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, , ) , ) that an alternative catalyst structure would propdd required
Enantioselective reactions mediated or catalyzedchiyal ., high levels of enantioinduction.

hypervalent iodine reagents or chiral iodoareneaiedysts have

attracted significant attention over the past dedath this OYP" Ph
regard, a variety of chiral iodoarene backbonesehbheen NH conditions FN
reported; however, the most successful, and mosbriesh Oy o
framework is the bislactate ethdrand2 reported independently OO OH O‘

by Fujita and Ishihara (Fig. Ij. A number of modifications of

this skeleton have been investigateals each new application 11a 12a
often requires a new derivative for optimal resu@ither reported o .

chiral iodoarenes include Zhang's spirobiindaneivagive 3,° ;?1n,:,,czgh:,:téﬁvegou?cﬁi:BA' 55% yield, 4% ee

Quideau’s helicene4,® Maruoka’s indane 5, Ibrahim’s
dimethanoanthracene6® and Moran's pseudoephedrine
derivative 7.° More recently, Nachtsheim reported his second
generation triazole cataly® which appears tgield superior

o} I o} o} I o}
selectivities in a range of enantioselective oxatateactions? It Meo)Kj/O O%OMe MesHN)K;/O O%NHMQS
Bn Bn :
2a

10 mol% 2a, 1.2 equiv m-CPBA,

36% yield, 14% ee
3:1 CH,Cl,/MeOH, -20 °C, 18 h

is clear that, as in other areas of enantioseledaatalysis, there
is no panacea and the investigation of new chidbaoenes and
hypervalent iodine reagents is still of interesdl anportance.

(0} | (0}
YT
1X=0R
2X=NR,

1a  CO,Me
Scheme 2. Initial attempts at the dearomatizing cyclizatafn
naphthyl amidd 1a

At this juncture we wished to design a new family ofradh
iodoarenes for use in iodine(l/1ll) catalysis amddstigate their
efficacy in the enantioselective dearomatizing izgtion of
naphthols. Specifically, we aimed to prepare noweeloarenes
IO that could potentially form helical structures inlwtion in a

N/'\/Ph

similar manner to lactatek and 2, as shown by MufiZ It is
14,15

Ar
o] o ' oBn \©)L I 6H known that oligomeric ureas can adopt helical canédions,
H)Kr m ('Oo 7 therefore we designed a small family of iodoarenastaining
Ar

urea appendages (Fig. 2)t was anticipated that urea8 would
CF3 6 | | OTIPS be readily prepared from the isocyanieitself derived from 2-
5 A= MeO > iodoanilinel5. In a similar manner, the,Gymmetric bisureatt
N—Bn would be obtained from isocyanatts which could be prepared
CF3 g N°N from bisanilinesl8 or dicarboxylic acid49. We knew that these
Fig. 1. Examples of chiral iodoarenes ureas would not display helicity, as a chain ofeatst four ureas
would be required, but this was our starting point.
We recently reported the dearomatizing cyclizatéphenols |

| [

and naphthols with pendent amides catalyzed by redes H H & NGO NH

(Scheme 1j* We envisaged that the use of chiral iodoarene Y ’
14 15

precatalysts would enable the enantioselective zatitin of the °© R
naphthols. 13

| |

R NN N N_R OCN NCO
N —

HN™ rR— b T T Y
PY o R O O R
R0 OH o

16 17

9n=1,2 10

20-40 mol% 4-iodotoluene

Ox_Ph
Y 1.6 equiv m-CPBA Ph HO,C CO,H OR HoN NHy  ——
NH HFIP, rt, 16 hours =N
o
OH 0
CO se 19 :
R R

1" o o 12 Fig. 2. Retrosynthesis of novel chiral iodoarei8sand16 containing
Scheme 1. Dearomatizing cyclization of phenols and urea appendages

naphthols bearing pendent amides

In the event, 2-iodoanilind5 was readily converted into
isocyanate 14, by the literature proceduté, and this was
At the outset of the project we tested the efficaéythe e_fficiently transformed ir_1to urea$3a and 13b in very good
known iodoareneda and 2a on their ability to catalyze the Yi€lds under typical reaction conditions (Scheme 3)
dearomatizing cyclization of naphtholla.’* After some
experimentation with differentwe did weeyes solventd a
temperature, the best selectivity observed Wditlwas 4% ee and
with 2a was 14% ee (Scheme 2). These preliminary obsengtio

