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SYNTHESIS, CHARACTERIZATION AND REACTIONS
OF ALUMINACYCLOBUTENE

ABSTRACT

Reaction of (LAl[qz-(CPh)z] (L = HC[(CMe)(NAr)],, Ar = 2,
6-iPr2C6H3), 4) with carbon monoxide at room temperature afforded
aluminacyclobutene (LAI[C(O)CPhy] L = HC[(CMe)(NAr)],, Ar = 2,
6-Pr,CsHs, 5). We testified the carbonyl of compound § is a terminal “acyl
anion” by reaction of § with diphenylketone in toluene at room temperature
afforded compound ((LAI[OC(Ph),C(O)C;Ph,] L = HC[(CMe)(NAr)],, Ar=2,
6-iPr2C6H3), 6). Reaction of 5 with phenyl cyanide in toluene at room
temperature  formed compound 8 (LAI[N=CPhC(O)C,Ph,}, L =
HC(CMeNAr),, Ar=2, 6-’Pr2C6H3). Reaction of 5 with Me;SiCN at —78 °C
afforded compound 7 which containing a “cycloprotene” structure. Compound
S reacted with dioxygen, sulfur respectively obtained LAI[OC(O)C,Phy], (L=
HC[(CMe)(NAr)],» Ar = 2, 6-Pr,C¢Hs, 9) and LAI[SC(O)C,Phy], (L =
HC[(CMe)(NAr)]; Ar =2, 6-Pr,C¢H;, 10). IR, Element Analysis, 'H and C
NMR and EI-MS were employed to characterize these complexes. The
molecular structures of 5, 6 and 7 were detected by X-ray single crystal
diffraction analysis.

Alkylaluminum Complexes 11 and 12 with (2-dimethylamino
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-3-methylphenyl) diphenylcarbinol were prepared under a purified nitrogen

atmosphere and characterized by IR, "H NMR and “C NMR.

KEY WORDS: p-diketiminato ligand, aluminacyclobutene, acyl anion,

cyclopropene
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(50) [PhCCPh'].
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1.05-1.20 (q, 12 H, *Jun= 6.6 Hz, HCMe;), 1.32-1.38 (@, 12 H, Jiy4= 6.6 Hz, HCMe, ),
2.03 (s, 3 H, p-H ), 2.28-2.42 (sept, 1 H, *Jun= 6.6 Hz, HCMe, ), 3.19-3.29 (sept, 2 H,
iu= 6.6 Hz, HCMey), 3.30-3.38 (sept, 1 H, *Jun= 6.6 Hz, HCMey), 5.49 (s, 1 H, y-H),
6.96-7.75 (m, 16 H, Ar-H); ’C NMR (300.13 MHz, C¢Dq): 6 2.5 SiMe;, 20.1,23.5,24.5,
25.5, 26.0, 26.5, 28.8 (HCMe; and Me), 100.4 (4-C), 124.4, 124.9, 125.2, 126.3, 128.8,
129.2, 129.6, 140.0,142.6, 143.4, 145.0, 145.8 (Ph), 171.9 (CN), 174.4 (AI-C). JRik(EIl-
MS)5r4T, mle (%): 749 (9) [M'], 734 (12) [(M-Me)’], 533 (100) [(M-PhC(CO)CPh)"], 216
(56) [PhC(CO)CPh',

4 ey s

EET, AEELEYS (033 g 0.50 mmol)i B £y, BATFHERO, B
B A BT R, B45E0,5442-3 min, ERTHERh RERLER
VREACEE. HFSR/TEQ)ESRNRE, £T0 CHRBECHRE K
(0.50 g, 75 %). #13: 210 °C(5H#%). 'H NMR (300.13 MHz, CsDe): 50.94 (d, 12 H, *Jiyy
= 6.6 Hz, HCMey), 1.07 (d, 6 H, *Ju = 6.6 Hz, HCMe,), 1.43 (d, 6 H, >y = 6.6 Hz,

10



B_F LRH)

HCMe,), 1.48 (s, 6 H, “Junu= 6.6 Hz, Me), 2.98-3.05 (sept, 2 H, *iyui= 6.6 Hz, HCMe,),
3.48-3.55 (sept, 2 H, “Jun= 6.6 Hz, HCMe;, ), 5.17 (s, 1 H, y-H), 6.69-7.69 (m, 16 H,
Ar-H),

(5) ey 9

ZET, MEHELEYS(0.33 g 0.50 mmoh) B B EEHH S, A 0.016 g iR,
ZEBH 20, BRBRRC U BEHT R, WILRR 21 R YR AR,
AIFCR/FRQ)RABRK, BWHERT —30°C, HREOAY0.17 g, 50 %), 14

1.02 (d, 6 H, *Jiy= 6.6 Hz, HCMey), 1.15 (d, 6 H, *Ji.i= 6.6 Hz, HCMe,), 148 (d, 6 H,
Jun= 6.6 Hz, HCMey), 1.50 (s, 6 H, Me), 2.99 - 3.10 (sept, 2 H, *Jyuy= 6.6 Hz, 4 H,
HCMe, ), 3.38-3.44 (sept, 2 H, *Jyu= 6.6 Hz, HCMey), 5.15 (s, 1 H, y-H), 6.90-7.22 (m,
16 H, Ar-H). JRI%(EI- MS)54T, mle (%): 683 (5) [M"], 668 (100) [(M-Me)'], 429 (20)
[(HCMe(CN 'PryCsHs),Al)"], 178 (50) [PhCCPh'].

(6) L&Mno

HBT, BAFLAYS(0.33 g, 0.50 mmol)y B EHM|E, MA0.050 g XHE,
ERHH24 D, WHRRECHFLCEFERBEE. REMTELARK, BFoE
FRLD)E SRR TR OHERE, REEERT —30°C, B&E 84027 g 61
%), #8: 230232 °C. 'H NMR (300.13 MHz, CeDs): & 0.97 (d, 12 H, *Jusi= 6.6 Hz,
HCMe;), 1.12 (d, 6 H, “Jun= 6.6 Hz, HCMe;), 149 (d, 6 H, *Jy4= 6.6 Hz, HCMe), 1.51
(s, 6 H, Me), 3.02-3.08 (sept, 2 H, Jun= 6.6 Hz, HCMe;), 3.54-3.60 (sept, 2 H, iy = 6.6

Hz, HCMe;), 5.21 (s, 1 H, y-H), 6.69-7.70 (m, 16 H, Ar-H). "CNMR (300.13 MHz, C¢Dy):

823.8,24.5,24.9, 28.3 (HCMe, and Me), 100.0 (OCPh,) 111.5 (y-C), 124.0, 127.0, 129.1,
146.6, 146.8, 157.8 (Ph), 162.8 (PhC=N), 172.7 (CO).

(M e 1

EZRT, MEFRRPNAH0.64 g 2.0 mmolyb AW[2-NN-— FEE L
S-HERE) " EFEKNFERFCHERT, T RERMA AlMe, (7 CI2%E
B 15 mL(2m). BEE, IAER 1.5h (F8: 6h). RUERBIERZERYBEE
ar AR . IOATES4% 25 mL, BHEME, F0°C HBLABEELG 0.70 g (95
%): F: 182184 °C; TTHEMTEA)LMEGRRAE): C77.22(77.18): HT.52 (7.56);
N3.71 (3.75). 'HNMR (300.13 MHz, CDCL):  6—0.18 (s, 6 H, AlMe;), 2.05 (s, 3 H,
ArMe), 2.33(s,6 H,NMe;, 6.87-7.87 (m, 13 H, Ar-H).

® e 12

EZRT, MBHFESEFNAE064 g, 2.0 mmo) . EM[2-NN-ZHEE
B)-S-REXR“XFRIFXRTF ORI, B REBmA EuAl iFoE
W 1.5 mL(1.75 M)o BEHE. MARR 15h (B8: 6h). AHERETEHTELE

11




AR TR0 14018 X

ﬁ%%ﬁwomAEaﬁumm,wﬂﬁwﬁ.$Wt%&ﬁ%é%%Qng@ww
R 184-186 °Co TLEAMIT(EA)LAMEGHEE): C 77.80 (77.77); H8.00(8.03); N
3.52 (3.49). 'H NMR (300.13 MHz, CDCly): 6~0.02 (q, 4 H, *Juu= 7.1 Hz, CH;Me),
L12(t, 6 H, "Jun=17.1 Hz, CH:Me), 2.28 (s, 3 H, Ar-Me), 2.71 (s, 6 H, NMe,), 6.77-7.37
(m, 13 H, Ar-H), "C NMR (300.13 MHz, C¢Dg): —1.1 (-CHy), 9.63 (Me), 21.1 (Ar-Me),
42.7 (NMey): 834 (Ar-C-0), 1194, 1266, 1276, 128.1, 134.4, 1355, 142.5,
143.5, 150.9 (Ph).

