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Abstrxt--The compounds IS-fluoro-. Miuoro- and 16.17~benzocrythrinane. their thienyl analogue, 1.2,3,4,4a&8.9- 
octahydr&u-thieno[2’,3’-4,3jpyrido[2,1-ilindol. the erythrinane homologue. I2344a5679 IO- 1.1, ,,.,o 
dccahydroisoquino[2,1-jlquinoline and its Wfluoro and 16.17dimethoxy derivatives were prepared. Their chemical 
structures and their stereochemistry were investigated. All are of the structure cis A/B. cis B/C. 

Several natural erythrina alkaloids’-’ and erythrinane 
derivatives’ are well known for their curariform activity 
though only few reports on synthetic erythrinane 
analogues are available.‘-9 In the course of our study on 
the effect of geometric and electronic factors on the 
paralytic activity of eryt~nanes some represen~tives of 
the title compounds have been prepared. We were 
particularly interested in investigating the fluoro and 
thio-analogues of the natural alkaloids. Introduction of a 
F atom (which has a similar van der Waals radius to 
hydrogen) often enhances the biological activity of drugs 
or else causes potent antagonistic action. Typical exam- 
ples are the Ruorocorticoid drugs which are much more 
potent than the corticoids” and the 4-fluorophenylalanine 
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which is phenylalanine antagonist.” Likewise, the intro- 
duction of thienyl instead of a phenyl ring in biotogically 
active compounds destroyed in some cases completely or 
in other cases largely increased drug activity (cf. e.g. 
~~2-thienyl)aianine shows phenyialanine ant~onism” 
and the 3-thienyl analogue of tri~lennamine has about I.5 
times the antiallergenic activity of tripelennamine.” We 
have prepared the following erythrinane derivatives: 
l&17-benzoerythrinane (la), Mluoroerythrinane (lb), 
I6-fluoroerythrinane (1~) and the thienyl analogue.. 
1 2 3 4 4a,5,8,9 * 7 . * - octahydro - 6)II - thieno[2’,3’- 
3,4]pyrido[2,1-ilindole (Id). Likewise, three representa- 
tive homologues of erythrinane have been synthesized in 
the course of this study namely: 1,2,3,4.4a,5,6,7,9.10- 
decahydroisoquinoto[ 1.2-jjquinoline (ta) and its 18-fluoro- 
and 16,17~imethoxy derivatives (2b and Ze). Compounds 
la-ld were synthesized by the following general route: 
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(2-0xocyclohexyl)acetic acid ethylene ketat (3)&’ was 
converted to the co~esponding heat sensitive chloride 4 
by treatment with oxaiyl chloride. The reaction of /S-(1- 
naphtyl)-, @-O,-fluorophenyl)-, @_(m-RuorophenyB- and 
#?-(2-thienyl)-ethylamine (Sa-5d) with 4 gave the amides: 
N[B-(I-naphthylkthyll-, N-[B_(p-fluorophenyl)ethyl-, N- 
I/?-(m-fluorophenyl)ethyll- and N-[@-(2-thienyl)ethy&o-(- 
oxocyclohexyl)acetamide ethylene ketal (6a-6d respec- 
tively). Large scale syntheses of amines 5 were accom- 
plished by modification of known methods (Experimen- 
tal). Mondon cyclization” of the amides 6a-6d yielded the 
expected er~~inones 7a-7d. Except for the sulfur 
con~ning compound the cyclization was achieved by hot 
(150”) PPA. Owing to the enhanced eiectroph~icity of the 
thienyl moiety, ring closure in 6d could be affected even at 
room temperature in the presence of dilute HCI. The 
unreactivity of the products 6a-6d towards 2.4DNP” and 
their slow reaction with bromine solution” excludes their 
being enamidic oxindoles 8. The structure of compounds 
7a-7d was determined from the following spectral data: 
IR shows a typical S-membered lactam CO at absorption 
1680cm-“’ (CO group of the starting amides absorb at 
1640-1650cm“). NMR of ‘la-fd show downfield peaks at 
6 = 4.1-4.4 ppm, indicating the equatorial C-IO protons.‘6 
Formation of the C-ring by at~~hment to the aromatic 
moiety is confirmed by the absence of one of the original 
aromatic protons in each of the NMR spectra of 7a-7d 
(compared to Qa-6d respectively) and by the well 
characterized aromatic pattern signals. 

Cyclization of 6c may lead to two possible isomers: 16 
fluoro- and l4-fluoro-8-oxoerythrinane (7c and 7e). Both 
‘H and ‘*F NMR spectra confirm that the isolated lactam 
is the IQfluoro isomer (7~). The aromatic proton NMR 

signals are 6 = 6.72-1.02 (H, m, C&I, C,,-H), 7.26-1.45 
(lH, m, C.-H). The upfield signal is due to fluorine 
shielding which is strongest at the ortho positions:” this 
signal reflects, therefore, G-H and CI,H. The downfield 
signal which is due to the proximity effect” of C,-H and 
Cr-H” reflects C,,-H. Fluorine NMR spectrum, S = 114.2 
(rel. CFCI,, sextet, J, = 9.0 Hz, J2 = 6.0 Hz, ClcF) resem- 
bles that of the F atom in IS-fluoro-8-oxoerythrinane 
(6 = 114.9 ppm). It has the X part pattern of ArBX system 
with the coupling constants J, and JI corresponding to 
JF.MhoH and JF,mcuH respectively (J, - -2-t2 Hz. J, - 6 
lOHz,J, -6-g Hz~). The alternative isomer, 14-fluoro-8 
ox~ryth~nane (7~) should have had a different “F NMR 
spectrum-a quartet with the X part pattern of ABX 
system (the coupling with a para proton is very small), and 
a downfield shift due to a considerable van der Waals 
effect.” 

