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Abstmct - Two otternate pmposals for the mechanism of reduction of 
ms by tributylstannane have been examined. Evidence has been 
secured that under normal reduction conditions the thiocarbonyl group 
is attacked reversibly. At a high enough tempemtun the carbon 
mdical fmgments to give eventually the reduction product. Under 
modified conditions, where no reducing agent (Sn-H) is present, the 
mdlcal formed ellmlnates methylthlotributylstanne and affords the 
thiocarbonyloxy mdical observed in the e.s.r. spectrum. 

The reduction of thionoesters 1 and especially xanthates 1 (X = CH9S-), with 

tri-c-butylstannane is a mild and general method for the deoxygenatlon of alcohols. la2 The 

reaction works best with secondary alcohols and has found wldespread use, particularly In the 

area of carbohydrates and amlnoglycosldes for which It was primarily designed. 
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The mechanism that was first conceived is outlined In Scheme 1. Trl-butylstannyl 

radical, Initially generated by small amounts of AIBN (azo-bls-lsobutyronitrile) attacks the 
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thlofcarbonyl sulphur to produce a redlcal lntermedlate 1 which undergoes 8 sclssion to 

thiolcarbonate 2 and an alkyl radical. Hydrogen abstractlon from the stannane gives the 

alkane (RH) and trl-fi-butylstannyl radical, thus completing the cycle of this simple chain 

reaction. The absence of a carbonyl absorption in the lnfra-red spectrum of crude reaction 

mlxtures, in the case of S-methylxanthates led to the suggestion that 2 (X = SMe) was 

unstable and extruded carbonyl sulphue (COS) yleldlng ultimately methylthlo tri-c-butyl- 

stannane j (X = MeS-) . This supposition Is supported by the similar behavlour observed In 

related systems. 3 

Recently, however, a different mechanism for the deoxygenatlon vla xanthates was - 
proposed by Barker and BeckwIth Involving a direct SHZ attack of the stannyl radical on the 

sulphide sulphur (Scheme 2). This leads to an alkoxythlocarbonyl radical 2 which looses a 

molecule of carbonyl sulphlde to give an alkyl radical. Reduction of the latter with the 

stannane completes the cycle. Compound ‘, in this case Is produced directly. Evidence for 

this mechanism Is prlmarlly spectroscopic. When a mixture of the xanthate, hexamethyl- 

distannane (Me3Sn-SnMe3) and dl-t-butylperoxlde was Irradiated at -30°C, an e.p.r. signal 

was observed and attributed unambiguously to the alkoxythlocarbonyl radical 2. 

In vlew of the relevance of the proposals to our own research, we have designed a 

series of experiments to determlne the actual mechanism Involved. Part of this work has 

appeared as a preliminary communicatlon.5 

Scheme 2 

Xanthates of primary alcohols require a fairly high temperature (ca. 130%) for the 

deoxygenatlon to occur efflclently.6 By conducting the reaction at a lower temperature, it 

might be possible to detect one or more of the Intermediates by NMR, and hence obtain 

information about the preferred site of attack by the stannyl radical. 

The xanthate 2 of neopentyl alcohol was selected because of Its simple NMR 

spectrum and the possibility that its steric bulk might render the presumed intermediates 

(Scheme 3) more persistent. Xanthate 2 was therefore exposed to trl-n-butylstannane and a 

trace of AIBN in deuterobenzene at 80°C and the reaction monitored by7H-NMR spectroscopy. 

A new methyl signal appeared at 6 2.1 attributed to methylthiotributylstannane 0. The 

methylene slgnal of the xanthate was shifted from 6 4.35 to 3.25 and a singlet (2H) appeared 

at 6 5.1. Furthermore, two equivalents of the hydride were required to complete the 

reaction. These observations are compatible with structure 2.’ No Intermediate could be 

detected. As outlined in Scheme 3, thloacetal 2 may be produced by either pathway and SO 

no unamblguous conclusions may be drawn. Any Intermedlate, therefore, Is reduced much 

faster than the starting xanthate a. We have checked thls for the thlonoformate and Indeed 

found that ethyl thlonoformate ‘0’ (EtOCHS) is very rapidly reduced to give the 

corresponding thloacetal 11, Et-0CH2SSnBu3 (methylene singlet at 6 5.0). 
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The latter was prepared In 30% yield by treatlng lmidarollde E with trltylhydrazlne. 

Carbarate 5 is also produced in this reaction. A better route to 12 was via carbazate 2, - 
Isolated ln nearly quantftattve ylcld by exposure of xanthate ‘6 to hydrarlnc. Sequential 

treatment of 2 with trlmethylrllyl chloride-pyrldlne than wlth trltylchlorlde gave 11 In 43% 

overall yleld. Oxidation to the yellow crystalllne ato derlvatlve 12 was accornpllshed with 

phenylselenlnlc acid at -7V’C In tetrahydrofuran In 35% yield. 

