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Organic solvent-free, highly diastereo- and enantio-selective direct aldol reaction
in the presence of water

Yujiro Hayashi,* Tatsunobu Sumiya, Junichi Takahashi, Hiroaki Gotoh,
Tatsuya Urushima, Mitsuru Shoji

Department of Industrial Chemistry, Faculty of Engineering, Tokyo University of Science,
Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan

Typical procedure for the synthesis of (25, 4R)-4-triisopropylsiloxy-pyrrolidine-2-carboxylic acid
(1b).

To a CH,Cl, solution (10 mL) of (25, 4R)-N-benzyloxycarbonyl-4-hydroxypyrrolidine-2-carboxylic acid
benzyl ester (3.55 g, 10.0 mmol) was added 2,6-lutidine (1.90 mL, 13.0 mmol) and TIPSOTT (2.96 mL,
13.0 mmol) at 0 °C. The reaction mixture was stirred for 30 minutes at room temperature, then the
reaction was quenched by addition of phosphate buffer (pH 7.0). Organic materials were extracted three
times with AcOEt, and the combined organic phases were dried (Na,SO,), concentrated, and purified by
column chromatography (AcOEt:hexane = 1:5) to afford silyl ether (4.8 g, 9.54 mmol, 95%) as a clear
viscous oil.

To a MeOH solution (10 mL) of (25,
4R)-N-benzyloxycarbonyl-4-triisopropylsiloxy-pyrrolidine-2-carboxylic acid benzyl ester (4.8 g, 9.54
mmol) was added Pd/C (480 mg, 10 wt%) at room temperature and the reaction mixture was stirred for
20 h at that temperature. The filtration of the inorganic materials and concentration afforded (2S5,
4R)-4-triisopropylsiloxy-pyrrolidine-2-carboxylic acid (1b) in 96% yield (2.8 g) as a white solid.

(2S. 4R)-4-tert-Butyldimethylsiloxy-pyrrolidine-2-carboxylic acid (1a)"

(2S. 4R)-N-Benzyloxycarbonyl-4-hydroxypyrrolidine-2-carboxylic acid benzyl ester”
(25, 4R)-4-tert-Butyldiphenylsiloxy-pyrrolidine-2-carboxylic acid (1¢)"

are known compounds.

(2S. 4R)-N-Benzyloxycarbonyl-4-triisopropyvlsiloxy-pvrrolidine-2-carboxylic acid benzyl ester

Data are shown as a mixture of two conformers. TIPSQ,

'HNMR (CDCly): 8 1.01 (21H, d, J=4.5 Hz), 2.00-2.12 (1H, m), 2.17-2.31 (1H, &

m), 3.42-3.59 (1H, m), 3.62-3.76 (1H, m), 4.45-4.60 (2H, m), 4.91-5.26 (4H, m), N~ YCO,Bn
7.17-7.37 (10H, m); Cbz

3C NMR (CDCL,): § 12.4, 18.3, 39.5, 40.4, 55.3, 55.7, 58.5, 58.7, 67.1, 67.3, 67.5,

70.3,71.0,128.2, 128.3, 128.4, 128.55, 128.61, 128.65, 128.75, 128.8, 128.9, 129.0, 135.9, 136.1, 136.9,
137.1, 154.8,155.5, 172.8, 173.0;

IR (neat): v 2943, 2866, 1749, 1712, 1458, 1415, 1117, 1022, 883, 696 cm™';

HRMS (FAB): [M+H] calcd for [C,,H,,NO,Si]: 512.2832, found: 512.2809;

[a]p?-35.1 (¢ = 1.00, CHCL).

