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Synthetic approaches to enamides, intermediates of use in the synthesis of natural products, were studied as well
as their 7-endo-trig radical cyclization to 3-benzazepines. © 1999 Elsevier Science Ltd. All rights reserved.

Kevwords: enamides; benzazepines; radical reactions.

Introduction

The 3-benzazepine unit is present in a large number of alkaloids, including isopavines [1],
indenobenzazepines [2], dibenzopyranazepines [3], isoindolobenzazepines [4] and cephalotaxine
[5]. In connection with our interest in the synthesis of indenobenzazepine alkaloids, we have
reported a new procedure for assembly of their 3-benzazepine unit by intramolecular addition
of an aryl radical to the enamide double bond of 1 [6]. This cyclization took place
stereoselectively in a 7-endo manner, giving frans-fused benz[d]indeno[1,2-b]azepines 2 in 40
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Recen y we BX[CHOCG this approacn to the preparduon ()I lhOIﬂOOIO[‘,2°bj[3jDCIlLd.LCplﬂCb
[7], this time by aryl radical cyclization onto the double bond of cyclic enamides 3 (Scheme
1). Cyclization of the dimethoxy-substituted methylenephthalimidine 3b led directly to the
alkaloid lennoxamine (4b), though the yield was lower than for the reaction of 3a with a less
electron-rich benzo ring.
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The starting unsubstituted methylenephthalimidine 3a was prepared by heating 6-
bromohomoveratrylamine with commercial 2-acetylbenzoic acid. However, this classical
procedure is not suitable for the synthesis of aryl-substituted methylenephthalimidines because
the required aromatic <y-ketoacids are not available. For the preparation of substituted

methylenephthalimidines, exemplified by 3b, we therefore developed an alternative approach
to these comnounds involvine S-exo-die cvclization of an o-ethvnvlbenzamide. Specifically
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triple bond by the amide nitrogen, giving the cyclic enamide 3b (Scheme 1) [8].

Results and Discussion

In this paper we describe the preparation of alkylidenephthalimidines and their radical

cyclization 0 1izazepines. The most noteworthy result is the successful
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classical acylation procedure. The benzylidene derivative 3d was obtained in 91% yield by an
alternative method [9] consisting of heating the appropiate phenethylamine with commercially
available 3-benzalphthalide and then dehydrating the resulting hydroxylactam with acetic acid.

MEW\/NHZ 7 \ 7/
. MCOYY\/
| 1. benzalphthalide, A X X

= |
MeQ™ F g, 2. AC(g)ch} reflux Me MB: o
(2]

Next, we turned our attention to the preparation of non-phthalimidine enamides such as the
aliphatic y-methylene-y-lactams 3e and 3f. Attempts to prepare 3f by condensing
homoveratrylamine and levulinic acid unexpectedly gave tricyclic lactam § as the major
product (65% yield), presumably as the result of C-C bond formation through electrophilic
attack of the intermediate acyliminium ion on the electron-rich aromatic ring, as shown in
Scheme 2 [10].

Scheme 2
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In the corresponding reaction of homoveratrylamine with its nucleophilic aromatic position
blocked by a bromine atom, no dehydration of carbinolamide 6 to methylenelactam 3e took
place, and 6 was obtained in 72% yield. Similar results were obtained when the
phenethylamines were condensed with Yy-methylene-y-butyrolactone. Thus, the easy
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the preparation of 3¢), does not occur with aliphatic ketoacids
for preparation of these enamides.

In the light of these results, we decided to try the alternative procedure based on 5-exo-dig
cyclization of acetylenic benzamides, which we had used previously to prepare phthalimidine
3b. Thus, the appropiate amide 7, which was easily prepared by condensation of 6-
bromohomoveratrylamine with 4-pentynoic acid chloride, was treated with NaH in DMF for
2 hours at room temperature affording methylenelactam 3e in 82% yield as the only product.

