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6 1.9 (8) and 2.1 (8)" (3H), 3.8 (8)  and 3.9 (e)'' (3H), 7.2-7.8 (m, 
11 H); MS m/z (relative intensity) 315 (M+, 66), 273 (loo), 257 
(26), 241 (19), 228 (22). The crude product was dissolved in 50 
mL of "HF to which was added 0.1 mL (6 "01) of H20 and 0.93 
g (8.3 "01) of potassium tert-butoxide, the mixture was refluxed 
for 24 h, and an additional 0.3 g (2.7 mmol) of potassium tert- 
butoxide was added followed by refluxing for 48 h. The THF was 
evaporated under vacuum and the residue taken up in 50 mL of 
methylene chloride and 50 mL of H20. The layers were separated, 
and the organic layer was dried over anhydrous sodium sulfate 
and the methylene chloride evaporated under vacuum. Column 
chromatography of the residue using carbon tetrachloride on 15 
g of silica gel gave 0.35 g of 11 (1.3 mmol, 39% from 8): mp 
157-159 "C (heptane); 'H NMR (CDCls, 300 MHz) 6 3.78 (8, 3 
H), 5.12 (8, 1 H), 6.87 (d, J = 8.4 Hz, 1 H), 6.94 (d, J = 7.5,l H), 
7.00 (d, J = 8.4 Hz, 1 H), 7.0-7.3 (m, 5 H), 7.38 (dd, J = 8.4 Hz, 
1 H), 7.53 (d, J = 8.4 Hz, 1 H), 7.65 (d, J = 7.5 Hz, 1 H); '8c NMR 

123.83,127.53,127.74,128.01,128.38,129.99,132.32,133.39,141.44, 
151.45,151.70,156.23; MS m/z (relative intensity), 273 (M+, loo), 
258 (12), 257 (14), 23U (9) 228 (8), 202 (5). Anal. Calcd for 
CI&&N0 C, 83.49; H, 5.53; N, 5.12; 0 5.85. Found C, 83.61; 
H, 5.87; N, 5.04; 0, 5.39. 

Preparation of SB-T1.ibenz[b,d,f]azpine (2) from Re- 
action of 5-Acetyl-10-bromo-SB-dibenz[bflazepine (6) with 
Potassium tert-Butoxide and 1,3-Cyclohexadiene (12) Fol- 
lowed by Hydrolysis with Potassium tert -Butoxide and 
Water. 5-Acetyl-lO-bromo-5H-dibenz[b,flazepine (6; 3.0 g, 9.5 
mmol) and 1.47 g (13 mmol) of potassium tert-butoxide were 
placed in 24 mL of 1,ltcyclohexadiene (121, and the mixture was 
refluxed for 21 h. The cyclohexadiene was distilled from the 
reaction mixture. The residue was dissolved in 20 mL of 2- 
methoxyethyl ether (diglyme), 2.4 g (21 mmol) of potassium 
tert-butoxide was added, and the mixture was refluxed for 18 h.'* 

(CDCls, 75 MHz) 55.95, 110.69, 119.36, 120.19, 122.58, 123.09, 

(12) The mixture wm refluxed in a veaael open to the atmosphere, and 
water for the hydrolysis ie presumably absorbed from the atmosphere. 

Water (50 mL) waa added to the reaction mixture, and the mixture 
cooled in an ice bath to yield one large piece of black solid. The 
black solid was dissolved in methylene chloride, the solution dried 
over anhydrou sodium sulfate, and the solvent was removed under 
vacuum. Column chromatography of the residue using toluene 
on 40 g of silica gel yielded 0.89 g (3.6 mmol, 39% from 6) of 
SH-tribenz[b,d,flazepine (2): mp 220 O C  (ethanol); 'H NMR 

(dd, 2 H), 7.22 (dd, 2 H), 7.4-7.8 (m, 6 H); lSC NMR (CDCls, 75 
MHz) 6 119.71, 124.09, 127.72, 128.43, 130.08, 130.15, 132.68, 
139.34, 150.99; MS m/z (relative mass), 243 (M+, 100), 215 (ll), 
202 (3), 189 (3), 120 (9). Anal. Calcd for C1&13N C, 88.85; H, 
5.38; N, 5.75. Found C, 88.94; H, 5.48; N, 5.53. 

If the hydrolysis was performed in refluxing THF (in place of 
diglyme), a mixture of 14 and 2 was obtained. No attempts were 
made to maximize the yield of 14. Column chromatography of 
this mixture using toluene on silica gel resulted in partial sepa- 
ration. 14 mp 158 "C from ethanol (decomposes with bubbling 
to 2 as evidenced by 'H and 'Y! NMR of decomposition product); 
'H NMR (CDCIS, 300 MHz) 6 1.65 (m, 4 H), 4.08 (8,  2 H), 4.99 
(8,  1 H), 6.54 (dd, 2 H), 6.69 (d, 2 H), 7.01 (dd, 2 H), 7.08 (dd, 
2 H), 7.25 (d, 2 H); 'Bc NMR (CDCh, 75 MHz) 25.95,42.55,119.80, 
123.57, 126.47, 128.02, 131.74, 134.98, 142.42, 148.41; MS m/z 
(relative intensity), 243 (loo), 215 (12), 202 (3), 189 (4), 120 (10). 
Anal. Calcd for C&Il,N C, 88.52; H, 6.31; N, 5.16. Found C, 
88.28; H, 6.58; N, 5.06. 
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Reaction of a-halo silanes 1 with CsF in DMF affords stilbenes 5. In the presence of added aldehydes, epoxides 
6 are obtained, while with electron-deficient olefins the corresponding cyclopropanes 7 are formed. A similar 
reaction of l a  with iminium comwunds 8 in HMPA leads to 2phenyl-3-benzazepines 12, whereas lb or 17 furnishes 
phthalidylisoquinolines 15. 