(28, 4R)-4-Triisopropylsiloxy-pyrrolidine-2-carboxylic acid (1b) TIPSQ,

'"H NMR (CDC,):8 0.97-1.05 (21H, m), 2.13 (1H, ddd, J=12.9, 7.8, 5.4 Hz), 2.27 O‘Co "
(1H, ddd, J=12.9, 7.8, 4.1 Hz), 3.20 (1H, br-d, /=9.0 Hz), 3.46 (1H, br-s), 4.15(1H, ” 2
t, J=7.8 Hz), 4.51(1H, quintet, J=4.1 Hz); 1b

3C NMR (CDCly): § 11.9, 17.8, 39.2, 52.5, 59.8, 71.0, 173.7;

IR (KBr): v 3438, 2942, 1624, 1464, 1400, 1389, 1101, 999, 883, 685 cm';
HRMS (FAB): [M+H] caled for [C,,H,,NO,Si]: 288.1995, found: 288.2010;
[a]p2-15.9 (¢ = 1.01, CHCL,).



Typical procedure for the synthesis of 2-(hydroxyphenylmethyl)cyclohexan-1-one (Table 1, entry
7).

Catalyst 1¢ (14.8 mg, 0.04 mmol) was added to a suspension of benzaldehyde (40.6 ul, 0.4 mmol) and
cyclohexanone (207 ul, 2.0 mmol) in water (0.13 ml) at room temperature. The reaction mixture was
stirred for 18 h at this temperature, then the reaction was quenched by addition of phosphate buffer (pH
7.0). Organic materials were extracted three times with ethyl acetate, and the combined organic phases
were dried over anhydrous Na,SO,, and concentrated in vacuo after filtration. Purification by silica gel
column chromatography (ethyl acetate:hexane=1:10 ~ 1:3) gave
2-(hydroxyphenylmethyl)-cyclohexanone (63.7 mg, 78%) as a clear oil: anti:syn = 13:1 (by '"H NMR
spectroscopy of the crude mixture), >99% ee (by HPLC on a chiralcel OD-H column, A=213 nm,
iPrOH/hexane 1/100, 1.0 ml min™; =19.4 min (major), 25.9 min (minor)).

(28, 1’R)-2-(Hydroxy-p-nitrophenylmethyl)cyclohexan-1-one*
(28, 1’R)-2-(Hydroxy-p-bromophenylmethyl)cyclohexan-1-one*
(2S, 1’R)-2-(Hydroxy-p-methoxyphenylmethyl)cyclohexan-1-one*
(28, 1’R)-2-(Hydroxy-2-furylmethyl)cyclohexan-1-one®

(28, 1’R)-2-(1’-Hydroxy-3’-methylbutyl)cyclohexan-1-one®

(28, 1’R)-2-(Cyclohexylhydroxymethyl)cyclohexan-1-one®

(28, 1’R)-2-(Hydroxyphenylmethyl)cyclopentan-1-one’

(4S, 1’S)-4-(Hydroxyphenylmethyl)-2,2-dimethyl-1,3-dioxane-5-one®
(25)-2-(Hydroxymethyl)cyclohexan-1-one’
(4R)-4-Hydroxy-p-nitrophenylbutan-2-one'’

(3S. 4S5)-3.4-Dihydroxy-o-chlorophenylbutan-2-one'!

are known compounds.

(28, 1’R)-2-(Hydroxyphenylmethyl)cyclohexan-1-one®

Absolute stereochemistry is determined by the comparison with the literature data®.
[a]p'*+27.7 (¢ = 0.85, CHCl,), >99% ee.

Lit. [a]p**-24.2 (c = 1.03, CHCl,). (93% ee, (2R,
1’S)-2-(Hydroxyphenylmethyl)-cyclohexanone).