LAH reduction of the lactams la-7d afforded the 
respective erythrinanes la-ld. 

The general route followed in the preparation of the 
erythrinane homologues Za-2c is outlined in Scheme 2. 
2-(/S-carbomethoxyethyl)cyclohexanone (9)” was ketal- 
ized in two phase systems. with BF,-etherate as catalyst? 
A mixture of methyl and Z-hydroxyethyl esters of 
2-(~-carboxyethyl)cyclohexanone ethylene ketal (1Oa 
and lob respectively) resulted. The latter compound 
is probably formed through transesterification by the 
glycolic solvent. The free carboxylic acid 11 (basic 
hydrolysis) was treated with oxalyl chloride to give the 
heat sensitive 3-(2-oxocyclohexyl)propionyl chloride 
ethylene ketal(l2). Crude 12 was reacted with the amines: 
/3-(o-fluorophenyl)-, B-phenyl. and P-(3.4- 
dimethoxyphenyl)ethylamine (5tSg respectively) to yield 
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the corresponding amides: N-(P-phenylethyl)-, N[/3-@- 

fluorophenyl)ethyl]- and N - I/3 - (3.4 - di- 

methoxyphenyl)ethyl] - 3 - (2 - oxocyclohexyllprop- 
ionamide ethylene ketal (13s~UC). Cyclization by the 

method of h40ndon6 using PPA resulted in the formation 

of lactams Ma-14~. As in the synthesis of the erythrinanes 
the electrodonating OMe groups caused faster ring- 
closure in lk, than in 131~ and 13b. (1.5 hr at loo” for 13~ 
compared lo 12 hr at 120-130” for 1311 and 13b). It is 

remarkable, however, that in contrast to the formation of 
Sd cyclization of 13~ could not be effected by diluted 

hydrochloric acid. 
All three lactams 14a-14c have the characteristic 

absorption at 1635 cm-’ (carbonyl group in 6-membered 
lactams”). NMR spectra of 14a-14e show typical down- 
field signals at 6 = 4.U.9ppm, corresponding to the 

equatorial C-9 proton’ti (cf. the resonance of the 
equatorial proton adjacent to nitrogen in 4- 
oxoquinolizidine derivatives’“). 

Finally, amines 2a-2c were prepared by LAH reduction 

of Ma-14c respectively. 
The stereochemistry of the compounds la-ld and 2a-2c 

was elucidated by the following considerations: IR of 
la-ld. 2a-2c show no Bohlmann bands, which indicate cis 
fusion of the B/C rings (frans-fused indolizidine2’ and 

quinolizidine’6 derivatives are indicated by the presence 
of Bohlmann bands at 2700-28OOcm.’ in the IR). The 
configuration of the A/B junction was determined by the 
“quaternization test” as cis. In both erythrinane and 

erythrinane-homologue systems, when A/B is cis-fused, 
B/C may be either cis fused or tr(lns fused. These two 
isomers (cis A/B. cis B/C and cis A/B, trans B/C) are 

actually conformers, due to the inversion property of the 
bridgehead N atom. Each of these conformers can yield 

on quaternization with methyl iodide the same two 
diastereoisomeric methiodide salts characterized by two 
different N-Me singlets in the NMR. When A/B is 
truns-fused, the B/C junction in the erythrinane system 

can only be cis-fused (the conformation trans A/B, trans 
B/C involving trans diaxial j-membered-ring junction is 
highly improbable). Therefore quaternization of isomer 
irons A/B, cis B/C can only afford one methiodide salt 

characterized by a single N-Me singlet in the NMR. On 
the other hand, in the erythrinane-homologue system, 
although both isomers, trans A/B, cis B/C and trans A/B. 
trans B/C are possible, models show that in the isomer 

frans A/B, trans B/C, ring B can exist only as the boat 
conformer, which is less stable than the all-chair trans 

A/B, cis B/C compound. Moreover, on quaternization, 
both transition states and the products, trans A/B, trans 
B/C methidide must form unstable boat forms, with the 
N-Me group at the flag-pole position. Therefore, quaterni- 

zation of the trans-fused A/B siomer is likely to give only 
one methiodide, characterized by a single N-Me group 

singlet in the NMR spectrum. Since on quaternization of 
la, lc, 2a, and 2c there results in each case a mixture of 
two stereoisomeric methiodides indicated by two N-Me 

tOn standing with D,O the signal disappears. 

singlets, their A/B junctions must be cis-fused (and 

consequently must be identical in lactams 7a, 7c, 14a and 

MC as well). The data of the N-Me group signals are given 
in Table 1. The uplield signals are assigned to the truns 
isomers, and the down-field signals to the cis B/C (as is 

known for methiodides of substituted quinolizidines2’ and 
substituted indolizidines”~‘~. 

In order to show that each signal corresponds to a 

particular isomer, the cis A/B, truns B/C isomer was 
isolated by fractional crystallization from the mixture of 

the la methiodides. From the mother liquer a mixture of 
the methiodides of la, enriched with the other isomer (cis 

A/B. cis B/C) was obtained (IO:3 in the final mixture as 
compared to 1: 1 in the initial mixture). 

