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Abstract - The aliphatic and alicyclic esters of N-hydroxy- 
pyridine-2-thione are readily reduced by tributylstannane in a 
radical chain reaction to furnish nor-alkanes.' In the absence 
of the stannane a smooth decarboxyla$ive rearrangement occurs 
to give Z-substituted thiopyridines. The radicals present in 
this reaction provoke with t-butylthiol an efficient radical 
reaction with formation of nor-alkane and 2-pyridyl-t-butyl 
disulphide. Similarly these carbon radicals can be captured 
by halogen atom transfer to give noralkyl chlorides, bromides 
and iodides.* With oxygen in the presence of t-butylthiol the 
corresponding noralkyl hydroperoxides are formed in another 
radical chain reaction.3 

The overall yields of free radical chain reactions are determined by the efficiency 

of the various propagation steps involved. In the invention of new radical reactions, 

and faced with the, at present, impossible task of calculating the relative rates 

of all the desired propagation steps and of possible side reactions, the incorpora- 

tion of suitable thermodynamic driving forces is a proven and fundamental concept. 

In practice this concept requires the incorporation of a relatively weak bond 

into the substrate and the formation of a relatively stable strong bond in either 

the product or a secondary product. Part I4 of this series dealt with the tributyl- 

stannane reduction of various thiocarbonyl esters of secondary alcohols and 

introduced the thiocarbonyl to carbonyl change as a useful thermodynamic driving 

force (Scheme 1). 
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Parts II*, II?, v', v19, VII' of this series applied this concept to the radical, 

stannane induced fragmentation of cyclic thiocarbonates , 1,2-dixanthates6, d- 5 

7 epoxyxanthates , primary xanthates' and tertiary thioformates. 9 More recently, 

and prompted by the proposition of a mechanism for xanthate reduction not invol- 
10 ving this driving force by Beckwith and Barker , we have sought and provided 

11 

further evidence for the validity of the mechanism of Scheme 1. In our reductive 

decarboxylation of carboxylic acids l2 (Part IV of this series), the necessary 

thermodynamic driving force was provided by the aromatisation of the phenanthrene 

B ring upon fragmentation (Scheme 2). 

Scheme 2 

The formation of three product molecules from two reactant molecules in the 

decarboxylation of carboxylic esters also renders such reactions favourable from 

an entropy standpoint. 

Variable yields in the esterfication step of this decarboxylation sequence 

prompted us to search for a more efficient series of reactions. Recognition of 

the similarity between thiocarbonyl esters of alcohols and O-esters of thio- 

hydroxamic acids (Scheme 3) led us to propose the stannane induced reductive 

decarboxylation reaction outlined in Scheme 4. 
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Use of the unsaturated cyclic thiohydroxamic acid 2, readily obtained from 

its commercially available salt I, enabled us to incorporate into this reaction 

both driving forces outlined above (thiocarbonyl + carbonyl, aromatisation) and 

retain the favourable overall increase in entropy inherent in such systems. There 

is literature precedent for the facile homolytic cleavage of nitrogen oxygen 

single bonds. 13 Nevertheless no examples of such cleavage are to be found in a 

recent review of thiohydroxamic acid chemistry. 
14 

Connaissance of the use of 

O-esters of thiohydroxamic acids as so called "activated esters" in peptide 

synthesis 15 led to the supposition that these same esters might be somewhat 

unstable. It was desirable therefore from a practical as well as an aesthetic 

point of view to design a one pot synthesis and reduction of these derivatives. 

In the case of the primary acids 1 and 10 (Table 1) esterification with DCC/DMAP - 

(Scheme 5 (all in benzene followed by AIBN initiated reduction with tri-n-butyl- 

stannane gave the nor-hydrocarbons 5 and 11 in high yields by a one pot procedure. - - 

W DCC/DMAP 

Scheme 5 

Application of this method to the secondary acid 18 (Table 11 was however - 

dissappointing (44% optimised yield). The N-acylurea 20 was a major by-product - 

of this reaction and it was obvious that, at least in the case of secondary 

acids, the well known intramolecular rearrangement 
16 of the intermediate O- 

acylisoureas was a serious competing reaction with attack by external nucleo- 

philes (DMAP or 2). Reaction of the acid with the cyclic pyridinium salt 3, 

itself readily available by the action of phosgene on 2, and subsequent reduction 

with stannane provided a second 'one pot" method (Table 1, entries 2, 10, Scheme 

5, path (bll. This method however suffers from the disadvantage of prolonged 

esterification times. Fischer-Speier esterification with a variety of acid 

catalysts proved ineffective as did the application of various methods for 

carboxyl group activation (Mukaiyama's salt, triphenylphosphine/diethylazodi- 
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4-7); that ii) a lowering of the esterification temperature for the secondary 

acid 18 resulted in a cleaner overall reaction (Table 1, entries 11-13); and - 
finally that iii) the nor-alkyl-Z-pyridyleulphides 20 and 21 were formed as - - 
significant by-products in the reductions of 12 and 10 (Table 1). On the basis - - 
of these observations we concluded that esters 5 were undergoing a decarboxyla- 

tive rearrangement to the nor-alkylpyridyl sulphides g and that this rearrange- 

ment in certain structures occurs at a similar rate to the desired stannane re- 

duction. It followed that in the absence of reducing agent decarboxylative re- 

arrangement to nor-alkylpyridyl sulphides should be the major reaction pathway. 

This is indeed the case and Table 2 eummarises the yields of alkylpyridyl sul- 

phides obtained on reaction of an acid chloride with 1 in benzene or toluene at 

reflux. We consider that this unimolecular rearrangement takes place via a free 

radical chain mechanism as outlined in Scheme 6 but are unable at this point to 

rule out completely a "leaky" radical cage mechanism (Scheme 7). 

l RCO,. 

S--R/ 

Scheme 6 

0 

Scheme 7 

Irradiation of the reaction mixture with a simple 300 W tungsten 

a considerable increase in reaction rate (Table 2, entry 18) and even 

reaction to be carried out at room temperature (Table 2, entry 19). 

‘0 Y = 12 0x0, x = C02H 

11 Y = 12 0x0, x = Ii 

12 Y = I1 0x0, x = C02H - 

11 Y = 11 0x0, x = H 

” Y = 11 oxo, X = I-pyridylthio 

15 Y - lPAc0, x = C02H - 

~Y=lPAcO,X=H 

z Y = lPAc0, X = 2-pyrldylthio 

lamp causes 

permits the 

48 Y = 12~ACO. x = Cl 

EY = 11 0x0, x = Br 

1 Y = IPACO, x = OH 

WY = 12 0x0, x = I - 
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Table 2. Formation of alkyl pyridyl eulphidee 

Entry Substrate Solvent Estarification Temperature Time Products 

Type (‘0 (h) (X Yields) 

1 G toluene A 110 1.5 2 (68) 

2 !! toluene B 110 2 2 (741 

3 a cyclohexane B 81 2 2 (92) 

4 12 toluene B 110 2 - e (77) 

5 15 toluene B 110 - 2.5 x (74) 

6 L!? tolueae B 110 1.5 21 (98) - 
7 22 to1uene B 110 2 24 - (72) - 

8 25 benzene B 80 3 - 27 (71) 

9 28 benzene B 80 1 30 (74) 

10 31 benzene B 80 1 - 32 (58) 

11 31 toluene B 110 24 33 - (30) - 

12 31 chlorobenrenc B 133 15 - 12 (551 

13 zG‘ toluene B 110 1.5 2 (60) 

14 38 cyclohexure B 81 1.5 - 2 (711 

15 co cyclohcxane B 81 2.5 G (78) 

16 42 chlorobentene B 133 1.5 - :, (78) 

17 36 chlorobenrene B 133 2.5 37 (88) - 

18 a cyclohexanc B 80i 0.1 2 (70) 

19 h benzene C 2oi 0.75 9 (50) + 7 (23) 

A: DCC/DWAP. 1): RCocl +r. C: RCOCl + 2 + pyridlne. I: irradiation (3OOU tungsten). 

