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phosphoric acids could activate the oxonium iorerimediate and
ensure the enantioselectivity.

Herein we report our preliminary results for thestfi catalytic
enantioselective Prins cyclization.

The first catalytic enantioselective Prins cyclization is
disclosed. The reaction is catalyzed by the combination of a
chiral BINOL-derived bis-phosphoric acid and CuCl. The

process consists in a tandem Pring/Friedel-Crafts cyclization
that affords the hexahydro-1H-benzo[f]isochromenes
products with three new contiguous stereogenic centers in
high yields, good enantio- and excellent diaster eoselectivities.

We chose as model substrates homoallylic alcohoth sas 6-
phenylhex-3-en-1-ol 1 containing a tethered nudideg® The
advantage in using those kind of substrates cansisa simplified
reaction system to study. Indeed, most of the Pdydization

reactions are promoted by stoichiometric amountsesfis acid that
The Prins cyclization reactidetween a homoallylic alcohol and arplay a double role, promoter and nucleophile sourcerap the
aldehyde in the presence of an acidic promoter atalyst is a carbocation species which is formed after the ewtibbn. The
powerful C-C bond forming transformation and onetloé most embedded phenyl moiety prevents the use of a s$tonghric
elegant approach to access highly substitutednietrapyrans with external nucleophile which can interfere with treatytic system,
excellent diastereoselectivitiéDespite the recent advances and ttend moreover allows a tandem Prins/Friedel-Craftegss to take
increasing interest in the stereochemical outcomaetiae mechanism place?36
of the Prins cyclizatiof,to date, to our knowledge, no asymmetri¥Ve began our studies by investigating the readtietween Z)-6-
version has been reportédhe main drawback associated with thghenylhex-3-en-1-012)-1 andp-methoxy-benzaldehyde 2a in DCE
development of the enantioselective Prins cyclaratis the (1,2-dichloroethane) at 40 °C, leading to the heslabiiH-
racemization due to the Oxonia Cope rearrangemérat, allyl benzoflisochromenes product 5a with three new contiguous
transfer or the solvolysisRecently Feng and coworkers succeededereogenic centers.
in the synthesis of optically pure 4-OH-tetrahydn@ms by the A screening of known chiral phosphoric acids 3-4lié 1, entries
meaning of a catalytic asymmetric ene reactiorofedid by a FeGl 1-4) gave only disappointing results summarizedainlack of
Prins cyclization™® However so far direct access to tetrahydropyraneactivity. We hypothesized that the Brensted akideais not prone
by catalytic enantioselective Prins cyclization has been achieved to activate the electrophilic carbonyl group. Wesened that a
and it is therefore highly required. catalytic system integrating a phosphoric acid anuetal catalyst
Since the seminal independent reports of Akiyaaral Teradd,the should synergistically enable our reaction. To @omf our
ability of BINOL-derived chiral phosphoric acids tirect the hypothesis we first examined the combination ofgptric acids 3
enantioselective addition to imines is well esttidid® Nevertheless with different achiral Lewis acids. As shown in Ta@ld, MgBk is
the enantioselective addition to oxocarbenium ienmuch less completely inactive (entry 5), on the contrary tfiraw transition
developed. We recently reported the unprecedented synergistitetal salts such as Cu(OFfind Fed (entries 6-9) could catalyze
effect in Prins cyclization between non-reactive riBted and Lewis the reaction with up to 45% yield, unfortunatelytheiut any
acids that lack to catalyze the reaction if useta] such ap-TSA enantioselection. The association between the Husgghoric acitf
and MgBg.° Inspired by the successful examples on theand FeGl(entry 10) also failed to selectively promote thaction.
enantioselective addition to oxocarbenium ions #ndontinuation To our delight the combination of 4 and Cu(QTf{entry 11)
of our interest in the Prins cyclization reactfdnye reasoned that afforded the desired product 5a with an excitingzg8Genantiomeric
the combination of the chiral Brgnsted acid withaahiral Lewis ratio (e.r.) and as single diastereomer (d.r. >5Q5%he cis-fused
acid? could promote the reaction and we envisioned thatal hexahydro-H-benzoflisochromene dictated by the geometry of
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the double bond, even if in moderated yields (24®ifferent range of yields and e.r. values. TipeNO, benzaldehyde also
trifluoromethanesulfonates such as Zn(QTNi(OTf),, Bi(OTf);, participated with a slight erosion of enantioselgtst (entry 7). The
AgOTf or LIOTf failed to give better results, onetltontrary the catalytic system proved to be efficient for aromatldehydes
variation of the copper source (CyCind CuCl entries 12-13 substituted with an electron donating group in iaea position
respectively) improved the yield up to 70% (see @upng (entry 1) but it is less selective for theMeO substitution probably
Information). Finally the effect of the alkene gexiiy was because of the steric hindrance (entry 8). Alighatidehydes
evaluated and it was observed that changing thélddaond toE  undergo Prins  cyclization  with  high vyields, excetle
resulted in a dramatic loss in reactivity and dalég (entry 14), diastereoselectivities but moderate enantiocolimtries 9-10).
thus the transfused hexahydroH-benzoflisochromene was

obtained with only 29% yield and 67:33 e.r.. An lexation of Table2 Scope of the Enantioselective Prins Cyclizafion.
different reaction conditions was set out to optienthe selectivity.

