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Abetraet-(3-Methoxybylalcohol)chromium tricarbonyl (10) and (7-methoxy-1-tetralol)chromium 
tricarbonyl(12) are se.lectively lithiat$ at the 4- and Cpositionq reqectively, by treatment with n-BuLi- 
TMEDA. Since the dinktal litbiation ofthe corresponding chromium free arenesnormally proceeda at the 2- 
and 8-positions, complementarily substituted arents can be prepared by u?ing the chromium tsicarbonyl 
complexes. The different position, of litbiation is explained by the relative contiguration of the chromium 
tricarbonyl group in the (arene)Cr(CO), and dectrostatic factors. Some antiaquinones, J&36,42, and 7- 
hydroxycalamenenes, 43, have hem synthea@d through the stereo- and regioselective introductkm of 
substituents by means of (q”-ar+chromium tricarbonyl complexes. 

Directed nuclear lithiation induced by a heteroatom 
substituent at its ortho position is an important reaction 
for the regioselective functionalizatibn of aromatic 
compounds.’ The groups which facilitate this ortho 
lithiation of the aromatic ring possess an electron- 
withdrawing effect from the aromatic nucleus and/or a 
co-ordinative property towards the lithium atom by a 
proper heteroatom in groups, such as methoxyl, 
methoxymethoxyl, ammo, carboxamide, sulphon- 
amide and oxaxoline. This reaction provides an excel- 
lent alternative to FriedelCrafts methodology for the 
synthesis of substituted arene derivatives. Recently, 
ortho lithiation of various arene compounds has been 
developed for natural product synthesis and reviews 
in this field have appeared.’ However, the lithiation 
reaction sometimes requires vigorous conditions 
and does not give satisfactory selectivity, especially 
in the case of substituents with a weak ortho directing 
ability. This dikulty makes it necessary to create an 
activated molecule susceptible to selective lithiation. 

(@-Arene)chromium tricarbonyl complexes, readily 
obtained from the arenes and chromium hexacarbonyl, 
are regarded as such activated molecules. They are 
usually air-stable, soluble in various solvents and easily 
handled yellow to red crystalline solids. They are 
usually purified by chromatography and recrystal- 
lization. ($-Arene)chromium tricarbonyl complexes 
have the followingfive characteristics due to the strong 
electron-withdrawing ability and sixe of the Cr(CO)J 
group:” (1) steric effect of the chromium ligand; (2) 
stabilization of the benxylic cation; (3) stabilization of 
the benxylic anion; (4) enhanced acidity of the ring 

hydrogens; and (5) nucleophilic addition to the arene 
ring. Since the arene group is readily released in a 
proper step from the complex by mild oxidation with 
aqueous Ce(iV) or iodine, or by exposure to air and 
sunlight, the ($-arene)chromium tricarbonyl com- 
plexes are useful for organic synthesis. 

DIRECTED LlTHL4TION OF 
(+ARENE)CHROMzuM TRICARBONYL 

COMPLEXES 

Co-ordination of the chromium tricarbonyl group to 
an arene enhances the kinetic acidity of the ring C-H 
bond. Therefore, the directed lithiation ofthe arene ring 
is expected to occur more easily than for the parent 
arene. It is known, however, that the reaction of 
($-arene)Cr(CO), with various alkyl or aryl lithium 
reagents can also lead to nucleophilic addition to a 
carbonyl (formation of a metal-carbene complex*) or 
q6-ligand (ring alkylation5), depending on the reac- 
tion conditions and the nature of the bases and nucleo- 
philes. It is, therefore, of interest to develop a more 
effective route to ($-lithioarene)Cr(CO)s in order to 
extend the chemistry of (arene)Cr(CO),. Generally, 
the reaction with n-BuLi at low temperature 
predominantly resulted in the directed lithiation of the 
arene ring. For example, (benxene)Cr(CO), gives 
@henyllithium)Cr(CO)J (n-BuLi, below - 20’7, which 
can be substituted by quenching with various 
electrophik6 Similarly, the chromium complexes of 
anisole, fluoro- and chlorobenxene were lithiated in the 
ortho position to the heteroatoms (Scheme l).6*7 
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These results were particularly interesting, because 
benzene and chlorobenzene without complexation 
could not be easily lithiated. Since the (arene)Cr(CO), 
easily undergoes regioselec&e nucleophilic substi- 
tution by the addition-oxidation mechanism,” the 
o&o-lithiation reaction, combined with meta- 
nucleophilic substitution, was ingeniously applied to 
the synthesis of (f )-frenolicin (1) from (o- 
trimethylsilylanisole)Cr(CO), (2) by Semmelhack and 
Zask.9 
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Proton abstraction from the (arene)Cr(CO), occurs 
with different regioselectivity from that of metal-free 
arenes. The reaction of (NJVdimethylaniline)Cr(CO)J 
with n-BuLi gives a regioisoineric mixttie of N,N- 
dimethyltoluidines (ortho-metqxffa, 31:. 50 : 19) after 
quenching with methyl iodide, follow&l by oxidation.” 
Since NJV-dimethylaniline itself was lithiated at the 
ortho position via intramolecular co-ordination of 
nitrogen to thelithium atom,” the complexation of the 
chromium group clearly facilitated the meta substi- 
tution compared to the uncomplexed arene. In view of 
the fact that introduction of substituents to the meta 
position of an electron-donating group is difficult by 
usual aromatic substitution, it is worthwhile develop 
ing the above reaction of the chromium complexes. 

