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1. Introduction Several synthetic methods for the preparationtesf-butyl
esters have been reported (Scheme 1). Wright andodcers
reported a procedure to prepdert-butyl esters promoted by
reaction of an excess t#rt-butyl alcohol and sulfuric acid in the
presence of anhydrous magnesium suffatelternatively,

Carboxylic acids are common structures in orgagigteesis
and pharmaceutical development. Protection andotiegiion of
this functional group are commonly performed duringltistep

syntheses. Este_rs, carboxylic acid derivgtives,\/\ddel_y usgd as isobutylene with concentrated, 80, in EtO has been shown to
carboxyl protecting groups. The conversion of cayio acid to protect carboxylic acids with theéert-butyl group* These

tert-butyl ester is a particularly useful synthetic hoet because ethods use strong concentrated acid, which camuobshe
of the stability of the ester against nucleoplulitack and its €asy  ggterification of acid-sensitive functionalities.sa| isobutylene
cleavage. Several methods have been developedmiovesthe 54 hoses safety concerns for large-scale applicatiecause of
tert-butyl group from an ester. Traditional and simpleategies jis high flammability and risk of explosion. Someetinods of
using strong acids such asCOOH, H.SO, anl(g/l H_NQshave preparingtert-butyl esters have been reported that do not requir
been reported. Some Lewis acids such as,MgICl,,” and  grong acid or isobutylene gas such as the reacfiarcarboxylic
ZnBr,”" have also been used for the deprotectiorieofbutyl acid, N,N"-carbonyldiimidazole, and-BuOH with DBUZ® or
esters. Heating at 190-200 °C is a non-chemical ade#f  roaction of an acid chloridéert-BuOH, and AGCN in benzerté.
cleaving thetert-butyl group. Having various options fofert-  yoyever, these reactions still use expensive casalf$terefore,
butyl group removal provides advantages in multisteganic  yeyeloping a new method that uses inexpensiversgartaterials
syntheses. Theert-butyl group has also been used in a wideag el as a short reaction time and mild conditiogisan
range of organic reactions to protect carboxylied®dn the jmportant challenge. In particular, discovery ofwnéypes of
synthesis of bioactive compounds such as inhibibbrsepatitis  efficient reagents for the preparationteft-butyl esters would be
C virus NS3 proteaseinhibitors of MMP-3, -6 and -9 subclasses a valuable addition to organic chemistry. Lewis acidre

of matrix metalloproteinases, which are related ®rmwl oiengially useful agents in the preparationteft-butyl esters
10 11
ulcers,” GABA-T inhibitors,” and HIV-gp120 Q'SC(}Q“”UOUS because they play an important role in various mima
epitope mimics for the development of syntheticouaes. reactions.*® Thus, we hypothesized that Lewis acids could be
used for the high-yield synthesis wfrt-butyl esters. Herein, we
report a novel facile synthesis tdrt-butyl esters from 2ert-
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butoxypyridine and various carboxylic acids usihg t_ewis
acid boron trifluoride- diethyl etherate under nufehditions in a
short reaction time.

1. Previous studies:

H OJ<
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)k _— )k J< acid-sensitive functionalities problem
R™ "OH  H,50,/MgSO, R” "O
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Scheme 1 Synthetic strategies oért-butyl esters.
2. Result and Discussion

Dudley and co-workers first prepared benzyl estevsnff2-

benzyloxy-1-methylpyridiné? In the method, treatment of 2-

benzyloxy-1-methylpyridine with MeOTf produced 2-bgluxy-

1-methylpyridinium triflate salt, one of the oxyjgdinium salts
and a key intermediate to achieve the desired ioeect This
method was also employed to prepare allyl eStérom the
results of these reactions, we hypothesized thaert2-
butoxypyridine could be used in the synthesitedfbutyl esters.

Tert-butyl esters were prepared from potassient-butoxide
in 2 steps, as shown in Scheme 2. In the reactmaspiumtert-
butoxide was converted to t@rt-butoxypyridine by previously
reported method: Treatment of potassiutert-butoxide with 2-
chloropyridine in the presence of 18-crown-6 in évla at
110 °C for 15 h generatedt@rt-butoxypyridine (compound) in
54% vyield. The purification of compourlwas easily achieved
via silica gel chromatography. Next, we employed réqgorted
synthetic protocol using oxypyridinium salt to paeptert-butyl

ester* Compound2 was treated with carboxylic acid and MeOTf

at room temperature. Howeveert-butyl esterification at room
temperature was inadequate (32% esterification a@dr).
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Scheme2 Synthesis ofert-butyl esters.