When heated alone In toluene for 1 hour, compound 11 was completely decomposed 

glvlng as major products cholest-2- and 3-ene. In the presence of t-butyl mercaptan, 

however, the major product was cholestane z (49%). Cholestanyl thloformate E was not 

observed. Although these results may be construed as evidence for the fragmentation of the 

corresponding alkoxy thlocarbonyl radical, an alternatlve chain reaction analogous to that In 

Scheme 1, where X = -N=N-CPh3 and Bu3Sn’ Is replaced by L-BUS *, may be formulated. The 

A,- and As-cholestene produced In the absence of a thlol arlse almost certainly from the 

non-radical Chugaev ellmlnatlon. Any thermal decomposltlon of 11 proceeding by way of 

alkoxythlocarbonyl radicals 1 (R = 38-cholestanyl) Is perforce a mlnor process. If the 

cholestane E obtained In the second experiment Is formed by fragmentation of 2 (R = 36- 

cholestanyl) to glve the 3-cholestanyl radical which then abstracts a hydrogen from the thlol, 

then substalntlal amounts of AZ and A’ cholestene should have also been observed, since the 

Chugaev ellmlnatlon Is operating Independently of the radical processes. It Is more plausible 

that In the presence of the thiol a fast chain reactlon, such as the one proposed, sets In 

which overtakes the Chugaev ellmlnatlon. Further work on the extrusion of carbonyl sulphlde 

from alkoxythlocarbonyl radicals 2 Is needed. 

Another lnconcluslve experiment Involved a crnnpetltlon reaction between the 

S-methyl xanthate 16 and Its oxygen counterpart. thlolcarbonate E, prepared In excellent 

yield by mild oxidation of 16 with dlanlsyltelluroxlde.g This thlolcarbonate can only be 

reduced by an SH2 mechanism. In the event, cholestane n was produced In 96% yield. 

whereas thlol carbonate 2 remalned practically Intact and could be recovered In 92% yield 

(Table 1, entry 1). Even If, Intuitively, such a result suggests a dominant role for the 

thlocarbonyl group, the large variance in reactivity may still be ascribed to the differing 

nature of the leaving groups, I.e. alkoxy thlocarbonyl versus alkoxy carbonyl, In a direct 

radical substltutlon fSH2). However. had the thlolcarbonate 19 reacted faster, strong 

support for the SH2 process would have been secured. 

An alternatlve and In retrospect more rewardlng approach was the study of the 

Influence on the rate of stark factors. By analogy wlth other $2 reactions, lo direct 

substltutlon on the sulphlde sulphur, as proposed by Barker and Beckwith, should be 

slgnlflcantly retarded If, for example, the methyl group In ‘6 Is replaced by the bulkier 

Isopropyl as in xanthate lo. In contrast, addltlon of the stannyl radical onto the 

thlocarbonyl Is expected to be relatively lnsensltlve to such a change. 

A competition experiment was therefore performed between the methyl xanthate 16 

and Its Isopropyl analog z In deuterobenzene at 60°C wlth only one equivalent of trlbutyl- 

stannane. The result was at flrst quite surprising. The Isopropyl derlvatlve 2 reacted 

faster than E, which could be recovered In 76% yield by thin layer chromatographlc purtft- 

cation (Table 1, entry 1). Furthermore, no cholestane c was formed and the NMR signals 

due to the Isopropyl group had disappeared. Clearly, C-Sfsulphlde) rather than C-O bond 

flsslon had taken place wlth the consequent absence of deoxygenatlon, the Products of the 

reaction belng the labile S-trlbutylstannyl-O-(3B-cholestanyl)dithl~arbonate 22 and Propane 

(Table 1, Entry 3). The structure of 22 was deduced from Its NMR and U.V. (amax 236 . 
nm, c - 3000 and 292 nm, E = 5800; typlcal of xanthates) spectra and further confirmed by 

the following chemical transformations of the crude product: I) exposure to methyl Iodide gave 

S-methyl xanthate 2 In 62% overall yield; II) treatment with trlbutylstannane produced 

cholestane 17 (67%). 
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Although the nature of the products may be explained by an SH2 rwte (Schema 5, 

path A), the surprlslng rapidity of the reaction is more dlffkult to ratlonallse. This Is 

especially true ln view of the relatlve Inertness of the corresponding S-lsopropylthldcarbonate 

2 (Table 1, entry 2). A more plausible mechanism would appear to be path B (Scheme 5) 

lnvolvlng a reversible addition of the stannyl radical on the thlocarbonyl groups, foltowed by 

-sclsslon of the C-S(sulphlde) bond. The reverslblllty of the flrst step Is necessary In 

order to explain the high recovery of the S-methylxanthate 16. If this step was not 

reversible, at least 50% of E would have been consumed since, for sterlc reasons, attack of 

the thlocarbonyl Is very probably less favoured In the case of the kopropyl derlvatlve 2 

(I.e. k’, > k,), other factors being more or less the same. It Is obvious that the reverse 

remctlon and the loss of Isopropyl radical (mechanlstlcally, these two processes are very 

similar) must be faster than the breaking of the C-O bond (k2 and k’_, >> k>. 

