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Abstract: a-Lithio pyrrolidine, as its N-+-BOC or formamidine derivative, has been generated in high
enantiomeric purity via Sn-Li exchange of the enantiomerically enriched (88-35%) a-tributylstannane
derivative, 4. The alkylation of these lithio carbanions gave 2-methyl pyrrolidines as well as providing a
measure of their configurational stability. it was found that the a-lithio formamidines were
configurationally more stable than the +-BOC derivatives and this is attributed to the stronger O-Li bond
which weakens the adjacent C-Li bond, thus allowing configurationa! decay to occur more readily. This

is the first report wherein a difference is observed between O-Li-C and N-Li-C configurational stability.

Carbanions adjacent to heteroatoms have been the subject of numerous reports in recent
years. Although much of the effort has been directed 1 toward a-oxyanions 2a, there is a
considerable body of knowledge now available 2 on a-amino carbanions 2b.

Recently there have been a number of studies dealing with the configurational stability of a-
amino carbanions 3 2b which do not appear to possess the configurational stability exhibited by

a-oxycarbanions 2a. 1 These are usually generated from chiral non-racemic stannanes 1 and
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alkylated to products, 3, having largely or completely retained their configuration. In general the
«-0x0 lithioanions 2a are more stable, maintaining their configuration 1 at temperatures
approximately -30° C whereas the a-amino lithio species 2b generally lose 3.12 their
configurational integrity in the temperature range of -50° C to -78° C.

We wish to describe the behavior of a chiral lithio formamidine 5a, where the stability of the

C-Li bond configuration is significantly greater than others thus far described. When compared
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directly with the known t-BOC anion 5b, it is apparent that the nitrogen coordination in 5a (X = NR)
confers more configurational stability than the oxygen coordination in 5b (X = O). In order to
assess the relative stabilities of 5a/5b, we have prepared the chiral non-racemic stannane 4a.

The latter was reached by initially preparing the +-BOC derivative 4b according to the method of
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Beak 3d and then removing the +-BOC group. 4 The resulting unstable pyrrolidine 7 was
immediately transformed to the N-formyl derivative 8 in 48% yield ([a]20p 205° c, 2.0 EtOH). The
enantiomeric purity was assessed using chiral hpic analyses 5 and found to be 88-95% ee in
good agreement with the value reported by Beak for 4b, 3d

Treatment with methyl triflate and t-butylamine gave the desired chiral formamidine 4a in
77% yieid.  In order to assess the configurational stability of 5a, excess butyllithium (2.5 equiv)
was added to 4a in ether at -78° C and stirred for 10 min. 7 Addition of dimethyl sulfate gave the
enantiomerically enriched 2-methylformamidine 6a in variable yields due to its sensitivity to silica
gel during purification. Considerable decomposition of 6a was noted although the crude material
was present in much higher quantities. The lithiated formamidine 5a, known from previous
studies 3f to be less stable than the corresponding lithiated carbamate 5b, limited the time and
temperature ranges that could be studied. Nevertheless, a series of experiments to probe the
configurational stability of 5a were successful and are tabulated in the Table. 8 As can be seen

from the Table, the enantiomeric excess of 6a is generally constant ¢ between -78° C and -55° C

Conditions for the Transmetalation of Stannane 4a and Enantiomeric Purity of 6a.

Entry Metalation Temp 2 (4a) Time (min) 6a (%) b 6a (ee) C
1 -78°C 0.5 30 86
2 -78°C 10 49 88
3 -78° C 30 29 88
4 -78°C 60 -d --d
5 -55° C 10 36 82
6 -60° C 10 23 45 ¢

a) All metalations carried out in ether unless otherwise specified. b) Yield of isolated pure material
via silica gel chromatography although crude yields were estimated (NMR) to be >80%. c¢)
Determined by hplc as the N-BOC pyrrolidine 6b. d) Complete decomposition of 5a during this
time interval. e) Transmetalation performed in 1,2-dimethoxyethane.

