthesis Qf Chiral 1, 4-DihydrQlllridines m Imines 

At the ootset of this project metixx:iology for the mild removal of 

the oxazoline moiety from the dihydropyridines had not yet been 

realized. It was reasoned that use of an asymmetric imine moiety as 

the chiral auxiliary could lead to a stereoselective alkylation. 

Subsequent mild acid hydrolysis would then give enantiomerically 

enriched dihydropyridines. This portion of the dissertation will focus 

al studies to this eoo. 
imino pyridines investigated were formed by coodensation of 3-

P.{ridi.necaiboxaldehyde arx1 a chiral amine, derived from phenylalanine 

or valine in 53-941 (Scheme 5). 

The alkylations were carried out using only methyl-substituted 

organometallic reagents. The reason being, a more simplified 1H NMR 

spectra, and if high asymmetric induction could be realized for the 

smaller methyl group, better optical yields should be realized with 

larger nucleophiles. Typically, upon alkylation the resulting anion 

was quenched with methyl chloroformate and the urethanes ill were 

isolated by extraction. '!be diastereomeric excesses were determined by 
1H NMR (integrations of the methyl doublets, "'ol.2) or by HPLC. 

Periodically, the imino 1,4-dihydrq,yridines were easily hydrolyzed at 
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Scheme 5 
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1)CH,M ~N-R0 

2)ctC02Me l NJJ -
I 
C02Me 

196 

aCHO 

7 
C02Me 

185 

room temperature using either an aqueous sodium acetate buffer or 

cG\JeollS oxalic acid, with a cosolvent. Following extractive isolation, 

the aldehyde ill was found to be of high purity, and could be further 

p.irified by chromatography. Below is described the alkylation of the 

imino pyridines. 

1. Al,kylation Qf Imino ~ridine m 
Imine .ill, derived from phenylalaninol methyl ether, which 

was used very successfully in the asymmetric alkylation of ketimines 

m aldimines, 84 was treated with several organ::>metallic reagents as 

slxMl in Table 7. 

M3ition of methyllithium arx3 the methyl Grignard reagents formed 

complex mixtures, presumably of various regioisomers resulting from 

unbiased aa:lition to the pyridine ring. In contrast, cuprate reagents 

formed 1,4-dihydropyridines exclusively. The homocuprate, however, 

soowed no stereoselectivity. This may have been due to its symmetrical 

nature with no stereodifferentiating effect exhibited by the chiral 

auxiliary. Alternatively, the mixed cuprate gave a 16% de, possibly as 

a result of the dissymmetry of the cuprate reagent and/or the ability 

of the chiral auxiliary to form diastereomeric transition states. 

-
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1)cH,M 

2)c1co1Me 

CH Mb 3 

CH3Li 

CH3MgBrd 

(CH3)lul ie 

CH3CuCNLi 

TABLE 7 a 

<Y'N~Ph 
N OMe 
I 

COaMe 
197 

Diastereomeric Ratioc (197) 

complex mixture 

complex mixture 

1 : l 

42:58 

H30• a CHO 
I 

7 
C02Me 

m 
% Yield (185) 

88f 

aThe typical reaction was done at 0.0lM in THF at -78° (-20° for 
Grignard reagent addition) for 3-5 hours, followed by quenching 
with methyl chlorofo1mate, an~ extractive isolation. b1. l to 2.0 
eq. Coetermined by H NMR. Similar results were observed for 
the addition of CH3MgCl and CH3Mgl. esimilar results were obser-
ved in ether. funpurified yield, found to be >95% pure by lH NMR 
as a mixture of enantiomers. 

°' 0 
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Hydrolysis of the product gave the desired aldehyde .la5, as a somewhat 

unstable oil, in 88% cnxle yield. 

2. Alkylation 2f. Iro1 m Pyridine lil 
Because of the regioselectivity proolems associated with the 

alkylation of imine ill., imine lll, derived from phenylalaninol was 

prepared. It was postulated that the free deprotonated hydroxyl group 

could better serve as a ligand, forming a more rigid chelate to aid in 

the overall selectivity. The results are sunmarized in Table 8. 

Similar to the alkylation of imine ill., methyllithium and 

methylmagnesium bromide in ether and DME gave a complex mixture of 

products. In contrast oowever, treatment with methylmagnesium bromide 

in THF gave exclusively 1,4-dihydropyridines, as a racemic mixture, 

imicating that a stronger chelate was formed, altlx>ugh with a lack of 

stereodifferentiation. The cuprate also gave the desired products in 

racemic form. Hydrolysis of the oomocuprate reaction mixture afforded 

aldehyde li5. in 941 crooe yield. 

3. Alkylation .Qf Iroi oo Pyridine lil 

An alternative awroach was the use of imines prepared from 

esters of valine. Imine .lil, derived from (S)-ethylvalinate, was 

alkylated with the organometallic reagents as shown in Table 9. 

Significant improvement for the asymmetric Wuction (up to 38% de) was 

realized with the cuprate additioo. 'Jbese reactions showed little, if 

any, temperature dependence, with higher selectivity observed in 'ffiF 

compared with ether. An interestiB3 feature of the valine imine was 

the increased stability to chromatography, specifically HPU:, employed 

to determine the diastereomeric excesses. 
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TABLE 8a 

CH, H (Ph 

~NJ 
N I OC02Me 
I 
C02Me 

ru 
Diastereomeric Ratioc (198) 

complex mixture 

1 : 1 

1 : 1 

1 : 1 

HO• L-+ 
,Z:cHo 
~~JJ 7 

C02Me 
185 

% Yield (185) 

94e 

a) Reaction conditions, see Footnote a of Table 7 (p. 60 ). b) 
2.2-3.0 eq. c) Determined by lH NMR.- d) Additions in ether and 
DME gave complex mixtures. e) Unpurified yield, found to be ~95% 
pure by lH NMR as a mixture of enantiomers. 

O"I 
N 



TABLE ga --

Hfe H ~H, 
- OEt aCHO 1)CH1M c:rN 0 H,o• 

193 
2)c1co2Me N 

I 
!02Me C01Me 

199 185 

CH Mb 3 Diastereomeric Ratioc (199) % Yield (185) 

(CH 3)2Culid 34:66 97e 

(CH 3)2CuL/ 31:69 

CH3MgBr complex mixture 

a) Reaction conditions, see Footnote a, Table 7 (p. 60). b) 
l. 1-2.0 eq. c) Determined by HPLC. cf) Alk~lation in ether gave 
a ratio of 41:59. e) Purified yield, [a]o2 +66.5. f) Alkyla-
tion temperature was -100°c. 

O'l w 
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Upon hydrolysis, aldehyde ill. was recovered in 97% yield after 

chromatography. The rotation, +66.5°, indicated that the absolute 

configuration of the newly formed center, at C-4, was of the (S)-

configuration. This was determined by comparison with authentic 

material of known configuration, from the alkylation of oxazolinyl-

pyridine 125. (vide supra). Mechanistic rationalization of the observed 

stereochemistry will be discussed on page 66. 

4. Al,kylation Qf Imino :ea,ridine m 
Imine ll,S., prepared from (S)-t-butylvalinate, was alkylated 

using the optimum conditions observed from imine .ill.. Additionally, 

the imino pyridine was precomplexed with magnesium dibromide 

etherate, 85 in an attempt to form a more rigid complex. Finally, 

aaUtion of a chiral mixed cuprate, derived from N-methylprolino186 was 

also investigated. The results for these reactions are slx>wn on Table 

10. 

It was apparent that increasing the bulkiness of the chiral 

auxiliary had a definite effect on the asymmetric induction, up to 56% 

de. Addition of magnesium dibromide resulted in no change in the 

stereoselectivity. Similar results were obtained for the ~ition of 

the chiral mixed cuprate. (It should be noted however, that the 

reaction was performed at -78° instead of -100°. Thus, it is 

cooceivable that the stereoselectivity could be further increased with 

further cooling, though probably not significantly based on a slight 

increase for the alkylation of !mine ID at -78° and -100°). 

Hydrolysis of the product imine gave aldehyde ill. in 82% yield 

after purification. This lower yield reflected the prolonged 

hydrolysis period required for complete reactioo, resulting in partial 



TABLE ,oa 

_1)_c_H,_M___,.H~N;yo o+ 
2)CIC01Me lNJ 

(CH 3)2Culi 

(CH 3)2Culi 

(MgBr2 precomplex) 

t 

~-CuCH,LI 

I 
C01Me 

Reaction 
Temperature 

-100 

-105 

- 78 

Diastereomeric Ratioc (200) 

22:78 

24:76 

% Yield ( 185) 

a) Reaction conditions, see Footnote a, Table 7 (p. 60). b) 2.0-2. l eq. c) Determined 
by HPLC (waters µ-porasil). d) Purified yield, [a]D24 +98 (c 0.7, C6H6). e) See 
Reference 11. f) Determined by HPLC (Universal Scientific Spherosorb, 10 µ). 
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loss of the aldehyde through decomposition. '1be absolute coofiguration 

was also found to be (S), by correlation of the rotation. Similarly, 

the node of c:diition was anal~ous to imine .lil to be discussed below. 

The stereochemistry ooserved for the alkylation of imines lil and 

ill. may be rationalized in terms of a bimolecular reaction between 

precomplex lOl. (formed from the imine and lithium iodide, a byproduct 

of cuprate formation) and lithium dimethyl cuprate. Conjugate c:diition 

to the transoid imino pyridine from the less hindered bottomside, would 

..... __.-vet 

/ (01-Bu) 
(CHi)2Culi 

result in the observed stereochemistry. An alternative cooformation, 

in which the pyridine ring has been rotated 1ao0 , is shown in~ '!be 

required attack from the top face of the molecule would be less 

desirable due to steric interaction with the isopropyl group. 

Similarly, approach from the bottomside, which would result in the 

wrong stereochemistry, would also be unfavorable due to the steric 

interaction with the lithium iodide precomplex. This awears to be a 

less stringent steric requirement, and could be a reasonable 

competitive pathway for the addition. If so, this would explain the 
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diastereomeric excesses not exceeding 38% (and 56% de for the 

alkylatioo of imine m>. 

(cH,) Cull 2\ I 

\ 

Considering the progress made in the synthesis of chiral 1,4-

dihydropyr idines ili the imine route (up to 56% de), there is still 

substantial room for improvement. Cne would have to coosider however, 

the benefits of further study since very high stereoselectivity was 

realized (up to 94% de) using the oxazoline chiral auxiliary, which can 

now be easily removed. Another lucrative characteristic of the 

oxazoline moiety was the capacity to add organolithium and Grignard 

reagents, instead of being restricted only to cuprate reagents. 

Clearly, further imine alkylations would be justified only from the 

standtX)int of ease with which the imine may be formed and hydrolyzed, 

in far fewer steps than the correspoooing oxazoline COIIJ?CX.100S. 

c. conservation 2f Chirality 
The methodology discussed for the synthesis of chiral 1,4-

dihydropyridines focused on the creaction of a new stereochemical 
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center (an element of chirality or stereogenic unit) 87 in the presence 

of an already existing stereocenter namely that present in the 

oxazoline or the imine. An cg,roach to asymmetric synthesis which has 

received considerably less attention, is the formation of a new 

stereogenic unit with simultaneous destruction of another. These 

processes are known as "self-immolative"88 and occur with some degree 

of conservatioo of chirality. (It slx:>uld be noted that "chirality" is 

a molecular term. A molecule is chiral or chirotopic by virtue of its 

to:pology or molecular geometry and .DQt due to a center or point in the 

nolecule). 

Examples in which an sp3 center (central chiral element) is 

converted to an sp2 center (axial chiral element), and vice versa, 89 

include a hetero-ene reaction, 90 and the formation of allenes91 and 

olefins.92 Self-immolative processes where a central chiral element is 

converted to another central chiral elenent have also been observea. 93 

In 1955, Berson and Brown94 proposed an experiment, a self-

imrnolative process, where destruction of a central chiral element would 

result in simultaneous formation of an element of chirality of the 

biphenyl type, with conservation of chirality. This investigation was 

prompted by the observatioo that such a process occurred when thebaine 

.2.Ql was treated with phenylmagnesium bromide. Rearrangement and 

aromatization gave biphenyl lQi, epirneric at the benzyl position.95 A 

subsequent investigation96 cooverted lQi to the enantiomeric biphenyl 

-
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H=CHPh 

The precursor .2Ql however, was a special case due to the three 

stereocenters present in the molecule. Thus, the conservation of 

chirality could have been, in addition to the center which was 

destroyed, a furx:tion of the other two centers exerting an influence on 

the stereochernical outcorre. 

Berson, realizing this complexity, sought to simplify the problem 

by use of 4-(2-nitrophenyl)-l,4~ihydropyridine During the self-

[OJ 

immolative process (by oxidation), the ally stereocenter present in the 

rolecule was the one destroyed in the formation of biphenyl lQZ. 

An important feature of the dihydropyridine was the free rotation 

around the C-4 and aryl bond. During oxidation, when the C-4 proton 

bond was not completely broken and full aromaticity had not been 
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reached, a given enantiomer should have given rise to two 

diastereomeric transition states. These are soown as~ and~ in 

which the nitro group interacts differently with the ring substituents 

imparting an energy bias and predominatly one axial enantiomer would 

prevail upon carplete oxidation. 

H 

K =COCH3 
E =CO2Et 

H H 

H 

Due to the experimental difficulties, namely obtaining suitable 

enantiomerically enric~ dihydropyridine the proposal could not 

be conclusively verified, nor was it investigated and successfully 

shown to occur Wltil now. 

This portion of the dissertation will focus on results which 

verify that the Berson proposal does occur, albeit on a 

naphthylquinoline system rather than an arylpyridine system (Scheme 6). 

Discussion of mechanistic aspects of this process, as well as related 

ab.dies will also be presented. 
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Scheme 6 

[OJ 
R 

Ph 

R=~ CHO 

l 
OMe 

1. verification .o.f. Berson Proposal tAlkylation ri.tb .l= 

tw?htwllithiwn) 
The synthesis of the requisite starting material, 

oxazolinylquinoline .fil is soown in Scheme 7. Ethyl imidate 210. was 

prepared in 95% yield by treatment of 3-quinolinecarbonitrile with dry 

HCl. and ethanol. The oxazoline was formed by heating a mixture of the 

imidate, triethylamine, and (1S,2S)-(+)-1-phenyl-2-amino-3-metooxy-l-

prcpanol ill in 1,2-dichloroethane • .Recovery of the crude product by 

extraction, and µirif ication, afforded the oxazolinylquinoline .m as a 

viscous light yellow oil in 82.5% yield. 
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Scheme 7 

HCI 
EtOH 

HO Ph 

H,N~ 
OMe 

Ph 

:-S. ... , 

NH 

OEt 

·2 HCI 

OMe 

Al.kylation with 1-naphthyllithium in 'fflF is summarized in Scheme 

8. Upon complete reaction, the bulk of the lithio anion ll2, solution 

(99% by volume) was transferred out of the flask and quenched with 

ethanol to give m.. The remaining ll2, was quenched with methyl 

chlorof or mate forming urethane lJ.i. This urethane served as an 

analytical sample for the determination of the diastereomeric excess 

before oxidation. Analysis by HPIC indicated a ratio of 88:12. 

The N-H dihydroquinoline ID. was oxidized with 2,3-dichloro-5,6-

dicyanobenzoquinone (DDQ) to give naphthylquinoline .2l5. in 871 yield. 

Analysis by HPLC indicated a diastereomeric ratio of 89:11, in 

excellent agreement with that of the precursor lli. (determined as 

urethane .2li). The oxazoline was re:iooved from .2l5. by acid hydrolysis 
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Scheme 8 

©I9J + 

Li 

i THF/-78° 

I 
N 
I 
C02Me 

214 (ss:12) 
Ph 

~=~, 
I 

OMe 
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DDO 
THF 
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ill (ss:u) 
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and the resulting carboxyl group esterified with diazomethane to give 

ester lli. in 84% yield ([a] 0 -9.8°). Spectra of the diastereomeric 

urethanes ll! and biaryls .2,ll are shown in Figures 1 and 2 

respectively. 

From the results ct>tained from this series of experiments, su~rt 

for the Berson proposal had been realized, since the ratio before 

oxidation (88:12) agreed very well with that of the oxidized product 

lli (89:11). However, one could argue, as in the thebaine oxidation, 

that the high conservation of chirality in going from 2l.3. to ..212. was a 

direct result of the additional stereocenters present in the oxazoline 

moiety. It was therefore necessary to perform the oxidation without 

any external stereochemical environment. 

The 4-naphthyl-1,4-dihydroquinoline .2li (87.5:12.5 ratio) was 

guaternized with methylfluorosulfonate ("magic methyl") to form the 

oxazoliniurn salt ID., which was reduced (NaBH4) to the corresponding 

oxazolidine without isolation (Scheme 9). Hydrolysis with aqueous 

oxalic acid oo silica gel gave aldehyde 218. in 96% overall yield from 

lli.. (Previous attempts at the hydrolysis employing other aqueous 

acids, with a two phase solvent system, failed to give the desired 

aldehyde). The urethane was cleaved urx3er basic conditions to the N-H 

dihydrcq.linoline ll9., the required precursor for the oxidation to 

Treatment with DDQ (-78°C) afforded the biaryl in 90% yield. 

Since this naphthylquinoline was previously unknown, it was necessary 

to correlate it with a previously prepared compound. The aldehyde was 

converted to the well characterized ester ..212. in 71% yield by oxidation 

with silver oxide and esterification. 

-
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The enantiomeric excess of ester 21.6. ( Coln -10.6) was determined 

by comparison of the rotation with that ooserved for a p.ire enantiomer, 

[oln +13.2. (This pure enantiomer, of opposite configuration, was 

prepared by enrichment of (R)-4-naphthyl-3-oxazolinylquinoline .22..i 

(vide infra). &lbsequent recrystallization gave a single diastereomer 

which was hydrolyzed am esterified). Tnis comparison indicated 80% ee 

(90:10 ratio) in excellent agreement with the initial ratio of 

87.5:12.S. With these results, the Berson proposal was shown to occur 

with >95% cooservation of chirality, am in the absence of any external 

stereochemical elements. 

Complete caif irmation of the Berson proposal lX>wever, had not been 

realized. Of central importarx::e was establihsing free rotation in 4-

naphthyl-1,4~ihydroquiooline ID.. A conformationally locked naphthyl 

group would be characterized by two stereochemical elements, the 

configuration of the newly created center and the rotational isomer 

form. The oxidation of such a species would remove the central chiral 

element replacing it with an axial chiral element, with no change in 

the rotational isomer form. '.Ibis type of process would not give rise 

to diastereomeric transition states, necessary for the true 

confirmation of the Berson proposal. 1H NMR studies determined free 

rotation did occur, with a rotational barrier of 11.2 kcal moi-1• 

Details of this study follow in p. 91. 

