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Abstract - The addition of a variety of organolithium reagents to l- 
napththyloxazolines and 2-naphthyloxarolines followed by trapping with 
electrophfks leads to high yietds of the title compounds. Very high stereo&ecWity 
characterizes the present process in that the electrophile enters from the 
naphthalene face opposite to the entry of the organoltthium reagent. A number of 
organolithiums have been investigated and it was found that in siru generation of 
the organolithiums from tetrasubstituted stannanes provides a superior reagent for 
nucteophilkaddiion to the naphthalene. Removal of the oxazoline efficiently led to 
either formyl or hydroxymethyl-1,2dihydronaphthalenes. 

Direct introduction of substituents into the r-system of naphthalenes has been investigated 

over the past 40 years with little success. The value of such a process is obvious when one 

considers the rapid entry into a regio- and stereochemicalty substituted alicyclic moiety that 

would result (scheme 1). 
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A number of studies involving addition of alkyllithium to naphthakne,l Grignard addition to 

acylnaphthaknes,;c nitmnaphthalenes,3 ate complexes of boranes,4 and sulfonylnaphthaleness 

have all shown limited success in reaching 1.2 or 1 ,1,2substituted dihydmnaphthalenes. More 

#This paper is warmly dedicated to Pmfessor Edward (Ted) C. Taybr on the occasion of his 65th 
birthday. 
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recently, Kiindigs has demonstrated the ability to insert two adjacent substituents into the 

naphthalene system using an arene-chromium compound and this has considerable potential for 

achieving the goals mentioned above (Scheme 2). 

We wish to describe our studies invotvlng naphthalenes containing an oxazoline moiety at 

the 1 or 2-positlon (3,4), readtty prepared from the corresponding l- or 2-naphtholc acids (1,2).7 

We have found that naphthalenes equipped with this virsatile heterocycle. have shown 
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considerable synthetic utility,6 and allow a highly efficient entry into di- and trisubstituted 

dihydronaphthaleness of the type described in Scheme 1. 

Treatment of the 1 -naphthybxazoline 3 with alkyllithlum reagents al -450 In TliF. followed 

by addition of methyl iodide, furnIshed the tandem addltlon products 6 as a single diastereomer 

in 60-99% yields. 
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The trans-addition of the organolithium and methyl Iodide was confirmed by 
single crystal X-ray studies of the pmduot derived from tert-butylllthium and methyl iodide, 6d 

(Fig. 1A). The ORTEP structure clearly shows the diaxial relationship of the newly entered t-butyl 

and methyl groups. Presumably, the azaenolate 5 is the initial product formed and entry of the 

electrophile (Mel) proceeds from the more accessible opposite face to that carrying the alkyl 

group. Table 1 shows the variety of organolithium reagents that have been successfully 

introduced. 
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Figure 1A ORTEP Structure of 6d Figure 1 B. ORTEP of 11~ 

TABLE 1. Tlndrm Mdltlon of OrgwIollthlum RMgent8 wd Ethyl Iodide to 3 
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There was a major modification to this process which was necessitated by the failure, in 

the early stages of this work, of a variety of organolithium reagents to add to the naphthalenes. 

Thus, although s-BuLi. n-BuLi, and t-BuLi behaved quite wet1 as nucleophiles, MeLi was 

distinctly slower, requiring higher addition temperatures (-200, -100) and longer reaction times. 

This sluggishness, however, was to be used to great advantage (vi& i&n?). More importantly, 

however, organolithium reagents such as allyl, be@, vinyl, etc. all failed to add to the x-system 

to furnish 5. It was subsequently found that generation of the organolithium in situ from the 

tetrasubstituted stannanelo and methyllithium in the presence of the naphthalene gave generally 

excellent yields of the tandem alkylation products 6. The reason behind this enhanced behavior 

is not totally clear. The nucleophilic species could be an ate complex of tetraalkyl stannane and 

methyllithium which transfers the alkyl or vinyl groups via a different mechanistic pathway. On 

the other hand, the well-known Pans-metalationlo of tetrasubstituted stannanes to allyl, vinyl, or 

benzyllithium may give rise 10 halide free, unaggregated organolithium reagents with much 

higher teactivityrr than aged or commercially available lithium reagents. The fact that these 

additions from the stannanes proceed at -800 as contrasted to organolithiums requiring -45 to 



