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Abstract
A series of noveli-terpineol derivatives were designed and synthdsideough structural
derivatization of the tertiary hydroxyl moiety oeduction of the double bond. Of the resulting
compounds, eight compounds enhanced relaxatiofireéy smooth muscle (ASM) compared to the
a-terpineol precursor, and four compoundsia, 4d, 4e, and 4i) were superior or comparable to
aminophylline at a concentration of 0.75mmol/L. &gs for 3'-5’-Cyclic adenosine monophpsphate
(cAMP) activation revealed that some representatiterpineol derivatives in this series were capable
of upregulating the level of cAMP in ASM cells. Fuerin vivo investigation using the asthmatic rat
model, illustrated that treatment with the compauMa and4e resulted in significantly lowered lung
resistance (RL) and enhanced dynamic lung comm@ig@ddyn), two important parameters for lung
fuction. Moreover, treatment withe downregulated the levels of both IL-4 and IL-17ueDto its
several favorable physiological functions, inclugliMSM relaxation activity, cAMP activation
capability, andn vivo anti-asthmatic efficacye is a promising remedy for bronchial asthma, megitin
extensive development.
Key words:o-terpineol derivativesASM relaxation activity,cAMP activation assay, asthmatic rat

model

1. Inroduction
Bronchial asthma is a common, chronic respiratasgake affecting 1-18% of the population in
different countries [1], and is characterized byrmhoconstriction, airway hyperresponsiveness,

mucus secretion, and chronic inflammation. Of thegaptoms, the decreased lung function observed



in bronchial asthma is due to the contraction afvay smooth muscle (ASM) and chronic
inflammation [2-4]. It is not only a serious influge on people's normal life, even a life threatgnm
patients. However, there’s no a radical cure mdansasthma treatment so far. The treatment and
prevention of asthma is only by effective drugrtgprove symptoms [5].

Therefore, it is common to combine an anti-inflanboma inhaled corticosteroid and an
antispasmodi@-adrenergic agonist for battling the symptoms @oexbations of bronchial asthma.

In spite of their therapeutic effects, both corsimwoids ang-adrenergic agonists suffer from some
inevitable shortcomings. For instance, the admatistn of corticosteroids frequently culminates ralo
candidiasis, dysphonia, adrenal suppression, angthrsuppression [6]. Meanwhile, in addition to the
tremor that may be caused by stimulation of fhereceptor in skeletal muscle, treatment with
B-adrenergic agonists results in increased heartanad palpitations, arrhythmias, myocardial isclaEemi
and hypomagnesemia[7]. Moreover, nearly 30% ofepédi in the Gaining Optimal Asthma control
(GOAL) study failed to maintain asthma control despegular administration of high-dose fluticasone

and salmeterol [8].

As the active ingredient derived from the d¥gves ofArtemisia argyi Levl. et Vant. a-terpineol
(o-T) has multiple pharmacological functions, inchuglirelaxation of tracheal smooth muscle, as well
as the expectorant, antitussive, anti-inflammatang anti-allergic effects [9]. Althougl-terpineol
didn't show the adverse effects [@fagonists byaerosol inhalation for the treatmenasthma, the
short half-life limited its application at clinitierein, a novel series of ester derivatives-¢érpineol
were designed and prepared with the goal of pugsuoinre favorable biological properties, such as
improved bioavailability and elongated eliminatibalf-life. All of the o-terpineol derivatives were
evaluated biologically for their ASM relaxation adtly. Furthermore, some were investigated for ithei

capability to upregulate cAMP as well as theirayin vivo using an asthmatic rat model.

2.Resaults and disscussion

2.1 Chemistry
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Scheme 1. (a) corresponding anhydride, TsCl, rt, 1.5 h aresponding acyl chloride, pyridine,
DCM, rt, 8 h; (b) bromoacetyl bromide, pyridine, BICrt, 7 h; (c) corresponding secondary

amine, mercaptan or nitric acid, acetonitrilgCis, rt, 5 h; (d) Pd/C, B EtOH, 12 h.

The preparation of compoun@s-h, 4a-j, and5 was outlined in scheme 1. Condensation of
a-T 1 with different anhydrides or acyl chlorides proetthe alkyl carboxylate derivativ@a-h.
Compoundsa-j were synthesized through the condensation of comgp@uwith bromoacetyl
bromide, followed by nucleophilic substitution heti-position of the ester carbonyl functionality
of 3, using the corresponding secondary amine, mercamannitric acid as a reactant.
Additionally, catalytic hydrogenation was used ¢duce the double bond dfresulting in target

compoundb.

