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leading to racemic 9 and meso-10 by an analogous process. 
In the event, the catalytic hydrogenation of 6 proceeded 
smoothly over Rh on carbon, which gave more reproducible 
results, furnishing an inseparable mixture of 9 and 10 
(entry 10). Although variable optical rotations were ob- 
tained, analysis of the 'H NMR spectrum after the ad- 
dition of the chiral shift reagent (+)-Eu(tfc): gave rise to 
a similar splitting of the N-tosyl methyl resonances to that 
shown with the secondary amines derived from racemic 
nitrile (rac-6), prepared from rac-valine. The ratio between 
the d, 1 and meso secondary amines was estimated to  be 
approximately 1:l by integration of the NH protons of the 
corresponding N-acetyl derivatives in a 'H NMR spectrum 
measured a t  50 "C in (CD3)2S0. A t  lower temperatures 
or in deuteriochloroform solutions the spectra were com- 
plicated by the presence of several rotamers. Similarly, 
the presence of amide rotamers precluded any accurate 
determination of the diastereoisomeric excess based on the 
analysis of the 'H or 19F NMR spectra of the derived 
Mosher amides.'O 

In summary, the catalytic hydrogenation of nitriles to  
secondary amines under ambient conditions has been 
described. This synthetic method could be particularly 
useful for the rapid assemblage of functionalized subunits 
in the preparation of macrocyclic structures. 

Experimental Section 
General Procedure for the Catalytic Hydrogenation of 

Nitriles. A mixture of nitrile (0.35 mmol) in glacial acetic acid 
(3 mL) and 5% rhodium on alumina (400 mg) was stirred at 23 
"C under 1 atm of H2 for 24-30 h. The progress of the reaction 
was monitored by TLC. The resulting suspension was filtered 
through Celite, and the filtrate was partitioned between di- 
chloromethane and saturated aqueous sodium bicarbonate solu- 
tion. In entries 6 and 7 the crude secondary amine was treated 
with 1 M HCI in methanol at 23 "C for 1 h, followed by evapo- 
ration of the solvent to give the amine hydrochloride. Isolated 
yields of pure amines are shown in Table I. 
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Scheme I 

Brassinolide (1) Castasterone (2) Stigmasterol 

f 

napus L. pollen in 1979. Its low abundance in natural 
sources and intriguing structure have made it the target 
of several s y n t h e s e ~ . ~ ~ ~  The unusual B-ring lactone and 
the four contiguous chiral centers a t  C-20, C-22, C-23, and 
C-24, including the vicinal diol a t  C-22 and C-23, are 
structural features that require special attention. Certain 
related sterols such as castasterone (2) exhibit similar 
activity14 and their syntheses are also of i n t e r e ~ t . ~ ~ ~ ~ ~  

We recently reported the preparation of the allylic al- 
cohol 4 from stigmasterol (3)5 using selenosulfonation 
methodology.6 Alcohol 4 has also been prepared by other 
methods%" and is a useful intermediate for the elaboration 
of brassinosterol side chains. We now report the seleno- 
sulfonation-based preparation of the more highly elabo- 
rated intermediate 5, which provides more direct access 
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and spectroscopic data for (SI- and (R,S)-N-tosylvaline, N-to- 
sylvalinamide, and the compounds in Table I and 'H NMR and 
COSY spectra for amine 4 (9 pages), Ordering information is given 
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under standard conditions afforded 2, which had physical 
and spectral properties in close agreement with literature 
values.3c~f 

Experimental Section 
Melting points were determined on an A. H. Thomas hot-stage 

apparatus and are uncorrected. IR spectra were recorded on a 
Nicolet 5DX spectrometer as films. 'H and '% NMR spectra were 
recorded on a Bruker ACE 200 or a Bruker AM 400 spectrometer, 
operating at 200 and 400 MHz, respectively, in deuteriochloroform 
solvent with either chloroform or tetramethylsilane as the internal 
standard. Mass spectra were recorded on a Kratos MS80 or a 
VG 7070 spectrometer. Elemental analyses were obtained by Ms. 
D. Fox and Dr. R. Yamdagni at the University of Calgary or by 
Guelph Chemical Laboratories. Preparative TLC was carried out 
on Analtech 20 X 20 cm glass plates coated with 1 mm of silica 
gel GF and analytical TLC on Merck silica gel 60 F-254 sheets. 
Flash chromatography was performed on Merck silica gel, 60-200 
mesh. Se-Phenyl p-tolueneselenosulfonate was prepared by a 
literature method.13 All other reagents were purchased from 
commercial sources and were purified by standard methods as 
required. 

