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ARTICLE INFO ABSTRACT

Article history We have developed an efficient ~pot method for the microwa-assisted synthe:
Received of ureas and carbamate® a proposed Lossen rearrangement. Herein we rept
Received in revised form first examples of the direct conversion of benzoylorides intoN,N’-disubstitute
Accepted ureas andN-aryl carbamates using hydroxylami@esulfonic acid as reagent. Us
Available online our general method, we have produced 11 examplRg\bfdisubstituted phenyrea:
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moderate yields using primary, secondary and tgréikcohols.
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Lossen Rearrangement

1. Introduction Several methods currently exist for the synthedisureas,
however, these protocols possess limitations as rilgyon the
use of potentially explosive reagents or requirdtipie synthetic
steps and have primarily been synthesiaéd the in situ
generation of acyl azidé$, folowed by a Curtius
rearrangemerf,”* Figure 1 A. Unfortunately, due to the use of
highly toxic, and potentially explosive azidatioagents, these
reactions pose a safety hazard and are difficupedorm on
large scale, however some useful flow chemistry exesnp
exist? The use of transition metal catalyzed reactionstiie
synthesis of ureas has also been explored (Pd/CoXREO)?
however, these reactions also require the use oénpally
explosive aliphatic and aromatic azides. A Lossen
rearrangemefit**® is a general method for the generation of
ureas and involves the conversion of hydroxamicdsadnto an
isocyanate, followed by reaction with an amine, Fégdr B.
Unfortunately, these reactions require several sfithand

Ureas (R-NHCONH-R’) are a general class of heteroatomic
compounds that have been shown to possess biolagitiaity
and serve as templates for numerous medicinal ctemi
programs. Historically, barbital (diethylmalonyl urea) was
discovered in the early 1900’s and was first usethasriginal
commercially available barbiturate (sleep aid/hym)d In the
following century, urea functional groups have pthga integral
part in serving as a backbone motif for many driscaery
efforts. In fact, entire classes of therapeutic négeexist that
possess ureas as a key functionality of the drgrpacophoré.
For instance, sulfonylureas are used to treat thabieand
nitrosoureas serve as DNA alkylating agents for thattnent of
cancer.® Several other urea-containing therapeutics algst,ex
such as the acylampicillifs(antibiotics), zileutotf (asthma),
boceprevitt (HCV protease inhibitor) and sorafetib
regorafenib’ (urea kinase_ir_lhibitoié, just to name afe\i\?.'_lg_As purification steps (generation of hydroxamic acidon
a result, ureas are a privileged motif in the fieldmedicinal  commercially available carboxylic acids), and teachave long
chemistry and new methods for the synthesis of thesgyaction timed®?” Similarly, using small modifications of the

biologically important functional groups are re@arto give  ghoye reactions and substituting an alcohol foraimine, many
efficient access to new drug candidates for medighamistry ¢ inese methods have also been used to generategans

programs. New methods for the synthesis of strudyusahilar  ~5rhamates. As part of a general research prograicated to
carbamates (R-OCONH-R’) are equally important to @evi he development of new synthetic methods, we setoodevelop
diversity, and biosimilar functional groups to wsgan drug 5 method for the synthesis of ureas and carbartizesvas safer
discovery programs. (azide-free) and greener (fewer synthetic steps raethl-free

conditions) than existing methods. We envisionadierowave-

OCorresponding author. Tel.: +1-204-474-8358; fdk204-789-3744; e-mail: geoffrey.tranmer@umanitcha.



assisted method that utilized hydroxylamiDesulfonic acid
(HSA) as the key reagent that would enable the coioreisf
commercially available active acids into ureas ¢arbamates),
following addition of the corresponding amine (orcdadiol,
respectively), Figure 1 C. Previously, the McCubgmoup had
reported the use of HSA for the conversions of phmrgnic
acids into the corresponding anilifésAs part of a collaboration,
our group extended this work to include a method tfoe
sonication and microwave-assisted primary aminatioh
potassium aryltrifluoroborates and arylboronic aéld We
proposed that the use of HSA, following condensatidth an
acyl chloride, would generate aB-sulfonylhydroxamic acid
intermediate that would undergo a Lossen rearrangeraed
form a reactive isocyanatén situ. Quenching this reactive
intermediate with an amine/alcohol would result in

