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124.69,126.25,126.31,126.61,127.65,128.32,128.91,131.33,131.61, 
132.29,133.82,136.09,136.49,136.24,137.11,144.21,162.79,164.25, 
one carbon was not observed; mass spectrum, m/z (relative in- 
tensity) 533 (M+, 19), 215 (521, 115 (100). Anal. Calcd for 
CnHuN,04S2: C, 60.88; H, 4.54; N, 10.52. Found C, 60.59; H, 
4.60, N, 10.29. 

Reaction of 20 with [ N-( 4-Met hylpheny1)iminoltri- 
phenylphosphorane. To a solution of 20 (0.53 g, 1 mmol) in 
25 mL of dry toluene was added [N-(4-methylphenyl)imino]- 
triphenylphoephorane (1.10 g, 3 mmol). The reaction mixture 
was heated at reflux temperature for 3 h and afterwards at 150 
OC in a sealed tube for 12 h. After cooling, the solvent was 
removed under reduced pressure, and the resulting material was 
chromatographed (silica gel column; n-hexanelethyl acetate, 73) 
to give 68 (48%) and 22. 

22: yield 51%; mp 243 OC; yellow prisms (ethyl acetate/n- 
hexane); IR (Nujol) 3267,1719,1439,1336,1111 cm-'; 'H NMR 
(CDC1,) 6 1.47 (t, 3 H, J = 7.1 Hz), 2.25 (8, 3 H), 2.41 (8, 3 H), 
4.32 (q, 2 H, J = 7.1 Hz), 6.36 (8, 1 H, J = 7.8 Hz), 6.86 (d, 2 H, 
J = 8.3 Hz), 6.92 (d, 2 H, J = 8.3 Hz), 7.42-7.61 (m, 10 H), 
7.71-7.82 (m, 7 H), 13.61 (8, 1 H); '% NMR (CDClJ 6 14.36,18.96, 
20.76,60.95, 111.16, 115.97 (8, d, Jpe  = 19.9 Hz), 119.12 (d, Jpc  

12.7 Hz), 119.73,123.29 (a), 128.64 (8, d, Jpc = 99.9 Hz), 128.82, 
129.14 (d, Jpg = 12.1 Hz), 130.22 (s), 130.68, 132.47 (d, Jpc  = 
2.6 Hz), 132.81 (d, J p e  = 9.8 Hz), 138.07 (8,  d, Jpc  = 2.3 Hz), 
138.66 (8,  d, Jpe  = 2.9 Hz), 147.47 (8, d, Jp4 = 3.0 Hz), 155.67 
(8, d, Jp4 = 1.5 Hz), 167.06 (a), one carbon was not observed; 31P 
NMR (CDCI,) 6 10.69; mass spectrum, m/z (relative intensity) 
595 (M+, 25), 183 (loo), 108 (30). Anal. Calcd for C38HMN3O2P 
C, 76.62; H, 5.75; N, 7.05. Found: C, 76.55; H, 5.71; N, 6.98. 

Preparation of 5-( Ethoxycarbonyl)-3-(4-methylphenyl)- 
7-methyl-lH-pyrido[2,3,4-de]quinazoline-2-thione. To a 
solution of 22 (0.12 g, 0.2 mmol) in 10 mL of dry toluene was added 
carbon disulfide (1 mL). The mixture was heated at 140 OC in 
a sealed tube for 8 h. After cooling, the separated solid was imlated 
by filtration, dried, and recrystallized to give 2 3  yield 68%; mp 
299-300 "C; colorless prisms (toluene); IR (Nujol) 3296,1698,1169 
cm-'; 'H NMR (CDClJ 6 1.27 (t, 3 H, J =  7.1 Hz), 2.44 (8,  3 H), 

2.53 (a, 3 H), 4.27 (q, 2 H, J = 7.1 Hz), 7.06 (d, 1 H, J = 8.2 Hz), 
7.27 (d, 2 H, J = 8.3 Hz), 7.38 (d, 2 H, J = 8.3 Hz), 7.44 (d, 1 H, 
J = 8.2 Hz), 7.98 (8, 1 H), 11.52 (a, 1 H), 11.52 (e, 1 H); '% NMR 

127.85 (a), 128.78,130.47,133.56 (8),133.76,135.61 (a), 136.62 (e), 
138.74 (s), 140.95 (s), 151.19 (a), 165.01 (e), 176.35 (8); mass 
spectrum, m/z (relative intensity) 377 (M', 671,305 (loo), 151 
(29). Anal. Calcd for C21H&O2S: C, 66.82; H, 5.07; N, 11.13. 
Found C, 66.75; H, 5.00; N, 11.01. 

Preparation of the Carbodiimide 21 (R = 4-CH&6H4). 
Procedure A. To a solution of the bis(iophosphorane) 4 (1.29 
g, 1.75 mmol) in 25 mL of dry methylene chloride was added at 
room temperature Cmethylphenyl isocyanate (0.23 g, 1.75 "01) 
in the same solvent (25 mL) during 4-5 h. Afterwards, the solvent 
was removed under reduced pressure, the resulting material was 
dissolved in 30 mL of dry benzene, and carbon disulfide (10 mL) 
was added. The new reaction mixture was stirred at reflux tem- 
perature for 4 h. After cooling, the solvent was removed under 
reduced pressure, and the resulting material waa chromatographed 
(silica gel column; n-hexanelether, 4:l). 

Procedure B. To a stirred solution of 19 (0.30 g, 1 "01) in 
20 mL of dry benzene at 50 OC was added dropwise a solution 
of [N-(4-methylpheny1)iminoltriphenylphosphorane (0.36 g, 1 
mmol) in the same solvent (20 mL), during 4 h, and the stirring 
was continued for 1 h. The solvent was removed under reduced 
preseure, and the resulting material was chromatographed (silica 
gel column; n-hexanelether, 41). 

21: yield 71% (procedure A), 65% (procedure B); viscous oil; 
IR (neat) 2135,2021,1727 m-'; 'H NMR (CDCl,) 6 1.40 (t, 3 H, 
J = 7.1 Hz), 2.32 (8, 3 H), 2.35 (a, 3 H), 4.37 (9, 2 H, J = 7.1 Hz), 
7.06-7.18 (m, 6 H), 7.44 (8,  1 H), 7.80 (d, 1 H, J = 2.1 Hz); m a  
spectrum m/z (relative intensity) 377 (M+, loo), 345 (21), 91 (65). 
Anal. Calcd for CzlHl&O$: C, 66.82; H, 5.07; N, 11.13. Found: 
C, 66.73; H, 5.10; N, 11.01, 
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Chemical behavior of 1,6,7-trisubstituted 2-methyl-1,2,3,4-tetrahydroisoquinolinium 2-methylides 4 was in- 
vestigated in fluoride-ion induced desilylation reaction of 1,6,7-trisubstituted 2-methyl-2-(trimethylsilyl)- 
methyl-1,2,3,4-tetrahydroisoquinolinium iodides 3. The 1-nonsubstituted (4a,b) and 1-alkyl-substituted ylides 
(4c,d) gave mixtures of five products (7-111, but the 1-phenyl-substituted analogues (4e,f) yielded (E)- and 
(Z)-2,3-disubstituted 5-benzylidene-l,3-cyclohexadiene-6-spiro-3'-l'-methylpyrrolidines (E)-S and (2)-5 and 
7,gdieubstituted 3 - m e t h y l - l - p h e n y l - 2 , 3 , 4 , ~ t e ~ y d r ~ ~ - 3 - b e ~ p i n ~  6. The mechaniems of the rearrangement 
are discussed. 

