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Ahatraet-One of the two possible cis-6t-butyidecahydroisoquinolines and rranF-6-t-butyldeeahydro- 
isoquinoline have been synthesized from the appropriate 2-cyanocyclohexylmalonate derivatives. The 
stereochemistries of the intermediate 6-t-butyl-4-carbethoxy-3-oxodecahydroisoquinohnes (IVa and IX) 
have been supported by NMR spectroscopy. 6-t-Butylisoquinoline has been prepared but its reduction 
gave products which could not be resolved. Reductive cyclixation of ethyl 4-t-butyl(e)_2_carbethoxy- 
methyl(a)-1-cyano(a)cyclohexanecarboxylate(e) (HI) gave 6-t-butyl-9-carbethoxy-3-oxodeeabydroiso- 
quinoline (XV) in which the cyclohexane ring is in a twist-boat conformation and the pyridoue is in a half 
chair conformation. A first-order analysis of the NMR spectrum of XV conIirmed this geometry. 
Hydrolysis of XV gave an acid which could not be deearboxylated. Various attempts to arrive at 6-t- 
butylisoquinoline by alternate routes are described. 

THE addition of diethyl malonate to 4-t- butyl- 1 cyanocyclohexene afforded cyano- 
malonates I and II and ethyl 4-t-butyl(e)-2-carbethoxymethyl(u)-l-cyano(a)cyclo- 
hexanecarboxylate(e) (III) whose structures and stereochemistry were established 
unambiguously.’ It has previously been shown that diethyl cis- and trans-2-cyano- 
cyclohexylmalonate can be reduced stereospecifically to the corresponding deca- 
hydroisoquinoline derivatives,2 and this has now been extended to compounds 
I, II and III. 

Catalytic reduction of II over Raney nickel at 115” and a pressure of 14% psi gave 
trans-6-t-butyl-4-carbethoxy-3-oxodecahydroisoquinoline (IVa) in high yield. This 
was saponified to give IVb which underwent decarboxylation very readily and afforded 
pans-Wbutyl-3-oxodecahydroisoquinoline (V). LAH reduction of V gave &an&- 
t-butyldecahydroisoquinoline (VI). The geometry of IVa was confirmed by a first- 
order analysis of its NMR spectra in (i) CCl, (ii) CCl, and D,O, and (iii) Ccl, 
containing NaOD in D,O. The spectral data and the assignments are summarized 
in Table 1. The ester group gave rise to the usual 2H quartet at 5.83 t (J = 7 c/s) 
(CO,CII,CH,) and a 3H triplet at 8.70 7 (CO&HzCI13). A 1H doublet at 1.88 r 
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IVa: R=Et 
b:R=H 

(J,, = 3 c/s) was assigned to N-II, since it was removed on treatment of the solution 
with DzO. A 2H AB quartet at 6.73 r, and 705 tb (Jab = 12 c/s) was assigned to the 
nonequivalent protons on C, (CH,H,N). Each peak on the A side was a triplet 
(J = 3 c/s) which, on treatment of the solution with D,O collapsed to a doublet 
(J = 4 c/s). These protons are probably unequally shielded by the lone pair of elec- 
trons on the adjacent nitrogen atom. The observed splitting may be explained if it 
is assumed that H, (in VII) is coupIed to H, (f.# = 4 c/s) and to H, (J,, N 3 c/s) so 
that each gave rise to a quartet with the centre fines unresolved, hence appearing 
as a triplet. In the Ndeuterated compound H, was only coupled measurably to 

H, tJ., = 4 c/s). The B side of the AB quartet (705 r) appeared as a triplet (J = 105 
c/s) (relative intensities ca. 2 : 3 : 1) and this was not changed by treating the compound 
with DzO in NaOD. It was concluded, therefore, that H, was not coupled or only 
very weakly so, to H, (J bc N 0 c/s), but that it was coupled to H, (Jbs = IO.5 c/s). 
The central band of the observed triplet consists of two unresolved lines ca. 15 c/s 
apart, as illustrated in Fig. 1. A 1 H doublet at 7.26 T (Jdc = 11.8 c/s) was not affected 
on treatment of the compound with DzO, but was removed completely when the 
carbon tetrachloride solution was treated with NaOD in DzO. This doublet can, 
therefore, be assigned with confidence to the active methylene C,-H, proton. 

The conformation and approximate dihedral angles in IVa (VII) can be estimated 
using the Karplus relationship,3 but mrxbfied as was done for the 2-substituted 
3-ketosteroids:4, ’ 
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RG. 1. First-order analysis at C, methylene AB quartet in VII 

A better fit would undoubtedly be obtained if one could modify the curve further 
to account for the influence of the elctronegativity of the nitrogen atom upon the 
magnitude of the coupling constants.6 Unfortunately, substituted lactams of known 
conformation are not available as model compounds. The conformation which gave 
the closest fit (using Dreiding models) with the derived dihedral angles between 
protons H,-H, H.-H, H,-H, H6H, and H,-H, when all of these are taken into 
consideration is one in which the homocyclic and heterocyclic rings were in chair 
and half-chair conformations, respectively, with a rruns ring junction (VIII).* 

Vlli 

A similar sequence of reactions was carried out with I. Catalytic reduction gave 
IX which was hydrolyzed and decarboxylated to the cis-lactam X. Reduction with 
LAH gave cis-6-t-butyldecahydroisoquinoline (XI). 

