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Trapping of Zn-Complex with Bis(tetrazole) Ligand
during the Demko-Sharpless’ Tetrazole Synthesis
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The reaction of malononitrile with ZnCh and NaN; in the presence of 2. 2'-bipyridine and water affords the first

bis (tetrazole) Zn-complex intermediate, mono(2, 2'-bipyridine) bis(tetrazolyl) methane aqua zinc (), [Zn(2, 2’
-bpy) (BTZ) (H:0) ] * (Hz0): (1) which gives a clue for Demko-Sharpless’ tetrazole synthesis. Crystal data for 1
Ci:HsN100sZn, M. =443. 74, monoclinic. space group P2,/ ¢, a=12.5705(18), b=16.078(2), ¢=9.1921
(13)A, B=95.010(3)°, V=1850.7(5)A%, Z=4. CCDC: 197788.
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Tetrazoles ligands have found a wide applications
in coordination chemistry, medicinal chemistry and

material science!'!. It is very important for us to further
explore their novel and environment-friendly synthesis
method. Recently, Demko and Sharpless have suc-
cessfully reported a safe, convenient and environmen-
the of

S-substituted 1H-tetrazoles in water®!; this efficient,

tally friendly procedure for synthesis
new synthetic approach offers exciting and fascinating
prospects for the simple generation of a variety of new
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hydrothermal synthesis

zinc coordination polymer

compounds. Generally, 1H-tetrazole or bi-1H-tetrazole
derivatives are prepared by the addition of azide to ni-
triles in water using zinc salts as catalysts (Scheme 1).
The role of the zinc in this reaction is unclear but it
is suggested that the solid intermediate from the reac-
tion of PhCN with ZnBr: and NaNs is (PhCN4).Zn even
though we have successfully trapped some intermediates
during Demko-Sharpless’ tetrazole synthesis. The
structural characterization of such an intermediate may

provide important clues to the mechanistic role of zinc

EHE SRR LR RBTE (G2000077500), E %K A RBEE 4RI H M F M E FEBIMTRT W H -
* 5@ B & A . E-mail: baizp@ netra. nju. edu. cn; xiongrg@ netra. nju. edu. cn

B fEF. EH. B.29 ¥, B, BIR 0 REM R RS M.



http://www.cqvip.com

- 1192 -

D A

D000 http://iwww.cqvip.com|

Scheme 1

Scheme 2

in this reaction that in turn may allow synthetic
chemists to further optimize this reaction. To date, it
still remains a great challenge for us to trap the inter-
mediates with multi-tetrazole during this reaction sys-
tem.

In our continuous research we have combined
metal salts with potentially bridging organic ligands
under hydrothermal conditions®’ to produce a range of
new materials. Our experience with such systems
prompted an investigation of the nature of the solid in-
termediate in the Demko-Sharpless reaction. Specifi-
cally we have undertaken structural study of the product
or “intermediate” formed by the hydrothermal reaction
of ZnCl, with malononitrile and NaN; in water in the
presence of 2, 2'-bipyridine (Scheme 2). As expected,
the reaction affords [Zn(2, 2'-bpy) (BTZ) (H:0)] -
(H.0). (1), with 1, 2-bis(tetrazolyl) methane (BTZ)
ligand. Herein we report the synthesis, characterization
and solid state structure of the intermediate’*.

In the presence of 2, 2'-bpy the reaction of ZnCl:
with NaN; and malononitrile in water at 160°C yields
the products 1. The IR spectrum indicated the absence
of the cyano group which is consistent with the 2 +3
cycloaddition between the cyano group and the azide'.

Moreover, a strong and broad peak at its IR spectrum

(3200cm ', as shown in Fig. 1) suggests there may be

water molecules in 1 which is confirmed by crystal
structure determination later.

