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Isoprene has been metalated m tetrahydrofuran wtth an excess of stencally hmdered potassn.un &alkylamldes, 

prepared by combmmg eqmmolar amounts of the correspondmg hthmm anude and potassmm rerc-butoxlde 

Subsequent reactton with oxtrane, alkyl brormdes, and prvaldehyde gave the expected coupling products m 

reasonable yrelds Couplmg wnh (CH3)2CHCH2CH=O and (CH3)2C=CHCH=O afforded the bark beetle 

pheromones (f)-rpsenol and (f)-rpsdtenol m low yields 

Introduction 

Several amcles deal wtth the metalanon of simple oleflns with strongly basrc reagents E-, Z-2-Butene, 

and l-butene have been deprotonated wrth BuLi TMEDA to gave crotylhthuql while a number of allyhc amens 

have been generated wtth the BuLr GBuOK~~ system 58 The metalatron of lsobutene can be achteved wnh 

BuL~TMEDA~*~~ as well as wrth BuLr t-BuOK 11J2 Whereas m the presence of tetrahydrofuran (II-IF) or 

TMEDA 1.3~drenes undergo raprd addttton, l3 1,Menes (C--C-CH-C=C) are readtly metalated wnh BULI m 

THF 14-16 For the rnetalatlon of 1,3-drenes (C=C-c--C-CH) BuLl r-BuOK 1s the appropnate base 13J7-2o 

Bates et ul 13tu) metalated 2,3-&methyl-butne (1) with the couple BuLr t-BuOK m an apolar solvent 

(Scheme I) Envrsagmg the mtermedrate occurrence of monoamon 2 rn the dunetalanon of 1, they expected thnr 

rsoprene could be metalated by this system to the elusrve 2-vmylallyl anion 5a l3 However, they observed 

addmon of the base to grve (after hydrolyses) Zmethyl-l-octene (6a) and 2-methyl-Zoctene (6b) t3 

The tinon of organohthmm compounds to olefins is a well-known reactton, which has been apphed as 

miaaaon in the polymenzatton of isoprene 21-23 Addmon of ally1 Gngnard reagents to rsoprene 1s a crucial 

macaon m the syntheses of natural terpenords 24 Also drethylamme m the presence of sodmm naphthalen&, 

Partly pubhsbed Klusenes, P A A, Hommes, H , Vexlmu~sse, H D , Brandsma, L I Chem Sot , Chem Commun 1985.1677 
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and hthmm &ethylamulg7 are reported to add to the &ene system of rsoprene Treatment of lsoprene ~th the 

radnxl amon sodmm naphthalemde only eves nse to dnnenzation, @vmg mamly [Me$=CH-CH2]2 28 

Scheme 113 
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Figure I. Isoprene C-5 Synthons2gJg 
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Since the chance of a successful direct metalahon of lsoprene to afford a buikhng block for the synthesis 

of terpenolds was considered low, several alternative synthetic routes29 and “lsoprene C-5 synthons” have been 

developed 2g-3g (See Figure I) 
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In 1977 Takabe et al 40 reported the reactmn of isoprene untb sodmm m the presence of tisopropylamme 

and TMEDA and obtamed myrcene (7a) m 10% yield (See Scheme II). They assumed that the methyl group of 

lsoprene mmally was metalated to form the lsopxene-sodmm compound (Sb). which subsequently had reacted 

wrth a second molecule of isoprene 

This re.sult,M and the unsuccessful attempts of Bates et al 13**0 led us to mveshgate the metalanon of 

lsoprene with strongly basic non-nucleopluhc reagents 41 

Scheme II* 

Naf HDAITMEDA 

4 L 7a 

Results and Discussion 

Metalation of Isoprene. Our expenments were based upon the consIderanon that a stencally hmdered 

base with a sufficiently lngh thermodynarmc as well as kmehc baszity would be required An extensively 

expbted property of bases such as hthnnn dusopropylarmde (LDA) 1s thev decreased tendency to add across 

multiple bond systems 42-44 Reacaon at cu -7o’C of lsoprene wth a 100% excess of LDA III M, followed by 

addmon of a correspondmg excess of I-bromoheptane and allowing the temperature to nse to O’C gave no trace 

of the desired alkylation product (7b), wlule ohgomenzauon had occurred to a shght extent only The low yield of 

the desired product thus may largely ascribed to an unfavourable deprotonatlon eq~hbrnnn (Scheme III) Smce 

the pKa value of secondary ammes mcreases with the bulkyness of the subsatuents,45-51 we expected metalauon 

of lsoprene with a base hke hthmm 2,2,6,6-tetramethyllnpen&de (LiTIMP, derived from the redly avalabl$* 

amme with pKa 37 3 47*48 or 37 05*) to be more successful than with IDA. being derived from dusopropylamlne 

with the lower pK, value 35 747948 or 34 4 51 However, interaction between LlTMP and lsoprene m THF, 

followed by ad&non of I-bromoheptane and riusmg the temperature to 3SC, gave only 1-heptene (as a result of 

dehydrohalogenanon) and unconverted bromoheptane 

Lithium anudes can be converted into the correspondmg potassium armdes by addmon of potassmm tea- 

butoxide,53-s which 1nCrease.s the reacnvlty as well as the baslclty50*51*53-57 Applymg this knowledge5* we 

attamed a sign&&ant improvement (42% yield of 7b) by carrying out the metalanon of lsoprene with a 50% 

excess of potassnnn dnsopropylannde (KDA) - prepared zn suu by addmg HDA to the couple BuLl t-BuOK m 

THF -, other condmons being similar to the preceding expenments Also m this case dehydrohalogenahon of 

bromoheptane occurred When the funchonahzauon was camed out with oxnane. the expected alcohol (7~) was 

obtamed in cu 60% yield The reacnon wth 50% excess of mprene gave the same result. Reacnon of lsoprene 
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with one moku equmlent of KDA and subsequent funcaonahzahon with oxmne resulted m a yeld of 50% 

Smce these results suggest a depmonatmg equdibrmm with K = 1, we repeated the expenments with larger 

excessses of mprene or of KDA. However, no higher ytelds were obtamed 

Scheme III 

+ MNR, - 2- 

4 M= 
aK 

5a-d 

b Na 
CIJ E R= 
d Cs 

J a CH2CH=C(Me)2 

R b GH15 
c CH2CH20H 
d CH(OH)Bu’ 
e CH(OH)CH2CH(Me)2 

7a-i f CH(OH)CH=C(Me)2 
g &Me3 
h SMe 
i SEt 

Table I. Variation of the Reaction Conditions. 

Metalation of Isoprene with KDA and Subsequent Functionalization with Oxirane 

KDAO isop~n@ solve& tune (mm) temperature (‘C) yield (%)c 

1 1 

1 15 

1.5 . 1 

1 4 

2 1 

15 1 

15 1 

1 : 15 

15 1 

1 2 

1 15 

THF/hexane 

” 

II 

‘IFIFjhexaneIWEDA 

hexa& eq m 

hexa&fMEDA 

60 

1 

30 

” 

I 

II 

52 

a Amounts are related to 0 10 mol of KDA b Per 0 10 mol of KDA 62 mL of hexane and 62 mL of THF and/or 0 10 mol of 

TMEDA was used c Y&s of 7c after subsequent addmon of a solution of an excess of oxaane m THF, aqueous workup and 

&stdlatlon d Vanable yields of 57-62% c Slow addmon (30 mm) of the THF/oxuane solution afforded a slmdar yield f Only 10 6 g 

of THP (0 15 mol) was present dunng the metalauon 
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Table II. Variation of the Base. 

