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Hindered Organoboron Groups ln Organic Chemistry. 28 
The Solvolyses of Bis(2,6-dimethyl-4-methoxyphenyl)organylboranes, 

(DMP)zBR 

Andrew pelter+ snd Robert Drake 

Introduction. We have pxeviously used a steric approach to solve the problem of pmducing horon stahilised 
&ons. For this purpose we. have introduced b~(2.4&Amethylphenyl)organy&oranes 
(dimesitylorganylhoranes, MqBR)‘-’ and bP(2P,~tisopropylphenyl)organylhmxuxs, 
(diuipylorganyllxaanes, l’Kp$R)blo each containing two 2.6disubstituted aryl groups. Both series of 

compounds give rise to highly hindend products such as Me%BCRlRzR3 or TrihBCRlR2R3, which we term 
I * ovehdad bomaes’, fmm which it has heen dXficult or impossible to liherate the organyl groups even using 
normally ef&ient nzactions such as alkaline hydrogen peroxide oxidation. Two examples*1J2 a shown in 

equations (1) and (2). 

(Me)(Et)(PF)CBMes2 
7o%n,o, I Naoti 

BU,NHSO, ,&I‘% ,24h* 

Tt$@OCt” 3096H& / NaOH 
* no reaction 

(tvle)(Et)(P+‘)COH(XI%) (1) 

(2) 

IntxdextoInaximk the utility of reactions inthing boron stabilised carbanlons, it is impormnt to have 
the capahihty of efliciently cleaving the cqanyl groups from the product hcranes. However, most such 

cm nBctio118 pnXeed by initial attack of the reagent on boron, and such reactions are strongly id&id 

by StUiC hindrance d the bCKOll lltOUL13*14 It Would therefore be advantageous to produce 

&arylaganyl~ in which the aryl groups mtained the 2,6disutitution pnttcms oftbe dimes@+ and 
ditripyl-horanes but whkh reAily underwcn t ekctmpltilic attack on the aryl groups leading to cleavage of the 
Ar-Bboada ~yYnactions~yoatheananaticringswouldnotbesogreatlyinfluencedbythe 
stel%hi&anceamundthelxlronatom.” 
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lnthisappmachwewueencoura ged by early report&” that hydrolysis’6 and lmnninolysis” of 
dihydmxyphenylborane proceed by electmphilic attack on the phenyl ring. By cotmast, &ialkylboranes are 
resistant to attack by wat# and most mineral acids. 19 Thus trimethylboraoe undeqoes 87% loss of one 
methyl group aftex heating with watex for 9h at 215°C. ‘8 LossoftwomethylgroupsonlyocclKsat310°c, 
and other hi-n-~ltxnanes are only slightly mom n?active.a 

Hydrogen chloride requites a Wquahue of 110°C to remove one n-butyl gmup from tri-nbutylhorane, 
and even at NW-210°C two n-butyl groups are not complet.ely removed.21 Aqueous hydrogen bromide 
temoves one n-butyl group on mfluxing for lh.= Only anhydrous hydrogen fluoride readily cleaves @i-n- 
alkylboranes,~ in part at least due to the high heat of formation of the B-F bond.u 

The reactions of tri-n-alkylm with carboxylic acids proceed so that an n-alkyl group is readily 
xemoved at room tempexatum, the second is removed after a prolonged reaction tiuq and Icmoval of the third 
alkyl group requires 130°-MCPCU-n The rates of pmtonolysis are inversety ptqortional to the pK,, of the 
carboxylic acids. Thus for the protonolysis of triethylborane by acetic acid, the rate constant is 4.7 x 1Q3 
mot-~sec.-~whilstitistoolowtomeasurefartrifluoroaceticac~~ Thereaction,whichisfirstorderinboth 
components, pmcceds with retention ofconQuration29 and is sensitive to steric hindrana pa&uhuly at the B 

carbon atom.3o The pmgfessive lowering of the rates of protonolysis of the first, seunxl and thinI alkyl 
groups shows that the Lewis acidity of the baron atom is an important factor in the rate of solvolysis. To 
explain these results a cyclic mechanism shown in Scheme 1 has been pqosed.” 

I 
2R’H + B(WO@, c- e R;BOCOR* + R’H 

In a prelimhuuy experiment32 we showed that the mesityl group was mox susceptible to solvolysis by a 
carboxylic acid than a 1-alkenyl group (equation 3). 

MeqBCHPCHH=” gch;hb MesH + CH,=CHHex” + MesB(O&Et)CH=CHHex” (3) 
( 80%) (14%) 

The 2,6-atoll-met~~~nyl(DMPhoxyphenyl(DMP) grow. 33 The 2&&methyl-4-methoxyphenyl (DIvlFq group seemed 
worth investigating for three reasons. (i) 3,SXmethylphenol is cheap and readily available. (ii) l-B@- 
DMP derivatives retain the 26dialkylation pattern of the mesityl and tripyl series. 
(iii) Replacement of the 4-alkyl group of the msityl and tripyl series by a Cmthoxy group should aid 
electqh%c attack on the aromatic ring. 
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with~~topainrs(i)and(ii)wehrrve,inthepreceding~,developtd~~nnrtufopthe 
symhcsis of (DMP)$R, (l), ami dcmmsuatcd the xeady pmduction of a-c&a&m fmn (l).” To support 

point (iii) we note& (a). that anisole is mm susceptible than toluene to clectmphilic attack? (b), that 

dihydmxy(4-methoxyphenyl)bcme mdexgoes pmtonolysis’6 and laominolysis” much mcm readily than does 
dihydmxy(4-mthylphenyl)bcmxx (c), trhncthoxyborane is far mxe mu-lily hydmlysed than is 
uimethylbcmne.” HencetheDMpgroup~~we~bereadiyreleawd~anoverhindendbarane~the 
product should then be capable of oxidation acunding to equation 4. 

(DMP),BCR’R%f EH, (DMP)B(E)CR’titi - E,BCR1R2ti L HOCR’R2ti (4) 

Methnoly&d(DlKPhBXwithmineralacidcataIysis. 
(i) MerhutwryJis of(DMP)#F. A 0.2S9h-f solution of (DMP~BF in THFJ containing hexadecam 
as an internal g.1.c. stand& was divided into two portions. An equal volume of anhydrous methanol was 
added to each portion, one of which was held at WC and the other at WC. Samples were removed at 
various intervals, quenched and quantitatively smlysed for 3,Mimethoxybenzeae @MPH) (equation 5). 