2.3 {EEMELE
SRR ik

a. LRFARPH=ENERFLB S ESRE G ELTT, 7R R

b. EHMHATHHMMRL TR ANARRALR AT S G FNRTRESRE
[ikigig:a 8

c. TESRMABYLAMRAR BRAMTRERERSTKE,

d. FHRAERAH KOH. CaClys CaH, F1 P,0s 5 A A KB 7K CaH, B A E
BREHHMALLGABL TRIZY, RIEB LR TER.

e. AERNNEEAFRANE, RBHSEHMNEREEEL ST &
B HHCEMRRBRME, HMEOEERET R GRLER,

f. VLA SROT AL MG NayCOs RS AT LA B R

g- FIZB5 KOH Bl i v & S Bl £ 1 T A Sl 2.,

AR IBEPEIE R EY:
CEAL) ¥ e3 5 7t
CLE iR 5 7t
AR FRER 40 7+
3 10 7+

JR 5 15 7



BT R R

FZE RS54t

EER, fR_UREAESHERSYNTANEG T —LEERE, ik
W EBMAS-F Z ERAE A AR RE AL S YE ERENEN, ST
AT NS FREATUHAT AT 5K R P,

3.0 BIAEIERL
HRARHAEY) 4 & SRR A BT ER . B 1 R7E PR B A

MERP, ZBFRE. 385 2, 6-PryCeHNH, LA B L 1:1:2 34T R M, kEHR
TKEBETRH. &RBEEME 2-1 Fix.

2 ArNH, / ,Ar
HC' :H AlMe;, X / \A' CH3
\ 110°C,2h  \—py CHs
Ar 'CH4 2 \Af
l L/ %
-2 CHyl
Ar Ar
/ Ph _ /
N, ¢ 2K, PhC=CPh NG
/ ,AI:E -— A |
=N “Ph Bk, ER72h "N\
Ar -2 Kl Ar
4 3

Ar =2, 8-PryCgHs

B 2-1 Gtk 14 ARk
Fig.2-1 Synthesis of the compounds 1 to 4

A1 E=REAGERRRRTRNBEH - FEERAY 2: 2 EPERRER
(U2 EO)R B SRR LR B BB — LY 3. BSuE & BT, BEm
M RERIB IR I 2 MR REH, AR 70 %i2mT85 % HRERNE
WAREE, TULEMERERE, BWERTE, GEURF—LHRN.

BN MUY 5 RECRESBY R CGK FETEERHAE AT RS L
FIRLEY 4. LAY 3 B4 REMIRP UM ERASBHTE, BLRME
SR EME, BrLlR RARR AR, AR EBAMAR CK HHATIE B R NAEE K Fiat
[ERKHED, HEKRE 720 WAOF 24he RN REUCEM 70%E 55 76% 451




T N0 134 i 5

32 REBENEARTHELAY S NARRELE
a8

WEY S NEMBE LR 2-2, EEANRSRIRHT, 7 4 ()5 % 5 THF %30
BATRE CO S, HHE MR B RRY A, RNBEFEET 2h &
s i) B0 % I B O UR AL B M LR 45 S,

BA CO BRI b8 8 5 37 BN e 65, AW R R AT 8RB, M
GREOBEEATEY, SWREFES THF TEREHRE, SEBAS, LRk
55 %A, WRARMBE TR i 4 FRma, WEMSETFCOKR. ZMPE
HRZE, B8, ML ERE. AEREMBIFORA: 230 °C); MWRAMKIEFIZ
THRBE, RECTRIEHTHEE,

Ar /
N/ Ph . N
/ \AI ' CO, [FAE-&:THF / \Al / Ph
=N “iB 2 min —N’
“ar Ph Ar Ph
4 5

Ar= 2, 6-’PrZC¢;H3

B2-2 (LAYISH & Bk
Fig.2-2 Synthesis of Compound 5

HATHER R SALE W E 23w

+O')
Ar_"
A ph ["Cy oy Ao
J N, co / N_ ,’) N,

A = ,Ali( — A )—ph
=N =N =N

Ny PH N PH ‘Ar Ph

4 5

Ar=2, 6-Pr 2CeH3

B2-3 AR AYSHT gL
Fig.2-3 Proposed Mechanism of the formation of Compound 5



=T 4RiIR

WEY S TRMTERRA, WRAEESELEMEEDNE 03 %ZN. TEM
ExR5HNE S FREF.

KAV SH 'HNMR RHE 1, LEYS 5 4 HZRAL, 56 y-H (=531
ppm)Lt 4 # y-H (6=4.89 ppm) E{E3H %) T 0.42 ppm. HCMe, (IR BB E7E 4 h 2
ALEW, TE™YS PHRFALER, HFAMEMBABSBETIE 02 ppm,
REFT R R EY) 4 RGN, FERPELLTHROLERE, TIRNER
Y15 BT ERMMHEH, T30 EBRHERPEIME TSR SH H K
BOAR, HWATRACER. RENERESHAA HCMe, FEEHI, Hh—a
MEHHET 0.5 ppm. LAY S (9 °C NMR RIE 2. MILEY 5 kR R
MEA B BRI ER, TRR M FHRBMIEIE S |EMNE CD, T
RAEMEHE. KA1E 600 MHz FIRZHEEIRIN L B0 4 ANDBE, hREsHBIEES,

BAVHLEY) S AT T LLOMEIEII AT, M S BILLA 63 BR7E 1630 em™ 40K
HERRKEREE, NMEAY 455 205 bt b BOLME 14)kE, Wam4E
Xt N AL B AL TR

LS YR EI-MS Filk R /R(LHE 19), 651(6%)H [(M+1)']48, 429 (100%) %
73 )& B ot R [(HCMe(CN 'PryCoHs) Al 18, 178 (50%) 4 [PhCCPh' i

RIS

WEMSMRBSHEAMEK 1, BREEHLE 24, B 21, BETUHEYS
M Ek5®EA,

MEEY) 5 HEEREHETTUESY, All). C2). C3) C8)Hm MR F
TREN AL —TEL, BR CQUEENELLTH, i5R CQIMBEMZEF
EH. WEY S MY TFEHXT Al(1). CQ22). CQIF CQI)FTEEFRMHR, ik
CUIHM O(HRFHRTEFEN, RAKNKEHIREI 4T % FECHHRE)F
. B C(22)-C(16)( 1.489(6)A)tt C(23)-C(24)( 1.450(6)A)Rs ¥ . FIEt XE K5 C(22)
HEMERMZRIFEFER, FERARSEARMNAE. 001)-CR)MEK R
1.219(6)A, Lol % BERIMBE C=0 §(1.204 A)REK . C(22)-C(3)MI B K K 1.374(7)A,
HRAIR C=C XU H(1.34 A)REK, C(28)-C(3)MRK(1.527(6)A) 5 & B C—C &
BR(1.54A) AL, A(1)-C(28), Al(1)-C(22)RIBE K (1.972(5)A, 1.972(5)A) 5 sp” 244k 1] Al-C
AR,



AU T8 EFAR
F2-1 LEY S BN KRS SR
Table.2-1 Selected bond lengths and angles of compound §
RKA) #50)

Al(1)-N(1) 1.893(3) N(1)-Al(1)-N(1A) 97.20(19)
Al(1)-N(1A) 1.893(3) N(1)-Al(1)-C(22) 121.24(11)
Al(1)-C(22) 1.972(5) N(1A)-Al(1)-C(22) 121.24(11)
Al(1)-C(28) 2.006(6) N(1)-Al(1)-C(28) 123.59(12)
Al(1)-C(23) 2.479(5) N(1A)-Al(1)-C(28) 123.59(12)
O(1)-C(28) 1.219(6) C(22)-Al(1)-C(28) 71.6(2)
C(22)-C(23) 1.374(7) C(23)-C(22)-A1(1) 93.9(3) -
C(23)-C(28) 1.527(6) C(16)-C(22)-Al(1) 139.0(4)
C(23)-C(24) 1.450(6) C(22)-C(23)-C(28) 106.5(4)
C(16)-C(22) 1.489(6) C(23)-C(28)-Al(1) 88.003)

B 2-4 WEYSHRFEHEE LA ET)
Fig.2-4 ORTEP drawing of compound § with 35% probability ellipsoids,

hydrogen atoms were amitted for clarity



3.3 & (LAIOC(Ph),C(O)C;Ph;, L = HC[(CMe)(NAD)],, Ar = 2,
6-'Pr,CsH;) )Y A B 5 RIE

HATREHEN S P ESRORBOMBPEOR, BRI TEILEYS 5
"ERRIORRER TR, W 2-5 iR, NKRRAEY 6 RATTLENS 4
JREE AR A B R B S F R

Ao /?L A oph
N % J~N_ O—-Ph
§/\: ’\AI<>-Ph Ph”_Ph 77 ;/j :AQO
= ‘ =N \=
Ar Ph £ 24h ArPh Ph
5 6

Ar =2, 8-Pr,CgH,

2-5 (LE 6 MO ek
Fig.2-5 Synthesis of compound 6

Yo ¥ — K (0,092 g, 0.50 mmol) ) P, UB T AH LAY 5(032g 05
mmol)#) FRH S, TEBHRN 24 /Met, BHLBLATREES, MERER
M/ REEERYTT, MASKEER 3 MFECRERRNESER SO mL, 4
EiE. EERTERBRECRKEO035g 84%). %RMAEEHINLIE LR 2-6 Fim.

