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AbWrsct: Reaction of Meldmm’sacid, thiophenolend gluteraldehydein aqueous acetonitrile with piperidine
acetate a~ords a yield of isopropylidenecis-2-hydroxy-6-phenylthioeyclohexarre-l,l-diearboxylate.The
reactionis very general. It csrrbe appliedto dialdehydesderivedin a manywaysusingmerrydifferentthiok.
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Gluteraldehyde[1], Meldrum’sacid [2] and thiophenol[3] with O.lVOpiperidiniumacetateor proline

react in aqueousacetonitrileat roomtemperatureto givea 70%yieldof a singleadduct,isopropylidenecis-2-

hydroxy-6-phenylthiocyclohexane-l,l-dicarboxylate'[5]. Other thiols, includingp-thiocrcsol, thiolacetic

acid, mercaptoethanol,o-mercaptobenzoicacid, etc., may replace the thiophenol.2 Ofien the sPirocYclic
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productprecipitatesfromthe reactionmixtureas the processproceeds. The reactionis also generalfor the

dialdehyde component and has been used successfullywith numerous substituted gluteraldehydes,o-

phthalaldehyde,succindialdehydeandwitha varietyof dialdehydesderivedthroughthe periodatecleavageof

sugars and nucleosides.The cis stereochemistryof hydroxyland thioether elements was almost always

preferred. Thus, the couplingconstants’ for H-C-2 and H-C-6 and a positiveNOE observedfor 5 on

irradiationof H-C-2 for H-C-6 (and vice versa) establishedthe cis relationshipof the hydroxyland

phenylthioetherfitnctionsusingthe assumptionof a chair-conformationwith groups.

Althoughcertain compoundscontainingan activatedmethylenegroupare knownto undergodouble

aldolreactionswith 1,4and l,5-dirddehydesto formrespectivelyfiveandsix-memberedcyclic 1,3-subsititucd

ring systems,the reactionis severelyrestricted,alwayscriticallydependingon the nature of the activating

group(s). In the case of aliphatic dialdehydes,successfidcyclimtions have been previouslylimited to

nitroalkrrnes3andmalonicacidderivatives.4Meldrum’sacid5[2]wouldseemto be an idealcomponentof this

strategy,but in fact, previousattemptsto condensedialdehydeswith Meldrum’sacid have been completely
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ti-ustrated.The initial aldol productusuallysuffersdehydrationfollowedby subsequentMichaeladditionof

anotherMeldrum’sacidand/orthe eliminationproductthen Michaeladdsto itselfforminga dimer(yto ~ site

addition).bIn practice,the diversityof availablepathwaysyieldsa host of adducts.Our observation’that the

intermediatedehydrationproductof the condensationof aldehydeswithMehirum’sacidcan be easiIytrapped

by thiols to give synthetically useful adducts suggested the extrapolationof this same chemistry to

dialdehydes. The mechanisticpathwaywith dialdehydesand thiols undoubtedlyinvolvesformationof an

aldol intermediateof the aldehydewith Meldrum’sacid. Dehydrationis followedby Michaeladditionof the

thiol component,trappingthe intermediate4. The processis concludedby

aldolto givecyclizedproduct5. Thislast stepis a reversibleequilibrium.
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Adenosineupon periodatecleavagegives a dialdehydethat yields a single crystallinecondensation

product6 with thiophenoland Meldrum’sacid in 48% yield.’ NMR experimentsin both DMSOand d6-

acetoneindicatethe isomerisolatedhas the introducedphenylthioetherandhydroxylgroups to oneanother

with the hydroxymethylfimction to the phenylthioethergroup.Reactionof the dirddehydeobtained

throughperiodatecleavageof methyl &D-xylopyranoside9gave a 51% yield of crystallineregioisomers710

and 81’in a ratio of 4:1 (separatedeasilyby flashchromatography).The regiochemistryof the tsvoisomers

was againdeterminedby comparingthe NMR-spectraof thioetherand sulfonederivativesobtainedthrough

oxidation’zof the thioethersby mCPBAandbyNOEexperiments.

iso-Propylidenecis-2-hydroxy-6-phenykhiocyclohexane-l,1-dicarboxylate[5]canbe easilytransformed

to structureswhichserveas usefidsyntheticintermediates.Conversionto the correspondingMOMderivative