Q
H
MeC X NY\////
QY\(\/ i NaH/DME Meo\./\/\/
4 Q
Meo” NF g, - A/K//'k I
MeO X
7 3e, X = Br, 82%

., X=H

To examine the scope of this cyclization we applied it to the alternative system of an o-
ethynylbenzylamide, as exemplified by 9. Amide 9a was prepared by a-alkylation of o-
iodobenzylamine  followed by  chemoselective  Pd—catalysed  coupling  with
trimethylsilylacetylene (Scheme 3) Treatment of 9a with either a catalytic amount or an
excess of K,CO, gave the desilylated compound 9b. Attempts to promote the S-exo-dig

azacyclization on 9a or 9b by treatment with NaH/DMF resulted in decomposition.

i. Benzophenone imine/THF

ii. LDA/2-bromobenzylbromide B
iii. ZM HCV/ EtOH i
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The problem appears to be the o-substituent, since when 10a was treated with
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K2CO3/MeOH under the same reaction conditions (or with 1 equiv. of KOH/MeOH), it was
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desilylated to 10b (90% yield), which underwent 5-exo-dig cyclization upon treatment with
NaH in DMF for 3 h, giving the desired enamide 11 in 87% yield.
Scheme 4
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Next, we proceeded with investigation of the 7-endo-trig radical cyclization of the
phenethylenamides 3 to 3-benzazepines 12. The radical cyclization was performed by
dropwise addition of tributyltin hydride (2 equiv.) to a SmM solution of 3 and AIBN (20%
by weight) in benzene refluxing under argon. The results are shown in Scheme 5.

Scheme 5
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The benzylidenephathalimidine 3d and the aliphatic y-methylenebutyrolactam 3e produced
the corresponding 3-benzazepines in good yield. The low yield of benzazepine 12¢ may have
been due to radical translocation to the benzyl group. The cis selectivity observed in the
formation of 12d may be the result of nBu,SnH hydrogen abstraction by the radical
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analysis (Figure 1)[11]. Interesting features of the solid-state molecular structure are the chair

conformation of the seven-membered ring, and the consequent pseudo-axial orientation of the
phenyl group at position 13.

Figure 1. Chem3D representation of the X-ray structure of 12d
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preparation of N-substituted alicyclic enamides, and broadened the scope of the 7-endo-trig
radical cyclization for the preparation of 3-benzazepines. The combination of both
cyclizations allowed the synthesis of tricyclic 12e, an analogue of which has been used as an
intermediate in the synthesis of cephalotaxine [12].

Experimental Section
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IFS-28. NMR: IH and 13C spectra were recorded in CDCI3 with TMS as internal standard in
Bruker AM 400 (400 MHz and 100.6 MHz, for 1H and 13C, respectively). MS: (70 eV).

N-[2-(4-benzyloxy-2-Bromo-5-methoxyphenyl)ethyl]-2,3-dihydro-3-methylene-1H-

isoindol-1-one (3¢): A mixture of 4- benzyloxy -2-bromo-5-methoxyphenethylamine (780 mg,
q Qq mmr\]\ nnr} q 1
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under argon. After the mixture I
and left at 0 °C overnight, it afforded as a Lrysrai
M.p. (EtOAc) 131 °C. IR (KBr): v = 1706 cm™ (C=0). IH NMR: 5
H), 7.67 (d, J = 7.4 Hz, 1 H), 7.57 (dt, J =7.2 and 1.2 Hz, 1 H), 7.49 (dt, J =74and 1.2 Hz, 1

H), 7.40 (m, 5 H), 7.05 (s, 1 H), 6.71 (s, 1 H), 5.13 (d, J = 2.4 Hz, 1 H), 5.09 (s, 2 H), 4.95
(d, J= 2.4 Hz, | H), 3.98 (t, J= 7.5 Hz, 2 H), 3.68 (s, 3 H), 3.04 (t, J = 7.5 Hz, 2 H). 13C
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129.0 (CH), 128.5 (CH), 127.8 (CH), 123.4 (CH), 120.3 (CH), 118.5 (CH), 114.5 (CH),
114.4, 89.5 (CH2), 71.7 (CH2), 56.5 (CH3), 39.7 (CH2), 34.9 (CH2). MS; m/z (%): 384 (100)