Me0 BF = Me0 + HF -- 

2Me + WW3 (5) 

The results (exact procedures for this and all s-g studies sre given ill the E@erimental section) 
showed that at WC, one equivalent of DMPH was produced in lh, whilst removal of both groups took 8.5h 
(figure 1). Time was, however, no break in the curve. At 20°C. one DMP group was removed in 14h. but 
even after 75h reaction was inumplete. 
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Su@siqly, the llB MX of the product mixtute showed that both BF, and B(OMc), were ~IWCQ~, and 
in the case of the 2PC solvolyscs thae was also w (DMP)B(OMeh. Trifluo&omne aJuldbepnYd~ 
byRaction(6)(thou~di~~andwchange~oouldoccurat~~ofthesolvolytic 
pathway), which though UnfaReen is net -1e in view of the stnngth of the B-F bond= and the 
stability of the trlfl- methanol complex.~ Reaction (6) results in the loss of hm fluorklc snd a 
possible slowing of solvolysis &pendant on whether cr not, and to what extent, triflwxoborane is itself a 
catalyst 

(MeO)sB + 3HF - BF3 + 3MeOH (6) 

(ii) Mezhmolysis of (DMP)gOMe (2). The results of some solvolyscs of @MP&BOMe using one a@valcnt 
each of diff-t acids in THI-McOH (1:3) at 0.08M concentrations of (2) and acid at WC arc shown in 

Flgun? 2. 

Methanolysis of (DMP) BOMe t * I. I. 12 I. 

I ’ 1 - I - I ’ I- 
0 1 2 3 4 5 6 

Time/h 

Fig. 2 

In this case mineral acid effects the rcmovsl of both DIW groups in cu. 3h which contrasts with the 
mcthaaolysis of (DMP),BF in which the mineral acid is tvmovcd by equation (6). Acetic and trltluomacctic 
acids were completely ineffective as acid catalysts for the removal of DMP groups. Ammonium chloride and 
sodium m&oxide also did not function as catalysts and no protcoolysis occurred with pure mcthanoL 

It took cu. 3h for the removal of the DMP group from @MP)B(OMe), using hydrogen chloride, 
showing that it is the second step in the methano~sis of (DMP)#OMe that is the slow step. 

(iii) The merhwwlysis of ~~~(2,6_dimet~l~-~t~~~~l)~r~s~~). 

For these experiments the same methodology was used as for the methanolysis of (DMPhBOMe (2). 
with the overall results given in Table 1. 
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Table 1. Mineral acid catalysed methmolyses of hinda& diatylor8anylbomes, Ar*BX 

JW- *e-b@=e Time(h)toremovelor2arylgroup6i 
HCI CWW Me&Ii 

1 2 1 2 1 2 

0.10 1.05 0.10 

36.4 48(1.15p 48.0(0.89p 

0.22 1.7 0.22 

0.24 1.6 0.24 
0.30 3.2 0.50 

6 
7 
8 

1.0 17.2 1.0 17.2 

4.2 56.8 4.2 56.8 

6.2 136 6.4 150 

9 (DIviPhBBut 7.2 109 7.2 
10 Mes$Bu’ 190 200(1.01)’ 200(0.9)’ 
11 @M%BCWe)@tXBu”) 12.6 179 12.6 

2.9 0.47 
5.0 0.15 

14 
15 
16 

1.1 19.0 0.60 4.4 
[lOl]c 16.0 wJIC 

17 

18 
19 

@IW,B No reaction No reaction 

@~l,-u” d 0.80 12.2 0.16 4.4 

@MP),BOMe 3.1 - 3.1 

@Mp)B(OMeh 0.16 3.0 0.16 3.0 

1.05 

1.7 
1.6 
4.0 

109 

179 

4.5 
5.0 

0.10 1.05 
_ 

0.48 3.60 
0.54 3.25 

18 200(1.80~ 
_ 

0.9 5.6 
_ _ 

No reaction 

* Readon stopped at time shown, with moL cquiv. of DMPH pm-sent shown in bmckets. bkllyl gmup also lost 

4 Rcationstop@at%h,timcofn?ac~cstimatcdgraphicaUy. wexynyl group ala0 loa 

Clearly hydrogea chloride and trifl~snesulphonic acids are the most effective mineral acid 

catalysts for the removal of one or two DMP groups froa~ @MP),BX. Even these fail when the baron group 

is sumxmded by 6-onlro-methyl groups (experiment 16), as found for the mesityl series”, though the reason 
for the failure may be difkent in the two cases (vi& i@z). 

Experiments (1) and (2) and experiments (9) and (IO) illustrate that indeed (DMP)#R soJvolysc farter 
than MqBR in comparable conditions. In all but two cases (experiments 12,17), RB(OMe)*is pmduced, as 
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eseablishedbythepeaLat3lppnrmintbe~~B~amlbyoxidationtogiveROHia>95%yields. Incutain 
cases (experkmts 5,8,11) the analytical conditions were such that if any RH had been p&wzed, it would 
havebeendetec@dbut,infact,thealkanewasnotsecn. Thusthelinkhasbeenestabl&bedbetw~ 
@MP).&tR, which yielda a-carbaniom and (MeO),BR that do nut. 

Lcngthcning of an n-alkyl chain has little effect on the rates of methanolysis (experknts 1,3,4,5) but 
a-substitution particularly by an ethyl group led to lowering of the rates of methanolysis (experiments 6,7,8), 
enhanced by 8 lengthening of the main chain (experiment 8). u,u-Disubstitution led to a further lowering of 

the rate of methanolysis (experiments 9.11). Neverrhek~, even in fhse dilure kinetic conditions, !J& DMP 

groups were evenmal~ removed for all (DMP)$R. 

When an alkenyl group was attached to boron the rate of mcthanolysis was lowered (compate 
expcknents 4 and 14) and this effect was sttungly inczessed by u-substitution of the alkene (mnt 15). 
An alkynyl group attached to bomn had much the same effect as a CH=CHR gmup (compare experiments 14 
and 17). For the solvolysis of alkenyl- or alkynyl-boranes the use of triauoromethane sulphonic acid is 
advantageous, presumably because hydrogen chlotide adds to the unsaturated systems. 

The known ease of protonolysis of allyP39 and alkynyl-boranes~2 is in line with the loss of these 
-any1 groups concomitantly with the DMP group (experiments 12,17). 
Concentration acts. For both practical aud theoretical purposes it was neccssq to examine theetktsof 
concentrations of both acid and substrate. The acid used was HCl and (DMP),BBut was chosen as a 
di&ultly hydrolysable borate. The results (Table 2) are as expected and show that by incmasing the 
concentrations, even (DMP~BBu’ can be methanolysed with little trouble. The ease of loss of one DMP 
group is particularly imporknt as this may be sufkient for further reactions, such as with akaline hydrogen 
pet&de, to pmcecd rapidly (vidfz iafrcr). 

Table 2. Concentration effects on the methanolysis of (DMP)zBBut 

hP* Mdarity of Time(b) for removal of 1 or 2 DMP gruups 
@MP&BBu’ OS equiv. HCI 1.0 equiv. HCI 2.0 equiv. HCI 

1 2 1 2 1 2 

20 0.073 21.4 192(1.45P 7.2 109 4.9 77 

21 0.089 3.1 67 

22 0.145 2.8 50.5 

23 0.178 2.0 41.6 

3 Reaction stoppal at 19ur. mol. cquiv. of DMPH in brackets. 

Solvenr composition &crs. The kinetic experiments used a 3 : 1, MeOH-THF mixture, which was the 
highest propordon of methanol that could be present and the reaction mixture temain homogeneous. In Table 
3 ate shown the results of some variations in the solvent composition of homogeneous methanolyses of 
@MPhBBu’. 
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Table 3. Solvent compositica effects on the methanolysis of (DMP),BBu’ 

!3olvtmt coacofborane(M) Time(h)forremovaloflor2DMPgroupe 

MeOH : THF 1 2 

24 2.70 : 1.0 0.073 7.2 1Og 
25 0.38 : 1.0 0.073 3.9 192 (1.45P 
26 2.70 : 1.0 0.17 2.0 41.6 
27 0.70 : 1.0 0.17 1.4 44.0 

Most inugiy, lowering the amountofnsethanolprtsentled~oanincreareintherated~~of 
the lirst DMP group and a decreuse In the rate of mmoval of the second group, In both compatison 
exjkments (24.25 and 26,27). 
lbkhnism oftbe mineral acid catalyaed oolvolyaia of @MP),BR 

!Scheme 2 shows a possible mechanism for the mcthanolysis of (1) which Is similar to a pmposal for a 
llltmber of aryldimesitylboraues.” 