2.2 ASM relaxation assay

The hyperresponsiveness of airway, namely the skeesontraction of airway, is a risk factor
for the development of asthma, and is also an itapbendpoint evaluation index for the efficacy
of asthma. Therefore, medication by alleviating élxeessive contraction of the bronchial smooth
muscle (i.e., the high reactivity of airway) thatone of the targets to treat asthma. The relaxatio
efficacy of all of the target compounds were eveddavia ASM relaxation assay using

aminophylline, a anti-asthmatic agent in clinicdanterpineol as the references. The results are



summarized in Table 1,Fig. 1 and 2.

As shown in Table 1, Fig. 1 and 2 thesterpineol derivatives exhibited relaxation actniib
a dose-dependent manner. Among them, half of #tedecompounds showed relaxation effects
with similar or more potency to that efterpineol. Four compoundda, 4d, 4e and4i) displayed
superior or comparable relaxation effects to thianainophylline.

In general, saturated fatty acid estersaderpineol fa and 2c-h) displayed unfavorable
activity, with the exception of the acetic es2br Introduction of some hydrophilic substituents at
the acid fragment , which boosted the relaxatidecef For example, compounda and4e with a
hydroxyethyl amino or hydroxyethyl sulfide moietythe end of the acid fragment showed the
most favorable effect on enhanciA§M relaxant activity, whereas compounds 4c and 44 wit
nitrooxy or diethylamino moiety at the end of ttedafragment showed weak relaxant activities.
Compoundsgth and4j with two hydroxyl at the acid fragment didn’thélsit enhanced activity
much further. On the other hand, among the alicybketerocyclic derivatives ai-terpineol,
compounddglg with 4-hydroxypiperidine at the end of acid fragrheshowed preferable relaxant
activity . When the hydroxyl group a@fg was oxidized to a carbonyl grougf), a significant
decrease in relaxant activity was obser@ampoundgib, 4i with morpholine or piperidine ring at
the end of acid fragment displayed better relaamtivities. These results suggested that one
hydroxy at the end of acid fragment had a significeifect on relaxant activity. Because of the
anti-asthmatic active fragment afterpineol is not clear, compouri a reduction product of
a-terpineol, was synthesized. It showed the sinmddaixation activity as that af-terpineol . This
result seemed that the existence of the ethylemnc thas little influence on the relaxation of the

tracheal smooth muscle of the guinea pig.



Table 1. The effect of target compounds on the relaxation of isolated trachea rings

0,
o)J\R1

ézh

OH
2a-h 4a-j 5
Relaxation%
Cpd. RorR Contraction%
0.75 mmol/L 1.25 mmol/L
Control 188.73+75.91 7.73+4.81 13.59+9.14
Aminophylline 197.16+91.98 43.67+10.20 56.70%9.26
o-T 166.15+52.48 28.40+16.13 38.35+13.62
2a H 175.74£72.17 14.62+4.24 21.57+7.04
2b Me 142.94+26.13 34.35+14.72 47.72+15.94
2c Et 147.23+62.18 18.1846.26 23.22+4.39
2d Pr 124.72+51.92 21.209.24 25.47+8.69
2e iPr 162.62+59.82 19.8848.82 22.79+8.27
2f tBu 131.91+40.22 25.49+6.53 28.02+8.83
29 (CH2)1sCHs 171.05£73.10 17.56+2.89 16.55+14.47
2h (CH2)17CHs 184.01+99.32 15.4+9.83 10.63+13.77
I - An
4a N~y 152.33+86.19 50.24+7.30  76.857.70
o}
4b \) 157.28+30.13 36.60+13.79 59.35+14°66
w, N
4c 4, O-NO2 122.40+83.88 17.13+6.98 10.84+4.46
SN
4d %'J“ 107.29+28.93 42.33+10.45 46.71+3.56
4e S on 138.31+52.89 48.29+9.36  81.09+10.15 #4
o}
4f 181.84+94.98 20.85+7.55 43.81+10.16
N
OH
4g O/ 174.77+74.96 35.17+13.87 71.53+1525
N




4h

4

4

5

OH

N
OH

173.96+71.23

174.20+£52.52

103.55£15.95

165.78+96.91

34.84+19.74

42.49+6.14

27.74£2.08

27.16+14.10

65.29+1343

52.21+6°98

61.01+5.0%

41.28+13.17

The values are presented as means (n=10)
* p<0.05, compared to aminophylline;

** p<0.01, compared to aminophylline;

Ap<0.05, compared ta-terpineol;