Scheme 5 

Additional evidence against an SH2 mechanism was obtained by examlnlng the 

relative behavlour of xanthates 16, 23 and 2 under the usual condltlons. The last two 

derlvatlves were prepred by the actlon of thlophenol or mesltylenethlol on lmldazollde E wlth 

catalysis by DBU (dhnbkycloundecbne) In 72% and 82% yield respectively. These xanthates, 

In contrast to the Isopropyl derlvatlve 20 have a strenger aryl sulphlde bond and do not 

undergo C-S(sulphlde) bond flsslon. They also possess different sterlc and electronk 

propertles. 

A series of competltion experiments performed in refiuxlng toluene (Table 1, 

entries 4-6) Indicated that the reactivity is in the order 11 > 24 > 16 and that the relative 

rates were very approximately 4.5:1.5:1. At this temperature (11OV) moreover, only 

cholestane z Is produced. These flndlngs are compatible wlth efther mechanism since alkyl 

aryl sulphldes are known to react faster with Bu3SnH than dialkyl sulphlde.” However, 

when the three reductions were conducted simultaneously In benzene at 80°C under as 

Identical condltlons as possible (same oil bath, same concentration of reactants, etc...), the 

results were different [Table 2): I) the order of reactivity changed becoming 2 > 13 > ‘6, 

I.e. tha nmsltyl derivative reacts fastest; and II) varying amounts of the hmlthloacetal 2 

are produced in addition to cholestane. Slmllar results were obtained from two separate runs. 

Thiohemhcetal 26 Is, in all likelihood, the hydrolysis product of 2, Itself produced by the 

reduction of thloformate fi as was shown for neopentyl xanthate fi (Scheme 3). 
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According to the mechanism proposed by Barker and Beckwith (Scheme 21, the 

substitution to give the aikoxythiocsrbonyl radical 5; which, Incidentally is the same for ail 

three xanthates Involved In this study (R = 36-cholestanyl), Is essentially irreversible. This 

step, therefore controls the relative rate of consumption of starting materials. Since the 

MiVation energy for this $2 reaction for each of 16, 11 and fi is not expected to change 

over such a small temperature range (cf. Arrhenius equation) increasing the temperature 

would perhaps reduce the difference but not change the order of the reactivity, under other- 

wise identical reaction conditions. This Is clearly not In keeping with the experimental 

observations where reducing the temperature now favours the more hindered xanthate 24 ! - 
Moreover, as just noted above, If such a mechanism is actually operating, the 

fragmentlng species, the alkoxythiocarbonyl 5, Is Identical for ail three xanthates. 

Therefore, the ratio of cholestane z produced (by fragmentation of 2) to hemithloscetai 2 

(quenching of 2 by the trlbutylstannane) should be very slmilar. Inspection of Table 2 

reveals that this is not the case, the ratios being roughly 0.6, 1 and 6 for 16, 23 and 24 - - 
respectivly. 

The orlginal mechanism conceived by Barton and McComble (Scheme 1). modified 

with respect to the reversiblllty of the first propagation step as outlined In Scheme 5, 

appears to be more consonant with the experlmental data. Thus, addltlon of the stannyl 

radical to the thlocarbonyl to give 1 is fast 12 and reversible whereas the fragmentation Is 

slow and rate determining. 
12b . At the lower temperature of 80°C, quenching of the radical 1 

by trlbutylstannane (e.g. path a, Scheme 3) competes with the fragmentation. Steric factors 

In the case of the mesltyl derivative promote the fragmentation (relief of non bonded 

Interactions) and reduce the rate of quenching of radical 1 (hlndered by the two o-methyl 

groups). Consequently, In comparison to xanthates 2 and 2J. the maction Is faster and less 

hemithioacetal 26 is produced. At the higher temperature of 11O’X. collapse of 2 is more 

rapid than Its quenching hence only cholestane c Is obtained. At this temperature, the 

fragmentation rate has probably Increased sufficiently to be comparable to the additlon of 

stannyl radical to the thiocarbonyl group. Both steps, therefore, become consequential in 

determining the overall rate, In contrast to lower temperature reactions where the 

fragmentation Is rate determining. The resulting change In the order of reactivity is a 

reflectlon of the interplay of the various factors Involved. Steric factors, for example, 

promote the fragmentation but retard the addition. 

