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ABSTRACT: 2,3,8,9-Tetramethoxy-5,6,11,12-tetrahydrodibenzo [a,e]cycloocten-5-one (2) was transformed 
by Baeyer-Villiger oxidation to the substituted 6-oxodibenzo[bJ]oxmin 6. One-pot Beckmann or Schmidt 
rearrangements of 2 afforded the 6-oxodibenzo[boO-azonine 8 which was reduced by BH3-THF to the tricyclic 
amine 14. Parallel reactions with desoxyveratroin gave the ester 7 or amide 12 from preferential migration of 
the 3,4-dimethoxyphenyl over the 3,4-dimethoxybenzyl group.Copyright © 1996 Elsevier Science Ltd 

INTRODUCTION 

In a program of synthesis of a series of structurally diverse but biogenetic.ally related isoquinoline 

alkaloids from the keto acid 12 we prepared 2,3,8,9-tetramethoxy-5,6,11,12-tetrahydrodibenzo[a,e]cyclo- 

oeten-5-one (2) 3 as a proposed intermediate to pavine, and with moderate quantifies of this tricyclic ketone 

available we decided to examine its behavior in several typical ketone reactions. Since we did not fred reports 

in the literature of the Baeyer-Villiger, Beekmarm or Sehmidt rearrangements with the tricyclic dibenzo[a,e] 

cycloocten-5-one system, we investigated these reactions, and for comparison we studied a simpler analog, 

desoxyveratroin (3), in the same reactions. 

The Baeyer-Villiger 4, Beekmann 5 and Schmidt 6 rearrangements are classical oxidative reactions that 

ketones undergo. With earbocyelic ketones they are marked by ring expansion to laetones or lactams, and with 

unsymmetrieal ketones (e.g., aryl benzyl ketones) they pose tests of the migratory aptitudes of the carbonyl 

substituents. In the Baeyer-Villiger oxidation the product is determined solely by the migrating group. The 

reaction occurs under general acid catalysis and is facilitated by electron-donating groups in the ketone and 

electron-withdrawing groups in the peraeid. 7"10 The relative nucleophilicities of the two groups on the 

earbonyl carbon generally determine the respective migratory aptitudes. However, a mixture (5:1) of esters 

was obtained from cyclohexyl phenyl ketone in which the cyclohexyl group migrated predominately. 11 

Furthermore, sterie and conformational factors can compete with and even dominate electronic factors in 

determining the stability of the transition state and thus the migratory aptitude. 12 
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The mechanism of the Baeyer-Villiger rearrangement has been shown to involve a concerted O-O 

heterolysis-migration which is usually rate determining. 13 The group migrating to the electron deficient atom 

normally has more nucleophilic character and is better able to accommodate the partial positive charge of the 

heteroatom in the transition state. 14 In the example with desoxyveratroin, p-toluenesulfonic acid catalyzes 

addition of the peraeid with the carbonyl leading to the tetrahedral peroxy adduct (Criegee adduct A) (Fig. 1). 

The earbonyl substrate can be either an intermolecularly H-bonded adduct or a protonated adduct, and the 

formation of this adduct becomes rate-determining. 9'15 The migration can thus be presumed to be 

predominately acid-catalyzed and therefore the nucleophilicities should be the major factor in determining 

migration. 
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Figure 1. Acid-catalyzed B-V reaction of desoxveratrion showing protonated Criegee Adduct and transition 
state of dimethoxyphenyl migration (Scheme 2). 

Migratory aptitudes are not so important in the traditional Beckmarm rearrangement, but the geometry 

of the intermediate oxime is the key to the product formed. As a rule the group anti to the O H  in the oxime 

migrates to the nitrogen. Hydroxylamine-O-sulfonic acid was recently introduced as a reagent that permits 

oximation-manangement to be carried out in one pot. 16 Operationally, then, the Beekmann rearrangement 

resembles the Schmidt reaction for transforming ketones to amides, and without a characterizable intermediate 

migratory aptitudes become a refuge for predicting product. 

