
Pergamon 

PII: S0040-4020(96)00938-6 

Tetrahedron, Vol. 52, No. 47, pp. 14801-14812, 1996 
Copyright © 1996 Elsevier Science Ltd 

Printed in Great Britain. All rights reserved 
0040-4020/96 $15.00 + 0.00 

1,7-Electrocyclisation Reactions of 

2-Azaheptatrienyl Lithium Compounds: 
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Abstract: Deprotonation of the 2-aza-2,4,6-heptatriene 14 at -78°C using lithium diisopropylamide as base 

yields the 2-azaheptatrienyl lithium compound 15. During warming up to 40°C 15 undergoes a 1,7-elec- 

trocyclisation to afford the l-azacycloheptadienyl lithium compound 16, as predicted by quantum chemical ab 

initio calculations. This cyclisation reaction was monitored in detail by IH and I3C NMR spectroscopy. 

Subsequent treatment with various acylating agents provides access to several I-acyl-2,3-dihydroazepines 17. 

A X-ray diffraction structure determination of derivative 17a shows a trans arrangement of the two aromatic 

substituents in 2- and 3-position, indicating a conrotatory mode of the ring closure reaction. The rotational 

barrier for the amide rotation in 17b was determined to 15.4 kcal/mol. 

Copyright © 1996 Elsevier Science Ltd 

Electrocyclisation reactions of  conjugated acyclic compounds offer a convenient pathway to carbo- and 

heterocyclic compounds. 3"7 In most cases, neutral precursors are used for the cyclisation reactions. Ring formation 

starting from a few polyenyl- and heteropolyenyl metal compounds is also reported in the literature, g'l 5 In these 

latter reactions, the relative thermodynamic stability of  the cyclic and acyclic compounds seems to direct the mode 

of  the electrocyclic reaction (ring closure versus ring opening) since the influence of  kinetic factors is obviously low. 

Recently, we have demonstrated on the basis of  simple perturbation theory arguments, which were supported by 

quantum chemical ab initio calculations, that for cationic and organometallic heteropolyenyl systems the nature and 

position of  the heteroatom within the chain mainly determine the relative energy of  such systems. 16 For hetero- 

polyenyl anions (organometallic systems), high relative energy has to be expected, if  the electronegative heteroatom 

is located at an even position within the chain. Such systems should undergo cyclisation reactions to form the 

heterocyclic analogue. In contrast, systems with the electronegative heteroatom in an odd position have low relative 

energies and therefore should not cyclize. It may even be expected that the acyclic system may be formed by a ring 

opening process from the corresponding cyclic isomer. Qualitatively, such systems are low in energy, i f  the 

electronegative heteroatom is located in a position with a big HOMO coefficient, and they are high in energy, i f  the 

electronegative heteroatom is placed in a nodal position of  the HOMO. Examples for such conversions can be found 

in the literature. For instance, Hunter and Steiner described in 1975 8 the 1,5-electrocyclisation of  2-azapentadienyl 
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lithium compounds to form dihydropyrroline derivatives. On the other hand, according to studies of Kloosterziel et 

al. 9 1-oxaheptatrienyl lithium compounds do not cyclize to the corresponding seven-membered ring anion. 

These rules have been applied to the isomeric series of azaheptatrienyi anions. 16 According to our ab initio 

calculations, j7 the 1-aza- (1) and the 3-azaheptatrienyl anion (3) have low relative energies, whereas the isomeric 

2-aza- (2) and 4-azaheptatrienyl anions (4) are higher in energy and therefore show also enhanced reactivity (Figure 

1). In ring closure and ring opening reactions, the relative position of the heteroatom within the conjugated part of 

the molecule is shifted by one place, either from a "favorable" to a "unfavorable" place or vice versa. In figure 1, the 

calculated heats of reaction demonstrate these shifts. 
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F i g u r e  1.  Calculated Heats of Reactions for the Electrocyclisation Reaction of Azaheptatrienyl Anions to 

Azacycloheptadienyl Anions (ab initio M2/6-31 +G*//6-31 +G*-results). 

