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The selective basic hydrolysis of 3-acetoxy-?-bromoJ-(o-chlorophenyl)-l-ethoxycarbonylmethyl-l,2- 
dihydro-3H-1,4-bep,~,epin-2-one has been carried out, resulting in the sequential formation of 3-hydroxy- 
]-ethoxycarbonylmethyl-, 3-hydroxy-l-methoxycarbonylmethyl-, and 3-hydroxy-l-carboxymethyl 
derivatives. The structure of the 1-methoxycarbonylmethyl derivatives has been established by x-ray 
structural analysis. 

The search for new psychotropic drugs has stimulated the introduction of a variety of different substiments into different 
positions in both the heterocyelic and aromatic rings of 1,4-benzdiazepines. During the course of these studies a series of 
interesting chemical reactions in this class of compounds was discovew.d. 

The inlroduction of bulky substituents in the 1- and 3-positions of 5-aryl-l,2-dihydro-3H-1,4-benzdiazepin-2-ones 
reduces, as expected, their psychotropic activity [1]. This probably explains why the chemical behavior of 1- 
alkoxycarbonylmethyl-3-acyloxy- 1,2-dihydro-3H- 1,4-benzalaTepin-2-ones has not been studied. 

We have investigated the basic hydrolysis of 3-acetoxy-7-bromo-5-(o-chlorophenyl)- 1 -ethoxyearbonylmethyl- 1,2-dihydro- 
3H-1,4-bew,~i-7~'-pin-2-one (I), which is obtained via alkylation of the corresponding N-oxide (II) [2] with ethyl bromoacetate 
followed by treatment of the resulting compound (m') with hot acetic anhydride. 

m v / Ix 

CB2CO:Bu-t CH2Cd:Bu-~ 

VII X ZI VI 

Hydrolysis of the este~ group in 3-acetoxy- 1,4-bevTdl.Tepin-2-ones is generally carded out with excess base in an aqueous 
organic solution [3]. Upon treatment of compound (I) with one equivalent of base at room temperature the acetoxy group is 
selectively removed and it is possible to isolate 1-ethoxyearbonylmethyl-l,4-benzdiazepin-2.one. The ease of this hydrolysis 
reaction under such mild conditions can be explained in terms of "anchimeric assistance" by the ethoxycarbonyl group, which 
can be oriented in space directly at the CO) atom in the hewacx:ycle and thus facifitate departure of the leaving group because of 
its electron donating effect. 
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Fig. 1. Structural projection of compound (V) on the 
plane of the conjugated benzene ring. 

Unexpecmdly, however, it was found that upon treatment of compound (I) with two equivalents of base in aqueous 
methanol solution 3-hydroxy-l-methoxycarbonylmethyl-l,4-benzdiazepin-2-one (V) was isolated, namely, the product of 
transesterification of the ethyl ester (I), which was formed in weakly basic medium. The structure of (V) was verified by IR- 
spectroscopy, mass spectrometry, and by x-ray structural analysis (Table I). It should be noted in this regard that during 
preparation of a single crystal of (V) from benzene auto-resolution occurred, resulting in the isolation of an optically active 
isomer. 

As the amount of base is increased, both ester groups in benzdiazepine (I) are hydrolyzed, resulting in the formation of 
hydroxyacid ('VIII). It is known that exposure of 3-hydroxy- 1,2-dihydro-3H- 1,4-benzdiazepin-2-ones to basic solution leads to 
1,4-benzdiazepin-2,3-diones [4]. In order to confirm the structure of (VIII) we carried out an independent synthesis of this 
compound under conditions excluding treatment or exposure by base. In anhydrous trifluoroacetic acid at room temperature 1- 
tert-butoxycarbonylmethyl-3-hydroxy- 1,4-benzdlaTepin-2-one (IX) is converted to its corresponding carboxylic acid (VIII). 3- 
Acetoxy-7-bromo- 1 -tert-butoxycarbonylmethyl-5-(o-chlorophenyl)- 1,2-dihydro-3H- 1,4-benzdiaTepin-2-one ('X) was synthesized 
from benzdiazepines (VI) and (VII) via alkylation with tert-butyl bromoacetate. The acetoxy group was introduced via 
treatment of compound CXI) with lead tetraacetate. 

