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ethanol is stable on standing overnight a t  50°, but a parallel hexenel 110-83-8; tran&-hexene, 13269-52-8; ch-2- 
solution containing 0.100 M CuCh undergoes 56% conversion butene, 590-18-1 ; trans-2-butene, 624-6443; 2,5-&- 

hydrofuran, 1708-29-8; acrylonitrile, 107-13-1 ; PdC12, into an equimolar mixture of acetal and ethyl acetate (basis gc 
areas). Vinyl chloride (approximately 5% by volume) is simi- 
larly stable in pure ethanol a t  50" but in the presence of 0.10 M 7647-10-1. 
CuCL underaoes substantial conversion into acetal. With 
0.020M PdCc and 0.100 M Cucb vinyl chloride yields a mixture 
of acetal and chloroaoetaldehyde diethyl acetal in ratio 10: 1 

Acbowledgment.-We are pleas& to acknowledge 
the valuable technical assistance of Mr. Paul T. 

Registry No.-Ethylene, 74-85-1 ; 1-butene, 106-98- Russotto and Mr. Joseph Kisutcza in obtaining much 
9; 1-hexene, 592-41-6; 1-octene, 111-66-0; cyclo- of the data. 
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Octadecynyl alcohols and methyl ethers were metalated with butyllithium in ether and yielded on carbonation 
mono- and diacids. The two carboxyls in the diacids were situated on the same carbon atom. The alcohols 
were metalated faster than the ethers. The composition of the products was determined. The proton abstraa 
tion from both propargylic positions proceeded to a similar extent. Carbonation was more pronounced a t  the 
initially sphybridized atoms. The distance from the functional group was of little influence on the protonation 
and carbonation reactions, except for the case when the triple bond was very near the functional group. 

The transformation of unsaturated fatty acids into 
new products by addition to double bonds' has been 
studied for many years. Allylic oxidations and halo- 
genations of these compounds have also been investi- 
gated.' Some years ago our laboratory embarked on a 
study of allylic metalation of derivatives of unsaturated 
acids with a view to the transformation of the metalated 
adducts into difunctional compounds. We now report 
our results on the metalation of octadecynols and oc- 
tadecynyl methyl ethers. 

The metalations were at  first performed with amyl- 
sodium in hexane. Stearolyl alcohol (I) gave precip- 
itates containing the alkoxide, and no metalation was 
observed. Stearolyl methyl ether (11) did not pre- 
cipitate under these conditions, and yielded carboxylic 
acids after carbonation of the reaction mixture with 
Dry Ice. Since butyllithium did not form precipitates 
with I, all subsequent metalations were carried out 
with this reagent in ether solution or in ether-hexane 
(1 : 1). The metalated compounds were carbonated 
with Dry Ice and t,he products were shown to be a mix- 
ture of mono- and diacids. The ratio of these acids 
was analyzed by glpc, after esterification, etherifica- 
tion, and hydrogenation of the reaction products. 
The results are recorded in Table I. The metalation 
of the alcohol is faster than that of the ether, in agree- 
ment with the known catalytic influence of alkoxides 
on the metalation reaction12 which is probably due to 
depolymerization of the organometallic reagent by the 

TABLE I 
METALATION" OF STEAROLYL ALCOHOL I AND 

METHYL ETHER I1 
Yieldb of Yieldb of uv,c 

Compd hr % % mH (4 
Duration, monoesters, diester, Xmas, 

I 48 45 15 220(5200) 
I 72 32 39 220(4400) 
I d  72 44 16 . . .  

I1 72 45 2 218 (3600)' 
I1 93 44 6 218 (3400)' 
I1 120 24 30 . . .  
I I d  98 43 23 . . .  
IQ 96 34 9 . . .  

110  96 29 4 ... 
0In ether solution a t  room temperature, with subsequent 

carbonation and esterification. Determined on the saturated 
esters. c Determined on the mixture of unsaturated esters be- 
fore their separation. d In hexane a t  room temperature, using 
TMEDA as a catalyst. a vmS 1710, 1740, and 1950 cm-1. 
f vmax 1710, 1740, 1950 (w), and 2750 cm-1 (w). 0 In  ether- 
hexane (1 : 1). 

I 

making it approximately as fast as in ether. The 
catalytic effect of this substance has been previously 
observed. * 

The reaction proceeds largely to the dimetalated 
derivative after long reaction times. The second 
proton is abstracted from the same carbon as the 
first (see below). The formation of such dianions 
(111), called by us extended acetylenes or sesquiacet- 

2- - The metalation is faster in ether than in a mixture of 
ether-hexane (1 : I ) ,  and proceeds to a very limited 
extent (5%) in hexane alone, even after long reaction CHa(CHa).r*C(CHz)aOR R-kCk& -R 

I , R = H  I11 

ylenes,6 was proved directly for similar propargylic 

11, R CHa periods. However, the addition of tetramethylethyl- 
enediamine (TMEDA) speeds up the reaction in hexane, 

(1) H. J. Harwood, Chem. Rw., 64, 99 (1962). 
(2) A. A. Morton and A. E. Braohman, J .  Amer. Chem. Sac., 73, 4363 

(1951); A. A. Morton, C. E. Claff, Jr., and F. W. Collins, J .  Oru. Chem., 
I O ,  428 (1955); M. Schlosser. J .  Organomctal. Chem., 8, 9 (1967). 

(3) R.  A. Benkeser, T. F. Crimmina, and W. Tong, J .  Amw. Chem. Sac., 
90,4366 (1968). 

systems*6 Other On the proparmlic POsi- 

(4) G .  G .  Eberhardt and W. A. Butte, J .  Or#. Chem., I S ,  2928 (1964). 
(5) J. Klein and 8. Brenner, submitted for publication. 
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tion were reported recently for l-butyne,6 propyne,l 
and l-phenylpropyne.8 

A series of transmetalations and carbonations 
(Scheme I)  involving only monometalated compounds 

SCHEME I 

BuLi 
RGCCH~R’ + RGCCHR’ 

coz 
RC=CCHR’ + RC=CCHR’ 

- 

Loo- 

coo- I boo- 

BuLi 
R(S=CCHR’ + R k C C R ’  

cot 
R G C F - K ‘  + R G C C (  COO-)2R’ 

I 

600- 

which takes place during the carbonation reaction has 
been shown to occur in other  instance^.^ However, the 
introduction of the second carboxyl group in this case 
is not due to such a reaction, in view of the gradual rise 
in the percentage of diacids with the time of reaction. 
A higher ratio of di- to monocarboxylic acids would 
be expected at the beginning of the reaction, when a 
larger excess of butyllithium was present, should the 
formation of dicarboxylic acids have proceeded by 
Scheme I. 

