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pentane and the extract dried over MgSO,, the solvents were 
removed at atmospheric pressure. The hydrogenation products 
were obtained by distillation. cis-2- and cis-3-hexenes were ob- 
tained by distillation with a Nester-Faust NFT 50 spinningband 
column. 

In the case of functional alkynes, except the amino ones, the 
hydrogenation product3 were extracted with diethyl ether instead 
of pentane and then treated as above. 

In the case of aminoalkynes, the filtrate was treated as for 
propylamine (vide supra). The crude hydrochloride was then 
purified by dissolving it in the minimum amount of acetone and 
then precipitating it with diethyl ether. 

Isolated compounds were identified by comparison of their 
spectroscopic properties with those described in the literature. 
In some cases, direct comparison with authentic samples could 
be done. The purities were determined by GLC analysis. 

Hydrogenation of Carbonyl Compounds (Table 111). A t  
the end of the reaction, the catalyst was filtered and rinsed with 
dichloromethane. After addition of water, the fiitrate was acidified 
with 2 N HCl, extracted with dichloromethane, and dried over 
MgS04 After removal of the solvents, the hydrogenation products 
were separated by silica column chromatography. In the case of 
keto steroids (Scheme I), chloroform was used instead of di- 
chloromethane. 

Isolated compounds were identified by comparison of their 
physical and spectroscopic properties with those described in the 
literature. In most cases direct comparison with authentic samples 
was achieved. 
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A series of halo-substituted N-acetyl-1,2-dihydroisoquinolines (3a-f) has been prepared by a convenient and 
mild cyclization procedure. The synthetic utility of these compounds is demonstrated by their conversion to 
tetrahydroisoquinolines 5e and 5f and tetrahydro-2-benzazepines 1Oe and 10f, the latter via a cyclopropanation-ring 
expansion sequence. 

1,2-Dihydroisoquinolines are interesting species due to 
both their chemical reactivity1Z2 and their potential as 
building blocks in the synthesis of alkaloids and medicinal 
agents. The most common method of generating these 
compounds involves the acid-catalyzed cyclization of 
(benzy1amino)acetaldehyde dialkyl acetals, a procedure 
limited to those systems incorporating an election-rich 
aromatic ring.la A.nother route involves the reduction of 
isoquinolines2 or their salts, which are usually obtained by 
a Pomeranz-Fritsclh4 or related reaction. Likewise, this 
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approach is limited to electronically activated systems, and, 
furthermore, both methods involve the use of rather 
stringent reaction conditions. 

We now report a mild and convenient method for the 
synthesis of a series of halo-substituted N-acetyl-1,2-di- 
hydroisoquinolines (3a-f). We also describe the utilization 
of two of these (3e,f) in the preparation of the corre- 
sponding tetrahydroisoquinolines 5e,f, as well as the 2- 
benzazepines lOe,f, compounds that are only difficultly 
accessible by conventional procedures. 

As illustrated in Scheme I, benzaldehydes 1 were con- 
verted to their Schiff bases with aminoacetaldehyde di- 
methyl acetal. Reductive acylation afforded 2 in good to 
excellent overall yields. Cyclization of 2 was effected by 

(4) W. J. Gender, Org. React. ,  6, 191 (1951). 
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addition to a slurry of AlC13 in 1,2-dichloroethane at room 
temperature. At least 4 equiv of A1Cl3 were necessary for 
optimum results; in practice, we utilized 4.6 equiv of A1C13 
Workup shortly thereafter afforded the N-acetyldihydro- 
isoquinolines 3. The yields of monohalo products 3a-d 
ranged from 35 to 55%, while the dichloro products 3e,f 
were obtained consistently in 6040% yield. The mildness 
of the cyclization conditions is noteworthy, and contrasts 
sharply with the harshness of other 3e and 
3f were then converted in high yield to 5e and 5f by se- 
quential reduction and hydrolysis, completing a synthesis 
of halo-substituted tet rahydroisoquinolines that compares 
quite favorably with the Pomeranz-Fritsch route. 

