Spurring Radical Reactions of Organic
Halides with Tin Hydride and TTMSS
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Tributyltin hydride-mediated radical reactions of organic halides were successfully carried out in a continuous flow system using a microreactor.
The reactions proceeded within a very short period of time, coupled with quickly decomposing radical initiators such as V-65 and V-70. The
continuous flow reaction system was applied to gram scale synthesis of a key intermediate for furofuran lignans.

The recent evolution of microreactor technology has pre- also reported on the effective execution of at+P-type
sented a fine opportunity for synthetic chemists to use this photoinduced cycloaddition reactfoand a Barton reaction,
precisely sophisticated reaction apparatus in place of theusing a glass-made microreactor in combination with a

venerable glassware batch fladkde previously reported

that Pd-catalyzed cross-coupling reactions such as the

Sonogashira reacticithe Mizoroki—-Heck reactiorf,and the
carbonylative Sonogashira reactioim which ionic liquids

were used as the reaction media, could be successfully carrie

compact photoirradiation system using a black light.
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Radical reactions are among the most fundamental in 2). Conventional wisdom dictated that the decomposition
organic synthesi&and the recent progress is largely due to timing of AIBN would prevent achievement of such a short
the use of efficient radical chain mediators such as tributyltin reaction time. This working hypothesis led us to change the
hydride and the related group 14 reagéritsthis paper we radical initiator to V-65, which decomposes more rapidly
report that typical radical chain reactions, which use tribu- than AIBN (Figure 1). The change of the radical initiator to
tyltin hydride and tris(trimethylsilyl)silane (TTMSS), can be
successfully carried out using microreactors in a continuous_
flow system? Interestingly, we found that the reactions using
tin hydride and quickly decomposing radical initiators OMe
proceed within a very short period of time, in comparison ¢ N,_N)j ;E%N,,N%{ NC%N,’N% RN
with a conventional batch system. Meoﬁ CN N oN e

As a model reaction, we carried out a standard radical _ ‘ ! —_ )

. . . . . . . 2,2'-azobis(4-methoxy-  2,2'-azobis(2,4-di- 2,2'-azobisiso- 1,1'-azobis(cyclo-
reduction of organic halldes, using trIbUIyItm hydrlde as a 2,4-dimethylvaleronitrile) methylvaleronitrile) ~ butyronitrile  hexane-1-carbonitrile)
radical mediator. For this reaction, we used a CPC CYTOS (v-70) (v-65) (AIBN) (v-40)

Lab System-M equipped with a mixer having a 10t 30°C 51°C 65 °C 88°C

channel width and residence time unit with 4.5 mL inner
volume (Microreactor A). The results are summarized in
Table 1. When a toluene solution of 1-bromododecdma (

Figure 1. Ten hours half-life decomposition temperati#e.

V-65 (10 mol %) worked quite well, and as a result, we
achieved a 98% yield wita 1 min residence time (entry 3).

Table 1. Microflow Radical Reaction of 1-Bromododecane Using a smaller amount of V-65 (2 mol %8awas obtained
with Tributyltin Hydride* in 92% vyield along with 8% unreacteda (entry 5).
nCoHnBr 1a | - g | Subsequently, we found that the use of 2 mol % of VA0,
12125 ! ! . . .
toluene : 5 which decomposes more rapidly than V-65, achieved a
n-BuzSnH (1.2 equiv) J_’ n-CizHzg complete reactipn (entry 6). .For comparison,. we checked
Eaijical initiator T 100 um : 2a the batch reaction; the reactiofi @ 5 mL solution of 1a
oluene LI o8 L L R ' R g
Microreactor Ab (0.05 M) with 2 mol % of V-65 using a test tube (15 mm

synnge pump i.d.) for 1 min resulted in a lower conversioP& 69%;1a:

31%). We assume that higher thermal efficiency inherent to

concn, residence yield of tiny reaction channels would ensure efficient reaction in the
entry  radical initiator M time, min  2a (1a), % microreactors.
1 AIBN,10mol %  0.05 8.5 96% (4%) To study the generality of the high-speed radical reaction
2 AIBN,10mol %  0.05 1.0 74% (25%) using Microreactor A, we examined the reduction of a variety
3 V-65, 10 mol % 0.05 1.0 98% (2%) of organic bromides and iodides (Table 2). In most cases,
g z‘gg’ 2 m‘)i Z’ g-gg i-g 2‘21;0 Egz); V-70 was used for radical reactions of organic bromides and
= mo. 0 . . 0 0 H H H H H H
’ iodides, which were complete in 1 min. Aryl radical