(2R ,3S ,22R ,24E )-6,6-(Ethylenedioxy)-2,3-(isopro- 
py1idenedioxy)-24-( phenylseleno)-25-(p -tolylsulfonyl)- 
(5a)-26,27-dinorcholest-24-en-22-01(7a) and the 225 Epimer 
7b. a-Butyllithium in hexane (1.35 mmol) was added to a solution 
of 1-(trimethylsily1)propyne (200 fiL, 1.35 mmol) in 1.5 mL of THF 
at 0 OC. After 10 min the solution was cooled to -30 "C and 
aldehyde 6 (200 mg, 0.45 mmol) in 1 mL of THF was added 
dropwise. The mixture was stirred at -30 OC for 12 h, then 
gradually warmed to room temperature, diluted with ether, washed 
with aqueous NaCl, dried (MgS04), and evaporated in vacuo. The 
product was stirred with tetra-n-butylammonium fluoride (0.8 
mmol) in 5 mL of THF at 0 "C for 25 min. The solution was again 
diluted with ether and worked up as before to afford the desi- 
lylated product, which was used directly in the following sele- 
nosulfonation step without further purification. 

The latter product and Se-phenyl p-tolueneselenosulfonate (140 
mg, 0.45 mmol) were refluxed for 24 h in 2 mL of benzene con- 
taining ca. 2 mg of azobis(isobutyronitri1e) (AIBN). Preparative 
TLC (8% acetonitrile-dichloromethane) afforded 85 mg (24%) 
of the less polar C-22 epimer 7a and 89 mg (25%) of the more 
polar epimer 7b.'* 

Compound 7a was a pale yellow oil: R, 0.55 (8% aceto- 
nitrile-dichloromethane); IR (film) 3506, 1596, 1367, 1303, 1291, 
1144, 1084, 1055, 733 cm-'; 'H NMR (200 MHz) 6 7.68 (d, J = 
8.4 Hz, 2 H), 7.57-7.27 (complex, 7 H), 6.03 (s, 1 H), 4.27 (m, 1 
H), 4.2-3.7 (m, 5 H), 3.45 (dd, J = 14.0, 11.0 Hz, 1 H), 3.18 (d, 
J = 8.0 Hz, 1 H), 2.43 (s, 3 H), 1.48 (s, 3 H), 1.33 (s, 3 H), 1.01 
(d, J = 6.6 Hz, 3 H), 0.84 (s, 3 H), 0.71 (s, 3 H); mass spectrum, 
m/z (relative intensity) 780 (Mt - 18,0.2), 431 (62), 387 (38), 235 
(91), 155 (88), 93 (100). Anal. Calcd for C43H5807SSe: C, 64.71; 
H, 7.34. Found: C, 64.51; H, 7.11. 

Compound 7b was a pale yellow oil: R, 0.36 (8% aceto- 
nitrile-dichloromethane); IR (film) 3491, 1596, 1367, 1303, 1291, 
1144, 1085, 733 cm-'; 'H NMR (200 MHz) 6 7.67 (d, J = 8.3 Hz, 
2 H), 7.56-7.25 (complex, 7 H), 5.98 (s, 1 H), 4.27 (m, 1 H), 4.20-3.7 
(m, 5 H), 3.43 (dd, J = 14.1, 10.2 Hz, 1 H), 2.42 (s, 3 H), 1.48 (s, 
3 H), 1.33 (s, 3 H), 0.98 (d, J = 6.3 Hz, 3 H), 0.84 (s, 3 H), 0.68 
(s, 3 H); mass spectrum, m / z  (relative intensity) 431 (71), 235 
(loo), 155 (75), 93 (92). Anal. Calcd for C43H5807SSe: C, 64.71; 
H, 7.34. Found: C, 64.69; H, 7.54. 

