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Part la Reactions of Some Silyl Organometallic Compounds 

Abstract 

The reactions or some silyl. organometallic compounds with 

aoid chlorides, ~drides, aldehydes, and ketones were investi-

gated. Trimethylsilylmethy1.magnesium. chloride reacted with 

aromatic and aliphatic acid chlorides 100 give the corresponding 

methyl. ketones. In the same way, the reaction of trimethylsilyl.-

pheny1.methyllithium with benzoyl chl.oride yielded desoxybenzoin. 

Trimethylsil.yl.methy1.magnesi$1 chl.oride reacted 'fin. th phthalic 

anhydride 100 give a d1.- "O-lactone, but did not react with aliphatic 

anhydrides 100 give ~ identifiable products o 

Aromatic aldehydes and ketones were reduced 100 the corres-

ponding pinacol.s by re~tion with chlorotrimathylsilane and 

Magnesium in hexamethylphosphoramide. Benzophenone, however, 

yie1ded p.-benzoyl.triphen;vlmethane 'and not beazopinacol. Aliphatic 

ketones did not undergo this pinacolic reduction under the s ame 

conditions 0 
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part, lIa Elucidation of the Structure of Gomatine, a Compound. 

Having Antihistaminic Activi.tl", Extracted from 

Crown Gall Tumors of Tomato Plants 

Abstra.ct 

Gomatine, a compound havi.ng antihistaminic activity, iso:l.a.­

t.ed fram crown gal.l tumor extracts of tomato plants bl" Kovacs 

and Wakkary, was not a pure compound, but 1Ieemed to be a mixture 

of at least two substances: one had the structure of tomatine with 

an extra hydroxy group attached at any of several positions; the 

other had the structure of tomatine with a keto group at one of 

a number of positions •. Gomatine was contaminated with tomatine 

quite often, and it could -possibll" have been contaminated wit.h 

a gll"co8lkaloid of sQlasodine as wel1. 
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Pre:f ace to Experimental 

Unless otherwise mentioned, al1 nuolear magnetic resonance 

speotra were recorded on 60-MHz instruments manuf'aotured by Varian 

(T-60 and .A.-60). Those spectra that were run at 100 MHz, as mentioned 

in the experil1lental seotion, we~e recorded on a Varian HA,..100 NMR 

spectrameter. Tetramethylsilane was general1y used as either an 

exl;ernal or internal standard. 

The in:frared spectra were recorded on either a Perkin-Elmer 

grating speotrophotometer model 257 or model 337 unless otherwise 

speci:fied. 

Mass Spectra were measured on an AEI instrument, number 

MS902. 

The ul.traviolet spectra were recorded on a thd.cam SP800 

spectrophotometer. 

The vapour phase chromatograms were recorded by an F & M 

Soientifio 5750 Research Chromatogram, and a perkin-Elmer Printing 

Integrator model 194 B was used to integrate the area under each 

peak .. 

Microanal.yses were carried out by Microanalytic Laboratories, 

Denmark, and Orgamo Microanal.yses, Montreal. 
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PART l 

REACTIONS OF SOME SILlL ORGANOMErALLIC COMPOUNDS 

INTRODUCTION ' 

Carbon and silicon are both members or Group 'IV of the per:i.odic 

t8b1e and have sim11ar configurations of outer electrons. Although 

we may expect a degree of resemblance in the chemistr,y or the se 

elements, they d:iffer in the s1.ze of thei.r atoms, their electronega­

t1vities, and the energies or their outer shell e1ectrons. In par­

t1cul.ar the chem1stry of silicon, but not o'f carbon, 1s expected to 

have the possib1l.ity of being inf1uenced by the ava:Uabi1i.ty of empty 

3d orb1tals. Through thestudy or the react10ns of various si.l.y'1ated 

organometal.1.:1c compounds vith common orgardc. :reagents, we have attempt­

ad to gain an insight iDto the chem1.stry ot organosillcon compounds. 

Some Aspect.s of Organosi1i.con Chem1.stry 

El.ectronic structure and Bonding 

The ground s'tata el.ectronic configurations ot carbon and si .. 

11con are shown :in Fig. 1. The energy separation bet-ween the 2p 

and 3d orbit:al.s of second row el.ements is so prohibiti'Ve that d or­

bital.s in carbon are in efrect ot negligib1e use in bonding. For 

th1rd row el.ements, the energy f'oi' promotion of an el.ectron boom the 

)p to the 3d orbital. is 1I1Uch sma11er, and consequently, d orbita1s 

t.alce on f'ar greater importance ror silicon. In bonding, the valence 

shell orbital.s of carbon undergo sp3 hybrid:izat1on giv1ng carbon a 

normal valency of tour and tetrahedral. symmetry to carbon compounds 

(Fig. 2a). S1.licon is usually' a1so tetracovalent in organosil.icon 



Fig. 1 

Blectronic Configurations o~ Carbon and Silicon 

tarbcm silicon 

3d 0 0 0 0 0 0 0 0 0 0 
3p 0 0 0 CD CD 0 M 

~ 3s 0 @ 
u 
C 
u ------------------ -----------------bD 

·â 2p CD CD 0 @ @ @ CIl 
~ 
u L .5 

@ @ 2s 

------------------ ------ -----------

Is ® @ K 

Ref. 1 

compounds and by analogy with carbon, we may reasonabJ.y suppose the 

bonds invol.ved to be of the sp3 type and the substituent groups to 

be tetrahedral.1y cH.sposed in space (Fig. 2b). 

Compounds containing carbon coordinated b1' more t.han four 

other groups are rare. The carbonyl. compl.ex FeS(CO)l,c contains a 

single carbon atom in a square pyramid of iron atoms2; the inter­

stitial carbides of NaCl. structure, such as tiC, contain carbon 

atoms that are at l.east fo:rmal.l.y siz-coordinated3
o But. these s1's-

tems are e:xceptional. In marked contrast, higher coordination :i.s 
-2 

common vith silicon. lt ~o:rms the hexafluorosil:icate anion SiF6 

and compounds such as N~S:i.(C~)F S which probabl.y contain analo-
4 

gous anions. This indicates that silicon can expand its vel.ence 

'.'. 
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shall to accomodata 12 alectrons by utilizing its 3d orbital.s and 

undergoing sp3d2 hybridization. The resulting compounds hava 

octahadral. symmetry (Fig. 2b). 

Fig. 2 

a) Carbon Valence Shell 

hybridization) 11· \1 11 11 1 

( tetrahedral) 

b) Silicon Valence Shell 

1L-..a..-1 -,---,--1 IJ 
normal 
hybrid1zation 

sp3 3d 

li 11 11 11 1 ~i --r--....---.-----, 

(tetrahedral) 

expansion of 
valence shell 

.... '. 



(p d)'lT Bond:ing 

Compounds containing silicon double bonds of the type 

./ Si = Si.(, / Si = C <, ') Si. =0, or :> Si = N-, are not known. In 

its inabi1ity to fom the p'lf _p71' type of double bond, silicon re­

sembles other tbird row elements such as sulphur and phosphorus'~o 

Nonetheless, silicon, 1i.ke sulphur, does have a tendeney to f'orm a 

different type of' double bond, involving d orbitals with elements 

11ke oXJgen, nitrogen, and the halogens that have lone pair p ele~ 

trons. This type of 'bonding ls associated w.i.th d7f _p1f overlap 

and 1s sometimes ealled "backbonding". It ean be symbolized by the 

~ol1ow1Dg resonance structuresl 

"­
-Sl-X 

1 

Examples of' X inelude o:x;ygen, nitrogen, halogens, as well as un­

saturated groups like vinyl or phenyle 

The evidence ln support of' (p ~ d)1f bonding ls framseveral 

sources. First the lengths of Si _ Fe Si - Cl, Sl _ 0, and 

Si _ N bonds are a11 shorter than expected on the basls of ordi­

nU7 slngle bonds (Table 1) ind.icatlng the possibUity of at leEo$'t 

partial double bond eharacter. 

Second the dipole Moments of the halos:l1anes are all. small.er 

thsn the di.pole mClJîl(,nts of the correspond.ing hal.oalkanes (Table 2) 

even though we would expect the opposite to be true if' electronega­

tivityeffects were the only important factors, sinee the electro­

negat1.vity of' sill.ecm 1s smaller than that of' earbon (Table :3). 
6+ s-

Evidently' the nomal Si - X bond polariV ls offset by the electron 

4 



TABLE 1 

LENGTHS OF SOME MA BONDS AS OALCULATED U5ING PAULING 

ELECTRONEGATIVITIES COMPARED WITB OB5ERVED VALUES 

0 0 
A M r cd' A robs' A 

C C 1.54 1.5) (02~) 

51 1.88 1.87 (0~5i~) 

N 0 1.47 1047 (Me~) 

5i 1.80 1.74 «5i~)3N) 

° 0 1.42 1.42 (Me2O) 

51 1.76 1.6) «5~)20) 

F 0 1.)6 1.32 (OF4) 

Si 1.70 1.54 (51F4) 

Cl 0 1.72 1.77 (001.4 ) 

Si 2.05 2.01 (51C14 ) 

l 0 2.10 2.15 (014) 

51 2.44 2.43 (5114 ) 

Ref'. 5 

donation to silicon arising from (p ~ d)1f bomii.ng t.o a suf'fic1ent 

degree to reduce the Si _ X bond moment below that of' the C - X 

bond momento 
~+ G- + 

1e. ~S1 - X ~ ~5i=X 

Third replacement of carbon bound t.o nit.rogen or o:x;vgen by 

silicon reduces markedly the donor properties of' the molecule in 

5 



TABLE 2 

DIPOLE MOMENTS OF SOME SIMPLE COMPotmbs OF 

CARBON AND SILICON (DEBYES) 

Compound X Phase/so1vent M=C M = Si 

~ 

~X 

Ret. 6 

F vapor 1.65 1.26 

Cl. vapor 10 03 0.85 

Br hep1;ane 0,,79 

benzene 1.00 

F vapor 1.81 1.21 

Cl. vapor 1.87 1.30 

Br vapor 1.80 1,,32 

TABLE 3 

ELECTRONmATIVITIES 

El6illent 

SUie on 
Carbon 
H;ydrogen 
~gen 
Phosphorous 
Nitrogen 
SUl.phur 
Chl.orine 

Ref. 1 

Electronegat1vity 

1.8 
205 
2.1 
305 
2.3 
3.0 
2.5 
3.0 

6 



question; stepwise rep1acement leads to a stepwise reduction of do­

nor propert1es, for 88 donors the order ot strength gees C)N ~ C2NSi 

8 9 9 10 
) CNS12 > NSi)" and C2 0 > COSi. > OS~' • Tlüs can best be ex... 

plained by- (p ...;. d)11' bond:lng. 

FUrther, s1though less d1.rect evidence relat1Dg to (p ~ d)7f 

bond1ng has been obta:1ned by studying the behaviour ot RjIDB and 

(~)2NB (M = C or Si) as ac1ds. In terms ot electronegativity, 

increas1ng electron release to o~en or nitrogen would be expected 

as M changes tram carbon to sil:icon and th1s woul.d be expeoted (:ln 

terms ot current concepts in organic chemistry) to weaken the EilC1-

dit Y ot the -OB Qr .. NIl groups; thus ~COH shan1d be more ac1d1.c 

than sq R)81,OHe If', however, (p -+ d)7f bonding were to change 

the 0" -bybrid1.zat1on at nitrogen or o~gen trca sri' to sp2, the 

ac1d1.ty ot the ~gen atam bound. to nitrogen or o~en wou1d. be 

e:xpected to increase. 11 This, in r act, was observed • 

More erldence in support ot (p -+ d)7f bO;lding has been ob­

tained tram the study' ot ultraviol.et, visible, electron spin reson.a 

ance, nuolear magnet1.o resonance, nuclear quadrupole resonance, 

12 
vi.brat1ons1, and Mossbauer spectroscopy-. 

The above evidence 1s not dec1s1ve, and 1t ma;r be that some 

new theery will be able to account ~or an the observations, 1nstead 

or Most ot them. But, at present the ides. ot (p -+ d)7f bonding 

represents the simple st hypothes1s that accounts tor the greatest 

proportion of the observations; 1t sh0u]4 theretore, ba acoepted on 

those terms, until a more sat1stac"tory theory 1s advanced. 

""11:" 
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Bond Strengths 

Silicon, like carbon, tOl'iiiS reasonabq stable bonds to other 

silicon atoms, to carbon, ~ogan, the haJ.ogens, o~gen, and mtro­

gen. 50Dle idea ot the strengths ot these bonde: relative to ana1o­

gous bonds involving carbon May be obtained. :f"rODl the average bond . 

anergies (Table 4). S1g~cantly, the Si ... 5i bond is weaker than 

Bond 

Si-Si 
Si-C 
5i-H 
5i-0 
Si-N 
5i-F 
S1-Cl 
Si-Br 
Si-1 

TABLE 4 

AVERAGE BOND ENERGIES 

Energy 
(Kcsl./mole) Bond 

53 c..c 
76 c..Si 
76 C-H 

108 C-O 
77& C-N 

135 C-F 
91 C-Cl. 
74 C-Br 
56 C-I 

Ret. 13; a = Ret. 14. 

Energy 
(Kcal/mo1e) 

83 
76 
99 
85 
73 

116 
81 
68 
51 

the C-C bond by some 30 Kcal./mole, wheréas the 51-0 bond is stronger 

than the C.O bond by some 22 Ka aJ./mole. These bond anergies account 

tor savera! ~terences in the chemistry ot the two elements. Thus, 

while carbon torms s great m~ compounds having linear and branched 

chains of C-C bonds, silicon is l.ess versati1e; the silanes ot for-

mula 5in~n+2 ana1ogous to the al.kanes or formula Cn~2 are re1a.­

tively unstable and react avidl.y with o:çgen. On the other hand, 

the silicone pol.ymers have chain networks ot S1-O-51 bonds and he.ve 

8 



a high thermal stab1li ty as corresponds to the considerable strength 

ot the S1-0 bond. 

Preparation and Reactions ot Silyl-SUbstituted Grignards and Alkal.1.o 

Metal. COII'lpounds 

Preparation 

Whit.more and SClIIDIler15 and Hauser and Hance16 showed that 

0( -hal.osilanes react vith magne sium to f"Ol'!ll the corresponding 

Grignard reagents in good yield. Thuel 

R = B, C~~, Ph 
X = Cl, BI' 

HOWever, dipheny-l- c:<-chloromethy'ltrimethy'lsilane (l, X = Cl) and 

dipherl3"l- O<-bromOll'lethyltrimethy'lsilane (l, X = Br) tailed to torm 

the Grignard reagent under similar cond1.tions16• 

l 

It has be~n shown by Petereon17,18 that silanes are metal­

ated by ·the higbly reactive n-butyllitldum-tetramethy'lethy'lenedia-
19 

mine complex (n-C4~-TMEDA) to give the sily1-substituted al.kyl-

lithium compound. A tew examples tram Peterson's work tollowa 

(C~)4S1 + n-C4B9L1.-TMEDA -~) (CH,),SiC~Li 

n-C4H9-S1(CH,), + ~C~TMEDA ) n-C4B9-Si(CH,)2CB2L1. 

(CH,),SiCH2Ph + n-C4B9Li-TMEDA ) (Ca,>,SiCBPhLi 

··i· 

9 



The more reacti va eX -substi tuted phosphorus2, and sulphur silanes 

raacted with n-butyllithium Blone without the addition o~ TMEDA. 

Thus 1 (cS, )3SiCH2R + n-C4~ ----+ (CH3)3SiCBRLi. 

R = Ph2P, C~S 

20 
Chan et al metaJ.atad benzyl.trimethy'l..,il.ane using n-butyllithium 

in hexamethyl.phosphorandde (HMPA) instead o~ TMEDA. 

n-BuLi 

21 
Cason and Brooks showed that an alkyllithium can add across 

the doubl.e bond o~ vinyl.sil.ane to gi V~ a lIletal. ated sUanea 

22 
Brook et al have shown that lIletal.-halogen e:xchange accurs 

readi~ between an.O<-halosilane and n-butyllithium in ether. 

Et20 . . 

--+) ~SiC~L1 + D-BuBr 

Reactions 

'l'rimetby'l.sil.yl.acetone and rel.ated coapounds have been pre­

pared by the low temperature re4\Ction o~ trial.kyl.sil.ylmethyl. 
o 

Grignard reagents with acetic anhydride at -70 C. al.though the 

instab1l.ity of. the j3 -ket.ometal.l.oids has l.ed to soma d1f"~icul.ty 

in isol.ation at times.16,23 

1) _700 C 
+ R"COOCOR" ) 

2) ~Cl./H20 

R = Me, Et; R' = H, Ph; R" = Me, Ph. 

"'1'. 
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Siql-substituted Grignards react w:1th acetonitrile in the 

following wq: 16 

PhCN 
) 

~o , RC~COPh 

Cleavage of the silyl group occurred on work1Dg up the reaction. 

SllyJ-subst'ituted Grignards can be a1k7l.ated with al.k:y'l. 

halides. For exampl.e, w1th aJ~l. brom'ide the following reaction 

16 
ta.kes p1acel 

R = H, Ph 

At.tempts to oxid1~e these sUyl. ol.ef1ns vith al,.kal1ne potassium 

pel"J!lSDganate to fol"lll carboz;yli.c ac'ids without cl.eaving the silicon-

16 
carbon bonds vere unsuccessfUl.. 

16 Hsnser and. Hance t;reatedtrimetbyl.silylmethylmagnesium 

chl.onde m.th ke'tones to y:1.el.d f3 -s11yl. carbinolsl 

H+ 
~ a'R"r-CB2SiMe) 

OH 

a) R' = C~, Rn =. CH) 

b) RII = Ph, an = B 

These carbinols did not undergo eliMination of Me)SiOH under acidic 

cond:1. tionso 
18 20 

Peterson and Chan et al. t.reated some (.3-silyl. carb1nol.s 

with sodium or potassillDl bydr1de in tetrahydrofuran to g'ive the so­

dium or potassium sa1.ts wh:1ch reacti.17 elim1nated Me)SiOM to y'ield an 

ol.efinl 

- rI 
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M = Na or K; 

Together, 'the las't two series of reac'tions cons'ti'tu'te a 

me'thod for 'the syn'thesis of olefins frOlll carboç'l cOlllpounds compl.e-

24 
men'ting the Wi't'tig reac'tion and Corey's olefin s,yn'thesis vi'th 

sul.finamide.25 

The usefUlness of 'the met~lene extension reaction using 

silylalq1-Grignard reagen'ts 18 llm1'ted by the aVailabil1'ty of the 

precurso17 chloroallq'lsilanes. However, 'this 'type of olefina't1on 

reac'tion has been achieved by 'the use of s1lyl.al.ky1l1'thiUlil reagents 

which are eu1ly prepared fram the readily).available parent silanes 

as was shown . ab ove. The f'ollowing s1lyl~1l1'thiUlil reagen'ts were 

... ,' 

12 

. 1820 
reac'ted. vi'th various carborqrl cOlllpounds 'to give 'the 01ef1n in one s'tepa ' 

RI, te3S1_CHR ] RI B 
Me'2S1CHRLi. + /C = ~ . 1 ---? ........ C = C / . 

.J RM R'R"C-OLi RIt""- 'R 

Ph Ph 
Ph B 

:~c~~f-
20 

SUbs'titu'ted. etby'l1denes have been prepared by 'the following 

. sequence of reactionsl 



R'R"CO 
) 

a) R = n-Bu~ R' = Ph, Rit = H 

b) R = il-Bu, R' = Cs" Rit = -C~C~CH = C(C~)2 

In this thesls the reactlons o~ si1yl-~bstituted Grignard 

and 11 thium-meta1 reagents w:1. th acid ch10rides and anhydrides will 

be describede 

Preparati,on and Reactions o~ Alks1:i-Meta1 ami Megnesi'!D!l Derivatives 

o~ Organosi11con Compouncis Hartng Met~etal. Bonds 

The stuctr ot sil.y1organOllletall.:1c COlllpounds containing metal.-

Metal. bonds has been an area o~ active research durl.ng recent. years. 

These h1ghl.y reactive 1ntermed1ates are well establJ.shed and US~ 

tull.y emp10yed in synthesès. !he Most important compourJds or tbis 

type are those containing bonds or silicon wi th magne sium and the 

al.kal.:1 met.a1s; lithium, sodium, and potassium. They have been 

described in reviews.26-29 

Preparation ot Al.kall.-Xetiù @1y1 C9DlJ)ou!'Às 

Ear~y unsucoessfu1 at.tempts 1- Attempts to prepare sil.ylmètall:1c 

compounds emp10ying methods which are usetu1 ~or organometà1ll.c 

compounds were unsu6cesstu1. 

