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The conversion of (-)-4-methylisopulegone [( -)- 
4-methyl-p-menth-8(9)en-3-one)] (2) into (+)-2-isopro- 
pyl-2-methylsuccinic acid (Sa) and the structures of 
the intermediate products are reported. The absolute 
configuration of 2 has been unequivocally established 
by X-ray crystallography of the rubidium salt of the 
half-methyl ester of ( +)-2-isopropyl-2-methylsuccinic 
acid (Qc). The acid 9a is important since it is a degra- 
dation product of several terpenes13 including (+)- 
camphor14 (+) - th~jone ,~  and (+)-sabinene," and has 
been used to establish the absolute configuration of 
these and related molecules. We had previously 
arrived at an incorrect assignment of the absolute 
configuration of 2 through a quasi-racemate study in- 
volving (+)-2-isopropyl-2-methylglutaric acid (1 la) 
and (+)-2-isopropylglutaric acid. Since quasi-race- 
mate formation was observed between these acids, we 
had concluded that, the isopropyl groups of these 
two molecules should have opposite  configuration^.^ 
The paucity of material at that time prevented degrada- 
tion to 2-isopropyl-2-methylsuccinic acid of known 
absolute configuration.8 We have devised and now 
report a successful degradation of 2 which provides 
enough 9a for complete characterization and optical 
rotation studies. 

The reaction sequence used in the degradation is 
shown in Scheme I, which includes the alkylation of 
(+)-pulegone (1) to (-)-2. The latter was isolated 
and purified as previously reported.'" The structure 
of 2 was confirmed by ir, mass, nmr, and uv spectral 
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data. Catalytic hydrogenation of 2 afforded the 
expected (+)-Pmethyl-p-menth-3-one (3). Its con- 
version into the unsaturated ketone 5 via the crystal- 
line bromo ketone 4 was also acc~mplished.'~ 

SCHEME I 

7 8 (+>Sa, R,-%=H 
(+)-9b, RI=RL=CH3 

c,R,=Rb;$=CH, 

All previous attempts a t  degrading the unsaturated 
ketone 5 to 9a failed. We therefore sought a degrada- 
tion route in which we could activate or substitute C-4 
of the unsaturated ketone 5 in such a way that 2-iso- 
propyl-2-methylsuccinic acid could be obtained. Allylic 
bromination of 5 with N-bromosuccinimide in carbon 
tetrachloride yielded an unsaturated bromo ketone. 
This bromination product might be 6a or b. The 
structure 6a was apparent from the nmr spectrum, 
which shows a sharp singlet at T 8.15 (3  H) due to a 
vinylic methyl group, whereas the parent ketone 5 
shows this methyl signal at 8.10 (3 H). The shift is 
attributed to the inductive effect exerted by the bro- 
mide substituent. The absence of absorption due to 
allylic methylene protons in the T 7.5-8.0 region and 
the survival of the methyl group during bromination 
provide convincing evidence that structure 6a is cor- 
rect. Additional evidence for the formation of a 
monobromination product is gained from the bromine 
analysis. Oxidation of 6a with alkaline potassium per- 
manganage gave 9a, mp 128-130°, [ a I z 4 ~  +15" 
(c 0.8, CzHaOH). A mixture of 9a obtained from the 
degradation with an authentic sample of (+)-sa 
showed no depression in melting point.g The infrared 
spectra of these samples were identical, and the mass 
fragmentation patterns of 9a and 9b confirm the struc- 
ture assignment to  9a. 
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The nmr and ir spectra of 9b support its structure. 
Comparison of 9b with the methyl ester of authentic 
9a through gas chromatography on a Carbowax 20M 
column showed these materials to be homogeneous and 
indistinguishable. It is assumed that oxidation of 6a 
to 9a proceeds through 4hydroxy-6-isopropy1-3,6-di- 
methyl-2-cyclohexen-1-one (7), since 7 may be pre- 
pared by treating 6a with a refluxing suspension of 
aqueous calcium carbonate. The crude product 7 
was oxidized with alkaline potassium permanganate 
and gave, as expected, (+)-2-isopropyl-2-methyIsuc- 
cinic acid (sa). lbr6 

The degradation route described in Scheme I is 
deceptively simple but was used only after several other 
attempts at  the degradation of the unsaturated ketone 
5 beyond (+ )-2-isopropyl-2-methyl-5-oxocaproic acid 
(loa) or l la  had failed. These attempts included 
formation of the enol acetate 12 and the enol lactone 
13 as shown in Scheme 11. 