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column
(100:1 hexane:2-propanol), 1.0 mL/min; major enantiomer tr =19.4 min, minor enantiomer tr =25.9 min.
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(2S, 1’R)-2-(Hydroxynaphthalen-2-ylmethyl)cyclohexan-1-one
'H NMR (CDClL,): § 1.23-1.40 (1H, m), 1.42-1.61 (2H, m), 1.62-1.79 (2H, m),
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2.07 (1H, ddd, J=13.2, 6.6, 3.2 Hz), 2.36 (1H, td, J=13.2, 5.8 Hz), 2.49 (1H, br-d,
J=13.8 Hz), 2.64-2.74 (1H, m), 4.02 (1H, br-s), 4.95 (1H, d, J/=8.6 Hz), 7.41-7.50
(3H, m), 7.73 (1H, s), 7.77-7.86 (3H, m);

3C NMR (CDCl,): 8 24.6,27.7,30.8, 42.6, 57.3, 74.8, 124.6, 125.9, 126.1, 126.2,
127.6,127.9,128.2, 133.0, 133.1, 138.2, 215.5;

IR (KBr): v 3354, 3055, 2933, 2854, 1695, 1444, 1309, 1122, 1057, 833 cm™;
HRMS (FAB): calcd for [C;;H,30,]: 254.1307, found: 254.1311;

[a]p?+7.4 (c = 1.07, CHCl,). (mixture of diastereomers, anti:syn=19:1, 97% ee for anti-isomer.)
Enantiomeric excess was determined by HPLC with a Chiralpak AS-H column (50:1 hexane:2-propanol),
1.0 mL/min; major enantiomer tr =17.6 min, minor enantiomer tr =20.5 min.

(2S, 1’R)-2-(Hydroxypyridin-4-ylmethyl)cyclohexan-1-one

'H NMR (CDCl): & 1.38 (1H, qd, J=12.8, 3.8 Hz), 1.47-1.73 (3H, m), 1.77-1.86 (1H,
m), 2.04-2.14 (1H, m), 2.34 (1H, td, J=13.3, 6.2 Hz), 2.42-2.50 (1H, m), 2.56 (1H,
ddd, J=13.5, 8.2, 3.5 Hz), 3.97 (1H, br-s), 4.75 (1H, d, /=8.2 Hz), 7.23 (2H, d, J=5.7
Hz), 8.56(2H, d, J=5.7 Hz);
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*C NMR (CDCl,): § 24.6,27.7,30.7, 42.6, 56.8, 73.5, 122.0, 149.7, 149.8, 214.7,
IR (KBr): v 3140, 2860, 2738, 1711, 1606, 1415, 1300, 1128, 1047, 835 cm™;



HRMS (FAB): [M+H] calcd for [C,,H,(NO,]: 206.1181, found: 206.1177;

[a]p?'+15.8 (¢ = 1.02, CHCL,). (mixture of diastereomers, anti:syn=12:1, 95% ee for anti-isomer .)
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (10:1 hexane:2-propanol),
1.0 mL/min; major enantiomer tr = 22.5 min, minor enantiomer tr =20.7 min.
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NN NNNN NN N OO 0000 00T I TTTTOO@MO0AUUNUNNN o oo m S S F2 - Acquisition Parameters

L L J Date_ 20050616
Time 1.50
INSTRUM dpx400
PROBHD & mm GNP 1H/29
PULPROG 2930
0 32768
SOLVENT €oc13
NS a
os 0
SWH 8223.685 Hz
FIDRES 0.250967 Hz
A 1.9923444 sec
RG 32
oW 60.800 usec
BE 6.00 usec
TE 303.2 K
04 1.00000000 sec
MCREST 0.00000000 sec
MCWARK 0.01500000 sec
wmmmmmmm CHANNEL i ==m=esxe
Nuct iH
Py 7.90 usec
PLL 3.00 @8
SFO1 400.1324710 MHz
F2 - Pracessing parameters
s1 16384
SF 400.1300172 MHz

