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Ah&act-The optical properties of a number of di- and trithiocarbonates, oxathiolanes, dithiolanes 
and oxathianes, have been examined. Optical rotatory dispersion and circular dichroism measure- 
ments have demonstrated the optical activity of the various absorption bands in these compounds 
and such data serve to generate a chirality rule in which the sense of twist of the chromophoric ring 
corresponds in sign to the measurements in question. 

ALTHOUGH the initial and large amount of work in optical rotatory dispersion (ORD) 
proved very important in the formalization of the octant rule,3 and there is still 
further work in progress stimulated by the success of such a rule, recently there has 
also been notable interest in the ORD and circular dichroism (CD) of dissymmetric 
chromophores,4 and especially of those cases in which a distorted (twisted) v electron 
system is present. s In connection with our work on steroidal sulphur compounds,6*7 
we have had occasion to report briefly on the ORD and CD of trithiocarbonatese 
without, however, reIating them to chirality or other geometrical features. In the 
course of further investigations of a large number of various steroidal sulphur com- 
pounds, some important generalizations have arisen-especially with regard to 
cyclic dithiocarbonates, trithiocarbonates and oxathiolanes and these are discussed 
herewith. 

1 For paper CII, see K. Takeda, K. Kuriyama, T. Komeno, D. A. Lightner, R. Records and C. 
Djerassi, Tetrahedron, 21, 1203 (1965). 

8 For paper XV, see T. Komeno, K. Tori and K. Takeda, Tetrahedron, submitted for publication. 
a C. Djerassi, Optical Rotatory Dispersion: Applications to Organic Chemistry. McGraw-Hill, New 

York (1960). 
4 For leading Refs. see K. Mislow, Annah of the New York Acad. of Sci. 93,457 (1962). 
* A. Moscowitz, K. Mislow, M. A. W. Glass and C. Djerassi, J. Amer. Chem. Sot. 84,1945 (1962). 

R. C. Cookson and J. Hudec, J. C&em. Sot. 429 (1962). 
l D. A. Lightner and C. Djerassi, Tetruhedron, 21, 583 (1965). 
7 K. Takeda, T. Komeno, J. Kawanami, S. Ishihara, H. Kadokawa, H. Tokura and H. Itani, 

Tetrahedkon, 21, 329 (1965). 
* C. Djerassi, H. Wolf, D. A. Lightner, E. Bunnenberg, K. Takeda, T. Komeno and K. Kuriyama, 

Tetrahedkon 19, 1547 (1963). 
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Dithio- and Trithio-carbonates 

On the basis of a critical examination of the stereochemistry of steroidal cyclic 
dithio-and trithio-carbonates in which the 5-membered ring is fused onto a six 
membered ring and in which the thiocarbonyl group is located opposite and not 
adjacent to the commonly shared two carbon atoms of the bicyclic system, there are 
three possible stereochemical arrangements of the C=S groupings (denoted @ in 
the following diagrams) in regard to its environment. 
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Thus, if the plane generated by the two ring hetero atoms and the carbon atom 
of t!he thiocarbonyl group (and thus also necessarily the sulphur of the thiocarbonyl) 
is viewed from the thiocarbonyl sulphur atom through its carbon atom, the plane is 
seen to intersect (2) or pass above (3) or below (1) the carbon-carbon bond of the 
bridgehead carbon atoms giving rise (case 2) to an apparent, non-interconvertible 
(a -II+ b) chirality as designated above. Moreover, forms (1) and (3) also possess a 
chirality, which is more easily seen with models, of the same nature as is obvious 
with case (2), e.g. (la) goes to (Za); likewise, (3a) goes to @a). All this may be seen 
from the diagrams if the S-@-S plane is moved upward so that it intersects the 
C,-Car bond. Thus a given dithio- or trithio-carbonate may possess an apparent 
right (a) or left (b) handed sense of twist in the chromophoric system. 

This chirality becomes the most important factor in determining the sign of the 
Cotton effect or CD curve in the ?r --* x* transition of the thiocarbonyl chromophore, 
and it also no doubt influences the n + W* transition to a very large extent. Con- 
sequently, it may bc expected that in the case of a cyclic ditbio- or trithio-carbonate 
the sign of the 7r + V* transition of the Cotton effect and CD curve will be determined 
by the chirality of the chromophoric system, and this in turn is of direct stereochemical 
importance with regard to the location of the chromophoric ring on the steroid 
perimeter, and to the relative stereochemistry of the ring heteroatoms with respect to 
the steroid moiety. 
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For any vicinal di-substituted system (dithiol, #?-hydroxymercaptan) on a cyclo- 
hexane ring in a chair conformation in the steroid there may exist a maximum of 
four possible relative stereochemical arrangements of these groups : two cis (a,a and 
&!?) and two trans (x,#I and /?,a). The vicinal groups of the two cis forms are always 
arranged axial-equatorial or equatorial-axial ; whereas, the two trans forms are 
equatorial-equatorial and axial-axial. When these vicinal atoms are joined in a five 
membered ring, there may arise four possible fused cyclic systems: two cis and two 
trans, where in the latter the cyclohexane ring of the trans diaxial arrangement must 
be flexible enough to flip into a boat or twist conformer in order to allow the heretofore 
trans-diaxial arrangement to become more nearly in position for ring formation. 
In three of these four possible cases the chirality of the chromophoric ring will always 
be of the sume sign: whereas the fourth case will always be oppositeiy signed, The 
three cases which always possess the same sign are the two cis and the trans-diaxial 
arrangements ; the tram-diequatorial is always oppositely signed from these. All 
this may be seen easily as shown below with a 2,3-substituted steroid if one looks 
through the nodal plane of the thiocarbonyl group (which also contains the two 
ring hetero atoms) and orthogonally at its v orbitals: 

case (2) (I) 
H 

(3) 

’ / s=c+g%, 
k 

Moreover, as the vicinal substitutents move about the perimeter of the steroid 
skeleton, the chirality reverses sign in the respective groups, 

21 
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TABLE 1. PREDICTED SIGN OF COTTON EFFECT OF DI- AND 

m-moc~~mwms IN Sa-mDuosnm SKELEIO~ 

Position Cis, and Tram-diaxial Tram-diequatorial 

1,2 7 - 

2,3 - t- 
394 L - 

4, 5 - 

5,6 + 
67 - + 
798 + 
9,ll - 

11,12 + 
14,15 + 
15,16 - 

16,17 - 

o The same steroid of the opposite absolute configuration 
would have correspondingly opposite chiralities. 

