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Abatraet-Nucleophilic reactivity in the l-position of 1,2,3,4-tetrahydroiquinoline is generated by 
lithiation of the N-pivaloyl- (14) and N-phosphinoylderivatives (174. The organolithium compounds 
(16b. 17b) thus obtained are highly nucleophilic and can be alkylated even with poor alkylating reagents 
such as secondary halides, neopentyl bromide and cyclopentanone. Hydrolysis of the phosphorylamide 
products with hydrochloric acid leads to l-substituted tetrahydroisoquinolines in excellent yields (Table 
i). 

A. INTRODUCIION 

The isoquinoline skeleton is part of a large group of 
alkaloids.6 There are many classical methods by which 
this heterocycle can be constructed.’ Especially attrac- 
tive are those methods which introduce substituents R 
in the l-position, because they enable the synthetic 
chemist to carry out convergent syntheses of the iso- 
quinoline target molecules. The intrinsic acceptor or 
a’-reactivity in the l-position ofisoquinolines which is 
enhanced by leaving groups such as Cl or CH3SO2’ in 
the l-position, or by quatemization of the nitrogen in 
the 2-position9 has so far been exploited most often, 
see 1. 

Also, the attack of radicals is preferred in the 
l-position and can be used for alkylations,” see 2, 
while donor or d’-reactivity as indicated in 3 can be 
called an umpolung” of the intrinsic reactivity 1 and 
must be generated by special tricks. The classical pre- 
paration of the isoquinoline nucleus for attack by 
electrophiles in the l-position is the conversion to 
Reissert-compounds’2 which are deprotonated to an- 
ions 4; a recent modification is piovided by the intro- 
duction of a phosphonate group and generation of Li 
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derivatives of 5 which undergo Homer-olefination 
with aldehydes. I3 The Stevens-rearrangement 6 was 
used for I-benzylation of tetrahydroisoquinolines.‘4 
The least disguised form of a tetrahydroisoquinoline 
d’-reagent 8 is thus far produced by Zn or electro- 
chemical cathodic reduction of dihydro- 
isoquinolinium salts 7 in the presence of benzylic bro- 
mides.” 

In the course of our own work on the acidification 
of a-N-CH-groupsI we became interested in applica- 
tions of the newly developed methods to the syntheses 
of isoquinoline derivatives.‘J*‘6s’7 As with other sec- 
ondary amines, the lithiation of the l-position of tetra- 
hydroisoquinolines is possible, and in this present case 
additionally favored by the benzylic activation, if 
groups A=B with a non-bonding lone pair on B are 
attached to the N atom, see 9. In the absence of 
structural information about organolithium com- 
pounds of this general type--conclusions drawn from 
product configurations’8*‘9 are often misleading-we 
are not as sure as other?‘~” that a “dipole sta- 
bilization”, see 10, is responsible for the kinetics of 
their formation and/or for their thermodynamic sta- 
bility.22 In fact, the formula 9 with a Li,C-bond in the 
l-position of the isoquinoline nucleus is justified only 
by the results of reactions, i.e. attack of electrophiles at 
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this position. Before discussing alkylations of iso- 
quinolines, a brief evaluation and comparison of the 
diflerent “activating” groups A=B is appropriate. 

B. THE I-N-CH-ACl-IVATORS 

The A=B-group in 9/10 must have low enough elec- 
trophilicity and acidity, i.e. Lewis- and Broensted- 
acidity, so that it does not interfere with the metal- 
lation step. In Scheme I a list of suitable groups is 
assembled together with some leading references. The 
first one used in synthesis” was the nitroso group (see 
11) which withstands the lithium diisopropylamide 
(LDA) used for lithiation. For safety reasons, it was 
desirable to switch to amides, the carbonyl acceptor 
reactivity of which is reduced enough to prevent addi- 
tion of the nucleophilic base. One way of achieving 
this reduction is to replace 0 by S or N (see 12). 
another one is to sterically protect the C-o-group 
from attack (see 13). Thiopivalamides and-most 
recently-formamidines are readily lithiated even by 
s-BuLi, the preferred metallating reagent for most of 
these reactions. The choice of the bulky substituents in 
13 is dictated by the necessity that they be cleaved 
under mild conditions. Some examples are described 
in the equations (a)-(d) of Scheme 2. Thus, tri- 
phenylacetamides are metallated by s-BuLi to give 13, 
R = (H,C,),C, their CO group is not attacked by this 
nucleophile; on the other hand, LAH and lithium 
triethylborohydride (superhydride @) transfer a hy- 
dride to the carbonylcarbon which eventually leads to 
C-C bond cleavage with formation of tri- 
phenylmethane [see Eq (a) and (b) in Scheme 2). In the 
tris-(t-butyl)phenyl-urethane of Eq (c), the CO group 
is protected from BuLi attack, the t-Bu groups are 
later stripped off by Friedel-Crafts-transalkylation, so 
that a mild hydrolysis becomes possible. The urea in 
Eq (d) of Scheme 2 fragments with formation of ace- 
tone in a retro-Mannich-reaction under the acidic con- 
ditions of the ethylene glycol a&al hydrolysis. Fi- 
nally, hexamethylphosphoramide (HMPT) can be 
lithiated to give 14, the products of which with electro- 
philes can be hydrolyzed. 

Inspection of the list of “activating” groups in 
Scheme I reveals, that they all possess a heteroatom 
with lone-pair(s) in a position to form an internal, 
S-membered chelate with the Li-atom. see 9, 
which is reminiscent of the “chelation controlled 
orthometallation” or aromatic systems.32 
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II: Ref. 16,17a-c, I8 
12, R = t-C&/X = S: Ref. 23 
12, R = H/X = N(tC,HJ: Ref. 24 
12, R = H/X = N(C&i,,): Ref.24 
13, R = (H,C),c: Ref. 23 
13, R = (H,C,),C: Ref. 21 _ -_ 
13, R = (H,C)dLiO)C: Ref. I 
13. R = M.CJ,C: Ref. 25 
13. R = 2.4.6[(H,C),CH],CJQ A -.. Ref. 20.25 
13, R = 2.4.~[(H,C),C&H20: Ref. 26 
13, R = 2.2,6,6-(H,C),4(OCH2CH20)-piperidyl: Ref. 26 
14: Ref. 27-29 

Scheme I. 

C. LII-HIATION AND ALKYWTIONS OF 
tPIVAL.OYL AND ZBlS(DIMETHYLAMM0~ 

PHOSPHlNOYLA,2.3.CTETILU4YDROlSOQUlNOLINE 

Earlier attempts with the carcinogenic nitro- 
samine,‘6.“a’ with the triphenylacetamide,“dJs and 
with a urea26 derived from tetrahydroisoquinohne 
15a revealed that lithiation is facile due to benzylic 
activation, but also that the resulting reagents of type 
13 with the bulky acyl groups were not nucleophitic 
enough for preparative purposes. During screenings 
of less hindered amides” we found that the pi- 
valamide 16~ gave a highly nucleophilic reagent Mb. 
As usual, the optimum conditions for metallation 
were found by deuterolysis to MC. The Li-derivative 
Mb is generated with t-BuLi/tetramethylethylene- 
diamine (TMEDA) in tetrahydrofuran (THF) at 
- 78”. it forms an orange-red solution, the color of 
which can be used as an indicator in reactions with 
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electrophiles. The nucleophilicity of 16b is evident 
from the following observations: iodo-, bromo- and 
chloro-octane all react (+Hic) at - 78” with decol- 
orization within two, two, and 24 hr, respectively; 
2-iodopropane and iodocyclohexane alkylate 16b in 
yields of 90% within 2 hr at - 78” (+lQJ); addition 
to cyclopentanone, a most readily deprotonated ke- 
tone occurs with 75% yield (+160). In view of this 
unusual nucleophilicity, the methylation (-Mid), 
benzylation (-+ 16j). silylation (+ 16p), stannylation 
(+ Hi@, and addition to benzophenone (+160) are 
not surprizing. Reactions, in which more than one 
diastereomer can be formed, will be described in a 
subsequent paper. A second alkylation leading for 
instance to the 1, ldimethylderivative 18, is also 
possible. 

It will become obvious from the discussion in the 
following chapter that the cleavage of the pi- 
valamides 16 to the parent tetrahydroisoquinolines 
15 is difficult. We therefore also tested the phos- 
phorylamides 1’7 (cJ 14 above).‘4 

The parent P-amide 17~ is readily available from 
the amine 151 and the corresponding acid chloride, 
both of which are commercially available. Metal- 
lation to 17b was found to be essentially quantitative 

(>95% 17~ by ‘H-NMR) at - 78” with n-BuLi in 
THF. The deep-red solutions of 17b are stable even 
at room temperature for prolonged periods of time. 
All electrophiles tested so far caused decolorization 
within a few hours at - 78”, only neopentyl bromide 
took several days at +25”. Of the methylating re- 
agents iodomethane, dimethylsulfate and methyl 
tosylate, the last one produced 176 (66, 69 and 87%, 
respectively) in the best yield. From the yields of 
reactions with 2-iodopropane (+17k), with iodo- 
cyclohexane (-+ VI), with neopentylbromide (- 15), 
and with cyclopentanone (+170) a somewhat larger 
basicity of the phosphorus derivative 17b as com- 
pared with the lithiated pivalamide 16b can be de- 
duced. The high yields of butylation (+17e), 
allylation (-17t1), benzylation (+17i), and addition 
to benzophenone (-170) are again not surprixing. 
Phenylation with benzene chromium tricarbonyl fur- 
nishes 17m in 45% yield. The 1,ldialkylated deriva- 
tives 1% and 1%~ could be prepared in only moderate 
yields of 20 and soo/ respectively. According to 
deuterolyses (+ 19e), an only 65% metallation of the 
monomethylated phosphorylamide l!h to the Li de- 
rivative 1% was achieved.” Again, all reactions of the 
Li-compounds 17b and l!Jb which can lead to 
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Table 1. Reduction of the pivalamide Ma with NaAIH,(WH2CH,0CH& to a mixture of the 
1,2,3,4_tetrahydroisoquinoline Ma (A) and of the N-neopcntyl derivative (B) [2-(2,2dimethylpropyl)- 
I .2.3.4-tetrahydroisoquinoline] under various conditions, The reactions were run on a 2-5 mmolar scale 

Equivalents 

0.92 

0.90 

1.00 

1.00 

1.00 

0.98 

0.96 

0.98 

0.97 

0.90 

i 

(rt = room temperature) 

Conditions 

temp. 

