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1. Introduction

Lewis acid promoted ring opening of epoxides with raasi
or alcohols is important organic transformationgooduction
of g-amino alcohols of-alkoxy alcohols, which are versatile
intermediates in synthesizing a vast range of bicklly
active products, unnatural amino acids and chinalliaries®
And ring-opening reaction of epoxides have beeniegph
the manufacture of drugs and pharmaceutitaisch as (-)-
swainsonine, HBV inhibitor and lasalocid (Fig.
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Fig. 1. Ring opening of epoxide applied in pharmaceuticals

The classical protocol for synthesis®fmino alcohols is
direct aminolysis of epoxides at elevated tempeeatin an
excess amount of amindDue to poor nucleophilicity of
alcohols, alcoholysis of epoxides requires eitheongly
acidic or basic conditionsTo avoid drawbacks of classical
aminolysis protocol and harsh conditions of alcghisl, the
various methods have been developed to open epoixige
with amines or alcohols in the presence of Lewis scid
catalysts such as Ingl ZrCl,® SbCh,’ ZnCl,? BF,;-OE,’
Cp.ZrCl,, ™ Al(OTH)3,* Cu(BFR),."? Nonetheless, there are
disadvantages with those methods, e.g. using asitsen
catalysts, elevated temperature, long reaction, timederate
yields, poor regioselectivity, high catalyst loaginand poor
recyclability of catalysts. Thus, there is ongoiagtivity
aimed to establish a more simple and efficient lgita
protocol to accomplish this transformation.

It is well known that zirconocene compounds have
attracted much attention due to their broad apgdioain
organic synthesi§ However, their potential as Lewis acid
catalysts have rarely been reported, which may baltesl
from the lower Lewis acidity of GgrCl, and their
derivatives:* In 2006, Otera group found that the
perfluoroctanesulfonate groups could be used asctéfé
counter anions to increase the acidity as well asvihter-
tolerant ability™ With this in mind, we have synthesized a
series of air-stable zirconocene
perfluoroalkyl(aryl)sulfonates complexesvhich showed
strong Lewis acidity and high catalytic activilp many
organic reaction¥ It should be noted that the remarkable
air-stability and strong Lewis acidity of these quexes
mainly hinges on the perfluoroalkyl(aryl)sulfonapeups.
However, their relatively low solubility in organic lgents
owing to the strong lipophobic nature  of
perfluorooctansulfonate group possibly declined the
catalytic efficiency. To address this problem, werid that
alkyl group incorporated with Cp ring can increase t
solubility, as well as the catalytic efficienty.Also the
lipophobicity of perfluorobenzeselfonate group was
weaker than that of the perfluorooctandonategroup, and
the toxicity of was lower than that of PFGSHerein, we
successfully synthesized and characterized
bis(pentamethylcyclopentadienyl) zirconium
pentafluorbezenesulfonate
[{(CH 3)sCp}oZr(CH;CN)(H,0)][OSO,CeFs]:CHLCN - (1).
Moreover, we reported its catalytic application ipoeide
ring-opening reactions by amines or alcohols imitlet

2. Results and discussion



Complex1 was synthesized by treatment of [(J4€p],ZrCl,
with AgOSQCsFs (2 equiv) in CHCN solution, andhe yield

was 72%(Scheme 1)
%/OH2
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Schemel. The synthetic route of complédx

The crystal structure df in the solid state was confirmed by

X-ray analysis. An ORTEP representation fand selected
bonds and angles were shown in Fig. 2. The crystattsre of

complex1 shows it is uninuclear, which is different from the

complex  [{CpZr(OH)s} 2(1*-OH),|[SOsCeFsl-6H,0,  even
though their synthetic procedures are idenfit‘aln the crystal

structure ofl, the zirconium atom is stabilized by one water and
two CHCN molecules, which also lie on the plane that h#sec
the angle between the Cp ring planes. The Zr-O antll Zr
2.303(6) and 2.297(6) A,

distances of 1 are 2.242(5),
respectively. The sSO; ions and the dissociated GEN
molecule are packed around the complex cation hadGFs
sides of the anion are clustered together to p@diydrophobic
domains.

Fig. 2. The crystal structure of the compl&xand selectedonds
(A°) and angles (deg): The Zr1-O7, 2.242(5); Zr1-RB03(6);
Zr1-N2, 2.297(6); Zr1-C18, 2.570(7); Zr1-C19, 2.5H2(Zr1-
C20, 2.546(6); Zr1-C21, 2.526(7); Zr1-C22, 2.515@y-Zr-N1
70.87(18); O7-Zr-N2 71.30(18); N2-Zr-N1 142.2(2); O#Z21
90.21(19).

