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Abstract. Heating 14P-bromocodeine (3) with methanol and triethylamine yielded hu,;Icr-epoxy- 
6-deoxyncopine (5). T’he epoxide 5 was reduced to  neopine (7) with lithium aluminium hydride, 
whereas reaction o f  5 with sodium methoxide gave 7P-methoxyneopine (9). Similar reactions were 
performed with 14P-bromo-SP-methylcodeinc (4), yielding the corresponding SP-methyl dcriva- 
tives 6, 8 and 10. Acetylation o f  3 and 4 gave 6a-O-acetyl-14p-bromocodcine (11) and its 
SP-methyl analogue 12, respectively, from which the or tho esters 13 and 14 were obtained after 
treatment with methanol. Acid hydrolysis of  13 or, better, solvolysis of 11 in water yielded a 
mixture of hn-O-acetyl-7a-hydrc)xyne~~pine (15) and 7n-acetoxyneopine (17). Under the same 
conditions 12 and 14 g:ave the 5P-methyl analogues 16 and 18. 

Introduction 

There is ii great interest in novel classes of  morphinans 
for biological screening with regard to  the intcraction with 
different types of opioid receptor I .  An important class of 
morphinans are  the rigid Diels-Alder adduct:, of thebaine 
and its analogues‘.3. Several of the latter compounds are  
easily obtained from neopine and derivatives thereof4.’. 
Natural sources o f  neopine, which is a minor alkaloid (less 
than 0.176) from Pupuiw somw’feritrn L.‘, are limited. 
Some syntheses of neopine have been described earlier. 
Reduction of neopinone yields a mixture of isomers which 
are  difficult t o  separate’. A synthesis starting from 14P- 
chlorocodcine gives neopine in good yield“. We have 
developed a new synthesis of neopine starting from read- 
ily available thebaine, which provides also access to a 
number o f  7-substituted neopine derivatives. Starting from 
SP-methylthebaine, SP-methylneopine and the corre- 
sponding SP-methyl analogues were prepared. T h e  7n- 
substituted compounds in particular are convenient start- 
ing materials for the synthesis of 7-substituted morphinan- 
6,X-dienes”. 

Results and discussion 

For the synthesis of neopine and some of its derivatives 
we started from thebaine (1) and SP-methylthzbaine (2)”. 
which wcrc readily converted into 14P-bromocodeine (3) 
and 14~-bromo-5~-methylcodeine (4), respectively. Okudu 
et  al.“’ reported that compound 3 afforded three products 
when it was stirred in a mixture of methanol and tetrahy- 
drofuran. O n e  of  these products, isolated in 40% yield, 
was identified as 7-methoxyneopine (9). They suggested 
that thc methoxy group was at  the 7P-position. However, 
in our  hands four products were obtained. T L C  analysis 
indicated that the three minor compounds were the same 

as  published earlier”’. T h e  mass spectrum of the main 
product showed a molecular weight o f  297, indicating that 
it was not methoxy inorphinan 9. This was confirmed by 
the ‘H-NMR spectrum, which demonstrated the absence 
of the signal o f  the 7-methoxy group. The  spectrum showed 
one vinylic proton at 6 5.82 (d) and the signal of 11-S at 6 
4.95 (d). They form the “head” and “tail” o f  a linear 
ABCD system; of  the two “inner” protons, the onc  cou- 
pled to  the vinylic proton was found at 6 3.71 (dd), and 
the one next to  H-5 at S 3.41 (dd). From the three 
coupling constants, the position of H-9 at 6 3.59. and 
other  spectral data, we concluded that the main product 
was ha-7u-epoxy-6-deoxyne~)pine (5). This epoxide was 
described earlier”, isolated in 4%’ yield as an intermedi- 
a te  in the hydrolysis of 3. T h e  ‘H-NMR spectrum was in 
all aspects identical to that o f  our  compound. This result 
induced us to investigate the optimization o f  the yield o f  
5. When 3 was refluxed in methanol and tricthylamine for 
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three minutes, the yield of 5 was 47% after flash column 
chromatography. In analogy t o  this reaction, the 5P-methyl 
compound 4 gave 6a,7a-epoxy-5P-methyl-6-deoxyneopine 
(6) in 35% yield under the same conditions, but after 1 
hour reaction time. An internal S,2' reaction explains the 
formation o f  the 6a,7a-epoxy ring and the double bond 
between the 8- and 1 4 - p o ~ i t i o n ' ~ .  T h e  epoxides 5 and 6 
are  valuable intermediates for the synthesis of neopine 
and the 7P-substituted derivatives. Reduction of 5 with 
lithium aluminium hydridc gave neopine in quantitative 
yield, which was fully characterized by ' H  and I3C NMR. 
Obviously, the hydride reagent attacks selectively at  the 
7p position. SP-Methylneopine was synthesized in a simi- 
lar way starting from 6. 
When the epoxide 5 was treated with methanol in the 
presence of sulfuric acid, 7P-methoxyneopine (9) was ob- 
tained in 16% yield. T h e  configuration of the methoxy 
group at position C-7 was established by analysis of the 
spin system and the coupling constants of the ' H  N M R  
spectrum. T h e  reaction of the epoxide with sodium 
methoxide gave the desired morphinan 9 in good yield. 
However, the best results (total yield 52%) were obtained 
when 14P-bromocodeine was converted into 9 via the 
epoxide 5 in a one-pot reaction. In this way 4 gave 
7~-methoxy-Sp-methylneopine (10) in a total yield of 54%. 
In order  to block the epoxide formation and to get into 
the 7n-substituted neopine series, we esterified the hy- 
droxyl group at  the 6a-position of 3 and 4 with acetyl 
chloride and pyridine, giving 6a-0-acetyl- 14P-bromo- 
codeine (11) and 6a-O-acetyl-14P-bromo-5~-methyl- 
codeine (12). respectively (Scheme 2). 
Refluxing 11 or  12 in methanol and triethylamine for 30 
min and 1 hour, respectively, gave in both cases one main 
product (TLC). The  molecular weights were in agreement 
with the replacement of the bromo substituent by a 
methoxy group. The  I R  and "C-NMR spectrum showed 
that no carbonyl group was present. In the ' H - N M R  
spectra of the  products the signal of a methoxy group was 
found at 6 3.2, besides those of the aromatic methoxy 
group and the signal of a methyl group was found at  6 
0.9. Furthermore, in both cases only one vinylic proton 
was observed and the signal of H-9 was found at  6 3.6. 
We concluded from all these data  that the main products 
of the methanolysis of 11 and 12 were the cyclic or tho 
esters 6a,7a-(1-methoxy-ethylidenedioxy)-6-deoxyneopine 
(13) and its 5p-methyl analogue 14 (Scheme 2)". Both 
products contain a new chiral centre, the 'central' carbon 
atom of  the or tho ester, and the diastereomeric ratio in 
our  products was found to be about 9 :  1 ( ' H  NMR). 
Presumably, there is an equilibrium between the  acetyl 
group, methanol, and an unstable hemi or tho ester. Nu- 
cleophilic attack of the hydroxyl group of the hemi or tho 