] WOW €M
f S8 0

0

\ g 0.30 Hz
[ ' j 4}{ ) {_‘[ , PC 1.00

1D NMA plot parameters
cx

20.00 cm
cy 8.00 cm
FiP 9.800 ppm
K] S| 3 B 348 Fipo @ F1 3924.27 W2
) ®|o 53 @ 3l Slo - FoP -0.200 ppm
2 @« < - e - o F2 -80.03 Hz
= PPMCM 0.50000 ppm/cm
HZCM 200.06502 Hz/cm
T T T T T ! | T T T T T T T T T T
8 7 6 8 4 3 1
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DI @D~ T DO DNSTUODNOUTONDINONMIN WO 0T QW EXPNG 33
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g LB ErEE8E ISR S RRRT 505338898 2y F2 - eautsition paraneters
R MR R R I IR R IR R, ) ] Date_ 20050616
L = Tine 1.56
\/ \ xﬁ\///// \J V INSTAUN dpx400
PROBHD & mm ONP 1H/29
. PULPROG 29pg30
m 65536
SOLVENT €oc13
NS 385
- 0§ 2
SH 31847.133 Hz
FIDRES 0.485349 Hz
AQ 1.0289652 sec
RG 645.1
] 15.700 usec
0 §.00 usec
TE 303.2 K
ot 2.00000000 sec
g4 0.03000000 sec
OELTA 1.89999998 sec
NCREST 0.00000000 sec
NCHAK 0.01500000 sec

samenxms CHANNEL f{ ==smsmas
NUCL 13C

2} 9.30 usec
PLL 3.00 d8
SFOL 100.6254358 NHz
mesmanmx CHANNEL f2 s=mmazee
CPOPRG2 waltzi6
ne2 L]
PCRD2 80.00 usec
P2 3.00 98
L2 22.00 dB
PLi3 22.00 dB
SFa2 400. 1316005 KHz
F2 - Pracessing parameters
81 32768
SF 100.6127290 MHz
WOK
S58 0
8 1.00 Hz
68 o
PC 1.40
10 NMR plot parameters
l ]l “ [ 20.00 ca

cy 10.00 cn
Fip 220.000 ppn
F1 22134.80 Hz
Fep -10.000 ppa

T T T T T T v T T y T T T T T T T — F2 -1006.43 Hz

150 100 50 0 PENCN 11.50000 ppa/cm

HICN 14R7 A4RAQ U frm
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Wavenumbers (cm™)
TJ74AIVE TIPS E-0ES AK(en!) EREOL-HIEE BEr) EHAE KL HES  EK(n) ERE (X
AL : 01 2942.84 685941 11 1415. 49 69.3396 21 919.879  89. 8544
nEaR : 20054E06 8168 0285424 02 2890.77  79.5823 12 1353.78  77.5780 22 883.238  80. 9049
BENMEEE. - 4 om? 03 2865.70  70.5995 13 1313.29 911316 23 831.169  91. 0696
ZF 4y EE 10 @ 04 2360.44 77.5146 14 1284.36 89,6853 24 752102 84. 0599
METF14> 05 2341.16  82.5501 15 1259.29 882337 25 738.603 84 4395
T 06 174912 68.4704 16 1187.94  81.0699 26 696. 177  76.7534
07 1712. 48 60.6597 17 1162.87  78.4280 27 669.178  84. 1222
08 1508.06  93.1139 18 1116.58  74. 5481
09 1498. 42 86.7000 19 1064. 51 857915
10 1457.92  77.0244 20 1014.37  81.9094
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F2 = Acguisition Parameters
Date_ 20050518
Time 17.34
INSTRUM avB00
PROBHD 5 mm CPDUL 13C
PULPROG 2930
T 65536
SOLVENT €013
NS 16
28 2
SWH 12376.237 Hz
“IDRES 0.188846 Hz
AG 2.6477449 sec
AG 16
oW 40.400 usec
B3 6.00 usec
TE 298.0 K
0 1.00000000 sec
MCREST 0.000000C0 sec
MCWRK 0.01500000 sec
CHANNEL f1 =====
NUCt 1
P1 15.00 usec
PL1 -5.80 cB
SFOt 600.1337060 MHz

