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ABSTRACT
CrCl,/CCl
RrOH A

THF, rt RO O

R= alkyl, aryl 47-95%
13 examples

A wide spectrum of alcohols and phenols are readily transformed to the corresponding 2-tetrahydrofuranyl ethers in good to excellent yields
using CrCl, and CCl, in THF under nearly neutral conditions at room temperature.

Tetrahydrofuranylation is a well-established tactic for the reagents. We disclose herein a new and operationally simple
protection of hydroxyl and phenolic functioh3he resultant procedure for the preparation of 2-tetrahydrofuranyl ethers
2-tetrahydrofuranyl (THF) ethers are acid labile and can be from alcohols or phenols using CeCind CCJ, in THF at
selectively cleaved in the presence of the more commonly room temperature under nearly neutral conditions (Scheme
used tetrahydropyranyl (THP) ethésWhile a variety of 1).

method$ 8 are available for the introduction of THF ethers,

few are. inexpensive, convenient and use. commercia |
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(1) Greene, T. W.; Wuts, P. G. MProtective Groups in Organic
Chemistry, Wiley: New York, 1999; Chapter 2, pp-578.

(2) 2-Chlorotetrahydrofuran: Kruse, C. G.; Broekhof, N. L. J. M.; van
der Gen, A.Tetrahedron Lett1976,20, 1725—1728. The scope of the protection protocol was explored using

(3) Dihydrofuran: Sosnovsky, GJ. Org. Chem 1965 33, 2441. .
Sosnovsky G.; Tetrahedron1961 13, 241. Hon, Y. S.. Lee, C. F & representative panel of alcohols (Table 1).

Tetrahedron Lett1999, 40,2389—2392. Simple, primary alcohols such as 2-phenyletharjl (

der(“()agr']c/rl'ggfft?:‘a{)drgﬁﬁ”;,ﬁ;“ss_gé%%;4‘]2‘:1”"39;? F.LDert, Vivan  afforded excellent yields of the corresponding 2-tetrahydro-

(5) Acetal exchange: Kruse, C. G.: Poels, E. K.: Jonkers, F. L.; van der furanylated alcoho® (entry 1) Likewise, secondary (entry

Gen, A.J. Org. Chem1978,43, 3548. 2), allylic (entry 3), benzylic (entry 4), and furfuryl (entry
6) THF/ceri ium nitrate: Maione, A. M.; Romeo, Synthesi ’ ’ . ’
195(37), 250_CerIC ammonium nifrate: Maione omeo, ynthesis 5) THF ethers were obtained from alcoh@ls5, 7, and9,

i (7)JHHF/t$t2ab#tsgamnﬂo?tif;ng gtzrgxggigflffggé iung, J.C.; Choi, H. C.; respectively, in good yields. Less reactive alcohols such as
Im, Y. A. letrahedron Le , 94, - . ) : . .
(8) p-TsCI/NaH/THF: Yu, B.; Hui, Y.Synth. Commuri995, 25 (14), phenol (1) and the highly hindered dimethylphenylcarbinol

2037—-2042. (13) gave rise to their THF derivativd® (entry 6) andl4
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Table 1. Tetrahydrofuranylation of Alcohols

Entry Alcohol THF ether Yield® %
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(entry 7), respectively, but in more modest yields. For these 20, respectively. The smooth conversion of benzylic chloro-
examples, the unreacted starting alcohols could be easilyhydrin 21, trichloroethano23, and vinyl chloride25to THF
recovered for recycling. ethers22, 249 and 26, respectively, is notable. Neither

Importantly, the reaction conditions are compatible with reduction nor transmetalation of the starting alcohols or
many common functional groups. Indeed, substrates contain-products was detected. This suggests that there is initially a
ing ether (entry 8), ester (entry 9), or acetal (entry 10) groups Selective reaction between the G@hd CrC} reagents and

are suitable substrates and furnish THF etl&s18° and that there is not a direct reaction with other reaction
components.