ester a t  C-7, followed by an allylic rearrangement and  
expulsion of a bromide ion, promoted by methanol, re- 
sults in the found or tho esters. 
Acidic hydrolysis of 13 gave a mixture of two major 
products (ratio 15/17 3:2), which were separated by 
column chromatography. The  molecular weight of each of 
the two products was 357, and the IR spectra of the 
compounds showed the presence of both a carbonyl group 
and a hydroxyl group. From this, combined with the data  
from ' H  and "C NMR, we conclude that the products a r e  
ha-0-acetyl-7a-hydroxyneopine (15) and 7a-acetoxyneo- 
pine (17). The position of the acetyl group was established 
mainly from the ' H - N M R  spectrum by the analysis of the 
spin system of H-5 t o  H-8. In the spectrum of the first 
fraction, the signals of H-6 and H-7 were found at  6 4.37 
and fi  5.52, respectively, while these signals were found at  
6 5.58 and 6 4.56, respectively, for the second fraction. 
Probably, the down-field shifts of H-7 (first fraction) and 
H-6 (second fraction) are  caused by the position of the 
acetyl group. This discriminates between the two compo- 
nents in which the acetoxy group is either at the 6a 
position (15, second fraction) or at  the 7a position (17, 
first fraction). Additional evidence for the acetyl group 
positions was found from their signals a t  6 1.50 and at  6 
2.10. The  0.6-ppm-upfield position for the 6a-acetyl signal 
can be explained by the shielding effect of the aromatic 
nucleus. The  formation of 15 and 17 is in agreement with 
the general mechanism for the hydrolysis of an or tho 
ester 14. W e  have indications from thc  lithium aluminium 
hydride reduction of both 15 and 17 that a third product 
is 7a-hydroxyneopine. We made n o  attempts to  isolate 
this diol. In a similar way 14 yielded a mixture (ratio 
16/18 15 : 1) from which 6a-O-acetyl-7a-hydroxy-5p- 
methylneopine (16) and 7a-acetoxy-5P-methylneopine (18) 
were isolated. 
Reaction of 11 or 12 with methanol results in the  forma- 
tion of the or tho esters 13 or 14, respectively. Replace- 
ment of methanol by water may yield the above-men- 
tioned acetyl-neopine derivatives in a one-pot reaction. 
Thus, 11 or 12 was refluxed in water and triethylamine 
with T H F  as cosolvent. T h e  reactions were complete in 
about 4 hours. In both cases the two main products were 
the expected neopines 15 and 17 and their Sp-methyl 
analogues 16 and 18. 
In summary, neopine and a number of diverse neopine 
derivatives are  now readily available starting from 14p- 
bromocodeine and its 5p-methyl analogue. 

Experimental 

Mass spectra were measured using a VG 70-SE mass spectrometer. 
' H  and I3C NMR spectra were recorded on a Varian VXR-400S 
spectrometer with CDCI, as solvent and tetramethylsilane as refer- 
ence. Optical rotations were measured using a Perkin-Elmer P- 141 
polarimeter with chloroform/ethanol (9: 1) as solvent, unless stated 
otherwise. IR spectra were obtained from KBr discs using a Beck- 
man IR-4210 spectrophotometer. Melting points are  uncorrected. 
Column chromatography was performed over silica with 
dichloromethane/methanol as eluent. 
Reactions were monitored by TLC on deactivated silica (0.25 mm, 
Merck F2s4; eluent d ichIoromethane/methanol /25~ ammonia, 
85 : 15 :0.5). The compounds were detected with iodine vapour. 

3 Was prepared from thebaine (1) according to  the procedure 
described in Ref. 9. 

( + )-I4~-Bromo-SP-niethykodainu (4) 

4 Was prepared from SP-methylthehaine (2)  according to the proce- 
dure described in Ref. 9. 
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( - )-htr, 7tr -~/:l,ti.\-).-h-d(.ti.\.~ri(,tli~iti(, ( 5 )  

A solution o f  I4p-hromocodeine (3. 4.20 g. 1 1 . 1  mmol) i n  anhydrous 
nisthxnol (XO mi) and triethylamine (8  ml) was boiled for 3 min. 
Methanol ( 5 0  nil )  w;is removed under reduced pressure, water (25 
nil) was added and the aqueous layer was extracted with chloroform 
( 3  x 5 0  ml). The comhined organic layers were washed with water 
( 2  x I50 nil) a n d  a saturated solution o f  NaCI (I50 m, ) .  After drying 
(Na,SO,). the solvent was removed under reduced pi-essure to yield 
3.30 g as ;I fo;ini. The product was purified hy flash column chro- 
matography (97:3)  yielding 1.57 g (5.3 mmol. 47';) o f  5 .  M.p. 
SX-60°C; [tr]f;-7S0 ((. 1.01). MS: 297 ( M I ,  100). 26t., ( 5 2 ) .  241(51), 
212(25). I88 (18). 146 (60). High-resolution 
calcd. for C '18111,~NO~~:  297.1365. ' 11  NMR: S 

2.02 [ddd. I l i .  11-15ax. J(I5ax. Ihax)  12.5 IIz. J(15nx. Iheq) 5.1 Hz]. 
2.43 (s, 311, N-Me), 2.58 (m,  I l l ,  H-lheq). 2.64 [ d d  IH. H- l0a .  
J ( I O t r ,  9 )  0.9 Ilz.  J(l0cr. lop) lX .O 1121. 2.76 [ddd, IH, H-lh:ix, 
J(lh;ix. Iheq)  12.0 F~z], 3.27 (d. Itl. H-lOp). 3.42 [dd. I H .  H-7p. J(7/3. 
6 lJ )  3.8 HI. J(7/3. 8 )  3.5 l i ~ ] .  3.54 (d, IH. 11.9). 3.71 [dd. 1H. H-bp, 
J ( 0 p .  5 / 3 )  3.7 tlz]. 3.87 (s.  3H. 3 - O M d ,  4.05 (d, IH. I-I-Sp). 5.82 (d. 

NMR: 6 145.14 (C-4). 144.11. 142.39 (C-3. C-14). 133.16 (C-12). 
127.00 (C-l I ) .  119.18 (('-I)< 113.46, III.X4 (C-2,  C-X), 88.75 (C-5) .  
hl.3X (C-0 ) .  56.53 (%<)Me). 52.65, 50.37 (C-6. C-7). 45.95 (C-13). 