BR + MeOH - 

(1) 
(3) 

DMPH + (DMP)B(OMe)R 

(5) 

(4) 

scheme 2 

The initial step in this possible pathway, is the cunplexation of methanol to (1) to give (3). This is then 
protonated to give (4). which rapidly bteaks down to DIWH and (5). 

If this mechanism were correct, then the enhanced rates of methanolysis of (DMP),BR compared with 
-BR would be due to either the first or second step. For both series, the steric situation around boron, for 
anygivenalkylgroqisthesame. Therefomtheratesofc4nnpkxatlonofmethauolwoulddependonthe 
mlalive Lewis acidity of the boron atoms. llBMPUindica~sthattheLewisacidityofthe~nof 
@MP)@R may be lowered relative to WBR, whilst the W! nmr shows that it is about the same, and 
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In the second step a proton adds to complex (3) to give (4). In both (3) and the amptuable species (6) 
the aromatic gmups am attached to a negatively charged te~te boron atom. This will offset any 
electron release from the mcthoxy group, and given the same smic situation, it is diEcult to see why (3) 
should be protonatcd faster than (6). Hence the mechanism given in Scheme 2 seems unlikely far the 
lmthanolysis of (1). 

(DMP);-+-Me 

1 

Mesp-+ Me 

H k 
?- 
H 

(3) (9) 
An analogous mechanism (Scheme 3) to that propamP for the protodebomation of 

aryldih~xyba.ancs with C?onccnhatcd minmal acids seems the most p&ably mute ikr the mcthanolysis of 

(1). 

DMP 

H 

YR 
B, 

DMP 

L 

H 

_p_ 
H +Me 

B 
--R 

DMP 

L 

L 

(7) 

MeoH ) 

.r+ DMPH + (DMP)B(OMe)R 

(3) J ?i+ 

M M&Ii 

- 

- RB(oMe)2 + DMPH 
MeOH 

scheme 3 
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In this pathway the iutco?np~ bllmne (1) is protonatcd to give (7). The msityl gmup is less 
susctptible to direct pmtonolysis than the D&IF’ group. in the same way that toluem is less susceptible to 

elecm@ihcatmckthananisolc. Heacetbemsitylgroupmaybtclcavedbyamchanismalrinoothatgiven 
in Scheme 2. The Lewis acidity of the boron atom in the positively charged species (7). will be sttongly 
enhanced as compared with (l), and wmplcxation with methanol made correspondingly easier. This yields (4) 

which rapidly breaks down to the cleavage product, DMPH and (5). 
The direct promnation of (1). should not be particularly dependant on the alkyl group and therefom the 

&pendance exhibited in Table 1 is most probably due to the complexation of methanol with (7) to give (4). in 
the second step of the process. 

Hydrogen chloride is vhtually dissociated in methanol43 and this will presumably be true also for 
trifl~methanesulphonic acid by virtue of its greater acidity. 44 In both cases the pmton donating species will 
be oxonium ions derived from THF and methanol, explaining the similar rates of reactions 
in comparable mixtums of these solvents. Methanesulphonic acid is a weaker acid and in the same 
conditions will pmduce a lower concentration of oxonium ions. This would lower the rate of reaction, as 

would attack by the molecular a&-L 
Themuchslowerremovaloftbesecondarylgroupmaybetheresultofmorethanonefac#n Inthe 

intermediate (8). the Lewis acidity at boron is lowered relative to (7). by vhtue of the oxygen atom attached to 
boron. Hence production of (9) will be greatly slowed relative to the production of (4). The mtmding effect 

of a methoxy group attached to bomn is illustrated by compa&mofexpetiments1and18andalso 
compa&on of experiments 18 and 19. Another possible factor is that collapse of (4) will proceed with a 
greater relief of steric strain than with the breakdown of (9). 

The lowering of the rate of mthanolysis of (DMP)sBCH=CHBu~ (e-t 14) or 
@MP)sBC@t)=CHEt (cent 15) would be due to an electtonic overlap of the alkenyl group and the 
boron atom. Thus the *tB nmr of (DMP),BBun has a signal at 78.1 compamd with that of 

@MP)sBCH=CHBu~ at 64.434 The very great effect on the rate of methanolysis pmduced by the substitution 
of an a-ethyl group (experiment 15) must be due to a steric factor. This may be partly due to the p 

suhatituatt effect ncted for trialkylborane~~ together with the planarity of the unsaturated system, leading to a 
highly encumbered boron atom, which would find great difficulty in proceeding from (7) to (4). 

The solvent effects are of particular interest. The increase in the rate of methanolysis of (1) with an 
increaseoftheamountofTHFpresent,rdlectstheincreaseinthequantityof[THFIII+pFesentkscompared 
withmHJ+. TherateofremovalofthesecondDMPgroupislowaedbyanincreaseinthe~~d 
THF in the solvent mix. Removal of the second DMP group involves a diflicult complexation of methanol in 
going &om (8) to (9) and a lowering in the pmportion of methanol present would have an adverse effect on 
misstep. 

M&handysis of (DMP),BR, using carboxylic acid catalysis, 
These reactions were studied in the same way as the mineral acid catalysed nAanolyses of (DMP),BR. 

The msults am given in Table! 4. 
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Table 4. Ckboxylic acid catalysed methauolyses of hindered diatylorganylborane~ 

Exp. Bomne The(h) for removal of one or two oryl groups 

CH,CO,H CF,CO,H 
1 2 1 2 

28 

29 

30 
31 

32 

33 
34 
35 

36 

37 
38 

39 

40 

41 

42 

43 
44 

(DlKP),BBu’ b 33 9q1.oy 

M%BBut mo(O.79). - 

@MWWW@t)~) %(0.75P - 

@M.P~BCH=C!HBu“ Sa(O.91) - 

@MWC@tVt No reaction 

@mhB No reaction 

7.0 48(1.38). 
8.0 34 
8.6 99 
4.0 48( 1.45)’ 

17.2 48(1.50)1 

32.8 9q1.oy 
43.2 9q1.26). 
170 200(1.0) 

1.9 48(1.OP No reaction 

No reaction 
No reaction 

No reaction 

No reaction 

No reaction 

No reaction 

3 Rertion~atoimegivenwithmol.cquiv.ofDMpH~ntgivmin~. 
u Pivdic acid gave 1 mol. cquiv. of DMPH after 28h and 1.3 mol. equiv. atkr 48h. 4 Ally1 group also lost 

Acetic acid (and pivalic acid, experiment 36) is able to remove one aryl group i&u mauy Ar,BR, though 
the reactions may be very slow (experiments 37.38). For @Mp),BMe, the acetic acid catalysed reaction is 
slower than the corresponding reaction with MqBMe (experiments 28,29) though the reaction with 
@MP),BBu’ is considerably faster than with Me%BBu: (experiments 36.37). 

