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Synopsis. The reactions of trimethylsilyl isothiocyanate
(TMSTC) with aldehydes catalyzed by Lewis acid gave a,0’-
diisothiocyanato ethers in good to excellent yields. Sim-
ilarly, unsymmetrical a-isothiocyanato ethers were obtained
from the reactions of TMSTC with acetals in appropriate
yields.

Silicon compounds carrying a functional group
play important roles in organic synthesis.! For exam-
ple, silyl cyanides and silyl azides have been shown to
be highly versatile reagents, which converted carbonyl
compounds into a-siloxy cyanides (la), a-siloxy
azides (1b),? and gem-diazides (2).3% As a part of our
continuing studies on such silicon compounds, we
investigated the synthetic utility of trimethylsilyl iso-
thiocyanate (TMSTC) because there have been a few
reports® on its reactivity to date. In this paper, we
would like to describe ZnCl,-promoted reactions of
TMSTC with aldehydes and acetals to give a,a’-diiso-
thiocyanato and a-isothiocyanato ethers, respectively.
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Results and Discussion

The Reaction of TMSTC with Aldehyde. Contrary
to the reaction of silyl azide with aldehyde,* an 89% of
bis(1-isothiocyanato-2-methylpropyl) ether (4c) was
obtained by a reaction of 2-methylpropanal (3c) and
TMSTC (2.2 equiv) in the presence of a catalytic
amount of ZnCl, at room temperature for 24 h. Even
when the reaction of 3¢ with 1.2 equiv of TMSTC was
carried out at room temperature for 4 h, the sole prod-
uct was compound 4c although the yield became
poor. The reaction was also promoted by SnCl,, giv-
ing the corresponding ether. By carrying out the reac-
tion for other aldehydes under similar conditions, we
obtained some symmetrically disubstituted ethers in
good yields. The results and the spectral data of the
products are summarized in Table 1. Trichloro-

ethanal and benzaldehyde did not give any products
under similar conditions and benzaldehyde was quan-
titatively recovered after the work-up. Such aldehydes
reacted with silyl azide to afford adducts, 1b and 2.4 By
using hydrosilanes, several synthetic methods for
ethers have been reported under various conditions.?
When the reaction of 2-methylpropanal (3c) with
TMSTC in the presence of ZnCl, (catalytic amount)
was carried out at 90 °C for 0.5 h, 2,4,6-tris(1-methyl-
ethyl)-1,3,5-trioxane (5c) along with ether 4c (22%)
was isolated in a 36% yield. The trioxane 5¢ was
also isolated in an 83% yield from the reaction of the
aldehyd 3c with ZnCl; (0.05 equiv) in the absence of
TMSTC at room temperature for 1 h. In addition, a
mixture of 5¢, TMSTC, and SnCl, was stirred for 1.5 h
at room temperature, giving a 70% yield of 4c, and
2,4,6-trimethyl-1,3,5-trioxne (5f) was also converted
into bis(l-isothiocyanatoethyl) ether (4f) in a 73%
yield. However, 1,3,5-trioxane (5e), 2,4-dimethyl-1,3-
dioxane (6a), and 2,4,6-trimethyl-1,3-dioxane (6b) were
recovered quantitatively under similar conditions.
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On the basis of these findings, we propose that the
reaction of TMSTC with aldehydes takes place as path
A rather than path B of the Scheme, i.e. 1,3,5-trioxane
5 initially generated by ZnCl,-catalyzed trimerization
of the aldehyde is substituted by TMSTC to form ether
4 and bis(trimethylsilyl) acetal. The latter again tri-
merizes to trioxane 5 under these conditions. Other-
wise, the yield of the product 4 should be at most 67%.
As for path B, Mukaiyama et al. considered it a plausi-
ble reaction course of ether formation,’® ie. 2:1-
addition of aldehyde with silicon compound followed
by condensation of the adduct with another silicon
compound. That trichloroethanal and benzaldehyde
were not converted into ether 4 shows that such alde-
hydes would not give trioxane 5 under the conditions
employed.

