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Since Kagan’s seminal studies in 19%7%amarium diiodide
has become a popular reducing agent in organic synthéHiss
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Scheme 1.The Reaction of 2-Phenethyl Halides with
4-tert-Butylcyclohexanone
OH

Q/\/‘m(t.su .

X=1,Br,Cl 1 H 2y

1. 4-tert-butylcyclohexanone
2. NH4Cl/H,0

To determine if TMy(DME),** was viable as a reagent and if
it had utility as an alternative for Sg{THF)/HMPA, we have
examined its reactivity in the coupling oftést-butylcyclohex-
anone with alkyl halides, Scheme 1. This reaction was used as
an assay, since it has been thoroughly studied with samarium
diiodide >'6 Reactions were carried dditn accordance with the

used under a variety of conditions to accomplish a wide range of samarium Grignard procedure introduced by Cuam which
transformations. In many cases, reactivity is enhanced by addings equiv of the lanthanide reagent are added to the alkyl halide

hexamethylphosphoramide (HMPA) to SKfIHF),.* Unfortu-
nately, this most effective and popular additive is highly
carcinogenitand alternatives are highly desirableveral other
methods for increasing Smiteactivity have been reported and
include the addition of transition metal sélts samarium metd,
photolysis? and the design of intramolecular reactidfs.
Recently, in collaboration with the Bochkarev group, we
reported the synthesis and structure of the first molecular Tm(ll)
complex, Tm}(DME).** This complex was found to be structur-
ally analogous to samarium diiodide in DMEput it is much
more reactive since & Tm(ll) has a much greater reduction
potential than 4Sm(Il).12 Preliminary studies indicated that this
compound was so reacti¥ehat it was uncertain if it would be
useful as a reagent like SgiTHF), in organic transformations.
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and the ketone is added subsequently. Reactions using- Sml
(THF)/HMPA were conducted to ensure that Sm/Tm comparisons
could be made under one uniform set of conditions.

As shown in Table 1, Sm(THF)/HMPA gives yields and
selectivities for the reaction of phenethyl iodide withteft
butylcyclohexanone under our conditions which are consistent
with the literature (entry 1). Tm(DME), in DME matched these
results (entry 2)but without any HMPA preserin contrast, Sm#
(THF)x without HMPA is reported to reduce iodides only after
extended reaction times in refluxing THF.

After establishing that HMPA-free Tj(DME), was at least
equivalent to Sm{(THF),/HMPA, less reactive halidéswere
examined. In our control reactions with 2-phenethyl bromide
(entry 3), SM}(THF)/HMPA required 15 min to change color
from the deep purple of Sm(ll) to an orange-yellow characteristic
of Sm(lll). After the addition of 4tert-butylcyclohexanone, a 65%
conversion tol and2 in a 77:23 ratio was found. In contrast,
when 2-phenethyl bromide was added to F@ME)y (entry 4),
the color changed immediately from the emerald green Tm(ll)
solution to bright yellow. A white/gray precipitate formed
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yellow solution was formed, 0.25 mmol of the ketone was injected through
the septum resulting in a clear solution with a white precipitate. The reaction
was then quenched with an aqueous solution saturated witfgCN&hd
extracted with ether/pentane (1:1). The organic extracts were washed with
H,O (2 x 5 mL) and dried over MgS© The crude product was analyzed by
GC. Isolation of the products by flash chromatography gave a white crystalline
product whose spectra were consistent with the literature véliggsProcedure
using Tmk(THF), generated in situ in THF. To a Schlenk flask containing
Tm powder (1.0 g, 5.9 mmol) and 50 mL of dry, oxygen-free THF was added
I, (1.4 g, 5.5 mmol) under a Nourge to generate a dark brown-red solution.
The solution was heated to reflux with rapid stirring. After about 20 min the
solution changed to white. Shortly thereafter (10 min) the color changed to
emerald green. Heating continued until white insoluble materials were replaced
by dark green product. After about 1 h, no more white precipitate was
observable and dark green TifTIHF), was present as a precipitate from the
saturated solution. An aliquot of the saturated solution [0.1 M (determined
by complexometric titratiord, 5 mL, 5 mmol] was then added via syringe
to a solution of 0.25 mmol of the organic halide in ca. 5 mL of THF in a
septum-covered flask under nitrogen. Once an orange-yellow solution was
formed, 0.25 mmol of the ketone was injected through the septum resulting
in a clear solution with a white precipitate. The reaction was then quenched
as described in (b).
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Table 1. Comparison of Reactivity of TrelDME)x and Table 2. Additional Tmk Reactivity: Other Substrates, Low
Smk(THF)/HMPA at 25°C Temperature Reactions, and TTHF), Reactions in THF
Reagent Alkyl halide Solvent Time®  Yield® (ax:eq®) GC Yield Isolated

Alkyl halide Electrophile Temp Time? L
92 % (77:23) (ax:eq®) Yield

[: g v THF < 1min
! SmLTHEHMPA | ml, 99% (79:21)¢ Reactions in DME using isolated Tml,(DME),
2. Tml,(DME), [:)’ v DME < min o (79:21) 2 Mel r-Bu\M 25°C <1min 99% (64:36) -
Br . .
3. Sml(THF)/HMPA  yN*"  THF  15min 65 % (77:23) b nBul s O e <imin 9% (1426) 5%
Br . . d LKZ:?
4. TmI,(DME), Q™" DME <lmin 92%(79:21) O nBuBr g U\M 25°C <1min  96% (74:26) 97%
5.Smly(THF)/HMPA Q' THF 18h  (no reaction) . 4
d &) nBuCl rpyus—f  25°C Smin 97%(7426) 95%
6. TmI,(DME), @»Cl DME 3min 95%(79:21) '
| e)  Mel® "BLKM 25°C <1lmin 36%9(68:32) -
7. Tml(DME), Q™ THF  <Imin  99% (79:21)

