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The synthesis of isoascididemin, a regioisomer of the naturally occurring ascididemin, has been completed 
in nine steps from 2,&dimethoxyaniline. The key steps feature a selective palladium(0)-catalyzed cross-coupling 
reaction of 6-bromo-5,8-dimethoxy-4-[ (trifluoromethanesulfonyl)oxy]quinoline with N-( tert-butoxycarbony1)- 
2-(trimethylstannyl)aniline promoted by Cu(1) and a hetero-Diels-Alder reaction of a quinoline-5,8-dione with 
acrolein N,N-dimethylhydrazone. 

Ascididemin (1) is a pentacyclic alkaloid with potent 
antineoplastic activity recently isolated from a tunicate.' 
Its structure was determined by extensive use of 'H and 
13C NMR spectroscopy which led to the formulation of 
structure 1. The regioisomer 2 was excluded on the basis 
of comparison of its 13C NMR spectrum with those of 
related alkaloids.' The original structural proposal was 
subsequently confirmed by synthesk2 Ascididemin be- 
longs to a group of marine alkaloids that possess a common 
benzo[de] [3,6]phenanthroline skeleton (3) including tet- 
racyclic and pentacyclic  compound^.^*^ In this paper we 
report the synthesis of the nonnatural 2 (isoascididemin). 
The synthesis of 2 is of interest as this compound is the 
basic skeleton of one of the possible structures of neo- 
calliactine, the degradation product of the marine alkaloid 
cal1iactine.Q Furthermore, this synthesis furnishes in- 
termediates that could be of use in the synthesis of im- 
portant tetracyclic alkaloids such as the cystodytins, di- 
plamine, and the varamines.k*i6 

The retrosynthetic analysis shown in Scheme I is derived 
from that developed for the synthesis of amphimedine.6 
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Isoascididemine (2) can be derived by regioselective 
hetero-Diels-Alder between acrolein N,N-di- 
methylhydrazone (4)9 and 6-bromoquinoline-5,8dione (5), 
available by the Stille palladium-catalyzed cross-coupling 
reaction of bromoquinolyl triflate 6 and arylstannane 7.'O 
The coupling reaction of 6 was expected to proceed che- 
moselectively through the more reactive C-4 triflate.'O 

The synthesis of 6 takes advantage of the regioselective 
functionalization of [(arylamino)methylidene]-2,2-di- 
methyl-1,3-dio~ane-4,6-diones~~ by electrophilic substitu- 
tion reactions. Bromination of with Br2 in glacial 
HOAc at  23 "C gave 9 in 95% yield. The (amino- 
methylidene)-2,2-dimethyl-l,3-dioxane-4,6-dione group is 
remarkably resistant to acid treatment, surviving under 
the conditions required for nitration of 8 with HN03 in 
HOAc at 23 O C  to yield 10 (eq 1). 

OMe 

8 9. X = 0r 
10, X = NO2 

Thermolysis of 9 in diphenyl ether at 240-250 oC1la 
afforded quinolinone 11 in 81 % yield, which was treated 
with trifluoromethanesulfonic anhydride, 2,6-lutidine, and 
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4405. (d) Gesto, C.; Cuesta, E.; Avendafio, C. Tetrahedron 1989,45,4477. 
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Ushakova, A. N.; Shor, G .  S .  Zh. Org. Khim. 1969,5, 1321. 
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Table I. 'H and '"c NMR Data for Iioarcididemin ( 2 ) O  Scheme I 

MezN I O \ N H C O C F 3  

5 
M e 0  OTf 

+ as""'' 
NHBOC 

Me6 
6 

7 

6, X = OTf 
12, X =OMS 
13, X = CI 
14, X = Br 

a catalytic amount of 4-(dimethy1amino)pyridine in di- 
chloromethane at 23 OC to give 6 in 92% yield. Treatment 
of 1 1 with methanesulfonyl chloride furnished mesylate 
12 in 77% yield along with a 7% yield of chloride 13. This 
derivative was better obtained by reaction of 11 with POCl, 
and PC16 (catalyst) at 80 OC for 2 h (79%). The corre- 
sponding bromide 14 was prepared from 6 by nucleophilic 
substitution with excess LiBr in dioxane under reflux 
(80%) (Scheme 11). 

Reaction of bromo triflate 6 with arylstannane 7 under 
the standard coupling conditions [Pd(PPhd4, LiCl or LiBr, 
dioxane]1° proceeded very sluggishly to give a mixture of 
coupling products 15 and 16 in variable yields after 70-90 
h at 100 OC (eq 2). This is in sharp contrast with the 

Me0 OTf 

Pd( PP h3, 

Me0 7 
6, X = Br 

17,X=H 

Me0 Me 

Met, 
15, R = BOC 16 
18, R = COCF3 

smooth coupling observed with the parent triflate 17B and 
may be a consequence of the higher steric hindrance in- 
troduced by the arrangement of the C-5 methoxyl and the 
C-6 bromosubstituent of 6. The use of PdC12(dppf)12 as 