The second carboxyl was found to be on the same 
carbon as the first, since, on heating to 180°, the satu- 
rated dicarboxylic acids are converted totally to mono- 
carboxylic acids. Formation of malonic acids by a 
mechanism other than that of Scheme I could occur only 
if both abstracted protons came from the same carbon 
atom. 

All monocarboxylic acids were isomers, as were the 
dicarboxylic acids. No products were obtained by 
addition of butyllithium to the triple bond and sub- 
sequent carbonation of the vinylic anion, as evidenced 
by analysis and comparison with synthetic samples. 

The next problem to be solved was therefore the 
position of the carboxyl in the chain of the product and 
the disposition of the multiple bonds. 

I n  Table I are recorded the uv and ir absorptions of 
the mixture of unsaturated esters obtained from the 
reaction studied with I and 11. Two carbonyl fre- 
quencies are observed at 1710 and 1740 cm-’, which 
can be attributed to a conjugated and nonconjugated 
ester function, respectively. A band a t  1950 cm-’ 
shows the presence of an allene group and, a t  2240 
cm-’, of an acetylenic function. A maximum absorp- 
tion at 220 mp also shows the presence of a conjugated 
chromophore. The extinction of this band decreases 
with the reaction time, this decrease being associated 
with the decrease in the intensity of the initially strong 
bands a t  1710 and 1950 cm-l and the increase in the 
intensity of the weak 1740- and 2240-cm-l bands. All 
these changes can be associated with the increase in the 

(6) K. C. Eberly and H. E. Adams, J .  OrganometaE. Chem., S, 165 (1965). 
(7) R. West, P. A. Carney, and I. C. Mineo, J .  Amer. Chsm. SOC., 87, 3788 

(8) J. E. Mulvaney, T. L. Folk, and D. J. Newton, J .  Org. Chem., SS, 

(9) A. A. Morton, F. Fallwell, Jr., and L. Palmer, J .  Amer. Chsm. Soc.. 

(1966). 

1676 (1067). 

60, 1426 (1938). 

ratio of dicarboxylic to monocarboxylic acids. The 
latter are therefore mostly of allenic structure, and the 
dicarboxylic acids are acetylenic as expected, both 
carboxyls being situated on the same carbon. This 
assignment is confirmed by the spectral properties of 
the two fractions, containing separately the mono- and 
diesters. In  particular, an allenic band at  1950 cm-’ 
was present in the monoesters and absent in the di- 
esters. 

The position of the multiple bonds in each acid is 
determined by the position of the carboxyl group, as 
shown in Scheme 11, provided that no isomerization oc- 
curs in the metalation step. Such isomerization would 
also be detected by a carboxyl group a t  a position dif- 
ferent from that indicated in Scheme 11. 

Separation experiments were carried out on saturated 
esters in order to diminish the number of isomers and 
to avoid possible decarboxylation during the work-up. 
Fruitless efforts were made to separate the isomers by 
glpc. Thin layer chromatography, however, proved 
itself to be a good separation technique in this case, but 
for qualitative analysis only. Four spots were sepa- 
rated corresponding in number to the monocarboxylic 
acids expected according to Scheme 11. In order to 
attribute these spots to the expected isomers and to ex: 
clude the possibility of positional isomerization of the 
charged carbon during the transmetalation reaction, we 
synthesized several of the desired acids. 

12-Me thoxycarbonyloc tadecanol- 1 (IV) was syn- 
thesized (Scheme 111) by alkylation of diethyl malonate 
first with undec-10-enyl bromide and then with hexyl 
bromide. The dialkylated malonate was hydrolyzed, 
decarboxylated to the monoacid, esterified with diazo- 
methane, hydroborated, and oxidized to IV. 

11-Methoxycarbonyloctadecanol-1 (V) was synthe- 
sized by a procedure similar to that in the initial steps 
above, but involving ozonolysis instead of hydrobora- 
tion at  the end (Scheme IV). 

10-Methoxycarbonyloctadecanol-1 (VI) was prepared 
by alkylation of diethyl octaylmalonate with 9-bromo- 
nonyl acetate, with subsequent saponification of the 
product, decarboxylation, and esterification (Scheme 
V). 

The preparation of 9-methoxycarbonyloctadecyl 
methyl ether (VII) proceeded along similar lines 
(Scheme VI). 

A similar synthesis afforded 8-methoxycarbonylocta- 
decylmethyl ether (Scheme VII). 

The synthesized hydroxy esters were transformed into 
methyl ethers by treatment with diazomethane in the 
presence of fluoroboric acid. lo 

Comparison by tlc with the ether esters obtained by 
the metalation-carbonation reaction of I and I1 and 
subsequent hydrogenation and esterification (and 
etherification in case of I) has resulted in the identifica- 
tion of four isomers present in the monocarboxylic ester 
fraction as the expected 8-, 9-, lo-, and ll-methoxy- 
carbonyloctadecyl alcohols or methyl ethers, respec- 
tively, for I and 11. 

The position of the carboxyls in the dicarboxylic acid 
fraction was found by decarboxylation of these acids 
after their hydrogenation. Analysis by tlc as above 
showed the presence of the same four isomers as in the 

(10) M. Neeman, M. C. Caserio, J. D. Roberts, and W. 9. Johnson, Tetra- 
hedron, 6,36 (1959). 



