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INTRODUCTlON 

The methylenation of metal- and metalloid-halogen bonds with diazomethanc 
to form halomethyl derivatives of the respective elements is a well-known. gwcrai 
reaction of preparative utility2 (eqn. 1). Two fundamentally different mechanisms 

M-X-tCH,N, --) M-CH*--X + N2 (1) 

have been proposed for this CH2 insertion into the mctai(toid)-hatogcn linkngc: (I) 

nucleophilic attack of the dinecmethanc molecule at the mctnl(toid) ccntcr, with 

displacement ofhalidc ion, either in a stepwise or concerted manner (eqn. 2.3 or4)J r *, 
and (2) insertion of free methylcnc derived from diazometbanc into the M-X bond 
(eqn. 5 and 6). with a biradical intermediate (i.e,, CH2 in the triplet state) bciny 
favored7. 

-N1 
CHINz - CH;! (5) 

M-X+CH, - M<H2X (6) 

The body of evidence concerning the mechanism of this rcidon that hrf 

been available, white only indirect in nature, appeared to favor nuclrophilic attack 
by diazomethane rather than a process involving mcthylcne either in the triplet or 
singlet state, Thus, fot instance, such methylcnntions proceed more readily in diethyl 
---. - 
* For Part XIV lice rcL 1. 
l * Altrcd P. SIoon Foundation Fc:cllow, 3962-1966. 
l 1* Po,qdoctoral Rcscarch Associate, 1966-1967. on lcnvc from the lnstibtc for Chcmicnl Prrxv~ 
Fundamentnls, Czcchostovnk Acndcmy of Scicncc~, Prnhn-Suchdol. 
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ether than in hydrocarbon solvents 2'6, and for ehlorosilanes the order of reactivity 
toward diazomethane was SiCI4 >CICH2SiC13 >CH3SiCI3 -,. (CICH~):,,SiCI2 > 
(CH3)zSiCI2 >>> (CH3)3SiCI 2"~. It is apparent that electronegative substituents on 
silicon facilitate the methylenation reaction, and it is then of interest to note that 
electron-withdrawing substituents accelerate nucleophilic attack by diazomethane 
on substituted acetones s. Furthermore, as pointed out by Shaw 6, it is significant that 
in the case of trichlorosilane, HSiCi3, the CH2 moiety is inserted exclusively into the 
Si-Ci. not the Si-H bond 9. On the other hand, when diazomethane is photolyzed in 
the presence of silanes such as PhSiH~, PhaSiH,, Ph3SiH and E%SiH, insertion of 
CHz into the Si-H bond does occur ~°, and this was viewed as a reaction of free 
methylene, However, such insertion into the Si-H bond did not occur in the absence 
of ultraviolet radiation, which is in striking contrast to the diazomethane+chloro- 
silane reactions. In this connection, our recent finding that dichlorocarbene (generated 
by PhHgCCI2Br thermolysis) inserts readily into the Si-H bond of triethylsilane and 
triphenylsilane ~ ~.~ 2, but not into the Si-CI bond of trimethyl- and triethylchlorosii~ ne 
and diethyidichlorosilane ~ 3 may be significant. Thus, if CH2 were indeed involved 
in the CH2N2 + HSiCIj reaction, either in the singlet or the triplet state, one might 
expect CH~SiCI3 or a mixture of CH3SiCI3 and CICH2SiHCI2, rather than only 
CICHzSiHCI2, to be formed, 

The observations which have been cited in favor of a mechanism involving a 
CH2 intermediate also have been made in the case of chlorosilane+diazomethane 
reactions ~. Thus it was found that the reaction of methyltrichlorosilane with diazo- 
methane, which is quite slow at - 30 °, is accelerated by addition of a catalytic quantity 
of copper bronze or cupric sulfate, agents which supposedly served to increase the 
rate of diazomethane decomposition. Also, it was noted in the tetrachlorosilane + 
diazomethane reaction that above -15  ° the formation of polymethylene became 
an important side reaction and that this reaction occurred at room temperature to 
the total exclusion ofSi-CI methylenation. The view that the mercuric halide + diazo- 
methane reaction proceeds via intermediate CH2 was reiterated in a recent paper by 
Reutov and Lovtsova ~ 

More information concerning the metal (loid) halide +diazomethalle reaction 
a ppeared to be required before a clear choice between the two mechanisms mentioned 
above could be made. We report here concerning a study of the relative rates of the 
reaction of a number of substituted aryltrichlorogermanes, the results of which 
strongly favor the mechanism involving nuc[eophilic attack by diazomethane at 
germanium. 

