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1\ B S T R 1\ C T 

This thesis deals with the development of ne w synthetic methods 

via tra nsition metal organometallic reagents , generated utilizing cornbi-

nations of transition metal complexes with NaBH
4

, MgH
2

, RMgX and magnesium . 

It comprises of three chapters. Each chapter is subdivided into three 

parts: Introduction , Results and Discussion and Experimental section 

along with references . The work described in this thesis is exploratory 

in nature and the chapters are arranged in the order the investigations 

were executed . 

The first chapter describes investigations on the hydrocupration 

and carbocupration r eactions of alkynes. In the introduction part , 

various methods available for the preparation of organocopper reagents, 

some of their important applications and carbocupration of l-alkynes 

are briefly discussed. Various methods available for the p r eparation 

of copper ( I) hydride reagents and their applications are also briefly 

reviewed . It was observed that the reagent system , CUC1/NaBH
4 

i n the 

presence of olef in in THF provides a copper l I) alkylborohydr ide reagent 

via hydroboration-comproportionation (Scheme 1) . 

Scheme 1 

CuCl 

10% 

Na BH
4 

----~~------~~ CuB8
4 TUF, O°C 

75% 

) 



vi 

Formation of the reduced produc t after oxidation of the reaction 

mixture indicates that the reagent syste m is able to give copper(I)alkyl-

borohydrides with alkenes. Utilizatio n o f the copper ( I) alkylborohydride 

reagent , prepared as shown in Scheme 1 , 1-n the 1, 4-alkylation of a ,B -un-

saturated esters afforded very low yields of alkylated ester along 

with some alkylated aldehyde (Scheme 2 ). 

Scheme 2 

R-CB2CB2CB2CB2C02Me 

5% 

5% 

+ 

Attempts to optimize the conditions for obtaining better yields 

of the alkylated products were not successful under various experimental 

conditions . It is likely that the transfer of hydride dominates over 

that of the alkyl group in this case . Accordingly , we turned our atten-

tion towards efforts to utilize copper(I) hydride species , generated 

by the decomposition of CuBH 4 ' for direct hydrocuprati on of l- alkenes 

and l-alky nes . It has been observed that the r eagent system NaBH
4
-MgBc

2
-

Et
3
N-CuCl, converts terminal alkynes into the corresponding (E , E)-l , 3-

dienes via hydrocuprat ion as shown i n the Scheme 3 . 

Scheme 3 

R-C=CH 
NaBB4-MgBr -Bt N-CuCl 

2 3 
) r. t. ) 

'l'HF 
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It was also observed that the reagent system NaH-MgBr
2
-CuCl, 

converts some terminal alkynes into the corresponding (E , E)- 1 , )-dienes 

which constitutes a simple method for the conversion of l-alkynes into 

symmetrical (E , E)-1 , 3-dienes (Scheme 4) . 

Scheme 4 

R-C =CB 
r. t . ) 

TBF 

However, attempts to utilize the vinylcopper intermediates for 

further transformations were unsuccessful since the hydrocupration 

does not take place at lower temperatures. Attempts to stabilize the 

vinylcopper intermediates at room temperature ( N25°C) were not success-

ful. 

During the course of the studies on hydrocupration , it has been 

observed that the less reactive l- alkynes (eg . 1-decyne) which do not 

undergo carbocupration with branched alkylcuprate reagents, can be 

made to undergo carbocupration with the reagent system RMgX/CuCl (1: 1) 

(R=t-Butyl , t-amyl and isopropyl) In the 

(Scheme ~) . 

Scheme 5 

THY 8 0+ 
• 3 

presence of excess MgBr
2 

The 2nd chapter describes the investigations on the r eactivities 

of low valent titanium reagents generated utilizing the Mg/ BrCH
2

CH
2

Br 
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system. This investigation is an offshoot of the results outlined in 

the first chapter . The methods of generation of organotitanium reagents 

by the treatment of TiCl
4 

and CP2TiCl2 species with RM (or R
2

M) and 

reducing agents such as alkali metals, alkalimetal naphthalenides and 

magnesium-amalgam , and the reactivities of these reagents with various 

organic substrates were discussed in the introductory section . "Titano-

cene" or its equivalent was generated in situ by the reaction of CP2TiCl2 

wi th iso- butyl or t- butylmagnesium halides or with Gr ignard grade mag-

nesium and 1 , 2-dibromoethane 1.n THF at room temperature. It has been 

observed that this system isomerizes l- alkenes into predominantly trans- 2 

-alkenes (Scheme 6). 

Scheme 6 

RHgX or RCH
2

CB=CB
2 

R H 

CP2TiC12 > [ ) 'C=C' 
Mg / BrCH

2
CH

2
Br. 

,/ 

'-cB] ]0 IIlln r . t., 2h. H 

r.t. 85% trans and 15% cis . 

Later , it was found that the reduction of CP2MC12 (M=Ti , Zr) 

with Grignard grade magnesium and 1, 2-dibromoethane in THF at OoC gives 

the corresponding metallocene-ethylene complex along with the hydride 

species formed by the decomposition of " titanocene" or "zirconocene " . 

Presence of these species are indicated by the reaction of this rea</ent 

with diphenylacetylene to give l,2-diphenyl-(E)-1 - butene (Scheme 7). 



Scheme 7 

Mg / BrCH 2 CH 2Br 
CP2MC\2 ' 

"-_ M -H , 

CH2 
CP2M-\1 

CH2 

ix 

Also , cis-stilbene isomerizes to trans-stilbene under the present 

reaction conditions . 

Reduction of cP2zrC12 with active magnesium in the presence 

of 1,2-dibromobenzene in THF at -24°C gives the corresponding zirconocene-

benzyne complex as indicated by the incorporation of phenyl group into 

norbornene (Scheme 8). 

Scheme 8 

f""'YBr 

~Br 

en 

ac tiv(Z Mg 
Cp zr-10"" 2 ~ 

~- H 
• 

Unfortunately, attempts to utilize the metallocycles prepared 

in t his way in reactions with electrophiles (eg . D
2
0) and CO were not 

successful s ince they undergo facile reductive cleavage to give the 

correspondi ng hydrocarbons . 
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It was of interest to study the reactivity of the TiC1
4

/Mg/BrCH
2

CH
2

Br 

system itself. It was observed that this system gives a ',2-diorgano-

metallic species which converts some ketones into the corresponding 

, , 4-diols (Scheme 9). 

Scheme 9 

Ph -

OH 
I 

C -
I 

CH
3 

CH -CH -
2 2 

DB 
I 

C -
I 

CH
3 

) 

Ph 

BrMgCB
2

CH
2
Br 

o 
II 
C 

Ph/ "CH 
3 

The last chapter of the thesis deals with the exploratory studies 

on the reactivities of the reagent systems generated by the reaction 

of MgH
2 

with some first row transition metal complexes towards alkenes 

and alkynes. This study was undertaken in order to have a broad view 

about the reactivities of these systems . The reports on the reactivities 

of the transition meta l halides- LiAIH 4' transi tion metal complexes- NaH/ 

NaOR a nd transition metal complexes-MgH
2 

systems towards organic sub-

strates were briefly reviewed 1n the int r oduction . It was observed 

that the reagent system generated utilizing MgH
2

, prepared using MgBr
2 

and NaH, and (M=Ti, Zr) , are capable of reducing 1- alkenes 

and l-alkynes to the corr espondi ng alkanes and/or 1-alkenes. The reagent 

systems generated utilizing MgH 2 and CrC1
3

, and 

are promising for the reduction of l-alkenes to the corresponding alkanes 
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although small amounts of 2-alkenes are produced in some cases . Several 

of these reagents polymerize l-alkynes . 

The reactivities of the MXn (CaC1
2

, FeCI) , CrCl)l/MgH
2 

reagents 

prepared under carbon monoxide atmosphere also were examined . It was 

found tha t a cobal t carbonyl deri va tive (A) which reacts with aqueous 

NaOH to give CO(COl
4

, is formed in the reaction of CoC 1
2

/ Mg H
2 

system 

in THF under carbon monoxide atmosphere . The CoCCO) 4 formation in this 

way was confirmed by the conversion of benzyl bromide i nto the correspond-

i ng phenylacetic acid (Scheme 10) , a well-known reaction of CO(CO> 4" 

Sch eme 10 

CO , THF 
2h. ;. I AJ 

agu.NaOH -
CO(CO)4 

0° r.t. , 

The cobalt carbonyl "A", generated in this way readily forms 

a complex with l-decyne . This was co nfirmed by l . r . spectral studies 

of the resu l ting compl ex and also t he ability of the alkyne compl e x 

to undergo t he Pauson- Kha nd eyel iza t ion wi th no r bo rne ne (Scheme 11 ) . 

Scheme 11 

COC1 2 + >!g1l2 
CO 

2h 

cbJ 
") 

CO, 7o-aO°C , 6h 
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Although dicobalt octacarbonyl, Co
2

(COl
S

' is commercially avail­

able , this simple one pot procedure for its preparation from the readily 

available bench-top chemicals should make this procedure attractive 

since the problems involved in the handling and storing of the metal 

carbony l s can be alleviated by preparing the reagents in situ in the 

reaction mixture. Infrared spectral studies of the products obtained 

with the FeCl
3

/MgH 2/CO and crCl
3

/M9H
2
/CO sys tems indicate that these 

systems also give metal carbonyl derivatives . Howeve r , these carbonyls 

failed to react with alkenes and alkynes . 
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GE N ER AL I N T ROD U C T ION 

In recent years , there has been immense interest in the utilization 

of transition metal organometallic reagents for organic synthesis . 
1 

Several of these reagents can be readily generated in situ for utilization 

by the reaction of appropriate transition metal complexes with Grignard 

reagents, RMgX , or organolithium reagents , 
. 1 

RLl.. It was of interest 

to explore the possibility of developing transition metal orga nometallic 

reagents without utilizing these somewhat carbanionic reagents . Several 

such methods have been developed in the last two decades. For example , 

the hydrozirconation of alkenes and alkynes with the CP2Zr(H)Cl reagent , 

prepared utilizing CP2zrC12 and LiAlH4 or LiAl(OCH3)3H, readily gives 

organozirconium reagents which have a wide variety of applications 

. 2 
~n synthes~s . 

co 

o • R- C- OCH3 

I B'2 / CH30H 

/CI 

C P 2 Zl r,- CR 
II 
o 

o 
" 

NBS 

R - C - 6r 

I 
RCH = CH2 

or 

R-C - H 

" o 

o 
" R-C-OH 

The alkyl group in the zirconium r eagent can be readily transferred 

to copper and nickel complexes which in turn ca n be utilized for con ju­

gate alkylations . 3 ,4 



x,v 

0 

/ R CuC! 
1 ) 6 

CP2Z r 

" C\ 
2) H)O 

0 

1 ) 
6'-CH) 

2) H3 0 

o (yCH) 
>'~' H 'ir--

H 

Recently , the organozirconium reagents prepared in this way 

have been utilized for the synthesis of the corresponding alkyne a nd 

alkene complexes wh ich have been shown to undergo many interesting 

5 
react~ons . 

R 

_ ____ --+ Cp Zr ~ R' 2" PM.) 

r CH2 = CH2 R 

_L ___ J __ C P2 Zr ~ R __ P_h ___ C_N_ CP2zr~R' 
I 
~R' 0 ~~Ph 

o~ R 

CP2 Z r "'" 

2eq n-BuLi ~P2ZC:: ] 
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The carbonyl derivatives of Cr , Mn , Fe, Co and Ni have been 

shown to have many useful applications in organi c synthesis . 
1 

For example , 

Fe
2

(COl
9 

reacts with 1 , 3-dibromocarbonyl compounds to give a new complex 

. 1 . . f' ~9 which g~ves severa ~nterestlng trans ormatl0ns . 

o 
R"{YR 

8r Br 

Ph~ 

The carbonyl derivatives of nickel , 
10 , 1 1 

and cobalt 14 , 15 have been uti lized in many 

a 

0 1 
1) Ni (CO), 

2) l:. 

OM. 

(co)scr~ ==):i2 1) THF. kS'C 

MqO 0 + R, 2) air 
ButO - c , 3) CF3COOH a 

chromium . 
12 13 

manganese, 

useful transformations . 
1 

OH 

R, 

Mea MoO 
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, 0=0 o co 

HC , 
~ 

C 

~c~+ 
HC 

SiMa) 
I 1 CpCo(COl 2 

III 
I 2. t::. 
SiMe) 

Dicobal t octacarbonyl , cO
2 

(CO) 8 ' readily complexes with alkynes 

which undergo the Pauson-Khand react ion with alke nes to give the corres-

pondi ng cyclopentenones regio--selectively . Thi s reactio n has been also 

. .. 16-19 
extens1vely ut111zed . 

c + 100 ' C 
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Rieke and coworkers published a series of papers on the direct 

synthesis of transition metal organometal lic reag e nts by the reaction 

of highly reactive form of transition metals with alkyl halides . 20- 22 

ICuPEI3 • 

Cu 
(ac1:iva ) 

THF 

Ar 

Li {2 -3 0ql/ C1OH9{o.1 eq ) 

OME, r.l. 12h 

o 

o 

Nl 
(active) 

R-X 
R-Cu 

o 

Q 

Orga nopa lladium reagents can be readily prepared directly by 

23- 28 
the reaction of appropriate palladium complexes with organic substrates . 

The palladium reagents have bee n extensively utilized and the subject 

h b . 29 as ee n revlewed . 

+ OBU , Toluanl2 

o 
~O OEI ____ B_r~2 ____ _ 

Wn" OM S O, H20 

o 

Q 
OEI h OAe _P_d_{ P_h...:3_P_l4 __ _ 

o 

(00 
Larock and coworkers demonstrated that organopalladium compounds 

ca n be readily prepared in situ from the corresponding organomercurials 

and organothallium compounds for 
. 30- 3 1 

utilization in organi c synthesl.s . 



RHg X + PdX2 + CHZ = CH Y 

+ CH
2 

= CH- CH (cll- CH 3 

OH 

~ 

~IQ (J'L 
Tl (02 CCF 3 )3 

CF 3C02H 

OH 

C:»=<H9Cl 

Cl H 

xviii 

RCH = CHY 

THF 

CO. 1 % Pd C12 , 0:;:10 
CuCIZ.MgO 

Cl 

CO.l0'(, PdCl 2 

L i Cl, 1019 0 

o 

Organoboranes obtained through hydroboration of alkynes undergo 

coupling reactions on treatment with palladium 
32- 35 

complexes . The 

reaction has been proposed to go through oxidative addition, transmetala-

" d d " l"" " 32-35 t10n an re uct1ve e 1m1nat10n. 

base 
+ 

Br /H 
'C~ 
" ,1 H R 

+ 
_ 1 

Br-C = C-R > 
H H 

'cd 
R/ 'c = C-R 1 

Bis(1,2-dimethylpropyl) or 

Yamamoto and coworkers found that some organoboron compounds 

can be made to aChieve the reactivity of organocopper reagents on complex-

36 ation wi t h CH)Cu . 
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2 n-Bu-C == C- H 

3CH)CU 
> 

n-Bu H 
'C=e/ H 

H/ ......... C==e/ 

" " H n-Bu 

Suzuki and c oworker s demons trated that the complex prepar~d 

from R
3

8 , CH3Li and CuX unde rgoe s reactions characteristic of " RCu" . 37 

CH)Li 
-~'--» [ R

3
BCH

3
] Li 

CuX 

> 

~ R-CH2CH=CH-CH2-CH2-~-R l 
o 

> 

R-CR -CH -CN 
2 2 

o 
" Ph-C-R 

It was of interest to us to explore the possibilities of develop-

ing non-carbanionic pathways for the synthe sis of organometallic reagents 

utilizing transition metal halides and simple reducing reagents such 

as NaBH
4 

and MgH
2

. We have also studied the development of some related 

synthetic methods involving RMgX and Mg. The results are described 

in Chapters 1,2 and 3 . The chapters are arranged in the order in which 

the investigations were executed . Each chapter is divided into introduc-

tion , results and discussion and experimental sections . The literature 

references are listed at the end of each chapter . 
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CHAPTER 

Studies on the Hydrocupration and Carbocupration of Alkynes 



I N T ROD U C T ION 

The organocopper reagents are the most widely utilized reagents 

among transition metal 
1- 3 

reagents . Numerous natural products were 

synthesized employing these reagents in crucial 
1- 3 

steps . Our interest 

is on the development of hydrocupration and carbocupration routes for 

the synthesis of these reagents . However, in order to facilitate the 

discussion of the results, we decided to briefly review various methods 

available for the preparation of organocopper reagents and their applica-

tions in conjugate alkylation , substitution reactions and carbocupration 

of alkynes . It will be also helpful to briefly review the various methods 

of preparation of copper(I) hydride reagents and their applications 

in synthesis . 

Synthesis of Organocopper Reagents : 

The alkylcopper reagents can be readily prepared by metathesis 

of an appropriate organometallic compound and a copped I) salt at low 

temperature (Oc'C or below) in an inert atmosphere . 

R--Met + CuX ----';:>,. RCu + Mct-X 

Met Pb , Zo , 8g, Mg, Li, B, and AI. 

The Grignard reagents and organolithium reagents are used most 

often in 4- 6 
this r eaction with CuI in diethyl ether. Other metals such 

as lead,? zinc8 and aluminium 5 can also be used. The use of CuX spec i es 

complexed with ligands such a s 
. 9 ,10,11 

phosphl.nes, dimethyl 
. 9 

sulf l.de 
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and 
. 1 1 

aml.nes lead to the corresponding complexed alkyl copper species. 

Lithium diorganocuprate(ll reagents can be generally prepared 

by the reaction of lithium alkyls (2 eq) with copper(I) salts at low 

1- 3 
temperature (DOC or below) in an inert atmosphere . 

2RLi + CuX 

Magnesium diorgano- or monoorganocuprate(I) halide reagents 

can be prepared using Grignard reagents and copper( I) salts at low 

1- 3 
temperature in an inert atmosphe re. 

RMgX + CuX 

2RMgX + CuX 

The reagent prepared utilizing CH
3

CU and n-equivalents 

or RTLi (RT=transferable alkyl group) are known as higher order 

MeCu + nRTMgBr 

MeCu + oR Li 
'r 

) ( R
T

) MeCu(HgBr) 
n n 

( R ) MeCuLi 
T n n 

of RTMgBr 

12 
cuprates . 

The original Kharasch reagent Me MgBr / 1% Cuel is nothing but 

13 
a higher order cuprate reagent . The cyanocuprates are obtained when 

14 
CuCN was utilized as the copper(I) reagent , 

The Yamamoto reage nt , RCu , BF
3

, can be readily prepared by the 

reacti on of alkylcopper reagents and BF
3

, OEt
2 

in T HF 
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The alkylcopper reagents utilized can be readily prepared by the reaction 

of CuI and alkyl lithium in THF at -30 e e. 15 

CuI + RLi :> Reu + LiI 

> 

Similarly , the Suzuki reagent CU[CH3BR31 can be prepared by 

the metal exchange reaction of lithium methyltrialkylborates with copper(I) 

ha lides . The [R
3

BMe 1 Li can be obtained from trialky Iborane and methyl­

lithium in THF at OcC.
16 

CuX :> 

Silyl cuprates have been prepared by the reaction of dimethyl-

phenylsilyllithium, generated from the corresponding chloride and lithium 

17 
shot , with copper(!) cyanide at O°C in THF. 

1,4- Alkylation of a, B -unsaturated carbonyl compounds using organo-

copper reagents: 

This is the most important reaction of the organocopper reagents . 

The subject has been extensively 
. 1-3.18 

rev~ewed. Some representative 

. 19- 33 
examples are summarized ~n Chart 1. 



Chart 1 

R-CH = CH - C - R' 

" o 

°K
er 

X ~CuM9X2 

o 

<) 
' - C, H9(CH)2Si~ 

o 

D 

o 
" 2) C12 - P- N(CH)2 

) (CH ) 12 NH 

4) Li/C2HSNH2 

1) RCuMgX2 

2) HMPT 

4 

-R of.19 

-Rot 20 

- R.f . 2) 

o 0 
.)~ 

OCH) 

o 

'\..--.-....-~ 

HO HO 

o 

~ - R.f.2S 

-R.f. 26 

-R.f.27,2 8 



o 

Q • 

o 

(+ + 
o Q- -Rof . 29 

CH3 

~~CHO - Rot. 30 

CH3 Et20 
~ C02 E1 ---"---< 

-78" C 

38 % 

Ph 2 Cu(CN )li2 
75% 

CH3 
~C-OH 

3 n-BuCu8F3 
> 

" o 

CH 2 = CH - C0 2Et 

o 

I'" C0 2Et 

Ph 

- Rof.32 

CH 3 

~C-OH 
/ II 

n-8u 0 
- Ro f . 15 

R - CH2- CH - C02Et -Rof.16 

I 
CH2-CH2- C02Et 

28 % 

- Rof . 33 

5 
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Substitution re a c tions using organocopper reage nts: 

The carbon- carbon bond formation using organocopper reag ents 

and alkyl halides is an e xtr emely useful r eac tion. An e xcel lent review 

appeared on the 
. 3 , 34 

tOP1C . Some typical transformations are outlined 

in Chart 2 . 3 5-44 

Chart 2 

-Rof . 35 

OH OH 
- R.1. 37 

Sr 

"t¢ ( ~CuLi 
'" 2 a 

~ d-
-Ref . 38 

C02Mo C02Mo 

~ R2 Cu L i c< R 
- R.f.41 

oAe 

Rl X 
Rl 

RCu ·SF3 R2~ 
R2~ 

R 
-Ro f.42 

-Ro1.43 
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Carbometalation of Alkynes using organocopper r e agents: 

Normant and coworkers developed the ca rbometalation of alkynes 

using organocopper reagents (Scheme 1 l . 45-50 

Scheme 1 

1 
R - C ;:: CH > 

R 
1 

H 

~C?/ 
R " 

CuLl. 
Ether or THF 

1 
[RCuY]MgX [R~c===<H J MgX R - C = CH :> 
Ether or THF R' CuY 

1 
[RCuR" ]MgX 

[ Rl H] R - C = CH :> ~c==c/ MgX 
R 'CuR -

1 
R - C = CH :> 

Rl = H, CH
3

, Ph , alkyl 

R = alkyl 

R- = R or -C= C-Bu 

x = Cl or Br 

The addition of "CuR " takes place in the syn- fashion and it is 

also r eg io- and 

undergo thermal 

"f" 46,48 stereo-spec1 1C. The vinylcopper intermediates 

decomposition to the corresponding " 5 1 
dl.e nes. Traces 

of oxyge n also converts the vinylcopper intermediates into t he dienes . 52 



R 1 H 
" / C= C 
/' " R Cu 

8 

!!l or 0 
2 > 

The vinylcopper intermediates are versatile reagents which can 

be converted into various unsatu rated subst rates by quenching with 

electrophiles (Char t 3 , 4) . 

Chart 3 

Rot .5 5 

HgXl/ HMPT 
Rot.56 Rot . 57 HC" CH 

o 
II 

H3C-S-S-CH3 
11 o 

R'" /H 
C=C 

R/ " S- CH3 



Chart 4 

R' H " / C=C 

R / "CH20H 

R\ /H 
C=C 

R'/ j 'eOOH 

R', / H 
e=e 

R/ "R2 

Raf.52 e0 2,HMPT, 

axca.. piOE I)) 
Rof. 59 '-. HCHO 

R2X/HMPT. PIOEt)) 

ROf. 61,58 

A /R 
Ue=e 

/ "R' H 

o 

o R' I H 
" / CH2= CH-CH2-X 

~ c=c Jr 

Rot. 59 R/ I "cu Ref.61,5B 

CS2 

NCo2Me 

Rat.60 Raf.591e ~ "l/\ H2- CH2 
CO EI eo 2Me 

CH)! 

Raf . 59 

R\ / H 
C=C 

/ '\ 
R CH2- CH= CHI 

HC=C-C0 2Et 

Raf .59 

R' / H 

'e 
""u/ 2 

R' H " / C= C 
/ "C - SCH) 

R " 5 
/ " R CH 2-CH

I
-CHiC02Mo) 

R' r / H 

"C =C -.n 
R/ "CHI~cY""O 

R' I H 
'-. t / 

C=C /H 

R/ "C=C 

/ " H COIEt 

'" 
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Synthesis a nd reactions of copper(I ) hydride reage nts: 

In 1844, Wurtz reported the formation of a red-brown copper hydride 

species in the reduction of an aqueous solution of copper ( II) sulfate 

. 62 
with hypophosphorous acid . 

Coppe r hydride reagent was also prepared by the r educt i on o f copper(I!) 

63 
salts using NaH

2
P0

2
. It was suggested that the species form a complex 

with NaOH , probably CuH . NaOH . However , later it wa s shown that the 

copper hydride species prepared by the reduction of Cut!) salts by 

complex hyd ride agents exhibit different properties compared to the 

copper hydride p r epared in aqueous solution s . Accord ingly . the nature 

of the hydride supposed to have been formed in aqueous solutions is 

not certain . 

The reaction of lithium a l uminium hydride with CuI in ether has 

bee n reporte d to give coppertI) hydride 
. 64 

species . The reaction 1n 

ether solut i on in the presence of pyridine has been found to have the 

f 11 ' . h ' 65 o OWing StOiC lometry. 

Ether 
4CuI + LiAlH4 -------:>'" LiI + All) + 4CuR 

Copper aluminium hydride complex , prepared by the reaction of 

Li
2
cuBr

4 
with LiAlH4 at - BO°C , decomposes above -BO °C to cutO) , CuH , 

III a nd H
2

. 66 
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Lithium aluminium hydride r e acts with 2 equivalents of CuI to 

give iodoaluminium hydride. 67 

LiAl"4 + 2CuI 

The H2AII reagent has been utilized for 1 ,4-reduction of ex ,a- unsa-

67 turated carbonyl compounds . 

The complex metal hydride of copper , LiCuH
2 

I has been prepared 

at low temperature by the reaction of LicuMe
2 

with LiAIH
4 

66 in ether . 

This complex is also stable as an etherate . The complex metal hydride 

of copper obtained in this way is stable at room temperature for several 

68 
days . 

Me Li + CuI > MeCu + Li I 

Following this methodology , Ashby and coworkers prepared a series 

of s table complex metal hydrides of copper with composition Li CuH 1 
n n+ 

1 2 
(n=1-5), a nalogous t o higher order cuprates , by the reaction of LiAI H4 

with the corresponding lithium dimethylcuprates in diethyl ether at 

-7S0C. They showed that these complexes convert alkyl halides, tosylates , 

enones and cycl ic ketones to the corresponding reduced products both 

69 
in Et 20 and THF . 

::> Li Cu(CH 3 ) 1 + LiI n n+ 
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A mixture of LiAIH(OCH
3

)3 (8 eq) and CuI (1 eq) gives a dark 

brown mixture in THF which has been considered to contain hydride "ate" 

70 . 
compl exes of Cu . Th15 reagent has been utilized for reductive removal 

of halo groups with retention of configuration , mesyloxy group with 

inversion of configuration and reductive cleavage of e poxides into 

70 
alcohols . 

The copper hydride reagents I prepared by the r eaction of CuBr 

black suspension has been found to be useful for several synthetic 

f 
. 71 

trans ormat10ns. 

----'T-'H'-'E~_~ " Li 

O'C 

NoAIH 2 (OCH 2 CH 2 0CH 3 )2 ' Cu Br THF 

O· C 

0 0 

6 .. " 6 Li complex 

94% 

o ° 

+ 

X\- No • C omplczx J ~ 

CH~ 
3 

C02M. " , No complax ' 
• 

" " No C ompll2x 

OH 

6 
)% 
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The copper hydride reagent prepared from cuprous bromide . vitride 

a nd sec- butanol in THF was utilized for selective reduction of double 

bond ex - to the nitrile group in I in a 1 ,4- fashion to obtain the r equired 

. . f h· 72 
reg~o1somer 0 exaqu1nane II . 

CuH 

r V 
CN CN 

I 

, , 
"'-CN 

II 

CN 

Whiteside s and coworkers have prepared copper(I) hydride species 

i . d. 00 73 by the reactio n of (Su )2A1H with CuBr in pyr1 1ne at -5 C. 

CuBr + (SUi ) 2AIB 
Pyridine > 

The copper hydride precipitates on dilution with excess ether . 

The hydride obtained in this way was found to be relatively pure compared 

to tha t obta ined 
65 

following other methods. The sample is i ndefinitely 

stable at -7B "C and d ecomposes above -20 "C . It for ms 1 : 1 complex with 

PBU)" The resulting hydrido(tri-n-butylphosphi ne) copper(I) has been 

utilized for the reduction of RCu and ArCu reagents into the correspond-

73 
ing hydrocarbons. 

The copper(I) hydride reagent, prepared following the above 

procedure , reduces the internal alkynes into the corresponding cis-alkenes 

. 1 73 in a syn fashion in the presence of L~C . 
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2 l-Bu2A1H + CuBr, 2LiCl 'l'HF,- 20° C .=::... 
~ Reactive speci es 

The "a te " complexes of copper, 
i 

LiCuHR [R=l-pentyne , -OBu , -SPhj , 

analogous to diorganocuprates, can be obtained in THF solution by the 

reaction of lithio-l-pentyne with CuH prepared by Whitesides procedure 

at _SO°C .
7 4 

These "ate " complexes have been employed for 1 , 4-reduction 

of ex , ~-unsaturated enones , aldehydes and esters . The yields are very 

high when the reaction was carried out in the presence of HMPT . 74 

THF 
:> 

-ate - complex 

It was fou nd that the regie-selectivity and functional se l ectivi ty 

a r e very h igh in this case . The "ate " complexes are also e f fec ti ve 
75 

for r educt i ve removal of halo a nd mesyloxy grou ps. 

~ 
Br 
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and t MgH 2-CuOBU reagent systems are capable of 

reducing some l-alkynes into the corresponding l-alkenes. Internal 

alkynes gave cis-alkenes with high stereospecificity . It was proposed 

that the composition of the CUI/MgH
2 

reagent system is CuH-HMgI, ana-

76 
logous to the Normant ' s carbocupration reagents RCUMgX

2
" 

R - C= CD 

1 
R-CO, C-R 

MgH
2
-CuI or 

> 

8()-95% 
It has been reported that the l-alkenes were not affected by 

these reagents. 

The CH
3

CH
2

MgX/CuBr, n-BuMgX/CuBr and i-prMgX/CuBr reagents in 

diethyl ether reduce some internal alkynes into cis-alkenes. The inter-

mediacy of copper ( I) hydride species, formed by the e -hydride elimina-

. k d 77 ticn of the RCH
2

CH
2
Cu species , was 1nvo e . 

[CuB] 

[CuB] 

> 

The complex reducing agents (eRA) , developed by Caubere and 

coworkers, utilizing copper( I) salts , NaH and t- AmON a , were utilized 

78 
for the reduction of 1-halogenonaphthalenes into naphthalene. 
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NaB + t-AmONa + Cuel or CU(OAC ) 2 > 

A novel reactive hydride species of copper was obtained by the 

addition of 2 eg. of potassium tri-sec-butylborohydride , 

" 79 
CuI ~n THF . 

TffF 

> 

raised to r.t. over 2h 

This reagent, presumably KCUH
2

, is effective for the reduction of 

alkyl halides, alkenyl halides and l-halo-l-alkynes , whi ch are not 

d d " h d" f 69 . 75 re uce USlng several at er re uc~ng reagents 0 copper. Saturated 

ketones and esters were also reduced to the corresponding alcohols . 

The reagent system also r eacts with 5-decyne to produce 5-decenes (Z:E = 88: 12). 

Bright red crystals of the H
6

Cu
6

(PPh
3

)6 cluster were obtai ned 

on cool ing the mixture of [PPh
3
CuCl] 4 and sodium trimethoxyborohydride 

" 80 in DMF solution in an ice bath for 30 min. 

DMF;. 

This reagent is useful for catalytic 1 , 4- reduction of enones . 

Sodium borohydride reacts with eu (I) salts in the presence of 

I 81 h" t h b t"l" d triphenylphosphine to give (Ph
3

P 2CUBH4 " T 1S reagen as een U 1 1ze 

extensively . For example , it has been found to be effective for the 
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reduction of 2-adamantyl tosylhydrazone into the corresponding hydrocarbon 

. ld 82 in good Y1e s . 

Lithium borohydride reacts with Cuel to give CUBH
4 

at -20 Q C 

in ether 
83 

solvent . The CuBH
4 

prepared in this way decomposes to Cu , 

83 
H2 and B2H6 at O°C . It was suggested that the reaction goes through 

the intermediacy of CuH species . Surprisingly , this simple system was 

not studied further . We decided to investigate the CuX/BH
4 

system further . 
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RESULTS AND DIS C U 5 5 ION 

Investigations on the reactivities of the cuCl/NaBH
4 

system: 

As outlined in the introductory section , Suzuki and coworkers 

reported tha t copper ( 11 methyl trialkylborates, prepared 

by the reaction of methyl lithium with trialkylboranes followed by treat-

ment with copper (I) h 1
· 16 a 1des, undergo a variety of reactions charac-

43,84 
teristic of organocopper reagents . It was reported that the Cuel/ 

LiBH4 system in diethylether at -20°C gives the corresponding CuBH
4

, 

which decomposes 

intermediates at 

into copper metal, H2 and B2H6 through ' CuH ' and 

O°C . 83 , 8S It seemed to us that if this were the 

' BH • 
3 

case , 

then it should be possible to prepar e the copper(I)alkylborates by 

carrying out the reaction in the presence of olefins to initiate a 

hydroboration-comproportionation sequence , Such a method shou ld be 

very attractive, since the synthesis of the copper ( I lalkylborates wou ld 

be achieved without the use of carbanionic organometallic r eagents 

such as RLi and RMgX (Scheme 1l, 

Scheme 1 

EE DOC 

CuCl + L'BH .. CuBH 4 > CuB + BIl) ~ 4 
-20°C 

1 Olefin 

Olefin 
CU[R

4
B) < Cu(RBII) ) E CuB + RBH2 

In o rder to examine this possibility , we carried out the followi ng 

expe riment: A mixture of CuCl (10 mmol) and l-decene (20 mmol) in THF 
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(80 mIl wa s cooled to -lODe (ice-salt bath) and NaBH
4 

(10 mmol) was 

added under nitrogen atmosphere . The temperature was raised to 25°C 

during 2 h and the mixture was stirred at this temperature for 12 h. 

(If the temperature is immediately raised to 2SoC , considerable decomposi-

ticn of the hydride takes place , as indicated by evolution of hydrogen . ) 

Hydrolysis of the reaction mixture at oDe and oxidation with H202/NaOOCCH386 

gave l-decanol in 75% yield besides l-decane in 10% yield (Table 1 ) . 

In the reaction wi th methyl- 1 0- undecenoate , me thyl undecanoate 

(15%) was isolated besides methyl-ll-hydroxyundecanoate (70%) (Table 1) . 

These observations can be rationalized in terms of the formation of 

copper(I) alkylborohydride species via hydroboration and subsequent 

complexation of the resulting organoboron intermediates with CuH species 

(Scheme 2) . 

Scheme 2 

CuCl+ NaBH. 

