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Synthesis and Antimicrobial Activity of w-Chloromethyl L ongifolene
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Abstract: w-Chloromethyl longifolene (1c) was synthesized via halogenation of w-hydroxymethyl
longifolene ( I b) and characterized by means of FTIR, "HNMR, *CNMR and HRMS. The factors affecting
the halogenation reaction such as reaction temperature, reaction time and material ratio were investigated.
Under the optimum reaction conditions, i.e., 85 °C, 6 h, molar ratio of thionyl chloride to compound I b
1.10 : 1.00, the yield of compound I ¢ was up to 94.2%. The preliminary biological activity test showed
that compound 1 c could obviously inhibit the growth of two bacteria (staphylococcus aureus and Canidia
Albicans) and one fungus (Klebsiella pneumonia), the corresponding minimal inhibitory concentrations
were 31.3, 62.5, and 125 mg/L, respectively, far less than that of longifolene (500 mg/L). It was found that
the antimicrobial activity of compound [ ¢ was associated with its HOMO (highest occupied molecular
orbital)-LUMO (lowest unoccupied molecular orbital) energy gap (0.063 a.u), which was lower than that of
longifolene (0.256 a.u) calculated using the density function theory (DFT) at B3LYP/6-31G level.

Key words. longifolene; w-hydroxymethyl longifolene; halogenation; @-chloromethyl longifolene;
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Rk JERTSR, BNHEA SR . SRk 583Kk
BE L, DRITIOYE DL ECRE R o 17 39 58 4 0 A A=
Yotk . SRR, AT AR AT
Wi (Prins ) ISR & ROV A — AT AL, &
T o-LBAP R Ta), o- B R4
( 1), - BEREA 0 25 5 A RAR KM 20 1 8
IREAGIATAEY . HP, - TSR I M e P 2
I3 k2 A A 0 HAT R | PRl iR T A R O
SR, AT A A AT 2R 9 it B AR B D
X AR i A B A 5t B A SRR

W ARAL S WAL BRI, #0072 ]
TABEEZ | R2 B AR a0 127 it U1,

(HCO),

1 SEIEES

11 ##, EFEEE

TR /NN B n IR 2% /A N e 9 S RS/
A KM, FSCER[16] 775 B il , GC 2l R 83.5%
(C HACHH 5 0 B — AR IE B 2 ); - S TR 3
Kitid (( Ta) Ml o-BZH KM ( 1Tb) 2% 30k
(917 A, GC ZEEEMKIK Ny 98%F 99%; I
i (SOCL,)., LR . Afi. A, 1,2-—5 &
fi . A MERE SR N T AR 4 (R AT ER
W ( Staphloccocus aureu ). Mili 9 76 & 1A K W
( Klebsiella pneumoniae ) I &ERE ( Canidia
Albicans ) W T Ab T Ib 4 A B A: ) H AR AP 5T B 5 7K it
ik 2 85 77 2 MH )R 528 S A MK 2 A 5 9R3k,
WA T S AL O AR R

21 A5 W IR o 3% R 58 Nicolet 2\ #
MagnalR550( 1T )1 B i AR 460 21 S0 S 3530 %2 , KBr
FE R 36 OB, IS FEA 400~4000 ecm ™' A%
HYR I 3% 7E B 1 Bruker 23 7] Avance 600 U S A% 1
HPR PR ESE , BL CDCLy WIS, NFRH TMS,
T 0 P AR TR R FH 25 [ Waters 23 6] Xevo G2-S QTof
TR 1o A0 A 2 - DU AR AT - AT st i) R BB B S
FE o AR E R B AR (TR AR A F]
GC-2014C BISAHEAFEALHEATIE , DB-5 BUAHE
A TERE (30 mx0.25 mmx0.25 um ), N, N#ES,
FID Faill#%, AOC-20i Hhiireas, HEFE DRI
MW EY N 250 C; TFRETF . R
120 °C, 1445 0.5 min, LA 12 °C/min FHEF] 150 °C,

OH- SOCl,
HAc
N\ N\
OAc OH
Ia Ib

H, —SamNIEAS G A SRR e R
AR WL, KR 2T A
AN ORnR R AR S AR I e SR I T g2
Wit — 2k, sIAEREF, &It
WEARKTEERENEN LS, ARERE
AR A A T

R, AXFH o-FHELHE (1b) BHA
M N IR BE AL B W B S5 A RRAE A2 e I, JE st
R, AT o-FAF KM ((Tc), X Tc
AT TG PR PO, o L E R R AT A AT &
FIFHBEE T Al tEEY T c A LT s,

4% 0.5 min, #RJ5 LA 3 °C/min FHRH] 170 °C, {5:4%
0.5 min, FL4 10 °C/min FH 5] 250 °C, f£%F 5 min,
12 AR

