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6 N HC1 and the extracted with dichloromethane. the di- 
chloromethane solution was dried and concentrated to give 160 
mg of a solid acid, 140 mg of which was treated immediately with 
ethereal diazomethane. The methyl ester was purified by chro- 
matography using ethyl acetate-hexane (1:4) as eluent to give 130 
mg of 4 as a colorless liquid. Capillary GLC of the aterial revealed 
that 4a and 4b ( t ,  12.6 and 13.9 min) were present in a ratio of 
1:17; MI calcd for CllHI6O4 212.10485, found 212.1053; 'H NMR 

(3 H, br s, 6-CH3), 2.75 (1 H, q, J = 7.5 Hz, 5-CH), 3.71 (3 H, s, 
ll-CH3), and 4.11 (3H, s, 7-CH3); 13C NMR (4b) 6 8.0 (C-6), 10.4 

111.4 (C-2), 174.2 (C-lo), 182.4 (C-3), and 206.4 (C-1). 
The mixture of esters 4a,b (50 mg, 0.24 mmol) was treated with 

lithium diisopropylamide (0.3 mmol) at -78 "C for 1 h. The 
reaction mixture was quenched with dilute hydrochloric acid and 
extracted with ether. The ether solution was dried and concen- 
trated to give a colorless liquid which was revealed by capillary 
GLC to be a 2:l mixture of 4a and 4b. Both 'H and 13C NMR 
spectra confirmed the presence of esters 4a and 4b; attempts to 
separate them on a preparative basis were unsuccessful. 
5-(Methoxycarbonyl)-3-methoxy-2,4,5- trimet hylcyclo- 

pent-2-enone (5). A solution of 7 (280 mg, 1.8 mmol) in THF 
(-2 mL) was added dropwise to a solution of lithium diiso- 
propylamide (2 mmol) in 10 mL of THF at -78 "C. After 30 min, 
the mixture was warmed to 0 "C and kept at that temperature 
for 30 min. Carbon dioxide was passed through the mixture at 
0 "C for 30 min. Workup as in the previous carboxylation afforded 
the crude acid (190 mg) which was found to undergo decarbox- 
ylation on standing. The acid was, therefore, immediately treated 

(4b) 6 1.11 (3 H, d, J = 7.5 Hz, 9-CH3), 1.31 (3 H, 9, 8-CH3), 1.93 

(C-g), 17.2 (C-8), 48.4 (C-5), 52.4 (C-l l ) ,  53.2 (C-4), 59.2 (C-7), 

with diazomethane. Purification by chromatography gave 150 
mg (39%) of 5 as an oil which solidified at -20 "C. Capillary GLC 
indicated the material was a mixture of 5a and 5b ( t ,  15.0 and 
14.2 min, respectively) in a ratio of 16:l; MI calcd for CllHIBOl 
212.10485, found 212.1058; 'H NMR (5a) 6 1.12 (3 H, d, J = 7 

3.24 (1 H, d x d, J = 7.0 and 1.2 Hz, 4-CH), 3.72 (3 H, s, ll-CH3), 
and 4.14 (3H, s, 7-CH3); 13C NMR (5a) 6 7.7 (C-6), 13.3 (C-8), 16.0 

173.0 (C-lo), 185.8 (C-3), and 202.7 ((2-1). 
The 5a,b mixture was treated with lithium bis(trimethy1- 

sily1)amide (0.3 mmol) at -78 "C for 1 h, quenched with dilute 
HC1, and extracted with ether. The residue from the ether solution 
was a colorless oil which capillary GLC showed to be a L1.5 
mixture of 5a and 5b. Attempts to separate the esters prepa- 
ratively were unsuccessful. 
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An improved regioselective synthesis for the anthracyclinone precursor 12 is reported using a combination 
of Diels-Alder and Marschalk reactions. The solvolysis of the benzylic bromides 19/20 with water mainly yields 
the 7,9-trans-diol8-demethoxyaranciamycinone (22) whereas the treatment with sodium hydroxide affords the 
7,9-cis-diol21. The a-L-daunosamine glycosides 27-30 are prepared and their absolute configurations are determined 
by 'H NMR spectroscopy. 

T h e  anthracycline antibiotic aranciamycin (1) was iso- 
0 0 

2 ,  R = H  

lated from Streptomyces echinatus 14 years ago.2 How- 
ever, t he  absolute configuration of l has only been de- 
termined recently by Sheldrick and  Zeeck using X-ray 

analysis3 and CD  measurement^.^ In contrast to  most 
other a n t h r a c y ~ l i n o n e s , ~ , ~  aranciamycinone has an oxo 
group at C-10, an inverse configuration at C-9, a 7,9-trans 
configuration of the hydroxy groups, and a n  additional 
methoxy group at C-8. 

Some time ago we published a synthesis of 8-demeth- 
oxyarancia mycinone (22)' starting from chrysophanol 
methyl ether (12). T h e  preparation of 12 involved a me- 
thylation step, where expensive silver oxide had to be used, 
and,  in addition, the yield of 12 was decreased by an  
elimination reaction. The  new procedure is operationally 
simpler and  better adopted for scaled u p  preparations of 
12, which is also a common precursor of other naturally 

(1) Synthetic Anthracyclinones. 24. See: Krohn, K.; Sarstedt, B. 
Angew. Chem. 1983,95,897; Angew. Chem. Suppl. 1983, 1267; Angew. 
Chem., Int. Ed. Engl. 1983, 22, 875. 