Thus, various reaction conditions for compouBdwere
examined to yieldert-butyl esters (compound). In an initial
investigation, we carried out the esterification ctem with
various commercially available reagents such as $eadids
(TiCl,, AICI;, SnCl, and BR-OEL) and bases ()COs, EGN,
NaHCQ;, and DBU) to identify better reagents fert-butyl ester
formation. Benzoic acid was selected as a modeltsibsn our
study. To a mixture of 1.35 equiv. of Lewis acidbaise and..00
equiv. of benzoic acid in toluene, a 1.35 equiviutian of
compound? in toluene was added. After a 30-min reaction
room temperature, the yield of the desired proditained after
purification by flash column chromatography was chklted to
determine the effect of each reagent on the eis@ifn. The
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results are shown in Table 1. No change in the startiaterial
was observed after 30 min whepGQO;, EN, NaHCQ, or DBU
were used. Thus, we concluded that basic reagents we¢ra
proper choice for this reaction. The addition oM acids such
as SnCj resulted in small increased reaction yield tent-butyl
esterification, whereas none of the desired prodast observed
when the reaction was carried out with Ti@GF AICI;. Finally,
the possibility oftert-butyl esterification using BFOEt was
investigated. A yield of 94% of the desired prodwes observed,
suggesting BFOEL as the most effective reagent fert-butyl
esterification.

Next, screening for a reaction solvent effect wasie@rout.
As shown in Table 2, reactions performed withyBIEL in THF,
1,4-dioxane, and chlorinated solvents (dichlororaeéh and
dichloroethane) led to low yields ¢ért-butyl ester. When the
reaction was carried out in MeCN, the desired prodieid
increased to 47%. Surprisingly, employing tolueseaasolvent
led to an accelerated reaction and gave signifigantreased
yield of the desiredert-butyl ester. The solvent screening study
suggested that toluene was the best solvent faetwtion.

To provide a better understanding of the effedBfOEt, on
the reaction, we investigated the use of differembants of
BFs-OEt, (0.1 equiv, 0.5 equiv, 1.0 equiv, 1.35 equiv, and 2
equiv) in thetert-butyl esterification. As shown in Table 2, ester
product yield increased in proportion to the amoohteagent
(i.e, 3% for 0.1 equiv of BFOEL 21% for 0.5 equiv of
BFs-OEtL). The highest yield ofert-butyl ester was observed in
the presence of 1.35 equiv and 2.0 equiv ofBEt, for 30 min
(94% vyield for both 1.35 and 2.0 equiv of BBPEL). There was
no significant difference in yield when employin@3.equiv or
2.0 equiv of BEROEL. These results demonstrate that the
synthetic yield oftert-butyl ester significantly depends on the
amount of BEOEL. Based on these results, 1.35 equiv. of
BF-OEt, reagent was selected for further investigationhiea t
tert-butyl ester synthesis.

Having determined the optimal conditions, we carrad
esterification reactions with a variety of carbogylacids
including saturated or unsaturated ones, bulky ome&rocyclic
carboxylic acids, and aromatic carboxylic acids wéllectron-
donating or electron-withdrawing groups. 1.00 equidf
carboxylic acid substrate was treated with 1.35 ecpfi2+tert-
butoxypyridine and 1.35 equiv. of BBEY, in anhydrous toluene
at room temperature. Altert-butyl esterification yields from
carboxylic acids were determined after 30 min reactime. As
shown in Table 3, aromatic carboxylic acids contajrélectron-
donating groups afforded the correspondieg-butyl ester in
very good yields ranging from 80 to 98% (Table Btries 2-5).
Changing the substituents to electron-withdrawingugsoled to
similar results under the same conditions (Tablergries 6-10),
suggesting that reactions using;BFEt with most substituted
aromatic carboxylic acids will successfully produdée
correspondingert-butyl ester in excellent yield.

Furthermore, esterification of alkyl substitutedrbzaylic
acids produced their corresponditagt-butyl esters in excellent
yields. It is noteworthy that aliphatic acids weraative in the
esterification (Table 3, entries 11-12). Cyclohexararboxylic
acid as a cyclic substrate or aromatic substitaigzhatic acids
also gave greater than 93% conversion yields inrésetion
(Table 3, entries 13-15). The scope of this syitheaethod was
extended to unsaturated carboxylic acids contaisérgsitive and

alreactiven-bonds. Surprisingly, alkenyl and alkynyl subsetiit
carboxylic acids converted ttert-butyl esters in high yields
without any side reactions observed at the doubliigle bond
(84% yield for compoun8q and 92% vyield for compourtst).



