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Abstract: B-Ketothio derivatives 4. prepared by reaction of phthalimidosulphenyl chloride with 

enolizable carbonyl compounds, afford, in presence of pyridine, unstable functionalized thiones which can 

be trapped with I ,3-dienes to give the corresponding cycloaadition products 8 and 9. 

In the development of our studies on the reactivity of sulfenic derivatives2 we started an 

investigation on the synthetic potentialities of phthalimidosulfenyl chloride 1 (Phth-SCl). The main feature 

of 1 is the presence of two different functionalities: the highly electrophilic sulfur atom and the 

sulfur-nitrogen bond, which can allow further chemical transformations1~3-7. We have aheady reported the 

reactivity of 1 towards alkynes and the reaction of the addition products (2) with nucleophilic species to 

give substitution of phthalimido residue ls3s5 (Scheme 1). We also reported the reaction of 2 with hydride 

ions which allowed the synthesis of a new class of thiirane derivatives4 (Scheme 1). 

In this paper we report the reaction of 1 with enolizable ketones and synthetic applications of the 
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Scheme 1 

obtained products. 

The reaction of simple alkane or arenesulfenyl halides with enolizable ketones to give 

8-ketosulfides is well documented in the literature2.8; moreover p-ketosulfides have been shown to be 

useful intermediates in organic chemistry9. 

The reaction of 1 with ketones 3a-c, 8-diketone 3d and S-ketoester 3e was carried out at 0 OC using 

the carbonyl compound as solvent. In all cases the reaction is very fast and it is complete in less than 30 

minutes. Isolation of the l%keto thioderivatives 4a-e (Equation 1) is simply accomplished by dilution with 

pentane which allows the precipitation almost quantitative of the product. 

PhthS-Cl + 

R 

Phth- S 5f R1+ HCl 

0 

3a-e 4 a-e 

3a,4a R=H, R1=CH3 
3b,4b R=H. R’=Ph 
3c,4c R=CH3, R’=Ph 

3d,4d R=CHsCO, R’=C!I-Is 

3e, 4e R = CH,CO , R’ = OCH,CH, 

Equation 1 

Yields are generally good and become excellent with increasing acidity of the initial ketones 

(Table 1). 

In our reaction conditions we never detected the formation of polysubstituted derivatives certainly 

because of the large excess of carbonyl compound present. 

Cyclohexanone did not react under the reported reaction conditions, however it was possible to 
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Table 1. Reactions of Phthatimidosulfenyl chloride wtth ketones 

substrate 

v 
0 

;Ph 

0 

3b 

Product 

Phth- S If 
0 

4a 

ph Phth- S 7 

0 

4b 

React.time 
(min.) 

15 

30 

Yield 
(S) 

85 

71 

/KPh 
0 

Ph 
Phth- S 

0 

30 87 

4e 
OH 

0 0 Phth- & 

I 
s 

5 95 

3d 4da) ’ 

0 0 

3e qe3 OEt 

10 

a) Only enolic form is detectable by ‘H nmr spectra 

synthesize the corresponding f&thiophthalimido derivative 6 by reacting equimolar amounts of 1 with the 

trimethylsilylenol ether 5 derived from cyclohexanone (Equation 2). 

OSiie3 0 
Phth- S 

+ MqSiCl 

5 6 

Equation 2 

The yield of 6 was almost quantitative, and evaporation of the solvent under vacuum gave pure 6 

since trimethylchlorosilane, which was also formed during the reaction. was stripped out with the solvent, 

This methodology can be applied to other easily enolizable ketones like 2,4pentandione 3d. In this case 

compound 4d was quantitatively isolated. 

Thiophthalimido derivatives of methyl and ethyl esters of acetic acid have been prepared by a 

different route using N-bromophthalimide and alkoxycarbonylmethyl disulfide under radical conditionslO. 

Moreover thiophthalimido derivatives of type 4 have been suggested as intermediates in the reaction of 

phthalimido disulfide with carbanionic species’ l. 
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Phthalimido anion has been also shown to be an efficient leaving group in reactions leading to 

thiocarbonyl speciestO which have been trapped by 1.3~dienes. This type of reactivity has been tested for 

compounds 4b,4d and 4e. 

The reaction, performed in dichloromethane at mom temperatum in the presence of a suitable diene 

and two equivalents of pyridine, gave cycloadducts of the diene to the intermediate thione (Equation 3). 

R 

Phth- S )h 
R’ 

Py 
0 CHzClz 

4 

R 
R’ _+I S 

0 

7 

Equation 3 

Relevant data are reported in Table 2. 

Table 2. Reaction of fJ-ketmulfenamidea 4 with 1,3-dienes. 

