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Hindered Organoboron Groups in Organic Chemistry. 29 
The Effect of Hindered Triorganoboranes on Anionic Butadiene 

Polymerisations 

Andrew Pelter’*, Robert DrakG and Malcolm Stewart2 
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Ahrmcr. ‘llwce new highly hindaed triorgrmboranes air(s-1-bwyl-2&di11~&ylphenyl)borane (BDphB). Q wis- 
(4-nwthoxy-2,6dimcthy~yl~~ @W3B (6). aad t~utyWW,~eimetbylphenyl)boreDe (MeszBBu9 0. 
wae pqared and CualpWcd with him&tylbaRme (4) for thcii intltKnce on the 1,4-wllocnt of Ilnklnically pmduced 
polyllleca of bumdiea Ewb was &aigned to ovawme kDowIl side reactica of (4). ullcxpcct&ly, none was more. 
effective overall than (4) ill illaahgttIe1,4-cultefltofthepolymer. Bomne~simplyquaclledLiBrpinduced 
pol~whilst(6)and~somcwhatcnhrmccdthcl,4-c~andsharpcncdthtpolymcrprofilc. 
Howeves,(6)and(7)qwachedpolymerisahsbysodiumbases. Studiesofthewxionsofbnscswithavarictyof 
llhdaedboMeosllggestreaKms for the resulta obthed, and help with the design of other, possibly more effective, 
cltrlysts. 

Introduczion. The p&icted desirable physical proper&s of 1,4-telechelic (terminally functionalised) polymers 
of low (- 3UOO) molecular weight derived from butadiene and isoprene make them 
aaractive synthetic targets. However, in ethexal solutions and aa alkyllithiium initiator, butadiene yields a 
high molecular weight polymr with about 90% of 1Pstmcture and only 10% of 
1,4-suucturel (Scheme 1). Tbis contrasts strongly with the polymerisation in hydrocarbon solvents, from 
which results high molecular weight polybutadiene which is about exclusively 1,4- in sm~ctute.~ 

-.I__, 
RL.i + cH~=cH-cH=c& - RcH2cHa-cl-l* Li+ 

A\ ca2’(II-ahal, 
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The growing ionic species (1) may exist in solution in a knher of fcams, some of which am represented in 
Figure 1. 

(RMeth m RMet m R-Met+ m R- S Met+ m R----- Me< 

(Ia) (lb) (Ic) (Id) (W 

Met = metal ; R = gmving organyl group ; S = solvent. 

The structum range from covalent aggregates (la) through to free ions (le). the positicm of the overall 
equilibrium being critically dependant on the solvent. In hydrocarbons only the spezies (la), (lb) and (lc) are 
significant, aad of these the contact pair (lc) is the species by which polymerisation occurs. For hutadiene 
systems in hydrocarbon solvent (lc) has been identified2 as @a) (cis : trms - 3 : 1). Location of the negative 
charge on the mtminal atom ensures 1,4-addition by a further monomer, lcadlng to high 1,4-struchm ln the 
lrmlltant polymer. 

-cI@zH=cH-cH*- Ii+ F- -Cb --=? H-C 
U+ CH2 f y --=. 

-CH2 B ‘m2 

In more polar solvents. such as ether, the principal species present is the solvent separated ion pair (ld) 

and with butadiene as the monomer this can be represented as (2b) (solvent excluded). In (2b) the electron 
densities at C-l and C-3 arc mnparable2, leading to an increase! in the 1,2&mctm of the polybutadiene. 

Telechelic polybutadlcnes could, in theory, be prepared by use of a difunctional anionic initiator. 
However, such initiators am only soluble in polar solvents, ~4 which are unfavourable for the formation of 1,4- 

polymer. If the propagating species in ethers were transformed from (2b) to (2a), the resulting polymer would 
most likely have enhanced 1&character. J This might be achieved by interaction with an appropriate Lewis 

acid, such as a triorganylborane. It had aheady hem shown that triphenylborane influences the tritylsodium 
initiated polymerisation of butadiene, but the effect is short lived due to the irreversible formation of a stable 
borate complex that does not undergo further polymerisation. Tritylsodium will only add to butadiene in the 

presence of triphenylbora&, possibly due to initiation by tritylsodium-triphenylborane complex. 
Richards and Stewartr chose nimesitylborane (TMB) (4) as their Lewis acid, as this highly hindered 

borane does not form complexes with methanol or sodium hydride ‘**. Indeed, TMB did have a marked effect 

in enhancing the 1 P-structure of polybutadiene produced by anionic polymerisation. particularly with sodium 
naphthalene radical anion (NaN) or the disodium salt of a-methylstyrene tetramer (a4NaJ. The reactions sre 

however temperature dependant and suffer from the known reactionssJsof proton abstraction from the 
4-methyl of the mesityl group (equation 1) which stops the polymerisation and leads to low molecular weight 
tailing in the molecular weight distributior~~ 
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(4) 

‘Rimesitylborane has been mported” to jield an anion radical with r-butyllithium. 
The .:ffect of trimsitylbcmne on the anionic pol ymerkion of isoprene was far less marked than its 

effect on butadiene.12 It appears that complex formation in the isopmne case is inhibited due to steric 
interactions with the 2-methyl groups of (4), which in turn suggests stmcture (3) for the complex between 
TMB and f he growing polybutadiene anion. If so, then the influence of the trimesitylboraue is mom steric than 
ionic. 

To avoid proton abstraction from the C-4 methyl gmup, the inclusion of tris(2,6-dimethylphenyl)boraue 
in the polymerisations was aied.13 However, a major side reaction, 
addition of tie alkyllitbium (equation 2). was obse~ed. A similar mction has pmiously been 
noted with n-butyllithium~. The same type of reaction was observedl3, when &(a-naphthyl)borane was 

Used”. 

