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Abe&a&--A convergent total synthesis of aklavinone, based on the annelation reaction of cyanophthalide 
addition to an enone as the key step, was ~mpliahed. 

Aclacinomycin A (la)’ belongs to the anthracyclinone 
family of antibiotics? which, in recent years, have 
emerged as important anti-cancer agents. The finding 
that it may possess improved therapeutic indices over 
adriamycin (h) and daunomycin (3a)3 had aroused 
much interest among synthetic chemists4 in searching 
for an efficient pathway for the preparation of its 
aglycone, aklavinone (1).5 In the quest for a practical 
synthesis of adriamycinone (2) and daunomycinone (3), 
many laboratories have made significant contri- 
butions and a large variety of successful approaches 
has been adroitly explored. However, at the inception 

intriguing tricyclic ketone (s). The ketonic ring on 
further oxidation should be convertible into a phenol, 
the B-ring of aklavinone. 

To serve as the aklavinone C-, D-ring precursor, 7- 
methoxy phthalide derivatives were needed. A four- 
step preparation of the 3benxenesulfonyl phthalide 
(4a) was described in Hauser’s publication ; however, 
the 3cyano derivative (4h) was not available. We, 
therefore,designed a synthesis of 4a and 4h based on the 
dialkylamidodirected aromatic ortho lithiation reac- 
tion of Snieckus and BeakI and reinvestigated the 
addition of their anions to cyclohexenone. Under the 

of our program,7 there was not any published method 
that would lead to the aklavinone skeleton. The 
absence of a C-l 1 OH group and the presence of C-10 
carbomethoxy group in aklavinone required a novel 
appr0ach.s 

RIBULTS 

A convergent strategy offers obvious advantages, 
and we settled on a scheme centered on a connective 
annelation reaction which forms the C-ring while 
assembling the tetracyclic skeleton. Thus, it was of 
interest to us to come across the publications of 
Hauser, Kraus,” and van Heusen’ ’ that de- 
monstrated the use of phthalide anion in a ring-forming 
reaction resulting in a phydroquinone moiety. Of 
particular relevance was the following example cited by 
Hauser where phthalide (4) reacted with the Michael 
acceptor cyclohexenone, and the product was the 
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mild conditions we have chosen, the anion of 
benxenesulfonyl phthalide (4a)gave the tricyclic ketone 
(Sa) in moderate yield ; however, the anion of 
cyanophthalide (4h) gave ketone @a) in over 80”/, yield 
in the form of crystals. 

The above experiments clearly established that the 
cyanophthalide (4h) provides a facile entry into the 
fused BCD ring of our target molecuk, and the missing 
A-ring may he delivered appended onto a cyclo- 
hexenone. The insertion of a heteroatom substitution 
onto the cyclohexenone ring would raise its oxidation 
state, and if eliminated during the. annelation step, 
shouldleadtothephenolicBring.Amolectdesuchas6, 
therdore, would be an ideal bnilding block. However, 
we anticipate some difSculty with structure 6 since C-7 
and C-9 OH groups, being /I to CO functionalities, 
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cp-$-fL@ + x# 
3 

4b 6 X = hetero atom 

could be subject to elimination under the basic 
annelation conditions. The Kende method” for the 
introduction of OH group to 7deoxy adriamycinone 
offers a solution to the C-7 problem. Namely, 7-deoxy 
aklavinone can be. expected to be convertible to 
aklavinone in a similar manner, and compound 6 did 
not need to carry the C-7 OH group. On the other hand, 
we chose to deal with the labile C-9 OH challenge by 
replacing it with a latent OH functionality, a double 
bond. 

tetrahydrofuran provided a methyl ester, identified as 
the tetracyclic aromatic compound 13. 

Apparently, the anion of cyanophthalide underwent 
l&conjugated addition to the enone system; this was 
followed by attack of the resulting enolate anion on the 
phthalide CO group and the subsequent loss of cyanide 
ion, establishing the tetracyclic skeleton in the form of a 
trione intermediate. Furthermore, the basic reaction 
media promoted the opening of the lactone ring as the 
consequence of a /?-elimination reaction, induced a 

6b 7 R = C$ts 

70 R - Ii 

Finally, a connective operation’* linking the hetero 
atom X to the C-10 carbomethoxy functionality 
simplified compound 6h to the tricyclic structure 7. The 
molecule 7 was an unknown substance while the lower 
analog 7a had been described in Woodward’s resetpine 
~ynthesis.~~ We settled on the ketolactone (7) as a key 
building block and decided to use 7a as a model 
compound to investigate the key amtelation reaction. 