6 V-70, 2 mol % 0.05 1.0 98% (trace) P y

cyclization starting fromig also worked satisfactorily (entry
aFlow rate: 0.27 mL/min each for entry 1 and 2.3 mL/min each for 10). We also tested two other types of microreactors: a
entries 2-6. For details, see the Supporting Infor_matibﬁ:\_(TOS Lab micror tor tem with a larger volume residence time unit
System-M (micromixer: 10@m channel width; residence time unit: 4.5 croreactor syste alarger volume resiaence eu
mL inner volume)£ GC yield with n-decane as an internal standard. (Microreactor B: CYTOS Lab System-L, 1Q0m channel
width, inner volume 15 mL) and a microreactor system with
) ) . ) . ) a different micromixer (Microreactor C: MiCh&-mixer
was mixed with a toluene solution of tributyltin hydndp (1.2 \with 200 um channel size connected with a stainless-steel
equiv) and AIBN (10 mol %) ([RBr}= 0.05 M, on mixing)  tybe reactor (100@m i.d. x 1 m)), both of which worked
at 80°C with a residence time of 8.5 min (flow rate: 0.27 g (entries 2, 5, 6, and 7).
mL/min), the reaction was almost complete, and a 96% yield Encouraged by successful execution of typical radical

OL njdogecane 4a), thﬁ exr;]ecte(;_ relduced_pr(;;uct_, hwas reduction and cyclization of organic bromides and iodides
obtained (entry 1). When the radical reaction laf wit using microreactors, we then studied the radical reaction of

tributyltin hydride and AIBN was carried out using a i chioridesi anddj, which are known to be less efficient
shortened residence time, such as 1 min, the reaction resulted

in a 74% yield of2a with the recovery of 25% ofa (entry

(11) (a) Kita, Y.; Sano, A.; Yamaguchi, T.; Oka, M.; Gotanda, K;
Matsugi, M. Tetrahedron Lett1997, 38, 3549. (b) Kita, Y.; Gotanda, K.;

(7) Sugimoto, A.; Sumino, Y.; Takagi, M.; Fukuyama, T.; Ryu, I.  Sano, A.; Oka, M.; Murata, K.; Suemura, M.; Matsugi, Wetrahedron
Tetrahedron Lett2006 47, 6197. Lett. 1997, 38, 8345.

(8) Renaud, P.; Sibi, M. RRadicals in Organic SynthesigViley-VCH: (12) Taken fromAzo Polymerization Initiatorgthird edition), which is
Weinheim, Germany, 2001; Vols. 1 and 2. available from Wako Pure Chemical Industries, Ltd. For reviews on radical
(9) Chatgilialoglu, COrganosilanes in Radical Chemistrgohn Wiley initiators, see: (a) Kita, Y.; Matsugi, M. IRadicals in Organic Synthesis
& Sons Ltd.: Chichester, UK, 2004. Renaud, P., Sibi, M. P., Eds.; Wiley-VCH: Weinheim, Germany, 2001,
(10) For radical polymerization using a microflow system, see: (a) Vol. 1, pp 1-10. (b) Moad, G.; Solomon, D. HThe Chemistry of Free
lwasaki, T.; Yoshida, IMacromolecule005 38, 1159. (b) lwasaki, T.; Radical Polimerization Pergamon: Oxford, UK, 1995; pp 4344. (c)

Kawano, N.; Yoshida, JOrg. Process Res. De2006 10, 1126. Sheppard, C. S.; Kamath, V. Rolym. Eng. Sci1979 19, 597.
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Table 2. Radical Reaction of RI, RBr, and RCI by B&nH under Microflow Conditiorfs

entry RX1 microreactor® initiator conditions R-H2  vyield, %°

Br A V-70, 2 mol % 0.05 M, 80 °C, 1 min 98%
2 .,
C V-70, 2 mol % 0.05 M, 80 °C, 1 min %

V-70, 2 mol % 0.05 M, 80 °C, 1 min @ 98%
2b

:

iy

o
sy}
=

SR

4 A V-70, 2 mol % 0.05 M, 80 °C, 1 min 2b 97%
5 Br B AIBN, 10 mol %  0.05 M, 80 °C, 8.5 min 2b 92%
1c
6 B AIBN, 10 mol %  0.05 M, 80 °C, 8.5 min 2 92%
7 L C V-70,2mol %  0.05M, 80 °C, 1 min 99%
[
8 (/\i/\\A A V-70, 2 mol % 0.05 M, 80 °C, 1 min 2a 94%
1e
9 @\ 1f A V-70, 2 mol % 0.05 M, 80 °C, 1 min 2b 97%
|
10 A V-70, 5 mol % 0.05 M, 80 °C, 1 min E:Q @O ©/)
x
Br 19
I 29 29[ 29“
86% 5% 8%
11 OO A AIBN, 10 mol % 0.2 M, 130 °C, 1 min
1h 2 92%
h
cl
12d A AIBN 10 mol %  0.05 M, 120 °C, 15 min 2b 55%°
13¢ 1i A V-40 10 mol % 0.4 M, 130 °C, 15 min 2b 95%
144 CC\AC' A V-40 10 mol % 0.4 M, 130 °C, 15 min 2a 95%
1j