A solvent screening revealed chlorinated solvemtset superior (see Ph

. . . . o) 10 mol % 4
Supporting Information), in particular DCE gave blg better 7. . 10mol% cuci R
yields and enantiomeric ratios than fH). Decreasing the R™H DCE. 40°C. 22 h
temperature was detrimental for the reactivity. Tierease of the o @1 224 ' ' 5a-j

phosphoric acid loading to 20 mol % did not beneét the
enantioselectivity.

Entry Product yield (%)Y er.ad
Table 1 Catalysts identification and reaction optimizatioh tbe
Enantioselective Prins Cyclizatién.

1 70 80:20
Ph o~
10 mol % Phosphoric Acid 3-4
10 mol % Lewis Acid
/ . - 2 73 80:20
DCE, 40°C, 22 h
Ho— (@1 2a CHO
Ar 3 78 77:23
L, ®
O~ “OH3a, Ar = 4-CF43CgH i
O‘ 3b, Ar = 4-N032066H44 O o 4 76 76:24
Ar 3¢, Ar = 2,4,6-PraCqH,
5 62 80:20
Entry catalyst Lewis Acid yiel8a (%) e.r.5a
1 3a R nr. R 6 62 72:28
2 3b - n.r. -
3 3c - n.r. - 7 63 67:33
4 4 - n.r. -
5 3a MgBr, n.r. -
6 3a Cu(OTh) 20 53:47 8 76 60:40
7 3b FeCk 45 50:50 "
8 3b Cu(OTf, 28 50:50 9 N 63 65:35
9 3c Cu(OTf, 34 50:50 © 5i
10 4 FeCh 52 50:50 0 e 2 s 6040
11 4 Cu(OTf 24 80:20 Hl o 5 :
12 4 CuCh 65 79:21 _
13 4 cucl 70 80:20 [a] General conditionsZj-1 (0.1 mmol), 2 (0.12 mmol), 4 (10 mol%), CuCl

(10mol %) in DCE ¢ = 0.1 M) at 40 °C for 22 h. [b] Yields refer tmiated
14 4" CuCl 29 67:33 products. [c] Enantiomeric ratio was determinecthiyal HPLC analysis. [d]

[a] General conditions(Z)-1 (0.1 mmol),2a (0.12 mmol),3-4 (10 mol%), d.r.>95:5.

Lewis Acid (10 mol%) in DCEq = 0.1 M) at 40 °C for 22 h. [b] Yields refer

to isolated products. [c] n.r. = no reaction. [dhaBtiomeric ratio was The absolute configuration of 5e was unambiguodshgrmined to

determined by chiral HPLC analysis. [€] d.r. > 95fpThe (E)-1 isomer was pga 454aR 100R by single crystal X-ray analyéFs(Figure 1). The

used. three new contiguous stereogenic centers formedisate of an

attack of the alkene on ti8 face of the oxocarbenium ion, followed

Encouraged by the promising level of enantiocontooir catalytic by a completely diastereoselective Friedel-Cragtion.

system was tested on different substituted aronaddiehydes (Table

2, entries 1-8). Gratifyingly benzaldehyde 2b (gn®) smoothly

participated to the reaction leading to the despeatiuct 5b with

73% yield, 80:20 e.r. and as a single diastereofites. substitution

of the aromatic ring in thertho or para position with halogens

(entries 3-6) is tolerated as in all the cases tiemriched

hexahydro-H-benzoflisochromenes were obtained with the same
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v v v v

- ~ Flack parameter = 0.000(7)

the
benzoflisochromene produ&e. The thermal ellipsoids are shown at
50% probability.

Figg 1 ORTEP representation of hexahydko-1

In conclusion, we have disclosed the first enaptextive Prins
cyclization catalyzed by a synergistic combinatidrchiral BINOL-
derived bis-phosphoric acid and CuCl under mild cows. The
present method demonstrates the feasibility of #sgmmetric
condensation between a homoallylic alcohol and ldehgde and
provides an efficient route to enantiomerically iened
tetrahydropyrans containing three contiguous stgeiz centers.
Further research on the substrate scope and igagstis to gain
insight on the reaction mechanism are underwayalhtve reported
in due course.
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