3954 KLEIN AND GURFINKEL 

isomer 

I 
CH3(CH2)6C=C=CH(CH,)80R 

COO- 

SCHEME I1 

'O2 

The Journal of Organic Chemistry 

CH3(CH2)7CeCH(CH&OR 
1 

BuLi coo- 

1 = 
CH3(CH2)7C=C(CHJ70R isomer 

1 co; 

I CH3(CHJ7CH=C-C(CH2),0R 
J cog I 

COO- 

CH3(CH2)7C(C06)2CW(CHz)7 OR 
+ 

CH3(CH2)7C~CC(C06)2(CHz)70R 

CH3(CH2)7C=C =CH(CHJ,OR 
I coo- 

SCHEME 111 
B 

CH1(COOEt)z + CHZ=CH(CHz)gBr ---f 
CHa(CHz)sBr 

CHz=CH (CH2)gCH (CO0Et)z - 
CH~(CH~)~C(COOCZH~)Z(CHZ)~CH=CHZ ---f 

BaHs 
CH3(CHz)sCH(COOCHa)(CHz)gCH=CHz - 

oxidation 

CH3(CHz)5 CH(COOCHa)(CHz)iiOH 
IV 

SCHEME IV 
B 

CHpCH(CH2)gCH(COOC~Hs)~ + CHs(CH&Br -+- 
CH3 (CH2)&(COOCzH5 )z (CHz )gCH=CHz * 

Oa 

reduotion 
CH~(CHZ)~CH(COOCH~)(CHZ)&H=CH~ - 

CH3(CHz)&H(COOCHa)(CHz)ioOH 
V 

SCHEME V 

CHa(CHz)7CH(COOC~Hd~ + B~(CHZ)~OCOCH~ + 
CH~(CHz)~C(COOC~H~)z(CHz)gOCOCH~ + 

CH~(CH~)~CH(COOH)(CHZ)~~H ----t 

CH3(CHz)$H(COOCHs)(CHz)oOH 
VI 

SCHEME V I  

CH~(CHZ)&H(COOCZHI)Z 4- Cl(CHz)sOCOCHa + 
CH3(CHz)& (COOCzHs)z(CHz)sOCOCHs * 

CH3(CHz)sCH(COOH)(CHz)sOH ---f 
CH~(CHZ)&H(COOCH~)(CH~)SOC& 

VI1 

SCHEME VI1 

CHs(CHz)&H(COOC~H5)z + Br(CHz)70COCHa + 
CHs(CHi)gC(COOC2Hs)z(CHz),OCOCHs ----f 

CHs(CHz)gCH(COOH)(CHz)7OH --f 
CHJ (CHz)gCH(COOCH3) (CHz)rOCHs 

VI11 

case of the monocarboxylic acids. This easy decar- 
boxylation of the diacids proves that they contain both 
carboxyls on the same carbon. 

These results prove the course of metalation and the 
lack of isomerization. We were, however, also in- 
terested in the relative amounts of the isomers formed 
and, specifically, in the effect of the terminal group on 
the position of metalation. The extent of carbonation 
at  the two ends of each ion having a delocalized charge 
was also of interest. Such effects were found by us in 
other systems." In  addition, the influence of the 
distance of the terminal functional group on the course 
of the metalation and carbonation reactions was also 
investigated. 

A series of acetylenic alcohols and methyl ethers of 
the general formulas IX and X was prepared by reduc- 
tion of the corresponding esters. 

C H ~ ( C H Z ) ~ ~ - ~ ~ C ( C H Z ) ~ O H  C H I ( C H Z ) ~ ~ - - ~ ~ C ( C H Z ) , O C H ~  
IXa, x = 4 e, x = 8 X 

b , x = 5  f , ~  = 9 
c , z  = 6 g,x = 11 
d,x = 7 

The alcohols IX and methyl ethers X were metalated 
by butyllithium in ether-hexane and carbonated, and 
the acids obtained were esterified with diazomethane. 
In  the infrared, the unsaturated esters showed an allenic 
band at  1950 cm-I and two carbonyl bands at  1710 and 

(11) J. Klein and S. Glily, unpublished data. 
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1740 cm-l. These esters were hydrogenated, etherified 
when necessary, and separated into a mono- and di- 
ester fraction by glpc (Table 11). 

TABLE I1 
COMPOSITION OF THE PRODUCTs OF METALATIONS" 

Yield of monoesters, 
Starting material % % 

IXa 20 30 
IXb 45 5 
Xb 41 7 

IXC 48 5 
IXd 38 7 
1Xe 34 9 
Xe 29 4 

IXf 44 2 
1% 40 10 

Yield of diesters, 

Q The metalations were carried out for 96 hr by butyllithium 
(5 mol) in ether-hexane ( 1 : l )  at room temperature. 

Table I1 shows the relative amounts of these two 
fractions, as obtained from the starting materials in 
question. The yields of all reactions are approximately 
the same and so are the relative amounts of mono- 
and diesters, except in one case, that of IXa, where a 
large amount of diester was formed. Note that the 
metalation in hexane-ether is somewhat slower than 
in ether alone (compare the results for IXe and I of 
Tables I1 and I ) .  

The fractions were analyzed by tlc, which showed 
the presence of four spots in almost all products. This 
proved the absence of isomerization. Moreover, the 
overlap in position between the right number of ester 
products obtained during the metalation-carbonation 
of the series of triple-bond positional isomers of I X  and 
X permitted the assignment of each spot to a particular 
isomeric ester. 

Evaluation of the amount of the esters in the chro- 
matoplates having proved very difficult, we used mass 
spectrometer techniques for the analysis of the ratio of 
isomeric esters in the reaction products. The frag- 
mentation patt.ern of the synthetic esters was as ex- 
p e ~ t e d . ~ ~ , ~ ~  The molecular ions (M+) of IV, V, VI, 
VII, and VI11 did not appear. The intensity of the 
peaks corresponding to [M - HzO]+ and [M - CH3- 
OH] +, and to fragments containing both functional 
groups, such as [CH~OC(OH)=CH(CHZ),OCH~] + and 
[OC=CH(CH2),0CH3]+, was low. The most in- 
tense large fragments were those containing the ester 
with the alkyl group [CH3(CHz),CH=C(OH)OCHa] + l4 

The intensity of this fragment was used to measure the 
ratios of the isomeric esters in the mixtures. All de- 
terminations were made in similar conditions. The 
reliability of this method was checked by analyzing 
three different mixtures of synthetic V and VII. The 
results, recorded in Table 111, show that the relative 
peak intensities are approximately linearly correlated 

(12) R.  Ryhage and E. Stenhagen in "Mass Spectrometry of Organic 
Ions," F. W. McLafferty, Ed., Academic Press, New York, N. Y., 1963, p 
399. 

