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A Versatile Synthesis of Fully Aromatic Benzo[c]phenanthridine Alkaloids
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Absiract: A versatile new approach for the synthesis of benzo|c]phenanthridine alkaloids is described
and is illustrated by the preparation of eight different alkaloids. The key steps are Smiles
rearrangements, which allow easy access to 2-bromo-1-naphthylamines from 2-bromo- I-naphthols, and
the attachment of the D-ring unit by Suzuki coupling. © 1998 Elsevier Science Ltd. All rights reserved.
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The aim of the present study was to design a synthesis which included a late stage fusion of the A and D
ring components, thereby allowing easy access to a number of benzo[c]phenanthridine alkaloids from a few
synthetic intermediates.!4 This synthesis should be applicable to the preparation of both the quaternary and
N-desmethyl analogues of all three main types of the fully aromatic alkaloids, having oxygenation at positions
2,3,7.8-, 2,3,8,9- and 2,3,7,8,10-, examples of which are shown in Figure 1.
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chelerythrine R' + RZ = OCH,0, R3=R*=0OMe, RS =Ré = H norcheierythrine
nitidine R' + R2 = OCH,0, R* = R5 = OMe, R®=Ré = H nornitidine
chelilutine R’ + R2 = OCH,0, R®= R*=Ré = OMe, RS = H norchelilutine
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RESULTS AND DISCUSSION

Our general strategy was to perform a Suzuki coupling of an appropriately substituted 2-halogeno-1i-
naphthylamine with an arylboronic acid followed by a Bischler-Napieralski or similar reaction to complete the
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synihesis by the formation of ring C. The aryiboronic acids were readily prepared by Known methods, bui ihe
required naphthylamines were undescribed and presented more of a synthetic challenge

Preparation of 2-halogeno-!-naphthylamines

Ortho-Lithiation Approach

Our first approach to the preparation of the necessary 2-halogeno-1-naphthylamines involved the ortho
functionalisation of derivatives of the known 6,7-dimethoxy and 6,7-methylenedioxy-1-naphthylamines 1 and
2.15-16

We initially prepared the pivalamide derivative of 6,7-dimethoxy-1-naphthylamine 3, but lithiation in
THF followed by quench with iodine gave the unwanted 5-iodo compound 4 as the only identifiable product.
With three ortho-directing groups present in 3, predicting the outcome of this reaction was not easy, but there
was prevrous work to 1nd1cate that the pwalamrdo group is a more powerfu] ortho director than the methoxy
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Scheme 1 Reagents and conditions: i} 1, Me,CCOCI, Et;N, MDC, 0-5°C, 1 h, 87%; ii) 3.0 eq. nBuLi, THF, -20 to
25°C, 5 h, then |,, -78 to -12°C, 16 h, 17%; iii) 3.0 eq. tBulLi, DME, -60 to 25°C, 3 h, then I,, -78 to -12°C, 16 h, 40%.

There was literature precedent to suggest that the BOC derivative might be a better ortho director than the
pivalamide,!8 and the 6,7-dimethoxy compound 6 was therefore prepared and subjected to similar reaction

conditions. However reaction in THF followed by quench with 1,2-diiodoethane afforded a mixture of the 5-
and 8-iodo compou s 7 and 8, and in mcmyr ether/DME once again gave the product of electrophilic
evn Y Macrmita srarrin o tha avmariman mwAitinne with hath nivalamida and ROYC
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derivatives 3 and 6, no evidence was obtained for the production of a
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Scheme 2 Reagents and conditions: i) (Me,CCO,)O, THF, A, 2 h, 85%,; ii) 2.8 eq. tBuli, THF, -40 to -20°C, § h, then
ICH,CH,l, -78 to 25°C, 18 h, 30%, iii) 2.8 eq. tBull, Et,0, DME, -40 to -20°C, 5 h, then ICH,CH,l, -78 to 25°C, 18 h, 22%.

Electrophilic Bromination Approach

The ortho-lithiation work strongly suggested that electrophilic monohalogenation of our 1-naphthylamine
derivatives would take place at the 4-position. Having already determined that they were extremely reluctant to
form a lithio species at the 2-position, if the 2,4-dihalogeno compounds could be obtained efficiently under
electrophilic conditions, a selective bromine/lithium exchange could be possibie at the 4-position, which, after
proton quench, wouid furnish the desired 2-halogeno isomers.

Electrophilic dibromination of the dimethoxy pivalamido compound 3 gave exclusively the 2,4-dibromo
compound 10. Selective lithiation/debromination at the 4-position then afforded a fair yield of the desired
2-bromo compound 11, together with small amounts of the: bromo isomer and the desbromo material 3

4- al
the 6,7-methylenedioxy compound 12, but th

bromination was pamcularly unselectlve giving slmllar amounts of the required 2,4-dibromo compound 13 and
an inseparable mixture of the 4,5- and 4,8-dibromo isomers 14 and 15.
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Scheme 3 Reagents and conditions: i) Br,, NaOAc, AcOH, THF, 45-50°C, 6 h, 70%; ii) 2.0 eq. tBuLl, THF, TMEDA,
-78°C, 1 h, then AcOH, -78 to 0°C, 15 min, 48%, iii) Br,, NaOAc, AcOH, 45-50°C, 2 h, 13 25%, 14 + 15 34%.
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Since there are considerably more benzo[c]phenanthridine alkaloids which have a 2.3-methylenedioxy
rather than a 2,3-dimethoxy group, this resuit was particularly frustrating. Fortunately at this time the more
pmductxve approach described below was showing considerable promise, and therefore the electrophilic

Smiles Rearrangement Approach

Havmg recogmsed the limitations of synthesis of the required 2-halo-1-naphthylamines by strategies
based on the 2-functionalisation of |-naphthylamines, we reversed the order of introduction and commenced
with bromination of the readily available tetralones 16 and 17!3 (Scheme 4). Both products 18 and 19 were
readily prepared, but the dimethoxy compound 18 required purification by trituration with dichloromethane
after removal of the reaction solvent. The 2,2-dibromides 18 and 19 were then treated with
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) in warm acetonitrile to afford the 2-bromo-1-naphthols 20 and 21 in
excellent yield.

We now needed to prepare the ether %ubstrates for the Smiles rearrangement, 23 and 24. However, use of
the published conditions!? for O- -alkylation with 2-bromo-2-methyipropanamide 22 (sodium hydride, dioxane,
reflux) gave poor results when applied to the naphthols 20 and 21, and yields of the alkylated products were
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temperature), and when solid sodium hydroxide was substituted f the aqueous gent the reactions proceeded
cleanly to completion in a few hours.
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25 R'=R2%2=0Me 23 R' = R2 = OMe
26 R',R? = 0OCH,0O 24 R',RZ = OCH,0
Scheme 4 Reagents and conditions: i) Br,, CHCI,, 25°C, 18 h, 18 66%, 19 97%; ii) DBU, MeCN, 40-45°C,
20 min, 20 93%, 21 97%; iii) 22, granular NaOH, DMPU, 25°C, 2-5 h, 28 53%, 24 83%; W) NaH, 4:1 DMF-DMPU
100°C, 2 h, 25 93%, 26 98%; v) 80% ag. NaQOH, MeOH, reflux, 2-4 d, 27 82%, 28 74%

Smiles rearrangement of 23 and 24 using sodium hydride in DMF-DMPU at 100°C gave the hydroxy
amides 25 and 26 in high yield. Amide hydrolysis required proionged heating with an excess of sodium
hydroxide in aqueous methanol, but cleanly furnished the desired 2-bromo-1-nuphthylamines 27 and 28. These

were punﬁed by rcorystalhsatlon from ethanol to give near colourless crystalline solids suitable for storage and
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¢ efficient synthesis of 27 and 28 was a considerable improvement on the Semmler-Wolff reaction
L. |

had used previously to prepare the i-naphthylamines 1 and 2 from the same tetraione precursors 16

Suzuki Coupling and Final Ring Closure

Having obtained the necessary 2-bromo-1-naphthylamines, our first approach was to attempt a one-pot Suzuki
coupling/ring closure with a 2-formylarylboronic acid in order to prepare the normethylbenzo[c]-
phenanthridines in a single step. Accordingly, 2-formyl-4,5-methylenedioxyphenylboronic acid 31 was
prepared in two steps from 2-bromo-4,5-methylenedioxybenzaldehyde 2920 (Scheme 3), and coupled with 27 in
DME in the presence of palladium acetate/triphenylphosphine. However, the reaction was sluggish and
accompanied by extensive deboronation, affording piperonal as a significant side product. The yield of
norallonitidine 32 was 35% after careful column chromatography. A synthesis of nomnitidine by similar
methods furnished the required product in no more than 6% yield. Extensive manipulation of the reaction
conditions failed to achieve any yieid improvement.
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25 30 31 I' 27
i
|
X OMe
O A !,/ N i
¢ \/ \lf Y ~7""0Me
O =N
32

Scheme 5 Reagents and conditions: i) HOCH,CH,OH, p-TSA, toluene, A, 89%; ii) nBuLi, THF, -78°C,
then B(O'Pr),, -78 to 25°C, then dil. HCI, A, 61%,; iii) Pd(OAc),, PPh,, DME, aq. Na,CO,, 21 h, 35%.

A number of trial reactions with 1-amido-2-bromonaphthalenes such as 11 or 25 had suggested that much
better yields would be obtained in the Suzuki couplings by prior protection of the 1-amino group of 27 or 28.
We therefore decided to formylate in the knowledge that this carbon would be incorporated in the final skeleton
as C-6. This was readily achieved with acetic-formic anhydride to give the formamides 33 and 34 (Scheme 6).

2,3,8,9-Tetraoxygenated benzof[cJphenanthridines

il i lio o € el £ i1 22 1 A PUTORE, N JIEC TN SN LGP, MU | I 2z .
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2 A_dimethavunhanvlharanic acid 2622 in DME in the nracence af nalladinmsIT) anatata and trinhenvinhacnhine
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gave oood to excellent vields of the counled nroducts 37-39 (Scheme 6) hese were then guantitativelvy
gave good (o excelient yields of the coupied proaucts JF (dcheme O lnese then gquanttatively

methylated using iodomethane and sodium hydride in THF to give N-methylformamides 40-42.

All six 2-aryl-1-formamidonaphthalenes 37-42 were subjected to the Bischler-Napieralski reaction to give
the norbases norallonitidine 32, nornitidine 43 and noravicine 44, and the quaternised alkaloids allonitidine 45,
nitidine 46 and avicine 47, all in >90% yield. The final products were obtained directly from the reactions in
good purity, but could be further purified by recrystallisation from pyridine/methanol (norbases) or methanol
(quaternary compounds).
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46 R',R?=0CH,0, 41 R',RZ=OCH,0, 43 R',R? = OCH,0,
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Scheme 6 Reagents and conditions: iy HCO,H, Ac,O, THF, 25°C, 45 min, 33 91%, 34 88%, ii) 35 or 36,
Pd(OAc),, PPh;, DME, ag. Na,CO,, 1.25-4 h, 37 92%, 38 quant., 39 74%,; iii) Mel, NaH, THF or DMF, 0-25°C,
1.5 h, 40-42 quant.; iv) POCl;, MeCN, reflux 30 min 32 98%, 43 99%, 44 93%, 45 quant., 46 91%, 47 96%.

2,3,7.8,10-Pentanxygenated benzofc |phenanthridines

Synthesis of chelilutine 51 followed a similar path to the 2,3,8,9-tetraoxygenated quaternary alkaloids
described above. Coupling of 2-bromo-1-formamidonaphthalene 34 with 2,4,5-trimethoxyphenylboronic acid
48, and N-methylation of the resulting 2-aryl compound 49 to give the N-methylformamide 50 both proceeded

o =4 C

cvnalls ~ Py S < el P -
in excellent yield (Scheme 7). Cyclisation to chelilutine 51 followed the procedure described by Ishii et al.23
Aallrawe P S N T R e A mmottimer ~F arralicatioie ~aey beos Jdoeio a1 e oL
The lack of an alkoxy function para to the position of cyclisation can be detrimental to the Bischier-Napieralski
reaction, but in this case there is no facile alternative reaction pathway, and the yield was good

Scheme 7 Reagents and conditions: i) 48, Pd(OAc),, PPh,, DME, aq. Na,CQO,, 1.25-4 h, 94%;
i) Mel, NaH, THF or DMF, 0-25°C, 1.5 h, 96%; iii) POCl;, MeCN, reflux 3 h, 89%.
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2,3,7,8-Tetraoxvgenuted benzof[c Jphenanthridines

For the syanthesis of 2,3,7,8-tetraoxygenated alkaloids the strategy employed for the two other alkaloid
groups had to be amended. because the required Bischler-Napieralski cyclisation of 2-(3,4-dioxygenated aryl)-

-~

i-formamidon ph[halenes glVCS CXCiUblVCly the 2,3,6,9 tetraoxygenau:a isomers. For the necessary cycusauon

A thaen Fmen arenaal Al rratimes ~F thoy ceeaebood Lo U NS ey IS P L
wr HICICIUIT clpioycd d lllUUlllLﬂ‘l‘)ll I UIC HICLUIVU Uy Wlll"“ VILNOUWILL pItpdiTd plic 1dUNagine. - Ill ‘.[llb
DI foarmulnhanvlihAaranis arid and Y heram tanilidae woera raasntad 1n er ne x”qrﬁnm ratolucad ~annmling
A TINSRLLRE lllll\ull JRRAV AV LW [LLSFAN Y QAriva = UIE Laiiiius AMAR A TvAav L ULl yall Aliuiiil bulalya\au \.-Uui.lllll‘:.

