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A highly enantioselective and practical synthesis of the HIV-1 reverse transcriptase inhibitor
efavirenz (1) is described. The synthesis proceeds in 62% overall yield in seven steps from
4-chloroaniline (6) to give efavirenz (1) in excellent chemical and optical purity. A novel,
enantioselective addition of Li-cyclopropyl acetylide (4a) to p-methoxybenzyl-protected ketoaniline
3a mediated by (1 R25)-N-pyrrolidinylnorephedrine lithium alkoxide (5a) establishes the stereogenic
center in the target with a remarkable level of stereocontrol.

Introduction

Inhibition of HIV-1 (human immunodeficiency virus
type 1) reverse transcriptase by nucleosides such as AZT,
DDC, DDI, D4T, and 3TC is a proven therapy for
delaying the progression to AIDS. However, the rapid
viral mutation to resistant strains requires the develop-
ment of new therapeutic agents.!”3 The recent develop-
ments of both protease inhibitors and non-nucleoside
reverse transcriptase inhibitors offer hope of effective
treatment. especially when coadministered.® Efavirenz
t1) is a non-nucleoside reverse transcriptase inhibitor
that shows high potency against a variety of HIV-1
mutant strains® and is currently undergoing clinical
studies.® The importance of efavirenz has prompted us
to design and develop a practical enantioselective syn-
thesis of the compound.”™®

{1: Romero, D. L. Ann. Rep. Med. Chem. 1994, 29, 123.

2% Tucker, T. J.; Lyle, T. A.; Wiscount, C. M.; Britcher, S. F.; Young,
S. D.: Sanders, W. M.; Lumma, W. C.; Goldman, M. E.; O'Brien, J. A.;
Ball. R, G.: Homnick, C. IF; Schlief, W. A.; Emini, E. A;; Huff, J. R.;
Arderson, P. S, J Med. Chem. 1994, 37, 2437.

31 Quinn. T. C. Lancer 1996, 348, 99.

4 De LUlercq, E. J. Med. Chem. 1895, 38, 2491.

‘3 Young, S. D.; Britcher, S. F.; Tran, L. O.; Payne. L. S,; Lumma,
W C. Lyie. T. A; Huff, J. R.; Anderson, P. S.; Olsen, D. B.; Carroll, S.
S.- Pettibone. D. J.: O'Brien, J. A.; Baill. R. G.; Balani, S. K.;: Lin, J. H.;
Unent 1. Wi Schieif, W, A.; Sardana, V. V.: Long. W. J.: Byrnes, V.
W Bwini. B AL Antimicrob, Agents Chemother. 1995, 39, 2602.

{6 Mayers. D.; Riddler. S.: Bach, M.; Stein, D.: Havlir, M. D.: Kahn.
J.: Ruiz. N.: Labriola, D. T'; and the efavirenz clinical development
team  Durable Clinical Anti-HIV-1 Activity and Tolerability for
efavirens in Combination with Indinavir (IDV) at 24 Weeks. Clinical
data presented at the ICAAC meeting, Toronto, 1997, 1-175.

i7: Thompson, A. S.; Corley, E. G.; Huntington, M. F.; Grabowski,
E. J. ). Tetrahedron Lect. 1995, 36, 8937.

(8} Thompson, A.: Corley, E. G.; Hungtington, M. F_; Grabowski, E.
1. J.Remenar. J. F.; Colium, D. B. J. Am. Chem. Soc. 1998, 120, 2028.

Y A synthesis of racemic efavirenz, followed by resolution, has been
reported. Radesca, L. A.; Lo, Y. S.; Moore, J. R.; Pierce, M. E. Synth.
Cammun. 1997, 27. 4373.
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Results and Discussion

Establishment of the quarternary carbon center in an
asymmetric manner presented a unique challenge during
the synthesis of efavirenz. We envisioned that the most
efficient route to efavirenz would involve enantioselective
addition of a metal cyclopropylacetylide to a trifluoro-
methyl ketone 3 (with or without N-protection) mediated
by a chiral additive as depicted in Scheme 1.'° The
enantioselective addition of Li-acetylides to cyclic A
acetylketimines mediated by stoichiometric amounts of
quinine Li-alkoxide has been reported previously.!®

