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ABSTRACT

Ry = aryl, alkyl

Carbonyldiimidazole (CDI) was found to mediate the Lossen rearrangement of various hydroxamic acids to isocyanates. This process is
experimentally simple and mild, with imidazole and CO, being the sole stoichiometric byproduct. Significant for large-scale application, the
method avoids the use of hazardous reagents and thus represents a green alternative to standard processing conditions for the Curtius and

Hofmann rearrangements.

The oxidative degradation of carboxylic functions is now
viewed as a standard chemical transformation. Both the
Hofmann? and Curtius® rearrangements have been devel oped
to a point where reaction understanding and process engi-
neering have enabled their utilization on a kilogram scale.*
Examples of large-scale applications of the Hofmann rear-
rangement feature controlled addition of the oxidant along
with flow processes.” Moreover, procedures involving reverse
addition of sensitive reagents and flow engineering have
rendered the Curtius reaction accessible to the process groups
of the pharmaceutical industry.® However, these methods are
inherently limited by the safety hazards associated with the
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handling of azides and transient high-energy intermediates
aong with impractical dilution requirements.” The develop-
ment of an aternative method avoiding such limitations is
thus still of interest.

The Lossen rearrangement, which describes the transfor-
mation of an activated hydroxamic acid into the correspond-
ing isocyanate, has received comparatively little attention
since its original publication.® Although many studies have
focused on the development of activation methods to promote
the L ossen rearrangement,® the inherent problems associated
with competitive dimerization have been partially addressed
by creative solutions.’® Nonetheless, the complexity of
existing procedures and the presence of many stoichiometric
byproduct have limited the application of the Lossen rear-
rangement on a kilogram scale.'*
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We came across a report by Sauer and Mayer where the
thermolysis of 3-phenyl-1,4,2-dioxazol-5-one 1 produced
sulfoximine 2 along with symmetrical urea 3 (Scheme 1).*

Scheme 1. Thermolysis of 3-Phenyl-1,4,2-dioxazol-5-one 1*2
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The latter was proposed to form through the addition of
aniline, from the partial decomposition of phenylisocyanate
with residual water, onto isocyanate 5. Inspired by their
results, we hoped to optimize the oxidative rearrangement
pathway via the screening of various additives.

Although dioxazolone 1 can be prepared by treatment of
benzohydroxamic acid 4a with phosgene,® we sought a less
hazardous phosgene equivalent. Initial experiments using
carbonyldiimidazole (CDI) in acetonitrile led to the formation
of dioxazolone 1 within 10 min at ambient temperature.
Surprisingly, partial conversion to N-phenyl-1H-imidazole-
1-carboxamide 6 by way of addition of imidazole to
phenylisocyanate 5 was also observed under these conditions
(Scheme 2).2* Complete conversion of dioxazolone 1 to urea

Scheme 2. CDI-Mediated Formation of 1 and Subsequent
Rearrangement
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6 could be achieved within 15 min by heating the reaction
mixture to 60 °C.
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The fact that rearrangement occurred under such mild
conditions sharply contrasted with the reported high temperature
required for the thermolysis (Scheme 1). Our screen of various
solvents revealed that conversion and purity was optimal in
acetonitrile™ and that 1 could be secured by performing the
CDI reaction in toluene at 0 °C. Moreover, control experiments
established that imidazole was essentia for the conversion of
dioxazolone 1 into phenylisocyanate 5.

As this CDI-mediated Lossen rearrangement compared
favorably with established conditions, we evaluated the
electronic requirements of the reaction. The conversion of
various para-substituted phenyl hydroxamic acids into the
corresponding Chz carbamates was thus investigated (Table
1). Accordingly, treatment of hydroxamic acid 4a with CDI

Table 1. Lossen Rearrangement of para-Substituted Phenyl
Hydroxamic Acids®

o i. CDI, MeCN H

yoH i. 609C
H jii. BhOH
X 4a-g

Ta-g
entry X cmpd  time of rearrangement  yield (%)°
1 H a 15 min 93
2 NDMe, b <5 min 99
3 OMe c <5 min 93
4 Me d 10 min 82
5 CI e 40 min 85
6 F f 40 min 81
7 NO, g 24 h 5¢

2 Conditions: hydroxamic acid (1.0 equiv), CDI (1.2 equiv), BnOH (3
equiv). P Isolated yield. ¢ Conversion by HPLC.

and heating the reaction mixture to 60 °C led to the smooth
formation of the desired isocyanate over the course of afew
minutes, with the Cbz-protected aniline 7a being isolated in
high yield after a simple aqueous workup.*® Whereas the
rearrangement of electron-rich arenes was complete upon
reaching 60 °C (entries 1—4), the conversion was signifi-
cantly affected by the presence of electron-withdrawing
substituents (entries 5—7). As expected, the rate of rear-
rangement proved to be proportional to the electron density
of the migrating group.*”8

Having confirmed the electronic nature of the rearrange-
ment, a broader study of the scope revealed the generality
of the method (Table 2). The capture of isocyanates with
morpholine typically provides ureas in quantitative yield.*
We thus opted for a consistent use of this nucleophile to
evaluate the efficiency of the oxidative rearrangement itself.
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Table 2. Rearrangement of Aryl and Hetero Aryl Hydroxamic Acids®

o i. CDI, MeCN H
ii. 60°C N A
)L _OH ii o i m/NR‘
AN iil. RyNH o
entry urea yield (%) .