It is notable that the solid samples remained gscoystals or
powder after being kept in open air over three manfinom the
viewpoint of operation, such an excellent air-stabtemplex
have great advantage over zirconocene bis(triflaedl the
traditional Lewis-acid catalystg.
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Fig. 3. TG-DSC curves of complek

The thermal behavior of compléxwas investigated by TG-
DSC under N atmosphere (Fig. 3). The TG-DSC curves
indicated three stages of weight loss. The endotlkestep
below 100 °C can be attributed to the removal of wated
CH;CN molecules. Compleg was stable up to about 26G.
The weight loss of an exothermic nature at 300s plausibly
due to the oxidation of organic entities.

Conductivity measurement was applied to investigatenic
dissociation behavior in GEN (1.0 mmoiL™). The molar
conductivity (A) of complex1 thus measured at 20 °C was 137
uS-cm® (see Table S1 in ESI). The large molar conductivity
value is consistent with the complete ionizationoirg 1:2
electrolyte®® implying that the complex is cationic in the sadisl
well as in the solution state. Another notable femtig the
unusual solubility ofl in Acetone, CHCN, THF, EtOAc and
MeOH (Table 1). Actually, owing to the existence of teethyl,
one can see that compléxshows higher solubility in common
polar organic solvents than the complex [{CpZr@(u*-
OH),][SOsCeFs] 4-6H,0 1"

Table 1 The solubility of compleA in organic solvents at 2&

Solvent Solubility (g/L) oft ®
Acetone 647
CHiCN 842
THF 346
EtOAC 128
MeOH 384
Et,O 16
CH.CI, 0
n-Hexane 0
Toluene 0

% The sample waeshlyprepared and recrystallized in vacuum
at toom temperature in a period of 2 hours.

In addition, we estimated the Lewis acidity of compleby
the red shift {,,) of Lewis acid metal ions (Z}) with 10-
methylacridone on the basis of fluorescence spéctiéhe
fluorescence maximay,) of complexl is 471 nm (see Fig. S1
in ESI). We also employed the Hammett indicator roétho
determine its aciditf? and found that it showed a relatively
strong acidity with the acid strength of 0.8H5< 3.3 {H, being
the Hammett acidity function; see Fig. S2 in EShHe3e features
facilitate its catalytic performance in catalytipoxide ring-
opening reactions.

In view of the strongly acidic character of compléx1.0
mol % complexl was assessed as a catalyst for the ring opening
reaction of epoxides with amines at room temperaturder
solvent-free conditions. As shown in Table 2, comfdeshows
high catalytic activity in the reaction of cycloleme oxide with
different aromatic amines, the yield of the prodiscexcellent,
i.e. from 91% to 99%. In all case$al-4j), only the major trans-
f-amino-alcohol isomers can be isolated, illustgatthe high
diastereoselectivity of complet. The aromatic amines with
electron-donating groups (e.g., methyl and methoxyi-4¢
exhibit higher reaction activity than that with dlen-
withdrawing groups (e.g., F, Cl, O¢Fand NQ, 4f-4i).
Gratifyingly, 1-naphthylamine also shows high reactaztivity
with 95% vyield @j). Furthermore, high regio-selectivity is
observed when styrene oxide is adopted. As expectdtticase
of styrene oxide--amino was obtained as the major prodad (
= 95/5) due to the formation of the stabilized bgiczcation
during the reaction4k, 90%). The substituents in the phenyl
group of phenyl amine show only slight effect on deévity (4l,
4m, 92%, 88%). Different epoxides (e.g., epichloroliydr
epoxypropane) also exhibit high reactivity and osgiectivity



(4n-4r, 84-93%), andp-aminoclcohols were obtained as the
major product due to the predominant attack of axin the less
hindered carbon of the epoxide. In the cases arslary amine
such as piperidine, morpholine, satisfactory yielkcen be
achieved 4s, 4t, 80%, 85%). Thus, an efficient protocol for the
aminolysis of epoxides has been developed.