I 

reaction 

I°Cl time 

[hrl 

10 / 1.5 

rflx. / 1 

10 / 0.5 

rflx. / 1 

5 / 20 

5 - rt / 20 

5- rt / 20 

o-5 /7 

o-5 /7 

-48 - rt/ 22 

-30 - Pt/ 24 

-20 - rt/ 20 

solvent; cont. 

of 16a - 

[H/11 

c6t16; 0.05 

C6H6; 0.05 

C6H6; 0.09 

C6H6; 0.03 

C6H6; 0.03 

THF; 0.08 

THF; 0.08 

THF; 0.10 

THF; 0.10 

Yield 

crude 

[%I 

Ratio 

A:B 

80 70:30 

90 54:46 

98 

83 

94 

84 

89 

86 

100 

80:20 

87~13 

80:20 

96:4 

96:4 

88:12 

85:15 

9O:lO THF; 0.10 ’ 95 

Table 2. Acidic hydrolysis of Rhosphorylamides 17, 1% and 1% to the corresponding amines 15, 1% and 
1% by refluxing in aqueous or alcoholic hydrochloric acid 

Amide 

17a - 

17d - 

17e - 

J.&I 

17h - 

17i - 

17k - 

17e - 
17m - 

170 - 

19d - 

19e - 

amount of amide 

191 

0.55 

0.79 

1.03 

0.92 

0.97 

3.28 

1.08 

0.88 

0.72 

1.00 

0.32 

0.79 

i 

Conditions 

vol. 2 N HCl/MeOH 

lmll 

10/o 

15/o 

15/o 

50/10 

20/o 

30/o 

15/o 

40125 

50/10 

50/60 (EtOH) 

35/10 

55125 

eeflux time 

lhrl 

0.5 

4 

16 

31 

20 

23 

8 

49 

27 

5 

40 

41 

Amine Yield ---l-- I%1 

15a - 

15d - 

15e - 

15s 

15h - 

15i - 

15k - 

15e - 

15m - 

150 - 

19f - 

+ 

- 

90 

93 

84 

75 

75 

76 

83 

66 

79 

52 

74 

89 
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Our continuing investigations about the stereo- 
selectivities of reactions of the two reagents 16b and 
17b and of related compounds may uncover new facts 
which might eventually allow the full synthetic ex- 
ploitation of the “supemucleophiIe”M 16b. 

EXPERIMENTAL 

IR spectra were recorded on a Perkin-Elmer 297 or 283 IR 
spectrometer. ‘H-NMR spectra were measured with Varian 
Associates EM-3% (90MHz), AH-100 and XL-108 spec- 
trometers and are reported in ppm from the internal stan- 
dard TMS (on the 6 scale). Data are listed in the following 
order: chemical shift, multiplicity (s = singlet, d = doublet, 
t = triplet, q = quartet, m = multiple& br = broad) and 
coupling constant (Hz). “C-NMR spectra were determined 
on a V&an CFT 20 spectrometer. Mass spectra were taken 
with a Hitachi Perkin-Elmer RMU-6 M scectrometer. M.D. 
were determined with a Biichi 510m.p. apparatus and are 
uncorrected. B.ps correspond to the- air- bath temps for 
bulb-to-bulb distillations (Bfichi GKR-50 or Custilator 
(Chemophor) for samples > 6 g). 

The silica gel used for chromatography was silica gel 60 (E. 
Merck. 63-200 urn). Flash chromatoaraohv was carried out 
following the proc’edure of Still, Kahn and Mitra.” 

THF was distilled from LAH under argon gas prior to use. 
TMEDA was distilled from LAH and stored over molecular 
sieves. n-BuLi, s-BuLi and t-BuLi were purchased from 
Metallgesellschaft AG and titrated before use. All metal- 
lation reactions were carried out under an atmosphere of 
argon.” 

A. PREPARATION OF STARTING MATERIALS 
2-Pivaloyl-I ,2,3,4_tetrahydroisoquinoline 16a. A soln of 

pivaloyl chloride (3.62 g; 30 mmol) in 40 ml ether was added 
drop&e at room temp to a mixture of 150 (4.05g; 
30.4 mmol) and Et,N (4.25 ml: 30.5 mmol) in 20 ml ether. 
After stirring for 24hr at room’temp, the white mixture was 
poured into water and extracted (3 x) with CH,CI,. The 
combined extracts were washed with 0.5 M HCI aq, water, 
7% KOH aq, and water. Drying over MgSO, and concen- 
tration under reduced pressure gave a yellow solid. Re- 
crystallization from hexane afforded lh (6.53 g; 91x), m.p. 
65”. IR (Ccl,): 3060, 3020, 2970, 2930, 2910, 2870, 2840, 
1635, 1585, 1500, 1480, 1450, 1415, 1390, 1365, 1335, 1295, 
1285.1255, 1195. 1110. 1055.1040. lO30.980.935.900.835. 
715, ‘695, 625cn- ‘. +I-NMR (&Cl,); d 1.33 (s, 9 H, t: 
butyl); 2.80 (1, J = 6 Hz, 2 H. Ar-CH,); 3.77 (t. J = 6 Hz, 
2 H, C&-N); 4.67 (s, 2 H, Ar-CH,-N), 7.07 (s, 4 H, aro- 
matic protons). MS m/e(x): 218 (M + + 1, 16); 217 (95); 202 
(25); l74(20); 161(16); 160(100);~142(19); 132(36); i17(47); 
I16 (14): 104 (28): 103 (IO): 79 (IO): 41 (14): 29 (I 1). (Found: 
C, 77.23; H, 8.861 N, 644C,,H,,‘NO t&uires:‘C,‘77.38; H, 
8.81; N, 6.45x.) 

2-Bis(dimethylamino)phosphinoyl-I, 2, 3,4-tetrahydroiso- 
quinoline (174. A soln of bis(dimethylamino)phosphoro- 
chloridate (42.4 g; 0.24 mol) in 50 ml ether was added during 
30 min to a mixture of 1% (32.4g; 0.24 mol) and Et,N 
(34 ml; 0.24 mol) in 50 ml ether at room temp. After heating 
under reflux for 6 hr. the cooled suspension was filtered and 
concentrated under reduced pressure. The residue was dis- 
solved in 500 ml ether, washed with brine (3 x 200 ml), and 
dried over MgSO,. Distillation of the crude product’9 (72.5 g 
yellow oil) at 130”/0.005 torr from barium oxide afforded 
17a (59.4~; 91x). as a colorless oil. which crvstallized on 
standing (m.p. &42”). IR (CHClj): 3060,2990: 2920.2840, 
2800, 1490, 1480, 1450, 1425, 1370, 1350, 1320, 1295, 1270, 
1150, 1120, 1080, 1065, 1025, 980, 96Ocm-‘. ‘H-NMR 
(CDCI,): 6 2.5-2.92 (m, 14H, ArCHr + 2 x N(CH&; 
3.27-3.52 (m, 2 H, CH,N); 4.27 (d, J = 6 Hz, Ar-CH,-N), 
7.08 (s, 4 H, aromatic protons). MS m/e(%): 267 (M +, 30). 
223 (IO), 222 (18). 178 (20), 149 (12), I35 (19). 133 (12). 132 
(100). 131 (19). 130 (13), 104 (IO), 92 (9), 45 (13). 44 (18). 

(Found: C, 58.39; H, 8.45; N, 15.49. C,,H,,N,OP requires: 
C, 58.41; H, 8.30; N, 15.72%). 

B. METALLATION PROCEDURES 

Procedure for the metallation of 1611. To a cooled (- 78’) 
soln of 16a (I .74 g; 8 mmol) and TMEDA (I .2 ml; 8 mmol) 
in 50 ml THF was added 1.40 M taBuLi in isopentane 
(6.0ml; 8.4mmol). The resulting deep-red soln was stirred 
for 20 min at -78” before addition of the electrophile (solids 
dissolved in a small amount of THF). After stirring (as 
described later), the solution was hydrolysed with water (or 
a soln of AcGH in THF) and warmed to room temp. The 
mixture was poured into water and extracted with CH,CI, 
(3 x 25 ml). The combined organic phases were washed with 
water, dried over MgSO,, and concentrated under reduced 
pressure to give the crude products, which were purified by 
one or a combination of chromatography, recrystallization, 
and distillation. 

Procedure for the metaiiation of 17~. To a cooled (- 78”) 
soln of 17am(2.76g; IOmmol) in 30ml THF was added 
1.49 M n-BuLi (7.5 ml; Il.2 mmol). The wine-red soln was 
stirred for I hr before addition of the electrophile. The soln 
was hydrolyzed with water (I:2 ml). Three work-up pro- 
cedures were used: 

Method A. The solvent was removed and the residue was 
partitioned between 3OOml ether and 75 ml brine. The 
organic phase was separated, washed with 75 ml brine, and 
dried over MgSO,. Evaporation of the solvent afforded the 
crude products. 

Method B. The solvent was removed and the residue 
partitioned between 4OOml dichloromethane and IOOml 
brine. The organic layer was separated, washed with 100 ml 
brine, and dried over MgSO,. Concentration under reduced 
pressure gave the crude products. 

Method C. The mixture was diluted with 4OOml ether, 
washed with brine (3 x IOml), dried over MgSO,, and 
concentrated under reduced pressure to give the crude 
products. 

C. REACTIONS OF 
I-LITHIO-2-PIYALOYLTETRAHYDROIBOQCJINOLME (lab) 

l-h4ethyl-2-pivaloyl-1,2,3,4-tetrahydroisoquinoline (l&l). 
A soln of 16s (8.0mmol) was metallated (as described 
before) and MeI (0.62 ml; IOmmol) was added. After 
stirring for ISmin at -78” the mixture was worked up. 
Distillation of the crude product (I .92 g) at 1 I5’/0.02 torr 
afforded Kid (I .74 g; 94%). as an oil, which crystallized on 
standing (m.p. 66”). IR (Ccl,): 3065.3025,2980,2930,2905, 
2875, 2840, 1630, 1585, 1495, 1480, 1445, 1430, 1415, 1395, 
1370. 1365. 1325. 1300. 1295. 1280. 1225. 1210. 1195. 1180. 
1165; 1115: 1086, 1065, 1050, Iti, 1035, 1025, 980, 945, 
930, 895, 875, 690, 625 cn- ‘. ‘H-NMR (CDCI,): d 1.33 
(s. 9 H, t-butyl); 1.47 (d, J = 7 Hz, 3 H, CH,); 2.563.55 
(m, 3 H) and 4.37 (br d, J = 4 Hz, I H) (-CH,CH,-); 5.60 
(q, J = 7 Hz, 1 H, HC-N); 7.14 (s, 4 H, aromatic protons). 
MS m/e (%): 23 I (M + , 14); 216 (IOO), 132 (6), 131 (7). 130 
(6). 57 (12) 41 (8). (Found: C, 77.78; H, 9.21; N, 6.02. 
C,,H,,NO requires: C, 77.88; H, 9. IS; N, 6.05%). 