Ph
Ar —Ph
) ¥ 0] 9 Ar\ O//Co
\ PhCPh T
,AI>~Ph A J N‘A| o
—N\ : _N/ )
P
Ar \Ar Ph
s |
Ph Ph\
Ar —Ph
/ Ph
N O Ar\ Q/ 0
N/
& 0 N
=N Y= o /Al »—Ph
Ar ph —N
. ArPh
6 Ar=2, 6-’Pl’2C6H3

B2-6 LAYI6HITTRE MyLE
Fig.2-6 Proposed Mechanism of the formation of Compound 6
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RO T N0 2240 i 5

RAE

HEY 6 TR TMRE SRR AR ESE 03 %z i, MULEY) 6 B4 5h
(LA 1T &, 71651 cm™ RAEY EMBRSERI, 9T SE04
fE.

RIOTHUAYIRITT ELMS R 487 LW 20), MBPATLLE 158
m/e(%): 651(6)i K [(M+1)"], 429 (100) % [(HCMe(CN 'Pr,.CeHa) A1 F i, KT %
ERABIT: 607(42) [(M-CO-Me)'], 444 (25) [(M-PhC=C(CO)Ph)*], 178 (50)
[PhCCPh'].

MLEY) S IBBSEIR SR LI 3)3T LUB Sk 2R B 4h T 1.22, 1.17, 1.08,
0.99 &taﬁMﬁéﬂéﬁwémmtﬁm/rﬁW%{CH(Me)z]H@@%ﬂé, Tk AL
FAB R 3.35, 3.20 biA L&, BALEY 5 M ELBOR BB B B 8 AR 33 2)
T 02ppm.  7E 6= 1.55 fy e st B 4k 3 43 A REIME, £5=519 4R
B y-He 701855 6= 6.93-7.35 —H L Tis % 5F - 26 MEXRLHIEIRE 3T EAL A
Y1655 MBHE, TTLIEE, ERHL69-73 R AT E R ER K 26 MTTAT LA
BHUEY S 5 RRER 1:1 R, MELCUENBLER L E5EL s HAK
W%t MBS ECLIE 9FTLLE 1, 11.6,19.36, 24.0,24.5,24.6, 28.4 L E A0 HotE
% HCMe, 71 Me B 7=k IR 8..6=99.5 &b 3% y-C Ff =4 TR UK 113.8, 127.7, 129.0,
144.6, 144.9, 146.2, 154.8 B A KB4 MR, 5=202.1 Bk 38 IOy BB B TR WL
i,

RELEHN

HEY 6 MBESHIUME 3, BBLHRE 27, R 22 A THEY 6 HIFR 4}
#5584,

#22 LAY 6 MBHRKARANE
Table.2-2 Selected bond lengths and angles of compound 6

B KA) 840
Al(1)-0(2) 1.712(2) C(43)-C(24)-C(37) 112.1(2)
AI(1)-N) 1.888(2) C(26)-C(52)-C(27) 123.03)
AI(1)-N(1) 1.894(3) N(Q2)-Al(1)-N(1) 97.29(11)
AI(1)-C(52) 1.984(3) 0(2)-Al(1)-C(52) 103.87(12)
C(24)-0(2) 1.397(4) C(52)-C(26)-C(25) 123.9(3)
C(24)-C(25) 1.567(4) C(26)-C(25)-C(24) 124.13)



BT LR

C(25)-C(26) 1.499(4) C(26)-C(52)-Al(1) 116.9(2)
C(26)- C(52) 1.358(4) 0(2)-C(24)-C(25) 112.9(2)
C(25)-0(1) 1.218(4) C(52)-C(26)-C(31) 125.5(3)

27 GV 6 A FHE ZERT)
Fig.2-7 ORTEP drawing of compound 6 with 25% probability ellipsoids,

hydrogen atoms were amitted for clarity

MED 6 MERHHE, TUEBHEBILEREER/AALH
AIDNC(1CE)CENER) M1 A1)OQR)C4)C(25)C(26)C(52) » £ B £ &t F iy
N(N@)OQ)C(S)MMAN AR : BHERAHMERE, 5 C(52), CQoMEEN%
RHETESWEY S PHNARFHLIBRET R 5 CQABENFHNEIR
A FHMA A BEEE.01)-C25 B K4 1.2184)A, TE L E W BEBENE, C(26)-C(52)
BKA 1358@A, WHAEK C=C MB134 MK, BEMENFH MRS
C(26)-C(25)8#1K(1.499(4)A) 5 C(24)-C(25)8 K 1.567(4)AVRLLETTE H, FiEHARE
REURR, MENTRRENRZE, ZKREXHELT p LEFNRLY o p-Fil
FERNEARAEALEK L ARN R BN, RS BRORRNT K, &
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ALK T NS0 L4038

BB EN =R E TR HRR B9 88.03)°28 ff 124.1(3)°.

3.4 ﬂ',‘é%(LAI[OSiMe;][C;(PthN], L = HC[(CMe)(NAr)],, Ar = 2,
6-Pr,CHy) T)MA K S RIE

Me;SiCN smmmmm%mﬂmmram:. JUATERK o- 38
B o BERE. 1, 2-ZHUR o HERKL Ay -, Me;SiCN 58 ArE, Bz
REXYIFRN BRI KR, Wiﬁﬁi%?%&%ﬁﬁéﬁ%‘ﬁ*#&ﬁﬁfﬁ&‘J*Mﬁi—ﬁ-ﬁ%
R, MEFELUEYR MR L BEM. PREEE. p-HEBAELEY, T,
VLY B RRE F i a1,

A

WEY TS MB%RE 2-8. £—~78°C F, FILS BRLEY 4 (5 b
WAL BN =FEBRLE, BHRMN. BESSIKEEEE, BREBER 240, &
RACHRUCHERRAE, BETHT, BFofyTFx (IR R 3: )R &BH
RN ROBEZRTLRBEERE. KRMKER 80%, 7E 206 °C B 4ME.

FHIRREAT IR R B R E SR 41 Tt 4T 10, RARMA=REFRARE, WK
BHRLBTAEEREREERER). RNEHE, THEHA DU REUYR. W
ET#HTRE, AECHR/TFE G:)REBAER. T, BREMTEHR. 0 °CHR
Hidhe BUE LRSRMBOTLURIR MR AEE, R FGE R, RSB A TR &
BRMBEE-T8 °C T#fF, REKOREEUELES. IR oz e b 22 s P 1
CF/TH G:D)REE MBI T 215 815 518 T 4 00 4.8 - 10 5 4k way1&
ECHRMERIT, 7P F MR, EREE R 203 °C k) B
MK BRBREE.

HERUA R ST BEH IR EEHG: —FR T B8R MeySiCN 9 ON YR R R A
B 2-8 FIRBILay I SI—F AR Me,SiCN IR EREGIAE RTRAY N %t Al
R, TOHE ST B SRR R R A N, EEMN X-Ray B 18 R 454
XE, BEMDERRIOEHREELILEY 7, BRFIEMRIE TIX—5 4,
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Ar
/  |OTMS
T S
/N l
e Y=N]
A Ar Ph
ro
/ N/ TMEE%N /Ar _TMS
N
Al Ph AN/ A i
— 7 P YN IVA _ Al =0
Ar Ph Ar P Ph
5 Ar KPh
Ar =2, 6-PryCgHs —m\ mms
Ar
B 2-8 (LEY T IO IR
Fig. 2-8 Synthesis of compound 7
%R N LB AT e AL RR a0 R 2-9 T A0
e
Me;Si-CN
_SiMe
Ar o) Ar g7
N N N. (}\
N\
//AI/Ph—b_N Ph———
=N N OTMS
“Ar Ph “ N
5

Ar=2, G-szcng

B 29 L&Y 7 T RENLE
Fig. 2-9 Proposed Mechanism of the formation of Compound 7

RIE

BATRHACEY 7 #47T IR, 'THNMR, CNMR. EI-MS A X-Ray . G754 /M7
MUEY T HITT X-SHRBERGH . WEW T HTEMPIERY, WRES
BEREHAESDE 03%ZAN. TEMERSHMNMKSHETR.