Widdowson’s and Oishi’s groups reported in- 
dependently that meta functionalization of the 
chromium tricarbonyl complexes of aniline and phenol 
was realized by protection of the amino or hydroxyl 
groups with bulky protecting groups, which sterically 
blocked the ortho position.” In these cases, tri- 
isopropylsilyl and tert-butyldimethylsilyl groups were 
very effective not only for blocking the or& position 
but also for directing meta selectivity, as exemplified by 
complexes 3 and 4. The normally dominant inductive 
labilization of the ortho proton would be effectively 
negated by the bulk of the protecting group. Although 
the origin of the metn-lithiation is not known with 
certainty, the conformation of the chromium tricar- 
bony1 moiety to the arene ring is an important factor. X- 
ray crystallography of complex 3, as well as of aniline 
and anisole chromium complexes,’ 2 has established an 
eclipsed structure 5. ‘lb In these complexes, meta- 
litbiation is assumed to proceed through the 
abstraction of a hydrogen eclipsed to the carbonyl 
ligand via intramolecular co-ordination of a lithium 
and a carbonyl oxygen atom. An extension of current 
theories has also suggestedI that an electron deficiency 
at the eclipsed carbon atom promotes either 
nucleophilic attack or deprotonation. depending on 
the rqgents employed. 

7 meta-Oxygenated N-qbtituti beoxamides, piperonal 
cyclohexylimine, dimethylllatpl of metu-oxygenated benz- 
aldehydc, oxy~@~I qenzYlamine and 2-(3-methoxy- 
phenyl)+-di&ethyl-2-oxazoline are selectively Mhiatcd 
at the Zposition via an intramolecular w-ordination; see 
Ncwkome.’ 

We have been interested in the regioselectivity of the 
nuclear lithiation in compounds where two ortho 
directing groups are located at the 1,3-position. In such 
compounds, lithiation occurs predominantly or 
exclusively at the 2-position,t even ifthe ortho directing 
ability of each of these substituents is not strong. For 
example, the lithiation of 3-methoxybenzylalcohol(6) 
and ‘I-methoxy-l-tetralol (7) occurred at the 2- or 8- 
position with high regioselectivity to yield y-lactone 
derivatives 8 and 9 after quenching with carbon dioxide 
(Scheme 2).‘* 

On the other hand, (3 -methoxybexuylal 
cohol)Cr(CO), (10) was found to be lithiated mainly at 
the 4-position. Thus, 10 was treated with 2 equiva- 
lents of n-BuLi and tetramethylethylenediamine 
(TMEDA) at -78” and then quenched with carbon 
dioxide to give two products (8 and 11) in a 23 : 77 ratio, 
after demetallation and subsequent methylation 
(Scheme 3). ” The proportion of C-4 lithiation of 
complex 10 increased with increasing bulk ofthe alkyl- 
lithiumreagent.However,chromiumcomplexlOagave 
the Clithiated product exclusively, even with n-BuLi, 
presumably due to additional chelating ability of 
the methoxymethyl substituent. The results of (3- 
oxygenated benzylaloohol)chromium tricarbonyl 
complexes with isomeric butyllithium reagents are 
summar&d in Table 1. 

since the e&ct of chromium co-ordination on the 
regioselectivity of aromatic lithiation was expected to 
be manifested more clearly by conformational fixation 
of the benzylic hydroxyl group, we next attempted the 
analogous reaction with the chromium complexes 
of 7-methoxy-1-tetralol and its derivatives. Indeed, 
e&o-(7-methoxy-1-tetralol)Cr(CO), (12) gave 
7-methoxy-6-methoxycarbonyl-1-tetralol exclusively, 
in contrast to the result with the parent free arene men- 
tioned above. Similarly, (2-substituted ‘I-methoxy-l- 
tetralol)Cr(CO), afforded a single product lithiated at 
the 6-position in high yield (Table 2). The 
diastereomeric chromium complex 14 with an exo- 
hydroxyl group, still gave predominantly the 6- 
methoxycarbonylated product under similar reaction 
conditions. From the X-ray crystallography, two 
carbonyl ligands were found to be located in proximity 
to the 6- and 8-positions of the arene ring. Therefore, 
lithiation is presumably initiated by the formation of a 
lithium complex co-ordinated with both the methoxyl 
oxygen at C-7 and an oxygen of the carbonyl ligand, 
followed by abstraction of hydrogen at either the d or 
8-position. The I-position, however, is less susceptible 
to proton abstraction due to steric hindrance and 
electrostatic repulsion by the benzylic alkoxide anion. 

Since the hydroxyalkyl group is a poor ortho 
director, lithiation of Cr(CO), complexes possessing a 
benzylic ether linkage was next examined. Free arene 
compounds of this type, such as alkylbenzylethers and 
acetals of benzaldehydes, are generally not feasible for 
ortho-lithiation because of the well-known propensity 
for deprotonation at the benzylic position, followed by 
Wittig rearrangement l6 and a&al ring cleavage,l ‘I 
respectively. Reaction of (3-methoxybenzyl- 
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Scheme 3. Lithiation of (3+xygenated .benxyl alcohol)Cr(CO),. 

Table 1 

Entry Complex R2 Ek&OphilC Ratioof8:ll Yield (“/’ 

1 10 ll-BU CO,’ 23:77 71 
2 10 set-Bu CG’ 15:85 55 
3 10 t-BU CG’ 5:95 48 
4 10 t-Bll Mc,SiCl 6:94 50 
5 l(k n-Bu CQ’ 2:98 45 
6 101 n-Bu Mc,SiCl 2:98 67 

‘Isolated as the methyl eater and y-lactone after treatment with diaxomethane. 

Table 2 

Entry Complex R’ R’ Elcctrophile y&I (%) 

1 12 H H CO, 65 
2 12 H H k,sia 96 
3 12 H H pMeQC,H,CHO 90 
4 12 H H o-C,H,(CO,Me)z 91 
5 12 H H MeCH=C(Me)CoCl 82 
6 13 MC H co2 63 
7 13 Me H DMF 90 
8 14 MC Me DMF 92 
9 15 CH(OH)Me H CQ 55 

10 14 H H co2 52b 

‘e~~+Hydroxyl omnpkx. 
bRatioofproductaatG6andC8is86:14. 



