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Table 111. lSC NMR Spectral Data" 
5a 5b 7a 7b 

C CDC13 CD3OD CDC13 CD30D CDC13 CD30D CDC13 cd30d 
16 28.9 30.0 28.9 29.6 28.4 29.3 28.3 29.3 
17 55.9 56.8 56.0 56.8 56.4 56.8 56.4 56.8 
18 12.4 12.9 12.5 12.9 12.3 12.6 12.3 12.6 
19 19.2 19.8 19.3 19.7 19.3 19.7 19.3 19.7 
20 40.5 41.7 40.4 41.5 36.2 37.3 36.3 37.5 
21 20.9 21.5 20.8 21.4 18.7 19.3 18.9 19.7 
22 141.9 141.0 141.6 140.8 34.2 35.3 34.3 35.5 
23 126.5 127.9 126.8 127.7 24.3 25.1 24.3 25.5 
24 52.5 53.0 52.6 52.9 47.2 50.0 47.5 50.0 
25 29.0 29.5 29.1 29.3 28.4 29.1 28.2 29.0 
26 19.7 19.1 19.6 18.9 19.3 19.2 19.3 19.3 
27 21.1 21.3 20.9 21.4 20.0 20.4 19.6 19.9 
28 64.1 65.2 64.3 65.2 63.1 63.8 64.2 64.1 
OCH3 56.5 57.9 56.5 57.8 56.7 57.8 56.7 57.8 

"At 62.9 MHz; values relative to CDC13 = 77.00 ppm and CD3OD = 49.00 ppm (central peaks); assignment aided by DEPT technique and 
comparison with known reference compounds; carbon signals 1-15 in the Experimental Section. 

by HPLC on a Whatman ODs-2 M9 10/50 column eluting with 
methanol, to afford 6a (10 mg): ["ID -51" (c 1, CHC13); mp 
194-196 "C; HRMS calcd for CBH602 (M+) m/z 414.3498, found 
414.3490; 'H NMR (CDC13) 6 0.70 (3 H, s, 18-Me), 0.854.89 (each 
3 H,  d, J = 7 Hz, 26- and 27-Me), 1.01 (3 H, s, 19-Me), 1.04 (3 
H, d, J = 7 Hz, 21-Me), 3.35 (1 H, dd, J = 9, 11 Hz, 28-H), 3.50 
(1 H, m, 3-H), 3.62 (1 H, dd,  J = 5, 11 Hz, 28-H), 5.10 (1 H, dd, 
J = 9, 15 Hz, 23-H), 5.35 (1 H, m, 6-H), 5.39 (1 H,  dd, J = 8.5, 

(22E,24R)-Ergosta-5,22-diene-3&28-diol (6b). The i-sterol 
5b (10 mg) was treated as described above to afford 6b (6 mg): 
["ID -36" (c 0.6, CHCl,); mp 196-198 "C; HRMS calcd for Czs- 
H,,Oz (M+) m/z 414.3498, found 414.3502; 'H NMR (CDClJ 6 
0.71 (3 H, s, 18-Me), 0.85-0.89 (each 3 H, d, J = 7 Hz, 26- and 
27-Me), 1.01 (3 H,  s, 19-Me), 1.04 (3 H, d, J = 7 Hz, 21-Me), 3.34 
(1 H,  dd, J = 9, 11 Hz, 28-H), 3.50 (1 H, m, 3-H), 3.62 (1 H, dd, 

