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(“ BRI R B 200444)
(R BE B A USRI AU B A% R 200032)

WE  FU1L2-REE 3R RART W el A YiE o TR R ) BT 48, 1 a-f2 5B 2 5 AT FR Aldol 456 S BL
REPFME 1,2-SREE RN EETFRL W IR AR T AR AR B AL A, 3R R A R RO (AN
SFHR Aodol 4EErBE. HFFLEE B, 2450 & K IR (2R, 4)-4- " - 1,2 — FF L2 = 45 I B DK PR Bk (1) A S A o) o
Aldol R BIFIEATIRT, BefE L= Z 8k 96%. i ee fHILH] 99% 1% dr (HIEE] 15 1 1 IR mii#— R 5 1,2-
TR, RN, BATHYESIRGE T RS A FRAE A SR R R .

KERIE  AWIFR Aldol |RB; AHLMEAG; PRIEMR; =5 A& &k

Trifluoromethylated-Imidazolines as Efficient Organocatalyst for
Asymmetric Aldol Reaction of Hydroxyacetone with Aldehydes

Zhang, Zhong* Zhao, Huaxin“ Wan, Wen™*
(“ Department of Chemistry, Shanghai University, Shanghai 200444)
(® Key Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,
Shanghai 200032)

Xie, Xiaojuan® Hao, Jian™*

Abstract Aldol reaction of hydroxyacetone is an all-purpose route to construct the 1,2-diol building blocks for the synthesis
of multifarious natural products and biological active molecules. In this work, a new series of trifluoromethylated-imidazoline
organocatalysts have been designed and synthesized. It is found that the trifluoromethylated chiral organocatalyst
(2R,4S5)-4-benzyl-1,2-dimethyl-2-(trifluoromethyl) imidazolidine (1a) has proved to be very efficient for the direct asymmetric
aldol reaction of a-hydroxyketones with aldehydes to build the syn-1,2-diol building blocks. Among the synthesized syn-aldol
products, a good yield (up to 96%) and high stereoselectivity (up to dr=15 : 1, 99% ee) could be obtained. The F—H bonding

derived from trifluoromethyl group was proposed to play an important role in the stabilization of the transition state.
Keywords asymmetric aldol reaction; organocatalysis; imidazoline; trifluoromethyl; synthesis

FEENLE BT, ARRFR Aldol 44 [N EL A
- E B, B 2000 4 List £PL R T
KRB WAL SN FF G AR Dk, A HLEA T A
VE R B AL 2 B AE A i F B, 230 T AT &
ML AR F 0+ 2 AR 1A) B, ASXE R WU AL S5 ()
AR T PR R R, AHUER R AR, $l &%
Sy R A RNIRIER S T & @ i
H ) E 4 B AR B AR ARk, DA AR
AKFIRAE WAL FIAE LA a-F2FE R I AXTFR Aldol 454
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IV PV EC T i i s SN S e IR S
PERA HUEARIEA SR Aldol KN I 713 3] T 5%
BT NATRISRTES, . B R RA R R
RO UL, JFIEEAEARIFR syn-Aldol 4 5 [ b
A AL R R

FUTER AR T RIERNAEEE TR, RE T
HAMRE R e Dy BHIT RS SR AL, R 9
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25, MR USRS, SRR, £
N A I T R BR B HR, g5 1 e =
SRR, AN A [ S R A S A (Al
Hi, XA T S (AP FE AN KRR I B 328 i) p R B AR
(R ST ARGE B2 ) A 10 502, Gilmour 257*3E T
—RKE R LIEANN AR, SBEERT op-
AN FIEE ) Weitz-Scheffer 8L B, Rovis! " HRIE &
ON-Z8 REBG A, SCHL T BRI B IR R A
XIFR Stetter [ S, B FE25 RFR B, BB HIE A FR ik
R B A e E AR, (H2, BRI & mEEH 5
NA WL TR R TE G P b L. PRk, AR TAE
GG = P LI T R A 1 o I R M R L BURE 1 A ()
BN, VT FHEE R T — 28T Y 1 K bk, PR IpR A
B NI 1), IR T o250 R
IAXTFR Aldol 46 [N, FilUEe . e dy Bl agh 43 1 5
T — & syn-aldol P2 A K.