A
the N-acetyl-5.6-dihydro-6-hydroxyphenanthridine.

(I’Q
(D

conditions. which effected concomitant ring closure to giv
Treatment with dilute HCI then gave the parent heterocy

In our case we required 3,4-dimethoxy-2-formylphenylboronic acid 54, which was synthesized from
6-bromo-2,3-dimethoxybenzaldehyde 5225 in two steps (Scheme 8). Reaction of 54 with 2-bromo-1-
formamido-6,7-methylenedioxynaphthalene 34 gave norchelerythrine 55 in 58% yield. Chelerythrine can be

prepared by N-methylation of norchelerythrine.26

le.

Br B(OH),
CHO | d\ ©:CHO o
——— ———-——b— + >
" OMe nMp Br Y o
OMe NHCHO
52 53 54 | .. 34
XY X0,

Scheme 8 Reagents and conditions; i) HOCH CH., OH p-TSA, toluene; A, 89%; ii) nBuLi, THF, -78°C,

wedyge! L O ] n

then B(O'Pr),, -78 to 25°C, then dil. HCI, A, 60%; lll) Pd(PPh,),, DME, aq. NaHCO,, 3h, A, then dil. HCI, A, 58%.

CONCLUSIONS
The above syntheses illustrate a robust and versatile method for the preparation of all three main types of
fully aromatic benzo[c]phenanthridine alkaloids. The reagents used are readily available and inexpensive, and
all the intermediates are stable, crystalline solids. Overall yields for the process vary from 31% for
norchelerythrine to 54% for nornitidine, based on the tetralone starting materials.

EXPERIMENTAL
1
General
AA Vel o i s Py e B P Aatavemaioad sicinag Al thar o AMattlar EDON Tharmancyotam ~r n
iVICILL lg pUlll S dIT ULILLIICULICU dilU WCIT UCICLHHIULICU UbIlLE CTIUICL 4 LVICLHCE 1T U 1 HCLHIHUS Y St UL a
Aflar hAt_c rnn maltinag nAint annaratiig lL‘l' NN ¢nectrn were recarded in 1‘6,“ ASOY olution (imnless
NULIVL 1ot ‘la lllbl‘.lll& yullll ul}yulalu1 iz IO PLISAN .‘DIJ\-/\-LIDI. YWwiw 1wvuwuUiuvu ALkl & AUV AININS OVIULIVIL \MIUNOO
otherwise stated) on a Bruker AMX 400 spectrometer at 400 MHz. Signals are quoted as dppm downfield from
tetramethylsilane as internal standard. !3C NMR spectra were recorded on the same instrument at 100 MHz:

chemical shifts were referenced to the deuterated solvent signals. Mass spectra (electron impact unless
otherwise stated) were recorded on a Fisons VG Biotic Trio 2 spectrometer. Infrared spectra were recorded as
nujol mulls (unless otherwise stated) on a Perkin Elmer 1750 FT-IR photospectrometer. Ultraviolet spectra
were recorded on a Perkin Elmer Lambda 19 UV-VIS-NIR photospectrometer. Microanalyses were performed
on a Leemans CE440 Elemental Analyser.
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N-(6,7-Dimethoxy-1-naphthyl)-2,2-dimethylpropanamide (3)
Triethylamine (3.9 g, 0.038 mol) was added to a solution of 6,7-dimethoxy-1-naphthylamine 115 (6.5 g.
0.032 mol) in dichloromethane (50 mL). The resulting mixture was stirred at ambient temperature for 15 min.

S N, gy g 1 NOrY 1 oot bt ALY o NN NAYIQ N 1 g 3
IS COOICU L0 U L dalild Pivadioyl CIHonac (4.05 g, u.us 101} wds 4adacd over 10 IMmin 1n€: mlxmrc was SUITCU
At N_K9 far | h tham watar 7IIEN mal YV wwne addad amd tha mhacac camarntad Tha avoneia nhaca urne nehad th
Al UTJ L 1UL 1R, LG Walll (LU LI ] Wdd dUUTU diTu LHC PLHIASTS STpdlditd. LI UL ERdIIC piddTe wad wasiicld witki
l M Cl1 (100 m Y than watar (2 v § mi Y dred (MaSO Y iltorad and avannrated tn leave a9 niimle glv\cL
v RAANAL LAV ARkAa fy VEAWEE YT LWL Ve D T Illl—l}q hliwg \AvA&uvq, Alilwivwing YRAN UVull\}lﬂk\yu 1V IwdYw @ tlu A Dl‘k‘!‘)

Crystallisation from toluene/hexane afforded the title compound 3 (8.02 g, 87%) as an off-white solid.
mp 118.5-119°C. (Found: C, 70.9; H, 7.2; N, 5.0; Cy7H7;NO3 requires C, 71.1; H, 7.4; N, 4.9%); V;ax cm'l
3326, 1652, 1536, 1501, 1257, 1219, 1185, 1162 and 860; 8y 1.33 (9 H, s, 3 x CH3), 3.84 (3 H, s, OCH3), 3

(3H.s,0CHj3), 7.10 (1 H, s, Ar), 7.19 (1 H, d, 7 8.0, Ar), 7.30 (1 H, t, J 8.0, Ar), 7.33 (1 H, s, Ar), 7.64 (1 H, d.
J 8.0, Ar) and 9.35 (1 H, brs, NH); 8¢ 27.4 (3 x q), 55.0 (q), 55.3 (q), 102.0 (d), 106.7 (d), 122.4 (d), 123.4 (d).
124.4 (d), 125.2 (s), 129.6 (s), 132.6 (s), 149.0 (s), 149.1 (s) and 179.6 (s) (quaternary C obscured by solvent

peaks); m/z 287 (M™*), 203 (M-C5HgO) and 188 (M-C5HgNO?).

N-(6,7-Dimethoxy-5-iodo-1-naphthyl)-2,2-dimethylpropanamide (4)

n-Butyllithium (1.83 mL of a 1.43 M solution in hexanes, 2.61 mmol) was added to a solution of N-(6,7-
dimethoxy- I-naphthyi)-2,2-dimethylpropanamide 3 (0.25 g, 0.87 mmol) in dry THF at -20°C under nitrogen.
The resulting mixture was warmed to ambient temperature over 1 h, stirred at this temperature for a further 5 h,
then cooled to -78°C a.nd a solution of iodine (0.66 g, 2.61 mmol) in dry THF (2 ml.) was added dropwxse The

+ 1'70(‘ Fn- IAk A gat
L o IUL 11U

YAl

evaporated in vacuo to leave an orange- bmwn glass The product was purlhed by ﬂash column
chromatography on silica gel (50 g), eluting with 2:1 hexane/ethy] acetate, to give the title compound 4 (0.57 g,
17%) as a yellow glass. &y 1.38 (9 H, s, 3 x CH3), 3.87 (3 H, s, OCH3), 3.95 (3 H, s, OCH3), 7.25 (1 H, s, Ar),
7.36 (1 H,d, J8.0, Ar), 7.41 (1 H, t, J 8.0, Ar), 7.92 (1 H, d, J 8.0, Ar) and 9.37 (1 H, brs, NH); ¢ 27.5 (3 x q),
39.0 (s), 55.4 (q), 60.0 (q), 95.6 (s), 104.0 (d), 124.4 (d), 124.8 (d), 128.1 (s), 129.7 (d), 130.4 (s), 133.2 (s),
149.8 (s), 151.2 (s) and 177.6 (s); m/z 413 (M%), 329 (M-CsHgO*) and 286 (M-I*); high resolution MS m/z
413.0523; C{7H,gINO5 requires 413.0487.

N-(6,7-Dimethoxy-4-iodo-i-naphthyi)-2,2-dimethylpropanamide (5)

t-Butyllithium (3.50 mL of a 1.7 M solution in pentane, 6.00 mmol) was added to a solution of N-(6,7-
Aimathavy__mamhtholl. D) DY _Adimathulnrananamida T /MNKT o 20 mmal) 3m Aecr 1Y) _Aimmathavvathama /DAMMEYN
ullllblllUAJ'l'llal}lllll)’l} L,L‘ullllblllyllJlUPdll(lllllub 7 \U S0 E, ~.\J vy o1 ul_y 1.,..‘uuubtuuz\ybl.uaub \lJlV]J—/}
(6.0 mL) at -60°C under nitrogen. The resulting mixture was warmed to -10°C, stirred at this temperature for
1 h. then warmed to ambient temperature over 1 h and stirred for a further 1 The mixture was cooled to

-78°C and a solution of iodine (1.60 g, 6.30 mmol) in dry DME (3 ml.) added dropw1se The reaction mixture
was stirred at -12°C for 16 h. A saturated solution of sodium thiosulfate (10 mL) was added, the stirred mixture
was allowed to warm to ambient temperature, then extracted twice with dichloromethane (40 mL). The
combined organic extracts were washed twice with water (25 mL), dried (MgSOQy,). filtered and evaporated in
vacuo to leave a pale brown solid. The product was purified by column chromatography on silica gel (40 g),
eluting with 2:1 hexane/ethyl acetate, and gave the title compound § (0.33 g, 40%) as a colourless solid. A
sample was recrystallised from dichloromethane/hexane to give the title compound as colourless crystals.
mp 227-228.5°C. (Found: C, 49.1; H, 4.8; N, 3.2: C|7H20INO3 requires C, 49.4; H, 4.9: N, 3.4%); v, cm!
3295, 1650, 1592, 1501, 1266 and 1212; 8y 1.33 (9 H, s, 3 x CH3), 3.87 (3 H, s, OCH3), 3.95 (3 H, s, OCH3).

~ Ny 1 A g l - & 71 ¥IY - '7"1l 1t IY A N 7 N7} r 4 ¥y n A ) A 0 A2 71 1T ATET. &

701 (1 H,d,J7.0, Arn), 7.15 (1 H, s, Ar), 7.31 (1 H, s, Ar), 793 (1 H, d, J 7.0, Ar) and 943 (1 H, s, NH): oc
27 12 ~ 1Y Q N BTy 7~ EE& A~y OA 270 1IAY T/ 1INT A 17970 7.1y 198 £ 763 1201 70y 122 Q 700
L7210 X q), 38.0 (8}, 23.£4 1), 22.94 (), I (5, UL/ W), 11U./ (U), 120.7 (U}, 1&£J.0 1>}, 1OU.115), 199.0 1>),
1A A 140 A ey 1N A (Y and 1770 1(c) s/ A1 2 (N DO IMC-H . OHY and 26 (M-_TH)

1070 U), 1537.9 105, 1JUUNDj AU L7 AU}, T UUVE ], JaZ UVETLG1IRAS  j allld SOV vam1 .
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1-(N-tert-Butoxycarbonylamino)-6,7-dimethoxynaphthalene (6)
Di-rert-butyl  dicarbonate (3.19 g, 0.i5 moi) was added to a soiution of i-amino-6.7-
dlmuhoxyndphthylamme 1(2.70 g, ol) in THF (25 mL) and the resulting solution stirred under reflux

o
:

faor 27 b Tha ranlad vtiira wae Aammea atacd fa - than diccaluad in athul cnatata nmd wachad tine feba
ivVL & i1, 111U Luuicu uu tUle was conceniraieda in vaciio, aen aisscived in C‘ll)" dLTLALC dIIUd WddHHICU tWILC Wit
1 M citrie acid (28 ml VY than with watar (AD mT Y dried (MaSO) .\ filtared anAd savanaratad tn laavua a minl cnls
4AVA LIGL abal (L2 i), UiClh Wil Walll (=v ), GHOUG UYVigSuj ), 1hiICU and CVaporaiCa 16 18ave 4 pilik 5O
The product was purified bv column chromatoeranhv on silica eel (100 o). eluting with 1:1 ethvl acetate/
P purled Oy condmn Cciromalo gidpily on 51IC a gcel (U ), cillln g8 Wit -1 LUy d00dl

hexane. The resulting solid was recrystallised from ethyl acetate/hexane to give the title compound 6 (3.4
85%) as colourless crystals, mp 115.5-116°C. (Found: C, 67.35; H, 6.9; N, 4.6; C;7H2NOy requires C, 67.
H, 7.0: N, 4.6%); Vi.x el 3344, 1716, 1692, 1632, 1259 and 1238; 8y 1.51 (9 H, s, 3 x CH3), 3.88 (3 H. S,
OCH3), 3.90 (3 H, s, OCH3), 7.26 (1 H, 1, J 8.0, Ar), 7.29 (1 H, s, Ar), 7.35 (1 H, s, Ar), 7.44 (1 H, d, J 8.0, Ar),
7.53 (1 H,d, /8.0, Ar) and 9.13 (1 H, s, NH); 8¢ 28.2 (3 x q), 55.4 (2 x q), 78.9 (s), 102.1 (d), 106.8 (d), 118.9
(d), 122.9 (d), 123.1 (s), 123.5 (d), 129.7 (s), 132.9 (s), 149.0 (s), 149.1 (s) and 154.0 (s); m/z 303 (M),
247 (M-C4Hg*) and 229 (M-C4H,O™).

