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Abstract 

Ethylene, hex-1-ene and (+)-n-pinene were readily metallated in methylcyclohexane with the system “BuLi/LiK(OCH,CH,N- 
Me,),. The regioselectivity of the reaction of metallated hex-l-ene and (+)-a-pinene with CO, could be substantially modified by 
the addition of Mg(OCH,CH,OEt),. Addition of the latter also solubilizes the organometallic reagents. The allylmetallic products 
from the metallation of hex-l-ene and a-pinene added to ethylene under mild conditions. Whereas up to four molecules of 
ethylene added to metallated hex-1-ene, only one or two, depending on the reactant ratios, added to metallated a-pinene. Similar 
reactions involving use of a variety of other strong bases such as “BuLi/‘C,H ,, OK and “BUM (M = Li, Na, K), with and without 
added TMEDA, indicated that the presence of a tertiary amine, apart from assisting the metallation reaction, is essential for the 
occurrence of the addition. 

1. Introduction 

The addition of organometallic compounds to unac- 
tivated carbon-carbon double bonds is well docu- 
mented 111 and is of fundamental importance in the 
polymerization of olefins by the Ziegler-Natta [2] or 
anionic processes [3]. For organometallic derivatives of 
the alkali metals, addition generally occurs only if 
there are no allylic hydrogens present; otherwise allylic 
metallation takes place preferentially. Exceptions to 
this are only observed when the potential allylmetal is 
a high energy species, as in the case where the allylic 
proton is at a bridgehead position [4]. 

Two types of reaction have been observed between 
alkali metal organometallics and ethylene, namely met- 
allation and addition. Metallation of ethylene at 1 atm 
pressure is reported to occur with n-pentylsodium [5] 
or with the reagent system n-butyllithium/potassium 
tert-butoxide in the presence of TMEDA [6*,9 “I. In 
the absence of TMEDA, the latter system is reported 
to be unreactive towards ethylene while, for simple 
organolithium compounds, addition to ethylene occurs 
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in the presence of a Lewis base such as THF or 
TMEDA [la,2]. The allylmetal formed by Lickor metal- 
lation of 2,3-dimethylbut-2-ene in THF has been ob- 
served to add to ethylene [lOI, and a similar addition 
with l-phenylcyclopropylpotassium has also been re- 
ported [ll]. The ethylene in these cases was formed by 
base cleavage of THF [la,2]. In the case of other 
unsaturated hydrocarbons with no allylic hydrogens, 
metallation at the olefinic position is effected by 
organosodium reagents, especially in the presence of 
sodium or potassium alkoxides [4], while an examina- 
tion of the literature reveals that vinylic metallations 
using an organolithium/ potassium alkoxide combina- 
tion are successful only when a functional group is also 
present [121. 

Our interest in the modification of organometallic 
reagents by metal alkoxides [13] led us to examine 
aspects of the metallation reaction and the chemistry 
of the products formed, and in particular the reaction 
with ethylene. The initial investigations have centred 
on metallations of hex-l-ene and (+)-a-pinene. The 
former was used to evaluate the extent and regioselec- 
tivity of metallation, whereas the latter was chosen 
because of its chemical interest. The use of bicyclo- 
[3.1.1]-heptane derivatives as chiral auxiliaries and as 
synthetic reagents is well known, and a-pinene is prob- 
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ably the most readily available reprcsentativc of this 
class [14,15]. Since the metallation of ( f )-ol-pinene 
using a number of strong bases, and subsequent reac- 
tions with substrates such as Me,SiCl. Bu,SnCl. 
B(OMe),X etc., have been reported previously [ 161. we 
have concentrated more on the ethylene addition reac- 
tion as a means of extending the chemistry of tu-pinenc 
and its homologues. 

