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Aost rac t  - The r e l a t i v e  stereochemistry of the t i t l e  compounds has been 

determined by X-ray s t ruc tu re  analysis of the R*S*R* diastereomer. The 

compound C12H1602S c r y s t a l l i z e s  i n  the monoclinic space group PZ1/c With a = 

14.161(8), 1 = 10.135(4), 5 = 15.999(7), 0 = 97.17(4)', and V = 2278(3)i3. 

Tnere are two c rys ta l l og raph i ca l l y  independent molecules i n  the c e l l ,  and a 

t o t a l  o f  e i gh t  molecules per c e l l .  Both independent molecules are present as 

the same diastereomer, bu t  they undergo two d i f f e ren t  forms of 

in termolecu lar  hydrogen bonding. I n f ra red  analysis o f  t h i s  isomer i n  d i l u t e  

s o l u t i o n  shows in t ramolecu lar  hydrogen bonding which i s  absent i n  the 

c r ys ta l .  Both isomers were analyzed by proton and nmr spectroscopy and 

t h e i r  conformational energy p r o f i l e s  as a func t ion  of the Ph-C(6)-C( i ) -H( l )  

t o r s i o n  angle were assessed by MMP2 force f i e l d  ca lcu la t ions .  The energy 

p r o f i l e  shows an i n t e r e s t i n g  interplay between to rs iona l  and hydrogen- 

bonding forces. 

INTRODUCTION 

I n  connection w i t h  another problem we had occasion t o  synthesize the two equator ia l  sul foxides 

and 2 epimeric a t  the a-carbon, as we l l  as t h e i r  ax ia l  su l f ox ide  isomers. A mix ture  of r acemic2  
Ir 

and 2 was obtained by condensing the l i t h i u m  d e r i v a t i v e  o f  pentamethylene su l fox ide w i th  
Ir 

benzaldehyde (Scheme 1);  1 was i so la ted  from the r e s u l t i n g  mix ture  o f  t rans sul foxides by 
Ir 

c r y s t a l l i z a t i o n  from ethanol. To obtain $, the crude carb ino l  product was oxidized t o  ketone 2 
w i t h  aqueous chromic acid i n  an ether- tetrahydrofuran mix ture  and $ was then reduced w i th  

' Dedicated t o  Professor Derek H.R. Barton on the occasion o f  h i s  70th b i r thday 



Scheme 1 

5 diisobutylaluminum hydr ide - zinc ch lo r i de  t o  g i ve  predominantly 2. (Reduction o f  $ w i th  
% 

diisobutylaluminum hydr ide alone gave very l a r g e l y  &.) The t rans stereochemistry of ketone 2 was 
6 establ ished by comparing i t s  13c nmr spectrum w i th  t ha t  of the c i s  isomer and not ing  t h a t  the 

r i n g  carbons o f  the c i s  isomer ( a x i a l  sul foxide!)  uni formly resonated a t  h igher f i e l d ;  t h i s  i s  

p a r t i c u l a r l y  t r u e  for  the carbons gamma t o  the sul foxide oxygen: C(2): cis, 18.7, trans, 24.9 ppm; 

C(4), cis, 15.4, trans, 21.6 ppm. However, i t  was not clear, apriori, which isomer was & and 

which 2; t h i s  problem was solved by X-ray c rys ta l lography o f  k, mp 183-184-C, which showed i t  t o  be 
% 

the R*S*R* isomer; ;must therefore be R*S*S*. ( Inc identa l ly ,  the X-ray s t ruc tu re  also 

corroborates the  t rans-d iequator ia l  arrangement o f  the r i n g  subst i tuents  i n  4.) 

View o f  one c rys ta l l og raph i ca l l y  independent molecule [Molecule I1 o f  C12H1602S. The molecule 

shown here i s  the ~ S ( I ) I , ~ C ( l ) I , ~ C ( 6 ) 1  enantiomorph, but i n  t h i s  centrosymmetric space group 

there i s  an equal d i s t r i b u t i o n  o f  the enantiomeric ~ [ S ( l ) I , ~ C ( l ) I , ~ C ( 6 ) 1  form. A l l  hydrogens, 

except the hydroxy hydrogen atom, are an i t t ed  f o r  c l a r i t y .  

F igure  1 
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X-RAY DIFFRACTION, INFRARED AN0 NMR SPECTROSCOPY 

X-Ray Crys ta l lography  - Desc r i p t i on  of S t ruc tu re .  There are two non-symmetry r e l a t e d  molecules i n  

t h e  u n i t  c e l l  o f  Both o f  these molecules are present  as t h e  ~ S ( l ) I , g C ( l ) I ,  &[C(6)1 

diastereomer and (necessar i l y ,  i n  t h i s  centrosymmetric c r y s t a l )  t h e i r  enant iomer ic 

S E S ( l ) l , ~ C ( l ) l , ~ C ( 6 ) 1  forms. A v iew of Molecule I i s  given i n  F i gu re  1. Molecule I 1  i s  - 

s u b s t a n t i a l l y  s i m i l a r  t o  th is ,  as can be seen i n  the  t ab l es  o f  bond leng ths  and bond and t o r s i o n a l  

angles given i n  Tables 1, 2 and 3, r espec t i ve l y .  

