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Abstract: Stamng from 3,6&chloropyndazme, a senes of new pyndazines beanng htlnauon- 
duectmg groups in a-posmon to a nng mtrogen atom (compounds 1-5) was prepared Metalahon 
employmg hthmm alkylanudes was found to afford or&o-subsututed pyndazmes The repo- 
selectivity, dependmg on the nature of the metalatmg agent, IS discussed 

INTRODUCTION 

Pyndazme denvatives conhnue to attract considerable Interest, as reflected by recent reviews regardmg 
chenucal and biologIcal propeties L2 The recent Qscoveryj of a natural product contammg 011s heteroarene 
system (Pyrrdazomyan) most probably ~111 stimulate even broader interest m 1,Zchazme chenustry 

The mam tificulty encountered on attempted mtroducuon of a funchonahsed carbon side-cham mto the 
pyndazme nucleus results from Its pronounced electron deficiency C-C bond formation by electropinhc 
aromatic subshtuuon thus 1s not a suitable methodology Homolyfic subshtuhon reachons of the protonated 
pyndazme nucleus, employmg nucleopluhc carbon-centered radicals, however, have been shown to close dus 
gap m many cases (alkylauon, acylauon, alkoxycarbonylatron, formylahon) 4 More recently, the fit 
examples of the uahsation of ortho-dmcted metalanon for the functionahsauon of tlus nng system have been 
reported 5 3,6-Dlchloropyndazme, 3-chloro-6-methoxypydazme and 3,6-dlmethoxypyndazme were 
employed as educts m these stu&es 

In extension of these mvestigahons, we here report on the synthesis of a senes of so far unknown 
pyndazmes beanng httuauon-directing groups m a-posmon to a nng mtragen atom (namely the pwalanudes 
1, 2, the urethane 3 as well as the methoxyethoxy compounds 4, 5) and on their behaviour m metalahon 
expenments 
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RESULTS AND DISCUSSION 

Synthesis of selected 3-substituted and 3,6-disubstituted 1,2-diazine derivatives as metalation eductsz 

For the synthesis of compounds 1-3, commercially avadable 3,6-&chloropyndazme was transformed 111 
80% yield mto 6-ammo-3chloropyndazme followmg a known procedure 6 Reduchve dehalogenanon of dus 
product turned out to be advantageous for the preparation of 3-anunopyrrdazme (85%) as compared with the 
previously reported approach7 (ammonolyns of 3-bmmopyndazme, 44% yield) Both ammopyndazmes thus 
prepared were treated with pivaloyl chlor&/methylamme m tetrahydrofuran soluhon to give the stencally 
hmdered armdes 1 and 2 m satisfactory yields The teti-butyl carbamate 3 could be prepared 11178% yield by 
heatmg 3-armnopyndazme with BOC-anhydnde in the absence of a solvent and subsequent punficabon by 
column chromatography For the preparation of the methoxyethoxypyndazme 4,3,6-&chloropyndazme was 
treated with sodmm 2-methoxyethoxlde 111 dry tetrahydrofuran at room temperature Compound 4 thus 
obtamed 111 88% yield then could be smoothly dechlormated by catalytic hydrogenation (Pd/C, sodmm 

hydroxide, ethanol as solvent) to gve the ether 5 in 77% overall yield 

Metalation experiments: 

a) Metalation of compounds l-3 

The results of metalafion experunents employmg hthmm 2,2,6,6-tetramethylplpen&de (LTMP) or 
hthmm dnsopropylarmde (LDA) as metalatmg agents, together with the products obtamed after quenchmg 
with acetaldehyde or benzaldehyde are collected m Scheme 1 and Table 1 
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Table 1 Metalahon of 1-3 
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Entry Educt Equivalents bn&tmn.+ Elextrophde 
reagent 

1 1 22 A CH3CHO 
2 1 32 A CH3CHO 
3 1 40 A CH3CHO 
4 1 40 A PhCHO 
5 1 40 A CHFHO 
6 1 40 A PhCHO 
7 1 40 B PhCHO 
8 2 40 C CH3CHO 
9 2 40 A CH3CHO 