l-Octyl-2-pivaloyl~I,2,3,4-tetrahydroisoquinoline (16f) 
(a) A soln of 1Q (8.0 mmol) was metallated and n-octyl 

iodide (I .52 ml; 8.42 mmol) was added. After stirring for 
2 hr at - 78” the reaction was worked up by the usual 
method. Bulb-to-bulb distillation of the crude oil (2.8 g) at 
l80”/0.02 torr gave 16f (2.27 8; 86x), as a solid (m.p. 40”). 
IR (Ccl,): 3065, 3015, 2960,-2930;-2875, 2860, 1635, 1585, 
1495. 1480. 1470. 1455. 1415. 1395. 1370, 1345, 1325. 1295, 
1280; 1205; 1195, 1175, 1165, I1 15, IO&, 1025, 945, 935, 
845, 690, 650 cm - ‘. ‘H-NMR (CDCI,) b 1.33 (s, 9 H, 
t-butyl); 1.20-1.97 (br m, 17 H, n-C,H,,); 2.56-3.70 (m. 3 H) 
and 4.30 (m, I H), (-CH,CH,-N); 5.67 (t, J = 7 Hz, 1 H, 
CH-N); 7. I6 (br s, 4 H. aromatic protons). MS m/e (%): 329 
(M+, 3). 217 (16). 216 (100). 132 (27). 85 (II), 57 (46). 
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(Found: C, 80.06; H, 10.75; N, 4.16. C&H,,NO requires: C, I-(a-Hydroxycyclopentyl~ 2 -pivaloyl-l,2,3,4-tetrahydroiso- 
80.19; H, 10.70; N, 4.25%). quinoline (160) 

(b) A soln of 16a (8.0 mmol) was metallated and n-octyl 
bromide (I 46 ml; 8.41 mmol) was added. The mixture was 
stirred for 2 hr at - 78” and left overnight to warm to room 
temp. Usual work-up and recrystallization from pentane 
afforded 16f (2.25 g; 85%). 

(c) A soln of 16a (8.0mmol) was metallated and n-octyl 
chloride (1.43 ml; 8.41 mmol) was added. After stirring at 
- 78” for 2 hr. the soln was warmed to room temp. over- 
night and stirred for 24 hr. The crude product was purified 
by distillation and subsequent recrystallization to give 16f 
(2.25 g; 85%). 

I-Piperonyl-2-pivaloyl-l,2,3,4-tetrahydroisoquinoline (16j) 
A soln of 16a (8,Ommol) was metallated and piperonyl 

bromide (I .78 g; 8.27 mmol) was added. The soln was stirred 
for I2 hr at - 78”. warmed and kept for 60 hr at 3”. Usual 
work-up gave a yellow oil which was triturated with 
ether-nentane (I : I). The residue was collected (I .45 g) and 
the soin was concentrated. Chromatography of the resulting 
oil on 40 e silica gel with ether-nentane (I : I) afforded I.05 g 
crystals, khich were combined with the residue of tritural 
tion. Recrystallization from MeOH-hexane (I : I) gave 161 
(2.17 g: 77%). as colorless crystals (m.p. 101”). IR (Ccl,): 
3065, 3020, 2970.2930, 2900, 2880, 2840,2770, 1630, 1580, 
1505, 1490, 1445, 1415, 1395, 1365, 1335, 1320, 1280, 1245, 
1190, 1175, 1165, 1120. 1110. 1095, 1045,970,945,935,925, 
875, 855, 670ctn’. ‘H-NMR (CDCI,): 6 1.26 (s,9H, 
t-butyl); 2.5&3.58 (m, 3H) and 4.tW4.33 (m. I H) 
(CH,-CH,-N); 3.03 (d, J = 7 Hz, 2 H, CH,-Ar), 5.78 (1. 
J = 7 Hz, I H, CH-N); 5.91 (s, 2 H, XWH,-O); 6.40-7.28 
(m, 7 H. aromatic protons). MS m/e (%): 352 (M + + 1. 2). 
350 (3) 217 (50). 216(100), I35 (33). 133 (15). 132 (63). I31 
(II). 130 (17). ll7(11), 105 (12). 77 (20). 58 (II), 57 (70). 
41 (14). (Found: C, 75.07; H, 7.24; N. 3.90. C,,H,,NO, 
requires: C. 75.19; H, 7.17; N, 3.99%). 

A soln of 161 (8.0mmol) was metallated and cy- 
clopentanone (0.80 ml; 9.04 mmol) was added during 5 min. 
After stirring for 1.5 hr at - 78” the mixture was warmed to 
room temp. (during 30 min), cooled to - 78” and worked 
un. The crude product (2.42 g) contained a small amount of 
l&a (4%) and &as purified by recrystallization from hexane 
to aive l&r (I .82 a: 75X). as colorless crystals (m.p. I3 I .S’). 
IR-(CC],): 3590,13530,430, 3065, 3025, 2970, 2875, 2840, 
1625, 1580, 1495, 1475, 1450, 1415, 1375, 1365, 1350, 1325, 
1310. 1295. 1265. 1205, 1195, 1180, 1165, 1115, 1085, 1050, 
1025; IOOO; 925;910, 875, 850, 690, 670ctn’. ‘H-NMR 
(CDCl,l: 6 I. 16 (s. I H. OH). 1.40 (s. 9 H. t-butvl). 1.56-2.19 
(br, s, iH, -(C&), 2.67L3.31 (m; 3 H) and 4.164.37 (m. 
I H) (CH,CH,-N), 5.87 (s, 1 H, -HC-N), 7.16-7.46 
(m. 4 H, aromatic protons). MS m/e (%): 283 (4). 218 (16). 
217(100). 216 (53). 202 (I I). 162 (25). 133 (I I), 132 (82). 131 
(II), 130 (17). II7 (25). 85 (12). 57 (91). 41 (24). 29 (13). 
(Found: C, 75.71; H, 9.06; N, 4.64. C,,H,NO, requires: C, 
75.46; H, 9.33; N, 4.63%). 

I-(a-Hydroxybenzhydryl)- 2 -pivaloyl-I ,2,3,4-tetrahydroiso- 
quinoline (160) 

A soln of 16a (8.0mmol) was metallated and benzo- 
phenone (I .5l g; 8.29 mmol) in 5 ml THF was added. The 
mixture was stirred for 3 hr at - 78” and worked up. 
Recrystallization of the crude product (3.2 g) from hexane 
afforded 160 (2.65 g; 83%). as a solid (m.p. 181.5”). IR 
(Ccl,): 3570.306@.3020,2980,2930, 1625. 1600, 1495.1480, 
1450, 1415. 1375, 1365, 1335, 1320. 1205, 1180, 1160, 1115, 
1055. 1045, 1035, IOOO. 975. 955, 895, 875. 845, 695, 660, 
645, 630 cm ‘. ‘H-NMR (CDCI,): S 0.98 (s, 9 H, t-butyl), 
2.IO(s, I H,OH),2.68-3.24(m,2H)and3.70-4.30(m,2H) 
(CH,CH,-N), 6.51-8.00 (m. I5 H, CH-N and aromatic 
protons). MS m/e (%): 400 (M + + I, 3). 382 (I I), 296 (14). 
218 (26). 217 (87). 216 (100). 183 (17) 133 (16). 132 (69). 131 
(21). 130 (25), II7 (22). I05 (54). 103 (IO), 85 (41). 77 (43). 
58 (I I), 57 (77). 41 (18). 29 (I I). (Found: C, 81.00; H, 7.30; 
N, 3.51. C,,H,NO, requires: C, 81.17; H, 7.32; N, 3.51%). I-Isopropyl-2-pivaloyl- 1,2,3,4-tetrahydroisoquinoline (16k) 

A soln of 16a (8.0mmol) was metallated and isopropyl 
iodide (0.84 ml; 8.40 mmol) was added. After stirring for 
2 hr at - 78’. the mixture was worked up as described. 
Distillation of the crude oil (2.12~) at 130”/0.01 torr 
afforded a solid which was purified by sublimation to give 
16k (I .87 x: 90X). as colorless crystals (m.p. 71’). IR (Ccl,): 
3066, 3020, 2965, 2930.2910, 2g75, 2840-1630, 1580, 1490, 
1475. 1450. 1415. 1385. 1365. 1310. 1295. 1255. 1205, 1190, 
1180: 1165, 1120, IliS, 945, 935, 905. 855, 64Ocm’. 
‘H-NMR (CDCI,): 6 0.98 (d. J = 7 Hz, 6 H, C(CH,),); I.31 
(s, 9 H, t-butyl); 1.73-2.27 (m. I H, HC(CH,),; 2.60-3.80 
(m, 3 H) and 4.31 (brd, I H) (-CH,CH,-N); 5.29 (d, 
J = 9 Hz, I H, HC-N); 7. I3 (s, 4 H, aromatic protons). MS 
m!e(%): 217(17),216(100), 132(53), 131 (8). l3O(ll), II7 
(8), 85 (17). 57 (77). 41 (IO). (Found: C, 78.73. H, 9.67; N. 
5.37. C,,H,,NO requires: C, 78.72; H. 9.71; N, 5.40%). 

I-Cyclohexyl-2-pivaloyl-I ,2,3,4-retrahydroisoquinoline (161) 
A soln of 16s (8.0 mmol) was metallated and cyclohexyl 

iodide (1.08 ml; 8.35 mmol) was added. After stirring for 
2 hr at - 78” the reaction was worked up by the normal 
method. The crude solid (2.52g) was sublimed (oil bath 
temp. I 15”/0.02 torr) to yield 161 (2. I4 g; 89%). as colorless 
crvstals (m.n. 125”). IR (CCL): 3065, 3025,2975,2935,2895, 
16-30, 1580.‘1475, i450,‘1415; 1370. 1350. 1325, 1305, 1295, 
1270. 1205. 1195. 1180. 1165. 
965,945, 930. 895, 

1130. 1110. 1080, 1045, 1025, 
850; 705;640 cm - ‘. ‘H-NMR (CDCI,): 

6 0.77-2.00 (m. 1 I H. H-cyclohexyl); 1.30 (s, 9 H, t-butyl); 
2.60-3.86 (m, 3 H) and 4.10-4.51 (m, I H) (-CH,-CH,-N); 
5.30 (d, J = 8 Hz, I H, CH-N); 7. IO (s, 4 H, aromatic pro- 
tons). MS m/e (%): 298 (M+ - 1.3). 217 (30). 216 (100). 132 
(52), 131 (II). I30 (12). II7 (9). 85 (18) 57 (55). 41 (12). 
(Found: C, 80.1 I; H, 9.72; N, 4.61. C,H,NO requires: C, 
80.22; H. 9.76; N, 4.68%). 

