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Abstract: In the presence of Et;B as radical initiator, dibutylchlo-
rogermane (1a) and dibutylethoxygermane (1b) reacted with bro-
mo- and iodoalkanes at room temperature to give the corresponding
akanes in high yields. Hydrogermane 1la was more reactive than
1b. However, 1b worked as a better radical mediator in intermol ec-
ular radical addition of haloalkanes to el ectron-deficient alkenes.
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radical reactions, reductions

Radical chemistry directed toward fine organic synthesis
has rapidly been advanced in the last four decades.! At
present radical reactions involving carbon radical species
arerecognized as being valuable for highly selective, effi-
cient transformations of organic molecules. Triorga
nostannanes such as Bu;SnH and Ph;SnH have frequently
been used as efficient radical mediators for synthetic rad-
ical reactions.! Unfortunately, their use has two critical
drawbacks, that is, the toxicity of organostannanes and the
difficulty of product purification.2® A number of radical
mediators have been developed as substitutes for tri-
organostannanes so far.>® These new mediators are very
effective in radical reduction and intramolecular radical
addition of organic halides and pseudohalides. In contrast,
their utility for efficient intermolecular radical addition is
rather limited.*®” Triorganogermanes are usable for syn-
thetic radical reactions including the intermolecular reac-
tion; however, they are not necessarily as efficient as
triorganostannanes and have much room for improve-
ment. We herein report the utility of heteroatom-substitut-
ed hydrogermanes, Bu,GeCIH (1a) and Bu,Ge(OEt)H
(1b), asradical mediators.

Hydrogermane 1a was prepared from GeCl,, by four steps
without difficulty.® The reaction of 1la with EtOLi gave
the ethoxy analogue 1b. Initially, we examined homolytic
reduction of 1-iodododecane (2a) with these hydroger-
manes and Bu;GeH (1c, Scheme 1). In the presence of 5
mol% Et;B and dry air, 1a reacted smoothly with 2a at
room temperature to give dodecane (3a) in a quantitative
yield. The reduction with 1b was dightly slower than that
with 1a; however, a prolonged reaction achieved a high
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EtzB-air (5 mol%)
n-CpoHosl + BupGeXH —————————————————> n-CyoHyg
THF,0°Ctort,1h

2a (1.2 equiv) 3a
la, X =Cl: 99%
1b, X = OEt: 87% (94%)* *2h
lc, X =Bu: 42% (70%)**  **Et3B (10 mol%), 24 h
Scheme 1

yield of 3a. In contrast, 1¢ showed much lower reactivity
under the same conditions.®

The results of the Et;B-initiated reduction of several ha-
loalkanes 2 with 1a and 1b are summarized in Table 1.
Simple iodo- and bromoalkanes were efficiently reduced
to the corresponding alkanes although the reduction with
1b required elongation of the reaction time and increased
amounts of Et;B and 1b for complete conversion of 2 (en-
tries 1-4). The difference between 1a and 1b in reactivity
became more distinct in the reduction of bromoalkanes.
For example, the Et;B-initiated reaction of bromodode-
cane (2c) with 1a went to completion within 1 hour, while
the reduction using 1b and 5 mol% Et;B stopped before
reaching completion (entry 3). In addition, the reaction of
2c revealed the rather low reactivity of 1c in agreement
with theresult shown in Scheme 1. Hydrogermane 1awas
guite valuable also for the reduction of functionalized bro-
moalkanes (entries 5 and 6). Chloroakanes were hardly
reduced with 1a,b as expected from their low reactivity
toward homolytic reduction using other hydrogermanes
(entries 7 and 8).52¢

Hydrogermanes 1a,b are applicableto radical cyclization.
Thus, the reaction of iodoalkene 4 with 1a,b gave the cy-
clized product 5 in high yields (Scheme 2). Also in this
case, 1a was more reactive than 1b.

o 0o N Et;B-air 0 o]
1
,,,,, I
4

THF,0°Ctor.t.
5 I-Pr

1a, Et3B (5 mol%), 1 h
1b, EtzB (20 mol%), 24 h

97%, dr = 74:26
84%, dr = 72:28

Scheme 2
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Tablel Reduction of Haloalkanes2 with Hydrogermanes 12
EtzB-air

