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Syntheses of Arylacetone and Arylacetonitrile by Friedel-Crafts Reaction with
a-Chloro-a-(methylthio)-substituted Acetone and Acetonitrile
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Novel preparative methods for arvlacetone and arylacetonitrile are described. Friedel-
Crafts reactions of aromatic compounds with  z-chloro-z-(methylthiotacetone (4; and
z-chlorg-z-(methvithuetacetomerile (71 in the presence of Lewis acid afforded a-{methvlthio)-
arvlacetone {5 and z-{methvithiojarylacetonitrile (8], respectively, Compounds (5
and R were converted nto the corresponding arvlacetone (6, and arvlacetonitrile (9) by
reduetion with zinc dest m acetic acid.

Kevwords— Iricdel-Crafts reaction with z-chloro-z-(methylihiojacetone;  Friedel-
Crafts reaction with z-chloro-z-imethvithioiacctonitrile . a-(methylthiojarylacetone;  x-
methvithio arvlacetonitrile,  arylacetone; arviacetomitrile, reductive desulfurization,
zinc dust-acetic acid

In the preceding paper.)’ we showed that the Friedel-Crafts reaction of aromatic com-
pounds with ethvl z-chlore-x-imethvithiolacetate (1) provided an excellent method for synthe-
sizing arvlacetic esters (31 through reductive desulfurization of the reaction product (2). In
the present paper the methoed i= applied to svntheses of arvlacetone (6] and arylacetonitrile (9],
in which «-chloro-z-(methvithiojacetone {4} and a-chlore-a-(methvlthio)acetonitrile (7) are
emploved az electrophiles in place of 1.9

Lewis acid Zn
ArH + CH:SCHCOOC:Hs, ————— ArCHCOOCHy, ——  ArCH;COOC;Hs
lj:l EIB-CH; AcOH
1 2 3
Lewis acid Zn
arH + CH:5CHK —-——— ArCHR ——— ArCH:RK
EI.'I éEHa AcOH
4,7 5.8 6.9
4, 5, 6, R=COCH: 7.8, 9 R=CN
Chart 1

The previous study on Friedel-Crafts reaction with 1" revealed that the reaction requires
one equivalent of Lewis acid. that no polvalkvlated product is formed in the reaction, and that
the order of activity of Lewis acids is stannic chloride (SnCl}=aluminum chloride (AICL} 2>
titanium tetrachloride (TiCl,)>zinc chloride {ZnCl,). On the basis of this information, the
Friedel-Crafts reaction of aromatic compounds with 4 was established. Thus, treatment of
equimolar amounts of dimethoxybenzene and 4 in methylene chloride (CH,Cl,) with one
equivalent of SnCl, at room temperature gave «-(3,4-dimethoxyphenyl)-x-(methylthiolacetone
(5e) in 719, vield. The results of the reactions of other arenes with 4 are summanzed in
Table 1. The reactions generally take place smoothly in the presence of SnCl,; and give the
adducts (5} in satisfactory vields.
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Tapee . Friedel-Crafts Reactions of Aromatic Compounds with z-Chloro-z-{methylthio}-
acetone (4) and x-Chloro-x-{methyithioiacetonitrile 7

Reaction conditionss! Product
dor7 ArH = T 2 - Vield
me . - i
ATH/4 or 7 Cat. Temp. Eencl Na, ArinSor 8 ()
1 { _> 0 SuCl, 1t 40 ia '—ff:}— 28
' CH-¢ I:1 SaCl, rt 0 b CHne— g
- Nt
s _ CH,
4 CH;-{’:->-CH3 111 $nCl, rt 60 3¢ *= b 3
CHa"
, Snll 0 45 i CHaO. ,—., Ta
4 CH:0-_ BLOTa) o 20 o L oo g7
4 {:Hﬂ}_n 1:1 Snclort 4 se - LHJU,? %, 1
CHaD- \_> Ticl, r: Ak 1:_.H-le—«‘1~ i I'race
4 g__ﬂ“__._._h 11 SnCl, ne an st '_D;—k 70
0— . ' TiCl, e 60 2 O—# ™o )
.53'.-"\__ --a\h_ 4 o) = ;fﬂ_'_‘ f__-!g._‘\
4 | i I:1 Sncl, rt G0 o D &7
\Q%Y.-"'\ U«"’ e -, 1?'
1 I 1 2:1 SaCl,  0°C 30 5k A 5
. 5 4 L) "'_1 oy
4 1 21 ZncCl, Tt 20 ai Pon 431
L D - bt .D- Y
7 (_} " Sncl, it an fa 4\_>_ 82
s - < ﬁHana—Q\ )
7 EH:D—&__}: 1:1 Ticl, (S ah & > B 56
10 -— 7
CHJ-G\ EH'|{J-.I
- : S - . i .
L CH:0-¢ tl mt we B . CHo-¢ B 8
—0. — .1
T (J xﬁ_'&\i 1:10 TiCl, re 75 8d 0 —{;_- e A2
v T
F P iy
7 | | } 1:1 =l |* (I [=11] e | i i L]
kv,f'\éy‘r -sz--_\wﬁ.:.-
X : s o) PUCATCWIES WERE CAITied aut im miethy e chloride unless otherwise indicated o