Table 1. Screening of Lewis acids and bases fortérebutyl
esterification reactidh

Base

o
or [¢]
L e K
2 3 4
Entry  Baseor Lewisacid Time Temp. Yield
(min) (%)
1 K,CO;, 30 r.t. NR
2 Trimethylamine 30 r.t. NR
3 NaHCQ 30 r.t. NR
4 DBU 30 r.t. NR
5 TiCl, 30 r.t. NR
6 AICI; 30 r.t. NR
7 SnC}, 30 r.t. 4
8 BF:-OE 30 r.t. 94
9 None 30 r.t. NR

®Reaction conditions: 1.35 mmol of compoudL.0 mmol of
carboxylic acid, 1.35 mmol of base or Lewis acidijéoe (2 mL),
room temperature, 30 min

®Product yield after
chromatography.

‘No reaction.

purification by flash column

Table 2. Screening of solvents in the esterification reactb

benzoic acid and compou28
Lok
o
5

BF;-OEt,

—_—
Solvent, rt, 30min

L0 o

3

To demonstrate the efficiency of this method, wdqvared
esterification reactions on carboxylic acids withkyisubstituent
groups for which steric effects usually obstruct téaction. 3,5-
dimethylbenzoic acid and 2,4,6-trimethylbenzoicdaadilespite
their bulky aromatic substrates, were convertedht® desired
productsbu and5v in 81% and 82% vyields, respectively (Table 3,
entries 21-22). Moreover, diphenylacetic acid withtivo bulky
benzene groups, adamantine carboxylic acid, angbBsky-2,2-
dimethylpropanoic acid were all utilized to form ithe
corresponding esters in high yield under the saommditons
(Table 3, entries 19, 20 and 23). These resultgcamed the
importance of BEFOEL as a useful reagent for the synthesis of
tert-butyl esters from bulky carboxylic acids duringsthmild
reaction process with &rt-butoxypyridine.

Moreover, 2-furoic acid, a heterocyclic acid coniag an
oxygen, was investigated in our protocol to furtegpand the
scope of the reaction utilizing BBEL. It has been previously
noted that the furan compound is not stable undadia
conditions and easily decomposes. In our investigat
remarkably, the treatment of 2-furoic acid with te2t
butoxypyridine readily achieved a 94% yield of the
correspondindert-butyl estersx in 30 min without any observed
by-products (Table 3, entry 24), demonstrating B&$OEY, is
suitable for the synthesis tdrt-butyl esters from different types
of carboxylic acidsunder mild conditions.

Amino acids such as tyrosine and Boc-protected ityeosere
also utilized fortert-butyl esterification. The reaction of Boc-
protected tyrosine produced its correspondiag-butyl ester
under the same conditions (Table 3, entry 25), wiggetion of
tyrosine with unprotected NHproduced tert-butyl protected
amine compound as a main product. The results sudigat the
new reaction method is more efficient at synthe$ited-butyl
ester from carboxylic acid than the class of readi acting
through the hydroxyl group. In this particular cabewever,
amine reacted with grt-butoxypyridine more rapidly than
carboxylic acid.

To further assess the utility of this synthetic qgadure, 18-
glycyrrhetinic acid, a more complex bioactive compd, was
used for the synthesis ort-butyl ester. The desiregrt-butyl
ester was successfully obtained under the descnibadtion

2 4
Entry Lewis acids Solvent Temp Yield®
(equiv) (%)

1 BF:-OEL, (1.35) THF r.t. 4
2 BR;OEt, (1.35) MeCN rt 47
3 BR;OEL, (1.35) 1,4-dioxane r.t. NR
4 BR;OEt, (1.35) DCE r.t. 25
5 BF-OEL, (1.35) CHCl, r.t. 20
6 BF;-OEt, (1.35) Toluene r.t. 94
7 BF;-OEY, (2.0) Toluene r.t. 94
8 BF+OEY, (1.0) Toluene r.t. 67
9 BF»OEt, (0.5) Toluene r.t. 21
10 BFsOEt, (0.1) Toluene r.t. 3
11 None Toluene r.t. NR

eonditions while using an increased volume of toki¢Scheme
3).

S
OH/QJO
P

0" NT 2

BF;" OEt,

Toluene, rt, 30min
82% HO'

Scheme 3Protection of a bioactive compound wiént-butyl
ester

It has been reported that Bpyridine complex can be
prepared from the reaction of pyridine with 8FEt,** and that a
BF;-2-methoxypyridine complex was formed by interactioin
BF; and 2-methoxypyridin€ Thus, a proposed reaction

®Reaction conditions: 1.35 mmol of compoudL.0 mmol of
carboxylic acid, solvent (2 mL), room temperat@@ min

®Product yield after purification by flash
chromatography.

“No reaction.

