
NOTES J. Org. Chern., Vol. 37, No. 12, 1972 2035 

is water. Although small amounts of water do not pre- 
vent succinates from forming, water definitely increases 
the production of carbon dioxide, as seen in Table 11. 

TABLE I1 
EFFECT OF ADDITION OF ORTHOFORMATE" 

methyl 7 Mol of product produced --. 
Wt of 

orthoformate, Methyl Carbon 
g succinate dioxide Other 

0 0.17 0.17 Methyl formate, 
0.02 

100 0.33 0.068 
200 0.18 0.0044 
200b 0.24b 0.0088 Ethyl acetate, 

0.19 
a At 300 psig CO, 700 psig CzH4, methanol to a total of 400 ml 

in a 0.5-gal stirred titanium autoclave with 1 g of PdC12, 10 g of 
FeClz.4Ha0, and oxygen addition to 125-175 psig in increments 
a t  85". The corresponding ethyl esters and ethyl alcohol. 

Alkyl orthoformates can be added to suppress the car- 
bon dioxide formation. In  this way yields of succinate 
of over 90% based upon both ethylene and carbon mon- 
oxide are achieved. 

Although eq 1 shows the need for 2 mol of carbon 
monoxide for 1 mol of ethylene, it was shown that 
slightly higher partial pressures of ethylene to carbon 
monoxide give better yields of succinates, as shown in 
Table 111, for butyl succinate. Also, lower yields of 

TABLE I11 
EFFECT OF CHANGES IN THE CARBON 

MONOXIDE-ETHYLENE RATIO" 
-----Pressure, psig--- Wt of butyl 

succinate 
monoxide Ethylene CO/CaHd product, g 

Carbon 

300 700 0.43 O b  

500 750 0.67 26 
500 400 1.25 23 
800 500 1.60 12 

a 1 g of PdC12, 5 g of CuC19, 5 g of LiCl, and 400 ml of butanol, 
a t  125-150" in a 0.5-gal stirred steel autoclave with 150-200 
psig oxygen added in increments. 15 g of butyl acrylate pro- 
duced. 

carbon dioxide are produced a t  lower CO/C2H4 ratios. 
However, a t  still lower CO/C2H4 ratios, instead of suc- 
cinates, acrylates are produced. However, with the 
same carbon monoxide-ethylene ratio using the fer- 
rous system without excess chloride ion, succinates 
were made (Tables I and 11). Thus the product dis- 
tribution depends significantly on the CO/C2H4 ratio. 
This dependence on CO/CZH~ ratio was previously 
noted for the synthesis of acrylic acid4 starting from 
ethylene and carbon monoxide, according to  eq 6, 

CHz=CHz + CO + ' / a 0 2  + CHz=CHCOzH (6) 

using a similar palladium redox catalyst with an acetic 
acid solvent. Here @-acetoxypropionic acid was also 
produced, particularly a t  higher temperatures and pres- 
sures and also at  higher CO/C2H4 ratios. However, 
succinic acid was not a significant product. 

Other olefins may also be used in place of ethylene. 
The results of two of these runs are shown in Table IV. 

(4) D. M .  Fenton, K. L. Olivier, and G. Biale, Amw. Chem. Fc., Diu. 
Petrol. Chem., PTepT., 14 (4), c 7 7  (1969). 

TABLE I V  
USE OF OTHER OLEFINS" 

Pressure, 
,---Wt, g-- psig 

Ethyl carbon 
Olefin Olefin orthoformate monoxide Wt of products, g 

Propylene 238 200 600 Diethyl methyl- 
succinate, 30 

Ethyl crotonate, 
30 

1-Octene 100 100 700 Diethyl hexyl- 
succinate, 22 

a 1 g of PdC12, 5 g of CUCIZ, 5 g of LiC1, and enough ethanol to 
make 600 ml of liquid, in a 0.5-gal stirred steel autoclave a t  
125-150' with 100-200 psig oxygen. 

Experimental Section 

The reactions were carried out in 0.5-gal stirred autoclaves 
made of either steel or titanium. The steel autoclaves exhibited 
some corrosion and so titanium was preferred. The catalyst and 
liquids were charged to the autoclave and et,hylene (where used) 
and carbon monoxide were added to the desired pressures. 
Stirring was commenced and the autoclave was heated to the 
desired temperature. Oxygen was then added (controlled from 
behind a suitable barracade) in 10-psig increments. In almost all 
cases an immediate exotherm was noted and cooling water was 
circulated to bring the temperature under control. Pressure drops 
were noted. Oxygen was added until 150-200 psi had been added 
or until the reaction slowed down. I n  those cases where no notice- 
able reaction occurred no more than 40 psi of oxygen was added. 
After oxygen addition, the autoclave was cooled to room tem- 
perature and the gases were collected and analyzed by gas chroma- 
tography. The liquid was weighed and analyzed by gas chro- 
matography and occasionally by distillation. 