These observations prove the validity of Mondon’s 
rule” in the case of our homo-erythrinanes. Accordingly, 

irons-fused A/B configuration is characterized by a 

difference larger than 30 Hz between the chemical shifts 
of the aromatic protons in dimethoxyertyrhiane deriva- 
tives (A6 = a,.,, - I&.~, > 30 Hz), and the cis A/B configu- 

ration is indicated by difference smaller than 20Hz. 
Correspondingly, the NMR spectra of 13~. both A/B 
cis-fused show AS = a,.,, - &.” = 7.2 Hz and 18.36 Hz 

respectively, both less than 20 Hz. 

M.ps were determined with a Thomas-Hoover capillary m.p. 

apparatus. IR spectra were recorded with a Perkin-Elmer 457 

spectrophotometer and NMR spectra with a Varian T-60 and 

Varian HA IOOD spectrometers. Mass spectra were obtained with 

a Varian Mat 31 I mass spectrometer. 

(2-0xocyclohexyl)acetyl chloride ethylene ketd (4). A soln of 
3”’ (6.6 g. 0.033 mole) in dry benzene (50 ml) was added dropwise 
at room temp. lo freshly distilled oxalyl chloride (21 ml) in dry 

benzene (75 ml). After standing overnight, the solvent was 

successively evaporated in cacuo, reintroduced and evaporated 

again to ensure complete removal of excess oxalyl chloride, 

(because of the heat-sensitivity of 4. temp. kept below 30” 

throughout procedure). The crude 4, a colourless liquid, was used 

without further purification for the next step. Id (neat) 1815. 

17SOcm- (acvl halide GO). NMR (CDCI,) 6 3.8 (s. 4H. ethvlene 

ketal). 2.I-2.j(m. 2H. CH&O), 111-2.1 cm. II I$ . 
N-[~-(Naphfhyl)ethyl)]-(2-oxocyclokexyl)ocefamide ethylene 

ketol (6s). To SP (I 1.3g. 0.066mole) in melhylene chloride 

(100 ml) was added dropwise. at -20” lo -IO”. a soln of crude 4 

(from 6.6g 3) in methylene chloride (SOml). The mixture was 

allowed lo warm lo room temp. and left overnight. The solides 

were filtered off and the filtrate was washed with water, Na,CO,aq 

and again water, dried (MgSO,) and evaporated lo give an oil 

(quantitative yield) which solidified by tituration with petroleum 

(60-80”): colourless crystals, m.p. 94”~%” (from ether-hexane). 

NMR (CDCI,): S 7.6 (m. 7 H. ArH). 5.8t (m. I H, NHC=O), 4.0 (s. 

4 H. ethylene ketal). 3.3-3.9 (m, 6 H. CHrN. -CI&Ar, CH,C=O). 

1.2-2.2 (m, 7 H). IR (Nujol): 3340 (NH), 1645 (amide GO). 1095. 

956,934, (ethylene ketal). (Found: C, 74.48: H. 7.71; N, 4.16. Calc. 

for LH,NO,: C, 74.78; H. 7.64; N. 3.96%). 

8-Oxo-16.17~benzoeryfhtinane (71). A stirred soln of 6r (4g, 

0.01 I mole) in PPA was heated at IO@’ for I4 hr. After cooling, the 

dark-red soln was poured into chilled water. The mixture was 

extracted with CHCI, and the organic layer washed with water, 

NaHCO,aq and again with waler. dried (MgSO,) and evaporated. 

The residue was chromatographed on alumina (neutral, grade I 
Merck alumina) and eluted with CHCI,-C,H, (I :3 V/V) lo yield 

Table I. NMR chemical shifts of the N-methyl groups of the methiodides (S) 

q ethiodides &I q ethiodides lc q ethiodides 2a n ethiodides Zc 

trans B/C 3.08 3.02 2.86 2.86 

cis B/C 3.34 3.31 3.26 3.26 
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0.9g la (27.2% from 3). The compound solidified immediately on 114.88 (m). IR (Nujol): 1685 cm-’ (lactam GO). Reduction of the 
addition of petroleum (4@‘-6U’), m.p. 157-8’ (from benzene- lactam 7b (1.1 gf with LAH (2.33 gt afforded the hydrochloride of 
petroleum ether). Mass spectrum: (?OeV) m/c 291 (M’). NMR lb (0.8OOg 68% yield). m.p. 270” (from isopropanolcther). Mass 
(CDCI,): 6 7.56 (m, 6H, ArH), 4.32 (m, 1 H, eq~ato~f C,*-H), spectrum (7OeV) mle = 245 (free amine). NMR (CDCI,): 6 6.92 
2.68 (m, 2 H, CHGOO), 2863.41 (m, 3 H, Cl&Ar, ariaf C,cHL (m. 3 H, ArH), 3.03 (m, 4 H, CH,-N-CJ&), 2.34 (m, 2 H, C&-Ar), 
2.1-1.45 (m, SD. IR (Nujol): 1677cm-’ (lactam GO). (Found: C, 1.14-2.12 (m, 1 I H). IR: no Bohlmann bands and no CO band. 
82.56; H, 7.53: N. 5.0. Calc. for C&&NO: C, 82.47: H, 7.2; N. (Found: C, 68.50; H, 7.18; N. 4.%; F, 6.56: Cl. 12.35. Calc. for 
4.8%). C,,H,,NCIF: C, 68.21; H, 7.46; N, 3.97; F. 6.74; Cl, 12.61%). 