(2) Keller-Schierlein, W.; Sauerbier, U.; Vogler, U.; Z&hner, H. Helu. 
Chim. Acta 1970, 53, 779. 
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(3) Sheldrick, G. M.; Zeeck, A., manuscript in preparation. 
(4) Zeeck, A., personal communication. 
(5) Brockmann, H. Fortschr. Chem. Org. Naturst. 1963, 21, 121. 
(6) Thomson, R. H."NaturaEly Occurring Quinones"; Academic Press: 

(7) Krohn, K.; Broser, E. Liebigs Ann. Chem. 1982, 1907. 
London, New York, 1971; p 536. 
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occurring anthracylines such as aklavinone,** &-atromy- 
cinone, and decarbomethoxyalklavinone.8b 

For the new reaction sequence an efficient synthesis for 
7-methyljuglone (7) had to be developed. Derivative 7 is 
a naturally occurring naphthoquinone (ramenta~etone)~ 
and earlier syntheses gave only unsatisfactory yields.lOJ1 
Reaction of benzoquinone (3) with 3-methyl-l-(tri- 
methylsiloxy)-l,3-butadiene (4Yb led to 5 which was con- 
verted to 7 by acid treatment and PCC oxidation in 58% 
overall yield (Scheme I). Since 5 and 6 are rather labile 
intermediates it was necessary to work at  temperatures 
below 0 "C. Elimination of the allylic hydroxy group in 
compound 6 during oxidation to yield 8 could mostly be 
avoided by addition of 1 equiv of acetic acid during the 
oxidation. Reaction of 7-methyljuglone (7) with the readily 
available l-methoxy-l,3-cyclohexadiene (9)12 provided the 
primary adduct 10 almost quantitatively. The structure 
of 10 was confirmed by oxidation to the naphthoquinone 
derivative 11 and retro diene cleavage (160 OC) to 12, which 
proved to be identical with a sample prepared earlier.8b 

The new procedure for the preparation of 12 compares 
favorably with the earlier synthesis, since the methylation 
step is avoided. I t  was, however, possible to further im- 
prove the synthesis of 8-demethoxyaranciamycinone (22) 
by a combination of the Diels-Alder reaction with a 
Marschalk alkylation. The primary adduct 10 is the diketo 
form of a naphthohydroquinone, and the possibility of 
alkylation ortho to the phenolic group was therefore in- 
vestigated. In the original Marschalk reaction,13 the leuko 
forms of anthraquinones have been treated with aldehydes, 
and only in one case was a naphthazarine derivative hy- 
droxymethylated in this manner.14 In fact, treatment of 
10 with formaldehyde in alkaline methanol gave an 83% 
yield of the hydroxymethylated compound 13 after oxi- 
dative workup. In analogy to earlier  observation^'^ less 

~ ~~~~~ 

(8) Krohn, K. (a) Liebigs Ann. Chem. 1983, 2151; (b) 1981, 2285. 
(9) See ref. 6, p 227. 
(10) Cooke, R. G.; Dowd, H. J. Aust. Chem. 1953,6, 53. 
(11) Laatsch, H. Liebigs Ann. Chem. 1980, 1321. 
(12) Birch, A. J.; Butler, D. N.; Siddal, J. B. J. Chem. SOC. 1964,2932. 
(13) Marschalk, C.; Koenig, F.; Ouroussoff, N.  Bull. SOC. Chim. Fr. 

(14) Krohn, K.; Tolkiehn, K. Chem. Ber. 1980, 113, 1575. 
1936, 3, 1545. 

18. R = H  
19/20, R = Br 

21, R ' = O H ; R ~ = H  
22, R '=  H;  R 2 = O H  

Table I. Dependence of the Cis/Trans Ratio (21/22) on the 
Solvolysis Conditions 

reagent 21, 9c 22, 9c 21/22 
17 42 1:2.5 

1.4:l 0.01 N NaOH 39 21 
0.1 N NaOH 59 8 7.4:l 
0.25 N NaOH 66 2 33:l 

HZO 

polar dimeric products were also formed, which could, 
however, easily be removed by crystallization or chroma- 
tography. 

The chlorination of 13 was achieved by treatment with 
thionyl chloride to yield 14. Acetoacetate could be al- 

4 R (p$p I I  / q p p 3  \ / 

OCH3 0 OH OCH, 0 OH 
13, R = OH 
14, R = CI 

15, R='$f 

C02CH2CH3 

17 

C0;H 

16. R =  4 f  0 

kylated with 14 to give the keto ester 15. By pyrolysis of 
the corresponding acid 16, the anthraquinone intermediate 
17 was obtained by simultaneous decarboxylation and 
retrodiene reaction in 61 % overall yield from 10. Similarly 
anthracyclinones with an ethyl side chain are available 
starting from 14 and 3-0xova1erate.l~ In addition to im- 
proved overall yields, the new procedure is operationally 
simpler due to the better solubility of the bridged inter- 
mediates 10 to 16 compared with the corresponding an- 
t h r a q u i n o n e ~ . ~ ~ ~  

The four-step transformation of 17 to the keto1 18 has 
been described earliera7 Hydroxylation of 18 to the 7,9- 
cis-diol 21 is possible with high stereoselectivity by simple 
base treatment of 18 in the presence of air (Scheme 11). 
This has recently been confi ied by Gesson, Jacquesy, and 
Renoux in the steffimycinon series.I6 The 7,9-trans-diol 
22 corresponding to the natural configuration of arancia- 
mycinone has only been isolated in moderate yield by 
treatment of the bromides 19/20 with silver salts.' We 
have now found that the ratio of the cis- and trans-diols 
21 and 22 depends on the concentration of the sodium 
hydroxide used in the solvolysis of the bromides 19/20. 
Table I shows the stereochemical outcome of the solvolysis 
of 19/20. 