(10) (a) Mukaiyama, T.; Suzuki, K.; Soai, K.; Sato, T. Chem. Lert.
1979, 447. (b) Mukaiyama, T.; Suzuki, K. Chern. Lett. 1980, 255. (¢)
Niwa, S.; Soai, K. J. Chem. Soc., Perkin Trans. 11990, 937-943. (d)
Tombo. G. M. R.: Didier, E.; Loubinoux, B. Synlett 1990, 547 -548. (e)
Corey, E. J.; Cimprich, K. A. J. Am. Chem. Soc. 1994, 116, 3151-3152.
(f) Huffman, M. A.: Nobuyoshi, Y.; DeCamp. A. D.; Grabowski, E. J. J.
J. Org. Chem. 1995, 60, 1590.
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Asymmetric Synthesis of Efavirenz
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subsequent chiral addition reactions to give product 2a
with typical chemical and optical purity.

Completion of the Synthesis. Two routes were
employed for conversion of the amino alcohol 2a into the
target compound, efavirenz. Initially, 2a was converted
into the benzoxazinone 12 (COCl,, EtsN, toluene), which
was isolated in 95% yield upon crystallization from
methanol. Compound 12 was then deprotected {CAN)
to give efavirenz (Scheme 6).7 Although this reaction
proceeds cleanly and efficiently and is suitable for the
small-scale synthesis of efavirenz, there were several
features that are not attractive for the large-scale prepa-
ration of this drug. First, an equal amount of p-
methoxybenzaldehyde was generated in this reaction,
which was not efficiently removed from efavirenz upon
crystallization. Also, a significant quantity of waste
cerium salts was generated in the reaction, which is an
environmental concern upon scale-up.

A more practical route to efavirenz was realized by
simply reversmg the order @gglq};un@ (henzoxazinones
Al N W The Tnost efficient method
for s!' e de- pmethoxyenzylatlon of compound 2a involved
oxidative cleavage using quinones, such as DDQ (Scheme
7).22 Reaction of compound 2a with 1 equiv of DDQ
{toluene, 0—10 °C) proceeded quantitatively to give an
11.5:1 mixture of diastereomeric cyclic aminals 13a and
13b.22 The DDHQ (dichlorodicyanohydroquinone) byprod-
uct from this reaction is essentially insoluble in toluene,
enabling removal by filtration and efficient recycling back
to DDQ using established literature procedures.?® The
cyclic aminals 13a/13b were then directly converted into
the desired amino alcohol 2b without isolation or further
purification. Reaction of 13a/13b with NaOH in MeOH
effected clean dissociation to the amino alcohol 2b (as
its Na alkoxide) and p-methoxybenzyaldehyde. Since
direct isolation of 2b in the presence of p-methoxybenz-
aldehyde was not feasible, this was reduced in situ
(NaBH,) to p-methoxybenzy!l alcohol. The amino alcohol

(LSS I )

(22) The less expensive quinone chloranil was also used for the
deprotection step. However, the initial oxidation of 2a to give the cyclic
aminals 13a/13b is not as cfficient as the reaction involving DDQ, “and
aminals 13a/13b required purification (by crystallization) prior to
conversion into the amino alcohol 2b. The isolated yield of 2b from
this two-step procedure was 75—80%.

(23) The structure of 13b was determined by comprehensive het
eronuclear NOE (HOESY) experiments. Yu, C.; Levy, G. C. J. Am.
Chern. Soc. 1984, 106, 6533.

(24) Newman, M. S., Khanna, V. K. Org. Prep. Proced. Int. 1985,
17(6), 422~423.
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2b was then directly crystallized from the reaction
mixture, upon neutralization (HOAc), and was isolated
in 94% yield and >99.9% purity (after recrystallization
from toluene —heptane).

4 ;ﬂd A51de from the lower g
y1eld it was dlfﬁcult to completely remove residual 14¢
from efavirenz prepared by this method. A more conve-

nient one-pot process was also developed, mvolvmg
formation of the pmtrophenvlcal bamate 14b followed by
m 51tu rmg closure z T :
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and the product was crystallized by addition of water to
give efavirenz in 94% yield and >99.5% purity, free of
the 14b intermediate.

