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Palladium-Catalyzed Synthesis of Allylic Thioacetates.
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Palladium(0)-catalyzed allylic alkylation is now a common tool in organic synthesis. This wide
application is due to the facile reaction of the allylic substrates and the very high stereo- and chemoselectivity
generally observed in this reaction.' While carbon, oxygen and nitrogen nucleophiles are commonly used in
this catalytic reaction in the presence of phosphine-palladium complexes, sulfur nucleophiles are not so

common in such a reaction. Bosnisch obtained allyl alkyl sulfides from O-allyl S-alkyl dithiocarbonate
rather good yields 2 Silylated thiols reacted also with allylic

substrates in the presence of palladium(0) in rather good yields. lated thiols reacted also
.......... ~ oiva tha ~arcacn : 3 4 S i
carbonates to give the corresponding allyl alkyl sulfides.” We* and Moreno-Mafias® have shown that thiols
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reacted cleanly and quantitatively with allylic carbonates in the presence of &
to give the corresponding allylic alkyl thiols, and more recently an asymmetric version of this methodology

was described.®

* Fax: 33 4 72448160, e-mail: sinou@univ-lyonl.fr
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The use of sodium salis of carboxylic acids as nucleophiles in paliadium-cataiyzed aikylation reaction
has aiso been described.” However there is no example of the use of salts of thiocarboxylic acids in this
reaction. Our continuing interest in the palladium-catalyzed formation of sulfur-carbon bond was spurred by
the idea that salts of thiocarboxylic acids could be good nucleophiles in such a reaction, leading to the
formation of allylic thiocarboxylic esters; since these substrates could be saponified very easily into thiols, this
methodology would be a very convenient access to allylic thiols. We describe in this paper the use of
potassium thioacetate as the nucleophile in the palladium alkylation reaction.

RESULTS AND DISCU

Firstly substitution of various cinnamyl compounds with potassium thioacetate was carried out using
palladium complexes combined with various ligands as the catalyst in order to compare the reactivity of these
allylic compounds and the different palladium-complexes (Scheme 1).

Pd(0)/L
CeHy >~""0x + CH;COSK CeHs” X" SCOCH,
. THF/H,0 (9/1) )
ia¢ 50°C,24h 2
aXs= C02C2H5
b X =COCH,
c X= CuC6H5
d X = PO(OC,Hy),
e X= C6H5
Scheme 1
As shown in Table 1, reaction of cinnamyl ethyl carbonate 1a with potassium thioacetate proceeded

quantitatively in a THF/H,O (9/1) mixture in the presence of Pd,(dba),-CHCI, associated with various ligands
to give the allylic thioester 2 in good yields after column chromatography (Table 1, entries 1-8), whatever the
ligand used [PPh,, 1,2-bis(diphenylphosphino)ethane or dppe, 1,3-bis(diphenylphosphino)propane or dppp,
1,4-bis(diphenylphosphino)butane or dppb, 1,5-bis(diphenylphosphino)pentane or dpppe, 1,6-bis(diphenyl-
phosphino)hexane or dpph and 1,1’-bis(diphenylphosphino)ferrocene or dppf]. Pd(OAc), (Table 1, entry 9) or
Pd(acac), (Tablel, entry 10) were as efficient as Pd,(dba), catalyst precursor, although PdCl, or Pd(CN), gave
no reaction at all (Table 1, entries 11 and 12).

Alkylation of cinnamyl acetate 1b, cinnamyl benzoate 1¢ and cinnamyl diethyl phosphate 1d also

i

(Poble 1 amteing 12_1€). on tha othao d. cinnamyl phenyl ether 1 dle
iri€s 13-15); Oil in€ Olnél naina, Cif yl phenyl ether 1e seemed less

occurred quantitatively (Table 1,
reactive (Table 1, entry 16).

In order to compare the reactivities of cinnamyl derivatives 1a-e, some competitive reactions were
carried out (Table 2). When carbonate 1a (1 equiv) and acetate 1b (1 equiv) were reacted with potassium
thioacetate (1 equiv) in the presence of palladium(0)-dppb catalyst, carbonate 1a was quantitatively alkylated,
although acetate 1b was recovered unchanged (Table 2, entry 1). The same behaviour was observed using
benzoate lc instead of acetate 1b (Table 2, entry 2). Reaction of a 1:1 mixture of acetate 1b and benzoate 1c
proceeded at 50 °C to give quantitatively the alkylated product 2, 38% of 1b and 62% of 1c¢ being recovered.
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Entry Substrate Catalyst Conversion % (Yield %)°
1 1a Pd,(dba), + 8 PPh, 100 (69)°
2 la Pd,(dba), + 4 dppe 100 (68)
3 1a Pd,(dba), + 4 dppp 100 (82)
4 la Pd,(dba), + 4 dppb 100 (85)
5 1a Pd,(dba); + 4 dpppe 100 (90)
6 la Pd,(dba), + 4 dpph 100 (82)
7 1a Pd,(dba), + 4 dppf 188 (74)
8 ia Pd(OAc), + 4 PPh, 100 (81)
9 ia Pd(acac), + 4 PPh, 100 (87)