J('H- 
C bC (m)b J(l3C-'H), Hz SH (mIC lH), Hz 

1 131.72 (dd) 164.6, 7.0 8.54 (br d) 8.2 
2 131.98 (dd) 161.8, 7.4 7.93 (td) 8.1, 1.4 
3 129.68 (dd) 162.7, 8.1 7.82 (td) 8.1, 1.2 
4 122.72 (dd) 160.3, 8.2 8.62 (dd) 8.1, 1.2 
4a 121.59 (t) 6.0 
4b 138.04 (dd) 5.5, 1.8 
5 120.28 (dd) 166.0, 8.5 8.71 (d) 5.6 
6 149.55 (d) 183.4 9.23 (d) 5.6 
7a 145.72 (d) 7.4 
8 181.48 (d) 3.3 
8a 128.77 (d) 6.1 
9 136.14 (dd) 168.4, 6.3 8.74 (dd) 8.0, 1.8 
10 125.82 (dd) 167.5, 8.5 7.68 (dd) 8.0, 4.6 
11 155.12 (ddd) 182.0, 5.5, 2.8 9.14 (dd) 4.6, 1.8 
12a 151.00 (dd) 11.6, 5.0 
12b 147.49 (8) 
12c 118.56 (d) 11.0 
13a 145.24 (t) 7.4 

O3.51.5 CDC13-CD30D, 30 OC. *13C NMR (75 or 50 MHz) as- 
signmenta were made by lH-13C heterocorrelation (J = 170 Hz) 
and by selective 'H irradiation of H-4, H-6, and H-9. e lH NMR 
(300 MHz) assignments were made by COSY and NOESY experi- 
menta. 

the catalyst in DMF, in the absence of lithium salts, led 
to 16 in 80% yield by transfer of the methyl group of 7. 
Although the transfer of alkyl groups of trialkylaryl- 
stannanes has been previously observed as a minor path- 
way by using weakly ligated palladium catalysts,'O this is 
the first report of a selective alkyl coupling with a tri- 
alkylarylstannane. After much experimentation, the de- 
sired coupling reaction was effected reproducibly by 
heating 6 and 7 with Pd(PPh3)4 catalyst (0.05 equiv) and 
LiCl (3.0 equiv) in dioxane a t  90 "C in the presence of 
CuBr (0.05 equiv). Under these reaction conditions 15 was 
obtained in 6044% yield (eq 2). The beneficial effect of 
added Cu(1) salts in several cross-coupling reactions has 
been recently observed,13 although this is the first report 
of a rate acceleration in the coupling of an aryl triflate. 

Similar results were obtained with dibromoquinoline 14, 
while 4-chloro derivative 13 gave only ca. 20% conversion 
into 15, and mesylate 12 was recovered unchanged under 
the same reaction conditions. Noteworthy is the fact that 
none of the coupled products resulting from reaction 
through the C-6 bromo were detected in the crude reaction 
mixtures. 

Direct oxidation of 4-arylquinoline 15 with ammonium 
cerium(1V) nitrate (CAN) failed, yielding only unchanged 
starting material. On the other hand, exposure of 15 to 
a 1:l mixture of CF3C02H-(CF3C0)20 at 23 OC for 2-3 h 
gave quantitatively trifluoroacetamide 18, which was ox- 
idized to the quinolinequinone (5) (see Scheme I) in 48% 
yield with CAN in aqueous acet~nitrile'~ in the presence 
of H2S04 (2 M).16 

The presence of the C-6 bromo substituent was expected 
to direct the attack of the nucleophilic C-4 terminus of the 
aza diene 4 to the electrophilic C-7 of the dienophilee- 
Thus, the hetero-Diels-Alder cycloaddition' of 5 with 
acrolein NJV-dimethylhydrazone (419 in acetonitrile at 23 
"C for 1 h gave a red-violet adduct, which was treated with 

(12) Dppf = 1,l'-bis(dipheny1phophino)ferrocene. PdC12(dpp0 waa 
the catalyst of choice in the coupling of anthraquinone triflates with 
organoetannanee: Tamayo, N.; Echavarren, A. M.; Paredea, M. C.; FariRa, 
F.; Noheda, P. Tetrahedron Lett. 1990,31,5189. 

(13) See: Liebeskind, L. S.; Fengl, R. W. J. Org. Chem. 1990,55,5359 
and references cited therein. 

(14) Jacob, P.; Callery, P. S.; Shulzin, A. T.; Caetagnoli, N. d. Org. 

(15) See: Periaanmy, M.; Bhatt, M. V. Synthesis 1977, 330. 
Chem. 1976,41,3627. 



