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Abstract: Starting from 3,6-dichloropyndazine, a series of new pyndazines bearing hithiation-
directing groups 1n o-position to a ring nitrogen atom (compounds 1-5) was prepared Metalation
employing hthium alkylamudes was found to afford ortho-substituted pyridazines The regio-
selectivity, depending on the nature of the metalating agent, 15 discussed

INTRODUCTION

Pyndazine derivatives continue to attract considerable interest, as reflected by recent reviews regarding
chemical and biological properties 1.2 The recent discovery3 of a natural product contaming this heteroarene
system (Pyridazomycin) most probably will stmulate even broader interest 1n 1,2-diazine chemustry

The main difficulty encountered on attempted introduction of a functionalised carbon side-chain into the
pyndazine nucleus results from its pronounced electron deficiency C-C bond formation by electrophihc
aromatic substitution thus 1s not a suitable methodology Homolytic substitution reactions of the protonated
pyndazine nucleus, employing nucleophilic carbon-centered radicals, however, have been shown to close this
gap 1n many cases (alkylation, acylation, alkoxycarbonylation, formylation)4 More recently, the first
examples of the utilisation of ortho-directed metalation for the functionalisation of this ring system have been
reported 5 3,6-Dichloropynidazine, 3-chloro-6-methoxypyndazine and 3,6-dimethoxypyndazine were
employed as educts in these studies

In extension of these investigations, we here report on the synthesis of a series of so far unknown
pyndazines beaning hithiation-directing groups in o-position to a ning nitrogen atom (namely the pivalamides
1, 2, the urethane 3 as well as the methoxyethoxy compounds 4, 5) and on their behaviour 1n metalation
experiments
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RESULTS AND DISCUSSION
Synthesis of selected 3-substituted and 3,6-disubstituted 1,2-diazine derivatives as metalation educts;

For the synthesis of compounds 1-3, commercially available 3,6-dichloropyridazine was transformed 1n
80% yield into 6-amuno-3-chloropynidazine following a known procedure 6 Reductive dehalogenation of this
product turned out to be advantageous for the preparation of 3-aminopyridazine (85%) as compared with the
previously reported approach’ (ammonolysis of 3-bromopyndazine, 44% yield) Both aminopyndazines thus
prepared were treated with pivaloyl chlonde/triethylamine 1n tetrahydrofuran solution to give the sterically
hindered amudes 1 and 2 1n satisfactory yields The zerz-butyl carbamate 3 could be prepared in 78% yield by
heating 3-amunopyndazine with BOC-anhydride 1n the absence of a solvent and subsequent purification by
column chromatography For the preparation of the methoxyethoxypyndazine 4, 3,6-dichloropynidazine was
treated with sodium 2-methoxyethoxide 1in dry tetrahydrofuran at room temperature Compound 4 thus
obtained 1n 88% yield then could be smoothly dechlorinated by catalytic hydrogenation (Pd/C, sodium
hydroxide, ethanol as solvent) to give the ether 5 1n 77% overall yield

Metalation experiments:

a) Metalation of compounds 1-3

The results of metalation experiments employing hithium 2,2,6,6-tetramethylpiperidaide (LTMP) or
lithhum dnsopropylamide (LDA) as metalating agents, together with the products obtained after quenching
with acetaldehyde or benzaldehyde are collected in Scheme 1 and Table 1
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On the metalation of substituted pyndazines

Table 1 Metalation of 1-3

Entry Educt | Metalating | Equivalents | Conditions® | Electrophile Products Total yield
agent reagent (% yield) (%)
1 1 LTMP 22 A CH3CHO 6a (0) 6b (0) 0
2 1 LTMP 32 A CH3;CHO 6a(14) | 6b(41) 55
3 1 LTMP 40 A CH3CHO 6a (35) | 6b (65) 100
4 1 LTMP 40 A PhCHO 7a (28) | 7b (55) 83
5 1 LDA 40 A CH3CHO 6a (0) 6b (82) 82
6 1 LDA 40 A PhCHO 7a (0) 7b (57) 57
7 1 LDA 40 B PhCHO 7a (0) 7b (68) 68
8 2 LTMP 40 C CH3CHO 8a (0) 8b (0) 0
9 2 LTMP 40 A CH3CHO 8a(52) | 8b (4D 56
10 2 LTMP 40 A PhCHO 9a (62) - 62
11 3 LTMP 40 A CH3CHO | 10a (37) - 37
12 3 LTMP 40 A PhCHO 11a (36) - 36