TABLE 1. In te rnuc lea r  Distances (A)  i n  C12H1602S 

Molecule I Molecule I 1  

S(1)  - O(1) 

S (1 )  - C(1) 

S (1 )  - C(5) 

C(1) - C(2) 

C(1) - C(6) 

C(Z) - C(3) 

C(3) - C(4) 

C(4) - C(5) 

C(6) - O(2) 

C(6) - CPl 

CP1 - CP2 

CP1 - CP6 

CPZ - CP3 

CP3 - CP4 

CP4 - CP5 

CP5 - CP6 

O(2) - H(02) 

S(2)  - O(3) 1.503(2) 

S(2)  - C(21) 1.815(3) 

S(2) - C(25) 1.791(4) 

C(211 - C(22) 1.517(5) 

C(21) - C(26) 1.550(5) 

C(22) - C(23) 1.515(5) 

C(23) - C(24) 1.510(5) 

C(24) - C(25) 1.541(6) 

C(26) - O(4) 1.416(4) 

C(26) - CP7 1.518(5) 

CP7 - CP8 1.408(51 

CP7 - CP12 1.349(5) 

CP8 - CP9 1.382(6) 

CP9 - CPlO 1.357(6) 

CPlO - CPl l  1.386(6) 

CP11 - CP12 1.407(6) 

O(4) - H(04) 0.68(4) 

View of t h e  he te rocyc l i c  r i n g  p o r t i o n  o f  C12H16D2S. The phenyl r i n g  and hydrogens 

have been a n i t t e d  f o r  c l a r i t y .  

F i gu re  2 



TABLE 2. I n t e rnuc lea r  Angles (deg. i n  C12H1602S 

Molecule I 
0 - 1 - 1  107.3(1) 

0 1 - 5  105.0(2) 

C I -  5 95.0(21 

1 C l - 2  109.4(2) 

S I - 1  6 110.4(2) 

C(2)-C(I) -C(6) 113.2(3) 

C(I ) -C(Z)-C(J)  111.4(3) 

C(Z)-C(3)-C(4) 111.8(3) 

C(3)-C(4)-C(5) 111.7(3) 

C(4)-C(5)-5(1) 113.5(3) 

C( I ) -C(6) -0 (2)  107.6(3) 

C(I)-C(6)-CPI 110.4(3) 

0(2)-C(6)-CPI 113.6(3) 

C(6)-CPl-CPZ 122.2(4) 

C(6)-CPI-CP6 120.6(4) 

CPL-CPI-CP6 117.3(4) 

CPl-CP2-CP3 12l .U(4) 

CP2-CP3-CP4 121.3(4) 

CP3-CP4-CP5 117.4(4) 

CP4-CPS-CP6 121.2(4) 

CP I-CP6-CP5 121.8 ( 4 )  

Molecule I 1  

0(3)-5(2)-C(21) 106.7(1) 

0(3)-S(Z)-C(25) 105.8(1) 

C(21 )-S(2)-C(25 97.3(2) 

S(2)-C(21)-C(22) 110.2(2) 

S(2)-C(21 )-C(26) 107.3(2) 

C(22)-C(21)-C(26) 114.7(3) 

C(21)-C(22)-C(23) 113.4(3) 

C(22)-C(23)-C(24) 113.0(3) 

C(23)-C(24)-C(25) 112.3(3) 

C(24)-C(25)-5(2) 109.7(3) 

C(21)-C(26)-O(4) 105.9(3) 

C(21)-C(26)-CP7 109.6(3) 

0(4)-C(26)-CP7 110.9(3) 
C(Z6 1-CP7-CP8 118.0(4) 

C(26)-CP7-CP12 123.3(4) 

CPB-CP7-CP12 118.6(4) 

CP7-CP8-CP9 119.5(4) 

CPB-CP9-CP10 121.1(4) 

CPg-CPIO-CP11 120.5(4) 

CPIO-CPll-CP12 118.0(4) 

CP7-CP12-CPll 122.1(4) 

The bond leng ths  i n  the  molecules (Table 1 )  are unremarkable. The six-membered he te rocyc l i c  r i n g  

i s  we l l  descr ibed as a chair ,  as i s  shown i n  F i gu re  2 and can be deduced from the  t o r s i o n a l  angles 

i n  Table 3. Thus, atoms S(11, C(2), C(3), C(5)  are approximately coplanar [maximum dev ia t i on  

0.025i1, wh i l e  atom C(1) l i e s  0.844i  above t h i s  p lane and atom C(4) s i t s  0.686; below it. 