5714 M. Uhcvru et al. 

Table 3 

17 22 Rl=B2-R3-" R3-one 

19 Rl-R2-OMe it)-H 
-12 
23 R -R -!4e R3-H R4-OMe 

Complex 

17 
18 
18 
19 
20 
21 
22 
23 

Electrophile 

ClCO,Me 
ClCO,Mc 
Me,SiCl 

ClCO,Me 
ClCO;Me 
ClCO,Me 

DMF 
DMF 

Lithiated 
positions 

(ratio) 

2124 (83 : 15) 
214 (93:7) 
2/2,4 (70 : 25) 
2/25 180: 15) 
i/i5 (81: i3j 
2/4 I51 : 381 
8j6 ‘(0:lod) 
8/6 (0: loo) 

Yield (%) 

67 
84 
90 
65 
92 
58 

methylether)Cr(CO), (17), however, with n-BuLi 
and, subsequently, with methylchloroformate gave 
2-methoxycarbonylated and 2,4-bis-methoxy- 
carbonylated product in an 83: 15 ratio (Table 3). This 
result contrasts with those obtained with complex 10 
which bears a free benxylic hydroxyl group. Similarly, 
(3-methoxybenzaldehyde ethyleneacetal)Cr(CO), (18) 
was lithiated at the 2-position with high selectivity and 
the chromium complexes of other acetals also reacted 
predominantly at the position flanked by methoxyl and 
a&al groups. Since the above-mentioned electrostatic 
repulsion between an alkoxy anion and n-BuLi is 
absent in such cases, deprotonation at the 2-position is 
observed via favourable co-ordination of lithium with 
the proximal oxygen atoms of the two ether groups. 

This chelating effect is to be distinguished from the 
steric effect in complex 21 in which lithiation at the 2- 
position is suppressed by the introduction of the methyl 
group at the bcnxylic position. The steric susceptibility 
of this reaction is further exemplified by tetralol methyl 
ether complexes 22 and 23, which possess a 
conformationally fixed hindering methoxyl group at 
the benzylic position.? Thus, we conclude that the steric 
bulk of the rigid tetralin derivatives can over-ride the 
favourable co-ordination effect. 

SYNTHESIS OF ANTHRACYCLINONE 
ANALOCXJES 

The clinical utility of the anthracycline antibiotics, 
daunorubicin, adriamycin and aclacinomycin A, has 
promoted considerable efforts to find, by partial or 
total synthesis, close analogues having anticancer 

t(endo-Methyl ether of 7-methoxy-1-tetralol)Cr(CO), 
underwent deprotonation at the benzylic position without 
nuclear lithiation. The benzylic hydrogen of (arenc)Cr 
complexes is easily abstracted by base : see Dsvics et al.i60 and 
Brocard et al.18. 

$Air oxidation of the anthrone 28 gave an unidcntitied 
dimeric product and an A-ring aromatized product. _ 

activity and/or lower cardiotoxicity.lg We have 
developed20 regioselective synthesis of ( f )deoxy- 
rabelomycin (31), ( f )-decarbomethoxyaklavinone 
@I) and ( f )- 1 ldeoxydaunomycin (42) by 
applying the specific reactivity of the (arene)Cr(CO), 
complexes. 

Deoxyrabelomycin 
The (7-methoxy-1-tetralone)Cr(CO)s was methyl- 

ated withNaHand Me1 togivea2_exo-methylcomplex 
which was converted into (7-methoxy-2-methyl-l- 
tetralol)Cr(CO), (24) by stereoselective reduction.2’ 
Directed lithiation of the complex 24, followed by 
quenching with 2-formyl-3-methoxy-N,N-diethyl- 
benzamide and subsequent decomplexation, gave a 
diastereomeric mixture of hydroxyphthalide deriva- 
tives, 25, without formation of regioisomeric products, 
in a 40-soO/, yield. Dehydration of 25 with KHSO, gave 
an olefinic phthalide, 26. 

The phthalide, 26, was also obtained more easily by 
the following sequence. Treatment of the dilithio 
compound of complex 24 with DMF, followed 
by decomplexation and subsequent dehydration, 
afforded 6 - formyl - 7 - methoxy - 2 - methyl - dihydro 
naphthalene (27) in a 92% yield. Condensation of 27 
with the dilithio compound of 3-methoxybenzanilide 
gave the phthalide 26 in 80% yield. 

Reduction of 26 with zinc dust, followed by ring 
closure with trifluoroacetic anhydride and trilluoro- 
acetic acid by the usual method gave anthrone 28 in an 
89% overall yield. Oxidation of 28 into a desired 
anthraquinone with retention of the olefinic double 
bond was troublesome.$ However, dihydroanthrone 
(29). obtained by catalytic hydrogenation of 2g, was 
easily converted to an anthraquinone which gave 
deoxyrabelomycin (3H2 by demethylation with AlCl,. 

Decarbomethoxyakhinone 
The anthraquinone Xi, an intermediate to decarbo- 

methoxyaklavinone (38),23 was also easily synthesized 
by the short, regioselective route as follows. 5- 



Methoxy-1-tetralone was converted into a ($- 
arene)Cr(CO)s, 32, in a W/, overall yield by the 
following sequence: (1) cr(co),; (2) Ll%b!:; (3) 
B(OCsH,)sN, Et!; and (4) LiAlH,: T+tment.of the 
dilithio comL+r.rd of,complex 32 w$h DM’F, followed 
by air oxiWion, gave a mixture’ of 6 and 8-formyl 
compounds in a ratio of6 : 4. This undesirable lithiation 
at the I-position was attributed to the co-ordination of 
the lithium with the benxylic alkoxide grou~.~* 
Exclusive introduction of the formyl group at the 6- 
position could be achieved by protection of the 
hydroxyl group as trimethylsilylether in an 80”/, overall 
yield. Deprotection and dehydration of 33 gave 6- 
formyl-S-methoxydihydronaphthalene which wascon- 
verted into an anthrone, 35, through a phthalide 
derivative, 34, by the same method as described above. 
The anthrone, 35, was easily oxidized (O,, K,COs) to 
the corresponding quinone, 36. 

Compound 41 was converted into the anthraquinone, 
42’s by the procedure mentioned above. 