Summary

A highly efficient, practical, enantioselective synthesis
of the HIV reverse transcriptase inhibitor efavirenz is
now available, which is suitable for the manufacture of
this important compound. The synthesis provides ana-
lytically pure efavirenz in an overall yield of 62%, in
seven steps from 4-chloroaniline. A novel, chiral Li-
alkoxide-mediated, enantioselective acetylide addition
reaction is used to establish the chiral center in the target
with a remarkable level of stereocontrol

Experimental Section

General Methods. Melting points are uncorrected. 'H,
$3C, and "F NMR spectra were collected at 300, 75, and 282
MHz, respectively. Analytical HPLC were run with Zorbax
RX-C18 columns at 215, 240, or 250 nm. Chiral HPLC were
run with a ChiralPak AD column. All reactions were run
under nitrogen, and all reagents were plant grade unless
otherwise noted. Combustion analyses were performed by
Quantitative Technologies, Inc., Bound Brook, NJ.

N-(4-Chlorophenyl)-2,2-dimethylpropanamide (7). 4-
Chloroaniline (6. 1.0 kg. 7.8 mol) was charged into a mixture
of tert-butyl methyl cther (4.6 L) and 30% aquecous sodium
hydroxide (1.17 kg, 8.78 mol), and the mixture was cooled to
15 *C. To the resulting slurry was added trimethylacetyl
chioride (1.0 kg, 8.5 mol) over 1 h. keeping the temperature
below 40 °C. After being stirred for 30 min at 30 °C, the slurry
was cooled to —10 °C and held for 2 h. The product was
collected by filtration, washed with a solution of 90/10 water/
methanol (2.5 L} and water {5 L), and dried in vacuo to give
pivaloylamide 7 (1.61 kg, 97% yield) as a crystalline solid: mp
152-153 °C (lit."!! mp 145 °C); 'H NMR (300 MHz, CDCly) o
748 (d. J = 9 Hz, 2H)}, 7.37 (s. 1H), 7.28 (d, J = 9 Hz, 2H),
1.30 (s. 9H); C NMR (75 MHz, CDCls) 0 176.7. 136.6, 129.1,
128.9. 121.4. 39.6, 27.6.

4-Chloro-2-trifluoroacetylaniline, Hydrochloride Hy-
drate (9). Compound 7 (3.7 kg, 17.3 mol) was charged (o a
solution of TMEDA (2.0 kg, 17.4 mol) in anhydrous tert-butyl
methyl ether (35 L), and the mixture was cooled to ~20 °C.
To the cold slurry was added 2.7 N n-butyllithium in hexane
(10.2 kg, 39.3 mol) while the temperaturc was kept below 5
“C. The mixture was aged at 0—5 °C for 2 h and cooled below
~15 °C. and ethyl trifluoroacetate (3.45 kg, 24.3 mol) was
added rapidly. After 30 min, the resulting solution was
quenched into 3 N HCI (20 L, 58.9 mol). keeping the temper-
ature below 25 °C. The organic solution was separated and
concentrated by distilling approximately 20 L of solvent.
Acetic acid (33 L) was added while 35 L of solvent was distilled
under vacuum (~100 mmHg). The solution was cooled to 30
“C. 12 N HC! (3.6 L, 43.4 mol) was added, and the mixture
was heated to 65—70 °C and held for 4 h. The resulting slurry
was cooled to 5 °C, and the product was collected by filtration,
washed with ethyl acetate (5.5 L), and dried in vacuo to give
4.2 kg (87%) of the salt 9 as a white crystalline solid: mp 159—
162 °C dec: ‘H NMR (300 MHz, DMSO-d;) 6 7.65—-7.5 (m, 2H),
7.1 {d. J= 8 Hz, 1H), 7.0 (brs, 3H); °F NMR (282 MHz, DMSO-
YA —69.5; IR (cm™") 3201{broad), 1929, 1795 (weak), 1626,
1395, 1558, 1509, 1486, 1174. Anal. Caled for CyHgClF;s-
NOg: C, 34.56; H, 2.90; N, 5.04: Cl1. 25.50. Found: C, 34.56;
H. 2.76; N. 4.91; Cl, 25.26.