2. Results and Discussion
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triphosgene leucinate NN _ANqr ULN NCU, < Y T RN NN N _N._R
NH, ——— 5 NCO ——~ hig : © R 0-20°C \l/ b D
reflux, 12 h Et;N, THF (0] 3.4h R O O R
quant. 0°C,16h Y 17 16
18 14 3% 13a OH | OH  OH | OH
NN NN NN NN
benzyl L-alaninate Eth'THF 'y g O Kr hig hig H b DI
0°C, 16 h N N\)kOAPh o} o} o} 0
88% I 16a 81% 16b 90%
13b OH I OH OH I OH
) H H H H H H H H ¢
Scheme 3. Preparation of ureak8a and13b N N NN I CROR NN~
T TY T YO e
Ph 0 O Spp Ph O O Ph
Delighted by this success, we endeavored to prejsaeilne 16¢ 85% 16d 74%
18 by an identical, but two-directional, two-step el starting HO | OH
from commercially available 2,6-dinitroanilin20 (Scheme 4). HH H O
Initial conversion of the amino group to an ioditlerough T D
diazotization proceeded to giv&l in good vyield'® however ° °©
subsequent attempts to reduce the two nitro groupee we 16e 63% O by ! w oy O
unsuccessful. Treatment with Fe powder (under a tyaié o N N N NJ&OH
conditions), H gas or hydrazine over Pd on charcoal, and ) ) :

X . . . . . o o ~
trichlorosilane were all ineffective. In all casdasidied, partial Ph Ph
reductions and/or side reactions including deidttima were o) b\ o 16f70%
observed. Ph)ko NTN NTN\;/\O)kPh

NH, NaNO,, HCI | | Ph (0] (0] \Ph

O,N NO, _ AcOH O,N NO, _y» HoN NH, 16g 49%

then KI, H,O
0 . .
20 5% 21 18 Scheme 6. Preparation of bisured$

Scheme 4. Initial attempts to prepare bisanilit8

Attempts to convert bisured6c into tetraurea25 via

Accordingly, we turned our attention to the secondte COnversion of the primary alcohols into tosylatespmlmary
starting from 2-aminoisophthalic acig?; this was converted 2amines were unsuccessful (Scheme 7). In both casetsires of
readily into iodidel9 in 80% yield (Scheme 5§.Conversion of Unknown compounds were formed. Similarly, attempiotovert
the carboxylic acid directly to the isocyanat¥ using the carboxylic acids inl6f into amides via acid chloride
diphenylphosphoroyl  azide was unsuccessful; howeverfformation were unproductive. These urega-f exhibit low
successive conversion to the acid chloride anditige24 led to  Solubility in organic solvents, which could explaie difficulties

the isocyanate 17 in quantitative yield by a Curtius faced in their synthetic manipulation.
rearrangement. i R T )OL
NH, | 16c —>%. PN oN N N NN oy P
HO.C COH NaNO,, H,S0, H H/j/ T T S OH OH
N A EhaabaCCRiCh <3 Ph o o ~ph

K, H,0

HOZC\©/COZH
19
80%

22 1.80Cl, | 2. NaN,
reflux, 2h | THF, H,O, 2 h

25
Scheme 7. Unsuccessful attempts to prepare tetra@kea

Next, we prepared alcoha®8, which contained a urea

OCN ' NCO PhMe, reflux, 2 h @ 1 9 functionality, and coupled this with bisisocyanafe(Scheme 8).
\[ j — NSWNS The desired produ@9, which contained two urethanes and two
96% from diacid 19 . . .
ureas, was isolated in good yield.
17 24 o Ph
Scheme 5. Successful route to bisisocyanaie /F'T A L THF, 4 h Ph i L )
Et” NCO  H,N OH  p.20°Cc Et NN ©

With the isocyanatel7 in hand, a variety of bisureas were 26 27 quant 28
prepared by addition of amines in THF (Scheme 6jarge of EtaN, CHoCl,

i : Ph Ph 171t 18h
amino alcohols were used to generate ut€asl6e, which carry Ph O v low N O Ph 65%
primary or secondary alcohols apparently ready fiather Et/LN)LNLOj(N NYO\/'\NJKN;\E
derivatization.16f has terminal carboxylic acid groups prone for H H ) ) H H

further functionalization. Finallyl6g is the benzoyl ester dfc,
although it was prepared by the coupling reactioowshrather
than esterification.

29
Scheme 8. Preparation of mixed urethane-uta

The ability of these 10 novel urea-containing drivdoarenes
to effect the enantioselective dearomatizing cwtion of
naphthyl amidella was investigated (Table 1). A subset of the
experiments undertaken are presented but it caselba that
products were typically obtained in low yields, armhttthey
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cC
iodoarenel6e did lead to pure samples @Pa being Isolated,
however selectivity was very low (entries 7-9). Usipglar
solvents like EtOH, MeOH and HFIP often leads to highelds
of product but poorer levels of selectivity in hypaent iodine
mediated reaction¥’’ The highest yield of product was obtained

Tetrahedron

3.1.General

Infrared (IR) spectra were recorded on a Nicolet 380,

with precatalysR9, but the selectivity was just 2% ee. It is likely equipped with a diamond probe ATR attachment. Low feigtd

that the active catalytic species, i.e. the iodljeéompounds,
are even more sparingly soluble than the parentazhes,
which could explain their low reactivities.