Tetrahedron

by column chromatography, Table 1, erd)yvia incubating the
reaction using microwave (MW) irradiation for 15 mias at 100
°C. Following closer inspection, the result of thastfistep of this
reaction leads to the formation of a reactive iso@fe generated
in situ (Lossen rearrangement), and this result shouldadhat
surprising. The subsequent reaction of the isodgansith
aqueous NaOH would simultaneously generate andliire situ,
following the loss of CQ The newly generated aniline would
then be free to react with an equivalent of the yiaoate and
generate the desired symmetrical product. RemotfiegNaOH
from these reaction conditions resulted in no pobdoeing
generated, Table 1, entoy however, adding 1.0 eq. of aniline to
the newly formed isocyanate gave the product in 1@étd
(Table 1, entryc, no water or NaOH). Recombining aqueous
NaOH with an equivalent of aniline and HSA/DIPEA/benzoyl

unsymmetricalN,N’-disubstituted ureas or carbamates as a onechloride in acetonitrile, Table 1, entdy resulted in a moderate

pot process. Overall, this proposed method woulddatle use
of toxic and potentially explosive reagents, whilsoaallowing
for the development of a rapid and efficient onéqp@cessvia
microwave-assisted organic synthesis (MA&Sj.To the best of
our knowledge, a method has not appeared in thatlitee that
outlines the directly conversion of benzoyl chlesdintoN,N’-
disubstituted ureas or carbamates using a hydroigaO-
sulfonic acid reagent, Figure 1 C, and the cormedpy
amine/alcohol. Typically, these types of conversioely on the
use of azidation reagefitd* or the generation of an activated
leaving group using alternate reagents, such [ds
acylbenzotriazole¥, ethyl 2-cyano-2-(4-nitrophenyl
sulfonyloxyimino)acetat&, 1-propane phosphonic acid cyclic
anhydridé” or Heck reaction conditiofis Herein we are the first
to report on the development of a general method the

yield of 43%. Under these conditions, both a deeeasd
increase in the amount of DIPEA resulted in pooreldg, Table
1, entrye andf, respectively. Interestingly, removing aqueous
NaOH from these last reaction conditions resulted doabling
of the isolated yield, 50% versus 25% (engrys. f) while an
additional increase of the amount of DIPEA to 6.0 did. not
result in an appreciable increase in yield. In tiext stage of
surveying reaction conditions, various equivaleafsbenzoyl
chloride and HSA were explored (entriesnd j), along with
various solvents, such as DCM and THF, concentratiand
various temperatures and MW irradiation times, (slodwn in
totality in Table 1). Finally, the best reactionnditions were
found to be, for the highest overall general yield25 eq.
benzoyl chloridel, 1.0 eq., of aniline2, 1.5 eq. of HSA, in
anhydrous DCM, at 106C for 5 minutes under microwave

synthesis ofN,N’-disubstituted phenylureas and carbamates usingradiation, entryk. These reaction conditions were used in all

hydroxylamine©-sulfonic acid from benzoyl chloridel) and
various amines/alcohols, under microwave conditions.

0]

©)%.

0O

~

o]

G,
M

Fig 1. General methods for the synthesis of ureas and carbamates
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This Work

Our initial efforts into the development of a gemerethod
for this type of transformation centered on the ofSEISA in the
presence of benzoyl chloride and an amine. Reptasen
examples of a survey of different reaction condsidor the
development of an optimized method can be foundahle 1.
We started by using the standard conditions deeelggeviously
for the primary amination of phenylboronic acfdsyithout the
addition of any anilin. Interestingly, we were able to generate
the desired product in 26% isolated yield (followimgrification

subsequent reactions as a general method for ththesis of
N,N’-disubstituted phenylureas aNearyl carbamates.

The overall yields for the synthesis of differem¢asvia the
condensation of HSA with benzoyl chloride under micresva
conditions, followed by the reaction of the resulteocyanate
with various amines can be found in Table 2. Applyihg
general optimized reaction conditions to the sysitheof 1,3-
diphenylurea using aniline as amine resulted iM% 9solated
yield following traditional column chromatographw. & practical
sense, the reaction was performed by adding 1.%fegSA (a
solid) to an oven dried microwave vial, followed hyhgdrous
DCM under argon with a rubber stopper. 4.0 eq. of BDIRES
added dropwise to the vial, and the HSA was stirredl unt
dissolved (2-3 minutes). The benzoyl chloride wanthdded to
the reactiorvia syringe and stirred for 2-3 minutes allowing for
the formation of theO-sulfonyl hydroxamic acid. In the next
stage of the one-pot sequence, 1.0 eq. of anilirseadded to the
vial via syringe, and the microwave vessel capped, andaieat
in the microwave to 108C for 5 minutes. Following the reaction,
the crude reaction was placed in a larger roundboftask and
pre-absorbed onto silica gel followed by immediateification
of the desired product by column chromatographplda, entry
a. For this particular reaction, the purified prodappeared to
contain an unidentified impurity and the purifiedoguct was
triturated using cold chloroform and filtered thghua PYREX
36060 fritted glass Buchner funnel (4-5.5 um, fine)
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Scheme 1. Optimization reaction conditions for the synthesis of ureas

