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diazotiert und bei 100" mit p-Kresol umgesetzt. Die Aufarbeitung durch hcetylierung, fraktio- 
nierte Destillation (Siedegrenzen 140-165"/0,3 Torr), Chromatographie und Verseifung liefert 
nach mehrfachem Umkristallisieren aus Athanol 0,3 g reines 5,5'-Dirnethyl-2.-(l-piperi~yZ)-Z- 
bzfihenylol vom Smp. 167-169", das in allcn physikalischen Eigenschaften mit dem durch thermische 
Umlagerung von 2 erhaltenen 3 identisch ist. 
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72. [2,3] Sigmatropic Rearrangements on Lithiation 
of Some Ally1 Sulfides 
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Summary. In  five cases, [2,3] sigmatropic rearrangement of the type 

has been observed. 

Baldwin rl] and Ollis [a] and their coworkers have recently proposed a model for 
the enzymatic coupling of two farnesyl units to yield squalene. The two units are first 
linked by a disulfide bridge. The disulfide, via [2,3] sigmatropic change, is in equi- 
librium with a small amount of a farnesyl nerolidyl disulfide [ 3 ] ,  from which, by 
desulfurisation [4], farnesyl nerolidyl sulfide is formed. The carbon carbon bond 
between the sulfur bridged units is then created intramolecularly by a second [2,3] 
sigmatropic rearrangement of a derived sulfonium ylid [l] [Z]. 

Baldwin et al. [l], in their model, have generated the ylid by alkylation of the 
sulfide and reaction of the resulting sulfonium salt with n-butyllithium. However, 
under the conditions of the alkylation, the sulfide tends to  isomerise to  the symrnetri- 
cal isomer [I] [a]. Ollis et  al. [Z] circumvented this difficulty by bringing the farnesyl 
nerolidyl sulfide into reaction with benzyne, which leads to the ylid directly, by 
addition to sulfur and deprotonation next to it. 

Protons can be readily removed from ally1 [5] and benzyl [Sc]  161 sulfides and 
an allylic [5 b] and a Sommelet rearrangement 161 have been observed in the resulting 
carbanionoid species. This suggests that on direct metallation of the farnesyl nerolidyl 

l) Full paper to appear in Helv 



740 HELVETICA CHIMICA ACTA - Vol. 54, Fasc. 2 (1971) ~ Nr. 72 

sulfide (or analogue with different substituents), [2,3] sigmatropic change2) with 
formation of a metal thiolate might occur. This new reanangement would be anal- 
ogous to that of the corresponding ylids, and more directly, to the Wittig rearrange- 
ment of ally1 ethers [7] [8] [9]. It might constitute an interesting synthetic variant 
of the Baldwin-Ollis scheme. 

In connection with our work on the Wittig rearrangement 171, we have studied 
this reaction and found it a very efficient method for the synthesis of thiols, methyl 
sulfides and hydrocarbons of the squalcne type or with the artemisyl skeleton. The 
recent report by Biellmann & Ducep [lo] on this subject prompts us to report our 
results. 

Reaction of sulfides 1 and 2 with 1.4 equiv. of butyllithium3) in tetrahydrofuran 
solution a t  - 30" for 1.5 and 5 h and subsequent treatment of the products with 2 
equiv. of methyl iodide for 2 min, gave methyl sulphides 3 (R = CH,) and 4 (R = CH,), 
respectively, in almost quantitative yields. 

- &y 
2 4 

On gas chromatographic analysis, 4 (R = CH,) could not be detected in the pro- 
duct obtained from 1, and, conversely, 3 (R = CH,) could not be detected in the pro- 
duct from 2 (< 0.3 - 0.5%). Even when 1 was treated with butyllithium in tetra- 
hydrofuran a t  + 45" and the product then metliylated a t  - 30", 4 (R = CH,) could 
not be detected (< 0.3 - 0.5%). 

Reaction of sulfides 1 and 2 as described and subsequent hydrolysis of the pro- 
ducts, led to thiols 3 (R = H) and 4 (R = H), respectively, in almost quantitative 
yields. 

Reaction of 1 as described, followed afteI 4 niin by addition of excess deuterium 
oxide and working up in water, gave a ca. 2: 1 mixture of 1 and 3 (R = H). According 
to n.1n.r. and mass spectrometry, deuterium had not been incorporated4) into re- 
covered 1. 

We interpret these results as follows. 1 and 2 are lithiated in the benzyl position. 
The lithium compounds so formed rearrange rapidly by [2,3] sigmatropic change2). 
The reaction with butyllithium is the rate-determining step. Competitive rearrange- 
ment via dissociation-recombination2) (whicli would give 3 and 4 from either 1 or 2) 
is not detected. 

Reaction of sulfides 5 and 6 with butyllitliiuni in tetrahydrofuran a t  ~ 30" for 
4 11, followed by hydrolysis or rnethylation of the products, gave 7 (R = H or CH,) 

~~ 

2, 

") 
4, 

[2 ,3 ]  Sigmatropic and dissociation-recombination pathways in such a rearrangement have 
been discussed in detail for the oxygen analogue, the Wittzg rearrangement [7] [8] [9]. 
Commercial n-butyllithiuin in hexane, diluted to  ca. 1 . 7 ~ ,  was used. 
Similar trcatnient of t-butyl benzyl sulfide ( -  30", 2 h) and o f  methyl benzyl sulfide, led t o  
incorporation of close to one deuterium in the benzyl positions. 
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and 8 (R = H or CH,), respectively, in almost quantitative yields. Again, only the 
products of [2,3] sigmatropic change are detected. 