CH3 

RMH21i -Ra:+ >, fi+ (2) 

3 

Currenr Work. In order to avoid the problems associated with borate formation (F%,B), proton abstraction 
(4), and alkyl addition ti(2,6dimethylphenylboraue), we requhed ti(2&dimethylphenyl)boraaes (to prevent 
ate complex formtion) which were substituted at the 4-positions by groups that did not undergo either proton 

absmction or metal exchange (e.g. not Br or Cl). For those msons we fixed on pi,@-t-butyl-2.6- 

dimethylphenyl)borane (9 ((BDQB) and fris(2JdimethyL6-methoxyphenyl)borane (6) (@IW),B) as highly 
hi&& Lewis acids. A&litionally we were inkrested in t-butylbir(2.4,alp~nyl~ (7) 
(Mes$Bul) in order to judge the effect of re@ac@ a mesityl group by a hindered alkyl group lacking a proton 
a to boron. This would not allow the production of a boron stabilised acarbanioa 

‘=3 
(6) 

( m3y-$ BBut 
2 

=3 
(7) 
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The syntheses qfcompou& (S)-(7) 
The synthesis of compound (5) and related compounds was achieved as shown in Scheme 2. 

Me J 2 B&i,-7S'C, 
wm 

Me But 

16h, A, (55%) 

Me 

(5) 

Me 

scheme2 

Bromination of cheap, my available l-t-butyl-3,Sdimethylbenzene to give (8) w in 
goodyield. TheGrignardreagent(9)wasnadilymadeandfromthatwea~tomakt(5)dirsctlyby 

reacdon with triawrobarane. However, only 5% of (5) w-as isolated when duee equivalents of (9) was heated 
in THF under &lux with tritluc&orane for 24h, and only 10% of (5) was produced aftc~ 2h inadiadon of the 
reacdon with ultrasound. Use of five equivalents of (9) and 4h &lux gave only 24% of (5). In each case the 
major pxoduct of work up was (BDP),BOH. Direct reaction of the lxomide (8) with trifluorohorane in the 
a#lence of magnesiuml~, either in the presence or absence of ultrasound irmdiadon gave no (5). We 
the&m made the lithioduivative (11) and mctcd it with hifluo&orane in various solvents (THHhexane, 
glymc&xane. ether/hexane) but failed to produce more than 5% of (5) even after prolonged heating under 
retlux. The reptiment of the THP/bexane mix by m-xylene followed by 16h I&U, successful for the 
prepsration of uimesitylborane7, was not suc4zessful in this case. 

We therefore isolated the diarylfluozobcrane (10) and found that it reacted well with 
t-butyllithium to yield the comsponding derivative (12) and with methanol to give (W). We then reacted (11) 
(50% excess) and (10) in a THP/hexane mixtu~ aud, after 16h under reflux, were able to isolate (5) in 55% 
yiekl fmm (10) (41% from (8). When the reaction was carried out without isolation of the intermedkte 
flmborane (lo), the yield dropped to 11%. perhaps due to interaction of the aryllithium with the magnesium 
salts present. 
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Althou%thepnxxssshowninSchem2~obtain(S)wasviable,itwasrathertediousandwesoughta 

rmxedirectt&lod Wefcnmdtilisinthemactionof(11)withrrichlombomne inTHF/hexaneatambient 

temperature(qlation3). Thesolventmixwascriticalforgoodyielcla Thusinhexanealotletheyieldwas 
only26a6andina3:1~~ofhexaneandetha35%wasobcained Jftheratioofhexanetoether 
droppedtoo.5: l,ontheotherhand,theyield deerea&to 17%. A 1: 1 mixtureofetherandhexanegave 
reproducible yields of >70%, and this is the method of choice to prepare (5). 

Bu / \“, + BCls - 
0 

B + 3Licl 

-Me 
(Bt@ 3 

(11) (5) 
The preparation of ais(2,6dimethyl-4-x&oxyphenyl)borane (6) was also not straight forward 

(Scheme 3). 

(3) 

M&i \Mc,,~~bfd/ ?MgBr 0 
-Me 

0 
-Me 

(14) (M) (16) 

I 2Bll’l.i 
(ccl 100%) 

‘Me 

Me0 / \ fi 0 ap,‘orrc, . (59%) B 

-Me 
(17) (6) 

scheme3 

We have previouslyrs described the preparations of (14). (Is) and (16) but attempts to convert either 
(W) or (16) to the triarylborane (6) mt with little success. Thus reaction of seven equivalents of (15) with 
trifluomborane etherate in THF under n&x for 4h gave only 7% of (a), a yield not incmamd by mpkcermart 
of THF by toluene and treating under mflux for 4h. Reaction of (15) with hichlomborane in ether was also 
unsuccessft& even after prolonged mfhm. We therefore made the lithio derivative (17) by our usual method.16 
However, (17) gave the desired product (6) in only 15% yield on reaction with trichloroborane and in 10% 
yield on reaction with tribromoborane. The reaction of (17) and (16) gave no triarylborane in a THFJ/he.xane 
mixture. Therefore a thorough study of the reaction of (16) with trifluoroborane etberate was cauied out. 
No triarylborane was produced in lHR/hexane mixtures but a solvent mixture consisting of ether and hexane in 
a 1.7 : 1 mixture gave a 59% isolated yield of the desired (6). Variations in the solvent mix were deleterious 
(e.g. I$0 : hexane = 2.0 : 1 (33%); 0.7 : 1 (19%)). 