I-Trimerhylsilyl- 2 - pivaloyl - I .2.3,4 - tetrahydroisoquinoline 
(W 

A soln of 16a (8.0mmol) was metallated and tri- 
methylsilylchloride (I. I5 ml; 9.06 mmol) was added. The 
mixture was stirred for 3 hr at - 78”. warmed to room temp. 
and hydrolyzed. Recrystallization of the crude product 
(2.34 a) from hexane afforded 16~ (2.06 g; 88%). as colorless 
crystal; (m.p. I I I “). IR (CCI,): 3060,3020,297ft, 2960,2930, 
2900, 2880. 2840, 1620, 1580, 1495. 1480, 1450. 1415, 1380, 
1355. 1345. 1305, 1295, 1280, 1260, 1250, 1205, 1180, 1110. 
1045, 1025, 995, 955, 935, 860, 840, 695, 625, 6lOcn- ‘. 
‘H-NMR (Ccl, without TMS): 60 [s, 9 H, -Si(CH,),], 1.25 
(s, 9 H, t-butyl). 2.40-3.63 (m, 3 H) and 4.10-4.45 (m. I H) 
(CH,CH,-N), 5.29 (s, I H, -HC-N). 6.79-7.20 (m. 4 H, 
aromatic protons). MS m/e (%): 289 (M +, 45). 274 (31). 246 
(10).216(10).204(35), 132(36), l30(14), 117(42), ll6(12), 
IO1 (13). 77 (100). 57 (56). 45 (I I), 41 (13). 29 (IO). (Found: 
C, 70.56; H, 9.36; N, 4.81. C,,H,,NOSi requires: C, 70.53; 
H, 9.40; N. 4.84%). 

I-(Tri-n-butyl.~tannio)-2-pivaloyl-I ,2,3,4_tetrahydroisoquin- 
oline (16q) 

A soln of 16a (8.0mmol) was metallated and tri-n- 
butyltinchloride (2.78 ml; 10.25 mmol) was added. After 
stirrina for I hr at - 78” the mixture was worked up. The 
crude- product (4.63 g) was a mixture of _ tri-n- 
butvltinchloride and Ma. Distillation at 210”/0.01 torr gave 
16qs(3.42 g. 84”/,), as a pale-yellow oil. IR (CCI,): 2960.2930, 
2870,2850, 1675, 1615. 1605, 1580, 1490, 1480, 1465, 1455, 
1410, 1375, 1365, 1355, 1340, 1325, 1305, 1280. 1225, 1205. 
1175. 1115, 1075, 1040, 1025, 990. 960. 950, 925, 875, 
8601x1-‘. ‘H-NMR (CDCI,): 0.34-1.60 [m. 27 H, Sn(n- 
butyl)d, 1.31 (s. 9H. t-butyl), 2.46429 (m, 4H. 
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-CHrCHr-N), 5.45 (br S, I H, Sn-CH-N), 6.71-7.25 (m, 
4 H, aromatic protons). MS m/e (%): 507 (M + + I, 2). 450 
(36). 449 (l6), 448 (27). 447 (I I), 446 (l6), 339 (13), 337 (I I), 
336 (I I). 335 (67), 334 (27) 333 (50) 332 (21) 331 (30). 313 
(13). 31 I (IO), 291 (19). 289 (14) 235 (15) 233 (IS), 221 (16), 
2l6(13),217(30),216(100), 179(24), 177(36), 176(13), 175 
(23). I47 (IO), I32 (57) 131 (30). 130 (24). I21 (16). I I9 (IS), 
118 O3), 117 (I I), 85 (25). 57 (74), 41 (32). 29 (24). (Found: 
C, 60.61; H, 9.03; N, 2.72. C,,H,,NOSn requires: C, 61.67; 
H, 8.96; N. 2.77%). 

D. METALLATION OF 1-METJIYL2-PJVALOYL 
TETRAHYDROJSOQUJNOLJNE (J6d) AND 

ALKYLATJON WJTJI JODOMETJ4ANE TO GJVE 18 

l,l-Dimethyl-2-pivaloyl-I ,2,3+tetrahy&oboquinoline (18) 
To a cooled soln (- 78’) of 166 (0.53 g; 2.31 mmol) and 

TMEDA (0.5 ml; 3.33mmol) in 20ml THF was added 
1.56 M t-BuLi (2.0 ml; 3. I2 mmol). The mixture was stirred 
at - 78” for 2 hr before addition of Mel (0.50 ml: 8.0 mmol). 
After stirring for 30 min the soln was warmed to room temp. 
and, after 2 hr, hydrolyzed. Separation of the crude product 
by flash chromatography with hexane-EtOAc (4: 1) gave 18 
(0.336g; 590/ 94% with respect to 16d used) and 1W 
(0.205 i 38%). Rec~rystallisation from pentane afforded 18 
(m.p. 79-79.5”). ‘H-NMR (CDCI,): S 1.33 (s. 9 H. t-butvl). 
I.80 (s, 6 H, 2 i CH,), 2.85 (t, J =?i Hz, 2 H; Ar-CH& if? 
(1. J = 6 Hz, 2 H, -CH,N), 7.0-7.4 (m, 4 H, aromatic pro- 
tons). (Found: C, 78.22; H, 9.49; N, 5.68. C,,H1,NO re- 
quires: C, 78.32; H, 9.45; N, 5.71%). 

E. REACTIONS OF THE I-LlTJIJO-2 
PHOSPHJNOYLTEXXAJNDROJSOQUJNOLJNE (17b) 

2-Bis(dimethyhvnino) - I - methyl-1,2,3,4-tetrahydrohoqufn- 
oline (17d) 

(a) A soln of 17a (1.38 g; 5.2 mmol) in 50 ml THF was 
metallated and Me1 (0.5 ml; 8 mmol) was added. After stir- 
ring for 2 hr at - 80” the mixture was worked up (method 
A). Distillation of the crude product (1.37 g) at 
130”/0.005 torr afforded 17d (0.97 g; 66%) as a slight yellow 
oil. IR (Film): 3040, 2970, 2920, 2880, 2840, 2800, 1605, 
1580, 1490, 1460, 1380. 1350, 2195, 1270, 1215, 1150, 1130, 
1095, 1065, 1040, 1020, 990, 880, 820, 760, 750, 740, 710, 
665 cn- ‘. ‘H-NMR (Ccl,): 6 1.42 (d, J = 7 Hz, 3 H, CH,), 
2.52, 2.57 (Zd, J = 9 Hz) (I2 H, 2 x N(CH,),), 2.68-3.68 (m, 
4 H, <H&H,), 4.54 (pentalet, J = 7 Hz, I H, CHIN), 6.96 
(s, 4 H, aromatic protons). MS m/e (%): 281 (M +, 7), 267 
(8). 266 (52). 236 (I I), 146 (35). 145 (IO), I35 (IOO), 132 (7). 
130 (8), 92 (7) 45 (7), 44 (22). (Found: C, 59.81; H, 8.57; N, 
14.86. C,,HUN,OP requires: C, 59.77; H, 8.60; N, 14.94%). 

(b) A soln of 17a (4.1 g; 15.3 mmol) in 40 ml THF was 
metallated and Me,SO, (I .8 ml; I9 mmol) was added. After 
stirring for I hr at - 80” and warm to - lo”, the reaction was 
worked up (method B). Distillation of the crude product 
(4.31 g) gave 176 (2.95 g; 69%). 

(c) A soln of 17a (1.36g; 5.1 mmol) in 50ml THF was 
metallated before addition of methyl tosylate (1.37 g; 
7.37 mmol) in IO ml THF. The mixture was warmed to room 
temp. overnight and worked up (method C). Distillation of 
the crude product (1.7 g) gave 17d (I .24 g; 87%). 

2-Bir(dimethylamino)phosphinoyl- I - butyl- I ,2,3,4-tetrahy- 
riroisoquinoline (17e) 

A soln of 17a (I .35 g; 5.0 mmol) in 25 ml THF was metal- 
lated. After addition of n-BuCl (0.70ml; 6.7 mmol), the 
mixture was stirred for 2 hr at - 78” and warmed overnight 
to room temp. Usual work-up (method A) afforded the crude 
oil (1.58 g) which was purified by distillation at 
165”/0.005 torr to give 17e (I .40 g; 86%) as a pale-yellow oil. 
IR (Film): 3060. 3000, 2960, 2940, 2880, 2810, 1495, 1460, 
1385,1300, I275,1215. I 150.1135. I I IO, 1080,995,980.950, 
770, 745. 715, 675cm.-‘. ‘H-NMR (Ccl,): 6 0.8-1.04 (m, 
3 H, CH,), I. 18-1.90 [m. 6 H, l (CHJ,-1, 2.50 [d, J = IO Hz, 
6 H, N(CH,),], 2.53 (d, J = IO Hz, 6 H, N(CH,),J, 2.W3.48 

[m, 4 H, Ar-(CHJ,-N], 4.36 (br q, J = 8, I H, -C&N), 6.97 
(s, 4 H, aromatic protons). MS m/e (%): 323 (M +, 3), 322 (7). 
267 (17). 266 (100) 223 (6). 188 (5) 178 (8). 149 (5). 135 (80), 
I32 (5), I30 (8) I I7 (4). I I5 (4) 92 (6). 44 (1 I). (Found: C, 
63.15; H, 9.39; N, 12.80. C,,H,N,OP requires: C, 63.13; H, 
9.35; N, 12.99%). 

2-Bis(dimethylamino)phosphinoyl- I -neopentyf- I ,2,3,4-tetra- 
hydroisoquinoline (17g) 

A soln of 17~ (2.9Og; 10.8mmol) in 50ml THF was 
metallatcd and neopentyl bromide (2.8ml; 22mmol) was 
added. After stirring for 4 days at room temp. the reaction 
was worked up (method B). Flash chromatography of the 
crude product (3.23 g) on silica gel (ether-MeOH 9: I) 
afforded 17g (1.43 g; 39%). as a white solid (m.p. 65-67”)” 
Recrystallization of a sample from CHXWwtroleum ether 
gave-17g (m.p. 71-72.5”): IR (CHCl,i 3%iO, 2960, 2800, 
1620. 1480. 1460. 1380. 1360. 1295. 1260. 1120. 1085. 1065. 
1050; 990,980,940 cm ’ ‘. ‘H-NMR (CD&): g I .03 is, 9 H: 
C(CH,),], 1.4-2.0 (m, 2H, CH,-CH), 2.23-2.90 [m, 14H, 
Ar-CH, and 2 x N(CH,)d, 3.17-3.60 (m, 2 H, CH,-N), 
4.6-5.0 (m, 1 H, CH-N), 7.1 (s, 4 H, aromatic protons). MS 
m/e(%):337(M+, < 1),267(16),266(100),223(6), 135(79), 
132 (5) 130 (6), 92 (4), 44 (12). (Found: C, 64.00; H, 9.59; N, 
12.40. CisH,,N,OP requires: C, 64.07; H, 9.56; N, 12.45%). 

