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Abstract: In order to overcome the problems of complex chiral molecular structure, high molecular weight and consumption

of equivalent heavy metal salts in purely chemical S/R interconversion of amino acids, a novel method for S/R interconversion
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of amino acids was developed by using structurally simple 2-hydroxycamphor or 3-hydroxycamphor. The reaction conditions
were optimized by assessing the base, solvent and reaction temperature. Then the S/R interconversion of racemic and
enantiopure amino acids with different side chains were carried out. The result shows that the best interconversion effect is
obtained at 40 °C with potassium tert-butoxide as the base and isopropanol as the solvent. Various amino acids with fatty and
aromatic side chains are well tolerated in the reactions and the S/R interconversion of amino acids can be carried out efficiently,
showing excellent stereoselectivities, and the hydroxycamphors can be reused. The mechanism study shows that the high
stereoselectivity of dynamic resolution is thermodynamically controlled. This method has the advantages of using structurally
simple and recyclable chiral reagents, avoiding the synthesis of specific substrates from amino acids and giving good reaction

conversions and stereoselectivity, which provides a novel approach for purely chemical S/R-interconversion of amino acids.

Keywords: organic synthetic chemistry; configuration inversion; amino acids; camphors; chirality
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Fig.1 S/R interconversion of amino acids using hydroxycamphor
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# % UltiMate-3000 & &0 AH 035 . 1 A 2 B DIONEX /A 7 ; Bruker AV-500 MHz &I @5 3L L, Wy H
i [E Bruker 24 ; Advion FEEAL, W H 35 F ADVION /2 &) s X-4 BT s W06 sl @ 48, 1 A Jb o %
SLAX AR A PR 7] s Biotage PR i #5435 4, 18 F Jig #4 Biotage 23 W) 5 10 il K V3 5 . ) B ) L T AR AL AR A
PR
1.2 LWHE

B 2-FR AT (B 3-FR A AKD (10 mmol) s N-Chz-Z £ 2 (11 mmol) , 4- — H & Lt e (DMAP) (0.6 g,
5 mmoD % T 40 mL PUS W . 76 0 “C FHEHE 15 min J& oFF 3O 3eax W (DCC) (3.1 g.15 mmol) A 1Y
SR (10 mL) IR AN B R R e, 0 C R ERE 2 h e T =L Bk 16 h, 98 R e 45 ik A E A
(LR TR S A MBHATRL R 1 s O EIEE . K R WS FAEE 5% Pd/C0.50 g) AU T B (-BuOK)
(224 mg,2 mmoD ¥ F 40 mL SR ELG-PrOH) , I AT 4 A 40 F0 76 % 1K F @A 4 S,40 CRY 15
he U8 R4 B RHEENT (LR OB S A B AR o 12 OB R — MR IR A 7= ) = 3 W I T

(1R ,2S,5S5.,8S)-5-"FH-1,11,11-= H J£-3-5-6-& 2% =¥ [6. 2. 1. 07 ]+ — B 6-4-4-F (5a) : {4 [#
KA 68~ 70 C (Ref. ™ 68 ~70 C); 'H NMR (500 MHz, Chloroform-d)é7.37(d,J =8.2 Hz,
2H).7.30(t.] =7.5 Hz, 2H),7.24~7.20(m,1H),4. 27 (s,1H),3.95 (ddd,J =8.3,4.7,1.4 Hz,1H),
3.56(dd,J =14.4,4.7 Hz,1H),3.24 (dd,J =14.5,8.4 Hz,1H),2.43(d,J =4.4 Hz,1H),1.97 (ddt,
J=12.6,8.2,4.1 Hz,1H),1.88 (td,J =12.5,4.6 Hz,1H),1.59~1.49 (m,1H).1.35 (ddd,J =13.1,
9.3,3.6 Hz,1H),1. 08 (s,3H),0.95 (s,3H),0.80 (s,3H).”C NMR (126 MHz, Chloroform-d )&181. 6,
170.6,138.9,129.7,128.4,126.5,81.9,62.8,53.1,37.4,34,0,21.8,20.2,19.5,10.1, HRMS (ESD)
caled for Cy H,,NO,[M+H]"298. 180 2,found 298. 181 1,