Table2 Intermolecular Addition of Haloalkanes to Alkenes*
EtzB-air (20 mol%)

RTY * BuGexH — - =~ —— RH R—Y + 2> + 1 Rg
THF,0°Ctor.t. THF,0°Ctor.t, 24 h
2 ! 3 2 6 (5 equiv) (2 equiv) 7
Entry — RY Yield (%) Entry  RY Ein6 1 Isolatedyield
0,
With 1a® With 1b¢ (%)
1 n-C,H,5l (2a) 99 97 1 2a CO,t-Bu (6a) la 55b
2 c-Cy,H,l (2b) 97 99¢ 2 2a CO.t-Bu 1b 97
- C
3 N-Cy,HasBr (2¢) 99 99 (72)f (31)9 3 2a CO.t-Bu 1lc 38
4 c-C,,H,3Br (2d) 91 99° (86)f 4 2b CO,t-Bu 1b 81
5 PhC(O)(CH,)sBr 92 _ 5 2a CO,Me (6b) 1b 89
6 PhC(O)O(CH,)Br 99 - 6 2a CN (6c) 1b 99
7 N-CyoH,sCl Trace 16° 7 2b CN 1b 99
8 c-CpoHpsCl 0 108 8 2c CO,t-Bu 1b 8
9 2d CO,t-Bu 1b 10

aUnless otherwise noted, all reactions were carried out with 2 (0.50
mmol), 1 (0.60 mmol), Et;B, and dry air in THF (1.0 mL) at 0 °C to
r.t.

b Determined by GC analysisin entries 1-4, 7, and 8. Isolated yields
are shown in entries 5 and 6.

¢ Et;B (1 M in hexane, 0.025 mmol), dry air (2.5mL), 1 h.

4 Et;B (0.05 mmol), dry air (5 mL), 15-24 h.

€ Hydrostannane 1b (0.70 mmol).

fEt,B (0.025 mmol), dry air (2.5 mL), 72 h.

9 Hydrostannane 1c was used instead of 1b under the conditions
shown in footnotes aand d.

We next examined intermolecular radical addition of ha-
loalkanes to electron-deficient alkenes using 1 as radical
mediators (Table 2). The Et;B-initiated reaction among
2a, tert-butyl acrylate (6a), and la (2a:6a:la:Et,B =
1:5:2:0.2) gave the desired adduct 7a in a moderate yield
with competitive reduction of 2a (entry 1). Under the
same conditions, the use of 1b instead of la achieved a
higher yield of 7a (entry 2). The reaction with 1c resulted
in low efficiency, and a significant amount of hydro-
germylation product 8c (X = Bu) was formed (entry 3).
The 1b-mediated radical addition of iodocyclododecane
(2b) to 6a proceeded efficiently (entry 4). Methyl acrylate
(6b) and acrylonitrile (6¢) as well underwent the 1b-me-
diated addition of theseiodoalkanesin high yields (entries
5-7). Unfortunately, bromoalkanes were not suitable for
the intermolecular addition (entries 8 and 9).

To determine the hydrogen-donating ability of 1, we per-
formed radical clock experiments using iodoalkene 9.1%12
Asshownin Scheme 3, it wasfound that 1a has higher hy-
drogen-donating ability than 1b,c.'® Thisresult providesa
reasonable explanation for the competitive reduction with
la(entry 1in Table 2). The successful intermolecular ad-
dition with 1b isattributable to its moderate hydrogen-do-
nating ability, which decelerates hydrogen abstraction of
the carbon radical intermediate (Re) and allows efficient
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aAll reactions were carried out with 2 (0.50 mmol), 6 (2.50 mmol), 1
(2.00 mmol), Et;B (1.0 M in hexane, 0.10 mmol), and dry air (10 mL)
inTHF (1.0mL) at0°Ctor.t.

b Dodecane (3a) was obtained in 39% GC yield.