N—[2-(2-Bromo-4,5-dimethoxyphenyl)ethyl]-3-benzylidene-2,3-dihydro-1H-isoindol-1-one
(3d): A mixture of 6-bromohomoveratrylamine (500 mg, 1.92 mmol) and benzalphthalide
(405 mg, 2.02 mmol) was heated at 140 °C for 3 min under argon. The resulting solid was

treated with AcOH (2 mL) and refluxed for 2 h. The mixture was cooled and the solid
DI imitata that wwno Favmand xrae Filtarsad  ~a and idanmt: F' A A (ANK Q1 0.\
precipi itate that was formed was filtered out and identified as 3d (4u> InLg, >i1i70).

p. (EtOAc) 180 °C. IR (KBr): v = 1703 cm™ (C=0). IHNMR: 8 = 7.83 (d, J = 7.5 Hz,
111) 7.41-7.24 (m, 8 H), 6.99 (s, 1 H), 6.70 (s, | H), 6.59 (s, 1 H), 4.11 (t, J = 7.3 Hz, 2 H),
3.83 (s, 3 H), 3.64 (s, 3 H), 3.12 (t, J= 7.3 Hz, 2 H). 13C NMR: § = 166.6, 148.5, 136.0,
135.2, 135.0, 131.5 (CH), 130.2, 129.9, 129.5 (CH), 129.2 (CH), 128.6 (CH), 128.0, 127.8

w2235

(CH), 123.1 (CH), 123.0 (CH), 115.5 (CH), 114.2, 113.8 (CH), 110.7 (CH), 56.1 (CH3), 55.9

(CH3), 39.2 (CH2), 34.5 (CH2). MS; m/z (%): 465 (6) [Mt+ + 2], 463 (6) [Mt], 244 (100)
242 (98). C25H22BrNO3: caled. C 64.66, H 4.78, N 3.02; found C 65.00, H 4.96, N 3

8,9-Dimethoxy-10b-methyl-1,5,6,10b-tetrahydropyrrolo[2,1-ajisoquinolin-3(2H)-one  (5):
A mixture of homoveratrylamine (200 mg, 1.1 mmol) and levulinic acid (150 mg, 1.2 mmol)
was heated at 110 °C for 1 h. Flash chromatography (silica gel, 1:1 hexane/EtOAc) of the
crude gave isoquinoline § as an oil (185 mg, 65%) with data identical to those reported in
ref. 10

N-[2-(2-Broma-4,5-dimethoxyphenyl)ethyl ]-4-hydroxy-4-methyl-y-butyro lactam (6): A
mixture of 6-bromohomoveratrylamine (190 mg, 0.74 mmol) and levulinic acid (90 mg, 0.75
mmol) was refluxed in toluenc ( 20 mL) for 8 h. After work-up amideketal 6 (190 mg, 72%)
was isolated as a ('rvemllme- sohid Mn (EtQAc) 99 °C. IR (KBr): G = 1668 cm™ (C=0).

SUAGINAL K3 & vl YI3uQRaaiiv SViaNL. ARSI AN LR AN w22

IH NMR: & = 6.99 (s, 1 H), 6.78 (s, 1 H), 3.85 (s, 3 H), 3.84 (s, 3 H), 3.45-3.36 (m, 2 H),
3.02-2.94 (m, 2 H), 2.54 (m, 1 H), 2.37 (m, I H), 2.13-2.03 (m, 2 H), 1.44 (s, 3 H).
13C DEPT NMR: 8 = 115.5 (CH), 113.7 (CH), 56.2 (CH3), 39.2 (CH2), 35.3 (CH2), 34.8

(CH2), 32.8 (CH?2), 29.1 (CH3). MS; m/z (%): 359 (3) Mt + 2], 357 (3) [M*], 244 (100),

Il N A Y B~ I NEZMT NEQ

242 (98). C15HpoBrNOg4: caled. 357.0575; found 357.0584.

