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Abst rac t  - i r rad ia t ion  w i th  a tungsten lamp o f  mixed anhydr ides 1e.g. 8) 

der ived from aliphatic or  aiicyclic carboxy l ic  acids and N-hydroxy-2- 

pyr id ine  thione 3 i n  the  presence o f  a disuiphide. diselenide o r  di te l iur ide 

gives the corresponding chalcogenide 1e.g. 9 ,  2, or  111  in h igh  yield. 

The  process involves a radical decarboxyiation followed b y  SH2 reaction o f  

the  intermediate carbon radical on the dichalcagenide. 

Access to  organic chalcogenides. especially seienides and tel lur ides.  has general ly been 

through ionic reactions such as, for  example. nucleophii ic subst i tut ion b y  a chalcogen 

containing nucleophile o r  addi t ion t o  a nucieaphil ic organochalcogen species.' Radical 

processes, in contrast ,  have not enjoyed a similar popu lar i ty ,  pa r t l y  because o f  the relat ively 

limited number o f  preparat ively useful  sources o f  carbon radicals compatible w i t h  t h e  various 

chalcogenating agents. 2 

We have recent ly  invented a mild method fo r  generat ing carbon radicals from aliphatic and 

aiicyciic carboxy l ic  acids t h rough  a novel  decarboxyiation reaction.3a Thus, mixed anhydr ides 

1 der ived from suitable thiohydroxamic acids such as 1 or  1 undergo a thermally o r  photo- - 

chemically induced decarboxylat ive rearrangement t o  g i ve  the  corresponding sulphides 4. The  

reaction follows a simple radical chain mechanism as depicted in Scheme 1 (path A ) .  The  

intermediate carbon radical produced is easily captured b y  a var ie ty  o f  reagents allowing 

' ~ed i ca ted  wi th  admiration and affection t o  Professor Gi lber t  S tork  on the occasion of 

h is f i r s t  s i x t y f i f t h  b i r thday.  



synthetically useful modifications o f  the basic p r o c e ~ s . ~  Specifically we could perform an SH2 

type reaction4 on a number of dichalcagenides which led to the synthesis o f  sulphides, 

selenides and tellurides 6 i n  preparatively acceptable yields. I n  this overall decarboxylative 

chalcagenation. the co-produced chalcogenyl radical acts as an  efficient chain carr ier 

[Scheme 1, path 01. 5 

L RCO,' + R'X-S 2 

Path  B ------ P a t h  A ------ 

Scheme 1 

These early experiments were carried out using thermal decomposition of  the esters of Z as 

radical source. However, large amounts of diphenyl disulphide and diphenyidiselenide had to 

be employed for the desired reaction to prevail over the background decarboxylative 

rearrangement which produces sulphide 4 through path A. This made work-up and 

purification quite tedious especially when the product and the reagent had similar polarities. 

Thus. to raise the yield of  phenyl sulphide to 74%. the reaction had to be conducted in  30 

equiv. of molten diphenyl disulphide [cf. Table 1, entries 1-31. I n  the case of  selenides, 

smaller bu t  nevertheless substantial, amounts of the more reactive diphenyl diselenide were 
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necessary lc f .  Table 2, entr ies 1-61. These condit ions were ton drast ic f o r  the  preparation of  

the somewhat thermal ly unstable tel lurides. exception being made for the steroid tel lurides Ef 

and  9 (Table 3, entr ies 1 and 21. Th is  d i f f i cu l ty  was circumvented b y  tak ing advantage of 

the  dissociation o f  d i te l lu r ides  b y  v is ib le l igh t  t o  in i t iate t h e  chain reaction and thus operate a t  

the  lower temperature o f  3S°C under  laboratory l igh t ing  (Table 3, entr ies 3-81, 

Table la 

E n t r y  Mixed 
Anhydr ide  

Temperature 
l0C1 

Products 
(isolated yields,%) 

1 7a 110 PhSSPh (21 9a (301 - - 
2 7a 110 PhSSPh 1101 9a 1481 - - 
3 7a 120 PhSSPh 1301 9a I741 - - 
4 8a 0 PhSSPh I21 9a (82) - - 
5 8a 0 MeSSMe (451 9b 1641 - - 
6 8a 0 MeSSMe l n e a t l  9b (83) - - 

a1 Entr ies 1-3 are  from Ref. 5. 

