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Abs t r ac t  - An empir ica l  cor re la t ion  be tween t h e  signs of c i r cu l a r  d ich ia ism 

(cdl  absorption ( a t  237 and 252 nm) and t he  absolu te  conf igura t ion  of two 

asymmetr ic  carbons  in a compound containing a d i th io lane  r ing was e luc ida ted  

by use o f  two types  of molecular  orb i ta l  ca lcu la t ion  (MOCI (CND012 and a h  

initio with STO-3GX se t ) .  These  used t h e  a tom coordina tes  from X-ray crys-  

tal lography o f  a-tetrahydro-L-a-santonin e thylene  d i th ioace ta l .  The cont r i -  

butions of ba th  t he  3d-orbital  of su l fur  a tom and t h e  Zp-orbitals o f  asym- 

m e t r i c  carbons in LUMO (exc i t ed  s t a t e )  in t he  resu i t s  of MOC were  shown to 

be  relat ively large.  These  resu l t s  suggested t ha t  "d-orbital  par t ic ipa t ion  

in asymmetr ic  recognit ion" (DOPAR) would help explain t he  cd  absorption d a t a  

of the  compound. The  ca lcu la ted labserved  r a t i o s  ( d o  r a t i o )  o f  two transi-  

t ion energy d i f f e r ences  in t h e  CD absorption we re  2.7 in CNDOI2 a n d  3.5 in  

t he  a h  initio, respec t ive ly .  

Does t he  3d-orbital  of a su l fur  a tom pa r t i c i pa t e  in chemica l  reac t ions  or in the  uv 

absorption2 o f  a compound conta in ing  divalent  su l fur?  This question has been  an  in te r -  

es t ing  one though t he r e  is so f a r  no su i tab le  model f o r  obta in ing  an answer.  

It is presumed, in genera l ,  t h a t  t he  exc i t a t i on  in uv region f rom ground s t a t e  t o  ex- 

c i t ed  s t a t e  should be  a b e t t e r  model than  an organic r e ac t i on  for  analysing t h e  compo- 

nents  o f  individual a t omic  orb i ta l s3  in t h e  case o f  molecular  o rb i t a l s  which play 

impor tan t  ro les  for t he  ene rgy  t ransfer .  

Dithiolane (or  e thylene  d i t h ioace t a l )  r ings containing two divalent  su l furs  in t h e  f i v e  

membered  ring are readily made  by condensing carbanyls with d imercap toe thane  (o r  e t hane  

d i th io l )  in t he  presence  of some Lewis a ~ i d . ~ , ~  

The  d i t h i aace t s l  has so f a r  been a n  impor tan t  pro tec t ive  group f a r  carbonyl group and  



a key  i n t e rmed ia t e  t a  make  methylene  residue by reducing with Raney nickeL6 

Taking account  of t he  f a c t  t h a t  t he  r e ac t i v i t y  of sulfhydryl  group t o  carbonyl is high- 

er  than t h a t  of hydroxyi group,7 we recent ly  repor ted  t he  comparison of r e ac t i v i t y  of 

3 p i  repulsion with those  o f  1,3-diaxial i n t e r ac t i ons  using t he  dithiolane forma-  

t ion a t  low t empe ra tu r e  (below -10OCI wi thout  a c e t i c  ac id .5  

Because we used tetrahydro-k-a-santonin ITHS) group which conta ins  two a symmet r i c  c a r -  

bons in r ing A, four s te reo isomers  of t h e  THSs could be  co l l e c t ed  as e thylene  dithio- 

a c e t a l s  de r i va t i ve s  ITHS-EDT). These we re  reducible a t  Y-lactone t o  give t he  four  

diols  of e t hy l ene  d i t h ioace t a l s  (3-0x0-eudesman-6,12-diol e thy l ene  d i th ioace ta l s ;  

THS-diol-EDT). Cd s p e c t r a  of these  e ight  d i t h ioace t a l s  showed originally two peaks in 

t he  region near 250 nm (210-300 om). A new empir ica l  cor re la t ion  was found be tween t he  

sign of cd  absorption of t he  two  original  peaks s t  237 and  252 nm and t he  absolu te  con- 

f igura t ions  a t  C4  and C5 in both THS-EDT and THS-diol-EDT series.  For example ,  r e c tu s  