Wt& 

2. 2 

SYNTEUBIS OF 74WDROXYCA 

($-Arene)Cr(CO)s would be applicable to the 
stereoselective introduction of various substituents 

1 !-Deoxydaunomp5nom2’ 
(~6-Styrene)Cr(CO), Was ~+gnixed as the equiv- 

alent of;a Michael’ acceptor, in which hu&ophilic 
addition occurs at the /?-position of a styrene lig&u$ 
generating the stabilized benxylic anion.26 This 
nu&oph& addition to the /?-position is a useful 
method for the synthesis of anthraquinones possessing 
an acyl group at C-9 since mgnard addition to /I- 
t&alone usually proceeds giving a low yield with a 
lairgelxaesofthereagentbesguwofeaayeno~ti~af 
the aubonyl grou~.~’ Thus, (5methoxy-3,4-dihydFo_ 
naphth&n@oCO), 0, ea&ly obtained froin 5- 
metlioxji-l-W&o Wee converted into a (2-&o- 
substituted&nethoxytetraline)Cr(CO)s, 40, in 876/, 
yield by. tmatment with a c&anion of proteuted 
acetaldehyde cyanohydrin. Condmuation of the htlrio 
derivative of oomp&x 40 with 2-ti~myl-3-me&&y- 
iV;gave a diastemomerm Lao- 
phth&& &i~ativd, ,41, by the usual met&d. 

into ai ‘$liqclic rjng ,wt to the arene ring. Since 
co&iriatio~ by the Cr(CO), group c&fen3 a third 
d@ie’@on,,oO the molecular structnre ~&ii& has 
teraochermcpl consequen* electrophilic or pucleo- 

~hilicatt&atthereactivecentreofanali&icring 
ortho condensed to an aromatic moiety always occurs . 
trmqc&&y in an e.xa fashion Thisconcept has 

and frani-7-hydroxycalamenenes (43).2g 
I$acdon ‘of methyl - 4 - (p - metboxypWnyl - 5 - 

meth@hexa&te with Cr(CO), gt&* t&e #f&v ($- 
arene)Cr(CQ) &‘which was bydiol~ $0 afford an 
a& 4S& : .M&ougtl reaction of .com&x‘4S with 
polyphe@Wic a&j was not WaocahJ cyclization of 
the conasponding acid chloride with AiCls afforded an 
ex&opropyl .&&alone complex, 46 in a 60.5% yidd 
along with a trace of the endsis+opyl ~is;omer, 47. 
Methyl signals of the isopropyl’moiety ofthenrstjor; less 
potar compotmd 46 app&red at higheritefd t&n the 
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corresponding signals of the minor, more polar product 
47.30 

Reaction of the exe-isopropyl complex 46 with MeLi 
gave a single exe-methylated product, 48, which was 
converted to the Gformyl complex49 by treatment with 
n-BuLi and, subsequently, with DMF. Ionic hydro- 
genolysk?’ of complex 49 with an excess of EtsSiH and 
CF,CO,H resulted in stereoselective hydride displace- 
ment at the benzylic position via a carbocation, along 
with the exhaustive reduction of the formyl group, 
giving a complex 50. Decomplexation and subsequent 
demethylation gave trans-7-hydroxycalamenene (43b). 

On the other hand, e&-isopropyl tetralone com- 
plex 47 was converted into ck7_hydroxycalamen- 
ene (43a) through an endo-isopropyl-en&methyl 
complex (51) by a similar reaction sequence. c&7- 
Hydroxycalamenene was also prepared stereoselec- 
tively from complex 49 by the following ~procedure. 
Decomplexation and dehydration of complex 49 
gave a dihydronaphthalene derivative, 52, which was 
converted to 430 by catalytic reduction with 10% Pd-C 
and subsequent demethylation. 

were obtained by a similar method. Yields and physical data 
are given below. 

[3 - (Mnhoxymcthoxy)bmzvl~c~~o~ ticdonyl 
(1Oa).Yield65%;unstableyellowliquid;iRv~cm-1:3400, 
1990,1910,1900; ‘H-NMR(CDCl,): 6 2.20 (lH, f J = 7 Hz), 
3.40 (3H, s), 4.26 (2H, d, J = 7 Hz), 4.89 (1H dd, J = 1,6 Hz), 
S.O0(2H, s), 5.20(1H, dd, J = 1,6 Hz), 5.3O(lH, d, J = 1 Hz), 
5.50 (1H. 1, J = 6 Hz). 

7 - Methoxy - 1 - tetrolol)chromium tricarbon~l. Yield 65% : 
m.p. 95-96” ; iR vp(cI’ cm- ‘: 1975,1920-1880. 1685. 1540; 
‘H-NMR(CDCl.):8 1.85-3.0016H. m). 3.66 13IL s15.M (1IL 
d,J=6H&5.49_ilH,dd,J=~6I&):&X(iH,~j-2’Hz) 
(Found:C,53.61;H.3.89.CalcforC,,H,IO,Cr:C,53.85;H. 
3.870/) 

(5 - Methoxy - 1 - tetr&ne)chro&fan tricmbonyl. Yield 
75x;m.p. 116115”;IR v~L&-‘: 1990,1920,19i0,1650, 
1510;1H-NMR(CDCl,~:6 1.8~3.28(6H.ml3.7213H.s).5.26 
(lH,d,J=6Hxj,5.43(~H,t,J=6Hz),5.;0~lH,~J~ijHx~ 
(Foux~I:C,53.81;H,3.93.CalcforC,,H,~O,Cr:C,53.85;H, 
3.8%.) 