In all cases. the main side product  was the corresponding sulphide !. However, a simple way 

to ~ U p p r e 5 s  th is  competing pathway to a large ex tent  emerged following observations made 

d u r i n g  a s tudy  o f  the  decarboxyiat ive rearrangement o f  anhydr ide  3 der ived from 

diphenylacetic acid. We noted that i n  addi t ion t o  the  expected sulphide 15, substantial 

amounts of 1.1.2.2 tetraphenylethane 16 were formed. More important ly.  however, the y ie ld o f  

16 decreased considerably when the reaction temperature was raised from 80°C to l lO°C. - 

Furthermore, when the corresponding anhydr ide fl was i r rad ia ted with a tungsten lamp a t  0%. 

the  dimer 2 became the major product  and could b e  isolated in about 70% yield. These 

observations s t rong l y  suggested that the addit ion o f  the  carbon radical is reversible and tha t  

the  ra te  l imi t ing step is in fact the breaking of the  N-0 band [Scheme 21. Thus, a t  lower 

temperatures, t h i s  fragmentation becomes slow enough to allow a bui ld-up o f  carbon radicals 

leading eventual ly t o  dimerisation. A t  h igher  temperatures, the  i r revers ib le  cleavage o f  t h e  

N-0 bond is fast, promot ing the formation of  sulphide 2. 5 



Tab le  

E n t r y  M i x e d  T e m p e r a t u r e  PhSeSePh P r o d u c t s  
A n h y d r i d e  (OC1 [eq. 1 ( i so la ted  y ie lds .  %I 

l o a  1751 - 
lob (75)  - 
l o b  (73)  - 
l a c  1721 - 
10h 1801 - 
lea 1851 - 
l o b  (911 - 
1Oc 1891 - 
1Od 1971 - 
lOe 1881 - 
l O f  (90 )  - 
9 1841 

l O i  1921 - 
lOJ (93)  

a )  E n t r i e s  1-6 a re  f r o m  Ref. 5. 

T a b l e  3 

M i x e d  T e m p e r a t u r e  A r T e T e A r  P r o d u c t s  E n t r y  A n h y d r i d e  ( "c )  (eq.1 ( i so la ted  y ie lds ,  %I 

1 8 h  110 12 (21 - - l l f  (561 - 
2 8 h  110 14 (21 - - a (651 
3 8.3 35 12 121 - - l l a  (651 - 
4 8c 35 12 121 - - l l b  (551 - 
5 81 35 - 12 121 I ~ C  1751 - - 
6 8j  50-60 14 12 I - - l l d  1651 - 
7 9 35 - 13 (21 l l e  (701 - 
8 8 k 35 12 (21 - - I l h  (551 - 
9 8a 0 14 121 - - t l i  (82)  - 

10 8c 0 12 121 - - - l l b  (881b 
11 !.i 0 - 13 (21  l l e  1941 - 

a1 E n t r i e s  1-8 a re  f r o m  Ref. 5. b l  Y i e l d  de te rm ined  b y  NMR. 

Te-  I 

R O  
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7a R  = CH31CH211q- -- 

7b R  = c y c l o h e x y l -  -- 

7c R  = Ph2CHCH2- -- 

7 d  R  = Ph2CH- - 

" 
1 0 i  R  = SePh --- 

dR 
AcO 4 

8k  R  = C-O- -- " 120-S] 

1  l h  R  = Te-p-C6Hq-OPh -- 

8 a  R  = CH3lCH2Ilq- - 

8b R  = c y c l o h e x y l -  - 

8c R = Ph2CHCH2 - 

8d R = lPhCH212CH - 

8e R = 1 - m e t h y l c y c l o h e x y l  -- 

8 f  R =  -- 

8 j  R = I -ada rnan ty l  - 
81 R  = Ph2CH- -- 

109 R  = SePh: 11 -0x0  --- 

8h R = -- 

10h R = SePh: 12-0x0 -- 

11 f R = Te-B-C H  ; 12-0x0 --- 1 0  7  

l l q  R  = Te-p-CH6H50Ph; 1  ? -ox0  -- 

9a R = C H ~ I C H ~ I ~ ~ ;  R '  = ~h -- -- l o a  R  = CH31CH211q- 
9b R  = CH3(CH2Il4; R '  : Me -- -- l o b  R = c y c l o h e x y l  