10% 75% 

> CuBH
4 

'CuB' + 'BH ' 
3 

lRCH=CB2 

Cu[(RCH2CH2)nBHmJ 

The reaction was found to be a general one and many other olefins 

can be hydrobora ted and oxidised following this procedure . The regio-

and stereo-selectivities observed with this system are similar to those 

obtained utilizing the BH
3

. THF reagent. The results are summarized 

in Table 1. 
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Tab1e 1: Reaction of the CuCl/NaBB
4 

reagent with alkenes. a 

Substrate 

o 

b Product 

ctloH 
@ __ OH 

Yield (%)c 

65 

a 1 The reactions were carried out by the addi ticn of NaBH 4 (10 nunol) 

to a mixture of CuCl (10 mmol) and alkene (20 mmol) in THF (80 ml) 

under nitrogen atmosphere. The reaction temperature and time 24 h 

(except l-decene 12 h 1 aloe the same for all r ·o,:act ions. 

b) 

c) 

d) 

Products isolated aft.er hydrolysis at oDe and oxidation with H
2

0
2

/ 
1 

NaOAc . The products were identified by spectral data (IR, H NMR, 

a nd 13C NMR) and comparison with the data reported in the literature. 

Yie lds are of the isolated and disti lled products . 
1 3 

The C NMR spectrum of the distilled product does not show signals 

corresponding to the isomeric/epimeric alcohols; thus the amount 

of the isomeric alcohol (if any) cannot exceed 5% . 

e) Decane (10%) was also isolated; the yield in this case is based 

on the assumption that only one equivalent of the alkene or hydride 

in the borate complex would undergo hydrolysis. 

f) Up to 17% of the isomeric 1-phe nylethanol is present ('H NMR) . 

g) Methyl undecanoate (15%) was also isolated : the products were iso­

late d by chromatography (s i lica gel, hexane/CHCl 3 )· 
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Unreacted olefin remained when more than 20 mmol of olefins 

were utilized indicating that the system does not give the tetraalkyl-

borates . It is not certain that the reaction gives the dialkylborate 

species cleanly . Moreover, the copper ( I) alkylborohydride may be poly-

meric rather than the discrete species shown in Scheme 2 . 

It was observed that the addition of water at DoC to the copper(I) 

alkylborohydride species also gives the same reduction products : 10% 

of decane in the run with l-decene and 15% of methyl undecanoate in 

the run with rnethyl-l0-undecenoate . Organoboranes are relatively stable 

towards water under the reaction conditions (DOC) , but the tetraalkyl 

organoborates would undergo hydrolytic cleavage of one of the alkyl-

boron 
87 

bonds . Thus the formation of the reduction products indicate 

that the CuCl/NaBH
4 

reagent system gives copper(I) alkylborohydrides 

with alkenes . 

It has been reported that copper ( I) methyltrialky l bor a t e r eacts 

16 
with ethyl acrylat,? to give t h e corr espondi ng 1, 4-adduct . 

::> RCB
2

CHC0
2
Et 

I 
CH

2
CI1

2
C0

2
Et 

44% 28% 

I n o rde r t o e xamine t he r eacti vi t y of the copper ( I) alkylboro-

h ydrides , t he fo llowing experime nts we r e carrie d o u t . The copper (I) 

decylbo r o hydride was p r e pa r e d by adding NaBH 4 ( 10 mmo l ) t o a mixture 

of l-dece ne (20 romo l) and CuCI (1 0 rrunol) in THF (SO ml) at -1 0 D C (bath 

temperature ). The r e action mix t ure was s tirred f urthe r f or 8 h at thi s 
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tenperature and methy l acrylate (1 0 rrunol) was added . The mixture was 

fu rther stirred for 2 h at -10°C. After hydrolysis , oxidation with 

H
2

0
2

/NaOOCCH 3 and work-up, methyl tridecanoate (5%) and tridecanal 

(5%) were isolated by chromatography on a silica gel column (hexane/ 

chloroform as eluent) along with polymeric materials containing ester 

and deeyl groups . 

1) CH2=CB-C02CB~ 

2) B
2

0 
RCB

2
CH

2
C0

2
CH

3 
+ RCB

2
CB

2
CBO 

5% 5% 

m + n 4 

The yields of the conjugate addition products in the present 

experiment are very low compared to the yields (45- 70%) obtained with 

the Suzuki ' s reagent, CU[CH
3

BR)1 . It is possible that the transfer 

of the hydride dominates over that of the alkyl group in the present 

case . It seemed possible that if the "barane" unit could be separated 

using BU
3

P as unreactive alkylborane-PBu
3 

complex , then alky l transfer 

reaction might be favoured . However , when the conjugate addition wa s 

car ried out after addition of BU
3

P ( 10 rrunol) , o nly a 1/ 1 mixture of 

eicosane (RR) and decane (RH) were isolated along with BU
3
P-borane 

- 1 
complexes (B-H , strong IR absorption at 2350 cm ). 

Cu[D BR ) 
m n > BU

3
PBB R 

x y 

mixture 

+RR+RB 

20% 

It has been reported that (PBU 3 lnCuR complexes readily decompose 

to give RR a nd RH 
. 88 d spec1es an so our results can be rationalized 

in terms o f the formation of (BU
3

P) n CuR . All our e f forts to improve 
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the yields of the addition products by carrying out the reaction unde r 

various conditions (i . e . different time , temperature, solvent , utiliza-

ticn of CuBr , Zn(BH 4 )2 and LiBH
4

) were unsuccessful . 

It has been reported that diborane reacts with copper ( I ) c hloride 

in ether solvent to g ive Cu , and BC1 3 ·
89 

It appeared that it may 

be possible to prepare monochloroborane and dichloroborane reagents 

using appropriate amounts of Cuel in ether solvent . These chloroborane 

reagents have many useful h " 1"" 90 synt et~c app 1cat10ns and we decided to 

explore the possibilities of the preparati on of monochloroborane r e age nt 

us ing NaBH
4 

and Cuel. 

Na BH 4 + 2CuCl NaCl + CIBB
2 

+ Cu + 8
2 

Trial experiments indicated that it is necessary to solubilize 

the ElH4 in Et
2

0 using znC1 2 · The Zn(BH
4

)2 ( 5 nunol) wa s prepared in 

ether solvent at r . t. using znCl
2 

( 5 nunol) and NaBH
4 

( 10 mmo1)90 and 

CuC1 (20 mmol) was added at O°C . The reaction mixture was brought to 

25°C and stirred further for 2 h. l- Decene (30 romol) was added and t h e 

mixture was stirred for 12 h . The mixture was hydrolysed with methanol 

(20 ml) a nd the orga noborane spec i es was oxidized with NaOH / H
2

0
2

. After 

usual work- up a nd distillation, l-decene (9 mmol) and l- decanol (18 

nuno!) we r e i solated . Recovery of unreacted l-decene ( 1 eq) c l early indi-

cates that t he reagent system gives monochloroborane species . which 

reacts wi th only 2 equival e nts of l-decene (Scheme 3) . 



Scheme 3 

NaSH 4 + ZnC1
2 

CuBII
4 

r. t _ > 
EE 

e l BH
2 

+ l - de c e ne 

EE 
r . t . 

;:. 

Cu + 8
2 

+ 

EE > 

2 4 

Cuel 
QOC 

;:. 

• BEl • 
3 

CuCl ;:. 

It has been reported that dia l kylborane spec i es such as R
2

BOMe , 

prepared by hydroboration of l-alkenes with chlorobora ne followed by 

methanolysis , reacts with the carbenoid reagent , generated from dichloro-

methylmethyl ether and lithium triethy l carboxide t o give t he correspondi ng 

9 1 
dialkyl ketone after oxidation (Scheme 4) . 

Scheme 4 

Z RCH= CHZ 
( RCH ZCHZ )ZB Cl Cl 8HZOEI Z 

° II 
R - C- R 

1 HZ021 NoOH 

OC~ R 
I I Nu ' 

Nu-B- C-R 
1 
OCH3 

CH" O Nu 
3 '" "8 -

I 
R CHZCHZ 

CH Z CHZR 
I 
C- OC H 3 
I 
Cl 

Recently , in our laboratory, a ne w and s imple ca rbe no idation 

pr ocedure uti lising CHC l )/NaOCH
3 

s yste m was de veloped f o r the c onve r s ion 



25 

of R2BOMe , prepared via hydroborations us ing RCOOBH
3 

r eagent in THF, 

d · lk 1 k t . 80% Y'eld . 92 into ~a Y e one l.n ... In order to examine the formation 

of dialkylchlorobo rane species in the reaction utilizing Cuel (2 eql 

and NaBH
4 

(1 eq) and l-decene (2 eq), we have c arried out the carbenoida-

ticn r eact ion as follows. To the orga noborane , using 2 equivalents of 

1- decene , chlorof orm 110 ml) was added followed by NaOCH
3 

140 mmol) 

from a solid addition flask during 20 min at room temperature. The con-

tents were further stirred at 5SoC for 4 h . The reaction mixture was 

hydrolysed with water (2 mIl after bringing to r . t. The o rganoboron 

compound was oxidised with NaOH/H
2

0
2

- Af ter work-up and chromatography 

over a silica gel co l umn, di- l- decyl ketone (60%) and l- decanol ()5%) 

were isolated (the yields are based on the amount of l- decene utilized). 

The yields of the di-l-decyl ketone is somewhat less in the present 

case . However , it should be noted that the conditions are somewhat diffe-

rent from the previously r eported procedure (i .e . Et
2
0 is used as solvent 

instead of THF).92 Also, dispr oportionation of the ClBH
2
/R

2
BC l into 

R)B and RBCl
2 

species would also decrease the yield of the ketone . It 

has been foun d that the R)B and RB(OCH)2 reage nts give l-decanol as 

the major p roduct after carbenoidatio n with NaOCH)/CHCl) followed by 

oxidation . 91 , 92 

1) CHC1
3 

1) NaOH 

2) NaOMe 

o 
II 

R-C -R + ROB 

Since the re are several other methods available for the preparation 

of ClBH
2 

species , 90 we turned our attention to the utilization of the 

" CuH " species generated in the decomposition of CUBH 4 (Scheme 1). 
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Hydrocupration of l-alkynes with the NaBH
4
-MgBr

2
-Et)N-CuCl or NaH- MgBr

2
-CuCl 

reagent systems in TaF: 

As outlined ~n the introductory section, it has been reported 

that the CuBH 4 reagent, prepared from LiBH4 and copper{I) salts . decomposes 

to ' BH ' 
3 

and , euH ' . 83 The resulting copper(!) hydr i de is not stable 

above O°C and decomposes into copper metal and hydrogen. 

Cuel + LiBH4 

CUBH
4 

QOC 
' CuH ' + ' BH • 

3 

It was of interest to utilize the copper(I) hydride reagent , 

generated by the decomposition of CUBH
4

, for the hydrocup r at i on of 1-

alkenes and l-alkynes in order to obtain alkyl and vinylcopper reagents. 

In order to examine this possibility , we carried out the following experi­

ment in the presence of triethylamine to prevent hydroboration .
9

) NaBH
4 

(10 mmol, purified by recrystallization from 1,2-dimethoxy ethane) was 

added to a mixture of 1- decene (10 mmol), Et)N (12 mmol 1 and anhydrous 

CuCl (10 mmol) in THF (60 mIl under nitrogen atmosphere at OoC and stirred 

for 12 h at room temperature . After work-up only t riethylamine- bora ne 

complex and unreacted 1- decene were isola ted. When the above exper iment 

was carried out using 1-decyne (10 mmol) in the place of 1-decene , the 

starting material was recovered quantitatively . Clearly, the copper ( 1 1 

hydride , generated under the present r eaction conditions, does not react 

with ei ther l-decene o r l-decyne . 
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Normant , Alexakis and coworkers usually write the composition 

the reagent system as RCu . MgBr
2 

in their carbocupration 45 
reports. 

However , Ashby and coworkers have found that this reagent actually exists 

in tetrahydrofuran (THF) as aggregates whose composition is dependent 

on h t · d f . 94 1 d h t e lme an temperature 0 the reactl0n . They a so reporte t at 

the yields of the addition product of the ' RCu' species with phenylacety-

lene increase with excess of in some 
94 

cases . It appeared that 

it may be possible to make the ' CuH I species more reactive by carrying 

out the reaction in the presence of MgBr
2

" In order to examine this 

possibility we carried out the following experiment. 

Magnesium bromide (20 mmol) was prepared in THF (50 ml) using 

Mg (40 mmol, excess) and 1,2-dibromoethane (20 mmoll . This solution 

was then added to NaBH
4 

(10 nunol) in THF (50 ml) under nitrogen , and 

the reaction mixture was stirred for 2 h at room temperature a nd cooled 

to -20°C . CuCl (15 mmol) and Et3N (12 mmol) were added followed by 1-decene 

(5 mmol). The contents were stirred at -20°C for 2 h and at room tempera-

ture for 40 h . After work-up and chromatography only unreacted l-dece ne 

was isolated. This is not surprising since it has been reported that 

the complexed copper(I) hydride reagent, generated using Li AlH 4 and 

CuI react with l-octene to give only very low yields (5%) of 
95 1-octane . 

It has been reported that the reagent system , CuH- HMgI , generated 

by mixing of MgH
2 

and CuI, is capable of reduci ng l-alkynes and internal 

lk . lk 76 a ynes to the correspondlng a enes. 
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MgB
2
-CuI .,. R-C= CH R-CB=C1I

2 THF 

MgH
2
-CUI R /R 

R-C= C-R' :> 'C=C 
/ 

TIIF H 'H 

Accordingly, we have e xamined the reactivity of the NaBH
4

/ MgBr 2/ 

CUCl/NEt
3 

reagent using l-decyne instead of l - decene. After work- up 

and chromatography on a silica gel column using hexane as eluent, (E,E) -

9 , , 1- eicosadiene was isolated in 60% yield . The formation of syrrunetrical 

' ,3-diene indicates that l-decyne undergoes hydrocupration with CUH-MgX
2 

(X=Br or el) reagent. 

R-C = CH .. R II 
'C=C"""" H 

./ " " H /C=C "-THF 

H R 

If the function of the tt:"iethylamine in this experiment is just 

to strip off the "BH " moiety as the corresponding unreactive amine-borane 
J 

complex, it should possible to utilize NaH as the hydride source in 

the place of NaBH
4

. The following experiment was carried out , replacing 

NaBH
4 

with NaH and using 10 rnmol of l-heptyne in the absence of triethyl­

amine . MgBr
2 

(20 mmol) was prepared in THF (80 ml) using Grignard grade 

magnesium (40 mmol) and 1,2-dibromoethane (20 mmol) . This solution was 

transferred to oil free NaH (~30 mmol) under nitrogen using a double 

ended needle . The mixture was stirred for 2 h at room temperature a nd 

cooled to - 20°C . CuCI (15 mmol) and 1-heptyne ( 10 mmol) were added and 

stirred for 2 h at - 20°C. The mixture was brought to room temperature 

and stirred fur ther for 40 h at r.t. After work- up and chromatography 
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o n a silica gel column using hexane as eluent, (E . E)- 6 , 8-tetradecadiene 

was isolated in 70% yield. The product was identified by comparison 

of the spectral data with the data reported for simi lar (E , E)- 1 • )-dienes 

. 1 96 S prev10us y . everal other 1- alkynes were convert ed into the correspo nd-

ing (E , El-l , 3-dienes following this procedure (Table 2) . 

NaH-MgBr
2
-cucl 

) 

R H 

\:=/ H 
/ \ / 
H C=C 

TIIF 

I \ 
B R 

When the experiment was carried out utilizing methyl 10- undecynoate , 

the ester group was cleaved and only lQ-undecynoic acid (15%) and unreacted 

methyl 1o-undecynoate (70% 1 were isolated . However , the hydrocupration 

of l-octyne was not prevented when the reaction was carried out in the 

presence of l-decyl acetate . Here , the ester group cleaved product l- deca-

nol was isolated along with the (E , E) - 7,9- hexadecadiene (55%). This 

indicates that the hydrocupration is prevented only when the substrate 

contains both the ester group and the acetylenic mOiety in the same 

molecule and this behaviour is not clearly understood. 

BC = C- (CH ) -COOMe 
2 8 

TIIF 

It was found that internal alkynes , diphenylacetylene and 5-decyne 

remained unreacted under the reaction condi tions . Also I n- octyl cyan ide 

and n-octyl bromide were not affected by the present system. 

The 13C_ NMR spectra of the (E . E) -l , 3-dienes obtained fo llowing 

the present method do no t show signals corresponding to the (E , Z) o r 
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Table 2: Conversion of t e rminal alkynes into (£ . £)-l,3-dienes using 

a 
Substrate 

n-C H C ~ CH 5 1 1 -

Ph-C "CH 

b 
Product 

~c8H'7- n 

n-CBH'7 

~c6H13-n 

n- C6H,3 

Ph 

Ph 

Yi eld (%) 

70 

77 

73 

70 

60 

a) The reactions were carried out using 1 0 ITUTlol of alkyne. 15 nunol 

of anhydrous Cuel , 30 nunol of NaH in THF (80 ml) . The reaction time 

and temperature were the same as those given in the text for all 

the substrates . 

b) The products were isolated by chromatography on a silica gel column 

using hexane as eluent. 
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{Z ,Z )-l, )-dienes or other isomers (if any). Accordingly, these isomers 

cannot be present in significant amounts in the (E ,E )-l,)-die nes obtained 

following the present method . This indicates that the hydrocupration 

of 1- alkynes using the CUH/MgX
2 

reagent system is highly r eg io- and 

stereospecific (Scheme 5) . 

Scheme 5 

R-C=CH 
NaH/MgBr /CuCl 

THF , -20 0 to r . t . 

Presumably , the NaH reacts with MgBr
2 

to give the magnesium hydride 

species 
97 , 98 

which in turn reactS with Cuel to give the reactive CUH-MgX
2 

(X=Cl or Br) aggregates. The hydrocup ration of the l-alkyne s by this 

reagent would result in the formation of (E)-alk-l - enylcopper spec i es . 

Thermal decomposition of these vinylcopper intermediates would give 

the corresponding (E , E) - 1,3-dienes. Whitesides and coworkers o bserved 

that the (E) - prop-l-enylcopper decomposes in diethyl ether at 25°C to 

give the corresponding (E , E)- l, 3-diene with retention of stereochemi s try 

about the double 
99 

bond . It was demonstrated that free radicals are 

not intermediat es in this reaction and they suggested several o ther 

mechanistic pathways . It was concluded that two mechani s ms are compatible 

with the resul t s (Scheme 6). Mechanism A involves a fou r- cente r t ransi-

tion state and Mechanism B involves d isproporti onati o n of two molecules 

of the vi nylcopper(I) reagent to a copper(O) atom and a copper(II) o rgano-

metallic intermediate which g i ve the diene by reductive e liminat ion. 



32 

scheme 6 

Mech ani~m A 

[

R H H Rl =l= 
'\.c = ~- --t = / ----+ 
/:, "\. 

H " H J Cu' - -Cu 

Mechanism 8 

H R 
'\. / 

R H C= C 
, R, /H 

,,/ / 'H , 
2 C= C ---~J eu +C UO--~i c= c H +Cuo 

/ '\. '\. /H / '\ / 
H Cu C= C H C= C 

w" , / \ 
'R H R 

The present results may be rationalised by the formation of vinyl-

copper intermediates (Scheme 5) by the addition of copper hydride species 

to the triple bond which in turn undergoes thermal decomposition to 

g ive the corresponding 1, 3-diene by one of the mechanistic pathways 

suggested by Whitesides and coworkers (Scheme 6) . 

As outlined in the introductory section , vinylcopper(I) inter-

mediates are versatile intermediates which can be transformed into various 

useful compounds by treating with electrophiles . We have carried out 

several experiments in order to examine the utilization of the v inylcopper 

intermediates produced in the present case . 

It was thought that the decomposition into the , 13-diene takes 

place due to longer reaction period at room temperature. It has been 

reported that the reaction of NaH with MgBr 2 
in THF gives MgH

2 slurry 

in 48 h . 97 , 98 
We prepared the MgH 2 

slurry by mixing of NaH and MgBr
2 
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in THF and stirring the contents for 36 h before utilization and utilized 

the more soluble anhydrous CuBr and carried out the reaction as follows . 

To the MgH
2 

slurry, CuBr (15 rrunol) and l-decyne (10 !1UTIol) were added 

at -1 0°C (ice- salt) and the contents were stirred for 12 h at O°C. After 

work-up the 1,3-diene (55%) and l-decene (25%) were isolated. 

House and coworkers reported a method for preparing the dimethyl-

sulfide-copper bromide complex in a highly pure form/free of the copper(II} 

salt contamine nts which is generally responsib le for the decomposition 

100 
of organocopper compounds. We have purified the CuBr. SMe

2 
complex 

in the same way and utilized in the following exper iment: Dimethylsulfide-

copper bromide complex was added to a MgH
2 

slurry in THF at -10 DC (ice­

salt) followed by l-decyne . The contents were stirred for 12 h at -lO De . 

After work-up and chromatography on a silica gel column using hexane 

as eluent , a mixture containing the 1, 3- chene {50 %} and 1- decene (50 % ) 

was isolated. The experiment was run under several cond itions in order 

to avoid diene formation but these efforts were not successful. 

It is known that deuterium incorporated product was obtained 

when the alkenylcopper intermediate was quenched with 020 before work_up.48 

However, the l-decene , obtained af ter treatment of the reaction mixture 

with 020 before work-up in the runs with OMS-CuBr complex at oDe, did 

not contain any deuterium. Clearly , the l-decene is formed from vinyl-

copper intermediate before work-up. Surprisingly, the l-decene was 

not formed in runs with Cuel . Presumably , the CuBr gives more soluble 

' CuH ' aggregates facilitating the reductive cleavage of vinylcopper 

intermediates into l-decene. It may be of interest to note that it 



has been reported that the CUI / MgH
2 

system also converts alkynes t o 

76 h· ·d alkenes . W l. tesl es and coworkers reported that the CuH reagent con-

73 
verts CuR species into the corresponding hyd r ocarbons. 

R-C " CB 

MgH
2
-CUBr . oMS .. .. R H 

):-:' 
B 'cu 

[CuB) 

Recently , Seyferth and coworkers reported that the alkylcopper( I) 

or alkenylcopper(I) intermediates undergo carbonylat i on with carbon 

monoxide to give acylcopper . . 1 01 
intermediates which can be converted 

into acids and esters by treating with H30+ and 1
2

/MeOH respectively . 

However , attempted carbonylations by bubbling carbon monoxide at oDe 

in the experiments with Cusr . SMe
2 

complex did not yield any other pr oduct 

besides the (E , E)-1 , 3-diene and l-decene mixture. Presumably , the v inyl-

copper species undergo competitive dimerization and r eductive cleavage 

reactions spontaneously in the present case . 

In order to examine whether the diene formation can be prevented 

by utilizing other copper(I) salts, we have run similar experiments 

using CuI and CuCN in the place of CuBr . DMS complex in individual runs. 

However , the diene was isolated as a major product along with l-decene 

(r-25%l in these cases . 

It has been reported that the vinylcopper intermedia t es produced 

by carbocupration of l-alkynes are relatively stable in the presence 

of excess . 48 
L~Br . However , we have found that in the above r uns with 

CuSr . SMe
2 

complex , the results are the same both in the presence and 

absence of LiBr. 
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It was thought that it may be possible to prevent the diene 

formation by carrying out the hydrocupration reaction at low temperatures 

(-SO"e to - 20°C) . However, when the experiment utilizing euBr . OMS and 

l-decyne was carried out at -20 o e, only unreacted l-decy ne was recovered 

after work- up and chromatography. It is clear that the hydrocupration 

takes place only between 0°-room temperature . 

It has been reported that alkenes and alkynes can be hydrometalated 

with MgH
2 

in the presence of catalytic amount of CP2TiC12 " 102 It was 

suggested that it involves hydrotitanation-transmetalation sequence 

(Scheme 7) . 

Scheme 7 

> 

MgH
2 

HC = C-(CH2 ) 5CH3 )0 XMg-CR=CII-(CR2)5CH3 

1% CP2TiC12 

It was of interest to examine the possibility of pr epar ing vinyl-

copper ( I 1 reagent via hydroti tanation- transmetalation to MgX
2 

(Scheme 7) 

and then to CuX. In order to examine this possibility , we carried out 

the following experiment . The MgH
2 

slurry in THF '80 ml) was prepa r ed 

in the usua l way . To this . CP2 TiCl 2 (2 mmol) was added under nitrogen 

atmosphe r e at _ 10°C. CuBr . OMS '15 rnmo!) and 1-decyne (10 rnmoll wer e 

successively added . The reaction mixture turned to black color. It 

was stirred for 10 h at O°C. After usua l work-up and chroma tography, 

an yellow product mixture was isolated. GC analysis of this compound 
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indicated the presence of l-decene (30%), {E,E)-9 , '1-eicosadiene (30%) 

and an unidentified oligomeric compound in the mixture. 

We have also attempted another way to synthesize vinyl titanium 

derivatives and transmetalate to CuX . It is known that titanium hydride 

species (see Chapter 2) is the intermediate in the exchange of isopropyl­

magnesium bromide to l - octylmagnesium bromide . 103 

TH) 
CB)- CH- Mg Br+CH 2=CH-(CH 2 )sCH) 

Cp21'iC12 (cat. ) 
) 

CH)-CH=CH 2 

)6 

It was of interest to examine the possibility of utilizing titanium 

hydr ide species produced in this way for hydroti tanation of acetylenes 

and transmetalate to CuX . The following experiment was carried out 

in order to examine this possibility . t-BuMgBr was prepared by the 

addition of 1, 2-dibromoethane to the Grignard grade magnesium and t- Suel 

in THF (SO ml) . To this, catalytic amount of CP2TiCl2 (2 mmol) and 

CuCl (15 mmol) were added at - 20°C. After 2 h stirring , l-decyne was 

added. The contents were brought to r . t. during 2 h and stirred further 

for 12 h at r.t. After work-up and chromatography, only a polymeric 

compound was isolated. It did not distill even at 300°C under 0.5 rom 

Hg pressure . This oligomeric product was not characterized further. 

The reagent system gave isomerized 2-decenes with l-decene. The polymeric 

material was also obtained when the reaction was carried out in the 

absence of CuCl . 1-Decene was also isomerized into 2- decenes in the 

absence of CuCl . The results indicate the formation of a titanium species 

capable of oligomerizing l-decyne and isomerizing l- decene. Further 

investigations of this system is described in chapter 2. 
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Our attempts to utilize tfi;t..vinylcopper intermediates generated 

using the CuCl/MgH 2/1-alkyne system were unsuccessful. However , the 

present work does provide a simple method for the conversion of l-alkynes 

into the corresponding 1,3-dienes . 

Vinyl mercury compounds , obtained through hydroboration of acetylenes 

and transmetalation to mercury, on treatment with palladium chloride 

and lithium chloride in HMPA at O°C give the corresponding (E ,E)-1,3-

. , 04 
dl.enes. 

,) H-B< R H 
R-C=CH > ' C=C"" 

/ , R~R 
2) HgX

2 
H BgX O·C/TBF/BMPA 

Hydroboration of l - alkynes with chloroborane-etherate provides 

a convenient method for the preparation of dialkenylchloroboranes which 

on treatment with methylcopper produce (E , E)-1 , 3-dienes . '05 

2 R-C::: CH 
3CH

3
Cu 

> R~R 

The CaCl /NaBH /PPh reagent system was utilized in our laboratory 
2 4 3 

for hydrodimerization of l-alkynes to the corresponding (E , El - l,3- dienes .
96 

RC = CH R~R 

In addition to providing a reagent system for the hydrocupration 

of 1- alkynes , the present method also serves as a relatively simple 

alternate procedure to the methods available for the conversion of 

l - alkynes into the cor responding (E , El -l, 3-dienes. 
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Carbocupration o f l-alkynes with branched alkyl heterocuprates (RCuMgX
2

) 

in the prese nce of excess MgBr
2

: 

As outlined in the introductory section , organocopper reagents 

prepared from CuI and a primary Grignard reagent (eq. n- BuMgBr) in 

Et
2
0 are capable of reducing internal alkynes into the corresponding 

cis- alkenes in a stereoselective 77 manner . A mechanism involving the 

in situ generation of a copper ( I) hydride species 
77 

has been proposed. 

It has been reported that the organocopper reagent derived from t-HuMgBr 

decomposed more rapidly .. db d' d 77 
as antiCipate ut no re uction was observe . 

In the course of our efforts to utilize the copper hydride species, 

generated by the decomposition of t-BuCUMgX
2 

in THF, for the hydrocupra-

tion of terminal alkynes into vinylcopper intermediate we have obtained 

the corresponding carbocupration product . This is unexpected since 

the branched alkylcuprates are relatively unreactive towards less reacti-

ve l-alkynes such as l-decyne. Accordingly , we have decided to investi-

gate t h is further . A brief survey of literature on the subject will 

be helpful . 

It has been reported that heterocuprates (RCUMgX 2 or RCuLiX , 

R=pr imary alkyl , X=Br , I or SPh) obtained from CuX and RMgX, can be 

readily added to reactive l-alkynes (RC =: CH ; R Ph , H, Me) (Scheme 

81. 46 , 48,52 , 53 However, carbocupration of less reactive l-alkynes leg . 

1- octyne) using branched alkyl heterocuprates (eg. tert- BUCUMgX 2 ) was 

not successful (Scheme B) . 



Scheme 8 

[RCuV]MgX .. IR~C=c/ 8 J MgX 

Ether or THF L R' 'CuY 

1 R = Ph, B or alkyl 

R = Primary alkyl 

> 

10% 

t-BuCuMgX
2 X » 

0% 

+ 
8 

» 
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As mentioned above, we have found that the branched alkylcopper 

reagents readily add to the less reactive l-alkynes under the present 

reaction conditions . Presumably, presence of excess MgBr
2 

( - 20 mmol) 

facilitates the reaction, similar to the observations with the CuCl/MgH
2 

system . The experiment was carried out as follows : to a mixture of 

Grignard grade magnesium (60 rranol) in THF (80 ml) containing t-BuCl 

(20 romol) , , , 2-dibromoethane (20 romol) was added during a period of 

10 min at r.t . under nitrogen atmosphere and the mixture was stirred 

for 3 h . The contents were cooled to -24°C (liq.N
2 

and CC1
4 

bath) a nd 

Cuel (20 romol) was added. The mixture was stirred for 2 h at -24°C 

and l-decy ne (10 romol) was added . The black reaction mixture was brought 

to r.t. during a period of 3 h and stirred for further 12 h . After 

usual work-up and chromatography on a silica gel column , 2- tert- butyl-l -

decene (65%) and unreacted l-decyne (30%) were isolated. 
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In order to examine the stability of the vinylcopper intermediates 

produced in the present case, the reaction mixture was treated with 

D
2

0 before work-up and stirred for 1 h in a run with t-amyl chloride. 

MasS spectral data of the isolated alkene revealed that the deuterium 

was incorporated to the extent of 75% + + 
(M peak at role 2" and M-1 

peak at m/e 210 are in 3 : 1 ratio) and the recovered l-decyne did not 

contain any deuterium . 

The reaction was found to be a general one and the results obtained 

using different branched alkylcuprates with l-decyne and 1-octyne are 

summarized in Table 3 . 

The Ii terature reports indicate that when the addi ticn of hetero-

cuprates to alkynes were carried out at temperatures above -lS oC , the 

terminal alkenes obtained after hydrolysis were contaminated with variable 

amounts of the 1,3-dienes , resulting from the consecutive thermal dimeri-

zation of the vinylcopper intermediates . However , in the present case 

the vinylcopper intermediate is somewhat stable even at r.t. as indicaLed 

by deutorolysis with D
2
0. It has been reported that excess LiBr exhibits 

a favourable influence on the thermal stability of the vinylcopper 

intermediates and the thermal dimerization was absent in the presence 

48 
of excess LiBr at higher temperatures. Such solutions are even stable 

at room temperature . Presumably, the MgBr 2 also has similar effect. 

In addition, the vinylcopper intermediate formed in the present case 

would be highly hindered. This aspect may also help in the unusual 

stabil i ty of the vinyl copper intermediates in the present case since 

the formation of the Whitesides (Scheme 6) transition state o r inter-

mediate A and B would be difficult when the alkyl groups are bulky . 
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Table 3: Conversion of l-al Jcynes into 2 , 2-dialkyl olefins . 

R ' in 1 
Entry 1 1 0 mmol) 

R in RMgX/CuCl/MgBra 

120/20/20 mmol) 2 
Yield I%)b 

2 

Recovered 
c 

l-alkyne 1%) 

n-C
S

H
17 

t-Bu IX=Cl) 65 30 

2 n-C
6

H
13 

t-Bu IX=Cl) 60 35 

3 n--C
S

H
17 

iso-propyl IX=Br) 57 35 

4 n--C
S

H
17 

t-amyl IX=Cl) 40 50 

5 n--C
6

H
13 

t- amyl IX=Cl) 40 52 

a) All the r eactions were carried out under the same condi tions of 

temperature and time using 10 mmol of l-alkyne , 20 rrunol of Cuel , 

20 mrnol of RMgX and 20 mmol of MgBr 2" Further increase in the amount 

of MgBr
2 

did not have any affect and only small amount (5%) of 

addition product was isolated without MgBr 2 " 

b) All yields are of isolated products by chromatography on a silica 

gel column using hexane as eluent and are based on the amount of 

1- alkyne initially taken . The actual yields will be higher if the 

amount of recovered 

were identifi ed by 

1- alkynes are 
1 

IR , H NMR, 

taken into account. The products 

13C NMR and mass spectral data. 

c) Yields are of recovered starting alkynes . 



42 

B 

This might also explain the thermal instability of the relatively 

less hindered vinylcopper species produced by the reaction of CuCl/MgH
2 

s ystem (Sc heme 5) . 

Another problem in the carbocupration of l - alkynes with secondary 

46 ,4 7 or tertiary alkylcuprates is the abstraction of the acetylenic proton. 

It has been found that such proton abstractions were suppressed completely 

b · .. . h f . 48 Y carry1ng out the addl.tlon 1n t e presence 0 L1Br . In the present 

c ase also the MgBr
2 

seems to suppress proton abstraction since the 

r e covered l-decyne did not contain any deuterium when the reaction 

mixture was treated with 020 before work-up. 

We have observed that the conversion is very low when the reaction 

was carried out in diethyl ether sol vent . For example, in runs wi th 

l-decyne , only 10% of the carbocuprated products were isolated besides 

unreacted starting materia l . 

Control experiments clearly indicate that the addition of branched 

alkylcuprate requires the presence of excess MgBr 2 ' Only small amount 

( .... 5%) of addition product was isolated without using 'MgBr 2 and it 

is well-known that the acetylenic proton abstraction is the o nly reaction 

in the absence of Cull) salts . 
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In order to examine the effect of copper(I) salt on the carbo-

cupration of l-alkynes, we carried out individual runs using CuBr.DMS 

complex in the place of Cuel . The l-decyne was recovered quantitatively 

in all cases . This is highly unexpected since the CuBr . OMS is more 

soluble in the medium . We do not have any explanation for this since 

the nature of the reactive species is not clearly understood. 