Table 1. Efficacy of novel urea-based iodoarenes in the

dearomatizing cyclization of naphthyl amitiba

OY Ph
NH 20 mol% precatalyst fN
OH 1.2 equiv m-CPBA, solvent O‘ o
OO temperature, 16 h
1la 12a
Entry Arl  Solvent TIC Yield %6 % eé
1 13a MeCN 20 <5
2 13b MeCN 20 <20
3 16a MeCN -20 (4 h), then <30 -
20
4 160 MeCN 20 (4 h), then <10 -
20
5 16b  3:1 -78 (6 h), then <10 -
CH,Cl/MeOH 20
6 16c MeCN 20 <5
7 16c 2:1 20 68 (419 1
MeCN/EtOH
8 16c HFIP 40 25 (14 4
9 16c  3:1 -78 (6 h), then (30 3
CH,Cl/MeOH 20
10 16d MeCN 20 (4 h), then <10 -
20
11 16e  MeOH 20 <5
12 16e 3:1 -78 (6 h), then <5 -
CH,Cl,/MeOH 20
13 16f  MeCN 20 <5
14 16g CH.Cl, -78 (6 h), then <10 -
20
15 16g HFIP 40 <36
16 29 MeCN 20 56 (46) 2

2 Yield determined byH NMR using 1,3,5-trimethoxybenzene as an internal
standard® Yield of pure isolated compountdDetermined by chiral HPLC

analysis.

In summary, we have developed a synthetic rout uméa-
based chiral iodoarenes. In particular, a two-dioeetl strategy
to symmetrical bisureas has been revealed. Somehede

resolution mass spectra (m/z) were obtained in betrespray
(ESI) mode. Melting points (uncorrected) were meadusn a
Stuart SMP10 apparatus. All reagents and solvente weed
without further purification except THF (dried ov@rA MS and
then distilled over Na/benzophenone unde). Nhe reactions
were monitored by thin layer chromatography (TLChgs-254
pre-coated silica gel plates. Spots were visualingth UV,
KMnQO, stain or vanillin stain. Flash chromatography was
performed with 35-7@m, 60 A silica gel.

3.2.Synthesis of 2'-phenyl-2H,4'H-spiro[naphthalene-1,5'
oxazol]-2-one 12a)

To a solution of amiddla (1 equiv) in anhydrous solvent
(0.030 M) at room temperature (or below) was adae@PBA
(2.2 equiv) and iodoarene catalyst (0.1 or 0.2\9gdihe reaction
mixture was stirred for 16 h and then quenched witlatarated
solution of NaHCQ. The organic layer was extracted with ethyl
acetate (three times), dried over MgSOfiltered and
concentrated under vacuum. The resulting residue pusafied
by flash chromatography (3:1 petroleum ether/EtOAcafford
12a as a pale yellow oil. IR (thin film) 3160, 3053,628 1715,
1673, 1652, 1603, 1569, 1547, 1367, 1338, 1283,cri7¢; 'H
NMR (CDCl;, 400 MHz) 8.08-8.06 (m, 2H), 7.56-7.35 (m, 8H),
6.21 (d,J = 10.0 Hz, 1H), 4.48 (d] = 15.4 Hz, 1H), 4.01 (d] =
15.4 Hz, 1H);"*C NMR (CDC} 100 MHz) 197.8, 164.3, 145.8,
142.3, 132.0, 131.0, 129.7, 129.0, 128.9, 128.8.612127.0,
125.7, 123.7, 86.6, 69.8; HRMS [M+H]m/z calc'd for
C,gH14NO, requires 276.1019, found 276.1019. HPLC: Chiralpak
IB, 254 nm, hexane/IPA gradient (100:0 to 90:10 &min), 1
mL/min, retention times 12.9 & 15.1 minutes.

3.3.Preparation of uread3

To the solution of 1-iodo-2-isocyanatobenzéAg0.50 g, 2.0
mmol, 1 equiv) in THF (30 mL) at &C was added a solution of
amino ester (2.2 mmol, 1.1 equiv) and triethylam{@&7 mL,
4.1 mmol, 2.0 equiv) in THF (10 mL) dropwise. Thehe ice
bath was removed and the reaction mixture was stirvednight.
The reaction mixture was concentrated under redycesdsure
was washed with hexanes multiple times. Recrystaliaatither
with dichloromethane/ethyl acetate or ethanol predithe urea
13.