We have previously described the preparation of compound Q.17 
Pdymf?risationstudiea 

Living polybutadiene was pmpared by collecting a known volume of dry butadiene as a liquid at -78%. 
The butadiene was allowed to warm and bubbled into THF at room mmpemmm. Polymerisation was initiated 
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about 10 min af#r the statt of the addition of butadiene by addition of B&i. disaihm a-nxthylstytene 
tetramrorsodiumnaphthaIide. TheamMlntof~~~wa9calculatedtogiveana~~of 
polynmWionofcu.75. Polymrisationwaaallowedtoproceed~55minaasolutionafthe~in 
THF a&d. The resuldng polymer was analysed for 1,2- sod 1&structum by ‘H nmr,auditsmoIecuhu 
weight distribution was demmhmi by gel permeation chromatography. 
StmctureAt&ysis 
TabIe 1. Chemical shift values for pmtons in polybutadienes 

ProtonLocatlon chemiai shift (6) 

a 5.3 
Y 2.0 

-&,&I- a 5.3 
I B 5.0 

c=f=2 7 2.0 

a B 6 1.3 

The structure analysis depended on the diffemcc in chemical shift between the a- and 
/3-pnmms. The % 1.4 content is given by equation 4, in which A and B are the total integrated areas of the 
bands at 5.3 and 5.0. 

(A - 0.5B) x 100 
% 1.4~content = (4) 

(A + 0.5B) 

The results of our experiments me presented in Table 2. 

Table 2. % 1,4_Structure of polybutadienes with added organoboranes 

kP* Initiation Burane : Living Ends 96 1,4-pdybutadienea with Boranea (4)-(7)’ 
(- mtw (4) (5) (6) (7) 

1 Bu”Li 1:l 20 14.5 17.1 kilm 
2 BuXi 2:l 25 18.3 23.3 - 
3 B&i 3:l 29 17.1 20.1 - 
4 a,Na23 1:l 25 Id&# -2 _ 

5 NapNa4 I:1 29 IdlIed kiIled2 - 

l) With no bmne present, n-B&i initiated polymtz had 9% of 1,4-srm~ane in the same conditions. 

2) Immediate decohuridon and stqping of polymerization. 
‘)sodiumlIlIpllthalidcladical~iml. 

3bkodium salt of a-methylstyrene tetmma. 

Our first surprise was the instant and irreversible quenching of polymerisation by one equivalent of 
Me+BBu’ (7). in strong contrast with trhnesitylborane (4). Secondly, both (5) and (6) increase the 1,4- 
content of BunLi initiated polymexisation, though neither is quite as effective as (4). It is noteworthy that with 
(S), tw low moleculur weight failing wus observed. However, due to the low solubility of (5) in THF, dilute 
solutionshadtobeusedwhichintumledtoanincrease in trace impurities aud to some quenching of the 
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reaction. Thiaatayacxoun talsoforthelackofincmaac in 1.4atructurc when thtec equlvalu~ta of (5) were 

used (exp. 3). When one or two equivalenta of (6) were added, no low a&cular weight tailing was observed 
in the Bu%i initiated polym&&on. When three equivalents of (6) wcte used, the aohrtlon became dark blue 
arMi polymaiMtiotl was slowly quenched 

With sodium as the counter ion, addition of one equivalent of @and (6) &m&ately killed 

the polymerisation! In exp&ment 4, use of (5) led to immediate decoloursation, and addition of 
a,N+ then gave a dark green solution, but nofurther polymerisaion. Addition of methanol to 

the solution allowed the quantitative recovery of (5). Reaction of (5) with sodium metal gave a dark green 
solution of the radical anioxP*, and it appears likely that it was this that was formed on addition of RN%. In 

a similar fashion. a brown solution resulted when (6) was utilised with sodium as the counter ion. Reaction of 
(6) with sodium gave a dark blue solution initially and, on standing, this became brown. as in the 

polymrisation experimmt 
We had expected that compounds (5) and (4) would behave similarly in the polytmisations as they are 

elecuonically similar and differ only in that (5) has a 4-t-alkyl group that cannot ionise. This should lead to a 
lack of low molecular weight tailing. as was indeed observed, but does not explain the results with 
organylsodium initiated polymer&&u. Borane (6) differs electronically from (4) aud (5) and some 
differences in behaviour are therefore not unexpected. Some further studies to gain more insight into the 
reactions of (5). (6) and (7) with bases were undemken. 

ModeJreacrionsof Mes#Bu’(7), (BDP)~Bu'(12),and(DMP)~Bul(18).1s 
It was decided to react compounds (7). (12), and (18) with a variety of bases, so that their behaviour 

coti be compared with each other and with the triarylboranes (5) and (6). OUT results aret given in Table 3. 

Table 3. *lB Chemical shifts on reaction of (7), (12) and (18) with bases 

Exp. Base Products 8, (pepk h+IW 
7 12 18 

6 None 86.5 79.3 73.3 

7 Bu”Ii Borate -4.74[ loo] -6.56[ loo] -8.21 [MO] 
Hydroborate -9.00 [65] -10.68 [75] -11.32 [79] 

(Juu. 78.4Hz) (78.3Hz) (78.812) 

8 LiBw Borate -4.41 -5.39 

9 BunNa Borate -4.71 [loo] -6.49[ lOO] 
-4.10 [50] 

Hydroborate -8.52 [44] -9.36 [ 181 
(J&u, 79.2Hz) (J&H. 76.9J-W 

10 Bu’Ii Hydroborate -8.97 -11.30 
(Jun. 78.4Hz) (J,,, 78.5) 



13836 A. PELTER et al. 

The nation of Bu’Li (exp. 10) on (7) and (U?) gave, as expectd6 solely the hydmbaates by p 

hydmgen mnsfer. However, both Bu’U snd Bu”Na gave mixtures of orga~oborates and hydroborates and 

1irhiMIpolybutadiene gave only organobomte. All peaks am sharp and show that clean compounds arc 
fomedratherthantImlecularassocia tions. It is clear there&m that despite inferences drawn fmm mokular 

mud&, the tr&ryibotnn~ tmed are more hindered than the e dkyl4-butylboraoea 
?here is an idication of this in the litemture already as trirmsitylborane (4) does not form a complex with 

ammonia, in contrast to oi-t-butylborane, which doe.s.19 The exptin for rhe inhibirion of po@merisadon 

by (7) is ther@ore thatrapidand invversible bmtefor?nation occurs. 
The reaction of hindered tria@oranes atd baw. 

