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Abstract

The novel 1,6-amino addition reaction to the naphthalene ring system followed by the electrophilic
alky I tion is m-ecf-nted The detailed mechanistic studies suggest the existence of two equilibrations that result

in 1,4-ammo addition reaction and the 1,6-amino dddmon reaction. The stability and bulkiness of lithium
amide play a key role in directing the course of the reaction. The transformation of the 1,6-amino adducts to
other useful compounds is concisely demonstrated. The methodology provides a remote-controlled

diastereoselective synthesis of 8-amino acid derivatives. © 1998 Elsevier Science Ltd. All rights reserved.

Keywords: Regiocontrol; Diastereoselection; Stereocontrol; Oxazolines/oxazolinones.
Introduction

Several reactions involving 1,6-substitution of an amino function on an aromatic ring
system have been reported as a very useful tool for the syntheses of 4-substituted aniline
derivatives.[1-4] On the other hand, the reaction involving 1,6-addition of an amino
function to an aromatic ring system, which thus interrupts the aromaticity and leads to the
alicyclic amine, has remained to be an object of study because of the lack of examples and its
potential utilities Recently, we reported in a preliminary manner, a direct amination of
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to present the transformation of the 1,6-amino adduct to other synthetically useful
compounds

Results and discussion
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During the effort to define the effectiveness and scope of the 1,4-amino addition
reaction,[6,7] another synthetically remarkable reaction was serendipitiously observed.
When iithium dibenzyiamide a reiativeiy bulky iithium amide was subjecteci to the typicai

1,4-addition reaction conditions (1.4 equivalents of lithium amide and 1.4 equivalents of
HMPA were used with naphthyloxamh e 1),[6,7] the 1,4-addition reaction was not observed

and the ctartina nanhthulavasaline 1T wae rnmnlotaly roarnvarad Hawoevar wa frand a
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novel fact that lithium dibenzvlamide with excess PA attacked the & nocition of
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naph{hy!gxm'nline 1 affording 1,6-amino adducts 2a and 3a (Scheme 1).1 Anyt ace of the

line 1 18 (Sc f
normal 1,4-amino adduct was not detected in this case. The uniqueness and the potential
usefulness of this 1,6-amino addition reaction prompted us to further investigations, though
we did not understand the reason why the reaction with lithium dibenzylamide gave 1,6-
amino adducts selectively.
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stereoselectivit y was about 5 : 1. From the results T e e
of a large exce MPA was crucial to the successful addition of lithium dlbenzylamlde
After all, we have reached the conclusion that the ratio of HMPA-THF (1 : 4) was best for
the completion of these 1,6-amino addition reactions.2 Because a large amount of DMPU
(entry 6) did not afford any good results at all, HMPA should have two important roles as a

coordinating reagent and as a co-solvent to change the character of the reaction medium.

Now that the optimal reaction conditions are known, we undertook experiments to
examine a variety of lithium amides in the presence of sufficient HMPA.
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1. All new materials were fully characterized. See the experimental section.
2. The addition of lithium diallylamide and lithium N-methyl-N-benzylamide can be conducted with slightly less HMPA.
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Lithium Dibenzylamide to 1-Naphthyloxazoline 1
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N H ~ Me
NBn 2
1 2ap-NBn,  Bne
3ac-NBn, sa
LiNBny,  HMPA Mel ratio®
entry? {equiv.)  (equiv.) (equiv.) product{(Za+3a+4a)® S.M. recovery
1 2.0 2.0 25 0 100
2 1.6 3.2 1.9 1.5 98.5
3 1.6 4.8 1.9 14.7 85.3
4 1.6 9.6 1.9 87.2d 12.8
5 1.6 16.0 1.9 >99d <1
6 1.6 DMPU® 1.9 3.3 96.7

a. Unless otherwise noted, all reactions were carried out at -78 °C and aliowed to warm to bet-
ween -65 °C and -60 °C under the same conditions. b. Ratio determined by H-NMR (270MHz,

P N N G Y U S

UUU(;) crude mixiure. c¢. in each case, other kinds of prooucxs were noi observed and a
quantitative mass balance was obtained. d. About 10% of 1,6-addition-1 ,5-quenched product

4awasobserved. e. 16.0 equiv. of DMPU was used.

The results were that the lithium amides affording 1,4-amino adducts in the presence of
stoichiometric HMPA[6,7] still gave 1,4-adducts very predominantly under the conditions
for the 1,6-amino addition reaction,3 but that the particular lithium amides shown in Table 2
(entries 1~12)4 afforded 1,6-amino adducts exclusively. The stereo- and regiochemistry of
all products were determined by the chemical shifts and coupling constants of 'H-NMR

spectra along with the NOE expenments for some pro lucts.  Furthermore, two of the
major products, 2¢ -a“nd 2g, were determined unequivocally by performing single crystal X-
rav amalyreac 5 Tha ctaren~rhomictery ~Af an alantranhili~ nn ﬁ(‘l’\;n{? at i’kn Inof ctnaa nf thic
i1a alla]yaca 1 1IC Blblbwllbllllatl)’ Uil all blbbll\ll}lllllb \1 11w lllll at IV 1Aaot Dl“s\« U1 uiio
reaction seemed to be dominated mainly by the bulkiness of the electrophile. For example,
a bulky benzyl bromide and allyl bromide were exclusively trapped from the opposite to the
newly installed amino group and gave 1,6-trans-products 2 (entries 2-5, 10 and 12) while a

smaller methyl iodide afforded 1,6-trans- Droduct 2 as a major product on the same
stereoselective course with the case of benzyl bromide, but concomitant with a small amount
of 1,6-cis-adducts 3 (entries 1 and 6). On the other hand, the regiochemical course had
been a little confusing. The bulky benzyl bromide was exclusively trapped at the carbon
attached to the oxazoline group to give the normal 1,3-quenched products 2 (entry 3, 5 and
12), while the smaller methyl iodide and allyl bromide had a bypath to give the 1,5-
quenched products 4.

3. The ratio of the 1,4-adducts and 1,6-adducts in the case of lithium piperidide was 98 : 2.
4. These lithium amides gave no 1,4- amino adducts in the presence of stoichiometric HMPA.
5. The author has deposited atomic coordinates for 2¢ and 2g with Cambridge Crystallographic Data Centre. The

coordinates can be obtained, on request, from the Dircctor, Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge, CB2 {EZ, UK.
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4 LiN, A~Br 89:<2:9 2d(86), 4d(6)
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6 T Mel 75:15:10 21+31(88)° 41(7)
7 LN = MeOPTs 83:17: <1 21+31(60)
e —
8 LiN MeOBs 83:17:<1 2£+31(55)9
9 LN = MeOT} 83:17: <1 2£+31(92)
10 LiN, j ABr 91:<1:9 2g(87), 4g(6)
N
11 LtN\/‘; Y\,Br 46:<1:54 2h(43), 4h(49)
12 LN = BnBr >08 : <1 : <1 2i(92)
a. The lithium amides were prepared in situ from the corresponding amines and

"BuLi. b. Ratios determined by 'H-NMR (270MHz, CDCI 3) of crude mixture. c.
Isolated yields. d. Careful silica gel column chromatography could separate 2a and
3 a from each other, but the yieid was lowered. e. Recrystallization could give

nearly pure 2f(>30:1). f.25% of 1wasrecovered. ¢.18% of 1 was recovered.

Prenyl bromide, a bulkier molecule than allyl bromide, however, gave almost a 1 : 1

mixture of 1,3- and 1,5-guenched products 2h and 4h (entry 11). Because of no
production of the 1 6-cis nmduct this result did not seem to come from the bulkiness of the

pro
electrophile, and we cons1dered whether the course was dominated by the hard and soft
acid-base theory.[8-10] A typical hard acid, methyl p-tosylate (entry 7), was examined
instead of methyl iodide, and it gave the 1,3-quenched products 2f and 3f, but the 1,5-
quenched product 4f was not detected at all. The same results were observed with other
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sulfonates (entries 8 and 9), and methyl triflate afforded a superior yield.[11] Because
every methylating reagent gave exactly the same ratio between 1,6-trans-adduct 2f and 1,6-
cis-adduct 3f, the bulkiness of the counterpart of the methylating reagent (i.e. iodide, p-
tosylate etc.) had notmng to do with the stereochemical outcome. In order to further define
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.23kcal IImnlA A_E. in thg. case of nrenvl bromide was 3.93kcal/mol.
calculations were camed out under the 81mp11f1ed conditions and the calculatxon results did
not match well with the real outcome,? it was shown qualitatively that prenyl bromide had a
stronger tendency to give the 1,5-quenched product than methyl iodide.
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Furthermore, we prepared another kind of naphthyloxazoline 5 which had a less hindered
space around the oxazoline group and examined it with lithium diallylamide followed by
allyl bromide or methyl p-tosylate. In both cases, the ratio between 1,3-quenched- and 1,5-
quenched-product was very similar to the case of 1, though the reactions were not as clean
as those of 1. Based upon these results, the electrophilic quenching site was very likely to

be induced by the character of the carbon according to the HSAB theory.?

Mechanistic Studies

We have tried to determine what induced the 1,6-amino addition reaction instead of
the 1,4-amino addition reaction ever smce the first 1,6-amino a ddmon was observed As
. ) ) . .
t - 1
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a crucial role in inducing the 1,6-amino addition reactlon
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common to all of the lithium amldes giving 1,6- amino adducts in Table 2 was that the
amino mtro_gen was attached to a double bond carbon through one sp3 carbon and that all of

6. Though the effect of HMPA and Li* should not be ignored, we demonstrated the calculation with the omission of HMPA
and Li* because of the uncertainty about how many HMPA molecules were involved and where Li* was situated in the
transition state .

In order to simplify the calculations, the diallylamino group was replaced with a dimethylamino group.

~J

8. The omission of Li* has appeared (o influence the results greatly. The replacement of the diallylamino group with a
smaller dimethylamino group may also cause the 1,5-quenched intermediates to be favored in both cases.

9. Prenyl bromide seemed to be a considerably soft electrophile according to the fact that potassium phenoxide was
completely C-alkylated with prenyl bromide ; See (a) Mori, K.; Takanashi,.S. Proc. Japan Acad. 1996, 72(B), 174. (b)

Ru. X.:-Li. Y. J Nat Prod 1996 QO 968,

DU, ey Ly 2 OG. 2772,



4792 M. Shimano, A. Matsuo / Tetrahedron 54 (1998) 4787-4810

the lithium amides prepared had a respective color. With those hints in mind, we started to
analyze chemically what happened in the flask.

First of all, we selected lithium N-methyl-N-allylamide which had the same feature
the lithium amides in Table 2 as mentioned ab()'ve and, at the same time, v'vh“SE bulkiness
was as small as that of lithium N-methyl-N-butylamide that has been known to give 1,4-
amino adduct 6j. Under the typical conditions for the 1,6-amino addition reaction, the
reaction of 1 with lithium N-methyl-N-allylamide followed by Mel quenching gave
mixture of four products as shown in Scheme 2. The ratio of 1,6-addition products (2k,
3k and 4k) to 1,4-addition product 6k was 43 to 57.

Scheme 2
— o~
SN i N
4 M& _’N AA
MeN. _~_~ e
A = g = | N~
| HMPA
N S
A Z then Mel
1 6]
/\}_ /J\(
. ‘“MPA Me\%tN oN _ 0\/\}—
MeN._xy Ithen Mel Z M& —N M

) ) 2BV
— ) - QT
Y ST M N ANF Q\
2k B-NMe(CH 2CH=CH>) ik 6k
3k o-NMe(CH,CH=CH.)

Ratio 2k: 3k: 4k : 6k=26:13:4:57
Ratio 1,6-addition : 1,4-addition = 43 : 57

Figure 1. The Transition State of 1,6-Amino Addition of Lithium N-
Methyl-N-Allylamide to Naphthyloxazoline 1. Some of the Hydrogens
are Omitted for Clarity.



Because the difference in bulkiness between lithium N-methyl-N-butylamide and lithium
N-methyl-N-allylamide seemed to be small, there should be a great difference in electronic
features between them. Therefore, the transition state of 1,6-amino addition of lithium N-
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there bhould be somethmg to Dromote the 1,6-amino dddltl()l’l redctlon we then examined
the relative acidities between the parent amines (Scheme 3). A stoichiometric mixture of
N-methyl-N-butylamine (1.0 mmol) and N-methyl-N-allylamine (1.0 mmol) in THF at -78
°C was treated with n-butyllithium (1.0 mmol ) for 2 hours and then quenched with benzyl
bromide (1.0 mmol) at -78 °C.  The product ratio between N-methyl-N-butyl-N-
benzylamine and N-methyl-N-allyl-N-benzylamine was 17 : 83,!!1 so that N-methyl-N-
allylamine was easier to deprotonate than N-methyl-N-butylamine.

