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Abstract: The treatment of carbonyl compounds with the organotitanium species formed from

methoxybis(phenylthio)methane and low valent titanium species Cp, Ti[P \ULA]3|2 gave | a}kcuyl ethers

in good yields. 1-Alkenyl sulfides were also obtained by the similar reaction using tripheny! trithio-
orthoformate. These reactions were successfully applied to carboxylic esters and thiolesters to produce
1,2-diheteroatom substituted 1-olefins. © 1998 Elsevier Science Ltd. All rights reserved.

Since olefination of carbonyl compounds is one of the most important transformations in organic synthe-
sis, various methods are used for this transformation; such as the Wittig reaction using organophosphorous
compounds, l the Peterson olefination usin

[N 3
based .reagen!s.3 The olefination of carboxyl

and sulfides have been achieved only by using alkoxymethylene triphenylphosphoranes,4 methoxy(trimethyl-
silylymethyiithium, or their suifur analogues#-5 as active intermediates. On the other hand, the alkylidenation
of carboxylic acid derivatives using titanium reagents has been developcd3 though the olefination of carbonyl
compound with the heteroatom substituted titanium reagent has not yet appeared.

Recently we reported a useful method of carbonyl olefination using thioacetals and titanocene(Il) com-
pound Cp,Ti[P(OEt)3], (1).7 The most striking characteristic of this procedure is that it is capable of being
employed for the olefination of carboxylic acid derivatives. This result prompted us to study the desulfurization
of di- and tri-thioorthoformates 2a and b with 1 and the reactions of the resulting organotitanium species with

carbonyl compounds (Eq. 1). These reactions provide l-alkeny! ethers and sulfides 3 and alse 1,2-dih
4 which 14 h hla he th v 1 carhonv] olefination nrocediires
atom substituted olefins 4 which would not be accessible by the conventional carbonyl olefination procedures

a .. S = e \ - .
2a: X = MeQ / J:¥Y=HRH,hH

X = 4:Y=OR, SR
2b: X=PnS Y =R H, OR, SR’
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Table 1. Preparation of Alkeny! Ethers and Sulfides 3@

Run  Carbonyl Thiocorthoformate Time Product Ratio of Yield
Compound (equiv) (h) StereoisomersP (%)
o]
i e~ s 2a(is) 3 P 3a . 63
Ph/\/’Q,OMe
O
2 e~ 5b 2a (1.5) 3 phAV='L§~,o.-ﬁe 3b  54:46 64
R bON
3 pe~HAa 5e 2a (1.5) 3 Ph OMe 3¢ 52 : 48 65
s
4 5¢ 2b (1.2) 2.5 Ph/\,)Q,SPh 3d  51:49 65
o] SPh
A~ M fi

5 P 5d 2b (1.2) 2 @:j 3e 58 : 42¢ 78

6 —< Xxo Sse 2a(5) 3 OMe 3¢ ] 62
i ) S— ] | 4
7 Se 2b (1.2) 1.5 V=" 3 ; 76

(o]
g A~ st w2 2 T Ousen 3n : 74

9  PhNH 5g 2b (1.2) 2 ph~WSPh 3i 55 45d 42

a) All the reactions were carried out at room temperature. b) Determined by NMR analysis. ¢) E : Z determined by NOE experi-
ment, d) E : Z determined on the basis of coupling constant of vinyl proton.

A small excess amount (1.2 equiv) of triphenyl trithioorthoformate (2b) was treated with the low valent
titanium 1, and the progress of the reaction was monitored by TLC. After 10 min, the disappearance of 2b was
observed with a slight change of color of the reaction mixture, The treatment of various ketones with the re-
sulting organotitanium reagent produced the corresponding alkenyl sulfides 3d, e, g-i in good yields (Table 1).
Using an aldehyde as a carbonyl component, the olefination product was obtained only in a moderate yield (run
9). Under a similar set of operating conditions, the reaction of the dithioorthoformate 2a with 1,5-diphenyl-

erformed, and | me[hng-d-nh nyl-2-(2-phenyleth
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commercially available, and meth'mybxs(pheﬁylti‘uo)nethane {2a) is easily obtained by the reaction of commer-
cial dichloromethyl methyl ether with potassium thiophenoxide in THF in 85% yield.
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Table 2. Preparation of 1,2-Diheteroatom Substituted 1-Olefins 42

Run Carbony! Thiocorthoformate Time Product Ratio of Yield
Compound (equiv) (h) StereoisomersD (%)
0
M BuO
! Ph™ "OBu 5h 2a (2.0) 3 oA OMe 4a c 56
BuO
2 5h 2b (1.5) 3 pp?XSPh 4b 19 : g1de  gof
0 MeO
3 Pn . 5i  2b(L5) 3 PRSP 4 sg e g7

5§ 2a (2.0) 3 phNEROMe 4 5347 78

0
Pn’\/"‘ost
0
5 A~n~Hogr 5k 2a (2.0) 3 ANANAWROMe 4o 58 - 42 78

6 5k 2b (1.5) 3 ASARSPh 4f 63 : 37¢ 88
o] 'prs

7 ph~Hgpy 51  2a(20) 1.5 pr W OMe 45  17:83€ 82
o 'Prs

8 ~o~Hgpy S5m  2b (1.5 2 ~o~SPh 4h 69 :31€ 85

ths coom sl sasmes siacdimaeseod T ool o 2 3 g T N T O T Y YTV
a) All the reactions were performed in refluxing THF. b) The two stereoisomers were separated each other by using preparative

