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Copper Promoted Synthesis of Tetraalkylgermaneg from
Germanium Electrophiles and Alkyl Bromides™

Xu, Qinghao Wei, Lipu Zhang, Zhen Xiao, Bin*
(School of Chemistry and Materials Science, University of Science and Technology of China, Hefei 230026, China)

Abstract Organogermanium compounds have been gaining more attention for their unique properties compared to silicon
or tin. Among which, tetraalkylgermanes, especially alkyltrimethylgermanes that have been confirmed to be active in photo-
redox radical reactions, are still lack of efficient and simple synthesis methods. Herein, we report a new protocol using com-
mercially available trimethylgermanium bromide and alkyl bromides as substrates and cheap copper(Il) sulfate as catalyst.
When using magnesium powder as the reductant, a series of alkyltrimethylgermanes could be generated in moderate to good
yield. Mechanism studies suggested a probable in-situ Grignard reaction pathway. The copper salt added could significantly
accelerate the reaction between organohalogermanes and Grignard reagents so that the formation of Ge-Ge byproduct from
the reduction of organohalogermanes by magnesium could be inhibited. Compared to the traditional method using Grignard
reagent and organohalogermanes, this new protocol has better compatibility towards functional groups like esters and amides.
The protocol could also be expanded to the synthesis of various tetraalkylgermanes or germacycloalkanes using dichlorodi-
methylgermane and alkyl bromides. General procedure for the synthesis of alkyltrimethylgermane is: To an oven-dried 25 mL
screw-capped tube equipped with a stir bar was charge with 48 mg (2 mmol) magnesium powder and 8.0 mg (0.05 mmol)
CuSO,. The tube was vacuumed and backfilled with argon for three cycles. 6 mL freshly distilled THF was added followed
by the addition of 128 pL (1 mmol) trimethylgermanium bromide and 1.5 mmol alkyl bromide. The mixture was sealed with
a Teflon stopper, warmed to 60 ‘C and stirred for 10 h. After cooled to room temperature, the resulted mixture was quenched
with saturated NH,Cl solution, extracted with diethyl ether and washed with brine. Combined organic layer was dried over
Na,SO, and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica gel or
distillation to give the desired alkyltrimethylgermane.

Keywords organogermanium; tetraalkylgermane; in-situ Grignard reagent; copper catalysis; cross-coupling
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Table 1 Optimization of the reaction conditions

[M] (5 mol%)

Br Mg (2 equiv.) GeMes
Me;GeBr + e
THF (0.5 mL)
Ar, T°C,10h
0.1 mmol 1.5 equiv. 2a
Entry [Cu] TI°C Yield/%

1 none 40 24
2 none 60 25
3 Pd(OAc), 40 5
4 Ni(diglyme)Cl, 40 8
5 Fe(acac); 40 2
6 Cul 40 40
7 Cu(acac), 40 33
8 CuTc 40 45
9 CuCl 40 48
10 CuSOy4 40 52
11 CuSOy4 60 71
122 CuSO, 60 80
130 CuSO, 60 73

0.6 mL THF (tetrahydrofuran) as solvent; © 0.7 mL THF as solvent.

R2 bR =R R
Table 2  Substrates scope of alkyltrimethylgermanes

CuSO, (5 mol%)

Mg (2 equiv.)
Me;GeBr + RBr eesee——— RGeMe;
THF (6 mL)
Ar,60°C,10h
1 mmol 1.5 equiv.
GeMe;,

@i>769Mﬁ

2d, 77% (18%)

O

(0]

©/\)\ GeMe,

2b, 53% (<5%)

GeMe; GeMe;
@nf ol

2e, 72% (48%)

©/\/GeMe3

2h, 53% (23%)

2c, 44% (38%)

2f, 39% (14%)

©/V\Gemea

2i, 72% (37%)

2g, 31% (<5%)

GeMe;
o

2j, 82% (53%)

o) GeMe;,
©/ N~ Cli_~_~_GeMe; TBS O/\/\/GeMe3

2k, 92% (33%)

M
3 SO
O)\/\GeMeg >‘)\0

2n, 75% (46%)

21, 44% (7%) 2m, 50% (46%)

20, 72% (49%)

Isolated yields. Numbers in parentheses are yields without adding CuSOs.
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Table 3 Substrates scope of dialkyldimethylgermanes

CuSOy (10 mol%)
Mg (4 equiv.)

