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Abstract— Ethylene dithiocacetal (EDT) was first used as a chircptical
group to determine both absolute and relative configurations of asymmet-
ric centers in o- and B-positions in relation to EDT by the signs of the
Cotton effect in CD and by an aromatic solvent-induced shift of Ty NMR,
respectively, in a series of EDTs of 4,10-dimethyldecal-3-ones compared

with those of stercid ketones.

The preceding paper in this series was concerned with the inversion of the methyl
group adjacent to ketone (ketonic methyl) by wvirture of the 1,3-peri repulsion of
the hydroxyl group formed by opening y-~lactone, and with the determination of the
absolute configuration of the methyl group by chemical interconversion using
ethylene dithiocacetal (EDT) as a protective group to prevent epimerization of the
ketonic methyl in a series of 4,10-dimethyldecal-3-ones. The inversion method
should be a2 useful tool to prepare axial methyl, which is usually difficult to
synthesize and can be fixed by dithiocacetal in this methed. We attempted to
expand the function of dithicacetal from merely a protective group to a chiropti-
cal group to determine both relatve and absolute configurations at asymmetric
centers in ¢- and R-positions in relation to EDT.

Table 1. Absolute and relative configurations at C-4 and C-5 in ethyl-
++CH3 ene acetal and dithicacetal derivatives of 4,10-dimethyldecal-3-cnes

Compounds Ca C5 X Y z wp (*C) Compounds Ca C5 ) S § 2 mp (°C)
(la) «-THS S (BH) S (all) =0 ~0-00- 153-154  {5a) o-THS-EDT S (BH) S (aH)} x°] -0-C0- 191-192
(1b) B-THS R {all) S (afl) -0 -0-CO- 147 8
{1c) y-THS R (all) R (8il) =0 —0-CO- 100-10i  (5b) B-THS-EDT R (oH) § (all) x:} -0-0- 172-173
(2Za) o-THS-EAC S (BH) § (oW} x:] 00 167-168.5 (Sc) y-THS-EDT R (=) R (BH) x] -0-CO- 118-120
(2b) B-THS-EAC R (aif) § {all) x,] -0-00- 180 (5d) 6-THS-EDT § (BH) R (BH) x5} -0-CO- 155-156
{Zc) Y-THS-EAC R (ail) R (BI) ,zl =000~ 162-163 (6a) a-THS-EDT- § (BH) S (ali) xs] o CHZOH 184-186

o DIOL
(3a) o-THSCDICL S (BM) § (o) =0 O CH.,OM 117-118  (6b) B-TIS-EDT- R (eit) S (aH) x°] OM CH,ON 127128
(3a-DTAC) S (Bi) S (oil) =0 OCAc CIEOH ol -DIOL s
(3a-NB) S (BI) S (clt) =0 Olf CIONE oil {6¢) Y-TUS-EDT- R (aH) R (BH) =3} OH CH00 190-i92
(3d) 6-THS-DIOL § (BI) R (BH) <0 ON CHRON 11I-1I2 -DI0L <
o (64) §-THS-EDT- § (BH) R (8H) =] OH CH,CH 182-183

(4} a-THS-EAC- § (B} § (aN) x°] O CH,ON 149-151 -DIOL s

~DIOL ° 2
(4c) Y-THS-EAC- R {all} R (B0} x°} oM cChIOH 182-183

~DI0L @ 2

Abbreviation: Ti3; tetrahydro-L—a-santenin, EAC; ethylene aceral, DIGL, 6,12-diol, EDT; ethylene dithiocacetal,
DIAC; 6,12-dlacetate and NB; 12-p-nitrabenzoate.
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The CD spectrum and the arcomatic solvent-induced shift of TH NMR (ASIS NMR}, known

"3 and the "carbonvl plane rule”,4 respectively, have been ap-

as the "octant rule
rlied to the ketonic methyl to determine the configuration in steroids. In this
study, these two physical methods have been extended from ketone to dithicacetal by
using a series of tetrahydro- - -santonins (THS} as typical and systematic com-
pounds having few asymmetric carbon centers.