The principal difference between the structure of compound (V) studied herein and that of similar compounds examined 
previously [6-8] is the existence of the crystal in an acentric space group P212121, which guarantees that only one enantiomer 
will be present in a single crystal. The crystal structure consists of molecules with the seven-membered ring heterocycle in a 
pseudomb conformation; the molecules are bound together in infinite chains via weak hydrogen bonds. A projection of a 
fragment of the structure on the plane of the condensed benzene ring is illustrated in Fig. 1. The bond distances, bond angles, 
and several important torsional angles are summarized in Table 2. The conformation of the even-membered ring heterocycle, 
as well as the bond distances and bond angles in the structure, are all normal for these types of compounds [6-8]. As in most 
structures of this type, the N(n-C(2 ) and N(n-Cr ) bonds are shortened to 1.33 and 1.43 A, due to resonance interaction 
between the phenyl group and the amide fragment. Also noteworthy is the contraction of the C(2)-C(s) bond to 1.44 A, 
compared to 1.500-1.536 A [7, 8] in related structures. As was the case in the heterocycle described in [9], in compound (V) 
the angle at C<2) is expanded to 119 ~ (the normal bond angle does not exceed 116~ The N<4)-C(s) distance of 1.25 A 
corresponds to an N=C double bond, while the C(2)-O(2 ) and C(ls)--O~4 ) bond lengths of 1.23 and 1.18 ]k represent double 
bonds in COO groups. The Cc3)--O(3 ) distance is 1.38 A. The hydroxyl group is engaged in intermolecular OH...O hydrogen 
bonding (O(s)...O(1)* = 3.11 A), which connects adjacent molecules in a spiral along the screw axis in the direction of the a 
axis (Fig. 1). 

As has been noted on many previous occasions [9, 10], the presence of bulky substituents in the 1-position in the 
heterocycle reduces its pharmacological activity. In addition, introduction of a bulky substituent also leads to conformational 
realignment or rearrangement of the seven-membered ring nearer to N(1) [11]. The value of the asymmetric parameter ACs 
[12], calculated using Eq. (1), is 4.4 ~ 
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- I / ( T l + T 6 ) 2 +  (T~+Ts)2+ (Tz+ T4) 2+ T72 
V 4 

(1) 

where Ti are the torsional angles around the bonds in the heteroeycles Cr ..... C(6)-Cf~. 

It should also be noted that in compounds containing a methyl group in the 1-position the value of this parameter is 
generally higher than in benzdia7epine (V). Thus, for diazepam the value of the asymmetric parameter is equal to 11.3 ~ [6], 
although in the N-substituted diazepine described in [13] the value of this parameter is only 3.6 ~ It is possible that the 
conformational change can be attributed to competing effects of the two substituents in the heterocycle. The conformation 
resembles a true "tub" conformation most closely when a hydrogen atom is present in the 1-position. Two factors may 
explain this observation: participation of the hydrogen atom in intermolecular hydrogen bond formation or lifting of the 
steric strain in the molecule due to replacement of relatively bulky CH3 groups by hydrogen. 

The methoxycarbonylmethyl radical is planar, with a maximum deviation of 0(4) from the plane of 0.04/~, and is 
rotated at an angle of 67 ~ relative to the conjugated ring. The phenyl rings form an angle of 84 ~ between them. A 
distinguishing feature of this structure is the presence in the 3-position of a chiral center. Formation of crystalline racemates 
is typical of other 1,4-benzdiazepin-2-one and 1,5-benzdiazepin-2-one derivatives. The structures of this type of chiral 
compounds have not been examined previously. 

EXPERIMENTAL 

IR spectra were recorded on an IKS-29 spectrophotometer using chloroform solutions. Mass spectra were measured on a 
Varian MAT-112 spectrometer at an ionizing electron energy of 70 eV. The purity of compounds was monitored by TLC 
using Silufol plates and the following eluent solvent systems: benzene--acetone--acetic acid (100:50:1) (A); benzene--acetone- 
hexane-acetic acid ( 100:50:100:1) (B), and acetone-chloroform-hexane ( 1:1:1) (C). 

The results of C, H, N, elemental analysis of compounds 1"I1, V, VIII-X, and XII agreed with their calculated values. 
X-Ray Structural  Analysis. A colorless single crystal of (V) was chosen; it had a lamellar crystal habit or 

appearance, and its linear dimensions were less than 0.7 ram. I~ unit cell parameters and rhombohedral syngony were 
determined using a photographic method and were refined on an RED-4 automated diffractometer: a = 11.058(7), b = 
13.532(6), c = 12.018(5)/~. The space group is P212t21, Z = 4 for an empirical composition C18Ht4N204CIBr, 0 (x-ray) = 
1.616 g/era 3. 