10 2 40 A PhCHO 
11 3 40 A CH3CHO 
12 3 40 A PhCHO 

a Con&tlons A metalatlon -7O”C, 15 h, reacbon with electrophde -70°C. 15 h 
B metalafion -70°C. 3 0 h, reaction with electrophde -70°C. 2 0 h 
C metalabon 0°C. 45 mm, reacbon with electrophale OT, 15 h 

Metalatmg 
agent 

LTMP 
LTMP 
LTMP 
LTMP 
LDA 
LDA 
LDA 
LTMP 
LTMP 
LTMP 
LTMP 
LTMP 

T FVOdllCt.3 

(% 

6a (0) 
6a (14) 
6a (35) 
7a (28) 

6a (0) 
7a (0) 
7a (0) 
~ (0) 
8a (52) 
9a (62) 

1Oa (37) 
lla (36) 

:ld) 

6b (0) 
6b (41) 
6b (65) 
7b (55) 
6b (82) 
7b (57) 
7b (68) 

8b (0) 
8b (4) 

T 
I 

Total yield 

(96) 

0 
55 

100 
83 
82 
57 
68 
0 

56 
62 
37 
36 

Imtial expenments with N-(6-chloro-3-pyndazmyl)plvalanude (1) mdlcated that employment of the 
theoretically required two equivalents of metalahng agent (LTMP), followed by ad&bon of acetaldehyde only 
leads to the recovery of unchanged startmg matenal in almost quantitative yield The use of 3 2 eqmvalents of 
LTMP resulted in a 55% total yield of reachon products (compounds 6a,b). Quanutauve hthlahon can be 
achieved by employmg 4 equivalents of LTMP Accordmgly, in all the following expenments with com- 
pounds 1-3, this large excess of hthmm dlalkylarmde was used m order to gam maximal conversions 

Interestmgly, the major component m the rmxtures obtamed after hthlatlon of 1 with LTMP and sub- 
sequent reachon with acetaldehyde or benzaldehyde (enmes 3 and 4) results from hthlation orrho to the 
chlonne subshtuent (compounds 6b, 7b) Application of LDA (enmes 5-7) was found to penmt exclusive 
funchonahsation of the pyndazme nucleus ortho to the chlonne atom 

On the other hand, mrroduchon of a carbon ride-cham exclusively ortho to the (protected) ammo 
function may well be achieved If there 1s no compehng duechng group present (enmes 9-12) Thus, N-(3-py- 
ndazmyl)plvalarmde (2) as well as tert-butyl N-(3-pyndazmyl)carbamate (3) on achon of LTMP undergoes 
regoselectlve hthlahon at C-4 to @ve compounds 8a, 9a, lOa, lla, albelt m only moderate yields Only m the 
case of 2, a small amount of a xeachon product (8b) resulhng from hthlatlon at C-5 (metu to the armde 
function) could be detected It should be noted that m the case of the carbamate 3, the mmally formed 
alcohols are subject to mtramolecular transestenficahon dunng work-up to afford the pyndazme-annelated 
1,3-oxazme denvatlves lOa, lla 

b) Metalation of compounds 4 and 5 

Smular to the observations discussed above, also in the senes of the (methoxyethoxy)pyndanes 4 and 5, the 
twofold theorehcal muumum amount of the metalahng agent (1 e 2 2 equivalents) is reqmred to achieve 
hthlahon of the pyndazme nucleus The results obtamed in these expenments are &splayed m Scheme 2 and 
Table 2 
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Scheme 2 
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Table 2. Metalatton of 4 and 5 

Educt entry Metalatmg JZqmvaknts Con&tionsa 
agent rea ent 

1 4 LTMP 12 A CH3CHO 
2 4 LTMP 22 A CH3CHO 
3 4 LTMP 22 B CH3CHO 
4 4 LTMP 22 A PhCHO 
5 4 LDA 

t 

22 A CH3CHO 
6 4 LDA 22 A PhCHO 
7 5 LTMP 22 A CH$HO 
8 5 LTMP 22 A PhCHO 
9 5 LTMP 40 1 A 1 PhCHO 

“Con&nom A. metalanon -70°C. 15 h, reachon with electroplule -70°C. 15 h 
B metalabon -7OT, 2 5 h, reaction with ele&opNe -7OT, 15 h 