Again, the NMR spectrum of the /3-amidoester IX provided confirmation of the 
assigned geometry. Lines at 585 r (2H quartet, J = 7 c/s) and 8.72 r (3H triplet, 

+ The dihedral angles between the various protons calculated on the basis of the appropriate ccvupling 
constants wm as follows (anglea estimated from a Dreiding model for a fithair, half-chair cenfomation 
arc given in brackets): Ha-H,, 61” or 1170 (40”); H.-H, 56” or 122” (130”); H,,-H, 90” (80”); H,,-H, 
23” or 149’ (100); H&I, 18” or 150” (1700). Reasonable agreement between the eddata and the eati- 
mated values was also found for a boat, half-chair conformation, but this was rejected since io such a 
conformation the t-butyl group would have to be almost axial. Other conformations bad one or two 
dihedral angles which fitted much better with those a&ulated 
rest were not compatible at all with tbt calculated angles. 

using the modified curve, but the 
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J = 7 c/s) were observed for the ethyl ester group at Cd, as was a 9H singlet at 9.13 7 

for the t-butyl group. The amide N-H proton gave a 1H doublet at 1.83 r (Jbc = .4 c/s) 
which vanished when the solution was treated with DzO. The C1 methyfene group 
gave rise to an AB quartet at 6.47 T~ and 699 rb (,.I.& = 12 c/s). Each branch of the B 
side was a doublet (.fbc = 4 c/s) which collapsed to singlets when D,O was added to 
the solution, indicating coupling of H, with H, but not with H, (Jb# % 0 c/s). Each 
branch of the A side of the quartet was a doublet (J = 3 c/s), unchanged on N- 
deuteration, There must be no, or almost no coupling between H, and H, (J,, II 0 
c/s), and J,, = 3 c/s. These splittings are illustrated in Fig. 2. A 1H broad doublet 

Ha 

I 

Hb 

I 

=5 3 

w---J,,,= 12c/s---- 

= 4 c/s 

RG. 2. First-order analysis of Cl methykne AB quartet in IX. 

at7.51 z(J= 11.5 c/s) was not eliminated on treatment of the solution with D,O, 
but became a broad singlet when NaOD was added. It was thus assigned to H,. 
The 1H doublet at 6.7 7 (J = 113 c/s) was also not affected by the addition of D,O 
but vanished altogether when NaOD was ad&d; it was thus assigned to H, (coupled 
with H,). The data and assignments are summarized in Table 2. 

Using the modified Karplus curve the dihedraI angles between H,-H, Ha-H,, 
Hi,-H, Hb-Hp and H,-H, could be estimated approximately. The conformation 
which gave the best (but not very close) fit with the derived dihedral angles was that 
in which the homocyclic and heterocyclic rings were in chair and twist-boat con- 
formations, respectively, with a c&-ring junction (XII). The very approximate nature 



H
, 

an
d 

H
,, 

H
C

 
H

d 
H

, 
H

f 
H

* 
H

h 
H

f 

A
B

 q
ua

rt
et

 
at

 
6-

73
 r,

 a
nd

 7
.0

5 
lb

 
1.

88
 

7.
26

 
>

 7
.2

6 
94

9 
v 

7.
8 

5.
83

 
&

70
 

do
ub

le
t 

do
ub

kt
 

no
t 

S
il

kg
k%

 
ii

at
 

q-
 

tf
ip

le
t 

(J
,, 

= 
3 

c/
s)

 
(J

&
 =

 I
 1

-8
 c/

s)
 

id
en

tif
ie

d 
id

en
tif

ie
d 

(J
M

 =
 7

 c
/s

) 
(J

ai
 =

 7
 c

/s
) 

H
, 

an
d 

H
b 

A
B

 q
ua

rt
et

 
at

 
6.

47
 ?

, 
an

d 
6.

99
 7

b 

H
, 

H
, 

H
, 

H
f 

H
. 

H
h 

H
i 

- 

I.8
3 

6.
7 

+
F

5t
 

91
3 

v8
G

 
5.

85
 

87
2 

do
ub

kt
 

do
ub

kt
 

br
oa

d 
do

ub
le

t 
si

n&
t 

Il
ot

 
4-

H
 

tr
ip

le
t 

(J
a:

 =
 4

c/
s)

 
(J

a.
 =

 I
l.5

 c
/s

) 
(J

bd
 =

 I
l.5

 c
/s

) 
id

en
til

ia
l 

(J
bI

 =
 7

 c
/s

) 
(J

hl
 =

 7
 c

/s
) 

H
, 

an
d 

H
b 

H
d 

an
d 

H
, 

H
I 

%
 

H
h 

H
, 

A
B

 q
ua

rt
et

 
at

 
I.