Registry No. -Palladium chloride, 7647-10-1 ; so- 
dium acetate, 127-09-3; hydrochloric acid, 7647-01-0; 
methyl orthoformate, 34405-39-5; carbon monoxide, 
630-08-0; ethylene, 74-85-1. 
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I n  this paper we report the results of a study of (1) 
the Beckman rearrangement on the oximes of cis- and 
trans-1-hydrindanones (1) , cis- and trans-8-methyl-l- 
hydrindanones (4)) cis- and trans-2,8-dimethyl-l-hy- 
drindanones (8) , and 1Bmethylestrone 3-methyl ether 
(13); and (2) the Schmidt reaction on cis- and trans-8. 

cis- and trans-lJa cis- and t r ~ n s - 4 ~ - ~  and 13 are known 
compounds, and the oximes of the former, respectively 
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cis- and trans-2’ and cis- and t r a n ~ - 5 , ~ ? ~  also have been 
reported. Conventional treatment of 13 with hydrox- 
ylamine afforded oxime 14. Ketones cis- and trans-8 
were prepared from cis- and trans-4, respectively, via 
the well-trod Mannich pathway.*t9 Thus, treatment 
of cis- and trans-4 with dimethylamine hydrochloride 
and paraformaldehyde in 95% ethanol afforded the 
Mannich bases cis- (61%) and trans-17 (3973, respec- 
tively. Since the Mannich reaction proceeds via the 
enol tautomer, recovery of considerable starting mate- 
rial from the trans reaction suggests that cis-4 can 
enolize more readily than the trans isomer. Decom- 
position of cis- and trans-17 either by steam distillation 
or refluxing in acetic acid-acetic anhydride led to cis- 
(5547%) and trans-2-methylene-8-methyl-l-hydrin- 
danone (18) (61-62%), respectively. Both cis- and 
trans-18 were unstable and polymerized on standing at  
room temperature. Reduction of cis- and trans-18 
over 5% Pd/C led to cis- and trans-8, respectively, both 
isolated as stable oils (85%). Alternatively, both cis- 
and trans-8 were prepared directly from the Mannich 
bases, respectively cis- (56%) and trans-17 (46%))  b y  
hydrogenolysis over 30% Pd/C. The stereochemistry 
of the C-2 methyl substituent in cis- and trans-8 is un- 
known. Since models indicate equal ease of hydrogen 
attack on both sides of both cis- and trans-18, it is as- 
sumed that each isomer of 8 is a mixture of a and p 
configurations. Oximation of cis- and trans-8 oc- 
curred slowly (steric hindrance by the ajar’-methyl 
groups) and yields of oximes cis- (25%) and trans-9 
(46%) were comparatively low. 

Models suggest less congestion in the geometric 
isomer of both cis- and trans-9,1° and 14 where the 
hydroxyl group is anti to the six-membered ringall In  
this configuration, the oximino group occupies a stag- 
gered conformation relative to the C-2 hydrogen and 
methyl substituents. 

Beckmann rearrangement (thionyl chloride in di- 
oxane) of oximes cis- and trans-2 and 14 afforded the 
expected lactams cis- (66%)lZ and trans-3,4,4a,5,6,7,8,- 
Sa-octahydrocarbostyril (3 ,  66%) la and 16-methyl- 
l7a-aza-D-homoestrone 3-methyl ether (15,32%) .I4 

Rearrangement of cis-5 led to  lactam cis-8a-methyl- 
3,4,4a,5,6,7,8,8a-octahydrocarbostyril (6, 40%) and 
fragmentation product 3-(2-cyanoethyl)-2-methylcy- 

(7) W. Huckel, M. Sachs, J. Yantschulewitsch, and F. Kerdel, Justus 

(8) F. A. Kincl and M. Garcia, Ber., 92, 595 (1959). 
(9) H. 0. House, “Modern Synthetic Reactions,” W. A. Benjamin, 

New York, N. Y., 1965, pp 230-234. 
(10) trans-9 is configurationally identical with the trans-fused C,D rings 

in 14. 
(11) P. T. Lansbury and N. R. Mancuso, Tetrahedron Lett., 2445 (1965); 

P. T. Lansbury, J. G .  Colson, and N.  R. Manouso, J .  Amer .  Chem. Soc., 
86, 5225 (1964); P. T. Lansbury and N. R .  Mancuso, ibid., 88, 1205 (1966). 

(12) Identical with the lactam obtained by C. A. Grob, H. P. Fischer, 
H. Link, and E .  Renk, Heb .  Chim.  Acta. 46, 1190 (1963), on treatment of 
the tosylate of cis-2 with base. 

(13) t r a n s 4  has been obtained (1) as one of the products of the Schmidt 
reaction on a mixture of cts- and trans4 [G. DiMaio and P. A. Tardella, 
Garz. Chim.  Ital., 91, 1345 (1961), and (2) v i a  cyliaation of 2-(2-cyanoethyl)- 
cyclohexanone (I) with formic acid and sodium formate [A. N. Kost, 

Liebigs Ann. Chem., 618, 155 (1935). 

