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Abstract: Zn(ll) perchlorate hexahydrate has been found to bewe felt that the use of a metal catalyst that can form a
new and efficient catalyst for conjugate addition of thiols,feun- safrong coordinate bond with the. carbonyl oxygen of t.h.e
saturated ketones under solvent-free conditions at room tempefaB-unsaturated ketones should increase the electrophilic-
ture. The reaction of aryl, arylalkyl and alkyl thiols with cyclic andty of the B-carbon and assist the conjugate addition to be
acyclic a,f-unsaturated ketones takes place affording excellesarried out under milder conditions and in short reaction
yields after five minutes to six hours. The compatibility oftimes (Scheme 1).

Zn(ClO,),-6H,0 with different solvents provides a means to carry

out the reaction under versatile experimental conditions. The rate nf

thiol addition was dependent on the electronic and steric factors oM oW

the enones and the thiols. The substituent gi-tterbon of the:, - } ‘ .

unsaturated ketone substrate caused steric hindrance during co R \\ -« RS RSH
gate addition and required longer reaction times. The rate of re: L R2 A

tion for alkane thiols e.g. ethanethiol was sluggish compared to tH'*n b -
of aryl thiols. ”
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Schemel Role of metal salts in catalyzing thia-Michael addition.

2

MXp,
Thia-Michael addition is an important transformation du

its important role in biosynthesias well as in the synthe-
sis of bioactive compoundsThe reaction has versatile
applications in synthetic organic chemistry. The ease of o )

generation of the double bond by removal of the sulfi/hile designing a cheap and effective catalyst, we con-
moiety either by copper(l)-induced eliminatiar by ox- Sidered the following aspects: (i) the catalyst should be
idative eliminatior?® offers an elegant strategy forderived from group I/ll metals so as to reduce its cost, (ii)
chemoselective protection of the olefinic double bond ¢fe central metal ion of the metal salt should have strong
conjugated enoné&.It is known that-sulfido carbonyl ©xophilic property for more effective coordinate bond for-
compounds, derived from thia-Michael additionct@- Mation with the carbonyl oxygen, and (iii) the counter
unsaturated carbonyl compounds, serve as starting matgion should be highly electron-withdrawing in nature to
rials for the generation @-acylvinyl cation equivalents make the central metal ion more oxophilic. While select-
and homoenolate equivaleritShese are of interest to or-iNg suitable group /Il metal salts, we thought that the
ganic/medicinal chemists for the development of newretal ion of salts of strong protic acids should have a more
methodologies for thia-Michael additions. Various catefonounced —oxophilic property. Triflic acid is the
lysts have been used for the conjugate addition of thiols§§Ongest protic acid due to the large negatyevalue
a,B-unsaturated carbonyl compounds. These include mér,1__4.1}2 and perchloric acid is the second strongest protic
al halides nitrate? phosphates triflates?® solid acidsl® acid. Recently it has been demonstrated that the per-
and ionic liquids: The various disadvantages (e.g. lon hlorate counter anion increased the oxophilicity of the
reaction time§**%use of halogenated solvefitdf2dif-  central metal ion of metal perchlorates and made them
ficulty in recovery of high boiling solvent&® high tem- highly efficient catalysts for electrophilic activation dur-
peratured® 1icspecial efforts required for preparation ofNd acetylatiort? Thus, we planned to evaluate the cata-
catalyst$® use of costly catalysi2la moderate lytic efficiency of various commercially available group |
yields®7use of toxic chemicaféetc.) encountered in the @nd Il metal triflates and perchlorates and report that zinc

reported methodologies necessitate the development dig{chlorate hexahydrate is a new and efficient catalyst for
better method. the thia-Michael addition.
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LETTER Conjugate Addition of Thiols ta,3-Unsaturated Ketones 1371

and 3) indicated the sensitivity of Mfgderived catalysts
j\/ oH o S/© to non-anhydrous conditions. Surprisingly, magnesium
\© . @ cat. (1 moi%) and zinc triflates were found to be inferior to the corre-
neat, r.t., sponding perchlorates (Table 1, compare the result of en-
la 2a 15h 3aa try 6 with those of entries 2 and 3 and the result of entry 7