Metalation of Isoprene and Subsequent Functionalization with Oxirane 

amldeh pKa= KNRzb * 1sopreneb solvet& tune(mm) temp (‘C) yleld(%Jd 

-tL 

KN(c:;,l)p 
8a 

KTMF’(8b) 

KTMP 

8c 

8c 

Sd 

8d 

8d 

8e 

8e 

8e 

8e 

8e 

8e 

8e 

8e 

8f 

8f 

31751 

35.748,34 451 

35.748, 34 751 

ca 36 

37 348 . 37 6’ 

38 34g 

39 148 

15 

15 

1 

2 

2 

2 

1 

1 * 

15 

1 

15 

1 

15 

1 

15 

1 

1 

1 

15 

1 

2 

1 THF 30 -70 

1 Tlw 1 -70 

1 THF 30 -70 

1 TMEDA 10 -25 

1 THF 20 -70 

1 THF 120 -70 

15 THF 115 -50 

2 TMEDA 10 -25 

1 THF 90 -70 

2 TMEDA 10 -25 

1 ‘IHFfl-MEDA 30 -70 

15 THF 65 -70 

1 THF 45 -70 

2 l-HFfl’h,EDA 120 -90-b50 

1 THF/l-MEDA 180 -90-S-70 

15 THFP-MJZDA 120 -7o+-30 

25 ‘lIEDA 30 -25 

2 TMEDA 5 -4o+-20 

1 TMEDA 5 -4o+-20 

15 TIW 30 -65 

15 TMEDA 5 -4o+-20 

10 

60 

60 

418 

70 

82 

15g 

54 

33 

45g 

60 

14g 

278 

22e 

36s 

46s 

47g 

648 

3@ 

288 

55g 

a pK, values of the conjugated ammes accordmg to Fraser‘@ and/or Ahlbrechtsl measured wltb the correspndmg lrfh~m amldes. the 

p% values measured with potassaum amides are hlghe@ pK,(K) = 0 77 pK.(Ll) + 15 3 51 b Amounts are related to 0 050 mol of 

KNR2 ’ Hexane (ongmatmg from the used soltmon of BuLl m hexane) was present too, thus m the case of THF a 1 1 mixture of 

THF/hexane was appbed and m the case of TMEDA 2 molar eqmvalents related to the base were used d Yields of 7c after subsequent 

addmon of a soluhon of an excess of oxlrane m THF, aqueous workup and dlstdlauon e More experimental data m Table I f 

Estunated pK, values of the conjugated ammes. based upon the values reported by Frasefl and Ahlbrecht 51 g A consukrable amount 

of viscous wlymenc residue remtuned after &stdlatlon h Structures 

8a 8b 8c 8d 8e 



2046 
P A A KLUSENER~~~~ 

Slgrnficandy better results were obtamed by usmg KTMP, wluch has a greater thennodynanuc baslaty 

than KDA 51 Under condmons sun&u to those m the case of KDA, the reacuon with oxuane resulted m yields of 

the correspondmg alcohol up to 8O%.(See Table I) It should be. pomted out, however, that longer reaction rimes 

were necessary for the metalahon with thrs base As expected from the lower pKa value of &ethylam.me, a 

smular expenment ~nth KNEtz gave the hydroxyalkylahon product m 10% yield only 

Extrapolahon of the results obtamed m the senes KNE$ < KDA < KTMP led to the expectatton that the 

use of more bulky anudes would lead to a further improvement of the yields after reaction with oxme 

However, the yrelds were even lower than in the reactions ulth KDA Although these bases are stronger than 

KDA or KTMP in a thermodynamic sense, the greater steric hindrance makes them less efficient m 

deprotonauons, so that longer reaction times are necessary Unfortunately, ohgomenzatlon of lsoprene then 

becomes an qxntant side process 

Fraser and MansourS found that the rate of metalatlon of tnphenylmethane with stencally hindered bases 

(e g LilMP and LDA) m THF were dramancally increased by adding TMEDA We observed a slmdar 

acceleratmg effect upon combmmg the bases 8d and 8e with TMEDA, but the results remamed less satlsfactoq 

Table III. Functionalization of metalated isoprene 

base“ 

KDA 

KDA 

KDA 

KDA 

KDA 

KDA 

KDA 

KDA 

KDA 

KDA 

electmphde product yield (%)c 

Me$=CHCHZBrb myrcene (7a) 30 

l-chloroheptaneb 7b 40 

1-bromoheptaneb 7b 42 

1 -bromoheptaneb 7b 67 

oxweb 7c 60 

oxweb 7c 72 

t-B&H@ 7d 39 

MejZHCH&Hob ipsenol(7e) 19 

Me$=CHCHC%’ ipsdienol(7f) 21 

TMSCld 7g 19 

MeSSMed 7h 2oe 

EtSSEtd 7i 14e 

a Meralahon conditions 100% excess of Isoprene, 30 mm at -7o’C m THF, KDA experiments were camed out on 0 10 molar scale. 

KTMP expenments on 0 05 molar scale b The electmphde was added at -7o’C c Yields after dlst&t~on dThe. reawon nuxtm-e was 

poured into a solution of the electrophrle m THF at -WC e Chenwal ydd. the d~stdled product contamcd also (I-Pr)zNSR and 

unconverted RSSR 
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than those obtained urlth KTMP, obgomenzatlon of lsoprene berg the pnnclpal side reaction Although 

combmatlons of8d-f with TMFDA m hexsne at cu -3o’C reacted faster Hrlth lsoprene than they &d at -7o’C in 

‘IT-IF. the yields were lower than that obtamcd wth KTMP m THF-hexane rmxhues. Under these conditions 

ohgomenzaaon appeared to be more senous than at low temperatures m THF 

Functionalization of Metalated Isoprene. Funcaonabzatlon expenments with lsoprene - 

metalated under the oparmzed con&aons vvlth KDA and KTMP- were camed out (Table III) The natural 

products, myrcene, lpsenol, and lpsdienol, the latter two compounds being pheromones of the bark beetle,29*61 

were obtamed by &ect functlonahzahon of lsoprene with prenyl bronude. lsovalderaldehyde, and 3-methyl-2- 

butenal, respectively Yields of the expected denvatives were moderate to low* 

Effect of the Metal Counter-ion on the Metalation of Isoprene. The yields of the 

funcaonahzaaon products are not as hgh as those obtamed with oxnane This can be ascribed to ehmmanon of 

hydrogen hahdes (from a&y1 hahdes), formation of enolates of the carbony compounds, metalaaon of the uutlal 

duoalkylated product to H2C=CHC(=CH2)CHKSR and subsequent mtroduchon of a second RS group. and the 

competmve reaCtion of the electrophlle with KDA or KEMP, restitlng III an undesired shift of the deprotonaaon 

equlhbrnun (Scheme III) As suchhke processes are generally less serious with hthnun compounds, we expected 

to obtam better results when pnor to the functlonahzatlon. the potassnnn m 5a was exchanged for h&nun, to gve 

5c Thus can be done by addmg anhydrous hthnun brormde to the reacnon nuxture 11*29,62 However, upon the 

addmon of a soluuon of anhydrous hthmm bmnude m THF to the reacnon nuxture, the red colour of the lsoprene 

anion &sap@ instantaneously, and consequently no trace of couphng product could be isolated, not even with 

oxu-ane Thus, mtroductton of hthium as counter-ion causes the deprotonation eqtuhbnum (Scheme IIr) to shift 

completely to the left side (see Scheme IV) 

Scheme IV 

+ HNR, + LiBr - + LINR~ + KBrl 

5a 4 

An analogous case IS the interaction between dphenylmethane and alkali metal armdes 63 Whereas 

Ph2CHNa and Ph2CHK are stable m liquid ammonia, the hthnun compound undergoes ammonolysls to give free 

dlphenylmethane and hthnunanude 

Electrostatic interaction between the metal and the anionic part may be invoked to explain these 

phenomena The larger metal Ion (K*) prefers to be associated with the larger amon (m many cases an amon with 

