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Because of the sterically crowded environment about the 
hexasubstituted benzene ring, 1 is likely to exist predom- 
inantly in the all-anti conformation (&). On the as- 
sumption that the vicinal coupling constants JAB' and JAB 
of 1 represent the unaveraged 3J,ti and 3Jgauche couplings 
in the CHzCHz fragment of a 1-methyl-2-aryl-substituted 
ethane, the observed values of the vicinal coupling con- 
stants of 2 correspond to a slight preponderance of the anti 
conformer.s 
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(7) In compounds of the type XCH2CH2Y, the vicinal coupling con- 
stants JAB, and JAB remain nonequivalent (anisogamous) even under 
conditions of rapid internal r ~ t a t i o n . ~  Barring accidental equivalence, 
JAB, = JAB only when p = where p is the mole fraction of anti con- 
former.' 

(8) In previous studies, the 'H NMR spectrum of 2 waa analyzed under 
the simplifying assumption that the seven propyl protons could be treated 
as an A2B& spin system. See: Cavanaugh, J. R.; Dailey, B. P. J. Chem. 
Phys. 1961, 34, 1094. Chamberlain, N. F. "The Practice of NMR 
Spectroscopy"; Plenum Press: New York, 1974; p 367. 

An Important Limitation in the Reactions of 
1-Chloro-1-alkenes with II - or sec-Butyllithium 

Donna J. Nelson 

Depar tment  of Chemistry,  University of Oklahoma, 
Norman, Oklahoma 73019 

Received August 17, 1982 (Revised Manuscript Received 
December 6, 1983) 

I t  has been reported that the low-temperature reaction 
of n-butyllithium with 1-chloro-1-alkenes yields stable 
lithium derivatives that can then be converted into a va- 
riety of compounds with overall retention of stereochem- 
i~ t ry . l -~  Often, it was stated that the reaction takes place 
for R = R1 = a l k ~ l . ~ , ~  However, a thorough literature 

R %/ CI 

search reveals that these reactions have been reported only 
for the compounds in which one or both of R and R' are 
groups capable of conjugating with the double bond (such 
as Ar, Ph, and Cl),132p435 and not for compounds in which 
both R and R1 are typical alkyl groups. Thus, the litera- 
ture is somewhat misleading for one desiring to carry out 
this reaction with compounds in which R and R1 are ali- 
phatic. Therefore, we report our results for the reactions 
of representative compounds of this type with n- or sec- 
BuLi in order to identify an important limitation of this 
reaction. 

On the basis of statements in the l i t e r a t~ re?~  one might 
predict that the reaction of 1-chloro-2-methyl-1-propene 
(1) with n- or sec-butyllithium would yield a lithium de- 
rivative stable a t  low temperatures and useful in suc- 

(1) (a) Kobrich, G. Angew. Chem., Int. Ed. Engl. 1967,6,41-52. (b) 
Ibid. 1972,II, 473-485. 

(2) (a) Kobrich, G.; et al. Chem. Ber. 1966,99,670,680,689, 1773,1782, 
1793. (b) Ibid. 1967,100,961,2011. (c) Tetrahedron Lett. 1964,113-116, 

(3) Cohen, B. J.; Kraus, M. A.; Patchornik, A. J. Am. Chem. SOC. 1981, 

(4) (a) Kobrich, G.; Merkel, D.; Thiem, K.-W. Chem. Ber. 1972, 105, 

(5) KBbrich, G. Angew. Chem., Int. Ed. Engl. 1965,4,49-68. 

1137-1 142. 

103,7620-7629. 

1683-1693. (b) Kbbrich, G.; Merkel, D. Ibid. 1970,9, 243-244. 

ceeding reaction steps. However, we find no evidence for 
that stable intermediate in this reaction over a wide range 
of temperatures (-110 OC to room temperature). 

ti Cl CI 
not observed 

Hex$ 

not observed 

At 0 OC, equimolar amounts of 1 and n- or sec-BuLi 
followed by addition of either methyl iodide or trihexyl- 
borane as electrophile do not lead to the products one 
might predict. Instead, both reactions give 2-methyl-2- 
heptene in low yields.6 Thus, while these electrophiles 

n-8uLi h-h  
'cl b" 

quench apparently stable anions of 1-chloro-1-alkenes 
bearing groups such as phenyl (vide supra), they fail in our 
system. To ascertain whether there was any involvement 
of the added electrophiles in formation of the 2-methyl- 
2-heptene, we ran a blank reaction. This reaction of 
equimolar amounts of 1 and n-BuLi also produced 2- 
methyl-2-heptene. Evidently, if any of the lithium de- 
rivative is formed, it reacts relatively rapidly with a second 
equivalent of n-BuLi. 