R R’ Product 
Yield 

(%) 

4b H 

4b H 

4d COMe 

4d COMe 

4e COMe 

4e COMe 

Ph 8a 30 

Ph 9a 476 

Me 8b 64 

Me 9b 69 

OEt 8c 63 

OEt 9c 64s) 

a)endo9a - exe 9a /85- 15 

b)endo!k - em !k / 50-50 

Cycloadduct 8b was obtained as a 85:15 mixture of endo and e_w stereoisomersl* as it was evident 

from ‘H nmr data. Product 8a was synthesized in the lowest yield; however, in this case we could also 

isolate compound 10 in 21% yield (Equation 4). 

Phth- S v ph - 8a+ 
0 PY 

4b 
Equation 4 

‘H and r3C nmr data of 10 suggested the presence of a phenacyl group together with the 
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unsaturated cyclic ring; EI and FAB MS measurements were of little help in demrmining its structure since 

the molecular ion was not detected in the EI spectrum, and severe difficulties were encountered for the 

preparation of the sample for the FAB spectnun Eventually the structure of 10 was established by 

diffiactometric X ray analysis which showed the presence of a disulfide side chain on the same carbon 

bearing the benzoyl group. (Figure 1). 

Figure 1. Crystal structure of product 10 

The formation of 10 is not easy to rationalize, however it is likely due to some oxidative processes 

which often occur in sulfenamide chemistryt3. 

Finally we tried to detect and isolate the thione derivatives. The behaviour of 4d and 4e in CDCl, 

solution at room temperature in the presence of pyridine was monitored by ‘H nmr spectroscopy. We 

observed the disappearance of the signals of the starting material and the contemporary build-up of new 

signals. In the case of the reaction of 4d the spectrum was constituted by a main signal at 2.43 6 and minor 

peaks at 2.40 and 2.36 6. Attempts to isolate by chromatography these products failed because they 

decompose affording unidentified species. However when 1,3-butadiene was added to the mixture of 4d 

and pyridine, the cycloadduct 8b was formed, albeit at lower rate. 

In the case of the reaction of 4e with pyridine, separation by column chromatography afforded au 

almost equimolar mixture of two products which were characterized by ‘H nmr signals of acetyl groups at 

2.58 and 2.41 6. Addition of I$-butadlene to a CDCl, solution of these species did not give the expected 

cycloaddition product 8c which in tum was obtained after subsequent addition of pyridine. This behaviour 

might be explained assuming the initial fomration of the thione derivatives 7. In the absence of trapping 

agents they give rise to the formation of dimers and other oligomers which are unable to react with the 
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dienes, but which regenerate the thione under basic conditions (Scheme 2). 
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Scheme 2 

In conclusion we have shown that phthalimidosulfenyl chloride is a valid reagent for an easy 

synthesis of p-thiophthalimido carbonyl compounds and that these species can be usefully employed for 

the synthesis of @ketosubstituted thiones or thioaldehydes. Moreover other synthetic applications of the 

highly functionalized compounds 4 can be envisaged. For instance LiAlH, reduction of 4b gave the 

hydroxythiol 11 (Equation 5). 

,,,?p LiAlH,, o-/” 

0 

4b 
Equation 5 

OH 
11 

Detailed investigations of this reaction and other synthetic applications of products 4 are currently 

under study in our 1aboratoIy. 

Experimental 

All the reactions were run under an atmosphere of dry nitrogen. Commercial products were 

purchased from Aldrich and used without further purification. Phthalimidosulfenyl chloride was 

synthesized using a literature procedure?. Silica gel (ICN 32-63 Mesh) was used for column 

chromatography. All ‘H nmr spectra were performed in CDC13 and were recorded at 200 MHz on a Varian 

Gemini 200, residual CHCl, was used as reference at 7.26 ppm. 13C nmr were recorded at 50 MHz and 

chemical shifts were referenced to the central peak of the solvent (CDCl,) at 77.00 ppm. GC-MS spectra 
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were performed with a Auto-Hrgc-Ms QMD 1000 Carlo Erba. Melting points were measured on a BUchl 

510 Melting Points and are uncorrected. Microanalysis were obtained with an Elementary Analyzer 245 C 

Perkin-Elmer. Measurements of diffraction were carried out on a Philips PW 1100 diffractomter. 

General procedure for the synthesis of b-ketosulfenamides 4a-e 

Phthalimidosulfenyl chloride l(1.5 mmol) was dissolved at OOC in a large excess (10 mL,) of the 

carbonyl compound 3a-e. The reaction mixture was kept at OT for 10 mitt then allowed to warm up to 

room temperature. After an additional 15 min. n-pentane (30 mL) was added, the white precipitate formed 

was filtered, accurately washed with additional portions of n-pentane and finally recrystallized. 