231 Two bases are used in this reaction (KHCOj3, followed by KOH),
since the reaction does not proceed to completion if run at initially
high pH (pH > 11). In this case, ring closure is rapid and K
nitrophenylate competes with 2b for nitrophenyl chloroformate (form-
ing nitrophenyl carbonate as a byproduct). Use of KHCO; ensures pH
< 8.5 and complete formation of the carbamate 14b belore addition of
KOH to eftect ring closure.

Pierce et al.

N-(4-Methoxybenzyl}-4-chloro-2-(trifluoroacetyl)ani-
line (3a). Into a 50 L extractor was charged a solution of
sodium acetate (1.4 kg, 17.6 mol) in water (3.6 L) and tert-
butyl methyl ether (18 L). The HCl salt 9 (3.0 kg, 10.8 mol)
was added. The heterogencous mixturce was stirred at ambient
temperature for 30 min or until solids disappeared. The pH
of the aqueous layer should be in the range of 4.0-6.0,
otherwise HC1 (6 N) or NaOH (5 N) was used to adjust the
pH to the desired range. The organic layer was separated,
washed with water (3.6 L), and transferred to a 50 L, three-
necked, round-bottom reaction flask equipped with mechanical
stirrer and a thermocouple. The solution was concentrated
to ~8 L and [lushed with acetonitrile (2 x 12 L) to give
ketoaniline 3b (2.24 kg, 10.0 mol, 99% yield) as a free base in
acetonitrile (8 L), which was directly used in the next step. A
small sample of ketoaniline 3b was isolated as yellow needles
by crystallization from heptane: mp 98—99 °C; 'H NMR (300
MHz, CDCl2) 6 7.70 d. J= 2 Hz, 1 H), 7.32 (dd, J= 2. 9 Hz,
1H), 6.7 {d. J= 9 Hz. 1H), 6.44 (brs, 2H); '3C NMR (75 MHz,
CDCls) 6 180.0, 151.6, 136.9, 1301.1, 120.9, 119.0, 116.8, 111.4;
WF NMR (282 MHz, CDCl3) 6 70.3; IR (cm™) 3498, 3380, 1663,
1625, 1589, 1533, 1138; HRMS caled for CsH5CIF;NO 223.0001,
found 223.0012. Anal. Calcd for CgH;CIFsNO: C, 42.98; H,
2.25; N, 6.26. Found: C, 43.01; H, 2.14; N, 6.09.

To the solution of ketoaniline 3b in acetonitrile, under
nitrogen, was added p-toluenesulfonic acid monohydrate (28.65
g, 0.15 mol). The reaction mixture was heated to 70 °C with
stirring.  4-Mcthoxybenzyl alcohol (1.53 kg, 11.0 mel) in
acetonitrile (3 L) was added over 45 h, keeping the reaction
temperature at 70 °C. The reaction was monitored by HPLC
until reaction completion {typically 2 h after the addition of
the alcohol). The batch was cooled to room temperature and
seeded. A bright yellow crystalline solid gradually formed. The
slurry was then aged at ambient temperature for 12 h with
stirring. Water (11 L) was added slowly over 2 h. After being
aged at room temperature for another 1-2 h, the solid was
filtered and washed with 50/50 acetonitrile/water (2 x 10 L).
The wet cake was dried under vacuum (50 °C, 70 mmHg, 24
h) to give ketoaniline 3a (3.17 kg, 90% yield) as a bright yellow
solid: mp 82~84 °C; 'H NMR (300 MHz, CDCl3) ¢ 9.04 (s, 1H),
7.74(d, J=2Hz, 1H),7.35(dd, /= 2,9 Hz, 1H),7.24 d, J=
8 Hz, 2H), 6.91 (d, J = 8 Hz, 2H), 6.75 (d, J = 9 Hz, 1H), 4.43
(d, 7= 6 Hz, 2H), 3.79 (s, 3H); 13C NMR (75 MHz, CDCl3) ¢
180.5, 159.2, 151.9, 137.4, 130.8, 128.9, 128.4, 119.9, 117.0,
114.5, 114.4, 111.3, 55.3. 46.6; IR (cm™!) 3355, 1659, 1608.
1565, 1510, 1431, 1407, 1357, 1245, 1160, 1133; HRMS calcd
for Cy6H13CIF3NO; 343.0587. found 343.0588. Anal. Calcd for
CisHysCIF3NO,: C, 55.91; H, 3.81; N, 4.07. Found: C. 56.07:
H, 3.87: N, 3.99.