FRELC T b 11.78 g (0.050 mol ) & F 100 mL =
BB, A =& W e 10 mL, fHE#RE,
GEIEE NS SOCL, 484 I () 1 (W ZH R R ML IE , P
Jin SOCL,6.55 g (0.055 mol ), fANTEEE, WA
FHE, 85 CC WG SIBiHE, WP 6 ho SNz
Ja, TERMREHEZR, ZEmAGRKKES
Y, FEAHEEE 20 min, BRERNIAY SOCL,, FE
AW, Ay A B, KA 320 mL = 4 e A H
BAVZ G, P AR IR S A e ik =
K BRBR AT 4%, W0 e 7% i %) — A be, 159
PR CFHY . LA CERRIER, PRk,
BN EERY, 755 94.2%, GC 4iJ¥ 99.0%.
1.3 MEFEMERXRE
13.1 AL ES

G (0 A K A I 28 s B QTR I R . AR
B 2.1 g K i s B BE #7236 R0 100 mL 2848 K, A
F| 250 mL =i, 7E 121 °C K 30 min,

S BR B B 7R 3 FREL 2.6 g 40 M A K
AR FRER 100 mL ZE487K, IMAE] 250 mL =
W, 7E 121 °CF K 30 min,
1.3.2  # 5k A ik 6 Be

FRECIc 005 g, BT 4 mL LEilEH, H
1 mL DMSO ¥ fiff , 153 2AE & s vk B R 50 g/L 9
Wo WOZIW 20 pL 5T R FR ALK 0.98 mL il
G, 13215 DMSO RBECH 2% . B i ik B
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1000 mg/L B9 T ¢ i, BN T o Bh . [RIEBCH
Ib. T . 5 FIAR AR R AR AR 2R BRI o
133 H AR A

BRI o 4 (0 38 8 BR TR BRI ACEI] 10 mL /)vbe
P, HTCHE KRR BB 0.5 22 G Eb bR v /Y 1
B, BUZHEW 50 uL, FHAHR Y JCTE 5 55 3
FE 1000 175, Fic A 4 B (0 3 250 Bk 1 400 06 T B o R) 9
et o1 At 4R e T 1 G T R P € A B T ) 2 T R
1.3.4 IEEBRIEHF %

F 96 FLA B A5 AR Rt S B A ) A
A B R (MIC): [\ 96 FLFH A 2~11 541
H A BIIA 100 pL & R4 2% DMSO 1 TG 1R 35
FERLAW, A2 15U 2 SFLHIA 100 uL FAERD
TP PR o N 2 5 FLH L 100 pL #F A i 2056 3
ANfLH, M3 SFLHEL 100 pL BE SR F 4 S1L, K
URSSHEDEA T 1A BERG R BRAE , (1 1~12 FLAYRE A A T
HHRJE 2 BIFRBE 2 1000, 500,250, 125,62.5.31.25,
15.625.7.8125.3.9063.1.9531.0.9766.0.4833 mg/L,
P4 0 1) A FL PO ARG B R 100 pL, feZefd
1~12 L AR s W BT | R B 43 331 R 500, 250, 125,
62.5.31.25.15.625.7.8125,3.9063 . 1.9531.0.9766 .
0.4833 1 0.2417 mg/L; J3¥ 100 pL SR ECH
2% DMSO I T 15 75 FE A 5 100 uL W46 2R
BA, ol ias A R o 4 75 €0 1 28 BR v A0 il
RITEHAACETE 37 °CFE 37 24 h, 1 O S ER B 1E
30 CCFH55% 24 h, A 525 O B2 V38
B 255, DIAST A T i) i ARG T o R B A R iR i
P00 A ) e R AT A O VAR B, AR KT g e
M3 A PATEEER, R 2 RO (E .

[, 7E 96 FLAR H v A BT BE S AT, A
LB R AR 8 2K 0 P X WA, T LT R e Ay o 4
XPHR, HEATXTRR AL ES

2 ZHR5E

21 EFARRBILEESH

o-FPRKME (Te), KM (1), w-ZHt
ALK (Ta) fl o- P REEKHE (1b) 1
LEANRIOEIE IR 1, I 1 e B, 4 Fik APy
TE 2954, 2864 cm ' Ab H B KL w7 3L C—H
YRS, 7E 1680 cm ' Ab I IRFR AN C=C $H1E
Wi, T a S A EERE, 16 1739 cm ' Ab i BREE R 5
gE RSk, 5HAL 3 Mk &M, Hash
JETE AR W S e I 8 35 s T b 7E24 3200 em ' Ab i
B AY S, I8 T —OH  BY4RAE Wi, )
b, 1739 em™ &b BRFAE IO 2, F A ) 3
ITNIEER R A Ta EF4h Tb; 1iFE [ ¢ LT

