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Supaary: Regloselectlve complexation of the dlmethoxy arene ring of canadlne to the 
Cr(CO), moiety gives two dlastereolsomers which are separated by flash chromatography. 
Deprotonatlon of either dlastereoisomer with g-butyllithlum rollowed by addition of 
methyl iodide or trlmethylsllyl chloride gives Cll-methyl- or -trlmsthylsllylcanadine 
after decomplexation. Each dlastereolsomer of the Cll-trlmethylsllylcanadlne complex 
may be treated with base and methyl iodide to give. after desllylatlon and 
decomplexatlon, the enantlomerlcally pure (-)-(8R) and (-j-(&S) methyl canadlnes; 
racemlc samples of CB-methylcanadlnes are prepared via an Independent route. - 

INTRODUCTION 

The protoberberlnes are a widespread class of natural products uhlch incorporate the 

tetrahydrolsoqulnollne skeleton.’ Many.of these compounds differ only in the nature and position 

of the oxygen substltuents in rings A and D of the tetracyclic ring system. However, a number of 

C8- and C13-benzyllcally substltuted protoberberlnes are also known. Corytenchlrlne (1) has been 

lsolated from Corydalls ochotensls’ whilst thallctrlcavlne (2) has been isolated from Corydalis 

tuberosa. ’ Ophlocarplne (3) has a C13-hydroxyl substltuent and has been extracted from Corydalls 

ophlocarpa.’ 

No asymmetric syntheses of Cl3- or C8-substituted protoberberlnes have been reported although 

optically active coralydlne (4) and 0-methylcorytenchirlne (2) have been prepared by cycllsatlon of 

(e)-tetrahydropapaverine with acetaldehyde, separation of the resultlng dlastereolsomeric products 

and resolutlon; or by lndependant cycllsatlon of either CR)-(*I- or CS)-C-j- tetrahydropapaverlne 

with acetaldehyde end separation of the diastereolsomerlc products.’ The synthesis ot racemlc 

meJot.hallctricavlne (2) has also been reported.‘ 
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We have previously reported the highly atereoaelectlve benzyllc functlonaliaation of 

tetrahydroiaoquinoline systems via complexatlon to the chromium trlcarbonyl molety’ and report here - 
the extenalon of this methodology to the preparation of Cll- and CB-aubatltuted protoberberlnes. 

The synthesis of (-)-(8!)- and (-)-CBS)-canadine la deacrlbed. Part of thls work has been the 

aubJect of a preliminary communication.’ 

(-)-Canadlne (1) can be isolated from Hydrastls Canadenala’ whilst (+)-canadine has been 

isolated from Corydalls tuberosa.” (*I-Canadlne la readily obtained by reduction of berberlne 

and, In addltlon. several total syntheses have been reported.” The reaolutlon of (i)-canadine has 

also been deacrlbed.“*” 

Reaults and Dlacuaslon 

The complexatlon of arene systems to the chromium trlcarbonyl molety la facllltated by 

electron donating arene aubatltuents” yet the aelectlve complexatlon of the chromium trlcarbonyl 

molety to the more electron rich ring of a molecule contalnlng two laolated, lnequlvalent aromatic 

aystema has not yet been reported. The two arene rings of (-I-canadlne (1) differ only In the 

nature of the oxygen aubstltuents; rlng A bears a methylenedloxy bridge whilst ring D possesaes two 

methoxy aubstltuenta. 

A competition experlment involving the thermolysla of hexacarbonyl chromium in dl-E-butyl 

ether and THF containing 1,2_dlmethoxybenzene CS) (1 equivalent) and 1,3-benzodloxole (2) (1 

equivalent) gave a 1O:l mlxture of complexes Cl01 and (2) respectively. 

Preferential complexatlon to 1,2-dlmethoxybenzene (8) lmplles a greater electron density In 

thls u-arene llgand with respect to 1,3-benzodloxole (2). This may be a result of the greater 

mesomerlc electron donating capacity of the uethoxy substltuents In Cfi) with respect to the 

methylene dloxy bridge In (21, an effect which has been lmpllcated in the enhanced rate of alkallne 

hydrolysla of ethyl-3,4-•ethylenedloxybenzoate with respect to ethyl-3.4-dlmethoxybenzoate.‘b 

Calculations have shown that the r-electron denslty at the ortho-poaltlon in anlsole (12) which is 

s-cls to the methoxy group 1s hlgher than at the s-trana-position.” Thla has been attrlbuted to -- -- 
meaomerlc electron donatlon by the trans-antlperlplanar lone pair of electrons on the oxygen 

atom.” In 1,2-dlmethoxybentene (81, two such stereoelectronlc errects are pO3Blble whilst in (2) 

the constraint of the five membered ring may prevent electron donation by both antlperlplanar lone 

pairs. Enhanced lnductlve electron withdrawal by the methylenedloxy bridge with respect to the 

methoxy substltuents may also account for the observed regloselectlvlty although the pKa’s Of 

3,4-dfmethoxybenzolc acid (4.5) and 3.4-methylenedloxybenzolc acid (4.43) are not appreciably 

different.” 
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‘2 a 2 

Following the success of the model study, regloselectlve monocomplexatlon of 

was attempted. (-)-Canadlne (1). obtained from its HCl salt, exhibited a melting 

(-)-canadlne (1) 

polnt (134O) and 

optical rotation ([alho -291O (c, 0.93 In CHCl,)) In agreement with llterature values.” The ‘H 

n.m.r. spectrum exhlblted an AB quartet 66.87, 6.80 (JAB - 8.5 Hz, 2H, Cll- and ClP-protons), 

aingleta 66.74(1H), 6.60(1H) and 5.93(2H, br) (Cl, C4 and OCli,O protons) and a singlet 63.86(Ot4e). 

The presence of Bohlmsnn bands in the aolutlon infrared spectrum lndlcated the presence of a 

trana-B/C ring junction.” 

Thermolyals of hexacarbonyl chromium in di-fi-butyl ether and THF containing (-)-canadlne (1) 

gave a yellow gum which was shown to consist of (1) and a 3:2 mixture of two of the four possible 

isomers of (canadlne)Cr(CO), (12). Flash chromatography enabled the two dlastereoiaomera to be 

separated on a large wale. The leas polar, major fraction gave a yellow foam which could not be 

cryatalllaed. The ‘H n.m.r. spectruo showed noticeable differences from that of canadlne (1). The 

AB quartet characteristic of the Cll- and ClZ-protons had shifted upfleld, 65.35, 5.14 (JAB - 6.8 

Hz) indicative of complexatlon of ring D of canadlne (1) to the Cr(CO), moiety. The C9- and 

ClO-methoxy substltuents gave rlae to two singlets 63.93 and 63.83. Two singlets 66.59 and 66.55 

were aaslgned to the Cl- and C4-protons of the free arene ring uhllst an AB quartet 64.08, 3.63 

(JAM - 16 Hz) was aaalgned to the dlaatereotoplc Cb-protons. A multlplet 63.51-3.41 (1H) was 

tentatively assigned to the C14-proton. The presence of Bohlmann bands in the solution infrared 

spectrum lndlcated a trans-B/C fused ring system”. 