(RI and s in is te r  IS) f o rms  of t he  absolu te  conf igura t ion  a t  a symmet r i c  carbons  corre- 

sponded t o  plus ( I  and minus(-) s igns of t he  cd  peaks,  respec t ive ly ,  as shown in Tab l e  

1.' This cor re la t ion  also can be applied t o  ano the r  repor ted  s e t  of cd  da t a  o f  ster- 

oidal d i t h i o a c e t a i ~ . ~  Of course,  t he r e  is no cd  peak in t he  s e r i e s  of syn the t i c  (ra- 

cemic )  t e t r a l one  e thylene  dithioacetals. '  

The  purpose o f  this  s tudy  is t o  assign t he  two cd  absorption bands near 250 nm to  t h e  

exc i t a t i on  energ ies  of t h e  molecular  o rb i t a l s  c a l cu l a t ed  with or without 3d-orbitals  

of sulfur a t om in d i th io lane  ring. W e  used two types  of molecular  orb i ta l  ca lcu la-  

t ionsI0  (MOC): CND0/2  and  a b  inirio with STO-3G or  STO-3Gf basis  sets in Gaussian H 

program. The  a tomic  coordina tes  of X-ray crys ta l lography of a-tetrahydro-k-a-santonin 

e thylene  d i t h ioace t a l  (a-THS-EDT) were  de termined  and t ransformed t o  those  f o r  t h e  two 

types  of MOCs, The  MOC resul t s  gave  us t he  t rans i t ion  energy  from ground s t a t e  (HOMO) 

t o  exc i t ed  s t a t e  (LUMO) including 3d-orbital of divalent  sulfur a t oms  in t he  dithiolan 

r ing and  also gave  u s  t h e  par t ic ipa t ion  r a t i o s  of  s, p and d-orb i ta l s  from two su l fu r s  

and two a svmmet r i c  carbon a toms  as shown below. 

RESULTS 

X-ray crys ta l lography of a-tetrahydra-k-a-santonin e thy l ene  d i t h ioace t a l  (a-THS-EDT) 

a-Tetrahydro-E-a-santonln e thy l ene  d i th ioace ta l  (a-THS-EDT) was synthes ized5 from THS 

and recrys ta l l ized  tw ice  f rom e thy l  a c e t a t e  t a  give co lor less  p la tes  (a single c rys ta l :  

1.2 x 1.5 x 1.2 mm). A d i r ec t  X-ray crys ta l lographic  analysis  was  ca r r i ed  out  by a 

Phiiips four c i r c l e  d i f f r a c t a m e t e r  with graphi te -monochromated  Cu-Ka rad ia t ion  t o  elu- 

c i da t e  t h e  s t e r eos t ruc tu r e .  The  space  group of t he  c rys ta l  belongs t o  P2,. 

W e  measured 1674 r e f l e c t ~ o n s  and used 1520 o f  these  fo r  t he  s t r u c t u r e  de terminat ion .  
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Table I 
a .  Empirical correlation between absolute configurations and signs of CD absorption 

Compounds Absolute config. CD absorption 
at 237 nm at 252 nm 

C4 C5 sign ampiitud sign ampi i tude 
I8 x lo- 1 0  x 

0-THS-EDT 
6-THS-EDT 
Y-THS-EDT 
6-THS-WT 

Abbreviations: CD, circular dichroism; THS, tetrahydro-I-a-santonin; EDT, 
ethylene dithioacetai; THS-diol, 3 - 0 x 0 - e u d e s m a n - 6 , 1 2 - d i o i ;  R, rectus; S, sinister 

b. Structure of eight ethylene dithiaacetais 

Relative land absolute) 
configuration 

at C A  at C5 

a-THS-EDT "'CH31S) "'H IS) a-THS-dioi-EDT 
6-THS-EDT -CH3/R) "'H IS) 8-THS-dioi-EDT 
Y-THS-EDT -CH31Rl -H (R) 7-THS-diol-EDT 
6-THS-EDT "'CH31S) -H (R) 6-THS-dioi-EDT 

Tabie 2 Crystal Data of a-tetrahydro-i-a-santonin ethylene dithioacetai 

1. C17H2602S2 mw 326.51 4. V = 832.30lA 

2. rhombic form; PZ1 5 .  Z = 2  

3. a = 15,220012) a = 90.000 6 d = 1.307 caicdlg c K 3  
b = 6.7620I6) 6 = 102.533 
c = 8,276015) Y = 90.000 

The crystal structure was solved by the direct method using MULTAN." 