(2R ,35,22R ,232)-6,6-( Ethylenedioxy)-2,3-(isopro- 
pylidenedioxy)-24-(phenylseleno)-25-(p -tolylsulfonyl)- 
(5a)-26,27-dinorcholest-23-en-22-01(8). Compound 7b (420 mg, 
0.53 mmol) was refluxed for 48 h in a mixture of 5 mL of tri- 
ethylamine and 15 mL of toluene. After removal of volatile 
material in vacuo, flash chromatography of the residue (elution 
with 12% acetonitrile-dichloromethane) produced 275 mg (66%) 

1. LiCti~ClCSiMeg 
2. n.BurN+F 

3. TsSePh, A, AlBN- 
_vv __. 

49:51 E 7a - 

SePh '%. 

_w. _w. __. A,.--. 

- 11 31% 5 51% - 12 33% - 13 10% 

a (a) Ts = p-tolylsulfonyl, (b) 2-Th = 2-thienyl. 

to castasterone (2) (Scheme I) and which was previously 
employed in the preparation of do l i ch~s te rone .~~  Since the 
conversion of castasterone (2) t o  brassinolide (1) has been 
previously r e p ~ r t e d , ~ * g ~ * ~  the present work also constitutes 
a formal synthesis of 1. 

Our approach is shown in Scheme 11. T h e  aldehyde 6 
was readily obtained from stigmasterol (3).3d The addition 
of 3-lithio-1-(trimethy1silyl)propyne' t o  6, followed by 
desilylation with tetra-n-butylammonium fluoride and 
selenosulfonation of the resulting acetylene with Se-phenyl 
p-tolueneselenosulfonate! afforded the corresponding C-22 
epimers 7a and 7b in 49% overall yield in the  ratio of 
49:51. After separation from 7a by preparative TLC or 
flash chromatography, the  more polar epimer 7b was 
isomerized to  the  allyl sulfone 8 and subjected to  selen- 
oxide syn  elimination to produce the allene 9.9 The latter 
was obtained as a mixture of diastereomers tha t  did not 
require separation and could be employed as such in the 
next step. The  required isopropyl group was introduced 
by the addition of the  organocuprate reagent 1O'O to the  
less hindered face of the sulfonyl-substituted 7r-bond of 
allene 9. The desired 2 isomer of 11 was obtained with 
high stereoselectivity but in relatively low yield because 
of competing elimination to  produce diene byproducts. 
Reductive desulfonylation of 11 was achieved with mag- 
nesium in methano1,'l affording the desired allylic alcohol 
5 as the  principal product, along with the homoallylic 
isomer 12 and the diene 13. 

T h e  conversion of 5 to castasterone (2) was straight- 
forward and based on literature precedents. Stereoselec- 
tive epoxidation of 5 with m-chloroperbenzoic acid 
(MCPBA) produced 14:'which was reduced to diol 15 with 
lithium borohydride and  borane-THF.12 Deprotection 

(7) Corey, E. J.; Kirst, H. A. Tetrahedron Let t .  1968, 5041. 
(8) (a) Back, T. G.; Collins, S.; Kerr, R. G. J. Org. Chem. 1983, 48, 

3077. (b) Back, T. G.; Collins, S.; Gokhale, U.; Law, K.-W. J. Org. Chem. 
1983, 48, 4776. (c) Miura, T.; Kobayashi, M. J. Chem. SOC., Chem. 
Commun. 1982, 438. 
(9) For a general preparation of allenes and allenic sulfones from 

acetylenes using selenosulfonation, see: Back, T. G.; Krishna, M. V.; 
Muralidharan, K. R. J. Org. Chem. 1989,54, 4146. 

(10) Lipshutz, B. H.; Koerner, M.; Parker, D. A. Tetrahedron Let t .  
1987, 28, 945. 

(11) Brown, A. C.; Carpino, L. A. J. Org. Chem. 1985, 50, 1749. 

(12) The elaboration of the side chain of 4 by epoxidation and hydride 

(13) Back, T. G.; Collins, S.; Krishna, M. V. Can. J. Chem. 1987, 65, 
reduction was reported by Fung and Siddall (ref 3a). 