FVOdllCt.9 % eld 

m (0) ub (0) 
l2a (53) l2b (36) 
l2a (31) l2b (31) -I- 13a (48) 13b (32) 
l2a (33) 12b (49) 
l3a (28) 13b (55) 
ua(12) - 
15a (15) - 
15a (26) 1 - 

Total yield 

(46) 
0 

89 
62 
80 
82 
83 
12 
15 
26 

Whereas in the case of 3-(2methoxyethoxy)pyndaztne 5 hthtatton ~th LTMP occurs exclusively 111 
posthon 4 to @ve compounds 14a and 15a (m low ytelds), the situation was found to be more complex wtth 
the chloro-subsmuted congener 4 Here, rmxtures of regotsomenc carbmols (compounds lZa,b, 13a,b) are 
formed m hqh ytelds Dependmg on the hthlattng agent employed, the ratio of products can be shtfted w-tth 
LTMP, preferenttal formation of compounds l2a and 13a (bearmg the carbon stde-cham orrho to the ether 
funcnon) IS observed, the use of LDA favours hthtahon ortho to the chlonne atom, thus leadmg pre- 
dommantly to the lsomenc compounds 12b and 13b 

CONCLUSION 

The metalatton expenments camed out clearly m&cate that with pyndavne denvanves l-5, metalatton 
of the pyndazme nucleus only can be achteved by employing a stgmficant excess of the hthmm dtalkylamtde 
Thts phenomenon could be explamed m terms of competmve complexafion processes, which at present IS the 
subject of further (spectroscopic and theorettcal) mvestlgattons 

From the preparative pomt of vtew, the ortho-dmcted ltthlatton of the 3-acylammopyndaune 2 appears 
to be a suttable method for the synthesis of 3-anunopyndazmes bearmg a functionahsed carbon stde cham 111 
ortho posltton Vlcmally dlsubstttuted compounds of tis type are of pamcular interest as potential precursors 
for fused pyndazmes On the other hand, 3-ammopyndazme denvattves wtth the carbon substituent m meta 
posmon to the ammo fun&on can be easily obtamed when an addmonal chlonne atom (at the second a- 
posttton) IS present m the educt, as demonstrated by the expenments employmg compound 1 
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EXF%RIMENTAL 

Meltmg pomts were detemuned on a Kofler hot-stage m-scope and are uncamcteid JnfWedspeclraweretakenona 
Jasco IRA-l and on a Beckman 4250 spectmmeter (KBr pellets) tH NMR spectra were recorded on a Bruker AC 80 (80 MHz), 
on a Varuxn EM 360 L (60 MHz), or on a Bruker 200 MHz spectrometer anth TMS as mtemal reference Column chromatograpl~y 
was camed out on Merck sdux gel 60,O 063-O 200 mm (70-230 mesh ASTM) Mcroaadyses went performed at the Inswute of 
Physical Chemutry, Umverslty of Vienna, and by the lNSA analyhcal service AU metalawns were camed out under an argon 
atmosphere AU reagents were freshly Qstdled, TI4.P was dned w~tb a benzophenone-sodmm mixture and dwdled gust before use 

A nuxture of 6-ammo-3-chloropyndaz,me6 (1.29 g, 10 mmol), sodmm hydrox& (440 mg, 11 mmol), and 
10% Pa/C catalyst (150 mg) was hydrogenated at atmosphenc pressure for 15 h The catalyst was filtered off 
and the solution was evaporated m vucuo The residue was repeatedly extracted urlth boding acetone to afford, 
after removal of the solvent, pale yellow crystals (809 mg, 85%), mp 168-169’C (ref 7 169-170°C) 

