
AUXILIARY SILICON IN REGIOSELECTIVE 
COBALT CATALYZED PROTOBERBERINE 

SYNTHESES 

RUSSELL L. H~LLARD III, CAROL A. PARNELL and K. PETEZR C. VOLLH~ 
Department of Chemistry, University of California. Berkeley, and the Materials and Molecular Research 

Division. Lawrence Berkeley Laboratory. Berkeley, CA 94720, U.S.A. 

(Received in U.S.A. II May 1982) 

Abstract--r)SCyclopentadienyl dicarbonyl cobalt catalyzes the cocyclization of l,Zbis(propargyl)-l,2,3,dtetra- 
hydroisoquinolines 4b and 5 with alkynes to provide a novel synthetic entry into the tetrahydroproto~rbe~ne 
nucleus. By judicious choice of t~methylsilyl substituents, regiocontrol in the D-ring can be achieved. Reaction of 
4b with benzonitrile in the oresence of the catalvst furnishes the rare isoquino[2, I-b]-2,anaphthyridine framework, 
also regioselectively. . 

The protoberberine nucleus has received continued syn- 
thetic attention because of its varied physiological 
activity’*2 and as a model molecular framework on which 
to exercise advances in synthetic metrology directed 
at the construction of heteropofycycfes.‘.’ Although the 
tetracycle has been approached in a variety of ways, 
none of them have generated in their key step the C and 
D ring simultaneously. We report here a total synthesis 
of te~ahydroproto~rbe~nes, in which this novel stra- 
tefy has been successful by empIoying the ability of 
n -cyclopentadienyl dicarbonyl cobalt to effect the 
cotrimerization of a, o-diynes with monoalkynes to give 
annufated benzenes4 and with nitriles to give the cor- 
responding pyridines.’ The reaction proceeds well in the 
presence of the propargylic tertiary N in the starting 
diyne and can be extensively controlled by using the 
terminal t~me~ylsilyl substituent as a protecting and 
stericaffy regiodirecting group, as well as a leaving group 
in electrophilic substitutions. Since it provides access to 
a defined and varied substitution pattern in the D-ring of 
the protoberberine structure, the method significantly 
expands earlier synthetic capability. 

Our approach to the required 1,2 - bis(propargyl) - 
I ,2,3,4 - tetrahydroisoquinoline starting materials is out- 
lined in Scheme 1 and utilizes the successive action of 
both propargyl anion as well as cation equivalents on the 
imine 3. Two series of compounds were investigated: one 
without substituents in what is to become the A-ring of 
the desired product (series l), and one in which the 
2,fpositions bear methoxy groups (series 2). The 3,4- 
dihydroisoquinolines 3 were prepared in two ways. In 
series I Rapoport’s method (1. N-chlorosuccinimide, 
2. KOH, CH,CH,OH) for the transformation of piperi- 
dine to A’-piperideine6 was applied to 1,2,3,4tetrahydro- 
isoquinoline to give 3a in 98% yield. In series 2, homo- 
veratryfamine (lb) was quantitatively formylated with 
methyl formate and the resulting 2b subjected to Bisch- 
ler-Napieralski cyclization’ to afford 3,4 - dihydro - 6,7 - 
dimethoxyisoquinoline (3b) in 8% yield. A variety of 
conditions were employed in the conversion of 3 to 4. In 
a nonoptimized stepwise sequence 3a was first exposed 
to the Grignard reagent derived from 3 - bromo - 1 - 
t~methylsiIylpropyne* to give 1 - (3 - t~methylsilyl - 2 - 

propynyl) - 1,2,3,4 - tetrahydroisoquinoline (46%) which 
was subsequently propargylated9 with 112 equivalent of 
3-bromopropyne to furnish 4a in 66% yield. Similarly 3h 
was converted to 4b in 35% overall yield. Since this 
approach was unsatisfactory both with respect to yields 
and to conversion of starting materials, a one-step pro- 
cedure was developed for 3b in which Grignard addition 
was immediately followed by propargylation facilitated 
by the presence of 1.5 equivalents of HMPA. This led to 
the isolation of 67% 4b. The silyl group was now 
removed (1% KOH, CH,CH20H, 100%) and the stage 
set for the cobalt catalyzed cocyclization with the 
stericafly hindered bis(trimethylsilyl)ethyne, previously 
successfully employed in annulated benzene syntheses.’ 
Gratifyingly, reaction of either Sa or Sb with the bis- 
silylated monoalkyne gave the respective tetrahydro- 
proto~r~~ne derivatives 6a and 6b in excellent yields 
(87% and 931, respectively). These and all other new 
compounds in this account were fully characterized and 
analyzed unless mentioned otherwise (Experimental). In 
addition to their characteristic ‘H-NMR and mass spec- 
tra, tetrahydroberberines exhibit diagnostic peaks in the 
IR spectra between 2750 and 28OOcm-’ (“Bohlmann 
bands”).’ Further chemical structural proof for 6b was 
obtained by quantitative protodesilylation (HBr, CH,Br,) 
which led to the known 6e. l-3* 

It was now of interest to determine whether ring D could 
be constructed regioselectively when employing an un- 
symmetrical alkyne. Such a study had never been carried 
out systematic~ly using a, o-diynes although we had 
noted earlier that f - ~methylsilyl - I,5 - hexadiyne 
cotrimerized with two such alkyne derivatives to give 
predominantly the more hindered 34disubstituted 
benzocyclobutenes.4’.‘o This result was rationalized by 
invoking a mechanism in which the unsubstituted end of 
the diyne and the monoyne oxidatively coupled in the 
coordination sphere of the metal to give only one 
re~o~orne~c cob~~cycfopen~diene, both substi~ents 
being positioned a to the metal.‘” Subsequent insertion 
of the appended third alkyne unit would then necessarily 
lead to the observed product. Similar intermediates have 
been postulated to explain the regiosefectivity found in 
enyne cocyclizations” and in the synthesis of cyclo- 
alka[i,2-~lpy~dines’2 using cobalt catalysis. In addition 
to the question of control of the ring D substitution 
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lb 2b 

I. (Cl$&Si-r-CH.$fgEr, THF 
c 

2. H-I-CH2Br, THF, HMPA 

3a, I?, = H 

Sb, R, = CHfO 

4a, RI= H 

4b, R, = CH30 

Sa, R,=H 

Sb, R, = CH30 

60, R, = H; R2= R3= Si(CH313 

Bb, R,=CH30; R2= R3=Si(CH3j3 

bc, R, = CH30; R2 = R3 = H 

6d, R, = R2 = CH30; R3 = Si(CH3J3 

60, R, = R3 = CH30; R2 = Si(CH313 

6f, R,=R2+CH30; R3=H 

60, R, = R3 = CH30; Rp = H 

Scheme 1. Cobalt mediated total synthesis of tetrahydroprotobcrberines. 