1-(N-tert-Butoxycarbonylamino)-6,7-dimethoxy-5-iodonaphthalene (7) and
1-(N-tert-butoxycarbonylamino)-6,7-dimethoxy-8-iodonaphthalene (8)

s~ o~ 1-1‘-

t-Butyilithium (2.7 mi. of a 1.7 M solution in pentane, 4.62 mmol) was added to a solution of i-(N-feri-

I CE [Mno s TII /&N T\ . ANOY .1

UULUAyLdlUUHyIdHHHU)’U I'UullClHUAylldp“llldlCllL U {U JU g, VI 11U l) lll Lll_y 10r (J.U L) at -4u UHUCI
nitrogen. The resulting mixture was stirred at -20°C for 5 h, then cooled to -78°C. A solution of

1,2-diiodoethane (1.30 g, 4,61 mmol) in THF (2.0 mL) was added and the resulting solution was stirred and

1,2-diiodoethane .61 mmol) in TH mL) added and the resulting solutior
allowed to warm to amb:ent temperature overnight. Dilute ag. NH,Cl (15 mL) was added, and the mixture was
extracted with dichloromethane (2 x 20 mL). The combined organic extracts were washed with water (25 mL),
dried (MgS0y), filtered and evaporated to leave a brown glass. The product was purified by column
chromatography on silica gel (30 g), eluting with 3:1 hexane/ethyl acetate, and gave a mixture of the title
compounds (0.21 g, 30%) as an orange oil. 5-isomer 7; oy 1.51 (9 H, s, 3 x CH3), 3.82 (3 H, s, OCH3), 3.97
(3H,s,OCH3), 742 (1 H,t,J 8.5, Ar), 748 (1 H, s, Ar), 7.57 (1 H, d, J 8.5, Ar), 7.79 (1 H, d, J 8.5, Ar) and
9.28 (1 H, s, NH); 8-isomer 8; 6y 1.47 (9 H, s, 3 x CH3), 3.78 3 H, 5, OCH3), 3.95 (3 H, s, OCH3), 7.22 (1 H,
d, J 8.5, Ar), 740 (1 H, t, J 8.5, Ar), 749 (1 H, s, Ar), 7.79 (1 H, d, J 8.5, Ar) and 8.77 (1 H, s, NH); m/z
429 (M); high resolution MS m/z 429.0429; C|7H,INOy4 requires 429.0439.

1-(N-tert-Butoxycarbonylamino)-6,7-dimethoxy-4-iodonaphthalene (9)
t- B utyllithium (2.7 mL of a 1.7 M solution in pentane, 4.61 mmol) was added to a solution of 1-(N-tert-
butoxycarbonylamine)-6,7-dimethoxynaphthalene 6 (0.50 g, 1.65 mmol) in dry diethy! ether (50 mL) and dry
DME (2.5 mL) at -40°C under nitrogen. The resulting mixture was stirred at -20°C for 5 h and then cooled to

-78°C. A solution of 1,2-diiodoethane (1.30 g, 4.61 mmol) in dry DME (5.0 mL) was added and the resulting
solution was allowed to warm to ambient temperature over several hours. Aq. NH4Cl was added, and the
mixture was extracted twice with dichloromethane (30 mL). The combined organic extracts were washed with
water (30 mL), dried (MgSQ,), filtered and evaporated to leave a dark glass. The product was purified by
column chromatography on silica gel (30 g), eluting with 15% ethyl acetate in hexane, and gave the title
compound 9 (0.16 g, 22%) as a pale yellow solid, mp 140-141°C. (Found: C, 47.4; H, 4.7; N, 3.15:
C7H50INOy4 requires C, 47.6; H, 4.7; N, 3370) Vinax cm-l 3338, 1699, 1626 and 1265: 8y 1.51 (9 H

3 x CHj3), 3.94 (6 H, s,_xOCH) 28 (I H,d, J 8.0, Ar), 7.29 (1 H, s, Ar), 7.41 (1 H, s, Ar), 7.88 (1 H, d,
J 8.0, Ar) and 9.29 (i H, s, NH); 0 2" 1 (3xq), 5541(q), 55.7(q), 79.2 (s), 92.0 (s). 102.8 (d}, 110.8 (d), 120.0
(d), 123.3 (s), 129.9 (s), 134.0 (s), 134.6 (d), 149.3 (s), 150.5 (s) and 153.7 (s); m/z 429 (M™), 373 (M-C4Hg*)

amd VO INA MY MYy N
did o527 Uivi-w g ')

N-(2,4-Dibromo-6,7-di

imethoxy-1-naphthyl)-2.2-dimethylpropanamide (10)
Bromine (11.12 g, 0.070 mol) was added to a solution of N-(6,7-dimethoxy-1-naphthyl)-2.2-dimethyl-

propanamide 3 (8.00 g, 0.028 mol) and sodium acetate (5.85 g. 0.070 mol) in I:1 acetic acid/THF (80 mL) at
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40°C and the mixture stirred at 45-50°C for 6 h. Water (300 mL) and dichloromethane (300 mL) were added.

the aqueous layer was basified with 40% aq. NaOH to pH 14, the phases separated, and the aqueous was
extracted with further dichloromethane (3 x 300 mL). The combined organic phases were washed with water.

ried (MgSOy), filtered and evaporated to leave a dark red glass. Purification by column chromatography on
:.,i!icﬂ agol (20N o) sliting with 71 havanafathul acatata gava tha titla ~amamanied 10 7 TN 5 TNOLY ac nla
BV IV L), LiUtidiy Wil 4.1 HCAdIR/LULY D dLlidiv save I Ul CUHIPpUUIIG LV (/. /U &, TU70) a> a P ic
orance solid, mp 197-197.5°C. (Found: C. 45.8: H. 4.3: N, 3.0; Ci9HigBrsNQOs reguires C, 459; H, 4.3;: N
QIallgl MOl 1) 1.2 s Puiia. o, 5208, 14, I, SV A TARIGLITINU T IVHULITS oy UL, KR TeJ
3.15%): Vinax e} 3238, 1660 and 1265: 8y 1.41 (9 H, s, 3 x CHs), 3.91 (3 H. 5, OCH3), 4.02 (3 H. s, OCH3).

7.16 (1 H. s, Ar), 7.44 (1 H. s, Ar), 8.02 (1 H, s, Ar) and 9.57 (1 H, brs, NH); 8¢ 27.2 (3 x q), 55.3 (g). 55.5 (q).
102.9 (d), 105.5 (d), 118.2 (s), 118.9 (s), 126.5 (s), 128.4 (s), 130.1 (d), 132.1 (s), 150.5 (s), 150.7 (s) and 176.5
(s) (quaternary C obscured by solvent peaks); m/z 443, 445, 447 (M*), 364, 366 (M-Br*) and 285 (M-Br,™*).

N-(2-Bromo-6,7-dimethoxy-1-naphthyl)-2,2-dimethylpropanamide (11)

t-Butyllithium (1.18 mL of a 1.7 M solution in pentane, 2.0 mmol) was added to a solution of N-(2.4-
dibromo-6,7-dimethoxy- 1-naphthyl)-2,2-dimethylpropanamide 10 (0.45 g, 1.0 mmol) and NN,N'N'-
tetramethylethylenediamine (TMEDA) (0.30 mL, 2.0 mmol) in dry THF (13 mL) at -78°C and the resulting
solution was stirred for 1 h at that temperature under argon. Glacial acetic acid (0.3 mL) was then added, the

Bl Ty

solution stirred at -78°C for 15 min, then allowed to warm to 0°C. Waier (3.0 mL) was added and the mixture
bm pmmmm bl it b e giean e ) b leian woeal. o

ambient Lcmpcrdlurc and stirred for a further 30 min. The phases were Separated and

10
as extracted with diethyl ether (5 mL). The combined orgarlc phases were washed with
oSO ) f"lf ere d and evaporated to leave a

MgSO,), filt and evaporated to leav
: a ont silica ge.l (25
o give the title compound 11 (0.18 g, 48%) as a pink solid, mp 128-129°C. (Found:
C, 55.75; H, 5.4 N, 3.65, C17H20BrNOj requires C, 55.75; H, 5.5, N, 3.8%); Vinax (KBr) cm-! 3288, 1656 and
1264; 8 1.35 (9 H, 5, 3 x CH3), 3.82 (3 H, s, OCH3), 3.89 (3 H, s, OCH3), 7.04 (1 H, s, Ar), 7.38 (1 H, s, Ar),
7.54 (1 H, d, J 8.0, Ar), 7.64 (1 H, d, J 8.0, Ar) and 9.43 (1 H, brs, NH); &¢ 27.3 (3 x q), 55.0 (g), 55.5 (q),
102.2 (d), 106.8 (d), 118.7 (s), 126.8 (s), 127.3 (d), 127.9 (d), 128.5 (s), 131.7 (s), 149.5 (s), 150.0 (s) and
176.4 (s) (quaternary C obscured by solvent peaks); m/z 365, 367 (M*) and 286 (M-Br*).

was dllUWCU to warm

the aqueous phase
15 mL), then with water (2 x 10 m

lakau )y waAT AL VY Vaita (&

x1
ct was purified by column ch

€V
o) Imma with 4:1
o7

2,2-Dimethyl-N-(6,7-methylenedioxy-1-naphthyl)propanamide (12)

Prepared from 6,7-methyienedioxy-1-naphthylamine 215 and pivaioyi chioride on a 0.03 mol scale by the
same method as for 3. Purification by filtration of a dichloromethane solution of the crude product through
silica gel and crystallisation from ethyl acetate/hexane afforded the title compound 12 (4.93 g, 63%) as a

colourless solid, mp 145-146°C. (Found: C, 70.55; H, 6.3; N, 5.2; C;gH;7NO3 requires C, 70.8; H, 6.3;
N, 5.2%); Vrmax cm! 3271, 1633 and 1247; oy 1.31 (9H,s,3xCH3), 6.12(2H,s,CHp), 7.07 (1 H, s, Ar), 7.19
(1 H d, /8.0, Ar), 7.30 (1 H, t, J 8.0, Ar), 7.33 (1 H, s, Ar), 762(1 ,d,J 8.0, Ar) and 9.32 (1 H, brs, NH); 6~

4 (3xq),99.3(d), 101.2 (1), 103.7 (d), 122.9 (d), 123.7 (d), 125.1 (d), 126.7 (s), 130.8 (s), 133.5 (s), 147.1
(s) 147.4 (s) and 177.0 (s) (quaternary C obscured by solvent Deaks) m/z 271 (M*) and 187 (M-CsHgO")

N-(2,4-Dibromo-6,7-methylenedioxy-1-naphthyl)-2,2-dimethylpropanamide (13).
N-(4,5-dibromo-6,7-methylenedioxy-1-naphthyl)-2,2-dimethylpropanamide (14) and
N-(4,8-dibromo-6,7-methylenedioxy-1-naphthyl)-2,2-dimethylpropanamide (15)
Bromine (1.81 g, 11.3 mmol) was added to a solution of N-(6,7-methylenedioxy-1-naphthyl)-2.2-
dimcthylpropdnamide 12 (1.50 g, 5.53 mmol) and sodium acetate (0.95 g, 11.3 mmol) in glacial acetic acid
(15 mL) at 45°C and the mixture stirred at 45-50°C for 2 h. Water (200 mL) and dichloromethane (200 mL)

PN 'Yaved ~ AT MIT ~ —IT 1 4 P Sy e | PR P
were dﬂﬂeﬂ [ne dquo;Ollb hlV(,r was DdblllC(l with 40% daq. iNduwn to pri i4, tne puasua §Lpd1di U, dna ine
nnnnnnnnnnnnnnnnnnnn ad ith fiiethar dichlaesamathana () v 1N mI Y Tha ramhinad araganis nhacec re wached
dyUucuu> wad C)\llablcu WIilN Turuier aicmioromeuans & A 1TUU dIEL ). 1 HC VUG UL R div p7HddCS 1L Wadiivu
with water (2 ¥ 200 mI Y dried (MoSO .Y filtered and evanorated to leave a reddish-brown eolass. Purification
WL Walll (£ X &W0 lllA—d;, arned \WYig S, 1t aus vvur\/lutwu O 2CAVe & S-DIOWILD §243s. uritic ¢

by column chromatography on silica gel (60 g), eluting with dichloromethane, gave the 2.4-dibromo compound
13 (0.59 g, 25%) as an orange glass. 3y 1.33 (9 H. s, 3 x CH3), 6.24 (2 H. s, CH»), 7.06 (1 H, s, Ar), 7.46 (1 H,
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s. Ar), 7.98 (1 H, s, Ar) and 9.47 (i H, brs, NH); &¢ 27,2(" X q), 390(s 100.2 (d), 102.4 (v), 1029 (d). 119.0
(s). 119.5 (), '2 2 (s), 130.4 (d), 130.6 (s), 132.8 (s), 149.3 (s), 149.3 (s) and 176.7 (s); m/z 427. 429, 431]
(M*), 348, 350 (M-Br*); high resolution MS m/z 429.9432; C, H];Bru O3 requires 429.9420.