AMEEE T, 3200 cm ! Zb—OH BY4FAEIETN G, 7E
3037 em ' 4b H BHT B AR AE W00 , U JE T s
N R A Y PG S (=C—H ) B RFIE I g
TR RN G AT BAR=4 1 e,

Ic\,\)\//—’——’\/-vw/
Ip 3037

W

T
| 1739

ANAMRat L
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2054 .
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viem™

K1 a1, Ta, 1bA1cLIMEIOETER
Fig. 1 FTIR spectra of compounds 1, Ia, Iband Ic¢

[ c BREAHEW T, "HNMR (600 MHz, CDCl3),
5: 5.167~5.179 (1H, t,H-13), 4.120~4.134 (2H, dd,
J=12. 7.2Hz, H-14), 2.927~2.934 (1H, d, J=4.2Hz,
H-1), 2.077~2.082 (1H,d, J=3Hz, H-2eq,eq {71k
H#), 1.703~1.755 (1H, m, H-3eq), 1.581~ 1.682 (3H,
m,H-6eq, H-4a, H-8a), 1.478~1.552 (2H, m, H-6ax,
H-2ax, ax U H 7)), 1.389~1.458 (3H, m, H-3ax,
H-5eq , H-7eq), 1.009~1.086 (2H, m, H-5ax, H-7ax),
1.005 (3H, s, H-10), 0.972 (3H , s, H-11), 0.880 (3H, s,
H-12). '"HNMR ¥4t 7%, o-ZH 3K R 25 4
SR, Hor, BB [ SR R IO R E
Ky, HZ4E W I AR, 20—,
T V. FF 366 505 32 ik e U 1 &R 52, D At
PR =,

[ ¢ BiRGiEI T, "CNMR (150MHz, CDCly),
8: 20.694 (Cy), 25.295 (Cy), 28.912 (C3), 29.990 (Cy),

30.061 (Cyy), 30.987 (C1y), 33.490 (Cy), 36.716 (C»),
42.386 (C,), 43.302 (Cs), 44.616 (C,4), 44.946(C)),
48.722 (Cay), 62.360 (Cga), 106.432 (Cy3), 168.671

(Co)o PCNMR HHEERW, 1c A 16 MRET . H
e SUSHE T i ST A I SO0 R BRE AR Y, Ak
NIRRT 100, 11 PR32 408 3T kR U A 25T 1Y
e, ST SRR T b2 E RS (044.616) B
SEE IR EE 3¢ N

EW e B THmNEEIIEY, fERms
B FURE(ESI-MS) &, 5 BRI IR, Ak
W BRI B, 7R & 4 P I A b R Y
[M-CI] 8§ T, %8 T k2= XM [CieHas] ™,
faf LE SR (217.1950) 51H5AE(217.1956)HA —
2, BEED T c fk2Eh CiHasCL, AUFE R
4, SIS EMAT.
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o- AP REKME ( Te) Bk a .
22 REIZ&EGHHE
2.2.1 RAARKA 89 k4FE

PR SEAC RN, PIiERE = A A sk
B SRS ARG R E AT, (i1l
BERETE R . WM o- 78 H I I EL AT s TR 1
gty HER B R BRIk . B R AR AR
KM A5 B AR ZE R AR SR IR T A AT RE 2 & AE i sl E HE
RN, Fiobh, SACEREA MRS ARRE . S 5
IEIR T2 WG . I, AR SCEFEEAI N
-F2 H I 4 1 U Qa7
222 R BBEN o-RFRKH =R a

# 11.78 g( 0.050 mol ) I b #i1 6.55 g( 0.055 mol )
SOCL, £ CHCl; A# . MkiE (5 SOCL, )5t i)
FHIF ) EERR AN T R 6 h, SERJriklE 1.2,
FET VR BEXT T e P25, 4550 UK 2,

100

\

. UEW

Yield/%

40 50 60 70 8I0 90
o/C
K2 AR T o-58 B RE R 0 9 7 4
Fig. 2 Yield of w-chloromethyl longifolene under different
reaction temperatures
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BT 2 Ap IR RN AT R . S R
LT 65 °CHY, RN BMESEAT ;T i S L Il
JRE BTN, T e dedda, RS T 85 °Cla,
Bifi 5 i B P AR S TR, SO TR £ FR T £ 653 T AR
MEEL . WG BE, 1o PERBEIR, 7o
A B R AR A S PR FE Y . XV REE T
EREIRET, o- W IR MG S EAEAMA . Bk
GRS, F= A A I, O I B e R
85 °CHH, M I c =3 N 94.2%,

223 R EMHBIL -8 F KK E R %0

TE CHCL; M . MLRE M ZHFR ) . 85 *CHY &A1
RN 6 h, S28 )5 ¥R 1.2, %887 n(SOCL) : n( 1 b)
XF T e PR msEm, 450K 3,

mE 3 aJA, REER MBI, Tc ™
R RIFFEAK . 24 n(SOCL)/n( 1 b)=1.10 i}, 7=y
WeRR K, N 94.2%. FH SOCI, i& it ,

AR T o-FEHEKHEN L, 0 SoCL it £,
RIS REIEIN, PR, FrLL, AT AR AL
25, VEHL n(SOCL)/n( I b)=1.10 H'H.