2. Al.kylation nth 1,-Na.?hthylmagnesium Brnmj de 
Alkylation of oxazolinylquinoline lll. in toluene with 1-

naphthylmagnesium bromide proved to be a more challenging aspect of 

this chemistry. A significant problem dealt with at the beginning was 

very erratic optical yields for the products. This was found to be a 
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function of solvent composition in the stock Grignard reagent. Large 

amounts of THF (20-30% by volume) could not be tolerated for high 

asymmetric induction, though smaller amounts of up to ~5% had no 

effect. Several different mixtures were investigated, of which 55:45 

r,J/V) ether/benzene was found to be optimal, and gave reproducible 

results. The reactioo sequen:e is sunmarized in Scheme 10. 

Upon complete reaction, the bulk of the magnesio anion .2.2l 

solution (98% by volume) was transferred out of the flask and quenched 

with ethanol to give 222, The remaining anion solution was allowed to 

warm to room temperature, at which time THF and more Grignard reagent 

were added. The reaction was quenched with methyl chloroformate to 

give~ This elaborate urethane formation sequence was necessary due 

to the tendency to get competing C and N acylation. Quenching at room 

temperature with THF as a cosolvent was found to alleviate this 

problem. However, because only 0.06 mmol of the anion was present, 

traces of moisture or HCl (from the methyl chloroformate) would easily 

lead to a resolution. This problem was eliminated with the cddition of 

extra Grignard reagent, which insured a proton-free environment. 

Analysis by HPLC of urethane 22.l indicated a ratio of 14:86 with the 

epimeric dihydroquinoline (compared to naphthyllithium addition) 

predominating. 

Oxidation of N-H dihydroquinoline _m with IDQ gave the biaryl 2.2.i 

in 79% yield with a ratio of 12:88. Comparison with the ratio before 

oxidation (14:88) indicated a very high degree of conservation of 

chirality. Hydrolytic oxazoline removal and esterification gave ester 

ill ([a] 0 -19.55) in 91% yield, which proved to be the epimeric product 

from 1-naphthyllithium addition. Spectra of the diastereorneric 
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urethanes 2.2.l and oxidized products .ill are shown in Figures 3 and 4 

respectively. 

222 ODO~ 

3. Determination .of Absolute Configurations .mi .the Rotational 
Barrier 

Since the 4-naphthyl-1,4-dihydroquinolines and the 4-

naphthylquinolines were previously unknown compounds, determination of 

the absolute configurations by X-ray analysis was necessary for each. 

The dihydro analog was prepared by quenching intermediate lli., from 

Grignard reagent aaUtion, with di-t-butyldicarbonate. Chromatographic 

enrichment of the major diastereomer followed by recrystallization gave 

the crystalline compound (R)-l.2.6,. The absolute configuration of the 

newly formed center was found to be (R) (Figure 5). 

Likewise, the naphthylquinoline (R)-.lli. was prepared by quenching 

anioo .m am oxidation by IDQ. The mAjor diastereomer was enriched by 

chromatography, recrystallized, arx1 subjected to X-ray analysis. The 

absolute configuration of biaryl (R)-.lli was also found to be (R) 

(Figure 6). 
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1) EtOH 

2) DDQ 

As alluded to earlier, key to the confirmation of the Berson 

proposal was the establishing of free rotation in the 

dihydroquinolines. The structures determined by X-ray were further 

evidence that such a process did occur. Dihydroquinoline (R)-lli. 

soowed the unsubstituted naphthalene ring situated synperiplaner97 (SJ;r-

rotainer, sh:>wn as the trH-dihydroquinoline sp-~ to the hydrogen at 

C-4, thus able to minimize steric interactions with the 

dihydroquinoline nucleus. That the absolute configuration of the 

naphthylquinoline (R)-lZJ, was (R), implied rotation of the naphthyl 
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(4R)- sp - 222 (4R)-ap-U,2 

l 
(s)- ill 

Ph 

~=~. 
I 

OMe 

group to the anti periplaner rotamer ap-.222 before oxidation. 

(Likewise, Dreiding models and a space filling drawing (Figure 7) 

favored free rotation, while space filling models showed hindered 

rotation). 

Literature precedence suPfX)rted the facile interchange between sp-

m and ap-~ Free rotation had been ooserved in 9-arylxanthyl 98 and 

9-arylthioxanthy199 systems, exhibiting rotational barriers of 9.4 to 

12.8 kcal moi-1• Higher values (17.6 kcal mol-1) had also been 

reJ;X>rted,lOO oowever, at these free rotation at room temperature was 

not possible. In addition, 9-arylfluorenes101 had been studied and 
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Fig. 7 
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were generally characterized by higher barriers of rotation (16-35 kcal 

1001-1). 

Recent interest in the use of 4-aryl-1,4-dihydropyridines as 

calcium ant~onists102 prompted an investigation by a German group to 

establish which rotamer, sp-.ill. or ap-.ill., was favored.103 The 

rotational barrier of the 4-mesityl analog (more closely related to 

1,4-dihydroquinolines) was also determined. 

E•CO,Me 

sp - 227 ap - 227 

Analysis by 1H NMR of .ill. found the chemical shift of the 2'-

methyl group ( <S 2.54) to be independent of temperature. That sp-.ill. 

was the more favored rotamer was established by comparison of the 

chemical shifts exhibited by 4-mesityl-1,4-dihydropyridine The 1H 

spectrum displayed a broad singlet for the two ortlx> methyl groups at 

r 
h.sa 
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room temperature ( 0 2.39). Upon coolir¥;J, coalescence was reached at -

1a0 , with two separate peaks observed at -so0 (the rotatiooal. barrier 

was calculated to be 12.2 kcal mol-1). The chemical shifts were o 2.58 

and 02.20 for the synperiplaner (deshielded) methyl group and the 

antiperiplaner methyl groups respectively. The former &3reed well with 

6 2.54 from .ll7.. By this comparison, it was concluded that the 

thermodynamically more favored rotamer was sp-,22L Additional evidence 

from an NOE experiment on 2.2.1., and the knowledge that the sp-form was 

adopted preferentially on similar (2'-nitro and 2',4'-dinitro)-1,4-

dihydropyridines in the crystalline state,104 further supported the 

preference of sp-m,. 

Logically, the next step was to determine if free rotation was 

occurring in the dihydroquinoline system and if so, determine the 

rotational barrier. The ag;,roach was to ct>serve the particular sample 

by 1H NMR while cooling to various temperatures. The first two 

compounds investigated were oxazolinyldihydroquinoline 2ll and aldehydo 

dihydroquinoline lJ.i. The oxazoline spectra showed line shape 

©© = H ©(YCHO 
m ZD 

changes and possible freezing out of rotational isomers. Cnlclusive 

results however, could not be made due to the complexity of the 

spectra. The aldehyde spectra were much simpler, with line shape 



92 

changes also occurring upon cooling. Here again, no rotamers were 

conclusively frozen out. Two features of the spectra did however, 

become important in the following experiment. The C-4 chemical shift 

varied from 06.03 at room temperature to 06.14 at ~s0 • The line shape 

changed upon cooling, becoming broader down to -45° (probably near the 

coalescence temperature) with slight sharpening at the low temperature 

limit. Similarly, the aldehyde proton chemical shift varied from 

o 9.13 to o 9.15 upon cooling, with only slight broadening of the peak. 

This Wicated that the aldehyde rooiety failed to freeze out. 

Successful rotation experiments were realized by the use of 

aldehyde .m, prepared by alkylation of oxazolinylquinoline .2ll with 7-

metix:>xynaphthylmagnesium bromide (Scheme 11). The resulting oxazoline 

_m was cleaved, lli quatemization to the corresponding aldehyde 

Hydrolysis of the urethane gave the requisite aldehyde m. 
Spectra were taken at room temperautre and at 5 to 10° increments 

down to -10° at 100 MHz and 200 MHz. Another spectrum was taken upon 

warming to ambient temperature, to insure total reversibi lity, and upon 

final warming to +40°. 

The spectrum at room temperature cootained sharp singlets for the 

aldehyde, C-4 proton, and the methoxy group at 09.11, 5.93, and 3.93 

respectively. Upon cooling, line broadening occurred with the C-4 

proton and the methoxyl group signals eventually splitting into two 

singlets in approximately a 2:1 ratio (below the coalescence 

temperature, Tc, which was -43° at 200 MHz and -54° at 100 MHz). The 

aldehyde signal broadened, but failed to freeze out into two fully 

recognizable signals, similar to aldehyde (vide supra). 'lhls, the 

observed changes in the spectra were not a result of restricted 
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aldehyde rotation. Since the C-4 proton peaks were cleaner arxl better 

resolved than those of the methoxy group, they were used for 

measurements. Spectra taken at +25° and -63° are shown in Figures 8 

and 9 respectively. 

The chemical shifts, at the low temperature limit, of the two 

singlets resulting from the C-4 proton occurred at 15 6.03 (0.68H} and 

15 S.69 (0.32H}. The former chemical shift was very similar to the C-4 

proton chemical shift over the temperature range of +25° to -65° 

( o 6.03 to 15 6.14} of aldehyde 2.ll (p. 92). Following the rationale 

sp-231 ap-2.3J 

of Goldman and Geiger, for the thermodynamically more favored sp-

rotamer of dihydropyridine m. (p. 90} in preference to the ap-

rotamer, sp-lJ.l. would appear to be the more stable rotamer for the 

dihj,droquiooline system. The NMR data su:worts this notion (with the 

similarity of chemical shift for the major rotamer and the chemical 

shift over the temperature range for aldehyde m), as does the X-ray 

structure for dihydroquinoline (R)-~ (p. 86), which is also the sir 

rotamer. 

Several methods were used to calculate the rotatimal barrier: 1) 

as a f~tioo of the coalescence temperature (Tc},105 2) by the Eyring 

equation using rate cmstants derived from the comp1ter simulation106 

-
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of spectra (as shown in Figure 10), 3) by the Gibbs free energy of 

activation equation, also using the sinul.ated spectra for rates. 

The Eyring plot (Figure 11) was used to extract data for the 

calculation of the rotation barrier. The calculated values are srown 

in Table 11. 

The values obtained for the rotational barrier vary over the range 

of 10.8 to 11.S kcal moi-1• The average, 11.2 kcal, was also 

calculated by the Eyring equation, with a standard deviation of 0.7 

kcal and correlates well with other systems investigated in the 

literature. The variation of the activation energies was the result of 

inaccuracies in the determination of any one (or combination) of 

several experimental parameters. These included the chemical shifts, 

relative populations, and the coalescence temperatu're, all of which 

inherently have some error in their measurement. 

Having already synthesized 7'-methoxynaphthyldihydroquinoline m 
(25:75 ratio), another check of the Berson proposal was 

straightforward. The absolute caifiguration of the dibydro compoums 

Clli,-lli) was assigned by analogy to those prepared by 1-naphthyl-

MeO 
HO 

ma;Jnesium bromide aa:li tioo. Following oxazoline removal aoo urethane 

hydrolysis, aldehyde lli was oxidized with DOQ. The absolute 
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TABLE 11 

Method of Calculation t - 1 tiG (kcal mol ) 

Coalescence Temperature t 11. 2 tiG219 = 
(100 MHz) 

Coalescence Temperature t 11. 5 tiG230 = 
(200 MHz) 

Eyring equation t 11.2 + 0.2 tiG298 = 

Gibbs free energy tiGt = 10.8 
of activation equation 
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configuration of the resulting biaryl .2J.2. was verified by comparison of 

its circular dichroism (CD) curve with that of aldehyde .220,, from the 

acklition of 1-naphthyllithium (Figure 12). The enantiomeric excess of 

m was determined by reduction of the aldehyde aoo preparation of the 

Mosher ester~ Analysis by 1a aoo 1~ NMR imicated ratios of 73:27 

clld 75:25 respectively. Here again, the Berson proposal was verified 

with virtually complete conservation of chirality, and no external 

stereochemical centers. 

MeO 

4. Mechanism of Addition; Li+ vs 1ii3-l-sr 

9. ~F, 
O~Ph Med 

The unusual stereoselectivity of l~thylmagnesium bromide 

(the absolute configuration of the newly formed center was (R)) in 

comparison with 1-naphthyllithium which gave the (S)-configuration was 

unprecedented for conjugate additions to oxazoline compounds. 

Mechanistic information accounting for these marked differences in 

reactivity was desirable from the staoopoint of proposing pre-acxiition 

coq,lexes. 

The generally accepted idea for this variation in reactivity, 

rested on the premise that the Grignard reagent existed in a more 

highly aggregated state during the reaction. Alternatively, 1-

naphthyllithium was regarded as a monomeric unit during reaction (based 
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a) Prepared by addition of 7-methoxynaphthylmagnesium bromide. 
b) Prepared by addition of 1-naphthyllithium (known absolute 

configuration). 
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oo the absolute caifiguration of the products, and previous oxazoline 

oorrpound alkylations. 62, 81 

Detailed studies regarding the aggregate structure of 1-

naphthylmagnesium bromide and 1-naphthyllithium are lacking in the 

literature. However, an estimate may be made by comparison with the 

oorresporxiing phenyl compounds. Phenylmagnesiurn bromide was found to 

be monomeric in 'Im' over a wide range of concentrations, arxl monomeric 

to aggregated (1 to 3.5 PhMgBr per aggregate) in ether; the degree of 

which was a function of concentration.107 Phenyllithium was determined 

to be dimeric in THF, with a small degree of dissociation to the 

monomeric form.108 Thus, adapting the aggregating state for the 

Grignard re~ent, arxl a dimeric 1-naphthyllithium in equilibrium with 

the monomeric form (thought to be the reactive species) one would 

expect greatly differing oxazoline carplexes prior to addition. 

A series of experiments were performed which investigated various 

complexing agents and solvents. Possible effects of the Schlenk 

equilibrium have been neglected, s~e a rigorous investigation of this 

sort was beyorxl the scq:,e of this study. From the results, conclusions 

will be drawn regarding possible pre-ad::Ution carplex structures. 

The alkylations were carried out under the conditions shown, 

forming N-H dihydroquinoline .2.3.i. Since the oxidation process had 

already been found to occur with near quantitative conservation of 

chirality, biaryl .235, was used to ascertain the diastereorneric excess. 

The resulting ratio would presumably be a direct result of the addition 

of monomeric vs aggregated organometallic reagent. The results are 

shown in Table 12. 
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TABLE 12a 

Complexing Ratiob for 235 
Expr. # Solvent Agent (S,S,S):(R,S,S) % Yield 

l toluenec 8:92 91 

2 toluened 8:92 95 

3 toluenec,e 25.5:74.5 93 

4 etherc 25:75 91 

5 THFc 61:39 93:5 

6 DMEc 88. 5: l l. 5 93 

7 toluened l eq TMEDAf 45:55 92 

8 toluened 4 eq TMEDAg 75:25 70h 

9 toluenec NEt i 3 17:83 92 

10 DMEc NEt i 3 84: 16 82j 

a) See the experimental section for reaction conditions (p. 165). 
b) Determine by HPLC. c) Inverse Addition: The Grignard reagent 
was added to the oxazolinylqu1nol1ne. d) Normal Addition: The 
oxazolinylquinoline was added to the Grignard reagent. e) The 
reaction temperature was +24°. f) TMEDA (N,N,N',N'-tetramethyl-
ethylenediamine), l eq relative to the Grignard reagent. g) 4 eq 
TMEDA relative to the Grignard reagent. h) Reacted for 3 days at 
room temperature, also isolated 7% starting material for a total 
mass recovery of 77%. i) 1-Naphthylmagnesium bromide-triethyl-
amine complex, stock solution prepared in toluene. j) Isolated 
8% starting material for a total mass recovery of 90%. 
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All of the reactions were characterized by good to excellent 

yields. The basis of comparison for the reactions (experiments 1 and 

2) indicated there was no difference between normal and inverse 

cn:lition, both giving identical ratios of 8:92. A moderate temperature 

dependence was also ooserved (experiment 3) with the reaction performed 

at +24°, lowering the stereoselectivity to 25.5:74.S. 

&li;:p:>rt for the hypothesis of an aggregated Grignard reagent was 

gathered on changing from toluene (non-coordinating) to donor solvents. 

With increasing coordination ability, ether < THF < DME, the 

stereoselectivity decreased arx3 was completely reversed with ratios of 

25:75, 61:39, and 88.5:11.S respectively. This significant solvent 

effect was also observed using 1-naphthylmagnesium bromide-

triethylamine complex (experiments 9 and 10), in which the highly 
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coordinating DME also reversed the stereoselectivity. Additional 

evidence for the aggregated Grignard reagent arose from the lkldition of 

TMEDA (experients 7 and 8), in which the stereoselectivity was 

similarly decreased and completely reversed (with a large excess of 

TMEDA), paralleling the DME results. That 1 equivalent of TMEDA 

resulted in a near racemic mixture suggests competing reaction 

pathways, ie., complexed monomeric vs. aggregated reagent. 

(Methylmagnesium bromide, precomplexed to TMEDA, gave the reversed 

stereoselectivity compared to uncomplexed reagent in the cdlition to 2-

benzoyloxazoline) .109 

These results are best summarized and explained by analysis of the 

•extreme reactions" - toluene vs DME (or 4 equivalent TMEDA). In the 

non-coordinating environment of toluene, the Grignard reagent may be 

envisioned as existing, an3 reacting, as an ~regate .lli, (shown here 

as a dimer). The observed stereochemistry may be raticnalized in terms 

S~v Br 
M/ '\_ 

g Mg " / ' Br Solv 

23§ 

of two possible pre-addition complexes m and In precomplex .231, 

the upper naphthyl group was assumed to be out of proximity for 

ackiitim to the quiooline ring, leaving the lower group for addition. 

This resulted in the observed stereochemistry shown in 2..2.J.. 

Alternatively, the lower naphthyl group of lli was too distant for 

nlition, allowing the uwer group to uooergo reaction, also leading to 
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12)c1co,Me 

N 
I 
C02Me 

(4R)-UJ 

_______ J 2) CICO,Me 

S =solvent 

m.. It must be noted that, the oxazoline is potentially a bidentate 

ligarxi, analogous to DME or TMEDA. Based on the formation of .223., this 

does not ag;>ear to be the case. 

The alkylations carried out in DME or with TM.EDA present, may · be 

envisioned as proceeding through the monomeric-complexed Grignard 

re~ent as soown in ard (Similar complexes have been observed 
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for TMEDA am DME with dimethyl magnesium and dip:tenyl m~ium,110 as 

well as formation of a 1:1 complex with N,N,N',N'-tetraethylethylene-

diamine with p-fluoropl'enylmagnesium bromide).111 'llle naphthyllithium 

~ition also ocrurred with the same observed stereochemistry. '!bus, 

it may be assumed that all three of these reactions proceeded via the 

same type of precomplex, ie., the •more universal" oxazoline 

intermediate lil (sh:>wn for the a:xlition of 1-naphthyllithium) leading 

to lli, For these alkylations, the oxazoline competed favorably with 

the DME and TMEDA in complexing ability, allowing for .2!J. to form. 

Here again, as with the addition to oxazolinylpyridine ill (p. 53), 

topside cd:lition is favored due to the c~lanar arrangement of then -

system and the li thium-naphthyl bood. 