3.3.1.Methyl ((2-iodophenyl)carbamoyl)-L-
leucinate (3a)

Yellow solid (0.58 g, 73%). M.p. 158-160 °C; IR 33@B51,
2868, 1737, 1641, 1573, 1557, 1519, 1463, 14337,13873,
1255, 1205, 1155, 1016 &n'H NMR (DMSO-d®, 400 MHz)
7.84-7.78 (m, 2H), 7.72 (s, 1H), 7.51 {d& 7.5 Hz, 1H), 7.28 (t,

compounds can effectively catalyze the dearomafizin j_ g1 Hz 1H), 6.76 (§ = 7.5 Hz, 1H), 4.26-4.21 (m, 1H), 3.65
cyclization of a naphthyl amide. Unfortunately, thgsecatalysts (s 3p) 1.73-1.66 (m, 1H), 1.58 ,(1= 73 Hz 2H) 0.93 (d’J -

were not effective in delivering the dearomatizingclization
products in high enantioselectivities, but they nleyuseful in

other iodine(l/Ill)-catalyzed processes.

6.5 Hz, 3H), 0.89 (dJ = 6.5 Hz, 3H);*C NMR (DMSO4°, 100
MHz) 173.7, 154.7, 140.3, 138.9, 128.5, 124.3, 129000, 51.8,
51.0, 40.6, 24.3, 22.7, 21.5; HRMS [M+Hiwz calc'd for
CraH20N,05 391.0513, found 391.0510.

3.3.2.Benzyl ((2-iodophenyl)carbamoyl)-L-
alaninate (3b)

Pale yellow solid (0.37 g, 88%). M.p. 161-163 °C; 3R99,
3060, 2979, 2605, 2498, 1720, 1633, 1556, 15123,14852,
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400 MHz) 7.84-7.79 (m, 2H), 7.74 (s, 1H), 7.58 4 6.9 Hz,
1H), 7.39-7.27 (m, 6H), 6.77 (§,= 7.4 Hz, 1H), 5.20-5.11 (m,
2H), 4.33-4.24 (m, 1H), 1.35 (d| = 7.4 Hz, 3H):"*C NMR

5
1, 2H),
3.43-3.32 (m, 4H), 2.91-2.81 (m, 2H), 2.73-2.65 (rHl);2"°C
NMR (DMSO<®, 100 MHz) 154.7, 141.2, 139.2, 129.3, 128.2,
127.7, 125.9, 117.2, 89.5, 62.4, 52.8, 37.3; HRIMEH-H]+ m'z

(DMSO-d6, 100 MHz) 173.2, 154.5, 140.3, 138.9, 136.1, 128.5calc’d for GgHsN,O, 589.1306, found 589.1321.

128.5, 128.0, 127.7, 124.4, 122.1, 90.1, 65.9,,4B(%; HRMS
[M+H]"* mvz calc'd for G7H16IN,0; 425.0357, found 425.0359.

3.4.Preparation of 2-iodo-1,3-diisocyanatobenzéite

A solution of 2-iodoisophthalic aci@9 (1.5 g, 5.1 mmol) in
thionyl chloride (40 mL) was heated to reflux forh2then
concentrated under reduced pressure to afford @dgoghthaloyl
chloride. This crude mixture was dissolved in THRK (hL),
cooled to C and NaN (2.2 g, 34 mmol) dissolved in water (8
mL) was added. After 2 h, the reaction mixture wasnghed
with saturated agueous NaHg(@O0 mL) solution and extracted
with toluene (30 mL). This was dried over MgS@nd
evaporated to half under reduced pressure to giteluene
solution of 2-iodoisophthaloyl diazide4. Without further
purification, the crude mixture was heated at refioix2 hours
and then concentrated to ~3 mL to affdrd as a light brown
solution (1.42 g, 96% — determined by NMR). The pesg of
the reaction was monitored by IR. IR 3370, 3024,1225141,
1723, 1573, 1494, 1396, 1214, 781, 728"ciH NMR (CDCE,
400 MHz) 7.20-7.30 (m, 1H), 6.93 (@= 8.0 Hz, 2H);*C NMR

(CDCls, 100 MHz) 138.2, 130.0, 129.8, 122.2, 97.2; HRMS [M-

CO+3H] m/z calc’d for GHeIN,O 260.9519, found 260.9516.

3.5.Preparation of bisurea%6

To a solution of 2-iodo-1,3-diisocyanatobenzé&ig0.70 mL,
4.3 mmol, 1 equiv) in THF (60 mL) at® was added dropwise
a solution of amine (1.5 g, 9.5 mmol, 2.2 equivlHF (10 mL).
The ice bath was removed and the reaction mixture stieed
for 3-4 hours or until TLC analysis showed completiof the
reaction. Then, the reaction mixture was concerdraiader
reduced pressure and the residue washed with herauléple
times. Recrystallization from ethyl acetate andarth provided
the bisureal6. Typically, solvents could not be completely
removed from these compounds.

