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Abstract
C23H27NO4, monoclinic, P1211 (No. 4), a = 6.356(2) Å,
b = 17.418(5) Å, c = 9.586(3) Å, � = 100.75(2)°, V = 1042.6 Å3,
Z = 2, Rgt(F) = 0.055, wRref(F

2) = 0.153, T = 293 K.

Source of material
Starting from N-(diphenyl-methyl)-3(S)-[1	(R)-hydroxyethyl]-
4(S)-(t-butyl-oxomethyl)-azetidin-2-one [3], after treatment at
293 K with N-bromosuccinimide (1.2 equiv.) in CH2Cl2-H2O
mixture (5:1) under irradiation (white light) in the presence of a
catalytic amount of molecular bromine (0.1 equiv.), we could iso-
late the titled compound (crude) as a yellowish oil. A typical sig-
nal at 87.4 ppm in 13C NMR spectroscopy indicated the presence
of an O,N-hemi-aminal motif (N–C–OH) [6]. The compound was
crystallized by slow evaporation from a CH2Cl2 solution.

Experimental details
All the H atoms of the CH2, CH3 and aromatic groups were calcu-
lated. Those of the CH and OH were located by difference Fourier
maps. The H atoms were refined with a common isotropic tem-
perature factor (Uiso = 0.120(4) Å2).

Discussion
Chiral functionalized azetidinones (�-lactams) are valuable
key-intermediates in organic synthesis for the preparation of vari-
ous biologically active compounds [1], particularly in the field of
antibiotics related to the large family of penicillins [2]. Recently,
we became interested in the synthesis of novel precursors of
carbapenems [3, 4]. Our strategy involved the use of a benzhydryl
moiety as N-protecting group of the azetidinone ring, instead of
the habitual p-anisyl substituent [2] which requires large quanti-
ties of ceric ammonium nitrate (CAN), a highly toxic reagent, for
deprotection. We found that the benzhydryl group could be
readily and quantitatively cleaved by a two-step process as fol-
lows [5]: (i) photoactivated bromination and in situ hydrolysis of
the resulting N-(1,1-diphenyl)-bromomethyl residue into
N-(1,1-diphenyl)-hydroxymethyl residue; (ii) acid-catalyzed de-
composition of the hemi-aminal intermediate into NH-azeti-
dinone and benzophenone. Usually, hemi-acetal and hemi-
aminal compounds are unstable, and rapidly decompose to regen-
erate their carbonyl precursors. However, N-[1	,1	-(diphenyl)-
hydroxymethyl]-3(S)-[1	(R)-hydroxyethyl]-4(S)-(t-butyl-oxo-
methyl)-azetidin-2-one was surprisingly stable and required the
addition of a strong acid (p-Tos-OH, 1 equiv.) to release benzo-
phenone.
X-ray diffraction analysis of a monocrystal confirmed unambigu-
ously the O,N-hemi-aminal structure of the title compound. This
structure was initially proposed on the basis of 1H and 13C NMR
data only [6]. Only 4 structures of azetidin-2-one with the
N-hemi-aminal motif have been reported [7-10,11]. In all these
molecules the C—N (mean value 1.432 Å) and C—OH (mean
value 1.390 Å) bond lengths are shorter than those observed in the
title compound, 1.472(5) Å and 1.418(5) Å respectively. This is
probably the result of the steric constraint on the C atom resulting
from the substitution by two phenyl rings. There are two
intermolecular hydrogen bonds with the following geometry:
O7–H7···O5(1+x, y, z): d(O—H) = 0.86 Å; d(H···O) = 2.13 Å;
d(O···O) = 2.959 Å; 
O–H···O = 161°. O16–H16···O7(x–1, y, z):
d(O—H) = 1.19 Å; d(H···O) = 1.98 Å; d(O···O) = 2.998 Å;