The more polar, minor fraction from the chromstographlc separation gave a yellow foam which 

could be cryatalllaed to yellow blocks. The ‘H n.m.r. spectrum again exhlblted an AB quartet 

65.33, 5.12 (JAB - 6.9 Hz) characteristic of the Cll- and C12-protons where the Cr(CO), ring is 

attached to ring D. Two slnglets 66.65 and 66.57 were characterlstlc of the Cl- and C4-protons of 

the free A ring. The dlastereotoplc CB-protons appeared as an AB quartet 64.17, 3.68 (JAB - 16 Hz) 

whilst the methoxy groups appeared as two singlets 63.93 and 63.84. A multlplet 63.65-3.61 (1H) 

was tentatively assigned to the Cl4-proton. The presence of Bohlmann bands in the solution 

infrared spectrum lndlcated a trans-B/C fused ring system.” 

It was evident from the data outlined above that the two dlastereolsomers obtained on 

complexatlon of (-)-canadlne (7) to the Cr(CO), molety both contained a single metal unit attached 

to the dimethoxy arene ring. That no products correapondtng to complexatlon of the 1,3-benzo- 

dloxole moiety could be detected is consistent with the model study outlined above. Since 

complexatlon can occur to elther face of the dlmethoxy arene ring, the two diaatereolsomerlc 

products (3) and (14) differ In the relatlonshlp of the Cr(CO), unit to the C14-hydrogen. An 

X-ray crystal structure analysla (Figure 1) was performed on a alngle crystal of the more polar, 

minor dlastereolsomer groun from a saturated dichloromethane/hexane solution. This establlshed the 

endo-relationship of the C14-hydrogen to the Cr(CO), molety In the minor dlastereolsomer (14) and - 
hence the E-relationship of the C14-hydrogen to the metal moiety in the major diastereolsomer 

(2). 
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Selected bond lengths, angles and final atomia coordinates are given In Tables 1 and 2. 

Features arialng from the X-ray crystal structure (Figure 1) include the u-B/C fused rlng 

junction, canslatentwlth the appearance of Bahlmann bands in the solution lnrrared spectrum, and 

the almost planar nature of the arganlc llgand. The Cll-methoxy group Is rorced exo out of the - 

plane of the arene ring by the two proximate ortho-subatituents and the bulky Cr(CO), moiety. 

Table 1 

Atomic Positional Coordinates and Isotropic or Equivalent Isotropic Temperature 

Factors with Estimated Standard Deviations in Parentheses for em-(canadlne)Cr(lO), (13). 

sI4 

-0.OI9OlIJ 
-O.,U,lSJ 
-0.974110 
-0.~10717J 
4.77#1171 
-0.#,1501 
-0.74DllJ 
-0.4310171 
-0.‘,11,‘, 
-0.,70117, 
-1.07~IlO 
-,.0‘,0,8, 
-0.9494111 
-0.9J6618) 
-0.7,YOJ 
-0.741017J 
-0.1114OJ 
-O.#1411J 
-0.7711(0 
-0.7118OJ 
-0.7lJ110 
-0.‘14,0, 
-O.,O,4(1J 
-0.741410 
-0.7lUlIl 
-0..41017, 
-0.11111J 
-l.O70(1J 
4.16SllJ 
4.#lSlJJ 
4.77711J 
-o.,,.oo, 
-1.14X5181 
-1.141110 
-1.01‘7OJ 
4.V1011J 
-0.677OOJ 
-0.14J‘l,J 
-O.IUlllJ 
-0.,4,,1,, 
4.156101 
-0.1*)210 
-O.,O1111J 
-0.710011J 
-0.‘017l.J 
-o.?J7llJ 
-0.14OllJ 
4.921(JJ 
-l.OOllJ 
-l.,WllJ 
-1.02,lJJ 
-O.#UllJ 
4.81OllJ 

0.04~SZl4J 
-0.0195lJJ 
-0.115Sl1J 
O.,OSlJJ 
0.619101 
0.100114) 

-o.onclo 
0.0‘,,17, 

-0.01WJJ 
-0.001J3J 
-0.001114~ 
0.091714J 
0.1111141 
0.127bl4J 
O.Z11?(4J 
O.JlJOlO 
0.417414J 
0.1011l4J 
O.SJ,114J 
0.474314J 
O.~U614J 
O.Jl1114J 
0.114~l4J 
0.19JllJJ 
0.09~410 
O.o(,DlJ) 

-0.114110 
-0.lW414) 
0.655211) 
0.140015J 

-0.OJ22l6J 
O.O,77~‘J 

-0.014114J 
O.lJ1,14J 
O.l4,Jl4J 
0.1617~4J 
O.lJUl4J 
O.J,Ul4J 
0.491Jl4J 
O.JOO214J 
O.JJ7714J 
0.177714J 
0.214714J 
0.0,n141 
O.OIbBl4J 

-O.l“,lO 
-0.071014J 
-0.1171OJ 
-0.15Wl4J 
-0.1,2114, 
4.164114J 
0.6,74OJ 
0.7111lJJ 

da 

0.5z4040J 
0.647412) 
0.1?10(1J 
0.6W411J 
0.727,llJ 
0.41ml4J 
O.JWl(4J 
O.IUJlJJ 
0.018(J) 
O.ml4lJJ 
0.5447OJ 
0.1,JOfJl 
0.4llOO~ 
O.,117lJJ 
0.641101 
0.4PSOJ 
0.6,YOJ 
O.,JoSlJJ 
0.71050) 
0.77J1OJ 
0.7U1llJ 
0.8OWlJJ 
0.771701 
0.71SSl1J 
0.7054lJJ 
0.441101 
0.7J1SlJJ 
0.I11214J 
OAIMOJ 
0.4nc(4J 
0.448.14J 
0.5M,lJ) 
O.IWJllJ 
0.1J11111 
0.443111J 
O.IM(JJ 
0.424OlIJ 
O.,7UlJJ 
0.8U7lJJ 
O.UIOlJJ 
O.#J41lJJ 
0.1101~1, 
O.lW,lJJ 
0.141,lJJ 
o.*W71,, 
0.71P5lJJ 
0.7OS6lSJ 
0.7a4O~11 
0.111,14J 
O.,,7#(4J 
0.444114J 
O.,tWlJ, 
0.61#013J 

IlI*oJ 

o.os.1 
0.04" 
0.0561 
0.004 
0.0644 
0.0905 
0.0987 
0.08s4 
0.010 
0.043, 
O.o*J# 
0.0442 
O.OJM 
0.0411 
0.011, 
O.MJJ 
0.0101 
0.04,) 
0.0318 
0.0101 
0.0470 
0.0,10 
..0508 
O.OJM 
O.OUJ 
O.OJ,l 
O.OIvO 
0.0478 
O.Ob~4 
O.O,Ol 
0.00, 
0.0," 
o.o,oo 
0.0100 
O.OIW 
0.0100 
o.omO 
o.o,Oo 
0.0100 
o.o,OO 
o.o,w 
o.omO 
o.o,OO 
o.o,oo 
o.o,Oa 
0.0100 
o.oaw 
e.esoa 
e.0SW 
o.om 
o.oma 
o.osoa 
0.0500 
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methodology allows the trimethylsilyl group to be used as protection for the Cl1 proton Of 

(canadlne)Cr(COl,. 