A pair of 3-ethylene acetal (EDC) derivatives {2a and 2b) from o- and BE-THS (ta
and 1b) were first prepared in the usual manner using benzene as a sovent with p-
TsOH as thermodynamically controlled products which were separated by the column
chromatography on silica gel. Another pair of EDTs {5a and 5b) were prepared from
1a and 1b as described in the preceding paper.2 The ASIS for these 4,10-dimethyl-
decal-3-one derivatives described in Table 1 including acetals and dithiocacetals
are shown in Table 2. The eqg- and ax-methyls adjacent to acetal and dithiocacetal
were found tc show down- and up-field shifts, respectively, without exception in
the ASIS using CDCl3 and CgHg + the same tendency as in the pair of ketones {la
and 1b) and also in the stercid series;4 eg-methyl showed down-field shifts by ca.
0.26 ppm in ASIS, [Ta (-0.27), 1¢ (-0.11}, 2a (-0.26), 2c (-0.27}, 4c (-0.26), 5a
(-0.26), 5c {-0.25}, 6a (-0.27} and 6c¢c (-0.28)) and ax-methyl showed, in contrast,
dp-field or small down-field shifts by ca. 0.1 ppm [1b {(+0.177), 2b (-0.09), 34
(-0.04), 5b (-0.02}), 6b (-0.13) and 6d ( 0.0)].

These solvent shifts should be very useful for determining the relative configura-
tion of methyl groups adjacent to acetal and dithicacetal which can be removed by
reduction with Raney nickel to retain the configuration (ax-methyl, for example}.
While the configurations at C-6, C-7, C-10 and C-11 in % -a-santonin are retainegd
in the corresponding tetrahydro compounds, two more asymmtric centers at C-4 and
C-5 in tetrahydro-¢-g-santonns will now be discussed. Their absolute configura-
tions are closely related to the relative configquration which would be determined

by ASI3, as described above, in the case of the chair form conformation in the A
ring.

Table 2. ASIS {a6CPCl3-CgHgy of methyl peak at C-4 in 'H NMR of

4,10-dimethyldecal-3-cnes and its derivatives

Confg. of prm {Solvents) (from TMS} Confg. of pra (Su]:ven:s.'l {Irom T!Ei&( ol
Cy-He cocl, coeiy-Cglg CgHg Adlppm}  C,-Me Dl €DCly-C.H, Cog PP
(1a) eq  1.20(6.6) 1.26(6.6) 1,41(6.0) =0.21 (42} eq  1.10{7.2) 1.19(6.0) 1.39(6.6} -0.29
(1) ar  1.25(7.2) 1.16{7.8) 1.08(7.2) +0.17 (4} eq  1.07(7.2) 1.13(6.0) 1.33(6.0) -0.26
{lc) eq 1.15(5.4) 1.12(6.0) 1.26(6.6) -0.11
(5a)  ex | 3406.5) 1.47(6.6) 1.60(6.0) -0.26
(2a) eq 1.04(6.0) 1.10(6.0) 1.30(6.0} -0.26 (5b) ax 1.19(7.8) 1_1§(3_2) 1.19(7.8) :0.00
{2v) ax 1,01(6.6} 1,01(7.2) 1.10(7.2} -0.0% (5¢) eq  1.21(8.3) 1.% (6.0) 1.46(6.00 -0.25
(2c) eq  0.93(6.0) 1.00(6.0) 1.20(5.4)} -0.27 (54} ax 1.3i(7.0] 1.28(7.0) 1.26(7.0} +0.05
(3a) —  1.70(7.8) 1.50(6.6) 1.47(6.9) +0.23 (6a) eq  1.42(6.5) 1.49(7.0) 1.65(7.0) =0.27
(3a-DIAC) —  1.12(6.6) 1.08(6.6} 1.14(7.2) -0,02 (6b) ax  1.14(7.0) 1.16(7.0) 1.27(7.0) -0.13
(2a-¥3) — 1.36{7.0) 1.30{7.0) 1.235(7.0) -0.05 (6c) eq  1.28(7.0) 1.38{6.0) 1.64(7.0} -0.28
(3d) —  1.06(6.6) 1.03(6.0) 1.10(6.0) —0.04 (6d) ax  1.34(7.0) 1.29(6.0) 1.34(7.0} 20.00

