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solvent dependent conformational equilibria. The conformer with absolute P-
conformation, with CH2X (X= p-tosyl, Cl) group in a pseudoaxial (ya) position and

CH»>0ACc group in a pseudoequatorial (1e) nmm(m prevails in nonpolar solvents, as
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shown by 1l~1 NMR and CD spectra. For (35)-7 only a small shift of the
conformational equilibrium in a polar solvent (DMSO) is observed, whereas compound
(35)-8 inverts to a prevailing M-conformer. The inversion barrier for M/P equilibrium
is estimated on the bases of TDNMR data. For compounds (3R)-5 and (35)-7, 8 the

relative stability of the M/P conformers in the ground state is calculated by the MM2
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method; comparison of these resuits with CD and !H-NMR data reveal that nonpolar
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The solvent induced ring inversion in 1,4-benzodiazepines was observed for the first time for protonated
2 3-dihydro- 1H-1,4-benzodiazepine (25)-1 by Buss er al.l. On the basis of the CD spectra the authors
concluded that cnmnmmd (25)-1 exists as a sm ole M-conformer in the solvent mixture EtQH/MeQH, but

inverts to a P-¢ nformer in the solvent mixture THF/CH»Cl». Conformational assignment (M/P) followed
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C(9’) and C(5)- N(4) bond) is taken as the reference.! The authors expiained the ring inversion in the nonpoiar
solvent mixture by the concerted effect of intramolecular hydrogen bonding between N*-H and the carbonyl
group of the side chain, and n-x stacking of the side chain aromatic ring to the phenyl ring at C(5). Both
interactions are more effective in nonpolar than in polar solvents, and require a pseudoaxial (ya) side chain, i.e.

the inherently less stable conformational arrangement as shown by semiempirical PM3 calculations.!
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For centrochiral, 1-substituted 1,4-benzodiazepin-2-one (1°S)-2 we observed at room temperature two
diastereotopic conformations in equilibrium at ca 45:55 P/M ratio, governed by the (1'S) configuration of the

chiral center in the side chain on N(1); only the P-conformer is present in the crystal, however.3 Kajtar eral. 4
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he N(4) atom inverts the conformation from P in 3 to M in 3a. The authors explained this inversion by strong
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repulsive interactions between the ureido group on N(4) and phenyl ring on C(5).

Continuing our studies of conformational effects on the enantioselectivity of enzyme catalyzed acetylation
of 5-phenyl-3-hydroxyalkyl-1,4-benzodiazepin-2-ones in organic solvents,>® we have prepared, starting from
the prochiral 3,3-dihydroxymethyl derivative 4, 3-acetoxymethyl-3-hydroxymethyl compound (-)-§ in 90.2%
enantiomeric excess (e.e.). By combining CD and !H-NMR data, the (3R) configuration was assigned to (-)-5
in a strightforward way, and thus shows that immobilized lipase selectively acetylates the pro-R hydroxymethyl



ones (-)-7 and (+)-8, prepared from (-)-5, that leads to inversion of conformation of the later in polar solvents,
as revealed by CD and !H-NMR spectroscopy. Experimental results are compared with those obtained by
MM2 calculations, and some interesting discrepancies are observed. Compounds (-)-7 and (+)-8 discussed
herewith are key intermediates in the original route to a-substituted c-amino acids and their congeners.

RESULTS AND DISCUSSION

NMR and C
conformer of 3-monosubstituted 1,4-benzodiazepin-2-ones is observed in solution.24 According to the 'H-

NMR spectra, in CHCl3-d| and DMSO-dg, chiral 3,3-disubstituted derivative (-)-5 is also present in only one
and the same conformation in both solvents. For its derivatives (-)-7 and (+)-8, however, solvent-dependent
IH-NMR and CD spectra were observed indicating different position of equilibria between two
diastereomorphic conformers. Generally, the TH-NMR signal for the ya group at C(3) in 3-substituted 1,4-

benzodiazepin-2-ones is shifted upfield in relation to thr ¥e oriented group because of the strong shielding by

)

the anistropic cone of the anellated benzene ring.7 We therefore attempted to determine relative configuration, i.e.
Ya vs. Ye position for the two groups in the 3 3-disubstituted chiral compounds (-)-7 and (+)-8 by comparison