CH CHs

N X N Q _cH
\oCH )/CFs (( proe
N” "CF, N” “CH, N CFs
H H Ph

Ph Ph
1a 1b 1c

B & ITcaI A LR
Figure 1 Trifluoromethylated five-membered heterocyclic or-
ganocatalysts

1 ZER5VE
1.1 REEHHFE

RFTREEN, FE 1,2- T FEE AR RIR S
PE TR EE AR P I E G, 1 o- 25N 2 5 AR
Fr Aldol 456 RIESZIFME 1,2- “FE M EETF
B SEARTAES, ATE il Fik 2 sl s S
FTA P AOAE B B ORI S4B R, % T 3 4
B IR 57 SRR R AT LN 4 TR 7RI PR
AT A R, TRATERE T o- PR 5 A FOXT it 2
K BENERY), UALAY) 1a NHELF] =5 F R
NESIMFIFI =R AT, TR T AXHR Aldol f#AL R B
(26 E ik SEaG, WIBRF LSS R, LL 60%HI = 515
FI TR Aldol 729 2a, HANR. = X(syn/anti) ELBIK
61, eeftiN 78% (¥ 1, Entry 1). S INFIRH =82
BRJE, RPBEAR T —E$EE, R T 89%,
{RSTARIE BB AN R B R (syn © anti=8 1 1
ee {54 82% (3% 1, Entry 2). Bfif5, FA T M yE A AT
TR, BEFRIL, 240k 1.4- S NIME N ST
(IR, R 50 B S R 2035 (3R 1, Entries 3, 4),
2 I W R FH SR AR MR VA SR (40 V- R AR e B (NMP)]
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B ESAMETE (n H AT IE Che ), BRI 2R T
H0#I(F 1, Entries 5~7). #E—5HEFI 4010 &I,
LR NMP-IECE(V - V=1 DIEAREEFZ 5 R
PRI, SIS SRR B AR B T B EREGR 1,
Entry 8). HABEIN, WIBEEE. X H KR (PTSA). —
SRR ) IR SE G R B, 1% RS INFIERAS e B R =
SNSRI (FE 1, Entries 9~11). 247ELL NMP-1E %5
V2 Vv=1: DIERIREER. =W BN INF, F6E
RRBLRER] 0 CH, 193] 7w R BIG R, &M
FERIRBNT 96%, RISIARIEREERIN syn @ anti=
1511, ee i 93% (¥ 1, Entry 12). WFFCIEKRM, 24
AR SRR A 10 BUR 1a 1F 1% B AL 771
i, AAS B SR AR BRI ee (H, [N RCR I L BE
fIK(E 1, Entry 13). 45 GUEMEIR G LN 77 1A
le N FZ NI, FRBLHEE 1) 5 RLE 1 Al S0k
FIST ARV 1, Entry 14). fe2%, IAT0HE T %R M
A2 N 72 NMP-1IECBE(V V=1 DIE MRS
A L 20 mol% 2 K Emsk 1a AL, =&
FR(TFA) (20 mol%) N¥s A 7E 0 °C HIEE T iE4T R
1 RENEIZ 51 Aldol 4i & N &4tk

Table 1 Optimization of aldol reaction of hydroxyacetone

o CHO  cat (20 mo%) O OH
)\ additive (20 mol%) )H/k@\
+ —_—
solvent, 48 h OH
OH NO,
NO, 2a

Entry Catalyst Solvent Yield /% dr° (syn/anti) ee’1%
1¢ la  THF 60 6:1 78
b la  THF 89 8:1 82
3 la  Ether 67 8:1 87
4 la  Dioxine 80 8:1 74
5/ la  Toluene 38 6:1 66

a n-riexane .
6 1 H 74 5:1 28
7 la  NMP 64 9:1 76
8 la  NMP/n-hexane 78 10:1 89
9¢ la NMP/n-hexane 89 9:1 87
10% 1a NMP/n-hexane Trace — —
11" la  NMP/n-hexane 57 8:1 82
12/ la  NMP/n-hexane 926 15:1 93
13 1b  NMP/n-hexane 80 8:1 32
14 lc  NMP/n-hexane 24 10:1 76

© 2019 Chinese Chemical Society & SIOC, CAS

“ Unless otherwise stated, 0.4 mmol of hydroxyacetone with 0.2 mmol of
aldehyde in 1 mL of solvent at ambient temperature (25 ‘C). ? Isolated yield.
¢ Determined by 'H NMR analysis. ¢ Determined by HPLC analysis.
¢ CF3SO3H was additive. 4 CF;COOH was additive.  CH;COOH was additive.
"PTSA was additive. ' CF;COOH was additive and the reaction performed at
0 C.