N-[2-(2-Bromo-4,5-dimethoxyphenyl)ethyl]-4-methylene-y-butyrolactam (3e): Sodium
hydride (180 mg, 7.5 mmol) was added to a stirred solution of the acetylenic amide 7 (550
mg, 1.62 mmol) in dry DMF (5 mL) under argon, left at rt for 2 h, and then poured into
water (50 mL). The resulting mixture was extracted with diethyl ether. The combined

¥y dava I e A:0 ARRBLAILE SiLIARRSL LI AL L2l (S A3 8 111 5%

organic layers were washed with brine, dried (Na2SO4) and concentrated in vacuo.
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The residue proved unstable on flash chromatography silica gel, so it was purified by

p table on tlash chromatography stlica gel, p DY
recrystallization from EtOAc, affording methylene-y-butyrolactam 3e (450 mg, 82%).
M.p. 101-103 °C. IR (KBr): v = 1715 cm’! (C=0). IH NMR: 8§ = 7.01 (s, 1 H), 6.76 (s,

1 H),4.42(d,J = 1.8 Hz, 1H), 4.15(d, J= 1.8 Hz, 1 H), 3.85 (s, 3 H), 3.84 (s, 3 H), 3.66 (t,

J=7.6Hz,2 H), 291 (t, J= 7.6 Hz, 2 H), 2.70 (m, 2 H), 2.46 (m, 2 H). 13C NMR: § =
176.2, 148.9, 148.8, 146.8, 130.2, 115.9 (CH), 114.6, 113.8 (CH), 84.9 (CH2), 56.5 (CH3),

40.2 (CH?2), 33.2 (CH?2), 29.4 (CH?2), 24.2 (CH?2). MS; m/z (%): 341 (3) [M* + 2], 339 (3)
[M+], 260 (100). C15H18BrNO3: caled. C 52.96, H 5.33, N 4.12; found C 53.14, H 5.50,
N 3.97.

N-[{2-(2-bromophenyl)-1-(2-iodophenyl )]eﬂzylacetamtdc (8). A mixture of 2-
iodobenzylamine (426 mg, 1.83 mmol) and benzophenone imine (330 mg, 1.83 mmol) in dry

THF (1 mL) was heated at 50 °C under argon for 3 h. The resulting solution was added via
cannula to a LDA solution (2.75 mmol) stirring at -70 °C, causing a deep purple colour to
form. After 90 min, 2-bromobenzylbromide (460 mg, 1.83 mmol) was added and the
reaction mixture was stirred for 4 h at rt. The solvent was evaporated and the residue was
taken up in ether, washed with brine, and dried to give an oil. This was dissolved in a mixture
of 1:1 EtOH/2M HCI (6 mL), refluxed for 30 min, and then poured into water (20 mL).

After washing the agueous layer with ether (3 x 30 mL), it was neutralized and extracted with

i x.xl.vx vv SiikiAE WAV BuvUMS 2l itia vriiva LS AV Y i VAR LRI ALIALAS QI AL ALY

ether (3 0 mL). These etheral extracts werc dricd and concentrated to give crude 1-(2-

L _.‘.' o N e T "OFREIR, M b U PR DA, S, vmamw Q207N "Thin anmaimna wrngo
iodophenyl)-2- \L-UI mophenyl) ethylamine (610 mg, 83%). This amine was dissolved in
h } h ]
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dichioromethane (Z0 mL) and cooled to O °C, and nt3‘ (152 mg, 1.5 mmol) and acetic

anhydride (203 mg, 2 mmol) were added. The reaction mixture was stirred at rt for 5 h,
washed with water and then brine, dried and concentrated. The residue was purified by flash
chromatography (1:1 EtOAc/hexane), which gave 8 (560 mg, 84%) as a crystalline solid.
M.p. (EtOAc) 137 °C. IR (KBr): v = 1649 cm™ (C=0). IHNMR: 8 = 7.78 (d, J = 7.7 Hz,

WWi.Pe \RARS IR 2T o KAN \AnRJR ) v A\H S wiik Sivian. ¥ e d

1 H); 7.50 (d, J = 7.9 Hz, 1 H); 7.24 (m, 3 H); 7.06 (dt, J= 7.7 and 1.7 Hz, 1H); 6.90 (m,

2 H); 548 (q, /= 8.1Hz, 1 H); 3.15 (m, 2 H); 1.84 (s, 3 H). 13C NMR: § = 169.4, 143.9,

139.8 (CH), 136.9, 132.6 (CH), 131.1 (CH), 129.0 (CH), 128.5 (CH), 128.4 (CH), 127.6

(CH), 125.0, 98.7, 58.3 (CH), 40.6 (CH2), 23.0 (CH3). MS; m/z (%): 446 (0.3) [M*+ + 3], 444
(0.3) [M* + 1], 402 (0.3), 274 (100). C16H6BrINO: calcd. 445.9439; found 445.9448