3.5.1.1,1'-(2-iodo-1,3-phenylene)bis(3-((S)-1-
hydroxypropan-2-yl)urea)(6a)

White solid. (0.50 g, 81%). M.p. 249-250 °C; IR 328980,
2851, 1632, 1162, 1035 ¢m'H NMR (DMSO-d®, 400 MHz)
7.60 (s, 2H), 7.38 (d] = 7.9 Hz, 2H), 7.14 () = 8.1 Hz, 1H),
6.89 (d,J = 7.6 Hz, 2H), 4.77 (br s, 2H), 3.70-3.65 (m, 2H).23.4
3.28 (m, 4H), 1.08 (d] = 6.8 Hz, 6H):*C NMR (DMSO4°, 100
MHz) 154.7, 141.2, 127.8, 117.1, 89.3, 64.8, 47081HRMS
[M+H]* m/z calc’d for G4H,IN 0, 437.0680, found 437.0698.

3.5.2.1,1'-(2-iodo-1,3-phenylene)bis(3-((S)-1-
hydroxybutan-2-yl)urea) 16b)

Pale yellow solid (0.60 g, 90%). M.p. 252-254 °C; 3R90,
2962, 2930, 2873, 2355, 1633, 1556, 1463, 1410412223,
1074, 1018 ci; *H NMR (DMSO-d°, 400 MHz) 7.62 (s, 2H),
7.38 (d,J = 8.1 Hz, 2H), 7.13 () = 8.1 Hz, 1H), 6.84 (d] = 8.1
Hz, 2H), 4.72 (br s, 2H), 3.56-3.42 (m, 4H), 3.35-3(82 2H),
1.64-1.54 (m, 2H), 1.43-1.31 (m, 2H), 0.89Jt 7.4 Hz, 6H);

*C NMR (DMSO4®, 100 MHz) 155.0, 141.3, 127.8, 117.1, 89.3,

63.0, 52.5, 24.2, 10.5; HRMS [M+H]m/z calc’d for
CeH26IN O, 465.0993, found 465.0990.

3.5.3.1,1'-(2-iodo-1,3-phenylene)bis(3-((S)-1-
hydroxy-3-phenylpropan-2-yl)urea)léc)

Yellow solid (1.7 g, 85%). M.p. 265-266 °C; IR 328024,
2919, 1634, 1548, 1465, 1271 ¢mH NMR (DMSOdG, 400
MHz) 7.64 (s, 2H), 7.32-7.20 (m, 12H), 7.10Jt 8.1 Hz, 1H),

3.5.4.1,1'-(2-iodo-1,3-phenylene)bis(3-((1S,2R)-2-
hydroxy-1,2-diphenylethyl)urea)l6d)

White solid (370 mg, 74%). M.p. 221-223 °C; IR 333213,
2981, 1647, 1587, 1556, 1503, 1465, 1396, 12761,12868,
1047 cm; *H NMR (DMSO-®, 400 MHz) 7.98 (s, 2H), 7.67 (d,
J = 8.8 Hz, 2H), 7.47 (d) = 7.4 Hz, 4H), 7.42 (d) = 7.4 Hz,
4H), 7.36-7.32 (m, 8H), 7.26-7.20 (m, 4H), 7.07-7.66 QH),
6.99-6.93 (m, 1H), 5.67 (d, = 4.1 Hz, 2H), 4.90-4.83 (m, 4H);
¥%C NMR (DMSO4°, 100 MHz) 154.7, 143.7, 142.8, 141.1,
127.8, 127.6, 127.4, 127.1, 126.8, 126.6, 126.%,6,00.0, 75.6,
59.1; HRMS [M+Na] m/z calc’d for GgHz3IN,O,Na 735.14309,
found 735.1441.

3.5.5.1,1'-(2-iodo-1,3-phenylene)bis(3-((1R,2S)-1-
hydroxy-2,3-dihydro-1H-inden-2-yl)urea)lle)

Off-white solid (0.52 g, 63%). M.p. 247-248 °C; IR 183
3240, 2912, 1682, 1632, 1550, 1465, 1400, 13591,12342,
1047 cn; *H NMR (DMSO-d®, 400 MHz) 8.09 (s, 2H), 7.46 (d,
J = 8.1 Hz, 2H), 7.29-7.18 (m, 11H), 5.23 (= 4.1 Hz, 2H),
5.11 (dd,J = 8.7, 4.9 Hz, 2H), 4.47 (§,= 4.5 Hz, 2H), 3.07 (dd,
J = 16.2, 4.6 Hz, 2H), 2.81 (dl = 16.1 Hz, 2H):"*C NMR
(DMSO-®, 100 MHz) 155.5, 143.2, 141.4, 140.5, 127.8, 127.1,
126.3, 124.9, 124.1, 118.3, 90.9, 72.3, 57.6; HRMSH] " m/z
calc’d for GgH,IN,O, 585.0993, found 585.0989.