Scheme 3
Ma Me "Buli (1.0 mmol) Ma Me
N—H ) h N—Bn ¥
{ N-H  78°C, 2 hours { N—Bn
> ¥ } then > * }
& 4 BnBr (1.0 mmol) Q /
1.0 mmol 1.0 mmol Ratio=17:83
Scheme 4
Me\ Me Me\ Me
N—H ¥ N—Bn \
( N-H "BuLi (2.0 mmol) ( N=8n
VAR ;7
p) then -78 °C y)
\ 7 BnBr (1.0 mmol) \ 7
1.0 mmol 1.0 mmol Ratio = 61 : 39
10. This result does not completely rule out the route associated with the T—= stacking between the aromatic ring and the allyl

group, because it is rather difficult to calculate the transition state properly when there is another interaction between a
substrate and a reagent at other piaces besides the reaction point that makes the energy diagram change ragged. However,

we have alss calenlated the maost stable conformations of the intermediate A and the imaginary intermediate R if intra-
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molecular n—x stacking might occur. It turned out in both cases that there seemed to be no n—7 stacking between the
aromatic ring and the allyl group and that the allyl group occupied the space to avoid any interaction from other functional
groups. Thus the stabilization energy generated by the n—x stacking between them was not as large as we had imagined.
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It was likely that the allyl group made the amine proton more acidic than the saturated alkyl
group did and that the corresponding lithium amide was more stable than the ordinary
lithium amide. This meant that the pKb of lithium N—methyl-N-allylamlde was smaller than

1 ¥ AT L 4
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amino addition reaction,[7] suggested ation would exist between the 1,4-
amino adduct intermediate C and the 1 6 amino adduct intermediate D through the starting
naphthyloxazoline 1 as depicted in Scheme 5.12 Based on this assumption, we examined the
product ratio under various conditions by changing the temperature and the reaction time.
First, the reaction between naphthyloxazoline 1 and lithium N-methyl-N-allylamide was
performed at below -65 °C for 3 hours, and iodomethane quenching gave 1,4-amino adduct
6k as the sole product, though a considerable amount of starting material was

recovered.13.14  Prolongation of the reaction time (8 hours) did not change the product

proportion so that the 1,6-amino addition reaction never occurred at below -65 °C.
However, when the reaction was conducted at below -65 °C for 5 hours, then warmed to -50
°C and kept at -50 °C for 3 hours, iodomethane quenching gave 1,4-amino adduct 6k along
with 1,6-addition products (2k, 3k and 4Kk) in the ratio 83 : 17
Scheme 5
\ \ - -/
\ Oo. N. HMPAq N
ON Yooy o4 .E
M LiNR{R, MNHJ@ E* MNFHFQ
1 c 1,4-addition product
<\ LiNR;Rz
\ HMPA
o N HMPA, %N _
B O~
+ 2
N W
NR;R. NR{R2
D 1,6-addition product
12. Because the addition of an electrophile into the reaction mixture is always conducted at -78°C and the trapping of azaenolate
anions with the electrophile is usually completed below -50°C, the reaction rate of the azaenolate anions with the
electrophile does not seem to reflect the regioselectivity directly.
13, A stoichiometric amount of HMPA with lithium N-methyl-N-allylamide was used because a large excess of HMPA
precipitated at low temperature.
14. We also checked the reaction of lithium N-methyl-N-allylamide with HO as an electrophile in order to obtain protonated

amino adducts, but the results were that only starting axazoline 1 was completely recovered. The azaenolate anion

intermediates were GCI]m[Cly gencrdwu in situ; therefore, the dnvmg force to return to the uaph{hqlww moma{.Chy drew

back the reaction with the help of HoO and restored the starting oxazoline 1 and N-mcthyl- N-allylamine.
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These results have clearly revealed that there was an equilibrium between them and that,
at the same time, the 1,4-amino adduct was a kinetically controlled product but the 1,6-
amino adducts were thermodynamxcally produced at hlgher temperature (~-50 °C) The
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adduct in excellent yield, the reaction of lithium 3-pyrrolide with naphthyloxazoline 1 in the
presence of HMPA always gave a complicated inseparable mixture.!5 Many unidentified
bv products made the crude TH-NMR spectrum dlfﬁcult to analyze; therefore. it was
difficult to identify the characteristic slgnalq for the 1,4-amino adduct product, but the
characteristic signals for the 1,6-amino adduct products seemed to be observed. Because
the steric bulkiness between pyrrolidine and 3-pyrroline was almost the same, the results in

the 3-pyrroline case apparently reflected its electronic characteristics.
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Our attention was then focused on lithium N-methyl-N-phenethylamide whose amino
nitrogen was attached by a double bond through rwo sp? carbon to determine whether the
1,6-amino addition reaction would still dominate over the 1,4-amino addition reaction.
Though the structure of lithium N-methyl-N-phenethylamide was similar to that of lithium
N-methyl-N-benzylamide which afforded only the 1,6-amino adduct products (Table 2,
entries 4 and 35), the resuits were rather interesting (Tabie 3).

Li \\‘___\ O\ ___N; \\\ O/\II—
o lf //,\ ) \ ):_N Me
MeN._~pp HMPA l | N P N
then allyl bromide X L
| | NSNS
Dh/\/N\n 2~ DL
Fil ie rn
21 61
HMPA temperature  time roduct ratio
entn ,,,,“5 Lo produe products(%)°
’ (equiv.) {C) {nhours) (2i: 8i)°
1 16 -60~-50 3 >99 : <1 21(44)
2 2.1 -60~-50 3 >99 : <1 21(31)f
3 1.06 -60~-50 3 22:78 21(7), 61(32)9
a a N oe o 4F . Qo8 oy giraanh
4 1.UD -00 o] 10 . 00 £1\J), UT0j
a. The lithium amide (1.6 equiv.) was prepared in sifu from N-methyl-N- phenethylamine
and "Buli b Equivalents ware maasured against the lithium amide. c¢. The temperature

Al Dud. U CHWVAUT s woit (OTQoun Tl Qyldnisi i

and the time before adding allyl bromide. d. Ratios determined by 1H NMR (270MHz,
CDCl3) of crude mixture. e. Isolated yields. f. 42 % of 1was recovered. g.45%of 1

was recovered. h. 33 % of 1 was recovered.

15. 3- Pyrroline (97 % purity) was purchascd Aldrich and used without further purification. The amount of HMPA and
ed to achieve a better result. but these efforts were fruitles TInfortunataly the decired
lllc lchuUll lt:lllpt:laxulc WEIe vaucu 10 alniCve a oeller resuit, vut these etiorts were fruitiess. unfor luiidibiy, uiv ULoniu

products were unstable.
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The typical conditions with a large amount of HMPA gave 1,6-amino adduct 21 as a major
product; however, several unidentified by -products were concomitantly formed (entry 1).

The conditions using 2.1 equivalents of HMPA with lithium N-methyl-N-phenethylamide
also afforded 1,6-amino adduct 21 as a major product, though a large amount of starting

oxazoline 1 was recovered (entry 2). In both cases, 1,4-adduct 61 was not detected at all
On the other hand, under the conditions using 1.06 equivalents of HMPA with lithium N-
methyl-N-phenethylamide, 1,4-adduct 61 became a major product (entries 3 and 4). These
results suggested that excess HMPA would participate in the domination of the 1,6-amino

X

this case, although the course of lithium piperidide and lithium
dibenzylamide were not influenced by the amount of HMPA. At this point, we
reinvestigated lithium N-methyl-N-benzylamide which only afforded 1,6-amino adduct
products in the presence of excess HMPA (Table 2, entries 4 and 5) because of the structural

similarity to lithium N-methyl-N-phenethylamide.

I
U ommeman ) . 1
. . Xy NS S X
then allyl bromide b >~
MeN__Ph MeN__Ph
2d 4d

The result was that the combination of lithium N-methyl-N-benzylamide and 1.06
equivalents of HMPA still gave 1,6-amino adducts 2d and 4d as the only detectable
products, although a large amount of starting material remained intact. In other words,
the amount of HMPA did not affect the regiochemical course of amino addition reaction to
lithium N-methyl-N-benzylamide. Thus lithium N-methyl-N-phenethylamide seemed to
take a middle position where it could attack both positions to afford 1,4- and 1,6-amino

adducts, and this seemed to be a quite rare case.

Because the electronic effect of lithium amide has been discussed in detail, the
bulkiness of lithium amide was then examined to see if it was also important. Lithium di-n-
propylamide was studied because of its structural similarity to lithium diallylamide which
only gave 1,6-amino adduct products (Table 2, entries 6-12).

o™
0"y o N

Y 1/\M>&N /\k
1
e N\v/\ 1ina - ' N 27 N =

RS R

then Mel ~ \g’ ~ Y “Me

/\./N\/\ /\,N\/\
2m B-NPr; am
3m a-NPro

Ratio2m ;:3m :4m=74:22:4
Ratio 1,6-addition : 1,4-addition = >99 : <1
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Under the typical conditions for 1,6-amino addition reaction, lithium di-n-propylamide
afforded 1,6-amino adducts 2m, 3m and 4m as major products along with a small amount
of starting material (~10 %) being always recovered. The corresponding 1,4-amino adduct

oo ~F A

...... At Antantad. tharaf e

P ala~te in ~Arhosantar fa~iAds Alaalill tes o
wad Il UCIUL-!.CU, UICICIOIC ui€ Ci1eCUohic cnaracier \ablultl > il l]ublcup[llllblt 1CS ) i ai-n
nrr\nu]qm;na rolative tny that aof diallvlamine w meaacnrad (Crhamag A& o Tha Ai 2
pPivpylaiinge itiauve W uiatl Ur U 1yraniind LTadu1ILy \(WOLLCIIICS U ali noe Gi-ri-

propy vlamine was found to be much

opylamine id to be much less acid
the results between N-methyl-N- utylamme and N- meth -N-allylamine. Though the
observation strongly suggested that the bulkiness of lithium di-n-propylamide prevented the
1,4-amino addition reaction completely and that lithium di-n- propylamlde never approached
the B-carbon to the oxazoline group, the small amount of starting material recovery also
suggested that the 1,4-amino adduct intermediate may have existed but that the bulkiness of
the two n-propyl groups may have hindered the approach of the electrophile such that the
equilibrium favored a return to the starting material. As a matter of fact, lithium
dialiylamide in Table 2 aiways consumed the starting material completely and afforded 1,6-
amino adduct products in excellent yield.16

Scheme 6
> ‘> NBuLi (1.0 mmol) > \>
-78 °C, 2 hours
N-H + N-H N-Bn + N-Bn
{ ( then { {
S }) BnBr (1.0 mmol) S >
/ ¥ / 7
1.0 mmol 1.0 mmol Ratio =3:97
Scheme 7
) ) | )
< { "Bul.i (2.0 mmol) { {
N-H + N-H - — N-Bn + N-Bn
( Q then -78 °C < Q
BnBr (1.0 mmol)
/ J / V4
1.0 mmo! 1.0 mmol Ratio = 45 : 55

Three other kinds of bulky hthlu s(trimethvlsilvlamide. lithium

benzyltrimethylsilylamide[14,15] a lthlum benzophenone mine lithium salt) were also
examined under the same condmons but the results were complete starting oxazoline
recovery. The bulkiness of lithium amide was also one of the pivotal elements for the
regioselective amino addition reaction, but the maximum permissible bulkiness of lithium
amide did not seem to be very high, because three other bulkier lithium amides never

attacked 1 to afford amino adduct product.
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16 We have exnlained the reaction mechanism as an ionic reaction, but we do not rule out the nﬂk\lhll“\l that the reaction
1u, YYL IMGY W \III 1315 1\4 B AL & WAy Ll d > Na5S ax A AW e posavis aads: Pl NS

proceeded from another kind of mechanism such as a one-electron reduction of naphthyloxazoline 1 with lithium amide.
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converted to many kinds of secondary and tertiary amines as well as Other t pe" of amino
functional gluupb, we demonstrated the synthesis of d-amino acid esters 9f and 9g from the
adducts, 2f and 2g, as shown in Scheme 8. The oxazoline groups were first removed in a
two-step sequence by the procedure described previously,[7] providing esters 8f and 8g
through amidoesters 7f and 7g respectively. After some disap ppointing results concerning
the cleavage of the diallyl group to liberate a primary amino group using a Pd catalyst,[16]

this reaction was successfully carried out using a Wilkinson catalvst to give d-amino acid
esters 9f and 9g respectively.[17] It should be stated that the C4 position in 9 should be
very reactive because of being both a benzylic and an allylic position, and yet the C-N bond
of the diallylamino group was severed much faster than the C4-N bond. Furthermore, in
the case of 8g which had an allyl side chain, we could not detect the double bond migration
product (i.e.,1-allyl — 1-1'-propenyl). Using a simple four- step sequence, a fiat
naphthyloxazolme 1 could be converted to the three-dimensional 3-amino acid derivatives