The the hidered ttiarylbaanm, Mes,B (4). (BDPhB (5) and @MP),B. (6) were reacted with a range 

ofbases.andchanOesintheelecaondeasitiesat~nwere~~byllBImrr. Livingsaliumand 

lithium polybutadienes were prepad with a degree of polymuisation of about ten, (apmion 5) the 

polymedations being allowai to go to completion before the solutions wem examined. 

BunLi + lOCII = CH-CH=CH2 - Bu”C&d1oIi (3 

The results am given in Table 4. In ail cases, except when hydroborates were formed (experiment Z7), 
the peaks were very broad, showing associations rather than conpound formation. 

Table 4. “B Shifts for the reactions of uisrylboranes with bases 

Exp Base 
Me (4) (BJ& (5) @W)sB (6) 

11 None 79.0 71.7 60.1 

12 BUG (1 equiv.) 31.3 22.9 43.0 

13 B&i (2 equiv.) 7.2 36.6 

14 Bu’Li 34.3 -13.6 -6.1 

15 IiBD -8.8 13.6 40.7 

16 NaBD’ -17.1 -57.1 -5.6 

17 BuDNa -7.6 -5.3 
-13.6 (4%) 

18 ~(OIW$ -14.3 -14.4 -14.8 
(JBH. 77.14Hz) (J&H, 76.7I-W (JBH, 77.54Hz) 

19 NaOMe 74.3 7.4 66.1 

20 NaMetal 

‘) Sodiual polybutadiene. 

8.8 -5.6 
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Compound (6). due to electron donation from the three p-methoxy groups (equation 5), would be 
~tohavealowaelectroa~~atboroa,aadhencenot~Dassociatewithe~richspecitsas 

strongly as (4) or (g). 

Thisisshowninthetarsmallerllpfield”Bshiftsseenwhen(6)reactswithBun~andLiBD,(exp.12, 
13.15). On the other hand (6) readily foms a radical anion (cxp. 20) with sodium nxtal, and also with BunNa 
(exp. 17) and with NaED (cxp. 16). The forma&n of the radical union of (6) with sodium polybutadiene but 

not with lithium polybutodiene, e&aim the contrasts seen (Table 2, exp. I-3, and exp. 45) between the 

behaviours qf &him md R.&m p with borane (6). 
Itisratbadifficulttocompare(4)and(5)dutatheintemntionoftheaniondcrived fknntk.4- 

methyl group (cquatioo 1) in the reactions of (4) (experkm 15). The enamous shift (129 ppm) in the 1lB 

~~of(5)wheaaddedtoNaBDrhowsavaystroag~~iadeed. 
Thenatmofthatimcracdonismkmnvn. Thesolutioniscolouflessandsoaradicalanionis 
not~~v~,and~pealrissObmad~e~formationiswrcluded. Possiblythueis 

thefonnationofaconoplexaimilnrtothatbetweentriphmylboraaeand~~~~‘~’ Inany 
case,themactionwithLiDBisnothinglikcsosuong( qeriment15)and(4)doesnotcxhibitasimilarlarge 
shift (cxpckmt la), in line with both observed d#knces on the course of polymerisation. 

Itwa9nobworthythatnoneoftheaehindendtriaaylboranesnactedwitht-butyllithiumintheusual 
way” to give hydroboms. The peaks obfmved were luoad and c4mpletely diffemltiated fmm the sharp 
doublctscxpec&dofthehydrohom&a Itwouldseem~gure2)thatthc~~aresobulkythatitis 
impos&le fcr the j&hydrogen to approach the boron atom, to undergo cyclic 
phydride transfer. 

Ar3B 0 - &0Me)3 - AraH + Al(OMeh 

It was therqfore surprising and synthetically significant that lithium wimethoxyolundnium hydride 

cleanly gave the requisite hydrobomtes (aperiment 18). pmumably thmugh a lineor transition state (pigum 

2). The resulmnt hydroborom ore mongst the most hindered ever mode and could well be synthetically 

usqful (IS selective reductwm. 
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Concl&on. 

None of the three new ~lboranes (5). (6) and (7) are as eifective as trimesitylbomne (4) in enhandng 
the propordon of 1&stnlcmre in polybumdiene produced anionically. These studies, mgether with 
otherssJ~*3 have d&n-mted some of the reactions that must be avoided i.e.hydmbomm f-on, c&anion 
formation, anion radical formation, organmtallic addition. It would seem that to favourably intluence the 
polymaisation six orrho-methyl groups am mquired together with a puru-substiment which is not ionisable but 
not too bulky. Trir[4-fluom-2&limethylphenyl)bcmne could be a candidate for this purpose. 

EXMXJMENTAL 

Insfrumentufion 

I&a-md spectra were mcorded on a Pye Unicam SPlOSO infra-md specuometer using NaCl cells with 
neat liquids or solutions and KBr disks with solids. The polystyrene absorbances at 1603 cm-1 and 1495 cm-1 
wem used as references. 

Pmton mm wem mcordcd on a Hitachi Perkin-Elmer R-24B spectunm$er attXlMHz,aVarianHA-100 
spectromemr at 100 MHz and a Bruker WM-250 spectrometer at 250 MHx using deuuziochloroform as 
solvent and tetramethyBilane as reference except where stated. Boron (IIB) nmr wcm mcorded on a Varian 
XL-100 Fourier transform mm spectromter, using bcron aifluoride etherate in a co-axial cell as external 
standard and quartx (not bo&&ate glass) nmr tubes. Signals downfield gem boron niflucride (i.e. 
dcshieldai) wem mconied as positive and the chemical shifts am in ppm. Carbon (W!) nmr wem mcorded on 
a Varian XL-100 or a Bruker WM-250 Four& transform mm specaometer, using deuteriochlorofonn as a 
solvent and teuam&ylsilane as an internal standard except where stated. Low resolution c.i. and e.i. mass 
spectra wem mcouled on an ABI MS9 mass spectmmeter or a VG12-253 mass specawntter. High resolution 
c.i. and e.i. mass spectra wem mcordal on a VG ZAB-E mass spectmmeter. Ultra violet spectra were 
muxded on a Eerkin-Elmer 402 sp&rophotonWer as solutions in cyclohexane, using lO.Omm cells. 

