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Abstract: Reaction of thiomethyl phosphonates with aryl (or butyl) tellurenyl halides and aldehydes under
basic conditions provides moderate to good yields of ketene thio (telluro) acetals, with vinylic sulfides being
byproducts of this transformation. Tellurium-lithium exchange by reaction with n-BuLi yielded vinyl
organolithium species, which were captured with several electrophiles. In the case of DMF, Z-a-phenylthio-
a, /{-un\nfurntpd qldphwjpv were obtained © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Vinylic tellurides have recently attracted considerable attention as important synthetic reagents
and intermediates,’ especially in transmetalation reactions. In addition, vinylic sulfides® and selenides'
have already been recognized as useful intermediates for several processes in organic synthesis.

We have recently described practical methodologies

selenides,’ tellurides®™* as well as ketene telluroacetals,’ based on Wittig or Wittig-Horner reactions,

which represent an important approach to the chalcogenoolefination of carbonyl substrates.

application of the Horner reaction directed at the synthesis of ketene phenyl (or methyl)
thio(phenyltelluro)acetals and some characterization of their chemical behavior, such as reactions with
n-BulLi and capture of the intermediate vinyllithium with ele hiles.

trophi
This 1s of great importance because although some other types of ketene bis(chalcogeno)acetals,
h

cuch ac ketene (
- V. N’ \
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0)-, mixed thio(selenc)- and sele
described 1n the last years,” ketene thio(telluro)acetals continue to be a poorly investigated class of

compounds. To our knowledge, the only method reported for their preparation involves the reaction of
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1. Preparation of ketene thio(telluro)acetals

Thxophosphonates 1a and 1b, useful intermediate in a variety of important transformations, and

n of triethvinhosnhon

on A URIVuRLy Rps leutlll.ull € willl chnui A3%/ual y

expense of excess base, followed by the reaction with aldehyde, gives the desired product S (Scheme 1)
n a one-pot process. As shown in Table 1, good results were obtained with aromatic aldehydes (54-

75%), while aliphatic aldehydes provided lower yields and ketones did not react at all with the standard

conditions employed.
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Scheme 1

It was observed that an excess of thiophosphonate was required to afford good yields of §. For
example, furfural reacts with equimolar amounts of 1, providing a 50 % yield of 5b. However, the
yield increases to 55 % and 70 % by using 1.5 and 2 equiv. of the thiophosphonate, respectively. In

view of
Yiw A
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As a consequence of using excess of 1, in most cases vinylic sulfides 6 were formed together

with the c:rp“ nroduct 8. As shown in Table

1/ mall amaiint e dae ¢l
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8.9

amount unacr me
mild conditions employed in the present work.®

The formation of by-products 6, which are easily separated by chromatographic purification, can

""""" I’

derived from formaldehyde, albeit in fow yield (38%). Although most of the experiments were

o}
o

performed on a 1.0 mmol scale, the reactions can also be performed successfully on a higher scale,

Concerning the stereochemistry of these olefinations, we usually observed the formation of a
mixture of £ and Z products. In the case of aromatic aldehydes, this ratio could not be determined
atic region. Besides, the products were also not
stable enough to perform GC analysis, even using different columns and conditions, preventing a direct
determination of the E/Z ratio. To be sure about the formation of the products as an £ + Z mixture, a
'"PTe resonance spectroscopy study was performed with some selected examples. The presence of
isomers could be easily confirmed since two peaks were observed in the '*Te NMR spectra (157.8

MHz)."’ For example, two peaks at a ratio of 1:1.5 (£/Z) at § 671.1 and 524.5 ppm, and two resonances
at & 667.3 and 529.7 with a ratio of 1:2.5 (E£/Z) were observed for p-chlorobenzaldehyde and

0 was ohcerved for the vinvlie onl
Ay Y VUIWL ¥ Wil AVL il Viik Jllv Sl ’

removal of the tellurium moiety with #n-BuLi plus ammonium chloride (vide infra). These results also

confirm the well-known retention of configuration in the tellurium/lithium exchange. 1211 1 the case of

equal intensity appeared at & 1 and 455.7. Likewise, in the reaction with isobutyraldehyde two
4:

doublets (1:1.