SCHEME I1 

x" 
i 
(-)-5 

Q OAc 

12 
Qo 

13 

C O R  - pR 
(+>lla, R = H  
(+>lib, R-CH, 

We believe L a t  these molecua were formed but that 
reaction conditions necessary for their formation were 
too severe to permit the products to survive to isola- 
tion. The evidence for enol lactone formation was 
the elimination of water on pyrolysis of 10a and also 
the observation of enol lactone carbonyl bands in the 
infrared spectrum of the pyrolysis product of loa. 
Reaction of the a,@-unsaturated ketone 5 with iso- 
propenyl acetate catalyzed with p-toluenesulfonic acid 
afforded acetone as expected. Gas chromatographic 
analysis showed eight peaks and, since materials were 
limited, a pure enol acetate was not obtained. There- 
fore, these reactions were abandoned in favor of those 
in Scheme I. During the course of these studies, we 
repeated the preparation of lOa,b and lla,b, and con- 
firmed the earlier findings regarding the properties of 
these molecules; in addition, we report nmr and mass 
spectral data for 10b and l lb.  

Experimental Sectionlo 

Isolation and Purification of (+)-Pulegone (l).-Distillation 
fractions from oil of pennyroyal" boiling at  72-75' (0.7 mm) and 
75-80' (0.7 mm) were combined and purified by preparative gas 

(10) -4 Beckman GC-2.A or an F & M 700 gas chromatography apparatus 
was used. The columns, heated at 180-190°, were 10 ft X 0.25 in. and were 

chromatography a t  180' using a column packed with Chromosorb 
W coated with LAC-4R-886. Pulegone (1) was obtained in 98.7% 
purity: bp 74-75' (0.7 mm); a z 4 ~  f23' (neat) [1it.l2 bp 117' 
(27 mm), a 2 7 ~  f23.6' (neat)] ; A~F' 251 mp (e 7370). I ts  nmr 
spectrum in CCla showed absorption at  T 9.0 (3 H, d), 8.7 ( 1  
H, d), 8.0 (6 H, s), 8.1 (4 H, s), and 7.6 (2 H, m). 

Preparation of ( - )-4-Methylisopulegone (2).-The methyla- 
tion of 106 g of l was carried out as described12 to give 90 g of 
crude product. Purification by distillation, preparation of its 
semicarbazone, recrystallization of the semicarbazone to yield 
26 g of material melting at  200-202', and regeneration by steam 
distillation in the presence of 52 g oxalic acid yielded 15 g of 2 :  
bg 89-93' (12 mm); a Z 4 D  -123' (neat); 294 mp (e 51); 
Am:: 3000, 1720, 1650, 1560, 1470, and 1390 cm-1; nmr (CCla), 
7 5.05 (2 H, d), 7.3 to 8.2 (6 H, m), 8.3 (3 H, s), 8.7 (1 11, d) ,  
8.9 (3 H, s), and 9.0 (3 H, d). Its mass spectrum showed ion 
peaks m/e 41 (8.2%), 123 (7.7%), 39 (6.0%), 67 (5.4%), 27 
(4.4%), and 81 (4.2%) and a parent ion peak m/e 166 
(2%). 

Preparation of (+)-4-Methyl-p-menth-3-one (3).-Catalytic 
hydrogenation of 14 g of 2 as previously described12 in the pres- 
ence of 1 g of 10% Pd/C catalyst in 150 ml of ethanol 
resulted in the uptake of 1 equiv of hydrogen within 45 min. 
The catalyst was filtered out and the solvent was evaporated 
and distilled to give 10 g of 3: bp 85-88' (23 mm); a Z 4 ~  $19" 
(neat); A::? 2825, 1710, 1450, and 1375 cm-I; nmr (CCL), 7 

9.2 (3 H, d), 9.1 (3 H, s), 9.0 (6 H, 2d), 8.4 ( 1  H ,  d), 8.2 (1 H, 
d), 8.0 (2 H, s), and 7.5 to 7.85 (4 H, m). Its mass spectrum 
showed a molecular ion m/e 168 (0.6y0), and other prominent, 
fragments m/e 55 (lo%), 41 (9.6%), 126 (8.2%), 69 (6.8%), 
27 (5.1y0), and 43 (4.8%). 