4a Yield 92%. M.p. 149-1500 C (CHC13/npentane). ‘H nmr (CDCl,) 6 2.44 (s. 3H, CH,); 3.54 (s, 

2H, CH& 7.7-7.9 (m. 4H, CH,,). 13C nmr (CDCl,) 8 27.70 (CH3); 47.49 (CH& 123.96 (CH&, 

131.75 (C,,,), 134.72 (CHbm). Anal. Calcd. for CttHsN03S: C, 56.16; H, 3.86; N, 5.95; Found C, 

53.82; H, 3.66; N, 5.53. 

4b Yield 71%. M.p. 143-145’ C (CHCl#r-pentane). ‘H nmr (CDCl,) 8 4.26 (s, 2H. CH& 7.4-7.6 

(m. 5H, CHArom); 7.7-8.0 (m, 4H, CHh,,,). 13C nmr (CDCl3) 8 43.04 @-Ii); 123.93 (CHArom). 128.54 

(CHh,>, 128.73 (CHh,); 131.92 (C-); 133.70 (CHArom). 134.61 (CHArom); 135.05 (&,,); 167.57 

(CO); 193.48 (CO). Anal. Calcd. for Ct6HttN03S: C, 64.63; H, 3.73; N, 4.71; Found C. 64.07; H, 3.65; N, 

4.27. 

4c Yield 87%. M.p. 127-129” C (MeOH). ‘H nmr (CDC13) 6 1.58 (d. J= 8Hz. 3H. CHs); 4.70 (q, J= 

8Hz, lH, 0; 7.4-7.6 (m, 4H, CH,,); 7.7-8.0 (m, 5H, CHh&. 13C nmr (CDCl,) 6 15.46 (CH3); 48.25 

(0; 123.84 (CH&,), 128.51 (CHb,); 131.66 (C,,); 133.21 (CH,,), 134.55,(CH,&; 135.55 

(C-); 167.75 (CO); 195.63 (CO). MS, m/z,(relative intensity): 311 (M+, 0.21); 206 (M+- CH3, 3.21); 

147 (25); 105 (100). Anal. Calcd. for CtrHtsNO$: C, 65.58; H, 4.21; N, 4.50; Found C, 65.51; H, 4.37; N, 

4.21. 

4d Yield 90%. M.p. 180” C dec. (Aceton). *H nmr (CDCl,) 8 2.80 (s, 6H, 2 CH,); 7.7-7.9 (m, 4H, 

CH,,); 17.75 (s, lH, OH). 13C nmr (CDCl,) 6 25.21(2 CH,); 107.34 (CH); 123.73 @HA,,,,,& 131.92 

(C,+,,,,); 134.57 (CHh,); 168.13 (CO); 211.24 (CO). Anal. Calcd. for Ct3HttN04S: C, 56.31; H, 4.00, N, 

5.05; Found C, 56.08; H, 4.06; N, 4.90. 

4e Yield 80%. M.p. 137-1400 C (EbO). ‘H nmr (CDCl,) 8 1.33 (t. J= 8Hz, 3H, CH3); 2.78 (s, 3H, 

CHsCO); 4.26 (q. J= 8Hz, 2H, CH2); 7.7-7.9 (m ,4H, CH,,); 13.99 (s, lH, OH). 13C nmr (CDC13) 8 

13.94 W3); 21.58 (cH,CO); 61.94 (CH2); %.59 (U-J); 123.52 (CT-I,,); 132.08 (C &,,,); 134.33 

U-L.,,,); 167.55 (Cti,,,); 172.23 (COO); 188.48 (CO). JB (KBr) v: 1786(s); 1737(s); 1706(s); 1278(s); 

1058(m); 710(s) cm-l. AnalCalcd. for Ct4Ht3NOsS: C, 54.72; H. 4.26; N. 4.56; Found C, 54.86; H, 4.23; 
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N, 4.27. 

Synthesis of 1-pbtballmidoeulphenyl~y~~~.one 6 

To a solution of 230 mg (lmmol) of 1 in 2 rrL of dry U-J&, accurately cooled to - 100 C, 22 1 mg 

of commercial I-cyclohexenyloxy trimethylsilane (0.82 mmol) were added. The reaction mixture was kept 

for 5 min at this temperature and then warmed up to room temperature. After 30 min the reaction was 

complete. The trimethy1sily1chloride formed was stripped out with the solvent under vacuum and Product 6 

was obtained as a white solid (286 mg, 96% yield). M.p. 115O C dec.; ‘H nmr (CDCls) 6 1.62-2.40 (m. 