(1S,2R ,5R ,8R)-5-F 3-8, 11,11- = A J-3-5-6-%( 2% = ¥R [6. 2. 1. 0" ]+ —fk 6-%5-4-i (3a) . [ {1 [#]
T 122~124 °C (Ref. ™ 122~124 °C);'H NMR (500 MHz,Chloroform-d )87.47 ~ 7.37 (m,2H),
7.29 (t,] =7.6 Hz,2H),7.24 ~ 7.17 (m,1H),4.43 (d,J =1.5 Hz,1H),3. 94 (ddd,J =7.1,5.2,1.5
Hz,1H),3.52 (dd.,J =14.1,5.2 Hz,1H),3.29 (dd,J =14.1,7.6 Hz,1H),2.23 (d,J =4.9 Hz,1H),
2.10~1.99(m,1H),1. 74 (ddd,J =13.4,12.0,4.0 Hz,1H),1.58~1.50(m,1H),1.32(td,J =9.2,4. 6
Hz,1H),1.04 (s,3H).0.95 (s,3H).0.71 (s,3H).,”"C NMR (126 MHz, Methanol-d,)¢ 183.8.,171. 6,
129.5,127.6, 125.9, 77.60, 62.0, 52. 3, 36. 8, 29. 2, 24.5, 18.9, 18.7, 8.9, HRMS (ESI) caled for
CywH, NO,[M+H]" 298.180 2,found 298. 181 5,

(1R ,2S,5S5,8S)-5- X {R"FH-1,11,11- = W JE-3-5-6-A 2% =3 [6. 2. 1. 0%7 |+ —fe-6-4-4-F (5b) : [
o [l A, 5 5 147~ 150 °C;'H NMR (500 MHz,Chloroform-d) & 7.41 (d.J =8.3 Hz,2H),7.25 (d,] =
8.4 Hz,2H) ,4.27 (d,] =1.5 Hz,1H),3. 91 (ddd,J =8.4,4.7,1.5 Hz,1H),3. 47 (dd,] =14. 4,4. 7 Hz,
1H),3.19 (dd,J =14.4,8.3 Hz,1H),2.42 (d,] =4.5 Hz,1H),1. 98 (ddt,J =12.7,8.2,4.1 Hz,1H),
1.88 (td,J =12.5,4.6 Hz,1H),1.53(ddd,J =13.3,9. 2,4. 6 Hz,1H),1. 35 (ddd,J =13.1,9.2,3.7 Hz,
1H),1.07 (s,3H),0.95 (s,3H),0.78 (s,3H),”"C NMR (126 MHz, Chloroform-d) & 181.8,170. 3,
137.6,131.5,131.4,81. 8,62.2,53.1,49.4,49.1,36.7,33.9,21.7,20.1,19.4,10.0, HRMS (ESD) calcd
for C,, Hys BENO,[M+H]" 376. 090 7,found 376. 091 5,

(15,2R ,5R ,8R)-5- X R K k-8, 11, 11- = I JE-3-%-6-A 2% — ¥R [6. 2. 1. 0°" ]+ —fi-6-H-4- (3b) : [
A A, 1% 55 165 ~ 166 °C ;' H NMR (500 MHz,Chloroform-d) & 7. 40 (d,J =8.4 Hz,2H),7.28 (d.,] =
8.4 Hz,2H) ,4.43 (d,] =1.5 Hz,1H),3. 91 (ddd,J =7.0,5.1,1.6 Hz,1H),3. 44 (dd,J =14.1,5.1 Hz,
1H),3.24 (dd,J =14.2,7.4 Hz,1H).2.23 (d,J =4.8 Hz,1H),2.02 (dt,J] =12.0,4.9 Hz,1H),1.75
(td,J =12.8,12.3,4.0 Hz,1H),1.55 (d.J =4.6 Hz,1H),1. 46 (td.J =9.1,4.7 Hz,1H),1. 03 (s,3H),
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0.99 (s,3H),0.68 (s.3H),”C NMR (126 MHz, Chloroform-d) & 182.9,170.5,137.6,131.9,131. 1,
120.4,62.0,49. 2,47.4,36.8,29. 7,25. 3,20.0,19. 6,9. 9. HRMS (ESD) caled for C,y H,, BrNO,[M+H]"
376.090 7,found 376.091 8,