On the other hand, it has long been argued whether d-orbital participation of di-
valent sulfur in thicacetal can or can not contribute to the UV primary band near
245 nm, which should be responsible for its CD absorption.
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We now wish to present the interesting finding that the signs of the cotton effect
in the THS-EDT series at 237 and 252 are closely related to the absclute configu-
rations at C-4 and C-5, respectively. This empirical rule, decribed below, indi-
cated that the pracesses of electronic exitation are not the same in acetal and
dithioacetal. The rule also may suggest that the assignment of the CD sign to the
absolute configurations, mentioned above, should be a clue to find cut the contri-
bution from d-orbitals of divalent sulfur in the thioacetal. Although acetals (Z2a
and 2b) showed no significant CD absorption except the peak responsible for Y-
lactone near 210 nm, dithicacetals {5a and 5b) had a strong peak near 245 nm or
two peaks at 234.5 and 256 nm. Another pair of dithicacetals (6a and 6b) without
yY-lactone had distinctive CD bands in the range from 220 to 260 nm as shown Fig. 1.
CD data for EDTs of trans- and cis-4,10-dimethyldecal-3-ones are shown in Table 3
in connection with the absolute configurations at C-4 and €-5 in each compeound.

3

folx10”
S A
104 &S ;{6 0
b
Table 3. Correlation between the sign of CD 237 nm 252 nm
(for €y (for CS)
and absolute configuration for 4,10-dimethyl-
decal-3-ones in dioxane
Absol.u:e
anﬁs'c Amax [almax [31231 nm IBI252 nm
4 5
(53] 5 5 724.5 +2,054 -2,920 -2,800
245 -5,426
[5b) R 5 234 +4,029 +3,500
258 -1,854 -t,380
(5c) R R 245.,5  +8,327 «6,320 +6,130
{(5¢1) 5 R 239 -3,818 -2,45¢
258 +2,945 +1,730
{6a) S 5 245 -21,120  -18,220 -18,800
{6b) R 5§ 234,5 +3.113 +2,920
256 -3,736 -2,740
(6c) R R 245,5 +11,196 +7,430 +9,070
[&d) s R 238 -4,010 4,020
258 +1,948 e 995
{7b) R.S 1224 +7,595 +3,230
254.5 -3,574 -3,300
{7b-Me} R 5 224 +7,000 +4,410
254.5 -3,574 -2,830
{6a-NB} § 5 243 -19,622  -15,340 -16,280
7b, v-tetrahydresantoninic acid Fig. 1. CD absorption curves of dithio-
ethylene dithioacetal, acetals with Y-lactone (5a and 5b)
7b-Me, methyl ester of 7b and without Y-lactone (6a and 6b)

It is obvious that the signs of CD absorption of dithicacetal at 237 and 252 nm
were related to the absolute configurations at C-4 and C-5. Because, first, the
EDT of racemic 4,10-dimethyldecal-3-one itself showed no CD absorption in the
region 220-260 nm. Second, the rectus configuration (R) was related to the plus
sign {+) and the sinister (S} to the minus sign {(-) in the CD curves. For exam-
ple, the {+})-sign data [amplitude (9) at 237 nm] for [5b (+3,500), 5¢c (+6,320), 6b
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{(+7,480), 7b (+3,230) and the methyl ester of 7b (+4,410)] corresponded well to
the R configuration at C-4 adjacent to EDT without exception.

The (-)-sign data for [5a (-2,920), 5d (-2,450), 6a (-18,220), 6d (-4,020) and the
p-nitrobenzoate of ba (-15,340}] also correlated with the S5 configuration at C-4.
Furthermore, the R corfiguration at the C-5 -position detached from EDT corre-
sponded well to the (+}-sign in the data for 5c¢, 5d, 6c and 64, and the S configu-
ration at C-5 was related to the (-}-sign in data for 5a, 5b, 6a, 6b, 7b, the
methyl ester of 7b and p-nitrobenzoate of 6a without exception at 252 nm in CD
{(Table 3). The strong peak near 245 nm was considered to be an additive peak in
the compounds having the same absolute configurations at both C-4 and C-5 (Fig.1).
The forgoing empirical rule in the Cotton effect of the CD specrum for THS-EDT
derivatives is a new finding in the chiroptical studies including the determina-
tion of the absolute configquration in the detached B -position. This rule also can
be used for stereochemical problems of natural products in both structure elucida-
tion and synthetic work. For example, when CD data in EDT derivatives of stercid
ketones are classified along this empirical rule, most of the (+ or -}-signs in

5:6 are correlated well with the

the derivatives of cholestencones and androstanones
absolute configuraticon (R and S} of asymmetric carbones adjacent to a- and detach-
ed B -positions relative to the EDT in the A and D rings of the stercids.

The thecretical assignment of this electronic exitation for CD and UV by using the
ligand field theory and the molecular orbital calculations (CNDC-2) including d-
or-bital participation of divalent sulfur atoms will be published in the following

paper.
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