We have obtalned further corroborating evidence for the reverslbillty of the first 

step by conducting a competition experlnwnt at 1 10°C between the xanthate 16 and the mesitol 

derived xanthate 27. At 00° the latter does not undergo deoxygenation but is reduced to 

give hemlthioacetal z (which is hydrolysed on work up to mesltol 2) at a rate comparable to 

the reduction of 2. In the presence of a limited quantity of stannane, however, 16 was 

reduced significantly faster at llO” (Table 1, Entry 7). Again, If the addition of stannyl 

radicals to the thlocarbonyl Is Irreversible, both 16 and 17 should have been consumed to a 

similar extent. 

The e.p.r. experiments reported by Barker and Beckwlth were conducted under 

conditions very different from the usual deoxygenatlon procedure. At the low tamperature of 

-3OOC and In the absence of hydrogen atom donor, neither fragmentation of 1 nor its 

reduction can take place. It coilapes therefore to the more persistent alkoxythlocarbonyl 

radical 2 (cf. 2 in Schema 3, path b). 

Professor Beckwith with whom we have had a friendly exchange of informatlon, has 

kindly Informed us that under the normal conditions of xanthate rsductlon he agrees that the 

original mechanism2 does not require modlflcation (except for the reverslbllity of the first 

step). 
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Table 1. Competing Reductions of Xanthates with Tri-n-butylstannane 

tntry Xanthates Bu3SnH Temfmrature Products 

(Inmall (mm011 (OC) (% Yields) 

1 16 [O . 31 + 19 (0 * 31 . 110 4 (941 + 17 (961 + 19 mr 

E 
- - - 

2 (0.1) + 21 (0.1) 0.1 80 - 0 (24) + E (96) 

3 16 (0.036) + g (0.034) 0.045 80 x (78) + 22 (-75%) 

4 ‘6 (0.1) + 23 (0.1) 0.15 110 16 (52) + 23 (8) 

5 16 (0.05) + 29 (0.05) 0.15 110 16 (34) + Lf! (20) 

6 13 (0.05) + 29 (0.05) 0.05 110 ratio 23124 = 112.Sa 

7 16 (0.2) + 27 (0.2) 0.22 110 16 (27)+-z (69) 

a) In this case the xanthates 2 and 29 could not be separated by t.1.c. and the ratio of 

unchanged product was determlned by 400 MHz ‘H NMR. 

Table 2. Reduction of Xanthates 16, 23 and 2 at 80°C. 

Entry Substrate Time Products Ratio 

(hrs) (% Yields) 17126 

1 16 Ba (40 5) (35 5) 1 - z + 26 

2 23 6” 11 (29 9) + 16 (35 3) 0.8 

3 z!! 2.5 z (75 5) + 26 (13 2) 6 

a) Extra AIBN (2.5 mg) was added after 5 hrs at reflux. 

@@ 
Ii 

16, t R=O- -SMe 

E, R = H 

Is, R = -0- E -H 

s 
2, R = -O-C-S-Me 

2J. R = -O-!-SCH(cH3j2 

s 
11, R = -0-C-SSnBu3 

3 
23. R = -0-C-SPh 

S 

2, R = -0-E-S 

-D- 

0 

r: 
25, R = -O-CR2SSnBu3 

0, R = -0-C-SCH(CJi,), 2, R = -O-CJi2SH 

kc 0-U 9 
0 

2J. R = -C-We 

2. R = -CH2SSnBu3 

2, R = H 

General Experimental 

Mmltw points uare taken on l Rolcbort llot SW 4pparatno and are uncorrected. 
Infra red spectra were muurd ritb a Pmrkia E.lmr 297 l poctrophotaotar and W mpactra vith 
a Jobin h-0 Dmrpec 203 qmcttupbotmtot. I# spectra of chloroform rolotiom mere recorded 
at 60 m vnh8m othetwba l t8td dth dther l V8rim T-60 or IQ4 360-L qactraet~r. 400 m 
lWR l pactuwnumrrd rith a Bruck8tUH 400 qoctrortar. chrical l hlftm (6) ati in ppI 
dounfield fro tetrawthyhilma u intmnal standard. IOeV, 1.1. urns rpactn ma recorded 
with a.i.th+ an AK1 X3-9 or an MI ISSO apparatoa. All solventa were dried and dimtillad by 
rtmdad procdurem. 
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Reduction of Neop.nty1xantb.t. with 
carbonate & (36 mu, 0.2 ml), tri-a-butyletennane 
di.eo1v.d Tn deuterobanxen. (0.5 rl)-in 4 Isw tub. end Lbe ‘E lRQl -spectrum of-+a-kixture 
taken. The tub. we. thenlk.roed in an oil bath praheeted to 80.C. The couraA of the 
ruction we. monitored by E NMt spectroscopy. ii) The above l xpertint va. repeated with the 
exception that tri_n-butylrtannan a we. uead in two fold axca.. (130 q, 0.4 mol). 