The reactions or meta1s wi th organic hal.ides ls perhaps the 

13 

Most f'undamenta1 one ~or the preparat.ion or organomet.al.lJ.c compounds.30 

However, when t.ria1k:y'l- and trlaryl-si1y1 hal.ides were react.ed wit.h 

",.'. 



alkali metals,only dis11anes were :isolated, although the prooess 

mq involve the format.1.on of a si17lmetall.ic 1ntermed1ate wh1ch 

reacts with anothsr mole ot s~l halide.,1 

R-Cl. + 2Na ~ R-Ba + NaCl 

R3si~n + 2Na -+ r~S:i-NaJ + BaC1 

~ a,SiC1 

~S:i-S~ + BaCl 

Numerous examples of metalations of the type, RH + R'Li ~ 

~ + R'B are known in carbon Chem1str,y.,2 Corresponding reactions 

of Si-& w.lth organol:ith11U1l eomponnds resulted in the displacement of 

a hydride ion and the formation of a l'law Si-C bond." 

a,S1.B + 'R'Li ~ R:3SiR' + LiB 

Whereas tri-phe~lmethane reacts with potassium amide ta give 

triPhen)"lme\by'lpotassium,)4 related reactions ot tripheny-1si1ane 

give si~1sm1nes.35 

Ph,c-a + ~ . -+ n.,C-K + ~ 

~Sl-H + ~ ----Jo Ph3Si-~ + LiB 

B81ogen-metal interconverslon ls another choiee method for 

preparing many- organometall1.e compo"4ndso:30 S11)"1 hslides gener~ 

7Îald ooupling produets when a110wed to react with organoalkali­

Metal eOlllPounds.36 

rut + R'Li --;. RIA + R'X 

R3SiZ + RILl ---+ a,SiR •. + LiX 

"'If" 

14 



In special cases where halogen-metal interconversion occurs in sir.. 

licon chemistl"Y'9 as in tbe reaction between sUyl halides and the 

stilbene-cH.lithium adduct,37 the silyllithium intermediate couples 

imlIlediately with the silyl hall.de to give a d:hilane as the final 

producta 

LiCl. ... [ ~Si-Li ] 

a,sml 
R)Si-SiR3 ... Liel 

From. d1.silanes:_ The Most convenient prsparative metbod of silyl­

alkali-metal compoundsi and one ot general applicabil1.ty, is the 

cleavage of disilanes by alka.l.i-m.etal tm an ether solvent such as 

tétrahydrofuran (THF) or ethyl.ene glycol d1JIlethyl ether (GDME).)8-43 

ether solvent 
R3Si-SiR, ... ?~ ) 2P.j Si-M 

R = alktl, aryl, or H; M = alkali Metal. 

At least two of the R groups must be sryl for the cleavage te occur. 

(.Al.kyl),SiM c01l1pounds usef'ul for synthetio purposes have not yet 

44 been success:ruuy prepared. this wq. However, examples of this 

class, Et)SiLi and Ms,SiI.1, cm be !!1sde45,46 by treatment ot the 

merourials47 EtHgSiEt" (Et,Si)2Hg, or {Me,Si)2Hg nth lithium.:in 

tetrahydrof'uran. 

Of" all the ether solvents tried tetrabydrof'uran, in a pro­

cedure developed by G:1lman and Liohtenwalter,39 bas proved to be 

the best. The y:lel.ds in this synthesis are vei:7 good; the triphenyl­

s:ilyllithium compound tbey made is soluble, and the solutions 8,l"e 

... ,/. 
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quite stable at l'OOIIl temperature. On the other hand, the triphenyl.­

silylal.kali-meta1 compoùnds are insoluble 1n cH.ethy'l ether 40 and un­

stable, although soluble, in ethy'lene glycol dimethyl ether41• Tet­

rahydropyran or cH.oxane can also be used to prepare t.riphen.vlsi~J­

lithium this Vay.48,49 AlthC'l1gh the si~1lithiU1ll compound 1s more 

stable in these solvents than in tetrehydrof'uran, 1ts rate of forma­

tion is slower in these solvents. Thus, tetrab)ràrof'uran is the Most 

advantageous solvent to use. 

Frcm éilil hal'dest- Whi1e cH.silanes are usua.l.ly prepared b1' "the 

reaction of chlorosilsnes withSlka1i metals, and sil1'lmetallic 

compounds ara prepared. by the metal-cleavage of disilanes as seen 

above, methods have been inveatigated to combine these two steps 

by a proper cho1cG of meta1 and solvant. It vas found that sil1'l 

hall.des do raact with "a1ka1i meta1s to give silyla1ka11-meta1" 

compounds. The reaction 1s thought to proceed in two s'teps: 

+ MOl + 2MCî. 

M = aJ.ka1.i Metal 

R = alktl., ary1, or B 

Chl.orotrlphenylsilane was converted into triphen;ylsilylpotas­

sium by the use of socH.um-potassium al10y in ether~'SO whereas in 

xy-lena the reaction stops" at the disil.ane stage. 50 By- using lithium 

1n tetrahydrofuran it i8 possible to prepare savera1 s1ly-llithium 

compou!Jds directly :t'rom the corresponding chlorosilanes. ~SiL1..~1 
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~SiLi49 St Me2PhSiLi,52 t and ~BSiI443 vere prepared by t.bi.s me... 

thod.. Trial.kylch1orosilanes are converted int.o c1isi1anes by 11 t.h!-

26 um in TSF, no :fUrther c1eavage Gecurs. . 

The use of ch1orosi1anes may be advantageous in many cases 

(for exaœple, t.riphe~lcblorosi1ane cost.s about. one t.enth as mnch 

as hexapheny1disi1&1le); however, the yie1ds of the silybletalJ.ic 

reagents often appear t.o be slight.q lowar than froœ the cOrr&So!-

pol'lding d:1sUaneso Furthermorè', cbl.orosilanes, though camnerciaJ.l.y 

ava:i1ab1e, reqlrl.re special. precautions owing to t.heir ease of 

In canparison wit.h silyllith1um and sil.ylpotassium deriva... . 

t.ives;;. sUy1sodium has been used very litt1e. Sodium dispersion 

40 
in ether, tetral.i.n, ~1ene, or dioxane did not affect cleavage 

of d:1si1anes. When et~lene glyco1 dimet.hyl ether or tetr~ 
.. 41 

ran was used as so1vent, the c1eavage 'blr sodium vent smoothly. 

Eisch53 has shawn that solut.ions of bipheny1-lithium com­

plexes in t.etrah;1droft?ran are very remarkabq effective in prœnOoo 

ting certain c1eavage reactionlS which proceed 0l'Ù.7 slowq, or not 

at aU., vith the bulle metal.. 

Frgm 8lkO!lSi1anesi~ Alko~si1anes such as ethbxy't.ripheny1si1ane50 

and metho~riphenylsilane54 have been used for the preparation 

of triphenylsi1ylpotassium by c1eavage wit.h sodium-potassium al.1oy 

in diet~l ether. This reaction mq al.so invo1ve the intermed1.ate 

formation of hexapheny1d:1silane. Thusl 

...... 

-\ 
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W1.ttenberg et û 5S prepared ~SiBL1 from PhaSiB(OC~) in 

the f'ollowiDg wqll 

~S1H(OC~) + Ph,S1Li~· ~Si-Si~H + Ph2CHOLi 

J .Ph,SiI;1 

PhjSj,-Sj,Ph, + Ph2S1BL1 

Frcm 51lanesl_ The preparat.i.on of ~SiM compounds f'rom hydrides56 

18 usua:Lq used 0lIÜ.7 in se1ect.ed cases, iee 

(~Ge),Si-R + Li ~ (Ph,Ge),Si-Li 

18 

Usual.ly when a ~de is used, disproportionat.ion occurs. For e:x;. 

amp1e~ when t.riphel'lJ'1sUane wo react.ed with lithium in tetrahytiro­

!\mm, t.e'trapheI'lJ'1silane aDd a ~er of' other products vere obtained.54 

Ph~lUl + 2Li. -+ Ph:2SiBLi + PhL1 ~. PhSiBL1.2 -+ 2PhLi. 
+2Id. 

PbL1 + P~SiB -+ Ph4 Si. -++ LiB 

~Si+ 2I.i --Jo Ph,SiI.'1 + PhL1 

1'1 ~SiBLt -+ 1'1 LiB + (~Si)n 

1'1 PhS1BI.i.2 -+ n L1.H + (PhS1L'1)n 

S1mi1ar disproporti.onation ~cts were obtained when Ph2~ sœ 
~ . 

~ were used. Tlds interf'ering disproportionation akes the 

preparation of' sily~alka11-metal. compounds f'rom silanes 1mpractica1. 

GllBlan and co-workersSS,57 prepared triphenylsily-1sèdium., 

1,lI-disodiooctapheny1t.etrasUane (n, lot = Na), and 1,.5-d1.sodiodeca.­

phel'lJ'l.pentasUane (III, M = lia) by' treaœent of cyc1o- or po~iJ.anes 

vith 8ft e:zcess of' sodi.um in the presence of' cata1y-tic quantit.i.es of' 

napht.haJ.ene or biphel'lJ'1. ie. 

".,' 



naphthalene (eat. .. ) 
... 2Ma. ) Na(SiP.h2)4Na 

or Phc.Ph (cato) 
in THF 

In a similar manner 1.4-~l:i.tbiooctapheDy'l.tetrasil.ane (II,. M = Li.) 

and 1 • .5-dil.itb1odecaphe~1pentasilane (lIl:, M = Li) were obtained. 

b)" the c1eavage of the corresponding c)"ClosUane ldth lithium in 

tetrahy'drofUran in the presence ot bipheDy'l or naphtha1enso The 

yield ot these dilitbio cOIIlpounds was increased. 2o..3~ over t.hat 

with lithium alone. 

Preparation ot Magnesi1DB-Metal. SUv1 CODIPounds 

S1171 halides react with Grignard.s.58 or magnesi\1ll1 meta152 

in tetrahydrof'uran te yfaeld oDly <H.silanes. However, a sil)"l Grignard. 

1ntermed:1ate is believed. to be f'ol'll1ed.. Thus, wi th Grignardsi 

~~C1+2~ ~[~] + 0.0 
-0- MgClBr 

TBF 
or ~SiCl. + 2PhMgBr ---+ [Ph3SiMgBlj ... Ph-Ph ... MgClBr 

"'tl'" 

19 



The f'ormation of' Ph)SiMgBr as an intermediate was confirmed by em= 

ploying a mixture of' triphenyl- and tr1methyl.chl.orosil.ane which 

yielded 1,1,1-trimeth:rl-2,2,2-i:.ripheDYld1sil.ane, the unsymmetrical 

coupling product: 

When magnesiUll1 metal vas reacted w:ith halosil.anes, the f'ollow.Lng 

vas observeda 
THF r. ,1 

Ph)S1Cl + Mg ---t ~h)S1MgClj 
Ph)SiCl. 
...... _. ~~ Ph)S1-S1Ph) ... MgC~ 

Thus, magne sium 1s not ef'f'ective in rtlpturing the s1l.1con-siUcon 

bond to give the corresponding silylmagnesium derivat1ve in the 

ssme wq as alkali metal.s are. 

Calas et al59 reacted 8rOlllatic ketones with magnesium and 

chlorotrimethyl.sil.ane in hexamethylphosphoramide to yield bis­

trimethylsilylmethanes in the f'ollowing wq: (see, however, p. 2.5) 

, BMPA ...... /SiMe) 
...... C =0 ... 2Mà + 4ClSiMe) ~ ....... 0, ... 2MgC1.2 ... Me)S1OSiMe) 

SiMe) 

A silyl Grignard intermed1.ate (Me)S~l) 1s probabl,y f'ormed in 

the COUl"se of' the reaction. 

Reactions of Sil.vlal.kali-Mets1 Compounds 

Wi th carbonvl cœapounds 1 

Sllyl.alkali-metal derivatives l'eact with 002 to y:l.el.d the 

silyl. acid.26,29,46,48,60 
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The reaction with aliphatio aldehydès and ketones gives 

silyl carbinolse26,29,60-62 

R3SiM + R 'R"C = 0 ---t- R3Si-CR 'R"OH 

With arometio aldehydes and ketanes, the initially tormed 

... ,/. 
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addnot rearranges under the reaot~on conditions to give the tollowingz27 ,38 

However, West et a163 have shown that when alko:x,vsilanes are treat­

ed with more than one equivaJ.ent ot ·ter-butyllithium, a rearrange.w 

ment takes place to give the o(-silyl. carbinol after hydrolysis 

w1th dilute acid. They also f'ound that the O<-silyl oarbinol., whea 

treated with sodium-potassium alloy or less than one equival.ent of' 

ter-butyllithium, rearranged to the alko:IiVsilane. These rearrange-

mente are summarized. in the f'o11owing c3'0110 reaotion scheme a 

NaJK or < 1 eq. t-BuLi 
SiEt

3 
1 

PhC~OS1Et3 ( PhCHOH 
~ jH+ t~ ) leq. 

SiEt
3 

1 
PhCHOSiEt

3 ) PhCHo-
~ 

Thus, when neut.ral speoies are equilibrated, as with sodium-potas-

sium alloy, the aJ.ko:x,vsilane is more prevalent, because of' the 

greater stability ot the Si-O bondo However, when anions are equi_ 

1ibrated, the equil1brium lies in the opposite direction becanse the 

greater stabi11ty ot the o:x,vanion versus the oarbanion outweighs the 

energy ditf'erenoe between the S1-0 and 0-0 bondso 



W:t:th demat'ives of carbo:x;yl:1c acidsl 

Triphe~l.sil.y'lUthiWll reac\s wit.h aost.yl chl.oride64,6,5 as 

followsl 

Ph S'iLi. 
Ph)S'iL:1 + MeCOCl -+ P~S'iCOMf!, :3 ) (Ph)S'i)2CMe(OH) 

1re arranges 

(Ph)S'i)CHMe(OS1Ph3) 

Acet'ic anhydride and etqyl acetate on treatment with triphe~ls1-

l.y1lith1.um gave resul.ts6t ,64 sindl.ar to those observed in the 

acetyl. chl.oride reaction. 

With c..C nm1.t1p1e bond! 1 

Reactions 'involving addit'ion of s'il.yl1ithium. reagents to 

olef'inic, acetyl.llitnic, or aromat1c com.pounds are synthetic ally 

use:rul.. Triphe~l.sil.yllith:ium adds readil.y to polYPhenyl olefinss66 

Ph)S'iI..1. ... Ph2C = C~ --)0 Ph)SiCH2_CPh2L:1 

et + PhCB ID CBPh ---? Ph)S'iCHPb-CBPhLi 

Il + ~C = CHPh ~ Ph)S'iCBPb-C~L1 

et ... ~C = CPh2 ---+ no addit'ion product. 

wh11e t.riet~l.s'ilylll.thium adds to propyl.ene, 1-hexene, and 

46 styransl 

Et)SiLi. ... ROB = C~ ~ Et)S1CR:2-CHRLi. 

R = Me, n-Bu, Pho 

"-,;', 
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With organic hal'des' 

The reacti.ons of si.l.yl.allcali-metal. reagents wi.th elky'1 or 

aryl. hal.i.des provides an al.ternate reIlte to the preparation of 

26..29 
unsymmetric~ substi.tuted tetraorganosi.lanes. 

R,Si.M + R'X --+ R,Si.R' + MX 

R' can be alkyl., aryl., or even unsaturated, as for e:rœmpl.e67 

Ph,si.Li + C~ = CHC~Cl. --+ C~ = CHC~Si.Ph) + LiCl. 

An eight membered riftg has been made thi.s waya68 

With omen compounds 1 _ 

An e::xDellent method deve10ped by Gilman and co-workers fer 

the preparation of: silyl.-substi.tuted derivatives 1.8 the ring open-

1.ng of' heterocyc1es, including epoxides, by si1yl.-alkal.i-metal. 

compounds.26,29 For examplel 

Ph,S1.Li + 0 ~ Ph3S1.(C~)40B 

0> C(OH 
~MeS1.li1 "" ~ 

SiMe~ 

S11y1alkall.-metal reagents with o~en compounds g1.ve the 

f' l1owi. 26,29 o ng: 

Ph)S1.li1 + Q ~ 0 N 
l 

C~O-C4~ C~S1Ph, 

2) 



~S1L1 + PhOMe ---J> Ph,Stife 
69 

and vith silyl ethers dis1l.anes are f'01'llled 

The re-.otion of' tripheny-ls1l.yUithium. with tosyl. e'sters gives the 

f'ol.l.owing productsa29 

Ph,S1Li. + il-Ba.OTs. --, Ph,S1(n-Bu) 

Ph,S1L1 + Ph,S1(CB2),OTs ~ Ph,S1(CB2),S1Ph, 

Si~lalk8l1-metal. campounds react vith phosphate esters in 

the f'ol.l.ow1ng waya29 

a,SiM + (R'O)jPO ~ R,SiR' 

R = alJctl., sryl, or al.ky'l.sily'l.*; R' = alky'l. 

.(Me,S~),S1Li. + (MeO),PO ~ (Me,S1),SiMe 

With r4trogen CC!lllpounds 1 

Tripheny-l.sil.yl.l.1 thium reacts w1:th primary and secondary 

26 29 amines to give sil.yl amines. ' 

+ RzRH --+ .l'h:3S1H f RzNLi 

Li.H + Ph,Si-~ 

Tripheny-l.sil.yl.potassium or -lithium. adds to the azo linkage 

in the f'ol.l.ow1ng mannerl26 

+ 

-"li'. 
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26 29 and to benzophenone ani.l as f'ollows li ' 

The h3'drolysis products, ~CB.-NBPh 8l1d Ph)SiOH are dso formed. 

Wi th organosu1phur cgmpounds 1 

0n1y a f'ev reactions between sil.ylmeta1l.ic compounds aIld. 

organosul.phur compoU11ds have been investigated.. The react.ion of: 

diphen,yl. sul.ph1.de vith triphenyl.sil.yllithi'Wll,followed by carboxy ... 

l.at.ion, gave benzoic acid and. tbi.ophenol. as well as hexaphe:ny-l.di­

si1ane .. 70 The following sequence of reactions is be1ieved to 

take p1ace .. 

+ Ph)SiLi ~ PhSLi + Ph)Si-SiPh) 

1 carboxtl.ation 

PhCQOB + PhSH 

With miscellaneous compoUDds: 

Reactions of sUylmeta1l.ic derivatives with miscellaneous 

cOIIlpounds are shown bel.OWl29 

Ph)SiLi + Ph)SiB ~ Ph4Si + LiB + Ph)Si-SiPh3 

Ph)SiI.i. + (p.J.!GC6Hz,.)2Hg ~ p-MeC6~SiPh3 + p.-MeC6H4HgLi 

In this thesis the reactions of magnesiUZll metaJ. and ch1oro­

trimeth;rl.sil.ane in hexam.ethyl.phosphoramide with carbon,yl. compounds 

will be discussed. The products found vere dif'ferent from those 

reported b;y Ca1as et aJ.59 (cf'. p. 20). 

2S 
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RESULTS AND DISCUSSION 

The Reacti.ons of SilvlcSubstituted ürganometallic CCIIl!lpounds with 

Ao!d Chlorides and Anhydrides 

The Reaction of TrimethYlsilv}aethylmagnesium Chloride with Acid 

Chlorides 

The facile conversion of !3-silyl. ketones te ketones is wel.l. 
1 H+· 1 

known71 (R-CO-~-SiR'3 9 R-Co..?H + HOSiR'3). Its synthetic po-

tential. appears not to have been explored. Tr1methylsilylmet~lc 

magnesiœ! chloride (IV) was prepared by the method of Whitmore and 

Sommer15 by reacting magnesiUlll with chlorOlllethyl.tr1methy'lsilane as 

was seen above. Th1.s si1.yl. Grignard was stable for quite a long 

ether 

IV 

time (ie. it8 titre remained. constant) when kept. dry and under ni-

trogen in the refrigerator. It vas titrated prior to each use by 

72 the method of Gilman. The reaction of this reagent with a number 

of aromatic and al.1phatic acid chlorides af'fordad, af'ter hydrolysis· 

vith dilute bydrochl.oric acid, the corresponding methy'l ketones 

(Tabl.e 5). The reaction probably' takes the following course: 
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For simpliei ty, the Grignard reagent will be represented t.hrough­

out this thesis as a simp1e ionie spGeies, a1though its structure 

and mode of reaction :i.s mueh more eomp1ex. It eould, of course, react 

as a iree rad1.cal. instead of as an anion as :1s pictured above. 

