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1,3-Dithiolane Synthesis Catalyzed by Organotin Triflates
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Carbonyls and acetals are converted to 1,3-dithianes and -dithiolanes upon treatment with 2-stanna-
1,3-dithianes and -dithiolanes under catalysis by organotin triflates. In these competition reactions,
various types of carbonyls and acetals are differentiated. Aldehydesreact preferentially over ketones,
but the preference is completely reversed in the competition reactions between the corresponding
acetals and ketals. Thereactivity of aliphatic aldehydes is greater than that of the acetals of aliphatic
aldehydes and ketones. Conversely, an aromatic acetal is more reactive than its parent aldehyde.
In the competition between aromatic and aliphatic aldehydes, the reaction of the latter predominates.
However, aromatic acetals react preferentially over aliphatic acetals. Ketones of different types are
also differentiated. No such discrimination can be achieved by conventional methods. Organotin
triflates are capable of detecting subtle differences in the reactivity of carbonyls and acetals. Such
unique differentiation can be explained in terms of the dependence of the reaction path on the
substrate: the reactions of carbonyls are initiated by coordination to tin, whereas the reactions of
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acetals proceed via oxocarbenium ion intermediates.

The chemical transformation of a carbonyl group is one
of the fundamental manipulations in organic synthesis.
However, molecules bearing multiple carbonyl groups are
frequently encountered. Inthose cases,the carbonylgroup
being modified must be differentiated from the other
carbonyls and from acetals and ketals, which can also be
considered as members of the carbonyl family. Differ-
entiation such as aldehyde (or its acetal) vs ketone (or its
ketal), aldehyde (or its acetal) vs aldehyde (or its acetal),
ketone (or its ketal) vs ketone (or its ketal), and aldehyde
or ketone vs acetal have recently been the subject of
considerable attention.!

1,3-Dithianes are masked carbonyls that are especially
useful because of their ability to undergo further carbon-
carbon bond formation.? 1,3-Dithiolanes are also often
used for protecting ketones.? Hence, selective dithioac-
etalizations of carbonyl functions are of great synthetic
value. Previously, we disclosed that carbonyls and acetals
undergo smooth thiocacetalization when exposed to
thiostannanes in the presence of a Lewis acid.t Also
noteworthy is the usefulness of organotin triflates. These
catalysts, due to their mild Lewis acidity, allow selective
transformations of carbonyls and acetals.5 Evans et al.
have used 1,2-bis[(trimethylsilyl)thio]ethane in the pres-
ence of Znl, for the selective dithioacetalization of one
ketonic function, particularly for steroid derivatives.®
Carbonyl differentiation in dithioacetalization has also
been reported in some cases.” Herein, we demonstrate
the efficiency of the organotin triflate-thiostannane
methodology for various types of the aforementioned
differentiating operations as well as its synthetic potential
for the preparation of 1,3-dithianes and 1,3-dithiolanes.?

Results and Discussion

First, we determined the synthetic utility of our method.
Treatment of aldehydes with thiostannane 1a (1.2 equiv)
in the presence of BusSn(OTf); (3a) in 1,2-dichloroethane
afforded the desired 1,3-dithianes in reasonable yields
(TableI). These compounds are conventionally prepared
with 1,3-propanedithiol under acidic conditions and are
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Table 1. Synthesis of 1,3-Dithianes from Aldehydes*

S Bu,Sn(0Tf), (3a) S
RCHO  +  Bu,Si :> —_— Rc'H_—_>
S s
la
reaction
temp, time,
entry RCHO ° yield* % E:Z
1 BuCHO 3B 20 (99)
2 PhCHO 35 20 73 (100)
3  furfural 35 20 85 (100)
4 AcO(CH3)sCHO 0 0.5¢ 79
5 THPO(CH;);CHO -40 34d 63 [77)
6 ‘BuMe;SiO(CH)sCHO -30 3ed  80¢ [92)/
7  ‘BuPhySiO(CHg);CHO 0 0.5¢ 94
8 Et 35 12 69
%CHO
9 Et 3% 12 97 89:11¢
P cHo
10 MCHO 3 12 56 [83] 60:40%
59 [86] 60:40%

11 3 12
M
HO

o Reaction conditions: aldehyde (0.5 mmol); 1a (0.6 mmol); 3a
(0.15 mmol); CICH,CH,Cl (4 mL) unless otherwise noted. ® Isolated
yields. GLC yields are given in parentheses. ¢ 3a (0.6 mmol) was
employed. ¢ Toluene (3 mL) was used as a solvent. ¢ The siloxy group
was hydrolyzed toa small extent (7% ). / A small amount of the starting
material remained unchanged. The yield based on the consumed
starting materialis indicated in the brackets. £ Determined by NMR.
k Determined by GLC.

occasionally contaminated by yellow byproducts. For-
tunately, no such byproducts were detected in our reac-
tions. Of more synthetic value than the absence of
byproducts is the mildness of the reaction; acid-labile
substrates could be successfully employed (Table I, entries
3, 5-7). When aldehydes having a siloxy or tetrahydro-
pyranyloxy group were subjected to the conventional
reaction, these protecting groups were unmasked consid-
erably or completely (eqs 1 and 2). Unfortunately,
however, the «,8-enals screened in this study underwent
isomerization (Table I, entries 9-11). The reactions with
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BF; OEr; (1 equiv)

‘BuMe,SiO(CH,)sCHO +  HS(CH,),;SH -
1 equiv 1.2 equiv CH,(C1,,-30°C, 1 h
S S
HO(CHz)SCH,S:> +  ‘BuMe,SiO(CH,)sCH :> %))
s
64% 32%

BF;OEt, (0.1 equiv)

——— -
THPO(CHy)sCHO + HS(CHY)sSH ~mrr=ree =y

§
HO(CH,)sCH } @
1 equiv 1.2 equiv 5

100%
acetals proceeded smoothly, and the results of these

reactions are compiled in Table II. 1,3-Dithiolanes were
readily obtained by treating ketones and a ketal with