Melting points were mcorded on a Gallenkamp Hot Stage apparatus and were uncorrected. Boiling 
points were determined by Kugelmhr distillation and the temperature given is that of the Kugelrohr oven. 

‘Ihin layer chromatography was performed on silica gel (Merck) mounted on aluminium cards with a 
fluomscent indicator (254 MI). Preparative chromatographic separations were achieved using silica (Muck) 
as absorbent in a glass column, using uv detection. 

Gas liquid chmmatography was performed on a Varian Vista series 6WO chromatograph with a Varian 
CDS-401 data system as integrator and plotter. All mixtures were analysed on a 10’ x l/gll stainless steel 
column packed with 5% SE30 on Chromsorb G packing except where stated. The basic temperature progmm 
used for tbe analysis of product mixtures was, 12OT for two minutes, ramp to 24OY! at 3OT per minute then 
hold for one minute. This program was mod&d as requimd, such changes being noted in the relevant 
section. GLC estimations of reaction yields were made by adding s known weight of a standard to the 
reaction mixture and determining the detector response factor for each component to be examined. Typical 
internal standards were straight chain hydrocarbons such as do&cane and hexadccane. 

Gel permeation chromatography was performed using an LUCYMilton Roy constametic pump and 
refractive index and uv detectors. Four styragel columns (Polymer Laboratories) of -ities 105, lo”, 103 
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Retagents 

Allmactionsinvolvingcqa&maW were carried out using purified anhydrous reagents unless 
otherwise stated. Reactions involving the use or production of air and water sensitive compounds were 
carriedout~astaticpaes~ofagonuseddiractlyfranthecylindertlnoughaglasslinediractly 
umnecmd via a thnaway tap to a vacuum pump. The preparation and purification of magents for use in 
mactions of organoboron compounds have been recently reviewed20 Solvents were treated as follows. THF 
was purified first by passing through dry, neutral ahrmina under nitrogen or argon. Sodium (2g per litre) and 

be~~one(8gptrlia)wercthenaddedtotbeTHFinastillandthernixstirradunderargontogivea 
purple solution of the sodium benxophenone ketyL The THF was then distilled fmm the ketyl, under argon, as 
required. Glyme, diethyl ether, petroleum ether and cyclohexane were passed through an alumina column, 
stirred for 16 hours with calcium hydride and distilled from calcium hydride under nitrogen or argon. Carbon 
tetrachlotide and ethyl acetate wem purified by distillation from phosphorus pentoxide.*r Methanol was dried 
and purified by distillation from magnesium methoxide. Mesityl bromide and 4-bmmo-3.5 
dimethylmethoxybenxene were distilled under nitrogen, at reduced pressure prior to use. I-Bmmo-4+butyl- 
2,6dimethylbenxene was dried in a vacuum oven at 30°C at 1 mmHg pressure for 24 hours before use. Boron 

trifluoiide ethemte was distilled at reduced pressure tkom CaHs. Magnesium turnings used in the pmpamtion 

of Grignard reagents were treated, prior to use, with dihtte hydrochloric acid for an hour, then acetone and 
dried for over three hours at 12OT under vacuum. All other reagents were distilled under nitrogen prior to 
use. 

Solutions of a- and t-butyllithium in hexanes and mthyllithium in ether were obtained from Aldrich 
Chemical Company and standamised every three to four weeks by direct titration of the carbon-lithium bond 
with butan-2-01 using l, lO-phenanthmline as indicat0r.U 

Butadiene was dried by passing over molecular sieves, calcium chloride and c&hun hydride and 
collected in a graduated vessel at -78’C (density 0.74 g/ml). The mqdred volume was then bubbled into the 

reafztion. 

Experimentul Procedures 

The equipment and techniques involved in Laboratory operations with air sensitive substances have been 
surveyedm In particular, aLI glassware was dried at 120°C for at least four hours, assembled hot and cooled 
under a stream of argon introduced and expelled via septum capped inlets and outlets, using hypodumic 

needles. Manipulation of liquids under argon was achieved using oven-dried syringes and double-ended 
needles which had been cooled by flushing with argon. All operations involving solid b~(2,6dimethyl4- 
methoxyphenyl)boranes were carried out in an argon flushed glove box. Sublimations were performed using a 
cold finger apparatus, that fitted inside the oven of a Kugelrohr, and was directly connected to a mercury 
diffusion pump via wide bore glass tubing. 
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Atw~neckedIpund-~flasLfi~withadmppingfunnel,amchanicals~andagas 
absorp&m device, was covered with ahmtinium foil and charged with 1-t-butyl-3.5dinWtylbenxene (Tog, 
1.24mol) in dry carbon tetracNoride (150 ml) and imn filings (6g). A solution of bromine (198.2g, 1.24mol) 
incarbontetrachloride(5oml)wasthenaddedslowlyvio~~gfurmelwith constam stirring, which was 
amtinued ovemight. The reaction was then washed with water (3 x 100 ml), 5M NaOH solution (3 x 50 ml) 
and water (3 x 50 ml). The crganic layer was dried @lgSO$, filtered and evaporated to give crude product 
(275g) that was recrystallised fkom 95% ethanol to give (8) (26Og, l.O&nol, 87% yield) as a white solid, rap. 
49T (lit.=, m.p. 
47-48T). 

