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1,1,2.2-Tetraphenyldisilane as a Diversified Radical Reagent
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Abstract: Reactivity of 1,1,2,2-tetraphenyldisilane as a radical reagent in ethanol was studied in
reduction of alky! bromides, addition to olefin and alkylation onto heteroaromatic bases with alkyl
bromides. The present organodisilane showed moderate to good reactivities for these three types of
radicai reactions. © 1998 Eisevier Science Ltd. Ali rights reserved.

The importance of free radical reactions in organic synthesis has been greatly increasing in recent
years.”  In synthetic organic chemistry, tributyltin hydride and hexabutylditin have been frequently used as
radical mediators.  However, it is well known that organotin compounds are highly toxic, and the complete
removal of the tin species from the reaction products is difficult.  Organosilanes, which generate silyl
radicals”, are shown to be highly efficient and superior radical reagents from both ecological and practical

vgc.w?gm;g, Thus rmlamna organotin compounds, § udies on
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monosilane comnc poun nds such as

diphenylsilane” and polysilane compounds such as tris(trimethylsilyl)silane, tetrakis(trimethylsilyl)silane,*

etc., have been carried out.  Namely, tris(trimethylsilyl)silane is cffective for the reduction of alkyl
bromides, addition to activated olefins and aikyiation onto heteroaromatic bases with alkyi bromides,* while,

tetrakis(trimethylsilyl)silane is effective only for the alkylation onto heteroaromatic bases with alkyl
bromides.” However, tris(trimethylsilyl)silane is an oil and has not enough stability under aerobic
conditions for the storage.  Here, we would like to report on the utilization of 1,1,2,2-tetraphenyldisilane
(Ph.Si;H,), which is stable crystals under aerobic conditions, as a diversified reagent for the radical reduction
and the C-C bond formations with alkyl bromides.  Today, to our knowledge, the use of organodisilanes in

organic synthesis has not been reported.

At first, the radical reduction of alkyl bromides with Ph,SiH, which was prepared according to the
srocedures described in ire 6 : :
pluu:duxcb described in the literature, ) was carried out, and the results are shown in Table 1 In the

reduction of 2-bromoethyl phenyl ether with Ph,Si:H. and AIBN (o, a’-azobisisobutyronitrile) as a radical
initiator under refluxing conditions, the yields of ethyl phenyl ether were 93% and 97%, with 1 equiv. and
2 equiv. of PhSiH., tespectively (Method A).  However, in the reduction using 0.5 equiv. of Ph.SiH.
under the same conditions, the yield of ethyl phenyl ether was decreased to 49%.  These results indicate that
one of two hydrogen atoms bonded to silicon atoms in Ph.Si.H; participates in this reaction and, therefore, this
radical reduction requires more than 1 equiv. of Ph,SiH. to obtain the reduction product in good yield. ~ On
the other hand, the radical reduction of 2-bromoethyl phenyl ether with 1 equiv. of diphenylsilane (PhzSiH;)

initiated by AIBN was carried out to form ethyl phenyl ether in only 3% yield and the starting material was
iald Q

recovered in 95% yield.  So, there is considerable difference in the reactivity between Ph.SiH, and
PhSiH,.  The reduction of bromo sugar with Ph,SiH, was then carried out under the same conditions;

however, the reduction product was not obtained due to decomposition under the present therm
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Tahle 1, Radical Reduction of Alkyl Bromides
Ph,SigHy. initiator
RBr > RH
Solvent
Entry Substrate Solvent Method* Yieid / %
1 EtOH Ay 49
2 7N\ A s o EtOH A, 93
3 A\ W etk EtOH As 97
4 EtOH B 89
CH2Br

5 HO Q EtOH B 97
6 HOG0" ) EtOH C 88

OCH3

9
CHs \EK NH
A
7 BrCH, N0 EtOH B 35
\ch
r—
OH CgHi7
8 J\)\) EtOH C 99
Br — 7

CHoOAc
9 AcO 0 EtOH C 40
10 AcOrg” | THF C 68

Br

* Method A: Ay (Ph,SioH; 0.5 equiv., AIBN 0.15 equiv.), Az (Ph4SioHz 1.0 equiv., AIBN 0.3 equiv.),
Aj (PhySigHz 2.0 equiv., AIBN 0.6 equiv.). The reaction mixturc was refluxed for 14 h.; Method B:
triethylborane (2.4 equiv.) was added twice, and the reaction mixture was stirred uvermght at RT.;
Method C: triethylborane (2.4 equiv.) was added, and the reaction mixture was stirred for 4 h at RT