Table 2 Product yields of aminolysis reaction of epoxidégth
amines catalyzed ki

OH R®
o) + Rogegy _1(1:0mol%) J\KN
/\ E—— 1 R4
R! R? solvent-free, RT R ) R
2 3 4 R

SO oo™ Q°”<;
oues

QOZP Qobwa@ =

4a, 99% 4b, 99%

OCH;
CL"”Q““@ @

4d, 97% 4e, 98%

49, 92% 4h, 92% 4, 91%
LOH y OH H oH
oNe Ny NG
y 9l
H ©/ PR He o
4j,95% 4k, 90% 41,92%
OH OH OH
H H H
QN% N\)\/Cl /©/N\)\/C|
cl Ph @ cl
4m, 88% 4n, 93% 40, se%

Q ©N\ACH3 Q Ao,

4p, 84% 4q, 99% 4r, 90%
N/ﬁ
K/O

4t, 80%

~OH

0
4s, 78%
41, 0.01 mmol; epoxideg, 1.0 mmol; amines, 1.0 mmol;
solvent-free; Temp: RT4a-4e 4k-41, 4q: 10 min; 4f-4q, 4],
4m, 40, 4r: 15 min, 4h-4i, 4p: 25 min; 4s-4t 120 min;
isolated yields.

To further explore the applicability of compléxwe assessed
its catalytic activity towards the alcoholysis ofozmes with
various primary, secondary, and tertiary alcohéks.illustrated
in Table 3, in the presence of 2.0 mol% of complexboth
cyclohexyl epoxide and styrene epoxide show higictiea
activity and regio-selectivity with different alcohols at room
temperature under solvent-free conditions. First,caied out
the ring opening reactions on cyclohexyl epoxidehwitimary
secondary, and tertiary alcohols, the reaction lteguin the
exclusive formation of the trans-products in vergod to
excellent yields §a-6d, 82-97%). Due to steric effect, isopropyl
alcohol and tertiary butanol took a slightly longéme than
primary alcohols but the regio-selectivity was ndtected.
Further, we investigated styrene epoxide incorpogatmore
hindered hydroxyl functionality and the results wkd high

(6e-6g 87-96%), which owing to opening of styrene epoxatle
the benzylic position is favored due to the statdebo-cation
generated.

Table 3 Product yields of alcoholysis reaction of epoxiseth
alcohols catalyzed by?®

0,
o} + RSOH 1 (2 0 mol%) J\(O -
R' R? solvent-free, RT
2 6
ou "
o (oo L
6a, 97% 6b, 93% 6c, 89%
OMe OEt
GUANS SN el
S
6d, 82% 6e, 96% of, 91%
On-Bu
OH
69, 87%

41, 0.02 mmol; epoxideg, 1.0 mmol; alcohols, 1.0 mmol;
solvent-free; Temp: Ra, 6b, 6e, 6f1 h;6¢c, 6g 3 h; 6d: 8 h;
isolated yields.

In addition, the activities of compled and different
zirconium compounds such as Z;GMesCp),ZrCl,, ZrO(OTf),
ZrO(NQz),nH,0,  [{CpZr(H,0)s} (’OH),][OSO,CeFs]-6H,0
were estimated by the reaction of cyclohexyl epoxitiéh
phenylamine or methyl alcohol (Table 4). As expectad
product was obtained without a catalyst being pregemiry 1).
High yields were attained over compléx and zirconocene
pentafluorbezenesulfonate (Entry 2, 7). While tlieeo catalysts
showed much lower yields, plausibly due to their rmoes
sensitive properties or lower Lewis acidity or wegdophilicity
(Entry 3-6). However, It is noteworthy that the ralaty lower
catalytic efficiency of
[{CpZr(H ,0)s} 2(1:*OH),][OSO,CeFe],-6H,0 may be owing to
the low solubility and lipophilic property, which mek the
substrates hard to approach the center metal aiomrcfivating.
Thus, the results illustrate the superiority of pdew 1 in the
ring opening reaction of epoxides.

Table 4 Catalyst comparison in the ring opening reaction of

cyclohexyl epoxide with phenylamine or methyl alcbho

PhNH, (3a)
——

()O Cat. 1 mol%,10 min N (42)
Solvent-free CH3OH (5a) WOH
2a RT —_— O\
2mol%, 1h _CHj
O (ea)
Entry Catalyst 48  6a’
1 No catalyst 0 0
2 Catalystl 99 97
3 ZrCl, 68 58
4 (MesCp)ZrCl, 32 42
5 ZrO(OTf), 63 60
6 ZrO(NG;),*nH,0O 51 57

7 [{CpZr(OHy)a} (1" OH),)[SOsCeFe]4-6H,0 90 87
@ Ccat., 0.01 mmoI 2a (1 mmol); 3a (1 mmol); RT; 10 min
|solated yields® Cat., 0.02 mmol;2a (1 mmol); 5a (1 mmol)

yields of g-alkoxy alcohol as the major product were obtained RT: 1h: isolated yields.




To test the reusability of the catalyst and repoihility of
catalytic performance, the compléxvas subject to cycles of the
aminolysis reaction2a + 3a — 4a) and the alcoholysis reaction
(2a + 5a — 64). In the five trials of the above model reaction
catalyzed by complex1, the vyield slightly declines,
demonstrating the good recyclability of catalyygTable 5).