2Conditions A metalation -70°C, 1 5 h, reaction with electrophile -70°C,15h
B metalation -70°C, 3 0 h, reaction with electrophile -70°C,20h
C metalation 0°C, 45 min, reaction with electrophile 0°C,15h

Imtial expenments with N-(6-chloro-3-pynidazinyl)pivalamide (1) indicated that employment of the
theoretically required two equivalents of metalating agent (LTMP), followed by addition of acetaldehyde only
leads to the recovery of unchanged starting material in almost quantitative yield The use of 3 2 equivalents of
LTMP resulted 1n a 55% total yield of reaction products (compounds 6a,b). Quantitative lithiation can be
achieved by employing 4 equvalents of LTMP Accordingly, 1n all the following experiments with com-
pounds 1-3, this large excess of lithtum dialkylamde was used 1n order to gain maximal conversions

Interestingly, the major component 1n the mixtures obtained after lithiation of 1 with LTMP and sub-
sequent reaction with acetaldehyde or benzaldehyde (entries 3 and 4) results from hithiation ortho to the
chlorine substituent (compounds 6b, 7b) Application of LDA (entries 5-7) was found to permut exclusive
functionalisation of the pyridazine nucleus ortho to the chlorine atom

On the other hand, introduction of a carbon side-chain exclusively ortho to the (protected) amino
function may well be achieved if there 1s no competing directing group present (entries 9-12) Thus, N-(3-py-
ndazinyl)pivalanude (2) as well as tert-butyl N-(3-pynidazinyl)carbamate (3) on action of LTMP undergoes
regioselective lithiation at C-4 to give compounds 8a, 9a, 10a, 11a, albeit in only moderate yields Only 1n the
case of 2, a small amount of a reaction product (8b) resulting from hithiation at C-5 (meta to the amide
function) could be detected It should be noted that in the case of the carbamate 3, the imtially formed
alcohols are subject to mtramolecular transestenfication during work-up to afford the pyndazine-annelated
1,3-oxazine denvatives 10a, 11a

b) Metalation of compounds 4 and 5

Simular to the observations discussed above, also 1n the series of the (methoxyethoxy)pyndazines 4 and 5, the
twofold theoretical mimmum amount of the metalating agent 1e 22 equvalents) 1s required to achieve
lithiation of the pyridazine nucleus The results obtained 1n these experiments are displayed in Scheme 2 and
Table 2
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Scheme 2
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Table 2. Metalation of 4 and §
Entry Educt | Metalatng | Equvalents | Conditions® | Electrophile Products Total yield

agent reagent (% yield) (%)
1 4 LTMP 12 A CH3;CHO 12a (0) | 12b (0) 0
2 4 LTMP 22 A CH;CHO 12a (53)| 12b (36) 89
3 4 LTMP 22 B CH;CHO 12a (31) | 12b (31) 62
4 4 LTMP 22 A PhCHO 13a (48) | 13b (32) 80
5 4 LDA 22 A CH;CHO 12a (33) | 12b (49) 82
6 4 LDA 22 A PhCHO 13a (28) | 13b (55) 83
7 5 LTMP 22 A CH3;CHO 14a (12) - 12
8 5 LTMP 22 A PhCHO 15a (15) - 15
9 5 LTMP 40 A PhCHO 15a (26) - 26

2Condiions A. metalation -70°C, 1 5 h, reaction with electrophile -70°C,15h
B metalation -70°C,2 5 h, reaction with electrophile -70°C,15h

Whereas 1n the case of 3-(2-methoxyethoxy)pyndazine § htiation with LTMP occurs exclusively m
position 4 to give compounds 14a and 15a (in low yields), the situation was found to be more complex with
the chloro-substituted congener 4 Here, muixtures of regioisomeric carbinols (compounds 12a,b, 13a,b) are
formed 1n high yields Depending on the ithiating agent employed, the ratio of products can be shifted with
LTMP, preferential formation of compounds 12a and 13a (bearing the carbon side-chain ortho to the ether
function) 1s observed, the use of LDA favours Iithiation ortho to the chlorine atom, thus leading pre-
domunantly to the 1somenc compounds 12b and 13b

