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Computational quantum chemistry was used to investigate the structures of lithium carbamates in the gas phase
and in ethereal solvents. These compounds act as nucleophiles with either inversion or retention of configuration at
the chiral center and knowledge of the aggregation state is the first step in understanding the reactivity. The sterically
hindered lithium phenyl carbamate is calculated to exist largely as the ether or THF solvated monomer in solution.
Higher aggregates are possible in the gas phase, which is often taken as an approximation for solutions in non-polar
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Introduction

Enantioenriched organolithium compounds are highly useful
intermediates in synthesis. Whilst chiral non-stabilized organolithium
compounds almost always react with electrophiles with retention of
configuration, the situationisless clear cut with mesomerically stabilised
sp® hybridized intermediates, for example benzylic carbamate 1 and
indanyl carbamate 2, (Scheme 1). They are lithiated with s-BuLi in the
presence of the chelating diamine TMEDA, and are configurationally
stable at low temperatures.

Hoppe found that the stereochemical course of the substitution
reaction with benzylic lithiated carbamate Li-1 was electrophile
dependent e.g. CO,, MeOCOCI, Me,SiCl, R,SnCl and RNCO reacted
with a high degree of inversion of configuration whereas proton acids,
aldehydes, ketones, methyl carboxylates, and dimethylcarbonate react
with retention of configuration (Scheme 2) [1,2]. It was concluded
from these results that electrophiles usually prefer to react with
inversion unless the electrophile can complex with the lithium cation
in which case it is delivered on the same face of the metal and so reacts
with retention. If the barrier to inversion is increased, as in the case
of indanyl 2, the same electrophiles now react with a high degree of
retention [3] (Table 1). Related reactions of 2,4,6-tri-ispropylbenzoates
in place of carbamates were reported by Hammerschmidt with similar
results although in this case acid chlorides reacted with retention rather
than inversion [4,5].

In a more dramatic example, we showed that boranes and boronic
esters reacted with benzylic lithiated carbamate Li-1 with very high and
diametrically opposite selectivity: boranes with inversion and boronic
esters with retention (Scheme 3). In the case of the indanyl substrate
2 the degree of retention was high when boronic esters were used, but
retention began to become competitive even with boranes, leading to a
low enantioenrichment of the product alcohols [6].

Lithiation-borylation ~ can  also be undertaken  with
triisopropylbenzoate esters such similar to those developed by
Hammerschmidt. Lithiation of 1,3,5-triisopropylbenzoate ester
[7,8] 3 with s-BuLi in the presence of (-)-sparteine gives lithiated

species Li-3 (Scheme 4). Trapping with pinacol boronic ester occurs
with retention of stereochemistry, and 1,2-metallate rearrangement
followed by oxidation gives secondary alcohols with overall retention
of stereochemistry.

The scope and complexity of these reactions makes it necessary
to understand the structures of the reactants in solution. Structural
features include both aggregate and solvent effects. Aggregation of
organolithium compounds has been known since the 1980’s, with
tetramers or higher aggregates of alkyllithiums being common in non-
polar solvents, and monomers, dimers and tetramers being common
in non-polar solvents [8]. Lithium carbenoids and structurally similar
compounds are generally aggregated in solution [9-16]. Alkyllithiums
with an electronegative atom attached to the lithium-bearing carbon
have properties ranging from those of carbenes to stabilized carbanions.
In the lithium carbamates of this study, the oxygen lone pair effects
on the C-Li group are attenuated by the attached carbonyl group.
The behaviour of these compounds is more carbanion-like inspite of
the structural similarity to a-lithioethers. The latter compounds have
intermediate carbene-carbanion like properties. In this paper we used
computational methods to better understand the structures of these
useful intermediates in the solvated and unsolvated (gas phase) states.

Computational Methods

All geometry optimizations and frequency calculations were
performed with the Gaussian 09 program [17]. Geometry optimizations
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Aggregate Conformation 1 — 2 Conformation 2 — 3
LiCH,OCON(CH,), m -23.7 N/A
LiCH,OCON(CH,), d1 -21.6 1.92
LiCH,OCON(CH,), d2 -5.29 0.764

LICHPhOCON(CH,), m -25.0 N/A
LICHPhOCON(CH,), d1-RR -2.15 1.52
LiICHPhOCON(CH,), d1-RS -2.36 272
LICHPhOCON(CH,), d2-RR -14.0 11.4
LICHPhOCON(CH,), d2-RS -13.8 10.2

Table 1: Relative free energies (kcal/mol) of N-lithium and O-lithium coordination
of lithium carbamate monomers and dimers.

were performed at the M06/6-31+G(d) [18] level of theory, followed
by frequency calculations at the same level. Vibrational frequencies
calculated at 298.15 K and the thermal energies to the free energies,
obtained from the frequencies, were added to the electronic energies
at each level of theory, in order to obtain approximate free energies of
each species.