Reaction performed for 6 h.

column

mechanism for thigert-butyl esterification based on our results
and previous reports is shown in Scheme 4. Thealratildition

of BFOEL, to 2tert-butoxypyridine2 generates a BR-tert-
butoxypyridine complex intermediate, which undergoes
nucleophilic attack by the carboxylic acid to yidlk tert-butyl
ester product.
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Table 3. Scope of tert-butyl esterification of carboxydicid using 2ert-butoxypyridiné

LD,

o)
o] J<
X Mo
R~ "OH )
Toluene, rt, 30 min
4 5
Entry Carboxylic acid Product Yie(%) Entry Carboxylic acid roduct Yielli (%)
o [¢)
o] o J<
1 @OH ©)LOJ< 94 " @/\)LOH ©/\)LO 95
4a 5a 4n 5n
o o o o
OH 0J< OH OJ<
2 84 15 93
b 5b 40 po
o o o Q
OH ok OH oJ<
3 98 16 92
4c 5¢c ap 5p
o o 0 o
oH 0J< N7 COH ~ °J<
4 80 17 84
o o
4d 5d 4q 5q
le) (o)
o o
0 OH -0 oj< =~ TOH FZ OJ<
5 95 18 92
4e 5e ar 5r
o o o o}
on ke o<
6 o 94 19¢ OH 85
Cl cl
af 5f 4s 5s
o o o o]
cl cl /k k
7 OH © 83 HO OH HO%O
20° 84
4g 59 4t 5t
o} o o o}
i BKQAOH Bw@xok . @AOH ©)L0J<
21 81
4h 5h 4u 5u
o} o o o}
OH oJ< OH OJ<
9 93 29¢ 82
O,N O,N
4i 5i 4v 5v
o 9 o) o]
K J Ak
10 OH 95 OH O 90
o o 23
. ; J J
o o 4w 5w
11 \/\/\)LOH W\)Lok 91 . o . o) J<
4K 5K 2 \ ) o @)LO o4
o (o] 4x 5x
12 MOH Wfok 87 o o J<
4 51 5 A om Mo 5
NHBoc NHBoc
A QA K " v
13 OH o 96 ay 5y
4m 5m

®Reaction conditions: 1.35 mmol of compouRd1.00 mmol of carboxylic acid, 1.35 mmol of BBEt, toluene (2 mL), room

temperature, 30 min

®Product yield after purification by flash columrrematography.

‘Reaction conditions: room temperature, 2h



F .
Pl o__R 0

CBa = 1@ J<
FoNo ™S P F \g R)ko
. | +
+ >@/N - E

o i "or
>r ‘ i
- L0 N

U

Scheme 4 Proposed esterification mechanism usirtgr-
butoxypyridine with BEOEL,.

3. Conclusion

In conclusion, rapid and practictdrt-butyl esterification of
diverse carboxylic acids has been successfully eaeldi via
reaction with 2tert-butoxypyridine in the presence of BBEL,.
This synthetic method provides a new reaction sysfem
protection of various carboxylic acids and has bsemwn to be
effective for the preparation dért-butyl esters at high yields
under mild reaction conditions. We believe this elpefficient,
and readily applicable protocol will be useful fobr@ad range of
carboxylic acid protections in a variety of orgasjnitheses.

4. Experimental
4.1.General information

Reagents and solvents were commercially availabdeused
as received. Column chromatography was performetyslica
gel 60 (0.040-0.063 mm) and eluted with proper nmixtu
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by flash column chromatography on silica gel witd @ 1:4
dichloromethane/hexane as eluent to yield the e@groducba
as a colorless oil.

4.3.1.Tert-butyl benzoatebg)

Colorless oil™H NMR (400 MHz, CDCJ) 8.02 (m,J = 8.0 Hz,
1.2 Hz, 2H), 7.53 (m) = 7.2 Hz, 1.6 Hz, 1H), 7.44 (1,= 7.6 Hz,
2H), 1.63 (s, 9H)C NMR (100 MHz, CDG)) & 165.8, 132.4,
132.0, 129.4 (2C), 128.1 (2C), 80.9, 28.2 (3C). HR#SI) m/z
(M+H)" calcd for G;H;50, = 179.1072; found 179.1075.

4.3.2.Tert-butyl 4-methylbenzoath)

Colorless oil."H NMR (400 MHz, CDCJ) 7.90 (d,J = 7.6 Hz,
2H), 7.23 (d,J = 8.0 Hz, 2H), 2.42 (s, 3H), 1.61 (s, 9HiC
NMR (100 MHz, CDCJ) & 165.9, 142.9, 129.4 (2C), 129.3,
128.8 (2C), 80.6, 28.2 (3C), 21.6. HRMS (ESI) m/z+(y
calcd for G,H,70, = 193.1229; found 193.1227.