SU MMARY 

The CUCl/NaBH
4 

reagent system was utilized for the preparation 

of copper ( I) alkylhydroborates , CU[BH R L 
m n 

in the presence of olefins . 

to initiate a hydroboration-comproportionation sequence. Al though this 

attempt is conceptually pleasing, only low yields of alkyl transferred 

products were isolated when alkylation of methyl acrylate was carried 

out with this reagent . The NaBH
4
/CuCl/NEt

3 
was utilized for the hydro­

cupra tion of 1- alkynes in the presence of MgBr 2' Uti lizing NaH as the 

hydride source, a simple method for hydrodimerization of l-alkynes 

into the corresponding (E,E)- l, 3-dienes was developed. As a n offshoot 

of the efforts on hydrocupration of l-alkynes , a method for the carbo-

cuprat i o n of less r eactive l-alkynes with branched alkylcuprates was 

developed. 
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E X PER I MEN TAL 

All melting points r eported are uncorrected and were determined 

using a Buchi-510 capillary point apparatus . Infrared spec tra were 

recorded on Perkin Elmer l . R . Spectrometer Model-257 with polystyrene 

as reference. 
1 1 3 

H NMR and C NMR spectra were recorded on a JEOIr-FX- 100 

Spectromet er with chloroform-d as a solvent and TMS as reference ( 0 = 

o ppm) . El emental analysis were performed on a Perkin Elmer elemental 

analyzer mode 1- 240C . Gas chromatography analyses were carried out on 

a Packard model-42 instrument equipped with a flame ionisation detector 

on a SE- 30 or carbowax column using nitrogen as carrier gas. Analytical 

thin layer chromatographic tests were carried out on glass plates (3xlQ em) 

coated with (250 mJI) Acme ' s silica gel G or GF
254 

contai ning 13% calcium 

sulfate as binder . The spots were visualized by short exposure to i odine 

vapour or UV light. Column chromatography was carried out using Acme's 

silica gel ( 100-200 mesh). 

All glassware was predried in an air oven, assembled at hot 

condition.s and cooled under a stream of dry nitrogen. Unless other-

wise mentioned, all the operations/transformations of reagents/reactions 

were ca rried out using standard syr inge, septum techniques recommended 

for handling 
106 

air sensitive organometallic compounds . Glove bag tech-

niques were followed for hand l ing sodium hydride under a st r eam of 

nitroge n gas. Reagents prepared in situ in solvents were transformed 

using double ended stainless steel (Aldrich) nee d le under a stream 

of nitrogen whenever required . 
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In all e xperiments , round bottom flask of appropriate si ze with 

a s i de arm, a side septum , a magnetic stirring bar , a condensor and 

a connecting tube attached to a mercury bubbler were used . The outlet 

of the mercur y bubbler was connected by a long tube to the atmosphere . 

All dry solvents we r e distilled from appropriate drying agents 

just before use. As a routine all organic extracts we r e washed with 

satur ated sodium chloride so lu tion and dried over anhydrous Mg SO 4 a nd 

concentrated o n a Buchi- EL- rota r y evaporator . All yield s reported are 

isolated yie l ds of materials judged homogeneous by TLC , IR and NMR 

spectroscopy . 

Tetrahydrofuran (THF) was d i stilled over benzophenone-sodium. 

Sodium borohydride (97% , 100 gr) supplied by LOBA- Cherne , India and 

Fluka , Swi tzerland were utilized and were kept under ni trogen in a 

dessicator after opening the bottle . Sodium hydride (55-60% dispersion 

in o il) supplied by Fluka , Switzerland was util i zed and stored i n a 

dessicator under nitrogen atmosphere . Commercial Grignard grade magnesium, 

s upplied by Fluka , Switzerland was utilized. l,2- 0 ibromoethane, supplied 

by BOH , England was utilized. The olefins utilized were commercial 

s amples supplied by Fluka , Switzerland. 1-0ecyne , l-octyne and pheny l -

107 
acetylene were prepared following a r eported procedure. l-Heptyne 

and l-hexyne utilized were supplied by Fluka, Switzerland . 

108 
Anhydrous CuCI utilized was pre pared from cuC1 2 · 2H 20 and Na 2S0 3 · 

It was dried further at 100°C for 3 h under vacuum. t - Butyl chloride 

and t-amyl chlor ide were prepared following a reported 
109 

procedure. 
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Sec-butyl bromide and iso-propyl bromide supplied by Fluka , Switzerland 

were utilized. 

Bydroboration of l-decene using CUCl / NaBH
4 

in TaF: 

A mixture of Cuel (10 mmo!, 1.0 g) and l-decene (20 nuncl, 2 . 8 g) 

in THF (80 mll was cooled to - 10°C (ice- sal t bath) and NaSH 4 (10 nunol , 

0.4 9 1 was added in portions during , 5 minutes using a so lid- addition 

flask under nitrogen atmosphere. The temperature was rai sed to 25°C 

during 2 h and the mixture was stirred at this temperature for 12 h 

(24 h in the case of other olefins) . The excess hydride (if any) was 

destroyed by adding water (2 mll. 3N NaOH (10 ml) was added carefully 

(20 mi , 1 6 % ) was introduced dropwise. The contents 

were stirred for 3 h at room temperature and poured into 3N Hel (50 ml) . 

'I'he reaction mixture was saturated with solid sodium chloride a nd the 

organic layer was separated. The aqueous layer wa s extract:ed with ether 

(3x30 ml) . The combined ether extract was washed with water (30 ml) , 

saturated sodium chloride solution (30 mIl and dried over anhydrous 

Hg50
4

. The solve nt was evaporated and the residue was c hromatographed 

on a s ilica ge l column. The product eluted with hexane was identified 

as decane (0 .1 42 g, 10%) . The product eluted with CHCl
3 

was identified 

as l-decanol (2. 37 g , 75 '%) . IR spectra of t hese products showed 1: 1 

. . 1 1 0 
cor responde nce with the spectra reported ~n the l~terature. 

Spectral data for l-decanol 

IR (nea t): \J 
max 

- 1 
3350 , 114 0 cm 

B 0 . 111 0/ 12 .P. 110 Cl l O mm , L~t , 120 rrun . 
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lH NMR ( 100 MHz , CDC1
3

1 , 6 ppm 5.3 (br-s ,-OHI , 3 . 6 ( t, -CH
2

I , 1.2 (m , other 

-CH
2 

hydr oge ns I , 0 . 9 (t , - CH
3

1. 

13C NMR (25 . 0 MHz , CDC1
3

1, 6 ppm 62 . 6 , 32 . 7, 3 1. 9 , 29 . 6 , 29 .4, 29.2 , 

25 . 9 , 22 . 6, 13 . 9 . 

Si g nal s due to the isomeric 2-decanol were not observed in the 

13C NMR spectrum which indicates that the isomeric 2-decanol (if any) 

cannot be present more than 5% . Several other olefins were hydroborated 

following the above pr ocedur e a nd the resulting orga noboranes we r e 

-oxidised with H
2

0
2

/ OH . In these cases . we have not attempted the 

isolation of the volatile r eduction product . The hydroboration- oxidation 

results are summarized below . 

Styrene :> 2-phenyl-l-ethanol 

Yield , 75% ( 1. 8 gl . 

Lit. 112 100-106°/12 nun . 

I R (neat) : 
- 1 

\) , 3300 , 1020 em 
max 

1 H Nt1R ( 10 0 MHz, CDC1
3 

I , 6 ppm 7 . 3- 7 . 1 4 . 7 (q , CH- o- ) , 3 .6 

(t , -CHiO),2.B (br,s , OH), 

13 
C NMR (25 . 0 MHz, CDC1

3
1' 6 ppm 138.7 , 128.8, 128 . 2, 127 .1, 126 .1, 

125 .3, 6 5 . 9 (fHOHI, 63. 3 , (fH
2

0HI , 

35 .1 (fH2-Ar l 24.9 (fH3) . 

1H and 13C NMR signals showed that upto 17% of the isomeric 

l-phe nylethanol is present. 



Cyclohexene > cyclohexanol 

Yield , 65% 11.3 g) . 

B.P . 60 Q e/10 mm, Lit . "3 157°/760 rom . 

- 1 
IR (neat): V : 3330 , 1140 em 

max 
1 3 

C NMR 125.0 MHz , CDC1
3

) , 6 ppm 69.0 ICHOH) , 34.6 , 25 . 0 , 23 . 7 . 

Norbornene 

Yield , 68% 11 . 5 g) . 

Q • 114 0 
M. P. 125 C , L1t . 127-8. 

IR 1 KBr) , v 
max 

3350 , 1130 
-1 

em 

:> exo- nor borneol 

48 

1H NMR 1100 MHz , CDC1
3

) , 6 ppm 3 . 6 Ibr-s , OHl. 2.0 Ibr- m,-CH) , 1.5-1.1 

(m , -CH protons) , , .0-0.7 (m ,- CH
2 

protons) . 

1 3 
C NMR 125 . 0 MHz , CDC1

3
) , 6 ppm 74 . 6 ICHOH) , 44 . 1, 42 . 2 , 35 .4, 34 . 3, 

28.2 , 24 . 5 . 

The 13C NMR data wer e identical 

. 114a 
11terature . 

a -Pinene 

Yield , 60% 11. 9 g) . 

B.P . 98'C/10 nun, Lit.
115 

2 17'/760 nun. 

- 1 
IR (neat) : V : 3350 em 

max 

to the data reported 

i sopinocampheol 

in the 

13 
C NMR 125.0 MHZ, CDC1

3
) , 6 ppm 71.7 ICH-OH), 48.2, 48 .0, 47.8, 42.1, 

38 . 3 , 34.1 , 27.9 , 23 . 8, 20 . 8. 

The 13C NMR data were identical t o the data reported in the 

1 . 1 1 5a 
1terature. 
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The above hydroboration procedure was fol l owed for methyl-l 0-

undecenoate . In this case , the H
2
0

2
/ NaOOCCH

3 
system was ut i lized for 

oxidation . 'The methyl undecanoate (0 . 3 g , 15% , the y i eld in t h i s case 

is based on the assumption that only one equivalent of the alkyl or 

hydride in the borate complex form would under go reduction ) and methy!-1'-

hydroxy- undecanoa te (3 . ' g , 70%) were isolated by column chr omatography 

using hexane/CHC1
3 

as eluent. 

70% 
Spec tra l da t a f or methyl-l1-hydroxyundecanoate 

Yield , 70% 13 . 1 g) . 

B. P , 130°C/l mm , Lit . '16 156-159°/3 mm. 

- 1 
IR Ineat) , \} ,3350, 1720 em 

max 
1 3 

C NMR 125 . 0 MHz , CDC1
3

) , Q ppm 174 . 2 1 ~ODMe) , 

15% 

63. 1 51 . 3 

I~H3) ' 37 . 2 , 32 . 9, 29 . 7, 29.5 , 29. 4, 

29 . 2, 25 . 8 , 25 . 1. 

Examina tion o f the formation o f Cu[{RCR2CB 2 )nBHml s pecies via hydrobora­

tion-comproportionation s eque nce with CuB g e ne rated in situ using CuCl / 

NaBH4 a nd l-dece ne system by hydro lysis 

NaBH
4 

(10 mmol , 0 . 4 g) was slowly added for 15 mi nutes to a 

precooled (- 10°C) solution of CuCl (10 mmol , 1.0 g) and 1- decene (20 

trunol , 2 . 8 g) in THF (80 ml) under nitrogen atmosphere. The temperatu r e 

of the reaction mixture was brought to 25 °C during 2 h and the contents 

were stirred for further 12 h. The reaction mixture was hydrolysed 

wi t h water (50 mi l and sat urated with solid sodium chloride . The o r gani c 
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layer was separated and the aqueous layer was extracted with ether 

(3x30 mIl . The combined ether extract was washed with saturated sodium 

chloride solution and dried over anhydrous MgSO . The solvent was evapo-
4 

rated and the residue was chromatographed to isolate decane (0 . 142 g, 

10%) using hexane as eluent . The IR spectrum was 5uperimposable with 

110 
the reported IR spectrum . 

Yield: 10% 10 .14 2 g) . 

° / . 117 0 B.P. 56-57 C 10 nun, Ll.t . 63/15 nun . 

1 3 
C NMR 125 . 0 MHz , CDC1

3
) : 6 ppm 31.9, 29 . 7 , 29.4, 22.7 , 14.0. 

The above procedure was followed in a run with methy!-10- undece no-

ate and the methyl undecanoate (0 . 3 g , 15% 1 was isolated by column 

chromatography using 50% chloroform in hexane as eluent . 

B.P . nOC/1 mm , Lit . '13 70- 2°/1 mm . 

1 
H NMR 1 100 MHz, CDC1

3
) : 6 ppm 3.5 Is ,- OCH

3
) , 2 .1 It ,- CH

2
),1.17 1m , 

all other CH
2 

hydrogens), 0 . 8 (t ,- CH
3

) . 

1 3 
C NMR 125 . 0 MHz , CDC1

3
) : 6 ppm 174.0 I~OOCH3; ' 51.2 I~H3) ' 3 4. 2 , 

31.9, 28 . 5, 28 . 2 , 28 . 0, 25 . 0 , 22 . 7, 

1 4 • 0 . 

Attempte d conjugate alkylation of methyl acrylate using copper(I} decyl-

borohydride prepared from cuCl/ NaBH4 and l-decene : 

The copper( ! ) decylborohydride was prepared by adding NaBH 4 

( 10 mmol , 0 . 4 g) to a mixture of CuCI (10 mmol , 1.0 g) and l-dece ne 

(20 mmol , 2 . 8 g) in THF (80 ml) at - lOGC (bath temperature). The r eaction 
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mixture was stirred further for 8 h at this temperature and methyl 

acrylate (10 mmol , 0.86 g) was added . The mixture was further stir r ed 

for 2 h at -loge . The contents were hydrolysed with water {2 mIl and 

the organoboron product was oxidised with sodium acetate (20 rol , 3N 1 

and H20 2 (20 ml , 16%) at aoc . The mixture was brought to room temperatur e 

and stirred further for 3 h . The contents were poured in to d i l . Hel 

(50 ml , 3N) and the organic layer was separated. The aqueous layer 

was extracted with ether (3x30 ml) . The combined organic extract was 

washed with water (50 ml) , brine (50 mIl and dried over anhydrous MgS0
4

" 

The residue obtained after removal of the solvent was subjected to 

column chromatography (hexane/chloroform as eluent) to isolate methyl 

tr idecanoate (0 . "5 g , 5%) and tridecanal (0 . '0 9 I 5%) along with poly-

meric materials containing ester and deeyl groups. 

Spectral data for methyl tridecanoate 

IR (neat) : V 
max 

-1 
1740 em 

'H NMR 1100 MHz , CDC1
3

) : 6 ppm 3 . 6 Is,-OCH
3
), 1.5 It , -CH

2
) , 1. 2 Im ,-CH

2
-

hydrogens), 0 . 8 It,- CH
3
). 

+ 
Mass spectrum (m/e) : 228 (M ). 

Spectral data for tridecanal 

IR(neat) : V 2720 , 1725 
max 

- 1 
em 

lH NMR 1100 MHz , CDC1
3

) : 6 ppm 9 . 67 

o 
It ,-~- H) , 2 . 27 Iq , - CH

3
) , 

hydrogens) , 0 . 8 (t ,- CH
3

) · 
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At tempt ed conjugate alkyla tion o f methyl acrylate us ing copper(I) decyl-

borohydride pre pared f rom CuCl ~ Na BH
4 

and l-decene in the presence 

The preparation of copper(I) decylborohydride is outlined in 

the above experiment . To this PBll
3 

(15 mmol, 3 . 0 g) was added at aOc 

followed by methyl acrylate (10 mmol . 0.86 g) . The reaction mixtu r e 

was stirred for 3 h at aOc and hydrolysed . The organic layer was sepa-

rated. The aqueous layer was extracted with ether (3x30 mIl . The combi ned 

organic extract was washed with brine solution (50 ml) and dried over 

anhydrous MgS0
4

" The solvent was evaporated and the residue was chromate-

graphed on a silica gel column. The mixture of eicosane and decane 

(0 . 52 g , 30%) in 1 : 1 ratio were eluted with hexane and the BU
3
P-alkyl-

borane complex was eluted with CHCl
3

. The ratio o f eicosane and deca ne 

was determined by GC analysis . Strong B-H absorpt i o n at 2350 

observed in the IR spectrum of the Bu
3
P-alkylborane complex . 

- , 
em was 

Examination of the possibility of ClB8
2

: OEt
2 

synthesis us ing the reagent 

s ys tem ZnCl , NaBH and Cuel (0.5:1:2) in EE solve nt: 
2 4 

To a solution of znCl
2 

(5 mmol , 0.68 g) i n EE (80 mIl , NaBH4 

(10 mmol , 0 . 4 g) was added under nitrogen atmospher e at room t emper a t ur e . 

The mixture was sti r red for 2 hand CuCI (20 mmol , 2 . 0 g ) was adde d 

to this solution at DoC (bath temperature). The reaction mi xtur e was 

brought to 25°C a nd stirred further for 2 h . 1- 0ecene (30 mmol, 4. 2 g ) 

was added a nd the mi xt ure was stirred for 12 h . The mixture was hyd r olys ed 

with MeOH (2 mIl and the o r ganoborane was oxidised wi t h NaOH/H20 2 · 
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The reaction mixture was poured into Hel (50 ml, 3N) and the organic 

layer was separated. The aqueous layer was extracted with ether {3x30 mIl. 

The combined organic extract was washed with water (50 mIl , brine (50 mIl 

and dried over anhydrous MgS0
4

" The residue obtained after removal 

of the solvent was distilled to isolate l-decene (9 rrunol , 1. 2 g) and 

1- decanol (18 nunol, 2 . 8 g). The IR spectra of these compounds were 

found to be superimposable with the reported IR spectra . 110 

Further examination of the formation of dialkylchloroborane species 

by the carbenoidation reaction ~ith NaOCH)/CBCl) : 

To the monochloroborane species, prepared from (5 mmol, 

0 .68 g), NaBH
4 

110 mmol , 0 . 4 g) and CuCl 120 mmol, 2 . 0 g) in EE Icondi­

tions mentioned in the above experiment) , l-decene (20 romol, 2.8 g) 

was added at room temperature and the mixture was stir r ed for 12 h. 

To the reaction mixture chloroform ( 10 ml) was added followed by NaOMe 

( 40 romol, 2 . 16 g) from a solid addition flask duri ng 20 minutes . The 

contents were further stirred at 55°C for 4 h . The mixture was brought 

to room temperature and water (2 ml) was added. The organoboron compound 

The contents were neutralized with 2N Hel 

and extractd with ether (3x30 mIl. The combined ether extract was washed 

with saturated sodium chloride solution (50 ml) , dried over anhydrous 

MgS0
4 

and the solvent was removed. The residue was chromatographed 

on a silica gel column (hexane-chlorofor m as eluent) to yield di- 1-decyl­

ketone ( 1.8 g , 60%) and 1- decanol (1.0 g , 35%) (yields are based o n 

the amount of l- decene utilized). 
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spectral data for di-l-decylketone 

Yield , 60% 11 . 8 g) . 

IR (neat) : \) 1710 crn-
1 

max 
o . 118 0 M. P . 64 C, L1t. m. p. 64 C. 

'H NMR 1100 MHz , CDC1
3

) , <5 ppm 3 .4 1 . 75 1. 5 

(m,-CH
2
- 1, 1. 25 (m , o ther - CH

2
- hydrogens ) , 

0 . 9I m , -CH
3

) · 

q 
'3 C NMR 125 . 0 MHz, CDC1

3
) , 2 1 1 . 0 1 - c- ) , 42 . 9 32 .1 , <5 ppm 

29 . 4 , 24.1 , 22 . 8 , 14 . 1. 

Attempted hydrocupration o f l-decene us i ng the NaBH 4/CuCl/Et3N s y s tem: 

To a mixture of Cuel (10 mmol, 1. 0 g) , l-decene (1 0 mmol, 1. 4 g) , 

triethylamine {12 rnmel , 6 ml , standard solution prepared by taKing 

100 mmel (10 . 1 g) of Et3N in 50 ml THF) in THF (80 ml) , NaBH
4 

(10 mmol, 

0 .4 g , purif i ed by recrystallization from 1, 2- dimethoxy ethane) was 

added in portions du r ing 15 min at aoc (ice bath) under nitrogen atmos-

phere. The contents were b r ought to room temperature dur ing hand 

stirred fo r 12 h . The reaction mixture was poured into water (50 rol ) . 

Solid sodium ch loride was added to satu rate the mi xture and the organic 

layer was separated. The aqueous layer was extracted with ether (3x30 mIl . 

The combined organic extract was washed with water (50 mIl, brine (50 mI l 

and dr ied over anhydrous MgSO 4· The sol vent was removed and the residue 

was chromatographed on a silica gel column to isolate unreacted l-decene 

11.25 g , 90%) and Et3N' BH3 190%) . lR spectrum of the 

exhi bited strong B-H absorptions at 2235, 2280 and 23 40 

Et3N : BH3 complex 

-1 
cm 
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The above experimental procedure was followed for the hydrocupra­

ticn of l-decyne using the NaBH 4/cuCI/ Et)N reagent system . Only unreacted 

l-decyne and Et)N : BH) complex were isolated after chromatog raphy on 

a silica gel column . 

Hydrocupration of l-decyne using NaBH 4/ MgBr 2/Et)N/CuCl reagent system 

in TBF: 

The MgBr 2 (20 mmol) solution was prepared in THF (50 ml) using 

Mg (40 mmol , 1 . 0 9 excess) and 1 , 2- dibromoethane (20 rruncl, 3 . 7 g) under 

nitrogen atmosphere at room temperature. This solution was transferred 

into another flask containing purified NaBH
4 

(10 mmol, 0.4 g) in THF 

( 50 ml) using a double ended needle under nitrogen atmosphere . The 

contents were stirred for 2 h at room tempera.ture and cooled to - 20 0 e 

(bath temperature) . CuCl (15 romol , 1 . 5 g) and Et3N (12 romol, 6 ml) 

were added followed by the addition of 1- decyne (5 iTOTlol, 0.7 g) . The 

contents were stirred at - 20 c C for 2 h and at room tempe rature for 

40 h. The resulting black mixtur e was poured into dil.HCl (3N , 100 ml). 

The mixture was saturated with solid sodium ch loride and the o r ganic 

layer was separated. The aqueous layer was extracted with ether t3x30 ml). 

The combined ether ex tract wa s washed wi th wate r (50 ml ) . saturated 

sod ium chlor ide solution (50 mIl and dried over anhydrous MgS04 " The 

solvent was evaporated and the residue was chromatographed on a sil ica 

ge l Column using hexane as eluent to isolate a compound which was identi­

f ied as (E,E)-9,11-eicosadiene (60%) ( the spectral data are given late r) . 
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Hydrocupration of l-heptyne using NaH/ MgBr
2

/ CuCl reagent system i n 

TBP , 

To a suspension of Mg (40 rrunol, l.0 g) in THF (1 00 mU , 1 , 2- d i bromo-

e thane (20 rnmol , 3.7 g) was added during 10 min under nitrogen atmosphere 

and stirred for 2 h at room temperature to obtain MgBr
2 

in THF solution. 

The NaH (30 mmol , 1 . 5 9 in oil) was taken in another flask under nitrogen 

a tmosphere using glove bag and the oil was washed with dry THF (2xl0 mIl . 

The MgBr
2 

solution was transfe rre d into the flask containing oil free 

NaH and the mixture was stirred f o r 3 h at room temperature and cooled 

to -20 o e (bath temperature). Cuel (15 mmol , 1.5 g) was added followed 

by 1- heptyne (, 0 mmol , 0 . 96 g). The mixture was brought to room tempe-

rature during 3 h and stirred further for 48 h . The black reaction 

mixture was poured into HCl (3N, 100 mil . The mixture was saturated 

with solid sodium chloride and the layers were separated . The aqueous 

layer was extracted with ether (3x30 ml) . The combined organic solution 

was washed with water (50 ml) followed by brine solution (50 mll and 

dried over anhydrous MgSO 4' The ether extract was evaporated and the 

residue was subjected to chromatography on a silica gel column using 

hexane as eluent to isolate (E,E)-6,8- tetradecadiene. 

Spectral data for (E, E)-6 , 8-tetradecadiene 

Yield , 70% 10 .6 8 g) . 

IR (neat) : v , 29 10 , 2840, 950 
max 

- 1 
em 

1H NMR 1 100 MHz, CDC1
3

) , 6 ppm 6 . 1-5 . 1 Im ,- CH) , 4 . 8 Im , - CH) , 2 . 0 Ibr ,- CH
2

) , 

1. 2 (m , - CH
2
- hydrogens), 
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13 6 C NMR (25.0 MHz, CDC1
3

) , ppm 132.4, 130 . 5 , 32.8 , 32 . 6, 32 .1, 29.4 , 

22.8, 14 . 3. {spectrwn No . 1} 

The spectral data of the (E , E)-6,8-tetradecad i ene we re identical to 

the data of the sample previously obtained in the reaction of n- C
5

H
11

C =. CH 

in our 96 , 119 
laboratory . It was further charac t e r ized 

by the prepa ration of the maleic anhydride adduct. 

Spectral data of the maleic anhydride adduct pre pared from (E, E)- 6,8-

tetradecadiene 

IR (neat) : v ,1820, 1760 
max 

- 1 
em 

13 
C NMR (25 . 0 MHz , CDCl

3
) , 6 ppm 177.8 

9, 
( - C-o-), 133 . 90 ( - ~=~-) , 44. 9 , 

36 . 3 , 31.6 , 30 . 5 , 27.6, 22 . 6, 13 . 9. 

+ 
Mass spectrum (m/e) : 292 (M ) . 

(spectrum No. lA) 

The procedure outlined in the previous experiment was followe d 

for the conversion of several l-alkynes into the corres pondi ng (E , E) -

1 , 3- d i enes util izing the NaH/MgBr
2
/CuCl reagent system in THF solvent . 

;;;. 

C H -n 
~817 

n-C
8

H17 

Yield, 77% ( 1. 06 g). 

- 1 
IR (neat) : 'J : 29 1 0 , 2840 , 950 em 

max 

lH NMR ( 100 MHZ, CDC1
3

) , 6 ppm 6.2-5.3 (m ,- CH) , 4 . 0(m ,-CH) , 2.0 (br,- CH
2

) , 

1. 3 (m , -CH
2

- hydrogens) , 0 . 99 ( t,- CH
3

) · 

1 3 
C NMR (25 . 0 MH z , CDCl 3 ) , 6 ppm 1 32 . 2 , 13 0 .6, 32 .8, 32 . 1 , 29 . 7 , 29 .5, 

29 . 2 , 22.8 , 14.2 . 
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The spectral data of the (E,E) - 9 ,11- eicosadiene were found to 

be identical to the data of the sample previously obtained in the reac-

- 96 ,1 19 
ticn of n-CSH'7C ::CH and (PPh

3
1

2
Co{HlCl in ou r laboratory . 

> 

Yield , 73% (0 . 8 gl . 

IR (neat) : 
- 1 

'J : 2910 , 2840 , 950 em max 

lH NMR (100 MHz, CDC1
3

1 , 6 ppm 6.1 - 5 . 2 (m ,- CHI , 4.4 (m,- CHI , 2.0 (br,-CH
2
-1, 

1 . 2 (m ,- CH
2
- hydrogens 1 , 0 . 9 (t ,- CH]I . 

1 3 
C NMR (25 . 0 MHz , CDC1

3
1 , 6 ppm 132 . 2, 130 . 6 , 32 . 8 , 32 . 0 , 29 . 7 , 29 .1 , 

22 . 8 , 14 . 1 . 

The spectral data of the {E,El-7 , 9- hexadecadiene were identical 

to the data of the sample previously obtained in the reaction of n-C
6

H 13C :: CH 

96 , 119 
and (PPh)12Co(H1Cl in our laboratory . 

n-CB-C = CB 4 9 -
)0 

Yield , 70% (0 . 58 gl . 

IR (neat) : \) , 2910 , 28 40 , 950 
- 1 

em 
max 

lH NMR ( 100 MHz, CDC1
3

1 , 6 ppm 6.2-5 . 1 (m , -CHI , 4 . 7 ( m, - CHI , 2 . 0 (br,- CH
2

1 , 

1. 2 (m,- CH
2
- hydrogens) , 0.9 (t ,- CH

3
). 

1 3 
C NMR (25 . 0 MHz, CDC1

3
1' 6 ppm 132 . 0 , 130 . 7, 32.2, 31.9, 30 . 0, 22 . 5 , 

1 4 . 0 . 

The spectral data of (E , E)- 5 , 7- dodecadiene were identical to the 

sample previously obtained in the reaction of n- C4HgC = CH and (PPh 3 )2CO ( H1 Cl 

96 ,11 9 
in our laboratory . 
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Bydrocupration of phenylacetylene utilizing the NaH/ MgBr 2/CuCl reagent 

system: 

The reaction was carried out following the procedure outlined 

in the previous experiment . After work- up the product was purified 

by column chromatography on a silica gel column using 10% CHC1
3 

in 

hexane as eluent . It was further purified by crystallization from ethyl 

alcohol . 

Yield , 60% (0.65 g) . 

. 120 
M. P , 150°C , Llt. m.p. 152.5°C. 

IR (neat) : 
- 1 

Ii , 1600 , 950 , 740 em . 
max 

1H NMR (100 MHz , CDC1
3

) , 6 ppm 7 . 4- 6 . 9 

1 3 
C NMR (25 . 0 MHz, CDC1

3
) , 6 ppm 1 37 . 3 , 

+ Mass spectrum (m/e) : 206 (M ). 

126.5. 

6 . B- 6 . 3 (m ,- CH) . 

132 . 9 , 129.4 , 128.8 , 127.7 , 

Hydrocupration of methyl- 1O-undecynoate utilizing NaH/ MgBr 2/CuCl reagent 

system: 

The procedure outlined in the previous experiment was followed 

for carrying out this experiment . After work-up, unreacted methyl-10-

undecynoate (1.37 g , 70%) and 10-undecynoic acid (0.27 g , 15%) were 

isolated by column chromatography using 50% chloroform in hexane as 

eluent. 



60 

Selective hydrocupration of l-alkynes with NaB/ MgBr
2
/CUCl reagent system 

in the presence of other functional groups: 

The procedure for the hydrocupration of l-octyne in the presence 

of l- decyl acetate is representative . 

The procedure outlined in the previous experiments were followed . 

l - Octyne (6 mmol, 0 . 66 g) and l-decyl acetate (6 mmol, 1.2 g) were 

added. After stirring the mixture for 72 h at room temperature a nd 

work- up, the residue obtained after evaporating the solvent was subjected 

to chromatography on a silica gel column using hexane and chloroform 

as eluent to isolate (E,E)-7,9-hexadecadiene (O.4 g, 55%) , l-decanol 

(0 . 6 g , 65%) and l - decyl acetate (0 .12 g, 10%) . 

Similar experiments were carried out by taking l-decyne along 

with l-decene, octyl cyanide, and octyl bromide . In these cases , only 

the diene derived from l-decyne IY'as isolated besides t.he starti ng addi­

tives and no other product was isolated. 

Hydrocupration of l-decyne utilizing NaH/ MgBr
2
/cuBr.oMS c omplex system 

in THF at O°C: 

The MgBr
2 

(20 romol) in THF solution, prepared from Mg (40 nunol , 

1 . 0 g) and 1, 2-dibromoethane (20 mmol , 3.7 g) was transferred to a 

flask containing NaH (30 mmol) under nitrogen atmosphere using double 

ended needle. The mixture was stirred for 36 h at room temperature . 

The resulting MgH
2 

slurry was cooled to - 10°C (ice-salt bath) and CuBr . DMS 
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complex (15 mmol, 3 . 1 g) was added . I-Decyne (10 mmol , 1.4 g) was injected . 

The contents were stirred at O°C for 10 h, quenched with 020 (2 ml) 

and stirred for 30 min . The black reaction mixture was poured into 

saturated ammonium chloride solution (10 ml). After stirring for , h 

to decompose t he CuBr. OMS complex , the organic layer was separated 

and th e aqueous layer was extracted with ether (3x3Q ml) . The combined 

ether extract was washed with water (50 ml) , brine (50 ml) and dried 

over anhydrous MgS0
4

. The solvent was evaporated and the residue was 

distilled to isolate l- decene (0.56 g . 40%) and (E,El-9,11-eicosadiene 

I 6 23) h I d 13 . O. 5 g , %. T e H NMR an C NMR 51gnals of this diene are super-

imposable with the data of the diene obtained previously . 

Spectral data for l-decene 

mm. 

1 3 
C NMR 125 . 0 MHz , CDC1

3
) , 6 ppm 139 . 1, 114.0, 33.7 , 31.8, 29 .4, 29.2 , 

22 . 5, 13 . 9. 

Analysis of the olefinic signal (=CH
2

) indicates that the compound 

does not contain deuterium. 

Attempted carbonylation of vinylcopper intermediate by bubbling carbon 

monoxide : 

The MgH
2 

slurr y was p r epared fro;n MgBr
2 

(20 romel) and NaH 1-30 

mmol) as mentioned in the above experim!'~nt. CuBr. DMS complex (1 5 mmo 1 , 

3. 1 g) was added to this slurry at - 10 o e followed by l-decyne (10 mmel , 

1 . 4 g) . The reaction mixture was stirred for 1 a h at aoc an·j carbon 
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monoxide was 0:lbbled through the rea::tio ~1 llixture for 6 h at room tempe-

rature. After US ,J.::I.! work-up, {E , E)-9,11-eic.~sadiene (25%) and l-decene 

( 40%) were isolated and no other product was form::d. 

Examination of the possibility of stabilization of alkenylcopper inter-

mediates in the presence of LiBr: 

The MgH
2 

slurry was made in TtiF (80 ml) solution under nitrogen 

atmosphere using MgBr 2 (20 mmol) and NaH (-)0 nunol) in the usual way. 

It was cooled to -lOoe (ice-salt bath) . To this euBr.OMS complex (17 

mmol, 3 . 5 g) dis sol ved in EE (25 ml) and OMS (25 ml) were added under 

nitrogen atmosphere using doub l e ended needle . l-Decyn:: ( 10 mmol, 1.4 g) 

and LiBr (25 mmol , 2 . 0 g, disso .~ved ~n 25 ml THF) were su=(;~ssively 

added. During 1 h the mixture was brought to room temperature and stirred 

for 24 h . The bla~k reaction mixture was poured into aqueous ammo:1ium 

chloride solution (100 mIl and the organic layer was separated . The 

.3queous solution was extracted with ether (3x30 ml). The ether extract 

was washed successively 1.41th water (50 ml), then with brine solution 

(50 ml) and dried over anhydrous MgSO 4' The residUe was o'::l,<,;.~ined after 

removing th,~ solvent . The crude pro:jul~t was chromatographed on .1 silica 

gel column us ing hexane as eluent to isolate both l-decene and die:"l'~ 

f h 13 . 1 . as a mixtur e (0 . 9 gl . Comparison 0 t e C NMR Slg 10.1 S 1n the olefinic 

region of this sample with those observed for pure sample of the diene 

indicates that t he l-decene is a major contaminant (~ 50 ~ )in the present 

1 3 
sample . However, this can be only a very crude estimate since the C 

Signals co nce.:-ned will be affected by different NOE factors . 
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Examinat i o n of the us e o f CuCN i ns t ead of Cue l f or hydr ocupra tion: 

To a slurry of MgH 2 in THF, prepared in the us·;al way, eueN 

( 15 nunol, 1. 35 g) was added at -lO oC (ice- sal t bath) under ni trogen 

3trnosphere followed by l-decyne (10 mmol, 1.4 g) . After raising of 

the reaction ':.empera':u ce within 2 h from -'lOoC to 25°C and th? :nixture 

';'!dS sti.rred fo.: 15 ~ 3.t room ':emp·::rature. The black cea ,:tion mixture 

.vas poured into ~Cl (3N, 50 ml) and satolrdted Nith 301id sodiun chloride. 