Brown and RmMg7 obtamed remarkably good yields of earbmols (-65%) by reaehng rsoprene WIUI KTMP. then convting the 

potassmted soprene mto a boron denvahve and ftily addmg the aldehyde 
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delocahzed charge, e g an allyhc anton). whereas the smaller canon (IJ+) prefers to combme wnh the smaller 

amon (mostly an amon with locahzed charge, e g an am& arnon) Assummg for the sake of simphctty that the 

metal catton and anions behave electrostattcally as pomt charges centered on the atoms beanng the charges m then 

usual structural formulas, one can calculate the change in electrostatic energy for the deptotonatton equthbmtm 

(s~pltfied m Scheme V) from the mtenomc distances (kM and dNM) of the ton patrs as gtven in the equation of 

Scheme V. whereAE(a+- is the enthalpy drfference between tsoprene and the amme 

Scheme V 

+I + 
\ 
N- M+ +M+ + 

\ 
N-H 

/ / 

> 
+ &X,NH) 

According to Grovenstem@l we took for the radn of carbon m an amon 165 A,@ of mtrogen m an amtde 

140 A,65@ and Paulmg’s crystal radii 67 of the alkali metal canons From our results of the metalauon of 

tsoprene with KDA we could estimate an eqtubbnum constant of about 1, thus AEK = 0 With this value we 

calculated dE(~~+l,rI+), which was substituted in the equation with which AELl was calculated to be 8 3 

kcal/mol Thts energy difference corresponds wtth an eqmhbrmm constant of 4 109, or a pKa difference of 8 5 

between IDA and KDA. and is comparable with the repotteds Memnce of 7 1 between IDA (34 4) and KDA 

(41 S) 

In a stiar way A+s was calculated to be -2 2 kcal/mol, corresponding with a pKa value 2 2 units 

higher than m the case of potassmm. This is m good agreement wnh the experiment The ytelds obtained after 

metalatton of rsoprene wnh CsDA and subsequent functtonahzahon with oxtrane were ca 10% higher (Table IV), 

than those obtamed with KDA under strmlar condmons AEN~ was calculated to be +3 4 kcal/mol, which 

corresponds wnh a pKs value 3 5 umts less than m the case of potassium, and from which the low extent of 

metalanon of isoprene with NaDA found by subsequent reacnon with oxwne was predicted (Table IV) 

Table IV. Variation of the Metal Counter-cation on the Metalation of Isoprene= 

yield (%)b anud yield (%p 

IDA - CsDA 72c 

NaDA 7 LlTMP - 

KDA 60 KTIW 70 

a Reaction condtttons 50% excess of uoprene, 30 mm at -7D’C m THFjbexane (l/l) b Ytelds of oxuane quench product (7~) at?er 

Qstdlahon ’ W~dt 50% excess of CsDA a stmdar yteld was obtamed 
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Thus, the pKa value of dusopmpylamme corresponds with an ion-pair baslclty for LDA that IS not 

stiuent for generatmg any ~soprenylhthmm from 1-e With KDA, havmg a higher ion-pau baslcity than 

LDA, lsoprenyl potassmm IS formed m a slgmficant concentration. Attempts to replace potassmm by hthwm III 

the presence of HDA by &tion of hthmm bm& mthout tiuencmg the eqmbbrmm (are doomed to) fa& 

because LI+ combmes only wth the amde amon 

Scheme VI 

BLILITMEDA 

PhCH3 

PhCH+ 

r-BuOK 

PhCH3 

BuLl t-B1105 LlBr 
fi PhCHzK - 

+ HDA _ 

+ LDA 

+ KDA _ 

PhCH3 
(colourless) 

* r-BIIOLI 

PhCHzK 
(r@ 

t 

PhCH2Ls 

+ LDA 

+ KDA 

+ HDA 

The phenomena described above may be illustrated by the followmg expenments with toluene This 

compound can be quantitatively metalated with BuLtiTMJZDA m hexane to give an orange solution of 

benzylhthmm Toluene can also be metalated with BALI Z-BuOK, and w~tb one eqmvalent of hthmm brormde the 

formed benzylpotassmm can be converted mto benzylhthmm *l Upon successive addmon of the co-solvent THF 

and an eqmvalent amount of dusopmpylamme the solution becomes colourless Upon subsequent tihon of 

t-BuOK the deep-red colour of benzylpotassmm reappears (Scheme VI) 

Synthesis of Sterically Hindered Dialkyl Amines. The highly branched ammes lOa, and c-f 

were synthesized as shown in the general Scheme VII 

Scheme VII 

R’\ 
+ H2N-R3 

R1, R3 1. BuLl 
C=O C=N 

R1,dBu ,R3 
* - 

R2’ - H20 R2’ 2 H20 
R2’ ‘y 

H 
9a, c-f lOa, c-f 

(Structures III Tables VIII and IX) 

The first step 1s the condensation of a prnnary amme with a carbonyl compound to gwe an mune The 
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formanon of aes has been rewewed p8 and convetuent procedures are mported for stencally hmdered nnmes 

contammg aryl group~,~-~~ usmg molecular sieves (0 6 - 3 kg per mall) for the condensatmn of ketones wth 

aryl ammes,70*71 alummum oxide for the reacuon of benzylammes ~rltb srylaldehydes@, and even sunply nuxmg 

of benzaldehyde vvltb ten-alkylammes ylelas N-t-alkyl-N-benzybdeneammes.72 However, &es denvcd fmm 

tert-butylamme and an aldehyde or a ketone axe dfficult to prep Praser and Mansoup reported the synthesis 

of 9c and e, usmg molecular sieves for removmg the water, 111 54 and 34% pelds, respecuvely Alternative 

muln-step syntheses of NJ-&-t-alkylammes avoldmg the elusive mane step wexe developed by Rathke74 and 

Corey 75 We decided fmt to follow the method represented m Scheme VII, however 

Immes 9a, d, and f were synthesized followmg the conventional methods - refluxmg with benzene as 

azeotmpmg agent, simple rmxlng the reactants, 72 and usmg molecular sieves as drymg agent, respechvely - in 

90, 80, and 33% yield, respectwely 

The synthesis of 9c and 9e was considerably improved (cu 85% yield’) by using basic alummum oxide 

as drymg agent and hexsne or pentane as solvent This method tiers from that of Texler-Boullet?g who used 

alummum oxide urlthout a solvent In the case of enobzable ketones or aklehydes &lutton of the reactants IS 

necessary to avoid aldol condensation Thus side reacuon was also observed by Kyba70 us the condensation of 

acetone with arylammes on molecular sieves The lmpunhes m the products. whlcb Texler-Boullet69 obtamed m 

low yields by the condensahon of acetone or phenylmethylketone with benzylamme, may also be due to aldol 

condensation An attempt to prepare 9f from cyclohexanone and tert-butylamme accordmg the method of 

Texler-Boullet69 afforded after a few days at 2o’C the aldol product of cyclohexanone as the only compound In 

35% yield In this case, however, &luuon of the reactants did not cause any reachon Thus, alummum oxide can 

be used successfully for the synthesis of unmes by condensation of ammes with non-enohzable ketones or 

aldehydes, and, if the latter are enohzable, a solvent 1s required 

The second step mvolves the addIhon of butylhthmm to the double bond of the unme This reachon can be 

camd out by addIhon of BuLl to the umne,48*68 gwmg after aqueous workup the ammes ~OC,~~ d, and e m 

high yields (8040%) Addmon of BuLl to the unmes 9a and f, however, afforded after aqueous workup 

rmxtures of lmme and amme ~rlth rahos of cu 1 1 and 3 1, respecuvely Treatment of these nuxtures with BuLl, 

in order to convert the recovered imme into the desired adduct, and subsequent hydrolysis gave no purer product 