CONCLUSION

The metalation experiments carried out clearly indicate that with pyndazine derivatives 1-5, metalation
of the pyndazine nucleus only can be achieved by employing a sigmificant excess of the hithium dialkylanmide
This phenomenon could be explained 1n terms of competitive complexation processes, which at present 1s the
subject of further (spectroscopic and theoretical) investigations

From the preparative point of view, the ortho-directed lithiation of the 3-acylaminopynidazine 2 appears
to be a suitable method for the synthesis of 3-amunopyndazines bearing a functionalised carbon side chain in
ortho position Vicinally disubstituted compounds of this type are of particular interest as potential precursors
for fused pyndazines On the other hand, 3-amunopynidazine derivatives with the carbon substituent in meta
position to the amino function can be easily obtained when an additional chlorme atom (at the second o-
position) 1s present mn the educt, as demonstrated by the experiments employing compound 1
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EXPERIMENTAL

Melting points were determined on a Kofler hot-stage microscope and are uncorrected Infrared spectra were taken on a
Jasco IRA-1 and on a Beckman 4250 spectrometer (KBr pellets) 'H NMR spectra were recorded on a Bruker AC 80 (80 MHz),
on a Vanian EM 360 L (60 MHz), or on a Bruker 200 MHz spectrometer with TMS as internal reference Column chromatography
was carnied out on Merck silica gel 60, 0 063-0 200 mm (70-230 mesh ASTM) Microanalyses were performed at the Institute of
Physical Chemustry, Unaversity of Vienna, and by the INSA analyucal service All metalations were carried out under an argon
atmosphere All reagents were freshly distilled, THF was dried with a benzophenone-sodium mixture and distilled just before use

- 7
A muxture of 6-armino-3-chloropynidazine$ (1.29 g, 10 mmol), sodium hydroxide (440 mg, 11 mmol), and
10% Pd/C catalyst (150 mg) was hydrogenated at atmospheric pressure for 1 5 h The catalyst was filtered off
and the solution was evaporated :n vacuo The residue was repeatedly extracted with boihing acetone to afford,
after removal of the solvent, pale yellow crystals (809 mg, 85%), mp 168-169°C (ref 7 169-170°C)

To an 1ce-cooled suspension of 6-amino-3-chloropyridazine$ (800 mg, 6 18 mmol) and tnethylamune (1 01 g,

10 mmol) 1n dry tetrahydrofuran (70 ml) was added dropwise a solution of pivaloyl chlonde (194 g, 16 1
mmol) 1n dry tetrahydrofuran (10 ml). The nuxture was stirred at room temperature for 4 h, then the solvent
was removed in vacuo The residue was taken up in dichloromethane and washed with 0 2 N aqueous sodium
hydroxide and water The organic layer was dried (sodium sulfate) and evaporated. Punfication of the residue
by column chromatography (eluting with dichloromethane-ethyl acetate, 4 1), followed by recrystallisation
from ethyl acetate-light petroleum afforded colourless crystals (805 mg, 61%), mp 159°C - IR 3360, 2960,
1670, 1560, 1480 cm™! - 1H NMR (80 MHz, CDCl3) 8852 (d, J =93 Hz, 1 H, H-4), 846 (br s, 1 H, NH),
749 (d, J=93 Hz, 1 H, H-5), 135 (s, 9 H, CH3) - Anal calcd for CgH;,CIN;O C, 5059, H, 5 66,
N, 1967 Found C,5078,H,544,N, 1944

Preparation as described for compound 1, starting from 3-aminopyndazine? (1 00 g, 10 53 mmol), triethyl-
amne (152 g, 15 mmol), and pivaloyl chlonde (1 81 g, 15 mmol) Column chromatography (eluting with
ethyl acetate) and subsequent recrystallisation from ethyl acetate-light petroleum gave colourless crystals
(123 g, 65%), mp 126°C - IR 3180, 2960, 1670, 1570, 1500 cm! - IH NMR (80 MHz, CDCl3) & 8 93 (dd,
Jyg=14Hz,Js6=60Hz, 1 H H-6),879 (brs, 1 H, NH), 8.49 (dd, J;.5 =89 Hz, J; =14 Hz, 1 H,
H-4),748 (dd, J4.s =89 Hz, J56 =60 Hz, 1 H, H-5), 136 (5, 9 H, CH3) - Anal calcd for CgH{3N30
C,6031,H,731,N,2344 Found C,6055,H,7 17, N, 23 48

tert-Butyl N-G-pyndazinylicarbamate (3)

