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A ~ E T  : This paper describes sane a p p l i c a t i x ~  o f  a n ~  reection c f  ca ta ly t i c  

cyclu.~t~]l~ticn of  J - o l e f i n s .  ~ and hbetr derivatives,  end 1.2-<lisub- 

s t i ~ t e d  acetylenes with ~ . . ~ , ~ t u ,  and ~ . ~ l u d n t u m  c m p o x ~  efl 'ected 

by ~ ca~, leed~ to a series of five md ~ l l c  ~=~oc~les 

INTRODUCTION 

For the last 10-15 years the most outstanding achievements in a field of synthetic 

organic and organometallic chemistry concerned the use of zirconium complexes in syn- 

thesis and catalysis. Chemo-, regio- and stereoselective syntheses of organometallic 

compounds of~ntransition metals have been realized exploiting the unique properties 

of zirconiumcontainlng catalysts which can take part in transmetallation reactions of 

alkyl, alkenyl and alkynyl substituents from zirconium to other metals. Major contri- 

butions to the development of these investigations were made by Negishi I, Sato 2, Ashby 3 

and ourselves. The investigations and results obtained by us 4 in the field of the use 

of zirconium catalysis in the chemistry of olefins, 1,3-dishes, acetylenes and organo- 

metallic compounds of transition metals led (at the beginning of 1987) to an idea of 

transmetallation of zirconacyclopentanes formed in situfrom low-valence zirconium 

and olefin complexes with the use of AIR 3 or MER 2 to Eive the related five-membered 

organoaluminium and magnesium heterocycles. We hoped that realization of this reaction 

would give substituted alumina- and magnesiumcyclopentanes with catalytic amounts of 

zirconium complexes according to the Scheme : 

4333 
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Then we have carried out the reactions involving an interaction of ~-olefins 

with AIEt 3 or MgEt 2 in the presence of CP2ZrCI 2 in the catalytic manner. The reaction 

5 
was termed olefin catalytic cyclometallation. Negishi , Takahashi 6, Hoveyda 7 Way 

mouth 8, Buchwald g, Fagan I0, Erker II are making progress in this approach. 

This paper describes the application of the new reaction to the cyclometallation 

of linear and cyclic olefins, 1,2-disubstituted acetylenes of various structures with 

the use of alkyl- and haloalanes, organoalkylmagnesium compounds in the presence of 

zirconium complexes as catalysts. 
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RESULTS AND DISCUSSION 

i. CATALYTIC CYCLOALUMINATION OF cL-OLEFINS AND NORBORNENES WITH THE USE OF 

A1Et 3 AND HIGHER TRIALKYLALANES A1R 3 

12 
We have stated that the reaction of catalytic cycloalumination found by us proce- 

eds with high regio- and stereoseleotivity giving substituted aluminacyclopentanes in 

high yields under mild conditions. The o[-olefins with alkyl, alkenyl, aryl substituents 

and 0-, N-, and S-containing functional groups were found to react with AIEt 3. 

DO 

l a d  3 

The s t r u c t u r e s  o f  s y n t h e s i z e d  m e t a l l a c y c l e s  1 were e s t a b l i s h e d  by s p e c t r a l  methods 

and i d e n t i f i c a t i o n  o f  the  p roduc ts  o f  d e u t e r o l y s i s  ~ .and o x i d a t i o n  ~. Norbornene and 

i t s  d e r i v a t i v e s  c o n t a i n i n g  s u f f i c i e n t l y  a c t i v a t e d  doub le  bonds were found to  r e a c t  e a s i -  

l y  with AIEt 3 in THF in the presence of CP2ZrCl 2 (2-3 mol %) to be transformed into po- 

lycyclic organoaluminium compounds (4_-6). The cyclometallation of norbornenes was carri- 

ed out with high stereoselectivity to give polycyclic organoaluminium compounds with 