Solvent effects were modelled by placing explicit diethyl ether or
THEF ligands on the lithium atoms. One or two ligands were placed on
each lithium atom according to the structure and the number of ligands
that fit without causing excessive steric strain. Special care is taken to
ensure consistent handling of standard states [19,20]. Specifically, a
correction term RTln (c°RT/P°) must be added per mole of each species
in the reaction under consideration, which represents the change in
free energy involved in compressing the system from standard pressure
P° (or a concentration of P°/RT) used in gas phase calculations to the
standard concentration of ¢°=1 mol/L commonly used for solutions.
This term is numerically equal to +1.8900 kcal/mol at 298.15 K. While
it cancels from both sides when the net change in the number of moles
due to reaction An=0, it is a non-negligible correction in cases where
An # 0. Yet another correction is required for cases where a THF or
ether ligand dissociates, illustrated for THF by:

RLi-nTHF - RLi-mTHF +(n—m)THF
for which

[RLi:mTHF]—(n—m)RTln[THF] (1)
[RLi-nTHF] c°

AG°=-RTIn

Since the concentration of pure THF or ether is different from
the one M standard concentration c° it was evaluated from its molar
volume at 1 atm and 298.15 K using the empirical expression provided
by Govender and coworkers [21] and incorporated into the second
term of Equation (1). Numerically, this correction to AG® amounts to
-1.4883 kcal/mol per THF and -1.3360 kcal/mol per diethyl ether at
298.15 K. This approach to modeling solvation effects on organolithium
compounds has been used previously [22-28] and has been found to
give results in good agreement with available experimental results.

Results and Discussion

The simplest of the lithium carbamates is an achiral compound
LiCHZOCON(CHS)Z. It could potentially exist as a monomer, dimer,
tetramer, or hexamer by analogy to alkyllithiums and other lithium
carbenoids and carbenoid-like compounds. Furthermore, different
structures are possible for some of those aggregates. Analogous
structures are formed by the chiral LiCHPhOCON(CH,), lithium
phenyl carbamates. The gas phase monomer can exist as two different
conformational isomers, shown in Figure 1. Conformation 1 has the
lithium atom coordinated to an oxygen and a nitrogen atom, while in
conformation 2, the lithium atom is coordinated to both oxygen atoms.

The lithium carbamate dimer exists as two regioisomers. The first,
designated as Isomer 1, connects the C-O-Li-C-O-Li atoms around
a six-membered ring. The other regioisomer, designated Isomer
2, connects the atoms in the order C-Li-C-O-Li-O. Each of those
regioisomers exists in 3 conformations. In conformation 1, the both
lithium atoms are coordinated to nitrogen in addition to the oxygen in
the 6 member ring. In conformation 2 both lithiums are coordinated
to the carbonyl group’s oxygen atom. In conformation 3 both types
of lithium coordination are found. These six structures are shown for
Isomer 1 and Isomer 2 in (Figures 2 and 3) respectively.

The relative energies of the various gas phase isomers and
conformations are shown in (Table 1). The LiCH,OCON(CH,), and
LiCHPhOCON(CH,), monomers both exist almost exclusively in
the oxygen coordinated conformation (conformation 2) as indicated
by the free energy change of more than -20 kcal/mol. This preference
for oxygen coordination was also seen in the dimers. Nitrogen
coordination in the dimers in conformations 1 and 3 is much weaker
or non-existent, compared to the monomers. In the case of the
LiCHPhOCON(CH,), dimer, conformation 1 is also more sterically
hindered due to the interaction between the two phenyl groups, leading
to additional stabilization of conformation 2.

The LiCH,OCON(CH,), can potentially exist as a tetramer or
hexamer, as shown in (Figure 4). The additional steric strain of the phenyl
group prevents the analogous aggregates of LICHPhOCON(CH,), from
forming. Starting from the monomer and the most stable conformation
of each dimer, the calculated aggregation energies of the gas phase
LiCH,0CON(CH,), and LiCHPhOCON(CH,), species are shown in
(Table 2). Dimer formation from the LiCH,OCON(CH,), monomer
is slightly exergonic, but the tetramer is the most favoured aggregate,
apparently from a balance between maximum lithium coordination
and low steric strain. In contrast, LICHPhOCON(CH,), is predicted to
exist almost exclusively as dimer 2 in the gas phase.

From these results, it is seen that the gas phase carbamates exist as
well defined aggregates with nitrogen and/or oxygen coordinated to
the lithium atoms in a well-defined manner. That is not always the case
for solvated species, as is seen from the discussion below. Solvation was
modelled using diethyl ether and THF as solvating ligands, as they are
the two most common solvents used in synthetic chemistry involving

LiCHPh_m_conf 2_gas

LiCHPh_m_conf 1_gas

Figure 1: Coformational isomers of lithium carbamate monomers
LiCH,OCON(CH,), (top row) and LICHPhOCON(CH,), (bottom row).
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carbamate dimer-1
(bottom 2 rows).

Figure 2: Coformational isomers of lithium
LiCH,OCON(CH,), (top row) and LICHPhOCON(CH

3)2

LiCH,cb_d2_conformation 2

LiCHPh_d2-RS_conf 1_gas

LiCHPh_d2-RS_conf 2_gas LiCHPh_d2-RS_conf 3_gas

carbamate dimer-2
(bottom 2 rows).

Figure 3: Coformational isomers of lithium
LiCH,0CON(CH,), (top row) and LICHPhOCON(CH

),

LiCH,cb_tetramer

LiCH,cb_hexamer

Figure 4: Optimized geometries of lithium carbamate tetramer (left) and
hexamer (right) LICH,OCON(CH,),.

L J

these and similar organolithium compounds. Figure 5 shows the
optimized geometries of diethyl ether and THF solvated monomers in
the two conformations analogous to the gas phase structures.