Table 5 Yields of the aminolysis reactior24 + 3a — 4a) and
the alcoholysis reactior24 + 5a — 6a) catalyzed by recovered
catalyst1.?

Yield Yield
Cycle (%) (%;f;ﬁ %)° (f;f;ﬁ
2a+3a— 4a 2a+5a— 6a
1 99 98 97 95
2 98 97 96 96
3 99 98 97 97
4 99 98 96 95
5 98 96 97 95

@1, 0.01 mmol or 0.02 mmoBa: 1.0 mmol;3a: 1.0 mmol;5a:
1.0 mmol;”® Isolated yield of desired produétisolated yield c
recovered catalyst.

3. Conclusions

(s, 1F; ArF), -163.15 to -163.32 (m, 2F; ArF); IR(KBw =

3378, 3228, 2909, 1643, 1531, 1503, 1381, 12300,11044,
988, 936, 631, 537 cmAnal. Calc'd for GgHaF1N:O;S,Zr: C,

45.77; H, 4.14; found: C, 45.71; H, 4.19.

Crystal data fofl: CsgH41F1o0NsO;S,Zr; Mr = 997.08, Monoclinic,
space grouf® 21/n, a = 11.6502(6) Ap = 29.4744 (14) Ac =

12.8100 (7) A; V = 4171.2(4) A% T = 293(2) K;Z = 4;

Reflections collected/unique, 82001/734%, = 0.1120,R, =

0.0815wR, = 0.2456 GOF = 1.059; CCDC No. 1565685.

4.1.2 Typical procedure for solubility of complex 1 Acetone
(0.5 mL) was placed in a test tube; the complewas added
gradually at room temperature. When the amountduofed 1
exceeds 323.5 mg, insoluble appeared. Based on this data,
solubility of 1 was determined to be 647 @-.L

4.1.3 General procedure for the aminolysis and altwlysis of
epoxides: A mixture of cyclohexyl epoxide (98 mg, 1.0 mmol)
and aniline (methyl alcohol) (93 mg, 1.0 mmol) aratalystl
(46 mg, 1.0 mol %) was stirred at room temperature tfie
appropriate reaction time and monitored by TLC. rThee
mixture was diluted with CKCl, (10 mL x 3). By means of
filtration, the catalyst was separated and usedh®emext cycle,
To the filtrate, after evaporation of the solveat, oil mixture

In summary, we have synthesized and characterizedyas obtained. The residue was purified by a shortneol

mononuclear  bis(pentamethylcyclopentadienyl)  ziigon
pentafluorbezenesulfonate. This complex is airlstalnd
strongly acidic, and shows high catalytic efficign@and
regioselectivity in the aminolysis and alcoholysis epoxides.
Moreover, the complex possesses good reusabdity.account
of its stability, storability, as well as catalytefficiency, the
complex should find a broad range of utility.

4. Experimental Section
4.1 General

All chemicals were purchased from Aldrich. Co. Ltd arsed
as received unless otherwise indicated. The NMR speotre
recorded at 25C on INOVA-400M (USA) calibrated with
tetramethylsilane (TMS) as an internal referenc&enigntal
analyses were performed by VARIO EL Ill. TG-DSC analysi
was performed on a HCT-1 (HENVEN, Beijing, China)
instrument. IR spectra were recorded on NICOLET 6FU®
spectrophotometer (Thermo Electron CorporationhdCativity

chromatography eluted with ethyl
(80/20).

4.2. Characterization data
4.2.14a-4t are known compounds, and NMR, **C NMR and
Ms spectral data are summarized as follows:

2-Anilino-1-cyclohexanol (4a):° white solid, M.p.: 58-59C; *H
NMR (400 MHz, CDCY): 6 ppm 7.21-7.17 (m, 2H), 6.77-6.71
(m, 3H), 3.38-3.32 (m, 1H), 3.17-3.12 (m, 1H), 2.84b1H),
2.14-2.11 (m, 2H), 1.80-1.69 (m, 2H), 1.41-1.28 (i),3L.10-
0.99 (m, 1H):®*C NMR (100 MHz, CDGJ) ¢ ppm 146.65,
129.36, 123.08, 115.64, 74.77, 60.59, 33.44, 32%3,6, 24.45;
Ms (El)m/z = 191.1 [M[.