Aftha JTH_NMD Aata (in CHHCL, A fAar neashiral 4 and £ Mathulanis nratane of tha aranne n A

Ui Liv T 1IT1IN1VLIEN Uala \lll -1 l\.rlj ul] 1w }llU\.«lulal T aiju v, lviviiylvliiuv }’lUlUllD Vi tLu AAAY S ll_ 5] vupos il
O s o and A r..l_‘.--.-f‘t MA i 2 3 A rc

are l()u{l(] at .) ) ppm ana 4.254 ppm, dn(.l Ol tne tWo CUruUAC gr()uph l“ 0 are Iounﬂ at 3. DU ana 4.0> ppm

Compound (-)-7, instead, exhibits methylenic signals for the single CH2OAc group at 3.78 and 4.64 ppm, and
for (+)-8 the signals for the same protons appear at 3.41 and 4.23 ppm, respectively. Methylenic protons of the
CH>X group for (-)-7 appear at 3.98 and 4.78 ppm, and for (+)-8 at 3.83 and 4.70 ppm, Table 1, revealing an

Table 1. !H-NMR spectroscopic data for 1,4-benzodiazepin-2-ones 4-8 (in CHCl3-d;)

Compd. X Y dCHoX dCHpY
4 OH OH 348 (ym) 4.37 (ye)
(3R)-52 OH OCOCH3 3.94 (ya) 4.23 (yx)
6 OCOCH3 OCOCH3 3.80 (yn) 4.65 (yx)
3.98 (ya) 4.64 (ye)
35)-7a p-Ts OCOCH3 4.78 (ye) 3.78 (ya)
3.83 (ya) 423 (ye)
(35)-82 Ql OCOCH3 4.70 (ye) 3.39 (yn)

a. (3R)-Configuration was established for (-)-5;6 CIP descriptor of absolute
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equilibrium of two conformers in solution. The ratio, of the two conformers of 7 was estimated as 85:15, and

o A~ ~ m the 1
for 8 as 68:32, but no data about their absolute conformation, M or P, can be deduced from the "H-NMR

spectra. More electronegative chlorine and p-tosyl groups (X) shift CH>X protons to higher fieid than that of
CH2OACc group, but they also shift the later ones, as indicated in the Table 1. Therefore the assignment (ya, ye)

cannot be regarded as unequivocal without additional spectroscopic data. This information is obtained from the



CD spectra, allowing determination of the prevailing conformer in solution; in Fig. 1 are presented the CD
spectra of (-)-8, (-)-7, and (+)-8 in MeCN.
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Figure 1. CD spectra of compounds ()-8 (-------- Y, (-)-7 (----),(+)-8(-+---+-), in MeCN
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position of the larger CH2OAc group as e, and of C
spectra; 4.23 ppm for CHOAc methylenic protons and 3.94 ppm for CH;OH methylenic protons. Combining
this data allows the (3R) absolute configuration to be assigned for (-)-5. The CD spectrum of the p-tosylate (-)-
7 also reveals that the 7-membered ring adopts the P-absolute conformation mainly, i.e. larger CH>O-p-tosyl
group is oriented in a Ya position. The CD spectrum of (+)-8 differs from the CD of the other two congeners.
Its general feature represents a relatively strong band at 250-280 nm, a less intense negative wing at 240-260 nm

then a stronger one at ca 220 nm, indicating some distorsion of the benzodiazepine chromophoric system and an
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equilibrium of conformers. The position of the M/P equilibrium cannot be deduced from the CD spectra for any
of these compounds. For (-)-7 H-NMR spectroscopy revealed a ratio of 15:85in CHCl3-d;, which in DMSO-
enhances to 32:68, with the P-conformer as the prevalent one. On heating (-)- 7 in the NMR tube to 50 °C in

DMSO-dg the M/P ratio approaches 1:1, according to the known conformational ruie that the ratio of the iess
stable conformer enhances with temperature.8 These signals coalesce at 75 °C and became sharp singlets above
150 oC, where fast ring inversion takes place. Similarly, it can be concluded that (+)-8 in CHClI3 is prevalently
present in the P-absolute conformation, M/P ratio is ca 30:70, but this conformation ratio changes to prevalently
M (M/P 65:35) in the polar solvent DMSO.