In a control experiment treatment of (-l-canadlne (111 with E-butylllthlum under similar 

conditions to those used above-followed by the addition of an electrophile (e.g. methyl lodlde) 

resulted only In recovery OF starting material. 

Treatment of either (13) or (21 with c-butyllithium followed by methyl iodide gave the 

Cll-methylatad complexes (zj and (2) respectively uhlch were asslgned by analogy with the - 

trimethylsllyl substituted complexes (E5) and (161. Decomplexatlon of either (2) or (2) gave 

11-methylcanadine (20) as a white solid. - 

(1) nBuL1. (ii) E+(fW4r3SiCL). (iii) nBuqNF(E=IC3S1), (iv) Oz. 

Schema 1 

It was predicted that treatment of the 11-trlmethylsilylcanadlne complexes (xl and (161 with 

base would generate either a C8- or C13-benzylic carbanion since the remalnlng activated afene 

proton (Cl2-H) is effectively protected by the bulky Cll-trlmethylsllyL group. We have prevloUSly 

shown that the exo-C4-proton of (E-methyl-tetrahydroisoqulnollne) Cr(CO), (2) may be removed by - 

treatment with ;-butylllthlum.’ The reglo- and stereoselectlvlty of thls deprotonatlon can be 

understood In terms of lnltial coordlnatlon of the llthlum of n-butyllithlum to the axial nitrogen 

lone pair of the heterocycle followed by stereoselective removal Of the z-C4-proton s a 

slx-membered cyclic transltlon state (El.’ 

Li-Bu / cc nBuLi 

<’ N,- 

&a, 
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Treatment of complex (2) with L-butyllithlum, however. gives rise to both exo-C4 - 

deprotonation via the mechanism shown above and exo-Cl-deprotonatlon without chelation - - 

to the nitrogen lone pair.’ 

In complex (12) the nitrogen lone pair la forced endo with respect to the Cr(CO), 

the trans-WC rlng junction (Figure 2). Chelatlon controlled, fi-butylllthium mediated 

177 

of the base 

molety by 

deprotonatlon via coordination of the base to the nitrogen lone pair 1s therefore unlikely. Any - 

coordination or the base to the nitrogen lone palr would require a ring ‘flip’ to glve the cis-B/C 

fused system; this would place the A and B rings proximate to the bulky Cr(CO), moiety. 

Figure 2. exo-(11-Trlmethylsilylcanadlne)Cr(CO)~ (15) 

The stablllsing efPect of a para-trlmethylailyl group towards benzyllc carbanlon formation 

demonstrated by Jaouen” along ulth the possible chelating ability of the C9-methoxy group 

suggested that deprotonatlon of (15) would occur at the C8-position. - 
In complex (16) the nitrogen lone pair is now exo with respect to the metal moiety and - 

therefore available for coordination to an lncomlng base (Figure 3). Deprotonation by ;- 

butyllithium would therefore be expected to occur at Cl3 via a alx-membered cyclic transition - 

state. However the presence of a ally1 group pare to the CB-poaltion would be expected to enhance 

the acldlty oP the exo-Cb-proton and favour t-butyllithlum mediated CB-deprotonatlon without prior - 
coordination of the base to the nltrogen lone pair. 

Figure 3. (11-Trlmethylsilylcanadlne)Cr(CO, (16) 

Methylatlon of the carbanions generated from complexes (2) and (2) followed by deailylatlon 

(vide supra) and decomplexation would give the C8- and/or C13-methylcanadlnea. Both 

dlastereoisomers of 13-methylcanadlne have been reported (vlde supra).” 

The C8-•ethylcanadlnes have not been isolated from natural sourcea and their ayntheala has not 

been reported. Gear and Spenaer have prepared the analogous C8-benzyl compound however,” and 

modification oP their procedure gave the requlred authentic samples of C8-methylcanadlne with the 

C8-methyl group cla- or trans- to the C14-hydrogen. - - Treatment of achiral berberlne chloride (3) 

with methylmagnesium iodide gave the enamlne (24) as a yellow crystalline solid. Reduction of (24) - 
with sodium borohydrlde gave a mixture of (i)-(25) and (t)-(26) (In the ratlo 1:5.5) which were - - 
separated by flash chromatography. 



178 P. D. BAIRD et al. 

The predominance of (26) bearing the C8-methyl group trans with respect to the C14-hydrogen is 

consistent with approach of borohydrlde from less hlndered face away from the CB-methyl group in 

the reduction of the intermediate lmlne (2). 

Essential features of the ‘H n.m.r. spectra of compounds (2) and (26) are given in Table 3. 

The major differences between the chemical shifts of the C8-methyl group, C8-proton and C14-proton 

along with the presence OF strong and weak Bohlmann bands for (II) and (26) respectively are 

consistent with compound (26) adopting a conformation In which the B/C ring junction is e-fused 

and compound (3) adopting a z-B/C fused-ring junction.‘*‘~“~*‘. 

Table 3. Selected ‘H n.m.r. data for the C8-methylcanadlnes (25) and (26) 

6H p.p.m. 
Compound Cll, C13-H Cl, C4-H CB-H Cl 4-H C9, ClO-OHe 

(25) 

(26) 

6.82, 6.79 

CAB system) 

(J~B-8.5Hzj 

6.89, 6.81 

CAB system) 

(JAB’~.~HZ) 

6.59(s) 

6.69(s) 

6.77(s) 

6.60(s) 

4.33(s) 4.24-4.18 3.90(s) 

(J-6.7Hz) (m) 3.86(s) 

3.83(s) 3.55(d,br) 3.88(s) 

(J-6.lHz) (J-10.9Hz) 3.87(s) 

CB-Me 

1.39(d) 

(J-6.7Hz) 

1.52(d) 

(J-6.1Hz) 

The above method therefore gives the 8-methylcanadlnes (25) and (26) but the reaction 1s - 
neither enantlo- nor highly diastereoselective. 

The trlmethylsllyl substltuted complex (2) with the C14-hydrogen z- and the nitrogen lone 

palr endo- with respect to the Cr(CO), moiety was treated with fi-butylllthlum Pollowed by methyl 

iodide to give a yellow foam. The ‘H n.m.r. spectrum of this crude product exhlblted a new 
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doublet 61.47 (J - 6.7 Hz) and a quartet 64.25 (J - 6.7 Hz) characterlatlc of a methyl aubstituent 

at the Cf+poaitlon. The AB quartet characteristic of the C&protons present in the ‘H n.m.r. 

spectrum of complex (15) was no longer evident. Only a single diastereolsomer could be detected 

and this was assigned as. the (a!, 14S)-exo-methyloanadine complex (28) by analogy with other -- 
benzyllc substltutlons of (arene)Cr(CO), complexes where the alkylatlng agent approaches from the 

exo-race away from the Cr(CO), moiety.” - 

Treatment of complex (15) with n-butyllithlum and methanol regenerated complex (E) which - 

exhibited an optical rotatlon identical with that or an authentic sample. The chiral centre at Cl4 

is, thereiore, conflguratlonally stable under the conditions used ror C8-lunctionallsatlon. 