Refinement by the block-matrix least-squares method without hydrogen atoms yielded the 

final R value of 0.074. Other data are shown in Tabie 2. Atomic co-ordinates are 

shown in Tabie 3, with the standard deviations indicated in the parentheses. 

The stereoview of the molecular structure of a-THS-EDT drawn by the ORTEP program is 

illustrated in Figure I. The bond lengths are shown in Figure 2; the distances between 

two sulfurs and two asymmetric carbons were in the range from 2.8 to 4.2 A. 



F i g u r e  I S t e r e o v i e w  o f  a-tetrahydro-L-a-santonin e t h y l e n e  dithioacetal 

T a b l e  3 A t o m i c  position c o o r d i n a t e s  of a - t e t r a h y d r o  
1 - a - s a n t o n i n  e t h y l e n e  dithioacetal 

A t o m  name P e a k  height X Y Z 

C I 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C I O  
C I  I 
C12 
C13 
C14 
C15 
0 1 
0 2  
S a 
S b 
CL' 
C2 ' 

F i g u r e  2 B a n d  length in a-tetrahydro-t-a-santonin e t h y l e n e  dithioacetal 
(A unit1 

- 1094 - 



HETEROCYCLES, Vol 30, No 2, 1990 

It is impossible t o  explain such  a long d is tance  i n t e r ac t i on  be tween t h e  two su l furs  

and t he  two  a symmet r i c  carbons  with only the i r  s- and p-orbitals. 

W e  would l ike t o  i n t e rp r e t  th i s  empir ica l  cor re la t ion  by use of t he  molecular  orb i ta l  

ca lcu la t ions  with d-orbitals  using t he  a tom coordina tes  obtained by X-ray c rys ta l logra  

P ~ Y .  

CNDOI2 CALCULATION 

The a tom coo rd ina t e  f o r  CND012 ca lcu la t ion  was der ived  from the  coordina tes  of X- ray  

crystal lography.  As t he  z-axis of t he  new r ec t ang l e  coord ina te  is perpendicular  t o  t h e  

plane o f  t h e  d i th io lane  ring a t  C3  of t he  THS-EDT, t he  xy-plane of t he  coord ina te  has 

two d-orbitals  out  of t he  ordinary f i ve  d-orbitals  (F igure  31. 

F i g u r e  3  R i g h t  c o o r d i n a t e  f o r  CNC0/2 c a l c u l a t i o n  o f  8-THS-UIT 

E n e r g y  d i a g r a m  o f  a-THS-FDT M a i n  a t o m i c  o r b i t a l s  w h i c h  c o n t r i b u t e  t o  M)s 

L W -  2  S  a '  . l a = - 0 . 9 8 2 1  C5:  ( a = - 0 . 0 2 1 1  
Ca l  c d  14 .38  eV = 2 , 7 5  3P (A l  
Obsbd 5.232 eV 3 d Y 2  2  ( A l )  

(T9.ki?41 
2nd e x c i t a t i o n  ( 2 3 7  n m )  

S,: I a = 1 . 4 8 7 3 )  C4 :  ( a - 0 .  1 0 7 )  
13 .55  eV = 2 , 7 5  ( B 2 )  
4 . 9 2 1  eV (A i  1 

21.9%) 