\OO\

E/Z ratio, J = 9.2 Hz) were observed at 8 6.15 (for the Z isomer, vinylic H) and 6.47

1

he experimental results of the synthesis of compounds 5 are summarized in Table

{(for the £ is

methyl phosphonate 1b were performed (entries 9 and 10, Table 1) under the same experimental

conditions. An interesting feature was the fact that the £/Z isomers (~1:1 ratio) were easily separable
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by column chromatography and that the corresponding vinylic sulfide by-product was not formed. The

nlar icamear wac chnwn tn have the 7Z_canfiouratian hu NOFEQV NIMR
IR AWINJARRWA FYGRWD DALV YTAL LW ALSB VW LdlWw Lo lemamﬂuml UJ IO A5 SNy § LYNiIVERN,

In these latter cases no formation of the corresponding vinyl sulfides 6i and 6j was detected.

This is certainly a result of the lower stabilizing capability of the MeS group compared to the PhS

Table 1: Preparation of ketene thio(telluro)acetals 5.

Entry | Product R R R’ Reaction 5, 6,
Time (h)* | Yield (%) | Yield (%)

3 5¢ CsHs CsHs 4-MeCoH, 0.5 60 30
4 5d CeH; Ce¢H; 4-CICsHy 0.5 62 16
5 Se C5H5 CG}IS CH;;CHzCHz 1.5 45 17
7 5¢ C(,Hs ijHj H 1.5 38 -
8 5h C6H5 CH3(CH2)2CH2 2—Furyl 1.5 54 20
9 5i CH‘; C5H5 2-Furyl 1.5 67 -
10 44 MY ™ 1T MIY 1 &£ ~t
iu Sj U3 Uglds CUglls 1.0 /1 -

#) At room temperature.

Y CQoloantivun w»osmnvnl af thho Tolliimisisns 1enioty mud monntinem with alontenmlilac
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As described by many research groups, the tellurium moiety can be easily and selective

RS
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removed from vinylic tellurides by treatment with different reagents. A useful method invoives

6b,12,13

treatment with n-BuLi leading to the corresponding vinyllithium species, which can be submitted
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Te moiety from ketene thio(telluro)acetals. For this purpose we treated some of the prepared products

with #-BulLi at -78 °C and reacted the intermediate vinyllithtum with electrophiles. In addition,
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selective removal of the tellurium moiety by Te/Li exchange reaction and analysis of the vinylic
stereochemistry of the ketene t

formation. The results are summarized in Scheme 2 and Table 2.

The lithium-tellurium exchange reaction on Sa (1:2.5; E/Z ratio, vide infra) with n-BuLi,
Fallaerad e, h- atrmant with aaraniig ammaniim chlarda Grienichad ¢hao anccnce e Ao o 10 1031
IWLIVWLU VY Ulauliviil Wil ajuluud dailuivy 11 WILURIUC TULIHIDIICU LT GO lepUllUulb VHIYHC SUlllac o

(Table entry 2) in 62% yield as an E/Z mixture at a 2.5:1 ratio as deduced by '"H NMR analysis of
6 4

the Z-isomer). In addition to the vinyiic suifide, BuTePh, BuTeBu and PhTePh were isolated (normal

. . . 14 . - .

byproducts of reaction of vinylic phenyl tellurides with »-BuLi).® The Sa-Li intermediate was also
~ranvartad +a tha srarracnanding allvulice alanhal 7 hy roantinn with hanoaldaherda 33 50/ <3411 (Makl. M
LULLVULILU U UIC VULIUOPUNIULLE ally iV alLULIUL /7 UY TLavuull will Ul IUCIHIYUT 111 00 70 YICIU { 14UIT £,

entry 1).'"® The product was an E/Z mixture of isomers (1.7:1 ratio), as determined by 'H NMR. The
8

same reaction with methyl iodide gave the corresponding tri-substituted vinylic sulfide

o0y T 71N 11

1solated yield ( 86%, £/Z, 1.9:1, Table 2, entry 3).

