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NGHIEN cUU PHAN UNG’DEPROTON HOA SAFROLE
TRONG CAU PHOI TRi CUA PLATIN(II)

PénToa soan 8-01-2008
TRAN THI DA, LE XUAN CHIEN, NGUYEN HOU BINH
Khoa Hod hoc, Truong Dai hoc Suw pham Ha Noi

ABSTRACT

The interaction of K[Pt(Saf)Cl;] (Saf: safrole) with AgNO;, SnCl,, KOH and ethanol-water
solutions was investigated. For the first time, a dinuclear chelate ring complex [Pt,Cl(Saf-1H),],
in which deprotonated safrole is bound up with platinum(Il) both at benzene carbon and at
ethylenic double bond of the side chain was isolated and characterized by elemental, thermal

analysis, ESI MS, IR- and NMR spectroscopy.

I- MG PAU

Safrole  (4-allyl-1,2-metylendioxibenzen),
thanh phan chinh cua tinh dau x4 xi (Sassafras),
1a mot arylolefin dugc quan tdm nghién ciu
nhiéu. Nho cdc phéan Gng oxi hod c¢6 st dung
xtic tdc kim loai chuyén ti€p, ngudi ta chuyén
hod safrole thanh piperonal dung lam huong
liéu trong cong nghiép m§ pham, thuc phdm va
dung 1am chat dau téng hop ra L-dopa dé chita
tri bénh Pakinson [1, 2]. Trong cic qua trinh xtc
tac do, phic chat tam thoi cua arylolefin vé6i kim
loai chuyén ti€p déng vai tro 1a hop chét trung
gian quan trong [3]. Tuy nhién ngoai cic cong
trinh dd cong bo cua ching téi chua c6 mot
cong trinh khoa hoc nao cong bé vé€ qud trinh
téng hop va nghién cttu phitc chat cla safrole
v6i kim loai chuyén tiép.

Trong cac cong trinh trude [4, 5], ching toi
da thong bdo viéc tdng hop va tinh chat cla
phiic chat kali tricloro(safrole)platinat(Il), trong
bai bdo nay trinh bay két qua nghién ctu mot
phan ung tao phic chat khép vong 2 nhan.

II - THUC NGHIEM

1. Nghién citu su tao thanh phic chat hai
nhan khép vong B tir K[Pt(Saf)Cl;]

a) Hoa tan 503 mg (1 mmol) K[Pt(Saf)Cl,],
[4], trong 60 m]l EtOH/H,O ti 1& 1/10 vé thé tich.
Loc thu dung dich trong suét. Dé yén thay xuét
hién van duc. Khudy ¢ nhiét do phong trong 2
gio sau d6 & 60 - 65°C trong 6 gio. Loc 14y két
tha, rita bing H,O lanh, EtOH lanh va CHCI,
lanh. Lam kho trong t sdy chan khong & 50°C
trong 2 gio. Hiéu sudt 251 mg (64%). IR, cm™:
3063, 3010, 2888 (Vcu); 1598, 1455 @ (Vo).
Tinh do6i véi [Pt,C,H;;O,CL]: Pt 49,81; tim
thay: Pt 49,62.

b) Hoa tan 503 mg (1 mmol) K[Pt(Saf)Cl,],
trong 40 ml EtOH/H,O ti 1& 2/1 vé thé tich
(dung dich Al). Nho tir tir dung dich 230 mg
(1,35 mmol) AgNO; trong 10 ml EtOH/H,O ti
lé 1/3 vé thé tich vao dung dich Al. Khudy &
nhiét do phong trong 1 gio. Loc 14y két tha, raa
bing H,O lanh, EtOH lanh. Cho két tha vao
CHCI, va khudy déu. Loc bdé AgCl. Lam bay
hoi dung dich thu duoc dén khi xuét hién két taa
vang thi lam lanh. Loc ldy két tha, rira béing
MeCOMe lanh, CHCI, lanh. Lam kho trong th
sdy chan khong & 50°C trong 2 gio. Hiéu suét
106 mg (27%). Phé IR va '"H NMR tring véi
phé tuong ting cha sin phim thu dugc tir thi
nghiém (a).