Synthesis of Isoascididemin 

6 M HCl-THF at  80 OC for 45 min, yielding isoascidide- 
mine 2 in 92% yield (two steps). This pentacyclic heter- 
ocycle showed 'H and 13C NMR spectra (Table I) to be 
similar to, but clearly distinguishable from, those of as- 
cididemin (I). The observation of the expected 3J(13C-1H) 
coupling between the C-8 carbonyl and H-9 (J = 3.3 Hz)ls 
confirmed the regiochemistry of the Diels-Alder cyclo- 
addition. The alternative regiochemistry should result in 
a pentacyclic compound with a singlet carbonyl resonance 
without 3-bond coupling. The quinonimine-like C-12b 
resonance appeared at 147.49 ppm as a singlet in the fully 
coupled carbon spectrum. The related compounds asci- 
didemin,' 2-bromoleptoclinidinone,'p and ll-hydroxy- 
a~c id idemin~~ showed this signal a t  149-150 ppm. Neo- 
calliactine acetate has a singlet resonance at 145.3 ppmh 
and meridine (19) showed the corresponding carbon at 152 
ppm." The carbon data for rings D and E of 2 are closely 
similar to those of 19.4r 
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at 0-5 "C. The resulting mixture was stirred at ca. 5 "C for 1 h, 
warmed to 23 "C, and stirred at this temperature for 3 h. The 
mixture was diluted with water and fiitered to yield 10 as a yellow 
solid (4.33 g, 97%): mp 192-194 "C; IR (KBr) 1730,1720,1680, 
1640,1605,1525,1465,1440,1350,1300-1250 (br), 1225,1030 cm-'; 
'H NMR (CDC13, 200 MHz) 6 11.62 (d, J = 14.1 Hz, 1 H), 8.66 
(d, J = 14.2 Hz, 1 H), 7.60 (8,  1 H), 7.03 (8,  1 H), 4.00 (s, 3 H), 

163.16,150.31,149.27,142.10,135.56,132.47,109.57,105.44,100.67, 
89.97, 57.52, 56.90, 27.11 (2x1; MS m/z 352 (M+, 101, 294 (121, 
220 (13), 219 (loo), 172 (12). Anal. Calcd for C15HleN20s: C, 
51.14; H, 4.58; N, 7.95. Found: C, 51.02; H, 4.40; N, 8.20. 
6-Bromo-5,8-dimethoxy-4( 1H)-quinolinone (1 1). A mixture 

of 9 (6.00 g, 15.5 mmol) in diphenyl ether (250 mL) was heated 
at 250-260 OC for 20 min. After cooling to room temperature, 
the mixture was diluted with hexanes (ca. 350 mL) and the pale 
brown solid was filtered to yield I1 (3.58 g, 81 %): mp 244-245 
"C; IR (KBr) 3180,1620,1570,1510,1390,1300,1210,1180,1070, 
840 cm-l; 'H NMR (Megod,, 300 MHz) 6 11.20 (br s, 1 H), 7.65 
(br s, 1 H), 7.38 (8,  1 H), 5.92 (d, J = 7.4 Hz, 1 H), 3.96 (s,3 H), 
3.70 (8,  3 H); I3C NMR (MezSO-d6, 50 MHz) 6 175.31, 148.29, 
144.96,137.62,132.29,120.85,114.54,111.81,109.66,61.00,56.66, 
MS m / t  285 (M+ + 2,221,283 (M+, 221,270 (981,268 (loo), 240 
(161,238 (131,161 (39). Anal. Calcd for C11Hl,,ErN03: C, 46.50; 
H, 3.55; N, 4.96. Found: C, 46.83; H, 3.61; N, 5.15. 
6-Bromo-5,8-dimethoxy-4-[ (trifluoromethanesulfony1)- 

oxylquinoline (6). To a solution of quinolinone 11 (2.30 g, 8.10 
mmol), 2,6-dimethylpyridine (1.50 mL, 12.4 mmol), and 4-(di- 
methyhho)pyridine (98 mg, 0.82 "01) in CHzCl2 (60 mL) was 
added trifluoromethanesulfonic anhydride (1.50 mL, 8.92 "01). 
After being stirred at 23 "C for 12 h, the solution was partitioned 
between CH2Clz and aqueous NH,Cl (saturated, pH 8). After the 
usual workup, the residue was chromatographed (1:l hexanes- 
EtOAc) to yield 6 as a tan solid (3.10 g, 92%): mp 124-126 "C; 
IR (KBr) 1935,1595, 1495,1430,1245, 1230,1200,1155,1050, 
915,860,815,755,610 cm-'; 'H NMR (CDC13, 300 MHz) 6 8.94 
(d, J = 4.9 Hz, 1 H), 7.33 (d, J = 4.9 Hz, 1 H), 7.23 (s, 1 H), 4.06 
( ~ , 3  H), 3.87 ( ~ , 3  H); '3C NMR (CDCl3, 50 M H Z )  6 152.19, 151.30, 
149.55, 143.79, 142.55, 118.63 [q, 'J("C-'gF) = 321.0 Hz], 118.16, 
116.97, 115.16, 113.56, 61.71, 56.53; MS m / z  417 (M+, 50), 284 
(85), 282 (881,255 (491,253 (511,202 (601,174 (100). Anal. Calcd 
for Cl2HgBrF3NO5S: C, 34.63; H, 2.18; N, 3.37; S, 7.70. Found 
C, 34.93; H, 2.38; N, 3.61; S, 8.00. 
6-Bromo-5,8-dimethoxy-4-[ (methanesulfonyl)oxy]- 