Compound 1 has a formula of Zn(2, 2'-bpy)
(BTZ) (H20)] + (H:0): in which the BTZ acts as a
tridentate ligand and links two zinc atoms through the
three nitrogen atoms of the bis-tetrazole rings in which
one comes from tetrazole ring and other two belong to
other tetrazole ring'®! . The local coordination geometry
around each zinc atom can be best described as a
slightly distorted octahedron formed by five nitrogen
atoms of one 2, 2’-bpy, two BTZ ligands and one oxy-
gen atom of water, as shown in Fig. 2. Thus each BTZ
ligand bridges two zinc atoms to result in the formation
(Fig. 3a and 3b) . Also it is in-

teresting to note that strong hydrogen-bonds have been

of 1D infinite chain
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Fig. | IR spectrum of coordination polymer 1
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Fig. 2 Asymmetric unit representation of coordination polymer 1
in which typical bond lengths are as follows:
Zn(1)-N(1) 2.107(3): Zn(1)-N(5) 2. 182(3);
Zn(1)-N{(9A) 2.105(3); Zn(1)-N(14) 2.097:
Zn(1)-0(1) 2.441(3)A

Fig. 4 Packing representation of coordination polymer 1 along

with c-axis

synthesis method of bis-tetrazole. However, the situa-

tion is quite different from that found in the reaction

Fig. 3a 1D infinite chain representation of coordination polymer system of ZnCl; and N, N’-dicyanohydrazine in which
1 in which 2. 2’-bipyridine and uncoordinated water an N-N bond cleavage has occurred in the
molecules are omitted for clarity Demko-Sharpless’ tetrazole synthesis.

The solid state fluorescent spectrum (Fig. 5) of 1
at room temperature shows that maximal emission peak
occurred in 410nm, suggesting 1 may be good blue-

light-emitted material. The photoluminescent mecha-

354
301 complex 1
25
Fig. 3b 1D infinite chain representation of coordination polymer 204
I in which Zn octahedron is highlighted 15+
found among the nitrogen atoms of bis-tetrazole ligand "0
and uncoordinated water molecules to result in the for- %7
mation of three-dimensional network, as shown in 00— MO 30 W0 40 40 40 40 a0
Fig 4 wavelength / nm
. ) .
Although compound 1 contains a 2. 2 -bpy lig- Fig. 5 Solid state fluorescent emission spectrum of coordination
and, the successful generation of the BTZ ligand in polymer 1 at room temperature (left = excitation.

compounds 1 strongly supports Demko-Sharpless new Aua = 352nm: right = emission, A = 410nm)
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nism may be considered lignd-to lignd transition, which
1s in fairly good agreement with these Zn-coordination
polymers'®!.

In conclusion, apart from affording a new insights
into the nature of the solid formed in the
Demko-Sharpless reaction, the work described provides
strong encouragement that novel metal coordination
polymer may be produced by the hydrothermal genera-
tion of bridging ligand in the presence of appropriate

metal ions.

Supporting Information Available: An X-ray crystallo-
graphic file (CIF) is requested from Dr. Ren-Gen Xiong at
XIONGRG@ netra. nju. edu. cn.
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Phg R RREL 9 JFURL, 2 B R Al 4r TRIIR AR Fr MRS BE IR B 45 T 41K 89 Ce-Zr-Ba-O E S ALY H AR T, R
X- HERAT A (XRD) GEST s 88 (TEM) \BET L3RBT 2 R E - 228 (TG-DTA) B AR X HE AL 1T TRAE, HHH T LM CO
FAFEEMARES, KREREY, RO TITRAE T R ERE M S0 EATIHREEB THKE, ARHTEF. &
5> FRTIR 25 B i 18 89 4 L3Pl &9 BET LR TEIE 118.96m® + g~', CO AL RL 5 HEEE R, [E % 77 3 A5 a9 AL 7 4 Bk 4.
HIE, 2 1000C REFBEVEATRES THARAER, RSB,

