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Abstract: The enantioselective hydrodehalogenation of a,a-dichlorobenzazpinonenone-2 with 
cinchona mod&d Pd- and Pt-catalysts was investigated using a random sucening 
approach. The effect of important reaction parameters was determined and optimized. The 
best optical yields (50% ee) were obtained with a 5% Pd/BaSO, catalyst modifial with 
cinchonine in THP with NEtus as HCl acceptor. Very high modifier and catalyst coacentra- 
tions were necessary to get good optical yields and reasonable rates because the modifier 
decreases the catalyst activity. The absolute configuration of a-chl~berWzcpinone-2 was 
determined. Attempts to extend this enantioselective dehalogenation xacticm to other 
a,a-dihaIogen substituted acid derivatives were unsuccessful. 

Introduction 

The synthesis of several active ACE (angiotensin converting enzyme) inhibitors involves the SN++ 

action of an N-nucleophile with a racemic a-haMacta& 4. Since only one of the enantiomers farmed is 

usually desired, it would be preferable to start not with the racemic but with the enantiomexically pure halide 

catalyst 

modiier ) 
+ HCI 

ACE InhIbItor 

scheme I 

721 
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as an alternative to resolving the resulting amine at a later stag2 (Scheme 1). This communication describes 

studies which are concerned with the enantioselective mono-hydrodehalogenation of a,a-dicblorobenzaaepin- 

one-2 using cinchona modified Pd- and Pt-catalysts. Also described are (unsuccessful) attempts to generalize 

the reaction for the enantioselective preparation of other chiral a-halo-acid derivatives starting from the 

corresponding a,a-dihalo compounds. 

Enantioselective mono-hydrodehalogenarion of a,a-dichlorobenzazepinone-2 

catalyst I modifier 
+HP+B: - 

solvent 

ao; + B: H@CIC 

H 

Prelimitnuv exmnts. Based on our experience with enantioselective hydrogenations6 and on litera- 

ture reports on selective dehalogenation nmctions7-9, we carried out some preliiary experiments with a 

heterogeneous Pd/C catalyst modified with cinchonidine and with a homogeneous Rh-(DIOP) complex. Both 

catalysts gave the desired achlorobenzazepinone-2 with good chemoselectivity and, to our amazement. with 

exactly the same optical rotation [aID= = -10 (we later found that this corresponded to an optical yield of 

about 3%). Because the Rh/DIOP catalyst exhibited very low activity. we decided to continue our 

investigations with heterogeneous catalysts. 

Screening of catalvsts. bases and solvents. At the start we did not know which of the many parameters 

would affect the activity and selectivity of this catalytic system. Therefore, we decided to carry out a broad 

screening program, changing both quantitative and qualitative parameters. In a first series we used cincho- 

nidine as modifier and investigated the influence of the metal, the support, the solvent and the nature of the 

base. We chose five types of catalysts, four solvents and three bases (see Table 1) and performed 15 exper- 

iments using random catalyst/solvent/base combinations (of the 60 possible). Some of the experiments were 

repeated in order to check reproducibility and a few additional catalysts and solvents were tested as well. The 

reaction conditions used in this screening phase and the measured optical rotations are summan ‘zed in Table 

1. For experimental masons we worked with very dilute solutions at 3 bars of hydrogen pressure. Preliminary 

experiments indicated that quite high catalyst and modifier concentrations were needed under these condi- 

tions. Generally, the chemoselectivity was good and the reproducibility was also satisfactory although in a 

few cases we later obtained somewhat higher enantioselectivities without apparent changes in the reaction 

conditions. 

Screening of modifiers. In a second series, the influence of the moditier was investigated under the best 

conditions (Pd/BaS04. THF. NBu3) found in the first series of experiments. In addition to a number of 

cinchona derivatives, several alkaloids which have been described to be effective for the enantioselective 

electmreduction of dihalideslo~ l1 were also screened (Table 2). 

Effect of reaction conditions and catalyst tvue. Once the best combination of catalyst (Pd/BaSO& modi- 

fier (cinchonine or 10,1ldihydmcinchonine), solvent (TMF) and base (NB+) was determined, the influence 

of temperature, pressure and of the concentrations of substrate, catalyst and modifier were investigated. These 
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Table 2. Dehalogenation of a.a-dichlorobenzazepinone-2; modifier screening. 500 mg substrate, 100 mg 

catalyst, 100 mg modifier, 1.3 equiv. NBu,, 150 ml THF. 3 bar Hz, room temperature. Reaction times varied 

between 1 and 24 h. 