(1R ,2S5,55,85)-1,5,11,11-PY H 3E-3-4-6-F 42 =3-[6. 2. 1. 0”7 ]+ —B-6-J-4-M (5¢) « [ 2 [ 1A, 1%
1160 ~162 “C(Ref. ™ 161~162 C); 'H NMR (500 MHz,Chloroform-d) & 4. 32 (d,]J =1.5 Hz,1H),
3.83 (qd,J=7.1,1.5 Hz,1H),2.42 (d,J =4.5 Hz,1H),2.02 (tt,] =12.8,4.3 Hz,1H),1. 91 (td,J =
12.6,4.7 Hz,1H),1.66 (d,J =7.0 Hz,3H),1.56 (ddd,J =13.4,9.2,4.7 Hz,1H),1.42~1.38 (m,
1H),1.09 (s,3H),0.96 (s,3H),0.83 (s,3H),""C NMR (126 MHz, Chloroform-d) & 181.7,171.6,82. 0,
56.8,53.1,49.4,49.1,34.0,21.8,20.1,19.4,17.4,10.1, HRMS (ESD caled for C,, H,,NO,[M+H]"
222.148 9,found 222. 148 0,

(1S.2R,5R .8R)-5,8,11, 11-PU I £-3-5-6-F 4% = - 6. 2. 1. 07" |+ —Bi-6-J-4-F (3¢) . 4 2 [& 14,
Y45 15 85~87 “C (Ref. ) 85 ~ 87 “C); '"H NMR (500 MHz, Chloroform-d) & 4.65~4.59 (m,1H),4.57
(s,1H),2.23 (d,J =4.8 Hz,1H),2.06 (ddd,J =12.5,9.0,5.3 Hz,1H),1.76 (td,J =12.7,12.3,3.8
Hz,1H),1.56 (ddd,J =13.9.9.2,5.3 Hz,1H),1.43 (d.J =7.6 Hz,3H),1.36 (ddd,J =13.1,9.2,3.8
Hz,1H),1.04 (s,3H).0.96 (s,3H),0.80 (s.3H),"”C NMR (126 MHz,Chloroform-d) § 182.8,171.6,
79.6,56.8,52.5,49.1,47. 2,29.4,25.3,20.1,19.6,17.3,10. 1, HRMS (ESD caled for C,; H,,NO,[ M+
H]" 222.148 9,found 222. 148 2,

(1R ,2S,5S5,8S5)-5-1E N 3&-1,11,11- = HI JE-3-%-6- % 4 — ¥R [6. 2. 1.. 07" | —H-6-4%-4-T (5d) . L 8
WPR WA ' H NMR (500 MHz, Chloroform-d) & 4.29 (d,J =1.0 Hz,1H),3.75~3.78(m,1H),2. 87~
2.92 (m,1H),2.70~2.76 (m,1H),2.46 (d,]J =4.5 Hz,1H),1.97~2.03 (m,1H),1.86~1.92 (m,
1H),1.53~1.59 (m,3H),1.35~1.40 (m,1H),1.15(t,J =7.2 Hz,3H),1.08 (s,3H),0.95 (s,3H),
0.82 (s,3H)."”C NMR (126 MHz, Chloroform-d) & 182.0,170.5,81.8,61.0,53.2,49.5,49.1,35.5,
34.0,21.81,20.2,19.5,17.5,13. 8,10. 1. HRMS (ESD caled for C,sH,,NO,[M+H]" 250. 180 2,found
250.180 5,

