OC

Efficient Method for the Deprotection of
tert-Butyldimethylsilyl Ethers with TiCl ,—Lewis
Base Complexes: Application to the Synthesis of

13-Methylcarbapenems

Akira lida, Hiroki Okazaki, Tomonori Misaki,
Makoto Sunagawé Akira Sasaki, and Yoo Tanabe*

Department of Chemistry, School of Science and Technology,
Kwansei Gakuin Uniersity, 2-1 Gakuen, Sanda, Hyogo
669-1337, Japan, and ResearchvBion, Sumitomo
Pharmaceuticals Co., Ltd. 1-98, Kasugade Naka 3-Chome,
Konohana-ku, Osaka 554-0022, Japan

tanabe@kwansei.ac.jp
Receied March 2, 2006

TiCly -
AcOEt or CH3NO,
————— > ROH

ROTBDMS R = aliphatic, aromatic, 0.—)

and p-carbonyl

OTBDMS

TiCls- CH3NO,

SR —m8 —»

TiCl,—Lewis base (AcOEt, CENO;) complexes smoothly
deprotectedert-butyldimethylsilyl (TBDMS) ethers. The reac-

tion velocity with these complexes, which seemed less reactive 4

Note

SCHEME 1
TiCly -

AcOEt or CH;NO,

ROTBDMS

ROH

In connection to our studies on the development of practical
reaction8® such as esterificatior’§;4 amide formation§¢d
sulfonylations$ and silylations, we report here an efficient,
practical, and chemoselective method for the deprotection of
TBDMS ethers using economical and available Tillewis
base (AcOEt or CENO,) complexes (Scheme 1).

The initial trial reaction of 24ert-butyldimethylsiloxy)nonane
(1) with TiCly resulted in considerable side formation of
2-chlorononane {30%), along with the desired 2-nonanol
(Scheme 2, reaction A): \Bchlorination (C-O bond cleavage)
of 1 and/or 2-nonanol proceeded due to the high inherent
reactivity of TiClL. To circumvent the side chlorination, we
examined less reactive TigtLewis base complexes. Screening
of nitrogen-type Lewis bases (alkylated amine, amide, aniline,

(3) For recent representative works see: (a) Gopinath, R.; Patel, B. K.
Org. Lett 200Q 2, 4177. (b) Hattori, K.; Sajiki, H.; Hirota, KTetrahedron
200Q 41, 5711. (c) Bajwa, J. S.; Vivelo, J.; Slade, J.; Repi, O.; Blacklock,
T. Tetrahedron Lett200Q 41, 6021. (d) Hattori, K.; Sajiki, H.; Hirota, K.
Tetrahedron200], 57, 2109. (e) Chen, M.-Y.; Lu, K.-C.; Lee, A. S.-Y,;
Lin, C.-C. Tetrahedron Lett2002 43, 2777. (f) Bartoli, G.; Cupone, G.;
Dalpozzo, R.; De Nino, A.; Maiuolo, L.; Procopio, A.; Sambiri, L.; Tagarelli,
A. Tetrahedron Lett2002 43, 5945. (g) Rotulo-Sims, D.; Prunet, Org.
Lett 2002 4, 4701. (h) Sajiki, H.; Ikawa, T.; Hattori, K.; Hirota, KChem.
Commun2003 6, 654. (i) Khan, A. T.; Mondal, ESynlett2003 694. (j)
Sharma, G. V. M.; Srinivas, B.; Radha Krishna,TRtrahedron Lett2003
4, 4689. (k) Rani, S.; Lokesh Babu, J.; Vankar, Y. 8ynth. Commun

due to the influence of Lewis bases, was considerably greater2003 33, 4043. (I) Crouch, R. D.; Romany, C. A.; Kreshock, A. C.;

than that with TiC} alone. Selective desilylations between
aliphatic and aromatic TBDMS etherk4nd5), betweerl and
benzyl, allyl, tosyl, methoxyphenyl, and chloroacetyl eth&®; (
14, 15, 16, and17), and between TBDMS and TBDPS ethers
(18 and 19) were successfully performed. Desilylation of
TBDMS-aldol, acyloin, ang-lactam analogue3—12 proceeded

smoothly due to anchimeric assistance by the neighboring

carbonyl groups. The present method was successfully applie
to the practical synthesis ofsimethylcarbapenem0d —f'.