TABLE S 

REACTIONS OF TRlME'l'HYLSIL'IIHETHYU!AGNESIUM CHLORIDE 

WITR ACID CRLORIDES 

Me)SiC~C1 + RCOC1 ~ RCOCa, 

Derivative by 
whieh ROOCB 
wu eharact~rlzed mp(OC) Lit. mp.(OC) '" Y1.el.d 

Ph- 2,4..DNPH 244 238-40 70 
(m1xed mp) 

C~(C~)4- 2,4-DNPH 88-90 89 46 

m..Cl.-C6~- oxime 85-86 88 SO 

Ca,(C~)S- 2,4-DNPH 62-6) 6) S2 

C5~-C~C~- 2,4..DNPH 87.5-88 newepd. 85 

p-Me-°6HJ.- 2,4-DNPH 258-9 258 7) 

p-Ol-C6'- 2,4-DNPH 230-1 2)1 55 

06H11- 2,4-DNPH 132-8 140 71 

Usual.l.y ketones c an be prepared from acid hal.1des and organo­

Grignard reagents onl.y in unsatisfactory yie1ds7), exceptions being, 
74 

as s ru1e, to be ascribed to sterie bindrance. Pr:1mar11y for t.h1s 

reason, the organozinc75 and organoeadmiUD?6-78 eompounds are used 

',' 

'··t,. 

27 



in the synthesis of ketones, the use of Grignard reagents gi ving 

riss to the formation of tertiar,y alcohols.73 Therefore~ when one 

tries to malee methyl ketones from the corresponding acid hel1des by' 

reacting them with methylmagnesium chloride, the initia1 ketone fom­

ed compotes with the aoid halide in reacting w1.th the highly reac_ 

tive Grignard reagent. Thus, the methyl ketone cannot be isolated 

in good yield; instead mainly the dimethyl oarbinol is isolated t4-

ter work-up.7) 

ie. CHjfgCl + ROOCl. ~ RCOC~ .,. MgCl2 

lC~Cl 

Whan the silyl Grignard. reagent is used, perhaps the presence 

of the bul.ky trimethy'lsilyl group malees the initial ketone formed 

toc st.erica1.1y' hindered to f'urther attack by another bul.ky' tri­

methy'l.siJ.yllJlethyl ~on. Unf'ortunately, the ~action of the carbon 

analogue of trimethy'lsilylmethylmagnesium chlbride, 1e.. naopentyl-

Magnesium chloride, with acid chlorides was never studied. However., 

Blamberg and Mosher79 reacted neopentylmagnesium chloride withben­

zophenone. They found firstly, through ESR studies, that the reac­

tion proceeds via a free radical mechanism.. Secondly, they found 

the products to be a m:1xture of 1,1 .. d1.phe:nyl-),3,-d1methylbutanol, 

benzopinacol, and neopentane. Thus, 

Tm' 
Me3CCH2MgCl +PhCOPh ~ Me)CCH2-CPh20H + Ph2COHCO~ + Me4C 

...... 
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The steric bulk of the neopent.y1 group (R') so retards the 

normal. addition reaction (P~CO + R'MgCl. ~ Ph2R'COMgCl.) that. the 

• radical.s i'ormed in the prooeas (P~CO + R'MgCl. ~ Ph2COMgCl. + 8R9) 

are abl.e t.o escape from the sol.vent cage. The neopentyl. radical. can 

'then react with the sol.vent to give neopentane end the ketyl. radical. 

can dimerize to give the magnesiUlll ch10ride sal.t of benzopinacol.o 

Thus, the st.eric factor mq p1q an important rol.e in retarding 

the addition ot a second mol.e of trimet~l.sil.ylmethylmagnesium chl.or_ 

ide to the initial. ketone formed. 

:t!l_ addition, ~he sUyl. Grignard itself mq be l.esB reactive 

'than the corresponding carbon compound, since the el.ectron density 

on the cabon stom. adjacent t.o silicon can spread into thE! empty d 

orbital.s of silicon in (p -? d)7f bO!lding. The f'ollowing resonenee 

structures can be writtenl 

and so it does not react with the ketone when the more reactive acid 

ch10ride is present. 

In the reaction of trimethr1si~lmethylmagnesium ch10ride 

n'th meta.-ch1orobenzo:r1 ch10ride, the Grignard reagent was, unf'or­

tunatel.y, used in 2~ e:mess, and so the e:mess Grignard raacted 

with the initial ketone formed to give l-met~1-1-(3')-ch1orophenyl. 

etb.yl.ene in 2~ yie1do Thus, 

~OCl. 

~+ 
CI 

..... 
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©r COO~S1M.:3 + 
B I~o 
--~) 

CI l a,.,a.. Grignard 

0/ 
C(C~SiMe:3)2oMgCl 

O· 
1 

> 

( 

Reactions of the type shovn in the last. step of this sequence are 

known~ BOl 
Me:3SiC~1 ~ C~ ~ ÇH:3T = CB2 + Me:3SiCl 

R R 
R=B,He 

Bad. the Grignard been used in a 1a1 molar ratio, the yield of the 

methyl ketone would have been higher. These resUlts seem to indieate 

that the sterie factor ia not as important in the sily"l Grignard 

ease as with neopentylmagnesium ehloride sinee the sily"l Grignard 

reacted with a highly hindered. ketone. Sinee it does not react 

with the initial. ketone formed whe~ used in a !ai molar ratio, and 

.-... 
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reacts Pl'sferential.l7 with the acid ahloridsl) the reaotivi.ty fseltor 

secs to be quite important. 

This method of preparing methyl ketones gives fairly satie­

f'actory yields. It can also be adapted to forming other ketones 

by us'ing dif'f'erent s'ilyL-subst'ituted Grignards or silyL-subst'ituted 

lithium compounds. The latter was used. to test the generd appll. ... 

aabi1ity of this reaction. 

The Reaat'ion of' Trimethylsilylphenylmethyl11thium with Benzgrl 

Chloride 

Trimethylsil.yl.phen;rlmethyll:i thium (V) was prepared just prior 

. 17 18 
to use by the method. of' Peters,n ' by reacting benzyltrimethyJ-

silane m:th the n-butyl.lithi'U1l!oootetramethy'lethylened:1am1ne complex 

as was seen above. ie. 

+ 
Ke)SiCB2Ph + ~BuL1-T.MEDA ~ Me)SiCBPbLi 

V 

The rad carbanion solution of V was then reacted with benzoyl chl.o­

ride to yiel.dl) after hydrolysis with dil.ute acid, desolCUbenzoin (VI) 

in 4S~ y1el.d. Thus, 

~/~o 
+ PhCOCl --+ PbCOCBPhSiMe) ) PhCOC~Ph 

VI 

Therefore, the reaction of si1.yl-substituted organometaJ.1.ic 

compounds vith acid chlorides ta yiel.d ketones seems to be of 

general. appll.cability. Th1.s method will. now be compared with other 

methods of preparing ketones from simpl.e carbo::ç'll.c acid derivativeso 

',«'. 
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Other General. Met.hods for Preparlng ICetones t'rom Simpl.e Carboxyl:lo 

Acid Derivatives 

W1. t.h organozinc ccmpounds' 

ROOCl. + R 'ZnC1 ~ RCOR 0 + ZnCl.Z or 
R'ZZn 

Alt.holigh Bl.aise15 originally cl.aiIIled amellent. yields in this 

81 typa of preparation, a succession of 1.nvestigators has fail.ed to 

obtain bet.ter than modarate yial.dso The organozino reagent 1.s dii"­

ficul.t to prepare and reacts w.ith tha carbonyl. group to some axtento 

On the other hand, silyl.-substit.uted organomatall.ic campounds are 

prepared easily and do not resct. wit.h the carbonyl. group when used 

in a 111 mol.ar ratio. 

Wit.h Grignard ressants. 

The common idea of t.he impossibility of katone synthasis from 

R'lfgX a:ad RCOC1.13 1.s tl'l1e only for smal.l. R groups; staric bindrance 

ia ai ther R or R' is sufficient to y1.al.d t.he desired katones 74, al­

a1though consideràble quantities ot the tertiar,y alcohol were alw~s 

producede Thus, 

ROOCl + R 'MgX -+ RCORe + RReZCOB 

The reverse add~:t10n of acid ch10ride to the Grignard l'eagent in.-

82 
creased the yield of the ketona produced. However\) the yields were 

never very high and the tertiary alcohols ware al.w~s formed. to soma 

axt.ent. Si1yl-substituted. organomat.al.l.ic compounds gtve good yields 

and do not react. f'o.rther with the carbonyl. group when used in a 

1 al molar ratioo 

-\ 
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W'1th ôrganooadmium compOUDdsI 

Katones have been prepared by the reaction of organocadmium 

compounds wi th acid ch10rides 76,78 and wi th acid anhydrides 77, the 

latter giving i~er1or yieldso 

This re~tion is successful 1:or aromat:i.c and primary alkyl cadmium 

derivat1ves onlyo Secondary and tertiary cadmium derivatives are 

stable only st low temperatures « 0°0) and so are d11:ficult to pre­

pare and use and also give very poor yields 01: ketones •. The silyl.-

substituted organometa1.l1c cOlllpounds are stabl.e at roGm temperature 

and secondary derivatives can be used (eg. compound V). Like the 

organoo admium cOlllpounds, silyl.-substi tuted organometallic compounds 

do not react turther with the carbo~l group when used in a 1a1 mo-

lar ratio. Yields, in the preparation of: ketones frOïii oadmi'Wii 

reagents can be greatl;r reduced by an incorreot experimental. proce­

dure78, and so the rsaction is quite cumbersome to ca:rry out. 

W'i:t.h organolithium compoundsl 

8:3 
GiJ.man and Van Ess prepai'ed ketones by reaoting organolithi-

um compounds with lithium salts of carbo~lio acids. 

R'L1. R"L1 
RCOOH ---+ RCOOL1 ~ RCOR' R = Pr, Ph 

Re = Ph 

The ketone om be prepared directly from the acid in one step by 

using two moles 01: R 'Li, but they83 found that some tertiary alcohol 

....... 
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vas also t01"Dled. 

They-83 also found that the reacti.on wi.th acid chl.orides gave onl.y 

terti.ary- alcoh01s; no ketone at all. was tormed. 

The react,1on ot carbox;.v11c acide w:lth organo11thi'Wll cOlilpounds 
, 84 

i8 present,1y;he best general. method avai1ab1e for maki.ng ket.ones .. 

The main disadvsntages are t.hat very 1011 temperatures must be used 

with the more reactive a.l.qllithium reagents and that tertiary- al.. 

coh01s are. orten tormed as s:1de proch\cts. More extensive study on 

the reaction wit.h sil.yl.-substit.uted organometaJ.11c c01llpounds is ne­

cessary before it cm ~O!Ilpete with ~rganolith!um COlI1POUDds as a ge­

neral methodfor ket.one synthesi.s tram carbo~1ic acids. 

Vii th d1.azomethane: 

Aci.d ch10rides reset with d1.azcmethane to give diazoketones 

whi.ch have been transforœed into met~1 ketones by- a variety of w~s .. 85 

ReOCl. -9' C~N2 ---. RCOCBN2 

HI HI 
~ RCOC~I + N2 --) RCOC~ +~N2 ... ~ 

IV 
cat. ~ 
--r+) RCOCB:3 + 2~ 

) 
SnC~ 

RCOC~Br ) RCOC~ 
HBr 

.... '. 



RCOC~ l' N2 '" Ph3P = 0 

2HSi OBr 
RCOCBN2 ~ ~OCH = N-~] ... S= ... S --+ RCOC~ ~ N2 

(~S + S= ~ 2as-) 

RSOl. NaSR Ra Ni 
" ) RCOCBC1SR ~ RCOCH(SR)2 ... NaCl -~)' RCOC~ 

On17 metbyl ketones cm be made made rrom diazoketones and so th:is 

methOd i8 very 1imi ted inscope. 

The Reaction or 'ITimet.h.y15i~ylm.et.h.ylmagnesi:UD1 Chloride vith Anhydr:Ldes 

D'th phthalic anhydride. 

The reaction or trimeth;ylsi17lmeth7lmagnesitim chloride (IV) 

vith phthalic anhydride was expected to take the rollow:1.ng coursel 

o 

rQrn..--~SiMe3 
~o~~ 

Il 
o 

VII 

o 
11 

©:::~ 
Il 

x o 

·-lt'· 
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It was t.hought. t.hat. t.he tirst. step would be at.tack by the carbanion 

of the Grignard reagent où the anhydride to yj.eld i.nte1'lllediate nI, 

followed. by- migration of the trim.ethy1si1y1 group to fom the strong­

er O-Si bond o~ intermediate VIII. The migration was expected to 

talce p1ace because intemediate VII i.s a planer and rigid mo1ecul.e. 

The o~en atOll! to which the sily1 group woul.d migrate and the car­

bOJl atom to which it is attached are in the same p1ane er.d i\n c10se 

proximity. Thus, 

It vas then thought that inte1'lllediate VIII would collapse to give 

1,2-benzoc,c10penta-),.5-dione (IX), and/or hydrol.ysi.s of either VIII 

or VII wou1d gi.ve 2-carbo~acetophenone (X) as productso However9 

the prociuct is01ated. in 63~ yie1d had structure XI. It was a white 

crysta11ine meteria1 whioh me1ted at 168-9°C. (Proor or structure, 

po 68). The following reaction mechanism was postu1ated to exp1a:i.n 

XI 

"'1.' 
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the formation of 'the r-lactone (XI)a 

o 

rcY~ --) 
~rr~_3 

-0-
MgC1 

IV 

XI 

migration 
VII ) 

XII 

As e:xpected, the trimethylsilyl group migrates to the o~en or in­

'te1'llled:1ate VII to give intel"lllediate VIII. Then, ins'tead. of cc11ap­

s~ ·to g:ive 'the 1,3-diketone (IX), as expected, in'termediate VIII 

ree.cts w1.'th anothe? Molecule of phthal:1c anhydride 'to giva in'ter­

mediatt. XII wlrl.ch is hydrol)'.zed by acid to the 'O-lactone (XI) 0 

An alternat.e mechanism., not involving migration, can be 

written as fol1owsa 

.... ' 

37 



more 
VII~ 

base ©(;:;~:=© 
o SiMeG) 

:3 l K'"/lI.zo 

XI 

This meohanislIl, however, requires that two anions be in cl.ose pro:xi­

mitYII and so 1s not very- llkel.;Ye 

With succinic anhrdridet 

The reaction ot trimethyl.sUylmet~lmagnesium chl.oride (IV) 

with suceinia. anhydride was not e:x:peeted to follow the sante course 

because the mol.ecu1e is not rigide The tollOl'dng 10'88 expeoted to 

oecur insteada 

-gt'/~o 
) 

It. 1O'as expected that attack b;y t.he sil.yl. Grignard wou1.d g1ve inter-

med1.ate XIII. However, the sil.1'l. group was not expected to migrat.e 

to the o~gen atem in this case sinee intermed1.ate XIII is capable 

ot tree rotation, and so the o~en atom to which the sil1'1 group 

might have rotatetl and. the carbon stom to whioh it is attached are 

not close te each other. Hydrol.1's1s ot intermediate XIII should 



giva 1-carb~utane-3-one (XIV) as the producto However!il the ow.y 

product that was :1.s01ated in this Naction was succinic acid wh:ich 

arises from the hydro~is of the starting lI'1&terial, and 50 no 

reaction at al.l. se6llls to have taken place. 

Wi th cis-1 .2-cyc10butanedi.c arboxyl1c anh.ydrlda8 

lt was thought that the ll"eaction of trimethyl.silylmethyl­

magne sium chloride (IV) with cis-11}2-cyclobutaned1carboxylic anhyd... 

ride woul.d g1 ve a product similar to that of the reaotion w:i:t.h 

phthaJ.ic anhydride; the sily1 group of' the first. intermediate f01'1l1ed 

would be in c10se proximity to the carbo~1ate o~en and 50 woul.d 

migrate to it. The final product was e:xpected to be the r'-1actone 

(XV). Bydrolysis of either :1.ntermed1ate wou1d giva 1 .. carbo","-2-ace­

ty1cyclobutane (XVI) 0 

o 

r-r~~ 
~ (ÇëBzSiKe) 

o 

XVI 

xv 

o 

l.œ1Me) 
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However, there was no evidence of the li-lactone in the 

residual. oil when thi.s reaction w~s carried out, and the products 

were a mixture that coUld not be positive~ identified. There 

seemed to be the carbo:xyli~ acid functional group present as well 

as the trimeth71si~1 ether group~ 

The Reaction of Trimethylsi~ylmagnesium Chloride with Aldehydes 

and Ketones 

Calas et 8159 reported the fo11owing reaction as was seen 

earlier (p .. 20)" 

Ph ...... 
/' C = 0 + 2Mg + 4C1S:tMe) 

R 

R == Ph, CH), H 

HMPA Ph.,.,. /S:tMe) 
~ C 

R/ 'SiMe) 

XVII 

Trimethylsilylmagnesium chloride is presumed to be formed in situ 

and reacts immediately with the carbonyl compound to eventua1.ly form 

the bis(tr~ethylsilyl)methane (XVII). In the reaction with benz-

al.dehyde they isolated the siloxy compound (XVIII) as an intermediate& 

P~ SiMe'). 
C/ J 

H/ 'OSiMe) 

XVIII 

We thought that it woul.d be interesting to measure the 

pKa's of bis(trimethylsilyl)phe~lmethane (XIX) and of benzyltri­

meth7lsilane (XX), and to compare them with those of toluene, 

diphenylmethane, and triphenylmethane, in ortier to see how the 

replacement of successive hydrogens by trimethylsilyl groups 

affects the acidity of the molecule. However, when an attempt was 

'-'1(" 
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PhCHOH-CHOBPh 

XXI 

made t.o synthesize compound XIX b1' following t.he procedure of Cal.as~9 

t.he main product. was a mixture of the meso and dl f'orms of' l,2-di­

phe~let.hane-l,2-diol (XXI), f'ormed. in 85~ yield. The possible me-

chanisms in the reaction of' benzal.dehyde wi t.h magne sium and chloro... 

trimeth71silane in hexameth1'lphosphoramide are outlined in Figo 30 

The Grignard 1s again denoted as a simple ionic species although it 

ma:r react as a frae radical as welle In any case, t.he sil1'l Grignard 

should either attack the carbcmy-l group in the normal. Mannar to give 

intarmediate XXII f'ollowed b:r rearrangament to carbanion :xxn:r27Sl)8!t61 

or else the sil1'l Grignard could attack the carbonyl group at the 

o:çgen at.om giving carban1.on XXIII immediatel1'o Carbanion XXIII 'can 

t.hen react with eit.her chlorotrimet~lsilane o~ benzaldehyde, depend-

1ng on which 1s more r'eadil1' aVailable" t.o give e1t.her int.ermediate 

XVIII or int.ermed1at.e XXIV, respectively. St.ructure XVIII is the 

1nt.ermediata isolated. b1' Calas59 in this react1ono It. cm react 

with another mole of the sil1'l Grignard to yield bis(t.rimet.hylsil1'l)­

phenylmethane (XIX), whereas intermediate XXIV reacts vith anothar 

mole of cblorotrimathylsilana to give the trimeth1'lsil1'l ether XXV: 

whicb:Qpon hydrol1'sis with dilute acid yields the pinacol XXI.. The 

hydrol1'sis of' XXV ie carried out. using a very weak acid (NHJ..cl/~O) 

to p:r.eve~t the:rearr~~~J;lt ,of' XXI t.,o t.he pinacolone. :Le 0 

OH OH 0 
1 1 H+ Il 

PhCH - CHPh ~ ~HC - ëH 

XXI 

.. ,.' 
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F.l.g. , 

The Possible Mecham.8IIls in the React.ion of Benzal.dehyde 

vith Magaesium and Ch10rot.r1met.hy1si1ane 

in Hexamet.h;ylphosphoram:ide 

+ ",01 PhCOy 
MgCl. "\.I /' 

,SiM9) '1--7 SiMe, 

P~CH--.... CBioPh 

liMe) ,iMe) 

Ph-CH CBIoPh.. MgC~ 

:xxv 11ll1"C1/~O 
OH OH 
1 1 

P~CB.-CR-Ph 

~~) 
'triMe, 

Ph-C-S1He) + MgC~ 
l "'-- + 
H SiMe, !{gCl. 