9’3[dimethoxymethaneand P20~in CHC13’4]followedby hydrolysisto the diacid 10 IKOH/ethanol,Scheme

2]. Decarboxylationwith eliminationand esteriticationtsusing DMF dimethyl acetal’saffords methyl 6-

phenylthiocyclohexene-1-carboxylate and this is easilyoxidizedto the correspondingsulfone12’susing

mCPBA.Unsaturatedester sulfone 12 undergoesthe typical Michael-elimination-Michaelsequencefound

with such functionalgroupconfigurations.’9Additionof p-toluenethiolIMeOH,Et3N]to 12 yieldsmethyl

trans-2,6-bis@-tolylthio)cyclohexanecarboxylate[13].20 Both 12 and 13 are starting points for cyclic

equilibriumtransferalkylationcross-link[ETAC]chemistry.
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Scheme2
Theexceptionallymild reactionconditionsusedin formationof the spirocyclicadduct5 arecompatible

witha largenumberof alternativefunctionalgroups,rdlowingalmostany 1,4-or 1,5-dirddehydeandanythiol

to be capturedwithMeldrurn’sacid. Thetechniqueis adaptableto the chemicalmodificationandtetheringof

probesto carbohydrates,glycoproteinsandcarbohydratecontainingbiologicalandmacromolecularmaterials.
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5: Glutaraldehyde (Aldrich,2.5 M aqueoussolution,29.2mL, 72.9mmol),Meldrum’sacid [2](10.0
g, 69.4 71.1 mmol), and piperidiniumacetate are stirred in 100 m
acetonitrile.Theproductbeganspontaneouslyto crystallizeaflerabout3 h. After6 h, aqueous citric
acid(100mL)wasaddedandthe solutionwascooledto 5°. Theproductwas filtered,washedwithwater
anddriedto yield 16.4g of 5. CrystallizationfromCH2C12ihexane.M.p. 151-153°dec. IR: 3441s,
2938w, 1765m, 1717s, 1445m, 1406m, 1395s, 1380s, 1299s, 1239m, 1231m, 1206m, 1080s, 1055s,
1043m,1025m,929m,749m,692m. ‘H-NMR(CDC1,):7.45-7.26(m, 5H);4.18(old,J= 4.8, 11.8,IH,
H-C(2)); 3.51(dd,.J= 4.5, 12.9,IH, H-C(6));2.43(br.s, IH); 2.28-2.02(m,2H); 1.95-1.80(m,3H);1.85
(s, 3H); 1.81(s, 3H); 1.42-1.29(m, IH). NOE: betweenH-C(2)(5.5%)and H-C(6)(5%). ‘3C-NMR
(CDC13):170.2;164.4;133.3;133.0;129.1;128.2;107.1;60.5;76.2;53.0;29.7; 29.5;29.0;28.9;22.9.
MS: 336(M+,76),279(34),261(27), 169(47), 151(29), 150(23), 110(88),84 (27),68 (35),66 (37),53
(26),43 (100). Anal.calc.forC17H,00$: C 60.70,H 5.99,S 9.53,foundC 60.79,H 6.04,S 9.48
Using the above procedure:6-p-tolylthioderivative,mp 148-149”C;6-acetylthioderivative,mp 122-
124”C;6-o-carboxyphenylthioderivative,mp 153°C; 6-2-hydroxyethylthioderivative,mp 130-131”C.
a) Baer,H. H. b) Lichtenthaler,F. W.

Padeken,H. G.; von Schickh,O.; Segnitz,A. Bd.X/l 1971,259,262. d)
Angyal,S. J.; Gero,S. D. J Chem.1965,18,1973.
a) LopezAparicio,F. J.; EspinosaUbeda,A.; GalloMezo,M. A. C 1976, 72,981. b)
LopezAparicio,F. J.; EspinosaUbeda,A.;GalloMezo,M.A. C
Fora reviewof Mekirum’sacidchemistryseeMcNab,H.
EvensimpleKnoevenagelcondensationof n-butyraldehydewithMeldrum’sacidaffordsa doubleadduct.
Margaretha,P.; Polansky,O. E.; reportedthe formationof a doubleadduct,
mp 117-118”C.Webelievethe materialisolatedis in factthe dimer. SeealsoHedge,J. A.; KunzC. W.;
Snyder,H. R..1