Modifier x7) y’) R’) [cc]o25 +0.5-l, MeOH: 

cinchonidine derivatives 

OMe 

IJ 

N,-benzyttinchonidinium chloride OH 

dnchonine derivatives (Z = H)‘) 

chinidine detfvatives (Z = OMe)‘) 

Yi 
CH=CH, 
CH,CH, 

:: 
CH,CH, 

Cl 
CHICHI 
CH,CH, 

H CH=CH, 

CH=CH2 
CH&Hs 

-123, -129 
-121. -122, -140, -148 
0, -2 
0 
+2 
-78, 832), -53) 

+777, +779 
+750, +779 

CH=CH, +172 
CH,CH, +85 

N-methylephedrine -5 
brucine -2 
yohimbine +4 
strychnine -2 

1) For fomwles see Scheme 5 2) AcOEt 3) Toluene 

parameters were expected to influence the catalytic activity and selectivity in analogy to the enantioselective 

hydrogenation of a-keto esters by the Pt/A120+inchonidine system6. In addition, Pd/BaSO, catalysts of dif- 

ferent suppliers were tested and compared to other Pd catalysts. The results are summan ‘zed in Tables 3,4 and 

5. The reproducibility of the optical yields was generally satisfactory, the activity data (reaction time / 

conversion) scattered somewhat more. 

Determituation of the absolute configuration of a-chlorobetuazepinone-2. 

In order to establish the absolute configuration of ca-chlorobenzazepinone-2 thtee product mixtures with 

different optical rotations were converted to a-aminobenzazepinone-2 via the corresponding azide2 (Scheme 

2). Even though the optical purity of the resulting amine was lower than that of the starting chloro derivative 

there is no doubt that (+)-a-chlorobenzazepinone-2 gave (-)-a-aminobenzazepinone-2, which is known to 

have S-configuration, [a],== -442 (c=l, MeOH), whereas the (-)-enantiomer gave (+)-a-aminobenzazepin- 

one-2. Assuming inversion of wnfiguration for the substitution of Cl by N3 and retention for the reduction of 

the azide grou$, we conclude that (+)-a-chlorobenmzepinone has R-configuration. 

1. NaN3, DMSO, 80 OC 

2. Hp, Pd’C. EtOH 

[a]n25 (c- 0.5, MeOH) ee (%) (aln25 (* 7, MeOH) ee I%) 

schfzrne 2 
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Table 3. Dehalogenation of a,a-dichlorobenzazepinone-azepinone-2; effect of resction parameters on conversion, 

cheauxelectivity and optical yield. Modifier cinchonine, catalyst 5% Pd/Ba!SO,. 500 mg substrate, 1.3 equiv. 

NBus, 30 ml THP. 

Ctnehontne w/B&O, temp. preswre reactiontime conv. chemosel. 
VW) @Xl) ("C) (bar) 0) W) W) & 

500 
I 

300 
. 
I 
. 
. 
. 

200 

150 

100 
I 

I 

I 

30 
I 

25 

20 

5 

500 
100 

300 
I 
I 
I 
” 

100 

200 

150 

100 
I 

300 
500 

30 
. 

25 

20 

5 

25 3 
25 3 

25 3 
25 20 
25 20 
25 60 
50 20 
25 3 

25 3 

25 20 

25 3 
25 3 
25 3 
25 3 

25 20 
56 20 

25 20 

25 3 

25 20 

0.5 
2.0 

1.011.2 
22.0 
6.0 
2.0 
O.Sl4.0 
2.3 

3.2 

6.0 

4.5 
7.5 
1.0 
0.5 

23’5.7 
5.7 

0.5 

2.1 

6.010.5 

100 94 
94 94 

1ow1oo SW6 
100 76 
QQ 94 
100 62 
1001100 66f69 
95 95 

46 
47 

5w45 

% 
45 
46M4 
44 

100 

100 

97 

95 

312) 

292, 

106 
94 
93 
97 

94 
SO 
93 
97 

$1 
41 
39 

6lllOO 95l95 16/16 
106 QO 15 

32 93 14 

4Q 97 334) 

54J6 Q6Aoo 5l4 

1)2 g substrate 2)l g substrate 3)150 ml THF (preliminary exp.) 4)O.l g substrate 