(13) H. Budzikiewicz, C. Djerassi, and D. H.  Williams, "Mass Spectrom- 
etry of Organic Compounds," Holden-Day, Inc., New York, N. Y.. 1967, p 
174. 

The triple bond is a t  
the z + 1 position of the starting material and the metalation can take place 
at the propargylic position z or z + 3. For metalation at the z position, 
y can be equal to z - 1 or to L + 1. For metalation a t  the z + 3 position, 
y can be z + 2 or z iaee Scheme 11). In this manner, y can be z - 1. 2, 

z + 1, or z + 2. 

(14) The relation between I, y. and z is as follows. 

Similarly, z can be 14 - 2, 16 - 2, 16 - z, or 17 - Z. 

TABLE 111 
RELATIVE ABUNDANCE OF [CH,(CH&CH=C(OH)OCH3] + 

AND [CHs(CH2)&H=C(OH)OCH3] + 

Molar ratio of Ratio of m/e 
172/200 V/VII 

Mixture 1 74/26 70/30 

Mixture 3 22/78 24/76 
Mixture 2 48/52 55/45 

with the relative amount of the compound in the mix- 
ture. The percentages of the isomeric esters having 
the methoxycarbonyl groups a t  the positions x, x + 1, 
x + 2, and x + 3 obtained from the various starting 
alkynols I X  and alkynyl methyl ethers X are recorded 
in Table IV. The sum of the percentages of the prod- 

TABLE IV 
COMPOSITION OF MONOESTERS OBTAINED FROM METALATION 

% carboxyl at position % carboxyl at position 
Starting z z + 1 z + 2 z + 3 Starting z z + 1 z + 2 z + 3 
material material 

IXa" 3 11 72 14 IXf" 9 37 39 15 
IXb" 11 33 25 31 IXg" 12 36 36 17 
Xb" 20 19 38 23 IXeb 17 24 36 23 

IXca 19 38 28 15 Xeb 14 29 41 16 
IXd" 15 30 33 22 IXbb 16 35 24 25 
IXe" 10 26 38 26 Xbb 17 29 34 20 
Xe" 9 25 46 20 

Q In hexane-ether. In hexane using TMEDA as catalyst. 

ucts with the methoxycarbonyl groups at  the positions 
x and x + 2 gives the percentage of metalation at  the 
position x, and the sum of ester groups at  x + 1 and 
x + 3 shows the percentage of metalation at x + 3. 
The sum of products with the ester group a t  the x + 1 
and x + 2 positions reflects the amount of allenic prod- 
ucts formed. This analysis is correct if the diesters 
have a distribution of the carboxylic groups similar to 
that of the monoesters, and this is what in fact oc- 
curred (Table V). It can be observed that the allenic 
products are formed in larger amounts than the other 
isomers. 

TABLE V 
RATIO OF THE MALONIC ESTERS OBTAINED AFTER METALATION 

Method A:" ?& isomers Method B:b % isomers 
with carboxyl with carboxyl 

Starting at position at position 
material z z + 1  z + 2 z + 3  z z + 1 ~ + 2 z + 3  

IXa . . 13 66 21 . . 17 63 20 
IXe 20 23 30 27 17 21 31 31 
Xe 17 23 32 28 16 23 32 29 

IXb 13 30 26 31 18 27 28 27 

a Method A: using peak intensities of the fragment [CHs- 
(CH,),CH=C(OH)OCH,] +. Method B: using peak in- 
tensities of the fragment [CH3(CH2),C(COOCH3)=C(OH)- 

The abstraction of protons proceeded to a similar 
extent a t  both propargylic positions, except in the first 
case. It seems that neither inductive nor field effects 
carry to the fifth carbon in the chain. The absence of 
direct field effects in the case of the alkoxides could be 
attributed to the presence of ion pairs or clusters in 
which the effect of one charge was balanced by the 
effect of the other. A large diminution in the extent 
of proton abstraction at  the position x was observed 
only in the case of IXa, where the triple bond was on 
the fifth carbon. This was due perhaps to the inductive 
effect of the alkoxide ion or to some coiling of the mole- 
cule. On the other hand, there is a possibility that 

OCHa] +. 
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the method of analysis based on the relative intensities 
of [CH3(CH,),CH=C(OH)OCH3]+ is no longer reliable 
because of the proximity of the functional group. 
The presence of coiling can also be inferred from the 
consistently lower yields of acids with carboxyls a t  
position x than of the isomers with carboxyls a t  the 
other propargylic position. This was observed for the 
ethers as well as for the alkoxides. It is possible that 
the oxygen of the functional group helps to solvate the 
lithium cation in the metalated product, thus hindering 
carbon dioxide attack a t  the position nearer to the 
functional group. 

The position of the carboxyls in the dicarboxylic 
acids was determined by mass spectrometric analysis 
of the diesters (method B), and also of the monoesters 
obtained by decarboxylation of the diacids (method 
A). The ratio of the diesters in method B was obtained 
from the relative intensities of the fragments [CHs- 
(CH2),C(COOCH3)===C(OH)OCH3]+. The results, re- 
corded in Table Ti', were similar for both methods. 
They also show that the ratio of the positional isomers 
in the dicarboxylic esters correspond to that of the 
monoesters given in Table IV. 