The major d i f fe rence between the  two independent molecules i s  i n  t h e i r  hydrogen bonding. As i s  

shown i n  F i gu re  3, each Molecule I i s  invo lved  i n  in te rmolecu la r  hydrogen bonding w i t h  two o ther  

molecules 1 along the  Z1 screw axis, lead ing  t o  a hydrogen bonded chain of molecules 1 along the  

b-axis.  The 0(2) . . . .0 ( la )  d is tance and O(2)-H(2)....0(la) angle associated w i t h  these i n t e r a c t i o n s  - 

are 2.804(8)A and 168(21°, respec t ive ly .  The hydrogen bonding i n  Molecule 11, shown i n  F i gu re  4, 

invo lves  pa i rw ise  i n t e r a c t i o n s  across the invers ion  center .  The O(4) .... O(3a) d is tance and O(4)- 

H(4)  .... O(3a) angle i n  t h i s  i n t e r a c t i o n  are 2.696(8)A and 163(2)', r espec t i ve l y .  

The proton nmr spectrum o f  1 d i sp l ays  a 3.0 Hz coup l ing  constant  between the  carb ino l  hydrogen 
?r 

H ( l )  and H(6). Th is  corresponds t o  a gauche conformation o f  these protons and suggests t h a t  2 
e x i s t s  i n  e i t h e r  the  w = 180" CC6H5/H(1) t o r s i o n  angle1 conformat ion B or  t h e  w = 60' 

conformat ion C i n  Fig.  5 o r  as a m i x tu re  o f  the  two. The w = KO0 s t r u c t u r e  i s  c lose  t o  t h a t  found 

by X-ray d i f f r a c t i o n  ( w -  54' and 46' i n  the  two independent molecules) but, whereas bo th  B and C 
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TABLE 3. Se lec ted  Tors iona l  Angles 

Molecule I 

Atom 3 Atom 4 Angle 

Molecule I1 

The hydrogen bonding scheme i n  Molecule I .  Phenyl r i n g s  a r e  m i t t e d .  

F i g u r e  3 



The hydrogen bonding scheme i n  Molecule 11. Phenyl r i ngs  are omitted 

Figure 4 

would seem t o  provide oppor tun i ty  f o r  intramolecular hydrogen bonding, none war evidenced i n  the  

c r ys ta l .  ( I t  is, o f  course, comnon f o r  c r y s t a l l i n e  so l ids  t o  engage i n  intermolecular i n  

preference t o  intramolecular hydrogen bonding. ) 

This matter was fu r the r  explored by hydrogen bonding studies i n  so lu t i on  by i n f r a r e d  spectroscopy 

(Table 4).  I t  i s  c lear  t ha t  a t  h igh  concentrat ions i n t e r -  as we l l  as intramolecular hydrogen 

bonding exists,  but  t ha t  only intramolecular hydrogen bonding remains a t  the lowest concentrat ion 

at ta ined. 7 

TABLE 4. In f rared data o f  2 
Concentratian (M) (cm-l) Type of H-bonding 

1 x 10-1 3615 intramolecular 

3500-3200 Intermolecular 

2  x  lo -?  3612 Intramolecular 

3500-3200 Intermolecular 

5 l o - 3  3612 Intramolecular 

MOLECULAR MECHANICS CALCULATIONS 

To gain a  be t te r  understanding o f  the hydrogen bonding s i t u a t i o n  i n  1 we performed molecular 
?I 

mechanics ca lcu la t ions  using A l l i n g e r ' s  MMPZ(85) program.' Since i n  1 there  i s  oppor tun i ty  fo r  
'L, 

independent r o t a t i o n  about three bonds tC(6)-C(1). C(6)-0 and C(6)-Phl, and since a  complete 

exp lora t ion  of a l l  th ree ro ta t i ona l  c i r c u i t s  a t  once would have required an excessive amount of 

computer time, we used the dihedral  angle d r i v e  opt ion t o  r o t a t e  the exocycl ic CC(6)-C(l)I bond 

from d i f f e r e n t  s t a r t i n g  po in ts  and i n  d i f f e ren t  d i rec t ions ,  a l lowing the C(61-OH and C(61-Ph bonds 

t o  r o t a t e  spontaneously so as t o  minimize the energy f o r  each chosen value of the C(6)-C(1) bond 
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from d i f f e ren t  s t a r t i n g  po in ts  and i n  d i f f e r e n t  d i rec t ions ,  a l lowing the C(6)-OH and C(61-Ph bonds 

t o  r o t a t e  spontaneously so as t o  minimize the energy f o r  each chosen value of the C(6)-C(1) 

t o r s i on  angle. I n  t h i s  way the po ten t i a l  energy curve shown i n  Fig. 5  was obtained. While the 

ca l cu la t i on  re fe rs  t o  i so la ted  molecules i n  the gas phase i t  probably also approximates the 

s i t u a t i o n  i n  d i l u t e  so lu t i on  i n  a  non-polar solvent which i s  q u i t e  d i f f e r e n t  from t h a t  i n  the 

c r ys ta l .  

