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Abstract: A new, highly efficient and environmen-
tally benign catalytic variant of the Lossen rear-
rangement is described. Dimethyl carbonate
(DMC) as green activation reagent of hydroxamic
acids in presence of catalytic amounts of tertiary
amine bases {1,5,7-triazabicyclo[4.4.0]dec-5-ene
(TBD), 1,8-biazabicyclo 5.4.0 undec-7-ene (DBU),
1,4-diazabicyclo[2.2.2]octane (DABCO), and tri-
ethylamine} and small quantities of methanol ini-
tiate the rearrangement. Methyl carbamates were
obtained in good to moderate yields when aliphatic
hydroxamic acids were employed in this catalytic
Lossen rearrangement; under the same conditions
aromatic hydroxamic acids yielded anilines. Nota-
bly, the mixture of DMC/methanol was recycled
several times without observing decreased yields,
thus minimizing the produced waste. Moreover, sev-
eral other organic carbonates were successfully em-
ployed in the introduced catalytic Lossen rearrange-
ment procedure.

Keywords: anilines; carbamates; dimethyl carbon-
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Already in 1872, Wilhelm Lossen observed that ben-
zoylated benzhydroxamic acid derivatives rearrange
to anilines under basic conditions.!'! More detailed in-
vestigations showed that products having an activated
hydroxy group undergo a facile rearrangement to iso-
cyanates as intermediates, followed by degradation to
primary amines in the presence of water, whereas car-
bamates and urea derivatives will be formed under
non-aqueous conditions.”) With respect to various
promising modern procedures and interesting applica-
tions of the Lossen rearrangement, our motivation
was to find a catalytic and thus more sustainable and
environmentally benign procedure for the rearrange-
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ment of hydroxamic acids. We thus thought of di-
methyl carbonate (DMC) as a suitable in situ activa-
tion reagent for a catalytic Lossen rearrangement.
Particularly during the last years, DMC has received
attention as a non-toxic phosgene substituent as well
as a green solvent.”] Additionally, numerous proce-
dures for the synthesis of DMC avoiding phosgene
and its derivatives have been described.*! Moreover,
DMC is frequently used as reagent in several organic
chemistry procedures as well as in polymer chemistry
for the synthesis of polycarbonates.” To achieve an in
situ activation of hydroxamic acids with DMC, cata-
lytic amounts of tertiary amine bases should be suita-
ble for two main reasons: (i) methanolate, which is re-
leased from DMC in the progress of the reaction,
should regenerate the protonated amine bases, and
(ii) such amine bases would act as esterification cata-
lysts in the activation of the hydroxamic acids. A
Lossen rearrangement in such a catalytic manner was
never described, although the reaction has been
known for more than 140 years. Generally, the devel-
opment of catalytic procedures are of extraordinary
importance regarding sustainability, since they have
the potential to reduce the amount of produced waste
and can significantly increase not only the rate of the
reaction, but also its scope.

Recently, we introduced a strategy for the prepara-
tion of symmetric and asymmetric carbonates as well
as polycarbonates using 1,5,7-triazabicyclo[4.4.0]dec-
5-ene (TBD) catalyzed transesterifications with differ-
ent alcohols.!) Currently, TBD, a strong guanidine
base, is gaining more and more interest in organic
synthesis.”! Having these results in mind, we explored
if catalytic quantities of TBD or other amine bases
have the potential to activate hydroxamic acids with
DMC in situ to form highly reactive mixed anhy-
drides, which should be suitable intermediates for the
Lossen rearrangement. Initially, the catalytic Lossen
rearrangement was studied by employing different
fatty acid-derived hydroxamic acids. Herein, the hy-
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droxamic acid derived from 10-undecenoic acid 2a
was used as a model substance. Generally, there is
a high interest in a simple and environmentally
benign pathway to obtain amine derivatives of unde-
cenoic acid and other renewable building blocks as in-
termediates for renewable polyurethanes, -ureas and
-amides.