1.2 2REKEWMAHELTIER TR Aldol &K
R
FEWE T IR B2 AF)E (3R 1, Entry 12), A0
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ZAXTHR Aldol A HLIEAL S B R ) & Vet AT T %
%, BATER TARME, LhasT 12 MEF
W B PR SRR, 13k 2 Fow, & Wi 73
T 2 RS W AE 1% S N 2% 1 T 2 BE 48 HE I U 6 (70% ~
96%) A S T I IE B F syn-aldol H FF=#1(F 2,
Entries 1~12). 4RI EA G K% BFHRER (00 NO,,
CF;, CN), 15 ZIH 4T 1 5 WIS A S 1) Sr A4 o 8
(3 2, Entries 1~95). 1H&, ST HEREIRVIINALZE F
8 CLE, 7RI BT, (ORT T BRARICR s %=
() %F B e 314 (FE 2, Entries 8, 10), iX Al A2 TR T
oY SR T 28 I H 0 ) HR 3 08 5 B e R ) Ko I gk
PRYERRAK.

2 HERMRAE WL 1a AER FAXER Aldol &
B T A A ¢

Table 2 Asymmetric aldol reaction of hydroxyacetone with
substituted aldehydes catalyzed by catalyst 1a

o cat.1a (20mol%) O OH
+ oy Xy TFA (20 mol%) N
OH /\R NMP:)nor::exane OH | ’\/R
2
Entry R Time/h Yield”/% dr® (syn/anti) ee’/%

1 4-NO, 2a 48 96 15:1 93
2 3-NO, 2b 96 80 15:1 99
3  2-NO, 2¢ 96 88 6:1 90
4  4-CF; 2d 96 86 3301 97
5 4-CN 2e 96 93 9:1 90
6 2,4-Cl 2f 96 70 3201 85
7  2-Cl 2¢g 96 80 10 0 1 93
8 4-Cl 2h 96 78 301 47
9 2-F 2i 96 83 301 96
10 4-F 2j 96 60 66 .1 64
11 4-Br 2k 144 77 5001 94
12 3-F 21 144 70 301 66
13 H 2m 288 28 6:1 8
14 4-CH;0O 2n 288 40 501 3

¢ Unless otherwise stated, 0.4 mmol of hydroxyacetone with 0.2 mmol of
aldehyde in 1 mL of solvent. * Isolated yield. ¢ Determined by 'H NMR analy-
sis. ¢ Determined by HPLC analysis.

TR R IN, PR AR, X A IR AR 5
PR S SEISE, AEAR A S RS2 AT, R SRR AR ) 43
K, RNHHEZIRNE, BIEEK N 12 d 54 Refig s
FIEHFRMLEY), HP=RBAK. SLARERRMENRZE, XTuik
Btk ee H AR 10%(3R 2, Entries 13, 14). Kk, &A1)
W, BT AT R W F - 2O, R H
AT ECA P 2 i S B0 B v P S N P, S A SR A
A MO R b, AT R T DA e . B
MPSIARIE VSR Aldol PEHIITERL. BEAL, FRATHE
JEFH TR R ME RS RIS . POREREAE N R N
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JERA, AR NS 3 R N R S AR i B P AN AR
[, FRATHR XS AS R 2B B (W S B 2R S 36
LR 0 — S PR R i) S5 0 i 8 2R T S 2 5 B AN X R Alldol
RIHEAT T 5. Wk 3 Fow, WHFRRI, PEFPYE
YL AR ] £ 122 S S H AN AR AT 31 T rh S U R I A 2 e R P
FISEARIEREYE3a, 3b), 10 SGHR AR O 7E AR 5] B
ZAER, BefE SR AT B4k Ak BV RN L AR IE B VE e,
3d).
3 HHEIEMEIA YL 1a MLER T AR BT
AR RS 5 R S 5 R FR Aldol [ REIF AT P

Table 3 Asymmetric aldol reaction of ketones with 4-nitro-
benzaldehyde catalyzed by catalyst 1a

cat. 1a (20 mol%) O  OH
TFA 20 mol%)
NMP/n-hexane R' R?
0°C 3 NO,
M@“’z o L,
45% yield, syn:anti = 62% vyield, syn:anti = 24:1
54% ee 58% ee
O OH O OH
3¢ : NO, 3d NO,
67% yield, syn:anti = 8:1 75% yield, syn:anti = 24:1
83% ee

72% ee

© 2019 Chinese Chemical Society & SIOC, CAS

“ Determined by 'H NMR analysis. * Determined by HPLC analysis.
1.3 REHIBHFLRT

W CEEEY) 2 3 KRG RO (il
(HPLO)Hud, W& 1 P4 xt RO 1,2- AT
AW SO, SRR T A S 22 BEAT LR X G2k
TSt o, BB WIE 1 H bR 0 3L AR B O
(BRAS) 24X F 7.