0 -60 -1m 180 lu) €4 0 
-180 

Tonional Angle (deg.) 

Calculated po ten t i a l  energy o f  1 as a func t ion  o f  the H(l l-C(l)-C(61-Ph to rs iona l  angle 
n, 

F igure  5  

DlSCUSSION 

The global  minimum f o r  1 occurs a t  w = -179.5-, very  c lose t o  the staggered conformation B. The 
?I 

ca lcu la ted s t ruc tu re  i s  shown i n  Fig.  6; the S-O...H-0 distance i n  t h i s  s t ruc tu re  i s  2.12A, we l l  

9 w i t h i n  the d is tance for  a  hydrogen bond as confirmed by I R ;  the  H( l ) /H(6)  t o r s i on  angle of 59.9' 

i s  compatible w i t h  the observed 4.2 Hz coupl ing constant. There are two secondary minima, one a t  

w = -59.6O (i.e. very c lose t o  staggered), 3.31 kcalfmol above the 17g0 minimum, and one a t  &2.5*, 

s u b s t a n t i a l l y  d isplaced from the staggered pos i t i on  (by 24.5'), a t  an energy of 3.75 kcalfmol 

above the minimum. 

The energy b a r r i e r  between the 180' and -60' minima i s  very h igh (8.6 kcal/mol above the lower and 

5.3 kcalfmol above the higher minimum). This b a r r i e r  corresponds t o  SOfPh ec l i ps ing  which may be 

q u i t e  severe, even though the plane of the phenyl r i n g  i s  perpendicular t o  the plane passing 



through C(61, C(11 and C ( 4 )  (see F ig .  61. The p o t e n t i a l  curve i s  p a r t i c u l a r l y  s teep i n  t h e  

= -1509 t o  -120° region, r i s i n g  b y  n e a r l y  6 k c a l .  I n  f a c t ,  j u s t  between w = -135' and w = -120'. 

t h e  energy r i s e s  by n e a r l y  3 kcal /mol .  We have examined t h e  conformat ions corresponding t o  these 

t o r s i o n  angles i n  more d e t a i l  and found the  f o l l o w i n g  s i t u a t i o n :  A t  w = -135" the  8-O...H-0 

d i s t a n c e  i s  2.26A, w e l l  w i t h i n  hydrogen bonding d is tance .  But as t h e  abso lu te  va lue  of w 

decreases t o  -120" t h e  8-0 ... H-0 d i s t a n c e  increases r a p i d l y  t o  3.14A, a d i s t a n c e  which no  longer  

permi ts  hydrogen bonding. The corresponding c a l c u l a t e d  energy of 8.99 kcal /mol  can a c t u a l l y  be 

decreased t o  8.61 k c a l l m o l  b y  d r i v i n g  t h e  H-0-C(61-C(1) t o r s i o n  ang le  so as t o  r o t a t e  t h e  0-H away - 

from t h e  8-0. 

e- Lone Pair 

P 0 

Opt imal  Conformation o f  1 ( c a l c u l a t e d )  
n, 

F i g u r e  6 

The range o f  hydrogen bonding as ob ta ined  from t h e  MMPZ(85) program9 i s  marked i n  F ig .  5. I t  may 

be noted t h a t  t h e  energy b a r r i e r  between B and C, near  120'. i s  r e l a t i v e l y  f l a t  a t  5 kca l lmo l ,  

o n l y  1.25 kcal /mol  above C. A l though  t h i s  b a r r i e r  corresponds t o  Ph/CH2 e c l i p s i n g ,  i t s  energy 

l e v e l  i s  e v i d e n t l y  reduced b y  a v e r y  s t r o n g  S-0 ... H-0 hydrogen bond as t h e  OH e c l i p s e s  SO a t  t h e  

7 b a r r i e r .  E a r l i e r  work had shown t h a t  an -8-O...H-0-intramolecular hydrogen bond may c o n t r i b u t e  

more than 2.6 kcal /mol  t o  t h e  s t a b i l i z a t i o n  of a conformat ion so bonded. 

