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ENANTIOSELECTIVE ALKYLATION OF a-AMINO 
CARBANIONS 
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Abetract-A series of chiral amino alcohols transformed into the formamidine derivative of 1, 2, 3, 
4tetrahydroisoquinolines were evaluated as chiral dipole-stabilized anions. Alkylation with alkyl halides 
provided the I-alkyl-I, 2, 3, 4-tetrahydroisoquinolines in both excellent yield and enantiomeric purity. 

The procession of efficient asymmetric syntheses in 
recent years has demonstrated that this methodology 
can now be counted among the accepted routes to 
chiral non-racemic compounds.’ Most prominent 
among these synthetic achievements has been the 
remarkable success in forming enantioselective C-C 
bonds which must be regarded as the cornerstone for 
molecular construction.2 To date there has been no 
enantioselective C-C bond method derived from the 
currently popular and synthetically useful dipole 
stabilized carbanions (Scheme I).’ This species has 
received much attention due to its ability to generate 
carbanions a-to N and thus make accessible a wide 
variety of elaborated N-heterocycles and related al- 
kaloidal systems. 4 In a preliminary reports we de- 
scribed the transformation of tetrahydroisoquinoline 
1 to its formamidine 2 containing a chiral R grouping 
and subsequent metalation-alkylation to 3. Removal 
of the chiral auxiliary provided the I-alkyl tet- 
rahydroisoquinoline 4 in 90-99% enantiomeric ex- 
cess. We now relate additional studies which involved 
a number of chiral auxiliaries and improved experi- 
mental details for carrying out this unprecedented 
enantioselective synthesis. 

Preparation of chiral auxiliaries and chiral for- 
mamidines 

Since a major requirement for a successful asym- 
metric synthesis involving stoichiometric ratios of 
chiral inducing groups must be its expense and 
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availability, we evaluated readily accessible amino 
acids and related commercial aminw which CouId be 
easily transformed into formamidines 2 (R* = chiral 
source). In view of the fact that many amino acids 
could be smoothly reduced to amino alcohols (s) 
without racemization,6 and the primary alcohol func- 
tion could be readily ether&d, we felt this is a viable 
route to the chiral amine moiety in formamidines 2. 
Furthermore, fo~arni~n~ have been prepared in 
various ways’ and the route we have chosen in going 
from 142 was based on two methods examined in 
detail. The method of choice is to treat the chiral 
amino alcohol 5 (R’ = H) with dimcthylformamide 
dimethylacetal furnishing the formamidinc alcohol 6 
which is then alkylated (e.g. Et&Cl) to the for- 
mamidine 7. With or without isolation, the latter was 
heated with tetrahydroisoquiuoline in toluene to gen- 
erate, in excellent yield, the chiral formamidine of the 
isoquinoline, 8.* Table I rwealls the large number of 
derivatives of 8 which were prepared in this manner. 
Alternatively, the amino alcohol 5 (R = H) can be 
protected as its ether (or sifyl ether using hexa- 

The other approach to chiral isoquinoline for- 
m~idine taken was to utilize the N-formyl deriva- 
tive of the isoquinoline 9 and after treatment with the 
Meerwein reagent gave the imidate salt 10. Addition 
of the amine follow& by alkaline work-up led to the 
formamidines 2, or 8. A series of chiral amines was 
attached to the isoquinoline as their formamidines in 
this manner and is shown in Table 2. The major 
limitation of the imidate route is the sensitivity of silyl 
groups on the amine which tend to cleave in the 
presence of fluoroboric acid. The low (70%) yield fur 
the BISPAD derivative in the Table is exemplary, 

Et,OBF, 
CHO - 

methyldisil~~e~ to 5 (R’ = alkyl, silyl) and then 
heated with DMF a&al forming 7. This approach, 
however, has a slight disadvantage in that the labile 
silyl ethers, may cleave to a small extent during the 
formamidine step. In two cases the dimethyl for- 
mamidines 7 derived from valinol were isolated and 
characterized (?a,%). All the amino alcohols in 
Tables t and 2 are ~~~i~ly available and it was 
necessary only to alkylate the hydroxyl function 
before or after their transformation to the 
N, N-dimethyl formamidine. 