2. Results and discussion 

In view of the known effect of tertiary amines in 
promoting the metallation reaction [17]. we chose to 
employ alkoxides derived from 2-dimethylaminoeth- 
anol in conjunction with n-butyllithium. The simple 
alkoxides NaOCH ,CH z NMc, ( 1) and KOCH,CH ?N- 
Me, (2) were found to be insoluble in mcthylcyclohex- 
ane (MCH), but acceptable concentrations could be 
obtained by using the double alkoxide. l.iK(OCH,- 
CH,NMe21L (3). Although it could be argued that the 
presence of the lithium alkoxide might reduce the 
effectiveness of the butyllithium/mctal alkoxide sys- 
tem as a metallating agent. it should bc borne in mind 
that lithium alkoxides arc an inevitable component in 
the reactions of conventional Lickor rcagenta. 

Hex-1-cnc was found to be readily metallated by 
“BuLi/3, and the extent of metallation was dcter- 
mined by carbonation, the rcgioselectivity of which 
could be varied to a certain degree by the prior addi- 
tion of Mg(OCH,CH,OEt), (4). The magnesium 
alkoxide was preferred to alternative magnesium com- 
pounds since it is known to provide hydrocarbon-snlli- 
ble reagents [ 13b, 181. 

We see from the results presented in Table 1 that, 
for maximum yields of the acids (El- and (Z )-hept-3- 
enoic acid (5) and 2-propylbut-.?-cnoic acid (6). a 1 : 1 
stoichiomctry of “BuLi to K is required (compare en- 

L CO,H 
CO& 

u - d 

5 6 

tries 1 and .i). The reaction time was not optimized, 
but it appears that the mctallation is essentially com- 
plete within 3 h. Addition to the y position becomes 
more significant khen 4 is present (compare cntrics 
I-5). and is comparable to the corresponding reactions 
with ally1 Grignard reagents [IV]. In the absence of 4 
(Entry 3) or when the ratio of 3 to 4 is 7: I (entry 5), 
substantially more terminal acids are obtained. We can 
thus infer that a species with substantial organomagnc- 
sium character is formed after addition of the magne- 
sium alkoxide. and it is to bc cxpcctcd that similar 
additives derived from other metals will also cause 
alterations in stereo- and rcgiochemical hehaviour. 
Such differences have indeed already hecn observed 
for allylmctal reagents prepared by other routes [3O]. 
The USC of KOCMc,Et instead of 3 appears to give 
slightly Iowcr yields. (entries 9 and IO). We observed 
little or no drop in yield when longer mctallation times 
wcrc used. ‘This implies that the organometallic formed 
does not react to any significant extent with the 
aminoalkoxide. While TMEDA is known to react slowly 
with organolithiums to give IOU yields of metallated 
products [?I]. in our cast the ncgativt: charge on the 
alkoxidc, and possibly the inferior mctallating ability of 
the allylmctals formed compared with alkylmetals. 
could be cxpcctcd tcj further minimize this sidc-reuc- 
tion. 

A similar picture holds for n-pinene. Metallation 
and subsequent carbonation gives approximately 70% 
of acids 8 and 9 (eqn. ( I)). III the presence of 4 the 
ratio of 8 to 9 is 0: 1 whereas in it\ absence the ratio is 
reversed. 

TABLE 1. Metallation of hex-I-ene and product dirtI-ihution after C~I-honation 

.-___ _____~__ 
Entry Hex- I-cne I’ BuLi I_X(OR), 4 Metallation Total yield Ratio 5 : 6 

(mmol) (mmol) ( mm01 ) (mmol) time t’;) 

(h) 
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& C02H 

a 

Yield without 4: 
Yield with 4: 

7% 
60% 

i. CO2 
t 

ii. Hz0 

+ 

63% 
7% 

Having established the effectiveness of “BuLi/3 as 
a metallating agent, we turned our attention to the 
reaction of the product organometallics with ethylene. 
As mentioned above, “BuLi/ tBuOK is reported to be 
unreactive towards ethylene, whereas addition of 
TMEDA causes metallation [9]. Metallation of ethy- 
lene at 1 atm pressure is also effected by “BuLi/3, a 
70% yield of acrylic acid being obtained after carbona- 
tion. No addition product, i.e. heptanoic acid, was 
detected (eqn. (2)). 