XVIII 

+ Me,SiOMgCl 

lCl.SiMe) 

(Me)Si)20 + MgC~ 

In the reactioil conditions followed59 the magne sium and cbJ.o­

rotrimethylsilane vere mixed t.ogether in he~ethYlphosphoramide 

and heated up ta 1100• Theil the benzaldehyde, di.ssolved in the sSllle 

o 
solvent, was added 510w1y and. the mixture vas st.irred at 95 for 

.-.. '. 
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seventy-five hours. Thus, the ch10rotrimethy1sllane should hav0 

baen in e~ess at a11 times. Bow9ver, if the Magnesium did not start 

reacti:ng with the ch1orotrimethy1si1ane to fol'lll the Grignard at the 

stort of addition of the benzaldebyde, but o~ af'ter it hm aU 

besn added, then the ent1re quantit,. of benzal.de~e that was used 

was present in the reaction vesse1 throughout the course of the re.. 

action and so the second reaction path was followed yielding the pi­

n8001. It seems that the si1y1 Grignard 1s more reactive toward 

benzaldebyde than to~ard ch10rotrfmethy1si1ane, since a1though the 

1atter was present in great e~ess at 811 t1mes, the Grignard react­

ed preferent1~ with benza1de~e. In arr:! case» a new 8IId effi­

c1.ent method. 01: reduc1:ng ketones and a1dehydes to pinac01s was round. 
Most 01: the known methods for the reduct10n of aramatio ka;.. 

tones ~ al.deh:vdes to the correspond:1rig pinac01s. 1eave much to be 
86 

desired. The rech?-ction with amalgamated 81uminum in benzene gives 

fairl.,- poor yie1ds (-<30~) and the resu1t1.ng lIleta1 pinac01ate fol'!llS 

a th:ick vo1um1nous ge1, diff'icul.t to stir. Electrolytic methods 87 

use acidic or basic media not suitàb1e for sensitive ketones ~ al-

dehydes and the estàb1isbment of the optimam set of parameters for 

each new case is ted1ous. Benzophenone lias reduced ldth ~nesium 

or magne sium iodide 88 in ether-benzene to give benzopinac01 in m 
yie1d. Bowever, whôll we tl"i.ed to reduce benzal.dehyde with magnesi­

um or Magnesium and iodine in hexemetb)'1phosphoramide, no react10n 

occurred (see po 44)0 So thl.s methgd88 seems to work on1y fer ben­

zophenone. Photochem1ca189 reduct10n of aromat1c ke'tones and a1de-

".'. 
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hydes to the correspondiDg pinacols gives e1CDellent y1el.ds and 1.s 

a very s1Jllpl.e and c1em reaction. Howaver, for l.arge .. scale prepara-

t1.ons, 1.t vrould require a very long times It i8 even more ditficult 

to reduce alipht1.c ketones and aldehydes to the corresporAing pina. 
90 

cols. 

The general appl1cabil.1ty of the raduct:i.o·"! with magnesiUJll 

and chlorotrimethylsilane in hexametby'l.phosphoram:ide uss tested by 

repeat:i.ng the react:ion;:with some aromatic and aliphatic ketoneso» 

The rea.ction conditions were changed. in t.hat the chlorotrimethyls1-

1ane was added sl.owly to a mixture of the carbonyl compound and 

Magnesium in hexamethy'lphosphoram1.de in order to make sure that the;: 

carbo~l compound vss in e::xoess. 

With benzaldehydel 

The reaction of cblorotrimetbylsil.ane and magne sium in hexa.­

methy'l.phosphorami.de with benzsldehyde was repeated using the 1I10di..0 

fied rasetton conditions to test the postul.ated mechanism. 1,2.;..di­

phe~lethane-l,2-d:iol (XXI) (meso and dl. forms) was again f'ormed in 

90~ yield.. No reaction occurredunder the same reaction oonditions 

when no chlorotrimeth3rl.sUane was added, and so 1ts presence 1s ne­

cessar,y for the react:i.on to take place. 

With benzophenonea 

The react:i.on of' chlorotrimethyl.silane and magne sium in hexa­

methyl.phosphoramide w1th benzophenone was e2pected to yield benzo­

p1nac01. Bowever, onlY 16~ of' 2-trtmethylsilo~etraphenyiethano1 

(XXVI) was 1s01ated. The main product was p..benzoyltripheD\flmethane 



(XXVII) formed in 68~ yield. :rt was compared to an authentic sampl.e 

riMe) ~B 
P~,,"-C --OP~ 

o 

~CH -@-ll- Pb 

xxvn 
made by the Friedel-Craft. react.ion of tripheny-lmethane wit.h benzoyl. 

chloride. Thus, 

AlOl 
Ph)OH + PhCOCl ) XXVII 

The la, .NJiJftt_ ~d mass spect.ra of the t.wo samples vere ident.ical.. 

Severai mechanisms were proposed for the reaction of benzo-

phenone with chlorotrimethy1silane and Magnesium in he~ethylphos-

phoramide. 

Mechan:isa 18 

jiMe) f'iMe:3' r 
~~C-J ~~C O~ 

Ph-C-Ph 

~J 
In the presence of aven a minute quant.ity of ",ater, soma or 

t.he ch1orotrimet.hyl.sUane is hydJ."ol.yzed to hydrochloric acid and 

tr-imathylsilanol. 1e. 

Me)SiCl + B20 ~ Me)SiOH + Bel 

2 Me)SiOB --+ Me)SiOSiMe) + H20 etc 0 

Therefore int.armediate XXV'In can undergo :the equival.ent. of a pi-

nacol redrangement. Thus, 

-,' 
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~OS1Me) 0; -\;+ 1"" 
P11zC~~Ph ~ 

Ph 

XXVIII 

Another molecul.e of the Grignard cm then sdd to the benzopinacolëme 

(XXIX) fOl'llled to give p.benzoyltriphenylmethane (XXVII) in the fol­

low.lng mannerl 

o 0-
IIf pt 

Ph-tCP~+ --; Ph-I~~ 
-SiMe) MgCl S1.Ms) 

XXIX 

A trityl anion is vi.sual:1zed which attacks the sil.yl ketone (XXX), 

fOl'llled as an intermAdiate 51 via 1ts other resonance fOrD! because of 

sterie hindrance at the c arbonyl group due to the presence of the 

b11l.q trimethy'lsilyl group and. the phenyl. groupo 

This mechanism vas tested by reacting benzopinacolone (XXIX), 

whieh vas postulated. as an intermediate in the reaction, under the 
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sama reaction comU.tions with chlorotrimethy1s11me and magnesitSm .. 

However, no p-benzoyltriphe~lmethane (XXVII) vas f'omed and so 

tbis mechanism vas rejected. 

Mechanism 21 

In this l'IlechaniSlll, the siloz;r anion attacks another Molecule 

ot benzophenone at the para position of' the phe~l ring r.ather tban 

at the carbol\V'l carbon atam bec8l1se of' sterie bindrance.. The in-

temed1ata so f'omed ean then be h;vdroqzed by dilute acid to 

p...benzoyltriphen;ylmethane (xxvn:). 

Mechanism JI 

A f'ree radieal. mechaniSlll vas pos'bllated to expla:.in the intense 

blue colour of' the reaction mixture. 

"'. 

-1. 
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P~CO 
) .HgC1 

p~ .... OSiMe C , 

o a 

• 
b 

~----~v~----------~ 

=O=
OSiMe':l 

- l·~ 

~C CPh -
-ROSiMe, 

( 

r-@-... ft ~ CPh 
1 
li 

There are eX8Mples in the literature to sake one bel:1eve 

that the :free radica1 mechanism :1.s the most 1ikely one. When 

Bacbm.ann 91 reacted benzophenone with tntylmagnesium bromide, he 

f'ound that the main prodilct was benzopinacol wh1.ch cm arise onl.y 

by a f'ree radic&1mechan1.sm in the f'ollowing mannera 

;-Br 
Ph2C = 0 ... Ph)C'Mf;;Br ~ p~C. 

red kety1 radical 

!î 
OMgBr OMgBr 
1 1 

~~-_-.C~ 

OB OB 
Jtr/~o 1 1 
, J ~C.-CPh2 

93~ yield 

.... 
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Blombergand MOsher79 reacted benzophenone with neopent,.lmagnesium 

chloride and al.so foUDd that t.he react.1.on proe.eaded via a fres ra,... 

cacal mechanism. Thus, 

r 

and 

In the se reactions nth alk;yl.-or aryl. Grignards, the authors 
• 

postulated the formation of the kat,.l radi.cal., ~COMgXe In the re-

action w1.th sU,.l Grignard, we postulated the formation of the sUoX;V 

radi.ca1 (XXXI) because of the great strength of the 5i-0 bond. 
92 

Schwartz and BrOok isolated a sim:ilar siloJC\V' 1ntermed1ate from 

t.he reaction of tripheD71sïq1potsss1um wi~h benzophenoneo They 

believed thi.s mtermed1ate te be triphen.vlsilo:x:;vd1phen;ylmet~lpotas-

~Silt + ~CO -7 Ph3SiOC~K 
xxnu 

Thi.s material 1.s believed to be the precursor of benzhydry'l.o~ri­

phen;ylsUane (XXXIV), originell.y reported as the main product of 

the reaction (see p. 21),and also of 2-triphen.vlsil.o~etraphen.v1-

" 
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ethanol (XXXV). ie. 

9:3 Wittenberg, Wu, and Gilman . have described rather similar 

r9actions for the reaction of trlphenylsilyl.ll.thium with benzal.de­

hyde, although the identity of' some of their produets, especi~ 

the analogue of XXXIII, was not uniquely establ:ished. 

These reactions seem to indieate that an ionie meehanism i8 

at work when one reaets trlphenyl.sil.yl-a1kal.i-metal. eompounds with 

benzophenona or benzaldehyde. However, Whan trimethyl.silylmagnesium 

ehloride 1s used, a f'ree radical. mechanism might prevail., as was 

postulated &bove. Beawmont et al94 postul.ated a f'ree radical meche. 

nie for the reaction of bis(trimethylsil.yl)mercury with various 

ketonesto give as produets the corresponding o~silane and 0,0-

bis (trimethyl.silyl.)pinacol. Thus, 

(Me)Si)2Hg ---7 2 "'SiMe ) 4- Hg 

(Me~Si)2Hg + R'R"CO ~ R'R"~OSiMs) 4- Hg 4- • SiMa) 

• SiMa) + R'R"CO ~ R'Rt9COSiMe 
fi ) 

H· abstraction 
f'rom sol.vent 

R'R"CHOSiMs3 

\dimerima~ion 
\ y-, 

R'RltC_CRvR" 
1 
OSiMe) 

... ,/. 

1 
1 



Unfortunately, they did not carry out the reaction with benzophe~ 

one. It would be interesting to see if the product would be p...ben­

z071tripheny'lmethane 0" benzopinacol (after hydroqsis) 0 Neumann 

and Neumann95 described a sim11ar reaction for aryl;aldehydes. They, 

however, found that the ketones that Beaumont et al94 had used did 

not react at 811, or reacted on1y very sp8~'ing1y, with bis(trimeth­

ylsilyl)mercur,y. 

In the mechani~ postulated for the fo~ation of pabenzqyl= 

triphel\Y1methane (p. 48), radical XXXI cm exist in more than one 

resonance form (eg. a and b). Because of sterie hincirance form a 

does not dimerize to yield the precursor of benzopinacol in the sane 

vq that the ketyl radicals and sUo~ radicale of less hindered ka-

tones do. Inst.ead, f01'lll8 a and b combine to give intermediate XXXII 

which is hydrolyzed to p..benzoyltripherwlmethane (XXVII). The sUo­

~ radical (XXXI) cannet abstract a hydrogen atom fr..:m the solvent, 

wbieh_~!hexaœethylphosphor.maide, to give the benzhydr.Jlsilo~ com­

pound analogous to those reported by Beaumont et aJ.94• 

The reaction with benzaldehyde, in which the mixture also 

turned intense blue, probably also goes via a free radical rOute 

sim:ilar to mechaniSlll ), but one gets the pinacol because the replace-

""1,', 
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m9Dt of a phenyl group by a hydrogen atom removes the steric ldndranoe. 

With acetophenone. 

The reaction of chlorotrimethylsilane and magne sium in he~ 

met~lphosphoramide with acetophenone yielded a mixture of meso and 

dl 2,3-dipheIl71-2,3-bis(tr:imethylsilo~)butane (XXXVI) in 880;' yield. 



ie. 
HMPA 

PhCOCB:, + Mg + ClSiMe) 8§.o) 

OSiMe) 
1-

Ph(CH)C---,(CB)Ph 

OSiMe) 
XXXVI l zrt'/~o 

OH OB 
1 1 

Ph(CB)C---C(CH)Pb 

Compound XXXVI cm be hydrolyzed. to the corresponding pinacol.o The 

reaction mixture did not. turn int.ense blue as vas t.he case with ben... 

zaldehyde and benzophenone, but.,instead, reaained clear yellow all. 

t.he tiDle. This would seem t.o indicate t.hat t.his reaction probab~ 

goes via t.he ionic mechanism rat.her than t.he free radical mechanism; 

although acet.ophenone reacts vith bis(trimethylsilyl)mercury Ha·& 

iree radical rout.e
94

(see p. 50j. 

At t.h1.s point. i t. is worth ment.ioning t.he mechanism proposed 
·96 

by Calas et al. for t.he react.ion of chlorot.rimet.hylsilane and 

magnesiWi1 in hexam.et.hylphosphoramide wit.h aryl. aldehydes and ketones. 

They envisaged t.he fOl'mat.ion of si.l.o~ anion XXIII (Fig. ) in t.he 

f'ollowing mannera 

[~~) + ÏJgcl/HMPA] 

OSiMe l 
1 :3 

PE»~R + §gCl/HMPA 

XXIII 

According to t.his scheme, t.he anion rsdical XXXVII 1.s first. f'ormed 

wit.hout. t.he necessit.y of chlorotrimethylsUane. This anion rac:H.cal 

should. be abl.e to dimerize t.o give, after hydrol.ysis, the pinacol.. 

"'If'. 
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However. tb:ls 'is dif"f"erent. f"rom. our experience (Po lM); no reaction 

at all. OCIcurred. between benzaldehyde and magne sium 'in hexamethyJ.phos_ 

phoramide without. the presence of" chlorotrimet.byJ.siJ.ane. Therefore, 

tb:ls m.echanism 'is rat.her doub"tf"ul.. Since chlorotrimet.hyJ.sUane 'is 

so necessar,y, 'it 'is probabl.y the t.rimet.byls'iJ.yJ. Grignard, or at. J.east. 

some sort of" chl.orot.r1metbyJ.s'iJ.ane-magnes'ium compJ.ex, which 'is f'orm­

ed f'irst and react.s imIIledi.at.eJ.y with the carbonyl compoundo 

W'it.h Cyclohexanonea 

Unfortunat.ely- oal.y starting materiel.s could be isol.at.ed in 

the react.'ion of' chl.orot.rimethyJ.silane and m~es'ium in hexamet.byl. 

phosphoraudde with cyclohexanone. t.hus implying t.hat. this method of 

reducing ket.ones and aldehydes to t.he corresponding pinacols 'is not. 

apIUicable for aliphat.'ic carbony1 compounds. If' the~~l Grignard 

resets as a f"ree -rad1.cal., and since all.phat.ic ketones.cannot stabi-. . - - '--"-' ... ~--- - . 

1.i-se .a f"~e ~adical. inJ~hë sçe ~q_ 8ft aromatic _ k~tones, -. no reao-

94 
t.ion takes p1ace. However, Beaumont. et al. claimed t.o have reduced 
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cyc10hexanone t.o t.he p'inacoJ. by b'is(trimet.hylsil.yJ.)mercury (see p. 50); 

whereas Neumann and Neum.ann95 found that no react'ion occurred bet.ween 

the two campounds (see p. 51). On t.he other hand, if t.he 10nic me. 

chanism. operat.es 'in t.his case, t.hen perhaps t.he si1y1 Grignard ~ 

acta wit.h cycJ.ohexanone t.o give the enoJ.at.e anion which 1s resonance 

st.ab'iu'zed and does not react. :f'urt.her. Atter hydrol.ys1s t.he enoJ.at.e 

a.n1.on y'ields onl.y cycJ.ohexanone. Thus, 

~f'SiM_e3 V "MgCl. --+ 

Q 

0- ~ 
~ 

",«'. 

- \ 



Wi:th 2-:f'urvl methyl ketêtnea 

When chlorotrimet~lsilane and magne SiUM in hexsmet~lphos= 

phoram:1de were reacted with 2-f'ur;vl metbyl ketone, the products 

decamposed under the reaction conditions and oJÜY tars could be iso­

lated. Since 2-f'uryl metbyl ketone has arOmatic character, it should 

have readted with the reagents used in the same wa:y as the other 

aramatic ketones; however, less drastic reaction conditions are 

requ:ired. 

When trimethylsUylmetlv'lmagnesium chloride was reacted w1.th 

arcmatic and el.1phatic acid chlorldes, the correspond1.ng methyl ka.. 

tones were prepared.. In the s8Jlle way, the reaction of" trimethy'lsi­

l.ylpheD7lm.t~ll1tlrl.UlIl with benzoyl chloride yielded desox;v\)enzoin. 

Tr1metbylsUylmetbylmagnesium chloride reacted wi th phthalic 

anbydrlde to give a d1.- T'-lactone (XI), whereas it d1.d not react 

vith succin1c anbydrlde at all., and its reaction with 1,2-cyclobUô 

taned1carbo~l1c aaJq:dride gave products that could not be identi­

f"i.ed. 

When chlorotrimethylsilane and magnesiUDl in hexSlllet~lphos­

phorsmide were reacted with benzaJ.dehyde and acetophenone, the meso 

and dl. mixtures of" the corresponding pinacols were f"ormed; whereas 

in the reaction with benzophenone, p-benzoyl.trlpheny-lmethane was 

produoed. These r.eagent,s did not react at all. with cyclohexanone, 

wbil.e 2-f"uryll1lethyl. ketone gave 1midentif"iable products undar 

the sama reaction condi.tions. 

.-.... 



EXPERIMENTAL 

The Preparation of Trimethvl.sil.vlmethvlmagnesium Chl.oride (IV) 

A modified method of Whitmore and Sommer15 was fol.lowed. 

Magnesium turnings (2.5 g, 0 0 1 mol.e) ,that had been washed previousl.y 

with dry ether and dried in the dessicator. were pl.aced in a 250-ml. 

three-necked nask and dry ether (50 ml.) was addedo The fl.ask was 

equipped with a refl.ux condenser, an addition funne1, and a magnetic 

stirring bar, and the system was kept under a nitrogen atmosphereG 

Then a sol.ution o~ chl.oramethyl.trimethyl.sil.ane (12.2 g, 0.1 mol.e) 

in dry ether (25 ml.) was pl.aced in the addition f'unnel.. About 5 ml. 

of: this sil.ution was added to the Magnesium to which a cryst.al. o~ 

iod1.ne had been added. When reaction ~ail.ed to start, the mixture 

was heated and some of: the Magnesium turnings were crushed with a 

stirring rode The reaction then started, the oil. bath was removed, 

and the sol.ution of chl.oromethyl.trimethyl.sil.ane was added over 45 

minutes. The reaction mixture was stirred at room temperature ~or 

11 heurs and then an aliquot o~ the Grignard reagent ~ormed was ti­

trated by the method of: Gilman?2 The Grignard was formed in 96~ 

yiel.d and was st.ored in the refrigerator in a po1yethyl.ene bottl.e 

fit.ted wi th a rubber cap and was kept in a pl.astic bag filled wi th 

nitrogen and cal.cium ch10ride. The Grignard reagent was syringed 

out when required and was retitrated prior to each use.. It was 

found that the titre remained constant over l.ong periods of timeo 

"'fI'. 

55 



Deterudnation of: the Concentration of: Trimethyl.silylmetWlmatZnes:iu.m 

Chl.oride b:y the Method of Gilman?2 

An al.1quot of the Grignard (,.... L-ml) was added to water in an 

Erl.enmeyar fl.ask and enough standard sul.phuric a.cid ~ 0 0 2 N) was 

added to dissolve the magne sium hydroxide produced. The sol.ution 

was heated at '70-800 prior te back t'itration with standard sodium 

hydroxide (- 0.2 N). Phen01phthal.ein was used as indicatoro 

The Preparation of TrimethvJ.silvlphenylmethvlli thium (V) 

~e method of Peterson 1? t 18 was used. A.solution of benzyl-

t.rimethyJ.sil.ane (2.0 g, 12.4 mmole) in dry' hexane (2 ml) was added 

for 15 minutes to a mixt.ure of 2.)S N n-butyllithium (S.) ml, 120 4 

1IIIII01e) and tetramsthylethyl.enediamine (1 .. 44 g, 12 .. 4 mmoJ.e) under 

ni trogen at room temperatureo The solution turned a purplish rad 

at once. It was stirred for 1 heur mora and was used immediate1y .. 