88
 

A
B

 q
ua

rt
et

 
at

 
7.

77
 

9.
13

 
5.

88
 

8.
76

 

64
3 

an
d 

65
9 

T
ll

 
l,,

 
do

ub
le

t 
7.

51
 r&

an
d 

8.
18

 ‘t
; 

B
ro

ad
 

si
ng

le
t 

qu
ax

te
t 

tr
qp

kt
 

(J
 =

 3
 c/

s)
 

si
ng

le
t 

(J
hi

 = 
7 

C
/S

) 
f&

g 
=

 
? 

C
/S

) 



710 R. A. ABRAMOVITCH and D. L. STRUBLE 

of the lit, however, cannot result in unreserved confidence in the conformation 
assign& to the heterocyclic ring. 

XII 

A number of attempts were made at synthesizing the cis- and frans-6-t-butyldeca- 
hydroisoquinolines by the reduction of 6-t-butylisoquinoline (XIII). The latter was 
prepared in low yield by the Pomeranz-Fritsch cyclization as outlined in Scheme I. 

SCHEME I 

p-t-BuC,H,C02H 
(i) SOCl, 

-+ pt-BuC,H,CONMe, 
Li(EtO),AIH 

(ii) &NH ether 
-+ p-t-BuC,H,CHO 

H,NCH&H(OEt), 
’ p-t-BuC6H,CH=NCH,CH(OEt), 

Polyphospboric 

acid ’ a 

XIV 
XIII 

Various methods were investigated to effect the cyclization XIV + XIII. Treatment 
of the acetal with hot concentrated sulphuric acid and phosphorus oxychloride’ or 
with concentrated H2S04 at - 10” and then with H,SO, at 160°8 gave only tars. 
When gaseous boron tiifluoride was passed through an ethylene chloride solution of 
XIV9 the latter was cleaved to p-t-butylbenzaldehyde. Using a modilication of Hart’s 
procedure, lo XIV was heated with polyphosphoric acid at 80-90 to give XIII in a 
maximum yield of 4 ‘/* In view of the low yields of XIII obtained alternative routes to 
this system were sought. In particular, cyclization of N-p-t-butylbenzylaminoacetal- 
dehyde diethyl acetal (obtained by the catalytic reduction of XIV), as described by 
Vinot’ for the unsubstituted compound, was attempted with boron trifluoride or 
with polyphosphoric acid. These reactions only gave unstable oils which appeared 
to polymerize readily, even when they were dissolved in carbon tetrachloride to 
determine their NMR spectrum. It would appear as though cyclization had indeed 
taken place but much more work will be necessary to develop these reactions into 
preparatively useful methods. 

The catalytic reduction of isoquinoline over platinum oxide in acetic and sulphuric 
acid at room temperature and atmospheric pressure has been reported to give a 
mixture of cis- and @ans-decahydroisoquinoline in the approximate ratio of 80:20.’ ’ 
The crude reduction product of the 6-t-butyl-derivative was incompletely reduced 
as indicated by the presence of a band at 1620 cm-’ in the IR. The mixture could not 
be resolved by gas chromatography (neither could a synthetic mixture of the cis- 
and ~~~-at-butyld~~ydroisoquinolin~ obtained from cyanomalonates I and 
II) but the retention time of the product was the same as that of VI and XI. A mixture 
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of picrates was obtained from the catalytic reduction product but due to the small 
amount of starting material available it could not be resolved adequately into its 
components. It is important to realize that three fully hydrogenated products are 
possible in this reduction: the two cis-isomers and the &ans-isomer. In the other 
zrans-isomer the t-butyl group would be axial. Gray and Heitmeier” have reported 
that the reduction of isoquinoline with lithium and n-propylamine gave two isomeric 
octahydroisoquinolines which when hydrogenated over platinium oxide in acetic 
acid, gave only frans-decahydroisoquinoline. When this sequence was attempted 
with 6-t-butylisoquinoline very much the same results were obtained as in the direct 
reduction of XIII and no pure ttans-isomer could be isolated. Due to the difficulties 
experienced in obtaining the starting isoquinoline in sufficient amount these studies 
had to be discontinued for the time being. 