With a variety of chiral auxiliaries now available it 
remaincd only to assess their relative effects on the 
asymmetric alkylation of the l-position. Me~atio~ 
of 2 to the 1-lithio derivative 11 was readily aceom- 
plished in quantitative yield using lithium di- 
isopropylamide (LDA) in THF at - 7%“. All the 
formamidines listed on Tables 1 and 2 responded to 
these metalation conditions except the formamidinc 
derived from ~henyla~~iuol ffable 2, entry 3). In this 
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99 -62.?0f9.?,CHC13) 

96 -21.7°m.6,CHCt3~ 

99 -66.7"~11.2,CHC13) 

95 +49.49f9.!Xf,fHF) 

95 il6O.l"(2.12,fHF) 

87 -75,1°f1.54,THF) 

93 +8.80*f1.66,TffF) 

96 -2,9?"j4,40,THF) 

95 -3.96"il.O6,THF) 

instance meta!atiun led to the eiimiaation of the 
tnethoxyl group, pr~u~ab~~ via proton abstraction 
at the chirat carbon (eqn 4). The iden~~tio~ of 
phenyl acetone, after aqueous quench, supported &is 
contention.P 

Alkyfation of 11 was perfomd after cooiing the 
lithio compound to - 100 and addition of afkyl 
halides which gave the l-substituted tetra- 
hydroisoquinolines 3 in exceIient chemical yiekis. The 
crude product was usually sufkieutiy clean to pro- 
ceed onto the formamidine cleavage to 4. It was 
observed that the enantiosela2.ive a&yfations were 
best at - 100” since ~ky~a~on at higher temperatures 
resulted in poor sebctivity. The formamidineS 3 were 
readily cleaved to the free amine 4 using hydrazinc in 
etbanof-acetic acid @H = 8) giving higit yields of 
k&t the isoquinoline and tht recovered chirat amine 
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Table 2. Chiral fonnamidines 2 uti imidates 10 

Entry R*NH2 %zorg [a], (C, Solvent) 

Ph 

1 

A 
.m" 

"2U Fee 

5 

BISPAD (see Table 1) 

H, 
‘I 

6 NH2 

98 -64.9"(3.38,THF) 

70 +49.34b(9.64,THF) 

94 -138.3“(5.24,T"F) 

97.5 J~.58~(3.48,THF) 

Me 

Q CH2NH2=HCl 
97.4 -15.90°(3.88,THF) 

auxiliary. These are conveniently separated on radial asymmetrically prepared product is given in Fig. 1, 
chromatography (silica gel) with ethyl acetate. The ratio for the latter is 96.7:3.3 (93.3% ee). 

The enantiomeric excess of the alkyl tetra- 
hydroisoquinobnes were determined using the co- 
valent Pirkle chiral column’0 by formation of the 
I-naphthoyl amides 12 and elution with 
isopropanol-hexane. The racemic I-alkyfisoquino- 
lines (t)-4 were prepared from 3 (R* = t - Bu), 
converted to 12, and injection onto the chiral HPLC 
column to produce base line separation of the two 
enantiomers. This was followed by the injection of 12, 
prepared using chiral formamidines and integrating 
the peak ratios. A typical run for racemic and 

With the analytical tool to evaluate en- 
antioselective efficiency available, a study was ini- 
tiated to test the efficacy of the various chiral groups 
toward the aikylation with methyl iodide. The results 
are given in Table 3. The absolute configurations for 
the product 4 (R = Me) is based on the asymmetric 
synthesis of the benzo[a]quinoIizine (aide supra). Fur- 
thermore, the S-enantiomer was observed to eiute 
through the chiral Pirkle column after the R- 
enantiomer thus making assignments very simple. 
The enantioselective methylations in Table 3 show a 



Alkylation of a-amino carbanions 1365 

Tabie 3. Reaction of 2 with LDA (-78”) and MeI (- 100’) to give l-methyl-l, 2, 3, 
4-tetrahydroisoquinoline 4 (R = Me) 

Entry Chiral Amfne in 2 or 8 % Chem. Yield Xee (Conf'n)b 

(S-Valinol) 

R2R OR 
1 R = SiMe3 

2 R = StMe2t-Bu 

3 R = SiEt3 

4 R = t-Bu 

5 R = Ne 

6 y (R-Vallnol) 