JPSRR R I, JRLP LA e | DI ., 1 <;2.13, ML . 4 o
w1tn mgn nglO- ana StereQseieCtivitieS ana €excelent CIlGIlllC'dl YIic1as. ine start l ng
naphth uymxazonn“ 1 does not need any functional group at the & position to the oxazoline
group for amino function equipment and that makes this methodology very useful and

Q" o)
R. )=N R)—o/\lf
o s - T

x Ac;0, 2NNaOH NN

l")

AN 97-99 % AN
2f. R =Me 7f, R = Me
2g, R = aliyl 79, R =allyl
O 0O
R, OR' R, OR'
RI_/\I} / Lol Le r / "
NaCR L ”\ U [Rh(Ph3P)3]Cl L lL l]
R'OH NP MeCN-H-0O Y
reflux \.‘/ 79~86 % 2
95~97 % AN I NHg
8f, R=Me, R'=Et 9f, R = Me, R' = Et
89, R = allyl, R' = Me 8g, R = aliyl, R' = Me

In order to further prove the usefulness of the 1,6-amino addition reaction, 1,6-amino
adduct 2f was transformed to another synthetically interesting compounds. As shown in
Scheme 9, 1,6-amino adduct 2f was treated with o-ethoxyvinyllithium-HMPA[18,19] to

prepare the lithiated intermediate in bracket. ~ An ordinary strong base such as n-
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butyllithium,[20,21] s-butyllithium and r-butyllithium did not give a good result. The
lithiated intermediate was then treated with an eiectrophiie and a subsequent hydrolysis with
silica gel afforded 2-substituted-4-oxa-1,2,3,4- tetrahydronaphthyloxazohnes 10, 11 and 12

Al PRGN, [IPEL . SR LIPS N PP Yy tern B0 . o 112 /1 NE N 17 L1 _
reSpeCIIVBly Uldblf:l’ OSEIECH V".y U1 HICU1Y1411011 1O l {= ].1 was CXLCLICIN (~70 . 2 J),t wWnile
s sebhnarernnse Lnams:lntinem smennaadad wvith Q5 185 Ainctarancalartivity IR Daoslnec thios
L1IC ClllUAyL«d.lUt)llyl LIV PIU\;CCUCU Il OO0 .« 1J WIAdLUILUDdLICLLIYILY. "™ reiil pa [RSER]
infarinr calartivitu arnearge tn ctem fram the higher reactivity nf ethvyl rhlarancarhanate ar
JIRSATIPLN )] Oblbbllvll] ay €RE D U Ol 1i1l 21U R lllbll\ll 1Vu\/tlvl'—] AV 3§ \d‘-ll:l WALIIUL ULVAL UVJLIAGIW UL

the quick isomerization of the newly installed asymmetric carbon attached to the

ethoxycarbonyl group. It is worth mentioning that very long steps would be needed to
prepare cthoxvcarbonvlated product 12 if the direct nucleonhlhc 1 4 alkylation reaction to

naDhthvloxazolme was employed because of the tedious transformation to the carbonyl
function. Furthermore, if DMF was employed as an electrophile, an aldehyde function
would be directly introduced.

Scheme S
MQ&N Me\ﬁ
l ' EVL-HMPA I o
EVL-RMPA_ !
xx -78°C
/\,&\/\\\ A~ Ny
21 B )
/ / CICOsEt
t8LOH / Mel / then \ t'ner?
then SiOo .
Si0, / 520 SiO,
(-] 0,
/ 88 % / \83 %
Y- - Y-
Me, )= Me =N Me )=
N Z Me > COEt
LA A LA
h n b
o 0 o
10 11 12
Conclusion
A novel, synthetically useful 1,6-addition reaction of several particular secondary

amine lithium salts with 1 naphthyloxazolme 1 providing a remote- controlled
stereoselective synthesis of d-amino acid derivatives was revealed. The detailed mechanistic
studies have suggested the existence of two equilibrations that result in 1,4-amino addition

17. There is no plausible explanation for the observed stercoselectivity so far.
18. The stercochemistry of the newly installed asymmetric carbon was determincd by NOESY spectra in each case.



4800 M. Shimano, A. Matsuo / Tetrahedron 54 (1998) 47874810

reaction and 1,6-amino addition reaction, respectively, and that the stability (basicity) and
the buikiness of lithium amide piayed a key role in deciding the course of the reaction. The
transformation of the 1,6-amino adducts to other useful compoundb was LOHCISG])’
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will be reported in due course.

Experimental Section

Instrumentation

TTT ol 12 RTRATY o ibns wxsnin v dard e VTN ANATY . . .1 £77T Q NAYY.. o __a®_ __1_ P

1 4alld o0 INIVIIK Sp Afd WlIC 1CCOIUCU dt 27U VINlZZ 4l O/7.0 IVINIZ T ’pCL[lVCly on
TIEN INM _EY_ 27N Thaminsral chiffe ara ranartad in nnm (X)) ralativa o tatramatheloilana
JLAJE, FINIVR-LLAN" & T\, WAICLIEIVAL D111 aly lDyUl wou i l.lylll \U} CLaAtive W wotlallk lllylblldllc,
MY wxrifthh LILMNT . o an tnitasrnnl wafasan~n 77 DA vy e ]I_‘l’ NIRAD e d 7T N s £ 12
LU 13 WL Lrivl3 h) I i 1ial ICICICIILG (/.44 p 111 11Ul *I1 INIVIIN allu /77U pp Il 106 O
NMR), or DMSO-ds with DMSO-ds as an internal reference (2.49 ppm for 'TH NMR and
39 § nnm for 13C NMR)Y Counline constants are renorted in hertz (H7z). Snectral enlittino
39.5 ppm for C NMR).  Coupling constan reported in hertz (Hz). Spectral splitting
patterns are designed as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), and b
(bmad) Infrared spectra were recorded on a Shimadzu FT IR 4200. Gas-

chromatography-mass—spectrometry was performed with a Shimadzu GCMS-QP1000EX.
Microanalyses were performed with a Yanaco CHN CORDER MT-5. Mass spectra were
measured on a JEOL HX-110A. Melting points were obtained from a Yanaco MP-500D
and are uncorrected. Thin layer chromatography was performed on E. Merck and Co.
precoated silica gel 60F,s54 Column chromatography was carried out with E. Merck and
Co. silica gel 60 (70-230 mesh ASTM).

Tetrahydrofuran (THF) was distilled from sodium/benzophenone ketyl prior to use.
HMPA and DMPU were purchased from Aldrich, dried over CaH; at 60 °C for 12 hours,
distilled under reduced pressure (2 mmHg) and stored over 13X molecular sieves in a dark
place. n-Butyllithium and ¢-butyllithium were purchased from Kanto Kagaku Co., Inc.
Dichloromethane and all secondary amines were dried over 4A molecular sieves prior to
use. All other reagents were purchased from Nakarai Tesque and used without further
purification unless otherwise stated.  Air- and / or moisture- sensitive reactions were

carried out under an atmosphere of argon.
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resulting solution was poured into 1N hydrochloric acid and extracted with dichloromethane
(2x). The combined organic layers were washed with water, 2% NaHCO; aq. solution and
brine, and dried over MgSO4 The solvent was removed under reduced pressure and the
7 g) was dissolved in dichlor

o714}

L 1
I27 mmal)l frarafiilly fenantan n
LD 1) LaiCiuiry (SPUIiL u

mixture was concentrated to remove excess thionvl

ABLLeL W A LEV RRAREAACVAR L VY A WAL S S/ LA WL ] \ A iviiya i

cther (250 ml), and treated with 2N NaOH aqueous solutlon (250 ml). Af ter stlrrmg for 30
minutes, the mixture was treated with NaHCO; (powder, 40 g) and stirred overnight. The
resulting heterogeneous mixture was extracted with ether, washed with water and brine,
dried over MgSQ4 and concentrated. Chromatography (20% EtOAc / hexane) and
recrystallization (hexane-AcOEt) gave 1-(4',4'-dimethyloxazolin-2'-yl)naphthalene (1)
(22.5 g, 86%) as a white solid (m.p. 47.0 ~ 49.0 °C); TH NMR (270 MHz, CDCl3) 1.48 (s,
6H), 4.16 (s, 2H), 7.40 ~ 7.65 (m, 3H), 7.86 (d, J = 8.3, 1H), 7.94 (d, J = 7.6, 1H), 8.04 (dd,
J=73,1.3, 1H), 9.04 (d, J = 8.2, 1H); 13C NMR (67.8 MHz, CDCIl3) 28.5 (g, 2C), 68.3 (s),

/zs j(t), 124.6 (d), 125.0 (s), imu (d), 126.3 (d), 127.2 (d), 128.3 (d), 128.7 (d), 131.1 (s),
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ion of lithi“m d im

yD)naphthalene (1) (Table 1). To , cooled (-5 °C) solution of dnbenzylamme
(315 mg, 1.60 mmol) in THF (10 ml) was added n-butyllithium (1.72 M of hexane solution,
0.93 ml, 1.60 mmol). After stirring for 40 minutes at -5 °C, the mixture was cooled to -78
°C, treated with HMPA (1.72 g, 9. 6 mmol), stirred to dissolve HMPA for 5 minutes and
treated with naphthyloxazoline 1 (225 mg, 1.0 mmol) in THF (0.6 ml). The resulting dark
red solution was maintained at between -78°C and -65 °C for 6 hours, then re-cooled to
-78°C and treated with iodomethane (270 mg, 1.90 mmol). After stirring for 30 minutes at
-78 °C, the mixture was allowed to warm to -10 °C over 3 hours. The resulting solution
was poured into water and extracted with ethyi acetate. The organic layer was washed with
water(2x) and brine, dried over MgSO4 and concentrated. ~ Column chromatography
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Ulcxdu . €yl acetate, 5: 1) gave siarting oxazoline (14 ifig, 6.2% ) anda u€ aaauct <a [l\]
- D. — hanoeul K - a) (MNR mo AR ac a white enlid fmn 141 8 - 1420 oM. HJ
-— l\z —-—- Wu‘t:l, R4 = LIVAL ) \LUU 1112, TU /U J QAo 4 VVililv oviiug \III.IJ- 4A°7T1.J f B 0 RV \_r},

NMR (27 Hz C 1) 1.27 (s '%H\ 1.28 (s 3“\ 153 (s. 3H). 3.46 (d J] =139 2H)
ANAYARN \dw iV AVAR A&y NARSNR3[ Rekw Ay SRR, ATy s \ Jakj, o ey @ Aessry LBAJy
3.75(d,) =179, 1H),3.76 (d,J = 13.6, 2H), 3.82 (d, J = 1H)427(S 1H), 6.02 (dd, J

=102, 2.0, 1H), 6.30 (dd, J = 102 30 1H), 7.15 ~736 (m 9H), 7.40 (d, J = 7.3, 4H),
7.79 (d, J =7.3, 1H); 13C NMR (67.8 MHz, CDCl3) 28.1 (q, 2C), 29.4 (q), 40.8 (s), 52.8
(d), 54.0 (t, 2C), 66.8 (s), 79.3 (v), 121.9 (d), 125.8 (d), 126.8 (d, 2C), 127.0 (d, 2C), 128.1
(d, 4C), 128.8 (d, 5C), 132.9 (d), 135.5 (s), 139.0 (s, 2C), 140.3 (s), 168.9 (s); IR (KBr)
2980, 1660, 1603, 1497, 1460, 1080, 970, 770, 742, 700 cm-!; EIMS m /z 240 (M+-NBn;),
226, 196, 141; HRFABMS Calcd for C30H33N>0,: 437.2593; Found: 437.2582, and the
adduct 3a (R; = Ry = benzyi E = Me) ('20 mg, 4.6 %) as a clear oil; 1TH NMR (270