With the exception of 1-adamantane-carboxylic acid all the primary secondary 

and tertiary aliphatic and alicyclic acids we studied underwent rearrangement in 

high yield in a few hours at llO°C. The adamantane derivative (321 was stable in 

benzene at reflux and was the only ester _A to be isolated and characterised in 

this study (see experimental part). Derivative 32 could however be caused to - 

undergo rearrangement to 33 on prolonged heating in chlorobenzene at reflux - 
(Table 2, entry 12). t-Butylacetyl chloride 42 reacted smoothly with 1. to give - 
neopentylpyridylsulphide in 78% yield (Table 2, entry 161, no trace of 2-methyl- 

ieobutylpyridylsulphide was found in this experiment thus eliminating the poseibi- 

lity of cationic reaction intermediates. Alkyl pyridylsulphides, prepared by 

other methods, have already found various applications in organic synthesis 
18 

and 

thus we limited oureelves to a simple demonstration of their ease of reductive 

deaulphuriaation. Treatment of an ethanolic solution of 14 with "nickel boride" - 
prepared in situ from sodium borohydride and hexaaquanickel (II) chloride in the -- 
presence of boric acid" yielded the desulphurised product 13 in 70% yield. 

Wukaiyama and co-workers have published a similar proceedure which uses a mixture 

of lithium aluminium hydride and cupric chloride. 
20 Secure in the knowledge that 

esters 4 undergo an efficient decarboxylative rearrangement to alkylpyridyl- 

sulphides in the absence of radical trapping agents we were able to explain in 

full the apparent anomalies outlined above. Esters 5 derived from primary acids 

are stable in benzene at reflux and undergo the propoeed reduction with tri-n- 

butylstannane outlined in Scheme 4. In toluene at reflux these same primary 

esters 4 first suffer rearrangement to the alkylpyridylsulphides 2 which are 

themselves reduced with the stannane in a radical chain manner (Scheme 81, but at 

a much slower rate. Secondary esters 1 are rearranged to sulphides g even 
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at 80.C in benzene. However, on lowering the reaction temperature sufficiently 

this rearrangement could be suppressed in favour of the desired reduction of the 

ester with the stannane. In the case of tertiary esters 1 it would seem that the 

rearrangement is almost always faster than the reduction, but that the tertiary 

alkylpyridylsulphides B are reduced much more readily with tri-n-butylstannane 

than their primary and secondary counterparts. As a final verification of this 

hypothesis, we carried out the tri-n-butylstannane reduction of several alkyl- 

pyridylsulphides. As indicated in Table 3 the primary sulphide g and the secon- 

dary sulphide 21 were reduced slowly in toluene at llO°C, whereas the secondary- - 
a-acetoxy-sulphide 2 was rapidly reduced to 23 in toluene and the tertiary - 
sulphide 30 was reduced effectively in benzene at 80.C to 29. - 

Table 3. Reduction of alkylpyridylsulphides with tributylstannane 

Entry Substrate Solvent Temperature TiWt Equivalents Product0 
(‘C) (h) of etennene (X Ylelde) 

1 a tolueae 110 6 3 2 (26) + 0 (55) 

2 21 toluene 110 24 1.5 - 19 (55) + 21 (45) - 

3 24 t oluene 110 1 3 23 (57) 

4 J!? benzene 80 2 3 29 (76) 
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d / 

BU,SllH 

\ 

Scheme 8 

Consideration of the radical chain mechanism proposed (Scheme 6) for the 

rearrangement of esters 4 to alkylpyridylsulphides g resulted in the concept that 

esters A should be a new, facile, source of carbon radicals in the design of new 

radical chain reactions. One of the main disadvantages of organostannane reduc- 

tions is the sometimes tedious removal of organostannane residues from the product. 

A good proceedure (see experimental part) consists of the transformation of 

organostannanes into insoluble polymeric tin fluorides. Other literature procee- 

dures involve the partitioning of the crude reaction mixture between pentane and 

acetonitrile'l and the use of a catalytic quantity of tri-n-butylstannane gene- 

rated in situ by borohydride reduction of the corresponding tin chloride.22 The -- 
ideal solution is to completely avoid the use of tri-n-butylstannane. We were 

able to achieve this, at least in the reduction of esters A, by adding the acid 

chloride to a suspension of 1 , of DWAP and of the poorly nucleophilic t-butyl- 

mercaptan in benzene or toluene at reflux (Table 4). The decomposition of esters 

& servea as an initiator for the reaction which proceeds via a radical chain 
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Table 4. Decarboxylation by tertiobutylmercaptan 

Entry Substrate Ucthod so1vene Temperature Time Produc ta 
(‘C) 09 (X Yields) 

I a A tolutnt 110 3 1 (95) 

2 a B tolucne 110 3 1 (72) + 64 (87) 

3 .!z B toluent 110 4 12 (62) 

4 I5 B tolutnt 110 - 3.5 16 - (74) 

5 .A!? A tolutnt 110 2 E (77) 

6 rs B coluene 110 1 19 (82) 

Bi 
- 

7 z!! benzene 80 3 29 (85) - 

A: RCOCl + 2 + pyridint + inverse addition to the mtrcaptan. 
B: addition of RCOCI to the mixture of I and of t-butylmercaptsn. 
C: esterfficacton by DCC/DW. 
i: addftion Co the merceptan after 5 mine. 

AC 

18 X = - 

‘9x= 

20 x = - 

fix= 

C02H (2OR) 

H 

CoN(C,H,,)CONH(C,H,,) (2OR) 

2-pyrldylthio (20 RS) 

R’R2R3CX 

38 R’ = R2 - 

39 R’ = R2 - 

40 R’ = H, - 

41 R’ = H, - 

42 R’ = R2 - 

43 R’ = R2 

44 R’ = R2 
- 

45 R’ = R2 - 

54 R’ = R2 - 

= R3= CH3, X = COCI 

;R3 = CH X = 2-pyridylthio 

R2 = R3 ,3’CH x = COCI 

R2 =R3 =CH 

3, 

X = 2-pyridylthio 

= H R3 =+3:‘, X = COCI , 
= H, R3 = ‘Bu. X q 2-pyridylthio 

= R3 = CH3, X = S-S-2-pyridyl 

= R3 = Cl, X = 2-pyridylthio 

= R3 = CH3, x = Cl 

mechanism (Scheme 9). The fact that the esters 2 are generated in situ in the -- 
presence of the hydrogen source completely eliminates the rearrangement reaction 

that was in competition with the stannane reduction. Similar overall yields were 

obtained for the stannane and mercaptan reductions, the latter having the distinct 

advantage that a simple aqueous extraction and flash chromatography gave pure 

products in a minimum of time. 

l RCO,. 

l R-H 4 
Ii-s+ 

R* 

Scheme 9 
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We next turned our attention to the Hunediecker reaction. With the excep- 

tion of the tertiary "butylhypoiodite" method23 all currently used modifications 

of this reaction*l use heavy metal salts such as those of lead 23,25 , mercury 
26 

and thallium 
27 

and the disadvantages of such proceedures are obvious. We con- 

ceived that the decomposition of esters A in bromotrichloromethane as solvent and 

halogen atom source would result in the formation of nor-alkylbromides in a radi- 

cal chain reaction (Scheme 10). 