The organic laY-2:r was sep.3,rate:3 3nd the aqueous layer was extracted 

with ether (3x30 mll. The co.llbined eth.?r layer was washed ~uccessively 

with water (50 ml) , brine (50 ml) and ,jried over anhydrous MgS0
4

. The 

ether solvent was evaporated and the ~;rude residue was chro'1'\ilto'3caphed 

::>,1 3. silica gel column usin;J hexane as eluent to obtain a mixture of 

1-decene and (E , E)-9 , 11-eicosadiene in a 1:3 ratio. The ratio of both 

the compounds is only a very crude approximation since it is based 

on the intensities of the 13c-s i gnals which will be affected by different 

NOE factors. 

Examination o f the question whe ther the r e age nt s ys tem NaH/ MgBr
2
/CP

Z
TiCI

Z
/ 

CUBr . DMS sys tem gives stable a lke nylcopper intermediate v i a trans meta2-

tion afte r hydrotitanation of l-alkynes in THF 

To a suspen3ion of MgH
2 

in THF (80 ml) , CP2TiCI2 (2 . 0 rrunol , 

0 . 5 g) was added under nitrogen atmosphere at - 10°C (ice-salt bath). 

CuBr.OMS (1S rrunol, 3 . 1 g) and l-decyne (10 rrunol , 1. 4 gl were successively 

added . The reaction mi xture turned to black colour via brown . It was 

st i rred fo r 10 h at OoC (ice bath). The black reaction mixture was 
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hydrolysed with aqueous ammonium chloride solution (100 mIl and the 

organic layer was separated . The aqueous layer was extra:ted with e~her 

(3x30 ml). The t::o:nbined ether extract was was1ed with water (50 ml) , 

brine .301ution (50 mIl and dried over an'1idrous MgS0
4

" The crude produ·::t , 

remained after evaporatio:1 ,')f th.:, solvent , was subjected to chro:nato­

graphy on a silica gel column using hexane as eluent to isolate a yellow 

compound . GC (5£- 30 column) analysis of this mixture indicated the 

presence of l-decene (30%), (E , El-9,11·-eicosadiene (30%) and an unidenti­

fied oligomeric compound (30%) . 

Examination of the question whether the reagent system Hg/DBE/t-BuCl/ 

Cp2TiC12/CuCl will give stable vinylcopper intermediate via hydrotitana­

tion-transmetalation sequence in THF: 

To a mixture of Grignard grade magnesium (50 nunol, 1.25 g) and 

t- BuCl (16 nunol , 1 . 5 g) in THP (80 ml) , 1,2- dibromoethane was added 

at room temperature under nitrogen atmosphere . The contents were stirred 

for 3 h and cooled to -20 °C (liq . N
2 

and CC1
4 

bath). CP2TiC12 (2 mmol, 

0.5 g) and Cuel (15 romol , 1 . 5 g)was added successively . After 2 h l-decy ne 

( 10 nunol , 1 . 4 g) was added . The reaction mixture was brought to r. t. 

during 2 h a nd stirred for 12 h. After usual work-up, the solven t wa s 

evaporated and the residue was c hromatographed on a silica gel column 

using hexane as eluent to isolate a polymeric yellow compound . This 

was not c haracterised further . 
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Examination of the question whethe r the r e agent s ystem Mg /DBE/ t- BuCI I 

cuel will give stable alkenylcopper intermediate via hydrocupration 

of l-alkynes in TBF: 

To a suspension of Mg {SO mmol , 2 . 0 g} and t-BuCl (3D mmol, 

2.76 g) in THF (80 ml) , ',2-dibromoethane (3D mmo l, 5 . 4 g) was added 

dropw.i se at room temperature under nitrogen atmosphere anj 5tirre,j 

for 4 h at roo:1\ temp,=:rature. The Gr i gnard reagent was cO:lled to .- 24 °C 

(liq .N
2 

and C(1
4

) and eLl::l (30 mmo!, 3 . 0 g) was added . The reaction 

mixture turned to bla ,-:k colour wi thin , 0 min . I t was stir red fu .( ther 

for 1 h at this te;nperature . l-Decyne (10 lrun.:>l , 1.4 g) was add :!d dnd 

the teJlperatu r e Nas rais~d durin:;: 2 h from - 2 4°C to 2S oC . Stirring 

was continled for 15 h 3.t room teml?:~rature. The black reaction mixture 

was poured into :Hl . HCl (3N , 50 :nl) and solid sodium chlnrid:: was 

added to 3aturate the aqueo.lS layer. The organ i c layer was separated 

and the aqueo"Js layer was extracted with .O!ther (3x30 ml) . The combined 

organic extract was was~ed successively ' .... i th water (50 .Tll) , brine solu­

tion (50 ml) and dried over anhydrous ~gS04 ' The solvent was evaporated 

and the residue was chr omato3 raphed on 3. silica gel column us ing hexane 

as eluent to isolate 2-t-buty l-l- decene (0 . 9 g , 50%) and l- decyne (0.42 g , 

30%) . The spectral data for the 2-t-butyl- l- decene are given later. 

Carbocupration of less reactive l-alkynes utilizing t-BuMgCl/MgBr
2
/CuCl 

reagent system in THF: 

To a suspension of Mg (80 romol , 2 . 0 g) a nd t - BuCl (3D romol, 

2 .7 6 g ) in THF (80 ml) under nitrogen, 1 , 2- dibromoethane (30 romol. 
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5 . 4 g) was added dropwise at room temperature and the resulting mixture 

was stirred for 4 h . Cuel (30 nunol, 3.0 g) was added at -24°C and the 

mixture was stirred for 2 h at - 20° . 1- Decyn e ( 10 nuncl, 1 . 4 g) was 

injected to this black mixture. The contents were brought to room tempera-

ture during 2 h and stirred further for 15 h. The black reaction mixture 

was quenched with 020 (2 rol) and stirred for 30 min. The mixture was 

poured into dil . Hel (5~ ml , 3N) and saturated with solid sodium chloride. 

The organic layer was separated and the aqueous layer was extracted 

with ether (3x30 mIl . The combined ether extract was successively washed 

with water (50 rol) , brine solution (50 rol) and dried over anhydrous 

MgS0
4

. The solvent was evaporated and the residue was chromatographed 

on a silica gel column using hexane as eluent to isolate 2-t- buty!-

1-decene (1.2 g, 60%) and unreacted starting material l-decyne {0.2S g, 

20% I. 

Spectral data for 2-t--butyl- l-decene (8
2

0 work-up) 

IR (neat) : " , 3100 , 2950 , 1640 , 1470 , 970 , 890 
max 

- I 
em 

2.0 (m , CH
2

), 1.4-1.3 

(m, other CH
2 

hydrogens) , 1.2-1.0 (m,CH
3 

hydrogen I . 

13 
C NMR (25 . 0 MHz , CDC1

3
1, <I ppm 158 . 1, 

32.1 , 30.1 , 29.9, 29.6, <9.4, 22.9, 

14.2. 22 . 9 , 14 . 2 . (spectrum No. 2A) 

+ 
Mass spectrum (m/e) : 196 (M ). 
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13C NMR spectral data for 2-t-butyl-1-decene (0 0 k ) 2 1oIor -up (spectrum 

No .2) 

llC NMR (25 .0 MHz, CDC1
3

) , 0 ppm 158 . 1 I£=CHD) , 106.6, 105.7 , 10 4. 7 

(C=£HD) , 36 . 2, 32.1, 30.1,. 29.9,29.6, 

29 .4 , 22.9, 14 . 2. 

The procedure outlined in the previous experiment was followed 

for carbocupration of 1- octyne using t- BuMgCl/MgBr 2/cuCl reagent system 

and the reaction mixture was quenched with °20 before work-up. 

Spectral data for 2-t-butyl- l-oct e ne 

Yield : 60% ( 1. 09) . Recovered 1-octyne (0.27 g , 25%). 

IR (neat) : 
- 1 

\! ,3100 , 2950 , 1640, 970 , 890 em . 
max 

1H NMR (100 MHz , CDC1
3

) , 0 ppm 4 . 7 (br,=CHD), 1. 5-1. 3 

(br, other CH
2 

hydrogens) , 1.2- 0 . 9 (m , CH) 

hydrogens l . ( spectrum No. 3 ) 

1 3 
C NMR 125 . 0 MHz, CDC1

3
) , 6 ppm 157.8 (C=CHD) , 106 . 6 , 105 . 9, 104.7 

(C=~HD) , 36 . 1, 32 . 1 , 29.9 , 29.7 , 29.4, 

22 . 8 , 14.1. ( spectrum No . 31\) 

The 13C NMR data are in agreement with the data reported for 

122 
some l , l-disubstituted model alkenes. 

Carbocupration of l-decyne utilizing iso-prMgBr/MgBr2/cuCl reagent 

system in THP: 

1,2-Dibromoe thane (30 mmol , 5 . 4 g ) was added dr opw i se during 
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a period of 5 min at room temperature under nitrogen to a mixture of 

Mg (80 mIllel , 2 . 0 g) and iso-propyl bromide (30 nunol, 3 . 6 g) in THF 

and stirred for 4 h . The Grig nard reagent was cool ed t o - 2 4 °C (CC1
4 

and liq.N
2 

bath) and CuCl ( 30 nunol, 30 g) was added . The mixture was 

stirred for 2 h at - 20 o e . l - Decyne ( 10 mmol , 1.4 g) was added . Tn ~ 

bla=k rea:: t ion mixture was stirred for 2 h at - 20 o e , bro:Jgh t t o room 

tem?erature and stirred furth·:!r for 15 h . The mixture was hydrolyseo 

with dil . H:l (Sa ml, 3N) and ~aturated with solid sodiu~ chlori de . 

The organic layer was separated and the aqueous layer was extracted 

with ether (3x 30 ml) . The combined organic laye r was washed successively 

with water (50 ml) , brine solution (50 ml) and dried over- anhydrous 

MgSO~. The solvent was evaporated and the remaining residue was chromate-

graph.:!:d on .'i silica gel column using hexan·~ .1S eluent to isolate 2- i so-

propyl-l-decene (1.0 g , 60%) and unreacted l-decyne (0 . 34 g , 25%). 

Spectral data for 2-iso-propyl-2-de c e ne 

IR (neat) , 
- 1 

V , 3050 , 2950, 1640 , 970 , 900 em 
max 

1 J 
C NMR 125 . 0 MHz, CDC1

3
) , 0 ppm 155 . 9 

+ 
Mass spectrum (role) : 182 (M ) . 

3 1. 9, 

·13.9. 

106 . 1 34.4 , 

29 .6, 2 9. 3 , 28.2, 22 . 7, 21.7, 

Carbocupr ation of l-decyne using t-AmylMgCl/ MgBr2/ CuCI reagent system 

in THF: 

To a mixt ure of Mg (80 nunol , 2 . 0 g) a nd t- amylchloride (30 Imlol . 

3 . 2 g) i n THF (80 ml) , 1, 2- dibromoethane (30 mmo!, 5. 4 g) was slowly 
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added at room temperature under nitrogen atmosphere and stirred for 

4 h . The mixture was cooled to - 24 ° C (CC!4 and liq.N
2

) and CuCI (30 

mmol , 3 . 0 g) was added. The resulting black mixtu r e was stirred for 

2 hand l-decyne (10 nunol , 1 .4 g) was added . Stirring was con tinued 

for 2 h at -2 0 0 and brought to room temperature . The mixture was stirred 

further for The reaction mixture was quenched with °20 (2 ml) 

and after usual work- up , chromatography , 2-t-amyl-l- decene (40%) was 

15 h. 

isolat ed and l- decyne (0 . 56 g , 40%) was recovered . 

Spectral data for 2-t-amyl-l-decene ( spectrum No .4) 

Yield , 40% (0.84 g). 

IR (neat) : 
- 1 

V , 2950, 1620 , 1000 , 920 , 900 em 
max 

1H NMR (100 MHz, CDC1
3

) , 6 ppm 4 . 9 (br , =CHD) , 1 . 98 (m ,- CH
2

) , 1.4- 1 . 3 

(m , other CH
2 

hydrogens) , 1. 08-0 . 7 (m, 

CH 3 hydrogens) . 

+ + 
Mass spectrum (m/e) : 2" (M I 10%) , 210 (M -1, 3 . 3%) . 

Spectral data for 2-t-amyl-1-octe ne ( spectrum No . 4~) 

Yield: 40% (0 . 72 g) . Recovered l - decyne (0 . 56 g, 40%). 

- 1 
IR (neat) , V , 2950 , 1630 , 1020 , 920 , 900 em . 

max 

1H NMR (100 MHz, CDC1
3

) , 6 ppm 4.8 (br , =CHD) , 2 . 0 1. 5-1. 3 

(m , other CH
2 

hydrogens) , 1.1- 0 . 7 ( ro, CH) 

hydrogens) . 

Mass spectrum (m/e) : 18) {M+ , 10%}' 182 (M+-l, 4 %) . 
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Examination o f the effect of c opper s alt on the cartx>cupratio n of 1-

alkynes : Utilizatio n of CuBr.OMS complex i ns t e ad of Cuel: 

To a mixture of Mg (80 mmol , 2 . a g) and t- SuCl (30 rmnol, 2.7 g) 

in TAF (8 0 mI l , 1 , 2- d i b r omoethane (30 mmol , 5. 4 g) was added u nder 

nitrogen atmosphere and stirred for 4 h at room temper atu r e . I t was 

cooled to -2 4 Q C and CuBr . OMS complex (30 mmol , 6 . 4 g) d i ssolved in 

EE (25 rol) and OMS (25 rol) was added . Stirring was conti nued for 2 h 

at - 20 o e and l -decyne (10 mmol, 1.4 g) was added . The resu l ti ng mi xture 

was brought to room tempe rature during 2 h and stirred furthe r for 

15 h . The black reaction mixture was poured into saturated aqueous 

ammonium chloride solution (100 ml) and the organic layer was separa t ed . 

The aqueous layer was extracted with ether {3x30 mIl . The combined 

o rganic ext r act was washed with brine solution (50 ml) and dried ove r 

anhydrous MgS0
4

, The solvent was evaporated and the residue was subjected 

to chromatography on a silica gel column using hexane as eluent, l-Decyn,~ 

was recovered essentially quantitatively , 
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I N T ROD U C T IO N 

As outlined in chapter " we have obse r ved that the CP2TiC12 / 

t -BuMgCl reagent isomerizes some l-alkenes into 2- a!kenes . A brief 

sur vey of the literature indicated that it may be fruitful to investigate 

this system further and we decided to do so . A brief review o n the 

reagents produced by the treatment of TiC1
4 

and CP2 TiC1
2 

species with 

RM (or R
2

M), reducing agents such as al ka l i metals , alkalimetal naphtha-

len ides and magnesium-amalgam and the reactivities of the resulti ng 

reagents with various organic substrates will be helpful for the dis-

cussi on . 

The 

have been 

CH)TiC1
3 

and {CH3)2TiC12 reagents prepared utilizing (CH3)2z n 

1 
proved to be useful reagents . For exampl e . gem dimethyl 

groups can be directly introduced even in difficult cases using the 

-o-Q 
o 

Several such alkyl transfer r e a cti o ns, including some involving 

asymmetric transformations have been developed and util ized extens i vely 

1 
by Seebach and coworkers . 

The TiCl
4 

(cat) / RMgX reage nt system effects the following trans-

f . 4 
o rrnat1ons. 
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TiC1
4 

(cat) 

TiC1
4

(cat) 
CHz=CH-(CRZ ) S-CH3+CB3- CBZ-CBZ- MgCl > CH3-CB=CHZ+CH3-( CHZ )6-CHZMgCl 

The reaction has been rationalized by the steps depicted in 

scheme 1. 4 

Scheme 1 

" 
) 

( 

This type of olefin exchange has been utilized for some selective 

f 
. S trans ormat~on5. 

+ 

The 

6 substrates. 

is 

~_M_g_B_r __ D=:2._ 

H3 D 

I CO d H3 0 ' 

~C02H 

useful for reduction of some 



Br 

N i-PrMgBr 
• 

i -Pr Mg Br 

CPZTi C12 

i-PrMgBr 

i -PrMgBr 

> 

i-PrMgBr 

o 
H

2
0 
~ n-C

12
H

26 
+ n-C

9
H

I9
-CH=CH--CH) 

74% 
26% 

)0% 50% 

n-CSB17C " CH > 
CP2TiC1 2 

8
2

0 
--=-;:. n-C

7
8

15
C" C-CH) 

SO% 15% 

SI 

20% 

5% 

These reactions have been shown to go through CPZTiX, CP2TiR 

and CP2 TiH intermediates . 6 The CPZ TiC1
2 

catalyzed hydrometalation reac-

1
. . 7 

tions have many app 1cat10ns . 

o 
1\ 1 

R-C-R > 
OH 
I 

R-C- ( C0
2

) -C8=CH
2 11 n 

R 

j 1) 

2) 

2CH)CH 2MgBr 

Cp2TiC1 2 

~o 



o 
II 1 

R-C-R 

OMgX 
I 

R - C - B 
I 1 
R 

OB 
I 

R- C-B 
I 1 
R 

8 2 

The ketone reduction has been rational i zed by the mechanism 

. 7 
shown ~n Scheme 2. 

scheme 2 

P1Ti R 

RMgX 
Oldin 

CPl Ti H 

o 
~ 111 
. ' R- C -R 

Ashby and coworkers extensively studied the hydrometalation 

of 1-octene by a series of Grignard reagents [EtMgCl, EtMgBr, n- PrMgCl , 

i- PrMgCl, n- BuMgCl, sec- BuMgCl, i50-- BuMgCl, i50- BuMgBr and i50- BuMgI J , 

sec- Bu
2

Mg, iSO-BU
2

Mg and t-su
2
Mgl and magnesium hydrides {MgH

2
, HMgCl 

and HMgBr 1 in the presence of 5 mol % of CP2 Tiel
2 

in THF u nder argon 

8 atmosphere. The products were found to be a mixture of 2- octenes and 

octane in many cases . The catalytic cycle depicted in Scheme 3 has 

b 
. 8 

een suggested to be operat1ve. 
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Scheme 3 

RMg CI 

• 
MgCI2 • R 

IVVY\M9CI RMgCI , 
< 

R (- H) 

The CP2TiC12/ i - prMgcl reagent has been reported to give titanocene-

9 
nitrogen complexes under nitrogen atmosphere. 

RMgX 

Cp2TiC12 (or CP2TiCl) .. Cp2TiR 

RMgX 
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It has been recently reported that the Cp ZrCl reagent r eac ts 
2 2 

with 2 equivalents of n-BuLi to give ' zirconocene' , ' CP2zr ', whi c h 

has been shown to give several interesting transformat i o n s (Scheme 4) . 10 

Scheme 4 

2 n-BuLi 

CP2zrC12 > 

. PhC - CPh 

PhC= CPh 

·ZrCp "+n-BuB 
2 

Ph Ph Ph 

PK~. ZrCpz ~ Ph-Z-}-Ph 
I I 

Ph 
Ph 

Ph 

1 
ozo 

Zr CPz - PhCOZCOZ Ph 

Ph 

The titanocene and zirconocene or their equivalents can be readily 

prepared by the r eduction of CP2MC12 species with Na , sodium naphtha len-

ide and Mg / Hg, etc. It is helpful t o briefly r eview vari ous methods 

of preparation and r eactivities of the titanocene and zirconocene . 

Reactivities of the M.rCl/M, CP2M.rC12/M systems [M.r~Ti, Zr and M=Na, 

Li or Na naphthalenide or Mg/Bg]: 

Low valent titanium reagents obtained by the reduction of TiC1
4

/ 

1 1 
LiAIH 4' 

. 1 / 12 13 d T~C 4 Zn or Mg- Hg an , 1 / 14 T1C 3 Mg reacts with aldehydes 

and ketones to give the corresponding o lefins or pinacols. 
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TiC1
4

/ LiAlB
4 

o 
A 

Ti Cld Mg- Hg 

The mechanism involving low valent titanium species has been 

12,13 suggested to account for these results (Scheme 5) . 

Scheme 5 

LiAlH4 or 
> + TiC1

4 
Zn or Mg-Hg 

R2 

1 I 
R -C-O 

1 I 
R -C-O 

I 2 
R 

R2 

1 I 

. II 
Tl 

.II 
Tl 

R -C-O 

(or III) 

(or III) 

\ II 
Ti 

(or III) 

1 / 
R -C-O 

I 2 
R 

CR1R2 

I 
OIl 

The "CP2M" species, prepared by the reduction of the CP2M C1
2 

\ M=Ti, 

Zr) reagents have been trapped utilising appropriate reagents (i .e. 

10,15-21 
ethylene . acetylene) . 

( 
> 

R-CB -CH=CB 
(CSMeS)2TiC12 + i-PrMgCl _ '(C

S
Me

S
)2Ti ' 2 2> R-CH=CH-CB

3 
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CP2zrCl + i-PrMgCl 

2Na CH2~CH2 
--~~~~,,~ (CSMeS)2TiC2B4 

Na-Hg 

CP
2

MC1 2 " 
PMePh

2 

M=Ti. Zr 

Lie 

Cp2TiC1 2 + @® 

Mg(active) 

TAF 

Mq(active) 

THF 

TAF 

RC = C- (CH ) C = CR 1 - 2 4 -
.Cp M-

2 

----7 .Cp Ti-
2 

. Cp Ti" 
2 

+ MgC1
2 

· Cp Ti" > 
2 

1) cb 
2) co 

2 PhC " CPh 
:> 

:> 

R 

CP2zr¢:o 

R 

:> 

Ph 

CP
2
1i --=:: ¢X'" 

-- Ph 

1 ) 

2\ 

Ph 

+ 
H 

0 

The titanocene, ' CP2Ti ', itself has been found to be highly 

unstable and has never been isolated in pure form . It readily complexes 

. hI' 22 Wl. t rno ecular n1. trogen . Also , it decomposes tQ give the corresponding 

hydride species which readily undergoes dimerization 
23 

(Scheme 6) . 
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scheme 6 

" " " "R." :~:G )1-" 
TO H T-I...- H 

"1C:Q) 
:. 

"1k," 
::> 

"~: 
" " " 

" " H 

" " 

l-alkenes 
, 5 

to trans- 2- alkenes. The reaction has been proposed to go 

through the mechanism outlined in Scheme 7 involving (n 3
- allyll TiH 

, 5 
intermediate (Scheme 7). 



Scheme 7 

( El-2-H oxono 

CH) 
\ 
C-H 

11- _ ) 
H - C --T i(CsMOS2 

\ R 

,0 
II 

88 

A similar allyl titanium hydride(A) intermediate has been 

1 d 't d' t . 1 f' h d . , 24 a so propose as an 1n erme 1a e 1n 0 e 1n y rogenat10n react10n5 . 

However, since the (CSMe2)2Ti species readily decomposes into the 

can also be rationalized by the conventional addition-elimination pathway 

1 S 
depicted 1n Scheme B. 

Scheme B 

( El-2 - alkono 
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Our preliminary observations indicated that the CP2TiC12!BrCH2CH2Br 

s ystem is a promising simple system for the generation of titanocene 

or its equivalent and we decided to explore the reactivities of the 

r eagent system further . 
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RESULTS AND DIS C U S S ION 

Reactivities of the titanium and zirconium reagents generated utilizing 

Cp2MC12(M=Ti , Zr}/Mg/BrcH2CB2Br reagent systems with alke nes and alk ynes: 

As outlined in the introduction , the Grignard reagents can be 

readily prepared from olefin by the exchange reaction. 3-5 

iso- BuMgX 
R-CH=CH

2 
------;:. Cp 2 TiH > 

As discussed in the first chapter , we have attempted a similar 

transmetalation from the supposed intermediates (i.e. CP2TiCH2CH2R 

or RCH
2

CH
2
MgX) to copper by carrying out a similar experiment in the 

presence of copper salts. However , it was found that when l-decyne 

( 10 mmol) was added to a mixture conta ining t - butyl chloride ('5 mmol). 

Grignard grade magnesium (50 nuncl), 1, 2-d ibromoethane (15 rnmol) , CP2TiC12 

(2 mmcl) and CuCI (15 mmol) in THF at -10°C (ice-salt bath) under nitrogen 

and the reaction mixture was stirred for 12 h , work-up gave only a 

yellow oily polymeric compound . The same polymer i c compound was also 

obta ined in the absence of CuCI . 
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Also, it was observed that when t-decene (10 mmol) was added 

to the mixture containing isobutyl magnesium bromide (12 mmol) and 

CP2TiC12 (2 mmoll in (THF 80 mll at room temperature under nitrogen 

and the reaction mixture was stirred for 2 h, after work-up , only a 

mixture of trans-2-decene and cis-2-decene (- 85/15) in 75% yield was 

obtained, and no decane was formed. This observation is in contrast 

to the finding that the CP2TiC12/iso-BuMgX/l-octene under argon atmos-

" 1" 1" 8 phere 9 1. ves 1- octy magnesl.um ha 1de. However, as outlined previously, 

a literature report indicates that the CP2TiC12/iso-PrMgX system gives 

titanoce ne nitrogen complex, [CP2TiI2N2" 9 Unfortunately , the reactivity 

of these species with l-a lkenes has not been reported. However , ou r 

observation clearly indicates that the CP2TiCl2/iso-BuMg Br system under 

nitrogen atmosphere isomerizes l-alkenes into 2-alkenes and does not 

give the CP2TiH species which is capable of catalyzing the hydrotitanation-

3- 5.8 
transmetalation to give the corresponding organomagnesium compound. 

We have also observed that the t-BuMgCl r eagent , prepared from 

t- SuCl (1 6 mmol), Mg (4 0 mmol) and 1,2- dibromoethane (15 mmol) reacts 

with CP2TiCl2 (2 mmol) to give a reagent which also isomerizes l-decene 

into trans- 2-decene and cis- 2-decene (-- 85/15) in 75% yield under nitro-

gen (Table 1). Previously , it has been reported that the CP2TiC12/t- BuMgCl 

reagent or CP2TiC12/t-BU2M9 reagent isomerizes 1- octene to trans-2-octene 

and cis-2- octene under argon atmosphere and evidence was presented 

for the presence of CP2Ti(t-SU) species in the reaction mixture .
S 

r . t., 2 h 

R = i s o-butyl or t-butyl 

R1 _ 
- n- C

7
8

15 

(8S' t r ans a nd 15% cis ) 
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It has been reported that a solid material, considered to be 

a titanocene equivalent, prepared by the evaporation of the solvent 

from the reaction mixture of the CP2TiC12/i-PrMgBr in diethyl ether, 

isomerizes neat l-hexene into a mixture of trans- 2-hexene, cis- 2-hexene 

and trans-3-hexene in the ratio of 51/29/20 . Under our conditions . 

l-decene does not give any 3-decene or 4-decene and so the new method 

gives a more selective transformation. The differences in the reactivi­

ties indicate that the active species and mechanism may also be different . 

These findings indicate that titanocene, "CP2Ti" , and/or the)'TiH species 

formed by the decomposition of the "CP2Ti" species isomerize some alkenes 

with selectivities depending on the source of the catalyst. 

It was thought that it might be possible to achieve the isomeriza­

tion of 1-alkenes even without utilizing the RMgX in the above experiments 

since it is known that active magnesium reduces CP2TiC12 into "CP2Ti".19 

In order to examine this possibility, we have carried out an experiment 

in the absence of RMgX as follows: 1 , 2-Dibromoethane (15 mmol) was 

added to a mixture of Grignard grade magnesium (20 mmol) in THF (80 ml) 

containing CP2TiCl2(2 mmol) at room temperature under nitrogen atmosphere. 

The colour of the reaction mixture changed from orange to dark green 

during 30 min. 1- Decene (10 mmol) was added and stirred further for 

2 h . After work-up and chromatography , a mixture of trans- 2- decene 

and cis-2- decene ( ..... 85/15) were isolated in 75% yield . This clearly 

suggests that the Grignard grade magnesium and 1 , 2-dibromoethane system 

is capable of reducing CP2TiCl2 to lItitanocene " or )Ti-H species (Scheme 6) 

which may be responsible for the isomerization of l- alkenes into 2- alkenes. 



) 
TBF. r .t. , 2 h 

R H 
\ I 
C~ 

I \ 
H CD ] 

9] 

(85% trans and 15\ cis ) 

Control experiments indicated that 50 mmol of l - decene can be 

converted into a mixture of trans-2-decene and cis-2- decene (- 85/15) 

in 12 h at room temperature (Table 1). The reaction was found to be Q. 

general one . Allylbenzene and safrole were converted into the correspond-

ing trans- B -methylstyrenes in 77% and 80% yields, respectively (Table 1) . 

Cis , cis-l,5-cyclooctadiene, which undergoes conjugation to give cis,cis-

25 
1,3-cyclooctadiene with several isomerization catalysts , is not affected 

by the present reagent system and neither is limonene. These results 

indicate that the ' ti tanocene 1 reagent prepared using the Mg / BrCH
2

CH
2

Br 

reagent shows promise for use in the select ive isomerization of mono-

substituted olefinic moiety in the presence of the disubstituted and 

trisubstitu t ed olef inic groups . 'l'he inertness of disubstituted olefins 

towards the reagent is also indicated by the absence of )-decenes and 

4-decenes in the isomerization of l-decene into 2-decenes. 

Isomerization of l-alkenes to 2-alkenes can also be achieved 

using CP2TiC12 ' prepared in situ by the reaction of TiC1
4 

(2 . 5 romo!) , 

t-BuMgCl (6 romol) and freshly distilled cyclopentadiene (5 romol) and 

Mg (20 romol) , 1, 2-dibromoethane {15 romol} in THF at room tempe rature. 

As outlined previously, a number of reagents have been shown 

" . " or 1't5 . 1 t 18 , 19,21 , 22b,26-29 to reduce CP2TiC12 into t1tanocene equ1va en . 

The reaction of titanocene species produced in these reductions wi th 



Table 1: Isomerization of 1-alkenes to 2-alkenes. 

1- alkene 
Reagent system Reaction 
(CP2TiC12 and) time 

Ph - CH - CH=CH 
2 2 

2 

f 
Product 

Ph H 
\ / 

C==C 
/ \ 

H CH) 

94 
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a) The reactions were carried out at room temperature under nitrogen 

by use of CP2TiC12 (2 mmol) , the Grignard reagent prepared f r om 

Mg (25 mmol) , isobutyl bromide ('2 mmol) and 1- decene (10 mmoll . 

b) The reactions were carried out with CP2TiC12 (2 romcl), Mg ( 40 mmol), 

t-BuCl (15 mmol), 1,2-dibromoethane (15 mmol) and l-decene (10 

romel) . The same procedure was also applicable to isomerization 

of allylbenzene and safrole . 

c) The reactions were carried out with CP2TiC12 (2 mmol), 1.2-dibromo­

ethane ( 15 romel), Mg (20 mrnol) and l - decene (10 mmcl). 

dl The reaction was carried out with 50 mmol of l- decene. 

e ) The products were isolated by column chromatography (silica gel 
13 

with hexane as eluent) and identifned by their IR and C NMR spectral 

data and comparision with literature data . 

f) The trans/cis ratio -85/ 15% (see experimental). 

g) 100% trans product . 
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alkenes has not been studied in many cases . The ethylene complex, bis 

(pentamethylcyclopentadiene ltitanocene , 

reported to catalyze isomerization of l - hexene in to trans-2-hexene.
16 

It has been shown that the CP2TiC12 and CP2TiCl reagents do not isomerize 

8 
1- alkenes. The complex , (CSHS) 3 (CSH 4) Ti

2
, prepared by reducing CP2 TiC1

2 

with potassium naphthalenide in THF at -BO°C, catalyzes rapid isomeriza-

f 1 h 2 . ) 30 ticn a - eptene to trans- -hepte ne ( - 95%) and c ~s- 2-heptene (- 5% . 

This reagent also catalyzes rapid isomerization of cis,cis- l , S- cycloocta-

diene , in contra st to the present reagent sys tem. The [CsMes 12Ti{CH2=CH21 

sys t em has been reported to isomeri ze l-hexene into primarily trans- 2-

hexene but in that system the [CS(CH3)S][CS{CH3)4CH2]TiH species was 

1 6 
shown to be the catalyst. Although the reactive species in the present 

reagent system may not be simply " CP2Ti", it was thought that the i so-

merization may be tentatively visualized in terms of the mechanism 

involving a 1, 3-hydride shift assuming the intermediacy of CP2Ti and 

the formation of CP2Ti- olefin complexes (Scheme 9) . 

Scheme 9 

As outlined in the introduction , a similar t ype of mechanism 

has been proposed in the highly stereoselective isome rization of mono-

substituted l-alkenes to 2-alkenes by the reaction of (CSMeS)2TiC12 
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with two equivalents of sodium naphthalenide, i - PrMgBr, n-BuLi or LiA!H4 

, 5. . 
i n the presence of l-alkene . Th1S mechan1sm has been strongly supported 

by the isolation of crystalline (CSHSl2 Ti(syn-n
3
-butenyll and charac­

terization of it by X- cay studies. 31 

We have observed that the CP2TiC12/ Mg/BrCH2CH2Br system also 

isomerizes cis-stilbene to trans-stilbene. 

Ph Ph 
\ / 
C~C 

I \ 
B H 

TBF, r.t ., 12 h 

Ph H 
\ I 
C~ 

/ \ 
H Ph 

Since there is no question of allyl titanium species formed 

here , the isomerization here should result from the Ti-H species, 

most probably produced by decomposition of "ep Ti" 
2 

(Scheme 6). Conse-

quently , the isomerization observed with the present reagent systems 

c an be also visualized by the conventional addition-elimination mechanism 

involving . . 32 
T~-H spec~es . 

In order to examine the reactivity of the CP2zrCl2!Mg/BrCH2CH2Br 

system with l- decene , we carried out the following experiment . 1,2-Dibr o-

moethane (30 mmol) was added to a mixture of Grignard grade magnesium 

(50 mmol) containing CP2ZrCl2 (5 mmol) in THF (80 ml). The mixture 

turned to light yellow colour during 30 min . l - Decene (10 mmol) was 

added and stirring was continued for 12 h at r oom temperature . After 

work- up and chromatography , 1-decene was isolated quantitatively. 
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Simple method for the preparation of CP2M( CH2=CH2 ) complexes in solution: 

Titanocene , gener ated by the reduction of CP2TiC12and Mg-Hg, 

gives the corresponding tetraphenyl ti tanacyclopentadiene 1 complex wi th 

diphenylacetylene which o n hydrolysis yields ',2,3 ,4- tetraphe nyl- (E , E)-

. 0' 9 
1 , 3- butad~ene . , 

Ph 

CP2 Ti CI2 M9/ H9. ' Cp) Ti' 2PhC'" CPh '" . ~
Ph 

C P 2 Ti ---= --!::!.­
Ph 

Ph 

~~Ph 
~Ph 
Ph 

2 

In order to compare the reacti vi ty of the ' ti tanQcene ' generated 

using the CP2Ti C12/Mg/BrCH2cH2Br system with the reactivity of the 

CP2TiC12!Mg- Hg reagent , the following experiment was carried out. Diphenyl­

acetylene (2 mmol) was added to the titanocene equivale nt pr epared 

from CP2TiC12 (2.5 mmol), Mg(25 mmol) and 1,2-dibromoethane (20 mmoll 

at room temperature and the mixture was stirred for 12 h under nitrogen 

atmosphere . After hydrolysis and work- up , in addition to the expected 

tetraphenyl butadiene (60%) another product , identified as 1, 2-diphenyl-

{E)-l-butene (30%) was also i so lated . When the preparati on of titanocene 

was carried out at O°C , 1, 2-diphenyl- (E)-l - butene (spectrum No.5 ) 

was isolated in 80 % yield. 

