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ABSTRACT

(E)- and (2)-2-(Arylmethylene)cyclopropylcarbinols 1 could be converted to the corresponding tetrahydropyrans 2 and 3 stereoselectively in
the presence of Brgnsted acids MsOH or TsOH under mild conditions. A plausible Prins-type reaction mechanism has been proposed.

Methylenecyclopropanes (MCPs) are highly strained but a number of interesting cycloadditions of MCPs have been
readily accessible molecules that serve as useful buildingexplored. For example, Yamamoto et al. reported cyclo-
blocks in organic synthestdMCPs undergo a variety of ring-  addition reactions of MCPs with aldehydes and imines, using
opening/cycloaddition reactions in the presence of transition a palladium catalyst, that afforded the corresponding tetra-
metals or Lewis acids because the relief of ring strain can hydrofuran and pyrrolidine skeletons in good yietdi

provide a powerful thermodynamic driving foré&Thus far, addition, we and others have developed a number of
heterocycle-forming reactions from MCPs and aldehydes or
(1) For recent reviews, see: (a) Nakamura, |.; Yamamotdydy. Synth. imines in the presence of Lewis or Brgnsted aéiéls.

Catal. 2002,344, 111. (b) Brandi, A.; Cicchi, S.; Cordero, F. M.; Goti, A. _ _
Chem. Re»2003,103, 1213. (c) Nakamura, E.; Yamago,/&c. Chem. Moreover, we found that 2 (arylmethylene)cyd()pmpyl

Res.2002,35, 867. carbinols1, methylenecyclopropanes bearing an additional
(2) Selected recent articles about transition metal-catalyzed reactions of hydroxymethyl group, could undergo a number of similar
MCPs: (a) Camacho, D. H.; Nakamura, |.; Saito, S.; Yamamotd, ©rg.
Chem 2001, 66, 270. (b) Lautens, M.; Meyer, C.; Lorenz, A.Am. Chem.
S0c.1996,118, 10676. (c) Lautens, M.; Ren, ¥. Am. Chem. Sod.996, (4) (a) Camacho, D. H.; Nakamura, |.; Saito, S.; YamamotoAivgew.
118, 9597. (d) Saito, S.; Masuda, M.; Komagawa,JSAm. Chem. Soc. Chem., Int. EJ1999,38, 3365—3367. (b) Nakamura, I.; Oh, B. H.; Saito,
2004,126, 10540. (e) Shi, M.; Wang, B.-Y.; Huang, J.-W.Org. Chem. S.; Yamamoto, YAngew. Chem., Int. E®001,40, 1298. (c) Oh, B. H.;
2005,70, 5606. (f) Nakamura, I.; Itagaki, H.; Yamamoto,J Org. Chem. Nakamura, I.; Saito, S.; Yamamoto, Yetrahedron Lett2001,42, 6203.
1998,63, 6458. (g) Tsukada, N.; Hibuya, A.; Nakamura, |.; Yamamoto, Y. (d) Oh, B. H.; Nakamura, |.; Saito, S.; Yamamoto,eterocycles2003,
J. Am. Chem. S0d.997,119, 8123. (h) Suginome, M.; Matsuda, T.; lto, 61, 247. (e) Brase, S.; de Meijere, Angew. Chemlnt. Ed. Engl 1995,
Y. J. Am. Chem. SoQ000, 122, 11015. (i) Scott, M. E.; Bethuel, Y.; 34, 2545. (f) Nakamura, |.; Nemoto, T.; Yamamoto, Y.; de Meijere, A.
Lautens, M.J. Am. Chem. SoQ007,129, 1482. Angew. Chem., Int. EQ006,45, 5176.
(3) Selected recent articles about Lewis acid mediated reactions of  (5) (a) Shi, M.; Xu, B.; Huang, J.-WOrg. Lett.2004,6, 1175. (b) Shi,
MCPs: (a) Shi, M.; Xu, BOrg. Lett.2002,4, 2145. (b) Xu, B.; Shi, M. M.; Shao, L.-X.; Xu, B.Org. Lett.2003,5, 579. (c) Shao, L.-X.; Xu, B.;