The Îeaction of Trimethyls:tlylmethylmagneslum Chloride with Acid 

Chl.orides 

The Grignard ~'eagent (IV) was syringed into an addition fun­

neJ. and. added slowly (30-40 minutes) to a soJ.ution of the freshly 

distilled acid chloride in dry ether, under ni trogen, and at room 

temperature. The reaction mixt.ure was stirred under reflux at 40-

450 for 3t hourso The reaction was followed by VPC analysis.. It 

was then bydrolyzed w.L t.h dilute aqueous or methanol.ic hydroch1orio 

acid (--'1 N) at 40_450 , extracted with ether, and dried. over 8lIhyd-

rous lilagnesium sulphate. The magne sium suJ.phate ·was filtered off 

... t'. 
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and the ether removed on the rotar,r evaporator to gj.ve a residue of 

the crude product. (See Tabl.e 6 for the quant1ties of reagents usedl) 

method of hydrol.ys1s, and yield of crude product.) 

TABLE 6 

REACTIONS OF TRDŒTHYLSILILME'l'Hl'IMAGNESIUM CHLORIDE 

"WITH AeID CHLORIDE.C! 

Me)S1CH
2

MgCl. + RCOCl. -+ RCOC~ 

.. ____ ~~~ed Yiel.d of 
RCOCl. Grignard for crude RCOC~ 

H- g mm.ol.es mmol.es by hours g 

Ph- 1 .. 58 11.0 11 1N HOl. 16 1.1 

C~(C~)4- 1.S0 1).4 1) 1N HCl. 16 1.) 

m-Cl.-C6~- 2.;û .1. ~ 17 1) iN HCl. 12 2.1 1. ..... " 
2) + MeOH 6t 

Ca,(CH2 )S" 2.) 12 11 iN HCl. 1) 109 

C5~-C~C~- 2.4 15 1) 1N HCl. 19 1.9 

p-Me-C6H4- 2.0 1) S iN HCl.1 ~o... 11 0 0 9 
MeO 

p-Cl.-C6H4- 2.2 1) 9 10~ HCl. (9.5 16 10S 
ml. conc. Hel. + 
4.5 l1Ù ~OH) 

C6H11- 2.0 14 10 10~ HCl. (1 ml. . 22 200 
conc. HCl.- + 2 . 
ml. ~O + 7 ml. 
MeO 

OO't;' 
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Characterization of the methy1 ketone formed (RCOCU,> and determina­

tioon of iots :v1.e1dl 

Acetophenone (R = Ph) 

The NMR speetrum (COO1) of the erude produet vas identieal 

to that of authentie acetophenone; a phen;yl mu1tipl.et aplpeared st 

1.9-2.6 rr' (5 protons) and a singJ.et st 7 .. 4'( () protons; -COCH). 

The 2,4-dinitrophenylhydrazone of the crude product ll1elted 

o 
at 244 (11t. 2)8-40)c. A mixed melting point with the 2,4-dinitro=> 

phenylhydrazone of authentic aeetophenone vas takeD and found to be 

2z,4° as well., 

VPC anal.ysis of the erude produet s~owed that 85~ of :1t., or 

0.9 g, was pure acetophenone, si.nee it had. the same retention t:\me 

as an authentic sample of acetophenone (2 ndn. at 1)00 on a UCW98 

eolumn). The yield of acetophenone, based on the VPC anal.ysis, was 

2-Heptanone (R = CHl(Clfah> 

VPC anal.ysis (UC"iJ98 column) of the crude product showed. that 

46~ of it vas a fraction that had. a retention time of ) minutes st 

1000
.. The erude produet vas distilled and the fraction that vas 

colleeted (0.4.g) at 155-90 (11t. b.~.p. for 2-heptanone is 1510) had. 

the smne retention time for it5 large st peak. 

The NMR speetrum (neat) of the distilled prDduct showed a 

singlet st 7.4 -r () protons; -COC~), a triplet at 7.2 ~ (2 protons; 

-C~CJ!e.CO-), and a complex mu1tiplet at 8.0_8.6't' (9 protons; ali­

phatic protons). 

58 



The 2,4-dinitrophenylhydrazone o~ the dist1l1ed product melt­

ed at 88-90° (lit. 89° roI' 2-heptanone)o 

The y:Lel.d or 2-heptanone, based on the WC analysis, was 46%. 

meta.-Chloroscetophenone CR = m-Cl.-CgHtL) 

The NMR spectrum (CDC13) or the crade product showed that j. t 

was a mixture or m-chloroscetolphenone (A) and 1-methyl.-1-(3 11 )-chlo­

ropheny'lethylene (B) in the ratio or ........ 211. There was a phenyl. mul­

tiplet at 1.9-2.7'"C , two singlets at 7.4 and 7.8 1:' in the ratio of 

'" 211 (an scyl. and a vinyl.ic methyl group, respectively), and two 

singlets at 4.6 and 4.8~ (two dirrere~t vinylic protons). There 

was al.so a rel.atively small singl.et at 9.81:' (sUyated compound). 

° The VPC anal.ysis or the crade product (UCW98 column, 110-250 

st 20° lmin.) showed three compounds to be present. The rirst had. a 

o 
retention time or 3.5 minutes, caille over at 180 , and represented 

30.4~ or the total. yiel.d.~ .'fb1t9_was compound B. The second had. a 

retention time or 4 minutes, came over st. 190°, and represented 51 .. 5~ 

or the total. yie1.d. This was compound A.. The thirdl) the silyl.ated 

compound, hsd a ret.ention time o~ 604 minutes, came over at 2400
, 

and represent.ed 11~:or the total. yiel.d. 'lhus, the percent. yield 

or compOlUld A, based on VPC anal.ysis, was 50%, whi1.e that of compound 

B was 29%. 

'.,,'. 
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The crude product was dist1lled. and four fractions wers co).... 

1ected.. 'lbe ratio o~ cClllllpound A to compound B in each ~raction was 

detemined by NMR (CDC13) and VPC anal.ysiso The resu1ts ~ tabuJ.a.­

ted jn Tab1e ,. The oxime o~ ~raction ~our melted at 85-6° (lit. 88°) 0 

TABLE 7 

RATIO OF COMPOUND A TO COMPOUND B IN THE FRACTIONS COLLECTED BY 

THE DISTILLATION OF CRUDE MET.A.i.CHLOROACETOPHENONE 

Fraction noo bop. range Weight Ratio AIB bZ ~A (average) 
(OC) (g) mm VPC 

1 12l1-132 0.32 00 87 0.95 47 

2 132-138 0.16 2.1 1.4 63 

3 138..142 0.19 6.4 3 .. 8 84 

4 145-160 0.46 15.1 1204 93 

2-Undeéanone CR = CS,<Clb)s) 

2-Undecanone decCIIIIlpoaed on the VPC co1umn, 50 that ~orm o~ 

analysis cou1d not be used in this case. The crude product was 

analyzed by NMR (neat) to be a mixture o~ 2-undecanone and decanoic 

acid in a 111 Molar ratio. Since their molecular weights are al­

Most the same (170, 172 respectiveq), their ratio by weight is al.so 

111. The NMR data followsl 

't' va1ue mul.tipl1city lnte~aM.on *' protons assignment 
f squares 

-2.2 broad singlet 2.5 1 -COOK 

'-.~'. 
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, - 't val.ue mul.tiplicity- integration 
t squares 

If protons assignment 

7.1 triplet 10 4 'ft""", ,." • ........ n,"'''2'''''2-",v-
8.0 singlet 1.5 3 -Co..CH3 

8.1-9.2 multiplet 85 34 C~(CH~)ToR 
s e a or 

, CB:3~~)?C~COCl 

Therefore, the yield of 2.o.undecanone, .based on the anaJ.ysis of the 

NMR spectrum, is 0.95 g which is a 52~ yield. 

The crude product was washed wi th a 10?, sodium hydroxide so--

lut.i.on sèvera.l times. The basic washings were reacidified and eJG­

trac-'Ged with ether to yield 0.70 g of decanoic acidl mp 31_20 (lito 

31.6°); NMR spectrum (CC14) showed a singlet at -2.2't' (1 P17Oton), 

a triplet at 7.7't' (2 protons), and a mul.tiplet at 8.1-9.2 ~ (17 

protons). All the signals were sharp. The ether layer yielded 

0.72 g of fairly' pure 2-undecanones NMR spectrum. (CC14 ) showed a 

triplet at 7.7'( (2 protons), a singlet at 8.0'1:" () protons), and. 

a mul.tiplet at 8.7-9.2"'C (17 protons). But the signals were not 

very sharp. 

The 2-undecanone so isolated was redistilled yielding 0.53 g 

of pure c('JllpoUDd (bp 98..100°/9-10 mm) whose NMR spect1"llDl (CC1.4 ) gave 

much shs.rper signals at the same positions and in the same ratios 

as previously'o The 2,4-dinitrophenylhydrazone of the redistilled 

product melted a1:. 62-30 (lit. 63
0
). 

1-CzclopenVlbutane-1-one (R = C5Hq-CligCDg) 

The ether extract of the reaction mixture, after hydrolysis, 

was concentrated, taken up in 15 ml of 7t% sodium bicarbonate sol.ution, 
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then extracted with ether to yield 1.9 g of crude product. Tlrl.s 

product decomposed on the VPC column. 

The bas~c aqueoua 1.ayer lilas reac~d1fied and extractej w1.th 

ether to yield 0.1 g of 3-cyo1.opent;yl.propeno~c ac~dt NMR (CC1.4 ) 

showed a s~nglet at -1.91:' (1 prOton. -COOR), a triplet at 707 't" 

(2 protons; RCH2-CB2-COOH), and a mul.t~plet at 8.1-9al~ (11 pro­

tons; CSH9-CB2-R). 

The cnde product gave the fo1.10wing NMR data (neat): 

1:' value mul.t:i.p1.~c~t;y ~ntegration :fit protons assignment 
:ft s9B;ares 

... le9 broad singl.et 1 0.2 -COOH 

7.7 triplet 10 2.3 RCHz-CRz .. co--800 sing1.et 13 3 -COC~ 

8.1-9.1 mul.t~p1.et 57 l' C5H9-CHz-R 

The prodnct seems to be a mixture of 1-c;ycl.openty1.butane-3-one and 

3-cyc1.opent71.propano~c acid in the ratio of 280.3 (from the 7.7 ~ 

signal) or 1122 (from the 8.1-9.1't s~gnal) and the fraction of the 

methy1. ketone ia 2/2.3 = 0.87 or 11/13 = 0.8S, respect~ve1.;y. Since 

the mo1.ecul.ar we~ghts of the ketone and the ac~d are almost the same 

(140,142 respect~vel;y), the mo1.ar ratio s1.so represents the ratio 

by we~ght.. Thus the yield of l-cyc1.opent;ylbutane-J-one ~s 1.6 g 

wh1ch ·is an 8S~ y1e1.d. 

The crude me~l. ketone was distil1ed and 1.2 g were col1ected 

at 75-77°/7 DJII1. Its e1.emental anal.ysis was found. to be C = 76.91&, 

H = 11osf; the calculated values were C = 77.1~, H = 11.5~. The 2,4-

d~nitrophenylhydrazone of the d~stilled product melted at 87.5-88°. 

".,,' 

.. -.\ 
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1-Cyclopenty-J.butane-).:.one vas found not to have ever been madebE",9c. 

:rore and so t.his is a new oompound. 

para-Met.bylacetophenoneaCR - p:Me-C6B4) 

The et.her extraot. of' t.he resotion mixture Wias washed wi t.h a 

5~ sodium hydroxide solu~~on. The basio washings were reaoidified 

and extraoted wit.h et.her t.o yield 0.2) g of p..toluio acid, whioh 

meJ.ted at 176-90 (lit.. 179_80°). 

The ether l~r yielded. 0.9 g of orude p..methy-laoetophenoneo 

Its NHa speotrum (neat) showed an AB quartet at 2.4..)041:' (5 protons; 

p-substituted befi~ene ring), Il singlat at. 7.9"C () protons; CB3-Ph), -
and. a singlet at fI. 1 1: () prOtons; -COOK).. Its 2,4..dinitrophenyJ-

hydrazine der1vat:lve me1.t.ed at 2.58-90 (lit. 258°) .. VPC analysis 

(UCW98 co1.umn; 1)00 for first 5 minutes, then 1)0_2300 at 200/min~) 

~nd1oated that 87~ of it. (0 .. 6 g) was p-methylaoetophenone (retention 

time ).5 minutes). Thus the y:i.e1.d of p..methylacetophenone was 73~o 

para-Chl.oroaoetophenone CR = p:Cl.-C6H4) 

When t.he ether enract of the reaction mixture. was shaken with 

a 5~ sodium hydroxide solution, 0.2 g of p..chlorobenzoic acid pre­

o1pit.at.ed out.o The ·mixt.ure vas reacidified and extracted with ether 

to yie1.d 1 .. 8 g of residue. When this residua was dissolved in car­

bon tet.rachlorlde, mora orystal.s of the acid precipitatad out (O.) g). 

The melting point cf' the pracipitated crystal.s was 177-8)0; authan­

t~c p..oh1.orobenzoic acid, prepared by- the acid hydrolysis of p.-chlo­

robenzoy-l chloride, ma1.ted at 182_40• Their IR spectra (KBr) were 

~dentio al.. 



The IR spectrum (~ilm) o~ the 1.5 g o~ res~due 1e~t showed 

the presence of the methy1 ester of p-chlorobenzOic ac~d; absorp­

tions ~n cm-1 at 1720 (~C = 0 o~ -COOMe), 1270 (-O-Me o~ ..,;COOMe.), 

and 1580 (aroœatic C = C). The presence o~ p-chloroacetophenone 

was also indicatedl 1680 () C=O o~ ~CO), 1580 (aromatic C = C). 

The methy1 ester was formed during the ac~d hydrolysis in Methanol 

of unreacted starting mater~al (p-chlorobenzoyl chloride)., 

The NMR spectrum (CC14) o~ the res~due also showed the pre­

sence of the methy1 ester o~ p-ch1orobenzo~c acid as well as p.chlo­

roacetophenonso The NMR data follows 1 

"'t' value mult~plic~ty ~ntegrat~on 
1:. sguares 

'* protons ass~gnment 

200-'.0 AB quartet 54 9 Cl-C6Bq.-Co... 

6.' sing1et 18 , -OCB:3 
7.6 s~ngl.et 21 '05 -COCa, 

The molar ratio of p.chloroacetophenone to metbyl-p-chl.orobenzoate 

~s '.5'3 and the mo1ar ~ract~on of p-chloroacetophenone is 3.,5/6e 5 

or 0.54. Since the mo1ecular weight8 o~ p-chl.oroacetophenone and 

methy1-p.chlorobenzoate are 154 and 170 respective1y, the fraction 

by weight. o~ p.ch1oroacet.ophenone 18 0054 X 154/170 or 0.50. The 

we1ght of p-chloroacetophenone present in the res1due was, therefore, 

0 075 g which represented a 55~ yie1d. 

A mixture of acetophenone (0048 g, 4 mmo1e) and methy1 benzo­

ate (0.34 g, 205 mmole) vas made up. The IR spectrum (film) of th1s 

nd:rl.ure vas sindl8%" to that of the residue aboveo The NMR spectrum 

(neat) showed the rat~o of the acy1 group to the methoxy group to be 

"Y,' 
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4'2.5, wh1ch 1s the ratio in wh1ch the mixture vas made upo Thors­

~ore, this 1s a val1d method ~or determining the ~raction o~ ketone 

present in the mixture, as vas used above ~or :p-ch1.oroacetophenone. 

The 2,4-dinitrophe~lhydrazine derivative o~ thè mixture o~ 

acetophenone and methy1 benzoate me1ted at 240_20
0 The literature 

value ~or the mel~ing point of acetophenone-2,4-dinitrophenylhydra­

zone 1.s 2420• There~ore, in this mixture only the ketone ~ormed a 

hydrazone; the met~l ester did note The 2,4-dinitrophenylhydrazine 

derivative o~ the above residue melted at 230_10 (lit.. va1ue ~or po. 

chl.oroacetophenone-2 ,4-dini trophe~lhydrazone is 2310). 

Cyolohexy1 methv1 ketone CR - C6H,,) 

The ether extract ,,~ the hydroly-zed reaction mixture vas wasb­

ed vith a 5~ sodium hydro:d.de solution. The ether l~r yielded 

2 0 0 g o~ residue. The m spectrum (~ilm) o~ this residue showed t.he 

presence of the methyl ester o~ cyclohexane carbo~lic acida absorp­

t:1ons in cm-1 at 1730 (; C=O o~ -COOMe) and. 1250 (-o..Me o~ -COOMe). 

Cyclohe~l met~l ketone was &lso presenta absorption at 1710 (/C=O 

o~ RzCO). The methyl ester was ~orm.ed during the acid hydrolys:1s 

in methano1 o~ unreacted cyc10hexane carbony1 ch1.oride. 

The NMR spectrum (CC14) o~ the restdue al.so showed the pre­

sence o~ the met.~l estera a sing1et at 6.2 '"( (-OCR3). It al.so 

:1nd:1cated that the met~l ketone was p1t6senta a singlet at 7.7 ~ 

(-COCK3). The ratio o~ the acyl to the metho~ group could not he 

determined ~rom the NMR spectrum becanse the cyc10he~1 protons 

(7.3-8.6 't mul.tipl.et) :1nter~ered with the integration o~ the sing­

let at 7.7 "C. 

..•. 
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So the yield was determined by' making the 2,4-di.nitrophenyl­

hydrazine derivative of the total amount of residue. A quantit~ of 

2.2 g was isolatedwhich melted at 132-80 (lit. value for cycle­

he~l metnyl ketone-2,4-dinitrophe~lhydrazone is 140°). Thus the 

yield of cyclohe~l met~l ketone was 0.9 g wbich was a 71~ yield. 

The Reaction of Trimethylsilvlphenvlmethyl11thium. CV) with Benzoz]. 

Chloride 

A freshly prepared solution of trimeth~lsilylphe~lmethylli­

thium. (V) (12~4 mmoles) was transferred via syringe into an _ addition 

funnel which had been flushed w.i. th ni trogen, and i t was added slowly 

(li hours) to redistilled benzoyl chloride (2.3 g, 16.4 MIIloles). 

The solution was stirred at room temperature for 2 hours. A yellow-

ish precipitate of' lithium. chloride came out during the course of 

the reaction. A solution of concentrated aqueous 8lIIII'10nium chl.oride 

(7 lI"~) ~as added to the reaction mixture and :it was stirred at room 

temperature f'or 22 hours. ït was then extracted with ether, washed 

with a 7~ sod1.um hydroxide solution, and dried over anhydrous mag­

nesium. sulphate to yield_!l ~~-crystall1ne material. (3.1 g) which, 

when d:isso1ved in carbon tetrachloride, precipitated out crystals 

of benzoic acid (O.! g), mp 123-.50 (lit" 122.4~)~ 

VPC analysis (LAC728 column; 100_21.50 at 200 /min.) of the ra-

maining residue :indicated the presence of' benz~ltrimetbylsilane 

(reten.tion time of 2 minutes), desoxybenzein (retention time of 16 

minutes), and benzoic acid (retention time of 20 minutes). 

The NMR spectl"Wll (CC14 ) of the residue gave the follow.i.ng· datas 

... 

\ 
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'l: va1ue mul.t.iplicit.y int.egrat.ion 
1. ssmares 

"" .prot.ons assigmnent. 

2.8 mul.t.ip1.et. 60 30 Pheny1 protons 

5.8 sing1et. 4 2 Ph-C~-COPh 

8.0 sing1et. 4 2 Ph-C~-S:iMe, 

9.9 singlet. }4C Me,SiOSiMe, 
20 - -10.0 sing1.et. PhC~-SiMe3 -

For desoxtbenzoin, t.he t.wo methy1.enic protons at 5.8~ are represent­

ed by four squares in t.he integrat:iono Therefore, twenty of the 

sixt y squares for the pheny1. protons at. 2.8'( represent the ten 

phe~l protons of desoxtbenzOln. Thus, about. one-t.hird of t.he resi-

due is deso~enzoin.The yie1.d of deso~enzoin is, therefore, 

about. 1 g, which is a 45~ yiel.d. 

The Reaction of Tr1met.h:r1.sil:rlmet.hvlmagnesium. Chloride (IV) with 

Pht.hall.c Anhydride 

Trimethy1.si1.ylmet.hylmagnesium chloride (5.5 ml. of 1.77N, 907 

1II1I101.es) was added slow1.y (30 minutes), wit.h st.irring, to resublimed 

pht.halic anhydride (1.84 g, 12.4 mmo1.es) in l,2-dimethoxyet.hane (10 

ml) under nit.rogeno The mixture was st.irred for 21 hours at. 600 • 

It. was then hydro1.yzed wit.h lN hydroch10ric acid (12 ml) for 12 hours9 

ext.ract.~ wit.h et.her, and dried over anhydrous magnesiUlll su1phat.e. 