8ynthe.i. of Methylthiotri-n-butylatennane i.- Tri-n-butylatannene (7.6 8, 20 mol) and l 

trace of AIBN v.. addad to T l olutlon of diwthvldia&Md. (2 I. 21 -1) in toluen. (10 al) 
and the titur. heeted to reflux undar nitroSen for i hr ck& a vlgorou. evolution of 
methyl rrceptan which wa. peered into a l odium hypochlorita trep. The solvent wa. than 
r-ved in vacua and the reridoo eubjectad to Kugelrohr dietillation (llO*C/O.l nr) to 81% 
methylthiotri-=-butylatennene 4 (6.01 8, 89X) a. a coloorlas. oil 62.10 (38,s. 8a_3) (lit. 
bp 104CfO.22 m). 

Peduction of O-Ethylthioforute 10 vith tri-n-but l.tennane.- 
0.2 -1) we. treeted vith tri-=-butyletennane 

0-tthylthioforuta 10 (20 mg, 

deuterobenzen. (0.5 ml) at 
- ---3 vwl) and AXEN (5 v$j in 

80-C in an N?lK tuba and the reaction wnitorad by II MMl 
epectroacopy. 

Ructlon of Triphenybethylhydruine with 3S-Cbola.tanylorythiocarbonyl iliduola 14.- 
Triphenylmethylhydruine hydrochloride (204 18, 0.66 -1) we. added to e etirred l olution of 
the thlocarbonylimidarolidc 14 (246 q, 0.5 &ol) end triethyluine (0.25 ml) in benzene (5 
ml) (5 ml) at rooa tqra=e end under nitrogan. After stirring for 4 hr. at roo1 
tmperature the raection wa. diluted with ether (5 II), filtered and evaporated to dryne... 
Chromatorraohy of the crude reaction Iixtura on eilica xc1 save the 
triphany~e~h~lthiocerbarate 13 (105 IS, 
colourl... oil with u 

30%) (eluent: pewye-d~ch1o;om.th.n. 1:l) a. a 
(CH ?!i ): 3350, 1360. 1190, 1030 m ; 6: 0.65 (3H. e, 18CE 1, 0.80 

(3H. e. 19CE 1. 5.15 m; n,23&), 7.5 (15E. m) (Found: C, 80.34; B, 8.96; N, 3.8Or& 4.28. 
C47E64N208&ire.: C. 80.06; 8, 9.15; N, 3.97; S. 4.55X). 

Further l lution with dichlorwthane Kava the thiocarberate 15 (150 mg, 65X) which 
wee a colourllf. cry.talllnc eubrtence with e.p. 230-232-C (14eOE-CE2C12~ vI (nujol): 3280, 
1225, 1020 CI ; 0.65 (3B. 6). 3.70 (28. large, 5.25 (la, m. 3&,4:50 (lE, large 
CSNE), 8/z: 464 (M 64 ). 402 (H-COS) (Pound: C, 72.82: NE2), 8, 10.97: 1. 5.99: ST 6.84. C,,H.J,OS 
re~lre.: C, 72.67; Ii. 10.89; N, 6.05; S. 6.93%). 

‘0 3” ‘ 

Carbaxata 13 froa Kenthete 16.- 
the xenthex 14 (478 w, 

Bydrezine hydrate (2 ml) we. added to a etirred l olutlon of 
F-1) in dichloromethane (10 ml) under nitrogen et room 

temperature. rfter l tirrfng for 30 min. et rooI temperature the reaction vae poured into 
water (50 ml) and the organic ph... eeparated. The l quaoua ph... waa extracted with 
dichloromethane (10 al) and the combined orgeaic pheee. veehed with weter (3 x 20 11). driad 
on eodiru anlphate. filtered and evaporated to dryna.. yielding the crude carbezata 15. The 
product taken up in TEP (10 ml) we. cooled to O*C under nitrogen end treated with pFidine 
(0.2 II) end then chlorotrimethyleilan. (0.15 al). 1.1 ml). The reection mixture ua. 
atirrad at O*C for 1.5 hr. before triphenylmethpl chloride (417 IK, 1.5 -01) vu edded as . 
l uepeneion in TEP (10 al). The reaction va. atirred for 8 further 30 line at O*C end then 
30 min. at rooo teqaratur. and finally poured into water (100 ml) and extracted with 
dlchloromethana (3 x 25 ml). The extract. were waehed with water (3 x 25 ml). dried on eodlum 
eulphata, filtered end evaporated to dryneee. Chrometography of the crude product on ellica 
gel gave the pure carbarate 13 (304 mg, 43%) which we. identical to the .=ple leolated above. - 

3g_Choleetanyloxy-trlphenylaethylazothioformete &.- Phenyleeleninic acid (28 q, 0.15 -01) 
in TEP (10 ml) we. dded to a etlrred eolution of the thiocarbuate _12 (223 mu. 0.3 -1) in 
ether (10 ml) under nitroSen at -78.C. The reaction VS. then allwed to warm to room 
tempereture over 2 hre before the eolvant wee removed in vacua and the crude titura l ubjectod 
to prepared t.1.c. (rilic. gel aluant: pentene-dichloromethene 9:l) to give the yellow 
cry.talllne atothiofo~te 12 (70 mg. 31%) which bed m.p. 