AA p<0.01, compared ta-terpineol;

Contraction (%) = (INcy —Ne)/Nex100%;
Relaxation (%) = (Wer —Narug) /Nacrx100%;
Ne(9): the average tension of the tracheal ring aftgiilibration;

Nach (9): the average tension of the tracheal ring atetylcholine (ACH) exposure;

Narug(9): the average tension of the tracheal ring aibenpound treatment



Fig. 1. Rlaxation activity at the concentration of 0.75 nhino
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Fig. 2.Relaxation activity at the concentration of 1.25 ohiin
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2.3 CAMP activation assay

cAMP is the second messenger in the cell, whicl kéy roles in bronchial smooth muscle
relaxation, stability of mast cell, and the bromrdluilia movement [10-11Based on the results of
the ASM relaxation assay, the representaditerpineol derivativeda, 4b, 4d, 4e, 4g, 4h and4j, were
further assessed for their capability of upregnmtAMP in ASM cells. As illustrated in Table 2| af
these compounds increased the release of cCAMP M é€lls, at levels significantly higher than thét o
the model group p<0.05). Contrastingly, neithex-terpineol nor aminophylline treatment led to a
remarkable release of cCAMP.

Based on the above experimental results, it iswantdy that the ASM relaxation effect of tested

compounds is possible by promoting the releasé\bffe

Table 2. The effect of some representative compounds on the cCAM P level in rat bronchial smooth

muscle cells
Groups cAMP (nmol/L)
Model 8.402+0.041
Control 9.003+0.071
a-T 8.510+0.095
4a 9.012+0.056
4b 8.815+0.186
4d 9.532+0.094
de 8.824+0.122
49 8.985+0.219
4h 8.761+0.072
4 8.941+0.135
aminophylline 8.600+0.108

The values are presented as means+S.D (n=6)

Significant differences compared to model groupdasignated asP<0.05.



2.4 Anti-asthmatic assay

The two most promising compounds in the ASM relaxabssayda and4e, were investigated
extensively for their anti-asthmatic effect in tbealbumin-induced asthmatic rat modeTerpineol
and dexamethasone acetate were used as positive cofitiel smooth wheezing effect of
compounds was assessed via two lung function paeaspeirway resistance (RL) and the dynamic
compliance of the airway (Cldyn). While the formeflects the resistance of the respiratory tract to
airflow during inspiration and expiration, the &ttis involved with the lung's ability to stretchda
expand during actual movement of air. In additittie assay also evaluated the levels of IL-4 and
IL-17, which serve as asthma proinflammatory cyteki and play vital roles in recruiting eosinophils
and neutrophils, respectively.

As shown in Table 3, treatment wida or 4e led to significantly lowered RL and enhanced Cldyn
than that ad-terpineol and the model group. Moreover, IL-4 dhel7 levels were down regulated
following 4e treatment in contrast to the model group. Therefooenpoundde displayed similar or
more potent anti-asthmatic effect in comparisoth\dexamethasone acetate arrpineol.

Table 3. The anti-asthmatic effect of compounds 4a and 4e

Cldyn RL IL-14 IL-17
Groups
(pg/mL) (pg/mL)

Model 0.46+0.17 67.33+10.54 16.04+1.41 16.85+1.13
Control 0.79+0.29 41.97+12.85 14.49+1.52 15.52+1.22

a-T 0.53+0.08 60.57+15.73 15.50+1.48 16.19+0.92

4a 0.84+0.3% 51.69+21.27% 15.66+2.68 16.35+0.97

4e 0.88+0.29 41.69+8.482 14.00+2.06 15.09+1.452

Dexamethasone

Acetate 0.66+0.04 41.51+18.75 14.31+0.902 16.06+1.25

The values are presented as means+S.D (n=10)

Significant differences compared to model groupdasignated asP<0.05 and*“p<0.01



3. Conclusions

A novel series of-terpineol derivatives were designed and syntheiiadprodrug formation.
Eight of the resulting compoundiemonstrated enhanced ASM relaxation activity dbet of
a-terpineol, and four compounds, includidg, 4d, 4e, and 4i, were superior or comparable to
aminophylline at the concentration of 0.75mmol/a. dddition, the results afAMP activation
assays from some representativErpineol derivatives illustrated that all thetézscompounds were
capable of upregulating cAMP in ASM cells. Wetherinvestigated the anti-asthmatic properties of
these compounds using the ovalbumin-induced astbmatmodel, and found that treatment wién
or 4e led to a significant decrease in RL and enhandedgrC Moreover, both IL-4 and IL-17 levels
were downregulated following the adminstration4ef By virtue of its favorableASM relaxation
activity, CAMP activation capability, and anti-asthmaticeffete merits extensive development as a

promising remedy fobronchial asthma.