In view of the tiansdiaxial orientation of the cyano and carbethoxymethyl groups 
in III it was thought initially that the compound should not undergo reductive 
cyclization to a lactam readily since this should involve a chair-chair interconversion 
of the cycfohexane ring and because of the presence of the t-butyl group which would 
favour the equatorial conformation ( - AGO,+ > 5 kcal/mole13) the cyclohexane 
ring would have to adopt a twist-boat conformation in which the t-butyl, cyano and 
carbethoxymethyl groups would be pseudo-equatorial. Other factors have to be 
taken into consideration, however. (i) The elfective size of C&N is greatly increased 
by adsorption at the catalyst surface so that -6G” for the adsorbed cyan0 group is 
much greater than O-15 kcal/mole. This, coupled with the presence of an axial 
CH,C02H, gives rise to repulsions which will seek relief in the stretched boat con- 
formation. (ii) In addition. once the cyanide has been reduced to aminoethyl (-AC” > 
1.7 kcal/mole) the combined diaxial interactions of this and of CH,CO,H (>3.4 
kcal/mole) would be large enough to reduce appreciably the magnitude of AG 
between the chair and the twist boat forms in equilibrium with each other. Cycliza- 
tion via the latter form would then result in further chair to twist-boat interconversion 
to restore the equilibrium. In the event, reductive cyclization of III gave 6-t-butyl-9- 
carbethoxy-3-oxodecahydroisoquinoline (XV) readily. This was saponified to give 
the stable keto acid (XVI). It was hoped to continue the sequence of decarboxylation 
and reduction to the cis-decahydroisoquinoline (XVII), stereoisomeric with XI. 
This would have been the first example of the preparation of the two possible isomers 

i h Ha 

III - 

xvi 
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of a simple c&de&in type of compound in conformationally pure states. Unfortu- 
nately, all attempts to effect the decarboxylation of XVI either gave unchanged 
starting material or intractable tars. 

The NMR spectra of XV measured under various conditions provided confirma- 
tion of the twist-boat nature of the cyclohexane ring. The data and assignments are 
summarized in Table 3. The 1H doublet at 1.88 t due to the amide NH disappeared 
on treatment with DzO. The non-equivalent protons at Cr gave rise to an A3 
quartet at 643 z, and 659 ?b (Jab = 12.5 c/s). Each peak of the A side was a doublet 

(Jsc = 3 c/s) which became a singlet when deuterium oxide was added. Each peak of 
the B side of the quartet was a singlet, indicating the H,, was not coupled with H, 
(Jbc *Y 0 c/s). No further splitting is possible since, unlike the situation with VII and 
IX there iS no proton at cg. A two-proton m quartet at 7.51 rd and 8.18 z, (Jde = 
17 c/s)i4 was attributed to the non-equivalent protons at C& On the A side of the 
quartet each peak was a doublet (Jdf = 65 c/s) and this was unaffected by treating 
the CCI, either with D,O or with NaOD in DzO, Proton H, appeared not to be 
coupled with H, (Jef - - 0 c/s) since each peak of the B side of the quartet was a singlet, 
The 1H broad unresolved singlet at 7.77 r was assigned to Ht but this could not be 
definitely established. The approximate dihedral angles estimated using the modified 
Karplus curve indicated that the conformation which gave the closest fit was that in 
which the homocyclic and heterocyclic rings were a twist-boat and half-chair, respec- 
tively, as illustrated in XVIII, which is also that which would be expected to arise by 
reductive cyclization of III.* These results provide an independent proof of the 
correctness of the geometries assigned to I, II, and III. The carbethoxyl group in 
XVIII appears to be tucked in below the two rings and shielded from the approach 
of bulky reagents. This might explain the resistance of XVI to the usual modes of 
decarboxylation. 

XVIII 

EXPERIMENTAL 

M.ps are uncorrected. fR spectra were recorded on a Perk&Elmer Model 21 instrument equipped 
with NaCl optics NMR spectra were measured on Varian A-60 and HA-100 instruments using TMS 
as the internal standard. 

transat-Buiyl4-carbethoxr3_oxodecahydrof (1Va) 
Diethyl trans4-t-butyl(e)-l-cyano#-2-cyclohexytmalonate(e) (II) (4Q g)’ in abs EtOH (65 ml) was 

hydrogenated over Raney Ni (220 g) at 115” and an initial press of 1450 psi of Hz for &5 hr. The soln was 
filtered, the EtOH evaporated and the residual oil (3_39Og, 97x), which crystallized on cooling, was 
recrystallized from CHCl,-light petroleum (b.p. 40-45”) to give transd-t-butyl-4-carbetho~~3-oxo- 
decuhydroisoquinoiine, m-p. 925-93.5”. (Found: C, 68.14, H, 964. C,,HI,NOs requires: C, 68.29; H, 
9*67x.) IR spectrum (KBr disc): 3180 (m), I733 (s), 1660 (vs), 1390 (w), 1360 (m), 1172 (m), and 840 cm- ’ 
(ml The NMR spectral data determined under various conditions are summarized in Table 1. 