R ¢H
R SCeH = R~ SCeHs
N 00 s TeCeHs L
"CHO E
9a-d | 6 E=H 62%
DM wBi . 7 7 CH:CHOH 85%
E
AN l // 8§ CH; 86%
R 5C
o s sHs
N\
5-Li -
Scheme 2

Of great synthetic interest is the reaction of the intermediate o-lithium vinylic sulfide with
DMF, giving the corresponding a-phenylthio-o,p-unsaturated aldehydes 9a-d. This almost unknown
class of compounds has recently been prepared by the reaction of 1-lithio-2-ethoxy vinyl sulfides with
aldchydes and ketones followed by acid-catalyzed dehydration."” Regardless of the geometry of the
ketene thio(telluro)acetal used, the products exhibited almost exclusively the most stable Z-
conﬁguratmn with only trace amounts of the E-isomer, as detected by '"H NMR (400 MHz). The Z-

iment. This result was also confirmed bv the n(“ NMR
mment. This resul SO cor ed oy the NMR

spectra where single peaks for all carbons were observed. In this way, even starting with an E+Z

mixture of ketene (S, Te)acetals only the most stable Z-isomer is formed under the reaction conditions.

) 7421-7432 7425
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Table 2: Preducts from the Te/Li exchange reaction on ketene phenyltelluro(thio)acetals 5.

Entry Reagent E* Products Yield | Ratio®
(%) (E/Z)
CeHs SCeH HQ .
1 3 SO 6HS C¢HsCHO CeHs_ LC‘H< 85 1.7:1
S sHs
TeC(,Hs P
50 SCgHs
7
2 VoS, SCeHs H;0 R 62 2.5:1
TCC6H5 SCeHs
Sa 6
3 Cefls, :SC(’:HS CHyl Cotls, :CHS 86 1.9:1
T€C6H5 SCGHS
Sa 8
CeHs SCgH. CeHs SC¢H
4 ] DMF *, i 6115 63 1:16
E‘#\ .
TeCgHs ~CHO
52 9a
_ CH;CH,CH;, SCeHs . CH;CH,CH,,  SCHs - o
] e ¢ LAvir o e ¢ au < 114U
= .SC(,Hs CHO
Se 9b
6 4'CleH4 SC¢Hs DMF 4'ClC6H4" /SC5H5 58 1:16
L 1T el 6 7aY
1CLgrIis CH(
5d 9¢
. CoHs SCH; DMEF “efs, SCH; 62 <1:25
N\
T€C5H5 CHO
5§ 9d

EY I
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EXPERIMENTAL SECTION

General Remarks. 'H and °C NMR spectra of CDCl; solutions were recorded with a 200 MHz, 300 MHz or a
400 MHz spectrometer as noted. Chemical shifts are expressed as parts per million (ppm) downfield from
tetramethylsilane as an internal standard. Mass spectra (EI) were obtained at 70 eV with a Hewlett Packard
EM/CG HP-5988A spectrometer, infra-red were acqulred on a Perkin-Elmer 1310 Spectrometer and elemental
rck’s silica gel (230-400 mesh) was
used for flash chromatography. THF was distilled over sodium/benzophenone immediately before use. The

thiophosphonates® and PhTeBr'> were prepared by literature methods.

General procedure for the synthesis of ketene (S,Te)-acetals. To a solution of LDA (3.1 mmol) in THF (4
mL) cooled to -78 °C, under nitrogen, was added drolese a solution of 1 (2 mmol) in THF (1 mL). The

ha haginninag +1.

remained, which became yellow in ca. 20 min. The temperature was raised to 0 °C for 30 minutes, the aldehyde
(1 mmol) was then added and the reaction mixture stirred for one hour at 0 °C and for 30-90 min at room
temperature (see Table 1). The reaction was treated with water and extracted with ethyl acetate (3 x 25 mL).
The organic layer was dried over MgSO4 and the solvent removed under vacuum. The residue was purified by

shonisnt aaranber and alibad Gtk Loy
mulnatogiapily alg CIULCO Wiln ncx

(E+Z)-2-Phenyl-1-phenylsulfanyl-1-phenyltellanyl-1-ethene (5a)

