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Abmtract: htrahydroisoquinolin. wax converted into several l- 
substituted derivatives by ruing carbon dioxide both for N- 
protection and to give an intermediate carbanicm rtabilixing 

group. t-Sutyllithim warn ueed aa a lithating agent at the alpha- 
carbon atom of the secondary amino group. Ths resulting l- 
substituted 1,2,3,4-tetrahydroisoquinoline-2-carboxylic acids 
undervent lllrooth acid-catalysed decarboxylatlcm under mild 
conditiona. 

The formation of a new carbon-carbon bond at the alpha-position of secondary amines utilizing 

tha dipole xtabilixd carbanion concept', has enabled %&ach,2 Myers,3 and Bxak,4 to doxign 

efficient approachen to natural products xynthesis.3x Wa recently mccemsfully tra"sformod5 N- 

unsubstituted indolem into N-unsubstitutmd 2-substituted indoles, wing carbon dioxide ax an saxily 

rmmovsd protecting group and ximultaneoualy activating group, with t-butyllithirnn a8 a lithiating 

agent. This prompted us to investigate similar conditions for carbon-carbon bond formation at the 

alpha-position of secondary mines. 

We now describe nova1 convarxionx of l,2,3,4-tstahydro-Lsoqulnolins.~D2b~3b into l- 

substituted derivativax by the following one-pot eequance:- 

(i) Protection. htrahydroisoquinoline wax converted quantitatively into the corresponding N- 

lithim carboxylate by reaction with n-butyllithirn in tetrahydrofuran, followed by quenching with 

carbon dioxide in tatrahydrofuran. 

(ii) Lithiation. Lithiation of thin N-lithim carboxylate wax accomplished by the addition of 

1.2 equivalents of t-butyllithim in tetrahydrofuran at= -20 OC. 

(iii) C-C bond formation. This wax performed by adding 1.0 equivalent of the electrophile at 

-70 OC and then alloving the mixture to riw to 25 OC over a few hours. 

(iv) Deprotection. The reaction mixture va8 poured into aqueous 2N hydrochloric acid at 0 OC, 

and kept for a fev minutes. 

(v) Work-up. The solution wax made alkaline with sodium hydroxide at 0 Oc, extractad with 

ethyl other, dried (MgS04), the solvent rmovad, and tba whole purified by distillatlaa or colon 

chromatography (silica gal). fiis gave the corresponding 1-•ubxtituted ixoquinollua in high yield. 
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Tha resulta are ahown in tha Tablo. Alkyl iodide. both prlmry and ucoadary, ruct roedily 

to giva l-alkyl-1,2.3,4-totr~hydroi8oquinolin~~ in good yield. Aldohydos and kotono~ afford thm 

l xpectd l-(alplu-hylroxyalkyl) dorivativom, and an l xmpla of an qoxi& reactinq to yfald tha 

corrompollding l-( beta-hydroxyalkyl) oapound ix provided. Finally it IUB boon poxxiblo to 

introdnm tin l thoxycarbonyl group wing ethyl ohloroformata ax thx l laotrophil*. 

Tha value of a synthetic mathod should be jtigad by it8 convaionco, and by ita vorntility. 

~ha prwently roporthg method fm convaniant in that it im a onepart prootiura tuing readily 

available nagants. It i# wrsatilo in that uch of the throw vital W.agom. 1.0. protection, main 

reaction, and deprotaction, ia l occqli&wl readily. Th8 particular .(I" of introduotion and of 

removal cbaractrrico our uma of carbon dioxide u a protecting group. In prrviou#ly roportod 

nothodm, t.ha protacticn #tap warn gonorally rather readily pmrformod, howavu tJn daprotectiar #t.ep 

"a. not DO mildly accompli&ad. Dqrotection by alkaliao or acid hydroly#is2g3e4 doea not aLlow 

tin -ival of, for oxmpla, an oata group.3b vhila in our mathod an ethoxycubonylgroup could 

k introduced unchanged (entry 9 in Table). Although our mathod raquiros the use of 

t-butyllithium, it has been ahown that this reagent CM k handled undu conditions #iailu to 

thor luod for n-butyllithirn. 
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Table. Propnration of 1-&bmtitntad 1,2,3,4-htr~hydroi~inolino~ 
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($1 

85 5e”/4.0 b 

62 600/2.5 c 

60 700/l .5 d 

69 050/l .5 . 