The three-step synthesis for lactone 7 as reported in 
Woodward’s original paper turned out to be quite 
difficult to produce the needed intermediate 8. This was 
mainly due to its ready conversion into the isomeric 
molecule 8a which cocrystahixes with phydroquinone, 
an unavoidable side-product, and any attempt at 
chromatographic isolation induced further isomerix- 
ation. It was discovered, after much ado, that an 
extremely concentrated hot ethanolic solution (1 g/ml) 
of the crude Diels-Alder product yielded essentially 
pure enedione (8) on crystallization quite suitable for 
further transformation. Meet-w&-Ponndorf-Verley 
reduction * s proceeded smoothly to give the lactone 9 
and Jones oxidation gave the enone 10. 

The stage is now set for the investigation of the key 
armelation reaction. Treatment ofthe lithio anion ofthe 
phthalide (4b) with enone (10) gave a sparingly soluble 
high melting solid which was dissolved in dilute sodium 
hydroxide. Acidification of the basic solution gave a 
yellow solid which on treatment with diaxomethane in 

series ofenolizations, and led finally to a hydroquinone 
which was oxidized during isolation. We postulated 
that the final oxidative aromatization step might have 
occurred during the aqueous base treatment. To our 
delight, we did obtain the desired product 12 when the 
base extraction isolation was omitted during workup of 
the annelation reaction. 

The above results demonstrated that two readily 

9 9 IO 

available simple chemicals 4b and 10 gave the 
tetracyclic skeleton 12 in a single reaction where all the 
needed functional&s, C-4 methoxy, C-5, C-12 dione, 
C-6 hydroxy, C-10 carbomethoxy groups, were 
delivered with complete regio specificity, and a latent 
C-9 OH group was strategically placed in the form of a 
double bond between C-8 and C-9. We then undertook 
the task of the construction of the aklavinone molecule 
using the above reaction as the key step. 

Addition of vinyl cuprate (14) to methyl-2- 
pentynoate gave mainly the E form of methyl 3- 
ethylpenta-2,4dienoate (14)t6 (b.p. 62.5~64”/32 mm), 
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which could be isolated from the loo/, Z isomer 14a(b.p. 
64”/27 mm) by spinning band distillation.1’ The 

dienic ester 14 rendered it much less reactive than the 

mixture of isomers could be used without isolation for 
corresponding vinyl acrylate for the Diels-Alder 

the next step since the Z isomer was totally inert to the 
reaction with pbenzoquinone. It required a three-day 

Diels-Alder reaction’* and did not interfere with the 
reflux to achieve an optimal result., and the enedione 

isolation of its product. The additional Et group of 
(15) was isolated in conjunction with the crystalline 
hydroquinone (Ha), formed during the prolonged 

Zn(BH,& 
b 

or M-P-V 



4704 T.-r. LI et al. 

reaction period as a major side product. The enedione 
(15), which readily isomerixed to the side product (Ha) 
under chromatographic conditions (silica gel, Florisil, 
and alumina), was not isolatable; and the crude 
product was directly reduced with zinc borohydride or 
aluminum isopropoxider5 to give the lactone (16) 
isolated by chromatography as crystals. The overall 
yield from 15 was m 20%. 

We sought to ameliorate the Diels-Alder reaction 
results by two approaches. Removal of the electron 
withdrawing functionality attached to the diene should 
enhance the rateoftheDiels-Alder reaction k,,r9 while 
therateoftheenolizationprocess, k,,leadingto theside 
products could be expected not to be significantly 
altered (inductive effect). Another means of promoting 
kr without changing k, is to conduct the reaction under 
higher pressure (pressure effect). ’ 9*20 

Replacement of the ester functionality of the diene 14 
with an acetoxy-Me group will result in a much less 
electron-poor diene (20) and yet provide a potentially 
useful moiety in our synthesis. We prepared the 
acetoxydiene (28) according to the following scheme. 

Addition of vinyl Grignard reagent to ethyl 
propionate gave a mixture of the alcohol 18 and enone 
19.” Treatment of this mixture under the allylic 
rearrangement conditionsz2 resulted in a mixture from 
which the 1: 1 mixture of E and 2 acetoxydienes (28 and 
2&a) (b.p. 74-76”/3 mm) could be readily isolated from 
the enone 21 (b.p. 32”/5 mm) by distillation. The overall 
yieldofthemixtureofdieneswas 14%.23Themixtureof 

CO2CZ"S 
+ Lw c m++ lb 

+ 

E and Z dienes 28 and 20a was reacted with p- 
benzoquinone at room temperature for three days to 
give the crystalline adduct 21 in 72% yield without 
meaningful amount of the aromatization side product. 
The 2 isomer Z&I could be quantitatively recovered 
from the reaction mixture. *a Dibal reduction of 21 gave 
the trio1 22 which on oxidation (Jones, PCC.,‘*O 
Brown’s two phase oxidation,‘” OJpt*“) gave the 
cyclic ether 23, the product of an intramolecular 
Michael addition. The best result (97% yield) was 
achieved by using Fetixon’s oxidantz5 (Ag,CO,/celite). 
In an attempt to induce a reverse-Michael reaction, the 
ether (23) was treated with acetic anhydride in the 
presence ofptoluenesulfonic acid at room temperature 
and an acetate 24 was obtained; however, a phenolic 
acetate 25 was produced at 100” overnight. Both 
compounds are potentially useful intermediates for the 
synthesis of anthracyclinones. but we proceeded to 
investigate the pressure effect in the Diels-Alder 
reaction. 