Besides gaining information regarding the mechanism of this unique 

stereoselectivity, the methodology now allowed for the stereoselective 

synthesis of either diastereomer of biaryl .2JS, from the same starting 

materials, by varying only the solvent. Either diastereomer of the 

dihydroquirolines m, the precursor to the biaryl, could potentially 

be isolated with pr~r ch:>ice of electr~hile. 

These solvent effects were also extended to the alkylation of 

oxazolinylpyridine 115.. Alkylation in benzene resulted in the 

formation of .li2, and 2.4.J. in a diastereomeric ratio of 20:80 

respectively by 1a NMR. Reversed stereoselectivity was observed for 

the alkylation in DME with a ratio of 90:10. The absolute 

configurations were assigned based on previous alkylations. The 

dihydropyridines were oxidized to the biaryl .ill. but, due to free 

rotatioo in .2il, no enantiomers could be isolated. 
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s. Anionic Oxidations 
In an effort to sl'x>rten the synthetic scheme for the transfer 

of stereocenters from sp3 to axial, an attempt was made at direct 

oxidation of .2ll without prior isolation. The two procedures are 

surnzarized in Scheme 12. 

Thus, quenching with ethanol, followed by immediate cooling to -

78° and addition of DDQ, gave the biaryls lli. in a 60:40 ratio 

(procedure W (considerably different from the 86:14 ratio obtained 

from the normal procedure A). The lack of chirali ty in the product was 

attributed to the presence of lithium ethoxide, a byproduct from the 

ethanol quench. Ql the assumptioo that etl'x>xide was altering the final 

product ratio, a study was initiated in which the oxidation was done on 
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Scheme 12 

EtOH LiOEt + 
©© § H 

ODO 
(86: 14) 

A work"1/ 
B 

ODO 
(60:40) 

A.= Normal Route,T0 = -1a0 c 
A.= Shortened Route, T0 = - 78° C 

---- ----- -

Ph ~=i-ct 
I 

OMe 
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the lithio dihydroquinoline ll2 under several conditions. The results 

are shown in Table 13. 

The basis of comparison for the anionic oxidation was established 

by several experiments (1, 2, 3, and 5), where it was shown there was 

essentially no temperature dependence (-78° to +40°) and no solvent 

effect (THF or toluene). A series of oxidations done in THF under 

anionic corrlitions (experiment 4) resulted in an essentially coostant 

ratio over a 100° temperature range. It soould be pointed out oowever, 

the stereoeselectivity had been reversed, with the (R,S,S) diastereomer 

predominanting. Similarly, this trend continued for a series of 

anionic oxidations in benzene arrl toluene. The ratios increased, with 

decreasing temperature (experiments 6, 7, and 8) resulting in the 

(R,S,S) diastereomer formed in 26% de (88% yield) at the low 

temperature 1 imi t. 

The highly stereospecific nature of the oxidations by IDQ was seen 

in the temperature irrlependence exhibited. Having already established 

free rotation around the naphthyl-C-4 bond, and the observed 

stereochemistry of the diastereomers subjected to X-ray analysis (vide 

supra), the observed stereochemistry was rationalized (alluded to 

earlier) as shown in Scheme 13. The N-H dihydroquinoline may be 

envisioned as existing in two rotamers, sp-lli. and ap-lli_. Upon 

awroach of the IDQ, sp-m was less favored due to steric interaction 

with the incoming DDQ, which overrode the repulsion between the 

naphthyl group and the 1r-system of the dihydroquinoline. The more 

favorable ap-lli. was subsequently oxidized to biaryl with the 

cbserved stereochemistry. 
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TABLE 13a 

1) Base 

2) ODO 

ru 

Ratioc (235) 
Expt. # Solvent Base b Temperature (oC) (S,S,S) : (R,S,S) 

1 THF -78 84: 16 

2 THF +25 87.5:12.5 

3 THF +40 87.5:12.5 

4 THF LDA 0, -78, -100 . d 43.5.57.5+3 

5 toluene -78 85: 15 

6 benzene LDA +5 46:54 

7 toluene LDA -78 41:59 

8 toluene LDA -100 37:65e 

a) The oxidations were done at the indicated temperature with 1. 1 
eq DDQ and allowed to warm to room temperature. The products were 
then isolated. b) Excess base (1.2-2.0 eq) was used, the dihydro-
quinoline was deprotonated at the reaction temperature for 15 min, 
followed by addition of DDQ. The remainder of the procedure was as 
in (a). c) Determined by HPLC. d) The range of temperatures gave 
random ratios as indicated. e) The biaryls were produced in 88% 
yield. Other yields were not determined since it had already been 
well established, in previous experiments, the oxidation occurred 
in high yield. 

------------
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Scheme 13 

DD0 

sp-213 ap-ID 

R 

(s)-m 

Ph 

R:~ 

l 
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Deprotonation with IDA resulted in formation of 2U (Scheme 14), 

which could have existed in equilibrium with fil. Oxidation of the 

former would have been expected to exhibit similar stereospecificity as 

the N-H d:ihydroquinoline ap-~ Alternatively, due to delocalization 

of the anion (in .ill), the emf orrnation of the dihydroquinoline would 

have been more planar as shown in ap-lli and sp-fil.- Here again, 

subtle differences in the steric interactions dictated the outcome -of 

the oxidation. In contrast to the oxidation of ap-2ll, the undesirable 

interactions depicted in ap-li5, were alleviated by rotatioo to rotarner 
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sp-.lli., which was subsequently oxidized to (R)-l2!. Since complete 

conservatioo of chirality did not occur, this implies oxidation of both 

lU and lli, occurred in an almost random fashion. 

A short investigation probing the stereospecificity of other 

oxidizing agents with various bulk was also undertaken as shown in 

Scheme 15. In contrast to the DDQ reactions, PDC (pyridinium 

Scheme 15 

©© = H 
Ph 

..... , 
OMe 

[OJ ... 
0°-R.T. 

THF 

m 
. Ratio (HPLC) 

Exp.#: oxidizing agent (s,s,s) : (R,S,s) 

1 DDQ 84:16 

2 PDC 74:26 

3 aq. KMn04 65:35 

dichromate) and aqueous KMno4 reactions did not occur with complete 

conservatioo of chirality. A possible explanation is the size of the 

reagents, and hence less steric interaction with the dihydroquinoline 

durfn3 the oxidation process. Other oxidants were also investigated 

including I2' Mn02' 02' and DMSO/TMEDA (Swern), but failed to react. 

It may be concluded that the initial choice of DDQ as the oxidizing 

agent was the correct ooe. 

---- - ---- -- -

.. 

, .. 
--, .. 
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The oxidation experiments described thus far have examined 

oxazolinyldihydroquinolines. The study was further extended to the 

anoinic oxidation of aldehydo dicydroquinoline .231, which formed biaryl 

m ( [ a]0 +23). The enantiomeric excess was determined by reduction of 

the aldehyde followed by preparation of the Mosher ester .2JJ. (as on p. 

101). Analysis by 1H NMR indicated a ratio of 59:41, with only 

moderate preservation of chirality from the starting ratio of 75:25. 

MeO 
CHO 

1)LDA Meo 

2)000 
-78°~R.T 

CHO 

Here again, the deprotonated dihyroquinoline was sensitive to various 

steric interactions similar to that of lithio dihyrlroquinoline .21.2, but 

to a lesser degree. 

6. Conservation of Chirality, sp2 + sp3 

As indicated at the outset of the Results and Discussion 

section, self-immolati ve processes have been observed for the 

cawersioo of an axial chiral element to a central chiral element, with 

cooservatioo of chirality. Various attempts to reduce methiodide 

prepared by quaternization of lli with methyl iodide, using several 

I~ 

' 

,. ,. ,. 

' ' 
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Mel 

hydride reagents failed to give substantial amounts of 1,4-

dihydroquinoline li1,. Most reactions were characterized by complex 

mixtures or mainly the isomeric 1,2-dihydroquinoline, with only trace 

amounts of .ill rarely seen by 1H NMR. These results were attributed to 

the inaccesibility of the C-4 position due to steric bulk. 

The most logical step was to use the smallest reducing agent 

possible, an electron. Several attempts were made usingHssolving 

metal reductions, but were quickly abandoned due to complex mixtures of 

products. Apparently, lli was prone to several electron transfer 

processes, arxl hence the reductiai potential 1m to be well tuned. 

Electrochemistry, capable of exact potentials and bulk 

electrolysis, was investigated. Cyclic voltammetry determined the 

reduction potentials for the two electron process (Figure 13). The 

potentials observed were -0.7 and -l.9V vs SCE, for the first and 

second electrons respectively. These values compared well with the 

potentials for t~ reduction of quinoline methiodide (-0.86 and -l.98V 

dihydroquiooline .ill in 23% yield. The product oowever, was foun:1 to 

be optically inactive. 

II 

' 

, . . ,. .. . 
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-1.0 -2.0 
E vs SCE 

Fig.13 

At the extremes, larger hydride sources failed to give the desired 

product while the electron, from the electrolysis, failed to give any 

stereochemical bias to the reduction process. 

7. A Possible Extension Qf lb.is Chemistry 

Dihydroquinoline compourxls have been used as NADH mimics for 

the reduction of carbonyl compounds,113 just as the dihydropyridines 

(vide supra). A possible extension of the methodology described on the 

previous pages is the use of a 4-naphthyldihydroquinoline as an NADH 

mimic. Of principle importance is the synthesis of an N-alkyl 

derivative, which is sufficiently electron rich to transfer the 

hydride. 

N-Ethyl-1,4-dihyroquinoline .lli. was prepared by deprotonation of 

.2li, with IDA and quenching with triethyloxonium tetrafluoroborate, to 

give .lli. in 59% yield. '!he Meerwein salt was necessary for alkylation 

due to the •hardness" of the anion. (Attempts at alkylating the 

corresponding oxazolinyldihydroquinoline failed with methyl iodide. 
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Similar results were observed for the alkylation of magnesio 

dihydropyridines, 114 which also required the Meerwein salt). The 

product is reasonably stable and can be handled in the open atmosphere 

for short periods of time. 

Preliminary attempts to reduce a carbonyl substrate netted 

inconclusive results (possible detection of a product by oc, but could 

not be verified). However, based on these results, w the observation 

that ,fil was instantly oxidized by IDQ at -78° (not characteristic of 

the N-H precursor 2].ID, given time and more experiments, a successful 

reduction could possibly be realized. 

. 
:t 



CBAP1'ER III 

A. General Information 
1. Peysical 

All melting points were determined on a Buehl or Fisher-Johns 

melting point apparatus and are uncorrected. Infrared spectra were 

recorded on a Beckman 4240 or Beckman Acculab 3 spectropootometer, and 

are reported in wave numbers (cm-1). Ultraviolet (UV) spectra were 

recorded on a Varian Techtron Model 635 or Cary 118CX with the 

wavelength (x) in nm and the molar extinction coefficient (d of the 

absorption maxima are reported in the form x max (E max>. Optical 

rotations were measured on a Perkin-Elmer 241 or a Rudolph Research 

Autopol III polarimeter at wavelength 589 nm (sodium D line) using a 

1.0 decimeter cell with a volumn of 1 ml. Specific rotations, [ cJ 0 , 

are reported in degrees per decimeter at the specified temperature and 

the concentration (c) given in grams per 100 ml in the specified 

solvent. Circular dichroism curves were obtained on a JASCO J-41C 

spectropolarimeter. 

All proton magnetic resonance (1H-NMR) spectra were measured at 

100 MHz on a JEOL JNM FXlO0 instrument, unless otherwise indicated. 

Other spectrometers used for proton spectra included: Varian '1'60 (60 

MHz), Varian EM360A (60 MHz), Bruker WP-200SV (200 MHz, 5 mm probe), 

and Bruker WP-270SY (270 MHz, 5 mm probe). Spectra were taken in the 

1, 
I 

!I 
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sol vents indicated for each sample and the chemical shifts are reported 

in 6; parts per million (ppm) downfield from the internal standard 

tetramethylsilane (TMS). Coupling constants are reported in Hertz (Hz) 

and the data are reported in the form: chemical shift (multiplicity, 

coupling constants, number of protons). carbon-13 mc:W3netic resonance 

c13c-NMR) spectra were measured at 25 MHz on a JEOL JNM FXl00 

spectrometer, and all spectra were decoupled. Diastereomeric proton 

and carbon chemical shifts are underlined. Fluorine-19 magnetic 

resonance c19F NMR) spectra were measured at 188 MHz on the Bruker WP-

200SY (5 mm probe) spectrometer. Spectra were taken in ax:13 and the 

chemical shifts are reported in 6, in parts per million (ppm) upfield 

from the external standard (CFC13 in CH2c12, o wm). 

Mass spectra were obtained from a V.G. Micromass Ltd. 16F 

spectrometer. Elemental analysis was performed by MicAnal, Tucson, 

Arizona. 

2. Renpyal 2f. solvents 
Concentrated (or concentration) refers to solvent removal 

under the vacuum achieved by a water aspirator attached to a Buchi 

rotary-evaporator. Residual solvent was removed at reduced pressure 

(0.3-0.1 mm) using a vacuum µimp. 

3. Chrornatogrcwhv 
Analytical thin layer chromatography (tic) was performed on 

aluminum backed 0.2 mm silica gel plates containing 254 nm indicator 

(E. Merck). Spots were visualized under UV light, and/or by staining 

with Dragendorff's Reagent. 115 All preparative thin layer 

-
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chromatography (ptlc), unless otherwise noted, were done on 2 mm plates 

made from a pH 7 aqueous phosphate buffer slurry of EM Silica Gel 60 

PF-254. The plates were dried at room temperature (R.T.) at least 5 

days before use. Other pt.le separations were performed on glass backed 

0.25 mm silica gel plates containing 254 nm indicator (E. Merck). 

Column chromatography, flash chromatography, and medium pressure liquid 

chromatography (MPIC)116 were performed with silica Woelm, 32-63 silica 

gel. Flash chromatography (tlc silica gel) used silica gel 60H (E. 

Merck) in which the compounds were presorbed on the silica gel and 

eluted under pressure. Preparative HPLC was done with a Waters Prep 

500 using commercially available silica gel columns (Waters, Prep Pak). 

Radial chromatography was done on 1-4 mm silica gel plates (EM Silica 

Gel 60 PF-254 containing gypsum) using a Harrison Research Chromatotrom 

7924. Other column chromatography sorbents included florisil (Fisher, 

60-100 mesh) and aluminum oxide (Baker, pH 6.4, powder). 

Analytical HPLC was perfomred on a Waters instrument with an 

ultraviolet detector ( x = 254 nm) and a Hewlett Packard recorder (model 

3390A). Two columns were used: normal phase refers to a Waters µ -

porasil, 3.9 mm x 30 cm column; reverse phase refers to an Altex 

(Beckman) Ultrasphere, 5µ, 4.6 mn x 25 cm, C-18 bonded column. 

4. Solvents Reagents 

In all cases (except extraction ether) reagent grade solvents 

were distilled prior to use. Reaction solvents and reagents were dried 

as follows. 

For reactions requiring dry solvents, tetrahydrofuran (THF), 

ether, and benzene were distilled from sodium-benzophenone ketyl under 

.... 
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argon or nitrogen (recycling stills). Similarly, toluene, 

dimethoxyethane (DME) and xylenes were distilled from sodium-

benzophenone ketyl and stored over 3K sieves. Dry methylene chloride 

and 1,2-dichloroethane were distilled from P2o5 under argon and stored 

over 3A sieves. Diisopropylarnine and N,N,N',N'-tetrarnethylethylenedi-
o 

amine (TM.EDA) were distilled from calcium hydride and stored over 3A 

sieves. Methyl chloroformate was p.,.rified by p.,.rging with argon (until 

HCl could not be detected) followed by distillation and storage over 

potassium carbonate or calcium hydride. 

All organic intermediates were purchased from Aldrich Chemical 

Company, Milwaukee, Wisconson. The 1S,2S-(+)-l-phenyl-2-arnino-1,3-

propanediol was obtained from Warner Lambert, Pharmaceutical Research 

Division, Ann Arbor, Michigan. All organolithium reagents, Grignard 

reagents, and inorganic reagents were purchased from Alfa Ventron, 

Danvers, Massachusettes, unless otherwise noted. Titration of the 

organometallic re~ents was periodically done using diphenylacetic acid 

or S4:>utanol and 1,10-phenanthroline.117 

s. General E;xperirrental COnsiderations 
The argon used for the reactions was dried by passing through 

a concentrated sulfuric acid bubbler followed by a column of potassium 

hydroxide. 

All glassware (for reactions requiring a dry set-up) was flame 

dried or oven dried (135°c). The warm flask was then fitted with a 

magnetic stirrer bar, septum, and argon inlet. The apparatus was 

allowed to cool while p.,.rging with argon. 

---- --- -
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The following low temperature baths were used: o0 (ice water), 

-15° to -20° (ice, methanol), -20° to -78° (cGUeous ethanol, dry ice), 

-78° (acetone, dry ice), -110° to -11s0 (methanol, liquid nitrogen). 

B. ~is 2f Chiral 1,4:PihydrQWridines ili .an axazoline 
1. t+)-t1S-2Sl-l-Phenyl-2-amino-3;nethoxy-l-pro_panol ill 

HO Ph 

H1N~ 
OMe 

Prepared as described previously,118 

(79%). Mp 49-s1°c (lit. 48.S-5o0 c); 

[a] 0 +25.7° (c, 10.4, CHC13), lit. 

[ a] D +24.4 (c, 10.6, CBC13). 

2. EthYl-tJ:i?itidyl)-imidate Pihydrochloride .ill. 

~OEt 

To an oven dried lL 3-necked flask 

fitted with a magnetic stirrer bar, 

septum, reflux condensor, pressure 

·2HCI equilizing addition funnel aoo argon 

inlet was added absolute EtOB (80 

ml, 1.37 mol) and cac13 (100 ml). Upon cooling to o0 , acetyl chloride 

(80 ml, 1.13 mmol, Fisher) was added dropwise, followed by addition, 

via cannula, of a solution consisting of 3-cyanopyridine (10.4 g, 100 

mmol) and CBCl.3 (300 ml). The resulting solution was allowed to warm 

to room te~rature overnight (25 hr), at which time dry ether (225 ml) 

was added aoo the mixture was placed in the freezer (-15°C) overnight 

(16 hr). '!be precipitated imidate was recovered by filtratioo through 

a sintered glass funnel and washed with dry ether. Residual HCl was 

removed under aspirator vacuum (1-2 days) to afford 20.S g (92%) of a 

= 
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finely divided white powder. Mp 230-232°c (lit.119 233°). IR(KBr) 

cm-1: 3200-2400 (br), 1610 (br). 

3. 2-(3'-Pyridyl)-45-metooxyrnethyl-5S-phenyl-62-<>xazoline 175 

To an oven dried 500 ml round 

bottomed flask fitted with magnetic 

stirrer bar, reflux condensor, and 

argon inlet was added dry 1,2-

dichloroethane ( 3 0 0 ml), and 

pyridyl-imidate .ill (10.5 g, 47 mmol). The resulting suspension was 

treated with dry triethylamine (6 ml, 43 mmol) and amino alcohol .lll. 