14 
exo-configuration of aluminacyclopentane 

Et 

~ t 

At 
I 

3 [9] Et 6 

The next studies showed that in the interaction of ~ -olefins with higher trialkyl- 

alanes (olefin-AiR3=2:l) in the presence of 3-5 mol% CP2ZrCl 2 or ZrCl 4 as a catalyst, 

trans-3,4-dialkylsubstituted aluminacyclopentanes were formed with high regio- and ste- 

reoselectivity in 55-95% yields (25°C, lOh) 15. 
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The formation of trans-3,4-dialkylsubstituted ACPs from •-olefins and higher tri- 

alkylalanes in the presence of a catalytic amount of CP2ZrCI 2 may proceed via zircona- 

cyclopentanes 8, which undergo transmetallation with trlalkylalanes to give the corres- 

ponding ACPs 7. R~_~-R 

~ A ~ ' - ~  R + 
7 a - c  

a: R=C3HT; b: R=C5Hll; c: R=C8HI7 '" 

- ~/ CP2Z'( 12 ~ , ~  

The • - o l e f t n  c y c l o a l u m i n a t i o n  o f  h i g h e r  t r t a l k y l a l a n e s  w i t h  7 - o l e f i n s  c o n t a i n i n g  

d i f f e r e n t  a l k y l  Eroups g i v e s  a mixture  o f  t h r e e  t r a n s - 3 , 4 - d i s u b s t i t u t e d  ACPs 9 - 1 1  in  a 

+ 56-e5~ * 

9 10 11 

To explore the possibilities of using dihaloalanes (RAIC12), (ROAICI2),(R2N-AIC12) 

and (RS-AIC12) as eyclometallatlon reagents and to produce new types of ACPs, we have 

studied the reaction of the above organoaluminium compounds (OACs) with C6-Cll ~ -ole- 

fins in the presence of catalytic amounts (5 mol %) of CP2ZrCI 4. A generation of zIrco- 

nacenes in these reactions was carried out by the reaction of CP2ZrCI 2 or ZrCI 4 with 

ME(Na, K, Ca} in THF at 25eC for 6-8 hours. The reaction did not proceed in hydrocarbon 

solvents (benzenep xyiene o9 hexane), and in Et20 the ACP;yields were no more than 20~ 

In the interaction of EtAICI2~ EtOAICI2 and EtSAIC12 with l-hexene, 1-octenee 1-unde- 

cene or allylbenzene (in ratio o£ olefln:Al=2:l) the related ACPs 12 were produced in 

16 
the presence of CP2ZrC12 (5 mol %) in 70-85% yields 

1:2:1 ratio. 
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'grF,25°C,Sh,70--8~ 

I t  ~hould be noted t h a t  only t r a n s - 3 , 4 - d i s u b s t i t u t e d  ACPs were produced wi th  the  

use o f  CP2ZrCI2-ME as a c a t a l y s t  o f  cyc loa lma ina t i on ,  and in  t he  expe r imen t s  w i th  

ZrCl4-Ha (K) the  formation o f  r e g i o i s o m e r i c  mixtures  o f  t r a n s - 3 , 4 -  and 2 , 4 - d l s u b s t i t u -  

ted ACPa 13t14 (2:1) was observed. _ / ~  R ~  

• ~--- ~ ,  ~ ~ 2  ~ ,  m i  
We have manaRe~to synthesize cis-2,3-dialky~ (phenyl)alulinacyclopent-2-enea151~75g~ 

y i e l d s ,  r ep resen t inE  a novel  c l a s s  0£ c y c l i c  OACs by the  replacement  o f  o l e f t n s  wi th  

1 , 2 - d l s u b s t i t u t e d  ace ty lenes  (5 mol ~ CP2ZrC12, TItF, 25eCe l O - $ 2 h o u r s )  17- 

i 

! 