An improvement to 70% and 50% yield, respechvely, was attamed by addmon of unmes 9a and f to a 100% 

excess of BuLl This result can be explamed by the reaction sequence depicted m Scheme VIII 

The addmon product of BALI and the umne 1s a stencally hmdered htbmm anude (1 l), which 1s capable of 

deprotonatmg the unreacted startmg unme to give the bthlated enamtde 12 and amme 10 The latter can 

subsequently be deprotonated by BuLl, after which 9 can be deprotonated agatn Since the metalanon of unmes 

wltb LDA has been reported, and has been used for the denvahzahon of lmmes, 77-80 the sequence of Scheme 

VIII seems reasonable 
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Scheme VIII 

0 

R 
-N’ Bm, 

Bu 

0 N’ 

t 

R =W 0t.R + o\,.R 

A I!.1 

9a, f lla, f lOa, f 12a, f 

t BtlLl 

Thus, the undesued formatum of 12 can be reduced by reverse addmon, the me bemg added to an 

excess of BuLl 

Experimental Section 

a. General Remarks. ‘H and % NMR spectra were recorded on a Bruker AC200 apparatus, usmg 

deuteno chloroform as solvent and internal standard, unless indicated otherwise Mass spectroscopy was 

performed on a Kratos MS80 W-MS combmahon apparatus ‘I’HF was &h&d i&n Lq and stored on 

sodmm lead alloy under mtrogen Butylhtluum (ca 1.6 M hexane solution), potassmm- and sodmm rert-butoxlde 

are commercially avadable and were used as such Commenxal lsoprene was dlshlled (bp WC) 111 pomons of 

ca 100 mL from magnesium sulfate, and stoned on molecular sieves (4A) at -WC TMEDA and HDA were 

d~st&d from w and stored under mtrogen All reacnons were camed out m an atmosphere of nitrogen III a 

500 mL three-necked, round-bottomed flask eqmpped with a mechanical stirrer, gas-mlet, -outlet, and 

thermometer 

b. Metalation of Isoprene with KDA in THF/hexane and Subsequent Functionalization 

with Oxirane. (Typical procedure for Table I). Preparation of 4-Methylene-S-hexen-l-01 (7~). 

A nuxture of 0 105 mol of Z-BuOK. 0.105 mol of HDA, and 60 mL of THF was placed in the flask (m Ofle 

reaction also 0 105 mol of TMEDA was added) The resultmg soluhon was cooled to -lWC, after which a 

solution of 0 100 mol of BuLi in 62 mL of hexane was added from a syringe over 2 mm Dunng this addmon the 

mixture was efficzently snrred and the temperature kept between -100 and -9o’C After the addmon the 

temperature was allowed to nse to -7OY! and lsoprene (amounts are hstcd m Table I) was added in one pomon 

The colour of the soluaon changed nnme&tely mto lied The reachon was complete (in cusu the equhbnum was 

estabhshed) w&m 1 mm. HIS was shown by quenchmg ahquots ~th oxrane, subsequent hydrolysis and GC 

analysis) After 1 mm (or a longer period, see Table I) a solution of 0.150 mol of oxlfane m 20 mL of THF was 

added m one portlon at -7o’C, allowmg the temperature to nse (to cu -WC m a few seconds, w&out external 

cooling) After the red colour has changed to hght-yellow, 100 mL of water was added, and the pH of the 
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aqueous layer was lowered to ca 4 by addmg a 10% aqueous solutton of sulfunc acid. while keeping the 

temperaa below 2o’C (Hydrochlonc acid cannot be used, smce tt reacts wtth the excess of oxlrane to gwe 

chlomethanol, which 1s ticult to separate from the product). The aqueous layer was extracted four tunes wtth 

ether and the combmed orgamc solutions drted over magnesnnn sulfate. Removal of the solvent III vucuo and 

Qsttllafion afforded 7c m 57-62% yield, bp 77’C (12 mm Hg) or WC (0 1 mm Hg), nmD 1 4780, for 

spectroscopic data s8e Tables V-VII 

Rasmg the pH of the aqueous layer to >lO, by addmg potassmm hydmxlde, subsequent extractton wltb 

ether, drying over potassium carbonate, removal of the solvent tn vacua, and dlstlllatlon afforded 

(J-C~H,)~NCH$H~OH 1113540% yields, bp WC (2 mm Hg), tz20D 14427, mass spectrum m/e (96 of base 

peak) 145 (M+, 6). 130 (16), 114 (100). 102 (8), 88 (35), 72 (68), 56 (14). 43 (28). 30 (67), ‘H NMR 6 3 34 

(CH20, t, J = 5 8 Hz), 3 20-3 30 (OH), 2 92 (2 CH, septet, J = 6 7 Hz), 2 50 (CH2N, t. J = 5 8 Hz), 0 91 (4 

CI$, d, J = 6 7 Hz), l3C NMR 6 58.4 (CH20). 47 4 (2 CH), 45 1 (C&N), 20 6 (4 CH3) 

c. Metalation of Isoprene with KDA/TMEDA in Hexane and Subsequent 

Functionalization with Oxirane. (Table I). A muctunz of 0 105 mol of t-BuOK, 0 105 mol of I-IDA, 

60 nL of hexane, and 0 105 mol of TMEDA was cooled to -WC, after which a soluuon of 0 100 mol of BuLl 

m 62 mL of hexane was mtroduced from a syringe over 2 mm Durmg 0us ahon the rmxture was efficiently 

smred and the temperam kept between -50 and -3o’C After an attonal 10 mm of sarrmg at -30 ‘C 0 150 

mol of isopne was added m one portmn The colour of the nuxture turned bately into red After 30 mm at 

-2o’C the rmxtuxz was cooled to -6o’C, and a solutton of 0 15 mol of oxnane in 30 mL of THF was added 

The temperature was allowed to nse, and subsequent workup, performed as described m secnon b. afforded 7~ 

m ca 60% yield 

d. Metalation of Isoprene with KNEt2, KN(c-C,Htt),, or 8a-f in THF or THF/TMEDA. 

(Table II). A solutton of 0 055 mol of t-BuOK and 0 051 mol of the amme (I-INE%, HN(c-C&I,),, or lOa-f, 

respectively) m 30 u& of THF (and, If mennoned III Table II, 0 055 mol of TMEDA) was placed m the flask The 

resultmg soluhon was cooled to -100 ‘C. after which a solutton of 0.050 mol of BuLl m 3 1 nL of hexane was 

introduced from a syrmge over 1 mm Dunng thts ahon the mutttuz was effiaently stmed and the temperature 

kept between -100 and -9o’C After the addtuon the temperature was allowed to nse to -7o’C Smrmg at this 

temperature was conMued for 20 mm m the case of the starhng ammes lOa-f to ensure complete formation of the 

anodes 8a-f Isoprene (amounts are hsted m Table II) was added m one portmn at the temperature gwen III Table 

II Quenching with a solution of 0 10 mol of oxlrane m 20 mL of THF after the gven reaction time, and 

subsequent workup was performed as described m secnon b Yields of 7c are reported 111 Table II 
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The stencally hmdered anunes were recovered m 8097% by addmg potassmm hydroxtde to the aqueous 

layer (pH > 10). followed by two extracttons wnh ether, drymg over potassmm carbonate, removal of the solvent 

UI v#cuo. and subsequent dlstrllaaon 

e. Metalation of Isoprene with the Amides Sa, or c-e and TMEDA as co-Solvent. (Table 