Recently, we have reported our experimental results on the ring closure reactions of 4-azaheptatrienyl lithium 

compounds, which were based on our theoretical predictions. 16 
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In this paper, we describe the synthesis of a hitherto unknown 2-azaheptatrienyl lithium compound and its 

cyclisation reaction. 

As starting material for the synthesis of a 2-azaheptatrienyl lithium derivative 1-phenyl-7-p-tolyl-2-aza- 

hepta-2,4,6-triene (14) was used, which is readily available by condensation of benzylamine (13) with 5-p-tolyl-2,4- 

pentadienal (12) in the presence of molecular sieves (4A). 

p - T o l ~ O  + H 2 N ~ P h  MS = p - T o l ~ N ~ P h  

12  13  14  

Deprotonation of the 2-azaheptatriene 14 using lithium diisopropylamide (LDA) in THF at -78 °C yields a 

deep blue solution. We assign this deep color to the formation of the lithium compound 15 having a widely 

delocalised ~x-system. This solution is allowed to warm up to room temperature and is then stirred for about 3h at 

40°C. During this time, the color of the solution changes from deep blue to dark green. We interpret this change in 

color as an indication for the proceeding ring closure reaction, leading to a shorter conjugated n-system. 

P h ~ N ~ p - T o l  IDA 
-78"C 
THF 

14 

P h . . . ~ f . N . ~ p - T o  I 

Li + 
t 5  

-78"C 

~ - ~ .  4Ooc 

~ N ~ . P h  Li + 

~ ....... p-Tol 

16 

Low-temperature NMR spectroscopy is ideally suited to monitor the progress of the reaction. The d8-THF 

solution of the lithium compound 15 is prepared by use of the syringe technique directly in the NMR tube. 

From the IH NMR spectrum, measured at -50°C, it is easily recognized that the lithium compound 15 is 
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present in only one of the many possible conformations. From the coupling constants of the olefinic protons (10.4- 

14.3 Hz) the all-trans conformation is evident t839. The ]3C NMR data give a very good indication of the electron 

distribution in this hetero system. Thus, the signals of the carbon atoms C-l, C-3, C-5 and C-7 are found at relatively 

high field, corresponding to big HOMO coefficients. In contrast, the signals of carbon atom C-4 and C-6 appear at 

low field (nodal positions of these atoms). The influence of the nitrogen atom in 2-position (node) is relatively 

small; it leads to relative downfield shifts of 15 ppm for the carbon atoms C-I and C-3, which are directly bound to 

nitrogen, compared to the shifts of C-5 and C-7, which are further away from the heteroatom. This indicates mainly 

inductive effects, dominating over mesomeric influence. The alternating electron distribution is also observable in 

the I H NMR spectrum, although less significantly. (Table 1) 

Table I :NMR Chemical Shifts for l-Phenyl-7-p-tolyl-2-aza-hepta-trienyl Lithium (15) (d8-THF, -50°C). 

Ph.. .N p-ToI 
H1 H3 H5 H7 

15 

(1)-CH 

1H 6.85 (s) 

13 C 123.47 

(3)-CH 
6.59 (d) 

J34  = 10.4 Hz 

121.93 

] (4) -CH ] (5) -CH 

6.45 (dd) 5.28 (dd) 

J45 = 12.4 Hz J56  = 12.2 Hz 

138.15 104.55 

(6)-CH 

6.72 (dd) 

J67  = 14.3 Hz 

133.26 

(7) -CH 

5.37 (d) 

107.71 

Above -20 °C new signals appear, which are due to the formation of the cyclic lithium compound 16. At 

30°C, the cyclic compound 16 is formed completely without any indication of byproducts. This cyclic system now 

incorporates the n-system ofa 1-azapentadienyl anion. Therefore, the signals of the protons 3-H and 5-H appear at 

high field, the signals for 2-H and 4-H at low field. The 13C NMR spectrum again indicates alternating electron 

distribution for the carbon atoms C-2 to C-5 (Table 2). In this system, the nitrogen atom is able to participate 

actively in the conjugated system. The chemical shift of carbon atom C-3 (90.40 ppm) is a good indication for its 

electron polarizing effect. 
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Table 2: NMR Chemical Shifts for 7-Phenyl-6-p-tolyl-l-aza-cycloheptadienyl Lithium (16) (dS-THF, -50°C). 