By simple choice of solvolysis conditions it is now pos- 
sible to preferentially obtain the cis- or trans-diol 21 or 
22. The remarkable dependence of the stereochemical 

(15) Krohn, K.; Broser, E., unpublished results 
(16) Gesson, J. P.; Jacqueay, J. C.; Renoux, B. Tetrahedron Lett. 1983, 

24, 2761. 
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result on the pH value is probably due to a change in the 
reaction mechanism. The reaction with water may be 
simple SN2 mechanism reflecting the original stereochem- 
istry (with inversion) of the bromides (19/20) which has 
been determined by NMR to be approximately 1:3.7 In- 
creasing the base strength gives rise to a competitive 
elimination addition process (see I and 11). The first step 
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such as the daunorubicins all have a nitrogen-containing 
sugar with definite configuration of the amino group,21z22 
we have prepared the a-L-daunosamine glycosides of 25 
and of the racemic trans- and cis-diols 21 and 22. 

A synthesis of L-daunosamine (23)23 and the conversion 
to the protected halogenose 24 has been described.24 The 
coupling of the sugar to anthracyclinones to obtain the 
desired a-glycosides was achieved by a variety of meth- 
ods.21 Recently, silver trifluoromethanesulfonate was used 
as an effective catalyst in the Konigs-Knorr r e a c t i ~ n . ~ ~ , ~ ~  

First, steffimycinone (25) (obtained by cleavage of 
steffimycin B with acid) was treated with l-chloro-3-N,4- 
0-bis(trifluoracety1)daunosamine (24) in the presence of 
silver triflate. A 67% yield of the a-glycoside 26 was ob- 
tained and only a small amount of a less polar substance 
(probably a 6-glycoside) could be detected by TLC. The 
amount of &glycosides using the triflate method depends 
on the nature of the aglycon. Simple hydroxymethylated 
anthraquinones afforded 6% to 16% of the 0-L-daunos- 
amine  glycoside^.^^^^^ a- and P-glycosides can easily be 
distinguished by 'H NMR spectroscopy: In &glycosides 
the anomeric proton 1'-H gives rise to a doublet of doublets 
with J N 1 2  Hz for the trans diaxial coupling of 1'-H and 
2'-H.2s In the a-L-daunosamine glycosides the signal for 
1'-H appears generally as a small doublet with J = 3 Hz. 

Next, the racemic 8-demethoxyaranciamycinone (22) was 
transformed to the diastereomeric glycosides 27 (35 % ) and 
28 (30%) by the same procedure. The absolute configu- 
rations of 27 and 28 could be determined by comparison 
of the 'H NMR spectrum with that of the semisynthetic 
compound 26. (Steffimycin itself was not suitable for a 
direct comparison due to great differences in the sugar 
moiety.) In spite of the additional methoxy group at  C-8, 
the shapes of the spectra of 26 and that of less polar isomer 
27 were nearly identical with respect to the characteristic 
signals for 1'-, 2'-, and 7-H. In contrast, chemical shifts 
for these protons were quite different in the polar isomer 
28. The most characteristic feature was inversion of 
chemical shifts of the signals for 1'- and 7-H as shown in 
Figure 1. The reaction of the cis-diol 21 with 24 in the 
presence of silver triflate proceeds smoothly to yield two 
main products corresponding to the diastereomeric a- 
glycosides 29 (31%) and 30 (24%). Again, only a small 
amount of P-glycosides could be detected by TLC. The 
much slower reaction of 21 in comparison to 22 was 
probably due to the chelation of the axial benzylic hydroxy 
group with the neighboring hydroxy group at  C-9. The 
absolute configuration of the glycosides 29 and 30 could 
be correlated to daunorubicin also possessing cis-oriented 
substituents. Only the spectrum of the less polar isomer 
30 displayed similarities to the spectrum of daunorubicin.m 
Again, an inversion of the chemical shifts for the signals 
of 1'-H and 7-H was observed for the glycoside 29 as shown 
in Figure 1. In fact, this is not a singular phenomenon and 

I H 

rI 

is the base-induced deprotonation of the phenol, followed 
by elimination to an intermediate planar quinone methide. 
The high cis selectivity may be explained by anchimeric 
assistance of the neighboring axial OH group. 

The improved synthesis described here provided suffi- 
cient material of both racemic isomers 21 and 22 for the 
preparation of the biologically active glycosides. 