(9) NMR H (CDCls, 300 MHz) 0f18: 1.70—2.20 (m, 4H), 3.70—4.10
(m, 5H), 4.54 (dJ = 13 Hz, 1H), 4.77 (dJ = 13 Hz, 1H), 5.23 (m, 1H), (10) NMR H (CDCl;, 300 MHz) of24: 1.70—2.30 (m, 4H), 3.95 (m,
7.41 (d,J = 8 Hz, 2H), 8.01 (dJ = 8 Hz, 2H).13C NMR (CDCk, 300 2H), 4.10 (d,J = 11 Hz, 1H), 4.25, (dJ = 11 Hz, 1H), 5.39 (d)J = 7 Hz,
MHz): 23.4, 32.4, 52.1, 67.1, 68.1, 103.4 (acetal), 127.3, 129.2, 129.7, 1H). 3C NMR (CDCk, 300 MHz): 23.1, 32.3, 67.6, 78.7, 97.2 (GLCI
143.8, 166.9. IR (neat, ctd): 2995, 1730, 1643, 932. 104.4 (acetal). IR (neat, cri): 2987, 920.
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A mechanism consistent with the above observations andin this reagent, have proven somewhat disappointing to date.
stoichiometry is outlined in Scheme 2. Single electron Etherification of 7 using 10% CrGl and manganesg (2
equiv) afforded 8 (30%), unreacted? (40%), and an

] unidentified product (30%). Zinc was ineffective and resulted

Scheme 2 in no THF ether.

Initiation: We also evaluated the alternative of initially generating

crCl, + CCl4 —= CrClz + CClg° the proposed 2-chlorotetrahydrofuran intermediate in situ
using a catalytic amount of Cr€and excess C¢hnd then

Q + "CCly — Q + HCCly adding the alcohol in the presence of an acid scavenger in a
second step. Chlorinations at room temperature with 10%

Q. + COli — O\ + °CCls CrCl, and CC} (4 equiv) for 6 h followed by addition of

o” Cl (1 equiv) and BN (1 equiv) gave mixtures d (25—64%)
. HCI and recovered starting alcohol.
CrCl + °CCl3 =~ CrClz + HCCls

It appears that both catalytic approaches are limited by
competing side reactions such as dimerization of the tri-
chloromethyl radical or decompostion to the well-known

Etherification:

R-OH + (_)\ . Q\ + HCI dichlorocarbene. We are currently intensively working to
o” ¢ OR improve these crucial processes in order to reduce the
Mass balance: quantity of CrC} and to further explore the scope of the
2CrCl, + 2CCly + Q + R-OH reaction.
Acknowledgment. Financial support from Instituts de
— O\ + 2CrCls + 2CHClg Recherche Pierre Fabre and the CNRS (to R.B.), the Robert
0~ OR A. Welch Foundation, and NIH (GM31278) is gratefully
acknowledged.
transfet! from Cr(I1)Cl, to CCl, during the initiation phase Supporting Information Available: Experimental pro-

generates the well-known trichloromethyl radical and Cr- cedures and characterization data for the new compounds.
(I Cl 3. This radical subsequently abstracts a hydrogen atomThis material is available free of charge via the Internet at

from the tetrahydrofuran methylene adjacent to oxygen in http://pubs.acs.org.

the first step of the propagation phase forming chloroform

and a heteroatom-stabilized radical that is chlorinated by a
second molecule of CEIThe newly evolved trichloromethyl (12) Furstner, A.; Shi, NJ. Am. Chem. S04996,118, 25332534 and
radical can either propagate t_he reaction via hydrogen atqmref((elrg;] EE?S%ZT'R‘.; Shi, NJ. Am. Chem. S0d.996,118, 12349—12357.
abstraction from another equivalent of tetrahydrofuran or it (14) General Procedure:A mixture of alcoholl (511 mg, 4.18 mmol,

is reduced by CrGland in the process consumes the HCI 1 equiv) and CGJ(1.01 mL, 10.45 mmol, 2.5 equiv) in THF (10 mL) is

. e - added via syringe to a room-temperature suspension o Cr@B5 g, 10.45
produced during the etherification step. mmol, 2.5 equiv) in THF (50 mL), under an argon atmosphere. The resulting

Attempts to recycle the Cr(ll) utilizing mild reducing brownish mixture gradually develops a reddish coloration characteristic of

12 ; : i~ Cr(ll)Cls. After 4—6 h at ambient temperature, the reaction is quenched
agents?? thus rendering the tetrahydrofuranylation catalytic with saturated aqueous NI (40 mL) and extracted twice with ED (40

mL). The combined ethereal extracts are washed with brine (60 mL), dried

OL991332F

(11) Kochi, J. K.; Davis, D. D. J. Am. Chem. S&864,86, 5264. Kochi, over MgSQ, and concentrated in vacuo. Purification by $ihromatog-
J. K.; Singleton, D. MJ. Am. Chem. Sod 968,90, 1582. Furstner, A. raphy (eluent 98/2 hexane/diethyl ethr= 0.25) afforded the THF ether
Chem. Rey1999,99, 991-1045. 2 (722 mg) in 90% vyield.
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