Attempts to extend the scope of this sequence to 
methyl-substituted derivatives were unsuccessful. Cycli- 
zation of 2 (Rl, RP, R3 = CH3, H, H) derived from the three 
isomeric toluaidehydes gave initially small amounts of the 
desired products (TLC), but decomposition rapidly ensued, 
and much intractable material was obtained. Conducting 
the reaction at  lower temperature or with other acid cat- 
alysts led to no improvement. 

The synthetic utility of dihydroisoquinolines 3 was 
further illustrated by their conversion to 2,3,4,5-tetra- 
hydro-1H-2-benzazepines 10 by the short and convenient 
reaction sequence shown in Scheme 11. This cyclo- 
propanation-ring enlargement approach is similar to the 
sequence of reactions carried out by Proctor5 on N-to- 
syldihydroquinolines and also to the recently disclosed 
N-methylisoquinolone ring enlargement of Pandit.6 

Addition of dichlorocarbene to enamides 3e and 3f 
readily afforded the desired dichlorocyclopropyl interme- 
diates (6) in better than 85% yield. A t  room temperature 
they were stable, crystalline materials whose structural 
assignments were readily supported by the presence of 
characteristic AB quartets in their NMR spectra. The 
lower field signals at 13 5.45 and 3.80 in the spectrum of 6e 
were assigned to the methylene protons from the large 
geminal splitting constants ( J  = 17 Hz), while the second 
AB quartet a t  6 3.75 and 3.10 was assigned to the vicinal 
cyclopropyl protons. By a E~(fod)~-induced shift exper- 
iment, we could deduce that the signals a t  6 3.75 originate 
from the proton proximal to the nitrogen, and the doublet 
a t  6 3.10 is due to the proton in the benzylic position (see 
Experimental Section). 

Thermal cleavage of the cyclopropyl moiety was best 
carried out in refluxing tert-butyl alcohol. The reaction 

Scheme I1 
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resulted in a major product, isolated in about 35-4070 yield 
by chromatography, in addition to other minor, presum- 
ably regioisomeric, materials. Either structure 7 or 8 would 
satisfy the NMR spectrum of the principal product of this 
reaction. We assign 7, on the basis of the strong ultraviolet 
absorption bands at  220 and 270 nm, characteristic of 
conjugation of the double bond with the aromatic nucleus. 
Lack of a double absorption peak at  5.95 and 6.10 pm in 
the IR, as appears in the spectra of 3, further indicates the 
absence of the enamide structural unit of 8. 

Catalytic reduction of dihydro-2-benzazepines 7 with 
PtOz at atmospheric pressure resulted in the uptake of 3 
molar equiv of hydrogen and the formation of N-acetyl- 
2,3,4,5-tetrahydro-lH-2-benzazepines 9. The finding that 
this reduction proceeded under such mild conditions to 
the highest level of saturation is noteworthy and raises the 
possibility that the hydrogenolysis of the chlorine atom 
receives neighboring-group assistance from the amide 
moiety. 

Removal of the acetyl group from 9 was readily accom- 
plished by acid hydrolysis in 3 N HC1, and the resultant 
tetrahydro-2-benzazepines 10 were isolated by crystalli- 
zation from the acidic medium. Structural support for 
these final products was unequivocally established from 
their spectral characteristics and furthermore from their 
identity with authentic materials that were synthesized by 
an independent sequence.7*a 

Experimental Section 
Melting points were taken in open capillaries (except where 

noted) on a Thomas-Hoover apparatus and are uncorrected. 
Boiling points are uncorrected. Infrared spectra were determined 
on Nujol m d s  (except where noted) on a Perkin-Elmer Infracord 
spectrometer and are reported in micrometers. NMR spectra were 
obtained on CDC1, solutions (except where noted) on a Perkin- 
Elmer R24 spectrometer and are reported in parts per million 
downfield from internal Me4Si. Combustion analyses and high- 
resolution mass measurements were determined by the Analytical 
and Physical Chemistry Section of Smith Kline & French Lab- 
oratories. 