Under high pressure, 26 (15 Kbar) the E isomer of 
dienic ester (14) reacted with pbenzoquinone to give 
the adduct 15 without meaningful amount of the 
aromatic side product 15a. The crystalline product 15 
was reduced under the Meerwein-Ponndorf-Verley 
conditions to give the lactone 16 which was smoothly 
converted into the enone 17 under Jones conditions. 

The anion ofcyanophthalide 4b was formed at - 78” 
with lithium diisopropylamide in tetrahydrofuran in 
the presence of hexamethylphosphoramide. Sub- 

0, 

(i) THF. r.t. 

(ii) SW", Ac20. TsOH. 0-S°C 

22 

L AC20 AC 

TsOH 

100% 

6 

1; I 
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sequent addition of the enone 17, warming to room 
temperature and stirring for 2 hr at ambient 
temperature, led to completion of the annelation 
reaction. The workup procedure consisted of the 
bubbling of a stream of air through the acidified 
aqueous suspension of the reaction mixture, and the 
brown gummy material gradually solidified to give a 
brownish yellow solid. The crude acid 26 was converted 
into the corresponding crystalline methyl ester with 
diazomethane. The overall yield for the two steps was 
42% based on recrystallized analytically pure ester 27. 

The latent C-10 OH functionality was revealed via a 
sequence of reactions in the manner described below, 
and the dimethyl ether 28” of the by-product & was 
used as a model compound to optimize the reaction 
conditions. 

Thus, epoxidation of compound 28 with m- 
chloroperbenzoic acid gave a mixture of the trans and 
cis oxiranes 29 and 29a separable by chromatography. 

Epoxidation of ester 27 with m-chloroperbenzoic 
acid, however, gave the epoxide 30 in 85.8% yield and its 
isomer 3Oa in -2% yield. This result was in contrast 
with the report of Remers et aLz* which described a 
product ratio of 6 : 4 for the isomers 32 and 32a from the 
epoxidation of 8,9dehydro+rhodomycinone (31). 

A plausible rationalization for these observations is 
that the preferred conformations for the epoxidation 
transition state are represented mainly by the following 

CN OP 

+ 

equilibrium. In case of 11-desoxy derivatives (X = I-I), 
transition state (a) is favored since the C-10 
carbomethoxy group of (b) being in the pseudo- 
equatorial position is subject to the allylic strainz9 
Approach of the oxidant from the /?-face of transition 
state (a) leading to the cis product 30a is hindered and, 
as a consequence, the major product is the truns isomer. 
On the other hand, the 11-OH group of the 
rhodomycinone derivative is capable of stabilizing the 
conformation (b) by the formation of an H-bond with 
the CO group of the C- 10 carbomethoxy functionality. 
Since the approach of oxidant from the p-face of 
transitionstate(b)doesnotresultinstericrepulsion,the 
yield of the cis product 32a is increased. Absence of the 
vinyl ethyl group in structure 28 may lessen the 
difference between the conformations (a) and (b). 

When a solution of the epoxide 29 in acetonitrile was 
treated with sodium bromide and ptoluenesulfonic 
acid at room temperature, a single bromohydrin 33 was 
obtained together with the tosylate 34 as a significant 
by-product. Fiirst and Plattner’s rule30 requires that 
opening of the epoxide should lead to predominantly 
diaxial cleavage, and as indicated in the formula 35 for 
the epoxide opening transition state, approach of the 
nucleophile to the C-9 position would result in severe 
steric interference with the C-10 carbomethoxy group. 
As a consequence, the ring opening reaction proceeded 
regioselectively to give the C-8 bromohydrin (33). The 

27 

cH~_c”~+~ 
tram CiS 

27 X-H 30 X=H 300 X-H 

31 X-OH 52 X = OH 32a X-OH 
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hijO CH3d CH$i 

29 33 34 

side product tosylate (34) could be avoided if p- 
toluenesulfonic acid was added in small portions to a 
solution of the epoxide and sodium bromide in 
a&o&rile. Indeed, when the improved reaction 
conditions were applied to the tetracyclic epoxide 30, 
the bromohydrin 36 was obtained in 85.8% yield, and 
its regio isomer 3611 was not isolatable. 