4. Experimental
4.1.Chemistry
'H NMR spectra were recorded on a 500 MHz and 40@ ipectrometéCNMR were recorded on a
125 MHz and 100 MHz spectrometer (chemical shifts given in ppm &) relative to TMS as the
internal standard, coupling constants (J) are imzh@dz), and signals are designated as follows: s,
singlet; d, doublet; t, triplet; m, multiplet; brlsroad singlet, etc.). Mass spectral data weraindd on
an Esquire-LC-00075 spectrometer.
4.1.1 General procedurefor the synthesis of compounds 2a-f

A mixture ofi-terpineol (, 2 mmol), acid anhydride (3 mL) and TsClI (0.2 myhwés stirred at room
temperaturefor 1.5 h, and then neutralized to phivitB 10% NaOH aqueous solution, washed with
water (2x10 mL) and brine (10 mL). The organic layes separated and dried over anhydrous
Na,SQO,, then concentrated and purified &ilica gel column chromatograplgetroleum ether/ethyl
acetate=1:5 vimo afford the desired products.
4.1.1.1 2-(4-methylcyclohex-3-enyl)propan-2-yl for mate (2a)
colorless oily liquid (15.5%3 NMR (500 MHz, CDC})é 8.04 (s, 1H), 5.36 (s, 1H), 2.05-1.96 (m,
4H), 1.84-1.80 (m, 2H), 1.64 (s, 3H), 1.47 (s,3H)6ls,3H) 1.34-1.26 (m,1H);
¥C NMR (125 MHz, CDGJ)s 160.82, 134.17, 120.18, 86.28, 43.02, 30.9, 283195, 23.87,

23.49,23.43.ESI-MS: m/z=205 [M+Na]



4.1.1.2 2-(4-methylcyclohex-3-enyl)propan-2-yl acetate (2b)

colorlessoil (63.9%) *H NMR (500 MHz, CDC}) § 5.36 (s, 1H), 2.08-1.97 (m, 4H), 1.92 (s,
3H), 1.76-1.86 (m, 2H), 1.64 (s, 3H), 1.44 (s, 3H%1 (s, 3H), 1.33-1.25 (m, 1HfC NMR (125
MHz, CDCk) § 170.45, 133.90, 120.38, 84.84, 42.64, 30.93, 223821, 23.35, 23.31, 23.13,
22.45.ESI-MS: m/z=219 [M+N3]

4.1.1.3 2-(4-methylcyclohex-3-enyl)propan-2-yl propionate (2c)

colorless oil (57.2%)H NMR (500 MHz, CDCJ) & 5.36 (s, 1H), 2.23 (q, J = 7.6 Hz, 2H),
2.05-1.91(m, 4H), 1.85-1.76 (m, 2H),1.63 (s, 3HX31(s, 3H), 1.40 (s, 3H), 1.33-1.24 (m, 1H),
1.08 (t, J = 7.6 Hz, 3HYC NMR (125 MHz, CDGJ) 5 173.90, 134.04, 120.48, 84.58, 42.88,
31.04, 29.02, 26.48, 24.00, 23.48, 23.42, 23.31%5.BSI-MS: m/z=233 [M+Na]+

4.1.1.4 2-(4-methylcyclohex-3-enyl)propan-2-yl butyrate (2d)

colorlessoil (80.5%)'H NMR (500 MHz, CDC}):55.37 (s, 1H), 2.20 (t, J = 7.4 Hz, 2H), 2.09 —
1.90 (m, 4H), 1.77— 1.86 (m, 2H), 1.64 (s, 3H),811563 (m, 2H), 1.44 (s, 3H), 1.42 (s, 3H),
1.26-1.33 (m, 1H), 0.93 (1] = 7.5 Hz, 3H)*C NMR (125 MHz, CDG)): & 173.09, 133.99,
120.48, 84.55, 42.91, 37.74, 31.01, 26.47, 23.94& 23.38, 23.27, 18.75, 13.74. ESI-MS(m/z):
247[M+NaJ’

4.1.1.5 2-(4-methylcyclohex-3-enyl)pr opan-2-yl isobutyr ate(2e)

colorless oil (74.3%)*H NMR (500 MHz, CDCI3): § 5.37 (s, 1H), 2.43 (p, J = 7.0 Hz, 1H),
2.02-1.95(m, 4H), 1.87-1.77(m, 2H), 1.63 (s, 3HAX31(s, 3H), 1.41 (s, 3H), 1.32-1.28 (m, 1H),
1.11 (d, J = 7.0 Hz, 6H).