Preparation of N-Benzyl-N-(2,2-dimethoxyethyl)acet- 
amides 2. A solution of 50 mmol of the appropriate aldehyde 
1 and 50 mmol of aminoacetaldehyde dimethyl acetal in 100 mL 
of toluene was refluxed for 1.5 h under Nz, with azeotropic removal 
of water. Evaporation of solvent and Kugelrohr distillation of 
the residue produced the Schiff base in near quantitative yield. 
A mixture of 45 mmol of the Schiff base, 90 mmol of Ac20, 100 
mg of PtOz, and 100 mL of EtOAc was shaken under 20 psi of 
Hz for ca. 1 h. The catalyst was filtered, and the filtrate was 
washed with NaHC03 and brine, dried over MgS04, and evapo- 
rated. Kugelrohr distillation of the residue then afforded 2. 

(7) W. E. Bondinell et al., to be submitted for publication. 
(8) C. Razgaitis and I. Lantos, Smith Kline & French Laboratories, 

unpublished results. 
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N-(2-Chlorobenzyl)-~-(2,2-dimethoxyethyl)acetamide 
(2a): 77%; bp 140-1,43 "C (0.025 mmHg). Anal. Calcd for 
C13H18C1N03: C, 57.46; H, 6.68; N, 5.15; C1, 13.05. Found: C, 
57.75; H, 6.71; N, 5.24; C1, 12.91. 
N-(3-Chlorobenzyl)-~-(2,2-dimethoxyethyl)acetamide 

(2b): 87%; bp 120-130 "C (0.003 mmHg). Anal. Calcd for 
C13H18C1N03: C, 57.46; H, 6.68; N, 5.15; C1, 13.05. Found: C, 
57.25; H, 6.70; N, 4.98; C1, 13.03. 
N-(3-Fluorobenzyl)-N-(2,2-dimethoxyethyl)acetamide 

(2c): 89%; bp 120-1124 "C (0.005 mmHg). Anal. Calcd for 
C&Il$"O3: C, 61.16; H, 7.11; N, 5.49; F, 7.44. Found: C, 61.44; 
H, 6.93; N, 5.16; F, 6.98. 
N-(4-Chlorobenzyl)-N-(2,2-dimethoxyethyl)acetamide 

(2d): 85%; bp 134-137 "C (0.025 mmHg). Anal. Calcd for 
C13H18C1N03: C, 57.46; H, 6.68; N, 5.15; C1, 13.05. Found: C, 
57.43; H, 6.53; N, 5.20; C1, 12.68. 
N-( 2,3-Dichlorobemzyl)-N-(2,2-dimethoxyet hy1)acetamide 

(20): 59%; mp 68-69 "C (after trituration with Et20). Anal. 
Calcd for C13H17C12N03: C, 51.00; H, 5.60; N, 4.57; C1, 23.16. 
Found C, 50.91; H, 5.53; N, 4.54; C1, 22.87. 
N-(3,4-Dichlorobe~zyl)-N-(2~-dimethoxyethyl)acetamide 

(2f): 91%; bp 125-135 "C (0.005 mmHg). Anal. Calcd for 
Cl3Hl7Cl2NO3: C, 51.080; H, 5.60; N, 4.57; C1, 23.16. Found: C, 
50.71; H, 5.28; N, 4.56; C1, 23.52. 