A muxture of 3-ammopyndazine? (450 mg, 4 74 mmol) and dr-tert-butyl pyrocarbonate (1 54 g, 7 05 mmol)
was fused together by gentle heating, then 1t was dissolved 1n dry dichloromethane (20 ml) To the stured
solution, a mixture of dry pyridine (10 ml) and dry dichloromethane (10 ml) was added dropwise, and stirring
was continued for 3 h After dilution with dichloromethane, the solution was washed with 0 1 N hydrochlonc
acid and water, then 1t was dned (sodum sulfate) and evaporated in vacuo The residue was punfied by
column chromatography (eluting with ethyl acetate), followed by recrystallisation from light petroleum to
afford pale yellow crystals (722 mg, 78%), mp 109-110°C - IR 3180, 2970, 1710, 1580, 1510 cm! -
THNMR (80 MHz, CDCl3) & 8 86 (dd, Jag=14Hz,J56=61Hz 1 H, H-6), 824 (dd, J45=90 Hz,
Jyg=14Hz, 1H,H-4),817 (brs, 1 H,NH), 742 (dd, J4.5 =90 Hz, J5 5 =6 1 Hz, 1 H, H-5), 1 54 (s, 9 H,
CH3) - Anal calcd for CgHy3N30, C, 5537, H, 671, N, 21 52 Found C, 5563, H, 6.49, N, 21 41.

To a strred solution of sodium 2-methoxyethoxide, prepared from 2-methoxyethanol (2.28 g, 30 mmol) and
metallic sodum (690 mg, 30 mmol), 1 dry tetrahydrofuran (100 ml) was added 3,6-dichloropyridazine (3 00
£,20 14 mmol) The solution, which was kept under an argon atmosphere, was stirred at room temperature for
30 mun Water (50 ml) was added, then the mixture was concentrated 11 vacuo to a volume of about 50 ml and
it was exhaustively extracted with dichloromethane The combined extracts were washed with water, dried
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(sodium sulfate), and evaporated in vacuo. Recrystalhsation of the residue from hight petroleum gave colour-
less crystals (3 34 g, 88%), mp 40-41°C - IR 3050, 2860, 1570 cml - 1H NMR (80 MHz, CDCl3) 87 32,
695 (each d, J = 9 1 Hz, 2 H, H-4, H-5), 4 70-4 50 (m, 2 H, CH,), 3 80-3.65 (m, 2 H, CHy), 337 (5, 3 H,
CHj) - Anal caled for C;HgCIN;Oy' C, 44 58; H, 4 81, N, 14 85 Found C, 44 89, H, 4 64, N, 14 84

3-(2-Methoxyethoxy)pyndazine (3)

To a solution of compound 4 (188 mg, 1 mmol) 1n absolute ethanol (10 ml) was added sodium hydroxide (60
mg, 1 5 mmol) and 10% Pd/C catalyst, then the ruxture was hydrogenated at atmospheric pressure for 2 h
The catalyst was filtered off, the solvent was removed in vacuo, and the residue was taken up in dichloro-
methane This solution was washed with water, dned (sodum sulfate), and evaporated in vacuo. Kugelrohr
distillation (80°C, 80 mbar) of the residue afforded a colourless iquid (136 mg, 88%) - IR 2960, 1605 cml,
IH NMR (80 MHz, CDCl;) 8884 (dd, J4.6=12Hz,J54=55Hz, 1 H,H-6),741(dd, J4.5=90Hz,Js6=
55Hz, 1 H, H-5), 704 (dd, J4.5 =90 Hz, ] =12 Hz, 1 H, H-4), 4 80-4 60 (m, 2 H, CHy), 3 90-3.70 (m,
2 H, CHy), 345 (s, 3 H, CH3) - Anal calcd for C;HigN»Op C, 54 54, H, 6 54, N, 18 17 Found C, 5476,
H, 660, N, 18 49

General procedure for metalation of compounds 1-5.

