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and the fact that CHzO and PhCH2S02- are good leaving 
groups (compared to RO-) contribute to the facility of S-0 
cleavage in this system. 
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(2,4-Pentadienyl)trimethylsilane: A Useful 
Pentadienylation Reagent 

Summary: Pentadienyllithium reacts with trimethyl- 
chlorosilane to give (2,4-~entadienyl)trimethylsilane, 
Me3SiCH2CH=CHCH=CH2, as the exclusive product. 
This silane reacts with aliphatic and aromatic aldehydes 
and ketones in the presence of TiC14 in dichloromethane 
at  -40 "C to give, after hydrolytic workup, exclusively 
products of the type RR'C(OH)CH2CH=CHCH==CH2 in 
good yield. With a,@-unsaturated carbonyl compounds a 
TiCLinduced Diels- Alder reaction of the dienylsilane in- 
terferes. 

Sir: The pentadienyllithium reagent, I, which is obtained 

I 

by treatment of 1,Cpentadiene with n-butyllithium in 
tetrahydrofuran at -60 OC1 reacts with aldehydes2 and 
ketones3 to give a mixture of isomeric alcohols, e.g., eq 1 
and 2. The addition of this reagent to dialkyl ketones, 

THF, 20 'C 
Li(CH2CHCHCHCH2) + C21i5CH=0 

CH2=CHCHCH-=CH2 + CH2= CHCH=CHCH2CHCzH, ( I )  
I 
OH 

I 
C2t- &HOH 

31 parts 69 parts 

THF. 20 O C  H20 
Li(CH2CHCHCHCH2) + (C,H5)2C=0 - - 

CHz=CHCHCH=CH2 + CH,=CHCH=CHCH2C(CZH5)2 (2) 
I I 

(c,H,),~oH 

44 parts 

OH 

56  parts 

but not to aliphatic aldehydes, is reversible, and heating 
the THF solution of the lithium alkoxide mixture formed 
in the room-temperature reaction for 5 h at 60 "C in some 
(but not all) cases converts the mixture to a single isomer, 
the  homodienyl alcoholate, CH,=CHCH= 

(1) R. B. Bates, D. W. Gosselink, and J. A. Kaczynski, Tetrahedron 
Lett., 199, 205 (1967). 

(2) F. Gerard and P. Miginiac, Bull. SOC. Chim. Fr., 1924 (1974). 
(3) F. Gerard and P. Miginiac, Bull. SOC. Chim. Fr., 2527 (1974). 

CHCH2CR20Li. Thus, in the case of pentan-3-one, such 
treatment, followed by hydrolysis, gave CH,=CHCH=C- 
HCH2C(OH)(C2H5), in 62% yield and none of the other 
isomers3 The corresponding zinc reagent, CH2=CHCH= 
CHCH2ZnBr, reacts with aldehydes in THF at room tem- 
perature to give only one of the two isomeric alcohols, 
(CH2=CH)2CHCH(OH)R,2 and with ketones under the 
same conditions to produce, depending on the ketone, one 
of the two possible isomeric alcohols as the sole product 
or a mixture of both.3 Here also, heating the reaction 
mixture (at 100 "C in diglyme or hexamethylphosphoric 
triamide in the case of the aldehyde reactions and in THF 
at 60 "C in the case of the ketone reactions) converted the 
product mixture to exclusively the CH,=CHCH= 
CHCH2-substituted zinc alkoxide. 

We report here the preparation and utilization of an 
alternate pentadienylation reagent, one which may be 
prepared in high yield, which is stable on storage as the 
pure compound, and which reacts with both aldehydes and 
ketones under mild conditions to give CH,=CHCH= 
CHCH2-substituted alcohols in good yield. We have found 
that pentadienyllithium, I, reacts with trimethylchloro- 
silane in THF at room temperature to give exclusively 
(2,4-~entadienyl)trimethylsilane, Me3SiCH2CH= 
CHCH=CH,, a stable liquid, in excellent (-85%) yield.4 
This compound, in a sense, is an allylic silane, and thus 
it seemed possible that it would undergo Lewis acid in- 
duced addition to the C=O bond of aldehydes and ke- 
tones, which is now well-known as a general (and very 
useful) reaction of allylic  silane^.^ We have found that 
this is indeed the case. 