Preparation of 2-Acetyl-1,2-dihydroisoquinolines 3. A 
solution of 10 mmol of the appropriate compound 2 in 25 mL of 
1,2-dichloroethane was added a t  ambient temperature under N2 
to a suspension of 46 mmol of AlCl, in 100 mL of the same solvent. 
About 10 min later, the resulting solution was cooled in ice, and 
100 mL of 40% aqueous NaOH was added gradually. The aqueous 
phase was separated and extracted with 100 mL of 1,2-di- 
chloroethane. The comlbined organic fractions were washed with 
brine, dried over MgS'O4, and evaporated. 3a-d were purified 
by chromatography on [silica gel (EtOAcCH2ClZ). 3e and 3f were 
obtained by trituration with EtzO. 
2-Acetyl-8-chloro-:l,2-dihydroisoquinoline (3a): 37%; IR 

(neat) 5.95, 6.13, 12.58; NMR 7.4-6.7 (m, 3, aromatic), 6.63 (d, 

2.20 (s, 3, COCH,); mass spectrum, m/e 207.044 (M', calcd for 

2-Acetyl-7-chloro-I ,2-dihydroisoquinoline (3b): 55% ; mp 
73-74.5 "C (EtOH); IR {(neat) 5.96,6.13,12.03; NMR 7.4-6.8 (ABC 
pattern, 3, JAB = 8 Hz!, JBC = 2 Hz, JAC = 0, aromatic), 6.62 (d, 
1, J = 8 Hz, C3 H), 5.75 (d, 1, J = 8 Hz, C4 H), 4.87 (s, 2, C1 H), 
2.18 (s, 3, COCH3). Anal. Calcd for Cl1HloClNO: C, 63.62; H, 
4.85; N, 6.74; C1,17.07. 'Found: C, 63.43; H, 4.82; N, 6.82; C1, 17.23. 
2-Acetyl-7-fluoro-l.,2-dihydroisoquinoline (312): 36%; IR 

(neat) 5.97, 6.14; NMEl 7.2-6.6 (m, 3, aromatic), 6.43 (d, 1, J = 

(s, 3, COCH,); mass spectrum, m/e 191.078 (M', calcd for Cll- 

2-Acetyl-6-chloro-li,t-dihydroisoquinoline (3d): 35% ; IR 
(neat) 5.97, 6.13, 11.62; NMR 7.4-6.8 (m, 3, aromatic), 6.67 (d, 

2.19 (8,  3, COCH,); mass spectrum, m/e 207.044 (M', calcd for 

2-Acetyl-7,8-dichloro-1,2-dihydroisoquinoline (3e): 79% ; 
mp (sealed tube) 142-143.5 "C (EtOAc); IR 5.98,6.14,11.95; NMR 
7.28 and 6.84 (AB q, 2, J = 8 Hz, aromatic), 6.71 (d, 1, J = 8 Hz, 

COCHJ. Anal. Calcd for Cl1H9Cl2NO: C, 54.57; H, 3.75; N, 5.79; 
C1, 29.29. Found: C, t54.71; H, 3.73; N, 5.94; C1, 29.23. 

2-Acetyl-6,7-dichloro- 1,2-dihydroisoquinoline (3f): 62 % ; 
mp (sealed tube) 127-128 "C (EtOAc); IR 5.97,6.11, 11.13; NMR 
7.19 (s, 1, aromatic), 7,12 (s, 1, aromatic), 6.76 (d, 1, J = 8 Hz, 

COCH,); NMR (18 mol % Eu(fod),) 7.79 (d, 1, J = 8 Hz, C3H), 
7.37 (s, 1, aromatic), 7.32 (s, 1, aromatic), 7.06 (s, 2, C1 H), 6.23 
(d, 1, J = 8 Hz, C4 H),  4.10 (s, 3, COCH3). Anal. Calcd for 

H, 3.77; N, 5.79; C1, 28.95. 
Preparation of 2-Acetyl- 1,2,3,4-tetrahydroisoquinolines 

4. A mixture of 10 mmol of the appropriate compound 3,100 mg 
of PtO,, and 60 mL of THF was shaken under 20 psi of Hz for 
3 h. It was then treated with charcoal and filtered. Evaporation 
of the solvent and tritluration with EtzO afforded 4. 