Preparation of ( - )-2-bromo-6-isopropyl-3,6-dimethylcyclo- 
hexanone (4) was carried out as previously described's on 4.6 g 
of 3 to give 6.2 g of colorless product, bp 140-142' (0.9 mm), 
which, after recrystallization from n-hexane, melted a t  79-81 ': 
[ a I z 4 D  -149' (c 1.2; CHCL); A::: 1727, 1460, and 1400 cm-l; 
A,,, 1712 cm-l. There was no shift in the carbonyl-stretching 
frequency of 3 and 4 when a spectrum taken in DMSO was 
compared with the corresponding one obtained in CClt. The 
nmr spectrum (in CDCl3) showed bands at  7 9.3 (3 H, s), 9.2 

(6 H, m), and 4.9 [ l  H, d ( J  = 5 cps)] . 
Preparation of ( - )-6-Isopropyl-3,6-dimethyl-2-cyclohexen-l- 

one (5).-Dehydrobromination of 1.64 g of 4 as previously 
de~cribed'~ gave 0.8 g of 5: [aIz4~  -81' (c 1.4, in CHCl3); 
kmax 235 and 320 mfi (log e 4.12 and 1.85); A:::' 2950, 1665, 
1550, 1440, and 1380 cm-'; nmr (CClr), 7 9.1-9.3 (9 H,  s), 8.8 
11 H, d (J = 3.5 cps)], 8.1 (3 H, s), 7.8 (4 H, m), 4.3 (1 H, s). 
The mass spectrum showed most intense peaks m/e 82 (26.3%), 
124 (8.77,), 41 (6.9%), 39 (6.370), 27 (5.0cz), and 109 (3.1%), 
and a molecular ion m/e 166 (0.7y0). 

( - )-4-Bromo-6-isopropy1-3,6-dimethyl-2-cyclohexen-l-one (6a) 
was prepared by heating N-bromosuccinimide (1.35 g) and 1 g of 
5 in 25 ml of CCl4 for 1 hr under a nitrogen atmosphere. The 
hot solution was filtered and the solvent was evaporated. Distil- 
lation [bath temperature 85" (1.2 mm)] of the residue gave 0.75 
gof 6a: [ a I z 6 ~  -37" (c 1.1, CHC13); X;:1;"" 1650, 1430, and 1380 
cm-l. The nmr spectrum (CHC13) showed bands at  T 9.25-9.05 
(9 H, s), 8.75 [ l  H, d (J = 3.5 cps)], 8.15 (3 H ,  s), 7.8 (2 H, d), 
and 4.35 (2 H, m). Anal. Calcd for C1,H170Br: Br, 32.65. 
Found: Br, 32.47. 

4-Hydroxy-6-isopropyl-3,6-dimethyl-2-cyclohexen-l-one (7) 
was prepared by adding the bromo ketone 6a (0.5 g) to a stirred 
suspensien of 2 g of calcium carbonate13 in 20 ml of water; the 
suspension was boiled for 1 hr, cooled, and extracted with ether. 
The ether extract was dried with magnesium sulfate, filtered, 
and concentrated. The viscous liquid (0.230 g) was directly 

DMSO 

[3 H, 2d ( J  = 3 CPS)], 8.95 [6 H, 2d ( J  = 6 CPS)], 7.6-8.5 

EtOH 

packed with acid-washed Chromosorb W, 60-80 mesh, coated mith LAC- 
4R-886 or Carbowax 20M. Infrared spectra were obtained with a Beckman 
IR-SA spectrometer; the nmr spectra were determined in CClr on a Varian 
A-60 spectrometer using tetramethylsilane as the internal standard ( 7  10); 
abbreviations used are d = doublet, m = multiplet, and s = singlet. Melt- 
ing points were obtained in open tubes with a Thomas-Hoover apparatus, 
and are not corrected. The mass spectra were determined at 70 eV on a 
CEC 21-103C mass spectrometer. 