Introduction 
Ammonium ylide intarmediatea are usually produced by 

a-deprotonation of tetraorganoammonium salts under 
basic conditione, e.g., sodium amide in liquid ammonia.' 
However, it is difficult to prepare 2-methyl-1,2,3,4-tetra- 

(1) (a) Pine, 5. H. Org. React. (N.Y.) 1970,18,403. (b) Lepley, A. R.; 
Giumnnini, A. G. In Mechanisms of Molecular Migrations; Thyagamjan, 
B. S., Ed.; Wiley-htancience: New York, 1971; Vol. 3, p 297. 

hydroisoquinolinium 2-methylides from 2,a-dimethyl- 
1,2,3,4-tetrahydroisoquinolinium salts because the a-de- 
protonation occurs on the 1-position in preference to the 
2-methyl  group^.^ The ylide anions produced by fluor- 
ide-ion induced desilylation of trialkyl[ (trimethylsily1)- 
methyllammonium salts locate regioselectively on the 

(2) Grethe, G.; Lee, H. L.; Uskokovic, M. R. Tetrahedron Lett. 1969, 
1937. 
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Table I. 2-Methyl-2-[ (trimethylsilyl)methyl]-lY6,7-tri- 
substituted- 1,2,3,4-tetrahydroisoquinolinium Iodides 3 

d t a  R1 R2 time (h) yield" (%) to trans 
3a H H 0.5 94 
3b Me0 H 1 97 
3c H Me 1 88 m40 
3d H Et 1 89 68:32 
3e H Ph 0.5 91 7426 
3e-dsc H Ph 1 95 67:33 
31 Me0 Ph 0.5 98 62:38 
a A mixture of the cis and trans isomers. Determined from the 

reaction ratiob of cis 

proton ratios of lH NMR. CA N-CD3 analogue of 3e. 

Table 11. Melting Points and Selected 'H NMR Data of 
lf,3.4-Tetrohydroisoquinollnium Iodider 3 

ammonium 'H NMR (CHC13) 6 
d t a  mp, O C  Si(CHJ, SiCHzN NCHa _ _  

3a 205-206 0.33 3.56 (8 )  3.51 
3b 214-216 0.36 3.55 ( 8 )  3.52 
cis-3~ 172-173 0.40 3.32, 3.45 3.42 

trans-& 0.33 a 3.49 
cis-td 202-203 0.41 3.60,3.67 3.29 

trane-3d 0.28 a 3.63 
cis-Se 224-227 0.30 2.28, 3.72 3.58 

trans-3e 0.36 a 3.16 
~is-3e-d~ 226-228 0.30 2.28, 3.72 

cis-tf 202-204 0.30 2.24, 3.81 3.60 

trans-3f 223-227 0.37 3.64, 3.88 3.15 

These signals were overlapped by signals of the cis isomer and 

(ABq, J = 14.8 Hz) 

(ABq, J = 15.0 Hz) 

(ABq, J = 14.7 Hz) 

(ABq, J = 14.7 Hz) 

(ABq, J = 14.7 Hz) 

(ABq, J = 15.1 Hz) 

could not be assigned. 

carbons which had bonded with the silyl  group^.^^^ 
Treatment of 2-alkyl-2- [ (trimethylsily1)methyll- 1,2,3,4- 
tetrahydroisoquinolinium halides with cesium fluoride may 
give 2 - ~ 1 - 1 , 2 , 3 , 4 - t u m  2-methylides. 

Hori and co-workers6 reported that l-cyanothioiso- 
chromanium 2-methylide rearranged to the spiro com- 
pound in a high yield. This suggesta that 2-alkyl- 

A 

1,2,3,4-tetrahydroisoquinolinium 2-methylides rearrange 
to 6-methylene-l,3-cyclohexadiene-6-spiro-3'-l'-alkyl- 
pyrrolidines. This paper describes the chemical behavior 
of 2-methyl-l-suhstituted-1,2,3,4-tetrahydr 
2-methylides. 

(3) Vedejs, E.; West, F. G. Chem. Rev. 1986,86, 941. 
(4) (a) Nakano, M.; Sato, Y. J. Org. Chem. 1987,52,1844. (b) Shirai, 

N.; Sato, Y. J. Org. Chem. 1988, 53, 194. (c) Sugiyama, H.; Sato, Y.; 
Shuai, N. Synthesis 1988,988. (d) Shirai, N.; Sumiya, F.; Sato, Y.; Hori, 
M. J. Org. Chem. 1989,54, 836. (e )  Okazaki, S.; Shirai, N.; Sato, Y. J. 
Org. Chem. 1990,55,334. (0 Shirai, N.; Watanabe, Y.; Sato, Y. J .  Org. 
Chem. 1990,55,2767. (e) Sumiya, F.; Shuai, N.; Sato, Y. Chem. Pharm. 
Bull. 1991,39,36. (h) Machida, Y.; Shirru, N.; Sato, Y. Synthesis 1991, 
117. (i) Kitano, T.; Shuai, N.; Sato, Y. Synthesis 1991,996. (j) Tanaka, 
T.; Shirai, N.; Sato, Y. Chem. Pharm. Bull. 1992,40,518. (k) Kitano, T.; 
Shirai, N.; Sato, Y. Chem. Pharm. Bull. 1992,40,768. (1) Tanaka, T.; 
Shirai, N.; Sugimori, J.; Sato, Y. J. Org. Chem. 1992,57,5034. (m) Usami, 
T.; Shirai, N.; Sato, Y. J.  Org. Chem., in prase.. 