MHz, CDCl3) 1.25 (s, 3H), 1.26 (s, 3H), 1.67 (s, 3H), 3.44 (d, J = 13.2, 2H), 3.68 (d, ] =

13.2, 2H), 3.73 (d, J = 8.2, 1H), 3.80 (d, ] = 8.3, 1H), 4.39 (bs, 1H), 6.02 (dd, J = 10.6, 2.0,
LH), 6.29 (dd, J = 10.6, 3.3, 1H), 7.15 ~ 7.42 (m, 13H), 7.72 (dd, J = 7.3, 1.3, 1H); 13C
NMR (67.8 MHz, CDCls) 28.0 (q, 2C), 28.9 (q), 40.8 (s), 53.2 (d), 53.9 (1, 2C), 66.8 (s),
79.4 (1), 121.9 (d), 125.9 (d), 126.9 (d, 2C), 127.0 (d), 127.1 (d), 128.2 (d, 4C), 1289 (d,
4C), 129.2 (d), 133.2 (d), 135.1 (s), 138.8 (s), 140.0 (s, 2C), 168.8 (s); IR (thin film) 2980,
1650, 1602, 1495, 1455, 1365, 1080, 740 cm-!; FABMS m/z 437 (M+H¥), 369, 337, 277,
185; HRFABMS Calcd. for C30H33N,0,: 437.2593; Found: 437.2616, and the adduct 4a (R,

' ;c

5;H
=R; = benzyl, E = Me) (16 mg, 3.6 %) as a white solid (m.p. 195.4 ~ 197.0 °C); 'H
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NMR (270 MHz, CDCl3) 0.91 (d, J = 7.3, 3H), 1.37 (s, 3H), 1.38 (s, 3H), 2.93 (m, 1H),
347 (d,J =139, 2H), 3.58 (d, J = 13.9, 2H), 3.62 (bs, 1H), 3.97 (d, ] =7.9, 1H), 4.01 (d, J
=79, 1H), 6.82 (d,J = 6.3, 1H), 7.14 ~ 736(m 13H), 8.06 (m, 1H); 13C NMR (67.8 MHz,

CDCls) 19.1 (q), 28.4 (q), 28.5 (q), 28.8 (d), 53.2 (t, 2C), 59.4 (d), 68.0 (s) 77.9 (v), 125.0
(s), 125.7 (a), 126.8 (d, 2C), 127.4 (d), 127.6 (d), 128.1 (d, 4C), 128.8 (d, 4C), 130.9 (d),

171 N 7 Y 1')n,1/.1\
131.0 (s), 133.3 (s), 1394

1495, 1455, 775, 750, 7
(‘q]r\rl_ fcr [ QPN O.' 437

fSTSEL VLN 3 1 N5

=N TD /DY YOEN 1LAL 1L£NL 1EEN
IR (RDT) 295U, 1645, 10U, 135U,

1(9)
(M+), 394, 345, 317, 240, HRFABMS

.i-
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was repeated under various conditions as

p RN
]

7o

2}
'%
Qo
B
e
=)
=N
-
[}
et

(Jeneral procednre for the addition of lithium amide to naphthyloxazoline 1
followed by subsequent reaction with an electrophile. To a stirred, cooled (-
5°C) solution of dialkylamine (1.2 ~ 1.6 equiv.) in THF (10 ml) r-butyllithium (1.2 ~ 1.6
equiv.) was added dropwise. The reaction mixture was stirred at -5°C for 30 minutes, then
cooled to -78°C, treated with HMPA (2.4 ml), stirred for 5 min, and treated with 1-(4',4'-
dimethyloxazolin 2 yl)naphtha]ene (1) (225 mg, 1.0 mmol) in THF (0.6 ml) dropwibe.
The resultmg dark-colored solution was stirred at between -65°C and -55°C for 6 hours, re-
cooled to -78°C, and treated with an electrophile (1.4 ~ 1.9 equiv.). After stirring at -78°C
for 1 hour, the mixture was allowed to warm to -10°C over 3 hours. The resulting solution

was poured into water and extracted with ethyl acetate. The organic layer was washed with

water (x 2) and brine. dried over Mgan and concentrated Silica 091 column

VY (AL R a1 AARAVy QRiie vV v it wWrrivt SR RANERARRE

ichloromethane) gave adducts, as qhown in Table

o
bn ]

Adduct 2b (R; = R; = benzyl, E = allyl): a white solid (m.p. 109.0 ~ 112.0 °C); 'H
NMR (270 MHz, CDCl3) 1.27 (s, 6H), 2.80 (m, 2H), 3.73 (d,J = 13.9, 2H), 3.76 (d, ] = 7.9,
1H), 3.83 (d, J = 8.3, 1H), 4.22 (bs, 1H), 4.77 (dd, J = 10.2, 2.3, 1H), 4.84 (dd, J = 17.2,
2.0, 1H), 5.29 (m, 1H), 5.96 (dd, J = 10.2, 2.0, 1H), 6.41 (dd, J = 10.2, 3.3, 1H), 7.15 ~

7.45 (m, 13H), 7.75 (bd J = 6.9, 1H); 13C NMR (67.8 MHz, CDCls) 28.2 (q, 2C), 44.4 (s),
45.3 (t), 53.0 (d), 54.0 (t, 20), 66 9 (s), 79.1 (), 117.8 (1), 123.5 (d), 125 8 (d), 126.8 (d,

~a ~a 3 o B B NP5 RN 10 £ A N 1750 O 73 MmN 172N 0 72N 1272 @™ Y 124 7 s\
20), 126.9 (d), 127.1 (@), 128.2 (d, 4C), 128.8 {d, 5C), 130.9 (d), 133.4 (a), 136.7 (s),
12£ Q0 fY 1TAN A (o MY 1£Q ) (o) ID /DS Q2N 1E£88 1408 1488 124K 17NN 788 TNN
120.7 (3}, 194U.4 (5, L), 1U0.L \O), IN\DDI) 290U, 1VJ0, 1770, 1709, 10V, 14UV, 1JJ, IUU
cm-le RINMC 20 /2 ARDY (M+Y 421 271 220 2764 FARMS (Caled for CosHLNLO). -
CRIL ©y EAIVED FIE 74 TUL UV Jy TTLd,y, Ji 1y Jhd, L&, LEENE L2EFIVAD aAivu. iUl W 37ER3[1NNs .
463.2749; Found: 463.2757.

Adduct 4b (R; = R; = benzyl, E = a!ly!). a white solid (m.p. 125.0 ~ 128.0 °C); 'H
NMR (270 MHz, CDCls) 1.37 (s, 3H), 1.39 (s, 3H), 1.81 (m, 1H), 2.07 (m, 1H), 2.86 (m,

1H), 3.47 (d, J = 13.9, 2H), 3.54 (d, J = 13.5, 2H), 3.75 (s, lH) 396 (d,J =7.9, 1H), 4.01
(d,J=79, 1H), 483 (dd, J = 15.9, 1.3, 1H), 4.85 (d, J = 11.6, 1H), 5.60 (m, 1H), 6.84 (d, J
= 6.3, 1H), 7.15 ~ 7.36 (m, 13H), 8.12 (m, 1H); 13C NMR (67.8 MHz, CDCl3) 28.4 (q),
28.6 (q), 34.6 (d), 37.5 (1), 53.3 (t, 2C), 56.9 (d), 68.1 (s), 77.8 (1), 117.1 (1), 125.6 (s),
125.8 (d), 126.7 (d, 2C), 127.5 (d), 127.6 (d), 128.1 (d, 4C), 128.9 (d, 4C), 130.9 (d),
131.1 (s), 133.1 (s), 135.4 (d), 137.8 (d), 140.3 (s, 2C), 160.9 (s); IR (KBr) 2950, 1640,
1605, 1495, 1455, 1015, 770, 740, 700 cm-1; HRFABMS Calcd. for C3,H3sN20,: 463.2749;

Found: 463.2744.

Adduct 2¢ (R; = R; = E = benzyl): a white solid (m.p. 136.0 ~ 138.0 °C); 'H NMR
(70 R ONYEY 1T 21 (e 2 122 (e 2HY 217 (the THY 297 (¢ 2HY 224 (d T =12 Q
(L /U IVIE1Z, UIJUI3) L.O1 \D, JIL), 1.00 D, Ji1)y J.0 7 \UDy 1X1)y Juld O, £id)y J.IT\Uy 0 — 1J.7,
2H), 3.61 (d, J = 13.5, 2H), 3.83 (d, ] = 7.9, 1H), 3.89 (d, J = 8.2, 2H), 5.96 (dd, J = 10.6,
2.3, 1H), 6.26 (dd, J = 10.6, 2.3, 1H), 6.53 (m, 2H), 6.79 (m, 3H), 7.12 ~ 7.31 (m, 12H),
7.50 (m, 4H), 7.68 (m, 1H): 13C NMR (67.8 MHz, CDCls) 28.2 (g, 2C), 46.2 (s), 46.9 (1),
52.7 (d), 53.9 (1, 2C), 67.0 (s), 79.1 (1), 125.0 (d), 125.87 (d), 125.93 (d), 126.6 (d, 20),
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126.7 (d, 2C), 126.8 (d), 126.9 (d), 127.8 (d), 128.0 (d, 4C), 128.6 (d, 4C), 129.6 (d),
130.5 (d, 2C), 136.0 (s), 136.6 (s), _13472A(s) AliO(_) (s, 2C), 140.3 (s), 168.3 (s); IR (KBr)

3050, 2950, 1650, 1540, 1495, 1455, 1200, 1020, 750, 700 cm-i; EIMS m /z 421 (M+-Bn),
316, 258, 226; Anal. Calcd. for C3gH36N,Oj: C: 84.34; H: 7.08; N: 5.46; Found: C: 84.56;

H: 7.21; N: 5.44

Adduct 2d (R, = benzyl, R; = Me, E = allyl): a white solid (m.p. 76.0 ~ 77.0 °C); 'H
NMR (270 MHz, CDCl3) 1.28 (s, 3H), 1.29 (s, 3H), 2.22 (s, 3H), 2.78 (bdd, J = 14.2, 7.3,
1H), 2.86 (bdd, J = 14.2, 7.3, 1H), 3.50 (d, J = 13.2, 1H), 3.65 (d, J = 13.2, 1H), 3.79 (4, J
= 7.9, 1H), 3.84 (d, 1 = 8.2, 1H), 4.29 (bs, 1H), 4.82 (bd, J = 9.9, 1H), 4.87 (bd, J = 172,

IH)Y 7 16 ~ 741 (m, 8H)7 78 (dd I= 7 3 1.3, IH) 13C NMR (67 8 MHZ CDClg,) 28 l (q
2C), 38.1 (q), 44.5 (s), 45.4 (t), 57.4 (1), 58.2 (d), 66.9 (s), 79.1 (v), 117.9 (v), 123.9 (d),
125.9 (d), 126.7 (d), 126.9 (d), 127.1 (d), 128.1 (d, 2C), 128.6 (d, 2C), 128.8 (d), 130.9
(d), 133.4 (d), 136.6 (s), 136.7 (s), 140.3 (s), 168.2 (s); IR (KBr) 2920, 1650, 1620, 1560,
1460, 1020, 820, 770, 745, 710 cm-!; EIMS m /z 345 (M+-allyl), 267, 226, 154; HRFABMS

Calcd. for CgH31N20;: 387.2436; Found: 387.2446; Anal. Calcd. for CasH3oN20;: C:
80.79; H: 7.82; N: 7.25; Found: C: 80.89; H: 7.95; N: 7.19.