AR AR OC SCRRU ORI, FRATER T AR R S
IR NHLER. nlE] 2 P, 2 Gk menph o 3 2 o i Js 1o
HAEIE R, T CFs 2P U5 1 B ARG K HL A
P, HREWs SR SR T BAE E H) F—H S5,
Fe A S8 ARG 4. PRI, i 2 o Te) A o 10 35 S A4 A
BRI 20l AEREJE I Aldol [ SRS TE s F b,
FasE Z-JGHe A 1A A B 5 /MK Re THTEE TS 1 AT Fi 2k
B R T, SR B AR R T AC syr-Aldol
GRAS) Hisft &4,

2 #ig

WA G T &R AT E BN 7 7
TR, FRE TR T a-F2 B R A7 7 8 AN A
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/[,CHg )CHs
"y N~ %
C.N CF3 CF,

S

HyC™ S\'O/Iil ™
H-O

H
Z-)5s %

CHs N,CHs
N

)CH3 /[,CHa
N S CF, N—"cF,

Ho Sy He=( M N
o-H o-

H— N

T oL T

NO

2 _| |

More stable transition state Less stable transition state

|

O OH

OH

syn-aldol (3R,4S) 2a

2

B2 EHmKkrEmA B 1a 2 540 Aldol Je Mt
B HLEHT TT

Scheme 2 Proposed transition state of syn-Aldol reaction cata-
lyzed by trifluoromethylated-imidazoline 1a

Aldol Je . WA R, BT HA K E T =K
FEEFEMI TN, & mIKmenbk 1a R IR = 10 1
ARSI RV, ZMERITE R S T B A — RAIBE AN
XIFR Aodol 4 & [ N HEUAS T BT 25 R, s e ik
3] 96%, fxrE ee [HILH] 99%, dr [HiEF] 151, &K T
— RAN 1,2- FEHRGRAS G, ZHRIEWE
AT BEAE HE— 54T LA peak A BT PR IR A R T
EE A

3 IS
3.1 UESHFA

P i 2 A AL I 2R A A A PR A B X-4 B ow
SRS S, AR HE (500 MHz). ki (125
MHz) F1 5 #E (470 MHz)XFH 3% E Bruker AVANCE-500
MHz B3R 2, F CDCly A&, TMS N Fx;
A P R SR 25 6520 Q-TOF LC/MS A 28 %E .
BRI A, BT R AR5 e i B A A all, 35488 i
aifh. HENTEERGAFIZ, 300~400 )W H T S
WWTAHRAR, EEMH. HPLC Wl5E T
TEAEI AN, AR A DG SCHRIRIE A 5 H AR 2
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PR,
3.2 fELFIEHIE

TE— A [P A S 1 11 3R (100 mL)
HUKIMN(S)-N'- F 5 3-SR B T 86 -1,2- % (1.64 g, 10
mmol). X ZEA#2(0.095 g, 0.5 mmol). F7K HEE(50
mL). ¥ MAERAHE] 0 C NG, FIESSSPuE A
= ANI3.36 g, 30 mmol) HtFE/RN 1 h 5, #ZUkK
W, MIARERR L 24 h JE, 2 G (TLC) kil J5 Rk
(S)-N'- 338 FL P He-1,2- e N e & Jm, 1F 1k
ML e 2 R AR T 28 L3650, HEENT B E 3 H
FRP=W, BRI VCAEE) @ (LR ) =20 & 1~
10 : 1).

