
1510 J.C.S. Perkin I 

The Deoxyg enat io n of NN- D ia I ky I a m i n ot h ioca r bo n y I oxya I ka nes 
By Anthony G. M. Barrett  and Panayiotis A. Prokopiou, Department of Chemistry, Imperial College, London 

Derek H. R. Barton,’ lnstitut de Chimie des Substances Naturelles, C.N.R.S., 91 190 Gif-sur-Yvette, France 
SW7 2AY 

The title compounds were converted into alkanes in high yield on reduction with potassium and 18-crown-6 in 
t-butylamine. Thereby both primary and secondary alcohols were conveniently deoxygenated. 

WE have recently redefined ester reduction chemistry.l 
A dissolving Group 1A metal brings about alkyl-oxygen 
cleavage at the radical-anion stage giving rise to de- 
oxygenation (Scheme 1) .  At room temperature in a 
nucleophile-free medium this is the principal reaction ; 
the Bouveault-Blanc and acyloin reactions are curiosi- 
ties. 

Herein we report our studies on the reduction of 
carbonates, related sulphur compounds etc. Reduct ion 
was carried out using either lithium in ethylamine or 
potassium solubilised by 18-crown-6 in t-butylamine 
(see Table and Experimental section). We considered 
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that xanthates (dithiocarbonates) and derived thio- 
carbamates should be highly suitable substrates for 
de0xygenation.l We anticipated that alkyl-oxygen 
cleavage of the derived radical anion would be favoured 
by formation of the stabilised sulphur anion (e.g. 
MeS-CO-S-). In addition, nucleophilic displacement of 
xanthates by the amine solvent would afford thio- 
carbamates and the latter, if displaced, would reform 
the same functional group. Therefore, such derivatives 
should be relatively free from solvolytic complications. 

The 1,3-dioxolan-2-0ne and -2-thione derivatives 
(la,b) and (2a,b) were also reduced in the hope that the 
corresponding olefin would be formed (Scheme 2). In 
this way the important diol to olefin2 transformation 
would be achieved. Several diverse compounds, tolu- 
ene-4-sulphonate (3a), O-thioacetate (4a), imino-ether 
(4b), and epoxide (8) were also reduced. 

The substrates in the Table were prepared by standard 
methods. Formation of derivatives of 5a-cholestane- 
3p,6P-diol (5f) were sometimes accompanied by elimin- 
ation of the axial substituent and co-formation of the 
corresponding cholesterol derivative. Attempts to pre- 
pare the hindered dicarbonate (5k) or dicarbamate (51) 
were unsuccessful; cholesterol (4d) (90%) and 3@-(N- 
piperidinocarbonyloxy)cholest-5-ene (44 (75%) were 
formed. The preparation of the dixanthate (5c) pre- 

sented a minor problem. Using the sodium hydride, 
carbon disulphide, iodomethane procedure the principal 
product obtained was the monoxanthate-monothio- 
carbonate (5i). The dixanthate (5c) was prepared 
(53%) by the sequential reaction of 5a-cholestane- 
3@,6@-diol (5f) with n-butyl-lithium, carbon disulphide, 
and iodomethane. 

Reduction of the 1,3-dioxolan-2-0ne or -2-thione 
derivatives (Table, entries 1-4) were preparatively 
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unsatisfactory. However formation of more decan-1-01 
than decan-2-01 from the thione (lb) was consistent with 
ring fragmentation at the radical-anion stage (Scheme 2). 
In general, with the exception of xanthates and thio- 
carbamates all the alcohol derivatives were not effi- 
ciently deoxygenated. However deoxygenation, when 
observed, was greatest at the most sterically hindered 
positions (entries 15 and 17). 

In contrast, the reduction of the dixanthate (5c) and 
especially the dialkylaminothiocarbonyloxyalkanes 
(3d,e,f), (5e), and (6) proceeded with high overall de- 
oxygenation. This deoxygenation is preparatively very 
attractive : the alcohol derivatives are readily available, 
work-up is easy, and even primary alcohols are readily 
removable. We note with interest that deoxygenation 
was suppressed at low temperature (entries 10 and 11). 
This, presumably, resulted from an increase in the life- 
time of the radical anion. The bis-monoalkylamino- 
thiocarbonyloxyalkane (5d) was not deoxygenated in 
high yield (entries 20 and 21). Clearly the alcohols 
must have arisen by alkoxide elimination from the 
conjugate base of (5d). The glucofuranose thiocarb- 
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a;  X = O  
b .  X:S 

a .  R ' . R ~  = co 
b. R ' . R 2  = CS 

d. R 1  = R 2 =  Ac 

C .  R '  = R ~ = E I Z N .  cs 

e. R '  = R 2 = t i  

a . R = M e C S * O  
b .  R =PhC(=NH).O 
c , R = H  
d .  R = O H  
e . R  -E lO-CO.O 

g ,  R = N-H,.CO. o 
f . R = P r ' O - C O * O  

a ,  R = EIzN.  CS.  0 
b . R = O H  
c .  R = H  

Dissolving-metal reduction of carbonate derivatives etc. a t  room temperature unless indicated to the contrary 

Entry 
1 0  

2 b  

3 "  
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
35 

16 
17 

18 a 

19 

20 
21 

22 

2 3  
24 
25 d 

Substrate 
(mmol) 

(la), 3.75 

(lb), 3.81 

(Za), 1.77 
(2b), 0.40 
(2c), 1.40 
(3a), 1.29 
(3b), 1.02 

(3d), 0.71 
(3e), 0.64 
(3e), 0.73 
(3f), 0.58 
(4a), 1.15 
(4b), 0.34 
(5a), 0.15 

(5a), 0.11 
(5b), 0.17 

(5c), 0.06 
(5c), 0.32 

(5d), 0.06 
@id), 0.21 

(5e), 0.20 

(3c), 0.91 

(6), 1.42 
(7a), 2.45 
(8) ,  4.42 

Metal 18-Crown-6 
(mg-atom) 