10 1a PdCl, + 4 PPh, 0
11 1a Pd(CN), + 4 PPh, 0
12 1b Pd,(dba), + 4 dppb 100 (87)
13 1c Pd,(dba), + 4 dppb 100 (84)
14 1d Pd,(dba), + 4 dppb 100 (71)
15 le Pd,(dba), + 4 dppb 95 (38)

* [1]:[CH,COSK]:[Pd] = 25:35:1; [1] = 0.25 mol.I'; solvent THF:H,0 (9:1); 50 °C; 24 h. ® Conversion determined by G. C.;
chemical yield of pure product after column chromatography and not optimized.  The same result was obtained using a ratio
[Pd):[PPh;] =4

Table 2. Competitive Palladium-Catalyzed Substitution Using Potassium Thioacetate."
Entry Substrates (ratio) Products (%)°
1 la+1b (1:1) 2 (100 %) + 1b (100 %)
2 la +1c (1:1) 2 (100 %) + 1c (100 %)
3 1b + 1c (1:1) 2 (100 %) + 1b (38 %) + 1c (62 %)
4 1b +1d (1:1) 2 (100 %) + 1b (100 %)

*[1):[CH,COSK]:[Pd,(dba),):[dppb] = 40:20:0.5:2; [1] = 0.25 mol.I'; solvent THF:H,O (9:1); 50 °C; 24 h. * Determined by G. C.

This means that cinnamyl acetate 1b is more reactive than cinnamyl benzoate 1c. Finally reaction of a 1:

mixture of acetate 1b and phosphate 1d gave the alkylated product 2, acetate 1b being recover
quantitatively at the end of the reaction.and 4 reacted with CH,COSK to give aimost identical mixtures of
regio and stereoisomeric allylic thioesters 12 and 13 (Table 3, entries 1 and 2). The more substituted alkene 12
is predominant (95% vs 5%), a mixture of E and Z isomers being obtained as shown by the NMR spectrum of

the mixture. We observed the chemical shifts for the allylic carbons of the major isomer at higher field (5 31.4
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Entry Allylic substrate Product(s) Yield %°
{ratio)’
CEA N eroru. 12
3147 TLASEL] Aa
A E/Z: 71123 68
: C;H7 " "~0CO,CH; 3 ( ) (95/5)
SCOCH;
~ TY // 13
Lty ™
OCO,CH;
2 D 12 (E/Z : 86/14) + 13 51
g™ (95/5)
. BnO— ,—0OAc 5§ BnO— 14 cx
3 N/ — i 20
" scoct,
(E/Z : 88/12)
I\ S\
4 (  )—OCOCH; 6 ( )—scocH, 15 70
o=/ \—4
OAc SCOCH,
5 22

PNPh 7 Ph/\APh 16

6 /L\ ~ J\\ ~ o /l\\ P /L\. RS R .y 79

/vvv‘OAco VV\I"‘SCOCH3 i/

(E/Z - 94/6)

17 (E/Z : 17/86) 68

8 A~z 10 17 (E/Z : 56/44) 91

A ~ OAC d e L]

* [Substrate]:[CH,COSK]:[Pd,(dba),):[dppb] = 25:35:0.5:2; [substrate] = 0.25 mol.I"'; solvent THF:H;0 (9:1); 50 °C; 24 h.
® Chemical yield of pure product after column chromatography and not optimized. ¢ Determined by NMR and GC.
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stereochemisiry, respectively. The branched ailylic thioester 13 was aiso characterized by "“C-NMR, the signal
of the allylic carbon appearing at § 46.3 ppm.
The Z allylic carbonate 5 gave a 88/12 mixture of E and Z allylic thioesters 14 (Table 3, entry 3), whose
configuration was mainly based on ?C-NMR data. The signals of the allylic carbons corresponding to the
major isomer are at lower field (3 30.8 and 69.9 ppm) than those corresponding to the minor isomer (5 26.4

and 65.5 ppm).
good yield

The reaction of geranyl acetate 8, neryl acetate 9 and linalyl acetate 10 under these conditions gave a
mixture of geranyl and neryl thioester 17 in 79, 68 and 91% yield, respectively (Tabie 3, entries 6-8).
Surprisingly, geranyl acetate 8 gave a 94/6 mixture of 17 (E) and 17 (Z) and 18, although neryl acetate 9 gave
a 14/86 mixture, and linalyl acetate 9 a 55/45 mixture. Following the reaction by gas chromatography showed
that the reaction was quite fast and that the E/Z ratio was the same throughout the process; this could be due to

ion process compared to the ¢ == 1t === & equilibrium and probably ng of the
r —— —

catalyst at the end of the reaction.