The experimental intensifies were measured using the RED-4 automated diffractometer with MoI% irradiation to-scanning 
method at a constant rate 8~ sineA < 0.6 A -1. In all 615 nonzero reflections were measured I0tk/) > 3o(I). The small 
volume of experimental data is due to the small dimensions of the crystal and the sample's low scattering ability. In 
transforming the I(hk/) data to F(hk/) data the Lorentz polarization factor was taken into account, while absorption and 
extinction were not accounted for. 

The structure was solved by the heavy atom method and refined by full-matrix least squares; the six-membered rings were 
refined as rigid groups having ideal geometry (C-C 1.395 ,/~, C-C--C angle 120~ The chlorine and bromine atoms were 
refined using anisotropic thermal approximations, the other atoms using isotropic thermal parameters. It was not possible to 
visualize the hydrogen atoms in the structure. The final R-factor was equal to 0.076 (Rw = 0.87, w = (o(F) 2 + 0.011FI2)-I). 

Call calculations were performed using the SI-~I XSM program on an SM-4 computer [5]. The final coordinates for the 
basis atoms in the structure are presented in Table 1. 

7•Br•m•-4•(•••h••r•pheny•)••-eth•xycarb•ny•methy••••2•dihydr••3H•••4•benzdiazepin•2••ne•4• ox- 
ide ~ C19H16BrCIN204). To a solution of 1 g (2.7 mmoles) II in 20 ml methanol was added 0.295 g (5.4 mmoles) 
sodium hydride; the reaction mixture was refluxed for 10 rain, then 0.6 ml (5.4 mmoles) ethyl bromoacetate was added. The 
solution was refluxed for 2 h, cooled to 2~ and 100 ml water and 50 ml chloroform were added. The organic layer was 
separated, washed with water, dried over MgSO4, and evaporated; the residue was washed with methanol to give 1 g (81%) 

compound III, mp 232-233~ IR spectrum: 3050, 1735, 1670, 1610, 1390, 1270, 1190, 1085 cm -~. 
3-Aeetoxy-7-bromo-5-(o-chlorophenyl)-  1 -e thoxyca rbony lme thy l - l , 2 .d ihydro .3H.  1,4.benzdiazepin.  

2-one (Ia, C2oHlsBrCIN2Os). Compound HI (1 g, 2.2 mmoles) was refluxed in 10 ml acetic anhydride for 20 min. The 
reaction mixture was poured into 100 ml water, and the resulting precipitate was filtered, dried under vacuum, and dissolved in 
10 ml ether. The resulting crystals were separated again and washed with ether. Yield 1 g (92%), mp 164-165~ IR 
spectrum: 3040, 3015, 1740, 1685, 1600, 1460, 1400, 1225, 1175, 1100 cm -1. 
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7 .Bromo-3-hydroxy-5- (o -eh lo ropheny l ) - l - e thoxycarbony lmethy l -  1 ,2-dihydro-3H-1,4-benzdiazepin-  
2-one (IV, C10H~sBrCIN204). To a solution containing 930 mg (1.9 mmoles) I in 20 ml methanol was added a 
solution of 75 mg (1.9 mmoles) NaOH in 6 ml water. The reaction mixture was stirred 3 rain, and 40 ml chloroform was 
added. The chloroform layer was separated, washed with water, dried over MgSO4, and evaporated under vacuum. The residue 

was treated with 5 ml ether and the resulting solution was filtered. The filtrate yielded upon crystallization 660 mg (78%) of 
compound IV, mp 182-184~ Re 0.61 (C). IR spectrum: 3560, 3340, 3020, 1730, 1655, 1595, 1460, 1385, 1300, 1200, 
1070, 990 cm -1. Mass spectrum, m/z 451. 