The influence of the conditions of the reaction on the 
extent of dimetalation was investigated for two addi- 
tional compounds : tariryl alcohols (IXb) and tariryl 
methyl ether (Xb). The recorded results (Table VI) 

TABLE VI 
METALATION~ OF 'I!RIAYL ALCOHOL AND METHYL ETHER 

Time of Yield of Yield of 
Starting reaction, monoester, diester, 
oompd I n  % % 
IXb 48 34 12 
IXb 96 27 38 
IXb 168 27 63 
IXbb 95 59 11 
Xb 69 26 10 
Xb 90 41.5 4 . 5  
Xb 170 15 40 
Xbh 144 50 10 

., With butyllithium in ether. * With butyllithium in hexane 
in the presence of TMEDA. 

(based on the amounts of esters obtained after carbona- 
tion, esterification, and hydrogenation) confirm that 
longer reaction periods increase the extent of dimetala- 
tion, as in the case of I and 11. The ether was metal- 
ated more slowly than the alcohol. TMEDA proved 
itself an excellent catalyst in these reactions. 

Experimental Section 
9-Octadecynol (1).--4 solution of 45 g of methyl stearolate16 

in 100 ml of anhydrous ether was added dropwise for 1 hr to 3.8 g 
of LiAlH4 in 300 ml of ether with stirring and under nitrogen. 
The reaction mixture was then refluxed for 1 hr and cooled, and 
excess reagent was decomposed with ethyl acetate. Dilute acid 
was added, the layers were separated, and the solvent of the 
organic layer was distilled, yielding 36 g of 1:16 mp 25"; I,, 
3300 cm-". 

9-Octadecynyl Methyl Ether (II).-A solution of diazomethane 
in dichloromethane'' (prepared from 13.8 g of nitrosomethylurea) 
was added dropwise to a solution of 10 g of stearolyl alcohol in 20 

(15) A. F. Olecbnowits and G. Zimmermann, Angew. Chem., 67, 209 

(16) E. Andre and M. T. Francois, Compt. Rend., 186, 387 (1927). 
(17) R. E. Lutl;, et al., .I. Amer. Chem. Soc., 68, 1818 (1946). 

(1955). 

ml of dichloromethane containing 8 drops of 50% fluoroboric 
acid. The temperature of the reaction mixture was not allowed 
to exceed 0' during the addition. The acid was thenneutralized 
by a solution of KOH. The organic layer was washed with water 
and distilled, yielding9.3 gof 11, bp 125-130' (0.1 mm). 

Anal. Calcd for ClgH880: C, 81.4; H, 12.8. Found: C, 
81.3; H, 12.8. 

6-Octadecynol (IXb) was prepared by lithium aluminum hy- 
dride reduction of methyl 6-octadecyanoate, which was prepared 
by esterification of tariric acid18 by diazomethane: bp 153-155' 
(0.4 mm); mp 29-30'; Imax 3370 cm-l. 

Anal. Calcd for ClsHa4O: C, 81.2; H,  12.8. Found: C, 
81.4; H, 12.7. 

6-Octadecynyl methyl ether (Xb) was prepared from the alco- 
hol and diazomethane as described for I1 in 85% vield, br, . - 
152-155' (0.7 mm). 

Anal. Calcd for C19HaOO: CHaO, 11.1. Found: CHsO, 
11.0. 

5-Octadecynol, 7-octadecynol, 8-octadecynol, 10-octadecynol, 
and 12-octadecynol were prepared by lithium aluminum hy- 
dride reduction of the corresponding acetylenic esters, which 
were prepared by esterification with diazomethane of the acetyl- 
enic acids, kindly donated to us by Dr. van Dorp of Unilever 
Laboratories. The methyl ethers of these alcohols were pre- 
pared as described above for stearolyl methyl ether. 

5-Octadecynol had mp 28-29' (hexane). 
Anal. Calcd for C18Hs40: C, 81.2; H, 12.7. Found: C, 

7-Octadecynol had mp 27-29' (hexane). 
Anal. Calcd for C18H340: C, 81.2; H, 12.7. Found: C, 

8-Octadecpnol had mp 26-27' (hexane). 
Anal. Calcd for C1gH340: C, 81.2; H ,  12.7. Found: 

10-Octadecynol had mp 28-29'. 
Anal. Calcd for C18H340: C, 81.2; H, 12.7. Found: C, 

12-Octadecynol had mp 28-29'. 
Anal. Calcd for C~~HSIO: C, 81.2; H,  12.7. Found: C, 

81.1; H ,  12.8. 
Diethyl Octylmalonate .-A 14.4-g sample of a 507, suspension 

of NaH was washed with hexane. Then 500 ml of toluene was 
added, followed by 48 g of diethyl malonate and 38 g of octyl 
bromide. The reaction mixture was refluxed for 6 hr, cooled, 
and acidified with acetic acid. Water was then added, the layers 
were separated, and the organic layer was distilled, giving 35 g, 

81.2; H, 12.8. 

81.3; H, 12.5. 

C, 80.7; H, 12.3. 

81.1; H,  12.6. 

- - - -. 
bp 120' (0.1 mm).lQ 

Diethyl nonylmalonatelg and diethyl decylamlonatelg were 
prepared by the same procedure. 

12,12-Diethoxycarbonyloctadecene-1 was prepared as above 
from diethyl undec-10-enyl malonatez0 and hexyl bromide: bp 
160-170' (0.3 mm); Bm,, 1730 and 1640 cm+. 

Anal. Calcd for C&&404: C, 72.7; H ,  11.1. Found: C, 
73.05; H, 11.07. 
12-Methoxycarbonyloctadecene-l.-A solution of 12 g of 12,12- 

diethoxycarbonyloctadecene-1 in 60 ml of ethanol was refluxed 
with a solution of 15 g of KOH in 15 ml of water for 18 hr, then 
acidified, diluted with water, and extracted with ether. The 
residue, after distillation of ether from the organic layer, was 
heated a t  180' until COZ evolution ceased. The product ob- 
tained was treated with an excess of an ethereal diazomethanol 
solution and distilled, giving 6 g: bp 155-160" (1.5 mm); ima, 
1740 and 1640 cm-1. 

Anal. Calcd for CzoHaOz: C, 77.4; H, 12.3. Found: C, 
77.48; H, 12.2. 