Org. Lett.2003,5, 1415. (c) Huang, X.; Zhou, H.-\WOrg. Lett.2002,4, Huang, J.-W.; Shi, MChem. Eur. J2006,12, 510. (d) Huang, J.-W.; Shi,
4419. (d) Huang, J.-W.; Shi, MTetrahedron Lett2003 44, 9343 and M. Synlett2004 2343. (e) Patient, L.; Berry, M. B.; Kilburn, J. D.
references cited therein. Tetrahedron Lett2003,44, 1015.
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reactions under mild conditiorfsHerein, we wish to report  (DCM). In THF no reaction occurred, even at 8D (Table
a highly efficient Brgnsted acid-mediated cascade reactionl, entry 8). We found that DCM is the solvent of choice
of 1 with aldehydes that stereoselectively produces func- (Table 1, entries 5—10). Therefore, the optimized reaction
tionalized tetrahydropyran and 3 in good to high yields conditions are to carry out the reaction in DCM at room
under mild conditions. temperature using MsOH (1.4 equiv) as a mediator (Table
Initial examinations usingH)-2-(phenylmethylene)cyclo- 1, entry 10). Other Brgnsted acids, such as trifluoroacetic
propylcarbinol (1a) and benzaldehyde as the substrates inacid (TFA), benzoic acid, acetic acid, benzylphosphonic acid,
the presence of methanesulfonic acid (MsOH) were aimed and O,0'-diethyl dithiophosphate did not promote this
at determining the optimal conditions, and the results of thesereaction under otherwise identical conditions, presumably
experiments are summarized in Table 1. In the presence ofowing to their weaker acidities.
Under these optimal reaction conditions, we next carried
s out this heterocycle-forming reaction using a variety of
Table 1. Optimization of the Reaction Conditions star;ing materiaISl and aldehydes. The results are sum-
marized in Table 2. As can be seen from Table 2, the

Table 2. Construction of Tetrahydropyrans froinand

Aldehydes
Brgnsted temp time yield®

entry® acid solvent (°C) (min) 2a/3a (%)

1¢ MsOH (1.2 equiv) DCE rt 20 12:1 46

24 MsOH (1.2 equiv) DCE rt 20 12:1 74

3d¢  MsOH (1.2 equiv) DCE rt 20 12:1 52

44f  MsOH (1.2 equiv) DCE rt 20 12:1 41 eldb

5! MsOH (l4equiv) DCE  rt 20 121 78 Lo , , e

6/  MsOH(14equiv) DCE  rt 20 121 48 entry' R/R R acid 23 (%)

74 MsOH (1.4 equiv) CegHsMe rt 20 12:1 16 1 CeHs/H 4-MeCe¢Hy MsO 2b/3b (9:1) 93

8d MsOH (1.4 equiv) THF 60 120 2 CeHs/H 4-ClCgH4 MsO 2¢/3e (12:1) 80

9d MsOH (1.4 equiv) EtOEt Tt 20 12:1 47 3 CeHs/H 4-BrC¢H, MsO 2d/3d (16:1) 84

10¢ MsOH (1.4 equiv) DCM rt 20 12:1 85 4 CeHs/H 4-FCeHy MsO 2e/3e (10:1) 86

a All reactions were carried out witha (0.30 mmol), benzaldehyde (0.36 5 4-CIGeH/H CeHs MsO - 2(/3¢ (20:1) 91

mmol), and MsOH in 1 mL of solven®.Isolated yields based ofa. 6 4-BrCeHy/H CoHs MsO 2g/3g (14:1) 88
©MsOH was dropped into a solution df and benzaldehydé.In these 7 4-MeCeHys/H ~ CeHs MsO 2h/3h (15:1) 81
cases of entries 210, 1a was added into a solution of MsOH and 8¢ 4-MeOCe¢H«/H Cg¢Hs MsO 2i 57
benzaldehydet MS 4A (20 mg) was added.H,O (1.0 equiv) was added. 9 4-FCsH/H CeH MsO 2j/3j (16:1) 95

10 4-FCsHy/H 4-ClIC¢Hs  MsO 2k/3k (13:1) 84
11 4-ClC¢Hy/H 4-ClCsH4 MsO 21/31(11:1) 85

MsOH the reactions proceeded smoothly to afford isomers 12¢¢  cgHyH CeHs TsO 2m 76
2aand3a, as single diastereoisomers wityrrconfiguration, 13¢d  4-FCeHy/H CeHs TsO 2n 70
within a short time and witl2a being the major product in 14¢  3-FCeHy/H CeHs MsO 20 42
all cases at 20C. We found that the addition sequence of 15  2-BrCeHs/H  CsHs MsO 2p 51

