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co-Alkenyl-u-Methoxy -Benzyllithiums : Original Synthesis and Reactivity
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Abstract: l-Methoxy-benzyllithiums bearing suitably positioned C,C double bonds possess a high
propensityto producea five or a six memberedcycleby carbocyclisationreaction.The reactionproceeds
completely stereoselectivelyand producesa five memberedcycle possessingthe cis-stereochemistry
between the methoxyand the adjacent methyl group. @1997publishedby F,lsevier science Ltd.

We have already described that benzyllithiums with built-in C,C double bonds 2, readily available from the

corresponding methylseleno derivatives1possessa high propensityto cycliseto cyclopentylmethyllithiums.We also

found that the structure and the stereochemistryof the compounds(3-5) producedafter methanolysis,depends upon

the nature of the starting material and in some cases upon the solvent used (Scheme 1). Thus 2-phenyl-2-hept-6-

enyllithium 2a bearing a methyl substituent on the carbanion produces 1-phenyl-l ,2-dimethyl cyclopentane 3

possessingthe cis- or the trarrs-stereochemistrybetweenthe two methyl groupswhether the reaction is conducted in

THF (-78”C) or ether (-30°C)(Scheme 1).la At the contrary,2b in which the “benzylic”methylgroup has been replaced

by a methylselenosubstituentdelivers the bicyclo[3.1.0] hexanederivative4 f the reaction is performed in THF at O°C

or produces 1-methylseleno-l -phenyl-5-hexene 5b when performed in THF at -76°C and quenched at that

temperature (Scheme 1).lb Surprisingly however,the analogous compound Ic, bearing a methylthio subatituent on

the carbanionic center affords l-methylthio-l-phenyl-5-hexene 5Cwhateverare the conditions used (Scheme 1).l C
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In that context, it was interesting to study the behavior of related I-methoxy-l-methylseleno-l -phenyl-hex-5-ene

Id and l-methoxy-l-methylseleno-l -phenyl-hept-6-enele towards akyllithiums.2

We now reporl that Id is efficientlycleavedby t-butyilithiumin solventsof a wide range of polarityand basicity (THF,

ether, pentane) to produce, after methanolysis, l-methoxy-2-methyl-l -phenyl-cyclopentane7d in very good yield and

as a single stereoisomer. Cyclisation of the intermediate 1-methoxy-l-phenyl-l -hex-5-enyllithium2d is quite rapid in

THF (-78”C, 0.5h; Scheme 2, entry a), slower in ether (-40”C, 5h; Scheme 2, entry b)3 and even slower in pentane

(20°C,48h; Scheme2, entry c).

This reaction has been also successfullyextendedto the homologous l-methoxy-l-methylseleno-l-phenyl-hept-6-

ene le which delivers the six membered cycle 7e with complete stereocontro14but besides small amounts of the

methyl phenyl carbinol Se resulting from the Wittig rearrangement5of the intermediate l-methoxy-l-phenyl-l -hept-6-

enyllithium 2e (Scheme 2, entries e,f).

Scheme2

n=lld 2d 6d 7d M
n=21e 2e Se 7e aa

entry n CondifioneA ConditionsB Product Yieldin 7 Y. Product Yieldin 8 %

a 1 THF,-78°C,0.5h MeOH,-78°C 7d 81 8d o

b 1 Et20, -40°C, 5 h MeOH,-400C 7d 74 Ed o

c 1 Pentane,20°C,4S h MeOH, +20”C 7d 92 Sd o

d 1 Pentane,2 eq.TMEDA,20”C,48h MeOH,+20”C 7d 87 Ed o

e 2 THF,-78°C,8 hthen-78°Cto20”C MeOH,+20°C 7e 61 8e 30

f 2 pentane,20°C,168h MeOH,+20°C 7e 64 ee 15

Trapping the reaction mixture obtainad from ld and t-butyllithiumwith carbon dioxide instead of methanol leads,

after acid hydrolysis,to the expected carboxylicacid 7d’ (Scheme3). This not only unambiguouslydemonstrates that

6d is still present in the medium after the carbocyclisationis completed, but also allows the efficient synthesis of the

bicyclicIactone9 on futther reactionwith an acidcatalyst(cat.H2S04, CH2C12,20°C, lh, 97 % yield, Scheme3).

Scheme 3

Although the above mentioned transformation does not prove the stereochemistryof 7d or 7d’,6 comparison of

7d with an authentic sample,7 prepared from 2-methyl cyclopentanone 10 on sequential reaction with phenyl

magnesium bromide and methyl iodide (Scheme4), unambiguouslyshows that the methoxy and the methyl groups

possessa cis relationship.This high stereocontrolof the cyclisation,obsetved in all the solventsused, is probably due

to the squeezing of the lithium cation, in the transition state, betweenthe methoxygroup and the C,C double bond.
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The cyclisation of 1-methoxy-l-pheny l-l -hex-5-enyllithium 2d seems to be more rapid than that of analogous

compounds bearing a seleno- 2b or a thio- 2Csubstituenton the carbanioniccenter (Scheme 1) and resemblesmore

that of derivative 2a which possesses a methyl group there. For example, we have not been able to trapp the

benzyllithium 2d prior its cyclisationto 6d when the reactionbetween Id and t-butyllithiumis carried out at -76°C and

quenched at that temperature with chlorotrimethylsilane(Scheme5, entry a). Interestingly,however, this is efficiently

achieved if the cleavage of the C,Se bond is carried out in the presenceof chlorotrimethyisilane(Scheme 5, b). The

least reactiveethyltrichlorosilanebehavessimilarly(Scheme5, enhy b).

Scheme 5

Zd R=Me 91% 12d,
Et 79% 12d-

Finally,we have found that the carbocyclisation,leadingto the isomericl-methoxy-2(methylselenomethyl)-l-phenyl

cyclopentane derivative 7d’”, can be achieved on reaction of Id with 20% of the stoichiometric amount of t-

butyllithium (0.2 eq., THF, -78°C, 7h, Scheme6). t-Butyllithiumis rapidlyconsumedon reactionwith 0.2 equivalent of

Id to provide the same amount of 2d leading finally to 6d. Then 6d takes the relay to cleave the C,Se bond of 1d

producingat the same time, 7d’” and 2d and this cycle goes on till all the starting material ld has been reacted.At the

end, Id has been transformed to 7d’”, besides 17% of 6d (correspondingto the amount of t-butyllithium used in the

process),which produces7d on further methanolysis.

Scheme 6
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The results just disclosed let us to reconsiderthe “rationale”we previouslydescribedfrom the related methylseleno

derivative lb which leads to the bicyclic derivative4 (Scheme7).lb The discrepancybetween the behavior of lb, in

which the intermediate 6b further cyclises to 4, and that of 6d which remains unreactive could be due to (i) a better
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leaving group ability of the methylseleno- compared to the methoxy- group or to (ii) a different stereochemical

relationship between the heteroatomic moiety and the CH2Li group (6b’with the favorable arrtkarrangement instead

of 6b or 6d with the unfavorablesyn -arrangementfor the substitutionreaction leading to the bicycl”icderivative 4). We

can also suspect that 6b isomerises, via an intramolecular heteroatorn/Liexchange, to the novel benzyllithium 13b,

which has the proper arrangementto cycliseto 4. This reactionis well knownin seleniumchemistry (Se/Li exchange)8

but does not occurwith oxygencompounds.We are currentlyworking in that field.

Scheme 7
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