12-Methoxycarbonyloctadecanol-1 (IV).-Diborane, generated 
by addition of 7 g of BF3.OEt2 in 10 ml of diglyme to 1.5 g of 
NaBH4 in 20 ml of diglyme, was bubbled at 0' through a solution 
of 6 g of 12-methoxycarbonyloctadecene in 50 ml of THF. The 
solution was left for 30 min a t  Oo, and 10 ml of water was added 
dropwise, followed by 15 ml of 10% NaOH and 15 ml of 30% 
HzOz. The reaction mixture was stirred for 1 hr and extracted 
with dichloromethane. Distillation gave 5 g: bp 155-160' 
(0.5 mm); Imax 3350 and 1740 cm-l. 

Anal. Calcd for C20H4003: C, 73.2; H, 12.2. Found: C, 
72.9; H, 12.2. 

(18) B. A. Arbuzov and B. P. Lugovkin, Chem. Abstv., 49, 8471' (1955). 
(19) B. Rothstein. Bull. Soc. Chim. Fr., I, 80 (1935). 
(20) C. G. Tomeoko and R. Adams, J .  Amer. Chem. Soc., 49, 522 (1927). 
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12,12-Diethoxycarbonylnonadecene-l was prepared as de 
scribed above from diethyl undec-10-enylmalonate and heptyl 
bromide: bp 175-178' (0.4 mm); I,,, 1740 and 1640 cm-l. 

Anal. Calcd for CzsHlBO4: C, 73.1; H, 11.2. Found: C, 
73.1; H, 11.05. 

11-Methoxycarbonyloctadecene-1 was prepared as described 
for 12-methoxycarbonyloctadecene: bp 155-160' (0.4 mm); 
I,,, 1740 and 1640 cm-1. 

Anal. Calcd for CzoHaaOz: C, 77.8; H, 12.3. Found: 
C, 77.8; H, 12.2. 

11-Methoxycarbonyloctadecanol-1 (V).-A solution of 3.5 g 
of 11-methoxycarbonylnonadecene in 50 ml of CHzCll was ozon- 
ized a t  -60' until a blue coloration appeared. Excess ozone 
was removed in a stream of Nz, the solvent was distilled off, and 
the residue was dissolved in 50 ml of ethanol and treated dropwise 
with a solution of 1 g of NaBH4 in 10 ml of ethanol. The reaction 
mixture was stirred for 16 hr, diluted with water, and extracted 
with ether. Distillation gave 2.2 g: bp 176' (0.7 mm); I,,, 
3400 and 1740 cm-1. 

Anal. Calcd for C&oOa: C, 73.2; H, 12.2. Found: 
C, 73.15; H ,  12.1. 

Methyl 9-bromononanoate was prepared by the procedure of 
CristolZ1 from 21 g of methyl hydrogen sebacate.l* Distillation 
gave 13 g: bpz3 95-96' (0.6 mm); cmaX 1740 cm-l. Reduction of 
9 g of methyl 9-bromononanoate with LiA1H4 as above yielded 
6 g of 9-bromonorianol:z4 bp 90-100' (0.2mm); ha, 3350 cm-l. 
Acetylation of this alcohol with acetic anhydride in pyridine gave 
6 g of the acetate The 
reaction of octyl malonate and 9-bromononyl acetate in toluene 
using sodium hydride as base gave 10,lO-diethoxycarbonylocta- 
decyl acetate: bp 175-180' (0.5 mm); emax 1740 cm-l. Saponi- 
fication of the triester, decarboxylation, and esterification with 
diazomethane gave 10-methoxycarbonyloctadecanol-1 (VI): 
bp 160-170" (0.1 nim); I,,, 3400 and 1740 cm-l. 

Anal. Calcd for CpoH4oO3: C, 73.2; H ,  12.2. Found: 
C, 73.2; H, 12.0. 

8-Chlorooctyl acetate was prepared by treating 8-chlorooctanol 
with acetic anhydride in pyridine: bp 94-98' (0.3 mm); imax 
1740 cm-l. 

Anal. Calcd for CloH19C102: C, 58.1; H ,  9.2; C1, 17.1. 
Found: C,58.2; H, 9.30; C1,16.9. 

9-Methoxycarbonyloctadecyl Methyl Ether (VII).-The reac- 
tion of diethylnonylmalonate, sodium hydride, 8-chlorooctyl 
acetate, and sodium iodide in toluene gave 9,9-diethoxycarbonyl- 
octadecyl acetate: bp 175' (0.4 mm); imax 1740 cm-l. This 
triester gave 9-methoxycarbonyloctadecyl methyl ether (VII) 
on saponification, decarboxylation, esterification, and etherifica- 
tion with diazomethane: bp 145-155" (0.5 mm); imsx 1740 cm-l. 

Anal. Calcd for CZ1H1203: C, 73.7; H ,  12.3. Found: C, 
74.0; H, 12.0. 

Methyl 7-bromoheptanoatezs was prepared by Cristol's pro- 
cedurezl from hydrogen methyl ~ u b e r a t e . ~ ~  

7-Bromoheptyl acetate was obtained by reduction of methyl 
7-bromoheptanoate with LiAlH4 in ether, with subsequent acetyl- 
ation of the alcohol with acetic anhydride in pyridine: bp 76- 
78' (0.3 mm); I,,, 1740 cm-l. 

Anal. Calcd for C9H1,BrO2: C, 45.6; H,  7.2; Br, 33.7. 
Found: C, 45.7; II,7.4; Br, 33.54. 

8-Methoxycarbonyloctadecyl methyl ether (VIII) was obtained 
by condensing diethyl decylmalonate with 7-bromoheptyl acetate 
in the presence of NaH in toluene. The 8,8-diethoxycarbonyl- 
octadecyl acetate thus formed, bp 175-180' (0.3 mm), was 
saponified, decarboxylated, esterified, and etherified with diazo- 
methane, yielding VIII: bp 145-148' (0.3 mm); Imax 1740 cm-'. 