I I 1 s t  e x c i t a t i o n  ( 2 5 2  n m )  

s b :  3 p Z  ( B i  1 
s , :  3P, 

F i g u r e  4 C a l c u l a t i o n  r e s u l t s  o f  CNDOI2 i n  a-THS-EDT 

In t he  ca l cu l a t ed  energy  levels  lFigure 41, t h e r e  i s  l i t t l e  d i f f e r e n c e  between t h e  1 s t  

highest occupied  molecular  orb i ta l  (HOMOi)  and t h e  2nd one  (HOMO2), f rom which an  e l ec -  

t ron  should be  exc i t ed  t o  t he  lawest  unoccupied molecular  orbItal(LUM0).  Both HOMOI 



and HOMO2, containing mainly p, o f  sulfur b  (Sb) and p ,  of sulfur a (S,), should be  

ground s t a t e s  of molecular  o rb i t a l s  f r om which e l ec t rons  can be ac t i va t ed  by uv (or cd )  

absorption t o  exc i ted  s t a t e s :  t he  lowest  LUMO would be  LUMOl and t he  2nd one LUM02,  

including a tom orb i ta l  d,2 (27.9%) o f  S, and d,2-y2 (19.8%) orb i ta i  o f  Sb ,  respectiveiy,  

as shown in Figure 4. The  number Inside t h e  parentheses  i s  t he  cont r ibut ion  ra t io .  

It i s  most  in te res t ing  t h a t  LUMOl and LUMOZ are  ge t t i ng  a la rge  cont r ibut ion  from d-  

o rb i t a l s  and a somewhat smal le r  cont r ibut ion  from a symmet r i c  carbons;  C4  ( a  = 0.107) 

and C5 ( a  = -0.027). respectively.  

In o the r  wards, 3d-orbital  clouds o f  su l furs  in t he  d i th ia iane  ring are extending  t o  

t he  a symmet r i c  carbons t o  hybridize with p-orb i ta l s  of t he  carbons.  The  ca lcu la ted  

energy  d i f f e r ences  f r om HOMOl t o  LUMOl or LUM02 (13.55 or 14.38 eV, respec t ive ly)  are  

closely proport ional  t o  t he  observed cd absorption energy a t  the  two peak tops (252 or 

237 nm corresponding t o  4.921 or 5.232 eV, respec t ive iy) ,  in t h e  r a t i o  of 2.75. This 

shows t he  good agreement  be tween t he  absorption energy and t he  ca l cu l a t ed  energy dif- 

fe rences .  

The  impor tan t  d-orbitals  in t h e  LUMOs are: 3dXy, 3dyr  and 3d,2- 2  (4.61%. 4.01% and Y 

2.01?4, respec t ive ly)  of  Sa a tom and 3d,z (1.23%) of S b  a tom in LUM02 , and 3d,,, 3dXY. 

3d,2- 2  112.92, 12.24% and 3.33%, respec t ive iy)  o f  S, in LUM03. 
Y 

We used 0.39 as  t he  polarizat ion exponent f a c t o r i 2  for  d-l ike orb i ta l  and exponent (co- 

e f f i c i e n t )  of t h r e e  GTO (381; 0.5229 (0.16866); 3a2, 0.1636 (0.58480); and 3a3, 0.06387 

(0.4056781, respec t ive ly)  t o  3d-orbitals  of suifur atoms.  The  GTO of 3d orb i ta i s  of 

su l fur  a t o m s  should obviousiy be more  impor tan t  than  t he  polar iza t ion  f ac to r  of d-l ike 

o rb i t a l s  f o r  t h e  iong d is tance  in te rac t ion .  

"ab ini t io" CALCULATION 

(1)  Without d-orbitals ,  using STO-3G basis  s e t  of Gaussian 80H 

There  i s  a l so  l i t t l e  energy d i f f e r ence  be tween HOMOi and HOMO2 resu l t s ,  which include 

mainly 3py orb i ta l s  of S b  and Sa ,  respec t ive iy ,  in 2.4-dimethyicyciohexanone e thylene  

d i th ioace ta l .  This is a model molecule for  a par t ia l  and funct iona l  s t r u c t u r e  of a- 

THS-EDT molecule.  Although two exc i ted  s t a t e s ,  LUM02 and LUM03, include mainly p, 

and px  of su l fur  a toms,  p-orbital  cont r ibut ions  of t he  a symmet r i c  carbons  were  negii- 

gibie. 

