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Multicomponent reactions play an important role in the prepara- Table 1. Sequential Sakurai—Prins—Ritter Reactions
tion of complex organic moleculésThe tetrahydropyran ring has

= o e 1 j) TMSOTf R3

attracted significant attention in recent years, as it is a part of the R\l/\l/OAC ;,)) ng,_? R .
backbone of many natural produétdNe envisioned that the oy ° + R® * MeCN — OH 0 NHAc
tetrahydropyran nucleus could be formed by-Bj cycloconden- 1ad R? ™S , . i H20 c2 3aaca
sation which would complement{£] hetero-Diels-Alder meth-
od$ (see Scheme 1). This strategy calls for biselectrophile Entry  1,3-Dioxane Allyl silane Product, yield (%) (dr)
revealed sequentially, and 3-atom bisnucleopBile 4-Acetoxy- R1 OAc R NHAG
1,3-dioxanel® fulfills the requirement of a biselectrophile; the two 1/\5 ™S m
acetals are sufficiently differentiated that their rates of ionization \é; ’a N

. . . RZ
allow selective revelation of one over the other. Allyl sila2e 1 1a: R'= 0-CeHlyy: 218U 3aa 79(67:3)
appeared to be an attractive option for the bisnucleophile compo- 2 1b: R'= c-CgHyy: R2=n-Pr 3ba 80 (97:3)
nent, since a Prins cyclizatibnould be used to close the ring after 3 1c: R'= Ph(CHy)y; R%=t-Bu 3ca 77 (97:3)
the initial Sakurai reaction. Herein, we report the successful 4 1d:R'=Ph(CHy)y; R?=n-Pr 3da 75 (98:2)

. . . . . 5 1e: R'= PivO(CH,),; R2=(CH,)Cl 3ea 59 (90:10)
execution of this strategy utilizing a Ritter reaction to quench the Me
4-tetrahydropyranyl cation, with the overall sequence proceeding b Rt v NHA
. . . z C
in excellent diastereoselectivity. )\/TMS OH O

R2
Scheme 1. [3+3] Cyclocondensation Strategy 6 1a 3ab 88 (97:3)
\ . 7 1b 3bb 71 (97:3)
R\I/\I/OAC R 8 1c 3ch 80 (96:4)
O_ .0 —_— \Fa Kg OH § X 9 1d 3db 72 (96:4) oac
R2 1 c-CgH11

3 5, b N
l R [ R Ohc mNHAc
4 )\ TMS H
R\l/\ 2 S|R3 R3 LA2 R! tBu
Il \I/\/\[]/ Y\/\[r 10 1a 2¢ 3ac 61(99:1)°
O\

R? aProcedure A: (i) TMSOTT (1 equiv);-45 °C; (ii) TfOH (2 equiv),
—45 to—15°C; (iii) Ac20, —15 to 0°C, CH,Cl/MeCN (1:1). Procedure
. . B: (i) TMSOTf (1 equiv),—45 °C; (ii) TfOH (2 equiv), —45 to 0°C;(iii)

Rychnovsky has demonstrated that dioxanyl acetals undergo dia-, NaHCQ;, MeCN: Seg Supporting Information forqdetaffsTemary alcohol

stereoselective allylation to afford 1,3-anti relationships in excellent 8 was isolated in 8% yield as a 1:1 mixture of diastereomers at the
yield.? In ample studies investigating Prins cyclization reactions, 4-position. OAc

Rychnovsky has shown that the reaction forms dsetrahydro- e-Ceths <
pyrans diastereoselectivelyIin an attempt to develop a diastereo- OH Oy
selective and efficient one-pot process, we have discovered that 8 tau
treatment of 4-acetoxy-1,3-dioxants—e® with allyltrimethylsilane

2ain the presence of TMSOTH, followed by the addition of TfGH Scheme 2. Stereochemical Rationale Based on Alder's Model

OH

(2 equiv) in the presence of acetonitrile as a cosolvent, affords 3 R3

4-acetamidotetrahydropyra®saa—3aé? in good yields and high ) e LCN, /ﬁ\@

diastereoselectivities (entries-b, Table 1)t3 All three substituents 6/'7‘"317 © AN

on the tetrahydropyranyl ring occupgquatorial positions, as 4 R®=HorCH,0Ac R

confirmed by NOE experiments. In each case, an excellent degree when R® = Me |

of selectivity was observed for the newly formed stereogenic centers Me l i

at the 2-, 4-, and 6-positions of the tetrahydropyran ring. 4#\% RoN ® Me RON /ﬁ\Me
A rationale for the all-cis selectivity could be found in computa- 0 s \\\R gsﬁ o 7

tional work from Alder}* This work suggests that Prins cyclization kinetic thermodynamic

of an (E)-oxocarbenium ion proceeds through a chairlike transition

state with the formation of tetrahydropyranyl catidr(R® = H) High selectivity for the formation of 4-methyl-4-acetamidotetra-

