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ABSTRACT

The â-amino alcohol 4â-morpholinocaran-3r-ol is prepared by addition of morpholine to r-3,4-epoxycarane utilizing anhydrous magnesium
bromide as Lewis acid promoter. The enantiopure amino alcohol is uniquely effective as a chiral moderator for the addition of lithium
cyclopropylacetylide to an unprotected N-acylketimine. This reaction provides an efficient route to the second generation NNRTI drug candidate
DPC 963.

Sustiva (evavirenz,1)1 is the DuPont Pharmaceuticals
Company’s HIV-1 non-nucleoside reverse transcriptase
inhibitor (NNRTI) which is widely prescribed in the treat-
ment of HIV. The related dihydroquinazolinones DPC 961,
2, and DPC 963,3, are second generation NNRTIs which

exhibit increased effectiveness against K103N-containing
human immunodeficiency virus as well as other NNRTI-
resistant mutant viruses.2

A practical and efficient route to DPC 961 has been
described3 and involves the diastereoselective addition of a
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magnesium cyclopropylacetylide to in situ generated aza-
tetraene4a as shown in Scheme 1. We were surprised to

discover that this chemistry fails as a synthetic route to DPC
963. Generation of the corresponding difluoro-substituted
azatetraene4b and addition of the magnesium acetylide gave
exclusively 1,2-addition (Scheme 1).

Consequently, we sought an alternative approach to DPC
963 based on the enantioselective addition of lithium
cyclopropylacetylide to ketimine5 as shown below. In the
equation, AA* represents a chiral moderator (amino alcohol)
which we hoped to recover and recycle. Previous studies4

on related additions to cyclicN-acyl ketimines using
norephedrine-derived ligands suggested the possibility of
utilizing a chiral â-amino alcohol as a chiral moderator.
However, for reasons of efficiency we wished to avoid the
N-protection/deprotection protocol required in the earlier
studies.

We have previously described5 a library of â-amino
alcohols prepared by straightforward parallel synthesis from
enantiopure epoxides and secondary amines. Forty selected

â-amino alcohols were rapidly screened as chiral moderators
for acetylide addition to5 following a standard protocol.6

In general, addition proceeded with low enantioselectivity
(<20%) and limited conversion (<30%). A notable exception
was a series of limonene oxide-derived amino alcohols67

which promoted the desired addition in up to 74% enantio-
meric excess at 84% conversion. To improve this enantio-
selectivity, we conceived of7 as a more rigid, “locked”
version of6.

Preparation of7 proved straightforward8 as shown below.
Epoxidation of inexpensive9 (+)-3-carene with MCPBA is
known10 to occur exclusively on the face opposite to the
cyclopropyl ring to afford the epoxide8. Treatment of8 with
morpholine in the presence of magnesium bromide as a
Lewis acid promoter11 afforded7 contaminated with 4% of
an isomeric impurity. The crude product was purified by
crystallizing7 as its 2,4-dihydroxybenzoic acid salt.12 Pure
7 could then be obtained as a low-melting solid upon free-
basing with aqueous sodium hydroxide. The stereochemistry
of 7 was confirmed via an X-ray crystal structure.13 Given
the easy synthesis and potential low cost of7 we find it
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surprising that this known8 amino alcohol has not been
utilized previously as a chiral ligand.

We were pleased to discover that, under our standard
conditions,7 promotes the addition of lithium cyclopropyl-
acetylide to5 in 80% enantiomeric excess. Optimization of
the reaction conditions further improved these results.
Lithium bis(trimethylsilyl)amide proved superior to butyl-
lithium or other lithium amides as the strong base in this
system. In contrast to previous studies14 of addition reactions
involving lithium cyclopropylacetylide and chiral amino
alcohol moderators, a 3:1 ratio of chiral moderator7 to
N-acylketimine5 proved optimal in terms of both yield and
enantioselectivity. Under these conditions theS/Rselectivity
for LiCPA addition is increased to 97:3.

This chemistry has been applied to the synthesis of DPC
963 as summarized in Scheme 2.15 Ketimine 5 is prepared

by treatment of the known1d aminoketone with potassium
cyanate followed by benzenesulfonic acid-catalyzed dehydra-
tion. One molar equivalent of5 is added to a mixture of7

(3 equiv), cyclopropylacetylene (3 equiv), and lithium bis-
(trimethylsilyl)amide (6 equiv) in THF. After 16 h at 0°C
and a further 3 h at 30 °C, extractive workup affords crude
3 in 94% enantiomeric excess. Crystallization from heptane
affords DPC 963 in 85% yield and 99.6% enantiomeric
excess. Amino alcohol7 could be recovered unchanged (92%
recovery) by basification of the citric acid extracts. The
recovered amino alcohol is of suitable purity to be recycled
directly.

In summary, we have introduced amino alcohol7 as an
inexpensive ligand for chiral synthesis. Using7 as a chiral
moderator, the potent NNRTI drug candidate DPC 963 has
been prepared in three steps and 75% overall yield from a
readily available achiral starting material. Additional ap-
plications of7 in asymmetric synthesis are under investiga-
tion and will be reported in due course.
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(13) Details of the X-ray structure are given as Supporting Information.
A noteworthy feature is that four independent molecules of7 are present
in the unit cell. In three of these, the cyclohexane conformation is a twist-
boat and the O-C-C-N dihedral angle is in the range 91-96°. In the
fourth molecule the conformation is a twist-chair with the OH and
morpholine nitrogen in pseudoequatorial positions and the dihedral is 60.2°.
Thus, although7 is clearly more rigid than6, the backbone of7 still
possesses significant flexibility.
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99.6% ee). Spectroscopic properties were identical to those reported
previously (ref 2).
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