We have initiated studies on synthetic utilization of 
organosilanes having suitably placed electrofugic groups.' 
Reactions of such substrates with a negatively charged 
silaphile, like F or OR-, can afford carbanion equivalents 
of reactive intermediates; e.g., carbenoids may be obtained 
from a-halo silanes. This approach is useful for halogen- 
ated and vinylcarbenes,2 but with other precursors (1, R' 
= R2 # halogen or doubly bonded carbon) side reactions, 
shown in Scheme I, tend to ingress to a large extent."' In 
fact, our attempts to generate and trap phenylcarbenes in 
this manner were unsuccessful until i t  was found that 
dipolar aprotic solvents particularly favor the desired re- 
action course.' We now report these results in detail along 

~ ~~ 

(1) K e w ,  S. V.; S i h ,  P.; Venugopal, D. Ind. J .  Chem. 1987,26B, 

(2) (a) Stan P. J.; Fox, D. P. J. Org. Chem. 1977, 42, 1667. (b) 
605. K e w ,  S .  V. Acre Appl. Chem. 1990,62,1397. 

Cunico, R. F.; thou, B. B. J.  Organomet. Chem. 1978,154, C45. 

0022-3263/91/1956-3908$02.50/0 

with a significant extension wherein iminium compounds 
are used for capturing the reactive intermediates. 

Resul t s  and Discussion 
Reaction of la with CsF (1.5 mmol) in solvents like 

DME and T H F  led only to protodesilylation, but in DMF 
the trans-stilbene (Sa) was formed in 89% yield. The 
product 5a can arise by dimerization of carbene 4a or 
through reaction of the anion 3a with the halide la as 

(3) (a) Damrauer, R.; Yost, V. E.; Danahey, S. E.; OConnell, B. K. 
Organometallic8 198& 4,1779. (b) Damrauer, R.; Danahey, 5. E.; Yoat, 
V. E. J.  Am. Chem. SOC. 1984,106, 7633. (c) Noll, J. E.; Speier, J. L.; 
Daubert, B. F. J. Am. Chem. SOC. 1951, 73, 3867. (d) Speier, J. L.; 
Daubert, B. F.; McGregor, R. R. J.  Am. Chem. SOC. 1948, 70,1117. (e) 
With a-iodosilanes a different pathway involving alkyl group migration 
from silicon to iodine has been pro- Chakraborty, T. K.; Reddy, G. 
V. J. Chem. SOC., Chem. Commun. 1989, 251. 

(4) (a) Corriu, R. J. P.; Guerin, C. J. J. Organomet. Chem. 1980,198, 
231. (b) Anh, N. T.; Minot, C. J.  Am. Chem. SOC. 1980,102, 103. 
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Scheme I 
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(a) R‘ CsH5; $ = H; R3 = CsH5 
(b) R’ = CsH5; 
(c) R‘ = C&, f? = H; R3 = pCgl4OMe 
(d) R‘ = C&; $ = H; R3 = CH&H&H3 

= H; R3 = O C ( H 4 M e  

( e )  R‘ = R2 H; R3 = C& 

shown in Scheme IL6 Reaction of l b  with CsF afforded 
5b in 76% yield. On the basis of this result, stilbene 
formation by carbene dimerization can be discounted be- 
cause if free carbene 4b (R’ = OC&,CO,Me; R2 = H) was 
formed it would have been intramolecularly trapped by 
the o-carbomethoxy group.6 

When reaction of la with CsF was carried out in the 
presence of 1.5 equiv of benzaldehyde, a cis/trans mixture 
of epoxides 6a was obtained in 87 % yield.’ Reaction of 

(5) Although in the figures the reactions are shown with the anion 9, 
they might as well emanate from ita precursor pentavalent silyl inter- 
mediate 2. (a) Majetich, G.; Caearea, A.; Chapman, D.; Behnke, M. J. Org. 
Chem. 1986,51,1745. (b) Pemez, S.; Hamelin, J. Tetrahedron Lett. 1989, 
90, 3419. 