The predictions of chirality in Table 1 are borne out in the cases of the four isomers 
of cholestane at C-2, C-3 (Table 2), and as predicted from the generalizations and 
Table 1, the 3,4-dithiocarbonate is also in complete agreement (Table 2). 

In order to show that these predictions are valid for systems other than steroids, 
data for simpler compoundP are presented in Table 3. 

Experimental optical rotatory dispersion (and in several cases also circular di- 
chroism) data together with appropriate spectral measurements are collected in Figs. 
1-8. It should be noted that in the case of the dithiocarbonates the relevant W+T* 
Cotton effect is the one centered near 280 rnp. 

In summary, it may be seen that chirality effects dominate. In these twisted 
chromophores the electric and magnetic dipole moments associated with the nlr* 
transition have non-zero parallel components; hence, the transition is optically active 
as such. The situation in the n--n* transition is similar to that of #?,y-unsaturated 
ketone9 in that due to the twisted chromophore, the so-called n- and v-systems are 
not orthogonal to each other. As in /Q-unsaturated ketones, the erstwhile n-m* 
transition will borrow electric dipole transition moment from the w+* transition, 
resulting in the high intensity CD curve for the n-n* promotion. Again as in un- 
saturated ketones, the sign of the mixing coefficient (hence the sign of the n-79 Cotton 
effect) is determined by the chirality. It may be noted that there is also a one-to-one 
correspondence between the relative sign of the r+r* and n-m* Cotton effects, as 
there must be if chirality dominates. 

Oxathiolanes show an electronic absorption maximum in the range 240-250 rnp 
(G - 30), and it would appear from the cases examined by us to date that this tran- 
sition is an optically active one. On intensity grounds the transition considered is 
electric dipole forbidden and is probably related to the weak transition seen as a 
shoulder near 240 rnp in tetrahydrothiophene.lO However, instead of it being a 

s 0. E. McCasIand, S. Furuta, A. Furst and J. N. Shuolery, J. Org. Gem. 28,456 (1963). 
lo R. E. Davis, J. Org. Chem. 23, 1380 (1958). 
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TABLE 2. OWRVED AND FWEDICXED corroN FJTECT OF DI- AND TM-TIIIOCARB~NATES 

OF THE CHOLESTANE SERIES 

Experimentally observed 

Cotton effect sign 

Stereochemistry Observed chirality w+r* 

S/-J--J 
Ii 

4 

+ Pig. 1) + 

S. I 
s=cc a 0 : 

tl 
5 

- (Fig. 2) - cis-a,a 

- (Fig. 3) 

rrumdiaxial 
(A boat) 

- (Fig. 4) 

H 

8 

- (Fig. 5) transdiaxial 

(A boat) 

mmmiiaxial 
(A boat) 

- (Fig. 6)* 

9 

trans-diequatorial - (Fig. 7) - 

+ (Fig. 8) + cis-a,a 
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TABLE 3. OBSERVED AND PREDICTED EFFECXS OF SOME NON-STEROIDAL TIUIIIIOCARBONA'IES 

Stereochemistry 
Experimentally observed 

Observed chirality Cotton effect sign 
-_ _ .-.- _. .-.-.. -.---__ ..--.-_ ----_--___ _._--- 

rrans-diaxial 
(A boat) 

- - 

trans-diaxial 
(boat) 

+ 

trans-diequatorial - 

14 

+ 

promotion from a sulphur 3p to a sulphur 36 orbital, the upper state M.O. is probably 
composed of 3d sulphur and 36 oxygen atomic orbitals; hence, there is a lowering 
of the upper-state orbital and concomitantly a reduction in the transition energy to 
near 250 rnp. In the present instance there is clearly no strong electric dipole allowed 
transition that is significantly mixed in (E - 30), unlike the previously mentioned 
inherently dissymmetric cases of the dithio- and trithio-carbonates and the #?,y-un- 
saturated ketones .s Hence, although there is an apparent correlation here, too, of 
chirality with sign of the Cotton effect, the present situation represents a different 
and somewhat new circumstance, as is evident not only by the small extinction 
coefficient, but also by the relativity small (for inherent chirality) rotational strength. 

It is expected that the relatively small, signed magnitude of the isolated, twisted 

7- 
C grouping would be of the same order as vicinal contributions. Therefore, 

\ 
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if the correlation between chirality and sign of the Cotton effect is to be maintained 
S- 

/ 
when the C group is no longer isolated, there must be a secondary correlation 

\ 

between the chirality and the geometry of the most important vicinal perturbers 
relative to the chromophore. This, in fact, is the case, i.e. the positions relative to 

Y- 
C 

\ 
of the carbon atoms which make up the rest of the five membered ring are 

O- 

/ 
also determined by the chirality of C albeit secondarily, so that there is an overall 

\ 
O- 

correlation between chirality and sign, even though the magnitude of the rotational 
strength involved is relatively small. 