(5) Hori, M.; Kataoka, T.; Shimizu, H.; Kataoka, M. Tetrahedron Lett. 
1983,24,3733. 
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Results and Discussion 
1,6,7-Trisubstituted 2-methyl-2-[(trimethylsilyl)- 

methyl]-1,2,3,4tetrahydroisoquinolinium iodides (3) were 
prepared from reaction of 1,6,7-trisubstituted 1,2,3,4- 
tetrahydroisoquinolines (1) with (iodomethy1)trimethyl- 
silane followed by quaternhition with iodomethane (Table 
I). The major geometrical isomer of 3f was assigned to 
have the cis configuration based on an X-ray crystallo- 
graphic analysis. That of 38 was also assigned as the cis 
by comparison of the chemical shifta of the N-methyl (cis 
> trans) and the trimethylsilyl groups (cis < trans) in 'H 
NMR spectroscopy, though these relations were reversed 
in the 1-alkyl-substituted analogues 3c,ds (Table 11). 

(6) Bemath,' Smith: and their co-workers reported that, in quater- 
nization reaction of 1-substituted 2-methyl-l,2,3,4-tetrahydroiso- 
quinolines, the preferred direction of the attacking groups wae trans 
relative to the substitutenta at C-1. The chemical shift of N-methyl 
groups of the cia isomere was observed in a slightly higher field than thoee 
of trans salta in 'H NMR of 1,2-dialkyl-2-methyl-1,2,3,4-tetrahydro~ 
quinolines, but the relation of the chemical shifts wae reversed in 2 4  
kyl-2-methyl-l-phenyl-sub&ituted salts. 

(7) Bemath, G.; Kobor, J.; Koczka, K.; Radice, L.; Kajtar, M. Tetra- 
hedron Lett. 1968, 225. 

(8) Smith, S., Jr.; Elango, V.; Shamma, M. J. Org. Chem. 1984,49,581. 
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Table 111. Reaction of the 1~,3,4-Tetrahydroisoquinolinium Iodides 3 with CsF in DMF for 3 h at Room Temperature 
product yields“ (% ) 

entry salt (E)d (23-6 6 7 8 9 10 1 l b  
1 3a 0 0 0 34 2 3 49 
2 3b 0 0 0 35 2 3 50 
3 cis-3c 0 0 0 1 14 27 14c 30 
4 cis-3d 0 0 0 6 11 20 1 Id 37 
5 Cis-k 17 1 77 0 0 0 e 
6 3d 11 3 75 0 0 0 e 
7 cis-k-dg 11 2 72 0 0 0 e 
8 cis-3f 45 1 49 0 0 0 e 
9 tram-3f 15 30 36 0 0 0 e 

a Determined from the proton ratios of ‘H NMR of a mixture of the amines. Isolated yield. R4 = H. R4 = Me. e Not determined. /A 
mixture of cis and trans isomers, 3070. 

Scheme 111 

trans4,f 

t 
trans-3et 

Reaction of 3 with cesium fluoride was carried out at 
room temperature for 3 h in DMF. Producta from the 
reaction of 3a-d were mixtures of the following four amines 
and one ammonium salt: 1,6,7-trisubstituted 2-methyl- 
1-[ (trimethylsilyl)methyl]-1,2,3,4-tetrahydroisoquinolines 
7, N-methyl-N-[(trimethylsilyl)methyl]-a-alkyl-2-vinyl- 
benzylamines 8, N J v - d i m e n y l - a - a 2 - ~ y l b e ~ ~ e s  
9, NJV-dimethyl-2-[2-(l-alkenyl)-4,5-disubstituted phe- 
nyllethylamines 10, and 1,6,7-trisubstituted 2,2-di- 
methyl-l,2,3,4tetrahydroiiuinolinium iodides 11 (Table 
III). Amines 7a,b and d t a  lla,b were the main products 
in the reaction of 3a,b having no substituent at the 1- 
position (entries 1 and 2). In the reaction of l-alkyl-sub 
stituted ammonium d t a  (3c,d), amounta of &,d and 9c,d 
were increased with decreasing yields of 7c,d (entries 3 and 
4). Proton transfers from 3a-d to 4a4 which were initially 
formed may give lla-d, 12a-d, and 13a-d (Scheme 11). 
Then, a [1,2] shift of the (trimethylsily1)methyl group of 
12 gives 7, and Hofmann elimination of 13 resulta in 8. 
Thus, no presence of the expected spiro amines 5 was 
observed in these reactions. 

In the reaction of l-phenyl-substituted analogues 3e,f 
with cesium fluoride, however, the reaction products 
changed to mixtures of (E)- and (Z)-5-benzylidene-2,3- 
disubstituted-l,3-cyclohexadiene-6-spiro-3~-l~-methyl- 
pyrrolidines [ (E)-5 and (n-5, Sommelet-Hauser rear- 
rangement products] and 7,&diaubstituted 3-methyl-l- 
phenyl-2,3,4,5-tetrahydro-lH-3-benzazepines (6, Stevens 
rearrangement products) (entries 5-9). 

(Wesf 

We previously reported that Stevens producta in the 
rearrangement of benzylammonium alkylides were not 
directly formed by a [1,2] radical rearrangement pathway 
as previously believed: but were produced by a [2,3] sig- 
matropic followed by a [1,3] radical rearrangement path- 
way via 64  l-(dimethylamino)alkyl]-5-methylene-1,3- 
cyclohexadienes (isotoluene derivatives).” Because (E)-5, 
(2)-5, and 6 were only obtained from the l-phenyl-sub- 
stituted ylides 4e,f, it is questionable whether 6 was pro- 
duced directly from 4 by the [1,2] migration process. 

The [ 2,3] sigmatropic rearrangement of benzyl- 
ammonium methylides occurred more quickly with no 
electron-rich benzene rings than with electron-rich rings.4 
Because the dimethoxy-substituted benzene ring in the 
tetrahydroisoquinolinium moiety of 4f is apparently more 
electron-rich than the l-phenyl group, it is unlikely that 
a [2,3] sigmatropic shift of ylide anions to the 4a-carbon 

A [2,3] sigmatmpic rearrangement of 4e,f to the l-phenyl 
groups gives l0,ll-disubstituted 6-methyl-4a,5,7,&tetra- 
hydro-6H-dibenzo[cJ]amnines (14, isotoluene derivatives) 
followed by conversion to (E)-5, (a-5, and 6 by a radi- 
cal-dissociation and -recombination process (Scheme III). 
Aromatization of isotoluene derivatives requires a [ 1,3] 
antarafacial proton migration under nonbasic conditions, 
which is difficult in bicyclic isotoluenes.~ In the presence 

(E)-Sf and (Z)-Sf. 

(9) March, J. Advanced Organic Chemistry, 3rd. ed.; John-Wiley, 
1985; p 992. 
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Scheme IV 

Sato et al. 