F2 - Processing parameters

S1 32768
SF 600.1300432 Mz
WOW EM
558 4}
-8 0.30 Hz
. 5 [
I IS /] eC 1.00
A SN AU L 10 R o1
plot parameters
X 20.00 cm
) | k | cy 12.50 cm
F1p 9.800 ppn
3| s I NS 3 71 5661.27 Hz
(S} (o] ol o|o Y P -0.200 ppm
s - c‘ ofl~ “|- o F ~120.03 Hz
PPMCM 0.50000 ppm/cm
H2CM 300.06503 Hz/cn
e e sy e ™ T T I T . T
pom S 3 7 6 5 4 3 2 1 9
Current Data Parameters
NAME Water
~ - EXPNO 13
A PROCNO 1
S . ] 0 ST F2 - Acauisition Parameters
< Date_ 20050518
S 1 N | Time 17.36
; . ! P [ INSTRUN av600
Yo i i PROBHD 5 mn CROLL 13C
PULPROG 20pg30
i) 65536
SOLVENT coc13
NS 240
0s 4
SWH 36971.223 Hz
FICRES  0.548877 W2
A 0.3110004 sec
A6 10321.3
oW 13.900 usec
03 50.00 usec
7€ 298.0 K
ot 2.00000000 seC
d1f 0.03000000 sec
DELTA 1.89993998 sec
WCREST 0.00000000 sec
MCWRK 0.01500000 sec
sxawaxss CHANNEL f{ =zazszxs
NICE 13
Pt 10.00 usec
LT -4.50 08
SFO1 150.9476968 MH2
axamamrs CHANNEL 12 meessess
CPOPRG2 waltz16
) 1H
FCPO2 80.00 usec
L2 -5.60 08
PL12 8.74 d8
L13 .74 08
sF02 500.1324005 MHz
F2 - Processing parameters
st 32768
SF 1509026203 MHz
¥OW EM
2 0
LB 1.00 Hz
8 [
[ 1.40
J \ 10 NMR plat parameters
: ] 20.00 cn
L1 . o 12.50 cn
F1p 219.108 ppm
£ 33064.15 Hz
Fop -19.265 pom
——— T T T g I T T T T T T r T T T . v [ F2 -2907.07 Kz
m 200 PPMCH 11.91667 ppm/cm
PP 150 1co 50 0 HICM 1798 56104 Ha/cm
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4 kb : 01 3438 46  68. 8346 1" 1213. 01 74. 5484 21 771. 387 78. 9428
T 08 . 20054F06 A07TH  16B§55¢ 02 2958.27  24.6801 12 1195.65  73.6684 22 684. 606 353187
TOMEE - 4 oo 03 294284 19.0443 13 1101.15  35.2986 23 659.536  57. 2460
FvEHK 10 @ 04 2867.63 22.30038 14 1068. 37 50.2335 24 503.330 82 5278
- SV 05 162377 181691 15 1033.66  67. 1317
e 06 1463. 71 46.1917 . 16 1014.37 59,1628
07 1400.07  30.1751 17 998.946  55. 1418
08 1388.50 39.7735 18 919.879  82. 9669
09 1367.28  49.0090 19 883.238 37 9544
10 1319.07  56.3434 20 854.311 82 3684
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Current Data Parameters
NAME Jun01-2005-haya