Ehirthar aliitinm affardad eha A & o d A Q Dllwmiran ~msviimmziss ] neerl 182 /0 ON VACTN o mes srscssrmrs bl

uiuicl CIutull aiivluclu Ui <4,0- aiid <4,0-Uuiliuiniv ColLk QuUnus l“’ ana 15 \V.0VU é. D2970) 4d dil 1 lm.pmaun.
miytnre A« (mainr eomnonenty 1277 (O H ¢ 3 v CHay A WD (D ¢ CHAY 70 1¢1 A TRO Ary 78511
ALA/WLAR W VH \ll‘v&"\ll UVIIIVUII\/II‘] L i 7/ Ahe O J N \./“_j}’ V. \L- L Ly 7 \111‘1}, LA YAS ) \l 11 WU, 4 U.uv LRL Jy 1 aa7.7 L 11,
s. Ar), 7.76 (1 H, d, J 8.0, Ar) and 9.39 (1 H, brs, NH); (minor component) 1.31 (9 H,s, 3 x CH3),6.21 2 H. s.
CH»), 7.11 (1 H, d, /8.0. Ar), 746 (1 H, s, Ar), 7.67 (1 H, d, J 8.0, Ar) and 9.40 (1 H, brs, NH); m/z 428, 430
432 (MH™), 348, 350 (M-Br*); high resolution MS m/z 429.9437; C,sH,sBroNO; requires 429.9420.

1

General procedure for the preparation of 2,2-dibromo- 1 -tetralones

A solution of bromine (3.21 g, 20.1 mmol) in chloroform (15 mL) was added over 70 min to a stirred
solution of the 1-tetralone 16 or 17 (10.0 mmol) in chloroform (50 mL). The resulting mixture was stirred at
ambient temperature overnight. Evaporation of the solvent gave the crude product.

2-Dibromo-6,7-dimethoxy-1-tetralone (18)
Purification by trituration with ethyl acetate (10 mL) and filtration of the insoluble material gave the title

A e d e Y E T X L

/1 acetaie | lquurs were concenirated o 2.5 mi., and the solid which
< Of fun ayminry con £1Q fanm-thinad

t p OI 10 \Lulluiiicyu lelu
a yellow crystallme sol d, mp 166.5°C (decomp) (Found: C 5; H, 3.3; C;12H{2Br2O3
; H, 3.3%); V.., c 1 1666, 1592,1516, 1345, 1277, 1198, 114

A miax inliiad 3
C 1), 3.07.(2 H, 1, 7 5.7, CHy), 381(3_H s, CH3), 3.87 (3 H, s, CH3), 698.(1 H, s, _Arnndnz
(1H, s, Ar); 8¢ 28.5 (1), 45.5 (1), 55.5 (@), 55.9 (q) 68.9 (s), 109.6 (d), 110.8 (d), 119.0 (s), 137.8 (s), 148.3 (s),

154.4 (s) and 182.8 (s); m/z (CI) 363, 365,367 (M H*) 285, 287 (MH»-Br+*) and 207 (MH3-Br,+).

compound 18
1d
1, 1, 874 and 667; Sn 2.98

LU L0 S

cro
39.3
10
3)s

2,2-Dibromo-6,7-methylenedioxy-1-tetralone (19)

97%, mp 139.5-141°C (from ethanol). (Found: C, 37.8; H, 2.3; C;1HgBr,Oj3 requires C, 38.0; H, 2.3%);
Vinax ! 1668, 1618, 1505, 1378, 1263, 1030 and 601; 8 2.97 (2 H, t, J 5.7, CH3), 3.04 (2 H, t, J 5.7, CHy),
6.15 (2 H, s, OCH0), 6.98 (1 H, s, Ar) and 7.38 (1 H, s, Ar); 8¢ 28.9 (1), 45.1 (), 68.4 (s), 102.4 (1), 106.6 (d),
108.0 (d), 120.6 (s), 140.2 (s), 147.4 (s), 153.1 (s) and 182.5 (s); m/z 346, 348, 350 (M™*), 268, 270 (MH-Br*)

o0 /A T

and 188 (M-Br,¥).

General procedure for the preparation of 2-bromo-1-naphthols
(

) i o
The 2,2-dibromo-1-tetralone 18 or 19 (8.0 mmol) was stirred in acetonitrile (JO mL) at 40°C for |5 min.
1,8-Diazabicyclo[5.4 Olundec-7-ene (1.83 g, 12.0 mmol) was added and the resulting solution stirred at

40-45°C for 20 min. After cooling to room temperature, IM HCI (50 mL) was added The mixture was
extracted into dichloromethane (2 x 100 mL), and the combined organic phases washed with water (2 x 50 mL),
dried (MgS0y), filtcred, and the solvent evaporated to give the crude product.

2-Bromo-6,7-dimethoxy-1-naphthol (20)
Purification by column chromatography on silica gel (600 g) eluting with 4:1 hexane/ethyl acetate gave
the title compound 20 (93%) as an off-white crystalline solid, mp 118-120°C. (Found: C, 50.5; H, 4.1:

C2HBrO;3 requires C, 50.9; H, 3.9%); v, cm-i 3406, 1625, 1588, 1509, 1268, 1204, 1161, 992, 852 and
811; 6y 3.87 (3 H, s, CH3), 3.89 (3 H, s, CH3), 7.22 (1 H, d, J 8.7. Ar), 7.27 (i H. s, Ar). 7.36 (1 H, d J 8.7
Ar), 7.53 (1 H, s, Ar) and 9.62 (1 H, s, OH); 8¢ 55.4 (2 x q), 101.2 (d), 103.0 (s), 106.7 (d), 119.5 (d). 121 0()

e /5 QD NIQ A Ax TY'I') 4+

1 Py =\ 1 40 PR 1 P N | ~re YNA 7
127.5 (d), 129.2 (s), 148.1 (s), 149.1 (s) and 149.5 (s); m/z 282, 284 (M*) and 204 (M-HBr*).

(decomp ) (from methanol), (Found: C, 49.4; H, 2.9: C{H7BrO3 requires C, 49.5:
H, 2.6%); Vipqy cm! 3383, 1619, 1602, 1499, 1253, 1169, 1041, 950 and 859: &y 6.14 (2 H, s. CH»), 7.20 (1 H.
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8.7. Ar), 27 (1 H.s, Ar), 7.38 (i H. d.
A (v, 103.7 (d), 104.0 (s), 120.1 (d), 12
., 268 (M+) and 187 (M-Br*).

. S, Ar)yand 9.61 (1 H, brs, OH); 0C984(d)
(d), 130.5 (s), 147.4 (s), 147.6 (s) and 148.6 (s): m/z

(o)
fo =N
N
o

ol) was added to a solution of the 2-bromo-1- ;mhthnl

5
50
3 3

Sodium hydroxide (40-60 mesh granules) (0 as
20 or 21 (19.6 mmol) in 1,3-dimethyl-3.4,5,6- tetrahydro 2(1H)-pyrimidinone (DMPU) (45 mL) at room
temperature, and the resulting mixture was stirred for 15 min. 2-Bromo-2-methylpropanamide 22 (19.49 g,
0.117 mol) was added and the mixture was stirred vigorously for 2-5 h. Water (100 mL) was then added.
together with sufficient 5 M HCI to bring the mixture to pH 0. The resulting suspension was added to water
(2.0 L) and allowed to stand overnight. The product was filtered, washed with water (3 x 500 mL), and dried

under vacuum at 60°C for 48 h, to give an off-white solid.

2-(2-Bromo-6,7-dimethoxy- I-naphthyloxy)-2-methylpropanamide (23)

93%, mp 177°C (decomp.). (Found: C, 51.9; H, 5.0; N, 3.7; C|¢HgBrNO4 requires C, 52.2; H, 4.9;
N, 3.8%); Vpax €M 13452, 1684, 1625, 1583, 1513, 1261, 1160, 1138, 910 and 860; Oy 1.44 (6 H, s, 2 x CH3),
3.85 (3 H, s, OCH3), 3.88 (3 H, s, OCH3z), 7.33 (1 H, s, Ar), 748 (2 H, s, Ar), 7.53 (1 H, s, Ar), 7.57 (1 H, brs,
NH) and 7.95 (1 H, brs, NH); 8¢ 25.4 (2 x q), 55.5 (q), 55.6 (q), 84.5 (s), 102.6 (d), 106.9 (d), 113.3 (s), 124.3
(d), 126.9 (s), 127.8 (d), 129.5 (s), 148.0 (s), 149.6 (s), 149.9 (s) and 176.3 (s); m/z 367, 369 (M*) and 282, 284
(M-C4H7NOH).

2-(2-Bromo-6,7-methylenedioxy-1-naphthyloxy)-2-methylpropanamide (24)

$3%, mp 191°C (decomp.) (from ethanol). (Found: C, 50.9; H, 4.1; N, 4.0; C;sH;4BrNO4 requires
C,512; H,4.0; N, 4.0%); Viax cm-l 3475, 1686, 1617, 1587, 1251, 1142, 1036, 943 and 848; Oy 1.41 (6 H, s,
2xCH3),6.14 (2 H,s, CHy), 733 (1 H, s, Ar), 7.46 (1 H, s, Ar), 746 (1 H, d, J 8.7, Ar), 7.50 (1 H, d, J 8.8,
Ar) and 7.86 (2 H, brs, NH>); SC 25.4 (2 x q), 84.8 (s), 99.5 (d), 101.8 (1), 104.0 (d), 114.0 (s), 124.9 (d), 128.3
(d), 128.4 (s), 130.9 (s), 147.9 (s), 148.4 (s) and 176.0 (s), (one quaternary C not observed); m/z 351, 353 (M%)
and 266, 268 (M-C4H7NO*).

Sodium uyuuuc: 901 1g, U.D 7 mmol) was added to a so qu—'-ﬁapm}‘) OXy)-2-
methylpropanamide 23 or 24 (0.334 mmol) in dry DMF (2.0 mL) and DMPU (0.5 mL). The resulting mixture

was stirred at 100°C under arcon for 2 h. The solution was then into water (40 ml)) and extracted with

no! d
as stirred at nger argon for 1€ solution was then poured in i0mb) a {tracted
er X

ethyl acetate (40 mL). The organic phase was washed with wat 50 mL), dried (MgSQy), filtered and

General pmcea’ure for the Smiles rearrangement
o~ N ‘)C

HPPe Q0 i

evaporated to give the product as an off-white solid.

N-(2-Bromo-6,7-dimethoxy-1-naphthyl)-2-hydroxy-2-methylpropanamide (25)

93%, mp 217°C (decomp.). (Found: C, 52.2; H, 4.95; N, 3.9; C;gHgBrNOy4 requires C, 52.2;: H, 4.9;
N, 3.8%); Vmax cm! 3320, 1667, 1622, 1584, 1496, 1267, 1222, 1164, 1160 and 856; Oy 1.47 (6 H, s,
2 x CH3), 3.84 (3 H, s, OCH3), 3.89 (3 H, s. OCH3), 5.73 (1 H, s, OH), 7.09 (1 H, s, Ar), 7.38 (1 H, 5, Ar), 7.54
(1 H,d,J8.7, Ar), 7.65 (1 H, d, J 8.7, Ar) and 9.57 (1 H, brs, NH): 6 27.7 (2 x q). 55.2 (q), 55.5 (q), 72.4 (s).
102.6 (d), 106.7 (d), 118.1 (s), 126.8 (d). 12 1), 127.6 (s), 128.5 (), 131.4 (s), 149.5 (s), 149.9 (s) and

7.2
175.8 (s); m/z 367, 369 (M+), 288 (M-Brt), 282, 284 (M-C4H7NO%) and 270 (M-Br, H,O%).