Table I. Synthesis of Stilbenes 5, Epoxides 6, and  
Cyclopropanes 7 

isolated yield 
entry reactant addendum Droduct ( % I  

1 la 
2 lb 
3 la 
4 la 
5 la 
6 la 
7 IC 
8 la 
9 la 
10 I b  

Me,Si-CH-Br 

& -  
1 

(a) Y = H 
(b) Y = C 0 2 M e  

CeH&HO 
o-MeC6H4CH0 
p-MeOC6H4CH0 

CH2=CHCOMe 
CH2=CHC02Me 
CH2=CHC02Me 

CH&H&H&HO 
CeHoCHO 

Scheme III 
-CH -Br 

& 3 

58 89 (tram only) 
5b 76 (tram only) 
6a 87 (5050)’ 
6b 55(48:64) 
6c 58 (sO:50) 
6d 60 (37:63) 
6 0 6 0  
7a 50 
7b 59 (27:73) 
7c 54 (4258) 

I- 

’ R 5 w N I  Rs M e  - 
8 

(a) R5 = H 
(b) R5 = O M e  
(c) R5 + R5 = OCH20 

[ :m-Me]L r l a - M e  Ph 

12 
Ph 

11 (a) R5 = H 
(b) R5 = OMe 

* m - M e  R5 

13 

(a) Rs = H 
(b) I? = OMe 

Ph 

IC with benzaldehyde afforded 6e in 60% yield. Ketones 
like cyclohexanone and acetone reacted inefficiently 
(5-10% yield) with la and IC. Addition of 1.5 equiv of 
methyl vinyl ketone or methyl acrylate to the reaction 
mixture gave cyclopropanes 7 in yields shown in Table I. 
These adducts can arise via carbene 4 or from 3 by tandem 
addition/cycloelimination. However, carbene intermediacy 
is disfavored by the formation of cyclopropane 7c from the 

(6) .(a) Chen, C. W.; Beak, P .  J .  Org. Chem. 1986,51,3325. (b) Ham- 
aguchi, M.; Ibata, T. Chem. Lett. 1976,287. 

(7) The CIS trans ratio in epoxide6 and cyclopropanes was estimated 
from the 1H At of the mix- on the baeie that -membered 
protons or C02Me protons cis to the adjoining phenyl group appear 
upfield Imuta, M.; m e r ,  H. J. Org. Chem. 1979,44,2606. The c i s / t r a ~  
ratio in 7a could not be determined due to overlap of relevant proton 
signals. 
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Table 11. Synthesis of Benzazepines 12 and 
Phthalidvlisoauinolines 16 

iminium isolated 
entrv reactant comDd Droduct vield (9%) 

1 la  
2 la  
3 lb 
4 lb 
5 17a 
6 17a 
7 17b 
8 17b 

8a 
8b 
8a 
8b 
8a 
8b 
8b 
8C 

12a 53 
12b 47 
15a 57 (14:43)" 
15b 62 (12:40) 
15a 66 (3828) 
15b 76 (3937) 
1 sc 76 (46:30) 
1Sd 74 (4133) 

" Isolated yields of threo and erythro isomers, respectively. 

carbomethoxy-bearing substrate lb, in a yield comparable 
to that of 7b from la.6 

Treatment of a mixture of silane la and iminium com- 
pounds 8a or 8b with CsF in HMPA a t  120 "C furnished 
benzazepines 12a and 12b in 53 and 47% yields, respec- 
tively. The benzazepine can be formed by addition of 
anion 3 to the iminium salts and subsequent ring closure 
to aziridinium intermediate 10 (Scheme 111). The latter 
can then furnish 12 by ring opening and proton loss from 
the carbonium ion 11. It is interesting to note that 10 can 
also ring open in an alternate sense to give 4,5-dihydro- 
l-phenyl-3-methyl-liY-3-benzazepine or 1-benzylidene-N- 
methy1-1,2,3,4-tetrahydroisoq~inoline.~ Since clear dis- 
tinction between 12 and the latter compounds could not 
be made on the basis of NMR spectra, structures 12a and 
12b for the isolated products were confirmed by reduction 
to tetrahydrobenzazepines 13a and 13b. The compound 
13a had been prepared earlier, and the mp of its hydro- 
chloride corresponded with the reported value! The 
structure of 13b was confirmed from its mass spectrum, 
which was devoid of peaks a t  M - 91 and M - 57, expected 
from 1-benzyltetrahydroisoquinolines and tetrahydro-l- 
phenyl-3-benzazepines, respectively.8 Furthermore, in 
conformit9 with a tetrahydro-2-phenyl-3-benzazepine 
structure, a prominent fragment a t  M - 133 (45%) was 
observed. The present approach provides a useful access 
to 2-phenyl-3-benzazepines, which have considerable 
medicinal interestlo and constitute the skeleton of the 
rhoeadine group of alkaloids." I t  is especially significant 
because earlier attempts to procure 2-phenyl-3-benz- 
azepines through reaction of 8 with phenylcarbenes gen- 
erated from diazo precursors were unsuccessful.12 

The reaction of o-carbomethoxy-substituted silane l b  
with iminium compounds 8a or 8b led to phthalidyliso- 
quinolines 15a and 15b, respectively. These products were 
obtained as mixtures of threo and erythro isomers that 
could be readily separated by chromatography. This 
change of the reaction course can be rationalized in the 
following terms. The aziridine ring in the intermediate 
10 is opened by attack of the carbomethoxy oxygen to give 
14, which evolves to the product 15 as shown in Scheme 
IV. 