In a first try, 2a was reacted with DMC (20 equiv.)
and TBD (0.2 equiv.) under refluxing conditions for
one day; the rearrangement occurred, but the desired
methyl carbamate 3a was obtained in a low yield of
15%. The main product, with a yield exceeding 50%,
was 1,3-di(dec-9-enyl)urea 4a. Probably, the urea for-
mation is a result of too small amounts of methanol,
which acts as a nucleophile to form the carbamate.
Thus, we repeated the experiment in the presence of
additional methanol (5.0 equiv.) and, as expected, the
yield of the urea product decreased dramatically (<
10%) and methyl carbamate 3a was isolated in a yield
of 40%. However, due to the high amount of metha-
nol, TBD also catalyzed the formation of methyl 10-
undecenoate (yield 20%). After additional investiga-
tions and optimization of the reaction conditions, we
found that the best results can be obtained when
DMC and methanol were used in a 10:1 ratio with
0.2 equiv. of TBD. The Lossen rearrangement of 2a
with DMC (20 equiv.), methanol (2.0 equiv.) and
TBD (0.2 equiv.) gave methyl carbamate derivative 3a
as a colorless oil in an isolated yield of 65% after
heating to reflux for 20 h (Scheme 1, Table 1).

The side product 1,3-di(dec-9-enyl)urea 4a was ob-
tained in low yield (12%). In following experiments,
the hydroxamic acids of oleic acid 2b and erucic acid
2¢ were investigated in the rearrangement. Similar re-
sults were achieved with yields of 62% (3b, colorless
oil) and 65% (3¢, colorless wax) after purification by
column chromatography. In the case of 2¢, higher
amounts of DMC and methanol were applied due to
the low solubility of 2¢. The fatty acid-based dihy-
droxamic acid 2d was rearranged to dimethyl carba-
mate derivative 3d. A major drawback of aliphatic di-
hydroxamic acids is their poor solubility in common
organic solvents. Thus, high amounts of DMC and
methanol were used for the rearrangement of 2d.
Pure 3d was obtained as a colorless solid in a relatively
low yield of 34% (38% with 0.6 equiv. TBD). How-
ever, if DMSO is used as co-solvent and the amounts
of DMC and methanol are reduced to half, the yield
of 3d increases significantly to 66%.

Furthermore, the tertiary amine base-catalyzed
Lossen rearrangement with DMC with diverse ali-
phatic hydroxamic acids 2e-2g gave similar yields of
methyl carbamates 3e-3g (Scheme 1, Table 1). In the
case of 2g we observed that half of the product was
methylated at the phenolic hydroxy group. However,
this result was in agreement with the well-known
methylation reaction of DMC with phenols.’*>#!
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Scheme 1. Tertiary amine base-catalyzed Lossen rearrange-
ments of hydroxamic acids 2a-2g with dimethyl carbonate
to obtain methyl carbamates 3a-3g.

Table 1. Results of the catalytic Lossen rearrangement of
hydroxamic acids 2a-2g to yield 3a-3g.

Entry DMC MeOH TBD Product Yield
equiv.] [equiv.] [equiv.] [%]

1 20 2 0.2 3a 65

2 20 2 0.2 3b 62

3 40 4 0.4 3c 65

4 200 20 0.4 3d 34 (38!, 66!°))
5 20 2 0.2 3e 73

6 20 2 0.2 3f 65

7 20 2 0.4 3g ~76L!

(1 Conditions: 0.6 equiv. TBD were used.

1 Conditions: DMC (100 equiv.), methanol (10 equiv.),
TBD (0.6 equiv.) and DMSO (c=0.24 mol/L) as co-sol-
vent.

[l About half of the product was methylated at the phenol
group as determined via NMR. Due to same retention,
a separation of both products by column chromatography
was not possible.
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Table 2. Conversion C [%] and product formation P [%] for DMC
the catalytic Lossen rearrangement of 2a to 3a with different TBD
catalysts at different catalyst loadings.”! R 1k re'\fllfxo/ls-'h R | 0
X N,  —— X A
Catalyst [mol%] 4h 24h OH H OMe
C P C P 2h-20 © not isolable

TBD 20 100 76 100 81 H

10 99 6 100 79 - R@\ or @[ =0

5.0 63 13 85 18 N NH, o
DBU 20 100 59 100 78 5h-5n 50

10 95 29 98 49 applying salicyl

5.0 57 5 80 10 hydroxamic acid
DABCO 20 99 41 100 78

10 95 45 100 68

5.0 75 9 85 20 NHz NHz NHz NH
NEt, 20 90 4 100 58 ©/ O /©/ /Ej

10 69 2 94 32 MeQ cl Me

5h 5i 5 5k

[} Conditions: DMC (20 equiv.), methanol (2.0 equiv.),

reflux; "H NMR spectroscopy was applied to determine
the conversion of C and formation of product P via inte-
gral correlation (an experimental error of £5% due to
the use of reaction mixtures should be considered).