(3 - Methoxyknddehyde ethykneaad)chrc+m M 
~y~(18).Yield920/,;~p.l05”;IR~cm-’:i~lsa, 
(br), 1540; ‘fl-NMR(CDCl,):6 3.78(3H,s),4.!2(4#m),$.O4 
(1H,d,J=6Hz),5.14(1H,dd,J=2,6Hx),538(1H,d,J=2 

EXPERIMENTAL 

All mps are uncomti and were determined on a 
Yanagimoto model MPJ-2 micro lap. apparatus. IR spectra 
were recorded by a JASCO model A-102 spectrometer and 
‘H-NMR spectra were measured on a JEOL model P!+100. 
NMR chemical shifts are given in ppm (&values) downfield 
l?om Me,Si and coupliig constants are given in Hz Mass 
spectra were determined on a !EOL D-300,@ the El mpde (30 
eV). E+&taI analysis wari performed on a Perkin-FQmer 
modeI 240‘automatic element analyser. Et20 and ‘I’HF were 
dried by distillation from ti benwphenone’ketyI before 
use. TMEDA was purified by di&llation from CaH,. CH,Cl, . . was dlstllled from P,O,. 

(3 - MethoxybenzylakohoI)clsomium t&arhmyl (lot. A 
mixture of .3methoxykozylalcohol (282 g, 20 mmol) and 
Cr(CO), (3.3 8,15 mmol) in heptane (75 ml) and butyl ether 
(150 ml) was refluxed under N1 for 30 hr in a Strohmeier-type 
apparatus.” A&r filtrationand evaporation fn WCUQ, a crude 
p&Iuct was purified’ by $iO, chro-mtobphy wi& Et,O- 
petroleum e& (1:4). CrysWization from Et,O-pentane 
ga&lt3 as yellow crystals: 3.2 g (78%)); m.p. 109-110”; IR 
_ an-L:1~19041860,1320.1275;‘H-NMR(CDCls): 

a2.12(1H.t, J = 6Hz),3.57(3H.s),4.57(2H,d, J = 6tfix4.93 
(1H,dd,J=16Hz),5.11(lH,d,J=6Hz),5.23(lH,d,J=1 
Hx),5.59(1H,d.J = 6Hz).(Found:C,48.2O;H.3.73.Calcfor 
C,,H,eO,Cr: C, 48.19; H, 3.6pA) 

Complexes I&, 18-21.44 and (methoxytetralone)Cr(co), 

Hz),5.56(lH,t,J = 6Hz),5.64(1H,s).(Found:C,49.31;H, 
3.85. Calc for C,,H,sOe Cr: C, 49.38; H, 3.83x.) 

(3,4 - Dimethoxybenmldehyde ethyleneacetd)chromiwn 
tricmbon~l(191. Yield 7%; m.~. 125-126”; IR e cm-‘: 
1980, 19ti,i8ti;1H-Nti@IjCl,):~3.78(jH,s~~82(3H,s), 
4.0814H.ml.5.2412H.sl.5.5012H.sl(Found:C.48.56:H.4.07. 
Calc’for’C~;H~~~,~r~~4(i.54; fi,4.W/,.) . ’ ’ 

(Piperonakthylenal)c~ triwbonyl (20). Yield 
37%; m.p. 99-101”; IR,e.cm-‘: 1975, 1890 (br), 1460, 
1260, 1H-NMR(CD&):S4.06-4.14(4H,m),S.19(1H,d, J= 7 
@,5.45(1H.d,J = 7Hx~5.5i(lH,s).5.70(2H,s).5.%(lH,s). 
~‘5~~:~,47.29;H.3.O5.C!alUorC,,H,,O,Cr:C,47.28;H, 

. (3’O. - MethoxJumtophenone ethylenracaal)c~~ 
tricarbonyl(2l). Yield9z%‘;m.p. 92-93” : IR vy om - ’ : 1980, 
1900-18!&10-W; ‘H-Nti(&Cl& ti 1.72311 s), 3.77(3H, 
s), 4.10425 (4H. ml. 5.17-5.24 (2H. ml X43-5.48 f&L ml. 
(Found:C5d.801H;;1.31.Calcfo;C,H;;O,Cr:Clj6.92;H, 
4.270/,.) 

[Methyl - 4 -, (p - methoxyphenyl) - 5 - ndylhexano- 
ate chromiwn tricurbonyl(44). Yield 7804; rap. 53-54”; IR 
J-b _~ ‘cm-‘: 1970,1880,1740;‘H-NMk(CDC?,):60.85(6H. 
t,J= 6 Hz), 1.70&0(6H,m), 3.72 (3H,.s), 3.7c(3H, s), 3.10 
(2H. m), 5.44 (ZH, m). (Found: C, 56.19; H, 5.74. Calc for 
C,sH,,O,Cr : C. %C!%; H, 5:740/,) 

(3,Mcthoxv~vblrtkrlrthn3chomkrmtricaA 
mi;tureof10~4~4Ipg,1.7mmd)ib~Et,O(lOml)w~~dded 
byasyringeintoamixtumofNaH(W/.oildispemion,110mg, 
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229 mmol) in Et,0 (1Oml) and DMF (5 ml) at 0” under N,. 
After30lain,(LSmlofMeIWaraddadaadthemixturewas 
stirred for 3 hr, Afta addition of H20, the mixture was 
extracted with Et@. The extract 981 washed with brine and 
dried over NasSO.. The solvent was -ted under 
redueedmwsur~audtheraiiduewaspurificdbySlO, 
chrometigr8pky (Et+pe-trokum ether) G&e co_n;plex 19 
8syell0wcqstek;479mg:mp.59";IR - cm l:1960, 
l9OO-l86O,l46O,l28O;‘H-NMR(CDCls):63.48(3H,s),3.74 
(3H,s),4.10(2H,&47Ct(1H,d,J = 6Hz),4.9O(lH,d.J = 6Hz), 
5.08~1H.d.5.46flH.tJ-6Hz~fFound:C48.2O:H.3.73. 
Cakior~C,,H,,&dri C, 48.19;Ii. 3.680/*) 

endo - (7 - Methoxy - 1 - tetralof)chrcn&m tricurbonyl(l2j A 
solo of the Cr complex of 7-methoxy-l.-tetralone (1.0 g, 3.2 
mmol)in dry Et,0 (30 ml) was added to e mixture of LiAlH, 
(487 mg, 12.8 mmol) in Et,0 (20 ml) at 0” under N* After 
stirring for 3 hr H,O was added After 6lbatioo and 
evaporatioooftheorganicsolventunderreducedprcdsure, the 
residue was purifkd by SiOs chromatography to give complex 
I2~8~mdas~wavstals:mp.l21”;IR~cm~’:l960, 
188crl860; +I-NMR@cI,):~ 3.89 (3H, ;;j;4.66-4.98 (1~; 
m15.471lH.dbJ = 27Hzk5.6311Xd.J = 7Hzl.S.7OIlH.d. 
J L ZH$.(~o~d:C.j3.38’~H,4.~9.&&forC fi 0 ‘Cr:.Cl 14 14 I 
53.51; H, 4.4Y/,.) 