II). A mrxture of 0 055 mol of t-BuOK, 0 051 mol of the amme (lOa, or c-e, respecavely), 30 mL of hexane, 

and 0 055 mol of TMEDA was cooled to -5OC, after whtch a soluaon of 0 050 mol of BuLr m 31 mL of hexane 

was mtroduced with a syrmge over 1 min Durmg thus tiaon the rmxtme was efflctently stured and the 

temperature kept between -50 and -30X! Thick yellow suspenstons of the amrdes were formed After an 

tiaonal 10 mm stnnng at -3OC tsoprene (amounts m Table II) was added m one pomon at the temperatures 

grven in Table II After the grven reactton tune, quenchmg wtth oxtrane (0.10 mol m 20 mL of THF) and 

subsequent workup were performed as described tn secaon b Yields of 7c are reported m Table II Recovery of 

the ammes was camed out as described m sectron e 

f. Metalation of Isoprene with KDA in THF/hexane and Subsequent Functionalization 

with 1-Chloroheptane, I-Bromoheptane, Prenylbromide, Pivaldehyde, Isovalderaldehyde, or 

Senecio-aldehyde. (Table III). Preparation of 7a, b, d-f. A soluaon of 0055 mol of r-BuOK and 

0 051 mol of I-IDA m 60 mL of THF was cooled to -lOOC, after which a soluaon of 0 050 mol of BuLr ru 

31 mL of hexane was unroduced from a synnge over 1 mm Dunng thus addraon the rmxture was eftictently 

stured and the temperature kept between -100 and -9OC After the addtaon, the temperature was allowed to nse 

to -7o’C and 0 010 mol of tsoprene was added m one pomon After an addraonal 5 mm of sturmg at thrs 

temperature, 0 058 mol of the electrophrle was added w&out external coohng Workup camed out as described 

m secuon b (however, in the case of 7a and b washings wrth water were performed too) afforded: 

myrcene (7a) m 30% yield, bp 50-55-C (12 mm Hg), [Lit 56 5-58’C (15 torr),40 64-65-C 

(14 mm Hg),81,82 60-62’C (19 mm Hg),=], n2$, 14690, [Lit 1 4697.*l 1 4700,*2 1 4686,83], 

3-methylene-1-undecene (7b) in 40% yteld, bp 87’C (12 mm Hg), GOD 1 4512, 

5-methylene-2,2-dimethyl-6-hepten-3-ol (7d) 11139% yteld, bp 6OC (2 mm Hg), n28 1 4632, 

ipsenol (7e) 111 19% yreld, bp 45 (0 1 mm Hg), &$ 14633, 

ipsdienol (7f) m 21% yteld, bp 32-37’C (0 02 mm Hg),n20D 1 4854. 

For spectroscopic data of 7a-f see Tables V-VII 
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g. Metaiation of Isoprene with KDA in THF/hexane and Subsequent Functionalizatton 

with Trimethylchlorosiiane, Dimethyl Disulfide, or Diethyl Disulfide. (Table III). Preparation 

of 7g-i. The metalanon of isoprene was camed out as described m secnon f. The cold reacnon nnxture (-7o’C) 

was poured over 1 mm mto a solution of 0.050 mol of the electroptie, wnh vigorous snmng and coohng at 

-9o’C m a bath with hqmd mtrogen The red colour Qsappeared nnme&ately. Workup camed out as described III 

section b (however, washmgs vvlth water were perfm too) afforded 

Z-methylene-1-trimethylsilyi-3-butene (7g) m 19% yield. bp 6o’C (75 mm Hg), bit 69-7o’C (80 

mm W#‘?, 
2-methylene-1-methylthio-3-butene (7h) III 20% yield (accordmg to GC and NMR), bp 4o’C (12 

mm Hg), the product was camunmated wtb dunethyl d~ulfii and (I-C~H&NSCH~: mass spectrum m/e (96 of 

base peak) 147 @I+, 33). 132 (29), 90 (lOO), 43 (14), ‘H NMR 8 3 17 (CH, septet, J = 6 5 Hz), 2 13 (SCH,, 

s). 109 (C&CH. d, J= 6 5 Hz), 13C NMR 6 55 5 (CH), 26 4 (SCH3), 22 3 (CH3CH), 

2-methylene-1-ethylthio-3-butene (7i) 111 14% yield (accordmg to GC and NMR), bp 45’C (12 

mm Hg). the product was contammated with &ethyl &sulfide and (I-C~H,),NSCH$H, mass spectrum m/e (% 

of base peak) 161 (M+, 24), 146 (35), 104 (100). 90 (15), 76 (30), 58 (30), 44 (42), 27 (18). ‘H NMR 6 3 16 

(CH, septet, J= 6 5 Hz), 2 45 (SCH,, q, J= 7 4 Hz), 1 20 (CZf3CH2, d, J= 7 4 Hz), 106 (CIf$H, d, J= 

6 5 Hz), 13C NMR 6 55.3 (CH), 32 6 (SCH2), 22 3 (CH3CH), 14 4 (CH3CH2) 

For spectroscopic data of 7g-i see Tables V-VII 

h. Metalation of Isoprene with CsDA and Subsequent Functionalization with Oxirane. 

(Table IV). A solution of t-BuGCs m THF was prepared by reaction of 0 32 mol Cs (43 g) with 0 30 mol of 

r-BuOH 111 600 mL of THF at 4o’C unal the colour turned into blue &Q A rmxture of 110 mL of this solunon, 

contanung 0 055 mol of r-BuGCs, and 0 051 mol of HDA (5 15 g) was cooled to -100X!, after which a solution 

of 0 050 mol of BuLl m 31 mL of hexane was introduced from a syringe over 1 mm Durmg thus addmon the 

mixture was efficiently snrred and the temperature kept between -100 and -9o’C After the addition the 

temperature was allowed to nse to -80°C and 0 075 mol of lsoprene was added m one portion The colour of the 

solution changed Immechately mto red After an addmonal 30 nun stnnng at -7o’C, a solution of 0 10 mol of 

oxnane 11120 mL was added The temperature was allowed to nse, and workup was performed as described in 

sectlon b This gave 7c m 71-73% yields 

i. Metalation of Isoprene with NaDA and Subsequent Functionalization with Oxtrane. 

(Table IV). Exactly the same pmcedure as with KDA was followed (described m section b), using t-BuONa 

mstead of t-BuOK, and 50% excess of lsoprene 7c was obtamd in 7% yeld 
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j. Preparation of the Imines. N-Cyclohexylidene-N-cyclohexylamine (9a). A nuxnuz of 

0 5 mol of cyclohexanone, 0.5 mol of cyclohexyl-annne and 300 mL of benzene was heated under reflux, usmg a 

Dean-Stark apparatus, unal the formatton of water has ceased. Removal of the solvent in vllcuo and subsequent 

&stJlation gave 9a m SO% yields 

N-Isobutylidene-N-tert-butylamine (SC). 87 A round-bottomed flask was charged with 75 g of 

basic alummum ox& (dned for 2 days at 2oo’C). 150 mL of anhydmus pentane, 0 20 mol of 2-methylpropaual 

and 0.37 mol of tert-butylamme After 18 hours at mom temperature, the alurmnum ox& was filtered off and 

nnsed thoroughly with pentane The pentane was d~stiled off through a Wdmer column nsnllanon gave 9c 111 

84% yield 

N-Benzylidene-N-t-butylamine (9d). 87 Tlus compound was prepared following the procedure 

described m hterature 7286 A truxture of 0 50 mol of benzaldehyde and 0 55 mol of tert-butylamme was kept 

several hours at mom temperature, subsequent separanon of the water, followed by dlstdlatlon gave 9d m yields 

79oz 

N-(2,2-Dimethylpropylidene)-N-tert-butylamine (9e).87 A sumlar procedure was followed as 

described m for 9c, using 120 g of basic alummum oxide, 140 mL of anhydrous pentane, 0 16 mol of 

2,2-dunet.hylpropanaJ and 0 30 mol of ren-butylamme Workup after 29 h at mom temperature gave 9e m 85% 

yield 

N-Cyclohexylidene-N-fert-butylamine (9f). Molecular aeves (250 g, 4 A, dned In VUCLW at 

15o’C, 3 h) were placed in a flask, which equipped with a droppmg funnel (wlthout a side-tube) and a gas- 

outletinlet The flask was evacuated. and 0 50 mol of cyclohexanone, 250 nL of anhydrous hexane, and 0 68 

mol of tm-butylamme were subsequently added Nitrogen was adrmtted, and the flask was swirled After heatmg 

under reflux for 3 h, and standmg for one night at room temperature, the hqmd was decanted aud the molecular 

sieves were thoroughly used with ether Removal of the solvents and subsequent &shllanon gave 9f m 33% 

yield (accordmg to GC and NMR), the product was contammated with cyclohexanone 

Physlcal and spectroscopic propernes of the munes 9a, c-f are hsted m Table VIII 

Attempt to Prepare 9f from terf-Butylamine and Cyclohexanone over Aluminum Oxide. 

