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Abstract Aromatic aldehydes react with solfor ylides generated from sulfoniom salts of formaldehyde 
dithioacctals to give corresponding 2-th1oalkyl-3-qlo~imoe~. Depending on s&siituents in aromatic ring the 
0xirane-s undergo rearrangements or are sticieotly stable to be isolated. 

The reaction of sulfonium ylides with aldehydes or ketones to produce oxiranea is a common method in the 

repertoire of organic synthesis.’ In spite of many papers in which such a process has been reported, to our knowledge 

nothlng is known on reactions in which sulfonium ylides containing thioalkyl subtituents are participating. 

In our preliminary communication’ we reported that the reacbon of sulfonium ylides generated 6om stionium 

salts of formaldehyde dlthioacetals with some aromatic aldehydes, carried out in two-phase system (Dh4F - 

concentrated aqueous NaOH) conditions which mimic phase transfer catalysis PTC, gave (alkylthio)arylacetaldehydes 

as the only products. The substituted oxiranes which were the initial products of this reaction were unstable and 

underwent rapid isomerization so they were not isolated nor observed in the mixture a&r the reaction was completed. 

Extension of this reaction to other aromatic aldehydes gave rather surprising results as, depending on the 

substituents in the aromatic rings, some of the oxiranes were fairly stable. However there was a discontinuity of the 

electrornc effects of substituents in aromatic rings on stability of the oxiranes (Scheme 1). 
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Results of these experiments are shown in Table 1. 
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Table 1 

Aldehyde SdfOniUm 

salt 
TO, yield (alkylthio)aryl- AIdehyde 

acetaldehydes, 
Sdfonium Oky yield (dk$.hio)aryl- 

p-: 
salt 

procedure: 
acetaldehydes, 

Yield % 
A C 

Y leld % 
proadure A A C pXUC&WA 

la 2 - - 6a 69 le 2 4e 90” 65 

la 3 - _ 7a 81 le 3 5e- 85 

lb 3 5b64 - If  2 - - 6f 67 

IC 2 4c 90” 50 I f  3 - - 7f 70 

lc 3 5c - 82 lg 2 - - 6g 70 

Id 2 4d 90” 64 lb 2 - - 6b 84 

Id 3 5d - 84 lh 3 - - 7b 57 

“Yields estimated on basis 0fNMR qec4ra 

As we have already reported in our preliminary communication the aldehydes 60, f-h and 7a, f-h exist as mixtures of 

aldehyde and enol tautomers. In the NMR spectrum of such a mixture, features the ‘c for both of the forms are 

present and can be identified At room temperature the equilibration is slow on the NMR time scale hence the obtained 

spectra are superpositions of both forms 

The oxiranes 4 c-e and 5 b-e having moderately electron withdrawing or donating substituents in the aromatic 

ring were sufliciently stable to be isolated Tom the reaction mucture and even purilied via distillation under reduced 

pressure at temperatures not exceeding 130°C. These oxlranes were formed as mixtures of cis-tram isomers in ratios 

usually between 1.1 - 1.3. These mixtures were not separated, but gave correct elemental analyses and NMR spectra 

allowing estimation ofthe isomer ratios. Such high stability of 4c-e and 5b-e was very surprising because other similar 

oxiranes were very labile, it is also known that oxn-anes can undergo thermal rearrangement3 

Looking for a rational&ion of this dtfferent behavlour of the oxiranes induced by the change of substituents in 

the aromatic ring, we have analysed possible mechanisms of the oxirane rearrangement. The studies of the mechanisms 

have been reported by a few auth~rs.~ In general there are three major rearrangement modes: migration of aryl or 

thioalkyl subsotuents (a), migration of benzyhc hydrogen (b) or migration of hydrogen in the position a to ‘SR 

substituents (c) (Scheme 2). 
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Scheme 2 
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First we have attempted to identify which substituent, Ar or SR migrates in the rearrangement according to path (a) 

which was the major rearrangement pathway in our case For this pm-pose adeuterio4methoxybenzAdehyde 8f was 