10c  R = Ph2CHCH2- -- 

R-Te-Ar 10d  R = (PhCH212CH- -- 
10e  R  = 1 - m e t h y l c y c l o h e x y l  --- 

l l a  R  = CH3ICH2Il4-; A r  = p-C6HqOPh --- 1 0 f  R  = --- f y C H 2 -  
l l b  R  = Ph2CHCH2-; A r  = p-C H  OPh --- - 6 4  -- l O j  R =  I - a d a m a n t y l  
l l c  R = I - a d a m a n t y l ;  A r  = p-C H  OPh --- - 6 4  
l l d  R = A -adaman ty l :  A r  = 6 - n a p h t h y l -  --- 
l l e  R = 1 - a d a m a n t y l ;  A r  = p-C6HqOMe --- 
11 I R  = CH3(CH2Il4; A r  = 0 - n a p h t h y l -  --- 



OCOR 

I 
OCOR 

N- I 
N- 

it. + S+ R-s+ - -.q?." + R C 0 2 '  e t ~ .  - d # 

R-R Scheme 2 

Although the benzyiic nature of  the radical i n  this case wauld particularly favour the reverse 

Process, the same situation should nevertheless prevail. perhaps to a lesser extent, with other 

aliphatic or alicyclic carbon r a d i ~ a i s . ~  I f  this were true, lowering the reaction temperature 

should favour the desired irreversible SH2 process (Scheme 1. path B) at the expense of the 

competing decarboxylative rearrangement (path A). This would also explain, in retrospect, 

the relatively good yields originally obtained with oniy 2 equiv. o f  ditelluride at 35OC and 

which were initially ascribed to the higher reactivity of diteilurides as compared with 

diselenides or d isu i~hides.  7 

Indeed, b y  operating at O°C a dramatic improvement in the yieid of chalcagenides was 

observed. Furthermore. much smaller amounts of  disulphides or  diselenides were required, 

which simplified considerably the purification. Anhydrides 8 derived from thiohydroxamic acid 

3 were used since they could be photolysed b y  a tungsten lamp at low temperature. The - 

corresponding derivatives - 7 require U.V. irradiation. 

Thus, with oniy 2 equivalents of diphenyl disuiphide at  O°C and after irradiation with an 

ordinary projector lamp for a few minutes, an 82% yieid of sulphide 2 was obtained as 

compared with 74% using 30 equivalents of molten reagent under thermal conditions (cf.  Table 

1. entries 3 and 41. Even the much less reactive dimethyl disuiphide produced the desired 

adduct in  64% yieid. Given the volati l i ty of this reagent, we could use it neat to raise the 

yield of 2 to  83% without complicating the purification procedure (Table 1, entries 5 ,  6). 

I n  the case of diphenyl diselenide. yields were practically quantitative with only two 

equivalents of  reagent. This allows a ready access to a variety of  primary, secondary and 
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even te r t i a r y  phenyl  selenides (Table 2. entr ies 7-15) some of which a r e  not easily obtainable. 

Since the discovery of the  mi ld seienoxide elimination reaction, selenides have found extensive 

use as olef in precursors. 8 

Lowering the temperature also increased signi f icant ly the  y ie ld  o f  te l lur ides as can be judged 

b y  inspect ing Table 3 (ent r ies  3-5 and 9-11]. As in the prev ious study, the expected 

tel lurosulphide co-product 2 is  no t  observed. I t  d isproport ionates unde r  the reaction 

condit ions t o  g i ve  back the d i te l lu r ide  and 2.2'-dipyridyldisulphide 20. I n  contrast, the  

corresponding mixed disuiphide and selenosulphide 18 can be isolated. 