When t.he et.her extract. was concentrated, a white precipi tat.e came 

out. (0.37 g) which me1.ted at. 168-90
• Mter evaporation of t.he sol­

vent.s t.here was 1eft. a semi-crystal.l.ine whit.ish material. (1.93 g) 

which was recrystall1zed fram carbon t.etrach1.oride to yie1.d a white 

"'.l 
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soUd (0.86 g) which mel.ted at 152-70
• The IR and N.MR spectra of 

this compound were identical to those ot the tirst precipitate which 

mel.ted at 168-90 , but it was not as pure. The product was identitied 

as the "f-l.actone (XI) and was isol.ated in 63~ yiel.d. (The structure 

is shown on p. )6). 

Proot ot structure of compound XIa 

IR spectrum (XBr): Bands at cm,-1 3360 and 1740 represented the 

stretching trequencies ot an .OH group and of the C=O group; respeo­

tive1.y, ota. y _1. actone 0 There was no acicti,o -OH stretching in the 

3000-2500 cm-1 region and no other carbonv.l. stretching was seen (ie. 

no anhydride, acid, or ketonf.'l). The C=C aromatic stretching was 

present at 1600 cm-1 as wall as the aromatic c-a benc1ing band of a 

1,2-disubstituted benzene ring at 730 cm-1• (See Fig. 6)0 

Maas soectruma The mol.ecu1.ar ion had an =1 e ot 312 which corresponds 

to the mo1.ecul.ar weight of compound XI. The major tragment ions had 

mIe of 294, 267,.173, 164, 149 (tb.~basepeak:l, and 146. (Fig. 4)0 

The_ ~r.entation p~ttern. of c~pound XI. l.ead1ng to thE!!s_e ions .is 

shCMl :ln __ r.tg •.. 5. . 

Fig ... 

The Mass Spectrum of Compound XI 
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Fige 5 

The Maas Spectral. Fragmentati.on Pat.tern of: C01Ilpound XI 
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Fig. 5 continued 

) 