N-{2-(2-bromophenyl)-1-[2-(Trimethylsilyl)ethynyl [phenyl}ethylacetamide (9a). N-[2-(2-
bromophenyl)-1-(2-Iodophenyl)]ethylacetamide (8, 0.11 g, 0.25 mmol), PdCI2(Ph3P)2 (22

mg, 0.02 mmol), Cul (5 mg, 0.02 mmol) and trimethylsilylacetylene (52 mL, 0.36 mmol)
were placed in a flask containing 6 mL of 1:1 Et3N/THF and stirred under argon for 8 h at

rt. The resulting suspension was vacuum filtered through a bed of Celite, the filtrate was

IRT

concentrated, and the residue was dissolved in CH2Cl2, washed with 5% HCI, dried (Nazau4)
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1 H); 5.54 (m, 1 H); 3.35 (m, 2 H); 1.93 (s, 3 H); 0.33 (s, 9 H). 13C NMR: § =
168.8, 143.3, 137.5, 133.9 (CH), 132.7 (CH), 131.1 (CH), 128.9 (CH), 128.2 (CH), 127.8
(CH), 127.3 (CH), 127.1 (CH), 124.9, 120.6, 104.0, 100.2, 54.1 (CH), 41.0 (CH2), 23.3

(CH3), -0.1 (CH3). MS; m/z (%): 416 (0.6) [M* + 3], 414 (0.63) [M* + 1], 402 (7), 400 (7),
244 (100). C1Hp5BINOS:i: calcd. 414.0889; found 414.0878.

N-{[2-(Trimethylsilyl)ethynyl]benzyl}acetamide (10a). N-(2-Iodobenzyl)acetamide (0.9 g,
3.27 mmol), PdCI2(Ph3P)2 (0.2 g, 03 mmol), Cul (60 mg, 03 mmol) and

L T AR LAy

fae atharloilalanatulana N AT AT 2 121 manlY vxrava mlana a flasL nﬁ.-.o.“.-.;nn £ T AF 1.1
ll.ll 1CLLL muyka»ctyu;uc \V.a /4 L, O.00 1 Ul) WCl1C Plabcu lll d LiadAN LCUllvai 11115 UU 1L \ I 1.1
Et3N/THF and stirred under argon for 2h at rt. The resulting suspension was vacuum filtered

through a bed of Celite, the filtrate was concentrated and dissolved in CH2CIl2, the residue
was washed with 5% HCI, dried (Na2SO4) and chromatographed on silica gel (1:1
EtAcO/hexane). A mixture of two rotamers of acetamide 10a (ﬂ g g, 99%) was obtained as

colourless crystals. M.p. (EtOAc) 86 °C. IR (KBr): v = 1651 cm ' (C=0). IH NMR: § =
7.45 (d, J=7.5Hz, 1 H), 7.34-7.18 (m, 3 H), 6.09 (bs, 1 H), 4.57 and 4.55 (2xs, 2 H), 1.99
(s, 3 H), 0.27 (s, 9 H). 13C NMR: & = 170.1, 140.8, 133.0 (CH), 129.4 (CH), 128.9 (CH),
127.8 (CH), 122.6, 103.3, 100.2, 42.8 (CH2), 23.6 (CH3), 0.33 (CH3). MS; m/z (%): 245
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N-[(2-Ethynyl)benzyl]acetamide (10b). Potassium carbonate (290 mg, 2.1 mmol) was
added to a stirred solution of 10a (220 mg, 0.9 mmol) in methanol (20 mL) and the mixture
was left at rt for 5 min. The solid formed was filtered out and the filtrate was evaporated to
dryness under reduced pressure. The resulting residue was chromatographed on silica gel (1:1
EtOAc/hexane), affording a mixture of two rotamers of acetamide 10b (140 mg, 90%) as

13 728 » )

colourless crystals. M.p. (EtOAc) 91 °C. IR (KBr): v = 1651 cm' (C=0). IH NMR: § =
7.50(d, J =7.4 Hz, 1 H), 7.38-7.30 (m, 2 H), 7.27-7.22 (m, 1 H); 6.13 (bs, 1 H); 4.56 and
4.57 (2xs, 2 H), 3.33 (s, 1 H), 2.00 (s, 3 H). 13C NMR: § = 170.3, 141.1, 133.3 (CH), 129.7
(CH), 129.0 (CH), 127.8 (CH), 121.6, 82.3 (CH), 81.9, 42.6 (CH2), 23.6 (CH3). MS;