The  ef f ic iency of th is  decarboxyiat ive chalcogenation. as well as the mildness of t h e  

experimental condit ions should make th is  method a t t rac t ive  for  the  obtent ion o f  otherwise 

inaccessible selenides and  especially te l lur ides which are becoming increasingly important n o t  

9 only  as synthet ic intermediates b u t  also as myward ia l  imaging agents. 10 

11 
in our  prel iminary ~ o m m u n i c a t i a n ~  we unintent ional ly overlooked the p r i o r  publ icat ion b y  

Professor Perkins (Un ivers i ty  o f  London) of the  reaction of the  1-adamantyl radical  w i t h  

d ipheny l  diseienide t o  g i ve  the  1-phenylseieno- derivative. The y ie ld  was low ((20%) b u t  t h i s  

was due to  the diff icult ies of radical generation. The  1-phenyiseleno- der iva t ive  was bet ter  

prepared on  that  occasion b y  nucleophil ic displacement (80%). 

EXPERIMENTAL 

Mpqs were determined w i th  a K6fler ho t  stage apparatus. 'H-NMR spectra are  fo r  

deuteriochloroform solutions w i th  tetramethyisi lane as in terna l  standard, unless otherwise 

stated. Optical rotations a re  for  chloroform solutions. I.R. spectra are o f  nujol mulls f o r  

sol id samples o r  neat i n  the  case of l iquids, unless stated to  the  cont rary .  I r radiat ions were 

performed wi th  a 300 W projector lamp placed close to the  reaction vessel. 



Preparation o f  the Acid Chlorides 

The acid chlorides used i n  the  fol lowing preparations o f  the  mixed anhydr ides 8 were prepared 

immediately before use and were no t  pur i f ied.  Thus to  a solution of the corresponding 

carboxyl ic acid (1  mmolel in benzene (5 m l l  was added oxaly l  chlor ide (3 mmolel and a d rop  o f  

dimethyi formamide. A f te r  s t i r r i n g  for 2 h a t  room temperature w i t h  protect ion from moisture, 

the  solvent and excess oxaly l  chlor ide were evaporated and  the residual  acid chlor ide used as 

such. 

General Procedure fo r  the Synthesis o f  Mixed Anhydr ides 8 

(Note: - These compounds a re  sensit ive to l igh t .  The  reaction vessel, chromatography column 

etc.. should therefore be covered wi th  aluminium fail). To  a solution of the  carboxyl ic acid 

chlor ide (10 rnmaie) i n  d r y ,  degassed dichloromethane (50 ml) was added the sodium salt o f  

N-hydroxy-2-thiapyridone 1 110.5 mmolel. A f te r  s t i r r i n g  a t  r w m  temperature in the absence 

o f  l i gh t  and  under  a n  i ne r t  atmosphere for 1-2 h. the reaction mix ture  was rap id ly  f i l tered and 

the solvent evaporated without heating. The yellow residue may b e  used as such or f u r t h e r  

pur i f ied  b y  f i l t ra t ion  an a shor t  si l ica column. i n  same cases t h e  mixed anhydr ides were 

completely characterised. These a re  l is ted below. 

N-Palmitoyloxypyridine-2-thione & 
Puri f ied b y  f lash chromatography an silica (pentane-dichloromethane 1 : l )  and b y  crystal l isat ian 

-1 
from dichloromethane pentane (y ie ld  82%): mp: 48-55'C (dec.1: vmax,: 1810 cm : 6H: 

6.40-8.40 (4H. m), 2.68 (2H. t ) ,  0.85-1.26 (29H): Ms m l r :  365 ( ~ ' 1 ,  321 M - C 0 2 L  

(Found: C. 68.96: H. 9.63: N. 4.13: S. 8.58. Calc. for  C21H35N02S: C, 68.99: H, 9.65: N, 

3.83: S, 8.77%). 

N-(3.3-Dipheny1propionyloxy)-pyridine-2-thine 

Purif ied b y  flash chromatography on silica (dichloromethane-pentane 1 : l )  and b y  recrystall isa- 

t ion  from dichloromethane-pentane; yellow crystal l ine solid (y ie ld  77%); mp 118-120 (dec.1; 

1790 cm-I; 6H: 6.35-7.75 (OH. m), 7.40 [10H, broad s).  4.68 (1H. t l ,  3.46 (2H. dl :  

Ms m lz :  335 [M+], 291 (M+ - C02) .  [Found: C, 71.40: H, 5.17: N, 4.42; S, 9.84. Calc. for 

C20H17N02S: C. 71.61: H, 5.11: N, 4.18: S, 9.56%). 

