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Abstract’ The synthesis of thmchroman-knes from thlophenols and 3-methylbut-2enos acid effected by methane 
sulphomc actd IS accompamed by terr-butylatton of the aromauc nng 3-Arylthlobutanotc actds, avatlable usmg p- 
butyrolactone, are efficently cychsed m the same manner 

The value of chroman-4-ones as precursors of other heterocychc compounds adequately compensates for 

their infrequent natural occurrence and has ensured that their chemistry has been extenuvely studied 1 Of the 
various routes to chroman-4-ones.1 their formation by the reactlon of phenols with a&unsaturated carboxyhc 

acids or their acid chlorides has been widely exploIted 2 However, the chmmanone (1, X = 0) 1s often formed 

together with the lsomerlc dlhydrccoumarln (2), which may even be the major product 3 Indeed this feature has 

resulted m confusion over structural assignments, notably In the days before the apphcatlon of spectr~scoptc 

techniques largely ehmmated such errors In the absence of an acldlc catalyst which effects heterocychsauon, the 

a&unsaturated ester (3, X = 0) can be Isolated and subsequently cychsed in a Fries rearrangement * Other 

products which have been noted Include (4, X = 0) which results from p-acylatlon of the phenol4 and the ester (5) 

anang from ad&tlon of HCl to the alkenlc portlon of the a$-unsaturated ester 5 The influence which subsutuent, 

catalyst and reacuon con&tlons have on the product composmon has been mve5tlgated 3 

R2 o 

XH 
2 

(4) (6) 

The synthesis of thuxhroman-4-ones has been less thoroughly Investigated.6 possibly as a consequence of 

the hunted range of commenldlly available thlophenols together with their frequently evd odour but also because 
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of their propensity towards oxldatlon to the dlsulphides (6) Previously, the most convenient route to 2,2- 

timethylthmchroman-4-ones Involved Michael addmon of a thlophenol to methyl 3-methylbut-2-enoate, 

subsequent hydrolysis to the 3-arylthlobutanolc acid and finally cyclodehydranon using polyphosphonc actd or 

sulphunc acid 7** The latter report emphaslses the need for the hydrolysis of the ester to the acid pnor to 

cychsanon Recently, the use of methanesulphomc acid (MSA) for the direct cyclocondensanon of tlnophenols 

~nth 3-methylbut-2-enolc acid has been advocated, 3*9 largely because of its advantageous handling propernes and 

supenor solvent power 10 The intermediacy of the S-aryl ester (3, X = S) was demonstrated and p-acylanon of the 

thmphenol was also observed 9 

As part of our programme on benzothlopyrans, we required a range of thmchroman-6ones and we now 
report some of our findmgs on thar synthesis from thlophenols and @-unsaturated acids using MSA as the 

cychslng medlum 

Heatmg thlophenol and 3-methylbut-2-enolc acid m commercial 98% MSA for 3 h at 75 oC gave 2,2- 

&methylthmchmman-4-one (1, X = S, R* = H, R* = R3 = Me) (69%), &phenyl dlsulphlde (6, R* = H) (10%) and 

the enol thmether (7) (9%)(Table, entry 1) Attempts to prepare (7) from the thmchromanone and thlophenol m 

MSA failed. The base washmgs yielded ca 5% of a soled, mp 71OC, charactensed as 3-methyl-(3- 

phenylthlo)butanolc acid7 (8) presumably ansmg from 1,Caddmon of duophenol to the acrylic acid A much 

larger amount of the &sulphlde resulted from 2-thlonaphthol (Entry 10) but this was reduced by using a longer 

reaction ume and a lower temperature (Entry 11) When the thlophenol contained an electron wlthdrawmg 

subsntuent (Entry 13) the reaction was hindered gnmg the thmchromanone in low yield Clearly the aromahc nng 

IS deactwated towards nng closure by a Fnedel-Crafts type mechamsm, as is the case with the analogous phenols, 

and would presumably f;ul completely with a stronger electron withdrawing subsntuent 4 As expected, donor 

groups faclhtate the reaction (Entry 9) 

In an attempt to reduce dlsulphlde formanon and yet maintain a convenient reaction time, 2- 

methylthlophenol was heated at 80 oC with a IO-fold excess of the acryhc acid (Entry 7) Two major products 

resulted, the thlochromanone (1, X = S, RI= g-Me, R* = R 3= Me) and the unexpected 6-Ierr-butyl derivative (9) 

Only a small amount of the &sulphlde was formed 

(7) (8) (9) 

