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g) was further purified by successive chromatography over 
Sephadex LH-20 (500 g; methanol/chloroform, 1:l) and silica gel 
(200 g; hexane/EtOAc, 91) to give pure 1 (1.41 g; 17%) as a white -~ 
crystdline d i d .  

(7E, lS ,3S,4R ,12S,13R ,14R)-13-Acetoxy-3,4-epoxy- 
cembra-7,15-dien-l6,14-olide [Eupalmerin Acetate (l)]. The 
solid was recrystallized twice from hexane/benzene mixtures: mp 

mL, CHC13) (lit! [.IDs = +8O); A, (CHClS) 242 nm (e 300); IR 
(KBr) 1772 (e), 1736 (s), 1669 (w), 1459 (w), 1384 (m), 1234 (s), 
1106 (s), 1048 (s), 1040 (s), 1032 (e), 970 (m), 940 (m), 925 (m), 
814 (m), 679 (m), 580 (m) cm-'; HREIMS M+, 1%, m / z  obsd 
376.2240, C22H3205 requires 376.2250, 334 (4), 316 (7), 298 (4), 
122 (361, 107 (58),94 (100),81 (97), 69 (53),55 (87); 'H and 13C 
NMFi (see Table I). In vitro screening data for eupalmerin acetate 
show potent cytotoxicity against CHO-K1 cells (EDm = 9.3 
rg/mL) and antimicrobial activity against Shigella flexneri and 
Proteus vulgaris (MIC = 1 pg/mL). 
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Introduction 
Our previous attempts to prepare 1,4-bis(hydrazino)- 

anthracene-9,lO-dione (la) by ipso substitutions of the 
fluorides of 1 b by NJV-dimethylhydrazine have been un- 
successful.' The N-N bond cleavage products IC (48%) 
and Id (40%) were isolated from this reaction. 

O Y  

l a ,  X = Y = NHN(CH& 
b , X = Y = F  
C, X = F, Y = N(CH& 
d, X = Y = N(CH& 

f, X = OH, Y = NH2 
e, X = Y = NH2 

(1) Krapcho, A. P.; Avery, K. L., Jr. J. Org. Chem. 1988, 53, 5927. 

Treatment of 2,3-dihydro-9,10-dihydroxy-1,4- 
anthracenedione (2a) (leucoquinizarin) with primary 
amines leads to the corresponding bis(imines). These 

OH X 

OH X 

2 a , X = O  
b, X = NNH;, 
C, X = NNHCH3 
d, X = NN=C(CH3)2 

bis(imines) generally undergo facile air oxidations to yield 
the 1,4-bis(aminoalkyl)anthracene-9,lO-diones. Numerous 
anthracene-9,lO-dione analogues have been prepared by 
this procedure for antitumor evaluations.2 

A literature survey uncovered only one related process 
in which a product formulated as 2b was obtained by 
treatment of 2a with aqueous hydra~ine.~ No evidence 
was presented for the structure being this particular tau- 
tomeric form. We report our results of an investigation 
of the reactions of 2a with hydrazine and substituted hy- 
drazines, which has uncovered some interesting N-N bond 
cleavages. 

Results and Discussion 
Treatment of 2a with hydrazine or methylhydrazine at 

room temperature yielded bis(hydrazones) 2b and 2c, re- 
spectively. Both are rather unstable and quite difficult 
to purify. Attempts to oxidize these compounds to the 
corresponding l,Cbis(hydrazino) 9,lO-diones were unsuc- 
cessful. However, 2b on treatment with acetone formed 
a crystalline derivative formulated as 2d. These structures 
rather than the alternative tautomeric forms 3a-c are 

o x  

@$ 
o x  

3a, X = NHNHP 
b,  X 5 NHNHCH3 
C, X = NHN= C(CH& 

based on lH NMR and 13C NMR data. In particular, since 
the resonance peak for the carbonyl carbon (C-9,101 of an 
anthracene-9,lO-dione is characterized by an absorption 
at about 180 ppm,* the absence of this peak would appear 
to exclude these structures. 

The pertinent 13C data are tabulated in Table I. 
When hydrazine was refluxed with 2a, a complex reac- 

tion mixture was obtained that proved difficult to char- 

(2) (a) Murdock, K. C.; Child, R. G.; Fabio, P. F.; Angier, R. B.; 
Wallace, R. E.; Durr, F. E.; Citarella, R. V. J. Med. Chem. 1979,22,1024. 
(b) Zee-Cheng, R. K. Y.; Cheng, C. C. J. Med. Chem. 1978, 21, 291. 

(3) Bayer, 0. In Methoden der Organischer Chemie (Houben- Weyl); 
Georg Thieme Verlag: Stuttgart, 1979; Band 7 (3c), p 168. Neeff, R. 
Farbf. Bayer, 1962, cited in ref 2 of this page. 