16°  CeHy/H Me MsO 2q 70

starting materials had a significant effect on this transforma-
tion. The addition ofLato the solution of MsOH (1.2 equiv)
and benzaldehyde produc2d and3ain higher yields than
did the addition of MsOH (1.2 equiv) to a solution b& 2 All reactions were carried out withh (0.30 mmol), aldehydes (0.36
and benzaldehyde in 1,2-dichloroethane (DCE) (Table 1, conditions uniess ofhenwise notétSolated yields based ah ¢ In these -
entries 1 and 2). The addition of molecular sieves or water cases, traces &were formed on the basis of TLC platé<Carried out at
did not improve the yields c?a and3a (Table 1, entries 3~ 40°Cfor10h.

and 4). However, in the presence of 1.4 equiv of MsOH
under identical condition®aand3awere produced in 78%
total yield (Table 1, entry 5). Solvent effects have been
examined with MsOH (1.4 equiv) at room temperature in
acetonitrile, toluene, THF, ethyl ether, and dichloromethane

17¢ CeHs/H CgH5(CHs)2 MsO 2r 67
H/CGH5 CGH5 MSO 2a/3a (12:1) 80

corresponding tetrahydropyrasand 3 were obtained in
moderate to high total yields and high isomeric selectivities
(2/13 > 9/1), and in some cases tetrahydropyr@nwere
produced almost exclusively, with only a trace3formed

(6) (a) Ma, S.-M.. Zhang, J.-L1. Am. Chem. So@003,125, 12386. (b) within 20 min (Tgble 2). Substituents pn the a_romatlc ring
Lautens, M.; Han, WJ. Am. Chem. So€002,124, 6312. (c) Lautens, M.;  Of 1 have modest influence on the reaction. Adding a strongly
Han, W.; Liu, J. H.-CJ. Am. Chem. So2003,125, 4028. (d) Scott, M. _ i
E.; Han, W.; Lautens, MOrg. Lett.2004 6, 3309. (e) Scott, M. E.; Lautens, e'ec”of‘ dgnatmg group, such as methox_y group, on the
M. Org. Lett.2005,7, 3045. aromatic ring ofl afforded the corresponding tetrahydro-
(b)(\7/\)/(a) Sgag(, LHX.; Li,;(.@(.;L.Shi,LMlé‘Chcsem—'\Eur.l JttZZ%%é lfé 186(2-) pyran2i in somewhat low yield (57%) along with trace of

ang, B.-Y.; Huang, J.-W. Liu, L.-P.; Shi, Msynle , . (c - : : ;

Shi, M. Wang, B.-Y.Synlett 2006 3158. (d) Shi, M.; Tian, G.-O. 3i (Table 2, eqtry 8). Using tolugnesulfonlc acid (TsOH) as
Tetrahedron Lett2006,47, 8059. a Brgnsted acid, the corresponding tetrahydropy2amsnd
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Figure 1. ORTEP Drawing of2a, 2r,

and 3g

2n were obtained in good yields along with traces of their

yields, respectively, which is the same as thalafTable
2, entry 18). Product structures were determinedHbyand
3C NMR spectroscopic data, HRMS, and microanalysis.
Furthermore, the X-ray crystal structures2, 2r, and 3g
were determined (see Figure 1), and their CIF data is
presented in the Supporting Informatibn.

A plausible mechanism based on a Prins-type reaction is
outlined in Scheme 11n the presence of a Brgnsted acid,

Scheme 1. Plausible Mechanism for the Construction of
Tetrahydropyrans from and Aldehydes
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reacts with the aldehyde to produce intermedkatavhich
undergoes intramolecular nucleophilic attack to afford in-
termediateC via transition stat®. IntermediateC is trapped

by the counterion from the opposite direction of thegiRoup

to provide product® and 3.

Under the standard conditions, optically acti@e{g with
61% ee could be transformed into the corresponding optically
active 2g and 3g in 88% total yield without loss of
enantioselectivity (Supporting Information), indicating the
complete chirality inversion in intermedia@ (Scheme 2).