DT 0N maan w0 NO AN TN OO TID 0N OO0 T 0N ©
NGO~ 0T o ~ < OO DBDUDORONB IO RN ~ND ST O EXPNO 178
€ 8SaAELS 88 SU8330228REonheBRIITIAESS RN 1
2 CBRNT T A oo CNDODOBIMMOoOODor OO F®m®
N N w < T U QU QSO U QU QU Y e e v v e v F2 - Acquisition Parameters
\\\ \ [LLLL% ;Jy!l'.’ u.uq 20050602
\ // —— ate_
\} \ % 7 Time 0.31
4 | INSTAUM dpx400
PAOBHD 5 mm GNP 1H/23
PULPROG 2930
o 3768
SOLVENT coc13
NS 8
| os 0
SwH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RE 456.1
oW 60.800 usec
. 13 6.00 usec
TE 303.2 K
01 1.00000000 sec
MCREST 0.00000000 sec
' MCWAK 0.01500000 sec
P1 7.90 usec
PLY 3.00 d8
SFO1 400.1324740 MHz
i F2 - Processing parameters
SIL 16384
SF 400.1300177 MHz
WOW EM
Ss8 0
LB 0.30 Hz
GB 0
UL PC 1.00
A 10 NMA plot parameters
24 20.00 cm
cr 12.50 cm
FiP 9.800 ppm
Kl Eﬁﬁ § E %é’gg E%g Fi 3924.27 Hz
4 “lol= o @ ololw|lw| falofa Fap -0.200 pom
€ P P - s <l=l<ll<l al<l= F2 -80.03 Hz
PPMCM 0.50000 ppm/cn
HZCH 200.06500 Hz/cm
B o e o L e o e e o R AAREE s s o
ppm 9 8 7 & 5 4 3 2 1 0
Current Oata Parameters
- NAME Jun01 -2005
. - EXPNO 11
by 9 = PROCNO i
I N = = F2 - Acquisition Parameters
date_ 20050601
Lot ! Time 22.19
o i C INSTRUH av600
h I PROBHD 5 mm CPDUL 13C
PULPROG 29pg30
0 65536
SOLVENT £0€13
NS 37
0s 4
. SHH 35971.223 2
FIDRES 0.548877 Hz
AQ 0.9110004 sec
AG 9195.2
W 13.900 usec
OE 50.00 usec
TE 297.9 K
01 2.00000000 sec
a1 0.03000000 sec
DELTA 1.89999998 sec
HCREST 0.00000000 sec
MCWRK 0.01500000 sec
saza=s=s CHANNEL f1 ======se
NUC 13¢
P 10.00 usec
PLY -4.50 ¢B
SFO1 150.9178988 HH2
szssszsz CHANNEL 2 mssszesz
CPOPRG2 waltz16
N2 1H
2cP02 £0.00 usec
a2 -5.80 8
L2 8.74 ¢8
PLI3 8.74 08
SF02 600.1324005 MHz
F2 - Prccessing parameters
st 32768
| SF 150.9028312 MHz
| HOW
| 558 o
| 8" 1.00 Hz
| 58 ¢
| pC 1.40
| . 10 NMR plot parameters
Cx 20.00 cm
I | oy 8.00 cm
F1p 219.184 gpn
Fi 33075.43 Hz
Fop -13.190 ppm
T L S s S A A S S e T ¥ S e B :'gncn ;fa:i:e:s:zm/m
pom 200 175 125 RUUNE 75 50 25 0 Hzch 1786 56140 i cm
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B ! 21 27 | )
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Wavenumbers (cm)
7A4NE nap -85 R (en!) EBE MBS B (en) ERE KL -4BS RM(n) EBE (Y
A b : 01 3353.60 72.3737 11 1349.93- 88.9809 21 952. 663  88. 9250
E B B © 2005£E06 028  00B§55¢ 02 2952.48  82.9774 12 1338.36  89.8489 22 917.950 82 1675
ESMEE  : 4 omt 03 2933.20 75.6302 13 1309.43  81.5954 23 900.594  90. 3201
A¥ v VEH 10 @ 04 2910.06  78.2256 14 1263.15  91.8489 24 863.953  77.7364
MESA> 05 . 2854.13  83.1631 15 1240.00  88.5705 25 833.098  71.0403
o 06 1702.84  58.0542 - 16 - 1170.58  90.0428 26 806.099  88. 7699
07 169512 57.1644 17 1122.37  71.2485 27 779.101 88 5727
08 1504.20  88.0486 18 1099.23  82.9274 28 750.174 82 5413
09 1444.42  81.7616 19 1056.80  71.0831 29 742.460  73.7252
10 1365.35  90.7609 20 970.019  93.0966 30 682.677  89. 0485
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Current Bata Parameters
NAME May17-2005-haya
EXPNG 172
PROCNG 1