Comparison of Figures 1 and 5 shows the similarity of the
unsolvated and solvated monomer structures. The energies in Table 3
show that the diethyl ether disolvates exist primarily in the disolvated
form. The stronger coordination to THF is reflected in the third
solvation energies, which still favour the disolvate but less so than
with diethyl ether solvation. The energies in Table 4 show that for both
the disolvated and trisolvated monomers, Conformation 2, with the
lithium atom coordinated to oxygen instead of nitrogen, is favoured
by between 16 and 22 kcal/mol, making it the predominant monomer
conformation in both the gas phase and in ethereal solvents.

The LiCH,-carbamate dimers can exist in 3 different conformations
and as the di-, tri, and tetrasolvates, for a total of 9 possible solvated
structures for each solvent. The optimized geometries of Dimer-1 are
shown in Figure 6.

The structures of the solvated LiCH, -carbamate dimers (Dimer
1) are roughly similar to the gas phase dimers, except that some of
the internal Li-O coordination is disrupted by the ether and THF
ligands. That is most apparent in Conformations 2 and 3 in the tri- and
tetrasolvated forms. The calculated third and fourth solvation energies
in Table 3 show that Conformations 2 and 3 strongly resist adding a
third ether solvent ligand due to steric crowding. The trisolvated form
of Conformation 1 is also favoured, although small amounts of the
di- and tetrasolvated forms may exist. THF is a stronger coordinating
solvent than diethyl ether and the calculated energies show a modest
tendency of Conformations 2 and 3 to undergo further solvation.
Conformation 1 is most stable in the THF trisolvated form, as the
stronger coordination of THF caused a conformational change which
more closely resembled conformation 2.

The diethyl ether solvated carbamates were calculated to exist
primarily as the disolvates, and the data in Table 4 shows that
Conformations 2 and 3 are both favoured over Conformation 1. In the
ether tri- and tetrasolvated forms Conformation 3 is favoured.

The more strongly coordinating THF ligand successfully competes
for lithium coordination with the carbamate oxygen atoms, forcing
conformational changes to accommodate the third and fourth ligands.
The data in Table 4 show that Conformation 3 is favoured in the THF
di- and tetrasolvated forms, while the trisolvate has a modest preference
for Conformation 1. These conformations appear to achieve the best
balance between internal oxygen and THF coordination to the lithium
atoms.

The LiCHPh-carbamate exists as two possible diastereomers (2
pairs of enantiomers). Since both enantiomers are of equal energy,
one the structure of one enantiomer from each pair, the RR and RS
were calculated, and the optimized geometries are shown in Figure 7
for the diethyl ether solvates and in Figure 8 for the THF solvates. The
additional steric strain of the phenyl group inhibits the formation of the
tri-and tetrasolvates of Conformations 1 and 3 with diethyl ether, and
forcing Conformation 2 into a less strained form with reduced lithium
coordination to the carbamate oxygen atoms. Even in Conformation
2, the energy of the third ether coordination was endergonic. In the RS
isomer, the structure change upon adding the third ether facilitated the
fourth ether coordination, as shown in Table 3.

Li carbamate 2m—dl d1—->d2  2d1—tet | 3/2tet— hex
LiCH,OCON(CH,), -0.398 2.40 -22.0 21.3
LICHPhOCON(CH,),RR 1.07 -9.83 N/A N/A
LICHPhOCON(CH,),RS 1.31 -8.29 N/A N/A

Table 2: Calculated gas phase aggregation free energies (kcal/mol) of
LiCH,OCON(CH,), and LICHPhOCON(CH

3)2 3)2'

Organic Chem Curr Res
ISSN:2161-0401 OCCR an open access journal

Volume 4 -+ Issue 2 + 1000140



Citation: Pratt LM (2015) A Computational Study of Lithium Carbamate Synthetic Intermediate Structures and Aggregation. Organic Chem Curr Res
4:140. doi:10.4172/2161-0401.1000140

Page 4 of 10
Aggregate 39Et,0 4"Et,0 | 3<“THF 4" THF
LiCH,0CON(CH,), m conf 1 4.85 N/A 0.359 N/A
LiCH,0CON(CH,), m conf 2 7.49 N/A 2.06 N/A
LiCH,OCON(CH,), d1 conf 1 -1.50 0.604 -12.1a 2.40
LiCH,OCON(CH,), d1 conf 2 23.8 0.799 -4.24 -0.415
LiCH,0CON(CH,), d1 conf 3 13.5 3.84 -0.119 0.709
LiCH,0CON(CH,), d2 conf 1 -3.72 -0.0403 -17.0 7.33
LiCH,OCON(CH,), d2 conf 2 -1.66 4.01 21.9b -8.34
LiCH,OCON(CH,), d2 conf 3 -0.794 8.56¢ -5.48 343
LiCHPhOCON(CH,), m conf 1 7.08 N/A 2.41 N/A
LiCHPhOCON(CH,), m conf 2 9.79 N/A 1.83 N/A
LICHPhOCON(CH,), d1 RR conf 1 d d d d
LICHPhOCON(CH,), d1 RS conf 1 d d d d
LiICHPhOCON(CH,), d1 RR conf 2 3.24 1.34 -0.206 -2.71
LICHPhOCON(CH,), d1 RS conf 2 5.77 -3.94 -0.820 -4.81
LiICHPhOCON(CH,), d1 RR conf 3 d d d d
LICHPhOCON(CH,), d1 RS conf 3 d d d d
LICHPhOCON(CH,), d2 RR conf 1 d d d d
LICHPhOCON(CH,), d2 RS conf 1 d d d d
LiICHPhOCON(CH,), d2 RR conf 2 d d d d
LICHPhOCON(CH,), d2 RS conf 2 d d d d
LICHPhOCON(CH,), d2 RR conf 3 d d d d
LICHPhOCON(CH,), d2 RS conf 3 d d d d

(a) Stronger binding THF forced conformational change resembling conformation 2.
(b) Stronger binding THF forced conformational change resulting in more strain.
(c) 4th ether dissociated.