(1) Some representative examples of carbonyl differentiation. In
acetalization reactions: Gemal, A. L.; Luche, J. J. Org. Chem. 1979, 44,
4187. Yanami, T.; Miyashita, M.; Yoshikoshi, A. J. Org. Chem. 1980, 45,
607. Harding, K. E.; Clement, B. V.; Moreno, L.; Peter-Katalinic, J. J.
Org. Chem. 1981, 46, 940. Nitz, T. J.; Paquette, L. A. Tetrahedron Lett.
1984, 25, 3047. Kamitori, Y.; Hojo, M.; Masuda, R.; Yoshida, T.
Tetrahedron Lett. 1985,26,4767. Hwu, J. R.; Wetzel, J. M. J. Org. Chem.
1985, 50, 3946. Bosch, M. P.; Camps, F.; Coll, J.; Guerrero, A.; Tatsuoka,
T.; Meinwald, J. J. Org. Chem. 1986, 51, 773. Hwu, J. R.; Leu, L.; Robl,
J. A.; Anderson, D. A,; Wetzel, J. M. J. Org. Chem. 1987, 52, 188. Kim,
S.; Kim, Y. G.; Kim, D. Tetrahedron Lett. 1992, 33, 2565. Otera, J.;
Dan-oh, N.; Nozaki, H. Tetrahedron 1992, 48, 1449. In reduction
reactions: Fung, N. Y. M.; deMaya, P.; Schauble, J. H.; Weedon, A. C.
J. Org. Chem. 1978, 43, 3977. Luche, J.; Gemal, A. L. J. Am. Chem. Soc.
1979, 101, 5848. Gemal, A. L.; Luche, J. J. Org. Chem. 1979, 44, 4187,
Kraus, G. A,; Frazier, K. J. Org. Chem. 1980, 45, 4262. Yamaguchi, S.;
Kabuto, K.; Yasuhara, F. Chem. Lett. 1981, 461. Krishnamurthy, S. J.
Org. Chem. 1981, 46, 4628. Gemal, A. L.; Luche, J. J. Am. Chem. Soc.
1981, 103, 5454. Gemal, A. L.; Luche, J. Tetrahedron Lett. 1981, 22,
4077. Keinan, E.; Gleize, P. A. Tetrahedron Lett. 1982, 23, 477. Babler,
J.H.; Sarussi, S. J. J. Org. Chem. 1983, 48, 4416. Nutaitis, C. F.; Gribble,
G.W. Tetrahedron Lett.1983,24,4287. Yoon,N.M.; Park,K. B.; Gyoung,
Y. S. Tetrahedron Lett. 1983, 24, 5357. Kim, S.; Kang, H. J.; Yang, S.
Tetrahedron Lett. 1984, 25, 2985. Huang, Y.; Shen, Y.; Chen, C.
Tetrahedron Lett. 1985, 26, 5171. Varma, R. S.; Kabalka, G. W. Synth.
Commun. 1988, 15,985. Yoon, N. M.; Kim, K. E.; Kang, J. J. Org. Chem.
1986, 51, 226. Ward, D. E,; Rhee, C. K. Synth. Commun. 1988, 18, 1927.
Maruoka, K.; Araki, Y.; Yamamoto, H. J. Am. Chem. Soc. 1988, 110,
2650. In carbanion addition reactions: Posner, G. H.; Whitten, C. E.;
McFarland, P.E. J. Am. Chem. Soc. 1972, 94, 5106. Cahiez, G.; Normant,
J. F. Tetrahedron Lett. 1977, 3383, Noyori, R.; Yokoyama, K.; Sakata,
J.; Kuwajima, I; Nakamura, E.; Shimizu, M. J. Am. Chem. Soc. 1977, 99,
1265. Okude, Y.; Hirano, S.; Hiyama, T.; Nozaki, H. J. Am. Chem. Soc.
1977, 99, 3179. Hosomi, A.; Shirahama, A.; Sakurai, H. Tetrahedron
Lett. 1978, 3043. Naruta, Y.; Ushida, S.; Maruyama, K. Chem. Lett.
1979,919. Reetz, M. T.; Steinbach, R.; Westermann, J.; Peter, R. Angew.
Chem., Int. Ed. Engl. 1980, 19, 1011. Murata, S.; Suzuki, M.; Noyori, R.
J. Am. Chem. Soc. 1980, 102, 3248. Tsunoda, T.; Suzuki, M.; Noyori, R.
Tetrahedron Lett. 1980, 21, 71. Weidmann, B.; Widler, L.; Olivero, A.
G.; Maycock, C. D.; Seebach, D. Helv. Chim. Acta 1981, 64, 357.
Weidmann, B.; Maycock, C. D.; Seebach, D. Helv. Chim. Acta 1981, 64,
1552. Comins, D. L.; Brown, J. D. Tetrahedron Lett. 1981, 22, 4213.
Yamamoto, Y.; Yamamoto, S.; Yatagai, H.; Ishihara, Y.; Maruyama, K.
J. Org. Chem. 1982, 47, 119. Kauffmann, T.; Hamsen, A.; Beirich, C.
Angew. Chem., Int. Ed. Engl. 1982, 21, 144. Reetz, M. T. Top. Curr.
Chem. 1982, 1, 106. Reetz, M. T.; Wenderoth, B. Tetrahedron Lett.
1982, 23, 5259. Takai, K.; Kimura, K.; Kuroda, T.; Hiyama, T.; Nozaki,
H. Tetrahedron Lett. 1983, 24, 5281. Reetz, M. T.; Wenderoth, B.; Peter,
P. J. Chem. Soc., Chem. Commun. 1983, 406. Weidmann, B.; Seebach,
D. Angew. Chem., Int. Ed. Engl. 1983, 22, 31. Aona, T.; Hesse, M. Heluv.
Chim. Acta 1984, 67,1448. Maruoka, K.; Itoh, T.; Yamamoto, H. J. Am.
Chem. Soc. 1985, 107,4573. Okuda, Y.; Matsubara, S.; Oshima, K.; Nozaki,
H. Chem. Lett. 1985, 481. Uneyama, K.; Kamaki, N.; Moriya, A.; Torii,
S.J.0rg.Chem. 19885, 50,5396. Okazoe, T.; Hibino, J.; Takai, K.; Nozaki,
H. Tetrahedron Lett. 1988, 26,5581. Takai, K.; Kuroda, T.; Nakatsukasa,
S.; Oshima, K.; Nozaki, H. Tetrahedron Lett. 1985, 26,5585. Nakatsukasa,
S.; Takai, K.; Utimoto, K. J. Org. Chem. 1986,51, 5045. Takai, K.; Nitta,
K.; Utimoto, K. J. Am. Chem. Soc. 1986, 108, 7408. Reetz, M. T.
Organotitanium Reagents in Organic Synthesis; Springer-Verlag: New
York, 1986. Reetz, M. T.; Maus, S. Tetrahedron 1987, 43, 101. Reetz,
M. T.; Hugel, H.; Dresely, K. Tetrahedron 1987, 43, 109. Takai, K.;
Kataoka, Y.; Okazoe, T.; Utimoto, K. Tetrahedron Lett. 1987, 28, 1443,
Kiyooka, S.; Shiota, F.; Shibuya, T. Chem. Lett. 1987, 495. Yamamoto,
Y.; Yamada, J. J. Am. Chem. Soc. 1987, 109, 4395. Murata, S.; Suzuki,
M.; Noyori, R. Tetrahedron 1988, 44, 4259. Holmquist, C. R.; Roskamp,
E. J.J.Org. Chem. 1989, 54, 3258. Hara, R.; Mukaiyama, T. Chem. Lett.
1989, 1809. Mukaiyama, T.; Ohno, T.; Han, dJ. S.; Kobayashi, S. Chem.
Lett. 1991, 949. Molander, G. A.; Cameron, K. O. J. Org. Chem. 1991,
56, 2617.
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Table II. Synthesis of 1,3-Dithianes from Acetals*
Bu,Sn(OTf), (3a) S
——— RR'C:

S
RR'C(OR), +  Bu,Si :>
S

1a
reaction
temp, time, yield,?
entry RR’C(OR); °C h % E/Z
1 BuCH(OMe); 35 3 92)
2  nCgH;7CH(OMe), 35 20 87
3 cyclo-CgH;;CH(OMe), 35 20 88(91)
4 PhCH(OMe): 35 20 74 (100)
5 0. 35 20 (79)
Phcnj
[}

6 (E)-PrCH=CHCH(OMe); 35 1 81 100:0¢
7 (E)-PhCH=CHCH(OMe); 35 1 84(93) 100:0¢
8 (*CHgMeC(OMe), 35 3 17587

% Reaction conditions: acetal (1 mmol); 1a (1.2 mmol); 3a (0.3
mmol); CICH;CH;Cl (8 mL) unless otherwise noted. ® Isolated yields.
GLC yields are given in parentheses. ¢ Determined by GLC.

Table III. Synthesis of 1,3-Dithiolanes*
S Bu,Sn(OTH, (3a) S
RR'
¢J

RR'CO or RR'C(OMe); + Bu,Sf ] ———————
‘s
2a
reaction
3a temp, time,
entry RCHO (equiv) °C h  yield, %*
1 (*CsH1;)MeCO 0.7 35 20 (74)
2 PhMeCO 14 35 20 10)
3 PhMeC(OMe), 1.4 35 1 (79)
4 o 0.5 35 20 74

0.7 35 10 83 (100)

1.7¢ 20 20 994

&

6 Q 1.7¢ 20 14 84¢
A
L0

8 7CsH17 1.7¢ 20 24 814

(o)

¢ Reaction conditions: ketone or acetal (0.3 mmol); 2a (0.36 mmol);
CICH;CH,Cl (2 mL) unless otherwise noted. ® Isolated yields. GLC
yields are given in parentheses. ¢ 2a (0.51 mmol) was employed. ¢ No
isomerization of the double bond occurred.

thiostannane 2a (Table III). It follows from these results
that the organotin triflate-thiostannane methodology is
truly effective for the dithioacetalization of carbonyls and
acetals. In some respects, our method is comparable to
the Evans’ thiosilane protocol, which, however, was applied
to carbonyls only: noreaction with acetals was described.
Moreover, the following merits of our method are worthy
of note. Thiostannanes can be readily prepared from
various organotin sources such as oxides, alkoxides, and
halides.? They are entirely air- and moisture-stable and,
thus, can be used even in the presence of water. Of more

(2) Groebel, B.-T.; Seebach, D. Synthesis 1977, 357. Krief, A. In
Comprehensive Organic Synthesis; Trost, B. M., Ed.; Pergamon: New
York, 1991; Vol. 3, Chapter 1.3. Ogura, K. In Comprehensive Organic
.ggénthesis; Trost, B. M., Ed.; Pergamon: New York, 1991; Vol. 1, Chapter

(3) Green, T. W.; Wuts, P. G. M. Protective Groups in Organic
Synthesis; 2nd ed.; John Wiley & Sons: New York, 1991, Chapter 4.
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practical significance is the fact that, because of their
odorlessness, they can be stored in open air.