I I I :~ i lJ I .TS ^ N D  D I S C U g g l O N  

The reaction shown in eqn. (7) was chosen for study*. Its advantages are that 
P.|zO, - 78 ~ 

A r G e C I j  + CH2Nz .............. : A r ( C I C H  2)GeCI~ + N 2 (7) 

it u.~cs easily prepared starting matcrials, that it proceeds smoothly in high yield 
1ruder these conditions and that the products arc stable, volatile and easily subject 

" The PhGcCl~ + CH INz reaction was reported first by Kramer and Wright ~ ~, but metbylenation of the 
tle,.( '! bo .d  in germanium Zemlchlaride and melhyhrichlorogermane had been reported by us earlierg+ 

,! Oraa, r.mctal~ CTr~m, I I (~9681 2~3~o.26i 
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to quantitative determination by means of gas-liquid partition chromatography 
(CLPC). A determination of the relative rates of the reactions of a number of paru- 
substituted aryltrichlorogermanes, p-ZC6H4GeC13 (Z=H, Cl, F. Me, MeO) with 
diazomethane should provide important information concerning the nature of the 
attack by themethylenation reagent on thearyftrichlnrogermane.and thusconceming 
the nature of the methylenation reagent itself. 

The required aryltrichlorogermanes were prepared by reaction of the respec- 
tive diarylmercury compound with germanium tetrachloride” (eqn. 8). Each aryl- 

o-xylem 

(p-ZCCH&Hg + GeCI, ------ p-ZC6H,GeCI, + p-ZC6H.,HgCI (81 
I SO-190” 

(Z=H. Cf. F. Me. Oh&) 

trichlorogermane was converted to the respective nryf(chforomethyl)dichfo&cr- 
mane, and these were characterized by analysis and infrared and NMR spectroscopy. 
The relative rates of conversion of the aryftrichforogermanes to the aryf(cbforo- 
methyf)dichlorogermanes were determined by means of experiments in whicf~ n 
mixture of p-MeOCbH4GeCf3 and another aryltrichlorogermanc was allowed to 
compete for a deficiency of diatomethane in diethyl ether at -78”. The rcagcnt 
ratios (p-MeOC,H,GeCf,/ArGeCl~/C~~N~) used varied between 5 : 5 : 1 and 9 : 5 : 1. 
The yields of p-MeOC,H.,(CICH2)GeC12 and Ar(CICH2)GeCI, in each cxpcrimcnt 
were determined by GLPC. The relative rate constants were calcufatcd using cqn. 
(9)‘? where I,, and ILlld nre the initial moles of thcArGeC13 whose relative reactivity 
is to be determined and of p-MeOC,H,GeCl,. respectivcfy. and PA, and PItd iItl\ the 
moles of methylcnation product formed from each. The results of these expcrimcnts 
are fisted in Table 1. 

z k,,, I f 5 “6) 6” 
--I-- ._~...-~_~--. -“~ ______-~I-.--. 

Cl 9.76 0.17 
F 5.37 0.17 
H 2.24 0 

CHJ I .29 -out5 
CH,O 1.00 -0.16 

k 
k(ArGeC1,) P 1 

rcl = = _% x .2!! 
k(p-MeOC,H,GeCI 3) P%,,j fAr 

It is immediately clear that electron-withdrawing substitucnts cnhnncc the 
rate of the methyfenation reaction, while those which supply electron density have 
a rate-retardingeffect.A satisfactory finearcorrclntion ofk,,, with Tnft’sn” substitucnt 
constants18 was found*; this is shown in Fig, 1. The trend shown in Fig. I is consktent 
_-_,_-_-_ 
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with an SN2 process with a transition state in which a higher electron density is 
localized on the reaction center than in the ground state. or in terms of a concerted 
process”, a transikm state in which bond-making is more developed than bond- 
breaking. 