Formation of the rerr-butylated product can be atmbuted to lsomensatlon of the a&unsaturated acid to the 

~,~lsomer and subsequent facile decarboxylauon to 2-methylpropene A cychc translnon state has been proposed 

to account for the ready loss of CO2 11 Under the acldlc reaction condalons, the electron nch aromatlc species 1s 

attacked by the protonated alkene. Both 2-methylpropene and CO2 were detected m these reacuons 

Attempts to extend the ferr-butylanon procedure to other thmcresols ylelded only the thlochromanones 

(Entnes 4,5), although notably the meta-isomer gave the 2,2,5- and 2,2,7-tnmethylthlochroman-Cones m 

appmxlmately equal amounts Smular isomer formation 1s known In chromanone chemlstry,l* but normally the 7- 

subsntuted isomer IS formed exclusively 2-Ammothlophenol gave no thmchromanone, the major product bemg 2- 
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(ren-butyltio)amhne.t3 Under the expcrnnentai condmons, the ammo group wdl be pmtonated, deacnvatmg the 
system to electroph&c attack and hence prevenang cychsanon to the thmchmmanone 

Table Expenmental Results for the Preparauon of Some Thmchmman-4-ones 

7-Me 
I 

Me Me 33(b) 
I 

5 1 6-Me Me Me 12 80 7 67 8 
I 

12 7,Wenw Me Me 111 75 5 34 13 

13 6-Cl Me Me 111 75 6 11 20 

14 5,GBenzo Me H 115 75 5 21 15 
I 
1 15 1 8-Me 1 Me 1 H 1 1 10 1 75 I 5 ) 9 1 17 1 

(a) Ratlo of duophenol to the acryhc acid 

((b) R-on afforded a mixture of 2,2,5- and 2,2,7-mmethylthmchroman-4-ones 

(c) Under these reaction condmons only 8% of the rerr-butylated product (9) was observed 

(d) Appmxunately 27% of 2,2,8-mmethylthmchroman-4-one was also obtamed 

There was no evidence of lsopropylatlon when various thmphenols were heated with but-2-enolc acid m MSA and 
only low yields of 2-methylthlochroman-4-ones (1, X = S, R2= H, R3= Me) were Isolated (Enmes 14,15) 
However, almost quantitative yields resulted from the cyclisanon in MSA of 3-arylthlobutanolc acids (Scheme) 
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denved from the nucleophtbc nng openmg of b-butyrolactone with sodmm thlophenoxldes which proceeds via 

alkyl-oxygen bond fission 14 

R + 
cozHhlsA 

SH S x -R 
75 “c 

Scheme 

The 1H NMR spectra of the 2.2~&methylthmchroman-4-ones are relauvely simple and exhlht a singlet for the 
C-3 methylene function which routmely absorbs m the relatively narrow range 8 2 85-3 00 The C-2 gemmal 
methyl groups are equivalent and qve nse to a signal at approximately 6 1 45 H-5, pen to the amsotroplc 
carbonyl function absorbs at approximately 6 8 0 for the simple subsmuted analogues 7,8-Benzannulauon shifts 
the signals for the C-2 methyl substituents and H-S downfield to 6 1 55 and 8 21, respectively In the 5,6- 
benzologue, H-10 1s heavily deshlelded by the carbonyl group and appears at 6 9.29 The *H NMR spectra of the 

2-methylthmchroman-4-ones are more complex than those of their dlmethyl counterparts The C-3 protons are 
non-eqmvalent because of the unsymmetrical substmmon at C-2 and gemmal couplmg of the order of 16 5 Hz 1s 
observed Vicmal truns- and CIS- couphng with H-2 of -11 Hz and -3 Hz respecuvely are also seen and hence a 
patr of double doublets are observed for these protons at ca 6 2 7 and 6 3.0 Pubhshed data for the 1H NMR 

spectra of non-planar six-membered nngs indicate that axial-axd couphng constants are of the order of 8- 13 Hz 
and ax&equatonal coupling constants are m the range 3-6 Hz, whilst equator&equatonal couplmg constants are 
smaller stil l5 From the magnitude of the vlcmal couphng constaim obtamed in this work It appears that the C-2 
methyl group occupies a pseudo-equatonal site H-2 appears as a complex multlplet at - 6 3 6, deshlelded by the 

adjacent heteroatom The H-5 proton appears furthest downfield m the lH NMR spectra of the 2-methyl 
analogues with comparable chenucal shifts to those of the dunethyl compounds 

Experimental 

Melang pomts were determmed m capillary tubes and are uncorrected Dlstlllatlons were performed usmg a 
Kugelrohr (Buchl GKRJO Glass Tube Oven) and all boiling pomts quoted relate to the oven temperature at 
which the dtsttllatlon commenced Founer Transform infrared spectra were recorded on a Mattson Polans 
spectrophotometer ‘H and 13C NMR spectra were recorded on a Brucker WM 250 Instrument for solutions m 
CDCl,, J values are given in Hz Flash chromatographlc separauons were performed on Crossfields Sorbs11 C60 
silica gel (M P D 6OA, 40-6Op, acnvated) accordmg to the published procedure 16 

General Method for the Preparation of Thiochroman4-ones. 