U 
I 

T. A. Shelegoleva, and L. G. Yudin, Zh. Obshch. Khinz., 26, 2464 (1955); 
Chem. Abstr.,  60, 9410i (1956)l. 

(14) B.  M. Regan and F. N. Hayes, J. Amer.  Chem. Soc., 18, 639 (1956). 
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clohexene (7 ,  40’%). Di Maio and Permutte15 have 
noted in passing that treatment of cis-5 with Pc15 in 
ether aff orded cis-6 and 3-(2-methylenecyclohexyl)- 
propanenitrile (16) in undisclosed yields.16 Since the 
latter authors easily converted cis-6 t o  16 under the 

(15) G. DiMaio and V. Permutti, Tetrahedron, 2059 (1966). 
(16) A comparison of the properties of 7 and 16 is not possible since the 

authors16 proved the structure of 16 by hydrolysis to 3-(2-methylenecyclo- 
hexy1)propanoic acid and then transformed the latter into its benzyliso- 
thiouronium salt. Our 7 clearly showed both a single vinyl proton a t  6 4.61 
coupled to the adjacent CHz and a CHa singlet a t  6 2.29. Thr  discrepancy 
between our melting point for c i s 4  (82-84O) and that reported by Di Maio 
and Permutti (mp 48-49O) should be noted. 
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reaction conditions,15 the latter is a secondary reaction 
product and not a true Beckmann fragmentation prod- 
uct, as is 7. 

Similarly, Beckmann rearrangement of trans4 
afforded trans-6 (37%) and 7 (35%). 

Finally, rearrangement of cis- and trans-9 produced 
lactams cis- (41%) and trans-3,8a-dimethyl-3,4,4a,5,6,- 
7,8,8a-octahydrocarbostyril (10, 4073, respectively. 
In  the former case, fragmentation product 3-(2-cyano- 
propyl)-2-methylcyclohexene (11, 12%) was also ob- 
tained; in the latter an inseparable mixture of 11 and 
the isomeric 2-(2-cyanopropyl)-l-methylcyclohexene 
(12) was isolated in 17% yield. 

Treatment of benzene solutions of cis- and trans-8 
with hydrazoic acid in the presence of concentrated 
sulfuric acid afforded the expected lactams, cis- (27%) 
and trans-3,8a-dimethyl-3,4,4a,~,6,7,8,8a-octahydro- 
isocarbostyril (19, 3073, respectively. Worthy of 

trans-8 cis8 HN,,H2S0,, &NH 

CH3 
cis-19 

trans-19 

comparison is the position of thc C-3 methine proton in 
thc nmr. In  carbostyrils cis- and trans-10, this proton 
appears as a complex multiplet in the range 6 2.65- 
1.90. In  isocarbostyrils cis- and trans-19, it is de- 
shielded by the adjacent N and appears downfield at 6 

To sum up a general observation, models indicated 
and these experiments confirmed that methyl substit- 
uents on C-2,8 of 1 have little or no effect on the direc- 
tion of the Beckmann rearrangement (aryl migration) 
leading to carbostyril products. In  the Schmidt reac- 
tion, however, methyl substitution on C-2,8 of 1 led 
via alkyl migration to isocarbostyrils. 

3.70-3.25. 

Experimental Section" 

In the preparation of cis-1-hydrindanone ( 1),3 reduction of 1- 
indanone was accomplished at  60 psi using 5% rhodium on 
alumina catalyst. The reduction product mixture containing 
cis-1 and 1-hydrindanol was oxidized with chromic acid to yield 
cis-1 in 737c overall yield. 

Oxime of 16-Methylestrone 3-Methyl Ether (14).-A mixture 
of 2.8 g (9.4 mmol) of 16-methylestrone 3-methyl ether (13), mp 
90-93" (lit.l9 mp 95-96'), 1.40 g (20 mmol) of NHzOH.HC1, 
and 3.0 g of XaOAc in 300 ml of 95% CgHjOH was stirred and re- 
fluxed for 3 hr. The reaction was diluted with HzO and cooled 
to yield a white solid which was filtered and air dried. Several 
recrystallizations from 9S% CnHoOH gave white crystals of 14 
(1.3 g, 44%): mp 181-185" dec (15-20 min); ir (KBr) 6.25 p 
(C=N); nmr (CDC13) 6 8.70 (s, 1, SOH), 7.32-6.60 (m, 3, aro- 
matic), 3.78 (s, 3, ()CHI), 3.10-1.34 (m, 14, CHz and CH), 1.22 
(d, J = 6.5 Hz, 3, CH,), and 1.07 (s, 3, CHI). 

Anal. Calcd for CzoHz7NO2: C, 76.64; H, 8.68; PI', 4.47. 
Found: C, 76.54; H ,  8.70; N ,  4.58. 

(17) Melting points and boiling points are uncorrected. Infrared spectra 
mere recorded on a Perkin-Elmer 337 grating spectrophotometer. Potassium 
bromide wafers mere used for all solid compounds and sodhm chloride plates 
were used for  all liquid compounds. The nmr spectra were obtained on a 
Varian Associates A-60 spectrometer: chemical shifts are expressed in parts 
per million ( 6 )  downfield from TMS as an internal standard. Microanalyses 
were performed by Schwarzkopf Microanalytical Laboratory, Woodside, 
N. Y. 

(18) A. I. Meyers, W. Beverung, and G. Garcia-Munor, J .  Ore. Chen . ,  
29, 3427 (1964). 