3.5.6.(2S,2'S)-2,2'-((((2-iodo-1,3-
phenylene)bis(azanediyl))bis(carbonyl))bis(azanedi
ylI))bis(3-phenylpropanoic acid)16f)

Pale-yellow solid (0.76 g, 70%). M.p. 227-229 °C; 3R17,
3025, 2890, 1714, 1638, 1547, 1494, 1464, 1407512214,
1075 cm'; 'H NMR (DMSO-d®, 400 MHz) 7.88 (s, 2H), 7.33-
7.21 (m, 16H), 7.15-7.11 (m, 1H), 4.48-4.40 (m, 2H)433.07
(m, 2H), 2.98-2.90 (m, 2H)**C NMR (DMSO4°, 100 MHz)
173.5, 154.6, 141.0, 137.3, 136.6, 129.5, 128.%.5,2117.8,
90.1, 54.0, 37.6; HRMS: [M+H]m/z calc'd for GgH,dN,Og
617.0892, found 617.0898.

3.5.7.(2S,2'S)-((((2-iodo-1,3-
phenylene)bis(azanediyl))bis(carbonyl))bis(azanedi
yI))bis(3-phenylpropane-2,1-diyl) dibenzoat&6g)

Yellow solid (120 mg, 49%). M.p. 230-232 °C; IR 3288,
3064, 2923, 2852, 1716, 1641, 1538 ¢crtH NMR (DMSO-d°,
400 MHz) 8.05-8.02 (m, 4H), 7.70-7.66 (m, 2H), 7.5827(m,
4H), 7.41-7.37 (m, 2H), 7.33-7.30 (m, 10H), 7.26-7(&1, 4H),
7.14-7.08 (m, 1H), 4.36-4.17 (m, 6H), 2.99-2.84 (rhl);4"°C
NMR (DMSOdG, 100 MHz) 165.7, 154.7, 149.2, 138.2, 133.5,
129.7,129.4, 129.2, 128.8, 128.4, 128.0, 126.9,31B7.9, 66.1,
49.8, 37.4; HRMS [M+H]m/z calc’d for GgH3glN4Og 797.1831,
found 797.1835.

3.6.Preparation of 1-((S)-1-hydroxy-3-phenylpropan-2-34
((S)-1-phenylpropyl)urea8

To a solution of §-(1-isocyanatopropyl)benzergé (0.50 g,
3.1 mmol, 1 equiv) in THF (40 mL) at%C was added dropwise
a solution of amin®7 (0.52 g, 3.4 mmol, 1.1 equiv) in THF (10
mL). The ice bath was removed and the reaction mextmas
stirred for 4 hours. The reaction mixture was coireged under
reduced pressure and the residue was washed with dgexan
multiple times and then purified by flash chromaqny (silica
gel; 1:1 petroleum ether/EtOAc) to provi@8 as a white solid
(1.0 g, 99%). M.p. 130-131 °C; IR 3336, 3026, 292356, 2341,
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NMR (DMSO-d", 400 MHz) 7.32-7.14 (m, 10H), 6.40 @= 8.6
Hz, 1H), 5.79 (dJ = 8.6 Hz, 1H), 4.83 (br s, 1H), 4.50 (b5 7.3
Hz, 1H), 3.71-3.67 (m, 1H), 3.35-3.25 (m, 2H), 2.8052(M,
1H), 2.62-2.57 (m, 1H), 1.67-1.53 (m, 2H), 0.80J(& 7.3 Hz,
3H); °C NMR (DMSO4®, 100 MHz) 157.2, 144.6, 139.2, 129.2,
128.1, 128.1, 126.2, 62.5, 54.3, 52.4, 37.2, 30M6; HRMS
[M+H] " m/z calc’d for GgH,sN,0, 313.1911, found 313.1909.

3.7.Preparation of bis((S)-3-phenyl-2-(3-((S)-1-
phenylpropyl)ureido)propyl)(2-iodo-1,3-phenylenegtbamate
29