For the determination of the absolute configuration of 
the glycosides, natural steffimycinone 2517-19 was also 
transformed to the L-daunosamine glycoside 26. The 

I 
CI  0 

23 II dau 0 

24 

R R 

R '  R 2  
27 H dau 
29 dau H 

R 
25 OH 
26 dau 

R '  R 2  
28 dau H 
30 H dau 

absolute configuration of steffimycinone 25 has recently 
been shown to correspond to that of arancianmycinone (2) 
by comparison of the CD ~ p e c t r a . ~  

Aranciamycine (1) and also the aglycon 2 are strongly 
active against Gram-positive bacteria.2v20 However, the 
antitumor activity of the nitrogen-free glycosides is only 
moderate.2 Since the cytostatically active anthracyclines 

~~~~~ ~ 

(17) Bergy, M. E.; Reusser, F. Erperientia 1967, 23, 254. 
(18) Brodasky, T. F.; Reusser, F. J .  Antibiot. 1974, 27, 809. 
(19) Kelly, R. C.; Schletter, J.; Koert, J. M; MacKellar, F. A.; Wiley, 

(20) Ogilvie, A.; Kersten, W. In "Antibiotics"; Hahn, F. E., Ed.; 
P. F. J .  Org. Chem. 1977,42, 3591. 

Springer: Berlin, Heidelberg, 1979; Vol. 1, p 250. 

(21) For a comprehensive review see: Arcamone, F. "Doxorubicin"; 
Academic Press: New York, 1981. 

(22) For one exception of a nitrogen-free anthracycline with good 
antitumor activity, see: Horton, D.; Priebe, W. In "Anthracycline 
Antibiotics"; El Khadem, H. S., Ed.; Academic Press: New York, 1982; 
p 197. 

(23) Hoton, D.; Weckerle, W. Carbohydr. Res. 1975, 44, 227. 
(24) British Patent 1457 560; Chem. Abstr. 1977,87, 23686. 
(25) Arcamone, F.; Penco, S.; Redaelli, S.; Hanessian, S. J .  Med. Chem. 

1976, 19, 1424. 
(26) Arcamone, F.; Bernardi, L.; Patelli, B.; Giardino, P.; DiMarco, A.; 

Casazza, A. M.; Soranzo, C.; Pratesi, G. Experinetia 1978,34, 1255. 
(27) See also: Umezawa, H.; Takahashi, U.; Kinoshita, M. Naganawa, 

H. J .  Antibiot. 1980, 33, 1581. 
(28) Krohn, K.; Carlson, G.; Mtdler, H., unpublished results. 
(29) Arcamone, F.; Cassinelli, G.; Franceschi, G.; Mondelli, R.; Orezzi, 

P.; Penco, S. Gazz. Chim. Ital. 1970, 100, 949. 
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has been stated for demethoxydaunor~bicin,~~~~~ isodau- 
norubicin,3l and eight similar cis-oriented synthetic an- 
thra~ycl ines .~ '  T h e  striking changes in relative shielding 
for 1'-H and 7-H for diastereomeric glycosides such as 29 
and 30 is possibly due  t o  different orientations of the  
oxygen of the sugar ring to the neighboring phenolic group 
at C-6.32 This  is further confirmed by the  finding that 
6-deoxyanthracyclines apparent ly  do  not  exhibit this 
p h e n ~ m e n o n . ~ ~  

Minor deviations in conformation of t h e  10-oxo- 
anthracyclines in comparison t o  the  rhodomycinone an- 
thracyclines do  not  disturb the  general picture, and one 
important generalization can be made: Chemical shifts of 
the 'H NMR spectra of a-L-daunosamine glycosides 
(specially for l', 2'-, and  7-H) are determined by the ab- 
solute configuration of the  benzylic position at (2-7. T h e  
configuration of the  other positions of the  hydroaromatic 
ring a t  C-8 and C-9 of the aglycon are of minor importance. 
For instance, the  IH NMR spectra of 27 and 30 or 28 and 
29 show great similarity in spite of the  opposite configu- 
ration at C-9 (see Figure 1). It is furthermore of impor- 
tance to note that in all glycosides 26-30 the sugar moiety 
remains in the  pseudoaxial position, which has also been 
shown to be the predominant conformation of the aglycons 
2, 21, 22, and  2.!L4o7 

T h e  antitumor activity of the  free amines of t he  glyco- 
sides 26-30 is presently being tested. T h e  determination 
of t he  absolute configuration of the  glycosides was also 
necessary in order t o  assign the  absolute configuration of 
demethoxyaranciamycinone and other anthracyclinones 

(30) Broadhurst, M. J.; Hassal, C. H.; Thomas, G. J. J.  Chem. SOC., 

(31) Krohn, K. Habilitationsschrift, University of Hamburg, 1979. 
(32) Nakata, Y.; Hopfinger, A. J. FEBS Lett. 1980, 117, 259. 
(33) Penco, S.; Angelucci, T.; Arcamone, F.; Ballabio, M.; Barchielli, 

G.; Franceschi, G.; Franci, G. Suarto, A.; Vanotti, E. J.  Org. Chem. 1983, 