\\ 
~~~~ +-( _'0_ ©<O;:s}O (-BzO . ~~Pb 

o 0 (, OH 
mIe 113 mIe 249 

(relatively small) mIe 261 

Elemental anal.ysis 1 The carbon and hydrogen analysis of compound 

XI compared favourably with the calculated valuesl f'ound carbon 

65.3 ~t bydrogen 3.8 ~; calculated carbon 65.4 ~t hydrogen 3.9 ~o 

mm spectrum (CF
3

COOB) 1 There was a tan proton multiplet at 2.4-2.9 

't and a ta proton singlet at 6.1 "(. Both the phenyl protons and 

.the hydro~ protons resonate in the 2.4-2.9't region, whereas the 

met.hylenic protons resonate at. 6.1 -r., (See Fig. 1). 

UV spectrtllll (95~ EtOH; 0 = 1.1 x 10-5 M)II The following absorpt.ion 

bands were seenl 

Âmax (mA.) absorption ooef'fioient (E.) .::as=si:=lgnm:a=:~e~n~:t _____ _ 

212 10,,500 primary aromatic band 

232 1930 secondar,y aramatio band 

325 2600 carbonYl of oonjugated 
ester 

...... 
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Fig. 6 

IR Spectrum o~ Compound XI 
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DerlvatiYest Compound XI was methy1ated with excess me"chano1 and 

hydrogen chloride gas. The derivative :formed 1o'(8S a mixture of 

methyl esters XXXVIII and XXXIX in a 111 mo1ar ratio as incH.cated 

by its NMR, IR, and mass spectral data. 

XXXVIII 

Ha 

XXXIX 

The NMR (C014) spectral data was as :follows& 

'7: value multiplicity integration '* protons assignment 
fi:. sgsar6S 

2.50 mu1tip1et 87 16 pheny1 protons 

3.95 sing1et 6 1 vinylic proton 

6.18 sing1et 42 9 -OC~ (He) 

6.25 sing1et 14 3 -oc~ (~) 

6.35 singlet 6 1 -OH (He) 

--II! 
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(Ha) 

(Ii:,) 

1 
(~) 7.05 sing1et 10 2 -CO-C~-9-0 

This data .rits struotures XXXVIII and XXXIX in a 111 molar ratio. 



The IR spectrum (CC14) hac! bands at cm-1 1750 (C::O str .. of' 

a metbyl ester), 1705 (aromatio ketone C::O str.), and at 1600 

" (conjugated chelate ~C- 0, )0 
-C~ H 

....... C=·O···· 
1 

The mass spectrum showed the f'ollowing: M+ = )40 st which is 

the mo1ecular weight of' both compounds XXXVIII and XXXIX; the two 

largest f'ragment ions were at mIe 177 and 163. A f'ragmentation pat­

tern giving rise to these ions is shown in Fig. 80 

Fig. 8 

The Mass Spectral Fragmentation Pattern of' the Methy1ated 

Derivative of' Compound XI 
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The At.t.empted Reaction of Trimethv1s:ll.Vlmethvlmagnesium' Ch10ride (IV) 

wit.h Succinic Anhydride 

The same procedure was followed as for the reaction wit.h 

phtha1ic anhydride. However, the on1y product that was isolated was 

succinic acid, mp 15;';1670 (ll.t. 1820). The IR and mm. spectra were 

:ldentical to those of authentic succinic acid. It also formed the 

same methyl ester as did authentic succin1.c acid (IR and NMR spectra 

were identical). 

The Att.empted Reaction of ~ethylsilylmethylmagnesium Chloride (IV) 

~dt.h cis-1_2-Cyclobut.anedicarboxyll.c ~ydride 

The s8ll1e procaedure was followed as for the reaction with 

phthal:lc anhydride. However, a miXture of products was formed that 

cou1d not be positive1y identified. A sma11 y:leld of cis-1,2-cyc1o­

butanedicarbox;ylic acid was formed. :rt was identified by comparison 

of :lts me1ting point, IR, and NMR spect.ra with those'of authentic 

samp1e. 

The NMR spectrum (CDe13' of the mixture of products showed 

the followingt a singlet at ,-1.8r( (-COOH), a sing1et at 403 ~ 

(vinyll.c protons), a sing1et at 6.1 t: (acyl. group), a mul. tiplet at 

6.4 "( and at 7.5 r: (cyc10butane ring protons), a small. sing1et at 

8.5 r( (C<-silyl protons), and a sing1et at 9 .. 8 ""C (trim.ethylsilyl 

group). From this data there seemed to be a mixture of compounds 

XL, XI.I, XLII, and XLIII present. 

[ICOOH 

COC~ 

XL 

[I
COOH 

COOH 

XLII 

[I
COOH 

C = C~ 
1 

XLIII CH:3 
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The IR spect.l'WIl (CRC13) also indicat.ed the presence o~ a 

carbo:x;.vlic acid (broad band at 3200.2500 cm";1) as well as sevaral. 

carbonyl groups (1740, 1720 cm-1). 

A smal.1 amount. of the residual oi1 vas separated by prepara­

t.ive TLC (solvent., EtOAc). The largest band, visu8l1zed by short 

vaVe UV light., vas isolat.ed at. Rr = 0.8. The carbo:x;.vlic acid and 

vin;ylic prot.ons vere gone in t.he·NMR spectl'Wll, but t.he IR spectrum 

indicat.ed the presence of a carbo~lic acid. It. also showed t.hat. 

a c arbonyl group vas still present. (1680 cm-1) as well as the 81-0 

linkago (1100 cm-1; st.rong band). 

The mass spectrum indic ated that. the mol.ecular veight vas 

215 which does not. f'it. any of the &bove compounds. Compound XLI 

has a molecular weight ot 214. The other fragment. ions in t.he spec_ 

tram had mIe of 201, 199,198, 185, 171, 157, 155, 154, 143, 14O~ 127, 

99, 89, 82, 81, 75, and 73. No stl"l1ctures could be t.hought. or t.hat. 

would fragment to give the above ions. 

The Attempt.ed Preparation of BisCt.rimethylsi1y1)phenylmethane 

The method of Calas et al59 was followedo Magnesium t.urnings 

(4.8 g, 0.2 mo1e) were suspended in a solution of redistilled chlo­

rotrimethy1silane (52.4 g, 0.5 mole) in hexamethy1phosphoramide (70 

m1) under nitrogen.. Mter preheating the mixture t.o 100_1100
, a 

solution of redistilled benzaldehyde (10.4 g, 0.1 mole) in hexa­

methylphosphoramide (40 m1) was added gradua1ly (1 hour). Mter ad-

dition vas comp1ete, the mixture vas stirred at. 950 for 75 hOlll"s .. 

It turned a b1ue-bl.ack colour by that time. The unreacted Magnesium 

"'1('. 
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, 
\, was fil:t.ered off, t.he solut.ion was hydrolyzed w.ith sat.urat.ed aquaous 

ammonium chloride solution, and extracted wi:t.h et.her, yielding a. 

sem1.-crystalline yellow residue (14 g) which st.ill cont.ained some 

hexamethylphosphoramide (doub1.et. at 7 .. 1"'7:" in t.he NMR spect.rum). 50 

t.he residue was taken up in excess wat.er and ext.ract.ed wi t.h ether 

t:.b yield a seJld-c17stalline matqria1 (10.5 g). When t.his was dis.;. 

solved in carbon tet.rachloride, meso 1,2-diphenylet.hane-1S)2-diol. 

precipit.at.ed out. (1.71 g); mp 134-134.5° (lit.. 137_8°).. The NMR. 

spectrum (Or)(a3 ) showed a singlet. at 2.4 --t: (5 prot.ons; phenyl pro­

t.ons), a singlet. at. 4 .. 8 1:' (1 prot.on; PhC!!<), and a broad signal at. 

7.5't (1 proton; -OH). The IR spectl"Wll (KBr) had bands at. cm-l, 

3300-3400 (-OH stret.ching, H-bonded), 1030, 1040 (-OH bending),760, 

710, and pattern in ,5-6 A region (monosubst.it.uted benzene ring), 

1500 (aramatic C::C), 2900 single sharp peak (~C-H), The mass spec. 

t.rum showed t.hat. the molecular weight. was 214, and t.he major fragment. 

ions had mIe of 196, 105, and 91, Which arise as follows. 

H 
It 

PhOH-C(OH)Ph 

+ 
o 
III 
CPh 

76 

1 
OH 

M"'"= 214 

( PhCH = ~] .~PhC~JPh -7 Ph~· + 

mIe 196 mIe 105 mIe 91 

Another 7.1 g of a mixture of meso and dl 1,2-diphe~1et.hane-

1,2-di0l was recr,ystallized fram t.he oil; mp 92-93 (lit.. meso 137_8°, 

cU 117_8°). The NMR data (CDC1
3

) of this mixture was as follows: 

~ value mnltiplicit.y ifttegrat.ion * protons assignment 
t sQUares 

2.4 mult.iplet 64 18 Phenyl prot.ons 
(meso and dl) 

--'\ 
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't val.ue mul.tiplicity- integration 
1:. sguares 

# protons assignment 

4.85 sing1et :3e5 1 PhCj!OH-CliOHPh (meso) 

5.05 singlet 8 2 PhCli°H-CliOHPh (dl.) 

6.5 sing1et 10 :3 PhCHOH-CHOHPh 
(meso - and dl) 

From these data, the ratio of mesa to dl. f'orm in the mixture was 112. 

The IR spectrum. (KBr) and the mass spectrum of' this mixture were 

id~ntical to those of' the pure meso f'orm. 

The total. yie1d of 192-dipheDY'lathane-1,2-d:i~1 (meso and dl.) 

was 888 g of which 4.05 g was the mesa f'orm and 4.75 S was the dl 

f"orm (dl 1 meso = 1.17). The total. yield was 85~. 

The Atternpted Pinacolic Reduction of' Benzal.dehvde br Magnesium in 

Hexametby1phosphoramide 

Magnesium turnings (2.4 g, 0.1 mo1e) were suspended in he:xa,.. 

methy-1phosphoramide (70 ml) under nitrogen. Af'ter preheating the 

mixture to 100_1100 , a so1ution of' redisti11ed benzaLdehyde (10.2 g, 

0.1 mo1e) in hexamethy-1phosphoramide (40 ml) was added gradual.1y-

(45 minutes). Af'ter addition was complete, the mixture was stirred 

at95-1000 for 19 hours. The s01ution remained clear and al.1 of the 

magnesium was still present. A 5 ml al.iquot was ramoved and h.ydrO.. 

ly-zed with 10 m1 of lN hydrochloric acid, and extracted with ether. 

The ether extracts were washed with water and dried over arihydrous 

magnesium sul.phate. Ttc and NMR anal.yses of' the residue obta:i.ned 

showed that only' benzaldehyde was present. Therefore, no reaction 

had taken p1ace. 



A f'ew cryst.al.s of' iodine were added t.o t.he above react.ion 

mixture and it vas st.irred at. 950 for another 54 hours under nitro­

gen. Another 5 ml. aliquot. Was removed and worked up in the s ame 

manner. TLC and NMR analysis of' t.he residue obta:ined still showed 

the presence of' only benzaldebyde. 

The Pinacolic Reduction of' Benzaldeh.yde b:y Chlorot.rimethxlsilane 

and. Magnesium in Hexamet.h.ylphosphoram1.de 

Rectl.st.illed chlorotrilllethylosilane (10.86 g~ 0.1 mole) was added 

slowl.y (1 hour) t.o the above reaction mi:lCture (S.S g~ 00086 mol.es of' 

benzal.dehyde were st.ill lef't) and it was stirred under nit.rogen at 

950 f'or 22 hours. The solution tu.rned blue-black by that time. The 

exaess magne sium vas f'iltered of'f' and the solut.ion was hydrolyzed 

w:1th sa1:,urated aqueOlls a1IIIIlonium chl.or:ide solution (100 ml). The 

solut.ion turned a l.ight brown upon hydrolysis. The solution vas 

still basio, so concentrat.ed hydrochloric acid vas added (1 ml) and 

the solution was extracted w:i th ether. The ether extracts vere washed 

three times with water~and dried over anhydrous Magnesium sulphate 

to yield asemi-cryst.al1:ine residue (10.2 g). A mixture of' meso 

and dl 1Sl2-d:iphenylethane-19~01 (0.8 g) ol7Stall.ized out of' 'the 

residue in carbon tetrachl.oride; mp 127_90 (lit. meso 137_So , dl 117-

SO). The NMR spe~trum (COO13) showed that. t.he ratio of meso:dl. form 

was 113 (protons resonated at same frequencies as those of 1,2-di­

pheny-lethane-1,2-diol in previous reaotion).. The IR spectrum (Iœr) 

vas identical. t.o that of' 1,2-diphenylethsne-1,2-diol in the previ ... 

ous reaction. 

..... 
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Another 7.1 g of meso and d1 1,2-dipheny-l.e'th"ane_1,2-diol. or:vs­

ta11.ized out of the ooncentrated solution on standing; mp 88-940 
CI 

From the NMR spectrum (CD013) the ratio of mesoldl. form was 11114. 

The total yield of 1,2-diphe~lethana..l,2-diol. was 7.9 g of 

which 3.7 g Wal[ mesa and 4.2 g was dl. (dl a meso = 1 .. 13).. This Wa5 

a 90~ yiel.d. 

The Pint~olic Reduction of Benzophenone bz Chlorotrimethyl.silane 

and Magllesium in Hexametnyl.phosphorsndde 

Magnesium turnings (008 g, 0.033 mol.e) and benzophenone (9 .. 11 g, 

0 0 0; Mole) were placed in a flask wh1ch had been evacuated and filled 

with nitrogen three t1œes. Redistil1.ed hexamethylphosphoramide (30 

ml.) and a few crystals of iodiDe were added. to the mixture and it 

was brought to 800
• A solution of chlorotrimethyl.silane (4 ml., 0(>033 

mol.e) in hexamethylphosphoramide (20 ml) vere placed in the addit.ion 

funnel. and a few millilitres of thl.s sol.ution were rùn into the ra.. 

action flask. Alter a fev minutes of stirring the solution turned 

dark bl.ue. The mixture vas then brought to 700 and addition of 

chl.orotrimethylsil.ane was re~ed. During the addition the reaction 

JI1ixture t.urned clear yel1.ow agai!.'l. Mter addition was comp1.ete (4; 

minut.es ), the solution turned bl.ue again. It was brought to 600 and 

stirred for 11 hours more. At the end of that time the solution was 

bl.ue-black in colour. The unreacted Magnesium was filtered off, the 

sol.ution was hydro1yzed with saturated aqueous ammonium chl.oride 

sol.ution' (50 ml.), and extracted. with ether. The ether extracts were 

washed with three 25 ml. portions of water and dried over anhydrous 

",'. 

79 



"""l 

80 

Magnesium sulphate to yield an oily residue (9.20 g) which was taken 

up in absolute ethanol (15 ml)" Upon standing overnight, 2...trime;.. 

t~lsiloX1'tetraphenylethanol (1 0 14 g) precipitated out; mp 131-5°. 

The NMR spectral da'ta was as :follows 1 (Coo1
3

) 

""( value l1IIÙtiplicity integration 
11:. sguares 

If protons assigmnent 

2.9 multiplet 102 20 Phen,yl protons 

6.9 singlet 5 1 -OH 

908 singlet 40 8 -OSiMe) 

The ratio of: the protons st 209 Il 6.9 1 9.8'" shoul.d have been 20g 

119. The m spectrum (KBr) had bands at cm-l, 3420 (OH str.), 2860 

(aromatic C-H str.), 1440 (aromatic C=C str.), 1380, 1200 (OH bend,,), 

1050 (O-Si str.), 800 (Si-C str.), 730, 690 (aromatic C-H bending 

f:or mono~stituted benzene ring). 

When benzene was added tQ the crystals, 0.38 g did not dis. 

solve and were f:iltered o:f:f; mp 143-50 • The ratio of: protons in the 

mm spectrum (CDe13) f:or the signal.s at 2.~ t 6.9 : 9.8 -T was 20:1t9. 

This was pure 2-trimethylsilo~etraphenylethanol. 

The ethanol was removed fram the residue leaving an oil (80 06 g) 

whose m spectrum (CHC13' indicated the presence of: a carbon,yl group 

at 1650 cm-1" The residue was recrystallized f:rom 95~ ethanol and 

yielded p..benzoyltripheny-lmethane (:3.90 g)o . It was recrystal.11zed 

twice more from 95~ ethanol; mp 142-60
, then at 160_40 (lit.97 149-

500
, then 16)..4°)0 By using a diff'erential. hest calorimeter, the 

compound was found to have two meltiDg poin~sB there was a small. 

peak at 1570 and a larger one at 171.50
., The NMR spectrum (CDe1

3
) 
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showed,a phe~1 mUltip1et at 2.6 ~ (19 protons) and a singlet st 4Q2 ~ 

(1 proton; Ph,C-l!). The IR spectrum (Iœr) shoWGd bands at cm~lS1 

1650 (aromatic ketone C=O str.), 1590 (arOll1atic C::C str,,), 760, 700 

(monosubstituted benzene ring), 840 (l,4-disubstituted benzene ring), 

and a very smal.l band at )020 (C-H str.). The mass spectrum showed. 

that the mo1ecular weight was 348, and the major fragment ions had 

mIe of 271, 243, 167, 165, 105, and 77. (Fig. 9)e These ions arise 

as shown in Fig. 10. 

Fig. 9 

The Mass Spectrum of p..Benzoyltriphenylmethane 

~ 
100 

...t 
80 IQ 

243 s:: 
CD 

~ 60 105 
CD 40 165 
~ 77 271 
~ 20 
~ 

80 200 2 320 mIe 

The me1ting point (including mixed mel.ting point), IR, NMR, 

and mass spectra were all identical to those of authentic p.benzoyl_ 

triphenylmethane prepared by the Fr1.edel-Crart reaotion98• 

Thus, 2-trimetbr1filoxytetraphenyl.ethanol was formed in only 

16,& yield, while p.-benzoyltriphenylmethane was formed in 68% yield. 

The Preparation of p-Benzovltriphenvlmethane bv the Fr1.edel-Crart 

Reaction98 

A solution of triphenylmethane (12.2 g, 0.05 mole) and benzoyl. 

chl.oride (7.1 g, 0.05 mol.e) in methylene chloride (30 ml.) was added, 

"'If', 



Ph 

Figo 10 

The Maas Speotral. Fragmentation Pattern 

of p-Benzoyl. triphelllTl.methane 

W'= 348 (l.argest peak) 

y ~ 
cP' H 0+ 
ni .. tJr=\\J 
C-Ph ~~ 

mIe 105 

Ph-KQ). + 

H 

mIe 243 mIe 271 

\OPh ~ 
Ph-

0 ~. KJ H mIe 167 
~Ph-t( ~ 1 _ 

H 

mIe 166 mIe 165 

mIe 77 

with stirring, over 1.5 hours to a suspensi.on of dumintW chl.ori.de 

(6.8 g, 0.05 mol.e) in metbyl.ene chl.oride (25 ml.)o The system was 

kept dry via a cal.cium chl.oride drying tube. The sol.ution turned 

dark rad as add:i tion was continued. The mixture was st.irred under 

reflux for another 2.5 hours and then poured into a mixture of ice 

(100 g) and concentrated hydroclhl.oric acid (100 ml.) with vigorous 

stirring. The sol.ution was then enracted with chloroform to give 

... ,:. 
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a dark brown tarry oil. as residue.. A rasin was :f'ormad , .. hen absoJ.,.,"C0 

ethanol. was added to the residueo Upon haating, a. large pa..r-t of: ';:,he 

residue went into solution. The reddish-brown solution was cooled 

and decanted fram the resin through a :f'ilter paperQ The ethanol. 

was removed and the residue was separated by co1.unm chromatography 

(silica gel; e1.uent benzene)o The :f'irst :f'ractions collected were a 

mixture of unreacted tr1phe~lMethane and p-benzoyl.triphenylmeth~~e 

(2.3 g); R:f' = 0.60, 0.50, respectively; mp 83-910 (l.it~ value for 

tr1phe~lmethane is 94°). So this was mainly trlphenylmetha.''1.e .. 

The fractions collected at Rf = 0.50 were crude p-benzoyltriphenyl­

Methane (40 4 g).. This was recrystallized from. 95% ethanol three 

times and compared with the p-benzoyltriphe~lm.ethane formed in the 

reaction of benzophenone with chlorotrimethylsilane and Magnesium 

in hexamethyl.phosphoramide. They were ident~cal~ The yield of p­

benzoyltriphenylMethane in the Friedel-Cratt reaction was on1y 25%. 

The Attempted Preparation of p-Benzov1triphenylmethane bl the 

Reaction of Benzopinac010ne with Ch1orotrimethy1silane and 

Magnesium in Hexamethy1phosphorsmide 

MagnesiUm turnings (0 .. 15 g, 6 M'IIl01es) and ch1.orotrimethy1si-

1ane (1.2 ml, 10 mmo1es) were reacted with benzopinaco10ne (1 .. 74 g, 

5 mmoles) in heXBlllethy1phosphoramide in the same way as in the res.c­

tion with benzophenone. The reaction mixture turned b1ue. After 

work-upt the residue obtained was reorysta11ized frem 95'" ethanol. 

yie1ding yellowish crysta1s of tetrapheny-1ethy1ene (0 .. 58 g); mp 217-

2220 (lit. 223-40). An exact mass determination on the peak at mIe 

332 showed that the best molecular formnla was C26H20 (ie. tetr~ 

.... ' 



phenylethylene). The NMR speotrum (COO13) showed only a phenyl. 

singlet at 2.5 't' 0 

TLC anal.ysis (solvent benzene) o~ the residue showed only 

one spot having 'the same Rr vdlue as benzopinacolone (Rt- = 0.64). 

The IR spectrwn (CHC13' was very siDd.l.ar to that o~ benzopinacol.one. 

In any- oase, there was no evidence o~ p..benzoyl.triphenylmethane 

having been ~.ormed. 

The Pinacolic Reduction o~ Acetophenone bx Chlorotrimetnylsilane 

and Magnesium in Hexamethylphosphoramide 

Magnesium turnings (1.2 g, 0.05 mol.e) and acetophenone (6.01 g, 

0.05 mol.e) were placed in a ~l.ask which was evacuated and filled with 

nitrogen three times. Red1stil.l.ed hexamethyl.phosphoramide (30 ~) 

and a ~ew crysta1.s o~ iod1ne ~re added and the mixture was brought 

to 780 • Then chlorotrimethyl.silane (6 ml., 0.05 mol.e) in heXSIllethyl­

phosphorarnide (20 ml) were pl.aced in the addition ~unnel. and a few 

millilitres of this solution were added to the reaction mixture. 

When no colour change occurred, a few of the Magnesium turnings 

were crushed w:t th a stirring rode Mter 20 minutes, when still no 

col.our change had taken pl.ace, the rest of the chlorotrimethyl.silane 

sol.ution vas added over 30 minutes. The temperature was brought down 

to 600 and the mixture was stirred for 12 hours, but still no colour 

change had taken place. The temperature was raised to 860 and the 

mixture Was stirred for another 12 hours, but the reaction mixture 

was still cl.ear. The temporature was raised to 1000 and the mixture 

was stirred for a further 12 hours at wh1.ch point the mixture took 
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on a ;yellow colour. Stirring was continued at 92° for another :n 
hours (t.ot.al. reaot.ion .tlme was 69 hours). 

The reaotion mixture was then cooled, the 'lU1reaoted Magnesium 

was filtered off, and the solution was hydrolyzed with saturated aque­

ous ammonium chloride solution and extraoted with chloroform. The 

chloroform extracts were washed four times with water and ~ed over 

anhydroU8 magne sium sulphate to yield a residue (43019 g) which was 

mainly hexamet.hylphosphorandde. So the residue was taken up in 

e:KICess water and ext.racted with ethero The ether extracts were dried 

over anhydrous magne sium sulphate and yielded 10.42 g of residue. 

85 

This was recrystallized fram 95~ et.hanol to yield 3.57 g of a mixture 

of meso and dl 2,3-dipheny1-2,3-bis(tr1..'Ilet.hylsilo~)butane; mp 93-10)0 c 

The IR spectrum showed bands at cm-1 , 2960, 2880 (C-H str.), 1440, 

1)65 (C-H bending), 14<]0 (aromatic C=C str.), 1250 (Si-CH.3 sym. de­

formation), 850, 768 (-SL~e) rocking), 1140 (Si-O-C str.), 700, 766 

(C-H bending in monosubstituted benzene ring). The NMR (COO13) spec_ 

t.ral data was as follows 1 

'( value multiplicity integration f protons assignment 
~ares 

2.4 multiplet. 77 12 .tme~OSiMe)C)2 

8.05 .s!.iig1et 

singlet. 39 

singlet. 19 

10.0 singlet 115 

1 

6 

18 

(meso and dl) 

(PhCH3OSiMe3C)2 

(form 1) 

(PhC~OSiMe3C)2 

(form 2) 

(PhC~OSiMe3C)2 -(form 1) 

(PhC~OS1Me3C)2 

(form 2) 



The rat.io of form 2 1 form 1 was 611 (861' f'orm 2). The mass spectrum 

showed that the molecular ion had mIe of 386, and the major fr~ent 

ions were at mIe 371,281, 193 (base peak), and 73; there were s@Ile 

less important ions at mIe 177, 163t 147, 135, 105, 103, and 91. 

(Fig. 11). The major ions arise as followsl 
+ 

•OSiMe3 +osiMe3 
1 1 1 \1 

Ph-C \ C(C~)Ph(OS1Me3) ~ 2 Ph-c..C~ ---? 2+ 
CH

3 
~=386 

21-CII:3. 

+ftSiMe3 '\. ,SiMe) 

Ph-,\,OC---C-Ph 

aLJ~ 
ml 371 

mIe 19) 
(base peak) 

+OSiMe3 
Il 

. mIe 73 

Ph-C . C-Ph 

Fig. 11 

Il 
CH.2 

mIe 281 

o! 
Il 

+ Ph-C-CH) 

mIe 105 
(minor) 

The Mass Spectrum of 2, 3-Diphenyl.-2 ,)-bis (trimethy~si~oJ<y )butane 

73 193 
~ 10 
~ 
III 
s:: 
CI) 

;!1 

· .. 
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r-4 ,; 1, J 
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Determination of whether form 2 was meso or <Ur 

The above mixture of meso and dl 2,)-diphenyl-2,)-bis(tr±me_ 

thylsil~)butane was recr,ystallized twice fram absolute ethanol to 

yield 1.72 g of cr,ystals which melted at 109_111C
). The NMR spectrum 

(COOl,) showed that this was only form 21 there was a phenyl multip-

~ at 2.4 't' (10 protOllS), a singlet at 8.40 -r: (6 protons; (PhCH,OSiMe,C)2 

of form 2), and a singlet at 10.0 1(18 protons; (PhCH30SiMe,C)2 of -form 2). Elemental. 8Bal.ysis of the recrystallized product gave good 

resultsa found carbon = 68.1~, hydrogen = 808~; cal.culated carbon = 

68.,~, hydrogen = 8.9~ for molecular formula C22H)402Si20 

A quantity ot 125 mg of the reorystallized form 2 was hydro­

lyzed with 16 ml. of 0.6N hydrochlorio acid in 5 ml of dioxane and a 

drop of chloroform, by stirringfor 6 hours.at roam temperature fol­

lowed. 'b7 17 hours at 650 • The solution was then diluted with water, 

e:x:t.racted with chlorofora~ and dried over anhydrous magne sium sulphateo 

The residue so obtained was separated by preparative TLC (solvent 

benzene) and the band at Br = 0.'5 was collected (50 mg, 67~ yield) 

by extracting with a chloroform-methanol solution. The product 

melted at 108-1120 (lit. mp of meso 2,)-dipheny-lbutane-2,)-diol is 

117_8°). The NMR spectrum (COOl,) of this product showed a phenyl 

singlet at 2.66 c: (10 protons), a singlet at 8.41 "'t"(6 protons; 

(PhCH,OHC)2 meso f·orm), and a singlet at 7.70 7' which disappeared -when e:xchanged with deuterium onde (2 protons; -OH). By comparison 

of this spectl"llll'l with published99 NMR data on meso and dl 2,3-diphen­

ylbutane-2,)-diol in deuterochloroform (Fig. 12), it was confirmed 

that form 2 was the meso forme 



Fig. 12 

NHa S~ectra of meso and dl 2,3-Diphe~1butana-2,3-di01 

in Deuteroch1oroform99 

.~ !!! 
Desoription Resonance Description Resonance 
of 2roton freguenc!; ('t) of :eroton freguenc;t 

-C~ 8.45 -C~ 8.55 

-OH 1.10 -OH 1.32 

-Ph 2 0 83 -Ph 2.83 

~-?:) 

After the f1rst batch of crystals of 2,3-dipheny1-2,)-b1s(tr1-

methy1s110:x;y)butane (86~ meso or form 2) had crystallized out, there 

was 1eft 6.85 g of res1dual 011 whose NMR spectrum (CDC13 ) showed 

that it was mdn1y (93~) 2,)-dipheny1-2,)-bis(trimethy'1siloJ!:Y')butane 

(meso and cU). 

So the residue was separated by c01umn chromatography (si11-

ca ge1; e1uent benzene) and the fractions having an Rf' value of 0.10 

were col1ected to yield 4093 g of a yel10w oi1. This Was recrystal­

lized from 95~ ethan01 to g1ve 0 0 52 g of orystals me1ting at 11-910 

whose mm spectrum (CDC1
3

) indicated. that 1t was a mixture of 65~ 

meso and 35~ cU 2,3-dipheny1-2,3-bis(trimethy1si10~)butane. 

Another 0.17 g of crystals came out upon standing. They me1t­

ad at 89_1000 and their NMR spectrum (CDC13 ) indicated that this 

mixture consisted of 12~ meso and 28~ cU form of 2,3-dipheny1-2,3-

bie(trimethy1si10~)butane. 

.... ' 
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The NHa spectrum (CDel) o~ the mother liquors (4.24 g) 

indicated that i.t contained. 85~ dl and 15~ meso 2 9 3-diphenyl-2 9 3-

bis(trim.etbylsilo~)butane and that it was quite pure (the si.gnals 

89 

weN sharp and in the correct rati.o and no other si.gna1s vere observed)o 

Therefore, the yield of 2,3-diphe~1-2,3-bis(trimeth7lsilo~)butane 

was 8.50 g of whi.ch 4.17 g. vas· meso",1md. !f,.)3 g was dl (dl : meso = 

1.02). This vas an 88. total. yield. 

The Attempted Pinacoli.c Reduction of Cvclohexanone by Chlorotrime­

thylsi.lane and Magnesi.um in Hexmnethylphosphoramide 

