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Abstract—A convenient synthesis of chiral lithium N-alkyl carbamates 1a–4a from chiral pyrrolidines 1–4, LiH and CO2 is
described. The yields are good to excellent. A combined experimental (1H, 6Li-HOESY, cryoscopy) and theoretical study
(B3LYP/6-311++G(d,p)) succeeded in assigning the predominant solution state structure of 1a. © 2002 Elsevier Science Ltd. All
rights reserved.

Scheme 1. Chiral diamines.

The preparation and characterization of new chiral
carbamates appear to be important in the context of
biotin-mediated reactions1 and for applications in
organic synthesis with carbon dioxide.2 Biological acti-
vation of carbon dioxide and its fixation via C�C
bonding are realized by biotin-depending enzymes (e.g.
acetyl CoA carboxylase). For example, they are able to
insert CO2 into C�H bonds. However, the mechanism
of the CO2 activation reaction has not been completely
investigated.3 Further, lithiated carbamoyl groups play
a dominant role in the course of some directed ortho
metalations (DOM),4 e.g. for regiospecific introduction
of electrophiles into ortho position of naphthylamines
and tetrahydro-isoquinoline amines.5 To the best of our
knowledge, no attempts to isolate chiral carbamates
have been published.

In this article, we summarize our efforts regarding
chiral carbamates via the application of a very conve-
nient method starting from (S)-2-(1-pyrrolidinyl-, mor-
pholinyl-, piperidinylmethyl)pyrrolidine and (S)-2-
methoxymethylpyrrolidine (Scheme 1).

We selected the amine 1 to be our model precursor as
the corresponding lithiated chiral amide has success-
fully been applied in a variety of synthetic purposes,

e.g. asymmetric deprotonation of epoxides to yield
chiral allylic alcohols,6 and as a chiral catalyst in some
asymmetric aldol reactions.7 (S)-2-Methoxy-
methylpyrrolidine 4 is the precursor in the synthesis of
SAMP/RAMP,8 and has been also used as a chiral
auxiliary in the alkylation and silylation of 1,3-diphenyl-
allylamine–alkalimetal compounds.9 The preparation of
the required chiral diamines 1–4 has already been
described in literature.10

Scheme 2 depicts our approach of a one-pot carbami-
nation. The experimental procedure for the synthesis of
lithium carbamate from (S)-2-(1-pyrrolidinylmethyl)-
pyrrolidine 1 is described as follows.

Scheme 2. Reagents and conditions : (a) LiH, THF, 50°C, 1
day; (b) CO2, 25°C, 1 h.
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The addition of chiral diamine 1 to 1 equiv. of LiH in
THF solution at 50°C resulted in the deprotonation of
the diamine and the formation of lithium (S)-2-(1-
pyrrolidinyl-methyl)pyrrolidine, Li-1. Subsequent reac-
tion with gaseous CO2 at 25°C yielded a white
precipitate in high purity (1a, 79%). All compounds are
hygroscopic and decompose in acidic conditions.
Results are summarized in Table 1.11

The structures of 1a–4a were determined by 1D-NMR
(1H, 13C, DEPT 135) and 2D-NMR experiments
(COSY, HMBC, HMQC, NOESY). The NMR experi-
ments were carried out in deuterated THF at a temper-
ature of 25°C.

At a � value of 158 ppm, a broad 13C NMR resonance
signal from the -N-C�O carbon (pyrrolidine ring) was
observed (see Table 2). The HMBC experiment pro-
vided additional evidence for the clarification of the
structure of the carbamates 1a–4a. The apparent corre-
lation between the -N-C�O carbon atom and the two
protons (H2 and H5) indicated the anticipated struc-
ture. In addition, a shift to lower field was observed in
the 1H-spectrum for the H2 and H5 protons (see Table
2).

Examination of the aggregation behavior of the carba-
mates 1a–4a in THF solution by cryoscopy was

expected to provide further information on the struc-
tures prevalent in solutions. Investigations on this sub-
ject have been carried out successfully on a number of
organolithium compounds,12 however, not on any
lithium carbamates.

To check the accuracy of our measurement procedure,
the degree of aggregation n of MeLi was determined.
The required cryoscopic constant Ek of THF is
described in literature.12 For MeLi, values of n between
3.8–4.3 were found. These results are in good agree-
ment with those reported in literature.12 Thus, the
validity of our experimental procedure was proven, and
supported the application of the same procedure to the
lithium carbamates. The carbamates 1a–4a were found
to exist as monomers in THF. The results are summa-
rized in Table 3.