H2\ j . N .  f,h 
H3~, ~ . . . . .  /~'"'p-ToI 

H ~ 5  ~H6 
16 

I H 

13 C 

(2 ) -CH 

6.80 

(d) 
J23 = 7.3 Hz 

153.13 

(3)-CH 

4.13 

(dd) 

J34 = 7.7 Hz 

90.40 

(4)-CH 

5.93 

(dd) 

J45 = 9.7 Hz 

133.02 

I (5)-CH 
4.80-4.86 

(m) 

110.60 

I (6)-CH 
3.91-3.92 

(m) 

60.15 

(7)-CH 

4.80-4.86 

(m) 

73.97 

On a preparative scale, the cyclic lithium compound 16, obtained by warming up of the solution of the 2-aza- 

heptatrienyl lithium compound 15, may be trapped by various acylating electrophiles. The reactions occur regio- 

selectively at the nitrogen atom and produce the 1-acyl-2,3-dihydroazepines 17 in moderate to satisfactory yields. 

E 
t FN. .h y_N...h 

i"--"" ...... p-ToI + EX , / ~ ' " ' p - T o I  
- LiX 

Li + 
16 17 

Table 3. Substitution Patterns and Yields of the 1-Acyl-2,3-dihydroazepines 17. 

No. 

17a 

EX 

MeOCHO 

E 

CHO 

Yield C°/o) 

54 

17b C1CO2Me CO2Me 42 

17e C1CO2Et CO2Et 27 

17d PhCOCI PhCO 29 
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An interesting stereoehemical question concerns the relative position of the two aromatic substituents at C-6 

and C-7 (crystallographic numbering) of the seven-membered ring. A X-Ray structure determination of 1-formyl-2- 

phenyl-3-tolyl-2,3-dihydroazepine (17a) clearly shows the trans arrangement of these two substituents. This is in 

good agreement with the predictions of the Woodward-Hoffraann rules, demanding a conrotatory mode for the elec- 

trocyclisation. As the trans arrangement is the thermodynamically more favorable stereochemistry, the possibility 

of a thermodynamically controlled bond rotation may not be excluded. Compound 17d, 1-benzoyl-2-phenyl-3-tolyl- 

2,3-dihydroazepine, shows the same relative stereochemistry in the crystalline state (X-ray). 20 

63 

d 
C4 

3 

SCHAKAL 

Figure 2. SCHAKAL-Plot 21 of 17a with crystallographic numbering. 

The NMR spectra of the 2,3-dihydroazepines 17b-17d indicate dynamic behavior of these substances in 

solution at room temperature, mainly in the amide part of the molecules. At -50 °C two conformers are present in the 

reaction mixture (for the ratios see Experimental). The 1-formyl-2,3-dihydroazepine 17a forms even at room 

temperature an equilibrating mixture of two conformers. For 17b, the rotational barrier for the arnide rotation in this 

enarnide type molecule is estimated to 15.4 kcal/mol (Te-  330 K; 600 MHz 1H NMR). This value is low compared 

to amides, 22 due to the extra conjugation in the amine part of the molecule. At lower temperatures indications for 

dynamic processes involving the seven membered ring system are observed. 

On the basis of simple rules, which are supported by quantum chemical ab initio calculations, we have 
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developed a new synthetic route to various 1-acyl-2,3-dihydroazepine derivatives 17 by electrocyclic ring closure 

reactions. Previously, such systems were only accessible by ring enlargement reactions 23,24 or from addition 

reactions to 1H-azepines. 25,26 A dimeric derivative was obtained by deprotonation of a 3H-azepine and subsequent 

trapping with acetyl chloride. 27 Our low temperature NMR experiments indicate complete deprotonation of the 

easily obtainable starting materials and their quantitative ring formation under very mild conditions. The final 

quenching reaction with acylating agents proceeds regioselectively leading to the seven membered ring systems 17. 