Treatment or complex (28) with tetra-t-butylmonlum fluoride trihydrate rollowed by - 

decomplexatlon gave (-)-@-•ethylcanadlne (a), ([ali)’ -170° (c, 1.1 in CHCl,)). Thls compound was 

ldentlcal with the racemic sample prepared above and confirms the lnltlal assignment or compounds 

(3) and (26) where borohydrlde attack on the lmlnlum lon (21) was assumed to occur predominantly 

from the least hindered race to give mainly (a). 

Complex (16) with the Cl4 hydrogen endo- and the nitrogen lone pair exo- with respect to the - 
metal moiety was treated with ;-butylllthlum. Subsequent addltlon of methyl lodlde and work-up 

gave a very air sensltlve red gum. The ‘H n.m.r. spectrum of this material was not well resolved 

and indicated that a complex mixture or products had been formed. This unusually unstable red gum 

may be the result of prlor coordination of the c-butyllithium to the avallable nitrogen lone pair 

0r complex (16). An alternatlve to chelation controlled C13-deprotonatlon via a six-membered - 
cyclic transition state la l-butyl addition para to the trlmethylailyl group by analogy with 

similar reactions which have been carried out on sllyl substituted (arene)Cr(CO), complexes.” 

This nucleophlllc addltton may account for the observed complex mixture or products. 

Treatment of complex (3) with t-butyllithlum (1 equivalent) at -78% followed by methyl 

iodide gave a yellow gum. Column chromatograpy gave two fractions. The leas polar, mlnor fraction 

exhlblted a doublet 61.54 (J - 6.1 Hz) in the crude ‘H n.m.r. spectrum lndlcatlve of benzyllc 

q ethylatlon. The AB quartet attrlbuted to the diaatereotopic C&protons of complex (16) had been 

replaced by a quartet 63.91 (J - 6.1 Hz, 1H). This complex was assigned as (as, lUz)-endo(g- 

methyl-11-trlmethylsllyl canadlne)CriCO), (29) by analogy with other benzyllc runctlonallsatlona or - 
arene chromium tricarbonyl complexes where the alkylatlng agent approaches from the exo-face away - 
from the bulky Cr(CO), moiety.” The more polar, major fraction was ldentlcal in all respects with 

the starting complex (s). 
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Treatment of complex (5) with i-butyllithlum and methanol regenerated aamplex (161 which - 
exhlblted an optical rotation ldentlcal with that of an authentic sample. The chiral centre at Cl4 

is therefore configurationally stable under the conditions used for CB-tunctfonalfsation. 

Treatment or complex (29) with tetra-n-butylammonfum fluoride trlhydrate lollowed by - 
decomplexation gave (-)-82-methylcanadine (z), (Calfi* -150.6O (c. 0.25 In CRCl,)). Thls compound 

was identical with the racemate prepared above and conrlrms the lnltial assignment Of compounds 

(31 and (26) where borohydride attack on the lminfum ion (27) was assumed to occur prsdomfnantly - 
from the least hindered face. to give mainly (31. 

I. 98uqNF3H20 

2.c$*hv 

t-1- 24 

Conclusions 

The novel regfoaelective complexatfon or the more electron rich dimethoxy-arene ring of 

(-)-canadine (11 to the Cr(CO), moiety has been achieved and this has been shown to be consistent 

with a model study. The resulting diastereoisomeric complexes (131 and (14) have been separated. 

Independent deprotonatfon of either (31 or (14) ulth c-butyllithlum occurs In each case at the - 

Cll-position via chelation of the base to the ClO-methoxy group. Treatment or the FeSultfng - 
anions with trimethylsilyl chloride gives the ll-protected complexes (El and (161. Complex (Et 

with the nftrogen lone pair endo with respect to the metal moiety undergoes stereoselectlve 

exo-6-methylatlon via n-butyllithlum mediated carbanion rormation, - -_ whilst coaplex (16) with the 

nitrogen lone pair exo with respect to the metal moiety undergoes stereoselectlve exo-8-mathylatlon - - 

via t-butyllfthtum mediated carbanfon rorm?tlon. These reactlons 0rf8Ct the rfrst aSyf&?IetriC -_ 
synthesis of (-J-(89 and (-)-(82)-methylcanadine and illustrate the use of the trimethyl- 

sllyl group to protect an arene posltlon. 

EXPERIHENTAL 

All reactions involving the preparation and utilisatlon of (arene)Cr(CO), complexes were 
performed under an atmosphere of nitrogen using standard vacuum line and Schlenk techniques.” 
unless otherwise stated. Removal or ail solvents was performed under reduced pressure. 

All commerlcal reagents were purllied according to standard procedures.*? THF was distilled 
from sodium benxophenone ketyl under an atmosphere of nitrogen. Dichlor~thane was distilled rroin 
calcium hydride under nitrogen. Diethyl ether was peroxide free and di-n-butyl ether was dried 
over sodium wire and distilled under nitrogen belare ~88. Petroleum eth& rerers to that fraction 
boiling between 40 and 6OoC and hexane refers to that fraction of petroleum ether boiling between 
67 and 70°C. 

c-Butylllthlum was used as a 1.6M solution in hexane and t-butylllthium as a 2.36 M solution 
in pentane. Hexacarbonyl chromium was steam distilled prior to use and stored under nitrogen. 
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Flash chromatography was performed on SlO, (nbrck. 40-60 urn) under a positive nltrogen 
pressure. Optiaal rotations were performed on a Perkin-Elmer 241 polarlnmter. Mass spectra were 
recorded on a V.G. l4lcromass WB 1F or MM 30F instrument using In beam Electron Impact Techniques 
unless otherwise .st.ated. Infrared spectra were obtained an ohlorotorm mlutions using 0.1 or 1.0 
mm cells. ‘ii n.m.r. spectra were obtained in d’-chloroform at 300 MHz unless otherwise stated. 
“C n.m.r. spectra were obtained in d’-chloroform at 62.90 MHz. 

Competitive complexatlon of 1,3-benzodloxole (9) and 1,2-dlmethoxybenxene (8) 
A deoxvnenated mixture of dl-n-butvl ether (50 ml). THF (5 ml). 1.3-benzodioxole (9) (830 mg. 

6.80 mmol).-i,2_dlmethoxybenzene (3) (940 mg. 6.81 mmolj and hexaca~bo~ylchromlum (1.50-g, 6.82 
mmol) was heated at rerlux (27 h).- The cooled eolution wan filtered and the solvents removed to 
give a yellow solld. Filtration (Al,O, Grade V. CH,Cl,) gave a yellow solid (825 mg) which was 
shown to contain a 1O:l mixture of (n‘-1,2-dlmethoxybenzene)tricarbonylchromium(O) (10) and 
(n‘-1.3-benzodioxole)trlcarbonylchromium(O) (11) by ‘H n.m.r. spectroscopy: Complex~lO) 6H 
5.33-5.30 (m. 2H, ArE), 5.10-5.07 (m. 2H, Arir 3.81 (a, 6H, OCli,); Complex (11) 6H 5.x and 5.75 
(29. 1H. OCt&O), 5.54-5.51 Cm, 2H, Ari), 4.99-4.97 (m. 2H, Ary). 