1, J = 8 Hz, C3 H), 5.613 (d, 1, J = 8 Hz, C4 H), 4.96 (9, 2, C1 H), 

C11H&lNO, 207.045). 

8 Hz, C3 H),  5.60 (d, 1, J = 8 Hz, C4 H), 4.74 (s, 2, C1 H), 2.13 

HIPNO, 191.075). 

1, J = 8 Hz, C3 H), 5.70 (d, 1, J = 8 Hz, C4 H), 4.87 (9, 2, C1 H), 

C11H&lNO, 207.045). 

C3 H), 5.67 (d, 1, J = 8 Hz, C4 H), 5.00 (8 ,  2, C1 HI, 2.23 (s, 3, 

C3 H),  5.73 (d, 1, J = 8 Hz, C4 H), 4.87 (6, 2, C1 H), 2.24 (9, 3, 

C1IHgC12NO: C, 54.57; H, 3.75; N, 5.79; C1, 29.29. Found: C, 54.52; 
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2-Acetyl-7,8-dichloro- 1,2,3,4-tetrahydroisoquinoline (4e): 
86%; mp 98-100 "C (i-PrOH-Et,O); IR 6.13, 12.22; NMR 7.24 
and 6.95 (AB q, 2, J = 8 Hz, aromatic), 4.66 and 4.58 (2 s, 2, C1 
H, syn and anti to carbonyl), 3.7 (m, 2, C3 H), 2.8 (m, 2, C4 H), 
2.17 (s, 3, COCH3). Anal. Calcd for CllHl1Cl2NO: C, 54.12; H, 
4.54; N, 5.74; C1,29.05. Found C, 54.08; H, 4.54; N, 5.92; C1,29.19. 

2-Acetyl-6,7-dichloro- 1,2,3,4-tetrahydroisoquinoline (4f): 
89%; mp 174.5-175.5 "C (EtOH); IR 6.10, 11.34; NMR 7.23 (br 
s, 2, aromatic), 4.67 and 4.58 (2 s, 2, C1 H, syn and anti to carbonyl), 
3.7 (m, 2, C3 H), 2.8 (m,2,C4 H), 2.17 (s,3,COCH3). Anal. Calcd 
for Cl1Hl1Cl2NO: C, 54.12; H, 4.54; N, 5.74; C1, 29.05. Found: 
C, 54.42; H, 4.39; N, 5.84; C1, 29.37. 

Preparation of 1,2,3,4-Tetrahydroisoquinolines 5. A 
mixture of 10 mmol of the appropriate compound 4 and 50 mL 
of 12 N HCl was refluxed for ca. 4 h. The cooled reaction mixture 
was then treated with charcoal, filtered, and evaporated. The 
last traces of water were azeotropically removed with EtOH, and 
the produce was isolated by trituration with EtOH-EbO. 
7,8-Dichloro-1,2,3,4-tetrahydroisoquinoline hydrochloride 

(5e): 85%; mp 222.5-225 "C (lit.' 223-225 "C); IR 3.7-4.1,6.27, 
12.09; NMR (D,O) 7.26 and 7.05 (AB q, 2, J = 8 Hz, aromatic), 

C4 H). Anal. Calcd for C$IgCl2N.HCk C, 45.32; H, 4.23; N, 5.87. 
Found: C, 45.56; H, 4.39; N, 5.97. 
6,7-Dichloro-l,2,3,4-tetrahydroisoquinoline hydrochloride 

(5f): 88%; mp 271-273 "C; IR 3.6-4.2,6.23, 11.35; NMR (DzO- 
MezSO-ds) 7.41 (s, 2, aromatic), 4.40 (s, 2, C1 H), 3.53 (t, 2, J = 
6 Hz, C3 H), 3.13 (t, 2, J = 6 Hz, C4 H). Anal. Calcd for 
C9H9Cl2N.HC1: C, 45.32; H, 4.23; N, 5.87. Found: C, 45.47; H, 
4.31; N, 6.16. 