"2R 1 
OSiMe3 

7 (S,S-BISPAD) 
Me3SiO 

10 

11 

12 

c 

OSiMe3 

x w Ph"' ‘( 
(s,s-PAD) 

&H, 
‘ 

Ph H 

J7J 
(nor-$-ephedrine) 

Me3sio H2N 
'WHe 

Ph 

f- 
(s-PEA) 

H2N Me 

Me 

3 (S-alaninol) 

H2N 
OSiMe3 

/$- (S-leucinol) "2N 

52 88 (S) 

74 75 (S) 

70 74 (S) 

90 86 (S) 

46' 84 (St 

73 93 (R) 

79 

77 

74 

85 10 (Rf 

60 

71 

>99 (S) 

12 (RI 

39 (R) 

93 (S) 

osiMe3 

13 

4, 

q 
(isoleucinol) 71 90 (S) 

"2? 
OSiMe3 

a) The chemical yields are based on 2. b) Configurations assigned on R-enantio- 
mer of the naphthoylamide x elutfng before the S-enantiomer. c) Low yield due 
to methoxy elimination during the metalation step. 

Table 4. 1-Alkyl-1, 2, 3, 4-tetrahydroisoquinolines 4 from S, SBISPAD 

Alkyl Halidea % Chem. Yield 4 Xeeb (Confin)c 

Mel 80 .99 (S) 

f-Et11 85 91 (S) 

n-BuBr 80 91 (S) 

PhCH28r 70 93 (5) 

PhCH2CH28r 65 >99 (S) 

a) Alkyl halides added at -100". b) From fntegration of the N-naphthoyl amides 
on chfral HPLC column, compared with racemates. c) Based on order of elutton 
R-enantiomer > S-enantfomer. 

TkXVd.40.No.8-K 
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Fig. 1, 

wide trend of ste~o~l~ti~ty with BISPAD (entry 7) 
furnishing virtually complete selectivity and S- 
phenylethyl amine (entry 10) providing the poorest 
result. The valinol derivatives (entries l-6) provide 
quite reasonable stereoselectivity and use of the en- 
antiomeric valinol (entry 6) provides the optical 
antipode in comparable ee. The major problem using 
the valinol silyl derivatives (entries l-3) was the 
general loss of the silicon substituent and thus the 
lower chemical yields for the process. Introducing the 
t-Bu group, however, appears to solve this problem 
with a 90% chemical yield observed (entry 4) The 
enantioselective alkylation is also in the satisfactory 
range (8679 thus making the t-butyl valinol a viable 
chiral auxiliary for fur&et study. Similar replace- 
ments of the silicon on leucinol (entry 12) with t-Bu 
should prove interesting. By far and away, however, 

the 22, S-BISPAR, readily available from commercial 
sources as the dial, proved to be the most efficient 
chiral auxiliary to date. In view of the complete 
enantioselective alkylation using BISPAD, we exam- 
ined this process with other alkyl halides. The results 
are given on Table 4. Baaed on the HPLC analyses 
with the chiral column, the xee’s are rather pfeasing. 
Finally, the asymmetric process was extended to a 
synthesis of the benzoquinolizine 14 by metalation 
and alkylation of the BISPAD-formamidine with 
l-bromo~hlorobu~ne to give the chlorobutyl de- 
rivative 13. By removing the chiral amidine with 
hydrazine, this proceeds directly to the ring closure 
product in 70”1, overall yield. Compa~son with the 
known material, obtained by degradation of 
verosecurine” proved to be the S-enantiamer in 
90% ee. The fact that the S-enantiomer of 14 was 
formed strongly lends support to the initial alkytation 
to 13 by other alkyl halides proceeding to the S- 
enantiomer. This is in accord with the absolute 
indurations assigned by the order of elution from 
the chiral HPLC column. 

a) LDA 

‘nH b) Ekr/\NCl m 

\ 
31 SPA0 

1 

‘Bf SPAD 

/ 
NH, NH, 

At this juncture in the study, the complete mech- 
anistic picture is not in hand to comprehend the 
nature of the high enantioselective alkylation and 
time constraints put on this manuscript for this 
volume on enantioselective synthesis will force us to 
delay until a future report the data we are now 
ambulating on this potentially very valuable pro- 
CXSS. 