Yield 0.312g (75%). MS m/z (rel. int.) 211 (M" -CsH;sTe, 100.0), 207 (11.5), 178 (63.9), 165 (44.8), 109 (30.1),
77 (46.8); 'H NMR (300 MHz, CDCl;)  7.00-7.45 (m, 11H), 7.58 (s, 1H, vinylic), 7.70-7.90 (m, 4H); "*C
NMR (50 MHz, CDCls) s 111.4, 1127, 114.4, 116.2, 127.1, 127.5, 127.6, 127.7, 128.0, 128.1, 128.2, 128.4

17 170 Q@ /1 AN 10 A 1711
126/, 12400 (L}, 149U, 14Y.4, 121.1

]

17 1TANN 1A N
13 140U, 141.U

3 > i iat]

P4

110
128.6,

773 1386
7.3 36.0

£
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44,

-
N
.Ex
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(E+Z)- 2-(2-Furyl)-1-phenylsulfanyl-1-phenyltellanyl-1-ethene (5b)

Yield 0.284g (70%). MS m/z (rel. int.) 408 (M, 69.32), 201 (78.2), 173 (100.0), 77 (86.2); '"H NMR (400 MHz,
CDCl;) 5 (£) and (E) 6.38-6.42 (m, 1.7H), 6.80 (d, /= 3.2 Hz, 0.3H), 7.00 (s, 0.3H), 7.07-7.40 (m, 9H), 7.48-
7.49 (m, 0.7H), 7.64-7.67 and 7.72-7.75 (m, 2H); *C NMR (100 MHz, CDCl3) 5 108.4, 109.3, 110.6, 111.0,
111.7, 114.8, 1159, 126.7, 1279, 128.1, 128.4, 128.5, 128.6, 128.7, 128.8, 129.5, 130.2, 132.5, 135.3, 136.2,
139.5, 141.2, 141.4, 142.4, 152.4, 152.6. Anal. Calcd. for C;3H;408Te: C, 53.25; H, 3.48. Found: C, 53.11; H,

247

J.T35.

7421-7432 7427
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(E+Z)- 2-(4-Methylphenyl)-1-phenylsulfanyl-1-phenyitellanyl-1-ethene (5c)

nn \ —1'1 oA n\ Ivr \nm AN~ A ATTY

). 77 (84.9); "H NMR (400 MHz,
CDCly) 5 2.31 (E) and 2.34 (Z) (2s, 3H), 7.07-7.44 (m, 13H), 7.59-7.62 and 7.75-7.78 (m, 2H); 1*C NMR (100
MHz, CDCl:q)_ 8212, 213,109.7, 1114, 1146, 1163, 1269, 1273, 128.1, 128.2, 128.3, 128.6, 128.7(2C),
128.8, 128.9, 129.0, 129.4, 130.8, 131.2, 134.6, 135.8, 136.1, 136.2, 1376, 137.7, 1393, 140.1, 141.9, 144.9.
Anal. Calcd. for C2;HsSTe: C, 58.65; H, 4.22. Found: C, 58.38; H, 4.17.

L1b. 3 ==

it d. N AL LN/ O I - Yo LS4 ¥ ST ATk & il AP WV LN
YiCidl U.L00g {(OUe). /Z \T€L. 1AL ) 240 (M -Uelis 1€, 1UU.U),

r-\
-

[ ~TN
o FARY)
2.3

Yield 0.279g (62%). MS m/z (rel. int.) 452 (M, 24.3), 245 (56.4), 210 (100.0), 77 (38.2); "H NMR (200 MHz,
CDCh) 5 7.07-7.43 (m, 13H), 7.57-7.78 (m, 2H); *C NMR (50 MHz, CDCl;) 5 112.8, 114.1, 114.3, 116 1,
7