For those examples in which the oxathiolane ring is fused to the steroid skeleton 
in a vicinal manner (in contrast to geminal or Spiro), it would appear that the sign 
of the ORD Cotton effect and the CD curve is dependent to a large extent on the 
chirality of the chromophoric ring, the direction of which is assigned as done pre- 
viously with dithio- and trithio-carbonates. It may be noted from the succeeding 
data that in each example the experimentally observed sign of the Cotton effect has 
always the opposite sign as assigned in Table 1 for the position and stereochemistry 
of the attached atoms. However, if the model is placed so that one looks through 
sulphur in much the same manner as was done by looking through the thione group 
in dithio- and trithiocarbonatcs, the sense of chirality is also uniformly opposite to 
that indicated in Table 1 and, in this sense, there is correlation between Cotton effect 
sign and chirality. The analogy of “looking through sulphur” is in no way meant 
to imply any similarity in the nature of the electronic transition, but is done for 
convenience. 

In the set of cases examined, there is consistent agreement with the predicted sign 
according to observed chirality (Table 4). However, the case of the Za(S), 3a(O)- 
acetonide (17), which shows two differently signed weak CD curves (Fig. 1 l), is 
extremely interesting and perhaps indicates that either solvation effectsll are giving 
two different species, each having an electronic transition maximum at different 
wavelengths, or that there are in reality two different electronic transitions in the 
range 240-255 rnp heretofore undetected in solution spectra. In any case, the CD 
spectrum has detected a difference which was not otherwise noticeable in the ultra- 
violet spectrum. 

The relevant optical rotatory dispersion and other spectral measurements are 
collected in Figs. 9-15. While in most cases the ORD results are unambiguous, 
Fig. 10 represents a good example where the CD curve is superior, since the ORD is 
characterized by a weak negative Cotton effect superimposed on a steeply positive 

I1 K. M. Wellman, P. H. Law, W. S. Brings, A. Moscowitr and C. Djerassi, J. Amer. Chem. Sm. 
87, 66 (1965). 
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TABI.E 4. SF-L RATA AND c.zkiaum REUTIQNSHIP OF OXA~H~O~~ 

uv ORD Cottcm 
2 (d effect A (f@]) czhidity 

250 (31) 

245 (27) 

243 (27) 

248 (28) 

243 (a) 

- (Fig. 9) 251 (-3400) 

- (Fig, 10) 252 (-1370) - 

? (Fig. 1 t) 240 (-mm) 
25s (-680) 

-1- (Fig. 12) 243 (+1450) 

+ (Fig. 13) 2% (+2620) 

-I- (Fig. 15) 

- {Fig. 15) 

-t (Fig. 15) 

-I- 

+ 

+ 

-I- 

+ 

k 
23 
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background. Even more complicated is the evaluation of the ORD spectrum in 
Fig. 11 because of the two closely spaced Cotton effects noted in the corresponding 
CD. 

In the case of Spiro-oxathiolanes, such as the ethylene hemithioketals of steroid 
ketones, the aforesaid arguments also obtain. The major stereochemical difference is 
the greater flexibility of these hemithioketals, which may undergo facile conformational 
twisting (with accompanying reversing chirality), and because of this flexibility less 
can be said now in regard to the contribution of both chirality and substituent effects 
to the sign of the Cotton effect. Nevertheless, when the exact nature of the contri- 
butions which determine the sign are known, these flexible examples may prove 
even more interesting than the more rigid counterparts. 

The appropriate spectral data are collected in Table 5, and in almost all cases the 
Cotton effects are unambiguously defined by the CD curves. The curves are not 
reproduced, with one exception, and the exact values are listed in the experimental 
section. The exception is Fig. 16 dealing with the two isomeric hemithioketals,l* 
27a and 27b, of cholestan-3-one. These isomeric substances both exhibit positive 
Cotton effect curves; however, the CD maxima are of unequal magnitude and the 
wavelengths of these maxima are significantly displaced from one another (Table 5). 
The differences in environment of the sulphur atoms in 27a (sulphur equatorial) and 
27b (sulphur axial) and possibly different chiral forms evidently have significant 
effect. 

Dithiofunes 

Dithiolanes appear to exhibit an electronic transition maximum at about 245 rnp 
(c - 350),ls which is possibly of the same type as that of oxathiolanes. Its optical 
activity is now demonstrated as shown in the examples collected in Table 5. In 
contrast to oxathiolanes, however, dithiolanes generally show two absorptions in 
their circular dichroism spectra; one appears near 260 rnp, whereas a second more 
intense one is noted near 240 mp. These two transitions always appear oppositely 
signed (Figs 17 and 18), while in the UV spectra there is detected only one transition, 
generally near 240 mp. Attention should be called to the C-5 epimeric dithiolanes 
(33a and 33b) where the C-5 stereochemistry affects the ORD and CD spectra. The 
marked effect of a substituent making an “o&ant” contribution is seen in the corre- 
sponding Sa- and S&cyan0 compounds (34a and 34b) in which the Cotton effects 
are essentially of mirror image type. 