Having established the broad scope of this reaction,
we tried to minimize the amount of catalyst. In a test
series, different quantities (20, 10 and 5.0 mol%) of
TBD, DBU, DABCO, and triethylamine were em-
ployed to investigate the rearrangement of 2a to 3a
(Table 2). The conversions and product formation
were obtained by integral correlations of 'H NMR
spectra of the crude reaction mixtures after specified
time periods (1, 4, 24 and 48 h). We found that TBD,
DBU and DABCO showed similar activity at 20 and
10 mol% of catalyst loading, whereas 5 mol% and
less catalyst led to lower activity. Triethylamine in
amounts of 20 and 10 mol% showed significantly in-
creased reaction times in comparison to the above-
mentioned catalysts, but we believe it is important to
report these results, since triethylamine is cheap, easy
to remove, and the amount of product formed after
longer reaction times is satisfying. These experiments
thus clearly show that a variety of bases catalyze this
rearrangement and that catalyst loadings of 10%,
a typical value for organocatalysis, show good results.

To further broaden the scope of this new and cata-
lytic rearrangement procedure, we also investigated
aromatic hydroxamic acids. In a first reaction, N-hy-
droxybenzamide 2h was treated with DMC, methanol
and TBD under the same conditions as described
above for the aliphatic hydroxamic acids and after
only three hours TLC showed full conversion. How-
ever, instead of the expected methyl carbamate deriv-
ative 3h, we obtained aniline Sh in 81% yield
(Scheme 2, Table 3). Presumably, aromatic methyl car-
bamates are not stable under the applied basic reac-
tion conditions and degrade in the presence of TBD
and methanol and/or water to anilines.
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Scheme 2. Direct synthesis of aniline derivatives 5h-5n and
cyclic carbamate derivative 50 by base-catalyzed Lossen re-
arrangements of aromatic hydroxamic acids 2h-2o.

Table 3. Yields of aniline derivatives Sh-5n.

Entry DMC MeOH TBD Product Yield
[equiv.] [equiv.] [equiv.] [%]
1 20 2 0.2 5h 81
2 20 2 0.2 5i 65
3 20 2 0.2 5§ 83
4 20 2 0.2 5k 78
5 20 - 0.051! 51 72
6 20 2 0.2 Sm 73
7 20 2 0.2 5n 81
8 20 2 0.4 50 77

51 Conditions: reaction time was 20 h.
b Conditions: reaction time was seven hours.

Further investigations showed that also DBU,
DABCO and triethylamine reacted in the same way
and isolation of the methyl carbamates was not possi-
ble. Afterwards, we tested if electron-donor and elec-
tron-acceptor substituents at the aromatic core would
have an influence on the reaction. Also here, the hy-
droxamic acid of para-methoxybenzoic acid 2i was
fully converted to p-anisidine 5i in an isolated yield of
65% without detection of the corresponding methyl
carbamate derivative. Moreover, para-chloro- and
para-methylbenzhydroxamic acids 2j and 2k were di-
rectly converted to the corresponding aniline deriva-
tives 5j and Sk in high yields. In the case of the rear-
rangement of para-nitrobenzhydroxamic acid 21, ap-
plying the standard conditions with DMC (20 equiv.),
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methanol (2.0 equiv.) and TBD (0.2 equiv.), the main
product was not para-nitroaniline Sl. In this case we
observed that the TBD-catalyzed esterification with
methanol was faster than the rearrangement and thus,
methyl p-nitrobenzoate was isolated in a yield of
about 60%. Although the same experiment without
methanol and smaller amount of TBD (0.05 equiv.)
required longer reaction times, the product 51 was ob-
tained in a good yield of 72% after heating to reflux
for 20 h. In a further experiment with ortho-bromo-
benzhydroxamic acid 2m rearranged with the stan-
dard procedure and ortho-bromoaniline Sm was ob-
tained in a yield of 73%. Also the trisubstituted 3,4,5-
trimethoxybenzhydroxamic acid 2n rearranged com-
pletely after three hours and 3,4,5-trimethoxyaniline
5n was isolated in a yield of 81%. An indication that
methyl carbamtes are intermediates in the rearrange-
ment of aromatic hydroxamic acids is the result of the
rearrangement of salicylhydroxamic acid 2e. Instead
of the expected 2-aminophenol, the cyclic carbamate
derivative 50 was obtained in a yield of 77%. One
would expect that phenols will be methylated under
these conditions. Obtaining So thus indicates that the
Lossen rearrangement is faster than the methylation;
the intermediately obtained methyl carbamte is not
hydrolyzed, but the formation of the five-membered
carbamate 5o is favored.