17 

Table IV. Reaction of the 1,2,3,4-Tetrahydroisoquinolinium 
Iodides (3) with CsF in the Pre8ence of DBU 

salts additive total yield (%) (E)-8 (2)-6 6 17 
Ck-k 90 13 3 8 4 0  
ck-k DBU 90 2 4 18 76 
ck-3f 95 47 1 52 0 
&Sf DBU 85 7 4 9 8 0  

ratioa 

Determined from the proton ratios of 'H NMR. 
of a strongly basic amine (e.g., DBU), the aromatization 
occurs by a proton-dissociation and -recombination path- 
way."J The addition of DBU to the reaction of ciS-b,f 
resulted in formation of dibenzo[c,flazonine derivatives 
(17) with decreased amounts of (E)-S and 6 (Scheme Iv, 
Table IV). These results appear to indicate that (EI-6, 
(2)-S, and 6 were produced via 14. Salts ciS-b,f gave 
preferentially (E)-Se,f (entries 5,7, and 8 in Table III), and 
trans-31 gave a mixture of (E)-Sf and (Z)-Sf in a ratio of 
1:2 (entry 9). A proton transfer from the 2-methyl group 
to the 2-methylide anion in 4 is unlikely.lO Indeed, when 
cis-2-(trideuteriomethyl)-l-phenyl-2- [ (trimethylsily1)- 
methyl]-1,2,3,4te~ahydroiiuinolinium iodide (cis-3edJ 
was similarly treated, all deuterium atom were observed 
on the N-methyl groups of the rearrangement products 

The ylides ciS-b,f which formed from ciS-b,f rearrange 
to (E)-14; however, in the rearrangement of trans-b,f 
produced from tram-b,f, paths a and b are poeeible giving 
(E)-14 and (2)-14, respectively (Scheme 111). The con- 
version of (E)-14 to (E)-5 and of (a-14 to (23-5 occurs by 
retaining the configuration via the radical-diseociation and 
-recombination process. It is known that the Stevens re- 
arrangement of acyl-stabilized ammonium ylides proceeds 
by a [1,2] radical migration mechanism with retention of 
the configuration of the chiral migrating group." 

Experimental Section 
DMF was dried by distillation from BaO under reduced 

pressure. CsF was dried over P206 at 170 OC under reduced 
pressure. 'H NMR spectra were recorded at 100,270, or 400 MHz. 
Mass spectra were obtained using either E1 or CI ionization. 
Aluminum oxide (Merck, Aluminumoxide 90,70-230 meah) was 
used for column cbromabgmphiea. All melting points and boiling 
points are uncorrected. 
24 (Trimethylsilyl)methyl]-l,6,7-trisubstituted-1~,3,4- 

tetrahydroimquinolines 2a-f: General Procedure. A mixture 
of (iodomethy1)trimethylsiie (2.1 g, 10 "01) and 1,2,3,4- 
tetrahydroisoquinoliie (la) or a substituted analogue (6,7-di- 
methoxy- (lb), 1-methyl- (lc), 1-ethyl- (ld), 1-phenyl- (le), or 
6,7-dimethoxy-l-phenyl-l,2,3,4-tetrahydroieoquinoline (10 (20 
"01)) in DMSO (10 mL) WBB stirred a t  100 OC for 2-3 h. The 
reaction mixture waa poured into water and extracted with diethyl 
ether. The extract was washed with water, dried (MgSO$, and 
concentrated under reduced pressure. The crude products were 

(10) Doering, W. E.; Hofhnann, A K. J. Am. Chem. Soc. 1966,77,621. 
(11) (a) Breweter, J. H.; Kline, M. W .  J. Am. Chem. SOC. 1962, 74, 

5179. (b) Schdllkopf, U.; Ludwig, U.; Ontermann, G.; Patech, M. Tetra- 
hedron Lett. 1969,3415. (c) Ollie, W. D.; Ray, M.; Sutherhd, I. 0. J.  
Chem. SOC., Perkin Tram. 1 1983,1009. 

(E)-Se-ds, (Z)-Se-ds, and b - d p  

chrqmatographed on aluminum oxide cohmns (ethyl ether/ 
herane) and then dietilled under reduced preesure or recryetallized 
from EtOH. 

2a: yield 76%; bp 158-159.5 OC (15 "Hg); 'H NMR (CDCld 
60.10 (8, 9 H), 2.07 (8, 2 H), 2.52-2.96 (m, 4 H), 3.56 (8, 2 H), 
6.90-7.12 (m, 4 H). Anal, Calcd for CISHslNSi: C, 71.17; H, 9.66; 
N, 6.38. Found: C, 71.15; H, 9.90, N, 6.34. 
2b yield 86%; mp 65-67 OC; 'H NMR (CDCld 6 0.10 (e, 9 H), 

2.05 (e, 2 H), 2.52-2.86 (m, 4 H), 3.48 (a, 2 H), 3.83 (s,6 H), 6.48 
(8, 1 H), 6.57 (8,  1 H). Anal. Calcd for Cl&H26N08i: C, 64.47; 
H. 9.02 N. 5.01. Found C. 64.26 H. 8.88. N. 4.90. 
'2c: held 59%; bp 165-167 OC (io &g); 'H NMR (CDCl,) 

6 0.09 (~,9 H), 1.33 (d, 3 H, J = 6.8 Hz), 2.02 and 2.24 (ABq, 2 
H, J = 14.6 Hz), 2.61-2.76 (m, 2 H), 2.91 (ddd, 1 H, J = 16.0,8.4, 
4.7 Hz), 3.05 (ddd, 1 H, J = 11.8,8.4,4.4 Hz), 3.69 (9, 1 H, J = 
6.8 Hz), 7.05-7.30 (m, 4 H). Anal. Calcd for C14HaNSi: C, 72.04; 
H, 9.93; N, 6.00. Found C, 71.92; H, 10.10; N, 5.98. 
2d yield 60%; bp 171-174 OC (10 " H g ) ;  'H NMR (CDClJ 

6 0.07 (a, 9 H), 0.91 (t, 3 H, J = 7.3 Hz), 1.64-1.78 (m, 2 H), 2.05 

5.1 Hz), 2.65 (ddd, 1 H, J = 12.5,5.3,5.2 Hz), 2.90 (ddd, 1 H, J 
= 20.0, 9.0, 5.3 Hz), 3.16 (ddd, 1 H, J = 12.5, 9.0, 5.1 Hz), 3.39 
(t, 1 H, J = 6.0 Hz), 7.02 (m, 4 H). Anal. Calcd for C16H,,,&Sk 
C, 72.81; H, 10.18; N, 5.66. Found C, 72.79; H, 10.16; N, 5.53. 