Table 1. Yields and Spectral Properties of Ether 4

Compd Mp/(6m/°C)  Yield/%  FD-MS  IR/cm™! IHNMR/§
4a liq 80 216 (M+) 2000 1.05 (1, 6H), 1.65—2.10 (m, 4H), 5.09 (t, 2H)
4b lig 77% 244 (M+) 2000 0.97 (t, 6H), 1.20—2.05 (m, 8H), 5.13 (t, 2H)
4c lig 89® 244 (M¥) 2000 1.06 (d, 12H), 1.80—2.30 (m, 2H), 4.89 (d, 2H)
4d 45—46 84 272 (M*) 2050 1.03 (s, 18H), 4.72 (s, 2H)
4f lig 73" 188 (M*+) 2000 1.59 (d, 6H), 5.27 (q, 2H)

a) Aldehyde/TMSTC=1/2.2. b) The compound was obtained from 2,4,6-trimethyl-1,3,5-trioxane (5f) and TMSTC.
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The Reaction of TMSTC with Acetal. As described
above, the substitution reaction of trioxane derivatives
5 by TMSTC occurred to give the corresponding ether
4 exclusively. This led us to examine a possibility of

unsymmetrical ether formation from acetal with:

TMSTC.

When a mixture of propanal dimethyl acetal (7b),
TMSTC, and ZnCl, was stirred for 4 h at room
temperature, the desired ether 8b was obtained in a 67%
yield. This method could be applied to various ace-
tals, and the results are compiled in Table 2. A conver-
sion of acetals 7 into ethers 8 was achieved in good
yields, but an isolation of the products depended upon
their sensitivity to moisture. Notably, we could not
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a) R=Me, R’=H, R”=Et; b) R=Et, R’=H, R’=Me;
¢) R=p-MeOGCsH,, R’=H, R”=Et; d) R=p-MeCsHs,
R’=H, R”=Et; e) R=C¢Hs, R’=H, R"=Me; f) R=
p-ClCeHs, R’=H, R”=Et; g) R=p-O;NCeHs, R’=H,
R”=Et; h) R=R’=Et, R"=Me; i) R=Me, R’=i-Pr,
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isolate any of the p-methoxy derivative 8¢ although
compound 7c¢ was quantitatively converted into 8c,
determined by the !H NMR spectrum.

In conclusion, the synthesis of a-substituted and
a,0’-disubstituted ethers was easily realized by using
TMSTGC, acetal, and aldehyde. While such ether syn-
thesis is also considered to be achieved by a reaction of
halogeno precursor with sodium thiocyanate, the
applicability of the method as a general synthetic route
to 4 and 8 is limited, due to the inaccessibility of the
reagents.

Experimental

Materials. Trimethylsilyl isothiocyanate (TMSTC) was
prepared from chlorotrimethylsilane and sodium thiocya-
nate according to the literature.” Acetals, except for com-
mercial products, were synthesized by the reported methods.?
Commercial products including aldehydes were purified if
necessary.

The Reaction of Aldehyde 3 with TMSTC. As an exam-
ple the reaction of 2-methylpropanal (3c) with TMSTC is
shown. A mixture of 3¢ (3.0 g, 42 mmol), TMSTC (12.0 g, 92
mmol), and ZnCl, (341 mg, 2.5 mmol) was stirred at room
temperature for 24 h. After removal of low-boiling sub-
stances, the reaction mixture was triturated with hexane and
the resulting precipitates (ZnCl,) were filtered off. The filtrate
was stirred with water for an additional 0.5 h. The extract
with CH,Cl, was dried over MgSOy, the solvent were evapo-
rated in vacuo, and the residual oil chromatographed on
silica gel. Elution with hexane contained 4.6 g (89%) of
bis(1-isothiocyanato-2-methylpropyl) ether (4c). BCNMR
(CDCl3) 6=17.04, 17.20, 35.10, 89.54, and 138.91. Other spec-
tral data of 4c and related compounds are shown in Table 1.
4a: Found: C, 44.21; H, 5.63; N, 12.98%. Calcd for
CsH3N,S,0: C, 44.41; H, 5.59; N, 12.95%. 4b: Found: C,
49.00; H, 6.57; N, 11.51%. Calcd for C)oH;6N,S,0: C, 49.15;
H, 6.60; N, 11.47%. 4c: Found: C, 49.40; H, 6.75; N, 11.24%.
Calcd for C,(H;gN,S,0: C, 49.15; H, 6.60; N, 11.47%. 4d:
Found: C, 52.93; H, 7.40; N, 10.23; S, 23.52%. Calcd for
Ci2HpoN,S,0: C, 52.90; H, 7.40; N, 10.29; S, 23.54%. 4f:

