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Summary

Absolute conformation of 7-chloro-5-phenyl-1-[(S)-a-phenylethyl]-1, 3-dihydro-
2H-1,4-benzodiazepin-2-one (1¢) in crystal, and its inversion rate in solution were
determined, enabling prognosis of direction of asymmetric induction during
C(3)-alkylation.

Alkylation of carbanions in the conformationally rigid chelates of the chiral
molecules represents one of the most explored asymmetric syntheses. Meyers [1],
Yamada [2] [3], and Enders [4] [5] amply demonstrated that lithium chelates of the
chiral molecules gave high asymmetric induction. Tetrahedral oxygen within a
methoxy group is a particularly effective coordinating site for lithium ions [I]
though in some cases electron-rich N- [2] [3] and O-atom in amides [6] exhibit
chelating abilities as well.

We anticipated that the amidic O-atom on C(2), and the N (4)-atom of 1,4-
benzodiazepin-2-ones (la-1c¢) may provide coordination sites for lithium
(or potassium) ions. Another aspect of this rationale was the boat conformation,
repeatedly established for these compounds in crystal [7], as well as in solution [8]
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[9]. Their carbanions should be alkylated from the quasi-equatorial direction,
proceeded by realignment and displacement of metal halides [10] (Scheme 1). In
view of these facts we initiated the study of asymmetric induction with chiral benzo-
diazepine 1c, recently prepared in the course of another program [11].

Absolute configuration at the induced chiral centre C(3) in Ic will be dictated by
the absolute conformation of the 7-membered ring. The latter should in turn be pre-
determined by the absolute configuration of the incorporated a-phenylethyl moiety
(S in 1¢). X-ray crystal structure determination of Ic revealed a P-absolute con-
formation?) of the 7-membered ring appearing in boat form (Fig.). The values
of torsion angles: C(10)-N(1)-C2)—-C(3) —129(6)°, N()~-C(2)—C(3)-N@4)
[—68.4(5)°], C2)—CB)-N@)-C(5)[74.6(5)°], CBE)~N)—-C(5)—C(11)[2.9(6)°},
N(4)—C(5)—C(11)—C(10)[— 48.4(6)°], and displacements of C(3) (— 0.763 A), C(10)
(—0.841 A), C(11) (—0.859 A) from the best least-squares plane defined by the
N(1)-, C(2)-, N(4)- and C(5)-atoms are evidence for this conformation:

Since only weak varn der Waals forces are expected to be the dominant inter-
ections the conformation of 1¢ should be maintained in the solution, as confirmed
by polarimetric determination of the temperature-dependent ring-inversion (P= M)
rates (Table 1).

'H-NMR. spectroscopy revealed that equilibrium ratio P/M for lc at 35° in
CDCl, is 55: 45, i.e. that P-conformer remains as the more stable one in solution.

The first series of alkylations (Table 2 and Scheme 2) afforded prevalently (3R)-
diastereomers, as expected for quasi-equatorial attack on the P-conformer of lc.

Configuration at the induced chiral centre in compounds 2d-2f was easily
deduced by comparison of CD.-spectra of (+)-2d (minor diastereomer) with
(+)-2b, the latter compound being prepared from (S)-alanine?®). Both compounds

Figure. Projection of the molecule of 1¢
showing P boat conformation

2)  For the nomenclature see Figure I in[12].
%) For preparation of (+)-2b (7-chloro-1,3-dimethyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-
one)see[14]. All new compounds exhibited expected analytical- (C,H,N)andspectral (IR, NMR.)data.
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Table 1. Ring inversion rates for 1¢ (in CHCl3)

T . {°C T . (°C
Entry é‘gﬁg ) ki X 10%/52) Entry (;‘gﬂ )( ©) kige X 1095
1 10 1.17+0.02 5 30 12.51£0.20
2 15 2.16+0.04 6 35 16.51+0.20
3 20 4.06+0.14 7 40 24.03+0.39
4 25 7.44 £ 0.09

AG* =14.35+ 0.93b) kcal/mol AS*=727+299¢.u.

4)  Each value is the average of two polarimetric measurements.

Y}  This value reveals that the corresponding one for la (7-chloro-5-phenyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-one) is also high (17.6 kcal/mol, determined by Linscheid er al. using a less
accurate ZH-NMR. method [13]).