A nuxture of the thiophenol(0 03mol) and the acryhc acid In methanesulphomc acid (75 cm3,98%) was heated 
until all of the acryhc acid was Judged to have reacted by tic exammatlon of the reactlon mixture The cooled 
reachon mixture was then poured Into Ice water (400 cm3) and extracted with ethyl acetate (3 x 50 cm3) The 
combmed orgamc extracts were washed with aqueous sodium hydroxide (2M, 3 x 50 cm3) and then with water (2 
x 100 cn-13) Removal of the dned (Na2SO4) solvent afforded a dark brown 011 which was purified by elutlon from 
s&a and either recrystalhsatlon or &stdlatlon 
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a) Thmphenol and 3-rnethylbut-2-enoK: acid gave three fractions on elutmn from d~a with 2% ethyl acetate m 
hexane. (1) diphenyl disulphide (10%) m.p 59-61 Oc [ht m p 61 oC17a], (n) 2&limethyi4(phenyithio)- 
W-thiochromene (9%) m p 62-64 Oc as colourless crystals after subhmation, 8~ 1 45 (6H, s, 2-Me), 6 40 (lH, 

s, 3-H), 6 99-7 31 (8H, m, SPh and Ar-H). 7 74 (lH, dd, J 7 9, 1 3, S-H) (Found C, 7 18, H, 5 7, S, 22 4 
C17Hl& xeqmres C, 71 8, H, 5 7, S, 22 5%), (m) 2,2-dimethylthiochroman-4-one (74%) m p 65 O-65 5 OC 
as colourless crystals from light petroleum (b p 3(14O Oc) [lit m p 63-65 OCT], un, (NuJo~) CO 1679 cm-l, 8~ 

147 (6H, s, 2-Me), 2 87 (2H, s, 3-H), 7 13-7 43 (3H, m, h-H), 8 08 (lH, dd, J 8 1,12,5-H) 

The base washings gave 3-methyl-(3-phenylthlo)butanoic acid (-5%) m p 69 5-71 5 OC as colourless 
crystals from hexane and ethyl acetate [la m p 69-71 @‘I, umax (NuJo~) CO 1699, OH 3050 cm-l, 8~ 142 (6H, 
s, 3-Me), 2 56 (2H, s, 2-H), 7 30-7 39 (3H, m, Ar-H), 7 55-7 59 (2H, m, Ar-H), 8~ 28 5 (3-Me), 46 4 (2-C*). 46.7 

(3-C*), 128 7 (2’~C, 6’-C), 129 1 (4’-C), 131 2 (l’-C), 137 6 (3’-C, 5’-C), 176 8 (1-C) C* l3C assignments may 
bereversed 

b) CMethylthiophenol and 3-methylbut-2-enolc acid gave on recrystalhsanon 2,2,6-trimethylthmchromaw& 
one (67%) m p 74 O-75 0 OC as colourless crystals from light petroleum (b p 30-40 OC) [ht m p 74-75 0~181, 
urnax (NUJOI) CO 1676 cm-l, 6~ 1 45 (6H, s, 2-Me), 2 32 (3H. s, 6-Me), 2 85 (2H, s, 3-H), 7 13-7 26 (2H. m, Ar- 

H), 7 91 (1H ,d, J 14,5-H) 

c) ZMethylthlophenol and 3-methylbut-2-enoic acid gave two thmchroman-Cones after elunon from silica with 
20% &ethyl ether m hexane (I) 6-tert-butyl-2,2,&&trimethylthiochroman-4-one (27%) m p 115 O-l 16 5 OC as 

colourless crystals from light petroleum (b p 30-40 OC), II max (NuJo~) CO 1672 cm-l, 8~ 1 31 (9H, s, 6-‘Bu), 