(d) These solvates were too strained to exist.

Table 3: Free energies (kcal/mol) of successive solvation of lithium carbamate
monomers and dimers.

Aggregate Conformation 1 — 2  Conformation 2 — 3
LiCH,OCON(CH,), m=2Et,0 -20.7 N/A
LiCH,OCON(CH,), m=3Et,0 -17.0 N/A
LiCH,O0CON(CH,), m*2THF -18.3 N/A
LiCH,0CON(CH,), m*3THF -16.6 N/A
LICH,0CON(CH,), d1+2E,0 216 1.92
LICH,0CON(CH,), d1+3Et,0 3.70 973
LICH,0CON(CH,), d1+4Et,0 3.90 -6.67
LiCH,OCON(CH,), d1-2THF 4.77 -13.9
LiCH,OCON(CH,), d1-3THF 11.2 -9.75
LiCH,0OCON(CH,), d1+4THF 8.35 -8.63
LiCH,0CON(CH,), d2+2Et,0 0.858 133
LiCH,0CON(CH,), d2-3Et,0 2.92 -12.5
LICH,0CON(CH,), d2+4Et,0 6.97 -7.94
LiCH,0CON(CH,), d2+-2THF 223 1.2
LiCH,OCON(CH,), d2-3THF 16.6 -16.2
LiCH,OCON(CH,), d2-4THF 0.972 -4.46

LICHPhOCON(CH,), m*2Et,0 -21.7 N/A
LICHPhOCON(CH,), m*3Et,0 -19.5 N/A
LiICHPhOCON(CH,), m*2THF -19.5 N/A
LICHPhOCON(CH,), m*3THF -20.1 N/A
LICHPhOCON(CH,), d1 RR-2Et,0 4.06 1.54
LICHPhOCON(CH,), d1 RR=2THF 4.79 -0.176
LICHPhOCON(CH,), d1 RS-2Et,0 -5.99 -1.43
LICHPhOCON(CH,), d1 RS*2Et,0 2.53 -6.45
LICHPhOCON(CH,), d2 RR+2Et,0 -9.84 1.47
LiICHPhOCON(CH,), d2 RR=2THF -8.24 5.29
LICHPhOCON(CH,), d2 RS*2Et,0 -14.0 476
LiCHPh m_conf 1 3thf LiCHPh_m_conf 2 3thf LICHPhOCON(CH,), d2 RS-2Et,0 -10.2 3.55
Figure 5: Conformational isomers of solvated lithium carbamate monomers Table 4: Relative free energies (kcal/mol) of N-lithium and O-lithium coordination of
LiCH,OCON(CH,), (top 4 rows) and LiICHPhOCON(CH,), (bottom 4 rows). | lithium carbamate monomers and dimers in diethyl ether and THF.
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LiCHocb_conf 2 3Et,0 LiCHaoeb_conf 3 3Et,0

LiCH,cb_conf 2 4Et,0 LiCHcb_conf 3 4Et,0

LiCH,cb_conf 1 4THF

LiCH,cb_conf2 4THF LiCH,cb_conf 3 4THF

Figure 6: Conformational isomers of solvated LiCH,O0CON(CH,), dimer-1.
The RR and RS isomers, the tetrasolvate are the most stable.

N J

A similar situation was found with the third and fourth THF ligands.
The trisolvate and tetrasolvate were found only for Conformation 2.
The data in Table 3 show that for both the RR and RS isomers, the
tetrasolvate is the most stable.

The most stable forms of the disolvated LiCH,OCON(CH,),
dimer-2 had both solvent ligands on the same lithium atom. That
minimized the disruption of internal oxygen coordination to the other
lithium atom, making the disolvated structures quite similar to the gas
phase structures, as shown in Figure 9. Up to four ligands could be
accommodated (2 per lithium) but addition of the third or fourth ligand
sometimes resulted in significant conformational changes, so that the
names Conformation 1, Conformation 2, and Conformation 3 become
blurred in the higher solvations states. The energies in Table 3 show
the effects of the additional steric strain on the ability to accommodate
the full set of 4 ether or THF ligands. With the diethyl ether solvates
Conformation 3 is favoured according to the relative energies listed in
Table 4. The THF disolvated structure is most stable in Conformation

2 but that conformation is too sterically hindered to be favoured as the
tri-or tetrasolvate.

The more hindered LiCHPhOCON(CH,), dimer-2 could only
accommodate two ether or THF ligands, one on each lithium atom.
Attempts to add additional ligands resulted in dissociation of the third
ligand during the geometry optimization. The optimized structures are
shown in Figure 10. The data in Table 4 show that Conformation 2 is
energetically favoured in both the RR and RS isomer, for both the ether
and THF solvates.