It has been r eported that the r eactive titanocene, "Cp Ti" o r 
2 

its equivalent is formed in h . f . 1 . '9 t e reactl.on 0 CP2Tl.C 2 and magnes l.um. 

However, we have observed that when 1-dece ne (1 a nunol) was added to 

CP2TiC12 (2 nunol) and Grignard g rade magnesium (25 nunol) and the mixture 

was sti rred for 2 h at room temperature, the l-decene remained unchanged. 

Also , there is no indica tion of reduction of the orange coloured CP2TiCl2 

to the low valent titanium species. The original ' 9 authors did no t 
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specify whether they utilized Grignard grade magnesium or more reactive 

magnesium powder. 1 , 2-Dibromoethane is frequen tly utilized for activating 

magnesium . . d . 33 1n Grl.gnar reactl.ons. It produces MgBr 2 and ethylene and 

continuously cleans the surface of the . 33 hI' . magnesl.um . T e resu tl.ng actlve 

magnesium might reduce CP2 TiC1
2 

to 'titanocene ' in a more effecient 

manner . However, incorporation of the ethyl group derived from BrCH
2

CH
2

Br 

in products obtained in the above experiments indicates that the role 

of 1, 2-dibromoethane is much more than activating the Grignard grade 

magnesium. Presumably, the reactions take the course outlined in Scheme 

10 resulti ng in the incorporation of ethyl group in the product . 

Scheme 10 

3 

)Ti - H 

5 6 

CH , 
/ ~CH 

Cp 2 Ti, ....... ....l 2 r - Ph 

Ph , 

Initially, it was thought that the product would have the struc-

ture 5 since hydrolysis of the metallacycle 4 to 5 iS4well- known reaction 

o f such metallacycles. However , it has been reported that the compound 

is a solid o ) 34 Imp.57 C whereas compound 6 is obtained as an oil. 

The compound obtained in the present case is a single compound and 

the oily product failed to c rystallise. Accordingly , the compound was 

assig ned the structure 6 . The isomerization of 5 to 6 can be rationalized 

by t he hydrometalation- e - elimination seque nce involving the titanocene 

hydride species (Scheme 6) formed by the decomposition of titanocene 

or i ts dimer . As discussed previously , cis-stilbene is isomerized to 
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trans-stilbene under the present reaction conditions . This observation 

along withlt.isomerization of 5 to 6 indicates the presence of metal 

hydride species along with metallocenes and / or their equivalents. In 

addition , it is likely that the hydride species also cleaves the metal la-

cycles ( 4 ) since quenching with D
2

0 before work-up did not give the 

deuterium containing product. 

However, still anothe r alternate possibility exists for the 

reduction . For example. it has been r eported that in the reduction 

of N2 into NH) by the CP 2Ti species in THF at r.t . during several days , 

10% of the hydrogen present in the product NH) comes from the THF. 35 

Consequently, the possibility of THF serving as the hydrogen source 

cannot be ruled out and we do not have any data to confirm or rule 

ou t these possibilities . It may be of interest to note that the sy nthesis 

of s t able metallocycle systems are usually carried out in hydroca r bon-

37- 41 
solvents . Unfortunately , the Mg / BrCH

2
CH

2
Br system failed to reduce 

the CP2Ti Cl 2 in hydrocarbon solvents (toluene , benzene , etc . ) and h e nce 

we have continued the utilization of THF for further studies. 

The cP2zrC12/Mg/BrCH2CH2Br reagent system also gives 1,2-diphenyl-

(E) -l-butene in 80% yield with diphenylacetylene under similar reaction 

conditions, indicating the formation of zirconocene-ethy l e ne complex 

and the correspondi ng metallacycle as intermediates (Scheme 10 ) . 

The simple ethylene complexes of " Cp Ti" and "Cp Zr" have not 
2 2 

been reported although the (CSMeS)2Ti(CH2=CH2) complex has been prepared 

. 16 and character~zed. It has been reported that the titanocene-ethylene 7 

complex generated in this way is highly reactive towards alkynes . Inter-
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nal alkynes whose 1T - acceptor property is less pronounced, are incorpo-

rated into the Ti- C bond to give the corresponding metallacyclo-2-pentene 

deri vatives (Scheme 11). Alkynes which are good 'IT -acceptor ligands 

exclusive ly undergo ligand exchange to 9i ve the corresponding li - complex. 

Terminal alkynes gave the alkynyl(ethylltitanium compounds (Scheme 11). 

Scheme 11 

'\ ·9 / TI __ 

CH 
CH 3 3 

PhC" CPh 

t-BuC::CB 

It has been reported that a similar zirconocene diphenyl-acetylene 

complex , prepared by the reaction of 'zirconocene ' with 1 equivalent 

of diphenylacetylene, reacts with another equivalent of diphenylacetylene 

to produce tetraphenyl metallacyclopentadiene derivative which on hydro-

lysis gives 
. 10 

1,2, 3 ,4- tetraphenyl- 1 • 3- butad1ene. We have observed that 

when the experiment was carried out using l-decyne with the CP2TiC12/Mg/ 

BrCH
2

CH
2

Br system , only polymerized product was isolated. The l-decyne 

was unaf fected by the zirconium system under the reaction conditions. 

It is 01 interest to note that the "Cp Ti" 
2 

species prepared by the 

reaction of CP2TiCl2 with Na/Hg in toluene under argon atmosphere cata-

27 
lyzes polymerization of l-alkynes. 
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The metallacycles similar to 4 have been prepared in hydrocarbon 

d t "l" d "1 10.36 solvents an U 1 1ze extens1ve y. As discussed previously, the 

roetallacycle 4 . generated under the present reaction conditions, under-

goes reduction even before work-up as indicated by the absence of deute-

rium in the product when the reaction mixtures were treated with 020' 

The metallacycles such as 4 have been reported to give the corresponding 

cyclopentanone derivatives on carbonylation with " 18 . 36 carbon monox1de . 

However, attempted ca rbonylation of the reaction mixtures obtained 

in runs with both CP2TiC12 and CP2ZrC12 did not furnish any other product 

other than the 1 , 2-diphenyl- (E)- 1- butene 6 . Clearly I this product is 

formed before carbonylation. 

In order to examine whether higher alkene complexes can be prepared 

utiliz ing the CP2MCl2/Mg/BrCH2CH(R)Br (M=Ti or Zr) systems, we carried 

out the experiments replacing 1, 2-dibromoethane with 1, 2-dibromodecane 

or 1, 2-dibromostyrene . 1,2- Dibromodecane (10 romol) or styrene dibromide 

( '0 romol) was added to a mixture of Grignard grade magnesium (25 romol) 

and zirconocene dichloride (2.5 rnmol) in THF (80 ml) at O°C under nitrogen 

atmosphere f After the reaction mixture became light yellow (25 min), 

diphenylacetylene was added and the reaction mixture was brought to 

r . t . and stirred further for 12 h . After work- up and chromatography , 

trans- stilbene 8 (35%) and 1,2 , 3 , 4- tetraphenyl- 1- butenes 9 (50%) (spec-

truro No . 6) were isolated besides l - decene/2- decene or styrene. However , 

the corresponding alkylated stilbenes were not formed . The formation 

of these products can be rational i zed tentati vely as indicated in Scheme 12. 
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Scheme 12 

) M-H 

8 

Surprisingly , these products (Scheme 12) were not obtained in 

runs utilizing 1, 2- dibromoethane. Presumably , 'ep M' species generated 
2 

utilizing the 1,2- dibromodecane or ,,2-dibromostyrene are more reactive 

and give metal hydride species capable of reducing tetraphenyl butadiene 

and diphenylacetylene into trans-stilbene (Scheme 12l. 

In recent years , the zirconocene-alkyne and -benzyne complexes 

. 37- 41 
have received mu ch attent~on (Scheme 13). 

Scheme 13 
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I-BuC = N 

MaOH 

The titanocene- and zirconocene-benzyne complexes are generally 

d b h h 1 d .. f d· h 1 11 42,4 3 prepare y t e t erma ecomp05~ t~on 0 l.p eny meta oce ne . 

Titanocene-benzyne complex has been also prepared in , 5% yie ld by the 

reaction of CP2TiC12with l- bromo-2-fluorobenzene in the presence of 

1 9 
magnesium in THF. It was of interest to examine whether the titanocene-

and zirconocene-benzyne complexes can be prepared in situ utilizing 

the CP2MC12 (M=Ti or Zr) and 1, 2- dibromobenze ne in the presence of 

magnesium for utilization in reactions with organic substrates. 

It was observed that the reaction of Grignard grade magnesium 

with CP2MC12 (M=Ti or Zr) and 1,2-dibromobenzene at room temperature 

in the presence of diphenylacetylene or norbornene gave only biphenyl 

as the reaction product. It appeared that if both the reduction of 

CP2MC12 and reaction of ',2-dibromobenzene can be carried out at lower 

tempera ture, then it may be possible to prepare the corresponding be n zyne 
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complexes of CP2M . Grignard grade magnesium failed to react with 1, 2-

dibromobenzene at - 24°C. However , the active magnesium , prepared in situ 

utilizing and 

15 mmol) 

potassium 
44 

metal . reacts 

the presence of CP2zrC12 

with 1 , 2-dibromobenzene 

12.5 mmoll . Norbornene 

(5 mmol) was added to this reagent system and the contents were stirred 

for 3 h at -24°C and at room temperature for 12 h. After work-up and 

chromatography, exo-2- phenylnorbornane 11 was isolated in 60% yield. 

The sample was identical (1: 1 correspondence of the IR spectrum) to 

1 b . d b h' .. 45 the samp e 0 ta~ne y t e reactlon of norbornene wlth benzene ~n con . H
2

So
4

" 

It was also observed that when the above experiment was carried out 

without utilizing cP2zrC12 ' only biphenyl (80%) was isolated . This 

indicates that zirconocene-benzyne complex is formed under the present 

reaction conditions. The result can be tentatively rationalized as 

outl ined in scheme 14. 

Scheme 14 

act ive Mg. 

rOY
sr 

~Sr 

Cp zrlO"" 2 .0 

10 

) M-H 

11 
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It is of intere st to note that the metallacycle product 10, 

prepared by the exchange of olefin from 3- n- butylzirconaindane in the 

pr esence of excess norbornene ( 1 . 1- 20 molar equivalent) without any 

solvent , has been found to be stable even at 100 o c. 46 
However, in 501u-

tions these metallacyclopentane s decompose and give only phenylalkanes 

46 
(Scheme 15). 

Scheme 15 

In runs utilizing CP2TiC12 in the place of CP2zrC12 only biphenyl 

forrnation was observed . When the experiment was carried out replacing 

norbornene with diphenylacetylene only trans-stilbene was isolated 

( 70%) in addition to biphenyl (70%). This is similar to the reactivities 

observed by the CP2M and:>M-H species generated from CP2MC12/Mg /BrCH2CH(R)Br 

system which converts diphenylacetylene into trans- stilbene (Scheme 13). 

Although much to be desired regarding synthetic utilities, the 

1,2-dibromoethane/ Mg/cP2MCl2 (M=Ti or Zr) and 1,2-dibromobenzene/Mg/CP2zrCl2 
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systems are p r omi sing as simple reagent systems for in situ pre paration 

of the corresponding ethylene and benzyne complexes . 

TiC1
4
/ Mg/BrCB

2
CH

2
Br system: A l~ 2-Diorganometallic equivalen t : 

AS discussed in the previ ous section , the CP2MC12 (M=Ti, Zr) / Mg/ 

BrCH
2

CH
2

Br reagent system reacts with diphenylacetylene to give ethyl-

s tilbene . This transformation wa s visualized as involving the CP2Ti(CH2= 

CH
2

) species and a fi v e membered metallacycle as intermediates (Scheme 

10 and 11). The formation of CP2M(CH2=CH2) can be tentatively rationa­

l ized as indicated by Scheme 16 . 

Scheme 16 

- Hg (Cl)Br 

If the mechanism outlined in Scheme 16 i s operative , it implies 

tha t the CP2MC12 reagent is able to trap the BrCH
2

CH 2MgBr intermediates . 

This is interesti ng since the BrCH
2

CH
2

MgBr read i ly decomposes into 

MgBr
2 

a nd ethylene . 
33 However , the stability of the cor r espo nding tita-

nium reagent, )Ti- CH
2

CH
2

Br is not entire ly unexpected . It is known 

that whereas the 0- fluorophenyl titanium derivatives are stable e nough 

f ..I.- 2S"C , 1,47 or reactions at temperatures u~ ... o 

Mg derivatives eliminate the metal fluoride 

the corresponding 

o 48- 50 
above - 50 C. 

Li and 

It is 
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well- known that the organoti taniuro reagents , generated by the reaction 

of RMgX or RLi with TiC1
4

, can readily transfer the alkyl groups to 

1 
carbonyl groups . Accordingly, we decided to examine the possibility 

of trapping the BrCH 2CH 2MgBr species produced by the reaction of BrCH
2

CH
2

MgBr 

with CP2TiC12 and/or TiC1
4 

and also to examine the possibilities of 

transferring the -CH
2

CH
2
- moiety to organic substrates. A brief survey 

on the synthesis of various diorganometallic derivatives will be helpful 

for the discussion . 

The gem-dimagnesium compound can be readily obtained on treatment 

of methylene bromide or iodide with Mg turnings or with Mg / Hg at room 

temperature in ether-benzene 
51 , 52 

solvent. It reacts with 

and ketones to give olefins, and malonic acid on carboxylation. 

o 
\I 1 

R- C-R R 

aldehydes 

R 

"-1/C==CH 2 

Several other applications have been 
52 , 53 

reported . Aliphatic 

C', , W- dimagnes i um derivatives XMg(CH2)nMgX are preparable by the reaction 

3 
5 4- 56 

of X(CH ) X with magnesium when n ~ . 
2 n 

Mg 
> 

TBF 

f\ 
(CH

2
) Mg 

(J 
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The 1,3-dimagnesium bromide has been also prepared in 30% yield 

by careful addition of 1 , 3-dibromopropane to magnesium i n ether for 

57 
24 h at room temperature. 

Kg 

Its structure wa s confirmed by hydrolysis . carbonation , a nd 

transmetalation to mercury and cyclization to cyclopropane . 

HgBr( CB
2

) 3BgBr 

2HgBc
2 

~ 

I 'We 

HgBr
2 +v+ B C-CB=CH 

3 2 

For the preparation of dimagnesium halide with n= 3 , a circutous 

route involving hydroboration of alle ne followed by me rcuration with 

/ 
. 1 . 58 Hg(OAC)2/NaCl and transmetalation with Mg MgBr 2 ~s a so ava11able . 

2 RLi 

CH2=C=CB2 
2) Hg(OAC)2 

3) NaCl 
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Mg.MgBr
2 

RHqCB
2

CB2CB2BqR > 
THF.7h,23 D C 

However , the synthesis of the 1,2-dimagnesium derivatives , BrMgCH
2

CH
2

MgBr 

is yet to be realized. Accordingly, it appeared desirable to examine 

the possibility of synthesising reagents which would react 

with organic substrates . 

We have observed that the reagent prepared from CP2TiC12 (5 mmol)/ 

Mg(25 mmoll/BrCH
2

CH
2

Br (20 mmol) at oCe failed to react with ketones 

(eg . acetophenone and cyclohexanone) . We then carried out the experiment 

replaci ng CP2TiC12 with 'l'iC1
4 

as follows: 1 , 2-Dibromoethane (20 mmol) 

was added during a peJ:iod of 5 min to a mixture of TiC1
4 

(7 nunol) in 

benzene (15 ml) and Grignard grade magnesium (20 mmol) at oDe (ice-

ba th) under oi trogen atmosphere . The contents were stirred for 30 min 

at aoc and acetophenone (5 nunol) was added. The reaction mixture was 

warmed to 5- 1 aoc and stirred further for 2 h . The black reaction mixture 

was quenched with saturated potassium carbonate solution (10 ml). After 

work-up and chromatography, 2 , 5-diphenylhexane- 2 , 5-diol (spectrum No.7) 

was isolated in 50% yield. A likely mechanism for the transformation 

is s hown in Scheme 17. 
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Scheme 17 

OH OH 
I I 

Ph- C- CH2 - CH2-C-Ph 
I I 
CH3 CH3 

tert-Butyl methyl ketone (pinacolone) was converted into the 

corresponding 1,4-diol (spectrum No . 8) in 55% yield . However , the reagent 

system gives both the 1 , 4- and 1,2- dials on reaction with cyclohexa none , 

cyclopentanone , 3- penta none and ethyl methyl ketone . The results are 

summarized in Table 2 . 

It was found that the 1,2-diols are formed in low yields (- 20%) 

when the reaction was carried out in the absence of TiC1
4

. However , 

it is likely that in these cases the 1, 2-diols are formed from the 

reaction of ketones with the low valent titanium species generated 

by the reduction of TiC1
4

" As outlined in the introductory section, 

. h . 1 / 13 . 1/ 14 . 1/ 12 It as been reported that the T1C 4 Hg-Hg I T1C 3 Mg and T1C 4 Zn 

systems give 1,2-diols as the only products with ketones . 

The results indicate that there are two types of species present 

under the reaction conditions (Scheme 18) . Presumably, in the case 

of acetophenone and pinacolone path A is very fast and path B is slow . 

In oth e r cases , path B also interferes and the 1, 2-di o l s are also formed . 
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Table 2: Conve rsion of ketones to 1,4-diols and 1,2-diols using TiC1
4
/ MI} / 

a 
substra t e 

o 
11 

ph-C -CH) 

0
0 

o 

6 

Product(s) Yieldl%)b m.p. 

OH OH 
1 1 

Ph-C- CHrCH2- C- Ph 
I 1 

50 

CH) CH) 

OH OH 

UCH2-CH2D )sd,. 

, 
OHOH 

0---0 )sd,! 

OH OH 

d--b 

OH OH OH 
I I I 9 

ICH)CH2J2CICH212C(CH2CH)J2'((CH)CH212C-h 60 

OH OH 
I I 

CH)CH2-CICH212C CH2CH) 
I I 
CH) CH) 

(SQG/o ) 

OH 
I 

, ( CH)CHrT-)2 

CH) 

(So % ) 

121-122'C 

, 
118- 119 C 

127-128'C 

12)-124'C 
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a) In all cases, the reactions were carried out in the same sca l e 

(see experimental section) . Reaction time and temperature are also 

the same . All new compounds gave satisfactory analytical data (C!O .2% 

and H±O.2%). 

bl Yields of the isolated products based on the starting ketone utilized . 

c) Yield of products separated by chromatography on a silica gel column 

using hexane (80%) and ethylacetate (20%) as eluent. 

d) Isolated as a mixture of 1,4- and 1,2- dials . The percentage compo­

sitions given in parentheses along with the structures were estimated 

by comparing the - C-OH carbon-13-NMR signal intensities and hence 

they can be only crude approximate estimates since these signals 

are also affected by NOE effects. 



Sche me 18 

TiCI, + M9 + BrCHrCHrBr 

The 

M-CHZ-CH2-M 

Path- A 

II m 
Ti and Ti 

Path- B 
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reagent does not affect benzophenone, 

n-octanal and pivalaldehyde, {CH3)3CCHO , gave the corresponding 1,2-

diol . Also , electrophiles such as n-oetyl bromide , n-oetyl cyanide 

were not affected by the reagent system . 

Attempts to prepare~1,3-diorganometallic species using 1, 3-dibromo-

propane instead of , ,2-dibromoethane and Mg/TiC1
4 

in a run with cyclo-

hexanone gave only the corresponding 1 , 2- diol (- 20%) and the 1 , 5- diol 

was not formed . 

It has been reported thatlTitZrC1
4 

reagent does not r eadily get 

1 
reduced to low valent zirconium species. Accordingl y , it wa s thOllght 

reagent system will be more suitable 

for the preparation of the 1,4-dio!s . However, the reaction of cycle-

hexanone with ZrC1
4

/Mg/BrCH
2

CH
2

Br system gave only the' , 2- diol (- 30\) 

which might have formed by the reaction of the ketone with magnes ium . 

In order to examine the possibility of preparation of substituted 

1,2-diorganometallic reagents , an experiment utilizing 1,2- dibromohexane 

in the place of 1, 2-dibromoethane was carried out under similar condi-

tions. Unfortunately , o nl y 1, 2-diol was isolated in 40% yield and the 

subs tituted 1,4-diol was not for med. 
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SO H H A R Y 

The reagent systems prepared in situ in tetrahydrofuran (THF) 

by the reaction of CP2TiC12 with iso-butyl or t-butylmagnesium halides 

or with Grignard grade magnesium and 1, 2-dibromoethane provide simple 

reagents for the isomerization of some '-al~enes into trans-2-a!kenes 

under mild conditions. The 1 2 dOb th 1M Ie Mel , - ~ romoe ane 9 P2 2 (M=Ti or Zr) 

and 1 , 2- dibr omobenzene/Mg/CP2zrC12 systems are promisi ng as simple 

reagent sys tems for the in situ preparation of the corresponding ethylene 

and benzyne complexes as indicated by the incorporation of ethyl group 

into diphe nylacetylene and incorporation of phenyl group into norbornene. 

A novel 1, 2-diorganometallic species generated utilizing the TiC1
4

/Mg/ 

BrCH
2

CH
2

Br reagent system reacts with some ketones to give the corres­

ponding 1,4-diols . This reagent system is promising for introducing 

-CH
2

CH
2
- group into appropriate organic substrates. 
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E X PER I MEN TAL 

Several items given in the experimental section of Chapter 1 

are also applicable for the experiments outlined here. 

The dichlorobis(cyclopentadieneltitanium (IV), and 

dichlorobis (cyc!opentadiene) zirconium (IV), CP2zrC12 ' supplied by Fluka, 

Switzerland were utilized. Titanium (IV) tetrachloride , TiC1
4

, supplied 

by Rie::el was utilized to make standard solution in benzene (50 mmol, 

9 . 5 9 of TiC1
4 

in 100 ml of benzene). ZrC1
4 

supplied by Fluka , Swi tzer-

land was used. 

All alkenes utilized were commercial samples , supplied by Fluka , 

Switze rland . Diphenylacetylene was prepared following a reported pro-

59 cedure. Acetophenone, cyclohexanone and cyclopentanone supplied by 

Ra nbaxy, I ndia we re utilized. Pinacolone, 3- pen tanone, 2-butanone , 

and pivalaldehyde utilized we r e supplied by Fluka, Swit zerland . Benzo-

phenone and n-octanal utilized we r e supplied by Sisco , India . 

All 1,2-dibromo compounds , except 1, 2-dibr omoethane , utilized 

were . . . 1 60 . 
prepared from alkenes by brom~nat~on 1.n CC 4. 1, 3- D1.bromopr opane 

and iso-butyl bromide were supplied by Fluka , Switzerland . t- Butyl 

61 
chloride was prepared follow ing a reported procedure. 
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Reaction of l-decene with the Cp2TiC12/ iso-butylmagnesium branide r eagent 

system in THF: 

Iso-butylmagnesium bromide was prepared in THF (60 ml ) using 

iso-butyl bromide (12 mmol , 1 . 64 g) and Grignard grade mag nesium (20 mmel , 

0 .5 g) at room temperature under nitrogen atmosphere . A solution of 

dich lorobis (cyclopentadiene) ti tanium (IV) (2 mmel , 0.5 g) in THF (60 ml) 

was made in the reaction flask and the iso-hutylmag nesium b r omide 501u-

ticn was then transferred into it through a cannula under nitrogen 

atmosphere . After 30 min , l- decene (10 mmol, 1 .4 g) was injected a nd 

the mixtur e was stirred for 2 h at r.t . The mixture was treated with 

dil .HCl (50 ml , 2N) and saturated with solid sodium chloride . The organic 

layer was separated and the aqueous layer was extracted with ether 

(3x30 ml) . The combined organic extract was washed successive l y wi th 

water (50 ml), brine solution (50 ml) and dried over anhydrous MgS0
4

. 

The solvent was evapo rated and the residue wa s chromatog raphed on a 

si lica gel column using hexane as eluent to isolate a trans/cis mi xture 

(- 85 : 15) of 2-decenes (1 . 0 g , 75%). 

S. P. 57- 5S·C/ l 0 rom . 

-1 
IR ( neat): \) : 2960 , 2850, 9 50 cm 

max 

lH ) NMR 1100 MHz, CDC1
3 

' <5 ppm 6.4 (m , -CH) , 2. 3 (m,-CH
2

) , 1. 9 (d , trans-

CH
3

), 1. 8 (d , c is-CH
3

), 1. 3 (br , s , other 

CH
2 

hydrogens) , 0.9 It ,- CH
3

). 

13 C NMR 125.0 MII z , CDC1
3
), 6 ppm 13 1. 6 , 124 .4, 32.6 , 31.9 , 29 . 7, 29 . 2 , 

22 .6, 17. 5 , 13.8 . 
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In addition small peaks at 130 . 7 . 123 . 4, 26.8 and 12.7 ppm charac-

teristic of cis- 2- decene were also present. The r at i os of trans/c is 

isomers of 2- decenes reported here can be only approximate as they 

are based on the r elati ve intensities of the olefinic carbon signals 

which are also a ffected by different NOE factor s . We previously reported 

(Ref . 25) a trans/cis isomer r atio of 90/10 for the mixture of tra ns/ 

cis- 2-decenes obtained utilizing CoC1
2

/NaBH
4 

system, o n the basis of 

relative intens ities of the olefinic CH
3 

proton signal s (270 MHz spectrum ) . 

Comparison of the relative intensities of the olefinic carbon s i g nals 

obta ined in that case with those observed for the trans/c is isomers 

obtained in the present procedure indicates that the ratio is closer 

to 85/15 . 

Reaction o f l-decen e with the Cp2TiCl2/t-BuHgCl reagent system i n TRF: 

To a solution of Mg (40 nunol, 1.0 g) and t-BuCl (16 mmol , 1. 5 g) 

in THF (801) , 1,2-dibromoethane ( 15 mmol, 2 .8 g) was added dropwise 

unde r nitrogen atmosphere at r oom temperature. To this Grignard r eagent, 

CP2TiCl2 (2 mmo1, 0 . 5 g) wa s added followed by 1-decene ( 10 mmol , 1.4 g). 

The reaction mixture turned to black via gree n colour in 2 h . Afte r 

work- up . the residue wa s subjected to chromatography on a silica gel 

colwnn using hexane as eluent to isolate a trans /cis mixture ( ..... 85: 15) 

1 1 3 
of 2- decenes (1 . 0 g , 75%) . The IR . H NMR and C NMR spectral data 

s howed 1 : 1 correspondence to the spectra of the sample obtained in 

the previous experiment . 

The above procedure utilizing CP2 TiCl 2 / t- BuMgC1 system is 

a lso applica b l e for isomerization of allylbenzene and safrole (Table 1). 
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Isomerization o f l - decene r e age nt system 

i n T8F: 

1 , 2-Dibromoethane (15 mmol, 2 . 8 g) was added at room tempe rature 

unde r nitrogen atmosphere during a period of 10 min to a THF (80 ml) 

solution of dichlorobis(cyclopentadiene)titanium (IV) , CP2TiC12 ' (2 mmel, 

0 .5 g) in the presence of Grignard grade magnesium (20 mmol , 0 . 5 g) . 

The mixture turned to dark green within 30 min. l-Decene (10 mmol, 

' . 4 g) was added and the reaction mixture was stirred for 2 h at r.t . 

After work-up , the residue was chromatographed on a silica gel column 

us ing hexane as eluent to isolate a trans/c is mixture ( ..... 85 : 15) of 

2-decenes (1 . 0 g, 78%) . The IR, 
1 13 
H NMR and C NMR spectral data showed 

1: 1 correspondence with those of the samples obtained previously. 

The procedure outlined in the previous experiment utilizing 

followed for the 

isomerization of allylbenzene and safrole and t he results obtained 

are pr esented below . 

u -
Yield , 77% (0 . 9 g) . 

B. P, 70°/ 12 mm , Lit .
62 

b . p. 176- 7°C/760 mm. 

IR (neat) : V : 30 10 , 1600 , 950 , 
max 

1 
H NMR ( 100 MH z , CDC1

3
) , 6 ppm 7.5 

1 
740 em . 

6 . 5 

1 3 1. 9 , 13C NMR (25 . 0 MHz , CDC1
3

) , 6 ppm 138 . 5 , 

125 . 7 , 18 . 7 . 

(m,-CH) , 2. 1 

129 . 0 , '27.3 , , 26. 4 , 



Yield , 80% 11. 2 9 I . 

B.P : 120°C/ l0 rrun, Lit .
63 

b . p . 111 Q /6 mm . 

IR(neat) : 
" max 

3010 , 1600, 1240 , 950 

13C NMR 125 . 0 MH z, CDC1
3

1 , 0 ppm 148 . 3 , 

12 0 . 4 , 

1 
em . 

146.9, 

108 . 3 , 

120 

132 . 7, 131.1, 123 . 6 , 

105.5 , 101 . 1 , 18 . 2. 

Examination of the question whether the isomerization reaction using 

, , 2- Dibromoethane (15 mmol . 2.8 g) was added dropwise to a THF 

180 mil solution containing dichlorobis{cyclopentadiene)titanium (IV) , 

CP2 TiC1
2

, (2 mmol , 0.5 g) and Grignard grade magnesium (20 mmol , 0.5 g) 

under nitrogen atmosphere at room temperature . Duri ng 30 mi n, the colour 

changed from orange to black via green . l -Decene (50 mmol. 7.0 g) was 

injected to this mixture and stirred further for 12 h at room temperature. 

After work-up , the residue was chromatographed on a silica gel column 

using hexane as eluent to i solate a t r ans/cis mixture (-- 85: 15) of 

2-dece nes (5 . 25 g , 75%) . The spectral data were again found t o show 

1: 1 correspondence with the data o f the samples obtai ned p r eviously . 

Isomerization o f l- decene us ing Cp2TiC12 prepared i n situ i n THP: 

t- Butylmagnesium chl o ride (6 mmol) i n THF (80 ml) sol ut i on was 

prepared from magnes ium ( 10 mmol, 0 . 25 g) and t-BuCl (6 mmo l, 0 . 55 g) 
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under nitrogen at r.t. during a period of 2 h . Freshly distilled cyclo­

pentadiene (5 romol , 0 . 33 9) was added to this mixture and stirred for 

2 h at r.t. TiC1 4 (2.5 mmol , 12.5 ml in benzene , made by dissolving 

10 nunol of TiC1 4 in 50 ml benzene) was added and stirred for further 

1 h at r . t . to get a green coloured solution . Magnesium (20 mmol , 0 . 5 g) 

and 1,2-dibromoethane (15 romol . 2.8 g) were added . After 30 min stirring, 

l-decene (10 mmol , 1 . 49) was injected and the mixture was stirred 

for 24 h at room tempe rature. After work-up, the residue was subjected 

to chromatography on a silica gel column using hexane as eluent to 

isola te a trans/c is mixture (85:15) of 2-decenes (0 . 98 g, 70%). 

Reaction of l-decene using Cp2zrC12/Hg/BrCH2CH2Br system in THF: 

To a solution of dichlorobis(cyclopentadienelzirconium (IV), 

CP2z rC12' (S mmo!, 1.5 g) and magnesium (50 romol, 1. 25 g) in THF (80 ml)' 

1 , 2-dibromoethane (30 mmol, 5.4 g 1 was added dropwise during a period 

of 10 min under nitrogen at room temperature. The reaction mixture 

turned to l ight yellow wi thin 30 min . 1- Decene (5 mmol , 0.7 g 1 was 

added and stirring was continued for 12 h at r.t . After work-up, unreac-

ted l- decene was recovered quantitatively. 

Reaction of diphenylacetylene with Cp2TiC12/Mg/BrCB2CB2Br reagent s ystem 

in TBP at room temperature: 

To a solution of dichlorobis(cyclopentadieneltitanium (IV), 

CP2TiCl2 ' (2.5 mmol, 0.625 gl and Grignard grade magnesium 

0 .625 g) in THF (80 mll, l,2-dibromoethane (20 romol, 3 . 7 g) 

(25 rranol, 

was added 
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under nitrogen at room temperature. During a period of 25 min, the 

colour of the solution turned from orange to black . Diphenylacetylene 

(2 .1 mmol, 0 . 38 g) in THF (5 mIl was added and the contents were stirred 

for 12 h at r. t . After work-up, the residue was subjected to chromato-

graphy on a silica gel column using hexane as eluent. The expected 

1,2,3,4-tetraphenyl- l , 3- butadiene (0.21 g , 60%) , m.p . . 2 1 
Ll.t. 

mp . 183°C and another product which was identified as 1, 2~diphenyl-

(E) -l- butene (0 . 12 g , 30% , spectral data given after the next experiment) 

were isolated . 

Spectral data of 1, 2 ,3,4-tetraphenyl-(E,El-l,3-butadie ne : 

IR(KBr) , V max 
3050, 1600 , 760 , 700 

- 1 
em 

1H NMR (100 MHz , CDC1
3

) , 6 ppm 7 . 36 (m ,- 8H) , 7.0 (m ,- 8H), 6 . 75 (m , -4H) , 

6.3 (s ,-2H). 

13C NMR (25 . 0 MHz, CDCl
3

) : <5 ppm 144 . 3 , , 39 . 7 , 137 . 1 • 130 . 3 , 129.4 , 

1 28 . 7 , 128.1, 127.7, 127 . 3 , 126.5. 

Reaction with diphenylace tylene of the reagent system generated from 

1,2- Dibr omoethane (20 mmol, 3 .7 g) was added duri ng 10 min to 

a THF so lution (80 ml ) of dichlorobis(cyclopentadiene)titanium (IV) , 

CP2TiCI2 ' (2.5 mmo l, 0 . 625 g) in the presence of Grignard grade magnesium 

(25 mmol), 0 . 625 g ) under nitrogen atmosphere at O°C (ice-bath). The 

reaction mixture turned to dark greenish- black co l our during 25 minutes . 

D,'ph 1 t 1 (2 1 mmol 0 38 g) in THF (5 ml) was added and the eny a ce y ene· ,. 

mixtu re was brought to room tempe rature during a period of 2 hand 
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stirred further for 12 h. After work-up, the product mixture was chroma to-

graphed on a silica gel column using hexane as eluent to isolate 1 , 2-

diphenyl- (EI- 1-butene (0 . 35 g , 80%1 b.p. 130-135°/2 mm, Lit 34 b . p. 