pattern, a further point of concern with respect to our 
approach to protoberberines was the presence of oxygen 
functionality in that part of the molecule in most natural 
and/or physiologically active derivatives. To address 
both of these problems simultaneously we decided to 
initially explore the cyclization of Sb with trimethyl- 
silylmethoxyethyne in the presence of C~CO(CO)Z 

The reaction was carried out using high dilution 
syringe pump addition conditions in refluxing m-xylene 
while irradiating with an ordinary 250 W GE-ENH slide 
projector lamp. This protocol ensures the most efficient 
activation of the catalyst by accelerating CO dis- 
sociation. A 1:l mixture of the two regioisomers 6d and 
6e was obtained in 68% yield, separated by flash 
chromatography.‘3 Thus, not surprisingly, no regioselec- 
tivity was evident in this reaction. At this point the 
absolute structural assignment for the two isomers was 
tentative, the spectral data not allowing for a definite 
choice of one substitution pattern for either compound. 
A simple solution to this problem appeared to be the 
correlation of each isomer with the known trimethoxy- 
protoberberines 61”“. and 6g” by protcdesilylation. This 
was in fact carried out (CF,CO,H-CCL, loo%), 
however, comparison of the spectral data of the respec- 
tive products (and the m.ps of their hydrochloride salts) 
with the information retrieved from the literature ap- 
peared associated with sufficient ambiguity that an 
alternative structural proof seemed desirable. 

In order to perhaps introduce more steric bias into the 

reaction and to possibly be able to unambiguously assign 
the structures of the two isomers 6d and 6e, the cycliza- 
tion potential of the trimethylsilyl derivative 4b was 
explored (Scheme 2). Indeed, reaction of this diyne with 
trimethylsilylmethoxyethyne gave only one protober- 
berine derivative in 58% yield. The structural assignment 
as a cotrimer was readily made based on the spectral and 
analytical data. However, the determination of its sub- 
stitution sequence in the D-ring posed an interesting 
puzzle. Inspection of the molecule suggests that a solu- 
tion to this problem might be found if selective pro- 
tomonodesilylation were possible. For example, should 
the product have structure 7a then selective hydrolysis 
of the trimethylsilyl group at C,, (R3 (being located 
ortho to the methoxy substituent) should give a new 
compound, isomeric to 6d and 6e, with two ring D 
protons exhibiting mera-coupling in the NMR spectrum. 
On the other hand, should protodesilylation for some 
reason occur at C,2 (mefa to the OMe group) 6d or 6e 
would be generated. The latter result would not allow 
one to come to any conclusions regarding the structure 
of either isomer nor their potential precursor (oide injro). 

In contrast, should the cyclization have proceeded 
with regioselectivity opposite to the one shown in 7s (e.g. 
R&eO, RfSiMeJ then selective removal of the tri- 
methylsilyl group at C,o(R3) would give yet another 
isomer of 6d or 6e, presumably distinguishable from the 
one mentioned above by the oriho-coupling anticipated 
for the ring D protons. However, if the desilylation were 
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-30 

CH30 

4b 70, I?* = SifCH& Rf = CH,O 

Tb. Rp = H; R3= CHsO 

7c, A2 = SilCH&; R3 = (CH3&CCH20 

7d. R2 = H; R3 = (CH~)~CCH~O 

78, R2 = “-C4HS; R3 = H 

71, R2 = H; R3 = “-C4Hg 

Scheme 2. Regioselective cooligomerization of 4b with unsymmetrical alkynes. 

to occur at CI1 this would again furnish either 66 or 6e as 
above, making any structural distinction difficult, For- 
tunately, in the event, treatment of the bissilylated 
cocyctization product with 10% trifluoroacetic acid in 
CCL for 12 hr gave 75% mono and 24% bisdesilylation, 
the former clearly resulting in 7b [Jmno(HP,, 1) = 2.3 Hz], 
hence the latter unambi~ously is 6g. Therefore the 
structure of the starting material is 7a. This means that 
the regioselectivity of the cocyclization of 4b is in favor 
of the more hindered isomer as observed in the two 
cases examined previously.” Similarly, cocyclization of 
4b with t~methylsilylneopentoxyethyne [prepared in two 
steps from chloroaceta~dehyde dimethyl acetal by acid 
catalyzed transacetalizationi6 to the dineopentyl acetal 
(92%), followed by sequential treatment with lithium 
diisopropylamide in ether, and t~methylsilyl chloride 
(84%)] gave only 7c (61%), which was selectively 
monodesilylated to 7d (99%). 

In order to further delineate the scope of the observed 
regiochemistry, 4b was subjected to cyclization with 
I-hexyne. A 1:l ratio of the regioisomers 7e and ff was 
isolated, separated by preparative thin layer chromato- 
graphy on silica gel. Unfortunately, the combined yield 
of products in this reaction was only 5%, negating any 

CH30 

CH30 

cpco(co)2 
* 

4b 

mechanistic signi~~ance that may be attached to the 
seeming lack of selectivity. 

A reasonable mechanistic rationale for the exclusive 
formation of 7a and 7c in the cocyclization of 4b with the 
two respective silyi~koxyethynes is presented in Scheme 
3. It is likely that the reaction proceeds through initial 
intramolecular oxidative coupling of the alkyne units on 
the diyne to give intermediate A. Subsequent complex- 
ation of the alkoxyalkyne followed by insertion into the 
Co-C bond then gives B. In order to explain the regio- 
chemical outcome of the cyclization one has to postulate 
that the latter occurs such as to place the silyl-bearing C 
atom next to the metal. This conforms with other 
experiments evidence4*‘ol’2*‘7 and may have electronic 
origins.” Extrusion of the cobalt from B then forces the 
two silyl groups to come to be located next to each other. 