The electron availability at boron considerably affects the ability of acetic acid to catalyse methanolysis. 
and even one oxygen atom bonded to boron completely inhibits the reactiou (experiment 43). This is in 
accord with the difficulty found iu removing the second DMP group i&n compounds (1) using acetic acid 
catalysis (experiments 28,31-41). 
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Substitution a to the boron atom inhibits acetic acid catalysed solvolysis of even one DIW group 

(experiments 33-36.38,4(l) and totally stops removal of a second DMP gmup in all cases. 
TWlwmacetk ecid, though a considembly stronger acid than acetic acid, does not catalyse methanolysis 

in any of the cams tried (experiments 28,30,36,41,42,43). Although solvolyses with acetic acid were also 

inerfectlve in the cases of experiments 41 and 43, experiments 28.30 and 42 are the easiest acetic acid 
catalysed methanolyses. 

These data ate compatible with the acetic acid catalysed solvolyses pmceahq by inltlal complexation 
followed by a cyclic proton transfer in the fashion (Scheme 1) accepted for carboxylic acid catalysed 
pmtonolyses oftrialkylboranes. The acetoxyhoranes. (10) producx4 are converted to methoxyboranes, (11) 

in a sepamte step (Scheme 4). 

H3 

m ArH + ArB(OAc)R Me0HM+ D ArB(OMe)Fl 

(10) (11) 

Displacement of the first aryl group may be aided by the great relief in steric strain caused by its loss, and 
by the greater migratory aptitude, alded by the 4methoxy group in the case of the DMP group, of an aryl 
group as compared with an alkyl group. The Lewis acidity of either (10) or (11) is much reduced relative to 

(Wand solvolysis by inltlal complexation is therefore inhibited, as shown by expuiment 43. An additional 

factor may be that the release of steric strain by expulsion of ArH fmm (10) or (11) is less than it is from (1). 

Allyl&(2,6-dimethy14methoxypheny1)borane. like allyldimcsitylboran~ is not methanolysed on 
heating with x&an01 alone, the normally ready reaction being sterically inhibited. In the presence of acetic 

acid one DiUP is cZeunly mmwd, and only subsequent to this does removal of the ally1 group occur to give 
@MP)B(OMe), (experiment 42). 

The lowering of reactivity of (DMP),BCH&!HBun (compare experiments 31 and 39) may, as previously, 
be due to II bonding of the alkenyl group to the boron atom. This lack of reactivity is sterlcally reinforced in 

the case of a-substitution (experiment 40). 

The ineffectiveness of trhluomacetic acid (TFA) helps to confirm the proposed mechanism. Apparently 

TFA is not a sufficiently strong acid to react in the same way as hydrogen chloride or 
triflu~thanesulphonic acid with (1). However, the basicity of the carbonyl group is lowered compared 
with acetic acid and therefore it cannot complex with the organoborane in order to initiate the cyclic 
protonolysis process. 

The glycolysis of @MP),BR, (1). 

Some pdiminary expetiments were carried out using glycol for solvolysls of(l), in the hope that the 
complexation step requited to initiate expulsion of the second DMP group would be lmramolecular and that 
this would aid the solvolysis. Reactions were carried out as before, except that in order to keep the medium 
homogeneous a 1: 1 ratio of glycol to THF had to be used. One equivalent each of borane to acid was used 

at the same concentrations as fm methanolysls. Two dlflicultly solvolysable horanes were used, with the 
results given in Table 5. 
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Table 5. colaparisons of methanolyses and glycolyses of (DMP)sBR 

BP norane Acid Akohol Time@) for aleohdytds of 1 md 2 DMP 

1 2 

45 @MP)sBBd HCl (CH@H), 0.1 10.3 

46 @M%BC(Me)@t)(pP) HcI (ctE2GH)s 1.6 26.4 

47 (DMP)sBBu’ A&H (cH2oH)s 3.3 12.6 

9 @MP)sBBu’ Ha MeGH 7.2 1W 

11 @MQJWMe)@t)(pP) HQ MeGH 12.6 179 

36 (~XVLP~BBU’ AcGH MeOH 33 %(l.OP 

For the hydtogen chloride reactions we wem pleased to record very useful accelerations of the 
displecementofthesecondDMpgroupbytheuseofglyoolinplaceofmthanot Thiscanbeexplainedasin 
kheme 5. 

scheme5 

~eiacreaseintherateofthe%ycolysisofthefirstDMPgroupcomparedwith~l~ 
(wrperimnts45,9and4610)maybedueto~~factns. GneisthedifferentratioofakoholtoTHFin 
theexpe&entsshown. whentheratioofmethanoltoTHFwasloweredfrom3: ltoO.7: 1,thenthemteof 
methanolysis of the first DMP group of (DMR)sBBut was somewhat &eased (experiment 27, Table 2). The 

increased polarity of ethylene glycol compared with methanol may also be a conaibutcay cause. 
Entirely unexpected to us were the results of experiment 47. For glycolysis acetic acid functions as an 

effective catalyst for the removal of &I&% DMP groups from (DM[P),BBd (experiment 47). in great contrast to 
mthanolysis (expuiment 36), in which retrial of the fifst DMR group is slow, and the second DMP group is 
not touched. Mom work is required to explain these results. Glycol has a higher capacity for hydrogen 

bonding than methanol~7 (though see ref. 48) and this may influence the dissociation of acetic a&L More 
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particularIy, although many solvent pamnetm (e.g. F&#O)&cal.mol-l) and I$. IIlc very similar for methanol 
and ethylase glycol495 the basities differ greatly with By0 = 0.50 and By((qOH&) = 0.84.-s 

Bssityisanrasute oftbec~solvatingpowerofasolvenZaad~y~isfarsupaiato~linfhis 
respect. The acities (Al) of methanol and ethylene glycol am very sioGu at 0.75 and 0.78 respectively,4”‘+’ 
and so the difference bemeen the two solvents in the function (A7 + By), wbicb done mcounts for over 98% 
of the solvent effects in 77 SolvcrJ wnsl#vc pmcesseP, is due ahnost entirely to di&mces in By. Thus 

aceticacidmaywellfunctionin~y~eglycolasanalmosttotallydis~ecid,liLeamiaeralacid. 
The second step will most probably be imamolecular and the solvolysis may again become rmm akin to 

the mineral acid catalysed mctions. 

use of preliminary methamlysia for the overall oxidation 011 an ‘overhindcred’ borane 
Our oiiginal objective was to release the orgauyl gmup of heavily hindued alkyldiarylboraues by first 

mnoving one or both of the aryl groups, so leaving the nmlting bmne sensitive to the usual degmdation 
methcxls. To test whether or not this was feasible, as seemed probable given the results obtaimd with mineral 
acid catalysed methanolysis of @wBR, we chose to study our most hindeml borane 
@MP),BC(Me)@t)(pP). The analogous Me%BC(Me)@t)(PP) had not previously been oxidisable in an 
eflkient fashion.11 We therefore tested the mctions set out in Scheme 6. Methanolysis was done under 
standard kinetic conditions and oxidations were with alkaliue 30% I&,0,. The results are given in Table 6. 

