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Solvent Applications of 2-Methyltetrahydrofuran in Organometallic and
Biphasic Reactions
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Abstract: Table 1. Solvent polarity and Lewis base strength properties
2-Methyltetr§hydrofuran (MeTHF) is a commercially available property MeTHF THF EtO
solvent that is produced from renewable resources. The proper-

ties of MeTHF place it between tetrahydrofuran (THF) and dielectric const 6.97 7.5 4.42
diethyl ether in solvent polarity and Lewis base strength. In wg:’;resrgﬁjrgm?;’ g/el%%eg 41-38 mislng 112-11
many cases, MeTHF can replape THF in organometa!lm Hildebrand. MPA? 16.9 18.7 155
reactions. The formation and reaction of Grignard reagents in solvation energy, kcal/mol 0.6 0 23
MeTHF and THF are similar. MeTHF can be used as a solvent donor number 18 20.5 19.2

for low-temperature lithiation, for lithium aluminum hydride

reductions, for the Reformatsky reaction, and for metal- ) -
catalyzed coupling reactions. MeTHF is also a good substitute ~ @nd Hildebrand solubility parameter (M of MeTHF
for dichloromethane in biphasic reactions. place it between THF and f in solvent polarity. The donor

number (DN) in Table 1 for MeTHFsuggests that it is a
weaker Lewis base thanf&; however, an NMR stuchand
two studies using heats of interactférwith alkyllithium
Comparative Solvent Behavior compounds put THF MeTHF > Et,0 as the order of Lewis
2-Methyltetrahydrofuran (MeTHF) is an aprotic ether base strength. The differences in relative free energies of
solvent that, while being a strong Lewis base like THF, is solvatiorf (kcal/mol) of lithium hexamethyldisilazide in THF,
only partially miscible with water. MeTHHs increasingly ~ MeTHF, and E£O listed in Table 1 indicate that MeTHF is
being used in organometallic and biphasic chemical processegloser to THF than to EO in Lewis base strength.
because this interesting combination of properties provides
opportunities for process simplification. Synthesis and Properties
THF is the primary ether solvent used in organometallic  ap atractive feature of MeTHF is that it is derived from
reactions because it strongly coordinates wi'Fh many m_eta|5renewable resources. Figure 1 shows the two-step hydroge-
and has a moderate bp of 65C. However since THF is  nation process for conversion of 2-furaldehyde to 2-meth-
completely water miscible, it often causes problems in the yif,ran and then to MeTHF. 2-Furaldehyde is produced from
water-quenching step that is used to remove the mEtal-agricultural waste like corncobs or bagagse.
Typically another solvent like toluene must be added t0 Tgpjle 2 lists the common properties of MeTHF. Com-
partition the desired product into the organic phase or t0 yercial MeTHF has low impurities with less than 300 ppm
provide a clean phase separation of the organic and watehyaier. MeTHF has a moderate 802 bp and a-136°C
phase. With MeTHF, the product can be conveniently meliing point (mp). Because of the low mp and low viscosity
isolated without adding another solvent. MeTHF provides (1.85 cp at—70 °C)’ MeTHF is a good solvent for low-
very clean organiewater phase separations with little temperature reactions. MeTHF forms an organic glass (does
tendency to form emulsions or rag layers. Also unlike THF, qt crystallize) and is frequently used as a solvent for
MeTHF can be used to azeotropically dry the product for & gpectroscopic studies at196 °C.8
subsequent reaction, crystallization, or isolation step. Table 3 gives the data on azeotropes with MeTHF for
Besides MeTHF, diethyl ether (£) is the only other  so5me common solvents.
commercially available monodentate alkyl ether that is not
water miscible and can be used in place of THF in Recovery of MeTHF
organometallic reactions that require a strong Lewis base.
However, the low bp (35.4C) of ELO makes it difficult to
use in industrial processes. The available data put MeTHF
between THF and ED in solvent polarity and Lewis base  (2) gutman, V.Coord. Chem. Re:1976,18/2, 225—55.
strength. Table 1 shows that the dielectric constant, dipole (3) Ducom, JJ. Organomet. Cheni 973,59, 83.
moment, solubility of water in the solvent (g/100 g at°Zg), B R Koo B e e SantorT 157 111 v

(6) Kottke, R. InKirk-Othmer Encyclopedia of Chemical Technologiowe-
*To whom correspondence should be addressed. E-mail: daycock@ Grant, M., Ed; Wiley: New York, 1998; Suppl. Vol.