0% 
(cyclohuane): 255 nm c 7440); v 

104_105_;C decwp. (ether-hexens); 
(CE Cl )I 1300, 1140 cm 6: 0.65 (311. e, 18CE ), 

13E, 
4154. 

l , 19CB ). 5.30 (la. m, fE)y.‘4 (?Sii! m) (Pound: C. 80.;5; E. 8.79: N. 4.0372. 
C47E6211$requira.: C. 80.297 H, 8.89; N, 3.98: S, 4.563). 

Dacolpoeltlon of the Azothloforute 12.- The asothloforuti 10 (58 w) in toluene (2 11) we. 
added to e l olution of t-butrlrcrcao~ (0.25 ml) in toluene Ed) at reflux under nitrogen. 
After 1 hr et reflux 6. r&tionsvu kaporetad to dryneen and the ‘E-NIIR of the crud; 
product recorded (total l beenca of thioforute &S+R). The crude dxtura vs. then filtered 
on eilica gel (eluant: pentans) to yield choleetane 17 (15 mg, 49%). m.p. and mixed m.p. 
79-81-C (acetone). 

Treetmeot of a Mixture of Kanthata 16 end Tbiolcarboneta 2 with Tri-n-but l.tannene.- 
Trl-l_butyl.tennana (116 rg of 80X, 0.32 -1) and AIBN (10 (IU) in tolu&*add.d 
dropviea over 10 min. to a eolution of xenthat. 16 (143 mu, 0.3 mol) and of thiolcerbonate 19 
(139 q, 0.3 mol) in toluene (5 ml) et refluxunder nitrogen. After 1 hr at reflux the 
l olution wee cooled to room tslperatur. and the toluane evaporated in VSCUO. The crude 
reaction titure we. then l ubjected to KuKelrohr dietlllation (130*C/0.2 =) giving 
uthylthiotri-;-butyletannan. 1 (95 mg. 94%) vhich we. identical with an authentic temple. 
The dietillstlon reeidues were then chrometographed on ellica gel to give SaE-choleetan. 17 
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(107 m& 96Z) (oluant: pentue). n.p. and mixed l .p. 81-C (-tone) and thou tha recovered 
thiolurbonato g (129 mg, 92X) (elueat: pentane). 

S-~u~l_0_36_cbo~et~y~ithio~r~te s.- Sodirn hydride (0.5 g of 50Z.dieperrion) and 
imiduola (10 4 rrro addd to a l elation of 38-choleetenol (3.88 g, 10 rol) ti TEP (50 ml) 
at rw temperature under nitrogen ead the reaction brought to reflux for 3 hrm. Carbon 
diaulphide (0.5 ml) wee edded end after e further 30 m.ina et reflux ieopropyliodide (0.5 ml) 
warn added. The reqctioa vu maintained at reflux for a further 30 lFpr d then quenched with 
g1SCiti ScStic ecid (3 ml) after coollag to room tempereture. The reaction vu then poured 
into water (100 ml) and extrected with ether (3 I: 50 ml). The cabined extrecte were weebed 
vith dilute hydrochloric acid (50 ml) and water (2 x 50 ml), dried on sodium enlphete filtered 
and evaporated to dryneae. liltretion on silica gel (eluent: peat-e) and recryetallieation 
from acetone gave the xeathate 20 se a +,te cryetelllne euboteace (4.9 g, 97X) which had m.p. 
94.5-95.5.C; Y (nuj1210~ 1045 cm ; 6: 0.7 (3H. ., 18CX ), 0.85 (3H. a. 19cB ), 1.45 
(65, d. J - 7 lu,‘(Cll ) CES), 3.90 (la. l ept J - 7 Hz SCXtCE~?, 5.7 (la. IP 3uI&~/x: 506 
(!I ). 371 (WOCSS~~ ) ), 370 (N-ESCOSCE(CN ) ) (‘PA: 2, 273.67; 8, 10.;2; 3.’ 12.81. 
C31H540S2 requires: C, h.55; 8, 10.74; S, 12.6h?. 

Treatment of a Kixture of Xanthatu 16 and 20 vith Tri-n-but letannene.- The %NNR epectrrpl --- 
of a mixture of the xaathetee 16 (17 mg, 0.036lol)d 20 17 mg end of tri-a-butylstaanane 
(13 mg) in deuterobentene (0.57) wee recorded. 