* The dihedral angles calculated (and those estimated from a Drieding model for a twist-boat, half- 
chair conformation) were as follows: H,-H, 61’ or 117” (40”), H,-H, 90” (80”), H&-H,, 44” or 133” (400), 
He-HI, 90’ (809. 
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trans-6-t-Butyl-3dxodecalrydroisoquiMlin acid (IVb) 
trans-6-t-Butyl4~rubethoxy-3-oxodecahydroi~uinol~ (1.47 g) was added to a soln of KOH (@60 g) 

in water (20 ml) and the stirred mixture was heated to 60” for 6 hr. The cooled soln was filtered, acidified 
with 5N HCl and the ppt filtered, washed with water and recrystallixed from CHCl,-light petroleum (b.p. 
40-W) to give trans-6-t-butyf-3-oxoecahydroisoguinolin acid (1.083 g, 82 Y’), m.p. 133-I 35” 
with dec). (Found: C, 6654; H, 9.25. C,*Ha3N0, requires: C 66.37; H, 9-is%.) IR spectrum (KBr disc): 
3195 (m), 1740 (s), 1655 (vs), 1390 fw), 1360 (m), 1265 (m), 1159 (s), and 1148 cm-’ (s). 

trans-~t-Butyl-3-oxodecuhydrojso~j~ii~ (V) 
The trans-acid (082 g) was heated in an oil-bath at 170” until effervescence ceased (5 min) and the 

residual viscous oil (0.663 g, 98 “/,) was sublimed at 145-l 55”/10 mm. The white powder was recrystallized 
from light petroleum (b.p. 60-80’) to give the trans-lactom, m.p. 163-L-1645”. (Found : C. 74.88, H. 11.11. 
Ci,H,,NO requires: C, 7459; H, 1 i-080/0). IR spectrum (KBr disc): 3250 (m), 3180(m), 1670 (s), 1620 (m), 
1360 (m), 1232 (w), and 1122cm-’ (m). 

trans-6-t-Butyldecahydroisoquinoline (IV) 
nuns-6-t-Butyl-3-oxodecahydroisoquinoline (1 i) g) in dry dioxan (30 ml) was added slowly to a sus- 

pension of LAH (1.0 g) in dry dioxan (30 ml) and the mixture was boiled under reflux under an atmosphere 
of dry Na for 18 hr. The suspension was cooled, the excess metal hydride was decomposed by the careful 
addition of water (Sml), the viscous mixture was extracted with ether (3 x Mml) and the combined 
extracts dried (MgSO,). The solvent was evaporated under reduced press to give tram-&t-butykfecuhydto- 
isoquinoBae (@ 138 g, 14.8 %) as a colourless oil, which turned to a white semi-solid (a carbonate or hydrate?) 
on exposure to air for a short time (20 mm). The IR spectrum of the oil (liquid lilm) had bands at 3280 (w), 
1460 (m), 1360 (s), 1140 (m), and 1115 cm-’ (m). The semi-solid [KBr disc) had IR bands at 3360 (s). 3280 
(m), 2320 (w), 1670 (w), 1615 (m), 1545 (s), 1460 (s), 1420 (s), 1290 (s), 1280 (s), 1250 (s), and 1062 cm-’ (w). 

The secondary amine was converted into its picrate (from EtOH) which, on rtaystallixation from 85 % 
EtOH, had m.p. 197-198”. (Found: C, 5393; H, 673. C,,H,,N, C6H3Na0, requires: C 53.76; H, 6.65 %.) 
IR spectrum (KBr disc): 3235 (m), 1630 (s), 1360 (s), 1332 (s) and 1295 cm-* (s). 

cis-&t-Butyl4carbethoxy-3-oxodecahydroisoquinoBne (IX) 
Diethyl cis4t-butyl(e)-l-cyano(a)-2-cyclohcxylmalonate(e) (@77 g) was hydrogenated in the same 

manner as was the Pans-isomer to give the c&ester fucfurn (@585 g, 87.5 %), m.p. 138140” after recrystal- 
lization from chloroform-light petroleum (b.p. 4045”). (Found: C, &31; H, 9-39. CtBHI,NOJ requires: 
C, 68.29; H, 967x.) IR spectrum (KBr disc): 3200 (m), 1732 (s), 1660 (vsh 1365 (m), 1250 (s), and 1038 cm-t 
(5). The NMR spectra were determined under various conditions and the results am summarized in Table 2. 

cis~t-Butyl-3-ox~ecydroisoquinoline (X) 
The c&ester lactam f&167 g) was hydrolyzed in the same way as was the purrs-isomer to give the crude 

acid, m.p. 178-179” (0.136 g, 905 ‘A), which was heated in an oil bath at 195” until effervescence ceased 
(5min). The residue (0108g 965’A) was sublimed at 1%170°/10mm to give cis&-butyl-Foxudeco- 
hydroisoquinoline, m.p. 187-1885’ after recrystallization CHCl,light petroleum (b.p. 60-SOO). (Found : 
C, 74.78; H, 1091. CtsHssNO requires: C, 7459; H, 11.08x), IR spectrum (KBr disc): 3260 (m), 1650 (s), 
163O(mX 1360(m), 1325(s),and lllScm_r(m). 

cis-6-t-Butyfdecahydroisoquinokte (XI) 
The above cis-lactam (W70 g) was reduced with LAH in the same way as was the frans-isomer to give 

cis-6t-butyldecahydroisoquinoiine (0.038 g W4%) as a colourkss oil. IR spectrum (liquid lilm): 3290 (w), 
1460 (m). 1360 (s). 1318 (m), 1230 (m), 1138 (m), and 1110 cm-’ (w). The picrate separated from EtOH and. 
after recrystallization from 80% EtOH, had m.p. 220-22 1”. (Found : C, 54.12; H, 6.73. C,3HZIN, CcrH3NJ0, 
requires: C 53.76; H. 6.65%), IR spectrum (KBr disc): 3100 (m), 1600 (s), 1570 (s), 1360 (s), 1320 (s), 1160 
(m), and 1075 cm-’ (m). 