Moreover, a catalyst screening in the rearrange-
ment of N-hydroxybenzamide 2h to aniline Sh was
performed and similar results as in the case of aliphat-
ic hydroxamic acid 2a were observed with the excep-
tion that the rearrangement was generally considera-
bly faster. It is important to mention that longer reac-
tion times (>7h) led to the formation of mono- and
dimethylated anilines, as a well-known methylation
reaction of DMC in the presence of TBD, DBU and
DABCO.P**%8] Even in the case of triethylamine,
after two days reaction time, a low yield of methylat-
ed aniline was detected via "H NMR.

Since one of our goals is the synthesis of renewable
amine derivatives, some of the obtained aliphatic
methyl carbamates were hydrolyzed to primary
amines. In contrast to aromatic methyl carbamates,
which were hydrolyzed immediately under the influ-
ence of the tested tertiary amine bases in the reaction
mixture, aliphatic methyl carbamates are rather
stable. Nonetheless, there are many procedures de-
scribing the cleavage of methyl carbamates, but usual-
ly toxic and expensive reagents are required.” For
a sustainable synthesis of fatty amines, we tried to
cleave the carbamates by applying aqueous alkali sol-
utions, for example, 2M LiOH and 4M KOH, mixed
with organic solvents such as methanol or THF under
refluxing conditions. Long reaction times (>4 days)
were required under these conditions. To reduce the
time of hydrolysis, we successfully applied a micro-
wave heating procedure described by Lehmann and
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Scheme 3. Microwave assisted hydrolysis of methyl carba-
mates 3a and 3b under basic conditions to obtain primary
amine hydrochlorides 5a and 5Sb.

Scobie (Scheme 3).°Y Thus, fatty acid methyl carba-
mates 3a and 3b were dissolved in a mixture of THEF,
methanol and 2M LiOH (1:1:1) and heated in the mi-
crowave synthesizer to 130°C for only 15 min. Com-
plete hydrolysis was detected via TLC and after aque-
ous work-up, the amines 5a and Sb were obtained as
hydrochlorides in quantitative yield for Sa and 87%
for 5b. Subsequently, we found that the microwave-
supported hydrolysis with the same ratio of THEF,
methanol and 2M LiOH can also applied successfully
in a high pressure reactor at 10 bar and a temperature
of 150°C.

Finally, in order to broaden the scope of the intro-
duced rearrangement procedure, several other organic
carbonates were employed in this catalytic Lossen re-
arrangement providing access to diverse carbamates.
It is worth mentioning here that dialkyl carbonates
can be easily prepared from DMC by the reaction of
alcohols in the presence of TBD.!! The reaction of hy-
droxamic acid 2a with diethyl carbonate 6a, ethanol
7a and TBD in same ratios and identical conditions as
described for DMC, afforded the corresponding ethyl
carbamate derivative 8a in a good yield of 77%
(Scheme 4, Table 4). Also diallyl and dibenzyl carbo-
nates 6b and 6¢ reacted with 2a to furnish the corre-
sponding allyl and benzyl carbamates 8b and 8c in
yields of 68 and 74%, respectively. These results dem-
onstrate that this approach can be a very useful tool

(o}

N

RO~ "OR
6a—6e (20 equiv.)
R-OH 7a-7e (2.0 equiv.)
TBD (0.2 equiv.) 0

N 110 °C/20 h
MN\OH - /\@/\NJ\OR
7 0 7 H
2a 8a-8f

Scheme 4. Catalytic Lossen rearrangement of hydroxamic
acid 2a with carbonates 6a—6e.
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Table 4. Yields of carbamates 8a—8f.