In addition to comparing the migratory competition between aryl versus benzyl in three different 

rearrangements, the reactions with ketone 2 provide new routes to tricyelie oxinin and azonine derivatives. 

RESULTS AND DISCUSSION 

Ketone 2 was prepared from 1 in three steps (Scheme 1). Catalytic hydrogenolysis of  1 by Pd-C to 3 

was achieved in 83% yield in acetic acid solution with a small amount of  perchloric acid. The bibenzyl acid 3 

was cyclodehydrated to 2 by PPA under mild conditions. Oar preparation of 2 differs from Yamato's 3 only in 

step two, the reduction of keto acid 1 to 3; we report slightly different mp's for compounds 1, 2 and 3. 
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SCHEME 1 

(i) H2/Pd-C, HOAc-HCIO4; (ii) PPA; (iii) MCPBA/CH2CI 2 

Baeyer-Villiger Rearrangements. Compound 2 was treated with m-chloroperbenzoic acid (MCPBA) in 

dichloromethane at room temperature. On work-up only one product was observed by Tlc and the structure 

of this lactone 6 was established by NMR. The or-methylene protons in 2 absorb at 8 4.08 relative to TMS. 

These comparable protons in the two possible isomeric lactones 5 or 6 will experience either a downfield shift 

(for 5) or an upfield shift (for 6). 17 By theoretical calculations using Shoolery's rules that are based on the 

additive effects of shielding constants, 18'19 the corresponding 5-values are predicted to be 5.21 ppm for 5 and 

3.63 ppm for 6. The observed chemical shift of the or-methylene protons in the actual product was upfield at 

8 3.58 (Scheme 1). 

The Baeyer-Villiger oxidation of desoxyveralroin 4 was catalyzed by p-toluenesulfonic acid, and again a 

single ester 7 was obtained (Scheme 2). The chemical shift for the u-methylene proton in 4 absorb at 8 4.17 
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and in the ester at 8 3.77, supporting structure 7 and indicating that the dimethoxyphenyl group migrated in 

both ketones 2 and 4. 
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SCHEME 3 
(i) I-L2NOSO3H/(DMF or HCOOH); NaN3/PPA; (ii) BH3-THF 
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Beckmann and Schmidt Rearrangements. Ketone 2 was allowed to react with hydroxylamme-0 

sulfonic acid either in refIuxing formic acid or hot DM_F. From either system the same, single la&m was 

obtained in yields of 54 to 72%. In practice concentrated DMF solutions were preferred because near the bp 

of DMP, the lactam quickly separated, giving a visual indication that the rearrangement was completed. 

Structure proof in favor of lactam 9 was gained t?om NMR (Scheme 3). The a-CH, group in 2 (6 4.08) 

experienced an up field shift to 6 3.36. The calculated chemical shift for these protons in 9 is 3.67 ppm 

whereas in the isomer 10 the protons are predicted to absorb at 4.35 ppm. 

In a few runs, a by-product, identified as the ring-hydrolyzed amino acid 11 was isolated in addition to 

9. Structure 11 was established by elemental composition, NMR and especially the mass spectrum that 

showed, in addition to the molecular ion at m/e 375, a significant peak at m/e 166 attributable to the aniline 

fragment from the same la&am. 

Hydroxylamine-0-sulfonic acid in hot formic acid caused desoxyveratroin 4 to undergo the Beckmann 

rearrangement to produce a single amide 12 which possessed a NMR spectrum with a-CH2 at 6 3.61; this 

corresponded to an upfield shift from desoxyveratoin (6 4.17) (Scheme 4). The same amide 12 by mp and 

spectral comparison was independently synthesized from 3,4-dimethoxyphenylacetic acid and l-amino-3,4- 

dimethoxybenzene in decalin at 180-190” C. Isomeric compound 13 is predicted to show a peak at 6 4.43 in 

the NMR. 