48,405. 

Perkin Tram. 1 1982,2249. 

n 

NHCOC F3 

5.5 5.L 5.3 

obtained by enantioselective synthesis.34 

Experimental Section 
Melting points were determined on a Buchi 510 melting point 

apparatus and are uncorrected. Infrared (IR) spectra were ob- 
tained on a Perkin-Elmer Model 1420 spectrophotometer and are 
reported in wavenumbers (KBr, cm-'). Nuclear magnetic reso- 
nance ('H NMR) spectra were recorded on Bruker HFX 90 (90 
MHz) and WM 400 (400 MHz) spectrometers. Chemical shifts 
are reported in ppm (6) downfield relative to tetramethylsilane 
as standard (in CDC13). Ultraviolet/visible (UV/vis) spectra were 
recorded on a Beckman UV Model 5230 spectrophotometer [in 
methanol; A, (log e); nm]. Analytical TLC was performed on 
silica gel plates (0.25 mm, E. Merck), preparative TLC on 1-mm 
silica gel (Schleicher & Schiill), and column chromatography with 
E. Merck silica gel 60 (230-400 mesh). 
5-Hydroxy-7-methyl-l,4-naphthoquinone (7) and 7- 

Methyl-l,4-naphthoquinone (8). To a solution of 20.00 g (0.128 
mol) of diene 4" in 500 mL of dichloromethane was added 16.60 
g (0.154 mol) of benzoquinone (3). The solution was stirred for 
1 2  h at 20 "C, evaporated at 0 O C ,  and redissolved in 200 mL of 
methanol. After addition of 2 mL of 1 N HCl, the solution was 
stirred for 1 h at 0 O C ,  again evaporated at 5 "C, and the residue 
dissolved in 500 mL of dry dichloromethane. To the mixture was 
added 12 mL of acetic acid and under vigorous stirring portionwise 
54.50 g (0.255 mol) of ppidinium chlorochromate (PCC). After 
6 h, 9.8 g (0.2 mol) of sodium hydrogen carbonate was added and 
stirring was continued for 1 h. The solution was sucked off, filtered 
through a short column of silica gel (100 g), eluted with di- 
chloromethane, and evaporated. The residue crystallized from 
dichloromethane/ether to afford 12.03 g (50%) of 7 (mp 116 "C):  
IR 1670,1640,1592 cm-'; UV/vis 213 (4.26), 249 (4.16), 345 (3.26), 
425 nm (3.44); 'H NMR (90 MHz) 6 2.38 (s, 3), 6.92 (s, 2), 7.11 
(s, l), 7.47 (s, l), 11.87 (s, 1). Anal. Calcd for CI2H8O3: C, 70.20; 
H, 4.28. Found: C, 70.19; H, 4.29. 
7-Methyl-l,4-naphthoquinone (8). The mother liquor from 

the crystallization of 7 was separated by column chromatography 
(silica gel, CH2C12) to afford an additional 1.93 g of 7 from the 

(34) Hintzer, K.; Schwig, V. Tetrahedron Let t .  1984,25, 2463. 
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less polar fraction (total yield of 7,58%) and 3.52 g (16%) of the 
elimination product 8: mp 89 "C; IR 1664, 1602 cm-'; UV/vis 
208 (3.93) 249 (4.34), 256 (4.34), 340 nm (3.50); 'H NMR (90 MHz) 
6 2.48 (s, 3), 6.91 (5, 2), 7.51 (d, J = 8 Hz, l), 7.83 (9, l), 7.93 (d, 
J = 8 Hz, 1). 

1,4,4a,9a-Tetrahydro-8-hydroxy-l-methoxy-6-methyl-1,4- 
ethano-9,lO-anthraquinone (10). A solution of 10.40 g (55.2 
mmol) of 7-methyljuglone (7) and 9.40 g (86.2 mmol) of 1- 
methoxy-l,3-~yclohexadiene (9)12 (70% purity) was stirred under 
nitrogen for 24 h. The solution was evaporated and the residue 
crystallized from ether/petroleum ether to afford 14.42 g (87%) 
of the adduct 10: mp 155 "C dec; IR 1672,1630,1592 cm-'; 'H 
NMR (400 MHz) 6 1.52 (m, 2), 1.95 (m, 2), 2.35 (s, 3), 3.15 (m, 
l ) ,  3.18 (dd, J1 = 9.0 Hz, Jz = 3.0 Hz, l), 3.44 (d, J = 9.0 Hz, l), 
3.49 (9, 3), 6.01 (d, J = 8.8 Hz, l), 6.06 (dd, 51 = 8.8, Jz = 6.0 Hz, 
1),7.00 (d, J = 1.3 Hz, l), 7.29 (d, J = 1.3 Hz, l), 12.09 (s, 1). Anal. 
Calcd for ClsH,sO,: C, 72.47; H, 6.08. Found: C, 72.43; H, 6.26. 

1,4-Dihydro-8-hydroxy- 1-methoxy-6-methyl- 1,4-et hano- 
9,lO-anthraquinone (11). A solution of 298 mg (1 mmol) of 10 
in 20 mL of 0.5 N methanolic potassium hydroxide was stirred 
for 0.5 h in the presence of air. The mixture was acidified with 
1% aqueous HCl and extracted with CHzCl2. The organic phase 
was washed with water, dried over NaZSO4, and evaporated, and 
the residue was crystallized from ether to afford 276 mg (93%) 
of 11: mp 128 "C; IR 1661, 1631, 1600 cm-'; UV/Vis 216 (4.44), 
250 (3.95), 278 (3.93), 425 nm (3.62); 'H NMR (90 MHz) 6 1.28 
(m, 4), 2.37 (s, 3), 4.42 (m, l), 6.36 (t, J = 7 Hz, l), 6.58 (d, J = 