28: yield 64%; bp 167-170 "C (5 mmHg); 'H NMR (CDCl,) 

(m, 1 H), 2.76-2.90 (m, 1 H), 3.09-3.17 (m, 2 H), 4.31 (8,  1 H), 
6.66 (d, 1 H, J = 7.9 Hz), 6.94-6.98 (m, 1 H), 7.05-7.11 (m, 2 H), 
7.19-7.61 (m, 5 H). Anal. Calcd for Cl&,&3i: C, 77.23; H, 8.53; 
N, 4.74. Found: C, 77.52; H, 8.71; N, 4.86. 
2f: yield 81%; mp 80-81 OC; 'H NMR (CDCl,) 6 0.02 (s,9 H), 

1.78 and 2.06 (AB-q, 2 H, J = 14.5 Hz), 2.49-2.74 (m, 2 H), 
2.97-3.10 (m, 2 H), 3.58 (s,3 H), 3.84 (s,3 H), 4.26 (8, 1 H), 6.15 
(8, 1 H), 6.59 (8,  1 H), 7.20-7.28 (m, 5 H). Anal. Calcd for 

N, 3.97. 
2-Methyl-2-[ (trimethylsilyl)methyl]-1,6,7-trisubstituted- 

1,2,3,4-tetrahydroisoquinolinium Iodides 3a-f: General 
Procedure. A solution of 2 (10 "01) and iodomethane (8.5 g, 
60 "01) or iodotrideuteriomethane (8.7 g, 60 mmol) in MeCN 
( I O  mL) was heated at  60 "C for the time listed in Table I. The 
solvent was removed, and the residue was recrystallized to give 
3. The &isomers were isolated by repeated recrystallization from 
a mixture of AcOEt and MeOH, but isolation of the trans-isomers 
was difficult. The resulta are summarized in Tablee I and 11. 

Reaction of 3 with Cesium Fluoride: General Procedure 
A. Ammonium salt 3a-d (2 mmol) was placed in a 30-mL flask 
equipped with a magnetic stirrer, a septum, and a test tube which 
was connected to the flask by a short piece of rubber tubing. CsF 
(1.52 g, 10 "01) was placed in the test tube. The apparatus w88 
dried under reduced pressure and was flushed with NP. DMF 
(10 mL) was added to the flask with a syringe, and then CsF wae 
added from the test tube. The mixture was stirred for 3 h at Mom 
temperature. The reaction mixture was poured into 2% NaHCOs 
and extracted with ether. The ethereal extract was washed with 
2% NaHCO,, dried (MgS04), and concentrated under reduced 
pressure to give mixtures of 6,7-disubstituted 2-methyl-1-[ (tri- 
methylsilyl)methyl]-1,2,3,4-tetrahydroisoquinolines 7, N -  
methyl&[ (trimethylsilyl)methyl]-a-alkyl-2-vinylbenzylamines 
8 and N,N-dimethyl-a-akyl-2-vinylbenzylamines 9, and N,N- 
dimethyl-2-[2-(l-alkenyl)phenyl]ethyhmine~ 10. The yields were 
determined on the basis of the proton ratiaa of 'H NMR of the 
residual oils. The products were separated on an aluminum 
column (hexane/ether = 1 0 0  to 1:l) and distilled under reduced 
pressure. The aqueous layer after ether extraction was concen- 
bated, and the residue was recrystallid from a mixture of EXOAc 
and MeOH to give 6,7-disubstituted 2,2-dimethyl-1,2,3,4-tetra- 
hydroisoquinolinium iodidea 11. The results are summarized in 
Table 111. 

Mixture of 7a and 8a: bp 130 OC (17 "Hg, oven temperature 
of a Btichi Kugelrohr distillation apparatus). Anal. Calcd for 

N, 5.72. 
7a: 'H NMR (CDCl,) 6 -0.03 (e, 9 H), 1.10 (dd, 1 H, J = 5.7, 

15.2 Hz), 1.21 (dd, 1 H, J = 15.2,7.7 Hz), 2.39 (s,3 H), 2.64-2.72 
(m, 2 H), 2.82-2.90 (m, 1 H), 3.11-3.18 (m, 1 H), 3.64 (dd, 1 H, 

and 2.18 (ABq, 2 H, J = 14.7 Hz), 2.59 (ddd, 1 H, J = 20.0,5.2, 

6 4.03 (~,9 H), 1.75 and 2.05 (ABq, 2 H, J = 14.7 Hz), 2.50-2.57 

C21H&JO#i: C, 70.94, H, 8.22; N, 3.94. Found: C, 70.68, H, 8.08; 

C14HaNSi: C, 72.04; H, 9.93; N, 6.00. Found: C, 72.01; H, 10.03; 
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J = 7.7, 5.7 Hz), 7.02-7.25 (m, 4 H). 
8a: 'H NMR (CDC13) 6 0.04 (s,9 H), 1.91 (8, 2 H), 2.16 (e, 3 

H), 3.46 (a, 2 H), 5.26 (dd, 1 H, J = 1.7, 11.0 Hz), 5.63 (dd, 1 H, 
J = 1.7,17.6 Hz), 7.0b-7.32 (m, 4 H), 7.51 (dd, 1 H, J = 8.9,1.8 
Hz). 

9a: lH NMR (CDCl,) 6 2.27 (e, 6 H), 3.48 (e, 2 H), 5.33 (dd, 
1 H, J = 11.0, 1.5 Hz), 5.70 (dd, 1 H, J = 17.4,1.5 Hz), 7.19 (dd, 
1 H, J = 17.4, 11.0 Hz), 7.08-7.30 (m, 3 H), 7.56 (dd, 1 H, J = 
5.7, 2.2 Hz); exact mass calcd for CllHleN 161.1204, found 
161.1193. 

lla: mp 192-193 "C (lit.12 mp 189 "C). 
Mixture of 7b and 8b: bp 155 OC (15 mmHg, Kugelrohor). 

Anal. Calcd for ClnHnNO&i: C, 65.48; H, 9.27; N, 4.77. Found 
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J = 1.5,lO.g Hz), 5.55 (dd, 1 H, J = 17.3, 1.5 Hz), 7.18-7.28 (m, 
3 H), 7.36 (dd, 1 H, J = 7.5, 1.6 Hz), 7.45 (dd, 1 H, J = 1.6, 7.5 
Hz). 

(8, 6 H), 2.44-2.48 (m, 2 H), 2.82-2.86 (m, 2 H), 6.11 (dq, 1 H, 
J = 6.6, 15.6 Hz), 6.64 (dq, 1 H, J = 15.6,1.7 Hz), 7.11-7.18 (m, 
3 H), 7.39-7.42 (m, 1 H). 