WEY T AL BIRTE 2206 cm ™' 40F B B EUEE(CN)R i€, THE 16,
MEEW T 5 5 A5 ixd b BT LU Y 7 4 90 2 A U (O MR g 48 7 T 3 SR
i,

WEW T HFEEL-MS)RENHKE 21, MEHRATTTLIE BT 74909 %)kt
METIEM): 734 (12 %)HREFREXNDHFE [(M-Me)']: E£E 100 %8 533
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AR T A0 L4 X

U} B [(M-PhC(CO)CPh) B R 216 (56) #[PhC(CO)CPhIRE M. Ri 4 Hi SR 5
WaY T MERER.

a7 BBHREE, BRI BIHE S 6. BMEET, E&H—0.17
KL Me;Si-) =M R EAMAR, XRE R MesSi- 54 B P LE R BT 2HEH
W, WAL A B MR IH ). 7 6=0.56 AT 3 HEA—A B RS,
201 b RAC—FEMIE, 6=2.35 713.23,3.33 L EB LA L B REN CH
B, o =5.49 b HEARN »-H, 6=6.90-7.50 B EWE MK L ph5. BERRE
P §=2.25 K MesSi-Fi= L IR, 100.39 4024 y-C HITRIBHE; 124.4, 124.9, 125.2,
126.3, 128.8, 129.2, 129.6, 140.0,142.6, 143.4, 145.0, 145.8 X KRBT N IE, 5=171.9
SR EEBK AR 174.4 KRR PTIE £ 54 B 40 M1 OB TR i e,

&G

WEY THRESHMR 3, RELEHAR 2-100 R 23 AU THAY T 0%
TRKERA.

23 AW T B RKARAKIE
Table.2-3 Selected bond lengths and angles of compound 7

#EA) BAC)

Al(1)-0(1) 1.6780(11) O(1)-Al(1)-C(6) 111.22(7)
Al(1)-C(6) 1.9710(16) Si(1)-O(1)-Al(1) 166.03(9)
C(6)-C(7) 1.307(2) C(7)-C(6)-C(8) 61.05(11)
C(6)-C(8) 1.588(2) C(6)-C(T)-C(8) 68.82(11)
C(1-C(16) 1.452(2) C(7)-C(8)-C(6) 50.13(10)
C(7)-C(8) 1.490(2) C(10)-C(8)-C(6) 121.85(13)
C(8)-C(9) 1.453(3) N(@3)-C(9)-C(8) 177.5(2)

C(8)-C(10) 1.495(2) C(9)-C(8)-C(10) 112.69(15)
C(9)-N(3) 1.145(3) C(6)-C(7)-C(16) 148.68(17)
O(1)-Si(1) 1.6145(12) C(15)-C(10)-C(11) 117.93(18)

22



BT LR

210 {EU T MRFEUMEEERT)
Fig.2-10 ORTEP drawing compound 7 with 25% probability ellipsoids.

Hydrogen atoms were omitted for clarity
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HRBAE. T HENER, #18 C()-C16)RK(1.45202)A) 9 T BB ).
N3)-C(O)-C®)HI A N 177.50)°, BEFHLER 180°,
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8, HMAEHSRIE

&

WeWms. IMERMEMTE 2-11 Fim. AZET, ASELEYS HWHER
BRRATRAFHES, BRACHRLAATNERELE, HREEES 1 H
RIEZEBH R 6 ho WETHTBEARE, WATSH/FEC)RERARLY,
T O CHARBRALREE. AW 8 WEIL 15%, EXTRTRE, MK, S5
B BRNMATHRIGLEFROSK, 2RTHTFEK. T, MWL T L
AN B IR A R RIS BT ) R

HBT, MEEUEYS OFEREEL, MASYRENGN, 8Ly REN
MR ERFBHEBIEANAY S NP RARD, TREE2h, BEBEAHRE
HFRALBEHEREE. HERHTREEAEE, BFCR/EEQ)EBLKEN, &2
BBABT —30°C, BRNMEECRE. ZRNKERE S0%LEE. LaWTESE
TIRE, 160°C B4ME, XK. BKEHH.

Ar = 2, 6-PryCgH,
X=0,S
211 LEYS. I WA RKE
IFig.2-11 Synthesis of compounds 8 and 9

RAE

X EY 8 HAT TR WL AR 3LEY 9 AT T BBEILIR M7, i (EI-MS)
M

AT B — LIRS 9 HATEHM, RIS 9 #1T T RILELMS)%)
i1, WK 21, MR LATAERMEHE AN EREN S %, mle % 683 & 4HTF
BTV 100 %ERERH(M-Me)'; 429 (20 %)X K [(HCMe(CN Pr, CeHs AN
178 (50 %)X R B A [I'2CCPh],
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BATHEY 8 AT T HSERAEATCLNE 7), it RATa LIS HE
IR 6=094. 1.07 5 1.3 U1 = R XK 345 o e 4 35 3 1) 53 P 3 PP AL TR
¥, ENHRIERIFH 12, 6 56, 2B HE 1.48 BE RSB0 g B Ay BT A B
A B-Me Bi=14 TR UK . ZEAL 22 A7 5 2.98-3.05 5 3.48-3.55 RALER, NMESHEH
Rt EATERRAEN CH 5RFENHE N Me B A T4 .

WEY 9 MBS IR B 0T KR 8, MIBEPBRATTTUE HE 208 6 =
094+ 102+ 1.15 55 1.48 S UARHY XU £5) 10 0k 35 S0 53 T 2 b B 0 I MR i
WHFRLH 1.50 RMIRE RUEHRENIFN f-Me Fir=1: (TR v, A5 2.99 -
3105338344 BABARER A J=66 Hz L EBERBLEENRHL I CH %F
BISEIRB AR . 5.15 A H ALK v-H,

3.6 £ A ¥ (LAIIN=CPhC(0)C,Phy], L = HC[(CMe)(NAr)],, Ar = 2,
6-Pr,CeHy) 10)98 Bl 5 R 1E

WY 10 (S RBL N 2-12, EEET, FEsRaNay s HFERRSD
AR BTREKFEE, BHRN 240 BAHEHELEETRBES. WETFH
T, HFCR/EEDBEBMRN. HIGRE 0 °C £ EBEAHRRE, kEk
80 %.

ERMEFYNGERRIFEH, 2ERERRAT O, FEURFORERE
RRLBIKREERREH LR, EREIGREBE X-Ray REHOEE. 4L AUE
FR 230-232°C, XK. TEBEE,

Aro Ar Ph
N PhCN N N=
g/: A p—ph ——= { 0

N =N =
Ar Ph ArPh Ph

Ar=2, 6-’Pr2C6H3
B 2-12 Ay 10 0 Rk

Fig.2-12 Synthesis of compound 10

AREMFSNEELEY 6 MEBIELRY, BXFHEOFERETEERE
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R—HFWE LA PR AR, TZEL 248 0=1.48 LR TRY 12 19
RECHK p-Me 5—HRTE LFHAPEF= MR, SO T2 EBARE,
FERREER. 7 6=3.06. 3.56 LHNMCLEMHRASE L RFEN CH 5 Me &
LRERIE, FRA EHNEERRELTRRMLETEATESIOL2 0B
HER. WELH 522 40K v-H L 1R i,

WEDIOBHIA AL MR 10, MBI  8 L aT M B 28
23.8,24.5,24.9, 28.3%f ¥ JHCMe  FIMeRt: BT % 7 (9 W 0, 4k 2247 %8 25100.04 34
OCPho B T XS R TR WO : 111,550 Hy-Cre b TR i b2 (0 576 162.8, 172.74+ 5

- XMRHPhC=N5 COBRN B TR g it

3THAMOENN-ZREGRE S BEAEE) - XPB 28 1.2 M2
5FRIE

BHN, ORTHEGRRESYHARNTEZ. I p-MERERAE, KHBT
BERFAWREL-BFTR, EERXTFERRARRAMHTR R~ EETIALT Y

\\\\\\\

ET o

Bi2-13 JLEAN, ORFMIRLH
Fig.2-13 Containing N, O Ligands

BRARGNEREEY), AESTASEEIRNEENNARR. BLAH—
ML A T REASEHR, WATRAR (FXE, Lactide) . CHE
FHAREGHENRUR AT EUA RSN BT R ROHR, #0087 REFHH
AR, MARREDEE, NATEY. EXSREENHEN. M8,
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Fig.2-14 Synthesis of compounds 11 and 12

& A EAR PRRE SHARE, TS EREFMA RAIR = Me, EiiF
CHEH, MAEFRR 1.5h REEHHR 6 h. WETHTESESERYR,
FIFCRERIUE T 0°C AR BEE R, B0 R MK E TR 4 F 25k 90 %Ll E,
ZiR RN R 90 %.