2-(4-Methylphenylamino)cyclohexanol (4b):® Colorless oil;'H
NMR (400 MHz, CDC}): 6 ppm 6.99 (dJ = 8.0Hz, 2H), 6.64
(d, J = 8.0 Hz, 2H), 4.78 (s, 1H), 3.36-3.30 (M, 1H), 3.1053.
(m, 1H), 2.57 (br.s, 1H), 2.24 (s, 3H), 2.12-2.09 @H), 1.78-
1.69 (M, 2H), 1.40-1.26 (m, 3H), 1.07-0.97 (m, 1HE NMR

acetate/petroleuthere

was measured on REX conductivity meter DDS-307. X-ray (100 MHz, CDC}) 6 ppm 145.58, 130.03, 128.07, 115.04, 74.74,

single crystal diffraction analysis was performedm®MART-
APEX and RASA-7A by Shanghai Institute Organic Chemjstry
China Academy of Science.
(HITACHI F-4600) was measured in State Key Laboratofy
Chemo/Biosensing and Chemometrics, College of Csteyni
and Chemical Engineering, Hunan University (Chinahe T
acidity was measured by Hammett indicator methodeasribed
previously™®® Acid strength was expressed in terms of Hammet
acidity function H,) as scaled bgKa value of the indicators.

4.1.1Preparation of complex 1:

To a solution of [(CH)sCp],ZrCl, (0.432 g, 1.0 mmol) in 10 mL
CH;CN, a solution of AQOS&sFs (0.724g, 2 mmol) in 5 mL
CH;CN was added. After the mixture was stirred in the adese
of light at room temperature for 2 hours, it wagrdiled and
evaporated in the vacuum and the surplus concestraere
maintained in the refrigerator for 24 hours, and tlolorless
crystals were obtained (0.718 g, 72%). Mp: 251-263 'H
NMR (400MHz, [d¢] acetoney: 2.97 (s, 12H, Ck), 2.72 (s, 6H,
CHa), 2.52 (s, 12H, C§), 2.13 (s,nH, CHCN). F NMR
(376M, [d¢] acetone)s: -138.84 to -138.95 (m, 2F; ArF), 153.80

Fluorescence spectroscopy

60.96, 33.31, 31.79, 25.30, 24.50, 20.58; Ms (@b = 205.1
[M]".

2-(2-Methyl phenylamino)cyclohexanol (4c):® Colorless oil; 'H
NMR (400 MHz, CDCJ): & ppm 7.26-7.06 (m, 2H), 6.80-6.68
(m, 2H), 3.46-3.40 (m, 1H), 3.24-3.18 (M, 1H), 2.744p1H),
2.16 (s, 3H), 2.13 (s, 2H), 1.79-1.72 (m, 2H), 1.401(m, 3H),

£1.09-1.02 (m, 1H)}*C NMR (100 MHz, CDG)) 6 ppm 145.90,

130.66, 127.39, 123.35, 118.14, 111.85, 74.96, %503B.43,
32.09, 25.27, 24.51, 17.90; Ms (Efjz = 205.1 [M].

2-(4-Methoxyphenylamino)cyclohexanol  (4d):** White solid,
M.p.: 58-59°C; 'H NMR (400 MHz, CDCJ):  ppm 6.79-6.73
(m, 2H), 6.70-6.64 (m, 2H), 3.75 (s, 3H), 3.34-3.29 (th),
3.02-2.97 (m, 1H), 2.53 (br.s, 1H), 2.15-2.08 (M, 2HJ6-1.69
(m, 2H), 1.39-1.26 (m, 3H), 1.07-0.98 (m, 1HC NMR (100
MHz, CDCkL) & ppm 153.26, 141.69, 116.71, 115.11, 74.64,
62.02, 55.98, 33.32, 31.74, 25.32, 24.51; Ms (@b = 221.1
M] ™.

2-(4-(2,5-Dimethoxy)phenylamino)cyclohexanol (4e):**
Colorless oil;'H NMR (400 MHz, CDCJ): § ppm 6.69 (dJ =



8.8Hz, 1H), 6.39 (dJ = 2.8Hz, 1H), 6.22-6.19 (m, 1H), 3.81 (s,
3H), 3.76 (s, 3H), 3.46-3.40 (m,1H), 3.15-3.09 (m,1B)74
(br.s, 1H), 2.15-2.09 (m, 2H), 1.78-1.72 (m, 2H), 11436 (m,
4H), 1.13-1.04 (m, 1H)*C NMR (100MHz, CDCJ) & ppm
154.95, 142.40, 138.90, 110.55, 100.02, 99.71,3745B.85,
56.27, 55.81, 33.37, 31.73, 25.29, 24.51; Ms (@b = 251.1
M]™.