Finally the reaction was extended to farnesyl acetate 11 to give farnesyl thioacetate 18 in 57% yield
(Table 3, entry 9).

In order to gain an insight into the stereochemistry of this reaction, the unsaturated acetate 19 was used
as the n-allyl precursor (Scheme 2). Unsaturated carbohydrate 20 was obtained as the sole product in 73%

yield. The trans stereochemistry of compound 20 was determined from the 'H-NMR spectrum with a coupling
constant J, ; = 10.7 Hz, characteristic of a trans fela.zonship between H-4 and H-5. So the reaction occured

with an overall retention of configuration as usually observed with soft nucleophiles.

Ac0T oo AT
2

AcO~—" OC,H; CH,COSK (1.

2
2

CONCLUSION

Reaction of potassium thioacetate with allylic carbonates or acetates in the presence of a palladium(0)-
complex provxdes allylic thioacetates in quite good yields. The reaction is regioselective with the formation of

ted allylic thioacetate, and stereospecific with overall retention of configuration. Since these
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All reactions that involved palladium complexes were carried out under a nitrogen atmosphere in Schlenk
tubes. Column chromatography was performed on silica gel, Merck, grade 60 (230-400 mesh, 60 A). GC
analyses were recorded with a capillary gas chromatograph GIRDEL DELSI 330 equipped with a capillary
column OV 101 (25 m x 0.32 mm). All compounds were characterized through their 'H- and "C-NMR
spectra, using CDCl, as the solvent and Me,Si or chloroform-d, as internal standard; carbon multiplicities

were obtained from DEF periments. The following chemicals were from commercial sources and used as
ronpivad: PAd (dha MHC PADOAA DAM DAI(‘N\ CH NS nnamul aratate (F) .2 hevran_1_nl 1.
IV I YWAL. X\ \uun[a \/Al\.«l i \J\\Jnh}z : U\.fl i U\\al‘[ 1 \4\}\) ' e TRANAWEET R TWIy R

hexen-3-ol, (Z)- 4-benzyloxy -2-buten-1-o0l, 2-cyclohexen-1-ol geranyl acetate, neryl acetate, linalyl acetate,
farnesyl acetate, ethyl 4,6-di-O-acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranoside, PPh,, dppe, dppp, dppb,
dpppe, dpph and dppf. The alcohols were converted to the corresponding acetate, carbonate, benzoate,
phosphate or phenyl ether in good yields using standard procedures. Thioesters 2°, 15° and 18'° have already
been described.

mixture of palladium complex Pd,(dba),-CHCIl; (2 mo l%) and the monopt mphm_ (16 mgl%) or the
dinhasnhine (R malf%) wac ctirred in THE (8 mI ) far 0 S Pataccinm thinarstate (2 § mmal) in 2 ml 0
ulylluoylllll\t \U LAENWJA IV/ YYD OLELAiwAE 111 A 1k \U lllu} ANJL \Juad 11 A VRAIODLIWALL VULV A W LA L \Jl-l lmlwll ARE dw AAMRY l‘zv
PR I JI I, | DN B IVNERPY EE | S LN IO . 1 e 1Y L e adlnee e lwlisamn ssinn nbissmad ot &N O/ Fae stha
wadd dducd, 10IIUWEd DY UIC allyllC suustaic (<. ninoi). 10C 1cactiVil 1ALU w SLHICU dat YU U 11Ul Ui

5
indicated time. The solvent was evaporated and the residue was purified by column chromatography on silica
gel to give the desired product(s).