-* 
AISN (Gee) wee then added Tb the mixture 

end the tube -reed in en oil bath preheated to 80.C. The reaction wee followed by wI(R 
apectroecopy until no further change wee obeerved. The solvent was removed under vacuum and 
the cruda reetion mixture l ubjected to preparative t.1.c. On l ilica gel (eluant: pentans) to 
give unchanged S-methylxantbete s (13.3 mg, 78X). lo SaE-choleatene 17 wee found. - 

Reduction of Xenthete 20 with Tri-n-butyletennene.- -- (i) One equivalent of l tennene : A 
mixture of xanthete 20-7 ng) and of tributylstannanc (13 mg) in deuterob~nrene (0.5 ml) vith 
e trace of AIIN wea huted quickly to 80-C. no reection wee followed by N-NHR spectroscopy. 
Ubeo no further change we observed the solvent wee evaporated and crude 
S-tri-n_butylrteanyl-O-3B-cholertenylxanthate 22 wee charecterised epectroscopi+ly. It had 

(cyclohexane): 235 = (E 3035), 292 (5800) ; v 
iY’5.5 (ill, II, 3aH). 

(benxene): 1218, 1040 cm ; 6 (benzene 

s 
The crude reaction mixturewd then dissolved in methyliodide (1 ml) 

d after standing ?or 18 hre et room tempereturo and remwal of rolvent wee purified by 
filtration ou rilica 8el (eluent: pentane) to give S-methyl-O-38-choleetanyldithiocarbonate 16 
(10 mg, 62X) which wee identical (t.L.c. end NkR) to an authentic eemple. 

- 

(Ii) Tvo equivalents of etennene : Zanthate 20 (17 mg) VP~ redyed with tri-;-butyletannane 
(30 mg) in deuterobeotene (10 ml) and the reaction folloued by -N nmr epectroecopy. At the 
end of the reaction the rolvent wan removed under vacuum and the crude mixture filtered on 
silica gel (eluant: pentane) to give cholestane x (9 mg, 67X) vhich wea identical to en 
authentic sample. 

Reduction of Zanthate 16 vith tri-a-butylstannane.- The S-acthylrenthate 16 (17 mg) vae 
reduced vith oue equivalent of fri-=-butylstannane (15 m8) in deuterobenzene-@.S ml) et SOY. 
The reaction wee followed by 8-m spcctroecopy. Chromatography of the crude reaction 
mixture yielded choleatene 17 (8 mg, 61X) identicel to an authentic snmplc. - 

S-Ieopropyl-O-38-cholretenylthiolcerbonate G.- A rolution of xeathate 20 (507 mg, 1 mol) 
and of dieaieyltelluroxide (465 mu, 1.3 ml) vu stirred in dichlorometI3be (50 ml) at room 
temperature under nitrogen for 48 hrr. Removal of solvent and chronto8raphy of the crude 
reaction mixture on eilice gel (clueat: hexane-ether 5O:l) and cryetalliration from acetone 
ga!T the thiolcerbonete 21 (354 mg, 72X) which had m.p. 102.5-C; v (C&cl ): 1700. 1150 
CP ; 6: 1.35 (68, d. J - 7 lir (CE ) Cg-S),3.50 (la. rept J - 7 IIx.?&li(CN ?,, 4.9 (la, I, 
31@) (Found: C, 75.66: H, 11.19;~,3&56. C31H5402S requires: C. 75.86;H. 11?09; S, 6.53x). 

Reduction of e Mxture of Zenthate 10 and Thiolcarbomte z.- A 1:l rixture (0.1 -01 of 
eech) of the renthate 20 and the thiolcarboaate 21 vu treated with trf-n-butylatannene (0.1 
-1) end l trace of AI= in toluene at reflux. zter evaporation of the-solvent the xanthate 
20 end thiolcarbonate 21 wre recovered in 24X and 96X yield after preparative t.1.c. on - 
EiliCa 8‘1. 

S-Pheny1+3g-choleetanyldlthiocarbonate 23.- Thiophenol (3.2 8, 21 ~lol), D8D (456 D)g. 3 
~1) end tha thiocarbonylimiderolide 14 Ti.49 g, 3 mol) were stirred under nitrogen et room 
temperature in toluene (6 ml). PyridG (3.7 ml) vaa then added end the reaction mixture 
added dropviae to en ice cooled rolution of oxalylchloride (2 ml) in dichlorarthenc (5 ml) 
(to remove l xceee thiopheaol). After stirrUg for 30 mine at room tempereture the reaction 
was diluted rltb veter and utrected with dichlorouthana. The axtrecte were washed with 
dilute l odlm hydrogen carbonate solution, dilute hydrochloric acid and wetar, dried on 
ugneeium l ulphete, filtered end evaporeted to drymen. Chrometogrephy of the residue on 
eilice gel (eluaet: hexme-ether 20011) mve the Fte 23 (1.17 g, 72X) which bed l .p. 
84-85-C (wet-e-WI!) ; v (CBCl )I 1235, 1045 ca ; 6: 5.5 (18. . . 3aE). 7.7 (58, m) 
(Found: C. 74.13; Ii. 9.6m. 11.94. C348520S2’0.5 II20 requires: C. 74:26; H, 9.71; S. 
11.66X). 
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S-(2.4,6-hi~thylpbauyl)-~3S-cboleet~yldlthi~er~neta 24.- The xautbeto 24 irea prepared 
in 82X yield iu rpbanaloSoua meaner to xaathta 23 by tre=nt of miriduolide 14 vith 
mamitylmarcepten. It wee.. colourlaaa cryate~inr aolid with I.P. 149% (aceto%): 