2-Bb(dimethylamino)phosphinoyl-l-allyl-l,2,3,4_tetrahydro- 
isoquinoline (17h) 

A soln of 170 (1.36 g; 5.1 mmol) in 25 ml THF was 
metallated and ally1 chloride (0.60 ml; 7.4 mmol) was added, 
The mixture was &-red for 2hr at -IlO”, warmed overnight 
to room temp. and worked up (method B). Bulb-to-bulb 
distillation of the crude oroduct (1.51 n) at 155”/0.005 torr 
gave the pale-yellow oil i7lt (1.36g; 87%). IR (Film): 3060, 
3000,2980,2900,2840,2800, 1635, 1490, 1460, 1435, 1380, 
1300,1260, 1210,1150, 1130,1080, 1030,980,960,910,885, 
820,740,670 cm - I. iH-NMR (CDCI,): 6 2.3-3.6 [m, 18 H, 
Ar-(CHJ,-N, -CH,CH, 2 x N(CH,)J, 4.57 (q, J = 8 Hz, 
I H, C&N), 4.8-5.16 (m, ZH, HzC=), 5.64-6.14 (m, 1 H, 
-HC=CH,), 7.06 (s, 4H, aromatic protons). MS m/e (%): 
306 (M + - I, I), 267 (14). 266 (85). 223 (6) 178 (5), 136 (6) 
I35 (100). 132 (6) 130 (8). 92 (5). 44 (13). (Found: C, 62.61; 
H, 8.64, N, 13.57. C,,H,,N,OP requires: C, 62.52; H, 8.52; 
N, 13.67%). 

2 - Bis(dimethylamino)phosphinoyl-l-benzyl-l,2,3,~tetrahy- 
droisoquinoline (17i) 

A soln of 173 (2.6g; 9.7 mmol) in IOOml THF was 
metallated and benzyl chloride (1.40 ml; 12.2 mmol) was 
added. After stirring for 2 hr at - 78” the mixture was 
worked up (method A) to give crude 171 (3.8 g; 100%) as a 
pale-yellow oil.” Purification of a sample by distillation at 
165”/10-5 torr afforded the colourless oil 171 in 91% yield. 
IR (Ccl,): 3060, 3020, 3000, 2920, 2890, 2840, 2800, 1600, 
1490, 1450, 1380, 1295, 1270, 1260, 1210, 1145, 1125, 1085, 
1070, 1025, 990, 975, 955, 94Ocm’. ‘H-NMR (Ccl,): 6 
2.41 Id. J = 9 Hz. 6 H. N(CH,),). 2.47 (d. J = 9 Hz. 6 H. 
N(CH,)J, 2.6-3.45 (m. 6 H, AL&- and’-CH,CH,-N), 
4.7 (br a. J = 7 Hz. I H. CH-N). 6.43 Id. J = 8 Hz. I H. 
C(8$H],*6.72-7.26 (m, 8 H, aromatic protons). MS m;e (A); 
356(M+ - I, <1),267(18),266(85),216(16), 181 (15). 180 
(IS), 179(16), 178(16), 165(9), l35(100), 127(20), 125(61), 
91 (80), 77 (IO), 65 (8). 44 (13). (Found: C, 66.86; H, 8.05; 
N, 11.52. &,H,,N,OP requires: C, 67.21; H, 7.90; N, 
I I .76x). 

2-BLs(dimethylamino)phosphinoyl- I -isopropyl-l .2,3.4-tetra- 
hydrokoquinbline (lti) _ _ 

. . 

A soln of 17~ (I.35 g: 5.0mmol) in 50ml THF was 
metallated and isopropyl&dide (0.7 ml; 7 mmol) was added. 
The soln was stirred for 2 hr at - 80”. warmed up to - 20”, 
and hydrolyzed (method A). The crude product (I .42 g) was 
purified by distillation at 140”/0.001 torr to give a pale- 
yellow oil J7k (1.2 g; 78%). IR (Film): 3060, 3020, 2980, 
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2930. 2880,2850,2800, 1600, 1490, 1460, 1385, 1375, 1390. 
1215, 1180, 1140, 1115, 1080, 1040,995,980,945,910,845, 
770. 740. 680. 635cm-‘. ‘H-NMR (CCL): 6 0.87 (d. 
J = 7 Hz, 3 H; CH,), 1.07 (d. J = 7’H& -3 H, CH;); 
1.65-2.13 [m, I H, CH(CH,M, 2.3 [d, J = 9H2, 6.H, 
N(CH,)J, 2.54 [d, J = 9 Hz, 6 H, N(CH,)J, 2.67-2.92 (m, 
2 H, Ar-CH,-), 3.163.50 (m. 2 H, C&-N), 4.05 (dxd, 
J, = J, = 9 HZ, 1 H, -CH-N), 6.97 (s, 4 H, aromatic pro- 
tons). MS m/e (%): 309 (M +, < I), 267 (14). 266 (85). 223 
(6). 178 (5). 136 (6). 135 (100) 132 (6) 131 (5). 130 (8). 92 
(6). 44 (18). 

2-Bis(dime~hylamino)phosphinoyl-l-cyclohexyl-l,2,3,4-terra- 
hydroboquinoline (17l) 

A soln of 17r (2.67 g; IOmmol) in 30ml THF was 
metallated and cyclohexyl iodide (1.7 ml; 13.1 mmol) was 
added. After stirring for 2 hr at - 78” the soln was warmed 
overnight to room temp. and worked up (method B). 
Fractional distillation of the crude product (3.86 g) afforded 
178 (0.27 g; loo/,) and a mixture (1.99 g; b.p. 160”/10-J torr) 
of 1711 and 17l. Flash chormatography (MeOH-ether 1: 9) - _ _ 
gave Vl(l.31 g) and 171(0.29 g; 11%). Further purification 
bv distillation at lM”/IO-Jtorr pave 171 (1.23 a: 45% with 
respect to 17a used), aS a colorleG viscous oil. iR (&Cl,): 
3060,2930,2850.2800, 1600, 1480, 1450, 1380, 1295. 1175, 
1140, 1110, 1090, 1065,990.980,940,84Ocm-‘. ‘H-NMR 
(CDCI,): 5 0.94-2.10 (m, 11 H, H cyclohexyl), 2.38 [d. 
J = 9 Hz, 6 H, N(CH,)rj, 2.58 [d, J = 9 Hz, 6 H, N(CH,M, 
2.742.96 (m. 2 H, A&X,), 3.26-3.56 (m, 2 H, -CH,N). 
4.09 (1. J = 9, 1 H, CH-N), 6.92-7.15 (m, 4 H, aromatic 
protons). MS m/e (‘A): 348 (M’ - 1, <I), 267 (la), 266 
(IOO), 223 (5) 178 (9). 135 (73) 132 (a), 131 (8) I30 (II), 
92 (6). 55 (10). 44 (15). 41 (8). (Found: C. 65.23; H, 9.29; 
N, 11.96. CuH,,N,OP requires: C, 65.30; H, 9.33; N. 
12.02%). 

2-Bis(dimethylamino)phosphinoyl- I-phenyl-1.2,3,4- tetrahy- 

droisoquinoline (17m) 
A soln of 17a (1.38 g; 5.2 mmol) in 50 ml THF was 

metallated and benzenetricarbonylchromium (1.3 g; 
6.2mmol) in IOml THF was added. The yellow soln was 
warmed to 0” and stirred for I hr. After cooling to - 78” 
iodine (6.16 g; 24.2 mmol) in 15 ml THF was added, the 
mixture was warmed to room temp. and stirred for 3 hr. 
After hydrolysis with 2 ml water the soln was diluted with 
200 ml ether and washed with brine (including 5% NaHSO,; 
4 x 50ml). Drying over MgSO, and concentration under 
reduced pressure afforded a green residue which was purified 
by flash’chormatography on silica gel (ether-M&H 9: I) 
and bulb-to-bulb distillation at 19O’/lO ’ torr to give 17m 
(0.80 g; 45%) as a pale-yellow oil ‘which crysta%ed on 
standing (m.p. 94-95”). Recrystallization of a sample from 
ether afforded 17m as a white powder (m.p. 95.5”). IR 
(CHCI,): 3060, 2980, 2920, 2840, 2800. 1600, 1480, 1450, 
1370. 1295, 1125, 1080, 1050, 1020,995,980,945.930.860, 
830cm- ‘. ‘H-NMR (CDCI,): b 2.36 [d, J = 9 Hz. 6 H, 
N(CH,)& 2.56 [d, J = 9 Hz, 6 H, N(CH,),J, 2.7-3.4 (m, 4 H, 
CH,CH,N). 5.95 (d, J = 7 Hz, CH-N), 6.82-7.3 (m, 9 H, 
aromatic protons). MS m/e (%): 343 (M +, I I), 266 (1 I), 209 
(17). 208 (100). 207 (9). 206 (13), 179 (7), 178 (8), 135 (35) 
132 (5). 130 (6). 92 (6) 91 (6). 45 (8), 44 (13). (Found: C, 
66.28; H, 7.66; N, 12.23. C,9H,N,0P requires: C, 66.45; H, 
7.63; N, 12.24%). 

2-Bir(dimethylamino)phosphinoyl-l-(hydroxycyclopenryl~l, 
2.3.Qtetrahydro&quinoline (17n) 

A soln of 1711 (2.72 g; 10.2 mmol) in 30ml THF was 
metallated and cyclopentanone (I ml; II .2 mmol) was ad- 
ded. After stirring for 6 hr at - 80”. the reaction was worked 
up (method C). The crude product (3.35g) was chro- 
matographed on 130 g of silica gel to give 17n (1.75 g; 73% 
with respect to 178 used) as a solid (m.p. 129130”) and 178 
(0.888 g; 33%). Recrystallization of a sample from 
CH,Cl&etroleum ether afforded 1711 (m.p. 131-132”). IR 

(KBr): 3340,3060,3020,2960,2930,2880,2840,2800, 1485, 
1460, 1385, 1295, 1275, 1200, 1180, 1145, 1130, 1085, 1060, 
1035, 1015,995,970,940,905,825,770,740,670,620 cm- ‘. 
‘H-NMR (CDCI,): d 1.3-2.06 [m, 8 H, -(CH&-1, 2.43 (d, 
J = 9 HI 6 H, N(CH,)J, 2.64 [d, J = 9 HI 6 H, N(CH,u, 
2.78-3.90 [m, 5 H, ArqCH,)&l and OH], 4.63 (d, J = 9 Hz, 
I H. CH-N). 7.09 Is. 4 H. aromatic urotons). MS m/e (X): 
352(M+ + 1;‘<1),267(4&266(52);178(1~), 135(6O),‘i33 
(12). 132 (100). 131 (IO), 130 (IO). 92 (IO), 45 (12). 44 (20). 
(Found: C, 61.27; H, 8.52, N, 11.82. C,sH,N,OIP requires: 
C, 61.52; H, 8.60, N, 11.96%). 