O–H···O = 140°. A slight intramolecular interaction is also ob-
served between the OH and the C=O of the N-hemi-aminal group:
O16–H16···O5: O16-H16 = 1.19 Å; H···O = 2.54 Å; O···O =
3.510 Å and O-H···O = 137°. This is rather curious as a nice
intramolecular H bond involving this hydroxyl and the other car-
bonyl oxygen (O10) would be possible (d(O16···O10) = 2.91 Å
but H16 is not properly oriented (d(H16···O10) = 3.19 Å).
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N(1) 2a 0.6801(5) 0.2220(2) 0.2979(3) 0.054(2) 0.037(2) 0.044(2) −0.001(1) 0.016(1) 0.002(1)
C(2) 2a 0.6454(6) 0.1541(2) 0.2287(4) 0.047(2) 0.037(2) 0.049(2) −0.003(2) 0.012(2) −0.006(2)
C(3) 2a 0.7761(6) 0.1769(2) 0.1173(4) 0.050(2) 0.040(2) 0.041(2) −0.003(2) 0.010(2) −0.005(2)
C(4) 2a 0.7882(6) 0.2582(2) 0.1906(4) 0.050(2) 0.039(2) 0.036(2) −0.002(2) 0.013(2) 0.002(2)
O(5) 2a 0.5462(5) 0.0969(2) 0.2499(3) 0.072(2) 0.045(2) 0.071(2) −0.015(2) 0.023(2) −0.007(2)
C(6) 2a 0.9821(7) 0.1306(3) 0.1251(4) 0.057(3) 0.042(2) 0.054(2) −0.001(2) 0.012(2) −0.009(2)
O(7) 2a 1.0983(5) 0.1356(2) 0.2667(3) 0.066(2) 0.068(2) 0.059(2) 0.013(2) 0.008(2) 0.003(2)
C(8) 2a 1.1155(7) 0.1549(3) 0.0174(5) 0.057(3) 0.084(3) 0.065(3) −0.002(2) 0.023(2) −0.009(3)
C(9) 2a 0.6508(7) 0.3185(3) 0.1006(5) 0.053(3) 0.052(3) 0.056(2) 0.004(2) 0.008(2) 0.007(2)
O(10) 2a 0.4592(6) 0.3156(3) 0.0943(5) 0.057(2) 0.132(4) 0.163(4) 0.015(2) 0.015(2) 0.091(3)
C(11) 2a 0.7487(7) 0.3789(3) 0.0213(5) 0.080(3) 0.049(3) 0.053(3) 0.001(2) 0.012(2) 0.014(2)
C(12) 2a 0.886(2) 0.3428(5) −0.071(1) 0.25(1) 0.118(7) 0.154(7) 0.033(7) 0.128(8) 0.066(6)
C(13) 2a 0.579(1) 0.4283(5) −0.066(1) 0.140(7) 0.124(6) 0.179(9) 0.024(5) 0.026(6) 0.097(6)
C(14) 2a 0.893(2) 0.4269(6) 0.127(1) 0.30(2) 0.138(7) 0.144(8) −0.146(9) −0.068(8) 0.062(7)
C(15) 2a 0.5914(6) 0.2532(2) 0.4173(4) 0.048(2) 0.043(2) 0.048(2) 0.009(2) 0.016(2) −0.002(2)
O(16) 2a 0.3720(4) 0.2716(2) 0.3714(3) 0.041(2) 0.067(2) 0.074(2) 0.009(1) 0.010(1) 0.000(2)
C(17) 2a 0.7152(6) 0.3266(2) 0.4705(4) 0.056(2) 0.042(2) 0.045(2) 0.000(2) 0.018(2) −0.008(2)
C(18) 2a 0.6111(8) 0.3952(3) 0.4743(5) 0.076(3) 0.048(3) 0.070(3) 0.012(2) 0.014(2) 0.002(2)
C(19) 2a 0.725(1) 0.4604(3) 0.5279(6) 0.140(6) 0.036(3) 0.083(4) 0.004(3) 0.027(4) −0.007(2)
C(20) 2a 0.941(1) 0.4568(3) 0.5775(6) 0.117(5) 0.055(3) 0.064(3) −0.028(3) 0.035(3) −0.017(2)
C(21) 2a 1.0445(8) 0.3890(3) 0.5714(6) 0.068(3) 0.082(4) 0.081(3) −0.019(3) 0.020(3) −0.026(3)
C(22) 2a 0.9338(7) 0.3235(3) 0.5184(5) 0.058(3) 0.055(3) 0.076(3) −0.002(2) 0.018(2) −0.014(2)
C(23) 2a 0.6143(6) 0.1916(2) 0.5347(4) 0.051(2) 0.046(2) 0.039(2) −0.003(2) 0.010(2) −0.004(2)
C(24) 2a 0.4626(7) 0.1882(3) 0.6219(5) 0.055(3) 0.083(3) 0.055(3) −0.008(2) 0.018(2) 0.003(3)
C(25) 2a 0.4795(9) 0.1333(4) 0.7263(5) 0.080(4) 0.120(5) 0.056(3) −0.029(4) 0.027(2) 0.003(3)
C(26) 2a 0.644(1) 0.0803(3) 0.7461(5) 0.097(4) 0.085(4) 0.047(3) −0.022(3) 0.004(3) 0.015(3)
C(27) 2a 0.7943(9) 0.0845(3) 0.6616(5) 0.098(4) 0.066(3) 0.053(3) 0.007(3) 0.009(3) 0.007(2)
C(28) 2a 0.7807(7) 0.1392(2) 0.5558(4) 0.066(3) 0.048(3) 0.047(2) 0.002(2) 0.015(2) 0.008(2)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(8A) 2a 1.2414 0.1235 0.0276 0.120(4)
H(8B) 2a 1.1566 0.2077 0.0329 0.120
H(8C) 2a 1.0330 0.1490 −0.0766 0.120
H(12A) 2a 0.7989 0.3117 −0.1415 0.120
H(12B) 2a 0.9925 0.3113 −0.0134 0.120
H(12C) 2a 0.9549 0.3822 −0.1159 0.120
H(13A) 2a 0.4865 0.3968 −0.1331 0.120
H(13B) 2a 0.6461 0.4663 −0.1155 0.120