Mp 160°dec. IR: 3484m,3341m,3194m,1763m,1727s,1640s,1600m,1394m,1380m,1359m,
1327m,1304s,1248m,1205m,1093m,1083m. ‘H-NMR((&)DMSO):8.41(s, IH, adenosyl);8.16(s,
IH, adenosyl);7.49(d,J= 6.9, 2H); 7.38-7.27(m, 3H);7.22(br. s, 2H);6.91(d, J= 6.0); 6.19 (d, J=
9.2, IH); 4.89 (t, .l= 6.0, IH); 4.83(old,.J= 6.0, 9.2, IH); 4.45(br. d, J= 10.8, IH); 4.12 (d,J= 11.0,
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IH); 3.79-3.68(m,2H); 1.83(s, 3H); 1.77(s, 3H);all protonsboundto heteroatomsexchangewithDZO.
‘3C-NMR((&)DMSO):168.1;165.1;156.1;152.8;150.0;140.0;133.3;131.0;129.5;128.0;107.8;80.3;
78.3; 71.5; 61.2; 60.5; 50.4; 29.5; 29.3. MS (Cl): 153 (7) 137 (10); 136 (100). Anal. calc. for
C22HZN50,S*HZO:C 50.86,H 4.85,N 13.48,S 6.17;foundC 50.85,H 4.85,N 13.50,S 6.15.

9 Cf.procedureof Baer,H.H.;Fischer,H.O.L.J Am.Chem.Soc.1959,81,5184.
10 7: M.p. 116°(sistering). 2.5,CHC1,).IR:3401m,1764m,1733s,1342s,1305s,1205m,

l104m, 1084s,1044m,995m,743m. ‘H-NMR(CDClj):7.45-7.28(m, 5H);4.95 (d, J = 7.8, IH); 4.31
(apparentLJ= 11.8,IH); 3.96(d,J= 7.8, IH); 3.93(old,.l= 5.5,11.8, IH); 3.83(old,J= 5.5,11.8, IH);
3.51(s, 3H);2.69 (br.s, IH); 1.85(s, 3H); 1.84(s, 3H). ‘H-NMR(d&mzene):7.31-7.28(m, 2H);6.88-
6.85(m,3H);5.12(d,J= 7.8, IH); 4.56(apparentt, J= 11.7,IH); 4.18(old,J= 2.9,7.8, IH); 4.09(old,J
= 5.5, 11.7,IH); 3.94(old,J= 5.5, 11.7,IH); 3.17 3H);2.81(d,J= 2.9, IH); 1.52(s,3H);1.42 3H).
‘3C-NMR(CDCl,): 168.2;164.6;132.7;132.2;129.4;128.6;107.5;100.9;73.8; 66.0; 58.4; 57.0;51.2;
29.6;29.4. MS: 368 (M+,13),123(100), 110(50), 109(28),97(31),59 (38),45(35),43(63)..Anal.
forC,,H200,S:C 55.42,H 5.47,S 8.70;foundC 55.33,H 5.56,S 8.69.

11 8: M.p. 111-112°(sistering). [a]D= -31.5(c = 1.2,CHC13).IR: 3431s,2850w,1765m,1732s,1394m,
1381m,1302s,1206m,l140m, 1089s,1070s,996m. ‘H-NMR(CDC1,): 7.54-7.20(m, 5); 5.15(d, .J=
8.7, IH); 4.34(old,J=5.3, 10.3,IH); 4.04(old,J= 10.3,11.4,IH); 3.89(old,J= 5.3, 11.4,IH); 3.55(d,~
= 8.7, IH); 3.54 (s, 3H); 2.88 (br. s, IH); 1.92(s, 3H); 1.82(s, 3H). ‘3C-NMR(CDC13):168.3;164.6;
134.2;132.4;129.0;128.0;107.7;103.1;72.1;65.1;61.3;57.4; 30.2;29.4. MS(CI):387(M++ 19, 12),
386 (M + 18,65), 278 (18), 276 (100),258 (95). Anal. calc. for CI,HNO,S:C 55.42,H 5.47, S 8.70;
foundC 55.52,H 5.55,S 8.73.

