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The ring-closing olefin metathesis (RCM) of 2,2 '-divinylbiphenyls, using a second-generation RCM ruthenium-based catalyst, leads to differently
substituted phenanthrenes in quantitative yield under very mild reaction conditions, independent of both nature and position of the groups
present on the biphenyl moiety.

Phenanthrenes represent an important class of organidntramolecular condensatiéngycloisomerizatiord, metal-
compounds because they are useful intermediates for naturatatalyzed rearrangement of alkeradkynes!® and photocy-

product synthesltor exhibit various biological activities such
as antimalariat,anticancef,and emetic activity.A number

clization}* depending on the functional group present on the
biphenyl moiety. The ready accessibility to differently func-

of methods are known for the synthesis of phenanthrénes, tionalized biphenyls, by various methods of argryl cou-

which use ring annulatioh,intermoleculaf, and intramo-

pling,*? and the success of the ring-closing olefin metathesis

lecular cyclization. The majority of these methods are char- (RCM) reaction for the preparation of various compoutids,
acterized by limitations such as accessibility of the starting prompted us to check the possibility of obtaining phenan-
substrates, relatively low overall yield, reaction conditions threnes by RCM of 2,2'-divinylbiphenyls (Scheme'4).
scarcely compatible with the presence of functional groups,
and the lack of well-defined regiocontrol elements. Some
of these synthetic methods use as starting materials 2,2 Scheme 1. Synthesis of Substituted Phenanthrenes by RCM

disubstituted biphenyls, which afford phenanthrenes by
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We focused our attention on RCM because it is well-
known that the mild reaction conditions (ruthenium catalysts,
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low temperatured) are well tolerated by many functional titative yield, which were separated by flash chromatography

groups, which can be introduced on the biphenyl moiety giving the two isomeric divinyl derivatived and 5. The

leading to differently substituted phenanthrenes. Here, we structure o5 was determined byH NMR analysis (coupling

present the results we have obtained in the RCM of-2,2 constant and NOE measurements). In turn,-@i@inylbi-

divinylbiphenyls possessing different substituents on different phenyl6 was obtained in nearly quantitative yield by Wittig

positions of the biphenyl moiety. We carried out this study reaction onl.

to verify the applicability of this method for the synthesis  The vinyl groups of compounél were introduced in two

of phenanthrenes. steps starting from compound, prepared as already de-
The choice of method for synthesizing the '2j&inyl- scribed® (Scheme 3).

biphenyl systems depends on the nature of the substituents

as well as their position on the biphenyl moiety.
The_ unsubstituted 2 2ivinylbiphenyl as well as the nitro- Scheme 3. Synthesis of

substituted substrates were prepared starting from 2,2'- 5,5',6,6'-Tetramethoxy-2,2'-divinylbiphengl

diformylbiphenyl1 (Scheme 2), obtained by Ulimann cou- HaCO O HaCO O

H3CO Br  1.n-BuLi, -78°C, THF H3CO CHO
. n— H3CO. B S owrriin ~  HaCO CHO
Scheme 2. Synthesis of the 2/Divinylbiphenyls4—6 O 2. DV, rt, O
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According to Scheme 3, standard methhlide exchange

O NO2 NO, (BuLi/—78 °C/THF) on compound followed by quenching
& O O with N,N-dimethylformamide and acidic workup afforded,
[ Z = in quantitative yield, the corresponding diformyl derivative
O | | NO, 8, which was subjected to standard Wittig reaction, giving
: QA

guantitatively the 2,2divinylbiphenyl derivatived. The use

of the two-step procedure was necessary because attempts

at introducing directly the vinyl groups by cross-coupling
4 5 of 7 with vinyl organometallic reagerifswere unsuccessful.

The synthesis of the unsymmetrical 2¢vinylbiphenyl

derivativel4 (Scheme 4) required a different approach both
pling of 2-iodobenzaldehydé. Nitration of 1, under the for building up the biphenyl system and for the introduction
experimental conditions used for obtaining 3-nitrobenzalde- of the two vinyl groups.
hyde!” afforded a mixture of the two isome?sand3, which Classical Suzuki—Miyaufd coupling of 3-methoxyphe-
were not separable by recrystallization or by flash chroma- nylboronic acid and 2-iodobenzaldehyde gave in excellent
tography. The Wittig reaction performed on the isomeric yield the unsymmetrical biphenyllO.
mixture afforded the corresponding olefins in nearly quan-  Bromination of10using BTMA-Br; at room temperatufé
afforded 11 as sole product in quantitative yield, whose
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Scheme 4. Synthesis of 5-Methoxy-2, 2’-divinylbiphen§kl4 Table 1. RCM of 2,2-Divinylbiphenyls to Phenanthrenes
Entty Substrate  Product Solvent T°C Cat th) Yied
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Figure 1. Structure of first-generatioriba) and second-generation
(15b) ruthenium—carbene catalysts. CH,Cl, 40 15b 2 100
ON OZN
16d

second-generatidfruthenium-carbene catalysts (Figure 1),
to evaluate the effects of both nature and position of the
biphenyl substituents on the outcome of the reaction.