NaO”‘bq (MeO),BC(Me)(Et)(Pf ) 

Scheme6 

Table 6. Degradation of (DMP)$C(Me)(Et)(PP) by methanolysis then oxidatiou 

Exp. 48 Exp. 49 Exp. 50 Exp. 51 

Time(h)ofssmplerenmval 0 4 16 180 
oxidation conditions 65”c&Ih 6S’C,‘24h ct., 3h r.t., 3h 

Yield (Rb) of HDC(Me)(Et)(pp) 26 53 92 96 

Total reaction time (h) 24 28 19 183 

According to experhnent 11 (Table 1) it takes 12.6h to fully remove one DMP gmup, and 179h to 
mnove both DMP groups from (DMP~B(Me)(Et)(, in kinetic conditions, which were those used for 
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experiments 48-51. Table 6, experiment 50, shows that by removal of one DMP group followed by r.t. 
oxidation it was possible to get a 92% yield of HOC(Me)(Et)(pp). Removal of the sceond DMP group 
(expaiment 51) slightly impruved the yieki but this was not a convenient pmadure, due to the long solvolysis 
tim tequired. With no pow methaaolysis, extended oxidation at 6S°C gave only a low yield of the 
carbin01 (experiment 48), which was improved, in line with the partial loss of one DMP group, on using a 

p&im&ry solvolysis of 4h (expcrlment 49). 
Thus we have achieved our objective in that pxdmiaary mthanolysis of one DMP gmup from an 

ovuhi&red diarylborane, followed by oxidatioit affonzls a wnvenient and &icient procedure fa the release of 
the hi&red organyl group (exmt 50) even under kinetic conditions. It will easily be possible to make 
the process yet mm efficient by increasing the concentrations of the borane and acid (see Table 2) and by 
decmasmg the proportion of methanol in the THF-MeOH reaction mixture (see Table 3). The discovery that 
glycolysis is a much mom rapid process than methanolysis (only 1.6h for the ~lcase of one DMP gmup from 

(DMP~B(Me)@t)(RQ)) points the way ahead for even more recalcitrant butanes, from which prtliminary 

glycolysis, followed by oxidation, should readily release the organyl group. 

EXPERIMENTAL 

Technical I$omation 
Boron (LIB) nmr wue nccrded on a Varian X-1OOF nmr spectrometer using BFs.OEh in a maxial tube 

as external standard and qtuntx nmr tubes. Signals, in p.p.m., downfield from the standard an? recorded as 
positive. 

Gas liquid chmmatography was performed on a Varian Vista Series 6OCHl chromatograph with a Vatian 
CDS-401 data system as iutegcator and plotter. All mixtures wue analysed on a 10’ x */g(l stainless steel 
column packed with 596 SE30 on Chromsorb 9 packing, except where stated. The basis temperature 
pmgramme for analysis of product mixtures was lZO%Q min. then ramp to 240°C at 3O”c/min.. then held for 
1 min. Modifications to this are noted iu the relevant section. Glc estimations of yields were made by adding 
a known weight of a standard (e.g.dodecane, hexadecaue) to the reaction mixture and de-g the response 
factor for each component to be estimated. Coinjections were used to help identify products whenever 

possible. 
All reactions wfze carried out under argons1 using purified anhydrous reagents%nless otherwise stated. 

Tetrahydmfuran was given a preliminary purification by passing through dxy neutral al&a uuder nitrogen or 
argon pressure. Sodium (2giI) and benzophenone (8@) were then added to the THP in a still, and the mix 
stined under argon until the purple colour of the benzophenone ketyl developed. The THF was then distilled 
fmm the ketyl as required. Methanol was dried and purified by distillation from magnesium m&oxide. 
Ethylene glywl was distilled from dried 4A molecular sieves and staed under argon over freshly dried 4A 
molecular sieves. 

Solutions of acid in alwhols wm prepared by adding a known weight of the freshly distilled acid to the 
dry alcohol in a septum capped graduated flask. The solution was made up to the mark with dry alcohol and 
the resulting solution staudazdiscd by titration against standa&sed sodium hydroxide solutiou. 

Bis(2,6nime~yl_A-~~~~nyl)baranes were prepared and handled as previously descriw3’ The 
preparations of dimesitylboranes used have also been fully described.1 
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k?xperimentol Procedures. 

The equipnmt and techniques lnvolvcd in hboramy operations with air scnsltlve subsmnces have been 
sutveyedQ III particular all glassware was &led at 1u)oC for > 4h (typkally 24h), assembled hot aud cooled 
underastmmofargonimAucedandexpelkdthxoughseptumcappedinletsandoutletsuaiughypo&mk 
needles. Manipulatbmofhqtudsuuchxargonwasachievedusingovendsied~auddou~ 
needles cooled by flushing with argon. All operations involving solid (DmBX wete camied out in an ar8on 
flushed glove box. 

Solvolyses wexe cartied out in 25ml mund-bonomed flasks modified with a built-in tap, the opening of 
which was protec& by two rubber septum caps. “Bnmrspecnaofreactlonmlxtureswereobtainedby 
transferring a portion of the solution by double+mded needle to a dry, argon flushed septum capped 5mm nmr 
tube. 
Metbnnolyaiarenctfotla. 
The reactions of (DhfP)@F with methanol. 

Bis(2,6-methyl4nmthoxyphenyl)fluo&omne (1.057g. 352nnnol) and hexadecane (0.78718) were 
dissolved in THF @ml). Two 3ml portions were transferred into nmnd-bonomed tap flasks and dry methanol 
(7ml) was then added to each flash One flask was maintained at SO’% iu a thermostatic bath, whilst the other 
was maintained at 20°C. Samples were removed at various tinms, quenched with solid sodium carbonate and 
anaIysed for 3.5-dlrnethyhnethoxybenxene @MPH) by g.1.c. using the standard conditions. The results as 
mole equivalents of DMPH are given in Table 7. 

Table 7. Results of the methanolysis of @mBp 

Time/h Mole Equivalents of DMPH present with the at given temperature 

SOT 2wC 

0.25 

0.5 

1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 

12.0 
16.0 
24.0 
50.5 
75.0 

0.471 
0.728 
1.007 
1.294 
1.444 
1.516 
1.721 
1.895 

1.995 
1.991 
2.005 

0.125 
0.347 
0.381 
0.487 
0.483 
0.547 
0.633 
0.663 

0.725 
0.935 
0.985 
1.127 
1.628 
1.848 
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Acid catalysed methanoiyses of organoboranes. 