EXPERIMENTAL 

IR: Perkin Elmer PE 298 or Nicolet 5DXC FT-IR. - MS: Finnigan MAT C 312. - 1H NMR: Bruker WM 360 (360 

MHz) and Varian (600 MHz), internal reference tetrarnethylsilane. - 13C NMR: Bruker WM 360 (90.56 MHz) and 

Varian Unity 600 (150.84 MHz), internal reference tetramethylsilane. - CHN: Perkin-Elmer CHN-Analysator 240. - 

Chromatography: Kieselgel 60 (Merck), 0.040-0.063 ram. - Melting points are uncorrected. - Anhydrous conditions 

requiring reactions are performed in glass ware, which is thoroughly dried by repeated heating under argon and 

subsequent evacuation. - THF is distilled from sodium-potassium-alloy and benzophenone. Diisopropylarnine is 

distilled from potassium hydroxide and stored over potassium hydroxide. 

1-Phenyl-7-p-tolyl-2-aza-heptatriene (14): A solution of 0.95 g (5.5 mmol) 5-p-tolyl-2,4-pentadiena128 12 in 

dichloromethane (20 ml) is added to 15 g of molecular sieves (4 A). While stirring at 0°C 0.60 ml (5.5 mmol) of 

benzylarnine 13 are added dropwise. After stirring the reaction mixture for a period of 0.5 h at 0 °C the molecular 

sieves are filtered offand washed with dichloromethane. The solvent is removed in vacuo. The crude product may 

be used without further purification. Recrystallisation from n-hexane/dichloromethane yields yellow crystals. Yield 

(crude): 1.18 g (82 %), yellow solid; m.p.: 89 °C.- IH NMR (300 MHz, CDC13): 6 = 2.26 (s, 3H, Ph-CH3), 4.60 (s, 

2H, l-H), 6.41 (dd, 1H, J =  9.1 Hz, J =  14.8 Hz), 6.61-6.83 (m, 3H), (4-H, 5-H, 6-H, 7-H), 7.06-7.28 (m, 9H, arom. 

H), 7.96 (d, 1H, J =  9.1 Hz, 3-H).- 13C NMR (75.47 MHz, CDCI3): 6 = 21.28 (Ph-CH3), 65.28 (CH2-N), 126.64, 

126.70, 126.84, 127.92, 128.39, 129.33, 131.15 (arom. C, CH, CH), 133.65 (Cipso), 136.81 (CH), 138.43, 139.21 

(Cipso), 142.07 (CH), 163.34 (C=N).- IR (KBr): ~7 = 3080 cm -1 (vw, CH arom., olef.), 3060 (vw, CH arom., olef.), 

3020 (m, CH arom., olef.), 2920 (vw, CH aliph.), 2880 (w, CH aliph.), 2850 (m, CH aliph.), 1625 (s, C=N), 1605 

(s, C=C), 1565 (w), 1510 (m), 1490 (m), 1455 (m), 1435 (m), 1375 (w), 1345 (w), 1290 (vw), 1200 (w), 1155 (m), 

1000 (vs), 980 (s), 845 (m); 805 (m), 745 (m), 730 (vs), 705 (s), 615 (w).- MS (70 eV); m/z (%): 261 (51) [M+], 170 

(61) [M +- C7H7], 156 (49), 153 (47), 141 (45), 115 (46), 105 (39), 91 (100) [C7H7+], 85 (43), 80 (36), 65 (58) 
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[C5H5+], 51 (32).- C19HtgN (261.4): calc. C 87.31 H 7.33 N 5.36 found C 87.40 H 7.33 N 5.66. 