The d isp lacement  o f  energy minimum C from t h e  staggered 60° t o  84.5O ( v i d e  supra)  can now be 

exp la ined  a lso  i n  terms o f  i n t r a m o l e c u l a r  hydrogen bonding. Wh i le  t h e r e  must be s u b s t a n t i a l  

e c l i p s i n g  energy ( t o r s i o n a l  and p o s s i b l y  a l s o  S t e r i c l  a t  w = 84.5', t h i s  i s  o b v i o u s l y  more than 

compensated b y  t h e  S-O...H-0 hydrogen bond which i s  ma in ta ined  a t  w = 84.5" b u t  r u p t u r e s  a t  w = 

60' ( c f .  F ig .  5) .  I t  i S  p robab ly  t h e  weakening of t h i s  hydrogen bond which makes conformat ion C so 

much l e s s  s t a b l e  than B. Examinat ion of models shows t h a t  t h e  geometry f o r  8-O..H-0 hydrogen 

bonding i s  cons iderab ly  more f a v o r a b l e  i n  B than i n  C. The coun te rp lay  o f  increased s t a g g e r i n g  and 

a decreas ing ly  s t r o n g  hydrogen bond makes t h e  minimum a t  C r a t h e r  shal low. 
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-180 -120 -60 0 60 120 180 
Torsional Angle (deg.) 

Po ten t i a l  energy of 2 as a func t ion  o f  the H(6)-C(6)-C(l)-Ph to rs ion  angle 
2. 

Figure 7 

The X-ray structures,  marked i n  F ig .  5, l i e  very s l i g h t l y  above the secondary energy minimum C. 

Since there are obviously strong intermolecular forces i n  the c r ys ta l  which cannot oe assessed by 

molecular mechanics ca l cu la t i ons  of i so la ted  molecules, l i t t l e  can be said about the c r ys ta l  

s t ruc tu re  i n  terms of molecular mechanics except t o  po in t  out t ha t  the absence of intramolecular 

hydrogen bonding would c l e a r l y  tend t o  equal ize the energy leve ls  of B and C or even make C more 

s tab le  than 8.  

Canpound 2 ' s  ca lcu la ted energy p r o f i l e  i s  shown i n  F ig .  7. The H [ 6 ) / H ( l s )  coupl ing constant i n  
Ir 

proton nmr here i s  7.7 Hz suggesting a considerable con t r i bu t i on  o f  the -60' conformation (Fig. 7 )  

i n  which these protons are an t i  t o  each other. Calculat ion,  i n  fact, ind ica tes  a very  f l a t  energy 

l eve l  between -W and +40", w i t h  the global  minimum at  w = -67.9' and a kecondary minimum at  w = 

+i80°. The global  minimum, shown i n  F ig .  8, i s  s t a b i l i z e d  by hydrogen bonding; the secondary - 

minimum at  +180°, 2.9 kcal/mol above the global  minimum, i s  not. The minimum normal ly seen a t  t60° 

(staggered conformation) i s  absent. The very f l a t  region from w = -45' t o  t45' suggests t ha t  i n  

t h i s  reg ion the ec l i ps ing  (maximal as w passes through OD) and the hydrogen bonding (a l so  maximal 

a t  0') hold each other i n  balance. However, the hydrogen bond ruptures before the 60' staggered 

conformation C i s  reached and as r e s u l t  (and pprhaps also because o f  unfavorable gauche 

i n te rac t i ons  i n  C) there  i s  no energy minimum at  C nor i s  there  an energy b a r r i e r  between 



Optimal conformation of $ ( ca l cu l a ted )  

F i gu re  8 

B and C. A and B are separated by b a r r i e r s  o f  7.24 kcal/mol ( a t  -120D) and 7.70 kcal/mol ( a t  

t120'). 

I n  sumnary, i n  add i t i on  t o  assigning conf igura t ions  t o  1 and 2, we f ind, by MMP2(85), an 
Ir 2. 

i n t e r e s t i n g  i n t e r p l a y  between e c l i p s i n g  and in t ramolecu la r  hydrogen bonding which leads t o  a very  

Steep b a r r i e r  between A and B i n  1 and t o  a vanishing BIC b a r r i e r  and a van ish ing  minimum C i n  5. 
Ir 

EXPERIMENTAL 

2-(1'-Hydroxy-1'-pheny1)methylthiane su l fox ide  (1). a)  To a s o l u t i o n  of pentamethylene s u l f o x i d e  10 
Ir 

(13.27 g, 112.27 mnol, p re -dr ied  under vacuum, 0.01 mn, f o r  12 h )  i n  500 ml o f  dry, co l d  (-78°C) 

THF under N2 was added, dropwise, 70.30 ml of 1.6 M c-BuLi i n  hexane (42.4 mmol). A f te r  s t i r r i n g  

fo r  4.5 h, benzaldehyde (13.04 g, 112.3 mnol 1 i n  200 ml d r y  THF was added, dropwise, over a 15 min 

per iod,  a t  -78OC. The reac t i on  m i x tu re  was s t i r r e d  overn igh t  a t  -7E9C. Water (100 ml ) and 

sa tura ted  NH4Cl (50 m l )  were added, the  layers  were separated, and the  aqueous l aye r  was ex t rac ted  

w i t h  CHC,13 (3x150 ml 1. The combined organic layers  were d r i e d  (MgS04) and concentrated t o  a cream 

co lo red  s o l i d  diastereomer mixture,  mp 130-135'C (23.61 g, 94% y i e l d ) .  