H ,  m, 6-H), 5.39 (1 H,  dd, J = 8.5, 15 Hz, 22-H). 
(24R)-3a,5-Cyclo-6~-methoxy-8a-ergostan-28-01 (7a). Al- 

cohol 5a (15 mg) was hydrogenated at  atmospheric pressure over 
10% Pt /C in 10 mL of ethanol for 5 h. Removal of the catalyst 
by filtration and evaporation of solvent gave the noncrystalline 
saturated alcohol 7a (13 mg): [O]D +45" (c 1, CHCl,); HRMS calcd 
for C29H5002 (M') m/z 430.3798, found 430.3794; 'H NMR 
(CDCl,) 6 0.42 (1  H, m, 4-H), 0.64 (1 H,  m, 4-H), 0.71 (3 H, s, 
18-Me), 1.02 (3 H ,  s, 19-Me), 2.77 (1 H ,  t, J = 3 Hz, 6-H), 3.32 
(3 H,  s, OMe), remaining side chain signals in Tables I and 11; 
13C NMR C-1 to C-15 as in 5a f O . l  ppm, remaining signals in 
Table 111. 

(24S)-3a,5-Cyclo-6j3-methoxy-5a-ergostan-28-01 (7b). Al- 
cohol 5a (15 mg) was converted to 7b as described above: [O]D 
+39" (c 1, CHCI,); HRMS calcd for CBHm02 (M+) m/z 430.3798, 
found 430.3789; 'H NMR (CDCl,) 6 0.42 (1 H, m, 4-H), 0.64 (1 
H, m, 4-H), 0.71 (3 H,  s, 18-Me), 1.02 (3 H, s, 19-Me), 2.77 (1 H,  
t, J = 3 Hz, 6-H), 3.32 (3 H, s, OMe), remaining side chain signals 
in Tables I and 11; 13C NMR C-1 to C-15 as in 5a f O . l  ppm, 
remaining signals in Table 111. 

Enzymic Hydrolysis of Coscinasteroside C (8) a n d  Prep-  
a ra t ion  of MTPA Derivative for NMR Measurement. The 
glycoside sulfate 8 (5 mg), after solvolysis at  130 "C in pyri- 
dine-dioxane, 1:1, was incubated a t  37 "C with a glycosidase 
mixture (5 mg) from Charonia lampas in citrate buffer (2.0 mL; 
pH 4.5). After reaction for 24 h, TLC analysis ( S O 2  with 1-bu- 
tanol-acetic acid-water, 60:15:25) showed that the starting ma- 
terial had disappeared. The mixture was then extracted with 
1-butanol and evaporated, and the residue was fractionated by 
hplc on a C-18 w-Bondapack column (30 cm Y. 3.9 mm i.d.1 using 
methanol-water (70:30) as eluent to give 24-methyl-50-cholest- 
22(E)-ene-3@,60,8,15@,16@,28-hexol (1 mg): negative ion FABMS 
m/z 479 ([M - HI-); 'H NMR (CD,OD) 6 0.88 (3 H,  d, J = 6.5 
Hz, 26- or 27-H3), 0.94 (3 H, d,  J = 6.5 Hz, 27- or 26-H3), 1.03 
(3 H, s, 19-H3), 1.09 (3 H,  d,  J = 6.5 Hz, 21-H3), 1.32 (3 H, s, 18-H3), 
1.64 (I H, m, 25-H), 2.18 (1 H,  m, 24-H), 2.43 (1 H, dd, J = 5, 
12 Hz, 7-H), 3.46 (1 H, dd, J = 9,lO Hz, 28-H), 3.50 (1 H, m, 3a-H), 

15 Hz, 22-H). 

J = 5, 11 Hz, 28-H), 5.10 (1 H, dd, J = 9, 15 Hz, 23-H), 5.35 (1 

3.67 (1 H, dd, J = 5,  10 Hz, 28-H), 3.73 (1 H, td, J = 3, 12 Hz, 
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6@-H), 4.16 (1 H, t ,  J = 6.5 Hz, 160-H), 4.39 (1 H, dd, J = 5.6, 
6.7 Hz, 150-H), 5.29 (1 H, dd, J = 9, 15 Hz, 23-H), 5.49 (1 H, dd, 
J = 9, 15 Hz, 22-H). 