N-(1-MethylcyclohexyIcarbonyIoxyl-pyridi2thne & 
Purif ied b y  flash chromatography on silica (dichloromcthane-pentam 3:2) a n d  by crystal l isati~ 
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from dichloromethane-pentane: yellow crystal l ine solid [y ie ld  7681; mp 92-94T Idec.1: 

v : 1800 cm-': aH: 6.40-7.82 l4H. m l ,  1.47 [3H, 31, 1.00-2.32 llOH, m): Ms m/z  251 (M'). max. 

(Found: C, 61.96: H. 6.71: N, 5.84: S. 12.63. Calc. f o r  C13H1702NS: C, 62.12: H, 6.82: N, 

5.57; 5, 12.76%). 

n-Pentadecylmethyl Sulphide - 

An ice-cold solution o f  anhydr ide  2 1187.4 mg, 0.51 mmole) i n  dimethyl d isulphide (10 m i l  was 

i r rad ia ted for 30 min under  argon. The excess dimethyl d isulphide was dist i l led o f f  and the 

residue pu r i f i ed  b y  chromatography an sil ica ldichloromethane-pentane 1:91 to  g i v e  the  

sulphide as an oi l  I110 mg. 83%): SH: 2.45 I2H. t ) ,  2.07 13H. 51, 0.88-1.28 (29H). 

[Found: C, 74.48: H. 13.37. Calc. for C16H3,,S: C. 74.34; H, 13.26%1. 

General Procedure for the Synthesis o f  Sulphide z: Selenides 10a-j and Tel lur ides fib, 3, 
l l i  - 

The mixed anhydr ide  - 8 I 1  mmole) was added to  an ice-cold, degassed solution o f  t h e  

dlchalcogenide (2 mmole) (See Tables 1-31 in  dichloromethane I20 m l l  under argon. I r rad ia t ion  

for  20 minutes w i th  a 300 W tungsten lamp placed near  the  reaction vessel followed b y  

concentration and chromatography o f  the  residue on sil ica af forded the desired product.  In 

some cases, invo lv ing  diphenyldiselenide, treatment w i th  aqueous sodium barohydr ide  removed 

the excess diphenyldiselenide and simplif ied the pur i f icat ion.  Yields a re  g iven i n  Tables 1-3. 

Pentadecylphenyl Sulphide 2 
Eluted with dichioromethane-pentane [1:4]: mp: 49-50°C (methanol): [ i i t .12 mp 51°C). 

1-Phenylselenopentadecane 

Eluted wi th  dlchloromethane-pentane (1:4): mp: 40-41DC [methanail: 6H: 7.35 ISH, broad 51, 

2.95 l2H. t ) .  0.88-1.28 (29H); Ms m/z:  368, 366 ( ~ ' 1 .  (Found: C, 68.32: H. 9.77. Calc. for 

C21H36Se: C .  68.63: H, 9.87%). 

Phenylselenocyciohexane &l& 

Eluted wi th  dichioromethane-pentane l1:41: low melting solid: 6H: 7.28 (5H. broad $1, 3.28 

I l H ,  ml ,  1.45 (10H. m l :  Ms m/z: 240. 238 (~ '1 .  (Found: C, 60.49: H, 6.56. Calc. f o r  

C12H16Se: C, 60.25: H. 6.74%). 



I-Phenylseleno-2.2-diphenylethane - 1Oc 

E l u t e d  w i t h  d ich loromethane-pentane (1:41: m p  32OC l m e t h a n a l l :  A H :  7.20-7.70 l5H.  m),  7.37 

110H. b r o a d  51. 4.30 (1H.  t, J = 8 H z ) .  3.60 12H. d, J = 8 H z ) :  MS m l z  336, 334 (M+]. (Found :  

C ,  71.28: H, 5.28. Calc. for C20H18Se: C ,  71.21: H, 5.38%1. 