K, 33 

K, 49 

K, 13 
K, 15 
K, 28 
K, 15 
K, 15 
K, 23 
K, 19 
K, 5.0 
K, 20 
K, 20 
K, 15 
Li, 43 
K, 13 

Li, 14 
K, 13 

Li, 11 
K, 26 

Li, 14 
K, 8.0 

K, 11 

K, 23 
K, 26 
K, 43 

(mmol) 
7.6 

13.25 

3.26 
1.90 
9.47 
2.27 
6.0 
5.3 
4.0 
1.6 
5.7 
7.6 
8.71 

3.4 

3.8 

9.46 

1.4 

1.6 

4.2 
4.92 
6.63 

Solvents (ml) 
ButNH2, 25; Et,O, 4 

ButNH,, 25; THF, 5 

ButNH,, 20; THF, 5 
DME, 8; THF, 1 
ButNH,, 20; THF, 5 
ButNH,, 15; THF, 8 
Bu'NH,, 25; THF, 4 
ButNH,, 30; THF, 6 
DME, 10; THF, 5 
ButNH,, 8; THF, 6 
ButNH2, 40; THF, 10 
ButNH,, 20; THF, 4 
BudNH,, 25; THF, 6 
EtNH,, 4 
ButNH,, 8; THF, 2 

EtNH,, 3 
ButNH,, 5 ;  THF, 1 

EtNH,, 2 ;  THF, 0.5 
ButNH,, 10; THF, 3 

EtNH,, 2 
ButNH2, 8; THF, 2 

ButNH,, 10; THF, 1 

ButNH,, 15; THF, 5 
ButNH,, 20;  THF, 4 
ButNH,, 10; Et,O, 3 

Products 
Decan-l-yl and decan-2-yl acetates, 5% ; 
decane-1,2-diyl diacetate, 67% 
Dec-l-ene, 5% ; decan-l-yl acetate, 26% ; decan-2-yl 
acetate, 8% ; decane-1,2-diyl diacetate, 35% 
Diacetate (2d), 69% 
Intractable mixture 
Intractable mixture 
5a-Cholestan-3P-01 (3g), 73% 
5a-Cholestan-3p-01 (3g), 83% ; 5a-cholestane (3h). 12% 
5a-Cholestan-3P-01 (3g), 80% ; 5a-cholestane (3h), 4% 
5a-Cholestan-3P-01 (3g), 14% ; 5a-cholestane (3h), 74% 
5a-Cholestan-3P-01 (3g), 8% ; 5a-cholestane (3h), 86% 
5a-Cholestan-3P-01 (3g), 40% ; 5a-cholestane (3h), 58y0 
5a-Cholestan-3P-01 (3g), 12% ; 5a-cholestane (3h), 83% 
Cholest-5-ene (4c), 6% ; cholesterol (4d), 87 yo 
Cholesterol (4d), 75% 
5a-Cholestane-3P,6p-dioI (5f), 30% ; 
5a-Cholestan-3p-01 (3g), 20% 
5a-Cholestane-3P,GP-diol (5f), 66% 
5a-Cholestane-3P,6P-diol (5f), 24% ; 
5a-cholestan-3P-01 (3g), 41 yo 
5a-Cholestane-3P,GP-diyl diacetate (5h), 387, 
5a-Cholestane-3fi,6p-diol (5f), 8% ; 
Sa-Cholestan-3p-01 (3g), 19% ; 5a-cholestan-6P-01 (5g), 
2 % ; 5a-cholestane (3h), 38% 
5a-Cholestane-S@, 6p-diol (5f), 68% 
5a-Cholestane-SP, 6P-diol (5f), 45% ; 
5a-Cholestan-3P-01 (3g), 18% 
5a-Cholestane-3p,6p-diol (5f), 5% ; 
5a-Cholestan-3P-01 (3g), 12% ; 5a-cholestan-6P-01 (5g), 
15% : 5a-cholestane (3h), 62% 
n-Octadecane, 87% ; n-octadecan-1-01, 12% 

n-Decan- 2-yl 3,5-dinitrobenzoate, 38 yo 
(7b)) 55%; ( 7 ~ ) ~  14% 

Crude reaction mixture acetylated (Ac,O-pyridine) prior to separation. b Blue colour only restored after the addition of more 
The crude reaction mixture was acetylated 

Extra crown ether (1.14 mmol) added after oxiran (8) to 
Crude decan-2-01 acylated [3,5-(O2N),C,H,COC1-pyridine-benzene] to facilitate 

potassium (26 mg-atom) and 18-crown-6 (6.43 mmol). 
(AcC1-pyridine) prior to separation. 
restore blue colour ; tabulated volume is total. 
product isolation. 

Tabulated quantities are totals. 
Reaction carried out a t  -30 "C. 

amate (7a) gave the 3-deoxyglucose derivative (7c) 
albeit in poor yield (14%). 

n-Octyloxiran (8) reacted with potassium and 18- 
crown-6 to give a mixture of products from which decan- 
2-01 (38%) was isolated as its 3,5-dinitrobenzoate. The 
dissolving-metal reduction of epoxides has been des- 
cribed elsewhere.* The ring cleavage was considered to 
proceed via the oxiran dianion not the corresponding 
radical anion thereby producing the more substituted 
alcohol. 

Clearly the reduct ion of NN-dialkylaminothiocar- 
bonyloxyalkanes with potassium and 18-crown-6 pro- 
vides a convenient method for the deoxygenation of 
alcohols. 