¢) Hoa tan 503 mg (1 mmol) K[Pt(Saf)Cl,],
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trong 60 ml EtOH/H,O ti 1&¢ 1/10 vé thé tich
(dung dich A2). Nho tir tir dung dich 190 mg (1
mmol) SnCl, trong 40 ml EtOH/H,O ti 1& 1/10
vé thé tich vao dung dich A2. Khuay & nhiét do
phong trong 3 gid. Loc lay két tha, rira béng
H,O lanh, MeCOMe lanh va CHCI; lanh. Lam
kho trong tu sdy chan khong & 50°C trong 2 gid.
Hiéu suat 200 mg (51%). Phé IR va 'H NMR
tring v6i phé twong ting clia san pham thu duoc
tur thi nghiém (a).

d) Hoa tan 503 mg (1 mmol) K[Pt(Saf)Cl,],
trong 60 ml EtOH/H,O ti 1& 1/5 vé thé tich
(dung dich A4). Nho tir tir 1 ml dung dich KOH
0,1 M vao dung dich A4. Khudy & nhiét do
phong trong 3 gid. Loc lay két tha, rira béng
H,O lanh, MeCOMe lanh va CHCI; lanh. Lam
kho trong tu sdy chan khong & 50°C trong 2 gid.
Hiéu suit 75 mg (19%). Phé IR va 'H NMR
tring v6i phé twong ting clia san pham thu duoc
tir thi nghiém (a).

2. Nghién citu cau tric

Gian d6 phan tich nhiét do trén may
Shimadzu tai Vién Hod hoc; Phé ESI MS ghi
trén mdy 1100 Series LC-MSD-Trap-SL tai Vién
Hoa hoc; Phé EDX do trén may Hitachi S-4800
tai Vién Vat lieu; Phé IR ghi & dang vién nén
v6i KBr trén may IMPACT 410 Nicolet; Phé
NMR ghi trén mdy Brucker (500 MHz), A trong
d¢-MeCOMe, B trong d.-DMSO, chit chudn
noi, TMS, tai Vién Hod hoc, Vién Khoa hoc va
Cong nghé¢ Viét Nam. Phan tich Pt ti€n hanh
theo phuong phap trong luong [11] tai Phong thi
nghiém phdc chat, Khoa Hod, Truong Dai hoc
Su pham Ha Noi.

II - KET QUA VA THAO LUAN

Cong thic va s6 chi vi tri d6i vé6i phic chat
kali tricloro(safrole)platinat(Il), (ki hiéu l1a A),
dugc quy uéc nhu sau.

Khi hoa tan phic chit K[Pt(Saf)Cl;], vao
dung dich etanol/nudc chiing t6i nhan thdy dung
dich thu dugc thudng bi van duc ngay & nhiét do
phong. Tiép tuc khudy & nhiét do 60 - 65°C thi
thu dugc két tia mau vang nhat hon so véi phic
K[Pt(Saf)Cl;] ban dau, ki hiéu 1a B (xem phan
thuc nghiém).
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Gian d6 phan tich nhiét cia B dugc trinh
bay & hinh 1. Cho dén 200°C khéi lugng ciia B
khong hé thay déi. Piéu dé cho thdy B khong
chita nudc két tinh, khong chia nudc phdi tri.
Tiép theo 1a sy phan huy phoi tir tao thanh céc
san phdm khi bay di. Chat ran con lai (kh6i
lwong 12 50,1%) va khong hé bién déi khoi
lugng dén 1000°C.
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Hinh I Gian d6 phan tich nhiét ctia phic B

Nhitng vung cé van giao (cross peak) trén
phé HMBC ctia B dugc trinh bay trén hinh 2, &
do6 ta thay duoc phé "C NMR cta B & truc nim
ngang va phd 'H NMR clia né & truc thing
ding. Hinh 2 cho thdy s6 nguyén t C khong
tuong duong trong phan tu phic chat 1a 10,
ding véi s6 C cua safrole (C,,H,,0,), nhung s6
nguyén t¢ H khong tuong duong trong phan
tir phiic chat chi con 9, cu thé la di thi€u mat 1
H & viing thom. Su ¢6 mat cac tin hiéu vé tinh
do "°Pt (spin hat nhan bing 1/2) tao thanh & cic
van cong hudng tir 2,5 dén 5,5 ppm tuong tu nhu
& phtc chat K[Pt(Saf)Cl,] chiing td safrole déng
vai tro 1a phéi ti loai > (nhém C=C clia nhénh
allyl phoi tri v6i Pt theo kiéu lién két 3 tam).