The 10.6% water azeotrope of MeTHF can be used to
recover dry MeTHF in a simple batch distillation. To make

pschem.com. (7) Nicholis, D.; Sutphen, C.; Szware, NI. Phys. Chenll 968,72 (3), 1021—
(1) Available from Penn Specialty Chemicals, Inc. in drum or bulk quantities. 1027.
Check www.pschem.com for details. (8) Bublitz, G.; Boxer, SJ. Am. Chem. S0d.998,120, 3988.
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Table 5. % Degradation of THF and MeTHF in 2 N HCI at
0o = =) .

o” ~CH, 0~ ~CH, 60 °C
Figure 1. MeTHF production process. time % MeTHF % THF
(h) degraded degraded
Table 2. Properties of MeTHF
: 24 0.02 0.18
molecular weight 86.1
bp (°C) 80.2 45 0.03 0.28
mp (°C) —136
vapor pressure at 2@ (mm) 102 . . .
density at 20C (g/mL) 0.854 Tablf_ 6. (;:c_)rmatlon of peroxides in THF and MeTHF
viscosity at 25°C (cp) 0.46 nonstirred in air
viscosity at-=70°C (cp) 1.85 time in MeTHF in THF
refractive index at 20C 1.408 (h) ppm HO; ppm HO;
flash point (°C) -11
heat of vaporization (cal/g) at bp 87.1 0 05 0.4
solubility in water at 20C (g/100 g) 14 120 2 1.8
solubility water in MeTHF 20C g/100 g 4 200 17 23
azeotrope bpC 71 300 42 51
azeotrope % water 10.6
Table 7. Formation of peroxides in THF and MeTHF
Table 3. MeTHF Azeotropes stirred in air
% compound time in MeTHF in THF
compound azeo bp;C in azeo (h) ppm HO, ppm HO,
methanol (64.7C bp) 62.8 57 0 05 0.4
ethanol (78.5C bp) 74.4 34 10 10 18
n-propanol (97.2 bp) 79.5 1 50 150 100
2-propanol (82.3C bp) 77 18 70 275 200
toluene (110.6C bp) no azeo
Table 4. % Degradation of THF and MeTHF in 5 N HCI at MeT.I-.IF Wiu form peroxides when exposed to oxygen if
60 °C no stabilizer is present. A small amount of butylated hydroxyl
pros % MeTHE % THF toluene (50 ppm) prevents perq>'<|de formation for atlleast. 1
(h) degraded degraded year under normal storage conditions (rt exposed to air). With
no stabilizer, MeTHF forms peroxides at about the same rate
4 0.54 1.52 as THF when stored exposed to air (Table 6). MeTHF forms
7.5 0.83 2.24 peroxides at a faster rate than THF if air is intensively mixed

with the solvents. For example, MeTHF forms about 150
ppm peroxide (as hydrogen peroxide) when stirred at rt for
50 h and THF forms about 100 ppm (Table 7). The diffusion
rate of oxygen into the solvents clearly affects the rate of
peroxide formation in MeTHF and THF.

this distillation efficient, an overhead liquid—liquid-phase
separator is operated at 8C to remove water and reflux
MeTHF into the distillation column. The phase separator is
operated at about 61 because the solubility of MeTHF in
water drops from 14.5% at 2TC to 6.6% at 60°C but the
solubility of water in MeTHF only increases from 4.0% at
20°C to 4.6% at 60°C.