As the free lithium coordination sites have to be occu-
pied by THF molecules, the cryoscopic measurements
allow us to determine reasonable structures for com-
pounds 1–4 in THF solution using high-level quantum
chemical calculations. We chose the carbamate 1a and
its corresponding THF microsolvated structures to be
our model system (vide infra). The pre-optimizations
were performed with the PM3 method.14 It has been
reported that this semiempirical method is well suited
to predicting the geometries of organolithium com-
pounds deducted from experimental data, or from high-
level ab initio and as well from density functional
theory methods.15 Full geometry optimizations (i.e.
without symmetry constrains) were carried out with the
GAUSSIAN98 program package 98.16 The final struc-
tures and relative energies were calculated using the
hybrid Hartree–Fock–DFT approach (B3LYP/6-311++
G(d,p)).17 The DFT calculated geometries were charac-
terized as minima on the potential surface (PES) by
calculating the vibrational frequencies. Some computa-
tional studies on solvation in lithium organic chemistry
at the semiempirical level can be found in literature,18

but only sparsely at higher levels.19

Starting with unsolvated 1a, we found several
structures20 that are quite similar in their energies. They
are derived from two parent structures (A and B) and
differ in the number of coordinating THF ligands: The
A type structures, in which the lithium is placed
between the two carboxylate oxygen atoms and which
are slightly more stable than the B type structures, in
which the lithium is coordinated by one oxygen of the

Table 1. Results of carbamate synthesis

Table 3. Cryoscopic investigation of lithium carbamates in
THF13

Substrate Cnom (mM) n=Cnom/Cexp

MeLi 60.56–94.53 3.64–4.18
62.44–107.28 1.06–1.391a
132.35–165.852a 1.11–1.40
63.14–139.44 0.92–1.133a
107.82–259.624a 1.20–1.30

Table 2. Selected 1H (400 MHz) and 13C (100 MHz) sig-
nals of the carbamates 1a–4a in deuterated THF at 25°C

� 13C (ppm) NCO � 1H (ppm)

H2 H5

158.251a 2.89 (1)–3.303.19 (1)–3.88
157.55 3.23 (2)–4.112a 2.88 (2)–3.50
157.96 2.89 (3)–3.553.24 (3)–4.003a

2.81 (4)–3.433.26 (4)–4.13157.724a
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Figure 1. Solvated structures of A·(THF)2 and B·(THF)2 including selected bond distances (B3LYP/6-311++G(d,p) optimizations).

carboxylate and the nitrogen of the cyclic dialkyl-
aminomethyl substituent.

Starting with the (non-solvated) carbamates A and B of
1a, we increased the number of coordinating THF
molecules. This procedure finally led to A·(THF)2 (0.0
kcal mol−1) and B·(THF)2 (+9.0 kcal mol−1, ZPE cor-
rected). At present, these structures appear to be the
most stable microsolvated complexes (cf. Fig. 1).
Though B·(THF)2 is less stable, we detected this com-
plex in solution by means of Heteronuclear Overhauser
Enhancement Spectroscopy (6Li-1H-HOESY). This
technique allows identification of short Li�H distances
(<3.5 A� ).21 The presence of cross-peaks in the HOESY-
spectrum22 obtained at room temperature between Li
and the protons at C2, C5, C2�/5� and C3�/4� provides
information only about the structure B·(THF)2, while
A·(THF)2 will not show any such peaks. Interestingly,
in case of the carbamate 1a both structures are coexist-
ing with the less stable B·(THF)2 being the predominant
isomer. Mechanistic investigations on the pathways
from Li-1 to A·(THF)2 or B·(THF)2, respectively, which
should explain these observations are presently under-
way. Additional support for the presence of the B
structure in solution is provided by calculation of the
isotropic shielding constants (GIAO-DFT
calculations23). The latter agree surprisingly well with
the experimental results for B·(THF)2. The shifts were
referenced to TMS which was optimized at the B3LYP/
6-311++G(d,p), its isotropic chemical shift was calcu-
lated at the same level of theory. The calculated NMR
shifts of B·(THF)2 are summarized in Table 4.

In conclusion, we have developed a convenient and
efficient synthesis of chiral carbamates starting from
�-substituted methylpyrrolidine derivates, and using
lithium hydride and CO2. This reaction is applicable to
a broad range of amines (e.g. indole or imidazole), and
provides a general method for preparing chiral carba-
mates under mild conditions and in high yields. We

Table 4. Comparison of theoretical (B3LYP/GIAO) and
experimental 13C NMR shifts of B·(THF)2 in ppm (deuter-
ated THF, 25°C, �TMS=0.00 ppm)

Calcd (uncorrected) Exp.Carbon atom

2 55.9261.9
3 41.9 28.78

23.0329.64
52.85 46.29

6 58.2164.4
53.9857.42�

28.4 23.263�
23.2626.04�

61.45� 53.98
CO 158.25169.6

The isotropic chemical shift for carbon dioxide in this solution is
relative to the experimental value downfield with ca. 5 ppm. After
correction of the computed values, the deviations between experimen-
tal and calculated 13C shifts are in the range 1–8 ppm.

succeeded in assigning one of the predominant solution
state structures by a combined experimental and theo-
retical (DFT) study. Experimental investigations of
novel CO2 transfer reactions from the Li-carbamates
1a–4a to prochiral carbon atoms are the topic of fur-
ther research.
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