We have also explored the use of fluorodesilylation for 
coupling of 3,4-dihydroisoquinolinium salts with phthal- 
ides. Ever since the early work of Perkin and Robinson13 
on this short route to phthalidylisoquinoline alkaloids,14 

(8) Kametani, T.; Hirata, S.; Shibuya, S.; Fukumoto, K. J. Chem. SOC. 

(9) Reby, C.; Gardent, M. J. Bull. SOC. Chim. Fr. 1972, 1574. 
(10) Weinstock, J.; Heible, J. P.; Wilson, J. W. Drugs f i ture  1986,10, 

(11) Shamma, M. The Isoquinoline Alkaloids; Academic Press: New 

(12) (a) Bemhard, H. 0.; Snieckue, V. Tetrahedron 1971,27,2091. (b) 

(13) Perkin, W. H., Jr.; Robinson, R. J. Chem. SOC. 1911, 99, 775. 

C 1971, 1927. 

646. 

York, 1972; p 400. 

Goeber, B.; Engelhardt, E. Pharmazic 1969, 24, 423. 

Scheme IV 

R' 

3- + OMe 

14 

Kessar et al. 

X- 
-L 

+ 

R' 
threo 15 ervthro 

(a) RS = R' = H (b) RS=OMe; R'=H 
(c) Rs = R' = OMe (d) Rs + Rs = OCH20 R6 = OMe 

w3 r 

16 17 L 

18 (a) R' = H (a) R' = H 
(b) I? = OMe (b) R' = 0- 

many modifications have been introduced to improve ita 
efficiency.'"ls Since its main is product 
instability under the strongly basic conditions used for 
deprotonation of 16, silyl precursors 17 seemed attractive. 

In the event, reaction of 17 with 8 proceeded smoothly, 
using 2 equiv of cesium fluoride in DMF solvent, to give 
the desired alkaloids (Table 11). This approach is com- 
paratively more efficient, e.g., earlier best procedures af- 
forded 15b and 15c in 30 and 22% ~ie1ds . l~  

The required silyl derivatives 17 can be obtained in 
nearly quantitative yields from phthalides 16 by treatment 
with LDA/THF followed by trimethylsilyl chloride. It is 
not necessary to isolate pure 17, and the subsequent cou- 
pling reactions can be carried out with the crude silylation 
products. I t  is interesting to note that the anions derived 
from 3-arylphthalides are reportedm to undergo O-silyla- 
tion in contrast to the present case where only C-silylated 
products are formed. 

Experimental Section 
Instrumentation. All melting points were determined with 

a Thomas-Hoover capillary melting point apparatus and are 

(14) (a) Reference 11, p 360. (b) Shamma, M.; Moniot, J. L. Iso- 
quinoline Alkaloid Research 1972-1977; Plenum Prese: New York, 1978; 
p 307. (c) Slemon, C. E.; Hellwig, L. C.; Ruder, J.-P.; Hoskine, E. W.; 
MacLean, D. B. Can. J. Chem. 1981,59,3055. 

(15) Prager, R. H.; Tippett, J. M.; Ward, A. D. A w t .  J. Chem. 1981, 
34, 1085. 

(16) Marsden, R.; MacLean, D. B. Can. J. Chem. 1984,62,306. 
(17) Naraeimhan, N. S.; Joehi, R. R.; Kusurkar, R. S. J.  Chem. Soc., 

Chem. Commun. 1985, 177. 
(18) Shono, T.; Hamaguchi, H.; Saseki, M.; Fujita, S.; Nagami, K. J. 

Org. Chem. 1983,48, 1621. 
(19) Shono, T.; Usui, Y.; Hamaguchi, H. Tetrahedron Lett. 1980,21, 

1351. 
(20) Gokhale, S. M.; Joshi, R. R.; Narasimhan, N. S. Ind. J.  Chem. 

1987,268, 1030. 
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uncorrected. Infrared spectra (IR) were recorded on a Perkin- 
Elmer 1420 grating spectrophotometer. The proton nuclear 
magnetic resonance spectra ('H NMR) were measured with a 
Varian spectrometer, Model EM 390. In the NMR spectrum of 
cis/trans mixtures, the reference for integral ratios is 6 7.G8.0 
region signals representing the total number of aromatic protons 
present in the mixture. Mass spectra were determined with a VG 
micromass 70/70F instrument at 70 eV. Chromatographic sep- 
arations were carried out on Harrison Research Chromatotron, 
Model 7924, using silica gel 60 PF 254. Liquid analytical samples 
were obtained by Kugelrohr distillation using a Buchi GKR-50 
instrument. 

General Chemicals and Inert Reaction Media. All solvents 
were distilled/dried prior to use by standard methods.,' THF 
and DME were distilled from sodium benzophenone ketyl im- 
mediately prior to use. Diisopropylamine and trimethylsilyl 
chloride were freshly distilled from CaH2. BuLi was prepared 
by known procedure.22 CsF was dried in a reaction vessel by 
pumping it down to 1 Torr and waving over an open flame for 
2 min. After the vessel was cooled, the lumps of CsF were finely 
powdered with use of a fire-polished glass rod. All solvent extracts 
were dried over Na&301. All preparations and reactions involving 
air- and moisture-sensitive orgaometallic intermediates or CsF 
were conducted under an atmosphere of dry, oxygen-free nitrogen. 

