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Abstract - Reacting aldehydes and ketones with the “ButBr-Me SO” system produces the cor- 
responding a-bromoderivatives 2. In the case of ketones, whe e more than one regioisomer z 
is possible, bromination is obtained exclusively at the more highly substituted a-position. 
With slight modifications of the reaction conditions (addition of Me S. Me SO) it is pos- 
sible to obtain “in situ” formation of either dimethyl(2-oxo-2-pheny alkyl~sulphooium 1 
salts 2 or of a-methylthioderivatives 4. Dimathyl(l-methyl-2-oxo-2-phenylethyl)sulphonium 
bromide (3h) during crystallization undergoes spontaneous resolution of the two enantio- 
mers , as Gonstrated by single crystal X-ray analysis and absolute configuration assign- 
ment. 

We have recently reported that the 

“ButBr-Me2SO” system can give rise either to 

“Punmerer-like” reactions or to bromination. 1 

The substrates studied were carboxylic 

acids,2’3 N-protected aminoacids, 2.3.4 

phenols,’ indoles. 
5 6 

alkenes and alkynes. In 

particular, during the aforementioned 

studies, it became evident that in the 

presence of a base the t-butyl bromide 

activated dimethyl sulphoxide could react with 

the nucleophiles produced in situ from acid 

substrates giving alkylation reactions, 

whereas in the absence of a base the reagent 

was slowly releasing a braninating species, 

capable of electrophilic attack on 

n-systems. 1.5.6 

In order to explore furtherly the 

efficiency of the new brominating species 

generated in situ, we have investigated the 

reactions of “ButBr-Me2SO” with aldehydes and 

ketones with the aim of introducing a bromo or 

a sulphur containing substituent a to the 

carbonyl group, which is of ten a key step in 

organic synthesis. 7 
Although recent advances 

have removed some of the difficulties 

associated with the methods of bromination and 

sulphenylation of aldehydes and ketones, 8 
the 

convenience and mildness of this method may 

provide further improvement. 

Herein we report the details of this 

method as well as a tentative rationalization 

of the mechanisms involved in these reactions. 

RESULTS AND DISCUSSION 

Aliphatic aldehydes and ketones (la-d) 

were reacted with the “ButBr+fe2SO” reagent 

(in the molar ratio substrate : Me SO 
2 

: ButBt 

- 1:2:4) at 65’C for 6 h. With both substrates 

bromination was obtained with a very high 

yield, without further oxidation of the 

aldehydes. In the case of ketones, bromination 

occurred exclusively at the more highly 

substituted a-position. No reaction was 

observed with carboxylic acidsand esters 

under the same conditions. Results are 

reported in Scheme 1 and Table 1. 
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Table 1. 

Raction of aldehydes and ketonea with the “ButBr-Me2SO” reagent’ 

Substrate Reection 

(1> time(h) 

Productb Yield’ B.p. or m.p. 

“Cllmn Hg 

a PC6H13CH0 

a n-c7n15cno 

c n-yllC~3 

4 *-C6H13Cm3 
Q cH3cow 

L C6H5CB2Clxmi3 

J3 c&y-3 
i C6E5CocR2cH3 

i ~~yw~3)2 

iC6H5a2Cm3 

6 n-C5H11CHBrCH0 

6 n-C6H13CHBrCE0 

6 n-C4HgCHBrCCCH3 

6 n-C5HllCHBrCOCH3 

24 

7 

24 

5 

-+ 

C6H5COCH2S(CH3)2Br 

C6H5COCHBrCH3 

C6H5CGCRr (CH3) 2 

C6H5CHRrCOCH3 

and C6H5COCOCH3 

93 

90 

00 

90 

0 

0 

90 

90 

70 

d 

75-77112 

loo-102120 

81-03116 

92-94112 

132 

134-136120 

117-120120 

126-128/15 

108-110/15 

aSubstrate: Me2SO:ButBr - 1:2:4 at 65’C 
b 
Knovn products with b.p. or m.p. and spectroscopic properties in agreement with the literature. 