Scheme2 Conjugate addition afa with 2a under the catalytic W'th that of entry 5)- A S'_m”ar observation was made dur-
influence of various group | and Il metal perchlorates and triflates. iNd the acetylation reactiof®

We next planned to determine the influence of solvents on
In a model reactiortrans-4-phenyl-3-butene-2-ondd) the catalytic property of Zn(CI,-6H,0 during the reac-
(2.5 mmol) was taken as a representatdiyeunsaturated tion of 1a with 2a (Table 2). The catalyst was compatible
carbonyl compound; this was treated with thiophe®®) ( with non-polar (entry 5), weakly polar (Table 2, entries 1,
(1.1 equiv) in the presence of various group | and Il metaland 8), aprotic polar (Table 2, entries 3, 7, 9 and 10) and
triflates and perchlorates under neat conditions at rogotic polar (Table 2, entry 11) solvents affording moder-

temperature (Scheme 2). ate to high vyields. The results revealed that
The reactions were monitored by IR and GCMS and tH&(CIO,),-6H,0 retained its catalytic activity in solvents
optimum results are provided in Table 1. with poor (Table 2, entry 5) and weak (Table 2, entries 1,
3, 6, 8, 9 and 10) coordinating properties. The poor cata-
Tablel Reaction ofla with 2a in the Presence of Various lytic activity in MeCN (Table 2, entry 4) is probably due
Perchlorates and Triflates to competitive coordination of the solvent with the cata-

lyst. The inferior results obtained in DMF are probably
due to its specific affinity towards cations, which inter-
1 Liclo, 48 feres with the formation of a coordinate bond between the
carbonyl oxygen atom and Znion. Although a similar

Entry Catalyst (1 mol%) Yield (98)

2 Mg(CIO,), 51 interference of coordination between the carbonyl sub-
3 Mg(ClO,),-6H,0 45 strate and the Zhion is expected to take place in MeOH,
the hydrogen bonding effect of MeOH probably compen-
4 Ba(ClO,), 31 sates for this. The poor result obtained in water is due to
5 Zn(Cl0,),-6H,0 @ the poor solubility ofla and2a in water.
6 Mg(OTf), 32 Table2 Reaction ofla with 2a in Various Solvents under the Cat-
alytic Influence of Zn(CIQ),-6H,0?
7 Zn(OTf), 83
aThe substrate (1 equiv) was treated with thiophenol (1.1 equiv) in trI]Eentry Solvent Vield ()¢
presence of catalyst (1 mol%) at r.t. (ca. 25-30 °C) in the absence of (CH,),0 63
solvent for 1.5 h.
b GCMS vyield of the corresponding conjugate addition prodaat 2 H,O 17
3 EtOAC 66
The best result was obtained in the presence of
Zn(ClO,),-6H,0 (1 mol%) affording 92% conversion to * MeCN >4
the desired conjugate addition prodBaa after 1.5 hours 5 CeHus 75

(Table 1, entry 5). The poor catalytic activity of LiGIO

and Ba(CIQ), is probably due to the lower charge to size® B,0 77
(Z?Ir) value of LI (1.35 ém™9 and B&" (2.94 ém™9) Me,NCHO 60
ions compared to that of Zrion (15.33 ém™9.4 The ox-

ophilicity of Li* and B&* ions became significantly lower 8 (CH:CH,);0, 8l
compared to that of Zhion as a result of lower’# val- CH.CI 70
ues of the former ions. The parallels between the catalytic a2

activity and charge-size function of metal perchlorate® MeNG, 75
was also observed during the metal perchlorate-catalysgd MeOH 84

acetylatiod® and Diels—Alder reactioft. However, the
inferior results obtained for Mg(Cl} (Table 1, entry 2) ?Conditions:1a (2.5 mmol) was treated wia (1.1 equiv) in the

and Mg(CIQ),6H,0 (Table 1, entry 3) are probably duePresence of Zn(CI, 6.0 (1 molk) at .t (+25-30 °C) for 1.5 h.