in THF (entries 1 - 5) thus verifying the configurational stability of its precursor, 5a. This is in
contrast to the configuration stability exhibited by acyclic anions 9 and 10 described by Chong 3b

and Pearson 32 respectively. It was reported that 9 deteriorates to 24% of its original configuration
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at -55°C whereas 5a is seen to maintain its configuration with virtually no loss in ee of product
(Table, entry 5). Comparing 5a to the +-BOC system 5b, there was considerable enhancement of
configurational stability for 5a. The N-t-BOC lithiopyrrolidine 5b showed 80% loss of optical
activity 3d after 30 min at -78° C whereas the lithio formamidine 5a showed complete conservation
of chirality (88% ee, entry 3, Table) under the same conditions. As observed by Chong, 3b the use
of DME as a solvent resulted in significant levels of racemization (Table, entry 6) and this may be
attributed to the bidentate character of the DME or more efficient solvation of the lithium cation in
5a, thus weakening the C-Li linkage.

What may be concluded from this study is that configurational stability relies heavily upon
the ligands present to associate with the lithium ion. 12 It has long been known 10 that the
reactivity of organolithiums is significantly altered by added external ligands and this is generally
assumed to be the result of de-aggregation of the organolithium reagent. We believe that the
harder oxygen atom in 5b, generally agreed by most to bind strongly to lithium ion, actually may
loosen the lithium-carbon attraction and allow carbanion inversion to occur more readily. Such an
event has been suggested 10.11 to be responsible for the increase in basicity of organolithium
reagents in an aggregate. The nitrogen ligand in 5a may be a poorer donor of electrons to lithium
ion, 11 which could allow the C-Li bonding to remain closely associated and therefore inhibiting
carbanion inversion. 12 The ability of lithium to complex to either an external ligand or the sp3-
carbon anion provides the delicate balance between carbanion configurational stability or its loss.
These experiments, comparing the two lithio species 5a and 5b, seem to present the first direct
observation which allows a comparison of carbanion stability with regard to O- vs. N-ligands in two
very closely related systems. This behavior appears to depend on several factors which are not
completely understood, particularly the nature of the aggregates comprising 5a, Sb. Further

insights into the mechanism of lithium carbon inversion (racemization) will undoubtedly be
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required 12 and these are subjects for further study. It is noteworthy that Boche3 has recently
concluded, based on X-ray and computational studies, that the a-lithio amino carbanions do not
appear to be carbenoid in nature, since the C-N bond is virtually unattered. Thus, we may at this
time still consider them to be carbanions. This is consistent with the observation made in this
report.

Experimental.

General: (-)-Sparteine was liberated from its hydrosulfate salt (Aldrich) with 30% aqueous
NaOH and extracted with CH2Clo. The extract was washed with brine, dried (NazS0O4), and
distilled by Kugelrohr at 0.7 mmHg, to collect the desired free amine at 115 - 120° C. The amine
was stored as a 0.15 M ether solution at -30° under argon. Diethyl ether, tetrahydrofuran (THF),
and 1,2-dimethoxyethane (DME) were distilled from sodium benzophenone ketyl.
Dichloromethane (CH2Clz) was distilled from CaHp prior to use. Methyl tritluoromethanesulfonate
was used as received from Aldrich.

(S)-2-(Tri- butyltln)-N-(tert-butbxycarbonyl)pyrrolidine (4b)

This compound was prepared according to the procedure of Beak and Kerrick. 3 A 0.12 M
solution (120 mL, 14.4 mmol, 1.25 equiv) of {(-)-sparteine was cooled to -78°, treated with sec- BulLi
(15.7 mL, 0.80 M in cyclohexane, 12.5 mmol, 1.10 equiv) and stirred for 15 min. After which time,
the clouded solution was treated with N-tert-BOC-pyrrolidine (1.95 g, 11.4 mmol, 1.00 equiv),
dissolved in Et2O (7 mL). The resultant solution was stirred at -78° for 4 h, cooled to -90° and
treated with tri-butyltin chloride (3.4 mL, 12.5 mmol, 1.10 equiv). This solution was stirred for 12 h
and then allowed to warm to ambient temperature and the volatiles were removed with a rotary
evaporator. The resulting residue was subjected to silica gel chromatography (80 g). Compound
4b (4.17 g, 79%) was eluted with 5% EtOAc-hexanes: Ar (10% EtOAc-hexanes) 0.49; [a]25p +142°
(c. 2.9, CHCI3), lit; 3d [a]30p +132° (c. 2.9, CHCI3); IR (thin film) 2955, 2915, 2860, 1680, 1455,
1410, 1165, 1120 cm™1.