(8.33 g, 46 mmol). The reaction mixture was heated to reflux (24 hr), 

cooled to room temperature, and poured into water (100 ml). Upon 

separation of the layers, the organic layer was washed with water (4 x 

75 ml) and the aqueous layers were back extracted with CHC13 (3 x 75 

ml). The combined organic layers were washed with brine (3 x 100 ml) 

and dried CK200:3). Filtration and concentration gave the crude yellow-

brown oxazoline, which upon Kugelrohr distillation under reduced 

pressure afforded 6.3 g (51%) of a light orange oil. Bp 147-149°c 

(0.013 mm Hg), [a] 0 +42.9° (c 7.4, CBC13). 1H NMR (CDC1 3): o 9.22(d, 

J=2Hz, lH), 8.67(dd, J=SHz, J=2Hz, lH), 8.26(dt, J=8Hz, J=2Hz, lH), 

7.48-7.10 (m, lH), 7.34 (s, SH), 5.48 (d, J=7Hz, lH), 4.53-4.16 (m, lH), 

3.83-3.25 (m, 2H), 3.42 (s, 3H)J IR(film) cm-1: 1665, 1593, 1570. 

AnsJ..)20 Calcd. for c16e16N2o2: C, 71.62; B, 6.01. Found: C, 71.35; 

H, 6.101. 
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4. N-Carbornethoxy-4S-rnet;hyl-3-oxazoli,nyl-1.4::dihYdro_mrridine ill 

(R=Me) 

Ph 
H r:,e o_/ 
~N) ...... , 
l .. JJ OMe 

i 

To a solution of oxazolinylpyridine 

125. (0.299 g, 1.12 mmol) and THF (70 

ml) cooled to -78°c was added 

dropwise, methyllithium (1.4M, 2.4 

ml, 2.36 mmol). Stirring was 
C02Me continued for 6.5 hr, at which time 

the bright yellow solution was placed in a o0 c bath for 2 min. The 

flask was recooled to -78°c and the reaction quenched with methyl 

chlorof ormate (0.52 ml, 6. 72 mmol). 

The reaction mixture was concentrated, slurried in CH2c12 (60 ml), 

and washed with dilute aqueous bicarbonate (3 x 50 ml) and brine. 

Drying (K 2co3), filtration, and concentration gave the crude 

dihydropyridine. Purification on radial chromatography (silica gel, 

20% EtOAc/hex) afforded 0.231 g (62%) of the product. Analysis by HPI.C 

(normal phase, 30% EtOAc/hex, 4 ml/min) indicated a diastereomeric 

ratio of 6:94. 1H NMR (CDC1 3, 60 MHz): 6 7.73(br s, lH), 7.38(s, SH), 

6.80(br d, J=8Hz, lH), 5.35(d, J=6Hz, lH), 5.l0(dd, J=8Hz, J=SHz, lH), 

4.45-3.97 (m, lH), 3.83 (s, 3H), 3.60-3.30 (m, 3H), 3.43 (s, 3H), 1.25 (d, 

J=7Hz, 3H), (diastereomeric proton signals were not detected in the 

spectrum)J 13c NMR (C6o6): 6 162.9, 151.3, 140.8, 128.4, 128.1, 127.7, 

125.2, 120.6, 113.1, 110.4, 82.6, 74.6, 74.2, 59.1, 53.6, 27.8, 23.6; 

IR(film) cm-1: 1720, 1672, 1622, 1430, 1330; Ms120 (70 ev) m/e: 342, .. 
327, 311, 295, 283. 
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5. tK;artx>xymethYJ,-3-formyl-4S-methyl-1. 4::dil:lYdromridine l.85. 

Dihydropyridine ffi (R=Me) (0.103 g, 

0.30 mmol) was quaternized with 

methyl fluorosulfonate (0.049 ml, 

0.06 mmol, 12 hr) according to the 

procedure described for the 

synthesis of m (p. 149). 

Similarly, reduction with NaBH4 was done according to the procedure. 

Hydrolysis of the resulting oxazolidine to the aldehyde was performed 

using a mixture of CH2c12 (20 ml) and 10% aqueous oxalic acid (10 ml) 

for 12 hr with rapid stirring. The mixture was diluted with ether (30 

ml) and the layers were separated. The organic layer was washed with 

dil. NH4Cl/H20 (3 x 40 ml) and brine. Drying (K2co3) followed by 

filtration and concentration yielded the aldehyde. 

Purification via radial chromatography (silica gel, 10% THF/hex) 

afforded 0.041 g (76%) of the desired aldehyde as a yellow oil. 

[ a] 0
23•5 +83.6° (c 0.51, CHC13). Analysis by tlc (50% THF/hex) 

indicated the yellow color was contamination. Reµirification by ptlc 

(50% ether/pentane) separated the yellow color and gave the near 

colorless aldehyde (0.027 g, 60% overall yield from the oxazoline). 

[a] 0 +143.9° (c 0.62, CHC1 3). 1H NMR (CDC1 3): o 9.35(s, lH), 7.60(br 

s, lH), 6. 74 (br d, J=8Hz, lH), 5.14 (dd, J=8Hz, J=4Hz, lH), 3.91 (s, 3H), 

3.50-3.08 (m, lH), 1.16 (d, J=7Hz, 3H); 1H NMR (C6D6): o 9.04 (s, lH), 

7.16(br s, lH), 6.49(br s, lH), 4.62(dd, J=8Hz, J=4Hz, lH), 3.38-

3.08 (m, lH), 3.32 (s, 3H), 1.11 (d, J=7Hz, 3H); 13c NMR (C6D6): o 189.8, 

------ C 
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150.9, 140.1, 124.8, 120.9, 114.6, 53.7, 26.2, 23.0; IR(film) cm-1 : 

1743, 1677, 1618, 1348, 1318. 

~. Calcd, for C9H11No3: C, 59.66; H, 6.12. Found: C, 60.20; H, 

6.32. 

6. N-Cartx?XYIDetbYl-3-hYdr9Xl1JDetbYl-4S-methYJ,-l,4::tlih¥drQ2lridine 

H ptle (roH 
N 

!OaMe 

Aldehyde ll5. (9. 7 mg, 0.05 mmol) was 

reduced with NaBH4 according to the 

procedure for naphthylquinoline 

lli. (p. 162). Purification by ptlc 

(0.25 mm, 70% ether/pentane, Rt = 

0.3) afforded 6.2 mg (63%) of the desired alcohol. 1H NMR (CDC1 3): 

6.97-6.43 (br s, 2H), 4.87 (br s, lH), 4.33-3.89 (m, 2H), 3.80 (s, 3H), 

3.27-2.91 (m, lH), 1. 40 (br s, lH), 1.15 (d, J=7Hz, 3H). The alcohol was 

esterified directly. 

7. Mosher Ester 2f Alcolpl 
Alcolx>l (6.2 mg, 0.034 mmol) was esterified with (+)- -

methoxy- -(trifluoromethyl)phenylacetyl chloride according to the 

procedure for preparation of ester lli. (p. 162). Upon aqueous 

extractive isolation, the ester was immediately analyzed by NMR without 

p.1rification (potentially unsbable). 1H NMR (CDCl.3, 200 MHz): o 7.63-

7.30 (m, SH), 7.08-6.57(m, 2H), 5.05-4.77(m, 2H), 4,68Cd, J=l2Hz, 

0,90H}, 4,64 Cd. J=l2Hz, O,lOH}, 3.81 (s, 3H), 3.57 (s, I.SH), 3.56 (s, 

1.SH), 3.03-2.84 (m, lH), 1.07 (d, J=7Hz, 3H); 19F NMR (CDC13, 188 MHz ) : 

-72.9, -73.0(0.0Qwm set with a standard of CFC13 in CH2ci2), relative 

-------
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areas of the peaks 9:91 respectively7 IR(film) cm-1: 1735, 1722(sh), 

1697, 1688(sh), 1440, 1340. 

8. N-Carbornethoxy-3-oxazolinyl-45-phenyl-1,4-sHJridropyridine m 
(R=Ph) 

Ph 

H O_/ 
~N>'""'\ t .. J OMe . i 

C02Me 

'lb a solution of oxazolinylpyridine 

.l15. (0.65 g, 2.42 mmol) and THF (250 

ml) cooled to -78°c, was added 

phenylli thium121 (0.90M, 3.3 ml, 3.0 

rnrnol). stirring was continued for 3 

hr and the reaction was quenched 

with methyl chloroformate (0.27 ml, 3.5 mmol). 

The reaction mixture was concentrated, slurried in saturated 

aqueous bicarbonate (150 ml), and extracted with CHC13 (4 x 50 ml). 

Drying (K2co3) followed by filtration and concentration gave the 

dihydropyridine. The diastereomeric ratio was determined by HPLC 

(normal phase, 10% THF/hex, 2 ml/min) and found to be 12:88. 

l\lrificaticn by HPU:: (Waters Prep 500, 10% THF/hex) afforded 0.70 (71%) 

of the pure dihydropyridine. 1a NMR (OX::1.3.): iS 7.80 (br s, 1H), 7.57-

6.67 (m, llH), 5.47-4.96 (m, 2H), 4.59 (br d, J=5Hz, lH), 4.30-2.98 (m, 

3H), 3.80 (s, 3H), 3.32 (s, 3H), (Diastereomer ic proton signals were not 

detected in the spectrum)7 IR(film) cm-1: 1730, 1680, 1580, 1555, 

1490, 11207 Ms120 (70 ev) m/e (% R.I.): 404(46), 359(100), 345(45), 

327(34), 256(24), 182(24), 119(63), 91(82). 
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c. B,mthesis 2f. Chiral 1,4-0il)ydrqwridines ya Imines 

1. lSl-Pl;lenylalaninol .li.Q. 

Amino alcohol ll.Q was prepared 

according to the procedure by 

Yamada.122 Mp 88.5-90°c (lit. 91-

930C); [a] O
24 =23.7 (c 1.05, EtOH), 

lit. [a]O
25 -25.6 (c 1.037, EtOH). 

2. tsl-Etbylyalinate aydrochloride li2. 

y OEt 
H~/'y 

0 
·HCI 

3. tsl-t-Butylvalinate lil 

Amino ester .l.i.2 was prepared 

according to the procedure by 

Yamada.123 Mp 102-l03°c (lit. 

93-96°C), [a] O
24 +6.70° (c 2.0, 

H2O), lit. [a] O 6.74 (c 5.407, H2O). 

Yield 86%. 

Amino ester .li! was prepared as 

reported previously, 124 using 

diglyme as a cosolvent. Note: A 

more convenient procedure,125 used 

for the synthesis of d,1-t-

butylvalinate, utilized dioxane as a 

cosolvent with equally good results. 

'!he ester was isolated from an ether solution by precipitation as 

the hydrochloride. Filtration followed by rinsing with ether gave the 

finely divided white powder (55%). Mp 146-147°C (lit.124 147-149°c). 
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The hydrochloride was neutralized arxi the amino ester purified by 

Kugelrohr distillation. [aln +23.8 (neat), lit.125 [aln +25.5 (neat). 

The rotation exhibited by the amino ester (+23.8°) was low (1. 7°) 

compared with the literature value. It was therefore necessary to 

establish the absolute purity by some other means. Below is described 

the synthesis of the 1-naphthamide, which was subjected to HPLC 

analysis on a chiral covalently bonded colwm. 126 

4. cs}-t-Butylyalinate Na,phtharnide 
To a flame dried round bottomed 

flask fitted with magnetic stirrer 

bar, septum, and argon inlet was 

adled amino ester J.il (0.040 g, 0.19 

mmol), dry CH2Clz (3 ml), and Et3N 

(0.070 ml, 0.50 mmol). Upon cooling 

to o0 , 0-naphthoyl chloride127 (0.10 ml, 0.67 mmol) was added and the 

solution stirred 2.6 hr. The reaction mixture was diluted with CH2Cl2 
(5 ml) and washed with sat. aqueous bicarbonate (3 x 5 ml). Drying 

{KzC0:3) followed by filtration and concentration gave the naphthamide 

which was µ.irif ied by radial chromatography (silica gel, 10% EtOAc/50%, 

CH2Cl2/40% hex). 

HPU: analysis (10% i-PrOH/hex, 2 ml/min) gave only a single peak 

(retention time: 11.75 min). Verification of 100% enantiomeric µ.irity 

was realized by analysis of gl-t-butylvalinate naphthamide, which gave 

two peaks, of near baseline separation (retention times: 11.60 and 

13.56 min). 

-
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It may be ccncluded from the above data that an optical rotation 

is useful for approximate optical purity oowever, the absolute µirity 

should be determined by sorre other rreans. 
5. General Procedure Synthesis .of Imines ill. .to. ill. .of .J= 

:fYridinecarbox-al,del:JYde 
To a flask fitted with a magnetic stirrer bar, Dean-Stark trap, 

and reflux condensor was added a 0.37-0.55 M solution of the amine in 

toluene (1.1 eq of triethylamine was also added if the amine was the 

hydrochloride). 3-Pyridinecarboxaldehyde was ackied and the mixture was 

heated at reflux for 4 hr - 2 days (until the starting material was 

constm\ed, as indicated by TLC). Upon cooling, the reaction mixture 

was further dried (Na2oo4 or K2c0:3). Filtration and concentration gave 

the imine which was purified by Kugelrohr distillation and 

recrystallization, if necessary. The individual imines prepared by 

this route are described on the following !)a:3es. 

6. CS>-N-C3-Pyridylmetbyliden}-l-phenyl-2-amino-methmc7Propane 

Following the procedure above, (S)-

l-phenyl-2-arnino-methoxypropane128 

(27.4 g, 1.66 mmol) and 3-

pyridinecarboxaldehyde (14.8 ml, 157 

mmol) were heated in refluxing 

toluene for 2 days. Kugelrohr 

distillation afforded the crude imine which was recrystallized, from 

pentane, to give 21.2 g (53% after one crop) as a highly crystalline 

white product. Bp 98-99°c (0.015 mm Hg); mp 43.5-44.5; (a] 0 -226° (c 
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6.1, CHC1 3); [a] 0 -199° (c 6.0, c6H6). 1H NMR (CDC1 3): o 8.75(d, 

J=2Hz, lH), 8.58 (dd, J=5Hz, J=2Hz, lH), 8.12-7.87 (m, 2H), 7.40-6.98 (m, 

6H), 3. 73-3.45 (m, 3H), 3.34 (s, 3H), 3.13-2.66 (m, 2H); 13c NMR (CDCl3): 

158.3, 151.0, 149.9, 138.2, 134.4, 131.4, 129.5, 128.0, 126.0, 123.2, 

75.6, 72.4, 59.0, 39.2; IR(melt) cm-1 : 1655. 

Ana,l. Calcd for C16H19N20: c, 75.56; H, 7.13. Found: c, 75.51; H, 

6.94. 

7. ts}-N-tJ-fYrigylrneteyJ.idenlphmYJ,alaninol ill 

Following the procedure above, (S)-

phenylalaninol 190 (6. 7 g, 44.4 mmol) 

and 3-pyridinecarboxaldehyde (6.4 

ml, 67.8 mmol) were heated in 

refluxing toluene for 4 hr. 

Kugelrohr distillation afforded 8.9 

g (83%) of the imine. Further µ.irification, by recrystallization from 

ether, gave 8.25 g (77% after 2 crops) of the highly crystalline 

product. Bp 153-155°C (0.05 mm Hg); mp 64-66°C; [a] 0
24 -267° (c 1.0, 

CHC1 3). 1H NMR (CDC1 3): o 8.64(d, J=lHz, lH), 8.46(dd, J=5Hz, J=lHz, 

lH), 7.93-7.63(m, 2H), 7.31-6.82(m, 6H), 4.49(br s, lH), 3.97-3.27(m, 

3H), 3.10-3.53 (m, 2H); 13c NMR (CDCl3): o 158.5, 150.5, 149.3, 138.1, 

134.5, 131.1, 129.3, 127.9, 125.9, 123.2, 74.8, 65.3, 38.8; IR(film) 

cm-1: 1647, 1420. (Traces of the isomeric oxazolidine could be 

detected in the 1H and 13c NMR spectra). 

An,gl_. Calcd for c15H16N20: C, 74.97; H, 6.71. Found: C, 75.00; H, 

6.77. 
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8. fSl::N-CJ-Pyridylmethyliden)ethylyalinate .ill. 
Following the procedure above, (S)-

ethylvalinate hydrochloride (2.0 g, 

11.0 mmol), Et3N (1.69 ml, 12.l 

mmol), and 3-pyridinecarboxaldehyde 

(1.07 ml, 11.3 mmol) were heated in 

refluxing toluene for 4 hr. 

Kugelrohr distillation afforded 2.19 g (85%) of the pure imine, as a 

clear free-flowing liquid. Bp 68-71°c (0.05 mm Hg); (a] 0
24 -101.1° (c 

3.25, CHCl3). 1a NMR (CDCl3): 0 8.92(d, J=2Hz, lH), 8.65(dd, J=5Hz, 

J=2Hz, lH), 8.40-8.01 (m, 2H), 7.34 (dd, J=8Hz, J=SHz, lH), 4.22 (q, 

J=7Hz, 2H), 3.72(d, J=7Hz, lH), 2.61-2.ll(m, lH), l.29(t, J=7Hz, 3H), 

0.98 (d, J=7Hz, 3H), 0.96 (d, J=7Hz, 3H); 13c NMR (CDCl3): o 170. 7, 

159.7, 151.1, 149.9, 134.2, 130.8, 123.0, 79.5, 60.3, 31.3, 19.1, 18.2, 

13.9; IR(film) cm-1: 1748, 1658. 

An.9J... Calcd for C13H18N2O2: c, 66.64; H, 7. 74. Found: c, 66.57, H, 

7.51. 

9. fSl-N-f3-Pyriqylrretbylidenl-t-butylyalinate 1.2.5. 

Following the procedure above, (S)-

t-butylvalinate (0.68 g, 3.9 mmol) 

and 3-pyridinecarboxaldehyde (0.39 

ml, 4.14 mmol) were heated in 

ref 1 ux ing toluene for 4 hr. 

Kugelrohr distillation afforded 0.97 

a 
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g (94%) of the imine. Bp 75-78°C (0.03 mm Hg)J [0 ] 0
24 -85.5° (c 1.5, 

OICl.3)0 

A small amount was recrystallized from pentane. Mp 54.s-ss.s0c; 
[a] 0

24 -86.1 (c 1.5, CHC1 3). 1H NMR (CDC13): o 8.90(d, Ja:2Hz, lH), 

8.65 (dd, J=SHz, J=2Hz, lH), 8.34-8.05 (m, 2H), 7.34 (dd, J=8Hz, J=SHz, 

lH), 3.60(d, J=7Hz, lH), 2.SS-2.14(m, lH), 1.49(s, 9H), 0.98(d, J=7Hz, 

3H), 0.96 (d, J=7Hz, 3H); 13c NMR (CDCl3): o 170.4, 159.6, 151.4, 

150.2, 134.6, 131.2, 123.3, 81.0, 80.4, 31.6, 28.0, 19.4, 18.4; 

IR(melt) cm-1: 1738, 1645. 