Table 4. Dehalogenation of a,a-dichlorobenzazepinone-% effect of modifier concentration on conversion, 

chemoselectivity and optical yield. 25 mg 5% Pd/BaSO4. 500 mg substrate, 1.3 equiv. NE+, 30 ml THP, 20 

bar Hz, 25 “C. 

modifier 
type mo) 

readiintirns cOIlV. chemosel. ee 

(h) W) WI w 

a) cinchonine 0.5 36 65 0 
0.5 15 91 4 

25 0.5 32 93 14 
125 0.5 13 93 36 
300 0.5 6 36 

b) dihydrocinchonine 0 2.0 55 89 0 
25 2.0 39 97 14 

50 4.0 50 97 100 4.0 21 97 : 
125 2.0 53 98 26 
150 4.0 44 98 33 
360 2.0 18 95 21 
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Table 5. Dehalogenation of a,adichlorobenxaxepinone-2; comparison of conversion, chemoselectivity and 

optical yield for different types of Pd catalysts. a) 150 mg catalyst, 150 mg cinchonine. 1.0 g substrate, 1.3 

equiv. NBus, 30 ml THP, 20 bar Hz, 25 ‘X!. b) 500 mg substrate, 100 mg catalyst, 100 mg modifier, 1.3 equiv. 

NBus, 150 ml THP, 3 bar H,, room temperature. 

catalyst type Pd-cont. Pd surf. BET surf. readkn titnel) conv. chemosel. 88 
(%) (m%) (m%) (h) (W (W W) 

a) Modifier: cinchonine 

PdlBaSO, 4607 z 0.85 5.8 8.0 (6.0) 100 95 Fluka - 8.0 (5.0) 100 87 z 
E50WD 5 

:::5 
8.8 8.0 (2.0) 100 so 29 

E50N 5 13 8.0 (1 .O) 100 80 23 

b) Modifier: cinchonidine, preliminary experiments 

PUBaS E50N 5 0.05 13 5.5 100 -86 38 
Fluka 10 - 6.7 100 -94 31 
4807 5 0.85 5.8 8.0 100 -90 39 

PdlCaCOs Fluka 5 - 22.0 57 100 92) 
Pg203 4530 4522 5 5 3.0 4.1 SW 170 6.2 1.7 100 100 98 97 25 17 

1) in parenthesis time until 1 Ooo/ H, uptake 2) in AcOEt 

Dehalogenation of various u,a-dihaloacid derivatives. 

In an attempt to generalize this novel enantioselective hydrogenolysis reaction we synthesized various 

analogues of a.a-dichlorobenxazepinone and some other a.a-dihalogen substituted acid derivatives (Scheme 

3) and applied the best catalyst system under optimal reaction conditions. To our am axement and disappoint- 

ment the reactions to the corresponding mono halides occurred with satisfactory chemoselectivities but 

without the slightest optical induction! 

scheme 3 

The catalytic monohydrodehalogenation of several geminal dibalogen compounds has been described to 

proceed with good chemoselectivities using heterogeneous Ni- or Pd-catalysts, usually in the presence of a 

base’. *. The application of Rh-phosphine complexes as homogeneous dehalogenation catalysts has also been 

reported9 but to our knowledge no chiral catalyst has ever been employed in order to obtain one of the two 

enantiomeric mono-halogen compounds selectively. The only successful appmach reported up to now is the 

enantioselective electrochemicJ dehalogenation of the two dihalogen compounds A and B (Scheme 4) on Hg 

electrodes modified with alkaloids. The best optical yields were obtained with emetine (44% ee for the 

dibromide AJr” and strychnine (26% ee for the dichloride B)rl as modifier. 

Much mom is known on the enantioselective hydrogenation of functionaliied ketones by modified hete- 
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rogeneous catalysts and of special interest to us were the cinchona modified Pt catalysts used successfully for 

the hydrogenation of a-keto estas”. In the following discussion we will refer to the results obtained for these 

systems for cumparison. 

I 
Me 

scheme 4 

Ir$luence of rnod@er, catalyst and solvent. 

The results smmari zed in Table 1 and 2 show that these are the most important parameters which affect 

the optical yield in the dehalogenation of a,a-dichlorobenzazepinone-2. The modifier determines which 

enantiomer is formed in excess i.e. the sense of the optical induction, while catalyst and solvent influence 

only the magnitude of the optical yield. The effect of the base often is not very strong but all four components 

must be matched optimally in order to get the highest enantiomeric excess. The combination of cinchonine. 

Pd/BaSO, in THP in the presence of tributylamine is clearly fawned. 