Differentiation. With the basic data discussed above
in hand, we next turned our attention to the otherwise
difficult-to-achieve differentiation between various types
of carbonyls and acetals.

1. Competition between Aldehydes (or Acetals)and
Ketones (or Ketals). When an equimolar mixture of
pentanal and 2-hexanone was exposed to la (1.2 equiv)
and 3a (0.3 equiv) in 1,2-dichloroethane at 0 °C, the former
substrate was converted to the desired 1,3-dithiane in 74 %
yield and the latter was completely unchanged (eq 3). The
BuMeCO + la - (‘0.3 squiv) -

12 equiv  CICH,CH,Cl, 0°C, 4 h

$

Bu(;SlD +

Bu §
3)
MeXS-_->

74% (100:0) 0%

BuCHO +

3a (0.3 equiv)
BuCH(OMe), + BuMeC(OMe), + 1a .

1.2 equiv CICH,CH,C,-10°C, 4 h

S Bu §

Bu(;l-D . X :> @
S Me' S
2% (3:97) 70%

preference was totally reversed in the reaction of the
corresponding acetal and ketal (eq 4). This type of bias,
also observed in the organotin triflate-catalyzed aldol
reaction of enol silyl ethers,5® seems to reflect a different
reaction mechanism for each type of substrate. Namely,
the reaction of the carbonyl is initiated by coordination
of the carbonyl to tin. Thus, the enhanced reactivity of
the aldehyde can be accounted for by the fact that the
aldehyde forms a complex with tin more readily than the
ketone does.!® In contrast, the reaction of the acetal
proceeds via an oxocarbenium ion, which is generated from
ketals more easily than from aldehyde competitors.lt

(4) Sato, T.; Kobayashi, T.; Gojo, T.; Yoshida, E.; Otera, J.; Nozaki,
H. Chem. Lett. 1987, 1661. Sato, T.; Okazaki, H.; Otera, J.; Nozaki, H.
Tetrahedron Lett. 1988, 29, 2979. Sato, T.; Otera, J.; Nozaki, H.
Tetrahedron 1989, 45, 1209. Sato, T.; Otera, J.; Nozaki, H. Synlett. 1991,
303. Sato, T.; Fujita, Y.; Otera, J.; Nozaki, H. Tetrahedron Lett. 1992,

3, 239.

(5) (a) Sato, T.; Otera, J.; Nozaki, H. J. Am. Chem. Soc. 1990, 112, 901.
(b) Sato, T.; Wakahara, Y.; Otera, J.; Nozaki, H. Tetrahedron Lett. 1990,
31, 1581, (c) Sato, T.; Wakahara, Y.; Otera, J.; Nozaki, H.; Fukuzumi,
S.J. Am. Chem. Soc. 1991, 113, 4028. (d) Sato, T.; Wakahara, Y.; Otera,
J.; Nozaki, H. Tetrahedron 1991, 47, 9713.

(6) Evans, D. A.; Truesdale, L. K.; Grimm, K. G.; Nesbitt, S. L. J. Am.
Chem. Soc. 1977, 99, 5009.

(7) McGuire, H. M.; Odom, H. C.; Pinder, A. R. J. Chem. Soc., Perkin
Trans. 1 1974, 1879. Williams, J. R.; Sarkisian, G. M. Synthesis 1974,
32. Masuoka, N.; Kamikawa, T, Tetrahedron Lett.1976,1691. Harayama,
T.; Cho, H.; Inubushi, Y. Tetrahedron Lett. 1977,3273. Satoh, T.; Uwaya,
S.; Yamakawa, K. Chem. Lett. 1988,667. Kamitori, Y.; Hojo, M.; Masuda,
R.; Kimura, T.; Yoshida, Y. J. Org. Chem. 1988, 51, 1427. Soderquist,
J. A.; Mirando, E. I. Tetrahedron Lett. 1986, 27, 6305. Inokuchi, T.;
Takagishi, S.; Yamashita, H.; Torii,S. Chem. Express 1987, 2,695. Perni,
R. B. Synth. Commun. 1989, 19, 2383. Park, J. H,; Kim, S. Chem. Lett.
1989, 629. Villemin, D.; Labiad, B.; Hammadi, M. JJ. Chem. Soc., Chem.
Commun. 1992, 1192,

(8) A preliminary communication: Sato, T.; Yoshida, E.; Kobayashi,
T.; Otera, J.; Nozaki, H. Tetrahedron Lett. 1988, 29, 3971.

9) Schumann, H.; Schumann-Ruidisch, I.; Schmidt, M. Organotin
Compounds; Sawyer, A. K., Ed.; Marcel Dekker: New York, 1971; Vol.
2, Chapter 6.

(10) Shambayati, S.; Schreiber, S. L. In Comprehensive Organic
Synthesis, Trost, B. M., Ed.; Pergamon: New York, 1991; Vol. 1, Chapter
1.10. Omae, L. Organotin Chemistry; Elsevier: Netherlands, 1989.

(11) Perst, H. Oxonium Ions in Organic Chemistry; Verlag Chemie:
Netherlands, 1971.
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Remarkably, the organotin triflate catalyst is able to detect
subtle differences between the substrates in both reaction
paths. All of the differentiations that follow can be
understood in terms of these two mechanisms.

II. Competition between Carbonyls and Acetals.
Competition between pentanal and an ethylene acetal of
octanal or 2-hexanone resulted in preferential dithioac-
etalization of the aldehyde component (eqs 5 and 6), and

3a (0.3equiv)

0.
BuCHO + "C,H;sCH j +  la
O

12 equiv  CICH,CH,Cl,0°C,4h

S )
B“(;*D + "C,H,sCH :> &)
S S
76% 93:7) 6%
Bu 3a (0.3 equiv)
BuCHO + j + la —
M 1.2 equiv.  CICH,CH,CI,0°C,0.5h
S Bu §
Bug@ " X ©®
S M¢ S
69% (95:5) 3%

3a (0.3 equiv)

o
BuCH] + BuMeCO  + 1a -
0 CICH,CH,CL, 0°C, 3 h

1.2 equiv
S Bu §
Bu(;}z> - X )
S Mé' S
54% ¥1:9) 5%

an ethylene acetal of pentanal reacted preferentially over
2-hexanone (eq 7). Apparently, the reactivity of an
aliphatic aldehyde is greater than that of the corresponding
acetal, whereas the reactivity of an aliphatic ketone is much
lower thanthat of anacetal. Conversely,anaromaticacetal
reacted much faster than an unmasked aldehyde (eq 8),
the expected outcome on the basis of the facile formation
of the oxocarbenium ion from the aromatic acetals.