The successful outcome of the above experiments 
suggested to us that it might also be possible to employ 
4b in regioselective cocyclizations with nitriles.’ For 
example, we had noted earlier’ that 1,7-decadiyne 
cotrimerized with vaieronitrile to give predominantly 
(17: 1 selectivity) the 2,6dialkylated tetrahydro- 
isoquinoline derivative. This could be rationalized by 
invoking incorporation of the nitrile into the initially 

B 7a and 7c 

Scheme 3. Suggested mechanism for the regiospeciiic formation of ?a and fc. 
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formed me~lacyclopentadiene by insertion into the less 
hindered (substituted) Co-C bond and placing the N next 
to the metal.” One might anticipate that the presence of 
a trimethylsilyl substituent would exert even stronger 
regiocontrol. In the case of #, such a reaction would 
result in the evidentlym exceedingly rare isoquino[Ll-b] 
- 2,6 - naphthyridine nucleus. In fact, the very few 
reported D-ring azaprotoberberines2’ are all of recent 
origin, including some alkaloids isolated from the seeds 
of Alangium fumorckii Thw.** 

Catalytic cocyclization of 4b with benzonitrile indeed 
gave the desired new heterocycle 8a (Scheme 4). The 
presence of this substance could be readily ascertained 
by NMR spectroscopy, particularly due to the presence 
of a singlet absorption at S 7.36 pinpointing the direction 
of the (in this case complete) regioselectivity. On 
attempted chromatographic purification (silica or neutral 
alumina) complete protodesilylation occurred to furnish 
8b in 74% overall yield from 4b. The most characteristic 
feature in the NMR spectrum of this compound was the 
appearence of a new peak at S 8.47 typical for a pyridine 
proton located next to the heteroatom. Since a large 
variety of nitriles are known to undergo such cocy- 
clizations,s it should be possible to gain access to other 
derivatives of this ring system. Modification of 4b such 
as to place the silyl group on the other alkyne unit would 
also allow the preparation of the regioisomeric 2.7~naph- 
thyridines. This strategy could also be applied to the 
synthesis of other protoberberines. 

4b 
C&CN 

CpC0(CO), 

80, R = Si(CH& 

8b, R = H 

Scheme 4. Cobalt catalyzed synthesis of isoqu~no[2,1-b) - 2,6 - 
naphthy~dines. 

CONCLUSIONS 

The Co catalyzed cooligome~zation of the tetrahydro- 
isoquinoline diynes of the type 4 with monoalkynes and 
nitriles provides a novel synthetic entry into the proto- 
berberine nucleus with extensive ring D variation, in- 
cluding control of its substitution pattern and the in- 
corporation of N atoms. Si in the form of the t~methyI- 
silyl group, performs the useful function of an auxiliary 
group preventing autocyclization of the monoacetylenes, 
dictating regiochemistry, and serving as a potential leav- 
ing group when exposed to electrophiles. 

-AL 

‘H NMR spectra were taken on a Varian T-60 (60 MHz), 
Varian EM-390 (90 MHz) or on home-built 200,220 and 250 MHz 
inst~ments. Spectra are reported in 6 referenced to TMS where 
CCL was the solvent. When other solvents were used, peaks 
were measured relative to their residual proton peak using the 
following chemical shifts: CDCll 87.24, ChDh 7.15. “CNMR 
spectra were measured at 25.14 MHz with a Nicolet ‘IT-23 spec- 
trbmeter. Chemical shifts are expressed downfield from internal 
TMS, referenced to the central peak of the CDCIj triplet 
(77.0 ppm downfield from TMS). IR spectra were observed on a 

Perki~~mer 337 spectrometer or Perkin-Elmer 681 spec- 
trometer, and are reported in cm-‘. Mass spectra and elemental 
analyses were performed by the Mass Spectral Service and 
Microanalytical Laboratory of the University of California, 
Berkeley, California. Analyses are within 0.3% of calculated 
values unless otherwise noted. M.ps and b.ps are uncorrected. 
Mps were determined on a Thomas-Hoover Unimelt apparatus. 
Column chromatography was carried out using Alfa aluminum 
oxide, activated, neutral, CAMAG, 95 + %. - 60 mesh to which 
6% water was added (activity III), or EM reagents silica gel 60. 
70-230 mesh ASTM. Preparative tic was pe~o~ed on-plates 
prepared from EM reagents silica gel PF-254 with CaS01.1/2H20 
using a spinning plate, continuous elution system (Chromatotron, 
Harrison Research) under Nr. Anhyd ether was used as received. 
THF was distilled from Na-beniophenone. Diisopropylamine 
was distilled under NZ from KOH &lets and used imm~iately. 
Ail reactions were conducted under NI. 

3&Dihydroisoquinoline @a). A mixture of 1,2,3,6tetrahydro- 
isouuinoline (5.4 R. 40.6 mmol) and N-chlorosuccinimide (9.43 R. 
70.7 mmol) in‘ether (150 mL) was stirred at room temp for.0.5 h;, 
then filtered. The filtrate was washed with ether, extracted with 
water and brine, then dried (MgSO& 

After filtration, the soln was concentrated by rotary evapora- 
tion to a volume of ca 20 mL, then added slowly (0.5 hr) to a 
stirred soln of EtOH containing KOH (2.67~ of 85% KOH, 
40.5 mmol). The internal temp of this alcoholic soln was kept 
between 5” and 10’ during the addition with an ice bath. After the 
addition was comolete. the soln was stirred at room temp for 
12 hr. 

Ether (40 mL) was then added and the soln was dried (MgSO,). 
Filtration, concentration, then distillation (b.p. 3P; 0.005 ‘I’) gave 
Ja (5.23 g, 39.9 mmol, 98%) which solidified upon standing as 
colorlesscrystals: m.p. 49-W ‘H NMR (60 MHZ, CCL) 6 8.12 (1. 
J = 2. lH). 7.17 (m. 4H). 3.67 (m. 2H). 2.67 (br t. J = 8. 2Hk IR 
(neat; before crystallization) 2900, 1615, 1205,998,875,750~ .m/e 
(rel intensity) 131 (M’. IOO), 129 (12). 104 (49). 103 (48), 102 (27). 
17 (53). 

2_(3,4-DimethoxyphenyI)ethylfomtamide (2b). A soln of 
homoveratrylamine (log, 0.055 mol) and freshly distilled methyl 
formate (33. I g. 0.551 mol) was stirred at room temp for 12 hr. 
Removal of MeOH and methyl formate by vacuum transfer gave 
2b (11.53g. 0.055 mol. IO&j: viscous, colorless oil; ‘HNMR 
(200 MHz. CD(X) 6 8.10 fd. J = 1.33. IH). 6.70 (m. 3H). 5.62 (br 
s, IH), 3.84 (s. 3H,, 3.83 (s, 3H). 3.52 (dt,J = 6.9,‘6.9,2H), 2.76’(t, 
J = 6.9, 2H). 

i - (3 - T~methyfsifyI - 2 - propynyl) - 12,3,4 - t~rahyd~o- 
isoquinol~ne. To big turnings (0.28 g, IO mmol) and 40 mL abs 
ether in a IOOmL round bottom flask equipped with a refhtx 
condenser and magnetic stirring bar was added IO mL of an ether 
soln containing 3 - bromo - I - trimethylsilylpropynes (l&Jg, 
8.38mmol). This mixture began spontaneous reflux within 1 or 
2 min and was cooled with an ice bath as necessary to maintain 
gentle boiling. When vigorous reaction had subsided, the soln 
was left to stir at room temp for I hr. The Grignard reagent was 
then transferred via cannula to a IOOmL round bottom flask 
containing 3,~ihydrois~uinoline (1.10 g, 8.38 mmol). After 1 or 
2 min. when the initially vigorous reaction had subsided, the ice 
bath was removed and the soln was left to stir at room temp. 
After 3.75 hr. when the reaction had shown no visible change by 
GLC for over an hour, water was carefully added to quench any 
remaining Grignard reagent. The ether layer was separated and 
washed with water and brine, then dried over Na$SO+ Filtration 
and concentration by rotary evaporation gave 2.31 g of a light 
yellow oil. Sublimation (room temp. 0.005T) for 20 hr afforded 
1.6 - bis - (trimethylsilyl) - 1.5 - hexadiyne as colorless crystals 
(m.p. 47’. spectrally identical to an authentic sample).” 