to the higher hydrolysis constant(pvalue) of 11.42 for .y e ealed tﬁ:?)r:ssepr?ce e B PrOCaE

the Mg+ ion compared to a value of 9.6 for the’Zion 16

Thus, the magnesium salts became susceptible to hydro-

lytic decomposition in the presence of trace amounts &P establish the generality of this process, various enones
moisture and lost their catalytic propel§The decrease such asla, 2-cyclohexen-1-onelb), 3-buten-2-onelg)

in catalytic activity of Mg(CIQ),-6H,0 compared to that andtrans-1,3-diphenylpropenondd) were treated with a

of Mg(ClO,), (Table 1, compare the results of entries ange of aryl thiols e.g.2a, 4-methylthiophenol 2b),
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1372 S. K. Garg et al. LETTER

arylalkyl thiols e.g., benzyl thiok€), 2-furfuryl thiol (2d) ~ Table3 Zn(ClO,),-6H,0-Catalysed Conjugate Addition of Thiols

and alkyl thiols e.g. ethane thi@d) under the above-de- © @:f-Unsaturated Ketonés

scribed optimum conditions (Scheme 3). Excellent resul,,y £none Thiol Product Time Yield

were obtained in each case. The reactions were completed (min)  (%)P°

within five minutes to six hours (TLC, IR, GCMS)

(Table 3). After the addition of the catalyst to the magnet- j\L
|

ically stirred mixture of the enone and the thiol, an exo-

thermic reaction took place indicating product formation. Ph
1 la Thiophenol 2a) 3aa 90 8¢9
o] o]
Zn(Cl04)26H,0 .
RlJ‘j oot N ﬁ 2 la  4-Methylthiophenol2b) 3ab 120 80
, +RSH ——————
g2 ‘. R2 SR 3 la Benzyl thiol @c) 3ac 120 82
v 8 4 la  2-Furfuryl thiol @d) 3ad 120 78
Scheme3 Conjugate addition of various thiols to cyclic and acyclic .
enones under the catalytic influence of Zn(g}®H,0. 5 1a Ethane thiol £¢) dae 360 83
o]

The conjugate addition reaction of thiols, catalysed by
Zn(ClQ,),.6H,0, was found to be dependent on steric and

electronic factors of the,f-unsaturated ketones and thi- 5 4, 2a 3ba 5 o
ols. The comparison of the resultslbfandlc with those
of laandld reveal that the substituent at fhpositionof 7 1b 2 3bb 15 85

the enone exhibited steric and electronic effects. The reag-
tion of 1a with certain thiols took longer compared to the

corresponding reaction wittc carried out under similar 9  1b 2d 3bd 20 88
conditions (Table 3, compare the results of entries 1-

1b 2c 3bc 10 91

with those of entries 11-15). This may be due to the steric 1b 2e 3e 20 82
hindrance exhibited by the 2-phenyl grouplaftowards o

the approaching thiol. Furthermore, theesonance ef- )H

fect of the 2-phenyl substituent Ia and1d makes these |

enones less electrophilic compared1to and 1c. The 11  1c 2a 3ca 5 8
combined steric and resonance effects of the 2-phenyl

substituent make the conjugate addition reactionsaof 2 25 3cb 10 8l
andld, with particular thiols, sluggish compared to those3  1c 2c 3cc 10 83
of 1b andlc (Table 3, compare the results of entries 6—10

and 11-15 with those of entries 1-5 and 16-20). The corf- ¢ % Scd 15 80
parison of the results da with those ofld suggested that 15  1c %2 3ce 20 81