aConditions: [RX]= 0.05 or 0.2 or 0.4 M in toluene, B8nH (1.2 equiv)? Microreactor A: CYTOS Lab System-M with CYTOS-M mixer with 100
um channel width and residence time unit (inner volume 4.5 mL). Microreactor B: CYTOS Lab System-L with CYTOS mixer witin tB@nnel width
and residence time unit (inner volume 15 mL). Microreactor C: MiG@h&ixer with 200um channel width and tubular reactor (100t i.d. x 1 m).
¢ GC yield.d Xylenes were used as the solvehLi: 44%.

due to a stronger carbetthlorine bond than carben the reaction conditions (V-65, 12@, 5 min) resulted in an
bromine and iodine bond8.In this case, the reaction using 80% yield of2awith a significant amount of unreactdc
AIBN was not satisfactory even at elevated temperature In this case, however, the use of AIBN worked well, with a
(120 °C) with extended reaction time (15 min) (entry 12). slightly extended reaction time of 8.5 min (97% yield) (eq
However, we were again able to solve the problem by simply 1).
changing the radical initiator to V-40 (Figure 1), which
decomposes more slowly than AIBN (entries 13 and 14). Microreactor A

We also examined a microflow reduction @& using (TMS)5SiH (1.2 equiv)

TTMSS ((TMS)SiH)!“ instead of tributyltin hydride, to C\A/\ABr AIBN (10 mol %) (\A/Z o
examine how this slower radical mediator would work in xylene, 120 °C, 8.5 min

the microflow system. Exposure of the reaction mixture to 1a 0.10 M 2a 97%
(13) Ingold, K. U.: Lusztyk, J.. Scaiano, J. ©.Am. Chem. Sod984 Using Microreactor C.’ we examlneq gram—grder syn}hess
106, 343. of a tetrahydrofuran derivativg which is a key intermediate
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for the synthesis of naturally occurring furofuran lignans,
e.g., paulownit? and samitf (Scheme 1). Since the total

Scheme 1. Gram Scale Synthesis of a Tetrahydrofuran
Derivative4

1000 umi.d. x 2.55 m

n-BuySnH (1.2 equiv)|_0-5 ML/min residence time =1 min ~ EtOOC...
toluene
200 pm o
400 um l——— (¢
V-70 (5 mol %) o
toluene 0.5 mL/min 95 °C 7.6 9, 74%
(run time: 185 min)
EtOOC.., Brj” 1.0 mL/min lll
<oji>)10 O uhr O _oH
o 3(0.2M) H"H"OH o M H/H
toluene ANy ArNg
(+)-Paulownin4 (+)-Samin'®

operation time for multigram-scale synthesiglag relatively
long, we adopted a dual micromixing system to avoid
undersirable decomposition of BEnH during this time
frame. The radical cyclization of unsaturateédromo ester
3 was complete in 1 min reaction time. To achieve a

(14) (a) Chatgilialoglu, CAcc. Chem. Red.992 25, 188. For reviews
on tin-free radical reactions, see: (b) Baguley, P. A.; Walton, Ar@ew.
Chem, Int. Ed 1998 37, 3072. (c) Studer, A.; Amrein, Synthesi2002
835. (d) Kim, S.; Kim, SBull. Chem. Soc. Jpr2007, 80, 809.

(15) Roy, S. C.; Adhikari, STetrahedron1993 37, 8415.

(16) Maiti, G.; Adhikari, S.; Roy, S. Cletrahedron Lett1994 35, 6731.
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multigram quantity, the microflow system was run for a total
of 185 min, which gave 7.6 g oft (74% vyield) after
chromatographic separatiéh.

In conclusion, we have shown that typical tin hydride and
TTMSS-mediated radical reactions of organic halides can
be successfully carried out using a continuous flow reaction
system equipped with microreactors. The superior thermal
efficiency inherent to tiny reaction channels allowed for the
rapid execution of radical reactions, when coupled with the
judicious choice of the radical initiator. We have also
demonstrated that the continuous microflow system has good
potential for preparative scale synthesis with an example of
a key intermediate for furofuran lignans.
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