H
N NEt
2 /@/ Y e 78%
o]
Me

H

N N o
3 <o Y \) 10 73%

o
cl ol

4 @HTN\) 11 81%

o

o

H
5 /@'NYN\) 12 95%
MeS o

H
N_o
r-&.’\EI o
7 14 68%
PSS SN
wK e

& Conditions: hydroxamic acid (1.0 equiv), CDI (1.2 equiv), R;NH (3
equiv).  Isolated yield.

Accordingly, a variety of ureas could be obtained in good
yields without a need for purification on silica gel. The
mildness of these conditions was highlighted by theisolation
of thioanisole urea 12 in 95% yield and aminothiophene 13
in 81%. Moreover, aminopyridone 14 was obtained in 68%
yield viathe CDI-promoted L ossen rearrangement. It isworth
mentioning that conversion of these substrates into the
corresponding isocyanates would have been a challenging
task under Hofmann-like conditions.

Further exploration of the scope showed that awide range
of aliphatic hydroxamic acids undergo the rearrangement in
high yield (Table 3). Aryl- and alkyl-substituted tertiary
hydroxamic acids were effectively converted to the corre-
sponding amines in high yields by treatment with CDI
(entries 1—3). As secondary substrates performed equally
well, enantio-enriched a-methylphenyl carboxamide 19 was
obtained with complete retention of stereochemistry through
our mild conditions.?® Finally, the rearrangement of unsub-
stituted alkyl hydroxamic acid cleanly provided primary
amines in high yields (entries 7 and 8).

Table 3. Rearrangement of Aliphatic Hydroxamic Acids®

o i. CDI, MeCN H r™a
ii. 80°C .
OH - NN
alkyl H iii. morpholine alkyl =
]
entry morpholine urea yield (%)"
=
[ H
1 AU Ng 15 72%
I\.-ha’r Me
2 @\N@ 16 94%
H
Me N
e il
3 i 9
Me>( 3 17 1%
Me
=
H
S Mg
4 <18 95%
=
.
| H 4%
5 k\/\./“; 19 >00:1 er”
Me
H
N. ¢

89%

& Conditions: hydroxamic acid (1.0 equiv), CDI (1.2 equiv), R;NH (3
equiv). ° Isolated yield. © Determined by chiral SFC analysis. See Supporting
Information for details.

Having established the generdlity of the CDI-mediated Lossen
rearrangement, we sought to gain mechanistic insights into the
reaction. Treatment of dioxazolone 1 with morpholine at
ambient temperature led to the smooth formation of O-
hydroxamic carbamate 23 in quantitative yield (Scheme 3).

Scheme 3. Isolation and Lossen Rearrangement of Carbamate 23
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When 23 was heated to 80 °C for 30 min, only traces of the
corresponding urea could be observed. However, complete
conversion was obtained when 0.5 equiv of morpholine was
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added to the reaction mixture. This result suggests that the
conversion of 1 into phenylisocyanate 5 proceeds through an
acyclic precursor with the assistance of a second amine in the
rate-limiting step, in agreement with mechanistic studies on the
Lossen rearrangement supporting aninitiall N—H deprotonation
of the activated hydroxamic acid followed by migration.*®*
A current limitation to the method is the availability of
hydroxamic acids. A more practical method would promote
the direct conversion of a carboxylic acid moiety into the
desired amine functionality. Preliminary results indicate the
feasibility of such a transformation using CDI as activating
agent twice (eg 1). Following a stepwise addition procedure,
isoquinoline-1-carboxylic acid 25 was converted into car-
boxamide 26 in 63% yield through a one-pot operation.

i. CDI, MeCN

N ii. NH,OH-HCI =
jii. CDI N
_N i = (\O
Twwe J “
iv. 60°C HN\n/N
e}

07 "OH v. morpholine

25 63% 26

Our studies support the generality and versatility of the
CDI-mediated Lossen rearrangement. The nature of the
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byproducts enables the direct oxidative rearrangement of
carboxylic acids, thus providing a rapid access to in situ
generated isocyanates. The simplicity and mildness of this
method should make it a versatile and useful transformation
with potential for large scale application. Preliminary data
supports a second order in amine and detailed kinetic studies
will be reported in due course.
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