J(1Seq. 15m)  12.5 I l Z %  J(ISeq, 16nx) 3.5 I I L ,  J(1Srq. IOeq) 1.6 Ilzl, 

1 1 1 .  11-X),  0.57 [tl. 114, 1 1 - 1 ,  J(1, 2 )  8.2 I I I I .  6.68 (d, I l l .  11-2). "C 

42.65 (C-16). 42.31 (N-Me).  36.30 (C-15). 28.60 (C-10) 

~ Lhtu. 7tr - E ~ ~ t ~ ~ - - r . - S ~ - t t ~ i ~ ~ / ~ ~ / - h - d ~ ~ t ~ x ~ t ~ ~ ~ o ~ ~ i t r ~ ~  (6) 

4 (0.744 g, 1.890 nimol) was added to ;I mixture of anhydrous 
methanol ( I 4  ml) and triethylamine (1.4 ni l )  and rcfluxed for I h. 
Water ( 2 5  ml) was added to the reaction mixture and the aqueous 
layer was extracted with chloroform ( I  X 4 0  ml, 2 > :  20 ml). The 
comhined chloroform layers were washed with water ( 2  X 80 ml) and 
ii saturated wlution o f  NaCI (80 nil). Drying (NazSO,)  and removal 
o f  the solvent under reduced pressure gave ii crude product as a 
foam. PurifieLition hy flash column chromatography (9X: 2) yielded 
0,206 g (0.662 nimol. 3 S f i )  o f  pure 6. M.p. 48-50°C; [aIf:-66" (C 
0.W). MS: 3 I I ( M  ' .  76) 6 ( 2 2 ) .  2 x 1  (31). 208 (40). 255 (73). I60 
(100). lligh-resolution m m / z  31 1.1522; calcd. f o r  C, ,H, ,NO,:  
311.1521. ' l i  NMR: S l.fA [ildd, 1H, 11-15eq. J(1Seq. 15ax) 12.5 l lz ,  
J(1Seq. 16ax) 3.4 Hz. J(15eq. 16eq) 1.X Hz] 1.6X (s, 311. Sp-Me), 1.W 
[dtid. IH. II-15;ix. J(15ax. Ihax) 12.4 Hz, J(1Sax. lheq) 5.4 Hz], 2.42 
(s. 311, N-Me). 2.60 (m. 211. 11-lheq. € 1 - I O t r ) ,  2.71 [ddd. IH. 11-lhax. 
J(l0ax. Iheq) 12.5 Ilzl, 3.27 [d, Ill, 11-10p. Jclop. Illn) I X . 0  Hzl, 
3.33 [dd. I l l .  H-7p. J(7p. 8 )  3.5 HL], 3.4X [d. 1H. H-6Q. J (6p .  70)  4.0 
1111, 3.57 [d, I € ] .  WO, J ( 0 ,  Ion) 6.X Hz] 3.X5 (s. 3H. 3-C)Me). 5.79 (d, 
I € [ ,  114). 6.55 [d. I l l .  11-1. J(1, 2 )  X.2 H71. 6.65 (d, IH. H-2). '.'C 
NMR: 6 144.40. 144.00 (C-4, C-14). 142.08 (C-3) .  135.30 (C-12), 
12h.64 (C-l I ) .  118.04 ( ( ' - 1 ) .  112.60. 112.32 (C-2. C-X) 91.52 (C-S), 
61.W (C-0) .  S1)).45. 50.23 (C-6. ('-7). 56.26 (3-OMc). 45.06 (C-16). 
44.02 (('-13). 42.27 ( N-Me). 32.14 (C-lS), 28.91 (C-10). 21).Sh ( 5 p - M ~ ) .  

( + I-Ncoprtic (7)  

Lithium aluminium hydride (50  mg. 1.3 mmol)  wiis added t o  a 
solution o f  htr.7tr-epoxy-h-dcoxyncopine (5 .  0.214 g. 0.722 mmol) in S 
ml o f  ;inhytli-ous ether and 3 ml of anhydrous TIIF. After IS min a 
I S r ;  solution of NaOH (30 ml) was added t o  the reaction mixture 
and the aqueous layer was extracted with chloroforni ( 1  X 50 ml. 
1x20  ml). The comhined organic laycrs were washed with water 
( 2  x I00 ml) ;mrl 11 saturated solution o f  N;iCI (100 ml). After drying 
(Na,SO,). chloroform was removed under reduced pressure and 
0.216 g (0.720 mmol. 100%) o f  product was obtained as a foam. 
Compound 9 was crystallized from ethanol as the hydrohromide salt 
(9.11Br. 0.200 g. 0.540 mmol. 7SV ). 
M.p. 2X2-2X4"C (9.11Br) (Ref. 15: 2X4-286"C); [ a ] $  +7" (9.tIBr. c 
1.01 .  H,O, Ref. 15: In];; + 17". c 3.696). MS 299 ( M * .  07). 284 (Id) ,  
254 (14). 254 (53 ) .  149 (33). 62 (100). lligh-resolution mass: m / ;  
290.151 I ;  calcd. for C 1 8 t 1 2 1 N 0 3 :  299.1521. 'H NMR: IS 1.82 (m,  IH. 
WISeq), l . O X  [ddd, I l l .  ll-15ax. J(1Sax. 15eq) 12.4 Ilz. ~'(15ax. 16ax) 
12.4 Hz.  J(15ax. 16eq) 4.0 Hz]. 2.20 [dt. IH. H-70, J(7P, Op) 2.6 Hz, 
5(7/3. 7tu) 17.4 l l z ,  J(71J. 8 )  1.6 Hz]. 2.36 [ddd, IH,  11-7fr. J (7a ,  6p) 
3.4 Hz. J(7tr. 8) 5.8 llz]. 2.47 (s. 3H, N-Me). 2.63 [m. IH. H-lheq, 
J(l6eq. Ihax) 13.1 Ilz], 2.72 (m,  I l l ,  H-IOcr), 2.74 (m.  IH,  H-lhax). 
3.20 [d. IH. 14-l0/3.  JClOp. I O t r )  1 x 3  Hz]. 3.04 [d. IH. H.9. J(9. 10n)  
6.4 Hz]. 3.X7 (s. 3H. 3-OMe). 4.24 (m,  111, H-6/3). 4.60 [d IH, H-SP. 

€ 1 ~ 1 .  6.70 (d,  111.  11-2). '.'C NMR: 145.26 (C-4). 141.77 (C-3). 137.XO 
J(5p. 6/j) 4..3 H Z I ,  5.54 (<Id. 111. 11-8). 6.61 [d, Ill, f1-1. J(1. 2 )  8.2 

(C-14). 132.OX (C-12). l2h.47 (C-l I), 119.62 (C-1). 11.1.36. 112.66 
(C-2, C-X), 90.48 (C-5). 66.70 (C-6). 61.44 (C-9). 56.45 (3-0Me).  45.X8 
(C-l3), 41.9') (N-Me) ,  41.97 (<'-If>) 36.32 (<'-IS), 28.27 (l:.-lO). 27.20 
(C-7). IR: I I , ~ ~ ! ?  3420 ( 0 1 1 )  em I. 