%ield 8 reported are referred to isolated products. obtained by distillation. GLC yields were in 
the range 95-90X. 

dD* rfficult to estimate owing to the fast oxidation rate of the brwoderivative. 

With alkyl aryl ketonea the reaction can 

proceed further. With l-phenylpropanone (lh) and - 

l-phenyl-2-methylpropanone (li) a-bromination - 

wan observed under the same conditions, whereas 

with acetophenone (a) the reaction proceeded 

quantitatively to dimethylphenacylsulphonium 

bromide (28) (see Table 1 and Scheme 2). 

On treatment with Me2S the P-bromo- 

l-phenylpropanone (2h) waa converted in situ - 

to the corresponding dimethyl(l-methyl-2-oxo- 

2-phenylethyl)sulphonium bromide (2). whereas 

the 2-brwo-2-methyl-l-phenylpropanone (2i) did - 

not react further. 

The two sulphonium salts u were iaola- 

ted aa white crystals and examined by X-ray 

analysis. 
9 

R,S-(f)-dimethyl(l-methyl-2-oxo-2- 

phenylethyl)sulphonium bromide (3h) during the - 

course of crystallization underwent spontaneous 

resolution of the two enantiomers, as demonatra 

ted by single crystal X-ray analysis and abao- 

lute configuration assignment. 
10 

Finally, with l-phenylpropan-2-one. the 
. . 

1-bromoderrvatrve, present as the main product 

until 3-4 h, was oxidized to the diketo deriva 
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tive, l1 as the reaction proceeded. 
When Me2SO was added in excess, the two 

sulphoaium salts 21% reacted Riving the cor- 

responding a-methylthioderivatives u. 

Aliphatic a-braso ketones and aldehydes 

did not react unless when an excess of We2S 

and Me2SO was added and Save a mixture where 

a-methylthioketones and a,S-unsaturated-n- 

methylthioaldehydes were the main products 

(4a-d) (Table 2). 

a- slwlmkatia 
The "ButBr-Me2SO" system releases a bro- 

minating species, able to react with the easily 

enolizable aldehydes and ketones, but not with 

carboqlic acids and esters. We have previously 

proposed' that the brasinating species is bromo_ 

dimethyleulphonillm bromide (2) arising from 

Me2S0 and Bu'Br according to the mechanism re- 

ported in Scheme 3: 

CH 
I3 cli,yi + (cH3)2c4x2 + 

1 1 +ar Br- 
CR3 

H,C%H, 

I- 

\/- 

-l 
5 

(CH3j2CBr-CR2Br + (CH3)2s 

Scheme 3 

We have followed the progress of the reac- 

tion of We2S0 and ButBr by h NMR spectroscopy 

and (r(. Dimethyl sulphide, t-butyl alcohol and 

1,2-dibromo-2-methylpropane were actually de- 

tected, whereas no evidence of formation of 

other intermediates was 
3 

obtained - 

That brcmodimethylsulphonium bromide is 

indeed able to braninate carbonyl derivatives 

was demonstrated with the following experiment. 

When brcmodimethylsulphonium bromide, preformed 

from He2S and bromine, reacted with l-phenylprc 

panone in CR2C12, the reaction was very fast 

and effective: it Rave rise to the a-bromoderi- 

vative quantitatively within 1 h. The longer 

time required for the reaction of the saam sub- 

strate with Me 
2 
SO and ButBr suggests that the 

brominating species bromodimethylsulphonium brg 

mide is released slowly in the system. 

The first stepforthe reaction is postu- 

lated to be a fast conversion of the keto into 

the enol form, following the initial protona- 

tion of the carbonyl oxySen (Scheme 4). 