4.3.3.Tert-butyl 2-methylbenzoa(sc)

Colorless oil;'H NMR (400 MHz, CDCJ) 6 7.84 (d,J= 7.6
Hz, 1H), 7.38 (tdJ = 7.6 Hz, 1.6 Hz, 1H), 7,24 (8, = 7.6 Hz,
2H), 2.60 (s, 3H), 1.63 (s, 9H)*C NMR (100 MHz, CDCJ) ¢
167.2, 139.2, 131.8, 131.5, 131.3, 130.3, 125.9),828.3 (3C),
21.7; HRMS (ESI) m/z (M+H)calcd for G,H;/0, = 193.1229;
found 193.1231.

4.3.4.Tert-butyl 4-methoxybenzogfed)
Colorless oil:'H NMR (400 MHz, CDCJ) ¢ 7.96 (d,J = 8.8

(CH,Cl/hexane). All of the new compounds were identified byHz, 2H), 6.91 (d,) = 8.8 Hz, 2H), 3.87 (s, 3H), 1.60 (s, 9HC

400 MHz 'H and 100 MHz™C NMR spectra in deuterated

NMR (100 MHz, CDCJ) 5 165.6, 162.9, 131.3 (2C), 124.5,

chloroform (CDCJ) with tetramethylsilane (TMS) as an internal 113.4 (2C), 81.4, 55.4, 28.3 (3C); HRMS (ESI) m/z+)"

reference, and high resolution mass spectroscdpy.identity of
the known compounds was established by the compan$on
their 'H and**C NMR peaks with the authentic values.

4.2.Procedure for the preparation of 2-tert-butoxypymiel

A mixture of potassiuntert-butoxide (9.88 g, 88.07 mmol)
and 2-chloropyridine (5 g, 44.04 mmol) was addedolaene
(200 mL), followed by 18-crown-6 (0.58 g, 2.20 mmolhe
reaction mixture was heated at 110 °C for 15 h. Adtwling to
room temperature, the reaction mixture was diluteth wethyl
acetate (200 mL), then washed with water (150 mL)oWedd by
brine (150 mL). The organic layer was dried over yainbus
sodium sulfate and carefully concentrated undenaed pressure.
The resulting residue was then purified by flashucwoi
chromatography on silica gel with 0:5 to 1:5 ethygtate/hexane
as eluent to yield the desired prod@cs a colorless oil (3.59 g,
54%)."H NMR (400 MHz, CDCJ) 8.15 (ddd,J =4.8 Hz, 2.0 Hz,
0.4 Hz, 1H), 7.52 (dddj = 9.2 Hz, 6.8 Hz, 1.6 Hz, 1H), 6.81
(ddd,J=6.8 Hz, 5.2 Hz, 1.2 Hz, 1H), 6.67 (dt= 8.4 Hz, 0.8 Hz,
1H), 1.61 (s, 9H)**C NMR (100 MHz, CDCJ) 5 163.9, 146.5,
138.1, 116.2, 113.4, 79.4, 28.7 (3C). HRMS (ESI) (MzH)"
caled for GH4NO = 152.1075, found 152.1077.

4.3.General procedure for the preparation of tert-biagter
compoundsHa-5v)

Carboxylic acid (0.2 g, 1.64 mmolgrt-butoxypyridine (0.33
g, 2.21 mmol) and boron trifluoride diethyl etheréd.31 g, 2.21
mmol) in dry PhCH (2 mL) were added to a 20-ml vial. The
reaction mixture was then allowed to stir at roomgerature for
30 min before quenching with anhydrous NaHCThe reaction
mixture was diluted with ethyl acetate (30 mL), tieashed with
water (20 mL), followed by brine (20 mL). The orgaldger was
dried over anhydrous sodium sulfate and carefutiycentrated
under reduced pressure. The resulting residue veas ghrified

caled for G,H,70; = 209.1178; found 209.1182.
4.3.5.Tert-butyl 3-methoxybenzodfse)

Colorless oil;'H NMR (400 MHz, CDCJ) ¢ 7.60 (dt,J = 8.0,
1.2 Hz, 1H), 7.55 (dd) = 2.8, 1.2 Hz, 1H), 7.34 (f, = 8.0 Hz,
1H), 7.10 (ddd. = 8.0, 2.8, 0.8 Hz, 1H), 3.87 (s, 3H), 1.62 (s,
9H); *C NMR (100 MHz, CDGCJ) § 165.6, 159.5, 133.4, 129.2,
121.8, 118.8, 114.0, 81.1, 55.4, 28.2 (3C); HRMSI(ES/z
(M+H)* calcd for G,H,;0; = 209.1178; found 209.1180.