“BuLi/ 3 
C2H4 

T 
M 

(2) 

i. CO2 ,-\COH 2 

ii. H20 
70% 

In the case of the reaction of ethylene with metal- 
lated hex-1-ene, GC analysis of the hydrolyzed product 
mixture indicated the presence of a number of compo- 
nents in groups corresponding to C,, C,,, C,,, and C,, 
hydrocarbons, while no uptake of gas was observed in 
the presence of 4. The complex nature of the product 
mixture led us to try the analogous reaction with (Y- 
pinene. Addition did indeed occur slowly, reaction 
times were generally 3-6 days at 1 atm and room 
temperature, and hydrolysis gave up to four products 
that were isolated by preparative GC. On the basis of 
analytical and ‘H and 13C NMR data, structures lo-13 
are proposed (Scheme 1). 

Compounds 11 and 12 arise from the addition of 
ethylene to either of the two ends of the allylmetal, 7, 
to give 16 or 18, which are then protonated by excess 
cr-pinene or by the product allylic hydrocarbons, while 
10 is most probably formed by isomerization of 12. 
(The analogous isomerization of p- to the thermody- 
namically more favourable a-pinene is known to be 
induced by organosodium compounds [22].) Metalla- 
tion of any of the monoaddition products and subse- 
quent addition of ethylene followed by protonation 
would give 13. 

TABLE 2. Metallation of cy-pinene and distribution of ethylene addition products 

Entry cu-Pinene Base (mmol) Time Total yield a 10:11:12 
(mmol) (days) (%I camp. 

1 30 ” BuLi(20)/3(20) 7 95 48:13:16 b 
2 20 “BuLi(20)/3(20) 5 76 40: 17:7 c 
3 80 “BuLi(20)/3(20) 5 95 28:22:50 
4 100 “BuLi(15)/3(15) 1 60 1319177 
5 100 “BuLi(15)/3(15) 4 130 22:11:67 
6 500 “BuLi(50)/3(50) Id 170 9:19:73 
7 100 “BuLi(15)/14(15) 5 165 12:23:65 
8 100 “BuLi(15)/15(15) 9 Trace _ 
9 100 “BuLi(l5)/15(15)/TMEDA(30) 3 160 9: 12:79 

10 100 “BuLi(l5)/TMEDA(lS) 3 16 0:8:92 
11 100 “Bu,Hg/Na(l5)/TMEDA(15) 4 210 71:4:25 
12 100 “Bu,Hg/K(lS) 3 0 _ 
13 100 “Bu,Hg/K(lS)/TMEDA(l5) 6 230 22:10:68 

a By CC. Yields are given on the basis of the amount of metallating agent used. b 23% of 13 also produced. ’ 36% of 13 also produced. d At 3 
atm. 14 = LiK(OCH,CH,N’Pr,),; 15 = KOCMe,Et. 



Several features of intcrcst arising from the results 
given in l‘ablc 2 may be noted. Firstly, since metalla- 
tion of a-pinenc is considered to occur predominantly 
at tht: C-IO methyl group, addition of ethylcnc occurs 
mainly with allylic rearrangement and. in this respect, 
is reminiscent of the ene reaction [3j. It is worth 
noting that the addition reaction scans to hc facile 
only with ally!metallics: addition of alk>l-. xyl- OI 
vinylmetallics. where it occurs at all, usually requires :I 
high pressure of olcfin [3]. 