'H Nmr (6ppm, CDCl ). 1.0-1.8 (m, 6H), 2.0 (s, lH), 2.6-3.0 (m, 2H), 3.4 (m, lH) ,  5.2 (d, J = 7.7 3 ' 

Hz, minor isomer 2). 5.5 (d, J = 3.0 Hz, lH, major isomer 1 )  7.3 (s, 5H). 
Ir 

13cNmr (6ppm,  COC13):21.6, 22.7,=, 24.1, 24.3.24.9, 51.2, 51.3.68.1, 68.5,71.4, 74.4, 

126.1, 127.1, 127.4, 128.0, 128.1, 128.2, 139.9, 141.4. (Signals o f  major isomer 1 under l ined).  -- 
'L, 

-1 
ir (;, cm , Nujo l ) :  3250 (s), 1030 ( s )  and others. 

R e c r y s t a l l i z a t i o n  of the  diastereomer m i x tu re  from 95% ethanol  produced the  pure diastereomer;, 

mu 183-184'C. 
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b )  To a  c o l d  (-78°C) s o l u t i o n  of the  ketone 3  (0.05 g, 0.23 mnol) i n  6  ml of d r y  THF was added, 
". 

dropwise under N2, 0.3 ml of a  0.9 s o l u t i o n  o f  DIBAL i n  hexanes. The m ix tu re  was s t i r r e d  f o r  1.25 

h  a t  -78'C and then quenched a t  t h i s  temperature w i t h  sa tu ra ted  aqueous NH4Cl so l u t i on .  A f t e r  

separa t ing  the  two layers,  the  aqueous l aye r  was ex t rac ted  w i t h  CH2C12 (3x8 ml ). The combined 

organic phase was d r i e d  (MgS04) and concentrated t o  g i ve  0.04 g  (80%) of crude product, very  

l a r g e l y  isomer 1, according t o  p ro ton  nmr. 
". 

CRYSTAL STRUCTURE OF 1 
". 

X-ray Data Co l l ec t i on .  The da ta  were c o l l e c t e d  and reduced i n  the  manner descr ibed by Graves and 

~0dgson . l '  No p re l im ina ry  X-ray photographs were taken. A  c r y s t a l  was mounted on a  g lass  rod i n  an 

approximate o r i e n t a t i o n  p a r a l l e l  t o  i t s  longest  ax is  and placed on an Enraf-Nonius CAD-4 automatic 

d i f f r ac tome te r .  Leas t  squares f i t t i n g  of the  angular s e t t i n g s  of twenty - f i ve  r e f l e c t i o n s  i nd i ca ted  

a  monoc l in ic  c e l l  wi th!  = 14.161(8), b = 10.135(41, c = 15.999(7)A, 0 = 97.17(41°, and V = 

2278(3)i3. 

D i f f r a c t i o n  da ta  were co l l ec ted  on a  CAD-4 d i f f rac tometer  w i t h  Mo r a d i a t i o n  CA(Mo Kul) = 

0.70926Al. A  p re l im ina ry  smal l  s h e l l  da ta  c o l l e c t i o n  confirmed monocl in ic symmetry. Therefore, 

da ta  were c o l l e c t e d  (+h, tk ,  t l )  i n  the  range of 3(8(Mo)(24". I n t e n s i t y  checks were made on t h ree  

standard r e f l e c t i o n s  a f t e r  every t h ree  hours of X-ray exposure t ime and o r i e n t a t i o n  checks on the  

same t h ree  standard r e f l e c t i o n s  were made a f te r  every 250 r e f l e c t i o n s .  No systemat ic v a r i a t i o n  i n  

these standards was encountered throughout da ta  c o l l e c t i o n .  These and o ther  da ta  c o l l e c t i o n  

parameters are sumnarized i n  Table 5. 

lABLE 5. C rys ta l  Data f o r  C12H160ZS 

F.W. 

space group 

a, i - 

b. A - 

c, A  - 

B - 

v, i 3  - 

z - 

dcalcdE 

~(MoK,) ,  cm-I 

d i f f r a c t o m e t e r  

r a d i a t i o n  

da ta  c o l l e c t i o n  l i m i t ,  deg. 

no. of unique da ta  c o l l e c t e d  

no. of da ta  used, 1 2 3 d I )  

no. of va r i ab l es  

R 

Rw 



Data r e d u c t i o n  was c a r r i e d  ou t  i n  t h e  usual  fashion.  The i n t e n s i t i e s  were assigned standard 

d e v i a t i o n s  according t o  t h e  formula of I b e r s  and co-workers,12 and t h e  i n t e n s i t i e s  and t h e i r  

s tandard  d e v i a t i o n s  were then c o r r e c t e d  f o r  L o r e n t z - p o l a r i z a t i o n  e f fec ts  and absorpt ion.  