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

Crystal: colourless parallelipiped,
size 0.18 × 0.20 × 0.32 mm

Wavelength: Mo K� radiation (0.71069 Å)
�: 0.83 cm−1

Diffractometer, scan mode: MAR345, 53 images, �� = 3°
2�max: 46.5°
N(hkl)measured, N(hkl)unique: 4332, 2782
Criterion for Iobs, N(hkl)gt: Iobs > 2 �(Iobs), 2285
N(param)refined: 270
Programs: SHELXS-97 [11], SHELXL-97 [12],

PLATON [13]

Table 1. Data collection and handling.

146 C23H27NO4

H(13C) 2a 0.4971 0.4532 −0.0044 0.120
H(14A) 2a 0.9570 0.4660 0.0778 0.120
H(14B) 2a 1.0024 0.3953 0.1800 0.120
H(14C) 2a 0.8110 0.4505 0.1897 0.120
H(18) 2a 0.4642 0.3982 0.4412 0.120
H(19) 2a 0.6536 0.5068 0.5299 0.120
H(20) 2a 1.0163 0.5002 0.6150 0.120
H(21) 2a 1.1917 0.3864 0.6032 0.120
H(22) 2a 1.0068 0.2775 0.5151 0.120
H(24) 2a 0.3499 0.2231 0.6097 0.120
H(25) 2a 0.3780 0.1317 0.7847 0.120
H(26) 2a 0.6527 0.0426 0.8156 0.120
H(27) 2a 0.9078 0.0499 0.6754 0.120
H(28) 2a 0.8839 0.1408 0.4987 0.120
H(3) 2a 0.69(1) 0.169(4) 0.028(8) 0.120
H(4) 2a 0.95(1) 0.277(4) 0.238(7) 0.120
H(6) 2a 0.95(1) 0.078(4) 0.105(7) 0.120
H(7) 2a 1.22(1) 0.114(4) 0.265(7) 0.120
H(16) 2a 0.340(7) 0.207(4) 0.335(6) 0.120

Table 2. Continued.