(19) D. A. Tyner, U. S. Patent 3,049,655 (1962); Chem. Abstr.,  59, 1712h 
(1963). 

cis-2-(Dimethylaminomethyl)-8-methyl-l-hydrindanone (17).- 
A mixture of 5.0 g (33 mmol) of cis-8-methyl-1-hydrindanone 
(4),  bp 70" (3 mm) [lit.5 bp 106' (20 mm)], 5.0 g (0.17 mol) of 
paraformaldehyde, 17.8 g (0.22 mol) of (CH3),PU".HCl, and 
85 ml of 95% CzHjOH was stirred and refluxed for 3 hr. 
An additional 5.0 g (0.17 mol) of paraformaldehyde was added 
to the clear solution and refluxing was continued for an additional 
15-17 hr. Evaporation in vacuo afforded a semisolid residue to 
which was added 100 ml of 10% HC1, and the whole was ex- 
tracted with ether. The aqueous layer was neutralized with 
concentrated ",OH and extracted with ether. The ether ex- 
tracts were dried (?\'azS04), filtered, and evaporated in  vacuo 
to  give 4.2 g (61%) of cis-17 as a colorless oil: bp 108-110" (2 
mm); ir (neat) 5.76 JL (C=O); nmr (CCla) 6 2.75-2.21 (m, 3, CHZ 
and CH), 2.17 [s, 6, N(CH,)p], 2.00-1.00 (m, 11, CH, and CH), 
and 0.93 (s, 3, CH3). 

Anal. Calcd for ClIH~?NO: C, 74.59; H,  11.07; N ,  6.691 
Found: 

trans-2-(Dimethylaminomethyl)-8-methyl-l-hydrindanone 
(17).-Similar treatment of trans-8-methyl-1-hydrindanone (4, 
2.0 g, 13 mmol), bp 64-65' (1.5 mm) [lit.5 bp 109" (20 mm)], 
afforded trans-17 (1.1 g, 397,): bp 105-109" (2 mm); ir (neat) 
5.76 p (C=O); nmr (CClr) 6 2.90-2.25 (m, 3, CHZ and CH) ,  2.15 
[s, 6, N(CH3)B], 1.95-1.20 (m, 11, CHZ and CH), and 0.89 (s, 3, 
CH,). 

Anal. Calcd for CI3Hz3NO: C, 74.59; H, 11.07; N ,  6.69. 
Found: 

cis-2-Methylene-8-methyl-l-hydrindanone (18).--Indirect 
steam distillation (short path distillation head) of 1.75 g of czs- 
17 into ice-cold ether was continued until the distillate was a 
single phase. The ether solution was extracted with 10% HC1, 
dried (XazS04), and evaporated in vacuo to an oil which was 
fractionated to  give cis-18 (0.78 g, 57%), bp 75-76' (2.5 mm). 

Alternatively, 1.75 g (8.3 mmol) of cis-17 in 10 ml each of 
glacial acetic acid and acetic anhydride was heated on a steam 
bath for 2 hr. After the solvent was evaporated in  vacuo, 
the residue was dissolved in ether and successively washed with 
10% NaOH, HZO, and a saturated solution of NaC1. Evapora- 
tion of solvent ether invacuo then fractionation gave 0.75 g (55%) 
of cis-18: bp 74-76' (2.5 mm); ir (neat) 5.78 (C=O) and 6.11 
p (C=C); nmr (CCla) 6 6.08 (distorted q, J = 2.5 Hz, 1, =CH), 
5.34 (distorted q, J = 2.5Hz, 1, =CH), 2.85-1.22 (m, 11, CH, 
and CH), and 1.02 (s, 3, CHI). 

Anal. Calcd for CllH160: C, 80.44; H ,  9.82. Found: C, 
80.24; H ,  10.05. 

trans-2-Methylene-8-methyl- 1-hydrindanone (18) .-Similar 
treatment of trans-17 (2.6 g, 12 mmol) afforded trans-18 in 62% 
yield by steam distillation and 61% via acetic acid-acetic an- 
hydride reflux: bp 69-70' (0.8 mm) and 76-78' (2 mm); ir 
(neat) 5.78 (C=O) and 6.10 p (C=C); nmr (CC14) 6 5.92 (dis- 
torted q ,  J = 2.5 H a ,  1, =CH), 5.25 (distorted q, J = 2.5 Hz, 
1 =CH), 2.50-1.20 (m, 11, CHZ and CH),  and 0.85 (s, 3, CHI). 

Anal. Calcd for Cl1H160: C, 80.44; H,  9.82. Found: C, 
80.26; H ,  9.62. 

cis-2,8-Dimethyl-l-hydrindanone (8). Hydrogenation of cis- 
18.-A mixture of 4.0 g (12 mmol) of cis-18 in 150 ml of absolute 
CgHsOH and 2.0 g of 5% Pd/C was hydrogenated (10 psi) in a 
Paar apparatus for 2 hr. After catalyst removal by filtration 
through Filter-eel, the solvent was removed in vacuo and the oily 
residue was distilled to dve  3.44 g (85YC%) of cis-8 as a colorless 

C, 74.49; H ,  11.04; N, 6.99. 

C, 74.52; H, 10.97; N,  6.69. 