The data in Table 5 compares the relative stability of the two dimers
in the various possible solvation states. For the LiCH,OCON(CH,),
carbamate Dimer 1 is strongly favoured in the ether disolvate, and
either slightly favoured or disfavoured in higher solvated forms. The
THF disolvate favors Dimer 2. In pure ethereal solvents, a mixture of
solvation states will likely result in a mixture of the two dimers. However,
Dimer 1 could potentially be favoured by preparing the carbamate
in a hydrocarbon solvent containing a limited amount of ether, and
Dimer 2 could be likewise favoured in THF. The LICHPhOCON(CH,),

LiCHPhcb_conf 2RR 2Et,0

LiCHPhcb_conf IRS 2Et,O LiCHPhcb_conf 2RS 2Et,O LiCHPhcb_conf 3RS 2Et,O

N/A
LiCHPhcb_conf 1RR 3Et,0

N/A
LiCHPhcb_conf 3RR 3Et,O

N/A
LiCHPhcb_conf 1RS 3E,O

N/A
LiCHPhcb_conf 3RS 3E,O

LiCHPhcb_conf 2RS 3Et,0

N/A
LiCHPhcb_conf 1RR 4Et,0

N/A
LiCHPhcb_conf 3RR 4Et,0

N/A
LiCHPhcb_conf IRS 4Et,O

N/A
LiCHPhcb_conf 3RS 4Et,O

diethyl ether

LiCHPhcb_conf 2RS 4Et,O

Figure 7: Conformational isomers of solvated

LICHPhOCON(CH,), dimer-1.
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LiCHPhcb_conf 1RR 2THF

LiCHPhcb_conf 2RR 2THF

LiCHPhcb_conf 1RS 2THF

LiCHPhcb_conf 3RS 2THF

N/A
LiCHPhcb_conf 1RR 3THF

N/A
LiCHPhcb_conf 3RR 3THF

N/A N/A

LiCHPhcb_conf 1RS 3THF LiCHPhcb_conf 3RS 3THF

N/A
LiCHPhcb_conf 1RR 4THF

N/A

LiCHPhcb_conf 2RR 4THF LiCHPhcb_conf 3RR 4THF

N/A
LiCHPhcb_conf 1RS 4THF

Figure 8: Conformational isomers of THF solvated LICHPhOCON(CH,),
dimer-1.

N/A
LiCHPhcb_conf 3RS 4THF

LiCHPhcb_conf 2RS 4THF

J

carbamates, existing only as the disolvates, show a modest preference
for Dimer 2 in both diethyl ether and THF.

We have shown that the solvent can have a significant effect on
the aggregation state and internal coordination of these lithium
carbamamtes.

The unresolved question at this point is whether these lithium
carbamates exist as dimers, or whether they are among the relatively
small group of lithium compounds existing as monomers in solution.
That question is resolved by the data in Table 6. Although the unhindered
LiCH,0CON(CH,), carbamate can exist as the dimer in ether, the
stereochemically interesting LICHPhOCON(CH,), carbamate exists
exclusively as the monomer in both solvents. The presence of a single
aggregate, existing primarily in a single conformation due to lithium
coordination, will greatly simplify the study of reaction mechanisms in
which the chirality is either inverted or retained.

Conclusions

The aggregation state of the lithium carbamates described above

depends on both steric strain and the solvent. In the gas phase, the
LiCH,0CON(CH,), carbamate forms a tetramer, but that aggregate is
not possible for the more hindered LICHPhOCON(CH,), carbamate,
which exists as a gas phase dimer. In ether and THF solution, steric strain
disvavors the dimer from forming, making the LICHPhOCON(CH,),
carbamate one of a relatively few organolithiums to exist primarily as a
monomer in solution.
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LiCHycb_conf 2 2Et,0

LiCH,cb_conf 2 3Et,0 LiCHacb_conf 3 3E6L,0

LiCHycb_conf 3 4Et,0

LiCH,cb_conf I 4THF

LiCH,cb_conf 2 4THF LiCH,cb_conf 3 4THF

Figure 9: Conformational isomers of solvated LiCH,O0CON(CH,), dimer-2.
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LiCHPhcb_conf 1RS 2THF LiCHPhcb_conf 2RS 2THF LiCHPhcb_conf 3RS 2THF
Figure 10: Conformational isomers of solvated LICHPhOCON(CH,), dimer-2.

Lithium Carbamate/Solvation State Dimer 1 — Dimer 2
LiCH,OCON(CH,),*2Et,0 10.9
LiCH,OCON(CH,),*3Et,0 -3.92
LiCH,OCON(CH,),*4Et,0 0.800
LiCH,OCON(CH,),*2THF -10.1
LiCH,0CON(CH,),*3THF -1.80
LiCH,OCON(CH,),*4THF -0.0809

LICHPhOCON(CH,),*2Et,0 RR -0.802
LICHPhOCON(CH,),*2Et,0 RS -2.01
LICHPhOCON(CH,),*2THF RR -1.47
LICHPhOCON(CH,),*2THF RS -2.51

Table 5: Relative energies of Dimers 1 and 2 (Dimer 1 — Dimer 2, kcal/mol). Most stable conformation of Dimer 1 compared to most stable conformation of Dimer 2.