CHO + Phc%] + la
Q 0 1.2 equiv
S
C?} + Ph¢z}{:> @®

7% 9:91) 69%

3a (0.5 equiv)

CICH,CH,C1, 0 °C, 15 h

III. Competition between Aldehydes. Differenti-
ation between two of the same type of carbonyl functions
requires highly elaborated methods. Organotin triflates
effect such differentiations successfully. As shown in
Scheme I, competition between benzaldehyde and pen-
tanal led to predominant formation of the 1,3-dithiane of
the latter. As a control experiment, the reaction was
conducted under three different conditions: HS(CH;)s-
SH/BF3-OEt;,, 1a/BF3-0OEt;, HS(CH2);SH/3a. All three
reactions resulted in the same preference but much lower
selectivities. Obviously, the combined use of 1a and 3a
isindispensable for the high selectivity. Pentanal reacted
preferentially over 1-naphthaldehyde. Benzaldehyde re-
acted more sluggishly than p-anisaldehyde but faster than
p-nitrobenzaldehyde. Theseresults are all consistent with
the initial coordination of the carbonyl to tin.12
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Scheme I¢
3a (0.5 equiv) S S
PhCHO + BuCHO + Ia - pacH > N BuCH>
1.0 equiv CICH,CH,C1,0°C, 4 h S S

9% (9:91) 90%

HS(CH,)3SH (1.2 equiv)/BF3 OEt, (0.5 equiv)/CH,Cl,, 0°C, 1 h: 24%
1a (1.2 equiv)/BF; OEt, (0.5 equiv)/CH,Cl,, 0 °C, 1 h: 21%
HS(CH,);8H (1.2 equiv)/3a (0.5 equiv)/CH,Cl,, 0 °C, 1 h: 29%

C-ono
O + BuCHO + 1a

(24:76)  76%
QL79 7%
29:71) 71%

S
3a (0.5 equiv) O C\H:> S
— S + BuCH:>
CICH,CH,Cl, 0°C, 4 h Q %

7% 99 69%

3a (0.5 equiv) ,S ,S
1a = PhCH + p-MeOC¢H,CH
CICH,CH,C1,0°C, 4 h %S s

5% (10:90) 45%

PhCHO + p-MeOCeH,CHO +

3a (0.5 equiv) S S
PhCHO + p-O,NCH,CHO + 1a ™  PhCH ) + p-O,NC¢H,CH
CICH,CH,CI, 0 °C, 4 h % S

46%  (96:4) 2%

Sato et al.

¢ 1a (1.2 equiv) was used.
Scheme II¢

Is IS
BuCH ) +  /BuCH )
S S

3
‘BUCHO + 1 —>

BuCHO +
RzSn/S ) (1) R38n(0TH); (3)
%
R =Bu (l1a) R' = Bu (3a) 78% (80:20) 19%
R = Me (1b) R' = Me (3b) 2% G119 1%
R = cyclo-Hex (1¢)  R' = cyclo-Hex (3¢) 89%  (89:11) 11%

R = cyclo-Hex (1¢) R’ = cyclo-Hex (3c)b 86% 93:7) 7%

3 S S
BuCH(OMe), + 'BuCH(OMe), + 1 —m BuC:D + 'Bu("JlD
3 3

3a (0.3 equiv) 29% (39:61) 46%
3c (0.3 equiv) 23% (40:60)  34%

¢ 1 (1.2 equiv) and 8 (0.5 equiv) were used. ®In CH3;CN.

In addition to the electronic effects discussed above,
steric effects also delivered confirmatory evidence for the
initial coordination of the carbonyl to tin (Scheme IT). For
the competition between pentanal and pivalaldehyde, the
less bulky 1,3-dithiane was favored when la and 3a were
used. The methyl derivatives of the triflate (1b) and the
thiostannane (3b) gave rise to little change in the selec-
tivity. However, the selectivity was increased by a
considerable degree when bulky cyclohexyl derivatives 1e
and 3¢ were used. This increase in selectivity indicates
the importance of steric hindrance between the substrate
and the catalyst. As expected, no such increase in
selectivity was observed in the reaction with acetals, even
when 1c¢/3c were used.

IV. Competition between Acetals. Aromatic acetals
could also be differentiated from aliphatic ones (Scheme
III). Acetals of benzaldehyde and furfural reacted pref-
erentially over pentanal dimethyl acetal. The interme-

diacy of the oxocarbenium ion in this class of reaction was
supported by the results of the competition reactions
between acetals of benzaldehyde and its para-substituted
derivatives. An electron-withdrawing group suppressed
the reaction, and an electron-donating group accelerated
the reaction. A dimethyl acetal of an a-enal reacted
preferentially over pentanal dimethyl acetal. Of course,
the reaction of the enal and pentanal, their parent
aldehydes, which proceeds by the coordination mechanism,
failed to give rise to the high selectivity.

V. Competition between Ketones. Differentiation
between ketones was tested with the 1,3-dithiolane syn-
thesis (Scheme IV). Cyclohexanone was found to react
preferentially over 2-heptanone, cyclopentanone, and
2-methylcyclohexanone. Notably, no such high selectiv-
ities were attained by the conventional method employing
HS(CHjy):SH and BF;-OEt; in any cases. The validity of
the coordination mechanism  was again proved by the
increased selectivity for the reaction employing cyclohexyl
reagents 2b and 3c.

This kind of differentiation is of particular importance
insteroid chemistry. Scheme V illustrates the preferential
dithioacetalization of the ketonic group at the 3-position
by various methods.!3 In conclusion, the present method
is comparable to the Evans’ protocol and superior to the
conventional method.

Experimental Section

Melting points were determined in open capillaries and were
not corrected. Routine monitoring of reactions was performed
with Merck 60 Fy silica gel, glass-supported TLC plates. For
column chromatography, silica gel 60 (70-230 mesh, E. Merck)
was used. IR spectra were measured with a Hitachi 260-10
infrared spectrometer. NMR spectra were recorded on JEOL
FX-100 and GSX-400spectrometers. Massspectra were obtained

(12) Similar results were reported in an aldol-type reaction of an
aldehyde with a ketene silyl acetal in the presence of a europium(III)
catalyst: Mikami, K.; Terada, M.; Nakai, T. J. Org. Chem. 1991, 56, 5456.

(13) The reaction of 2-cyclohexenone with 2a/3a afforded 3-[(2-
mercaptoethyl)thiolcyclohexanone ethylene dithioacetal in 65% yield.
See Experimental Section.
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Scheme III*

3a S S
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PhCH(OMe), + p-MeOCH,CH(OMe), + 1a

3a S
BuCH(OMe), + ppXx CH(OMe); ;. 1a —+3qu +

BuCHO 4+ prxCHO . 1

¢ 1a (1.2 equiv) and 3a (0.3 equiv) were used.

Scheme IV#

3a (1.0 equiv) 5o Y
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CICH,CH,CY,
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e d
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89% (98:2) 2%
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TCICH,CH,CL, é
0°C,28h
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(HS(CHZ)ZSH/BF-;OEtz/CHzClZ. 0°C,1h:  83% (89:11) 10%)

2 9 3 (1.0 equiv) % s
+ + 2 +
5l - %
2a/2a/0 °C, 10 h: 73% (86:14) 12%
2b/3¢/20 °C, 24 h: 91% (919) 9g

S
2b: (eyclo-CgH,p);S1, )
( (cyclo-CgHyp)2 ‘S:l

(HS(CH;)ZSH/BF;'OElz/CHZClz, 0°C,0.5h: 77% (77:23) 23%)
82 (1.2 equiv) was used.

with a JEOL JMS-DX 303-HF mass spectrometer using electron
impact ionization. GLC analysis was performed on a Shimadzu
GC-14A capillary gas chromatograph with a Shimadzu CBP-10
column (0.2 X 25000 mm). Distillations of products were done
with a Sibata glass tube oven GT0-250, and boiling points are
indicated by an air bath temperature without correction. All
reactions were run under an atmosphere of dry nitrogen and in
dried solvents. The organic extracts were dried over anhydrous
sodium sulfate and concentrated in vacuo. Elemental analyses
were performed on a Perkin-Elmer 2400 CHN elemental analyzer.