Of the several types of modifiers tested only the cinchona alkaloids lead to a significant optical induction. 

Strychnine or brucine which have been reported to be quite selective in the asymmetric electroteductionlO* l1 

are not effective at all. The absolute configuration at C, and C, of the alkaloid (Scheme 5) determines which 

enantiomer of a-chlorobenzazepinone-2 is formed in excess: irrespective of catalyst, solvent or base, cinch* 

nidine (8S, 9R) derivatives give predominantly S-product while the “pseudo-enantiomeric” cinchonine and 

quinidine (SR, 9s) pnferentially lead to the R-form. This behavior is typical when cinchona alkaloids are 

used as enantioselective catalysts12 or modifier#. 

Cinchonidine derivatives 
H H 

Cinchonine defivatives (Z = H) 
Quirkline derivatives (Z = OMe) 

scheme 5 

The substituent X at C, of the cinchona alkaloids must be 0I-Q if X is H or OMe the enantioselectivity is 

lost completely. If Nt is alkylated the optical yields ate lower but still significant. This is in contrast to the 

asymmetric hydrogenation of a-keto esters whete alkylation of Nt leads to racemic products whereas the 
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enantioselectivity is either unchanged (X = OMe) or only reduced (X = I-I) when the substituent at C, is 

changed6. Far-both reaction types there is little difference in enantioselectivity whether R at C, is CH=CHz or 

CH&H~ (probably because the vinyl group is hydrogenated during the reaction) and in both cases the intro- 

duction of a OMe substituent at Cs. lowers the ee values somewhat. We therefore conclude that the inter- 

action between the a,a-dichlombenzarepinone-2 and %-OH, but not with the lone pair of Nt, is responsible 

for the control of the stereochemistry while for the a-keto esters the interaction with Nt is more important. 

This different modifier - substrate interactions might be the reason why with a given modifier the hydrogen in 

the a-chlombenzazepinone-2 is introduced from the opposite enantioface than the one in a-hydroxybenz- 

axepinone-2 (Scheme 6). 

W catalyst moZl - 
cinchonidine 

H 

QQ$ 

H 

Scheme 6 

Pd catalysts are known to be very efficient for C-X hydrogenolysis7* * and it seems that they am also best 

suited for the enantioselective hydrogenation of the dichlorobenraxepinone. Pt and Rh too give moderate ee’s, 

Ru and Ni are not suitable under our reaction conditions. The type of support has a strong influence on the 

activity, the chemo and enantiosclcctivity of the modified catalyst. Different Pd/EtaSO, catalysts differ 

mainly in their activity (time until 100% Hz uptake) but little in their selectivity. We could not find a good 

correlation between the measured catalyst parameters and the catalytic performance except that small metal 

and total surface areas are advantageous. Similar observations have been described for modified Ni and Pt 

hydrogenation catalys&. 

The solvent effect is significant and our screening results suggest that the enantioselectivity of Pd and pt 

catalysts correlate with the polarity of the solvent (set Fig. la). Best results are obtained with aprotic solvents 

with medium to low dielectric constants but we have not investigated whether different solvents requite dif- 

ferent modifier concentrations for optimal results. The base seems to play a relatively minor role and it prob- 

ably acts mainly as HCl acceptor. 

Inflwnce of reaction parameters. 

The results summarized in Tables 3 and 4 can be commented as follows: 

- Catalyst concentration, pressure and temperatute have little effect on the enantiomeric excess, but affect 

activity (reaction time / conversion) and also somewhat the chemoselectivity. There am no indications 

that the enantioselectivity is affected by the degree of conversion. 

- Surprisingly the substrate concentration strongly influences the enantioselectivity if the other parameters 

are kept constant. This is clearly visible in Pig. lb: the best optical yields are obtained at very low 

concentrations of dichlorobenxaxepinoneazcpinonc. 
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The dependence of ee and conversion /reaction time on the mod&r concentration is the most interesting 

cortelation. Earlier, we have shown that this parameter has a decisive effect on the rate and enantlo- 

selectivity of a cinchonidine modified pt/Al@s catalyst in the hydrogenation of ethyl pyruvate and the 

observed dependences could be modelled with a simple reaction scheme assuming an equilibrium bet- 

ween modified (enantioselective) and mmmdified (unselecdve) catalytic sites. In addition, it was shown 

that a “ligand acceleration” effect was operative 13. If we use the same model but assume a lower activity 

for the modified catalyst we get a surprisingly good fit between the calculated and experimental values 

(Fig. 2) i.e. in this case we observe a “ligand deceleration” effect. The correlation does not hold for very 

high mcdifier concentrations because the ee values decrease again if too much cinchonine is added (this 

is not the case for higher catalyst loadings, see Fig. lb). 

