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Summary 

Bis(dialkylammo)alanes react wrth alkynes m the presence of a catalytic 
amount of Cp,TG, in benzene solvent to produce hydroalummatlon products 
m high yield Two terminal and five internal alkynes were studied and the addl- 
tlon was found to take place n-r a CLS manner The reaction is stereospecific and 
provides a convenient and economical route to alkenylalummum compounds 

Introduction 

Considerable interest m recent years has been duected toward the develop- 
ment of carbometallatlon and hydromeWlation reactions mvolvmg alkenes and 
alkynes. The reasons for this interest F 1 clear, first, alkenes md alkynes are 
very fundamental and economic bmldmg blocks and, secondly, carbometalla- 
tion and hydrometallation provide routes to form carbon-metal bonds which 
can then be easily functlonahzed (eqs 1 and 2) to form numerous classes of 
compounds_ 

Carbometallatlon reactions have evolved significantly rn Just the last few 
years due to the efforts of numerous workers, however, 0 + R-M __jc 

(H) 
:;; ::+ - >+H (I) 

--- f R-M - - 
(HI 

R M cux R% ‘2’ 

* For part III see ref 8 
** Dedicated to Professor H Normant on the c~ccasmn of his 72nd buthday on June 25th 1979 
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[l] Ill tIlc cievrloplllellt or hgcllol~olntloll ‘IS ‘i synt11cac too1 111 olg‘tlllt cIlelllls- 

try stcillcIs alo11t 111 te1111s of the r&lee of dcveloplllc~tlt of thcx lllc~tllocl dlld Ill 

terms 01 Its utlhty 110~ ever. the ploduc t of h> cllobol.ttlon ( R,B) contams ri 
C-B bond B h~ch IS rc+ttn “1~ umc~‘1c tl\ e conqm~~cl to C-Q ok C-_-U bonds In 

addition. cllboranc IS qultu expcnswe thus p~owd~ng sufficient mptus to 
de\ elop other hyd~omet,tlldtlol~ leactlons, p‘u tlLulally those that can foini 

more actwe C-AI bonds and whose metal hydmle ~fxgent IS not ekpenslve 

The fnst reports of the ctclcIlt~on of _\i--I{ bonds to alk\ nes xx as h?. \I llhe [2] 

It wets sho\\n that both substitution (eq 3) .mcl acldltlon (eq 1) can take place 

R2AlH + R’C=CH - R CSCAIR, *H., ‘3) 

depending on the exact condltlons of the leactlons Further development m 
this area concerned the mechamsm and legloselectlvlty of the hydroalumma- 
tlon of alkynes and was due to the excellent work of Exsch and coworkers [ 33 
These workers, m a senes of studies, were able to provide consldelable under- 
standing of the detailed nature of hydloalummatlon wrth respect to the nature 
of the R2AlH compomld, the alkyne, solvent, temperature, etc 

Although hydroalummatlon of alkynes by RzAIH compounds IS a reason- 
ably convenient and effective ieactlon, nevertheless, a sellous shortcommg 
exists m the use of kmylalanes (R,AlC=C<) m organrc synthesis Because 
dlalkyl- or dlaryl-vinylalanes are the products of this reaction, an ambiguous 
product 1s formed when the reaction IS allowed to take place with an organic 

substrate smce both the saturated R group and the vinyl of the vmylalane cdn 
react- 

More recently, Schwartz and coworkers have developed a hydrometallatron 
reaction involving the addition of Cp,Zn(H)Cl to alkenes and alkynes [4] The 
reactlon proceeds well with terminal alkenes usmg stolchxometrlc amounts of 
the hydride. In addition, Sato and coworkers [5] have effected the reduction 
of alkenes znd alkynes with LAlH, in the presence of transltlon metal halides 
Although one might assume that hydrometallatlon products are produced as 
intermediates, deuterolysls of the reaction mixture shows that only TlC!l, and 
TK!l, catalysts produce a deutermm incorporated plodact_ 

Sometime ago we reported the direct synthesis of dlalkylammoalanes by the 
reaction of aluminum, hydrogen and secondary ammes [ 63 (eq 5) The bls- 

AI+H,+2R,NH 
BClIZClIf2 

’ HAl(NR& f 2 Hz 
140°c 2000 PSI (5) 

(dlalkylammo)alanes are produced m cearly quantltatlve yield and m a high 
state of purity. The benzene solutions are filtered from excess alummum and 
the resulting solutions are used directly m reactlons with alkenes and alkynes 
We communicated earlier [7] that bls(dlalkylammo)alanes add to olefins and 
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alkynes 11~ the presence of catalytic amounts of CpZT~C12 m benzene solution m 