N-(3',4’-Dimethoxybenzyl)-4-chloro-2- (trifluoroacetyl)-
aniline (3c). Compound 3a (4.96 g, 40 mmol} and 3,4-
dimethoxybenzy! alcohol (7.39 g, 44 mmol) were added to
2-propanol (40 mL). TsOH (76 mg, 0.4 mmol) was added and
the mixture heated to 60 °C and held 3.5 h. The solution was
concentrated in vacuo to one half the original volume, diluted
with water (10 mL). and stirred at 25 °C. The resulting slurry
was filtered and the product dried in vacuo at 30 °C to give
10.16 g (68%) of 3¢ as a yellow powder. An analytically pure
sample was obtained by recrystallization from acetonitrile: mp
82~84 °C; *H NMR (CDCly) ¢ 9.05 (brs, 1H), 7.75 (brt. J=2
Hz, 1H), 7.35 (dd, J= 2, 8 Hz, 1H), 6.8 (d, J= 8 Hz, 3H), 6.75
(d, /=8Hz 1H), 443 (d, /=5 Hz, 2H), 3.88 (s, 3H), 3.87 (s,
3H): 3C NMR (CDCl3) 6 179.9, 151.9, 149.4, 148.7. 137.4,
130.8, 130.8, 130.7, 129.4, 1194, 114.5, 111.5, 111.4, 110.3,
56.1, 56.0. 47.0; '*F NMR (CDCls) 6 —69.61; IR (cmn™') 3343,
1656, 1612, 1566, 1512, 1464, 1141, 1264, 1195, 1140, 1028;
HRMS caled for Ci7H;sF3CINO; 373.0692, found 373.0698.

N-(Triphenylmethyl)-4-chloro-2-(trifluoroacetyl)ani-
line (3d). To a solution of NaOAc (1.42 kg, 17.3 mol) in water
(3.6 L) was added terr-butyl methyl ether (5.0 L), cyclohexane
(13.7 L), and compound 9 (3.00 kg, 10.8 mol). After dissolution
the phasecs were separated. The organic phasc was partially
concentrated by distilling 7.5 L of solvent. Trityl alcohol (3.03
kg, 11.6 mol) and p-TsOH (20 g. 0.11 mol) were added and
the mixture heated to reftux with distillation of 6.5 L of solvent

Dy
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A 20% solution of phosgene (0.84 kg, 8.5 mol) in toluene (4 L)
was added at a ratc that the temperature remained below 25
’C. The mixture was aged at this temperature for 1 h, and
methanol (90 g, 2.8 mol) was added to quench excess phosgene.
After 15 min. water (9.0 L) was added, and the layers were
separated. The organic layer was washed with water (6.0 L)
and concentrated by distilling about 14 L of solvent in vacuo.
Methanol (29 L) was added. and the mixture was concentrated
by distilling about 18.5 L of solvent. The solution was cooled
Lo —15 °C, and the resulting solids were filtered, washed with
cold methanol (2 L}, and dried in vacuo at 50 °C to give 2.82
kg (91%) of benzoxazinone 12 as a white solid: mp 115-116.5
*C; [0]%p —93.67° (¢ 0.300, MeOH); *H NMR (300 MHz, CDCls)
0 7.52 (m, 1H), 7.26 (dd, /=9, 2 Hz, 1H), 7.17 (d. J= 9 Hz,
2H). 6.85 (d, J =9 Hz, 2H), 6.83 (d, J= 9 Hz, 1H), 5.08 (s,
2H). 3.77 (s, 3H), 1.40 (m, 1H). 0.96—0.82 (m, 4H); 13C NMR
175 MHz, DMSO-d) 6 158.6, 147.5, 134.9, 131.8, 128.1, 127.8,
127.0.126.7. 122.1, 117.3, 116.6, 114.1, 96.0, 76.8, 65.6, 54.9,
46.6, 8.5. 8.4, —1.3; F NMR (282 MHz, CDCls) 6 —81; IR
lem -) 2248, 1735, 1605. 1515, 1497, 1314, 1252, 1187: HRMS
caled for CzpH3CIFaNO3 (M + H) 436.0927, lound 436.0931.
Anal. Caled for C.;H2CiIF3NOs: C, 60.62; H, 3.90; N, 3.21.
Found: C, 60.51: H. 3.89; N, 3.18.