6 4.43 ppm (calcd) 6 3.61 ppm (obsd) 
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SCHEME 4 

(i) H,NOSO,W HCOOH 

Schmidt rearrangements of 2 were produced by sodium azide in PPA at 80” C, furnishing the same 

lactam 9 but in isolated yields of 2430% compared with 66-72% by the modified Beckmann; however, no 

attempts were made to isolate an amino acid by-product (cf. 10) from these reactions. 

Products 9 and 12 show that from both ketones, Beckmann and Schmidt rearrangements occurred by 

migration of the 3,4-dime&oxyphenyl group similarly to the Baeyer-Villiger rearrangements. 
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Reduction of laetam 9 by BH3-TI-IF afforded 2,3,8,9-tetramethoxytetrahydrodibenzo[b,./]azonine (14). 

There are no reported alkaloids with this ring system, unlike the naturally occurring dibenzo[doC]azonines. 20 

The rare examples of  relatives of 14 known were obtained as by-products from benzyne-mediated syntheses of 

dibenzopyrrocolines which were shown to be intermediates in the formation of  dibenzo[b,J]azonines. 2]'22 

EXPERIMENTAL 

Melting points were taken in open capillary tubes using a Mel-Temp apparatus and are uncorrected. 

IR spectra were recorded either on a Perkin-Elmer 727 or Beckanan 12 spectrophotometer, either as Nujol TM 

mull or KBr pellets and only noteworthy absorptions (cm -1) are reported. NMR spectra were measured in 

CDC13 with 8 values relative to TMS at 0 ppm and recorded on a Varian EM390, IBM NR80, Varian Gemini 

300 or a GE QE300 spectrometers. Mass spectra data was provided by M.A. Waugh or measured on VG 

7070F as El at 70 eV. Elemental analyses were performed by Atlantic Microlabs, Inc. or Gailbraith 

Laboratories. 

2-[2-(3,4-Dimethoxyphenyl)ethyl]-4,5,dimethoxyphenyl acetic acid (Bibenzyl acid) (3). 

To a warm solution of the keto acid 1 (12.0 g; 32.1 retool) in acetic acid (180 mL) was added 10 drops 

of 70% perchloric acid and 10% Pd-C catalyst (1.0 g). The solution was hydrogenated for 8 hours at 

approximately 45 psi. After the catalyst was filtered off, the filtrate was diluted with about 600 mL of water. 

On cooling a tan solid precipitated. This was collected, and the filtrate was extracted with dichloromethane 

(3x20 mL). Evaporation of the dichtoromethane and dilution of the residue with aqueous methanol gave 

additional solid. Recrystallization of the solid fractions from aqueous methanol gave the bibenzyl acid: 9.6 g 

(83%); mp 145-146 ° C; (lit. 3 mp 92-94 ° C). IR: 1715; 1585 cm -1. ]H-NMR (300 MHz): ~ 2.72-2.92 (4H, 

m, ArCH2CH2Ar), 3.53 (2H, s, CH2), 3.67 (3H, s, OCH3), 3.81 (3H, s, OCH3), 3.86 (6H, s, OCH3), 6.55 

(IH, d, ArH_), 6.65-6.82 (4H, m, ArH__). MS: m/e 360 (M+), 209, 179, 151 (base peak), 107. Anal. Calcd for 

C20H2406: C, 66.65; H, 6.71: Found C, 66.51; H, 6.76. 

2,3,8,9-Tetramethoxy-5,6,11,12-tetrahydrodibenza[a,e]cyclo-octen-5-one (2). 