Li Carbamate Solvent AG dimerization
LiCH,OCON(CH,), Et,0 5.06
LiCH,OCON(CH,), THF -3.81

LICHPhOCON(CH,),RR Et,0 16.6
LICHPhOCON(CH,),RR THF 16.7
LICHPhOCON(CH,),RS Et,0 16.8
LiICHPhOCON(CH,),RS THF 18.8

Table 6: Dimerization energies (based on most stable conformation of Dimer 2) of lithium carbamates (kcal/mol).
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Entry  Carbamate® E-X Yield (%) ee(%) Course

1 1 CO, 84 84 Inversion (S)
2 2 CO, 82 >94 Retention (R)
3 1 MeOCOCl 90 85 Inversion (S)
4 2 MeOCOCI 72 94 Retention (R)
5 1 Me;SiCl 94 96 Inversion (R)
6 2 Me;SiCl 46 92 Retention (S)
7 1 Me;SnCl 92 >95 Inversion (R)
8 2 Me;SnCl 74 50 Inversion (R)
9 1 MeOH 80 80 Retention (R)
10 2 MeOH 92 >94 Retention (R)
11 1 MeO(C=0)OMe 85 94 Retention (R)
12 2 MeO(C=0)OMe 85 >94 Retention (R)

‘eel = 97%, ee2 = >94%

(0]
R~ Eﬁ’\o
R-B(pin) &Li ret Ril?(pin) R NaOH, H,0, R
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Scheme 3
Entry Carbamate® Organoboron Yield4 (%) ee(%) Course
1 1 EtB(pin) 95 98° Retention (R)
2 1 BEt; 91 98° Inversion (S)
3 2 EtB(pin) 69 98 Retention (R)
4° 2 BEt; 25 54 Inversion (S)
5 2 BEt; 11 48" Retention (R)
pMeO-Phenyl . Retention (R)
6 PhB(pin) 81 92
(96% ee)
7 2 PhB(pin) 73 88 Retention (S)

“ee = 98% unless otherwise stated.’Ref 7. ‘Lithiation performed without TMEDA. ¢
SBuLi, R-Bpin OH
()ySparteine : ret

Ph->"SOTIB Ph"™>~"0 E—— ph/\/LR
3 -
Li-3 R = Et, 73%, 98% ee
L _ R =Ph, 79%, 92% ee

Scheme 4

Organic Chem Curr Res

ISSN:2161-0401 OCCR an open access journal Volume 4 = Issue 2 - 1000140



Citation: Pratt LM (2015) A Computational Study of Lithium Carbamate Synthetic Intermediate Structures and Aggregation. Organic Chem Curr Res

4:140. doi:10.4172/2161-0401.1000140

Page 10 of 10

References

1. Hoppe D, Carstens A, Kramer T (1990) Generation of a
Configurationally Stable Chiral Benzyllithium Derivative, and the
Capricious Stereochemistry of Its Electrophilic Substitution. Angew
Chem Int Ed Engl 29: 1424.

2. Carstens A, Hoppe D (1994) Generation of a configurationally stable,
enantioenriched a-oxy-a-methylbenzyllithium: Stereodivergence of
its electrophilic substitution. Tetrahedron 50: 6097-6108.

3. Derwing C, Frank H, Hoppe D (1999) Chiral Benzyllithium Compounds:
High Configurative Stability of (R)- and (S)-1-Lithioindan-1-yl N,N-
Diisopropylcarbamate and Unexpected Stereochemical Course of
the Substitution Reactions. Eur J Org Chem 3519: 3524.

4. Hammerschmidt F, Hanninger A (1995) Chiral Carbanions, 1.
Configurational Stability and Reactions of a-Acyloxy-Substituted
a-Methylbenzyllithium Compounds. Chem Ber 128: 1069-1077.

5. Kapeller DC, Hammerschmidt F (2009) Enantiopure chiral
(2,4,6-triisopropylbenzoyl)oxy-[D1]methyllithium: configurational
stability, reactions, and mechanistic studies. J Org Chem 74: 2380-
2388.

6. Stymiest JL, Bagutski V, French RM, Aggarwal VK (2008)
Enantiodivergent conversion of chiral secondary alcohols into tertiary
alcohols. Nature 456: 778-782.

7. French R (2010) PhD Thesis, Bristol University.

8. Larouche-Gauthier R, Fletcher CJ, Couto I, Aggarwal VK (2011) Use
of alkyl 2,4,6-triisopropylbenzoates in the asymmetric homologation
of challenging boronic esters. Chem Commun (Camb) 47: 12592-
12594.

9. Pratt LM, Truhlar DG, Cramer CJ, Kass SR, Thompson JD, et al.
(2007) Aggregation of alkyllithiums in tetrahydrofuran. J Org Chem
72: 2962-2966.

10.Pratt LM, Merry S, Nguyen SC, Quan P, Thanh BT (2006) A
computational study of halomethyllithium carbenoid mixed
aggregates with lithium halides and lithium methoxide. Tetrahedron
62: 10821-28.

11.Low E, Gawley R (2000) Solution Structure of Unstabilized Cyclic
a-Aminoorganolithiums by 13C, 15N, and 6Li NMR Spectroscopy. E
J Am Chem Soc 122: 9562-63.