( ~ ) -Sp - M ~ ~ t / ~ ~ l r i c ~ o i p i r i i ~  (8)  

Lithium aluminium hydride ( 5 0  nig. 1.316 rnmol) was ;idded to ;I 

solution o f  6 (0.206 g, 0.662 mniol) in 15 ml o f  TI IF. After 15 min :I 
wlution o f  15% NaOH (30 ml) was added and the aqueou, layer was 
extracted with chloroform (I X50  ml, 2 x 2 5  nil). The comhined 
organic layers were washed with water ( 2 X  I00 ml) and  ;I saturated 
solution of N;iCI (100 ml). After drying ( N a 2 S 0 , )  and removal o f  the 
chloroform, 0.196 g (0.626 mmol, 9556 ) of product was obtained. 
Crystallization from anhydrous diethyl ether yielded pure 8 (0.167 g. 
0.534 mmol. 81% ). M.p. 127-128.5Y'; [ t ~ ] $ - 2 ~  ( c  0.99) MS: 313 (M I ,  

100). 298 (40). 2h8 (48). I99 (12). 149 (16). High-rcsolulion niass: 
t n / z  313.16f>9; calcd. for C,,1l2,NO,: 313.167X. I t 1  NMR: S l .Sf>(s ,  
IH, Sp-Me). 1.71 (m. IH. H-ISeq), 1.95 [ddd. I l l ,  11-15;tx. J(ISax, 
15eq) 12.0 H z  J(1Sax. Ihax) 12.0 Hz. J(1Sax. Iheq) 5.9 Ilz]. 2.27 [ddd. 
IH. H-7tu. J(7n. ($3) 3.1 Hz. J (7a. 7/3) 17.3 I lz ,  J(7n.  8 )  6. I HI]. 2.35 

2.61 (m,  IH,  H-lheq). 2.64 (m. 111. H-IOcu). 2.67 ( m ,  I l l .  l<-If>ax). 
3.23 [d. 111. H-100. JClOp. 100) I8.lI Hz]. 3.57 [d. I l l .  11.0. J(O.lOtr) 

6.60 [d.  1H. 11-1. J(1.2) 8.2 Ilz], 6.6X (d. IH. 11.2). I 7 C '  NMR: S 

[dt. IH. H-7p, J(7/3, 68) 2.4 Hz. J(7/3. X) 2.4 11~1. 2.44 (s. 311. N-Me). 

6.4 IIz] 3.86 (a, 3li ,  3-OMe). 3.OX (bs, I l l ,  H-OP). 5.40 (dtl. IH. 14-81. 

144.78 (C-4). 141.16 (C-3). 138.70 (C-14). 120.X1 (C-I I ) ,  1 IO.2X (C-I), 
II2.63, I 1  1.9x (C-x, C-2). 43.47 (C-5 ) .  73.94 (C-6) .  h l . ,  78 (('-9). 56.21 
(3-OMe). 45.X4 (C-16). 43.65 (C-13). 42.28 (N-Me),  32.fiX (('-15). 
29.01 (C-10) 26.84 (C-7), 19.80 (SQ-Me). 1R: v:,:: 3170 ( 0 1 1 )  cm I .  

- I -7p-Mr~t / lo lx~trc~l~: l , i r l~~ (9)  

3 (1.501 g. 3.971 mmol)  was added to a solution o f  anhydrous 
methanol (30 ml) and tricthylamine (2.75 nil). After 3 min refluxing 
(complete conversion. TLC) the solution was ;illowed to cocil to room 
temperature. Sodium (1.0 g) was reacted with methanol ( 2 5  ml) and 
the resulting mixture was added to the crude reaction mixture. After 
1 h the conversion of 5 was complete (TLC.1. Water (75 ml)  was 
added and the aqueous layer was extracted with chloroform ( I  X 115 
ml, 2x50 ml). The combined organic layers were washed with water 
( 2  x 200 ml) and :I saturated solution of NaCl (200 ml). After drying 
(Na,SO,), the solvent was removed under reduced pressure t o  yield 
I .0Y4 g of crude product. Purification by column chromatography 
(9631) g ~ e  9 (0.673 g. 2.046 mmol. 5 2 ~  ). M.P. X4-x(>"C: [w];; - I~ I "  
(c, 1.00). MS: 320 (M' ,  IOO),  314 (26). 29X (30). 254 (50 ) .  High-resolu- 
tion mass: n i / z  329.1621; calcd. for Cl , , l l ,3N0, :  329.1627. ' I 1  
NMR: f i  1.80 [ddd. 1H. H-lSeq. J(15eq. 15ax) 12.5 l l z ,  J(15eq. 16ax) 
3.7 Hz, J(1Seq. IOeq) 1.7 HL], 2.09 [ddd, I l l ,  H-ISax, J(15ax. Ihax) 
12.7 Hz. J(1Sax. 16eq) 4.9 tlz]. 2.46 (5. 311. N-Me) 2% [m. I l l .  
H-lheq, J( lheq,  Ihax) 13.1 Hz], 2 3 0  [dd, 111. 1 1 - I O t u ,  J t l l l t r .  lop) 

7-OMe), 3.5X [d. IH. H-9, J (9 , IOn)  6.8 Hz]. 3 3 7  (s. 311. 3-OMe). 3.X7 
(m. IH,  H-7tr). 4.32 [t. IH. H-60, J ( 6 p .  5 )  3.9 Hz. J(6 /3 .  7tr 13.0 Hz]. 
4.83 (d. IH. H-Sp). 5.79 [d, 1H. H - X .  J(X.7n) 5.5 HL], 6.61 [d. I l l ,  
H-I. J(1, 2 )  X.2 Hr], 6.70 (d, IH. 11-2). "C NMR S 145.70 144.22 
(C-4. C-14), 141.XO (C-3). 131.90 (C-12). 126.07 ( C . - l l ) .  110.53 (C-l) ,  

18.2 Hz], 2.81 (ddd, IH. H-16ax). 3.24 (d, I l l .  H-IOfi). 3.42 (s. 311, 

I13.80, I13.50 (C-x, C-2), X9.16 (C-S), 75.70, 68.1 I (C-7, C-6), 01.68 
(C-9). 56.70. 50.45 (3-OMe. 7-OMe). 45.67 (C-16). 42.72 (C-13). 42.04 
"-Me), 36.22 ( C I S ) ,  29.00 (C-10). IR: if:,!: 3490 ( 0 1 1 )  cm I. 

( - ) - 7 ~ - M ~ ' t h ~ J ~ ~ - S ~ - n 1 c r h ~ l t i r ~ ~ ~ ) i r r e  (LO) 

4 (0.590 g. 1.505 mmol) was dissolved in anhydrous methanol (15 ml) 
and triethylamine ( 1  ml) and rcfluxcd for I h .  Sodium (1 .1 )  g)  was 
reacted with methiinol (25 ml) m d  the resulting mixture was added 
t o  the reaction mixture. After 3 h stirring at room temperature. 
water ( 5 0  ml) was added and the aqueous layer was extracted with 
chloroform ( I  X 100 ml, 2 X 25 ml). The comhined chloroform layers 
were washed with water ( 2 X  150 mi) and a saturated soli.ition o f  
NaCl ( I S 0  ml). Drying ( N a 2 S 0 , )  and removal of the solvent under 
reduced pressure gave a foam. Crystdlization from anhydrous; diethyl 
ether yielded pure LO (0.279 g, 0.X13 mmol. 54c i ) .  M.p. 153.5-155"<'. 