EXPERIMENTAL 

M.p.s were determined on a Kofler hot-stage and are 
uncorrected. Optical rotations were recorded on chloro- 
form solutions. Preparative layer chromatography, p.l.c., 
was carried out on Merck Kieselgel GF264, developing solvents 
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are given in parentheses. Column chromatography was 
carried out on Merck Kieselgel H or 60 or B.D.H. MFC 
grade materials using gradients of light petroleum-benzene- 
diethyl ether as eluants. Dec-l-ene (eluant petroleum), 
decan-l- and -2-yl acetates [eluant benzene-petroleum 
( 1 : 4)] were separated from decane- 1,2-diyl diacetate 
[eluant benzene-petroleum (1 : l ) ]  by chromatography on 
Kieselgel H ;  the ratio of the monoacetates was determined 
by g.1.c. (10% silicone OV-17 on Chromosorb, retention 
times: dec-l-ene 1.2 min, decan-l-yl acetate 9.6 min, 
decan-2-yl acetate 7.0 min). Solvents and reagents were 
purified by standard procedures.s Light petroleum and 
petroleum respectively refer to the redistilled reagents with 
b.p. 40-60 "C and 60-80 "C. 18-Crown-6 refers t o  the 
dry doubly distilled material purified via its acetonitrile 
complex; commercial reagent is unsatisfactory unless 
purified. T H F  and 1,2-dimethoxyethane (DME) were 
freshly distilled from potassium-benzophenone ; t-butyl- 
amine was freshly distilled from potassium. Nitrogen was 
purified by bubbling sequentially through aqueous chrom- 
ium(1r) chloride, concentrated sulphuric acid, phosphorus 
pentaoxide on glass wool, and sodium hydroxide pellets. 
Work-up refers t o  the dilution of the reaction mixture with 
water, extraction into diethyl ether, washing the organic 
phase with water, drying over anhydrous sodium or mag- 
nesium sulphate, filtration, and rotary-evaporation a t  
~ 6 0  "C. The following compounds were prepared by 
standard procedures or authenticated by comparisons with 
literature data:  (2a), m.p. 145-147 "C (lit.,7 146.5- 
147"); (2d), m.p. 122-123 "C, +27.1" (c 1.359) 
(lit.,8 123 "C + 26.7"); (2e), m.p. 121-122 "C (lit.,9 122"), 
(3a), m.p. 136-137 "C (1it.,lo 134-135 "C); (3g), (3h), 
(4c), (4d), (5f), (5g),  (Sh), octadecan-1-01, and octadecane 

(4b); l2 (7a), m.p. 51-53 "C, [aID2, -55.2" (G 1.045) [lit.,13 
51-53', -338" (dioxan)]; (7b), n1.p. 110-111 "C (lit.,14 
110-111 "C); (7c); (8),  b.p. 97-99 "C at 20 mmHg 
(lit.,lS 89 "C a t  10 mmHg) ; decan-l-yl acetate,16 decan-2-yl 
acetate,17 decane- 1,2-diyl diacetate ; l7 decane- 1,2-diol, 
m.p. 47-49 "C (1it.,ls 48-49 "C); and decan-2-yl 3,5- 
dinitrobenzoate, m.p. 41-42 "C (lit.,17 44 "C). 

Reductions using Potassium, 18-Crown-6, and t-Butyl- 
amine, an ExampZe.-Small clean oil-free pieces of potas- 
sium (600 mg) were added to  a solution of 18-crown-6 (2.3 g) 
in dry t-butylamine (25 ml) under dry oxygen-free nitrogen. 
On stirring a royal-blue solution was rapidly obtained. 
Immediately a solution of the thioacetate (4a) (510 mg) in 
dry T H F  (6 ml) was added dropwise a t  such a rate tha t  the 
blue colour was not discharged for long periods of time. 
When the addition was complete excess of ethanol was 
added to destroy the remaining potassium. After evapor- 
ation the residue was partitioned between diethyl ether and 
water. The organic phase was washed with water, dried, 
and evaporated, and the residue chromatographed on 
Kieselgel H (10 g) t o  give (eluant diethyl ether-petroleum 
gradient) cholest-5-ene (4c) (27 mg, 6%) and cholesterol (4d) 
(384 mg, 87%). Details of further reductions are sum- 
marised in the Table. 

Reductions using Li thium and Ethylamine, a n  Example.- 
Ethylamine (4.0 ml) was distilled from sodium hydroxide 
pellets into a dry flask containing the benzimidate (4b) 
(166 mg) under dry oxygen-free nitrogen. Lithium (300 
mg) was added and the mixture stirred until blue in colour. 
Methanol was added to  quench the excess of metal and 
solvents were removed under reduced pressure. The residue 

(see ref. 1 and references therein); (3i); 3 9 1 1  ( 4 4 ;  
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was partitioned between diethyl ether and water. The 
organic phase was washed with hydrochloric acid ( 1 ~ )  and 
water, dried, and evaporated to give cholesterol (4d) (98 
mg, 75%). Further reductions are tabulated. When a co- 
solvent is noted in the Table, the ester in co-solvent was 
added after the lithium, slowly, so as not to discharge the 
blue solution for long periods of time. 

~,~-4-Octyl-1,3-dioxo~an-2-one (la).-To a solution of 
phosgene (2.0 g) in dichloromethane (50 ml) a solution of 
decane-1,2-diol (3.5 g) in dichloromethane (20 ml) and 
pyridine (10 ml) was added with stirring and cooling, and 
the mixture stirred a t  20 "C for 16 h. Work-up and 
chromatography on Kieselgel60 (45 g) gave on elution with 
diethyl ether-petroleum (1 : 9) a mixture of three unidenti- 
fied minor products. Elution with diethyl ether-petroleum 
(2 : 3) gave the cyclic carbonate ( la )  (2.9 g, 72%), vmx (film) 
1820-1 780, 1 160, 770, and 720 cm-l, S(CC14) 0.8-1.7 
(17 H ,  m), 3.7-4.1 (1 H ,  m), and 4.2-4.7 (2 H, m); m/e 

96, 82, 67, and 55 (Found: C, 66.0; H, 10.3. C11H2003 
requires C, 65.95; H; 10.05y0). 