294-6 °C (for 1 , 2- diphenyl(Z)butene, m. p . 57 034 ) and 1 , 2 , ) ,4-te traphe ny l-

(E , El -l, 3-butadiene (20 mg. 5%) . 

spectral data of 1, 2-diphe nyl- (E)-1-butene 

IR (neat) : 1 
\) , 3050 , 2950 , 1610 , 920 , 760 , 700 cm . 

max 

1H NMR ( 100 MH z , CDC1
3

1 , 6 ppm 7.6-6 . 9 (m, - phl , 6.4 (s , -CHI , 2 . 5 (q,-CH
2

I , 

1.1 (t ,-CH
3

) · (Spectrum No _ 5) 

13 
C NMR (25 . 0 MH z , CDC1

3
1 , 6 ppm 145 . 4 , 142 . 0 , 1 39 . 1 • 132 . 2 , 129.6 , 

1 29 . 1 , 128. 9 , 128 . 4, 127.4, 126 . 7 , 

125 . 8 , 34.0 (t in OFRI , 13.3 (q in 

OFRI . (Spectrum No. SAl 

+ + + 
Mass spectral data (m/ el, 208 (M , 50%1,193 (M- CH

3
, 30%1 ,17 9 (M-CH

2
CH

3
, 

100%1 , 115 (193-Ph, 30%1 . 

Reaction with diphe nylacetylene of the reagent system generated from 

To a solution of dichl orob i s (cyc!opentadiene) zirconium ( IV), 

CPzzrC1
2

, (2.5 romel , 0 . 73 g) and Grignard grade magnes ium (25 romo l , 

0 . 625 g) in THF (80 mIl, 1 , 2-dibromoethane (20 mmol, 3 . 7 g ) was added 

during 10 min at O°C (ice-bath) under nitrogen atmosphere . The mixture 

turned to l i ght ye llow col our in 25 min. Diphenylacetylene (2 .1 mmol . 

0 . 38 gl in THF (5 mIl wa s injected a nd the contents were brought to 
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room temperature within 2 h . The react i on mixture was stirred further 

for 12 h. After usual work-up the product mixture was chromatographed 

to isolate 1, 2-diphenyl-(EI-l-butene (0 . 35 g, 80%) and l , 2,),4-tetraphe­

nyl-(E , E)-1 , 3- butadiene (20 mg , 5%) . The spectral data (rR, 'H NMR 

and showed 1 : 1 correspondence with the spectra of the samples 

obtained in the previous experiment. 

Isomerization o f cis- s tilbene to trans- stilbene catalysed by the CP2zrC12/ 

Mg/BrCB
2

CB
2

Br r e age nt s ystem in TBP : 

To a sol u ticn of dichlorobis (cyclopentadiene) zirconium (IV), 

CP2z rC12 ' (2 . 5 mmol, 0.73 gl and Grignard grade magnesium (25 mmel , 

0.625 g) in THP (80 mll, 1 , 2-dibromoethane (20 mmol , 3.7 g) was added 

during 10 min at aoc (ice-bath) under nitrogen atmosphere. cis-stilbene 

(2 . 1 mmol, 0.37 g) was injected after 25 min and the contents were 

brought to room temperature , stirred further for 12 h. The residue 

obta ined after work-up was chromatographed on a silica gel column using 

hexane as eluent to isolate trans- st i lbene (0.29 g , 80%) . 

M. P : 123-1 24°C, Lit. 64 m. p . 12 4 °C . 

13 
C NMR 125 . 0 MH z , CDC1

3
1: 6 ppm 137 . 5 , 128 . 5 , 127 . 7 , 126.7. 

+ 
Mass spectr al data (m/e) : 180 (M ) . 

Reactio n with dipheny lace tyle ne of the reage nt system ge ne rated f ran 

Cp2zrC12/Mg / l ,2-dibromodecane in THP: 

1, 2-Dibromodecane ( 10 mmol , 3 . 0 g) was added dropwise during 

10 mi n t o a mixture of dichlorobis (cyc l opentadiene) zirconium (IV), 
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CP2z rC12 ' (2 . 5 mmol, 0.73 g) and Grignard grade magnesium (25 mmol, 

0 . 625 g) in THF (80 ml) at aOc under nitrogen . When the mixture became 

light yellow in colour (after ca.2S min) , a solution of diphenylacetylene 

(2 .' romol , 0 . 38 g) in THF (5 mIl was injected and it was a llowed to 

warm to r. t . during 2 h . Stirring was continued for 12 h. Usual work- up 

gave l-decene (contains 2-decenes to the extent of 5%) , trans-silbene 

(15%) m.p. 123- 124°C and 1, 2 , ) ,4-tetraphenyl- l- butene (0 . 23 g , 60%) , 

m.p. 142-143°C. 

Spectral data of 1 ,2 , 3,4-tetraphe nyl-l-bute ne 

IR (KBrl : \) 
max 

3050 . 1610. 1080. 1040 . 920. 760 . 700 
1 

em . 

lH NMR (100 MHz. CDCl
3

1 : 0 ppm 7.2- 6.7 (m . Phl . 6 . 6 (s . -CHI . 4.0 (t.-CHI. 

3 . 2 (t or overlap by doublets , 

due to the prese nce of adjacent 

centre) . (Spectrum No.6 ) 

13 , 
C NMR (25 . 0 MH z. CDCl

3 
I: u ppm 1 4 5 . 3 • 141.2 . 14 0.5 . 1 37 . 4. 

1 29 . 3 • 128.8. 128.0 . 127.7 . 

-CH -
2 

chiral 

130. 1. 

1 27 • 1 , 

126 .6. 124.1. 56 .4 (d in OFRI . 40 . 3 

(t in OFRI. (Spectrum No.6 AI 

+ + 
Mass spectral data (m/e l : 360 (M • 10%1. 269 (M - CH

2
Ph. 80%1 . 19 1 (269-Ph . 

10 0%1 . 91 (PhCH
2
- . 90%1 . 

Ana lysis: C% H% 

Calculated: 93.3. 6 . 66. 

Found : 93 . 93 . 6.79 . 
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Reaction with diphe nylacetyle ne of the reagent system generated from 

Cp2zrC12/Mg/styrenedibromide in TBF: 

Styrenedibromide ( 10 mmol, 2 .64 g) was added under nitrogen 

atmospher e to a mixture of dichlorobis(cyc!opentadienelzirconium (IV), 

CP2z rC12 ' (2.5 mmol , 0.73 g) and magnesium (25 mmol, 0 . 625 g) in THF 

(80 mIl at O°C . After 30 min stirring, a solution of diphenylacetylene 

(2. 1 mmol, 0 . 38 g) in THF (5 mIl was injected and the mixture was allowed 

to warm to room temperature during 1 h. Sti rring was continued further 

for 12 h and after usual work-up styrene (0 . 6 g , 60%) , trans-stilben e 

(0 .1 2 g, 30%, m.p. 123-124°C , Lit.
64 

m. p. 124°C) and 1, 2 , ) ,4- tetraphenyl­

l-butene (0.15 g, 40% , m.p . 142-143°C) were isolated by chromatography. 

The spectral data (IR , 'H NMR and 13c NMR) showed 1 : 1 correspondence 

with the spectra of the sample obtained in the previous experiment. 

Reaction with l-decyne of the reagent system g e ne rated from Cp2TiC12/ Mg/ 

BrCB
2

CB
2
Br in THP: 

To a mixture of dichlorobis(cyclopentadie ne)titanium (IV), CP2TiCl2' 

( 4.5 mmol, 1.1 gl and magnesium (30 IYITlol, 0 . 75 g) in THF (80 ml), 1,2-

dibromoethane ( 15 rranol, 2.8 g) was added dropwise during 5 min under 

nitroge n at O°C. After 25 min sti r ring, l-decyne (4 mmol, 0 .56 g) was 

injected and the mixture was brought to room temperature during 1 h. 

Stirring was cont i nued for 12 h . After u sual work-up and chromatog raphy , 

a dark ye llow oily compou nd was isolated. The compou nd did not distill 

upto 250°C at 0.1 mm Hg. I t was concluded that it might be a oligomeriza­

tion product. This product was not characterized further. 
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1- Decyne was unaffected when the CP
Z

ZrC1
2 

r eagent was utilized 

instead of CP2TiC12 in the above experiment . 

Reaction with norborne ne of the reagent system generated from Cp2zrC121 

Mg/ l,2-dibromobenzene in TBP: 

The active form of magnesium was prepared by treating magnesium 

bromide . prepared from Grignard grade magnesium (20 nunol , 0.5 g) . and 

, , 2-d ibromoethane (20 mmo!, 3 .7 g) at room t emperature , with potassium 

metal (30 mmel . 1.2 g) 1n refluxing THF (80 ml) for 3 h. 1 ,2- Dibromo-

benzene (5 nunol , 1.'7 g) and dichlorobis (cyc!opentadiene) zirconium (IV 1 , 

cP2z rC12' (2.5 mmel . 0 . 73 g) were then added at -24° C under nitrogen 

and after 20 min a THF (5 mIl solution of norbornene (5 mmol, 0.5 g) 

was injected . The mixture was stirred for 2 h at -24°C then allowed 

to warm to room temperature and stirred for a further 12 h , n- Butanol 

(5 mIl was then added (this operation was performed so a s to avoid 

violent reaction (if any) due to the presence of excess potassium but 

it does not mean that excess potassium was present). \"ater (100 mIl 

was added and the mixture was saturated with sol i d sodium chloride. 

The two phases were separated and the aqueous phase was extracted with 

ether (3x30 mIl, The combined organic extract was wa s hed successively 

with water (50 ml) , brine solution (50 ml) and d ried over anhydrous 

MgS0
4

, The fi ltrate was concentrated and the residue was subjected 

to c hro matography on a sil i ca gel column using hexane as eluent to 

isolate exo-2-phenylnorbornane (0 . 25 g, 60%, b.p , 84-86 °C/ 1.8 nTn Hg . 

Lit. 45 76 0 C/O.8 rnm Hg, yield based on the zirconocene dichloride used) 

and diphenyl (0 . 13 g, 70% y i eld based on the excess 1,2-dibromobenzene 

t " l " d) 70° L"t 65 71°C " u 1 1ze , m. p. C , 1 . m.p. 
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spectral data for exo-2-phenylnorbornane: 

IR (neat): " max 3100 , 3050 , 2950 , 1960, 1820, 1620, 1480, 1320, 1040, 

820, 760 , 700. 

lH NMR 1100 MHz, CDCl
3

), <I ppm 7 . 3-7 . 2 Im ,-Ph ), 2 . 8 Im , -CH), 2 .4 Im , CH) , 

1 . 9-1 .2 (m, remaining protons). 

1 J 
C NMR 125 . 0 MHz, CDC1

3
) , <I ppm 147 . 7 , 128 . 3, 127.1 , 12 5.4 , 47.4 , 

42.9, 39. , , 36 . 8 , 36 . 1 , 30.6 , 28 . 9 . 

The IR spectrum of the sample was identical to that of the sample 

obtained by the reaction of norbornene with benzene in concentrated 

45 
H2S04 , When the above procedure was repeated without using CP2ZrC12 ' 

only biphenyl (0 . 3 g, 80%) was isolated. 

Reaction with diphe nylace tylene of the r eag e nt system generated f rom 

CP2zrC12/ Mg / l,2-dibromobenze ne in THF: 

The active form of magnesium was prepared in THF (80 ml), as 

outlined in the previous experiment. The contents were cool ed t o -2 4°C 

Diq . N
2 

in CC1
4

) . 1, 2-Dibromohenzene (5 mmol, 1.17 g) and dichlorobis-

(cyclopentadiene)zirconium (IV) , (2.5 mmol, 0.73 g) were 

added . After 20 min stirring , a solution of diphenylacetylene (2. ,1 

mrnol , 0.38 g) in THF (5 ml) was injected and the mixture wa s stirred 

for 2 h at - 24°C . Then the mixture was brought to room temperature 

and stirred for 12 h. After work-up as outlined i n the previous experi­

ment , only trans-stilbene (0.3 g, 80%) m.p . 123-124 °C , Lit .
64 

124 °C 

and bipheny l (0. 14 g, 80% based on the excess 1, 2-dibromobenzene used 

° . 65 7 1 ·C) . 1 t d m. p . 70 C, Ll.t. m.p. were l. SO a e . 
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Reaction of acetophenone with the 1,2-diorganometaJ.lic equivalent gene-

rated utilizing TiC14/Mg/BrCB
2

CB
2
Br reagent system. A convenient method 

for the preparation of 1,4-diols from ketones: 

To a mixture of TiC1
4 

(7 mmo! in 15 ml C
6

H
6

) and Grignard grade 

ilIagnes ium (20 mmol, 0.5 g) in THF (60 mIl , 1,2-dibromoethane (20 nunol, 

3 .7 g) was added during a period of 5 min at DoC (ice-bath) under nitro-

gen atmosphere. The contents were stirred for 30 min at oDe and aceto-

phenone (5 romel, 0 .6 g) was added. The reaction mixture was brought 

to 5- 1 DoC and stirred further for 2 h . The black r eact ion mixture was 

quenched with saturated potassium carbonate solution (10 ml), poured 

into water (laO mIl and saturated with solid sodium chloride . The organic 

phase was separated and the aqueous phase was extracted with ether 

(3x30 ml). The combined organic extract was washed successively with 

water (50 ml) , brine solution (50 ml) and dried over anhydrous MgSO 4. 

It was concentrated and the residue was subjected to chromatography 

on a silica gel column using 20% ethyl acetate in hexane as eluent 

to isolate the 2,5-diphenylhexan-2,5-diol (spectrum No.7). It was further 

purified by crystallization from ether-petroleum ether (1: 4) mixture . 

Yie ld, 50% 10 . 33 g). 

M.P: 121-122°C. 

IR I KBr) , 
1 

V 3450 . 2950. 1280 em . 
max 

(m,-Ph) , 2 . 6-1.5 (br , OH) , 1. 6 

(spectrum No.7) 

13 
C NMR 125.0 MH z . CDC1

3
) , .s ppm 14 3 .7. 127.5. 127 . 1 • 79.0 . 63.5 It 

(spectrum No . 7"') in OFR) , 24 . 7 (q in OFR) . 
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Ana lysis: C% H% 

calculated : 80 . 0 , 8.15 . 

Found , 80 . 15 , 8.18. 

The above procedure utilizing the TiC1
4

/ Mg / BrCH
2

CH
2

Br reagent 

sy stem in THF was followed for the conversion of pinacolone to the 

corresponding 1 , 4-diol (spectrum No . 8) and other ketones such as cyclo-

hexanone , cyc!opentanone , 3-pentanone and 2-butanone into a mixture 

of 1, 4- and 1 , 2- dials. The results are presented below. 

Yi e ld , 55% (0 . 31 g). 

M. P, 118-1 19'C . 

IR (KBr): \) 
max 

1 
3450 , 2950, 1100 cm . 

lH NMR (100 MHz, CDC1
3

) , 6 ppm 2.2- 2 . 1 (br , s- OH) , 1.1 

1.0-0.9 (br , s , -CH 3 ) · ( spe ctrum No .8 ) 

13 C NMR (25 . 0 MH z , CDC1
3

) , 6 ppm 76.2 , 38.3 , 28 . 8 , 25.3 , 20 . 8 . (spe ctrum No. 8Al 

Analysis : C% H% . 

Calcula t ed : 73.04 , 13 . 04 . 

Found: 73 . 18 , 13 . 10 . 

OH OH 

()O 
1 (spec trum No . 1 O~) 11 

In thi s case , t he products we r e separated by chr omatography 

on a s ilica ge l column using 20% ethyl ace t ate i n he xa ne as eluent 

and the pr oduc t s were cha racteri zed by s pectr al a nalysis. 



spectral data for the 1, 4-diol (I) 

Yield , 35% (0.19 gl . 

IR (KBrl, \! 
max 

I 3400 , 2950 , 1460, 1280, 980 em . 
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1H NMR (100 MHz, CDC1
3

1 ' <S ppm 2 . 3 (br , s,-OHI , 1.8-1.4 (m ,- CH
2

1 . (Spectrum No . 91 

13 
C NMR (25.0 MHz , CDC1

3
1 , <S ppm 71.0 , 37.4 , 34. 5 , 25.7, 22. 1. (Spectrum No. 9A) 

Analysis : C% H%. 

Calculated : 74.3 , 11.5. 

Found, 75.6 , 11. 5 . 

Spectral data for the 1. 2-diol ( II ): 

Yield, 35% (0 . 17 gl. 

M,P : 123-124 °C , Lit.
66 

124 . 5-125.S o C. 

IR (KBrl, \! , 3 40 0 , 2950 , 1460, 1360. 
max 

13 
C NMR (25.0 MHz, CDC1

3
1 , <S ppm 75 . 5 , 30 . 5 , 25 . 7 , 21.5 . 

o 

6 
OH OH 

_______ .~ ~CH2-CH2~ 
(-SO % ) 

+ cPb 
(- so °/0) 

Yield (mixture): 0.25 9 (spectrum No . 10). 

I 
IR (KBrl , \! 3400, 2950 , 1180 em . 

max 
13 

C NMR (25 . 0 MHz, CDC1
3

1' <S ppm 87.2 , 82 . 2 , 39.6, 36.2, 24 . 7, 23 . 7 . 

The 1, 4-and 1, 2- diols obtained in this case and also in the 

following experiments were not separable by chromatography or crystalliza-

tion . The ratios of the 1,4- and 1, 2- dials were calculated by comparison 

. . 13 
of the intensities of the tertiary carbon (C- OH) 5l.gnals 1n the C NMR 
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spectra. So, these ratios can be only crude approximate values since 

13 . 1 the C s 1gna 5 are also affected by NOE factors . 

Yield (mixture): 0.259. 

IR (neat) , V , 3400 , 2950 , 11 50-1000 
max 

( - 50%) 

1 
em . 

(- 50%) 

13 
C NMR (25 . 0 MHz, CDC1

3
) , 0 ppm 78 . 8, 74.3 , 31.1, 30.7 , 27 . 0 , 8 . 8 , 7 . 7. 

CB -CB -~-CB 
3 2 3 

ra3 yB3 
> CB3CB2yCB2CB2yCB2CB3 + 

on OB 

( - 5 0%) 

Yield: (mixture) 0 . 19 g . 

IR (neat) , V , 3400, 2960, 1380, 1150, 10 00 , 900 
max 

1 3 
C NMR (25 . 0 MHz, CDC1

3
) , 0 ppm 77 .1, 72.5, 34 . 3, 

20 . 1 , 19.6 , B.D . 

Control e xperiment without using TiC1
4

: 

f03 

(CB3CB2f- ) 2 

00 

1 
em . 

28.2 , 27 . 9, 25 . 9 , 

To a mixture of Gr ignard grade magnesium (20 mmol, 0.5 g) in 

THF (60 mIl, 1,2-dibromoethane (20 mmol, 3.7 g) was added during 5 

min at O°C (ice-bath) under nitrogen atmosphere. After 30 min stirring, 

cyclohexanone (5 mmol, 0 . 49 g) was added and the mixture was allowed 

to warm to l O-1S o C. Stirring was continued further for 2 h and quenched 

with saturated potassium carbonate solution (5 ml). After usual work-up 

the crude product mixture containing the starting ketone a nd an alcoholic 

product was crystallized from ether-petroleum ether (1:4) to isolate 



the corresponding coupled 1,2-diol (II) (0.09 g , 

. 66 
L~t. 124-12S D C . 
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20%), m. p. 123-124 D C , 

Reaction of cyclohexanone with TiC1
4

/ Mg/l,2-dibromohexane system in 

THY : 

1, 2-Dibromohexane (10 mmol , 2.44 g) was added at oDe (ice-bath) 

to a mixture of TiC1
4 

(7 nunol in 15 ml C
6

H
6

) and magnesium (15 lTITlol, 

0 . 37 g) in THF (60 ml) under nitrogen. The mixture became a brick-

red colour during 40 min , cyclohexanone (5 nuncl, 0 . 49 g) wa s added. 

The reaction mixture was brought to room temperature and stirred further 

for 2 h. It was quenched with saturated potassium carbonate solution 

(5 rol). After usual work-up, the 1,2- diol (II) was isolated by crystal-

lizati on from ether-petroleum ether (1:4) in 40% (0.19 g) yield, m. p. 

123-124°C , Lit .
66 

m.p. 124-126 °C . 

To a mixture of TiCl
4 

(7 mmol , in 15 ml C
6

H
6

) and Grignard grade 

magnesium (20 mmol, 0 . 5 g) in THF (601) , 1,J:-dibromopropane was added 

at oOe ( ice-bath) under nitrogen atmosphere. The mixture became black 

within 30 min, cyclohexa none (5 mmol , 0.49 g) was added . The temperature 

was raised to 100 e and stirring wa s continued further for 2 h . The 

reaction mixture was quenched with saturated potassium carbonate solution 

(5 ml) . After usual work-up , the 1, 2- diol (I I ) wa s isolated by crystalli-

zation from e ther-petroleum ether (1:4) yie ld: (0. 19 g , 40%) , m. p. 

123-4 °C , Lit _66 m. p _ 124-126°C . 
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Reaction of cyclohexa none with ZrCl / Mg/BrCH CH Br s ys tem 1n THF: 
4 2 2 

To a mixture of ZrC1
4 

(5 mmol, 1.17 g) and Grignard grade magnesium 

(20 mmol, 0 . 5 g) in THF (60 mIl, l , 2-dibromoethane (20 romol , 3 . 7 gl 

was added during a period of 10 min a t DoC under nitrogen atmosphere . 

After 30 min stirring , cyclohexanone (5 mmol , 0.49 g) was added . The 

contents were brough t to r.t. and stirr ed further for 2 h . The reaction 

mixture was quenched with sat urated potassium carbonate solution (5 ml) . 

After usual work-up, only the 1,2-diol (II) (0.09 g , 20%) was isolated. 

In runs with TiC1
4

, benzophenone and l-octanal were unaffected 

and the starting ketones were recovered back quant i tati vely . Howeve r , 

pivalaldehyde (5 mmol) gave the corresponding 1, 2-diol . 

TH) 
CH

3 
- T - CHO 

CB) 

cn -
) 

Yield , 40% (0 .1 7 g) . 

IR (KBr) , V 
max 

340 0 , 2950 , 1280 , 

00 OB CH) 
I I I f- T -Y - CH) 

B H CH) 

1 
1100- 1000 em . 

13 
C NMR (25 .0 MHz, CDC l

3
) , 6 ppm 74 . 5 , 35.0 , 25.7. 
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Studies on the Reactivities of Transition Metal Reage nts 

Generated utilizing Transition metal complexes and Magnesium Hydride 
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I N T ROD U C T IO N 

The transition metal hydrides are generally stable only when 

the metal is bonded to other supporting ligands such as CO, tertiary 

phosphines, cyclopentadiene, cyanide and 
. 1 

n~trogen bases . Without the 

support of su -:: h ligands most of these hydrides decompose into the metal 

h d 1 
2,3 

and y ragen even at ow temperatures . As it was discussed in chapter 1 , 

we have observed that the "CuH " · d· th N HIM B I spec1es , prepare uSl.ng e a 9 r 2 

Cuel reagent system hydrodimerizes, l-alkynes into the corresponding 

dienes . We decided to explore the reactions of other MX
n

/NaH/MgBr
2 

systems with alkenes and alkynes in order to have a broad view about 

the reactivities of these systems. Reaction of sodium borohydride with 

many first row transition metal halides (eg . Fe, Co, Nil gives t he 

corresponding metal borides. The use of such metal borides for organic 

synthesis has been reviewed
4 

and it is not discussed here . It was decided 

to review bri efly only the reactivities of the reagents prepared from 

the MX
n

/LiAlH
4

, MXn/NaH/NaOR and MX
n

/MgH
2 

systems in order to facilitate 

the discussion. 

Reactivities of the trans i tion metal hydrides pre pared from trans ition 

metal halide s and Lithium aluminium hydride : 

Titanium hydride species, generated by the reaction of ti t anium 

tetrach l ori de wi th l ithium aluminium hydr i de , has been utilized for 

the reduct i o n of alkynes and mo nosubstituted a l kenes.
5 



141 

TiC1
4 
- LiMB 4 

:> 

Disubstituted alkenes are reduced with excess reagent. Terminal 

alkynes are readily reduced to alkanes but the reaction can be stopped 

at the alkene stage using equimolar amounts of LiAIH
4 

and TiC1
4

. 5 

The combinations of several first row transi ticn metal halides 

with lithium aluminium hydride were found to be effective reducing 

reagents for alkenes, alkynes a nd alkyl halides. 6 However, vel
3

, MnC1
2 

and CuI- LiAlH
4 

f d b · ff . 6 systems were Dun to e 1ne ect1 ve. The reductions 

using TiCl), NiC1
2 

and COCI
2 

are also catalytic but the reduction of 

internal alkenes and alkynes requires stoichiometric amounts of transi-

ticn metal halides. 6 

MX
n
-LiAlH

4 :> 

R-X 
MX

n
-LiAIB

4 :> R-B 

High functional selectivities have been observed in the r ed uction 

of terminal alkynes to alkenes using LiAlH
4
-N i Cl

2 
system and 100\ stereo-

se lec tivity was observed with internal a lkynes . It wa s fou nd that the 

system is more selective 
6 

system. 

The LAH-CoC1
2 

and LAH-NiC1
2 

reagent systems were fou nd to be excellent 

reagents for the reduction of organic halides. Secondary , tertiary . 

alicyclic and aryl bromides which are normally more difficult to reduce . 

can be quantitatively r educed utilising these reagents.
6 
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R-CB -eH -CH 
2 2 3 

Ph-Br Ph-H 

The combination of catalytic amount of zirconium tetrachloride 

and LiAIH4 provides a convenient method for the hydrogenation of olefins . 

The reaction proceeds via hydrozirconation. 7 

cat. ZrC1
4 
- LiAlB 4 

> 
3 0 h 

+ 
B30 

-~--;>;> CB
3

( CB
2

) 4CB
3 

+ 

98% 

2% 
Stoichiometric mixtures of ZrC1

4 
and LiAIH

4 
catalyse isomeriza-

7 
tion of l-alkenes into 2-alkenes in 4 days at r.t. Quantitative yields 

of l-bromoalkanes were obtained when the reaction mixture was treated 

7 with Br
2 

before work-up . 

A stable bis{ cyc!opentadienyl) zirconium( IV) hydridochloride 

has been prepared by the addition of LiAIH4 (0.25 eq) in THF to CP2zrC12 

(1 eq). 8 This complex was obtained in a purer form when LiAl (DBu t) )H 

( 1 eq) was used instead of LiAIH
4

. 8 A stable CP2zrH2 was obtained by 

the addition of LiAlH4 (1 eq) in THF to CP2Zr(Cl)OZr(Cl)cP2 in THF . 8 

The dihydride has been also prepared by treating CP2zr(BH4'2 with excess 

f
. . 9 

o tr~methylam~ ne. 

The reagent CP2zr(HlCl , prepared from LiAlH4 or LiAl(OCH)l)H 

and has been utilized for hydrozirconation of alkenes to 
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give a stable organometallic complex which can be further converted 

into a variety of o rganic derivatives by treating with various electro-

10-1 3 
ph iles. 

o r 

o 
CH3~ 

~Br 

b " CP 2 Zr ~ ---"-+-f\./VV\ I 

1 PhIC l 2 

~Cl 

Formation of n-alkylzirconium( IV} species from internal alkenes 

involves the regiospecific addition of Zr-H t o the internal olef in 

followed by rapid rearrangement via Zr-H elimination and readdition 

to place the metal in the less hindered position of the alkyl c hain.
10 

The alkyl zirconium compounds can be readily c arbonylated with 

1 1 
CO under atmospheric pressure . 

co 
> 

Po 
R-C- Br <<---- - -

NBS 

fl 
R- C-OCH 

3 
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Transmetalation is an important reaction of the organozirconium 

intermediates. The alkyl group in CP2zrRCl ca n be readily transferred 

14-16 
to other metals. 

o 
AICI3 '" RCCI o 

I " R - C-R [R AI CI 2J 
n CH 2CI2 , -30·C 

-t-- C= CH CuCI [~ ]-/1=<H 
Cu H -

H 

0 

H ~r] 
II 

0 1) R- C-CH=CH2 

+-C=CH ~ R ~ 
[Zr] 

2) Ni (ACAc)z/ OISAH 

3) H
3

O· 

Reactivities of the transition metal halides/NaB/RONa systems-complex 

reducing agents (eRA): 

Generally NaH is used as a base for proton abstraction in organic 

I 
" 17 

syn t leS1S. Its basic or reducing ability ca n be increased by the 

addition of RONa and the resulting NaH-RONa reagent has properties 

f " ""d 1 18" remarkably dif ferent from those 0 1nd1V1 ua components . A deta11ed 

s tudy has been made concerning the utilities of NaH-RONa-transition 

metal salts , generally known as complex reducing agents [eRA].18 The 

CRA 's can be readily prepared by the addition of anhydrous metal salts 

to NaH- RONa, or by adding the alcohol to the suspension of NaH and 

MX in DME. After warming to 60-63 °C in 2 h, the reagents are ready 
n 

for 1 9 
use. The eRA ' s have been prepared starting from the halides or 
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acetates of Ti, v, Cr , Mn , Fe, Co, Ni, Cu , Cd, Zr , Mo , Pd and Wand 

several useful organic transformations have been r eali sed. 18 

The CRA ' s prepared from Co or Ni salts have been ut i lized in 

the selective reduction of alkyl . 20 
ha11des . The eRA 1 5 obtained from 

NaH-RONa and Ti , V, Cr , Mn , Fe , Co , Ni , Cu , Cd , Zr , Mo , Pd and W have 

been found to be effective reducing reagents for reduction of aryl 

hal ides. 
19 

Br 

06 00 + NaH- RONa- MX :> 
"'" 6' 

n 

The coupling products, biaryls , were also formed along with 

the reduction products when (PPh
3

1
2

NiC1
2 

or zrC1
4 

wa s utilized along 

with 20 
NaH/RONa . The coupling products are the major products when 

the reaction was carried out in the presence of bipyridyl and Ni(OAC)2. 20 

The NiCRA has been found to be more selective reducing agent. It wa s 

obs erved that other functional groups in the aromatic molecule are 

. 21 
not affected by th~s reagent. 

NalI- t- AmONa- Hi ( OAC ) 2 z-@ 

z = CB), OCB), COOH, X = Be, Cl. P. 

The CRA ' s, prepared from Ni , Co a nd Cu salts . have been utilized 

for the reduction of gem-dihalogenocyclopropanes into the correspond-

. . . 22 
~ng mo nohalogeno der~vat~ves. 
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The NiCRA is effective under mild condi ticn for the reduction 

d 
. 20 

of vinyl an alkyl ha11des . 

R 

(CHYX NiCRA 
R 

(CHtn 

NiCRA, DME 

> CR 3-(CB2 )6- CH 3 + CH3(CH2)6CH2Cl 

100\ 100% 

rOY
sr 

~CI 
NiCRA, DME ©lCI 

NiCRA. THF II ------.-0>>> Ph-C-CH
3 

65°C 
80\ 

The eRA I 5 o btained from FeC I ) and NiC1
2 

have been found to be 

act ive and specific catalysts for heterogeneous hydrogenations of alkenes 

23,24 
(eg . octene) and alkynes (eg. octyne) . Small amounts of isomerized 
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2-alkenes were also o btained . The formation of 2-alkenes clearly suggests 

the presence of nic kel hydride species . 25 The cis- alkenes are obtained 

from disubsti tuted acetylenes via syn-addition wi t h NiCRA . 

NiCRA 
C B -C = C-C H 

2 5 - 2 5 > 

Some dienes were selectively reduced into alkenes using NiCRA". 25 

> o o NieRA, DME 

100% 

cS NieRA. DME c5 
98% 

Select ive hydroge nations were observed usi ng NiCRA/H
2 

26 , 27 

B2C=CH- (CO 2 ) 2-Y=2 
CO) 

"2- NiCRA 
---=--------~>~ Me(CB2 }6CH3 + 2-octenes 

EtOH, 25°C 

Selecti ve r eduction of ole fins were observed in the presence 

28 
of a keto g r oup using FeCRA . 

o 
1 II 2 

R -C-R 
PeCHA 

o 
1 II 2 

R -C-R 

95\ 

OR 
1 I 2 

+ R -CH-R 

1-5\ 
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Enoli zable ketones and aldehydes can be reduced by NaH- t- AmONa-

( ) " od" ld 23 Ni OAe 2 1n go yl.e 5 to alcohols. The yields can be improved by 

the addition of lithium salts . 

OH 

NiCRA, TElF 

, 
/" n- 8u ~ 8u-n 

H 

NieM, THF 
R-CBO 

The reduction of carbonyl compounds using NiCRA was found to 

be catalytic with respect to NiX
2

, 

29 
MgBr

2 
" 

t- AmONa and MgBr 2 when the eRA was 

prepared in the presence of 

Highly regio- selective reduction of (l, 8 -unsaturated ketones 

d "" 30 were emonstrated USl.ng Nl.CRA . 

_ B--!:2-_N_'_" C_RA_._T_HF_-_Et_O_H_~) 0 ~ } 
25°C ~ 

4-Cholesten- rone 

The CoCRA, prepared using CoC1 2/NaH/t-AmONa , reacts with CO 

at atmospheric pressure to give cobalt-carbonyl species containing 

co( eo) 4 ' Ca rbonylation of aryl halides has been achieved using this 

" 31 • 32 reagent (l.e . CoCRACO). 

@-Br CoCRACO. CO 

@-COOH 

The carbonylation reactions involving CoCRACO's have been proposed 

to go through a radical chain transfer mechanism as outlined in Scheme 1. 



Scheme 1 

rEIQClronJ 

Lsourcfl, HJ 

• 

@ 

+ 

+ 
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~-[~J-© + X 

• 

[@-C~COl~ 
X 

, [@r. @-CO(COl4 - Product. 

In the same way FeCRACO has been prepared from t-AmONa/FeC1
3

/NaH 

usi ng CO at atmospheric pressure . The soluble fraction contai ns mainly 

and some produced in this 

way wa s found to exhibit different react ivities compa r ed to the pure 

Na
2

Fe(CO) 4 .
34 Primary . secondary and even tertiary bromides and c hlorides 

were carbo ny lated using FeCRACQ . Bromobenzene underwe nt ca rbonylatio n 

to give benzoic acid and tert-amylbenzoate in 40% yield (Scheme 2) . 

Scheme 2 

PeCRACO, CO 
RX RCOOH + RC0

2
t- Am + RCDO 

Br COOH COZAml 

+ @ 
PeCRACO. CO 

Again, radical c hain mechanism has been co ns idered but the nature 

of the reac tive species r esponsibl e for the reactivity of the system 

33 
is not clearly under stood . 
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Reactivities of Transition metal salts/magnesium hydride systems : 

Synthetic applications of this reagent system have not been 

explored in detail . The magnesium hydride can be prepared by the hydroge-

nation of magnesium but requires drastic conditions and long reaction 

. 35 
Hmes. The rate of hydrogenation of magnes i um can be increased in 

the presence of anthracene/transition metal halide 
36 

catalyst . The 

anthrace ne fi r st reacts with magnesium in THF to give "magnesium-anthra-

cene ." This reacts with the halides of Cr, Ti or Fe in THF to produce 

d . 1 . d . ld d" 3 6 the hy rogenat~on cata yst , act1ve un er ffi1 con 1t1ons. 