1500, 1£L0.0, 1£0. 7 LIPS RV . (.5

Yield 0 172¢ (45%) MS m/z (rel int) 382 (M™-2. 44) 284 (33.7) 207 (192Y 177 (294} 154 (85 0\ 77

fei it } . “5 \ e, [ E2 L~ ‘s L (YR T4, Bm), L0 \PHT ) LY 2T &gy 2 N\ 7. Ty AT \OIVy, 07
1NN N 1U\T\m ONN RAET.. O Y o N OL NOL /es I 1 22 1 &N /L ATTY N AN D NDY 3 AN ™ A4 ¢ ~Y T\
{1VVU.U), 1 INMIR (&UU Mz, Tl 6 U.o0-U.55 (1ML, Jrij, 1.33-1.5Z2 (M, 2N), 2.2U-2.31 and 2.33-2.44 (m, s

\l;

33 and 6.60 (2t, J = 7.2 Hz, 1H; vinylic), 7.08-7.31 (m, 8H), 7.57-7.63 and 7.68-7.73 (m, 2H); *C NMR (50
MHz, CDCls) 5 13.7, 13.8, 22.1, 22.2, 34.6, 389, 106.4, 1100, 114.4, 115.6, 126.6, 126.8, 1279, 128.1, 128.8
(2C), 129.0, 129.2, 130.1, 130.4, 136.5, 136.6, 138.9, 139.0, 147.7, 1523 Anal. Calcd. for C,7H;3STe: C,
53.45; H, 4.75. Found: C, 53.26; H, 4.66,

Yield 0.210g (55%). MS m/z (rel. int.) 382 (M'-2, 3.2), 284 (33.6), 207 (20.0), 177 (16.9), 154 (100.0), 77
(75.7); "H NMR (200 MHz, CDCls) 5 1.00 and 1.01 (2d, J= 6.8 Hz, 3H), 2.61-2.79 and 2.97-3.16 (m, 1H), 6.15
(Z) and 6.47 (E) (2d, J = 9.2 Hz, 1H; vinylic), 7.09-7.29 (m, 8H) 7.58-7.70 (m, 2H); *C NMR (50 MHz,
CDChyj s 22.1 (2C), 22.3 (2C), 32.0, 36.8, 104.1, 107.0, 114.4, 115.7, 126.6, 126.7, 127.9, 128.0, 128.8(2C),
128.9, 129.2, 130.0, 130.3, 136.5, 136.6, 138.6, 138.9, 154.7, 159.7. Anal. Calcd. for C;7HsSTe: C, 53.45; H,

4.75. Found: C, 53.10; H, 4.65.

(E+Z)-1-Phenylsulfanyl-1-phenyltellanylethylene (Sg)

700/ o at lr\ [ Y ’\l’\"1{ \ 1'7r 710 o, iy amam

129¢g (38%). MS m/z (rel. int.) 342 (M', 12.7), 207 (4. (15.6); 'H NM
(200 MHz, CDCly) 5 5.79 (s, 1H), 6.11 (s, 1H), 7.21-7.46 (m, 8H) 7.78-7.83 (m, 2H); 13C NMR (50 MHz
CDCl;) 8 114.7, 117.5, 126.7, 128 4, 129.2, 129.4, 133.1, 134.6, 139.0. Anal. Calcd. for C,4H;STe: C, 49.47,

H, 3.56. Found: C, 49.49; H, 3 48.
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(E+Z)-1-Butyltellanyl-2-(2-furyl)-1-phenylsulfanyl-1-ethene (5h)

1NN Irr v P 1

3 {100.0); H NMR (200 MHz,
CDCl) 5 0.80-0.91 (m, 3H), 1.21-1.42 (m, 2H), 1.56-1.81 (m, 2H), 2.76-2.87 (m, 2H), 6.40-6.43 (m, 1H), 6.48-
6.50 and 6.88-6.89 (2m, 1H), 7.10-7.46 (m, 7TH), *C NMR (50 MHz, CDCl;) 5 11.0, 11.1, 13.3 (2C), 25.1,
252, 33.4, 33.9, 103.8, 104.4, 110.8, 111.1, 111.5, 111.7, 126.8, 127.5, 128.8, 129.1, 129.5, 130.3, 131.5,
132.1, 136.1, 136.9, 141.4, 142.1, 152.5, 152.6. Anal. Calcd. for Ci¢H;50STe: C, 49.79; H, 4.70. Found: C,

SN A - 489
JU LT, 1L, . L.