4.3.6.Tert-butyl 4-chlorobenzoatéf)

Colorless oil:'H NMR (400 MHz, CDCJ) ¢ 7.94 (d,J = 8.8
Hz, 2H), 7.40 (dJ = 8.4 Hz, 2H), 1.61 (s, 9H}’C NMR (100
MHz, CDCk) 6 164.8, 138.8, 130.8 (2C), 130.5, 128.4 (2C), 81.4,
28.2 (3C); HRMS (ESI) m/z (M+H)caled for G;H;,CIO, =
213.0682; found 213.0685.

4.3.7.Tert-butyl 3-chlorobenzoat®g)

Colorless oil;'H NMR (400 MHz, CDCJ) 6 7.97 (t,J =1.2
Hz, 1H), 7.90 (dtJ = 8.0, 1.2 Hz, 1H), 7.51 (ddd,= 8.0, 2.0,
1.2 Hz, 1H), 7.37 (t) = 8.0 Hz, 1H), 1.61 (s, 9H§?C NMR (100
MHz, CDChk) § 164.4, 134.3, 133.8, 132.4, 129.5 (2C), 127.5,
81.7, 28.1 (3C); HRMS (ESI) m/z (M+Hgalcd for G,H,,ClO,
=213.0682; found 213.0686.

4.3.8.Tert-butyl 3-bromobenzoatéh)

Colorless oil;"H NMR (400 MHz, CDCJ) 6 8.13 (t,J = 1.6
Hz, 1H), 7.93 (dtJ = 8.0, 1.2 Hz, 1H), 7.66 (ddd,= 8.0, 2.0,
1.2 Hz, 1H), 7.31 (t) = 8.0 Hz, 1H), 1.61 (s, 9H)’C NMR (100
MHz, CDCk) ¢ 164.3, 135.3, 134.0, 132.4, 129.7, 128.0, 122.3,
81.7, 28.1 (3C); HRMS (ESI) m/z (M+HZalcd for GH,,BrO,
= 257.0177; found 257.0179.

4.3.9.Tert-butyl 4-nitrobenzoat¢si)
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White solid; m.p. 116 - 118 °GH NMR (400 MHz, CDCJ)

0 8.27 (d,J = 9.2 Hz, 2H), 8.16 (d] = 8.8 Hz, 2H), 1.64 (s, 9H);

¥C NMR (100 MHz, CDGJ) § 163.7, 150.3, 137.4, 130.5 (2C),

123.3 (2C), 82.6, 28.1 (3C); HRMS (ESI) m/z (M+idlcd for

C11H1/NO, = 224.0923; found 224.0935.

4.3.10.Tert-butyl 4-acetylbenzoatsj)

White solid; m.p. 39-41°C'H NMR (400 MHz, CDCJ) ¢
8.07 (d,J = 8.4 Hz, 2H), 7.99 (d] = 7.6 Hz, 2H), 2.65 (s, 3H),
1.62 (s, 9H);°C NMR (100 MHz, CDG)) § 197.6, 164.8, 139.8,
135.8, 129.6 (2C), 128.0 (2C), 81.7, 28.1 (3C),8264RMS
(ESI) m/z (M+HY caled for GgH,;0; = 221.1178; found
221.1180.

4.3.11.Tert-butyl heptanoatéok)
Colorless oil;"H NMR (400 MHz, CDCJ) 6 2.22 (t,J = 7.6

Hz, 2H), 1.59 (tJ = 7.6 Hz, 2H), 1.46 (s, 9H), 1.35-1.25 (m, 6H),

0.90 (t,J = 6.8 Hz, 3H);"*C NMR (100 MHz, CDCJ) 6 173.3,
79.8, 35.6, 31.5, 28.7, 28.1 (3C), 25.1, 22.5, IKRMS (ESI)
m/z (M+H)' calcd for G;H,30, = 187.1698; found 187.1697.

4.3.12.Tert-butyl undecanoatl)

Colorless oil;'H NMR (400 MHz, CDCJ) ¢ 2.22 (t,J = 7.2
Hz, 2H), 1.59 (tJ = 7.6 Hz, 2H), 1.46 (s, 9H), 1.35-1.23 (m,
14H), 0.90 (t,J = 6.8 Hz, 3H);"*C NMR (100 MHz, CDG)) ¢
173.3, 79.8, 35.6, 31.9, 29.6, 29.5, 29.3 (2C)1298.1 (3C),
25.1, 22.7, 14.1; HRMS (ESI) m/z (M+Halcd for GgH3,0, =
243.2324; found 243.2328.

4.3.13.Tert-butyl 2-phenylacetai®&m)

Colorless oil;'"H NMR (400 MHz, CDC}) ¢ 7.37-7.27 (m,
5H), 3.56 (s. 2H), 1.64 (s, 9H)’C NMR (100 MHz, CDG)) ¢
170.9, 134.7, 129.2 (2C), 128.4 (2C), 126.8, 8@37, 28.0
(3C); HRMS (ESI) m/z (M+H)calcd for G,H;;0, = 193.1229;
found 193.1232.