Methyl 2- [Bromo( trimet hylsily1)met hyllben zoate ( 1 b). A 
solution of methyl 2-[ (trimethylsilyl)methyl]benzoate" (3 g, 13.5 
mmol) in CCl, (25 mL) was refluxed (3 h) with NBS (2.4 g, 13.5 
mmol) under illumination (60-W tungsten lamp). After being 
cooled, it was filtered and the solvent was evaporated in vacuo. 
The resultant liquid was purified by flash chromatography (mobile 
phase, petroleum ether) to yield l b  as a colorleas oil (3.86 g, 95%). 
'H NMR (CCl,): 6 0.00 (s ,9  H, SiMe,); 3.85 (8, 3 H, C02Me); 5.88 
(8, 1 H, ArCH); 7.1-8.0 (m, 4 H, ArH). MS m/e:  M+ 300,302 
(1:l). Anal. Calcd for C12H17Br02Si: C, 47.84; H, 5.64. Found: 
C, 47.80; H, 5.64. 

General Procedure for Fluorodesilylation. A. A solution 
of a-halosilane (1 mmol) and electrophile (1.5 mmol) in DMF (10 
mL) was stirred (5 h) with anhydrous CsF (1.5 mmol) under 
nitrogen at room temperature. The reaction mixture was then 
poured into benzene (25 mL), washed with water (30 mL X 3), 
and dried. The solvent was distilled off and the residue chro- 
matographed to get pure products. 
B. A solution of a-halosilane (1 mmol) in HMPA (25 mL) 

containing the electrophile (1 mmol) and CsF (1.5 mmol) was 
stirred, under nitrogen, at 120 "C for 1.5 h. The cooled reaction 
mixture was worked up as in A. 

Stilbene (5a): obtained from lau in 89% yield by procedure 
A, mp 123-124 "C (lit.% mp 124 "C). 
2,2'-Dicarbomethoxystilbene (5b): secured from l b  in 76% 

yield by procedure A, mp 103-104 "C. 'H NMR (CCl,): 6 3.92 
(8,6 H, C02MeX2); 7.10-8.00 (m, 10 H, ArH and C=CH). MS 
mle: M+ 296. Anal. Calcd for Cl&Il,O,: C, 72.94; H, 5.40. Found: 
C, 72.96; H, 5.10. 

Stilbene Oxide (6a): Reaction of la and benzaldehyde by 
procedure A furnished 6a (87%). 'H NMR (CDCl,): 6 3.84 (s, 
2 H, ArCH, trans); 4.34 (s ,2  H, ArCH, cis); 7.10-7.80 (m, 20 H, 
ArH). MS mle:  M+ 196. 
2-o-Tolyl-3-phenyloxirane (6b): obtained in 55% yield from 

la and o-tolualdehyde by procedure A. 'H NMR (CCl,): 6 2.22 
(d, 3.36 H, J = 3 Hz, Me, trans); 2.35 (8 ,  2.64 H, Me, cis); 3.02 
(m, 2 H); 3.69 (d, 0.54 H, J = 1.5 Hz); 3.93 (d, 0.54 H, J = 1.5 
Hz); 4.28 (s,0.92 H). MS m/e:  M+ 210. Anal. Calcd for C1814O: 
C, 85.71; H, 6.66. Found: C, 85.55; H, 6.68. 
2-p-Anisyl-3-phenyloxirane (6c). Reaction of la and p- 

anisaldehyde by procedure A afforded 6c in 58% yield. 'H NMR 

(21) (a) Riddick, J. A.; Bunger, W. B. Organic Solventa. In Techniques 
of Chemistry, 3rd ed.; Wiley-Interscience: New York, 1970; Vol. 11. (b) 
Vogel, A. I. Textbook of Practical Organic Chemistry; Longman Group 
Ltd: England, 1978. 

(22) Gilman, H. In Organic Reactionu; Adamr, R., Blatt, A. H., Cope, 
A. C., Curti, D. Y., McGrew, F. C., Niemann, C., EMS.; John WIley 81 Sons: 
New York, 1954; Vol. 8, p 285. 

(23) Aono, M.; Terao, Y.; Achiwa, K. Chem. Lett. 1985, 339. 
(24) Hauaer, C. R.; Hans, C. R. J .  Am. Chem. SOC. 1952, 74, 5091. 
(25) Devlin, C. J.; Walker, B. J. J .  Chem. SOC., Perkin Trans. 1 1972, 

1249. 
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(CC14): 6 3.74 (s, 2 H, ArCH, trans); 3.92 (s,6 H, OMe); 4.40 (8, 
2 H, ArCH, cis); 7.05-7.60 (m, 18 H, ArH). MS m/e:  M+ 226. 
Anal. Calcd for Cl6Hl4O2: C, 79.64; H, 6.19. Found: C, 79.60; 
H, 6.15. 