2-Bis(dimethylomino)phosphinoyl-l-(a-hydroxyhenzhydryl)- 
1,2,3,4_retrahydroisoquinoline (170) 

A soln of 178 (2.66 g; 9.9mmol) in 30ml THF was 
metallated and benzophenone (2.29 g; 12.6 mmol) in 12 ml 
THF was added. The mixture was stirred for 2 hr at - 78”, 
warmed up to room temp. overnight and worked up 
(method B). Recrystallization of the crude product (4.77 g) 
from CH,Cl$petroleum ether gave 170 (3.29g; 74%) as a 
white powder (m.p. 216’). IR (KBr): 3360,3060,3020,2920, 
2900,iSSO. 28iO,‘l600, i580;149C; 1455, 1445, 1380, 1295, 
1190, 1170, 1125,1110,1080,1060, 1030,990,890,780,745, 
705, 690. 660, 62Ocm-I. ‘H-NMR (CDCI,): d 2.2-3.0 [m, 
16 H; -CH,-CH,- and 2 x N(CH,)J, 5.64 (d, J = 9 Hz, 1 H, 
-CH-N). 5.72 (s. I H. OH). 6.15 Id. J = 8 HL C(8tHl; 
6.62-6.84 [m, 1 H; C(7)-H], 6.9-7.4 im, 10 H) and 7:58-7.7 
(m. 2 H) (aromatic protons). MS m/e (%): 450 (MA + 1, 
< I), 268 (IO), 267 (70), 266 (100) 223 (15) 182 (9), 178 (25), 
136 (17), 135 (IOO), 133 (IO), 132 (98) 131 (21), 130 (23). 105 
(48). 92 (13) 77 (40). 45 (13), 44 (40). (Found: C, 69.26; H, 
7.25; N, 9.24. GH,sN,02P requires: C, 69.47; H, 7.18; N, 
9.35%). 

F. ALKYLATION OF I-LITHIO-l-METHYL& 
PHOSPHINOYL TETRAHYDROlSOQUINOLINE 

19b TO 1.bDIALKYLATED PRODUCTS 

2-Bi.s(dimethylamino)phosphinoyl-1 ,l&nethyl-l,2.3,4-tetra- 
hydroisoquinoline (l!M) and 2-Bb(dimethylamino)phos- 
phinoyl-l-bu~yl-l-mefhyl-l,2,3,6~etrahydroboquinol~e” 

To a cooled (- 78’) soln of 1% (1.87 g; 6.7 mmol) in 
40ml THF was added 1.50 M n-BuLi (4.9ml; 7.3 mmol). 
The red soln was stirred for 1 hr before addition of Mel 
(0.55 ml; 8.8 mmol). After stirring for 3 hr at - 78” the 
mixture was warmed overnight to room temp. and worked 
up (method B). Chromatography of the crude product 
(1.93 g) on 120 g silica gel (ether-MeOH 9: I) afforded 
2-bis(dimethylamino)phosphinoyl-l-butyl-l-methyl-l,2,3,4- 
tetrahydroisoquinoline” (0349g; 18% with respect to 1% 
used), 1W (0.321 g; l9o/0 with respect to 19a used) as a solid 
(m.p. 70-7 I”) and 1% (0.284 g; 15%). Recrystallization of a 
sample of 19d from CH,Cl,/pe.troleum ether afforded a 
white powder (m.p. (KBr): 72-7?).‘iR 3060, 3020, 2970, 
2940, 2900. 2850. 2800. 1620. 1580. 1490. 1470. 1445. 1390. 
1365, 1355, 1305, 1285, 1270, 1240, 1205; 1180; 1160; 1125; 
1065, 1040. 1000,980,960,940,920.850,765,750,740,730, 
675cn- ‘. ‘H-NMR (CDCI,): 6 1.78 (s, 6 H, 2 x CH,), 
2.52-2.84 [m. 14H. Ar-CH, and 2 x N(CH,)& 3.13-3.37 
(m. 2 H, CH,N), 6.96-7.33 (m, 4 H, aromatic protons). MS 
m/e (%): 295 (M +, 4) 281 (17). 280 (100). 146 (5). 145 (4). 
144 (7), 136 (5). 135 (90). 92 (3). 91 (3). 44 (9). (Found: C, 
60.91; H. 8.81; N, 14.10. C,,Hr6N,0P requires: C, 61.00, H, 
8.87; N, 14.23%). 

Distillation of crude butyl derivative (as described above) 
at 14O”/ IO _ ’ torr afforded 2-bis(dimethylamino)phos- 
phinoyl- 1 -butyl- 1 -methyl- 1,2,3,4-tetrahydroisoquinolinc” 
(0.33 g; 1% with respect to 19a used) as a colorless, viscous 
oil. IR (CHCI,): 3060, 2960, 2920, 2870, 2800. 1600, 1480, 
1450, 1370. 1315, 1290, 1270, 1070, 1035. 990, 975, 870, 
860 cn- ‘. ‘H-NMR (CDCI,): S 0.73 (br t, J = 6 Hz, 3 H, 
CH,-CH,), 0.83-1.50 [m. 6H, +CH,),], 1.73 (s, 3H, 
-CH,), 2.47-2.87 [m. 14H, Ar-CH,. 2 x N(CH,)J, 3.0-3.4 
(m. 2 H, CH,N). 6.90-7.37 (m. 4 H, aromatic protons). MS 
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m/e (%): 336 (M+ - 1, < I), 322 (4), 281 (17), 280 (99), 146 
(4). 145 (7), 144 (9). 136 (S), 135 (IOO), 92 (5), 44 (II). 
(Found: C, 64.73; H, 9.70; N, 12.18.~C,,H,,N,CP requires: 
C, 64.07; H, 9.56; N, 12.45%). 

2-Bir(dimelhylamino)phosphinoyl-l-benzyl-l-methyl-l,2,3,4- 
terrahydroisoquikoline (1 Se) 

A soln of 19s (1.82 g; 6.5 mmol) in 40 ml THF was 
metallated with n-BuLi (4.7 ml; 7 mmol) and stirred for I hr 
at - 78”. After addition of benzyl chloride (1.0 ml; 
8.7 mmol) the mixture was stirred for 3 hr at - 78”. wanned 
to room temp. overnight and worked up (method B). 
Chromatography of the crude product (2.58g) on 12Og 
silica gel (ether-MeDH 9: 1) gave 1% (0.809 g; WA with 
respect to 19a used) as a solid (m.p. 109-Ill”) and 19a 
(0.276g; 15%). Recrystallization of a sample from 
CH,Cl&troleum ether afforded 19e (m.p. 112-113”). IR 
(KBr): 3060.3020,3000,2900,2840,2800, 1490, 1480,1450, 
1300, 1290, 1275, 1205, 1195, 1135, 1120, 1090, 1065, 1055, 
995, 985. 960, 920, 910, 855, 765. 750, 740, 730, 700, 
675 cm - ‘. ‘H-NMR (CDCI,): 6 1.88 (s. 3 H, CH,). 2.06-3.0 
[m, 16 H, Ar-(CH,L-N, 2 x N(CH,),], 3.19 (d, J = 13 Hx, 
H,-C-Ar), 3.98 (d,- J = 13 Hz, Hs-z--Ar), 6.72-7.34 (m, 
9 H, aromatic protons). MS m/e (Y): 371 (M’. < I). 281 
(16). 280 (94). i45 (5),‘144 (5), i365). 135 ilOOj, 91 (6). 44 
(7). (Found: C, 67.85; H, 8.14; N, 11.38. C2,H,N,0P 
requires: C, 67.90; H, 8.14; N, 11.31%). 

G. HYDROLYSIS OF THE PHOSPHORYLAhlIDES 
General procedure: 2-3 mmol of the amide in 2 M HCI or 

in MeOH/EtOH and HCI aq were heated under reflux. The 
cooled soln (ice bath) was made strongly alkaline with KOH 
pellets and extracted with ether (3-4 x 50-lOOmI). The 
combined organic phases were dried over K,COr and con- 
centrated under reduced pressure to give the crude product. 

1.2.3,eTerrahydroboquinoline (15~). A soln of 178 
(0.545 g; 2.0 mmol) in 10 ml HCI (2.4 M) was heated under 
reflux for 30min. Distillation of the crude oil (0.27g) at 
115”/14 torr alforded 15a in 90% yield. 

I-Methyl-1,2,3,6retrahydroisoquinoline (15d) 
A soln of 17d (0.79 g; 2.8 mmol) in I5 ml HCI (2.0 M) was 

heated under reflux for 4 hr. Bulb-to-bulb distillation of the 
crude oil (0.39 g) at 60“/0.005 torr afforded 15d (0.38 g; 
93%). as colorless liquid. Picrate: m.p. 187” (lit.“, m.p. ._.. 
187”). IR (Film): 3266. 3060, 3020, 29&J, 2920, 2830, 1490, 
1445. 1435. 1370. 1305. 1135. 755. 73Ocm-‘. ‘H-NMR 
(CD&,): 6 1.42 (d, J = 7 Hz. 3’H, CH,). 1.60 (s, I H, NH), 
2.57-3.43 [m, 4H, -(CH+& 4.03 (q. J = 7Hx, 1 H, 
-C&N), 7.10 (s, 4 H, aromatic protons). MS m/e (A): 147 
(M+,6), 146(21), 144(12), 133(21), 132(100), 131 (18), 130 
(21) Il8(12), 117(26), llS(15). lOS(12). 104(12), 103(12), 
91 (IO), 77 (12). (Found (picrate): C, 51.03; H, 4.28; N, 
14.88. Calc for CuHu,N107: C, 51.06; H. 4.29; N, 14.89”/,). 

I-Butyl-1,2,3,Ctetrahydroisoquinoline (Me) 
A soln of 17e (1.03 g; 3.2 mmol) in 15 ml HCI (2.0 M) was 

heated under reflux for 16 hr. Bulb-to-bulb distillation of the 
crude oil (0.552 a) at 90”/0.005 torr gave a colorless liquid 
Me (OSOjg; 84%). Oxaiate: m.p. 176-177” (EtOH).-IR 
(Film): 3380-3240.2%0.2940.2880.2860, 1495. 1455. 1430. 
745 cm - I. ‘H-NMR (CDCl,j: d 0.80-1.&t (m, 3 H, .CH,); 
1.161.85 [m, 7H, l (CH,),-, NH], 2.45-3.25 [m. 4H, 
Ar-(CH,)*-N], 3.82 (br t, J = 8 Hz, 1 H, -CH-N), 6.82-7.00 
(m, 4 H, aromatic protons). MS m/e (%): 189 (M +, -z I), 
188(4), 145(6), 133(11), 132(100), 130(6), ll7(6), llS(4). 
105 (4). 91 (3) 77 (5). (Found (oxalate): C, 64.38; H, 7.60, 
N, S.ZO.C,,H,,NO, requires: C, 64.50; H, 7.58; N, 5.01%). 