Organometallic Reactions in MeTHF
Grignard Solvent. Grignard reactions are frequently used
in pharmaceutical and fine chemical processes, and THF is
- the most common solvent used for Grignard reacti@ns.
Stability of MeTHF . . .
y our studies, we found that MeTHF was similar to THF in

concentrations that are typically found in most synthetic the formation and reaction of alkyl and aryl Grignard

processes. Like most ethers, MeTHF can be cleaved at highreggents. Table 8 lists yield_s of additiop products fro_m
concentrations of HCI or with many strong Lewis aéitiat Grignard reagents prepared in MeTHF with several halide

the cleavage rate is less than that with THF. In a 4% solution compounds reacted with several electrophiles. Similar yields
of MeTHE or THE in a 5 N HClsolution at 60°C. THE were found with THF as the solvent except for the reactions
degrades about 3 times faster than MeTHF (Table 4). with benzyl Grignard reagents. Benzyl Grignard reagents

With a 50:50 weight mixture of 2 N HCI at 60C prepared in THF gave mostly_ the coup_led benzyl dimer.
(conditions typical of many isolation steps), THF degrades MeTHF has been reported to give good yields of benzyl and

1 1
about 9 times faster than MeTHF (Table 5). This increased allyé Gngngrq rea%enté. diob ubl d
stability probably is because with MeTHF most of the HCI i rorgo. rlggar reagentsdten btol € molreblso.u Me,TaI-rllF
is present in the water phase compared to the homogeneoug oro Grignard reagents tend to be less soluble in Me

MeTHF is very stable to bases and is stable to acids at

THF—HCI mixture. (10) Silverman, G.; Rakita, PHandbook of Grignard Reagents; Marcel
Dekker: New York, 1996.
(9) Yadav, V.; Fallis, AJ. Org. Chem1986,51 (17), 3372. (11) Rittmeyer, P.; Lischka, U.; Hauk, D. DE 19808570.
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Table 8. Grignard reactions in MeTHF and THF cl 1. NiCly(dppp) Bu
MeTHF, 0°C
% yiel®® % yield ©/ + n-BuMgBr — = ©/
addition  addition 2. aq. HCI

product in productin

Figure 3. Nickel cross-coupling.

halide reagent electrophile MeTHF THF
bromobenzene butanal 75 73 to work like THF as a solvent in the Ni-catalyzed coupling
chlorobenzene butanal 71 76 of alkynylzinc bromides with nitriles¢ MeTHF was found
1-chlorobutane MEK 73 72 to give better diastereoselection than THF in a series of
g?cnhzlglr%rgé?]'gj chloride '\,\AAEE'E 75% 21% copper-mediated biaryl couplingsAn illustrative example
2-bromofuran triethylborate 75 78 of nickel-mediated cross-coupling with MeTHF is shown in

aNonisolated yields

Figure 3.

Biphasic Reactions in MeTHF

B 1) n-BuLi CHO MeTHF is finding applications as a replacement for highly
(/ \S MeTHF f/ \S regulated chlorinated solvents like dichloromethane in bi-
o} 2) DMF 0 phasic reactions. MeTHF can often be used as a direct
65% yield

replacement for dichloromethane and was shown to give high
reactivity when used in several biphasic reactith$he
advantages of MeTHF compared to dichloromethane are that
it has a moderate bp, is more resistant to reactions with
nucleophiles like amines, and provides clean orgamniater

Figure 2. Lithium exchange in MeTHF.

than in THF. This solubility difference is reflected in the
high solubility of anhydrous magnesium bromide in MeTHF
(>40 g/100 g) compared to 7 /100 g MgBoluble in THF.  phase separations. MeTHF has been used as a solvent in two-
The high solubility of MgBg in MeTHF means that highly  phase displacement reactions with allylbromfdend to
concentrated homogeneous solutions of bromo Grignardremove BOC from an amine group with an aqueous base
reagents can be prepared. For example, 4.5 M ethylmagnemixture2° MeTHF was used as the solvent in a reductive
sium bromide and 4.0 M phenylmagnesium bromide homo- amination process that first involved freeing-up an aldehyde
geneous solutions can be made in MeTHF at@5(both  from its sulfite adduct using aqueous NaOH then azeotro-
are viscous solutions). FO“OWing this trend, about 10 g/lOO p|ca||y drymg the a|dehyde with MeTHF before Carrying out
g of Mg|2 dissolves in MeTHF at rt buk0.1 g/lOO g is the reductive amination in MeTHE.
soluble in THF. Our work has shown that MeTHF is a very effective
Reformatsky Reaction.MeTHF has also been used as a solvent for extracting polar compounds from water mixtures.
solvent for the Reformatsky reactiéhThe high solubility  For example, two extractions with equal portions of MeTHF
of ZnBr; in MeTHF (measured in our labs at40 g/100 g removed about 94% of 2-propanol from water, but under
at 25 °C) means MeTHF should be a good solvent for the same conditions only 68% of 2-propanol was removed
formation of zinc reagents by reaction of ZnBwith with toluene. This behavior was also seen in the efficient
Grignard or lithium reagents. extraction of a water-soluble carbamate in a process where
Lithiation Reactions. MeTHF is a gOOd solvent for low- MeTHF was used to react an amine with d|methy| carbon-
temperature lithiation reactions because of its low mp, low gte22
viscosity at low temperatures, and similar Lewis base strength
as THF. Figure 2 shows an illustrative example of lithium ggnelusions