&, 1.26(9H, s. C(Cf&), 2.38W-b s, fW.&), 7.04(w, s. ArH). s, 24.02(q, ArCH& 31.29(q, 
C(C’H&), 34.23 (s, ArC(CHs)), 124.42(s, Ar-C-Br), 125.41(d, A&-H). 137.57(s. A&-Me). 149.62(s. Ar- 
CJBu). The low resolution e.i. mass spectrum gave peaks at m/z 242 (23.6). 240 (23.0). 227 (99.8). 225 
(100). 199 (6.6). 197 (8.9), 187 (1.6). 185 (2.4), 146 (41.9). 131 (15.5), 
115 (10.9). v, (CCl,), (cm-t) 2975.1482. 1367, 1236.1148 and 1034. 

A dry 250 ml thme-necked round-botmmed flask equipped with a pressum equahsing dropping funnel, 
mfiux condenser and magnetic follower was flushed with dry nitrogen and mainmined under positive nitmgen 
ptessute. The flask was charged with magnesium tllmings 
(3.5g, 0.145mol) and the dropping tunnel charged with a solution of (8) (35g, 0.145mol) in THFJ 
(70 ml). The magnesium turnings were heated (- 7O’T) with a hot air gun, after which dmpwise addition of 

(8) led to immedW naction and the addition rate was adjusted to maintain a constant reflux. After the 

addition, the maction mixtute was heated under reflux for 2h and the resulting dark btown solution was then 
allowed to cool slightly. 

Bir(4-t-b~l-26-d (10) 

A dry 250 ml twonecked roundbonomed flask was equipped with a mechanical sthrer and flushed with 
dry nitrogen. The flask was charged with a solution of boron trifluoride etherate 
(8.03 ml, 0.072mol) in dry ether (50 ml) and cooled in ice water and the warm Grigna~I solution was then 
added slowly to the well stirted solution via a double ended needle. After some time magnesia fluoride 
pmcipitated out of solution. The reaction mixture was brought to mom temperature, stirred for two hours 
then left overnight at OY!. The supematent liquid was transferred by double ended needle into a second flash 
and the solvent removed by applying vacuum (12 mmHg) to give a yellow solid. The magnesium fluoride 
precipitate was washed with 40°-600 petrol (2 x 40 ml) and the petrol extracts added to the yellow solid in the 
second flash to precipitate magnesium salts. The salts were allowed to settle, the supematent transferred to a 
third flash and the salts washed with 40”-60° petrol (2 x 40 ml). The washings were added to the third flask 
and the solvent evaporated until a solid started to precipitate. The flask was warmed to redissolve the solid 
then left at -20°C overnight to give a bi.r(4-t-butyl-2,6dimethylphenyl)fluoroborane (17.6g, 69%) as a white 
solid, rap. 72“-75°C. 
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&.* 1.3008H. s. H-7). 2.2WH. d. J,, = 2.4 Hz, H-S), 7.01(4H, s. H-3). s, 22.67 

(q. d@rooon decollped) J,w, = 1.32 Hx, C-5) 31.19(q, C-7). 34.49 (s, C-6), 12468(d, C-3), 

142.05(s, d@mton decoupled) J,, = 4.05 Hz. C-2), 153.61 (s, C-4). & 48.9. 

Adry 5Omlrmmdbotmmed fhlskwasequippedwith amfluxc4mdenserandflushed 

with dry nitrogen The flask was charged with bis(4-t-butyl-26dimethylphenyl)fluomtmmne (l.2) 

(lg. 2.9 mmol) and dry methanol (10 ml). The mixture was heated under mflux for 30 min. then kept at -2OT 

ovemight. Bis(4-t-butyl-2.adlp~nyl)~~y~e (13) (l.Olg, %%) came out as white crystals, 

m.p. 92”-94°C. 

C&-&,BO requires C, 82.42%; H, 10.16%; found, C.82.704b; H 10.25%. Sn, 1.29(18H, s, H-7). 

2.24(12H, s, H-5). 3.73(3H, s, BOW&, 6.95(4H, s, H-3). 8,22.59(q, C-5). 31.29(q, C-7), 34.19(s, C-6). 

53.96(q, BCKYfs), 124.25(d, C-3). 136.19(s, C-l), 140.57(s, C-2). 151.38(s, C-4). 

&,, 45.5. m.s. (e.i.), 364(0.6), 349(4.6), 203(23.2), 202(100), 201(24.5), 187(24.8). 

Bir(4-tauryl-2,6_~~l~t-b~l~r~ (12) 

A dry 100 ml twenecked flask was equipped with a reflux condenser and a magnetic follower and 

flushed with nitrogen. The flask was charged with a solution of (lo), 60480°C petrol (60 ml) and then a 

solution of t-butyllithium in hexanes (6.7 ml, 1.8M, 12. lmmol) was added slowly with good stirring. The 

resulting yellow solution was stirmd for 2 hours at room temperature, followed by two hours heating under 

&hut. The resulting dark red suspension was poured onto crushed ice, the organic layer was separated and 

the aqueous layer extracted with 60’~8OT petrol (2 x 20 ml). The organic extracts were combined, washed 

with water (2 x 20 ml). dried (MgSO$. filtered and the solvent removed to give crude pmduct. 

Recrystallisation from ethyl acetate gave (12) (6.02g. 60%) as white crystals, m.p. 110°C. 

C&&B requires C!, 86.15%; H, 11.03%; found C, 86.22%; H, 11.06%. & l.l7(9H, s, BC(CXs),), 

1.26(18H, s, H-7). 2.35(12H, s, H-5). 6.92(4H, s, H-3). 8,. 25.94(q, C-5). 30.27(q, BC(C’H&3), 31.2O(q, C- 

7). 32.10(s, BC(CH&), 33.88(s, C-6), 12487(d. C-3), 137.82(s, C-2). 141.77(s, C-l), 149.84(s, C-4). 8s, 

79.7. m.s. (e.i.), 334(26), 333(100), 57(22). 

*The. numbming of bis(4-r-butyl-2,6dimethylplmyl)bomm is as follows. 