3110 A. I. MEkDus Cl ai. 

-200 C allowed the use of methyllithium to be used to effect the trans-metalatfon. In the case of 
iithi~#tonit~le of l-~thio~ne~ no addition to the n~hthal~ne occurred. Fu~hermo~, the 

vinyl lithium reagents (Table 1, entries h and i) would add extremely slowty at -200 to 00 C and 

provided only a 20% yield of tandem addiiion product after 8 hours. However, use of 2.0 equiv of 

hexamethylpho~~~~de greatty increased the reaction rate and gave good yields of 6h and 61 
after 6 hours at -40 to -500 C. Once again, the reason for this effect Is not clear and the well 

known effect of additives on aggregation of o~anoltthjumsll,~2 may well be the cause. 
The adducts 6 were smoothly transformed into the carboxaldehydes 7 by sequential 

treatment wifh a) methyl t~fluo~methylsulfonate, to quatemize the oxazolins nitrogen; b) sodium 

borohydride reduction to the oxazotidine; and c) acidic cleavage. In the cases where two 

diastereomers were present (Bf, 6h, 61) the oxazofine cleavage gave two carboxaklehydes 7 and 

8. These were not readily separable by chromatographic means and they were, therefore, 
reduced to the carbinofs which were readily separated to afford pure 9 (Table 2). In the case of 

the tetrahyd~py~nyl derivative, 61, oxazoline cleavage expectsdly afforded the altytic alcohol 7f. 

aNot ~rn~~tely cha~~e~z~ and carried directly to the ~~%~nding carblnol 9. 
bMixtums af drastereomen; which were separated at the carbinot stage. cPure 
diastereomers. 

The naphthyloxazollne 4 was also briefly studfed and exhtb#ted comparable addition 
behavior. Thus, alkyllithium add&ton at -450 produW the azaenotate 10 which was alkylated 

directly with methyl iodk$ affordlng b sin&e’ product, 11, in very high yield. No addidon was 
observed to occur at the J-position of the naphthalene ring and this Is presumably dui to the 

preservation of the aromatic&y in 10. Atthough 11 was not carried on to aldehydes as described 
for 6, related non-racsmlc products have been carried further.9 The stereochemtcal outcome of 
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the addition of 4 was once again conkmed by singk crystal X-ray data (fig, 1B) which clearly 

shows thul the methyl oroup in the alkyWon uf 10 enters from the f&x opposite the t-butyl group. 
The tandam &Non was extended to the use of a proton as the tnappipg electmphile. 

Thus, the naphth&w 3 was treated with several tetraalkyl stannanes and subjected to the 

methylllthium addition. The intermediate azaenolate 5 was then treated with trifluoroacetic acid 

affording the dfsubatltuted dlhydronaphthalenes i2-14 as a single frans product in 66-90% 

yields. It the proton soum was P-propanol, a large amount of aromatization resulted and very 

!ittle of 12 or 13 was isolated. However 14 and other non-vinylic substituents readily withstand 

the 2-propanol treatment which also leads to rapid and complete epimerization to the 

thermodynamic Pans product. 

To illustrate the cnrcial need for freshly generated vinyllithium and the type of proton 

quench required to provide good yields of adduct, a study was conducted using vinyllithium from 

tetravinyl stannane prepared in the presence of the naphthalene and vinyllithium allowed to age 

over several weeks prior to use. The results are summarized in Table 3. Thus, using vinyllithium 

generated from the tetravinyl stannane with methyllithium and allowed to remain in solution for 5 

weeks prior to addition of the naphthalene, gave only aromatized material, P-vinyl-l- 

oxazolinylnaphthalene 17 along with considerable amount of unreacted 3. The use of 

vinytllthium generated in the presence of 3 with methyllithium gave more efficient addition to the 

naphthalene, however quenching w#th 2-prgpanol resulted, once again, mainly in aromatization. 

This may be (lue to the Ythium i-tide or lithium oxides which could be medlatlng base 

catalyzed aromtiratiOn8. The optimum conditions found are seen in the last entry In Table 3. 