We observe such formation of 2-methyl-2-heptene at  
temperatures as low as -23 and -45 "C. At  lower tem- 
peratures (-78 or -110 "C) where the lithium derivative 
should be more stable, the reaction of equimolar amounts 
of 1 and n- or sec-BuLi followed by addition of 1 equiv of 
the electrophile yields predominantly polymerization 
products. 

One might argue that the failure of the use of Me1 to 
yield 2-chloro-3-methyl-2-butene could be due to problems 
inherent in the reactivity of Me1 toward organolithiums, 
although this is unlikely since the use of 1 equiv of this 
electrophile has been shown to give good results in such 
cases.7 However, the failure of Hex3B to quench the anion 
is not due to any such problems with the electrophile, since 
the spontaneous rearrangement undergone by such borate 
complexes has been well-demonstrated.s This reaction 
probably involves initial metalation cy to chlorine, similar 
to the cis- or trans-1-chloro-2-methylstyrene ~ y s t e m . ~  
However, a t  any of the temperatures investigated, the 
anion of the aliphatic system evidently is not sufficiently 
long-lived to be useful in succeeding reaction steps, as is 
that of the aromatic system. We find no evidence for 
deprotonation y to chlorine which has been reported to 
be the major reaction of some 1-chloro-2-methylcyclo- 
alkenes.1° 

(6) (a) Similar products were obtained at room temperature with 5 
equiv of base. Gunther, H.; Bother-By, A. A. Chem. Ber. 1963,96,3112. 
(b) For a similar reaction, see: Hafner, K.; Krimmer, H.-P.; Stowasser, 
B. Angew. Chem., Int. Ed. Engl. 1983,22, 49C-491. 

(7) Neumann, H.; Seebach, D. Chem. Ber. 1978, 111 ,  2785. 
(8) (a) Zweifel, G.; Arzoumanian, H. J. Am. Chem. SOC. 1967,89,5086. 

(b) Zweifel, G.; Fisher, R. P.; Snow, J. T.; Whitney, C. C. Ibid. 1971,93, 
6309. (c) Corey, E. J.; Ravindranathan, T.  Ibid. 1972, 94, 4013. (d) 
Negishi, E.; Katz, J. J.; Brown, H. C. Synthesis 1972, 5555. (e) Negishi, 
E.; Yoshida, T. J. Chem. SOC., Chem. Commun. 1973, 606. 

(9) (a) Kobrich, G.; Merkle, H. R. Angew. Chem., Int. Ed. Engl. 1967, 
6,74. (b) Chem. Ber. 1967,100.3371-3384. ( c )  Kobrich, G.; Goyeat, W. 
Tetrahedron 1968,24, 4327. 

Chem. SOC. 1980,102, 6519-6526. 
(10) Gassman, P. G.; Valcho, J. J.; Proehl, G. S.; Cooper, C. F. J.  Am. 

0022-3263/84/1949-2059$01.50/0 0 1984 American Chemical Society 



2060 J. Org. Chem., Vol. 49, No. 11, 1984 Notes 

Table I. Products and Conditions of the Reactions of 1-Chloro-1-alkenes with n -  or sec-Butyllithium Followed by the 
Addition of Methyl Iodide 

reactant products - 
no. compd base" temp, "C compd % b  

1 1-chloro-2-methyl-1-propene n-BuLi -110 1 34 
polymerization 

n-BuLi 0 1 8 
2-methyl-2-heptene 13 

2a trans-1-chloropropene sec-BuLi -110 2a 36 
2-butyne 50 

3a cis-1-chloropropene sec-BuLi -110 3a 36 

sec-BuLi (2 equiv) -110 2-butyne 32 
2b trans-1-chloro-1-butene sec-BuLi -110 2b 40 

3b cis-1-chloro-1-butene sec-BuLi -110 3b 52 
2-pentyne 42 

2-butyne <1 

sec-BuLi (2 equiv) -110 2-butyne 20 

2- butyne 49 

2-pentyne 43 

a One equivalent unless indicated otherwise. Yields are an average of at least three runs. 