4.3.14.Tert-butyl 3-phenylpropanoa(®n)

Colorless oil;'"H NMR (400 MHz, CDCJ) ¢ 7.33-7.28 (m,
2H), 7.26-7.20 (m, 3H), 2.94 @,= 8.0 Hz, 2 H), 2.57 (1 = 8.0
Hz, 2H), 1.45 (s, 9H)C NMR (100 MHz, CDCJ) ¢ 172.3,
140.8, 128.4 (2C), 128.3 (2C), 126.1, 80.3, 37111 328.1 (3C);
HRMS (ESI) m/z (M+H) calcd for G3H;40, = 207.1385; found
207.1388.

4.3.15.Tert-butyl cyclohexanecarboxylafgo)

Colorless oil™H NMR (400 MHz, CDCJ) ¢ 2.19 (it,J = 10.8,
3.6 Hz, 1H), 1.90-1.83 (m, 2H), 1.80-1.70 (m, 2H), 11660 (m,
1H), 1.45-1.34 (m, 11H), 1.34-1.20 (m, 3#C NMR (100 MHz,
CDCly) ¢ 175.6, 79.5, 44.1, 29.1 (2C), 28.1 (3C), 25.8528C);
HRMS (ESI) m/z (M+H) calcd for G;H,,0, = 185.1542; found
185.1545.

4.3.16.Tert-butyl 2-ethylhexanoat®p)

Colorless oil;'"H NMR (400 MHz, CDCJ) ¢ 2.17-2.10 (m,
1H), 1.63-1.50 (m, 2H), 1.50-1.40 (m, 11H), 1.35-1(&6 4H),
0.90 (td,J = 7.6, 2.4 Hz, 6H)*C NMR (100 MHz, CDG)) §
175.8, 79.7, 48.2, 31.9, 29.6, 28.1 (3C), 25.76223.9, 11.8;
HRMS (ESI) m/z (M+H) calcd for G,H,s0, = 201.1855; found
201.1857.

4.3.17.Tert-butyl cinnamatésq)

Colorless oil;'H NMR (400 MHz, CDC}) ¢ 7.60 (d,J = 16.0
Hz, 1H), 7.55-7.50 (m, 2H), 7.42-7.37 (m, 3H), 6.40X&16.0
Hz, 1H), 1.56 (s, 9H){°C NMR (100 MHz, CDCJ)) ¢ 166.3,
143.5, 134.7, 129.9, 128.8 (2C), 127.9 (2C), 12825, 28.2
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(3C); HRMS (ESI) m/z (M+H) calcd for GsH;-O, = 205.1229;
found 205.1231.

4.3.18.Tert-butyl 3-phenylpropiolatéor)

Colorless oil;'H NMR (400 MHz, CDCJ) ¢ 7.60 (dt,J = 6.8,
1.6 Hz, 2H), 7.42 (tt) = 7.2, 2.0 Hz, 1H), 7.38 (tf, = 6.8, 1.6
Hz, 2H), 1.57 (s, 9H){°C NMR (100 MHz, CDCJ) ¢ 153.1,
132.8 (2C), 130.3, 128.5 (2C), 120.0, 83.8, 8350 828.1 (3C);
HRMS (ESI) m/z (M+H]J calcd for G3H,:0, = 203.1072; found
20.1075.

4.3.19.Tert-butyl adamantane-1-carboxylafss)

White solid; m.p. 42 - 44 °CH NMR (400 MHz, CDCJ) 6
2.01 (s, 3H), 1.86 (dl = 6.8 Hz, 6H), 1.75-1.65 (m, 6H), 1.44 (s,
9H); **C NMR (100 MHz, CDG)) § 177.2, 79.3, 41.1, 38.9 (3C),
36.6 (3C), 28.1 (3C), 28.0 (3C). HRMS (ESI) m/z (M+idplcd
for C;sH,s0, = 237.1855; found 237.1859.

4.3.20.Tert-butyl 3-hydroxy-2,2-dimethylpropanoate)(

Colorless oil;'H NMR (400 MHz, CDCJ) ¢ 3.52 (s, 2H), 2.57
(br s, 1H), 1.47 (s, 9H), 1.65 (s, 6H'C NMR (100 MHz,
CDCly) 6 177.1, 80.8, 69.7, 44.4, 28.0 (3C), 22.2 (2C); HRMS
(ESI) m/z (M+HY caled for GH;gO; = 175.1334; found
175.1337.