2. REGIO-ANDSTEREOSELECTIVE SYNTHESIS OF THREO-2,3-DIALKYLSUBSTITUI'ED 

1,4-DIAL~INAALKANES 

The r e s u l t s  obtained by us on o l e f l n  c y c l o m e t a l l a t i o n  by d i h a l o a l a n e s  t o  the  cor res -  

ponding ACPa s u ~ e s t e d  t h a t  t r a n s m e t a l l a t i o n  o f  z i rconacyc lopentane  compounds formed 

i n  s i t u  with the use o£monohaloalanes  (R2AIC1) would y i e l d  the  co r re spond ing  1 , 4 - d i -  

alumtntuatcompounds according to  the  Scheme below 

/~ 16 Cp cp 

+ CP22kC12 
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This reaction could be effected with CP2ZrCI 2 or ZrCl 2 catalysts. High yields of 

threo-2,3-dialkyl-l,4-dialuminabutanes 16 could be observed with the use of CP2ZrCl2-Mg 

in THF in ratio of olefin-R2AiCl=l:l- 

Together with dialkylhaloalanes, (Et2N)2AICI and (EtO)2AICI also need for the reac- 

tion with ~-olefins (l-hexene, l-octene, l-undecene, dlalkylbenzene, vinylcyclohex-l- 

ene). The 1,4-dialuminabutanes of the structures 17~199 were produced under suitable 

c o n d i t i o n s  

%A]. J ~ A1L~ 2 

~2~(n I 
[zr]J 

"Lr" (%.)~=..~ .,&,, (~)~=."~ ~'X__/'~ 
(~ )2  ~ ' /  ~ ( ~ ) 2  [Zr] [a-] (m)2.~-/\^11o.) 2 

17 19 

2S°0, ~h ,  "L~ 

%"~, %"., %%, 

The r e a c t i o n  deve loped  above was shown t o  be o f  some g e n e r a l i t y ,  and d i a l k y l h a l o -  

a l a n e s  o f  v a r i o u s  s t r u c t u r e s  can be  i n c o r p o r a t e d  

minabu tanes  2_0-21. 

t o  g i v e  t h e  c o r r e s p o n d i n g  1 , 4 - d i a l u -  

Op2ZrCl 2 

~x,~,_)2,~ = ( , ~ v ' ) ~ l  

[a-]  t 

E~ E~c R ~_.t .~ "~ R 

The r e a c t i o n  opens m s i m p l e  and e f f i c i e n t  r o u t e  t o  s y n t h e s i z e  a n o v e l  s e r i e s  o f  

1 , 4 -d t a lum in ium compounds from ~ - o l e f i n s  and s u i t a b l e  a l k y l h a l o a l a n e s  i n  t h e  p r e s e n c e  

o f  c a t a l y s t s .  
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Recently we have carried out a similar reaction of BuLl with ~-olefins catalyzed 

by CP2ZrC1 2. 

R - ~ ÷  
CpoZrCl2= R 

m 

20oC 

~ 7 '  °~7 

3. OLEFIN CYCLOMAGNESIATION 

In 1989 we reported a catalytic cyclometallation on organomagnesium compounds (OMCs) 

and olefin cyclomagnesiation with the use of (alk)2Mg under the influence of catalytic 

18 
amounts of CP2ZrCI 2 . A styrene cyclomagnesiation by Et2Mg in THF was found to pro- 

ceed via formation of 2-phenylmagnesiocyclopentane 2_22 along with the products of carbo- 

19 
magnesiation 23 of initial olefin 

When Et2Mg was replaced with Pr2Mg, the reaction was directed to the formation of 

regioisomeric magnesiumcyclopentanes 24-28 in 98% yield. After deuterolysis hydrocar- 

bons 27-31 were identified. 

- i I Zr , 20 ° , T~ Zr ,20°,4-~ 
40 h T~F-Et 0 

2 

1:4 Mg ~ 

22 23 24 25 26 

C~ Eh 
Et 3 

D D D D 
27 28 29 

~ ~ 30 31 

A catalytic carbomagnesiation of norbornene and its derivatives leading to p o l y -  

20 
c y c l i c  o rganomagnes ium compounds (OMCs) was c a r r i e d  o u t  i n  h i g h  y i e l d s  
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@ Io 

Magnssiocyclopentanes were identified through their conversion via oxidation 32, 

deuterolysis 33 and transformation to the substituted silacyclopentanes 34. 