All.Al.. Calcd for c15H22N2o2: C, 68.67; H, 8.45. Found: C, 68.94, H, 

8.56. 

10. Lithium Dimetl]ylcL1Prate 
To a 0.11 M suspension of cuprous iodide (Fisher) and 'IBF cooled 

to o0c was ack:ied dropwise methyllithium (1.90 e;1). The grey suspension 

turned to a yellow suspension midway through the methyllithium 

cddition, becoming a clear peach-color upon complete addition. After 

stirring 20 min at o0c, the cuprate was ready for use. 

11. Lithium CYaoooethYlcL1Prate 
A procedure similar to the report by Marino and Abe129 was 

followed. To a suspension of cuprous cyanide (Baker) and THF cooled to 

-7a°C was added dropwise methyllithiurn (0.90 e;1). After stirring for 1 

hr at -7a°C, the blue green mixed cuprate was ready for use. 
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12. Alkylation .Qf Imino fYridine .m nth Lithium Cyanometeyl-

cuprate 

To a solution of lithium cyanomethyl 

cuprate (0.57 mmol) cooled to -100°c 

was added dropwise, via a pressure 

equil iz ing addition funnel, a 

solution of pyridiyl imine ll.2. 

(0.120 g, 0.47 mmol) and THF (30 

ml). Upon complete addition, the mixture was warmed to -78°c. 

Stirring was continued for 3.3 hr and the reaction quenched with methyl 

chloroformate (0.066 ml, 0.85 mmol). The reaction mixture was 

concentrated, slurried in CH2c12 (30 ml), washed with 5% aqueous 

ammonium hydroxide (4 x 30 ml) until the blue copper color was no 

longer extracted, and then brine. Drying (K2co3), filtration, and 

concentration gave the crude dihydropyridine .121.. The diastereomeric 

ratio was found to be 1:1 by 1H NMR (60 MHz). 1H NMR (CDC13, 60 MHz): 

7.38(br s, lH), 7.27-6.40(m, 7H), 5.0(dd, J=8Hz, J=4Hz, lH), 3.95-

3.05 (m, 4H), 3. 76 (s, 3H), 3.31 (s, 3H), 3.02-2.64 (m, 2H), 1,21 (d. J=7Hz. 

l,SH}, l,17Cd. J=7Hz. l,SH); IR(film) cm-1: 1681, 1671(sh), 1664(sh), 

1646, 1639(sh). 

The crude methylated imine was hydrolyzed according to the 

procedure on p. 140, utilizing chloroform and ~eous oxalic acid. The 

racemic aldehyde ill was recovered (0.075 g, 88%) and fouoo to be >95% 

p.ire by 1a lft1R. 
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13. Al,kylation Qf Imino eyridine ill Lithium DimethYJ,cyprate 
To a solution of pyr idyl imine lil. 

(0.250 g, 0.104 mmol) and THF (50 

ml) cooled to -1s0 c, was added via 

cannula lithium dimethylcuprate (2.3 

mmol, precooled to -78°C). Stirring 

was continued for 3 hr, at which 

which time the dianion was quenched with methyl chloroformate (0.42 ml, 

5.5 mmol). 

The dihydropyridine was isolated by extraction as described for 

dihydropyridine .lil (p. 137). Analysis by 1a NMR indicated 1:1 

mixture. 1H NMR (CDC1 3, 100 MHz): o 7.31(s, lH), 7.25-6.40(m, 7H), 

4.98 (dd, J=7Hz, J=3Hz, lH), 4.37-4.00 (m, 2H), 3.90-3.13 (m, 2H), 3. 73 (s, 

3H), 3.64(s, 3H), 3.03-2.60(m, 2H), l,15Cd. J=7Hz. 1,5Hz), l,13Cd. 

J=7Hz. l.5WJ IR(film) cm-1: 1745, 1733(sh), 1718(sh), 1678, 1623. 

The reaction mixture was hydrolyzed according to the procedure on 

p. 140, using an ether-pentane and aqueous oxalic acid mixture. The 

racemic aldehyde ill was recovered (0.177 g, 94%) as a yellow oil and 

found to be >95% µ.ire by 1a RttR. 

14. Alkylation Qf. Imino eyridine ill Hitb Lithium DimethYJ,cuprate 
To a solution of pyridiyl imine ill 

H ~H 3 y 
~N~0£1 lNJJ - 0 

I 
CO2Me 

(0.087 g, 0.37 mmol) and THF (35 ml) 

cooled to -1s0 c, was added via 

cannula, lithium dimethylcuprate 

(0.74 mmol, precooled to -78°C). 

Stirring was cootinued at -78°c for 
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5 hr at which time the reaction was quenched with methyl chloroformate 

(0.172 ml, 2.22 mrnol). The ~dition product was isolated as described 

for dihydropyridine ID {p. 137). The diastereomeric ratio was found 

to be 34:66 as determined by HPLC (normal phase, 101 THF/hex, 1 

ml/min). 1H NMR (CDC13, 60 MHz): o 7.70(br s, lH), 7.17(d, J=2Hz, 

lH), 6. 73 (br d, J=BHz, lH), 5.08 (dd, J=BHz, J=5Hz, lH), 4.20 (q, J=7Hz, 

2H), 3.87 (s, 3H), 3. 72-3.32 (m, 2H), 2. 70-2.03 (m, lH), 1.48-0. 73 (m, 

12H), (Diastereotopic proton signals were not detected in the 

spectrum); IR(filrn) cm-1: 1745, 1695, 1638, 1458, 1363, 1338, 1226. 

The imine was hydrolyzed (4 hr) using a CH2Cl2 and aqueous oxalic 

acid mixture according to the procedure on p. 140. Following 

trituration with pentane, the crude aldehyde m was recovered. [a lo 25 

+60 (c 1.0, c 6a6). 

Purification via column chromatography (florisil, 0-75% 

ether/pentane) afforded the purified aldehyde (0.066 g, 97%). [a] 0
24 

+66.5° (c 1.2, c6a6). 

15. Alkylation .of. Imino Pyridine li5 xit.b Lithium Dimethyl 
Cyprate 

To a solution of pyridyl imine ill 

(0.061 g, 0.23 mmol) and THF (21 ml) 

cooled to -78°c, was added via 

cannula, lithium dimethylcuprate 

(0.465 mmol, precooled to -78°C). 

Stirring was continued for 4 hr, at 

which time the reaction was quenched with methyl chloroformate (0.108 

ml, 1.4 mmol). The addition product was isolated as described for 



140 

dihydropyridine .li1 (p. 137). The diastereomeric ratio was found to be 

22:78 as determined by HPU: (normal phase, 4.8% 'mF/hex, 1 ml/min). 1a 

NMR (CDC1 3): o 7.70(s, lH), 7.14(br s, lH), 6.73(br d, J=8Hz, lH), 

5.08 (dd, J=8Hz, J=5Hz, lH), 3.93-3.20 (m, 2H), 3.85 (s, 3H), 2.21-1. 73 (m, 

lH), 1.45(s, 9H), l.17(br d, J=7Hz, 3H), 0.90(br d, J=6Hz, 6H), 

(Diastereomeric proton signals were not detected in the spectrum); 13c 
NMR (CDCl3): 0 171.1, 161,6 {45), 161,1{4R), 151.4, 130. 7, 122.8, 

120.6, 113.9, 80,8 {4Rl, 80,6 {4S), 80.0, 53. 7, 31,7 {45. 0,725Cl, 

31,3 {4R. 0,275Cl, 28.1, 27,l {4Rl, 27,0 {45l, 22,9 {45), 22,7 {4Rl, 19. 7, 

18.4; IR(film) cm-1: 1735, 1720 (sh), 1700 (sh), 1680, 1620, 1440. 

The imine was hydrolyzed (9 hr) using a CH2Cl2 am iqlleous oxalic 

acid mixture according to the procedure on p. 140. Purification by 

column chromatography (florisil, 0-90% ether/pentane) afforded 0.034 g 

(82%) of aldehyde~- [ ]0
24 +98° (c 0.7, c6H6). 

16. Imine HYdrolysis Procedures 
a. ooueous Oxalic~ 

The pH 1 stock solution was prepared from two parts 

saturated iqlleous oxalic acid am one part water. It soould be noted 

that saturated iqlleous oxalic acid was ineffective towards hydrolysis. 

To a round bottomed flask was aa:led the imine, as an ether/pentane 

(70/30 by volume, 25 ml) solution and aqueous oxalic acid (25 ml). 

(CH 2c1 2 or chloroform may be used as a cosolvent instead of 

ether/pentane). The mixture was stirred rapidly at room temperature 

until complete reaction was realized (minutes to lx>urs, as determined 

by tlc). The yellow layers were separated and the aqueous layer was 

extracted with ether (3 x 25 ml). The combined organic layers were 

7 
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washed with 5% aqueous HCl (2 x 25 ml) and dried (K2co3). Filtration 

and concentration gave the yellow aldehyde. 

b. l'Q:Ueous Acetic = Sodium Acetate 
A procedure similar to the report by Schlessinger and coworkers130 

was used. The pH 5 stock solution was prepared from glacial acetic 

acid (50 ml), water (50 ml), am anhydrous sodium acetate (5.2 g). 

To a round bottomed flask was cd:led a CH2Cl2 or chloroform (25 ml) 

solution of the imine and aqueous acetate (25 ml). The mixture was 

stirred rapidly at room temperature until complete reaction was 

realized (minutes to hours, as determined by tlc). The layers were 

separated and the organic layer was washed with brine (3 x 25 ml) and 

dried CK2a::>:3). Filtration and concentration gave the desired aldehyde. 

o. conservation Qf. Chiral.icy 

1. starting Materials 

a. EtbYl-CJ~inolieyl)-imidate Dieydrochloride 21.Q. 

To an oven dried lL 3-necked flask 

fitted with magnetic stirrer bar, 

NH pressure equilizing addition funnel, 

OE t reflux coodensor, septum, and argon 

·2 HCI inlet was added absolute EtOH (21.8 

ml, 37.4 mool) and OJC13 (220 ml). 

Upon cooling to o0c, acetyl chloride (19.0 ml, 267 mmol) was added 

drq,wise, followed by a:ldition, via cannula, of a solution coosisting 

of 3-quinolinecarbonitrile (4.12 g, 26.7 mmol) and CHC13 (220 ml). 

During cd:lition, the flask was allowed to warm to room temperature and 
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the imidate began to precipitate from solution. Stirring was continued 

at room temperature overnight (16 h), and the mixture was concentrated. 

The product was slurried in ether and collected in a sintered glass 

fwmel and washed with ether (250 ml). Residual HCl was removed under 

reduced pressure (aspirator vacuum for 24 h, in the presence of a 

beaker of NaOH pellets) to afford 6.9 g (95%) of the light brown 

p0\tllder, rrp 175-178°c. 

A satisfactory analysis could not be obtained for this corrp:>tmd. 

A small portion was hydrolyzed (5% aqueous HCl) to the 

corresponding ester for characterization. 1H NMR (OX:13): cS 9.47(br 

s, lH), 8.90(br s, lH), 8.40-7.37(m, 4H), 4.48(q, J=8Hz, 2H), l.47(t, 

J=?Hz, 3H); IR(f ilm) cm-1: 1730, 1725 (sh), 1635. 

line 211 

b. 2-(3'-Q.Iinolinyl)-4S-metroxymethyl-5S-phenyl-t. 2-oxazo-

Ph 

oj ... , 
OMe 

To an oven dried lL round bottomed 

flask fitted with magnetic stirrer 

bar, reflux condensor, septum, and 

argon inlet was added imidate .210. 

(6.14 g, 22.5 mmol) and dry 1,2-

dichloroethane (425 ml). The 

resulting slurry was treated with Et3N (3.1 ml, 22.5 mmol) and amino 

alcolx>l .ill. (4.2 g, 23.2 rnrnol) followed by heating at reflux overnight 

(16 h). Upon cooling to room temperature, the organic layer was washed 

with water (4 x 150 ml). The combined aqueous layers were back 

extracted with CH2c12 (3 x 150 ml), and the combined organic layers 
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were washed with brine arxi dried CK2ce>:3). Filtration arxi concentration 

gave the desired oxazoline as a heavy oil. 

The crude oxazoline was purified by medium pressure liquid 

chromatograph (MP!£) or normal gravity column chromatography (silica 

gel, 20% pentane/ether). Concentration of the pure fractions (as 

indicated by tlc) gave the dark yellow starting material. Upon 

dissolving in pentane, the yellow impurity remained as an insoluble 

film. Concentration of the pentane soluble portion, followed by 

warming at 10°c Wlder reduced pressure (0.005 mm Hg, 3h) afforded 7.7 g 

(82.5%) of the desired light yellow oxazolinylquinoline. [ a] O
24 

+124.0o (c, 9. 75, CHC1 3)1 1H NMR (CDC13): cS 9.54 (d, J=2Hz, lH), 

8. 77 (br d, J=2Hz, lH), 8.27-7.11 (m, 9H), 5.56 (d, J=7Hz, lH), 4.43 (m, 

lH), 3.88-3.50(m, 2H), 3.45(s, 3H); 13c NMR (CDCl3): cS 161.9, 149.3, 

148.8, 140.1, 136.2, 130.8, 129.2, 128.6, 128.4, 128.1, 127.1, 126. 7, 

125.4, 120.4, 83.5, 75.1, 73.9, 59.3; IR(f ilm) cm-1: 1650, 1625, 1608, 

1575, 1498, 1125. 

Ansl_. Calcd for C20H19N2O2: c, 75.45; H, 5.70. Found: c, 75.26; H, 

5.59. 

c. 1-Bronpngphthalene 

1-Bromonaphthalene contains a small amount (<5%) of the 

isomeric 2-bromonaphthalene. This was removed by recrystallization 

from absolute EtOH (-20° to -s0 c) as previously described.131 The 

white crystals were recovered by rapid filtration through a chilled 

sintered glass funnel. Residual EtOH was removed by dissolving the 

bromide in CH~2 arxi washing with water (3x). The organic layer was 
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further washed with brine and dried (K 2co3). Filtration, 

coocentration, arx3 distillation gave the p.1rified bromide. Pllrity was 

determined by close inspection of a 13c NMR spectrum {O>Cl3), which 

indicated the preseoce or abseoce of the 2-bromo isomer between o 128.9-

129. 3. 

d. 1-Ngphtlr{llithiwn 
To a solution of 1-bromonaphthalene (0.096 ml, 0.69 

mmol) arx3 THF (5 ml) cooled to -78°c, was aajed dropwise s-butyllithium 

(1.14M, 0.5 ml, 0.57 mmol). The resulting cloudy light yellow solution 

was warmed to -45°c. 'Ibis temperature was maintained for 30 min, at 

which time the naphthyllithium was ready for use. 

e. 1-Na.phtl:rllmagnesium Bromide 
To a 100 ml 3-necked flask fitted with magnetic stirrer 

bar, pressure equilizing cddition funnel, reflux condensor, septum, and 

argon inlet was added magnesium turnings (1.19 g, 49.1 mmol). The 

entire apparatus was flame dried while purging with argon. Upon 

cooling to room temperature, ether (5 ml) arx3 1-bromonaphthalene (0.5 

ml, 3.6 mmol) were acxied. After a few minutes {sometimes with slight 

warming), the reaction began and the solution became brown accompanied 

by some slight cloudiness. Dropwise cddition of a solution, consisting 

of 1-bromonaphthalene (6.0 ml, 43.1 mmol) and ether (25 ml), followed 

at a rate so as to maintain a gentle reflux. After cd:lition of 5 ml of 

this bromide solution, benzene (5 ml) was added. {If the brown 

Grignard reagent precipitated before this time, then benzene was 

added). Addition of the bromide was completed and stirring was 
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continued an ad3itional 4 hr at room temperature. The Grignard reagent 

was further diluted with benzene (20 ml) and transferred, via cannula, 

to an oven dried bottle covered with a double septum and stored at room 

temperature. The titration procedure was as described by Watson and 

F.astham117 using s-butanol in benzene. 

2. Alkylation ld.tll 1-NgphtbYl,lithium 

a. 4S-Naphthyl-3-oxazolinyl-1,4-dihydroguinoline .2ll mi 

To a solution of oxazolinylquino-

line.2ll (0.091 g, 0.29 mmol) and 

THF (22.6 ml) cooled to -78°c was 

added, via cannula, 1-naphthyl-

lithium (0.57 mmol, precooled to 

E = H ID -7 a0 c). The resulting yellow 
C02 Me 214 

solution was stirred until complete disappearance of the starting 

material ( 2 hr), as determined by tlc (50% THF /hex). The bulk of the 

solution (99% by volume) was quenched by transferring, via cannula, to 

a graduated cylinder containing EtOH (0.3 ml), and allowing to warm to 

room temperature. The remaining portion of the reaction mixture 

(<l ml) was quenched with methyl chloroformate (1 drop, stored over 

CaH2) and stirred for an additional 3 hr, while warming to room 

temperature. The chloroformate mixture was concentrated, slurried in 

CH2c12 (10 ml) and washed with dilute aqueous bicarbonate (3 x 10 ml) 

and brine. Drying (K2co3), followed by filtration and concentration 

gave urethane .ill,. The analytical sample was prepurified by column 

chromatography (small plug of silica gel, 40 ml Et:OAc) and subjected to 
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analysis by HPLC (reverse phase, 90% MeOH/H2o, 1 ml/min) for the 

determination of the diastereomeric ratio (88:12). 

The ethanol quenched dihydroquinoline solution was coocentrated, 

slurried in CH2Cl2 (40 ml), and washed with dilute a:;iueous bicarbonate 

(3 x 40 ml) and brine. Drying (K2co3), followed by filtration and 

concentration gave the N-H dihydroquinoline .lli. suitable for oxidation 

in the next experiment. 

b. lS} =4~1:lr.il-3-oxazolinylguinoline 215. 

Ph 

""'" I 
OMe 

To a dry flask was added dihyro-

quinoline.2.J.l as a dried CH2c12 
solution (5-10 ml). Upon 

concentration, the flask was 

flushed with argon and THF (10 ml) 

was ad::led. The solution was cooled 

to -78°c and treated with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 

(DDQ) (0.068 g, 0.30 mmol). The resulting dark green solution became 

red while warming slowly to room temperature (3 hr). 