Anal. Calcd for C Z J I ~ Z O ~ :  C, 73.7; H, 12.3. Found: 
C, 73.9; H ,  12.1. 

Metalation. Procedure A (Table IV).-A 40-ml portion of 
1.5 M butyllithium in hexane (Foote) was added under NZ to a 
solution of 1.5 g of the octadecynol in 40 ml of ether. The reac- 
tion mixture was stirred for 96 hr a t  room temperature, and 
poured slowly onto an excess of pulverized Dry Ice in ether. The 
reaction mixture was left overnight, and washed with water, 
dilute NaOH, and again water. The aqueous solutions were 
acidified, extracted with ether, esterified, and etherified with 
diazomethane in the presence of BF3.0Etz.1° The mixture of 

bp 90-92" (0.2 mm); lmax 1740 cm-l. 

(21) S. J.  Cristol and W. C. I'irth, Jr., J .  O w .  Chem., 16, 280 (1961). 
(22) A. I. Vogel, "Primtical Organic Chemistry," 3rd ed, Longmans, Lon- 

(23) H. Hundsiecker and C. Hundsiecker, Ber., T6B, 291 (1942). 
(24) P. Chuit and J. Hausser Helv.  Chim. Acta, l a ,  463 (1929). 

don, p 939. 

unsaturated esters was analyzed and then separated by glpc on a 
1.5 m X 0.25 f t  column of 10% stabilized polydiethyleneglycol 
succinate on acid-washed Chromosorb P a t  230". 

The mixture of unsaturated esters dissolved in acetic acid was 
hydrogenated a t  50 psi. The saturated esters showed a band a t  
1740 cm-l, and no bands a t  1710, 1950, and 2150 cm-l. They 
were analyzed by glpc as above and by tlc. 

Procedure B (Table I).-A solution of 2.8 g of the octadecynol 
in 20 ml of ether was added to a solution formed by evaporation 
in vacuo of the solvent from 50 ml of 1.5 M butyllithium in hexane 
and subsequent addition of 30 ml of ether. The solution was 
left for the indicated period of time, and carbonate, worked up, 
and analyzed as above. 

Procedure C (Table I).-A solution of 3 g of the octadecynol 
was added to 47 ml of 1.5 M butyllithium in hexane, and 7 g 
of tetramethylethylenediamine (TMEDA) were added. The 
reaction mixture was stirred for the indicated period of time 
worked up, and analyzed. 

Thin layer chromatography was performed on silica gel, using 
for the elution a mixture of hexane, benzene, and ether (175: 
50:14). A separation was obtained after four elutions. Pre- 
parative separation between the mono- and diesters was easily 
achieved on a layer 1 mm thick. 

Preparative Metalations. I1 with Amy1sodium.-A 9-g 
sample of I1 was added to a solution of amylsodium prepared from 
33 g of sodium dispersion and 75 g of pentyl chloride.z6 The 
solution was left under nitrogen a t  room temperature for 84 hr, 
and cooled in a Dry Ice-acetone bath. Ether and Dry Ice were 
added in excess. The acids formed were separated, esterified, 
and distilled a t  175-185' (0.7 mm): I,,, 1740, 1710, and 1650 
cm-I; Amax 220 mp (e 7000). 

Anal. Found: CHaO, 18.2. 
I1 with Butyl1ithium.-A 100-mi solution of 1.6 M butyllithium 

in hexane was added to a solution of 8 g of I1 in 100 ml of ether. 
The reaction mixture was left for 150 hr under nitrogen a t  room 
temperature. Carbonation with Dry Ice and esterification with 
diazomethane yielded 4.5 g of esters: bp 160-165' (0.2 mm): 
ima, 1710,1740, and 1950 cm-l; A,,, 220 mp ( E  5000). 

Anal. Found: C,73.16; H ,  10.31; CH30, 19.6. 
This product was separated by preparative tlc into two frac- 

tions, 1 and 2. 
Fraction 1: 1710, 1740, and 1950 cm-'; A,,, 225 mp ( E  

6000). 
Anal. Calcd for C21H380a: C, 74.5; H,  11.2; CH30, 18.2. 

Found: 
This fraction contained the monoesters. 
Fraction 2 contained the diesters: I,,, 1710 (w) and 1740 

cm-l; Am, 225 mp (e 1700). 
Anal. Calcd for CzaH4006: C, 69.2; H,  10.1; CHaO, 23.4. 

Found: 
Tariryl Methyl Ether (Xb) with Butyl1ithium.-A 100-ml 

solution of 1.6 M butyllithium in hexane was added to a solution 
of 11.2 g of Xb in 100 ml of ether. The reaction mixture was 
left for 118 hr and worked up as above, giving 7 g  of esters: emax 
1710, 1740, and 1950 cm-l. This product was separated by 
glpc on a 1.5 m X 0.25 ft column of 10% Apiezon L on Celite 
into two fractions. The first had bands a t  1710, 1740, and 1950 
cm-1. 

Snal. Calcd for CztH3803: CHJO, 18.2. Found: CHaO, 
17.9. 

Stearolyl Alcohol I with Butyl1ithium.-A 140-ml solution of 
1.6 M butyllithium in hexane was added to a solution of 13.5 g of 
I in ether (cooled in an ice bath). The reaction mixture was left 
for 96 hr a t  room temperature and poured onto pulverized Dry Ice 
covered with ether. Work-up as before and etherification left 
10.5 g of esters: im., 1710, 1740, and 1950 cm-l; Amax 220 mp 
(e 5000). This product was hydrogenated and separated by 
glpc into mono- and diesters. The diesters were saponified, 
decarboxylated a t  N O ' ,  reesterified, and analyzed by glpc and 
tlc. 

Mass spectra were determined on a CH4 mass spectrometer 
using a 70-eV ionizing potential and a high temperature inlet 
system (H.  T. E.) operated a t  125'. 

C,74.5; H,  11.2; C&O, 17.8. 

C, 69.2; H ,  10.3; CH8,22.9.  