I-Neopentyl-1,2,3.4-retrahydroisoquinoline (1Sg) 
A soln of 17g (0.922 g; 2.7 mmol) in IO ml MeOH and 

5Oml HCI (2.06 M) was heated under reflux for 31 hr. 

Distillation of the crude product (0.48 g) at W/O.01 torr 
gave 15g (0.415 B; 75x), as a colorless liquid. Oxalate: m.p. 
181” (EtOH). IR (Film): 3320,3060,3020.2950.2860. 1490. 
1475, 1450, 1430; 1390, 1360, 1240, 1210, 112d. lti, 980; 
950, 870, 830, 780, 745, 710cm - ‘. ‘H-NMR (CDCl,): 
S 1.07 (s, 9 H, C&H,),], 1.48 (s, 1 H, NH), 1.7 [d, J = 5 Hz, 
2 H, CH,CH), 2.6-3.37 [m, 4 H, Ar-(CH&-N], 4.05 
(1, J = 5 Hz, 1 H. <H-N). 7.07 (s. 4 H. aromatic orotons). 
MS m/e (%): 203 (M’, lj; 143 (4). 133 (11). 132 (iOO), 130 
(5). 117 (6). 115 (5). 105 (4). 91 (2). 77 (3). 30 (4). (Found 
(oxalate): C, 65.17; H, 7.84; N, 4.80.C,,HuNO, requires: C, 
65.51; H, 7.90: N, 4.7%). 

I -Allyl-I ,2,3,4-telrahydroisoquino/ine (Mb) 
A soln of 17h (0.967 g; 3.1 mmol) in 20 ml HCI (2.0 M) 

was heated under reflux for 20 hr. Distillation of the brown 
oil (0.47 g) at W/O. 100 torr gave 15b (0.407 g; 75%), as a 
colorless liquid. Oxalate: m.p.169” (EtOH). IR<Filmj: 3300, 
3070.3020. 2920.2830.2800, 1635. 1490. 1450. 1430. 1315. 
1130, 995, 915, 760, 740, 72Ocm”. ‘H-NMR (CD&): i 
1.97 (s, I H, NH), 2.26-3.36 (m, 6H, 3 x CH,), 3.93-4.12 
(m, 1 H, C&N), 4.965.26 (m, 2 H, &C=), 5.60-6.04 (m, 
I H, CH=CH3, 6967.18 (m, 4 H, aromatic protons). MS 
m/e (%): 173 (M+, <I), 133 (11). 132 (IOO), 130 (II), 117 
(IO), I I5 (6), 105 (7). 103 (5). 77 (6). (Found (oxalate): C, 
63.83; H, 6.49; N, 5.28. C,,H,,NO, requires: C, 63.87; H, 
6.51; N, 5.32%). 

I-Benzyl-1,2,3,4-tetrahydrokoquinoline (151) 
A soln of crude 17i (3.28 g; 9.2 mmol) in 30 ml HCI 

(2.0 M) was heated under reflux for 23 hr. The cooled soln 
was diluted with lOOmI ether and worked up as usual. 
Distillation of the crude oil (1.74g) at 120”/0.005 torr 
afforded 15i (1.56 g; 76%). as a pale-yellow oil. Picrate: m.p. 
170” (Iit.‘2, m.p. 166-167”). IR (Film): 3400-3200, 3060, 
3020.2920, 2830,2800, lti, 1490, 1450, 1425, 1315, 1125, 
1080. 1030. 960. 805. 780. 755. 735. 715. 7OOcn- ‘. 
iH-NMR (CDCI;): S i.46 (br s, I’H, NH), 2153-3.26 (m, 
6 H, 3 X CH,-),-4.07 (dd, J, = IO Hz. J, = 4 Hx, C&N), 
6.86-7.32 lm. 9 H. aromatic orotons). MS m/e (“/,): 223 
(M+, < 1),220(11j, 133(10), i32(1ooj, 130(7),‘117(8), 115 
(5). 91 (8). 77 (S), 65 (4). 28 (5). (Found (picrate): C, 58.37; 
H, 4.55; N, 12.36. Calc for C,H,N,O,: C, 58.40; H, 4.46; 
N, 12.39%). 

I-Isopropyl-1,2,3,4_tetrahydroisoquinoline (15k) 
A soln of 17k (1.08 g; 3.5 mmol) in IS ml HCI (2.0 M) was 

heated under reflux for 8 hr. Distillation of the crude 
product (0.59g) at 50”/0.001 torr gave the colorless liquid 
1% (0.51 g; 83X). Picrate: m.p. 142-142.5” (EtOH). IR 
(Film): 3440,3067i, 3020,2980,2940,2880.2840~2810,2740, 
1495. 1460. 1440. 
I 100; 800, 

1450. 
745 cm - 

1430. 1380. 
‘. +I-NMR 

1365. 
(CDCI,)~ 

1335. 1310, 
0.67 (d, J = 

1300. 
7 Hi 

3 H, CH,), 1.04 (d. J = 7 Hz, 3 H, CH,), 1.4 (s, I H, NH), 
2.04-3.31 [m, 5H, HC(CH,),, l (CH3_J, 3.82 (d, J =4Hx, 
I H, CHN), 6.8-7.1 (m, 4 H, aromatic protons). MS m/e 
(%): 175(M+, <I), 133(11), 132(100), l30(8), 117(7), 105 
(5). 77 (5). (Found (oicrate): C. 53.36: H. 4.99: N. 13.71. ,. 
C,,H,N,b, requires:‘C, 53.46; H, 4.99; N, 13.85%j. 

I-Cyclohexyl-l,2,3,4_retrahydroisoquino~ine (13) 
A soln of 17l (0.888 g; 2.5 mmol) in 25 ml MeOH and 

4OmI HCI (2.06 M) was heated under reflux for 49 hr. 
Distillation of the crude product (0.46 g) at 120”/0.005 torr 
atforded the colorless oil 151 (0.362 g; 66%). Oxalate: m.p. 
181” (EtOH). IR (CHCI,): 3440, 2930, 2850, 2800, 1490, 
1450, 1430, 1320, 1295, 1255. 1130, 1120, 1040, 895. 
84Ocn-‘. ‘H-NMR (CDCI,): 6 0.862.0 (m, 11 H, H 
cyclohexyl), 2.47-3.33 [m. 5 H, l (CH& and NH], 3.8 (d, 
J= SHz, -CH-N), 6.87-7.13 (m, 4H, aromatic protons). 
MSm/e(%):214(M+ - 1, <I). 133(12), 132(100), 131 (4). 
130 (9). I I7 (7). 1 I5 (4). IO5 (6) 77 (4). 55 (5) 41 (6). (Found 
(oxalate): C, 66.45; H, 7.27; N, 4.78. C,,H,NO, requites: C, 
66.86; H, 7.59; N, 4.59”/,). 
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1-Phenyl-1,2,3,4_telr~y&o~~~oline (1%) 
A soln of 17m (0.72 g; 2. I mmol) in IO ml MeGH and 

5Oml HCI (2.06 M) was heated under reflux for 27 hr. 
Recrystallization of the solid (0.397 g) from ether afforded 
lh (0.348 g; 79%). as white needles, m.p. 97-98” (1it.‘3 m.p. 
97”). IR (CHCI,): 3320, 3060.2950, 2920.2830, 1490, 1450, 
1430, 1365, 1310, 1290, 1120, 1070, 1040, 950, 85Ocn-‘. 
‘H-NMR (CDCI,): b 1.83 (s. I H, NH), 2.63-3.37 [m. 4H. 
-(CHJ,-1. 5.07 (s, I H, -C&N). 6.6-7.4 (m, 9 H, aromatic 
protons). MS m/e (%): 209 (M + I 27). 208 (37). 180 (IO), 179 
(17). 178 (II), 133 (II), 132 (100). 77 (7). 

I -(-a - Hydroxybenzhy&yl)- 1,2,3,4-tetrahydroboquinohne- 
hydrochloride (1%) 

A soln of 170 (I .O g; 2.2 mmol) in 60 ml EtOH and 50 ml 
HCI (2.06 M) was heated under reflux for 5 hr. The cooled 
mixture was concentrated under reduced pressure. Re- 
crystallization of the residue (2 x ) from Me-OH gave 150. 
HCI (0.408 g; 52%) as a white powder, m.p. 266”dec.) IR 
(KBr): 3420.3 180.3100.3060.3030.3000.2940.2850,2770. 
2750,’ 2690, 2660, ‘2630;2580; 1580; 1490, 1465; 1455; 1430; 
1400, 1380. 770, 750, 740, 710, 695, 660, 64Ocn-‘. 
‘H-NMR (CD,OD): 6 2.67-3.21 [m, 4 H, (CH&-J, 5.58 (s, 
I H, <H-N@), 6.3 [d, J = 8 Hz, I H, C(8)-H], 6.68-6.94 [m. 
I H, C(7)H], 7.m7.76 (m. 12 H, aromatic protons). MS 
m/e (%): 182 (6). 133 (II),.132 (100) I31 (6). 130 (9). 129 
(5). II7 (6). 105 (20). 77 (15). 51 (5) 36 (5). 28 (9). (Found: 
C, 75.00; H, 6.36; N, 4.06. C,H,,ClNO requires: C, 75.09; 
H, 6.30; N, 3.98%). 

I ,I-Dimethyl-l,2,3,4-tetrahydroisoquinohne (19f) 
A soln of 19d (0.321 g; I.1 mmol) in IOml MeOH and 

35ml HCI (2.06 M) was heated under reflux for 40 hr. 
Distillation of the crude product (0.161 g) at 125”/12 torr 
afforded 19f (0. I3 I g; 74X), as a colorless liquid (lit.” b.p. 
1255126”/23 t&r). IR (Film): 3280, 3060, 3020, 2960, 2926. 
2860.2820, 1490, 1445, 1425, 1380. 1360, 1290, 1190, 1150, 
1125. 1095, 1040, 800, 760, 730, 680 cm - ‘. ‘H-NMR 
(CDCI,): 1.38 (s, 6 H, 2 x CH,), 1.96 (br s, I H, NH), 2.67 
(1. J = 6 Hz. -CH,N). 3.05 (1. J = 6 Hz. Ar-CH,). 6.93-7.2 
(m. 4 H, aromatic~protons).‘MS m/e ri): I61 (M;, I), 147 
(12) I46 (100). I44 (7). I31 (7). 130(7), II7 (5) II5 (8) 91 
(6). 77 (5). 30 (8). 