The polyhydroxylated sterol was then treated with (+)-a- 
methoxy-cu-(trifluoromethy1)phenylacetyl (MTPA) chloride (3 pL) 
as described above for preparation of 5al-5b2 to give (+)-MPTA 
triester; negative ion FABMS m/z 1127 ([M - HI-); 'H NMR 
(CD30D) 6 0.88 (3 H, d, J = 6.5 Hz, 26- or 27-H,), 0.92 (3 H, d, 
J = 6.5 Hz, 27- or 26-H3), 1.06 ( 3  H, d, J = 6.5 H z ,  21-H3), 1.12 
(3 H, s, 19-H3), 1.31 (3 H, s, 18-H3), 2.64 (1 H, m, 20-H), 4.37 ( 2  
H, d ,  J = 6.5 H z ,  28-H2),  5.37 (1 H, dd, J = 9, 15 Hz, 23-H), 5.79 
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T h e  reduct ive alkylation of amines is one  of t h e  fun-  
d a m e n t a l  reactions of synthet ic  organic chemistry. T h e  
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To evaluate the utility of this methodology, an equimolar 
ratio of various amines and ketones, bearing potentially 
acid sensitive or reducible functional groups, were reacted 
with an excess of titanium(1V) isopropoxide and sodium 
cyanoborohydride via the general procedure to give the 
results shown in Table I. The solvent and reducing agent 
were added only after the intermediate titanium/ 
ketone/amine adduct had been allow to form for 1 h. This 
one-pot procedure proved to be compatible with carba- 
mate, urea, acetal, ketal, ester, and amide groups. The 
yields for this method were acceptable for all examples, 
but the Borch method gave lower yields of the three ex- 
amples which were tried for comparison (products 11, 12, 
and 14; 49%, 58%, and 82%, respectively, by the present 
method, and 4%,0% , and 24%, respectively, by the Borch 
method). Consistent with the ability of titanium(1V) 
isopropoxide to catalyze transesterification, a small amount 
of isopropyl ester was seen in the NMR and mass spectra 
of product 14; however, this small amount was not enough 
to affect the elemental analysis. 

Initially we presumed that the titanium(1V) isoprop- 
oxide was performing as a dehydrating agent as well as a 
Lewis acid to generate enamines which were then reduced 
by the sodium cyanoborohydride. We were not able, 
however, to isolate enamines from a mixture of amine, 
ketone, and titanium(1V) isopropoxide, nor were we able 
to visualize imine or enamine functionality in the IR 
spectra of the amine/ketone/titanium(IV) isopropoxide 
mixtures. This suggests that an iminium species is, at 
most, a transient intermediate in this reaction. In one 
possible mechanism, the stable complex 18 is formed, 
which then is reduced either directly or via a transient 
iminium species. Reetz8 has observed that diisobutyl- 
aluminum hydride (DIBAL-H) will reduce the similar ti- 
tanium adducts formed from ketones and titanium amides. 
Complex 18 is similar to those recently proposed as in- 
termediates in the formation of phenethylamines via the 
addition of benzylmagnesium chloride to similar titanium 
comple~es.~ Work is now underway to further investigate 
the mechanism of this reaction and to extend its utility. 

Notes 

Table I 
amine ketone product yield 
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Piperidine 
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Borch reductive alkylation method4 works well provided 
the intermediate iminium adduct forms readily. For this 
reason the Borch procedure usually requires an excess of 
amine to favor the formation of the iminium intermediates. 
When both the ketone and amine starting materials are 
valuable or the iminium intermediate is difficult to form, 
the Borch method can be less than satisfactory. Titani- 
um(1V) chloride has been used as a Lewis acid catalyst in 
cases when the formation of enamines has proven to be 
d i f f i~ul t ;~  however, an excess of amine is still needed6 and 
the presence of acid-sensitive functionality is limited. 
Titanium(1V) isopropoxide has been used as a trans-es- 
terification catalyst compatible with a variety of functional 
groups, such as lactam, acetonide, and tert-butyldi- 
methylsilyl ether.' We now report that  titanium(1V) 
isopropoxide is a mild and effective Lewis acid catalyst for 
the reductive alkylation of amines with ketones and al- 
dehydes in the presence of acid-sensitive functional groups. 
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Experimental Section 
The starting materials were used as commercially supplied, 