Generalprocedurefor the synthesis ofl-acyl-2,3-dihydroazepine derivatives: A solution of 0.2 g (0.766 mmol) of 

l-phenyl-7-tolyl-2-azahepta-2,4,6-triene (14) in THF (5 ml) was added dropwise at -78°C over a period of 20 min 

to a solution of 0.840 mmoi of lithium diisopropylamide (prepared in situ from 0.15 ml (1.14 mmol) of 

diisopropylamine and 0.52 ml (0.84 mmol) of 1.6M n-butyl lithium in n-hexane) in 20 ml of tetrahydrofuran (THF) 

with stirring. Stirring at -78°C was continued for 30 min. Then, the reaction mixture was warmed up to 40°C for 3h 

with stirring. After cooling to -40°C, the electrophile was added dropwise over a period of 20 min. After stirring for 

16h at room temperature, the colorless reaction mixture was treated with 400 ml of petrol ether (b.p. 40-60°C). 

Precipitated lithium salt was removed by filtration over cetite. The solvents were removed in vacuo. The crude 

reaction product was purified by column chromatography (SiO2) using petrol ether/ethyl acetate = 20:1 as eluent. 

l-Formyl-2-phenyl-3-tolyl-2,3-dihydroazepine (17a): Following the general procedure, 0.09 g (1.50 mmol) of 

methyl formate were added to the reaction mixture. After removal of the solvents in vacuo, the colorless product 

(needles) was obtained after recrystallisation from diethyl ether. Yield: 0.12 g (54%); m.p. 108°C. At -50°C, the 

conformers A and B are found in the ratio A:B=1:0.8 by IH NMR integration. 

X-Ray diffraction analysis of 17a: 29 A yellow block crystal C20Hj9NO (from diethyl ether), crystal size 0.4 x 0.3 

x 0.3 mm 3, was measured at -50°C by using an automatic CAIM Diffractometer (Enraf-Nonius) with Cu-K~ radia- 

tion (~, = 1.54178 A) and a graphite monochromator. 3369 reflexions were collected in the range 5.58 ° << 20 << 

148.66 ° (scan speed variable 5.5 to 16.5°/min). Crystal system: Triclinic, space group PT, Z = 2, a = 8.698(1) A, b = 

9.385(1) A, c = 10.250(1) A, tr = 69.74(1) °,/3 = 82.46(1) °, y = 86.35(1)°; V = 778.00) A3; Dx = 1.235 g'cm'3; p = 

5.9 cm °l, empirical absorption correction via ¢s-scans. The structure was solved by direct methods (SHELXS-86 

program 3o) using 3168 independent reflexions. After the addition of the hydrogen atoms (coupled with respect to 

position and temperature parameters to the corresponding carbon atoms) anisotropic refinement led to agreement 

factors R = 0.046 and wR 2 = 0.129 (2699 reflections with I o > 2.0 o (Io), 201 variable parameters, program S HELXL- 

93 31). The molecular shape is presented in Fig. 2. 

IH NMR (360 MHz, CDC13): 6 = 2.22 (s, 3H, Ph-CH3) A, 2.24 (s, 3H, Ph-CH3) B, 4.49-4.53 (m, 2H, 3-H) AB, 4.90 

(d, IH, J = 3.6 Hz, 2-H) B, 5.15-5.21 (m, 1H, 6-H) A, 5.32-5.34 (m, 1H, 6-H) a, 5.91-6.03 (m, 3H, 4-H A, 5-H a, 5-HA), 

6.06-6.12 (m, IH, 4-H) B, 6.22 (d, 1H, J = 4.3 Hz, 2-H) A, 6.44 (d, 1H, J = 9.5 Hz, 7-H) A, 6.90 (d, 1H, J = 8.1 Hz, 7- 

H) B, 6.97-7.06 (atom. H)AB.- laC NMR (90,56 MHz, CDC13): 6 = 20.95 (Ph-CH3), 49.67, 49.90 (C-3) AB, 57.87 

(C-2) A, 64.78 (C-2) a, 108.66 (C-6) A, 110.60 (C-6) a, 125.35, 126.02, 126.17, 126.34, 126.40, 127.06, 127.57, 

127.95, 128.13, 128.21,129.13, 129.25, 129.54, 131.24 (arom. C, C-4 A, C-5 A, C-5 a, C-7 A, c-7B), 131.36 (C-4)a; 