16,1?-Be~zoe~tk~nune (la). A son of 7a (L59g. 0.0054 mole) 
in dry THF was added dropwise, at room temp. to a stirred 
suspension of LAH (1.6 g) in the same solvent. The mixture was 
reguxed for 4 hr left overnight at room temp., decomposed by 
successive additions of cofd water ft.6 ml), 15% NaOHaq (1.6 ml) 
and again cold water (3.5 ml)” stirred for 1.0 hr and filtered. The 
resulting semi solid was extracted several times with boiling THF 
until it became crystalline. The combined THF layers were 
evaporated, and the oily residue was taken in dry ether. On 
addition of a solution of HCI in dry THF the 15,16- 
benzoerythrinamium chloride precipitated (1.35 g. 75.8%) as a 
colourless solid, m.p. 209-210” (from water). Mass spectrum 
(70eV) m/e = 277 (free amine). NMR (CDCI,): 6 = 7.2-8.05 (m, 
6 H. ArH), 2.7-3.85 (m, 6 H, NC& A&X,), 1.2-2.5 (m, 11 H). LR: 
No Bohlmann bands and no carbonyl bands. (Found: C, 74.23: H, 
7.69: N, 4.38; Cl. 10.53. Calc. for C,H,,NCl+l12HIO: C. 74.41; H, 
7.75; N, 4.3: Cl. 10.9%). 

l~~uoroe~tk~nane (1~). The amide 6e (6.3~. quantitative 
yield) was prepared from the chloride of acid 3 and5ciR (Nujol): 
1640 amide 001 3320cm-’ (NH). Cvclization of 1.18~ crude 6c 
and PPA (299) at 130” for 12 hr gave 7c as an oil (0.388g. 40% 
yield from the acid 3). Mass spectrum (7OeV) mlc = 259 (M). 
‘H-NMR (CDCI,): 6 7.36 (m. I H. t&-H), 6.88 (m, 2 H, C,,H, 
C,,H), 4.08 (m. 1 H, equatotial C,,H), 2.07-3.45 (m. 6 H, C&H, 
C&-AL C&X$ axial C,,-H). 1.35-2.07 (m, 8H). “F-NMR 
(CDCI,, int. CDCI,I: S 114.19 (d of t. JR,_, = 9.0Hz. Jp__x = 
6.0 Htj. IR (neat): l680 cm-’ (&O). Red&on of 7c (2.68; 0.01 
mole) with LAH (3.22g) yielded lc which was isolated as the 
hydrochloride (2.2g. 75% yield), m.p. 183’ (from water). Mass 
spectrum (7OeV) m/e = 245 (free amine). NMK (CD&): S 7.15 
fm, I H, C&H), 6.78 (m, 2 H, C,rH, C,,H), 3.01 (m, 4H, CH,- 
N-C&). 2.35 (m, 2 H, CH,-Arf. 1.262.1 (m. 11 HI. (Found: C. 
63.82: H, 7.57; N, 4.63; Cl. 12.10. Calc. for the monohydrate 
C,.H~,NCIF,H,O: C. 64.1 I: H. 7.68: N. 4.66: Cl. 11.85%). 

1~,3.4,4a,5,8.9 - Ocfahydro - 6 - 0x0 . 6H - fhi(?no~2’.3’- 
4,3jp@du - fZ,l-i)indOte (Id). Crude acyl halide 4 (from 15.7g. 
0.0787 mole acid 3 and 60 ml oxalyl chlordie) was converted as 
above into 66 by treatment with ldg (0.0787 moie) 5d” and 7.95 g 
(0.0788 mole) t~ethylamine. A solo of crude 6d (3.5 g. 0.01 mole) in 
10% HCIaq (100 ml) and EtOH (200 ml) was stirred at room temp. 
for 6 days, then neutralized with Na&O,aq. After evaporation of 
the EtOH, the mixture was extracted with methylene chloride. 
The organic layer was washed with water, dried (MgSO,) and 
evaporated to give crude lactam which was purified by preparative 
TLC on silica ael (eluent: 0.5% MeOH in CHCI,. each plate 
successively eluied and dried 4 times) to give colourless 7d (OJ3 g. 
30.8% yield from 3) m.p. 116-117 (from cyclohexane). Mass 
spectrum (7OeV) m/e = 247 (M’). NMR (CDCI,): 6 7.11 id, 
1 = 5 Hz. 1 H, AB doublet, C,.-H), 7.01 (d, J = 5 HZ, 1 H, AB 
doublet, C,,-H), 4.37 (m, 1 H, equal&al t&H), 2.68-3.28 (m. 3 H, 
Cl&Ar and aria1 &-HI, 2.38 (m, 2 H. C&C=@, 2.28-1.4 (m. 
9Ht. IR (Nujoll: 1680cm-’ flactam GO), (Found: C, 67.81: H, 
6.88: N. 5.51; S. 13.36. Calc. for C,,H,,NOS: C, 68.03; H, 6.88; N, 
5.66; s, 12.9%). 

1,2,3.4,4a.S,8,9 . Ocfrrhydro - 6H . rhieno[2’,3’-4,3]pyrido[2,1. 
i]indole (Id). Reduction of ‘Id (0.75Og. 0.003 mole) with LAH 
(1.6g) essentially as described for In yielded the hydrochloride of 
ld (0.6108, 75.3% yield) m.p. 238” (from acetone). The picrate, 
yellow crystals, m.p. 161-2” (from EtOH). Mass spectrum (70eV) 
m/e = 233 (free amine). NMR (CDCI,) (of the free amine) 6 6.996 
(d. J = S Hz, 1 H, AB doublet, C.-H). 6.784 (d. J = 5 Hz, 1 H, AB 
doublet, C,,-HI, 2.8-3.8 (m, 6 H, CH,-NC&. C&-A& 1.1-2.6 
(m, 1 I H). IR: No Bohlmann bands and no carbonyl band. (Found: 
C, 51.90; H, 4.12: N. 11.93; S. 6,62. Calc. for C,HZIN,S07: C. 
51.94; H. 4.76; N, 12.12; S, 6.92%). 