Table 1. Optimization reactions for the synthesis of 1,3-dipylurea 8) using benzoyl chloridédj, aniline@) and HSA (Scheme 1)

Entry 1a, 1b, HSA (eq.) Solvent Base (eq.) Base MW (min.) Yield %
a 1.0,0,1.0 MeCN/ED DIPEA (2.0) NaOH 15 26
b 1.0,0,1.0 MeCN/ED DIPEA (2.0) - 15 -

c 1.0,1.0,1.0 MeCN DIPEA (2.0) - 15 16
d 1.0,1.0,1.0 MeCN/kD DIPEA (2.0) NaOH 15 43
e 1.0,1.0,1.0 MeCN/kO DIPEA (1.0) NaOH 15 7
f 1.0,1.0,1.0 MeCN/kO DIPEA (4.0) NaOH 15 25
g 1.0,1.0,1.0 MeCN DIPEA (4.0) - 15 50
h 1.0,1.0,1.0 MeCN DIPEA (6.0) - 15 53
i 1.2,1.0,1.0 MeCN DIPEA (4.0) - 5 54
i 1.2,1.0,1.2 MeCN DIPEA (4.0) - 5 46
k 1.25,1.0,15 DCM DIPEA (4.0) - 5 94(80)

3solated yield following column chromatography (¢t3olated yield following trituration of cc purifigaroduct.

Q H H
NH,-OSO3H (1.5 eq.)
Cl H2N~R _— NWN\R
+ Anh. DCM, DIPEA (4.0 eq.) 0
(Entry a-k) 100 °C, 5 min.
(1,1.25eq.) (1.0eq.) Microwave irradiation

Scheme 2. General reaction conditions for the synthesis of N, N-disubstituted ureas

Table 2. Synthesis oN,N’-disubstituted phenylureas using benzoyl chlorijeagid HSA (Scheme 2)

Entry Amine Product Name&Cpmpound #) Product Structure Yield %
HAN N W ¢
a @ 1,3-Diphenylureal) ©/ bl \© 8
2 o}

| H
b HzN\O N-(2-Methylphenyl)N’-phenylurea4) ©/NTN 80
P o}

H.N
c 2 \©\ N-(4-Methylphenyl)N'-phenylurea®) @

HN N K
d \©\ N-(4-Methoxyphenyl)N'-phenylurea ) ©/ hig @\ 68
‘OMe © OMe
HoN N
e ©\ N-(4-Chloropheny!)N’-phenylurea) ©/ hig O 52
cl ° ol
Mo NN 78
2!
. (Y
| NN
g H’N‘| X N-(2,4,6-TrimethylphenylN’-phenylureaq) ©/ hig 69
)

H
h g E’j N-Methyl-N,N"-diphenylurea0) ©/N\n/ 66
7 0] [ j

|
N.. | \1 N-(2,4-Dimethylphenyl)N’-phenylurea §)
=
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B H H
i HzN/\[j N-Benzyl-N’-phenylureall) @NTN\Q 93
o]

-

e
j jj N-Phenyl-4-morpholinecarboxamid&2) ©/ TN\) 78
HN._. I
NN
k N N-(Phenyl)N’-butylurea 13) ©/ Mg 95
o]

3solated yield following column chromatography (Ct3olated yield following trituration of cc purifigeroduct.

The product was then collected once again and pedvidr an As with many other publications that seek to developew
80% isolated yield of 1,3-diphenylurea. For subsefjueactions, method for the synthesis of ureas, changing théeppbile to an
some of the products required trituration due thesg@nce of an alcohol results in the generation of the correspandarbamate,
impurity following column chromatography (entriese) while generally under similar reaction conditions ori¢iynaeveloped
others did not, (entriebk). The yields are reported following for the generation of the ureas. To examine théhsyic utility of
trituration, and/or alone following the initial caohn our general reaction method, we explored the saraetiom
chromatography stage. The NMR of the products caiolied in~ conditions using various alcohols to trap ihesitu generated
the supplemental section and the associated gastinferred by isocyanate. Located in Table 3, are the results tlig
the spectra) is representative of the yield follagyioolumn interrogation. For entra, benzyl alcohol was found to give a
chromatography, or trituration if required. moderate isolated yield of 45%, under the same itond as
previously reported for the ureas, (Table 3, eatmersus Table
2, entryi). Ethanol and propanol were also used under our
general reaction conditions, and gave comparalgkelsiof 48%
and 49%, Table 3, entrigs andc. Use of a secondary alcohol
(isopropanol, entnyd) also gave a similarly moderate yield of
48%. The very sterically hindereert-butanol was found to give
a lower vyield of 27%, most likely due to the reduced
nucleophilicity of the alcohol (Table 3, entg). It is proposed
that the reduced yields for the generation of thkb@mates, in
comparison to the ureas, is potentially a resuthefpresence of
water in the alcohol reagents. For the chosen alsphao aliquot
was taken from a reagent bottle that had beengittinthe self
for an extend period of time, (rather than new anbys
alcohols). There is a potential that these alcoh@y contain a
slightly elevated amount of water, in comparisorh® anilines,
resulting in reduced yields. In some of the cabeszoic acid
was observed as a by-product of the reaction, niadyla result
of water quenching any unreacted benzoyl chloridéerAately,