A XX __: A3 (U Bl D MAL T M. o STlaon 10 1IT NIRAD /TN NATT
Aaqauct 44 (R; = Denzyi, Ky = Vig, K = anyij: a ciear ou, ‘n NMR (Z/U MINZ,
COTYENY 1129 (0 2EIY 1 AN ¢ 2ZHY 1 Q2 (mm 1Y 211 /¢ 2HY 2 1A frm 1Y 220 (v TED)
CLJUI3) 1.0 (S, o1y, 1.4V S, J1iy, 1.5 \Il, 111}, £.11 \8, 511}, £.10 \U11, 111}, 2.0V (I, 111},
253 (s. 2H). 3. 73 (hs, 1 \’107((1 I=70 THH 402(d. 1 =79 1H. 497 (hd I =172
. \Dy Lilfy Sei o \WOy LRAJy Jos My v Zy ]y Tk iy Sy AAAJy Tl i \Uldy & BT adey
1H), 4.99 (bd, J = 10.2, 1H), 5.74 (m 1H), 6.84 (d, J = 5.6, 1H), 7.15 ~ 7.36 (m, 8H), 8.09

(m, 1H); 13C NMR (67.8 MHz, CDCl3) 28.4 (q), 28.5 (q), 35.5 (d), 36.9 (1), 58.0 (1), 62.3
(d), 68. 0 (s), 77.8 (1), 117.2 (t), 125.6 (s), 125.9 (d), 127.5 (d), 127.6 (d), 128.1 (d, 20),
128.8 (d, 2C), 130.8 (d), 131.1 (s), 132.4 (s), 135.6 (d), 138.0 (d), 139.9 (s), 160.9 (s); IR
(thin film) 2995, 1650, 1605, 1495, 1440, 1190, 1010, 740, 700 cm-!; EIMS m/z 386 (M+),
346, 266, 250; HRFABMS Calcd. for Co6H3N,O: 387.2436; Found: 387.2459.
Adduct 2¢ (R} = benzyi R, = Me, E = benzyl): a clear oil; 'lH NMR (270 M
CDCl3) 1.33 (s, 3H), 1.35 (s, jn), 2.07 (s, 3H), 3.23 (bs, 1H), 3.27 (a J =132, iH)
7 =13.5, i1H), 3.85(d, J = 8.3, iH), 3
= 10.6, 26 H), 6.54 ~ 6.63 (

1
1H): 13C NMR (6

N

N
(98]
W)

N

R

[o B X ¢ BV St BN 4

(d, ] =7.6, 1H), 3.3

-

[\O ) u)
T~

k]

(o0} E 9
N :: S
ro D

o

QN '

A &
Myl 1

.
R

O\ (W]
\D ~

129.7 (d) 130 (d C) 1364 (s, 2C) 1375 (s) 1402 (s)
1660, 1610, 1495, 1455, 1200, 1020, 760, 740, 700 cm
C30H33N2012 437.2593; Found: 437.2591.

Adduct 2f (R; = R, = allyl, E = Me): a white solid (m.p. 77.0 ~ 79.0 °C); '"H NMR
(270 MHz, CDCl5) 1.298 (s, 3H), 1.302 (s, 3H), 1.55 (s, 3H), 2.97 (dd, J = 14.2, 7.9, 2H),
3.24 (ddt, J = 14.2, 4.3, 2.3, 2H), 3.80 (d, J = 7.9, 1H), 3.86 (d, J = 7.9, 1H), 4.42 (bs, 1H),

5.07 (d,J =102, 2H), 5.19 (d, J = 17.2, 2H), 5.83 (m, 2H), 5.93 (dd, J = 10.6, 2.0, 1H),

l"

6.10 (dd, J = 10.6, 3.0, 1H), 7.17 ~ 7.36 (m, 3H), 7.73 (dd, J = 6.6, 2.3, 1H); 13C NMR
(67.8 MHz, CDCl3) 28.1 (q, 2C), 29.3 (q), 40.8 (s), 53.0 (t, 20), 53.8 (d), 66.9 (s), 79.3 (1),
116.4 (t, 20), 122.7 (d), 125.7 (d), 126.7 (d), 126.9 (d), 128.7 (d), 132.4 (d), 135.8 (s),
137.6 (d, 2C), 138.9 (s), 169.0 (s); IR (KBr) 2950, 1650, 1560, 1540, 1505, 1420, 1200
. k) 2 - b - b b b 3 b kd 3 b
Q20 765. 745 cm-l: EIMS m/z 241, 226 210 14] HRFABMS Calcd. for C+rH5sN5Q
Py s 17T LR y AIRIVEND FIL/ LT Ly helit\Ty dew ANy AV ALy ARANA L RRIAVARS Wi VWNS. £ 54 Nl d VA ER WA
337.2280; Found: 337.2264: Anal. Calcd. for Cy;H,ogN,0Oy: C: 78.53; H: 8.39; N: 8.33;
Found: C: 78.58; H: 8.50; N: 8.42.
Adduct 3f (R; = R; = allyl, E = Me): a white solid (m.p. 61.0 ~ 63.0 °C); NMR

(270 MHz, CDC13) 1.26 (s, 3H) 1.28 (s, 3H), 1.66 (s, 3H), 2.96 (dd, J = 14.2, 8.3, 2H) 3.17
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(dt, J =14.2,2.3, 2H), 3.77 (d, J = 8.3, 1H), 3.83 (d, J = 8.3, 1H), 4.55 (bs, 1H), 5.07 (bd, J
=9.9, 2H), 5.18 (bd, J = 17.2, 2H), 5.82 (m, 2H), 5.93 (dd, J = 10.2, 1.7, 1H), 6.10 (dd, J =

10.2, 3.0, 1H), 7.16 ~ 7.36 (m, 3H), 7.67 (m, iH); 13C NMR (67.8 MHz, CDClI;) 28.0 (q,
2C), 28.7 (q), 40.7 (s), 53.0 (t, 2C), 54.3 (d), 66.8 () 794(t) 116.7 (t, 2C), 122.7 (d),

1AC O (AN 17£Q A 1270 A 17901 1N 1297 (1Y 172 12772 71 AN 119Q £ 7o)
1259 (d), 126.9 (d), 127.0 (d), 129.1 (d), 132.7 (d), 135.4 (s), 137.3 (d, 2C), 138.6 (s),
1£0 O /o TD /WD DQON 1LEN 14QN 1ASN 1240 17QN 1NRS AN TFAND TN ~m-1- ETINAC
1U0.7 (S}, 1IN {ADI) 275U, 100V, 195V, 1940V, 130U, 140V, 1U0GJD, YU, /0V, /&4vU CillT°, E1VIO
m /7 - DT M+ _Me) 2085 240 237 HRFARMS (Caled for CAsHAoNAO - 337 292820 Fannd:
T 74, y Sl \UVA TIVAU Jy L7 0y &T¥Uy &J 7, NN [MEFIVALY Ol 11U U22000GINDONI | JJ7.440U, 1 UUia

s (
,1=1.3, 3H) ]38(9 3H) 39( 3H) 274(m H) 3.05 (dd
J =142, 73 2H) 318(d 'J =142, 5.3, 2H), 3.77 (d, ] = 4.0, 1H), 399 d, J =8.3, 1H),
4.02(d,J=8.2,1H),5.07 d,J=11.2,2H),5.14(d, J = 17.2, 2H), 5.78 (m, 2H), 6.76 (d, J
= 5.6, 1H), 7.20 ~ 7.38 (m, 3H), 8.02 (m, 1H); 13C NMR (67.8 MHz, CDCl3) 18.6 (q), 28.4
(q), 28.5 (q), 30.4 (d), 52.8 (1, 2C), 61.1 (d), 67.9 (s), 77.9 (1), 116.7 (1, 2C), 125.1 (s),
125.8 (d), 127.2 (d), 127.5 (d), 129.9 (d), 131.3 (s), 134.3 (s), 137.4 (d, 2C), 140.0 (d),

161.0 (s); IR (KBr) 2980, 1645, 1605, 1560, 1120, 1000, 775 cm-i; EIMS m/z 336 (M),
295, 267, 240; HRFABMS Calcd. for C22H29N201 337.2280; Found: 337 2307.

AN TJE N Oy 11T kT}

22 (R] =mn = E= a‘iH}E) aw ( .p. 7/4.u ~ /OU "Uj; ‘n NMR (2 0
MHz, CDCls) 1.29 (s, 3H), 1.30 (s, 3H), 2.80 (m, 2H), 2.97 (dd, J = 14.5, 8.3, 2H), 3.22
(ddt, J = 14.5, 43, 1.7, 2H), 3.80 (d, J = 8.3, 1H), 3.85 (d, J = 8.3, 1H), 4.35 (t, ] = 2.3,
1H), 4.84 (bd, J = 9.9, 1H), 4.86 (bd, J = 17.2, 1H), 5.07 (bd, J = 8.2, 2H), 5.18 (bd, J =
17.2, 2H), 5.36 (ddt, J = 17.2, 9.9, 6.9, 1H), 5.82 (m, 2H), 5.88 (dd, J = 10.2, 2.0, 1H), 6.20

(dd, J = 10.2, 2.6, 1H), 7.17 ~ 7.29 (m, 2H), 7.34 (m, 1H), 7.71 (m, 1H); 13C NMR (67.8
MHz, CDCl3) 28.1 (q, 2C), 44.5 (s), 45.4 (1), 53.0 (t, 2C), 54.0 (d), 66.9 (s), 79.1 (1), 116.4
(t, 2C), 117.9 (1), 124.3 (d), 125.8 (d), 126.8 (d), 126.9 (d), 128.5 (d), 130.2 (d), 133.3 (d),
136.7 (s), 137.0 (s), 137.6 (d, 2C), 168.2 (s); IR (KBr) 2930, 1650, 1542, 1440, 1200, 920,
765 cm-1; EIMS m /z 362 (M*), 321, 266, 226, 210; Anal. Calcd. for C4H3N,0,: C: 79.52;

e s o~ s nl-.;-l\-. -

H: 8.34; N: 7.73; Found: < 9.54; H: 8.42; N: 7.77.

Adduct 4g (R; =Ry =E = aiiyi): a clear oil; 'H NMR (270 MHz, CDCl3) 1.38 (s, 3H),
1.40 (s, 3H), 2.00 (m, 1H), 2.12 (m, 1H), 2.71 (m, 1H), 2.97 ~ 3.17 (m, 4H), 3.86 (d, ] =
2.6,1H),398 (d,J =79, 1H),4.02(d,J =79, 1H), 4.90 - 5.22 (m, 6H), 5.65 ~ 5.87 (m,
3H), 6.81 (d, J = 5.9, 1H), 7.17 ~ 7.33 (m, 3H), 8.08 (m, 1H); 13C NMR (67.8 MHz, CDCl3;)
284(q),285(q) 35.5 (d), 37.0 (1), 52.8 (1, 2C), 58.6 (d), 68.0 (s), 77.8 (1), 116.7 (t, 2C),
117.2(1). 125.6 (s), 125.9 (d), 127.4 (d), 127.5 (d), 130.4 (d), 131.2 (s), 133.7 (s), 135.7

(d), 137.4 (d, 2C), 138.0 (d), 160.8 (s); IR (thin film) 3080, 2990, 1650, 1610, 1490, 1450,
1110, 1020, 775, 745 cm-!; EIMS m/z 362 (M+), 322, 266, 226, 170; HRFABMS Calcd. for
C,4H31N204: 363.2436; Found: 363.2406.

Adduct 2h (R; = R; = allyl, E = prenyl): a clear oil; 'H NMR (270 MHz, CDCls)
1.30 (s, 3H), 1.32 (s, 3H), 1.37 (s, 3H), 1.50 (s, 3H), 2.71 (d J =173, 2H), 2.97 (dd, J=

14.2, 8.3, 2H), 3.21 (dt, J = 14.2, 4.3, ZU ZH) 581( J=" lH),*HS()(d J—SZ

433 (s, 1H), 4.74 (t,J = 7.3, 1H), 5

2H), 5.90 (dd, J = 10.2, 2.
(dd, J—66 23 lH) 7.73

C>
ol
~ :n
ol

o oo
)
e

CO
b
—~ ;——

B, 22

1 995 15,
1000, 920 760 cml; HRFABMS Calcd for C26H35N 0,: 391.2749; Fo nd %91 2758
Adduct 4h (Ry; = R, = allyl, E = prenyl): a white solid (m.p. 60.0 ~ 62.0 °C);
NMR (270 MHz, CDCl3) 1.38 (s, 3H), 1.40 (s, 3H), 1.45 (s, 3H), 1.68 (s, 3H), 1.86 (m, IH)
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2.03 (m, 1H), 2.62 (m, 1H), 3.03 (m, 4H), 3.83 (d, J = 1.7, 1H), 3.98 (d, J = 7.9, 1H), 4.02
(d,J=79, iH), 5.00 ~ 5.18 (m, 5H), 5.74 (m, 2H), 6.83 (d J = 6.3, 1H), 7.21 ~ 7.31 (m,
3H), 8.08 (m, 1H); 13C NMR (67.8 MHz, CDCl3) 17.8 (q), 25.8 (q), 28.3 (q), 28.5 (q), 30.9
7+ AL T (AN LY £ f+ N &7 " AN £Q N ) 11L£ & ¢ YY) 171 &7 3N 1A Y £\ 1% 77 74N
(L), 30.1 ({), 02.0 (1, &), J/.7 \Q), UO.U (§), 1100 (I, &U ), 141.01Q), 1£0.0 (§), 125.7 (4},
177 2 (A 17277 A (A 1ANT (A 121D (e 1227 (e 1247 (e 127K (A DY 12Q 7 (A
Lol .0 \JJ, 14L7.57 (), LIU.7F (\U), 1J1.2 (D), 1JJ.7 \d), LI 7 D), 1IJ/7.0 U, &), 1J70.7 (U),
161.0 (s); IR (KBr) 2980, 1650, 1605, 1440, 1290, 1010, 770 cm-!; HRFABMS Calcd. for

Co6H34N20: 391.2749; Found: 391.2747.