Because the results for 1 were so different from those 
for l-chloro-2-methylstyrene, we thought i t  desirable to  
determine whether the results for simple vinyl chlorides, 
such as 1-chloro-1-propene and -butene, would also be 
different from those for 1-chlorostyrene. Therefore, we 
investigated the reactions of these representative vinyl 
chlorides with n- or sec-butyllithium. Here, the results for 
the alkenyl systems (Table I) were essentially analogous 
to  those reported for the styryl systems.' The reaction of 
cis- or trans-1-chloro-1-alkenes with equimolar amounts 
of sec-BuLi followed by addition of Me1 yields a 2-alkyne 
and starting chloroalkene (Table I). No propyne or 1- 
butyne was observed. Increasing the amount of sec-BuLi 

sec-BuLi 
-110 D C  

R-E-L~ MeI R-=- 
CI 'i\ I - Me 

a , R = M e ; b , R = E t  

R CI 

2 
to  2 equiv depleted the chloroalkene, but  there was no 
corresponding increase in the alkyne yield. Instead, the 
yield dropped, possibly due to an increase in dimerization 
and trimerization reactions.l1JZa 

It has been determined that  in the reactions of the 
chlorostyrenes, the intermediate lithium phenylacetylide 
is formed from the initial anion via a reaction with a second 
equivalent of organolithium base rather than by an H 
shift.'J3 To investigate whether the mechanism of the 

/=\a 
R CI 

Me sec-BuLI R-z--L, a R-=- A' 
/ R Cl 

3, R = Et 

shi f t  .\ sec- Bu Li / 
R - S - H  

analogous aliphatic system is similar, we carried out a 
simple test for the H-shift mechanism. If the reactions 
of 2 and 3 did involve the H shift, this would necessitate 
that the 1-alkyne formed react with sec-BuLi much faster 
than do the starting materials. Otherwise, some 1-alkyne 
would be observed. T o  test this, we ran a competitive 
reaction of 3b vs. 1-pentyne with sec-BuLi at -110 "C and 
determined the relative reaction rate, k3b/kl-wntyne = 1.22. 
Since the relative reactivity of the two compounds is so 
close to unity, the H shift is ruled out in this system. Thus, 
the mechanism for this reaction appears analogous to that 
of the P-chlorostyrenes.' It probably involves a reaction 
of the initial anion with a second equivalent of n- or sec- 
BuLi to  give a lithium alkynide, which then reacts with 
methyl iodide to  yield the 2-alkyne. 

Experimental Section 
General Comments. Standard techniques for handling air- 

and moisture-sensitive compounds were used.14 THF was distilled 
over LAH. The chlordenes (Albany International) were distilled 
over CaH2. n-Nonane (Phillips) was used as received for the 
internal standard. 

Reactions of 1,2, or 3 with n- or sec-BuLi. In all cases the 
reactions were carried out on a 10.0-mmol scale in 10 mL of THF 
solvent. The appropriate chloroalkene, n-nonane, and THF were 
transferred via syringe to a 25-mL round-bottom flask equipped 
with a magnetic stirring bar. The solution was then cooled to 
the desired temperature by use of a slush bath: 100% etha- 
nol/liquid NP, -110 "C; dry ice/acetone, -78 "C; chloro- 
benzene/liquid NP, -45 "C; CC14/liquid N P ,  -23 "C; ice, 0 "C. One 
equivalent of either n- or sec-BuLi was slowly added via syringe 
to the reaction flask. Maintaining both the reaction temperature 
and the stirring, 1 equiv of Me1 was added. The results were 
independent of whether the Me1 was added immediately or after 
30 min. After stirring for another 30 min, the contents of the flask 
were warmed to room temperature, and the products were ana- 
lyzed. 

When HexBB was used as the electrophile in the reactions of 
1 with n-BuLi, the reaction temperatures used were -110 and 0 
"C, and these reactions were carried out in a manner analogous 
to that described above for MeI. In the latter instance, n-BuLi 
was added to the reaction mixture at -110 "C. After 30 min of 
stirring, the flask was warmed to 0 "C, and 1 equiv of Hex3B was 
added. When Hex3B was used as the electrophile, a "B NMR 

(11) Kobrich, G.; Drischel, W. Tetrahedron 1966,22, 2621. 
(12) (a) Kobrich, G.; Heinemann, H.; Zundorf, W. Tetrahedron 1967, 

23, 565-584. (b) Hartzler, H. D. J. Am. Chem. SOC. 1964, 86, 526. (c) 
Bleiholder, R. F.; Shechter, H. Ibid. 1964, 86, 5032. (d) Kobirch, G.; 
Heinemann, H. Angew. Chem., Int. Ed. Engl. 1965, 4, 594-595. (e) 
Kobrich, G.; Breckoff, W. E.; Heinemann, H.; Akhtar, A. J. Organomet. 
Chem. 1965, 3, 492-494. 