(8)-6-Chloro-4-{cyclopropylethynyl)-1,4-dihydro-4-(tri-
fluoromethyl)-2 H-3,1-benzoxazin-2-one (1). To a solution
of compound 12 (250 g, 0.37 mol} in acetonitrile (2.5 L) was
added a solution of CAN (960 g, 1.75 mol) in water (1 L). The
mixture was stirred at ambient temperature for 1 h and
quenched with Na;S;05 (200 g) to remove anisaldehyde. The
organic layer was separated and washed with 1 L of water.
To the organic solution was added another portion of Na,S.05
700 g). and the mixture was aged at ambient temperature
tor 12 h o give a slurry. The slurry was filtered, and the waste
cake was washed with EtOAc (2 L). The filtrate was concen-
trated in vacuo, and the residue was crystallized from EtOAc—
heprane (5/95) to give efavirenz (1, 140 g, 76% yield) as white
salid.

{S)-5-Chloro-a-{cyclopropylethynyl)-2-amino-a-(triflu-
oromethyl)benzenemethanol (2b). DDQ (0.85 kg, 3.74 mol)
was dissolved in toluene (4.52 L. 5.31 mL/1 g of DDQ) at 30
Cand was charged dropwise to a slurry of the PMB-protected
amino alcohol 2a (1.51 kg, 3.68 mol) in toluene (6.62 L) at 0
“C over 20 min. The resulting mixture was aged at ambient
temperature for 2 h. The mixture was filtered, and the waste
solid (mainly DDHQ) was washed with toluene (3 x 0.5 L).
The filtratc and wash were combined and washed with
aqueous 5% NaHCOj; (3.3 L). The resulting toluene solution
contained mainly the cyclic aminals 13: 'H NMR (major
isomer, 300 MHz, DMSO-d) & 7.46 (d, J = 9 Hz, 2H), 7.28~
7.21 tm, 3H). 7.0 (d. J= 9 Hz, 2H), 6.85 (d, /= 9 Hz, 1H),
532 (s, 1H). 3.78 (s, 3H), 1.52—1.47 (m, 1H), 0.90—-0.84 (m,
2H). 0.72—0.68 (m, 2H); }*C NMR (75 MHz, DMSO-d) ¢ 160.3,
143.8. 129.6. 129.3, 128.9, 125.8, 123.1, 121.7, 118.1, 117.8,
113.8, 93.6. 80.9, 74.1, 70.3, 55.2, 8.5, 8.4, —1.07; 'F NMR
(282 MHz. CDCl3) 6 —80.9; IR {em™!) 2226, 1610, 1513, 1492,
1458. 1303, 1279, 1256, 1174. HRMS calcd for C2 H7NO:CIF3
407.0899. found 407.0885. Anal. Calcd for C;;H7NORCIFy:
C.61.99; H. 3.89; N, 3.41. Found: C, 61.68; H, 4.16; N, 3.34.

The toluene solution was concentrated in vacuo to ~3 L at
~40 *C. MeOH (9 L) was added portionwise, and the solution
was concentrated in vacuo to ~3 L (toluene content in the final
solution should be <2 vol %}. The total volume of the solution
was adjusted to 6.6 L with methanol. The solution was heated
at 40 *C, and 5 N NaOH (3.3 L) was added over 10 min. The
resulting clear solution was held at 40 °C for 30 min. A
solution of NaBH; (39.1 g, 1.03 mwol) in 0.5 N NaOH (390 mL)
was added dropwise, maintaining the temperature at 40—45
“(.. The mixture was stirred at ambient temperature for 15
min and cooled to 19 “C. The solution was neutralized with
glaciai acetic acid (~ 1.0 L) to pH 8.4, keeping the temperature
at 20-25 °C. Water (10 L) was added dropwise over 30 min.
The mixture was aged at ambient temperature for 1 h and
filtered. The solid was washed with water (1 L) and dried in
vacuo o give crude amino alcohol 2b as a pale yellow solid
(1.04 kg).