2 AAMNT 1 120 7100 ML LY. N o
J(04) M7, 15U (1UVU). LijajjiNul g

2-Acetyl-2,3-dihydro-1-methylene-1H-isoindole (11). Sodium hydride (27 mg, 1.1 mmol)
was added to a solution of 10b (106 mg, 0.61 mmol) in dry DMF (4 mL) stirring under
argon and left at rt for 4 h. The resulting mixture was poured into water (40 ml) and

extracted with ethyl ether. The combined organic layers were washed with brine, dried
(Na2S04) and concentrated in vacuo, affording an unstable residue that was identified as

necentralca 15 AWwAle e [ $.8.8 LY )



mg, 90%). IR (KBr): v = 1699 cm™ (C=0). IHNMR: § = 7.
Yy o~ 2 5

10 (s, 1 H); 5.17 (s, 1 H); 4.85 (s, 2 H), 2.45 and 2.29 (2xs, 3
, 1442 136.1, 134.9, 128.8 (CH), 127.9 (CH), 122.3 (CH), 1202 (CH), 91. 3
(CH2), 54.2 (CH2), 24.6 (CH3). MS; m/z (%): 173 (19) [M*], 130 (100). C11H1INO:

173.0841; found 173.0841.

~ S

General procedure for the synthesis of the 3-benzazepines (12). 11-Benzyloxy-7,8,13,13a-
tetrahydro-10-methoxy-5H-isoindolo[ 1,2-b {3 [benzazepin-5-one {(12¢).

n-Bu3SnH (0.35 mL, 1.30 mmol) was added dropwise over 6 min to a solution of 3¢ (300

mg, 0.65 mmol) and AIBN (60 mg, 20% by weight) in 70 mL of dry degassed benzene
refluxing under argon. The mixture was refluxed for a further 6h, and then the benzene was
evaporated under reduced pressure and the resulting residue was taken up in CH3CN. This

solution was washed with hexane, dried (Na2SO4), and concentrated, and the residue was

__________ 1%, /N ll — ANOT N\

Lnromatograpnea on silica gf:l (J i ntUACInexane) DCDZ&ZCPIHC 14C (V.11 &, ‘+U Y0) wWas

P Y

obtained as colourless crystals. M.p. (EtOAc) 134-135 °C. IR (KBr): v = 'bzso cm’ (C=0).

IH NMR: 8 =7.87(d, J = 7.5 Hz, 1 H), 7.59-7.41 (m, 8 H), 6.93 (s, 1 H), 6.79 (s, 1 H), 5.19
(s,2 H), 4.83 (m, 1 H), 441 (d, /=9.8 Hz, 1 H), 392 (s, 3 H), 3.17 (dd, J = 14.7, 1.6 Hz,

1 H), 3.15-2.81 (m, 4 H). 13C NMR: § = 167.9, 148.8, 147.0, 1452, 137.6, 134.9, 132.4,
131.9 (CH), 129.7, 128.9 (CH), 128.8 (CH), 128.3 (CH), 127.8 (CH), 1242 (CH), 122.4

(CH), 117.3 (CH), 114.6 (CH), 72.0 (CH?), 61.7 (CH), 56.4 (CH3), 42.5 (CH ) 41.8 (CH2),
36.3 (CH2 MS; m/z (%): 385 (28) [M'], 294 (42), 91 (100). C25H23NO3: C 77.90, 1
N 3.63; found C 77.53, H 5.94, N 3.77.

(13R* 13a5*)-7,8,13,13a-Tetrahvdro-10,11-dimethoxy-13-phenyl-5H-isoindolo  [1,2-b][3]
benzazepindm"e (12d). nBu3SnH (0.31 mL, 1.14 mmol) was added to a refluxing mixture
A WA PP W aa n 1" ATDONT 78N hY — g

of compound 3d (260 mg, 0.55 mmol) and AIBN (50 mg) in benzene (80 mL) as described in
the previous procedure. After work-up and purification, benzazepine 12 19 g, 93%) was

obtained as colourless crystals. M.p. (EtOAc) 206 °C. IR (KBr): v = 1682 cm” (C=0).