A solution of n-BuL1 1n hexane (nx mmol) was added at -30°C to stirred anhydrous tetrahydrofuran (25 ml)
under argon. The chosen alkylarmne (dusopropylamine or 2,2,6,6-tetramethylpiperidine, nx mmol) was
added, the mixture was allowed to warm to 0°C (15 mun) and was kept at 0°C for 0 5 h The solution was then
cooled to -70°C The pyndazine to metalate (x mmol) was dissolved in tetrahydrofuran (5 ml) under argon
and the solution was slowly added (5 mun) to the metalation mixture. The metalation reaction was performed
during 15 h at -70°C (unless otherwise stated, see Tables), then the electrophile (acetaldehyde. 1 ml; benz-
aldehyde 12 nx mmol) was added slowly (5 min) The reaction was performed during 1 5 h at -70°C (unless
otherwise stated, see Tables) The solution was then slowly hydrolysed at -70°C with a muxture of 2 N
aqueous hydrochloric acid (2 ml), ethanol (4 mi), and tetrahydrofuran (4 ml) and warmed to 0°C A saturated
solution of sodium hydrogencarbonate was added until neutralisation and the mixture was evaporated in vacuo
to give an aqueous residue This residue was extracted with dichloromethane (4 x 25 ml) The combined
extracts were dried over magnesium sulfate and evaporated to dryness to afford a crude product which was
purified by column chromatography on silica gel

Table 1, Entry 3

General procedure with 1 (151 mg, 0 71 mmol), 1 6 M n-BuL1 in hexane (1 78 mi, 2 85 mmol), TMP (0 48
ml, 2 85 mmol) The eluent was a2 3 muxture of ethyl acetate and dichloromethane Compound 6a was ob-
tamed as a colourless solid (120 mg, 65%), mp 160°C - IH NMR (200 MHz, CDCl3) &9 27 (br s, 1 H, NH),
759 (s, 1H,H-5),492(q,J=6Hz, 1 H, CH), 470 (brs, 1 H, OH), 147 (d, J = 6 Hz, 3 H, CHy), 137 (s,
9 H, tert-Bu) - Anal calcd for Cy{H;¢CIN3O0, C,5126,H,621,N, 1631 Found C,511,H, 62,N,15.9

Compound 6b was obtained as a colourless solid (64 mg, 35%), mp 120°C - !H NMR (60 MHz, CDCl3) &
898 (brs,1 H,NH), 874 (s, 1 H,H-4),53(q, =6 Hz, 1 H, CH), 3.3 (brs, 1 H, OH), 155 (d, J = 6 Hz,
3H, CH;3), 135 (s, 9 H, tert-Bu) - Anal calcd for C;;HcCIN;O, C, 5126, H, 621, N, 1631 Found

C,512,H,62,N,159

Table I, Entry 4

General procedure with 1 (150 mg, 0 70 mmol), 1 6 M n-BuLt in hexane (1 78 ml, 2 85 mmol), TMP (0 48
mi, 2 85 mmol), benzaldehyde (0 30 ml, 2 95 mmol) The eluent was a 1 9 muxture of ethyl acetate and
dichloromethane Compound 7a was obtained as a pale yellow sohd (63 mg, 28%), mp 77°C - IH NMR (60
MHz, CDCl3) 6§90 (brs, 1 H, NH), 7 55 (s, 1 H, H-5), 7 30 (m, 5 H, Ph), 595 (s, 1 H, CH), 535 (brs, 1 H,
OH), 12 (s, 9 H, tert-Bu) - Anal calcd for CygHgCIN3O; C, 6009, H, 563, N, 1314 Found C, 6035,
H,56,N,128 Anamount of 24 mg (16%) of starting material 1 was recovered
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Compound 7b was obtaned as a colourless sohd (124 mg, 55%), mp 77°C - 1H NMR (200 MHz, CDCl3) &
893 (s, 1H, H-4), 867 (br s, 1 H, NH), 7 33 (m, 5 H, Ph), 5.95 (s, 1 H, CH), 3.91 (br 5, 1 H, OH), 1.32 (s,
9 H, tert-Bu) - Anal. calcd for C1gH gCIN3O, C, 6009, H, 563, N, 13 14. Found C, 60 3; H, 5.6; N, 12.9.