Secondly, although the immediate product of addi- 
tion should be the organometallics 16 and 18. no 
evidcncc of metallation of ethylene or ~~ddition of 
ethylene to the terminally mctallated position was 
found. In those runs in which the reaction was 
quenched with CO.. no acrylic acid or acid corrc- 
sponding to organometallics such a~, 16 or 18 wm 
detected. The major proportion of the acid formed was 
9. with 8 as the most significant minor product. and the 

yields were typically in the range 30-50~; based on the 
quantity of metallating agent used. It therefore seems 
that 16 and 18 rapidly metallate any available site 
either intra- or intcrmolecuiarlq to give an allylmcta! 
derivative (r7.g. 7. 17 or 18). The regeneration of’ 7 
suggests that the production of cthylatcd pincncs could 
be made to be catalytic in metallating agent but, in 
fact. only up to about two cyc!cs were ohs~rvcd indicat- 
ing that the regeneration or the reactivity of 7 was 
somehow adversely affected. From the yields of acids 
after carbonation, it seems that some 01 the loss of 

activity i4 due to side-rcactiona of the intermediate 
non-allylic cartxrnions. possibly with the aminoalkoxide 
(or ‘I‘MEIIA [‘I]). Mctallation 01’ the amine additive by 
allylic carbanions is not expected to bc significant. 
Indeed. mctallation oi’ rk-pincnc Lvith “BuLi~‘3 and 
carbonation after 3 days g~c the same yield ot‘ acids ;~‘r 
with carlxmaticin of the fre5!l reaction mixture. 11 I‘LII--- 
ther factor- that m,i) lx rc\pilnsiblc for the 1045 01 
activity is that an unfxvourablc chxngc in aggregation is 
occurring 35 the e’s\cntiall!. hctcro~cnt’ous rcactirln 
proyre5ses. 

Addition 01’ two ctliylcnc molecules to give 13 IS 
only important u hen stoichiomctric or near htoichio- 
metric ratio4 of rhc rcaCt:tiits arc cmployetl (ciitric4 1 
ant! 2). According to Scheme 1. t tic second addition 
proceeds h\, M;I> oi’ the all!iic spccich 17 or 19. The 
latter could al-kc cithcr by intraniolcclll~lr rearrangc- 
ment of I6 or 1X. or indirectly V/G 12 OJ- II. The species 
16 and 18. IIXVC sp’ carbanionic ccntres and shoult! bc 
xtrong mcta!lat ing agents capable of t-Lipicily metnllating 
ru-pinenc if its cc~nc~ntration \\crc relatively high. and 

thus leading to the h~drocar’l~on~ 12 or Il. The subxc- 
qucnt thcrmodyn;~mic;~ll~ favourahle isomeri~ation ill 
12 tc) 10 is prcsumabl! promoted in this cast by allyl- 
metal. Here. the equilibria most likely i‘avour the hy- 
drocarbons and. conxqucntly. the ;Imount cjf 17 prc- 
sciit. and its ethylcnc addition product. kvill tx small. 
On the other hand. il‘ the cc~ncentration of ci-pinene is 
low. ah in the ciihc of cnti-1’ I or entry 2. direct t-eat-- 
rangemcnt of 16 or X8 to 17 or 19. rcspectivcly. while 
perhaps slower than the indirc<,t I-outs. co~11d bc ;I 
much IJIOI’C significant prcxxss alid ~.ou!d esp!ain Ihc 
higher propc~rtion\ \)f 13 ;IJJ~ IO that arc IA~\cI~ed in 
t!JCSC C;lSCS. 

Of particular significance is the fact that essentially 
no acldilion occur> in the ahsencc of tertiary amine 
(entries X anti 1’1 cvcii though it i5 not ebscntial for 
mcta!!ation. 21s xh<>wn above !‘oJ- hex- I-cnc ;_ind previ- 
ously for a-pinenr by other Norlas [ I(,]. The reason 
for this roquircmcnt i5 not clear and iiecds further 
examination to detcrminc v,hether the role of amine is 
to activate directly the allylmetal tou.:trds addition of 
ethylcnc or indirectly by promo!ing Jc-aggregation of 
the organom~t;t!!ic \pccics. F!‘!~c Jrattirc of the metal is 
seen to influence both the yield and the product com- 