quinoline (12). To a solution of quinolinone 11 (300 mg, 1.06 
mmol), 2,6-dimethylpyridine (0.20 mL, 1.7 mmol), and (di- 
methy1amino)pyridine (13 mg, 0.11 mmol) in CHzClz (20 mL) was 
added methanesulfonyl chloride (0.10 mL, 1.3 mmol) at 0 "C. 
After being stirred at 23 "C for 20 h, the solution was partitioned 
between CH2C12 and aqueous NH,Cl (saturated solution, pH 8). 
After the usual workup, the residue was chromatographed (1.51 
hexanes-EtOAc) to yield 13 (25 mg, 7%) (see below) and 12 (more 
polar fraction) as a white solid (294 mg, 77%): mp 201-203 "C; 
IR (KBr) 1625,1580,1375,1215,1190,1050 cm-'; 'H NMR (CDCl,, 
300 MHz) 6 8.94 (d, J = 4.8 Hz, 1 H), 7.56 (d, J = 4.9 Hz, 1 H), 
7.25 (8, 1 H), 4.08 (s,3 H), 3.92 (a, 3 H), 3.22 (8,  3 H); ',C NMR 

116.71, 116.48, 112.97, 61.98, 56.58, 37.97. Anal. Calcd for 
ClZHl2BrNO6S: C, 39.79; H, 3.34; N, 3.84. Found C, 40.07; H, 
3.43; N, 3.66. 
6-Bromo-4-chloro-5,8-dimethoxyquinoline (13). A mixture 

of quinolinone 11 (500 mg, 1.75 mmol) and PC15 (10 mg, 0.05 
"01) in POCl, (3 mL) was heated at 80 "C for 21 h. After being 
cooled to room temperature, the mixture was poured into cool 
(ca. 5 "C) 5% aqueous NaHCOB. After the usual workup with 
EtOAc, the residue was chromatographed (1.51 hexanes-EtOAc) 
to yield 13 as a pale yellow solid (421 mg, 79%): mp 92-93 OC 
(hexanes); IR (KBr) 1595,1580,1500,1465,1395,1340,1330,1310, 
1235,1220,1045,1020,955,830 cm-'; 'H NMR (CDC13, 300 MHz) 
6 8.74 (d, J = 4.7 Hz, 1 H), 7.54 (d, J = 4.6 Hz, 1 H), 7.23 (8,  1 
H), 4.07 (s,3 H), 3.90 (s,3 H); '9c NMR (CDCl,, 50 MHz) 6 152.35, 
148.50, 145.60, 141.72, 139.82, 125.17, 122.61, 116.58, 112.83,62.16, 
56.50. Anal. Calcd for Cl1H&rClNO2: C, 43.67; H, 3.00; N, 4.63. 
Found: C, 43.79; H, 3.04; N, 4.77. 
4,6-Dibromo-5,8-dimethoxyquinoline (14). A suspension of 

triflate 6 (100 mg, 0.07 mmol) and lithium bromide (63 mg, 0.73 

3.99 ( ~ , 3  H), 1.75 (9, 6 H); "C NMR (CDC13,50 MHz) 6 164.81, 

(CDC13,50 MHz) 6 152.53,150.94,150.00,143.99,142.64,118.32, 

q$ \ N 

N' 
0 
19 

It is also interesting that 2 failed to form a red complex 
with Fe(II), characteristic of unhindered 1 , l O -  
phenanthrolines. This result is consistent with the lack 
of chelation of Fe(I1) by ascididemin,' 2-bromole- 
ptoclinidinone,'p and neocalliactine acetate.Q 

In summary, this synthesis emphasizes the utility of the 
palladium-catalyzed coupling of stannanes with electro- 
philes in a concise preparation of heterocycles. Further- 
more, the intermediates produced are adequately func- 
tionalized to allow for the construction of the cystodytins 
and related tetracyclic alkaloids. These studies are in 
progress and will be reported in due course. 

Experimental Section" 
54 [ (I-Bromo-2,S-dimet hoxyphenyl)amino]met hyliden- 

e]-2,2akaethyl-1,3-dio3-dioxane-4,6-dione (9). A solution of bromine 
(2.40 g, 15.0 mmol) in acetic acid (25 mL) was added to a sus- 
pension of Meldrum acid derivative 811' (4.50 g, 14.6 mmol) in 
acetic acid (50 mL) at ca. 5 OC. The resulting mixture was stirred 
at 23 "C for 30 min and then poured into 200 mL of ice-water. 
The pale yellow solid was filtered to yield 9 (5.40 g, 95%). Re- 
crystallization from EtOH (ca. 85% yield) gave yellow crystals: 
mp 152 "C (EtOH); IR (KBr) 1740,1680,1630,1600,1435,1290, 
1275,1200 cm-'; 'H NMR (CDC13, 300 MHz) 6 11.40 (d, J = 14.6 
Hz, 1 H), 8.53 (d, J = 14.5 Hz, 1 H), 7.03 (9, 1 H), 6.82 (9, 1 H), 

163.57,150.76,150.46,143.49,126.67,117.00,108.57,104.99,100.00, 
87.75,57.10,56.69,26.94 (ax); MS m/z 387 (M+ + 2, l l ) ,  385 (M+, 
ll), 329 (9), 327 (a), 254 (98), 252 (100). Anal. Calcd for 
CIIH1&rNOQ: C, 46.65; H, 4.18; N, 3.63. Found C, 46.72; H, 
4.08; N, 3.88. 