To au u~cooled suspension of 6-ammo-3-chloropyndazme6 (800 mg, 6 18 mmol) and tnethylamme (1 01 g, 
10 mmol) m dry tetrahydrofuran (70 ml) was added drop~se a solution of plvaloyl chlonde (194 g, 16 1 
mmol) m dry tetrahydrofuran (10 ml). The muture was stured at room tempera- for 4 h, then the solvent 
was removed m vucuo The residue was taken up m hchloromethane and washed Hrlth 0 2 N aqueous sodmm 
hydroxide and water The orgamc layer was dned (sodmm sulfate) and evaporated. mcahon of the xesldue 
by column chromatography (elutmg v&h &chloromethane-ethyl acetate, 4 1). followed by recrystalhsahon 
from ethyl acetate-hght petroleum afforded colourless crystals (805 mg, 61%), mp 159°C - IR 3360,2960, 
1670,1560,1480 cm-l - lH NMR (80 MHz, CDCl3) 6 8 52 (d, J = 9 3 Hz, 1 H, H-4), 8 46 (br s, 1 H, NH), 
7 49 (d, J = 9 3 HZ, 1 H, H-5), 135 (s, 9 H, CH3) - Anal calcd for C+H$lN3O C, 50 59, H, 5 66, 
N, 19 67 Found C, 50 78, H, 5 44, N, 19 44 

Preparation as described for compound 1, stamng from 3-anunopyndazme7 (100 g, 10 53 mmol), methyl- 
amme (1 52 g, 15 mmol), and plvaloyl chlonde (1 81 g, 15 mmol) Column chromatography (elutmg with 
ethyl acetate) and subsequent recxystalhsatlon from ethyl acetate-hght petroleum gave colourless crystals 
(123 g, 65%), mp 126’C - IR 3180,2960,1670,1570,1500 cm-l - lH NMR (80 MHz, CDCl3) 6 8 93 (dd, 
J46 = 14 Hz, JS6 = 6 0 Hz, 1 H, H-6), 8 79 (br s, 1 H, NH), 8.49 (dd, J4_5 = 8 9 Hz, Jd6 = 14 Hz, 1 H, 
H-4), 7 48 (dd, J4_5 = 8 9 Hz, J5-6 = 6 0 Hz, 1 H, H-5), 1 36 (s, 9 H, CH3) 
C, 60 31, H, 7 31, N, 23 44 Found C, 60 55, H, 7 17, N, 23 48 

- Anal calcd for C$I13N30 

A rmxture of 3-ammopyndazme7 (450 mg, 4 74 mmol) and &-fert-butyl pyrocarbonate (1 54 g, 7 05 mmol) 
was fused together by gentle heatmg, then it was d~solved m dry &chloromethane (20 ml) To the stmed 
solution, a nuxture of dry pyndme (10 ml) and dry dlchloromethane (10 ml) was added dropwse, and shrrmg 
was conhnued for 3 h After dduluhon with &chloromethaue, the solution was washed with 0 1 N hydrochlonc 
acid and water, then it was dned (sodmm sulfate) and evaporated zn vucw The residue was punfied by 
column chromatography (eluhng wltb ethyl acetate), followed by recrystalhsahon from hght petroleum to 
afford pale yellow crystals (722 mg, 78%), mp 109-110°C - IR 3180, 2970, 1710, 1580, 1510 cm-l - 
lH NMR (80 MHz, CDCl,) 6 8 86 (dd, J 44 = 1 4 Hz, J5_6 = 6 1 Hz, 1 H, H-6), 8 24 (dd, J4_5 = 9 0 Hz, 
J4_6 = 1 4 Hz, 1 H, H-4). 8 17 (br s, 1 H, NH), 7 42 (dd, J4_5 = 9 0 Hz, J5d = 6 1 Hz, 1 H, H-5), 1 54 (s, 9 H, 
CH3) - Anal calcd for C9H13N302 C, 55 37, H, 6 71, N, 2152 Found C, 55 63, H, 6.49, N, 2141. 