Hg + H2 (1-80 bar) 
Mg-anthracene/MX / TBF 

n 

The seque nces shown in Scheme 3 have been suggested for this 

. 37 
transformat1on . 

Scheme 3 

OO@ +Mg 
THP 

I 

-------;,.'" Cr(Ti)-cat + anthrace ne 
THP 

Cr(Ti)-cat. 
MgB

2 
+ anthracene 

The magnes ium hydri de ca n also be prepared by the reaction of 

36 . h LiA1H4.39 diorganomagnesium compounds or Gr ignard reagents W1t • 
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) 

It was fou nd that the MgH
2 

obtained in this way is more reactive 

than the reagent prepared following 36 the anthracene-catalyst method . 

A more convenient method for the preparation of MgH
2 

involves 

the reaction between alkalimetal hydrides and magnesium halides in 

40 e ther solvents at room temperature. 

THF 
2NaH + MgBr

2 > MqH
2 

+ 2NaBr 
r . t . 2 day s 

Ethe r 
2NaH + Mg I

2 
::> MgH

2 
+ 2 NaI 

r e flux, 36 h 

THF 
2Li B + MgBr

2 
... MgB

2 
+ 2LiBr 

r e flux, 2 days 

Ethe r 
2m + MgI

2 
... MgH

2 
+ 2KI 

reflux, 1 day 

It has been found that the direct reaction of l -alkenes with 

41 
MgH

2 
affor ds very low yields of dialkylmagnesium compounds. The pr e-

sence of catalyt i c amount of CP2TiC12 allows the addition of "active " 

mag nes ium hydride , prepared using Et
2

Mg and LiAIH4 in diethyl ether. 

d h d d od f h d 1 
. 42a to l- al ke nes a nd alkynes to affar t e re uce pr ucts a ter y ro YS1S. 

cat·Cp2TiC12/MgH2 
:> 

THF. 1 h 



cat · Cp2TiC12/ Mg82 
:> 

TBF, 68 h 

cat . Cp
Z
TiC1

2
/Mg8

2 
) 

TBF, 1 h 
°2° --? CB2~O- (CO2 ) SCB

J 

60 

cat · Cp2TiC12/ Mg82 
) 

THF, 1 h 

l S2 

+ OC=C- (C02 ) SCO
J 

40 

The formation of cis-olefin from 4-octyne clearly suggests that 

the addition of M- H takes place i n a syn manner . In the case of terminal 

alkynes deprotonation is a competitive side reaction . 

The combinations of TiCl) or zrC1 4 with M9H2 were not found 

to be effective in the reduction 
42. 

of alkenes and alkynes . However I 

active magnesium hydri de prepared using anthracene and TiC1
4 

catalyst 

adds to alkenes to afford dialkylmagnesium .
36 

As outli ned in the first chapter that the "CuH" species, prepared 

utilizing CuCl/MgH
2 

system , hydrodimerizes some l-alkynes. It 

was of interes t to exami ne the reactivi ties of other t ransition meta l 

hydr i des , p r epared using magnesium hyd r ide and the corr esponding tra nsi-

tion me t al ha l ides . towa rds alkenes a nd alkynes . 
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RES U L T S AND DIS CDS S I ON 

Reactivitie s of the tra nsiti o n metal halide/NaH/MgBr
2 

s yste ms with 

alkenes and alkynes : 

In the first chapter we described the utilization of copper( I) 

hydride reagent , generated by the decomposition ot CUBH
4

, for hydrocupra-

ticn of 1- alkynes in the presence of NEt) and MgBr
2

. The hydrocupration 

was also achieved using NaH and MgBr 2 or MgH
2

, prepar ed by the reaction 

of NaH and MgBr 2 in THF for 36 h, in place of NaBH
4

" An obvious extension 

would be to study the reactivities of the reagent system generated 

by the reaction of MgH
2 

and first rO'W transition metal halides towards 

alkenes and alkyne "3 . 

As outlined in the introductory section, the MX /NaH/RONa reagent 
n 

systems, known as complex reducing agents , (eRA) have been studied 

in detail. 18 However, reactivities of the MgH
2

/MX
n 

reagents, which 

can be readily prepared using the NaH/MgBr
2 

reagent , has not been studied 

in detail . We decided to examine the reactivities of the MX
n

/ MgH
2 

reagents 

with alkenes a nd alkynes . 

The TiC1
4 

is commercially available a nd hence we selected this 

reagent for our studies and carried out the followi ng experiment : 1-Decene 

(10 nuno!) was added to the reaction mixture contai n i ng P'gH
2 

( .... 15 mnol) 

and TiCl
4 

(10 nunol) in THF (60 ml) u nder nitrogen at O°C. The r esulting 

yellow colour solution was brought to r . t. during 3 h and s tirred further 

for 12 h . After work-up and distillation , unreacted l-decene was recovered 
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back quantitatively. It is of interest to note that the c ombination 

of TiC1 4 with LiAIH4 reduces mono- and disubs tituted alkenes. 5 

It has been reported that the MgH
2 

reagent, prepared by the 

38 reaction of LiAIH
4 

and MgEt
2 

in diethyl ether , adds readily to carbon-

carbon multiple bonds in the presence of CP2TiCIZ catalyst to give 

h d d f 
. 42 . t e r e uce product a ter hydrolysl.s. In order to compare the reactl.-

vity of the MgH
2

, produced in this way with the reagent prepared by 

the reaction of NaH with MgBr 2 , we have carried out the following experi-

ment . l-Decene (10 mmol) was added to a slurry of MgH
2 

(-15 nInol) 

and CP2TiC12 (5 nuncl) in THF (GO ml) at O°C. The contents were brought 

to r . t. and stirred further for 12 h . After work-up and chromatography , 

decane was isolated in 80% yield. 

TIIF 

The reagent system also converts 1-decyne (10 mmol) into l-dece ne 

in 80% yield . The r esults indicate that the reagent system MgH2/CP2TiCl2 

is able to hydrometalate l-alkenes and l-alkynes t o give the correspond-

ing al ka ne a nd l-alke n e . It has been r eported that the MgH
2 

r eagent 

prepared using MgEt
2
/LiAIH 4 

r eacts with l- oct e ne at room temperature 

in the presence of catalytic amount of CP2TiC12 under argon atmosphere 

to give the corr esponding Grignard reagent which reacts with °20 to 

p r oduce n- C7H ' 5CH20 (-95 % OJ. However, whe n the reaction mixture was 

treated with °20, in the present case in a run with 1-dece ne , the product 

obtained did not contain any deuterium (this aspect will be discussed 

later) . 
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THF 

The reduction of olefins was also achieved by the reaction with 

in the presence of 7 
zrC1

4
" However, it has been reported tha t 

h M H d Z Cl ff .. . f 1 f' 42 t e 9 2 an r 4 system was not e ect~ve 10 the reduct10n 0 0 e 1n5. 

We have a Iso observed the same when we carried out the reaction using 

MgH
2 

( ...... 1 5 rnmol), zrC1
4 

(15 mIIDl) and l-decene (10 nuncl) in THF for 

12 h. 

As outlined in the introductory section , the cP2zrH2 or CP2Zr(H1Cl 

reagent can be readily prepared using LiAIH4 and CP2Zr(Cl)OZr(CllCP2 

or LiAlH4 or LiAIH(OBU
t

) and cP2zrC12" 8 These reagents were extensively 

utilized . In order to examine the reactivity of the CP2ZrC12/MgH2 reagent, 

we carried out the following experiment. 1- Decene (10 nuncl) was added 

at -10 °C (ice-salt) to a suspension of MgH
2 

(- 15 mmol) and CP2zrC12 

(5 mmol) in THF under nitrogen. The mixture turned to brick-red colour 

when it was brought to room temperature. It was stirred further for 

12 h. After work-up and chromatography decane was isolated . 

1-Decyne underwent reduction to give l-decene (85%) . This indi-

cates that the l-decyne undergoes reduction in a fast manner and further 

reduction does not take place because of the reactivity difference 

between l-decene and l-decyne. 
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THF, - looe to r.t., 5 h 

When the reaction mixtures obtained in the runs using CP2zrC12/ MgH2 

and l-decene (or 1- decyne) were quenched with 020 before work-up , the 

isolated products did not contain any deuterium. As described previously, 

the CP2TiC12/MgH2 also gave same results . This is somewhat unexpected 

since it has been r eported that the CP2TiC12 and MgH
2

, prepared utilizing 

Et
2

Mg and LiAIH
4

, reacts with l-octene to give n-CaH
17

MgX which on 

(95%).42 A notable difference is that 

whereas the reported work utilizing MgH
2

, prepared from LiAIH
4
/Et

2
Mg, 

has been carried out under argon atmosphere, the present work was carried 

out under nitrogen atmosphere . Although it may be difficult to understand 

that such reactivity differences can be caused because of N
2

, it is 

well known that the reduced ' Ti ' species reacts with molecular nitrogen 

in which the ether solvents serve as hydrogen sources.
42b 

When the cP2zrC12 and MgH
2 

reage nts were utilized in 2: 1 molar 

ratio with 1- decene (1 eq) , the decane wa s isolated in 90% and small 

amount (- 10%) of 1-decene remained unreacted . Here , a l so 020 treatment 

of the reaction mixture did not give decane containing deuterium. Clear l y , 

the CP2MC12/Mg H2 gives new type of reactivities different from the 

Ashby ' s reagent CP2TiC12/MgH2 and Schwartz r eage n t Cp2z r{ H)Cl . Presumably, 

in the present case a new type of species is formed in which the cycle-

pentadienyl hydrogens and/or the THF hydrogens act as a hydrogen source. 

Simi lar observation s were al so made wi th t he titanocene and zirconocene 

systems (chapter 2) . However, at present we d o not have any data in 

order to examine these obse r vations furthe r. 
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We then turned our attention to examine the reactivities of 

the Cr C1
3

/ MgH
2 

reagent system towards l- alkenes and l- alkynes . Anhydrous 

erel
3 

('2 rnmol) was added to a magnetically stirred suspension of MgH
2 

( ..... 15 romol) (gas evolution , H2 in THF (60 mIl at aOc unde r nitrogen. 

1- Decene ( 1 0 mITOl) was added and the contents were brought to r . t. 

during h a nd stirred further for 12 h . During this period the mi xture 

turned to black. After work-up, decane was isolated in 80% yield . When 

the reaction mixture was treated with 020 ' the decane isolated did 

not contai n any deuterium . This indicates that the intennediate formed 

after hydrometala tion undergoes reductive cleavage or reductive elemi-

nation before 020 treatment. 

niP 

Under the same conditions , safrole was converted into a mixture 

of products containing the reduction and isomerization products . NMR 

spectra l a nalysis indicate that t hese products are present in 2:1 ratio. 

2 :1 

In the case of methyl-1D-undecenoate , the crCl)/MgH
2 

system 

c leaves the ester group. The corr esponding unsaturated acid was i solated. 

niP 

Th ~ CuCl / MgH
2 

s Y5tem also behaves in a similar way with e3t~rs 

(chapter 1 1. 
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The MgH
2 

(-- 15 ITlTlol) and erel) (12 mmol) reagent system converted 

l-decyne into a yellow coloured compound ( 1 . 1 g). However, we ~ave 

found that the product is polymeric in nature . The product was ~ot 

c!,aracterized further. The results obtained with the MgH
2
/CrCl) system 

indicate that the system most probably gives a higllly reactive chromium 

hydride species which has the capability of reducing l-decene to decane 

and polymerize l-alkynes. 

In order to examine the reactivity of the MnC!2/MgH2 system , 

we carried out the following experiment. l-Decene (10 mmol) wa s added 

to a slurry of MgH
2 

(-- 15 nunol) and anhydrous MnC1
2 

(15 mmol) in THF 

(60 ml) under nitrogen at DoC . The reaction mixture wa s b r ought to 

r . t . duri ng h and stirred further for 12 h . The original pink colour 

did not cha nge at all. 1- 0ecene was recovered quantitatively after 

work-up. Also, it appears that the MnC1
2 

does not react wi th MgH
2

• 

It was observed that the FeCl)/MgH
2 

(~ 15 mmol) system also 

ef fects the reduction of 1-decene into decane but converts l-decyne 

i nto a product of polymeric in nature . It may be of inte rest t o note 

that the FeCRA, FeCl)/t-AmONa/NaH , reagent effects r e duction of l-alkenes 

. 23.24 
a nd 1-alkynes to the alkane s and 1- alke nes respect1vely. 

THF 

The COCl
2

/NaBH
4 

r e agent system wa s studied e xtensively 

4 
l aboratory. 

in our 



CoCl2 + NaBH, 

THP 
) 

THP/MeOB 

R-CH -CB - B < 
2 2 
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R-CH
2

CH] 

R-CH 2-CH=CH 2 

PPh3 , / H 
3 PPh 3 ' ------------+ Co ----~ 

-H3 BPPh 3,O'C Cl/ "- PPh 3 R, / H 
C=C / H 

H/ 'c=c 
/ ' R 

H 
It was of interest to examine the reactivity of the coC1

2
/MgH

2 

system ~n THF with alkenes and alkynes. The CeCI
2 

( 15 mmol) was added 

to a magnetically stirred suspension of MgH
2 

(-15 mm.)l) in THF (60 mIl 

at O°C under nitrogen . The blue coloured contents turned black after 

COC 1
2 

olddition. Gas evolution (H
2

) ceased in 5 minutes. l-Decene ( 15 

mmol) was added and the mixture was stirred for 2 h at O°C. After work-up, 

a mixture (1.9 gl containing both reduced product decane and isomerized 

2-decenes was obtained. GC analysis of the mixture showed that they 

are in 1:1 ratio . 

> 

1 : 1 

All our efforts to standardise conditions to get exclusively 

decane o r isomerized 2- decenes were unsuccessful. The black colour 

formation and gas evolution indicate that a cobalt hydride is formed 

and decomposes into Co metal and H2 to some extent. It is known that 

coba l t hydrides are not stable in the absence of ligands such as CO 
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When methyl- 1 0- undecenoate (10 mmol) was utilized in the place 

o f l-dece ne in the above experiment , only the reduction product methyl 

undeca noate was obtained. The spectral data indica t e that the isomeri zed 

2-alkyl group is not present in the product. 

THP . O°C 

Also, t his observation indicates that the ester group is not 

cleaved by the CoC1
2

/MgH
2 

system in contrast to the behaviour of the 

crCl) / MgH
2 

and CuCl / MgH
2 

systems (chapter 1). 

The MgH
2
- CoC1

2 
system converts allylbenzene and safrole into 

the corresponding n-propyl benzenes and S - methyl styrenes in approxi-

mately 60 : 4 0 ra tio . In the case of l - decyne , only a polymeric product 

was obtained. Polymerization could not be prevented when the experiment 

was carried out using (PPh)2COC12 in the place of CoC l
2 

at - 24°C to 

- 1 aoc . 

It ha s been reported that the (Ph)P1
2

Co{ H1Cl reage nt , prepared 

uti lizing (Ph)P) 2CoCl2 (, eql , Ph)P () eq) and NaBH
4 

{1 e q l , converts 

l- alkynes into the correspo nding d · lk . 4 4 1,4- 1a yl- 1 , )-d1enes. However , 

the (Ph)P)2COCl2 (2 eql/MgH
2 

( 1 eq) gives polymerization even at - 2 4°C . 

Obviously , the species present in both cases may not be the same . It 

is likely that the (2 eql/MgH
2 

may give via 

(Ph)P1
2

COH
2 

which may have di f f e rent reactivities . In addition, presence 

of soluble MgX
2 

may also alter the reactivities of the 

as it does with the CuH spec ies ( c hapter 1 ) . 

Co- H spec i es 
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We then turned our attention to examining the reactivities of 

the NiC1
2

/MgH
2 

system towards alkenes , alkynes and alkyl halides . The 

following experiment was carried out in the run with l-decen e . An-

hydrous NiC1 2 (15 mmol) was added to a magnetically stirred suspension 

of MgH
2 

(-15 nunol) in THF (80 ml) at -10°C (ice-salt) under nitrogen . 

within , 5 min the colour turned to black (gas evolution) . 1- Decene 

(15 romol) was added and the contents were stirred further for 3 h 

at O°C . After work-up and distillation a mixture containing decane 

and cis/trans- 2-decenes were isolated . The intensities of 13C NMR 

signals at 134.3 , 130 .5, 124 . 1 , 123 . 1 , 32.1 and 17.3 due to trans-2-

dece ne and cis- 2-decene are relatively small compared to those 

present in pure cis- 2-decene or trans- 2-decene which indicate that 

the reduction product decane is the major product in this experiment. 

The formation of 2- alke nes clear ly demonstra te the presence of nickel 

hydride species . Si mi lar species (Ni- H) was suggested i n the r eaction 

of l- alkenes wi th NiCRA , prepared by the reaction of NiC1
2
with NaH 

25 
and t- AmONa . 

major 

minor 
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Use of l-decyne in the above experiment gave yellow coloured 

polymeric compound . It was not characterized further . It may be of 

interest to note that the NiCRA, NiC1
2

/NaH/ t-AmONa reduces l-alkynes 

into l- alkenes along with small amount of 2-alkenes arising from the 

isomerization of 25 l-alkenes. The experiment was carried out using 

diphenylacetylene in the place of l-decyne under the above conditions 

and the resulting mixture was stirred for 12 h at r.t . After work- up , 

both starting diphenylacetylene (50%) and 1,2 , 3,4- tetra phenyl- 1- butene 

( 20%) were isolated. The spectral data (IR, 'H- and 1 3C NMR) of the 

latter compound was found to be identical to the spectra o f the sample 

obtained previously in the reaction of diphenylacetylene with the CP2TiCl2/ 

Mg / l ,2-dibromodecane or styrene dibromide r eagent systems (chapter 2) . 

Forma tion of this product may be rationalized by hydrodimerization 

reductive cleavage of diphenylacetylene followed by the r eduction of 

butadiene to butene through the corresponding allyl nickel species 

as shown in Scheme 4. 

Scheme 4 

PhC = CPh 

I t may be of i nterest to note that t he {PPh 3)2Ni( H)Cl reagent 

reduces bu t ad i ene to butene t h rough the correspondi ng allyl nickel 

. 45 
speC i es . 

( 
H- NiLn 
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Although the reaction conditions are very much different , a 

s imilar mechani stic sequence may also o pe rate in the present case. 

It has been reported that the zerovalent nic ke l species obtained 

from Ni(COD) 46 or NiL and z n.
47 

is - ;11 effective reagent for the coupling 
n 

reactions of alkyl halides and alkeny l halides . 

2 NiCCOOl 2 

2 RX + L Ni(O) + Zn 
n 

L NiX + Zn 
n m > 

R-R + L NiX 
n m 

In order to examine whether the MgH
2
-NiC1

2 
reagent system gives 

NiCO) spec i es in addition to nickel hydride species , we carried out 

the following experiment. l- Bromooctane ( 15 nvno ll wa s added to a magneti-

cally s tirred black suspension of MgH2 (- 15 nmol) and NiC1
2 

( 15 mmol) 

in THF {BO mIl at _10 °C (ice-salt) unde r nit rogen . The contents were 

b r o ught to room temperature during 1 h and stirred further for 12 h . 

After work-up , l-bromooctane was r ecove r e d quantitative ly. When the 

e xperiment wa s carri ed out using l-bro~l-decene in the place of 1- bromo-

octa ne under the above condit ions , decane was isola ted and the diene 

was not formed . 

TIIF 
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This observation may be tentatively rationali zed as shown in 

Scheme 5. 

Scheme 5 

R /H 
'C==C + -NiB· ---"' .. /, n 

H Br 

R H 
'cd + NiBr 
/ '-

B B 

1 NiHn 

It should be pointed out here that the isomerized 2-decenes 

which are minor products in runs with l-decene itself, were not formed 

in this case, although the mechanism e nvi sioned in Scheme 5 implies 

the intermediacy of 1- decene. It is l ikely that the species 

may be present in a polymeric form and the l-decene is not released 

from the complex before it is completely r educed into decane. 

As outl ined in the above discussion, the explora ti ve study of 

the reactivities of the MX
n

/ MgH
2 

system in THF reveals interesting 

synthetic possibilities . There are some reactivity differences which 

seem to be dependent on the nature of the metal atom. Further work 

towards standardization of conditions to get optimum results and utiliza-

tion of the organometallic intermediates produced in these transformations 

should open up more synthetic possibilities. 
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Reactivities of the metal carbonyl r eagents gene rated utilizing MgH
2
/CoC1

2 

i n the presence of co: 

Recen tly , it has been observed in our laboratory that the reagent 

prepar ed from CoC1 2/ NaBH 4/CO system exhibits reactivities different 

from the r eactivities of CaC1
2

/NaBH
4 

and the CoC1
2

/NaBH
4
/Ph

3
P reagent 

4 systems <Char t 1). 

Chart 1 

co 
CoC1

2
+2NaBR

4 
THF 

(1 eq) (6-10 eq) 

Green coloured 
conte nts no 
black cabal t 
boride f o rmed. 1 aq.NaOH 

Co(CO)4 

1 ) 

2 ) 

NaB8
4 

(2 eq) 
;. 

R01=CH
2 

--~'" R-CH - CB - 8< 2 2 

Co(CO) 4 

I aq.NaOO 

[dark mixture 1 
PhC " CH 

> 
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The results revealed that the COC1
2

/NaBH
4

/CO system can be made 

to undergo a variety of reactions characteristi c of ;>S-H species , 

Co{CO) 4 and HeO(eD)n species . 

3 1 32 
the " CoCRACQ" reagent' and 

As outl ined in the introductory section . 

"PeCRAeO" 
33 r e agent , prepared utilizing 

the COX 2/NaH/t- AmONa/CO and FeC1
3

/NaH/ t- AmON a /CO reagents r espective ly, 

give a varie t y of interesting r eactions. As described previous ly in 

this chapte r, the transition metal halide/NaH/MgBr
2 

reagent systems 

seem to give the cor r esponding metal hydride species which decompose 

to give metal and H2 in many cases . The results obtained with the CaCI
2

/ 

NaBH
4

/CO system (Chart 1 ) and MX {M=Co or Fe) / NaH/t-AmONa/CO systems 
n 

(Scheme 1 and 2) and the observations in the literature that several 

metal carbonyl derivatives can be readily prepared by the reduction 

of transit i on meta l salts [ eg.MX (M=Cr, Fe, CO , Nil ) under carbon mon­
n 

oxide 48 indicate the possibilities of utilizing the MX
n

/MgH
2
/CO reagemt 

sys t ems for the in situ preparation and utilization of metal c arbonyl 

deri va tives . We have decided to examine the r eactivities of the MX
n

{CoC1
2

, 

FeCl
3 

and CrCI
3

) / MgH
2 

reagent systems in th e presence of carbon monoxide . 

We first examined the coCl
2

/MgH
2

/CO reage nt system in o rde r 

to compare its 

The MgH
2 

( - 15 

r eactivities with 

mmoil slurry in THF (60 mil was added dur ing 

4 
system . 

20 min 

to a suspension of CoCl
2 

(15 mmo l) in THF (60 ml) at O°C while bubbling 

c arbon monoxide. The colour of the contents changed from blue to black 

through green while adding MgH
2 

slurry. The contents were stirred further 

for 1 h under CO at r. t. 1- Decene (15 mmol) was added and the contents 

were stirr ed further for 6 h under CO atmosphere . After wo rk-up and 

chromatography, the l-dece ne was recovered quantitat i vely . However, 
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the i.r. spectrum of the reaction mixture in THF exhibits strong absorp-

tions at 2050{s), 1940(sh), 1910(vs) and 1820(s) indicating the presence 

of a metal carbonyl derivative . Clearly, a metal carbonyl derivative 

which does not react with l-decene is present in the r eaction mixture. 

As described previously, the COC1
2

/MgH
2 

reagent reduces and isomerizes 

indicate that the CoC1
2

/MgH
2 

reagent loses this 

reactivity when the CcC1
2 

and MgH
2 

reagents are mixed under carbon 

l-decene . The results 

monoxide. 

It was thought that the CoC1
2

/MgH
2 

reagent system might give 

the HCo(Col
4 

species in the presence of CO . However, it is known that 

the HCo(CO) 4 reagent is highly acidic (Le . the H-Co bond polarises 
<5+ <5 -

as H -- Co ) . Accordingly, it was thought that even if the HCo(CO) 4 

species are formed in the reduction of CoCl
2 

with MgH
2 

under CO , it 

is likely to give the anionic species CoCCO) 4 through further reaction 

with As outli ned previously I it is known that Co(CO)4 reagent 

. 31 , 32,49 
reacts with benzyl halides to give acylcobalt spec~es. In order 

to examine the possibility of CO(CO) 4 formation , we carried out the 

following experiment. The MgH
2 

{~ 1 5 mmoll s lurry in THF (60 mIl was 

added during 20 min from a pressure equiliser to a suspension of COCl
2 

(15 mmol) in THF (60 ml) at O°C whil e bubbling carbon monoxide . The 

contents were stirred at O°C for further 1 h under CO and benzyl bromide 

(15 mmol) in THF (5 mll was added . The temperature was raised to 55-60°C 

and the contents were stirred for 5 h. After work-up , the residue was 

found to be only benzyl bromide and no carbonylated product was formed. 

It has been reported that the CoCI
2

/NaH/t-AmONa/CO reagent 

system gives NaCo(CO) 4 in 10% yield and the system has been utilized 
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for carbonylation of benzyl halides . 31 ,3"2 It is also known that the 

NaCo(CO)4 reagent is generally prepared by the reaction of Co
2

(COl
S 

with aqueous 
4 9 NaOH. In order to examine whether cO

2 
(CO) 8 is formed 

in the present case , we carried out the following experiment. The metal 

carbony l species was generated by the addition of MgH
2 

(~15 mmol) 

slurry ~n THF (60 ml) from a pr essur e equiliser to a suspensi on of 

ceCI
2 

('5 mmol) in THF {60 mIl at oDe and the content s we r e sti rred 

for 1 h at r. t . under CO. Aqueous NaOH (5N , 15 ml ) was carefully added 

(vigorous r eaction and gas evolution). Benzyl bromide (15 mmol) in 

THF (10 mIl wa s added to the black reaction mixture and the temperature 

was raised to S5-60°C . The contents were stirred further for 5 h at 

this t emperature under carbon monoxide . After work-up (see experimental 

section) phenylacetic acid was i solated in 80% yie l d . 

) @-cu2COOll 
aq.NaOH, 55-60 G e, 5 h 

This observati on clearly indicates the presence of Co(CO) 4 species 

after aqueous NaOH treatment. Presumably, the major portion of the 

metal carbonyl species formed in the reaction of MgH
2
/coC1

2
/CO system 

might be the Co
2

(CO)8 species. The carbonylation of benzyl bromide 

into phe nyhlacetic acid can be tentati vely rationalized as mentioned 

in Scheme 6. 

Scheme 6 

co oq . NoOH , 
Coz(CO)8 CoCIZ • MgHZ lh , r,t . 
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co 

No OH 

It was also observed that the carbonylation of benzyl bromide 

using sol i d powdered NaOH (125 nunol) and PTe (O . l g) (benzyl triethyl 

ammonium bromide) in the place of aqueous NaOH gave only a small amount 

of phenylacetic acid (50 mg) besides the starting benzyl bromide. This 

observation indicates that only after aqueous NaOH treatment, the co
2

(CO)S 

gives sufficient amount of the reactive CO(C01
4

" The Co(C01
4 

species 

has been p roved to be a useful reagent in organic 
. 50- 55 

synthes~s and 

the present in situ preparation of the CoCCO) 4 reagent should be a 

good addition to the existing pool of reagents . 

Dicobalt octacarbonyl , has a very . h h' 48 r l.C c em~s try . 

The chemical reactions of Co
2

(COl a have been reviewed . 56 It readily 

57 
forms bridged comp l exes with a l kynes . 

Rl 

oc:rxj -CO 
OC-f o - Co 

I ' CO 
CO CO 

Such ace t y l e ne complexes have a very rich orga n ic chemistry . 

Representa tive exampl es are s hown i n Chart 2.
58

-
63 

Chart 2 
R' 
I 
C 

OC, j~ / CO 
Rl_C= C_R 2 + C02(CO)8 --~,~ /10-1"'CO 

CO CO CO 

o 
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The alkyne complexes readily undergo the Pauson-Khand cyclization 

reaction with strained olefins . 64 ,65 

R, --lR dJ. CO.60'C 

OC TX.\ _ CO 

Oc/
C
1 
o-~o'CO I '\ ISO octanQ 

OC CO R 

Simple olefins (eg. cyc!opentene and propene) require more drastic 

conditions and give poor yields of the cyclic products . When the alkene 

and alkyne moieties are present in one molecule intramolecular cycliza-

. 66-70 
ticn read11y occurs. 

I 
+SiO 

~' + o 

It was of interest to examine whether the metal carbonyl deriva-

tive, prepared utilizing CaC1
2

/MgH
2
/CO system, complexes with alkynes 

and also to examine whether the resulting complex undergoes the Pauson-

Khand cyclization with norbornene. It was observed that l-decyne readily 

reacts with the metal carbonyl generated using CoC1
2

/MgH
2

/CO system. 

The metal carbonyl was generated by slow addition of MgH
2 

(..., 15 mmol) 

slurry in THF (60 ml) to a blue suspension of CoCl
2 

( 15 mmol) in THF 

(60 ml) at O°C while bubbling carbon monoxide . The mixture was stirred 

further for 2 h at r.t. l-Decyne (10 mmol) was added and the stirring 

was con tinued for 5 h at r.t . After work-up, the i.r. spectral analysis 

of the residue revealed the absence of acetylenic absorptions but showed 

- 1 
strong bands at 2090 , 2050 and 2025 cm 
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CO 2h 
MgB

2 
+ CoC1

2 
.. 

mF,Oo-r.t. 

BC==C-(CB ) -CB 
- 3 7 3 

) 

This observation indicates that the metal carbonyl generated 

utilizing the CoC1
2

/MgH
2

/CO system complexes with 1-decyne . In order 

to examine whether the l- decyne complex prepared utilizing the CoC1
2

/MgH
2

/ 

co system could undergo the Pauson-Khand r eaction, we carried out the 

following experiment. To the l -decyne complex , prepared as above in 

THF, norbornene (20 mmol) was added. The reaction mixture heated to 

70- BO°C and stirred further for 6 h under CO atmosphere . After work-up 

and chromatography of the coloured material, a co loured metal carbonyl 

derivative (200 mg) was isolated by eluting with hexane and the Pauson-

Khand product 1 was isolated by eluting with 5% ethyl acetate in hexane. 

HC=:; C.CSH17-n 

CO 

_cb __ n-CSH17~ 
CO 0 

1 
The ketone 1 was identified by comparison of the H NMR spectrum 

with the spectrum reported in the literature and analysis of the 13C NMR 

a nd mass spectra 1 data . Only o ne regio isomer was obtained. It has 

been reported that in the Pauson-Khand reaction with norbornene, substi-

tuted acetylenes prefer the orientati on which always places the bulky 

65 
subs tituent in the a-position of the r esulting cyclopentenone . 

Under similar conditions , the phenylacetylen~ norbornene combi na-

tion gave the desired Pauson- Khand ketone 2 in 4D % yield , m.p. 92-94°C , 

Lit. 65 m. p . 93-95°C . 
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co 
cb Ph-(}b 

CO 0 
2 

PhC= CH 

The internal alkynes, 4-octyne and diphenylacetylene form a stable 

alkyne cobalt carbonyl complexes which further react with norbornene 

to give the ketones 3 and 4 in 20% and 30% yield respectively. These 

substra tes also give poor resul ts i n reactions under Pauson- Khand condi-

. 65 
t10ns . 

cb C3 H7 

C3H7~ 
CO 0 

3 

co 

cb Phi2b • 
CO 0 

PhC = CPh 

L. 

Recently , there is much interest in the mechanism of the Pauson-

Khand reaction , 7 1 and the following mechanism has been proposed (Scheme 7) . 

Scheme 7 

CO 
MgH2 + COCIZ + CO -2-h-~' C02 (cOl8 

RC= CR' 
• 

R' a lkyl or ar yl 

R'c alkyl} ary l or H 
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As described previously , the Pauson- Khand reaction has been 

utilized in c r ucial steps in the synthesis of some complex cyc lopentanoid 

natural 
66-70 

product s . Although dicobalt octacarhonyl is commercially 

available, the present in situ method of synthesis of the metal carbonyl 

complexes would make the procedure attractive for synthetic applications 

since it alleviates the need for purchasi ng and storing a metal carbony l 

reagent . 

Attempted preparation of iron and chromium carbnonyl c omplexes using 

FeCI) or crCl)/MgB
2 

under CO pressure: 

AS outlined previously , the FeCl)/MgH 2 reagent system r educed 

1-alkenes to alkanes . It was of interest to study the reacti vities 

of this reagent system pre pared under CO . I t is known that the hydrido 

ironcarbonyls (i.e. H
2

Fe (CO ) 4 and NaHFe(CO) 4) hydroca rbonylate o l efi ns 

to give the cor responding aldehyde afte r carbo n monoxide 
. . 72 
l.nse rtl.on . 

In order to examine the reactivities of the FeCI
3

/ MgH
2
/CO reagent system , 

we carried out the following experiment. To a suspension of FeCI ) (15 

mmol) in THF (60 ml), MgH
2 

( ..... 15 rruool) slurry in THF (60 ml) was added 

dropwise from a pressure equi lizer during 20 min at O°C while bubbling 
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carbon monoxide. The reaction mixture turned to yellow colour during 

2 h under CO . 1- Decene (10 nunol) was added and the tempera ture of the 

reaction mixture was raised to 6o-70 °C and stirred for 6 h under co 

atmosphere. The contents were brought to r. t. and poured into water 

(50 ml). After work- up, the infrared spectrum of the crude residue 

showed the presence of metal carbonyl absorption at 2100 (w) , 2040 (vs) 

and 1980{s) along with the - 1 
l-decene absorptions at 3100 and 1640 em 

The results indicate that the l - decene does not react with the metal 

carbonyl derivative produced in the FeC1
3

/MgH
2

/CO reagent system. l-Decyne 

was also unaffected by the reagent . However , as outlined briefly in 

. . 73 
General Introductl0n , iron carbonyl derivatives have a very rich chem~stry 

and hence further systematic investigations on the utilization of these 

derivatives should be fruitful . 