&3 Benzens was sl B85 4 solvent
f T A niixturd of e- amd poiscaners Sbe o A=1'8068:0p=3.7.8b: 0 p=13  The ratius worne deternured from the
'H-XME spectra.
#1 Yield &5 based on 4.
Fi: ronm {emperature,

Desulfurization of 5 could easily be accomplished by treatment with zinc dust in hot
acetic acid.  The yields of arvlacetones (6] are given in Table I1.

Many svnthetic methods for arvlacetone have so far been reported in the literature. The
foilowing methods are representative: 1) thermal condensation of arylacetic acid and acetie
acid in the presence of thorium dioxide at £30—430°C,* 2] Darzens condensation of
arylaldehyde with z-bromopropicnie ester followed by hvdrolysis and decarboxviation of the
resultant glyeidic ester,¥ and 3) photochemical condensation of aryvlbromide and acetone
enolate ion in liquid ammonia.® The present sequence of reactions can be performed under
rather mild conditions, gives arylacetone in good vield, and is of preparative valye,



3576 Yol. 30 (1982}

LaBLE 1007 % ild fand Syictral Ddata tor Arvladetones (01aAnd Arviadetonitrmies (4,7

comp T Yield TH piltn i :
NG Armbor® () cmod H-MAH, =1 4
P i 9.10 [4H. s, COCH.), #.64 (2ZH, =, COUH,,
6a s T 4 1eda and 7.%4 {(3H, s, arom._|
.CHz 2.01 t3H, =, COCH,1. 2.20 and 2.30 (3H,
2 = £ cach, both s, AvCH, »%:. 3.53 (1H, s, C0)-
e T A 1633 CH,l, and ﬁ.?—‘i‘.‘:f:'l.;:*.l-i_. m, aram.|
CHs
CH:0) 212 {3H. s, COCH,Y, 358 (2H, s, COCH 1,
g & = J836H. =, OUH, %2}, and 6.65—6.85 13H,
e EBLT oy e HA m, arcm.] :
—0. 914 (3H. s, COCH,), 4.5 (2H, s, COCH,),
6f (IJ'—-' - 82 16455 o 0% (2H, s, OCHLO), and 6.5—7.0 (3H, m,
I atoimn. )
; i - 1.3 {3k, =, COCH,), .00 (2H. s, COCH,).
be - a0 L and 7.1 7.85 {7H. m, arom.)
fih P T3 1705 908 (3H, s, COCH,., 3.72 (2H, s, COCH,),
g andd B.55—7.1 (3H. m, arom.}
e 216 (3H, s, COCH,1, 3.90 (2H, =, (OCH,),
6i U T4 1740 B.1—6.43 (2H, m, arom.j and 7.93 (1H, m,
AT
Gy : - uf 2260 T3 (2H, =, CHLY. and 7.33 (5H. s, arom. )
CHAv A4 (2H. s, CHy), 384 6H, 5, OCH, x 2,
9 CH-O-0 B ap 2950 and 6.8] [3H, =, arom. |
(). 165 (2H, s, ArCH., 597 (2H, s, OCH O,
ad O’ 5o o 2260 and G.7% (3H, 5, arom.)
W e 3.87 (2H, s, CH,l, and 7.1—7.9 (7H, m,
de ! : 89 ezo0 arom.)