EXPEltIMENTAL 

M, pts are uncorrected. IR were recorded on a Beckman 
4200 spectrometer. PMR and CMR were obtained on a 
JEOL FXloQ spectrometer, Line positions are given in 
ppm scale, with internal TMS as standard; the multiplicity, 
peak areas, and coupling constants are given in parentheses. 
In the presence of trimethylsilyl ethers, integration was done 
p&w to tire ~~~~~ of TMS as internal standard. A VG 
Micromass 16F mass spectrometer provided the mass spec- 
tra. 

VPC analyses were performed on a HewIett Packard 5750 
instrument. HPLC analyses were performed on a Waters 
Associates 440 instrument at a 254nm wavelength, Radial 
chromatography (Cbromatotron Model 7924) was per- 
formed using silica gel PF-254. The support for coh.unn 
~~romato~phy was J. T. Raker 40-200 mesh. Elementaf 
analyses were performed by MicAnal Organic Micro- 
analysis, Tucson, Arizona. 
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i26.9, 126.3, 126.0, 125.3, 80.0, 67.6,46.8, 44.5, 29.4, 19.7, 
0.3 ppm. [afD = - 75.06” {c = 1.54, THF). 

N’-(2S)-i-t-Butyfa%nethyldyi~xy-2-ambw-~mthyibutam?- 
i, 2, 3, ~t~tr~~~~~~~ol~ fornuIItridine cTaMc.4 =W 
81 

N’-(2S)-i -t-Butyldimethylsiiyla~y-2-amino&methylbu- 
tane-N, N-dimethyi formamidine (6.812 gt 25.09 mmok) 
and 1, 2, 3, ~tetr~ydroi~~~o~nc (3.6Og, 27.~~0le) 
in 15 ml of toluene were reeuxed for % hr. The crude 
product was purified by column chromatography (5% 
Et,N/hexanes) to afford 8.696 g (92.5%). 

IR (f&n) 3030,3OiO% 2950,2925,2850, 1610, 1460, 1380, 
1250,1100cm -‘. ‘H NMR (CDC&, TMS} 7.40 (s, iH), 7.14 
(s, 4H), 4.51 (s, ZH), 3.90-3.27m (4H), 3.09-2.45 (m, 3H), 
1.75 (q, iH, J = 6.59 Hz), 1.02-0.65 (m, UH), 0.03-0.00 (m, 
6H) ppm+ [a&, + 8.80” (c = 1.66, Tiff). 

N’-(2S)-Triethylsiljtloxy-2-~o-3-~thylbrrtnne-l, 2, 3, 4- 
retrahy~~~~u~~i~ farmmnidine fld.& 1, entry 9) 

N’-(2S jt~ethylsilyioxy-2-~n~3-me~yibu~ne-N, N- 
dimethyi formamidine (8.837 g, 32.43 mmole) and 1, 2, 3, 
&etrahydroisoquinoline (35.00 mmoie) in 30 ml of toluenc 
were refiuxed for 10 hr. The crude product was p@ed by 
column chromatography (PA EtJN@xanes) to afford 
ii.214 g (95.9%) of product. 

IR (THF) 3OOG28209 1650, 1450, 105Ocm-’ ‘HNNR 
(CDCl,, TMS): 7.39 (sp in), 7.13 fs> 4H), 4.51 (s, 2H& 
3.90-3.35 cm, 4H), 2.90-2.41 (m, 3H), 1.49 (m, iH, 
J = 7.08 Hz), 0.95-0.31 (m, 21H) ppm. ‘“CNMR (CDC&, 
TMS): 153.9, 134.6, 133.7, 128.7, 126.3, 126.0, 73.7, 65.8, 
44.3, 30.2, 20.4, 6.8, 4.6ppm. [a},‘“-2.91’ (c = 4.40* THF). 

N’-(2S)-t-Butoxy-2-mim-3-methyibutane-l, 2, 3, 4- 
tetr~y~~~~~~~~ fomidine (Tab& 1, enhy 10) 

~~2~jt-~utoxy-2-a~n~~me~ylb~~~N,N~e~yl 
formamidine (22.91 mmole) generated in s&u and 1, 2, 3, 
btetrahydroisoquinoline (25.0 mm&) in 40 ml of toluene 
were refluxed for 10 h. The eru& product was .puri&d by 
column chromatography S% Et,N/bexanes to a&d 5.906 g 
(95.004) of product. 