Bibenzyl acid 3 (5.0 g; 13.9 retool) was stirred into PPA (100 g). The mixture was warmed at 70 ° C in 

a water bath and weU mixed by hand stirring for 1 h. After an additional 0.5 h the mixture was added to cold 

water (400 mL) and the grey solid was collected, washed with sodium bicarbonate solution and reerystallized 

from aqueous methanol to give the ketone: 3.1 g (65%); mp 174-75 ° C; (lit. 3 mp 167-170 ° C). IR: 1650, 1590 

em -1. IH-NMR (90 MI-lz): 8 3.22 (4H, m, ArCH2CI-I2Ar), 3.84-3.80 (12H, br s, OCI-I3), 4.08 (2H, s, CI-t2), 

6.40 (1H, s, ArH_), 6.53 (2H, s, ArH), 7.10 (1H, s, ArH_). 13C-NMR (20 Ml-Iz): 8 34.2, 35.1, 51.1, 55.6, 
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I12.0, I13.0, I14.2, 114.7, 125.8, 130.3, 133.4, 147.6, 147.8, 148.1,201.7. MS: m/e 342 (M+), 327, 314, 

299, 253. Anal. Calcd for C201-12205: C, 70.16; H, 6.48: Found: C, 69.98; H, 6.48. 

2,3, 9,10- TeWameOioxy,.6-oxo-6, 7,12,13-¢ew~ydrodibenzo-[boToMnin (6). 

Dibenzocyclooctenone 1 (1.0g; 2.9 retool) was dissolved in dichloromethane (50 mL) and treated with 

m-chloroperbenzoic acid (MCPBA) (0.7 g) at room temperature for 6-8 days. The solution was then extracted 

with 5% sodium carbonate (2x30 mL) and evaporated to dryness to give 0.9 g of product (86% yield). After 

successive recrystallizations in ethanol-benzene a constant mp 200-201 ° C was recorded. IR: 1745 cm -1. 

1H-NMR (90 MHz): 8 2.82 (4H, s, ArCI-I2CH2Ar), 3.58 (2H, s, ArCH2CO), 3.84 (12H, s, OCH3), 6.64-6.62 

(3H, m, ArH_), 6.78 (1H, s, ArH_). MS: m/e 358 (M+), 342, 330, 313, 299, 284, 191, 167 (base peak), 164, 

121, 92. Anal. Caled for C20H2206: C, 67.02; H, 6.19: Found: C, 66.66; H, 6.13. 

Desoxyveratroin (4). 

This compound was prepared in 83% yield from reaction of 3,4-dimethoxyphenylacetic acid with 

veratrote in PPA: mp 105-106 ° C; (lit. 23 rap 105-107 ° C). The spectral data agreed with those previously 

reported. 

3,4-Dimethoxyphenyl)-3, 4-dimethoxyphenylacetate (7). 

Desoxyveratroin (3.8 g; 12.0 retool) was dissolved in benzene (60 mL) and treated with a slight excess 

of MCPBA (2.0 g) and a catalytic amount ofp-toluenesulfonic acid (0.1 g). The mixture was allowed to stir at 

room temperature for 4 hours (after about 15 min the solution darkened). Then water (60 mL) was added to 

quench the excess acid and the reaction solution was extracted with ether (3x30 mL). The combined extracts 

were washed with aqueous sodium bicarbonate (3x30 mL), with aqueous NaCI (15 mL), dried over magnesium 

sulfate and evaporated to dryness. After recrystallization in ethanol 2.7 g (68%) was obtained with mp 109- 

110 ° C (lit. 24 mp 109 ° C); Rf=  0.58 (CHCl3/silica gel). IR: 1750, 1610 cm "1. 1H-NMR (300 MHz): 5 3.77 

(2H, s, CH2), 3.85 (3H, s, OCH3), 3.87 (3H, s, OCH3), 3.88 (3H, s, OCH3), 3.91 (3H, s, OCH3), 6.63-6.59 

(2H, m, ArH_),6.94-6.81 (4H, m, ArH). 13C-NIvlR (75 MHz): 5 40.6, 55.7, 55.9, 60.7, 105.4, 110.8, 114.1, 

114.7, 121.1,121.4, 125.6, 144.4, 146.5, 147.0, 148.0, 148.5, 170.1. MS: m/e 332 (M+), 178 (base peak), 163, 

154, 151,139, 107, 79, 65. Anal. Caled for C18H2006: C, 65.12; H, 6.03: Found: C, 65.27; H, 6.12. 