The remaining material was extracted into 75 mL of 5% 
aqueous AcOH, washed with ether and then neutralized by the 
slow addition of NaOH pellets. The ether layer was separated, 
washed with water and brine, then dried over Na?SO,. Filtration 
and evaporation of solvent Rave the desired product (94Omg. 
3.87 mm&. 46%): pale yellow oil; ‘H NMR (60 MH.z, CC&) 6 6.95 
(s, 4H). 4.07 (t. J = 6, lHf, 3.07 (m, 2H), 2.67 (m, 4H), 2.07 (br s, 
1H); IR (neat) 3300, 2995, 2815. 2195, 1495, 1450. 1430, 1315, 
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1255, 1080; mle (rel intensity) 243 (M’, 0.17), 228 (2.7),132 (100). 
IM fi9), 73 (11). The hvdrobromide of 1 - (3 - t~ethv1s~vl. 2 - . 
propynyl) - i,2;3,4 - te~~ydrois~~no~ne’is isoiatedht&ng the 
popgun of 4a (vide infraf as ~~~~ly pure colorless crys- 
tals Im.p. 168-t6Y). 

I- (3 - Trimethyisilyl - 2 - propynyi) - 2 - (2 - propynyl) - l23,4 
- f~rohydrofs~u~no~jne @I): Propar8yl &or&de (113 pL, 2.95 -Iddd,-J=6,6,12, lH),‘2.88 (&id, ~=6;6,12i~iH),’ i.gj 
179ma. 1.5mmolI was added via svrinac to a soln of I - (3 - 
trime$ylsilyl - 2 - propynyl) - 1,2,3,4 1 tetrahydroisoquinoiine 

(m,2H), 2.58 (ddd, J = 2.5, 8.5, 15.7, IH), 2.48 (ddd, J = 2.5, 8.5, 
15.7, IH), 2.12 (dd, J = 2.3,2.3, lH), 1.90 (dd, J = 2.6,2.6,1H); IR 

(733 mg, 3.01 mmol). After heating to reffux for 2 hr. the soln was (CCL) 3330,2940,2120,1680,1610,1500,1435,1020,855; m/r (reI 
cooled, then concentrated under high vacuum to give a red, oily intensity) 269 (hi’, 0.11, 230, (tOD), 214 (181, 191 (12), 176 (72); 
residue. HRMS CaIc. (Ct,HipNO& 269..3402. Found: 269.W3. 

CrystaRization from CCt yielded the hy~o~omide salt of I- 
(3 - trimethylsilyl - 2 - pronynyl) - 1.2.3.4 - tetrahydroisoquinoline 
f215 mg, 0.664 mmol, 22% b&id on I - (3 - ~~e~yls~lyt - 2 - 
prapynyl) - 1,2,3,4 - tetrahydroisoquinoline]: white crystals, m.p. 
168-W (from CCL); ‘H NMR (W MHz, CDc1$ S 7.u) (m, 4&f), 
4.77 (t, J = 6, 1HI, 3.68 (sex, 3 = 2.5, 2H& 3.20 (m, 4H), 0.08 (s, 
9H); Anal. (C,~H~BrNSi) C, H, N, Br. 

The suoernatant was ~uri&ed by ottc on silica eiuting with 
~H~r,~~Hlconc NH&H aq fti: j:l> to afford 4a (280 mg, 
0.996 mmol, 66%): colorless oil; H NMR (60 hiHt, CCL) 6 6.93 
(m, 4H). 3.97 (t, J = 6, W, 3.53 tq, J = 2.5,2HI, 2.82 (m, 4H), 2.50 
(d, J = 5, 2w), 2.03 (1, J = 3, IH), 0.12 (s, 9H); 1R (neat) 3275, 
2900.2810.2180. 1495. 1450. 1435. 1325. 1250. 1135. 1100. 1080: 

WQI* 170 (62fl $69 (291, t3t $321, 97 ($2); HRMS Calc. 
GHsNSi. for M’-CH& 266.1365. Found: 266.1366. . .- - 

6,7 - Dim&oxy - t - (5 - f~m~hyisi~yt - 2 f propynyl) - 2 - (2 - 
propynyf) - 1,2.3,4 - tctrafrydroisoquinolinc (4b)). A soln of l- 
t~me~ylsilylprop~yl bromide’ (6.55 g, 0,034 mol) in 25 mL abs 
ether was added via syringe pump over 1 hr to rapidly stirred Mg 
turnings (9.21 g. 0.382 mol) in 65 mt abs ether at 0”. The mixture 
was stirred for 1 hr at V, then transfened via cannula into a soln 
of $7 - dimethoxy - 3.4 - dihydroisoquinoline’ (3.275 g, 0.171 mol) 
in 75 mL dry THF at 0’. After the soln was stirred at 0” for 1 hr, 
propargyl bromide (4.89 g of a soln in 20% toluene, 0.034 mol) in 
5 mL THF was added, followed by hex~et~ylphospho~ide 
(5.01 g, 0.028 mol). The soln was warmed to room temp and then 
heated to reflux for 1 hr. After the addition of 25 mL ice water, 
the organic mat&a? was taken up in CH& washed with brine 
and sat NaHCO,aq, then dried (MgSOlf. Concent~tion, then 
iWaGon fSi&; CHCI,: petroleum ether, 4:t) gave 4.2Og of a 
iight yelfow oil. Crystallization gave 4b (3.92 g, 0.011 mol, 67%): 
colorless crystals. m.p. 80-80.5” (from hexane); ‘HNMR 
(20 MHz, CDCW 8 6.81 (s, lH), 6.54 (s, WY), 4.01 (dd. J = 5.6, 
5.6, IH), 3.83 (s, 3H), 3.82 (s, 3H), 3.69(dd,J = 2.4, 16.9, 1H), 3.50 
fdd, J=2.4, 16.9, lH), 2.96 fm, ZH), 2.72 fdd, J =X6, 5.6, 2H), 
2.61 (m, ZH), 2.20 (dd, J~2.4, 2.4, lH), 0.09 (s, 9H); IR (KBr) 
3270, 3050, 2940, 2910, 2860, 2170, 1610, 1520, 1250, 1237, 1140, 
f 100,848; mfe (rel intensity) 341 (M‘, 0.53>,326 f2),301 (if), 230 
(lOO), 214 (91, 176 ($4). 73 (11); Anal. fC&i~NO&i) C, H, N. 