if these reactions were conducted using anhydrocshals, it
would be expected that the product may be geneiatéigher
overall yields. However, due to the convenience aigigasily
obtainable benzoyl chlorides, HSA and readily avédatcohols
off-the-shelf, the representative reaction outlinedscheme3
serves as an example of a useful one-pot syntimetibod for the
generation of carbamates, although occurring inerate yields.

Table 2 summarizes the observed yields for thehegs of
N,N’-disubstituted phenylureas following addition of ivas
amines. In comparison to aniline (80%), the sulnit anilines
gave similar or slightly diminished final isolateglelds for
electron donating substituerstho-methyl (80%),para-methyl
(71%), para-methoxy (68%), (for entriesb, ¢ and d,
respectively). For the aniline containing an el@ctwithdrawing
substituent,para-chloro, the yield was found to be the lowest
overall at 52% following trituration. The use of Zj#nethyl-
and 2,4,6-trimethylaniline was also explored undesr general
reaction conditions and found to give 78% and 69Rdy
respectively (entrie$ and g). The lower yield of theortho-
disubstituted aniline (entrg) is most likely a result of the
reduced nucleophilicity of the aniline caused ®risthindrance
and is not unexpected. Similarly, use of the seapndmineN-
methylaniline, also gave a similar yield of 66% e next entry
(i), an amine that would be expected to serve as angsr
nucleophile (benzylamine) gave an excellent yidl@3%, while
butylamine was found to give the highest overadllgiof 95%.
Morpholine, a secondary amine, was found to givdightty
diminished yield of 78%. Overall, from these 11 epésn, it can
be rationalized that the steric and electronic mataf the
nucleophile from the corresponding amine would masole in
the overall yield of the reactions. The final staf¢he reaction is
a result of the nucleophilic addition of the amingith the
HSA/benzoyl chloride derived isocyanate, which woulgehan
effect on the final yield. However, this step would'mally be
expected to occur relatively quickly.

Q H
NH,-OSO3H (1.5 eq.)
Cl HO\R B ——— N\H/O‘R
. Anh. DCM, DIPEA (4.0 eq.) S
(Entry a-e) 100 °C, 5 min.
(1,1.25€q.) (1.0eq.) Microwave irradiation

Scheme 3. General reaction conditions for the synthesis of N-aryl carbamates

Table 3. Synthesis oN-aryl carbamates using benzoyl chloridgdnd HSA (Scheme 3)

Entry Alcohol Product NameCompound #) Product Structure Yield %

HO N OQ 45
a @ BenzylN-phenylcarbamatel) ©/ g




H
N_ _O
b HO Ethyl N-phenylcarbamatelt) ©/ g ~ 48
(6]
N_o
c Ho™ PropylN-phenylcarbamatel6) ©/ A 49
(0]
N_ o
) 48
d N IsopropylN-Phenylcarbamatel{) ©/ \g/ Y
N_ o
e J( tert-Butyl N-Phenylcarbamatel) ©/ g \g 27
HO (0]

¥solated yield following column chromatography (cc).

The proposed mechanism for this reaction is redtiv
straight-forward. As eluded to earlier, we envisiortbdt the
condensation of HSA with benzoyl chloride,
catalyzed conditions (DIPEA), would generate @rsulfonyl
hydroxamic acid derivative that is poised to parforan
intramolecular rearrangement. In the next ste, jfossible that
the hydroxamic acid derivative is converted tocitmjugate base
by abstraction of a hydrogen atom by base (fronmogén, not
shown), followed by a spontaneous rearrangement rim fan
isocyanate intermediate. However, it is clear thatcssen
rearrangement is the most likely process thatlissdi nitrogen
atom in between the aromatic group and the carboasbon,
leading to the generation of an isocyanate. Imikd step of the
one-pot reaction, nucleophilic addition of the aenior alcohol
leads to the production of the urea (Table 2) obaaate (Table
3), respectively.