L l d  mp 166166 "C, 'H NMR (CDClJ 6 1.07 (t, 3 H, J = 7.3 
Hz), 1.67-1.81 (m, 1 H), 2.35-2.45 (m, 1 H), 3.22-3.39 (m, 2 H), 
3.45 (8, 3 H), 3.70 (8, 3 H), 3.81-3.89 (m, 1 H), 4.20-4.26 (m, 1 H), 
4.86 (dd, 1 H, J = 9.7,2.9 Hz), 7.13-7.54 (m, 4 H). Anal. Calcd 
for C13Hm: C, 49.22; H, 6.35; N, 4.42. Found: C, 49.19; H, 6.s0, 
N, 4.19. 
General Prooedure B. In a manner similar to that described 

above, a mixture of 3e or 3f (2 "01) and CsF (1.52 g, 10 "01) 
was treated in DMF (10 mL). The residual oil was distilled under 
reduced pressure to give a mixture of (E)-  and (2)-5- 
benzylidene-2,3-disubstituted-l,3-cyclohexadiene-6-sp~o-3'-1'- 
methylpyrrolidines (E)-6 and (2)-6 and 7,8-disubetitutad 3- 
methyl-l-phenyl-2,3,4,5-tetrahydro-lH-3-benzazepinea 6. The 
yield was determined from the proton ratios of 'H NMR of the 
distillate. The results are shown in Table 111. 

Distillation of the residue from cis-& (894 mg, 2.04 "01) gave 
a mixture (460 mg) of (E)- and (Z)-&benzylidene-1,3-cyclo- 
hexadiene-6-spiro-3'-l'-methylpyrrolidine [Q-k and (2)-Se] and 
3-methyl-l-phenyl-2,3,4,5-tetrahydro-lFZ-3~benzazepine (b): bp 
130 OC (0.37 mmHg, Kugelrohor). Anal. Calcd for C1,H1&J: C, 
86.03; H, 8.07; N, 5.90. Found: C, 86.10; H, 8.13; N, 5.69. 

A part of the distillate was separated on a HPLC column 
(Merck Hibar LiChrosorb NH2, 250 mm X 10 mm). The mobile 
phase was hexane on an initial stage at  flow rate of 5 ml/min, 
and the ratio of ether in hexane was increased linearly to 10% 
in 15 min. The eluent was monitored at a 254-nm UV detector. 
Fractions of retention time 14.8,15.7, and 17.2 min were collected 
and concentrated to give (Z)-Se, (E)-Se, and 68, respectively. 

( E ) - k  'H NMR (CDCl,) 6 1.93-2.00 (m, 1 H), 2.W2.17 (m, 
1 H), 2.40 (e, 3 H), 2.60 (d, 1 H, J = 9.5 Hz), 2.73 (d, 1 H, J = 
9.5 Hz), 2.76-2.80 (m, 2 H), 5.91-5.98 (m, 3 H), 6.68 (br d, 1 H, 
J = 9.6 Hz), 6.74 (8, 1 H), 7.18-7.36 (m, 5 H); '% NMR (CDClJ 
6 42.12 (Q), 57.11 (t), 48.20 (s), 55.28 (t), 65.86 (t), 116.34 (d), 123.31 
(d), 123.45 (d), 126.53 (d), 126.95 (d, 2 C), 128.66 (d), 128.75 (d), 
129.75 (d), 129.90 (a), 138.40 (a), 144.30 (8).  

(Z)-Se: 'H NMR (CDClJ 6 1.63-1.70 (m, 1 H), 1.87 (ddd, 1 
H, J = 13.3, 8.1, 5.1 Hz), 2.12 (s,3 H), 2.22 (ddd, 1 H, J = 13.3, 
8.6, 3.5 Hz), 2.65 (d, 1 H, J = 9.4 Hz), 2.72-2.78 (m, 1 H), 2.76 
(d, 1 H, J = 9.4 Hz), 5.78-5.90 (m, 3 H), 6.14 (dd, 1 H, J = 0.9, 
9.3 Hz), 6.69 (8, 1 H), 7.21-7.32 (m, 5 H); the NOE enhancement 
(12%) of 4-H (6 6.14) was observed upon irradiation of the ben- 
zylidene protons (6 6.69); '9c NMR (CDCla) 6 41.44 (q), 42.86 (t), 
47.68 (a), 57.10 (t), 62.88 (t), 117.81 (d), 121.98 (d), 126.53 (a), 
127.83 (d, 2 C), 128.17 (d), 128.83 (d), 129.67 (d), 131.17 (d), 133.19 
(d), 141.17 (81, 143.03 (8). 

6e. 'H NMR (CDC13) 6 2.39 (8, 3 H), 2.37-2.42 (m, 1 H), 
2.83-2.92 (m, 3 H), 3.07-3.18 (m, 2 H), 4.36 (d, 1 H, J = 8.4 Hz), 
6.66 (d, 1 H, J = 5.9 Hz), 6.99-7.52 (m, 8 H). 

Distillation of the residue from 3e-d3 (883 mg, 2.00 "01) gave 
a mixture (418 mg) of (E)-  and (Z)-5-benzylidene-l,3-cyclo- 
hexadiene-6-spir~3'-1'-(trideuteriom8thyl)pyrrolidine [ (E)-Se-d3 
and (Z)-5e-d3] and 3-(trideuteriomethyl)-l-pheny1-2,3,4,5-tetra- 
hydro-1H-3-benzazepine (68-d,): bp 130 "C (0.37 mmHg, Ku- 
gelrohr). The following signals were not observed in 'H NMR 

3 H) in (Z)-k, 684s: 6 2.39 (s,3 H) in 68. 
Distillation of the residue from trans-3f (1.022 g, 2.05 mmol) 

gave a mixture (494 mg) of (E)- and (Z)-5-benzylidene-2,3-di- 
methoxy-l,3-cyclohexadiene-6-~p~3'-l'-methylp~lidine [&')-&if 
and (Z)-SI] and 7,&dimethoxy-3-methyl-l-phenyl-2,3,4,5-tetra- 
hydro-lH-3-benza~epine'~ (60: bp 170 OC (0.09 mmHg, Kugel- 
rohor). Anal. Calcd for C19HmN02: C, 76.74; H, 7.79; N, 4.71. 
Found: C, 76.51; H, 7.84; N, 4.44. 

A part of the distillate was separated on a Hiber LiChroeorb 
NH2 column. The mobile phase was a mixture of 60% di- 
chloromethane in hexane at  a flow rate of 5 mL/min. The eluent 

(15) Bp 190 O C  (0.16 " H g ) .  Mull, R. P.; Stevens, D. G. U.S. Patent 

1od: 'H NMR (CDClS) 6 1.90 (dd, 3 H, J 6.6,1.7 Hz), 2.32 

(CDCl3) (E)-k-d3: 6 2.40 (s,3 H) in (E)-&; (Z)-Se-d3: 6 2.12 (s, 

3 609 138, 1971. 