15.Fluoroeryrhtinone (lb). The amide 6b was prepared in 
quantitative yield by treatment of crude 4 (from 6.76g, 0.0338 
mole acid 3) with 5b (3.4g. 0.0338 mole). IR: 1640 (amide C=D). 
3320cm ’ (NH). Ring closure was afforded by heating a stirred 
mixture of crude 6b (3gf and PPA (6@g) at 135” for 12 hr. 
Treatment of the prod& by the same procedure as ?a and 
Preparative TLC nurification on silica ael feluent: 0.6% MeOH in 
&Cl,) gave 7b ai an oil, (1.1 g. 46% y&Id from the acid 3). Mass 
s~c~rn (70eV) m/e = 259 (M’). ‘H-NMR (CDCI,): S 7.34 (m. 
1 H. C,,-HI, 6.87 (m, 2 H, ClcH. C,,-HI. 4.12 (m. 1 H, equatorial 
C,,-H), 2.28-3.40 (m, 6 H, a.&! C,,-H, G-H, Cl&-Ar, Cl&-Ar. 

C&C), 1.26-2.24 (m, 8H). “F-NMR (CD& int. CFCI,): 6 

*On standing with 40 the signal disappears. 

_ -- 
~e~k~dide5 if la: A mixture of la (O.136gf and Mel~(l g) in 

acetonitrile (20ml) was refluxed for 12ltr. Evaporation of the 
solvent and excess Mel gave a residue (O.l%g* 94% yield) which 
was purified by trituration with acetone (analytical grade) to yield 
the mixture of the meth~~des of la. The ratio of the two isomers 
cis A/B. frans B/C to cis A/B cis BIG was 19:5; colourless 
powder m.p. 21@-211”. Mass spectrumt (70eV) m/e 277 
(M’-CH,I)“~“. NMR (CDCI,): 6 = 7.38-8.04 (m, 6 H, ArH). 

3.45-4.75 (m, 6 H, CH,NCH,, Cl&A& 3.079 (s, 1918 H, N-CH,. 

B/C frans isomer), 3.343 (s. 518 H. N-Q,, BIG cis isomer!, 
1.5-2.5 (m, 1 I H). (Found: C, 59.30; H, 6.3; N, 2.93; I, 30.6. Calc. 
for CZ,HaNI: C, 60.14: H, 6.2; N, 3.34; 1,30,31%). The diastereo- 
isomer ris AlB, rrans BR was isolated by fractional crystaliiza- 
tion from acetone. as a colourless solid, m.p. 224-5”. NMR 

(CDCL,): 6 = 3,092 (s, 3H, N-CH,). (Found: C, 59.92; H.6.48; N, 
3.27: I, 2990%). 

~~kstir~led pkenyletky~amines Sa-SC, k. Large scale /3-U- 
nap&y&. &(p-(fluorophenyl)_, 8-(m-fluorophenyl)- and @_(o- 
Ruorophenyl)-ethylamine (!!a& and SC respectively) were pre- 
pared by NBS bromination” of the appropriate toluenes. 
substitution of the benrylic bromine atom by a cyano group” and 
reduction of the nitrifes by a mod~~tion of Brown and Suba 
Rae’s method.” Data of the prepared fluorolenzyl bromides are 
given in Table 2. 

Data of the ~uorobenzyl cyanides are given in Table 3. 
Redaction of o-fluoro~nzyl cyanide was a~compiish~ by the 

following way: to a solution of o-Ruorobenzyl cyanide (13.5 g, 0.1 
mole) and NaBH, (5.7 I, 0.15 mole) in dry dig&me (200 ml) a soln 
of newly distilled BFT- etherate (28.2g. 03mole) in the same 
solvent was added at IS-IP. After standing overnight the mixture 
was decomposed by boiling with 5N HCI for 2 hr. then evporated 
to dryness. basified with cont. NaOH and extracted with CH,CI,. 
The organic layer was dried (MgSO,). Evaporation of the solvent 
gave 10.5 g of Se (75.5% yield) which was purified by distillation at 
80-96” (24 mm). NMR (CDCI,): 6 7.2-7.8 (m, 4 H, ArH), 2.95 (m, 
4 H, C&C&, AtB, pattern), 1.4 (s, 2 H. NH,). (Found: C, 68.93; 
H, 7.01; N, 10.20; F, 13.72. Calc. for C.H,,FN: C, 69.06; H, 7.19; 
N, 10.07; F, 13.66%). The amines St-Se were prepared by the same 
procedure as Se. Their data are given in Table 4. 