Lossen
Rearrangement

H
N X
TR
o) - R
X=NH, O
Fig. 2 Proposed mechanism via Lossen rearrangement

3. Conclusion

Overall, we have developed a synthetically useful-mote
method for the generation of ureas and carbaméaias uses
readily commercially available reagents, that ifgrened under
safer (azide-free) and greener conditions (feweral tot
synthetic/purification steps and metal-free) thafternate
methods. In total we were able to develop a geneedhoa for

chlorides) into the corresponding ureas and carbesnasing
hydroxylamine©-sulfonic acid as the key reagent.

under base

4, Experimental section

4.1. General information

All glass microwave vessels were oven dried overriigiidre
use. Microwave reactions were performed using theMCE
Discovef] SP Microwave Synthesizer. All chemicals and
solvents were purchased from commercial sources el
without further purification. Anhydrous DCM and aceitadle
were purchased from VWR as DriSbolvsolvents in septum
sealed bottles and used without further purificati®arification
of products were performed by flash chromatograpsipgithe
Combiflasi] Rf+ system, with Re@ep] 12g normal phase
disposable columns and crude material pre-absoobéd silica
gel (40-6Qu, 60A RedBep] Silica gel) and purifiedria the solid
load method. Analytical thin layer chromatography swa
performed on Merck TLC plates (Silica Gel 6&,FAluminum
sheets).'H-NMR and *C-NMR spectra were recorded on a
Bruker 400 MHz machine with chemical shifts reporiegarts
per million ((CD;),SO = 2.50 ppm), coupling constanty) (n
Hertz (Hz), and multiplicity as follows: s = singlet,= doublet,
dd = doublet of doublets, t = triplet, tt = triplef triplets, q =
quartet, m = multiplet, bs = broad singlet.

4.2. General procedurefor the synthesis of N,N’-disubstituted
phenylureas (Table 2)

To an oven dried 10 mL or 35 mL microwave vial cappe
with a rubber septum and placed under argon, 0.2§45
hydroxylamine©-sulfonic acid (HSA) (1.5 eq., 2.25 mmol) was
added followed by 5 mL of anhydrous DCM with stirririg05
mL diisopropylethyl amine (DIPEA) (4.0 eq., 6 mmolas
added slowlyvia syringe to the mixture to allow HSA to
dissolve, and the reaction stirred for approx. 2nrkutes.
Benzoyl chloride (1.25 eq., 1.88 mmol) was then dditepwise

the synthesis oi,N'-disubstituted phenylureas, 11 entries, Tableyia syringe to the solution and the reaction stirdapprox. 2-3

1, with excellent yields up to 95% using microwavediation
and very short reaction times (5 minutes). Ovenra#, used a
number of different amines, from sterically hindemmilines, to
primary and secondary amines to generate productgeids

minutes, until the reaction appeared to have seldsidniline or
amine (1.0 eq., 1.5 mmol) was then addéd syringe and the
vial was removed from under argon and capped with
microwave cap. The reaction vessel was then placethen

from 52% to 90+%. When applied to the generation ofmicrowave reactor where it was irradiated at %00 for 5

carbamates, this method also produced the corrdsppN-aryl
carbamates in moderate yields. Correspondingly, weildvo
expect that the general conditions reported heravatl suited to
serve as a general method for the generation osumer
carbamates using HSA/acyl chlorides and various ppbiges
(amines/alcohols). Currently, we are modifying thegmeral
reaction condition to convert carboxylic acids (@&l of benzoyl

minutes. Once complete, the reaction mixture wasteared to a
100 mL RB flask and pre-absorbed onto silica gelretiewas
purified via flash chromatography in a gradient of-® 100%
EtOAc/Hexanes to yield the target product.

Some isolated aryl ureas appeared to contain utifigéen
contaminants as seen in th&-NMR as well as the presence of
colour within the product. Therefore, certain aryeas that
required further purification were vacuum filterddough a 15
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mL PYREX 36060 fritted glass Buchner funnel (4-fir, fine)
and triturated with small amounts of cold chlorofoaffter flash
chromatography, provided they were insoluble, ineord yield
pure product. The purity of the final trituratedogucts can be
verified by examining the NMR located in the suppbetal for
compounds through?.

4.2.1. 1,3-Diphenylure&j

trituration with cold chloroform, 193 mg (52% yieldj the title
compound was obtained as an off-white solid and hailas

spectroscopic data to that reported in the liteedfuR;: 0.34
(50% EtOAc/HexanesfH-NMR (400 MHz, DMSO-8): 5 8.86
(s, 1H), 8.75 (s, 1H), 7.51- 7.44 (m, 4H), 7.33- 11254H), 6.97
(t, J=7.3, 1H)*C-NMR (101 MHz, DMSO-§): 5 152.5, 139.6,
138.8, 128.8, 128.6, 125.3, 122.0, 119.7, 118.3.