Activation energies (AG™ for ring inversion of (-)-7 and (+)-8 can be calculated as 67.36 kJmol-! and
68.62 kJmol-!, respectively, and are close to the values for prochiral 4 (66.52 kimol- 1y and 6 (70.29 kJmol-1).

: nt NMR (TDNMR) spectrum of (+)-8 is i
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Figure 2. TDNMR Spectra of (+)-8 in DMSO-dg
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TDNMR data reveal that the energy barrier for ring inversion of the prochiral and chiral 3,3-disubstituted
1,4-benzodiazepin-2-ones 4-8 is only 4-8 kJmol-! lower than the C(3) unsubstituted congener (AG* 73.64
kJmol-1).9 Relative stability of the ground states of two the conformers defines the position of the equilibrium

for chiral denivatives; for prochiral ones, the two conformers are enantiomorphic. This data allows the reaction
CH, rOCOCH3
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Figure 3. Reaction coordinate and conformational equilibrium M-8 == P-8, in CHCl3-d;
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coordinate diagram for the ring-inversion process of (35)-8 as in Fig. 3 to be constructed. On the NMR time-
scale, inversion of the 3-substituted and 3,3-disubstituted derivatives of 1,4-benzodiazepin-2-ones proceeds at
similar frequency; it is the position of equilibrium that distinguishes these two classes of compounds. In the
former it is completely shifted to the ye conformer, whereas in the later, in some cases, high ratio of theya
conformer is present.

Solvent-dependent conformational equilibria observed in the NMR spectra of (+)-8 in CHCl3-d| and
DMSO-dg, are qualitatively reflected by the CD spectra in four solvents of different polarity, Fig. 4. After the

(=4
inflection point at 312 nm, a positive band in nonpolar solvents chanoes to a verv weak negcative hand in DMSQO
......... PRt AL O 24 R, @ PRSI VO DAl IR AUAPRRA SOIVOIS LAQUSTS W & VO 7 WAk DLgauive UliG il Jivaay
(at lawar wavalanath trancnarancy of all ealvante hut diavana 1o law) canfirming tha chift af tha amnilihelao,
Lat fuvrea “a'bl\allslll, uauayal\.u\,'y VL GLE ODULY ULILD UUL UIVUAAQLIU 1D TUYY ), \,Ululllllllls LIIT OilflIt Ul LUIT C\.lulllU 1uiil

1
370
A nm
Figure4. CD spectra (in the 300-350 nm region) of (+)-8 in; dioxane , (-------- ), CHCl3 (- - -),
CHsCls (-+-+-+-), and DMSO (.......).

In the addition to the spectroscopic data, conformational analysis, using molecular mechanics calculations,
were performed for (3R)-5, (35)-7 and (35)-8 revealing the relative stability of M- and P-boat conformers. For
each, M- and P- conformer, several conformational minima were found depend on the dihedral angles
N(4)-C(3)-C(3")-X and N(4)-C(3)-C(3")-OAc. The global minima energies obtained for two conformations are

presented in Table 2.
According to the total energy content, M-couformers, with CH2X group in a ye position are more stable
than those with the same group in a a position, i.e. their relative stabilities are opposite to those found in

nonpolar solvents. For (-)-8, stabilization of the M-conformer reaches the value of 13.8 kJmol-! and reflects

hydrogen bonding between hydroxymethyl group and amide oxygen, Fig 5. However, when hydrogen bondin

ac

V]

is not present the energy of the same conformer reaches the vaiue of 96.6 kimol-! which is higher than the total
energy of the global minimum of the P-conformer. The total energy of the minima with in the P-conformer alter

very little (4 kJmol-1)



Table 2. Selected angles and total energy (Eiot, in kimoi™!) for two conformers of the compounds
5,7and 8
C Angle Angle _
ompd N(4)-C(3)-C(3)-X  N(4)-C(3)-C(3")-OAc Foo Frot (M=)
M-(3R)-5 58 -176 81.6
-138
P-(3R)-5 168 178 95.4
M-35)-7 60 ~177 105.0
-58
P-(35)-7 49 179 110.9
M-(35)-8 -66 173 107.1
-5.4
P-(35)-8 175 -55 112.5

