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The alkylation of extended enolates derived from conju- 
gated acids, esters, and ketones is an important part of syn- 
thetic methodology.2 We report here some useful observations 
on the alkylation of a conjugated nitrile and some of its rela- 
tives. 

1-Cyanocyclohexene ( l ) 3  was converted into the corre- 
sponding anion by the action of LDA in T H F  containing 
HMPA, and the resulting anion was quenched with excess 
alkylating agent. Under these conditions products 2a-c were 
obtained in yields of 78, 63,  and 55%, respectively. Methyl 
cyclohexene-3-carboxylate* was converted into methyl 3- 
methylcyclohexene-3-carboxylate in 72% yield under these 
conditions. Lower yields of 2 and considerable amounts of 
polymeric material were obtained when ether, DME, or T H F  
containing no HMPA were used as solvents; however, when 
HMPA was replaced with tetramethyl-12-crown-4 (in THF), 
a crown ether known to form complexes with lithium ions,j 
methylatin of 1 gave 2a in 72% yield. 

1 2a, R = CH, 
b, R = CH(CH,),  
c,  R = CH,CH=C(CH,), 

When DME containing TMEDA was used as solvent, 
methylation of 1 gave 2a (45%) and a small amount of a mix- 
ture of trimers 3a,b, the structures of which rest on spectral 
data (Experimental Section). Quenching of the anion (in 
DME-TMEDA) with water led to recovery of 1 (49%) and of 
pure trimer 3b. These trimers are thought to arise as shown 
below. 

Attempts to alkylate 1-cyanocylopentene6 under the above 
conditions (THF-HMPA-LDA) were fruitless; thus, meth- 
ylation of ester 47 gave 5 (27%),  68 (9%), and 7 (8%). On the 

CN 

U 
c 

3a, R = CH,  
b , R = H  

other hand, the use of trityllithium as the base for the meth- 
ylation of 4, or its acid as the dianion, gave 5 in 4 5 5 5 %  
yield. 

5 6 4 

A 
CH C02CH, 

7 

Exper imenta l  Section8 
Typical Procedure for Alkylations. T o  a solution of 41.0 mmol 

of lithium diisopropylamide in 50 mL of T H F  (N2) containing 47.0 
mmol of HMPA at -78 OC was added 40.0 mmol of 1 in 10 mL of THF. 
After 10 min. excess methyl iodide was added (syringe). The resulting 
solution was stirred at  -78 "C for 10 min, allowed to warm to 25 "C, 
and quenched with ice water. The product was extracted into hexane, 
washed with saturated NH4C1 and 10% aqueous HC1, dried, and 
concentrated. The  crude product was passed through a short column 
of alumina to remove HMPA and distilled to yield 3.78 g 178%) of 2a: 
bp 88-91 "C (20 torr); IR (CC14) 2225 cm-1; NMR (CC14) 6 6.02-5.38 
(m,  21, 2.22-1.58 (m, 6),  1.40 i s ,  3); mass spectrum (70 eV) m / e  (re1 
intensity) 121 (26), 54 (100). 

Anal. Calcd for CaHI1N: C, 79.29; H, 9.15; N. 11.56. Found: C ,  79.30; 
H, 9.29; N, 11.54. 

Reaction of 1 in DME Containing TMEDA. The anion of 1 (47 
mmol) in 50 mL of DME containing 50 mmol of TMEDA was gener- 
ated as above. When the anion was quenched with water and worked 
up as above 1 (49%) and 50 mg of a solid were recovered. Recrystalli- 
zation of the solid from toluene gave pure 3b: mp 298-299 "C; IR 
(KBr) 2220 ern-'; mass spectrum (70 eV) mle (re1 intensity) 321 (loo), 
295 (48), 268 ( 3 0 ) ,  254 (29), 214 (42), 108 (43). 

Anal. Calcd for Cz1H2;N3: C,  78.46; H ,  8.47; N. 1:3,07. Found: C, 
78.35; H, 8.43; N, 13.22. 