5 4  [(2,5-Dimethoxy-4-nitrophenyl)amino]methylidene]- 
2,2-dimethyl-l,3-dioxane-4,6-dione (IO). A solution of HNO, 
(d = 1.38.1.20 mL, 15.8 mmol) in acetic acid (5 mL) was added 
to a suspension of 8 (3.88 g, 12.6 mmol) in acetic acid (60 mL) 

3.80 ( ~ $ 6  H), 1.62 ( ~ , 6  H); "C NMR (CDCl,, 50 MHz) 6 165.05, 

(16) (a) A 3.0-3.7432 *J coupling constant was observed in related 
compoundx amphimedie: 3.6 Hz,& 2-bromoleptoclinidinone: 3.0 Hz,* 
8-aza-l,2,3,4-tetrahydrobenz[a]anthracene-7,12-dione: 3.6 Hz,"~ and 
1 l-a~1-1,2,3,4-te~~ydrobenz[o ]anthracene-7,12-dione: 3.7 H r l *  Neo- 
calliactine acetate showed the carbonyl resonance at 181.4 ppm as a 
doublet with J = 3.8 H2.4 (b) Haber, A.; Hilton, B. D. Org. Magn. Reson. 
1983,22, 168. 

(17) See general procedure section in ref 8e. 'Usual workup" means 
extraction, drying with NaSO,, filtration, and evaporation. 
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mmol) in 1,4-dioxane (3.0 mL) was heated to reflux for 14 h. After 
being cooled to room temperature, the mixture was partitioned 
between EtOAc and water. After the usual workup, the residue 
was chromatographed (1:2 hexanes-EtOAc) to yield 14 as a pale 
yellow solid (67 mg, 80%): mp 118-120 O C ;  IR (KBr) 1595,1580, 
1495,1440,1385,1305,1240,1005,840,815 cm-'; 'H NMR CCDCl,, 
300 MHz) 6 8.62 (d, J = 4.6 Hz, 1 H), 7.81 (d, J = 4.6 Hz, 1 H), 
7.23 (s, 1 H), 4.07 (s, 3 H), 3.89 (8, 3 H); '% NMR (CDC13, 50 MHz) 
6 152.28, 148.27, 145.66, 141.44, 129.26, 127.70, 123.53, 116.41, 
112.90,62.17, 56.47; MS m / z  349 (M+ + 4,8), 347 (M+ + 2, 17), 
345 (M+, 9), 334 (50), 332 (loo), 330 (52), 197 (9), 195 (11). Anal. 
Calcd for CllH&rZNOZ: C, 37.89; H, 2.94; N, 3.72. Found: C, 
38.07; H, 2.61; N, 4.04. 
N-( tert-Butoxycarbonyl)-2-(trimethylstannyl)aniline (7). 

This stannane was prepared according to the described proce- 
dure%ls as follows: to a solution of N-(tert-butoxycarbonyl)an~~e 
(4.00 g, 20.70 mmol) in THF (40 mL) cooled at  -78 "C was added 
t-BuLi (36.0 mL, 1.3 M in pentane, 46.80 mmol). The mixture 
was warmed up to -20 O C  over 1 h and stirred at this temperature 
for 2 h. A solution of trimethyltin chloride (8.50 g, 42.7 mmol) 
in THF (5 mL) was added. After being stirred for 30 min at -20 
"C, the cooled mixture was immediately poured into an aqueous 
N&Cl solution (saturated, pH 8) and extracted with EtOAc. After 
the usual workup, the residue was chromatographed (100:l hex- 
anes-EtOAc) to yield the title stannane as a white crystalline solid 
(6.06 g, 82%). Usual yields ranged between 80 and 85%, although 
occasionally yields of 9598% were also realized. After the ad- 
dition of trimethyltin chloride, it is essential to stir the reaction 
mixture at -20 O C  for only 30-45 min before the aqueous treat- 
ment. When the reaction mixture was stirred at 23 "C a polar 
byproduct was observed by TLC. In one instance, after stirring 
at 23 O C  for 14 h, this byproduct was isolated in 33% yield by 
chromatography (eluting with 101 hexanes-EtOAc) as a tan solid 
bis[ 2- [ (tert-butoxycarbonyl)amino] phenylldimethyltin oxide (i): 
mp 132-136 O C ;  IR (KBr) 3300,2990,1650,1595,1540,1470,1325, 
1260,1160,760 cm-'; 'H NMR (CDCl,, 300 MHz) 6 8.21 (dd, J 
= 7.4, 1.7 Hz, 2 H), 7.28 (td, J = 7.5, 1.7 Hz, 2 H), 7.19 (td, J = 
7.4 Hz, 1.6 Hz, 2 H), 7.00 (br s, 2 H), 6.77 (dd, J = 7.9, 1.2 Hz, 
2 H), 1.51 (8,  18 HI, 0.81 [s, 2J(1H-11@Sn) = 73.4 Hz, zJ(1H-117Sn) 