Demethylation of the 4-OMe group proceeded 
smoothly with aluminum chloride in methylene 
dichloride3’ at room temperature and 7desoxy 
aklavinone (39) was obtained in 81% yield. Radical 
initiated brominationr3 gave the 7-bromo derivative 
which during preparative silica gel thick layer 
chromatography was solvolyz.ed, giving racemic 
aklavinone (1)” in 30% overall yield. When solvolysis 
reaction was carried out in aqueous dioxane in the 
presence of calcium carbonate,24 the yield was 
improved to 54% for the two steps. The synthetic 
material was identical to a sample of the natural 
product3s in terms of chromatographic properties and 
mass, infrared, ultraviolet, and nuclear magnetic 
resonance spectra. We have achieved a regio- and 
stereo-selective total synthesis of racemic aklavinone in 

nButyltin hydride proved to be an unsuitable 
reagent for the removal of the extraneous bromide 
group of compound 36, presumably because the 
quinonoid skeleton acted as a radical scavenger. The 
hydrogenolysis conditions of Ringold et aL3’ were used 
with bromohydrin 33 as a model compound. Thus, 
when compound 33 was shaken over Pd-C in methanol 
in the presence of ammonium acetate, the major 
product was the oxirane 29, apparently the result of 
base-promoted cyclization. Addition of acetic acid to 
the above reaction mixture suppressed the cyclization 
side reaction and the desired 9-hydroxy compound 37 
was obtained in excellent yield (- 800/,). 

However, in our hands the best yield for 7desoxy- 
aklavinone derivative 38 from the hydrogenolysis of 
bromide 36 was 53%. 

CH30 

53 29 
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12 steps in 1.7% yield from readily available starting 
materials. 

EXPERIMENTAL 

Preparation of cyamphthalide 4~. s-BuLi (46 ml, 1.3 M in 
cyclohexane, 60 mmol) was added dropwise to a stirred soln of 
N,Ndiethyl+anisylamide (10 g 48 mmol) and tetramethyl- 
et.hyle&iamine (8.12 g, 70 mmol) in dry tetrahydrofuran 
(THF) at -78” under N,. After 2 hr stirring at -78”, 
dimethylformamide (DMF) (10 ml) was added dropwise. and 
the Bask was warmed to room temp over 1 hr. The reaction was 
quenched by adding water (10 ml) at 0”. and the organic 
solvent was removed under reduced pressure. The product 
was extracted with EtOAc and washed with water and brine. 
Removal of solvent yielded the crude aldehyde” (9.2 g) which 
was suitable for the next step without htrther puritication. 

The aldehydc (5 g, 21 mmol) was dissolved in WA aqueous 
THFandcooledtoO”.KCN(l.5g,23.1mmol)wasthenadded. 
and the soln was stirred until all the solid had dissolved. p 
Toluenesulfonic acid (3.99 g, 21 mmol)in WA aqueous THF 
was then added dropwise at 0”. After 5 min. the soln turned 
basic and was then allowed to warm up to 20”. More p 
toluenesulfonic acid was added until the soln remained acidic, 
and the stirring continued for 15 min. The cyanohydrin was 
extracted with EtOAc, washed with bicarbonate soln, dried 
over k&SO, and evaporated. A white crystalline solid formed, 
m.p. 120-121” (5.30 g). The crude cyanohydrin was dissolved 
in 80:20 THF:H,O with ptoluenesulfonic acid (3.99 g, 21 
mmol) and heated under reflux for 4 hr. The pH was monitored 
to ensure constant acidity. The mixture was then diluted with 
water, extracted with methylene dichloride, washed with 
bicarbonate, dried over MgSO,, and crystalhxed from 
EtOAc/hexane,mp. 155”(3.56& 93% yield), m.p. 155”. IR SK 
cm-’ 1800, 1690. 1601. 1495, 1302, 1200. NMR (60 MC, 
CDCl,) 6 ppm. 4.02 (3H, S, OCHs), 6.02 (lH, S, 
-CHCN-O-),7.lO(lH,d.J = 8Hz),7.23(1H,d,J = 7Hz), 
7.78(IH,dxd,J = 7.5Hz),MS(‘lOeV)m/e 189(M+), 171(M+ 
-H,O), 159(M+ -H&O), 143&I+ -H,O-CO).(Found: 
C,63.78;H,3.7l;N, 7.45.Cal~forC,~H,NO,:C,63.49; H, 
3.72: N. 7.4141%). 