Basic ahunmum oxtde (250 g, clncd for 2 days at 2oo’C) and 0 50 mol of cyclohexanone was placed m the flask 

The nuxture was sw&d by hand unti the cyclohexanone homogeneously was dispersed on the ahunma A reflux 

condenser was placed on the flask and 0 68 mol of tert-butylamme was added through the condenser After 

smhng for 1 mm the flask was placed m a heatmg bath and the nuxhue heated under reflux for 6 h After thrs 

penod the nuxtme was allowed to stand at room temperature for 5 days The alumma was nnsed well with ether, 

and the rinsings concentrated eta vacua Subsequent dlstlllatlon of the remamlng llquld gave 

2-(1-cyclohexenyljcyclohexanon in 35% yield, bp 1lO’C (2 mm Hg), m 35% yield, n20D 1 5055 lH NMR 

(acetone-& 2 05 ppm) 6 5 34-5 40 (1 H. m. CH=). 2.89-3 00 (1 H, m, CHC=O), 2 16-2 45 (2 H, m, 
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Duect metalation of isoprene 
2059 

CH,C=O), 1.50-2 10 (14 H, m, 7 CH& 13C NMR (acetone[Dd, 29.85 ppm) 6 209 8 (GO), 137 2 (C=CH), 

123.4 (CH=C), 59 1 (CHC=O), 42.6 (CH+O), 32 6 (CHzC=O), 28.3, 27.7, 25 9, 25 6, 23 6, 23 2 (6 

CH2) 

k. Preparation of the Sterically Hindered Amines. N-Cyclohexyl-N-(l-butyl- 

cyclohexyl)amine (10a). A solution of 0.10 mol of 9a m 20 mL of hexane was added over 15 mm to an 

efficzently stmed solutmn of 0 20 mol of butylbthuun m 124 mL of hexane Durmg dus addmon the reachon 

mtxtunz was kept at u)‘C by coolmg m an ice-bath and efficz.nt stunng The resultmg clear solunon was poured 

over 1 mm mto 0 5 kg of finely crushed ice. while contmuously swulmg The aqueous layer was extracted t\krlce 

with ether After concentranon of the combmfxl organic solutions m vuci40 a sufficient amount of 9% aqueous 

hydrochlonc acid was added, to brmg the pH below 1 under these condltlons 9a, present fir 108, was 

hydrohzed After sHrlrhng for 5 mm, potassium hydroxtde was added to bnng the pH above 11 Dunng this 

ad&&on the rmxture was efficiently swtrled and the temperature kept below 2o’C by addmg ice Two extractions 

wtth ether, removal of the solvent m vucuo, and subsequent Qsnllahon gave 10a in 7540% yields 

N-tert-Butyl-N-(1-isopropyl-pentyl)amine (10~). 0 19 Mol of 9c was added over 15 nun to a 

solunon of 0 20 mol of BuLs m 125 mL of hexane, with efflclent stunng and coohng at 2o’C After the addmon 

the reaction rmxnmz was poured mto 200 mL of ice-water, and the aqueous layer was extracted one hme urlth 

pentane The combined organic solutions were dned over potassium carbonate Removal of the solvent and 

bullanon gave 1Oc in 82% yteld 

N-tert-Butyl-N-(l-phenylpentyl)amine (1Od). This compound was prepared in 80% yield 

followmg the procedure described m ltteratnre 72 

N-fert-Butyl-N-(1-terf-butylpentyl)amine (10e). 9e (0 07 mol) was added m one portion to an 

efftclently stured solunon of 0 096 mol of BuLl III 59 mL of hexane and 55 mL ether with coohng at 8 ‘C After 

an addmonal2 25 h without coohng, the nuxture was quenched with water Extractions with ether, drying over 

potassium carbonate, removal of the solvents VI vacua, and subsequent dlshllanon gave 10e in 74% yield 

N-tert-Butyl-N-(1-cyclohexylpentyl)amine (1Of). Following the procedure as described for 10a 

(see above), unme 9f was added to a 100% excess of butylhthlum m hexane at 20°C Subsequent sun&r workup 

afforded 1 Of m 50% yield 

Physlcal and spectroscopic propemes of the amlnes lOa, c-f are hsted m Table Ix 



T
ab

le
 

IX
. 

P
hy

sx
al

 
an

d 
S

pe
ct

ro
se

op
w

 
P

ro
pe

rt
ie

s 
of

 
th

e 
S

te
rw

at
ly

 
H

m
de

re
d 

A
m

in
es

 
(1

0)
 

co
m

po
u

n
d 

10
a 

10
d 

10
e 

13
5 

(2
) 

1 
48

50
 

C
16

H
31

N
 

77
 (

12
yJ

 

1 
43

03
 

C
’z

H
27

N
 

70
-7

5 
(0

 1
) 

14
86

6 

C
’S

H
Z

Z
N

 

88
 (1

2%
’ 

14
34

0 

C
’J

H
T

B
N

 

11
5-

12
0 

(1
2)

 
1 

10
-l

 6
0 

(1
6H

. 
m

),
 1

 1
5 

(9
H

’o
, 

s)
, 

14
64

6 
0 

89
 (

3H
5,

 t,
 J

 =
 6

 7
 H

z)
. 0

 4
5-

O
 8

0 
(N

H
, b

) 

C
’~

H
B

N
 

2 
27

-2
 4

3 
(H

9,
 m

),
 1

 5
3-

l 
71

 (
4H

6,
 m

),
a 

1 
39

-1
 5

3 
(2

H
*,

 m
),

 0
 8

9-
1 

39
 (

2O
H

, m
).

 

0 
82

 (
3H

*,
 t

, J
 =

 6
 6

 H
z)

, 
0 

60
-O

 7
0 

(N
H

, b
) 

2 
27

-2
 3

5 
(H

’. 
m

),
 

1 
68

 (
H

6,
 d

se
pt

),
 1

 l
O

- 

1 
40

 (
6H

z4
,m

),
 

1 
02

 (
9H

’o
,s

),
 0

 8
5 

(3
H

s,
t)

, 

0 
81

 (
3H

7,
d)

, 0
 7

8 
(3

H
8.

d)
. 

0 
4-

O
 7

 (
N

H
b)

 

5’
6=

35
H

z,
J4

5=
&

7=
&

=
68

H
z*

 

54
 1

 (
C

l)
, 

49
 5

 (
C

?)
, 

36
 9

 (
3~

2.
6)

. 

36
 4

 (
2C

’o
).

 
26

 1
 c

c*
,. 

25
 7

 (
3C

’ 
1.

12
).

 

24
 8

 (
G

x)
, 2

3 
3 

(C
’),

 
22

 0
 (

2C
7)

, 
14

 0
 (

C
5)

 

56
 3

 (
C

l)
. 