The title compound was prepared following the generakh.2.6. N-(2,4-Dimethylphenyl)-N’-phenylure®) (

procedure using benzoyl chloride (0.22 mL, 2.25 Mnamd

aniline (0.14 mL, 1.5 mmol). After flash chromatogfng, 306

mg (94% vyield) of solid was isolated. Following tration with

cold chloroform, 260 mg (80% yield) of the titleropound was
obtained as an off-white solid and had similar sjpscbpic data
to that reported in the literatute. R 0.41 (50%

EtOAc/Hexanes)'H-NMR (400 MHz, DMSO-8): & 8.66 (s,

2H), 7.45 (dJ = 7.9, 4H), 7.27 (1) = 7.8, 4H), 6.96 (tJ = 7.3,

2H). ®C-NMR (101 MHz, DMSO-8): & 152.5, 139.7, 128.8,
121.8, 118.2.

4.2.2. N-(2-Methylphenyl)-N’-phenylure) (

The title compound was prepared following the general
procedure using benzoyl chloride (0.22 mL, 2.25 mrand 2,4-
dimethylaniline (0.19 mL, 1.5 mmol). After flash
chromatography, 286 mg (78% yield) of the title pmund was
obtained as a beige solid and had similar speapisdata to
that reported in the literatuf® R;: 0.42 (50% EtOAc/Hexanes).
'"H-NMR (400 MHz, DMSO-8): & 8.94 (s, 1H), 7.85 (s, 1H),
7.66 (d,J = 8.2, 1H), 7.45 (d) = 8.0, 2H), 7.27 (tJ = 7.7, 2H),
6.98- 6.93 (m, 3H), 2.22 (s, 3H), 2.20 (s, 3HC-NMR (101
MHz, DMSO-CF)Z 6 152.8, 140.0, 134.8, 131.7, 130.7, 128.8,
127.8, 126.6, 121.6, 121.5, 117.9, 20.4, 17.8.

The title compound was prepared following the general.2.7. N-(2,4,6-Trimethylphenyl)-N’-phenylureé (

procedure using benzoyl chloride (0.22 mL, 2.25 Mraad o-
toluidine (0.16 mL, 1.5 mmol). After flash chromataghy, 339
mg (98% vyield) of solid was isolated. Following trétion with
cold chloroform, 274 mg (80% yield) of the titlerapound was
obtained as an off-white solid and had similar sppscbpic data
to that reported in the literatufe. R: 0.42 (50%
EtOAc/Hexanes)'H-NMR (400 MHz, DMSO-8): & 9.03 (s,
1H), 7.93 (s, 1H), 7.85 (dl = 7.9, 1H), 7.47 (dJ = 7.6, 2H),
7.28 (t,J = 7.9, 2H), 7.18-7.12 (m, 2H), 6.98-6.92 (m, 2H)42.2
(s, 3H)."*C-NMR (101 MHz, DMSO-6): 3 152.7, 139.9, 137.4,
130.2, 128.8, 127.5, 126.2, 122.7,121.7,121.8,0,117.9

4.2.3. N-(4-Methylphenyl)-N’-phenylure3) (

The title compound was prepared following the general

procedure using benzoyl chloride (0.22 mL, 2.25 mraad p-
toluidine (161 mg, 1.5 mmol). After flash chromatagfy, 310
mg (91% vyield) of solid was isolated. Following trétion with
cold chloroform, 241 mg (71% yield) of the titleropound was
obtained as an off-white solid and had similar spscbpic data
to that reported in the literatuf® R: 0.42 (50%
EtOAc/HexanesjH-NMR (400 MHz, DMSO-§): & 8.62 (s,
1H), 8.56 (s, 1H), 7.44 (dl = 7.9, 2H), 7.33 (dJ = 8.4, 2H),
7.26 (t,J= 7.9, 2H), 7.08 (dJ = 8.3, 2H), 6.95 (1) = 7.3, 1H),
2.24 (s, 3H).”C-NMR (101 MHz, DMSO-8): & 152.6, 139.8,
137.1, 130.6, 129.2, 128.8, 121.7, 118.3,118.13.20

4.2.4. N-(4-Methoxyphenyl)-N'-phenylured) (

The title compound was prepared following the general
procedure using benzoyl chloride (0.22 mL, 2.25 Mnamd
2,4,6-trimethylaniline  (0.14 mL, 1.5 mmol). After agh
chromatography, 263 mg (69% yield) of the title pmund was
obtained as an off-white solid and had similar sppscbpic data
to that reported in the literatuté. R: 0.37 (50%
EtOAc/Hexanes)'H-NMR (400 MHz, DMSO-§): 5 8.68 (bs,
1H), 7.61 (s, 1H), 7.44 (d] = 8.1, 2H), 7.24 (t) = 7.8, 2H),
6.93-6.87 (m, 3H), 2.22 (s, 3H), 2.16 (s, 6HJC-NMR (101
MHz, DMSO-CF)Z 6 153.3, 140.4, 135.3, 134.9, 132.7, 128.7,
128.3, 121.3, 117.8, 20.5, 18.2.