(s), 142.35 (s), 138.07 (d), 129.87 (d), 129.80 (s), 124.47 (d), 119.18 
(d), 83.93 (s), 28.24 (q), 2.90 (9) [1J(11vSn-13C) = 557 Hz, 'J- 
(117Sn-13C) = 532 Hz]; MS m / z  446 (M+, 12), 362 (6), 310 (18), 
308 (37), 307 (22), 306 (loo), 286 (59). Anal. Calcd for 
CzsH,&ObSn2: C, 44.74; H, 5.78; N, 4.02. Found: C, 44.81; H, 
5.74; N, 4.09. 

BOCHN 6*d ye Me ye .*.Ib Me NHBOC 

i 

6-Bromo-4-[2-[ (tert -butoxycarbonyl)amino]phenyl]-5,8- 
dimethoxyquinoline (15). A mixture of triflate 6 (1.35 g, 3.25 
mmol), stannane 7 (1.68 g, 4.70 mmol), lithium chloride (330 mg, 
7.80 mmol), copper(1) bromide (25 mg, 0.16 mmol), and tetra- 
kis(triphenylphosphine)palladium(O) (180 mg, 0.16 mmol) in 
1,4-dioxane (60 mL) was heated at  90 OC for 60 h. After being 
cooled to room temperature, the mixture was partitioned between 
EtOAc and a 5% aqueous ethylenediamine solution.1Q After the 
usual workup, the residue was chromatographed (1.51 hex- 
anes-EtOAc) to yield 15 as a white solid (952 mg, 64%, several 
other fraction contained 15 contaminated with 16): mp 166-168 
O C ;  IR (KBr) 3420,3100,2960,1720,1590,1540,1465,1340,1240, 
1165,1080, 1050,830 cm-l; 'H NMR (CDC13, 200 MHz) 6 8.99 
(d, J = 4.3 Hz, 1 H), 7.96 (d, J = 8.1 Hz, 1 H), 7.48-7.39 (m, 1 
H), 7.34 (d, J = 4.3 Hz, 1 HI, 7.31 (8, 1 H), 7.28-7.16 (m, 2 H), 
5.92 (br s, 1 H), 4.13 (s,3 HI, 3.13 (s,3 H), 1.36 (s,9 H); '9c NMR 

= 70.1 Hz, 12 HI; "C NMR (CDClS, 50 MHz; DEPT) 6 156.69 

Sn.O.Sn , 
\ 

G6mez-Bengoa and Echavarren 

(CDC13, 50 MHz) 6 152.90,152.72,149.20,146.31,142.86,140.90, 
135.92,132.12,129.02,128.72,125.85,123.42,122.87,120.96,115.20, 
112.46,80.47, 60.95, 56.51, 28.18 (3x1; MS m/z 460 (M+ + 2, lo), 
458 (M+, l l ) ,  387 (10,329 (52), 327 (781,278 (100). Anal. Calcd 
for C22H23BrN201: C, 57.53; H, 5.05; N, 6.10. Found C, 57.86; 
H, 5.36; N, 6.11. 
6-Bromo-5,8-dimethoxy-4-methylquinoline (16). This 

quinoline was obtained in low yield as a byproduct in the above 
preparation and was purified by recrystallization from hexanes 
as a white solid: mp 63-65 O C ;  IR (KBr) 2930,1590,1510,1460, 
1395,1340,1205,1050 cm-'; lH NMR (CDC13, 300 MHz) 6 8.74 
(d, J = 4.4 Hz, 1 H), 7.24 (d, J = 4.3 Hz, 1 H), 7.15 (8,  1 H), 4.05 

6 152.63, 149.01, 147.35, 143.92, 140.79, 125.25, 124.80, 114.23, 
111.60,61.58,56.28,22.67. Anal. Calcd for ClZHaBrN0$ C, 51.0s; 
H, 4.29; N, 4.96. Found: C, 50.70; H, 4.64; N, 5.30. 
6-Bromo-5,8-dimetboxy-4-[2-[ (trifluoroacetyl)amino]- 