136.33, 136.44, 137.03, 137.95, 138.84, 139.32 (Cipso) AB, 162.35, 162.60 (C=o)AB. - IR (NaCl): ~7 = 3040 cm "1 (w, 
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CH arom., olef.), 3020 (w, CH arom., olef.), 2980 (vw, CH aliph.), 2910 (vw, CH aliph.), 1685 (vs, C=O), 1635 (vs, 

C=C), 1605 (s), 1505 (m), 1490 (vw), 1440 (m), 1345 (m), 1260 (s), 1230 (m), 1220 (m), 1190 (w), 1180 (m), 1160 

(m), 1030 (vw), 1020 (vw), 930 (w), 895 (vw), 850 (m), 810 (m), 755 (m), 735 (vs), 705 (s), 640 (sh), 635 (m).- MS 

(70 eV); m/z (%) = 289 (86) [M+], 260 (62), 243 (61), 228 (54), 212 (75), 184 (87), 171 (100), 156 (90), 143 (87), 

115 (82), 105 (77), 91 (83) [Tol+], 77 (69) [Ph+], 65 (78) [C5H5+], 57 (75).- C20H19NO (289.4): calc. C 83.01 H 

6.62 N4.84 found C83.04 H6.78 N4.84 

1-Carbmethoxy-2-phenyl-3-tolyl-2,3-dihydroazepine (17b): Following the general procedure, 0.72 g (7.66 mmoi) of  

methyl chloroformate were added to the reaction mixture. After work up and chromatographic purification of the 

yellow reaction mixture, the colorless product (needles) was obtained after recrystallisation from diethyl ether/n- 

hexane. Yield: 0.08 g (33%); m.p. 95°C. At -50°C, the conformers A and B are found in the ratio A:B=1:0.6 by IH 

NMR integration.- IH NMR (300 MHz, 223 K, CDCI3): 6 = 2.24 (s, 6H, Ph-CH3) AB, 3.31 (s, 3H, OCH3) B, 3.56 (s, 

3H, OCH3) A, 4.55-4.61 (m, 2H, 3-H) AB, 5.07-5.12 (m, IH, 6-H) A, 5.13-5.18 (m, 1H, 6-H) 13, 5.84-5.93 (m, 3H, 2-H, 

4-H, 5-H) AB, 6.01-6.11 (m, 3H, 2-H, 4-H, 5-H) AB, 6.72 (d, IH, J = 9.9 Hz, 7-H) A, 6.86 (d, 1H, J = 9.9 Hz, 7-H) B, 

6.96-7.28 (m, 18H, arom. H)AB. - 13C NMR (90,56 MHz~ 223 K, CDC13): 6 = 21.04 (Ph-CH3) B, 21.15 (Ph-CH3) A, 

48.76 (C-3) A, 48.95 (C-3) B, 53.48 (OCH3) B, 53.92 (OCH3) A, 59.50 (C-2) A, 60.47 (C-2) B, 108.24 (C-6) A, 108.72 

(C-6) a, 125.73, 125.87, 126.14, 126.86, 126.94, 127.65, 127.72, 127.83, 127.98, 128.61,128.80, 128.88, 130.36, 

131.00 (arom. C, C-4, C-5, C-7) AB, 136.31, 136.37, 137.20, 137.55, 138.77, (Cipso) AB, 155.01 (C=o)AB. - IR 

(NaCI): q = 3040 cm -1 (vw, CH arom., olef.), 3010 (m, CH arom., olef.), 2960 (w, CH aliph.), 2940 (m, CH aliph.), 

2820 (w, CH aliph.), 1710(vs, C=O), 1635 (m, C=C), 1600 (s), 1505 (m), 1495 (w), 1430 (vs), 1335 (vs), 1315 (vs), 

1295 (s), 1270 (vs), 1255 (sh), 1230 (m), 1170 (m), 1110 (m), 1080 (m), 1060 (m), 970 (w), 930 (m), 905 (vs), 805 