synthesised and subjected to reaction with 3. Smce the product 7f, does not contain deuterium in carbonyl group and, 

taking mto account that under the reaction conditions the benqlic proton in 7f is readily exchangeable, one can 

conclude that the SCHs group was the migrating substituent (Scheme 3). In model reaction of a-deuterio-4- 

methoxybenzaldehyde wtth trimethylsulfonium iodide I-(4methoxyphenyl>ldeuteriooxirane was produced. It does 

not exchange deutenum under condinons of procedure A as it was confirmed by NMR spectroscopy. 
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CJ 
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n +,‘J-& 
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> Ar 
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SCH, 
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+ 
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no exchange 

8f 
Ar 

3 Scheme 3 

Facile rearrangement of the oxiranes containing strong electron donating subs&rents in the aromatic rings 

proceeding with migration of the SR substituent. suggesting an &l type of mechanism as shown on Scheme 4. 

The mechanistic scheme involving the !&l type process appears infeasible when Ar =pnitrophenyl because it does not 

provide elIicient stabihsation of carbocations. We have found that the rearrangement mode of 4n is sensitive to the 

amount of base. In the presence of ca. 100 fold excess of base - concentrated aqueous NaOEI, (procedure A) the 

aldehyde 6a was the sole product, whereas when NaOH was used in a slight excess (procedure B) two isomeric 

products 6a and 9a were formed (Scheme 5) The influence of a base on the rearrangement mode can be rationalisecl 

CHO 

la 2 
23% + 

Scheme 5 

assummg that 6a is formed via the following reaction sequence involving &&action of the bertzybc proton kom the 

oxirane 4a, C-O bond breakmg in the resulting nitrobenzylic carbanion 10 gives a carbene type intermediate 11 which 

forms yiide 12 and finally the enolate of the aldehyde 6a (pathway a on Scheme 6). When there is no base to promote 
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thw type of transformation the rearrangement occurs along an alternative pathway with migration of the benzyhc 

hydrogen atom (path b, on Schemes 2 and 6). This reaction is apparently promoted by high stabiiisation of the 

nitrobenzylic alkoxide anion, 

CHO 

0 

P SR 

la 2 4a 

\ b 

Scheme 6 

0- 
: >R 5 (I1 

OHC SR 

SR 

R= -(CH,),SCH, 

sa 

We were somewhat surprised that change of the procedure from A to B also aEected the results of the 

reactions of aldehyde If with 2. When the reaction was carried out according to procedure B the main product 6f 

contained some amounts of unnrearranged oxirane 4f detected by NMR spectroscopy. Since in the case of 4f the 

rearrangement proceeds apparently via Snl type of mechanism it was not reasonable to suppose that it is accelerated 

by deprotonanon imposed by excess of base present in procedure A. Perhaps aqueous work-up of the reaction mixture 

produces electrolyte solution promoting the SNI type reactions. Indeed, when the reaction was carried out according 

to procedure B but the work-up was done m such a way that the solutions corresponded to those formed in procedure 

A were produced, we observed complete isomenzation of the oxirane 4f to aidehyde 6f. 

The mechanistic pathways of the rearrangement of oxiranes can be also tested by variation of nucelophilicity 

of the sulfur atom in SR. The rearrangement proceeding via classical &l type mechanism (Scheme 4) should be 

insensitive to such changes whenxs the reaction along path a and b (Scheme 6) should be somewhat inhibited. To use 

this criterion we prepared the sulfonium salt 13 and subjected it to reaction with la and If (Scheme 7). 

Cl 

Ar-CHO + H,C\+n 
7 s 
CH, 

I- 13 14(a,f) 16wl 

Scheme 7 

Indeed, as we expected, the reaction of 4-methoxybenzaldehyde If with 13 according to procedure A gave only the 

aldehyde 15f On the other hand m the reactlon of ynitrobenzaldehyde la with 13 besides aldehyde 15a some 
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amount of the oxirane 14a was obtained, whereas in the procedure B only the wearranged oxirane 14a was obtained. 