The findings summarized in Table 1 and Fig, 1 can be rationalized very nicely 
in terms of nuclcophilic attack of diazomethanc at the germanium atom, but they 
cannot be readily reconciled with the absence of nucleophilic character in free CH, 
pcncratcd by pyrolysis or photo&& of diazomethane (eJ rcfs. 20 and 21). 

C&her observations made during the course of this study speak against a free 
Cl-i z mechanism for CH2 insertion into the &-Cl bond. Ifsuch a process did indeed 
occur, in n two-step fashion (cqn. 5 and 61, then fro.n a kinetic point of view, there 
would bethree possibilities: (I) reaction (5) is fast, reaction (6) slow; (2) reaction (5) 
is slow, renction (6) fast ; (3) both reactions occur at comparable rates. For possibilities 
(I) (2) snd (3), under comparable conditions of temperature and reagent concentm- 
tians, thr rate ofdccomposition ofdiazomcthane should be iadcpendcnt of the nryl- 
Mehlorcjgcrmanc used, This, howcvcr, is not the cnsc. When 0.1 mmole of ethercal 
dinxamcthnnc was Rddcd to 0.35 mm&s of (p-chlorophenyi) trichlorogermanc at 
-7P.o CCP. 30min rcenction time wasrcquircd fordischargeofthc yellow dinzomethane 
color, while Q reaction time ofabout 240min was necessary in an identical experiment 
carried out with ~CHJXnH4GcCIJ. Similar observations were made in the prcpar- 
n Iivc expcrimenls in which an cxccss ofdinzomcthanc was used (qJ Table 3). The times 
rcqlrircd f”r the discharge of the diazomcthanc color wcrc cu. 1.5 h and in excess of 
10 h for the pchlorn- and the ~m~~hoxyphenyltrichlorogermancs, respectively. In 
mniritziiction to possibilities (I) and (3), an cthcrcal dinzomcthanc solution of com- 
parrublc concenrratian at the reaction tcmpcraturcuscd decomposes only very slowly 
in the nbwncr of added nryltrichlorogcrmnnc. Clearly, the rate of diazomethane 
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consumption depends on the aryltrichlorogermane used, and we are thus led to the 
conclusion that a direct reaction between the diazomethane and aryltrichloroger- 
mane is involved in the methylenation of the Ge-Cl bond of the latter, eqn. (lO)or [I 1). 

Two factors could serve to determine the observed substitucnt effects on the 
reactivity of substituted aryltrichlorogermanes toward diazomcthnne: (a) the induc- 
tive effects of the substituents, together with (b) the mesomeric effect. which could act 
at the reaction center via (C*Ge) p,--d, bonding, For cxamplc. in the case of p- 
CH&X,H4GeC13, contribution from (I) is a possibility. The fact that a satisfactory 

linear correlation of log krEl with o0 constants (Fig. I ) was obscrvcd is significant in 
this connection. The (7’ constant was derived for nnd is crtpectcd to bc valid for sys- 
tems in which no conjugation between substitucnts nnd the renction center by wily 
ofa connecting aromatic nucleus is possible, or in which the extent of such conjuga- 
tion is essentially the same in the ground state and in the transition state’“. At the 
present time there is no direct experimental evidenceavailable concerning the possibil- 
ity of contribution of (C-+Ge) n-bonding to the stabilization of the ground stntc of 
aryltrichlorogermanes*. It may be mentioned that some cxpcrimcnts of C’hiltt and 
WilIiamsz2 and Curtis and Allred2:” suggest that (Calr,,+Ge) n-bonding dots occur 
to some extent, so that at prcscnt, the second possibility seems it likely one, Such ;I 
situation, corrklation of log krs, with b”, was encountered previously in the cast of 
some solvolysis reactions ofarylsilicon hydrides for which n bimolecular. nuclcophilic 
process was provetP. 