1% ~ ~pcl 2 
+ %i ~)-R 

2. HO Ik 
HD OH 3 HC CH 

3 3 

34 

-- I~ o -- 

D D 

33 

We have studied cyclomagnesiation of ~ ,CO-dienes with n-alkylmagnesiums. A mixtu- 

re of OMCs 35 and 38 (6:1) was formed from 1,7-octadiene and n-Pr2Mg or n-Bu2Mg in the 

presence of 3 mol ~ CP2ZrCI 2 (THF-OEt2, 23°C) in a common yield of 90%. The 35 with 

a 100% selectivity may be prepared in the reaction in Et20. 
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35 R' 36 

~Si(Me)2 ~ D 

R' 
R=n-Pr, n-Bu; R'=Me, Et 

A further study of olefin cyclomagnesiation with zirconium catalysts led to a syn- 

thesis of macrocyclic OMCs 37-39 by carbomagnesiation of ethylene and styrene using 

magnesiocyclopentanes. 

38 

Ph 

[~] 

Ph 

+%=% 

Y 
+ 

[~] 

Ph 

37 

Ph 

Ph Ph 39 
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In contrast to styrene, norbornenes and ~ ,&~-dienes, hiEher olefins were found to 

react with n-ma~nesioalkyls starting from n-Pr2Mg to give a mixture of only linear or- 

ganoalkenylma~nesium compounds 40-43, the hydrocarbon group of which is the products of 

21 
the reaction of the initial OMCs and olefins 

R ~A-  M~x +~ R 2-/% [z~] 
Et20, 95% 

mg m~ mg m~ 

40 41 42 43 

Higher dialkylmagnesium derivatives were shown to give alkenyl 4_~4 and cyclic OMCs 

45 in the absence of olefins catalyzed by CP2ZrCI 2. However, a common yield of these 

products were no more than 15%. 

z~ 5moi% 

80-100h,Et20, i~ 

Bu 

9:1 Mg 

44 45 

EXPERIMENTAL 

All solvents and initial ursat~rated ocmpo~x~ were distilled repeatedly before use and then dried over 

celites. Tr'emsiticn metal salts snd ~mpie~ us~ ~ ~ t ~  w~e pa~n~ by ~taU~a~m e ~b- 

limstion tmde~ dry ar~on. The synthesized compounds were analyzed ~m~t~I~cally usin~ C~r~m-6 in He 

flow, ~ column, 5% SF,-30 o~ i~ ~ on N-AW chromai~ne. ~ spectra of cyclic and acyclic 

tromete~ ~ (  75.~ ~ z . ,  ,~H-oX30 ~4~z). The soluticns d~iuted in Eto0 w~m C D addition were used f~ ~e 

internal stabilization of a field. ~MS was used as ~n internal standard. 

~ I S  OF ot -S[B~I'I'Ib'I'ED ~ ~ A N E S  i : A 50 mL flask equipped with a ms~netic st~ 

dry argon ~s ~ ~th OP2Z~Cl 2 (0.O524 g, 0.2 tool), ally~=ene (1.18 g, 10 retool) ~d AEt 3 

(1.368 g, 12 retool). The I~ction mixture was st~ fc¢" i0 h at 23-25 °, hydrolyzed with ~ h~l to give 

2-b~zylbut~ (1.20 g, 8~). 

A 50 mL flask ws~ charged with OP2ZrCI 2 (0.0876 g, 0.3 retool), AIEt3(3.534 g, 31 retool) in ~ (3 mL). 

The f/ask w~s cooled to 0% ~md 2,7-octadien-l-ol (1.26 g, i0 retool) was added drqowise to hexane (2 mL). 