g Meesperira ] Ba, 0, goand howere mcasubod n OO and those of B, £, and i and 8a, ¢, 4, and £ weore meassTed
(LR O

Friedel-Crafts reaction of aromatic compounds with 7 was
similarly carried out. Treatment of equimolar amounts of
CH:O. 2™ dimethoxvbenzene and 7 in CHCl, with one equivalent of
L snCl, at room temperature gave o-(3,4-dimethoxyvphenvl)-z-
CH-CN (methivithiojacetonitrile (8¢} in G0°, vield. The results of the
i reactions of other arenes with 7 are summarized in Table 1.
CHAO - In the reaction of anisole, the w.z-diarvlacetonitrile (10) was
10 formed as a by-product in 79, vield with TiC1.#®

Chart 2 The adducts (8) were easily converted to the corresponding
aryvlacetonitriles (9) in high vields by reduction with zinc dust in

acetic acid (see Table 111,
Of the several methods available for the preparation of arylacetonitrile, that most frequent-
Iv emploved is based upon reaction of arvlmethvlhalide with cyanide ion.™ The present
method 1= uscful as an alternative synthesis of arvlacetonitrile without the use of cvanide

1071,

Experimental®
a-Chloro-a-{melhylthiol acetone {4, ——Th:s compound was prepared according to the procedure described

by Bahme ®  N-Chlorosucemimide {13.% g, 0.104 mol} was added to a stirred solution of a-(methylthic)-
accetone!™ [10.4 g, 0.1 mol} in carbon tetrachloride {150 ml} in small portions at 0°C and stirring was continued
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at room temperature for 3h.  The precipitated succinimide was filtered off and the solvent was remaved

in vacuo. The residual oil was distilled to give 4 (8.82 g, 84°7), bp 77.5°C {16 mmHg}, lit.® 78-—77 L {15
mmHg). 'H-NMR (10?, solution in CDCly) 8: 2.153 (3H, 5, COCH,), 2.35 (3H, s, SCH,}, and 5.33 {1 H, s CH).

a-(Methylthioiphenvlacetone (3a)} SnCl, {1.03 ¢, 3.96 mmol} was added to a stirred soiution of 4
(549 mg, 3.98 mmol} in benzene {9 ml) at 0°C, and stirring was continued at room temperature for 40 mm.
The reaction was quenched by the addition of water, and the mixture was extracted with benzene and dried
(MgS0,).  The solvent was removed ta vacuo and the residue was chromatoeraphed on zilica gel using benzene
as an eluent to give 5a (630 me, 889,), which was identified by comparisen of its spectroscopic data with those

reparted. 't

The data are given in Table III.

Tarre 111

z-{Methylthiolarylacetones (53) and x-iMethvlthinjacetonitriles (8)

Analysis {?)