2-n -Propyl-3-phenyloxirane (64: obtained in 60% yield 
from la and n-butyraldehyde by procedure A. 'H NMR (CC14): 
6 0.73-1.71 (m, 14 H, propyl); 2.78 (m, 1.26 H, propyl-CH, trans); 
3.1 (m, 0.74 H, propyl-CH, cis); 3.47 (d, 1.26 H, J = 3 Hz, ArCH, 
trans); 3.93 (d, 0.74 H, J = 6 Hz, ArCH, cis); 7.27 (m, 10 H, ArH). 
MS m/e:  M+ 162. Anal. Calcd for C11H14O: C, 81.48; H, 8.64. 
Found: C, 81.46; H, 8.63. 

Styrene Oxide (6e). (Chloromethy1)trimethylsilane IC (122 
mg, 1 mmol) and benzaldehyde (424 mg, 3 mmol) were stirred 
(4 h) in DMF (12 mL) at 80 "C under nitrogen in the presence 
of CsF (228 mg, 1.5 mmol). Usual workup afforded the styrene 
oxide (6e; 72 mg, 60%). 'H NMR (CC14): 6 2.79 (dd, 2 H); 3.13 
(dd, 2 H); 3.90 (dd, 2 H); 7.28 (m, 10 H, ArH).% 
l-Phenyl-2-acetylcyclopropane (7a)? secured in 50% yield 

from la and methyl vinyl ketone by procedure A. 'H NMR (CCW: 
6 1.03-2.73 (m, 14 H, cyclopropyl and methyl); 7.03-7.52 (m, 10 
H, ArH). MS m/e:  M+ 160. Anal. Calcd for CllH1202: C, 82.50, 
H, 7.50. Found: C, 82.30; H, 7.50. 

1-Phenyl-2-carbomethoxycyclopropane (7b):% obtained 
in 59% yield from la and methyl acrylate by procedure A. 'H 
NMR (CCl,): 6 1.02-1.92 (m, 6 H, cyclopropyl); 2.22-2.53 (m, 2 
H, ArCH); 3.50 (8,  1.62 H, COzMe, cis); 3.72 (e, 4.38 H, C02Me, 
trans); 7.12-7.82 (m, 10 H, ArH). MS m/e:  M+ 176. Anal. Calcd 
for CllH1202: C, 75.00; H, 6.81. Found: C, 74.80; H, 6.80. 

l-(2'-Carbomethoxyp henyl)-2-carbomethoxycyclopropane 
(712): obtained from l b  and methyl acrylate in 54% yield by 
procedure A. 'H NMR (CC,): 6 1.10-2.40 (m, 6 H, cyclopropyl); 
2.74-3.24 (m, 2 H, ArCH); 3.35 (s, 2.52 H, cyclopropyl-CO,Me, 
cis); 3.72 (s, 3.48 H, cyclopropyl-CO,Me, trans); 3.92 (s, 6 H, 
ArC0,Me); 7.02-8.0 (m, 8 H, ArH). MS m/e:  M+ 234 (10); 203 
(5); 148 (100); 144 (3); 117 (4); 116 (34). IR (neat): v 3050; 1730 
cm-'. Anal. Calcd for C13H1404: C, 66.66; H, 5.98. Found: C, 
66.65; H, 5.98. 
4,5-Dihydro-2-phenyl-3-methyl- 1 H-3-benzazepine ( 12a). 

Reaction of the silane la (1 mmol) with iminium compound 8aB 
(1 "01) in presence of CsF (1.5 mmol) by procedure B afforded 
the benzazepine 12a as an oil (53%). 'H NMR (CDCl,): 6 2.60 
(s,6 H, NMe); 2.85-3.05 (m, 2 H, CH,); 3.15-3.35 (m, 2 H, CH,); 
5.70 (s, 1 H, =CH); 7.00-7.60 (m, 9 H, ArH). MS m / e :  M+ 235. 
IR (CHCl,): v 1640 cm-'. Anal. Calcd for C1,H17N: C, 86.80; 
H, 7.23; N, 5.95. Found: C, 86.77; H, 7.23; N, 5.94. 

4,5-Dihydro-7,8-dimet hoxy-2-phenyl-3-methyl- lH-3-benz- 
azepine (12b): secured from la and iminium compound 8bB in 
47% yield by procedure B, mp 165-167 "C (hexane). 'H NMR 
(CDCl,): 6 2.68 (s, 3 H, NMe); 2.86-3.11 (m, 2 H, CH,); 3.22-3.46 
(m,2 H, CH,); 3.88 (s, 3 H,OMe); 3.92 (8,  3 H, OMe); 5.72 (8 ,  1 
H, 4 H ) ;  6.79, 6.85 (8, s, 2 H, CBH and C,H); 7.33-7.81 (m, 5 H, 
ArH). MS m/e:  M+ 295. IR (KBr pellet): v 1618 cm-'. Anal. 
Calcd for Cl$IZ1NO2: C, 77.28; H, 7.11; N, 4.74. Found C, 77.26; 
H, 7.10; N, 4.75. 
2,3,4,5-Tetrahydro-2-phenyl-3-methyl-l H-3-benzazepine 