Adduct 2i (R; = R; = allyl, E = benzyl): a white solid (m.p. 78.0 ~ 80.0 °C); 'H NMR
(270 MHz, CDCls) 1.34 (s 3H), 1.36 (s 3H), 2.83 (dd, J = 145 8.2, 2H), 308 (ddd, J =
14.5, 2.3, 20 2H), 3.25 (d, J = 13.2, 1H), 3.28 (bs, 1H), 3.34 (d, J—132 IH), 3.87 (d,J =
8.2, 1H), 391 (d, J = 8.3, 1H), 4.97 (d, J = 10.2, 2H), 5.05 (d, J = 17.2, 2H), 5.67 (m, 2H),
5.88 (dd, J = 10.6, 2.3, 1H), 6.05 (dd, J = 10.6, 2.5, 1H), 6.61 (d, J = 6.9, 2H), 6.90 ~ 7.07
(m, 3H), 7.17 ~ 7.32 (m, 2H), 7.49 (dd, J = 7.3, 1.3, 1H), 7.57 (d, J = 7.3, 1H); 13C NMR
(67.8 MHz, CDCls) 28.3 (q, 2C), 46.4 (s), 46.8 (1), 52.9 (t, 2C), 53.6 (d), 67.0 (s), 79.2 (1),
1i6.4 (t, 2C), 125.88 (d), 125.93 (d), 126.0 (d), 126.7 (d), 126.8 (d, 2C), 126.9 (d), 127.7
(d), 129.0 (d), 130.8 (d, 2C), 136.4 (s), 136.5 (s), 137.2 (d, 2C), 138.2 (s), 168.5 (s); IR

209N TL£KN 18AN 1ATN 1NN T8 720 TNE At Q1L AL
LT70U 1vJuU, 1099V, 19/JU, 1ULVU AN /20, /U0 Ll *, E.li\’l\) m /( 210 (ivi7-
M

k] b
diallylaminal 2726 210 IQA HRFEFARMSC (- H..N.0().- 412 278072 Eannd-
UlailyiaiiiiiUj, 449, &4iv, 1J TINT MIDIVID \.11311‘-;_ iy ZUI- FLIO.4070, 1FUUlU.,

4132620, Anal. Calcd. for C23H32N20]. C:
7.90; N: 6.67.

1-(2'-Oxazolinyl)naphthalene (5). To a solution of I-naphthoic acid (5.0 g, 29.0
mmol) in dichloromethane (100 ml) at room temperature oxalyl chloride (5.53 g, 43.6
mmol) and DMF (2 drops) were added. After stirring at room temperature for 4 hours,
the mixture was concentrated to remove excess oxalyl chloride, redissolved in
dichloromethane (150 ml), cooled down to 0 °C and treated with a solution of Et;N (3.23 g,
31.9 mmol) and 2-aminoethanol (1.95 g, 31.9 mmol) in dichloromethane (5.0 ml). The
mixture was allowed to warm to room temperature and stirred overnight. The resuiting
solution was poured into 1N hydrochloric acid and extracted with dlchloromethane (2x)

(D
{(ADI)

Ca
81.

3
&
/« o
J\
o
B
e’
=
D
)
—
P
E
-

58.1 mmol) carefully (spontaneoubly bmlmg) and stirred tor 48 hours t emperature
The mixture was concentrated to remove excess thionyl chloride, dlluted w1th acetonitrile
(160 ml), treated with aqueous potassium carbonate solution (20 g in 90 ml of H,0),
refluxed for 24 hours and concentrated to remove acetonitrile. The resulting heterogeneous
mixture was extracted with ethyl acetate, washed with brine, dried over MgSO4 and
concentrated. Silica gel column chromatography (25% EtOAc / hexane) gave 1-(2'-
oxazolinyl) naphthalene (5) (4.64 g, 81 %) as a white solid (m.p. 44.0 ~ 45.0 °C); 'H NMR

. P ~ ~rT

(270 MHz, LUL13) 4.19 (m, 2H), 4.42 (m, 2H), 7.40 ~ 7.65 (m, 3H), 7.85 (dd, ] = 7.9, 1.3,

1H), 7.93 (d, J = 8.3, 1H), 8.08 (dd, J = 7.3, 1.3, 1H), 9.13 (dd, J = 9.2, 1.3, 1H); 13C NMR
£mQ AATT., Ty -\ CC A fe\ ££L£ C (e 124 & fo) 1A L AV 19£ 0 AN 19£ 2 AV 1737 9 74
(67.8 Mz, CDCI3) 33.7 (t), 606.5 (1), 124.5 (8), 124.0 (a), 1206.U (a), 1206.3 (4), 12/.2 (q),
1M A /AN 190 QO /AN 121 1 £ 121 Q /A 122 £ (o) 1A 2 (o). TD (KD DQOKN 16AN 1AQN
1204 ((), 1£0.7 ({), 151.1 (§), 151.0 Uy, 1335.0 {3), 104.5 \§); 1IN (ADI) £73U, 104U, 147U,
18NS 1220 1120 1000 R10 70 cem-1- HREFARMS (Caled for C.-H.-N;).- 108 NG1Q-
LJVUJ, 104V, 114U, 1UUU, UiV, T0VU Vill , LMNL L2DJIVAD Al 1UL Cj3i1]2iNv]jvU). 1700717,

Found: 198.0914.
Addition of lithium N-methyl-N-allylamide to naphthyloxazoline 1. The

r;;&1gr; was conducted under t]{é—;e—:neral";:—(‘)’ndltlérwls' 'H NMR (230 MHz, CDCl;) of the
crude products showed that the ratio of 2k, 3k, 4k and 6k was 26 : 13 : 4 : 57. Silica gel
column chromatography (hexane : ethyl acetate : dichloromethane) gave 2k and 3k as a

mixture ( 94 mg, 30%) as a clear oil; IR (thin film) 2950, 1655, 1455, 1365, 1280, 1200,
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1080, 765, 745 cm-1; HRFABMS Calcd. for Coo0H27N20,: 311.2124; Found: 311.2112; 1,6-

trans adduct 2k (major isomer) [{H NMR (270 MHz, CDCls) 1.29 (s, 3H), 1.30 (s, 3H), 1.57

(s, 3H), 2.19 (s, 3H) 3.03 ~ 3.20 (m, 2H), 3.81 (d, J = 8.3, 1H), 3.85 (d, J = 8.3, 1H), 4.34
{bs, 1H), 5.09 (bd, ] = 9.9, 1H), 5.20 (dd, J = 17.2, 1.7, 1H), 5.87 (m, 1H), 5.98 (dd, J =
10.6, 1.0, 1H), 6.08 (dd, J = 10.6, 3.0, 1H), 7.18 ~ 7.37 (m, 3H), 7.67 (m, 1H); 13C NMR
(RT Q NI TN IMIQR L £ 2N 202 (N AT A (AY AN R (e SA T (1Y 87T 8§ AN AA R ()
\U /7.0 IVEERL, L1/ A3) L0601 \Y, &), £47.0 (YY), /.U \"U’ TU.0 \0), JU.T Yy, Ji.J (1), UU.0 o),
79.3 (1), 116.5 (1), 122.2 (d), 125.9 (d), 126.8 (d), 9 (d), 128.7 (d), 133.0 (d), 135.3
(8), 137.2 (d), 138.8 (s), 168.9 (s)]; 1,6-cis adduct 3k (mmnr isomer) ['TH NMR (270 MHz,
CDCl; extract ) 1.27 (s, 3H), 1.29 (s, 3H), 1.66 (s, 3H), 2.13 (s, 3H), 4.47 (bs, 1H), 5.11

(dd, J 102 3.0, 1H), 7.62 (m, 1H); 13C NMR (67.8 MHz, CDClz) 28.0 (q, 2C) 28.5 (q),
37.2 (q), 40.8 (s), 56.9 (1), 57.8 (d), 66.8 (s), 79.3 (t), 116.8 (1), 122.1 (d), 125.8 (d), 126.9
(d), 127.0 (d), 129.1 (d), 133.3 (d), 134.8 (s), 136.9 (d), 138.6 (s), 168.9 (s)] and 4k as a
clear oil (8.2 mg, 2.6 %) ['H NMR (270 MHz, CDCl3) 1.00 (d, J = 7.3, 3H), 1.39 (s, 3H),
1.40 (s, 3H), 2.11 (s, 3H), 2.76 (m, 1H), 3.10 (d, J = 6.3, 2H), 3.59 (d, J =2.3, 1H), 3.99 (d,
J=83,1H),403(d, 1 =79, iH), 5.11 (d, ] = 9.2, IH), 5.16 (d, ] = 15.8, 1H), 5.84 (m,

1H), 6.80 (d, J = 5.9, 1H), 7.18 ~ 7.35 (m, 3H), 8.04 (d, J = 7.9, 1H); 13C NMR (67.8 MHz,
CDCl3) 18.7 (q), 28.8 (@), 25.0 {(g), 31.1 (q), 38.0 (d), 57.9 (1), 65.3 (@), 68.4 (s), 78.4 (1),
117.6 (1), 125.5 (s), 126.3 (d), 127.9 (d), 128.0 (d), 131.0 (d), 131.6 (s), 132.8 (s), 137.3
(d), 140.2 (&), 161.5 (s); IR (thin film) 2950, 1650, 1605, 1450, 1020, 1000, 775 cm-!;
HRFABMS Calcd. for CogH27N20: 311.2124; Found: 311.2143] and 6k as a clear oil (149
mg, 48 %); 'H NMR (270 MHz, CDClg) 1.35 (s, 3H), 1.37 (s, 3H), 1.43 (s, 3H), 2.03 (s,
3H), 3.04 (d, J = 6.6, 2H), 3.45(d,J = 5.6, 1H),3.94 (d,J = 7. 6 IH) 3.98 (d, 7.9, 1H),

5.02 (dd, J = 11.2, 1.0, 1H), 5.07 (dd J =178, 1.7, 1H), 5.73 (m, 1H), 584(dd J=99,
5.3, 1H), 6.69 (d, J = 9.9, 1H), 7.06 (dd, J = 6.9, 20 1H), 7.10 ~ 7.24 (m, 2H), 7.41 (dd, J
= 6.9, 1.3, 1H); 13C NMR (67.8 MHz, CDCl3) 28.1 (q), 28.3 (q), 29.0 (q), 36.9 (q), 45.3
(s), 57.8 (1), 65.4 (d), 66.9 (s), 78.6 (1), 116.2 (1), 121.2 (d), 126.3 (d), 127.2 (d), 127.5 (d),
127.7 (d), 129.3 (d), 130.9 (s), 137.4 (d), 138.9 (s), 168.2 (s); IR (thin film) 2995, 1655,

1455, 1362, 1040, 790, 755 cm-i; HRFABMS Calcd. for CygH,7N,O: 311.2124; Found:

AGOItION 01 HINIUIN /v-IMCURY -V -PpHenculyaiiiGe 0 Dapnulyi0Xazoilne i. 1né
roactinn wae candinted accarding to the oeneral nrocedure hit the detaile were deccrihad 1in
LILUALiivil vwwQGo VvuUIIuuviIVvL u\«uululllé (S P R § Ly Evll\llul ylvvvuunv, UL LI UBWLALLID Vvl BvowiilvUwss 111

Adduct 6l a white solid (m.p. 73.0 ~ 75.0 °C); 'H NMR (270 MHz, CDCl3) 1.29 (s, 3H),
1.36 (s, 3H), 2.06 (s, 3H), 2.36 (dd, J = 13.2, 7.6, 1H), 2.57 ~ 2.87 (m, 5H), 3.55 d, J =

5.3, 1H), 3.90 (s, 2H), 4.75 (dt, J = 16.8, 1.0, 1H), 4.88 (dd, J = 10.2, 2.3, 1H), 5.53 (m,
1H), 5.81 (dd, J = 9.9, 5.3, 1H), 6.67 (d, J = 9.9, 1H), 7.00 ~ 7.29 (m, 8H), 7.61 (dd, J =
6.6, 2.3, 1H); 13C NMR (67.8 MHz, CDCl3) 28.2 (q), 28.6 (q), 35.4 (1), 36.2 (q), 44.0 (1),
49.3 (s), 57.9 (1), 66.0 (d), 67.3 (s), 78.2 (1), 117.8 (1), 121.5 (d), 125.8 (d), 126.4 (d),
126.6 (d), 127.1 (d), 128.2 (d, 2C), 128.6 (d, 2C), 129.6 (d), 131.3 (s), 134.3 (d), 135.3 (s)
140.5 (s), 166.2 (s) IR (KBr) 2980, 1655, 1635, 1460, 1350, 1200

ra NN s ¥aveY

i
~ ~NL T Ia Xa Y4 DRI A T o I"Al’__l
cm- l thb m /Z 400 (M*), 30U, HUY, 200, 220, IIRICADIVID LalCd.