C, 65.40; H, 9.48;'N,4.83.- 
7 b  'H NMR (CDC13) 6 -0.01 (s,9 H), 1.07 (ad, 1 H, J = 5.7, 

15.2 Hz), 1.16 (dd, 1 H, J = 15.2,8.0 Hz), 2.37 (a, 3 H), 2.56 (ddd, 
1 H, J = 15.9,5.1, 5.0 Hz), 2.64 (ddd, 1 H, J = 12.8,5.1,5.0 Hz), 
2.78(ddd,1H,J=15.9,8.7,5.1Hz),3.10(ddd,1H,J=5.1,8.7, 
12.8 Hz), 3.54 (dd, 1 H, J = 8.0, 5.7 Hz), 3.84 (s,3 H), 3.85 (s,3 
H). 6.53 le. 1 HI. 6.55 (e. 1 HI. ,, 
ab: 1H N m ' ( c ~ c i , j  6 0.05 (s,9 HI, 1.90 ( ~ , 2  HI, 2.18 (~,3 

H), 3.42 (8, 2 H), 3.89 (e, 3 H), 3.91 (8, 3 H), 5.18 (dd, 1 H, J = 
1.3, 10.6 Hz), 5.52 (dd, 1 H, J = 17.8, 1.3 Hz), 6.87 (8, 1 H), 7.02 
(8, 1 H), 7.14 (dd, 1 H, J = 17.8, 10.6 Hz). 

H), 3.91 (e, 3 H), 5.21 (dd, 1 H, J = 1.3, 11.0 Hz), 5.56 (dd, 1 H, 
J = 1.3, 17.4 Hz), 6.81 (8,  1 H), 7.04 (8, 1 H), 7.08 (dd, 1 H, J = 
17.4, 11.0 Hz); exact mass calcd for C13H19NO2 221.1416, found 
221.1399. 
llb mp 247-248 "C (lit.', mp 242-243 "C). 
Mixture of 7c and &: bp 130 "C (16 "Hg, Kugelrohor). AnaL 

Calcd for Cl@,&lSi: C, 72.81; H, 10.18; N, 5.66. Found C, 72.86, 
H, 10.37; N, 5.66. 
7c: 'H NMR (CDC1,) 6 -0.28 (s,9 H), 1.31 (8,  3 H), 1.34, 1.46 

(ABq, 2 H, J = 15.3 Hz), 2.34 (8, 3 H), 2.60-2.66 (m, 1 H), 2.69-2.80 
(m, 2 H), 3.03 (ddd, 1 H, J = 15.6,10.4,6.6 Hz), 7.00 (d, 1 H, J 
= 7.5 Hz), 7.07 (td, 1 H, J = 7.5, 1.5 Hz), 7.13 (t, 1 H, J = 7.5 
Hz), 7.19 (dd, 1 H, J = 7.5, 1.5 Hz). 

&: 'H NMR (CDCl,) 6 0.00 (e,9 H), 1.27 (d, 3 H, J = 6.6 Hz), 
1.85 (s, 2 H), 2.19 (8, 3 H), 3.63 (q, 1 H, J = 6.6 Hz), 5.26 (dd, 1 
H, J = 1.6, 11.0 Hz), 5.58 (ad, 1 H, J = 1.6, 17.5 Hz), 7.20-7.26 
(m, 2 H), 7.32 (dd, 1 H, J = 11.0, 17.5 Hz), 7.40 (dd, 1 H, J = 1.6, 
7.3 Hz), 7.47 (dd, 1 H, J = 1.9, 7.3 Hz). 

Mixture of 9c and 1oC: bp 90 OC (15 "Hg, Kugelrohor). AnaL 
Calcd for C12H1,N C, 82.23; H, 9.78; N, 7.99. Found C, 82.43; 
H, 9.80; N, 8.05. 

3.51 (q, 1 H, J = 6.6 Hz), 5.28 (dd, 1 H, J = 1.5, 17.4 Hz), 5.57 
(dd, 1 H, J = 1.5, 11.0 Hz), 7.18-7.28 (m, 3 H), 7.42-7.46 (m, 2 
H) * 
1Oc: 'H NMR (CDC1,) 6 2.31 (8, 6 H), 2.44-2.49 (m, 2 H), 

2.84-2.88 (m, 2 H), 5.31 (dd, 1 H, J = 10.9, 1.4 Hz), 5.65 (dd, 1 
H, J = 1.4,17.3 Hz), 6.99 (dd, 1 H, J = 17.3,10.9 Hz), 7.15-7.22 
(m, 3 H), 7.26-7.50 (m, 1 H). 
llc: mp 187-188 OC.14 
Mixture of 7d and 8d bp 135 OC (12 mmHg, Kugelrohor). 

Anal. Calcd for ClsH9,NSi: C, 73.49; H, 10.41; N, 5.36. Found: 

9b: 'H NMR (CDC1,) 6 2.24 (8, 6 H), 3.40 (8,  2 H), 3.89 (9, 3 

SC: 'H NMR (CDCl,) 6 1.30 (d, 3 H, J = 6.6 Hz), 2.21 (s,6 H), 

C, 73.35; H, 10.44i-N,-5.36. 
7d 'H NMR (CDClJ 6 -0.29 (e, 9 H), 0.71 (t, 3 H, J = 7.5 Hz), 

1.24, 1.36 (ABq, 2 H, J = 15.2 Hz), 1.66-1.80 (m, 2 H), 2.28 (8, 
3 H), 2.62-2.82 (m, 3 H), 3.00-3.07 (m, 1 H), 6.94-7.18 (m, 4 H). 

8d: 'H NMR (CDCL) 6 0.00 (8.9 H). 0.67 (t. 3 H. J = 7.4 Hz). 
1.68-1.89 (m, 2 H), 1.8f(s, 2 H),'2.17 (8; 3 H),'3.40-3.50 (m, 1 H); 
5.24 (dd, 1 H, J = 11.0, 1.6 Hz), 5.55 (dd, 1 H, J = 17.4, 1.6 Hz), 
7.18-7.34 (m, 4 H), 7.46-7.48 (m, 1 H). 

Mixture of 9d and 10d: bp 100 O C  (11 mmHg, Kugelrohor). 
Anal. Calcd for Cl3HlON: C, 82.48; H, 10.12; N, 7.40. Found: 
C, 82.26; H, 10.08; N, 7.39. 
9d: 'H NMR (CDClJ 6 0.65 (t, 3 H, J = 7.4 Hz), 1.26-1.44 (m, 

2 H), 2.20 (e, 6 H), 3.39 (dd, 1 H, J = 4.2,9.5 Hz), 5.27 (dd, 1 H, 

(12) Gender, W. J.; Shamaeundar, K. T. J. Org. Chem. 1976,40,123. 
(13) Tomita, M.; Fujitani, K.; M d i ,  Y.; Kuo-Heiung Lee, Chem. 

(14) No melting point wae reported. Craig, J. C.; Lee, S.-Y. C.; Chan, 
Pharm. Bull. 1968,16, 251. 

