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We have shown2 that  the reaction of lithium tetrakis(N- 
dihydropyridy1)aluminate (LDPA, 1; from pyridine and 
lithium aluminum hydride (LiA1H4))3 with electrophilic re- 
agents leads directly to 3-substituted pyridines, 2, in high 

R 

yields. I t  was demonstrated4 that  the optimum yields of 3- 
substituted pyridines were obtained when 1 molar equiv of 
the appropriate alkyl halide was added per mol of LDPA. The 
addition of larger amounts of electrophilic reagent did not 
increase the yield of 3-substituted products. These results 
suggest that  only one “dihydropyridyl” moiety per molecule 
of LDPA is reactive. 

We now report the extension of this reaction to the synthesis 
of 4-substituted isoquinolines 3 from isoquinoline, LiAlH4, 

R 

and electrophilic reagents. Isoquinoline compounds with 
substitution in the 4 position have been shown to possess 
significant antispasmodic and vasodilatory proper tie^,^ and 
a tetrahydro derivative exhibited selective &-adrenergic 
agonist activity.6 A number of synthetic studies have been 
directed toward these substances.7 

Initially, the reaction of isoquinoline, LiAlH4, and benzyl 
chloride was investigated. We first wished to  ascertain if the 
desired reaction would occur a t  all and then to determine the 
reaction stoichiometry which is necessary for optimum 
yields. 

A series of reactions was carried out in tetrahydrofuran 
(THF) in which the molar ratio of isoquinoline to LiAlH4 was 
kept constant at. 4:1, but the number of molar equivalents of 
benzyl chloride was varied in increments of 1, from 1 to 4. The 
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Table I. Effect of Various Molar Ratios of Reagents on 
the Yielda of 4-Benzylisoquinolineb 

% yield 
PhCH2C1/ % yield based on based on 

LiAlH4 P hCH2C1 LiA1H4 

1:l 91 (88)‘ 91 (88Ic 
2:l 59 (45) 118 (91) 
3: 1 46 (45) 134 (128) 

39 (35) 158 (142) 4: 1 

The percent yields in this table were obtained by GLC anal- 
Isoquinoline (4 molar equiv) was present in THF solvent 

Values in parentheses were obtained in a du- 
ysis. 
in each reaction. 
plicate experiment. 

Table 11. Yields of 4-Substituted Isoquinolines 
R 

I 

% yield % yield % yield 
R registry no. (isolated) (GL(Ja (lit) 

PhCH2 10166-05-9 43a (56)b 90 34c 

CH3CHz 41219-10-7 2 (13Id 35 < 4 e  
HzC=CHCHz 66967-18-8 24 (9) 80 

a Molar ratio of isoquinoline/LiAlH4/RX, 4:l:l. Molar ratio 
of isoquinoline/LiAlHd/RX, 4:1:4. Reference 9. Based on re- 
covered isoquinoline. e Reference 10. 

results of these experiments are shown in Table I and illustrate 
that  the most efficient conversion of alkyl halide to  4-benz- 
ylisoquinoline occurs when 1 molar equiv is present (yield N 

90%). In contrast to  the pyridine ~ e r i e s , ~  the yield of 4-ben- 
zylisoquinoline increases as the amount of benzyl chloride 
increases (column 3, Table I); therefore, more than 1 of the 4 
molar equiv of isoquinoline is rendered reactive by treatment 
with a single molar equiv of LiAlH4. Since the yield increased 
in an irregular manner, we are as yet unable to speculate on 
the exact nature of the reactive species. 

Subsequent reactions have been carried out using both a 
4:l:l molar ratio and a 4:1:4 molar ratio of isoquinoline/ 
LiAlHJalkyl halide. The yields of 4-benzyl- (4), 4-allyl- ( 5 ) ,  
and 4-ethylisoquinolines (6) are listed in Table TI. In each 
instance the isolated yield of purified material is less than the 
GLC yield, owing to nonoptimal isolation procedures. In spite 
of the modest isolated yields, we feel that  this method is a 
useful one due to its simplicity and the ready availability of 
the inexpensive starting materials. In addition, the alkylation 
may be carried out using a simple aliphatic alkyl halide, which 
has not always been possible using other methodologies.7~8 
Work is in progress in our laboratories to  optimize the yields 
of this process and to  extend it to  the preparation of more 
complex substances. 

13C N M R  Spect ra l  Analysis. As part of a thorough char- 
acterization of the 4-substituted isoquinolines prepared in this 
study, their 13C NMR spectra were recorded. Most of the 
carbon resonances were readily assigned using standard 
chemical shift theory” and by comparison to  a previous rig- 
orous assignment of the spectrum of isoquinoline itself.I2 
Using these data, however, it was not possible to  unambigu- 
ously assign the C-7 and C-8 resonances, which are separated 
by about 1.5 ppm in the 4-substituted isoquinolines and by 
only 0.4 ppm in the parent heterocycle. 