phenyllquinoline (18). A solution of 15 (340 mg, 0.74 mmol) 
in trifluoroacetic acid (7 mL) and trifluoroacetic anhydride (6.5 
mL) was stirred at 23 O C  for 2 h. The solvent was evaporated, 
and the residue was partitioned between CHzClz and 2% aqueous 
NaHCOS. After the usual workup, pure 18 was obtained as a white 
solid (335 mg, 100%): mp 200-202 "C (1:l benzene-hexanes); 
IR (KBr) 3300-3100 (br), 3020,2940,1730,1590,1350,1230,1220, 
1210,1160,1145,1075,760 cm-'; 'H NMR (CDCl,, 300 MHz) 6 
9.00 (d, J = 4.3 Hz, 1 H), 7.92 (d, J = 7.9 Hz, 1 H), 7.56-7.50 (m, 
2 H), 7.41-7.39 (m, 1 H), 7.36 (8 ,  1 H), 7.34 (d, J = 4.4 Hz, 1 H), 
4.12 (e, 3 H), 3.09 (s, 3 H); MS m / z  456 (M+ + 2, 33), 454 (M+, 
34), 441 (loo), 439 (99). Anal. Calcd for Cl&14BrF3N20,: C, 50.13; 
H, 3.10; N, 6.15. Found: C, 50.03; H, 3.39; N, 5.92. 

6-Bromo-4-[2-[ (trifluoroacetyl)amino]phenyl ]quinoline- 
5,8-dione (5). A solution of 18 (258 mg, 0.57 mmol) in MeCN 
(4 mL) was treated with a solution of ammonium cerium(1V) 
nitrate (1.34 g, 2.44 mmol) in 2 M HzSO, (6 mL) at 23 O C .  After 
being stirred at this temperature for 16 h, the mixture was par- 
titioned between EtOAc and water. After the usual workup, the 
residue was chromatographed (1.51 hexanes-EtOAc) to yield 5 
as a yellow solid (115 mg, 48%): mp 194-195 O C  (1:l benzene- 
hexanes); IR (KBr) 3220,3060,1720,1680,1200,1170,1160 cm-'; 
'H NMR (CDCl,, 200 MHz) 6 9.07 (d, J = 4.8 Hz, 1 H), 7.73 (br 
s, 1 H), 7.69 (s, 1 H), 7.65 (dd, J = 8.4, 1.4 Hz, 1 H), 7.57 (M, J 
= 7.5, 1.6 Hz, 1 H), 7.55 (d, J = 4.9 Hz, 1 H), 7.46 (td, J = 7.4, 

(e) 250 (16400), 274 (14400), 350 (1300). Anal. Calcd for 
Cl7H8BrF3N2O3: C, 48.02; H, 1.90; N, 6.59. Found: C, 48.15; H, 
2.10; N, 6.90. 

Acrolein NJV-Dimethylhydrazone (4). The reaction of 
Nfl-dimethylhydrazine with acrolein in acetic acid at 0-23 O C Q  

gave a mixture of 3-(dimethy1amino)propionitrile and 4 in ca. 
12-10:l ratio as determined by 'H NMR. The desired hydrazone 
4 could be prepared according to the following modified procedure: 
To a solution of Nfl-dimethylhydrazine (3.0 mL, 39.5 mmol) in 
Ego  (5 mL) at 0 "C was added HOAc (0.20 mL, 3.5 mmol). After 
being stirred at this temperature for 10 min, a solution of acrolein 
(2.80 mL, 42.5 mmol) in Et20 (5 mL) was slowly added (ca. 10 
min). After additional 10 min at this temperature, the solution 
was washed with water, 1% aqueous HCl, and a saturated NaCl 
solution (1 mL each). After drying (MgSO,), the solution con- 
taining pure 4 (as determined by 'H NMR) was usually employed 
in the next reaction without further purification. Evaporation 
(ca. 40-50 mmHg) gave 4 in 25-40% yield as a colorless oil: 'H 

J = 17.2, 10.3, 8.9 Hz, 1 H), 5.28 (d, J = 17.7 Hz, 1 H), 5.24 (d, 
J = 10.6 Hz, 1 H), 2.87 (8 ,  6 H). 

Isoascididemin (2). A solution of quinone 5 (57 mg, 0.13 
mmol) in MeCN (3 mL) was treated with hydrazone 4 (ca. 20 
molar equiv) in EgO (2 mL). The purple solution was stirred 
at 23 O C  for 1 h. The solvent and excess 4 was evaporated, and 
the red solid was dissolved in THF (1.5 mL) and 6 M HCl (1.5 
mL). This mixture was heated at 80 O C  for 45 min. After being 
cooled to room temperature, the mixture was saturated with 
NazC03 and thoroughly extracted with EtOAc. After evaporation 
of the organic extract, the residue was chromatographed (101 
EtOAc-MeOH) to yield 2 as a yellow solid (35 mg, 92%): mp 
>340 "C; IR (KBr) 1680, 1590, 1360,1310, 720 cm-'; 'H NMR 
and 13C NMR spectra, see Table I and supplementary material; 

(8,s H), 3.85 ( ~ , 3  H), 2.89 ( ~ , 3  H); 13C NMR (CDC13,50 MHz) 

1.7 Hz, 1 H), 7.19 (dd, J = 7.4, 1.6 Hz, 1 H); UV-vis (CHCl3) A, 

NMR (CDC13, 300 MHz) 6 6.99 (d, J = 9.0 Hz, 1 H), 6.48 (ddd, 

~~ 

(18) See aleo: Salituro, F. C.; McDonald, I. A. J. Org. Chem. 1988,53, 
6138. 