7-Br•m•-3-hydr•xy-•-meth•xycarb•ny•methy•-5-(•-•h••r•pheny•)-••2-dihydr•-3H-••4-benzdiazepin-2-•ne (V, 
CasH14BrClN204). To a solution of 1 g (2.0 mmoles) compound I in 20 ml methanol was added 160 mg (4.0 mmoles) 
NaOH in 10 ml water. The mixture was stirred 3 rain, then 50 ml chloroform was added. The chloroform solution was 
washed with water, dried over MgSO 4, and evaporated under vacuum; the residue was crystallized from benzene. Yield 670 
mg (76%) of compound V, mp 186-188"C [a]5782~ = -3.6* (c = 0.9, trifluoroethanol); [CZ]D20 = +20* (c = 1, methanol), 

Rf 0.67 (C). IR spectrum: 3650, 3030, 1740, 1675, 1600, 1470, 1385, 1310, 1190, 1125 em -1. Mass spectrum, m/z 437. 
7-Br•m•-3-hydr•xy-•-carb•xymethy•-5-(•-eh••r•ph•ny•)-••2-dihydr•-3H-••4-benzdiazepin-2-•ne-(VII•• 

ClTH12BrClN204). A. To a solution of 1 g (2 mmoles) compound I in 20 ml methanol was added 2.5 ml of 4 N NaOH 
solution. The reaction mixture was stirred for 3 rain, 30 ml water was added, and the mixture was acidified to pH 3, then 
extracted with 30 ml chloroform. The chloroform solution was dried over MgSO4, evaporated under vacuum, and the residue 
crystallized from ethanol-ether. Yield 0.5 g (58%) of compound VIII, mp 218-220"C (decomp.). 

7~Br~m~-~tert~buty~x-y~ir~mny~methy~3-hydr~xy~5~(~-ch~r~pheny~)~2-dihydr~-3H~4-ben7di~7epm-2~ne (IX, 
C21H2oBrCIN204). To a solution of 0.83 g (1.6 mmoles) compound X in 30 ml methanol was added 64 mg (1.6 mmoles) 
NaOH in 5 ml water. After 5 min 50 ml chloroform was added to the reaction mixture. The chloroform layer was washed 
with water, dried over MgSO4, and evaporated undervacuum. Yield 0.7 g (92%) of compound IX, mp 215-217"C (decomp.). 

1~ r 0.68 (a),  0.18 03). 
3-Acetoxycarb•ny••7•br•m•-••t•rt•buty••xTcarb•ny•m•thy••5•(•-ch••r••h•ny•)•••2-dihydr•-3H•••4-benzdiaz••in•2• 

one (X, C22H22BrCIN2Os). A. To a solution of 0.65 g (1.6 mmoles) compound VII in 5 ml DMF was added 45 mg (1.9 
mmoles) Nail, and the mixture was stirred 30 rain; 0.47 ml (3.2 mmoles) tert-butyl bromoacetate was then added and the 
mixture was stirred an additional 3 h. To the reaction mixture was then added 20 ml ethyl acetate and 30 ml water. The 
organic layer was washed with water, dried over MgSO4, and evaporated under,Cacuum; the residue was treated with 10 ml 
hexane. Yield 0.57 g (69%) of compound X, mp 226-227"C, Rf 0.29 (B). 

B. A solution of 0.95 g (2 mmoles) compound XI in 7 ml acetic acid was heated to 60~ and 0.45 g (3 mmoles) NaI 
was added; the mixture was stirred 15 rain and 1.3 g (3 mmoles) lead tewaacetate was added. The reaction mature was stirred 
1 h at 60~ cooled to 20~ and 5 ml chloroform was added; after 15 rain stirring the mixture was filtered and the precipitate 
was washed with 5 ml chloroform. The chloroform solution was washed with water, dried over MgSO4, evaporated under 
vacuum, and the residue was crystallized from ethanol. Yield 0.6 g (56%) of compound X, mp 226-227~ Rf 0.29 (B). 

5 .Bromo- l - t e r t -bu ty loxyca rbony lme thy i . 5 -  (o-chlorophenyl)-l,2Mihydro-3H-1,4-benzdiazepin-2-one 
(XI, C2xH20BrCIN203). To a solution of 1 g (2.9 mmoles) compound VI in 10 ml DMF was added 82 mg (3.4 mmoles) 
Nail, and the mixture was stirred 30 rain, then 0.75 ml (5.8 mmoles) tea-butyl bromoacetate was added. The reaction 
mixture was stirred an additional 2 h, then poured onto 50 g ice and extracted with 50 ml ethyl acetate. The organic solution 
was dried over MgSO4, evaporated under vacuum, and the residue treated with 10 ml hexane. Yield 1.2 g (90%) of compound 
XI, rap 144--145*C, Rf 0.60 (A). 