the R group of they,B-unsaturated ketone exhibited elec-
tronic effects in controlling the conjugate addition. The )0
resonance (hyperconjugative) effect of the methyl group  en ‘\L

in 1a (R' = Me) increased the electron density at the car- oh

bonyl oxygen and enhanced the coordinating ability withy 14 2a 3da 90 8F
the Zrf*. Contrary to this, the phenyl group iid
(R = Ph), decreased the electron density at the carbodyl 1d 2b 3db 150 8%

oxygen by inductive and resonance effects and resultedﬁ'g] 1d 2 3dc 150  9F
the

weak coordination between the carbonyl oxygen and
Zn?*, Therefore, the reaction afl with thiols required a 19  1d 2 3dd 140 92
longer time and higher temperature compared to the ct%-
responding reaction da (Table 3, compare the results o
entries 1-5 with those of entries 16—20). The longer timés$he enone (1 equiv) was treated with the thiol (1.1 equiv) in the
required for the conjugate addition2#, an aliphatic thi- Presence of Zn(CI9,-6H,0 (1 mol%) atr.t. (ca. 25-30 °C except for
ol, represented the generalised steric effect of the thfJ)iriés 16-20) in the absence of solvent (except for entries 16-20).
(Table 3, compare entry 5 with entries 14, entry 10 Wi%so!ated yield of the correqundlng conjugate addition product

. : . ‘{Obtained after chromatographic purification.
entries 5-9, entry 15 with entries 11-14 and entry 20 Withhe products were characterized by IR spectroscopy, NMR
entries 16—19). The reaction rates of a six-membered Gyectroscopy and MS.
clic enone without aB-substituent, exhibited parallels®A 85% yield was obtained in carrying out the reaction in MeOH at
with those of an analogous acyclic enone having &t for 1-5h. _ _
unsubstituted3-carbon (Table 3, compare the results of '"® reaction was carried outin MeOH under reflux.

entries 11-15 with those of entries 6-10).

1d 2e 3de 240 88
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To compare the catalytic efficiency of Zn(G)@6H,O A recent report suggested that the lp€italysed (10
with that of reported catalysts, we chose a few representasl%) conjugate addition reaction of chalcones requires
tive examples involving the same reactants and the reswdtshydrous MeOH¢ The feasibility of carrying out the re-
are summarized in Table 4. The results established tlzation oftrans-1,3-diphenylpropenoneld) with various
Zn(CIlQ,),-6H,0 is a better suited for conjugate additiorthiols in non-anhydrous MeOH using Zn(G)@6H,0 as

of thiols to a,B-unsaturated ketones with respect to (iratalyst (Table 3, entries 16-20) established that the
amount of catalyst, (ii) range of solvents, (iii) reactiopresent methodology is advantageous over the reported
times, (iv) reaction temperatures and (v) product yieldsprocedure.

Table4 Comparison of the Results of Zn(G)}6H,0-Catalysed

Conjugate Addition of Thiols ta,B-Unsaturated Ketones with those

of Reported Catalysts

Entry Product Cat. (mol%) Solvent  Temjpme Yield
°C) (%)°

1 3ba InBry CH,CL® rt. 16-24h 7%
(10)

2 3ba Bi(NO3)3 CHCI2 rt. 2-4h 65
(15)

3 3ba Bi(OTf), MeCN* rt. 15h 720
®)

4 3ba Zn(CIOy), neat rt.  5min 90
@

5 3bb Cdl, PhCH2? rt.  12h 742
@

6 3bb Zn(ClO,), neat rt. 15min 85
@

7 3bc Cdl, PhCH2? rt.  12h 482
@

8 3bc Zn(ClO,), neat rt. 10min 91
@

9 3be TBAB neat 105 45min 96
(excess)

10 3be Zn(ClO,), neat rt. 20min 82
@

11 3ca Bi(OTf), CHCN rt. 1h 76°
5)

12 3ca TBAB neat 105 2h 7210
(excess)

13 3ca [pmim]Br neat 105 45min 75
(300 mg/mmol)

14 3ca Zn(ClO,), neat rt. 5min 84
@

15 3ab InBrg CHCL® rt. 16-24h 78
(10)

16 3ab Zn(ClO,), neat rt. 2h 80

(1)

@ Anhydrous solvent was used.
b Two equivalents of thiol were used.