Dithiolanes and oxuthiolanes of a&unsaturated ketones 

It is known that a carbonxarbon double bond attached to sulphur has a marked 
effect on the electronic transitions associated with sulphur over that of an attached 
saturated substituent l Thus, it might be expected that the CD maxima of allylic 
unsaturated systems could differ from those of the saturated ones. As will be noted 
from Table 6, this expectation is borne out. In the case of the oxathiolanes (40 and 
41) there is no apparent shift in wavelength, and the Cotton effect sign does not 
change from that of the saturated analog 27. The dithiolanes 4245, however, do 

** E. L. EM, L. A. Pilato and V. G. Badding, J. Amer. Chem. Sot. 84,2377 (1962). 
la H. H. Jaffb and M. Orchin, 7Yteory and Application of UItruvidet Spectroscopy, p. 475. J. Wiley, 

New York (1962). 
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TABLE 5. SPY DATA OF OXATHIOLANES AND DRHI~LANES 

ORD CD WV 
Cotton effect 1 WD a --.---.----- (4 _- - .-__ _.._-- 

‘4 0 

& 
242 (-3561) 

1 

il 
24 

240 (-4524) 

244 (+49001 

+ (Fig. 16) 255 (+ 195) 242 (45) 

+ (Fig. 16) 245 (+646) 235 (50) shoulder 

27b 
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+ 247 ( i- 6250) 247 (318) 

29 

TABLE 5 (contd.) 
--._P._ ._. 

ORD CD UV 
Cotton effect A mm R (4 PI.- ___, 

(Fig. 18) 245 (+ 11,865) %I4 (279) 

C&,7 

(Fig. 18) 263 (+3100) 240 (393) 
240 (-20,ooo) 

- 
32 

S & c s ii 

262.5 (+255) 243 (300) 
235 (-510) 

- (Fig. 17) 261 (+816) 243 (372) 
239 (-2176) 

33a 

243 (374) 

33b 
- p ------__Ic .- 
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--.--- 
TABLE 5 (cod.) 

-- 

ORD CD uv 
Cotton effect A WI) 1 (4 

34a 

S & 
t S CN 

34b 

AcO’ 

277 (+ 106) 242 (331) 
245 (- 10,070) 

276 (+348) 240 (81) shoulder 
248 (-13,500) 

37 
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TABLE 5 (conrd.) 

I 593 

ORD 
Cotton effect 

CD UV 
il WI) il (El , 

1 I 

+ 247 (+ 6250) 247 (318) 

show more noticeable differences over the oxathiolanes 40 and 41, in a manner similar 
to that shown (Table 5) in the saturated oxathiolanes and dithiolanes. Again, in the 
same dithiolanes, there are two transitions (-240 rnp and ~270 rnp) of opposite 
sign, which have not yet been assigned, but it is likely that the sulphur atoms interact 
with themselves as well as with the allylic double bond. These are clearly visible in 

‘the CD spectra (Figs. 20 and 21), but not in the corresponding ORD curves. Only 
the ORD curve (Fig. 21) of 44 (Al) shows an irregularity in the 290 rnp region indica- 
tive of another Cotton eli’ect on the long wavelength side of the powerful 245 rnp 
Cotton effect. Moreover, as seen from the CD curves (Figs. 20 and 21), the signs 
change respectively in the Al-(44) and A4-(42) isomers. In the case of the oxathiolane 
(40 or 41), it is not altogether certain that the transition near 240 rnp corresponds to 
that at 240 rnp of the dithiolanes (42-45). It probably corresponds better in nature 
to the 270 rnp transition of dithiolanes, in which case the CD absorptions are of the 
same sign. In comparing saturated (Table 5) and unsaturated (Table 6) dithiolanes, 
it may be noted that the transitions occur at similar wavelengths but may differ in 
intensity and in corresponding signs (35 and 45), (33 and 42, 43), or they may be 
similar (33 and 44). Also, in the spiroketal (40) the well-knownl* strong negative 
background effect of the ether rings comes into play, a feature which, of course, is 
not operative in the corresponding CD curve (Fig. 19). 

Oxathianes 

The oxathianes presented in Table 7 give what are apparently at least two tran- 
sitions very near 300 rnp as seen in the CD curves (Figs. 22 and 24). This is remarkable 
in that the absorption is not only at an unexpectedly high wavelength as compared 
to the five membered analog (e.g. 25 vs. 47), but also that these transitions are not 

*’ C. Djerassi and R. Ehrlich, J. Amer. Chem. Sm. 78,440 (1956). 
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TABLE 6. ORD AND CJ3 DATA OF UNSATUIUIED O~A-~HIOLANES AND DTITIIOLANES 

ORD 
Cotton effect A -_ (PI) 

I 
I 0 

0. 

- 

+ (Fig. 19) 245 (G9344) 
0 

c S 

40 
AcO 

+ 240 (+4427) 

0 

& 

c 

I 

S 

41 

&a7 

& 

+ (Fig. 20) 266 (+6130) 
240 (-10,905) 

S 

c 

I 

S 

41 

44 

‘1 
CO,Ei 

. 
AcO’ 

+ 

(Fig. 21) 270 (-1033) 
245 (+6611) 

275 (- 1756) 
253 (+5250) 
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TABLE 7. ORD AND CD DATA OF OXATHIANES 

1595 

ORD CD 
Cotton effect 1. (VI) 

AcO H 

f-l 
S 

B \ AcO . . 
47 

n 
0 s 

@ /I 
48 

-t (Fig. 22) 299 (+ 1228) 
292 (+ 1323) 

-i (Fig. 23) 302 (+5800) 

+ (Fig. 24) 304 (+4244) 

detectable in the UV spectra. The structural implications of the data again remain 
obscure until the electronic transitions involved are better characterized, but these 
cases again illustrate the importance of CD and ORD data in uncovering hidden 
spectral transitions.ls 

EXPERIMENTAL 
Optical rotatory dispersion measurements were performed in part at Stanford with a Japan 

Spectroscopic Co. (Nippon Bunko) automatically recording spectropolarimeter (Model ORD-5) and 
in part at Osaka with a Rudolph automatically recording spectropolarimeter. The CD measurements 
were obtained on a Baird-AtomiclJouan Dichrograph, and the WV measurements were obtained 
on either an Applied Physics model 14 or a Hitachi recording spectrophotometer. The rotatory 
dispersion data are recorded in the generally accepted manner,*& while the CD data are listed 
according to a convention recorded elsewhere in detail.‘* Aside from the cited source~,@~~~*~ 
samples were selected from earlier synthetic studies.lg 

C~ole~t~2rx(S),3B(O)-~~f~~~~~~~~e (4) (Q. 1). CD in dioxane: c 054 (600-305 mp), c 0.108 
(305-260 w), c O&216 (3C%240 m/4); [0],,, 0, [e],,, - 10650, [81,,, 0, [&,, + 58575, V&,, 0. ORD 

Is See for instance C. Djerassi, H. Wolf and E. Bunnenberg, J. Amer. Chem. Sot. 85, 324 (1963); 
C. Djerassi, PFOC. Gem. Sot. 314 (1964). 