Atom Site x y z Uiso



C23H27NO4 147

Acknowledgment. The National Fund for Scientific Research FNRS (Bel-
gium) is gratefully acknowledged for financial support. J. M.-B. is a senior re-
search associate of FNRS.

References

1. Palomo, C.; Aizpurua, J.; Ganboa, I.; Inaki, G.; Oiarbide, M.: �-Lactams
as versatile intermediates in �- and �-aminoacids synthesis. Synlett 12
(2001) 1813-1826.

2. Berks, A. H.: Preparation of two pivotal intermediates for the synthesis of
1-�-methyl-carbapenem antibiotics. Tetrahedron 52 (1996) 331-375.

3. Deng, B.-L.; Demillequand, M.; Laurent, M.; Touillaux, R.; Belmans, M. ;
Kemps, L.; Cérésiat, M.; Marchand-Brynaert, J.: Preparation of (3S,
4S)-1-benzhydryl-3-[(5R)-1	-hydroxyethyl]-4-acyl-2-azetidinones from
(2R,3R)-epoxybutyramide precursors. Tetrahedron 56 (2000) 3209-3217.

4. Jacopin, C.; Laurent, M.; Belmans, M. ; Kemps, L.; Cérésiat, M.;
Marchand-Brynaert, J.: 1-�-Methylcarbapenem intermediates via the
thiolysis of a Meldrum’s precursor. Tetrahedron 57 (2001) 10383-10389.

5. Cérésiat, M.; Belmans, M.; Laurent, M.; Marchand-Brynaert, J.: Process
for the preparation of azetidinones and intermediates therein. European
Patent Appl. 01870100.3 (2001).

6. Laurent, M.; Belmans, M.; Kemps, L.; Cérésiat, M.; Marchand-Brynaert, J.:
A new method of N-benzhydryl deprotection in 2-azetidinone series.
Synthesis (2003), in press.

7. Neupert-Laves, K.; Dobler, M.: 7-Deamino3-Bromo-4-hydroxy-3,4-
dihydrocephalosporin lacton. Crystal Str. Comm. 6 (1977) 153-156.

8. Ananda, G. D. S.; Slawin, A. M. Z.; Stoodley, R. J.; Williams, D. J.: Ex-
ceptional oxidative allylic rearrangements of 4-alkoxycarbonyl-3-methyl-
ceph-3-en 1,1-dioxides induced by palladium charcoal. Chem. Comm.
(1986) 165-166.

9. Gaspaski, C. M.; Ghosh, A.; Miller, M. J.: Titanium (III)-mediated syn-
thesis of a 1,2,3-tricarbonyl moiety from an �-oximido-�-keto ester: ap-
plication to the synthesis of the carbapenem nucleus. J. Org. Chem. 57
(1992) 3546-3550.

10. Barrett, A. G. M.; Bangh, S. P. D.; Braddock, D. C.; Flack, K.; Gibson, V. C.;
Giles, M. R.; Marshall, E. L.; Procopiou, P. A.; White, A. J. P.; Williams,
D. J. : Rapid entry into mono-, bi-, and tricyclic �-lactam arrays via alkene
metathesis. J. Org. Chem. 63 (1998) 7893-7907.

11. Sheldrick, G. M.: SHELXS-97. Program for the Solution of Crystal Struc-
tures. University of Göttingen, Germany 1997.

12. Sheldrick, G. M.: SHELXL-97. Program for the Refinement of Crystal
Structures. University of Göttingen, Germany 1997.

13. Spek, A. L.: PLATON, Molecular Geometry Program University of
Utrecht, The Netherlands 1998.