(1S.2R ,5R ,8R)-5-1E N 3£-8,11,11-= H J£-3-5-6-R 24 =3 [6. 2. 1. 0*7 ]+ —Bk-6-4-4-H (3d) : {1
AR 5 55 76 ~78 °C ;' H NMR (500 MHz, Chloroform-d) & 4.47 (d,J =1.4 Hz,1H),3.77 (ddd,J =
7.1,5.6,1.5 Hz,1H),2. 96~2.84 (m,1H),2.82~2.70 (m,1H),2.25 (d,] =4.9 Hz,1H),2. 14~1. 98
(m,1H),1.77 (ddd,J =13.5,12.0,4.1 Hz,1H),1.52~1.58 (m,3H),1.36 (td.J =9.2,4.7 Hz,1H),
1.17 (t,J =7.2 Hz,3H),1.05 (s.3H),0. 96 (s,4H),0.76 (s,3H)."”C NMR (126 MHz, Chloroform-d )
6 183.4,170.8,79.7,61.2,52.6,49.2,47.5,35.6,29.7,25.4,20.2,19.9,17.8,13.6,10. 1, HRMS (ESD
caled for C;s Hy,NO,[M-+H]" 250. 180 2,found 250. 180 1,

(1R .2S.,5S5,8S)-5-(S)~fh T #-1,11, 11-= B H-3-5-6-F Z¢ =¥ [6. 2. 1. 0°" ]+ —Fk-6-45-4-M (5e)
P A B85 130 ~ 132 °C ;' H NMR (500 MHz, Chloroform-d) & 4.57 (d.J =1.0 Hz,1H),3.64 (s,
1H).2.59 (d,J =4.5 Hz,1H),2.33~2.20 (m,1H),2.06 (ddd,J =12.3,7.3,5.0 Hz,1H),1. 80 (ddd,
J=14.0,9.4,5.0 Hz,1H),1. 62~1.52 (m,2H).1.47~1.39 (m33,1H).1.33 (td,J =9.2,4.7 Hz,1H),
1.10 (s,3H),1.02~0.93(m, 12H),”C NMR (126 MHz, Chloroform-d) & 182.1,172.0,81.7,63. 3,
53.9,50.7,46.1,35.7,28.9,26.4,25.6,19.7,18.4,14.6,13.0,12.1, HRMS (ESD caled for C,; H,s NO,
[ M+H]" 264.195 8,found 264. 195 1,

(1S,2R ,5R ,8R)-5-(S)-fh T 3-8, 11, 11-= H JL-3-5-6-F J& =3[ 6. 2. 1. 0°" ]+ —BR-6-Ji-4-M (3e)
0, [ 44, 45 55 81~83 °C ;' H NMR (500 MHz, Chloroform-d) 6 4.89 (d,J =8.0 Hz,1H),4.50 (d,J =
7.0 Hz,1H),2.05~2.04 (q,J =6.9 Hz,1H),1.79~1.58 (m,2H),1.36~1.24 (m,3H),1.29~1. 16
(m,1H),1.21~1.06 (m,1H),0.98 (d,J =6.8 Hz,3H),0.92~0.89 (m,9H).,0.85 (s,3H)."”C NMR
(126 MHz, Chloroform-d) & 176.1,170.0,72.1,68.8,53.6,51.0,45.9,36.4,32.7,24.9,20.9,17.6,
16.5,15.9,10. 1, HRMS (ESD caled for C;s Hys NO,[ M+H]" 264. 195 8.found 264. 194 6,