~ep&i&“‘of E-methyl 3-ethylpenta-2.4dienoate (14). A 
soln of 45.8 ml of vinvllithium (89.4 mmol) in THF was added 
to a soln of 8.51 8 of& (44.7mmol) in 10.2 ml of Me,!3 (139 
mmol) and 30 ml of THF at - 50”. The dark soln was warmed 
to - 15” over 15 min, then cooled to -78”. To this soln of 
divinyl copper lithium, 4.17 g of methyl a-pentynoate (3.9 
mmol) in 10 ml of THF was added at -7O”, followed by 
stirring at the same temp for 3 hr and then quenching with 5 ml 
of MeOH. The mixture was then poured into 200 ml ofNH,Cl 

aq and extracted with EtOAc. The combined extracts were 
washed with water, dried over MgSO, and evaporated in 
uueuo. Separation of the residue by silica gel chromatography 
aIforded 3.96 g of product and some paraflin that came from 
the soln of vinyllitbium. In large scale, they could be separated 
by fractional distillation. 

GLC and NMR of this product showed that it consisted of 
about 85% desired dime, 10% Z-isomer and some starting 
material. 

The E- and Z-isomers could be separated by distillation 
using a spinning band column, but some product polymer&d 
during the distillation. E-isomer (14). B.p./32 mm 62.W. 
UV(MeOH)252nm(e 19,6OO).IR6’~cm-’ 1710,1625.1600. 
NMR (100 MC, CDCl,) 6 ppm, 1.02 (3H, 1, J = 8 Hz, 
C&CH;), 2.82 (2H, q, J = 8 I& CH,Cli;), 3.70 (3H, S, 
DC&), 5.40 (lH, d, J = 10.5 Hz, C,-Hs), 5.6 (lH, d, 
J = 17 Hx, &--HA 5.74 (IH, S, C,-II), 6.3 (lH, dxd, J = 
10.5, 17 Hx, C,-H). GC-MS (70 eV) m/e 140 (M+), 125 
(M+-CH,), 109 (M+-CH,O), 81 (M+-COOCHs). 
Z-isomer b.p. 27-64”. UV (MeOH) 251 nm (E 17,600). NMR 
(60 MC, CD&) 8 ppm, 1.13 (3H, t, J = 8 Hx, CHsCH;), 2.42 
(2H,q,J = 8Hz,CH,C~).3.70(3H,S,OC!&), 5.3-5.75(3H, 
m, C,-H,, Ha, C,-H), 7.7 (lH, dxd, J = 11,18 Hz, C,-H). 
GC-MS (70 eV) m/e 140 (M+), 125 (M+-CH,), 109 
(M+ -CHsO), 81 (M+-COOCH,). 

Preparationofhydroxyloctone(l6).Asolnofl.86gofl4and 
1.43 g of benxoquinone in 18 ml of benxene was refluxed under 
N2 for 75 br. The mixture was diluted with CH#&, washed 
with loo/, NaHSO, aq and water, and dried over Na,SO,. 
When the solvent was removed, 2.91 g of gum? remained. 

0.425 g of such gum and 1.92 g of freshly distilled aluminum 
isopropoxide were dissolved in 10 ml of isopropanol. The 
mixture was heated to a gentle boil and acetone and 
isopropanol distilled slowly from the mixture. In the 
meantime, isopropanol was introduced at such a rate as to 
keep the mixture approximately at constant volume. After 5.5 
hr, the mixture was concentrated under reduced pressure, 
treated with ice+old 5% HCI and extracted with CH,Cl,. The 
organicphase~aswashedwithasolnofNa~CO,aqandwater 
and taken to dryness in uucuo. The residue was crystallized 
from ether-hcxane to give 86.5 mg of 16. M.p. 148.5149”. 
Elementalanalyticalsample,m.p. 149lM”.(Found:C,70.91; 
H,7.39.CalcforC,,H,,O,:C,70.89;H,7.320/,).IR6~cn1-~ 
3400.1760. NMR (100 MC, CDCl,) 6 ppm. 1.02 (3H, t, J = 

7 The major component was ester IS, but it could not be 
purified. When the gum was purified by silica gel column 
chromatography, a crystal was isolated which was the 
aromatixed 1% m.p. 154-155”. 
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7 Hz, -f%CH,), 0 
II 

3.42 > lH, d, J = 11 Hz, -C&C--O- . 

0 

( 

\ 

J ( 

\ II 
4.43 lH, m, CHOH 

/- 
4.77 lH, m, CH-C-C- . 

/ i 
5.7-5.9 (3H, m, olelinic protons). IR 6E cm-’ 3350. 1700, 
1610.NMR(300MC,D6-DMS0)8ppm. l.O4(3H,t,J = 7.5, 
-CH,C_H,), 2.13 (2H, m, --C&CH), 

3.05 (lH, bd, J = 22) 
\ 

3.27 (lH w J = 22),CHz. 3.53 (3H, S, -COf)CH,), 

. , 

( 

\ 
4.33 lH, t, J = 3.5 Hz, . 