(13a). Dry HC1 gas was passed for 1 h through a solution of the 
benzazepine 12a (83 mg) in dry ether (70 mL). The solid that 
separated out was filtered, dissolved in methanol (10 mL), and 
treated with sodium borohydride (100 mg). The solvent was 
distilled off, and to the residue aqueous Na2C03 was added. The 
organic material was taken up in ether, washed with water, and 
dried. The solvent was removed to furnish 13a as an oil (75 mg). 
'H NMR (CDCI,): 6 2.55 (s,3 H, NMe); 2.1-3.6 (m, 7 H, CH2X3; 
CH); 63-7.4 (m, 9 H, ArH). Hydrochloride mp 212-213 OC (lit. 
mp 215 "C). 

2,3,4,5-Tetrahydro-7,8-dimethoxy-2-phenyl-3-methyl-l~- 
3-benzazepine (13b). The benzazepine 12b was reduced as in 
the previous text to 13b, mp 156-157 "C (methanol). 'H NMR 
(CDClJ: 6 2.10 (8,  3 H, NMe); 2.20-3.55 (m, 7 H, CH,x3, CH); 
3.82 (8, 3 H, OMe); 3.90 (s, 3 H, OMe); 6.62, 6.72 (s,s, 2 H, C6H 
and C&); 7.2b7.62 (8, 5 H, ArH). MS mle: 297 (M+); 282 (100); 

(26) Dupin, C.; Dupin, J. F. Bull. SOC. Chim. Fr. 1970, 249. 
(27) Conia, J. M.; Limas set, J. C. Tetrahedron Lett. 1965, 3151. 
(28) Krieger, P. E.; Landgrebe, J. A. J.  Org. Chem. 1978, 43, 4447. 
(29) Whaley, W. M., Meadow, M. J .  Chem. SOC. 1953, 1067. 
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254 (40); 179 (25); 178 (35); 164 (45). Anal. Calcd for C1aBNO2: 
C, 76.76; H, 7.74; N, 4.71. Found: C, 76.71; H, 7.73; N, 4.70. 
Hydrochloride mp 204-205 "C. 
2-Methyl-1-phthalidyl-l,2,3,4-t.8trahydroi~ioquinohe (Ma). 

Reaction of l b  with iminium compound 8a by procedure A af- 
forded threo-l5a (14%), mp 130-131 "C (1it.l6 mp 132-133 "C), 
and erythro-15a (43%), mp 100-101 "C (1it.l6 mp 100-102 "C). 
'H NMR of both isomers corresponded with literature data.ls 
These could also be secured through reaction of 3-silylphthalide 
17a with 8a. 

6,7-Dimethoxy-2-met hyl- 1-pht halidyl- 1,2,3,4-tetrahydro- 
ieoquinoline (15b). Reaction of Ib with iminium compound 8b 
by procedure A afforded threo-l5b (12%), mp 156-157 OC (lit.17 
mp 159 "C), and erythro-15b as an oil (40%). 'H NMR of both 
isomers corresponded with literature ~a1ues.l~ These could also 
be secured through reaction of 3-silylphthalide 17a with 8b. 
3-(Trimethylsilyl)phthalide (17a). Into a flame-dried 100- 

mL two-necked round-bottom tlaak equipped with a stir bar and 
a septum cap was introduced THF (10 mLJ and diisopropylamine 
(0.84 mL, 6 "01). It was cooled to -78 "C, and a 2.8 M solution 
of BuLi in hexane (2.14 mL, 6 mmol) was added via a syringe. 
After 15 min, a solution of phthalide 16aW (0.536 g, 4 mmol) in 
THF (5 mL) was added. The resulting orange-red solution was 
further stirred for 30 min at -78 "C and the reaction quenched 
with trimethylsilyl chloride (0.76 mL, 6 mmol). The reaction 
mixture was gradually allowed to come to room temperature, 
poured into water (30 mL), and extracted with ether (100 mL x 
3). The combined organic extract was washed with water and 
dried. The solvent was removed under reduced pressure to afford 
the silylphthalide 17a as a yellow oil, giving a single spot on TLC 
(0.772 g, 93.6%). 'H NMR (CC14): 6 0.00 (a, 9 H, SiMe3), 5.15 
(e, 1 H, ArCH); 7.28-7.85 (m, 4 H, ArH). Ita attempted chro- 
matographic purification led to decomposition. 
3-(Trimethylsilyl)-6,7-dimethoxyphthalide (17b). Reaction 

of 6,7-dimethoxyphthalide (16b,910.194 g, 1 "01) with LDA (1.5 
mmol) in THF (10 mL) followed by addition of trimethylsilyl 
chloride (0.19 mL, 1.5 mmol), as in the previous text, afforded 

(30) Reference 21b, p 829. 
(31) Edwards, G. A.; Perkin, W. H., Jr.; Stoyle, F. W. J. Chem. SOC. 

1926, 195. 