~,~-4-Octyl-1,3-dioxolan-2-thione ( lb)  .-To a solution of 
decane-1,2-diol (3.5 g) in T H F  (30 ml), a solution of NN'- 
thiocarbonyldi-imidazole (5.2 g) in THF (15 ml) was added 
and the mixture refluxed under nitrogen for 18 h. The 
solvent was removed under reduced pressure, the residue 
dissolved in dichloromethane, washed thoroughly with 
hydrochloric acid ( 1 ~ )  and brine, dried, and the solvent 
removed under reduced pressure. The crude product was 
chromatographed on Kieselgel 60 (32 g); elution with 
diethyl ether-petroleum (1 : 49) gave a minor non-u.v.- 
active product. Further elution with diethyl ether- 
petroleum (1 : 19) gave the cycZic tkiocarbonute (lb) (2.8 g, 
64%), v,,,. (film) 1320-1 270, 1165, and 980 cm-l; 
6(CDC1,) 0.8-2.00(17H,m),4.1-4.5 (lH,m),and4.6--5.1 
(2 H ,  m); nz/e 216 (M+') ,  183, 138, 109, 83, and 54 
(Found: C ,  61.15; H,  9.5. C11H2,0,S requires C, 61.1; 

201 (M+' + l),  200 (M+*) ,  199 (M+. - l), 138, 110, 109, 

H, 9.3%). 
1,2 : 5,6-Di-O-Isopropylidene-3,4-O-thiocarbonyZ-~- 

mannitol (2b) .-To a solution of 1,2:5,6-di-O-isopropylidene- 
D-maniiitol (2e) (1.2 g) in T H F  (20 nil) NN'-thiocarbonyldi- 
imidazole (1.65 g) was added and the mixture refluxed for 
7 h under nitrogen. The solvent was removed and the 
residue dissolved in dichloromethane, washed with cold 
dilute hydrochloric acid, and water, dried, and the solvent 
removed under reduced pressure. The residue was re- 
crystallised from ethyl acetate-light petroleum to give the 
product (2b) (1.18 g ,  85%) as white needles, m.p. 165- 
166.5 "C, [a],23 -15.6' (c 0.154), vmx. (Nujol) 1330, 1300, 
1260, 1245, 1205, 1165, 1145, 1060, 980, 960, 860, and 
835 cm-1; A,,,. (EtOH) 234 (E 15 000) and 267 nm (600); 
G(CDC1,) 1.35 and 1.45 (12 H, 2.5, Me2C), 3.9-4.4 (6 H, m, 
1-, 2-, 5-, 6-H), and 4.5-4.8 (2 H, m, 3-, 4-H); m/e 304 
(M+') ,  289 (Mf' -Me), and 101 (Found: C, 51.4; H, 6.65. 
C,,H,,O,S requires C, 51.3; H, 6.6%). 

3p, 6,!3-Bis(chZorocarbonyloxy) -5a-cholestane (5j) .-To a solu- 
tion of phosgene (4.9 g) in ethanol-free chloroform (30 ml) 
a solution of 5a-cholestane-3/3,6P-diol (5f) (1.51 g) in chloro- 
form (60 ml) and pyridine (700 mg) was added dropwise at 
0 "C, and the mixture was allowed to stand at 23 "C for 
17 h. W'hen the optical rotation of the solution stabilized 
{[aID2, -30.4 (G 1.557)) the excess of phosgene was removed 
under reduced pressure to give the bis-chloroformate (51) 
(1.98 g, loo%), G(CDC1,) 0.72 (3 H, s, 13-Me), 1.03 (3 H, s, 
10-Me), 4.66 (1 H,  br, W ,  18 Hz, 3a-H), 4.93 (1 H, m, W ,  
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8 Hz, 6a-H). The product was used in the next step without 
further purification. 

3p, Gp-Bis(ethoxycarbony2o~y) -5a-cholestam (5a) .-To solid 
3~,6~-bis(chlorocarbonyloxy)-5a-cholestane (51) (657 mg) 
absolute ethanol (20 ml) was added, followed by pyridine 
(2 ml) ; the mixture was then allowed to stand at 23 "C for 
24 h. The solvents were removed under reduced pressure 
and the residue diluted with water and extracted with ether. 
The organic phase was dried, filtered, and separated by 
p.1.c. (benzene) to give 3~-ethoxycarbonyloxycholest-5-ene 
(4e) (179 mg, 31%) as needles from dichloromethane- 
methanol, m.p. 83-84 "C (1it.,l8 m.p. 83-84 "C), G(CDCl,), 
0.67 (3 H, s, 13-Me), 1.00 (3 H ,  s, 10-Me), 1.23 (3 H,  t, J 
7 Hz, CH,CH,O), 4.17 (2 H, q, J 7 Hz, CH,CH,O), 4.7 (1 H ,  
m, 3a-H), and 5.4 (1 H, m, WH 8 Hz, 6-H); and the di- 
cathylate (5a) (431 mg, 63y0), which recrystallised from di- 
chloromethane-methanol as prisms, m.p. 144-145 "C, 
[aIDz3 -21.1" (e  0.384), v,, (CHCl,) 1 735 and 1 270-1 190 
cm-l; G(CDC1,) 0.67 (3 H, s, 13-Me), 1.00 (3 H, s, 10-Me), 
1.27 (6 H ,  t, J 7 Hz,  2CH,CH,O), 4.10 (4 H, q, J 7 Hz, 
2CH,CH,O), 4.6 (1 H ,  m, 3a-H), and 4.8 (1 H,  m, WH 7 Hz, 
6a-H); m/e M +  absent, 458 (M+' - EtOH - CO,), 368, 
353, 260, 255, 247, 228, 213, 147, and 81 (Found: C, 72.1; 
H,  10.3. C,,H,,O, requires C, 72.2; H,  10.3%). 