(19) This treatment efficiently removes the Cu(1) from the crude 
product. If this treatment is omitted, the 'H NMR spectrum of chro- 
matugraphed 16 showed the H-2 and C-8 methoxyl(6 4.13) as very broad 
signals because of the complexation of the quinoline with Cu(1). 
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MS m / t  283 (M+, 1001, 255 (64); UV-vis (MeOH) A, (c) 234 
(3480),255sh (24200), 281 (21000), 300 sh (13200), 313 sh (W), 

m f t 283.0746, found m f z 283.0735. 

high-resolution mass spectrum. 
Registry No. 2, 133400-90-5; 4, 25368-52-9; 5, 133400-91-6; 

375 (7500); high-reso1ution spectrum for ClSHSN30 6, 133400-92-7; 7, 114552-32-8; 8,97545-51-2; 9, 133400-93-8; 10, 
133400-94-9; 11, 133400-95-0; 12, 133419-80-4; 13, 133400-96-1; 
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Tetrasubstituted (1,2-naphthalocyaninato)iron(II) compounds t-Bu4-1,2-NcFe (13), Me4-1,2-NcFe (14), and 
Ph4-1,2-NcFe (15) are obtained from 7-substituted 1,2-dicyanonaphthalenes 12a-c either by reaction with 
pentacarbonyliron in 1-chloronaphthalene (method a) or with iron(I1) acetate in 1-hexanol (method b), respectively. 
Compounds 13-15 were characterized by UV/vis, IR, and Mbsbauer spectroscopy, and the oxidation potentials, 
measured by cyclic voltammetry in pyridine, are compared with the oxidation potentials of l,2-NcFe and PcFe. 
The substituted (1,2-naphthalocyaninato)iron compounds 13, 14, and 15 react with alkyl and aryl isocyanides 
R'NC (R' = t-Bu, c-Hx, Bz, Me2Ph), yielding the bisaxially coordinated isocyanide complexes of 13,14, and 15, 
R4-1,2-NcFe (R'NC)> Due to their comparatively high solubility in organic solvents, it is possible to characterize 
the isocyanide complexes with 'H and I3C NMR spectroscopy. The 'H NMR spectra of, for example, t-Bu4- 
1,2-NcFe(t-B~Nc)~ reveal that only one of the structural isomers of the unsymmetrical 1,2-naphthalocyanine 
macrocycle, namely, the 1,2-naphthalocyanine with CU, symmetry (see Figure 1) is formed, if the synthesis starting 
with 7-tert-butyl-1,2-dicyanonaphthalene (12a) is carried out according to method a. The crystal structure of 
the isomer obtained, t-B~~-1,2-Nc(t-BuNC)~, is determined (Figure 4) and confirms these findings. All isocyanide 
complexes R4-1,2-NcFe(R"C)2 are characterized by spectral data and thermoanalyses. The reaction of R4-l,2-NcFe 
13,14, and 15 with diisocyanobenzene (dib) leads to the bridged compounds [R4-l,2-NcFe(dib)In, R = t-Bu, Me, 
Ph. After being doped with iodine, the bridged complexes exhibit good semiconducting properties. 

Introduction 
Square-planar transition-metal macrocycles, linked by 

bidentate organic ligands to form bridged stacked ar- 
rangements of the macrocycles, have been investigated by 
us as semiconducting materials.' Thus phthalocyaninato 
(PcM), tetrabenzoporphyrinato (TBPM), or 2,3- 
naphthalocyaninato (2,3-NcM) transition-metal complexes 
can be linked bisaxially by bidentate bridging ligands L 
[L = ppazine (pyz), tetrazine (tz), 1,4-diisocyanobenzene 
(dib), cyanide (CN-), thiocyanate (SCN-)I to form linear 
-PcM-L-PcM-L-, -TBPM-L-TBPM-L-, and -(2,3-Nc)-L- 
(2,3-Nc)-L- chains (M = Fe, Ru, Co, Rh).'g2 This type of 
bridged metal complexes can be chemically and electro- 
chemically doped, resulting in systems with good semi- 
conducting properties.g The successful synthesis of, for 
example, [PcM(tz)],, (M = Fe, Ru)," [2,3-NcFe(tz)InM and 
[MacML], (Mac = Pc, TBP; M = Fe, Co; L = CN-, 
SCN-)'b*a*o*4 indicates that  even without additional oxi- 
dative doping, stable bridged stacked systems with rela- 
tively high powder conductivities ( uRT = -10-' S/cm) can 
be obtained. 

Bridged 2,3-NcM systems [ 2,3-NcMLIn too exhibit, 
without doping, comparatively high semiconductive 
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properties. For example, [2,3-NcFe(dib)ln shows a powder 
conductivity of URT = 3.3 X lom3 S/cm (E, = 0.13 eV).'*k 
On the contrary the comparable [PcFe(dib)], with uRT = 
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