When two a-positions are present in the 

ketone, bromination always occurs exclusively 

on the more highly substituted a-position, which 

is the kinetically and thermodynamically favoul 

ed position according to the mechanism normally 

accepted for acid catalysis l2 (Scheme 4) 
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syntheeie of dimetrylt(2-cqo-ph8n#lutkgtlm4lpho- 
niwn salts and a-thianethglxztia 

When acetophenone was reacted with "'Bu&- 

We2SO" , phenacyl bromide could not be detected 

since the reaction proceeded further to dimethyL 

phenacylsulphonium bromide (3&, which precipi- 

tated from the reaction mixture. The reaction 

occurring is probably a SN2 performed by the nu- 

cleophile dimethyl sulphide, formed during the 

reaction of Scheme 4 on the activated phenacyl 

halide (a). 

If the reaction is performed with diphenyl 

sulphoxide and ButBr, the less nucleophilic and 

more bulky (C,H,),S formed does not Rive the 

nucleophilic substitution and phenacyl bromide 

may be actually isolated. 

Indeed, the reaction is very sensitive to 

steric effects. With 1-phenylpropanone the reac 

tioh vith "ButBr-Me2SO" ends at the bromination 

step. Only by addition of an excess of Me2S it 

was possible to obtain the sulphonium salt 3h - 

in quantitative yield. 

The more substituted 2-bromo-t-methyl-l- 

phenylpropanone (2). obtained from 2-thyl-l- 

phenylpropanone (1;) did not react even in the - 

presence of l xces* Weeps. 

The polarity of the system and the reactant 

ratio are crucial to determine the final compo- 

aition of the reaction products. If Me2S0 is 

added in excess, dimethylphenacyl and dimethyl- 

(l-methyl-2-oxo-2-phenylethyl)sulphonium bromide 

(28 and z) are maintained in solution and can 
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react further as methylating agentatowards 

Me2S. giving the corresponding a-methylthio- 

derivatives s (70% yield) and trimethyl- 

sulphonium bromide (whichhasbeen actually iso 

lated) (Scheme 2 and Table 2). 

The less electrophilic aliphatic a-brclmo- 

ketones and aldehydes do not react with excess 

He2S unless in the presence of excess Me2S0. 

giving a product mixture, where a-methylthio- 

ketones @ a-methylthio-a.8-unsaturated al- 

dehydea were the main canponents. The mechanism 

of formation of the latter compounds is still 

under study. 

Table 2. a-Thicmethylation 

Reagent 
(L) 

Product 
(i) 

Yield 
(%) 

2 n-c6H13cHo ll-C4HgCH-y-CH0 

SCH3 

1 n-c7H15CH0 n-C5HllCH-F-CHO 30 

iCH3 

c n-C5H11COCH3 n-c4H9?Hc0CH3 
43 

=l3 
d n-C6H13COCH3 n-C H 5 CHCOCH 111 3 41 

ECH3 

B C6R5CmH3 C6H5COCH2SCH3 70 

h C6H5CCCH2CH3 C6H5CyCH3 
00 

SCH3 

In conclusion, although many brominating 

systems are available in the literature, bro- 

mination by “ButBr-Me2SO” represents a new and 

convenient procedure for the synthesis of a-bra 

moketones, where more than one regioisomer are 

possible, and of a-bromoaldehydes, which are 

normakly difficult to prepare. Such a procedure, 

which avoids the need for enolate formation, 

provides additional versatility and should have 

special promise with base sensitive molecules. 

With slight modifications, the reagent can pro- 

vide an easy and efficient method of “in situ” 

conversion of ketones (specially alkyl aryl ke- 

tones) into either sulphonium salts or amethyL 

thioderivatives. 

EXPERIMENTAL 

M.ps were determined on a B&hi apparatus 
and are uncorrected. W spectra were measured 
with a Jasco IVIDEC 505 spectrophotometer. IR 
spectra of solids (KBr) and liquids (film) were 
recorded on a Perkin Elmer model 437 apectro- 

photometer. 
1 
H NMR spectra were obtained on a 

Varian RM 360 spectrometer with Me,,Si as inter- 
nal standard. Mass spectra were recorded on a 
Pinnigan 1020 spectrometer, at 60 eV sometimes 
associated to gaschromatography. Analytical TLC 
was carried out on Merck Kieselgel PPzS,, coated 
plates. GlC was performed on Varian Aerograph 
1200. 1400. and 2700 instruments, using flares 
ionization detectors and a SE 30 - 5% column 
with programmed temperature from 80’ to 250’13. 