0 0 
Sdxl, l 

_ CI,C-x 

Scheme 10 

I’ x = B-cop 

I)X=H 

14 X = Z-pyrldylthio - 

31 x = o-cop 
EX=H 

2_, X = E-2-pyrldylthlo 

RCOt 

I 
R* 

PhCHIX 

39 x = CO*H 
2 X = 2-pyrldylthio 

This was readily proven to be the case. Addition of a derived acid chloride 

to a slight excess of 1 and a catalytic amount of DWAP suspended in either bromo- 

trichloromethane or tetrachloromethane at reflux resulted in the efficient forma- 

tion of nor-bromides or chlorides in good to excellent yields (Table 5, entries 

l-9). The fact that trichloromethyl-2-pyridylsulphide 45 was formed in each of - 
these reactions and was isolated in two cases (Table 5, entries 3 and 9) in 

yields very close to those of the main product strongly supports the proposed 

radical chain mechanism. The adamantane-l-carboxylic acid derivative 32, formed 

situ, in underwent smooth decarboxylative halogenation (Table 5, entries 3 and 8) 

in good yield and in contrast to the elevated temperatures neccessary to bring 

about its rearrangement to the pyridylsulphide 33. - Having established a mild 

method for the decarboxylative chlorination and bromination of carboxylic acids, 

without having recourse to strongly electrophilic reagents, we sought to extend 

the method to iodination. Molecular iodine is beyond doubt the most facile 

source of iodine atoms and we originally attempted the decomposition of esters & 

in benzene at reflux and in the presence of iodine. The isolated yield of 26% of 

n-pentadecyliodide 55 from palmitoyl chloride 5 (Table 5, entry 10) was however 

far from satisfactory. We assume the low yield to be the result of electrophilic 

attack by iodine on the thiocarbonyl sulphur and subsequent decomposition. The 

use of tetraiodomethane in benzene at reflux was unsatisfactory, presumably due 

to the known28 decomposition of the reagent in situ to iodine and tetraiodoethylene. -- 
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Iodoform in benzene at reflex gave reasonable results (Table 5, entries 11 and 

121, however the reactions tended to become strongly coloured after a certain 

time. We reasoned that iodine wan being generated in situ. We therefore decided -- 
to work with iodoform in solution in cyclohexene BO that any iodine liberated, 

presumably by decomposition of the diiodomethyl-2-pyridyleulphide formed as a by 

product, would be rapidly trapped and thue be prevented from undergoing electro- 

philic attack at the thiocarbonylsulphur. Indeed the use of cyclohexene as reac- 

tion solvent led to much cleaner reactions (Table 5, entries 13-15) and in one 

case a marked increase in yield (Table 5, entry 13). 

Table 5. Decarboxylation with Balogenation 

bt9 Subetrete Solvent Tenpereturc 

(‘C) 

Tiol 

(h) 

Productr 

(X Yielda) 

1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

I2 

13 

14 

15 

a 
15 - 

31 

S 

36 

a 

r2 
31 - 

36 

a 

a 

?!I 

a 

36 
10 - 

cc14 76 1.5 

cc14 76 2 

cc14 76 1 

cc14 76 2 

cc14 76 2 

SrCC13 105 1.5 

BrCC13 105 1.5 

BrCC13 105 0.5 

BrCC13 105 1 

benzene + I2 80 1 

bmrenc + CE13 80 1.5 

benzene + CH13 80 1.5 

cyclohexene + CM3 83 4 

cyclohexene + CM3 83 2 

cyclohexene + CE13 a3 2.5 

66 (70) 

2 (95) 

69 (88) + r (95) - 

54 (82) - 

2 (72) 

0 (95) 

52 (77) 

53 (98) - 

51 (90) + g (87) - 

z (26) 

,5 (74) 

56 (60) 

55 (97) - 

56 (66) 

66e (65) - 

AcO 

28 X = C02H 

29X=H - 
30 x = - 2-pyridylthio 

jjX=OH 

61 X = OOH 

Q X 

31 X = C02H 

32 x = co-o- ,\ 
b 

3X = 2 pyridtylthio 

~X=Cl 

2 X = Br 

( PhCH2)2CHX 

2X = COCI 

37 X = 2-pyrldylthic 

97 x = Cl - 
zX=Br 

56x=1 

=X=OH 

69X = OOH 
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The functional group transformation R-CO2A + R-OH is normally a multimtep 

proceedure (e.g. R-CO2R -+ R-Br + R-OCOR' 4 ROH). It is well known that carbon 

radicals are rapidly and efficiently trapped by triplet oxygen giving hydroperoxyl 

radicals. We considered that the thermal or photolytic decomposition of esters 1 

in the presence of oxygen would lead to nor-alkylhydroperoxidee which could then 

either be reduced to alcohols or eliminated to aldehydea or ketones. There exist 

very few efficient general syntheses of non-tertiary aliphatic and alicyclic 

hydroperoxidee. The well known method of Walling and Buckler 
29 involves the 

action of oxygen on alkylmagnesium halides. Whiteeides and Hill reduced alkyl- 

mercuryhalides with sodium borohydride in the presence of oxygen and obtained the 

corresponding alcohole.30 Bartlett and collaborators carried out the decomposi- 

tion of tertiary peracids under an oxygen atmosphere and reduced the hydroperoxides 

formed with lithium aluminium hydride. 31 

When we carried out the decomposition of esters of type A at 80°C in toluene 

saturated with oxygen, only low yields of the desired hydroperoxides and alcohols 

could be isolated from the complex reaction mixtures. One possible source of 

side products was the intra and/or intermolecular abstraction of hydrogen atoms 

from the carbon skeleton by the intermediate hydroperoxyl radicals. On the basis 

of this assumption we added t-butylmercaptan, as a hydrogen donor, to the reaction 

mixture and subsequently obtained much cleaner reactions, which gave high yields 

of alcohols after reduction with either dimethylsulphide or trimethylphosphite. 

We consider that this reaction occurs by a free radical chain mechanism in which 

the t-butylmercaptan not only acts as an efficient trap for alkylhydroperoxyl 

radicals but also provides the t-butylthiyl radical neccessary for efficient 

chain propagation (Scheme 11). 

Q I’ 
cpu’s 

I 

I+- 
) 

T 

cl 0 
N S-s+ . RCO )* 

\ =+ )O, I 
R-O-0-H R-O++-- R. 

Scheme 11 

We eventually developed three proceedures for the formation of nor-alkyl- 

hydroperoxides (Table 6, see experimental part). Method A involves the addition 

of the acid chloride and of the mercaptan simultaneously to a suspension of 1 in 

toluene saturated with oxygen at OO°C. Method B involves the addition of pre- 

formed ester & to the mercaptan and L in toluene saturated with oxygen at EOOC. 

Method C involves the room temperature photolysis (tungsten) of a solution of 

ester & in toluene saturated with oxygen. In all cases, after complete consump- 

tion of starting ester (decoloursation of the bright yellow solution and t.1.c. 

analysis) the hydroperoxides were reduced in situ with either dimethylsulphide or _- 
better trimethylphosphite (see Table 6). In almost all cases it was possible to 

isolate, by flash chromatography, the mixed disulphide 44, required by the 
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proposed chain mechanism (Scheme 111, with yields close to those of the alcohol. 

We were able to obtain moderate to good yields of aliphatic and alicyclic pri- 

mary, secondary and tertiary alcohols by this very straight-forward and readily 

applicable proceedure (Table 6). We previously stated3 that acid z led to an 

undetermined mixture of two diastereoisomeric alcohole; 60 and its 17a-hydroxy 

counterpart. We have subsequently been able to separate the two components and 

find that the less polar one is the expected 179-hydroxy-nor-alkane 60 (56%) and 

that the second more polar compound is not in fact the 170 alcohol but the 17S- 

hydroperoxy derivative 61 (33%). This finding is in agreement with the observa- 

tion that the same acid 28 furnishes only one hydrocarbon 29 on reduction and 

only one pyridylsulphide 30 on rearrangement. This selectivity surely reflects 

the conformational preference of the Cl, radical. 

That reduction of acid 2 proceeds with retention of configuration at posi- 

tion 17 was verified by a 2 dfmensional WWR etudy of the product 29 by which 

method the coupling constant of the 178 and 228 hydrogens was found to be of the 

order of 5-6 Hz. 