(11) Supplied by Fritzsche Bros., New York, N. Y .  
(12) C. Djerassi, J. Osiecki, and E. J. Eisenbraun, J .  Amer. Chem. Soc., 
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oxidized with alkaline potassium permanganate without purifica- 
tion. I ts  spectral properties were A:: 3400, 2950, 1650, and 
1050 cm-l; 235 mp (log 6 4.9); nmr (CCL), T 9.1-9.2 
(9 H,  s), 8.75 (1 H,  d), 8.05 (3 H,  s), 7.85 (2 H,  d), 6.4 (1 H,  s), 
6.1 (1 H,  s ) ,  and 4.35 (1 H, s). 

Permanganate Oxidation of 6a'to 9a.-The bromo ketone 6a 
(0.35 g) was added to 3 ml of 6% NaOH and the mixture was 
cooled to 10" with an ice water bath. To the cooled solution waa 
added 10 ml of 0.17 M KMnOh, the suspension waa stirred over- 
night and filtered, and the filtrate was acidified with dilute HC1 
and then continuously extracted with ether. The ether layer 
was dried over MgSO4, filtered, and concentrated. The crude 
solid product was sublimed at  110' (0.8 mm) to give 150 mg of 
9a. Recrystallization from 9570 ethanol gave material melting 
at  128-130': [ C Y ] ~ ~ D  +15' (c 0.8, in ethanol); [a]*m +358", 
[a12w +345", [a lzas  $276", [ a l z a z  +131°, [alzzs +508" ( C  0.16, 
CH30H); CD, [O]z75 4-6730, [Olzi ,  +2977, [O]zoo +4140 (C 0.16, 
CHaOH). The infrared spectrum of 9a showed bands at A",: 
3000, 1758, 1710, 1440, and 1370 cm-l. The melting point of 
9a was not lowered when it was mixed with an authentic sample.# 
The mass spectrum of 9a showed an intense peak a t  m / e  69 
(18.6YC), 41 (l6.OYO), 84 (9.070), 39 (8.270), 27 (6.6%), 43 
(5.0%), and 114 (1.8YC). 

The dimethyl ester Ob, prepared by treating Pa with diazo- 
methane, was distilled a t  bath temperature 128' (2.3 mm): 
[ C Y ] ~ ~ D  +30' (c 0.83, CHCL); ORD as a positive plain curve 

2920, 1743, 15S0, 1440, 1360, and 1220 cm-l; nmr (CClr), T 

8.7-9.2 (9 H,  s:, 7.9 [I H, d ( J  = 3 cps)], 7.45 (2 H,  s), and 6.3 
(6 H ,  d). The mass spectrum of 9b showed prominent peaks at 
m/e  15 (4.4%), 26 (2.7%), 27 (7.570), 28 (2.6%), 29 (7.6y0), 
31 (26%), 43 (6.7%), 4.5 (9.9%), and 46 (4.0%). The molecular 
ion at  m/e  202 was not detected. 

Permanganate Oxidation of 7.-The oxidation procedure 
previously described was applied to 150 mg of 7 in 2 ml of 6% 
NaOH to which was added 5 ml of 0.17 M potassium per- 
manganate solution. The reaction gave 70 mg of 9a, mp 128- 
130". 

(+ )-2-Isopropyl-2-methyl-S-oxocaproic Acid (loa).-The 
following mass spectral, infrared, and circular dichroism data 
were obtained for loa: nile 43 (9.3%), 55 (8.0%), 27 (6.8Y0), 
83 (6.7%), 41 :6.6%), and 39 (4.5%): A::: 3050, 1710, 1430, 
and 1380 cm-'; [ O l z g s  $231, [el,, +297, L O I Z ~ Z  -264, [ O h  

(+ )-Methyl 2-Isopropyl-2-methyl-5-oxocaproate (lob).-The 
following mass spectral, infrared, optical rotatory dispersion, and 
nmr data were obtained for lob: m / e  43 (14.1%), 15 (6.0%), 
41 (5.9%), 83 (5.77,), and 55 (4.7%); A::: 2900, 1750, 1720, 
and 1250 cm-l; [a1400 +32", [aim +40", [ala50 +56", [a1326 
+96", [ a ] a ~  +152', [a1165 -134', and [a1250 -28" (c 0.60, 
dioxane): nmr (CCla), T 9.25 (3 H, s ) ,  9.05 (6 H, 2d), 8.30 
(1 H ,  d), 8.20 ( 2  H, s), 7.96 (3 H,  s), 7.80 (2 H, m), and 6.40 
(3 H, 8). 