)
2

N-(2-Bromo-6,7-methylenedioxy-1-naphthyl)-2-hydroxy-2-methylpropanamide (26)
949%. mp 212°C (decomp.). (Found: C, 50.8: H, 4.2: N, 3.8: C;5H;4BrNO; requires C, 51.2; H, 4.0
70, I &la o \UUVULRLIP. /. 13 UBIIU. oy JULD, &3, Teby 18, 200, [ jgqirii 0L 2 N ) »
N, 4.0%); Vimax cem-! 3408, 3366, 3325, 1671, 1617, 1590, 1244, 1040, 942 and 857; SH 1.46 (6 H, s, 2 x CH3),
5.69 (1 H, s, OH), 6.14 (2 H, s, CH3), 7.19 (1 H, s, Ar), 7.29 (1 H. s, Ar), 7.51 (1 H, d, J 8.8, Ar). 7.60 (1 H, d,

[\)\l

2),
J 8.8, Ar) and 9.50 (1 H, brs, NH): 8¢ 27.6 (2 x q), 72.6 (s), 100.2 (d), 101.5 (1), 103.7 (d), 118.9 (s), 127.3 (d).
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VYT £ sy 1Y A s TN sy LAY LY S VAT T s 1 AQ £oron o1 VTTL N 4, /o YIS YIED SRALY AN /RA oL
1=7.0(4), 1LZ7.94 (5), 13U (5}, 13LZUSN], 14/.7(8), 148.0 (5) dNA 1 /0.U (S}, M/Z DD1.0 323D (ivlT), Z72 (iVI-DBI'")
IAR8 DET INM O . UNN+HY and D84 IR D LI_MNA4Y
&UT LU UVETUGILING ) diIU 209 \i-DL, TV )

General nrngedurp for the preparation nf7 bromo-1- ;ggph[hy!g_tnines

Sodium hydroxide [40% ag. solution (80 mL, 0.80 mol) and 20-40 mesh beads (32.0 g, 0.80 mol)] was
added to a solution of the N-(2-bromo-1-naphthyl)-2-hydroxy-2-methylpropanamide 25 or 26 (0.02 mol) in
methanol (80 mL), and the resulting mixture was stirred at reflux overnight. Further sodium hydroxide (32.0 g.

0.80 mol) was added, reflux continued for another 1-4 d and the products isolated as described below.

2-Bromo-6,7-dimethoxy-1-naphthylamine (27)

The cooled mixture was added to ice-water (2.0 L). The resulting mixture was allowed to stand for 1 h,
filtered, washed with water (2 x 200 mL), and dried in vacuum at 60°C to give the title compound 27 (82%) as
a purple solid. A sample was recrystallised from ethanol to give an off-white solid, mp 147.5°C (decomp.).

AT Ann V. IY A . NT E NN, ws S B W

VA DY  } rand IYaye) Ty A N -~ s X} A Vs N4
(rouna: ¢, DU.Y, , 4.4, IN, 4.9, C |2HIZDHVU’) reqmres L., 51. 11, 4.3, N, D.UT0); Vipax CIIT Y 3444, 35 , 104D,
1&077 1£179 1YL L 1921 11£& 1NAL -1 0N, 2 OA /2 IT L MNIT W 2300 /2 17T MIT N € £77 /LY ... ALY _©\
1507, 15312, 12060, 1251, 1165, 1U40 and 859, ()H J.04 (5 0, 8, Cng), 3.06 (3 1, §, Ung), 3.6/ (£ N, DI§, NM12),
692 (1 H,d,J87 Ar), 7.16 (1 H, s, Ar), 7.24 (1 H, d, J 8.7, Ar) and 7.48 (1 H, s, Ar); &¢ 55.0 (q), 55.4 (q),
Q0 Q /ey 1M A /AN 1NET AN 118 LAY 117Q ey 177244 179Q £ 7c) 1204 fc) 14Q 2 fe) nnd 14Q Q io)e 322 /e
F7.0 15, 1L 0 \Gj, 1V0.7 Gy, 1130 Gy, 117.7\8), 1£7.2({), 1£6.015), 157.08), 140.7 {§) 4l 1940.0 \J), T/
281. 283 (M), 266. 268 (M-NH*) and 203 (MH-Br+)

y DT \L'l }, L \INS gy L T \Lvl AVNAk , CALENS v\ \AYILL Py }-

2-Bromo-6,7-methylenedioxy-1-naphthylamine (28)

After cooling, water (1.0 L) and ethyl acetate (0.5 L) were added. The phases were separated and the
aqueous phase was extracted with ethyl acetate (2 x 0.5 L). The combined organic layers were washed with
water (0.5 L), dried (MgSOy), filtered and evaporated to give a dark brown glass. Column chromatography of
this product on silica (150 g), eluting with 25% ethy] acetate.in hexane, gave the title compound 28 as an
off-white solid (74%), mp 142-142.5°C (from ethanol). (Found: C, 49.3; H, 3.0; N, 5.1; Cy3H2BINO;
requires C, 49.65; H, 3.0; N, 5.3%); V.« (KBr) cm-1 3389, 3309, 3207, 1627, 1467, 1450, 1251, 1035, 942 and
849; 6H 5.61 (2 H, brs, NH3), 6.11 (2 H, s, CHy), 6.92 (1 H, d, J 8.6, Ar), 7.18 (1 H, s, Ar), 7.27 (1 H, d, J 8.6,
Ar) and 7.63 (1 H, s, Ar); 8¢ 99.4 (d), 100.9 (s), 101.1 (t), 104.0 (d), 116.6 (d), 119.2 (s), 127.9 (d), 130.1 (s),

Y V.Y i A Y 1408 AATT T

140.4 (s), 146.9 (s) and 147.1 (s); m/z 265, 267 (M*) and 185 (MH-Br*).

1

.0 mL, 050 mol) and p-toluenesulfonic acid monohydrate (0.02 g, 0.1 mmol) were

4,5 ylenedioxybenzaldehyde 2920 (11.45 g, 0.50 mL) in toluene (100 mL),
and the resulting mixture stirred undcr reflux for 48 h with Dean and Stark removal of water. Most of the
solvent was then evaporated under reduced pressure and the oily residue triturated with aq. NaHCOj3 solution.
The precipitated solid was collected by filtration, slurried with water (3 x 200 mL), refiltered and dried under
vacuum. The title compound 30 was obtained as an off-white solid (12.2 g, 89%), mp 65-67.5°C. (Found: C,
43.65; H, 3.4; C|oHoBrO4 requires C, 44.0; H, 3.3%); Vpax cm-! 1414, 1247, 1124, 1084, 1036, 950 and 865;
Oy (CDCl3) 4.03 (2 H, m, CH>), 4.12 (2 H, m, CH,), 5.97 (2 H, s, OCH,0), 6.00 (1 H, s, CH), 6.99 (1 H, s, Ar)
and 7.06 (1 H. s, Ar); 8¢ (CDCl3) 65.4 (2 x t), 101.9 (1), 102.6 (d), 107.7 (d), 112.8 (d), 113.9 (s), 130.0 (s),
147.5 (s) and 149.0 (s); m/z 272, 274 (M+), 227, 229 (M-CHO, "), 200, 202 (M-C3H40,*) and 193 (M-Br*).

B tylllthlum (1.6 M solunon in hexanes, 19.8 mL, 31.6 mmol) was added to a solution of 2-(2-bromo-
4 §_methvienedioxvohenvD-1 3-dioxolane 30 (7.50 ¢. 27.5 mmobD in dry THF (75 mL) at -78°C. The rpullnno
L, JTHICLUYICHUUIUA Yy PLIGLE Y L )= 1, 07U ULAIIC OOV \ 7.0V B,y L. LHHIUL] L ULY 1831 {7 & Hiday & 770 v 2 Ut dvsuaniun
colourless suspension was stirred at this temperature for 1 h under an atmosphere of argon. Triisopropyl hnmte
(6.72 g, 35.7 mmol) was then added, and stirring continued for 1 h before warming to ambient temperature

overnight. The reaction mixture was then LOOlLd to 0°C, 2M HCI (40 mL) was added, and this solution was
heated under reflux for | h. After cooling the phases were separated and the aqueous layer extracted with ethyl
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acetate (100 mL). The combined organic phases were evaporated under reduced pressure to give a pale brown

solid which was then dissolved in 2M NaOH (250 mL). The resuiting solution was washed with diethyl ether
(150 mL), then cooled to 0°C and carefully acidified to pH 1 with conc. HCl. The precipitated solid was

filtarad ~Aff afrar A flirthar | h + N° wwachad ith wwratar 2 v &SN mMI )Y amd Aviad n1mdae acmm at ambianr
ihiered ofif alter a iurtner 1+ n at v'c, wasnea witn water (5 X 53U ML) ana daried undaer vacuum at amoient
temneratiire The title comnaind 31 wac ohtained ac a calourlece calid (3285 o A1) mn 210°C (decamn )
..... perature. 1ne filie compound 22 was odbtained as a ¢olouness soid (2.20 g, 61%), mp Z1U°L (decomp. ).
(Found: C, 49.4; H, 3.7, ("g__-,/BOs requires C, 49.5; H, 3.6%); Vax cm ! 3332, 3185, 1661 1603 1266, 1091.

10. 03 (1 H s, CHO); m/" 194 (M*) 150 (M B[OH]-.*) and 121 (M-B{OH]},, CHO").

2,3-Dimethoxy-8,9-methylenedioxybenzo[c]phenanthridine, (Norallonitidine) (32)

Palladium(II) acetate (7.0 mg, 0.03 mmol), triphenylphosphine (0.16 g, 0.06 mmol) and 2 M aq. Na,COy
(0.75 mL, 1.50 mmol) were added to a solution of 2-bromo-6,7-dimethoxy- l-naphthylamine 27 (0.14 g, 0.50
mmol) in DME (2.5 mL). The resulting mixture was degassed with argon and 2-formyl-4,5-methylenedioxy-
phenylboronic acid 31 (0.13 g, 0.65 mmol) was added and the mixture was stirred under reflux for 3 h. Further
palladium(II) acetate (7.0 mg, 0.03 mmol), triphenylphosphine (0.16 g, 0.06 mmol) and 31 (0.13 g, 0.65 mmol)
were then added and stirring was continued overnight under reflux. The cooled mixture was diluted with

A DAy By R, PO [ ool PRSI P S ~L Y _b. Lo o PR ool USRI [ PP Iapiags | SUPS FR B N I PRPT S Ea T
dichioromethane (5.0 mi) and filtered through Celite. The fiiter cake was washed with dichioromeihane (2 x
N T N A sxrntar BN T\ anmd tha ~amemadhiaad Flitcatas tirara cannrntad nnd tha amivaniie nhaca mo mavteamtad
SV L) (1 1 w«.ucx \/— XJwvu 111, ), ailu Lic HIIULLICU 111U AlCTd WIC DC}J dlou dliu LUiIc aqucuu: lJlld.bC w CAlLlacicu
with dichloromethane (5.0 mL). The combined organic extracts were washed with ‘water (2 x 10 mL), dried
{MOQO ), filtered and Pvamrmed to leave a dark brown glass (0. '%’) Pl rification hv column chromatogeranhv

Yig2W/ Anelell alll © Lialeis Udaix LY S+ 833 Y

on sﬂlca gel (20 g) elutmg with 4:1 1o 1:1 hexane/ethyl acetate gave the title compound 32 (57.9 mg,"35%) as a
yellow solid. A sample was recrystallised from pyridine/methanol, mp 276-278°C (lit. 278-279°C27). (Found:
C,71.7, H,4.75; N, 4.3; CygH5NOy requires C, 72.1; H, 4.5; N, 4.2%}); UV (EtOH) nm 229 (4.47), 271 (4.82),
282 (4.79), 309 sh (4.38), 330 (3.59), 350 (3.76) and 369 (3.51); V., (KBr) cm-! 3009, 1617, 1484, 1428,
1252, 1161, 1033, 866, 838 and 801; 8y 3.96 (3 H, s, OCH3), 4.02 (3 H, s, OCH3), 6.28 (2 H, s, CHy), 7.53
(1 H, s, Ar), 768 (1 H, s, Ar), 7.96 (1 H, d, J 9.0, Ar), 8.32 (1 H, s, Ar), 8.51 (1 H, d, J 9.0, Ar), 8.62 (1 H, s,
Ar) and 9.28 (1 H, s, Ar); 8¢ 55.6 (q), 55.7 (q), 100.1 (d), 102.2 (), 103.8 (d), 104.9 (d), 107.6 (d), 118.9 (d),
120.0 (s), 123.2 (s), 126.2 (d), 126.5 (s), 128.1 (s), 130.5 (8), 139.7 (s), 147.8 (8), 149.6 (8), 149.9 (d), 150.0 (s)

and 151.6 (s); m/z 333 (M+). Also prepared from compound 37, as pale yellow crystals (98%), mp 278-279°C.

oy W Lo
UEHL’I'UL prm.f:aurej()r me LV J()rmyzauun UJ .l rmpnm)mrmneb

Acetic-formic anhydride was generated in the reaction flask by dropwise addition of 98% formic acid
121 mL. 32 mmol) to acetic anhvdride (2.05 ml.. 26 mmol) maintained at 0°C, followed by oen[lg hgauno

AL QUL yURRUL (& aidas, LU AALRDN 7 IR & U O, RO

50-60°C, 2 h). The mixture was cooled to room temperature and THF (3.0 mL) was added followed by a
solution of the 1-naphthylamine 27 or 28 (10.0 mmol) in THF (25 mL). The resulting mixture was stirred at
room temperature for 45 min. The solvent and other volatiles were removed under high vacuum to give a
colourless solid, which was then stirred with ethyl acetate (50 mL), filtered, washed with ethy! acetate and dried

to give the product as a colourless solid.