Thus the spontaneous rearrangement of 14a does not occur along path a or path b (Scheme 6). The lower tendency 

for the rearrangement along path b (Scheme 6) when RS = 4-Cl-C&-S as compared with RS = CH$ is perhaps due 

to assistance by sulfur, the C-O bond breaking in the latter case. On the other hand, nucleophilicity of the sultkr atom 

plays an important role m the migration of the sulfur group to the carbene. The latter is the crucial step of the 

rearrangement via pathway a (Scheme 6). In the reaction of 4-methoxybenzaldehyde If with 13 according to 

procedure B, the mixture of oxirane 14f and aldehyde 15f was produced. Its composition was estimated by Nh4R 

spectroscopy. Effects of changes of conditions and starting materials on the rearrangement are shown in Table 2 

Table 2 

Aldehyde Sulfonium salt Procedure Products / Yield % 

la 2 A 4a 0 6a 69 

la 13 A 14a 17 1Ja 51 

la 2 B 6a and 9a’ 

la 13 B 14a 63 15a 0 

If 2 A 4f 0 6f 67 

If 13 A 14f 0 15f 50 

If 2 B 4f 24b 6f 43b 

If 13 B 14f 34b 15f 2ob 

kscheme5 

bYields e&mated on basis of NMR speztm 

Finally the most important question should be addressed: why the oxiranes 4c,d,e and Sb,c,d,e are much more stable 

than the analogues containing strong electron donating (-OCHs. -N(CH&) or electron accepting (-NOa) substituents. 

As it was already mentioned, independently of the procedure (A or B) these oxiranes did not rearrange during the 

isolation and could be put&xl by distillation under reduced pressure However attempts at purification by column 

chromatography on silica gel resulted in rapid transformation of the oxiranes into corresponding substituted 

hydroxyacetophenones, apparently along the pathway including hydrolytic ring opening (Scheme 8). These epoxides 

did not rearrange to 2-thioalkyl-3-arylacetaldehydes upon contact with Silica gel5 

0 OH 

HP 
0 

SR sio Ho SR - H”y”“o 1 Ho OH 
2 - RSH 

Ar Ar Ar 
Ar 

4c,d,e 
Bb,c,d,e Scheme 8 lSc,d,e 

Yields of the formed 2-hydroxyacetophenones are shown in Table 3 
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Table 3 

Aldehyde Sulfonium salt Procedure Intermediate 2-Hydroxyacetophenone 

oxmne Yield % 

lc 3 

Id 2 

le 3 

le 2 

c 5C 

c 4d 

c 5e 

c 4e 

16~ 42 

16d 42 

16e 56 

Me 43 

Although epoxides 4c-e and 5 b-e are sensitive to hydrolflc nng opening on silica, they are very stable under neutral 

and basic conditions They do not rearrange along the path shown in Scheme 4 hecause the aryl groups without 

CH?O- or (CH&N- substituents provide less efficient stabihsation of the benzylic carbocations, they do not rearrange 

along path a, Scheme 6 because of low acidity of the benzyhc protons, path b, Scheme 6 is also not available because 

the corresponding benzyhc alkoxide anions are much less stabihsed then mtrobenzylic alkoxide anion. 

EXPERIME:NTAL 

Melting pomts are uncorrected ‘H NMR spectra were taken on Varian Genum 200 (200 MHz) spectrometer in CDCls. Chemical shit?s arc 

gweven in 6 ppm referred to TMS. Silica gel (23O-4Ott mesh. Merck) w-as wed for &nnn chmmatogmphy. or prepared according to the 
described procedures Sulfomum salts 2 and 3 were prepared accordmg to the known procedures2. Other starting materials were commercial. 