2R 
(14) When the preparation of 7a,b was repeated with up to 3 mmol 

of aldehyde 6, the overall yields were in the range 39-45%. 
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of 8 as a solid foam: R, 0.39 (10% acetonitriledichloromethane); 
IR (film) 3468,1598,1318, 1303,1140,1086,1056,911,734 cm-'; 
'H NMR (200 MHz) 6 7.69 ( d , J  = 8.3 Hz, 2 H), 7.36-7.24 (com- 
plex, 7 H), 6.22 (d, J = 7.2 Hz, 1 H), 4.64 (m, 1 H), 4.27 (m, 1 H), 
4.11 (m, 1 H), 3.98-3.71 (m, 6 H), 2.46 (s, 3 H), 1.48 (s, 3 H), 1.33 
(s, 3 H), 0.87 (d, J = 7.3 Hz, 3 H), 0.85 (s, 3 H), 0.67 (s, 3 H); mass 
spectrum, m/z (relative intensity) 446 (6), 431 (33), 235 (go), 91 
(100). 
(2R,35,22R)-6,6-( Ethylenedioxy)-B,S-( isopropylidenedi- 

oxy)-25-(p -tolylsulfonyl)-( 5a)-26,27-dinorcholesta-23,24- 
dien-22-01 (9). The allylic sulfone 8 (126 mg, 0.16 mmol) and 
tert-butyl hydroperoxide (1.6 mL of a ca. 90% solution in tert- 
butyl alcohol) were stirred for 10 h in 10 mL of chloroform. 
Volatile material was then removed in vacuo and the residue was 
separated by flash chromatography (elution with 30% aceto- 
nitrile-dichloromethane) to afford 82 mg (81%) of the allenic 
sulfone 9 as a pale yellow oil: R, 0.42 (12% acetonitrile-di- 
chloromethane); IR (film) 3468,1956,1598,1319,1304,1216,1147, 
1086, 1056, 752 cm-'; 'H NMR (200 MHz) d 7.78 (d, J = 8 Hz, 
2 H), 7.32 (d, J = 8 Hz, 2 H), 6.31 (m, 1 H), 5.87 (m, 1 H), 4.43 
(m, 1 H), 4.25 (m, 1 H), 4.09 (m, 1 H), 3.97-3.70 (m, 4 H), 2.42 
(9, 3 H), 1.46 (s, 3 H), 1.31 (s, 3 H), 0.82 (s, 3 H), 0.66 and 0.65 
(2 s, mixture of diastereomers, total 3 H); mass spectrum, m / z  
(relative intensity) 640 (M', 0.4), 625 (1.7), 431 (48), 235 (78), 155 
(38), 91 (87), 43 (100). Anal. Calcd for C3,H5,07S: C, 69.32; H, 
8.18. Found: C, 68.82; H, 7.98. 