2-(4-Chlorophenylamino)cyclohexanol (4f):° White solid, M.p.:
99-102°C; 'H NMR (400 MHz, CDCJ): 6 ppm 7.12 (d,) = 8.4
Hz, 2H), 6.64 (dJ = 8.4 Hz, 2H), 3.38-3.33 (m, 1H), 3.11-3.05
(m, 1H), 2.82 (br.s, 1H), 2.13-2.07 (m, 2H), 1.78-1(#R 2H),
1.44-1.25 (m, 3H), 1.09-1.01 (m, 1HYC NMR (100 MHz,

147.79, 139.66, 128.97, 128.90, 127.76, 126.74,6826.22.49,
114.96, 67.27, 60.02; Ms (Eiyz = 247.1 [M[.

3-Chloro-2-phenylaminopropanol (4n):® Colorless oil;*"H NMR
(400 MHz, CDCY): 6 ppm 7.23-7.19 (m, 2H), 6.76 (= 7.6 Hz,
1H), 6.67 (d,J = 8.0 Hz, 2H), 4.09-4.04 (M, 2H), 3.39-3.34 (m,
1H), 3.24-3.19 (m, 2H): Ms (ERVz = 185.1 [M].

3-Chloro-2-(4-choloroanilino)propanol (40): > Colorless oil;'H
NMR (400 MHz, CDC)): 6 ppm 7.13 (dJ = 9.2 Hz, 2H), 6.57
(d, J = 8.4 Hz, 2H), 4.19-4.03 (m, 1H), 3.65-3.59 (M, 2H363.
3.32 (m, 1H), 3.21-3.17 (m, 2H); Ms (Etyz = 219.1 [M].

3-Chloro-2-(3-nitroanilino)propanol (4p):**  Yellow oil; *H

CDCl;) 6 ppm 146.62, 129.33, 123.03, 115.61, 74.73, 60.54,NMR (400 MHz, CDC)): § ppm 7.55-7.54 (m, 1H), 7.44-7.43

33.41, 31.71, 25.14, 24.43; Ms (Bfjz = 225.1 [M].

2-(2-fluorophenylamino)cyclohexanol (4g):**  Colorless oil;*H

NMR (400 MHz, CDC}): 6 ppm 6.97-6.93 (m, 2H), 6.87 @,=
8.2 Hz, 1H), 6.67-6.64 (m, 1H), 3.45-3.39 (m, 1H), 331K (m,
1H), 2.71 (br.s, 1H), 2.15-2.04 (m, 2H), 1.78-1.72 2ir), 1.43-
1.24 (m, 3H), 1.17-1.07 (m, 1HYC NMR (100 MHz, CDG)) &
ppm 153.70, 136.34, 124.84, 124.80, 117.91, 117185,04,
114.85, 114.07, 74.75, 60.13, 33.35, 31.90, 22223; Ms (El)
m/z = 209.1 [M].

2-(4-Trifluoromethyl oxyphenylamino)cyclohexanol (4h): ® White
solid, M.p.: 71-72°C; *H NMR (400 MHz, CDCJ): 6 ppm 7.03
(d,J =8.8 Hz, 2H), 6.67 (d] = 9.2 Hz, 2H), 3.40-3.34 (m, 1H),
3.09-3.06 (m, 2H), 2.65 (br.s, 1H), 2.12)t 9.2 Hz, 2H), 1.79-
1.72 (m, 2H), 1.41-1.26 (m, 3H), 1.12-1.01 (m, 1H} (&) m/z
=275.1 [M[.

2-(3-Nitrophenylamino)cyclohexanol (4i):*** White solid, M.p.:
77-79°C; '"H NMR (400 MHz, CDCJ): 6 ppm *H NMR (400
MHz, CDCk): 6 ppm 7.55-7.50 (m, 2H), 7.30-7.27 (m, 1H),
6.98-6.96 (M, 1H), 3.85 (br.s, 1H), 3.45-3.40 (m, 1325-3.19
(m, 1H), 2.37 (s, 1H), 2.13 (8 = 7.2 Hz, 2H), 1.82-1.74 (m,
2H), 1.46-1.28 (m, 3H), 1.17-1.08 (m, 1H); Ms (Bijz = 236.1
M]™.

2-(naphthalen-1-yl-amino) cyclohexanol (4j):® Brown solid,M.p.:

174-176°C; '"H NMR (400 MHz, CDCJ): 6 ppm 7.88-7.80 (m,
2H), 7.47-7.32 (m, 4H), 6.90-6.88 (m, 1H), 3.64-3.58 (LH),

3.41-3.35 (m, 1H), 2.94 (s, 1H), 2.25-2.16 (m, 2HR011.75
(m, 2H), 1.47-1.30 (m, 1H), 1.26-1.20 (m, 1H), Ms (Big =

241.2 [MT.