(0] O

P OH JL 0__0
= N~ O T N~ O ~"0H
/\65:\ N /\65:\ N \[O]/

8e 8f
Entry R Product Yield [%]
1 Et 8a 77
2 All 8b 68
3 Bn 8c 74
4 Ph 8d 62
5 —CH,CH,— 8e 21
8f 33

to synthesize urethane-protected amines from carbox-
ylic acids, representing a simple and environmentally
benign alternative to commonly used strategies; the
obtained allyl carbamates (Alloc) and benzyl carba-
mates (Cbz or Z) are frequently used as protecting
groups for amine functionalities in peptide or related
chemistry.”! Furthermore, the application of diphenyl
carbonate 6d, as an example of a diaryl carbonate de-
rivative, in the presence of phenol 7d gave the corre-
sponding phenyl carbamate 8d in 62% yield. Interest-
ingly, the rearrangement of 2a with ethylene carbon-
ate 6e in the presence of ethylene glycol 7e afforded
two major products. The expected product 8e was ob-
tained only in a low yield of 21% and the main prod-
uct with an isolated yield of 33% was identified to be
carbonate 8f formed by additional transesterification
of 8e with excess of ethylene carbonate. Although
a more detailed study would be required in this case,
generally, longer reaction times should increase the
yield of 8f, whereas 8e should be the major product
when applying shorter reaction times.

In conclusion, a novel procedure of the Lossen re-
arrangement is described utilizing dialkyl or diaryl
carbonates as in situ activating reagents for hydroxa-
mic acids. The reaction is catalyzed by tertiary amine
bases. The best results were obtained by refluxing hy-
droxamic acids in a dialkyl carbonate/corresponding
alcohol mixture (ratio 10:1) with 0.2 or 0.1 equivalents
of the mentioned tertiary amine bases for approxi-
mately 20h to obtain alkyl carbamates in isolated
yields between 52 and 77%, which are comparable to
conventionally performed Lossen rearrangements. As
shown for some aliphatic derivatives, these yields can
further be improved by optimizing the reaction condi-
tions for the different derivatives. By applying aro-
matic hydroxamic acids, the rearrangement was faster
and the methyl carbamates were directly hydrolyzed
to anilines. The isolated yields of anilines were in
a range of 65 to 83%. The results illustrate that this
new catalytic procedure is applicable to various ali-
phatic and aromatic hydroxamic acids. The reaction
proceeded under quite mild conditions and thus,
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many functional groups shown in the rearrangement
of aromatic hydroxamic acids are tolerated. More-
over, the experience that every dialkyl or diaryl car-
bonate can be used to give the corresponding alkyl or
aryl carbamate makes this process very versatile.
Compared to a conventional Lossen rearrangement
procedure, which requires stoichiometric amounts of
base, an activating reagent (i.e., acetyl chloride or
acetic anhydride), and an additional purification step,
our new catalytic variant is certainly easier applicable
and fully along the lines of green chemistry. Very im-
portantly, it was also possible to recycle the reagent
(solvent) mixture of DMC/methanol several times by
simple distillation without observing decreased yields.
The rearrangement of 2a showed the formation of
methyl carbamate 3a in nearly identical yields after
three recycling cycles. All in all, the introduced
Lossen rearrangement procedure is clearly demon-
strated to be a synthetically very useful tool being en-
vironmentally friendly, catalytic, and a mild method
providing access to various structurally diverse carba-
mates and amines.

Experimental Section

Representative Procedure for Tertiary Amine Base-
Catalyzed Lossen Rearrangements with Dialkyl(aryl)
Carbonates

The hydroxamic acid derivatives 2a—2n (100 mmol) were dis-
solved in dialkyl or diaryl carbonate (2.00 mol, 20 equiv.)
and the corresponding alcohol (phenol) (200 mmol,
2.0 equiv.). The mixtures were heated to reflux and TBD
(2.79 g, 20.0 mmol, 0.2 equiv.; or DBU, DABCO, triethyla-
mine as alternative bases) was added. After TLC and GC-
MS revealed full conversions (usually after 20 h for aliphatic
hydroxamic acids and 3-5 h for aromatic hydroxamic acids)
the reaction mixtures were evaporated to dryness. The
crude products were purified by column chromatography to
obtain the pure methyl carbamate derivatives 3a-3g (from
aliphatic hydroxamic acids 2a-2g), aniline derivatives 5h-5n
(from aromatic hydroxamic acids 2h-2n) and miscellaneous
carbamates 8a-8f.
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