I90 (20).  High-resolution mass: t77 / z  343.1786; calcd. for 
C2,,H,,N0,: 343.1784. ' H  NMR: f i  1.65 [ddd. Ill.  11-15 eq. J(1Seq. 
15ax) 12.5 Hz. JtISeq. 16ax) 3.5 Hz, J(1Seq. 16eq) 1.0 Hz]. l.h7 (s, 

16eq) 5.2 Hzl, 2.44 (s, 3H, N-Me), 2.61 (m,  IH,  11-16eq). 2.75 [dd. 
IH. H-lOn, J(l0n.  9) 6.7 Hz, J ( l 0 n .  l o p )  IX.9 Hz]. 2.7X lm. IH. 
€1-lhax, J(I6ax. Iheq) 12.7 Hz], 3.23 (d, 1H. H-lop) .  3.40 (s. 311s 
7-OMe). 3.56 (d. IH. 11-91, 3.XO [dd, lH,  H-70. J(7n.  6 p )  3.0 117.. 
J(7n,  X) 5.8 Hz]. 3.X5 (s. 3H. 3-OMe), 4.03 (ni .  111. t l -hp) .  5.77 (d. 
IH, H-8). 6.M [d. IH, H-I .  J(1, 2 )  X.3 Ilz], 0.68 (d. I € [ ,  I 1  2) .  I3C 

[a]" I) -XO" (C 1.00). MS: 343 (M+,  100). 32X (33) .  312 ( 2 0 ) .  26M.71). 

3H. SP-Me). 2.02 [ddd. IH. H-ISax, J(15ax. 16ax) 12.5 HI, J(15ax. 

NMR: 6 144.67 (C-4). 143.47. 141.25 (<'-3. C-IJ), 133.50 (C-12). 
126.7X (C-11). 119.25 (C-l), 113.69, 112.69 (C-2. ( ' -8) .  93.22 ( ( ' -5 ) .  
76.36. 74.08 (C-6. C-7). 62.13 (C-9). 56.77. 56.21 (3-OMe. 7-OMe). 
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45.60 (C-16), 44.30 (C-13), 42.04 (N-Me), 32.12 (C IS), 28.73 (C-10). 
20.23 (Sp-Me) IR: v:,: 3140 (OH)  cm- I .  

f + )-ha -0-Ac etyl- 14P -hromocodeine (1 1) 

Acetyl chloride (4 ml, 56.25 mmol) in 15 ml o f  chloroform was added 
dropwise t o  14/3-bromocodeine (3) (9.10 g. 24.07 mmol) in 150 ml of 
dichloromethane and 4 ml of pyridine. After 1 h stirring, water and 
ice were added and the solution was made alkaline with concen- 
trated ammonia. After separation, the aqueous layer was extracted 
with dichloromethane (2 x 5 0  ml). The combined organic layers were 
washed with water ( 2 x 2 5 0  ml). a saturated solution of NaCl (250 
ml), and dried (Na2S0,) .  The solvents were evaporated under re- 
duced pressure to yield 11 (9.69 g, 23.07 mmol, 96%). An analytical 
sample was crystallized from methanol. M.p. 133.5-134°C (Ref. 11: 
153-154°C"); [a]:; + Y  (c 1.00). MS: 419/421 (1  : 1; M', 5) .  340 (82), 
298 (2X), 281 (100). 266 (54). 254 (18). High-resolution mass: m / z - B r  
340.1547; calcd. for C,,,H,?NO,: 340.1549. ' H  NMR: 6 1.83 (m, IH,  
H-ISeq), 2.15 (s, 3H, COMe). 2.34 [m, IH,  H-ISax. J(ISax, 15eq) 12.3 
Hz. J(1Sax. Ihax) 12.3 Hz, J(1Sax. Iheq) 3.7 Hz], 2.44 (s. 3H, N-Me), 
2.47 [m. IH, H-lOa, J(lOa, l o p )  18.2 Hz, J(lOa, 9) 5.X Hz], 
2.61-2.71 (m. 2H. H-lhax, H-lheq), 3.18 (d. IH, H-IOP). 3.29 (d. IH,  
H-9), 3.85 (s, 3H, 3-OMe), 5.07 [dd, IH,  H-Sp, A S P ,  6p), 7.1 Hz, 
J ( 5 p .  7) 0.9 Hz], 5.43 [ddd, IH. H-6P, J(6 /3 ,  7) 3.2 Hz. J ( 6 p ,  X) 2.0 

IH, H-1, J(1, 2) X.2 Hz], 6.67 (d. 1H. H-2). "C NMR: 6 170.20 
Hz], 5.70 [ddd. IH,  H-X, J(X.7) 9.8 Hz], 5.90 (ddd, IH,  H-7), 6.55 [d. 

( C =  O), 145.28 (C-4). 142.66 (C-3). 131.63 (C-71, 131.25 (C-121. 
130.50 (C-X), 125.X4 (C-ll) ,  119.11 (C-I), 114.73 (C-2). 85.55 (C-S), 
67.00 (C-6. C-14). 65.24 (C-9). 56.86 C-OMe), 48.82 (C-l6), 46.20 
(C-13). 43.07 (N-Me), 32.0X (C-IS), 23.20 (C-10). 20.65 (COMc) .  IR: 
I)::; 1735 (C = 0 )  cm ~ ' 
( + ) -ba-~l -Accty l -  lJ~-hromo-SP-methykodeine (12) 

12 was prepared according to the procedure described for 11. 5.96 g 
(15.2 mmol) o f  4 yielded 6.53 g (99%) of crystalline 12. An analytical 
sample was recrystallized from methanol. M.p. 144-145°C; [a];; 
+85" (c 1.00). MS: 433/435 (1 : 1; M', 7) 354 (69) 312 (351, 295 (loo), 
280 (65). 154 (27). High resolution mass: m / z  433.0887: calcd. for 
CI,H2,N0,Br: 433.0889. ' H  NMR: 6 1.68 (m, IH, H-lSeq), 1.78 (s, 
3H, Sp-Me), 2.14 (s, 3H, COMe), 2.30 [ddd, IH,  H-lSax, J(15ax. 
15eq) 11.8 Hz, J(1Sax. 16ax) 11.8 Hz. J(1Sax. Iheq) 3.7 Hz], 2.45 (s, 
3H, N-Me), 2.46 [m, IH,  €i-l0a, J(lOa, 9 )  5.8 Hz, J ( l O a ,  log) 18.5 
Hz], 2.55 [ddd, 1H. H-lhax. J(lhax, 15eq) 12.3 Hz. J(16ax, 16eq) 12.3 
Hz], 2.67 (m. IH, H-lheq). 3.14 (d, IH, H- lop) ,  3.23 (d, IH,  H-9). 
3.85 (s. 3H, 3-OMe). 5.38 [I, 1H. H-hP, J ( 6 P .  7) 2.6 Hz. J ( 6 P ,  8 )  2.8 
Hz], 5.59 [dd, IH, €1-7. J(7.8) 9.8 Hz], 5.92 (ddd, IH, H-X), 6.55 [d. 
IH, 1 1 - 1 ,  J(1. 2) X.2 Hz], 6.67 (d, IH,  H-2). '.'C NMR:  6 170.h.S 
(C = 0). 144.13 (C-4). 142.18 (C-3). 131.34 (C-7). 132.00 (C-12). 
130.33 (C-8). 125.74 (C-11). 118.76 (C-I). 113.54 (C-2). 91.61 (C-5). 
70.71, 67.77 (C-14. C-6). 65.94 (C-9), 56.33 (3-OMe). 49.15 (C-13). 
46.32 (C-16). 42.97 (N-Me). 28.65 (C-19, 23.30 (C-101, 21.73 (Sp-Me). 
20.83 (COMe). IR: v:,:: 1735 (C = 0)  cm- ' .  