exchange of-butyllithium with 3-bromofuran at-70 °C 2-Methyltetrahydrofuran can be used as a solvent for most
in MeTHF, followed by reaction with DMF to give 3-fural-  organometallic reactions that require a strong Lewis base
dehyde. like THF. When MeTHF is used to replace THF in
MeTHF is reported to be more stable than THF to some grganometallic reaction processes, it can conveniently be
lithium reagents$324 A comparison study of the stability of ;sed to recover the reaction product because it is only
n-butyllithium in MeTHF and THF showed a 70 min half-  partially water miscible. The MeTHF/water azeotrope can
life in MeTHF and a 10 min half-life in THF at 33C.%> e ysed to dry the reaction product for subsequent process
Hydride Reductions. LiAIH, has good solubility in  steps and to recycle dry MeTHF. MeTHF can also be used

MeTHF (at least 1.8 M), and our results showed similar s an efficient replacement for dichloromethane in biphasic
product yields as found in THF for a survey of aldehydes,

esters, and acids reduced with LiAIH
; ; : (17) Krishnan, S.; Schreiber, Srganic Letter2004,6 (22), 4021. Spring, D.;
COUpImg Reactions. THF is often used as the solvent Krishnan, S.; Schreiber, 3. Am. Chem. So000,122 (23), 5656.

for many metal-catalyzed coupling reactions, and MeTHF (18) Ripin, D.; Vetelino, M.Synlett2003, 15, 2353.

should also work well in these reactions. MeTHF was found (19) Ripin, D.; Vetelino, M.; Wei, L. U.S. Patent 20050026940.

(20) Tom, N.; Ripin, D.; Castaldi, M. U.S. Patent 20050020625.

(21) Ragan, J.; Ende, D.; Brenek, S.; Eisenbeis, S.; Singer, R.; Tickner, D.;

(12) Nuwa, S.; Handa, S.; Miki, S. U.S. Patent 20050043544, Teixeira, J.; Vanderplas, B.; Weston, 8rg. Process Res. De2003,7,

(13) Hintze, M.; Wen, J. U.S. Patent 6861011. 155.

(14) Hage, M.; Ogle, C.; Rathman, T.; Hubbardyihin Group Metal Chemistry (22) Cai, W.; Colony, J.; Frost, H.; Hudspeth, J.; Kendall, P.; Krishnan, A.;
1998,21 (12), 777. Makoski, T.; Mazur, D.; Phillips, J.; Ripin, D.; Ruggeri, S.; Stearns, J.;

(15) Bates, RJ. Org. Chem1972,37 (4), 560. White, T.Org. Process Res. De2005,9, 51.

(16) Miller, J.; Penney, J. U.S. Patent 20050137402.
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reactions and as a solvent for efficiently recovering water- temperature from increasing above8 °C. 20 min after

soluble compounds. adding then-BuLi, dimethylformamide (1.2 g, 16.4 mmol)
in MeTHF (5 g) was added dropwise at a rate necessary to
Experimental Section prevent the temperature from increasing abeé8 °C. The