The reaction mixture was heated to 200 and stirred fo~ 6 h. A deutero]~sis (~=~ DCl in DoO) of OAC leads to 

2-(hex-4-~-6~Z)-Z,4-di~ (1.~ g, 9~). 

A 50 mL flask wss charged wi~ah OP2ZrCl 2 (0.0524 g, 0.2 retool), AIEt 3 (2.51 g, 22 retool) in ~ (3 mL). 

The flask was cooled to 0% ~nd diei~l-(2,S-octadier~l)amine ~ added d r ~  to ~ (2 mL). The reac 

tion mixture was heated to 20 ° and stirred for 16 h, hex~me (20 mL) was added, cooled to 0 °. The OAC obtai- 

ned v~s oxidized wii~ dried air on stirring, then for 1 h at 20-~, and with oxygen for 3 h at 40-50 °. 

The r~acticn mixture w~s treated with ~ NaOH. A water phase w~s saturated wii~h K CO a~d extracted with 
2 ~ 

MeOH. The solvent was ~ted, and the residue was distilled in v~uo. 2-/6'-Died~laBino-(hex-4 -er~l)/- 

1,4-but~mdiol was isolated. 
13 

1-Eth~l-3-ben~l-l-aluminacyolopenta~e la_. C . ~  s p e ~  (~): 15.0(t,C,-2), 44.5(d,C~), 35.4(t,C-4), 
5.9(t,C-6), 1.4(t,C-6), 8.7(q,C-7), 48.3(t,C~8), 143.7(c,C-9), 127.8(d,C-I0), 129.3(d,C~ii), 125.8(d,C-12), 
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129.3(d,C-13), 127.8(d,C-14). 13 
l-~l-8-/6'-(diethy]aBino)-hex-4'-er@i/-1-elum~1o~ lb_~. C-NMR s ~  : 14.2(t,0-2),40.5 

(d,O-3), 33.8(t,C,4), 6.0(t,C-5), 2.9(t,C-6), 9.6(q,C,-7), 40.I(T,C,43), 27.5(t,0-9), 33.2(t,C-i0), 1p1.7(d, 
C-If), 139.4(d,0-I~), 56.4(t,G-13). 

13 
l-m~V~-a-/6'-(m~b~)-h~x~'-~vl/-~umin~c~q~n~m io__. ~ : Z3.S(t,~), ~.2(d,C-3), 33.6 

(t,O-4), 5.8(t,C-5), 0.9(t,C-6), 9.2(q,C-7), 41.4(t,C-8), 28.0(t,C-@), 33.6(t,C-i0), 122.9(d,C-ii), 140.8 

(d,0-12), 75.4(t,C-13), 57.5(q,0-14). 
~ - m ~ l ~ / B ' - ( ~ v ~ u m ~ ) ~ x ~ , ~ l / - ~ a ~ q ~ . b . ~  ~d. ~ a  ~ m :  12.5(t,o~), 

40.5(d,0-3), 38.7(t,C-4), 6.0(~,C-5), 0.5(t,0-6), 9.2(q,0-7), 41.0(t,C-8), 27.5(t,C-8), 3a.9(t,C-lO),127.0 

(d,O-11), 137.5(d,C,-12), 64.6(t,0-13), 1.5(t,G-14,C-16), 8.8(q,C-15,~17). 

1-E~vl~-/6'-(bu~l~io)-~x~'~l/-l~lum~c~k~t~e ~e. Oa~ ~ : 14.1(t,C~), ~.4(d, 
0-3), 35.7(%0-4), 8.2(t,C-5), 1.2(%0-6), 9.5(q,C-7), 40.6(t,C-8), ~B.B(t,C,4)), 38.7(t,C-I0), 123.4(d,C-11), 
137.8(d,C-12), 33.2(t,C-13), 30.8(t,0-14), 31.7(t,C-15), PP.4(t,O-16), 13.6(q,C-17). 