1m See Chap 2 in Ref. 3 as well as C. Djerassi and W. Klyne, Proc. Chem. Sot. 55 (1957); 
p C. Djeraasi and E. Bunnenberg, Proc. C’km. Stw. 299 (1963). 

l7 C. Djerassi and M. German, J. Amer. Chem. Sot. 75,3704 (1953); C. Djerassi, M. German, F. X. 
Markley and E. B. Oldenburg, Ibid. 77, 568 (1955); Z. Pekth (Stanford University, unpublished 
observations). 
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Fm. 3. Optical rotatory dispersion (- ) and ultra- 
violet absorption (- + - t ) curves of cholestane- 

2B(0),3B(S)-dithiocarbonate (6). 

I 

H 
i 

s 

4 

H 

3” 

P 

I 

Fm. 4. Optical rotatory dispersian (-) and 
ultraviolet absorption (- + - +) curves of 

cholestane-2jI(0),3a(S)-dithiocarbonate (7). 
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FIG. 9. Optical rotatory dispersion (- ), circular dichroism 
I- - -), and ultraviolet absorption (-- -t --- +) curves of 

cholestan-2a(S),2B(O)-acetonide (15). 

FIG. 10. Optical rotatory dispersion ( -) and 
circular dichroism (- - -) cumes of cholestane- 

2a(S),3B(O)cyclohexanonide ( 16). 
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3 ? 

1601 





FIG. 15. Optical rotatory dispersion ( -) and ultraviolet 
absorption (- -t - +) curves of cholestan-3@(0),4r(S)- 
acetonide (21), cho~t~-3a(O),~(S~a~toni~ (22), and 

androstan-l68(S),1713(0)-acetonidt 3@ol acetate (23). 

Fro. 16. Optical rotatory dispersion (- ) and circukr 
dichroism (- - -) curves of chokstan-3sne 3@(S)cthylene 
hemithio~tal (27a) and cholestan-3-one 3~(~~~y~e~e 

hemithioketal(27b). 



FIG. If. Optical rotatory dispersion (- ), circular 
dichroism (- - -) and ultraviolet absorption (- t. - +) 
curves of cholestan-3-one ethylene thioketal (33a) and 

S~-cholestan-fone ethylene thioketal(33b). 

PIa. I6 

FIG. 18. Circular dichroism (- - -) curves of cholestan-l-one ethylene 
thioketal(30) and cholestan-2-one ethylene thioketal(31). 
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II- 

IO- 

@- 

e- 

7- 
7 
0 
I 

P 

5 
3- 

b 

i’ 

3- 

I- 

FIG. 21. Optical rotatory dispersion (- ) and circular 
dichroism (- - -) curves of A*cholcsten3-one ethylene 

thioketal(44). 

A P 
A 

(46) 

FIG. 22. Optical rotatory dispersion (- ) and circular 
dichroism (---) q.uws of hecogenin acetate oxathiane (46). 



FIG. 23. Optical rotatory dispersion ( -) and circular 
dichroism (- - -) curves of As-androsten-17,17-oxathiane 

3a-01 acetate (47). 

FIG. 24. Optical rotatory dispersion (- ) and circular 
dichroism (- - -) curves of androstan-17,l ‘Isxathiane (48). 
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in dioxane: c 0.105 (600-320 mp), c OGI7 (350-240 w); [& T 550”, [+],, O”, [+I,,, -7030”, 
Mm O”, [#]No +~~“, EqL + 333m”, [+lss~ + 83300”, [#lIIL O”, L+],,, -462OOO. UV in dioxane: 
A”* log E l-89, n:y log c 4.15, A;;;f;p log c 4.01-3.87, l:y log 4~ 3.72. 880 

Choleslane-2a(S),3~(O)-~~~~carbonore (5) (IT!&. 2). CD in dioxane: c 0.338 (430-310 mp), c O-017 

(290-M w); vLrl 0, ra,, ‘- 17075, Iam 0, v.&,, -44395, [0],,, 0. ORD in dioxane: c 0*104 
(475-320 mp), c O-508 (310-305 mp), c 0.010 (300-295 mp); [$lror + 108W, [+I,, -17200°, [#lsw 
-5l400”, [#lnle i-51400”, [+],,, f-23300”. UV in dioxane: AEix log E l-87, ity log l 4.22, n:y 
log c 368. 

Chofestu~-2B(0),3~(S)o_dirhiocarbonare (6) (Fe. 3). ORD in dioxane: c 0,055 (47&310 w), 
c 0.0022 (31&270 mp); f&0 -!-504”, [$lllt i-8910”, [#IsI -26200”, [#ltlll -84100”. UV in dioxane: 
il a”r:” log E l-91, n= log c 4.25, d~~Y&‘=log c 3-94-3.86, &;r log L 3.70. 