Spectral data of Sa-SC are as follows: Compound 5n: NMR 
(CDCt,): S 7.0-7.8 (m, 7 H, ArH). 3.3 (m, 4 H, CH,-CH,I, 1.3 (s, 
2 H, NH>). Compound sb: NMR (CDCI,): 6 7.2 (m, 4 H, ArHf, 2.8 
(m, 4 H, CH,-CH,I, 1.7 (s, 2 H, NH,). IR (neat): 3400 (NH,), 1680, 
1500 (phtn$), 8ii cm“ @ara subs&ted phenyi). Compound k: 
NMR (CDCI,): 6 7.2-7.9 (m. 4 H. ArH). 2.8 (m, 4 H. CH,-CH,). 
1.3 (s. 2 H. NH,). IR (neat) 3500 (NH,). 785 cm-’ (three adjacent 
protons on a phenyt ring). 
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Table 2. Data of the Ruorolenzyl bromide isomers 

Compound Boiling point Literature boiling point Yield Literature 

e-fluorobenryl brolnide 92-102*(2Orm) 92-l02.(27mm) ; 93-95*(2oEa) 66# 35, 38 

E-f luorobenryl bromide 87- 89°(18mm) 81(7.Swn);196-200’(76Omm) 66% 40, 39 

o-flurobenryl bromide 83-92’ (186~~) 195-202’(76Ou@ 70; 39 

Table 3. Data of the Ruorobenzyl cyanide isomers 

Literature 
Compound Boiling point boiling point Yield Literature 

e_ f luorobenryl cyanide 128-130*(28wo) 120-129*(2Smm) 65: 35 

E-fluorobenryl cyanide 127-128*(28~~) 229-230*(76(knm) 60’. 39 

c-fluorobanryl cyanide 112’(18mm) 230-235’(76&) 75.5’. 39 

Table 4. Data of the substituted phenylethylamines 

Literature 
Compound Boiling point bollin!: point Yield Literature 

R-(p-fluorophcdyl)ethylamine [Lh) 32-93’ (17mm) 3%lono (‘4mm) BOt 41 

&-(m-fluorophenyl)cthylamine (2~) 85-87’ (17mm) 87’ (ISmm) 59.3’) 42 

R-(I-naphtbyl)ethylamine (28) 103-109° (O.,nm) 182-lR3’ (lRm_m) 56: 43 
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8~2-Thienyl)ethylaminr (Sd) was prepared by condensation of 

MeNO, with 2-thenaldehyde” followed by LAH reduction of the 

resulting fi-(.Z-thienyl)nitroethylene.” MeNO, (20 ml, 0.33 mole) 

and 2-thenaldehyde (37g. 0.33 mole) afforded 268 of b-(2- 

thienyl)nitroeIhylene (51% yield) as long and yellow needles, m.p. 

77-78” (lit.” 78-8O”). Reduction of ,942.thienyl)nitroethylene 

(26g. 0.167 mole) with 19g LAH gave 12.5 g of Sd (60% yield) as a 

colourless liquid. 102-105” (25 mm) (lit.‘* 76-78” (7 mm)). NMR 

(CDCI,): 6 7.0-7.6 (m, 3 H. ArH). 3.0 (narrow m. 4 H. -C:H,CH,). 

1.3 (s. 2 H, NH,). 
Methyl and 2-hydroxylelhyl esters of 2-w- 

carboxy/ethy/)cyc/ohexanone ethylene ketal 10s and lob. BF,- 

etherate (36g) was added dropwise at 15-20”. to a stirred mixture 

of 2-(B-carbomethoxyethyl)cyclohexanone” (I 1.04 g. 0.06 mole) 

and, ethylene glycol (186g) and CHICI, (ZOOmI). Stirring was 

continued at room temp. for 5 days. The CH,CI, layer was 

separated, washed with water and NaOHaq dried (MgSO.) and 

evaporated to yield a mixture of IOa and IOh which were isolated 

by fractionation. 10s. (6.65g. 49% yield). b.p. 110-130” (0.5 mm). 

NMR (CDCI,): 6 3.90 (s, 4 H, ethylene ketal). 3.65 (s, 3 H, OCH,). 

2.30 (m. 2 H. CH,-C=O). 1.50 (m, I I H). IR (neat): 1737 (ester, 

GO), 1090. 948. 925 (ethylene ketal). lob. (5.56g. 36.8% yield), 

b.p. l30--160” (0.5 mm). (Found: C, 63.4: H. 8.9. Calc. for 

C,,H,,O.: C. 63.1: H. 8.7%). NMR (CDCI,): S 3.90 (s. 4 H. 

ethylene ketal). 3.9 (m. 4H. OCI&JZH,X)H). 2.98 (s. I H. OH, 
disappear in D,O). 2.3 (m. 2 H. CH,-C=O). 1.5 (m. I I H). IR (neat): 

3470 (OH), 1735 (GO). 1088. 948. 923cm ’ (ethylene ketal). 

(Found: C, 60.18; H. 8.62. Calc. for C,,H*,O,: C, 60.46; H, 8.53%). 

2-tB-Carboxyethyl)cyclohexanone ethylene keral(11). A soln of 

1Olt (6.5 g). KOH (4g) MeOH (I IO mo) and water (6 ml) was 

refluxed for 2 hr. The MeOH was evaporated and mixture was 
diluted with water. The traces of unhydrolyzed ester were 
removed by extraction with ether. Chloroform was added and the 

mixture cooled below 0” with an ice-salt mixture acidified to a pH 

I (SN H,SO.). The phases were separated. the organic layer was 
wahed with water. dried (MgSO.) and evaporated to afford II 
(5.86g. 96.3% yield) as an oil which crystallized on standing. m.p. 

59.5-W (from cyclohexane). Mass spectrum (70eV) m/e = 214 

tll was obtained also through hydrolysis of IOb by the same 
procedure which is described below. 