All these reactions were carried out by the same general method A sta&nl solution (-0.4M of the 
borane was e in dry THF, hexadecane (-0.6g/g borane) was added as an internal stat&d. Aliquots of 
this solution wue then added to argon flushed round-bottomed tap flasks that had been charged with solutions 
ofO.lMacidinmethanol.onecq~v~tofacidtotheaddedboranebeingused. Inallcaseshydrogen 
chloride, triflbulphonic acid and acetic acid were used as catalysts and ia several cases 
k.tluomacetic acid, methanesulphonic acid and neat methanol were also used, this being specified with the 
results of the individual dons, Tables 8 to 27. 

The resulting solutions were maintained in a thermostatic bath at 50 f 0S”C. Samples wem rcmovcd at 
varioustimsandquenchedwithsolidsodiumcarbonate. Inseveralcasesitwasinitiallyfoundthatthepure 
borane decomposed during g.1.c. analysis to give 3,5dimethyl-l-methoxybenzene, so interfering with the 
analysis. This could be prevented by oxidising the removed sample by addition of solid 3chloropcroxybenzoic 
acid and this was done in all cases. The samples were then analysed by g.1.c. for 3.5-dinWhy~thoxybenzene 
and 2,6dimethyl-4-methoxyphenol using the standard conditions, unless otherwise stated, so as to allow 
monitoring of any production of alkane. In no instance was any alkane observed. The results as mole 
equivalents of DMPH are given in Tables 8 to 27. At the end of the reaction the solutions were allowed to 
cool and analysed by 1lB nmr which showed that the organyl group was not removed from boron except as 
memid previously. When the alkyl group contained more than four ca&ons the product mixtures wert 
alsooxidisedandanalysedforresultingalcoholandinallcasesthiswasobtainedin~than95%Rbd 

Table 8. Results of the methanolysis of @MP),BCH~ 

Timdll Mok equlvaknta of DMPH premnt with time for various acid catalyst9 

HCl cww CH,SO,H CH,CO,H 

0.25 

0.5 

1 
2 
4 
8 
16 
24 
48 

1.53 1.59 
1.95 1.90 

2.03 2.00 
1.97 2.00 
2.01 1.99 

1.02 
1.89 0.30 
2.05 0.56 
l.% 0.79 
1.99 0.91 

0.98 
.l.ll 

1.24 
1.34 

The 1lB nmr showed peaks at 32.26 due to (MeO),BMe and at 54.46 due to (DMp)B(OMe)Me in the 

accticacidcatalysedcase. 
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Table 9. Results of the methanolysis of @MP),BEt 

Tlmenl Mole equlvalemts of DMPH pment with time for varhus acid catalysts 

HCI CF,SO,H CH,SO,H CH,CO$ 

0.25 

0.5 

1 

2 

4 

8 

24 

48 

% 

1.17 1.12 

1.57 1.49 

1.82 1.93 

2.06 1.95 

2.01 1.98 

1.98 2.00 

2.06 2.01 

0.59 

1.00 

1.55 0.35 

1.85 0.74 

1.98 0.91 

2.01 1.06 

2.06 1.33 

1.67 

1.94 

The **B nmr showed a peak at 31.96 due to EtB(OMeh in all cases. 

Table 10. Results of the mehan~lysis of (DqBBun 

Tlmenl Mole equivakmts of DMPH premmt with time for various add catalysts 
HCI CF,SO,H CH,SO,H CH,CO,H 

0.5 

1 

2 

4 

8 

16 

24 

48 

1.44 1.38 0.90 

1.81 1.88 1.52 

2.01 2.00 1.71 

1.97 2.06 2.08 

2.05 

2.01 1.97 1.98 

0.34 

0.58 

0.78 

0.90 

1.16 

1.23 

1.28 

1.44 

‘he l*B MX showed a peak at 32.196 due to BunB(Olb4e~iu the HCl, CF$SO,H aud CH,SQH 

catalysed cases plus a peak at 53.976 due to @MP)B(OMe)B3 in the acetic acid catalysed case. 
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Table 11. Results of the methanolysis of (DMP~BOm’ 

TiUle/h Mole equivalenta of DMPH present with time Ibr various add catalysta 
HCI CF,SO,H CH,CO,H 

0.25 

0.5 

1 

2 

4 

8 

16 

24 

48 

% 

0.90 0.67 

1.21 1.00 

1.66 1.27 

1.83 1.71 

2.04 1.98 

1.97 2.03 

2.01 2.00 

0.42 

0.47 

0.53 

0.70 

0.78 

0.95 

1.09 

1.50 

1.74 

The l’B nmr showed a peak at 31.96 due to OcPB(OMe),in the HCl and CF$iO,H catalysed cases plus 

a peak at 54.06 due to @IW)B(OMe)OcP in the acetic acid catalysed case. 

Glc showed no production of octane, the temperature programm being modified with an initial 

tempemm of 90°C with a four minute hold. The product mixtures wm oxidised and malysed for octanol. 

This gave yields of 98%,97% and 95% of octanol with respect to borane for the HCI, C!F$O,H and 

CH.$O&I catalysed reactions respectively. 

Table 12. Results of the methanolysis of (DIW~BCH(Me)pP 

Time/b Mole eqdvdents OlDMPH present with time for various add catalysts 
HCI CF,SO,H CH,COfl 

0.25 

0.5 

1 

2 

4 

8 

16 

24 

48 

96 

0.33 0.39 

0.73 0.82 

1.04 0.95 

1.19 1.29 

1.55 1.44 

1.81 1.81 

1.89 1.87 

2.06 1.97 

2.00 1.99 

0.20 

0.29 

0.53 

0.66 

0.81 

0.95 

0.97 

1.04 
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The iiB nrur showed peaks at 31.4s due to ZPentB(OMe)z in the HCl and C!F$&H catalysed cases and 

at 53.56 due to (DMP)B(OMe)-2-Pent in the CH$OJ-I catalysed case. 

The ptoduct mixtures were oxidkl and analyzed for 2-pentanol. This gave yields of 98%. 99% and 

%% of 2-pentanol with respect to borane for the HCl, cF,SO$i and CH$O$I catalysed teactions 

nspectlvely. 

Table 13. Results of the methanolysis of @MP),BCH(Et)pP 

Time/b Mole equivalenta of DMPH present with time for various add catalysta 
HCI CF,SO,H CH,CO*H 

0.5 0.55 0.37 

1 0.62 0.66 

2 0.87 0.81 

4 1.05 0.98 

8 1.26 1.17 

16 1.37 1.40 

24 1.67 1.54 

48 1.93 1.97 

% 2.02 2.05 

0.23 

0.27 

0.32 

0.53 

0.68 

0.81 

1.05 

1.27 

The llB ntnr showed a peak at 31.56 due to 3-HexB(OMe)*in the HCl and CP$O,H catalysed cases, 

plus one at 53.46 due to (DMP)B(OMe)-3-Hex in the CI-I.$O.$I catalysed case. 

The product mixtures were oxidised and andysed for 3-hexanol. This gave yields of 97%,99% and 

97% of 3-hexanol with respect to borane for the HCI, C!l$SO,H and C!l$CO& catalysed reactions 

reqnxtively. 