Comrcial grade reagents were used with- 
out any purification or drying procedure. 

a-Branination of k&ones and aZdehyde8 
20 rmnol of ketone or aldehyde were dis- 

solved in 40 lrmol of MezSO and 80 nmol of ButBr 
and heated at 60-65’C under reflux and stirring. 
The reaction mixture was extracted three times 
with a H20-Et20 mixture. The organic phase was 
washed twice with water, dried on MgSO,,. evapo- 
rated to small volume, analyzed by GLC and dis- 
tilled under vacuum. Products were identified 
by the usual spectroscopic methods or by com- 
parison with commercial samples, when available. 
M.ps or b.ps were in agreement with the litera- 
ture . Yields were calculated first by GLC, 
then on the isolated products obtained by dis- 
tillation. 

~eparution of dimethylfz-azo_Z_phenyZsthy21- 
8uzphccmiun branide I&! 

20 urn01 of acetophenone were dissolved in 
40 mm01 of Me2SO and 80 mm01 of ButBr. The so- 
lution was refluxed at 65’1~ and continuously 
stirred for 24 h. The white precipitate formed 
was filtered, recrystallized from a Et20/CHBOH 
mixture and spectroscopically characterized. 

l4.p 132’13. W (EtOH): 249 (E 12200) and 283_1 
(G&00) nm. IR (KBr): 3060, 2960 and 1680 cm 
lH NMR (DMSO-de): 8.15-7.30 (SH, m, CgHS). 5.;5 
(2H, 8, CH2) and 3.10 (6H, 8, CH,). (MS m/z, in- 
tensity in X): 198-200 (1). 166 (711, 120 (2). 
105 (100) and 77 (75). 

Prepnvltion of dimetlqlt(lmethyZ-Z-mo-2-phen 
ethyt~8ulphoniwn branide (3hl 

The crude of the reacxon between 1-phenyl 
propanone and “ButBr-MepSO” was extracted with- 
a H20/Et20 mixture (3 times). The organic phase; 
washed twice with water and dried on MgS04,added 
of an excess of Me2S. was heated at 65’C and con 
tinuously stirred for 24 h. The sulphonium salt- 
precipitated in the reaction course. It was fil- 
tered, recrystallized from a Et20/CH30H mixture 
and spectroscopically characterized (yield 70%). 

M.p. 129’C. W (EtOH) 253 (12700) and 276 (2820) 
nm. IR (KBr): 3060, 2990 and 1680 cm-l. ‘H NMR 
(DMSO-dS): 8.20-7.45 (SH, m, CRHg), 6.40 (1H. q. 
SCH), 3.13 (38, 8, SCRB), 3.10 (3H. 8. SCH3) 
and 1.75 (3H. d, CHJ). (MS m/s, intensity in X): 
212-214 (4). 180 (6). 134 (16). 105 (100) and 
77 (95). 

&rpmultion of a-methy~thiwldehyo?es and keto- 
M8: genmzl procedure 

The a-bromoderivative, separated by distil- 
lation, was added of an excess of Me2S and Me2SO 
(1:3:3 molar ratio) and heated at 65°C at reflux 
for 24 h (ketones)or 10 h (aldehydes) . The reac- 
tion mixture was cooled, extracted with a Hz01 
Et20 mixture (3 times). The combined ethereal 
extracts were reduced to small volume and ana- 
lyzed by GLC. The main products were the a-methyL 
thioketones or the a-methyla,E-unsaturated al- 
dehydes, which were purified by distillation and 
characterized by spectroscopic methods. 