¢ The molten catalyst was used as solvent.
4 lonic liquid was used as solvent.

We have described herein a highly efficient catalyst for
thia-Michael addition under solvent-free conditions at
room temperature. The advantages include, (i) the use of
a cheap, easy to handle and commercially available cata-
lyst, room temperaturend non-anhydrous reaction condi-
tions, (ii) short reaction times and (iii) high yields. With
increasing environmental conceththe solvent-free re-
action conditions should make this methodology environ-
mentally friendly and applicable for large scale
operations.

4-Phenylthio-4-phenylbutan-2-one; Typical Procedure

To a magnetically stirred mixture tfans-4-phenyl-3-buten-2-one
(0.36g, 2.5 mmol) and thiophenol (0.30g, 2.75 mmol, 1.1 equiv)
was added Zn(CIg,-6H,0 (9.3 mg, 0.025 mmol, 1 mol%). The re-
action mixture was stirred at 25-30 °C for 1.5 h. After the comple-
tion of the reaction (TLC, IR), the reaction mixture was diluted with
EtOAc (2 mL), adsorbed onto silica gel, charged onto a column of
silica gel (60-120 mesh, 5 g), and eluted with hexane (to eliminate
any disulfide formed), followed by EtOAc—hexane (1:10) to afford
4-phenylthio-4-phenyl-butan-2-one (570 mg, 89%, Table 3, entry
1) as a colourless oil.

IR (neat): 1708 cni.

'H NMR (300 MHz, CDC)): $=2.04 (s, 3 H), 3.04 (dd, 2 H,
J=2.7,7.8Hz),4.70 (t, 1 H,= 7.2 Hz), 7.20-7.25 (m, 10 H).

13C NMR (300 MHz, CDCJ): 6 =30.63, 47.98, 49.44, 127.38,
127.57, 127.65, 128.43, 128.79, 132.83, 140.98, 205.46.

MS (El): m/z= 256.

Anal. Calcd for GH,OS: C, 74.96; H, 6.29; S, 12.51. Found: C,
74.94; H, 6.30; S, 12.49.

The remaining reactions were carried out following this general
procedure. In each occasion, the spectral data (IR, NMR and MS) of
known compounds were found to be identical with those reported in
the literature. New spectral data are given below for representative
adducts.

4-Benzylthio-4-phenylbutan-2-one (3ac)
Colourless oil.
IR (neat): 1716 cm.

H NMR (300 MHz, CDCJ): $=1.98 (s, 3 H), 2.91 (d, 2 H,=7.0
Hz), 3.47 (0, 2 HJag = 13.3 Hz), 4.19 (t, 1 HJ = 7.2 Hz), 7.17-
7.31 (m, 10 H).

13C NMR (300 MHz, CDCJ): §=30.39, 35.63, 43.81, 49.89,
126.93, 127.30, 127.86, 128.36, 128.49, 128.83, 137.73, 141.43,
205.18.

MS (El): m/z = 270.