Tin hiéu cta 2 proton thom con lai 1a 2 van
don, ching to 2 proton thom nay khong thé & vi



tri ortho véi nhau nhu cap H5, H6 dugc. Van &
6,76 ppm c6 2 vé tinh do '"Pt tao thanh.
Khoang cach gitta 2 vé tinh d6 1a 40 Hz tuong tu
nhu gid tri *Jpy d6i véi nhiéu phic chat cla
Pt(II) [6, 7], ching to tin hiéu & 6,76 ppm la cia
proton & cdch Pt 3 lién két. Diéu d6 chi c6 thé
thod méan néu cho ring da xay ra su tich H5
doéng thdi tao thanh lién két Pt-C5.

C2Cl1 Co Cl0
C4 5 C6 C3 |C7 LC:

rdt ra tr sy phan tich cac phé 1H NMR, 13C
NMR, DEPT, HSQC va HMBC la: & hgp chat B,
safrole da phoi tri v6i Pt, thit nhat, boi lién két 3
tam & nhém C=C cua nhdnh allyl, thi hai, boi
lién két 6 & nguyén tir C5 cua vong benzen. Nhu
vay safrole da trd thanh phoi tir khép vong (phoi
tr vong cang) né chi€m 2 phoi vi (vi tri phoi tri)
cua Pt(II).

Bdng I: Quy két tin hiéu "°C ctia phic B
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Hinh 2: Phé HMBC cuia phtc chat B

Cho dén nay, cic tai liéu chuyén khao va
cdc cong trinh nghién ctdu vé hop chét co kim
déu cho rang dé tach H clia vong benzen tao lién
két 6 Pt-C can qua giai doan trung gian, chéng
han qua hop chét co kim véi kim loai kiém nhu
Li, Na [6b, 8]. Su tich proton & vong benzen
ngay trong dung dich etanol/nudc & nhiét do 25
- 65°C nhu gia thiét & trén 1a mot phan Gng bat
thuong. Vi vay cidn phai xdc dinh mot cdch
chuén xdc cau tric cia B. Ching toi da ghi va
phan tich phé DEPT, phé HSQC, phé HMBC
ctia B. Thi du: céc van giao tréen phd HMBC
(Hinh 2) cho phép quy két dugc tin hiéu cua céc
nguyén tu C khong mang H nhu C1, C2, C4, C5
ma & pho HSQS khong quy két duoc. Két qua
phan tich cdc phd trén dugc trinh bay & bang 1.

Bang 1 khong nhiing cho phép quy két chinh
xac céc tin hiéu ctia cacbon ma con cho thay ¢6
su phlt hop cua tit ca 5 loai phd cong hudng tir
hat nhan da do véi gia thiét néu trén. Két luan

St dung phuong phip EDX (Energy
Dispersive X-ray spectroscopy) chiing toi thdy
phtic chat B khong chita K ma chida C, H, O, Cl
va Pt, ti 16 nguyén to Pt : Cl vao c¢§ 1:1. Két
qua xac dinh ham lugng Pt theo phuong phép
trong lugng va két qua tinh todn theo phuong
phédp phan tich nhiét déu cho thay thanh phén
(cong thic don gian nhat) cua phic chat B la
PtC,,H,0,Cl (C,;(H,0, la safrole da bi tach 1H,
viét tat 1a Saf-1H).

Nhu da thay & gian d6 phan tich nhiét (hinh
1), phiic chdat B bi phan huy ngay tir 200°C, vi
vay khong thé ding phuong phap EI MS dé x4c
dinh phan t&r khoi cia né. Méi day, 14n dau tién
ching t6i da chiing to ring st dung phuong
phdp ESI MS (Electrospray ionization mass
spectroscopy) [9] c6 thé x4c dinh dugc phan tir
khéi clia cdc phitc chat cta Pt [10]. Trén pho -
MS cua B cum pic véi cuong do 16n nhat cé gia
tri m/z (817,9 - 824,9) phu hop véi anion cé
thanh phan  [(PtC,H,0,C1),+Cl] (815 - 825
amu). D6 1a cum pic ion gia phan tr. T d6 ta
tinh dugc phan tir khoi cua B 1a 780 - 790 amu,
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suy ra cong thic phan tod cia B Ia

(PtC,,H,O,Cl),.