94% (99:11) 1%

3a /S IS
—»PhCH + p-N02C6H4CH
\S \S

68% (100:00 0%

3a S 'S
—-—-»PhCH:> + p-MeOC6H4CH\ :>
s S

3% (4:96) 70%

S
)
" /\/QS

0% (100:0) 100%

. S S
3a (0.5 equiv) ‘ > ) >
—e e B +
u(;SH Pr/\/c\‘S{

62%  (63:37) 37%

Starting Materials. 2-Ethyl-2-propenal, (E)-2-ethyl-2-bute-
nal, 1,3-propanedithiol, 1,2-ethanedithiol, AgOTf, and 9-methyl-
A% octalin-1,6-dione (Wieland—Miescher ketone) were obtained
from Aldrich Chemical Co. 4-Androstene-3,17-dione, A¢-cho-
lesten-3-one, and progesterone were purchased from Sigma
Chemical Co. BllenClz, Mezanlz, and (C-CeHu)gSIlClz were
products of Nitto Kasei Co., and other reagents were obtained
from Wako Chemicals. These commercially available reagents
were used without purification. The following compounds were
prepared: 5a-androstane-3,17-dione [PCC oxidation of (3a,5a)-
3-hydroxyandrostane-17-one obtained from Sigma Chemical Co.],
geranial and neral [MnO; oxidation of geraniol and nerol],1¢ Al#-
octalone-2,5%46-acetoxyhexanal [from hexane-1,6-diol in two steps
(i) Acz0, (ii) PCC): IR (neat) 1738 cm-1;'H NMR (CDClg) 6 1.68
(m, 6H), 2.04 (s, 3H), 2.46 (t-like, J = 6.83 Hz, 2H), 4.06 (t,J =
6.34 Hz, 2H), 9.76 (t, J = 1.95 Hz, 1H); 13C NMR (CDCly) 6 20.7,
21.5,25.3,28.2,43.5,63.9,170.8, 201.8], 6- (tetrahydropyranyloxy)-
hexanal [from 6-acetoxy-1-hexanol in 3 steps ((i) DHP-PPTS,
(ii) LiAlH,, (iii) PCC): IR (neat) 1720 cm-}; 1H NMR (CDCl;)
8 1.59 (m, 12H), 2.45 (t-like, J = 7.32 Hz, 2H), 3.58 (m, 4H), 4.55
(m, 1H), 9.76 (t, J = 1.95 Hz, 1H); 13C NMR (CDCly) 6 19.4, 21.7,
25.3, 25.7, 29.2, 30.5, 43.6, 62.1, 66.9, 98.6, 202.0], 6-(tert-
butyldimethylsiloxy)hexanal [from 6-acetoxy-1-hexanol in three
steps ((i) t-BuMe,SiCl, (ii) LiAlH,, (iii) PCC): IR (neat) 1725
cem-l; 'H NMR (CDCls) 6 0.02 (s, 6H), 0.87 (s, 9H), 1.47 (m, 6H),
2.41 (t-like, J = 6.83 Hz, 2H), 3.59 (t, J = 6.34 Hz, 2H), 9.74 (¢,
J =1.46 Hz, 1H); 1¥*C NMR (CDCl;) § -5.40, 18.2, 21.8, 25.4, 25.8,
32.4,43.7,62.7,202.1], 6-(tert-butyldiphenylsiloxy)hexanal [from
6-acetoxy-1-hexanol in three steps ((i) t-BuPhySiCl, (ii) LiAlH,,
(iii) PCC): IR (neat) 1720 ¢cm1; 'H NMR (CDCly) 6 1.04 (s, 9H),
1.47 (m, 6H), 2.36 (t-like, J = 6.83 Hz, 2H), 3.65 (1, J = 6.85 Hz,
2H), 7.37 (m, 6H), 7.65 (m, 4H), 9.70 (t, J = 1.95 Hz, 1H); 13C
NMR (CDCl3) §19.0,21.7, 25.3, 26.7, 32.1, 43.6, 63.4, 127.4, 129.3,
133.9, 135.3, 202.0], 2,2-dibutyl-2-stanna-1,3-dithiolane (2a),1®
2,2-dibutyl-2-stanna-1,3-dithiane (1a),!5 and Bu;Sn(OTf); (3a).5

(14) Attenburrow, J.; Cameron, A. F. B.; Chapman, J. H.; Evans, R.
M.; Hems, B. A.; Jansen, A. B. A.; Walker, T. J. Chem. Soc. 1952, 1094.

(15) Finch, A.; Poller, R. C.; Steele, D. Trans. Fraday Soc. 1965, 61,
2628.
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Scheme V

0 2a (1.7 equiv)/
3a (1.7 equiv)
CICH,CH,Cl,
W) 20°C,4h

QKEF% &

2a/3a
TMSS(CH,),STMS/Znl,?
HS(CH,),SH/BF; OEt,”

Q&g .

2a/3a
TMSS(CH,),STMS/ZnL,*
HS(CH,),SH/BF; OEt,”

o Reference 6. Reference 32.

Dimethyl and ethylene acetals were prepared from the corre-
sponding carbonyl compounds by means of standard methods.1®
Me;Sn(OTH), (3b) and (c-CgH11):Sn(OTH), (3¢c) were prepared in
situ from the corresponding R.SnCl; and AgOTf5* and were used
without purification.

Products. Thefollowing compounds were prepared according
to the methods described in the literature: 2-phenyl-1,3-
dithiane,'” 2-(4-methoxyphenyl)-1,3-dithiane,!” 2-(4-nitrophenyl)-
1,3-dithiane,!” 2-(tert-butyl)-1,3-dithiane,!® 2-(2-furyl)-1,3-
dithiane, 1-(1,3-dithian-2-yl)-1-propene,® 2-butyl-1,3-dithiane,
2-(1,3-dithian-2-yl)-1-butene,?? 2-(1-naphthyl)-1,3-dithiane,? (E)-
2,6-dimethyl-1-(1,3-dithian-2-yl)-1,5-heptadiene,? (Z)-2,6-dim-
ethyl-1-(1,3-dithian-2-yl)-1,5-heptadiene,* 2-(4-hydroxybutyl)-
1,3-dithiane,? 2-heptyl-1,3-dithiane,? 2,2-dipropyl-1,3-dithiolane,?’
2-methyl-2-phenyl-1,3-dithiolane,?” cyclopentanone ethylene
dithioacetal,?” cyclohexanone ethylene dithioacetal,?” A-choles-
tene-3-one ethylene dithioacetal,?® 2-methyl-2-pentyl-1,3-dithi-
olane,?® (E)-1-(2-methyl-1,3-dithiolan-2-yl)-2-phenylethene,®
9-methyl-A519.octalin-1,6-dione 6-ethylene dithioacetal, 9-meth-
yl-A5(%.0ctalin-1,6-dione 1,6-bis(ethylene dithioacetal),® 4-an-

(16) Sandler, 8. R.; Karo, W. Organic Functional Group Preparations;
Academic Press: New York, 1972; Vol. 3, Chapter 1.

(17) Ji, H.; Xu, G.; Sun, L.; Shi, S. Bopuxue Zazhi 1987, 4, 345; Chem.
Abstr. 1989, 110, 7522v.

(18) Gade, T.; Streek, M.; Voss, J. Chem. Ber. 1988, 121, 2245.

(19) Ramalingam, K.; Nanjappan, P.; Kalvin, D. M.; Woodard, R. W.
Tetrahedron 1988, 44, 5590.

(20) Fang, J. M.; Liao, L. F.; Hong, B. C. J. Org. Chem. 1986, 51, 2828.

(21) Klaveness, J.; Undheim, K. Acta Chem. Scand., Ser. B 1983, B37,

687.

(22) Sih, J. C.; Graber, D. R.; Mizsak, S. A.; Scahill, T A. J. Org. Chem.
1982, 47, 4362.

(23) Stahl, I. Chem. Ber. 1985, 118, 3166.

(24) Hoppmann, A.; Weyerstahl, P. Tetrahedron 1978, 34, 1723.

(25) Martin, M.; Bassery, L. C. R. Hebd. Seances Acad. Sci., Ser. C
1978, 280, 1529.

(26) Seebach, D.; Willert, L.; Beck, A. K.; Groebel, B. T. Helv. Chim.
Acta 1978, 61, 2510.

(27) Reid, E. E.; Jelink, A. J. Org. Chem. 1950, 15, 448.

(28) Fieser, L. F. J. Am. Chem. Soc. 1954, 76, 1945.