£ 12 Ant ')nc\ 183 (24

t1inn o~ (EAQSNY [~ SN N : \’)00/\ 1 £ ﬂ
ICIUULUOB {(I%70). IvViD /] IZ\ il.) 300 {ivl , 1V. D), 4LV] J.06), 103 (£4.0), 1

(E)-2-(2-Furyl)-1-methylsulfanyl-1-phenyltellanyl-1-ethene (5i)

Yield 0.120g (35%). MS m/z (rel. int)) 346 (M, 22.3), 207 (5.7), 139 (100.0), 124 (74.4), 77 (63.3); "H NMR
(200 MHz, CDCls) 5 2.34 (s, 3H), 6.42-6.45 (m, 1H), 6.80-6.82 (m, 1H), 7.15-7.40 (m, 4H), 734 (s, 1H), 7.70-

S WS <227 2237 bl 22/ ey 2

7.75 (m, 2H); PC NMR (50 MHz, CDC13)8235 111.6, 111.7, 112.1, 115.8, 127.9, 129.6, 131.9, 137.0, 141 .4,

152.7. Anai. Calicd. for C3H;2,0S8Te: C, 45.40; H, 3.52. Found: C, 45.21; H, 3.46.

(£)-2-(2-Furyl)-1-methylsulfanyl-1-phenyltellanyl-1-ethene (5i)

Yield 0 1100 (32%). MS m/z (rel. int) 346 (M". .7). 205 (4.2). 139 ( 64 7). 55 (100 0): 'H NMR (200 .

D\ 7 L% .7 LS > S Js \ J3 N VT, SO AV J> AL INIVEEN \&VUV IVIILL,
Y N AL (o AL £ WL LAY (oo DL £ 7T (4 1T 79N 7 AN ATTN "7 00 T NYVY £ .. NLI\. 1B~ amaam sron
CDCl) 5 2.26 (5, 3H), 6.35-6.41 (m, 2H), 6.75 (s, 1H), 7.20-7.42 (m, 4H), 7.88-7.93 (m, Zrj, "C NMR (30
MHz, CDCL) s 19.4, 1082, 110.9, 111.3, 113.7, 117.8, 128.7, 129.0, 140.6, 141.3, 153.1. Anal. Calcd. for

C13H120STe: C, 45.40; H, 3.52. Found: C,44.96; H, 3.31.

(E)-1-Methylsulfanyl-2-phenyl-1-phenyltellanyl-1-ethene (5j)

N lyy aTaam sAnA x ATy

AN ST A £1NN N re
), 149 (79.9), 134 (100.0); 'H NMR (200 MHz,

A¥ PN n

A A DY AN
TICIaQ v “4.7), LU

[
o
_
£
<
N
c
| e
?-
wa
R
un
CN
| .-
&

CDCls) 5 2.29 (s, 3H), 7.14-7.38 (m, 6H), 7.45 (s, 1H), 7.51-7.57 (m, 2H), 7.75-7.80 (m, 2H); *C NMR (50
MHz, CDClL) s 23.3, 1155, 116.0, 1274, 127.9, 128.0, 129.2, 129.5, 137.3, 137.7, 144.6. Anal. Calcd. for
CisHy4STe: C, 50.90; H, 3.99. Found: C, 51.02; H, 4.17.