R. Po K.; Wang, I. Y. J. Am. Chem. Soe. 1977,99,7996. 
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was monitored at a 240-nm UV detector. Two fractions of re- 
tention time 5.5 and 8-10 min were collected and concentrated 
to give 6f and a mixture of (E)- and (Z)-Sf, respectively. The 
mixture of 5f was separated on the HPLC column. The mobile 
phase was a mixture 50% ether in hexane for 10 min at flow rate 
of 5 mL/min, increased linearly to 80% in 2 min. Fractions of 
(E)df (10.0 min) and (2)-5f (13.5 min) were collected. 

(E)-5 t  'H NMR (CDCl,) 6 2.07-2.14 (m, 2 H), 2.40 (s,3 H), 
2.60 (d, 1 H, J = 9.5 Hz), 2.65-2.76 (m, 1 H), 2.79 (d, 1 H, J = 
9.5 Hz), 2.84-2.90 (m, 1 H), 3.65 (e, 3 H), 3.66 (e, 3 H), 5.07 (8, 
1 H), 6.05 (8, 1 H), 6.45 (8, 1 H), 7.16-7.39 (m, 5 H); 13C NMR 
(CDCl,) 6 42.25 (q), 47.94 (t), 48.14 (a), 55.25 (q), 55.38 (q), 56.93 
(t), 76.45 (t), 97.22 (d), 109.98 (d), 122.62 (d), 125.95 (d), 128.26 
(d, 2 C), 128.92 (d, 2 C), 138.80 (81,143.91 (81, 147.30 (e), 150.72 
(8). 

(Z)-5I: 'H NMR (CDCl,) 6 1.56-1.62 (m, 1 H), 1.92 (ddd, 1 
H, J = 12.9,7.7,5.2 Hz), 2.11 (e, 3 HI, 2.31 (ddd, 1 H, J = 12.9, 
8.5, 3.9 Hz), 2.75 (d, 1 H, J = 9.2 Hz), 2.78-2.83 (m, 1 H), 2.94 
(d, 1 H, J = 9.2 Hz), 3.62 (e, 3 H), 3.73 (s,3 H), 5.02 (8,l H), 5.45 
(8, 1 H), 6.53 (8, 1 H), 7.13-7.39 (m, 5 H). '% NMR (CDCl,) 6 
41.93 (q), 44.14 (t), 47.69 (s),55.10 (q), 55.14 (q), 55.59 (t), 72.34 
(t), 104.22 (d), 110.79 (a), 126.32 (d), 126.80 (d), 127.56 (d, 2 C), 
130.15 (d, 2 C), 139.27 (a), 142.58 (e), 144.47 (a), 148.97 (8). 

Reaction of 3eJ with CsF in the Presena of DBU Gen- 
eral Procedure. To a solution of 3e,f (2 "01) in DMF (10 mL) 
prepared in a manner similar to that described in General Pro- 
cedure A above was added DBU (1.52 g, 10 mmol) by syringe. 
Then, CsF (1.52 g, 10 mmol) was added and the mixture was 
stirred for 3 h at  room temperature. The mixture was poured 

into 2% NaHCO, and extracted with ether. The extract was 
washed with 2% NaHCO,, dried (MgSOJ, fiitered, and concen- 
trated under reduced pressure. The reaidue was chromatographed 
on an aluminum oxide column (hexane:ether = 191). 
6-Methyl-5,6,7,8-tetrahydro-l3H-dibenzo[c,flazonine (17e): 

yield 281 mg (59%); bp 200 OC (8 "Hg, Kugelrohor); 'H NMR 
(CDClJ 6 2.26 (a, 3 H), 2.71 (t, 2 H, J = 5.9 Hz), 3.03-3.08 (m, 
2 H), 3.43 (s,2 H), 4.25 (s,2 H), 6.S7.52 (m, 8 H). Anal. Calcd 
for C1,Hl& C, 86.03; H, 8.07, N, 5.90. Found: C, 86-09; H, 8.03, 
N, 5.85. 
10,l l-Dimethoxy-6-methyl-5,6,7,8-tetrahydro-13H-dibenzo- 

[c,flazonine (170: yield 380 mg (64%); mp 99-100 OC (EtOH, 
lit.16 mp 102-104 OC). 
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Fluorodesilylation of o-( (trimethyleily1)methyl)benzoyl derivatives 5 in the presence of aromatic aldehydes 
and alkyl fumarates gives 3-aryl-3,4-dhydro~oumarina 6 and a-tetralones 10, respectively. Reaction of 5 with 
3,4-dihydroieoquinolinium salts 19 leads to 8-oxoberbines 21. Using this procedure, racemic hydrangenol, 
phyllodulcin, tetrahydropalmatine (224, and canadine (22b) have been synthesized. 

Ever since the firm postulation of o-quinodimethanes 
(oQDM) (1) by Cava in 1957,' these reactive intermediates 
have been used to construct a variety of molecular 
frameworks by inter- or intramolecular [4 + 21 trapping2 
Many methods for oQDM generation have been developed 
over the ~ e a r e . ~  A particularly convenient approach, in- 
troduced by Ito:' entails F-promoted desilylation to effect 
a l&elimination in an 0-( (trimethylsily1)alkyl)benzyltri- 
methylammonium compound (2 - 1). This procedure can 
be extended to functionalized oQDM which can, in W, 
afford usefully functionalized target  molecule^.^ For ex- 

(1) Cava, M. P.; Napier, D. R. J. Am. Chem. SOC. 1967, 79, 1701. 
(2) (a) Grieco, P. A.; Takigawa, T.; Schillinger, W. J. J. Org. Chem. 
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Table I. Synthesis of 3-Substituted 
3,4-Dihydroisocoumarina 6 and 7, 1-Tetralones 10, and 

3-Arylisocoumarin 11 
product 
(isolated 

entry substrate dienoDhile vield, %) 
1 Sa 
2 5a 
3 Sa 
4 5a 
5 Sa 
6 5b 
7 Sb 
8 5a 
9 Sa 
10 Sa 

C&&HO 6a (38) 
o-MeC6H4CH0 6b (38) 
p-MeOC,H,CHO 60 6d (51) (62) 
3,4-(Me0)2C6H3CH0 

3-PhCH20-4-MeOC6H3CH0 6f (53) 
trans-MeOOCCH=CHCOOMe 10a (48) 
trans-EtOOCCH-CHCOOEt 10b (60) 

11 (70) 

CClSCHO 7 (90) 
p-MeOC6H4CH0 6e (50) 

ample, a-imino-oQDM (3a) generated in such a manner 
was trapped with suitable dienophiles and the obtained 
adduct 4a hydrolyzed to obtain tetralone 4b.s This se- 
quence amounta to a [4 + 21 addition of a-oxo-oQDM (3b) 

(6) Ito, Y.; Nakajo, E.; Sho, K.; Saegusa, T. Tetrahedron Lett. 1984, 
25,5139. 
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