(2R ,3S ,22R ,23Z)-6,6-(Ethylenedioxy)-2,3-(isopro- 
pylidenedioxy)-28-(p -tolylsulfonyl)-(5a)-ergost-23-en-22-ol 
(1 1). A solution of 1.17 mmol of lithium (2-thienyl)cyano~uprate~~ 
in 12 mL of THF was cooled to -78 "C. Isopropyllithium (0.94 
mmol) in petroleum ether was added, followed by the allenic 
sulfone 9 (150 mg, 0.234 mmol) in 2 mL of THF. After stirring 
for 30 min at  -78 "C, the reaction was quenched with aqueous 
NH4Cl solution, dried (MgSO,), filtered through Celite, and 
evaporated in vacuo. The residue was separated by preparative 
TLC in 12% acetonitrile-dichloromethane to afford 49 mg (31%) 
of 11 as a pale yellow oil: R, 0.49 (same solvent); IR (film) 3499, 
1598,1316,1303,1216,1142,1087,1057,755 cm-'; 'H NMR (200 
MHz) 6 7.78 (d, J = 8 Hz, 2 H), 7.36 (d, J = 8 Hz, 2 H), 5.71 (d, 
J = 7.0 Hz, 1 H), 4.26 (m, 2 H), 4.10-3.76 (m, 7 H), 2.46 (5, 3 H), 
1.48 (5, 3 H), 1.33 (9, 3 H), 1.02 (d, J = 7.1 Hz, 3 H), 0.98 (d, J 
= 7.3 Hz, 3 H), 0.95 (d, J = 6.9 Hz, 3 H), 0.83 (9, 3 H), 0.66 (s, 
3 H); 13C NMR 6 144.9 (C), 136.6 (C), 134.6 (C), 133.8 (CH), 129.8 
(CH), 128.2 (CH), 109.6 (C), 107.5 (C), 72.9 (CH), 72.8 (CH), 70.6 
(CH),65.5 (CHz), 64.1 (CH,), 58.0 (CH,),55.7 (CH), 52.9 (CH), 
52.2 (CH), 45.5 (CH), 42.7 (CHZ), 42.3 (C), 41.4 (CH), 41.0 (CH,), 
39.5 (CH,), 38.0 (C), 34.3 (CH), 32.9 (CH), 28.6 (CH,), 27.8 (CH,), 
26.5 (CH,), 24.1 (CHJ, 22.2 (CH3), 21.9 (CH,), 21.6 (CH,), 21.5 
(CH,) 20.7 (CH,), 13.3 (CH,), 12.3 (CHJ, 11.9 (CH,); mass 
spectrum, m / z  (relative intensity) 669 (M+ - 15, 0.4), 666 (M+ 
- 18, 0.7), 513 (4), 387 (17), 329 (25), 235 (27), 178 (35), 91 (61), 
43 (100). 

(2R ,3S ,22R ,23E)-6,6-(Ethylenedioxy)-2,3-(isopro- 
pylidenedioxy)-(5a)-ergost-23-en-22-ol (5). Magnesium turn- 
ings (80 mg, 3.33 mg atoms) in 6 mL of methanol were warmed 
to 40-50 OC. When hydrogen evolution commenced, the allylic 
sulfone 11 (48 mg, 0.070 mmol) was added in 1 mL of THF. The 
mixture was stirred at room temperature for 4 h until almost all 
of the magnesium disappeared. 'The mixture was concentrated 
under reduced pressure, 3 mL of 20% aqueous NH,Cl was added, 
and the product was extracted three times with ether, dried 
(MgSO,), and evaporated in vacuo. Flash chromatography of the 
residue (elution with 4% acetone-hexane) afforded the following 
in order of elution. 
(A) Diene 13 (4 mg, 10%) as a pale yellow oil: R, 0.69 (25% 

acetone-hexane); IR (film) 1643,1604,1239,1216,1174,1054,757 
cm-';'H NMR (200 MHz) 6 5.93 ( d , J  = 15.8 Hz, 1 H), 5.56 (dd, 
J = 15.8, 8.6 Hz, 1 H), 4.84 (s, 1 H), 4.82 (s, 1 H), 4.27 (m, 1 H), 
4.10 (m, 1 H), 4.0-3.71 (m, 4 H), 2.55 (m, 1 H), 1.48 (s, 3 H), 1.33 
(s, 3 H), 1.08 (d, J = 6.7 Hz, 3 H), 1.06 (d, J = 6.8 Hz, 3 H), 1.05 
(d, J = 5.9 Hz, 3 H), 0.84 (s, 3 H), 0.70 (s, 3 H); mass spectrum, 
m/z (relative intensity) 512 (M+, ll), 497 (M+ - 15,23), 387 (80), 
329 (621,301 (47), 123 (90), 43 (100); exact mass calcd for C$&,204 
512.3866, found 512.3860. 

(B) Homoallylic alcohol 12 (12 mg, 33%) as a pale yellow oil: 
R, 0.43 (25% acetone-hexane); IR (film) 3492,1639,1244,1216, 