(£)-1-Methylsulfanyl-2-phenyl-1-phenyltellanyl-1-ethene (5j)

Yield 0.110g (31%). MS m/z (rel. int)) 356 (M", 5.9), 207 (4.5), 149 (82.0), 134 (100.0); '"H NMR (200 MHz,
CDCl3) 5 2.30 (s, 3H), 6.86 (s, 1H), 7.13-7.32 (m, 8H), 7.73-7.79 (m, 2H); °C NMR (50 MHz, CDCl3) 5 19.5,
113.8, 113.9, 127.0, 128.0, 128.1, 128.2, 129.0, 131.2, 139.1, 139.2. Anal. Calcd. for C,sH14STe: C, 50.90; H,
3.99 Found: C, 5087, H 424,
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in hexane). After 20 minutes of stirring at this temperature, benzaldehyde (0.159g, 1.5 mmol) was added. The

/
r1 hat 79 o' than Ai tata (20 ml
i A3 \JU

mL). The organic layer was separated and dried over MgSO, and the solvent was removed under vacuum. The
residue was purified by column chromatography over silica gel. Elution with hexane removed dibutyl, diphenyl
and butyl phenyl tellurides, and elution with ethyl acetate yielded 7 as an oil. Yield 0.270g (85%). MS mz (rel.
int.) 318 (M', 51.9), 211 (71.1), 178 (64.8), 77 (100.0), "H NMR (300 MHz, CDCls) 5 (£) 2.90 (br s, 1H), 5.20

(s, 1H); (E) 3.00 (d, J = 8 Hz, 1H), 6.00 (d, /= 8.00 Hz, 1H); (E) and (Z) 6.66 (s, 0.7H, vinylic), 7.00-7.70(m,
15.3H); *C NMR (50 MHz, CDCl;) (E + Z) 5 71.1, 76.6, 126.0, 126.2, 126.8, 127.4, 127.5, 12738, 127.9,
128.2, 128.4, 128.9, 129.1, 129.2, 129.4, 1323, 133.4, 134.2, 134.3, 134.4, 135.4, 135.5, 135.9, 141.1, 1414,

141.5. Anal Calcd. for C;yH30S: C, 79.21; H, 5.70. Found: C, 78.24; H, 5.85.

(Z,E)-1-Phenyl-2-phenylsulfanyl-1-propene (8)

Yield 0.194g (86%). MS m/z (rel. int.) 226 (M, 98.3), 167 (42.6), 115 (100.0), 91 (28.9); 'H NMR (200 MHz,
CDCls) 5 2.03 (Z) and 2.13 (E) (2d, J = 1.4Hz, 3H); 6.70 (s, 1H; vinylic, minor isomer), 7.20-7.57 (m, 11H;
includes 1H vinylic, major); '>C NMR (50 MHz, CDCls) 5 19.6, 25.6, 126.0, 126.7, 127.0, 127.2, 127.4, 128.0,

128.2, 1283, 128.7, 128.8, 128.9, 129.0, 129.1, 130.1, 130.8, 130.9, 131.7, 132.1, 133.7, 136.9. Anal. Calcd
forC.:H..S- C

UL L 114

7960: H 623 Found: C. 79.56: H 6.04,

s 1AV, KR, V.eJ. I VW ng. Ny [ AC N & N

(Z,E)-1-Phenyl-2-phenylsulfanyl-1-ethene (6)’

Yield 0.131g (62%). "H NMR (200 MHz, CDCls) 5 (Z) 6.45 (d, J= 10.8 Hz, 0.3H), 6.55 (d, J = 10.8 Hz, 0.3H);
(E) 6.69 (d, J = 15.6 Hz, 0.7H), 6.85 (d, J = 15.6 Hz, 0.7H); (E + Z) 7.13-7.55 (m, 10H); °C NMR (50 MHz,
CDCly) 5 123.3, 125.9, 126.00, 1268, 127.0, 127.1, 127.2, 127.5, 128.2, 1286, 128.7, 129.1, 129.7, 129.9,

131.7, 135.2, 136.2, 136.3, 136.4, 137.9.