¥C NMR (125 MHz, CD@) § 176.54, 134.05, 120.53, 84.25, 43.11, 35.27, 326817,
24.00, 23.43,23.42, 23.32, 19.23,19%3-MS: m/z=247 [M+Na]+

4.1.1.6 2-(4-methylcyclohex-3-enyl)propan-2-yl pivalate (2f)

colorless oil (80.5%jH NMR (500 MHz, CDCJ) 5 5.38 (s, 1H),2.03-1.91 (m, 4H),1.90-1.79 (m,
2H), 1.64 (s, 3H), 1.44 (s, 3H), 1.42 (s, 3H), 11338 (m, 1H), 1.15 (s, 9H)C NMR (125 MHz,
CDCly) 8 177.92, 134.04, 120.58, 84.04, 43.47, 39.64, 32087, 27.37, 27.12, 26.45, 24.02,

23.42,23.28,23.28.ESI-MS: m/z=261 [M+Na]

4.1.2 General procedurefor the synthesis of compounds?2 g-2 h

Acyl chloride (6.0 mmol) was added to a solutioh compoundl (4.0 mmol) and anh
ydrous pyridine (6.0 mmol) in dichloromethane (1Q)mat O°C. The mixture was then st
irred at room temperature for 8 h. The mixture Viitered and then concentrated in vacu



0. The crude product was purified by silica geluoah chromatography (ethy acetate / pet
roleum ether =1:5 v/v) to give the desired compaund

4.1.2.1 2-(4-methylcyclohex-3-enyl)propan-2-yl tetradecanoate (29)

colorless oil (93.5%)H NMR (500 MHz, CDC}) & 5.37 (s, 1H), 2.20 (t, J = 7.3 Hz, 2H), 2.08 —
1.93 (m, 4H), 1.85-1.78(m, 2H), 1.64 (s, 3H), 1:61.53 (m, 2H), 1.43(m, 3H), 1.41 (m, 3H), 1.25 (s,
21H), 0.88 (dd, J = 4.7, 1.9 Hz, 3HIC NMR (125 MHz, CDGJ))s 173.39, 134.09, 120.53, 84.61,
42.95, 35.89, 32.08, 29.83, 29.80, 29.80, 29.76&%29.51, 29.46, 29.30, 26.53, 25.38, 25.35,
24.02, 23.53, 23.45, 23.34, 22.84, 14E53-MS: m/z=363 [M-H]

4.1.2.2 2-(4-methylcyclohex-3-enyl)propan-2-yl stearate (2h)

white solid (96.5%), mp: 28-32.'H NMR (500 MHz, CDC}) § 5.37 (s, 1H), 2.20 () = 7.5 Hz,
2H), 2.05-1.92 (m, 4H), 1.88-1.75 (m, 2H), 1.643H), 1.58-1.53(m, 2H), 1.44 (s, 3H), 1.41 (s, 3H),
1.33-1.28 (m,1H),1.25(s,28H).88 (t,J = 7.0 Hz, 3H}*C NMR (125 MHz, CDG)) 5 173.41, 134.10,
120.52, 84.62, 42.93, 35.89, 32.08, 31.06, 29.88% 29.85, 29.85, 29.85, 29.81, 29.81, 29.76&9.

29.52, 29.46, 29.30, 26.52, 25.35, 24.01, 23.531@23.33, 22.85, 14.HSI-M S: m/z=459 [M+K]

4.1.3 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-bromoacetate (3)

Anhydrous pyridine (24 mmol) bromoacetyl bromidelrtinol) was added to a solution of
compoundl (1.85g, 12 mmol) and Anhydrous pyridine (24 mmolCH,CI, (30 mL) at 0C.The
reaction mixture was then stirred at room tempeeatar 7 h.The mixture was filtered and then
concentrated in vacuo The crude product was pdrliesilica gel column chromatography (ethy
acetate / Petroleum ether =1:4 v/v) to give compd&i1.62 g, 48.2%) as a colorlessoil.

H NMR (500 MHz, CDCJ): 6 5.39 (s, 1H), 3.77 (s, 2H), 2.13 — 1.94 (m, 4H921- 1.76 (m, 2H),
1.67 (s, 3H), 1.50 (s, 3H), 1.48 (s, 3H),1.28-1(38, 1H) *C NMR (125 MHz, CDG} 5
166.27,134.14,120.24,87.73, 42.91, 30.93, 27.7862@3.94, 23.42, 23.27, 22.99.