In the analogous rearrangements of allyl sulfonium ylids [ l l ]  and of lithiated 
allyl ethers [7] [8] [9], rearrangement by a dissociation-recombination mechanism 
competes with the [2,3] sigmatropic pathway. Its  absence5) in the cases described 
here probably reflects the instability of the thioaldehyde anion radical fragments 
which would have to  be formed in such a process. This situation might change if 
different substituents were introduced6). 

The synthetic potential of the reaction is further demonstrated by the synthesis 
of the sesquiterpenoid, squalene-like, cis-tram isomeric hydrocarbons 9 (R = H) and 
10 (R = H). Thiolinalool 11 was converted into sulfide 12 by treatment with butyl- 
lithium (tetrahydrofuran, 1 equiv, - 70°, 5 min), followed by alkylation of the lithium 
thiolate formed with l-chloro-3-methylbut-2-ene (tetrahydrofuran, 2 equiv., - 30", 
14 h) in 84% yield. Reaction of 12 with butyllithium (tetrahydrofuran, 1.5 equiv., 
- 30", 5 h) and alkylation of the product with methyl iodide (2 equiv., - 30", 5 min) 
gave a ca. 2 : 3  mixture of methyl sulfides 9 (R = SCH,) and 10 (R = SCH,) in 84% 
yield. Reduction of this mixture with excess lithium in ammonia-tetrahydrofuran led 
to the mixture of hydrocarbons 9 (R = H) and 10 (R = H) in 87% yield. ----- 

11 12 

As starting materials for this reaction, sulfides of types 5 and 6 are readily avail- 
able. Tertiary thiols of type 11 as precursors of unsymmetrical sulfides of type 12 can 

5, Hauser reports [6] ,  that dibenzyl sulfide, on metallation undergoes Somwzelet rearrangeincnt, 
that is, a [2 ,3 ]  sigmatropic change involving the benzene ring (however, see ref. [IZ]). We find 
that lithiated t-butyl benzyl sulfide4) is stable a t  room temperature under our conditions; 
a slow cleavage with formation of lithium benzylthiolate occurs, presumably by or',,!-elimi- 
nation [13]. In contrast, both dibenzyl ether and benzyl t-butyl ether readily undergo Wittig 
rearrangement [9]. 
This could be the case in the reaction decribed in ref. [5f]. 6, 
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be prepared by dithiocarbonate rearrangement7). Thus, 11 was obtained as follows. 
Geraniol was converted into 0-geranyl S-methyl dithiocarbonate by successive 
treatment with butyllithium, carbon disulfide and methyl iodide. On distillation it 
rearranged to S-linalyl S-methyl dithiocarbonate (86%, based on geraniol), which was 
cleaved*) with lithium aluminium hydride [15] to  give 11 (75%). 2-Methylbut-3-en- 
2-thiol, from which 2 was made, was obtained by an analogous sequence. 

Further work on the reactions reported here, and on tlic chemistry of the various 
ally1 thiols obtained, is in progress. 

RIRLIOC;K:-2PHY 

ill J .  E .  Baldwin,  R. E .  Hackler&D. P .  Kelly, J.  Amer. chem. Soc. 90,4758 (1968). 
[2] G. M .  Blackhurn, W .  D. Ollis ,  S.  Smith & I .  0. Suthevland, Chcm. Commun. 1969, 99. 
[3] D.  Barnavd, T .  H .  Houseman, hf. Porter & B. K .  Tidd, Cheni. Commun. 1969,371. 
[4] C.G. Moore & 13. R. Trego, Tetrahedron 78, 205 (1962); 19, 1251 (1963). 
[5] a) D. S. Tarbell & M .  A .  McCall, J.  Amer. cheni. Soc. 74, 48 (1952) ; b) D .  S .  Tarbell & W .  E.  

Lovett, ibid. 78, 2259 (1956) ; c) H .  Normant & T .  Cuoigny, Bull. Soc. chim. France 196.5, 1881 ; 
d) J .  F. Biellmann & J .  B .  Ducep, Tetrahedron Letters 1968, 5629; e) ibid. 7969, 3707; 
f )  ibid. 7970, 2899. 

[6] C. R. Hauser, S .  W .  Kantor & W. R. Brasen, J. .%mer. chcm. Sac. 75, 2660 (1953). 
[7] V .  Rautenstrauch, Chem. Comm. 1970, 4. 
[S] J .  E. Baldwin,  J .  de Bernardis & J .  E .  Patrick, Tetrahedron Letters 7970, 353. 
[9] Review: U .  SchAlZkofif, Angew. Chcm. 82, 795 (1970) ; ibid. Intern. Edn. 9, 763 (1970). 

[lo] J .  F .  Biellmann & J .  B.  Ducep, Tetrahedron Letters 1971, 33. 
[ll] J .  E .  Baldwin & R. E .  Hackler, J.  Amer. chem. Sac. 91, 3646, and rcfcrcnccs cited therein. 
[12] T.  J .  Wallace, H.  Pobiner, J .  E .  Hofmann. & A .  Schviesheim, Proc. Chcm. SOC. 1963,137. 
[I31 G. Wittig, Experientia 74, 389 (1958). 
[14] S .  G. Smith, J.  Amer. chem. SOC. 83, 4285 (1961): T .  Taguchi & M .  Nakao,  Tetrahedron 18, 

245 (1962): D.  L. Garmaise, A .  Uchzyama & A .  F.  McKay, J. org. Chcmistry 27, 4509 (1962): 
K.  D.  McMichnel, J .  Amcr. chem. Soc. 89, 2943 (1967). 

[15] C. Djerassi, M .  Govman, F. X .  Markley & E.  B.  Oldenburg, J. hmcr.  chcm. Soc. 77, 568 (1955). 

*) 
7) 

Treatment with aqueous potassium hydroxide gave thiogeraniol. 
This rcactinn is known in several variants [14]. 