(-)-Canadine (7) 
(-)-Canadlne HCl (4.50 g. 11.98 mmol) was treated with 21 NaOH solution and the organica 

extracted with chloroform (3 x 100 ml). Drying (MgSO,) and evaporation gave a pale yellow solld. 
Flltration (SiO*, Et*O) gave the title compound a8 a vhite solid (4.0 g, 98.51); m.p. 134Y; vmax 
2800-2700 (trana-qulnolizldlne). 940 (OCH,O) cm-‘; 6H 6.87, 6.80 (AB system, JAB - 8.5 Hz, 2H, Cl1 
and Cl2 protons), 6.74 and 6.60 (2.3, lH, Cl and C4 protons). 5.93 (a), br, 2H, GCli,O), 4.24, 3.54 
(AB system, JAB 
340 (M’ + 1); 

- 15.5 HZ, 2H, C8 protons), 3.86 (s, 6H, OW,). 3.57-2.60 (m, 7H); m/z (DCI/NH,) - 
Calfi’ -291° (c. 0.93 in CHCl,); [Llt”l” m.p. 134OC; 6H (60 MHz, CHCm 6.79br (2H, 

a, Cl1 and Cl2 protons), 6.69 (lH, a, Cl proton), 6.55 (lH, 8. C4 proton), 5.89 (2H, s, OC&O). 
3.83 (6H, s, OCH,); CaIb’ -299O (c. 0.93 In CHCl,)]. 

. 

exo and endo-(n+anadine)tricarbonylchromlum(O) (13) and (14)t 
A deoxygenated mixture of dl-n-butyl ether (100 ml), THF (10 ml), (-)-canadlne (7) (3.90 8. 

11.50 mmol) and hexacarbonyl chromium (2.78 g, 12.64 mmol) was heated at reflux (30 h7. The cooled 
solution was filtered and the solvents removed to give a yellow foam. Cold (O°C) diethyl ether was 
added and the resulting yellow aolutlon filtered Clear of a white precipitate. The precipitate 
(2.05 g) was identical in all respects to an authentic sample of (-)-canadine (173). The 
yellow solution was concentrated to a yellow foam. Flash chromatography (S102, Et,O) gave two 
Pratt Ions. Fraction one gave exo-(n’-canadine)trlcarbonylchromlum(O) (Q) a5 a yellow Poam (1.20 
8. 221); vmax 2800-2750 (trana~lnolizidlne), 1965. 1880br (CZO) cm-‘; 6H 6.59 and 6.55 (23, lH, 
Cl and C4 protons), 5.91 (s, 2H, OCfiIO), 5.35, 5.14 (AB system. JAB - 6.8 Hz, Cl1 and Cl2 protons), 
4.08, 3.63 (AB system, JAB - 16 Hz, 2H, C8 protons), 3.93 and 3.83 (2.3. 3H, OCE,). 3.51-3.41 (m, 
lH, Cl4 proton), 3.24-2.62 (m, 6H); m/z - 475 (M+); [alh” -47.0° (c, 0.7 in CHCl,); (Found C, 58.4; 
H, 4.6; N. 2.9; C,,H,ICrNO, requires7 58.1; H, 4.5; N, 2.9%). Fraction two waa cryatalllaed 
(CH,Cl,/hexane) to yellow needles (950 mg, 171) of endo-(n*-canadlne)trIcarbonylchromium(O) (14); 
vmax 2850-2750 (trans-quinollzldine), 1965, 1875br m) cm-‘; 6H 6.65 and 6.57 (29, 1H. Cl and C4 
protons), 5.91 (9, 2H. OCt&O), 5.33, 5.12 (AB system, JAB - 6.9 Hz, 2H, Cl1 and Cl2 protons). 4.17, 
3.68 (AB system. JAB - 16 Hz, 2H, C8 protons), 3.93 and 3.84 (29. 3H, OCli,), 3.65-3.61 (m, lH, Cl4 
proton), 3.12-2.61 (m, 6H); “C-(‘HI n.m.r. 6C 234.2 (CO), 146.7, 146.4, 134.6. 129.2, 127.5, 
127.1, 108.4. 105.6, 100.9, 100.5, 107.1. 90.2. 75.2, 64.95, 58.1, 56.45, 52.7, 50.6, 36.3, 29.5: 
m/z (DCI/NH,) -476 (H+ + 1); [aIt” -217.7O (c, 0.65 In CHCl,); (Found: C, 58.1; H, 4.6; N, 2.8; 
cH,,CrNO, requires C. 58.1; H, 4.5; N, 2.91). For X-ray crystal structure date see Tables 1 and 
2. 

X-ray crystal structure analyala of (14): 

Cell parameters and reflection intensities were measured ueing graphlte-wnoohromated 
Cu-Ka radiation on an Enraf-Nonfua CAD-4 dlliractometer operating in the w/28 acan mde for a 
crystal havlng approximate dimensions 0.20 x 0.20 x 0.58 mm. The omega scan angle was calcaluted 
Porn LO.90 + 0.14 tan 81” and increased by 251 on each alde for background determination. The scan 
speed was varied from 0.8 to 5.5Omin- ’ depending upon the intenslty. ReFlections were scanned in 
the range 1 < g ( 75O. Four standard relfectiona measured every hour showed no appreciable 
variation wlth time. The.data were corrected for Lorentz , polarisatlon and absorptlon effects” 
(relative tranamlaalon factors 1.00-1.15) and equivalent reflections merged to give 2492 unique 
reflect ions (R, - 0.067). of which 1681 were considered to be observed [I > 30(I)] and used in the 
structure analyals. 
Crystal Data, C 2s II 7 H 0 CrN, M-475.4, orthorhomblc, a - 8.061(2), b - 14.658(l), c - 18.001(l) A, 
U - 2127.1 A’, 2 - 4, D, - 1.48 Mgm-‘, u(Cu-Ka) - 78.8 cm-‘, space group P2,2,2; (established from 
systematic absences). 

The structure was solved using MIJLTAN” and Fourier electron density synthesis. Final 
full-matrix least squares refinement included parameters for atomic coordinates, temperature 
factors (anlaotroplc for non-hydrogen atoms) and an overall scale factor. All hydrogen atoms were 

t- _- exo- and endo rerer to the relationship between the Cl4 proton and the Cr(CO), rrplety. 
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included in calculated positions and were allowed to “ride” on their respective carbon atoms after 
being given chemically sensible isotropic temperature factors. The refinement was terminated when 
the r.m.s. (sh1fUe.s.d.) wa9 less than 0.1 with fl - 0.045 (Rw - 0.052, COF - 1.02). The weight 
ror each reflection was calculated from the Chebyshev series Y - c3.03 b (XI + 1.66 t, (XI l 1.82 
t,(X)] where X - F,/F,,“. Final difference Fourier synthesis showed no significant residual 
electron density and a detailed analysis failed to reveal any systematic errors. All calculation3 
were performed using the CRYSTALS package” on the Chemical Crystallography Laboratory VAX 111750 
computer. Flnal atomic posltlonal coordinates wlth e.e.d.‘s in parentheses are listed in Table 1. 
Selected bond lengths, angles and torslonal angles are listed in Table 2. 