(2RA48)-4-"F JE-1,2- 7 HI JE-2- = G50 HH B DK TR (1)
WE 60%, k. '"H NMR (CDCl;, 500 MHz) o:
7.28~7.31 (m, 2H), 7.22~7.24 (m, 1H), 7.18~7.22 (m,
2H), 3.59~3.65 (m, 1H), 3.05 (dd, J=13.5 Hz, *J=6.0
Hz, 1H), 2.92 (dd, 2J=13.5 Hz, *J=6.0 Hz, 1H), 2.66 (dd,
2J=13.5 Hz, *J=8.0 Hz, 1H), 2.43 (s, 3H), 2.42 (dd, 2J=
13.5 Hz, *J=8.0 Hz, 1H), 1.81 (s, 1H) 1.30 (d, J=0.5 Hz,
3H); *C NMR (CDCls, 125 MHz) 6: 138.3, 129.0, 128.7,
126.7 (q, 'J=287.5 Hz), 126.6, 78.6 (q, J=27.5 Hz),
60.3, 56.7, 40.5, 35.8, 17.8; "F NMR (CDCls, 470 MHz)
d: —81.2 (s, 3F); IR (KBr) v: 3439, 3087, 3028, 2924,
2855, 2795, 1497, 1185, 1142, 1095, 700 cm ™ '; EI-HRMS
caled for Cj3H,,F5N, 258.1338, found: 258.1341.

(25,48)-4-7F 5=-1,2- = FHHE-2- — 350 HH B K PR BB (1b):
WE 31%, LWk, '"H NMR (CDCl;, 500 MHz) o
7.28~7.31 (m, 2H), 7.20~7.23 (m, 3H), 3.58~3.63 (m,
1H), 2.93~2.96 (m, 1H), 2.85~2.88 (m, 1H), 2.82 (dd,
2J=13.0 Hz, >*J=6.5 Hz, 1H), 2.72 (dd, 2J=13.0 Hz, *J=
6.5 Hz, 1H), 2.48 (t, J=1.5 Hz, 3H), 2.04 (s, 1H) 1.31 (s,
3H); *C NMR (CDCls, 125 MHz) 6: 139.9, 129.3, 128.5,
126.8 (q, 'J=288.8 Hz), 126.2, 78.6 (q, J=26.3 Hz),
59.3, 56.6, 42.2, 35.1, 18.9; ""F NMR (CDCls, 470 MHz)
5. —77.5 (s, 3F); IR (KBr) v: 3382, 3086, 3062, 2988,
2942, 2807, 1496, 1453, 1189, 1141, 1091, 700 cm ';
EI-HRMS Ci3H7F5N,  258.1338,
258.1336.

3.2 FXIFR Aldol 2 Bl &=, 1,2- B2 T4

1E— TR BIL(S mL)H AR IR 1 (0.2
equiv.)s (1.0 equiv.). FRIEME(2.0 equiv.). —H LR
(0.2 equiv.) 1E e A N-FH I aHk g Ao i PRV A VR (TR AR L
1:1,1 mL). FRMAKRRAER O ChHike XM, TLC f
DR SN 5E 4, I L. 28R B2 mL X 3)H# =
ISR ML it R 7% 3 [ SIS0 mL)Hh, e 2Kk

caled for found

Chin. J. Org. Chem. 2019, 39, 117~121
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PO N 20, AEERAEENT 5, 53 b=,
WRBEFIN VCRWEF) - MR CFR)=3 1.

o BbR e A T, FREUEAL TR 1a (1032 mg,
0.040 mmol). 4-fHZE7 H [ (30.2 mg, 0.2 mmol). F2HEP
fif(29.6 mg, 0.4 mmol.). =% £ #4(4.56 mg, 0.040 mmol),
A5 B vk B [E 4K (3R,4S)-3,4- R Fk -4-(4- i FE
Z)-2-T Hid(2a) (42.9 mg, 0.19 mmol), HFEFIN V(£ M
k) : MR ZT8)=3 & 1, 773 96%, ee 93%. ee {H H &
ROAH (L (HPLO) I & [ FHE AD-H A, kil v(ES
BE) - V(REE)=90 : 10, 25 ‘C, AifiiE: 1.0 mL/min,
r=27.23 min(XEMA ), r=37.00 min(F=Z/
K FERE)]. mp. 36~37 ‘C; 'H NMR (CDCls, 500 MHz)
d: 8.23 (d, J=8.5 Hz, 2H), 7.59 (d, J=8.5 Hz, 2H), 5.21
(s, 1H), 4.40 (d, J=2.5 Hz, 1H), 3.74 (br, 1H), 2.78 (br,
1H), 2.35 (s, 3H); °C NMR (CDCls, 125 MHz) §: 209.6,
150.5, 146.1, 127.4, 122.4, 80.2, 72.4, 26.6.

%45 Bh#1 %} (Supporting Information) FiH =¥ 'H
NMR, "C NMR, ""F NMR i & &% HPLC 43 #fr. iX&ptkl}
T] L4 3% AT W 38 (http://sioc-journal.cn/) | F %K.
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