1-But~Ithio-7-deutari~l~oncn-a-en 2e. Mass spectrum , m/z: 230 /M/+. ~R spectrum (v,(m-l): 

~, m~, ~, ~(~), i~, i~, i~, ~, ~, ~, ~, ~. ~ ~ (~) : o.~.~ (~, 

m, CH32, CH D), 1.10-1.73 (1~  m, ~H,.2..QI ), 1.83-~.17 (~i, m, CH2.~), 2.44(~I, t, S-CII2), 3.08(~,d,S-~i 2- 
C=), S.35-~.58(~,m,CH=C~). O-N~R s ~  : 3~.6(t,0-1), 133.5(d,0-2), l~B.l(d,G-3), 34.0(t,C-4), 27.0 
(t,O-5), ~.2(t,C-6), 34.2(d,0-7), 29.4(t,C-8), ll.l(t,O-l), 19.0(t,C-10), 30.3(t,0-ii), 31.6(t,C-12), 22.1 

(t,C-13), 13.7(q,C-14). 
1 - D i e t ~ l y l a r d n o - 7 ~ l ~ - e n  31)_. Mass m ,  m/z 243 .t/4/+. IR spectrum (v,cm-1): 

3370,2940, 2880, 1670, 1470, 1385, 1210, 1180, 1070, 9@0. t ~  spectz%m : 1.03(6H,t,CH^, J=7 Hz), 1.28-1.80 
(7H,m,C~,~H), 1.95-~.~6(Zl,m,OH2-C=), 2.53(z~.G,N-C~2,J=7 Hz), 3.04(2H,d,=O-C~-N,J~ Hz), 3.54-3.98(al,m, 2 13 2 
0-(~ ), 4.58(2H,o,OH), 5.42-5.64(~,m,CH--C}{). ~ ~ (~): 54.9(t,C,-1), 134.5(d,C-2), i~6.1(d,C-3), 

31.2~t,C-4), 26.5(t,0-5), 36.0(t,C-6), 39.4(d,C-7), 32.5(%0-8), 60.5(t,0-9), 65.8(t,C-10), 46.2(t,C,-11, 
C-13), 11.0(q,0-12,C-14). 

SYNTH~IS OF POLYOYULIC ~ : A 50 mL flask eguipp~ with a ~B~setic stirrer uude~ ar- 

gon wss charged with OP2ZrCl 2 (0.146 g, 0.5 retool), bicy~lo/2.2.1/heDtene (0.94 g, I0 retool) a~d AIEt 3 (1.368g, 

12 retool). The r~cion mixture was stirred for 14 h. The OAC obtained wss diluted with penta~ (20 mL) a~ 

treated dmopwise with ~ HCI at 0% extracted with pentane. The residue wBs ev~xx~ted in vacuo. E~m~-eit~l- 

bicyclo-aa.2.1/heptane/ (1.22 g, 98~) wes ~lated. 130-N~R 
3-Ethyl~uminaix-icyclo-/5.2.1.O-'-/decane 5. spectrum (8): 44.1(d,C-i), 30.6(d,C-2), 

4.9(t,C-4), 36.8(t,C.-5), 48.8(d,C-6), 39.3(d,C-7), 30.2(t,C-8), 34.3(t,C-9), 35.3(t,C.-i0), 1.9(t,C-ll), 

10.1(q,C-12). 

~ I S  OF i, ~ , 4 - ~ I T I ~ I ~ 9  AI/IMINA~ANES 7 : A 50 mL flask equipped with a mag- 

netic stirrer under dry argon ~as ~ with Cp2ZrCl 2 (0.0876 g, 0.3 retool), tris(~l)aluminium obtained 

from i-Bu3Al (2.38 g, 12 retool) and l-<xfcene (4.0 g,, 36 retool), then 1-octane (1.12 g, i0 retool) ~s added. 