(1R ,2S,5S5,8S)-5-5% T #-1,11,11-= H J-3-%4-6-F 4 =3 [6. 2. 1. 0*" ]+ —Bk-6-4-4-Hd (56) . (H {4
AR, 75 5 135~137 °C ;' H NMR (500 MHz, Chloroform-d) & 4.32 (s,1H),3.72~3.58 (m,1H),2. 47
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(d,J =4.5Hz,1H),2.10~1.80 (m,4H),1.62~1.58 (m,1H),1.48~1.29 (m,2H),1.09 (s,3H),
1.01~0.92 (m,9H),0. 82 (s,3H),"”"C NMR (126 MHz,Chloroform-d) & 181.1,170.2,81. 4,65.5,53. 4,
49.4,48.9,34.1,29.1,21.8,20.1,19.8,19.5,17.2,13.7,10. 1, HRMS (ESD caled for C,; H,s NO,[ M+
H]" 264.195 8.found 264. 195 4,

(1S,2R ,5R ,8R)-5-5F T 3£-8,11,11-= H FE-3-%-6-K 2« =¥ [6. 2. 1. 0*" ]+ —Bf-6-45-4-BH (3f) . (1 {1
B, 65 8 92~93 °C ;' H NMR (500 MHz, Chloroform-d) ¢ 4.94 (d,J =7.0 Hz,1H),4.81~4.69 (m.,
1H),2.01 (q.J =6.5 Hz,1H),1.78~1.68 (m,1H),1.55~1.42 (m,2H),1.39~1.36 (m,1H),1.35~
1.18 (m,3H),0.98~0.81 (m,15H).”C NMR (126 MHz, Chloroform-d) & 172.9,168.7,75.2,58. 3,
53.9,53.0,47.6,43.7,32.5,26.8,24.0,21.2,20.1,11. 2, HRMS (ESD caled for C;;H,sNO,[ M+H]"
264.195 8,found 264.195 1,

AE T (4 mmol) ¥ M 7E 4 mol/L HCL (2 mL) Hr, in#k #) 85 °C M 2 h, B &1 5 in AZ8 187K (2.0
mL) , L EkZE B, X 2 Tk )2 AT e 4 15 B A2 R R i . K2 W 20K R 1T pH (2 7, 0% W45 5 A ) &
i 4lifk (Cy ¥, MeOH/water,1/9) , #4615 B 2 LR 72 W) .

(S)-HEHNEMR (6a) : IO E M, 773 87%,271~275 °C (dec. ) ( Ref. ' 262~276 °C (dec. ));'H NMR
(500 MHz,Deuterium Oxide) & 7. 35 (t,J=7.5 Hz,2H),7.33~7.28 (m,1H).7.25 (d,J =7.2 Hz,2H),
3.95~3.88 (m,1H),3.22 (dd,J =14.5,5.2 Hz,1H),3.05 (dd,J =14.5,8. 0 Hz,1H) . il F: HPLC
K I 2 B RO F al JE , (RE ALY . R 38 CROWNPAK CR(+) 5 3 AH « i SR (HCIO, ) /K e (pH o 2)
HEE=9: 1.5 Cs k0. 5 mL/min; KP4 . 254 nm; fR B EFE] 13. 3 min,

(R)-FENERR (Ta) : FAE R, 725 90%,271~275 °C (dec. ), JE -l EE RGN J7 ¥4 7] 6a, {4 B IHE] :8. 9 min,

(S)-XRENE R (6b) : 10 [E A, 77 3% 88%,261~263 °C (dec. ) (Ref. "' 260.5~262 °C (dec. ));
"H NMR (500 MHz,Deuterium Oxide)d 7.34 (d,J =8.4 Hz,2H),7.06 (d,J =8.4 Hz,2H),3.31 (dd,
J=7.2,5.8 Hz,1H),2. 78 (dd,J =13.6,5. 8 Hz,1H).2. 66 (dd.J =13.6.7. 2 Hz,1H), il i F: HPLC
o I a8 B R G2 i B B 3% A . KR ZE B CROWNPAK CR(+), Ji g4« & 4 #2 (HCLO, ) /K i Wk (pH 5K
2) B EE=9 1. A5 C,HE: 1 mL/min, P K :254 nm, {8 B A .22, 7 min,

(R)-FREF IR (TH) : AR, 773 91%,261~263 °C (dec. ), b2 4l & A6 J7 25 7] 6b, {5 ¥ 1)
[A]:17. 6 min,

S-FRFEAEMG A EAR 45 166~168 °C (Ref. " 166~168 °C) ;' H NMR (500 MHz, Methanol-d , )8
3.69 (s,1H),2.07~1.96 (m,2H),1.73~1.65 (m,1H),1.42~1.35 (m,2H),0.98 (s,3H),0.96 (s,
3H),0.89 (s,3H).