ESI-MS: (m/z)=275 [M+H]

4.1.4 General procedurefor the synthesis of 4a-
A mixture of compoun@® (1.0 mmol), the corresponding secondary amine, apgat or nitric
acid (2.0 mmol), and anhydrous®0; (276.4 mg, 2 mmol) in C¥N(10 mL) was stirred at

room temperature for 12 h.The mixture was filtedsuction filtration. The filtrate was then



concentrated under reduced pressure. The residue puaified by silica gel column
chromatography (Petroleum ether /ethy acetate 2, ¥/br) to give the desired compounds.
4.1.4.1 2-(4-methylcyclohex-3-en-1-yl)propan-2-yl N-(2-hydroxyethyl)-N-methylglycinate

(42)

colorless oil (76.5%)H NMR (500 MHz, CDCJ) § 5.35 (s, 1H), 3.57 (m, 2H), 3.21 (s, 2H), 2.68 (m,
2H), 2.40 (s, 3H)2.08-1.92(m,4H),1.84-1.74(m,2H).63 (s, 3H), 1.45(s,3H),1.42 (s, 3H), 1.34 —
1.22 (m, 1H).

1C NMR (125 MHz, CDGJ) & 170.76, 134.13, 120.28, 86.22, 59.40, 58.90, 5818680, 42.18,
30.97, 26.54, 24.06, 23.57, 23.41, 23B8I-M S: m/z=270 [M+H]

4.1.4.2 2-(4-methylcyclohexyl)propan-2-yl 2-mor pholinoacetate (4b)

colorless oil (84.2%)'H NMR (500 MHz, CDC}) § 5.34 (s, 1H), 3.73 — 3.72 (m, 4H), 3.09 (s, 2H),
255 (m, 4H), 2.05-1.90 (m, 4H), 1.83-1.74(m, 2H),62(s,3H),1.44 (s, 3H), 1.41 (s,
3H).1.31-1.23(m,1HY’C NMR (125 MHz, CDGJ))s 169.39, 134.06, 120.28, 86.05, 66.94, 66.94,60.33,
53.42,53.42, 42.80, 30.94, 26.50, 24.00, 23.53223.31.ESI-MS: m/z=282 [M+H]

4.1.4.3 2-(4-methylcyclohex-3-en-1-yl)propan-2-yl 2-(nitrooxy)acetate (4c)

yellow oil (74.8%)'H NMR (500 MHz, CDCJ) § 5.37 (s, 1H), 3.75 (s, 2H), 2.04-1.97 (m, 4H),
1.88-1.78 (m, 2H),, 1.65 (s, 3H), 1.48 (s, 3H),61(4, 3H), 1.36 — 1.28 (m, 1HJC NMR (125
MHz, CDCk) 160.70,134.10,120.21,86.23,43.10,37.68,30.93,2534%4,23.90,23.51,23.36.
ESI-MS: m/z=258 [M+H]

4.1.4.4 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(diethylamino)acetate (4d)

colorless oil (91.4%)H NMR (500 MHz, CDC}) § 5.34 (s, 1H), 3.20 (s, 2H), 2.65-2.61 (q, J = 7.2
Hz, 4H), 2.05-1.91 (m, 4H), 1.83-1.75 (m, 2H),163H),1.43 (s, 3H), 1.41 (s, 3H), 1.31 — 1.29
(m, 1H),1.03 (t, J = 7.2 Hz, 6H).

¥C NMR (125 MHz, CDGJ) & 170.90, 134.04, 120.38, 85.44, 54.87, 47.69, 442683, 30.97,
26.52, 24.02, 23.56, 23.39, 23.30, 12.53,1ESBMS: m/z=268 [M+H]

4.1.4.5 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(2-hydroxyethylthio)acetate(4e)

colorless oil (83.9%)'H NMR (500 MHz, CDC}) § 5.36 (s, 1H), 3.75 (t, J = 5.7 Hz, 2H), 3.18 (s,
2H), 2.81 (t, J = 5.7 Hz, 2H), 2.07-1.92(m, 4HBB1.77 (m, 2H), 1.63 (s, 3H),1.45(s,3H),1.44
(s,3H), 1.33— 1.25 (m, 1H}°C NMR (125 MHz, CDG)) 5 170.32, 134.12, 120.23, 87.01, 60.69,
42.76, 36.41, 35.01, 30.93, 26.49, 23.97, 23.401®R23.11.ESI-MS(m/z): 295 [M+N3]