LITERATURE CITED 

1. R.J.  Fryer, J. Heterocycl. Chem. 9, 747 (1972). 
2. L. Sternbach and E. Reeder, J. Org. Chem. 26, 4936 (1961). 
3. A.V. Bogatsldi, S. A. Andronati, and N. Ya. Golovenko, Tranquilizers. 1,4-Benzdiazepines and Related Structures [in 

Russian], Naukova Dumka, Kiev (1980), p. 116. 

586 



4. J. Berkinshaw, M. Luckner, J. Mohammed, and C. Stickings, Biochem. J. 89, 196 (1963). 
5. V.K.  Pecharskii, P. Yu. Savalii, L. G. Aksel'rud, Yu. N. Grin', and E. I. Gladyshevskii, Vestn. L'vov. Univ. Ser. 

Khim., No. 25, 9 (1984). 
6. A. Camerman and N. Camerman, J. Am. Chem. Soc. 94, 268 (1972). 
7. G. Bandoli and D. A. Clemente, J. Chem. Soc., Perkin Trans. 2,413 (1976). 
8. V. Berolasi, V. Ferretti, G. Gilli, and Po A. Borea, Cost. Struct. Commun. 11, 1481 (1982). 
9. A.A. Dvorkin, T. Sh. Gifeisman, S. A. Andronati, and A. A. Mazurov, Izv. Akad. Nauk MoldSSR, Ser. Fiz.-Tekh. 

Mat. Nauk, 60 (1986). 
10. P. Chananont, T. A. Hamor, and I. L. Martin, Acta Cryst. B36, 2115 (1980). 
11. T.A. Hamor and I. L. Martin, Prog. Med. Chem. 20, 157 (1983). 
12. W.L. Duax, C. Mo Weeks, and D. C. Roher, Topics Stereochem., 271 (1976). 
13. H. Butcher, T. A. Hamor, and I. L. Martin, Acta Cost. C39, 1469 (1983). 

SYNTHESIS OF MACROHETEROCYCLIC ANALOGS 
OF DIBENZOCROWN ETHERS. 

5.* 16- AND 17.MEMBERED OXAAZACROWN ETHERS 

A. A. Formanovskii and I. V. Mikhura UDC 547.898:543.422'51 

Macrocyclic diamides are synthesized by condensation of 1,5-bis(2-aminophenyl)-l,5-dioxapentane and 1,6- 
bis(2-aminophenyl)-l,6-dioxahexane with the dichlorides of glutaric, diglycolic, thiodiglycolic, and N- 
tosyliminodiacetic acids under high dilution conditions. Reduction with diborane gives the 16- and 17- 
membered dibenzodiazacrown ethers. The structure of the compounds synthesized is confirmed by IR, NMR 
(IH and ~3C), and mass spectral data. 

16- and 17-Membered crown ethers are very rare among known macroheterocyclic compounds [2]. 16- and 17-Membered 
maeroeyclie compounds containing a variety of donor atoms (O, N, S, or a combination of these) are practically unknown. 
The synthesis of 16-membered crown lactams containing two nitrogens and four oxygens in various arrangements has been 
described [3]. 

16- and 17-Membered crown lactones containing two sulfurs and two oxygens were described in [4, 5]. Macrocyclic 
crown lactams with three different donors (S, O, and N) in the ring are known [5]. 

The number of azacrown ethers is even smaller. Only in [6, 7] is the synthesis of 16- andl7-memberedoxaazacrown 
ethers with varying content of oxygens and nitrogens in the ring (2N-30, 3N-30, 4N-O) reported. 

In an attempt to fill this gap and to continue the systematic search for highly selective macrocyclic compounds suitable 
for extraction of heavy and transition metals, we synthesized a series of 16- and 17-membered oxathiazacrown ethers in the 
6,7;15,16-dibenzo- 1,5-dioxa-8,14-diaTacyclohexadecane and 7,8; 16,17-dibenzo- 1,6-dioxa-9,15-diazacycloheptadecane systems. 
These contained O, N, or S donor atoms in the 11 (n --- 3) or 12 (n = 4) positions of the macroheterocycle (compounds IVa- 
h). 

*For Communication 4, see [1]. 
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