General procedure for the generation of exo- or endo-(n’-ll-trimethylsllylcanadlne)trioarbonyl- 
chromium(O) (15) and (16) 

n-Butylllthlum (0.8 ml. 1.28 mm011 wa3 added to a stirred solutlon of exo- or endo-(n’- 
canad~ne)trlcarbonylchromlum(0) (13) or (14) (420 mg, 0.88 mm011 in THF (207) at%%. After 
stirring (2 h, -78OC), trimethylsilyl chloride (0.3 ml, 2.36 mm011 was added and stirring continued 
(2h, -78OC). Methanol was added, the solutlon warmed to room temperature and evaporated. Column 
chromatography (Al,O, Grade V, EtlO) gave the title compound as a yellow foam. 

exo-(n*-ll-trlmethylsllylcanadine)trlc~~nylchro(O~ (15) 
(280 mg, 581); vmax 2840-2750 (trans-qulnolfzldlne), 1970, 1960, 1885br (CZOO), 1600 

(aromatic ring) cm-‘; 6H 6.59 and 6.553, 1H. Cl and C4 protons), 5.91 (a, br, 2H, OC&O). 5.25 
(3, 1H. Cl2 proton), 4.12, 3.65 (AB system, Jm - 16 Hz. 2H..C8 protons), 3.86 and 3.83 (2s. 3H. 
OCff,), 3.50-3.47 (m. 1H. Cl4 proton). 3.25-2.59 (m. 6H). 0.37 (s, 9H, (C~,),Sl); n/z (DCIINH,) - 
548 (M’ + 1); Calfi” -215.3O (c. 0.61 in CHCl,). 

endo-(n~-ll-trlmethylsilylcanadine~trlc~bonylchroml~(O~ (16) 
(425 mg, 881); vmax 2850-2750~ (tm-qulnollzldine), 1965, 1885 (CZO) cm-‘; 6H 6.66, 6.57 

(29, lH, Cl and C4 protons), 5.93 (3, 2H, OCt&O), 5.24 (3, lH, Cl2 proton). 4.15. 3.73 (AB system, 

JAB - 15 HZ, 2H, C8 protons), 3.88, 3.85 (2s. 3H, OCtl,), 3.63-3.59 (m, lH, Cl4 proton), 3.14-2.59 
(m, 6H). 0.36 (s, 9H, (C~,),Sl); m/z (DCWNH,) - 548 (M* + 1); Calho -59.64O (c, 0.55 in CHCl.1. 

exo- or endo- (n’-Canadlne)trlcarbonylchromium(O) (13) or (14) 
A solution of exo- or endo- (n‘-ll-trimethylsilylcanadlne)- trlcarbonylchromlc(0) (15) or 

(16) (30 mg, 0.06 a) in s(2 ml) at 20°C was treated with a solution of n-Bu,NF.3&0(43 ms, 
0.14 mmol) in THF (1 ml). After stirring (6 h, 20°C), water (3 drops) was adzed and the solutlon 
evaporated. Column chromatography (Al,O, Grade V. Et,01 gave the title compounds (13) or (14) a3 - - 
yellow foams (22 mg, 841) identical In all respects ulth authentic samples. 

11-Trlmethylsllylcanadlne (17) 
A solution of exo- or endo-(n’-l1-trlmethylsllylcanadlne~carbonylchromlum(O~ (15) or (16) (150 

mg. 0.27 mmol) in dlethyl ether (20 ml) was allowed to stand in air and sunllght until ColoFless. 
Filtration through cellte and evaporation gave a white foam. Flash chromatogiaphy (SiO, 1:l 
Et,O/petroleum ether) gave the title compound as a white solid (105 mg. 931); vmax 2840-2750 
(tranJ-qulnollzldlne), 1600 (aromatic ring) cm-‘; 6H 6.92 (s. lH, Cl2 proton), 6.74 and 6.60 (2s. 
lH, Cl and C4 protons). 5.93-5.92 (m. 2H, OCfizO), 4.28, 3.57 (AB system, JAB - 16 Hz. 2H, C8 
protons). 3.85 (s, 6H, C9 and Cl0 OCf&), 3.32-2.62 (m, 7H). 0.29 (3. 9H. (C&),.51); lrradlatlon of 
the Cl2 proton singlets 66.92 gave n.O.e’s to a Cl3 benzyllc proton 63.32-3.23 (3.661) and the 
trlmethylsllyl group 0.29 (1.31); m/z (DCI/NH,) - 412 (M+ + 1); CaIb’ -197.0° (c, 0.18 in CHCl,); 
(Found; C, 67.3: H, 7.3; N, 3.0; C>..NO,Sl requires C, 67.1; H, 7.1; N, 3.45). 

General Procedure for the generatlon of exo- or endo- n ‘-ll-methylcanadlne)trlcarbonylchromlum(O) 
(18) or (19) 

n-Butylllthium (0.15 ml, 0.24 mmol) was added to a stirred solution of exo- or endo-(n’- 
canad’i;le)trlcarbonylchromlum(O) (13) and (14) (100 mg, 0.21 ~1) in THF (20x1 at-C), methyl 
lodlde (0.2 ml, 3.2 nmol) was added and stlrrlng continued (2 h, -78OC). Hethanol was added, the 
solution warmed to room temperature and evaporated. Column chromatography (Al,O, Grads V. EtlO) 
gave the title compound as a yellow foam. 

exo-(n‘-11-methylcanadlne)tricarbonylchromlum(O) (18) 
(95 mg, 92%); vmax 2850-2750 (trans-qulnollzldlne). 1975, 1885 (CZO). 1600 (aromatlc ring) 

Cm- ; 6H 6.59 and 6.55 (23, lH, Cl and C4 protons), 5.92 (s, 2H, OC&O), 4.93 (s, lH, Cl2 proton). 
4.00, 3.57 (AB system. JAB - 15 Hz, 2H, CB protons). 3.92 and 3.83 (2s. 3H, C9 and Cl0 mH,I. 
3.56-3.47 (m, 1H. Cl4 proton). 3.22-2.58 (m, 6H), 2.22 (s, 3H, ArCH.1; m/z - 489 M*); [oTfiO -231’ 
(c. 0.25 in CHCl,). 

-~ - 

endo-(~‘-ll-msthylcanadine)trlcarbonylchromlum(0) (19) 
(100 mg 97%); umax 2840-2750 (trans-qulnolizldlne), 1970. 1880br (CZO), 

cm-’ ; 6H 6.71 and 6.59 (2s. lH, Cl and protons), 5.92 (a, 2H, OC&O), 4.93 
4.00, 3.56 (AB system, JAB - 15Hz. 2H. C8 protons), 3.95 and 3.86 (23, 3H, C9 
3.70-3.62 (m. lH, Cl4 proton). 3.11-2.97 (m, 3H). 2.76-2.61 b, 3H), 2.19 (s. 
(M+); [aI6' -58O (c, 0.27 In CHCl,). 