position. With iithium ;i!onc ;~lr the rncta!. only a low 
yield is obtained (c‘ntry IO). although this may retlcct. 
at least part!). a !o~cr yic!d of mcta!!ation. -!%e highest 
yield5 were ohtaincri \+ith the systems “BuNa/7‘MEIIA 
and “BuK,:TMEDA (entries I I and 13 ), but while \\:ith 
the latter the product ratio N:IS similar to that obtained 
using “hh~~_~ icc~mparc cnlric~ 5 aid Ii). with the 
former there u;I\ cxtensivc isomcrization to 10 (entry 
I 1 ). !‘ossibl> the intcrmcdiatc 16 metallates cr-pinenc 
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more rapidly than 12 when “BuK is used to generate 7, 
whereas the reverse applies for “BuNa. 

Only one of the two possible diastereoisomers of 12 
appears to be formed since, although we have not 
determined which one is formed (the structure given 
above for 12 is expected from steric considerations to 
be the more likely), the 13C NMR spectrum gave just 
12 signals. 

The addition of ethylene to metallated cu-pinene 
may be compared to the reaction with ethyl iodide 
where the major product is 11 (85% of the product) 
and 12 is the minor (10%) [24*]. A further 3% is due 
to an accompanying peak in the GC and which is 
perhaps due to the C-3 epimer of 12. Treatment of the 
metallated a-pinene with a large excess of 4 before 
reaction with Et1 changes this composition only slightly 
(74% 11, 26% 12). On the other hand, metallation of 
a-pinene by “BuLi/3 followed by reaction with diethyl 
sulphate gave a much higher percentage of 12 (56% 11, 
42% 12, 2% unknown). 

3. Experimental section 

All reactions with air-sensitive reagents were carried 
out under pure argon. Nuclear magnetic resonance 
spectra (NMR) were recorded on a Varian FT80 in- 
strument. Gas-liquid chromatography (GLC) was car- 
ried on a Pye Unicam GCV chromatograph with 
Apiezon L on Chromosorb GAW/BMCS analytical 
and preparative columns. GLC yields were estimated 
by use of an internal standard (decalin) and also from 
the total of the peak areas of unreacted pinene and the 
reaction products. Both methods gave comparable re- 
sults. Elemental analyses were performed at NCSR, 
“Democritos”, Athens. Magnesium 2-ethoxyethoxide 
was prepared as described previously [18]. All other 
reagents were obtained commercially. 

3.1. Preparation of [LiOCH,CH, NMe, . KOCH,CH,N- 
Me,] (3) 

Potassium metal (8.5 g, 220 mmol), cut into pieces 
under dry methylcyclohexane (MCH), was covered with 
80 ml of MCH in a three-necked flask equipped with a 
pressure-equalizing dropping funnel and condenser. A 
solution of 2-dimethyiaminoethanol (35.7 g, 400 mmol) 
in MCH (120 ml) was added during 20 min. (The 
reaction is fairly mild and no cooling is necessary). 
After the addition, and when the rate of evolution of 
hydrogen had decreased substantially, the mixture was 
heated under reflux for 3-4 h until all the metal had 
been consumed. On cooling, a white crystalline mass 
began to separate out. Before the mixture had cooled 
completely to room temperature, lithium metal pieces 
(1.4 g, 200 mmol) were added. A mildly exothermic 
reaction ensued. After 30 min, heating was again ap- 

plied and continued until the metal remaining ceased 
to float on the surface (indicating that the excess of 
potassium metal had been displaced by the lithium) 
and then for a further 2 h to ensure completion. The 
solution formed was stable for long periods under an 
inert atmosphere and at temperatures above cu. 20°C. 
(At lower temperatures alkoxide precipitates out on 
standing for several days,) The concentration was de- 
termined by hydrolyzing an aliquot (1.00 ml) and titrat- 
ing against 0.100 N HCl using methyl red indicator to 
give total organic and inorganic base concentration. 
The total alkoxide concentration is one-half of this and 
was typically 1.7 N. The potassium and lithium concen- 
trations were assumed to be equal and thus one-half of 
the alkoxide concentration. 