We have also investigated briefly the copper catalysis of the aryltrichloro- 
germane-tdiazomethane reaction. In experiments in which 0.36 mmolc of p-CHJ- 
OC,H,GeCIJandO.l mmoleofdiazomethnne in 3.5ml ofcthcrnt -78°wercnllowcd 
to react, once in the absence of catalyst, once in the presence of 0.03 g of copper 
powder, the times required for discharge of the diazomcthnnc color were 240 and 
210 min, respectively. The effect of copper powder, if real. is not very significant. lf 
a process such as shown in equl. (10) obtains, it is dillkult to understand I\ cnt~~rlyric 
effect of copper powder, In a concerted process (cqn. 11). however, copper catalysis 
might be understood in terms of providing a surface for adsorption of the incipient 
nitrogen molecule. The values of k(PhGeCIJ)/k(p-McOC,H,GcC!J) in the CirGeCI, 
+CH,N, reaction in theahsenceofa catalyst and in tlleprcscnceofciltnlyticrtmeunr:: 
af copper powder were 2.26 and 2.13, respectively, Le., identical within cxpcrimsntal 
_-p 
* Experiments arc in progrcna which nrc dircctcd to n considerntion of this questinn. 
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error. This suggests to us that the reaction mechanism does not change in the presence 
of added copper powder. 

Qualitative evidence has suggested that organogermanium halides are much 
more reactive toward diazomethane than are organosilicon halides*. In an attempted 
competition between phenyhrichlorogermane and phenyltrichlorosilane only a 
trace of a product with the GLPC retention time of Ph(CICH2)SiC12is was formed. 
The small yield prevented its conclusive identilication, but if this peak did indeed 
correspond to this compound, then k(PhGeCl,)/k(PhSiCl,) can be estimated as 
109 & 7, and this value serves to emphasize the difference between chlorogermanes 
and chlorosilanes in their reactivity toward diazamethane. 

An extrapolation of the results of this study with aryltrichlorogermanes to 
h;,Iides of other elements is not strictly warranted, but we venture to suggest that for 
those halides of metal(loids) which are quite susceptible ta nucteophilic attack at 
the central metal(loid) atom (e.g., Hg,Al, Si, Sn. Pb), the mcthylenation reaction with 
diazomethane occurs via a mechanism represented by eqn. (2). (3) or (4). 

EXPERIMENTAL 

AH reactions were carried out under an atmosphere of prepurified nitrogen. 
Elemental anlyses were performed by the Galbraith Laboratories, Knoxville. Term. 
Infrared spectra were recorded using a Perkin-Elmer lnfracord 337 spec~rophoto- 
meter, NMR spectra in CC& solution using a Varian Associates A60 NMR spcctro- 
meter. Chemical shifts are given in ppm downfield from internal tetmmcthylsilsnc. 

The required diarylmercury compounds were prepared by reaction of the 
appropriate Grignard reagent with mercuric chloride in Tl-IF solution. The piclds 
of pure product were in the range of 70-75 7;. and the mettmg points of recrystallized 
material agreed well with those recorded previously in the litcraturc. 

Solutions of diazomethane in dicthyl ether were prepared from bis(N-mcthyl- 
N-nitraso)terephthalamide (du Pont EXR-101) following the published procedure*5, 
were dried over KOH pellets and anhydrous CaSO, and were standardized according 
to published directions’“. 