In a typical reaction, 6 mmol of an aldehyde (aliphatic 
or aromatic) is added (under argon, with stirring) to 6 mL 
of dry dichloromethane; the solution is cooled to -40 OC, 
2 mmol of titanium tetrachloride then is added, and the 
resulting mixture is stirred for 5 min. Subsequently, 4 
mmol of Me3SiCH,CH=CHCH=CH2 is added, and the 
reaction mixture is stirred under argon while it is allowed 
to warm to 5 "C during the course of 5 min. It then is 
poured into 25 mL of saturated aqueous NaHC03 solution 
and extracted with diethyl ether (3 X 20 mL). The organic 
layer is dried (K2C03) and distilled at reduced pressure. 
Isolation of products and yield determinations were ac- 
complished by using gas-liquid chromatography (10% 
Carbowax 20M). The products were identified by analysis 
(if new) and IH NMR spectroscopy. Results are presented 
in Table I. 

In the reactions with ketones, the ketone and Tiel4 were 
mixed in dichloromethane at  -40 "C as above. This so- 
lution then was allowed to warm to room temperature 
before the Me3SiCH2CH=CHCH=CH2 was added. A 2-h 
period of stirring at  room temperature was followed by 
workup as above. Results are given in Table I. 

It is clear that a new and very useful procedure for the 

(4) This compound has a boiling point of 41 O C  (36 mm Hq) and an 
rPD of 1.4570 and is the E isomer, according to its 270-MHz H NMR 
spectrum (in CC,): 0.00 (s, 9 H, Me&%), 1.59 (d, JFE = 8 Hz, 2 H CH?), 
4.83 (d, JAC = 10.3 Hz, 1 H, HA), 4.98 (d, Jx = 16.8 Hz, 1 H, HB), 5.69 
(dt, JED 15.2 Hz, JEF = 8 Hz, 1 H, HE), 5.92 (dd, JDC = 10.3 Hz, JDE 
= 15.2 Hz, 1 H, HD), 6.28 ppm (ddd, JCA = 10.3 Hz, Jce = 16.8 Hz, JCD 
= 10.3 Hz, 1 H, Hc). 

(CH3)3SiC(HF iz 
\ /"@ 

T 0  
HE /"=% 

HC HA 

(5) (a) J.  A. Mangravite, J. Organomet. Chem. Libr., 7, 45 (1979) 
(review); (b) G. M. Rubottom, ibid., 8, 322 (1979) (and earlier annual 
surveys of "Silicon-Application to Organic Synthesis"). 
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Table I. TiC1,-1ndu.ced Pentadienylation of Aldehydes 
and Ke tones  by (2,4-Pentadienyl)trimethylsilane 

carbonyl  compd  product  alcohol (% yield)= 

CH,CH,CH=O CH.,=CHCH=CHCH,CH(OH)CH,CH, 

(CH,),CHCH=O CH,=CHCH=CHCH,CH(OH)CH(CH,), 

(CH,),CCH=O CH,=CHCH=CHCH,CH(OH)C(CH,), 

( 7 9 )  

(80) 

(60 )  

C)-cH=3 C Y z  ;=CHCH%HCH2MICH) -0 (58) 
C,H,CH=O 
(C,H,),C=O CH,=CHCH=CHCH,C( OH)(C,H,), 

CH,=CHCH=CHCH, CH( 0 H)C, H, ( 5 1) 

( 5 5 )  
(n-C,H,),C=O CH,=CHCH=CHCH,C( OH)( C,H,-n), 

ChZ’=CHCH=Chi*20 (130) 

(64) 0. HO 

a I n  a f e w  cases the 250-MHz ‘H NMR spec t rum o f  t h e  
product was  measured. It was found  that the E isomer 
was the sole isomer present.  All p roducts  were  character-  
ized b y  combust ion  analysis a n d  b y  the i r  I R  a n d  60-MHz 
pro ton  NMR spectra. 

preparation of alcohols of the type CH2=CHCH= 
CHCH,C(OH)RR’ is in hand. The yields are fair to good 
and very likely can be improved when the reactions are 
carried out on a larger scale. The reaction conditions are 
quite mild, and the products which are obtained are 
isomerically pure. This reaction, however, is not readily 
applicable to the pentadienylation of a,P-unsaturated 
carbonyl compounds because of a competitive TiC14-in- 
duced Diels-Alder reaction.6 Thus the reaction of cro- 
tonaldehyde with Me3SiCH2CH=CHCH=CH2 in the 
presence of Tic& under these conditions gave a 40% yield 
of 11, while a similar reaction with mesityl oxide produced 

r2 
SiMe3 

6H2 8 
SiMe3 
I 

I1 I11 

a mixture of the Diels-Alder adduct (111,24% yield) and 
the 1,4-addition product [CH2=CHCH=CHCH2C- 
(CH3)2CH2C(0)CH3] in 35% yield. 