A mixture of the cis- and truns-decahydroisoquinolines could not be resolved by GLC or TLC, and a 
mixture of the corresponding pictates could not be resolved by thin layer chromatography on silica gel. 

6-t-Butyl-9-corbethoxy-3-oxodecahydroisoquinoline (XV) 
Ethyl ~t-butyl(e)_2-catbethoxymethyl(a)_lcyanofa)cycIohexane~boxylate(e) (III, 1045 g)’ in abs 
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EtOH (24 ml) was hydrogenated over R8ney Ni (1 g) at 115” 8nd ad initial H, press of 1400 psi, for 9 hr. 
The soln w8s filtered, the EtOH removed on a steam bath and the remaining viscous oil (OgOg, 89%) 
crystallized on treatment with light petroleum (b.p. 40-45”). Recrystallization from CC&-light petroleum 
(b.p. 40-45”) gave 6-t-bu?yf-9-cmberkoxy-3~~ecu~y~ro~~~f~~, m.p. 99-100~59 (Found: C, 6802; 
H, 959. C1,H2,NOJ requires: C 68.29; H, 9.67%). IiR spectrum (KBr disc): 3200 (m), 1732 (s), 1658 (vs), 
1390 (w), 1362 (ml and 1218 cm-’ (s). The NMR spectral data am sumtnarixed in Table 3. 

6-t-Butyf-3-oxode~ydtoisoquinotine-9-c~boxyi~c acid (XVI) 
The ester (@25 g) was stirred at 80” for 4 hr with 8 soln of KOH (@224 g) in w8ter (9 ml). The cooled, 

filtered sob was acidified with SN HCI and the solid washed with water and dried (@188 g, 83-S YJ. An 
atmlytical sample was purified by recrystallization from water followed by reprecipitation from basic 
soht to give 6-t-butyi-3+codecahydroisoquinoline-9-carboxyiic acid, m.p. >3004 (Found: C, 6673; H, 
8-95; N, 5.83. C,,HsJNOI requires: C, 6637; H, 9.15; N, 553%.) The acid WBS insoluble in most organic 
solvents except EtOH. IR spectrum (KBr disc): 3260 (w), 1735 (s), 1655 (vs), 1512 (s), 1372 (m), 1235 (s), 
and 1127 c,-” (m). 

The acid (074 g) was heated with SOCl, (0-S ml) at 45” for 1.5 hr and the excess SOC& removed under 
v8cuum. To the residual oil was added 8 mixture of abs EtOH (1 ml) 8nd pyridine (1 ml) and the solo ~8s 
heated at 4O-SO” for 2 hr. The excess reagents were evaporated in vucuo, the residue was diluted with 
water (2ml), extracted with ether (3 x 3 ml), and the combined extracts dried (biggO,). The ether was 
distilled and the residue (0069 g, 84%) ~8s recryst8Hixe.d from CCl,-hght petroleum (b.p. 40-45”) to give 
tbe ester, m.p. 9&100”, identical in all respects with 6-t-butyl-9-carbethoxy-3-oxodec8hydroisoquinoline. 

Attempred decarboxylation of 6-t-butyl-3-oxodecahydroisoquinoline-9-c~~xyl~ acid 
(a) Thermally. The acid (5 mg) w8.s heated to 335” (it melted at ~8. 325-330”) for 5 min, but no gas 

evolution w8s observed and, on cooling, the unchanged acid ~8s recovered. 
(b) With dilute hydrochloric acid. Tbe acid (25 mg) in 2N HCl(6 ml) was boiled under reffux for 56 hr, 

the soln cooled and the recovered solid washed and dried. It proved to be identical with the starting acid. 
(cf With co&dine. The acid ~8s recovered unchanged after boiling under reflux with collidine for 1.5 hr. ’ 
(d) Wi&h copper and quinofine. Freshly precipitated Cu powder (5 mg) was added to 8 soin of the acid 

(12 mg) in quinoline (@4 g) and the mixture was boiled under refhtx for 1 hr. The cooled soin was filtered 
and evaporated to dryness to give 8 black viscous tar (6 mg). IR spectrum : 2940 (m), 2850 (m), 2300 (w), 
1785 (m), 17%IS90 (m), 1360 (w), 1000 (w), and 800 cm-’ (m). This tar was dissolved in ether and injected 
into a gas chrom8togr8ph using a 3 ft. x f in. column packed with Apiexon M (20% w/w) on G8s-Chrom 
P (60-80 mesh) at 210” (injector temp 240”) and a He flow rate of 100 ml/mm No decarboxylated product 
coutd be detected. Under these conditions, tran.s-&t-butyl-3axodecahydroisoquinoline had a retention 
time of 16 min. 