X8R HEHZE MR T Ce-Zr-Ba-O 4k 7
DB 0611. 4 0614.33*2 0614.41+2

Ce-Zr G /W UMMM HRERMME R  REF/DN, GBS 54 H 0 BEE Pk A R B
ATRE" Y, SR T AR TEEMRE, R A HTA, EHXRERTIA Ce-Zr EE5HAYHHI&E T
FEH&T S, ARG RE ML, EEEmEHE PR EEXHPRIRE, Jones FV'E X
FEN R E RRENE, BAREXHR AHIEKEROE, EEFIUERRERN S & (BT
ST Ce-Zr EHEEMNYWRRMEE, PEHBFEKRY EHFEEEXREGIANNER, BLEBECRA
MHEFEPHRRT Ce-Zr BBREZKMBARNSTY S FREBN—XBBEITZERT LARMN
EH, RUEAARGFMEESREIREMRK =0  REMAE, FEHTHEEES, T HMEE.
LRI AR E o Christine Bozo %R T CHL £ A XGEI &40 F BT B F0F7 B0 RR £k BE JBE v ) & i1
Pt/ Ce0:-ZrO. AL £ IR Be S ir, H AR TE HiT T YRR E Ce-Zr-Ba-O E&5EHALY ., FFHITTIL
e Pt/ALO; B8 % F. Zamar 5 WHE T Ce0: R, KMRABE S FRIRER A KBREY S, EA
AN Zr 45 CH BRFEMEILTR, IR T CeO. 1L KA BEIP K Ce-Zr-Ba-O H&5 E LY, ZHEEAF
B Redox HAE, 28 TR MWKIREH, B RE, SRR E N R CO EikRE T, X —

BT TWC Z3EAR M IEARBEERBRE  HRERNZMBERERSEMLN(TWC) F IR
TEA, AmEETERETh BRI MA LT  HBEHTAHAENNEL,
EUBRTFHREER IR EZ —, BRaFE -~
Pt/ALOs R Z &N T BaO, il Pt/Ba0-ALO; #& I XHES
FEMF, RWMBO W ALE—EBELHE 11 ELFNHE

T Pt/ALO: B9 CO AW EM, RNEST 1.1 EoFRIEE
Pt/ALO; ) CO EALTEH, KT CO WL HLR ERZZFE (478 20000) /KA EEH
B IM—EWER Ce(NOs)s - 6H:0. Zr(NOs). + SH.0,

HTERMRZAEHY —HHETEHED Ba(NOs). WIR G (BE/Rtk Ce: Zr: Ba=7:3: 1) #
Ce-Zr 5 E Wik BIFERIZR, AR, W HOKBEWHH, WWAERpH > 9 /5. HBERBA
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KFE &AL 24h, BHIE, BHETIRETES, #
etk 2648, SRS 7E 600°C #5558 4h, %118 Ce-Zr-Ba-O
HEEEY.

1.1.2 #HwERELERE

AL ¥ i B HLFRE Ce(NOs)s + 6H.0 \Zr(NOs) 4
* 5H,0 . Ba(NOs) » I f# TZAB/KF, MA—EED
ZENFITER, HEKATEREMMRYE, ZTHE
BB LEFERER, HEERT 20044 THT
24h, BJ5 T 53+ 600°C S TH T L 4h,
1.2 fE4FSEHAREMRIE

1.2.1 X- SPERATH ot

XRD 43 #7 3L 36 7E Rigaku D/max-3 B X fi7 1%
F# 47, XRD W15 #9612 K FH Scherrer AR ITHE

1.2.2 TEM 44

HE AL B TE SR AR F K /NE JEM-200CX BY %
ST 48 F AT BRI ER, A8 THEB E R 160KV,
MUK FE N 55em,

1.2.3 BET tbERmERE

F & &9 BET tb 3R Il W %€ £ OMNISORP. 100CS
L R AR E N BT, RABREARE T N RHH®
o

1.2.4 TG-DTA 4r#f

BRI AE - ZRTEEE PE XA H
TGA-7 B K71 DTA-7 REREZEHM E N, K4
T #47, BEEE 40 ~ 800°C,
1.3 ERREHRENE

1.3.1 CO EALIEEVEM

KHAMREE M EANE CO ZTLEIE
T, #HAFER 120mg, KM S W E 30mL * min ',
% F SP-2304 KAHE {547, A AT 25400

2 #R5iHiE

2.1 AT NENE

B 1 R&W A R 7 & B AR B XRD B
W, HETR, BRI ES&HEAT B S
BT CeorsZroosO: HIFFAEIE (d {H5 3.09. 1.89.
1.61) 1 BaO BYFFIEIE (4 {H M 3.09.2.67. 1. 89),
B XRD % 23X E BaO 5 Ce-Zr ABEE R T R &
R, = BN Fm3m(225) 381t XRD 85k it &
B ZHARSE S8R, 78 Ce-Zr BE K
a=5.349A; BaO 8 a =5.335A, Z R AR F &
#, BR7E XRD Bl KB Z T E M BaO, %, B H