The sarne procedure was fol10wed as ror -t.he reacti.on with 

acetophenone. However, the only compound that was i.solated was 

starting materia1. The IR and NMR spectra and t.he VPC retention 

time were identi.ca1 to those or the cyclohexanone used. 

The Att.empted. Pinacoli.c Reducti.on of 2-Furyl Methyl Ketone b:r 

Chlorotrim.ethylsilane and Magnesium in Hexametnylphosphoramide 

The same procedure was followed. as for the reacti.on wi th ace-

tophenone. However, only tars coul.d be isolated as products. 

"'If', 



PART II 

ELUCIDATION OF THE STRUCTURE OF GOMATINE, A COMPOUND HAVING 

ANTIHISTAMINIC ACTIVITY, EXTRACTED FROM CROvm GALL TUMORS OF 

TOMATO PLANTS 

INTRODUCTION 

Antihistaminic Activitv 01: Pl.ant Gal1 Tumor Extracts 

Ga11.s are hypertrophies of pl.ant tissues caused by insects, 

m1.tes, bacteria, f'ungi, and possibl.y other organisms. These organ­

isms mq initiate either mechanical. or chemical. stimul.ii. The 

l.at.t.er 1s probabl.y the more importa.Y1t. in the production or gal.l.s. 

Oak gall.s are exampl.es or gal.l.s caused by wasps, whereas crown gal.l.s 

are induced by' bact.eria. Natura1.l.y occuring crown gal.l.s are round 

most rrequentl.y on the stems or tomat.o, tobacco, and sun fl.ower. 

They are considered mal.1gnant tumors which produce MetastaSes and 

rrequently kill the host.. 

Fe1dberg and Kovacs 100 demonstraJc.ed t.hat an ethanol.ic ext.ract 

of oak gal.l. tumors, when injected int.o guinea.-pigs, protected the 

animal.s against a l.ethal. dose or hist.amine aerosol. and that. the 

prot.ecti.on l.asted for at least. twenty-f"our hours, sometiœes ror as 

l.ong as four days. 

Broome et. al.101 observed that. an ethanol.ic extr8.Ct of crown 

gal.l. tumors of" tomato pl.ants, when injected into guinsa.-pigs, al.sp 

proteoted the animal.s against a l.ethal. histamine dose, somet.imes 

1:or as long as 1:orty-seven deys. 

..... 
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Isolation of the Aotihistpm1nic Pripciple(s) of Crown Gall Tom0ra 

Kovacs et 81102,103 isolated a crude cr,yst811ine form of the 

antihist8lllin1c princip1e(s) found in crown ga11 tumors of tomato 

plants. It close1y' resem.bled tomatine, a known constituent of toma­

to plants, having antihistamin1c activity.104 The cr,ysta11ine crown 

g811 substance resembled tomatine both in its physiological prope~ 

ties and. in its chelllical oharactel"istios such as e:t,.em.ental composi-

tion (Table 8) and IR spectral data (Fig. 13). 

TABLE 8 

THE .ELE:!·OOfrAL COMPOSITIONS OF THE CRYSTALLINE CROWN 

GALL SUBSTANCE, TOMATINE, AND GOMATINE 

Element ~ COMPOSITION 

Crystalline crown 
Element g81l substance TOlIlat.ine'" Gomatine 

Carbon 57.38 58.07 58.1 

Hydrogen 7.91 8.09 8.4 

Nitro.gen 1.27 1.35 2"'* 

Ref. 103 

*Ca1culated values. 

"'*Insuff1cient lIlaterial was availâble for proper analysis. 

Wakkary103 separated tOlllatine out of this crude crown gall. 

substanoe by precipitation with chOlesterol. (Tamatine forms an 

ethano11nsoluble complex with cholesterol). The crude tomatine-
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Fig. 13 

The IR Speotra of the Crystalline Crown Gall Substance (A) p 

Tamatine (B), and Gamatine (C) 
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f'ree extract. al.so elàd.bit.ed ant.ihist.aminic act.ivit.y. When it. was 

anal.yzed by paper chromat.ography, t.here appeared eight. spot.s, none 

of' which had t.he same Rf' val.ue as t.omatine. The crude tomatine-f'ree 

extract. was separat.ed by gel f'ilt.rat.ion on a Sephadex LH-20 column 

and gave a cryst.al.1ine mat.erial. t.hat showed ant:Udst.ami.nic act.ivit.y. 

It was named "gamat.ine". Gamatine was si.m:ilar t.o, but. d:i.f'f'erent. 

f'ram, t.amatine. It came of'f' close to tanatine on the SephadLex column, 

indicat.ing that their molecular weights were sim:ilar. Their elemental 

compositions were quite sim:ilar (Table 8) as were their IR spectra 

(Fig. 13). However, their melting points were dif'f'erenta gomatine 

melted at 186-70
, whereas tomatine melted at ZlOo. 105 

Stra.cture El.ucidation of' Tomatine 

:rn 1950 Kuhn et al106 and Ma and Font aine 107 reported that 

the hydrol.ysis of' tomatine yielded two moles of' glucose, one mole 

of' galactose, one mole of' :x;ylose, and the aglycone, tomat.idine. 

The latter mel.ted at 20.5-70 and on hydrogenation in 50% acetic acid 

with pl.atinam oxide revea1ed the presence of' a double bond. 

In 1951 Fontaine et al.108 presented "evidence that tomatid1ne 

was a steroidal. secondary amine because, with digi.tonin it f'ormed 

an alcohol-insoluble cOii1pl.ex wh1.ch is characteristic of' a 3-(/3 )-ol. 

sterol. configuration, and by acetylation, tomatidine yielded an N,a.. 

diacetl"l derivative which ind:i.cated the presence of' a secondar,y 

amino group. They al.so showed that the absorption of' one mol.e of' 

hydrogen by tomatidi.ne, upon hydrogenation, was Dot due to a doubl.e 

106 bond as had 'btlen pr.e""ously reported, but may have been the re-

sult of' '\:ohe opening of' an oxidic linkage, as was reported bl" Marker 

.. ~;. 
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109 
et al for sapogenins. Further evidenoe for the opening of an 

oxidio ring was that a:rter ~rogenation an ackH.tional. hydroJ!;1l group 

appeared, sinoe acetylation then added three instead of two acetyl. 

groups. 

The steroid struoture of tomatidine was con:fil'llled by Sato et 
110· . 

a1 who established that the point of attachment of the portion 

oontaining the seoondary amine was at 0-20. 

Thus, tomatidine is a 3-({3 )-sterol having' an oxidic linkage 

similar to the sapogenins and a secondary amine group. Therefore p 

the structure is s:i.milar to that of the sapogen:ins, except that a 

nit.rogen at.om is substituteè for an oxygen atOll! in ring F. The.ab­

sol.ute con:figurati.on of ring F was con:firmed by Boll and Sjoberg.111 

Tomatidine has struoture XLIV. A forma1 total. synthesis of tomati­

dine has been publ.i.shed by Schreiber and Adam.11~ 

l---""",,/~""-Me 
NJ . 

. 0 li 

HO 

XLIV 

The tetrasaccharide moi.ety of tomat,1ne, composed of one mol.e 

of ~~lose, two mol.es of D-gl.ucose, and one mole of ~galactose, 

i.s cal.l.ed l.ycotetraose and is attached to the steroidal porti.on at 

the 3-~~posi.ti.ono Kuhn et al.113 determ:1ned the structure of 

.'"1(' 
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lycotetraose by partial hydrolysis of tomatine il1l which D-x;ylosa was 

lost, followed by methylation of the derived al.kaloid and hydrolysis. 

Further partial hydrolysis and opt.ical data confirmed that lycotet­

raosa has structure rLV. (The point of attachment of tomatidine in 

the structure of tomatine is shown in structure XLV). 

C~OB 

~ 0 'J.0- tomatidi.ne 

~ 
OB-.-

XLV 

The object of the work to be described vas to elucidate the 

structure of gomatine. 
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RESULTS AND DISCUSSION 

Since gomat.ine was sill'lil.ar to tomatine as far as it.s probabl.e 

mol.ecul.ar weight., el.ement.al composi t.:ion, and IR spect.rum were con­

cerned (see p. 93), it. was assumed t.hat. it.s st.ruct.ure was al.so 

sim:1.l.ar t.ot.hat. of t.omatine. However, only ,...,20 mg of recryst.aJ..l.:1.zed 

gomat.ine vere avail.abl.e for t.he st.ruct.ural. det.el"lll1.nat.ion, and so 

Most chemical met.hGds could not. be used. The det.ermination vas done 

by VPC anal.ysis, IR spect.roscoPJrIl and mass spectromet.ry. 

AnalTsis of t.he Suger Moiet.T of Gomat.ine 

Gomat.ine vas hydrolyzed wi t.h 5~ hydrogen chloride in met.hanol 

and t.he sugars t.hat. were isolat.OO vere anal.yzOO by VPC as their tri­

methyl.sil.yl. ethers according to the method usOO by Tschesche114 for 

analyzing the sugars in tomatine. 

1t was found. that three different. sarnpl.es of gomatine yielded 

the same sugars, and in the sarne rat.io, as did tomatine (Fig. 14); 

n8lllel.y two mol.es of glucose, one mol.e of gal.act.ose, and one mole of 

:x;vl.ose. 

St.ructural Det.ermination of the St.eroidal Moiet.T of Gomatine 

The st.eroidal. aglycone that was l.eft. a:fter gomatine vas 

hydrol~ was purif'ied by preparat.ive TLe and analyzed by mass 

spect.rametry and IR spectroscopy. 

The maas spcctrum of tomatidine is shown in Fig. 15 and it.s 

accurate mass measurement is given in Tabl.e 9, those of a rel.ated 

compound, sol.asodiDe, are shown in F1.g. 16 and Tabl.e 10 respe"'+'ively. 

'!'he most probable mass spectral. fragment.at.ion pattern for these two 

compounds, which gives rise to the observed ions, is shown in Fig. 17. 

...... 

. '\ 
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Fig. 14 

Gas Chromatograms o'E the TriDtetby'1si1y1 Ethers of" the Sugars Obtained 

From the Hydroly'sis o'E Tomatine and Gomatine 

Tomatine 

:x;v1ose 

~ 
..,1 

-r -~ 

2 4 6 8 10 
Retention T1me (minutes) 

G9I!latine 

:x;v1ose 
i 

2 4 8 10 
Retention Time (minutes) 

g1uaose , , 

ln 

j'J. }\ 
1 • -. 

12 14 Mino 

g1ucose 

gal.aatose 
• 

12 14 

Ratio ot :x;vloselgalactoseagluaose = 11112 tor tomatine and gomatine. 
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Fig. 15 

The Mass Spectrum of Tomatidine 

Fig. 16 

The Mass Spectrum of So1asodine 

TABLE 9 

ACCURATE MASS MEASUREMENT OF TOMATIDINE 

Measured. Mass Ca1cu1ated. Mass Elementa1 Composition 

114.091509 114.091884 

cont.inued 



TABLE 9 (cont'd) 

Measured Mass Calculated Mass Elemental Composition 

1)8.128193 138.128268 C9H16N 

387.349609 387.350097 C26H4SNO 

400.321691 400,,321537 C26Bt,.2N02 

415.345292 415.)45011 C27~5N02 

TABLE 10 

ACCURATE MASS MEASUREMENT OF SOLASODINE 

Measured Mass Cal.culated Mass Elemental Composition· 

114.091509 114.091884 C6B12NO 

1)8.128193 138.128268 C9~6N 

385.3)4358 385.3)4448 C26Ef43NO 

398.305317 398.305888 C26lfLa.oN02 

413.329506 413&329362 C27H43N02 

Figo 17 

The Mass Spectral Fragmentation Pattern of 

Tomatidine (T) and Solasodine (S) 

{ (Tl II'"~ 415 
(S) W= 413 

20 ({22 
) 

o 
(T) and (S) 

mIe 114 l H" transter 

cont'd 

"'(', 
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(T) ~= 415 

(s) M"'= 413 

{-

fig. 17 (cont'd) 

. 22HO [ 
) ./-_---.1 

[~ 
/ 

) 

(T) and (S) 

mIe 138 

..cs,. [ 
) 

(T) mIe 400 

(S) mIe 398 

(T) mIe 387 

(S) mIe 385 

'.'fI" 
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The mass spectrum of "g01llat1dine", the stero1da1 mo1ety- l.eft 

when goma.t1ne (samp1e I) was hydrol.y'zed, 1a shawn in Fig. 180 and 

1ts accurate mass measurement 1s g1ven in Tab1e 11. The upper parts 

Fig. 18 

The Mass Spectrum of Gomat1dine 

~100 
114 

..., 
1ifao s:: 

CD 

~ 60 

! 40 

1;1 20 .... 
~ 

138 
413 

f 
415 

f 429 
s 431 (101+) ,... 

120 160 200 240 280 320 360 400 440 mIe 

TABLE 11 

ACCURATE MASS MEASUREMENT OF GOMATIDINE 

Measured Mass Ca1cu1ated Mass Elementa1 Composition 

4310337 !t .004 431.339926 C27B45N03 

4290322210 429.324246 C27B43N03 

415.342119 4150345011 C27H4~02 

413.332126 4130329362 C27'3N02 

387G349609 387.350097 C26Bt.5NO 

385.333596 385.3~ C26B43NO 

138.128171 138.128268 C9B16N 

114.091207 114.091884 C6Bt2NO 
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of the mass speetra of two other sampl.es of gomatidine, as wall as 

sampl.e l, are shown in Fig. 19. The 1argest psaks in al1 three sam,.. 

pl.es were a.t mIe 114 and 1)8, as in Fig. 18 for samp1e l, and are not 

shown. Sinee these are the same as the 1argest peaks in the speetra 

of tomatidine and s01asodine, and they are due to the same ions (ac_ 

curate mass measurement), o,ne may' assume that gomatidine has the same 

type of structure as tomatid1.ne as far as the D, E, and F rings are 

coneerned. (Fig. 17 showed how these ions' arise). The peaks at mIe 

415, 400, and 387 in gomatidine samp1e II are much smal.l.er rel.ative 

to those at mIe 413, 398, and 385, respe~t.i",e4r$ than in samp1e l 

and they are negllgib1e in sampl.e III (Flg. 19); and the accurate 

mass measurement of these peaks (Tab1e 11) indicated that they were 

the same as those of tomatidine. Therefore, these peaks probabl.y 

represent the presenoe of contaminating tomatidine in gomatidine. 

The accurate mass measurement of gamatidine (Tab1e 11) showed 

that the m01ecular ion (mIe 431) had the eomposi tion of tomatidine 

vith one more o~en atem and that the peaks at mIe 413 and 385 

had the same cOll1posi tion as those of s01asodine. Thus, i t was thought 

that gematidine has the structure of tomatidine with an extra hy­

dro~ group, and that the 10ss of water by the m01ecu1ar ion in the 

MuS spectral. fragmentation 1ed to an ion having a strncture isomeric 

with s01asodine and so gave the same mass spectrwn. So both s01aso­

dine and gomatidine (samp1e I) Vere exchanged with methanol.-d and 

their mass speetra were taken and compared to the unexchanged com­

pounds (Fig. 20). For s01asodine, there were a max1m:um of two ex.­

ohangeah1e hydrogens (the peak at mIe 413 moved to 415 and 414, the 



·'le'· 

103 

Fig. 19 

The Mass Spect.ra of GOIIlatidi.ne and Gomat.idine t.hat. was Reduced 

w1 t.h Li t.h1um .Aluminum B;ydride 

G01Ilat.ic11ne Reduced. Ganat.id1ne 

Samp1e l 

4t3 

Samp1es l + II 
440 420 400 mIe 380 

387 

Samp1e II 387 

415 

415 413 )R 1,3
8

5 

1'" , "1"'·, Il!II'f,:,~I~ 
385 413 400 

440 420 400 380 
mIe 

420 400 380 
mIe 

Samp1e III Samp1e III 

.413 385 

413 

440 420 400 380 
mIe 

440 



Fig. 20 

The Maas Speotra of Solasodine and Gomatid1ne Exchanged with Meth~ 

nol-d COJI1pared to those of Unexchanged Solasod1ne and Gomatidine 

415 
"'\ 

Ela:hanged 

420 ... 410 400 

hnhanged . 

415 

Solasod1.ne 

390 380 
mIe 

Gomatidine 

420 400 380 440 
mIe 

Unexchanged 

410 400 390 380 
mIe 

Une:xchanged 

413 

429 

420 400 380 
mie 

one at 398 to 400 and 399, and the one at 385 to 387 and 386 alter 

exchange); whereas for gOlilatid1.ne there were a mumimum of '\",hree 

exchangeable hydrogens (the molecular ion moved as far as 4)4 frOJll 

"1f'. 
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4)1; the peaks at 41) and )85 showed oJÜy two exchangeabl.e hydrogens 

since those peaks were due to the M"'-H20 and o.r-~O)-CO ions, ras­

peot1.ve~). Thus, g01llatidine seems to have the stl"lloture ot toma.­

tidine with an extra hydro~ group. 

This typa ot stl"llcture can arise tram the hydration ot sola­

sodine, if it was present, in the hydroly'sis of gomatine. Theretore, 

a sampl.e ot sol.asodine was hydrolyzed under the same conditions that 

were used tor gomatine and it was purified by preparative TIC in the 

saille wq as g01llatidine was.· The mass spectrum ot the product so ob­

tained W&s that ot pure sol.asodine as in Fig. 16. Theretore, goma­

t1dine is not just sol.asodine that was bydrated in the hydrol.ysis 

step. 

The IR speotra otgomat1.~~!, __ (~.§l1Ilpl_es II: and. m> ware ide~ 

tical.. They were compared to the speotra ot 7-C:<-hydroxy- and 9- 0(. 

_bydro~omatidine115 (Fig. 21). The speotrum of gomatidine was si­

m1l.ar to those ot both ot the above compounds; howevar, gom:~tid:ine 

had, in addition, a strong carbonyl. stretching band at 1725 cm-1• 

Thus, the peak at mie 429 in the :!lUS spectrum of gomatidine is 

probabl.y due to a compound having the structure ot tomatidine with 

a carbo~l. group at some position. 

Gomatidine (sampl.es l and II were combined;· and sampl.e· III) 

was then reduced with l.ithium aluminum bydride and the IR speotra 

were taken ot the reduoed products. The spectra were identical. and 

one of them is shown in Fig. 21. The carbonyl. group at 1725 cm-1 , 

that was in the spect~ ot gomatidine, was al.most gone,. there were 
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Fig. 21 

The IR Spect.ra or 7-o(-hydr~CIIlatid1ne (A), 9 ... O<-hydroXTtana.­

t.id1ne (B), Ganat.id1ne (c), Gomat.id1ne t.hat. was Reduced 

wit.h Lit.hium A1uminum Hydride (D), and So1asodine (E) 

100· -"*'- 80· -G) 
60. 

A ~ 
~ 40. 
i 20 • ~ 
/!. 

100. -~ 80. -
CI) 
0 60· 

B ti 
~ 40. 
i 20. 5 
~ 

100. -~ 80. -CI) 
0 

60· ta 
C 

~ 40. 
III 

20. fa s.. 
~ , » • [ • , i i 

4000 )000 2000 1800 1600 1400 1200 1000 800 

cm-1 

cont.'d 
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Fig. 21 (cont.'d) 
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~ 40. 
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20· fa 
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100 • -~ - 80· 
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§ 60 .. 
E i 40· 

fa 20· 
~ , i i 

4000 3000 2000 1800 1600 14Ô0 1200 1000 

t.wo bydro:xy st.ret.ching f'requencies (at. 3690 and 3621 cm-1) t.hat. were 

of' equa1 int.ensit.,. wh:11e in t.he spect.rum of' gomat.idine the peak at. 

3605 sa-1 vas much strcngsr then the one at. 3675 cm-l, and the 0-0 

stret.ching band at 1200 cm -1 vas much stl"Ônger than in the spectrum 

of gomatidine, indicating that there are probab1y more 0-0 groups in 

the reduced samp1e. However, the spectrum ot reduced gomatidine did 

not. match that ot either 7-O(-hydro:x;y- or 9-0< _hydro~omatidinë115, 

nor, for that matter, that. ot so1asodine (Fig. 21). It May be a 

mixture ot the tirst. two compounds, 01' the hydro:xy group May be in 

a dif'ferent position 81together. 

..•.. 

107 

600 



HO 

HO 

In t.he mass spect.ra or t.he samples or reduced gomat.1d1ne, t.he 

peak at. mIe 429 disafipeared, but. so did the one at mIe 431 (Fig. 19), 

alt.holigh t.he lat.t.er vas expect.ed t.o be present. as t.he molecular ion. 

The peak at. mIe 431 could also not. be seen in t.he spect.rum or semple 

III or unreduced gomat.idine (Fig. 19). A likely explanat.ion for 

t.h1s observat.ion is t.hat. t.he molecular ion (mIe 431) loses wat.er 

very readily t.o give t.he peak at. mIe 413, and so t.he molecular ion 

it.self is not. seen in t.he mass spect.rum. 

Thus, it. was concluded t.hat. gomat.idine probably consist.s or 

t.he rollowing species which give rise t.o the observed ions in t.he 

mass spect.ruma 

XLVI 

mIe 431 

XLVII 

mIe 429 

mIe 398 
-C~~ 

-~O ~ 
--~) mIe 413 

) ~ . 
J -OH at. any or a number -co ~ mIe 38,5 

or posit.ions 

p---'" Olle 414 

-~O 
----~, mIe 411 

.J ~O 
~ at. any or a number ~ 

or posit.ions 
mIe 401 

"""It' 
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Both of the &bove species will give the major ions at mie 114 end 

138. Some samples of gomatidine were coataminated w1th tOll1atidine; 

thus, one cannot el.1minate the possibility that the gomatidine coul.d 

have been contaminated. with solasodine as well since the mass spec_ 

tra of gomatidine contained a1l of the peaks for solasodine (sample 

III showed oriLy the peaks for solasodine; the molecular ion at mIe 

4'1 was not seen). However, gœatidine sample III and the samples 

of reduced gomatidine were not just solasodine, since their IR 

spectra were different fram that of solasodine. 

The sugar moiety that was analyzed for gomatine may have been 

due to the contaminating tOl1latine in samples l and II. However, 

gOl1latine sample III, which was not ~ont_8II11nated with tomatine, also 

ga.ve the same sugars and in the same ratio. The suger moiety may 

be attached at the three hydro~ group of either or both of species 

XLVland XLVII'. 

Summary 

The antihistamine act.i ve compound isolated by Kovacs and 

Waklcary from crown gall tUlllors of tomato plants does not seEml ta be 

a pure compound, but a mix:t.ure of at least two compoundsl one 

having the tomatine structure with an extra hydro~ group attached 

at one of sever al positions; and another having the structure of 

tOl1latine with a keto group at ~ of several positions. The anti­

hist.amine active compound was often contaminated with tomatine and 

it cou1d possibly have been con'toaminated vith a g1:y'co~aloid of 

solasodine as welle 

···,l. 
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EXPERIMENTAL 

The Hydrolysis of Tomatine and Gomatine 

The method of Tscheschel14 was followed. About 5-10 mg of 

tamatine or gomatine were hydrolymed with 5 ml of a 5~ solution of 

hydrogen chloride in Methanol for five heurs under refl~ After 

cool.ing, thEj solutions were diluted with twice the volume of water 

and the organic camponents were extracted three times with chlora-

forme The aqueous-methanolic layer was neutralized on an ion e:x;.. 

change column with rexyn 203 (OH) and the solvents were removed on 

the rotar.y evsporator st 650 by azeotroping with benzene. The 

sugars so obtained were dried overnight in a dessicator and silyl­

sted with bis(trimethylsilyl)acetamide. 116 The same procedure was 

carried out s:imul.taneously on pure glucose, gal.actose, x;ylose, and 

a lal11 molar mixture of these sugars for comparison purposes in 

the subsequent VPC analysis. 

Silylation of Sugars with Bis(trimethylsilvl)acetamide116 

The sugars were dissolved in 0.5 ml of pyridine and stirred 

under reflux with an eXDess of bis(trimethylsilyl)acetamide (0.5 ml) 

at 500 for 30 minutes. A calcium chloride drying tube was attached 

to the top of the condenser to keep the system dry. 

halysis of the SUgars Obtained fram the Hydrolysis of Gomatine 

The method of Tschesche114 for the VPC ~ni1ysis of the sugars 

fram tomatine was followed. The silylated sugars were a!'lal.yzed by 
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" - VPC on a silicone rubber c01umn (UCW98), using a programmed temper. 

ature run f'rom 150_2250 at lOO/minute, with a post injecti~n inter­

val. of' two minutes. The hellum f'low rate was 35 m1/minute. Sp-yl­

ateol g1.ucose, ga1.actose, x;y10se, and a hl:l mol.ar mixture of' these 

sugars. all of' which had been subjected to the ssme hydr01ysis 

conditions as tomatine and. gomatine, were anal.yzed as well as the 

silylated sugars obtained f'rom. the hydr01ysis of' tomatine and goma.-

tine. It was seen that both gomatine and tomatine yielded, upon 

hydro~sis, two m01es of' glucose, one m01e of' galactose, and one 

mole of' x;ylose (Fig. 14). Three dif'f'erent samp1es of' gomatine were 

aDal.yzed and the results were al.ways the ssme.(See Tab1e 12 f'or the 

quantities of' gomatine used and of' the sugars obtained.) .. 

Struoture Elucidation of' the Steroidal. Moietx of' Gomatine 

The chlorof'orm extracts f'rom the hydr01ysis of' gomatine and 

tomatine were evaporated using a stream of' dry nitrogen. The crude 

gomatidine and tomatidine so obtained were purif'ied by preparative 

Ttc using precoated sheets with f'luorescent ind1cator added and a 

special deve10ping apparatus designed,f'or use with these sheets 

(all made by Kodak). The solvent system was benzene-methan01 9:1. 

The bands were visual.1z$d by UV light and thosa having an Rf' value 

c10se to that of' tomatidine were extracted with 13% methanol in 

ch1orof'orm. Pure tomatidine had an Rr value of' 0.40 in this system. 

Three dif'f'erent ssmples of' gomatidine were obtained. (See Tab1e 12 

f'or quantities of' gomatine used and ot gomatid1ne isolated). 

' .. '. 
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The mass spect.ra were taken o~ t.he tomat.idins. soobt.ained 

(88Me as t.hat o~ pure t.omat.idine, Fig. 15) and o~ the three samples 

o~ gomat.idine (Figs. 18 and 19). The IR spect.ra (CBCl) were taken 

o~ samples II and III or gomatidine on a perkin-Elmer 521 spectro-. 

photometer. They were 1dent.ical (Fig. 21). 

TABLE 12 

YIELDS OF SUGARS AND GOMATIDINE FROM 

THE HYDROLYSIS OF GOMATlNE 

Samp1e Gomat.ine 
Number (mg) 

Sugars 
(mg) 

3.1 

8.0 

Crude 
Gomat.id1ne 

(mg) 

*Tlds sample o~ gomat1ne was very crude. 

Pure 
Gomat.id.1ne 

(mg) 

1.0 

Isol.ated. at 

lY 

0.)9 

0.42 

The Reduct.ion o~ Gamat.1dine ldt.h Lit.hium Aluminum Hydride 

Gomatidine samples l and II were combined and reduced and 

g01llatidine s ample III lias reduced by the mathod o~ Micovic and 

Mihailovic.117 A f'lask equipped with a reflux condenser, magnetic 

stirring bar, and a dropping tunnel, and protected from atmospheric 

moist.ure by dryi,ng tubes was charged wit.h a large e:xcess Df' li.thium 

a1uminum hydride (-') mg; 0.1_mm.ol:.~s) and anhydrous ether (3 ml.). 

A solution o~ gomat1dine (samples l and II, ).6 mg = 0.005 mmo1es& 

...... 
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samp~e III, 7.4 mg:'= 0 .. 01 -oles) 1..1'1 anhydrous ether (1 ml.) was 

ed.ded at. a rate which maintained gentle retlux1.ng for about 1i 
ndnutes. aetlux:Lng was continued for 30 minutes, the mixture was 

cooled, and 2 ml. of water were added continuous1y by drops (no toam­

ing). The solution was then added to cold dilute sulphuric scid to 

decompose the complex aluminum campounds and to dissolve the preci­

pitated a1uminum hydroxide. The ether was removed, the aqueous 

solution was basified to release the steroid (a secondary amine), 

and extracted with ch1oroform. Ramova1 ot the solvant 1ett the 

reduced g01llatidine (samples l and II, 2.2 mg; ;sample III, 5.0 mg) 

whose mass spectra were taken (Fig. 19). Their IR spectra (CHC~), 

taken on a Perkin-Elmer 521 spectrophotometer, were identical (Fig. 

21). 

.... ' 
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