The mixture was diluted with CH2c12 (50 ml) and washed with 

saturated aqueous bicarbonate (3 x 30 ml) until the a:;iueous layer was 

no longer colored and then brine. Drying (K2co3), followed by 

filtration and concentration gave the oxidized product. Analysis by 

BPI£ (reverse phase, 82% Meoo/B2o, 1 ml/min) indicated a diastereomeric 

ratio of 89:11. Purification via radial chromotraphy (silica gel, 

EtOAc) afforded 0.111 g (87%) of naphthylquinoline .ill as a foam. 1H 

NMR (CDCl3): 15 9,58 ls, 0,17H}, 9,49 (s, 0,83H}, 8.24 (br d, J=8Hz, lH), 

8.04-6.93 (m, 13H), 6. 75-6.63 (m, 2H), 5,04 ld, J=7Hz, 0,14H}, 4,92 ld, 
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J=7Hz, 0,86H), 4.20-3.88 (m, lH), 3.60-2.97 (m, 2H), 3.28 (s, 3H); 13c NMR 

(CDC13): o 162.9, 150.2, 148.6, 146.9, 139.8, 133. 7, 133.0, 131.9, 

130.4, 129.4, 128.4, 128.1, 127.9, 127.4, 127.3, 127.0, 126.2, 125.7, 

124.8, 121. 7, 83.8, 74.2, 59.1. IR and elemental analysis were 

obtained from the single diastereomer .ill (p. 156) used for X-ray 

analysis. 

c. lS)-3-<;arbonetlm,Y-4-naphtbYJ.g,uinoline 

To a 25 ml round bottomed flask 

fitted with magnetic stirrer bar and 

reflux condensor was added 

oxazolinylquinoline~ (0.111 g, 

0.25 mnol) and 6M aqueous H2so4 (5 

ml). The flask was placed in an oil 

bath, preheated to 150°c, which resulted in a vigorous reflux. (A 

vigorous reflux was required so as to hasten the reaction, thus 

minimizing decomposition and possible resolution). Heating of the 

resulting yellow orange solution was continued until the high Rt 
material was no longer visible ( 6.6 hr), as indicated by tlc. 

Neutralization of an aliquot with c¥:IUeous bicarbonate and elution with 

10% Et3N/Etek, acid has Rt = o. Upon cooling to o0c, the mixture was 

adjusted to pH 4 with 40% aqueous sodium hydroxide. The insoluble 

product was extracted with CH2Cl2 (3 x 50 ml), arx1 the combined organic 

layers were washed with brine and dried (Na2so4). Filtration and 

coocentration gave the acid, which was esterified directly as described 

below. 
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Esterification by Diazomethane. To a scratc~free 250 ml flask 

was added an ether solution (200 ml) of the acid. Diazomethane 

(4.29 mmol, 15 eq) was bubbled into the mixture to furnish a clear 

light green solution, which was further diluted with ether to 250 ml 

and stirred overnight (16 hr). Drying (K2co3), filtration, and 

concentration gave the crude ester. Purification by radial 

chromatography (silica gel, 0-10% EtOAc/hex), followed by trituration 

with pentane afforded 0.069 g (89% from the oxazoline) of the light 

brown naphthylquinoline 2J.n. Mp 101-102.5°c; [ a] 0
22 -9.8° (1.12, 

CHCl3). 1H NMR (CDCl3): o 9.50 (s, lH), 8.33-6.96 (m, llH), 3.48 (s, 

3H); 13c NMR (CDCl3): o 165. 7, 150.0, 148.9, 133.9, 132.9, 131.6, 

130.9, 129.3, 128.3, 128.1, 127.5, 127.1, 126.2, 126.1, 125.8, 125.l, 

124.8, 123.4, 52.0; IR(film) cm-1: 1730, 1713, 1568, 1221. 

Ansl_. Calcd for c21H15No2: C, 80.48; H, 4.84; N, 4.47. Found: C, 

80.23; H, 4.93; N, 4.29. 

d. N-Carbomethoxy-4S-nAPhteyl-3-oxazolieyl-l,4:<lihYdro-
guinoline 2li 

Ph 

'""'i 
OMe 

Oxazolinylquinoline lll (1.034 g, 

3.25 mmol) was alkylated with 1-

naphthylli thium (4.9 mmol) as 

desdr ibed on p. 145. After 3 hr at 

-78°c, the reaction was quenched 

with methyl chloroformate (0. 75 ml, 

9.75 IIIDOl). PUrificatioo. by column chromatography (silica gel, 0-40% 

THF /hex) afforded 1.39 (85%) of the urethane. HPLC analysis (reverse 
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phase, 90% MeOH/H2o, l ml/min) indicated a diastereomeric ratio of 

87.5:12.5. 1H NMR (CDCl3): cS 8.74(br d, J=8Hz, lH), 8.31-8.04(m, 2H), 

7.90-6.72(m, 14H), 6.14(s, lH), 5.2Hd, J=7Hz, 0.86Hl, 5.lBCd, J=7Hz, 

P-14Bl, 4.10-2.55 (m, 3H), 3. 78 (s, 3H), 3.23 Ca, 2.SHl, 2.82 (§, o.sa>; 
13c NMR (CDC1 3): cS 162.4, 152.4, 141.0, 140.8, 140.S, 134.2, 133.9, 

131.2, 130. 7, 128.6, 128.4, 127. 7, 127.1, 126.6, 125.8, 125. 7, 125.4, 

125.2, 125.1, 124.3, 120.8, 112.8, B3.4C4Sl, B3.PC4Rl, 75.0C4R). 
741 5 (4S), 74.1, 59.1, 53.8, 38.5; IR(f ilm) cm-1: 1740, 1672, 1630, 

1130. 

Anal. Calcd for C32H2aN2O4: c, 76.16; H, 5.61; N, 5.55. Found: c, 

76.09; H, 5.71; N, 5.43. 

To a solution of 4-naphthyldihydro-

quinoline .ill (0.193 g, 0.38 mmol, 

diastereomeric ratio of 87.5:12.5) 

and dry CH2c12 (10 ml) was added 

dropwise, methyl fluorosulfonate 

("Magic Methyl") (0.064 ml, 0.079 

mmol). stirring was continued at room temperature overnight (17.5 hr), 

at which time the resulting yellow solution was cooled to o0 c and 

treated with a suspension of NaBH4 (0.045 g, 1.20 mmol) in THF (1 ml) 

and Me<E (0.5 ml). (Flask must be sufficiently vented to accommodate 

vigorous gas evolution). The grey suspension was allowed to warm 

slowly to room temperature. After 4 hr, the reaction was quenched with 
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water (1 ml) and saturated aqueous ammonium chloride (1 ml). Upon 

further dilution with ether (25 ml) and water (1 ml), the layers were 

separated. The aqueous layer was extracted with ether (20 ml), and the 

combined organic layers were washed with brine and dried (K2co3). 

Filtration and concentration gave the crude oxazolidine which was 

imnediately hydrolyzed. 

Hydrolysis. To a stirred slurry of silica gel .ill. (6 g, Silica 

Woelm, 32-63 µ), CH2Cl2 (20 ml) and aqueous oxalic acid (24 drops, used 

for imine hydrolysis p. 140) was added a CH2Cl2 solution (15 ml) of the 

oxazolidine at room temperature. After complete reaction (<l hr, by 

tlc, 50% THF/hex) the slurry was filtered through a sintered glass 

funnel, and the silica gel was washed with CH 2c1 2 (150 ml). 

Concentration gave the aldehyde which was purified via radial 

chromatography (silica gel, 0-30% THF /hex) affording 0.125 g (96%) of 

the purified compound as a foam. [a ]0
23 +150° (c 0.96, CHC13). 1H NMR 

(CDC13): o 9.40 (s, lH), 8.67 (br d, J=8.5Hz, lH), 8.31-8.00 (m, 2H), 

7.87-6.78(m, 9H), 5.96(s, lH), 4.04(s, 3H)1 13c NMR (CDCl3): o 189.0, 

152.0, 143.0, 140.9, 134.0, 133.9, 130. 7, 130.4, 129.4, 128.6, 127.4, 

127.0, 126.3, 126.2, 126.0, 125.8, 125.5, 123. 7, 120.6, 54.5, 35.61 

IR(film) cm-1: 1745, 1678, 1650, 1582, 1340, 1230. 

AnAJ... Calcd for c22H17No3: C, 76.941 H, 5.001 N, 4.08. Found: C, 

76.501 H, 5.217 N, 4.00. 
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f. cs)-4::Naphteyl-3-guinolinecarboxaldelrfde m 
To a solution of dihydroquinoline 

_m (0.121 g, 0.35 mmol), THF (11.4 

ml), absolute EtOH (7.5 ml) was 

CHO a dded aqueous 20% potassium 

hydroxide (1.5 ml). Stirring was 

continued at room temperature for 15 

min, at which time tlc (50% THF /hex) iooicated complete removal of the 

urethane. Upon dilution with ca2c12 (40 ml), the organic layer was 

washed with dil. aqueous bicarbonate (3 x 40 ml) and brine. Drying 

(K 2co3), filtration, and concentration gave the desired N-H 

dihydroquiooline. 

Oxidation with DDQ was performed according to the procedure 

outlined for the synthesis of naphthylquinoline (p. 146). 

Purification via radial chromatography (silica gel, 10% 'mF /hex) gave 

0.089 g (90%) of the aldehyde. Mp 128-130°c; [a] 0
24•5 -93.3° (c 0.98, 

CHC13). lg NMR (CDC13): cS 9. 72 (s, lH), 9.53 (s, lH), 8.36-6.92 (m, 

llH); 13c NMR (CDC13): cS 190.7, 151.7, 150.1, 148.0, 133.3, 132.4, 

131.9, 130.2, 129.9, 129.5, 128.4, 127.4, 127.3, 127.2, 126.5, 125.4, 

124.8; IR(f ilm) cm-1: 1685, 1612, 1570; UV(EtOH) nm max: 272 (sh), 

282( c • 10,250 M-l cm-1), 289(sh), 316(sh), 338; CD(EtOH, 282 nm): 

negative Cotton effect at 325 nm, positive Cotton effect at 288 nm. No 

analysis was obtained for this compound since it was oxidized to the 

acid am esterified with diazomethane in the folloiwng experiment. The 

resultin3 ester was compared with authentic material, which was fully 

characterized. 
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CS)-3-carbomet@Xy-4-oa.phtlJylguinoline .21g_ 

To a slurry of aldehyde~ (0.084 

g, 0.29 mmol), water (9 ml), and 

dioxane (1.6 ml), was added a 

solution consisting of AgN0:3 (0.100 

g, 0.59 mmol) and water (1.5 ml). 

Upon warming in a 65°c oil bath, 

aqueous 40% NaOH (0.35 ml) was added. Additional 40% NaOH (0.35 ml) 

was added after 5 min and 10 min, as well as 2.5 hr and 3.2 hr (0.05 ml 

both times). On complete reaction (3.5 hr, as indicated by tlc, 10% 

Et3N/Et~), the mixture was filtered arx1 the solids were washed with 

dilute cr:JUeous NaOH and ca2ci2• The aqueous layer was acidified to pH 

4 (6M aqueous a2so4), and extracted with ca2c12 (3 x 40 ml). The 

combined organic layers were washed with brine and dried (Na2so4). 

Filtration and concentration gave the desired acid. 

F.sterification with diazomethane (2.95 mmol, 10 eq) as described 

on p.147 gave, after p.irification via radial chromatography (silica, 0-

15% EtOAc/hex, with one recycle), the purified ester (0.065 g, 71%). 

[a] 0
22 -10.6° (c 1.0, CHC13). The ester was identified by NMR to the 

same compound which was fully characterized formed via acidic 

hydrolysis of the oxazolinyl biaryl and ester if ication (p. 147). 
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3. Alkylation nth 1-Na,phthylmagnesium Bromide 

a. C4Rl-Na,pht.1Jyl-3-oxazo1w1-1,4-dilfidrogµinolines m .snd 

E = H 222 
C01Me ill 

To a solution of oxazolinylquinoline 

.m_ (0.096 g, 0.30 mmol) arxl toluene 

(22.1 ml) cooled to -115°c was cd:led 

dropwise, 1-naphthylmagnesium 

bromide (0.42 M, 1.1 ml, 0.46 mmol). 

The resulting yellow-brown solution 

allowed to warm slowly to -l05°c, arxl finally warmed to -85°c with 

stirring. After 17 hr, additional Grignard reagent (1.1 ml) was acxied, 

as well as after 43 hr (1.1 ml). Stirring was continued 5 hr, and the 

mixture was allowed to warm to o0 c over 5 hr. The orange solution was 

cooled to -1a0 c and stirred overnight (14 hr). On warming to room 

temperature, the bulk of the reaction mixture (98% by volume) was 

quenched by transferring, via cannula, to a graduated cylinder 

cont.ainm3 EtOO (0.3 ml). The remaining protion (<0.5 ml) was diluted 

with THF (0.3 ml) and 1-naphthylmagnesium bromide (0.1 ml) was added 

(to consume any moisture or HCl from the methyl chlorof ormate). The 

anion was quenched with methyl chloroformate (0.2 ml, stored over 

caa2). stirring was continued for 3 hr, arxl urethane m was isolated 

according to the procedure on p. 145. .Analysis by BPI£ (reverse phase, 

90% MeCl1/H20) indicated a disastereomeric ratio of 14:86. 

Similarly, the N-H dihydroquinoline m. was recovered by 

extraction according to the procedure on p. 145. 
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b. cw -4:::Na.phtlfi]. -3-oxazoliQYlgyinoline m 
Dihydroquinoline.222, was oxidized 

with Il)Q following the procedure for 

the synthesis oflll (p. 146). 

Following purification, 0.106 g 

(79%) was recovered with a 

diastereomeric ratio of 12:88. 1H 

NMR (CDCl3): cS 9,56(s, 0,89Hl, 9,47(s, O,llH), 8.24(br d, J=8Hz, lH), 

8.02-6.87 (m, 13H), 6. 71-6.34 (m, 2H), 5,04 Cd, J=7Hz, 0,90H), 4,92 Cd, 

J=7Hz, O,lOH), 4.14-3.85 (m, lH), 3.60-3.07 (m, 2H), 3.29 (s, 3H)J 13c NMR 

162.9, 150.4, 148. 7, 146.9, 139.8, 133.6, 133.2, 131.8, 

130.5, 129.5, 128.3, 128.1, 127.3, 127.1, 126.4, 125.8, 125.3, 124.6, 

121.3, 83.8, 74.2, 74.0, 59.1. IR and analysis were obtained for the 

single diastereomer 22,i (p. 156) used for X-ray analysis. 

c. <R)-3-cart>omet;hoxy-4-naphtl]Y],quinoline 

CO,Me 

OxazolinylquinolinelH (0.106 g, 

0.29 mmol) was hydrolyzed (6 hr) to 

the correspooding acid according to 

the procedure on p. 147. 

Esterification and purification 

gave 0.068 g (91%) of ester ,m. 
[ a] D 22 +9.55° (c 1.1, CHC13), identical by 1H NMR to fully 

characterized (S)-3-carbometh:>xy-4-naphthylquinoline .2li (p. 147). 
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a. N-Carbomethoxy-4R-nAPhthyl-3-oxazolinyl-1,4-dieydro-
guinoline m 

Oxazolinylquinolinell.l (0.139 g, 

0.44 mmol) was alkylated with 1-

naphthylmagnesium bromide (0.37M, 

2.4 ml, 0.88 mmol) as described on 

p. 152. After stirring 5 hr at 

-78°c, the reaction mixture was 

allowed to warm to room temperature (2 hr), at which time methyl 

chloroformate (0.14 ml, 1. 76 nuool) was aa:led. Purification by radial 

chromatography (silica gel, 25% 'mF /hex) afforded 0.131 g (59%) of the 

urethane. HPLC analysis (reverse phase, 90% MeOH/H2o, 1 ml/min) 

indicated a diastereomeric ratio of 21:79. 1H NMR (CDCl.3): 15 8.75(br 

d, J=8Hz, lH), 8.35-8.05(m, 2H), 7.92-6.75(m, 14H), 6.14(s, lH), 

S,21ld, J=7Hz, O,28H), S,18ld, J=7Hz, 0,72H), 4.17-3.79(m, lH), 3.93(s, 

3H), 3.53-2. 74 (m, 2H), 3,13 (s, O,9H), 2,89 (s, 2,lH) t 13c NMR (CDCl3): 

15 162.4, 152.4, 141.5, 141.0, 140. 7, 140.5, 134.2, 133.9, 133. 7, 131.3, 

131.0, 130.8, 130.6, 128. 7, 128.3, 127. 7, 127.0, 126.6, 125. 7, 125.6, 

125.5, 125.4, 125.2, 125.0, 124.3, 120.8, 112.8, 83,3 l4S, 0,21c), 
83,0 l4R, 0,79C), 74.8, 74.4, 74.0, 59,1(4S), 58,9 l4R>, 53.8, 38.2. 

These data were identical to the antipodal product .214. (p. 148) which 

was fully characterized. 
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4. Sanples m. x-iw, Analysis 

a. N-Carbo-t-butoxy-4R-nc1PhtbYl-J-oxazo1i,ny1-1,4-dihydro-
guinoline 

Following the procedure for the 

alkylation of oxazolinylquinoline 

2ll with 1-naphthylm~nesium bromide 

on p. 152, the desired t-butyl 

urethane was obtained by quenching 

the anion with excess di-t-

butyldicarbonate (Aldrich). The products (diastereomeric urethanes and 

N-H dihydroquinolines) from two alkylations were combined. The major 

diastereomer was enriched by fractionating the band from p.irification 

via radial chromatography (silica gel, 20% Et~/hex). Concentration, 

followed by trituration with pentane, gave the solidified product. 

Recrystallization from pentane/CH2c12 afforded highly crystalline~ 

suitable for use. Mp 148.5-151.5°c1 [o,] 0
22 -91.4° (c 1.12, CHCL3). 1H 

NMR (CDC13): 6 8. 74 (br d, J=7Hz, lH), 8.26-6. 77 (m, 16H), 6.11 (s, lH), 

5.19(d, J=6Hz, lH), 4.18-3.87(m, lH), 3.56-2.7l(m, 2H), 2.95(s, 3H), 

1.64 (s, 9H) 1 13c NMR (CDCl3): 6 162.6, 150.9, 141.5, 141.0, 134. 7, 

133.9, 132.2, 131.0, 128. 7, 128.4, 127. 7, 127.0, 126.4, 125. 7, 125.2, 

125.0, 124.5, 121.3, 112.4, 96.3, 83. 7, 83.0, 75.0, 74.2, 59.0, 38.8, 

28.41 IR(film) cm-1: 1727, 1663, 1488, 1344, 1150, 1123. 

AnAJ... Calcd for c35H34N2o4: C, 76.891 H, 6.28. Found: C, 77.041 H, 

6.26. 
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b. (R)-4::Na.,htlw,-3-oxazolinylquinoline .22! 

Ph o ... 7 
OMe 

Biaryl .22! was prepared according to 

the procedure on p. 152 to 153. 

Several reaction mixtures were 

combined ard the major diastereomer 

was enriched by flash column 

chromatography (tlc silica gel, 0-

20% EtOAc/hex). Coocentration, followed by trituration with pentane, 

gave the solidified product which was recrystallized from 

pentane/CH2Cl2· Mp 203-206°c; [a]o22 -51.3° (c 1.11, CHCl3). 1H NMR 

(CDC1 3): 6 9.55 (s, lH), 8.36-6.29 (m, 16H), 5.04 (d, J=7Hz, lH), 4.12-

3.81 (m, lH), 3.54-3.03 (m, 2H), 3.30 (s, 3H); 13c NMR (CDCl3): 6 163.0, 

150.5, 148.8, 146.9, 139.8, 133. 7, 133.3, 131.9, 130.5, 129.5, 128,4, 

128.1, 127.4, 127.2, 126.4, 125.9, 125.4, 124. 7, 121.4, 83.9, 74.3, 

74.1, 59.2,; IR(film) cm-1: 1648, 1611, 1571, 1500, 1266, 1228. 