Anal. Calcd for GH,OS: C, 75.51; H, 6.71; S, 11.86. Found: C,
75.48; H, 6.73; S, 11.89.
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3-(4-M ethylphenylthio)cyclohexan-1-one (3bb) Refer ences
Colourless ail. . )
(1) Fujita, E.; Nagao, YBioorg. Chem. 1977, 6, 287.
IR (neat): 1713 cm. (2) (a) Fluharty, A. L. InThe Chemistry of the Thiol Group;
H NMR (300 MHz, CDCJ): § = 1.62-1.75 (m, 2 H), 2.06-2.13 (m, Patai, S., Ed.; Wiley Interscience: New YoiRy74, Part 2.,

2 H), 2.20-2.37 (m, 6 H), 2.60-2.67 (m, 1 H), 3.30-3.34 (m, 1 H),  589. (b) Trost, B. M.; Keeley, D. B. Org. Chem. 1975, 40,

7.10 (d,2 HJ=7.8 Hz), 7.31 (d, 2 H] = 7.8 Hz). 2013. (c) Kumar, A.; Salunkhe, R. V.; Rane, R. A,; Dike, S.

13C NMR (300 MHz, CDCJ): § = 20.93, 23.80, 30.99, 40.63, 46.23, Y. J. Chem. Soc., Chem. Commun. 1991, 485.

3) Cohen, T.; Mura, A. J. Jr.; Shull, D. W.; Fogel, E. R;;
47.53, 128.95, 129.62, 133.69, 137.84, 208.58. © Ruffner, R. J.; Falck, J. R. Org. Chem. 1976,941, 3218.
MS (El): mz= 220. (4) Bakuzia, P.; Bakuzis, M. L. B. Org. Chem. 1981, 46, 235.
Anal. Calcd for GH,0S: C, 70.87; H, 7.32; S, 14.55. Found C, (5) Cherkauskas, J. P.; CohenJTOrg. Chem. 1992, 57, 6.
70.84; H, 7.33; S, 14.57. (6) (a) Cd: Saito, M.; Nakajima, M.; Hashimoto, S.
Tetrahedron 2000, 56, 9589. (b) InBy: Bandini, M.; Cozzi,
4-(2-Furfurylthio)butan-2-one (3cd) P. G.; Giacomini, M.; Melchiorre, P.; Selva, S.; Umani-
Colourless oil. Ronchi, A.J. Org. Chem. 2002, 67, 3700. (c) InCt Ranu,

B. C.; Dey, S. S.; Samanta, ARKIVOC 2005, iii, 44.

IR (neat): 1715 cm. (7) Srivastava, N.; Banik, B. K. Org. Chem. 2003, 68, 2109.
'H NMR (300 MHz, CDC)): § =2.12 (s, 3 H), 2.65-2.73 (m, 4 H), (8) (a) Zahouily, M.; Abrouki, Y.; Rayadh, Aetrahedron Lett.
3.71(s,2H),6.18 (s, 1 H),6.30 (s, L H), 7.35 (s, 1 H). 2002, 43, 7729. (b) Abrouki, Y.; Zahouily, M.; Rayadh, A.;
13 NMR (300 MHz, CDC)): §=25.28, 28.39, 29.74, 43.09, Bahlaouan, B.; Sebti, Setrahedron Lett. 2002, 43, 8951.
107.29 110.26. 141.87. 151.33. 206.46. (9) (a) Hf(OTf): Kobyashi, S.; Ogawa, C.; Kawamura, M.;

' ' ' ' Sugiura, M.Synlett 2001, 983. (b) Bi(OTf): Alam, M. M.;
MS (El): mz=184. Varala, R.; Adapa, S. Retrahedron Lett. 2003, 44, 5115.
Anal. Calcd for GH,,0,S: C, 58.67; H, 6.56; S, 17.40. Found: C, (10) (a) Zeolites: Sreekumar, R.; Rugmini, P.; Padmakumar, R.
58.64; H, 6.58; S, 17.43. Tetrahedron Lett. 1997, 38, 6557. (b) AlO;: Cheng, S.;

Comer, D. DTetrahedron Lett. 2002, 43, 1179. (c)

3-Benzy|th|0-173_d|pheny|propan_l_one (3dc) Nafion® SAC-13: Wabnltz, T.C.; Yu, J-Q, Spencer, J. B.
White solid; mp 67-69 °C Synlett 2003, 1070.