(2)  With d-orb i ta l s ,  using STO-3G* basis  s e t  of Gaussian 80H 

The re  is also i i t t l e  d i f fe rence  be tween HOMOl and HOMO2 resuits ,  which include 2p 
Y 

e l e c t ron  (63%) o f  Sa and 2pz e l ec t ron  (70%) of Sb. The  t o t a l  cont r ibut ions  f rom 

d-orb i ta l  par t ic ipa t ions  Id-rat io in F igure  5b) in t he  exc i t ed  s t a t e s  are  as t he  s ame  
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a. STO-3G in Gaussian 80H 

18.233 eV 
; 3.49 sb: 3px 

Obsbd 5.232 eV 

I 2nd excitation (237 n m )  

L W -  I 
17.315 eV 

; 3,43 S,: 3P, 
Obsbd 4.921 eV 

I I 1st excitation (252 n m )  

b. STO-3G* in Gaussian 80H 

Energy diagram Main atomic orbitals which contribute to ~ 3 s  

L W -  3 S . 2s (26.69%) C4: 2p, (2.35%) 
Calcd 18.85 eV 

= 3,60 alratio (26.9896) 2s (0.68%) 6 6 x a  5.232 eV S,: 3d+2( 9.71%) 
2nd excitation (237 n m )  3d+1( 7.47%) 

1 
L W -  2 S . 3px (20.41%) C5: 2px (1.57%) 
Calcd 17.35 eV 

= 3,53 9:ratlo (14.98%) 2s ~ l . l l % l  Obsbd 4.921eV S,: 3D.I( 5.33%) 
3d-l( 2.48%) 

L W -  I S . 3py (37.34%) C5: 2px (0.24%) 
Calcd 16.12 eV = 3,27 $:ratlo (19.37%) 2 s  (0.2Wh) 
Obsbd 4.921 eV S a :  3d+2( 5.61%) 

3D+2( 3.96%) 
1st excitation (252 n m )  

H W -  i S,: 2p (63.2446) 
HOMO- 2 Sb: 3pz 170.26%) 

Figure 5 Calculation results of "ab initia" (Gaussian 80H) calculation of 
2,3-din,ethylcyciohexanone ethylene dithioacetal 
a: without d-orbitals of sulfur atoms lwith STO-3G basis set). 
b: with d-orbitals of sulfur atoms (with STO-3G* basis set). 

as that of CND012 [LUMOli19.4%), L U M 0 2  (15.0%) and LUM03 (27.0%)1. But the participa- 

tion ratios from individual d-orbitals of sulfurs are less than that of CND0/2: 5.6% 

fo r  3d+2 of S, atom in L U M O I ,  2.48% for 3d.l of S, atom and 9.72% far 3d+2 of S, atom. 

The p-orbital participation ratios af asymmetric carbons are 1.57% for 2p, of C5 in 

L U M 0 2  and 2.35 for 2pz of C 4  in LUM03. 

DISCUSSION 

3d-Orbitals have been considered to contribute to uv lor cd) excitation2 and also to 

participate in chemical  reaction^.^ because the radius of 3d-orbital is large and 

diffuse. However, it was reported that a wide energy gap was needed to account the 



d-orb i t a l s  fo r  t h e  e x c i t e d  s t a t e  in r e l e v a n t  o r g a n i c  r e a c t i o n s .  

Wi l l i ams  r e p o r t e d i 3  t h a t  t h e  1s t  t r a n s i t i o n  e n e r g y  ( longes t  w a v e  l e n g t h )  c a l c u l a t e d  by 

cons ider ing  d -orb i t a l  p a r t i c i p a t i o n  w a s  lower  t h a n  t h e  observed  one. 

in o u r  s t u d y ,  a lone pa i r  e l e c t r o n  o f  t h e  s u l f u r s  in a 3p-orb i t a l  s e e m s  t o  b e  e x c i t e d  

t o  a LUMO, w i t h u p  t o  36% of 3 d - c h a r a c t e r  and  44-66% of C-S  c o n t r i b u t i o n  in case of S T 0  

-3GX o f  Gauss ian  80H, though such  C N D 0 1 2  c a l c u l a t i o n  d a t a  h a v e  b e e n  c r i t i c i z e d  fo r  t h e  

o v e r e s t i m a t i o n  o f  d-orbi tal  p a r t i c i p a t i o n .  W e  e x p e c t e d  t h a t  t h e  w a v e  s h a p e  ot  uv or c d  

a b s o r p t i o n  should show us t h e  e i e c t r o n i c  s t r u c t u r e  of t h e  e x c i t e d  s t a t e  ILUMO in MOCI. 