3pt6P-Bis (isopropoxycarbonylox~) -5a-cholestane (5b) .-To 
solid 3p, 6P-bis (chlorocarbonyloxy ) -5a-cholestane (5 j)  (65 7 
mg), absolute propan-2-01 (20 ml) was added followed by 
pyridine (2 ml) and the mixture was allowed to stand for 
24 h a t  23 "C. Work-up and p.1.c. (benzene) gave 3p- 
(isopropyloxycarbonyloxy)cholest-5-ene (4f) (146 mg, 25y0), 
which was crystallised from acetone, m.p. 110-111 "C, 
[a]D23 -32.1' (e  1.636), vmx, (CC14) 1735 and 1260 cm-l; 
G(CDC1,) 0.67 (3 H, s, 13-Me), 1.00 (3 H ,  s, 10-Me), 1.30 (6 H, 
d ,  J 6 Hz, Me,CHO), 4.4 (1 H,  m, W ,  17 Hz, 3a-H), 4.9 
(1  H ,  m, Me,CHOCO), and 5.4 (1 H, m, WH 8 Hz, 6-H); 
m/e 472 ( M + ' ) ,  368, 353, 260, 247, 227, 147, and 81 (Found: 
C, 78.95; H ,  11.3. C31H5203 requires C, 78.75; H,  11.1%); 
and 3~,6~-bis(~so~ro~yloxycurbonyloxy)-5a-cholestane (5b) 
(61 7 mg, 72%), recrystallised from chloroform-methanol, 
m.p. 122-124 "C, -21.3" (c 0.954), v,,,. (CHCl,) 
1730 and 1270-1 190 cm-l; G(CDC1,) 0.68 (3 H ,  s, 13- 
Me), 1.01 (3 H ,  s, 10-Me), 1.30 (12 H,  d ,  J 6 Hz, Me,- 
CHOCO), and 4.27-5.33 (4 H, m, 3a-H, 6a-H, 2CHMe,), 
m/e M+' absent, 472, 368, 318, 255, 247, 228, 213, and 81 
(Found: C, 72.9; H,  10.6. C35H&, requires C, 72.85; 
H, 10.5%). 

Attempted Preparation of 3p, 6pBis- (t-butoxycavbonyl- 
oxy)-5a-choZestane (5k) .-To a solution of the dichloro- 
formate (5j) (197 mg) in t-butyl alcohol (10 ml) resublimed 
potassium t-butoxide (188.8 mg) was added and the mixture 
allowed to stand a t  60 "C for 2 days. The solvent was 
removed under reduced pressure, the residue diluted with 
water, extracted with ether, and the organic phase 
dried and evaporated to give cholesterol (4d) (130 mg, 

3p- (Isopropyloxycarbonyloxy) -5a-cholestune (3b) .-To a 
solution of phosgene (6.4 g) in dichloromethane (30 ml) a 
solution of 5a-cholestan-3/3-01(3g) (3.0 g) in dichloromethane 
(50 ml) and pyridine (2 ml) was added a t  0 "C over a 0.25 h 
period; the mixture was then allowed to stand for 17 h a t  
20 "C. The excess of phosgene and solvent were removed 
under reduced pressure, and the residue was dissolved in 
propan-2-01 (32 ml) and pyridine (2 ml) and allowed to 
stand for 17 h a t  20 "C. The solvent was removed under 
reduced pressure, and the residue worked up in the usual 

90%) * 

way, to  give the 3P-carbonate (3b) (3.2 g, 87%) as leaflets 
from acetone, m.p. 84.5-85 'C, + 14.5" (c 1.660), vmax. 
(Nujol) 1 740, 1 265, and 1 255 cm-l; G(CDC1,) 0.67 (3 H, 
s, 13-Me), 1.33 (6 H,  d ,  J 7 Hz, Me,CH), 4.5 (1 H,  m, 3a-H), 
and 4.8 (1 H, m, Me,CH); m/e 474 (M"), 370, 355, 320, 
230, 215, and 81 (Found: C, 78.65; H, 11.75. C,,H,40, 
requires C, 78.45; H, 11.45%). 

A ttempted Prq5aration of 3p, 6P-Bis (Piperidinocarbonyl- 
oxy) -5a-cholestum (51) .-To solid dichloroformate (5j) 
(657 mg), piperidine (20 ml) was added and the mixture 
allowed to  stand at 23 "C for 24 h. Work-up and p.1.c. 
[ethyl acetate-petroleum (3 : 7)] gave S~-piperidinocur- 
bonyloxycholest-5-ene (4g) (462 mg, 75%) as needles from 
chloroform-methanol, m.p. 178-181 "C, [a]=,, - 43.2" 
(c 0.247), v,,,,. (Nujol) 1705 cm-l; G(CDC1,) 0.67 (3 H, s, 
13-Me), 1.00 (3 H ,  s, 10-Me), 3.36 (4 H,  m, CH,NCH,), 
4.43 (1 H ,  br, WH 16 Hz, 3a-H), and 5.36 (1 H,  m, WH 8 Hz, 
6-H); m/e 497 (&I+'), 451, 368, 353, 260, 255, 247, 213, 
147, and 81 (Found: C, 79.5; H, 11.2; N, 2.8. C,,H,,NO, 
requires C, 79.6; H, 11.15; N, 2.8%); and a minor un- 
characterised product (50 mg) as needles from chloroform- 
methanol, n1.p. 205-208 "C, -21.3" (G  1.294), vmx 
(CHC1,) 1 670, 1260-1 190, 1 150, and 1080-1 020 cm-1; 
G(CDC1,) 0.67 (3 H,  s, 13-Me), 1.02 (3 H,  s,  10-Me), 3.4 (5 H, 
m, CH,NCH,), 4.5 (1 H, m, 3a-H), and 4.6 (1 H ,  m, WH 
10 Hz,  6a-H); m/e 603, 577, 551, 386, 368, 353, 301, 275, 
255, 247, 231, 213, 107, and 81 (Found: C, 78.4; H ,  11.15; 
N, 3.3%). 