WAV, REFCKR. PEPARMBRE. LAY 0. 2 EETFERS,
a1 B9 54 182-184 °C, HLAYT 12 M1R 5% 184-186 °C. FERIK. HSH
B,

ERIUEY 1, 12 4T TRMRFRRN, BANRNERA LR
EREBIRIFHER,
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TRUCABRHTARSOMSHR, RAKAY 11, 12 HONEFFRAE —5
MEAERE, E_R TP RAEEREY, AF%5 THF P8I AN SREN
T TR R LA A,

RAE

MBI 11,12 TRV R KB TR 5 B2 R E 7 0.3 %L
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EAMER, HREASREEH - MTEL BN RS ARE,

WEYNBHES LREFR, ERHLELB =—0.18008 —H 4 HH 46
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(-CHy); 9.63 (Me); 21.1 (Ar-Me); 47.3 (N-Mey); 83.4 (Ar;-C-O); 119.4, 126.5, 127.6, 128.1,
134.5,135.6, 142.6, 143.6, 150.9 (Ph). tHTFZE S5 4B LAHERFB ZEH CH, H91L
FHBREHH). 7772 LH=Fid W BFIRA A G,

28




B ek

FOE R4

A 3CLA LAI{7*(CPhY,] (L = HC[(CMe)(NAD));, Ar =2, 6-Pry,CHs, 4)% Fiit4,
ERT ARG BEREFHELAFTREL LY LAI[C(O)C;Phy] (L =
HC[(CMe)(NAD))2, Ar =2, 6-Pr,CH;, 5).

HUEY S MEmBERT T RN, AREFS Ph,CO R4 Rt & 4
LAI[OC(Ph),C(O)C2Phy] (L = HC[(CMe)(NADL Ar =2, 6-'PryCHs, 6), TiFB S
B S AT LUK B R 4 MR AT AT HE B i% B L A 6 S T
B £—78 °C T5 Me;SiCN RIS ERABLE LS LAI[OSiMe;]
[C3(Ph)2CN] (L = HC[(CMe)(NAD],» Ar = 2, 6-Pr,CH, 7): EEREZHTF 5 PhON
RELERTHEY LAIN=CPhC(O)C;Phy), (L = HC(CMeNAr),, Ar = 2,
6-PriCeHs, 8), HIATLULRH 5 B3 B S BLE AL & o0 LUk5 0, S #R
REAT KMBARNYNERT S LAI[OC(O)C,Phy), (L =
HC[(CMe)(NAD):» Ar = 2, 6-PryCeH, 9): LAI[SC(O)C2Ph,], (L = HC[(CMe)
(NAD]» Ar=2, 6-Pr,C¢Hs, 10),

AL LLQN,N-= FEIE-S-FEER) - XFRMAENRE, 580
BATT R, /2T HEMEN, N-ZHERES-FEER) —FFR-REEH
ey 115 1.

29




eI T A%t 100 18 X

30



LB

(1

(2]

(3]

(4]

5]

(6]

(7]

(8]

]

[10]

)

[12]

(13]

(14]

[15]

(16]

(7

LR

Hassner A, Lokanatha R. The benzoin and related acyl anion equivalent reactions M].
Comp Org Synth, 8: 542-577

Bertelo C A, Schwartz J. Hydrozirconation. I1. Oxidative homologation of olefins via
carbon monoxide insertion into the carbon-zirconium bond [J]. } Am Chem Soc, 1975, 97:
228-230

Hanzawa Y, Tabuchi N, Saito K, et al. Acylzirconocene chloride as an “unmasked”
acyl anion: Enantioselective 1,2-addition to a, P-unsaturated ketone derivatives )8
Angew Chem Int Ed, 1999, 38: 2395-2398

Hanzawa Y, Tabuchi N, Taguchi T. Palladium-catalyzed reactions of acylzirconocene
chloride with organic halides [J]. Tetrahedron Lett, 1998, 39: 6249-6252

Hanzawa Y, Tabuchi N, Taguchi T. Palladium catalyzed acylation reactions of a,
B-unsaturated ketones with acylzirconocene chloride: remarkable contro! of 1, 2- and 1,
4-selectivity by the catalyst [J]. Tetrahedron Lett, 1998, 39: 8141-8144

Harada S, Taguchi T, Hanzawa Y, et al. Acylzirconocene chloride as an “unmasked” acyl
anion [J]. Angew Chem Int Ed, 1998, 37: 1969-1971

Soderquistla J A, Hassner A. Unsaturated acyl derivatives of silicon, germanium, and tin
from metalated enol ethers [J]. ] Am Chem Soc, 1980, 102: 1577-1583

Soderquist J A, Hsu G J. Pure, unsolvated (a-methoxyviny!)lithium and retelated acyl
anion equivalents via the transmetalation of organotin compounds [J]. Organometallics,
1982, 1: 830-833

Kruithof K J-H, Schmitz R F, Klumpp G W. Synthesis of silyl, germyl, and stannyl
alkynyl ketones from 2-lithio-2- (trimethylsilylethynyl) -1.3-dioxan [J]. J Chem Soc,
Chem Commun, 1983, 2: 239-239

Verlhac J B, Chanson E, Quintard J P. A versatile access to unsymmetrical and
symmetrical a-diketones via organotin reagents [J]. Tetrahedron Lett, 1985, 26:
6075-6078

Kosugi M, Naka H, Migita T. Palladium catalyzed reaction of acyltins with organic
halides [J]. Chem Lett, 1987, 1371-1372

Mason M R, Song B X, Kirschbaum K. Remarkable room-temperature insertion of
carbon monoxide into an aluminum-carbon bond of tri-tert-butylaluminum [J]. J Am
Chem Soc, 2004, 126: 11812-11813

Li X, Ni C, Cui C, et al. Formation of aluminacyclobutenes via carbon monoxide and
isocyanide insertion [J]. Chem Commun, 2006, 16: 17631765

Stork G, Maldonado L. Anions of protected cyanohydrins as acyl carbanion equivalents
and their use in a new synthesis of ketones [J]. } Am Chem Soc, 1971, 93: 5286-5287
Stork G, Maldonado L. Conjugate addition of acyl carbanion equivalents via the protected
cyanohydrin method [J]. J Am Chem Soc, 1974, 96: 5272-5274

Hertenstein U, Hunig S. Nucleophile acylierung mit verkappten acyl-anionenlV; a,
p-ungesittigte acyl-anionen [J]. Synthesis, 1976, 416-417

Hunig S, Wehner G. Trimethylsilylcyanid als umpolungsreagens, II. nucleophile
acylierung von aldehyden und ketonen unter anionischer 1,4-0,0-silylgruppenwanderung
[J]. Chem Ber, 1979, 112: 2062-2067

31




JEE T AN i X

(18]

(191
[20]
[21]
[22)
(23]

(24]

[25]

[26]

(27

(28]

(291

(30}

[31]

(32]

(33]

Jacobson R M, Lahm G P, Clader J W. Three-carbon annelations. Regiocontrolled
reactivity of trimethyisilyl- and ethoxyethyl-protected cyanohydrins. Versatile
homoenolate and acyl anion equivalents [J]. J Org Chem, 1980, 45: 395-405

Albright ) D. Reactions of acyl anion equivalents derived from cyanohydrins, protected
cyanohydrins and a-dialkylaminonitriles [J]. Tetrahedron, 1983, 39: 3207-3233

Grobel B T, Seebach D. Umpolung of the reactivity of carbonyl compounds through
sulfur-containing reagents [J]. Synthesis, 1977, 357-402

Davey A E, Taylor R J. A novel 1,3-dithiane-based cyclopenta-annellation procedure:
synthesis of the rocaglamide skeleton [J]. J Chem Soc, Chem Commun, 1987, 25-27
Lever O W. New horizons in carbony! chemistry: reagents for nucleophilic acylation [J].
Tetrahedron, 1976, 32: 1943-1971