For (35)-7 and (35)-8 the energy difference in favour of the M-conformer diminishes to 5.8 kJmol-1 and
5.4 kmol-! respectively. Stabilization of M-7 over P-7 presumably rises from m— interactions of the p-tosyl
on C(3) and the 5-phenyl group. The overlap is not ideal but the average distance (3.5 A) is within Waals
contact distance.10 Interaction of - type is less effective between the annclated ring and the i oriented

p-tosyl group due to steric crowding. Replacement of the hydroxy group by a chlorine destroys hydrogen-
bonding in (35)-8 and predominant stabilization of the M-conformer is no longcr expected. Conformational

analysis gave several energctlcally close minima for the both conformers ranoing from 107-118 kJmol-! for the
M-conformer and 112-128 kKJmol™! for the P-conformer. The highe ergy minima were obtained when the
chiorine or acethoxy group entered the cone of the benzodiazepine ring. This overiap in energy minima obtained
for the gaseous state reveals that external influence, like solvent, determines the favourable conformer.

Specific conformational mobility and sensitivity of (-)-7 and (+)-8 to the medium could be explained by
the solvent effect on the repulsive interaction of the electronegative substituent within the anisotropic cone of the
anellated aromatic ring when the CH2X group is present in the ya position. Since the solvent is involved in any

conformational equilibrium, polar groups being only slightly solvated in nonpolar solvents seem “smaller” and

therefore more easily present in axial position; in the solvent of high polarity, inversion of P- to M-conformers
occurs.
In conclusion, we have presented the first example of a solvent dependent conformational equilibrium for

chiral 3,3-disubstituted 1.4-benzodiazepin-2-one, and also rationalized the effect of the solvent. Compounds
(35)-7 and (35)-8 in nonpolar solvents are prevalently in the P-absolute conformation, characterized by (-) CE
band (couplet) at ca 260 nm. Consequently, their CH>X roup is in the e position. IH-NMR spectra in the
polar solvent (DMSO) reveal enhanced M/P ratio for (35)-7; for (35)-8 it even inverts. The higher ratio of the
P-conformer in less polar solvents can be explained by the stronger repulsive interaction of theya substituent
within the anisotropic cone of the anellated ring, an effect which is not properly reflected in the MM2

calculations.
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Figure 5. Baii and stick presentation of MM2 calculated minimum energy conformations of M-(3R)-5,
P—3R)-5, and of M-(35)-7,8 and P-(35)-7 8.
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EXPERIMENTAL

General remarks. !H- and 13C-NMR spectra were recorded on Varian Gemini XL 300 spectrometer
for CDCl3 solutions, & in ppm relative to TMS as internal reference, and J in Hz, IR spectra were recorded on
Perkin Elmer 297 spectrometer for KBr pellets. Melting points were determined on Electrothermal Melting
Point Apparatus and were not corrected. Optical rotations were measured on an Optical Activity AA-10
Automatic Polarimeter in a 1 dm cell; concentrations are given in g/100 ml. CD spectra were recorded on Jobin-

Y von instrument; calculated for 100% opt. purity. HPLC analyses were performed on HP 1050 chromatograph
with C1IR RP (Q u\nlnn 250 x 4.6 mm) reverse nh_:P column: separation was monitored bv HP 1050 UV

CI8 RI elco, 250 x verse phase 1; separatio vitored by 1050
detector set up at 254 nm and connected to HP 3396A integrator. Chiral column Chiralcel OD (from Diacel Co.)
was used in this work. During usual work-up all organic extracts were dried over Na>SO4 or MgSO4 and
evaporated in vacuo on a Biichi rotavapor. Preparation of 3,3-dihydroxymethyl-1,4-benzodiazepin-2-one, its
kinetic resolution to (-)-§ by the immobilized lipase Novozyme 435, and bis-acetylation to 6 are described in
ref. 6.