except for ketones 1,3, and 5, which were prepared via literature 
procedures.1° All IR spectra were recorded on a Perkin-Elmer 
Model 1800 FT-IR spectrometer. The 200-MHz NMR spectra 
were determined on a Varian VXR-200 spectrometer and the 
300-MHz spectra on a Bruker AM300 spectrometer using deu- 
teriochloroform with 2% (v/v) tetramethylsilane as the internal 
reference. Melting points were determined on a Thomas-Hoover 
capillary apparatus and are uncorrected. All products were pu- 
rified by flash chromatography on silica gel using 5% metha- 
nol/ethyl acetate as the eluent, except for 16 (10% methanol/ethyl 

(8) Reetz, M. T. Organotitanium Reagents in Organic Synthesis; 

(9) Takahashi, H.; Tasubuki, T.; Higashiyama, K. Synthesis 1988,238. 
(10) (a) Labouta, I. M.; Falch, E.; Krogsgaard-Larsen, P. Eur. J. Med. 

Chem. 1982,17,531. (b) Maschler, H. Eur. Patent 0,097,000, Feb 6,1983. 
(c) Takemura, S.; Kiki, Y.; Kuroda, M.; Ozaki, T.; Suzuki, A. Chem. 
Pharm. Bull. 1982,30, 1084. 

Springer-Verlag: Berlin, 1986; p 107. 
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Table 11. Physical and Spectral Data 
IR 

product mp, "C R/ cm-' MS NMR 
2 oil 0.22," 0.68' 2865, 1700, 1414 269 (M + H)+ 200 MHz: 6 1.3-1.5 (m, 4 H), 1.45 (s, 9 H), 1.5-1.65 (m, 4 H), 1.8 (br d, 

J = 12 Hz, 2 H), 2.25-2.45 (m, 1 H), 2.5 (t, J = 6 Hz, 4 H), 2.67 (t, J 
= 12 Hz, 2 H), 4.16 (br d, J = 12 Hz, 2 H) 

303 (M + H)+ 200 MHz: 6 1.3-1.5 (m, 4 H), 1.5-1.65 (m, 4 H),  1.8 (br d, J = 12 Hz, 2 
H), 2.3-2.5 (m, 1 H), 2.5 (t, 4 H), 2.75 (t, J = 12 Hz, 2 H), 4.25 (br d, 
J = 12 Hz, 2 H), 5.1 (s, 2 H), 7.25 (m, 5 H) 

6 112-113 0.29' 1625, 1534 268 (M + H)+ 200 MHz: 6 1.35 (s, 9 H), 1.35-1.55 (m, 4 H), 1.55-1.7 (m, 4 H), 1.85 (d, 
J = 12 Hz, 2 H), 2.3-2.5 (m, 1 H), 2.54 (t, J = 6 Hz, 4 H), 2.72 (d of 
t, 2 H),  3.94 (d, J = 12 Hz, 2 H), 4.3 (s, 1 H) 

8 175-176 0.18' 1618, 1547 254 (M + H)+ 200 MHz: 6 0.9 (t, J = 6 Hz, 3 H), 1.3-1.7 (m, 10 H), 1.85 (br d, J = 12 
Hz, 2 H), 2.3-2.5 (m, 1 H), 2.52 (t, 4 H), 2.75 (d of t ,  2 HI, 3.2 (4, J = 
6 Hz, 2 H), 3.98 (br d, J = 12 Hz, 2 H), 4.5 (br s, 1 H) 