2-Phenylseieno-1.3-diphenyiprapane 

E lu ted  w i t h  d ich loromethane-pentane ( 1 : l l :  co lour less oi l :  s ~ :  7.45 (2H. m),  7.20 (3H. m) ,  

7.08 110H. b r o a d  51. 3.46 I l H ,  qn, J = 8 H z ) .  2.84 I4H. d, J = 8 H r l :  Ms m l r  349. 351 (Mf]. 

(Found :  C .  72.04: H, 5.96. Calc. for C21H20Se: C, 71.79: H. 5.7481. 

1-Phenylseleno-1-methylcyclohexane 

E l u t e d  w i t h  d ich laromethane-pentane 1 : 4  colour less oil: 6H: 7.45 12H. m l .  7.25 (3H.  m l ,  

1.52 (10H. m), 1.34 (3H. 5 ) :  Ms m l z :  252, 254 IM'I. (Found:  C, 61.76: H, 7.37. Calc. for 

C13H18Se: C, 61.66: H,  7.16%). 

3-1Phenylselenomethyl)-cyclopent-1-ene xf 
E l u t e d  w i t h  d ich ioromethane-pentane 11:91; co laur less ai l :  AH: 7.45 l 2 H .  m l ,  7.25 13H. m l ,  

5.70 l2H.  b r o a d  51. 2.92 12H. 51, 1.50-2.50 l4H,  m l :  Ms m l r :  238, 236 1Mtl.  (Found :  C. 61.05; 

H, 5.70. Calc. fo r  C12HT4Se:  C, 60.76: H. 5.9581. 

3a-Acetoxy-23-PhenyIseIen~-ll-oxo-24-norcholane - 109 

E l u t e d  w i t h  dichloromethane-ethylacetate 19: l l :  mp 90-92OC ( h e x a n e l :  [alD = +61° ( c  = 11: 

"max. (CHCl31:  1720, 1700 cm-': aH: 7.60 12H. m l ,  7.45 13H. m l ,  4.80 (1H. b road) ,  2.92 

(2H. t ) ,  2.05 (3H. $1. 1.20 (3H. s l ,  0.94 l 3 H .  d l .  0.61 13H, s l :  Ms m l z :  544. 542 lMf1. 

(Found:  C, 68.25: H. 8.11. Calc. for C31Hq403Se: C. 68.49: H, 8.1681. 

3a-Acetoxy-23-Phenylseleno-12-axa-2Cnarcholane 

Elu ted  w i t h  dichloromethane-ethylacetate ( 9 : l ) :  m p  173-176T (hexane) :  ColD = +112' [c = 11: 

(CHCI3) :  1720, 1700 cm-I: sH: 7.70 12H. m) .  7.42 13H. m l ,  4.78 I l H ,  b r o a d ) ,  2.97 "max. 

(2H. t ) ,  2.09 (3H. 51, 1.08 (6H. 5 ) .  0.87 l 3 H .  d l :  Ms m l r :  544, 542 IM'I. (Found :  C, 

68.49: H,  8.16. Calc. far C31Hq403Se: C, 68.49: H, 8.1681. 
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1-(Phenylseleno1-7-(1-methylethyl)-1.4a-dimethyl-1.2,3.4,4a,9,10,10a-octahydrophenanthrene 

1Oi - 

Eluted  w i t h  d ich loromethane-pentane 1 : 4  T w o  epimers a t  C-1 were  ob ta ined  in 

approx imate ly  3 : l  ra t io .  T h e  more  p o l a r  a n d  major  ep imer  is  a so l id  w i t h  a mp 65-68OC 

Imethanol); C o l D  = -165O ( c  = 0.361; S H  (200 MHz] :  6.90-7.80 (8H. m) ,  1.22 (6H. d, J = 6 

H r l ,  1.21, (3H. 5 ,  4a-Me), 1.19 (3H. 5 .  1-Me); Ms m / z  412. 410 (Mt). (Found :  C. 73.41; H,  