IR (film) 3030, 3010,2970,2920,2860, ISSO, 1450,1370, 
1360, 1195, 1075 cm- I. ‘H NMR &DC&, TMS): 7.41 fs, 
iH), 7.13 fs, 4H), 4.50 (s, 2H), 3.77-2.57 (m, 7H), 1.80 (m, 
LH), 1.13 (S, 9H), 0.87 (d, 6H, J rp~: 6.59 Hz) ppm, t3C NMR 
(CDCI,, TMS): 153.7, 134.6, 133.7, 128.7, 126.3, 125.0,72.S, 
71.6, 64.9, 44.4, 30.3, 29.3, 27.8, 20.4, 18.4ppm. 
&z],~’ = - 3.96” (c = 1.06, THF). 

Alkykdm of chiral fur mnmidines (Generat Pmcedwe) 
A dry, Lund-~ttom flask equipped with magnetic stir- 

ring, cold bath, and au argon inlet was charged with ‘I’HF 
(2 ml/mmoi), diisopropylamine (1.25 cquiv) and at - 78” 
n-&&i in hexane (1.25 e&v}. The resulting soln was 
warmed to room temp for S min, cooied to - 78” again and 
added via cannula to 0.05 M THF soln of the cbiral 
formamidine (I .O equiv) previously cooled at - 784. The 
soin became dark red while stirring at - 78” (3 hr). The 
eiectrophile Cl.25 equiv) was introduced dropwise at the 
indicated temp. For - 78” an acetone/dry ice bath is used 
and for - iOO”, &OH/liquid N,. The eiectrophiie is al- 
iowed to react at the in&c&x3 temp as long as it took for 
the dark red color of the anion to disappear (for alkyl 
bromides usually 2-3 hr, alkyl iodides 1 hr). The reaction 
was poured into sat NaHCO,aq and extract&i (CH,Cl&. 
The ~rnb~n~ organic iayer was dried (K&X$), then con- 
centrated lo the crude product which was &am&r&d by 
‘H NMR and subjected to hydrarinoiysis conditions with- 
out further purification. 

Hydruti?ro@sir of chid formamidfnes (Generai ProcedWe) 
To the chirai formamidine was added 95”/, hydra&e (3.0 

equiv) foiiowed by a soin of glacial AcOH 9.0 equiv) in w? 
aqueous EtOH (2 ml/mmol). The pH was checked and ivhert 

nuzssary adjusted to 8. A&er heating overnight, the reac- 
tion was diluted (water) and exttactcd (CH,Cl& The oom- 
bined organic layers were washed (water), dried (K$O& 
then concentrated to the crnde product. The crude product 
was purified by radial ~o~to~phy (silica gel PF-254) 
using EtOAc as eluent. The l-alkyl-1, 2, 3, 
4-tctrahydraisoquinoline was converted to the hydro- 
chloride salt to avoid air oxidation. The choral auxiiiary was 
recovered chemically and optically pure from the radial 
chromatograph. 

Opticd purity &term&ation 
~p~ati~ of ethos of ~-~hth~y~ ~r~v~t~~ of 

I-a&y&1, 2, 3, ~tetr~y~o~~~o~~~ on a chid station- 
ary phase,la To the I-alkyl-1, 2, 3, 4-tetrahydroisoquinoline 
was added a-naphthoyl chloride (f.5 equiv) in C&Cl, 
(2 ml/mmol). The mixture was stiffed for 0.5 hr at room 
temp and poured in xp/, NaOH (N IO equiv). The organic 
material was extracted and the aqueous back extracted with 
CH,Cl, and dried over K&O,, The crude product was 
purified by radial chromatography (silica gel PF-2S4) using 
10% ETOAc/mA Hexanes/sOo/, C&Cl, to remove the 
excess of a-naphthoic acid only. Chromatography is per- 
formed using a Waters Associates Model 440 in~~ent at 
254 nm wavelength. The column specifications: Pirkie Cova- 
lent Phenylgiycine, Modified Spherisorb SSNH (Regis 
Chem. Co., Skokie, Illinois), 25 cm x 4.6 mm - 4 in. OD, 
end fittings: $ in. Swagelok ZDV. The solvent used for the 
analysis was loof, iP#H/Hexane, the flow was 6mi/min 
with a back pressure of 4ooopsi. 