Me,GeCl, + RBr R,GeMe,
THF (6 mL)
Ar,60°C,10h
0.5 mmol 3 equiv.
A \/ N/
oo OT0 OO
o o
3a, 76% (21%)? 3b, 86% 3c, 45%
“ Without adding CuSOs.
CuSOy (10 mol%)
Mg (4 equiv.
B, MegGec, —Motequv) oé
Br THF (6 mL) N
Ar,60°C, 10 h
1.5 equiv. 0.5 mmol 4a. 35%
OO B CuSO, (10 mol%) OO
r Mg (4 equiv.) .
+ MeyGeCl, ——— Ge
Br THF (6 mL) >

OO Ar,60°C,10h OO

1.5 equiv. 0.5 mmol 4b, 56%

B1 &Ridhe

Figure 1 Further extension of the reaction
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K3S,05 (1 equiv.)
CN  [Bu-Acr-Mes]*BF," (3 mol%) 0

20 +
o m
\)\CN V(MeCN): V(MeOH)=1:1 %0

460 nm hv, r.t, 24 h 5a Yield: 84%

5b Yield: 48%

Ni(phen)Cl; (3 mol%)
/©/CHO ['Bu-Acr-Mes]*BF, (3 mol%)
20 +
Br MeCN, hv, r.t.,, 24 h

B2 YRR
Figure 2 Applications of the product
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Figure 3 Mechanism studies

Acta Chim. Sinica 2022, 80, 428—431



F F R

WA 5, FRATTAE A R AR B O A R S
Me;GeBr M, XA TG Cu #ARIFEESE T X
2R ERNS EE, FATRIL Cu AT LA ROIiE C—Ge #EHIA:
B, RAERZ) 5 min B RIA]45 2] LT € &1 =2 (K
3c, HZR). FATER KB, %A CulEL T, Hok
e EARFIE T LS MesGeBr S, {H/&# A B85
Z (K 3c, ZiliZl). A, PIAS RN AR & A E RS A
F| MesGe, A, X 3R B KA A A & IF A et
Me;GeBr i JZ A4 il MeyGe,.

g b, AT AR LR LG B FEAE AR
) JE AL A% B A B, Bk 2238 I Me;GeBr 2E %
MeeGe,, ff HARFEIEE AP 7= 2 (K. 2N Cu
TG, NATIIRE t A A% I AINLEE 4T, {H Cu
EALFE T B NE C—Ge B, A80thing T
Me;GeBr [¥] R, M2 H br Dbt A1)

3 4ig

ATAERE T —H LA MesGeBr MW, 7E Cu {2
ot 2 VLA LI 5 T A A PR R % R T o) 4 DD o
R SO AR B 5 FH T3 50 o) 6 PR AR, A A
PAR v 2L A B8 7 5 1) A 5 1 R B 47 1 ' e A1 3R 2
PE. %N f K PR R AE T B BE TR e 3 YR IR G 4k T ]
PUE2E Me;GeBr H B A B MesGe,. HLEESEER B, Cu
A LUE 033 MesGeBr Ak G O MEIEE, T FAARG
T MesGeBr [ BIE SR (1 LA AR 2 AL RIE 723 ]
NRRET —f Mg A8#% Li 8% K M MesGeBr &
Me(Ge, FIHT /512,

4 SKIERSY

EAEDER: W) 25 mL R F I 48 mg (2 mmol)
B OEEIHALAL ) S 8.0 mg To/KBRERAR. el 78
SR WE, RIKIIN 6 mL #i 7% 1T8 IU K, 128
pL (1 mmol) = FIIEIRILEH, 1.5 mmol Kk, B i
SLAFE R 60 CHI R B 10 h. fF RS R AR
FinJa, MAWEMEEE R K, & OB, WK
BN, BRTIEG, I R i R R 2R T A
4.

Acta Chim. Sinica 2022, 80, 428—431

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

References

[1] Glockling, F. Gmelin Handbook of Inorganic Chemistry Ge Or-
ganogermanium Compounds Part 2: Ge(CH;);R and Ge(C>Hs);R
Compounds, Springer-Verlag, Berlin, Heidelberg, 1988, pp. 1-295.

[2] Xue, W.; Mao, W.; Zhang, L.; Oestreich, M. Angew. Chem. Int. Ed.
2019, 58, 6440.

[3] (a) Keess, S.; Oestreich, M. Org. Lett. 2017, 19, 1898. (b) Meifner,
G.; Kretschmar, K.; Braun, T.; Kemnitz, E. Angew. Chem. Int. Ed.
2017, 56, 16338. (c¢) de la Vega-Hernandez, K.; Romain, E.;
Coffinet, A.; Bijouard, K.; Gontard, G.; Chemla, F.; Ferreira, F.;
Jackowski, O.; Perez-Luna, A. J. Am. Chem. Soc. 2018, 140, 17632.
(d) Debrauwer, V.; Turlik, A.; Rummler, L.; Prescimone, A.;
Blanchard, N.; Houk, K. N.; Bizet, V. J. Am. Chem. Soc. 2020, 142,
11153. (e) Queen, A. E.; Selmani, A.; Schoenebeck, F. Org. Lett.
2022, 24, 406.