5 

3 
2% -* 

m3 

cli3’ 4 
‘\ /’ B 

‘CH, 

4-t-Bluyl-2,6-dimet~~~~llithiwn (11) 

A round-botmmed 5oml flask was equipped with a magnetic follower and a septum cap and flushed 

with argon. The flask was charged with a solution of (8) (28.868 12Ommol) in dry diethyl ether (15Oml) and 
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cooled to -78°C (Ca&c&&ne). A sohuion of t-butyllithium (lOOml, 2&M, 246mmol) in hexane was then 
addedovercu.3Omin.bysytinge. The~~wasstifiedfor15min.at-78~candthenallowedtowarmto 
mom v to give a pale yellow solution of (11). 

A solution of trichlorobonrn c (48ml. 0.76Iv& 36.5mmol) in hexanes was added by sytinge to the 
previously m well stined solution of (11). The reaction was sthed overnight during which time the 
solution became deep ted in colour and salts pxecipitated. Satumted aq. NH&l solution (lOOmI) and water 

(loml) w= then added, the organic layer separate& and the aqueous laya exaacted with qt& (2 x 5Oml). 
dried (MgSO& fil&zed and concentrated on a mtary evaporator to give the crude product. Recrystallisation 

from ethyl acetate gave DW-t-bWyl-2,6dimethylp~yl)boraue (5) (13.9g, 77%) as a white solid, mp. 2789 
280°c. 

&J&B nzquires C, 87.45%; H, 10.32%; found C!, 87.43%; H, 10.34%. 
s, 1.24(27H, s. H-7). 1.97(18H, s, H-S), 6.84(6H, s, H-3). s, 23.17(q, C-S), 31.32(q. C-7). 34.33(s, C-6). 

124.61(d, C-3). 140.10(s, C-2). 144.3(s, C-l), 152.29(s, C-4). &, 71.7. m.s. (e.i.) 479(0.4), 333(30.3), 

332(100), 331(24.4), 317(6.0), 23q6.5). 57(21.3). u, (cm-‘), 2970,1601.1420,1230.1125,934,866, 
850,724. L (nm), (t&J* 222(24700), 334( 14600). 

The reaction of 4-t-bu@-2,6-dbne&vlphenyMhiwn (11) with bis(4tbutyL2,6- 

dimethy@enyl#luoroborane (10). 

A solution of (8) (3.Og. 12.4mmol) in THF (2Oml) was reacted with a solution of 
t-butyllithium (Mm& 1.77&l, 24.8mmol) in hexane as above. A solution of (10) (3.04g. 9.-l) 
iu dry THF (2Oml) was pmpared and added to the solution of (11) by double-ended needle. The maction was 

heated under reflux overnight during which time the solution became dark orange and salts @pitated 
Satmated aq. NH&l solution @ml) aud water (2Oml) were then added, the organic layer separated and the 
aqueous layer was then extracted with C&Q (2 x 2Oml). The combinedorganic extracts wm washed with 
water (2 x 2Oml). dried (MgSO4). iil@red and concentrated on a rotary evaporator, The crude product was 
rec~ystaUised from ethyl acetate to give (5) (2.34g. 55%) as a white solid, m.p. 278°-2800C, with +I, W and 
*lB mm spectra identical to those obtained pnviously. 

Around-bottomd~flaskwasequippedwithamagneticstirnrandascptumcapandfl~hedwith 
argon. The flask was charged with I-bromo-2,6dimethyl-4-methoxybenzene (17.62g,82.Ommol) and dry 
ether (16Oml). The contents of the flask wee cooled to -78oC (Can-lice/acetone) and stirring commenced.A 
solution of t-butyllithium (95ml. 1.73M, 164.4mmol) in hexane was then added by syringe over cu. 30 min. 
The reaction was stirred at -78’C for lh. and then allowed to warm to 0°C. 

Trifluorobomne etherate (3.4ml, 27.lmmol) was added to the stirred solution of 2,6din~thyl4 
methoxyphenyllithium by syringe over 5 min. The reaction was allowed to wam~ to mom tempenuum and 
stirted overnight, during which time the solution became orange in colour and salts precipitated. Satutated aq. 
NH&l solution (1OOml) and water (1OOml) were then added and the aqueous layer was extracted with ether (2 
x 5Oml). The organic extracts were combined, washed with water (2 x 5Oml), dried @lgS04), filtend and 
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concentrated on a rotary evaporator. ‘Ihe crude product was recrysmllised from methanol to give (6) (6.650, 
5%) as a white solid, mp. 177°-1790C. The product could be further purified by sublimation at 
150°c/o.001mmHg to give (6) as a white powder, rap. 178’-179’C. 

C&Hr,Bq requires C, 77.9%; H, 7.9%. found C, 78.3%; H, 8.2%. M + H, C&I,,BO~, calculated 
417.2601, found 417.2605. II,, (cm-‘) 3054 2975,2940,2845,1600,1560,1467,1443,1414,1306,1296, 
1231,1190,1148,1067,1030,995,952,834,714. lb, nm (a), 215(30570), 234(26640), 255(19210), 

347(24020). 
St+ 6.49(Ar-H, H-3), 3.74(CXYZ&, 2.OO(Ar-C&). Sc, 160.42(C-4), 14268(C-2), 

140.17(C-1). 113.17(C-3). 54.61(OCH3), 23.18(CH$. St,. 60.1. m.s.(e.i.) 417(100), 298(8). 281(31), 

280(100), 137(99); 11~s. (e.i.) 417(g), 281(31), 280(100). 265(18). 

Preparation of Trimesirylborane 
A round-bottomed 5CKhnl tlask was equipped with a magnetic follower and a septum cap. ‘Ihe flask 

was charged with 2bromorx&tylene (15.91g, 799mmol) and @ diethyl ether (1OOml) and cooled to -78’C 
(CardiceIacetone). A solution of r-butyllithium (89ml, 1.79M. 16Ommol) in hexane was then added by syringe 
over 25 minutes. The reaction was stirred at -78°C for 15 minutes and then allowed to warm to room 
temperatum. At this stage the reaction had gone to completion giving a pale yellow solution of mesitylhthium. 