7.83. Calc. f o r  C25H32Se: C, 72.97; H. 7.841. Compar ison o f  t h e  NMR w i t h  t h a t  of t h e  

s t a r t i n g  d e h y d r o a b i e t i c  a c i d  a n d  especia l ly  t h e  chemical s h i f t s  o f  t h e  1- a n d  4a-methyl g r o u p s  

indicates a la -o r ien ta t ion  f o r  t h e  phenylseleno g r o u p .  T h i s  is  in accord  w i t h  r e s u l t s  i n  t h e  

re la ted  s t e r o i d  f ie ld13 as wel l  as w i t h  t h e  expec ted  f a v o u r e d  a t t a c k  f rom t h e  least  h i n d e r e d  

a-side. 

1-Phenylseienoadamantane 10j 

E l u t e d  w i t h  d ich loromethane-pentane (1:41; m p  34-35'C (methanol)  ( l i t . ' '  mp 35'CI. 

I-(4-PhenoxyphenylteIIurol-2,2-diphenylethn 

E l u t e d  w i t h  d ich loromethane-pentane ( 1 : l l ;  t h e  p r o d u c t  ob ta ined  was contaminated w i t h  small  

amounts o f  di-(4-phenoxylphenyil-telluride a n d  c o u l d  n o t  b e  complete ly  pur i f i ed ;  SH: 7.08-7.95 

(9H, m), 7.51 ( lOH, b r o a d  5 ) .  4.52 (1H. t. J = 8 H z ) ,  3.66 (2H.  d, J = 8 Hz] ;  M5 m/z 476, 478, 

480 (MI ] .  

1-(4'-Methaxyphenyltellurol-adamantane 2 

E l u t e d  w i t h  d ich laramethane-pentane l 1 : l l :  mp: 54-56'C (methano l l :  SH: 8.08 12H. d, J = 9 

Hz) ,  7.05 (2H. d, J = 9 H z ) .  3.93 (3H. s l ,  2.26 l 6 H l .  1.97 ( 3 H l .  1.80 ( 6 H ) ;  Ms m/z :  368, 370, 

372 (Mt l .  (Found :  C, 54.76; H, 6.03. Calc. f o r  C 1 7 H 2 2 0 T e :  C, 55.04; H, 6.2581. 

1-(2-Naphthyltellurol-pentadecane fi 
E l u t e d  w i t h  d ich laromethane-pentane l1:41; m p  57OC (methano l l ;  6H: 7.10-8.00 (7H.  m l ,  2.90 

(2H. t ) ,  0.86-1.25 (29HI ;  Ms m l z :  464, 466. 468 ( ~ ' 1 .  (Found :  C, 64.09; H,  8.09. Calc. f o r  

C25H38Te: C, 64.41; H,  8.21%). 

General  P r o c e d u r e  f a r  t h e  Syn thes is  o f  T e l l u r i d e s  >, 3, s, 
A m i x t u r e  o f  t h e  ac id  c h l o r i d e  (1 mmolel, t h e  sodium sa l t  o f  N-hydroxy -2 -py r id ine  th ione  11.1 

mrnolel a n d  t h e  d i t e l l u r i d e  (2 mmolesl in d r y ,  degassed to luene  I 2 0  m l l  was s t i r r e d  a t  35'C 



(50-60°C i n  the case of  MI under  n i t rogen for about 2 h and wi thout  protect ion from 

laboratory l igh t ing .  The solvent was removed using a ro ta ry  evaporator and the residue 

pu r i f i ed  b y  chromatography on silica. 

1-(4-PhenaxyphenyiteIIuroI-pentadecane 2 
Eluted wi th  pentane; mp: 52-53OC (methanoll; 6 . 7 88 (2H. d, J = 8.5 Hz], 7.15-7.40 (5H. H '  ' 

m l ,  6.97 (2H. d. J = 8.5 Hz], 2.93 (2H. t l .  0.88-1.34 I26 HI;  Ms m/z: 505, 507. 509 (~ '1 .  

(Found: C, 63.58; H, 7.92. Calc. far C27H400Te: C, 63.81: H, 7.93%). 

1-(2-naphthyltellurol-adamantane 

Eluted wi th  dichloromethane-pentane (1:91: mp 119-12O0C imethanal); 6H: 7.15-8.00 (7H. m). 