Table 6. Formation of Nor Alcohols 

Entry Substrate Wethod Bcactfon The tBuSH %c,s (W80)3P rice (88) vith Products 

(w) with O2 (fmaol) (al) (ml) We2S/(WeO)3P (X Yields) 

67 (14) +z (51) 

+e (80) 

L(41) += (35) 

+ 66 (67) 

61 (IS) +s (41) 

+ 46 (42) 

s (17) +s (57) 

+ s (47) 

1 (26) +x (75) 

+g (68) 

L (23) +s (67) 

+4_& (56) 

66b (77)" +I (13) - 
+g (25) 

tt;! (69) +s (65) 

g (56) +3 (39) 

2 (82) 

1 a IO 9 1 0 60 

2 a 10 27 I 0 60 

3 6 IO 4.3 1 0 60 

4 a C 10 9 2 0 60 

5 a A 10 9 0 0.25 30 

6 a c 20 9 0 0.23 120 

15 9 0 0.25 120 7 a C 

0 0.25 

0 0 

0 0.25 

120 

0 

120 

8 22 
9 28 - 
10 .z 

A 20 

A 20 

B 60 

9 

9 

9 

A: Sfmultaneoos addftfoa of RCOCl snd tBuSR t? a 8uspcnsfoo of _l_ in toluenc saturated with 
oxygen at 8O.C. 8: Addition of the eater to BUSH in tolucnt saturated tith oxygen et 80-C. 
C: Photolysfe (tungsten 3OOW) at rooa temperature. I: Reduction with dimethylsulpbide wae 
carried out at 80‘C. ii: Estimated by RWR before treatment with (MeO)3P. 

The use of oxidation method C, permitted determination of the yield of 

hydroperoxide formed: after dieappearance of the ester &, the reaction mixture 

was subject to an aqueous work up, to remove excess mercaptan. After drying and 

evaporation to dryne88 the '25 NMR 8peCtrw of the crude extract8 showed them to 

be an almost l/l mixture of hydroperoxide and of disulphide fi and thus allowed 

estimation of the hydroperoxide yield (Table 7). At the 8ame time it was esta- 

blished that no alcohol was preeent in the reaction mixture32, prior to treatment 

with Me2S or (MeO13P. The mixtures of hydroperoxides and of fi obtained in this 

manner were taken up in pyridine and treated with toluene sulphonylchloride for 



Theiaveationofo~radicllc~oractioos--\rlll 3913 

several hours at room temperature in order to affect their transformation into 

0x0 derivatives (Scheme 12). We were able to isolate the 0x0 derivatives in 

reasonable overall yields from the corresponding carboxylic acids. (Table 7) 

Table 7. Formation of nor-hydroperoxidee and nor-ox0 derivatives. 

Entry Substrate Method Reaction Time tBuSA Hydroperoxidcs' Producte 

with 0, (mn) (emol) (X Yields) (X Yields) 

1 1 C 10 9 66b (89) 61 (53)-> - 65 (37) 

z - 15 C 15 9 - 68 (80) - 64b (57) 

3 15 C 10 9 60 (74) 63 - (56) - - 
4 36 C 10 9 69 (85) - fi (62) 

5 L C I5 9 66b (84) 65 (18) +m (45) + 

44 (84) + 70 (9) 

I: Estimated by NNR 

CH3KH2),3CH=X 

zx=o 
E X = N-NH-C6H3(N02), 

g X = 0 (polymer) 

dF 
X 

QAc 
n 

AcQ 
@ 

Is 

[PhCH2)2C=O 
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Scheme 12 

Originally the concept of etannane reduction of O-esters of W-hydroxy-2- 

thiopyridone (2-mercaptopyridine-i-oxide) was constructed around three thermo- 

dynamic driving forces : i) the passage from thiocarbonyl to carbonyl, ii) aroma- 

tisation of the pyridine nucleus and iii) the overall increase in entropy upon 

fragmentation. We have since demonstrated elsewhere 
33 that esters of thio- 

hydroxamic acids which do not undergo aromatisation on fragmentation only undergo 
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reaction under much more forcing conditions, thus reinforcing the viability of 

our original approach. 

The wide variety of functional groups , encountered and tolerated in the 

course of this study serve to emphasize the mildness and selectivity of the 

reactions developped. Several of the reactions outlined above include as many as 

four chain propagation steps, and given that typical overall yields are between 

70 and 90%, then the yield of an average progagation step is around 95%. 

EXPERIMENTAL SECTION 

Melting points were taken on a Reichert hot stage apparatus and are un- 

corrected. Optial rotations were measured for chloroform solutions with a Perkin 

Elmer 141 MC apparatus. UV spectra were obtained with a Jobin Yvon Duospac 203 

spectrophotometer and IR spectra with a Perkin Elmer 297 spectrophotometer. Mass 

spectra were recorded at 70 eV with either an AEI MS-9 or an AR1 MS-SO mass 

spectrometer. 1H NWR spectra were recorded at 60 HUz unless otherwise stated and 

on the following instruments 60 MHz : Varian T60 or Varian EM 360; 80 MHz : 
Brucker WP 80; and 400 MHz Brucker WM 400. Chemical shifts are given in ppm 

downfield from tetramethylsilane as internal standard. Reaction solvents were 

dried and distilled according to standard proceedures. All reactions with the 

exception of oxygenations were carried out under a nitrogen atmosphere. 

N-Hydroxypyridine-2-thione sodium salt 1 , sold as 2-Mercaptopyridine-g-oxide 

Sodium Salt was conunerial (Pluka) and used as such without further purification. 

N-Hydroxypyridine-2-thione 2 was precipitated from an aqueous solution Of its 

sodium salt with 6M hydrochloric acid and recrystallised from aqueous ethanol 

according to the literature proceedure. 34 

F?wpnztia of Acid Chloridea. 

Unless othervfae stated acid chlorides ucr:c prepared fmmcdiatelp prior to use by treatment 

of the acid (I smol) in benzene (5 ml) with oxalylchloride (0.5 ml) and DM! (1 drop) at room 

temperature under magnetic stirring for 2 hra. The reaction mixture vaa evaporated to dryness, 

redissolved in benzene (5 ml) and evaporated to dryness again yielding the crude acid chloride 

which vas used aa such. 

Reductive Deearkx+?Eatia sith Trf-n-butg~etmnme. Generat Pmcedwe. 

The acid chloride (1 amol) in the appropriate solvent (Table I) (5 ml) vaa added to a 

stirred. dried (Dean-Stark apparatus) auapenaion of r (1.2 am101) and of DMAP (0.1 mssl) in the 

*ame solvent (10 ml) at reflux. After lo-15 oinutea at reflux tri-n-butylatannane 35 (3 -01) and 

AIBN (IO-20 mg) in the appropriate solvent (5 ml) vere added dropwise over 15 mins. The progresa 

of the reaction vaa monftored by t.1.c. and more atannaae and initiator added aa nacceaaary. 

After completion the reaction vas coolad to 80.C and treated vith tetrachloroxutthane (10 ml) for 

I hr. Subsequently the reaction mixture was evaporated to dryness and the restduca vigouroualy 

stirred overnight in a two phase system covprising a saturated solution of iodine la dfchloro- 

methane (20 ml) and a saturated l queoue solution of potassium fluoride (20 ml). The white. 

polymeric. precipitate vae filtered on celfte and vaahed with dichloromethane. The washings vere 

combined vith the reaction mixture and after decantatfon the aqueous phase vae further extracted 

vith dichlorouethane (3x15 ml). The cou+binad organic phases vere vaehed vith aodium thfoeulphatc 

(20 ml 21). vater (20 al) and aaturated aodium chloride (20 ml), dried on eodiun! eulphate. fil- 

tered and evaporated to dryness yielding the crude reaction product. Pure producte vere iaolatcd 

by flash chromatography ovar rilica gel and either recryatalliscd or dfatilled (Kugelrohr) ae 

approprfate. 
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n-Pmtf&m 1 (uee of redistilled cowercial palmftoyl chloride) was isolated chromato- 

graphically (eluant =-pentane) and ita identity eetabliehed by maae rpectrmtry. m/z 212 

(?+. ) . 

~Heptrrdsnms 2 wae iaolated ae for =-pcntadecane, mp 22-C (pentane) lit.36, 22.C. 

~n-~oeto~-ZP-nolcS6B-cho~-I2-ao 11 (eluant: pentane/ether l/l) had mp 155.C (WeOH/H20) 

lit.37 158.5-159. ~c$- 91. (c-l). - 

3n-Aceto~-24-no~58H-choZan-li-ae 14 (eluant: pentanelcther l/l) was a non crystalinc 

resin Cal: 
- 

+ 71’ (c-D.6): v(CH2C1 ): 1720, 1700 cm 
f+ 

-l, a(80 MHz): 0.6 (3H. I); 0.9 (3H. I); 2.00 

(38, 8); 4.65 (1H. I), m/z : 388 (H ‘); 328 (M-HOAI?+’ ) (Found: C, 77.27; H, 10.37%. Calc. for 

C25H4003: C, 77.23; 8. 10.30%). 