In addition, upon treatment with methylmagnesium bro-
mide, 2a can be easily demesylated to afford compodad

(8) The crystal data of compour2ad have been deposited in CCDC with
number 610599. Empirical formula,16H2004S; formula weight, 344.41;
crystal color; habit, colorless, prismatic; crystal dystem, monoclinic; lattice
type, primitive. Lattice parametersa = 5.4291(10) Ab = 30.429(6) A,
c=10.873(2) A,a = 90°, 8 = 99.416(3)°,y = 90°,V = 1772.0(6) &.
Space group,P2(1)/c; Z = 4; Dcacd = 1.291 glcm; Fogo = 728.
Diffractometer, Rigaku AFC7R; residud®s Ry, 0.0486, 0.1014. The crystal
data of compoun@r have been deposited in CCDC with number 622269.

isomers (Table 2, entries 12 and 13). The presence ofEmpirical formula, GiH2404S; formula weight, 372.46; crystal color;

electron-withdrawing groups, such as fluoro- and bromo-

substituents, at the 2- or 3-position of benzene ringy géve
the corresponding tetrahydropyra@sin moderate yields

(Table 2, entries 14 and 15). Substituents on the aryl
aldehydes did not significantly affect the reaction (Table 2,

entries 1—9). Aliphatic aldehydes also reacted with
smoothly to afford the corresponding tetrahydropyramsth

habit, colorless, prismatic; crystal system, monoclinic; lattice type, prim-
itive. Lattice Parametersa = 9.738(16) A,b = 10.632(18 A, ¢ =
19.29(3) A,a. = 90°, 8 = 103.06(3)°,y = 90°, V = 1946(6) &. Space
group,P2(1)/n;Z = 4; Deaica = 1.271 glcm; Fooo = 792. Diffractometer,
Rigaku AFC7R; residualkR, Ry, 0.0674, 0.1526. The crystal data of
compoundg have been deposited in CCDC with number 620556. Empirical
formula, GgH21BrOsS; formula weight, 441.33; crystal color; habit,
colorless, prismatic; crystal sKstem, triclinic; lattice type, primitive. Lattice
Parametersa = 5.7054(17) Ab = 10.466(3) A,c = 17.168(5) A,a =
80.479(5)° 8 = 83.302(5)°y = 79.666(6)°V = 990.6(5) &B. Space group,

the same stereochemistry as those of aryl aldehydes, althougﬁli Z = 2; Dcaicd = 1.480 glen; Fooo = 452. Diffractometer, Rigaku

in somewhat lower yields (Table 2, entries 16 and 17). In

addition, using (%2-(phenylmethylene)cyclopropylcarbinol

as a substrate to react with benzaldehyde under the standarﬁ

conditions,2a and 3a were also formed in 72% and 6%

Org. Lett, Vol. 9, No. 12, 2007

FC7R; residualR, Ry, 0.0730, 0.1809.

(9) (a) Prins, H. JChem. Weekblati919,16, 64, 1072. (b) Cho, Y. S.;
Kim, H. Y.; Cha, J. H.; Pae, A. N.; Koh, H. Y.; Choi, J. H.; Chang, M. H.
rg. Lett. 2002, 4, 2025. (c) Dobbs, A. P.; Pivnevi, L.; Penny, M. J.;
artinovic, S.; James, N.; lleyb, J. N.; Stephenson, RCAem. Commun.
2006, 3134.
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Scheme 2. Complete Chirality Transfer

“om OMS4—BrCGH4 e
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with retention of stereochemistry in quantitative yield,
affording the possibility for further transformation (Scheme
3)10

Scheme 3. Demesylation oRa

~OMs \OH
csHs/\Ej‘ MeMgBr CeHs™ :
CeHs™ 0 THE. t CeHs™ 0
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Functionalized pyrans are a common structural motif found
in many natural products and bioactive compounds and ove

the years, there have been many elegant methodologie

developed for the synthesis of such heterocytieghe

(10) Cossy, J.; Ranaivosata, J. L.; Bellosta, V.; Wietzke,SRnth.
Communl1995,25, 3109.
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synthetic method we present here takes great advantage over
many of these in that it is a metal-free and mild process.

In conclusion, we have found an interesting procedure
where 2-(arylmethylene)cyclopropylcarbinols react with al-
dehydes to provide stereo- and regioselectively terahydro-
pyrans mediated by Brgnsted acid. A plausible reaction
mechanism has been proposed that is based on a Prins-type
reaction pathway. Using this procedure, a series of tetrahy-
dropyrans were obtained selectively, with easily available
reagents under mild conditions, in moderate to good yields.
Further studies regarding the mechanistic details and scope
of this process are in progress.
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