(m), 775 (m), 760 (m), 740 (vs), 690 (s), 640 (m), 630 (m).- MS (70 eV); m/z (%) = 319 (80) [M+], 260 (61) [M +- 

CO2CH3], 244 (63), 214 (65), 201 (100), 167 (71), 157 (74), 128 (69), 115 (74), 105 (72), 91 (76) [Tol+], 77 (64) 

[Ph+], 65 (47) [C5H5+], 59 (55) [CO2CH3+]. - C21H21NO2 (319.4): calc. C 78.97 H 6.63 N 4.39 found C 

78.95 H6.61 N4.53 

l-Carbethoxy-2-phenyl-3-tolyl-2,3-dihydroazepine (17e): Following the general procedure, 0.83 g (7.66 mmol) of 

ethyl chloroformate were added to the reaction mixture. After work up and chromatographic purification of the 

yellow reaction mixture, the colorless product (needles) was obtained after recrystallisation from diethyl ether/n- 

hexane. Yield: 0.07 g (27%); m.p. 58°C. At -50°C, the conformers A and B are found in the ratio A:B=1:0.8 by ZH 

NMR integration.- IH NMR (600 MHz, 223 K, CDCI3): 6 = 0.75 (t, 3H, J = 7.2 Hz, CH3) A, 1.04 (t, 3H, J = 7.2 Hz, 

CH3) B, 2.24 (s, 6H, Ph-CH3) AB, 3.70-3.81 (m, 2H, CH2) B, 3.92-4.04 (m, 2H, CH2) A, 4.57-4.63 (m, 2H, 3-H) AB, 

5.05 (dd, IH, J = 9.4 Hz, J = 7.7 Hz, 6-H) A, 5.14 (dd, 1H, J = 9.4 Hz, J = 8.3 Hz, 6-H) B, 5.84-5.94 (m, 3H, 2-H, 4- 
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H, 5-H) AB, 6.05-6.12 (m, 3H, 2-H, 4-H, 5-H) AB, 6.72 (d, 1H, J = 9.4 Hz, 7-H) A, 6.83 (d, IH, J = 9.4 Hz, 7-H) B, 

6.96-7.29 (m, 18H, atom. H)AB.- laC NMR (150,93 MHz, 223 K, CDCI3): ~ = 13.72 (CH3) B, 14.30 (CH3) A, 21.01 

(Ph-CH3) B, 21.10 (Ph-CH3) A, 48.72 (C-3) a, 48.75 (C-3) A, 59.22 (C-2) A, 59.97 (C-2) B, 62.30 (CH2) a, 62.63 

(CH2) A, 108.03 (C-6) A, 108.90 (C-6) a, 125.81, 125.97, 125.99, 126.16, 126.78, 126.91,127.67, 127.77, 127.82, 

128.00, 128.06, 128.57, 128.76, 128.82, 130.35, 130.83 (atom. C, C-4, C-5, C-7) AB, 136.28, 136.35, 137.39, 137.78, 

138.76, 138.82 (Cipso) AB, 154.39, 154.41 (C=o)AB.- IR (NaCl): ~ = 3040 cm "l (vw, CH arom., olef.), 3010 (vw, 

CH arom., olef.), 2960 (m, CH aliph.), 2910 (vw, CH aliph.), 2850 (w, CH aliph.), 1700 (vs, C=O), 1635 (m) (C=C), 

1600 (m), 1500 (w), 1435 (m), 1360 (s), 1330 (m), 1310 (m), 1290 (m), 1275 (s), 1255 (s), 1230 (m), 1160 (w), 

I I l0 (s), 1055 (m), 930 (w), 905 (vw), 805 (vw), 760 (m), 690 (m), 605 (m).- MS (70 eV); m/z (%) = 333 (49) 

[M+], 260 (28) [M +- CO2C2H6] , 256 (25), 228 (30), 215 (! 00), 184 (26), 168 (31), 143 (41), 115 (28), 105 (29), 91 

(38) [Tol÷], 78 (24) [C6H6+], 65 (23) [C5H5+].- C22H23NO2 (333.4): calc. C 79.25 H 6.95 N 4.20 found C 

