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Summary: Excellent diastereofacial selectivities over a
wide range of temperatures (-78 to 25 °C) were obtained
with the title compounds with use of chiral oxazolines
derived from (S)-valinol or (S)-tert-leucinol. These are the
first useful levels of asymmetric induction observed with-
out the presence of the chelating methoxyl groups. The
dihydronaphthylcarbinols and aldehydes resulting from
these additions were obtained in >98% ee.

Ever since the chiral oxazolines 1 were first introduced
in 1974! as aza enolates in asymmetric carbon—carbon bond
forming reactions, the field of asymmetric alkylations has
exploded into what is today almost routine synthetic
procedure.?

Ph 1, R= El\ A
2, R="N
R_(\ 'u 3, R =0-MeOCgH4
OMe 4, a) 1-or b) 2-Naphthyl

5 6 (G = CHO, CH,0H)

Subsequent to our first report using 1, we were also
successful in effecting asymmetric nucleophilic additions
to a,8-unsaturated oxazolines® 2 and Grignard-mediated
asymmetric biaryl syntheses* to 3. In 1984, we described
the nucleophilic tandem addition® to naphthyloxazolines
4, giving rise to adducts 5 that, after hydrolysis and/or
reduction, furnished the aldehydes or carbinols 6 in >95%
ee.® The stereochemistry of the addition product was
confirmed by X-ray studies, and the absolute configura-
tions of the products were determined to be a function of
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the absolute stereochemlstry of the pendant methoxy-
methyl group at C-4 in the oxazoline.> More recently, we
and others have shown that chiral auxiliaries such as 7°
and the external chiral diether 82 can also be used to direct
diastereofacial addition to naphthalenes and provide the
aldehydes 9 in high enantiomeric purity. However, the
range of nucleophiles that were useful in the chiral imine
procedure was rather limited, detracting from this poten-
tially very important method.

oS -

7,R'-—€-l ref
o 7

Ph. Ph
8, R* =cyclohexyl + Y~  (ref8)
MeO OMe

E, CHO

o

9, E=akyl(a),H(B)

The common thread that pervades all the chiral oxa-
zoline and related systems studied to date is the critical
need for a pendant alkoxy or equivalent ligand (as in 1-4
or 7). In a large number of asymmetric C-C bond forming
reactions? reported since 1974, the validity of the “chelated
model” (A, B) for rigid topographical properties necessary
for useful levels of diastereoselection has been repeatedly
emphasized. Recently, Arnett® has presented strong
structural and energetic evidence for lithium chelation in
aminoalkoxides that supports all the notions mentioned
previously.
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A (Nucleophilic Addition) B (Electrophilic Addition)
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Table I. Addition of Organolithium-Mel to Naphthyloxazolines

addn reactn % yield diastereomers® % ee
naphthalene R T (°C) time (h) (total) 13:14 15
R = CH,0Me
4ab butyl -78 2 97 96:4 904
4a vinyl® -40 24 76 95:5 >98¢
4a phenyl -40 3 86 83:17 78
R =i-Pr
12a butyl ~-78 2 97 97:3 90
12a vinyl¢ -10 36 89 94:6 86¢
12a phenyl -40 6 87 87:13 74
R =t-Bu
12b butyl -78 2 99+ >99:1 >98
12b vinyl® 0 36 94 >99:1 >98¢
12b phenyl -40 6 81 95:5 90

9Determined by 300-MHz NMR and GLC. ®Data taken from ref 5. ¢Generated in situ from vinyltributylstannane and MeLi. ¢The
enantiomeric excess of all products in this column were determined by HPLC with use of Chiralcel OJ column and eluting with 3%
EtOH-hexane. In each case, racemic 15 was prepared and separations were base line. ¢The vinyl aldehydes 15 (R = CH=CH,) could not
be separated (HPLC) into enantiomers, but the corresponding reduced vinylcarbinols were readily separated by HPLC and evaluated for ee.
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We now describe a new, easily prepared chiral auxiliary
that does not possess the pendant C-4 methoxymethyl
‘group and gives even higher levels of diastereofacial ad-
ditions. The chelation model still, in our opinion, exists,
but takes on a different role (vide infra) not previously seen
in these systems. Furthermore, the convenience in using
this new auxiliary is only superseded by the truly unex-
pected stereochemical efficiency observed (Table I).

The starting naphthyloxazolines 12a and 12b were
prepared conveniently from (S)-valinol!® and (S)-tert-
leucinol,!!!2 respectively, from naphthoic acid 10 or na-
phthamide 11 as shown in Scheme I. It was advantageous
to study the efficiency of the tandem addition by com-
paring the diastereofacial selectivities resulting from al-
kyllithium addition to 12a, 12b, and the earlier utilized
oxazoline 4, which contains the ligand in the form of the
methoxymethyl group (Scheme II). In each case, we
compared the efficiencies of butyl-, vinyl-, and phenyl-
lithium additions followed by trapping the aza enolate with
methyl iodide to give 13 and 14. The surprising results
of this comparative study are given in Table I. The ste-
reochemical outcomes of the two oxazolines without the
chelating ligand (12a and 12b) are equal or superior to the
original oxazoline used, 4a. In fact, the tert-butyloxazoline
12b is somewhat more efficient than the isopropyl deriv-
ative 12a wherein we were unable to detect any a-face

(10) Aldrich Chemical Co., Milwaukee, Wisconsin. This may also be
prepared by reduction (LiAlH, or BHyMe,S) of (S)-valine: Organic
Syntheses; Wiley: New York, 1990; Collect. Vol. VII, p 530.

(11) Kindly supplied by Degussa, Hanau, Germany. Commercial
availability is still quite expensive from retail suppliers.