(13) (a) Fritsch, P. Justus Liebigs Ann. Chem. 1894, 279, 319. (b) 
Buttenberg, W. P. Ibid. 1894,279, 327. (c) Wiechell, H. Ibid. 1894,279, 
337. 

(14) Brown, H. C.; Kramer, G. W.; Levy, A. B.; Midland, M. M. 
'Organic Syntheses via Boranes"; Wiley-Interscience: New York, 1975; 
pp 191-261. 
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spectrum was taken 30 min after addition of the Hex3B; in no 
case was there a signal corresponding to a vinylborane or a vi- 
nylborate complex. To effect protonolysis, the flask was warmed 
to 0 "C after 30 min or kept at 0 "C for 30 min, and 1 equiv of 
HOAc was added. The contents were analyzed by GC, and no 
2-methyl-2-nonene was detected. 

Competitive Reaction. cis-1-Chloro-1-butene and 1-pentyne 
(10.0 mmol each) were added via syringe to a round-bottom flask 
containing n-nonane (4 mmol) and THF (10 mL) and equipped 
with a magnetic stirring bar. The flask was then cooled to -110 
"C, and sec-BuLi (10.0 "01) was slowly added via syringe. After 
30 min of stirring at low temperature, the reaction mixture at -110 
"C was quenched with MeI. The contents of the flask were then 
warmed to room temperature and analyzed by GC for residual 
reactants. The relative reactivities were calculated by using the 
Ingold-Shaw eq~ati0n.l~ 

Instrumentation. All products were identified by GC coin- 
jection with an authentic sample using a variety of columns and 
by GC/MS. GC data was obtained by using a Varian 1200 in- 
strument equipped with a l/g in column. Columns used were as 
follows: 6 f t  10% SP2100 on 100/120 Supelcoport, 18 f t  30% 
adiponitrile on 60/80 mesh Firebrick, 6 f t  0.15% picric acid on 
80/100 Carbopack in series with 9 f t  30% adiponitrile on 60/80 
mesh Firebrick. Mass spectra data were obtained with a Finnigan 
4000 GC/MS equipped with a 6 f t  X 1/4 in. 3% OV-1 on 80/100 
mesh Chromosorb W or an 18 ft X 1/8 in. 30% adiponitrile column. 
llB NMR spectra were obtained with a Varian FT80A. 

Acknowledgement is made to the donors of the Pe- 
troleum Research Fund, administered by the American 
Chemical Society, for the support of this research. 

Registry No. 1, 513-37-1; 2a, 16136-85-9; 2b, 7611-87-2; 3a, 
16136-84-8; 3b, 7611-86-1; n-BuLi, 109-72-8; see-BuLi, 598-30-1; 
2-methyl-2-heptene, 627-91-4; 2-butyne, 503-17-3; 2-pentyne, 
627-21-4. 

(15) Ingold, C. K.; Shaw, F. R. J. Chem. SOC. 1927, 2918. 
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Oxygen-substituted phenylacetic acids have been em- 
ployed in the synthesis of a wide variety of natural prod- 
ucts, embracing such diverse species as flavonoids and 
alkaloids.'p2 One especially important area is their use in 
the synthesis of the opiate  alkaloid^.^^^ Rice has employed 
(3-hydroxy-4-methoxypheny1)acetic acid (1, homo- 
isovanillic acid) in a concise synthesis of the opiate pre- 
cursor dihydrothebainone.%d In a related approach to the 
synthesis of the opiate skeleton, Beyerman employed 
[3,Bbis(benzyloxy)-4-methoxyphenyl]acetic acid (2b).4a* 

(1) Kurosawa, K.; Ollis, W. D.; Sutherland, I. 0.; Gottleib, 0. R.; De 
Oliveria, A. B. Phytochemistry 1978, 17, 1405. 

(2) For an example of the use of (3-hydroxy-4-methoxyhenyl)acetic 
acid (1) in simple alkaloid synthesis, see: Kametani, T.; Takemura, M.; 
Ogasawara, K.; Fukumoto, K. J. Heterocycl. Chem. 1974,11, 179. 

(3) (a) Rice, K. C. J. Org. Chem. 1980, 45, 3135. (b) Grewe, R.; 
Friedricksen, W. Chem. Ber. 1967,100,1550. (c) Morrison, G. C.; Waite, 
R. R.; Shavel, J., Jr. Tetrahedron Lett. 1967,4055. (d) Rice, K. C.; Brossi, 
A. J. Org. Chem. 1980,45, 592. 