7H); 3.04-3.21 (m, 1H); 3.94-4.04 (td, J,*s= 4.8Hx, Jr-s= lHz, CH-S); 7.62-7.90 (m, 4H, CHAr,,,,,). 13C nmr 

(CDC&) 6 21.99 (CH3); 26.40 (CH2); 30.38 (CHd; 38.24 (CH&; 56.15 (Cd; 123.99 (CHArom), 131.92 

(CHh,& 134.64 (CH~,); 167.92 (CC); 207.10 (CC). Anal. Calcd. for C14Ht3N03S: C, 61.07; H, 4.76; 

N, 5.09; Found C, 60.96; H, 4.68; N, 4.81. 

General procedure for the synthesis of cyclondducts &a-c, 9a-c and 10 

Product 4 (hm01) was dissolved in dry CH&l2 (5mL) at mom temperature. To the solution the 

1,3diene (2 mmol) and the pyridine (2 mmol) were added. After 3 h a white solid precipitated and the 

mction mixture was diluted with 30 mL of CH2C12; the mixture was washed twice with a solution of 

saturated NH&l and twice with water. The organic layer was dried (Na.$O~ and evaporated to give a 

crude material which was chromatographed on silica gel (eluant Petroleum Ether-AC20 / 5-l). 

8a Yield 30% ‘H mnr (CDCls) 6 1.76 (s, 6H, 2 CH,); 2.5 (m, 2H, CH2-CH); 3.01 (bs, 2H, CH2-S); 

4.50 (t, 1H. J= 5.6Hz. CH-CHi); 7.5 (m, 3H. CHh,); 8.0 (m, 2H, U&,,,,,). 13C nmr (CDC13) 6 20.10. 

20.63 (2CHs); 30.44 (CH2). 33.24 (CHi); 42.43(C,); 123.21 (Ca=), 126.85(C,=); 129.07 (CHArom), 129.16 

(CH&m), 133.58 (CH ,,,,,,,,), 135.73 (&.,,,,,); 196.21 (CO). MS, m/ z re a ( 1 ti ve intensity): 234 (M++2, 1.51); 

232 @I+, 24.86); 127 (54.89); 105 (78.26); 77 (100). Anal. Calcd. for Cr4Ht60S: C, 72.37; H. 6.94; Found 

C, 72.30, H, 7.11. 

9a Yield 47%. ‘H nmr (CDC13) 6 1.5-1.9 (m. 2H, CH,); 2.1-2.2 (m, 2H, CHi); 3.3-3.4 (m, lH, 

CH-C); 3.4-3.5 (m, lH, CH-S); 4.30 (apt, lH, CH e.x0(15%)); 4.73 (d, 1H. J= 2.6Hz, CH e&(85%)); 

6.4-6.5 (m. 2H, 2 CH=); 7.3-7.6 (m, 3H, CHArom); 7.8-7.9 (m. 2H. CHh&. 

8b Yield 64% ‘H nmr (CDCls) 6 1.6 (m, 3H, CH,); 1.7 (m, 3H, CH,); 2.23 (s, 6H, 2 CH3CO); 2.5 

(m, 2H, CHd; 2.9 (m, 2H. CH2S). 13C nmr (CDCb) 6 19.06 (CH3), 19.87(CH3); 25.76(2 CH,CO); 29.55 

(CH2), 35.02(CHi); 69.96(C,); 122.32 (Ca=), 125.57 (C,=); 201.86 (CO). MS, m/z (relative intensity): 212 

(M+, 12.50); 170 (100); 127 (44.39); 93 (16.71); 43 (82.14). Anal. Calcd. for CllH1602S: C, 62.23; H. 

7.60; found C. 61.41; H, 7.73. 
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then refluxed for 1 h. The cold mixture was quenched with a 1M HCl solution and extracted with diethyl 

ether (3x10mL). The recollected organic layers were washed twice with a saturated solution of NaHCGs, 

twice with HZ0 and dried over Na2S04. The green oil (130 mg) obtained after evaporation of the solvent 

was purified by bulb to bulb distillation: b.p. 700 C R13 mmHg [Lit.14 93-95O C 3 mmHg], to give 60 mg 

of 11 as a pale yellow oil (40% yield).lH nmr (CDCl,) 6 1.44 (t, J= 8SHz, lH, SI-I); 2.7-2.9 (AB system, 

2H, CH2); 4.69 (X part of an ABX system, lH, CH); 7.2-7.4 (m, 5H, CH,,). 13C nmr (CDC13) 6 33.67 

(CH2); 74.61 (Cl-I); 125.80, 127.92,128.49 (3 CH,,); 141.96 (CAwm). 

1) 

2) 

3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 

13) 

14) 
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