¢ B-Germylester 8c was obtained in 27% yield (based on the amount
of 1c). See Scheme 4.

guenching of the adduct radica [RCH,Ce(E)H,
Scheme 4]. Hydrogermanes 1b,c have similar hydrogen-
donating abilities (Scheme 3); however, 1b isabetter rad-
ical mediator than 1c as described above. Judging from
the formation of 8c in the 1c-mediated reaction (entry 3in
Table 2), an additional reason for the efficient reaction
with 1b is probably that the addition of Bu,(EtO)Ges to 6
is slower than that of Bu,Ges, a more electron-rich (nu-
cleophilic) germyl radical (Scheme 4). The low reactivity
of Bu,(EtO)Ges would bring efficient iodine-abstraction
from2 (Y =1).

| Ph Ph Ph

Gee . 1

" “Ph ——> Z “ph | — Z" “Ph
80 °C Ky
PhH

10
l ke = 10%-35 (at 80 °C)*

Ph
1
Ph
11

[1a]o = 0.23, [10]/[11] = 0.23: ky (1a) = 2.2 x 108

[1b]o = 0.23, [10])/[11] = 0.056: ky (1b) = 5.4 x 10°

[1c]o = 0.21, [10]/[11] = 0.040: ky (1c) = 4.3 x 10°

ky (1) = (ke/[1]o) x ([10]/[11]) (pseudo-first order conditions).
*See ref. 11.

Gee = Bu,XGee

Scheme 3
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2 6 . (2) Boyer, I. J. Toxicology 1989, 55, 253.
Bu,XGes  ———> Re —_— R\/\E (3) Baguley, P. A.; Walton, J. C. Angew. Chem. Int. Ed. 1998,
37, 3073; and references therein.
L i L i (4) (a) Giese, B.; Kopping, B.; Chatgilialoglu, C. Tetrahedron
6 3 + BupXGes 7 + BupXGes Lett. 1989, 30, 681. (b) Chatgilialoglu, C. Acc. Chem. Res.

1
Bu2XGe\/'\E _— BUZXGe\/\E +  Bu,XGes

8

Scheme 4

In conclusion, hydrogermanes 1a and 1b are valuable as
radical mediators not only for reduction of haloalkanes
but also for intra- and intermolecular addition of haloal-
kanes to alkenes. We have demonstrated that el aboration
of the substituent on germanium enables fine control of
the reactivity of hydrogermanes.

Typical Procedure

Under anitrogen atmosphere, Et;B (1.0 M in hexane, 0.10 mL, 0.10
mmol) and dry air (10 mL) were added to a stirred solution of 2a
(148 mg, 0.50 mmol), 6a (320 mg, 2.50 mmol), and 1b (233 mg,
1.00mmol) in THF (1.0 mL) at 0 °C. After being stirred for 10 min,
the mixture was warmed to r.t. and stirred for 24 h. The reaction
mixture was treated with sat. ag NaHCO, (5 mL) and extracted with
t-BuOMe (3 x 10 mL). The extract was dried over NaSO, and
evaporated. Purification of the residual oil by silica gel column
chromatography gave tert-butyl pentadecanoate (7a) in 97% yield
(145 mg, 0.485 mmol).

Compound 7a

IR (neat): 2925, 1733, 1153 cm . *H NMR (CDCl): § = 0.88 (t,
J=6.3Hz, 3H), 1.20-1.30 (m, 24 H), 1.44 (s, 9 H), 219 (t, J= 7.5
Hz, 2 H). 3C NMR (CDCl,): & = 14.10 (CH,), 22.67 (CH,), 25.10
(CH,), 28.09 (3 x CHj), 29.09 (CH,), 29.29 (CH,), 29.35 (CH,),
29.47 (CH,), 29.60 (CH.,), 29.64 (2 x CH,), 29.67 (2x CH,), 31.91
(CH,), 35.61 (CH,), 79.84 (C), 173.34 (C). MS: m/z (relative inten-
sity) = 243 (9.5) [M* — C,H,], 242 (4.7) [M* — C,Hg], 57 (100).
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