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The formaticm of carhamona (I to nitrogen hy mctallation of amines and their derivatives is a rich area 
of chemistry which has sustaIned the interest of organic chemists over many years.’ Since the direct 

mctallation of amincs is not usually a synthetical11 uacful option.’ the strategy usually followed is to activate 

the amine by the I‘rumation of a dcrlvativr. for example an amide, carbamatc, N-nitroso. or formamidine.3 

Most of these methods arc applied IO dcrivatlve of secondary amines of the form RR’NX, where X is the 

activating group. However. a I-eccnt innovation has been the activation of tertiary amines towards 

deprotonation by Lewis acid complexatlon with BFJ. c.p. Scheme I .j 

Srhomc 1 

Metallation of Iv-mcthyltctrahydrorsoquinulinc 1 with BuLi. followed by electrophilic quench normally 

gives C4 substitution products 2. whereas the use of BF1 in combination with either LTMP or SBuLi as the 
base gives C-l substitution products 3 in moderate yield (cu. 40&W%). 

Our own interest in this area of carhamon chzmtstry centres on the use of more stable amine-borane 

complexes of tertiary aminea, which might t’ulfil the dual role of activating adjacent CH groups towards 
deprotonation whilst also providing a convenient protectmg group for the amine function.-’ Herein we show 

that amine horanc complexes of the form RR’R”N -BHj show great potential in this regard, facilitating 

regioselective substitution of henzylic amines with “abnormal” regiochemistry, as shown in Scheme 1 
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We iniually focused on N.N-d~methylhcn~ylam~ne 4 as a substrate for mctallation studies. Metallation of 

this suhsirate with “BuLI IS reported to proceed slowly m Et20 at room temperature to give exclusively 

ortho substituted products 5. whereas access to u-substituted products 6 is possible by use of butylsodium or 
“BuLi-tBuOK mixtures, Scheme 2.6 
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We rcasoned that horane adduct formation would cnhancc the CH acidity at the henzylic position in 4 whilst 

removing the donor ability of the amine lone pair which presumably facilitates orrho-lithiation in the free 
amine. It was therefore anticipated that horanc complexation of 4 would promote rapid metallation of the 

system, and would provide the unusual henzyl anion regiochemistry. Preliminary experiments showed that 

both boranc and chloroboranc react with 4 to give stahlc. analytically pure, adducts, whilst other boranes, 

such as BCl(C6H t t 11 and BCllPh clearly formed adducts (TLC), hut thcsc were not stable to work-up and 

purification. In suhacquent metallation trials the readily available bordne adduct 7 proved most amenable to 

substitution chemistry.7 Treatment of horane adduct 7 wtth 2 equiv. of nBuLi in THF at room temperature, 

followed hy cooling to -7X”C and addition of an appropriate electrophile gave good yields of the desired 

benz‘ylic substituted products. Tahlc I .x 

Table I: Substitution of Borane Complex 7 via Metallation 

c - Indicates yield of 6 obtained. avoiding isolanon trt mtcnnulrate 8. by dwctly heating the crude reaction mixture 

from the metallatron to reflux m EtOlI In the cases ot real’tmnb usmg ‘BuUlO. PhCOPh and CO2 isolation of the 

intermediate 8 proved difficult. 
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Exarnlnation of the ‘H NMR spectrum of the dcutcratcd product indicated that metallation had indeed 

proceeded in a highly rcploselectlve fashion at the hcnrylic (a-position), rather than the ortho. position. This 

was confirmed by close examination of the TLC and NMR spectra of the silylated product 6 (E = SiMe,), 

which showed no tract’ of the orrhrj-sllylated product. synthesized independently by direct metallation of 

amine 4. As can he seen from Table I. the mctallated horanc complex reacts with a good range of 

electrophiles to give n-suhatituted products, it he1n.g possible in most cases to isolate complexes 8 in which 

the borane group is retained.‘) 

We have algal tchtcd the horanc act~vdt~o~l method on the horane complex 9. derived from 

tctrahydroisoquinoltnc 1. one of the amincs cxamincd hb Kcssar and co-workers using BFJ as the activating 

Lewis acid. Table 2 1’) 

Table 2: Substitution of Complex 9 via .Metallatinrr 

As we had hqL>d. ~/ii ~IXUII~LXII; 111 9 &IIU\ I:V \‘unc m~~I11~1cd rl*glochemistly previously dcscribcd for the 

Lewis acid rn<~th~~dt~l~~gy cmployIng BF?. In Iact the chcmlcal yields of 3 for the reactions shown in Table 2 

mvolving Mel. ML!,SICI and PhCHO arc si~nit‘icantl! highrr than those quoted for the BFJ method (or 

comparahlc. taking Into YCCOUIII the ylcld 111 the qaratc complex-forming atcp), which is surprising, 

considerIn@ that Keaaar rr. nl. commenl that u~t‘ 111 HH\ ax actlcator and “BuLi as the base give “inferior 

results” 