- I 

oil, bp 58" (0.6 mm). 
Hydrogenolysis of cis-l'l.-The 30% Pd/C catalyst (2.0 g) in 

200 ml of absolute CZH~OH was reduced under 45 mi  HZ messure 
for 2 hr. To this suspension was added 3.8 g (1s mrnhi) of cis- 
17 and reduction was continued at 30 psi for 24 hr. After 
catalyst and solvent removal, the residual oil was dissolved in 
ether and washed with 10% HCl. Neutralization of the aqueous 
layer followed by extraction led ultimately to recovery of 1.15 g 
of unreacted cis-17. The ether layer was evaporated in vacuo 
and distilled to give 1.70 g (56y0) of cis-8: bp 67-68" (2 mm); ir 
(neat) 5.75 p (C=O); nmr (CCla) 6 2.40-1.31 (m, 12, CHZ and 
CH), 1.12 (d, J = 6.5 Hz, 3, CHI), and 1.04 (s, 3, CHB). 

Anal. Calcd for CllHlsO: C, 79.46; H,  10.91. Found: C, 
79.65; H, 10.68. 

trans-2,8-Dimethyl-l-hydrindanone (8).-Similar hydrogena- 
tion of trans-18 (2.0 g, 12 mmol) and hydrogenolysis of trans-17 
(3.75 g, 18 mmol) afforded trans-8 in 85 and 46Y0 yields, respec- 
tively, as a colorless oil: bp 63" (0.7 mm) and 67-68' (1 mm); 
ir (neat) 5.75 p (C=O); nmr (Cc14) 6 2.20-1.25 (m, 12, CHZ and 
CH), 1.13 (d, J = 6.5 Ha, 3, CH3), and 0.78 (s, 3, CHI). 
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Anal. Calcd for CllHlsO: C, 79.46; H,  10.91. Found: 
C,  79.37; H ,  10.63. 

cis-2,8-Dimethyl-l-hydrindanone Oxime (9).-A mixture of 
2.0 g (12 mmol) of cis-8, 1.64 g (24 mmol) of NH20H.HC1, 3.74 
g of NaOAc, and 100 ml of 95% CZH~OH was refluxed for 7 hr. 
The solution was diluted with an equal volume of HzO and 
cooled to precipitate crude cis-9. Several recrystallizations of 
this material from 95% CZH~OH afforded 0.55 g (25'%) of cis- 
9: mp 114-116"; ir (KBr) 6.90 p (C=N); nmr (CDC13) 6 
9.75 (s, 1, OH), 3.20-2.60 (broad s, 1, CH2 or CH), 1.44 (s, 11, 
CHZ and CH), 1.40 (d, downfield peak hidden under band at  6 
1.44, J = 6.5 Hz, 3, CH,), and 1.18 (s, 3, CHI). 

Anal. Calcd for CllH19NO: C, 72.88; H,  10.56; N,  7.72. 
Found: 
trans-2,8-Dimethyl-l-hydrindanone Oxime (9) .-Similar treat- 

ment of trans-8 (0.50 g, 3.0 mmol) with NHgOH-HCl (0.41 g, 5.9 
mmol) and NaOAc (0.94 g) in 25 ml of 95% CzHjOH ultimately 
afforded trans-9 (0.25 g, 46%): mp 114-116' (from CH30H); 
ir (KBr) 6.83 p (C=N); nmr (CDC13) 6 9.03 (s, 1, OH), 3.15- 
2.55 (m, l ) ,  2.10-1.37 (m, 11, CH2 and CH), 1.30 (d, downfield 
peak partially obscured by band a t  CH2 resonances, J = 6.5 Hz, 
3, CHI), and 0.93 (s, 3, CHI). 

Anal. Calcd for C11H19NO: C, 72.88; H,  10.56; N,  7.73. 
Found: C, 73.18; H ,  10.61; N ,  7.69. 

Beckmann Rearrangements.-The general procedure was as 
follows. Thionyl chloride (5-10 molar equiv) was added slowly 
to a solution of the oxime in anhydrous, freshly distilled dioxane 
at room temperature. The temperature of the resulting yellow 
solution rose 8-10'. After stirring for 10-20 min, the solu- 
tion was decomposed with aqueous NaHC03 solution and ex- 
tracted with CHC13 or ether. The extracts were dried (Na2S04) 
and evaporated to dryness, leaving a residue that was recrystal- 
lized (solid) or distilled (liquid). Variations on isolation and 
purification procedure are noted under each oxime. 

cis-2 (2.0 g, 13 mmol), mp 97-99" (lit.6 mp IOO'), in 140 ml of 
dioxane and 5 ml (67 mmol) of SOCl2 afforded crude cis-3,4,4a,- 
5,6,7,8,8a-octahydrocarbostyril (3) as a crude solid after liquid- 
liquid extraction with ether for 48 hr. Recrystallization from 
acetone gave pure cis-3, mp 127-129" (lit.12 mp 128-130'). 