R”=Me; j) R,R’=-(CH2)s-, R”=Me; k) R,R’'= Found: C, 38.21; H, 4.26; N, 14.84%. Calcd for CgHgN,S,0:
-(CHz2)s-, R”=Me., C, 38.28; H, 4.28; N, 34.06%.
Table 2. Yields and Spectral Properties of Ether 8
Compd  Bp (65/°C)/mmHg®  Yield/% Ms® IR/cm™! ITHNMR/§

8a 84—85/60 65 131 2025 1.28 (t, 3H), 1.55 (d, 3H), 3.30—4.15 (m, 2H),
498 (q, 1H)

8b 72—73/55 67 131 2050 1.02 (v, 3H), 1.64—2.15 (m, 2H), 3.47 (s, 4H),
4.70 (1, 1H)

8c 0 (100)® 2000 1.24 (t, 3H), 3.68 (q, 2H), 3.78 (s, 3H), 6.84,
7.34 (ABq, 4H)

8d 88/0.5 65 (100)° 162 2000 1.30 (¢, 3H), 2.33 (s, 3H), 3.50—4.00 (m, 2H),
7.11, 7.31 (ABq, 4H)

8e 77—78/0.7 65 (100)° 148 2000 3.60 (s, 3H), 5.82 (s, 1H), 7.44 (m, 5H)

8f 83/0.25 76 (100)° 182 2000 1.30 (t, 3H), 3.50—4.05 (m, 2H), 5.85 (s, 1H)
7.38 (s, 4H)

8g 112/0.2 43 (65)° 193 2000 1.35 (t, 3H), 3.50—4.15 (m, 2H), 5.99 (s, 1H),
7.66, 8.27 (ABq, 4H)

8h 52—55/5 61 130 2025 0.97 (1, 6H), 1.87 (q, 4H), 3.32 (s, 3H)

8i 53/5 56 128 2050 0.99 (d, 3H), 1.03 (d, 3H), 1.49 (s, 3H),
1.60—2.20 (m, 1H), 3.37 (s, 3H)

8j 46—47/1.2 50 126 2025 1.50—2.25 (m, 8H), 3.40 (s, 3H)

8k 65/2 70 140 2025 1.40—2.10 (m, 10H), 3.35 (s, 3H)

a) lmmHg=133.322 Pa.
spectrum are indicated in parenthesis.

b) The largest number of the fragment is shown.

¢) Yields determined by 'H NMR
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The Reaction of Acetal 7 with TMSTC. When the boil-
ing points of the products (unsymmetrically substituted
ethers) were close to that of TMSTGC, the following was repre-
sentative of the reaction of acetal 7 with TMSTC. A mixture
of propanal dimethyl acetal (7b, 6.3 g, 60 mmol), TMSTC
(3.9 g, 30 mmol), and ZnCl; (0.4 g, 3 mmol) in dichloro-
methane (15 cm3) was stirred at room temperature for 4 h. With
aromatic derivatives, the quantities of compound 7 and
TMSTC were altered to 30 and 60 mmol, respectively, and
trimethylsilyl trifluoromethanesulfonate (TMSOTf) was
used as a catalyst in order to avoid a complicated isolation.
Work-up was similar to that for 4c described above. 2.7 g
(67%) of l-isothiocyanatopropyl methyl ether (8b) was
obtained by distillation at reduced pressure, bp 72—73 °C/55
mmHg. Physical and spectral data of compound 8 are listed
in Table 2.

One of us (K. N.) wishes to thank the ministry of
Education, Science and Culture for Grant-in-Aid
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