Ansl. Calcd for c 30H24N2o2: C, 81.05; H, 5.45. Found: C, 80.84; H, 

5.46. 

5. HWered Rotation ewerimeot 
a. 1-Acetylamino-7-naphth:>1 

1-Acetylamino-7-naphthol was pre-

pared from 1-amino-7-naphthol 

(Aldrich, sublimed and recrystal-

NiAc lized from ethanol before use) 

according to the procedure by Kehrmann ard Engelke. 133 Yield: 72%. 

Mp 167-169°c (lit. 134 164-165°C). 
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b. l-Acet;ylarnino-7;netlpxynaphthalene 

MeO 
NHAc 

was used without p.irification. 

l-Acetylamino-7-naphthol (13.7 

g, 68 mmol) was methylated according 

to the procedure by Fierz-David and 

coworkers.134 The resulting product 

c. l-Amino-7-metlx>xynaphthalene•HCl 

·HCI 

A procedure similar to a report by 

Fiertz-David and coworkers134 was 

used. To a flask fitted with a 

reflux condensor was added l-

acetylarnino-7-methoxynaphthalene 

(68 mmol theoretically) and 10% HCl 

(200 ml). The resulting slurry was treated with cone. HCl (57 ml) and 

warmed at reflux for 4 hr, until the precipitate was no longer present. 

Upon cooling to room temperature, concentrated HCl (37 ml) was added 

and the solutioo cooled to o0c to precipitate the product. Filtration, 

washing with water, followed by drying at reduced pressure gave 9.4 g 

(64%) of the amine hydrochloride as a light grey solid. Mp 1ao-1as0 c 
(dee) (lit.135 185-190°C). 
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d. l-Bronp-7-metlx>mw>hthalene 
The bromide was prepared according 

to the procedure of LaBudde and 

Beidelberger, 135 except that 
MeO 

Br 
additional lM H2so4 (100 ml total) 

was used. Purification gave 0.58 g 

(8.8%) the olive green crystalline bromide. Mp 61-63°c (lit.136 64-

670C). 

e. N-Carbomethoxy-4- £7-metb;>xyna.phtlul)-3-oxazolieyl-1,4-

dil;iydroguinoline m 

MeO 

A procedure similar to the report 

(for the preparation of 2-methoxy-

naphthylmagnesium bromide) by K. 

ll.ltomski 136 was used. An awa,ratus 

consisting of a 25 ml round bottom 

flask fitted with magnetic stirrer 

bar, reflux condensor, septum, and containing magnesium turnings (0.080 

g, 3.25 mmol) was flame dried while p.irging with argon. Upon cooling 

to room temperature, THF (7.4 ml) and l-bromo-7-methoxynaphthalene 

(0. 70 g, 2.95 mmol) were added. The reaction mixture was warmed at 

42°c for 6 hr, during which time the solution became grey green in 

color with blackened magnesium. Stirring was continued at room 

temperature overnight (14 hr), and the Grignard reagent was used 

directly. 

To a solution of oxazolinylquinoline .2ll (0.290 g, 0.91 mmol) and 

benzene (50 ml) cooled to o0 c, was added dropwise 7-methoxy-1-
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naphthylmagnesium bromide (theoretically 2.95 mmol). Stirring was 

continued for 6 hr, and the lime green solution was quenched with 

methyl chl.oroformate (0.31 ml, 4.0 mmol). 

The reaction mixture was coocentrated, slurried in ce2ci2 (50 ml), 

and washed with dilute aqueous bicarbonate (3 x 50 ml) and brine. 

Drying (K2co3) followed by filtration and concentration gave the 

urethane. Purification (flash chromatography on silica gel, 0-40% 

THF /hex) afforded 0.257 g (53%) of the desired product as a foam. The 

diastereomeric ratio, determined by BPI£ (reverse phase, 90% MeOH/H2o 

lml/min) was 22: 78. 1H NMR (ax:13): o S.38-6. 79 (m, 16H), 6.00 (s, 1H), 

5.19 (br d, J=7Hz, lH), 4.18-2. 73 (m, 3H), 3.98 (s, 3H), 3.94 (s, 3H), 

3.35 (s. 0,74H), 2,97 (s. 2,3H): 1H NMR (C6D6): o 8.67-8.11 (m, 3H), 

7.70-6.54(m, 13H), 6.28(br s, lH), S,28(d. J=7Hz. 0,25H), S,18Cd, 

J=7Hz. 0,75Hl, 4.30-2.52 (m, 3H), 3.72(br s, 3H), 3.36 (br s, 3H), 

J,01 Cs, 13 0,75Hl, 2,70 (s. 2,25H}; C NMR (C6D6): cS 162.8, 162.6, 158.5, 

158.3, 152.6, 141.8, 141.4, 141.1, 134.9, 132.8, 132.0, 131. 7, 131.2, 

130.3, 130.1, 129. 7, 129.4, 127.6, 127.5, 126.0, 125. 7, 123.9, 121.4, 

118.5, 113.1, 104.1, 84.0, 83. 7, 75.9, 75.3, 74.6, 58.8, 55.1, 53.6, 

39.9; IR(film) cm-1: 1738, 1670, 1628, 1602, 1513, 1488, 1438, 1350, 

1245, 1225. 

AruLl.. Calcd for c33H30N2o5: C, 74.14; H, 5.66; N, 5.24. Found: C, 

73.81; H, 5.51; N, 4.94. 
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f. N-Carbomethoxy-3-formyl-4-C7-metooxyna.phti]yl)-l.4::di-

trldroguinoline 230. 

MeO 
CHO 

Dihydroquinoline m. (0.199 g, 0.37 

mmol) was quaternized with methyl 

fluorosulfonate (0.090 ml, 1.11 

mmol, 18 hr) and reduced according 

to the procedure described for 

(p. 149). Purification by 

radial chromatography (silica gel, 0-30% THF/hex) gave 0.128 g (92%) 

of the aldehyde as a foam. [a] 0 -20.0° (c 0.3, c6a6). 1H NMR (CDC13): 

o 9.42(s, lH), 8.35-7.83(m, 3H), 7.80-7.45(m, 2H), 7.38-6.85(m, 6H), 

5.85 (s, lH), 4.04 (s, 3H), 4.02 (s, 3H); 1H NMR (C6D6): o 9.05 (s, lH), 

8.50-8.30 (m, lH), 8.22 (d, J=2Hz, lH), 7.60-6.58 (m, 9H), 5.93 (s, lH), 

3.82 (s, 3H), 3.34 (s, 3H); 13c NMR (C6D6): o 188.6, 158. 7, 152.0, 

142.7, 140.0, 135.2, 132.7, 131.0, 130.5, 130.1, 130.0, 127.7, 127.5, 

127.2, 126.5, 126.0, 123.6, 120.9, 118.9, 103.5, 55.3, 53.8, 37.4; 

IR(film) cm-1: 1747, 1678, 1652, 1626, 1488, 1438, 1338, 1245, 1222; 

MS (70 ev), m/e (% R.I.): 373(21), 313(100), 281(58), 270(68), 

254(35), 253(39), 216(35). 

Anal. Calcd for c23H19No4: C, 73.98; B, 5.13. Found: C, 73.20; H, 

5.21. 
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g. 3-Forxqyl-4-<7-metrox,ynaphthYll-l,4:::dihydroguinoline 231 

MeO 

Urethane .23Jl. (0.100 g, 0.27 mmol) 

was hydrolyzed according to the 

procedure on p. 150. The resulting 

N-H dihydroquinoline was oxidized 

without purification. 1H NMR 

(CDC1 3): o 8.90 (br s, lH), 8.41 (br 

s, lH), 7.93-6.37(m, llH), 5.89(br s, lH), 3.80(br s, 3H)1 13c NMR 

(CDC1 3): o 188.2, 157.5, 146.5, 142.6, 134.7, 131.7, 130.1, 129.4, 

128.6, 127.9, 127.6, 127.1, 126. 7, 126.1, 124.1, 123.2, 117. 7, 115.9, 

115. 7, 102.9, 55.1, 37.2; IR(film) cm-1: 3260, 1625, 1605, 1585, 1510, 

1485, 1250. No analysis was performed on this compound due to 

instability, it was immediately subjected to the oxidation step. 

h. (R) -3-Form{l-4- (7-,nethxouw>htbYl) guinoline .232 

Me 

The N-H dihydroquinoline lll (0.27 

rnmol) was subjected to oxidation by 

DDQ as described in p. 146. 

HO P u r i f i c a t i o n b y r a d i a 1 

chromatography (silica gel, 30% 

THF,hex) afforded 0.065 g (78%) of 

the desired product as a foam. [a] 0 +78.2 (0.11, CBC13). 1H NMR 

(CDC13): o 9. 75 (s, lB), 9.52 (s, lB), 8.25 (br d, J=8.5Bz, lH), 8.10-

7. 70 (m, 3H), 7.62-7.36(m, 4H), 7.19(dd, J=9Hz, J=2Hz, lH), 6.41(d, 

J=2Hz, lH), 3.51 (s, 38)7 1H NMR (C6D6): o 9. 79 (br s, 28), 8.38-8.17 (m, 

lH), 7. 77-6. 78(m, SH), 6.51 (d, J=2Hz, lH), 2.88(s, 38)1 13c NMR (C6D6): 

190.4, 159.2, 151. 7, 150.9, 148.6, 134.1, 132.0, 130.6, 130.4, 129.4, 
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129.2, 127.6, 127.5, 126.8, 122.9, 119.9, 103.9, 54.71 IR(film) cm-1: 

2835, 1691, 1626, 1575, 1500, 1268 (sh), 1260, 12351 UV (EtOH) nm max: 

277, 287 ( £ = 10,250 M-1 cm-1), 317, 3331 CD (EtOH, 282 nm)I positive 

Cott.al effect at 327 nm (br), negative Cotton effect at 284 nm (br). 

Ansl,.. Calcd for c21H15No2: C, 80.49; H, 4.827 N, 4.47. Found: C, 

79.95; H, 4.70; N, 4.46. 

i. R83uction Qf Aldehyde .m 

MeO 

OH 

A solution of aldehyde .ill. (5.8 mg, 

0.018 mmo;l.), mF (1 ml) and absolute 

EtOH (0.2 ml) was cooled to o0 c. 
Sodium borohydride (1. 7 mg, 0.045 

mmol) was added and the solution 

stirred for 30 min. The reaction 

was quenched with sat. aqueous ammonium chloride (1 ml) and further 

diluted with CH2Cl2 (3 ml) an:l ether (3 ml). The layers were separated 

and the organic layer was washed with brine and dried (K2co3). 

Purification by ptlc (0.25 mm silica gel, ether) afforded, after 

trituration with pentane, 3.6 mg (62%, Rt= 0.25) of the desired 

alcohol. 1a NMR (CDCl3): tS 9.21 (br s, lH), 8.19 (br d, J=9Hz, lH), 

8.06-7.02(m, SH), 6.39(d, J=2Hz, lH), 5.54(s, 2H), 3.50(s, 3H), l.85(br 

s, lH). The alcohol was inllediately esterified. 

j. Preparation of ftk>sher Ester Zll 
To a solution of the above alcohol (3.6 mg, 0.011 mmol) 

and dry ca2ci2 (1 ml) was a:kled 4-(dimethylamino)wridine (0.2 mg) and 
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(+)-cr-methoxy-cx-(trifluoromethyl)phenylacetyl83 chloride (0.017 ml). 

Stirring was continued at room temperature for l hr, and Et3N (0.020 

ml, L43 mIOOl) was cdied over the next 4 hr. The reactioo was complete 

(by tlc, 50% THF/hex) after an additional 5 min and was quenched with 

water (1 drop) and sat. bicarbonate (1 drop). The mixture was stored 

in the refrigerator (-10°c) overnight. Drying (Na2so4, K2co3), 

followed by filtration and coocentration gave the Mosher ester which 

was immediately analyzed by NMR without p,irification. 
1a NMR (CDCl.3, 200 MHz): Diastereotopic protons were detected at 

69.08 and 6 9.05 with relative areas of 27:73 respectively. 
19F NMR (CDC13, 188 MHz): Diastereotopic fluorine signals were 

detected at 6-63.7 and 6-63.8 (0.00 wrn set with a standard of CFC13 in 

CH2Cl2) with rel ative areas of 25:75 (respectively. 

The ester was repurified (ptlc, 0.25 mm silica gel, 50% THF/hex) 

for reporting of entire proton spectrum. 1H NMR (CDC13, 270 MHz): 

9,07(s, 0,27H), 9,04(s, 0,73H), 8.20(d, J=8Hz, lH), 7.99-7.82(m, 2H), 

7.77-7.65(m, lH), 7.52-7.00(m, l0H), 6.3l(d, J=2Hz, lH), 5.43-4.98(rn, 

2H), 3.53-3.17(m, 6H); IR(filrn) cm-1: 1750, 1740(sh), 1626. 

k. li::li DihydrOQUinoline m .f2.r. lllB Egperiment 

Urethan~ (0.011 g, 0.03 mmol) was cleaved according to the 

procedure described for the cleavage of urethanelll (p. 150). 

Following extractive isolation the N-H dihydroquinoline was used 

directly for the NMR experiment. The sample was dissolved in CDC13 
(0.7 ml) and spectra were taken at room temperature and at 5 to 10° 

increments down to -10°c. Upon warming to room temperature, the 
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spectrum returned to its original form, ie., sharp lines, indicating 

total reversibility and free rotation. 

6. organanetaJJic ;Experiments 

a. l::flpthmagnesillln Brood.de = Trietlr{lamine Cooplex 
A procedure similar to the report by Ashby and Reed138 

was followed. A 3-necked flask was fitted with a pressure equalizing 

addition funnel, magnetic stirrer bar, septum, and reflux condensor. 

Magnesium shot (0.41 g, 16.9 mmol, Ventron) was added and the entire 

~atus was flame dried while µ1rging with argon. Upon cooling to 

room temperature, benzene (2 ml) and triethylamine (2.0 ml, 14.4 mmol) 

were added to the flask. The addition funnel was charged with 1-

bromonaphthalene (2.0 ml, 14.4 mmol) and benzene (16 ml). A portion of 

the bromide-benzene solution (2 ml) was added. The reaction was 

initiated by addition of activated magnesium turnings (0.1 g, activated 

in a solution of THF and 1,2-dibromoethane) while warming at 4S-so0c. 

The remainder of the bromide solution was cd3ed dropwise, during which 

time the reaction became cloudy dark brown. Addition of toluene (3 ml) 

improved the solubility slightly. HeatinJ was continued overnight (14 

hr). The resulting mixture contained a yellow-green suspension which 

was not dissolved upon addition of toluene (3 ml). 

The Grignard reagent was titrated according to the procedure of 

Watson and F.astham 117 using s-butanol in THF. The empoint observed 

was not sharp (plum to light plum in color) however, an approximate 

concentration was calculated. (The resulting concentration (0.25M) 

indicated that the formation could have been incomplete, suggesting 

that heating sh:>uld have been Ca'ltiru.ied an cd3itional 12-24 hr). 



166 

b. General Alkylation Procedure <Inverse Addition) 

To a solution of oxazolinylquinoline .2ll (0.103 g, 0.32 mmol) and 

toluene (31 ml) cooled to -7B°C was added dropwise 1-naphthylm~sium 

bromide (0.65M, L49 ml, 0.97 mmol). stirring was continued for 4h at 

-1a0 c followed by slow warming to -10°c, at which time no starting 

material could be detected (tlc, 50% 'IBF/hex). For several examples, 

the reaction mixtures were allowed to warm to room temperature and 

stirring was continued for up to 3 days before quenching. The reaction 

was quenched with 95% EtOH (0.5 ml), concentrated, and slurried in 

CH2c12 (40 ml). The organic layer was washed with dilute aqueous 

bicarbonate (3 x 40 ml), brine, and dried (K2co3). Filtration and 

corx:entration gave the N-H dihydroquinoline for oxidation. 

The oxidation and purification procedures were as described for 

the synthesis of naphthylquinoline lll (p. 146), affording 0.129 g 

(91%) of the biaryl The diastereomeric ratio was found to be 8:92 

by HPlC (reverse phase, 82% MeOB/H20, l ml/min). 

c. Normal Addition 

All of the reaction caxii tions remained unchanged except for the 

mode of addition. To 1-naphthylmagnesiurn bromide (0.65M, 1.50 ml, 1.02 

mmol) cooled to -7B°C, was added via cannula, a solution (precooled to 

-7B°C, of oxazolinylquinoline .m (0.109 g, 0.34 mmol) and toluene (30 

ml). The resulting mixture was stir red for 4 hr at -1a0 c, allowed to 

warm to room temperature ovemight (12 hr) and quenched with 95% EtOH 

(0.5 ml). Following extractive isolation of the N-B dihydroquinoline, 

oxidation, and purification (as described for the inverse addition 

procedure, p. 165) gave 0.143 g (95%) of the naphthylquinoline ,2li. 

- -----
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The diastereomeric ratio was found to be 8:92 by HPLC (reverse phase, 

82% MeOH/H20, 1 ml/min). 

d. 

Benzene} 

l4R}-Naphthyl-3-oxazol inyl-1,4-dihydro.wridine lli Jin 

To a solution of oxazolinylpyridine 

lli (0.131 g, 0.49 rnrnol) and benzene 

(50 ml) cooled to o0c, was added 

dropwise 1-naphthylm~nesium bromide 

(0.6M, 1.63 ml, 0.98 mmol). The 

resulting lime green solution was 

allowed to warm slowly to room temperature over 2 hr. Upon complete 

reaction (tlc, 50% THF/hex), 95% EtOH (0.5 ml) was added. The 4-

naphthyldihydropyridine was isolated by extraction as described for 

dihydroquinoline .ID (p. 145). Due to inherent instability, the 

dihydropyridine was analyzed by NMR without purification. 
1H NMR (CDC13, 270 MHz): Close inspection of the spectrum 

indicated diastereotopic proton signals at o 3.18 and o 2.98 with 

relative areas of 20:80 respectively. IR(film) cm-1: 3422, 1673, 

1616, 1593, 1573. The compound was oxidized to the corresponding 

naphthylpyridine for complete characterization. 
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e. 4~c;,htlJ{l-3-oxazoli,nylMidine lli 
Dihydropyridine 243 (0.49 mmol) was 

oxidized according to the procdure 

on p. 146. Extraction and 

i:urification (ptlc, ether) afforded 

0.172 g ( 8 9 % ) of the 

naphthylpyridine as a foam. 1H NMR 

(CDC13): o 9.23(br s, lH), 8.7S(br d, J=SHz, lH), 7.97-7.70(m, 2H), 

7.63-6.90(m, 9H), 6.83-6.48(m, 2H), 5,03Cd. J=7Hz, 0,54H), 4,8lld. 