1,2 - Bis(2 - p~opyny~} - 12,3.4 - f~rohydroisoquinoline @a). 
Compound 4a (260 mg, 0.92 mmol) was dissolved in 20 mL of a 
I% soln of KOH in abs EtOH. After stirring at room temp for 
2.1 hr, this soln was diluted to SO mt with water and extracted 
with ether. 

The combined ether layers were washed with brine and dried 
over NatSOp. Con~ntration on the rotary evaporator and com- 
plete solvent removal under high vacuum produced 51 as a pale 
yellow crystalline solid (193 mg, 100%). Ptlc of this material on 
silica gel eluting with CHCl~~MeOH~~o~c NH,OHaq (in a 
volume ratio of 97: 3: 1) yielded h (174 mg, 0.832 mmol, 91%): 
colorless crystals, m.p. W-850, analytically pure material 
obtained by sublimation at 45’/0.~1 T): ‘H NMR (90 MHz, CQ} 
6 698 (m, 4Hf. 3.97 (t, J = 5, IH), 3.55 (quin, J = 3, Zfff, 2.87 (m, 
4H), 2.53 (quin, J = 3, Ztf). 2.05 (t, J = 2, ifI), 1.78 ft. J = 2, 1H); 
iR (KBr) 3225, 2930, 2800, 2180, 2100, l380$ 1340, 1310, 1130, 
1085, 1055, 1040, 1005,975,950,900, m/e (rel intensity), M” not 
observed, I71 (491, 170 (IOO), 168 (121, 146 (13). 132 (27), 131(16), 
130 &!Q, 103 (33). 77 (32),39 (50). Anal. (CIJH&C, H, N. 

6.7 - Dmefhoxy - I,2 - b&(2 - propynjr() - 1,534 - t~r~y~r~- 
~s~~i~o~in~ (5b). A soln of 4b <O.SO g, 1.41 mmoi) in 35 mL of 1% 
KOH in abs EtOH was stirred at room temp for Shr. The 

mixture was diluted with 75mL H&I, extracted with CH$& 
wa~heti with brine, then dried (NaX& Conceu~tion, then 
chromatogmphy on Sit& (ether: pet ether, 2: 1) gave 5b (0.394 g, 
1.47 mmol, 100%): &&less oit; ‘H NbfR (25OMHz, CDclJ 
6 6.67 (s, IIIf, 6.46 Is, IHS, 3.93 [dd, J = 5.4,5.4, IH), 3.73 Is, 3H), 
3.72 (s, 3H). 3.59 fdd. J = 2.3, 17. 1HI. 3.42 tdd. J = 2.3. 17. lH\. 

5,6,13,13a - Tefrohydro - 1O.f I - h~s~f~mefhy~sifyJ~ - 8H - 
dibenzo [a, g] guinolitine @a). A soln of 5s (135 mg, 0.65 mmol), 
bis(~methylsiIyl~~~e (7 mL), n-octane (15 mL) and 
CpCdCOk (25 ILL) was added via syringe pump over 87 hr to a 
refluxing soln of 7 mt bi~~rne~yls~y~t~yne ~on~~~ 25 pL 
Cpco(C~)I. 

After the addition was complete, the mixture was left at reflux 
for an additional 8hr. The sofn was then cooled to mom Femp 
and volatile materials were removed by vacuum transfer. The 
residue, a dark brown oil. was c~rnat~p~ Iptlc on silica - . 
gel eluting twice with ether/petroleum ether (15:8$] to give 6a 
(212mn. 0.559mmol, 87%): Dale vellow crvstals. m.o. 42-43’ 
(from $roleum ether at 178$; ‘G NMR (~&MHZ, C&CRCII, 
1: I) 6 7.38 (s, lfil), 7.30 (s, IH), 7.15 (m, 4H), 3.83 (d, J = 7, 2H), 
3.52 ft. J = 5, lH$, 2.92 cm,@@, 0.35 (s, ISH); fR {CHCI~$3050, 
283@,2790, $740, 1650, 1490. 1360, 1245, 1140, t 125, 1 tO0, 1015, 
985,955; m/e (ret intensity) 379 (M’, 37), 378 (22), 248 (24). 233 
(131,159 (ll), 132 (6), 130 (23), 73 (100): analytically pure material 
was obtained by sublimation at 9S”/0.001 T: Anal. (CZJH3sNSi?) 
C,H,N. 

5,6,13,13a - Tefrakydro - 2.3 - dim~hoxy - IO,lt - bis(fri- 
mefhy~sjfy~~ - 8H - dibenzo[o, g]qainolizJae (6b) 

Corn~u~ 5h (175 mg, 0.65 mmol) was dissolved in 19mL 
bis~t~~thy~si~y~t~yne~ toluene, and glyme (vdume ratio 
12 : 6 : 1) containing 30 PL of CpCo(COk, and added over 4.5 d to 
bis(~rne~y~jlyl~~~e (IS mL) containing added CpCo(CO)2 
(30 rrL). Ptlc on silica ael elutinn with 4% MeOH in CHCIs save. 
aftei developing the p&e twicerthe desired product as a &a& 
golden yeitow oil (285mg, 98%). ~rodist~llatioa at Wl2~ 
1cf”f’ afforded 6b (265 mg, O.~mmol, 93%): ‘H NMR 
(2% Mw-r, CD&I 6 7.52 (s, tH), 7.43 Is, Iii), 6.77 fs, IH), 6.63 <s, 
IH), 3.93 (s, 3H), 3.88 (s, 3H), 3.69 (m, lH), 3.20 (m+ 4H). 2.69 (m, 
4w), 0.47 (s. 9H), 0.45 (s, 9H): IR (neat) 3000, 2750, 1740, l575, 
1460, 1370, 1250, 1120,1020,955, W, m/e (rel intensity) 440 (M’, 
33,439 (100). 424 (23). 249 (IS), 248 (171, 233 (111, 203 (181, 191 
(18). 190 (76),161(t3), 159 (131,149 (19). It1 (IO), 73 (83); HRMS 
Calf. (CzHnNO&): 439.2364. Found: 439.2362. 