The mesityllithium solution was cooled to 0°C and a solution of boron trichloride (27ml, 0.76M. 
20.5mmol) in hexane added by syringe. The reaction was stirred overnight at room temperature during which 
time it became dark orange and salts precipitated. Saturated NH&l solution (5Oml) and water (5Oml) were 
then added, the organic layer separated and the aqueous layer extracted with IIts0 (2 x 3Oml). The combined 
organic extracts were washed with water (2 x 3Oml). dried (MgSO4). filtered and concentrated on a rotary 
evaporator. The crude product was recrystallised from ethyl acetate to give trimesitylborane (4.07g, 54%) as 
a white solid m.p. 193OC, (lit”“, 195”-197°C). ‘H. W and IlB nmr and mass spectral data all agreed 
closely with those reported pmviously”~~. 

Polymer&&ion Reactlona 

Jnitlatom. 

Disodim salt of a-methylstyrene tetramer. 

A dry 25Oml tw+necked flask was equipped with a magnetic follower and a septum cap and flushed with 
nitrogen. The flask was charged with a-methylstymne (ll.l3g, 0. lmol, freshly distilled 6om calcium hydride), 

and dry THF (15Oml) and cooled to O’C. Sodium metal (2.3g. O.lmol) was pressed into the flask and the 
contents stirred rapidly until a red colouration spread throughout the solution. The rate of stirring was then 

reduced to about 100 r.p.m. and stirring was continued for 2h. The solution was then estimated by quenching 
knowtivolumes in smndaniised hydrochloric acid solutions and back titrating with smndardised sodium 
hydroxide solution. 

Sotiium maphthalene. 

A dry round-bottomed 25Oml tlask equipped with a magnetic follower and a septum cap was flushed 
with nitrogen The 5ask was charged with naphthalene (12.83& 100.2mmol), sodium (4.5G. l%mmol) and 



13844 A. PELTER et al. 

dry THP (135ml). The flask was stitred for forty minutes to give a dark gteen solution of sodium naphthalene, 

estlmaMasabove. 

Polymerisations in the presence of boranes. 

A typical polymuisation experiment was as follows. A round-bottomed three-necked SOOml flask. 
equipped with a magnetic follower, septum cap and an inlet for butadicne was flushed with nitrogen. The 

&I& was charged with THF (200ml) snd then with dry butadiene (1Oml out of the -8Oml. 1.12mol collected, 
see ‘reagents’ section). The appropriate amount of initiator solution was then injected (-15mmol) to give a 
Dp of 75. The solution was allowed to polymerise for about five minutes, at which point a reference sample 
was removed and quenched with methanol. A solution of the borane in THF was added to the remahdng 
sol& to achieve the calculated molar ratio of borane to initiator. The remaining butadiene was then added 

and the solution left to polymer& for a further 
30 min. before termination by decanting into methanol (-1 litre). 

The polymers wem allowed to settle out overnight, collected and vacuum dried. They were then 

iUlalysedbyMKandgpC. 

Preparation of polymer solutions for nmr estimation. 

These were prepad by the method used above except that 0.1 lmol of initiator was used to give a 
polymer of Dp 10. No borane was added and the polymzrisation was allowed to go to completion by stirring 
for 2h after the end of the addition. The resulting polymer solution was estimated as detailed above, and used 

as quickly as possible. 

1lB nmr Studies 

Preparation of Bases 

Butyilithium solutions in hexane were used as supplied, aftet sta&rd.isation. 

Preparation of n-butylsodium?~ 

nButylsodium was preps& under argon in a closed filtration vessel with a glass fiit. To a suspension 
of NaOBut (3.84gm 4Ommol). obtained fnrm tefluxing HOBd and sodium in hexan~ the 
resulting crystalline NaOBut was used after washing (without further pmifkadon) in hexane @ml), 

n-B&i (40ml of 1.6M, 64mmol) in hexane was added with stirring at 0°C. The powdery BunNa (1.9g, 

24mmol) precipitate was washed thoroughly several times with hexane, and then suspended in 3Chnl of the 
same solvent and cooled to -78’C. Slow addition of THFJ (13ml) gave a clear yellow sdution that was kept at 
-78’C until required. The solution was estimated and found to be 0.53M. 

Preparation of lithium trimetho~alutninim hydride. 

Methanol (l.322g,41.26mmol) was added dropwise to a well stirred solution of lithim ahuninium 
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hydride (5Oml of a 0.275M solution iu THP, 13.75mmole) to give a 0.27SM solution of LiAl(OMe)& the 

amcelltiatimbcing amfmmd by hydride analysis.” 

Preparation OfSodium Mets 
A~~-~flasL(100ml)wasaquippedwitharefluxcondenserandampOpeticfollowaMd 

flushed with argon. The flash was charged with sodium (0.5&I, 22mmol). dry methaml(O62g, 19.8mmol) and 
THP (SOml), then sthml for lh. at mom temperature aud then uuder mflux fur 2h. The tesultlag solutiou of 
sodium methoxide was decanted from the sodium residue, estimated aud fouud to be 0.3%. 

AdrylOmlround-bottomdtlask wssequippedwithamagneticfollowaendaseptumcapandflushad 
with argou. The flask was charged with the solid borsne (-O.Smmol) aud cooled to 0% Au equivalent of 
base was then added and the reaction stirred for five mimtes, after which a portiou of the solution was 
transfemdtoasephlmcappadnnatubeaadthe11Bnnaspectrumobcainedasrapidlyas~~,withinlh. 
Formactions involviug n-butylsodium esseutially the same method was used except that the boraue was 
dissolved in THP (-2ml) to give a 0.5M solution prior to the addition of the base. Iu the case of tcactious of 
boraneswithsodium,theflasLwaschargedwithbothsolidnactantsandTHFwapthenadded. 
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