Similarly, trans-2 (1.0 g 6.5 mmol), mp 145-147' (Eta6 mp 
146'), 70 ml of dioxane, and 2.5 ml (34 mmol) of SOCl2 gave 
0.66 g (33%) of trans-3,4,4a,5,6,7,8,8a-octahydrocarbostyril (3), 
mp 151.5-153" (from acetone) (lit.13 mp 151'). After liquid- 
liquid extraction with ether and evaporation, the initial crude 
trans-3 had been isolated as white crystals in a brown oil. 
This negligible amount of residual oil showed the presence of a 
nitrile and unreacted trans-2. 

cis-5 (2.0 g, 12 mmol), mp 85-87' (lit.' mp 85.5-87'), in 140 
ml of dioxane and 4.5 ml (62 mmol) of SOCl2 led after evapora- 
tion of the ether extract (liquid-liquid extractor) to a viscous 
brown residual oil. Vacuum distillation of this material af- 
forded two fractions. Fraction i consisted of 3-(2-cyanoethyl)- 
2-methylcyclohexene (7, 0.71 g, 407,): bp 57' (0.10 mm); ir 
(neat) 4.46 (C=N) and 6.10 p (C=C); nmr (cc14) 6 4.61 (d, 
J = 6.5 Hz, 1, C=CH), 2.20-1.80 (m, 5 ,  CHZ and CH), 1.63 
(s, 6, CHZ), and 2.29 (s, 3, CHI). 

Anal. Calcd for ClaHlsN: C, 80.48; H ,  10.13; N,  9.38. 
Found: 

Fraction ii, bp 118-120' (0.15 mm), gave 0.80 g (40%) of a 
nearly colorless viscous oil which gradually crystallized on 
standing. Recrystallization of this material from ether gave 
cis-8a-methyl-3,4,4a,5,6,7,8,8a-octahydrocarbostyril (6): mp 
82-84'; ir (KBr) 3.14 (NH) and 6.02 G (C=O); nmr (CCla) 6 
7.53 (s, 1, NH),  2.50-2.18 (m, 2, CH2) 2.12-1.31 (m with sharp 
peak at 1.50, 11, CHZ and CH) and 1.26 (s, 3, CHa). 

Anal. Calcd for CloH1?NO: C, 71.81; H ,  10.24; N, 8.37. 
Found: 

Similarly, trans-5 (2.0 g, 12 mmol), mp 115-116° (lit.' mp 
113-115'), in 140 ml of dioxane and 5 ml (67 mmol) of SOClz 
gave, after evaporation of the CHC13 extracts, a residual brown 
oil from which crystals separated on standing. The crystals 
were filtered and washed with ether; the ether wash was slowly 
evaporated to yield an additional crop of crystals in a brown oil. 
The combined solids were recrystallized from acetone to give 
0.75 g (377,) of trans-8a-methyl-3,4,4a,5,6,7,8,8a-octahydro- 
carbostyril (6): mp 150-152'; ir (KBr) 3.12 (NH), 6.01 and 
6.15 p (C=O); nmr (CC14) 6 9.20 ( 8 ,  1, NH), 2.40-2.10 (m, 2, 
CH2), 1.90-1.35 (m, 11, CH, and CH), and 1.13 (s, 3, CHI). 

Anal. Calcd for CIOHL7NO: C, 71.81; H,  10.24; N,  8.37. 
Found: 

72.85; H ,  10.39; N,  7.48. 

C, 80.47; H ,  10.06; N,  9.23. 

C, 72.00; H,  10.10; E, 8.60. 

C, 71.82; H,  10.01; N,  8.62. 

Fractional distillation of the brown oil afforded 7 (0.63 g, 
35%) as a colorless oil, bp 71" (0.80 mm). 

cis-9 (1.0 g, 5.5 mmol) in 60 ml of dioxane and 4.0 ml(55 mmol) 
of SOClz led, after evaporation of the CHCls extracts, to an oil 
which gradually crystallized on standing. The filtered crystals 
were washed with cold ether and dried. Slow evaporation of the 
ether wash yielded an additional crop of crystals in a viscous oil. 
The combined solids were recrystallized from acetone to give 
0.41 g (41%) of cis-3,8a-dimethyl-3,4,4a,5,6,7,8,8a-octahydro- 
carbostyril (10): mp 149-151'; ir (KBr) 3.12 (NH) and 6.01 p 
(C=O); nmr (CCla) 6 8.10 (s ,  1, NH), 2.40-1.90 (m, 1, CH), 
1.85-1.40 (m, 11, CH2 and CH), 1.30 (s, 3, CHI), and 1.16 (d, 

Anal. Calcd for Cl1Hl9NO: C, 72.88; H,  10.56; N ,  7.72. 
Found: 

Fractional distillation [pot temperature 95-100' (1.2 mm)] of 
the viscous oil afforded 0.11 g (12%) of 3-(2-cyanopropyl)-2- 
methylcyclohexene (11): ir (neat) 4.47 (C=N) and 6.10 p 
(C=C); nmr (CCla) 6 4.62 (d, J = 6.5 Hz, 1, =CH), 2.80- 
2.40 (m, 1, CH), 2.40-2.00 (m, 3, CHI), 2.00-1.48 (m, 9, CH2 
and CH), and 1.30 (d, J = 6.5 Ha, 3, CH,). 

Anal. Calcd for CllH17?:: C, 80.92; H,  10.50; N,  8.58. 
Found: C 81.07; H,  10.62; N ,  8.83. 