J=7Hz. 0,46li), 4.13-3. 77 (m, lH), 3.57-2.90 (m, 2H), 3,26Cs. l,4Hl, 

J,2lls. l,6Hl: 13c NMR (CDC1 3): 0 162.6, 162.4, 151.3, 151.0, 150.4, 

148.1, 139.6, 136.3, 136.1, 133.1, 130.8, 128.3, 128.1, 127.5, 126.3, 

126.2, 126.0, 125.8, 125.6, 125.2, 124.8, 83.9, 74.5, 74.3, 74.0, 73.6, 

59.0; IR(film) cm-1: 1650, 1586, 1260. 

AnAJ... Calcd for c26H22N2o2: C, 79.17, H, 5.62. Found: C, 78.90, H, 

5.77. 

f. l4S}-NaphthYl-3-oxazolinyl-l,4:::dilfldrOJliridine .2.42 Jin 

Dimeth;>xyethanel 

©© Ph - HJ ~) ...... , 
luJ OMe 

N 
I 
H 

To a solution of oxazolinylpyridine 

l75. (0.031 g, 0.12 mmol) and dry DME 

(12 ml) cooled to -78°c was added 

drq,wise 1-naphthylmagnesium bromide 

(0. 70M, 0.50 ml, 0.25 mmol). The 

reactioo mixture was allowed to warm 

slowly to room temperature overnight (10 hr). Upon quenching with 95% 
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EtOB (0.5 ml), the dihydropyridine was isolated by extraction as 

described for dihydroquinoline llJ. (p. 145). The products were 

analyzed by NMR without p.irification, due to instability. 

1a NMR (CDC13): Close inspection of the spectrum indicated 

diastereotopic proton signals at o 3.18 and 03.00 with relative areas of 

90:10 respectively. The product was oxidized to the corresponding 

naphthylpyridine for characterization. 

g. 4-?§>htbYl-3-oxazQlinylwridine 2il 

4-Naphthyldihydropyr idine .ill. (0.12 mmol) was oxidized according 

to the procedure for the synthesis of naphthylquinoline (p. 146). 

Purification by ptlc (50% '!BF /hex, eluted 3x) afforded 0.101 g (86%) of 

naphthylpyridine 2il, identical by 1a NMR to authentic material derived 

from the oxidation of dihydropyridine lU (p. 167). '!bus, no elemental 

analysis was obtained. 

7. Anionic Oxidations 
a. Lithium DiisqproWJ.amide 

To a flame dried 3-necked flask fitted with magnetic 

stirrer bar, septum, and argon inlet was added THF (15 ml) and 

diisopropylamine (0.70 ml, 5.0 mmol). The solution was cooled to -

78°c, at which time n-butyllithium (2.27M, 2.1 ml, 4. 77 mmol) was 

acxled. '!'he ice bath was removed and the flask allowed to warm to 25°c 

for 15 min. The mixture was cooled back to -1a0 c and was ready for 

use. 
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b. General Procedure .fQr Oxidation 2f Anionic Dibydro-

guinlines 
To a O.Ol-0.03M solution of the N-H dihydroquinoline ID in 

toluene cooled to -78°c, was added methyllithium (1.2-2.0 eq). 

stirring was cmtinued for 15 min at which time IDQ (Ll eq) was cdled. 

The resulting mixture was allowed to warm slowly to room temperature 

overnight (14 hr). The oxidized products were isolated, ?,1rified, and 

analyzed accordin:] to the procedure for .lli. (p. 146). 

8. Conservation of Chirality (sp2 + sp3) 

a. CSl ::tc:Met,hYl-3-carbometipzy-4-na,phtlw,guinoliniurn Iodide 

I • 
Me 

CO,Me 

To a flame dried 10 ml round 

bottomed blask fitted with rna;netic 

stirrer bar, condensor, and septum 

was added methyl iodide (5 ml) and 

naphthylquiooline .2li (0.153 g, 0.49 

mmol, 701 ee). The mixture was heated in a 40°c oil bath for 28 hr, 

during which time a precipitate formed. Upon concentration, the 

methiodide was slurried in ether and filtered. The yellow precipitate 

was washed with dry ether (SO ml). Residual solvent was removed l.ll'der 

reduced presure to afford 0.192 g (86%) of the desired quaternary salt. 

Mp 155-1S8°c (dee); [a]o +20.6° (c 0.34, CHCl3). 1a NMR (d6 DMSO): 

10.14 (s, lH), a. 70 (br d, J=9Hz, lH), 8.50-7.03 (m, lOH) ,4.84 (s, 3H), 

3.89(s, 3H); 13c NMR (d6 DMSO): o 162.1, 157.7, 150.3, 138.9, 136.7, 

132.4, 131.0, 130. 7, 129.4, 129.1, 128.2, 126.8, 126.2, 125.0, 124. 7, 

124.4, 119.S, 52.9, 45.6; IR(DMSO film) cm-1: 2255, 1750, 1710. 
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&llJ.. Ca.led for c22a18N02Iz C, 58.007 H, 4.00. Found: C, 58. 74; H, 

4.01. 

The methiodide (0.030 g, 0.07 mmol) was dissolved in absolute EtOH 

(15 ml) and precipitated as the perchlorate salt with sodium 

perchlorate (0.020 g, 0.16 mmol, 2 ml EtOH). Recrystallization from 

absolute EtOH gave light green crystals which may have crystallized 

with 1 eq EtOB. Mp 286-28a°C (dee). 

Anal. Calcd for C24H24ClNO: c, 60.82; H, 5.11. Found: c, 60.49; H, 

3.99. 

b. Electrolysis Egperiment 

A 

Fig.14 

A: stward. Calomal Electrode (OCE) (reference) 

B: pt mesh working electrode (cat:oode) 

C: pt wire auxiliary electrode (anode) 
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c. 3-CarbometlmY-N-methyl-4-naphthYl-1,4-dil]ydroguinoline 

All fittings shown in figure 14 

(except SCE) were thoroughly dried 

02Me at 110° before use. 

To the 3-compartment cell was added a solution of dry DMF and 

Bu4NPf'6 (0.1 M). The working electrode compartment (with a volume of 8 

ml) was deoxygenated by p.irging with nitrogen for several minutes at 

which time methiodide lll (0.025 g, 0.05 mmol) and phenol (0.015 g, 

0.11 mmol) were cd:ied to form a yellow solution. stewing the working 

electrode potential from o.ov to -2.1 V vs SCE (Model 173 

Potentiostate/Galvanostat, Princeton Applied Research) began the 

reduction process. The nitrogen purge was continued so as to mix the 

solution and maintain an oxygen-free mixture. As the reaction 

proceeded, the solution became dark orange in color. The electrolysis 

was sto~ at 15.3 coulombs (10.6 coulont>s theoretical) at which time 

the reduction current had fallen to nearly zero. 

The DMF solution was poured into water (50 ml), and the products 

extracted with ether (3 x 30 ml). The combined organic layers were 

washed with water (2 x 30 ml) and brine. Drying (K2co3), filtration, 

and concentration at room temperature gave the product mixture. 

Purification by column chromatography (neutral alumina, pentane to 

ether to CH2cl2} afforded 0.004 g (23%) of the desired 1,4-

dihydroquiooline lli as a light green foam. [ a]D 0.00° (c 0.4, (l)Cl.3). 
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1a NMR (CDCl3): o 8.60(br d, J=8Hz, lH), 7.95-7.58(m, llH), 6.06(s, 

lH), 3.48(s, 3H), 3.42(s, 3H). 

9. A Possible Extension Qf .tbia Chemistcy 

a. H:ormyl::N::::etbYl:•~tlfil,-1,4:::di;bydroguinoline 00 Urethane 2l.8. (0.069 g, 0.20 mrnol) 

i H was cleaved to the N-H 

To a flame 

HO 
dihydroquinoline .2J..2 

procedure described on 

by the 

p. 150. 

25 ml round bottomed flask was added the 

unµ.irified dihydroquinoline .2Jj_ as a dry CH2Cl2 solution (10 ml). Upon 

careful concentration, the flask was fitted with a magnetic stirrer 

bar, septum, and flushed with argon. THF (4 ml) was added and the 

solution was cooled to -1a0 c. Freshly prepared lithium 

diisq,ropylarnide (0.27M in 'mF, 1.12 ml, 0.30 rnmol) was cdded dropwise 

and the flask allowed to warm slowly to o0 c (2 hr). The resulting 

clear light brown solution was cooled to -15°c, and the temperature 

maintained between -10° to -15°c an ad3itional 0.75 hr. en cooling to 

-7a°C, the red~rown anion was treated with a freshly prepared stock 

solution of triethyloxonium tetrafluoroborate (,v0.8M, 0.42 ml, 0.33 

mmol). (Prepared from Et3OBF 4 (0.547 g, 2.50 mmol) and dry CH2c1 2 (3 

ml)). A granular precipitate formed, which gradually dissolved upon 

slow warming of the reacti oo mixture to room temperature (1.5 hr). 

'lbe mixture was concentrated at room temperature and slurried . in 

ether (40 ml) and ca2c121 a sufficient amount to completely dissolve 

the products. 'lbe organic layer was washed with 5% cqueous ammonium 
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chloride (3 x 40 ml) and brine. Drying (K2co3), filtration, and 

coocentration gave the crooe product as a dark red oil. Purification 

by flash column chromatography (neutral alumina, pentane followed by 

ca2cl2) afforded 0.038 g (59%) of the viscous light yellow oil. (The 

crude product may be prepur if ied by elution through a small plug of 

florasil with 50% THF/hex). Rt (silica gel, 50% THF/hex) was 0.35. 

[a]o -32.9° (c 0.17, EtOH). 1H NMR (CDC13): iS 9.13(s, lH), 8.57(br d, 

J=8Hz, lH), 8.23-6.40 (m, llH), 6.01 (s, lH), 4.17-3.59 (m, 2H), 1.51 (t, 

J=7Hz, 3H); 1H NMR (C6D6): iS 9.16(s, lH), 8.79(br d, J=8Hz, lH), 7.79-

6.06 (m, 12H), 3.27-2.59 (m, 2H), 0.81 (t, J=7Hz, 3H); 13c NMR (C6D6): 

186. 7, 148.3, 145.4, 136.2, 134.S, 131.4, 131.0, 128.3, 127.S, 127.3, 

126.2, 125.8, 125.6, 124.9, 124.0, 117.5, 113.3, 46.0, 37.2, 13.S; 

IR(film) cm-1: 1626, 1620; UV (EtOH) nm max: 223, 287, 352; MS (70 

ev) m/e (% R.I.): 313(19), 283(62), 282(61), 255(37), 254(81), 

253(27), 186(100); the calculated molerular weight was 313.42 g moi-1• 

AnsJ... A satisfactory analysis on this compound could not be obtained 

due to instability. 
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OIAPTER V 

APPEIDIX 

A. X-RAY structure Determination Qf CRl-226 

A crystal of compound (R)-22.6. cc35H34N2o4) was centered on the 

Nicolet R3m/E diffractometer at -130°c. '!he compound crystallized in 

the space group ~21' with .a = 10. 751 (3) 1, 12. = 9.264 (3) A, £ = 
0 

14.611 (3) A, s = 101.39 (2) 0 , and .z.. = 2. A unique data set containing 

2143 observed (I > 2 a(I)) reflections was collected using e /2e scans 

(4.0° < 2 e < 50°) and MoK radiation. Least Sll}ares refinement of the 
Cl 

structural model (anisotropic trermal parameters for non-hydrogen atoms 

and hydrogen atoms in idealized positions) converged at R = 0.091, ,Ew = 

0.096, and GOF = 2.97. These relatively high residual indices are at 

least partly due to tre considerable librational motion of tre atoms of 

the phenyl ring attached to the oxazoline ring. Table 14 contains 

final atomic coordinates and equivalent isotropic thermal parameters. 
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Tab le 14 

( X 104) 
0 

(Atom Coordinates and Temperature Factors (i X 103)) 

Atom X y z u 

N(2) 970(b) 7873(8) 1145(5) 32(2)* 

C(2) 1513(7) 8919(9) 623(6) 26(3)* 

C(3) 2983(8) 8595(9) 826(6) 27(3)* 

0(4) 3062(5) 7451 (7) 1541 ( 4) 31 (2)* 

C(5) 1880 ( 7) 7154 ( l 0) 1606(6) 30(3)* 

C(6) 1453(7) 3241(9) 3062(5) 23(2)* 

C ( 7) 357 ( 7) 3950(9) 2597(6) 26(3) 

C(8) -777(8) 3189 ( l 0) 2401(6) 29(3)* 

C(9) -838(9) 17 48 ( l 0) 2602 (7) 40(3)* 

C ( l 0) 246(8) 1045(10) 3049(6) 30(3)* 

C ( 11) 1360(8) 1765(9) 3269(5) 25(3)* 

C ( 12) 1710(7) 5941(9) 2247(6) 24(3)* 

C ( 13) 397(8) 5533(9) 2338(6) 29(3)* 

C ( 14) 2740(7) 5226(9) 2697(6) 26(3)* 

N ( l) 2645(6) 3986 (7) 3217(4) 25(2)* 

C ( 16) 3701 (7) 3486(9) 3888(5) 24(2)* 

0(2) 4732(5) 4183(6) 3798(4) 28(2)* 

0( l) 3604(5) 2589 (7) 4457(4) 34(2)* 

C ( 17) 6016(8) 3838( 10) 5394(6) 38(3)* 

C ( 18) 5996 (7) 3716(9) 4368(6) 26(3)* 

C ( 19) 6899(8) 4772(10) 4031(8) 37(3)* 

C(22) 1847 ( l 0) 12794 ( 11) 469 (7) 45(4)* 
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Table 14 (Continued) 

Atom X y z u 

C(4) 1211 (9) 10447(11) 797 (7) 41(3)* 

C(25) -89(8) 6485 ( 10) 3038(6) 28(3)* 

C(26) 617(7) 6681(9) 3934(6) 29(3)* 

C(27) 214(7) 7473(10) 4612(6) 30(3)* 

C(28) -965(8) 8058(10) 4462(6) 29(3)* 

C(29) -1747(7) 7928(9) 3558(6) 25(2)* 

C(30) -2996(8) 8490(9) 3400(6) 29(3)* 

C ( 31 ) -3802(8) 8290(11) 2548(7) 41(3)* 

C(32) -3395(8) 7506(12) 1845 ( 7) 46(3)* 

C(33) -2204(9) 6971(11) 1969 ( 6) 37(3)* 

C(34) -1356 ( 7) 7105(9) 2860(6) 26(2)* 

0(3) 1833(6) 11337(7) 244(4) 43(2)* 

C(39) 6266(8) 2180(9) 4083 ( 7) 30(3)* 

C(36) 4108 ( 11) 9208( 18) -419(9) 72(5)* 

C (37) 4601 ( 17) 8764(37) -1223(18) 131(12)* 

C(38) 4621(20) 7475(45) -1467(12) 129(12)* 

C(20) 3518(8) 8153(11) 17(6) 36(3)* 

C ( 21 ) 3985 ( 14) 6338(28) -1092(15) 118(9)* 

C(35) 3455(12) 6738(15) -298(10) 80(5)* 

*Equivalent isotropic U defined as one third of the trace 

of the orthogonalised Uij tensor. 
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B. X-RAY structure Determination Qf CR}-224 

A crystal of compound (R)-m. (c30H24N2o2) was centered on the 

Nicolet R3m/E diffractometer at -130°c. The compotmd crystallized in 
O 0 

the space group £212121, with .a= 9.470(3) A, 12. = 13.909(4) A, .k. = 
0 

17.366 (5) A, and .z. = 4. A unique data set containing 2326 observed (I 

> 2a(I)) reflections was collected using e/2e scans (3.5° < 2e < 50°) 

and MoK
0 

radiation. Least squares refinement of the structural model 

(which included anisotropic thermal parameters for all non-hydrogen 

atoms and hydrogen atoms in idealized positions) converged at .R = 

0.045, = 0.042, and GOF = 1.04. Table 15 contains final atomic 

coordinates and EGUivalent isotropic thermal parameters. 

• 

--- -
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Table 15 

(Atom Coordinates (xl04) and Temperature Factors (A2 x 103)) 

Atom X y z u 

C ( 1) 7068(4) 1902(3) 1521(2) 34(1)* 

C(2) 6413(3) 1034(3) 1517(2) 32 ( 1}* 

C(3) 4954(3) 949(2) 1678(2) 23(1)* 

C(4) 4253(4) 47(2) 1685(2) 28(1)* 

C(5) 2843(4) -4(2) 1844(2) 28 ( 1) * 

C(6) 2062(3) 831 ( 2) 1989(2) 24 ( 1) * 

C ( 7) 2690(3) 1722(2) 1995(2) 19(1)* 

C(8) 4171 (3) 1802(2) 1851 ( 2) 19(1)* 

C(9) 4898(3) 2695(2) 1866(2) 23(1)* 

C ( 10) 6313(4) 2744(3) 1706(2) 32 ( 1) * 

C ( 11 ) 1837(3) 2607(2) 2142(2) 20(1)* 

C ( 12) 1002(3) 3016(2) 1542(2) 21(1)* 

C ( 13) 861 ( 3) 2595(2) 804(2) 23(1)* 

C ( 15) -685(4) 3873(2) 408(2) 32 ( 1}* 

C ( 16) -572(3) 4310(2) 1107(2) 30(1)* 

C ( 17) 276(3) 3887(2) 1688(2) 22(1)* 

N(2) 356(3) 4365(2) 2381(2) 27 ( 1 ) * 

C ( 19) 1114(3) 3961 (2) 2920(2) 24(1)* 

C(20) 1871 (3) 3081(2) 2839(2) 20(1)* 

C(21) 2638(3) 2748(2) 3529(2) 20 ( 1}* 

N ( 1 ) 3357(3) 3297(2) 3953 ( 1) 24(1)* 

0(2) 2513(2) 1801 ( 1) 3716(1) 25( 1}* 

I I 
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Table 15 {Continued) 

Atom X y X u 

C{24) 3224(3) 1692(2) 4457(2) 23(1)* 

C{25) 4276(3) 885(2) 4433(2) 22 { 1)* 

C{26) 5075(4) 709(2) 3779(2) 25 { 1) * 

C (27) 6148(4) 26(2) 3792(2) 32 { 1)* 

C(28) 6408(4) -492(2) 4466(2) 33(1)* 

C{30) 4531(4) 353(2) 5095(2) 27(1)* 

C { 31 ) 3872 ( 3) 2704(2) 4595(2) 23(1)* 

C(32) 3457(4) 3152(2) 5351 ( 2) 30(1)* 

0 ( 1) 3929(3) 2532(2) 5952(1) 33 ( 1)* 

C(34) 3513(4) 2881(3) 6688(2) 41(1)* 

C ( 14) 24(3) 3010(2) 253(2) 29 ( 1)* 

C{29) 5591(4) -324(2) 5109(2) 32(1)* 

*Equivalent isotropic U defined as one third of 

the trace of the orthogonalised Uij tensor. 
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