2,3 , 9,10- Tetr am ethoxy-6, 7,12,13-tetrahydro-6-oxodibenzo [b,]]-azonine (9). 

.4. Beckmann in DMF. Ketone 2 (4.0 g; 11.7 mmol) and hydroxylamine-O-sulfonic acid (3.0 g) were 

stirred into DMF (35 mL) at RT for 30 rain. The solution was gradually heated to bp over 30 rain and 

cautiously kept hot for 5 rain longer. The hot solution quickly became turbid and finely-divided solid 

precipitated. The cooled mixture was added to cold water (200 mL) and the product was collected by suction 
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filtration, washed with water and redissolved in ethanol-toluene. Lactam 9 (3.0 g; 72%) was obtained in throe 

crops with nap 241-242 ° C. IR: 3200, 1655, 1610, 1455, 1245cm -1. 1H-NMR (300 MHz): 82.50 (1H, m, 

J=12Hz, CH2), 2.65 (1H, m, J=12I-Iz, CH2), 3.12 (2H, m, J=12Hz, CH2), 3.13 (1H, d, J=13Hz, CH__2CO), 

3.45 (1H, d, J=13I-Iz, CH2CO), 3.88 (3H, s, OCH__3), 3.89 (3H, s, OCH3), 3.93 (3H, s, OCH3), 3.95 (3H, s, 

OCH_,3), 6.64 (1H, s, ArH), 6.68 (1H, s, ArH), 6.78 (IH, s, ArH_), 7.09 (2H, s, ArH__,NI-I._). 13C-NMR (75 

MHz): 8 32.5, 36.5, 37.2, 56.6, 56.7, 56.8, 110.4, 113.2, 113.6, 116.0, 126.3, 128.6, 133.7, 135.5, 148.4, 

148.5, 149.9, 174.5. MS: m/e 357 (M +, base peak), 314, 191,166. Anal Calcd for C20H23NOs: C, 67.21; H, 

6.48; N, 3.92: Found: C, 67.20; H, 6.40; N, 3.79. 

13. Beckmann in Formic Acid Ketone 2 (3.4 g; 9.9 retool), hydroxylamine-O-sulfonic acid (1.9 g) and 

formic acid (25 mL) were stirred together at RT for 20 rain and then heated under reflux 3 hrs. The cooled 

solution was poured into cold water (200 mL) to give a gummy solid. The solid was recrystallized from 

ethanol-toluene as colorless crystals: 1.9 g (54%); mp 240-242 ° C. This product was identical with lactam 9 

from Method A. 

The aqueous filtrate was neutralized with aqueous NaOH and near pH 6 a grey solid precipitated after 

ca. 30 rain, the product 11 (0.8 g) was recrystallized from aqueous methanol with nap 184-185 ° C. IH-NMR 

(90 MHz): 2.65-2.75 (4H, m, ArCH2CH__2Ar), 3.50 (2H, s, cH__2), 3.70 (3H, s, OCH3), 3.75 (6H, s, OCH3), 

3.81 (3H, s, OCH3), 6.30 (1H, s, ArH_H_), 6.50 (1H, s, ArH_), 6.60 (1H, s, ArH_H_), 6.80 (1H, s, ArH). MS: m/e 

375 (M+), 357, 209, 181, 166, 122. Anal. Calcd for C20H25NO6: C, 63, 98; H, 6.71; N, 3.73: Found: C, 

63.68; H, 6.76; N, 3.68. 

C. SchmidtRearrangemen~ A mixture of ketone 2, (3.4 g; 9.9 mmol), sodium azide (0.95 g) and PPA 

(70 g) was heated on a water bath at 50 ° C for 8.5 h. The NaN 3 was added in portions over 1 h with stirring. 

The color of the mixture gradua|ly changed to purple, and the product was isolated by adding cold water (700 

mL). The crude, brown solid was purified as colorless crystals (0.86 g, 24%) by recrystallizing from ethanol- 

benzene with mp 240-242 ° C. 