Table 14. Results of the methanolysis of @MP),BCH(Et)Hepr 

Time/b Mole equivalents of DMPH present with time for various acid catalysta 
HCI CF,SO,H CH,CO,H 

0.5 0.50 0.42 

1 0.60 0.56 

2 0.73 0.71 

4 0.89 0.85 0.13 

8 1.13 1.08 0.18 

16 1.29 1.27 0.22 
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Table 14. (Continuazl) 

Time/b Mole equivabta of DMPH present with time for variow acid catalysts 
HCI CF,SO,H CH,CO,H 

24 1.40 1.35 0.38 

48 1.70 1.62 0.48 

100 1.90 1.82 0.73 

150 2.01 1.99 1.00 

200 1.97 2.00 1.01 

The 1lB nmr showed peaks at 31.16 due to 3-DecB(OMe), in the HCI aad C!F,SO,H catalysed cases and 

at 54.66 due to @MP)B(OMe)3-Dee in the CF$O~H catalysed case. 

Glc using standard conditions showed no production of decane during the metbanolysis. The product 

mixtures wete oxidised and analysed for 3decanol. This gave yields of 95%. 97% and %% of 3decanol with 

respect to borane for the HCl, CF,SO,H and CF$CO,H catalysed reactions respectively. 

Table 15. Results of the methanolysis of (DMPbBBu’ 

TiUKh Mole equivahmta of DMPH present with time for various acid catalysts~ 
HCI CF,SO,H CH,SO,H CH,CO,H 

1 0.19 0.18 

2 0.32 0.41 

4 0.62 0.68 

8 1.06 1.02 

16 1.34 1.30 

24 1.54 1.55 

48 1.75 1.80 

% 1.96 1.92 

150 2.00 2.01 

200 1.99 2.00 

0.25 

0.46 

0.69 

0.92 

1.09 

1.37 

1.58 

1.70 

1.86 

0.14 

0.29 

0.43 

0.74 

0.87 

1.00 

1.00 

a) lkitlm acid aad pare methanol wue also usad, but no reaction otxurred. 

The llB ntur showed peaks at 32.06 due to ButB(OMe)z in the HQ, CF$SO& aad CHsSOsH catalyzed 

cases and at 55.76 due to @MP)B(OMe)But in the C!H$O,H and CH,CQH catalysed cases. 
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Table 16. Results of the methanolysis of @MP),BBu~. Effect of reagent concenuations 

Time& Mde equivalenta 0fDMPI-I preamt with time for various molar amcaWat&m 

of boranekquivalenta of acid 

[0.073MyO.S [O.O73Myl [O.@73Mj/2 [O&WMJ/Z [O.l4SM]/l [O.l78M]/l 

0.5 0.30 

1 0.48 

2 0.60 

4 0.72 

8 0.75 

16 0.92 

24 1.07 

48 1.15 

96 1.28 

144 1.35 

192 1.45 

0.19 

0.32 

0.62 

1.06 

1.34 

1.54 

1.75 

l.% 

2.00 

1.99 

0.55 

0.66 

0.71 

0.94 

1.15 

1.34 

1.52 

1.82 

2.00 

1.99 

2.01 

0.57 

0.83 

1.11 

1.43 

1.60 

1.71 

1.95 

2.01 

2.00 

0.58 

0.82 

0.90 

1.06 

1.26 

1.48 

1.76 

l.% 

2.00 

2.02 

1.99 

0.65 

0.99 

1.21 

1.49 

1.75 

1.88 

1.99 

2.01 

2.00 

Table 17. Results of the methanolysis of (DIW),BBut. Effect of solvent composition 

Mole equivalents of DMPH present with time for various methand to THF 

ratio&orane conccntratioo 

27O:l 0038:l 2.70 : 1 0.70 : 1 

[O.O73M] [O.o73M] [O.l7M] [0*17Ml 

0.5 

1 

2 

4 

8 

16 

24 

48 

96 

144 

192 

0.19 

0.32 

0.62 

1.06 

1.34 

1.54 

1.75 

1.96 

2.00 

1.99 

0.63 

0.70 

0.87 

0.98 

1.11 

1.23 

1.27 

1.30 

1.32 

1.39 

1.45 

0.65 

0.99 

1.21 

1.49 

1.75 

1.88 

1.97 

2.01 

1.99 

0.61 

0.92 

1.10 

1.20 

1.28 

1.55 

1.68 

2.00 

1.99 
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Table 18. Results of the me&anolysis of (DMP),BC(Me)(Et)(PP) 

Till&b Mde equivalents of DMPH pmwnt with time for various acid catal* 
HCI CF,SO,H CH,CO,H 

1 0.20 0.17 
2 0.32 0.33 
4 0.52 0.50 
8 0.80 0.87 0.17 
16 1.09 1.02 0.27 
24 1.16 1.23 0.46 
48 1.51 1.51 0.59 
96 1.79 1.82 0.75 

150 1.96 1.95 a 

200 2.01 2.00 

The IlB nmr showed peaks at 31.56 due to 3-Me-3-HexB(OMe), in the HCl and C!F,SO,H catalysed 
cases and at 53.56 and 766 due to (DMP)B(OMe)-3-Me-3-Hex and @MF’),BS-Me-3-Hex respectively in the 
CH&O$ catalysed case. The product mixtures were oxidised akl analysed for 3-methyl-fhexanoL This 
gave yields of 96%. 95% and 96% of 3-methyl-3-hexauol with mspect to borane for the HCl, CF$O,H and 
CHJQH catalysed reactions. 

Table 19. Results of the methanolysis of (DMP),BCH&H=CH~ 

Time/h Mole equivalents of DMPH present with time for various acid catalysts~ 
HCI CF,SO,H CH,SO,H CH,CO,H 

0.25 1.05 0.62 0.43 0.52 
0.5 1.43 1.04 0.74 0.82 
1 1.61 1.46 1.04 0.93 
2 1.93 1.72 1.49 1.07 
4 1.99 1.94 1.88 0.97 
8 2.06 1.98 2.01 1.05 

24 2.01 2.03 2.00 0.99 

4 TMuomacehc acid and pure methanol wexe also used, but no reaction occurred. 
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The llB nm showed peaks at 30.76 due to CI+CHC&B(OMe~ and at 18.86 due to B(OMe& in the 

HCl, CF$SO$i and CI-I$O,H catalysed cases. 

Use of peak areas gave the percentages of CH@H~B(OMe) as 35%. 33% and 31% for the HCI, 

CF,SO,H and CH$O,H cases respectively. In the acetic acid case a single peak at 30.06 due to 

(DMP)B(OMe), was observed. In the absence of catalyst only @Mp),BC!H$H~ was observed. 

Table 20. Results of the methanolysis of (DIkW~BCH.$iMq 

Tilll& Mole equivalents of DMPH present with time for various acid catalysti 
Ht.3 CF,SO,H 

0.25 1.48 1.61 

0.5 1.76 1.75 

1 1.88 1.85 

2 1.93 1.95 

4 1.97 1.95 

8 2.01 1.99 

16 2.00 2.01 

The llB nmr showed a peak at 31.46 due to MqSiCI$B(OMe), in both cases. 