Thetert-butyldimethylsilyl (TBDMS) group is utilized in one
of the most reliable protective methods for alcohols in organic
synthesig, due to its ready introduction and deprotectfoA.
number of methods for the deprotection have been exploited
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Tetrahedron Lett2004 45, 1973. (n) Arumugam, P.; Karthikeyan, G.;
Perumal, P. TChem. Lett2004 33, 1146. (0) Khan, A. T.; Ghosh, S.;
Choudhury, L. HEur. J. Org. Chem2004 10, 2198. (p) lkawa, T.; Hattori,
K.; Sajiki, H.; Hirota, K. Tetrahedron2004 60, 6901. (g) Karimi, B.;
Zamani, A.; Zareyee, Dletrahedron Lett2004 45, 9139. (r) Kishore, G.
D.; Baskran, SJ. Org. Chem2005 70, 4520. Other references cited theirin.
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d9 279. (b) Oriyama, T.; Kobayashi, Y.; Noda, Bynlett1998 1047. (c)
Hunter, T.; Hinz, W.; Richards, Pretrahedron Lett1999 40, 3643. (d)
Ranu, B. C.; Jana, U.; Majee, Aetrahedron Lett1999 40, 1985. (e)
Yadav, J. S.; Reddy, R. V. S.; Mandan,ew J. Chem200Q 24, 853. (f)
Crouch, R. D.; Polizzi, J. M.; Cleiman, R. C.; Yi, J.; Romany, CTktra-
hedron Lett2002 43, 7151. (g) Sharma, G. V. M.; Srinivas, B.; Krishna,
P. R.Tetrahedron Le{t2003 44, 4689. (h) Gloria, P. M. C.; Prabhakar,
S.; Lobo, A. M.; Gomes, M. J. STetrahedron Lett2003 44, 8819.
(5) Review: (a) Tanabe, Y.; Misaki, T.; lida, A.; Nishii, Y. Synth.
» Org. Chem. Jpn2004 62, 1248. Recent works: (b) Wakasugi, K.; Misaki,
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tions, and oxidation, and reduction agehtewis-acid promoted
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reactions are considered to be a complementary deprotectiony.: Fukushima, S.; Tanabe, Wetrahedron 2003 59, 5337.

method; however, this method received relatively little attention.
The use of BE-ELO,*2 Sc(OTfp,* TMSOTFAC Zn(BFy),,*
InClz,e ZnBr,,*" ZrCly,*9 and SbGi*" has been reported.
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SCHEME 2
<Reaction - A> <Reaction - B>
OH
OTBDMS TiCl, N-type-additive (1.5 equiv)
)\/\/\/\ 1' ca. 70% conv. 1 NR
/ CHLCly, 1t 1 CHoCly, rt
1 Cl  and

Additive: EtzN, ‘BuNH,, Bu,NH, PhNH,, p-MeOCgH,;NH,,
PhNMe,, Pyridine, TMEDA

ca. 30% conv.

<Reaction - C>

TiCl, -
O-type-additive (1.5 equiv)

<Reaction - D>

TiCl, -
1 1" ca. 60-70% conv. AcOEt or CH3NO,
[ CH:Cly 1t < Cl  and > 1 1" ca. 100% conv.
/I\/\/\/\ /CHCla 1t
Additive: Et,0, PhOMe, MeC(O)Me ca. 20-40% conv.
TABLE 1. Desilylation of Various TBDMS Ethers with TiCl ,—Lewis Base Complexes
A : TiClg - AcOEt complex
ROTBDMS +  TiCly - complex ROH Method{
CH,Cl,/30°C B : TiCl, - CH3NO, complex
Equiv Time  Yield®
Entry Substrate Product Method TiCl,-complex /min ! %
oTBOMS j':/\/\/\ . A 1.2 10 97
1 PPN B 12 0 o4
A 1.2 10 99
2 > oteoms 2 N om 2 B 12 10 96"
A 1.2 10 94
3 c” ), oteDMS 3 o on ¥ B 1.2 10 91°
o o A 1.2 10 94
4 Q < 4 Q < # B 1.2 10 85°
OTBDMS OH
A 2.5 240 97
OTBDMS OH
5 ~- s ~- 5 B 25 0 9
A 2.5 60 95
MeO OTBDMS MeO o
6 o< )~ e ~)on ¢ B 25 10 99
OTBDMS OH A 2.5 360 97
7 7 7 B 25 15 9
O,N OTBDMS OoN OH B 3.6 500 97
8 2 O g 2 @» .
TBDMSO O OH O A 24 30 94
9 b
)\)LWS . /k)kws . B 24 30 97
0 TBDMSO O OH O A 24 30 98
b
% 10 )\)I\OM . B 2.4 30 95
TBDMSO OH
1 A 24 10 97»
3 2 11 3 2 11 B 24 10 97
o} o}