exo - (7 - Methoxy - 1 - tetralol)chromiw~ tricorbonyl(16). A 
solo of the en&complex 12 (980 mg 3.1 mmol) in CH,Cl, (4 
mi)wa.sadded toamixtureofcoocH,SO.(7ml)andCH,CI, 
(7 ml) et - 15” under Ar. After stirring for 2 mia, the mixture 
was decomposed with &Hz0 and worked-up as usual. 

~~~~~~~~~I~O~~~:~,~~~~ 

NMR(CDCl,): d 3.72 (3H, s),4.77(lH, t, J = 6Hz), 5.19 (lH, 
dd,J=2,7Hz),5.39(1H,d,J=2Hz),5.47(1H,d.J=7Hz). 
(Found:C,53.22;H,4.67.CalcforC,&.O,Cr: C, 53.51 ;H, 
4.49%.) 

exo - (1,7 - DimetkoxytmaUne)ehromka tricmbonyl(22). 
Coot H2S01 (10 ml) was added slowly to a solnof the en& 
complex12(l.0g,3.l8mmol)inMeOHf2Oml)et -1O”under 
Ar.ThemixturrwasstimdforlOminandpouredinto~ 
H,O and worked-up as usual. Purilkatioo by SiO, 
chromatography @t&-petroleum ether) gave complex 22 
(520mg):m.p. 72”; k e cm-‘: 198d, ~900,189& 1550; 
‘H-NMRICDCI,):B3.54f3H.sl3.74f3tls14.321lH.tJ = 6 
Hz),S.U)(iH,d&,_j = &6hz),-5:j2(lri,d,;. 2I&),&&(lH, 
d, J = 6 Hz). (Found: C, 55.00; H, 4.90. Cak for C,,H,,O, 
Cr: C, 54.88; H. 4.91x.) 

General procedurefor the litMarion of Cr complexes. Unless 
otherwise specified, all reactions were performed in flame 
dried glassware under Ar by dropwia addition of a solo ofthe 
complex in dry THF or Et,0 to a soln of a 1:l alkyllithiu~~ 
TMEDA complex in dry THF or Et,0 et -78”. After the 
reactiooperiod,themixturewaszrtatadwithan~rophileat 
- 78”. After allowing the mixture to warm to ambient temp 
Hz0 was added and the mixture was then extracted with 
Et,O. The extract was exposed to sunlight for several hours 
until the &our of the complex disappearui. After liltration 
and washing of the tiltrate with brine, removal ofthe solvent in 
~acuo gave the crude product, which was purified by 
chromatography. The mtioofthe products wasdetermined by 
‘H-NMR spectroscopy and GLC. A typical example follows. 

Methoxycmbonylutionofconplex6.Toasolo of6(274mg, 1 
mmol) and TMEDA (278 mg 24 mmol) in dry Et,0 (15 ml) at 
- 78” was added dropwise 1.6 ml of n-BuLi (1.5 M in hexane, 
24 mmol) under Ar. After stirring for 4 hr. the resulting 
mixture was poured into dry-ia in Et,O. After being allowed 
to stand overnight, the mixture was acidiBed with dil HCi and 
the produd was theo extmcted with Et,O. The extract was 
exposed to sunlight for 2 hr to give a colourless solo. The ppt 
was filtered off and the soln was then treated with an excess of 
diazomethane. After evaporation of the solvent underreduad 
pressure, the ratio of the crude product was determined by 
GLC (3% OV-1.1.5 m, 15W) and ‘H-NMR Purification by 
SiO, chromatograpky gave two auboxylated products. 7- 
Methoxyphtbalide(B): 26mg; m.p. 110” (lit.ra m.p. 107-109”); 

IR v-‘cm- I: 1745; ‘H-NMR(CDCl9): d 3.90(3H, tt), 5.17 
(2H,~6.83(lH.dd,J=~8Hz),6.93(lH,dd,J=fSIIz~7.50 
(1H.t.J * 8Hz).(Found:C,65.8l;H.4AO.CakfotC~H,O,: 
crew3 ; H, 4.91%) 

Compamd11:145m~;col0urks0il;IR~ari-’:3450, 
17l@,Ui10; ‘H-IWR(CDCl,): d 3.86(6H,s),4.70(2H,a), 6.89 
(l.H,dd,J== 1,8Aa),6.97(lH,4J~1iiz).7.73(194Jn8 
Hz). MS: m/z I’/,) 1% I-Ml’ (46). 165 WOA 163182). 

&a&&&&x&&16.&plex k(328 mg, 1 
mmoll was lithiated with =BuLi 12.5 mmoll and TMEDA 125 
&li in dry Et,0 (20 ml) bi a sin&r method to that 
described above- A‘ soln. oi 2-formyl-3-methoxy-NJ- 
diethvlbenzamide (350 mp. 1.5 ma0n in drv Et,0 (20 ml) was 
ad&l into the l&ted &ture at - 78”: Aft& work-;p as 
usual, crude hydroxyphthallde, 25, was obtained (220mg). A 
mixture of 25 and KHSG. I200 mn) was beated at 180” for 10 
min under N,. After cool& to tu& tamp and the addition of 
H,O, the mixture was extracted with CH&l, and worked-up 
as usual. Purilication by Si02 chromatography gan 26 (180 
ma); m.p. 17>174”; IR e?’ cm-‘: 1770,1610,1490,1280, _. 
1100; *H-NMR(~,) :X.92 (3~s~ 218 (w, 1, J = 8 HZ)_ 
262I2H.t.J=8Hzl.3.72OH.s).3.80f3H.sl6.14~1H.br.s~ 
6.44~lH;s).6.52(lfi;s),6.i2(iH,s),6.~;.i8(lH;m); 7.40- 
7.54(2H,m). MS:m/z(%)334[M-H;J+ (100),303(31),275 
~~~~,~:C,74.79;H,5.88.CalcforC,,H,,O.:C,74.98; 