2-Bromo-6,7-dimethoxy-1-formamidonaphthalene (33)
91%, mp 228-229°C. (Found: C, 50.5: H, 4.0; N, 4.5; C3H|2BrNO3 requires C, 50.3; H, 3.9: N, 4.5%):

a

Vmax (KBr) em ! 3246, 1659. 1623, 1586, 1508, 1268 and 1046: 6y (rotamers, major component listed first):
3.87,3.90 (3 H, s, CH3), 3.90 (3 H, s, CHa), 7.16, 7.28 (1 H, s, Ar), 7.40, 7.42 (1 H, s, Ar), 7.59, 7.56 (i H, d,
J8.7, Ar), 7.68,7.69 (1 H. d, J 8.7, Ar), 8.45 (s), 8.19 (d, / 8.0) (IH, NH) and 10.05 (s), 9.98 (d, J 8.0) (I H,
CHMOM- 8§-~554 855 855 (). 1020 1024 (d). 106R. 1069 (D). 1169 117.5¢sy, 1271 127.1. 1273, 127.6
LISy Uy SIS, T, FIJy WYy MUL, VLT (U, TUULL, BVVLS (U BV R AT 9y ik, BL&T R .-y
(dy 177 1705 1798 R 1300 (<) 1496 1498 () 150.2. 1504 () and 159.9. 165.0 (d): m/z 309, 311 (M%)
\MJ, Taia, 14000, 1&aU.0, 19V \3), LT7/.V AT 7.0 \OJy 1 Veimy ~ N AT/ fara ) AN/ & y 1 7
281, 283 (M-CO*) and 230 (M-Br*)
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Z-Bromo- i-formamido-6,7-methyienedioxynaphthaiene (34)

88%. mp 247-249°C (decomp.). (Found: C, 48.8; H. 2.9; N, 4.7, C|2HgBrNO3 requires C, 49.0: H. 2.7.
N A Qe vres- 1 IO 210 1L£87T 1894 181 hemd 1N2Q. K { vt o e i aaraveasraeat Jiobad Sy A 177
1N, . 07C) Vmax il JLIYV, D107, 1UJ ), 1oL, 1201 diU 1UOO0, UH rutdinct s l“d.J 1 CUIL lPU JCIIU TISLCU RHISL)Y V. L 7,
6.19 (2 H, s, CHp), 7.19, 7.26 (1 H, s, Ar), 7.39, 7.42 (1 H, s, Ar), 7.61 7.57 (1H. d, J 8.8, Ar), 7.67, 7.68 (1 H.
d J8K] Ar). 842 ()8 13(d J 8O (1 NHY 1002 () and 950 (d JRM (1 H CHOY 8§~ 994 100.0 (d)
d. J 8.8, Ar), 842 (s) 8.13 (d, /8.0) (1 H. NH), 10.02 (s) and 9.50 (d, J 8.0) (1 H, CHO): 8¢ 99.4, 100.0 (d)
1017, 101 8 (1), 103.8, 104.0(d), 118.0, 1182 (s), 127.6, 127.7, 1278, 127.9 (d), 128.6, 1289 (s), 129.9, 130.1
(s). 130.6. 130.7 (s), 147.8, 148.0 (s), 148.7, 148.9 (s), and 160.1, 164.9 (d): m/z 293, 295 (M*), 265, 267

(M-CO*) and 214 (M-Br*).

General procedure for the Suzuki coupling between 2-bromo-6,7-dioxygenated-I-formamidonaphthalenes and
arylboronic acids

Palladium(II) acetate (0.02 mmol) and triphenylphosphine (0.04 mmol) were added to a suspension of the
2-bromo- 1 -formamidonaphthalene 33 or 34 (0.68 mmol) in DME (3.0 mL). The resulting mixture was
degassed and stirred at ambient temperature for 10 min before the addition of 2M aq. Na,CO5 solution (1.0
mL). The mixture was again degassed and then stirred in an atmosphere of argon for 1 h. The arylboronic acid

35, 36 or 48 (1.0 mmol) was then added, and the resuiting mixture was heated under refiux with stirring in an
atmosphere of argon for 1.25 - 4 h. The cooled mixture was diluted with dichloromethane (40 mL) and water

(0 mMT Y tha Araganis mhaca wag canaratad and tha anniannce lauar ng avtractard ith fisvrthae AisrhlarAama thana
&M LI, WL Ulgalllu yuaao A, abycuau.u, allul uiv a\.‘upuus ldyhl wad VAllaviv Witll 1UutLtuIvi uu..luuu.uucuxauc
{10 mIY The comhined aroanic extracte were wached with watar (2 ¥ 100 mI )Y dried (MeSO 4 filtered and
(10 mL). The combined organic extracts were washed with water (2 x 10 mL), dried (MgSQ;), filtered and
evaporated in vacuo to leave a DJ orev solid. Purification by column chromatography on silica gel (10 o),

Iy | of o o o o f g < AY o7
elutmg firstly with 1:1 ethyl acetate/hexane and then with neat ethyl acetate, gave the products.

6,7-Dimethoxy-1-formamido-2-(3,4-methylenedioxyphenyl)naphthalene (37)

92%, mp 246-247°C (from 2-propanol). (Found: C, 66.95; H, 5.0; N, 3.8; CogH17NOs .0.5H0 requires
C, 66.7; H, 5.0: N, 3.9%); Vpuax cir ! 3224, 1646, 1606, 1497, 1262 and 1037; 8y (rotamers, major component
listed first) 3.91, 3.86 (6 H, s, 2 x CH3), 6.06, 6.07 (2 H, s, CH»), 6.88,6.90 (1 H, dd. J 8.0, 1.8, Ar), 6.96 - 7.02
(2 H, m, Ar), 720 7.35(1 H, s, Ar), 7.29, 7.33 (1 H, d, J 8.3, Ar), 7.39, 740 (1 H, s, Ar), 8.26, 7.78 (1 H, s,

“-TrY ~ A.-., oy~ -~ o s, A o

NH), 7.77 (1 H, d, J 8.3, Ar) and 9.73, 9.76 (1 H, s, CHO), OC 55.1, 55.2, 55.3 (q), 100.7, 100.8 (1), 101.9,

102.4 (d), 106.5, 106.5 (d), 107.8, 108.2 (d), 109.1, 109.9 (d), 122.2, i123.1 (d), 125.2, 125.5, 125.7, 125.9 (d),
1259 126.0 (s), 127.7 128.0 (s), 128.6, 128.7 (s), 133.0, 133.6, 134.4 (s), 145.9, 146.0 (s), 146.7, 147.0 (s),
1401 1407y 1407 14Q Qe and TAN A 164 & (AY sa/s 281 (MY o d 272 (IN_COY+D
1971, 197,015, 147./, 197.06 (3 dali 10U.0, 104.0 (), VT 351 (vl j dlil J20 \Vi- LU .
2-(3,4-Dimethoxyphenyl)-1-formamido-6,7-methylenedioxynaphthalene (38)

Quantitative, mp 251-252°C (from 2-propanol). (Found: C, 66.8; H, 4.9; N, 3.9; C2oH{7NOs .0.5H20

requires C, 66.7; H, 5.0; N, 3.9%); vy« (KBr) cm-! 3238, 1649, 1602, 1584, 1248 and 1031; 8y (rotamers,
major component listed first) 3.75, 3.76 (3 H, s, CHy), 3.79, 3.80 (3 H, s, CH3), 6.16, 6.17 (2 H, s, CHj), 6.93.
6.96 (1 H, dd, Ar), 7.01 7.03 (1 H, m, Ar), 7.01 7.20 (1H, s, Ar), 7.33 7.35 (1 H, s, Ar), 7.38, 7.40 (1H, s, Ar),
8.26, (s), 7.73, (d, J 11.2), (1 H, NH), 7.75 (1 H, d, J 8.3, Ar) and 9.71 (5), 9.75 (d, J 11.2), (1 H, CHO); &8¢
55.4,55.4,55.5(q), 100.0, 99.3 (d), 101.3, 101.5 (), 103.6, 103.7 (d), 111.6, 111.7 (d), 112.8, 113.7 (d), 121.0,
122.0 (d), 126.1, 126.3, 126.7, (d), 127.8, 127.9 (s), 128.5, 128.6 (s), 129.9. 130.1 (s), 131.5, 132.1 (s), 134.3,
135.4 (s), 147.3, 147.5, 147.8. 148.0, 148.1, 148.2, 148.4 (s) and 161.1, 164.7 (d); m/z 351 (M*).

TAC “’)L‘) VL0 (.....-1 '2’7[.'7 1TAST7 1747 10472 and QYA X.. (rot are maiar ecomnanant lictad
1=+70, xup LV&L=&WD . Viggx Vil DLV, LUJ T, Ll T, LUTTD 4anag yao UH LLULALHICLS, iajUl Lunpuivit s
first) 6.05. 607 (2 H CHU-Y A1 IO H ¢ CHAY A6 £20 (1 dd JRS 20 A 6Rta70(2H m
i1 D J VW, UV L& 11D, WXl ), UllU, UL 10 (< Ty 9y dl g ), VDU, V07 (1 R, UL, 0 U.ofy &0y Sl ), VD LY 7.0 (e 14, 1id,
2x Ar). 7.1 to 7.8 (4 H. m, 4 x Ar), 8.23 (1 H, s, CHO) ﬂnd 9.72 (1 H, s, NH); 8¢ 100.2, 905 (d), 101.1, 101.2
(t), 101.5, 101.7 (v), 108.2, 108.5 (d), 109.4, 110.3 (d), 122.5, 123.5 (d), 126.4 (d), 126.4, 126.5 (d), 127.8,

128.1 (s), 128.7, 128.8 (s), 130.2, 130.3 (s). 133.6, 133.1 (.s), 135.1, 134.6 (s), 146.5 (s), 147.0, 147.3 (s), 147.5,
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147 R ¢y 1AR K 1AR A f¢) and 1A1T 1 1684 Q (A\e saa/e (£7TV 2L (NALTRV. Llocle mmiomlat . AAC 11& N0,
ESAL0 A8, 1880, 1%8.0 (5 Al 011, 1047 (G AT (UL 550 (M) nign resolution MS m/z 335.0797:;
CioH,2NO- reauires 335.0793

1ot 3ivUg requires 2200793,

General procedure for N-methylation of formamides

Sodium hydride (80% dispersion in mineral oil), (0.625 mmol) was added to a stirred suspension of the
1-formamido-2-arylnaphthalene 37-39 or 49 (0.50 mmol) in either dry DMF or THF (10 mL) at 0°C under
argon. The resulting mixture was warmed to room temperature and stirred for 30 min under argon.
lodomethane (0.75 mmol) was added and the resulting mixture was stirred at room temperature for 1.5 h.
0.25 M HCI was then added to give a mixture having pH 1. The mixture was extracted into dichloromethane
(2x 75 mL), and the organic extract was washed twice with water (2 x 35 mL), dried (MgSOQy), filtered and
evaporated to give the product as a colourless solid.
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JSO Ar) 733 730(lH d .18 ) 7 7 7 3(1H s, Ar), 78 782 IH d, 84 Ar)and804 .38
(1 H, s, CHO); d¢ 33.3, 359 (9) 55.3, 55.5, 55.5, 55.6 (q), 101.0 (t), 101.1, 101.8 (d), 107.0, 107.1 (d), 108.2
(d), 108.7, 109.2 (d), 121.9, 122.3 (d), 124.8, 126.2 (s), 126.2, 126.4, 126.7 (d), 129.2, 129.3 (s), 132.6, 132.8,
1329, 133.4, 1348, 135.9 (s), 146.5, 146.6 (s), 147.0, 147.1 (s), 149.5, 149.6 (s), 150:5, 150.6 (s) and 163.6,
163.9 (d); m/z 365 (M*), 350 (M-CH3*) and 336 (M-CHO").