5,6,13,13a - Tefrahydro - 2,3,11 - t~m~hoxy - 10 - f~rne~~y~s~~y~ 
- 8H - dibenzola, 8]~a~ofizjne @id) and 5,6,13,13a - tetrohy~o - 
2S.10 - trimerkoxy - 11 - t~rnerk~si~~~ - 8H * 
dibenzo[a, g]quinofj~ne (6e). A soln of Sb (0.60 g, 2.23 mm&, 
trimethylsilylmethoxyetbyne‘b (0.571 g, 4.46 mmol), and 
CpCdCO)~ (0.401 g, 2.3Ommol) in 15 mL of deoxygenated me 
xylene was added via syringe pump over a period of 6hr to 
50 mL of reiluxing, deoxygenated m-xylene while irradiating with 
a Z~~~~~NH slide projector lamp. After the mixture was 
heated to retlux for an additional 2hr. the soln was cooled to 
room temp and the volatiles were removed by vacuum transfer. 
The black oil was filtered through SiO#ZH&$), then purified by 
flash chromatography’3 (pet ether: EtOAc, i.S:l) to give a 1:I 
ratio of 6d and 6er 66 (0.301 I(, 0.758 mmot, 34%): Dale yellow oil: 
‘HNMR (25OMHz, Cd&,) 67.22 (s, HI), 6.72. (;, I& 6.48 (s; 
1Hf. 6.40 (s. 1HI. 3.89 (d. J = 5.2. lH1. 3.59 fm. 2Hf. 3.55 Is. 3H1. 
3.45 fs, 3E&, 3.3&(s, 3Hj;3.25-2.93 (m, SH), i.40 f&; 2Hf. $7 (d, 
9Hf; IR [CHCl?) 3040,2980,2850, 2790, 1750, lSl0, 1525, 1240, 
1140,850; m/e Gel intensity) 397 (hi*. 62). 382 117t,2% WON. 161 
(811, 117 (IS), 95 (15);’ 71 (311, 57 (4%;’ HRtiS talc. 
GH1IN(hSik 3972073. Found: 397.2068. Wound: C. 68.%: H. 
7.90; N, 3.i2:Calc. (CZ>HUNO&): C, 69.48: H, 7.86; k 3.5&Q: 
6e ~0.301 g. 0.758 mmot, 34%): pale yellow oii; {HNMR 
(2.50 MHz, Cd&I 67.31 fs, IH& 6.70 Is, lH), 6.47 fs, lH& 6.34 (s, 
1HL 3.87 fd. J = 5, Hi), 3.59 fm, 2H& 3.50 fs. 3W. 3.46 (s, 3IQ, 
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3.37 (s, 3H), 3.27-2.95 (m, 4H). 2.50 (m, 2H), 0.46 (s, 9H); IR 
(CHB) 3030.2980.2864X 2780. 1740. 1610. 1520.1220. 1110. B40: 
m/e (rei intensity) 397 (M’. 51) 382 il2), 206 (IOO), 190 +toj, 16i 
f80), 149 (l4), II7 (21), 73 (20), 57 (17); HRMS Calc. 
(C~H~,N~Si): 397.2073. Found: 397.2071. (Found: C, 68.78; H, 
7.87; N, 3.40. Calc. (Cz3H3,NOrSi): C, 69.48; H, 7.86, N. 3.52%). 

5,6,13,13a - Tetruhydro - 2.3.11 - trimetkoxy - 8H - 
dibenro[o, 81 - quinolitine (at). Trilluoroacetic acid (0.74g, 
6.49 mmol) in 0.5 mL CCL was added to a soln of 6d (0.060 g, 
0.15 mmol) in 4.5 mL CC& and the mixture was stirred for I.5 hr. 
Workup (see 6g) gave 6f (O.C!49g, 0.15 mmol, IO@%): pale yellow 
oil; ‘H-NMR (15cMHz, CsDsf 26.90 (d, J=8.8, lI@, 6.77 (dd, 
J = 3.8. 8.8. IH). 6.67 fbr s. 2IH. 6.47 Is. IH). 3.84 fd. J = 17.5. 
IH), 3.‘50 (s, 36, 3.45 (m. 2H), 3140 (s, 3H),. 3124 (s, 3H), 3.18 (rn; 
2H), 2.92 (m, 2H), 2.50 (m, 2H). Bubbling HCI gas through an 
ether soln of 6f (0.03Og. 0.092 mmol) gave the hydrochloride: 
m.p. 200-203’ (from EtOH); lit. 185-1870.’ 195-198”” and 204- 
206’ I4 

5,6,13,13a - Tetrahydro - 2,3,10 - t~rn~~xy - II,12 - bisftri- 
metkyIs~IyI) - 8H - dikenzo[n, g]quinoIizine (?a). This cyclization 
was carried out using the same conditions as in the cyclization of 
Sb with trimethylsilylmethoxyethyne. Thus, the reaction of 4b 
(O.SOOg. I.466 mmol). trimethylsilylmethoxyethyne (0.375 g, 
2.932 mmol) and CpCo(CO)z (0.234g, 1.466 mmol) gave after 
filtration (neutral alumina; CHzClz: petroleum ether, 3:l) then 
crystallization, compound 7a (0.402, 0.856 mmol, 58%): colorless 
needles, m.p. 126-128” (from hexane); ‘H NMR (250 MHz, C&,) 
8 6.84 fs. H-0. 6.48 fs. IHf. 6.33 (s. IHf. 3.94 cd. J = IS. II& 358 
(s. 3Hl; 3.46is. 3H); 3.39 (m, 2Hj, 3.35(s, 3Hj, 3.18 (rn; 2H); 2.90 
(m, 2H), 2.40 (m, 2H), 0.55 (s, 9H), 0.44 (s, 9H); IR (CCL) 2990, 
2940. 2900. 2810. 2800. 2750. 1570. 1545. 1510. 1380. 1260. 1140. 
870. 775; m/e (rel intensity) 469 (M’, 55), 454’(30), 278 (73), 263 
UO), 233 (46). 190 (34), 89 (51). 73 (IOO), 57 (56); HRMS Calc. 
G,Hr.+NO&): 469.2468. Found: 469.2453. (Found: C, 65.89; H, 
8.37; N, 2.98. Calc. (Cz~H~pNO$iz): C, 66.47; H, 8.37; N, 2.98%). 