To a shrred soluhon of sodmm 2methoxyetboxlde. prepared from 2-methoxyethanol(2.28 g, 30 mmol) and 
metalhc sodmm (690 mg, 30 mmol), m dry tetrahydrofurau (100 ml) was added 3,6&chloropyndaze (3 00 
g, 20 14 mmol) The solution, which was kept under an argon atmosphere, was stured at room temperature for 
30 mm Water (50 ml) was added, then the nuxture was concentrated m vucuo to a volume of about 50 ml and 
It was exhaushvely extracted ~th dlchloromethane The combmed extracts were washed with water, dned 
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(sodium sulfate), and evaporated m vucuo. Recrystalhsation of the residue from hght petroleum gave colour- 
less crystals (3 34 g. 88%), mp 40-41°C - IR 3050,2860,1570 cm-l - tH NMR (80 MHz, CDC13) 6 7 32, 
6 95 (each d, J = 9 1 Hz, 2 H, H-4, H-5). 4 70-4 50 (m. 2 H, CH2), 3 80-3.65 (m, 2 H, CHZ). 3 37 (s, 3 H. 
CH3) - Anal calcd for C+HgClN&* C, 44 58; H, 4 81, N. 14 85 Found C, 44 89, H, 4 64. N. 14 84 

To a solution of compound 4 (188 mg, 1 mmol) m absolute ethanol (10 ml) was added sodmm hydroxide (60 
mg, 1 5 mmol) and 10% Pd/C catalyst, then the nuxture was hydrogenated at atmosphenc pressure for 2 h 
The catalyst was filtered off, the solvent was removed m vucuo, and the residue was taken up m &chloro- 
methane This solution was washed with water, dned (sodnun sulfate), and evaporated VI vucuu. Kugelrohr 
&stdlaQon (80°C 80 mbar) of the residue afforded a colourless hqmd (136 mg, 88%) - IR 2960,1605 cm-l. 
lH NMR (80 MHz, CDC13) 6 8 84 (dd, J4_6 = 1 2 Hz, J5& = 5 5 Hz, 1 H, H-6). 7 41 (dd, J4_5 = 9 0 Hz, Js_6 = 
5 5 Hz, 1 H, H-5), 7 04 (dd, J4_5 = 9 0 Hz, J4-6 = 12 Hz, 1 H. H-4). 4 80-4 60 (m. 2 H. CH2). 3 90-3.70 (m. 
2 H. CH2). 3 45 (s, 3 H, CH3) - Anal calcd for C7HtoN202 C. 54 54, H, 6 54, N, 18 17 Found C, 54 76, 
H, 6 60, N, 18 49 

A soluuon of n-BuL1 m hexane (nx mmol) was added at -30°C to sbrred anhydrous tetrahydrofuran (25 ml) 
under argon. The chosen alkylannne (dnsopropylamme or 2.2,6,6-tetramethylplperulme, nx mmol) was 
added, the mtxture was allowed to warm to 0°C (15 mm) and was kept at 0°C for 0 5 h The solution was then 
cooled to -70°C The pymiazme to metalate (x mmol) was dissolved in tetrahydrofuran (5 ml) under argon 
and the solution was slowly added (5 mm) to the metalation nuxture. The metalatlon reaction was performed 
durmg 1 5 h at -70°C (unless otherwise stated, see Tables), then the electrophde (acetaldehyde. 1 ml; benz- 
aldehyde 1 2 nx mmol) was added slowly (5 mm) The reaction was performed durmg 1 5 h at -70°C (unless 
otherwise stated, see Tables) The solution was then slowly hydrolysed at -70°C v&h a nuxture of 2 N 

aqueous hydrochlonc acid (2 ml), ethanol (4 ml), and tetrahydrofuran (4 ml) and warmed to 0°C A saturated 
solution of sodium hydrogencarbonate was added until neutrahsation and the mixture was evaporated in vacua 
to @ve an aqueous residue This residue was extracted w1t.h dlchloromethane (4 x 25 ml) The combined 
extracts were dried over magnesmm sulfate and evaporated to dryness to afford a crude product which was 
punfied by column chromatography on sdica gel 