2-FRHELRENNG B 00 [EA 4 5 218~220 °C (Ref. " 218~220 “C); "H NMR (500 MHz, Chloroform-
d) 6 3.53 (s,1H),2.50 (d.J =2.6 Hz,1H),2.17 (d,J =4.9 Hz,1H),1.97~1.79(m,2H),1. 53~1. 33
(m,2H),1.04 (s,3H),1.02 (s,3H),0.93 (s,3H),
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JRE s 7238453 0 R 72 %6 566 %6 .95 % .
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Fig. 2 Configuration interconversion of racemic phenylalanine using 2-hydroxycamphor
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Tab.1 Optimization of the reaction conditions

G5 il il HE/C FERY % drexo sendo)”
1 K,CO, EtOH 25 81 52 ¢ 48
2 Cs, CO, EtOH 25 82 63 : 37
3 NaOEt EtOH 25 56 89 : 11
4 t-BuOK -PrOH —20 45 72+ 28
5 t-BuOK i-PrOH 0 77 78+ 22
6 t-BuOK -PrOH 25 84 95+ 5
7 t-BuOK -PrOH 40 85 >99: 1

S AR 4B 3 dr(exo sendo)” Fom YT exo-5a Fl endo-5a 2 A~ XF W S H 1A 2 B 09 LU A, B LC/MS W&

PR ORI B TR T 5 W R SEAL ISR N (WL 1 S5 3D . XA B R R BT R A
S TR B VS R0 B ke BRI A S I B ) T R AR i TR G R O B R evo KLY 7T o LTI R
FFOER 195 4S5 T, Al SO S T B 2 40 CCHY L 735 85 % .dr=> 99 = 1, A G441
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Fig. 3 S/R interconversion of racemic amino acids using hydroxycamphor
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Tab. 2 Scope of racemic amino acids

% 5 AN e = I R A/B L/ C ] FEER /0 dr(exo cendo)”
0 )
1 HTENE R=Bn ;&)H 40 6N 85 >99 : 1
B Sa
e OH 09 .
2 TN R=Bn ;&) 40 N 83 >99 : 1
A 3a
4 o 40 N. Br 85 99 : 1
SIS R=p-Br-Bn = =99
3 PRAHER R=p on 5
B 5h 0
0
4 IHRA P %% R= p-Br-Bn %OH 40 ;&\10 82 >99 : 1
A 3b Br
5 W& R=Me ;&)g 40 6% 86 97 :3
B 5¢
S R= OH 40 020 82 9 : 4
6 P4 R= Me o N '
A 3¢
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B 5d 0]
s s OH (0] 0 .
8 KEFR R=n -Pr o 40 _N\f_/ 83 97:3
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9 EECATIS R= e Y 50 _N 71 >99 1
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B Se 0]
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A 3e H
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Fig. 4 S/R interconversion of enantiopure amino acids using hydroxycamphor
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Tab. 3 Scope of enantiopure amino acids
95 IR A/B k7] PR/ % drCezo sendo)”®
i D OH 0.0 )
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R
A 32 H
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Tab. 4 Yields and optical purities of products
HOTO HO (0] H0:/|/0 Br HO (0] Br
J.0 LA L LT
7R 87% , ee = 98.2% 7EH 90%, ee = 98.1% 7R3 88%, €e=98.9% FRER 91%, ee=97.8%

FESEARA B [n[i7 5 97% A [ A 95% B [ 2 96% A [l 95%
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Fig. 6 Comparison of ' H NMR spectra of hydroxycamphor before and after recovery
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Fig. 7 Possible mechanism
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