Similar treatment of trans-9 (1.0 g, 5.6 mmol) in 60 ml of 
dioxane and 4.0 ml (55 mmol) of SOClz ultimately afforded 0.40 
g (40'%) of trans-3,8a-dimethyl-3,4,4a,5,6,7,8,8a-octahydrocar- 
bostyril(l0): mp 158-180' (from acetone); ir (KBr) 3.15 (R"), 
6.00 and 6.23 p (C=O); nmr (CDCla) 6 6.44 (s, 1, NH), 2.65- 
2.10 (m, 1, CH), 1.98-1.38 (m, 11, CH2 and CH),  1.24 (d, up- 
field peak under CH3 resonance, J = 6.5 Hz, 3, CHS), and 1.16 
(s, 3, CH3). 

Anal. Calcd for CllH19NO: C, 72.88; H,  10.56; N ,  7.72. 
Found: 

Fractional distillation of the oil [pot temperature 90-100' 
(0.8 mm)] afforded 0.15 g (17%) of a mixture (nmr) of 11 and 
2-(2-cyanopropy1)methylcyclohexene (12): ir (neat) 4.48 
(C=N) and 6.12 p (C=C); nmr (CCla) 6 4.62 (d, J = 6.5 Hz, 
=CH), 2.40-1.79 (m, CHI), 1.64 (s, CH2), 1.30 (d, J = 6.5 
Hz), and 1.25 (d, J = 6.5 Hz). 

Oxime 14 (0.88 g, 2.8 mmol) in 35 ml of dioxane rearranged in 
15 min with 1.0 ml (14 mmol) of SOCl2. After decomposition 
with 100 ml of saturated aqueous NaHCOa, the precipitate which 
formed was filtered and dried. Repeated recrystallization from 
CH30H gave 0.28 g (32%) of 16-methyl-17a-aza-D-homoestrone 
3-methyl ether (15): mp 212-214"; ir (KBr) 3.13 (NH) and 
6.02 f i  (C=O); nmr (CDC13) 6 7.21-6.71 (m, 3, aromatic), 6.32 
(s, I ,  NH), 3.75 (s, 3, OCH3), 3.00-1.40 (m, 14, CH2 and CH), 
1.20 (d, upfield peak under CHI resonance, J = 6.6 Hz, 3, 
CHI), and 1.15 (s, 3, CH3). 

Anal. Calcd for CzoHz7NOz: C, 76.64; H,  8.68; N ,  4.47. 
Found: 

(5.6 ml) was added to a cooled (<lo'), stirred solution of 2.0 g 
(12 mmol) of cis-8 in 96 ml of anhydrous C6H6. Twenty milli- 
liters of a solution of freshly prepared HN3 [13 g (0.20 mol) of 
NaX3, 13 ml of H20,  100 ml of C&, and 9.8 g (0.10 mol) of 
concentrated HQSOk] in benzene was added to  the yellow solution 
over a 1-hr period. The temperature was maintained at  6-7" 
during addition and for 30 min more until NZ evolution ceased. 
The reaction mixture was poured onto 300 ml of ice water and 
extracted with a large excess of CHCls. The combined organic 
extracts were successively washed with 2 A7 NaOH solution and 
HzO and dried (Na2S04). Filtration and evaporation of solvent 
in vacuo left a brown oil which crystallized on standing. The 
crystals were washed with cold ether and dried. Recrystallia- 
ation from acetone (or CHIOH) gave 0.58 g (27%) of cis-3,8a-di- 
methyl-3,4,4a,5,6,7,8,8a-octahydroisocarbostyril (19): mp 112- 
114'; ir (KBr) 3.14 (NH) and 6.04 p (C=O); nmr (CDCls) 
6 6.17 (s, 1, NH), 3.70-3.25 (broad mound, 1, CH),  2.26- 
1.37 (m, 11, CH, and CH), 1.28 (s, 3, CH,), and 1.15 (d, J = 

J 6.5 Hz, 3, CH3). 

C, 72.71; H ,  10.63; N, 7.48. 

C, 72.60; H,  10.61; N,  7.71. 

C, 76.69; H ,  8.64; N,  4.33. 
Schmidt Reaction on cis- and trans-8.-Concentrated 

6.5 Hz,  3, CH3). 
Anal. Calcd for CllHl~NO: C,  72.88; H ,  10.56; N, 7.72. 

Found: 
Some unidentified material (0.20 g, 10%) was isolated from the 

mother liquors. 
Similar treatment of trans-8 (2.0 g, 12 mmol) in 96 ml of ben- 

zene with 5.6 nil of concentrated HzS04 and 20 ml of a freshly pre- 
pared solution of HN3 in C6H6 provided 0.67 g (31%) of trans- 
3,8a-dimethyl-3,4,4a,5,6,7,8,8a-octahydroisocarbostyril(19): mp 
121-123' (from acetone); ir (KBr) 3.13 (NH) and 6.05 /I (C=O); 

C, 72.30; H ,  10.73; N ,  7.76. 
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nmr (CCla) 6 8.09 (s, 1, NH),  3.70-3.26 (broad mound, 1, CH),  
1.60-1.30 (m, l I ,  CH, and CH), 1.18 (d, J = 6.5 Hz, 3, CHB), 
and 1.08 (s, 3, CHa). 