Chofestune-2~(0),3a(S)-dirlriocurbonate (7) (Fe. 4). ORD in dioxane: c o-02022 (70&250 mp); 
[+],oo -230”s [#Lo O”, b#1,~0 -i-2750”, [#l,oo -t- Joooo”, [#Lo --22400”, [#I,,, --7500”, [#h, -6uwK)“, 
[+]s,o + 64ooo”, [&,, +275CW. UV in dioxane: A:? log c 2.0, A:2 log c 4.2. 

C~lestu~-2B(S),3a(O)-dithiocarbonate (8) (IT&. 5). ORD in dioxane: c 0.0256 (70&240 w); 
[&IO +290’s ha + 3200”, Ml,m + 10500”, [&I -25ooO”, [#lm, -6looO”, [#lms + 56ooo”, [#I,,,, 0”. 
UV in dioxane: i.:t’ log c 2.00, ;Igy log c 4.24. 

Cholestune-2&3a-trithiocudmute (9) (F&. 6). CD in dioxane: c O+XM (530-350 mp), c O-012 
(350-250 mp) ; [&o 0, [ho + 15OW Vh 0, D%I~ -39400, Vk 0, Mar0 - moo. ORD in 
dioxane: c 0*0185 (58&330 wl), c 0.0035 (33&240 mp); [&0 + 14340”. [& -25810”, [+],10 
-24850”s Msso -956W’, [Qlolo + 95600’. UV in dioxane: 3’7: log E l-94, I.::” log E 4.27, I~~~~:~~ 
log c 4.22-3.34. 

Cholestune_3~(0),4r(S)-dithimurbonute (IO) (I?&. 7). ORD in dioxane: c 0.04356 (7OW250 mp); 
WI, -420”s WI,,, 0”. b#&,r -9370”, ~+l,w -24770”, [+lm -54850”, [+lm -78000”, (#L,, +63ooO”, 
[#]160 +26000”. UV in dioxane: i.gtx log L 2.00, i.c log l 4-26. 

Cholestune-3a(0),4a(S)-dithbcurbmute (11) (F&. 8). ORD in dioxane: c 0.03562 (700-255 mp); 
M700 -470”s WI,,, - 1aa”, Mltro + 16900”, Mm + 18m”, [9lm +4l~“, Was -49ooo”, [g%w 
-32500”. UV in dioxane: izF,y log E l-73, A:“;” log E 4.01. 

(i-)-trans-9-Methyldecolin-2B,3a-t~ithiocu~~~te (12). CD in dioxane: c 0.377 (52&350 q), 
c 0.0126 (350-w m& vi,,, 0, vi,, + 15400, [ei,,, 0, [k -6830& vi,,, 0, m,, + 186% ra,B 4 
rel,,, - 14150, vi,,, -9CMO. ORD iti dioxane : c O-0377 (580-350 mp), c OW251 (350-240 ~JJ); 
Ml,,, + 9760=, [+I,,~ - 127003, wiHa - 113ow [+i~80 -41m*, [#I,** +54000°, [#Im +12850°. 
UV in dioxane: Ar,x log E 1.94, Jfix log E 4-24, nzzf_“:z log l 420-4*11, A:,= log c 3-46. 

Chufestun-2a(S),3/?(0)0- acetunide (I 5) (Fk. 9). CD in dioxane: c 3.17 (35255 mp), c l-056 
(260-245 mp); [BJloo 0, [e],,, +3400, [e],,, i-2750. ORD in n-heptane: c O-208 (70&235 mp); 
[+I,,, +240°, [#Ial + l@lO”, [+]366 + l55”, [+lor6 + 6520”. UV in n-heptane: JFGx log L 1.48. 

Chole.stune-2a(S),3/?(O)-cyclohPxononide (16) (I?&. 10). CD in dioxane: c 1.0 (300-245 mp), c O-5 

(27~240 W) ; m, 0, vhs - 1370, vJtto - 1ooO. ORD in dioxane: c 0.121 (-260 v); [#I100 
+ 3200, [+L +4w wh t4100, wi,,, + 10000. 

CMe&z~-2a(S),3cr(O)-ucetonide (17) (I?&. 11). CD in dioxane: c O-93 (300-230 mp); [&,, 0, 
v],,, -674, FL 0, PI t,O i 185, [e],, 0. ORD in dioxane: c 0.100 @O&275 v), c 0.50 (30&240 

w); r&l, 7-80”, Wleoo + 240”, I+lsee -i-8~“, Mlm T MO”, [+]slo + 1240’. UV in n-heptane: AF,fE 
log c 144. 

ChoIestm2/?(0),3@(S) metonide (18) (e. 12). CD in dioxane: c I-18 (3OCM45 mp), c 0.59 (26O- 
230 mp); [e],,, 0, [e],,, -t 1560, [e],,, + 600. ORD in n-heptane: c 0.199 (70&235 q); [+bOO 
-!- 230”. [$ltlD + 3970”, [+]*a& -t 860”. UV in n-heptane: ;I?,= log 6 1.42. 

Cho~estan-2/9(S),3a(O)-ucetoni& (19) (F&. 13). CD in dioxane: c 1.56 (350-240 mp); [e],, 0, 
[e],,, +2652, [e],,, + 1620. ORD in n-heptane: c 0,231 (70&230 w); [&, +32W, [+I,,, + 3830*, 
r+]*,,., + 940”s Ml*ro $1400”. UV in n-heptane: Imsx log E l-45. ‘MB 

ChoIestam2/I(O),3a(S)-ucetonide (20) (F&. 14). CD in dioxane: c 1.56 (350 mp), c 0.78 
(270-236 m& [ho 0, Mm +2190, [0]111 +870. ORD in n-heptane: c 0.249 (700-300 mp), c 
O-1246 (350-235 nvc) ; bm + 260”, Mw + 12fjo”, f+ls,, A 3400”, [#Ls + 740”. UV in n-heptane: 
nry log c 1.49. 