g

£ Caled “Hes
Gompu, (Found) Formula & mu’ IH-NMR (CDCL,, 4
C H ™
Ja — CoH 05 1705 196 (3H, s, COCH,), 207 (3H, 5, SCH,,
4.30 {1H, 5, CHI, and 7.28 (3H, s. arom.)
5h 68.00 7.36 C, H, 08 17070 198 3H, s, COUH,, 213 3, s, SCH
{67.90 7.19} 2,30 (3H, s, ArCH,), 443 and 1.34 [total
IH, both s, COCH), 7.10 (4H, Ur 5, arom.|
aec £3.19 7.74 C.H,,05 1705 2.08 {(3H, s, COCH 210 (3H, 5. SCHy),
(69.01 7.86) 281 6H, 5, MCHa<h, 4464 (1H, s,
COWCH, and T.00==7.25 (AH, m. arom.)
ad F2.83 6.71 C,H, 0.3 1693 2.01 and 205 (rotl JH, both s, COCH,,
(G2.82 6.79) 214 and 2.17 itotal 3H, both s, SCH,¥,
3.81 and 3 84 jrocal SGHL beth s, OCH
1.48 and 4836 (vocal LEL, both s, COCTH,,
and 8.8—7.4 (AH, m, arom.)
e 39.97 6.71 CaH 0,5 170 LA G8HL s, COCH,, 215 Al =, 3UH5,
{59.90 6.69) AEY8H, s (CH w0y J 44 1H s COCHS,
ancl .81 GHH, 5, arom)
513 58.91 5.39 CHy 0,5 1693 2.0 G3H, s, COCH,), 218 /3L, s, 8CH,),
(38.42 5.33) 443 (0 H, s, COCHG, 597 (2H, s, OCELLY,
atd B.8—6.03 (3H, m, arom.§
Sg T3.00 6.13 C Hy, 05 1695 203 aH, 5, COUCH,, 208 (AH, 5, 50H,:.
(72.80 5.99) A4 IH, 5, COCH;, and 7.15—8.05 TH,
I, aront.)
3h 58 5.41 CaH 05, 1700 203 [H, 3, COCH,), 2.348 GtH, 3. sCH,),
{31.51 35.26) 150 (1H, 5, COCH), and 6.55-7.35 0iH,
M. Aroin.}
i 36.43 3.92 CaH 5 1700 204 (BH,s, COCH., 2.29 3H. s, 3CH,:,
(36.02 3.91) 4.33 (LH, s, COOCH), 6.3 —6.5 2H, m,
arom.) aml 7.358-—57 4 (TH. m. arom.)
8a 65.22 3.06 8.59 CoH NS 2240 221 f3HL 5, 8CH,), 4753 1LHL & Cil, and
- vB6.40 5.45 8.73) .40 (5H. br =, arom.}
ah 62.15 5.74 T.23 CopH W03 2260 282 and 226 itotal AH, both s, SCH,,
62,37 5.66 7.13) A.82 and 280 tomal GH, beth s CoCHL),
173 and 5315 total tH, hoth 5, ArtUH:,
and 6.7—7.3 (4H, m, arom.y
Se 539,17 5.87 @8.27 Ci HigN NS 2235 233 3H, s, SUH, 3s9BH, 5, DUH 8y,
(38.82 5.84 6.49) £.73 NMH, s, AcCHY, 6,01 SHH, s, arcn ),
aml U8 (1H. 5. arom.}
ad 207.03534 CH 80,5 2240 293 AH, =, SCH, 460 71H, & AeCH,
(207.03353) 6.00 (2H, =, CH, amd 6.7 7.4 (3H. oy
aron
e T3.20 5.200 6.57 L & 2245 227 [AH, 5. 5CH, 543 (1H, 5, A2CHY,
72,73 5.06 6.4

al The spectrum of 52 was measured in CCI,.
b1 High resolution M5 (M=),

and T 3—=872 TH, m. aram.)
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a-(Methylthie arylacetones (3. ¢, d. ¢, L g. b, and b General Procedure—— 5ucCl, o1 £nUl; (for juran:
i1.38-~1. 80 mmal was added 1o a stirred solnton of 4 (1, 78— 1849 mmnl and an aromatic compound 1.7 8-
1.50 mmel except for the case of the Teaction of thiophene or furan (2 ¢q! in CH,Cl, (1013 mli a1t © O,
and stirring was continned under the conditions described in Table 1. The reaction was guenched by the
addition of water, then the mixture was extracted with CH.Cl,. and the extract was dricd [MgSuh The
cidvent was reruovel fn vacier and the restdue was chromatoeraplied on silica pel using benzene as an elhrent
to give 5b. ¢, d. e, £, g. h. o3 i as an oil. The yields and physeal data arc heted in Table 1 and 111

Arvlacetones (ha_ ¢ e, f. z. h. and i, General Procedure —— Zine dust {1 g was added toe s sedution of
Sa.c.e f. g hoori 30— 300 my in scetic agid {23 mi:, and the resultant mixture was heated with vigurous
stirmmgz at 100 C for 1 h, then couled, Water (o0 ml, and CHLCl, (30 ml) were added, and the nercame
wiateriale wers filte red aft. Tle orzanic layer was separated and the agueous laver was further extracted witl
CHLL,.  The conbined oreanic layer was dreed Ales0,) and the solvent was evaporated off. The resnd
was chromatorraphed on silia eel using benzenc as an cluent to give ba, ¢, e f, g ho or i as anail. The
viclds and plivsicat data are hared in Table 11, The compounds (6a),1% the, 22 (6gi b (Bhy,23 and (611 vwere
identifivd by comparisan of 1huir TH-NMR stectra vk these reporteid. The compound (6e: was identiticd
b comparizon of 12 TR and "H-NMER spectra watl shose of a commercial eample.  The compound 16f. was
claracturized as the 2 d-dinitroplonyibvdrazone, mp Hd— 144 O irom ethanoly,  Adual, Calod fon O -
Ny, CAstd HLosed NoJhad Found: CL 3352 H, 486 X, 15,45