Anal.  Calcd for CllHtsNO: C, 72.88; H ,  10.56; N, 7.72. 
Found: C, 72.7’6; H,  10.53; N,  7.84. 

Registry No. -cis-6, 34387-94-5; Lrans-6,34387-95-6; 
7, 34387-96-7; 8, 34387-97-8; 9, 34387-98-9; 10, 
34387-99-0; 11, 34388-00-6; 14, 34388-01-7; 15, 

18,34388-05-1 ; 19,34388-06-2. 
34388-02-8; 17, 34388-03-9; cis-18, 34388-04-0; trans- 
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The preparation and chemiluminescence of 2,2’-di- 
methyl-3,3’,4,4’-tetrahydro-l , 1 ’-biisoquinolinium diio- 
dide (1) have recently been described.’ Although 3,- 
3’,4,4’-tetrahydro-l,1 ’-biisoquinoline (2) very readily 
forms a monomethiodide, its conversion to  the di- 
methiodide requires more drastic reaction conditions. 
As a consequence, a competing, intramolecular cycliza- 
tion, which will be described in this note, also occurs. 

When 2 and excess methyl iodide were refluxed in 
acetonitrile for 18 hr, in addition to  1 (52% yield), there 
was recovered in approximately 10% yield an isomeric 
compound whose lH nmr spectrum and chemical be- 
havior are consistent with those expected for 7-methyl- 
5,6,10,11-tetrahydro-8H-diisoquino [1,2-~:2’,1’-e]imid- 
azolidiinium diiodide (3). The proton count on 3 indi- 
cated only one methyl group. The nmr spectrum was 
characterized by two other significant changes. One 
was the appearance of an AB quartet, which, although 
it is the chemical shift region assigned to  3 and 4 pro- 
tons in 1,2-dihydroisoquinoline derivatives,2 is due to  
the methylene in the imidazole ring, split because of the 
adjacent asymmetric nitrogen atom in the fused ring 
system. The other is a marked downfield shift of two 
of the aromatic ring protons, ascribed to an overlap 
of the 1,15 protons in the rigid, fused ring system of 3. 

9r 
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‘N~HCO~ 
H,O 

4 

3 

5 

(1) R.  A. Henry and C. A. Heller, J .  Luminescence, 4, 105 (1971). 
(2) J. L. Neumeyer, M. MoCarthy, K. K. Weinhardt, and P. L. Levins, 

J .  Org .  Chem., 88, 2890 (1968). 

In  1, rotation about the 1,l’ bond can still occur and the 
8,8’ protons do not overlap. 

When 3 was heated to 165-170”, both loss of methyl 
iodide and oxidation occurred to  give 5,6,10,11-tetra- 
hydrodiisoquino [1,2-c:2’,1’-e]imidazolium iodide (4). 
Its 1H nmr spectrum (see Experimental Section) re- 
flected these changes. Heating an aqueous solution of 
3 with sodium bicarbonate yielded the monoquaternary 
salt 5 ,  whose nmr spectrum, except for one less proton, 
was the same as that for 3. 

It appears that the cyclization which leads to 3 can 
occur in either of two ways. (1) The monomethiodide 
of the 1,l ’-biisoquinoline cyclizes intramolecularly and 
the resulting product is further methylated. ( 2 )  The 
dimethiodide 1 is first formed and then undergoes cy- 
clization. There is evidence for both routes. For ex- 
ample, when preformed monomethiodide was refluxed 
in dry acetonitrile for various lengths of time, the proton 
nmr spectra on the recovered mixture of salts showed 
decreasing methyl signals, increasing signals character- 
istic of a methylene group, and the downfield shift of 
two aromatic protons as a consequence of the 1,15 
proton overlap which develops as &e fused ring system 
forms. Similarly, when 2-benzyl-3,3’,4,4’-tetrahydro- 
1,l’-biisoquinolinium bromide was refluxed in aceto- 
nitrile, the benzyl methylene signal disappeared; in 
addition the generally complicated nmr spectrum of the 
starting compound (because of unsymmetrical substi- 
tution) became simpler and more symmetrical as the 
cyclization occurred. One of the products recovered 
from this latter reaction was the 8-phenyl-5,6,10,11- 
tetrahydrodiisoquino [1,2-c: 2’,1’-e]imidazolium salt (as 
the perchlorate). 

When purified dimethiodide 1 was refluxed in meth- 
anol, ethanol, or 2-propanol, the dark red-orange 
colored solutions gradually faded. Although the re- 
covered pale yellow product was a difficultly separable 
mixture, one compound isolated and identified was 5.  

2-Benzyl- 1,l ’-biisoquinolinium bromide remains es- 
sentially unchanged under conditions which effect the 
complete loss of the corresponding 3,3’,4,4‘-tetrahydro 
compound. This fact suggests that the greater basicity 
of the 3,4-dihydroisoquinoline moiety over that of the 
unreduced isoquinoline is an important factor in the 
cyclization process. One possible route for cyclization 
of a monoalkyl salt is depicted in the following simpli- 
fied scheme. 

I I +  
A B 

C D 

Abstraction of a proton from the alkyl group on A 
leads to the ylide B, which through charge redistribu- 
tion gives the immonium salt C. Intramolecular addi- 
tion of the nucleophile to  the latter in a manner 