. . a. 
Preparation of m&one 28. A suspension of 26 (282 mg, 0.84 

mmolh Zo dust 15.39 P). CuSO.*SH,O IO.16 d and DWidiIIe 
(l.lmiiinloO/,KoHas(27~jwa9stir;sdvil;orousijat90 
fa Zdays Alter filtration, the eq soln wasacidiEed to pH 1 with 
coot HCI and extracted with CHCl,. The extract was washed 
with brine, dried over Na,SO. aud concentrated under 

se+&aU; d a&hide (6.38 I$ &d trilluom- 
aceticacid(O38ml)at -15”.Thepalebrownsolnwasstirred 
forlhrat-l5”,for30minatWaudfor2hretroomtempand 
then poured into cold sat NaHCOB aq. The mixture was 
extradtdwithCN,CI,~tbccxtractwaswashcdwithbriae, 
dried over Ne,SO, andtiporated in wcuo. The residue was 
purilkd by SiO, chromatography to give 28 (238 mg. 89%): 
mp. 1%“; 

- _ _ 
IR e cm-‘: 1650, 1600, 1460; ‘fi- 

NMRfCDCl,):I 1.94f3ILsl.222IW.t.J = 8Hzl.3.48IZH.t. 
J = Si.Iz), 3.8-6(3H, s~i8~(jH,s~3.9ili2H,s),6.14(1H:br,$ 
6.68(lH,s),6.96(lH,d,J=8Hz),7.28(lH,t.J=8Hz).MS: 
m/z(0/~32O[M]+(20),318(100),317(67).(Found:C.78.75;H, 
6.28. Calc for C1,HI,OJ : C, 78.72 ; H, 6.29%.) 

Hydrogenation of28. A mixture of 28 (150 mg. 0.47 mmol) 
and e catalytic amount of 10% Pd-C in EtOAc (60 ml) was 
stirred at room temp undid H, (1 atm) for 4 hr. After filtration, 
the solo was conomtrated to give 29 (150 mg): m.p. 187”; IR 
vmu a+nacm- 1 : 1660, i600,i460; WNMR(CDCI,): 6 1.06(3H, 
d, J = 6 Hz), 1X-3.52 (7H, m), 3.88 (3H, 6). 3.93 (3H. s), 3.97 
(2H,s),6.72ilH,s),6.98(lH,d,j = 8I&7.j2(1H,iJ -Wz), 
7.80 (1H. d J = 8 Hz). (Found: C 78.23: H. 6.89. Calc for 
C,,ti,,C&:C, 78.23; h;6.881/..) ’ ’ ’ 

Dimethoxydeoxyrabclomycin. G-0, (100 mg, l-01) was 
added to a soln of 29 (100 mg, 0.3 mmol) in HOAc (40 ml) qd 
the resulting mixture was stirred at 25” for 4 hr and then 
concentrated under redwed pressure. The residue was 
partitioned between CH&l, and Ne,CO, eq and the aq 
phase was extracted with CH&I,. The organic layer was 
washed with Hz0 and brine, drial OVCT Na,SO, and 
evaporated under reduced ~tcssure. The residue was vuritied 
by &wnatography to give dimethoxyrabalomycin &I mg) : 
lD.D. 236-239”: IR &?!? cm-‘: 1690. 1670. 1590: ‘H- 
NtiR(CDCl,):‘61.18(&J = 6Hz),39&(3H,sj,399(jH,s), 
&~(lH,s),7.14(lH,t,J-6Hz),7.58(2H,d,J=6Hz).MS: 
m/z (“/,) 350 [M-J’ (72). 335 (100). (Found: C, 7219; H. 5.08. 
Calcfor C,,H,,O,: C, 71.98; H, 5.190/,.) 

Cycfization o/15 to &e46 and 47. A mixture ofcomplex 45 
(6.01 g, 16.1 mmol) and oxalyl chloride (120 g, 94.5 mmol) in 
dryCIHs(500ml)rras~~at500for2hrun~N,.The 
solvent and excess magent were evaporated in tkzcw to give an 



acid chlotide oompkx asa yellow oil, which was used for the 
next stop without pwi&tion. To a soln of the add chloride in 
dry CH& (400 &A)WYIS added all at once anhyd AlCl, (25 g, 
18.4 mmol) at 0”. The mixture was stirred at 0’ for 30 min and 
then at rc&n.tcmp fti Zhr. After addition of H,O the mixture 
was extracted with CH$l,. The extrau wti washed with 
NaHCQ aq attd brine, and dried over NesSO,. Evaporation 
of the soh+mt 8ave a red oil which. was puri&l by 
chromatography to &e two pure prodti The exo- 

(1973);bM.F.Semmelhack,J.BisahaandM.Cxamy~/.Am 
Chem Sot. 101, 768 (1979); ‘R. J. Card and W. S. 
Trahanovsky, J. Org. Chea 4S, 2555.2560 (1980). 