(4) (a) Berger, Y.; Castonguay, A. Org. Magn. Reson. 1978,11,375. (b) 
Berger, Y.; Berger-Deguee, M.; Castonguay, A. Org. Magn. Res. 1981,15, 
244,303. (c) Berger, Y.; Castonguay, A.; Brassard, P. Org. Magn. Reson. 
1980. 14. 103. 

(5) Kikuchi, M.; Yamagishi, T.; Hida, M. Dyes Pigm. 1981, 2, 143. 
(6) Hofle, G. Tetrahedron 1977,33, 1963. 
(7) Casey, M. L.; Paulick, R. C.; Whitlock, H. W. J. Org. Chem. 1978, 

(8) Brand, D. J.; Fisher, J. J. Am. Chem. SOC. 1986, 108, 3088. 
(9) Chudek, J. A.; Foster, R.; Young, D. J. Chem. Soc., Perkin Trans. 

43, 1627. 

2 1985, 1285. 
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Table I. '42 NMR Data for 2a-d 
C-1,4 C-2,3 C-5,8 C-6,7 c-9,lO C-8aJOa C-4a,9a other 

2a0 200.8 35.7 124.4 130.4 154.9 129.1 107.3 
2bb 149.5 20.0 (t) 122.3 (d) 125.9 (d) 146.5 (s)e 125.3 ( 8 )  108.0 (s) 
2Cd 148.2e 20.1 122.2 125.3 146.2c 125.8 107.5 30.72e 
2dbJ 164.4 ( 8 )  23.1 (t) 123.9 (d) 128.1 (d) 154.5 ( 8 )  128.0 (s) 106.1 (s) g ,  h 

a CDClP6 *DMSO-d,, proton coupled. eAssignments may be reversed. dDMSO-d6, proton decoupled. e Methyl group bonded to nitrogen. 
'Reference 9 reports data for (CH3)2C=NN(CH3)2, azines, and other hydrazones. g-N=C(CH& (4) for anti CH3 at 25.62; (4) for syn CH3 
at 18.96. See ref 9. h-C=N(CH3)2, 166.07 for hydrazone carbon, may be reversed with C-1,4. 

acterize. On the other hand, when 2a was refluxed in 
methylhydrazine, 1,4-diaminoanthracene-9,lO-dione (le) 
was obtained (30%). 

Treatment of 2a with NJV-dimethylhydrazine at  room 
temperature led to l-amino-4-hydroxyanthracene-9,lO- 
dione (If; 59%). A small amount of the desired bis(hy- 
drazine) la (10%) was also isolated. In this case, the same 
l f l a  product ratio also resulted if the reaction was con- 
ducted at  reflux. 

While the formation of hydrazones 2b and 2c is unex- 
ceptional, the observation that they exist predominantly 
as these tautomers is of interest. 

A N-N bond cleavage of a hydrazine intermediate has 
been found in the conversion of a 1,2,3,4-tetrahydro-b- 
carboline to a 4-amino-0-carb01ine.l~ A mechanism has 
been proposed for this transformation. In the formation 
of If from NJV-dimethylhydrazine and 2a, an intermediate 
such as 4 might be involved which could undergo a N-N 
bond cleavage to 5 followed by a tautomerization to If. 

PH rlH 

4 5 

The formation of the double N-N cleavage product le 
from 2a and methylhydrazine is interesting, but mecha- 
nistic speculation about its formation would appear to be 
unwarranted at  this time. 

Experimental Section 
Melting point were determined on a Thomas-Hoover apparatus 

and are uncorrected. 'H NMR were run on a Bruker WM-250 
pulsed Fourier transform spectrometer. TLC precoated silica gel 
plates (Eastman chromagram sheets with fluorescent indicator) 
were used to monitor reactions. For column chromatography 
Baker analyzed 80-200-mesh silica gel was utilized. Microanalyses 
were performed by Robertson Laboratories, Madison, NJ. 
2,3-Dihydro-9,1O-dihydroxy- l,4-anthracenedione Bis( hy- 

drazone) (2b). Leucoquinizarin (2a; 1 g, 4.1 mmol) and an- 
hydrous hydrazine (24 g, 757 mmol) were stirred at  room tem- 
perature under nitrogen for 3.5 h. The reaction mixture was 
poured into brine and filtered to yield a brownish solid (1.02 g, 
91%). Analysis by TLC (silica gel, 95% CHC13/MeOH) showed 
one major yellow spot, a minor red spot, and traces of other 
components: 'H NMR (DMSO-d6) 6 2.77 (s,4 H), 6.68 (s,4 H), 
7.45 (m, 2 H), 8.15 (m, 2 H), 14.32 (s, 2 H). 