The UM) of hu~&xtic acid avoJds the &on of any basic material on quenching of 5 and 

allo*. f+ tjw kWk3n of pod yiekfs of ad#wt 1s as it4 trifh&roucetate salt. Mnct reduction 
using lithium alutilnum hydride furnished’14 as a sin& franAsomer In 66% overall yield 

from 3. 
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TABLE 3. Vlnyllttnlum Addltlon - Proton Quanob to 9 

Nuclrophllo 
Proton 
Source 1 ec, Pfoductr (lb) 

vinyfLi(5wwlubokf) i-PrOH-b0 

(12) 
-300 lz (54%) 

t (36x1 

Wnyl Ll (in situ) i-PtoH-li,O 
(13) 

-300 It (fw 
9 (4%) 

Vinyl U (in sfru) CF,COzH -300 12 (SW 

lz (4%) 

Reaction of the 2-oxazotinyfnaphthafene, 4 with various organofffhfum reagents followed 
by quenching with methanol or 2-propanol gave the dihydronaphthafenes 18-20 in varying 
yields. The major side reaction was aromatization to 21. Furthermore, the adducts 18-20 were 
all products from double bond ~~rne~z~~on of the dih~~naphthafene. That the add&ion of 
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o~anofith~ums had indeed occurred at the 1-posftfon rather the 3-position in 4, was verified by X- 
ray studies mentioned earlier (Ffg. 18). Addftfonaf evidence for the regiosefeotivity came earlier 
when the 2-methoxynaphthy~x~oline 22 was shown to react with the n-butyfmagnesium 

bromide (as well as other nucfeophifes)7 and produced the identical product 21 obtained by 
aromatization of 18. 

Finally, we addressed the question of whether or not other electron-withdrawing groups 
would also serve to afbw effkfent addiion to the napMhafene nucleus. The P-naphthamide 23 
was subjected to ~~ff~thiurn at -450 C and gave the adduct 24 after que~hing with deuterium 

oxide. Also owned were 30-40% ldeutsronaphthafene 26 and r-butyfnaphthyf ketone 25 in 
10% yield. The extensive studies by Snfeckusl3 on m~afatfon of n~hthamfdes provided the 
background to these results. Ortho-metalation appears to be the major reaction pathway fn the 
carboxamfdes when they are in the l-posftfon of naphthafene. In the Pposftfon. such aa 23, the 
metafatlon-af~fation reported by Snieckusi3 occurred in very poor yields (- 4%). It is therefore 

quite likely that the fatter reaction proceeded with high levels of addition to the naphthalene 
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c 

nucleus. Unfo~unateiy, spo~aneous a~rn~t~zatio~ is very facile with adducts such as 24 which 

tends to limit their synthetb utilky. 
Cn the other hand, the adducts from l-naphthytoxaroltn%s, both alkyd or proton quenched, 

are obtained in good to excellent yields and may be further transformed into a variety of usefut 

targets, Other t-substituted electron-wtthdrawing groups have now been shown to behave in an 
ana@ous fashion. tt was rscentfy shown14 that imines 27, both chirat and achirai, lead to high 

yields of di~dron~~halenes 28 or 29. 
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neslum (60 mmois. 1.44 g) in THF (30 mL) was added, dropwise, 

cooled with a water bath (10 to 200 6 ). After the addition was completed, the mixture was 
stirred for 3 h at room temperature, then cannulated Into a solution of SnCI* (12 mmols, 3.12 g) 
in benzene (20 ml.). The mixture was heated at reflux overnight, cooled to room tern GIture, 
poured into water (50 ml) and extracted with ether (3 x 20 mL). The combined ethers BP8 extracts 
were washed with water, dried over 
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SO4, and concentrated to give an oil which was filtered 
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allowed to warm to mom temperature, washed 
twice with saturated aqueous ammonium c loride (10 mL), brtne, dried (MgSO& and 
concentrated to give a yellow oil. Chromatography over silica gel with hexanes-ethyl acetate 
(911) yielded a colorless oil. No elemental analyses were performed on these matenais (tre-61) 
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as dlmctly reduced after the 

Anal. Caked for (32~H&lk C, 67.46; H, 6.99. Found: C, 87.27; H, 7.13. 

-6.23 
3.7 {d, r-n, 2, J - 10.6 Hz), 3.54 {d, 

dd, 1, J I: 4.2 and 10.2 Hz), 5.69 (dd, 1, J I: 1.4 and 10.2 Ht), 

= 8.4 and 16.8 Hz), 1.55 (s broad, 
r , J 1~ 10.6 Hz), 2.98 h dd, 1, J = 5.3 and 16.8 Hz). 2.69 {dd, 1, J 
1, O-H), 1.35 (s, 3). 8 IR spectrum was virtually identical to 

eluent. 

l-1 watw 2-propanol yielded 
4 At), 7.18 (m, 4), 6.77 (dd, 1, 
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he mtxtucrr wBs stirred ,aI room 

C, 83.83; H, 7.67. Foond: C, 83-k H, 7.45. 

ion during purification, affording 

In 4 mL of THF with f-BuLi 
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