1 ~7.29 (m, 7H), 7.35 ( IH) 7.52 (m 1H), ; 13C NMR (67.8 MHZ CDCI3) 28 1 (q)
8.2 (q), 35.3 (1), 38.1 (q), 445 (s), 45.4 (1), 55.5 (1), 59.0 (d), 66.9 (s), 79.0 (1), 117.9 (1),
124.3 (d) 125.7 (d), 125.9 (d), 126.8 (d), 127.0 (d), 128.1 (d, 2C), 128.8 (d, 3C), 130.8
(d), 133.4 (d), 136.5 (s, 2C), 140.8 (s), 168.3 (s); IR (thin film) 2950, 1655, 1605, 1500,
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1455, 1300, 1020, 765, 750, 700 cm-i; HRFABMS Calcd. for C;7H33N,0;: 401.2593
Found: 401.2598.

Addition of lithium di-n-propylamide to naphthyloxazoline 1. The reaction was
conducted under the general conditions. 'H NMR (270 MHz, CDCls) of the crude products
chawad that the ratin of 2m Tm and Adm wac A « 29 « A Qilira aoal ~ralnnmn
OLIV VY WAl LERGL LIV TALEIY Uz W ESR,y, oJ IR QLI ST I Y QD 1T . && - T wiiiva 5&1 CAZ1dii
chromatography (hexane : ethyl acetate : dichloromethane) gave starting oxazoline 1 (25
mg, 11 %), and 2m and 3m as a mixture (241 mg, 71 %) as a clear oil; IR (thin film) 2980,

. 41
1655 1490 1460 ]365 1280, 1200, 1080, 760 745 cm-! HRFABM Calcd. for
C,,H33N,O4: 341.2593; Found: 341.2601; 1,6-trans adduct 2m (major isomer) [!H NMR
(270 MHz, CDCl3) 0.83 (t, J = 7.3, 6H), 1.31 (s, 3H), 1.32 (s, 3H), 1.44 (m, 4H), 1.55 (s,
3H), 2.43 (t, J = 7.6, 4H), 3.81 (d, J = 8.3, 1H), 3.87 (d, J = 8.3, 1H), 4.30 (bs, 1H), 593
(dd, J = 10.2, 2.0, 1H), 6.11 (dd, J = 10.2, 2.6, 1H), 7.16 ~ 7.34 (m, 3H), 7.74 (m, 1H); !3C
NMR (67.8 MHz, CDCl3) 11.8 (q, 2C), 22.2 (t, 2C), 28.2 (q, 2C), 29.3 (q), 40.9 (s), 52.8 (1,

2C), 55.4 (d), 66.9 (s), 79.2 (1), 123.9 (d), 125.6 (d), 126.5 (d), 126.7 (d), 129.0 (d), 131.8
(d), 136.5 (s), 138.7 (s), 169.2 (s)], 1,6-cis adduct 3m (mmor 1somer) {iH NMR (270 MHz,
CDClj extract ) 0.83 (t, J = 7.3, 6H), 1.26 (s, 3H), 1.28 (s, 3H), 1.66 (s, 3H), 4.43 (bs, 1H),
5.89 (dd, J = 10.2, 2.0, 1H), 6.11 (dd, J = 10.2, 2.6, 1H), 7.68 (m, 1H); 13C NMR (67.8
AHz. CDCl:) 11.8 (. 20). 22.1 (t. 2C). 28.0 (a. 2C). 28.7 (o). 40.0 (s). 52.6 (t 2CY S5 7
VAR RLy NN L) L 100 \Yy & fy bked 4y L), LUV Yy L)y LU Yy TULY D)y JL.U 1, l-r\/}, pe i
(d), 66.8 (s), 79.3 (1), 123.7 (d), 125.8 (d), 126.6 (d), 126.7 (d), 129.4 (d), 132.1 (d), 136.0
(s), 138.3 (s), 169.0 (s)] and 4m as a clear oil (8.5 mg, 2.5 %); 'H NMR (270 MH7 CDC!})

0.80 (t, J = 7.3, 6H), 1.09 (d, J = 7.3, 3H), 1.39 (s, 6H), 1.41 (m, 4H), 2.47 (t, J = 7.6, 4H),
2.73 (m, 1H), 3.67 (d, J = 6.8, 1H), 4.01 (s, 2H), 6.73 (d, J = 4.6, 1H), 7.16 ~ 7.30 (m, 2H),
7.40 (m, 1H), 7.95 (m, 1H); 13C NMR (67.8 MHz, CDCl3) 11.8 (q, 2C), 19.3 (q), 22.6 (t,
2C), 28.4 (g, 2C), 31.3 (d), 53.0 (t, 2C), 64.0 (d), 67.9 (s), 78.0 (1), 125.3 (s), 125.8 (d),
126.9 (d), 127.4 (d), 129.1 (d), 131.6 (s), 136.1 (s), 140.7 (d), 161.2 (s); IR (thin film)
2980, 1650, 1455, 1020, 1000, 775 cm-'; HRFABMS Calcd. for Cy,H33N,0;: 341.2593:

Found: 341.2611.

A 2 o~ e PTE Acnarizim meddisnd W LSIAN e N T mnenn~nI\ covnn taenndad cxriele TAT Lo, 3 L1 .0
AIIUL CSICT /1. AITINIK aUUult &1 (49U lllg, U./71 HHUHIIVI) Wad LicalCu wiul 11N llyUl 1HOI11C
artid A D 1) ot ranm tamnaratiizra and ctirrad mtil I Aicannoarad (~n A hariee) Tha
aviu \"'-U 1111} at 1uUwuill lbllll}\alalul\‘ AW DdLliivid Uil R uloayyuax\,u \\ra AV llUulbl- L1IC
mixture was diluted with THF (6.0 ml), cooled down to 0°C, and treated with 2N sodium
hydroxide solution (3.5 ml) and acetic anhydride (291 mg, 2.85 mmol). The resulting

wgorously for 3 hours. The mixture was then poured into 3% sodium blcarbonate
solution, extracted with dichloromethane, dried over MgSO4 and concentrated. Silica gel
column chromatography (60% ethyl acetate / hexane) gave amide ester 7f (273 mg, 97 %)
as a clear oil; 'H NMR (270 MHz, CDCls) 1.13 (s, 3H), 1.18 (s, 3H), 1.54 (s, 3H), 1.64 (s,
3H), 2.96 (dd, J = 14.2, 8.3, 2H), 3.25 (m, 2H), 3.96 (d, J = 11.2, 1H), 426 (d, J = 11.2,
1H), 4.45 (bs, 1H), 5.04 (bs, 1H, NH), 5.11 (d,J =9.9, ZH), 521 (d,J =172, 2H), 5.82 (m,
2H), 595 (dd, J = 106 2.0, 1H), 6.09 (dd, J = 10. 1H), 7.10 ~ 7.32 (m, 3H), 7.73

O\

L L AN 11T 120 WIRAD /£77 Q RALY nr\rﬂ\nn//N NA DN DA A N NQ Y
(dd, J = 6.6, 2.0, 1H); 13C NMR (67.8 MHz, \.,U\_,13) 23.6 (q), 24.0 (q), 24.4 (q), 28.3 (q),
AT D (N &2 N (e K27 (4 K27 AN L£Q T ied 11770 (¢ DCHY 1977 1 1250 /4 179&£ QK% /1N
F7.L\D), I UL}, D2.4 1), J3.7 \U}), OF.7 (L), 11/.UL\L, L), 1L/ \U), 1£0.7 \U), 120.70 (\U),
1704 (dy. 1200 (). 1311 (A 125 5 (¢) 1’1'7'2(A MDY 128 2 (¢ 10 5 () 174 (¢} IR
L&l Ut \U), 1LT7.U \M), 1 J1L. \UJy, 2JJ..0 \OJy, LIT.J \\y A\.,}, LJ0.4 \OJy, LVUT.J D) 1i77.0 \O), I\
(thin film) 3300, 2980 1738, 1660 1555 1455, 1220, 1100, 920, 755 cm'!; HRFABMS

2.2 mmol). After the metallic sodium disappeared, amide ester 7g (300 mg, 0.76 mmol) in
ethanol (5 ml) was added in one shot and the mixture was refluxed for 4 hours. The
resulting mixture was cooled to room temperature, acidified with acetic acid (0.15 ml), and
concentrated to remove excess AcOH (xylene displacement x2). The residue was treated
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with Et;N (0.3 ml) and purified directly by silica gel column chromatography (20% ethy!
acetate / hexane) to yield methyi ester 8f (224 mg, 95%) as a clear oil; IH NMR (270 MHz,
CDCi3) 1.09 (1, J = 7.3, 3H), 1.54 (s, 3H), 2.96 (dd, J = 14.5, 8.3, 2H), 3.25 (ddd, J = i4.5,

4.3, 2.3, 2H), 4.05 (m, 2H) 4.44 (bs, 1H), 5.07 (bd, J = 10.2, 2H), 5.18 (bd, J = 17.2, 2H),
5.82 (m, 2H), 593 (dd, J = 10.2, 1.7, 1H), 6.07 (dd, J = 10.2, 3.0, 1H), 7.}6 ~ 7.30 (m,
2HY 767 (m TH)- 13C NMR (67 R Hz DI 130 (Y 2801 () A6 0 (Y 8§21 (¢ (Y
JRLJy F. U/ \kil, 1Kk), OANIVEIN (U /.0 1111_., LSl ) 1J.F YY), £0.10 \4), TULT (D), JI.1 L L),
53.9 (d), 61.1 (1), 116.5 (t, 2C), 122.5 (d), 126.0 (d), 126.8 (d), 127.0 (d), 129.1 (d), 131.8
(d), 135.7(s), 137.6 (d, 2C), 138.4 (s), 174.8 (s); IR (thin film) 2980, 1738, 1640, 1495,
1450, 1230, 1100, 920, 755 cm!; HRFABMS Calcd. for CygH26N07: 312.1963; Found:

312.1960.

o6-Amino acid methyl ester 9f. A solution of 8f (120 mg, 0.39 mmol) and Wilkinson
catalyst (20 mg, 22 mmol) in MeCN-H;0 (84 : 16, 15 ml) was refluxed for 90 minutes
according to Ganem's procedure.[17] The resulting mixture was concentrated and purified
directly by silica gel column chromatography (20 % ethanol / ethyl acetate) to give d-amino

acid methyl ester Y1 (30 mg, 86 %) as a clear oil; 1H NMR (270 MHz, CDCI3) 1.15 (t, ] =

7.3, 3H), 1.61 (s, 3H), 1.85 (bs, 2H, NHjy), 4.08 (m, 2H), 4.36 (d, J = 4.0, 1H), 5.82 (dd, J =
99, 1.0, 1H), 6.13 (dd, ] = 9.9, 4.3, IH), 7.20 ~ 7.37 (m, 3H), 7.4 9, 1.7, 1H);
13 1,

(
L
o
—

Amide ester 7g. Amino adduct 2g (2.5 g, 6.9 mmol) was treated with 2N
hydrochloric acid (15 ml) at room temperature and stirred until 2g disappeared (ca. 6
hours). The mixture was diluted with THF (30 ml), cooled to 0°C, and treated with 2N
sodium hydroxide solution (30 ml) and acetic anhydride (2.82 g, 27.6 mmol). The
resulting heterogeneous solution was warmed to room temperature and continuously stirred
vigorousiy for 3 hours. The mixture was then poured into 3% sodium bicarbonate
solution, extracted with dichloromethane, dried over MgSU,4 and concentrated. ~ Silica gel
column chromatography (60% ethyl acet:

clear oil; 'H NMR (270 MHz, CDCl3) 1.