S t r u c t u r e  S o l u t i o n  and Refinement. D e f i n i t i v e  sys temat i c  absences are c o n s i s t e n t  w i t h  t h e  space 

group PZ1/c. There are two unique molecules per u n i t  c e l l .  The p o s i t i o n s  of t h e  unique su l fu r ,  

oxygen, and many carbon atoms were found by d i r e c t  methods us ing  MULTAN. '~ The remain ing non- 

hydrogen atoms and t h e  two hydroxo-hydrogen atoms were loca ted  i n  d i f f e r e n c e  F o u r i e r  maps. A l l  

o t h e r  hydrogen atoms p o s i t i o n s  were c a l c u l a t e d  us ing  i d e a l i z e d  geometr ies a t  carbon w i t h  an 

assumed C-H d i s t a n c e  o f  0.95A. No p o s i t i o n a l  o r  thermal  parameters of t h e  c a l c u l a t e d  hydrogen 

atoms were re f ined .  The two hydroxo-hydrogen atoms were r e f i n e d  i s o t r o p i c a l l y  and a l l  non-hydrogen 

atoms were r e f i n e d  a n i s o t r o p i c a l l y  r e s u l t i n g  i n  a  t o t a l  o f  279 v a r i a b l e s .  R e f l e c t i o n s  were 

considered observed when 1 ,3o( I ) .  A f t e r  t h e  f i n a l  l eas t -squares  c y c l e  t h e  usual  agreement 

2  2 4  f a c t o r s  R = l l lF , l - lF, l l /~ lF, l  and R, = Q w ( l F o l - I F c l )  / IwFo I were 0.052 and 0.055 r e s p e c t i v e l y .  

'-3 
A  f i n a l  d i f f e r e n c e  F o u r i e r  con ta ined  no peaks g r e a t e r  than 0.2eA . Atomic p o s i t i o n a l  parameters 

a r e  l i s t e d  i n  Tab le  6. Hydrogen atom p o s i t i o n s  and l i s t i n g s  of thermal  parameters and observed and 

c a l c u l a t e d  s t r u c t u r e  ampl i tudes a r e  a v a i l a b l e  as supplementary m a t e r i a l .  
14  

t rans -2 -Benzoy l th iane  s u l f o x i d e  (31: To a  s o l u t i o n  of s u l f o x y  a lcoho l  (2.85 g, 12.71 m o l )  i n  290 
1, 

ml o f  a  1:l m i x t u r e  o f  THF and e t h e r  was added 28.5 ml o f  a  2M aqueous chromic a c i d  s o l u t i o n .  The 

brown-colored m i x t u r e  was s t i r r e d  f o r  17 h. The two l a y e r s  were separated, t h e  aqueous l a y e r  was 

e x t r a c t e d  w i t h  e t h e r  ( 3  x  40 ml), t h e  combined o rgan ic  l a y e r s  were washed w i t h  s a t ' d  aqueous 

NaHCO s o l u t i o n  and water  and was then d r i e d  (MgS04) and concen t ra ted  t o  a  y e l l o w i s h  s o l i d .  3  

R e c r y s t a l l i z a t i o n  f rom EtOAc gave 1.78 g  (65%) of w h i t e  c r y s t a l s  which s t i l l  con ta ined  14% of t h e  

c i s - 0 - k e t o  s u l f o x i d e  as shown b y  p r o t o n  nmr. I s o m e r i c a l l y  pure  t r a n s  s u l f o x i d e  3  was ob ta ined  by - 1, 

HPLC ( s i l i c a  g e l )  u s i n g  an EtOAc-hexanes g rad ien t ,  mp 124-125'C. Anal.Calcd f o r  C12H1402S: C. 

64.84; H, 6.35. Found: C, 64.79; H, 6.30. 

'H Nmr (6 ppm, CDCI~): 1.4-2.5 (m, 6 ~ 1 ,  2.8-3.0 (m, IH), 3.4-3.6 (m, IH), 4.6 (dd, J = 12, 3.2 HZ, 

1H1, 7.4-7.7 (m, 3H), 7.9-8.1 (m, 2H). 