KOCEtMe, was prepared by addition of EtMe,COH 
(19.0 g, 215 mmol) in MCH (60 ml) to potassium metal 
pieces (9.5 g, 240 mg atom) covered with MCH (60 ml). 
(The reaction is very mild and the addition may be 
carried out fairly rapidly). After the addition, the reac- 
tion mixture was heated under reflux. After a while, a 
thick white precipitate formed (presumed to be an 
alkoxide/ alcohol aggregate). This redissolved on fur- 
ther heating which was stopped after 2 h. No precipi- 
tate formed on cooling. Titration of a hydrolyzed 
aliquot against 0.100 N HCl indicated an alkoxide 
concentration of 1.64 N. 

3.2. Metallation of ethylene and carbonation 
The metallation was carried out under an atmo- 

sphere of ethylene. A solution of 3 (23 ml, 0.87 N, 20 
mmol) was cooled in ice and “BuLi (11.5 ml, 1.8 N, 21 
mmol) added during 20 min. Ethylene was passed 
through the suspension for 2 h after which it became 
orange-red. The mixture was poured onto crushed dry 
ice in Et,0 and allowed to warm to room temperature. 
Water was added and volatiles removed by rotary evap- 
oration. The aqueous solution was extracted with 2 X 50 
ml toluene and 2 x 50 ml hexane and then acidified 
with 20% H,SO,. The organic fraction was extracted 
with 4 X 75 ml EtzO, dried over anhydrous MgSO,, 
filtered, and concentrated by evaporation under re- 
duced pressure at room temperature to give an oil, 
which gave a ’ H NMR spect r u m identical to that of 
propenoic acid [25]. Yield 1.0 g (70%). 

3.3. Metallation of hex-1-ene and carbonation, (entry 1) 
Hex-1-ene (3.8 ml, 30 mmol) and 3 (12.0 ml of a 

MCH solution 1.7 N in alkoxide; 10 mmol of 3) were 
cooled in a dry ice/acetone bath. “BuLi (10.5 ml of a 
1.9 N MCH solution; 20 mmol) was added over 15 min 
and the reaction mixture (an orange-brown suspension) 
then allowed to warm slowly to room temperature. 
After stirring at room temperature for 60 h, Mg- 
(OCH,CH,OEt), (4.1 g, 20 mmol) was added and 



stirring continued for 24 h to give a brownish solution. 
The solution was poured onto crushed dry ice/Et,(l). 
When this had warmed to room temperature, water 
was added and the mixture then evaporated to dryness. 
The residue was acidified with a little 20% H,SO, and 
extracted with Et,0 (3 x 50 ml>; the extracts wcrc 
concentrated and stirred overnight with XI. Na,CO,. 
The aqueous layer was separated. washed with 2 x 50 
ml toiuene and 2 x 50 ml hexane, acidified as before. 
extracted with 4 x SO ml dichioromethanc. dried ovcx 
MgSO,, and filtered and concentrated to ;I small voi- 
umc. The remaining solution was left to evaporate in a 
prewcighed beaker overnight. ‘H NMR of the residual 
oil indicated a yield of 1.4 g of acids (after allowing for 
a small amount of residual ethoxyethanol) (55%). of 
which 8% was (E I- and (Z)-hcpt-Senoic acid (5) and 
47% was 2-propyibut-?-enoic acid (6). The composition 
was inferred from the ‘H NMR spectrum by integra- 
tion of the oiefinic and aliyiic proton regions [26]. The 
remaining entries in Tabic 1 were carried o~lt anaio- 
gousiy using the conditions reported. Anal. Found: C, 
65.42: H, 9.35. C,H,,O, caicd.: C, 65.60; H, 0.43. 