Pierce et al.

The crude product was dissolved in toluene (2.7 L) and
MTBE (0.85 L). The solution was concentrated in vacuo to
~1.5 L. Heptane (2.6 L) was added over 1 h. The resulting
slurry was aged at ambient temperature for 1 h. The solid
was collected by filtration, washed with heptane (I L). and
dried in vacuo to give 1.0 kg {94% yield) of the amino alcohol
2b as a white solid: mp 141-143 °C; [a]¥p —28.3° (¢ 0.106.
MeOHj); '"H NMR (300 MHz, CDCl4) 6 7.54 (d, J= 2 Hz, 1H).
7.13 (dd. /=9, 2 Hz, 1H), 6.61 (d. J= 9 Hz. 1H), 4.50 (brs,
3H), 1.44-1.35 (m, 1H), 0.94—0.78 (m, 2H), 0.72-0.68 (m, 2H);
13C NMR (75 MHz, DMSO-d;) 6 146.7, 129.4, 129.0, 124.3,
118.4,118.07.118.05,92.3,72.6,71.0,8.2,8.1, -1.1; ¥ F NMR
(282 MHz, CDCl;) 6 —80.5; IR {cm™!) 3421, 3331, 2237, 1612,
1490, 1410, 1289, 1264, 1169, 1092; HRMS caled for C,3H;,-
NOCIF; 289.0481, found 28%.0497. Anal. Calcd for Ci3Hii-
NOCIFs: C,53.80; H,3.77; N, 4.72. Found: C, 53.65; H, 3.63;
N, 4.81.

(S)-6-Chloro-4-(cyclopropylethynyl)-1,4-dihydro-4-(tri-
fluoromethyl)-2 H-3,1-benzoxazin-2-one (1)~Phosgene.
Compound 2b (1.57 kg, 5.43 mol) was dissolved in a mixture
of heptanes (4 L) and THF (6 L), and the solution was cooled
to below —10 °C. Phosgene (0.8 kg, 8.0 mol) was directly fed
below the surface over about 1 h, keeping the temperature
below 0 °C. The resulting slurry was warmed to 20~25 °C
and held for 1 h. Methanol (0.65 kg, 20.3 mol) was added and
the solution stirred for ~30 min. Heptanes (14 L) was added,
and ~14 L of solvent was distilled under reduced pressure.
Heptanes (14 L) and THF {2.5 L) were added, and the solution
was washed with 5% aqueous sodium bicarbonate (1.5 L)
followed by water (1.5 L). The solution was warmed to 50 °C
and filtered into a clean reactor, followed by a 5 L heptanes
rinse. The solution was concentrated under reduced pressure,
diluted with heptanes (2.5 L), and cooled below —10 °C. The
product was filtered, washed with heptanes (4.5 L), and dried
in vacuo at 90—100 °C to give 1.6 kg (95% yield) of 1 as white
solid: mp 139141 °C; [0]%p ~94.1° (¢ 0.300, MeOH); 'H NMR
(400 MHz, DMSO-ds) 6 11.05 (s, 1H), 7.54 (dd, J = 2.5, 7 Hz,
1H), 7.43 (d. J= 2.5 Hz, 1H). 6.99 (d, J= 7 Hz, 1H), 1.58 (m.
1H), 0.92 (m, 2H), 0.77 (m, 2H); ¥*C NMR (100 MHz, DMSO-
ds) ¢ 146.23, 134.71, 132.04, 126.93, 126.57, 122.24, 116.83,
114.08, 95.63, 77.62, 65.85, 8.48, 8.44, —1.32; 'YF NMR (282
MHz, DMSO-dg) 6 —81.1; IR (cin™!) 3316, 2250, 1752, 1602,
1498, 1196, 1186; HRMS caled for CysH;o[F2CING, (M + H)
316.0352, found 316.0338. Anal. Calcd for C;;HgF3;CINO;: C.
53.27; H, 2.87; N, 4.45; C1 11.23; F, 18.05. Found: C, 53.15:
H, 2.73; N, 4.37; Cl, 11.10; F, 17.84