(Scheme 2), which has an increased stability relative to the open-chainhydropyrans8ab—3db was also observed when methallylsilazie
oxocarbeniumion due to delocalization. The calculated optimal geom- was used (entries-89, Table 1). In each case the major diastere-
etry for delocalization places the hydrogen atom at C4 in a pseudo- omer possesses arial acetamide substituent. Moreover, the temper-
axial position, a deviation from the planarity expected athsrid- ature dependence of the diastereomeric composition of the products
ized carbon, thus favoring equatorial trapping of the nucleophile. was clearly observed: the axial acetamide isomer predominated
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3 9b i-Pr 94:6 81
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5 9d CH.F 99:1 83
6 9e CHCI 97:3 79 (1) Reviews on multicomponent reactions: (a) Tietze, L. F.; Beifuss, U.
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11 9j Ph 93:7 7 Synthesid 996 297. Rychnovsky, S. D.; Yang, G.; Hu, Y.; Khire, U. D.
J. Org. Chem1997 62, 3022. Smith A. B., Ill; Verhoest, P. R.; Minbiole,
3solated yield after aqueous workup and acetylation of unpurified Eysﬁ;n?)\c/gE;I/hasasb"]vuAgm'Cﬁgﬁwmlsggggf]iééa;afgg‘lwgﬂgeg{kyﬁghj\i]é;
reaction mixture with AgO/Py/DMAP. 3 Kozmin, 5. AJ. Am. Chem. So@002 124, 13670. Aubele, D. L.-
when the reaction mixture was allowed to warm t6@?5 This, Wan, svgﬁg”&af‘ggéfg %”_gﬁ""éE%‘i/’;‘l-ét'%(%mfgfz“%;‘1‘8;;’-_\Sggg}
again, is consistent with Alder's model for the tetrahydropyranyl 3. 3. Rychnovsky, S. DI. Org. Chem2006 71, 3176. Bahnck. K. B.;
cation, where it was shown that 4-methyl substituted tertiary cation . I;ychmt)tvskx, Z DJCh‘?m- C?”PWJ'QOOS 23885-6\‘@ chem. int. &4
H _ . ossetter, A. G.; Jamison, |. .; Jacobsen, &£ ew. em., Int. .
5is much more stable than the open fo"ng - Me)' The trapping 1999 38, 2398. Gademann, K.; Chavez, D. E.; Jacobsen, EArigew.
of the tertiary carbocation with the nitrile leads to the formation of S:hzeorg., IH Egggoz 41, 3059. Gouverneur, V.; Reiter, \Chem—Eur.
equatorial nitrilium ic.)rﬁ' which then .quilibrates to the apparently (4) F.or siriilary appro.aches to 4-methylene tetrahydropyrans see: Yu, C.-M.;
more thermodynamically stable axial isoner Lee, J.-Y.; So, B.; Hong, Angew. Chem., Int. E@002 41, 161. Keck,
Destabilization of the intermediate tertiary cation with an G. E.; Covel, J. A;; Schiff, T.; Yu, TOrg. Lett 2002 4, 1189.

electron-withdrawing acetoxymethyl substituent was observed when (5) Kopecky, D. J.; Rychnovsky, S. D. Org. Chem200Q 65, 191. Zhang,

I Y.; Rovis, T.Tetrahedron2003 59, 8979.
2-acetoxymethyl allylsilan@c was used (entry 10, Table 1). In (6) Reviews on a Prins cyclization: Snider, B. B.The Prins Reaction and

this case the formation of equatorial acetamide product was (E:grbogyl Ene R%aCtiomS?\-erStﬂ(B'kMibgier\n/ir}g'zI" I-Jif;érlmcg:k, C. H,

. P . s.; Pergamon Press: New York, ; Vol. 2, pp . Overman,
Observed in addition to a Smal'l amount of tertiary alcoﬁéﬂ . L. E.; Pennington, L. DJ. Org. Chem 2003 68, 7143. Vasconcellos, M.

This three-component coupling sequence allows the installation L. A. A;; Miranda, L. S. M.Quim. Naa 2006 29, 834.
of added diversity at the 4-position. Indeed, a variety of nitriles  (7) For examples of natural products and related compounds, containing
. . .. . 4-aminotetrahydropyran moiety see: Snider, B. B.; Hawryluk Oxg.