I-Benzyl-I-methyl-l,2,3,4_letrahydroisoquinoline (1%) 
A soln of 19e (0.794 g; 2. I mmol) in 25 ml MeGH and 

55ml HCI (2.06 M) was heated under refhtx for 41 hr. 
Distillation of the residue (0.473 g) at 120”/0.005 torr gave 
1% (0.454 g; 89%). as a pale-yellow liquid. Oxalate: m.p. 
183” (EtOH). IR (Film): 3330,3060,3020,2960,2920,2830, 
1600. 1490, 1450, 1425, 1370, 1120, 1090, 1075, 1030, 800, 
760.730.705, 69Ocm- ‘. ‘H-NMR (CDCI,): d 1.37 (s, 3 H, 
CH,), 1.47 (s, I H, NH), 2.43-3.37 (m, 6 H, 3 x CHr-), 
7.00-7.43 (m, 9H, aromatic protons). MS m/e (%): 237 
(M’, < I), 222 (IO), 147 (l3), I46 (loo), 144 (7). 131 (7). 
I30 (7). I I5 (6) 91 (I 2). 77 (4). 65 (7) 51 (4). 39 (7). (Found 
(oxalate): C, 69.80; H, 6.42; N, 4.31. &H,,NO, requires: C, 
69.71; H, 6.47; N, 4.28%).‘5 

REFERENCES 
‘Preliminary communication of lithio-pivaloyl-THIQ: J.-J. 
Lohmann,.D. Seebach, M. A. Syfrig and -M. Yoshifuji, 
Anaew. Chem. 93. I25 (1981): Ibid. Int. Ed. Enal. 20. 128 
(1981,. 

. ,. 

‘Preliminary communication on lithio-phosphinoyl-THIQ: 
D. Seebach and M. Yoshifuji. He/u. Chim. Acra 64, 643 
(1981). 

‘Postdoctoral Research Fellow, ETH Zurich, 1979. Present 
address: ICI-Pharma, F-51064 Reims (France). 

‘Part of the projected Ph.D. Thesis of M.A.S., ETH Ztlrich. 
‘On leave of absence from the University of Tokyo Novem- 
ber 1979December 1980. 

%ee the books and reviews: “G. Grethe, Isoquinolines, part 

one; The Chemistry of Heterocyclic Compounds, Vol. 38. 
Wiley, New York (1981); ?. Kametani, The Chemisfry of 
Isoquinoline Alkaloids. Hirokawa-Elsevier, Tokyo, Am- 
sterdam (1969); <F. &tntav$, Al&aloids, Vol. 17, p. 385ff. 
Academic Press, New York (1979); dT. Kametani and M. 
Ihara. Heferocycles 13, 497 (1979); %4. Shamma, The 
Isoquinoline Alkaloia!s. Organic Chemistry, Vol. 25. Aca- 
demic Press, New York (1972). 

‘“Review about Pictet-Spengler-Cyclisation: W. M. Whaley 
and T. R. Govindachari, Org. Reacfions 6, 151 (1951); 
bReview about Bischler-Napieralski-reaction: W. M. 
Whaley and T. R. Govindachari, Ibid. 6, 74 (1951); 
‘Review about Pomeranx-Fritsch-cyclisation: W. Gensler, 
Ibid. 6, I91 (1951); dReviews about Reissert-reaction see 
Ref. 12; ‘For modifications and other cyclisation methods 
see Ref. 60. 

sFor recent examples see: E. Hayashi and Y. Tamura, 
Yakugaku Zasshi 98, 594 (1970); Chem. Absrr. 73, 35192 
(1970). 

9For recent examples see: K. Akiba, K. Araki, M. Nakatani 
and M. Wada. Tetrahedron Letters4%1 (1981); S. F. Dyke 
and R. G. Kinsman in Ref. 6a, p. 37, 38,41 and refs cited; 
M. Hamana and H. Noda, Chem. Pharm. Bull. Jpn. 18.26 
(1970); C. K. Bradsher in Ref. 60, pp. 4414% 

IoF. Menisci, R. Bemardi, F. Bertini, R. Galli and M. 
Perchinummo, Tetrahedron 27, 3575 (1971); F. Minisci 
and 0. Porta, Substitution of heteroaromatic compounds. 
In Ado. in Heterocyclic Chemistry. (Edited by A. R. 
Katritzky and A. J. Boulton), Vol. 16, pp. 123-180. 
Academic Press, New York (1974); c/ Ref. 6a. 

“Review on reactivity umpolung: D. Seebach, Angew. 
Chem. 91. 259 (1979): Ibid. Int. Ed. Enal. 18. 239 (1979). 

‘*Recent review articles see: F. D. Poppy Adv: Hererocycl 
Chem. 24, 187 (1979); Heterocycles 14, 1033 (1980). 

“K. Akiba, Y. Negishi, K. Kurumaya. N. Ueyama and N. 
Inamoto, Tetrahedron Lefters 4977 (1981). _ 

“G. Grethe. H. L. Lee. M. R. Uskokovic and A. Brossi. 
Helu. Chirn. Acra S3,’ 874 (1970); see also Ref. Q, pp: 
9495. 

‘4T. Shono, T. Miyamoto, M. Mizukami and H. Ham- 
aguchi, Tetrahedron Lerrers 2385 (1981); T. Shono, M. 
Sasaki,K.NagamiandH.Hamaguchi,Ibid.97(1982). 

lbReview: D. Seebach and D. Enders, Angew. Chem. 87, I 
(1975); Ibid. Int. Ed. Engl. 14, I5 (1975). 

“OB. Renger, H.-O. Kalinowski and D. Seebach, Chem. Ber. 
110, I866 ( 1977); bD. Seebach and W. Wykypiel, Synrhesis 
423 (1979); W. Wykypiel and D. Seebach, Terrahedron 
Lefrers 1927 (1980); “W. Wykypiel. J.-J. Lohmann and D. 
Seebach, Helu. Chim. Acfa 64, 1337 (1981). 

‘“D. Seebach, W. Wykypiel, W. Lubosch and H.-O. Ka- 
linowski. Ibid. 61. 3100 (1978); cjN. G. Rondan, K. N. 
Houk, P. Beak, W. J. Zajdel, J. Chandrasekhar and P. v. 
R. Schleyer, J. Org. Chem. 46, 4108 (1981). 

“R. Schlecker and D. Seebach. He/u. Chim. Acta 60, 1459 
(1977). 

mReview: P. Beak and D. B. Reitz, Chem. Rev. 78, 275 
(1978). 

2’D. B. Reitz, P. Beak and A. Tse, J. Org. Chem. 46, 4316 
(1981). and refs cited. 

=For rearrangements and decompositions of Liderivatives 
of the general type 9 see: D. Seebach, R. Dach, D. Enders, 
B. Renger, M. Jansen and G. Brachtel, Helu. Chim. Acta 
61, I622 (1978) and Ref. 17d. 

*‘W. Lubosch and D. Seebach. Ibid. 63. 102 I198Ol. 
“A. I. Meyers and W. T. Hoeve, J. Am. C&m. Sot. 102, 

7125 (1980); AI. Meyers, S. Hellring and W. T. Hoeve, 
Tetrahedron Letters 51 I5 (1981); A. I. Meyers and S. 
Hellring, Ibid. 51 I9 (1981). 

25R. Schlecker. D. Seebach and W. Lubosch, Helu. Chim. 
Acta 61, 512 (1978). 

q. Hassel. Ph.D. Thesis, Giesaen (Germany) 1979; D. 
Seebach and T. Hassel, Angew. Chem. 90,2% (1978); Ibid. 
Int. Ed. Engl. 17, 274 (1978); T. Hassel and D. Seebach. 
He/u. Chim. Acra 61, 2237 (1978); T. Hassel and D. 



1974 Dttrrnrt SEEBACH et al, 

Seebach, Angew. Chem. 91, 427 (1979); ibid. Int. Ed. Engl. 
18, 399 (1979). 

2’P. Magnus and G. Roy, Synrhesis 575 (1980). 
**A. G. Abatjoglou and E. Eliel, /. Org. C/rem. 39, 3042 

(1974). 
‘9P. Savignac and Y. Leroux, J. Organomef. Chem. 57, C 47 
(I 973); P. Savignac, M. Dreux and Y. Leroux, Tetrahedron 
Letters 2651 (1974); P. Savignac, Y. Leroux and H. 
Normant, Tetrahedron 31, 877 (1975); B. Corbel, J.-P. 
Paugam. M. Dreux and P. Savignac, Tetrahedron Lerters 
835 (1976); P. Savignac and M. Dreux, Ibid. 2025 (1976); 
Review: G. Sturtz, Acres Isr Cong. Inr. Composed Phos- 
phores, 1978. pp. 7386. B. Corbel, J.-P. Paugam, G. 
Sturtz. Can. J. Chem. 58.2183 (1980) and earlier papers by 
the Sturtz-group, see refs cited. 

‘OR. Lecher, Ph.D. Thesis Zurich, ETH Nr. 6917, 1981; D. 
Seebach and R. Lecher, Angew. Chem. 91, 1024 (1979); 
Ibid. Int. Ed. Engl. 18, 957 (1979); R. Lecher and D. 
Seebach, Ibid. 93, 614 (1981); Ibid. Int. Ed. Engl. 20, 569 
(1981); D. Seebach and R. Lecher. Heh. Chim. Acra 65 
(1982) in preparation. 

“D. Seebach and D. Enders, Angew. Chem. 84, 350 (1972); 
Ibid. Int. Ed. Engl. 11, 301 (1972). 

)2H. W. Gschwend and H. R. Rodriguez, Org. Reactions M, 
I (1979). 

‘%e benzamide of tetrahydroisoquinoline could not be 
metallated to a reagent of type 9/13. 

“Attempted metallation of the ester-amide 17, R=H, (EtO), 
instead of (Me,Nb, failed, probably due to attack on the 
phosphorous. 

‘sFrom the reaction of 19b with iodomethane, we isolated 
1W and 2-bis(dimethylamino)hosphinoyl-l-butyl-l- 
methyl-l,2,3,4_tetrahydroisoquinoline [19, R = C4HPI 
X = PO(NMe,)J in a co I : I ratio. The origin of the Bu 
derivative was not elucidated. 

)6cf. H. C. Brown and S. Krishnamurthy, J. Am. Ckm. Sot. 
95, 1669 (1973). 

‘W. C. Still, M. Kahn and A. Mitra, J. Org. Chem. 43.2923 
( 1978). 

“D. Seebach and D. Enders, Ckm. Eer. 108, 1293 (1975). 
191f the crude product contains a solid, the oil is dissolved 

in ether, filtered under argon and worked up again as 
described above. 

%e crude product was hydrolyzed without further 
purification. 

“W. Leithe, Monatskfte fti Ckmie 53154, 959 (1929). 
‘2Y Ban 0. Yonemitsu and M. Terashima, Chem. Pharm. 

Buff. J;n. 8, 183 (1960). 
“W. L&the, Monafsheftefir Chemie 53154, 961 (1929). 
*D. M. Bailey, C. G. De Grazia, H. E. Lape, R. Frering, 

D. Fort and T. Skulan, J. Med. Ckm. 16, 151 (1973). 
45We thank Sandoz AG (Basel) for generous financial 

support of this work, especially for postdoctoral stipends 
to J.-J. Lohmann and M. Yoshifuji. 