2412a-Diaoeto~-24-noIL5BH-cholane 17 (eluant: 

- 

dichloromethane/ethylacetate 4/l) had mp 

116-117-C. lit.37 116.5-117.5.C. 

3&A0d0q1-SaR-p~epan-ll-m 20 (eluant: pentanelether 2/l) had mp 160-162-C (&OH). 

lit.38, mp 160-163.C; cali + 38. (El), lit.38, Cal, - +40*. 

16,26,3a,5aB_TetmacetoryoycZohaorme 24 (eluant: pentanelether 4/l) wae a glaea. CalA -19. 

(c-l) V(CH2C12) 1730-1720 cm-’ broad absorption. 6(400 MM) 1.96-2.08 (6 singulets total inte- 

gration 12H); 4.90 (O.!iH, m); 5.1 (38. m); 5.41 (0.5H. m): (Found: C. 53.52: H. 6.53%. Calc. for 

C14H2008 C, 53.16; 8. 6.37%). 

36,24-Diacetozy-28-nolcoZem-l2-ene 30 (eluant: pentane/ether 3/l) had mp 114-115.C; (MeOH) - 

CalA6 +80* (c-l). v(nujo1): 1740, 1730 cm-l. 6(400 HBr): 0.89 (3H. e); 0.925 (6H. a); 0.95 (3H. 

e); 1.05 (3H. 0); 1.09 (3H. II); 2.08 (38. a); 2.13 (3H. I); 2.40 (la. m. 2282): 3.73 (1H. d, 

J=8Hz, 241); 3.91 (lH, d, J-882. 242); 4.81 (la, m. 3ng); 5.13 (lH, e, 12!), m/z: 512 (J+‘): 452 

(WHOA? +’ ); 512 -> 452 m* 399.0 (Found: C. 77.38; H, 10.11%. Calc. for C33H5204: C. 77.30; II. 

10.23%). 

By the method of 2 dimensional ‘11 N?IR epectrorcopy nt 400 IMz (COSY 45’ 2D NHR)3g the 

coupling conetant betveen the 226y and the 171 van found to be of the order of 5-6Hz; thin and 

the very weak allylic coupling betveen 226i and 12E strongly SUggeat thet the D/E ring junction 

is cis fused and that the hydrogen on position 17 is 6. 

n-Heptademne 2 by the DCC/LWAP Method. 

A solution of etearic acid (286 mg; lmmol); N-hydroxypyridia-Z-thione (151 mg; 1.2 mmol), 

D&W (183 mg; 1.5 -01) and DCC (310 w; 1.5 uuml) in benzene (10 ml) vae brought to reflux for 

0.75 hr. Thia solution wae then reduced with tributylstannane ae in the general method. n- 

Heptadccane wan isolated by chromatography on silica gel (228 mg) 95% mp 22-C (pentone), idential 

in all respects to the product described above. 

3 +Aoetoq-24-no-5 W-choZan-12-one g by the DCC/DEuIP M,&&. 

Acetyl-12-ketolithocholic acid 10 (432 mg; 1 mol). N-hydroxy-pyridin-2-thione (151 mg; 1.2 - 
-01). Dlup (183 mg, 1.5 -01) and DCC (310 ng. 1.5 nmol) were diseolved with stirring in toluene 

at 80’C. After 4 hrs at 80-C the reaction mixture was subject to reduction by tributylstannanc 

according to the general method. Standard vork up and chromatography gave h-acetoxy-24-nor-56H- 

cholan-12-one 11 (264 mg) 68X. mp 155-156 (MOR) calA - +91’ (c-l) which vaa identical to the 

sample described above. 

3 ~A~t~-~H-prqum-ll-one '9 a?& N-I3 PaoUtozy-6~-pregan-l1-~-20-~~yZ)-N,N'_ 

dicycZohezyZurea g DCC/DMP Method. 

DCC (310 mg. 1.5 -01) in benzene (5 ml) van added over 15 minm to a eolution of 38- 

acetoxy-11-ketobimorallocholanic acid 18 (404 mg; 1 ml). N-hydroxypyridin-2-thione (252 mg; 2 - 
mol) and DMP (183 mg; 1.5 mmol) in benrena (10 ml) at reflux. After 30 mine at reflux the 

atandard etannane reduction proceedure and work up was l ppllad. Chromatography on silica gel of 

the crude reaction mfxture gave flret 38-•cetoxy-hE-pregnan-11-one 19 (160 mg) 44%. mp 160-162. - 
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(KeOH), identical to the mmplc described above and then the N-acylurea 20 (196 mg) 322 (eluant: 

pentane/cthcr l/2), xp 14X-143% (ether); Co]: +29* (c-1). v(nujo1): 3425, 1720, 1700, 1650 

-l. cm a(400 MHz): 0.63 (3H. 8, 10 CH3,; 1.05 (3H, 8, 19 g3,; 1.15 (3H. d, J-6.6 Hz, 21 CP3,; 

2.05 (38, s, CB3C02-); 2.35 (iH, d, J- I3 Rt, SC@; 2.45 (ZH, m, 12aIf+ 12@}; 3.70 (13, x, 

l+. CONR-CR ); 4.66 (IH, m, 348_)); 5.37 (I&:. (RCO)2N~ I. m/z 485/M-C6RilN-C-0 

I?+);457 (4&2g’+ 

1; 470 (485- 

) 155 (C6H,,gRCOEt ). (Pound: C, 72.75; 8. 9.53; N, 4.40%. Calc. for 

%7R5gN2’5: C, 72.75; H, 9.57; W, 4.592). 

Abfttlc mid _?15 (302 mg; I lnaol) was disno~vvcd in 8 88turated solution of phosgcne in 

benzene (5 ml) 8nd 1 drop of DW added. After 30 mfns the phongenc wa.s removed in vacua at room 

temperature and the resultant red solution added to a stirred, uzeotropicnlly dried, surpenslon 

of _?. (165 mg; I.1 amnot) and DHAP (12 mg; 0.1 -01) In benzene (10 ml) at reflux. After 4 hr8 at 

BO’C the reaction mixture was subject to reduction with tributylstamane and worked up an ebove. 

Cbromatogrrphy of the crude product gave the hydrocarbon g ae a coiourless of1 (167 mg, 65%) 

(eluant: ptntane), rogg -108. (c-0.7). By 400 Mffz NHR the product wae a 111.3 mixture of dia8- 

tereoiaomcrs at position 4. 6(400 MHz) major diastereoisomar: 0.71 (3H, S. I5 CH3,; 0.81 (3H, d, 

J = 6 Hz. 14 g3); 5.40 (Hi, d, J-13 112 vfnylte g at 7); 5.77 (IH, 8, vinylfc X at 14). Mfnor 

diastereolaomer: 0.81 (3li. 8. 15 CH3); 0.97 (38, d, 517 Hz, 14 CX3); 5.40 (lH, d, J-13 liz. Vinyl 

9; 5.77 (lH, 8. vinyl HI, lit.“, 6 0.71 + 0.77 (Zx3H 8); 0.82 + 0.96 (2x3H, d, J-6% and 7% 

respcctfvelp) . au% 258 (I?*) h 
max 

(cyclohexane) 236 (a 18,200). 

n-Pentudecane 1; Inuer~e Additia. 

Redlntifled commercial palattoylchloride (274 mg; 1 mmol) in benzene (2 ml) ~88 added to a 

stirred solution of A(139 rag; 1.1 mmol), pyrfdlne (79 rag; 1 auaol) end MAP (12 ag; 0.1 maol) in 

benzene (10 ml) at reflux. After 30 mine the reaction was cooled to rooo temperature filtered 

through a glass wool. plug 8nd the resultant, clear, yellov solution, to vhlch had been added AIBN 

(10 mg). wan added over 30 mine to 8 solution of tri-n-butyletannane (3 maol) in benzene at 

reftux. A11 subsequent ataps are identical to those deucribed in the general proceedurc for 

8tMn8ne reductions. After chromatography (eluant: pentanef pure n-pentadccane I was obtained 

(152 mg) 72X, fdenttcal to the above isolated product. 