3.4. Metallation of‘ cu-pinem and cathmatioti 
Lu-Pinene (3.1 ml, 2.7 g. 20 mmoi) and 3 (31 ml of 

MCH solution 0.65 N in 3. 20 mmoi) were cooled in ice 
and “BuLi (1 1.5 ml of 1.9 N MCH solution. 22 mmoi) 
added over 20 min. An orange suspension formed. 
After 16 h stirring at room temperature. Mg(OCH,- 
CH,OEt), (4.1 g. 20 mmoi) was added and stirring 
continued for 24 h. when a clear solution was obtained. 
Carbonation and subsequent work-up was as described 
above for the reaction with hex-l-cne, care being taken 
to use only the minimum amount of cold 5% H .SO, in 
the acidification steps. Yield of acids 2.4 g (67&) [28]. 
‘H NMR indicated a composition of 90% 8 and 10% 9 
by integration of the oiefinic proton region (8: 4.8 (m, 
1H); 5.0 (m, IH). 9: 5.4 (m, 1H.J). The ratio was 
confirmed by csterification with MelSO, followed by 
GC. Anal. for 8 + 9: Found: C, 73.17: H, X.83. 
C,,H,(,02: caicd.: C, 73.30; H, X.95?;. 

A similar reaction without addition of Mg(OCH,- 
CHzOEt), gave 70% of the acids (composition IO%> 8 
and 90% 9). 

3.5. Addition oj’ ethylene to rnetallated hex- I-we 
A solution of 3 (23 ml. 0.86 N. 20 mmoi), and 

hex-I-enc (6.5 ml, 50 mmoi) were cooled in ice and 
“BuLi (11 ml, I.8 N, 20 mmoi) added during 20 min. 
After 1 h stirring at room temperature. the argon 
atmosphere was replaced by ethylene by a freeze/thaw 
cycic and stirring continued at 1 atm for 6 days. The 
mixture was hydrolyzed. and the organic components 
extracted with hcxane. The extract was dried over 

anhydrous MgSO,. and than examined by GC (without 
removal of solvents). A very complex chromatogram 
was obtained. with groups of peaks appearing at I-C~LI- 

lar intervals after that due to hexene, and assumed to 
be from isomeric c>ctenes. decenrs. dodecenes and 
possibly tctradcccnc\. 