Table 1, Entry 9

General procedure with 2 (146 mg, 0 81 mmol), 25 M »n-BuL1 1n hexane (1.30 ml, 3 25 mmol), TMP (0 60
ml, 3 56 mmol) The eluent was a1 1 mxture of ethyl acetate and dichloromethane Compound 8a was ob-
tained as a colourless sohd (94 mg, 52%), mp 138°C - 1H NMR (60 MHz, CDCl3) 39 85 (br s, 1 H, NH),
885(d,J5=5.5Hz,1H,H-6),752(d,J54=55Hz,1H,H-5),53 (brs, 1 H,OH),498 (g, J=6Hz, 1H,
CH), 145 (d,J=6Hz, 1 H, CH3), 13 (5, 9 H, tert-Bu) - Anal caled for C1;Hy7N30, C, 59.14; H, 7.62,
N, 18 82 Found C,593,H,7.7,N, 18 6.

A small amount of 8b (7 2 mg, 4%) was 1solated and characterised by 'H NMR (60 MHz, CDCl3) 8900 (s,
1H,H-6),86 (brs, 1 H, NH),845(s, 1 H,H-4),495(q,J=7Hz, 1 H, CH), 345 (brs, 1 H, OH), 155 (d,
J=7Hz, 3 H, CHj), 135 (s, 9 H, tert-Bu).

Table 1, Entry 10

General procedure with 2, same quantities and eluent as for 8a, except that benzaldehyde (0.30 ml, 2.95
mmol) was used as electrophile. Compound 9a was obtained as a pale yellow solhid (144 mg, 62%), mp 66°C
- IHNMR (60 MHz, CDCl3) 892 (brs, 1 H, NH), 89 (d, Js. =6 Hz, 1 H, H-6), 745 (d, Js.s =6 Hz, 1 H,
H-5), 73 (m, 5 H, Ph), 595 (s, 1 H, CH), 55 (br s, 1 H, OH), 125 (s, 9 H, tert-Bu) - Anal calcd for
Ci6H19N30, C,6737,H,667, N,1474 Found C,674,H,71,N,148

Table 1, Entry 11

General procedure with 3 (155 mg, 0 79 mmol), 1 6 M n-BuLi 1n hexane (2 00 mi, 3 20 mmol), TMP (0.54
ml, 320 mmol) The eluent was ethyl acetate Two products were obtained (80 mg) which were 10a and a
product still beaning the fert-butyloxycarbonyl group Both products were dissolved in water (5 ml), acidified
to pH 1 and stired overmight After neutralisation with a saturated aqueous solution of sodium hydrogen-
carbonate, the mixture was extracted with ethyl acetate. Compound 10a was obtained as a colourless sohd (48
mg, 37%), mp 219°C (dec ) - 1H NMR (60 MHz, DMSO-dg) 38 85 (d, J34 =55 Hz, 1 H, H-3),745 (d, J5.
4=55Hz,1H,H-4),555(m, 1 H,H-5),33 (brs, 1 H,NH), 16 (d,J = 6 Hz, 3 H, CH3) - Anal. calcd for
C;H;N;0, C,5090,H,424,N,2545 Found C,511,H,43,N,251

Table 1, Entry 12

General procedure with 3 (162 mg, 0 83 mmol), 1 6 M r-BuLi 1n hexane (2 00 ml; 3 20 mmol), TMP (0 57
ml, 3 38 mmoles) Hydrolysis was performed at -70°C with water (10 ml), then the mixture was warmed to
room temperature It was evaporated and the aqueous residue was extracted with dichloromethane The
aqueous phase was neutralised with 2 N aqueous hydrochloric acid and 11a was obtained as a pale yellow
precipitate (68 mg, 36%), mp 248°C (dec) - 'H NMR (60 MHz, DMSO-dg) 888 (d,J34=5.5Hz, 1 H,
H-3),7 35 (brs, 5 H, Ph), 705 (d, J3.4 =55 Hz, 1 H, H-4), 6 5 (s, 1 H, H-5), 325 (br s, 1 H, NH). - Anal
caled for C1;HgN3O, C,6344,H,396,N, 1850 Found C,635,H,40,N,186