10 oil 0.13' 1655 211 (M + H)+ 200 MHz: 6 1.35-1.5 (m, 4 H), 1.5-1.65 (m, 4 H), 1.7-1.95 (m, 2 H), 2.1 
(s, 3 H), 2.35-2.6 (m, 6 H), 3.03 (d of t ,  1 H), 3.95 (br d, 1 H), 4.75 
(br d, 1 H) 

11 oil 0.56' 2935, 1119, 1108 226 (M + H)+ 200 MHz: 6 1.4-2.0 (m, 14 H), 2.3-2.5 (m, 1 H), 2.55 (t, 4 H), 3.95 (s, 4 
H) 

12 oil 0.34O 2933, 1111 209 (M + H)+ 200 MHz: 6 1.3-1.6 (m, 10 H), 1.75 (d of t ,  2 H), 1.9-2.1 (m, 2 H), 2.1 
(s, 3 H), 2.45 (t, 4 H), 2.5-2.7 (m, 1 H),  3.2 (t, 2 H) 

13 oil 0.40d 2935, 1455 176 (M + H)+ 200 MHz: 6 1.3-1.5 (m, 2 H), 1.5-1.65 (m, 4 H), 2.37 (t, 4 H), 3.45 (s, 2 
H), 7.3 (m, 5 H) 

14 oil 0.36"s' 1732, 1695 341 (M + H)+ 300 MHz: 6 1.07 (t, 3 H), 1.15-1.3 (m, 2 H), 1.27 (s, 9 H), 1.5-1.65 (m, 
4 H),  1.75 (br d, 2 H), 2.0-2.3 (m, 4 H), 2.5 (br t, 2 H), 2.7 (br d, 2 
H), 3.9-4.05 (m, 4 H) (small amt iPr ester at 6 4.8) 

H), 2.2-2.4 (m, 1 H), 2.55 (t, J = 6 Hz, 4 HI, 2.68 (t, J = 1 2  Hz, 2 HI, 
3.68 (t, J = 6 Hz, 4 H), 4.15 (br d, J = 12 Hz, 2 H) 

16 oil 0.12; 0.66' 1700 345 (M + H)+ 300 MHz: 6 1.2 (t, J = 6 Hz, 6 H), 1.2-1.7 (m, 7 H), 1.45 (9, 9 H), 1.95 
(br d, J = 12  Hz, 2 H), 2.5-2.95 (br s, 1 H, NH), 2.65 (t, J = 6 Hz, 2 
H), 2.77 (t, J = 12  Hz, 2 H), 3.4-3.75 (m, 4 H), 4.05 (br d, J = 12 Hz, 
2 H), 4.50 (t, J = 6 Hz, 1 H) 

17 139-141 0.45d 1680 249 Mt 300 MHz: 6 1.24-1.37 (m, 2 H), 1.47 (9, 9 H), 2.01 (d of d, 2 H), 2.91 (t, 
J = 12 Hz, 2 H), 3.37-3.44 (m, 1 H), 3.56 (br s, 1 H, NH), 4.03 (br d, 
J = 9 Hz, 2 H), 6.59 (d, 2 H), 6.68 (t, 1 H), 7.15 (d of t ,  2 H) 

4 oil 0.13," 0.58' 1702 

15 76-78 0.16,' 0.82' 1695 271 (M + H)+ 200 MHz: 6 1.25-1.55 (m, 4 H), 1.46 (s, 9 H), 1.82 (br d, J = 12 Hz, 2 

a Ethyl acetate. ' Acetone. 1:l methanol/CHzC12. d4:1 hexanes/ethyl acetate. 