“L. hi. Sand&&, 6. J. L. Lock, R Fa&ani; N. I&o, B. G. 
Sayer. M. R. Quillhun. B. E. Mccarrv and M. J. Mc&&ev. 
J. brgarwmet-Chem. i24,267 (198i); *M. F. Se&e&u& 
and C. Ullenius, J. Organomet. C/tent. 2X!, ClO(1982). 

s M. F. Semmelhack and G. Clark, J. AWL Chem Suc.99,1675 
(1977). 

ieoprop~lcompkxl6(3.45g):m.p.90”;IR~an-’: 1980, 
1900,1690,1540;‘H-NMR(CDU,):61.02(3H,,4J = 6.3Hx), 

9 M. F. Semmelhack and A. Zask, Ibid. loS, 2034 (1983). 
lo A. P. Lepiey. W. A Khan, A. B. Guinamini and A. G. 

1.08 (3H, d, J = 6.3 Hz), 1.62-3.68 (6H. m), 3.72 (3H, s), 5.44 
(2H, s), 5.60 (1H. s). (Found: C, 57.76; H. 5.14. Cslc for 

Guinami& j. Org. Chem $1,2047 (1966). 
’ "N. F. Masters and D. A. Widdowson. J. Chin Sot.. Chem. 

C,,H,sOsCr: C, 57.63; H, S.lzo/,.) The en&isopropyl Commun. 955 (1983); *M. Fukui, T.‘Ikeda and T. Oishi, 
complex 47 (166 mg): m.p.‘132-133”; IR e’ cm-‘: 1980, 
1910,1690;‘H-NMR(CDCl,):6 1.06(3H,d.J = 6.3Hx), 1.18 

Chem. Phurm. Bull. 31, 466 (1983); TetraUfron ht. 23, 
1605 (1982). 

(3H,d,J = 6.3Hz),1.24-2.74(6H,m),3.66(3H,s),5.32(1H,d4 ‘20.L.Cartcr,A.T.McPhPilandG.kSim;J.ChemSoc.A 
J=2,5Hx),5.64(1H,d,J~2Hx),5.68(lH,d,J=5Hz). 822 (1966). 
(Found:~57.59;t/5.14.CalcforC,7H,P,Cr:C,57.63;H, “M. F. Semmelback, J. L. Garcia, D. Co&, R. Farina, R. 
5.120/,.) Hong and B. K. Carpenter, Orgunomcraf&cs 2,467 (1983) 

Rractiono1~6thMaLi.~gioe48Toasoind46(3.41g, and refs cited. 
9.57mmol)indryEtsO(MOml)wasadded7.6mlofMeLi(11.4 l&M. Uemura, S. Tokuyama and T. Sakan, Cbmr Lat. 1195 
mmol, 1.5M inEt,O)at -78” underN,.Afterstirringat0” for 
1.5 hr, H,O was added. The mixture was extracted with Et*O, 

(1975) ; *M. Uemura, N. Niihikawa, S. Tokuyama and Y. 

washed with bride, dried OVQ Na$O, and evaporated. The 
Hayashi, Bull. Chem. Sot. Jpn. 53, 293 (1980); similar 

resultingoilwaspuriliedbychromatographytogive48(2.23& 
selective lithiation of meta-oxy8enated benxyl aloohol 
derivatives has been renorted by several l~ouos: ‘H. 0. 

63%):mg.lu”;IR~cm-‘:36(0,19~1~1540;’H- House, R C. Strincland-and E. J: Zaiko,J.-Org: C~~JX 41, 
NMR(CDCl,):d0.68(3H.d, J = 7 Hz),O.94(3H,d, J = 7 Hz), 24Olt19761:‘B.M.Trost.G.T. RiversandJ. M.Goid.Ibid. 
1.52(3H,s),3.68 (3H,s), 527(1H,dd, J = 3,7Hz), 5.52(1H,d, 45, 1‘835 ii980); ‘M. k. Winkle and R C. R&q 
J = 3 Hz), 5.63 (lH, d, J = 7 Hxb(Found: C, 58.51; H, 6.00. Tetrahedron 39,2031(1983). 
Cak for C,sH,sOsCr: C, 5837; H, 5.99%.) Is M. Uemura, N. Niihikawa and Y. Hayashi, Tetrahehan 

Conuersiun @48 to gioe 49. To a’mixture of48 (1.47 &3.% L&t. 21,2069 (1980); *M. Uemura, N. Niahikawa, K. Take, 
mmol) and TMEDA (1.44 ml, 9.5 IXIUIO~) in dry Et jO (42 ml) M. Ohnishi, K. Hirutsu, T. Higushi and Y. Hayashi, J. Org. 
was addat 7.34 ral of n-BuLi (1.3 M in hexane, 9.5 mmol) at Chem. 48,2349 (1983). 
- 78” under N,. After thl mixture had been stirred for 2.5 lu, ‘&G. Witti& P. Davis and G. Koenig, Ber. 84,627 (1951); 
1.5 ml ofDMF(ZOmmo1) was added all at once. The reaction 
mixturrwas~~to00for2hr.AftcradditionoTH,O.the 

benxyl alkyl ethers and sulphid&Frdinated by tde 

with EtiO, washed with br&; d&d 
Cr(CO), group allowed a-substitution via the correspond- 

mixture was extra&d ing a-carbanions by suppression of the Wittig and related 
over Na,SO. and rotary evaporated The crude product was re&angcment : *s. 6.- Davies, N. J. Ho&n, C. A. 
puri!iedbychromatogrephytogive49(1.34~85~~:m.p.142- 
144”; IR e an-‘: 3640, 1970, 1890, 1680, 1540; ‘H- 

Laughton and B. E. Mobba, J. Chem Sot., Chem Conmnm. 
1316 (1983). 

NMR(CDCl,):aO.82(3H,d,J = 6Hz),1.06(3H,d.J = 6Hz), “B. J. Wakefield, The Chemistry of Organolilhivm 
1.60(3H, 0,3.80(3H, s), 5.42 (1H. a), 6.39 (lH, s), 10.01 (lH, s). Commmnh. P. 203. Peraamon Press. New York 119741 
(Found : C,57.46; H, 5.62. Calc for &,H,,O,Cr : C, 57.29 ; H, ‘*,J. B&card, j.-Lebibi aniD. Couturier, J. Chem. S&., CL 
5.570/,.) Conunun. 1264 (1981). 
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