Similarly, no decarboxylated product could be isolated from the reaction of the acid with lead tetracetate 
and iodine followed by hydrogenation,‘” or by heating the acid with soda-lime at 325-335” for 20 min. 
In both cases, tars or brown glasses were obtained which could not be purified by GLC. 

Thionyl chloride (10.2 ml) was added slowly to p-t-butylbenzoic acid (loo g), the mixture was heated to 
95” for 3 hr and the excess SOCI, ~8s removed under reduced press The crude pt-butylbenxoyl chloride 
(110 g) ~8s poured slowly into 8 stirred soln of 25 % aqueous Me,NH (11 Q g) in 10% NaOH aq (28 ml) 
and the temp maintained at O-10” for 20min. The ppt WBS washed with water and recryst8Bixed from 
MeOH-light petroitum (b.p. 40-4S’) to give N,Ndimethyl-pt-butylbenzamide, m.p. 8%+9”. (Found: C, 
76+02; H, 940. CrJH,sNO rep&es: C, 7605; H, 9.33x.) IR spectrum (KBr disc): 1630 (s), 1370 (s), 
1273 (m), 1118 (m), 855 (mX 837 (m), 770 (ml, and 712 cm-’ (m); NMR spectrum (Ccl,) r: 2.73 (4H singlet); 
704 (6H singlet); 8.7 (9H singlet). 

pt-butylbenzuldehyde 
A I-1M LAH soln in dry ether (87.3 ml, O-096 moles) at 0” was treated dropwise with AcOEt (12.7 ml, 

@144 moles; dried over GaH,) at such a rate that the temp was maintained at 0” while stirring under a N, 
atm. A soln of N,Ndimethyl-p-t-butylbenzsmide (26.4 g, 008 moles) in dry ether (200 ml) was then 
added dropwise at 0” and the mixture was stirred for 8 further 2 hr. It was then treated with ice-cold 5N 
H2S04, the organic layer was separ8tal and the aqueous phase was extracted with ether (3 x lOm1). 
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The combined organic layers were dried (MgSO+), the soivent evaporated and the residue distiilti to give 
it-butyl~dehyd~ b.p. 123-I26”/15 mm (76g 61%). The ~~initroph~ylhyd~one had m.p. 
250-252”. Winder et al.‘& give bp. I30”/25 mm for the aldehyde and m.p. 249-251” for the &$-dinitro- 
phenylhydrazone. The NMR spectrum of the aldehyde (in CC&) was as fallows, r; O-18 (1H singlet); 
243 (4H quartet .I = 8.5 c/s, each peak a triplet, J = I.5 c/s); 8.69 (9H singlet). 

A mixture of at-butyI~~dehyde (1 l-83 g) and ~i~~~~ldehyd~ diethyl aeetal (fQl2 g) was heated 
on a steam-bath for 2 hr, cooled, and the aqueous layer siphoned off. Distillation of the residual oil gave 
N-pt-butylbenzylidenaminaacetaldehyde diethyl ace&, b.p. 106O,Q 1 mm ( 17.4 g, 865 %.) (Found : C 73.21; 
H, 9.39. Ci7H2,N02 requires: C, 73.60; H, 9*81%.) IR spectrum (liquid film): 1652 (m), 1620 (w), 1575 (w), 
1372 (m), 1130 (s), 1070 (s), 1020 Is), and 83Ocm-’ (m), J_ (95% EtOH): 258, 239 mu; E x lOa 21.2, 
1~8;NMRspectrum(CCl3 r: 1.89(1H, triplet, J = 1 c/s); AB quartet at 2.43 TV and 2.7 5% (SH, J, = 9 c/s ; 
each peak a triplet, JM’ = J,. = 2 c/s); 5.31 (1 H triplet, J = 52 c/s); 6.2-68 (6H muftiplet); 8.7 (9H 
singlet); 886 (6H, triplet f = 7 c/s). 

N-p-t-Butyibenrylaminoaeetaldehyde diethyl aeetyl 
The benzylidenc acetal (305 g) in 95 % EtOH (40 ml) was hydrogenated over 10% Pd-C (0 14 g) at _ 

room temp and atm press until absorption of H, ceased (2.5 hr). The sohr was filtered, the EtOH evaporatd 
and the residual oil distilled to give the ~~~~I~i~ aced, b.p. ~5~~~7 mm (231 g, =5x). (Found: 
C, 7329, II, 1042. Ct1Hz9N01 requires: C, 73-07; II, IO-46%). IR spectrum (liquid film): 3330 (vw), 
1510 (w), 1360 (m), 1125 is), 1058 (s), 1015 (m), and 85Ocm-* (w); NNR spectrum (CC&), T: 283 (4H 
singlet); 551 (1H triplet, J = 5.5 c/s); 6-33 (2H singlet); 6.38 to 68 (4H multiplet); 7.39 (2H doublet, 
J = 5.5 c/s); 8.6 (1H singlet, removed by exchange with D,O); 8.71 (9H singlet); 8.88 (6H triplet, J = 7 c/s). 