1-~-2-ota-3-th2a-indolixiniwn Chtoride 2. 

A solution of 2 (3.15 g; 25 mmol) in benzene (10 ml) wsa added dropvfae, at room taaperu- 

ture. to a stirred, snturated, solution of phosgene in benzene (IO d). The resultant white 

precipft8tc ~88 filtered, washed with a little benxene and dried under vacuum at 50.C for 6 hr8 

giving the salt 2 (4.40 g), 93X, lap 108-IlO’C. u(nujolf 1770 cm-‘, (Pound: C, 38.26; Ii, 2.26; Cl, 

18.95; N, 7.48; 5, 17.00%. Calc. for C6B4ClN20S: C. 38.01; HI 2.13; Cl, 18.70; N, 7.39; S. 

16.91X). 

Steer& acid (286 mg, 1 ~1) and dry pyridine (0.5 ml) were added to 8 stirred sunpensiOn 

of the salt 2 (208 mg; 1.1 mxol) in benzene (5 811) and the reaction brought to reflux for 4 hrs. 

The reaction mixture was then reduced vith tri-n-butyl-atannane and the product8 isolated as 

described above to yield, 8ft8r chromatography, ;-heptadecane 2 (168 mg, 70X). 

A mixture of 38-aceto~-~I-ketobiauorallocholanic 8cid 2 (404 mg. 1 ml), triethylamine 

(0.14 ml, 1 -1) and salt 2 (208 mg, I.1 mmol) was stirred at roam tempereture in bcntent (20 

ml) for 2 hrs after which lore of the salt 1. (400 mg, 2 -01) wan added 8nd the reaction brought 

to reflux for 15 bra. Reduction ~88 then affected with tri-n-butylstannane as described above (8 

total of 7 18801 of Bu3SnR l dded over 13 hrs). Chromatography on silica yielded 3&8cetoxy-sdi- 

pregnan-II-one s (223 mg. 62%). 
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n-Pentadec&2’-p@d&n4lphide 2 bI/ Photol~eie.- Palmiloyl chloride (274 mg, 1 -01) in benzene 

(1 ml) vas added to a solutfon of 2 (140 me, 1.1 mol) and pyridine (0.01 ml) in benzene (5 ml) 

vith stirring at room temperature. After 20 mina at room temperature the vhite precipitate of 

pyridinium hydrochloride vaa filtered off and the clear ycllov filtrate irradiated at room 

temperature, vith a 300 Y tungsten lep. for 45 mine. Evaporation of the aolvant follovad by 

chrcmatography on silica NC1 gave first n-pentadecane (49 mg, 23%) and then 

n-pentadecyl-2’-pyridylaulphide 2 (159 mg. 50%). identical to the sample prepared above. 

Reduction of Alkyd-2’-pyridgleulphidee with Tri-n-butyletannane.- Tri-n-butylatannane (3 mmol) 

and AIBN (10 mg) in the appropriate solvent (Table 3) (5 ml) vere added dropviae over 15 mine to 

a solution of the substrate (1 -01) at reflux in the appropriate solvent. The reaction vas 

monitored by t.1.c. and more atannane and initiator added as required. The reaction vaa vorked 

up analogously to the reductions of acids described earlier and the products. vhich were isolated 

by column chromatography ver Identical to those obtained above. 

3a-Acetory-24-nor-56B-cholun-II-one 13 by ‘Wickel Boride” Reduction.- The derived acid chloride - 

of acetyl-11-ketolithocholic acid E (1 rmpol) in toluene (5 ml) was added to a stirred. axao- 

tropically dried, suapenaion of r (180 mg. 1.2 ~lmol) and DMAP (12 mg, 0.1 mol) in tolucne (10 

ml) at reflux. After 2 hra at rcflux the solvent vas removed under vacuum and the residues taken 

up in aba. ethanol (100 ml). To thia solution vere added hexaaquanickel(I1) chloride (11.85 8, 50 

mmol) and boric acid (3.1 8, 50 rmnol) and finally, after purging with nitrogen for 5 mins, a 

solution of sodium borohpdride (3.8 g. 100 mol) in a mixture of l thanol/vater (50 ml l/l) was 

cautiously added to bring about the copious precipitation of black “nickel boride”. After heating 

to reflux for 24 hrs, the precipitate vas filtered off on celite and the filtrate concentrated to 

100 ml and poured into 211 sodium bicarbonate (50 ml). Extraction vlth dichloromethane (3x50 ml) 

Nave the crude product which after chromatography on silica (eluant: CH2C12) gava 3a-acatoxy-24- 

nor-56H-cholan-II-one 13 (205 mg, - 70%) vhich vas indistinguishable from the sample prepared 

above. 

General Method for the Reductive Decarborylution of Acids (t-ButyLthiol Method - Nom1 

Addition. - The acid chloride (1 mmol) in toluene (5 ml) was added dropviae (15 mlns) to a dried, 

stirred suspension of E-hydroxypyridin-2-thioncNa salt (1.2 -1) and DMAP (0.1 mmol) at reflux 

(efficient condenser) in toluene. After completion the reaction vaa cooled to room temperature 

and thoroughly vashed vith vster , then with a saturated solution of sodium chloride. After 

drying on sodium sulphatc. filtration and evaporation to dryness the products vere purified by 

chromatography on silica. All reduction products verc identical to those isolated above. 

Reduction with t-Butglthiol - Inveree Addition.- The acid chloride (1 mmol) in toluene (1 ml) 

vas added at room temperature to a stirred, solution of 2 (140 mg, 1.1 mmol) and pyridine (0.1 

ml) in toluene (10 ml) at room temperature. After 10 mins the precipitate vas filtered off and 

the filtrate added dropviae over 30 mina to a solution of t-butylthiol (0.5 ml) in toluenc (20 

ml) at reflux (efficient condenaor). After completion of the reaction (t.1.c.) the products vere 

isolated as described imediately above. 

t-Butgl-2 ‘-p@dgZdicrulphide e . - This compound ia a by product in the reduction vith t_butyl- 

mercaptan; it can be removed either by extraction vith 6M hydrochloric acid or by chromatography 

on silica gel (eluant: CH2C12); 6: 1.35 (9E. a), 7.00 (la. a). 7.7 (28. I), 8.40 (la, d. J-5Hx); 

v(CN C12): 2850, 1560. 1360, 1140. 1110. 900 cm-‘; 
$4 

m/x: 199 (M ‘+*), 143 (M-CN2-C(CH3);~, 

lit. , bp 91-92*C/O.Olmm. 

Decarboqlative Chbrination land Bmninationl : &nenzl Method.- The acid chloride (1 -01) in 

tetrachlorcmethane (or bromotrichloromethane) (5 ml) vaa added ovar 15 mina to a stirred. dried 

suapenaion of r (180 mH, 1.2 rol) and DMAP (12 mu, 0.1 ~01) in tctrachloromethane (or bromo- 
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trfchloromethane) (10 ml) at reflux. The reaction is monitored by t.1.c. and after completion ie 

cooled to room temperature, filtered on celite and evaporated to drynere. The crude product thue 

obtained vae purified by chromatography on silica gel to yield the nor-chloride (or bromide) and 

Z-pyridyl-trichloromethylsulphide. 

2-Pyridyl-trichlormethyZsulphide (461 wee a vfrcoue yellow oil (eluant: CH2C12). 6: 7.30 (28. 

m), 7.75 (la, d, J=4Hr), 8.65 (lH, d. J-Ok); m/x: 227. 229, 231 (n*‘); 193. 195. 197 (n-Hcll+). 

Lit.45, bp 76*/0.05 torr. 

n-Pentade41/hhbride (96) wae a colourleas oil (eluant: pentane). bp 200*/15 = (Kugelrohr). 

Lit.46, bp 168-171/101an. 