66 75’/2.0 f 

06 102.0-103.0 B 

74 259-O-260.0h i 

71 198.5-200.5h 1 

54 Oil k 

71 156.0-160.0 1 

Pootnotam to Tablo: 

& Bulb to bulb dimtillation bath watur.. 

b '6 IUR (CDC13) 1.92 (m, 18, -aa_), 2.70-3.28 (a. 4E8, -CCEE,,-,, 4.07 (m, la, -C&N-,, and 7.27 

m (a, 48, aromatic protomm). 

C IR (NaCl) 3275, (R-H) cm-'. 'II IUR (CCU3) l.U (d, J - 7 BI, 3H, Cl&,, 1.60 (m, lH, -El, 

2.63-3.37, (m,4E, -(C+&)2-), 4.13 (q, J - 7 IIS, lli, -ca_lc,, l xl 7.23 pa (m, 48, a-tic 

protom), bp (lit.l*) 125 'C/14 ml@. 

a IR (r&CI) 3300 (IGE) cm-l. 'II IWR (CDC13) 0.96 (t, J - 7 Br, 38, -CH2ca,, 1.76 (a, 18, -E), 

1.63 (q, 28, -CBBCE,), 2.57-3.26 (m, 48, -(CE212-1. 3.93 (brt, ill, -p), and 7.20 pp (a, 48, 

arautic proton@), bp (lit.') 75-76 OcJO.5 -4. 

I IR (Rcl) 3290, (R-H) “‘1. ‘E IWR (CDC.13) 0.83-1.02 (m. 38, Ca,), 1.23-1.63 (I, 78, -(C!13- 

and -lra_,, 2.63-3.30 (m, 48, Ar-(CEE)-Ic), 4.02 (brt, J - 7 Hr, 18, =cB_-R-c), and 7.22 ti (s, 111, 

aromatic protos18), bp (lit.ti) 

11ooc/o.4 mlQ. 

i Ill (lIaC1) 3300 (R-E) on-l. 'll lUR (CDC13) 0.74 (d, J - 7 Ez, 38, Cl&,, 1.11 (d, J - 7 Ez, 38, 

-41, 1.68 (m, 18, -m-l, 2.00-2.53 (m, 18, -ClJCIi3,2,, 2.62-3.47 (m, 4R8, -(CE2)2-), 3.98 (d, J - 6 

Rs, 18, -C*R-,, and 7.22 fp (a, 4R, aromatic potoms), bp (lit.2a) 155 'C/14 -69. 

P IR (BBr) 3290 (E-a). 3225, (O-R) cm-'. 'E lWR (CMX3) 1.60-1.80 (m, 88, -(~I),-), 2.58-3.50 

(m, 6H, -(CEE)2-, -E, aud -Oa,, 4.12 (D, 18, -C!H-1, 7.25 m (a, 4R, arcaatic protons). mp 

(lit.2b ) 106 'C. 

imp of hydrochloride malt. 

i Rydrochlorida malt: IR (BBr) 3320, (081, 2740 (RR,? cm-', 'E HR (D20) 2.50-3.17 (m, 4E, 

-(CEd,,-,, 5.40 (a, 18, -+I&-,, 5.93 (d. J - 8 Ez, 18, C(8)-El, ad 6.4-7.75 pp (m. 1311, araatic 

protons), mp. (lit.*) 259-260 OC (of hydrocblorido mlt). 

1 Rydrochlorido malt IR (BBr) 3360 (Dll), 2775 (1012+) om-'. hoa baw 'E MlR (CDC13) 2.22-3.12 

(m, 411, -(qg,-1, 3.45-4.28 (m, 98, -It-E, -C!l$E, -OH, -0CEE). 4.68 (d, J - 6 Ez, 0.428. -E-RR-), 

4.92 (d, J - 5 8, 0.5EIE, =E, 

-RR-), and 6.40-7.25 (m, 78, uomatia protow). Mixture of diamtor-rm (4:3). mp (lit.3b) 198- 

200 OC (hydrochloride malt). 

Ir IR (RaCll 3340, (RR), 1735 (-C-O) cm-'. 'll lMR (CDCl,) 1.17 (t. J - 8 Ex, 3E, -OCE2CEE), 2.22 

(0, 18, -R-l), 2.57-3.45 (m, 4E, -(W!H)2-)s 4.13 (qs J - 8 m, 28, -0c88CIt3). 4.63 (m. lR, +-R-j, 

l d 7.00-7.42 ppm (m, 4E, aromatic protona). 