Details are given for entry 3 of Table 2. A mixture 
of tu-pinenc (I 1.0 g, 81 mmoi) and 3 (23 ml. 0.88 N. 20 
mmoi) was cooicd in ice and “BuLi (I 1.X ml. 1.X N. 71 
mmol) was added during 31) min. fhe orange-yciiow 
suspension wa> stirred overnight and the argon atmo- 
sphere then rcpiacetl by ethylene h> a freczc/thaw 
cycle. Stirring was continued for 5 days under 3 I atm 
prcssurc ol’ cthyicnc. The suspension turned brown 
during this time. The reaction was quenched with 50c; 
aqueous isopropanoi and the products extracted with 
4 x 50 ml hexane. After drying over anhydrous Na,SO,, 
the extract w;~s filtered and concentrated under rc- 
duccd pressure to Ica\;c an oil. GLC anaiysia of which 
indicated the presence of three components other than 
starting material (estimated GC yield of products: 95? 
based on quantity of mctailating agent used). Frac- 
tionai distillation al 7X-WC/IO mm gave 3.6 g of a 
coiouricss liquid (7V; ). Preparative gas chromatogra- 
phy and subsequent NMR analysis showed the product 
to be a mixture of 10. 11 and 12 in the ratio 78 : 2 I : 5 I. 
The experiments cc>rrcsponding to the remaining en- 
tries in ‘i‘abie 3 wcrc carried out in a similar fashion 
using the quantities shown in the Tabic. Mctaiiations 
other than with “BuLi/3 were carlied out as described 
below. ’ H NMR (<‘IX&. ppm from internal ‘I‘MS): IO: 
0.77 (s. 3I-I); 1.0 (m. 5H): I.27 (a. ZH): 1.60 (br.s. 3H); 
2.1 (m. 6H). It: OK (y. 3Hi: 1.76 (s. 31-1): 1.1 (br.m. 
7H); 2.1 (m. OH): 5.2 (m, IH). 12: 0.75 (s, 3H): 1.0 (m, 
SH); 1.13 (s, 3H): I.() (m. 5H): 4.7 (m. 2H). 13: 0.76 (s, 
3H); 1.23 (s. 31-1): I.1 (m, 9H); 2.1 (m. 9-I). ‘C NMR 
(CDCI,. ppm from internal TMS; multiplicities from 
off-resonance spectra and assignments in parcnthescs; 
superscripts dcnotc assignments that may need to be 
reversed): 10: 12.9 (q. (‘- 12); 1X.7 (q. C-9); 70.7 (4, 
C-10); 24.1 (C-1 1): 26.5 (q, (I-8): 32.3 (t. (‘-7)~‘; 33.6 (t, 
C-4)“; 3X.8 (s. C.-Cl,: 11.3 Cd. C-5): 48.1 (cl, C-1); 127.3 (s. 
C-3); 135.2 (a, C-2). II: 13.0 (q, C-17): X.5 (t. C-ii); 
21.3 (4. C-8); 76.5 (q. C-9): 3 I.5 (1. C--If”: 31.x (t, C-7)“; 
39.4 (t. C-IO): J-i.3 (d. C-5): 41.4 (s. C-6); 46.3 (s. C-i): 
115.9 (d. C-3): 14X.6 (s. C-2). 12 11.4 (q. C-17): 31.7 (q, 
C-9): 26.1 (q. C-X): 7x.9 (1, C-7): 30.s (1. (‘-1 I): 35.4 (t. 
C-4); 36.9 (d. C-3); 30.3 (b, C-6): 31.5 (d, C-5): 52.8 (d. 
C-i); 107.8 (d. C-10): 15h.i (s. C-2). 13: 13.4 (q, C-14)‘: 
14.3 (q. C-12)‘: ‘1.2 (t. C-i 1): 21.1 (q. (‘-9): 23.0 (t. 
C-13); 226.5 (q. C-8): 12.6 (t, C-7): 34.6 (1. c-3)“; 34.9 
(t. C-IO)“: 3X.7 (s, C-h): 4i.j (d. C-5): 4t1.3 (d. C-i): 
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127.7 (s, C-3); 139.7 (s, C-2). The ‘H and “C NMR 
data for 11 agree with those reported [14c]. 

Anal. 10, 11 and 12: Found 10: C, 87.65; H, 12.20. 
Found 11: C, 87.67; H, 12.18. Found 12: C, 87.58; H, 
12.34. C,,H,, calcd.: C, 87.73; H, 12.27%. Anal. 13 

C,,H,,: C calcd.: 87.42; H, 12.58%. Found: C, 87.30; 

aqueous NaHCO,, dried over Na,SO,, filtered, con- 
centrated, and distilled under reduced pressure (75- 
SoOC/lO mm). Yield of 11 and 12 was 52%. The ratio 
of 11 to 12 was 85 : 12, the remainder being a small 
unidentified component, possibly the C-3 epimer of 12. 

H, 12.69. 3.14. Reaction of metallated a-pinene with Et,SO, 

3.7. Metallation of a-pinene with “BuLi and KOCEtMe, 
A solution of KOCEtMe, in MCH (9.5 ml, 1.64 N, 

15 mmol) and a-pinene (16 ml, 100 mmol) was cooled 
in ice and “BuLi (9.0 ml, 1.8 N, 16 mmol) added over 
20 min. The mixture was stirred overnight at room 
temperature before use. 

The reaction was carried as with EtI, the reaction 
being quenched with excess Et,SO,. Yield was 60%, 
composition 56% 11, 42% 12 and 2% unknown. 
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