8 Hz, l), 6.93 (m, l), 7.34 (m, l), 11.87 (9, 1). Anal. Combustion 
analysis for all oxidized bridged substances (11 to 16) gave data 
approaching those calculated for the corresponding aromatic 
compounds (see ref 8 and 9) due to partial retrodiene elimination 
of ethylene during combustion. 
Pyrolysis of 11: 100 mg (0.3 mmol) of 11 was heated for 0.5 

h a t  160 "C. Crystallization of the residue from CH2Cl2/Et20 
afforded 71 mg (88%) of anthraquinone 12 (mp 196-197 "C) 
identical with an authentic sample. 

1,4-Dihydro-8-hydroxy-7-(hydroxymethyl)-l-methoxy-6- 
methyl-l,4-ethano-9,lO-anthraquinone (13). A solution of 16 
g of KOH, 40 mL of aqueous formaldehyde (40%), and 8.00 g (26.8 
mmol) of 10 in 800 mL of methanol was stirred under Nz for 45 
min at  15 "C (TLC control). The mixture was then slowly poured 
with vigorous stirring into 1 L of ice water containing 10 mL of 
50% hydrogen peroxide. After 10 min the solution was acidified 
with 6 N HCl and extracted twice with 300-mL portions of CH2C1,. 
The organic phase was washed with water, dried over Na2S04, 
and evaporated. The residue was purified by column chroma- 
tography on 100 g of silica gel. Elution with CHzClz gave 1.04 
g (13%) of oxidized starting material 11 followed by 0.75 g (9%) 
of dimers (see below). Elution with CHZClz/5% EtzO afforded 
6.38 g (73%) of 13 (mp 210 "C). 11 could be recycled after 
reduction with dithionite according to the usual hydroxy- 
methylation procedure7 (overall yield of 13 83%): IR 3510,1682, 
1645, 1570 cm-'; UV/vis 216 (4.21), 249 (4.14), 369 (3.60), 438 nm 
(3.13); 'H NMR (90 MHz) 6 1.60 (7, 2), 1.71 (m, 2), 1.89 (m, l), 
2.49 (9, 3), 3.60 (s, 3), 3.84 (m, l ) ,  4.76 (m, 2), 6.07-6.22 (m, 2), 
7.36 (s, l), 12.00 (s,l). 
7-(Chloromethy1)- 1,4-dihydro-B-hydroxy- l-methoxy-6- 

methyl-1,4-ethano-9,lO-anthraquinone (14). A suspension of 
7.35 g (22.3 mmol) of 13 in 200 mL of CHzClz was treated with 
9 mL of thionyl chloride and 0.1 mL of DMF and stirred 2 h at  
20 OC. The solution was evaporated and the residue washed with 
petroleum ether to yield 7.59 g (98%) of chloride 14: mp 173 "C 
dec; IR 1691, 1648, 1609 cm-'; UV/vis 212 (4.16), 248 (4.22), 293 
(3.52), 369 nm (3.69); 'H NMR (90 MHz) 6 1.64 (m, 41, 2.51 (9, 

31, 3.59 (s, 3), 3.79 (m, 11, 4.71 (9, 2), 6.07 (m, 21, 7.36 (s, l), 12.00 
(s, 1). 
Ethyl 24 (1,4,9,10-Tetrahydro-8-hydroxy-l-methoxy-6- 

methyl-9,1O-dioxo-l,~-ethano-7-anthryl)methyl]-3-0~0- 
butyrate (15). A solutidn of 6.19 g (17.8 mmol) of 14 in 300 mL 
of dry DMF was added under Nz within 30 min to a cooled (0-5 
"C) solution of 7.04 g (54.4 mmol) of ethyl acetoacetate in 400 
mL of 0.2 N ethanolic sodium ethoxide. After 1 h the mixture 
was poured into 1 L of cold 1 N HC1 and extracted 3 times each 
with 300 mL of ether. The combined organic phases were dried 
over magnesium sulfate and evaporated. The residue was washed 
with cold petroleum ether to remove excess ethyl acetoacetate 

and crystallized from ether/petroleum ether to afford 7.24 g (92%) 
of /3-keto ester 15: mp 111 "C dec; IR 1690,1642,1605,1580 cm-'; 
UV/vis 211 (4.27), 249 (3.35), 296 (3.64), 369 nm (3.83); 'H NMR 
(90 MHz) 6 1.22 (t, J = 7 Hz, 3), 1.61 (m, 4), 2.26 (s, 3), 3.44 (m, 
21, 3.59 (s, 3), 3.78 (m, 11, 4.18 (t, 11, 6.04 (m, 21, 7.33 (s, l), 11.92 
(s, 1). 

1 -Hydroxy-&met hoxy-3-met hyl-2- (3-oxobutyl) -9,lO- 
anthraquinone (17). A solution of 9.96 g (22.6 mmol) of ester 
15 in 200 mL of ethanol was treated with 750 mL of 1 N aqueous 
NaOH for 6 h (TLC control). The solution was acidified with 
concentrated HC1 and extracted 3 times each with 200 mL of ethyl 
acetate. The solution was dried over sodium sulfate and evap- 
orated, and the residue was heated 30 min at 160 OC. The residue 
was crystallized from ether/petroleum ether to yield 4.17 g of 17, 
identical with an authentic  ample.^ The mother liquor was 
evaporated and again heated for 30 min at 160 "C to afford another 
2.43 g of 17 (total yield 82%; mp 192 "C). 
Solvolysis of the Bromides 19/20. In each experiment 20 

mg of keto1 1B7 was dissolved in dry CCll and brominated with 