1030 mm’;. 6: 2.33 (3E, e; @E&-S), 2.40 (68. ;, O-CB r-S-). 5.6-(III. 
I a) (Fd: C, 76.22; 8, 10.00; S, 11.02. C37E580S2 %qyrus C, 76.23; E, f 

10.03; s, 11.00X). 

0-2,4.6-Trlmathylphauyl-S-llathyldlthiocerbooeta 27.- 
axectly .nxIoKour to x&data 20 in 87X yleld- 

This xentbate wee propared in a manner 
It vee 4 oil with b.p. lDO*C/O.l II) 

(KuKelrobr); v (ClIC13): 1460;-1195, 4175, 1130 1040 cm-‘;7 2.13 (6li. a), 2.28 (38, a), 
2.66 (31.1. a),%% (2E. a): m/z 226 03 ) (Found:‘C. 56.02; 8, 6.34; S. 26.79. CllH140S2 
raqulraa: C, 58.39; 8. 6.24; S. 28.34%). 

Competing Roductiona of Pair. of Kenthataa.- 
(0.1 rol of each 

Cquimolar mixture of the eppropriate xaathetea 
- eat table 1) ware brought to raflux in toluene under arKon end en 

equimolar mount (0.1 wol) of tri-n_butylatannanc end e trace of AIBR added. After 
completion of the reaction the eolraot wealremoved in vecuo and the product. iaoleted by 
praperative t.1.c. oo ailice and l hovn by II-NHR end t.1.c. to be ideoticel to euthentic 
l *lea. 
t.1.c. 

In the case of xenthetaa :, l od 24 it proved impoaaibla to l eperata the pture by 
end the ratio of rocoverad 23 to recovered 24 vat l .tirrtCd by 600 Mie H-IRIP - 

crpactroecopy. 

Raductfoo of knthate 27 vith Tri-n-butyletennane.- The xenthete 27 (113 m& 0.5 mol) and 
tri-o-butylatannane (2F-m. in benzene (2 ml) ware baetedFo raflux lo the praaaoca 
of ATBN fbr 1.5 bra. The &vent via then aveporetd-under reduced preaaure and tha~realdua 
chromato6raphad oo l lllca Kc1 (eluent: haxano-ether 1O:l) to yield 2.4,6-trimetbylpheool (59 
m& 67%) vhlcb vu idantlcal to en entbeatlc temple. 

36-Cholaateayloxy Metbane Thiol g.- Tri-@utyletannene (873 mu, 3 ml) end AIBR (8 mg) 
were added to a aolutlon of xanthate 16 (479 wt. 1 -1) at reflux under oitrorco in baozaoa 
(10 ml). After 30 nine at reflux th~aolveot~~ea removed in V.CUO end the c&da reaction 
mixture fractioaatad on rilica gel (aluent: paotene-ether lOO:3) to Kiva cboleatene E (145 
ape, 39X). ..p. and mixed m.p. 81.C (acetone) end thao the h~~loacatal 26 which hed m.p. 
?O-77-C dacoap. (panten.); v 
(2E. d, J - 9 Ex, 

(CECl Q 2600 (br SR). 1055 cm ‘; 6: 3.6 VH, m, 3az). 4.9. 
OCE SE); m9tf.434 & ) 

require.: C, 74.27;8~11.58; S, 7.08%). 
(Pound: C, 74.19; 8, 11.44; S, 6.51. C28E500S’lE20 

Raductioo of Knnthatea 16. 23 and 24 under Idanticel Conditiooe.- The three xanthatsa 16, 21 
and 24 (0.3 -1 of eecn w=a redGad side bv l fde at the aema time lo the aam oil bath lo 
benzza‘(5 ml per axpar&ant) with tri-o-butyi atenneoe (0.6 xmol) end AIBN (1.2 q in each 
eeee, 2.5 mole X). After coopletioa. 5. product. were isolated by preparetlve t.1.c. 00 

silica gal (eluent: pantane-ether 100:X). 
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