Table 21. Results of the methanolysis of @MP)~BCH=CHBu~ 

Time/h Mde equivalents of DMPH present with time for various acid catalysts 

I-ICI CF,SO,H CH,CO,H 

0.25 

0.5 

1 

2 

4 

8 

16 

24 

48 

96 

0.45 

0.66 

1.00 

1.26 

1.54 

1.69 

1.91 

2.04 

2.00 

0.63 

0.83 

1.26 

1.72 0.15 

1.88 0.22 

2.00 0.34 

1.98 0.48 

1.99 0.54 

0.77 

0.95 

The UB nmr showed a peak at 27.06 due to B&H=CHB(OMe), in the HCl and CF&H catalysed 

cases and at 46.96 due to (DMP)B(OMe)CH=CHBun in the acetic acid catalysed case. 
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The~~mintuns~oxidisedandanalysedforhexanalby~. Thisgaveyicldsofhcxanalas 

97%. 98% and 97% with nspcct to bcmnc for the HCl, CF,SO,H and CH&OJ-I catalysal reactions 

I-CspCCtWy. 

Table 22. Results of the muhanolysis of (DMP)$X(Et)=CHFJt 

TlmeAl Mole equivalenta of DMPH present with the for variow add cataly&a 

HCI CF,SO$l CH,CO,H 

1 0.15 0.31 

2 0.26 0.37 

4 0.31 0.58 

8 0.47 0.67 

16 0.71 0.94 

24 0.74 1.23 

48 0.85 1.57 

% 0.97 1.98 

The “B ME showed a peak at 27.86 due to EtCH=C(Et)B(OMe), in the CF,SO,H catalysai case, at 

47.68 due to (DMP)B(OMc)C@t)=CHEt in the HCl catalysed case, and at 70.06 due to 

(DMP~BC!@t)=CHEt in the acetic acid catalysed cam. 

Table 23. Results of the axtha~olysis of (D~BC=CBIP 

Tldh Mole equivalents of DMPH present with time for various acid cataly~&~ 

I-ICI CF,SO,H 

0.25 0.60 0.96 

0.5 0.88 1.51 

1 1.10 1.71 

2 1.36 1.87 

4 1.67 1.98 

8 1.84 1.99 

26 1.99 2.03 

48 2.03 2.00 

The IlB nmr of the product solutions showed a single peak at 18.76 due to @&O&B in both cases. 
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Table 24. Results of the methanolysis of (DIW)B(OMe~ 

TillWAl Mde equivalenta of DMPH prewnt with time for variow acid catalysts 
HCI CF,SO,H CH,CO*H 

0.25 0.50 0.57 0 

0.5 0.75 0.70 0 

1 0.87 0.85 0 

2 0.96 0.93 0 

4 1.00 0.99 0 

8 1.00 1.01 0 

The 1lB nmr showed a peak at 19.06 due to (MeO),B in the HCl and C!F$O,H catalysed cases. 

Table 25. Results uf the oxthanolysis of @MP),BOMe 

Time/b Mole equivalents of DMPH present with time for various add catalysta~ 

HCI CFJ+O,H CH,SO,H CH,CO,H 

0.5 1.60 1.65 0.99 0 

1 1.82 1.79 1.49 0 

2 1.89 1.92 1.78 0 

3 1.99 1.98 1.86 0 

4 2.02 2.01 1.96 0 

8 _ 1.99 0 

24 2.01 2.00 2.00 0 

a Trifluamach acid. ammo&m chloride, sodium me&oxide and pure methanol also used as catalysrs. no rcacrion occmed in 

my- 
The 1lB nrnr showed a pesk at 19.08 due to (MeO),B in the HCl, C!F$O,H and CIi$O,H catalysed 

CaSeS. 

Table 26. Results of the mthawlysis of Me%BMe 

Timenl Mole equivalents of MesH present with time for various add catalysb 

HCl CF,SO,H CH,CO,H 

2 0.38 

4 0.64 

8 0.29 0.22 0.94 

16 0.55 0.40 1.49 

24 0.83 0.63 1.89 

48 1.15 0.89 2.01 
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The 1lB nmr showed a peak at 31.96 due to MeB(OMe)zin the acetic acid catalysed case plus a peak at 

54.16 due to MesB(OMe)Me in the HCI and CF$S$H catalysed cases. 

Table 27. Results of the methanolysis of Me%BBu’ 

Time!/h Mole equivalenEe of DMPH present with time for various acid catalysts 
HCI CF,SO,H CH,CO,H 

12 0.20 0.14 

25 0.35 0.25 0.21 

50 0.53 0.47 0.35 

100 0.75 0.64 0.60 

2m 1.01 0.90 0.79 

The 1lB nmr showed a peak at 55.66 due to MesB(OMe)Butplus a small peak due to Me%BBut in the 

C!H$O@ camlysed case. 

Table 28. Results of the glycolysis of @MP),BR 

l%nenl Mole equivalent8 of DMPH present with time for various boranes andacid catalysta 

(DMP)2BBu’ (DMP)iBC(Me)(Et)(Pr 
HCI CH&O,H HCI 

0.25 1.13 0.64 

0.5 1.21 0.18 0.71 

1 1.34 0.31 0.82 

2 1.49 0.67 1.08 

4 1.76 1.12 1.31 

8 1.92 1.78 1.56 

16 2.01 1.98 1.85 

24 2.00 2.00 1.97 

48 1.99 2.01 2.01 

The tlB nmr of the product solutions showed a single peak at 35.56 due to BtPB(O&&) or at 

34.56 due to 3-Me-3-HexB(O&HJ 
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Preparation of2&dimethyl~-methoxyphenol 

AlOOmlrwnd-boaomdflaslrwasaquippadwidramagneticstimrandapnss~equalisiagdmpping 

funnel. The flask was chsrged with bis(2&dimethyl-4-methoxyphenyl)hydmM (1.63g, S.Snxnol) and 

dtychlomform(2Oml)andcooledinanicewaterbath. Thefunnelwaschargedwithasolutionofp~m- 

chkope&enz.oic acid (2.Og. l1.6mmol) in chloroform (5Oml) which was added to the flask over an hour and 

the mix was stined ovemight at room temperature to complete the reaction. The mix= was washed with 

1M NaHC4 solution (3 x 5Oml) and water (2 x 5Oml). The orgsnic layer was separate& dried (MgSO,). 

tY@ed and concentrated on a rotary evaporator to give an orange solid. Recrystallisation from 60°-80° 

petroleum spirit gave 2,6&netbyl4methoxyphenol(1.42g, 85%) as pale orange needles m.p. 75”-76”C, 

(Lit,53 77T). 

&, 2.20 (s, 6H, Ar-cH,), 3.74 (s. 3H, OCH,), 4.84 (s. 1H. OH), 6.56 (s, W, H-3). &, 16.14 (q, Ar- 

CH3), 55.58 (q, OCH3), 113.8 (d, C-3), 127.4 (s, C-2). 146.19 (s, C-l), 152.90 (s. C-4). Low resolution e.i. 

mass spectroscopy gave peaks at m/z (intensity), 152(84.9). 137(100), 81(33.7), 79(30.8), 77(26.7), 53(29.7), 

39(48.3). Low resolution c.i. mass spectroscopy gave a single peak at m/z 153. 
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