(85)-6-Chloro-4-(cyclopropylethynyl)-1,4-dihydro-4-(tri-
fluoromethyl)-2H-3,1-benzoxazin-2-one (1)—Nonphos-
gene. To a solution of the amino alcohol 2b {35.38 mmol,
10.25 g) in toluene (100 mL) were added water (100 mL).
potassium bicarbonate (2 equiv, 7.08 g), and methyt chloro-
formate (2 equiv, 5.46 mL). The biphasic mixture was stirred
vigorously at 20—25 °C until <0.5% amino alcohol 2b remained
by HPLC analysis (approximately 8.5 h). The layers were
separated, and the organic layer was washed with brine (100
mL) and dried over magnesium sulfate. After filtration, the
solution was concentrated {50—60 °C under vacuum). and
heptane was added to adjust the final solvent ratio to ap-
proximately 10% toluene/90% heptane and a final volume of
100 mL. During the solvent ratio adjustment, the methyl
carbamate 14c crystallized. After the slurry was aged at 20~
25 °C for approximately 30 min, the material was [iltered, and
the cake was washed with one cake volume of heptanc. The
solid was dried by suction to give 11.32 g of methyl carbamate
14c¢ (92% yield) as a white solid: mp 112.5-114.5 °C; 'H NMR
(300 MHz, CDCl3) 6 8.70 (brs, 1H), 8.03 (d, J = 8.5 Hz. 1H).
7.67 (d, J= 2.4 Hz, 1H), 7.32 (dd. J= 8.9, 2.5 Hz, 1H), 454
(brs, 1H), 3.76 (s, 3H), 1.36 (m, 1H), 0.90 (m, 2H), 0.81 (m,
2H); BC NMR (75 MHz, CDCls) 6 154.7. 136.2, 130.2, 130.1.
128.1,124.3,123.6 (g, J=286.9, 1C), 122.9,94.7, 748 (q, J =
33.5, 1C), 69.6, 52.7, 8.5, 8.4, —0.7.

To a solution of methyl carbamate 14¢ (32.55 mmol, 11.32
g} in MTBE (170 mL) was added a solution of LiO--Bu in
hexanes (1 equiv, 32.6 mL of a 1 M solution). The reaction
mixture immediately became a slurry. which became a clear
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yellow solution within 30 min. The reaction mixture was aged
at 20—-25 °C until <0.3% methy! carbamate 14c¢ remained by
HPLC analysis (approximately 16 h). The reaction was
quenched into 0.5 N HC1 (150 mL), the layers were separated,
and the organic layer was washed with brine (150 mL), dried
over magnesium sulfate, and filtered. The solution was solvent
switched into IPA (56 mL)}, and the product was crystallized
by the addition of water (106 mL). The product was filtered
and dried to give 9.22 g (90% yield, 83% from 2b) of 1.
(8)-6-Chloro-4-(cyclopropylethynyl)-1,4-dihydro-4-(tri-
fluoromethyl)-2 H-3,1-benzoxazin-2-one (1)~Nonphos-
gene. To a three necked round-bottom flask equipped with a
mechanical stirrer, N line, and thermocouple were charged
amino alcohol 2b (500 g, 1.73 mol), MTBE (2.5 L), water (5.0
L). and solid KHCO; {225 g, 2.25 mol}. The resulting mixture
was stirred at ambient temperature, and then solid 4-nitro-
pheny! chloroformate (365 g. 1.82 mol) was added over 3 h.
The mixture was stirred at 20—25 °C for 1 h. The pH of the
reaction was adjusted to 11 by addition of aqueous KOH (1.94
M). At approximately pH 9.2, the carbamate dissclved. More
KOH was added until the pH was 11—11.5. The resulting two-
phase mixturc was stirred vigorously at 25 °C. The total
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aqueous volume was adjusted to 100 mL by addition of water.
The layers were separated, and 2.5 L of brine (15 wt %) was
added to the organic phase. HOAc (0.1 N) was added until
the pH was 6—7 (approximately 350—700 mL of HOAc was
added). The organic layer was then washed with 2.5 L of brine
and solvent switched to IPA (3 L). H;O (5.7 L) was added to
crystallize compound 1 (94% yield) as a white solid.
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