(29) Olah, G. A.; Mehrotra, A. K.; Narang, S. C. Synthesis 1982, 151.
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drostene-3,17-dione 3-ethylene dithioacetal,®324-androstene-3,17-
dione 1,17-bis(ethylene dithioacetal),%%2 progesterone 3-ethylene
dithioacetal,®32 and progesterone 3,20-bis(ethylene dithioace-
tal).832 2-Methylcyclohexanone ethylene dithioacetal, 1-(1,3-
dithian-2-yl)-1-pentene, (1,3-dithian-2-yl)-2-pentene, 2-butyl-2-
methyl-1,3-dithiane, and 2-(5-hydroxypentan-1-yl)-1,3-dithiane
were prepared from the corresponding carbonyl compounds and
dithiols under standard conditions (BF3OEt,/CH;Cly). Physical
data of these compounds are given below. 2-Methylcyclohex-
anone ethylene dithioacetal: bp 100 °C (5 mmHg); 'H NMR
(CDCly) 6 1.05 (d, J = 6.59 Hz, 3 H), 1.08-1.28 (m, 2H), 1.40-1.90
(m, 6H), 2.10-2.20 (m, 1H), 3.12-3.22 (m, 4H); 1*C NMR (CDCl3)
0 18.1, 24.8, 25.9, 34.1, 38.8, 39.2, 42.8, 44.7, 74.5; MS (m/z) 188
(M*); HRMS calcd for CoH,6S; (M*) 188.0694, found 188.0547.
Anal. Caled for CgH;6Ss: C, 57.39; H, 8.57. Found: C, 57.2; H,
8.43. 1-(1,3-Dithian-2-yl)-1-pentene (E/Z = 88:12): bp 150°C
(7mmHg); TH NMR (CDCly) 6 0.89 (t,JJ = 7.45 Hz, 3H X 88/100),
0.93 (t,J = 7.26 Hz, 3H X 12/100), 1.34-1.48 (m, 2H), 1.77-2.19
(m, 4H), 2.78-3.02 (m, 4H), 4.63 (d, J = 7.57 Hz, 1H X 88/100),
495 (d, J = 9.89 Hz, 1H X 12/100), 5.38 (t-like, J = 10.0 Hz, 1H
X 12/100), 5.52 (dd, J = 7.57, 15.3 Hz, 1H X 88/100), 5.86 (dt,
J = 6.04, 15.3 Hz, 1H); 3C NMR (CDCly) (major) é 13.4, 21.8,
25.0, 30.2, 34.0, 47.5, 126.5, 134.9 (minor) 6 13.6, 22.4, 24.7, 29.6,
30.1, 43.0, 125.7, 134.2; MS (m/z) 188 (M*); HRMS calcd for
CgH6S; (M+) 188.0684, found 188.0636. Anal. Caled for
CsHi16S2: C, 57.39; H, 8.57. Found: C, 57.30; H, 8.52. 3-(1,3-
Dithian-2-yl)-2-pentene (E/Z = 89:11): bp 100 °C (5 mmHg);
IH NMR (CDCls) 6 1.05 (t, J = 7.33 Hz, 3H X 89/100), 1.06 (t,
J = 7.33 Hz, 3H X 11/100), 1.66 (d, J = 6.96 Hz, 3H), 1.75-2.15
(m, 4H), 2.20 (q, J = 7.33 Hz, 2H), 2.80-3.00 (m, 4H), 4.53 (s, LH
X 89/100), 5.06 (s, 1H X 11/100), 5.39 (q, J = 6.96 Hz, 1H X
11/100), 5.74 (q, J = 6.96 Hz, 1H X 89/100); 13C NMR (CDCly)
(major) 6 13.1, 13.4, 22.7, 25.8, 31.8, 52.8, 124.2, 138.7; (minor) 6
12.9,13.6,26.8,31.5,49.4,122.4,138.1; MS (m/2z) 188 (M*); HRMS

(30) Grassy, G.; Terol, A.; Belly, A.; Robbe, Y.; Chapat, J. P.; Granger,
R.; Fatome, M.; Andrieu, L. Eur. J. Med. Chem.-Chim. Ther. 19785, 10,
14; Chem. Abstr. 1975, 83, 188203j.

(31) Smith, R. A. J.; Hannah, D. J. Synth. Commun. 1979, 9, 301.

(32) Ralls, J. W.; Riegel, B. J. Am. Chem. Soc. 1954, 76, 4479.
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caled for CoH 1S, (M*) 188.0694, found 188.0608. Anal. Calcd
for CoH16S2: C, 57.39; H, 8.57. Found: C, 57.42; H, 8.60.
2-Butyl-2-methyl-1,3-dithiane: bp 130°C (5mmHg);'H NMR
(CDCly) 6 0.93 (t,J = 7.15 Hz, 3H), 1.2-2.1 (m, 8H), 1.62 (s, 3H),
2.83 (m, 4H); 13C NMR (CDCl;) 6 13.9, 22.7, 25.3, 26.3, 26.5, 27.6,
41.3, 49.1, 77.4; MS (m/z) 190 (M*); HRMS calcd for CoH S,
(M%) 190.0850, found 190.0818. Anal. Caled for CgH1sSs: C,
56.78; H,9.53. Found: C,56.49;H,9.20. 2-(5-Hydroxypentan-
1-y1)-1,3-dithiane: bp 200 °C (7 mmHg); IR (neat) 3350 cm™!;
IH NMR (CDCly) § 1.59 (m, 10H), 2.83 (m, 4H), 3.63 (t,JJ = 6.34
Hz, 2H), 4.05 (t, J = 6.59 Hz, 1H); 1*C NMR (CDCl;) 4 25.1, 25.8,
26.1,30.2, 32.2, 35.1,47.2,62.4; MS (m/2) 206 (M*). Anal. Caled
for CoH,508,: C, 52.38; H, 8.79. Found: C, 52.60; H, 8.71.

Preparation of 2,2-Dimethyl-2-stanna-1,3-dithiane (1b).
A mixture of Me;SnCl; (11.0 g, 50 mmol), 1,3-propanedithiol
(5.02 mL, 50 mmol), Et;N (13 mL, 100 mmol), and CH,Cl, (200
mL) was stirred at rt for 24 h. The resulting mixture was diluted
with CH,Cl, (100 mL) and washed with Hz0 (100 mL X 2). The
organic layer was dried and evaporated to afford an oil. Bulb-
to-bulb distillation of this oil gave the title compound (8.2 g,
64%): bp 170 °C (18 mmHg); *H NMR (CDCly) § 0.81 (s, 6H),
1.89 (m, 2H), 2.93 (t-like, J = 6.34 Hz, 4H); 13C NMR (CDCly)
6-1.02,24.5,29.6. Anal. Caled for CsH,5S,Sn: C, 23.55; H, 4.75.
Found: C, 23.71; H, 4.70.

In a similar way, 2,2-dicyclohexyl-2-stanna-1,3-dithiane and
2,2-dicyclohexyl-2-stanna-1,3-dithiolane were prepared. 2,2-
Dicyclohexyl-2-stanna-1,3-dithiane (1c) (77 % yield): bp 210
°C (0.8 mmHg); mp 104-110 °C; 'H NMR (CDCl;) 8 1.72 (m,
24H), 2.95 (m, 4H); ¥*C NMR (CDCly) 6 24.1, 26.4, 28.4, 29.6, 31.0,
36.7. Anal. Caled for Ci5H2sS:8n: C, 46.05; H, 7.21. Found: C,
45.86;H,7.10. 2,2-Dicyclohexyl-2-stanna-1,3-dithiolane (2b)
(83% yield): bp 210 °C (0.9 mmHg); 'H NMR (CDCl,) é 1.22-
2.24 (m, 22H), 3.00 (s, 4H); 13C NMR (CDCl;) § 26.3, 28.3, 30.9,
36.1, 36.6. Anal. Caled for CiHS:Sn: C, 44.58; H, 6.95.
Found: C, 44.78; H, 7.03.