Table 111. Elemental Analysis 
compd 

2 

4 

6 

8 

10 

11 

12 

13 

14 

15 

16 

17 

formula 

C15H28N202 

C15H29N30 

C 14H27N30.0. 1 HzO 

C12H22N20 

C13H23N02 

C13H24N2 

C12H17N 

C18H32NZ04 

C14H26N203 

C18H36N204 

C16H24N202 

analysis 
calcd: C, 67.13; H, 10.52; N, 10.44 
found: C, 67.07; H, 10.47; N, 10.30 
calcd: C, 71.07; H, 8.69; N, 9.21 
found: C, 71.04; H, 8.70; N, 9.11 
calcd: C, 67.37; H, 10.93; N, 15.71 
found: C, 67.40; H, 10.95; N, 15.71 
calcd: C, 65.90; H, 10.75; N, 16.47 
found: C, 65.90; H, 10.78; N, 16.62 
calcd: C, 66.53; H, 10.55; N, 13.32 
found: C, 66.88; H, 10.49; N, 13.03 
calcd: C, 69.30; H, 10.29; N, 6.22 
found: C, 69.22; H, 10.31; N, 6.18 
calcd: C, 74.54; H, 11.61; N, 13.45 
found: C, 74.15; H, 11.73; N, 13.38 
calcd: C, 82.23; H, 9.78; N, 7.99 
found: C, 81.82; H, 9.78; N, 7.99 
calcd: C, 63.51; H, 9.48; N, 8.23 
found: C, 63.41; H, 9.51; N, 8.15 
calcd: C, 62.20; H, 9.70; N, 10.37 
found: C, 62.17; H, 9.66; N, 10.44 
calcd: C, 62.76; H, 10.54; N, 8.14 
found: C, 62.86; H, 10.60; N, 8.14 
calcd: C, 69.54; H, 8.76; N, 10.14 
found: C, 69.83; H, 8.81; N, 10.14 

(0.42 g, 6.7 mmol) was added, and the solution was stirred for 20 
h. Water (2 mL) was added with stirring, and the resulting 
inorganic precipitate was filtered and washed with ethanol. The 
filtrate was then concentrated in vacuo. The crude product was 
dissolved in ethyl acetate, filtered to remove the remaining in- 
organic solids, and concentrated in vacuo. The products were 
then purified by flash chromatography. 

Registry No. 1, 79099-07-3; 2, 125541-12-0; 3, 19099-93-5; 4, 
125541-13-1; 5 ,  125541-11-9; 6, 125541-14-2; 7, 89805-08-3; 8, 
125541-15-3; 9, 32161-06-1; 10, 125541-16-4; 11, 125541-17-5; 12, 
125541-18-6; 13, 2905-56-8; 14, 125541-19-7; 15, 125541-20-0; 16, 
125541-21-1; 17,125541-22-2; titanium(IV) isopropoxide, 546-68-9; 
piperidine, 110-89-4; ethyl piperidine-4-carboxylate, 1126-09-6; 
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532-24-1; benzaldehyde, 100-52-7; morpholine, 110-91-8; 1,2-di- 
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acetate) and 17 (7:l hexanes/ethyl acetate). All yields given are 
of analytically pure material, and all compounds had NMR and 
IR spectra and elemental analyses ( i0 .4%)  consistent with the 
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Transition metal catalvzed reaction of alkynes with 
assigned structures. 

amine (10 mmol), and titanium(1V) isopropoxide (3.72 mL, 12.5 
mmol) was stirred at  room temDerature in a 100-mL round-bottom 

aldehydes has not been will known. By taking advantage 
of the nickel(O)-catalyzed cycloaddition reaction of diynes 
with carbon dioxide to bicyclic cu-pyrones,i we have found 

l+". A mixture of the ketone ( lo  

flask under a drying tube. i f t e r  1 h, the IR spectrum of the 
mixture showed no ketone band, and the viscous solution was 
diluted with absolute ethanol (10 mL). Sodium cyanoborohydride 

(1) Tsuda, T.; Morikawa, S.; Sumiya, R.; Saegusa, T. J. Org. Chem. 
1988,53, 3140. 
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