Reactions in DME using Tml,(DME), generated in situ

f) @N‘ M 22°C 10min  93% 87%

8. SmL(THH/HMPA Q™' DME <imin 0%

aTime elapsed until color change from characteristic Ln(Il) to

. . . . B O o .
Ln(lll); in each case the Ln(lll) color changed immediately to white & Q™" 0~ 0°C 20 min  96% 90%
upon addition of the keton&Determined by GC/MS based on Br . .
unreacted ketoné.Isomer ratio was determined by GC/MSsolated h QY M) -22°C 60min  94% 4%
yields were obtained for entries 2 (97%), 4 (97%), and 6 (95%). ) @NC' M 25°C 3 min  98% 95%
Scheme 2.The Reaction of Methyl lodide ana-Butyl i) @’\CI MO 0°C lh 90% 85%
Halides with 4tert-Butylcyclohexanone (RX= Mel, n-Bul,
n-BuBr, n-BuCl) Reactions using Tml,(THF), generated in situ

tort y I O . .

L TmeoMee p GigRgoeneenere b 45°C 40min  83% 80%

H R
- R +-B HO/& ' o
oMe H o e ) @A’Br% -25°C 45min  87% 83%
H
| o
3 4 m) @NC ~ 25°C  10min  90% 85%

R=Me
R=Bu § 6
a~¢ See Table 19Barbier conditions.
concurrently which is consistent with the formation of En#ifter of the ketone and the alkyl halide gave significantly lower yields
addition of the ketone, a 92% conversionlt@nd?2 in a 79:21 of coupled products and generatetedt-butylcyclohexanol, due
ratio was observed. to reduction of the ketone. This is consistent with the expected
The difference between the Tm and Sm diiodide reagents washigh reactivity of Tm(ll) compared to Sm(ll) with ketones.

even more pronounced with 2-phenethyl chloride. When,smi  Since Tmi(DME), exhibited such high reactivity at room
(THF)/HMPA (entry 5) was employed, little color change was temperature, its viability at reduced temperature was examined.
observed, even after 18 h at 26. After addition of the ketone, ~ In these reactions, Ti(DME), was added as a DME solution

no product was formed. This is consistent with literature reports by syringe using a saturated stock solution generated in situ from
that unactivated chlorid&sare not very reactive with samarium ~ Tm and b.*"° Phenethyl iodide reacted smoothly with cyclohex-
diiodide unless some type of enhancement is employed, e.g. the2none at-22 °C in 10 min to form phenethylcyclohexanol in
addition of catalytic amounts of Nix( reaction in the presence ~ 96% yield (entry f). Phenethyl bromide reacts &@in 20 min

of samarium metal at 67C for 20 h8 photolysis for 3-9 h at (entry g), while reaction at-22 °C gave a 94% yield in 60 min
25-40 °C2 or an intramolecular reactid. However, Tmj- (entry h). Phenethyl chloride reacted at@to give a 90% yield
(D'\/|E)>< in DME (entry 6) reacted to give a ye“ow solution in 3 after 1 h (entry J) This variation of reactiqn time _a.s a .fUnCtion of
min, which after addition of the ketone resulted in a 79:21 ratio temperature could be used to control regiochemistry in sequenced

of 1 and2 in 88% yield. reactions? . o
Since THF is typically used for Smiteactions and since solvent Encouraged by these results, we examined the possibility of

effects can be influential in Sa{THF), reduction$?the reaction ~ @ccomplishing this Tmlreactivity exclusively in THF, since it

with 2-phenethyl iodide was carried out in THF with TADME), may be desirable to avoid DME in some situations. As shown in

(entry 7). The results showed comparable yields and identical €ntries k-m, Tml(THF), generated conveniently in situ in THF

selectivities to reactions conducted in DME (entry 2). However, @S @ stock solution on a Schlenk line from Tm agd‘igave

the reaction of Sm(THF),/HMPA in DME gave ethylbenzene  €xcellent results as well. )

as the only product by GC (entry 8). This is consistent the report _On the basis of these results, nhias the potential to be an

of Molander that DME is an unacceptable solvent for organosa- effective replacement for Sa(THF), when HMPA is to be

marium reaction&? avoided, when the S(THF)/HMPA system is too weak a
Reactions of TmMDME), with other alkyl halides were also reductant to accompl!sh a reaction, when ;ubamb|ent reaction

investigated, Scheme 2 (Table 2). The reaction of Mel with 2 temperatures are (71e3|rable, ar_1d when. reactions faster than those

equiv of Tmh(DME), in DME led to 99% conversion to products  2chievable via MX’ and samarium additidrand photolysisare

with a ratio of axial3 to equatorial4 of 64:36 (entry a). The needed. The h|g.her reactivity of Tennay I|.m.|t Its fupcﬂonal .

reaction ofn-butyl iodide (entry b) gave a 99% conversion with  9"°UP tolerance in some appl_lcatlons, but it IS possible that this

an axial5:equatorial ratio of 74:26.5 and6 can also be obtained can be overcome by developing the appropriate protocols.
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