2.33 (6H. d l ,  1.92 (3H. ml ,  1.76 [6H, d l ;  Ms mlz :  388, 390, 392 ( ~ ~ 1 .  [Found: C, 61.42; H, 

5.84. Calc. for C20H33Te: C, 61.59; H, 5.69%). 

1-14-Phenoxyphenyiteilurol-adamantane 2 
Eluted wi th  dichloromethane-pentane (5:951; mp: 102-10U°C [methanol]; 6H: 8.00 (2H. d. J = 

8.5 Hz], 7.20-7.60 (5H. ml ,  7.02 (2H. d, J = 8.5 Hz],  2.66 (6H. m l ,  1.95 l3H. ml ,  1.83 

(6H. m); Ms m lz :  430, 432, 434 ( ~ ' 1 .  (Found: C. 61.22: H, 5.55. Calc. f a r  C22H240Te: C. 

61.16; H. 5.60%). 

3~-Acetoxy-20-(4'-phenoxyphenyltelIuro)-pregnan-ll-one 

Eluted wi th  dichloromethane-ethyl acetate (9 : l )  (mix ture  o f  epimers a t  C-20); mp: 128-135-C 

-1 
(hexanel ;  [ e lD  = +5O ( c  = 0.571: vmax.(CHCI31: 1720. 1700 cm ; 6H: 6.92-8.05 (9H. ml ,  2.08 

(3H. s l ,  1.07 (3H. s l ,  0.66 (3H. s l ;  Ms mlz:  654, 656, 658 (~ '1 .  (Found: C, 63.86; H, 6.83. 

Calc. f o r  C35H4404Te: C. 64.05: H, 6.7681. 

3o-Acetoxy-23-[4'-phenoxyphenyltelluro)-24-nor-chalan-12-one 3 

T h e  mixed anhydr ide  $ was farmed fi & b y  adding slowly ( 5  h l  a solution of the  

corresponding carbaxyl ic acid chlor ide (0.45 mmole) i n  toluene (10 ml]  t o  a mix ture  of the  

sodium salt of N-hydroxy-2-thiopyridone (21 170.4 mg, 0.47 mmolel and d i te l lu r ide  2 (527 mg, 

0.88 mmolel in re f l ux ing  toluene (5 m l l  unde r  a n  i nne r t  atmosphere. A f te r  addit ional heating 

for 2 h, the  toluene is evaporated and  the residue pu r i f i ed  b y  chromatography on silica 

(dichloromethane-ethyl acetate 9:11 to  g i ve  te l lur ide (171 mg. 56%): mp 132-135°C 

(hexanel ;  Lo1 +98' I c  = 1.21; v (CHCl31: 1720, 1700 cm-l; 6H: 7.90 (2H. d, J = 8.5 D max. 
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Hz). 7.20-7.60 i5H. ml ,  7.00 (2H. d, J = 8.5 Hz).  4.80 i1H. ml ,  2.94 (2H. ml ,  2.06 (3H. 

5). 1.05 (3H. 5) .  0.85 (3H. 5): Ms m/z: 682. 684, 686 i~+l. (Found: C, 65.10: H, 7.04. Calc. 

for C32H4804Te: C, 64.94: H, 7.0781. 

3o-Acetoxy-23-(2'-naphthylteliuro1-24-nor-choian-12-one ilf 
Prepared b y  the  same procedure as for  ilq b u t  us ing di-0-naphthyl d i te l lur ide E instead of 

12. The  y ie ld  o f  te l lu r ide  cf was 658: rnp 115-120°C (hexanel: [ e lD  = +97O i c  = 1.11: - 
v (CHCI 1. 1720, 1 7 0 0 c m ~ ' ;  6H: 7.12-8.40 i7H. ml ,  4.82 i1H. m l ,  3.03 [2H, m l .  2.02 max. 3 '  

I3H. s l ,  1.02 i3H. 51, 0.90 13H. 51: Ms mlz :  640. 642. 644 (M+I. (Found: C, 65.20; H, 7.14. 

Calc. for C35H4603Te: C, 65.44; H, 7.2281. 
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