2-(3,4-Dimethoxyphenyl)-6,7-methylenedioxy- 1-(N-methylformamido)naphthalene:(41)
Quantitative, mp 193.5-195°C (lit. 196-198.5°C9) (from ethyl acetate). (Found: C, 68.8; H, 5.5; N, 3.8;

C21H9NOs requires C, 69.0; H, 5.2; N, 3.8%); V. cm! 1601, 1520, 1501, 1257 and 1026; 8y (rotamers,
major component listed first) 2.95, 2.86 (3 H, s, NCHj3), 3.75, 3.74 (3 H, s, OCHj3), 3.80 (3 H, s, OCH3), 6.19,
6.17(2H,d,J1.5,CH>), 6.87,691 (1 H,dd, J 8.2,2.0, Ar), 6.90,6.94 (d, 1 H,d, J 2.0, Ar), 7.03, 7.04 (1 H, d,
182, Ar),7.07,7.14(1 H,s,Ar),739,735(1 H.,d,783,Ar), 747,742 (1 H, 5, Ar), 7.86, 781 (1 H,d, J 8.3
Ar) and 8.05, 8.35 (1 H, s, CHO); 6¢ 33.3, 35.8 (q), 55.3, 55.4, 55.4 (g), 98.7, 99.5 (d), 101.4, 101.7 (1), 103. 9
104.1 (d), 111.6 (d), 112.1, 112.5 (d), 120.5, 121.0 (d), 126.5, 126.5, 126.6, 127.0, 127.4 (d), 128.1 (s), 130.

130.6 (s), 1 , 131.3(s), 133.2, 134.1 (s), 135.4, 136.6 (s), 147.5, 147.8, 148.1, 148.2, 148.3, 148. 8 149.1 (s)

and 163.6, 164.2 (d); m/z 365 (M™*), 350 (M-CH3*) and 336 (M-CHO").

6,7-Methylenedioxy-2-(3,4-methylenedioxyphenyl)-1-(N-methylformamido)naphthalene (42)

Quantitative, mp 205.5-208°C (lit. 209-21 1.5°C%) (from ethyl acetate). (Found: C, 68.3; H, 4.7; N, 3.8;
Co0H}5NOs requires C, 68.8; H, 4.3; N, 4.0%); Vjnax (KBr) cm! 2908, 1669, 1489, 1454, 1228 and 1039; &y
(rotamers, major component listed first) 2.95, 2.89 (3 H, s, CH3), 6.08, 6.06 (2 H, s, CH3), 6.19, 6.17 (2 H, s,

CHp»), 6.78, 681(1H dd, J 8.5, 2.0, Ar), 6.90, 6.87 (1 H, d, / 8.5, Ar), 6.98, 6.99 (i H, d, J 8.5, Ar), 7.03, 7.13
(1 H,s, Ar), 7.33, 7.30 (1 H, 4, 7 8.5, Ar), 7.46, 7.42 (1 H, s, Ar), 7.85, 7.79 (1 H, 4, / 8.5, Ar) and 8.03, 8.32
(1 H, s, CHO); 6¢c 33.5, 36.1 (q), 98.8, 99.7 (d), 101.3, 101.2 (1), 101.8, 101.6 (1), 104.3, 104.1 (d), 108.4 (d),
1INOA 1NQC 7AY DN S IMN A 1T&7 73N 1974 1772 /4) 17992 1266 (¢) 121 R 1207 (¢ 1D Q 112 7
TUZ. &, 1VO0.0 (U), 1LL.0, 122U \U), 14U/ (U), 147U, 1&/.2 (U], 1LO0.J, 1£UU D)y, 1JU.O, 1IU.T D). 152.0, Loany
ey 124 2 1337 (¢} 13/ 7 1354 () 146 146 Q (<Y 147 3 1472 (). 1479 147.7 (s). 149.3. 1490 (<) and
ANy, LIS, LJJ.T D)y 2JdULT, I (O], 0TV, ATTU.F (3, 1T, 4 e A\ gy AT Ty AT .0 Sy ALY, AT (3 Ak
163.7, 164.2 (d); m/z 349 (M+), 334 (M-CH3*) and 320 (M-CHO*)

General method for Bischler-Napieralski cyclisations
A solution of the formamidonaphthalene 37-39 (0.5 mmol) and phosphorus oxychloride (0.3 mL) in
acetonitrile (15 mL) was stirred under reflux for 30 min. The cooled reaction mixture was poured into a
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L T TN o | ~ WILY MYIT /..o ~ e Fe AT el le ] - S Y i NS Sy 1: 1 | S, Ey P e |
IIALUIC O 1ICC and a4, INTI4VTI1 (01 IKC-walll 106 /V-HICUY IdICU COLTIIPOUniUYy ), dlld UIC SOHU WIHCTT dCpdldica was
collantad hy filtearinm and racryctallicad

UL U Uy Hiluiativil aig ‘D'ulyﬁ‘allla\-u.

Pale vellow cwgtals (99%) (trom nvndme/memanon mp 281-282 C m 281-282°C27).  (Found:
C,71.8: H. 4.5: N, 4.5: CyoH5NOy requires C, 72.1; H. 4.5; N, 4.2%). UV (EtOH) nm 229 (4.38), 274 (4.76),
281 (4.76), 315 (4.18), 330 sh (3.88), 348 (3.58) and 367 (3.35); Vpax cm! 1623, 1596, 1521, 1496, 1253, 1159
and 801: 8y 4.00 (3 H, s, CH3),4.09 (3 H. s, CH3), 6.18 (2 H, s, CHy), 7.46 (1 H, s, Ar), 7.68 (1 H, s, Ar), 7.93
(1H,d,J8.8, Ar), 8.14 (1 H, s, Ar), 8.56 (1 H, d, J 8.8, Ar), 8.57 (1 H, s, Ar) and 9.29 (1 H, s, Ar); 8¢ 56.0 (q),
56.3 (q), 101.3 (d), 101.4 (1), 102.8 (d), 104.5 (d), 108.2 (d), 119.2 (d), 119.8 (s), 122.1 (s), 126.3 (d), 128.4 (s),
128.6 (s), 129.4 (s), 139.9 (s), 148.0 (s), 148.1 (s), 149.9 (d), 150.0 (s) and 153.4 (s); m/z 333 (M*) and
318 (M-CHs*).

2,3,8,9-Dimethylenedioxybenzo[c]phenanthridine, (Noravicine) (44)

Pale yellow crystals (93%) (from pyridine/methanol), mp 325°C {lit. 325°C (decomp.)28]. UV (EtOH)
nm 228 (4.47), 273 (4.77), 283 sh (4.73), 327 sh (3.98) and 370 (3.63); Vpax cm! 1595, 1253, 1083 and 943;
KA ML o O\ A2 /MM U ¢ CLILY 781 /1T H ¢ Al TAQ T 2 Ay 7O2/1 LI A4 7QNO ArYy 221 L
UH V.21 i< u, S, i), V.0 \& 11, S, wr1}), i.J1\1 11,8, Al), /.06 \1 11, 8, AT}, /.73 (1 11, G, v Ju, AT, 6.52 (1 17,
e Ary R SN(TH 4 700 Ary RSA(1TH ¢ Ariand 02 (1 H ¢ Ard- & 12 (D 1013/ 101 61 1023
Sy £31), O.JU (L 1L, U, V) 7LU, SRy, U.0F UL D1, 5y Jh) Al F.L0 (1 LK, 5y £y, YT AUVLL \U), IVLS (U, AVLU ALY, AVens
(1), 104.6 (). 105.0 (d). 1193 (d). 1204 (). 123.3 (5). 126.7 (d). 128.2 /5). 129.5 (5). 1304 (s). 140.0 (s). 1480
(1), 104.6 (d), 105.0 (d), 119.3(d), 1204 (s), 123.3 (s), 126.7 (d), 128.2 (5), 1295 (s), 1304 (s), 140.0 (s), 1480
(s), 148.2 (2 x ), 150.2 (d) and 151.7 (s); m/z 317 (M™*); high resolution MS m/z 317.0707; C;gH;NO4

requires 317.0688.

2,3-Dimethoxy-5-methyi-8,9-methylenedioxybenzo[c]phenanthridinium chloride,
(Allonitidine chloride) (45)

Yellow needles (quantitative) (from methanol), mp 323-325°C29. UV (EtOH) nm 232 (4.37), 274 (4.45),
309 (4.28), 327 (4.26) and 391 (3.53); Vypax cml 1617, 1505, 1272 and 1037; 8y 4.03 (3 H, s, OCH3), 4.08
(3H,s, OCH3) 4.99 (3 H, s, NCH3), 6.49 (2 H, s, CHy), 7.81 (1 H, s, Ar), 789(1 H, s, Ar), 8.17 (1 H, s, Ar),
8.30 (1 H, d, J 8.8, Ar), 8.62 (I H, s, Ar), 8.76 (1 H, s, J 8.8, Ar) and 9.90 (1 H, s, Ar); oC:I 3 (q), 56.0 (q),
, 100.6 (d), 104.0 (1), 105.8 (d), 108.0 (d), 109.0 (d), 118.4 (s), 118.6 (d), 121 .0 (s), 124.4 (s), 130.2 (d),

i3 O

PR J= 22D ANA MTT N
3 (s); m/z 333 M-CHz*); m/z

~

T-0C. T NN rannirag
Iy

8,9-Dimethoxy-5-methyl-2,3-methylenedioxybenzo[c]phenanthridinium chloride, (Nitidine chloride) (46)

Yellow needles (91%) (from ethanol), mp 274-275°C (lit. 274-278°C30). (Found: C, 57.5; H, 5.1; N, 3.2;
C21H8CINO4 .3H,0 requires C, 57.6; H, 5.5; N, 3.2%); UV (EtOH) nm 230 (4.50), 272 (4.42), 280 (4.47),
304 (4.25) and 329 (4.16); v, (KBr) c! 3418, 1616, 1503, 1431, 1285 and 1036; 8y 4.05 (3 H, s, OCH3),
4.24 (3 H, s, OCH3), 4.90 (3 H, s, NCH3), 6.35 (2 H, s, CH»), 7.78 (1 H, s, Ar), 7.91 (1 H, s, Ar), 8.29 (1 H, 4,
J 9.0, Ar), 8.32 (1 H, s, Ar), 8.37 (1 H, s, Ar), 8.91 (1 H, /9.0, Ar) and 9.88 (1 H, s, Ar); 8¢ 51.4 (q), 56.2 (q),
57.2 (q), 102.6 (1), 103.2 (d), 104.5 (d), 105.7 (d), 108.7 (d), 119.2 (d), 119.4 (s), 119.8 (s), 124.0 (5), 129.9 (d),
132.0 (s), 132.4 (s), 132.5 (s), 148.3 (s), 148.8 (s), 151.2 (s), 151.4 (d) and 158.2 (s): m/z 333 (M-CH3t).

2,3,8,9-Dimethylenedioxy-5-methylbenzo[c |phenanthridinium chloride, (Avicine chloride) (47)

Yellow needles (96%) (from methanol), mp 327°C (decomp.), (lit. >300°C®). (Found: C, 59.9: H, 4.3;

N, 3.5: CapH4CINOy .2H70 requires C, 59.5; H, 4.5; N. 3.5%); UV (EtOH) nm 231 (4.56), 276 sh (4.43), 280
(4.44), 317 (4.27) and 390 (3.18); Viax (KBr) cm! 3428, 1619, 1483, 1461, 1293, 1262 and 1036: Oy 4.89
(3 H, s, NCH3), 6.35 (2 H. s, CH3), 6.49 (2 H, s, CH»), 7.77 (1 H, s, Ar), 7.87 (1 H, s, Ar), 8.26 (1 H, d, J 9.0,
Ar), 831 (1 H, s, Ar), 8.61 (1 H, s, Ar), 8.75 (1 H, d, 9.0, Ar) and 9.87 (1 H, s, Ar); 8¢ 51.7 (g), 101.2 (d),
03.3 (1), 104.7 (1), 105.0 (d), 106.1 (d), 106.2 (d), 119.4 (d), 120.4 (s), [21.5 (s), 125.2 (s), 130.8 (d), 133.3 (s),

[T

33.5(s). 135.3 (s), 149.1 (s), 149.7 (s), 150.8 (s), 151.7 (d) and 157.9 (s); m/z 317 (M-CH3™).
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2,4,5-Trimethoxyphenyliboronic acid (48)
A solution of I-bromo-2.4,5-trimethoxybenzene (2.0 g, 8.1 mmoi) in dry THF (7.
dropwise to n-butyllithium (6 3 mL of a 1.6 M solution in hexanes, 10.1 mmol) in dry THF (7.
M : . 1...