Asolutionofthediarylmercurial(36-46mmoles)and gwmtinium tctrachtaridc 
(65-90 mmoles) in dry oaxylcne (35 ml) was sealed off under nitrogen in an 80 ml. 
heavy-walled Pyrex tube and heated (with efficient shaking) at 150-190’ for Z-5 days. 
The cooled reaction tube then was opened. The contents wcrc filtered (to remove 
ArHgCl)at - 5’ to O”* Distiflation ofthe filtrate (with ndded residue xylcnc washings) 
at atmospheric pressure gave unconverted germanium tctmchloridc (b-p. W-W’). 
When the head temperature rcached the baiting point of solvent, the fmclionnl 
distillation WRS continued at lo-20 mm, The fraction containing the desired product 
usuttlly w3s contaminated with a small amount of dispersed ArJ-+g (which tutd 
sublimed into the distillation had). To rcmovc the fatter, nnhydrous hydrogen 
chloride was passed through the distillate for 10 min. The rcsultlng salution wits 
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allowed to stand overnight, filtered to remove precipitated AtHgCl and redistilled, 
using a 20 theoretical plate, platinum spinning band column to give pure ArGeCI,. 
Purity was assessed by GLPC. Experimental details are summarized in Table 2, 

Prcpnrution o~aryl(chlorornet~z~l)dicht~rogrmanes 
Into a 100 ml, three-necked flask equipped with a nitrogen-inlet tube, a pres-~ 

sure-equalizing dropping funnel topped with a drying tube, a pentane thermometer 
and a magnetic stirring assembly was charged 5-13 mmoles of the aryltrichloro- 
germane and 40-90 ml of anhydrous ether. The flask contents were cooled to - 60” 
and 616 mmolcs ofdiazomethane in ether was added dropwise, (The exact quantities, 
used are given in Table 3). The reaction mixture was stirred at -60” to -70” for 
8 h after completion of the addition and then allowed to warm to ruom temperature. 
The solvent was removed by distillation and the product isolated by fractional dis- 
tillation at reduced pressure or by preparative GLPC. GLPC analysis (F&M Model 
700. 25 “,, General Electric Co. SE-30 on Chromosorb P. 180-205’, 40 ml per min 
helium flow) cstabhshed the yields listed in Table 3. 

These experiments were carried out in a 50 ml. three-necked flask equipped 
as described in the previous experiment. The flask was purged with dry nitrogen, 
charped with a mixture of p-CH30C6HPGeC13 and ArGeCl, (total 0.6-1.2 mmoles) 
in 5 ml ofanhydrous ether and cooled to - 78’ under nitrogen. The required volume 
ofethcreaf diuzcmtcthane was added in one portion by pipet and the reaction mixture 
was stirred at - 77” (+ lo) for 12 h. The solution then was allowed to warm to room 
tcmpcraturc, most of the ether was distilled off and the residual liquid was analyzed 
by GLPC (F &M Model 700. 6 ft. x 4” o.d. aluminum column packed with tOq.;l 
SE-30 on Chromosorb P. 150’ oven temperature, 50 ml per min helium flow rate, 
dunl flame detector). Eqn. (9) wns used to calculate the relative rate constants. where 
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W~tCl =A,JY& x RF. AAt and &, are the GLPC peak areas for Ar(CICHz)GeCl, 
and p-MeOC,H,(CICHz)GeC1,. respectively, in each experiment and RF is the 
response factor, (&,/mmoles std) x (mmoIes Ar/A,,), determined in separate experi- 
ments by analysis of known mixtures ofAr(CICH2)GeC12 and p-MeOC6H&iCH2)- 
GeCJ,. The data obtained in these experiments are listed in Table 4. 
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SUMMARY 

Competition experiments haveestablished the foflowinp rclarive rate constnnts 
for the reaction of diazomethane with substituted aryhrichlorogermnnes. p-ZC,H,- 
GeCI,, as determined by the yields of the p-ZC,H.JCtCH,)GeC12 products formed : 
MeO, 1.0; Me, 1.29 ; H, 2.24; F, 5.37 ; Cl, 9.76. Furthermore, the rate of consumption 
of diazomethane appears to depend upon the nature of 2 in the same way. These 
observations suggest that the mechanism of the methylenation of the &-Cl bond 
in these compounds involves nucleophilic attack by diazomethnne at germanium, 
rather than a process in which free CH2 is an intermediate. These reactions were 
carried out in ether at -78” and on a preparative scale gave product in high yield. 
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