5,6,13,13a - Tetrakydro - 2.3,lO - t~methoxy - 12 - t~metkylsilyf 
- 8H - dibenzola, glouinolizine (7b) and 5.6.13.13a - tetrokvdro - - _-. 
2,3,10 - trimethoxy - 8H - dibenzo[a,g] - quinolizinev (6& 
Trifluoroacetic acid (0.74 g, 6.49 mmol) in -I mL CCL was added 
via syringe to a stirred soln of 7a (0.060 II. 0.128 mmol) iu 4 mL 
CCL: ‘fbi reaction was stirred for 12h;and then taken up in 
ether. The red soln was washed with sat NaHCO,aq, brine and 
dried (NazSO& Con~en~tion and chromato~hv (Sio2, 
petroleum ether: acetone, 3 : I) gave first 7b (O.O38g, o&6 mmol, 
75%): colorless oil; ‘H NMR (250 MHz, C&,) 8 7.20 (d, J = 2.3, 
IH), 6.84 (s. IH), 6.59 (d. J = 2.3, IH), 6.49 (s, IH), 3.87 (d, J = 15, 
IH), 3.70 (s, 3H), 3.58 (m, 2H), 3.46 (s, 6H), 3.15 (m. 2H), 2.95 (m, 
2H). 2.46 (m, 2H), 0.26 (s, 9H); IR (CCL) 3000,2964$2945,2860, 
2830.2760, 1610, 1515, 1460. 1260, 1110, 1060, 1010,840, m/e (rel 
intensity) 397 &I’, 86), 382 (14) 206 (IO& 191 (Bl), 177 (15). 99 
(9), 73 (8); HRMS Calc. (C~~H~,NO~Si): 397.2873. Found: 
397.2082. 6g (O.OlOg, O.O30mmol, 24%): colorless oil; ‘H NMR 
(C&) 8 6.95 (d, J = 7.5, IH), 6.75 (dd, J = 2.5, 7.5, IH), 6.65 (s, 
IH), 6.60 (d, J = 2.5, IH). 6.42 (s, IH), 3.8 (d, J = 17, IH). 3.54 (m, 
2H), 3.50 (s. 3H). 3.45 (s, 3H). 3.39 (s, 3H), 3.15 (m, 2H), 2.90 (m. 
2H), 2.45 (m, 2H); m/e (rel intensity) 325 (M’, 40), 190 (l4), I64 
(lOO), 149 (39), 134 (SS), 57 (45). Bubbling HCI gas through an 
ether soln of 6g (0.015 mg, 0.046 mmol) gave the hydroc~o~de 
derivative as yellow needles, m.p. 220-223”. from EtOH, (lit.” 
226-227”). Compound 6g was identical to the product formed in 
the protcdesilylation of 6e (see procedure for 61); HCI derivative: 
m.p. 224-225” (from MeOH). 

Ckloroocetaldehyde dineopentyl acetal. A soln of neopentyl 
alcohol ( lOO.Og, 1.134 mot). chloroacetaldehyde dimethyl acetal 
(28.13g. 0.227 mol), and l2N HCI (I mL) was heated until the 
theoretical quantity of MeOH (18.35 mL) had been distilled. 
Distillation gave CMoroa~e~dehyde dineopentyl acetal (49.0 g, 
0.207 mol, 92%): colorless liquid, b.u. IOO-103”. 12T; ‘H NMR 
(90 MHz, CCL) S 4.45 (1, J = 6, IH);3.35 (d, J = 6. 2H). 3.20 (d, 
J = 7.2H). 3.00 Id. J = 7. 2H). 0.90 (s. ISH): IR (neat) 2980. 2940. 
2875,1470,1360~ 1150,1075_ m/r (relintensity) mole&u ion not 
observed, I87 (I), 151 (14). 
(12): “CNMR (CDCh) 8 

149 (43). 72 (16), 71 UOO), 70 (7), 57 
102.5, 76.9, 43.6, 31.8, 26.5; Anal. 

fC,zH&lOz) C, H, Cl. 

Trimefhylsilylneopenroxyetkyne. BuLi (135.57 mL, 0.203 mol, 
1.5M in hex&e) was added via syringe to a stirred soln of 
diisomouvlamine (20.58 a. 0.203 mol) in 200 mL dry ether at 0”. 
The soIn_was warmed to room temp. then CMor~ace~dehyde 
dineopentyl acetal (I5 g, 0.064 mol) was added over a period of 
20 min. The mixture was refluxed for 20 hr, then cooled in an ice 
bath. After the addition of trimethylsilyl chloride (22.086g, 
0.203 mol), the solo was heated to reflux for 24 hr and cooled to 
0”. then l25mL Hz0 was added. The aqueous layer was 
separated and extracted with ether. The combined organic 
extracts were washed with brine and sat NaHCOr aq, then dried 
over K&O,. Rotary evaporation of the solvent and dis~ation 
gave t~methyls~ ylneo~ntoxye~~ne (9.84 g, 0.053 mol, 84%): 
colorless liquid, b.p.71-78”, I I T; H NMR (90 MHz, CC&) 8 3.70 
(s, 2H). 0.95 (s, 9H), 0.11 (s, 9H); IR (neat) 2990,2!Wl,2180, 1245, 
840; m/e (rel intensity) I84 (hi’, 2), 182 (9), I I5 (l5), 99 (88). 71 
(88). 55 (35) 43 (100); “C NMR (CDCI,) 8 110.9, 89.1, 35.3, 32.3, 
25.8.0.6. Anal. fCr~H~OSi)C, H. 

5,6,13,13a - Tetrukyd~ - 2.3 - dimethoxy - 10 - neopentoxy - 
Il.12 - bis(t~metkyIsilyl) - 8H - dibenzo[a, g]qui~oli~ae (7~). 
This cyclization was carried out using the same conditions as in 
the cyclization of 5h with trimethylsilylmethoxyethyne. Thus, the 
reaction of 4b (06OOg, 1.759 mmol), trimethylsilyl- 
neopentoxyethyne (0.648 g. 3.519 mmol) and CpCo(COb (0.316 g, 
1.759mmol) gave after filtration @ii&; CHzCfz:acetone, 3: I) 
then crystallization, compound 7c (0.563g, l.O7mmol, 61%): 
colorless crystals, m.p. 194-195” @inter), 20&201” (dec) (from 
~troleum ether); ‘H NMR (250 MHz, CD&) 8 6.73 (s, IH), 6.61 
(s, III), 6.47 (s, IH), 4.03 (d, J = IS, IH), 3.86 (s, BH), 3.68 (m, 
4H), 3.12 (m, 2H), 2.60 (m, 2H), 1.06 (s, 9H), 0.39 (s, 9H), 0.33 (s, 
9H); IR (CHClr) 3050, 2950, 2900, 2840, 2760. 1620. 1510, 1380, 
1280. 1140. 860: m/e (rel intensitvj 525 CM’. 46). 510 (II). 452 
(12). 334 i53), 248’ (52), 192 (36j; 169 (28). 73.(72), 43 ~100). 
(Found: C, 67.93; H, 8.76; N, 2.&4. Calc. (C~H4rNOBiz): C, 
68.52; H, 8.95: N, 2.67%). 