Under similar conditions the CrC1
3

/MgH
2

/CO system also did not 

react with l-decene and l-decyne . The infrared spectrum of the crude 

reaction product after aqueous work- up in a run with l-decene indicated 

the presence of a very strong metal carbonyl absorption at 
- 1 

2000 em 

along with unreacted l-deeene absorptions . As outlined previously, 

the CrC1
3

/MgH
2 

system did react with l-decene and l-decyne . This indi-

cates t hat the reagent generated under the carbon monoxide atmosphere 

does not re t ain the ori g i nal reactivity. Again , the carbonyl derivatives 

of chromi um also have a 
. 74 

very rich chem~stry and further systematic 

invest igations s h oul d be f r uitful. 
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SU M MAR Y 

The r eacti vi ties of 

systems have been explored in the work described in this chapter . It 

was observed that the reagent systems r educe 

l-alke ne s and l - alkynes to the corresponding a lkanes and l- alkenes 

respectively . Th e combination of MgH
2 

and transition metal sal t s (eg . 

erel) , FeCI
3

, CoC1 2 and NiC1
2

) are able to reduce l - alkenes to alkanes 

along with small amount of isomerized products in some cases . l- Decyne 

underwent o l igomerization or polymerization with these systems. The 

MXn(M=CO , Fe , crl/MgH
2

/CO/THF reagent systems gave the corresponding 

metal c arbonyl derivatives. Metal carbonyl de rivative obtai ned utilizing 

the COC1
2

/ MgH
2

/CO reagent system on treatment with aq.NaOH gives CO(COl
4 

reagent which co nvert s benzyl bromide to phenyl acetic acid . The metal 

carbonyl derivative prepared using the COCl 2/ MgH2/CO system readily 

complexes with alkynes . These complexes undergo Pauson- Khand cyclizat i o n 

with norbornene . This constitutes a conve nie nt si ng l e pot , in situ 

procedure for Pauson-Khand cyclizations. 

The s tudies described in this c hapter are purely exploratory 

i n nature. Furthe r investigations on th e optimization/generalization 

of t he conditions and efforts to util ize the organometallic intermediates 

generated in this way for other types of transformations should be 

fruitful. 
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E X PER I MEN TAL 

Several items given in the experimental secti on of chapte r 1 

a nd 2 are alga applicable for the experiments outlined here. Anhydrous 

erel) , COCI
2 

and NiC1
2 

were prepared f r om their hydrated metal salts , 

supplied by Fluka, Switzerland , LOBA-CHEMIE , India and E . Merck , India . 

The hydrated me t.,l salts were kept in the air ave;'} at 150°C for 5- 6 h 

a nd further dried at 1 sooe for 4 h under vacuum , and were kept under 

ni trogen in a des sica tor . In some cases , the anhydrous sal ts were also 

prepared by refluxing with 2 , 2-dimethoxypropane. Anhydrous FeCl
3 

supplied 

by Ranbaxy , India was dried at 1 sooe for 3 h under vacuum before use . 

Anhydrous MnC1
2 

supplied by Fluka , Switzerland was utilized. Benzyl 

bromide supplied by Fluka , Switzerland , was utilized . 

Reactions of the first reM trans ition metal salts- MgH
2 

reagent systems : 

General method for the preparation of MgB
2 

slurry in THP: 

The MgBr
2 

(20 mmol) solution in THF (60 ml) was prepa r ed by 

the reaction of Mg (20 mmo!, 0 . 5 g) with 1, 2-dibromoethane (20 mmol, 

3.7 g) under nitrogen atmosphere at room temper ature during 3 h . NaH 

(30 mmo l , 1. 5 9 in oil) was taken in a three- necked 250 ml RB flask 

under nitrogen atmosphere following glove bag t echniques . The oil was 

removed by wa s hing with dry THF (2x 15 ml) unde r ni trogen . The MgBr 2 

( 20 mmo!) solution in THF (60 ml) was transferred to the NaH flask 

under nitrogen using a double e nded needle . The r esulting s uspension 

was stirred for 36 h at room temperature . This slurry was utilized 

in reactions with transition metal salts. 
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Reaction of the reagent prepared from MgH
2 

slurry and TiC1
4 

with l- decene : 

TiC1 4 (10 mmcl in C6H6 , 20 mIl was added to a magnetically stirred 

suspension of MgH
2 

( ..... 15 nunol) in THF (60 mll under nitrogen atmosphere 

at aOc (ice-bath). l-Decene (10 mrnol . 1. 4 g) was added to the resulting 

ye llow colour solution and stirred for 2 h at aoc. It was brought to 

room temperature during 1 h and stirred further for 12 h. The mixture 

was poured into dil . HCI (50 ml , 2N) and saturated with solid sodium 

chloride. The layers were separated and the aqueous layer was extracted 

with ether {3x30 mIl . The combined organic extract was washed success i vely 

with water (50 mIl, brine solution (50 mIl and dried over anhydrous 

MgS0
4

· The ether solvent was evaporated and the residue was distilled 

to isolate unreacted 1-decene (90%, 1.26 g). The IR spectrum was super­

imposable with the spectrum of starting l - decene . 

Reduction of l-decene to decane utilizing the MgB2/Cp2TiCl2 reagent 

in nIP: 

CP2TiCl2 (5 romol , 1.2 g) wa s added to the s l urry of MgH
2 

(- 15 

mmol) in THF ( 60 ml) unde r nitrogen atmosphere at O°C (ice-bath). 1- 0ecene 

( 10 mmol, 1.4 g) wa s injected to the result ing orange colour sol ution. 

The contents we re brought t o r oom temperature during 1 h a nd stirred 

furth e r for 12 h. The black r eaction mixture was treat ed with dil . HCI 

(50 ml, 2N) and saturated with solid sod ium chloride . The organic layer 

was separated and the aqueous laye r was extrac t e d with ether (3x30 ml). 

The organic e xtract was washed wi th water (50 ml) , brine solution {50 mI l 

and dried over anhydrous MgS0
4

. The solvent was evaporated and the 
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residue was chromatographed on a silica gel column using hexane as 

eluent to isolate n-decane . 

Yield: 80% (1. 1 g). 

B.P : 56- 57°C/l0 nun, . 75 0 
L' t. b . p. 63 / 15 mm. 

IR (neat): V : 2950, 1470, 1390 . 
max 

'H NMR (100 MHz , CDCl
3

): 6 ppm 1 . 1 (m , for all CH
2 

protons), 0 . 9 (br , t , 

1 3 
C NMR (25.0 MHz, CDC1

3
) : <I ppm 32.0, 29 . 7 , 29.4 , 22.7 , 13.8. 

Reaction o f the r e age nt prepared f rom Mg8
2 

and Cp2 TiC1
2 

wi th l - decyne 

i n THF: 

The MgH
2 

(-, 5 mmol) slurry was prepared in THF (60 ml) in the 

usual way. CP2TiC12 (5 mmol, 1 . 2 g) was added under nitrogen atmosphere 

at aOc followed by l-decyne (10 mmol, 1. 4 gl. The resulting mixture 

was stirred for 12 h at room temperature. After work-up, t he crude 

product was s ubjected to chromatography on a silica gel column using 

hexane as elue nt to isolate l-decene (80% , 1 . 12 g) . 

IR ( neat): V : 3 100 , 2950 , 16 40, 1000, 9 10 
max 

- 1 
c m 

1H NMR (100 MHz , CDC1
3

) : <I ppm 6.G-5 . 5 (m , olefinic CHI , 5 . 2- 4. 8 (m , 

olefin i c CH
2

) , 2 . 0 ( m, CH
2 

attached to 

olefinic double bond) , 1. 3 ( m all other 

CH
2 

hydrogens) , 0 . 9 (br , t , -CH
3
). 

13 
C NMR (25.0 MHz , CDC1

3
) : <I ppm 1 39 . 3 (CH o l ef i nic c a rbon ) , 11 4 . 1 

(C H
2 

olefini c c arbon ) , 33. B, 32 . 0, 

29.7 , 29 .4, 29 . 2 , 22 . 7 , 14. 0 . 



180 

The spectral data were identical with the data obtained for 

the authentic sample. 

Reaction of the reagent generated from Mg'H
2 

and ZrC1
4 

with l-decene 

in THF: 

Anhydrous ZrC1 4 (15 mmol, 3 . 5 g) was added to a magnetically 

stirred suspension of MgH
2 

(- 15 mmol) in THF (SO mIl at -laoe (ice-salt 

bath) under nitrogen atmosphere . l-Decene (10 nunol , 1.4 g) was injected 

and the contents were brought to room temperature during 1 h and sti rred 

further for 12 h. After usual work-up, the residue was distilled to 

isolate unreacted l-decene essentially quantitatively. 

Reaction of l-decene with MgB2/Cp2zrC12 reagent in TBP: 

To a suspension of MgH
2 

(- 15 mmo!) in THF (80 mll, CP2ZrC12 ' 

(5 mmol, 1.5 g) was added at -l Ooe (ice-salt bath) under nitrogen atmos­

phere. 1- Decene (10 nunol , 1 . 4 9 1 was added and the reaction mixture 

was brought to room temperature . It turned to brick-red colour . It 

was stirred further for 12 h. After work-up , the product was subjected 

to chromatography on a silica gel column using hexane as eluent to 

isolate decane (90% I 1 .2 9 l. The spectral data (IR, 1 H NMR and 13 c 

NMR) were found to be identical with the data of the sample obtained 

previously. 



Reduction of l-decyne utilizing MgB / Cp ZrCl reagent in THF: 
22 2 
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To a suspension of MgH
2 

(-.. , 5 rrunol) in THF (80 ml), cP2z r C12 ' 

(5 mmal, 1.5 g) was added at -lO De (ice-salt bath) under nitrogen atmos-

phere followed by l-decyne (10 mmel, 1.4 gl . The colour of the contents 

changed from light yellow to orange while bringing t o r oom temperature . 

The mixture wa s s tirred fu rther for 5 h . After work- up , as outlined 

in the previous experiments , l- decene was isolated (85% , 1.1 5 g) , b.p. 

57- sa D e/ l O mm . The spectr a l data (IR , 
1 1 3 
H NMR and C NMR) were identical 

to the data of the authentic sample . 

Reaction of the Mg8
2
/CrCl] reagent with l-dece ne in THF: 

Anhydrous erel
3 

(12 mmol, 1.9 g) was added to a magnetically 

stirred suspension of MgH 2 ...., 15 mmol) in THF (BO ml) under nitroge n 

atmosphere at oDe ( ice- bath ) . After 10 min stirr ing , 1-decene (10 JlUTIo l, 

1 . 4 g) wa s added and the contents were brought to room temperature 

during 1 h and st irred further for 12 h. After work-up, the residue 

was c hromatographe d on a silica gel column using hexane as eluent to 

isolate decane (BO% . 1.1 g). The spectral data (IR , 1H NMR and 13c NMR ) 

were ide ntical to the data of the authentic sample. Whe n the r eaction 

mixture was quenched with 020 before work-up, the isolated decane did 

not contain a ny deuterium . 

The above procedure was followed for the r eaction with saf r ole . 

In this case , NMR analysis showed that the product (1.2 g) i s a mixture 

of the corre sponding n-propyl and trans- 1- propenyl derivatives . 
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In the case of methyl-1G-undecenoate, the ester group was c l eaved 

and the corresponding 

IR spectrum showed 

unsaturated acid was isolated (70%, 1. 3 g) . The 

76 1 : 1 correspondence with the authentic sample. 

Re action o f the reage nt pre pared from Mg'H
2 

and erCl
3 

with l- decyne 

in TBF: 

To a slurry of MgH
2 

(-15 mmol) in THF (80 ml), anhydrous erel) 

(12 mmol , 1.9 g) was added under nitrogen atmosphere at aoc (ice- bath). 

1- Decyne (' 0 mmol , 1 . 4 9) was added and the contents we r e brought to 

room temperature during 1 h and s t irred furthe r for 12 h . After work-up , 

a yellow coloured compound ( 1. 1 g) was isola ted. The product did no t 

distill out even at 300°C/ l . 5 mm Hg . The product was not characterized 

further. 

Reactio n o f the r eage nt g e ne rated from MgR2 

in TRF: 

and MnC1
2 

with l - decene 

The MgH
2 

(~15 nuno l ) slurry in THF (80 ml), prepared in the 

usua l way , was cooled to O°C (ice-bath) a nd MnCl
2 

(15 nuno!, 1.87 g) 

was added u nder nitrogen atmosphere followed by l-decene ( 10 mmol , 

, .4 g). The reacti on mixtu r e was brought to room temperature during 

a pe r iod of 1 h a nd s ti rred further for 12 h. After usual work- up , 

the r esidue was distil l ed to isolate unr eacted l- decene (90% , 1. 25 g) 

at 56- 58°C/ 10 nun. 
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Reaction of the reagent system prepared from MgB
2 

and FeCl) with l-decene 

in T8F: 

Anhydrous FeCI) ('5 mmol, 2 .4 9 1 was added to a magnetical l y 

stirred suspension of MgH
2 

(--15 rrunoll in THF (80 mIl under nitrogen 

l-Decene 

Immediately the colour turned to black with gas evolution (H
2

). 

( 1 0 mmol , ' . 4 g) was added . The resulting mixture was brought 

to room temperature during h and stirred further for 48 h . After 

usual work- up, the residue was distilled to isolate decane (80%, 1.1 g). 

The IR spectrum showed 1 : 1 correspondence with the spectrum of the 

h · 1 76 aut ent1c samp e. 

Reaction of the reagent system prepared from MgB
2 

and FeCI) with l-decyne 

in THF: 

To a slurry of MgH
2 

(--15 mmol) in THF (80 mIl, anhydrous FeCI) 

(15 rnmol , 2 . 4 g) was added under nitrogen at aOc (ice-bath). l-Decyne 

( 10 mmol, 1.4 g) was injected and the mixture was brought to room tempe-

rature during h, stirred further for 12 h. After work-up a yellow 

oi 1 Y compound ( 1 • 1 g) was isolated. However, the compound is of poly-

meric in nature and it was not characterised further . 

Reaction of the reagent system generated from HgH2 and CoCI
2 

with l-decene 

i n THP: 

Anhydrous CoC1
2 

(15 romol, 2.0 g) was added to a magnetically 

stirred suspension of MgH ( ..... 15 nuno!) in THF (80 ml) at -10°C (ice-salt 
2 

bath) under nitrogen atmosphere . The mixture immediately tur ned to 
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black colour with evolution of a gas (H
2

). l-Decene ( 15 nunol, 2.1 g) 

was added . The resulting black reaction mixture was stirred for 2 h 

at QOC.After work-up. the residue was chromatographed on a silica gel 

column using hexane as eluent to isolate a mixture ('.9 9) containing 

both reduced decane and isomerized 2-decenes. GC analysis showed that 

they are in 1: 1 ratio. 

When methyl-1G-undecenate (10 mmol) was used instead of l-decene 

in the above experiment, only the reduction product was obtained. However, 

allylbenzene and safrole gave the corresponding n-propyl and l-propenyl 

derivatives in 60: 40 ratio. 

> 

Yield , 80% (1 . 6 g) . 

IR (neat): 
- 1 

v ,2950, 1740, 1200 em 
max 

1H NMR (100 MHz, CDCl) , 0 ppm ) . 7 2 • ) 1. 8- 0 . 8 

(m,-CH
2 

remaining protons, also terminal 

13 
C NMR (25.0 MHz , CDCl) , 

CH 3 protons). 
o 

o ppm 17) . 9 (~- O'le) , 5 1. 1 (- O~H) ) , ) 4 . 1 
o 

(CH -~- ) 
- 2 ' 

31. 9 , 29.5, 29.3, 25.0, 22.6 , 1).9. 

Utilization o f l-decyne in the above experiment gave only a 

polymeric product. Reaction of l-decyne with the reagent system generated 

utilizing MgH
2 

and (Ph
3

P) 2coCl2 system also gave only the polymeric 

product . The oligomerization or polymerization took place even when 

the experiments were carried out at -24 D C using liq.N 2 and CC l 4 as 

cool ing bath . 
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Reaction o f the reagent prepared from HgB
2 

and NiC1
2 

with l-decene 

in THF: 

Anhydrous NiC1 2 ( 15 mmol , 0 . 2 g) was added to a magnetically 

stirred suspension of MgH
2 

(-.., 5 mmol) in THF (80 ml) at - 1 aOc (ice- sal t 

bath) under nitrogen atmosphere . Within , 5 min the colour turned to 

black with evolut ion of a gas (H
2
). 1- Decene (1 5 rrunol, 2. 1 g) was added 

and stirred further for 3 h at 0- SoC . After wo rk- up , the residue was 

distilled out at 58°C/l0 rnm Hg to isolate a mixture (1.9 g) contain-

ing decane and cis/trans- 2-decenes. The intens i ties of 
13 . 

C NMR 5 ~gna I s 

at 134 . 3 , 1 30 . 5 , 124.1, 12 3 . 1 , 32 . 1 and 17.3 due to trans-2- decene 

and cis- 2-decene are relatively small compared t o the spectra of pure 

sample of 2- decenes . This indicates that the reduction product is the 

major product in the above experiment . The use of l-decyne in the place 

of l-decene in the above experiment gave only a polymeric material 

which was not characterized further . 

Examination of the question whether the reagent system will give Ni(O) 

species: Reaction with l-bromo octane: 

l-Bro mooctane ( 15 mmol, 2 . 8 g) was added to a magneti cally stirred 

black suspens i on of MgH
2 

(- 15 mmol) and NiC1 2 ( 15 mmol, 0.2 g) in 

THF (80 ml ) at -10°C (ice-salt bath) under nitroge n atmosphere . The 

c ontents were brought to room t e mperatur e during a pe riod of 1 hand 

stirred for 12 h. After usual work-up, u n r e acted l- b romooctane was 

recove red back quantitatively. 
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Reaction of l-bromo-l-dece ne with low valent nickel reage nt generated 

The MgH
2 

(~15 mmol) slurry was made in the usual way. Anhydrous 

NiC1 2 (15 mmol, 0 . 2 g) was added to this slurry under nitrogen atmosphere 

at -10°C (ice-salt bath) followed by l-bromo-l-decene (1S rrunol , 3.3 g) . 

It was brought to room temperature during 1 h , stirred further for 

12 h . The reaction mixture wa s treated with dil-Hel (50 ml, 2N). After 

work-up , the residue was distilled to isolate decane 80 % (1 . 9 g) at 

56-57 ° C/10 mm, Lit .
75 

b . p. 63°C/ 15 mm . The spectral data (IR , 'H NMR 

and were identical to the data of the authentic 
76 

sample . 

Reaction of the reagent system ge nerated from MgH
2 

and NiC1 2 with diphe-

nylacetylene in THP: 

Anhydrous NiC1
2 

( 15 romol, 0.2 g) was added to a magnetically 

stirred suspension of MgH
2 

(-- 15 mmCll) in THF (80 ml) under nitrogen 

atmosphere at DoC (ice-salt bath). After 10 min diphenylacetylene (3.5 

mmol . 0 . 6 g) was added and the conten ts were brought to room tempe ra t ure 

during a pe ri cxi of 2 h . The mixture wa s stirred further fo r 12 h at 

r . t. After usual work-up , diphenylacetylene (0.3 1 g) and 1,2 , 3 ,4-tetra-

phenyl-l-butene 20% (0.13 g) we r e isolated. The spectral data (IR, 

1H NMR and 13c NMR) of the latter we re identical to t he data of the 

sample obtained previously (chapte r 2). 

M.P: 142-143°C. 

IR (KSrl , V 
max 

- 1 
3050 , 1610, 1080 , 1040, 920 , 760 , 70 0 em 
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1 
H NMR 1100 MHz, CDC1

3
) , <5 ppm 7 . 2-6 .7 Im,-Ph) , 6.6 Is , olefinic CHI, 

13 

4. 0 (t .-CAl , 3 . 2 (t or overlap by doublets. 

CH
2 

due to the presence of adjacent 

chiral center). 

C NMR 125.0 MHz, CDC1
3

) , <5 ppm 145.3, 141.2, 

, 28.8 , 

14 0 . 5 , 

128.0, 

137.4, 

, 27.7 , 

130 . 1 , 

127.1, 129.3, 

126.6 , 124.1, 56 .4 Id in OFR) , 40.3 

(t in OFR). 

METAL CARBONYLS PREPARATION BY DECOMPOSITION OF TRANSITION METAL HYDRIDES 

UNDER CARBON MONOXIDE, 

Attempted carbonylation of l-decene utilizing the MgH
Z

/CoC1
2 

reagent 

system under carbon monoxide: 

A slurry of MgH
2 

( ..... 15 mmol) was prepared in the usual way. 

Anhydrous CoCI
2 

(15 mmo!, 2 . a g) was taken in THF (60 mIl in a ) - necked 

RB flask and a pressure equiliser was mounted at one neck under nitrogen. 

The freshly prepared MgH
2 

(- 15 mmol) slurry was transferred to the 

pressure equiliser under nitrogen using a double ended needle . This 

slurry wa s added dropwise during 20 min to the COC1
2 

suspension at 

O°C (ice-bath) while bubbling carbon monoxide. The colour changed from 

blue to black through green while adding MgH
2 

slurry. The black mixture 

was stirred for 1 h under CO at room temperature and l-decene (10 mmol, 

1 .4 g) was added . The contents were stirred further for 6 h at r. t . 

under carbon monoxide atmosphere. The black reaction mixture was poured 

into dil.HCl (50 ml, 2N) and saturated with solid sodium chloride . 
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The organic layer was separated and the aqueous layer was extracted 

with ether (3x30 ml). The combined organic extract was washed successively 

with water (50 ml), brine solution {50 mIl and dried over anhydrous 

MgS04 " The filtrate was concentrated and the residue was chromatographed 

on a silica gel column using hexane as eluent to isolate unreacted 

I-decene quantitatively. 

Carbonylation of benzyl bromide utilizing MgB
2
/CoC1

2
/CO/NaOH system: 

20 min 

in THF 

The MgH
2 

(,... 15 mrnol) slurry in THF (60 ml) was added during 

to a magnetically stirred suspension of COC1
2 

( 15 romel, 2.0 g) 

(60 rol) at aOc whi le bubbling carbon monoxide. The contents 

were brought to room temperature during 1 h and aqueous NaOH (15 ml , 

5 N) was carefully added (gas evolution was observedl . Benzyl bromide 

( 15 mmol , 2.56 g) in THF (, a mIl was added . The mixture was heated 

to 55- 60°C and stirred further for 5 h at this temperature under carbon 

monoxide , The bubbling of carbon monoxide was stopped and the gas present 

above the surface of the mixture was flushed away by a stream of nitrogen . 

The contents were brought to room temperature and poured into water 

(100 ml) . The precipitate was filtered off and the two layers were 

separa ted. The aqueous phase neutralised with cone . HCl and extracted 

with ether (3x30 mIl. The ether layer wa s washed with water (SO mIl, 

brine solution (50 mIl and dried over anhydrous MgS0
4

, The solvent 

was evaporated and the residue was recrystallized from water to isolate 

phenylacetic acid (80%, 1.68 g) . 

M.P , 76°C, Lit .
77 

m. p. 76-76.S o C . 
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IR (KBr), 1 
\) ,3500-3000 , 17 10, 750, 700 ern- • max 

1 3 
C NMR (25 . 0 MHz, CDC1

3
), ~ ppm 178.8 , 133.6 , 129.7, 129.0 , 127.6, 

41. 2 . 

1 2 Pre paration of (l-decyne ) hexacarbonyl dicobalt complex, (R C
2

R )Co
2

(CO}6' 

by the reaction of MgH2/CoC12/CO reagent with l-decyne : 

The MgH
2 

( ..... 15 mmol) slurry in THF (60 ml) was added during 

20 min from the pressure equ i liser to a suspension of COCI
2 

( 15 mmol , 

2.0 g) in THF (60 mIl at O°C (ice-hath) while bubbling carbon monoxide. 

The black reaction mixture was brought to room temperature during 30 

min and stirred fu rther for 2 at r . t. l-Decyne ( 10 mmol, 1 . 4 g) was 

added and stirred further for 5 h. The black reaction mixture was poured 

into water (50 ml) . The precipitate was filtered off and t he t wo layers 

were separ ated. The aqueous phase was extracted with ether (3x30 ml) . 

The combined orga nic extr act was wa s hed successively with water (50 mIl , 

brine solution (50 mIl a nd dried over anhydrous MgS0
4

. The solvent 

was evaporated to isolate a dark colour e d residue . IR spectrum of this 

product indic ated the absence of acetylenic absorptions but exhibi t ed 

strong absorption ba nds at 2 150 , 2050 and 2020 
- 1 em characteristic 

of a metal carbonyl derivative most probably the l-decyne-cobalt hexa-

57 
carbonyl comp l ex. 

Preparation of decyne hexacarbonyl dicobalt ccaplex and its reaction 

with norbornene: Pauson-Khand reaction: Evidence for the formation 

To a magnetical ly st irred suspe nsion of CeCl
2 

( 15 mmol, 2 .0 gl 
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in THF (60 ml) , MgH
2 

( -15 mmo l) slurry in THF (60 ml) was added during 

20 min at O°C (ice-bath) while bubbling carbon monoxide and stirred 

further for 2 h . 1- Decyne ( 10 nuno l, 1.4 g ) was added followed by no r-

borne ne (20 nunol , 2.0 g). The reaction mixture was heated to 70- BO°C 

and stirred further for 6 h under carbon monoxide . It was brought to 

r.t. and poured into water (100 mIl. The precipitate was filtered off 

and the two phases were separated . The aqueous phase was extracted 

with ether (3x30 ml) . The combined organic extract was washed successively 

with water (50 mIl, brine solution (50 mIl and dried over anhydrous 

MgS0
4

. The solvent was evaporated and the dark coloured residue was 

subjected to chromatography on a silica gel column. Hexane eluted the 

coloured metal carbonyl derivative and 5% ethyl acetate in hexane eluted 

the Pauson-Khand reaction product 1 (spectrum No.l1). 

MgH z + CoC I2 + CO 

Yield , 50% (1.3 g). 

HC=' C.CS H17-n 

CO 

IR (neat) : v ,2950, 1700, 1150-1000 (broad) 
max 

- 1 
em 

lH NMR ( 100 MHz , CDC1
3

) , 6 ppm 7 . 0 (br , 3H), 2 . 5 (br) , 2.3 (br) , 2 . 1 

(spectru m No . 11 ) ( br) (3aH , 4H , 7H , 7aH) , (1.6- 1.1 (m,5H,6H,8Hl 

and alkyl prot o ns) , o.s (br , t , -CH
3

) . 

13
C NMR ( 25 . 0 MHz , CDC1

3
) , 6 ppm 209.3 (C 1 ) , 157 . 2 (C

3
) , 148.8 (C

2
) , 

(s pectrum No.llA l 
52 . 9 , 47 . 2, 38. 1 , 37 . 3, 3 1. 1 , 30 . 1 , 

28.5 , 27 . 6 , 27. 1 , 23.9 , 21. 8, 1 3 . 3 . 

+ ( 10%) , ( 100%) , 162 Mass spectral data (m/e) ' 260 (M , 50%) , 232 163 

( 4 0%) . 
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Preparation of (PhC =- CH)Co
2

(COl 6 using MgB
2

/CoC1
2

/CO/PhC=:'CH sy stem 

and its reaction with norbornene : 

The freshly prepared MgH
2 

(--, 5 mmol) slurry in THF (60 ml) 

wa s added dropwise during 20 min to a suspension of CoCI
2 

(15 mmol, 

2.0 g) in THF (60 mIl under carbon monoxide bubbling at aOc . The mixture 

wa s stirred for 2 h at room temperature and phenylacetylene (10 mmol, 

1 . 2 g) was added followed by norbornene (20 mmol . 2 . a g) . The black 

reaction mixture was heated to 70- 80°C and stirred further for 7 h 

under c arbon monoxide atmosphere. After work-up and chromatography , 

as outlined in the previous experiment , the dark metal carbonyl complex 

was eluted first with hexane and the desired Pallson- Khand ketone 2 

was eluted with 5% ethyl acetate in hexane. The ketone was recrystallized 

from pentane (spectrum No . 12). 

PhC= CH 
MgH2 + CoC1 2 + CO 

CO 

Yield , 40% (0 . 89 g). 

CO 

8 

Ph-{ttzs 

: 1 70 7 6 

2 

M. P: 92-94°, Lit. 65 m.p. 93-95°C . 

IR (KSr) , V 
max 

3010, 2950, 1700, 16 10 
- 1 

em 

lH NMR (100 MHz , CDCl
3

) : <5 ppm 7 . 7-7 . 5 (m , 3H and some phenyl prot ons), 

7 . 4- 7.1 (m , remaining phenyl protons), 
(spectrum No. 12) 

2.6 (br , t , 3aH) , 2 . 5-2 .1 (m,4H , 7H and 

7aH) , 1 . 7- 1 . 1 (m,5H and 6H), 1.1-0.9 

(m,8H). 

13C NMR (25.0 MHz, CDC1
3

) , <I ppm 208 . 8 (C
1

), 

{spectrum No. 12A } 
1 31.3 , 128.5, 128. 1, 127.3 , 126 . 7 , 

5 4.5, 47 . 2 , 39.0 , 37.9, 30 . 8 , 28.7 , 

28.0 . 



Mass spectral data (m/e) : 224 + 
(M • 

(60%1. 

Analysis : C% H% 

Calculated : 85.6, 7 .14. 

Found: 85.43 , 7.' 7 . 
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100 % 1 • 196 ( 10%1 . 158 (75%1. 156 

The 'H NMR spectral data showed 1: 1 correspondence with the 

65 reported data . 

system and its r eaction with norborne ne: 

The MgH
2 

(~15 nunol) slurry in THF (60 ml) was added during 

20 min to a magnetically stirred blue suspension of COCI
2 

(15 nunol , 

2 . 0 g) in THF (60 ml) at O°C while bubbling carbon monoxide and stirr ed 

further for 2 h at room temperature. 4-0ctyne (, a mmol, 1 .1 g) was 

added followed by norbornene (20 romol, 2.0 g) . The contents were stirred 

for 7 h at 7D-SO°C. After work-up and chromatography . the metal carbonyl 

compound was isolated by eluti ng with hexane (IR spectrum of this com-

- 1 
pound exhibits strong metal carbonyl absorptions at 211 0 and 2050 cm ) . 

The desired cyclopentenone ) derivative was eluted with 2% ethyl acetate 

in hexane (spectrum No. 13) . 

MgHz + CoClZ + co co 

Yield , 20% (0.46 gl . 

IR (neat): v 
max 

1700. 1640. 1350. 1100 
1 em . 

C)H7 8 

C)H7~) 4 
Z 5 

o 1 70 7 6 

) 
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1 
H NMR 1100 MHz, CDC1

3
) , 6 ppm 2 . 5-1 . 9 (m , 3aH,4H,7H and 7aH) , 1.6-1.1 

(spectrum No. 13) (m,5H,6H and BH) , 1.0-0. 7 1m, alkyl 

protons) . 

13 c NMR 125 . 0 MHz , CDC1
3

), ppm 210.8 I C 1 ) , 174.4 I C
3

) , 143.7 IC
2

) , 

(spectrum No . 13~) 
53 . 3, 50 . 0, 38 . 6 , 37 . 1 , 31 . 3, 3 1. 0 , 

29 . 0 , 28.5 , 25.0, 21 . 7 , 20 . 8 , 1 4 • 1 I 

14 . 0. 

Mass spectral data (role) : 232 
+ 1M, 40%), 217 1100%), 204 110%), 189 

130%) . 

system and its reaction with norbornene: 

To a magnetically stirred suspension of CoCl
2 

(15 mmol, 2.0 g) 

in THF (60 rol), the MgH
2 

(- 15 rnmol) slurry in THF (60 rol) was added 

dropwise during 20 min at OoC while bubbling carbon monoxide . The reac-

ticn mixture turned to black via green colour . After 2 h stirring at 

room temperature, diphenylacetylene (10 rnmol, 1.98 g) was added followed 

by norborne.ne (20 mmoL 2.0 g) . The temperature was raised to 7Q-SOCIC 

and st.irred further for 7 h at this temper ature under carbon monoxide. 

After work-up. the dark coloured metal carbonyl derivative was eluted 

with hexane and the desired ketone 4 was eluted with 2% ethyl acetate 

in hexane. The ketone was recrystallized from pentane. 

PhC _ CPh 

co co 

Yi eld, 30% 10 . 9 g). 

M.P. 129-130°, Lit.
65 

m.p. 13G-131°C. 
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IR (KBr) : \) 3050 , 2950 , 1700, 1600, 1500, 14 50 , 1360-1160 , 1080-1020 , 
max 

1 
760, 700 em . 

'H NMR (100 MHz, CDC1
3

): 6 ppm 7.3-7 . 0 (m, phenyl protons ) , 3 . 1 (br) , 

2 . 5-2.3 (m), 2 . 0 (br) , (3aH , 4H, 7H and 

7aH) , 1. 6-0.8 (m , 5H , 6H a nd 8H) . 

13 
C NMR (25 . 0 MHz, CDC1

3
) : 6 ppm 209 . 1, 17 1. 1 , 134.9, 132 .4, 12 9 . 6 , 

1 29 . 5 , 128 . 7 , 128.5, 1 27 .9, 53.8, 

50 . 5 , 39.2 , 38 . 0 , 31. 3 , 29 .6, 29.0. 

The ' H NMR spectral data showed 1:1 correspondence with the 

65 
r eported data. 

I R spectral study of the metal carbonyl reagent system g e nerated utiliz-

ing MgB
2

/CoC1
2 

unde r carbon monoxide : 

To a suspension of COC1
2 

(15 mmol , 2 . a g) in THF (60 mIl , MgH
2 

(- l S mmol) slurry in THF (60 ml) wa s added dropwise during 20 min 

from pressure e quiliser at O°C while bubbling ca rbon monoxide . The 

black reaction mixture was stirred furthe r for 2 h at room t e mperature . 

The IR spectrum of the reaction mixture in THF showed the presence 

of metal c arbonyl absorptions at 2050 (5), 1940 (sh) I 19 10 (vs) and 

1820 (5). 

Attempted re actio n o f l-decene with the MgB
2

/ FeC1
3 

system under carbon 

monoxide : 

The MgH
2 

(- 15 mmol) slurry in THF (60 ml) was added dro pwise 

during 20 min to a magnetically stirred suspension of Feel) ( 15 Imlol, 
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2.4 g) in THF (60 mIl at aoc while bubbling carbon monoxide . The mixture 

turned to yellow colour during 2 h under CO bubbling. l- Decene (10 

mmol, 1.4 g) was added and the temperature was raised to 70 °C and stirred 

for 6 h. The reaction mixture was brought to room temperature a nd poured 

into water (laO ml) and saturated with solid sodium chloride . The two 

layers were separated and the aqueous phase was extracted with ether 

(3x30 ml). The combined organic extract was washed with brin e solution 

(50 1) and dried over anhydrous MgS0
4

" After evaporation of the solven t , 

the crude residue e xhibited metal carbonyl absorptions at 2100 (w) , 

2040 (vsl and 1980 (5) along with l-decene absorptions at 3100 and 

-1 
16 4 0 em in the IR spectrum (spectrum No . 14) . 

Attempted r e action of l-dece ne with the Mg8
2
/CrC1

3 
s ystem under carlxm 

monoxide : 

To a suspension of CrCl
3 

(15 mmol , 2.7 g) in THF (60 ml ) , MgH
2 

( - 15 mmol) slurry in THF (60 ml) was added dropwise during 20 ml.n 

at O°C whil e bubbling carbon monoxide. The contents we r e brought to 

r oom temperature and stirred for 2 h. 1-0e cene ( ' 0 mmo l , 1 .4 g) was 

added and the react ion mixture was heated to 70°C. The mix ture was 

stirred further for 6 h under carbon monoxide. Af ter wo rk- up , the IR 

spectrum of the crude r es idue showe d very s trong meta 1 carbonyl absorp­

tion at 2000 cm- 1 along with l- decene absorptions (spectrum No .14A). 
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