When the anion above was quenched with methyl iodide, 2a (45?6), 
and 550 mg of 3a containing 10% of 3b (two spots on TLC, Alumina/ 
benzene), mp 218-220 "C was obtained: IR iCC14) 2225 cm-'; NMR 
(CC14) 6 1.65 (s, 3, CH3); mass spectrum (70 eV) m / e  (re1 intensity) 
335 (loo), 321 (lo),  309 (46), 282 (401,254 ( l l ) ,  229 (831,202 (43), 109 
(44). 
3-Isopropyl-3-cyanocyclohexene (2b)  has bp (Kugelrohr) 

100-120 "C (18 torr): IR (CC14) 2225 cm-'; NMR (Cc14) 6 6.10-5.40 
(m, 2), 2.20-1.50 (m, 7) ,  1.10 (d,  3, CH3, J = 6.5 Hz), 1.02 (d ,  3, CH:I, 
J = 6.5 Hz); mass spectrum (70 eV) mle (re1 intensity) 150 (l), 149 
(4), 108 ( l l ) ,  107 (loo), 106 (151, 92 (6), 80 (22). 79 (111,77 ( 7 ) .  
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Anal. Calcd for CIijHI$i:  C,  80.48: H ,  10.13: N. 9.38. Found: C, 80.48: 
H. 10.06: N, 9.26. 
3-Prenyl-3-cyanocyclohexene (2c)  has hp  (Kugelrohr) 100-150 

" C  ( 5  torr):  IR (CC14) 2225 cm-'; NMR (CCI4) d 6.05-5.30 (m,  2 ) ,  
,5.40--5.05 ( t ,  1, J = 8 Hz with fine splitting from methyl groups). 
2.40 ~2.10 (br  d ,  2 ,  RCH2CH=CiCH:+, J = 8 Hzi, 2.20-1.50 (m,  12, 
broad singlets centered at 1.80 and 1.67 for two methyl groups); mass 
spectrum i 70eVi  mi. (re1 intensity) 175 (91,108 (71,107 (751,106 (9) .  

Anal. Calcd for  CIIH1:N: C. 82.23; H, 9.78: N, 7.99. Found: C, 82.09: 
H ,  9.70; N .  7.95. 

Methyl 3-rnethylcyclohexene-3-carboxylate has hp 90-92 "C' 
( 3 2  torr):  IR tCCIIi 17:%3 cm-'; NMR tCC141 ii 5.65-5.50 im, 2 ) .  3.60 
is. 3. OCH,I), 2.:30-1.:30 ~ n i .  6). 1.20 1s. 3, CH:I); mass spectrum (70 e\') 
n7ic (re1 intensity) 151 i9.6). 121 ( l o ) ,  91  (111, 93 (loo),  92 (14). 

Anal. Calcd for C:jH1;O?: C. '70.10; H .  9.15, Found: C, 70.25; H. 
9.25. 

Methyl 3-Methylcyclopentene-3-carboxylate (5). T o  a solution 
prepared from 4.40 g i 18 mmol) of triphenylmethane and 200 mg (25 
mmol) of lithium hydryde in 45 mL of dry T H F  was added a solution 
oi'2.00 g (16.6 mmoli of cyclopentene carhoxylic acid in 10 mL of THF.  
The mixture was heated at reflux until evolution of H? ceased (20 mini 
then cooled in an ice--salt bath while 10 mL of 1.8 M n-butyllithium 
in hexane (18 mniol) w a ~  added (syringe). The resulting deep red 
mixture was heated at :3,5 "C for 1 h. cooled to 0 "C,  quenched with 3 
mL of' methyl iodide. and stirred at :I0 "C for :i h. After the usual ex- 
traction the acidic product was taken up in ether and treated with an 
ethereal solution of diazomethane to give (after solvent removal) 1.61 
g of oil from which 1.12 g i18%i of 5 was separated by preparative TLC 
(silica gel): IR !CClI1 1735 cm-'; N'MR (CC14) 6 5.80-5.50 (m. 2 ) .  3.63 
(s. X.OCH:>), 2 . 5 L 2 . 2 0  ( m .  :Xi. 1.92-1.45 im. 1),1.27 i s ,  3. CH:,); mass 
spectrum (70  e\.') n7/17 ire1 intensity) 140 i1.9),81 (100). 

Anal. Calcd f o r  ( ' h H I 1 l O ~ :  C. 68.51; H .  8.63. Found: C.  68.42: H. 
8.86. 