Table I. Enhy 3 

General procedure with 1 (151 mg, 0 71 mmol), 16 M n-BuL1 in hexane (178 ml, 2 85 mmol). TMP (0 48 
ml, 2 85 mmol) The eluent was a 2 3 nuxture of ethyl acetate and tichloromethane Compound 6a was ob- 
tamed as a colourless sohd (120 mg, 65%). mp 160°C - 1H NMR (200 MHz, CDCl3) 6 9 27 (br s, 1 H. NH). 
7 59 (s, 1 H, H-5). 4 92 (q. J = 6 Hz, 1 H, CH), 4 70 (br s, 1 H, OH), 1 47 (d, J = 6 Hz, 3 H, CH$, 1 37 (s, 
9 H, tert-Bu) - Anal calcd for CttHt&lN& C, 5126, H, 6 21, N, 16 31 Found C, 51 1, H, 6 2, N. 15.9 
Compound 6b was obtamed as a colourless sohd (64 mg, 35%), mp 12O’C - 1H NMR (60 MHz, CDCl3 6 
8 98 (br s, 1 H, NH), 8 74 (s, 1 H, H-4), 5 3 (q, J = 6 Hz, 1 H, CH), 3.3 (br s, 1 H, OH), 1 55 (d, J = 6 Hz, 
3 H, CH3, 135 (s, 9 H, tert-Bu) - Anal calcd for CtlH&lN302 C, 5126, H, 6 21, N, 16 31 Found 
C, 512, H, 6 2, N. 15 9 

-4-fhv; _ - 
_ _ 

Table I. Entry 4 

General procedure with 1 (150 mg, 0 70 mmol), 16 M n-BULI m hexane (178 ml, 2 85 mmol), TMP (0 48 
ml, 2 85 mmol), benzaldehyde (0 30 ml, 2 95 mmol) The eluent was a 1 9 mixture of ethyl acetate and 
tichloromethane Compound 7a was obtamed as a pale yellow solid (63 mg, 28%). mp 77°C - IH NMR (60 
MHz, CDC13) 6 9 0 (br s, 1 H, NH), 7 55 (s. 1 H, H-5), 7 30 (m. 5 H, Ph), 5 95 (s, 1 H, CH), 5 35 (br s, 1 H, 
OH), 1 2 (s, 9 H. tert-Bu) - Anal calcd for Ct6H&lN& C, 60 09, H, 5 63, N, 13 14 Found C. 60 5, 
H, 5 6, N, 12 8 An amount of 24 mg (16%) of starting matenall was recovered 



On the metalanon of subsatuted pyndazmes 605 

Compound 7b WBS obtamed as a colourless sold (124 mg, 55%), mp 77°C - 1H NMR (200 MHz, CDCl$6 
8 93 (s, lH, H-4), 8 67 (br s, 1 H, NH), 7 33 (m, 5 H, Ph), 5.95 (s, 1 H, CH), 3.91 (br s, 1 H, OH). 1.32 (s, 
9 H, rert-Bu) - Anal. calcd for C16H&lN& C, 60 09, H, 5 63. N, 13 14. Found C. 60 3; H, 5.6; N, 12.9. 

Table 1, Entry 9 

General procedure ~th 2 (146 mg, 0 81 mmol), 2 5 M n-B&l m hexane (1.30 ml, 3 25 mmol), TMP (0 60 
ml, 3 56 mmol) The eluent was a 1 1 rmxture of ethyl acetate and dlchloromethane Compound Sa was ob- 
tamed as a colourless sohd (94 mg, 52%), mp 138°C - 1H NMR (60 MHz, CDQ) 6 9 85 (br s, 1 H, NH), 
8 85 (d, J5-6 = 5.5 Hz, 1 H, H-6), 7 52 (d. Js_,j = 5 5 Hz, 1 H, H-5), 5 3 (br s, 1 H, OH), 4 98 (q, J = 6 Hz, 1 H, 
CH), 145 (d, J = 6 Hz, 1 H, CH3), 1 3 (s, 9 H, tert-Bu) - Anal calcd for CllH17N30~ C, 59.14; H, 7.62, 
N, 18 82 Found C, 59 3, H.7.7. N, 18 6. 
A small amount of Sb (7 2 mg, 4%) was isolated and charactensed by tH NMR (60 MHz. CDC13) 6 9 00 (s, 
1 H. H-6), 8 6 (br s, 1 H, NH), 8 45 (s, 1 H. H-4), 4 95 (q, J = 7 Hz, 1 H, CH), 3 45 (br s, 1 H, OH), 155 (d, 
J = 7 Hz, 3 H, CH3), 1 35 (s, 9 H, tert-Bu). 