Chulestun-3#?(0),4a(S)-ucetoni& (21) (F&. 15). ORD in n-heptane: c O-0534 (7OCL235 v); 

h%ao - 14”, r+1,** - 170”, Mlno -380”. [+lsdl + 1670”, [#]*rs OO, [+I,,, -- .7420”. UV in n-hcptane: 
I .z= log E 1.78. 
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CtKllesZu~3a(0),4a(S)~~~?~~~e (22) (I?&. 15). ORD in n=heptane: c MI623 (700-230 rnp); 
b#d700 -man [he -385”. [!&o -8800”, [&t.6 +3370”, [Q;llto +3180°. UV in n-heptane: J&y 
log E l-85. 

5a-Androstan-l6B(S),l7~(O~~~to~~ (23) (Fe. 15). ORD in dioxane: c 0.0892 (700-225 m/c); 
w4IPlQ - 199”, [&M + Iwo, L$h -7460”, t#lm -63W. 

Sa-Adrostan-17-ane ethylene ~~~t~ioket~i (24). CD in dioxane: c 205 (400-245 m&, c 0*683 
(260-237 w) ; P%~o 0, Mm -3567, Uh,, -3000. ORD in dioxane: c 0.312 (60&225 m,u); [QIl(Iap 
-SO”, [#I*, -3340”, [#ha O”, [#l*afi -t 1670”, [#IS*11 i- 1000”. 

A’-Androsten-17-one ethyiene hemithioketul3~-0l acetate (25). CD in dioxane: c 1.13 (350-230 
$1: [eiSTO 0, [e]r(lo -4524, [e],,,, -2350. ORD in dioxane: c 0,213 (600-225 mp); [#laei, - 429, 

ai6 -6660”s E&w -2740”, [+lor, -3900’. 
Hecogenin acetate ethybte hemithioketa1(26). CD in dioxane: c O-67 (300-243 mB); [&, 0, 

[~lrrr +4SOO. ORD in dioxane : c 0,078 (600-235 m&; [& -234”, [+ltPO -SKY’, [&,, + 1950’, 
r#lar, -4600”. 

Cholesfan-3-one 3/I(S)-ethylene hemifhioketal(27a) (Ezp. 16). CD in dioxane: c O-121 (30 
mr~); [~lo,,, 0, [@I,,, -I- 195, [f&, 0. ORD in dioxane: c 0421 (aOem mp); [#Iloo + 900, [#lteo 
+450”, WI,,, f800”, I+1 I)47 i720a, [$)rpo t 1020”. UV in dioxane: AT** log E 1.653. 

Cholestun-J-one 3z@)-ethylene he~~thi~ket~~ (27b) (I%&. 16). CD in dioxane: c OG872 (290-230 
myi); [fjlllb 0, re],,, -k 646, [@El, 0. ORD in dioxane: c it205 (60&220 rnp) ; [#]blsoo + 1 000, [#I,, 
+ 500”* Mints + 15Qo”, ~dillP0 i 1405”. UV in dioxane: arti log c 1.70. 

S~~~~~he~y~-2,2~3,3~~~~estff~y~~x~tk~~~u~e (28). ORD in dioxane: c O-160 (~280 mp), 
c 0440 (260-240 mph [&, + IO40”, [#lo,, + 880”, [+]z,O --1250”. 

S~~r~-bt?nzyi-2,2-(3,3Ychorestuny~~~xu?k~~fu~e (29). ORD in dioxane: c 0.314 (600-238 mp); 
[#lreo +2@“, W,o +430”, Wlst,~ 0”s 1&o -967”, t#L o”, k&a +3640”. 

Cholestm-l-one ethylme thfoketd (30) (Fg. 18). CD in dioxane: c O-1 1 (300-235 mp); [8]z8o 0, 
[f%4b + 11865, [&,, -i 8000. UV in dioxane AT!: log E 2.478. 

Chdestan-2me ethylene thioketuZ(31) (Fig. 18). CD in dioxane: c O-0516 (310-235 w); [f&,, 0, 
It%,, $3100, [t& 0, [& - 20000, [@I,,, - 17000. UV in dioxane: n;ix tog z 2.595. 

Sa-A~~~~tun-3~~e ethylene th~~ket~~ (32). CD in dioxane: c 0.0556 1310-230 mp); [@I,,, 0, 
re],,,., +225, virro 0, vi,, - 510, toi,, -350. ORD in dioxane: c O-0556 (400-220 mp); [+I,, 
+ lo’, [+lszo +3ooo”, bs O”, h, - 1 f50”, ilfilm O”, bblo~ -5 9ooo*, [#ho + 8500’. UV in 
dioxane: iiras log l 2-47. 

Sa-Chuiestun-3-one ethylem thioketuP* (33a) (F&. 17). CD in dioxane: c 0183 (300-235 mp); 
b%io 0, Plsm + 816, I&i 0, R&t -2176, Ef%, -1700. ORD in dioxane: c 0.0754 (7OM35 m#t); 
w17ilo + 170”, [+l*iP t l uo”9 [41*8* -t q30”p 141*&O -!. 49O”, [4]2u -t-2800”. ORD in n-heptane: c O-1852 
(700-230 w) : Wl7oo -15 lo, [+14:1 + 520”, MILLIs --. 102”, [+& +2175’. UV in dioxane: 45 tog E 
2.57 

5#I-ChoZestum3-one ethylene thioketal (33b) (Fg. 17). CD in dioxane: c O-408 (350-250 m/J); 
raclo 0, rol,,, -240, ra,, -360, vi,, -600. ORD in dioxane: c O-1088 (700-250 w); [IpI= 
+ 1 SO”, rdi1aa0 ‘. 842”, [&, + 884”, Ozro +1600”. ORD in n-heptane: c 0.233 (700-235 m,u); 
L&b0 + 79”, [&NI I- 634”, [#lot@ + 1030°, [+]cll -!- 360”. UV in dioxane: ilz log Q 2.573. 