>

Synthesis of (Z)-3-Phenyl-2-phenylsulfanyl-2-propenal 9a from 5a. To a solution of Sa (0.416g, 1.0 mmol)
in THF (4 mL) at -78 °C under nitrogen was added dropwise a solution of n-BuLi (0.50 mL, 1.1 mmol, 2.22 M
solution in hexane). After 20 minutes of stirring at this temperature, DMF (0.1 mL, 1.29 mmol) was added. The

temperature was raised to room temperature and stirred for 2 hours, then diluted with ethyl acetate (30 mL), and

nabkad it st 2 v 0 I Y Tha ~rganice laver wa
wasnea witn waler (o X <U ML), 1ne organic iayer

o sanaratad
was dTpaialtu

and drie
removed under vacuum. The residue was purified by column chromatography over silica gel. Elution with
hexane removed dibutyl, diphenyl and butyl phenyl tellurides, and ethyl acetate was used to elute the pure

compound 9a. Yield: 0.151g (63%). MS m/z (rel. int.) 240 (M7, 100.0) 211 (46.3), 178 (44.9), 131 (35.7), 110

(16.0); IR (KBr, cm 1) 69 (CO). 'H NMR (400 MHz, CDCl3) 5 7.15-7.29 (m, 5H), 7.43-7.45 (m, 3H), 7.88
7 T 7 £L - T1ITY. B amam 7cn LT, ATy \ o 1’1( " < 1")00 170N 121N 1219
{ LIS, 111), C NMR OV VINZ, L 3) 14£0.3, 140.Y, 1£Y.U, 131.V, 151.4,

<
J,
5

: , ( 8.
133.5, 133.6, 150.9, 190.6. Anal. Calcd. for C15H;20S: C, 74.97; H, 5.03. Found: C, 74.73; H, 5.18.
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(Z)-2-Phenylsulfanyl-2-hexenal (9b)

Viald- 0082y (ANG/Y NAQ s/n fral int Y INE AT 1000 177 191 0 135 (62.6). 110 (55.5) IR (flm T b
LiCil. V.VoLyg (FV/0). Ivio /72 (TCL 1L J 4V0 (M, 1VU V), 177 («1.U), 150 (D4.0), 11V (JJ.3);, 1K (1iim, Cm !
1690 (CO). 'H NMR (400 MHz, CDClL) 5 0.97 (t, /= 7.4 Hz, 3H), 1.56 (sext, J = 7.4 Hz, 2H), 2.58-2.64 (m,

2H), 7.12-7.25 (m, SH), 7.25 (t, .J = 7.4Hz, 1H), 9.46 (s, 1H); ’C NMR (100 MHz, CDCl) 5 13.8, 21.5, 32.7,
126.2, 128.6, 128.9, 134.3, 136.6, 161.0, 190.1. Anal. Calcd. for C;;H,40S: C, 69.86; H, 6.84. Found: C, 69.15;
H, 6.89.

Yield 0.159g (58%). MS m/z (rel. int.) 274 (NF, 43.9), 239 (47.3), 210 (100.0), 165 (62.7), 110 (64.7); IR (film,
cm™): 1690 (CO). '"H NMR (200 MHz, CDCly) s 7.14-7.28 (m, 5H), 7.35-7.42 (m, 2H), 7.80 (s, 1H), 7.86-7.93

(m, 2H), 9.51 (s, 1H); C NMR (50 MHz, CDCls) 5 126.9, 128.9, 129.1, 129.2, 132.0, 132.4, 133.2, 133.5,
137.0, 148.8, 190.5. Anal. Calcd. for C;sH;;OSCL: C, 65.57; H, 4.04. Found: C, 65.42; H, 4.25.

Yield 0.110g (62%). MS m/z (rel. int.) 178 (M, 51.7), 134 (100.0), 102 (46.5), 91 (53.3); IR (film, cm™): 1685
(CO). '"H NMR (200 MHz, CDCl) 5 2.39 (s, 3H), 7.26-7.50 (m, 3H), 7.52 (s, 1H), 7.85-7.90 (m, 2H), 9.54 (s
1L 13[‘ ANRAD /&N MLI. M~Ny1 £Q 170 4 12N A 121 N 12AN0n 12712 18N L 101 " Aanl Mot 1 €.
lﬂ}, AN JAJ AN \JU 1VLL y RILE 2.7, 140."', 1JUV.%%, 11U, 1%V, 13/7.J, IJU.U, 171.4, Alldl wdiCld., 101
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