The reaction mixture wss stirred for i0 h at 23-25% A deuterolysis of i~e OAC leads to ig~r~)-7,8-bis(dm/te- 
-I 

riomedTyl)tersdeceme (1.30 g, 58~). IR spectrum (v, ~3 ) : 2900, 2230, 1460, 1380, 1285. ~ specfrun (6) : 

0.62-0.95 m(IOH,CH ,CH D), 1.03-1.50 m (2~H,CH,C~). C-NMR spectrum (B) : 14.08(t,0-i), 36.53(d,C-2), 
3 2 2 + 34.97(t,C-3), 27.68(t,C-4), 29.73(t,C-5), 31.98(t,0-6), PP.TI(t,C-7), 14.08(q,C-8). M 228. 

~ I S  OF ~ trm-s-8,4-DYAIXYL(ARYL)~ 12 : A 50 mL flask equipped 

with a magnetic st~'re~" ~ dry argon ~Bs charged wit~ 0p ZrCI 2 (0.0876 g, 0.3 retool), mB~t'~sium 
(0.24 g, 10 retool), the ~ olef in (20 mmol), S ~15 mL) ~md A1C13 (10 mmol). ~ resetion mixt~me 
was st irred for 10 h. The oom[xxmd is  1-chlce-ix~r~3,4-dibutylaluminacyclopentare 12a__. ~ specimum (~): 
11.78(t,C-2), 44.04(d,C-3), 39.27(%0-4), 30.~(t,C-5), Z3.62(t,C-6), 14.56(q,C-7). 
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SINI}ESIS (F I~is-2,3-DIAIATL(ARYL)A~~ !.5 : A 50 ~L ~ ,~, i ,~p~ ~ i th  a m~- 
mtic ~tk~.~- m ~  m ~ a  ~ms d m ~ s i  ~ l h  ~2ZrCl^ (0.146 g, 0.5 tool), AIEt 3 (2.88 g) ~nd dso-6-yn (1.38 g, 

i0 retool). The r~ction ~ wss s~x~ fc~ i0 ~ at 23-25 °. A hydrolysis of the 0AC leads to l-edlyl-2,3- 

dipmopylaluminacyclopent-2-ene i ~ .  ~ spectrum (~) : 158.9(s,C,-2), 147.1(s,C-3), 35.4(t,C-4), 5.6(t,C-5), 
1.6(t,C-6), 8.8(q,C-7), 35.2(t,C-8), 23.1(t,C-9), 15.0(q,C-lO), 3~.2(t,C-Ii), 22.5(t,C-12), 14.0(q,C-13). 

S ~ I S  OF T~RE0-2,3-DI~Ti'Ib'I~ l,A,-dial~ i__66 : A 50 mL flask at 0 ° was charged with 

CP2ZrCI 2 (0.0876 g, 0.3 retool), ms~sium pc,~er (0.24 g, lO msol), i -olefin (20 mmol), TFF (i0 mL) s~d the 

~ (R~AICi) (20 mmoi). The ~e~tim mixt~e ~s stirred 8 h at room ~ture. The 

~g~und i s  ~ - 2 , 3 - d ~ m ~ i - i , 4 - b i s / d i e ~ l a l u m ~  18. C4@m spectrum (&) : n.s)(t, C-l), 45.83 
(d,C-2), 38.80(t,C-3), 28.35(t,C-4), 30.61(t,C-5), 3~.78(t,C-6), ~30(t,C-7), 14.39(q,C-8), 1.65(t,C-9),i0.04 

(q,C,-lO). 71-~o-2 ,3-d ibu ty l -1 ,4 -b is /d ihe~ la l t ln i~  21 . C - ~  (B) : 12.26(t,C-I), ~6.30(d,C-2), 
38.90(t,C-3), 31.12(t,C-~), 23.~(t,C.-5), 15.18(q,C-6), i0.17(t,C-7), 25.92(t,C-8), 37.06(t,C-9), 3~.95(t,C-I0), 

23.57(t ,C-II), 15.04(q,C-12). 