TBDMSO Ol
i Vo ¢ Y cos A 24 240 97
n n C
NH 2 NH 2 i B 24 120 95
Ie 12 I} 12

a|solated.P Reaction temperature was-6 °C. ¢ Reaction temperature was45 to —50 °C.

pyridine) resulted in no reaction (reaction B), while oxygen- successful, especially for aromatic ang-hethylcarbapenem
type bases did not decrease the side chlorination (reaction C).substrates (vide supra). Presumably, these Lewis bases not only
TiCl4 has significant affinity for simple alkyl esters; for example, maintained the reactivity of TiGlbut also facilitated the release
the crystal structure of a dimeric complex (TA€AcOEt), was of CI~, which selectively attacked the Si atom, but not the C atom.
reported and the ester carbonyl function exhibited higher reac- It should be noted that the reaction velocity with these
tivity than the ketone carbonyl function during the Ti-Claisen complexes, which seemed less reactive due to the influence of
condensatiofl. As expected, use of the TiGtACOEt complex Lewis bases, was considerably greater than that with, ElGhe
effected the smooth deprotectionlofvith sufficient suppression  (Figure 1). This tendency was also observed and amplified in
of the side formation of 2-chlorononane (reaction D). Surpris- the deprotection of the TBDMS eth&rof p-cresol (Figure 2).
ingly, the use of the TiGFCH3NO, complex was also Table 1 lists the successful results under optimized conditions
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SCHEME 3
TiCl, - ACOEt
(1.2 equiv)
NTotBOMS + T 0R ToH R
2 0-5% 2 100%
. . conv.
(1.0 equiv) (1.0 equiv) ~100% conv. (reco:/ered)
R = Bn (13), allyl (14), Ts (15)
o
—< >—OM cl
% °(1e), E)K/ (a7
SCHEME 4
OTBDMS oTBDMs ~ TICla - ACOEL OH
(1.2 equiv) )\/\/\A
)\/\/\/\ + n 5
1 5 . t T 100% conv.
(1.0 equiv) (1.0 equiv) ~ 100% conv. (recovered)
OTBDMS OTBDPS Té?'; ;ASS)Et OH
+ < \/J\A/\ + 19
18 19 0-5°C 18 100% conv.
d
(1.0 equiv) (1.0 equiv) ~100% conv. (recovered)

(method A with AcOEt and method B with GNO,). The pre-

ic TBDMS ethers, however, generally failed to undergo the desily-

sent method produces smooth desilylation of aliphatic TBDMS lation due to undesirable formation of the corresponding chlorides.
ethers, wherein method A was slightly more advantageous than To further investigate the chemoselectivity, compatibility of

method B with regard to the yield (entries-4). In contrast,
method B led to the desilylation with less reactive phenolic
TBDMS ethers in a short period under mild conditions (entries
5—7). One desilylation-resistant 4-nitorophenyl analcfftievas
also possible (entry 8). Ketone, ester, gddctam functionalities
tolerated the reaction conditions (entriesI®). Tertiary and allyl-

OTBDMS TiCly - complexes  on
/ Chlorobenzene
1 0-5°C 1
100
X 80 /
Z w0 ’/ A/
o
(8]
(@]
G w0 /K/./j
20 X /-
W
04/ . .
0 3 6 9 12 15
time / min

FIGURE 1. Comparable experiments of desilylation af (GC
conversion):®, TiCl,—AcOEt complex;a, TiCl,—CH3;NO, complex;

andM, TiCl, alone.
OH
/[j 5

)©/OTBDMS TiCl, - complexes
5 / CHyCly, 1t

100 A

80 /
60

GC conv./ %

4
time/h
FIGURE 2. Comparable experiments of desilylation &f (GC
conversion):®, TiCl,—AcOEt complex;a, TiCl,—CH3;NO, complex;
andm, TiCl, alone.
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other conventional protecting groups was examined. As shown
in Scheme 3, TBDMS ethek was successfully desilylated in
the presence of benzyl, allyl, tosyl, methoxyphenyl, and
chloroacetyl ethersi@, 14, 15, 16, and 17). Methoxybenzyl
ether, unfortunately, did not tolerate identical conditions.

Note that selective desilylation dfin the presence & was
performed to give 2-nonanol, because aromatic substrates
required considerably longer time to reach completion with
method A (Scheme 4). In addition, chemoselective desilylation
was successfully performed between TBDMS etteandtert-
butyldiphenylsilyl (TBDPS) ethet9.