DCI/DzS04 solution in D&l was obtained by careful addition of freshly &stilled SQClz (6 ml) to 40 (24 ml). 
Prncedure A: To a vigorously stirred solution of an aldehydc (I mmol) and sulfonium salt (1. I mmol) in 6 ml DMF, under argon, 50% 

aqueous solution of NaOH (3 ml) wds added. After 3-S mmlltes the reaction mmture was poured into water (150 ml) and extracted with ethyl 
acetate (3x.50 ml). In the case of pnitmbenzaldehyde la. the dduted reaction mixtux was neutmlised before extraction. The combined 

extracts were washed with water and dried. The solvent was WapnHed to give the crude oxirane or its rearrangement product. Oximne 5b 
was punf~ed by vacuum distillation (0.01 Torr) Yields of owanes 4&e were e&m&d on basis of NMR spectra. 
Alkylthmarylacetaldehydes and arylthioaqlacetaldehydcs were purified b chromatography on silica gel using ethyl aceta&hexane as 

eluent. 
Prncedure B: To a vigorously stirred solution of an aldchyde (I mmol) and sulfonium salt (1.1 mmol) in DMF (6 ml), under argon, 50% 

aquems solution of NaOH (120 mg, ca 1.5 mmol) was added After 1-5 minutes the reaction mixture was poured into water (150 ml). 

Further work-up was analogous to the procedure A. 
Pmcedure C: To a vigorously stirred solution of an aldchyde ( I mmol) and sulfonium salt (1.1 mmol) in Dh4F (6 ml), under argon, 50% 
aqueous solution of NaOH (120 mg, ca. 1.5 mmol) was added AtIer 3-S minutes the reaction mixture was poured into toluene (100 ml). A 

small piece of dq ice w added to the solution to convert tmces of NaOH mto carbnates. After warming up to mom temperature, solution 
uas filtered and solvents were evaporated under reduced pressure. to gwe almost pure oxiranes 4c& and SC& which were purified by 

vacuum d&illation (0.01 Torr.). 
2-Hydmxyac&phmnes: Crude. epoxides from procedure C dissolved in a mixture of Lxane (75 ml) and ethyl acetate (25 ml) were 

stmed with silica gel (10 g) for 12 h. The silica gel ws Iiltercd and washed with ethyl acetate, solvent was evaporated and crude 2- 

hydro.xyacetophenones were purifwd by chmmatography usmg ethyl acetate-hexane as eluent. Anal$cal samples were suhhmed in vacuum. 

a-Deutmio-44ux@n&#zyde @If): Reissert compound was prepared from quinoline and pnxthozxybenznyl chloride according to 

known procedure ” 

Solution of DClQS04 m D&l (30 ml) and Reissert compcund (2 9 g, 10 mmol) in dry THF (30 ml) were tiuxed for 30 min. The reaction 

Im.tiure was diluted with brine and extrMed tith ethyl acetate. The crude product was purified on short column giving a-deuteriw& 

methoxybznmldehyde 8fcontaitig more then 98% D Yield I tK) g, 77% 
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Imfamerhyl4-&km#@ m&i&; Solrdion of the clllorometbyl 4-cbloropbenyl &tide (3.86 S 0.02 mol) in acetorE (10 ml) was rufded 
dropuirJetothesdldioooZsodiumiodide(4.5g0.03mol)inaoelone(l00ml)and~uxedfor30miaAttercoolingtoroomtemperature, 

precipitatedsodiumchlorideaas~atf,the~waseMporatedgivingabmwnoil.‘Ilriswas~~inethyl~(100ml), 
wasbedwithwater(Zx30ml),driedaodaflerwaporationofLheso~ntwas~~~butbtoboa,underreducedpreswe(lOTorr). 
Yield 5.47 g, % %‘H NMRI 7.37 (bs, 4H), 4.54 (s, ZH). Anal. &xl. for C,H&llS: C, 29.55; H, 2.13y~ tbnnd: C, 29.42; H, 2.09% 

c4~loropk~Y~YvYwwriJorr itnsd.e (13): Iodometbyl 4-cbloropherry cdide (5.47 g, 0.019 md) was disdved in 
dimethylsnIf~de (10 ml). After 12 br, solid of the sutfoninm salt was filtered off washed with e&r amd crystalbmd from MeOHdietbyl 

etber.YieldoflO: 3.58S 53%. ‘HNMk7.67.7.53 (AA’BB’.4H), 5.06, (s. 2H), 2.91 (a6H). Anal. Calcd. for: C&&X$.: C, 31.18;H 
3.49; fnund: c, 31.06; H, 3.50%. 