F2 ~ Acquisition Parameters

Date_ 20050517
Time 23.56
INSTRUM dpx 400
PROBHD S mm GNP 1H/29
PULPROG 2930

™ 32768
SOLVENT nc13

NS 8

bs 0

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
R6 542

ow 60.800 usec
DE 6.00 usec
TE 303.2 K

04 1.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
mmmmmnsn CHANNEL f{ ssssasm=
NUCt iH

P4 7.90 usec
PLL 3.00 d8
SFO1L 400.1324710 MHz
F2 - Pracessing parameters
SI 16384

SF 400.1300177 MHz
NOW EM

ssB 0

L8 0.30 Hz
68 0

PC 1.00

1D NMA plot parameters

cx 20.00 cm
cy 12.50 cm
FiP $.800 ppm
F1 3921.27 Hz
Fep ~0.200 ppm
F2 -80.03 Hz
PPMCM 0.50000 ppm/cm
HzCM 200.06500 Hz/cm

Current Data Parameters

NAME May18-2005
EXPNO 1"
PROCNO 1

F2 - Acquisitian Parameters
Date_ 20050518
Tine 17.22
INSTRUM ave00
PROBHO 5 mm CPOUL 13C
PULPROG 29pg30

O 65536
SOLVENT CoC13

NS 133

0s 4
SWH 35971.223 H2
FI0RES 0.548877 Hz
AG 0.9110004 sec
RG 9195.2

oW 13.900 usec
DE 50.00 usec
TE 298.0 K
01 2.00000000 sec
(33 0.03000000 sec
DELTA 1.89993998 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec

amsmmaaz CHANNEL f1 ===

NUCY 13C

Pt 10.00 usec

pLE -4.50 B

SFO1 150.9178988 MHz

==zamaxs CHANMEL f2 =

CPOPAG2 waltz16

nc2 H

PCPO2 80.00 usec

pL2 -5.80 8

PLI2 8.74 a8

PLL3 8.74 08

SFO2 600. 1324005 MHz

F2 - Processing parameters
32758

SF 150.9028236 MH2

WOW EM

S8 0

LB 1.00 Kz

8 0

PC 1.40

10 NMR plot parameters
cx

20.00 cn
¢y 8.00 cm
F1p 220.000 por
F1 33198.52 Kz
Fop ~10.000 pom
F2 -1509.03 Hz
PPHCH 11.50000 ppn/cm
HZCM 1735.38232 Hz/cn
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Wavenumbers (cm™)
7740 N -85S B! BBEGRLL-IBS EECn) BZAEKUC-HES HEE (') BJBE WL -IEBE
AR : i 01 3397.96 766211 11 2738. 42 64.1743 21 1363.43 764560 31
AT BB - 200546068060  19M§44¢ 02 315304 295251 12 1957.39  89.7239 22 1346.07 621124 32
BESWEE 4 o 03 3139.54  30.9835 13 171055  2.40079 23 1307.50 43 9216 33
2F ¢ EHK ;10 B 04 3039.26 580053 14 167005 82, 6898 24 1299.79 365504 34
ML 05 297177 66 9675 15 1606. 41 12 3853 25 1259.29 89,7885 35
06 2952.48  45.7773 . 16 1560.13 74,1021 26 1247.72 858372 36
07 203898 323435 17 145406 497577 27 123422 740169 37
08 2917.77  34.7175 18 1446.35 588130 28 1211.08 54 0681 38
09 2869.56 333274 19 1430.92 696862 29 1186.01 82 5880 39
10 2859.92  25.1305 20 1415.49  30.5978 30 1128.15 283244 40
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