Sa-Cyu~cho~e~#~-3~ne ethy~e~ tk~ketu~l$ (34a). ORD in methanol : c 0.0392 (70@-240 mp): 
Ml700 0”. rQJ1m - 6670”, [&, + 7800°. 

S~-C~~ie~f~3-~~e ethylene tkiuketa~l* (34b). ORD in methanol: c 0,294 (700-240 m&; 
Woo +263”, C&NI +7310”, 1&o - 6970”. 

Sa-Androsttzw’l-one thioketal3&01 acetate (35). CD in dioxane: c 0.0568 (310-230 rq); [OlrM 0, 
[@I,,, + 100, [@IS70 0, [@lw - IOO7@, [@I,, -2700. UV in dioxane: ?.;y log z 2-52. 

Sfl,Ma-Androstan-15dne ethylene thioketul 3#?-uI aceftate 17ar-burrenoMP (36). ORD in chloro- 
form: c 0.103 (700-245 mpu); [d;lzw + 39”, [&O + 906”, [b],,, - 1810”. 

Str-Rndrostun-M-one ethyZene thioketal(37). CD in dioxane: c DO544 (320-230 m,u); [e],,, 0, 
ml,o + 3% rel,,, 0, vk - 1350% re], - 3500. W in dioxane: $fo log E 1906. 

Sa-A~~~~~l7~ne ethylme thiuket~~ 3/7,19-&l 3-ucetate (38). CD in dioxane: c ($352 (3O& 
235 mfr); V&a 0, V3L7 4-6250, [Olsaa + 1800. ORD in dioxane: c 0~124 (600-235 nyc); [qQr* -36q 
WI*10 --216”, b&M + 972”, [& 0”. [&, - 9600”. UV in dioxane: Jfi$” log l 2-502. 

I8 L. F. Fieser, .I. Amer. Chem. Sm. 76,1945 (1954). 
I* W. Nagata et al. to be published. 
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AVr~?uvre-3-o~ ethylene ke~~~~~t~2~~~~~~t~e (41). CD in dioxane: c@6ro (LOO-240 npr), 
c 0.30 (260-235 q); [@],,, 0, f&, +4427, [t?],, +4050. ORD in di~~am: Ml82 &W-235 III&; 

r5kl+75", r#l8oo -!-765”s t#]ar, + 5450”, [#],w 3-1250”. 
A~C~~e~te~3~~ et&&= t~~&e~u~(42) (Q. 20). CD in dioxane: c l*OO (300-237 m&; [(I]- 0, 

V]*** +6130, PI,,, 0, ral,o - 10905. 0R.D in diaxane: c 0.205 (~3~ mp), c @0051(270-240 mp); 
&vre* +460”, r#llnt + 5900”, f#h,r O”, C&a -4420. WIMO -1370°. 

A~-3=Ket#c~u~en~c acti methyl ester 12-ucet;ate 3-ethyltm thiokettz@ (43). 0R.D in dioxane: c 
0.0984 (7oo-240 w); f.h + 560*, c&, +7me, Z#l,,, -Qso0”, ~#hco + 127owi 

A1~C~~~e$te~3~~t~y~ tk~ketu~ (44) (F&. 21). CD in dioxane: c l-08 (300-265 rnp), c 0.27 
(270-250 m&, c WI675 (25Q-2M mp) ; [@lsm 0, [@I,,@ - 1033, [Oh, 0, [I?],, +6611, @?&,@ +5780. 
ORD in dioxane: c 0.1073 @IO-~ in&, @]~~o + 193’, [rph= +550’, [& 5550”, [+I,,,, +88S”. 

As-7-Ketoc!&c acti ethyl ester ditzcetufe ;I-ethylene tltioketu~l (45). CD in dioxanc: c 0470 
(320-245 ~1; wrare 0, ma - 1754, [e],,, 0, [@],, + 5250, [61ru +44W. ORD in dioxane: c 0.1439 
(700-245 m&: f&, -t-82”, k#l,m + 165’, tdilm @‘a fd;ltsa -9M”, [#],u + 1070°, Irlilru - t3000°. 

Hecgeain wetote oxatfrlane (46) (Fe, 22). CD in diuxane: c 2+17 (330-245 m&, c la085 (2% 
240 rrtp), c 0+2712 (240-235 mp); [@I,, 0, I@] alo + 630, w,,, + 1228, raw, + 1197, iei,, + i 323, 
[@,,, + 189, [e],, 4-2520. ORD in dioxane: c 09355 (600-240 rn& [& -213’, [&, -745’, 
ibrl820 -5x i#lr 1, - 266”, [#I,, -2740”, [#& -2lOO. 

A~-~~~ten-l7,17axothlhne 3a-d acetate (47) (Fe:.. 23). CD in dioxane: c 0.10 (390-250 rqu); 
[@I,,, 0, [OJgos -+ 5800, [&,, $400. ORD in dioxane: c 0.225 (600-255 m&; [+ll)l, 41”, [& + 3220Q, 
wfsos 03, wh -3080~, rh -25200. 

AtuirostM-17,17-oxut!riiant (48) (Q, 24). CD in diaxane: c O*lO (340-240 w); [e& 0, [iJ], 
-f-4244, [@I,,, 0. ORD in dioxane: c 0.191 (600-270 mfrr); [+]ts, + HI”, [&rf +4030”, [#llpo 0, 
r#lm -2820°, [q&,,, -2450”. 
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