/ 
CI+COO- 

> 

5.77(1H,bs,olelinicproton),6.47,6.53(2H,dandd, J = 8.5 Hz 
aromatic protons), 8.65,8.79 (2H, bs, phcnolic protons). 

When the Diels-Alder reaction was performed under high 
pressure (15 Kbar), crystal of 15 could be isolated. Mp. 54- 
54.5”. UV (MeOH) 293 nm (~404). 224 run (8 10,300). IR 62 
cm-i 3300-3500,1730,1690,1600. NMR(300 MC, CDCl,)d 
ppm. 1.02 (3H, t, J = 7.4, -CH,CII,), 2.00-2.24 (2H, m, 
-CH,CH,), 

2.28-2.4 (lH, m) 
\ 

2.90, 2.97 (lH, bd) 
( ) / 

CH, 

OH 
3.11-3.19 (lH, m) II 
3.24-3.30 (1 H, m) 

i +I 
2 

H 

3.49 
( 

lH, d, J = 5.3 +COOMe 
> 

3.54 (3H. S, COCCI&), 
5.56 (lH, m, olcfinic proton) 

H H 

6.67(1H,d,J= 10.4) 0 
+ 

- 

6.79 (1H. d, J = 10.4) MS (70 eV) m/e 248 (M+), 216 (M+ 
-CH,OH), 188 (M+ -HCO,CH,), 189 (M+ -COOCH,), 
160 (M+ -HCOsCH,-CO). 

Preparation of enone lactone (17). Hydroxy lactonc 16.0.65 
g, was dissolved in acetone (20 ml) and cooled to O-5”. 8 N 
chromic acid (1.5 ml) was added dropwise until the brown 
color persisted. After 3 mitt, isopropyl alcohol was added to 
destroytheexcessoxidant.Thcmixturewasdilutedwithwater 
and extracted with CT&Cl, (four times). The extract was 
washed with water and dried over MgSO,. Removal ofsolvent 
gave 0.647 g of product, tup. 130-131.5”. The analytical sample 
was recrystallized from acetone-hexane, m.p. 132-132.5”. UV 
(MeOH)210nm(s9510).IR~~cm-1 1734 1680.1630. NMR 
(100 MC, CDCI,) 6 ppm. 1.05 (3H, t, J = 7 Hz, -CH,CI-I,), 

( 

\ 
5.04 lH, dxd, J = 4.65 Hz, 

/ 
CH--o_ 

> 

5.77-5.93 (lH, m, >-<“) 

6.20( lH,d,J= lO,$) 

6.97 lH, dxd, J = 4, 10 Hx, 

MS (70 eV) m/e 218 (M+), 203 @I+-CH,), 173 
COOH), 159 (M+ -CO,-CHr), 145 
COOH-CO).(Found:C,71.61;H,6.5O.CalcforC,sH,~O~: 
C, 71.54; H, 6.46%). 

Preparation of A8eg -tetracycline (27). A sample of 0.500 g 
(2.65 mmol) of 4a in 15 ml of THF was added over 5 min to a 
soln of LDA prepared from 0.426 ml (3.06 mmol) of 
diisopropylamine, 2.92 mm01 of n-BuLi and 1.0 ml of 
hexamethylphosphoramide in 10 ml THF at -78”. After 
stirring at -78” for 10 min, enone 17 (0.55 g, 252 mmol) in 15 
ml of THF was added to the yellow soln over 10 min. The 
mixture was allowed to warm io room temp and stirred for 
another 2 hr at room temp. AcOH (3 ml) was added. The color 
of the mixture turned yellow again. The mixture was poured 
into 300 ml of 2.5% HCI, stirred, and a stream of air was 
bubbled through the soln. At lirsf a brown gum floated on the 
surface, which turned into a brown-yellow solid. The solid was 
filtered and washed with water and ether ; 0.709 g ofcrude acid 
was obtained, m.p. 165-167”. 