3p- (NN-Diethylaminocarbonyloxy) -5a-cholestane (3c) .-To 
a solution of phosgene (3.0 g) in dichloromethane (50 ml) 
triethylamine (10 ml) was added at 0 "C and the mixture 
allowed to stand for 5 h at 20 "C. A solution of 5a-choles- 
tan-3p-01 (3g) (2.0 g)  in dichloromethane (15 ml) was added 
and the mixture was stirred a t  20 "C for 17 h. The solvents 
were removed under reduced pressure, the residue diluted 
with water and extracted with ether, and the organic 
phase was washed with water, dried, and evaporated. The 
residue was crystallised from ethanol and recrystallised 
from acetone to give the 3p-curbamate (3c) (2.0 g, 80%) as 
needles, m.p. 122-122.5 "C, [aIDz3 +17.2" (C 1.230), v,, 
(Nujol) 1 700, 1270, and 1 170 cm-l; 6(CC14) 0.67 (3 H,  s, 
10-Me), 1.23 (6 H,  t, J 7 Hz, BCH,CH,N), 3.27 (4 H,  q, J 
7 Hz, 2CH,CH,N), and 4.6 (1 H,  m, WH 18 Hz, 3a-H); m/e 
487 ( M + ' ) ,  486, 472, 428, 370, 355, 316, 257, 215, 118, 95, and 
81 (Found: C, 79.05; H, 12.05; N, 2.9. C,,H,,NO, 
requires C, 78.8; H ,  11.8; N, 2.85%). 

(5c). 
-To a solution of 5a-cholestane-3,!3,6~-diol (5f) (400 mg) 
in T H F  (10 ml), sodium hydride (80%, 150 mg) was 
added and the mixture refluxed for 24 h under nitrogen. 
Carbon disulphide (0.15 nil) was added a t  23 "C followed 
after 1 h by iodomethane (0.20 ml). The mixture was 
stirred a t  23 "C for further 1 h ,  and the excess of sodium 
hydride quenched by acetic acid (0.5 ml), followed by water 
(1 ml). The mixture was extracted with diethyl ether and 
the organic phase washed with sodium hydrogencarbonate, 
dried, and separated by p.1.c. [diethyl ether-petroleum 
(1 : 19)] to give 3~-[(methylthio)thiocarbonyloxyl-6~-[(me- 
thylthio)carbonyloxy]-5a-choZestane (5i) (300 mg, 51 yo), m.p. 
162-163.5 "C (from dichloromethane-methanol), 
-54.1' (c 0.562), vmax, (Nujol) 1 700, 1225, 1 135, and 1060 
cm-l; v,,~. (cyclohexane) 1 720, 1220, 1 135, 1060-1 010, 
and 760 cm-l; A,,,,, (cyclohexane) 276 ( E  11 000), 225 
( 8  000), and 207 nm (9 000); G(CDC1,) 0.67 (3 H ,  s, 13-Me), 
1.03 (3 H,  s, 10-Me), 2.28 (3 H, s, MeSCO-0), 2.52 (3 H, s, 

3p, 6P-Bis [ (methylthio) thiocarbonyloxy] -5a-cholestane 
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MeS*CS*O), and 5.05 (1 H, m, W ,  8 Hz, 6P-H), and 5.5 
(1 H, br, W ,  16 Hz, 3a-H); m/e 568 (M+'), 518, 507, 460, 
402, 368, 255, 161, 95, and 81 (Found: C, 65.6; H, 8.9. 
C31H5,0,S3 requires C, 65.45; H ,  9.2%); and 3P-[(methyl- 
thio) thiocarbonyloxy]-5a-cholestan-6~-ol (5m) (120 mg) , 
G(CDC1,) 0.68 (3 H ,  s, 13-Me), 1.00 (3 H, s, 10-Me), 2.33 
(3 H,  s, CH,S-CS*O), 3.56 (1 H,  m, 6a-H), and 5.0 (1 H,  br, 
3a-H). The latter was taken up in T H F  (5 ml) and a 
solution of n-butyl-lithium ( 1 . 6 ~ ;  1 ml) in hexane was 
added at -20 "C followed after 3 h by carbon disulphide 
(1 ml) and iodomethane (3 ml) after a further 2 h. The 
reection was quenched with acetic acid (1 ml), worked up, 
and chromatographed [p.l.c. ; diethyl ether-petroleum 
(1 : 19)] to give 3~,6~-bis[(methyllhio)thiocarbonyloxy]-5a- 
choZestane (5c) (45 mg, 8%) which was recrystallised from 
diethyl ether-methanol, m.p. 136-138 "C, [aIDz3 - 53.9" 
(c 0.193), vmx. (CHCl,) 1 170, 1 150, 1060-1 030, and 965 
cm-l; Amax. (cyclohexane) 276 ( E  20 000), 227 (15 000), 
and 210 nm (15 000); G(CDC1,) 0.67 (3 H ,  s, 13-Me), 1.08 
(3 H ,  s, 10-Me), 2.53 and 2.55 (6 H,  2s, 2MeS*CS*O), 5.4 
(1 H, m, W ,  20 Hz, 3a-H), and 5.73 (1 H, m, W H  7 Hz, 
6a-H); wz/e M+' (absent), 476 (M+* - MeSH-COS), 368, 
353, 255, 95, and 81 (Found: C, 63.85; H ,  8.7. C31H5202S4 
requires C, 63.7; H,  8.95%). To a solution of the 3P,6P- 
diol (5f) (400 mg) in T H F  (10 ml) n-butyl-lithium ( 1 . 6 ~ ;  
3.12 ml) was added a t  -20" with stirring under nitrogen. 
The mixture was stirred for 2.5 h when carbon disulphide 
(0.5 ml) was added. Stirring was continued for 1 h after 
which iodomethane (0.5 ml) was added. After the mixture 
had been stirred for a further 1 h,  acetic acid ( 1  ml) was 
added followed by water (1 ml) ; the mixture was then 
extracted with ether. The ether layer was washed with 
water and dried, and the residue chromatographed on 
neutral grade I alumina (8 g) (eluant petroleum). The 
residue on evaporation was crystallised from chloroform- 
methanol to give the product (5c) as needles (310 mg, 