13c Nmr (6 ppm, CDC13): 21.u, 23.3, 26.3, 49.6, 66.1, 128.8, 129.1, 134.1, 135.6, 196.5. 

DIBAL-ZnC1 r e d u c t i o n  o f  t rans -2 -benzoy l th iane  s u l f o x i d e  (3 ) :  A  m i x t u r e  o f  t h e  ke tone  3  (0.04 g, 2 ?; 1, 

0.18 m o l l  and anhydrous ZnC12 (0.024 g, 0.18 mno l )  i n  8 ml o f  d r y  THF was s t i r r e d  f o r  10 min a t  

room temperature under N2 and an a d d i t i o n a l  0.5 h  a t  -78-C. To t h e  above m i x t u r e  was added 1.0 ml 

o f  a  0.9 M s o l u t i o n  of DlBAL i n  hexanes. The m i x t u r e  was s t i r r e d  f o r  1.5 h  a t  -78' and then 

quenched a t  t h i s  temperature w i t h  sa tu ra ted  aqueous NHdCl s o l u t i o n .  A f t e r  s e p a r a t i n g  t h e  two 
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TABLE 6. 

ATOM 

S ( 1 )  

S ( 2 )  

O(1)  

O(2)  

O(31 

O(4)  

C(11 

C(21 

C ( 3 )  

C ( 4 )  

C(5) 

C ( 6 )  

CP 1 

CP2 

CP3 

CP4 

CP5 

CP6 

C(21)  

C(22)  

C(231 

C(24)  

C(25)  

C(26) 

CP7 

CPB 

CP9 

CPlO 

CPl l  

CP12 

H(02) 

H(04) 

Atomic P o s i t i o n a l  Parameters f o r  C12H1602S 

X - - Y 2 - 
0.4499(1) 0.1389(2) 0.3784(1) 

0.1520(11 0.8473(2) 0.5335(9) 

0.4132(31 0.0682(4) 0.2982(31 

0.5208(3) 0.4156(5) 0.3287(3) 

0.1753(31 0.9844(4) 0.5065(21 

-0.0576(3) 0.8092(4) 0.4816(2) 

0.3920(4) 0.2979(6) 0.3757(4) 

0.4107(41 0.3623(7) 0.4630(41 

0.3610(4) 0.2861(7) 0.5286(41 

0.3972(41 0.1458(6) 0.5394(4) 

0.3840(41 0.0707(61 0.4568(4) 

0.4238(41 0.3835(6) 0.3054(4) 

0.3596(41 0.5034(6) 0.2897(3) 

0.3915(4) 0.6304(7) 0.3098(4) 

0.3314(5) 0.7380(7) 0.2950(4) 

0.2384(5) 0.7228(71 0.2634(4) 

0.2062(51 0.5937(7) 0.2435(4) 

0.2656(41 0.4890(71 0.2561 ( 4 )  

0.0941(41 0.7640(6) 0.4404(3) 

0.0872(4) 0.6172(6) 0.4571(4) 

0.1831(5) 0.5509(6) 0.4775(4) 

0.2422(41 0.6097(7) 0.5535(4) 

0.2618(4) 0.7577(7) 0.5423(4) 

-0.0026(41 0.8337(61 0.4151(3) 

-0.0503(4) 0.7762(6) 0.3329(3) 

-0.0188(4) 0.8191(7) 0.2574(4) 

-0.0567(51 0.7628(8) 0.1819(4) 

-0.1257(5) 0.6695(71 0.1790(4) 

-0.1605(5) 0.6293(7) 0.2521(4) 

-0.1215(51 0.6870(71 0.3287(4) 

0.544(4) 0.449(6)  0.291(4) 

-0.095(3) 0.851(5)  0.485(31 

layers,  t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  CH2C12 ( 3  x 8 ml 1. The combined o rgan ic  phase was 

d r i e d  (MgS04) and concen t ra ted  t o  g i v e  0.031 g (75%) o f  c rude  p roduc t  f a v o r i n g  i n  86% d.e. 

Anal.Calcd f o r  C12H1602S: C, 64.25;H. 7.19. Found: C, 64.30; H, 7.03. 

'H Nmr ( 6  pprn, C D C I ~ ) :  1.1-2.1 (m, SH), 2.6-2.9 (m, 2H), 3.3-3.5 (m, IH), 4.8 (s, IH), 5.2 (d, J 

= 7.7 Hz, major  isomer, 2). 5.5 ( d ,  J = 3 Hz, m inor  isomer, l), 7.3-7.5 (m, 5H). 
Ir 

13c Nmr ( 6  pprn, COCl3): 22.7, 23.0, 24.1, 24.3, 51.2, 68.0, 68.5, 71.1, 74.4, 127.4, 128.0, 128.2, 

139.9, 141.5. 
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