2,3,9,1 O- Tetramethoxy-6, 7,12,13-tetrahydro-5H-dibenzo[bt[]-azonlne (14) 

Lactam 9 (0.9 g; 2.5 retool) was dissolved in BH3-THF (30 mL, IM cone) by warming. After 20 h at 

room temperature, more BH3-THF (10 mL) was added, and aider 2.5 h the mix~'e was carefully hydrolyzed 

using cold 10% NaOH. Concentrating the solution in vacuo, gave a gummy precipitate that was reerystallized 

in ethanol-benzene as colorless glistening crystals: 0.4 g (46%); mp 191-193 ° C. IR (KBr): 3342, 2950, 1610, 

1512 cm "1. 1H-NMR (300 MHz): 8 2.50 (3H, m, NI-I, CH2) , 2.80 (4H, br s, CH2), 3.37 (2H, br s,CI-I2), 3.87 

(3H, s, OCI-I3), 3.88 (3H, s, OCH3), 3.89 (3H, s, OCI-I3), 3.92 (3H, s,OCH3), 6.62 (IH, s, ArH.~, 6.67 (1H, s, 
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ArH), 6.68 (1H, s, AsH), 6.72 (IH, s, AsH__). 13C-NMR (75 MHz): 8 32.3, 34.7, 34.8, 55.0, 55.8, 55.9, 56.1, 

106.6, 106.7, 112.4, 112.8, 113.0, 126.3, 129.4, 135.1,139.9, 143.9, 147.6, 148.1. MS: m/e 343 (M +, base 

peak), 329, 328, 178, 165, 147. Anal. Calcd for C20H25NO4: C, 69, 95; H, 7.34; N, 4.01: Found: C, 70,15; 

H, 7.42; N, 4.08. 

N-(3,4-dimethoxyphenyl)-2-(3,4-dimethoxyphenyl)acetamide (12) 

A. Beckmann Method. Desoxyveratroin (3.1 g; 9.8 retool), hydroxylamine-O-sulfonic acid (2.2 g) and 

formic acid ( 15 mL) were allowed to reflux 6 h. On standing overnight a dark slush formed that was stirred into 

H20 (5~} mL). The solid precipitate was recrystallized from aqueous methanol to give a nearly colorless solid: 

1.1 g (33%); nap 141-142 ° C. IR: 3350, 1675 cm "l. 1H-NMR (300 MHz): 8 3.67 (2H, s, CH2), 3.83 (3H, s 

,OCH3), 3.85 (3H, s, OCH3) 3.89 (3H, s, OCH3), 3.91 (3H, s, OCI-I3), 6.74 (2H, d, J=3Hz, AsH), 6.84 (1H, s, 

ArH_), 6.89 (2H, d, J=3Hz, ArH), 7.01 (1H, s, NH), 7.28 (1H, s, ArH). 13C-NMR(75 MHz): 8 45.1, 56.7, 

56.8, 105.6, 112.0, 112.5, 113.3, 122.7, 127.6, 132.1, 146.7, 149.3, 150.2, 170.1. MS: nde 331 (M +, base 

peak), 153, 152, 138, 107. Anal Calcd for C18H21NOs: C, 65.24; H, 6.38; N, 4.22: Found C, 65.15, 65.25 ; 

H, 6.48, 6.59; N, 4.12. 

B. DirectAmidation. A mixture of 4-aminoveratrole (1.6 g; 10 mmol), and 3,4-dimethoxyphenylacetic 

acid (1.9 g; 9.7 retool) was heated in decalin (110 mL) at bp for 40 rain. The cooled mixture was diluted with 

hexane and the supernatant liquid was decanted from the dark gum. The gum was dissolved in hot hexane- 

ethanol, treated with charcoal and filtered. Scratching facilitated crystallization of a near-white solid, (0.4 g), 

142-143 ° C. This product was identical with the amide from Beekmann rearrangement of desoxyveratroin. 
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