LUMO should b e  f o r m e d  f rom t h r e e  t y p e s  ( s ,  p and  d )  of lndlvidual  a t o m  o r b i t a l s ,  ma in ly  

f rom a s y m m e t r i c  c a r b o n  a t o m s  and t w o  d i v a l e n t  s u l f u r  a t o m s  and t h e s e  d i f f u s e  3d- and  

a s y m m e t r i c  2p-orb i t a l s  of t h e  s u l f u r s  should play i m p o r t a n t  r o l e s  f o r  c d  absorp t ion .  

Besides,  t h e s e  f o u r  i s o m e r s  of THSs and  THS-diois  s e e m  t o  be  s u i t a b l e  mode l  compounds  

which  would r e t a i n  t h e i r  r igid s t e r e o s t r u c t u r e  f a s t e n e d  by t h e  y - l a c t o n e  i n  t h e  f o r m e r  

s e r i e s  and  which would b e  w i t h o u t  r ig id i ty  in t h e  l a t t e r  one. 

T h e  s ing le  c r y s t a l  of a-THS-EDT w a s  p r e p a r e d  a n d  i t s  X-ray c r y s t a l l o g r a p h y  w a s  m e a s u r e d  

t o  e l u c i d a t e  i t s  s t e r e o s t r u c t u r e .  T h e  a t o m  c o o r d i n a t e s  o f  sol id s t a t e  w e r e  c h a n g e d  t o  

new a t o m  c o o r d i n a t e s  a long  a r e c t a n g l a r  c o o r d i n a t e  f o r  t h e  t w o  t y p e s  of MOC ICNDOI2 and  

a b  i n i t i o  ( w i t h  STO-3G or STO-3GX s e t  of Gaus ian  80HlI of u-THS-EDT and  2,3-dimethyl-  

c y c l a h e n a n o n e  e t h y l e n e  d i t h i o a c e t a l  as mode l  compounds.  More  t h a n  20% of individual  

d -orb i t a l  should c o n t r i b u t e  t o  t h e  LUMOs of t w o  MOC ( C N D 0 1 2  and  ab i n i t i o  w i t h  STO-3GX 

, which  i n d i c a t e  r e c o g n i t i o n  of t h e  a b s o l u t e  c o n f i g u r a t i o n  of a s y m m e t r i c  carbon.  

We cou ld  not d e f i n e  or i d e n t i f y  which t w o  d - o r b i t a l s  mainly c o n t r i b u t e  t o  t h e  c d  

a b s o r p t i o n  in t h e s e  t w o  s e r i e s  o f  c a l c u l a t l n n s :  3d,2 and  3d,2-?2 f o r  CNDO12 and  3dxz .  

3dxy  and 3dx2-y2 f a r  STO-3G*. 

N e v e r t h e l e s s ,  t h e  c o m b i n a t i o n  of 3d-orb i t a l  p a r t i c i p a t i o n  o f  s u i f u r  and  of p -orb i t a l  

o f  a s y m m e t r i c  c a r b o n  t o  fo rm t h e  LUMO should be  t h e  mechan ism of "d-orb i t a l  p a r t i c i p a -  

t ion  in a s y m m e t r i c  recogni t ion"  (DOPARI ,  a new concep t ion .  Thus ,  t h i s  e m p i r i c a l  cor- 

r e l a t i o n  in c d  a b s o r p t i o n  of t h e  d ~ t h i o l a n e  a d j a c e n t  t o  t h e  a s y m m e t r i c  c a r b o n s  should 

be  e x p l a i n e d  by t h e  p a r t i c i p a t i o n  of 3d-orb i t a l s  o f  d iva len t  s u l f u r  in d e t e r m i n i n g  t h e  

bond l e n g t h s  b e t w e e n  t h e  two  s u l f u r s  and t h e  t w o  asymmetric carbons .  
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