A straightforward solution to  this problem results from 
recognition that  the nonnitrogenous ring of isoquinolines can 
be viewed as an unsymmetrically ortho-disubstituted benzene 
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Table 111. 13C NMH Chemical Shifts of Isoquinolinesa 
s 

carbon no. H b  

1 152.5 
3 143.0 
4 120.4 
5 126.4 
6 130.2 

127.2 
8 127.6 
9 128.6 

10 135.7 

c 

R 
PhCHz CHz=CHCH2 CHsCHz 

151.8 151.9 151.1 
143.8 143.0 141.8 
129.6 129.2 132.9 
123.4 123.3 122.7 
130.2 130.1 130.0 
126.8 126.8 126.6 
128.1 128.3 128.2 
127.2 126.1 127.5 
134.8 134.7 134.5 

a The 6 values are in ppm downfield from Me.&. The spectra 
were taken in CDClB solutions where d(Me4Si) = h(CDC13) + 77.1 
ppm. b Reference 12; the numbers reported here were obtained 
in our laboratory. 

and is therefore amenable to  spectral analysis using the 
"fingerprint" technique described by Gunther and his co- 
workers.13J4 

In the "-coupled spectra of the 4-alkylisoquinolines, the 
resonances of C-6 and C-7 were predictably observed as clean 
doublets of doublets and that of C-8 appeared as a doublet of 
multiplets. It was thus possible to easily differentiate the C-7 
and C-8 resonances, thereby completing the chemical shift 
assignments of the 4-substituted isoquinolines, which are 
catalogued in Table 111. Chemical shifts of the exocyclic car- 
bons are shown in Chart I. 

A potentially useful phenomenon was observed for the  
signal arising from C - 5 ,  which in the "-coupled 13C NMR 
spectrum of each 4-substituted isoquinoline is simplified to  
a distinct doublet of doublets. This may be ascribed to  the 
absence of a hydrogen at the 4 position and should prove 
useful in spectral analysis of more complex isoquinolines. 

The  data in Table I11 reveal that the major chemical shift 
perturbations resulting from the introduction of a 4 substit- 
uent to  an isoquinoline skeleton occur at C-4 and C-5, the 
former position being deshielded and the latter shielded wit,h 
respect to  analogous centers in isoquinoline itself. This ob- 
servation is reminiscent of perturbations produced upon the 
introduction of an  alkyl group a t  the 1 position of naphtha- 
lenelS and may be attributed in part  to  steric interactions 
between the alkyl group and the peri hydrogen (at C-5 in the 
isoquinolines). 

Experimental Section. 
Boiling points and melting points are uncorrected. Infrared spectra 

of neat liquids were recorded on a Perkin-Elmer 227B spectropho- 
tometer, and mass spectra were obtained on a Hewlett-Packard 5982A 
spectrometer. 'H and 13C NMR spectra were run on CDC13 solutions 
with Me4Si as an internal standard (6  = 0 ppm) on a Varian T-60 
spectrometer and a Jeol JNM-PS-100 spectrometer operating at 
25.034 Hz in the Fourier transform mode, respectively. GLC analyses 
were performed on a 6 ft X 0.25 in 3% OV-1 on 100-120 mesh Gas 
Chrom Q column in a Varian Aerograph Series 1520 chromatograph. 
4-Benzylisoquinoline was analyzed at a column temperature pro- 

Chart I. "C NMR Chemical Shifts (6 ) of Exocyclic Carbons 
( R  = 4-Substituted Isoquinoline) 

Ea; 
\ 1 x 5  

4 5 6 
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grammed from 125-250 " C  at 20 'Chin,  while other analyses were 
run isothermally at 168 "C. Peak height comparisons were made to  
a five point calibration curve obtained by injecting a standard solution 
of the appropriate pure isoquinoline. Preparative TLC utilized Merck 
silica gel 60 PF-254 as adsorbent. Tetrahydrofuran (THF) was freshly 
distilled from LiAlH4 before each reaction. Solutions of reaction 
mixtures were dried over anhydrous sodium sulfate. A representative 
procedure appears below. Similar reactions were carried out using this 
procedure with modified quantities and types of reagents where ap- 
propriate. 

I-Allylisoquinoline ( 5 ) .  A solution of 7.250 g (0.056 mol) of iso- 
quinoline in 10 mL of dry THF was added over 0.5 h under nitrogen 
to a stirring mixture of 0.551 g (0.015 mol) of lithium aluminum hy- 
dride in 20 mL of THF at room temperature. After 24 h a  solution of 
1.755 g (0.0145 mol) of allyl bromide in 5 mL of THF was added over 
15 min. The mixture was stirred and refluxed for 1 h, quenched cau- 
tiously with 10 mL of water, and diluted with SO mL of acetone. The 
mixture was filtered over Celite, and most of the acetone and THF 
was removed in vacuo. The residue was diluted with 100 mL of di- 
chloromethane and dried. Evaporation of the solvent provided 8.482 
g of orange liquid which was fractionally distilled twice to provide, 
after a forerun of isoquinoline, 788 mg of a colorless liquid, bp 133-160 
"C (5-6 Torr), which was primarily 4-allylisoquinoline (80% pure by 
GLC). This could be further purified (with some sacrifice of material) 
by repeated distillation to give a colorless liquid bp 86 "C (0.25 Torr); 
IR 1645,1630,1590,1520 cm-'; 'H NMR 6 3.69 (d: 2, J = 6 Hz, CH2), 
4.83-5.09 (m, 1, olefinic H). 5.11-5.29 (m, 1, olefinic H), 5.50-6.42 (m, 
1, olefinic H), 6.95-8.12 (m, 4, C-5, (2-6, (2-7, and C-8 H's), 8.38 (s, 1, 
C-3 H),  9.11 (s, 1, C-1 H); mass spectrum, mlr 169 (M+), 168 (base). 
167, 157,141,115; picrate mp 157 "C (from aqueous ethanol). 

Anal. Calcd for CIBH14N407: C, 54.27; H, 3.55; N, 14.07. Found: C, 
54.48; H, 3.57; N, 14.06. 
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Thionyl chloride is commonly used for the conversion of 
carboxylic acids to  acid chlorides and alcohols to  alkyl chlo- 
rides. Several transformations are also known in which this 
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