12.Dixon DD, Tius MA, Pratt LM (2009) Gas phase and solution
structures of 1-methoxyallenyllithium. J Org Chem 74: 5881-5886.

13.Ramachandran B, Pratt LM (2012) “Computational perspectives on
organolithiumcarbenoids,” in Practical Aspects of Computational
Chemistry II: An Overview of the Last Two Decades and Current
Trends In: Leszczynski J, Shukla MK, de Rode, Springer H,
Dordrecht: 471-472.

14.Degennaro L, Mansueto R, Carenza E, Rizzi R, Florio S, et al. (2011)
Nitrogen dynamics and reactivity of chiral aziridines: generation of
configurationally stable aziridinyllithium compounds. Chemistry 17:
4992-50083.

15.Ramachandran B, Kharidehal P, Pratt LM, Voit S, Okeke FN, et al.
(2010) Computational strategies for reactions of aggregated and
solvated organolithium carbenoids. J Phys Chem A 114: 8423-8433.

16.Pratt L M, Nguyen NV, Kwon O (2009) Fritsch—Buttenberg—Wiechell
(FBW) Reaction of 1-Halovinyllithium Carbenoids: A Computational
Study. Chem Lett 38: 574-575.

17.Pratt LM, Tran PTT, Nguyen NV, Ramachandran B (2009)
Cyclopropanation Reactions of Halomethyllithium Carbenoids: A
Computational Study of the Effects of Aggregation and Solvation. Bull
Chem Soc Japan 82: 1107-1125.

18.Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA et al.
(2009) Revision A.1 Gaussian Inc Wallingford.

19.Zhao Y, Truhlar DG (2008) The MO06 suite of density functionals for
main group thermochemistry, thermochemical kinetics, noncovalent
interactions, excited states, and transition elements: two new
functionals and systematic testing of four M06-class functionals and
12 other functionals. Theor Chem Acc 120: 215-241.

20.Thompson JD, Cramer CJ, Truhlar DG (2003) Predicting aqueous
solubilities from aqueous free energies of solvation and experimental
or calculated vapor pressures of pure substances. J Chem Phys 119:
1661.

21.Pratt LM, Nguyen NV, Ramachandran B (2005) Computational
Strategies for Evaluating Barrier Heights for Gas-Phase Reactions of
Lithium Enolates. J Org Chem 70: 4279-4283.

22.Govender UP, Letcher TM, Garg SK, Ahluwalia JC (1996) Effect of
Temperature and Pressure on the Volumetric Properties of Branched
and Cyclic Ethers. J Chem Eng Data 41: 147-150.

23.Pratt LM, Streitwieser A (2003) A computational study of lithium
enolate mixed aggregates. J Org Chem 68: 2830-2838.

24 Pratt LM, Mogali S, Glinton K (2003) Solvent effects on the
aggregation state of lithium dialkylaminoborohydrides. J Org Chem
68: 6484-6488.

25.Pratt LM, Mu R (2004) Structure, bonding, and solvation of
dilithiodiamines. J Org Chem 69: 7519-7524.

26.Pratt LM (2005) A Computational Study of Lithium Dialkylamide
Mixed Aggregates with Lithium Chloride. Bull Chem Soc Japan 78:
890-898.

27.Pratt LM, Nguyén NV, Lé LT (2005) Structure, bonding, and solvation
of lithium vinylcarbenoids. J Org Chem 70: 2294-2298.

28.Pratt LM, Van Nguyén N (2006) Novel diborane-analogue transition
structures for borane reactions with alkyl halides. J Phys Chem A
110: 687-690.