ha ,  7 a  - ( I  - Methoxyc,thylideni,dioxy) -6-deoxyneopine ( 13) 

I 1  (0.52 g, 1.24 mmol) was dissolved in a mixture of anhydrous 
methanol (30 ml) and triethylamine ( 1  ml) and refluxed for 30 min. 
After cooling, water (25 ml) was added and the aqueous layer was 
extracted with chloroform (1 x50 ml, 2 x  25 ml). The combined 
organic layers were washed with water (2X 100 ml) and a SdtUrated 
solution o f  NaCl (100 ml). After drying (NazSO,). the solvent was 
removed under reduced pressure t o  yield 0.4 g of crude product. 
Purification by column chromatography (97: 3 )  gave pure 13 (0.16 g, 
0.43 mmol. 35%). Two diastereoisomers were formed in a ratio o f  
about 9 :  1. MS: 371 (M+, 95) 339 (47), 296 (39). 280 (64). 254 ( IOO) ,  
241 (97) 225 (45), 152 (36). High-resolution mass: m / z  371.1738; 
calcd for C21H,,N0,: 371.1733. ' € 1  NMR: 6 0.96 [s, 3H, 6a-0-70- 
O-C(OMe)Mc], 1.84 [ddd, IH, H-ISeq, J(15eq. 15ax) 12.5 Hz, J(ISeq, 
Ihax) 4.2 Hz, J(ISeq, 16eq) 2.2 Hzl, 1.90 [ddd, IH, ti-ISax, J(ISax, 
16ax) 12.1 Hz, J(1Sax. Iheq) 5.0 Hz], 2.44 (s. 3H, N-Me). 2.62 (m, 
IH, H-lheq), 2.62 (m, IH,  H-IOa). 2.69 [ddd, IH,  El-lhax, J(lhax, 
16eq) 12.5 Hz], 3.22 (s. 3H, ha-O-7a-O-C(OMe)Me), 3.28 [d. IH. 
H-1Op. J(l0p. IOn) 17.9 Hz], 3.62 [d. IH. t1-9. J ( 9 .  100) 6.4 Hz], 
3.88 (s, 3H, 3-OMe), 4.75 [ddd, IH, H-hP, J(6P,  5 )  5.3 Hz, J(hp,  7P) 
4.5 Hz, J(6S. 8) 0.8 Hz], 4.78 (d. IH. H-SP). 4.88 [dd. IH,  H-7/3, 

" The only physical property of I I  described in Ref. 9 deviates 
strongly from our  findings. 

J(7P, X) 1.7 Hz], 5.40 (d, I H .  H-8). 6.58 [d, IH, H-I, J(I, 2) 8.2 Hz], 
6.70 (d, IH, H-2). " C  NMR: f i  145.88 (C-4). 142.24 (C-3) ,  137.69 
(C-14), 131.64 (C-l2), 126.27 (C-1 I ) ,  121.27 (hn-O-7a-O-C(OMe)Me), 

(C-6, C-7), 61.66 (C-9), 56.89 (3-OMe), 49.13 (C-13), 46.18 (C-Ih), 
42.34 (N-Me). 41.00 ( h a ,  7a-02C(OMc)Me), 36.34 (C-15). 17.14 

119.0X (C-I), 115.1 1 (C-8) .  114.28 (C-2). X7.09 (C-5). 74.43. 73.68 

(C-10). 24.72 ( h a .  7n-O,C(OMe)Mt,), 

h a ,  7a - (I - M e t h o x ~ c ~ t l t v l i ~ l e ~ 1 ~ , ~ l i o x ~ 1 - . ~ ~  - r n i ~ t / ~ ~ 1 - 6 - d i ~ 0 ~ ~ 1 1 ~ ~ ~ 1 ~ ~ ~ 1 ~ ~ ~  (14) 

12 (2.00 g, 4.61 mmol) was added to a mixture o f  anhydrous methanol 
(75 ml) and triethylamine (4  ml) and refluxed for 1 h. Methanol (50  
ml) was partly removed under reduced pressure. Water (25 ml) was 
added and the aqueous layer was extracted with chloroform ( 1  X 5 0  
ml. 2 X 25 ml). The combined organic layers were washed with water 
(2X 100 ml), a saturated solution of NaCl (I00 ml), and dried 
(Na,SO,). Removal o f  the solvent under reduced pressure gave 1.77 
g crude product as a foam. Purification by flash column chromatog- 
raphy (97:3) yielded pure 14 (1.01 g. 2.62 mmol, 57%). The ' H  NMR 
spectrum showed two diastereoisomers in a ratio o f  about 9: 1. MS: 
385 (M+,  Xh), 370 (22). 353 (53) ,  33X (29). 326 (2Y), 310 (31). 294 (44). 
270 (56), 255 (100). High-resolution mass: m / z  385.1891; calcd. for 
Cz,Ilz,NO5: 385.18X9. ' € 1  NMR: 6 0.92 (s, 3H. h a - 0 - 7 a - 0 -  
C(0Me)Me). 1.56 (s, IH, SP-Me). 1.68 [m, IH. H-15eq. J(1Seq. 1Sax) 
11.9 Hz, J(ISeq, 16eq) 2.5 Hz]. 1.88 [ddd, IH. H-15ax. J(lSax, 16ax) 
12.1 Hz, J(ISax, 16eq) 5.X Hz], 2.44 (s. 3t1. N-Me). 2.5X [dd, IH, 
H-IOU, J ( l O r r .  9) 6.3 Hz, JtlOa, 108) 18.4 Hz], 2.63 (m,  IH. 
H-lheq), 2.69 [dd, IH, H - l h x .  J(lhax, 16eq) 12.5 Hz, J(lhax, 15eq) 
3.4 Hz], 3.20 (s, 3H. ha-O-7a-O-C(OMc,)Me). 3.28 (d, l H ,  H-IOp). 
3.61 (d,  IH,  11-9), 3.87 (s, 3H, 3-OMe), 4.45 [dd. IH, H-6P. J ( h p ,  7p) 
4.6 Hz, J ( 6 p ,  8) 0.X Hz]. 4.XO [dd, lf l .  H-7P. J(7/3, 8) 1.4 Ilz], 5.38 (s, 
IH. H-8). 6.56 [d, IH. H-I. ] ( I ,  2) 8.3 Hz]. 6.67 (d. IH,  H-2). "C 

126.23 (C-l I). 121.23 (hcu-0-7n-O-('(OMe)Me), 11X.74 (C-I). 115.14 

56.68 (3-OMe), 49.20 (6a.7a-02C(OMc)Me). 46.00 (C-13). 42.71 

02C(OMe)Me),  20.36 (SP-Me). 