(4) (a) Beyerman, H. C.; Lie, T. S.; Maat, L.; Bosman, H. H.; Buurman, 
E.; Bijsterveld, E. J. M.; Sinnige, H. J. M. Recl. Trau. Chim. Pays-Bas. 
1976,95, 24. (b) Beyerman, H. C.; van Berkel, J.; Kie, T. S.; Maat, L.; 
Wessels, J. C. M.; Bosman, H. H.; Buurman, E.; Bijsterveld, E. J. M.; 
Sinnige, H. J. M. Ibid. 1978,97, 127. (c) Lie, T. S.; Maat, L.; Beyerman, 
H. C. Ibid. 1979, 98, 419. 

OH OR 

2a, R = H 
b, R = C,H, 

Finally, Schwartz demonstrated the utility of 2b for the 
synthesis of thebaine using the phenolic oxidative coupling 
a p p r ~ a c h . ~  Due to the importance of 1 and 2a as codeine 
precursors, much attention has been given to  their prep- 
aratioa6 In general, the synthesis of these compounds 
involves the one-carbon homologation of a benzyl deriva- 
tive and then manipulation of the aromatic functionality. 
The most convenient preparations of 1 use isovanillin as 
the starting material. This strategy was demonstrated by 
Grewe and Fischer6' wherein isovanillin was converted to 
the cyanohydrin, which was then successively hydrolyzed 
and reductively dehydroxylated to give 1 in greater than 
80% yield. This preparation of 1, while affording a good 
yield of material, suffers in that it is experimen+dy tedious 
and involves procedures during which hydrogen cyanide 
is evolved. To date, only one synthesis of an analogue of 
2a has been reported.' Gallic acid was esterified and then 
selectively methylated in poor yield a t  the 4-hydroxyl 
group. Benzylation of the remaining free phenols and 
homologation by the Arndt-Eistert procedure8 gave 2b. 

The disadvantages noted above prompted us to devise 
a general method of preparation of 1 and 2a from a com- 
mon starting material. An excellent candidate for the 
initiation of this strategy is the relatively inexpensive and 
readily available (4-methoxypheny1)acetic acid 3.9 Our 
proposed synthesis of 1 and 2a required bromination of 
3a to 3b and 3c followed by displacement of the halides 
by hydroxide in a copper-catalyzed reaction. A previous 
attempt to employ this general strategy for the synthesis 
of 1 was performed by Hrothama.lo In that report, the 
necessary ipso substitution of the halogen atom in 3d was 
not observed. This compound was found to be relatively 
unreactive to reagents such as aqueous barium hydroxide 
at 170 "C and reacted via aryne mechanisms (3d - 4) a t  
higher temperatures. However the recent report of the 
facile substitution of 4-bromoanisole by methoxide using 
cuprous oxide catalysis1' and our own success in the syn- 
thesis of catechols from o-bromophenols prompted us to 
explore the applicability of 3b and 3c.12 

RZ 

3a, R' = R2 = H 
b, R1 = H; R2 = Br 
c, R1 = R2 = Br 
d, R' = H; R2 = C1 
e ,  R1 = Br; R2 = OH 

(5) Schwartz, M. A.; Zoda, M. F. J.  Org. Chem. 1981, 46, 4623. 
(6) (a) Spath, E.; Lang, N. Monatsh. Chem. 1921,42, 273. (b) Hahn, 

G.; Schulz, H. J. Chem. Ber. 1939, 72, 1302. (c) Bersch, H. W. Arch. 
Pharm. Ber. Dtsch. Pharm. Ges. 1939,277, 271. (d) Kindler, K.; Met- 
zendorf, W.; Dschi-yin-kwok Chem. Ber. 1943, 76, 308. (e) Fischer, H. 
E.; Hibbert, H. J. Am. Chem. SOC. 1947,69,1208. (0 Grewe, R.; Fischer, 
H. Chem. Ber. 1963,96, 1520. 

(7) Schopf, C.; Winterhalder, L. Ann. Chem. 1940, 599, 1. 
(8) Bachmann, W. E.; Struve, W. S. Org. React. (N.Y.) 1942, I ,  38. 
(9) Isovanillin: $29/100 g; 14: $13/100 g. Aldrich Catalog, 1983 price 

listings. -.- _.__ 

(l;fHrothama, 0. Chem. Ber. 1942, 75, 123. 
(11) (a) Bacon, R. G. R.; Rennison, S. C. J. Chem. Soc. C 1969, 312. 

(b) Bacon, R. G. R.; Stewart, 0. J. Ibid. 1969, 301. 
(12) Weller, D. D.; Stirchak, E. P. J. Org. Chem. 1983, 48, 4873. 
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