Table 2. Radical Addition to Olefin

Ph,SioHa, AIBN R
RBr + /\sozph \/\SOQPh

H raflaa
Liwsi s, [CHUX

Entry Substrate Yiceld / %
D ss
LA/ Br
/\ "
2 Br 78

-
[oN
o

%

Br/"\/\/
4 CH3(CH2)7BI’ 43
A mixture of alky] bromide, olefin (3 equiv.), PhySizHz (2.5 equiv.), and AIBN

(0.5 equiv.) in ethanol was reﬂuxcd for 14 h
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Table 3. Radical Alkylation of Heteroaromatic Bases
N Ph,SizH;, AIBN 2
RX + ) - )
H N EtOH, reflux R N
H*CF,C00"
Entry Substrate Heteroaromatic base Yield/ %
1 7 93
LA/ Br
2 ﬂ\J 91
LT
3 7 0
.Aﬂl‘q
CHs
4 O-or f‘@ 73
CsH ~ N

6 CH3(CH)7Br 31
T\
7 UCHQCHZBr 32
8 1) 69
s A
CH 0
- )LN,CH_3
9 -4& L 55
N“>N"So
CHa
COOC,Hs
10 ﬂ\' *\ 47
P e i)
» N7

11 Y 79

~ N (a:b = 50:29)

a’ b S ==

b
i
12 hlll’\l 54

NP (ab = 13:41)

o

To a mixture of alkyl bromide, heteroaromatic base (5 equiv.), and Ph4SiaHp (1.5 equiv.) in ethanol at
refluxing temperature, the same amount of Ph4SioH, was added after 4 h. While AIBN (1.5 equiv.) was
added S times over 8 h (2 h intervals). Then, the reaction mixture was stirred overnight ai ihe same

temnerature
willpoiaaiv.
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conditione 1 3 vihaorane wae emnlaved ac a irnl initatnr tn carrv ot the radical radiction at

SRRV . AZABDy WAWVHLY IVVIGUY VY ao WRpIUyeAl ao 4o fauilda ludaddl W) ally Uul Ul TaUiCar TSUudon al
nom temnmnerohire nnder asrnhin rnnditinee (Adoathade B and ™M ond A _heamen 4 Jda re

TOOm Muywxu&ul\w UNnGCT atiGoi COnGIUons UIVBRALIRRUD B alll ), auu Usuviuiiv-u= uway-u-u-sxuwpylauualuc

was reduced in quantitative yield by this method.  Cholestanyl bromide was also reduced to cholestane in
quantitative yield. The reduction of 5’-bromo-5’-deoxythymidine and 2,3,4,6-tetra-0J-acetyl-a-D-
glucopyranosyl bromide also proceeded efficiently, though the yields were moderate.

Next, the radical addition of alkyl bromide to a carbon-carbon double bond with phenyl vinyl sulfone
was carried out in the presence of Ph,SitH. and AIBN in ethanol.  As shown in Table 2, the radical addition
to phenyl vinyl sulfone gave the corresponding reductive addition products in moderate to good yields. In
this reaction, the reactivities of alkyl bromides increased in the following orders: primary < secondary <
tertiary alkyl groups.  Thus, the reactivity corresponds to the bond energies of the C-Br bond in alkyl

hramidec and the niiclannhilicity Af the fiaemad farhan mdisal o owa ard mhanyl vinyl cnillfoans
ViRV iTi] O ALV Uiv ll\‘\viw ]mlul‘] Wi U AULIVU VAL UV LauiLal tuwarlug l.)ll\l y Vii¥1i DUliviiv
i 11 L P J. g, Py ) TS, Y. Ry gy avnarnmatin BRanan wran tmeran fiyn g | A cenlecdao. L _11._.1
KY1diH)! mu ﬂﬂlcrudrﬂmdﬂb UdhﬂS was ]IlVCbugchu A IMIXWIC O diKyl