( - ) -ha-O-Ac~~tyl-7n-Ilydro~xyni~opi t~e (15) und ( ~ )-7a-uc.c~tox).'nco- 
p ine  (17) 

((I). Compounds 15 und 17 from 11. ha-0-Acetyl- 14P-bromocodeine 
(4.31 g, 10.26 mmol) was dissolved in 80 ml of  THF. 60 ml o f  water. 
and 4 ml of triethylamine and refluxed for 4 h. Most o f  the T H F  was 
evaporated under reduced pressure and the aqueous residue ex- 
tracted with chloroform (60 ml, 2 x 2 0  ml). The organic layers were 
combined and washed with water ( 2 x  100 ml) and a saturated 
solution of NaCl ( I 0 0  ml). and dried (Na,SO,). The solvent was 
evaporated t o  give 3.51 g (96%) crude product. The product was 
redissolved in dichloromethane and ethyl acetate. Compound 15 
crystallized after evaporation of dichloromethane (0.61 g, 17%). 
Further separation by column chromatography (95 : 5 )  yielded 17 
(0.73 g, 2.04 mmol, 20%) and I5 (0.X2, 2.30 mmol. 22%). 
15 M.p. 130-132°C; [a]$-5" ((. 1.01). MS: 357 ( M y ,  94), 29X (56) .  254 
(100). 241 (45). High-resolution mass: m / z  357.1569; calcd. for 
C,,,H,,NO,: 357.1576. ' H  NMR: 6 1.50 (s, 3H, COMe), 1.84 [ddd, 
IH, H-15eq. J(ISeq, 15ax) 12.6 Hz. J(ISeq, 16ax) 3.7 Hz, J(ISeq, 
16eq) 1.X Hz]. 1.95 [ddd, IH, tI-ISax, J(15ax. Ihax) 12.4 Hz, J(ISax, 
16eq) 5.1 Hz]. 2.45 (s, 3H, N-Me), 2.61 [m. IH,  H-lheq,  J(16eq. Ihax) 
12.6 Hz], 2.70 (m. lt l ,  H-16ax). 2.72 [dd. IH, H-IOa, J(lOa, 9 )  6.5 

3.85 (s, 3H, 3-OMe), 4.56 [dd. IH, H-7P. J(7P. 6p)  2.7 Hz, J(7P. 8) 

1.3 Hz], 5 3  (ddd. IH,  H-60). 6.59 [d, IH. H-I .  J(l. 2) 8.2 Hz], 6.66 

NMR: 6 145.39 (C-4), 141.92 (C-3) ,  13X.16 (C-14). 132.72 (C-12). 

(C-8) ,  113.52 (C-2). 90.29 (C-5) .  81.32, 73.X2 (C-6, C-7). 62.02 (C-9), 

(C-16). 42.26 (N-Me), 32.23 ( C I S ) ,  27.28 (C-10). 24.57 (6a,7r~-  

Hz, /(10a, IOp) 18.1 Hz], 3.27 (d, IH,  H-IOP). 3.64 (d. IH,  H-Y), 

1.4 Hz], 4.79 [d, IH, H-5, J ( 5 .  6 8 )  4.4 Hz], 5.47 [ t ,  111, ti-8, J ( 8 ,  6p)  

(d, IH, t i -2). " C  NMR: 6 171.08 ( C  = O), 145.42 (C-4), 142.02 (C-3). 
137.81 (C-14). 131.63 (C-IZ), 126.70 (C-ll) ,  119.75, 118.68 (C-I, C-X), 
I 14.40 (c-21, ~ 7 . 2 2  (c-s), 71.91 (c-6). 6 s . x ~  (c-7). 61.20 (c-9). 56.99 
(3-OMe). 45.95 (C-lh), 42.73 (C-13), 42.1 I (N-Me), 35.87 (C-IS), 
27.17 (C-lo), 20.22 (COME). IR: vE,:f,t' 3450 (OH). 1745 (C = 0)  
cm I .  

17 M.p. 90-91°C; [a ]$  -54" (c 0.99). MS: 357 (M+.  IOO), 2YX. (61), 
280 (58 ) ,  254 (92). 241 ( 5 0 ) .  Iligh-resolution mass: m / z  357.1574; 
calcd. for C2,,HZ3NOS: 375.1576. ' H  NMR: 6 1.80 [m, IH, H-ISeq, 
J(15eq. 15ax) 12.5 Hz, J(1Seq. 16ax) 3.S Hz. J(1Seq. 15eq) 1.6 Hzl, 
1.96 [ddd, IH,  H-ISax. J(ISax, Ibax) 12.4 Hz, J(1Sax. 16eq) 5.1 Hzl, 
2.10 (s, 3H, COMe). 2.44 (s, 3H. N-Me), 2-58 [dd, IH, H-lheq, 
J(lhax, 16eq) 12.6 Hz], 2.74 (m, 2H. €I-lOa, Wlhax). 3.24 [d. IH. 
H-IOP, J(lOP, 10a) 18.1 Hz], 3.64 [d, IH, H-9. J ( 9 .  10a) 6.4 Hzl, 
3.87 (s, 3H. 3-OMe), 4.37 (m. I€{. fl-hp). 4.74 [d. 111, €1-5. J (5 .6p )  
4.4 Hz], 5.39 (s, IH, H-8), 5.51 [dd. IH, H-7P, J(7p. 6p)  2.6 Hz, J(7f, 
8) 1.4 Hz], 6.62 [d, IH,  H-I, J(I. 2) 8.2 Hr]. 6.72 (d. IH, €1-2). I C 
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NMR: 6 170.30 ( ( '=O).  145.46 (C-4), 141.87 (C-3) ,  139.80 (C-14). 
131.36 (C-12). 126.53 (C-I I) .  11Y.75 (C-I), 114.08. I l . i .X3 (C-2. C-8). 
XX.67 (C-5). 6Y.X7. 69.04 (('-6. C-7). 61.OY (C-9). 56.5X (3-OMel. 45.74 
(C-13). 42.83 (C-16). 42.16 (N-Me), 36.19 (C-15). 27.62 (C-10). 21.08 
( C ' O M o ) .  IR: v,:,:: 3450 (Of1). 1735 ( C  = 0 )  cm I .  