[aIn” (c ~1, MeOH) 
-140 

-120 

-100 

-80 

-60 

-40 

-20 

1 

a) 

n PdC 

5 10 15 20 25 

Dieleclrk~stant 

50 

50 

40 

20 

20 

10 

b) 

. . 8 . standad eond. 8 
++ . 0.10 slJbstrate !I 0 

8 15OmlTtiF 

l 1 Q substrate 

0 2Q wbstrat 

0 100 200 300 400 500 
[~lflet/catalyffl Owl 

Fig. 1: a) Effect of solvent polarity on optical rotation (screening phase, modifier cinchonidine, data from 

Table 1). b) Effect of modifier / catalyst and substrate concentration on optical yield (modifier cinchonine, 

Pd.&&O,, data from Table 3) 

-wJ/ @@W)! 
wnv. (?UO.5h) conv. (%ah) 

Fig. 2: Effect of modilier concentration on optical yields 0 and conversion (x). a) modifier cinchonine 

(Table 4a): b) modifier 10,ll dibydrochrchonlne (Table 4b). 
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Mechunislic consi&mlions 
The mechanism of C-X hydrogenolysis is not well understood but it is lmown that activated halogens are 

removed readily14. Most maction schemes that have been pmposed assume that the R-X molecule is adsot%d 

on the metal surface either via the halogen or the R group or bothls. On the other hand, the electrochemical 

reduction of an organic halide is assumed to involve electron transfer steps leading to a c&anion which is 

then protonated. This mechanism has also been discussed for the enantioselective electmmductlon of the 

dibromodiphenylcyclopropane A mentioned above when it is pmposed that the electrode is rendered chiral 

by 4sorption of the modifier (e.g. strychnine) and that the protonation of the carbanion occures enantio- 

selectively via the pro&mated fotm of the basic modifier lo. Interestingly, the dependence of the optical yield 

of the electroreduction of A on the modifier concentration is similar to our case. It can also be modeIled 

assuming an adsorption equilibrium except at high modifier concentrations whem the ee’s decmase as well. 

The results for the catalytic hydrogenolysis (especially the effect of the modifier structum) are not easiIy 

explained by an electron transfer - pmtonation mechanism Another possibility we can rule out is the for- 

mation of an a,@-unsaturated lactam by base catalyxed HCl elimination followed by the enantioselective 

hydrogenation of the resulting c--C bond. We fiid that in the absence of catalyst the substrate is stable under 

reaction conditions and it has been mported that HCl elimination of a,adichlorolactams is catalyzed by 

Lewis acids rather than by basest’j. 

Most but not all of our observations discussed above for the enantioselective hydrodehalogenation of 

a,adichlorobenxaxcpinone-2 can be explained if we m&e the following assumptions: i) mod&r and sub- 

strate competitively and reversibly adsorb on the Pd surface, ii) the &orbed substrate is hydrogenated either 

on unmodified sites (fast, racemic) or on m&fled sites (slower, enantioselective). iii) the interaction between 

adsorbed substrate and modifier is very specific and involves hydrogen bridging between (+-OH and the C=C 

group of the lactam, iv) the second dehalogenation occurs as a consecutive reaction. In many respects, this 

mechanistic picture is very close to that proposed by us for the enantioselective hydrogenation of a-ketu 

ester& l3 except that there we have no indication of a competition between substrate and mod&r and, more 

importantly. that the modified catalyst is at least ten times more active than the unmodified one resulting in 

much higher optical yields for the a-hydmxy ester. 

Conduslons 

The hydrodehalogenation reaction catalyzed by cinchona modified Pd and Pt catalysts discussed above is 

a new entry in the growing list of enantioselective catalytic syntheses. At this stage the preparative value of 

the method is negligible because it works only for a,a-dichlorobenxaxepinone-2 and even there the optical 

yields are too low and the required modifier concentrations too high in order to be of practical importance. It 

is possible that this is due to a weak adsorption of the modifier on the catalyst and to the fact that the 

modification leads to a loss in catalyst activity. The results obtained during our screening make it probable 

that we have not yet found the optimal catalyst and the best conditions and that further improvement is 

possible. 