(-)-3-Acetoxymethyl-5-phenyl-7-chloro-3-(tosyloxymethyl)-1-methyl-2,3-dihydro-1H-
1,4-benzodiazepin-2-one ((-)-7). To the solution of (-)-5 (0.38 g, 1.0 mmol) in pyridine (5.0 ml), stirred
and cooled to 3 °C, was added over 1 h freshly crystallized p-TsCl (031 g, 1.6 mmol). Then reaction flask was
deposited for 72 h in a refrigirator, and the reaction was followed by TLC using dichloromethane/EtOAc
(9.0:1.0) as eluent. Water was added (10.0 ml), and the reaction mixture was extracted with dichloromethane
(3x15 ml), organic extracts were washed with 10% aq. HCI (3x15 ml), then with saturated sodium bicarbonate

- - P 3 = mbD. and water TE 1Y T Towinl emrcmabinice IR S -
solution (3x15 ml), and water (3x15 ml). Usual workup and chrom
'

dichioromethane/EtOAc (9.0:1.0) as eluent afforded (-)- 7 (425 mg, 79.3 /o) asa nystaiii
1.

0.85 in THF), mp. 89-92 °C. IR (KBr): 1710, 1630 (w), 1230, 1030, 700 cm * 'H.NMR (CDCl3): 1.89 (s,
3H), 2.44 (s, 3H), 3.38 (s, 3H), 3.78 (d, J 11.5 Hz, 1H), 3.98 (d,J 11.3 Hz, 1H), 4.64(d, J 10.0 Hz, 1H), 4.78
(d, J 10.0 Hz, 1H), 7.17-7.93 (m, 8H). BC.NMR (CDCl3): 20.17, 21.37, 36.67, 56.94, 67.87, 72.27, 123.20,
128.14, 128.25, 128.37, 128.87, 129.01, 129.13, 129.45, 129.69, 129.75, 130.55, 131.01, 132.06, 13841,
167.46, 168.66, 170.18. Anal. for Ca7H25N2SO6Cl (541.01): Caled.: C 59.94, H 4.66, N 5.18. Found: C

60.04, H 4.58, N 5.14.

(+)-3-Acetoxymethyl-5-phenyl-7-chlore-3-chloromethyl-1-methyl-2,3-dihydro-1H-1,4-
benzodiazepin-2-one ((+)-8). Triphenylphosphine (0.45 g, 1.75 mmol) dissolved in dichloromethane

(10.0 ml) was added in small portions over 15 min at 0 °C to hexachlorodimethylcarbonate (0.2 g, 0.67 mmol).
a . An ¥ _at crima miimesmmmd e o A o P IPUSPS IR, Dk SR (DRI, D N me A2 &
After 30 min SllleG the solution was evaporatea o yncsb and to ine s011d COIouress résique was aadcd a
solution of compound (- )-8 (0.61 g1 .6 mmol) in dichioromethane (5.0 mi). Stirring was continued for 20 h

45 OC. After usual workup, the crude product was purified by column chromatography with
dichloromethane/acetone (9.0:1.0). Crystallization from n-hexane afforded (+)-8 as colourless crystals (0.41 g,
64.3%), [alp +27.6 (¢ 1.7 in THF), m.p. 99-101 °C. IR (KBr): 3450 (broad, w), 1745, 1670, 1610 (w), 1220,
855,700 cm . JH-NMR (CDCl3): 1.95 (s, 3H), 2.12 (s, 3H), 3.39 (dd, J 8.4 Hz, 2H), 3..41 (s, 3H), 3.83 (s,

2H), 4.23 (dd, J 10 Hz, 2H), 4.70 (dd, J 8.8 Hz, 2H). >*C-NMR (CDCl3): 20.40, 36.93, 50.37, 57.37, 66.07,
103.66, 123.16, 12840, 129.55, 129.75, 130.64, 131.03, 132.07, 14133, 167.44, 189.07, 194.48. Anal. for
CopH1gN203Cls (405.28): Caled.: C 59.27, H 4.48, N 6.91. Found: C 59.41, H 4.59, N 6.84.
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From the coalescence temperature T¢, determined by TDNMR, k¢ and AG# values for ring-inversion

were calculated.!1
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