~OCEDb~E CF ~IATIGN (F ~ : Into a glass resotc~ (lOOmL) equipped with a msgrm~ 

tic stirrer ~ placed u~er s~gcn 20 mmol of c~mxr~grmsium oem~ (n-Pr2Mg or" n-Ba2Mg) in ether 

(1.2 msol/mL), 20 mmol of h~e c c ~  ~ ,  0.175 g(0.6 retool) of Op ZrCI, snd 16.7 mL of THF. 

The resul t ing  solution was s t i r r ed  for  7-7 h at a specif ied  t~pe ra tu re ,  cooled2to O~C, hydrolyzed with 
PEI c~ DCI, extrmcted with ether (3 x 50 mL), dried with MgS04, ~ted, sr~ the resi@ue wss s~alyzed by 

~_C. The follo~ cem~ ware isolated ~ the ~ea mixture by distillati~ in vso2~. 

3-Deutemi _o~-(l-deuteriomei~led~l)bicyclo<2.2.1/heptale . B.p. 51"C(38 I ~ ) .  n D 1.4546. IR sDec 
Ixtm (v, em -~) : 1460, 2185, (C-D), 288~ 2970. ~ speciz~Jm (.~, J,Hz) : 0.85(d,SB,CM3,CM^D , J=6.0), 1.06 
1.7(m,IGH,CHD, CH), 2.0-2.3(m,2H,CH). ~ spectrum (E,J,Hz) : 38.52(d,C-i), 50.46(d,C-2~, 36.57(t,C-3, 

J13 =19.5), 36.85(d,C-4), 28.54(t,C,6), 30.63(t,C-6), 35.47(t,C-7), 32.83(d,C-8),20.02(t,C-9, J13 =19.5) 
C-D C-D 

+ 
21.84(q,C-I0). Mass spectrum, m/z : 140 /M/ . 3,3'-Dideuteri~,eMo-2,2'-bis-bicyolo/2.2.1/heptyl 

20 -1 "l 
B.P. 62°C (4 Tcrr), n D 1.5014. IR spectrum (v,(~_ 3 ) : 1455, 2190(C-D), 2883,2960. H - ~  spectrum (6) : 
O.9-1.8(m,16H, CIi, C~D, CIi), 2.0-2.25(m,4H,CIi). ~ spectrum (E, J, Hz): 40.67(d,C-i), 47.97(d,C-2), + 
35.54(t,C-3), 36.55(d,C-~), 28.98(t,C-5), 30.29(t,C-6), 35.54(t,C-7, J13 =19.5). Mass spectrum, m/z:192/M/. 

C-D 

CONCLUSION 

Investigations carried out by us for the last 3-5 years in the field of a catalytic 

activation of metal-hydrocarbon and metal-hydrogen bonds in a series of organometallic 

compounds of main group metals (Li,Mg,Cd,A1,Ga,In,Sn) in olefin and acetylene reactions 

effected by zirconium complexes develop a novel type of catalytic reactions termed the 

reactions of catalytic cyclometallation, cyclomagnesiation, cyclocadmation, etc. The re- 

actions described above have opened a new entry into metal-complex catalysis, organic 

and organometallic synthesis. High reactivities of the metal-hydrocarbon bonds in meta- 

llacycles of main group metals obtained by us transfor easily the metallacycles to 1,4- 

bifunctional compounds, heterocycles containing S,Se,P and Si, cyclopentanones, cyclo- 

propanes, cyclobutanes, conjugated dienes, regular isoprenoids, pest pheromones and 

other natural products. It should be noted that the synthesis of metallacycles and their 



Achievements in the use of Zr complexes 4345 

further transformations were carried out, as a rule, in one vessel, and the syntheses 

were called "one-vessel methods" of the high efficiency and easy preparation. 

Presently the reaction of catalytic cyclometallation is under study with a wide class 

of organometallic compounds of main group and transition metals in the presence of ole- 

fins, heteroolefins, conjugated dienes and acetylenes, and hence, we hope to have the 

new unexpected results. 
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