bromide, Ph,Si.H,, AIBN, and a heteroaromatic base, which was activated by protonation with trifiuoroacetic
acid, was heated in ethanol at refluxing temperature to give the corresponding alkylated heteroaromatic bases
in moderate to good yields. As shown in Table 3, the radical alkylation of 4-methylquinoline gave the
corresponding alkylated products in good yields with secondary and tertiary alkyl bromides, while, in the
alkylation of 4-methylquinoline with primary alkyl bromides, the corresponding alkylated product was
obtained in low vields.  The difference in these reactivities may be due to the same reason mentioned above
in the addition reaction. = Here, adamantyl iodide gave the alkylated product in good yield, while adamantyl

chlondc did notreact atall. ~ Many other types of heteroaromatic bases such as benzothiazole, caffemc, ethyl

alan

affa als wlinta 7 aran ]
aiso ULLW!VDI)’ ainylatvu VV i-auailialityi

Nrinndinota PN e Rt T 1A a

isonicotinate, pyridine, and pyrimidine were
presence of Ph.Si;H, in good yieids.

In conclusion, Ph.Si;H; is useful as a diversified radical reagent, i e., reduction of alkyl bromides, aikyl
addition to activated olefin, and alkylation onto heteroaromatic bases.  Further, the present reactions proceed
in ethanol instead of other toxic organic solvents such as benzene, which is a common solvent in radical
reactions with tin hydride.  Further study of organodisilanes as a radical promoter is underway.
Acknowledgement: H.T. thanks the financial support from Graduate School of Science and Technology of
Chiba University.

References

1) Giese, B. “Radicals in Organic Synthesis: Formation of Carbon-Carbon Bonds,” Baldwin, J. E. ed.,
Pergamon Press, Oxford (1986); Fossey, I.; Lefort, D.; Sorba, J. “Free Radicals in Organic Chemistry,”
Wiley, Chichester (1995).

2) Speier, J. L.; Zimmerman, R.; Webster, J. J. Am. Chem. Soc., 1955, 78, 2278-2281; Chatgilialoglu, C.
Chem. Rev., 1995, 95, 1229-1251; Chatglhaloglu, C.; Ingold, K.U.; Scaiano, J. C. J. Am. Chem. Soc.,
1982, 114, 5123 5127 and references cited therein.

3) Barton D. H. R;; Jang, D. O.; Jaszberenyi, J. Cs. Tetrahedron Lent., 1990, 31, 4681-4684; 1991, 32,
2569-2572 idem, Synlen, 1991 435-438; Smadja, W.; ZdhOUllV. M,; Joumct M.; Malacna, M.
Tetrahedron Lett., 1991, 32, 3683-3686; Yamazaki, O.; Togo, H.; Nogami, G.; Yokoyama, M. Bull

Chem. Soc. Jpn., 1997, 70, 2519-2523.

Chaotailinlaglis 8 A-n f'l- s Roc 10072 25 RQ_104
'P’ \Juatslucuuyu . ACC. Lnén. RES. AT Fhuy Liniy LOUSLTT

S) Togo, H.; Hayashi, K; Yokoyama, M. Bull. Dhem Sou Jpn., 1994, 67, 2522-2527.
6) Steudel, W.; ; Gilman, H. J. Am. Chem. Soc., 19¢ 0, 82, 6129- 6132 kalcr, H. J. S‘ Gilman I-’I‘£
1 § L

. Chem. 19(:1 26, 1265-1271; Schotit, V. G.; Langecker, W. Anorg. Allg. Chem.
71 Q- nnnr“nnll D Han R H Taetrohadrnn ’nﬂ lﬂﬁl 22 3R13- qg“d— N T.: N&kﬂ

410, DUUUJUUR, .y 22801, 1. k. 28CHGWLIUN LK., RFOL, LD s 201D N no, 1.; INgkamura, Ii.;

Nagai, Y. Chem. Lett., 1989, 83-86.