mixture was allowed to increase to rt and then was quenched

from Penn Specialty Chemicals, Inc. were used in the With 17 mL of 2 N HCI while the temperature was
experiments. Other chemicals were obtained from Lab supply Maintained at 5—=10C. GC analysis of the MeTHF phase
houses. Chemicals were used as obtained except the watet'OWed @ 65% yield of 3-furaldehyde (1.0 g, 10.4 mmol).
level was checked to make sure it was below 300 ppm for __"-Butylbenzene.MeTHF (44 g), chlorobenzene (6.64 g,
the organometallic reactions. Product yields were determinedo:059 mol), c_iod_ecane (0.12 9, as mternal_standard_), and
by GC using standards of known purity. dichloro[1,3-bis(diphenylphosphino)propane]nickel(ll) (Mpl
Grignard Reagents Prepared in MeTHF.Mg turnings  (dPPP) (0.073 g, 0.15 mmol) were added to a flask equipped
(2.7 g, 0.11 mol) were put in an oven dried flask equipped with a nitrogen bubbler,.addltlon funn'el, mgchan_lcal agitator,
with a nitrogen bubbler, a stirrer, condenser and addition a"d condenser. The mixture was stirred in an ice bath, and

funnel. The flask was heated to 130 to dry the Mg and ~ N-Putylmagnesium bromide (20 g, 0.062 mol) was added
cooled to rt, and 20 g of MeTHF were added. 1,2- dropwise in 20 min. The mixture was allowed to warm to

Dibromoethane (0.1 g, 0.54 mmol) was added, and the mix '0°M temperature and then was kept at 40-*@Sor 3 h.
stirred for 15 min to activate the Mg surface. The bromo/ Hydrolysis with 2N HCl and analysis by GC of the MeTHF
chloro compound (0.094 mol) was dissolved in 15 g of phase showed an 83% vyield of butylbenzene (6.57 g, 0.049

MeTHF (with a small amount of dodecane as an internal M°- ,

standard) and added at a rate so that the exotherm could be /AIH 4 Reductions.MeTHF (12 g) was cooled to 1C
controlled. Typcially alkyl or aryl bromo compounds will " @ flask equipped with a nitrogen bubbler, stirrer, and
form Grignard reagents quickly at30°C in MeTHF. The dropping funnel. LiAlH, (0.4 g, 10.5 mmol) was added, and
benzyl Grignard reagents were made atl °C. To react after the mixture agalln'reached °C, a sol.utlon of the
1-chlorobutane and 2-chlorobutane as they were added, the2ldehyde, ester, or acid in METHF (15 g) with dodecane as
reaction temperature was kept at about@0 Refluxing in an internal standard was added dropwise at a rate necessary
MeTHF for about 12 h was required to form the Grignard @ Keep the temperature below 10. The mix was sirred

reagent of chlorobenzene. The yield of the Grignard reagentfor 30 min ;,it 5—10°C and then was kept at ST for 1 h.
was checked by quenching a small amount in water and After the mixture cooled to 10C, ethylacetate was added

measuring the amount of reduced product by GC. The to react the excess LiAlHand then the mix was quenched

Grignard reagent was transferred away from the remaining With 2 N HCI. The Fies<oer procediig(add in ordern grams
Mg to another nitrogen blanketed flask before reacting with °f Water,n grams of 15% NaOH, 3grams of water, where
an electrophile. The electrophiles were added dropwise at a IS 9rams of LiAlH,) for removing the salts in an easily

rate to keep the temperature below’T The reactions were filterable form was also found to work with MeTHF. Using
quenched with 2 N HCI, and the product yields were the above conditions, 4-methylbenzaldehyde (4.5 g, 33.3

determined by GC analysis of the MeTHF phase. mmol) gave (4-methylphenyl)methanol (3.9 g, 32 mmol);
3-Furaldehyde. MeTHF (15 g), 3-bromofuran (2.35 g, butylacetate (2.2 g, 18.9 mmol) gave butanol (1.25 g, 16.8

16 mmol), and dodecane (0.045 g, as internal standard) werd"Moh; methylbenzoate (2.57 g, 18.9 mmol) gave benzyla-

cooled to—75°C in a flask equipped with a nitrogen bubbler, Icohol (1.86 g, 17 mmol); and benzoic acid (1.5 g, 12.3

stirrer, and dropping funnei-BuLi (10 mL 1.6 Min hexane) ~ Mmol) gave benzylalcohol (1.12 g, 10.3 mmol).

was added dropwise at a rate necessary to prevent the

General. Commercial grade MeTHF and 3-bromofuran

Received for review July 31, 2006.

(23) Fieser, L.; Fieser, MReagents for Organic Synthesis; Wiley: New York,
1967; Vol. 1, p 584. OP060155C
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