2-fibW-l,8-Diphny@Npane (I) vaa a colourleaa oil (eluant: pentans); v(film): 3010, 2900, 

1600. 1490, 1445, 740. 700 cm-‘; 6: 3.00 (48, d, J-7Hx). 4.20 (1H. q, J=7Hx), 7.20 (IOH. a). 

(Found: C. 78.14; 8, 6.50; Cl. 15.41%. Calc. for C15H15Cl: C. 78.08; A, 6.55; Cl. 15.35%). 

3a,12a-Diacetoxy-23-chZoro-24-nor-WM%o.?une z (eluant: CH2C12/EtOAc 95/5) had mp 133-134-C 

(hexane), cuji” +lOO’ (c-0.3); v(CH2C12): 2850. 1710, 1560. 1360. 1020, 900 cm-‘; b(80 )IAs): 0.75 

(3H, 6. ISCE,), 0.90 (3H. B, 19CE,), 2.00 (3H. II, CE3COD-). 2.09 (38, ar ~3Coo-), 3.50 (2g. m. 

23CH2), 4.60 (1H. m. 38H). 5.02 (1H. m, 126H); m/x: 407 (H-Acol+), 409 (Hc13,-Acil+); 345 + 347 

(M-AcO_AcOHw). (Found: C, 69.46; H, 9.34; Cl, 7.62X. Calc. for C27H43C104: C, 69.43: R, 9.28; 

Cl, 7.59%). 

I-chikxwadammrtane ps (elusnt: pentane) had mp 165’C (sealed tube after sublimation at llO’C/- 

15mm). Lit. 
47 

, mp 165.C (sealed tube). 

I-Braopmtadeoa g vae a colourless oil (cluant: pentane); b(80 MHz): 0.9 (3H. t); 1.3 (268, 

a). 3.45 (2H, t, Jo7Hx). Lit.48, bp 159-160’C/5~x~. 

2-B~-l,b-diph~ylp~~ z was an oil (eluant: pentane); 6 : 3.19 (4H. d, J-7Ht). 4.40 (18. q, 

J-7112), 7.20 (IOR, m); m/z: 275 + 277 (M*’ ). (Found: C, 65.48; H, 5.51; Br, 29.31%. Calc. for 

C15H15Br: C. 65.47; 8, 5.49; Br. 29.04). 

30-Aceto~-23-b~-24-~~58R-Cho&n-l1-~ 52 (eluant: CH2C12) had mp 164.5-165-C (hexanc). 

C01~~+81’ (c-0.3); v(CH2C12): 1720. 1700 cm-l; 6: 0.66 (311. a, 18CE,). 0.9 (3H. d. J-4&. 

21CH3). 1.20 (3H. s, 19CH3), 2.00 (3H. (1, 

466 + 468 (I?+’ 

E3C02-), 3.40 (2H. m, 23CH2), 4.70 (IH, m, 3s); m/x: 

). (Found: C, 63.97; H. 8.35; Br, 17.34%. Calc. for C25H39Br03: C, 64.23; H, 

8.41; Br. 17.09%). 

l-etme 53 (eluant: pentsne) had mp 118.C (sealed tube after sublimation at 100*/15 
47 

m&. Lit. , mp 118.C (sealed tube: MOE). 

I, I-Di.methylethyZuhlori& $j. - This product vae distilled directly from the reaction mixture 

together with tetrachloromethane (10 ml). The dirtillate vae then subject to fractional 

dirtillation through a 1Ocm vigreux column, bp 50-54’C, lit. 49 52.C. 

Decarbmylative Iodination. Gmeml Nethod.- The acid chloride (1 mol) in the appropriate sol- 

vent (Table 5) (1 ml) was added to a dried. stirred euapenaion of r (165 mg, 1.1 mol), DMAP (12 

mg) and iodoform (433 mg. 1.1. mmol) (or iodine (170 mg, 1.5 mol)] at reflux in the appropriate 

solvent (10 ml). At the end of the reaction (t.1.c). the reaction mixture wae cooled to room 

temperature, filtered on celfte nnd concentrated to drynear. The pure producto vere isolated by 

chromatography on eilfca gel. 
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I-lo&pentadoarna 55 (cluant: pentane) had mp 22-24.C (pcntane). Lit. 50 , mp 20-22.C. 

2-Iodo-1,3-&phmyZpropane g van an 011 (eluant: pentane), 6: 3.20 (4lf. d, J-7Hz). 4.35 (IH, qr 

J-782). m/z: 321 (M-1 +); 194 (M-HI +). (Found: C, 56.03; H. 4.76%. Calc. for C15H151: C, 55.92; 

R, 4.69%). 

3a-Acetoq-23-iodo-24-~~5BR-c?hol~-i2-~ 2 (eluant: CH2C12/EcOAc 95/S) had mp 228-230-C 

(bensenc/hexane). Cal: +102’ (c-l): v(nujol): 1720, 1710, 1260, 1025 cm-l; 6: 1.00 (6H. 18+19 

s3), 2.00 (3H. a), 3.20 (2A. m, 23(X2), 4.70 (IH. m, 38H); m/z: 514 (MN.). 454 (M-AcOH’+). 387 

(M-I’+). (Found: C. 58.19; If, 7.57%. Calc. for C25H3gI03: C, 58.36; H. 7.64%). 

FOIVXZtiO?I of No?dy&WpemCi&?8. Method A.- The acid chloride (1 mmol) and t-butylmercaptan (see 

Table 6) both in toluene (10 ml) vere added simultaneously to a stirred. dried, suspension of 1 

(180 mg, 1.2 mmol) and DMAP (12 mg, 0.1 -1) in tolucne (10 ml) at 80.C and through which oxygen 

vaa being passed via a slnter at a rata of approximately 0.33 l/min. Decolouratlon (and t.1.c. 

analysis) of the normally yellov solution tndicated cqlete reaction. 

Method B.- The acid chloride (1 mol) in toluene (2 ml) va8 added at room temperature to a stir- 

red solution of 2 (140 mg. 1.1 -01) and of pyrldlne (0.25 ml) in toluene (10 ml) at room 

tampcrature. After IO-15 mlna the precipitated pyrldlnlum hydrochloride vas removed by 

filtration and the yellow filtrate added dropvise over 15 mins to a solution of t-butylmercaptan 

(see Table 6) in toluene (10 11) that vas being continually saturated vith oxygen as in Method A. 

kthod c. - A ycllov solution of ester (1 -1) In toluene (10 ml) vas prepared according to 

method B and added dropvlse under irradiation from a 300 W tungsten lamp over 15 mlns to a stir- 

red solution of t-butylmercaptan (sea Table 6) in toluenc (10 ml) that vas being continually 

saturated with oxygen as in Method A at room temperature. 

Reduction of Hyabop8roxides to Alcohols. Cenenrl Method.- After formation of the hydroperoxide 

by either of methods A. B, or C the crude reaction mixture vas reduced either with dimethyl- 

aulphide (sea Table 6) at 80.C for 1 hr or vlth trlmethylphosphlte (see Table 6) at room tempera- 

ture. After complete reduction (t.1.c.) the reaction mixture vaa thoroughly vashed with water 

(3x50 ml), dried on sodium sulphate. filtered and evaporated to dryness, yielding the crude reac- 

tion mixture vhich conalsted of t-butyl-2-pyridyldisulphide s and the alcohol. Further 

purification was effected by chromatography on silica gel. 

n-Psntadsounal 57 (eluant: CH2C12/pentane l/l). This product is characterfsed by the presence of 

a 38 triplet in its NXR spectrum at 6 9.7 ppm. It undergoes polymeriaation in a fev hours ae 

room temperature. 

n-Pentadecano~ jj (eluant: CH2C12) had mp and mixed mp 45-46-C (pentane). Lit.‘l, 

mp 45-46-C. 

1,3-diphcmyZpropcm-d-02 I%). (Eluant: CE,Cl,) had bp 19O’C/15 m (KugeIrohr). Lit. “, bp 198W 

20 PPP. 6: 2.80 (48. d. J-8Hz); 4.05 (1H. q, J-8&), 7.27 (1OH. m). (Found: C, 84.59; H. 7.75%. 

Calc. for C15H160: C, 84.87: R. 7.60%). 