(E)- and (Z)-Thioacetic acid S-(hex-2-enyl)ester 12 and thioacetic acid S-[3-(n-propyl)prop-2-enyl] ester 13.
These compounds were characterized in the mixture. 'H-NMR (300 MHz): & 0.88 (t, 3H, J = 7.3 Hz, CH, of
E-12),0.94 (t, 3H, J = 7.3 Hz, CH, of Z-12), 1.30-1.45 (m, 2H, CH,), 1.98 (dt, 2H, J = 7.0 and 7.0 Hz, CH,-
CH= of E-12), 2.08 (dt, 2H, J = 7.0 and 7.0 Hz, ("H,.-('H- of Z-12), 2.40 (s, 3H, C’H ),349(bd, 2H, J/=17.0

Hz, CH,S of E-12), 3.56 (bd, 2H, J = 7.2 Hz, CH,S of Z-12), 5.08 (d, 1H, J = 10.3 Hz, CH,=CH- of 13), 5.21

(d, 1H, J = 16.9 Hz, CH,=CH- of 13), 5.30-5.60 (m, 1H, -CH=), 5.60-5.75 (m, 1H, -CH=), 580-5.90 (m, 1H, -
CH=CH, of 13). *C-NMR (50 MHz): for E-12 5 13.5, 22.2, 30.4, 31.4, 34.3, 124.5, 134.5 and 195.4; for Z-12
§13.7,22.5,26.2, 29.2, 30.3, 123.7, 133.7 and 195.4; for 13 § 14.0, 20.1, 30.4, 36.0, 46.3, 115.89, 137.8 and
195.3. Anal. Calcd. for CgH,,0S: C, 60.73; H, 8.85. Found: C, 60.16; H, 8.89

(E)- and (Z)-Thioacetic S-[(4-benzyloxy)but-2-enyl)] ester 14. Characterized as a E/Z mixture. 'H-NMR (200
MHz): & 2.32 (s, 3H, CH,), 3.53 (d, 2H, J = 5.9 Hz, CH,S), 3.98 (d, 2H, J = 5.0 Hz, CH,0 of E-14), 4.15 (d,
f Z-14), 4.48 (s, 2H, OCH,Ph of E-14), 4.51 (s, 2H, OCH,Ph of Z-14), 5.62-5.85 (m,

=S35 eSS el

e
33 (m SH. C.H.). BC-NMR (50 MHz): for E-14 5 30.4, 30.8, 699, 72.1, 127.5, 127.7,

A2y wgaldg)e S TANIVAAN \ SV LTRAREe AC - SR8y VA

- I, AN TY £ NA

.08, H, 6.77. Found: C, 65.90; H, 6.94.
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(E)-Thioacetic acid S-(1,3-diphenylaliyl) ester 16. '"H-NMR (200 MHz): 5 2.3 (s, 3H, CH,), 546 (d, 1H, J =
7.1 Hz, CHS), 6.45 (dd, 1H, J = 15.7 and 7.1 Hz, -CH=), 6.61 (d, iH, J = 15.7, -CH=), 7.10-7.50 (m, 10H,
C.H,). BC-NMR (50 MHz): § 30.4, 50.4, 126.5, 126.6, 127.5, 128.4, 128.7, 131.8, 136.5 and 201.6

Thioacetic acid S-geranyl ester and thioacetic acid S-neryl ester 17. These compounds were characterized in

the mixture. 'H-NMR (300 MHz)' 8 1.59 (s, 3H, CH,), 1.67 (s, 3H, CH,), 1.68 (s, 3H, CH,), 1.95-2.10 (m, 4H,

CH,-CH=), 2.30 (s, 3H, COCH,), 3.50 (d, 2H, J = 7.7 Hz, CH,S), 5.00-5.30 (m, 2H, =CH-). "C-NMR (50

MHz): for (E)-17 8 16.1, 17.6, 25.6 118.4, 123.8, 139.5, 139.9, 195.6; for (E)-17 5 17.6,
1
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Ethyl 6-acetoxy-4-thioacetoxy-2,3,4-trideoxy-orD-erythro-hex-2-enopyranoside 20. R, 0.44 (petroleum ether:
ethyl acetate 4:1). '"H-NMR (200 MHz): § 1.25 (t, 3H, J = 7.1 Hz, CH,), 2.10 (s, 3H, CH,), 2.35 (s, 3H, CH,),
3.57 (dq, 1H, J = 9.6 and 7.0 Hz, OCH,-), 3.82 (dq, 1H, J = 9.6 and 7.0 Hz, OCH,-), 4.02 (ddd, 1H, J = 10.7,
5.2 and 2.1 Hz, H-5), 4.16 (dd, 1H, J = 12.2 and 2.1 Hz, H-6), 4.30 (dd, 1H, J = 12.2 and 5.2 Hz, H-6), 4.35
(bd, 1H, J = 10.7 Hz, H-4), 5.05 (s, 1H, H-1), 5.83 (s, 2H, H-2, H-3). "C-NMR (50 MHz): § 15.3, 20.8, 30.5,
38;0, 63.6, 63.9, 68.3, 93.9, 127.2, 130.4, 170.8, 193.5. Anal. Calc. for C,,H,,0,S: C, 52.54; H, 6.56. Found:
C, 52.57; H, 6.75.
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