Notes 

1174, 1057, 909, 734 cm-'; 'H NMR (200 MHz) 6 4.89 (9, 1 H), 
4.79 (s, 1 H), 4.27 (m, 1 H), 4.10 (m, 1 H), 3.98-3.7 (m, 5 H), 1.48 
(s, 3 H), 1.33 (s, 3 H), 1.06 (d, J = 6.8 Hz, 3 H), 1.03 (d, J = 6.8 
Hz, 3 H), 0.94 (d, J = 6.3 Hz, 3 H), 0.84 (9, 3 H), 0.67 (5, 3 H); 
13C NMR 6 153.3 (C), 109.7 (C), 109.3 (CHZ), 107.6 (C), 73.0 (CH), 
72.9 (CH), 70.6 (CH), 65.5 (CH,), 64.2 (CHJ, 55.8 (CH), 53.0 (CH), 
52.8 (CH), 45.5 (CH), 42.7 (CH,), 42.4 (C), 41.1 (CHZ X 2 ?); 40.4 
(CH), 39.7 (CH,), 38.0 (C), 33.5 (CH), 33.0 (CH), 28.6 (CH3), 27.7 
(CH,), 26.6 (CH,), 24.1 (CH,), 22.1 (CH,), 22.0 (CHZ), 21.7 (CH,), 
20.8 (CH,), 13.4 (CH,), 11.93 (CH,), 11.87 (CH,); mass spectrum, 
m/z (relative intensity) 530 (M+, 2), 515 (M+ - 15, lo), 431 (36), 
389 (20), 319 (381,235 (66), 149 (73), 99 (sa), 43 (100); exact mass 
calcd for &HMO5 530.3971, found 530.3990. 

(C) Title compound 5,' (19 mg, 51%) as a pale yellow oil: R, 
0.39 (25% acetone-hexane); IR (film) 3491,1663,1216,1058,756 
cm-'; 'H NMR (200 MHz) 6 5.32 (d, J = 7.8 Hz, 1 H), 4.46 (d, 
J = 7.7 Hz, 1 H), 4.26 (m, 1 H), 410 (m, 1 H), 3.92 (m, 3 H), 3.76 
(m, 1 H), 1.61 (d, J = 1.1 Hz, 3 H), 1.48 (s, 3 H), 1.33 (s, 3 H), 
1.00 (d, J = 6.8 Hz, 6 H), 0.95 (d, J = 6.0 Hz, 3 H), 0.84 (s, 3 H), 
0.67 (s, 3 H); 13C NMR 6 142.8 (C), 124.8 (CH), 109.7 (C), 107.6 
(C), 73.0 (CH), 72.9 (CH), 70.5 (CH), 65.5 (CHZ), 64.2 (CHZ), 55.8 
(CH), 53.0 (CH), 52.6 (CH), 45.5 (CH), 42.7 (CHZ), 42.5 (C), 41.8 
(CH), 41.1 (CH,), 39.6 (CHZ), 38.0 (C), 36.7 (CH), 33.0 (CH), 28.6 
(CH,), 27.8 (CH,), 26.6 (CHJ, 24.20 (CH,), 22.0 (CHZ), 21.4 (CH3), 
21.3 (CH3), 20.8 (CH,), 14.2 (CH3), 13.4 (CH,), 12.3 (CH,), 11.9 
(CH,); mass spectrum, m/z (relative intensity) 530 (M', 0.5), 512 
(M' - 18, 551, 497 (32), 387 (61), 123 (67), 43 (100). 
Castasterone (2). Allylic alcohol 5 was converted into epoxide 

14 with MCPBA in 95% yield by the method of M ~ r i . ~ '  
Compound 14 (19 mg, 0.035 mmol) in 1 mL of THF was added 

to a stirred mixture of lithium borohydride (4 mg, 0.17 mmol) 
and 0.17 mmol of borane-THF in 1 mL of THF at  0 "C. The 
mixture was stirred for 12 h at 0 "C and then quenched with water. 
The mixture was diluted with chloroform, washed with aqueous 
potassium carbonate, dried (MgS04), and evaporated in vacuo. 
Flash chromatography (elution with 5 % acetone-hexane) afforded 
14 mg (73%) of diol 1515 as an oil: R/ 0.30 (30% acetone-hexane); 
IR (film) 3446,1216,1057,734 cm-'; 'H NMR (200) 6 4.27 (m, 
1 H), 4.10 (m, 1 H), 3.93 (m, 3 H), 3.75 (m, 2 H), 3.55 (m, 1 H), 
1.48 (s, 3 H), 1.33 (s, 3 H), 0.97 (d, J = 6.6 Hz, 3 H), 0.95 (d, J 
= 6.8 Hz, 3 H), 0.90 (d, J = 6.1 Hz, 3 H), 0.85 (d, J = 5.3 Hz, 3 
H), 0.84 (9, 3 H), 0.68 (9, 3 H); ',C-NMR 6 109.7 (C), 107.6 (C), 
74.8 (CH), 73.5 (CHI, 73.0 (CH), 72.9 (CH),65.5 (CHz),64.2 (CHZ), 
55.8 (CH),52.9 (CH),52.4 (CH),45.5 (CH),42.7 (CHZ),42.3 (C), 