Column chromatography (silica gel, 95% CHC13/MeOH) of 210 
mg of the crude product gave a yellow solid (100 mg) and a red 
uncharacterized solid (20 mg). The yellow solid changed to red 
on standing in air for 1 day and had an 'H NMR similar to that 
of the crude reaction product. 
Bis(acetone hydrazone) 2d. Crude 2b (212 mg, 0.78 mmol) 

was refluxed in acetone (20 mL) for 4 h. Crystalline purple needles 
were collected upon cooling (177 mg, 65%) and were identified 
as 2d: 'H NMR (CDC13) 6 2.01 (s, 6 H), 2.20 (s, 6 H), 3.25 (s, 4 

(10) Trudell, M. L.; Fukada, N.; Cook, J. M. J. Org. Chem. 1987,52, 
4293. 
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H), 7.6 (m, 2 H), 8.4 (m, 2 H), 15.34 (s,2 H); mp 208-211 "C. Anal. 
Calcd for C&22N102: C, 68.57; H, 6.28; N, 16.00. Found: C, 
68.34; H, 6.51; N, 15.73. 
2,3-Dihydro-9,lO-dihydroxy-l,4-anthracenedione Bis(2- 

methylhydrazone) (2c). Leucoquinizarin (2a; 0.5 g, 2.1 mmol) 
and methylhydrazine (8.7 g, 190 mmol) were stirred at  room 
temperature for 18 h. The mixture was poured into saturated 
brine, and a brown solid was collected (0.5 g, 80%). Analysis by 
TLC (silica gel, CHC13) showed the presence of a major yellow 
compound 'H NMR (DMSO-de) 6 2.79 (s, 4 H), 2.99 (e, 6 H), 
6.59 (s, 2 H), 7.48 (m, 2 H), 8.15 (m, 2 H), 14.08 (s, 2 H); mp 
120-128 "C (attempts a t  purification led to decomposition). 
l,4-Bis(N,N-dimet hylhydrazino)anthracene-9,10-dione 

(la) and 1-Amino-4-hydroxyanthracene-9,10-dione (If) .  (a) 
Reflux Conditions. Leucoquinizarin (2a; 500 mg, 2 mmol) and 
N,N-dimethylhydrazine (4.0 g, 16 mmol) were stirred at  reflux 
under nitrogen for 4 h. The mixture was poured into ice-water, 
and a purple solid (510 mg) was collected. A 200-mg portion of 
this crude solid was crystallized from benzene to yield dark red 
needles with a greenish metallic luster of I f  116 mg, 59%; mp 
208-209 "C (lit." mp 206 "C); 'H NMR (CDC13) 6 7.01 (d, 1 H), 
7.20 (d, 1 H), 7.80 (m, 2 H), 8.35 (m, 2 H), 13.56 (e, 1 H). Analysis 
of the crude product by TLC (silica gel, CHC1,) indicated the 
presence of yellow, blue, and red components (If). Chromatog 
raphy (CHC13, silica gel) yielded a yellow compound, which was 
not characterized, and a blue compound was identified as la: 10%; 
mp 152-154 "C (EtOH/H,O); 'H NMR (CDC13) 2.69 (s,12 H), 
7.72 (m, 2 H), 7.95 (s, 2 H), 8.30 (m, 2 H), 10.98 (8,  2 H). Anal. 
Calcd for CI8HzoN,O2: C, 66.64; H, 6.21; N, 17.28. Found: C, 
66.48; H, 6.14; N, 17.08. The red component If was also isolated. 
(b) Room-Temperature Conditions. Leucoquinizarin (2a; 

1 g, 4.1 mmol) and Nfl-dimethylhydrazine (12 g, 197 mmol) were 
stirred at  room temperature for 19 h. The mixture was poured 
into brine to yield a purple solid (1 g). Analysis by TLC and R 
comparisons showed la and If to be present. Analysis by 'I-f 
NMR (CDC13) indicated a 1a:lf ratio of 1:2.8. 
1,4-Diaminoanthracene-9,lO-dione (le). Leucoquinizarin 

(2a; 300 mg, 1.24 mmol) was refluxed in methylhydrazine (3 mL) 
for 4 h under nitrogen. The purple solution was poured into brine, 
and a purple solid (295 mg) was collected. Crystallization from 
pyridine/water gave le: 89 mg, 30%; mp 247-251 "C (lit.12 mp 
263 "C); 'H NMR 6 6.91 (s, 2 H), 7.07 (s, 4 H), 7.71 (m, 2 H), 8.33 
(m, 2 H). 

(11) El'taov, A. V.; Studzinskii, 0. P. Russ. J .  Org. Chem. (Engl. 

(12) Morley, J. 0. Synthesis 1976, 528. 
Transl.) 1979, 15, 987. 
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The aromaticity of methylenecyclopropene (1) and cy- 
clopropenone (2) have been discussed and debated over 
many years.'-8 The arguments revolve about the defi- 
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