(1)). Compourit1.v 15 om/ 17 hv hydro1y.sr.s of 13. 13 (0.30 g. 0.97 mmol) 
was dissolved in  15 ml o f  2N 11CI. After 2 h stirring, 'chloroform (20 
ml) was ;idded and the aqueous layer was made alkaline with 
concentrated ammonia. After separation. the aquenus layer was 
extracted with chloroform (2X 10 ml). Thc combined organic layers 
wcre washed with water (2 X 40 ml) and a saturated solution of NaCl 
(40 ml) and dried (Na2S0,) .  The solvent wiis removed under re- 
d ~ c ~ d  pressure t o  yield 0.27 crude product a s  a foam. Separation by 
column chromatography (Y6:4) yielded 17 (0.10 g. 29%) and 15 (0.07 
g, 20%). in all respects identical with the compounds described 
ahove. 

( + )-On - 0 - , 4 w l ~ f -  7tr -/ydnxy-Sp -niel/iylrieo~)inr~ ( 16) 

12 (21.70 g, 50.0 mmol)  was dissolved in 250 ml of TIiF. 250 ml of 
water, and 35 ml of triethylamine and refluxed for 4 i-. Most of the 
T H F  was evaporaled under reduced pressure and the aqueous 
residue extriictcd with chloroform (250 ml, 2 x  100 ml). The organic 
layers were combined and washed with water (2x400 ml) and a 
saturated solution of NaCl (400 ml), and dried (Na,SO,). The 
solvent was evaporated and the foam (18.13 g) redissolved in 20 ml 
ethyl acetate and I 0  ml dichloromethane. Evaporation of 
dichloromethane resulted in crystallization o f  16 (8.49 I:. 22.9 mmol, 
46% 1. An analytical sample was recrystallized from ethyl acetate. 
M.p. 205-206°C; [ n ] g  +36" (c 1.00). MS: 371 (M+.  100). 312 (50). 
204 (52). 2x2 (35 ) .  268 (72). 255 (48). High-resolution mass: m / z  
371.1735; calcd. for Cz,lI,,NOZ: 371.1733. ' H  NMR: 2,  1.47 (s, 3H. 
COMc). l.h5 (s. 3H. Sp-Me), 1.70 [m, IH,  H-ISeq, J(1St.q. 15ax) 12.2 
Hz. J(15eq. I6;ix) 3.6 Hz. J (ISeq, 16eq) 2.6 € 1 ~ 1 .  ].ti9 [ddd. IH. 
H-ISax, J(15ax. Ihax) 11.7 Hz. J(ISax, Iheq) 6.3 € 1 ~ 1 ,  2.44 (R, 3H. 
N-Me). 2.64 [m, IH. lI-lheq. J(16ax, Iheq) 12.3 Hz], 2.64 (m,  IH,  

Hz], 3.25 (d, IH. H- lop) .  3.60 (d, IH,  H-9). 3.X4 (6. 3H. Ii-OMe). 4.53 
[dd, 1H. H-7p. J(7/3, 6/3) 3.0 Hz. J(7p, X)  1.3 Hz]. 5 33 [dd. IH. 
H-6p. J(6/3. X)  1.4 Hz]. 5.42 ( t .  IH,  H - X ) .  6.59 [tl, IH, 11.1, J ( 1 ,  2) 8.1 
Hz], 6.66 (d, l f l ,  13-2). "C NMR: 8 170.81 ( C  = 0). 144.YI (C-4). 

H-lhax), 2.69 [dd. IH. ~ I - I O U ,  7 (lOa, 9 )  6.6 Hz, J(lO*r, lop) 18.0 

141.46 (C-3). I3X.Yl (C-14). 132.79 (C-12). 126.97 (C-ll), 119,2X 
(C-l), 117.X6 (C-8). 113.50 (C-2), 91.17 (C-S), 66.24 (C-6 C-7), 61.59 
(C-9). 56.62 (3-OMe). 45.75 (C-13). 44.32 (C-16). 42.21 ()/-Me), 32.12 
(C-IS), 27.03 (C-10). 20.12. 19.75 (5p-Me. COMe).  IR v,"~!: 3160 
(OH).  1735 (<' = 0 )  cm ~ I .  

Compound 14 (1.01. g, 2.62 mmol) was dissolved in 50 mr of 2N HCI 
and stirred for 6 h. The solution was made alkaline with concen- 
trated ammonia and extracted with chloroform (1  X75 ml. 2 x 2 5  ml). 
The combined organic layers were washed with water ( 2 X  100 ml) 
and ii saturated solution o f  NaCl (100 ml). After drying (Na2S0,), 
the solvent was removed under reduced pressure. The yield was 0.94 
g (97%) of crude product :is a foam, which was redissolved in 
dichloromethane (10 ml) and ethyl acetate (20 ml). After t:vaporation 
of  dichloromethane. 16 (0.48 g. 1.30 mmol. 508) crystallized. The 
filtrate was concentrated and separated by column chromatography 
(96: 4) yielding 0.03 I g (0.084 mmol, 3%) o f  7a-acetoxy cornpound 18. 
M.p. 83-8h"C: [n]:; -8" ( c  0.51). MS: 371 (Mi,  100), 323 (47), 312 
(44). 294 (66). 268 (56). 255 (98). High-resolution r a s s :  m / z  
371.1728; calcd. for C2,H2<N0, :  371.1733. ' H  NMR: 8 1-63 (s, 3H. 

Sp-Me), 1.69 [m. IH,  H-ISeq, J(15eq. 15ax) 12.2 Hz, J(ISeq, 16ax) 
3.7 Hz, J(1Seq. 16eq) 1.8 Hz], 1.94 [ddd, IH,  H-ISax, J(ISax, Ihax) 
12.3 Hz, J(1Sax. 16eq) 5.2 Hz], 2.09 (s, 3H, COMc) ,  2.45 (5. 3H. 
N-Me), 2.63 [m, IH, H-lheq, J(lheq, 16ax) 13.3 Hz], 2.fiY (m,  IH, 
H-IOU). 2.74 (m,  IH,  I-l-lhax), 3.25 [d, l H ,  H-100. J ( I0p .  I O U )  18.1 
Hz]. 3.61 [d, IH,  H-Y, J(9. IOa) 6.5 Hz]. 3.86 (s. 311. 3-OMe). 4.12 
(m,  IH. IMP),  5.36 [t, IH. 11-8, J(X. 6 p )  1.4 tIz. J(X, 7,U) 1.4 1-Iz], 
5.51 [dd. 111. H-7p. J(7/3, 6 p )  2.8 Hz], 6.5') [d, 111, €1-1 ,  J(1. 2) X.3 

141.27. 140.07 (C-3, C-14), 132.26 (C-12). 126.46 (C-l I ) ,  11Y.50 (C-l), 
Hz], 6.70 (d, IH,  H-2). "C NMR: 8 170.26 ( C  = 0). 144.90 (C-4), 

114.1 I ,  113.20 (C-2, C-X), Y2.46 (C-S) ,  75.50 (C-7). 70.09 ((.-6), 61.52 
(C-Y). 56.36 (3-OMe). 45.57(C-13), 44.32 (C-16). 42.06 (N-Me),  31.97 
(C-IS), 27.64 (C-10). 21.10. 19.58 ( C 0 M e .  5p-Me). IR:  3440 
(OH).  1730 ( C  = 0 )  cm I .  
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