Cui C, Roesky H W, Schmidt, et al. Synthesis and structure of a monomeric aluminum(1)
compound [{HC(CMeNAr),}Al] [J]. Angew Chem Int Ed, 2000 39: 4274-4276

Cui C, Roesky H W, Schmidt H G, et al. [HC{(CMe)(NAr)},JAI[(NSiMe3),N;] (Ar =
2,6-PryC¢H;): The first five-membered AIN, ring system [J]. Angew Chem Int Ed,
2000, 39: 4531-4533

Zhu H, Chai J, Roesky H W, et al. Reactions of the aluminum(l) monomer LAl
[L=HC{(CMe)XNAn)}y; Ar = 2,6-Pr,CH;] with imidazol-2-ylidene and diphenyldi
-azomethane. A hydrogen transfer from the L ligand to the central aluminum atom and
formation of the diiminylauminum compound LAl (N=CPhy), [J]. Eur J Inorg Chem,
2004, 20: 4046-4051

Peng Y, Fan H, Roesky H W, et al. [{HC (CMeNAr),},AL1Py] (Ar = 2,6-'PryC¢Hs): A
reduction to a formal {P,}* charged species [J]. Angew Chem Int Ed, 2004, 43:
3443-3445

Peng Y, Fan H, Roesky H W, et al. [LAl (m-S;);AlL]: A homobimetallic derivative of the
sulfur crown Sg [J]. Angew Chem Int Ed, 2004, 43: 6190 6192

Zhu H, Chai J, Roesky H W, et al. The selective preparation of an aluminum oxide and its
isomeric C-H-activated hydroxide [J]. J Am Chem Soc, 2005, 127: 10170-10171

Zhu H, Chai J, Roesky H W, et al. Two types of intramolecular addition of an Al-N
multiple-bonded monomer LAINAr’ arising from the reaction of LAl with N;Ar (L =
HC[(CMe)(NAD)],, Ar'= 2,6-Ar,C¢H3, Ar = 2,6-'Pr,C¢H3) [J]. J Am Chem Soc, 2004,
126: 9472-9473

Zhu H, Chai J, Roesky H W, et al. A stable aluminacyclopropene LAl (qz-Csz) and its
end-on azide insertion to an aluminaazacyclobutene [J]. Angew Chem Int Ed, 2005, 44:
5090 - 5093

Cui C, Kopke S, Roesky H W. Facile synthesis of cyclopropene analogues of aluminum
and an aluminum pinacolate, and the reactivity of LAI[r]Z-Cz (SiMe;);] toward unsaturated
molecules (L = HC[(CMe)(NAr)]2, Ar = 2,6-i-Pr,C¢H3) [J]. J Am Chem Soc, 2001, 123:
9091-9093

Li X, Song H, Cui C, et al. C-H-Activated aluminum hydroxide via molecular oxygen [J].
Inorg Chem, 2006, 45: 1912-1914

Zhu H, Chai J, Roesky H W, et al. A seven-membered aluminum sulfur allenyl
heterocycle arising from the conversion of an aluminacyclopropene with CS, [J]. J Am
Chem Soc, 2004, 126: 10194-10195

32



LR

[34]

(35

(36]

[37]

(38]

[39]

(40)

[41]

[42]

[43]

(44]

[45]

[46]

[47

(48]

(49

[50]

[51]

Li X, Duan L, Haibin, Cui C, et al. Facile generation of aluminum 1,2-dihydro-pyridyl
and hydroxy! derivatives from an aluminum cyclopropene analogue [J]. Organometallics,
2006, 25: 5665-5667

Bourget M L, Lappert M F, Severn J R. The chemistry of B-diketiminatometal complexes
[J]. Chem Rev, 2002, 102: 3031-3065

Song J, Gallou F, Reeves J T, et al. Activation of TMSCN by N-heterocyclic carbenes for
facile cyanosilylation of carbonyl compounds [J]. J Org Chem, 2006, 71: 1273-1276
Groger H. Catalytic enantioselective strecker reactions and analogous syntheses [J]. Chem
Rev, 2003; 103: 2795-2828

Kobayashi S, Ishitani H. Catalytic enantioselective addition to imines [J]. Chem Rey,
1999, 99: 1069-1094

Grunewald G L, Brouillette W J, Finney J A. Synthesis of o-hydroxyamides via the
cyanosilylation of aromatic ketones [J]. Tetrahedron Lett, 1980, 21: 1219-1220

Horiie T, Inoue M, Shiahiyama Y, et al. Cyanotrimethylsilane as a versatile reagent for
introducing cyanide functionality [J]. Tetrahedron, 1983, 39: 967-670

Schaus S E, Jacobsen E N. Asymmetric ring opening of meso epoxides with TMSCN
catalyzed by (pybox) lanthanide complexes [J]. Org Lett, 2000, 2: 1001-1004

Schuetz S, Silvernail C, Incarvito C D, et al. Mononuclear, five-coordinate lanthanide
amido and aryloxide complexes bearing tetradentate (N,0,) schiff bases [J]. Inorg Chem,
2004, 43: 6203-6214

Hsu 8, Chang J, Lai C, et al. Terminal titanium-ligand multiple bonds: cleavages of
C=0 and C=S double bonds with Ti imido complexes [J]. Inorg Chem, 2004, 43:
6786-6792

Li X, Dai K, Ye W, et al. New titanium complexes with two B-enaminoketonato chelate
ligands: syntheses, structures, and olefin polymerization activities [J]. Organometallics,
2004, 23: 1223-1230

He X, Yao Y, Luo X, et al. Nickel (II) Complexes bearing N,O-chelate ligands: synthesis,
solid-structure characterization, and reactivity toward the polymerization of polar
monomer {J]. Organometallics, 2003, 22: 4952-4957

Yu R, Hung C, Huang J, et al. Four- and five-coordinate aluminum ketiminate complexes:
synthesis, characterization, and ring-opening polymerization [J]. Inorg Chem, 2002, 41:
6450-6455

Nimitsiriwat N, Marshall E L, Gibson V C. Unprecedented reversible migration of amide
to schiff base ligands [J). J Am Chem Soc, 2004, 126: 13598-13599

Hormnirun P, Marshall E L, Gibson V C. Remarkable stereocontrol in the polymerization
of racemic lactide using aluminum initiators supported by tetradentate aminophenoxide
ligands [J]. J Am Chem Soc, 2004, 126: 2688-2689

Kim K C, Reed C A, Long G. S, et al. Et,Al" alumenium ion-like chemistry: synthesis
and reactivity toward alkenes and alkene oxides [}]. 3 Am Chem Soc, 2002, 124:
7662-7663

Doherty S, Errington R J, Housley N, Clegg W. Dimeric aluminum chloride complexes of
N-Alkoxyalkyl-B-ketoimines: activation with propylene oxide to form efficient lactide
polymerization catalysts [J]. Organometallics, 2004, 23: 2382-2388

Chakraborty D, Chen E. Neutral, three-coordinate, chelating diamide aluminum

33



AT N0 008 X

complexes: catalysts/initiators for synthesis of telechelic oligomers and high polymers [J].
Organometallics, 2002, 21: 1438-1442

71



HiR 1

BRI

'H. "CNMR i#E. IR i&E5 EI-MS it E

BEEE Lovereenereneammmninnitiinninininiicncisineneenneentnen senseess e 35
BB 2eveeenenenmnunntiiniiiinniiiiitiececnnresnneeeenesen s sees s 35
BEPE Beveeneeresnsnmnsninnitinnntnninniiniiecneneennecnsncesennesensenesaenn 36
FEE deverererennmnnniniiinniieiireennscnnieenesesnneseeesesnes oo 36
BB eeeeennnrnnenineinuitenenrninineersnareneninneessessnsnnneeersssnin 37
BT Beveneerersnnaneninnniuiintinnininiiensineecenennnneeee sesessensnne von 37
B BBl Teeeoeenaemntnntettiutttcrsienraecreneesennnennesrnnmnnsnnnnnnn 38
BB Beonseeeesetunmmnnnriiniiiiininiiniiienrssenerieaneeescnneeseanenes 38
PP Qeveresesernnmnuiiineiierinniitrntiersntnnereessnnessnesrssonnnnnes s 39
PRI 10 soeveerarneeuisiiiinmrnietieieciiennnneieeeereneecneensnssssnnnnn 39
BB 11 eoevennmennnniissinnnnneneniniicsienienseeererenennsensessennnnans 40
BB 12 ceosennnennienssiierinnsnnnnreniossansenennrerecsssssannsnneeessns 40
BB 13 eoeerecmrantenrirntiiennnnninnieiescsteneansrnerenessssnsonnessnsens 41
BEEEL 14 seoceecnnuneeninininianannnnneiesineeeennseneeessssasnnnsesessns 41
B FE] 15 eoeseeenennrnsissensacnnnnnunniisisnieneenensrnsneencensnsessennnnnne 42
BT 16 wecereneenerentonnentnennnnnneccsssrennareseenssenennsonnssssnnsns 49
FERB] 17 ceoeeenmnmmnnniciiiiniiinminiiieiieiieneenneneennenesses sersnennnnns 43
FHEE 18 coeererranenmrummistnisiniennienercsniscntnennrnnessnresessennnnns 43
BB 19 woreremermmmmiiiiiniiitiiiceriereeeneeneenre e eermnnsmnans 44
PRIEE 20 cecereenerroncseneeimntenmmniiiiiienieneenunnnorereereeannerssesens 44
BB 21 eocenneremmmmninnnniniitienniiiniiiiienenneennsnsessenssssensssnns 45
] 22 reeeereenensneremnnunnniiiuiuiireninnnnnnesersnnscecsnnncssennnnnns 45