(M’). NMR (CDCI,): S 9.187 (m. I H, COOH). 3.936 (s, 4 H 

ethylene ketal). 2.4 (m. 2H. CH,-COO). 1.7 (m. I1 H). IR (neat): 

3400-2900 (C-H , carboxylic OH), 1708 (carboxylic GO). 1088. 

945.924 cm-’ (ethylene ketal). (Found: C. 61.72: H. 8.17. Calc. for 

C,,H,,O,: C. 61.68; H. 8.41%). 
1,2,3.4,4a.5.6.7.9,10 - Decahydro - 7 - oxoisoquinolo[l.2- 

jlquinoline (14~3). Compound I2 was prepared by the same 

procedure described for 4 using ll(3.83 g. 0.0178 mole) and oxalyl 

chloride (I3 ml). The crude I2 was dissolved in dry CH,CI, and 
added dropwise at -25 to -I!” to Sf (4.3g.0.0356mole) in the same 

solvent (50ml). The mixture was allowed to warm up to room 

temp., left overnight and filtered. The filtrate was washed with 

water. NalCO,aq and again with water. dried (MgSO,) and 

evaporated. The residual crude 13s was applied in the next step 

without purification. [IR: 3300 (NH). 1640 (amide (GO)). 1087, 

950. 924 (ketal) NMR (CDCI,): 6 3.88 (4 H. s. OClJ,CI&O), 6.0 

(I H. m, Nl$C=O)]. A soln of crude 13a (4.3 g) in PPA (201 g) was 

stirred at 120” for I2 hr. After cooling the viscous mixture was 

poured into ice and water. Extraction with CHCI, and work-up in 

the usual manner afforded the expected lactam. Purification was 

accomplished by TLC on silica-gel (eluent: 0.6% MeOH in CHCI,. 
every plate was eluted and dried 4 times) to give I4a (1.16g. 

25.3% yield from 11) as a solid, m.p. I I l-l 12” (from cyclohexane). 

Mass spectrum (70eV) m/e = 255 (M’). NMR (CDC1,): 6 7.137 

(m. 4 H, ArH). 4.9 (m. I H. equaforiol C,,-H), 3.749 (m. I H. axial 

C,,-H). 3.2 (m. 2 H. CI&Ar). 2.58 (m. 2 H. CH,C=O). I.6 (m. I I H). 
IR (Nujol): 1635 cm ’ (C=O). (Found: C. 80.21; H. 8.43; N. 5.17. 

Calc. for C,,H,,NO: C, 80.00: H. 8.23: N. 5.5%). 

1.2.3,4.4a.5,6.7.9,10 - DecahydroisoquinoIo[ I.?-jlquinoline (2~). 

Reduction of 14s (0.78Og. 0.00306 mole) with LAH (I g) 

essentially as described for In gave crude 2n. Extraction with dil 
HClaq basilication with cone NaOHaq and extraction with CHFI, 

afforded 2a. (0.5oOg. 68% yield) as an oil. IR (neat): 2660, 2680. 

2720.2750 (very small). The picrate. yellow crystals. m.p. 191-192” 
(from EtOH). Mass spectrum (70eV) m/e = 241 (free amine). 

NMR (CDCI,): 6 8.792 (s. 2 H, picric acid ArH). 7.3 (m. 4 H. ArH). 

3.95 (m. I H. C&N’). 3.55 (m. 2 H. CH,N’). 3.2 (m. 3 H, CHN’. 

C&Ar). 1.8-2.8 (m. 13 H). (Found: C, 58.88; H, 5.76; N, 11.53. 
Calc. for C H N 0 : C. 58.72; H. 5.53: N. 11.91%). I, ,L . , 

Mixture ojmethiodides oj 2r. 21(0.280 g) was quaternized with 

Mel (2~) in the manner described for the methiodides of la. and 
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afforded a mixture of coloutIess methi~ides of 2a (0.400 g, m 

yield), m.p. 232-4’. The ratio of cis A/B fruns B/C to cis A/B cis 
B/C was 20: 3. Mass spectrum (70 eV) m/e (tel. intensity) 255 (0.2) 
(M.-HI, Hofmann elimination product,“.” 241 (19.5) (M’- 

CH,I.“.” NMR (CDCI,): 6 7.624 (m. I H. AtH). 7.284 (m. 3 H. 
AtH). 4.46-3.66 (m, 4H. Cl&N’-CIj,). 3.62-3.06 (m, ZH, 

C&-At). 3.281 (s. 9123 H. N’-Clj,, cis B/C isomer), 2.859 (s. 
60/23 H. N’-CH,. trans B/C isomer), 2.75-1.419 (m. 13H). 
(Found: C, 56.61; H, 7.00: N. 3.21: 1. 32.80. Calc. for C,,H,&NI: C. 
56.39: H, 6.78; N. 3.65; 1, 33.15%). 