2-phenyl-2-(phenylamino)ethanol (4k):° Colorless oil;'"H NMR
(400 MHz, CDCJ): 6 ppm 7.42-7.36 (m, 4H), 7.33-7.30 (m, 1H),
7.18-7.13 (m, 2H), 6.73 (& = 8.0 Hz, 2H), 6.62 (dJ = 8.0 Hz,
2H), 4.53 (qJ = 7.2 Hz, 1H), 3.95 (ddl = 11.2 Hz, 4.0 Hz, 1H),
3.76 (dd,J = 11.2 Hz, 4.0 Hz, 1H)**C NMR (100MHz, CDGJ))

S ppm 147.26, 140.18, 129.19, 128.84, 127.62, 126.78.95,
113.94, 67.33, 59.96; Ms (Eiyz = 213.1 [M].

2-phenyl-2-(p-tolylamino)ethanol (41):° Colorless oil; 'H NMR
(400 MHz, CDC}): 6 ppm 7.41-7.27 (m, 5H), 6.94 (d,= 8.4
Hz, 2H), 6.62 (d)) = 8.4 Hz, 2H), 4.53 (q] = 7.2 Hz, 1H), 3.95
(dd,J = 11.2 Hz, 4.4 Hz, 1H), 3.75 (dd= 11.2 Hz, 4.0 Hz, 1H),
2.23 (s, 3H)**C NMR (100MHz, CDCJ) 5 ppm 144.91, 140.32,
129.66, 128.79, 127.55, 127.17, 126.75, 114.1035%5760.25,
20.36: Ms (Eymz = 227.1 [M].

2-((4-chlorophenyl)amino)-2-phenylethanol (4m):°® Colorless oil;
'H NMR (400 MHz, CDCJ): 6 ppm 7.37-7.27 (m, 5H), 7.05 (d,
J=9.2 Hz, 2H), 6.49 (d] = 8.8 Hz, 2H), 4.67 (dd] = 6.8 Hz,
4.0 Hz, 1H), 3.96 (dd) = 11.2 Hz, 4.0 Hz, 1H), 3.76 (dd,=
11.2 Hz, 4.0 Hz, 1H);®C NMR (100MHz, CDCJ) & ppm

(m, 1H), 7.31-7.26 (m, 1H), 6.94-6.91 (m, 1H), 4.42 1),
4.15-4.10 (m, 1H), 3.74-3.64 (m, 2H), 3.46-3.42 (iH),13.31-
3.26 (m, 1H), 2.51 (d] = 5.2 Hz, 1H); Ms (Elywz = 230.1 [M].

1-(phenylamino)propan-2-ol (4q):® Colorless oil;'H NMR (400
MHz, CDCkL): 6 ppm 7.12 (dJ = 8.8 Hz, 2H), 6.56 (d]) = 8.8
Hz, 2H), 4.04-3.99 (m, 1H), 3.21-3.17 (m, 1H), 2.9742(@,
1H), 2.64 (s, 1H), 1.27-1.18 (m, 3H); Ms (Bjz = 151.1 [M].

1-((4-chlorophenyl)amino)propan-2-ol (4r):® Colorless oil;'H
NMR (400 MHz, CDC)): 6 ppm 7.26-7.16 (m, 2H), 6.76-6.65
(m, 3H), 4.05-4.00 (m, 1H), 3.26-3.22 (m, 1H), 3.08%2(m,
1H), 2.68 (s, 1H), 1.27-1.18 (m, 3H); Ms (Bfjz = 185.1 [M].

2-(piperidin-1-yl)cyclohexanol (4s):° Colorless oil;'H NMR (400
MHz, CDCL): 6 ppm 3.37 (s, 3H), 2.91-2.87 (m, 1H), 2.69 (s,
1H), 2.12-2.05 (m, 1H), 1.98-1.94 (m, 1H), 1.71-1.65 @H),
1.27-1.18 (m, 3H), 1.09-0.99 (m, 1HYC NMR (100 MHz,
CDCly): 6 ppm70.99, 68.54, 32.26, 26.72, 25.62, 24.83, 24.11,
22.15; Ms (El)m/'z = 183.1 [MT].

2-morpholinocyclohexanol (4t):° Colorless oil;'"H NMR (400
MHz, CDCk): 6 ppm 3.81 (s, 1H), 3.64-3.58 (m, 4H), 3.32-3.27
(m, 1H), 2.67-2.62 (m, 2H), 2.35-2.30 (m, 2H), 2.322(m,
2H), 1.76-1.63 (m, 3H), 1.61-1.04 (m, 4HC NMR (100 MHz,
CDCly): 0 ppm 70.46, 68.33, 67.44, 33.13, 25.40, 23.97, 22.18
Ms (EI)m/z = 185.1 [M].