(+ )-2-Isopropyl-2-methylglutaric Acid (lla).-The following 
mass spectral infrared, and optical rotatory dispersion data were 
obtained for l l a :  m/t2 69 (l8.67,), 41 (16.0%)' 84 (9.0%), 39 
(8.27,), 27 (6.5%), and m / e  43 (5.0%); Xzf: 3000, 1758, 1710, 
1440, and 1370 an-'; [a1840 +44', [ a l a o a  +56", [a1245  +90' 
(c 0.51, dioxane). 

(+)-Dimethyl 2-lsopropyl-2-methylglutarate (llb).-The 
following mass spectral, infrared, rotatory dispersion, and nmr 
were obtained for I lb:  m / e  43 (14.170), 15 (6.07,), 41 (5.9%), 
83 (5.7%), 55 (4 .75 ) ,  and 27 (4.0%); AE;' 3000, 1743, 1440, and 
1380 em-'; [ a l a ~  +36", [ a l a 3 0  +52', and [(Y]z40 +144" (c 0.8, 
CHIOH); nmr (CCL), T 9.1 (3 H,  s), 9.0 (6 H ,  weak s), 7.8-8.4 
(5 H ,  broad m), and 6.4 (6 H ,  s). 

[ a l a s  +24", [a1345  +78', [(1]290 +208" (C  0.50, CHaOH); A::: 

-99 ( C  0.31, CH30H). 
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In  the first2 paper of this series we suggested the 
possible biogenetic conversion of an indole analog of 
norlaudanosoline into an indole analog of morphine. 
Since it is well known that norlaudanosoline also can 
lead to the aporphine  alkaloid^,^ the logical develop 
ment of this theme is the conversion of an indole 
analog of norlaudanosoline into an indole analog of 
an aporphine. Chemically, the preferred method of 
cyclizing the possible biogenetic intermediate 3 seemed 
to be the alkylation of the benzene ring by the 2,3- 
double bond of the indole nucleus. Although the 
alkylation of a benzene ring by an indolenium salt has 
been described by Harley-Mason and Waterfield,4 
these authors also reported that 1-methyltryptamine 
and catechol do not react. However, in our case the 
two reactive centers would be held in a more favorable 
steric relationship. 

The tetrahydroisoquinoline 1 was prepared from 
N-(3,4dimethoxyphenethyl)indole-3-acetamide via a 
Bischler-Napieralski cyclization and reduction. Treat- 
ment with ethyl formate followed by lithium alu- 
minum hydride reduction converted 1 into its N-methyl 
derivative (2). Strong acid should now bring about 
hydrolysis of the dimethoxy groups to produce the 
indole analog of norlandanosoline (3) which might 

HNW RNV 

1, RI = CH3; Rz = H 
2, RI = CHI; Rz = CH3 
3, Ri = H; R = CHs 

4 , R  = H 
5 ,  It = C(=O)CHS 

well cyclize under the conditions being utilized for 
hydrolysis. Accordingly, when 2 was refluxed in con- 
centrated hydrobromic acid, the product isolated 
analyzed for a dihydroxy dihydrobromide indicative 
of hydrolysis followed by cyclization to 4, a ring D 
indoline analog of the aporphine alkaloids. Ultra- 
violet absorption in acid at 261 mp (B 9300), 26% (1300), 
and 291 (3900) is also consistent* with the cyclized 
compound 4 and not 3. For further characterization 
4 was converted into its triacetyl derivative 5 ,  whose 

(1) For Part 11, see G. C. Morrison, R. 0. Waite, and J. Shavel, Jr., J .  
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