S.UCCGSSfU”y part'ante n the one-po.t Sakg{lallns—thtgr reac- Lett. 200Q 2, 635. Suhara, Y.; Yamaguchi, Y.; Collins, B.; 'Schnaar, R.
tion (Table 2) to give substituted amid@a—j in good yield and k/| Ea”é‘ﬁ'smz%o“ﬁ‘i*d'dieg}é‘élﬁa'“ (Sahlmsc’ida, l-:tlchlkHaW%Bﬂ?r?rgk

. .. . ed. em. , . e, G.; Steimnetz, H.; Gerth, K
_excellent _dlaster_eoselectlwty. The presence of fupctlonal groups Reichenbach, H_iebigs Ann. Cher1991 941. Michelet, \V.; Gefte J.-
in the amide moiety opens a way for further functionalization of P. Curr. Org. Chem2005 9, 405.
the products, including attachment to the solid phase. (8) Two examples of the use of a Ritter reaction to terminate a Prins

. . . . cyclization have appeared: (a) Perron, F.; Albizati, KJFOrg Chem.
It was also shown that the intermediate nitrilium ion could be suc- fégz 52, 4128. (b)p&_Mutam(, )E H.; Crosby, S. R.; Darzi, f_’; Harding,

cessfully trapped intramolecularly by a neighboring protected hydroxyl J. R; Hughes, R. A.; King, C. D.; Simpson, T. J.; Smith, R. W.; Willis,
roup to form spiro-oxazolin&0 with excellent selectivity (eq 1) C. L. Chem. Commur2001, 835.
9 p p y (&g ). (9) Rychnovsky, S. D.; Skalitzky, D. Bynlett1995 555. Boons, G.-J.;
o Eveson, R.; Sm;}thds Stauch, $ynlett1996 536. Rychnovsky, S.D.;
c-CeHy c-CaH11 Sinz, C. J Tetrahedron Lett1998 39, 6811.
\I/\I/ TIPS + MecN M by i, i H N/>\ (10) Trapping of the intermediate cation proceeds in varying selectivity
™S OH O depending on Lewis acid, nucleophile, and substitution pattern across the
10 : ™M tetrahydropyran ring. For selected examples, see: Hu, Y.; Skalitzky, D.
1a t t-Bu J.; Rychnovsky, S. DTetrahedron Lett 1996 37, 8679. Jasti, R.;
50% (98:2 dr) Anderson, C. D.; Rychnovsky, S..D. Am. Chem. So2005 127, 9939.
Jasti, R.; Vitale, J.; Rychnovsky, S. D. Am Chem Soc 2004 126,
i) TMSOTT, CH,Cl,, -78 °C; ii) MeCN, TfOH, -45 to 0 °C; iii) NaHCO; 9904. Yadav, V. K.; Kumar, N. VJ. Am Chem Soc 2004 126, 8652.
c-CeH OAc Hart, D. J.; Bennett, C. EOrg. Lett.2003 5, 1499. Barry, C. S.; Bushby,
6 “\|/\|/ kL Procedure A C-CgH11 «NHAc N.; Harding, J. R.; Hughes, R. A.; Parker, G. D.; Roe, R.; Willis, C. L.
R + MeCN H

—~

o. .0 + OAc & Chem. Commun2005 3727. Rychnovsky, S. D.; Thomas, C. Qrg.

Y _ ¢ O @ Lett. 200Q 2, 1217. Jaber, J. J.; Mitsui, K.; Rychnovsky, S.D.Org.
t-Bu SiR3 12 ip, Chem.2001 66, 4679. Barry, C. St. J.; Crosby, S. R.; Harding, J. R.;

1a 11a: SiR; = TMS (E/Z = 80:20) 92%, 85:15 dr with 11a Hughes, R. A,; King, C. D.; Parker, G. D.; Willis, C. Qrg. Lett.2003

11b: SiR; = SiMe,Ph (E/Z = 95:5) 81%, 91:9 dr with 11b 5, 2429.
(11) Cloninger, M. J.; Overman, L. E. Am. Chem. Sod 999 121, 1092.
: : : . Puglisi, A.; Lee, A.-L.; Schrock, R. R.; Hoveyda, A. Brg. Lett 2006
A substantial advantage of this method is the potential to use 8, 1871. (See also ref. 8b.)

substituted silanes to introduce additional groups around the (12) For convenience in isolation and analysis, the resulting secondary alcohols
tetrahydropyran ring. An excellent degree of stereochemical induc- were acetylated in situ by addition of 4@ prior to workup.
tion and transfer of geometry of the double bond was observed for (13) The transformation generates three new stereocenters for a total of eight
A possible diastereomers. However, we observe only two isomers-(GC
crotyl silanesllab (eq 2). MS).
In summary, we have developed an operationally simple (14) Alcé%r. R. W.; Harvey, J. N.; Oakley, M. T. Am. Chem. So@002 124,

rocedure for the highly diastereoselective preparation of 4-acyl-
P gnly prep Y (15) Conducting the reaction betweéda and 2b at —45 °C results in the

amino-2,6-substituted tetrahydropyrans by a one-pot Sakurai formation of a 29:71 mixture of axial and equatorial acetandeb.
Prins—Ritter reaction from readily available reagents. We note that (16) The formation of8 could arise by intramolecular trapping of the
up to four new stereocenters may be controlled from a single 4-tetrahydropyranyl cation with tethered acetate followed by hydrolysis.
stereocenter present in the hydroxyacid starting material. JA066794K
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