3~,6~-Bis(ethyZaminothiocarbonyZo~y)-5a-cholestane (.!id).- 
To a solution of 5a-cholestane-3P,6P-diol (5f) (404 mg) in 
THF (10 ml) a solution of n-butyl-lithium ( 1 . 5 4 ~  ; 3 ml) was 
added a t  23 "C under nitrogen and with stirring. After 1 h 
carbon disulphide (2 ml) was added followed after 1 h by 
iodomethane (2 ml). The reaction mixture was quenched 
with acetic acid (1 ml) and worked up. The crude product 
was treated with ethylamine (20 ml), the amine removed 
after 1 h,  and the product separated by p.1.c. [diethyl 
ether-petroleum (2 : 3)] to give the bisthiocarbamate (5d) 
(450 mg, 78%), m.p. 169-172 "C, plates from methanol, 

-31.3" (c 0.495), vmX (CHCl,) 3 430, 3 400, 3 240, 
1330, 1295, 1 120, 1050, 1000, 960, and 910 cm-'; 
(EtOH) 242.5 nm ( E  26 000); G(CDC1,) 0.67 (3 H ,  s, 13-Me), 
3.5 (4 H, m, 2CH,CH,N), 5.3 ( 1  H, m, W H  18 Hz, 3a-H), 
5.6 (1 H, m, WH 8 Hz, 6a-H), 6.2 and 7.2 (2 H, 2m, exch. 
D20, 2NH); m/e 578 (M+'), 473, 402, 386, 368, 353, 255, 
247, 213, 81, and 60 (Found: C, 68.7; H ,  10.3; N, 4.8. 
C,,H,,N,O,S, requires C, 68.45; H, 10.1; N, 4.85%). 

Attempted Preparation of 3P, GP-Bis- (t-butylanzinothiocar- 
bonyZoxy)-5a-cholestane (5n) .-The dixanthate (5c) (300 mg) 
was dissolved in ButNH, (15 ml) and the solution allowed 
to stand at 23 "C for 7 days; it was then refluxed for 4 days. 
Work-up and p.1.c. [diethyl ether-petroleum (2 : 23)] gave 
an oil probably 3~-(t-butylaminothiocarbonyloxy)-6~- 
[(methylthio) thiocarbonyloxy]-5a-cholestane (50),  G(CDC1,) 
0.67 (3 H, s, 13-Me), 1.08 (3 H, s, 10-Me), 1.32 (9 H, s, 
But), 2.66 (3 H ,  s, MeS), 5.3 (1 H, m, W ,  16 Hz, 3a-H), 

53%). 

5.8 (1 H, m, W H  7 Hz, 6a-H), and 6.7 (1 H, br, NH), which 
was redissolved in ButNH, and heated in a sealed vessel 
to give a mixture of compounds. 

(5e).-The dixanthate (5c) (300 mg) was allowed to stand in 
pyrrolidine (5  ml) a t  23 "C for 18 h after which the solvent 
was removed and the crude product chromatographed on MFC 
silica [eluant diethyl ether-petroleum (1 : 4)] and crystallised 
from acetone to give the bisthiocarbamate (5e) as white rods 
(230 mg, 71%), m.p. 236-238 "C, -23.3" (c 0.952), 
vmx. (Nujol) 1260 and 1230 cm-'; A,,,,, (EtOH) 245 nm 
(E 27 000), G(CDC1,) 0.67 (3 H, s, 13-Me), 1.05 (3 H,  s, 10- 
Me), 3.3-4.0 (8 H, m, 2CH,NCH,), 5.27 (1 H,  m, WH 22 Hz, 
3a-H), and 5.6 (1 H, m, WH 7 Hz, 6a-H); m/e 630 (M+ a t  
12 eV), 499, 466, 368, 353, 255, 247, 213, 132, and 81 
(Found: C, 70.6; H, 9.95; N, 4.45. C,,H,,N,O,S, requires 
C, 70.4; H,  9.9; N, 4.45%). 

3~-(Piperidinothiocarbonyloxy)-5a-choZesta~e (3d) .-To a 
suspension of sodium hydride (80% ; 150 mg) and imidazole 
(10 mg) in THF (3 ml) a solution of 5a-cholestan-3P-01 (3g) 
(1.17 g) was added and the mixture'refluxed for 3 h under 
nitrogen. Carbon disulphide (1 ml) was added at 23 "C 
followed by iodomethane (1 ml) and piperidine (4 ml) and 
the mixture stirred for 16 h a t  23 "C. Further piperidine 
(4 ml) was added and the mixture refluxed for 2 h ;  the 
solvents were then removed under reduced pressure, and the 
residue crystallised from ether-methanol and recrystallised 
from light petroleum to give the thiocarbamate (3d) (1.08 g ,  
70%), m.p. 190.5-191.5", [aIDz3 +lO.O" ( G  0.52); vmx. 
(Nujol) 1500, 1460, 1430, 1290, 1260, 1250 and 1180 
cm-l; G(CDC1,) 0.63 (3 H,  s, 13-Me), 0.91 (3 H, s, 10-Me), 
3.43-4.26 (4 H ,  m, CH,NCH,), and 5.28 (1 H,  m, WR 24 Hz, 
3a-H) (Found: C ,  76.85; H ,  11.1; N, 2.7. C3,H5,NOS 
requires C, 76.85; H ,  11.15; N, 2.7%). 