We think that the significance of our figs lies more on a fundamental level. Fbst, we have shown that 

new ensntioselective reaction types can be found by applying an approach that one could call “screening with 

a concept” and than can be improved by optimization of the system psrameters. Second, our results confum 

that very many parameters have to match in o&r to achieve good enantioselection (but the extreme substrate 
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s&clivity was still quite Surprising). Third, we have added a few more pieces to the puzzle of the mode of 

action of chirally modified heterogeneous catalysts. 

Materials 
If not mentioned otherwise all organic chemicals were purchased from Fluka and used as received. THF 

was distilled before use. 

u,a-Dichlorobenzazepinone-2, a-chlorobenzazepinone-2, a-azidobenzazepinone-2 and a-aminoknz- 

azepinone-2 were prepared according to described pmcedures2. Different batches of a.adichlorobenz- 

azepinone-2 had a mono-chloro content between 0.5 and 2% and gave slightly different activities and 

enantioselectivities under standard conditions. 

For the determination of the absolute configuration of a-chlorobenzazepinone-2 three samples with dif- 

ferent enantiomeric composition were used without further purification. The optical rotations of the * 

and aminoderivatives were recorded of the crude reaction mixtures. The absolute configuration of 

(-)-a-aminobenulzepinone-2 and its optical rotation [a],,% = 442 (c=l, MeOH) was detetmined by trans- 

formation to the corresponding (S)-N-(t-butylcarboxymethyl)dexivative with the known [alDZO = -267 (c=l, 

MeOH)3. 

The cinchona derivatives used were prepared by modification of commercially available cinchonidine, 

quinidine and cinchonine, respectively. The structures given are in good agreement with their elemental 

analysis, W, IR, MS and NMR spectra. 

The catalysts screened (used as dry powders) were standard types fmm Engelhard, two PdBaSO, were 

from Fluke and two fmm Degussa (EsoR/D and E5ON). The metal surface areas were daermined by pulse 

CG adsorption, the total surface areas (BET) from N2 adsorption measurements. pretreatment (H2 at 400 ‘T)6 

did not lead to increased enantioselectivities of the Pd/BaS04 catalysts. 

Hydrogemzion reaction 

The screening experiments (3 bar Hz) were carried out in a 300 ml Parr shaker with 150 ml ‘IT-IF, the re- 

actions at higher pressures were run in a 50 ml three-phase slurry teactor with a magnetic stirring bar (IX. 750 

rpm). In both cases the reactor was connected via a reducing valve to a rese~oir. Because of the low substrate 

concentrations used it was not possible to get rate data but the reaction time (100% H2 consumption) was re- 

corded. In a typical experiment. 100 mg of 5% Pd catalyst, 30 ml of solvent, 500 mg of a,adichlorobenz- 

azepinone-2, 100 mg of cinchonine and 1.3 equiv. (NaOAc, NBu3) or 10 equiv. (MgO) of base wa intro- 

duced into the 50 ml autoclave. The autoclave was purged 5 times with argon (20 bar) under stirring, and then 

both the reservoir and autoclave were pressurized 5 times with hydrogen (20 bar). Experiments were started 

by turning the stirrer on. At the end of the reaction the catalyst was filtered off and the f&rate evaporated to 

dryness. The residue was dissolved in 50 ml dichloromethane and extracted 3 tims with 30 ml 2N H2S04. 

The GLk analysis was carried out after drying the organic phase with Na.$04, the optical rotation was meas- 

ured after removal of the solvent. 

Analytical procedures 

The composition of the product mixture was determined by GLC (2m OV 101, FID). The weight 46 were 
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calculated from the area % using the following correction factors: a,a-dichlorobenzazepinone-2: 1.8, 

a-chlorobenxazepinone-2: 1 .O, benzazepinone-2: 1 .O. 

The enantiomeric excess of the a-chlorobenxazepinone-2 was generally determined by the optical rota- 

tion of the reaction mixture (corrected for mono-chloro content) or in some cases measured directly with 

HPLC either on uihenxoylcellulose, dinitrobcnxoylleucine or a combination of a Chiralcel OC and a Chiralcel 

OB column. The separation of the signals of the two enantiomers and/or of the starting material was not 

always complete. Using these data the specific optical rotation of the pure enantiomers of a-chlorobenz- 

azepinone-2 was calculated to bc [alp”O = 370 f 20 (c=OS, MeOH) for the R-form and -370 f 20 (c=OS, 

MeGH) for the S-form. 
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