The obtained results are listed in Table 1. All the reactions ¢
were carried out under the experimental condition usually
employed for RCM. HyCO

In a typical run the catalyst (5% mol) was added to a*10
M solution of the substrate in dry solvent. The mixture was
stirred at the reported temperature (Table 1), and the reaction
was interrupted when TLC or GC analysis showed that the  aReacting9 for 24 h or using 10% mol ol5a gave the same resullt.
substrate conversion did not proceed further.

The reaction of 2,2'-divinylbipheny in CH,ClI, at room
temperature afforded a complete conversion of the substrateeffect (entry 2). The lack of reactivity of this substrate can
in 2 h, giving chemically pure phenanthrene in quantitative be attributed to the presence of the'G6bstituents which
yield (entry 1). By contrast, under the same reaction con- impart conformational rigidity to the biphenyl system,
ditions the RCM of 5,5',6,6'-tetramethoxy-2,2'-divinylbi- preventing the coplanar disposition of the two phenyl rings
phenyl9 did not take place; not even doubling the catalyst and hence the cyclizatici. On increasing the reaction
amount or prolonging the reaction time had any beneficial temperature to 40C, the RCM did take place, however,
but afforded only 30% vyield of the phenanthrene derivative

(18) Delogu, G.; Fabbri, D.; Dettori, M. A.; Forni, A.; Casalone, G.  (entry 3). A further increase in reaction temperature (reflux-
Tetrahedron: Asymmetr2001,12, 1451.

(19) Kerins, F.; O'Shea, D. Fl. Org. Chem2002,67, 4968. ing toluene) afforded the same result (entry 4).
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Locgt) Kajigaeshi, S.; Kakinami, T.; Okamoto, Bull. Chem. Soc. Jpn — generation ruthenium carbene catatysb, which is known
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to often afford a higher yield of metathesis prodéetith obtain a high yield of the corresponding phenanthrene (entry
respect to the use dba. Much to our delight, witd5b as 9), whereas in the presence of catal¥sb, a quantitative
the RCM catalyst a complete conversion of the substrate toyield of the cyclization product was achieved only after 2 h
16boccurred after 2 h reaction at reflux in dichloromethane; of reaction (entry 10).
the phenanthrene derivative was obtained in quantitative yield In conclusion, the RCM of 2!ivinylbiphenyls has
(entry 5). The RCM of the 4;4dinitro-2,2'-divinylbiphenyl  proven to be a general method for obtaining high yields of
4, performed in the presence bhaas catalyst, afforded the  substituted phenanthrenes. Using the ruthenium—carbene
corresponding phenanthrene derivative in only 50% yield complex15aas catalyst the reaction gives results that depend
after 24 h reaction at 4TC. Since the presence of substituents on the conformational rigidity of the biphenyl moiety as well
at 4,4'positions of the biphenyl system does not affect the as the electronic properties of the substituents. The use of
conformational flexibility of 2,2'-disubstituted biphenyl the ruthenium—carbene complebsb as catalyst affords
systems the lower yield with respect to the RCMéotan quantitative yields of the phenanthrene derivative indepen-
be attributed to the electronic character of the nitro groups. dent of the structure of the starting biphenyl. In addition,
The effect of the electronic properties of the substituents on the ready accessibility to differently substituted '2JR/i-
the efficiency of the ring closure is unusual, since it is known, nylbiphenyls makes this approach very attractive. The sole
for example, that chromenes having substituents such as NO |imitation of this method is the impossibility to obtain
or OMe could be prepared with the same efficiefy. phenanthrenes having substituents at positions 9 and 10.
By contrast, wherdi5b was used as catalyst for the RCM  Nevertheless, these derivatives can be easily obtained by
of 4, a quantitative yield of the corresponding phenanthrene electrophilic aromatic substitution on phenanthrene.
was obtained, after only 2 h oéaction in dichloromethane
at reflux (entry 7). Also, compounsl where one of the nitro Acknowledgment. We thank Dr. G. Delogu for helpful
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much greater effectiveness of the second generation Grubbs
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