(0]

>
>
3 <
=
>
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sepamled The organic phase was extracted wnh water (2 x 25 mL) and the Combmed aqueous phases were
washed with diethyl ether (2 x 20 mL) and then acidified to pH 0-1 with 1 M HCL. A colourless crystalline
solid separated on standing overnight; this was collected by filtration, washed with water and dried to give the
title compound 48 (1.02 g, 60%) mp 122-124°C (decomp.). (Found: C, 50.9; H, 6.1; CgH;3BOs5 requires
C.51.0: H, 6.2%); Vipa, cm! 3372, 1606, 1513, 1468 and 1211; 8y 3.67 (3 H, s, CH3), 3.79 (3 H, s, CH3), 3.81
(3 H,s,CH3), 6.64 (1 H, s, Ar), 7.15 (1 H, s, Ar) and 7.48 (2 H, s, B[OH],); 8¢ 55.5 (q), 56.0 (q), 56.0 (g), 97.0
(d), 118.9 (d), 142.5 (s), 151.9 (s) and 159.3 (s); m/z 212 (M*), 197 (M-CH3*) and 169 (M-BHO,*).

1-Formamido-6,7-methylenedioxy-2-(2,4,5-trimethoxyphenyl)naphthalene (49)

Prepared from 2-bromo-1-formamido-6,7-methylenedioxynaphthalene 30 and 2,4,5-trimethoxyphenyl-
boronic acid 48 Dy the same method as for 37-3%. Yield 94%, mp 186-187°C. (Found: C, 65.6; H, 5.1; N, 3.6;
o H_ NN, eamrirac M L£L£1- 1T &0 N 2700\ 1 2141 1£Q1 1410 1897 17112 and 1NN S
L2 LI QINUAR IUHUIICD —, Uu.1, 1}, J.J, iN, J.7 /1), Vmax blll JIUL, 1U04L, 1VU1IV, 1247, 1lLlo dallu 1VJ0VU, UH
(rotamers, major component listed first) 3.67, 3.69 (3 H, s, CH3), 3.67, 3.70 (3 H, s, CH3), 3.84, 3.85 3 H, s,
C.._;) 6.15,6.17(2H,s,CH,),6.77,6.77 (1 H, s, Ar), 6.78,6.79 (1 H, s, Ar), 7.14, 732 (1 H, s, Ar), 7.24, 7.25

1 H,d, /8.4, Ar), 7.36, 7.38, (1 H, s, Ar), 7.69, 7.70 (1 H, d, J 8.4, Ar), 8.18, (d, J 1.5), 7.75, (d, J 7.1), (1 H,

NH) and 9.38 (d, J 1.5), 9.54 (d, J 7.1), (1 H, CHO); 6; 55.4, 55.4, 5 5 (q), 100.0, 99.3 (d), 101.3, 10L.5 (1),
103.6, 103.7 (d), 111.6, 111.7 (d), 112.8, 113.7 (d), 121.0, 122.0 (d), 126.1, 126.3, 126.7, (d), 127.8, 127.9 (s),
128.5, 128.6 (s), 129.9, 130.1 (s), 131.5, 132.1 (s), 134.3, 135.4 (s), 147.3, 147.5, 147.8, 148.0. 148.1, 148.2,
148.4 (s) and 161.1, 164.7 (d); m/z 381 (M™*) and 353 (M-CO™).

6,7-Methylenedioxy-1-(N-methylformamido)-2-(2,4,5-trimethoxyphenyl)naphthalene (50)
Prepared from 1-formamido-6,7- methylenedioxy -2- (2,4,5-lrimethoxyphenyl)naphthalene 49 by the same

method as for 40-42. Yield 96%, mp 212-213°C (lit. 212-214°C31) (from ethyl acetate/hexane). (Found:

C, 66.5; H, 5.3; N, 3.6; C32H21NOg requires C, 66.8 ; H, 5.35 ; N, 3.5 %); Vpmax cm’! 1666, 1611, 1522, 1504,
1216 and 1028; &y (rotamers, major component listed first) 2.87 (3 H, s, NCH3y), 3.65, 3.61 (3 H, s, OCHj),
3.68, 3.70 (3 H, s, OCH3), 3.85 (3 H, 5, OCHj3), 6.18, 6.16 (2 H, AB-system, CH»), 6.75, 6.70 (1 H, s, Ar),
6.76,6.81 (1 H, s, Ar), 7.02, 7.11 (1 H, s, Ar), 7.25 (1H, d, J 8.4, Ar), 7.45, 740 (1H, s, Ar), 7.81, 7.73 (1H, 4,
J 8.4, Ar) and 7.97, 8.25 (1 H, s, CHO); 8¢ 32.6, 35.7 (q), 55.7, 55.8, 55.8, 56.2 (q), 97.9, 98.4 (d), 98.5, 99.5
(d), 101.3, 101.6 ('-); 103.9, 104.1 (d), 114.4, 114.9 (d), 118.2 (s), 126.1. 126.9 (d), 126.7, 128.0 (s), 127.5,
127.8 (d), 130.3, 130.6 (s), 132.8, 134.0, 134.1, 135.3 (s), 142.0, 142.3 (s), 147.4, 147.6, 148.4, 148.8, 149.1,

149.2, 1503, 150.4 (s) and 163.2, 163,3 (d); m/z 395 (M™*) and 365 (M-CH,O%).

5-Methyl-2,3-methylenedioxy-7,8,10-trimethoxybenzo[c]phenanthridinium chloride,
(Chelilutine chloride) (51)

(Prepared according to the method of Ishii et al.?3) A solution of 6,7-methylenedioxy-1-(N-methyl
formamido)-2-(2,4,5-trimethoxyphenyl) naphthalene 50 (0.080 g, 0.20 mmol) and phosphorus oxychioride
(0.40 mL) in acetonitrile (4.0 mL) was stirred under refiux for 3 h. The solvent was removed under reduced
pressure and the residue was basified with 10% aq. NaOH, then extracted into chloroform (2 x 30 mL). The
cxrme et d S YOy ad avnmnratad ta de A fa A nf 1007, ”P) were added tn an
Wadd Uiy (KhoolLU3) dilld tvdpuiaicu w ul_yluns A IEW unuy UL Lu /0 11 wlie duucla W
n t r n I

....................................

(0 080 ¢ g, . 89%). mp 180-182°C (lit. 184-186°C). (Found. C. 546 H. 63: N, 2.5: CagHagCINOs 4H10
requires C. 54.4; H. 5.8; N, 29%) UV (EtOH) nm 229 (4.39), 279 (4.42), and 333 (4.10); Vo, cmr! 1598,
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358, 1257 and 1034: 85 4.08 (3 H, s, CHz), 4.17 (3 H. 5, CHa), 4.26 6 (3 H. s, CHy). 493 (3 H. 5, NCHy). 6.34
(2 H,s,CH2), 7.73 (1 H. 5. Ar), 7.76 (1 H. s, Ar). 8.20 (1 H, s, Ar). 8.25 (1 H, d. /9.2. Ar), 9.40 (1 H. d. J 9.2.
Ar) and 10.02 (1 H, s, Ar); 8¢ 52.3 (q), 57.2 (q), 57.4 (q), 62.4 (q) 102.7 (1), 104.3 (d), 105.2 (d), 108.4 (d),
116.6 (s), 119.8 (s), 119.9 (s), 121.9(d), 125.5 (s), 130.2(d), 131.4 (s), 131.7 (s), 139.1 (s), 148.4 (s), 148.9 (s).
150.7(d), 151.3 (s) and 153.7 (s): m/z 379 (MH™), 363 (M-CH3*) and 348 (M-2 x CH3*).

2-(6-Bromo-2,3-dimethoxyphenyl)-1,3-dioxolane (53)

Prepared from 6-bromo-2,3-dimethoxybenzaldehyde 5225 by the same method as for 2-(2-bromo-4.5-
methylenedioxyphenyl)-1,3-dioxolane 30. Yield 89%, mp 79°C. (Found: C, 45.5; H, 4.6 C{H;3BrO4
requires C, 45.7; H, 4.5%); Vax cml 1476, 1467, 1389, 1300, 1270, 1235, 1056, 1001, 964 and 813; oy
(CDCl3) 3.84 (3 H, s, CH3), 3.85 (3 H, s, CH3), 4.04 (2 H, m, CH,), 4.27 (2 H, m, CH,), 6.34 (1 H, s, CH).
6.80 (1 H, d, J 8.8, Ar) and 7.28 (1 H, d. J 8.8, Ar); 8¢ (CDCl3) 56.1 (q), 61.6 (q), 65.9 (2 x 1), 101.7 (d),
113.3 (s), 114.4 (d), 129.1 (d), 129.4 (s), 150.2 (s) and 152.8 (s); m/z 288, 290 (M+), 273, 275 (M-CH3"%) and
255, 257 (M-CHj, H,0%).

3,4-Dimethoxy-2-formylphenylboronic acid (54)

Prepared from 2-(6-bromo-2,3-dimethoxyphenyi)-i,3-dioxolane 53 by the same method as for 2-formyl-
4,5-methylenedioxyphenylboronic acid 31. Yield 60%, mp 141-146°C. v,,, cm-! 3370, 3113, 1663, 1269,
1245 and 1003; 3y (indicated mixture of aldehyde and cyclic acetal forms) aldehyde: 3.85 (3 H, s, CH3), 3.86
(3H,s,CH3), 7.11 (1 H, d, J 8.0, Ar), 7.30 (1 H, d, J 8.0, Ar), 7.68 (2 H, s, B[OH],) and 10.30 (1 H, s, CHO);
acetal: 3.77 (3 H, s, CH;),383 (3H, s C..3) 623(1H 4,780 ), 6.88 (1 H, d, J 8.0, COH), 7.09 (1 H, d,

\r) and (1 H, s, BOH); 8¢ 56.0 (q), 56.1 1 (q), 62.0 (q), 95.6 (d),
114 l (d) 1180 (d) 1260 (d) 1277 (d) 1325 (s) 144.1 (s), 146.8 (s), 151.4 (\s) 152; (5) 154;6 s) and
191.6 (s); m/z 210 (M) and 193 {M-OH*): high resolution M

7,8-Dimethoxy-2,3-methylenedioxybenzo[c]phenanthridine, (Norchelerythrine) (55)
Tetrakistriphenylphosphinepalladium(0) (0.069 g, 0.06 mmol) was added to a suspension of 2-bromo-1-
formamido-6,7-methylenedioxynaphthalene 34 (0.29 g, 1.00 mmol) in DME (3.0 mL). The resulting mixture
was degassed and stirred at ambient temperature under argon for 10 min. A solution of NaHCO5 (0.34 g, 4.0
mmol) in water (2.0 mL) was added, and the resulting suspension was degassed and stirred under argon for 1 h.
3,4-Dimethoxy-2-formyiphenylboronic acid 54 (0.315 g, 1.50 mmol) was added and the resulting mixture was
stirred and heated at reflux under argon for 3 h. 2 M HCI (3.0 mL) was added and the mixiure was stirred at
reflux for a further 1 h. The cooled mixture was ncutralised with 10% aq. NaOH, then extracted into

dichloromethane (2 x 30 mL). The combined organic layers were washed with water (2 x 20 mL), dried
(NasS8Qy,), filtered and evaporated to leave a dark brown glass (0.54 g). Purification by column
chromatography on silica gel (20 g), eluting with 4:1 hexane/ethyl acetate gave the title compound 55 (0.19 g,
589%) as a yellow-brown solid. Recrystallisation from pyridine/methanol gave yellow crystals, mp 215-216°C
(lit. 210-212°C7). UV (EtOH) nm 243 (4.55), 257 (4.52), 276 (4.66), 324 (4.14) and 384 (3.44); v,, cm!
1499, 1285, 1272, 1250 and 1080; &4 4.03 (3 H, s, CH3), 4.05 (3 H, s, CH3), 6.23 (2 H, s, CH,), 7.53 (1 H, s,
Ar), 7.84 (1 H, d, 7 9.0, Ar), 7.99 (1 H, d. J 9.0, Ar), 8.55 (1 H, s. Ar), 858 (1 H. d. /9.0, Ar), 8.60 (1 H, d,
J 9.0, Ar) and 9.63 (1 H, s, Ar); 8¢ 56.5 (q), 61.4 (q), 100.8 (d), 101.4 (t), 104.4 (d), 118.6 (d), 118.7 (d), 119.5
(d), 119.6 (5), 121.0 (s), 127.0 (s), 127.1 (d), 128.1 (), 129.3 (s). 138.8 (5), 144.1 (s). 146.0 (s). 148.0 (s), 148.1
(d) and 149.3 (s); m/z 333 (M*) and 318 (M-CH3%); high resolution MS m/z 333.1013: CoH,5NO;, requires
333.1001.
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