II - f?uoro - 1.2,3.4.4a,5,6.7.9,10 - decahydro - 7 - 
oxoisoquinoIo{ 1,2-jlquinoline (Mb). Ctude acyl halide 12 (from 
14.6a, 0.0682 mole acid I1 and 6Oml oxalyl chloride) was 
con&ted into amide 13b by treatment with an equimolat mixture 
of Se and Et,N (9.73 g. 0.7 mole and 7.07 g. 0.7 mole respectively) 

in the manner de&bed for 1311. Crude 13b (9.3 g) was cyclized 
with PPA (38610 by healing at 132” for I2 ht and gave coloutless 

lactam 14b (0.95 g, II% yield from (he acid 11). m.p. 125-126“ 
(from cyclohexane). Mass specttum (70 eV) m/e = 273 (M’). ‘H 

NMR (CDCI,); 6 6.96 (m. j H. AtH). 4.63 (m. I H. equaforial 

C,,-H), 2.2-3.3 (m. 5 H, ArCH,, axial C,,-H. CIj,-C=O), 1.0-1.85 
(m. I I H). “F NMR (CDCI,. int. CFCI,): S 114.36 (m). IR (Nujol): 
1635cm~’ (C-0). (Found: c.74.65; H.7.09; N. 4.78; F. 7.02. Calc. 
for C,,H,,,NOF: C. 74.72: H. 7.32; N. S.12: F. 6.%%). 

I I 1 F&or0 - 1.2,3.4,4a,5.6,7.9,10 - deca~ydroisoquinoioll.2- 
ifquinofine (tb). Reduction of 14b (0.940 g, 0.00345 ml) with LAH 
(1.33g) by the same procedure described for la, afforded 2b 
(0.880 g, 98.5% yield) as an oil. Mass spectrum (70 eV) m ie 259 

(M’). NMR (CDCI,): 6 6.986 (m, 3 H. AtH), 2.4-3.8 (m, 6 H, C&- 

N’-CH>At). 1.05-2.4 (m. I3 H). IR (neat): 2720, 2670cm.’ (very 
small ~ohlmann’s peaks). The picrate, yellow crystals. m.p. 196-7” 
(from abs EtOH). Mass spectrum (70 eV) m le 259 (free amine). 
(Found: C, 56.53: H, 5.01; N. 11.17: F. 3.86. Calc. for 
C,,H,,N,O,F; C. 56.55; H, 5.12; N. 11.47; F. 3.8%). 

1.2,3.4,4a.5.6.7,9.10 - Decah ydro - 12313 - 
dimethoxyisoquinolo[ 1.2~jjquinoline (2e). Ctude 12 (from I I.8 g. 
0.055 mole of the acid 11 and 50 ml oxaiyl chloride) was treated 
with 5g (20 g. 0.11 mole) to yield 13~ (same procedure as 13s). A 
stirred mixture of 13~ (4.1 g) in PPA (125 g) was warmed at 1W 
for I.5 ht affording the solid iactam 14~ by the work-up described 
for lda (I g. 29.3% yield from the acid 11). Mass specltum (70eV) 

mle 315 (M’). NMR (CDCI,) 6 6.671 (s, 1 H. C,rH),6.551 is. I H. 
C,,-H), 4.81 (m, I H. equarorial C,,-H), 3.846 (s, 3 H. O-C&), 
3.826 (s, 3 H. O-C&), 3.8 (m. 1 H, aria/ C,,-H). 3.3 (m. 2 I$ 

CH;At). 2.5 (m, 2 H. Clj,). 3.826 (s. 3 H. O-U&). 3.8 (m, I H. 
axial CII-H). 3.3 (m, 2H. C&Ar). 2.5 (m. 2H. C&GO), 
1.2-2.4 (m. I I H1. IR (Nuiol): 1635 cm ’ (GO). Reduction of 14~ 
(0.54Og; 0:0017 molej wiih ‘LAH (1.07 g) afforded the amine 2e 
(0.46Og. 88.8% yield) as an oil. Mass spectrum (70eV) m/e 301 

(M’). NMR (CDCI,): S 6.751 (s. 1 H. C,,-Hh6.545 (s, I H.C,,H), 
3.847 (s, 3 H, O-C&), 3.826 Is. 3 H, O-&!j,), 3.55 (m, 2 H. 
N-C&), 2.86 (m, 4% C&N. C&-At). 1.1-2.4 (m, 13H). IR 
(neat): 2730. 265Ocm-’ (very small Bohlmann’s peaks). The 
pictate, yellow crystals, 4.p..20@-201” (from abs EtOH). Mass 
spectrum (70eV) m le 301 (free amine). (Found: C, 56.50: H. 5.55: 
N, 10.31. Calc. for C H N 0 : C, 56.60: H, 5.66: N, 10.56%). 1, 10 . P 

,W.t~ure 01 rhe 2c mefhiodides. k (0.3OOg. 0.001 mole) was 
quatetnized with Me1 (2 ml) in the manner described for the 
methiodides of la. and afforded a mixture of coloutlcss 
methiodides of 2c (0.435 g* quantitative yield), m.p. 268”. The ratio 
of cis A/B. trans B/C to cis A/B. cis A/B was 21: 12. Mass 
spectrum (70eV) m/c (tel. intensity) 315 (1.9) (M.-HI Hofman 
elimination product.“.” 301 (16.3) (M’-CH,I”.“). NMR (CDCI,): 
6 7.198 (s, 20155 H, C,.-H. cis B/C isomer). 7.1 I8 (s. 35155 H. 
C,,-H, frans B/C isomer), 6.767 fs. 35155 H, CWH, trans B/C 
isomer). 6.687 (s, 2Oi55 H, CirH, cis B/C isomer), 4.48-3.70 (m. 

4 H, CH,N’-CW. 3.907 (s. 3 H. OC)?,), 3.887 (s. 3 H, OCH,). 

3.567-3.06 (m. 2 H. CH,At). 3.263 fs. 60155 H. CH,N’, cis B/C 

isomer), 2.8!?9 (s, l05lSjH. CIj,-N’. rruns B/C isomer). 2.65-1.36 
(m. I3 H). 
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