The crude acid was suspended in 50 ml of CH,Cl, at O-5”. 
After addition of CH,N, in ether, the soln turned clear. After 
3.5hr,someAcOHwasadded.Removalofso1ventgave0.8gof 
an orange gum. Trituration with ether and filtration gave 
0.544 g >f crystal (m.p. 175-185”). Recrystallixation from 
CHCkther vielded 0.416 I( of A**‘-tetracvcline 27, m.o. 
189.5G94.5”. The m.p. of the analytical sample was i97.5- 
198.5”. UV (MeOH) 415 nm (e 10,400), 262 nm (s 25,200), 253 
nm (Sh e 21,700), 224 nm (s 36,800). IR Sz cm-’ 3430,1730, 
1665,1625,1585.NMR(100MC,CDCl,)bppm.1.09(3H,t,J 
= 7Hz,-CH,CH,).2.&2.4(2H,m,-C&CH,),3.3-3.6(2H, 
m, -&-HA, 3.63 (3H, S. -COOCH,), 4.02 (3H, S, 
-OCH,), 4.38 (lH, m, -C,,-H), 5.89 (lH, m, Cs-H), 7.30 
(lH,dxd,J = 8,1.5H&C,-H),7.62(1H,S,C,,-H),7.67(1H, 
t,J = 8H5C,-H),79O(lH,dxd,J = 8, ~.SHZC~-H).MS 
70eVm/e392(M+),363(M+-C,H,),333(M*-COOCHs). 
(Found: C, 70.63; H, 5.13. Calc for CI,H,,06: C, 70.4; H, 
5.13%). 

Preparation of 8,9-a-epoxide (30). A sample of 0.204 g of 27 
was treated with m-chloroperbenxoic acid in 30 ml of CH,Cl, 
at room temp for 17 hr. The mixture was diluted with CH,Cl, 
and washed with loo/, soln of NaHSO, aq, 5% soln of 
NaHCO, aq and water. The organic phase was dried over 
MgSO& When the solvent was removed, 0.211 g of oyge 
solid remained. Recrystallization from EtOAc/CHCl, gave 
0.176gof3O.M.p.221231”.Elementalanalysissample-m.p. 
233.5-234.5”. UV (MeOH) 416 nm (E ll,OOO), 285 nm (s 9590), 
260 nm (s 26,000), 228 nm (E 38,500). IR 62: cm-’ 3450,1735, 
1665,1630,1585. NMR (100 MC, CDCI,) d ppm. l.O4(3H, t, 
J = 7 Hz, -CH,CII,), 

3.13 (lH, 6d. J = 18.5 
3.50 (lH, 6s. G-Hz, G-H) 
3.74 (lH, 6d, J = 18.5 1 

3.76 (3H. S, -COOCH,), 4.03 (3H, S, -OCH,), 4.34 (lH, 6s. 
C *c-H), 7.30 (lH, dxd, J = 8; 1.5 Hz_ C,--H), 7.59 (1H. S, 
C -H), 7.68 (lH, t, J = 8 Hz, C,-H), 790(1H, dxd, J = 8 
H~15Hz,C,-H).MS70eVm/e408(M*),390(M+-H,0), 
379 (M+-C-H.1349 (M+-COOCH,). (Found: C, 67.54; 
H, 4:75. Calc-f~o;C,,H;~O,: C, 67.64; H, 4.94%). 

Preparation of brornohydrin (36). pToluenesulfonic acid 
(0.082 g, 0.43 mmol) in 5 ml of acetonitrile was added to a 
suspensionofNaBr(O.5Og)and3O(0.176g,0.43mmoljin25ml 
of a&o&rile at room temp over 45 min. The mixture was 
stirred overnight. Some CH,CII was added, the mixture was 
washed with water, and the organic phase was dried over 
MgSO,. When the solvent was removed in wcuo, 0.200 g of 
orange solid remained. Recrystallization from CHClJether 
gave 0.1505 g of orange crystal of 36. M.p. 165-170” (dec). The 
analytical sample melted at 192-194” (dec). NMR (300 MC, 
CDCl,). 1.02 (3H. 1, J = 7.5 Hz, -CH,C&), 2.01 (2H, m, 
-Q!,CH,), 
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3.32 (lH, dxd, J = 9,19 Hx, 

3.68 (lH, dxd, J = 6,19 Hz, 
7-H& 

3.83 (3H, S, -CGCQ&), 4.02 (lH, S, C,,-H). 4.08 (3H, S, 
-GC&),4.49(1H,dxd,J = 6.9Hx,C,-H),7.37(1H,d,J = 8 
Hx, Cs-H), 7.46 (lH, S, t&--H), 7.76 (lH, t, J = 8 Hz, 
C,-H), 7.95 (1H. d, J = 8 Hz, C,-H), 2.63 (lH, S, --OH), 
13.39 (lH, S, Ar-OHj. MS 70 cV m/e 408 (M+ - HBr), 390 
(M+-HBr-H,O), 379 (M+-HBr-&H,), 349 (M’ 
- HBt-CGsCH,), 8280 (HBr +). 