N-it-Butyl~~ylidene~n~~~ldehyde diethyl acetal (24 g) was added to a stirred soln of poly- 
phosphoric acid [from P,OS (3oOg), added slowly (2 hr) to 85% orthophosphoric acid (300 g) with 
stirring; PCXI, (2 ml) was added just prior to the addition of the amino acetal] and the mixture was 
heated at 87-97” for 2 hr The viscous product was poured into ice-water (50 ml) and extracted with ether 
(3 x 20 ml). The aqueous phase was made strongly basic with 20% NaOHaq (200 ml), saturated with 
salt and extracted with ether (5 x 15 ml), and the combined extracts dried (KOH). Evaporation of the 
solvent gave a reddish brown oil which partly crystallized on cooling Sublimation at 80-90Q,Q5 mm gave 
~r-~f~I~~~~~~ m.p. 55-56” (@054 g, 404%) (Found: C, 84.65; H, 803. C,H,,N requires: C, 
84.28; H, 816%). IR spectrum (KBr disc): 1635 (s), 1592 (m), 1380 (s), 1288 (s), 1255 (w), 955 (s), 895 (s), 
833 (vs), and 675 cm- ’ 4s). 

The picrate separated from EtOH and, after recrystallization from benzene-light petroleum (b.p. 4&4Sa) 
had m.p. 194%195.5”. (Found: C, 55.18; H, 4.53. CIJH,,N, CsHSN30, requires: C, 55Q7; H, 4.38 %.) 

6-t-Butyfisoquinoline (@2O g) in glacial AcOH (3 ml) and cone HISOI (5 drops) was hydrogenated 
over PtO, (0.20 g) at room temp and 41 psi of H, for 24 hr. The solo was liltered, made basic with 20% 
NaOHaq, extracted with ether (5 x 10 ml), and the combined extracts were dried (MgSO,). The solvent 
was evaporated to give an oil {@151 g) which gave only a single peak when analyzed by GLC on a number 
of columns The retention times were the same as those of &- and of ~~d~hydrois~~ol~e. IR 
spectrum (liquid glm): 3280 (m), 1730 (wf, 1620 (ml 1550 (m), 1360 (s), 1260 (m), 1230 (m), 835 (w), %oo (w) 
and 735 cm-i (w). The oil was converted into a mixture of picrates (from 95% EtOH) which was fraction- 
ally crystallized from 80 % EtOH. Two fractions were obtained, m.p. 198-205” and 230-2389 respectively. 
These could not be purified any further and neither could the mixture of picrates be resolved by thin layer 
chromatography on silica gel. 

A mixture of 6-t-butylisoquinolin (@a0 g), Iincly cut pieces of Li metal (O-12 g) and n-propylamine (5 ml) 
was stirred at room temp under dry N1. Within 1 hr the reaction mixture turned from coiourless to blood- 
red to green. It was then boiled under reflux for 6 hr and kept at just below reflux temp for another 12 hr. 
The excess Li metal was removed aud the mixture was heated with solid NH&l and then with water (10 ml). 
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It was then extracted with ether (5 x 10 ml) and the combined extracts dried (MgSO,) The crude oil coo- 
taioed to% of unreacted 6-t-butylisoquioolioe as shown by GLC on a 2 ft x 4 in. solumn packed with 
Apiezon M (25% w/w) on Chromosorb W (60-80 mesh) at 190” and a He inlet press of 30 psi. Under 
these conditions 6-t-butylisoquiooline had a retention time of 12 mm while the partially reduced product 
had a retention time of 7.5 min. The reaction was repeated using Li (001 g) in n-propylamine (5 ml), and 
the reaction temp WBS maintained at 40” for 16 hr. The crude product (@12 g) was shown by GLC to 
contain only the partially reduced compound. IR spectrum (liquid film): 3270 (w), 1730 (w), 1645 (m), 
1360 (m), 1250 (m), 1140 (w), 1080 (w), 835 (w), 800 (w) and 750 cm-’ (w). It was distilled at 5&64”/04 
mm, and the distillate (O*oJx, g) in glacial AcQH (5 ml) was hydrogenated over PtO, (Ut SO g) at room temp 
sod a Hz press of 46 psi for 10 days. The suspension was filtered and worked up as before to give an oil 
(0% g) which gave a single peak on GLC on a variety of cotumns. IR spectrum (liquid film): 3270 (w), 
1610 (w), 1530 (w), 1360 (s), 1258 (m), 1230 (w), 1110 (w), 1080 (w), 838 (WA 798 (s) and 740 cm-’ (w). 
It, too, gave a mixture of picrates from 95 % EtOH which, on fractional crystalfixation from 80% EtGH, gave 
two fractions, m.p. 178-210” and 230-235”. Unfortunately, these could not be purified further. 
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