4.2.26a-6gare known compounds, and th¢ NMR, *C NMR
spectral data are summarized as follows:

2-methoxycyclohexanol (6a):** Colorless oil; '"H NMR (400
MHz, CDCL): 6 ppm 3.37 (s, 3H), 2.91-2.87 (m, 1H), 2.69 (s,
1H), 2.12-2.05 (m, 1H), 1.98-1.94 (m, 1H), 1.71-1.65 @H),
1.27-1.18 (m, 3H), 1.09-0.99 (m, 1HYC NMR (100 MHz,
CDCly): 0 ppm 84.98, 73.71, 56.29, 32.09, 28.35, 24.12, 23.95
Ms (El) vz = 130.1 [M].

2-ethoxycyclohexanol (6b):'° Colorless oil;"H NMR (400 MHz,
CDCL): 6 ppm 3.72-3.66 (m, 1H), 3.43-3.35 (m, 2H), 3.02-2.96
(m, 1H), 2.70 (s, 1H), 2.08-1.95 (m, 3H), 1.75-1.64 Ghl),
1.43-1.33 (m, 2H), 1.18 (8= 7.0 Hz, 3H)*C NMR (100 MHz,
CDCly): 0 ppm 83.45, 73.72, 64.01, 32.98, 29.22, 24.25, 23.96
15.61; Ms (Elmz = 144.1 [M[.

2-isopropoxycyclohexanol (6¢):* Colorless oil;'H NMR (400
MHz, CDCkL): § ppm 3.67-3.60 (m, 1H), 3.41-3.33 (m, 1H),
3.11-3.04 (m, 1H), 2.77 (d,= 10.4 Hz, 1H), 2.02-1.97 (m, 3H),
1.74-1.65 (m, 3H), 1.41-1.34 (m, 2H), 1.18-1.16 (rH);6"°C
NMR (100 MHz, CDCJ): 6 ppm 81.35, 73.76, 70.33, 33.11,
28.69, 24.38, 23.76, 23.75, 22.24; Ms (&ly = 158.1 [MT.

2-(tert-butoxy)cyclohexanol (6d):** Colorless oil;'"H NMR (400
MHz, CDCH): 6 ppm 3.83 (s, 1H), 2.49-2.43 (m, 1H), 3.22-3.15
(m, 1H), 2.12-1.84 (m, 4H), 1.72-1.65 (m, 4H), 1.199d); **C



NMR (100 MHz, CDC)): ¢ ppm 85.90, 75.22, 72.77, 33.25,

32.80, 29.70, 24.60, 24.08; Ms (Efjz = 172.1 [M].

2-methoxy-2-phenylethanol (6€):>" Colorless oil;'H NMR (400
MHz, CDCk): 6 ppm 7.39-7.32 (m, 5H), 4.32 (4,= 8.4 Hz,
1H), 3.72-3.63 (m, 2H), 3.33 (s, 3H), 2.87 (s, 1K} NMR

(100 MHz, CDCJ): & ppm 138.39, 128.53, 128.12, 126.90,

84.80, 67.31, 56.88; Ms (Efyz = 152.1 [M]

2-ethoxy-2-phenylethanol (6f):*" Colorless oil;*H NMR (400
MHz, CDCL): 6 ppm 7.39-7.30 (m, 5H), 4.43 (d,= 8.4 Hz,
1H), 3.70-3.51 (m, 2H), 3.48-3.40 (m, 2H), 2.75 (s, 1H24 (t,
J = 7.0 Hz, 1H);*C NMR (100 MHz, CDCJ): 6 ppm 138.39,
128.53, 128.12, 126.90, 84.80, 67.31, 56.88; My = 166.1
M]™
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2-butoxy-2-phenylethanol (6g):2* Colorless oil;'"H NMR (400
MHz, CDCk): 6 ppm 7.40-7.28 (m, 5H), 4.41 (4,= 8.4 Hz,
1H), 3.68-3.61 (m, 2H), 3.48-3.34 (m, 2H), 2.53 (s, ,1Hp1-
1.57 (m, 2H), 1.44-1.35 (m, 2H), 0.93 {t= 7.4 Hz, 1H);"C
NMR (100 MHz, CDC}): 6 ppm 139.07, 128.47, 127.98, 126.80,
82.92, 68.97, 67.46, 31.95, 19.36, 13.88; Ms (B = 194.1
M]".
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