38,24-LXuoeti~-28-no~olean-l2-en-l?8-ol (g) and 30,24-Diawtory-17&Hydroperoly-28-no~ 

Olson-ll-ene I$.- In this experiment the treatmeut vlth dimethyl sulphida or trlmethyl- 

phoaphitc vaa omitted. Chromatography on silica gel save first the alcohol 60 (56%) (eluant: 

CA2C12/EtOAc 95/S). mp 191-192. (hcxane/ether); [Or +82* (c-0.5); 6(400 MHz): 0.85 (3H, s), 

0.91 (3H. a), 0.96 (3H. a). 0.97 (38, a), 0.99 (38. l ), 1.25 (38. a), 2.03 (3H. (I), 2.08 (3H. 8). 

3.75 (la. d. J-IOEt. 24C~,0Ac), 3.93 (18, d, J-1OEa. 24CE20Ac), 4.85 (Ia. m. 3%). 5.36 (1H. m, 

vinyllc g at 12); m/z: 528 (Ml+‘), 510 Or-law). (Found: C. 74.94; 8. 9.94%. Calc. for CJ3Hs205: 
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C, 74.96; H, 9.91%). Thla product was clotely follwed by the 178 hydroparoxfd6 $I_ (39%) (alumt: 

CB2Cl2:EtOAc 95/S). mp 

1720, 1170, 1030 cm-‘; 

307-308Y (neoHj, cc$-j +SS* (c-0.9); v(CH2C12): 3500, 2500-3300 (broad), 

6(200 BHrj: 0.71 (3H. 6). 0.77 (68, 6). 0.80 (68, sj, 0.88 (333, a). 1.11 

(38, a). 1.95 (38, 6). 2.04 f3H, a), 2.08 (IH, nj, 3.69 (18, d, J=11Hzj, 3.91 (I& d, J=llBtj, 

4.80 (la, mj. 5.34 (1H. ID); m/z: 510 (M-34Hj, 451 (SIO-AC~+). (Pound: C, 72.42; 8, 9.14. Cab. 

for C33A5206: C, 72.76; 8. 9.6231). 

3u,IZa-~u6~-ZCnorS~-ff~~-2~2 s (eluant: CH2Cl2fEtOAc 9/l) had l p 14?-149% (kfeOHj, 

Cal? +101* (c-0.6); v(cH2C12j: 1710, 1355, 1020 cm-l; 6: 0.8 (3H, a, 18g3j, 0.99 (3H. II, 

I’)CH,j, 2.05 (3H, 6)‘ 2.1 (3H, a), 3.7 (28, II. 23 CE203), 4.7 (18, m, I28B), 5.1 (ia, m, 38Dj; 

m/z: 388 (M- AcOi?‘), 328 (388- AcOH’+j. (Pound: C, 72.03; B, 9.88%. Calc. for C27H440s: C, 

72.28; Ii. 9.89%). 

Fru96wn~atia of @iropemtrZdue with ToaPtohbride in F@dGw.- The hydropcroxida wss prepared 

according to Uethod C, After aqueous work up the ‘Ii NMt of the crud6 reaction mfxturc shoved it 

to be a mixture of t-butyl-2-pyrldpldiaulphide 3 and of hydroperoxldc. No alcohol ~66 present 

by NHR. This mixture was dfclaolvad la pyridine (2 al) and trcatad at room temperature with toayl 

chloride (250 mg, 1.3 -1) uUd6r magnetic stirring. After 3 hrs at room temperature the reac- 

tion mixture was diluted vitb 2X hydrochloric acid (20 ml) and extracted with dlchloromethane (20 

ml), water (20 ml) and saturated aqueous sodium chloride (20 ml). dried on sodium aulphate and 

evaporated to dryne6a. Further purification was carried out by chromatography on silica gel. 

3a,l2a-Diaoefcyb(-ZP-nolcCBH-ciro~a-23-aE 63 (cluant: CH2C12/EtOAc 95/S) wa6 a rtain. 5: 0.8 (%i, 

LI, 18CR3j; 0.9 (3H, 6, 19CH3j; 2.05 (3H, 6); 2.10 (3H, a); 4.60 (1H, m. 128H); 5.00 (IH. mI 38$: 

9.SS (lH, 61). This relatively unstable product was imedIately transformed into its 2,4- 

dinitrophenylhydrazone 64b for further characterfsation, mp 112-113’C (BeOH); Eal*O +63* (c-2 4). - 
-‘; 

D I , 

v(CH2C12j: 3295, 1720. 1615, 1590, 1510, 1500. 1325 cm 6: 0.70 (3H, 6. 18 CH3j; 0.90 (38, 6, 

19 CH3); 2.00 (3H, 6); 2.10 (311. 6); 4.66 (lH, m, 12@); 5.05 (la, m, 3f3g); 7.40 (1H. t. Jl-7Hxj: 

7.80 (la, d, J2*iOBt); 8.20 (IH, dd, J2=10Ds, J3-3Htj; 8.95 (II, d, J3-3Hxj; 10.85 (18. a); m/s: 

625 (B-X7+); 565 (M-I-AcOH7+j. (Pound: C, 63.38: II. 7.62%. Calc. for Cj3Hq6Nq08: C, 63.24; ii, 

7.40%). 

l,J-tiQhenPtiCUtO?W 64~ Vtt a ytiim Oil (thmt: C82C12/Ptntan6 l/l); 6: 3.70 (4D# 6). 7.20 - 

(IOH, m). mp of DNP !IO*C (BeOIl), lit.53 ilO*C. 

Pentudaoanat-2, #-Dinitro#wn$k&imme 85. - Chromatography on 6flica (eluant: CH2C12j of the 

crude product mixture gave n-pentadtcanal contaminated with a polymeric form. This mixture wan 

takon up in m6thanol (3 ml) and treated vith 2,4_dinitrophenylhpdratina (10 ml of O.lB in 1/l 

H3P04/Et0Dj, After atirrlng for 1.5 hra at room taperature the precipitated yellow solid vau 

filtered and recrystalliscd from aethanol, np 106-107.C (HeOH), lit.s11 107.s*c. 

Pontadsccmat-Z,4-~ni~~kanytkydnax~e E b& direat truatmmt of tha k@mpvri& oitk 2,4- 

D~n~~~p~~zk~~~~~a.- The crude reaction mixture of hydroptroxidt and t-butyl-2-pyrfdyl- 

disulphidt was taken up in methanol (10 ml) and treated vith 2.4-dinitrophanylhydrasina (IS ml of 

0.1 ff In H3P04/EtOH 1/i) for 2 hr6 at room tcnptratura. After dilution vith water (30 ml), the 

reaction vas extracted with dfchlorom6thant (3x20 ml) and the ceeabfnsd extracts dried ovtr aodilap 

sulphate filttred and tvaporattd to dryness. Chromatography of the red oil thus obtained gava 

first n-psntadtcatml-DNP 65 (73 a&, 18% (eluant CH2C12j, l p and mired mp 106-107 (NeOHj, then a 

mlxturt of n-peotad6cylhydroperoxidc 66 and tha disulphfdt s (280 mgj and finally n-tttradecanol - 

_67_ (20 py;, 9%) (eluant: CE2C12j, mp 38-39-C (EtOHj, Lit.54, 39-39.S’C. Purthar chrautography of 

the mixture of hydroptroxide and di6uIphidt on ntutral alumina gave first of all the pure dfsul- 

phlde 44 (167 6gj 84% (tluant: - CH2C12/ptntant 3/l) identical with an l uthantlc sample and then 



the hydropcroxidc 66b (109 q, 45%) (cluant: CB2C12/pentane 3/l)'; mu 39-40-C (pcneana); w(film): - 

3350 (broad) cm-‘; 6: 0.9(38. t). 1.4 (26H. m), 4.2 (28. t, J-7&); m/z: 227 ((N-17*). (Pound: 

C. 73.52; Ii, 13.35%. C~lc. for C15H3202: C, 73.71; H, 13.20%). 
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