(12) Ozxazolines derived from valinol, tert-leucinol, and phenylglycmol
have recently been reported as chiral catalysts (a) Lowen
Abiko, A.; Masamune, M, Tetrahedron Lett. 1990, 31, 6005. (b) Evans,
D. A, Woe 1, K. A.; Hinman, M. M.; Faul, M. M JAm Chem. Soc.
’l,ggl, 113, 726. (c) Corey, E. J.; Imai, N.; Zhang, H.-Y. Ibid. 1991, 113,

Table II. Effect of Temperature on Addition to 12b (Mel

Trap)
reactn reactn yield % ee,
RLi time (h) T (°C) (%) 15
vinyl 24 -40 0
vinyl 36 0 94 >98e
vinyl 1 25 78 >98°
n-butyl 2 -8 99 >98
n-butyl 0.25 25 99 >98

2Since the aldehyde would not separate on chiral HPLC (see
Table I), these are the corresponding carbinols, after NaBH, re-
duction.

addition by butyl- or vinyllithium to give 14.

Hydrolysis of 13 and 14 was accomplished by procedures
described earlier® (MeOTY, 25 °C, 4 h; NaBH,, 0 °C, 24
h; oxalic acid, 25 °C, 12 h) to give the aldehydes 15 that
were assessed for enantiomeric excess using chiral sta-
tionary-phase HPLC (footnote, Table I). The yields for
the hydrolysis ranged from 70-85%, and the enantiomeric
purity, as seen in Table I, was excellent, particularly when
the tert-butyloxazoline 12b was employed. Of immediate
interest was the absolute configuration of the products 15.
In this regard, the HPLC was very helpful (via elution
order) since it showed that the major enantiomer was 15,
which was formed from all three chiral oxazolines 12a, 12b,
and 4a. Since the absolute configuration of 15 derived
from 4a was previously determined by X-ray crystal
structure,’ we can safely assume that the organolithium
reagent is adding to the 8-face of 12. We also examined
the effect of reaction temperature on the degree of ste-
reoselection, and the interesting results are tabulated in
Table II. Using vinyllithium (generated from vinyltri-
butylstannane) and butyllithium as exemplary nucleo-
philes, we performed the additions to 12b followed by
trapping with methyl iodide to furnish 13 and 14. As can
be seen, reaction at —40 °C completely retards vinyl ad-
dition to the naphthalene 12b. However, at 0 °C and room
temperature reaction proceeds well and is almost complete
after 1 h with virtually no loss in enantioselectivity in the
product. Similar results are seen for n-butyllithium ad-
dition followed by methyl iodide trap. The reaction is over
in 15 min at room temperature and with hydrolytic re-
moval of the chiral auxiliary gave the aldehyde 15 (R =
n-Bu) in essentially complete enantiomeric purity.

We currently are proposing that this extraordinary
stereoselectivity occurs by the organolithium complexing
to the B-face, opposite to the side carrying the large
tert-butyl (or isopropyl) group (Scheme IlI). The =-
system of the OC=N moiety in the oxazoline should
function as a m-base, and this would allow complexation
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to the organolithium and delivery of the organo portion
to the B-face of the naphthalene ring (16). The electrophile
(i.e., Mel) is then added and enters from the more ac-
cessible a-face generating 13, which is then observed as the
overwhelmingly major product. Hydrolysis, after reduction
of the C==N, gives the observed dihydronaphthalenes 15.
The steric effect in going from 12 to 16 must be very
specific since the range of temperatures explored (=78 to
25 °C) has little effect on the outcome.!3

(13) We have prepared and examined the alanine- and phenyl-
alanine-derived oxazolines 12 (R = Me, Ph) to assess the sensitivity of
the reaction to smaller steric influences. The de’s (at ~78 °C) for 12a (R
= Me) and 12b (R = Ph) were 75:25 and 86:14 respectively.

Finally, we briefly examined the 2-naphthyl system® 17
that, upon addition of n-butyllithium at —78 or 25 °C gave,
after methyl iodide addition, 94-98% yields of 18 and >99
and 97% diastereoselection, respectively. Here again, we
observed a relatively small temperature effect. The re-
action was complete in 2 h at =78 °C or 15 min at 25 °C.
Removal of the oxazoline, in the manner stated earlier,
gave the chiral aldehyde 19 in >98% ee from -78 °C re-
action and >90% ee from the 25 °C reaction.

.,L'B ~ el © o

17 18, R = 4-1-Butyl oxazoline
19, R = CHO

These impressive enantioselective results using a simple,
easily prepared chiral oxazoline will now make these sys-
tems more convenient to utilize. Although the yields of
product are comparable with all three oxazolines studied
(4, 12a, and 12b), the stereochemical results using tert-
butyl derivative appears to be overall superior and will
ultimately be the system of choice. We are also examining
these chiral oxazolines (12b) in other reactions (alkylations,
aryl couplings, etc.).
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Summary: The title compounds have been prepared from
3-acylpropionic acids 2 and (-)-R-phenylglycinol in a
three-step sequence in >98% enantiomeric excess. The
R group in 2 ultimately becomes the 2-substituent in the
chiral pyrrolidine.

In recent years, a number of laboratories have reported
asymmetric and enantioselective routes to 2-substituted
pyrrolidines.! In all these studies, either the enantiomeric
purity of the final product or the inconvenience of a large
number of synthetic steps, or both, detracted from the
overall utility of the process. We wish to describe our
preliminary results on a route to 2-substituted pyrrolidines
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which is both convenient to utilize and provides the final
products in >98% enantiomeric excess. Scheme I portrays
the overall three-step sequence which provides the non-
racemic 2-substituted pyrrolidines in ~50% overall yield.

The starting keto acid 2, if not commercially available,
is readily prepared by using the elegant procedure of
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