F BaO )B4, fE45 1 £ XHBHES Ce-Zr BlIEA S 1L
RLFAY, b REMRKE T o EENER. AT A
FlF i RERERE S . 4 XRD Bk E. B ##
ShRELE L A BESTEALIA R, FTLUE 4 FRTSR A %
flEMMNEREE T EREEF N —KE TR
<, X3RS R & 7 XA AR 3R oL K /N
ERAHERW. X — SWH TR TEM L5+ 3|
MESE,

Cev-<Zr-O:
BaO

&P Il
| R J

& > 220

10 30 50 70 90
26/¢)

1 PP T A AR (R RB (K &Y XRD % &
Fig. 1 XRD pattern of the Ce-Zr-Ba-O samples prepared by

(A) citrate gel and (B) polymeric precursor methods
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B G 208 g0, T2 AR 22 BRI SR VT BRI, B4y
i, XU RES & i A2 oA 2R E R L BCR
FIETEELHEIBUE T Ce-Zr-Ba-0O KL FHHAE
REA X, MR ERFEER R, MRS, 7
B R B R EHI S MR R AL AN S, BT
AEME
2.2 BETHEFRESH

F 1B T BRI A 04 bR 89t 2 )
EL R L K& XRD & 1 TEM ¥ ] 18 %L 12 $04E .
TEM {75 B2 e+ (Z#W). 1 XRD M5 &Y
B—IKALF (W), BRERZXNEE—EET.
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R A U FERT R MG R AR A . &
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x1 FHAEHENEAFNBET Lt XRENAEHERE
Table 1 BET Surface Areas, Grain Size of Catalysts Prepared by Two Methods

sample BET surface areas/ (m’ * g™') XRD grain size/nm TEM grain size/nm
polymeric precursor method 118. 96 6.3 45
citrate gel method 38. 60 7.3 55
» AL R R R BN HOR G, BT8P Al

SRy FLIE oK R BT R KT IK S, AR RIAY
fLEFHS, SR RE TR,
2.3 AMOWMER

5 Z PR AEF % 648 M & DTA Bl &
BRI, AT BRER h R B ik i & BY R dn 7E 200°C LAH
BT g (F SB), TG EiZk E BT ALY
K (E4B), XEFRPRERMKYIE; M
41 F B3R 1A i 15 RO B b A H BT K IR R R 2k
BEM XEH, SIFE TERELHEFREETHIVR
B bR R B K. B S R DTA B R TE
300°C A& A Wy R & XT3 F TG i £ 250 ~ 400°C
MARERX, XE2HRAHFINY (WFTFERR) 45808
EURBRBREREMSIEN. RESE S FRRE
AR R A DTA B4R b 3R 288°C i if 1

100
90—% 5,259 A

801
704
601
504
40
304
20

2 FR A R R M A ) TEM SR
Fig. 2 TEM micrographs of the Ce-Zr-Ba-O samples prepared by

weight loss / %

(A) polymeric precursor and (B) citrate gel methods

T T T T T T T
100 200 300 400 500 o0 o)
temperature / 'C

B4 PR RS AR TR IR E (TG
Fig. 4 TG profiles of the Ce-Zr-Ba-O samples prepared by (A)

polymeric precursor and (B) citrate gel methods

A B
B3 PR s A R A A9 AR X AT A
Fig. 3 Diffraction patterns of the Ce-Zr-Ba-QO samples prepared