4.1.4.6 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(4-oxopiperidin-1-yl)acetate (4f)

colorless oil (82%)*H NMR (500 MHz, CDC}) § 5.35 (s, 1H), 3.24 (s, 2H), 2.87 Jt= 6.0 Hz, 4H),

2.48 (t,J = 6.0 Hz, 4H), 2.07-1.91 (m, 4H), 1.85-1.74 (m)2H63 (s, 3H), 1.46 (s, 3H), 1.43 (s, 3H),



1.33-1.25 (m, 1H}*C NMR (125 MHz, CDCl5) § 208.69, 169.55, 134.12, 120.20, 86.33, 59.1542.9
52.94, 42.75, 41.36, 41.36, 30.89, 26.47, 23.98223.41, 23.31.ESI-MS: m/z=312 [M+NH

4.1.4.7 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(4-hydroxypiperidin-1-yl)acetate (4g)

faint yellow oil (82.8%)*H NMR (500 MHz, CDC}) § 5.35 (m, 1H), 3.71-3.68 (m, 1H), 3.11 (s, 2H),
2.84-2.79 (m, 2H), 2.37-2.31 (m, 2H), 2.07-1.95(#H), 1.92-1.88(m, 2H),1.85-1.75 (m, 2H),
1.66-1.59 (m, 3H),1.63 (s, 2H), 1.45 (s, 3H), (#23H), 1.33-1.26 (m, 1H).

¥C NMR (125 MHz, CD(J)6 169.89, 134.13, 120.31, 85.89, 67.74, 59.99, 5G6M5, 42.77, 34.50,
34.50, 30.95, 26.50, 23.99, 23.55, 23.45, 23.32NES m/z=296 [M+H]

4.1.4.8 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(2,3-dihydroxypropylthio)acetate (4h)

colorless oll (87%).1H NMR (500 MHz, CDC}J) 85.35 (s, 1H), 3.81 (s, 1H), 3.71 @@= 11.0 Hz,
1H), 3.58-3.54 (m, 1H), 3.27-3.15 (m, 2H), 2.852(ftn, 1H), 2.68 (dd]) = 14.0, 8.5 Hz, 1H),
2.09-1.90 (m, 4H), 1.86-1.75 (m, 2H), 1.63 (s, 3HA5 (s, 3H), 1.43 (s, 3H), 1.33-1.25 (m, 1H).

¥C NMR (125 MHz, CDGJ)6 170.42, 134.08, 120.15, 87.15, 70.59, 65.30, 483689, 35.45, 30.84,
26.40, 23.88, 23.39, 23.35, 23.03. ESI-MS: m/z={d25Na]"

4.1.4.9 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(piperidin-1-yl)acetate (4i)

colorless oil (87.3%)'H NMR (500 MHz, CDC}) 5 5.35 (s, 1H), 3.06 (d] = 1.0Hz, 2H), 2.49 —
2.47 (m, 4H), 2.07 — 1.90(m, 4H), 1.84 — 1.74 (i),21.62 (s, 3H), 1.60-1.57(m, 4H), 1.44 (s, 3H),
1.41 (s, 3H), 1.40m, 2H) 1.31-1.23(m, 1H)**C NMR (125 MHz, CDGJ) § 169.87,133.99, 120.29,
85.57, 60.75, 54.23, 54.23, 42.68, 30.88, 26.4388525.88, 24.01, 23.92, 23.47, 23.38, 23.24.
ESI-MS:m/z=280 [M+H]

4.1.4.10 2-(4-methylcyclohex-3-enyl)propan-2-yl 2-(bis(2-hydroxyethyl)amino)acetate(4))

faint yellow oil (63.5%)"H NMR (500 MHz, CDC}) § 5.33 (s, 1H), 3.56-3.54 (m, 4H), 3.31 (s, 2H),
2.79 (t,J =5.5 Hz, 4H), 2.05-1.91 (m, 4H), 1.82-1.72(m, 2H)61 (s, 3H), 1.43 (s, 3H), 1.40 (s, 3H),
1.30-1.22 (m, 1H)**C NMR (125 MHz, CDG))s 172.39, 134.17, 120.20, 86.96, 59.91, 59.91, 57.87

57.86, 56.66, 42.77, 30.92, 26.52, 24.05, 23.54®23.29.ESI-MSm/z=300 [M+HT

4.1.5 Synthesis of 2-(4-methylcyclohexyl)propan-2-ol (5)
A mixture of compound. (2.6 mmol), methanol (10 mL), and 5% Pd/C (0.38 ahjnwas
stirred under an atmosphere of hydrogen for 12 be Pd/C was then removed by suction

filtration, and the filtrate was concentrated undegtuced pressure. The residue was purified by



silica gel column chromatography (Petroleum etkéry acetate =20:1 v/v) to give compound
(380 mg, 93.5%) as a colorless 4i.NMR (500 MHz, CDC}) & 1.71-1.80 (m, 4H), 1.52(m,1H),
1.23-1.20 (m, 1H), 1.13 (s, 6H), 1.03-1.00 (M, 2B487-0.90(m, 2H), 0.85-0.86 (d= 6.5 Hz, 3H).