ZfZ,S-Dithiah~3fti~~~ (4c), mixture of isomers (cwrrans ratio 1:2), oil; ‘H NMRI 7.32, 7.21 (AA’BB’, aromatic 
protons, hww isomer), 7.32 (s, mmatic protons, cis- isomer). 4.46 (d A43 & crs- isomer), 4.19 (d, J=4.3 Hz, cis- isomer), 4.11 (d, 
J=2.0 Hz, b-am- isomer), 3.86 (d, J= 2.0 Ik tram- isomer). 2.95-2.80. 2.72-2.57 (m, alipbatic protons, botb isomers), 2.12 (s, -SC& tram- 

isomer), 2.10 (s, -ScHH CIS isomer), 2.08-1.93 (m, alipbatic protons, both isomers). Anal. calcd. for Cr2H1&lC&: C, 52.44; H 5.50”/0; 
found: C, 52.37, H, 5.70%. 

r-(1,5-Dithtie&H+myW (4d), mixture of rsomers (ds-fmns ratio 1:2.6), oil; ‘H NMR 7.42-7.23 (m, aromaric protons both 
isomers), 4.41 (d, J=4.3 & cis- isomer), 4.23 (d, J 4.3 HL IX- isomer). 4.16 (d, J=2.0 Hq bms- isomer), 3.89 (d, J=2.0 Hq from- 

isomer), 2.94-2.80, 2.72-2.52 (m, aIiphatk proton$ both isomers). 2.12 (s. -SC& tmm- isomer), 2.10 (s, -SC&, ck- isomer), 2.08-1.94 (m 
atipbatic protons, both isomers). Anal. cakd. for CrzHI,OS?: C, 59.YS; H 6.71%; found; C, 59.77; H, 6.95%. 

2-(WDiGakg@-WMy~~ (4e). mixture of isomers (cwrmns ratio 1:2), oil; ‘H NMR 7.31-7.12 (m, aromatic protons, 
both isomers), 4.45 (d J=4.3 W cis- isomer), 4.20 (d. 54.3 Hz. CM- isomer), 4.15 (d J=2.0 m bms- isomer), 3.85 (d, J=2.0 Hq bwm- 
isomer), 2.94-2.78 (m, alipbatic protons, both isomers). 2.34 (s. -C& both isomers), 2.12 (s, -SC&, tmns- isomer), 2.10 (s, -SQ& cis- 

iso~r~, 2.08-1.94 (4 aliphafic pmtons, both isomers). Anal. calcd for CrHr@$: C, 61.37: H, 7.130/i found: C, 61.39; H, 7.21%. 
2-McUrylUr~3-(~~~ (Sb), mixhue of isomers (c;.v-w~L~ ratio 1:3), oil; ‘H NMR: 7.75-7.20 (m, aromatic protons, both 
~SOIIIWS), 4.48 (d 54.3 Hz, cis- isomer), 4.27 (d, J=4.3 Hz cis- isomer), 4.08 (d, J=1.9 Hz, tram- isomer), 3.95 (d J= 1.9 m tram- 

timer), 2.32 (s, -SC& 0vrr.r- isomer), 2.31 (s, -SC!&. CIS- isomer). Anat calat. for Cr&I+JOS: C, 62.80; H, 4.74; N, 7.32%; found: C, 
62.62; H. 4.89; N, 7.18%. 

tMdhyh%~3-(~lorspkenyl)adrrae (Se), mixhuc of isomers (cxv-lens ratio 1: 1.5) oil; ‘H NMRz 7.33, 7.23 (AA’BB’, lrarw isomer), 
7.32 (s, CL- isomer), 4.42 (d J=4.3 H& cis- isomer). 4.20 (d J--4.3 Hz CL+ isaner), 4.08 (d, J=2.0 Hz, tmn.+ imnh?r), 3.88 (d, J=2 Hq 

bans- isomer), 2.31 (s, -SC&,rrorrs- isomer). 2.30 (a -SCfh. cis- isomer). Anat calcd. for C&ClOS: C, 53.86; H, 4.52%; found: C, 53.71; 
H 4.68%. 