TLC. The ratio was determined based on their isolated yields. c) Only the one stereoisomer was obtained. d) Delermined by
NMR analysis. e) E : Z determined by NOE experiment. f) Contaminated with a small amount of bis(phenylthio)methane. The
yield was correcied for the contaminant,

As would be expected, the present reactions were found to be applicable to carboxyiic esters and
thiolesters (Table 2). The reaction of 2b with methyl phenylacetate (Si) at room temperature for 3 h gave 2-
methoxy-1-alkenyl sulfide 4¢ in 65% yield, and the yield increased to 72% when the reaction was carried out
under reflux. Increasing the amount of 2b (1.5 equiv) and the use of refluxing temperature gave the best yield
(87%) (run 3). Similariy 2-alkoxy-1-alkenyl ethers were obtained in good yields by the olefination of carbox-
ylic esters using excess 2a in refluxing THF. The alkylthio group substituted alkenyl ether and sulfide 4g and
h were also prepared by the olefination of thiolesters (runs 7 and 8).

sieves 4A (300 mg), magnesium turnings (87 mg, 3.6 mmol), and CpyTiCl; (747 mg, 3 mmol) were added
™ ™M ¥ — L. adl o~ i~ ca - el ne oo Afiac 2 L ennthnws
Uct argon AICT O 11, HICUHIVAY -

THF (5 ml) and P(OEt)3 (1.0 mi, 6 mmol) with stirring at room temperature un
bis(phenylthio)methane (2a) (262 mg, 1 mmol) in THF (1 mi) was added to the reaction mixture which was

further stirred for 10 min. Then ethyl caprylate (5k) (86 mg, 0.5 mmol) in THF (1.5 ml) was added dropwise
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over 15 min, and the reaction mixture was refluxed for 3 h. After cooling, the reaction was quenched by the
PR Uk LU of x NI _ U L O L Sy DSV SN O N SRR IR o PSS S T i R = PN
addition of 1M NaOH (15 mi) and the resulting insoluble materials were filiered off through Celite. The filiraie

was extracted with ether and the extract was dried over K2CO3. After removing the solvent, the residue was
purified by using preparative TLC (hexane) to give 78 mg (78%) of 2-ethoxy-1-methoxynon-1-ene (de).

At present, the exact reaction mechanism is still uncertain. However, similarly to the desulfurization of
thioacetals of aldehydes,8 it is reasonable to assume that the Schrock type metal carbene complex 6 having a
heteroatom substituent is formed by the reduction of thioorthoformate 2. The subsequent reaction with a car-
bonyl compound affords the oxatitanacyclobutane 7 which, in turn, decomposes to produce a heteroatom sub-
stituted olefin as depicted in the following equation.

1 (2 equiv) r 1 5
2 l X" TiCp, l —_—
- Cp,Ti(SPh), L |
6
2)

P 1

| 1R |
_— 3ord
L x> v - CpoTiO
7

In conclusion, the present study demonstrated that a variety of heteroatom substituted olefins are easily
prepared by the titanocene(II)-promoted olefination of carbonyl compounds using thiocorthoformates. These
compounds are useful synthetic intermediates as not only precursors of ketones and aldehydes, but also highly
nucleophilic olefins. Further study on the applications of this new olefination using the titanocene(Il)-thioacetal
system is nOw in progress.

This work was supported by a Grant-in-aid for Scientific Research on Priority Area No. 09231213 from
the Ministry of Education, Science, Sports and Culture, Japan.

i. Maercker, A. Org. React. 1965, i4, 270.

2. Ager, D. ). Org. React. 1990, 38, 1.

3. Pine, S. H. Org. React. 1993, 43, 1.

4.  Wittig, G.; Schiosser, M. Chem. Ber. 1961, 94, 1373. Levine, S. G. J. Am. Chem. Soc. 1958, 80, 6150. Witug, G..
Knauss, E. Angew. Chem. 1959, 71, 127. Wittig, G.; Boll, W.; Kriick, K. H. Chem. Ber. 1962, 95, 2514.

5. Magnus, P.; Roy, G. J. Chem. Soc., Chem. Commun. 1979, 822. Magnus, P.; Roy, G. Organometallics 1982, I, 553.
Kende, A. S.; Blacklock, T. J. Tetrahedron Lett. 1980, 21, 3119.

6. Grobel, B.-T.; Seebach, D. Chem. Ber. 1977, 110, 852.

7. Horikawa, Y.; Watanabe, M.; Fujiwara, T.; Takeda, T. J. Am. Chem. Soc. 1997, 119, 1127, Takeda, T.; Watanabe, M.;

aki. N.: Fuiiy T. Chem. Lett. in

[ T 1 ) meaco
i, iY., r"ujiwaia, 1. €, LCHE. 131 PITIS.
) ’ ’

8. On the basis of the titanocene(Il)-promoted reactions of thioacetals with carbon-carbon multiple bonds, we have assumed that

titanocene alkylidenes are formed by the reduction of thioacetals with the low valent titanium species 1: Horikawa, Y ;
Nomura, T.; Watanabe, M.; Fujiwara, T.; Takeda, T. J. Org. Chem. 1997, 62, 3678. Takeda, T.; Shimokawa, H.; Miyachi,
Y ; Fujiwara, T. Chem. Commun. 1997, 1055. Takeda, T.; Takamori, M.; Fujiwara, T. Chem. Commun. in press.