General Procedure for the Preparation of 1,3-Dithianes.
Reaction of Furfural with 2,2-Dibutyl-2-stanna-1,3-dithiane
in the Presence of Bu;Sn(OTf);. A mixture of furfural (48
mg, 0.5 mmol), 2,2-dibutyl-2-stanna-1,3-dithiane (203 mg, 0.6
mmol), Bu,Sn(0TY), (80 mg, 0.15 mmol), and CICH,CH,C! (4
mL) was stirred at 35 °C for 20 h. GLC analysis of the reaction
mixture indicated the formation of the corresponding 1,3-dithiane
in 100% yield relative to n-C;sHjy; as an internal standard. 1 N
NaOH (1 mL) was added to the reaction mixture, which was then
diluted with CH2Cl; (50 mL). The organic layer was washed
with 1 N NaOH and H;0. Drying and evaporation left an oil,
which was purified by column chromatography on silica gel (95:5
hexane—ethyl acetate) to give pure 2-(2-furfuryl)-1,3-dithiane (79
mg, 85%) identical with an authentic specimen.!?

Other 1,3-dithianes were prepared analogously. The spec-
troscopic and analytical data of new compounds are as follows:
2-(5-Acetoxypentan-1-yl)-1,3-dithiane: bp 180 °C (3 mmHyg);
IR (neat) 1735 cm-!; 1H NMR (CDCls) 6 1.67 (m, 10H), 2.03 (s,
3H), 2.82 (m, 4H), 4.04 (t-like,J = 6.59 Hz, 3H); 3C NMR (CDCl;)
§20.7,25.5, 25.8, 26.1, 28.2, 30.2, 35.2, 47.3, 64.1, 170.7; MS (m/2)
248 (M*); HRMS calcd for C;;H300.S; (M*) 248.090, found
248.087. Anal. Caled for C13H2002S:: C, 53.19; H, 8.11. Found:
C,53.10;H,8.15. 2-[5-(Tetrahydropyranyloxy)pentan-1-yl]-
1,3-dithiane: bp 200 °C (3 mmHg); 'H NMR (CDCl;) é 1.34~
2.18 (m, 16H), 2.76-2.94 (m, 2H), 3.34-3.55 (m, 2H), 3.69-3.91
(m, 2H), 4.04 (t, J = 6.89 Hz, 1H), 4.57 (m, 1H), 13C NMR (CDCl;)
619.3, 25.2, 25.6, 25.7, 26.1, 29.2, 30.1, 30.4, 35.1, 47.2, 61.9, 67.0,
98.4; MS (m/z) 206 (M* - THP); HRMS calcd for CoH,,0S; (M*
- THP) 2060748, found 206.0778. Anal. Calcd for C14Hm02822
C, 57.89; H, 9.02. Found: C, 57.60; H, 9.23. 2-[5-(tert-Butyl-
dimethylsiloxy)pentan-1-y1]-1,3-dithiane: bp 180 °C (5
mmHg); 1H NMR (CDCly) 4 0.04 (s, 6H), 0.88 (s, 9H), 1.53 (m,
10H), 2.81 (m, 4H), 3.59 (t, J = 6.34 Hz, 2H), 4.04 (¢, J = 6.59
Hz, 1H); 13C NMR (CDCly) & -5.36, 18.2, 25.3, 25.8, 25.9, 26.3,
30.3, 32.4, 35.3, 47.5, 62.8; MS (m/z) 305 (M* — CH3); HRMS
caled for Cy;Hp308:Si (M* - ¢t-CHjg) 263.0960, found 263.0944.
Anal. Caled for C;sH308.Si: C, 56.19; H, 10.06. Found: C,
56.30; H, 10.30. 2-[5-(tert-Butyldiphenylsiloxy)pentan-1-yl}-
1,3-dithiane: 'H NMR (CDCl,) 6 1.04 (s, 9H), 1.46 (m, 10H),
2.77 (m, 4H), 3.65 (t, J = 5.85 Hz, 2H), 4.01 (t, J = 6.59 Hz, 1H),
7.40 (m, 6H), 7.65 (m, 4H); 13C NMR (CDCly) 4 19.0, 25.3, 25.9,
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26.4, 26.7, 30.2, 32.1, 35.2, 63.5, 127.4, 129.2, 133.9, 135.3; MS
(m/z) 387 (M* - t-C,Hp); HRMS caled for CyHp 08,81 (M* -
t-CHy) 387.1273, found 387.1248. Anal. Calcd for CasH3608,Si:
C, 67.51; H, 8.16. Found: C, 67.71; H, 8.00.

Reaction of 6-(Tetrahydropyranyloxy)hexanal and 1,3-
Propanedithiol in the Presence of BFy-OEt,. A mixture of
6-(tetrahydropyranyloxy)hexanal (81 mg, 0.41 mmol), 1,3-pro-
panedithiol (49 mg, 0.45 mmol), BFs.OEt; (5.7 mg, 0.04 mmol),
and CHCl, (3 mL) was stirred at 0 °C for 3 h. After workup and
column chromatography, 2-(5-hydroxypentan-1-yl)-1,3-dithiane
(85 mg, 100% ) was obtained. Other reactions in the presence of
BF;-OEt, were carried out analogously.

A Typical Procedure for the Competition Reactions of
Aldehydes (or Acetals) and Ketones (or Ketals) with 2,2-
Dibutyl-2-stanna-1,3-dithiane in the Presence of R,Sn-
(OTf);. Competition Reaction of Pentanal and 2-Hexanone.
A mixture of pentanal (43 mg, 0.5 mmol), 2-hexanone (50 mg, 0.5
mmol), 2,2-dibutyl-2-stanna-1,3-dithiane (203 mg, 0.6 mmol), Bu,-
Sn(0Tf); (81 mg, 0.15 mmol), and CICH,CH,Cl (4 mL) wasstirred
at 0 °C for 4 h. GLC analysis of the reaction mixture indicated
the formation of 2-butyl-1,3-dithiane in 74 % yield and complete
recovery of 2-hexanone relative to n-CioHz; as an internal
standard. No 2-butyl-2-methyl-1,3-dithiane was formed.

Competition Reaction of Benzaldehyde and Pentanal.
2,2-Dibutyl-2-stanna-1,3-dithiane-Bu,Sn(OTf); Method. A
mixture of benzaldehyde (53 mg, 0.5 mmol), pentanal (43 mg, 0.5
mmol), 2,2-dibutyl-2-stanna-1,3-dithiane (170 mg, 0.5 mmol), Bug-
Sn(OTY), (133 mg, 0.25 mmol), and CICH,CH;Cl (4 mL) was
stirred at 0 °C for 1 h. GLC analysis of the reaction mixture
indicated the formation of 2-butyl-1,3-dithiane (90%) and
2-phenyl-1,3-dithiane (8.5%) in a 91:9 ratio.

The 1,3-Propanedithiol-BF;-OEt; Method. Upon treat-
ment of benzaldehyde (53 mg, 0.5 mmol) and pentanal (43 mg,
0.5 mmol) with 1,3-propanedithiol (65 mg, 0.6 mmol) and BF;
OEt; (35 mg, 0.25 mmol) in CICH,CH,Cl (4 mL) at 0 °C for 1
h, an oil was obtained. GLC analysis of this oil showed that the
crude product consisted of 2-butyl-1,3-dithiane (76%) and
2-phenyl-1,3-dithiane (24 %) in a 76:24 ratio.

The 2,2-Dibutyl-2-stanna-1,3-dithiane-BF;-OEt, Method.
A mixture of benzaldehyde (53 mg, 0.5 mmol) and pentanal (43
mg, 0.5 mmol) in CICH,CH;Cl (4 mL) was treated with 2,2-
dibutyl-2-stanna-1,3-dithiane (203 mg, 0.6 mmol) and BF3-OEt,
(35 mg, 0.25 mmol) at 0 °C for 1 h. GLC analysis of the crude
product indicated that 2-butyl-1,3-dithiane (77 %) and 2-phenyl-
1,3-dithiane (21%) were formed in a 79:21 ratio.