4.2.8. N-Methyl-N,N’-diphenylured Q)

The title compound was prepared following the general
procedure using benzoyl chloride (0.22 mL, 2.25 raad N-
methylaniline (0.16 mL, 1.5 mmol). After flash chratagraphy,
219 mg (66% vyield) of the title compound was obtdires a
white solid and had similar spectroscopic data &b teported in
the literaturé® R 0.42 (50% EtOAc/Hexanes)H-NMR (400
MHz, CDCk): 6 7.45 (t,J = 7.6, 2H), 7.36- 7.28 (m, 5H), 7.21 (t,
J=17.9, 2H), 6.96 (&) = 7.2, 1H), 6.33 (bs, 1H), 3.32 (s, 3H).
BC-NMR (101 MHz, CDC}): & 154.1, 142.6, 138.7, 130.0,
128.5, 127.5,127.1, 122.5, 118.9, 37.0.

4.2.9. N-Benzyl-N'-phenyluread )
The title compound was prepared following the general
procedure using benzoyl chloride (0.22 mL, 2.25 Mnand

The title compound was prepared following the generabenzylamine (0.16 mL, 1.5 mmol). After flash chroomaaphy,

procedure using benzoyl chloride (0.22 mL, 2.25 iraad 4-
methoxyaniline (185 mg, 1.5 mmol). After flash
chromatography, 301 mg (81% yield) of solid was dsed.
Following trituration with cold chloroform, 252 mg8%o yield)
of the title compound was obtained as a pale pwglid and had
similar spectroscopic data to that reported inliteeature?® R;:
0.30 (50% EtOAc/Hexanes)H-NMR (400 MHz, DMSO-): &
8.57 (s, 1H), 8.46 (s, 1H), 7.43 (dbs= 7.5, 1.1, 2H), 7.35 (d, =
9.0, 2H), 7.26 (1) = 7.9, 2H), 6.94 (tt) =7.4, 1.1, 1H), 6.86 (d},
= 9.0, 2H), 3.71 (s, 3H)*C-NMR (101 MHz, DMSO-8): 3
154.4, 152.7, 139.9, 132.7, 128.7, 121.6, 120.8.11,1114.0,
55.2.

4.2.5. N-(4-Chlorophenyl)-N’-phenylured)(

308 mg (93% vyield) of the title compound was obtdirzs a
white solid and had similar spectroscopic data &b thported in
the literaturé® R 0.36 (50% EtOAc/Hexanes)H-NMR (400
MHz, DMSO-d): 5 8.56 (s, 1H), 7.40 (dl = 8.2, 2H), 7.35-7.29
(m, 4H), 7.25-7.20 (m, 3H), 6.89 &= 7.4, 1H), 6.61 (t)=5.8,
1H), 4.30 (d,J = 6.0, 2H)."®*C-NMR (101 MHz, DMSO-8): &
155.3, 140.5, 140.4, 128.7, 128.3, 127.1, 117.7.42

4.2.10. N-Phenyl-4-morpholinecarboxamid)(

The title compound was prepared following the general
procedure using benzoyl chloride (0.22 mL, 2.25 Mnamd
morpholine (0.13 mL, 1.5 mmol). After flash chrongtaphy,
239 mg (78% vyield) of the title compound was obtdires a
white solid and had similar spectroscopic data &b thported in

The title compound was prepared following the generathe literaturé® R;: 0.33 (100% EtOAc)!H-NMR (400 MHz,

procedure using benzoyl chloride (0.22 mL, 2.25 fraad 4-
chloroaniline (0.191 g, 1.5 mmol). After flash chratwgraphy,
248 mg (67% yield) of off-white solid was isolatedlIBwing