3C NMR (126 MHz, CDG)) & 73.07, 48.98, 35.49, 35.49, 32.83, 27.54, 27.5412 27.13,

22.70.ESI-MS: m/z=179 [M+N43]

4.2 Biological assay
4.2.1 ASM relaxation assay

Guinea pig tracheal smooth muscle rings were ineuban organ baths filled with
Krebs-Henseleit solution and supplied with a pfehtmixture of 95% Q and 5% CQ@ at
36.5£0.5C. Alterations in the tension of the isolated guinep{pacheal strips were input into
the signal collection and processing system thraugénsion transducer (U/4C501H, Nanjing vi
technology co., LTD, China). Before each experimentesting tension of 1.0 g was applied to
each strip, followed by a 60-minute equilibrati®dometric tension measurements were obtained
through observation of the alteration in the temgibisolated guinea pig tracheal rings contraction
in response to acetylcholine (Ach) as describedreefl2-13], and calculated as the percentage
change of smooth muscle tension for the tested oamgs.
4.2.2 CAMP activation assays

Rat airway smooth muscle cells (ASMCs) culturedveein passages four and six were plated
at a density of 5xTmL in 24-well plates and incubated for 48 hourslescribed [14]. With the
exception of the normal group, cells were then wiited for 4 hours with the contractile agonist
Ach (0.33 mmol/L) followed by incubation with vatie compounds for 18 hours, with the
exception of the control and model groups. Thee, d¢hltured cells were passaged following
trypsinization (0.25%, 2 min). At last, cells wesellected and crushed with an utrasonic cell
disruptor. Supernatants were later collected ard & future cAMP analysis by ELISA.
4.2.3 Anti-asthmatic assays

Sixty male Sprague-Dawley rats (200+£20 g, purchdsad the Animal Center of Zhejiang
Academy of Traditional Chinese Medicine) were ranijodivided into 6 groups (n=10 each):
control group, model group-terpineol group, Dexamethasone Acetate group, compodsnd

group, and4e group. Rats were maintained in an animal facility 5 days prior to



experimentation. All animals were provided wated atandard chow ad libitum. All procedures in
the experiment were performed in accordance with@uide for Care and Use of Laboratory
Animals, published by the U.S. National InstitubédHealth (NIH Publication NO. 85-23, revised
1996).

Animals were sensitized with an intraperitonealedtipn of 100 mg OVA and 100 mg
aluminum hydroxide in 1 mL normal saline (NS) orysld and 8, and then challenged from days
15 to 21 with OVA (1%, w/v, in NS) as previouslysdeibed [15-16]. Meanwhile, the treatment
was done on days 15 to 21, too. Aaesand4e groups received compounds at a dosage of 1.6 g/kg
through oral administration. Theterpinene group was treated with an oral dosage ®fy/kg.
The positive group was treated with an oral dosdde5 mg/kg of dexamethasone acetate tablets,
while the control group and the model group readiae equal volume of saline solution.

The challenge of all groups, with the exceptioringf normal group, was executed with OVA
(1%, wlv, in NS) using a medical ultrasonic nebedidBSE2A, Beijing daya technology co., LTD,
China) for 30min after the delivery as described|[Animals were narcotized immediately after
the final challenge with 10% ethyl carbamate (1300/kg) for lung function tests using a
biological signal collecting and handling system40501H, Nanjing yi technology co., LTD,
China). The abdominal venous blood was collectatl later subjected to centrifugation (3000

rpm, 10 min) in order to obtain serum for assayhy -4 and IL-17.
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Highlights:

1. A novel series of o-terpineol derivatives were designed and
syntheized.

2. Eight o-terpineol (o-T) derivatives demonstrated enhanced airway
smooth muscle (ASM) relaxation activity.

3. Some representative a-T derivatives were capable of upregulating the
level of cCAMPIn ASM cells.

4. Derivativesimproved rat model lung function.

5. 4e merits extensive development as a promising remedy for bronchial

asthma.