(S)-2-(Tri- -butyltin)-N-formylpyrrolidine (8)

The carbamate 4b (4.3 g, 9.3 mmol, 1.00 equiv) was dissolved in CH2Cl2 (20 mL), cooled
to ca. 10°, and treated with B-bromocatechol borane 7 (39 mL, 0.5 M in CH2Clz, 19.5 mmol, 2.1
equiv). After stirring for 20 min, the solution was poured into 25 g of ice and 25 mL of 10%

aqueous NaOH then extracted with CH2Cl2 (4 x 25 mL). The combined organic extracts were
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immediately washed with brine, dried over NazS0Og4, and filtered. The filtrate was immediately
treated with phenyl formate (2.5 mL, 23 mmol, 2.5 equiv) and the volatiles were removed by rotary
evaporation. The reaction vessel was briefly evacuated and refilled with argon at room
temperature and the resultant yellow solution was stirred for 14 h at room temperature and then
subjected to silica gel chromatography (75 g). The residue was initially sluted with 5% EtOAc-
hexane and the eluant was graduated to 20% EtOAc-hexane at which concentration the desired
compound, 8, eluted (1.74 g, 48%) as a clear, colorless oil: R;(20% EtOAc-hexane) 0.23; [a]25p
+205.5° (c. 2.0, EtOH); TH NMR (300 MHz, CgDg) § 0.80-1.19 (m, 15 H), 1.37 (m, 8H), 1.77 (m, 8H),
2.85 (m, 3H), 7.95 (s, 1H); 13C NMR (75 MHz, CDCl3) 3 8.3 (minor), 9.0 (major), 10.0 (major), 12.4
(minor), 13.5 (major), 25.2 (minor), 25.9 (major), 27.2 (minor), 27.4 (major), 28.8 (major), 28.9
(minor), 43.6 (major), 43.7 (minor), 45.5 (minor), 46.4 (major), 158.9 (major), 159.9 (minor); IR (thin
film) 2960, 2920, 2875, 1665, 1650, 1460, 1410, 1375, 1075 cm-1; gas chromatograph/mass
spectrum (GCMS) tg = 11.7 min (oven program: 50° for 1 min, 20°min to 280° for 5 min); MS(EI)
m/z 389 (M+ with 120Sn, 2.7), 388 (M* with 119Sn, 0.9), 387 (M* with 118Sn, 2.2), 385 (M* with
1165, 0.8), 336 (17), 332 (base), 331 (42), 330 (74), 328 (43), 218 (15), 179 (20), 177 (21), 98
(69). Anal. Calcd. for C17H3sNOSN: C, 52.62; H, 9.03; N, 3.61. Found: C, 52.45; H, 9.06; N, 3.57.
(S)-2-(Tri- Dbutyltin)-N-(N*-tert-butylformimide)pyrrolidine (4a)

In a 25-mL round bottom flask equipped with a reflux condensor, formamide 8 (639 mgq,
1.64 mmol, 1.00 equiv) was dissolved in CH2Clz (3 mL) and treated with methyl
trifluoromethanesulfonate (0.20 mL, 1.8 mmol, 1.1 equiv). The resulting clear, colorless solution
was heated to reflux for 2.5 h at which time formamidine 6 could not be detected by TLC. The
reaction vessel was cooled with a tap water bath (ca. 10°) and the solution treated with tert-butyl-
amine (0.21 mL, 2.0 mmol, 1.2 equiv) and the resultant yellow solution was again heated to reflux.
After 12 h, the solution was cooled and the volatiles removed by rotary evaporation. The residue
was subjected to silica gel chromatography (50 g) (6% EtzN-hexanes) to afford the desired
formamidine 2 (563 mg, 77%) as a clear, colorless oil: Rf (5% EtaN-20% EtOAc-hexanes) 0.27;
[0]25p +209° (c. 1.0, CH2Cl2); TH NMR (300 MHz, Cg¢Dg) 8 1.05 (m, 16H), 1.29 (s, 2H), 1.46 (m with
sextet overlap, J = 7.2 Hz, 8 H), 1.79 (m, 8 H), 2.98 (m, 2 H), 3.32 (t, J = 8.1 Hz, 1H), 7.45 (s, 1 H);
13C NMR (75 MHz, CgDg) 8 11.3 (1, Jc.118Sn = 150 Hz), 11.4, 26.7, 28.2 (t, Jc.118Sn = 26 Hz),
29.6, 29.8, 30.4, 31.9, 46.0, 48.5, 53.2, 146.0; IR (thin film) 2960, 2915, 2855, 2845, 1635, 1465,