50
 4

 (
C

?)
, 

33
 1

 (C
2)

, 
3 

1.
6 

(C
6)

, 

30
 3

 (
3C

’o
).

 
29

 0
 (

C
?)

, 
23

 0
 (

C
t)

, 
18

 3
 (

C
T

),
 

17
 9

 (
~

8)
. 

14
 1

 (c
S

)b
 

7 
15

-7
 3

9 
(5

H
7.

*v
9)

, 3
 7

2 
(H

’. 
t)

. 
1 

61
 (

2H
* 

14
8 

0 
(c

6,
. 

12
7 

9 
(Z

C
*)

, 
12

6 
9 

(2
C

7)
. 

dt
),

 1
 0

0-
l 

42
 (

4H
3p

4,
 m

) .
 1

02
 (

9H
*‘

. 
s)

,b
 

12
6 

1 
(@

,. 
57

 4
 (

C
l)

, 
51

 1
 (C

’“
),

 
40

 3
 (

C
2)

, 

0 
87

 (
3H

s.
 t

).
 1

’2
 i

14
5 

=
7 

0 
H

z,
 5

23
 =

7 
4 

H
2 

30
 1

 (
3C

”)
. 

28
 8

 (
C

3)
. 

22
 5

 (
C

T
’),

 1
3 

9 
(C

s)
 

2 
13

-2
 1

8 
(H

1,
 m

),
 1

 6
2-

l 
77

 (
2H

2,
 r

n
),

br
 

60
 4

 (
C

l)
. 

50
 4

 (
@

).
 

35
 9

 (
@

),
 

35
 3

 (
c6

).
 

1 
23

-l
 5

0 
(4

H
3e

4,
 m

),
 1

 1
1 

(9
H

6,
 s

).
 

31
 7

 (
C

3)
. 

30
 3

 (
3C

9)
. 2

7 
1 

(3
C

7)
, 

0 
91

 (
9H

9,
 s

),
 0

 9
6 

(3
H

5,
 t

).
 0

 5
-O

 7
 (

N
H

b)
 

23
 5

 (
C

+
).

 1
3.

8 
(C

S
)b

 

‘3
C

 N
M

R
 

6 
(p

pm
) 

55
 6

 (
C

l)
, 

51
.4

 (
@

),
 

38
 7

 (
2c

d)
. 

37
 6

 (
@

, 

33
 1

 (
3C

’o
).

 
26

 2
 (

C
”)

, 
25

.2
 (

C
3)

. 
23

 3
 (

C
4)

, 

22
.4

 (
2C

7)
, 

14
 3

 (
C

5)
 

. .
 

- 

m
as

s s
pe

ct
ru

m
 

m
/e

 (4
6 

of
 b

as
e 

pe
ak

) 

23
7 

(M
+

.4
),

 2
08

(7
).

 1
94

(3
4)

, 

18
0 

(1
00

),
15

2 
(5

).
 1

39
(1

8)
. 

12
4 

(4
).

 1
12

 (8
).

 9
8 

(2
4)

 

I8
6 

(M
+

H
+

. 3
).

 1
70

 (5
).

 

14
2 

(6
0)

. 
12

8 
(1

3)
. 

86
 (

lO
O

),
 

72
 (3

4)
. 

58
 (

13
)b

 

22
0 

(M
+

H
+

. 2
).

 2
19

 (
M

+
, 2

).
 

20
4(

4)
, 

16
2(

88
).

 1
47

(7
),

 1
06

 

(1
00

).
 9

1(
42

),
 7

9(
7)

. 
58

(1
1)

 

20
0 

(M
+

H
+

. 3
),

 1
84

 (4
).

 

14
2 

(6
3)

. 
12

8 
(5

).
 1

12
 (2

).
 

86
 (1

O
O

)b
 

21
 l(

M
+

,7
).

18
6(

24
).

 
15

4(
62

),
 

13
8 

(5
).

 1
26

 (1
5)

. 
11

2 
(4

7)
. 

98
 (1

00
).

 8
1 

(1
2)

. 
58

 (
22

) 
a 

cD
c1

3 
as

 s
ol

va
lt 

an
d 

SI
M

Q
 8

3 
m

em
at

 
st

m
da

rd
 

(0
 0

0 
pp

m
) 

b 
T

ha
e 

da
m

 a
xl

oJ
po

nd
 

vn
th

 d
lo

sc
 r

rQ
on

ed
 m

 ll
tu

an
ue

 
lo

cc
. 

-1
O

d 
~L

C
C

D
U

~a
ss

dw
nt

an
dC

H
~~

as
rn

tu
d 

st
an

da
rd

 (5
 3

2 
w

m
) 



Direct metalanon of isoprene 2061 

References 

1 

2 

3 

4 

5 

6 

7. 

8 

9 

10 

11 

12 

13. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 Akutagawa, S ; Otsuka. S J Am Chem Sot 1975,97, 6870 

25 FUJIU, T , Suga, K , Watanabe, S Chem Znd 1973,231 

26 FuJI~~, T, Suga, K , Watanabe, S Ausr J Chem 1974.27.531 

27 Takabe, K., Katagm, T, Tanaka,J Chem Lett 1975, 1031. 

28 Watanabe, S , Suga, K , FuIJ~~, T. Synthesis 1971, 375 

Bates, R. B.. Beavers, W A J Am Chem Sot 1974,%, 5001 

Lochmann, L , Pospfs~l, J ; Lim, D Te&ze&onLen 1966,25 

Schlosser. M J. Organomet Chem 1967,8, 9. 

Schlosser, M. Pure & AppZ Chem 1988,60,1627, and references cited there 

Schlosser, M Angew Chem 1974.86.751. Int Ed Engl 1974,13,701 

Schlosser, M ; Hartmann, J ; David, V Helv Chrm Acca 1974,57, 1567 

Stihle, M , Hartmann, J , Schlosser, M Helv Glum Acra 1977,60, 1730 

Moret, E., Schneider, P, Margot, C., Stile, M , Schlosser. M Chuma 1985, 39, 231 

Klein, J, Medhk. A J Chem Sot , Chem Commun 1973.275 

Ak~yama, S , Hooz, J TefrahedronLett 1973,411s 

Schlosser, M , Hartmann, J Angew Chem 1973,85,544, Inr Ed Engl 1973. 12,439. 

Heus-Kloos, Y A , de Jong, R L P , Verkruysse, H D , Brandsma, L , Juha, S Synthesis 1985,958 

Bahl, J. J ; Bates, R B , Gordon, B , III J Org Chem 1979, 44.2291 A sumlar negative result was 

obtamed m our laboratory usmg the same couple BuLl r-BuOK m THF 

Bates, R B , Gosselmk, D W ; Kaczynsla, J A TetrahedronLen 1967, 199 

Bates, R B ; McCombs, D A Tefrahedronktt 1969,977 

Bates, R B , Brenner, S , Demes. W H, McCombs, D A., Potter, D E J Am Chem Sot 1970, 92, 

6345 

Schlosser, M , Bosshardt, H , Walde, A, Stile, M Angew Chem 1980, 92, 302, Int Ed Engl 

1980,19,303 

Bosshardt, H , Schlosser, M Helv Glum Acra 1980,63,2393 

Moret, E , Schlosser, M TetrahedronLen 1984.25, 1449 

Gordon, B , III, Blumenthal, M, Mera, A E , Kumpf, R J J Org Chem 1985,50, 1540 

SchuC, F , Bywater, S Bull Sot Chum Fr 1970,271 

Wakefield, B J “The Chemrstry of Organolrthrum Compounds”, Pergamon Press Oxford, 1974, p 96- 

104 

Young, R N , Quirk, R P , Fetters, L J Advances m Polymer Science 1984, 56, I-90, and references 

cited there 



P A A KL.USENER~~U~ 

29 

30 

31 

32 

33 

34. 