The mechanism of these pentadienylsilane addition 
reactions is not known as yet. Allylsilanes react with al- 
dehydes and ketones in the presence of Lewis acids with 
allylic transposition, e.g., eq 3.’ Experiments with ap- 

Me3SiCH2CH=CHCH3 + R2C=0 - - 
propriately substituted (2,4-pentadienyl)silanes will have 
to be carried out to determine whether or not the reactions 
proceed with pentadienyl transposition; Le., is eq 4 ap- 

Me3SiCH2CH==CHCH=CHCH3 + R2C=0 - 

TiCl, H20 

CHz=CHC(CH,)HC(OH)R, (3) 

TiC1, 

HzO - R2C(OH)C(CH&HCH=CHCH=CH, (4) 

plicable? Such studies are intended, as are further in- 
vestigations of the chemical reactivity of Me3SiCH2CH= 
CHCH=CH2 and related compounds. 

~ ~~ ~ ~~ 

(6) (a) T. Inukai and M. Kasai, J..Org. Chem., 30,3567 (1965); (b) T. 

(7) A. Hosomi and H. Sakurai, Tetrahedron Lett., 1295 (1976). 
Inukai and M. Kojima, ibld., 32, 869 (1967). 
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Reductive Alkylation of 2,5-Dimethoxybenzoic Acid: 
A Direct Synthesis of Dihydrofluoren-2-ones 

Summary: A two-operation procedure is described for the 
synthesis of 3,4-dihydrofluoren-2( 1Z-I)-ones from “reductive 
alkylation” of 2,5-dimethoxybenzoic acid with benzyl 
halides, followed by cyclodehydration of the adducts, with 
concomitant decarboxylation. 

Sir: 3,4-Dihydrofluoren-2(lH)-ones have been employed 
as intermediates in syntheses of C-nor-D-homosteroids‘ 
and have good potential for gibberellin synthesis,2 but 
published procedures for their preparation are generally 
long, are inefficient, and lack fle~ibility-l-~ Alkylation of 
dianion 1 by phenethyl iodides, followed by acid-promoted 
cyclodehydration of the adducts has provided a very direct 
and flexible route to tetrahydrophenanthren-2-0nes.~ We 
now report an adaptation of this alkylation-cyclo- 
dehydration strategy to the synthesis of dihydrofluoren- 
2-ones. 

Dianion 1, prepared by lithium-ammonia reduction of 
2,5-dimethoxybenzoic acid, was rapidly alkylated in situ 
by a range of benzyl bromides, and acids 2a-e5 were ob- 
tained in good yield after removal of the ammonia and 
careful acidification to pH 5.5. Cyclization of acid 2a in 
polyphosphoric acid (2 h, 25 “C) and of acid 2b in 85% 

(1) Johnson, W. S.; Cox, J. M.; Graham, D. W.; Whitlock, H. W. J.  Am. 
Chem. SOC. 1967,89,4524. Battacharyya, B. K.; Bose, A. K.; Chaterjee, 
A.; Sen, B. P. J. Indian Chem. SOC. 1964,42,479. Green, M. J.; Abraham, 
N. A.; Fleischer, E. B.; Case, J.; Fried, J. J. Chem. Soc., Chem. Commun. 
1970,234. 

(2) Beames, D. J.; Mander, L. N.; Turner, J. V. Aust. J .  Chem. 1974, 
27, 1977. 

(3) Fried, J.; Abraham, N. A. Tetrahedron Lett. 1965,3505. Ishikawa, 
N.; Okazaki, M. Yuki Gosei Kagaku Kyokai Shi 1958, 16, 467; Chem. 
Abstr. 1958, 52, 1834. 

(4) Hook, J. M.; Mander, L. N.; Urech, R. Synthesis 1979, 374. 
(5) All compounds were obtained as crystalline solids, characterized 

by C and H elemental analysis (*0.3%), accurate mass measurement, and 
IR, ‘H NMR, and mass spectra. Percentage yields of pure, isolated 
products are indicated in parentheses. 
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