N\

100  1.05 110 1.15 1.20
n(SOCL)/n(Ib)

K3 RIS IEC T - 58 HYBEC I 11 7 4
Fig. 3 Yield of w-chloromethyl longifolene with different
material molar ratios
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£ CHCl; AR . MeueE b a5 R 7 . n(SOCLy)/
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Fig. 4 Yield of w-chloromethyl longifolene at different
reaction time

HIPE 4 T LU, B s (]300 77 37 B
GBS EN T 6 bk, JFURHF AL AN 2, 77 R B
BRI AL 2 6 b i, 7 S it 2 A ] F) S < T 2% 7
WA, FWTSONII Al 1, R 7 & B i 4 A
Rt , RBEEFRIZERE 6 h SAE, Ml [c =% R
94.2%.

23 o-SRERMENMEEENE

K 96 fLiR i RE Y, MEEET o-
PRI | o8 FH A M A I X 2 b4
ROk . MR HAE ) A1 A E
W (HOEIRE ) RSN, SRR TE 1.
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Table 1 MIC of different samples against
bacteria and fungus
MIC/(mg/L)

G KI0H

:%§§§ H%§¥1 IR
NS >500 >500 >500
o-FE R >500 >500 125
w-58 FEA R 31.3 62.5 125
I %o 0.490° 0.490° 0.240°

TE: a—RR RIREEZ N B IR S 3085 b—TR ey
FHPE X 1 Y S B

R 1 AR, oo~ 50 FF A I X 4 8 €0 7 2 2K
A R M RS KRR 7 N e R = <1 R A
FMHIVE R, AR R B R (MIC) 439k
31.3. 62.5 F1 125 mg/L, MBI TR M.

SO EE RS AT, RN W B v o R
i (HOMO ) MRz #iE (LUMO) X izfb &%
BB TEPE A e R, ARz 25 (ATZRHh
ERERR ) 1T R BN W) ARG e 1, REBREL /DN,
FERIZ N WA L A TG PR e P22 R,
itk —2 T R 3 Ak A PR A5 R 5 T R A
Kk, B T2 Gaussian 09 B 1% 195 12 16
DFT J#k (B3LYP/6-31G) 437 T HAOLEH, &
M o- AP ERK MG T PUERER (0.063 a.u) JL
KT o-BHF KM (0244 a.u) KM (0.256
au), VI o-50H FEAS I ) T2 P I i o 1 K
o-FH IR MR Z o AT R o-F 3K
IS T HAMARERNEARLGS, ST
A BRT 6 5 IS PRI Ak B P 1 i I R R A
VT, FEIH A R4 B (0 8 A BR B A 42 58 TR A FC R Y
PHIVE RS (MIC ¥KTF 500 mg/L ), HH5CHIHP
B HLEMT A R R ARG

S BAYEXT B A AT, oS0 B A A - Y2
S I X A B AT EREA . AR L B A IR A
BRI /R N AR SR , (HSC IRt SRR,
FFH R R A 2 v o, X e A7 68 P vl 3 i A3 2
b, & BIA K EE RS G, TR
s A 0 PR R PR BE , XX o0- TR 4R 3K i
1. o- BRI M . o- ST FARK 6 SR AT
YRR SR EA — & s EER .

3 #Hit

(1) X} - IR MG TR AR, AT
o-F P KM Y4 FTIR. '"HNMR ., *CNMR
1 HRMS 5347 T S5 F9 Bk

(2) TEBAER N Z1F [ L SOCL, Ry AR5,
n(SOCL)/n( 1 b)=1.10, KW & 85°C, LW i} [E] 6 h )
T, o-FPEK MG R EIE 94.2%.

(3) co- 58 FE K M J2 0T M BT (4 3 (0 R A R A
i e e B AA TR ) MERE ( HESRE ) MERA
A B PR, R A TR T R AR
31.3. 62.5 F1 125 mg/L, 1B 1 M B AR T4 0 .
X5 o-F H A MM RTL P RERR (0.063 a.u)
Kt (0.256 au) /NE K. o-F I EE KR
WHERREE S FRENGEREEALS Y, Hik
A SN A T R TR . R, A
WAEENT AT A AR S A Wi PETT Rt — 25 E 9T
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