CDCL): & 7.35-7.32 (m, 2H), 7.30-7.25 (m, 2H), 7.04 (s
7.3, 1.3, 1H), 6.57 (bs, 1H), 3.69 Jt= 4.9, 4H), 3.45 (] = 4.9,
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4H). ®C-NMR (101 MHz, CDCY): & 155.2, 138.7, 128.9, 123.3, 2H), 7.06 (it,J = 7.3, 1.1, 1H), 6.83 (bs, 1H), 4.13 {t= 6.7,
120.1, 66.4, 44.2. 2H), 1.74-1.66 (m, 2H), 0.98 (§ = 7.4, 3H). *C-NMR (101
4.2.11. N-(Phenyl)-N-butylured 8) MHz, CDCk): & 153.8, 138.0, 128.9, 123.2, 118.6, 66.8, 22.2,

The title com i fLO.S.

pound was prepared following the genera
procedure using benzoyl chloride (0.22 mL, 2.25 ®yraad 1-  4.3.4. Isopropyl-N-phenylcarbamat&7)
butylamine (0.15 mL, 1.5 mmol). After flash chrongtaphy, The title compound was prepared following the general
277 mg (95% vyield) of the title compound was obtdirgs a  procedure using benzoyl chloride (0.22 mL, 2.25 mraad 2-
white solid and had similar spectroscopic data &b teported in  propranol (0.11 mL, 1.5 mmol). After flash chromatguhy, 123
the literaturé® R 0.37 (50% EtOAc/Hexanes)H-NMR (400  mg (48% vyield) of the title compound was obtaine@ @slorless
MHz, DMSO-d): & 8.37 (s, 1H), 7.37 (dl = 8.2, 2H), 7.20 (tJ crystalline solid and had similar spectroscopicad# that
= 7.8, 2H), 6.86 (tJ = 7.2, 1H), 6.09 (&) = 5.5, 1H), 3.06 (app. reported in the literatur® Rf: 0.47 (20% EtOAc/Hexanes-
q,J = 6.4, 2H), 1.44-1.25 (m, 4H), 0.89 &= 7.2, 3H).”®C-  NMR (400 MHz, CDC}): 57.39 (d,J = 7.9, 2H), 7.30 (tJ = 7.9,
NMR (101 MHz, DMSO-6): & 155.2, 140.6, 128.6, 120.9, 2H), 7.05 (tJ = 7.3, 1H), 6.66 (bs, 1H), 5.03 (m, 1H), 1.30Jd,
117.5, 38.7, 31.9, 19.5, 13.7. = 6.2, 6H).C-NMR (101 MHz, CDC})): 5 153.2, 138.1, 129.0,

4.3. General procedurefor the synthesis of N-aryl carbamates 123.2,118.5,68.7, 22.0.

(Table 3) 4.3.5. tert-Butyl-N-phenylcarbamat&g)

. . . The title compound was prepared following the general
To an oven dried 10 mL or 35 mL microwave vial cappe procedure using benzoyl chloride (0.22 mL, 2.25 mrandtert-

with a rubber septum and placed under argon, 0.2§45 butanol (0.11 mL. 1.5 mmol). After flash chroma 83 m
hydroxylamine©-sulfonic acid (1.5 eq., 2.25 mmol) was added(27% yi((ald) of th,e title con)1pound was obtainemmrlessg

followed by 5 mL of anhydrous DCM with stirring. 1.08L crystalline solid and had similar spectroscopicad# that

DIPEA (4.0 eq., 6 mmol) was added slowlia syringe to the o110 in the literatuf®. RF: 0.51 (20% EtOAc/HexanesH-

mixture to allow HSA to dissolve, and the reactionrstl for
; ' NMR (400 MHz, CDC})): 4 7.36 (d,J = 8.0, 2H), 7.31-7.26 (m,
approx. 2-3 minutes. Benzoyl chloride (1.25 ed88Immol) was 2H) 7F03 tJ=7.3 ﬁ!-l)) 6.49 (b(s 1H), 1.52 ()s 9I;I3}C-NMé€

then added dropwiséa syringe to the solution and the reaction (101 MHz, CDCJ): & 152.7, 138.3, 129.0, 123.0, 118.5, 80.5
stirred for approx. 2-3 minutes, until the reactiappeared to  5g'5 ? ' o - - - R

have subsided. Alcohol (1.0 eq., 1.5 mmol) was thdgedvia
syringe and the vial was removed from under argahapped
with a microwave cap. The reaction vessel was theseglan the

m!crotwavg reactor \ﬂer?h't Wast. |rrad!atted at f:)Dfo(; t15 We thank the Natural Sciences and Engineering Resear
minutes. Unce complete, the reaction mixture wasteared o a o, q6j| of Canada (RGPIN-2017-05938) and the Unitersi

100 mL RB flask and pre-absorbed onto silica gelretiewas . -
purified via flash chromatography in a gradient of-® 20% Manitoba College of Pharmacy (to GKT and DK) fordiial
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