5,6,13,13a - Tetrakydro - 2,3 - dimetkoxy - 10 - neopentoxy - 12 
- frimetkylsifyl - 8H - dibenzo[a, g]quinokzine (7d). 
Trifluoroacetic acid 11.487 e. 13.04 mmol) in I mL CCL was added 
to a soln of 7c (0.137 g, 0.261 mmol) in 9 mL CCL. After stirring 
for 45 min. the mixture was worked up in the usual manner (see 
6g). Chromatography (Si@, CHzCIr) gave 7d (O.ll?g, 
0.259 mmol, 99%): yellow oil; ‘H NMR (250 MHz, C&,) 6 7.25 
(d, J = 2.5, Ifi), 6.g3 (s, IH), 6.64 (d, J = 2.5, IH), 6.48 (s, IH), 
4.02 fd. J = IS. IH). 3.68 (m. 2H). 3.57 (s. 3Hl. 3.53 fs. 2H). 3.47 
(s. 3H), 3.25 fm, 2H), 3.08&n, 2H), 2.58 im, 2H). 1.03 is, 9H); 0.27 
(s. 9H); IR (CHzCI2) 2960, 2880. 2810. 2760, 1640, 1595. 1510. 
1260. 1130. 1120. 840: m/e (rel intensitv) 453 CM’. 55). 438 (IO). 
380 (l4), 262 (5g), 220 (14),‘192 (83), Iii (67): 71 (SOj, 43 (IOOj; 
HRMS Calc. (CnH,9NO&): 453.2699. Found: 453.2692. 

5,6,13,t3a - Tetrakydro - 2.3 - dimetkoxy - II - n - butyi - I2 - 
t~m~kylsilyl - 8H - dibenzo[n, gjquinotizine (7e) and 5,6,13,13a - 
tetrnhydro - 2.3 - dimetkoxy - IO - n - butyl - 12 - trimetkylsifyf - 
8H - dibenro[a, g]quinoliziine (‘It). A soln of 4b (O.lOOg, 
0.293 mmol), I-hexyne (O.O24g, 0.293 mmol) and I5 g,L 
CpCo(CO)z in IOmL deoxygenated m-xylene was added via 
syringe pump over a period of 6 hr to 30 mL of refluxing deoxy- 
genated m-xylene and I5 pL of CpCo(CO)2 while irradiating with 
a 250W GE-ENH slide projector lamp. After the mixture was 
refluxed‘an additional 4 hr. the soln was cooled to room temp and 
the solvent was removed by vacuum transfer. The black oil was 
filtered througk SiOz (CHzClz), and the desired isomers 7e and 
71 were purified and separated by ptlc (CHzClz: acetone, IO:]) to 
give 7e (O.O03g, O.O07mmol, 2.5%): pale yellow oil; ‘H NMR 
(ZSOMHz, C&,) 8 7.03 (d, J = 8, IH), 6.96 (d, J = 8. IH), 6.80 (s, 
Ill), 6.48 (s, IH), 3.94 (d, J = 17.5, IH), 3.62 (m, 2H), 3.58 (s, 3H), 
3.44 (s, 3H), 3.18 (m, 2H), 2.95 (m, IH). 2.75 (m. IH), 2.43 (m, 
ZH), 1.62 (m, 2H), 1.35 (m. 4H), 0.94 (br t, J = IO, 3H), 0.38 (s, 
9H); IR (CCL) 2975. 2950. 2875, 2840, 2760, ISIS, 1468, 1260. 
1100, 1020, 850; m/e (rel intensity) 423 (M’. 51) 408 (I$ 348 
(30). 232 (55) I90 (78). 175 (37), 73 (100); HRMS Calc. 
(C2,H,,N0rSi): 423.2593. Found: 423.2588; and 71 (O.O03g, 
0.007 mmol, 2.5%): colorless oil; ‘H NMR (250 MHz, C&) 8 7.38 
(d, J = 1.24, IH), 688 (d, J = 1.24, IH), 6.85 (s, IH), 6.48 (s, IH), 
3.95 (d. J = 17.5, IH). 3.63 (m, 2H), 3.56 (s, 3H), 3.46 (s, 3H). 3.20 
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(m, lH), 2.% (m, IH), 2.58 (m, 2H), 2.45 (m, 2H), 1.63 (m, 2H), 
1.35 (m, 4H), 0.92 Or 1. J = IO, 3IQ, 0.33 (s, 9H): IR (CCL) 2975, 
2950, 2865, 2750, 1520, 1450, 1260, 1100, 1020, 840; m/e (rel 
intensity) 423 (MC, 63, 408 (20), 350 (14), 232 (331, 217 (67), 190 
(I@), 73 (55); HRMS Calc. (CXH37N02Si): 423.2593. Found: 
423.2576. 

5,6,13,13a - Tetrakydro - 2,3 - dimef~xy - 10 - phenyf - 12 - 
f~~kyIsiIyt - 8H - is~ujnoI2,1-b~2,6 - nupktky~dine (&) and 
5,6,13,i3a i terr~kydro c 2,3 i dim~koxy -. 10 I pkenyl - 8H - 
isouuino(2,1-b12.6 - napkfkv~d~ne f%bl. The CDCo(COk (30 uLf 
catalyzed co&l&ion of-4b (O.cg, 0.587.mm~l) wiih dn: 
z&rile (0.120 g, I. 173 mmol) was run under the same cyclization 
conditions as those used for 7e and If. Filtration through Si& 
(CHzCl2) gave crude & (0.209g. 0.469mmol, 81%): yellow oil; 
‘H NMR (250 MHz. CDCIl) 6 8.08 (s. IH), 8.06 (s. IH), 7.41 (m, 
3H), 7.36 (s, IH’), 6.74 (s, II+), 6.63 (s, II+), 4.10 (d, J = 16, IH), 
3.89 (s. 3H), 3.87 (s, 3H), 3.73 (m, ZH), 3.56 (m, 2H), 3.16 (m, 2H), 
2.76 (m, 2H), 0.45 (s, 9IQ. Purification (4mm SiOz spinning tic 
plate; CHZCIZ: CH$N, I: I) gave the protodesilylated product 8b 
(O.l62g, 0.435 mmol, 74%): pale yellow oil: ‘H NMR (250 MHz, 
CDCl3 S 8.47 (s, IH), 7.94 (s, IH) 7.91 (s, IH), 7.42 (m, 3H), 7.36 
ts, IH), 6.72 ts, IH), 6.59 (s, IH), 4.03 (d. J = 16, lH), 3.87 (s, 3H), 
3.84 (s, 3H). 3.65 (m, 2H), 3.37 (m, lH), 3.10 fm, 2H), 2.82 (m, 
lH), 2.60 fm, 2H); IR (CHCIJ) 3050,3000,2950,2840,2750, IMX), 
1520, 1240, 1140; m/e (rel intensity) 372 (hi’, 77), 371 (l&l), 353 
(IO), I90 (191, 181 (34). 57 (18); HRMS Calc. (&H24N&): 
372.1837. Found: 372.1825. 
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