1 IR (lCBr) 3290 (R-R), 3070 (O-E) cm-'. 'E IBIR (CDC13) 0.77-2.17 (m, 88, -(aA),-), 2.50-4.03 

(m, 88, _(cajrk' -o=, -U-H, -qg+gDB)-)s 4.67 (d, J - 4 Sk, 1E. -a&I+), and 7.23-7.43 pin (ma 4% 

uosatic protarm). mrmhl -lpi. nquiras C:77.88; E:9.15, H:6.05 l , P8md CZ77.90, 8:9*47* 

lt:5.85 a. 
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EXpet~0Ilt.d 

G.nOrU tilting pointm of the product* were meawed by a Thwae HOOVER tipillary Welting Point 

Apparatue and are uncorrected. Ir W8ctra me Of NaCl Or KBr discs ruing a PRRKIN-ELnBR 283 B. '8 

RWR spectra Were obtained With a Varian EM 360 L using tetramethyleilane ae an internal etandud. 

Elemental analyses were carried out under the supervision of I&. R. Icing of thie Department. 

n-Butyllithium end t-butyllithim (Aldrich) vere used vithout further purification. 

Tetrahydrofuran, reagent grade frw Fisher Chemical Co., vae dried with calcirn hydride and ueed 

directly after dietillation under dry argon. Carbon dioxide (titheeon) Was used after paeeing over 

anhydroue calcium sulfate. Rlectrophiles vere distilled before urna. 

Processes (1) and (ii) were carried out under dry argon. 

General Procedure Tetrehydrofuran (30.0 ml) vae added to 1,2,3,&tetrahydroiaoquinoline (500 mg, 

3.0 mole) in a Shlenk type reactor ln an AZ alzaoephere at 25 'C. The resulting solution Wae 

Cooled to -70 'C and n-butyllithim (1.5 ml of 2.511 n-hexane solution) vae added dropvies. The 

solution vae held at -70 OC for 5 min., allowed to rice to 0 'C, and kept at 0 OC for 5 min. The 

lithium derivative of the tetrahydroisoquinoline in solution in tetrahydrofuran Waa added to 

tetrahydrofuran (50.0 ml) vhich bed previouely been eaturated with carbon dioxide; during the 

addition more carbon dioxide vae paeeed through the solution. The solution vae allowed to tiee to 

25 OC. The solvent Wae evaporated under reduced pressure and the pale yellow reeidue of N-lithirm 

isoquinoline carborylate vae thoroughly washed With 50 ml of ethyl ether - n-hexane (1:9). The 

solid vae placed into a Shlenk type reactor, and the atmoephera Wae replaced by argon. 

Tetrahydrofuran (30.0 ml) vae added: after stirring for several minutes the Whole formed a 

homogeneous eolution which Rae cooled to -70 'C. t-Buty11ithilmn (2.8 ml, 1.611 n-pentane eolotion) 

vae added in one portion, the color became dark red. The cooling bath Was replaced by an ice-ealt 

bath, and the solution Wae kept cd -20 'C for 30 minutes when a pxle yellow precipitate formed. 

The "hole vae cooled to -70 OC and the alectrophile (3.8 mole) in tetrahydrofuran (1.0 ml) vae 

added. The reaction mixture vae allwed to regain room temperature, and then Wae added to aqueow 

hydrochloric acid (2N) and ice at 0 OC. Gas vae evolved. The solution Wae kept for a fev mlnutee 

at 0 OC and then brought to @I c'~ 11 by aqueous sodim hydroxide at 0 OC. The solution Wae 

extracted with ethyl ether, the extracts dried (ng.504) and the solvent evaporated under reduced 

preseure. The pa&e yellov oily product vae purified by bulb to bulb distillation or column 

chromatography (silica gel). 
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