79.03 H7.13 N4.29 

l-Benzoyl-2-phenyl-3-tolyl-2,3-dihydroazepine (17d): Following the general procedure, 0.39 g (2.80 mmol) of ben- 

zoyl chloride were added to the reaction mixture, prepared from 0.37 g (1.42 mmol) of 14, dissolved in THF (5 ml), 

and 1.56 mmol of LDA (from 0.25 ml (1.91 mmol) of diisopropylamine and 0.98 ml (1.56 mmol) of 1.6M n-butyl 

lithium in n-hexane). After work up and chromatographic purification of the yellow reaction mixture, the colorless 

product (needles) was obtained after recrystallisation from diethyl ether/n-hexane. Yield: 0.15g (29%); m.p. 144°C. 

At -50°C, the conformers A and B are found in the ratio A:B=1:0.2 by 1H NMR integration.- IH NMR (600 MHz, 

223 K, CDCI3): 8 = 2.23 (s, 3H, Ph-CH3) A, 2.38 (s, 3H, Ph-CH3) B, 4.48 (m, 1H, 3-H) B, 4.79 (m, 1H, 3-H) A, 5.01- 

5.04 (m, 1H, 6-H) A, 5.32 (m, 1H, 2-H) B, 5.45-5.48 (m, 1H, 6-H) B, 5.92-5.95 (m, 1H, 5-H) B, 6.03-6.07 (m, IH, 5- 

H) A, 6.13-6.16 (m, 1H, 4-H) B, 6.22-6.25 (m, 1H, 4-H) A, 6.29 (d, 1H, J = 9.5 Hz, 7-H) A, 6.62 (m, IH, 2-H) a, 6.81- 

6.83 (m, 1H, atom. H), 7.10-7.42 (m, 18H, atom. H, 7-HB)AB. - 13C NMR (150.93 MHz, 223 K, CDCI3): 6 = 21.05 

(Ph-CH3) A, 21.16 (Ph-CH3) B, 48.37 (C-3) A, 48.98 (C-3) B, 56.88 (C-2) A, 63.17 (C-2) B, 107.78 (C-6) A, 111.61 (C- 

6) B, 125.66 (C-5) a, 125.73 (arom. C) AB, 126.12 (C-5) A, 126.16, 126.81,127.18, 127.54, 127.72, 128.02, 128.1 i, 

128.62, 128.77, 128.94, 129.14, 129.61 (arom. C, c-7B) AB, 130.40 (C-7) A, 130.95 (C-4) A, 131.02 (arom. C) AB, 

132.12 (C-4) B, 134.02 B, 134.11 A, 136.54 A, 136.98 B, 137.11 A, 137.18 a, 138.00 a, 138.33 a (Cipso), 170.88 A, 171,76 B 

(C=O). - IR (KBr): ~ = 3040 cm "1 (w, CH arom., olef.), 3005 (m, CH arom., olef.), 2920 (w, CH aliph.), 2900 (w, 

CH aliph.), 1650 (vs, C=O), 1620 (vs), 1585 (vs), 1570 (m), 1500 (m), 1485 (m), 1435 (m), 1390 (w), 1335 (vs), 

1310 (m), 1295 (m), 1280 (m), 1250 (m), 1225 (w), 1165 (w), 1135 (m), 935 (m), 925 (m), 865,(s), 805 (m), 790 

(m), 760 (m), 720 (m), 710 (s), 685 (vs), 670 (m).- MS (70 eV): m/z (%) = 365 (24) [Mr], 324 (14), 288 (14) [M r- 

Phi, 260 (78) [M r- PhCO], 244 (36), 229 (21), 168 (26), 141 (26), 115 (23), 105 (100) [PhCO÷], 91 (48) [ToI÷], 77 

(86) [Ph÷], 57 (25).- C26H23NO (365.47): calc. C 85.45 H 6.34 N 3.83 found: C 85.20 H 6.23 N 3.99 
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