2-lodo-1,3-diisocyanatobenzery (350 mg, 1.2 mmol, 1
equiv — as a solution in toluene) and triethylam(@&7 mL, 2.7
mmol, 2.2 equiv) were dissolved in dichloromethaB6 (nL)
and cooled to OC under N. Urea28 (0.75 g, 2.4 mmol, 2.2
equiv) was dissolved in dichloromethane (20 mL) iseparate
flask and added to the first solution dropwise ol@rminutes.
The reaction mixture was stirred overnight at ro@mgerature
and then concentrated under reduced pressure.€Edue was
guenched with 1 N HCI (20 mL) and extracted with EtOA@ (2
mL x 3), dried over MgS@and concentrated under reduced
pressure. Recrystallization from @E,/EtOAc afforded29 as a
dark brown solid (0.73 g, 65%). M.p. 249-251 °C;3R®70, 3026,
2961, 1702, 1633, 1584, 1519, 1461, 1398, 12029,11009,
1018 cm’; 'H NMR (DMSO-d®, 400 MHz) 9.01 (s, 2H), 7.32-
7.17 (m, 23H), 6.43 (d] = 8.0 Hz, 2H), 5.86 (d] = 8.0 Hz, 2H),
4.56-4.49 (m, 2H), 4.02-3.95 (m, 6H), 2.83-2.70 (iH),41.67-
1.59 (m, 4H), 0.79 () = 7.0 Hz, 6H):*C NMR (DMSO4°, 100
MHz) 157.0, 154.2, 144.5, 140.6, 138.2, 129.3, 12828.5,
128.1, 126.4, 126.2, 83.2, 65.8, 54.4, 49.8, 32%9, 10.7;
HRMS [M+Na] m/z calc’'d for GgHs,INgNaQ; 933.2807, found
933.2813.
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EXPNO
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UT-389 Y.SOLID DMSO

F2 - Acquisition Parameters

Date_ 20180802

Time 20.00 h
INSTRUM spect
PROBHD 72116098_0048 (
PULPROG zg30

TD 65536
SOLVENT DMSO

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 92.46

DW 60.800 usec
DE 10.69 usec
TE 296.7 K

D1 1.00000000 sec
TDO 4

SFO1 400.1324710 MHz
NUC1 1H

Pl 8.00 usec
PLW1 24.00000000 W

F2 - Processing parameters
ST 32768

SF 400.1300042 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.50
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H H NS 1024
NN
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13a DW 20.800 usec
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TE 297.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13€
Pl 9.00 usec
PLW1 77.00000000 W
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NUC1 13C
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NUC2 1H
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F2 - Processing parameters
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WDW EM
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NAME UT-86 New Diisocyanate
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F2 - Acquisition Parameters
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D1 2.00000000 sec
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======== CHANNEL fl ========
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NUC1 13C
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======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NuUCc2 1H
CPDPRG [2 waltzlé
PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
PLW13 0.14229999 W

F2 - Processing parameters
SI 65536

SF 100.6127691 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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NAME UT-292 DMSO
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180212
Time 3.46 h
INSTRUM spect
PROBHD 72116098_0048 (
PULPROG zg30

TD 65336
SOLVENT DMSO

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 92.46

DW 60.800 usec
DE 10.69 usec
TE 295.0 K
D1 1.00000000 sec
TDO 4
SFO1 400.1324710 MHz
NUC1 1H

Pl 8.00 usec
PLW1 24.00000000 W
F2 - Processing parameters
SI 32768

SF 400.1300038 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

BC 1.50
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DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 294.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1l 100.6228303 MHz
NUC1 13C

Pl 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
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PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
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F2 - Processing parameters
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WDW EM

SSB 0

LB 1.00 Hz
GB 0
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NAME UT-289 DMSO
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180425
Time 0.58 h
INSTRUM spect
PROBHD 72116098_0048 (
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 294.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13C

Pl 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzleé
PCPD2 90.00 usec
PLW2 24.,00000000 W
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536

SE 100.6128133 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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F2 - Processing parameters
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NAME UT-290 DMSO
EXPNO il
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180212
Time 6.29 h
INSTRUM spect
PROBHD 2116098_0048 (
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 295.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13C

Pl 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzle
PCPD2 90.00 usec
PLW2 24.00000000 w
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536

SF 100.6128158 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

NAME UT-291 DMSO
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180212
Time 6.48 h
INSTRUM spect
PROBHD Z116098_0048 (
PULPROG zg30

TD 65536
SOLVENT DMSO

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 104.33

DW 60.800 usec
DE 10.69 usec
TE 295.1 K
D1 1.00000000 sec
TDO 4
SFO1 400.1324710 MHz
NUC1 1H

P1 8.00 usec
PLW1 24.00000000 W
F2 - Processing parameters
ST 32768

SF 400.1300038 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.50
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Current Data Parameters

NAME UT-291 DMSO
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180212
Time 7.04 h
INSTRUM spect
PROBHD 2116098_0048 (
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 256

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 295.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 8
SFO1 100.6228303 MHz
NUC1 13C

Pl 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz1lé
PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536

SE 100.6128145 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

7.88
7.32
7.30
7.29
7.29
7.28
7.27
7.25
7.24
7.23
7.22
7.20
7.14
7.12
7.10
4.46
4.45
4.44
4.43
4.42
4.41
3.13
3.12
3.11
3.10
3.08
3.07
2.98
2.96
2.95
2.94
2.93
2.92
2.90