Debrominution of the bromohydrin (36), 7-desoxy40- 
methyl-aklauinone (38). A sampk of 100 mg of 36 dissolved in 
15mlofMeGHwasstirredunderH,inthepresenceoflOOmg 
of 5% Pd-C and 54 mg of ammonium aatate and 0.07 ml of 
AcGH. In 4 hr, 14 ml of H, was absorbed. Tbe residue, after 
removal of catalyst and concentration in oacuo, was separated 
bv orenarative silica ael TLC and nave 13.2 ma of 30 aad 22.7 
t&of hebrominationproduct 38.M.p. 238-219” (corrected), 
234-235” (uacorrected) for elemental analysis. UV (MeGH). 
418nm(e8060,347nm(Sh)(.s4740),284mn(9920)(Sh),260mn 
(E 22,600), 226 mn (e 30,600). IR aE cm-’ 3450,1734,1675, 
1630,159O. NMR (300 MC, CDCI,) 6 ppm. 1.09 (3H, 1, J = 7 
Hz, -CH,CH,), 1.85-2.05 (2H, m, -CH,CH,), 
2.0-2.3 (2H, m, Cs-H,) 
2.8-2.95 (lH, m, C,-aH) 
3.0-3.15 (lH, m, C,+H) 
3.72 (3H, S, -CCXXH,), 3.94 (lH, S, Cm-H), 4.08 (3H, S, 
-OCH,), 7.37 (lH, d, J = 9.5 Hz, C,-H), 7.60 (lH, S, 
C,,-H),7.74(1H,t.J = 8.5HzC,-H),7.95(1H.d, -7.5Hz, 
C;:H); 12.78(18, S, Ar-GH). MS 7deV m/e 410(M+), 392 
(M + -H-O). 363 (M+-H,G-C,H.I. 360 (M’ 
-H,G-CH,OH), 333 (M+ -I&G-&&H,). (Found: 
MW 410.1415. Calc for C23H2207: MW 410.1366). 

Demethylotionof(38),7_desoxy~oinone(39). Methylether 
38 (22 mg) and 108 mg of AlCl, in 5 ml of CH,Cl, were stirred 
under N, at room temp for 19 hr. HCl(1 ml 10%) was added. 
The mixture was extracted with CH,Cl,. and the extract was 
washed with water. The residue. after coaoentratioa in uacuo, 
was puriIkd by preparative silica gel TLC and 17.3 mg of 39. 
For analysis, this product was recrystallizd from EtOAc. 
M.p. 214-216” uncorrected, 218-220” corrected. UV(MeGH) 
432nm(s12,400),290am(s9230),278mn(Sh,s12,600),259nm 
(E 27,300), 229 nm (E 34,400). IR 6”_: cm - ’ 3560,3440, 1730, 
1675,1625,1580. NMR (300 MC, D6-acetone). 1.08 (3H, t, J 
= 7.4 Hz,-CH,CII,), 1.5-1.8 (2H,m,--CH&H,), 1.98.2.25 
(2H. m, C.-H,), 2.8-3.05 (2H. m. C-H,1 3.71 (3H. S. 
-cOOC&), 4.00 (lH, S, C;,--H);7.34 (lH;dxd, J = 1.8, 8 
Hz, C,-H), 7.57 (lH, S, C,,-II), 7.75-7.83 (2H, m, Cs-H 
and C,-H). MS 70 eV m/e 396 (M+), 378 (M+ -HaO), 364 
(M+-CHsOH), 346 (M+-CHsOH-H,O), 340 (M+ 
-CH,CH=CHO), 319 (M+-CGGCH,). (Found: M.W. 
396.1237. Calc for C,,H,,O,: M.W. 396.1209). 

D-Aklaoinone (1). N1 was bubbled through a soln of 3.6 mg 
of 39 in 10 ml of CC&. A soln of Br, in CCl, (0.75 ml, 0.05 M) 
was slowly added while the mixture was stirred and irradiated 
with a 150 W lamp. After 0.5 hr concentration in vacw, it gave a 
yellow-orange solid. 

Separation and solvolysis with a hydrated silica gel plate, 
which was pretreated with elutioa of 2% MeOH in CH,CI, 
and air dried at room temp for 15 min, gave 1.6 mg of d,l- 
aklavinone. Recrystallization from EtOAc-hexane (twia) 
raised the m.p. to 177- 179” (uncorrected) and recrystaIlization 
from MeOHCHCl, gave a needlelike crystal m.p. 207-209”. 
Comparison with an authentic sample of aklaviaone showed 
that they had the same R, value in TLC and coincidental mass 
andNMRspectraMS70eVm/e412(M’),394(M+-H,O), 
376(M+ -2H,O),361(M+ -2H+-CH,).UV(MeGH)289 
mn (e 71 lo), 277 um (Sh, E 7290), 258 nm (e 18.000). 228 nm (s 
~,500), 211 mn (Sh, E 12,700). IR SF cm-’ 3440,17341680, 
1625,1575. 
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