4.3.21.Tert-butyl 3,5-dimethylbenzoatsu)

Colorless oil;"H NMR (400 MHz, CDCJ) 6 7.63 (s, 2H), 7.17
(s, 1H), 2.38 (s, 6H), 1.62 (s, 9HJC NMR (100 MHz, CDC)) ¢
166.1, 137.8, 134.0 (2C), 131.9, 127.1 (2C), 88872 (3C), 21.2
(2C); HRMS (ESI) m/z (M+H)calcd for G3H,40, = 207.1385;
found 207.1387.

4.3.22.Tert-butyl 2,4,6-trimethylbenzoat®vj

Colorless oil;'H NMR (400 MHz, CDCJ) ¢ 6.86 (s, 2H), 2.34
(s, 6H), 2.30 (s, 3H), 1.63 (s, 9HJC NMR (100 MHz, CDC)) ¢
169.4, 138.6, 134.4 (2C), 132.6, 128.3 (2C), 82843 (3C), 21.1,
19.5 (2C); HRMS (ESI) m/z (M+H)+ calcd for 1£1,,0, =
221.1542; found 221.1545.

4.3.23.Tert-butyl 2,2-diphenylacetatéw)

White solid; m.p. 81 - 83 °CH NMR (400 MHz, CDCJ) 6
7.36-7.31 (m, 8H), 7.31-7.25 (m, 2H), 4.95 (s, 1H38I(s, 9H);
¥C NMR (100 MHz, CDGJ)) § 171.7, 139.3 (2C), 128.6 (4C),
128.5 (4C), 127.0 (2C), 81.3, 58.1, 28.0 (3C); HRE&SI) m/z
(M+H)* calcd for GgH»,0, = 269.1542; found 269.1546.

4.3.24 Tert-butyl furan-2-carboxylatéox)

Colorless oil;'H NMR (400 MHz, CDCJ) 6 7.55 (ddJ = 1.6,
0.8 Hz, 1H), 7.09 (dd] = 3.2, 0.8 Hz, 1H), 6.48 (dd,= 4.0, 2.0
Hz, 1H), 1.60 (s, 9H){°*C NMR (100 MHz, CDCJ) ¢ 158.1,
146.0, 145.7, 116.9, 111.5, 81.9, 28.2 (3C); HRMSIYEn/z
(M+H)* calcd for GH,50; = 169.0865, found 169.0869.

4.3.25.(R)-tert-butyl 2-(tert-butoxycarbonylamino)
hydroxyphenyl)propanoate b

Colorless solid; m.p. 100-102 °CH NMR (400 MHz,
CDCly) 6 7.02 (d,J = 8.0 Hz, 2H, 2-CH= tyrosine), 6.75 (@@=
8.0 Hz, 2H, 2-CH= tyrosine), 6.22 (br s, OH phenol)55® J =
8.4 Hz, 1H, NH), 4.42 (d) = 7.2 Hz, 1H, -CH-NH), 3.05-2.95
(m, 2H, -CH2-), 1.44 (s, 9H, -C(G) Boc), 1.43 (s, 9H, -
C(CHs); ester);*®*C NMR (100 MHz, CDCJ) 6 171.1, 155.3,
155.0, 130.6 (2C), 127.8, 115.3 (2C), 82.2, 80%01537.7, 28.3
(3C), 28.0 (3C); HRMS (ESI) m/z (M+H)+ calcd fordH,gNOs
= 338.1967; found 338.1970.

4.3.26.Tert-butyl 1&-glycyrrhetinate 7)

-3-(4-



White solid. m.p. 229 - 231 °CH NMR (400 MHz, CDC}) 6 15.

5.65 (s, 1H), 3.25 (dd] = 10.8, 5.6 Hz, 1H), 2.80 (dd,= 13.2,
3.2 Hz, 1H), 2.36 (s, 1H), 2.19-2.11 (m, 1H), 2.09-1(99 1H),
1.98-1.91 (m, 1H), 1.90-1.79 (m, 2H), 1.72-1.57 (iH),41.53-
1.43 (m, 11H), 1.43-1.34 (m, 6H), 1.33-1.24 (m, 2HP441.08

(m, 10H), 1.07-0.94 (m, 5H), 0.82 (s, 6H), 0.75-088 {H);°C 17,

NMR (100 MHz, CDC)) ¢ 200.23, 175.7, 169.6, 128.4, 80.1,
78.8,61.8,54.9,48.5, 45.4, 44.3, 43.2, 41.3] 8C), 37.8, 37.1,

32.8, 31.8, 31.2, 28.8, 28.3, 28.1 (4C), 27.3, 2864, 23.4, 18.7, 18.

17.5, 16.4, 15.6; HRMS (ESI) m/z (M+Hgalcd for GHsO, =

527.4100; found 527.4102. 19.
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