Chiral lithio oi-amino carbanions 6095

1455, 1360, 1205 cm-1; GCMS; the compound decomposed prior to elution from the GC column.
Anal, Calcd for C21H44N2Sn: C, 56.92; H, 9.94; N, 6.32. Found: C, 56.91; H, 9.97; N, 6.23.

A Typical Procedure for the Preparation of (S)-2-Methyl-N-(N'-tert-formimide)
pyrrolidine (6a)

A 0.05 M ethereal solution of stannane 4a (259 mg, 0.57 mmol, 1.00 equiv) was cooled to
-78° C and the reaction vessel was evacuated (ca. 1 mmHg) for 3-5 min and purged with argon.

BulLi (0.92 mL, 1.55 M in hexane, 1.43 mmol, 2.50 equiv) was added dropwise and the resulting
light yellow solution was stirred for 10 min. Dimethyl sulfate (0.16 mL, 1.7 mmol, 3.0 equiv) was
added and the solution was stirred an additional 5 min at -78° C. The volatiles were removed by
rotary evaporation and the residue was chromatographed on silica gel (10 g). Tetrabutylstannane
and 2 (14 mg, 0.030 mmol) were respectively eluted, with 5% EtzN-hexanes. The desired
compound, 3 (47 mg, 49%) was then eluted with 5% Et3N-80% EtOAc-hexanes as a clear,
colorless oil: Ay (7% Et3N-25% EtOAc-hexanes) 0.05; [«]25p +29.8° (c. 1.0, CH2Clz); TH NMR (300
MHz, CgDg) 6 0.99 (d, J = 6.3 Hz, 3 H), 1.11 (dq, J = 0.9, 4.8 Hz, 1 H), 1.33 (m with overlapped
singlet, 10 H), 1.52 (m, 2 H), 3.30 (t, J = 5.7 Hz, 2 H), 3.47 (br q, J = 6.0 Hz, 1H), 7.53 (s, 1 H); 13C
NMR (75 MHz, CgDg) § 21.4, 23.3, 31.7, 33.5, 46.7, 53.3, 53.5, 146.0; IR (thin film) 2965, 2870,
1645, 1460, 1370, 1215 1165 cm-1; GCMS: tg= 4.90 min (oven temp: 50° for 1 min, 20%min to
280°); MS(EIl) m/z 169 (M + 1, 7), 168 (M*, 46), 154 (11), 153 (base), 111 (23), 84 (89), 70 (25).
2S-Methyl-N-(tert-butoxycarbonyl)pyrrolidine (6b)

Liquid chromatography (Chiralcel OD, 5 100% hexane, 0.75 mL/min, 214 nm) tg = 21.2 min
for the 2S-isomer, percent area = 88.6; tg = 25.6 min for the 2R-isomer, percent area = 8.6; Ay
(15% EtOAc-hexanes) 0.27; [«]25p +27.9° (c. 2.45, CHCl3), it.3 [a]20p +31.2° (c. 2.76, CHCl3)
which was determined to be 95% ee as (A)-Mosher amide; TH NMR (300 MHz, CDCl3) & 1.08 (d, J
= 6.0 Hz, 3 H), 1.43 (m with overlapping singlet, 10 H),1.84 (m, 3H), 3.28 (br s, 2 H), 3.78 (br s, 1
H).
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