Table I I 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 electmphde. Compound 9a was obtamed as a pale yellow solid (144 mg, 62%), mp 66°C 
- lH NMR (60 MHz, CDC13) 6 9 2 (br s, 1 H, NH), 8 9 (d, J5-a = 6 Hz, 1 H, H-6). 7 45 (d, J5d = 6 Hz, 1 H, 
H-5), 7 3 (m, 5 H, Ph), 5 95 (s, 1 H, CH), 5 5 (br s, 1 H, OH), 1 25 (s, 9 H, ret?-Bu) - Anal calcd for 
Ct6H1gN& C, 67 37, H, 6 67, N, 14 74 Found C, 67 4, H, 7 1, N, 14 8 

5.8-Dlhvdro 5 _ _ me$tWUi~ol3.4-dlrl.3loxaPniU&.lQ& _ - _ _ 
Tablel,EntryIl 

General procedure with 3 (155 mg, 0 79 mmol), 1 6 M n-BULI m hexane (2 00 ml, 3 20 mmol), TMP (0.54 
ml, 3 20 mmol) The eluent was ethyl acetate Two products were obtamed (80 mg) which were 1Oa and a 
product stdl beanng the reti-butyloxycarbonyl group Both products were dissolved m water (5 ml), acldlfied 
to pH 1 and s&red overnight After neutrahsation with a saturated aqueous soluhon of sodium hydrogen- 
carbonate, the nuxture was extracted with ethyl acetate. Compound 10a was obtamed as a colourless sohd (48 
mg, 37%). mp 219°C (dec ) - 1H NMR (60 MHz, DMSO-Q 6 8 85 (d, J3-4 = 5 5 Hz, 1 H. H-3), 7 45 (d, J3. 
4 = 5 5 Hz, 1 H, H-4), 5 55 (m, 1 H, H-5), 3 3 (br s, 1 H, NH), 1 6 (d, J = 6 Hz, 3 H, CH3) - Anal. calcd for 
C,H,N302 C, 50 90, H, 4 24, N, 25 45 Found C, 51 1, H, 4 3, N, 25 1 

5.8-Dlhvdro 5 _ _ phenyl7H pyn&zu@U4-61[1.3loxazln 7 one 0 _ _ _ _ 
Table I, Entry 12 

General procedure with 3 (162 mg, 0 83 mmol), 1 6 M n-BuLl m hexane (2 00 ml; 3 20 mmol), TMP (0 57 
ml, 3 38 mmoles) Hydrolyses was performed at -7O“C with water (10 ml), then the rmxture was warmed tu 
room temperature It was evaporated and the aqueous residue was extracted ~th dichloromethane The 
aqueous phase was neutrahsed with 2 N aqueous hydrochlonc acid and lla was obtamed as a pale yellow 
preclp~tatc (68 mg, 36%), mp 248T (dec ) - lH NMR (60 MHz, DMSO-d6) 6 8 8 (d, J3-4 = 5.5 Hz, 1 H, 
H-3), 7 35 (br s, 5 H, Ph), 7 05 (d, J3-4 = 5 5 Hz, 1 H, H-4), 6 5 (s, 1 H, H-5), 3 25 (br s, 1 H, NH). - Anal 
calcd for C12HgN302 C, 63 44, H, 3 96, N, 18 50 Found C, 63 5, H, 4 0, N, 18 6 

Table 2, En&y 2 

General procedure with 4 (150 mg; 0 80 mmol), 1 6 M n-BuLi m hexane (1 10 ml, 1.76 mmol), TMP (0 30 
ml, 178 mmol) The eluent was a 1 * 9 mxture of ethyl acetate and bchloromethane. A mixture of l2a and 
12b was obtamed as a yellow ml (165 mg, 89 96) - 12a tH NMR (200 MHz, CDC13) 6 7.57 (s, 1 H, H-4), 
5 02 (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, CHi), 3.35 (s, 
3 H, OCH3), 145 (d, J = 6 Hz, 3 H, CH3) - 12b 1H NMR (200 MHz, CDC13) 6 7 35 (s, 1 H, H-5), 5.02 (q, 
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J = 6 Hz, 1 H, CH), 4.65-4.50 (m, 2 H, CH2), 4.20 (b 
0CH3), 145 (d, J = 6 Hz, 3 H, CH3) 

r s, 1 H, OH), 3.80-3 65 (m, 2 H, CHZ), 3.40 (s, 3 H, 
- Anal calcd for CgHt3ClN203 (l2a + 12b): C, 46 45. H, 5.59; N. 