No diesters remained after this treatment. 
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3647-63-0; VII, 21720-93-4; VIII, 21720-94-5; IXa, 
676-43-7; IXb, 2861-50-9; IXC, 17643-37-7 ; IXd, 

(25) M. Schlosser, Angew. Chem. Intern. Ed. Enol., 3 ,  37 (1964). 
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A stereospecific synthesis of c.is-9-methyl-lO-ethyl-9,lO-dihydroanthracene from the known cis-9,lO-dihydro- 
10-methylanthracene-9-carboxylic acid utilized coupling with lithium dimethylcopper and cis tosylate 5c. The 
existence of 9-lithio-10-alkyl-9,lO-dihydroanthracenes as an equilibrium mixture of cis and trans stereoisomers 
is inferred from cisltrans product ratio variations obtained with alkyl halides, deuterium oxide, and carbon di- 
oxide. 

Recently, we reported that an ethyllithium-N,N,N’,- 
N’-tetramethyl-o-phenylenediamine (TMOPD) complex 
in cyclohexane adds ethyllithium to anthracene to form a 
mixture of cis- and trans-9-lithio-lO-ethyl-9,lO-dihydro- 
anthracene (dihydroanthracene = DHA) ( la  and 2a).2 

la 2a 

Reaction of these intermediates with methyl iodide 
gave 88-95% yields of cis-9-methyl-l0-ethyl-9,10-DHA 
(lc).3 Treatment, of the intermediates with deuterium 
oxide gave both cis- and trans-9-deuterio-lO-ethyl-9,lO- 
DHA (Ib and 2b) as judged by comparison of nmr 
spectra for the mixed product (Figure 1) with the 
published spectrum for lba6 I n  fact, our early deu- 
terolysis results (cisltrans = 39 : 61 * 3) corresponded 
better with data reported by Winkler for the existence 
of the homologous lO-butyl-9-deuterio-9,lO-DHA as 
nearly a 1:  1 mixture of cis and trans The 

(1) Abstracted in part from the Ph.D. thesis of D. J. S. (in preparation). 
Paper 11: Tetrahedron Lett., 3801 (1966). Paper 111: J .  Ore. Chem., 81, 
2977 (1966). 

(2) H. E. Zieger and D. J. Schaeffer, Abstracts, 155th National Meeting 
of the American Chemiaal Society, San Francisco, Calif., April 1968, No. 

(3) We appreciated receiving timely advance notice from Professor R.  G .  
Harvey that alkyl halide quenching of alkyllithium-anthracene adducts 
affords cia-9,10-dialkyl-9,10-DHAs.~ A cia stereochemistry was also as- 
signed by Redfords to the 9-methyl-lO-ethyl-9,lO-DHA of mp 108’ using 
the unproven criterion that cis-9,10-dialkyl-9,10-DHAs feature a singlet for 
the aromatic protons while trans isomers exhibit an AzBz (or AA’BB’) pat- 
tern. 

(4) R. G .  Harvey and L. Arradon, Abstracts, 155th National Meeting 
of the American Chemical Society, San Francisco, Calif., April 1968, No. 
P-154. NOTE ADDED IN PRooF.-See R.  G .  Harvey, et al., J .  Amer. Chem. 
Soc., 91, 4535 (1969). 

(5) D. A. Redford, Ph.D. Thesis, The University of Saskatchewan, 1967; 
University Microfilms, Inc., Ann Arbor, Mich., No. 68-5914: Diaaertation 
Abstr., PSB, 4074-B (1968). 

P-155. 

(6) D .  Nicholls and M. Szwarc, J .  Amer. Chem. SOC., 88, 5757 (1966). 
(7) (a) H. J. S. Winkler, R.  Bollinger, and H. Winkler, J .  Ore. Chem., 81, 

(I>) D. Nicholls and M. Szwarc, Proc. Roy.  Soc., ASOl, 223, 1700 (1967); 
231 (1967). 

observation of two products under photolytic condi- 
t i o n ~ ~ ~  or in the presence of bisamine2 and only one 
isomer6Jb in the absence of uv radiation or bisamine 
might be interpreted as implying the need for some 
agent to catalyze the interconversion of la and 2a. 
However, neither of these organolithium compounds 
would be expected to maintain its steriochemical 
integrity in ether (or THF) at  temperatures above O0.* 
The detection6s7b of a single deuterioethyl-DHA isomer 
was surprising and not in harmony with other r e s ~ l t s . ~ J ~  
Accordingly, it was decided to reinvestigate the addi- 
tion of ethyllithium to anthracene in THF. 

Results 
Deuterolysis of the adducts formed by addition of 

ethyllithium to anthracene in T H F  in the absence of 
tertiary bisamine gave a 1:  1 mixture of cis- and truns- 
deuterioethyl-DHA, l b  and Zb, regardless of the order of 
mixing of the intermediates and D2O. When a dilute 
solution of DzO in dry T H F  was added slowly during 1 
hr at  - 20” to the organolithium intermediates, the 
cisltrans ratio changed to 64:36. The slow mixing 
result may be attributed to a higher rate of reaction of 
DzO with l a  than with 2a. An alternate explanation of 
product variation involving a transmetalation process 
(i-e., reaction of 2b with la or 2a) is not supported by 
nmr data. Since protolyses with oxygenated acids are 
known to be faster processes than protonations by 
weak carbon transmetalation would be expected 
to be a much slower process than either deuterolysis or 
equilibration of stereoisomeric organolithium inter- 
mediates. lo If transmetalation was involved, detect- 
able amounts of 9-ethyl-9,lO-DHA (3) should be 
observed by nmr; 3 was not detected. 

Attempts to secure a single deuterioethyl-DHA isomer 
by deuterolysis with deuteriotriphenylmethane a h  
gave 57:43 mixtures of l b  and 2b. 

(8) D. J. Cram, “Fundamentals of Carbanion Chemistry,” Academic 

(9) Y. Pocker and J. H. Exner, J .  Amer. Chem. SOC., 90, 6764 (1968). 
(10) D. E.  Applequist and G .  N.  Chumurny, ibid., 88, 875 (1967). 

Press. New York, N. Y.. 1965, pp 123-127. 