35



b TN 154 18 X

— 500

650

39
8499
€899
00,9
S0L9
6 9

100 ¢
00¢
ros
S0 ¢

ZE0 L
60 £
i L
901 £
4%
443
i 1)
e

' 1%

=
>
=\
W

} 100

} 205
3215

Y7

J 612

T

LI B S |
10

20

T

LI N
30

Y

T

60

LENLURAL BN B N B

T
ppm 1)

waY s MR

KE1

Fig. 1 The 'H NMR spectra of compound of §

+-5000

£25886

¥se LZL
18 £Z)

808 LZ1L

gzalt
see 8zl
JiaN- 4%

66zl
[A3:3: 4
KL
Se6 EYL

9L

LSl ~
0L L
8GL ¥ZL
ey alt
188 9ZL

EET ML

oLo6LL

T

1
150

opm )

BE2 LY s kL -

Fig. 2 The *C NMR spectra of compound of §

36



B 1
gsar

13+

Fan
Fan

10

T

T rro 1T T
0

40

5.0

T T

WE3 KoY e mimait

Fig. 3 The 'H NMR spectra of compound of 6

orzori
€98 151

3243

950707 ~—ee

100

onm My

WE 4 1LaY 6 MR

Fig. 4 The ""C NMR spectra of compound of 6

37



AL TN F 06 A8

b1 2 b1
g 2 g 8 -
PR U N S | | T TN T A S VN S W U N RO E
ﬂ.‘hd|7
mmal/ “ -
- >919 (I
st =
660 ¢ L
WL
"wii -
(=49} F32 |}
oLt .
SIE L |
_|ﬂl,l/ = F 302 ||
£9£ L
86 L — - Frso |}
-3 }4 3
0VEL AN 3
[C434 - 3o [
562 +
el o Jo93 ||
%L 1
061 € |
nze
[ 243 B
e - -
e /hm w:» L
sire |
062 €
B¢ u
€ILE -
*®EE -
333 L
[ |
\ B E—— VAOD B
_ H_,:s —
= Y220 |L
—_—— Faur |}

80 50 40 30 20 10 00

70

ppm Q1)

WES L&Y 7B

Fig. 5 The 'H NMR spectra of compound of 7

~
0
~
-
~

607 00L
€8T vZ4
[3:158 /43
168 124
¥96 ¥Z1L
20z 9L

e RR. 821

[3:741-741
€E896ZL
ozseeL

|/

¥0€ QT4

60¥ 9Z1 %
—
H\

orssri

186 L2 ——
69€ V2| —————

el

T

50

100

BB 6 ey 7 ik

Fig. 6 The °C NMR spectra of compound of 7

150

38



100
- 100

F 84

F 596

w60
£96°0
820 1
150' %
o TN

174

8Iy'y
8 I.BPD —_— 598
ors ¢ 601
81z

%62 N\
866 Z
ro¢g
ce0e
850 €
080 €
101 €

98E €

H* 206

WET LaY 8 it

Fig. 7 The '"H NMR spectra of compound of 8
£8

6’9
569
8169
1869
G102
802
$50°4
290 ;

LY 3
-]
€81 £

nnm My

00

LN N S B B B

LI B B B
20 10

T
30

39

4.0

T
L&Y 9 ML

T

50 '
R s
ig. 8 The 'H NMR spectra of compound of 9

LINNLI B B B

60

70

LI AL R S B |

ppm (1)




R T KW 148 X

. »
hid 13 o
1 —l — 1 1 1 ~ A 1 i 1 _ 1 1
60 ——
0560 -
2260
66 0
8T T = 1300
e — 668
687 |
e }rae
SIT T -
Yoe
eroe
voe
uoe
€80¢E w 215
®s €
.
155¢ w. 229
we—7
w9 e
[184] YIL F100

l*lll1vrfl|l|l|llllllllllll|||'|1||'|vllTllll]r11

30 20 10 00

WE9 e 10 MEmE L

Fig. 9 The 'H NMR spectra of compound of 10

1.0 6.0 50 40

80

ppm (11)

Q
=3
~

T S S I

150

—100

r—-80

85 €7
s)
ez
ms.ay
81097 ——

68E 82—
€018

\

2oz’ 00L
TI8ELL
€06 ¥T1
ZELSTL
6059}
£499Z¢
958 94
289 Tt
8008zt

il

z9e 6Ll
sl L
6ET IEL
GLE IEL
"6 iEl
107 iri
SOLEYY
EOD SPL

AN\

865791

TLUs

|
100

WA 10 {LaH 10 MBEaE R

Fig. 10 The 3C NMR spectra of compound of 10

!
150

. ao

40



- 2000
— 1500
I~ 1000
—500
l'llll'lll1lll'lIIll"lllll]lll!lllll'l?llllliII
8.0 170 80 50 40 30 20 1.0 00 -1.0
ppm M)
WE 11 ey 11 BRI
Fig. 11 The '11 NMR spectra of compound of 11
838888EER 2 8 3Rg 2858 |
L Y L -] ~ ~ - oW rair] -
%’% ) W -
i/ C
! 250
200
| -
/ ] 150
P 100
o -—50
o
—— — — — L
-~ o ~ - ~ -
g B g 8 8 8 r
l’ll]lllllll]llll71'l|ll"‘|’l'lll|ll|lll'lll—
70 6.0 5.0 19 30 20 1.0 6.0
ppm 1)

BHE 12 LAY 12 BRI
Fig. 12 The "1 NMR spectra of compound of 12

41



e AT K 14018

200

— 100

[ ¥4

F4: 73
TN
Lu

res

(x4 13

M

[
100

ME 13 LAY 12 HKuERIEE

Fig. 13 The *C NMR spectra of compound of 12

nam 81\

. L}
o e T
soges 8
Yo eozaL (L.¥096%90zs
o= GEVEL - E5'95.
oo S5
%0006 * 12266
<. 88 1zot T amd¥LLOL g
: £ e
1 OE0LLY & yasstL
. . 068zt
T eLsIEL =96 Elel
L ITevusL | svue
CLUTID o E e o MOReRE L zeeert g
“t= - 1E°8CSH P 88'CESL ?
3 == 8L0E0
{ ] T
, g8
! e
. g
w M :
. ‘ | o
. i M W
S / ~
N, /w
2. 109222 b
T - — T e 60'£503
3 =T octesz
U AR m
: o \“.\
m ..\, s ~
M ] ! O
b = = i [l
<} W QA m o\ N ”l
. < i SN
8 + / o g
: .4.w~,. > A 3
“ S e A : = =
. 5 P <o -
= m o/ m
. mm St 3
. >Z . H m
Ll i T T Il
'8 8 ¥ &8 8 8 8 ¢ =8
' sousISURI | %

BHE 14 LEW4 55/ IR LIk

Fig. 14 The IR spectra Preparation of compounds of 4 and §

42



1000
A
i &
~
§

paa —SWIEE
iﬁl”ﬂ”“uunwil,ts,
D+
o8’ Lovs R T e

y
i

6 U
B -m Pean )
J B
8% = 5
s ‘s e E90ZE
=
B S2
. w 2 -
e = 9 TR e
m x m e S

532008 (GMT+08:00)
\5//\
i
|
: |
|
i

Wed Apr 19 15:26:05 2008
3500
\

T

1000

1500

43

Wavenumbers (cm-1)

2600
HE 16 LEYTH RAEE
Fig. 16 The IR spectra of compound 7

3000

........