Gian d6 phan tich nhiét ¢ hinh 1 hoan toan
pht hop véi cong thitc néu trén. Hiéu tng giam
kh6i lugng thit nhét bat dau xay ra & 200°C,
manh nhat & khoang 220°C va két thic ¢ khoang
240°C, mat 9,8% khai luong, tuong ung véi su
mét 2 nguyén tu Cl tir phan tt B (tinh theo cong
thuc 12 9,1%). Hiéu tng giam khoi lugng thit hai
béat dau xay ra & 240°C, manh nhat & khoang
305°C va két thiic & khoang 350°C, mat 40,1%
khoi lugng, twong tng véi s mat 2 goc C,oH,O,
(tinh theo cong thic 1a 41.09 %). Khoi lugng
con lai (50,1%) 1a cta Pt (tinh theo cong thic la
49,81%). Nhu vay su phan huy nhiét cta B
trong khi quyén nito x4y ra nhu sau:

(PIC1oHg02Cl)p —Z'2 (PICoHgOy), —(C1oHe02)z opy

Téng hop cac két qua phan tich & trén da
cho phép chiing toi khing dinh cong thic cau
tao cua B va dé nghi co ché tao thanh B nhu &
hinh 3.

Giai doan 1 xay ra dé dang do hiéu tdng
trans manh cia nhém C=C va vi sy phan li ra
CI' 1a ¢6 lgi do chuyén phiic anion thanh phic
trung hoa, mat khac Pt(II) cling c6 xu huéng tao
phiic 7T dé bdo hoa phéi tri. Do tao ra phtc T véi
nhan benzen, Pt(IT) da hoat dong hod nguyén ti
H thom khién né c6 thé bi tich ra duéi tdc dung
ctia dung moéi nhan proton nhu EtOH, H,O (ki
hiéu: Sol), dong thoi phitc T chuyén thanh phiic
6 bén hon. C6 1& do anh hudng frans manh cia
nhém phenyl nén phiic ¢ tao ra dé phan li tdch
CI” thanh phtic trung hoa chua bdo hoa phoi tri
(giai doan 3). Phiic nay tu dime hod ngay thanh
phtic 2 nhan B (giai doan 4).

= ) L o]~
N AN o or NS I Pt/C
0 / \ P -Sold SZSAN
Lo c’” ¢l (1) (&//~ Hel @ 5 | J d
(A) O  so -0
0~\O (3)“43"
KoL @ YOt
/Pt\ /Pt\;_, Dime hoa' \/Pt’CI
' o >~ |
Lo B) -0

Hinh 3: Co ch€ tao thanh va céu trdc cla phiic chit B

Tir s0 d6 co ché phan ting & hinh 3 chiing toi
nhan thdy dé tao thanh phitc khép vong 2 nhan
B, diéu quan trong 12 phai téch loai CI' va H* tx
phiic chat K[Pt(Saf)Cl,]. Pé xdc nhan diéu do,
chiing t6i da cho K[Pt(Saf)Cl,] tdc dung 1an lugt
v6i AgNO;, SnCl, va KOH va déu thu duoc
phtic chat B v6i hiéu suét tuong tng 1a 27, 51 va
18% (xem phan thuc nghiém).

Mac du AgNO, c6 tac dung tach ion clorua
manh hon SnCl, nhung hiéu sudt phan ung
khong cao béng, c6 1& do hiéu qua cua viéc tdch
phic chat B ra khoi hon hop két tha véi AgCl
chua dugc cao, trong khi d6 cdc phic chat
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[SnCL,]", [SnCl,]* déu tan trong moi trudng phan
ting va d€ dang loc khoi két tha B. Kali hidroxit
xuc tién cho viéc tach proton khoi nhan benzen
vi vay ciing gy ra phan tng tao thanh B, nhung
hiéu suét khong cao, c¢6 1&8 do OH c6 thé tao
thanh v6i B phic anion tan t6t trong dung moi
EtOH/nudéc.

Nhu vay cédc dit kién thyc nghiém thu dugc
da ching minh co ch€ ma ching toi dua ra.