a-Chloro-a- methylthio acetonitrile (71— — - Thi- compound was prepared according 1o the procedure
descrilied by Bilme ! N-Chloteswecmnimide (1107 o 0,083 noh was added te a stirred solution of »-
grativithiesaectonitrile! 7.2 0L osd mal 1n carbon tetrachioride (43 ml; in small portions at (1 C and stir-
ring W comtitued st reom temrerature for 4.0 b The precpitated succinimide was filtered oft and the
!-Eﬂ'-'i'i'l'! WuE T I!‘-.'Ili!-"-'n'i.i T A I il" Tw.‘-]dL‘lJI} Df] W {]]-ih:'.ll'i-i Tie wive ? I'."I.f‘ni {2 3.‘"-“,_:_ l)'l.':l T—ﬁ{.:r:{- ”?-—14
mraHg Ity 65870 2 munHe WLNATR (10 sedntien dn CTn0l) &7 250 (3H, s, SCHy and 5.56 (1H. =,
CH:

a-'Methvlthio nhenvlacetonitrile (8a-— snil, (.08 e 18 mii] was added to a stirred sclution o 7
S0k me. 418 mmel in benzene mbat 00, and stirring was continned at room temperature for 48 min.
Wark-up as described tor the proparation of Sa gave a ‘3H0 me. 8271, whose physical data are given in
Taide 111

a-:2- and 4-Methoxvpheny] -a- methylibic acetonitriles (8b' and & _a-his:4-Methoxyohenyliacetonitrile (10
TR0 A2 me, 21T el wiEs sddded 1o a st S soluton of anizale 244 me. 2,17 mmod) and 7 {263 my,
9 1% mmel in CHCL 115 me? o1 0, and siming was (ontimued at the same temperatare for 1L The
reaction was uenched by the mbdinon of waler. then e mixture was extracted with CH Ol and dried
(M8, The solvent wis remeved o0 vacas and the residue was chromatovranhed on silica vel using benzene
ac am ehuent to pive Bb 1943 mo, 60,0 as an oil, whose nhysical data are eiven i Tabde 111, Further elution
with the same wodvent vave 10 s 3 mg. 7% based on 71, mp 103— 104 i girom w-hexanch. 1R iR ol | B
9940 (Cx, YH-NME (107, solution m CTICL 81 3.50 'GH. s, OCH, = 2:, 5.00 (1H. 5, CH), and 6 85 and 5.20
(9H » 2, both d, J =5 Hz, aronzy. dwal Caled for €, Hy X0, C, 75,87 H. 597 X, 5.54. Found: ©, 75.849;
H, &.81, X558

a-iMethylthio'arvlacetonitriles (Be. d. and el General Procedure ——%nCl, or TiCl, (for 1.2-methylene-
dinsvbenzenel (5 mimol was added to ctirred solutien of 7 13 mmell and an aromatic compound (3 mmaolb
in CH.CL {15 mli at 0 &, and stirning was cantinued under the conditions described m Table 1. The reaction
wae quenched by the addition of water, then the muixture was extracted with CH.Cly, and dried (MgSth).
T solvent wis removed o0 vacee and the residue was chromatorravhed on silica el wsing benzene as an
cluent 1o pive $e, d, or e as an ol The vields and phvsival data are listed m Taldes 1 and §11.

Arvlacetonitriles (9a, ¢ d. and e . General Procedure—— Zine dust (1 gl was added to a solution of 8a,
c.d, or e (10— 200 mel in aretic acid (2--3 b, and the mixture was heated with viegrous stirring at 100°C
for 1 b, then conind Wark-up ns deseribwd for the preparation of & zave Ga. ¢, d. or e, which was identfied
by comparison of its physical data with those of a commercial sample.  Yiclkds and spectral data are given in

Table 111
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