3-Me thytthio-3-hepten-Z-al (4a). B . p. 140- 
150/760°C/ma Hg (decomposes). W (EtOH) : 2 2 1 
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(10877) nm. IR (film) 2960, 1690 and 1600 cm -1 . 
1~ NMR (ccl,,): 9.30 (la. s. HCO). 6.85 (la. t. 
-CH, J-7 Hzj, 2.60 (2H:q:CHCH& J-7 H=):2.j0 
(3H. s. SCHs). 1.20-1.60 (68. m. @Xi,),) and 
0.90 (3H, t; i&s). MS (m/z, in&sit; Tn %): 
158 (N+, 75), 143 (18). 129 (15). 113 (25). 102 
(42). 87 (85). 81 (95) and 45 (100). 

3_MethyttMo-3-ooten-2-1 f4bl. B .p. 155- 
160/76O"C/mm Hg.UV (EtCii): 221 (10730) nm. IR 
(film): 2960, 1690 and 1600 cm-l. lH NMR (Ccl,.): 
9.30 (1H. 8, HCO). 6.85 (lH, t, 'CH. J=7 Hz).- 
2.60 (28, q, CHS. J-7 Hz), 2.30 (311. (I, SCHB), 
1.20-1.60 (6H, m. (q) ) and 0.90 (3H. t. CH ). 
MS (m/z. intensity in X 3: 172 (H+, 85). 157 (32). 
143 (lo), 127 (30). 116 (30). 87 (85). 81 (75). 
47 (30) and 45 (100). 

3+fethytthio-2-hept (Id. B.p. 190- 
196/76O'C/mm Hg. IR (film) 2950-&d 1710 cm-l. 
1H NMR (Ccl,): 3.00 (1H. t. CHS). 2.20 (3H. II, 
CH$O), 1.8$ (38, a, SCH3), 1.36-1.25 (6H;m: 
(CH*)?) and 0.90 (3H. t. CHB). MS (m/z, inten- 
sity ln X): 160 (M+, 10). 117 (45), 103 (12) 
and 61 (100). 

3_Metlqllthio-2-aztanone (ad). B.p. 205-2101 
760°C/mn Hg. IR (film) 2950 and1710 cm-l.l~‘m 
(Ccl,,): 3.00 (lH, t, CHS), 2.20 (3H. s, CH CO), 
1.85 (3H, s, SCH3), 1.35-1.25 (8H, m, (CH,33) 
and 0.90 (3H. t. CH3). MS (m/z, intensity in X): 
174 (M+. 12). 131 (72). 83 (43) and 61 (100). 

Z-UethgIthio-l_p~;.pqxzn-l7ms (3). B .p. 
268-272/76O'C/plm Hg. UV (EtOH): 243 (11700) and 
266 (3750) nm. IR (film): 3080, 2920 and 1685 
cm-l. 1~ NMR (Ccl,): 8.10-7.15 (58. m. C6Hg),4.15 
(1H. g, CHS). 1.85 (3H, s. SCH3) and 1.40 (38, 
d, CH3). MS (m/z. intensity in X): 180 (M+, 6). 
134 (27). 105 (99). 77 (100) and 51 (76). 

Preparation of 2methytthio-l_phenyZethan- 
l-one C%&!. 

Dimethylphenacylsulphonium bromide wa(I dis- 
solved in Me2S0 (or CHJOH), and heated under re- 
flux at 65'1~ for 30 h. Then the reaction mixture 
was cooled, extracted with a H20/Et20 mixture. 
The product was purified on TLC plates using 
hexane/EtOAc (95:5) as eluent and spectroecopi- 

tally characterized. 

B.p. 255-260/76O'C/mn Hgb UV (EtOH): 243 (12100) 
and 266 (3950) w. IR (film) 3080, 2920 and 1680 
cm-'. 'H NMR (CC14): 8.05-7.10 (58, m, C6Hs), 
3.60 (2H, s, CH2) and 2.10 (3H, B, SCH,). HS 
(m/z, intensity in X): 166 (ti, 18). 120 (8). 
105 (100) and 77 (58). 
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