Viéc tim hiéu sau hon vé ban chat lién két &
phiic chat khép vong 2 nhan B c6 thé dua vao
viéc so sanh cdc dac trung phéd NMR cta B véi
K[Pt(Saf)Cl,] dan ra & bang 2 va 3.



Bdng 2: Céc tin hiéu proton ctia K[Pt(Saf)Cl;] (A) va cua phic B, 8 (ppm), J (Hz)

H3 H5 H6 H7 H8a H8b H9 H10trans |H10cis
. . . a4 Caa. |4,115dd;
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Nhiing su khéc biét dang chi y & phé 'H
NMR cuia B so v6i pho cia A 1a: a) Khong con
tin hiéu ctia H5, do chuyén dich hod hoc (8) ctia
H3 giam manh; b) Hai proton H7 tré thanh
khong twong duong; ¢) Su khic nhau vé do
chuyén dich hod hoc giita H8a va H8b duoc
tang cudong (H8a chuyén dich vé trudng manh
hon con H8b thi vé trudng yéu hon), dong thoi
gid tri *Jyy clia 2 vé tinh & H8a tang lén t6i 105
Hz va vuot ca gid tri *Jpyy & H9 va H10; d) & phic
chat A: d(H10trans) > 8(H10cis), con & phic
chat B thi ngugc lai: d(H10trans) < 8(H10cis),
déng thoi gid tri “Jpy tang 1én 1 rét. Nhu vay su
tao thanh lién két giita Pt v6i C5 clia nhan thom
khong nhiing anh hudng dén cdac van cong
hudng cua cdc proton thom ma con anh hudng
manh dén tdt cd 5 proton & nhénh allyl bat ké
ching & gan hay & xa nhan thom. Chiing toi cho
rang nguyén nhan cta nhitng thay déi trén 1a do
su tao phtic khép vong 6 canh (3C nhéanh allyl,

2C thom va Pt) da lam thay déi vi tri twong doi
clia cac proton nhanh allyl trong quan hé khong
gian so v6i nguyén thr trung tam Pt(II) lam cho
anh hudng cha hiéu tng chan bat dang huéng
clia Pt t6i chiing bi thay di manh dan téi thay
déi do chuyén dich hoé hoc. Su tao vong dong
thoi ciing 1am thay déi géc nhi dién giita céc hat
nhan tuong tic v6i nhau 1am thay déi manh gid
tri hing so tach giita ching [9].

Theo Ii thuyét, khi tao lién két o giita C5 va
Pt(IT) thi mat do electron & nhan benzen giam
di, nén 8(C5), 8(C4) va d(C6) déu tang 1a hop
ly. Thé€ nhung §(C1), 8(C2) va &(C3) lai giam
(Bang 3). Diéu d6 chi c6 thé giai thich dugc néu
cho ring di c6 su chuyén mat do electron tir
obitan d ctia Pt t6i obitan 7 phan lién két ctia
nhan thom. N6i mot cach khac, lién két giita
nhan benzen cla safrole vé6i Pt(II) 1 thudc kiéu
o-cho/mt-nhan [9].

Bdng 3: Céc tin hiéu "C NMR ctia K[Pt(Saf)Cl;] (A) va ctiia phiic B, & (ppm)

C1 2 | 3] ca ]| ¢ C6 c7 s | o | cio
A, | 14756 14911 “70’2 1324’4 122.88 | 109,14 | 102.11 43’3 9142 | 6534
B. | 143.03| 14572 | 10523 14054 13314 | 112.82] 99.84 | 37.68] 9552 | 67.42
IV - KET LUAN da duoc xdc dinh bdi phan tich nguyén to, phan
tich nhiét, phé ESI MS, IR, 'H NMR, °C NMR,

Nghién cttu tuwong tic cua kali DEPT, HSQC va HMBC.

tricloro(safrole)platinat(Il) véi H,O, AgNO;,
SnCl,, KOH da nhan thay safrole trong cau phoi
tri chiu mot phan dng bat thudng la bi tach
nguyén to H thom tao thanh lién két C-Pt. Lan
dau tién da diéu ché& dugc phic chat 2 nhan
chita safrole khép vong. Cau tric cta phiic chit

Loi cam on: Cong trinh duoc hoan thanh voi sy
tai tro cia Quy phdt trién khoa hoc va cong
nghé quoc gia Viét Nam ) NAFOSTED.
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