Table 2, Entry 2

General procedure with 4 (150 mg; 0 80 mmol), 1 6 M n-BuLa 1n hexane (1 10 ml, 1.76 mmol), TMP (0 30
ml, 1 78 mmol) The eluent was a 1 * 9 mixture of ethyl acetate and dichloromethane. A mixture of 12a and
12b was obtained as a yellow o1l (165 mg, 89 %) - 12a 1H NMR (200 MHz, CDCl3) 8 7.57 (s, 1 H, H-4),
502 (q,J =6 Hz, 1 H, CH), 4 65-4 50 (m, 2 H, CH,), 4 20 (br s, 1 H, OH), 3.80-3 65 (m, 2 H, CHj), 3.35 (s,
3H,OCHj3),145 (d,J =6 Hz,3H, CH) - 12b 1H NMR (200 MHz, CDCl3) &7 35 (s, 1 H, H-5), 5.02 (g,
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J =6 Hz, 1 H, CH), 4.65-4.50 (m, 2 H, CHy), 4.20 (br s, 1 H, OH), 3.80-3 65 (m, 2 H, CHy), 3.40 (s, 3 H,
OCHj3), 145(d, J =6 Hz, 3 H, CH3) - Anal calcd for CgH;3CIN;O3 (12a + 12b): C, 46 45, H, 5.59; N,
12 04 Found C,46 8;H, 5.3, N, 117 - Analysis of the NMR spectrum indicatéd a ratio of 12a: 12b=3:2

Table 2, Entry 4

General procedure with 4 (158 mg; 0 84 mmol), 1.6 M r-BuLi1 1 hexane (1 15 ml; 1 84 mmol), TMP (0.31
ml, 1 84 mmol). The eluent was a 3 . 7 muxture of ethyl acetate and dichloromethane A muxture of 13a and
13b was obtained as a pale yellow solid (200 mg, 80%). - 13a. !H NMR (60 MHz, CDCl3) 6755(s, 1H,
H-4), 725 (s, 5 H, Ph), 5.85 (br s, 1 H, CH), 4.7-4.3 (m, 2 H, CH,), 405 (br s, 1 H, OH), 3.9-35 (m, 2 H,
CHy),3.3(s,3H,0CH3) - 13b 1H NMR (60 MHz, CDCl3) 874 (s, 1 H, H-5), 725 (s, 5 H, Ph), 5.85 (br
s, 1 H, CH), 47-4 3 (m, 2 H, CHy), 4.05 (br s, 1 H, OH), 3.9-3 5 (m, 2 H, CH,), 3 4 (s, 3 H, OCH3). - Anal
calcd for C14H;5CIN;O5 (13a + 13b)- C, 57 05, H, 5.09; N, 9 51. Found' C, 57.1, H, 52, N, 9.4 - Analysis
of the NMR spectrum indicated aratio of 13a: 13b =3 - 2

Table 2, Entry 7

General procedure with 5 (195 mg, 127 mmol), 1 6 M »-BuLi 1n hexane (1 74 ml, 2 78 mmol), TMP (0.47
ml; 2 8 mmol) The eluent was a 3 7 muxture of ethyl acetate and dichloromethane Compound 14a was ob-
tained as a pale yellow sohid (30 mg; 12%), mp 55°C (Tottoli). - 1H NMR (60 MHz, CDCl3) & 8.8 (d, Js. =
5Hz, 1H, H-6), 7.55(d, Js.6 =5 Hz, 1 H, H-5), 51 (q, ] = 6 Hz, 1 H, CH), 4 85-4 6 (m, 2 H, CH,), 42-37
(m, 3 H, OH, CHy), 345 (s, 3 H, OCH3), 15 (d, J = 6 Hz, 3 H, CH3) - Anal calcd for CoH 4N,O;3
C,54.74;, H,7.07, N, 14 14. Found. C,54.4,H,6.7,N, 13 8

Table 2, Entry 9

General procedure with 5 (214 mg, 1 39 mmol), 2 5 M #-Buli 1n hexane (2.20 ml; 5.50 mmol), TMP (0 91 ml,
5 40 mmol). The eluent was first pure dichloromethane, then a 1 . 1 mixture of dichloromethane and ethyl
acetate, and finally pure ethyl acetate Compound 15a was obtained as a brown sohd (93 mg, 26%), mp 64°C
- IHNMR (60 MHz, CDCl3) 8875 (d, Js.5=5Hz, 1 H,H-6),75 (d, Js.=5Hz,1H,H-5),735 (brs,5H,
Ph), 595 (s, 1 H, CH), 475-4.5 (m, 2 H, CHy), 41 (br 5, 1 H, OH), 3 9-3.55 (m, 2 H, CHy), 335 (s, 3 H,
OCHj3) - Anal calcd for Cy4H1gN»)O3 C,6461,H,615,N,1077 Found C,646;H,58;N, 111
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