Preparation of 2-Acetyl-la,2,3,7b-tetrahydro-l H-cyclo- 
prop[ c]isoquinolines 6. A solution of 10 mmol of the appro- 
priate dihydroisoquinoline 3 and 4 mmol of benzyltriethyl- 
ammonium chloride was stirred in 40 mL of CHC13 with 40 mL 
of 40% NaOH at room temperature for 6 h. The organic phase 
was separated from the aqueous solution and was washed with 
5 N HCl, 5% Na2C03, and saturated brine solutions. Concen- 
tration of the chloroform extract a t  reduced pressure furnished 
an oil, which was chromatographed on SiO, with EtOAc-petro- 
leum ether (1:l). The resulting solids were recrystallized from 
CHC13-petroleum ether. 

1,1,4,5-Tetrachloro compound 6e: 85%; mp 135-136 "C; IR 
6.06,9.60,10.20,11.75; NMR 7.4 (br s, 2, aromatic), 5.45 and 3.80 
(AB q, 2, J = 18 Hz, CH2), 3.75 and 3.10 (AB q, 2, J = 10 Hz, 
cyclopropyl), 2.30 (s,3, CH3CO); NMR (26 mol % E ~ ( f o d ) ~ )  7.49 
(s, 2, aromatic), 7.28 and 4.64 (AB q, 2, J = 18 Hz, CH,), 4.35 and 
3.40 (AB q, 2, J = 10 Hz, cyclopropyl), 3.58 (s,3, CHSCO). Anal. 
Calcd for ClzHgCl4NO C, 44.35; H, 2.79; N, 4.31. Found: C, 44.18; 
H, 3.06; N, 4.24. 

1,1,5,6-Tetrachloro compound 6f  80%; mp 123.5-124.5 "C; 
IR 6.0, 8.85,9.62,12.0; NMR 7.47 and 7.18 (2 s, 2, aromatic), 5.10 
and 3.80 (AB q, 2, J = 18 Hz, CH2), 3.70 and 3.05 (AB q, 2, J = 
10 Hz, cyclopropyl), 2.28 (s, 3, CH3CO). Anal. Calcd for 

N, 4.42. 
Preparation of Trichloro-2-acetyl-3-(l,l-dimethyleth- 

oxy)-2,3-dihydro-l H-2-benzazepines 7. Dichlorocyclopropyl 
compounds 6 (4.5 mmol) were refluxed in 50 mL of tert-butyl 
alcohol for ca. 6 h. Evaporation of the solvent yielded an oil which 
was chromatographed on SiOz. 

4,8,9-Trichloro compound 7e was obtained in 30% yield by 
using chloroform for the chromatography (RfO.62). The compound 
was crystallized from the eluent by the addition of petroleum 
ether: mp 133-134 "C; IR 6.07,6.15,9.27,9.40,11.05, 11.15; NMR 
7.42 and 7.07 (AB q, 2, J = 8 Hz, aromatic), 6.7 (s, 1, C3 H), 6.45 
(s, 1, C5 H), 5.1 and 4.6 (AB q, 2, J = 17 Hz, C1 HI, 2.0 (s, 3, 
CH3CO), 1.35 (s,9, (CH3),C); UV max (EtOH) 218 nm (t 26400), 
268 (25 700). Anal. Calcd for Cl6Hl&l3NO2: C, 52.99; H, 5.00; 
N, 3.86. Found: C, 53.07; H, 4.91; N, 3.98. 