(11) (a) Yadav, J. S.; Reddy, B. V. S.; Baishya).@rg. Chem.

. 1
IR (KBr): 1682 crrr~ 2003, 68, 7098. (b) Ranu, B. C.; Dey, S. S.; Hajra, A.

'H NMR (300 MHz, CDC)): § = 3.40-3.57 (m, 4 H), 4.45 (t, 1 H, Tetrahedron 2003, 59, 2417. (¢) Ranu, B. C.; Dey, S. S.

J=7.1Hz), 7.18-7.31 (m, 8 H), 7.34-7.39 (m, 4 H), 7.46-7.51 (m, Tetrahedron 2004, 60, 4183.

1H),7.82(d, 2H)=7.4 Hz). (12) Olah, G. A.; Prakash, G. K. Superacids; Wiley: New

13C NMR (300 MHz, CDCJ): § = 35.78, 44.05, 45.15, 126.90, York, 1985. _ -

127.23, 127.98, 128.36, 128.46, 128.85, 133.09, 136.59, 137.7613) (&) BIOCIQ: Chakraborti, A. K.; Gulhane, R.; Shivani,

141.67, 196.64. Synthesis 2003, 1805. (b) Zn(CIQ),: Bartoli, G.; Bosco, M.;
Dalpozzo, R.; Marcantoni, E.; Massaccesi, M.; Sambri, L.

MS (El):m/z= 332. Eur. J. Org. Chem. 2003, 4611. (c) Mg(CIQ),:

Anal. Calcd for GH,,0S: C, 79.48; H, 6.06; S, 9.65. Found: C, Chakraborti, A. K.; Sharma, L.; Gulhane, R.; Shivani,

79.50; H, 6.09; S, 9.67. Tetrahedron 2003, 59, 7661. (d) Mg(CIQ),: Bartoli, G.;
Bosco, M.; Dalpozzo, R.; Marcantoni, E.; Massaccesi, M.;

3-Ethylthio-1,3-diphenylpr opan-1-one (3de) Rinaldi, S.; Sambri, LSynlett 2003, 39. (e) LiCIQ: Nakae,

White solid; mp 59-61 °C Y.; Kusaki, I.; Sato, TSynlett 2001, 1584.

. (14) Huhey, J. Elnorganic Chemistry: Principles of Structure
IR (KBr): 1678 cnr. and Reactivity, 3rd ed.; Harper & Row: Singapot90,
'H NMR (300 MHz, CDC)): § =1.16 (t, 3 HJ=7.3 Hz), 2.29- Chap. 7.

2.41 (m, 2 H), 3.53 (d, 2 H,=7.1 Hz), 4.58 (t, 1 H) = 7.1 Hz), (15) Casachi, A.; Desimoni, G.; Faita, G.; Invernizzi, A. G.;
7.18-7.23 (m, 1 H), 7.25-7.32 (m, 2 H), 7.40-7.45 (m, 4 H), 7.51— Lanati, S.; Righetti, R1. Am. Chem. Soc. 1993, 115, 8002.

7.56 (m, 1 H), 7.91 (d, 2 B,= 7.5 Hz). (16) Yatsimirskii, K. B.; Vasil'ev, V. Plnstability Constants of
13 NMR (300 MHz, CDC)): §=14.13, 25.43, 43.98, 45.35, Complex Compounds; Pergamon: Elmsford N. Y1960.
127.17, 127.80, 128.08, 128.49, 128.58, 133.18, 136.81, 142.2§17) Garrett, R. L. Iesigning Safer Chemicals, In American
196.93. Chemical Society Symposium Series 640, Chap. 1; Garrett,

R. L.; De Vito, S. C., Eds.; ACS: Washington DI996.
MS (El): m/z= 270.

Anal. Calcd for GH,g0S: C, 75.51; H, 6.71; S, 11.86. Found: C,
75.54; H, 6.72; S, 11.85.
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