AT/ C

by (A) polymeric precursor and (B) citrate gel methods

Ce-Zr B HEMYERNE 1 5. 55 FHTIRA R H
HRAELLT BET LR ER KA, o HEE, —£H
HFEBE ST, BARAHBARAR, —2H N ) 100 200 300 400 500 a0 700
HALFI I E TREEIHE IS, R T FLB R 1K, 72T e €

M e R R AL AN A KA B TR, M E S WY S AR T B 4 2B (DTA) B
AR TELER., 74b, SRRy &mn Fig. 5 DTA profiles of the Ce-Zr-Ba-O samples prepared by (A)

polymeric precursor and (B) citrate gel methods
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T A TR BRI R 45 o 0 IE T BE S RO IR . \ i

U5 B & B LE I B DTA BIZR7E 520 ~ 560°C [T
BB T BRI T A FERE TC AR MAE, 44
XRD R AR, XEH Ce-Zr HVE RS A AR
FIEM. HIMES RIS SAE RRERS
HIE A Ce-Zr-Ba-0 B HEATH KA X, HER
5 XRD.TEM M€ B,
2.4 CO BB ELER

B 6 & PR AN IR] 7 B & AR A B CO Ak
EHETTEMEE R, HETR, By 2 & r4E e
FEAEEAEERRAMNES, & FEaRE SN
S CO e (LiR BN 280°C, B B 1L TR Ll
BERC AR LR, FFH L SCERIRE W Ce-Zr B
HE ALK 200°C Y FEEFEEH, 5 5% i T 45K R0k
B 2 T8I AR AL AN R 280, A 3 R BV P R 15,
KEMEIBRTE > FREBHNRI_E (4F
20000) M= EIALBEAS TR EE TR K KH
*.

100

80 4

60

40 4

comversion/ %

20 4

T T T T Y T T
150 200 250 300 350 400 450

temperature / C
Be6 MRTEREAELT COBMLFHILE
Fig. 6 CO oxidation activity of the Ce-Zr-Ba-O sample prepared
by (A) polymeric precursor and (B) citrate gel methods

2.5 BRBEMEEE

T BB R BT I o T AT IR A A A
b W ERASE M, FKATTE 800°C F 1000°C iR 4+ 5
XF R AHAHEAT T RS be. I 7 % TEM BA T, &
5y F BT IR R B ) £% M BE 5L 42 800°C, 1000°C /= iR 4%
Be 2h J5, BRI R/ 5], SF #FR K /NFE 60nm
1 80nm A, BATHARELEIS, XRWRAX
J7 AR RO SR K R ER RS, X AT #
AFRERSBEANEETRAEXHEE,

g

*

My W
o o

200 nm

200 nm
| S

B 7 AREERERG RS FTHRELG & ER
TEM HH
Fig. 7 TEM micrographs of samples by pdymeric precursor
method at (A) 800°C, (B) 1000°C
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(1) KA 5 -F 0 IR 4 g FAT R £h 5 e ik 14
A] ] 4 K G ) Ce-Zr-Ba-0 E & B IA. & 451
R AR A AT R R AR B S A AR B, TR R L&
[l Ce-Zr-Ba-O B G & kY, FHHIKE THIFM CO
TEFMEMER, HXHEHIBH Ce-Zr-Ba-0 &
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(2) =4 FHISRE S & RS £ 1000°C 155
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Synthesis and Catalytic Properties of Nanosized Ce-Zr-Ba-O

ZHANG Pei-Zhuang' CHEN Min*'' WANG Yue-Juan’ ZHENG Xiao-Ming'
(" Institute of Catalysis, Zhejiang University, Hangzhou 310028)
(2 Institute of Physical Chemistry, Zhejiang Normal University, Jinhua 321004)

Ce-Zr-Ba-O mixed oxides were prepared by two different methods, such as polymeric precursor method and
citrate gel method. The catalysts were investigated by XRD, TEM, BET surface area and TG-DTA technologies.
The results indicated that the nanosized particles were formed in both catalysts. Comparing the two methods. the

catalyst prepared by polymeric precursor method showed the remarkable surface area, good thermal stability and

high CO oxidation activity, and which was corresponding with the particle size.

Keywords: preparation method nanosized particle Ce-Zr-Ba-O catalyst
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