4,7,8-Trichloro compound (7f) was obtained in 35% yield 
by using cyclohexane-ether (2:l) for the chromatography, and 
the desired fraction (Rf 0.36) was crystallized from an ether- 
petroleum ether mixture: mp 176-179 "C;  IR 6.12,6.17,9.20,9.40, 

4.36 (9, 2, C1 H), 3.50 (t, 2, J = 7 Hz, C3 H), 3.10 (t, 2, J = 7 Hz, 

ClzHgC14NO: C, 44.35; H, 2.79; N, 4.31. Found: C, 44.27; H, 2.75; 

~ ~ ~ ~ _ _ _ _  

(9) U.S. Patent 3988339 (1976); Chem. Abstr. ,  86, 55299 (1977). 
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11.32, 11.50; NMR 7.25 (br s, 2, aromatic), 6.6 (s, 1, C3 H), 6.4 
(s, 1, C5 H), 4.80 and 4.101 (AB q, 2, J = 17 Hz, C1 H), 1.95 (s, 3, 
CH3CO), 1.3 (s, 9, (CH3),C); UV max (EtOH) 220 nm (e  28700), 
270 (25 700). Anal. Calcld for C16H18C13N02: C, 52.99; H, 5.00; 
N, 3.86. Found: C, 52.88; H, 5.02; N, 3.79. 

Prepara t ion  of Dichloro-2,3,4,5-tetrahydro-lH-2-benz- 
azepines 10. A solution of the dihydro-2-benzazepines 7 (1.0 g, 
2.7 mmol) in 80 mL of MeOH was hydrogenated at  atmospheric 
pressure and room temperature with 200 mg of PtO,. When 
uptake of hydrogen ceased, the solution was filtered, and the 
filtrate was concentrated to an oil. The crude 2-acetyltetra- 
hydro-2-benzazepines thus obtained were covered with 50 mL of 
4 M aqueous HC1 and were refluxed overnight. This acidic hy- 
drolysate was filtered and cooled overnight in the refrigerator, 
whereupon it deposited white crystalline hydrochlorides of the 
desired 2-benzazepines. 
8,9-Dichloro-2,3,4,5-tt!trahydro- 1 H-2-benzazepine hydro- 

chloride (10e): 80%; inp 268-270 "C (MeOH-EtzO). The 
product was identical spectroscopically with a sample prepared 
by an independent sequence (mp 268-271.5 "07 IR 6.4, 7.25, 
8.4, 8.8, 11.7, 12.1; NMR (Me2SO-d6) 9.8 (br s, 2, NHz, DzO 
exchanged), 7.64 and 7.30 (AB q, 2, J = 8 Hz, aromatic), 4.58 (s, 
2, C1 H), 3.2 (m, 4, C3 H and C5 H), 1.9 (m, 2, C4 H). 
7,8-Dichloro-2,3,4,5-tetrahydro- 1 H-2-benzazepine hydro- 

chloride (10f): 70%; mp 308-310 "C (MeOH-EtzO). Spectro- 
scopically, the product was identical with a sample prepared by 

an independent sequence (mp 315-317 OC)? IR 6.15,8.8,10.1, 
10.35; NMR (free base) 7.2 (m, 2, aromatic), 3.85 (s,2, C1 H), 3.05 
(m, 4, C3 H and C5 H), 1.7 (m, 3, NH (DzO exchanged) and C4 
H). Anal. Calcd for CloH1lC1zN.HCl: C, 47.55; H, 4.79; N, 5.55. 
Found: C, 47.24; H, 4.86; N, 5.58. 
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Treatment (of olefinic hydrocarbons with phenyl selenocyanate in alcohol in the presence of copper(I1) or copper(1) 
chloride affords P-alkoxyalkyl phenyl selenide in good yield. Similar reactions in aqueous tetrahydrofuran or 
acetic acid-chloroform give the corresponding selenide. The reaction is trans stereospecific in the cases of 
truns-2-butene, cis-2-butene, and cyclohexene and regiospecific in the cases of styrene, acrylaldehyde, crotonaldehyde, 
and vinyl acetate, respectively. The reaction proceeds even with a catalytic amount of copper(I1) chloride. Of 
the various transition-metal salts examined, nickel(I1) halides are similar to copper(I1) or copper(1) halides as 
catalyst; the chlorides of Cr(II1) and Co(I1) are moderately effective, while the chlorides of Mn(II), Fe(III), Fe(II), 
Zn(II), Ag(I), Cd(II), Hg(II), Hg(I), Tl(III), and Tl(1) are almost ineffective. The use of the pyridine complex 
of copper or nickel halides suppresses the reaction. The reaction is presumed to proceed via (i) the polarization 
of the Se-CN bond by coordination of the effective metal salt to the cyano group and (ii) a nucleophilic attack 
of olefin on the polarized selenium. The substituent parameters of phenylseleno and selenocyanato groups for 
13C NMR have been found to be +13 and +15 to -16 ppm for the a carbon and +6 and +6 to -7 ppm for the 
@ carbon, respectively. 