30.8 (CH), 29.3 (CHJ, 28.6 (CH3), 27.7 (CHZ), 26.6 (CH,), 24.0 
(CH,), 22.0 (CH,), 20.9 (CH,), 20.8 (CHZ), 20.7 (CH,), 13.4 (CH3), 
11.9 (CH,), 10.1 (CH,); mass spectrum, m / z  (relative intensity) 
548 (M+, 22), 533 (M+ - 15,46), 431 (loo), 389 (84), 337 (59), 43 
(97). 

Diol 15 (23 mg, 0.042 mmol) was dissolved in 1 mL of 80% 
aqueous acetic acid and warmed at 50 "C for 30 min. The solution 
was poured into aqueous sodium carbonate and extracted three 
times with chloroform. The chloroform solution was dried 
(MgSO,) and evaporated in vacuo to give 16 mg (82%) of cas- 
tasterone (2), mp 248-53 "C, from ethyl acetate (litak mp 250-2 
"C): IR 3379,1708,1216 cm-'; 'H NMR (400 MHz) 6 4.05 (m, 
1 H), 3.79-3.70 (m, 2 H), 3.57-3.54 (m, 1 H), 2.69 (dd, J = 12.6, 
2.9 Hz, 1 H), 2.30 (dd, J = 13.1, 4.5 Hz, 1 H), 0.97 (d, J = 6.8 Hz, 
3 H), 0.95 (d, J = 6.8 Hz, 3 H), 0.91 (d, J = 6.6 Hz, 3 H), 0.85 
(d, J = 6.9 Hz, 3 H), 0.76 (s,3 H), 0.69 (s, 3 H); 13C NMR 6 211.9 
(C=O), 74.7 (CH), 73.6 (CH),68.4 (CH),68.3 (CH),56.6 (CH), 

41.0 (CH,), 40.0 (CH), 39.7 (CH,), 38.0 (C), 36.8 (CH), 33.0 (CH), 

53.7 (CH), 52.3 (CH), 50.7 (CH), 46.7 (CHZ), 42.8 (C), 42.6 (C), 
40.2 (CHZ), 40.1 (CH), 39.4 (CHZ), 37.7 (CH), 36.8 (CH), 30.8 (CH), 
27.6 (CHZ), 26.3 (CHZ), 23.8 (CH,), 21.2 (CHZ), 20.9 (CH3), 20.7 
(CH,), 13.6 (CH,), 11.93 (CH,), 11.90 (CH,), 10.1 (CH,); mass 
spectrum, m / z  (relative intensity) 464 (M', 0.4), 446 (M+ - 18, 
0.5), 43 (100). 
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Pirmenol (CI-845) (la) is an antiarrhythmic agent cur- 
rently in clinical trials.' For the synthesis of one of the 
pirmenol metabolites 1 b, we were unsuccessful in using the 
Gabriel synthesis2 to make the primary amine function- 
ality. When we added 2-pyridyllithium to phthalimide 2, 
no addition product was isolated. Alternative Gabriel 
reagents have been developed, but they too have potential 
drawbacks. They are either pho~poramida te ,~~  
or derivatives that may interfere with or- 
ganolithium reagents, or they are r e a g e n t ~ ~ ~ P  requiring 
undesirable reaction conditions. 

I 

Pirmenol la  l b  

8 O a  

However, we found the dibenzylamino derivative4 6 was 
well suited to our needs. I t  was easily made using standard 
conditions, it  did not interfere with the 2-pyridyllithium 
addition, and the dibenzyl groups were easily removed by 
catalytic transfer hydrogenation (CAT)5 using ammonium 
formate in methanol and 10% P d / C  as catalyst. 