I-Methyl-l, 2, 3, 4-tetr~y&o~~&iscyluinolifie. IR (film) 
3650-3160 (broad), 3080,3@#0,2980,2940,1490,?50 cm- ‘. 
‘H NMR (CDCI,, TMS): 7.00 Is, 4111, 4.00 (q, IH, 
J = 6 Hz), 3.27-2.50 (m, 4H), 1.63 (s, IH, NH), 1.43 (d, 3H, 
J = 6 Hz) ppm. Hydrochloride salt: m.p. 183-4” (Found: C, 
65.27; H, 7.76; N, 7.55. Caic for C,&NCi: C, 65.38; H, 
7.70; N, 7.620/,). 

I-iso-butyf-1, 2, 3, 4temhy&oiroquinoline. IR (film) 
3520-3200 (broad), 3080,3040,2%0,2940,1490,1460,740, 
?3030cm-~. jH NhiR (CDC&, TMS): 7.03 (s, 4H), 3.97 
(broad t, IH), 3.332.57 (m, 4H), 2.031.32 (m, 4H), 1.01 (d, 
J = 6 Hz), 0.97 (d, J = 6 Hz, 6H) ppm. Hydrochloride salt: 
144-6” (Found: C, 68.63; H, 9.11; N, 6.14. Calc for 
C,,H,NCl: C, 69.15; H, 8,95; N, 6.20%). 

I-Benzyi-1, 2, 3, 4+etruhy&o&quinoline. IR (film) 
3680-3140 (broad), 3080,3040,2970,1495,1450,7SOcrn-’. 
‘H NMR (CDCi, TMS): 7.30-7.00 (m, 9H), 4.3i-4.00 (m, 
IH), 3.42-2.67 (m, SH), 1.83 (broad s, lH, NH) ppm. 
Hydrochloride salt: m.p. 168-9°.14 

I-n-Butyl-1, 2, 3, 4-tetruhydrmk~inofine. IR (film) 
3600-3 160 @road), 3060, 3020, 2950, 2930, 2860, 1 500z 
1460, 74Ocm-‘. ‘H NMR (CDCi>, TMS): 7.00 (s, 4H), 
4.10-3.70 (broad 1, IH), 3.43-2.55 (m, 4H), 2.13-0.70 (m, 
i0H) ppm. Hydrochloride salt: m.p. 14-O. (Found: C, 
69.08; H, 9.10; N, 6.23. Calc for C,,H,NCI: C, 69.15; H, 
8.95; N, 6.20%). 

1-Phenylethyl-1, 2, 3, 4-tetrahy&otjquioline. IR (film) 
3600-3 140 (‘broad), 3065, uw), 2%0$ 1600, 1490, 1450, 
74Ocm - I_ ‘H NMR (CDci,. TMS): 7.2 (s, SH), 7.05 fs, 4H), 
3.95 (t. IH, J = 6 Hz), 3.3-2.60 (m, SH), 2.20-1.90 (m, 2H), 
1.7 (s, IN, NH) ppm. Hydrochloride salt: m.p. 168-9”. 
(Found: C, 74.62; H, 7.34; N, 5.00. Caic for C,,H,NCi: C, 
74.54, H, 7.38; N, S.lYk). 

1, 3, 4, 6, 7, 1 lb-~ex~y&o-2H-benzcr[a3quinoiizine. 
[a]d = - 126.2 (c 0.5 EtOH), reported” for the S- 
enantiomer, [a~z-1400 fc 0.43 EtOH). IR (film) 3040,3000, 
2920,2840,2790,2730, 1490, i440, 1350, 1295, 1130, 1110, 
lOSO, 72Scm- ‘. ‘H NMR (CDCI,, TMS): 7.21-7.05 (m, 
4H), 3.35-1.14 (m, 13H) ppm. ‘v NMR fCDCi,, TM!?+ 
i38.t, 134.1, 128.6,125.7,12S.S, 124.4,63.3, S7,f, S2.6,3f.2, 
29.6, 25.4, 25.Oppm. Hydrochloride salt: m.p. 260-2°*5. 
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