35. 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48. 

49 

50 

51. 

52 

53 

54 

55 

56 

57 

58 

59 

Klusener, P A. A, Kuhk, W , Brandsma, L J Org Chem 1987,52,5261 

Katzenellenbogen, J A, Lenox, R. S J Org Chem 1973,38, 326 

kley, R G , Sdverstem, R. M , Katzenellenbogen, J A., Lenox, R S J Org Chem 1974,39. 1957 

Wilson, S R , Phllhps, L R TetrukdronLeff 1975,3047 

Wilson, S R , Phdhps, L.-R, Natahe, K J , Jr J Am Chem Sot 1979, IOZ, 3340 

Hosouu, A, Sa~to, M.; Sakura~, H. TebuhedronLett 1979,429 

Hegedus, L S , Varaprath, S OrgutwtneruZhcs 1982, I, 259 

Hosorm, A, AI&I, Y, Sakura~, H J Org Chem 1983,48,3122 

Bubnov, Y , Etmger, M Y TetrahedronLen 1985.26.2797 

Semmelhack, M F ; Fewkes, E J. TetrahedronLett 1987.28. 1497 

Hosorm. A Act Chem Res 1988,21.200. 

Takabe, K , Agata, A, Katagm, T, Tanaka, J Synthesrs 1977.307 

Already partly pubhshed Klusener, P A A, Hommes, H , VerkrmJsse, H D , Brandsma, L J Chem 

Sac , Chem Commun 1985,1677 

Fleser, L F ; Fleser, M “Reagents for Organic Synthesu”, Wiley New York, 1967 - 1981, Vol I, 

p 610; Vol 2, p 247, Vol 3, p 184, Vol 4, p 298, Vol 5, p 398, Vol 6, p 334, Vol 7, p 204, Vol 8, 

p 229; Vol 9, p 280 

Gaudemar-Bardone, F , Gaudemar, M Synthesis 1979,463 

Review of enolate chemtstry Seebach, D Angew Chem 1988,100, 1985 

Olofson, R. A, Dougherty, C M J Am Chem Sot 1973,95,582 

Fraser, R R , BrugnCe, A, Bresse, M , Hata, K TefruhedronLerr 1982,23,4195 

Fraser, R R , Bresse, M , Mansour, T S J Chem Sot , Chem Commun 1983,620 

Fraser, R R , Mansour, T S J Org Chem 1984,49,3442 

Fraser, R R , Mansour, T S , Savard, S J Org Chem 1985,50,3232 

Fraser, R R ; Mansour, T S Tetrahedron&t 1986,27,331 

Ahlbrecht, H , Schneider, G Tetrahedron 1986,42,4729 

Olofson, R A, Dougherty, C M J Am Chem Sot 1973,95, 581 

Renger, B , Hugel, H , Wykyplel, W, Seebach, D Chem Ber 1978, Ill, 2630 

Raucher, S , Koolpe, G A J Org Chem 1978,43,3794 

Lochmann. L, Trekoval, J J Organomet Chem 1979,179, 123 

Symons, E A, Powell, M F, Schmttker, J B , Clermont, M J J Am Chem Sot 1979,102,6704 

Margot, C , Schlosser, M TetruhedronLRtt 1985,26, 1035 

At the nme we did the first expenments (begmmng of 1985, see ref 41) refs 50*51S7 were unknown to US 

Strelmeser, A, Jr et al have reported a sene of papers concemmg the acldlty of hydrocarbons In 

combmanon with hthmm- and cesmm &cyclohexylannde, e g J Am Chem Sot 1962, 84,244,249, 



Direct metalatton of isopmne 
2063 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 Gaudemar-Bardone, F , Gaudemar, M Synthesrs 1979, 463 

78 Fraser, R R, Banvtlle, J J Chem Sot , Chem Commun 1979, 47 

79 tiers, R , Brandsma, L Unpubhshed Results 

80 Brandsma, L “Preparasve Polar Organometalhc Chemtstry”, Vol2, Sprmger-Verlag Hetdelberg 

81 O’Connor, R T , Goldblatt, L A Anal Chem 1954,26. 1226 

82 Ohloff, G Chem Ber 1957,90, 1554 

251,254,258; J Phys Chem 1964,68,2916,2919,2922; J Am Chem Sot 1965,87,384,5383, 

5388,5394,5399, ibtd 1978,100,4532 

Grovenstem, E , Jr. “Recent Advances tn Anwruc Polymenzatwn”, Hogen-Esch, T E , Smid, J., Eds , 

Elsevmr Science Pubhslung Co., Inc., 1987, p 3 

Stlverstem, R M , Rodm, J 0, Wood, D. L Scrence 1966,254,509 

Brandsma, L.; Verknu~sse, H. D “Preparanve Polar Organometalhc Cheoustry”, Vol I, Sprmger-Verlag 

Heidelberg, 1986 

Schlosser, M “Sm&ur andReaknv&tpolarer Organometalle”, Sprmger-Verlag Berlm, 1973, p 102 

This value 1s from the average value (2.25 A) of Koster et al of the C-L1 bond Qstance m crystallure 

(CH+I)~(TMEDA~ less Paulmg’s crystal radms (ref 67) of hthmm. Koster, H , Thoennes, D , Weiss, E 

J Organomet Chem 1978,160, 1 

This value 1s from the average value (2 00 A) for Lr-N m hthmm 2,2,6,6-tetramethylplpendlde and 

LrN(SrMe& Lappert, M F , Slade, M J , Smgh, A ; Atwood, J L, Rogers, R D , Shakrer, R J Am 

Chem Sot. 1983,105,302. and in ref.66 

(PhCH&NLr OEtz and (PhCH@Lr HMPT Barr, D , Clegg, W , Mulvey, R E , Snanh. R J Chem 

Sot , Chem Commun 1984,285 

RL,+ = 0 60 A, RNa+ = 0 95 A, RK+ = 133 A, Qs+ = 169 A Pauhng, J “The Nature of the Chemical 

Bond”, 31ded., Cornell Umv Ithaca, New York, 1960, p 514 

Layer, R W Chem Rev 1963,63,489 

Texter-Boullet, F. Synthesrs 1985, 679. 

Kyba. E P Org Prep Proc 1970,2, 149 

Tagugchi. K, Westhelmer. F H J Org Chem 1971,36, 1570 

Chffe, I A, Crossley, R , Shepherd, R G Syntheses 1985, 1138 

See for an alternauve procedure to prepare aryl- and n-alkyhrmnes vm Gngnard and cuprate addmons to 

N-mmethylsilylformarmdes Fermga, B L , Jansen, J. F G A Synthesis 1988, 184 

Kopka, I E, Fataftah, Z A, Rathke, M W J Org Chem 1980,45,4616 

Corey, E J ; Gross, A W. TetrahedronLett 1984,25,491 

Fraser and Mansour reported 111 tbetr suplementany matenal of ref 48 a ytekl of 28% of 9c, followmg the 

same procedure 



2064 
P. A. A KLUSENER et al 

83. KleiJn, H., Westnqze, H ; MelJer, J , Vermeer, P. Reel Trav Chum Pays-Bas 1980,99, 340 

84 Brandsma, L ; Klusener. P. A. A, Gregory-Krug, K Unpubhshed results. Compare Gregory, K, 

Bremer, M, Schleyer, P. v R ; Klusencr, P A. A, Brandsma, L Angew Chem 1989,101,1261 

85 The ms 9c-e were stored at -3OT. smce they form easdy duncrs See for example ref 73, and ref 8 

cited tllele. 

86 E&g, B L , Horvath, R J., Saraceno, A J ; Ellernxyer, E F , Hale, L , Hudag, L D J Org Chem 

1959,24,657 

87 Brown, H C ; Randad, R. S Tetrahedron 1990,46,4463 