1 47 (6H, s, 2-Me), 2 29 (3H, s, g-Me), 2 85 (2H, s, 3-H), 7 34 (lH, d, I 0 9,7-H), 8 01 (lH, d, .I 0 9, 5-H) 
(Found C, 73 2, H, 8 5, S, 124 C16H220S requires C, 73 2, H, 8 5, S, 122%), (ii) 2,2,8- 
trimethylthiochroman-4-one (41%) m p 93 5-94 5 OC as colourless crystals from light petroleum (b p 30-40 
Oc), I_+,,~ (NuJo~) CO 1682 cm-l, 8~ 148 (6H, s, 2-Me), 2 29 (3H, s, &Me), 2 86 (2H, s, 3-H), 7 08-7 29 (2H, m, 

Ar-H), 8 00 (lH,dd, J 8 2, 19,5-H) (Found C, 69 8, H, 6 9, S, 15 5 C12H14OS requires C, 69 9, H, 6 9, S, 
15 5%) 

d) 3-Methyldnophenol and 3-methylbut-2-enolc acid gave two ttnochroman-4-ones after elunon from s&a with 
20% &ethyl ether m hexane (1) 2,2J-tnmethylthiochroman4-one (36%) m p 52 5-53 5 OC as colourless 
rmcmcrystals from light petroleum (b p 30-40 Oc), urnax (NuJo~) CO 1697 cm-l, SH 1 45 (6H, s, 2-Me), 2 61(3H, 

s, 5-Me), 2 87 (2H, s, 3-H), 6 92-7 24 (3H, m, Ar-H) (Found C, 69 6, H, 6 8, S, 15 8 C#14OS requires C, 
69 9, H, 6 9, S, 15 5%), (11) 2,2,7-tnmethylthmchroman-4-one (33%) m p 82 O-82 5 OC as colourless crystals 
from light petroleum (b p 30-40 OC), Uma (NuJo~) CO 1677 cm-l, SH 1 44 (6H, s, 2-Me), 2 26 (3H, s, 7-Me), 

2.78 (2H, s, 3-H), 6 89-6 97 (2H, m, Ar-H), 7 91(1H, d, J 7 9,5-H) (Found C, 69 7, H, 6 9, S, 15 5 C12H1403 
reqmres C, 69 9, H, 6 9, S, 15 5%) 

e) 4-rert-Butylthmphenol and 3-methylbut-2-enorc acid on elutlon from slhca wtth 1% ethyl acetate m hexane gave 

6-leti-butyl-2,2-dimethylthmchroman-4-one (48%) m p 84 5-85 5 OC as colourless crystals from light 

petroleum (b p 30-40 Oc), Umax (NuJo~) CO 1679 cm-l, 8~ 1 31 (9H, s, 6-‘Bu), 1 46 (6H, s, 2-Me), 2 86 (2H, s, 

3-H), 7 14-7 48 (2H, m, Ar-H), 8 12 (lH, d, J 8 2,5-H) (Found C, 72 6, H, 8 2, S, 12 7 C15H200S requires C, 
72 5, H, 8 1, S, 12 9%) 
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General Method for the Preparation of 3-(Arylthio)butanoic Acids. 

P_Butyrolactone (0 26 mol) was added m a smgle pomon to a vigorously sti, cooled solution of the sodmm 

thlophenoxlde prepared from sodium hydnde (0 25 mol, 60% &sperslon m mmeral ml) and the duophenol (0 25 

mol) m anhydrous tetrahydrofuran (100 cm3) The resultmg nuxture was heated under reflux for 2 hours and after 

cooling to room temperature the tetrahydmfuran was removed to afford a wlute sohd which was dissolved m water 

and washed with ethyl acetate (2x50 cm3) The aqueous phase was cauuously acl&fied wltb concentrated 

hydrochlonc acid and extracted with ethyl acetate (4x75 cm3) The combmed extracts were washed with water 

(2x100 cm3) Removal of the dried solvent (NazS04) solvent afforded the butanolc acids wiuch were further 

puntied by bulbto-bulb &sullauon 

a) 3-(Phenylthio)butanoic acid (98%) b p 130 Oc at 1x10-1 mmHg as a colourless ml, 8~ 1 37 (3H, cl, J 6 7, 

3-A@, 2 49 (lH, dd, J 8 2,16 0,2-H), 2 70 (lH, dd, J 6 0, 16 0,2-H), 3 56-3 67 (lH, m, 3-H), 7 25-7 48 (5H, m, 

Ar-H), 1142 (lH, bs, OH) 

b) 3-(4Xhlorophenylthio)butanoic acid (99%) b p 175 OC at 5 8x10-2 mmHg as a colourless ml, 8~ 1 34 