The 1,3-Propanedithiol-Bu,Sn(OTf), Method. Upon treat-
ment of benzaldehyde (53 mg, 0.5 mmol) and pentanal (43 mg,
0.5 mmol) in CICH,CH,Cl (4 mL) with 1,3-propanedithiol (54
mg, 0.5 mmol) and Bu,Sn(OTf), (135 mg, 0.25 mmol) at 0 °C for
1h, 2-butyl-1,3-dithiane (71 %) and 2-phenyl-1,3-dithiane (29%)
were obtained in a 71:29 ratio.

Competition Reaction of Pentanal and 2,2-Dimethylpro-
panal. 2,2-Dicyclohexyl-2-stanna-1,3-dithiane—(c-CgH;,),-
Sn(OTf); Method. In CICH,CH,Cl. From pentanal (43 mg,
0.5 mmol), 2,2-dimethylpropanal (43 mg, 0.5 mmol), 2,2-dicy-
clohexyl-2-stanna-1,3-dithiane (235 mg, 0.6 mmol), (c-CgH;y)2-
Sn(OTY), [prepared from (c-CgH;1):SnCl; (89 mg, 0.25 mmol),
and AgOTf (128 mg, 0.5 mmol) in CICH:CH:Cl (1 mL)], and
CICHCH,Cl (3 mL) at 0 °C for 0.5 h, an oil was obtained. GLC
analysis showed that the crude product consisted of 2-butyl-
1,3-dithiane (89%) and 2-(tert-butyl)-1,3-dithiane (11%) in a
89:11 ratio.

In CH;CN. In a similar way, a mixture of pentanal (43 mg,
0.5 mmol) and 2,2-dimethylpropanal (43 mg, 0.5 mmo}l) was
treated with 2,2-dicyclohexyl-2-stanna-1,3-dithiane (235 mg, 0.6
mmol), (C-CsHu)zSn(OTf)z [prepared from (C-CsHu)zSnClz (89
mg, 0.25 mmol) and AgOTf (128 mg, 0.5 mmol) in CHCN (1
mL)], and CH3CN (3 mL) at 0 °C for 1 h. GLC analysis of the
reaction mixture indicated the formation of 2-butyl-1,3-dithiane
(86%) and 2-tert-butyl-1,3-dithiane (6.7%) in a 93:7 ratio.

General Procedure for the Preparation of 1,3-Dithiolanes.
Reaction of A!¥-Octalone-2 with 2,2-Dibutyl-2-stanna-1,3-
dithiolane in the Presence of Bu,Sn(OTf);. A mixture of
Alf.octalone-2 (45 mg, 0.3 mmol), 2,2-dibutyl-2-stanna-1,3-
dithiolane (166 mg, 0.51 mmol), Bu;Sn(0T¥); (271 mg, 0.51 mmol),
and CICH,CH,Cl (2 mL) was stirred at 20 °C for 20 h. The
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reaction mixture was diluted with ether, and the resulting organic
layer was washed with 1 N NaOH and saturated aqueous NaCl.
Drying and evaporation left an oil. Column chromatography of
this oil (50:50 hexane-benzene) gave Alf-octalone-2 ethylene
dithioacetal (67 mg, 99%). No products of isomerization of the
double bond could be obtained: bp 150 °C (4 mmHg); 'H NMR
(CDCly) 6 1.04 (qd, J = 2.93, 12.4 Hz, 1H), 1.20~1.55 (m, 3H),
1.70-1.85 (m, 3H), 1.88-2.10 (m, 4H), 2.15~2.25 (m, 2H), 3.21-
3.45 (m, 4H), 5.55 (s, 1H); 3C NMR (CDCly) 6 25.9, 27.2, 30.1,
34.5, 34.8, 36.3, 39.4, 39.7, 40.0, 65.7, 124.2, 142.3; MS (m/2) 226
(M*); HRMS caled for C1oH 1S, (M) 226.0850, found 226.0820.
Anal. Caled for CoHisSs: C, 63.66; H, 8.01. Found: C, 63.37;
H, 8.21.

Other reactions were conducted analogously. Spectroscopic
and analytical data of a new compound are as follows. 5a-
Androstane-3,17-dione 3-ethylene dithioacetal: mp 205-206
°C; 'H NMR (CDCly) 6 0.80 (m, 1H), 0.83 (s, 3H), 0.85 (s, 3H),
1.02 (qd, J = 4.77, 12.0 Hz, 1 H), 1.20-1.80 (m, 14H), 1.90-2.15
(m, 5H), 2.43 (dd, J = 8.43, 19.4 Hz, 1H), 3.25~3.33 (m, 4H); 13C
NMR (CDCly) 6 11.8, 13.7, 20.2, 21.7, 27.9, 30.5, 31.4, 34.9, 35.4,
35.8,37.8,38.1, 38.71, 38.79, 45.0, 46.3,47.7, 51.3, 54.0, 68.8, 221.2;
MS (m/2) 364 (M*); HRMS calcd for Co1H3;0S, (M*) 364.1895,
found 364.1988. Anal. Calcd for C5;H3208,: C, 69.18; H, 8.85.
Found: C,69.10;H, 8.65. Relevantdata of known 1,3-dithiolanes
are complied in the supplementary material.

A Typical Procedure for Differentiation between Ke-
tones in 1,3-Dithiolane Synthesis. Competitive Reaction
of Cyclohexanone and 2-Heptanone. 2,2-Dibutyl-2-stanna-
1,3-dithiolane in the Presence of Bu:Sn(OTf),. A mixture
of cyclohexanone (49 mg, 0.5 mmol), 2-heptanone (57 mg, 0.5
mmol), 2,2-dibutyl-2-stanna-1,3-dithiolane (195 mg, 0.6 mmol),
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Bu;Sn(0TY), (265 mg, 0.5 mmol), and CICH;CH,C1 (3 mL) was
stirred at 0 °C for 20 h. GLC analysis of the reaction mixture
indicated the formation of cyclohexanone ethylene dithioacetal
(89%) and 2-methyl-2-pentyl-1,3-dithiclane (2%) in a 97:3 ratio.

1,2-Ethanedithiol in the Presence of BF;-OEt;. A mixture
of cyclohexanone (49 mg, 0.5 mmol), 2-heptanone (57 mg, 0.5
mmol), and CH;Cl; (3 mL) was treated with 1,2-ethanedithiol
(57 mg, 0.6 mmol) in the presence of BF3OEt; (36 mg, 0.25 mmol)
at 0 °C for 0.5 h. Cyclohexanone ethylene dithioacetal (67%)
and 2-methyl-2-pentyl-1,3-dithiolane (19%) were produced ina
78:22 ratio.

Reaction of 2-Cyclohexenone with 2,2-Dibutyl-2-stanna-
1,3-dithiolane in the Presence of Bu;Sn(OTf);. A mixture
of 2-cyclohexenone (29 mg, 0.3 mmol), 2,2-dibutyl-2-stanna-1,3-
dithiolane (166 mg, 0.51 mmol), BusSn(0TY); (271 mg, 0.51 mmol),
and CICH,CH,Cl (2 mL) was stirred at 20 °C for 3 h. Workup
and column chromatography provided 3-[(2-mercaptoethyl)thio]-
cyclohexanone ethylene dithioacetal (52 mg, 65%): bp 200 °C
(4 mmHg); tH NMR (CDClg) é 1.25 (m, 1H), 1.62 (m, 1H), 1.73
(t,J = 7.69 Hz, 1 H), 1.89 (m, 3H), 1.98 (d-like, J = 12.8 Hz, 1H),
2.12 (d-like, J = 13.1 Hz, 1H), 2.40 (d-like, J = 10.2 Hz, 1H), 2.80
(m, 5H), 3.38 (m, 4H); 13C NMR (CDCly) § 25.0, 25.9, 32.3, 34.2,
38.0, 39.0, 41.6, 42.3, 49.5, 67.9; MS (m/2) 266 (M*); HRMS calcd
for C1oH1sS (M*) 266.0291, found 266.0223. Anal. Caled for
Ci;oH1sS«: C, 45.07; H, 6.81. Found: C, 45.32; H, 6.71.

Supplementary Material Available: Experimental meth-
ods (4 pages). This material is contained in libraries on
microfiche, immediately follows this article in the microfilm
version of the journal, and can be ordered from the ACS; see any
current masthead page for ordering information.