The chemistry of organoselenium compounds is of 
current interest from the viewpoint of organic synthesis.' 
One of the key reactions in this chemistry is the intro- 
duction of selenium into organic compounds. Oxy- 
selenation of olefins is im effective method for this purpose, 
and so far several methods have been described in the 
literature2 which use aryl- or alkylselenenyl carboxylate 
or halide or dimethyl selenoxide. We have now found a 
new facile oxyselenation reaction of olefins by aryl or alkyl 

(1) D. L. J. Clive, Tetrahd-on, 34,1049 (1978), and references therein. 
(2) G. Holzle and W. Jenny, Helu. Chim. Acta, 41, 593 (1958); H. J. 

Reich, J. Org. Chem., 39, 428 (1974); H. J. Reich, S. Wollowitz, J. E. 
Trend, F. Chow, and D. F. Wendelborn, ibid., 43, 1947 (1978); K. B. 
Sharpless and R. F. Lauer, ibid., 39, 429 (1974); T. Hori and K. B. 
Sharpless, ibid., 43, 1689 (1978); D. L. J. Clive, J.  Chem. SOC., Chem. 
Commun., 100 (1974); N. Miyoshi, S. Furui, S. Murai, and N. Sonoda, 
ibid., 293 (1973); N. Miyoshi, S. Murai, and N. Sonoda, Tetrahedron 
Lett., 851 (1977); N. Miyoshi, Y. Takai, S. Murai, and N. Sonoda, Bull. 
Chem. SOC. Jpn., 51, 1265 (1978). 
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selenocyanate with various metal halides, especially copper 
or nickel chloride and bromide, in alcohol, acetic acid, or 
water.3 This provides another method for organic syn- 
thesis using the easily accessible ary14,5 or alkyl seleno- 
 cyanate^.^,^^ We describe here the details of this reaction, 

(3) Preliminary communication, A. Toshimitsu, S. Uemura, and M. 

(4) K. B. Sharpless and M. W. Young, J .  Org. Chem., 40,947 (1975). 
( 5 )  P. A. Grieco, S. Gilman, and M. Nishizawa, J .  Org. Chem., 41, 1485 

(1976); P. A. Grieco and Y. Yokoyama, J .  Am. Chem. Soc., 99, 5210 
(1977). 

(6) For example, (a) S. Uemura, A. Toshimitsu, M. Okano, and K. 
Ichikawa, Bull. Chem. SOC. Jpn., 48, 1925 (1975); (b) S. Uemura, N. 
Watanabe, A. Toshimitsu, and M. Okano, ibid., 51, 1818 (1978). 

(7) (a) A. Toshimitau, Y. Kozawa, S. Uemura, and M. Okano, J .  Chem. 
SOC., Perkin Trans. 1,1273 (1978); (b) A. Toshimitsu, S. Uemura, and 
M. Okano, ibid., 1206 (1979); (c) N. Esaki, H. Tanaka, S. Uemura, T. 
Suzuki, and K. Soda, Biochemistry, 18, 407 (1979); (d) S. Uemura, A. 
Toshimitsu, T. Aoai, and M. Okano, J.  Chem. SOC., Chem. Commun., 610 
(1979). 

Okano, J .  Chem. Soc., Chem. Commun., 166 (1977). 
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