(3H, d, J 6 7,3-Me), 2 48 (lH, dd, J 8 1, 16 1,2-H), 2 65 (lH, dd, J 6 4, 16 1,2-H), 3 50-3 64 (lH, m, 3-H), 7 25- 

7 43 (4H, m, Ar-H), 11 30 (IH, bs, OH) 

c) 3-WMethylphenylthlo)butanoic acid (97%) b p 140 OC at 5 0x10-2 mmHg as a pale yellow 011, 8~ 1 34 

(3I-J cl, J 6 7,3-W, 2 34 (3H, s, Ar-Me), 2 45 (lH, dd, J 8 5, 15 9,2-H), 2 67 (lH, dd, J 6 0, 15 9,2-H), 3 49- 

3 57 (lH, m, 3-H), 7 09-7 15 (2H, m, Ar-H), 7 33-7 41 (2H, Ar-H), 10 6 m, (lH, bs, OH) 

d) 3-(2-Naphthylthio)butanow acrd (99%) b p 190 OC at 4 6~10~~ mmHg, m p 64 5-65 5 OC as an off white 

sohd, 6~ 140(3H, d,J69,3-Me), 2 51 (lH,dd,J84, 160,2-H), 273 (lH,dd,J5 8,160,2-H), 3 65-3 77 (lH, 

m, 3-H), 7 43-7 53 (3H, m, Ar-H), 7 77-7 82 (3H, m, Ar-H), 7 93 (lH, m, Ar-H), 10 0 (lH, bs, OH) 

General Method for the Preparation of 2-Methylthiochroman-4-ones. 

A solution of the 3-(aryltluo)butanolc acid (0 015 mol) tn methanesulphomc acid (100 cm3,98%) was stured for 

30 mmutes at 75 OC After coohng, the crude reacnon nuxture was poured mto ice water (500 cm3) and extracted 

wth ethyl acetate (3x50 cm3) The comhned orgarnc extracts were washed with aqueous sxhum hydroxide (2M, 

3x50 cm3) and water (2x100 cm3) Removal of the dned (Na2S04) solvent afforded a pale yellow ml or sohd 

wluch was punfied by bulbto-bulb tisullauon or nzcrystalhsauon to yield the Zmethylthmchroman-4-one 

a) 2-Methylthiochroman-4-one (97%) b p 87-89 OC at 6x10m2 mmHg [ht b p 146-147 OC at 9 mmHgl4] as a 

colourless 011, Uma (neat) CO 1667 cm-l, 8~ 1 42 (3H ,d, J 6 7,2-Me), 2 73 (lH, dd, J 11 1, 16 5,3-H), 3 00 (lH, 

dd,J 2 9,16 5,3-H), 3 60 (lH, m, 2-H), 7 11-7 40 (3H, m, Ar-H), 8 07(lH, dd, J 7 9, 1 7,5-H) 

b) 6-Chloro-2-methylthiochroman-4-one (92%) m p 60 5-61 0 OC as pale yellow crystals from light 
petroleum (b P 3@4O OC), Umax (NuJo~) CO 1683 cm-*, 8~ 1 42 (3H, d, J 6 7,2-Me), 2 72 (lH, dd, J 112,16 6, 

3-H), 3 00 (lH, dd, J 2 8, 16 6, 3-H), 3 59 (lH, m, 2-H), 7 16-7 34 (2H, m, Ar-H), 8 01 (lH, d, J 1 9, 5-H) 

(Found C, 56 6, I-I, 4 2, Cl, 16 5, S, 15.0 Ct@igC!lOS ~uu-es C, 56 4, H, 4 3, Cl, 16 7, S, 15 1%) 
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c) 2,6-DimethylthIochroman-4-one (98%) m p 66 O-66 5 Oc as pale yellow crystals from hght petroleum (b p 
30-40 Oc), h (Nqol) CO 1679 cm-l, 8~ 142 (3H, d, J 6 7,2-Me), 2 33 (3H, s, 6-Me), 2 72 (lH, dd, J 11 1, 
16.2,3-H), 2.99 (lH, dd, J 2 7,16 2.3-H). 3 61 (lH, m, 2-H). 7 19-7 22 (2H, m, Ar-H), 7 91 (lH, d, J 1 6, S-H) 
(Found. C. 68 7, H, 6 3, S, 16 8 CtlH120S requires C, 68 7, I-I, 6 3, S, 16 7%) 

d) 5,6-lk+nzu-2-mekhylthiochroman 4one (97%) ldenttcal m all aspects to the previously prepared sample 
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