1600 (aromatic ring) 
(3, lH, Cl2 proton). 
and Cl0 OW,). 
3H, Arc!,); m/z - 489 
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ll-Methyloanadine (20) 
I solution of exe- or endo- (n‘-~thylcanadine)tricarbonylahroaium(O) (18) or (19) (90 mg, 

0.18 mmol) (90 mg, 0.l8 mmomn diethyl ether (20 ml) was allowed to stand 5 air and sunlight 
until co1otlriess. Filtration through cslite and evaporation gave a white foam. Flash 
chroaatography LSlO,, Et,O) gave the tltle compound as a white solld (63 mg, 971); umax 2840-2750 
(trana-quinollzidlne), 1600 (aromatic ring) cm-‘; 6B 6.72 (s, ZH, Cl2 and Cl or C4 proton), 6.60 
(n, Cl or C4 proton). 5.92 (s 2H. OC&O), 4.17, 3.50 (AB system, JAB - 15.6 Hz, ZH, C8 
protons), 3.88 and 3.81 (2s, 3H, C9 and Cl0 OCH,), 3.55-3.45 (m, lH, Cl4 proton), 3.22-3.12 (m, 
3Hf. 2.84-2.75 (m, lH), 2.68-2.59 fm, 2H), 2.2F (s. 3H, Arc&); m/z (DCIIYH,) - 354 (M’ + 1): 
[al5* -229.0* (c, 0.08 in CHC1.1: (Found; C. 71.5; H. 6.7; N, 3.8;C,,H,,NO, requires C, 71.4; 
H, 6.6: N, 4.0%). 

Treatment of canadine (7) with n-butylllthlum 
n-Butyllithlum (1.3 ml, 2.08 mmol) was added to a solution of canadine (1) (600 mg. 1.77 amol) 

in T@ (30 mI) at -78*C. After stirring (2 h. -78@C), methyl todide (0.2 ml, 3.2 imnolf was added 
and stirring continued (2 h, -78*Cf. Methanol was added, the solution warmed to 209C and 
evaporated. Filtration LSiO,, Et*01 gave a white solid (510 rq~) tdentloal In all respects with an 
authentic sample of canadine (11. 

8-Bethyldihydroberberine (24) 
A suspension of dried berberine chloride (2) (2.00 g. 4.90 amkol) in sodium dried diethyl 

ether (50 ml) at 0% was treated with ~tby~~~esium iodide (5 al, 2H solution In E&O, 10 aetol). 
After the initial reaction ceased the solution naa heated at retlux (15 min). On cooling, 
saturated aqueous ammonium chloride was added and the dlethyl ether layer decanted away from the 
aqueous layer. The aqueous layer was beslried (dil. NH,OH) and the organlcs extracted with dlethyl 
ether (3 x 30 ml). The combined extracts were dried (HgSO,) and evaporated to give the title 
compound as a yellow solid (1.65 g. 96%); 6H 7.17 (8, lH, AM), 6.75 (s, 2H, A@). 6.60 (s, lH, 
A@), 5.96-5.94 (m. 2H. OC&O), 5.87 (s, lH, Cl3 proton), 4.8z (ql J - 6.3 Hz, 1H. C8 proton), 
3.9; and 3.85 (2s. 3H. C9 and Cl0 OCf&), 3.50 - 2.76 (m, 4H). 1.19 (d. J - 6.3 Hz, 3H, C8 methyl 
protons); m/z (CI/NH,) - 352 (h’+l). 

(SR.R.5) and (SS,RR)-8-Hethylcanadine (25) and (26) 

A cooled (O°C) solution of 8-methyldihydroberberlne (24) (810 mg, 2.31 mmolf in methanol (50 
ml) vas treated with sodium borohydrfde (2.00 g, 52.87 mm03 and allowed to stir (1 h, 20%). The 
mixture was cooled (0%) and treated vlth water (50 ml). Evaporatlon of the methanol followed by 
dlethyl ether extraction (3 x 40 ml), drying (HgSO,) and evaporatlon gave a whlte solid. Flash 
chromatography (SiOl, 1:2 Et,O/petroleum ether) gave two fractions. Fraction one RP (SlO,, 1:2 
Et,O/petroleum ether) - 0.20, gave the title compound (26) as a white solid (635.0 ng, 78%); 
vmax 2840-2720 (trans-qulnolizidine). 1600 (aromatic ring) om-*; dH 6.81 (AB system, JAB = 8.3 Hz, 
2H, Cl1 and Cl2 protons). 6.77 and 6.60 (29, lH, Cl and C4 protons), 5.92, 5.91 (AB system, JAB - 
1.5 Hz, 2H, OCii,O). 3.88, 3.87 (2s. 3H. C9 and Cl0 OCl_i,). 3.83 (q, J - 6.1 Hz, 1H. C8 proton), 3.55 
(d, br, J - 10.9 Hz, lH, Cl4 proton), 3.38, 2.83 (AB part or ABX system, JAB - 11 Hz, 2H, Cl3 
protons). 3.35-3.06 (a, 2H), 2.70-2.49 (m, 2H). 1.52 (d, J - 6.1 Hz, 3H, C8 methyl protons); 
“C-(‘H)n.m.r: 6C 150.9, 146.0 (2C), 145.8. 133.8, 131.4, 129.0, 128.3. 123.4, 110.6, 108.3, 
105.6. 100.6, 60.2, 58.9, 57.1. 55.8, 49.1, 37.6.. 30.6, 22.75; m/z (U/NH,) - 354 (M+-1); 
(Found; C, 71.1; H. 6.5; N, 3.9; C,,H,,NO, requires C. 71.4; H, 6.6; N, 4.0%). Fraction two 
RI (SiO-. 1:2 Et,Olpetroleum ether) - 0.11 gave the title compound (25) as a white solid (115.0 mg, 
14s); 6,, 2840-2750~ (trana-quinolizidlne), 1600 (aromatic ring) cm-‘; 6B 6.82, 6.79 (A8 
system, JAB = 8.5 Hz, 2H, and Cl2 protons), 6.69 and 6.59 (25, 1H. Cl and C4 protons), 5.92 
(s, 2H. OCfIzO), 4.33 (q, J - 6.7 Hz, lH, C8 proton), 4.24-4.18 (m, 1H. Cl4 proton), 3.90 and 3.86 
(2s. 3H. C9 and Cl0 OCli,), 3.11-2.70 (m, 6H), 1.39 (d, J - 6.7 Hz, 3H, C8 methyl protons); 
“C-f’H)n.m.r: 6C 150.3. 145.9, 145.8, 145.3, 133.8, 132.3. 127.6, 126.6, 123.9, 111.1, 108.6, 
106.2, 100.7, 60.4, 55.8, 55.4, 50.5, 47.1. 35.1, 30.0, 15.8; m/z (DCUNH,) - 354(M*+l); (Found; 
C, 71.7; He 6.5; N. 4.0; C,lH,,BO, requires C, 71.4; H, 5.5;N. 4.0%). 