In ~~o~~luwv~ NC h;iLt% \hr)wn that arrm~~ horant complexes derived from hcn/ylic amlnes are capable 

01 c.l’l’ic~~~~r~t suhat~ru!~~~n via mctalla~ion. the compl~~~~~~ Jlsplaylng ccjmplementary mctallation rcgiochemistry 

to the frc~, amincs. Ytud~c\ drc prescnUy dlrccted :II cxamming the ~opc of this approach with non-benzylic 

dmlncs .n~d to ~!a~ng the method t’or asymm~‘t~?c synthc\ls hy cmpl~~ying chiral hvranes. 
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7. Prt,pclrrrtion wld dot0 jar hi)~Nllf’ urine 7 
A solution of BHJ.THF t5 ml crf a IM solution In THF, 5 mmol) was added dl-opwist: to a stirred 
solution of N.N-dimcthylhen/ylaminc (0.675 g. 5 mmol) In THF (20 ml) al 0 “C. The solution was 
stirred for 30 min ‘~1 which time TLC (30 % Et20 in pctrolcum ether) showed complctu consumption of 
starting mntcrial. The sc)lvcnt was removed under reduced prcssurc. and the resulting white solid purified 
hy tlaah chromatography on silica gel (20 ‘% Et-0 in petroleum ether as eluant) to give 7 as a white solid 
(0.7 lg. 95% ). Xnalyhcally pure matcnal v,ab obtained hy recrystallisation from Et-&petroleum ether, 
followed hy dqing under high Lacuum for 23 h. to give 7 (0.605 g, Xl%), m.p. I03 “C; (Found: C, 
72.37: H. 11.0X: N. 9.26. CyHIhBN ~cqu~~-c\ C, 72.53: H. 10.82; N, 9.40%); vlnaX (CHCl+m-1 2951, 
2366. 2320. 22’73. 13hh. I Ifi4 and X60: 6,, 131 MHI. CDCIAI o.X(~2.50 (311, v. hr., BH& 2.51 (6H, s), 
3.99 (2H. s). and 7.iO- 7.42 ISH. m); 6,. ihX MH/, CDC‘l~i 4?,.1 (2 x CH3), 67.2 (CH?), 128.2 (CH), 
12X.X (CH), 130.9 ((‘1 ;md 132.0 IC’H). 

8. c\,y>ic(rl procedtrre for .\uh.criruticvl of 7 \,itr rrretoll~~rron 

A solution of “BuLi ( I .2S ml of a I .6M soluuon 111 hcxancs . 7.0 mmol) was added dropwise to a solution 
of complex 7 ( 153 mg. I.0 mmol) in THF ( IO ml) at -7X “C under an atmosphere of N2. The solution 
was then warmed to RI for I h, hcfore rccooling 10 7X “C and addition of MqSiCI (0.63 ml, 5.0 mmol) 
as a single portion A1’tc.r 2 min the cooling bath ~~1s removed and the reaction mixture allowed to warm 
to room temperaruri’ t‘or 30 min hefore addillon of saturated aqueous NaHCOj solution (10 ml). The 
phases were scparat~~d ,md the aqucvus layer eutractcd further with Et20 (2 x 10 ml). The combined 
organic extract.\ wt’rc then washed with saturated hrlnc (C (1. 20 ml). dried over MgSOd and concentrated 
under rcduczd prcsaurc to yield a colourlcs\ (III. The crude material was then purified by flash 
chromatography on ,jilica gc’l 15’? Et20 in pztrolcurn rther a:, cluant) to give complex 8 (E = SiMes) as 
an oil that slowly .s~~lidit’ied at‘tcr drying under high vacuum ( 16 I mg, 70%). 
The rL’ason for the rquIremcrrt for excess hare ( I 7-2.0 cquiv. of “BuLi) is not yet known. 

9. However. in other cascb. rntlat nr)t;lblq in rcactitmh involving aldchydes and ketones, isolation of 8 was 
difficult. and it pro\cd much m<)rc’ efficient to convt’rt the crude product from the mctallation into the 
free amine 6 (indicatL,d hj yield> in hotmm lint of Table I). In other ca,ses, such as the reaction with 
PhCH2Br. the yields arc modest due IO difikulrlcc in separation of the product from minor amounts of 
unr-catted starting material. 

IO. ‘The proccdurca for the prcpar~tl~~n and m~~t~ll;lt~irr ,I!‘ I’ .rmpicx Y, m-p. 92-9-1 “C, arc similar to those 
giLen above for iirmplcx 7. 