H 

HAI(NR~)~ f- Rb=CH? Cp’=lA RCH,CH7__~l(NR,)2 (6) 

high yield Bls(dlalkylamino),tlanes dre leasonably rnexpenslve hydrides com- 
pared to dibordne and the z-es&m g C---Al compounds should be mole reactive 
than the correspondmg C-B compounds produced m hydroboratlon We have 
reported recently the details of HAl(NR>)Q hydroalummatlon of alkenes [8] 
and noti we \\ ash to repel t our latest results m hydroalummatlon of alkynes to 
form alkenylalanes 

Espenmental 

Apparatus 
X11 reactlons were performed under mtrogen 01 argon at the bench usmg 

Schlenk tube techniques or m a glove box equipped with a recxculatmg system 
to remove oxygen and solvent vapors [9] Callblated sylmges equipped with 
stamless steel needles \\ere used to transfer reagents All glassware and syrmges 
were heated m an oven and cooled under a flow of nitrogen or argon All mol- 
game and orgamc compounds mcludmg Internal standards for GLC were pre- 
pared by welghmg the reagent m a tared volumetric flask and dllutmg with the 
appropllate solvent_ 

All melting points are corrected and all boiling points are uncorrected Pro- 
ton NMR were obtamed usmg a Vamm 60 MHz model A60 and T60 or a JEOL 
100 MHz Founer Transform spectrometer Model PFT-100 All Chemical shift 
values are expressed m ppm (6 values) relative to lMe,Sr as the internal standard 
All mass spectra were obtamed using a Hltachl RMU-7 or Varlan Model M-66 
mass spectrometer GLPC analyses were obtained usmg an F and M Modei 700 
or 720 gas chromatogiaph IR spectra were obtained usmg a Perkm-Elmer 
Model 621 or 256 IR spectrometer High pressure reactions were carned out 
using an autoclave rated to 15000 PSI obtamed from the Superpressure Dlvlslon 
of Amerxan Instrument Co of Silver Spnngs, Maryland 

Analy trcal 
Gas analyses were camed out by hydrolyzmg samples with 0 1 M HCI on a 

standard vacuum lme equipped with a Toepler pump [lo]. Alummum was 
determmed by adding excess standard EDTA solution to hydrolyzed samples 
and then back titrating \mth standard zmc acetate solution at pH 4 using 
dlthlzone as an indicator Ammes were analyzed by mJectmg hydrolyzed sam- 
ples with an Internal standard on the gas chromatograph Carbon, hydrogen 
analyses were can-led out by Atlantic Microlab, Inc , Atlanta, Georsa 

Analysts of all products, ansmg from the quenchmg or reactions of hydndes 
vvlth alkynes, with I&O, DzO, I2 and CO, were ldentlfled by GLC and/or NMR 
Some products were isolated by preparative GLC and compared to authentic 
samples obtained commercially or synthesized by known methods All NMR 
spectra were obtamed m CDC13 or benzenea, using Me& as the mternal stan- 
dard 



















the predOnllIlant product (S7%)_ The fXS-dlkPIlC pioduct on h~d1oly51s PO- 

duced a product x\hose NRIR, IR auld mass spect1unl matched those obtzuned 

for the product from the Pd/C hydrogenation of 1-tllmeth> Isllyl-l-octyne 
When the hydrometallatlon reaction product was quenc;hed \xlth D?O SO% of 
the product contamed deutenum accordmg to mass spectral analysts NhIR 
analysis of the products shox%ed that approximately 90% (Table 1) of the 
deuterated compound was the crs-1-tr~meth~~ls~lyl-2-deuterlo-1-octeHe This 
result IS somewhat surpnsmg m that one would espect, on tile basis of previous 
studies [ 141, that the alummum would be adjacent to the mole electronegative 
slhcon atom However, as dwussed earhe III Scheme 1, the 1eglochemlst1> of 
the product IS determmed hy formatlon of the mtelmedlate alkyn3 ltltamum 
compound- The bulky trlmethyJslly1 group hmders the approach of the titanium 
catalyst and therefore 90% of the newly formed tltamum compound has the 
tltamum located in the 2-posltlon Interestmgly, a slmllar result was obtamed 
when HAI(NEt& was used as the reagent 

Cleaily, the reaction of HAl(NR& compounds (which are economically 
attractive hydrometallatlon reagents) with alkynes III the presence of a catalytic 
amount of Cp,TKI, m benzene produces alkenylalanes In high yield and pie- 
dlctable stereochemIstry_ Because of the Importance of alkenylalanes as syn- 
the& mtermedlates, this reaction should be of potential mterest to synthetx 
orgamc chemists_ 
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