2-~~~‘h%id-/~h~i0.rkfw (560, mixture of isomers (rwlmn.~ ratio 1: 1.3). oil; ‘H NMR: 7.45-7.20 (m, aromatic protons, both isomers), 

4.43 (d, Jd.3 I-k cis- isomer), 4.24 (d, J= 4.3 Hz cis- isomer). 4. I2 (d J=2.0 Hz tram- isomer), 3.90 (d, J=2.0 I-b, fmm- isomer), 2.3 1 (s, 
-SC!&. tram- isomer), 2.30 (s, -SC&, cis- isomer). Anal. calcd. for C&I,,QS: C. 65.02; H, 6.06%; formd: C, 64.76, H, 5.96%. 
2-hwf~.+thb~~~41h~9~ (Se), mixtnrc of isomers (cis-fmns ratio I: 1.2) oil; ‘H NMR 7.31-7.12 (m, aromatic protons, both 

Isomers), 4.41 (d J=4.3 & cis- isomer), 4.21 (d, J=4.3 Hz, cis- isomer), 4.12 (d J=2.0 m bm.~- isomer), 3.87 (d, J=2.0 m hww 

isomer), 2.35 (s, -C!&. both isomers), 2.30 (s. -SC& runs- isomer). 2.29 (s, -SC& cis- isomer). Anal. cald. for Cr&Ir@~: C, 66.62; H 
6.71%; found: C, 66.49; H, 6.76%. 
(Z,5-DiMahexy9-(4~9 crcdddpkyd (~II), oil. ‘H NMR of cz&onyl and enolic forma mixmm 9.46 (d, J= 4.2 & &HO), 8.25, 

7.55 (Mm, aromatic PrOtOnS OfChO@ form), 8. I’). 7.67 (AA’XX’. aromatic protons of enolic form), 7.37 (d, J= 14.4 Hq enolic form), 
6.88 (4 J= 14.4 Hz. eWliC form), 4.44 (d, J= 4.2 Hz. -CH-CHO). 2.8-2,s (m. aliphatic protons), 2.09 (s, -SC& botb forms), 2.0-1.7 (m, 

abpbanc protons). Anal. cakd for CI&INO& C. SO SW H. 5 3u: N. 4.91%; found: C, 50.28; H, 5.25; N, 4.91% 
(WD~~~9f~qpkq79~yde (60. oil. ‘H NMR of carbonyl and enolic forms mixture: 9.36 (d, J= 5.0 Hz, -CHO), 

8.04,&W (AA’=‘. aromatic protons of edit form). 7.25. 6.92 (AA’XX’, aromatic protons of cukryl form), 6.10 (d, J= 8.5 m enotic 

fog), 4.44 (d J= 8.5 HL edit fom), 4.27 (d J= 5.0 HL -CH-CHO), 3.90 (s, -Of&, endk form), 3.81 (s, -CC&, carbony form), 2.70- 

2.57 (m afiPhatic ProtonS), 2.09 (s, -SC& carbony form). ). 2.06 (s, -SC&. enolic form), 2.1-1.8 (m, alipbatic protons). Anal. calat. for 
C,&O&: C. 57.74; I-l, 6.71%; found: C, 57.67: H 6.66%. 