(8R,l4S)-exo-(~*-8-~ethyl-ll-trimethylailylcanadine)tricarbonylchromium(O) (28) 
n-Butyllithium (0.4 ml. 0.64 nnnol) was added to a stirred solution of exo-(n‘-ll-trimethvl- 

silyl~anadine)tricarbonylchromium(0) (15) (220 mg, 0.40 wol) in THF (20 mI)t~~789C. APter- 
stirring (2 h, -78*C) methyl iodide (03 ml, 3.2 mmol) was added and stirring continued (2h, 
-78Vf. Methanol was added, the solution warmed to room temperature and evaporated. Column 
chromatography (Al,O, Grade V, Et,O) gave the title compound as a yellow foam (180 ug, 80s); 
6,, 2840-2750~ (trans-quinolizldine), 1965, 1890 (CEO) cm-‘: 6R 6.58 and 6.50 (2.3, lH, Cl and C4 
protons), 5.90-5.89, 2H, OC$O), 5.30 (s, lH, Cl2 proton), 4.25 (q, J - 6.7 Hz, lH, C8 proton), 
4.14-4.06 (m, lH, Cl4 proton), 3.91 and 3.77 (23, 3H, C9 and Cl0 OCli,), 3.18-2.53 (m. 6H), 1.47 (d. 
J - 6.7 Hz. 3H, C8 methyl protons), 0.36 (s, 9H, (CH,),Si); m/z (DCUNH,) - 562 (K++l). - 
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Treatment of exo-(~~-ll-trimethylallylcanadlne)tricarbonylchrOmium~O) (15) with n-butyllithium and 
mathrnnl .-_ _..-.__ 

n-Butyllithium (0.15 ml, 0.24 mmol) was added to a stlrred solution of exo-(n’-11-trlloethyl- 
silyl~anadine)tricarbonylchromfum(O) (15) (100 mg, 0.18 -1) In THP at -78CTAter stirring (2 h, 
-78OC), methanol (1 ml) was added, thesolution warmed to room temperature and evaporated. Collllrm 
chromatography (Al,O, Grade V, Et,O) gave a yellow foam (91 mg, 915) identical In all respects with 
an authentic sample or exo-(n*-ll-trlmethylsllylcanadine)tricarbonylchromlum(0) (Is). - 

(8R,lU)-8+ethylcanadlne (25) 
A solution of ~8~,l4S)-exo-(n’-8-methyl-ll-trlmethylailylcanadine)-trlcarbonylchroium~O) Cg) -- 

(100 q g, 0.18 mmol) in THF (20 ml) at 2OoC was treated with a solution of ;-Bu,NF.3H,O (200 f@, 
0.63 mmol) in THF (5 ml). After stlrrlng (12 h, 2OOC). water (3 drops) was added and the solution 
evaporated. Column chromatography (Al,O, Grade V. EtlO) gave a yellow foam whloh was dissolved 
In diethyl ether (40 ml) and allowed to stand in air and sunlight until colourleSs. Filtration 
(cellte) followed by flash chromatography (SlO,, 1:2 Et,O/petroleum ether) gave the title compound 
as a white foam (42 mg, 67s). Thla compound was identical, in all respects to an authentic 
sample except that It exhibited an optlcal rotation: col~e - 170° (c, 1.1 in CHCl,). 

Treatment of endo-(n‘-ll-trlmethylsllylcanadlne)trlcarbonylchromi~~O) (16) with n-butyllithlum 
n-Butvlllthlum (0.6 ml. 0.90 IEDO~) was added to a stirred solution Of 

endo-~~~-l~-trfmethy~sllylc~nadine)trlcarbonylchromlum~0) (16) (1 eq) in THF (20 ml) at -78OC. A 
deep red solution was formed. After stlrrlng (2 h, -780C),methyl iodide (0.2 ml, 3.2 mmol) was 
added and stirring continued (2 h, -78OC). &than01 was added, the solution warmed to 20°C and 
evaporated to a very air sensitive orange 011. Column chromatography (Al,O, Grade V. 1:l 
Et,O/petroleum ether) gave a brown foam vhloh could not be characterlsed. 

The use of methanol as the electrophile in the above reaction did not give rise to any 
recovered starting material; a very aenaltlve brown foam waa obtained whloh could not be 
characterlaed. 

~8S,14S)-endo-(n‘-8-Methyl-ll-trlmethylsllylcanadine)trlcarbonylchromium~0) (29) 
t-Butyllithlum (0.17 ml, 0.40 mmol) was added to a stlrred solution of @-(II‘-ll- 

trlme~hylsllylcanadlne)trlcarbonylchromium~O) (16) (230 ug, 0.42 mmol) in THP (20 ml) at -78OC. 
After stlrrlng (2 h, -78oc), methyl iodide (0.2 ml, 3.2 mmol) was added and stirring continued 
(2 h, -78OC). Methanol was added, the solution warmed to room temperature and evaporated. Flash 
ohromatography (SlO, 2:3 Et,O/petroleum ether) gave two fractiona. Fraction one gave the title 
compound as a yellow foam (100 mg, 421); vmax 2850-2740 (trans-qu1no11z1d1ne), 1965, 1890br 
(CfO)om-~; 6~ 6.69 and 6.57 (23, lH, Cl and C4 protons), 5.91-5.90 (m, ZH, OCi,O). 5.42 (3, lH, 
Cl2 proton), 3.90 and 3.79 (23, 3H, C9 and Cl0 OClf,), 3.91 (q, J - 6.1 Hz. lH, C8 proton), 3.25 
-2.42 (m, 6H), 1.54 (d, J - 6.1 Hz, 3H, C8 methyl protons), 0.39 (8, 9H. (Ct&),Sl); m/z (DCI/NH,) 
- 5620l++l). Fraction two gave endo-(~‘-ll-trlmethylsllylcanadlne)trlcarbonylchromiu~) (16) (120 
mg, 521) identical in all respec=lth an authentic sample. 

Treatment of endo-(n~-ll-trlmethylsilylcanadlne)tricarbonylchromium~O) (16) with t-butylllthium and 
methanol 

t-Butylllthlum (0.08 ml, 0.19 mmol) was added to a stirred solutlon of s-(n*-ll-trimethyl- 
allyl~anadlne)trlcarbonylchromium(0) (16) (100 mg, 0.18 nunol) in THF at -78OC. After stirring (2 h, 
-78°C). methanol (1 ml) was added, the-&lutlon warmed to room temperature and evaporated. Colua!~~ 
chromatography (Al,O, Grade V, Et,O) gave a yellow foam (85 mg, 85%) identical ln all respects with 
an authentic sample of endo-(n~-ll-trimethylallylcanadine)tricarbonylchrom~um~O) (16). 

(8S,l4S)-8Methylcanadlne (26) 
A solution of (8~,l4S)-endo-(~*-8-methyl-ll-trlmethylsllylcanadlne)trlcarbonylchr~lum~O) (2) 

(50 ma. 0.09 mmol) In THF-(2m) at 20°C was treated with a aolutlon of n-Bu.NF.3H,O (100 mg, 0.32 
m&)-in THF (5 ml). After stlrrlng (5 h, 2OoC), water (3 drops) was added and the aolutlon 
evaporated. Column chromatography (Al,O, Grade V, Et,O) gave a yellow foam which was dissolved in 
dlethyl ether (20 ml) and allowed to stand in air and sunlight until colourleas. Filtration 
(celite) followed by flash chromatography (SiOl, 1:2 Et,O/petroleum ether) gave the title 
compound aa a white roam (20 mg, 63.62). This compound was identical in all respects to an 
authentic sample except that It exhlblted an optical rotatlon: [a]b” - 150.60 (c, 0.25 in 
CHCl,). 
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