(3e).-To a solution of the xanthate (3i) (620 mg) in light 
petroleum (10 ml) diethylamine (10 ml) was added and the 
solution allowed to stand at 23 "C for 66 h. The solvents 
were removed under reduced pressure and the residue 
chromatographed on neutral grade I alumina (20 g) [eluant 
diethyl ether-light petroleum (3 : 97)] and the product 
recrystallised from acetone to give the thiocarbamate (3e) 
(600 mg, 92y0), m.p. 137-139 "C, [a],,23 f7.9' (G 1.1911, 
vmx. (Nujol) 1510, 1315, 1285, 1250, 1240, and 1180 
cm-l, A,,,. (EtOH) 248.5 nm (E 12 500); G(CCl,) 0.67 (3 H, 
s, 13-Me), 1.20 (6 H ,  2t ,  2CH,CH,N), 3.16-4.06 (4 H ,  ni, 
2CH,CH,N), and 5.27 (1 H,  m, WR 18 Hz, 3a-H); m/e 503 
(M+*), 370, 355, 316, 215, 135, 100, 95, and 81 (Found: C, 
76.45; H, 11.6; N, 2.75. C,,H,,NOS requires C, 76.3; H, 
11.4; N, 2.8%). 

carbonyloxy-5a-cholestane (3f) .-To a solution of the xan- 
thate (3i) (520 nig) in petroleum (9 ml), NNW-trimethyl- 
ethylenediamine (3 nil) was added and the mixture allowed 
to stand a t  23 "C for 3 days. The solvents were removed 
under reduced pressure and the residue chromatographed on 
Merck alumina H (14 g) to give the thiocarbamute (3f) (485 
mg, 84%) which solidified on standing, m.p. 91-92 "C, 
[aIDz3 +8.l" (G 1.186), v,,, (CHC1,) 2 780, 1495, 1400, 
1310, 1290, 1 150, 1 130, 1095, 1010, 955, and 915 cm-l; 
A,,,. (EtOH) 247.5 nm (E 15 000); G(CC1,) 0.63 (3 H, s ,  
13-Me), 2.23 (6 H ,  s ,  Me,N), 2.50 (2 H, br t, J 8 Hz, CH,- 
NMe,), 3.05 and 3.27 (3 H, 2s, MeNCH,), 3.50 and 3.80 
(2 H, 2t, J 7 Hz, MeNCH,), and 5.17 (1 H ,  m, W H  17 Hz, 
3a-H); m/e 532 (M+'), 370, 355, 316, 85,  71, 58, 57, 56, and 

3P, GP-Bis(Pyrrolidin- 1 -ylthiocarbonyloxy) -5a-cholestane 

3P-(NN-Diethylaminothiocarbonyloxy) -5a-cholestane 

N- Methyl-N- [2- (NN-dimethylamino) ethyll amanothio- 
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43 (Found: C, 74.55; H, 11.55; N, 5.2. C,,H,,N,OS 
requires C, 74.4; H ,  11.35; N, 5.25%). 

l-(NN-Diethylaminothiocarbonyloxy) octadecane (6) .--To a 
suspension of sodium hydride (50y0, 2 g) and imidazole (50 
mg) in THF (20 ml) a solution of octadecan-1-01 (5.0 g) in 
T H F  (30 ml) was added and the mixture was refluxed for 
2 h under nitrogen. Carbon disulphide (6 ml) was added 
with stirring a t  23 "C; after 0.5 h iodomethane (6 ml) was 
added. After the excess of sodium hydride had been 
quenched with acetic acid, diethylamine (50 ml) was added 
and the mixture stirred for 18 h at 23 "C. The solvents 
were removed under reduced pressure and the residue 
worked up and chromatographed on Kieselgel 60 (60 g) 
[eluant benzene-petroleum (1 : 4)] to give the thiocarbamate 
(6) (5 g ,  70%) as fine needles, m.p. 37.5-38 "C from acetone-- 
methanol, Y,,,. (CCl,) 1495, 1320, 1280, 1240, 1 180, 
1150, 1095, 1075, 1040, and 990 cm-l; A,, (EtOH) 
247.5 nm (E 14 500) ; a(CC1,) 1.00 (6 H, t, J 7 Hz, 2CH3CH2- 
N),  3.17-4.00 (4 H ,  m, 2CH,CH2N), and 4.3 (2 H, t ,  J 7 
Hz, CH,CH,O); m/e 385 ( M + ' ) ,  384, 368, 352, and 134 
(Found: C, 71.8; H ,  12.55; N, 3.65. C,,H,,NOS requires 
C, 71.6; H ,  12.3; N, 3.65%). 

isopropylidene-D-mannitol (2c) .-To a suspension of sodium 
hydride (80y0, 3.0 g)  and irnidazole (50 mg) in T H F  (80 
ml) a solution of 1,2 : 5,6-di-O-isopropylidene-~-mannitol 
(2e) (6.6 g)  in THF (30 ml) was added and the mixture 
refluxed for 5.5 h. Carbon disulphide (6.0 g) was added a t  
20 "C and the mixture stirred for 0.5 h after which iodo- 
methane (10 g) was added. The mixture was worked up 
after being stirred for 0.5 h. The crude product was dis- 
solved in diethylamine (60 ml) and the solution was allowed 
to stand a t  20 "C for 2 days. Work-up and chromato- 
graphy on Kieselgel 60 (70 g)  [eluant diethyl ether-petrol- 
eum (3 : 7)] gave the bisthiocarbanzate (2c) (6.27 g, 51%) as 
needles from acetone, m.p. 104-105 "C, [aID2, +69.3" (c 
1.298), vmaX. (CHCl,) 1500, 1310, 1280, 1260-1 190, 
1 155, 1 140, 1060, 980, and 860 cm-l; A,,,,. (EtOH) 248.5 
nm (E 29 500); 8 1.28, 1.3 (12 H ,  2t ,  J 7 Hz, 4NCH2CH,), 
1.4, 1.43 (12 H ,  2s, 2Me2C), 3.6, 3.9 ( 8  H ,  2q, J 7 Hz, 4KCH2- 
CH,), 4.08 (4 H, m, l-H, 1'-H, 6-H, 6'-H), 4.55 (2 H ,  m, 
2-H, 5-H), and 6.4 (2  H,  m, 3-H, 4-H); m/e 492 (M+'),  477, 

2,4-Bis-O-(NN-diethylaminothiocarbonyl)-l,2:5,6-di-O- 

359, 318, 258, 227, 217, 169, and 100 (Found: C, 53.85; 
HI 8.3; N,  5.7. C22H40N20,Sz requires C, 53.65; H I  8.2; 
N, 5.7%). 

[0/1722 Received, 10th November, 19801 
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