17b as a light yellow solid (0.256 g, 96%), mp 110-112 "C. 'H 
NMR (CDCI,): 6 0.00 (e, 9 H, SiMe,); 3.82 (e, 3 H, OMe); 4.04 
(s ,3  H, OMe); 5.1 (a, 1 H, ArCH); 6.90 (d, 1 H, J = 9 Hz, ArH); 
7.26 (d, 1 H, J = 9 Hz, ArH). 

General Procedure for Reaction of Silylphthalidea 17 with 
Dihydroisoquinoline Methiodides 8. These reactions were 
carried out according to procedure A using 2 equiv of CsF and 
stirring at room temperature for 15 h. 

(*)6ordraetine (154. The alkaloid 15c was obtained in 76% 
yield by reaction of the phthalide 17b (266 mg) with iso- 
quinolinium salt 8b (400 mg). 

tbm-l5c: 184 mg, 46%, mp 155-156 "C (1it.l6 mp 156-157 
"C). R : 0.66 (silica gel, benzene:methanol = 91). 'H NMR 
(CDC1,f: 6 2.53 (m, 4 H, C3 and C4 He); 2.7 (s ,3  H, NMe); 3.78, 
3.85,3.95 (3 a, 12 H, 4XOMe); 4.15 (d, 1 H, J = 3.2 Hz, CIH); 5.68 
(d, 1 H, J = 3.2 Hz, C a ) ;  6.46 (a, 1 H, ArH); 6.81 (8, 1 H, ArH); 
7.14 (d, 1 H, J = 8 Hz, ArH); 7.41 (d, 1 H, J = 8 Hz, ArH). 

erytbm-1k 120 mg, 30%, mp 107-108 "C (lit.16 mp 110-114 
"C) R :  0.55 (silica gel, benzene:methanol = 91). 'H NMR 
(CDClJ: 6 2.3-3.2 (m, 4 H, C3 and C4 He); 2.63 (a, 3 H, NMe); 
3.74 (8, 3 H, OMe); 3.96 (a, 3 H, OMe); 3.98 (a, 3 H, OMe); 4.12 
(a, 3 H, OMe); 4.14 (d, 1 H, J = 3.3 Hz, CIH); 5.69 (d, 1 H, J = 
3.3 Hz, C a ) ;  6.47 (a, 1 H, ArH); 6.7 (d, 1 H, J = 8 Hz, ArH); 6.73 
(8, 1 H, ArH); 7.28 (d, 1 H, J = 8 Hz, ArH). 

(*)-Hydrastine (15d). Reaction of the phthalide 17b (266 
mg) with isoquinolinium salt &'le (381 mg) afforded the alkaloid 
15d in 74% yield. 

tbm-15d: 158 mg, 41%, mp 149-151 "C (lit.'&mp 150-154 
"C). R : 0.68 (silica gel, benzene:methanol = 91) .  'H NMR 
(CDCld: 6 2.35-3.3 (m, 4 H, C3 and C4 Ha); 2.55 (a, 3 H, NMe); 
3.95 (a, 3 H, OMe); 4.1 (a, 3 H, OMe); 4.15 (d, 1 H, J = 3 Hz, CIH); 

ArH); 6.86 (e, 1 H, ArH); 7.23 (d, 1 H, J = 8 Hz, ArH); 7.41 (d, 
1 H, J = 8 Hz, ArH). 

mp 136-140 
"C). R : 0.49 (silica gel, benzene:methanol = 91). lH NMR 
(CDC1,f: 6 2.2-3.1 ( m, 4 H, C3 and C4 Ha); 2.55 (a, 3 H, NMe); 
3.92 (a, 3 H, OMe); 4.1 (e, 3 H, OMe); 3.98 (d, 1 H, J = 3.6 Hz, 

(a, 1 H, ArH); 6.6 (a and d overlapping, 2 H, ArH); 7.18 (d, 1 H, 
J = 8 Hz, ArH). 

5.67 (d, 1 H, J = 3 Hz, CDH); 5.92 (8, 2 H, OCH2O); 6.48 ( s , l  H, 

erytbm-15d 126 mg, 33%, mp 136-137 OC 

C1H); 5.52 (d, 1 H, J = 3.6 Hz, CJ-I); 5.93 (8, 2 H, OCH2O); 6.34 
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Alkynyl(pheny1)iodonium triflatea 9 react with the Li (or K) salt of diethyl 2-[(diphenylmethylene)amino]malonab 
(IO) (M = Li or K) to give the corresponding diethyl 2-alkynyl-24 (diphenylmethylene)amino]malonate (1 1) in 
30-95% yield. 

The reaction between alkynyl(ary1)iodonium salta 1 and 
various nucleophiles has been the subject of numerous 
recent publications.'$ Of particular interest are reactions 
in which the aryliodonium functionality in 1 is formally 
substituted by the nucleophilic group Nu  to give alkynes 
5 (Scheme 1): It has been postulated2" that the mech- 
anism of these reactions involves the addition of the nu- 
cleophile to the &position of the polarized triple bond to 
give an  alkylidenecarbene-iodonium ylide 3. Elimination 
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of aryl iodide generates the free alkylidene carbene 4, 
which rearranges to the alkyne Sa3 This course of events 
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