(WD~~~WHkdqvpheqv&ceM&hyde (6pO. oil. ‘H NMR of carbonyl and enolic forms mixture: 9.37 (d, J= 5.0 & -CHO), 
7.72 (dd, J= 8.5 fk J= 2.0 H& aromatic proton of enolrc form), 7.60 (d, J= 2.0 H& aromaric pr~@n of enok fom ), 6.92 (4 J= 8.5 HZ, 

aromatic proton OfenOhc form), 6.9-6.8 (m aromatic protons of cnbonyl form), 6.25 (d, J= 8.9 HZ, enolic fom), 4.41 (d, J= 8.9 m en&c 

for@. 4.27 (4 J= 5.0 Hz -Cl!-CHO), 3.90 (s. -OCH+ both forms). 3.88 (s, -OC!&, both forms), 2.7-2.5 (m, alipbatic protons), 2.09 (s, - 

SCHs, both fom). 2.0-1.8 (m aliphatic ptW~ns). Anal calcd for Cr.&Q&: C, 55.96; H, 6.710/o; found: C, 55.70; H, 6.92% 



10600 M. MAKOSZA and M. SYPNIEWSKJ 

(1,5-oakiPkeryl)-(N,N~y~~y~~hy& (6b). oil. ‘H NMR: 9.35 (d, & 5.1 Hq H-I, aO), 7.21, 6.41 (AA’XX’, 4H 

WOlTUtiC protons), 4.23 (d, J= 5.1& ln -C&CHO). 2.Y6 (s. 6K -N(C&)Z). 2.7-2.5 (IQ 4H), 2.08 (s, 3H, -SC&,), 2.G1.8 (m, 2H). Anal. 
c&d. for C,&,NO~: C, 59.32; H, 7.47; N, 4.94y6 found: C. 59.23; y 7.X); N, 5.02% 

Ma!hy&hio+n~ay9dy& (7a). oil, ‘H NMR of carbonyl and enolic forms mixture: 9.45 (d, J= 4.1 H& -QjO), 8.25, 7.57 
(AA’XX‘. aromatic protons of cartxmyl form), 8.19, 7.67 (AA’XX’, aromatic protons of endic form), 7.33 (d, J= 14.4 H& enolic form), 6.88 

(d J= 14.4 ti enolic form), 4.34 (d, J= 4.1 m -C&CHO). 2 I I (s, -SC& carbonyl form), 2.09 (s, -SC&, enolic form). Anal. calcd. for 
C&N03S: C, 51 17; H 4.29; N, 6.63%; found: C, 51.07: H, 4.22; N, 6.47%. 

Mdhy&hk+tn&vgmpht-nyl) -y& (70, oil. ‘H NMR: Y.35 (d. J= 4.9 m IH, -m), 7.26, 6.92 (AA’XX’, 4H, aromatic 

protons). 4.16 (d J= 4.9 & ly a-CHO). 3.81 (s. 3H. -OCI&). 2.08 (s, 3H. -SC&). Anal calal for C&&S: C, 61.19; 9 6.17%; 
found: C, 61.06; H. 6.25%. 

MethyMkW~‘,Ndmdhylantbqheny~ adahkhyde (7h). oil. ‘H NMR: 9.34 (d, J= 4.1 Hq IH, -QO), 7.18, 6.72 (AA’XX’, 4H, 
XOIlXltiC protons), 4.12 (d, I= 4.1 H& IH, -CB-CHO). 2.Y6 (s.l;H. -N(CH+), 2.07 (s, 3n -SC&). Anal Cal&. for C,,H,fiOS: C, 63.12; 

H. 7.22: N, 6.96%; found: C, 62.89; H, 7.03; N, 6.56% 
Z-(2,5-DirhiuhesyfY-4’-nirr~enm (Sa), Oil. ‘H NMR: X 72. 8.15 (AA’BB’. 4H, aromatiC PrOtOllS), 3.80 (s, ZH, -Co-C&S-), 2.72- 

2 50 (m, 4H. aliphatic protons).. 2.09 (s, 3H. -SC&), I.Y&1.80 (m. 2H, aliphatic protons). Anal. calcd. for C1&NO&: C, 50.50; H, 5.30, 
N. 4.91%: Found: C, 50.51; H, 5.33; N, 4.76%. 