NAME UT-181 DMSO
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170829
Time 16.44 h
INSTRUM spect
O I O PROBHD  Z116098_0048 (
H H H H PULPROG 2930
0 N N N_ N 0 D 65536
0 \n/ \Tr' = 0 SOLVENT DMSO
0 e} : NS 64
Ph “Ph DS 2
16f SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 92.46
DW 60.800 usec
DE 10.69 usec
TE 294.6 K
D1 1.00000000 sec
TDO 4
SFO1 400.1324710 MHz
NUC1 1H
Pl 8.00 usec
PLW1 24.00000000 W
DMSO THFE q
THF F2 - Processing parameters
SI 32768
SF 400.1300035 MHz
WDW EM
SSB 0
LB 0.30 Hz
WL, GB 0
A A I PC 1.50
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Current Data Parameters

NAME UT-181 DMSO
EXPNO dd
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170829
Time 20.55 h
INSTRUM spect
PROBHD 72116098_0048 (
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 294.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13C

Pl 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536

SF 100.6128134 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



Current Data Parameters

NAME UT-100 RECRYS DMSO
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170820
Time 17.41 h
INSTRUM spect
PROBHD 2116098_0048 (
PULPROG zg30

TD 65536
SOLVENT DMSO

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 134.04

DW 60.800 usec
DE 10.69 usec
TE 294.3 K
D1 1.00000000 sec
TDO 4
SFO1 400.1324710 MHz
NUC1 1H

Pl 8.00 usec
PLW1 24.00000000 W
F2 - Processing parameters
SI 32768

SF 400.1300039 MHz
WDW EM
SSB 0

LB 0.30 Hz
GB 0

MeOH
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Current Data Parameters

NAME UT-100 RECRYS DMSO
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170820
Time 18.41 h
INSTRUM spect
PROBHD 2116098_0048 (
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 294.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13C

P1 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG([2 waltzle
PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536

SF 100.6128112 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



L P R S PSS v

UT-201 CW DMSO

EXPNO 10
PROCNO 1
Ph F2 - Acquisition Parameters
Ph O Date_ 20171009
Time 10.45 h
Et N)J\N OH INSTRUM spect
H H PROBHD 2116098_0048 (
PULPROG zg30
28 by 65536
SOLVENT DMSO
NS 64
DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 72.76
DW 60.800 usec
DE 10.69 usec
TE 294.3 K
D1 1.00000000 sec
TDO 4
SFO1 400.1324710 MHz
NUC1 1H
Pl 8.00 usec
PLW1 24.00000000 W
F2 - Processing parameters
SI 32768
SF 400.1300037 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
‘/j PC 1:50
o] < N O |0 o] [1s] Q= =4 (=4
© ] o ol S ol 2| |e= S S
?_ o o ol | - N - r N (]

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm
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i et o il e e v inn M o ™ Current Data Parameters
‘ ’ l \V/ ’ \/ ’ ‘ NAME UT-200 CRUDE DMSO
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20171005
Time 19502 h
Ph INSTRUM spect
Ph O PROBHD 72116098_0048 (
PULPROG zgpg30
/'\ OH TD 65536
Et N N SOLVENT DMSO
H H NS 1024
DS 4
28 SWH 24038.461 Hz
FIDRES 0733596 HZ
AQ 1.3631488 sec
RG 181.72
DW 20.800 usec
DE 8.18 usec
TE 294.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13€
P1 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536
SF 100.6128143 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I I I T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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N// \/ v \/ ‘ \ V | \|/ Current Data Parameters
NAME UT-202 RECRYS DMSO
EXPNO 10
PROCNO i
F2 - Acquisition Parameters
Ph Ph__ Date_ 20171108
Ph O I t Ph Time 13.14 h
/'\ J]\ H H h z INSTRUM spect
O N N (ONGZ PN PROBHD  2116098_0048 (
Et N N \n/ \n/ N N Et PULPROG 30
H H H H o8
o) e) TD 65536
SOLVENT DMSO
NS 64
29 DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 72.76
DW 60.800 usec
DE 10.69 usec
TE 294.6 K
D1 1.00000000 sec
TDO 4
SFO1 400.1324710 MHz
NUC1 1H
Pl 8.00 usec
PLW1 24.00000000 w
F2 - Processing parameters
SI 32768
SE 400.1300040 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.50
[} (=] K [=3 - - [} [=3 D
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Current Data Parameters

NAME UT-202 RECRYS DMSO
EXPNO il
PROCNO 4l

F2 - Acquisition Parameters
Date_ 20171108
Time 21.21 h
INSTRUM spect
PROBHD Z116098_0048 (
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 181.72

DW 20.800 usec
DE 8.18 usec
TE 294.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 32
SFO1 100.6228303 MHz
NUC1 13¢C

Pl 9.00 usec
PLW1 77.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzleé
PCPD2 90.00 usec
PLW2 24.00000000 W
PLW12 0.17567000 W
PLW13 0.08836300 W
F2 - Processing parameters
SI 65536

SF 100.6128143 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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