Organic Chem Curr Res
ISSN:2161-0401 OCCR an open access journal

Volume 4 -+ Issue 2 + 1000140


http://onlinelibrary.wiley.com/doi/10.1002/anie.199014241/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.199014241/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.199014241/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.199014241/abstract
http://www.sciencedirect.com/science/article/pii/S0040402001904612
http://www.sciencedirect.com/science/article/pii/S0040402001904612
http://www.sciencedirect.com/science/article/pii/S0040402001904612
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0690(199912)1999:12%3C3519::AID-EJOC3519%3E3.0.CO;2-N/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0690(199912)1999:12%3C3519::AID-EJOC3519%3E3.0.CO;2-N/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0690(199912)1999:12%3C3519::AID-EJOC3519%3E3.0.CO;2-N/pdf
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0690(199912)1999:12%3C3519::AID-EJOC3519%3E3.0.CO;2-N/pdf
http://onlinelibrary.wiley.com/doi/10.1002/cber.19951281103/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cber.19951281103/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cber.19951281103/abstract
http://www.ncbi.nlm.nih.gov/pubmed/19231872
http://www.ncbi.nlm.nih.gov/pubmed/19231872
http://www.ncbi.nlm.nih.gov/pubmed/19231872
http://www.ncbi.nlm.nih.gov/pubmed/19231872
http://www.ncbi.nlm.nih.gov/pubmed/19079057
http://www.ncbi.nlm.nih.gov/pubmed/19079057
http://www.ncbi.nlm.nih.gov/pubmed/19079057
http://www.ncbi.nlm.nih.gov/pubmed/21892499
http://www.ncbi.nlm.nih.gov/pubmed/21892499
http://www.ncbi.nlm.nih.gov/pubmed/21892499
http://www.ncbi.nlm.nih.gov/pubmed/21892499
http://www.ncbi.nlm.nih.gov/pubmed/17358078
http://www.ncbi.nlm.nih.gov/pubmed/17358078
http://www.ncbi.nlm.nih.gov/pubmed/17358078
http://www.researchgate.net/publication/229119907_A_computational_study_of_halomethyllithium_carbenoid_mixed_aggregates_with_lithium_halides_and_lithium_methoxide
http://www.researchgate.net/publication/229119907_A_computational_study_of_halomethyllithium_carbenoid_mixed_aggregates_with_lithium_halides_and_lithium_methoxide
http://www.researchgate.net/publication/229119907_A_computational_study_of_halomethyllithium_carbenoid_mixed_aggregates_with_lithium_halides_and_lithium_methoxide
http://www.researchgate.net/publication/229119907_A_computational_study_of_halomethyllithium_carbenoid_mixed_aggregates_with_lithium_halides_and_lithium_methoxide
http://pubs.acs.org/doi/abs/10.1021/ja002308w
http://pubs.acs.org/doi/abs/10.1021/ja002308w
http://pubs.acs.org/doi/abs/10.1021/ja002308w
http://www.ncbi.nlm.nih.gov/pubmed/20560562
http://www.ncbi.nlm.nih.gov/pubmed/20560562
http://link.springer.com/chapter/10.1007%2F978-94-007-0923-2_13#page-1
http://link.springer.com/chapter/10.1007%2F978-94-007-0923-2_13#page-1
http://link.springer.com/chapter/10.1007%2F978-94-007-0923-2_13#page-1
http://link.springer.com/chapter/10.1007%2F978-94-007-0923-2_13#page-1
http://link.springer.com/chapter/10.1007%2F978-94-007-0923-2_13#page-1
http://www.ncbi.nlm.nih.gov/pubmed/21465584
http://www.ncbi.nlm.nih.gov/pubmed/21465584
http://www.ncbi.nlm.nih.gov/pubmed/21465584
http://www.ncbi.nlm.nih.gov/pubmed/21465584
http://www.ncbi.nlm.nih.gov/pubmed/20666488
http://www.ncbi.nlm.nih.gov/pubmed/20666488
http://www.ncbi.nlm.nih.gov/pubmed/20666488
http://www.journal.csj.jp/cl-article/cl-38-6-574
http://www.journal.csj.jp/cl-article/cl-38-6-574
http://www.journal.csj.jp/cl-article/cl-38-6-574
https://www.jstage.jst.go.jp/article/bcsj/82/9/82_08227/_article
https://www.jstage.jst.go.jp/article/bcsj/82/9/82_08227/_article
https://www.jstage.jst.go.jp/article/bcsj/82/9/82_08227/_article
https://www.jstage.jst.go.jp/article/bcsj/82/9/82_08227/_article
http://www.gaussian.com/g_tech/g_ur/m_citation.htm
http://www.gaussian.com/g_tech/g_ur/m_citation.htm
http://link.springer.com/article/10.1007%2Fs00214-007-0310-x
http://link.springer.com/article/10.1007%2Fs00214-007-0310-x
http://link.springer.com/article/10.1007%2Fs00214-007-0310-x
http://link.springer.com/article/10.1007%2Fs00214-007-0310-x
http://link.springer.com/article/10.1007%2Fs00214-007-0310-x
http://scitation.aip.org/content/aip/journal/jcp/119/3/10.1063/1.1579474
http://scitation.aip.org/content/aip/journal/jcp/119/3/10.1063/1.1579474
http://scitation.aip.org/content/aip/journal/jcp/119/3/10.1063/1.1579474
http://scitation.aip.org/content/aip/journal/jcp/119/3/10.1063/1.1579474
http://pubs.acs.org/doi/abs/10.1021/jo0503409
http://pubs.acs.org/doi/abs/10.1021/jo0503409
http://pubs.acs.org/doi/abs/10.1021/jo0503409
http://pubs.acs.org/doi/abs/10.1021/je9501494
http://pubs.acs.org/doi/abs/10.1021/je9501494
http://pubs.acs.org/doi/abs/10.1021/je9501494
http://www.ncbi.nlm.nih.gov/pubmed/12662059
http://www.ncbi.nlm.nih.gov/pubmed/12662059
http://www.ncbi.nlm.nih.gov/pubmed/12919007
http://www.ncbi.nlm.nih.gov/pubmed/12919007
http://www.ncbi.nlm.nih.gov/pubmed/12919007
http://www.ncbi.nlm.nih.gov/pubmed/15497977
http://www.ncbi.nlm.nih.gov/pubmed/15497977
https://www.jstage.jst.go.jp/article/bcsj/78/5/78_5_890/_article
https://www.jstage.jst.go.jp/article/bcsj/78/5/78_5_890/_article
https://www.jstage.jst.go.jp/article/bcsj/78/5/78_5_890/_article
http://www.ncbi.nlm.nih.gov/pubmed/15760217
http://www.ncbi.nlm.nih.gov/pubmed/15760217
http://www.ncbi.nlm.nih.gov/pubmed/16405341
http://www.ncbi.nlm.nih.gov/pubmed/16405341
http://www.ncbi.nlm.nih.gov/pubmed/16405341

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Computational Methods 
	Results and Discussion 
	Conclusions
	Acknowledgements
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4
	References