ITHNMR: §=7.80(d,J=7.3 Hz, 1 H), 7.65 (d, J= 7.3 Hz, 1 H), 7.56 (t, /= 7.3 Hz, 1 H),

7.46 (t,J = 7.3 Hz, 1 H), 6.96 (m, 3 H), 6.80 (s, 1 H), 6.74 (s, 1 H), 6.59 (d, J = 6.7 Hz, 2 H),
518(d,J=18 1H),482(d, J=18Hz, 1H), H), 3.86 (s, 3 H),
1

(-
=

v;;u Axyy (e 2.0 22l

3.58 (m, 1 H), 3.0l (m, 2 H). ¢

01 13C NMR: & = 168.6, 148.1, 143.0, 144.9, 1 8.8, 133.2, 1324,
131.9 (CH), 128.9 (CH), 128.8 (CH), 128.3 (CH), 127.0 (CH), 124.2 (CH), 122.6 (CH) i15.1

(CH), 63.8 (CH), 56.5 (CH3), 56.4 (CH3), 54.0 (CH), 42.4 (CH?2), 34.1 (CH2). MS; m/z (%):
385 (87) [M*], 253 (100). C25H23NO3: C 77.90, H 6.01, N 3.63; found C 77.51, H 6.35,

A

N 2?2 KT
N DI f.
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125611 11a- ahvdro-8 Q-dimethoyv-3H-nvrrolol2 1-bl1I31henzazenin-3-one (12e)
1,£,0,0,11,11a-f1exanydro-o,9-dl 1OXY-3H-pyrrolol £, 1-D]] 3 |1Denzazepin-3-one (14¢)
R CnH (N A4 T 1 46 mmoall wae added avar 1) min to a rafliiving mivinre nf comnound
’Luu_)ull.ll AV Ly, 1.77U llllllul} YVWAS AUl UYLl A\ 111111 VU Q&4 lblluﬂlllé 1ALV VUL VUL ALING
3e (250 mg, 0.73 mmol) and AIBN (50 mg) in benzene (70 mL.), as described in the above

procedure. Addition of the alkylstannane has to be slow enough to avoid reductive
debromination. After work-up and purification, benzazepine 12e (0.14 g, 75%) was obtained

as colourless crystals. M.p. (EtOAc) 124 °C. IR (KBr): v = 1681 cm" (C=0). lHNMR: § =
6.65 (s, 2 H), 444 (ddd, J = 2.0, 54 and 13.3 Hz, 1 H), 3.84 (s, 6 H), 3.52 (m, 1 H),
2

pr——
=
+
k—f
)
&
(@)

(100).

Crystal structure analysis of 12d.
Molecular formula, C25H22NO3; Mr = 384.44. Monoclinic space group P21/a (No. 14);
= 9.6813 (16), b = 21.746 (5), ¢ = 9.692 (3) A; B= 94.554(2)°, V = 2034.8(8) A3, Z =

D¢ =1.259 gcmg“', 1 (Cu-Ka) = 0.658 mm™!. Data were collected at 293 (2) K with a CAD4
Enraf-Nonius diffractometer using graphite monochromated Cu-Ka. radiation A = 1.54184 A
4386 reflections in the theta range 4-75° (-12 £ h £12,0<k £ 27, -12 <1 £ 0) were

collected using the ®w/26 scan technique, of which 4141 were used for refinement.
The structure was solved by direct methods (SHELXS86) [13]. Full matrix least-squares

refinement on F~ was performed with anisotropic displacement parameters for all non-H
atoms [14]. Hydrogen atoms belonging to methyl groups were refined at geometrically
calculated positions; all other hydrogen atoms were located on the electron-density difference
map and refined with isotropic temperature factors. The final agreement indices were
R1 = 0.0690 for observed reflections Y > 26 (I), and WR2 = 0.2258 for all reflections.

Absorntion coefficients and scatterine factors were taken from International Tables for

LSV pRa Il LU AR QI LAl A8ivie seALL

Crystallography [15].
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