1104

E‘T“
BUCT
1Tue Jul 25 04.04:
1004~

Jbuct
1104 Y112

4000
F)

IS (AR (A A LA AR NS A N A A (RN S A S | LA
g 8 8 R 8 8 ¢ 8 8 ¢ ° ¢

-

E




LR TKERTELRY

120 1

%Transmittance —
s =3 s S

Do
(=3

W

4000

&=
S

g

Qttang

%Trans
(=]

=4

3500

3000 2500 2000 1500
Ravenunbers (ca-1)

ME17 e 1K RAEER
Fig. 17 The IR spectra of compound 11

4000

3500

— I . Y

3000 2500 2000 1500
Wavenunbers (ca-1)

WA 18 HEY 126 ROLEE
Fig. 18 The IR spectra of compound 12



t
!
1
'
4

3 *]

Scan Eb+ |
1

lMl'l:l! - —_— e —— e o e e ——  —— )

2 de

a

WE19 L&D SH EIMS EE
Fig. 19 The EI-MS spectra of compound §

ME 20 LAY 6 1M ELMS
Fig. 20 The EI-MS spectra of compound 6

45

- MI SN S
N
2R, .




FERU T KER 20
. — e e e e e e e s . e
mmsapma Auna.,'
100, = 41008/
|
% :
i
!
: 2:'
| |
|
P
|
oo
| s
i/
| : “ ]
v :
| ! a
f !
bl
’é‘."l 2

M 21 LAY T ELMS #E
Fig. 21 The EI-MS spectra of compound 7

M/& {f0—~ }nrc

probe
VELLOW 190 (3.810) O (174:198) - Samn Elv,
00 . 41008
. ; '
; } !
i : i
2 f ;
‘ i ;

W22 LAY 10 B EIMS &K
Fig. 22 The EI-MS spectra of compound 10

46



B 11

miESH

WE1 LAYSHRBESH
Table 1 Crystal parameters of compound 5

Molecular formula CuHs AINO
Molecular weight 650.85
Color and habit red prism
Crystal size 0.2x0.4 x04 mm
Crystal system monoclinic
Space group P2/m (No. 11)
Unit cell parameters a= 10399(3)A a= 90.00°
b= 18.270(6)A = 117.24(2)°
c= 11.2793)A v = 90.00°
V= 19054(10) & Z=2 F000)= 700
Density (calcd) 1134 g/em’
Diffractometer Bruker P4
Radiation graphite-monochromatized Mo K,, A =0.71073 &
Temperature 295+2K
Scan type ®-scan
Data collection range A<h<12,21<k<2],-13<I<12; Ope=25.0°
Reflections measured Total: 7543 Unique (n): 3473  Observed [I 2 26(D)]: 2040
Absorption coefficient 0.088 mm
No. of variables, p 239

Weighting scheme

R1 = ZIEHFEN g ot reflections)

Z|F|

1 .
o (F?) +(0.0001P)* +15000P

P=(F+2F}Hi3

_ [ZwmE -F)]

wR2™ XW(FZ )2

Goot == | FLAE ~E)]
n-p

Largest and mean A/c
Residual extrema in final difference map

0.1292 0.0806 (for observed data)
(for all reflections) 0.1632 0.1496 (for observed data)
1.061
0.005, 0.000
2037310 0.404 ¢ A

47




AT RFEFEMR X

&2 hEY6MRAESH

Table 1 Crystal parameters of compound 6

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

100.7550(10)?

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 33.50
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

Cs7HaAIN;0,

833.09

299(2) K

0.71073 A

Monoclinic

P2(1)/n

a=14.034109) A o= 90?
b=24.5023(14) A B=

c=17.4430(11) A Y=90?
5892.7(6) A3

5

1.143 Mg/m3

0.086 mm-!

2150

0.2x0.3 x 0.4 mm3

2.04 to 33.50°.

220<=h<=21, -28<=k<=37, -27<=I<=14
50425

21104 [R(int) = 0.0487)

91.3%

None

Full-matrix least-squares on F2
21104/0/679

1.049

R1=0.1124, wR2 =0.3132
R1=0.2320, wR2 = 0.3876

0.579 and -0.511 &.-3
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Table 2 Crystal parameters of compound 7

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 33.52
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

CsHeAIN;0Si

750.06

298(2)K

0.71073 A

Monoclinic

P2(1)/c

a=135100(6) A =907
b=20.7387(9) A =94.9010(10)?
c=159273(HA =90?
4446.2(3) A3
4

1.121 Mg/m3

0.110 mm-1

1616

0.2x0.2x0.3 mm3

229 t0 33.52°.

-20<=h<=18, -26<=k<=31, -24<=I<=23
38557

16365 [R(int) = 0.0347]

93.8 %

None

Full-matrix least-squares on F2
16365/ 0/ 661

0.982

R1=0.0703, wR2 =0.1782
R1=0.1218, wR2=0.2130
0.416 and -0.209 e.-3

49



LR TKFMLFAR I

50




B

B

fE & B P R LR BT R H (X504013) % B AR ICRAE RN
B ERBEBRMRDXRNBBA MG S T TR, TR 2 IHE B 2
WA ANEXBERZEMELFE RS FHOXONHEE. BERLREERM
BIBREAF¥ LR ROTAED, ERAEZMRERROHRE.

R K% R BRI 7 T A 307 B, (E 1B BRE IR 34T
BREHRE . i 5TRMTHIR: Bt U IHARNRAERATE
IMZERREL IR . Bl TEMT SELMS RIS IR A TR E . &
BHE K ¥ ST AT O EEIME S AL BT S FRAERR. Bl
LR TR EBRR 0 EEF . SMGRT O ZHE T oINS/ S
B BT R R SLIE LR AT BT R R M BY; RN BB RTANE
HARERZURMANE. THEES Mk BRAREELRARLS FROZF
5#8B.

B, BUHRNXBEERELENEN LETFROEBAZENRONE
P 8RS RN L RERBUER T AEEENES LS TROTHAZH
KEMIEH.

51




ERATKEB 47X

52



FRBRBEERHFALX

HRBREERBFRILIL

1. gk, ik, kit -EENEARKGEGREVNEH. RIESHEWL
MR, (LERHD, E8K.

53




LR TRFRLHGIRY




fEERA

{EZE T
ne b N B HEEH  1977-11-23
Rk «o HAM IHEKRE % f %t
BREAA: nilgnay2@163.com

FIBH:
2004.9 — 2007.3 R IT KR
1998.9 — 2002.6 RMITTEKFE
19959 — 1998.7 LAHEKREPE

55



LR TKEB LR

56



XX B3
BB 2 A S BT RS

WREMSZ: Sak . HHAL

s RXEH: _EXATHEBUESHNER. FH5RN

RRBUTHE: REE B _BI R

WXERHAYE: 20076 H8H s BEH 206

RXERMEZREHR

2 R T g ANEH

HUE B % L RAImRE

WEE |[#R EFKE

B \%W%
%%

Azl R | kRATAE YE] 5 b

. WRATHE, BREAAZEZFLARERTS, HKLBARTEHTE.






ERZRLNRIMIFE GEEEYL. XRGAE. RXFRANRERATE. =
RARIEEKF. BXMRRZAL):

X LAERX T AFKAMBARNHELEYL CO MRM, LhRILR RFT A 0 4
3R R IEETTR . — Bk, CO BOIGAS) C-Al .2 17, BIBASE | B/ I
BEFHKL SRR, B TAE T A LA, ML S FRIEB S, W
e, R LA T

23 R, A ERIBAGEE | BRI AT L KRR B R, 5885,
B AR T F BMKLE, WA R AOBER BT T S X &, s
VIR ILAT 5 R A

HEAE RIS MesSICN RIS, WA BRHBES) T — Sk Ls H& 1 o g
o RAUENTRE A Me;SICN XEERAYER | HRRISC R 1,4-M8, BB — IR BV
tE&ER LRRNMVIRAB, KAMERERH, ERATOIHHE.

XHEGR R ENBE AR L TRYMIRT TN TH, SoBbss T s
FMERE. RXTAREMATE, FOER. SRPRAK S, FMANBERLR. A%
ERETNERETIRMES. R—BRFMELLX,

K226 30K % R — K BE
8 AR J
ERMZRRRRGER:

AERTFRLEM 3 K FARERTHL¥E 0 E,
FM 0 R REHRLEE EHRALHEBNE TS

B2 R
ERERZERES: \ W@
2001 6H 8 H







	铝杂环丁烯酮化合物的合成、结构与反应(第1部分)