Table 2. Alkylation of 1c

Entry R-X Reaction conditions Product Configuration at C(3) of the
Diastereo-  Yield (%) prevalent diastereomer
meric excess

(%))
1 Me-1 -BuOK/THF/—10°  2d°) (31) 69.2 R
2 Me-1 +-BuOK/THF-65° 24 (30) 80.1 R
3 Me-1 LDA/THF/ ~ 10° 24 (3) 694 R
4 Me-1 LDA/THF - 65° 24 (6) 503 R
5 EtBr +-BuOK/THF/—65°  2¢%) (6) 107 R
6 Etl -BuOK/THE/~65° 2e (9) 584 R
7 PhCH,-Br  r-BuOK/THF/—65° 2f1) (26) 84.2 R
8 PhCH,-Br  LDA/THF/ - 65° 2 (21) 575 R
9 F10OC-CI  LDA/THF/RT. 2g  (85) 430 -

4) Indicated in the product mixture by NMR., determined quantitatively after separation of dia-
stereomers on silica gel column (ethylacetate/heptane 1:6 as eluant).

b}y 2d: 7-Chloro-3-methyl-5-phenyl-1-(a-phenylethyl)-1, 3-dihydro-2 H-1, 4-benzodiazepin-2-one.

¢} 2e: 7-Chloro-3-ethyl-5-phenyl-1-(u-phenylethyl)-1, 3-dihydro-2 H-1,4-benzodiazepin-2-one.

dy  2f: 7-Chloro-5-phenyl-1-(a-phenylethyl)-3-(phenylmethyl)-1, 3-dihydro-2 H-1,4-benzodiazepin-2-
one.

exhibited nearly superimposable CD. curves*). Configuration of (+ )-2g (7-chloro-
3-(ethoxycarbonyl)-S-phenyl-1-(a-phenylethyl)-1, 3-dihydro-2 H-1, 4-benzodiazepin-
2-one), obtained as the major product is not determined as yet, however, it was
obtained in the highest diastereomeric excess.

In the course of this study we noticed an easy H/D-exchange process at C(3) in
the ethoxycarbonyl substituted derivatives 2a (7-chloro-3-(ethoxycarbonyl)-5-
phenyl-1, 3-dihydro-2 H-1,4-benzodiazepin-2-one), and 2¢ (7-chloro-3-(ethoxycar-
bonyl)-1-methyl-S-phenyl-1,3-dihydro-2 H-1,4-benzodiazepin-2-one) affording 3a
(7-chloro-3-(ethoxycarbonyl)-5-phenyl-[3-2H,]-1,3-dihydro-2 H-1,4-benzodiazepin-

4)  (+)-(S)-u-Phenylethylamino-5-chloro-benzophenone could be recovered after hydrolytic cleavage
of a-amino acids, and recyclized into 1c¢. Model experiments with optically pure (+ )-2b afforded
80-90% of (S)-alanine with 100% optical purity (after separation on Dowex 50, H*-form column),
thus, revealing that no racemization occurred in this step. Hydrolyses were performed in 1IN NaOH
at 80°, during 21 h. The authors are indebted to Dr. B. Belin for performing these experiments.
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2-one) and 3b (7-chloro-3-(ethoxycarbonyl)-1-methyl-5-phenyl-[3-2H,]-1, 3-dihydro-
2 H-1,4-benzodiazepin-2-one), respectively (Scheme 3). Thus, 2a underwent
>98% H/D exchange when heated in DMSQ/D,0 (molar ratio 2a/D,0 being 1:18)
for 4 h at 60°, or in THEF/D,0O for 22 h at 90°. For 2¢ the exchange rate k,, = 1.73
+0.4%x 1073/s was determined by NMR. (at 35+ 0.1° in DMSO/D,0; strong acid
catalysis was noticed, however).
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Regioselective hydrogenation of 3a (OMH-1/toluene)®) afforded 4a (7-chloro-3-
(hydroxymethyl)-5 - phenyl-[3-2H,]- 1,3 -dihydro-2H - 1,4 - benzodiazepin - 2 - one)
(82%)%) which was trimethylsilated into 4b (7-chloro-5-phenyl-3-(trimethylsiloxy-
methyl)-{3-2H,]-1,3-dihydro-2H-1,4-benzodiazepin-2-one) (100%). This compound
was converted by fluorination to 4 ¢ (7-chloro-3-(fluoromethyl)-5-phenyl-{3-?H,}-1, 3-
dihydro-2H-1,4-benzodiazepin-2-one) and hydrolysis afforded (+)-3-fluoro[2-2H,}-
alanine (5). (S)-Enantiomer of the latter was found to possess broad-spectrum anti-
bacterial activity [16]. Compound (1'R,3S5)-2g could be diastereoselectively
deuteriated at C(3) affording (1'R, 35)-3¢ (7-chloro-3-(ethoxycarbonyl)-5-phenyl-1-
(a-phenylethyl)-1.3-dihydro-2 H-1,4-benzodiazepin-2-one), an intermediate for
new. enantioselective synthesis of (S)-3-fluoro [2-’H,)alanine. This approach to
(S)-5 is currently under investigation in our laboratories.

%) “OMH-I’ is an about 1M solution of [(C;Hs)AlH;|Na supplied by Ethyl Corp., Baton Rouge,
Indiana.

) For the modified procedure used see {15].
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The authors are indebted to Prof. G. Snafzke, Ruhruniversitit Bochum, F.R. Germany, for
obtaining the CD. spectral data.
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