[4] Su, P. F.; Wang, K.; Peng, X.; Pang, X.; Guo, P.; Shu, X. Z. Angew.
Chem. Int. Ed. 2021, 60, 26571.

[5] For Ni catalyzed reductive coupling reactions, see: (a) Gu, J.; Wang,
X.; Xue, W.; Gong, H. Org. Chem. Front. 2015, 2, 1411. (b) Porem-
ba, K. E.; Dibrell, S. E.; Reisman, S. E. ACS Catal. 2020, 10, 8237.
(¢) Zhang, L.; Oestreich, M. Angew. Chem. Int. Ed. 2021, 60, 18587.
(d) Duan, J.; Wang, K.; Xu, G-L.; Kang, S.; Qi, L.; Liu, X.-Y.; Shu,
X.-Z. Angew. Chem. Int. Ed. 2020, 59, 23083. (¢) Cheng, L.; Zhou,
Q.-L. Acta Chim. Sinica 2020, 78, 1017 (in Chinese). (f£#%, JAH
M, fe 4R, 2020, 78, 1017.) () Li, Y.-Q.; Fan, Y.-H.; Jia, Q.-F.
Chin. J. Org. Chem. 2019, 39, 350 (in Chinese). (ZEH3, i FH,
BHLR, A AL, 2019, 39, 350.)

[6] During this manuscript is under revision, Shu group reported a nick-
el catalyzed reductive coupling reaction between Me;GeCl and alkyl
bromide using Mn as reductant, see: Guo, P.; Pang, X.; Wang, K;
Su, P.-F.; Pan, Q.-Q.; Han, G.-Y.; Shen, Q.; Zhao, Z.-Z.; Zhang, W.;
Shu, X.-Z. Org. Lett. 2022, 24, 1802.

[7] Xu, Q. H.; Wei, L. P;; Xiao, B. Angew. Chem. Int. Ed. 2022, DOI:
10.1002/anie.202115592.

[8] Eiji, M.; Kei, M.; Masayuki, I.; Koji, H.; Hideki, Y.; Koichiro, O.
Bull. Chem. Soc. Jpn. 2009, 82, 1012.

[9] For Cu catalyzed reductive coupling reaction using Mg as reductant,
see: (a) Liu, J.-H.; Yang, C.-T.; Lu, X.-Y.; Zhang, Z.-Q.; Xu, L.; Cui,
M.; Lu, X.; Xiao, B.; Fu, Y.; Liu, L. Chem. Eur. J. 2014, 20, 15334.
(b) Maaliki, C.; Thiery, E.; Thibonnet, J. Eur. J. Org. Chem. 2017,
2017, 209. (c) Cheng, L.-J.; Mankad, N. P. Chem. Soc. Rev. 2020,
49, 8036. (d) Han, B.-S.; Shi, Z.; He, H.-H.; Zhang, X.-H. Chin. J.
Org. Chem. 2021, 41, 695 (in Chinese). (Ehf# 1, W, fyEar,
TRILAE, A AL, 2021, 41, 695.)
Yields of the reaction between Et;GeCl and CyBr under the condi-
tion with/without CuSO, are 90% and 84% respectively. The result
may be attributed to the relative inertness of Et;GeCl towards reduc-
tive dimerization. Considering that alkyl-GeEt; as radical precursor
would lead to the competition between ethyl radical and the target
alkyl radical, this manuscript mainly focus on the synthesis of al-
kyl-GeMe;.

[11] Bhatt, S.; Nayak, S. K. Tetrahedron Lett. 2006, 47, 8395.

[12] We thus checked GC-MS result of the reactions in Table 2 and
MesGe, less than 5% was found for almost all substrates.

[13] (a) Barrau, J.; Rima, G.; Amine, M. E.; Satg¢, J. Synth. React. Inorg.
Met.-Org. Chem. 1988, 18, 21. (b) Holbling, M.; Masters, S. L.;
Flock, M.; Baumgartner, J.; Hassler, K.; Robertson, H. E.; Wann, D.
A. Inorg. Chem. 2008, 47, 3023. (c) Yoder, C. H.; Crouse, J. E;;
Wilson, D. A. J. Organomet. Chem. 1984, 276, 9.

[10

[ier}

(Cheng, B.)

http://sioc-journal.cn 431




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