12 Theoxidationwasperformedonthe NMR-smnpleby addingan excessofmCPBA
13 9: (84%) long needles. M.p. 103-104”C. IR: 1764m,1734s,1380m,1294s, 1208m,1099m,1080m,

1042m,1027s,921m. ‘H-NMR(CDC13):7.48-7.26(m, 5H);4.70(d,J= 7.1, IH); 4.53(d,J= 7.1, IH);
4.17(apparentt, J= 6.6, centralpeakappearsas t, J= 1.6, IH); 3.58(old,J= 4.6, 12.9,IH); 3.30(s, 3H);
2.32-2.18(m, IH); 2.08-1.98(m, 2H); 1.96-1.88(m, 2H); 1.87(s, 3H); 1.82(s, 3H); 1.46-1.32(m, IH).
“C-NIvIll(CDC1,):169.8;163.8;163.9;133.3;132.9;129.1;128.1;106.8;94.5; 8 0.5; 59.3;55.9;53.3;
29.6 (2 signals);29.0; 25.1; 22.7. MS 380 (M+,1); 213 (4); 154(6);109(5); 79 (8); 45 (100);43 (7).
hal. calc.forC,#,,O#: C 59.98,H 6.36,S 8.43,foundC 59.97,H 6.32,S 8.32

14 K.Fuji,S.Nakano,E. Fujita,Synthesis1975,276.
15 HrwqS.;Taguchi,H.; Yamamoto,H.;Nozaki,H. 1975,1545.
16 Brechiihler,H.;Btichi,H.;Ha% E.; Schreiber,J.; Eschenmoser,A.

(old,J = 2.6, 4.8, IH); 4.30-4.25(lx.
apparents, IH); 3.77(s, 3H);2.38-1.97(m,4H); 1.76-1.66(m,2H).

18 12: M.p. 73°. IR: 2951m, 1716s, 1448m,1301s, 1290m,1265m, 1250s, 1141m,728m. ‘H-NMR
(CDC1,):7.89-7.49(m, 5H);7.26-7.25(m, IH); 4.37(br.apparentd, IH, J=4.8, IH); 3.44(s, 3H);2.56-
2.52 (m,2H);2.24-2.19(m, 2H); 1.71-1.65(m, 2H). ‘3C-NMR(CDC13):166.4; 147.0; 139.5; 133.6;
128.9;123.7;58.8; 51.8;25.0; 22.0; 16.6 MS:281(M++ 1,12),249 (13), 139(31), 138(12), 137(13),
107(12),80(11),79 (100),78 (11),77 (46),59 (18),51 (24). Anal.calc.forC,~H1bOdS:C 59.98,H 5.75,
S 11.44,foundC 59.93,H 5.76,S 11.36.

19 a) Nelson,R. P.; McEuemJ. M.; Lawton,R. G. J Org. 1969,34, 1225.b) Mi~ S.; Lawton,R.
G. .l Chem.Soc.1979,101,3097.c) Liberatom,F. A.; Cornea%R. D.;McKearin,J. M.;Pearson,D.
A.; Belong%B. Q.; Brocchini,S. J.; Kath,J.; Phillips,T.; Oswell,K.; Lawton,R. G. Chem.
19901,36. d) Pan,V.; Hutchinson,D. K.;Nantz,M. H.;Fuchs,P. L.

M.p. 148-149”C.IH-NMR(CDC13,300MHz):7.21(ABq,J= 7.9,6.8, 8H);3.80(s, 3H);3.21(m,J=
4.6, IH); 3.04 (t, J= 4.3, IH); 3.00(t, J= 4.4, IH); 2.33(s, 6H);2.17-2.00(m, 2H);2.00-1.89(m, IH);
1.80-1.75(m, 2H); 1.41-1.23(m, IH). I’C-NMR(CDC13,360MHz):171.4;137.7;138.4;130.4;129.7:

51.0;49.5;49.0;27.0;26.3;21.1. Analcalc.forC,,H*,O&:C 68.35,H 6.78;foundC 67.87,H 6.82.