Neighboring group participation (anchimeric assistance) by
the carbonyl groups may be expect to effect smooth desilylation

OTBDMS TiCly - CH3NO, )Oi/\/\/\

1 CHoCly, -20 °C .

TBDMSO O OH O
S A A~

9 9

TBDMSO O M

10
TBDMSO

10’
OH
T e L AU Tr
(¢]
11'

GC conv. /%

30 40 50 60
time / min
FIGURE 3. Comparable experiments of desilylation of TBDMS ethers

1,9, 10, and11 (GC conversion):a, 1; &, 9; ¢, 10; and@, 11.



SCHEME 5
oTBDoMs  TiCla-CHNO; oy
(2.4 equiv) )\IVI/
T, + 1
6 / CH,Cl, T 6
1 -25°C, 15 min
7% (Isolated)  87% (Isolated)
TBDMSO O M
o’l'\l\ O’I’\L\ * 10
10 7 10'
95% (Isolated) 0%
TBDMSO OH
R R N L
o o}
1 11"
95% (Isolated) 0%
SCHEME 6
TBDMSO
HoH TiCl, - BusN
" ~COSR'
o N\| Dehydration type
CO3R? Ti-Dieckmann condensation
OTBDMS HO
anchimeric Deprotection H 'I'
assistance T 1
N_/ SR
O
CO,R?
20"

TABLE 2. Desilylation of 18-Methylcarbapenems 20
QTEDMS HO

: | TiCly- CHiNOp (i \
sSR! —— S
d N ICH,Cl, 78 °C, 140 Ny R
CO,R? CO4R?
20a-f 202’ -f
1 2 Yield
Entry R R Product /94
1 c-hexyl PNB 20a’ 91
(trace)b
2 n-octyl 20b° 80
3 Ph 20¢’ 89
4 Bn 204’ 79¢
5 c-hexyl  Allyl 20¢’ 82
, \(CONMez
6~ Noo,ay 209 60

a|solated.? Use of TiCk—AcOEt complex.® Reaction time was 11 h.

due to the high chelation ability of the Ti(IV) species. Indeed, with
method B,a- and-TBDMS groups in9, 10, and11 adjacent

to the corresponding carbonyl groups were more rapidly desilyl-

ated than comparable substratéFigure 3 and Scheme 5).

This notable finding of the anchimeric assistance prompted us
to investigate the desilylation of potent and broad antibacterial
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type Ti-Dieckmann condensation was successfully applied to a
short and practical synthesis of TBDMS-protectgd hethylcar-
bapenems$? These backgrounds lead us to apply the present
desilylation method to the final stage of the synthesis (Scheme 6).
Although the reaction with the TigHEtOAc reagent (method
A of Table 1) failed to proceed (decomposition), the use of the
TiCl4;—CHsNO, reagent (method B) was successful for several
15-methylcarbapenem®0. Table 2 lists these results (entries
1-5), including a precursd0f ' of highly useful Meropenett
(entry 6). Anchimeric assistance by the carbonyl group of the
pB-lactam moiety is thought to effect this smooth desilylation.
In conclusion, we developed a novel mild, practical, chemose-
lective method for the desilylation of various TBDMS ethers
using readily available TiGtLewis base (AcOEt, CENO,)
complexes. The present method was successfully applied to the
synthesis of g-methylcarbapenems and will be a new entry
for desilylation of the TBDMS group.

Experimental Section

Desilylation of TBDMS Ethers (Table 1, Method A). General
procedure: A solution of TiCl, (1.20—2.50 mmol) and AcOEt
(1.20-2.50 mmol) in CHCI, (1.50 mL) was added to a stirred
solution of TBDMS ether (1.0 mmol) in Ci€I, (1.0 mL) at 30°C
under an Ar atmosphere, and the mixture was stirred at the same
temperature for 10 min to 6 h. Water was added to the reaction
mixture, which was extracted with . The organic phase was
washed with water and brine, dried (}$&), and concentrated.
The obtained crude product was purified by silica gel column chro-
matography (hexane:ether6:1 to 1:1) to give the desired alcohol.

Desilylation of TBDMS Ethers (Table 1, Method B). General
procedure: A solution of TiCl, (228 mg, 1.20 mmol) and CH
NO;, (1.20 mmol) in CHCI, (1.50 mL) was added to a stirred
solution of TBDMS ether (1.0 mmol) in Ci€I1, (1.0 mL) at 30°C
under an Ar atmosphere, and the mixture was stirred at the same
temperature for 10 min to 2 h. Water was added to the reaction
mixture, which was extracted with diethyl ether. The organic phase
was washed with water and brine, dried §8@), and concentrated.
The obtained crude product was purified by silica gel column chro-
matography (hexane:ether6:1 to 1:1) to give the desired alcohol.

Alcohols1', 2, 3,4',5,6,7, 8,11, and18 are commercially
available. Alcohols9','5 10,16 and 1217 are known compounds.
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