c;F2-(~Chrorophe~y9~~e (cicl4a). Mp IOY-112” (ethyl ao&&+hexane). ‘H NMR: 8.25, 7.64 (AA’XX’, 4H, 

aromatic protons), 7.41, 7.33 (AA’BB’, 4H aromatic protons). 4.74 (d J= 4.3 Hz, IH), 4.41 (d, J= 4.3 & 1H). Anal. calcd. for 

C,&I,oCINO~S~ C. 54 64; H 3.28; N, 4.55%; found: C, 54.77: H. 3 12; N. 4.63%. 
bans-t(#-Chroropke~)-~4~~~y9~~~ (tmw-143. Mp. 114-l 17“ (EtOH). ‘H NMR: 8.22, 7.46 (AA’XX’, 4H aromatic 

protons). 7.50. 7 37 (AA’BB’. 4H, aromatic protons), 4.33 (d. .I= 1.9 HZ IH). 3.68 (Q J= 1.9 Hq 1H). Anal. c&cd. for C,&I,&lNO$: C, 
54.64: H, 3 28: N. 4 55%; found: C, 54.67; H. 3.04; N. 4.60%. 

~4-Chloropllenyltfrio)-o afetclldphyde (1511). oil ‘H NMR of carbonyl and enolic form mixture: 9.64 (d, I =3.2 & aO), 
8 5-8.0, 7.8-6 9 (m. aromatic protons), 4.78 (d, J= 3.2 H/. -C&CHO). Anal. cdcd. for C,&&bQS: C, 54.64; H, 3.28; N, 4.55; found: C, 

5434: H. 3.13: N. 4.36%. 

C4-Ch~~~p~mry~io)-f4-~~ph~9~~~y~ (1Sf). OIL ‘H NMR 9.51 (d, J= 4.5 Hq ly -aO), 7.33, 7.27 (AA’BB’, 4H, 
aromatic protonS),7.24, 6.92 (AA’XX’. 4H. aromatic protons). 4.66 (d, .I= 4.5 H& IH, -C&CHO), 3.88 (s, 3H, -C&). Ad cabi for 

C,SI,,Clo2S:C.61.53;H,4.77%;found:C.61.31;H.4.3Y%. 

(4--ChlorophenvrUlio)-(3,4~~~~9~~hy~ (I$$ 011. ‘H NMR: 9.52 (d, J= 4.4 Hq -CHO), 7.34, 7.28 (AA’BB’, 4H, 
aromatic protom). 6.90-6.78 (m, 3H aromatic protons). 4.66 (d. .J= 4.4 HL -C@CHO), 3.89 (s. 3H, -OC&), 3.88 (s, 3H -tICI&). Anal. 
c&d for C~d&GX&S: C, 59.53; 9 4.68%; found: C. 59.24: H. 4.62%. 

4’-Ch~r~2-hyohy@qhcetoplrenorre (16~). Mp. I IP121”C ‘H m 7.87, 7.49 (AA’XX’, 4H), 4.86 (d, J=4.7 Hq ZH), 3.45 (t, J=4.7 Hz, 
LH). Anal cakxL for C&,ClQ: C, 56.32; H. 4.14%. found C, 56.28: H. 4.07%. 

2-ff..~~q~c~&emw (13d), Mp. 83-85°C; ‘H NMR 7.YX-7.88 (m. 2H). 7.70-7.45 (m, 3H), 4.89 (d, J=4.6 Hq ZH), 3.53 (I, J4.6 Hq 
IH) Anal cakd. for C&I& C, 70.58; H, 5.92%; found: C. 70 40: H, 5 97% 

d’-rneihyC2-hydnmyasaa@we (Me), Mp. 86-87°C: ‘H NMR 7.82, 7.3 1 (AA’XX’, 4H), 4.85 (d, J=4.7 Hq ZH), 3.54 (t, J=4.7 m 

IH).244(s.3H).Analcalcd.fwCgH,oq:C.71.98;H.o.7l’~:found.C.71.85:~.6.79%. 
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