Br2 in the presence of light as described earlier.' The solvent was 
evaporated and the residue redissolved in 20 mL of dry THF. The 
cold (0 "C) solutions were treated with 10 mL of water, 0.01 N 
NaOH, 0.1 N NaOH, and 0.25 N NaOH, respectively, and stirred 
5 min. The mixtures were acidified with cold diluted HC1 and 
extracted with 30 mL of CH2C1,. The CH2Clz solutions were dried 
over Na2S04 and evaporated, and the residue was separated by 
TLC (CHZCl2/1% CH,OH). For yields of 21 and 22, see Table 
J. 
General Procedure for the Glycosidation of the Aglycons 

rac-21, rac-22, and 25. A solution of 0.1 mmol of aglycon in 
10 mL of dry CH2ClZ was first treated with 0.3-0.4 mmol of 
halogenose 2425835 and then dropwise with a solution of 0.3 mmol 
of silver triflate in 5 mL dry ether. The mixture was stirred for 
1-5 h in the dark (TLC control) and shaken with a diluted solution 
of sodium hydrogen carbonate. The organic phase was dried over 
Na2S04, evaporated to dryness, and boiled under reflux for 0.5 
h with methanol. The solution was again evaporated and the 
residue separated by preparative TLC (CHZClz/2% CH,OH). 
7-0 -(2,3,6-Trideoxy-3-(trifluoroacetamido)-cu-~-lyxo -hex- 

opyranosy1)steffimycinon (26): 4.1 mg of 25% afforded 4.3 mg 
of 26: mp 120-130 "C dec; reaction time 1 h; IR 1710,1675,1621, 
1590 cm-'; 'H NMR (270 MHz) 6 1.23 (d, J = 6.6 Hz, H-67, 1.59 

J = 13.2,J = 5.0 Hz, H-2,'), 3.55 (s, OCH,), 3.64 (m, H-4'), 3.71 
(m, H-8), 5.24 (m, 7-H), 5.64 (d, J = 3.7 Hz, H-l'), 6.73 (d, J = 

8.35 (s, H-l l ) ,  12.11 (s, OH-4), 12.91 (s, OH-6). Anal. Calcd for 
CZsHzsOl2NF3: C, 54.46; H, 4.41. Found: C, 54.12; H, 4.47. 
8-Demethoxy-7-0 -(2,3,6-trideoxy-3-(trifluoroacetami- 

do)-a-L-lyxo -hexopyranosyl)aranciamycinone (27): 24.0 mg 
of the rac-22 afforded 13.6 mg (35%) of the less polar glycoside 
27: mp 178 "C; IR 3440, 2930, 1712, 1672, 1625, 1595 cm-'; 'H 

(9, CHJ, 1.91 (td, J = 13.2, J = 12.4, J = 3.7 Hz, H-2,'), 2.07 (dd, 

2.4 Hz, H-3), 6.77 (d, J = 8.5 Hz, NH), 7.44 (d, J = 2.4 Hz, 1-H), 

NMR (400 MHz) 6 1.35 (d, J = 7.0 Hz, H-6'), 1.61 (s, CHJ, 1.86 
(dt, J = 12.8, J = 4.0 Hz, H-2,'), 2.03 (dd, J = 12.8, J = 5.0 Hz, 
H-2,'), 2.48 (dd, J = 14.4, J = 4.8 Hz, H-8), 2.57 (dd, J = 14.4, 

5.54 (d, J = 3.5 Hz, H-l'), 6.73 (d, J = 8.5 Hz, NH), 7.31 (dd, J 
= 8.3, J = 1.0 Hz, H-3), 7.78 (t, H-2), 7.92 (dd, J = 7.6, J = 1.0 

J = 2.0 Hz, H-8), 3.68 (m, H-49, 4.34 (m, H-5'1, 5.26 (dd, H-7), 

Hz, H-l), 8.46 (s, H-ll) ,  11.92 (s, OH-4), 12.80 (s, OH-6). E1 mass 
spectra (70 eV and 25 eV) did not show a molecular ion but gave 
the pattern characteristic for the  aglycon^.^ FD mass spectra 
showed a peak at 581 (M' + 1). Anal. Calcd for C27H2401,3NF3: 
C, 55.96; H, 4.17. Found: C, 55.78; H, 4.18. 
7,9-Diepi-8-demethoxy-7-0 -(2,3,6-trideoxy-3-(trifluoroa- 

cetamido)-a-i-lyxo-hexopyranosy1)aranciamycinon (28). 
From the polar fraction of the chromatography (see above) 5.8 
mg of the polar glycoside 28 (mp 226 "C; 30%) was obtained: IR 
and UV/vis see 29; 'H NMR (400 MHz) 6 1.33 (d, J = 6.7 Hz, 
H-6'), 1.63 (9, CH,), 1.92 (m, H-2'), 2.24 (dd, J = 15.3, J = 3.9 

(m,H-4'), 4.38 (m, H-3'), 4.56 (9, J = 6.4 Hz, H-5'), 5.38 (d, J = 
2.9 Hz, H-l'), 5.52 (dd, H-7), 6.72 (d, J = 8.5 Hz, NH), 7.38 (dd, 

Hz, H-8), 2.76 (dd, J = 15.3, J = 2.0 Hz, H-8), 3.56 (s, OH-9), 3.66 

J = 8.3, J = 1.0 Hz, H-3), 7.78 (t, H-2), 7.93 (dd, J = 7.6, J = 1.0 

(35) We thank Mrs. H. Miiller for the preparation of 24. 
(36) We thank Dr. P. F Wiley for a generous gift of steffimycin B. 
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Hz, H-l) ,  8.52 (s, H-11), 11.92 (a, OH-4), 11.84 (s,OH-6). Anal. 
Calcd for C27H24010NF3: C, 55.96; H, 4,17. Found C, 55.69; H, 
4.23. 

7-Epi-8-demethoxy-7-0 -(2,3,4-trideoxy-3-( trifluoroace- 
tamido)-a-L-lyxo-hexopyranosy1)aranciamycinon (29): 20.0 
mg of the cis-diol 21 afforded after TLC 3.4 mg (24%) of the polar 
glycoside 29: mp 134 "C dec.; IR 3420, 2980, 1710, 1673, 1621, 
1593 cm-'; UV/vis 210 (4.38), 239 (4.45), 261 (4.30), 438 nm (4.04); 

1.94 (m, H-2') 2.30 (dd, J = 15.2, J = 3.9 Hz, H-8), 2.68 (dd, J 