12 04 Found C, 46 8; H, 5.3, N. 117 - Analysis of the NMR spectrum m&cat&d a rat10 of l2a : l2b = 3 : 2 

-4-h- 6 (2 p __ _ 
Table 2, Entry 4 

General procedure with 4 (158 mg; 0 84 mmol), 1.6 M n-BULI m hexane (1 15 ml, 184 mmol), TMP (0.31 
ml, 1 84 mmol). The eluent was a 3 . 7 nuxtme of ethyl acetate and dlchloromethane A nuxture of 13a and 
13b was obtied as a pale yellow sohd (200 mg, 80%). - 13a. lH NMR (60 MHz, CDCl3) S 7 55 (s, 1 H, 
H-4). 7 25 (s. 5 H, Ph), 5.85 (br s, 1 H, CH), 4.7-4.3 (m, 2 H, CH2), 4 05 (br s, 1 H, OH), 3.9-3 5 (m, 2 H. 
CHi), 3.3 (s, 3 H, OCH3) - 13b lH NMR (60 MHz, CDC13) 6 7 4 (s, 1 H, H-5). 7 25 (s, 5 H, Ph), 5.85 (br 
s, 1 H, CH), 4 7-4 3 (m, 2 H. CHZ), 4.05 (br s, 1 H. OH), 3.9-3 5 (m, 2 H, CHZ). 3 4 (s, 3 H, GCH3). - Anal 
calcd for C14H$lN@3 (13a + 13b)* C, 57 05, H, 5.09; N, 9 51. Foun& C, 57.1, H. 5 2, N, 9.4 - Analysis 
of the NMR spectrum m&cated a ratio of 13a : 13b = 3 * 2 

Table 2, hhtty 7 

General procedure with 5 (195 mg. 127 mmol), 16 M n-BULI 111 hexane (174 ml, 2 78 mmol), TMP (0.47 
ml; 2 8 mmol) The eluent was a 3 7 nuxture of ethyl acetate and dlchloromethane Compound 14a was ob- 
tamed as a pale yellow sohd (30 mg; 12%), mp 55°C (Tottoli). - lH NMR (60 MHz, CDCl,) 6 8.8 (d, Js_6 = 
5 Hz, 1 H, H-6). 7.55 (d, Js6 = 5 Hz, 1 H, H-5), 5 1 (q, J = 6 Hz, 1 H, CH), 4 85-4 6 (m, 2 H, CH2). 4 2-3 7 
(m, 3 H, OH, CHi), 3 45 (s, 3 H, OCH3), 15 (d, J = 6 Hz, 3 H, CH3) 
C, 54.74; H, 7.07, N. 14 14. Found. C. 54.4, H, 6.7, N, 13 8 

- Anal calcd for qH14N203 

Table 2. Entry 9 

General procedure urlth 5 (214 mg, 1 39 mmol), 2 5 M n-Buh m hexane (2.20 ml, 5.50 mmol), TMP (0 91 ml, 
5 40 mmol). The eluent was first pure hchloromethane, then a 1 . 1 nuxture of dlchloromethane and ethyl 
acetate, and finally pure ethyl acetate Compound 15a was obtamed as a brown sohd (93 mg, 26%), mp 64°C 
- lH NMR (60 MHz, CDc13) 6 8 75 (d, J54 = 5 Hz, 1 H, H-6). 7 5 (d, Js-6 = 5 Hz, 1 H, H-5), 7 35 (br s, 5 H, 
Ph), 5.95 (s, 1 H. CH), 4 75-4.5 (m, 2 H, CHi), 4 1 (br s, 1 H, OH), 3 9-3.55 (m, 2 H. CHi), 3 35 (s, 3 H. 
GCH3) - Anal calcd for Ct4H16N& C, 64 61, H, 6 15, N, 10 77 Found C, 64 6; H, 5 8; N, 11 1 
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