13 (s 3H), 1.18 (s, 3H), 1.64 (s, 3H), 2.76 (d, J =
7.3, 2H), 2.96 (dd, ] = 14.2, 8.3, 2H), 3.23 (m, 2H), 3.99 (d, ] = 109, 1H), 427 (d, ] =
11.2, 1H), 437 (1, ] = 2.3, 1H), 4.87 (bd, J = 11.9, 1H), 4.88 (bd, J = 15.5, 1H), 5.04 (bs,
IH, NH), 5.11 (bd, J = 10.2, 2H), 5.20 (dd, J = 17.2, 0.7, 2H), 5.38 (m, 1H), 5.81 (m, 2H),

5.88 (dd, J = 10.5, 2.0, 1H), 6.18 (dd, J = 10.5, 3.0, 1H), 7.15 ~ 7.31 (m, 3H), 7.72 (m,
1H); 13C NMR (67.8 MHz, CDCl3) 23.7 (q), 23.99 (q), 24.05 (q), 44.4 (t), 50.8 (s), 53.0 (s),
53.1 (t, 2C), 53.8 (d), 69.6 (1), 117.0 (t, 2C), 118.3 (1), 124.4 (d), 125.8 (d), 127.0 (d),
127.1 (d), 128.8 (d), 128.9 (d), 133.0 (d), 136.0 (s), 136.7 (s), 137.3 (d, 2C), 169.5 (s)
174.0 (s); IR (thin film) 3320, 3090, 2990, 1740, 1650, 1550, 1370, 1200, 920, 750 cm-!;
EIMS m /z 422 (M+), 381, 264, 250, 195; HRFABMS Calcd. for CygH35N203: 423.2648,;
Found: 423.2635.
Memyl ester 8g.

172 mm EAY
(300 ulg, 13 1inoLj.

=
ool h
=
—~
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14 cetate / hexane) and gave methyl ester 8g (2. 14 g, 97%) as a clear oil; 1H NMR (270
z, CDCl3) 2.78 (d, J = 6.9, 2H), 2.97 (dd, J = 14.5, 7.9, 2H), 3.22 (ddt, J = 14.5, 4.3,
2.0, 2H), 3.62 (s, 3H), 4.37 (t, J = 2.3, 1H), 4.88 (bd, J = 9.9, 1H), 4.89 (bd, J = 17.2, 1H),

2
:3‘
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5.07 (bd, J = 9.9, 2H), 5.18 (bd, J = 16.2, 2H), 5.37 (ddt, J = 17.2, 9.9, 7.3, 1H), 5.83 (m,
2H), 5.89 (dd, J = 10.6, 2.0, 1H), 6.18 (dd, J = 10.2, 3.0, iH), 7.16 ~ 7.32 (m, 3H), 7.69
(m, 1H); 13C NMR (67.8 MHz, CDCl3) 44.6 (1), 50.6 (s), 52.5 (q), 53.0 (t, 2C), 54.0 (s),
11A & /¢ 2N 11QD (Y 174 A (A 108 QAN 176 Q7 7 AN 19701 /1y 19 Q 73\ 170 A 71\
11V.J L &0 ), 110.4 (1), 149.% \U), 120.7 \U), 14U.7]7 \U), 14/7.U1 (U), 1£0.0 (U), 1L7.94 \U),
1332 (dY 1360 () 13609 (Y 137 85 (d 2C)Y 1746 (¢} TR (thin film) 2040 172§ 1£40
P ek \MJy 1. TUNT \(OJy LIULT \OJy AJ 1. Uy &), LITT.U (O, LIN (UL LML) &7V, 1T JUJ, AUV,
1440, 1230, 920, 755 cmr-1; EIMS m /z 323 (M+), 282, 264, 227, 195: HRFABMS Calcd. for

C21H26N102 324.1964; Found: 324.1992.

O6-Amino acid methyl ester 9g. A solution of 8g (362 mg, 1.0 mmol) and Wilkinson
catalyst (53 mg, 0.057 mmol) in MeCN-H,0 (84 : 16, 25 ml) was refluxed for 90 minutes
according to Ganem's procedure.[17] The resulting mixture was concentrated and punﬁed
directly by silica gel column chromatography (20 % ethanol / ethyl acetate) to give d-amino
acid methyl ester 9g (223 mg, 79 %) as a clear oil; 'TH NMR (270 MHz, CDCls) 1.73 (s, 2H,
Nﬂ;) 2.78 (bdd, J = 14.2, 6.9, 1H), 2.87 (bdd, J = 14.2, 7.3, 1H), 3.60 (s, 3H), 4.29 (d, J =

3.6, 1H), 4.86 (bd, J = 9.9, 1H), 4.92 (bd, J = 17.2, 1H), 5.34 (ddt, J = 17.2, 9.9, 69, 1H),

5.76 (dd, J = 10.2, 1.3, 1H), 6.16 (dd, J = 10.2, 4.0, iH), 7.17 ~ 7.35 (m, 3H), /43(0(1 J=
7.3, 1.7, 1H); 13C NMR (67.8 MHz, CDCl3) 43.4 (1), 47.9 (d), 50.5 (s), 52.6 (q), 118.3 (1),
20 £

17962 (A 197 L (A 1778 (A 197 OIA\ 17Q 7 A\ l’ll’)l’rl\ 122 N 74N ’11!(!\ 1
1LVU.0 \U), 1472 M), 147.0 \U), 1£L7.7 (U 1£0.4 \\1), Jl.4 Ay, 100U \U), 109.9 \d), 137.0
(). 1742 () TR (thin film) 3370 Q?Rﬂ 2950 1738, 1640 1495 1225 1020 755 ¢m-1-
\jg L7 Vede (O 9 AAN \VRARRZ il RR] Iy Uy v ATy LT IUy ATy LTSy bbby LULU, [JJ VIR Iy
EIMS m /z 243 (M+), 228, 210, 201, 170; HRFABMS Calcd. for C;sH;sN;O,: 244.1338;
Found: 244.1342.

4-Oxa-1,2,3,4-tetrahydronaphthyloxazoline 10 To a stirred, cooled (-78°C)
solution of ethyl vinyl ether (65 mg, 0.90 mmol) in tetrahydropyran (0.4 ml) was added ¢-
butyllithium (1.60 M of pentane solution, 0.48 ml, 0.77 mmol). The mixture was warmed
to -3~-5°C, stirred for 30 minutes, re-cooled to -78°C, diluted with THF (1.0 ml), treated
with HMPA (139 mg, 0.77 mmol), stirred for 5 minutes to dissolve HMPA and treated with
amino adduct 2f (100 mg, 0.30 mmol) in THF (0.4 ml) After stirring for 3 hours at

I N~

-78° L the mixture was treated WlIl’l I-Dutal'l()l (V.o ITll), stirred for 10 minutes at */6 °C and
..... when bl +th ath« n,ﬁ» 4-,. Th o 2 P gaps

poured into water, and extracted with ethyl acetate. The extract was washed with brine,

dried over MgSQ,, and concentrated.  Silica gel column chromatography (50% ethyl
acetate / hexa ;v\ gave 10 (67 mg, 88 %) as a clear oil; 'H NMR (270 MHz, CDCl;) 1.28 (s,

LAYt 2] an. AEigSy 4] a3 & A i A A iANAVRAN AVAR Rdsg \./‘J\.IA_‘)I A i\

3H), 1.32 (s, 3H) 1.69 (q 3H), 2.09 (m, 1H), 2.58 ~ 2.97 (m, 3H), 3.89 (s, 2H), 7.37 (m
2H), 7.55 (tt, J = 6.9, 1. 3, lH), 8.05 (bd, J = 7.6, 1H); 13C NMR (67.8 MHz, CDCl;) 26.4
(q), 28.2 (q), 28.3 (q), 33.6 (t), 34.8 (1), 40.0 (s), 67.1 (s), 79.2 (1), 127.1 (d), 127.296 (d),
127.33 (d), 131.5 (s), 133.7 (d), 146.3 (s), 168.7 (s), 197.4 (s); IR (thin film) 2950, 1690,
1655, 1600, 1455, 1390, 1195, 770, 710 cm-!; HRFABMS Calcd. for CjgH2oNO5:
258.1494; Found: 258.1477.

2-Methyl-4-0xa-1,2,3,4-tetrahydronaphthyloxazoline 11 This was prepared
from amino adduct 2f by the procedure for 10. Methyl iodide (1 19 mg, 0.84 mmol) was

P P Pd an n7

used as an eiectrop‘niie i1 (66 mg, 82 %) was obtained as a white solid (mixture of f3-
-1 e s, -
I I .

i

methyl isomer and O-m ethy isomer. The ratio was 95 : 5); 'H NMR (270 MHz, CDCl5)
1.15¢d. J = 6.6. 3H). 1.24 (s. 3H). 1.31 (5. 3H). 1.72 (s, 3H). 2.33 (m, 1H). 2.59 (dd. ] =
1.13 (G, b = 0.0, 511), 1.24 (8, O11), 1.31 \S, Ir1), 1./4 (8, 511), £.35 \iil, 1), £.07 (4, 7 =
16.5, 4.3, 1H), 3.02 (dd, ] = 16.8, 13.2, 1H), 3.76 (d, J = 8.3, 1H), 3.87 (d, ] = 7.9, 1H),
736 (bd,J =79, 1H), 746 (dd, 1 =7.9,0.7, 1H), 7.55 ¢(d, J = 7.9, 1.7, 1H), 8.05 (dt, ] =
7.9, 0.7, 1H); 13C NMR (67.8 MHz, CDCl3) 16.9 (q), 26.0 (q), 28.1 (q), 28.5 (q), 38.0 (d),
43. 4 (1), 66.8 (s), 79.0 (1), 127.0 (d), 127.1 (d), 127.2 (d), 132.0 (s), 133 8 (d), 146.3 (s),
167.5 (s) 1982 (s); IR (thm film) 2950 1695, 1650, 1595, 1460, 1300, 1100, 780 cm-1;

HRFABMS Calcd. for C 7H;N;O3: 272.1651; Found: 272.1645.
2-Ethoxycarbonyl-4-0xa-1,2,3,4-tetrahydronaphthyloxazoline 12 This was
prepared from amino adduct 2f by the procedure for 10. Ethyl chlorocarbonate (91 mg,
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0.84 mmol) was used as an electrophile. 12 (81 mg, 83 %) as a white solid (mixture of B-
ethoxycarbonyl isomer and o-ethoxycarbonyi isomer. The ratio was 85 : 15); iIH NMR
(270 MHz, CDCl3) 1.22 (s, 3H), 1.27 (t, J = 7.3, 3H), 1.31 (s, 3H), 1.83 (s, 3H), 2.83 (dd, J

=16.8, 4.3, 1H), 3.20 (dd, J = 11.9,4.3, 1H), 3.42 (dd, ] = 16.8, 11.9, 1H), 381 {d,J = 7.9,
1H), 3.89 (4, J = 7.9, 1H), 4.17 (m, 2H), 7.32 ~ 7.44 (m, 2H), 7.57 (m, 1H), 8.07 (dd, } =
7.9, 1.6, 1H); 13C NMR (67.8 MHz, CDCl3) 14.1 (q), 26.7 (q), 27.8 (q), 28.0 (q), 37.9 (d),
41.6 (s), 49.4 (d), 61.1 (1), 66.7 (s), 79.3 (1), 126.7 (d), 127.0 (d), 127.5 (d), 131.4 (s),
134.0 (d), 144.5 (s), 166.9 (s), 171.5 (s), 195.7 (s); IR (thin film) 2950, 1740, 1685, 1655,
1595, 1455, 1300, 770 cm-!; HRFA BMS Calcd for Cj9gH24N04: 330.1706; Found:
330.1699.
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