The  synthesis of lb  is outlined in Scheme I. I t  was 
necessary to protect the ketone 3 after two alternate routes 

(1) See: A Symposium: Pirmenol-A Unique, New Antiarrhythmic 
Agent. Just, H., Ed. Am. J .  Card. 1987,59(16), 1H. 

(2) (a) Gabriel, S. Ber. Dtsch. Chem. Ges. 1887,20,2224. (b) Gibson, 
M. S.; Bradshaw, R. W. Angew. Chem., Int. Ed.  Engl. 1968, 7,919-930. 

( 3 )  (a) Grehn, L.; Ragnarsson, U. Synthesis 1987,275. (b) Clarke, C. 
T.; Elliott, D.; Jones, J. H. J.  Chem. Soc., Perkin Trans. 1 1978,1088. (c) 
Zwierzak, A,; Pillchowska, S. Synthesis 1982,922. (d) Hendrickson, J. 
B.; Bergeron, R.; Giga, A.; Sternbach, D. D. J. Am. Chem. SOC. 1973,95, 
3412. (e) Hendrickson, J. B.; Bergeron, R.; Stembach, D. D. Tetrahedron 
1975,31,2517. (0 Mukaiyama, T.; Tsuji, T.; Watanabe, Y. Chem. Let t .  
1978, 1057. 

(4) Only two examples of the synthesis of primary amines by N,N- 
didebenzylation have been reported. See: (a) Pawlowski, M.; Grczyca, 
M. Pol. J .  Chem. 1981,55(4), 837-41. (Engl.). (b) La Manna, A.; et el. 
Farmaco, Ed.  Sci.  1967, 22, 667. 

(5) For a review, see: Johnstone, R.: Wilbv, A. Chem. Rev. 1985.85, 
129-70. 

1987, 43(18), 4071. 
(6) Brown, H. C.; Kim, K. W.; Screbnik, M.; Singaram, B. Tetrahedron 

(7) Koziara, A.: Osowska-Pacewicka. K.: Zawadzski, S.: Zwierzak. A. 
Synthesis 1985, 202. 
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Scheme I. Preparation of Pirmenol Metabolite lb 

, THF, -78' 

Li 

0 6 N(CH2Ph)2 CH&I,&ux NH HCO cat. 1 O%Pd/C , 
\ /  

Scheme 11." General Preparation of Primary Aminesb 

R-X 2 RN(CHzPh)z.HCI 2. RNHz.HCI 
10 11 12 

"(a) (PhCH,),NH, K2CO3, diglyme, 140 "C; (b) HCl(g), 2- 
propanol; (c) NH4HCOz, cat. 10% Pd/C, CH30H, 65 "C. *The 
reaction conditions used to prepare lb were different as described. 

failed. The shortest route would have been the addition 
of 2-pyridyllithium directly to 3, followed by the use of 
standard Gabriel chemistry to introduce the primary am- 
ino group. However the major product of the addition was 
8 (52%) and unreacted starting material (20%). Another 
possible route was the addition of dibenzylamine to  3, 
thereby giving 6 directly. However, experience with the 
synthesis of pirmenol indicated the major product from 
this reaction was likely to be cyclopropyl phenyl ketone 
9. Therefore the ketone was protected as the ketal 4. 

db 9 

8 

High yields were sacrificed for product purity in the 
ketal formation step (3 - 4; 48%) and the 2-pyridyllithium 
addition step (6 - 7; 63%). Nevertheless the overall yield 
for the five steps was 16%. The high yields obtained for 
the dibenzylamine addition (4 - 5; >85%) and the CAT 
hydrogenolysis (7 - lb;  63%) encouraged us to investigate 
this method as an alternative to the Gabriel synthesis. 

We set about to convert some simple alkyl halides into 
primary amines (Scheme 11). Examples of these con- 
versions are listed in Table I. The yields of the free bases 
of lla-e were generally in the 85-95% range except for 
the hindered bromide 10b (48%). Also, the HC1 salt l l b  
was difficult to crystallize in good yield, which resulted in 
the low overall yield for the conversion. However the 
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