Dimeric product fiY (TIL '  isolation) has: IR (CCI4) 1735, 1725 
cm- ' :  XMK (CCl,i i, 5.75- 5.20 im. 2 ) .  3.58 is. 9. OCH:1), 3. j3 (s. 3. 
OCH I ) ,  2.60-1,:E 1 m. 11 i. 1.20 is .  3. CH:j): mass spectrum (70 e\') m/c 
266 I 1) .  23.1 161. 21-18 i d ) .  207 (.??I, 206 ( 2 8 ) .  192 (8). 17,5 (171, 147 (171. 
146 (100).  145 ( I : { ] ,  1:33 11,i). 126 ($52) .  125 i l 7 ) .  
Methyl l-rnethyl-2(N,N-diisopropyl)aminocyclopentane 

carboxylate ( 7 )  ('TLC isolation) has: IR (CC14) 1725, 1714 cm-I: 
NMR (CC14) ii : L i 6  IS. :3. OCH.,). X20-2.60 im, 3 ) .  2.30-1.30 (m. 61. 1.18 
(s,  :3, CH 1). 0.96 id. 1 2 .  ./ = 6.5 Hz):  mass spectrum (70 e i 7  m/p (re1 
intensity) 242 (:3 . : ! l ,  211 (21 I .  226 (261, 198 l l 7 ) ,  141 (131, 140 (1001. 
98 (67). 

Anal. Calcd for Cl4H2-OLN: C,  69.66: H,  11.28: E, 5.80. Found: C .  
69.86: H .  11.11; N. 5.92. 

80 1111, 79 (91, 69 (100). 41 (45). 

Registry !Vo.---l, 1855-6:3-6: 1 anion, 68317-67-9; 2a, 68317-68-0: 
2b, 68417-69-1: 2c, 68:117-7(i-1: 3a, 68317-71-5; 3b, 68317-72-6; R .  
6831 7-7:3-7: 6.  6881'7-71-8: 7 ,  66317-75-9; methyl 3-methylcyclohex- 
ene-:i-carboxylate. 68317-76-0: cyclopentenecarboxylic acid. 1560- 
11 -ti: 1 -methyl-2-cvclopentene carhoxylic acid. 68317-77-1. 
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Several lines of research' in our laboratory prompted an 
investigation of a more facile synthesis of 3,4-dihydroxyph- 
enylpyruvic acid (1). Since a previousl) reported synthetic 
procedure4 proved to be unsatisfactory in our hands, we at-  
tempted to exploit Weygand's observationh that the hydrolysis 
of trifluoromethyloxazolones produced pyruvic acids. Another 
attractive feature of this approach is the fact that  oxazolones 
are readily available from cu-amino acids which in turn can be 
obtained commercially with various isotopic labels. Isotopi- 
cally labeled phenylpyruvic acids are not commercially 
available. 

We have found that hydrolysis of the putative trifluo- 
romethyloxazolone intermediate ( 3 )  in 70% aqueous trifluo- 
roacetic acid a t  room temperature produced 1 in 87% yield. 
The product (1) precipitated as it was formed and was isolated 
by filtration. This procedure avoids conditions known to be 
detrimental to the stability of 1, 1.e.. exposure to base and 
oxygen, especially when it is in solution. Undistilled 3 contains 
incompletely reacted amino acid which eventually contami- 
nates the product with the N-trifluoroacetyl derivative of 2 
if the distillation step is omitted. An overall yield of 69% of 1 

from 2 was reali 

I 2 

0 

HO 
1 

ed. The crystalline solid (1) is auite st ble 
when stored a t  4 "C but slowly decomposes a t  room temper- 
ature. 

Experimental Section 
Melting points were determined on a Fisher-Johns block. Mass 

spectra were obtained with an  LKB 9000 mass spectrometer while 
NMR were recorded on a Varian Associates A-60 NMR spectrometer 
using tetramethylsilane as an internal standard. 
3,4-Dihydroxyphenylpyruvic Acid (1). A slurry of 1.-3,4-dihy- 

droxyphenylalanine (2)  (5 g, 2.5 mmol) in trifluoroacetic anhydride 
(26.3 g, 12.5 mmol) was stirred until completely dissolved. After the 
solution was refluxed for 24 h (bath temperature 85 " C ) ,  trifluo- 
roacetic acid was removed by distillation and the residue vacuum 
distilled on a short path apparatus (140 "C i:i m m ) )  to give a light 
yellow oil. The distillate was taken up in 70% aqueous trifluoroacetic 
acid and allowed to stand a t  room temperature for 24 h.  The resulting 
slurry was cooled to  4 "C and filtered, washing twice with 10 mL of 
cold H20. The filtrate (2.8 g of 1) could be recrystallized from water 
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