= 15.2, J = 3.9 Hz, H-8), 3.64 (m, H-4'), 4.13 (s, OH-9)) 4.31 (m, 

'H NMR (400 MHz) 6 1.25 (d, J = 6.7 Hz, H-69, 1.47 (e, CH&, 

H-3'), 4.38 (9, J = 6.7 Hz, H-5'), 5.43 (d, J = 3.5 Hz, H-l'), 5.55 
(t, H-7), 6.65 (d, J = 8.4 Hz, NH), 7.37 (dd, J = 8.4, J = 1.0 Hz, 
H-3), 7.78 (t, H-2), 7.92 (dd, J = 7.6, J = 1.0 Hz, H-l) ,  8.51 (9, 

H-11), 11.91 (s, OH-41, 12.83 (9, OH-6). 
9-Epi-8-demet hoxy-7- 0 - (2,3,6-trideoxy-3-(trifluoroace- 

tamido)-a-L-lyxo-hexopyranosy1)aranciamycinon (30). From 
the less polar zone of the chromatography (see above) 5.0 mg 

(31%) of glycoside 30 was isolated: mp 147 "C; IR 3460, 3920, 
1707,1672,1621,1595 cm-*; UV/vis see 29; 'H NMR (400 MHz) 
6 1.33 (d, J = 6.5 Hz, H-6'), 1.42 (9, CH3), 1.87 (dt, J = 12.6, J 
= 3.6 Hz, H-2,'), 2.00 (d, J = 8.2 Hz, OH), 2.08 (dd, J = 5.2, J 
= 3.6 Hz, H-2,'), 2.47 (dd, J = 14.7, J = 7.0 Hz, H-8), 2.64 (dd, 

H-3'), 5.20 (t, H-7), 5.51 (d, J = 3.6 Hz, H-1'), 6.69 (d, J = 8.4 
Hz, NH), 7.37 (dd, J = 8.4, J = 1.1 Hz, H-3), 7.76 (t, H-2), 7.90 
(dd, J =  7.6, J =  1.1 Hz, H-1), 8.45 (9, H-11), 11.90 (s, OH-4), 12.81 
(9, OH-6). 

J = 14.7, J = 6.0 Hz, H-8), 3.66 (m, H-4'), 4.25 (q, H-5'), 4.29 (m, 
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The bromination of 5,8-diacet~xy-l,4-dihydro-l,4-ethanonaphthalene has been found to give only one product, 
the dibromide produced via a Wagner-Meerwein rearrangement with accompanying aryl migration. The structure 
of the product w a  determined by lH-13C correlation NMR and 13C-13C double quantum coherence NMR. The 
bromine configurations and the molecular conformation were determined by chemical shift considerations coupled 
with a complete analysis of the proton-proton spin coupling constants. Structures reported in related studies 
are brought into auestion bv this result which has a bearing also on recent investigations of homoconjugation 
in l,4-diiydro-1,kethanona"phthalene systems. 

The addition of bromine to benzobicyclooctadienes such 
as 5,8-diacetoxy-1,4-dihydro-l,4-ethanonaphthalene (1) 
may lead to a multiplicity of products. Attack on the 

AcO 

AcO A c d  Br 

double bond may be syn or anti to the aromatic ring. The 
intermediate(s), whether bromonium ion or carbocation, 
may react directly with bromide ion to give nonrearranged 
product or may undergo Wagnel-Meerwein rearrangement 
involving either the aryl group or the ethano bridge before 
reacting to give rearranged dibromides. The Barkhash 
group in Russia have examined the addition of bromine 
to tetrafluorobenzobicyclooctadiene (2).l The product was 
reported as the unrearranged dibromide (3). The addition 
of chlorine gave a mixture of the 1,Zaddition product and 
the rearranged compound (4). As a matter for future 
reference, it may be mentioned that the treatment of the 
tetrafluorobenzobarrelene (5) with tert-butyl hypochlorite 
in acetic acid gave a mixture of rearranged chloroacetates 
6 and 7.2 The principal method of structure determination 
in these studies was proton magnetic resonance aided by 
spin decoupling. If one bears in mind the uncertainties 

3 2 1 

I 
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F4w 
b A c  
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imposed by the small range of vicinal axial-equatorial and 
equatorial-equatorial spin-spin coupling constants along 
with the even greater uncertainties introduced by the ef- 
fects of electronegative groups such as bromine, chlorine, 
and acetoxy3 on these coupling constants, then one feels 
justified in expressing reservations about structural as- 
signments in such closely related compounds as those en- 
countered in these studies. 

Recently, Paquette and co-workers4 have studied the 
addition of a series of weak electrophiles to 2-methyl-1,4- 
dihydro-1,4-ethanonaphthalene and its 5,8-dimethoxy and 
5,6,7,8-tetrafluoro analogues. Predominent syn stereose- 
lectivity was observed for photooxygenation, cyclo- 
propanation, oxymercuration, hydroboration, and ep- 
oxidation. On the basis of these results a case was made 
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