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~A~OS~~A~ES~C~R~MiWM TRIOXIDE AS EFFICIENT OXIDIZING 
REAGENTS 

3. M. AIZPUR~JA, M. JUARIW, B. Lwm and C. PAWHO* 
Kim&a Orpnikako Departamentua. Kimikn Fakuitatca 

Euskal Htrriko Unibertsitatea. Alfra, Donmtia Span? 

Aba&net Synthetic utility of ~a~~iian~~~romjurn trioxide reagents as cxc-ettent new oxidizing agents is 
described. ‘Ilrty are highly efftcimt for the oxidation of alcohols to carbonyl compounds, for the oxidative 
coupling of mcrcaptans into disulfides and for a mild dravag of oximes to car&my1 compounds. 

C~lorotfimethylsithromium trioxidc hasbarnshown tobeancacimtoxidizingagent forthemaversion 
of arylmethancc to ben&dehydes. The reagent is applied to fhe oxidative ckavag of some benxyl esters. A 
mild prcxxdurc for the &&nation ofurgamc wmpounds by means olin situ generam! iodonium spaies from 
this reagent and mokcular iodine ts atoo dtibed. 

Oxidation in organic chemistry is appamtfy of grcar 
value as a fundamental process in a wide scope of 
chcmicat conversions.“*2 It rctnains, however, of con- 
siderable intcrcst in the devclopmcnf of new reagents 
for oxidation reactions and in recent years scvctal 
papers have dcscrtbed methods which use a chromium 
~VI)s~j~~oxid~~ngag~~t.~-* Since theappcarance 
of pyridrnium chlorochromatc.‘*q other similar 
oxidizing agents have been devctopcd varying the 
amine ligand associated with the chlorochromate 
anion. 

This paper describes tbc preparation and appli- 
cations of a new class of chromium (VI) reagents 
derived from chromium trioxidt and hatosifancs. 

explosion took place. Once the reagent formed and 
diluted with the appropriate solvent (CHtClr, CCL or 
I ~2~ichlor~thane),dry nitrogen was bubbled through 
the solution to tliminate tracts of hydrogen chloride. 
The reagent prepared in this way was used for the 
oxidative transformations required without hazard. 
The replacement of the tr~methylchloros~~a~e moiety 
by dim~thyld~~hlorosilan~ or diphcnyld~chlorosilao& 
also gives orange-red solutions, but in these cases 
amounts of chromium trioxide remain in suspension. 
Although no evidence was found for the generation of 
the proposed oxidizing species 2 and 3. we have studied 
their potential UK in a wide variety of oxidation 
reactions. 

Treatment of trimcthyfchlorosilafe with powdered 
chromium t~oxide~previo~y exposed to atmospheric 
moisture for 5 -10 tin) in cquimolar amounts_ gave an 
orange-red solution which was diluted with dkhloro- 
methane. WC have attempted the isolation and 
characterization of the suggest& trimcthylsilyl 
chlorochromatc 2, but during distillation a violent 

The trimethylsifyl chlorochromatc reagent 2 has 
been preliminarily reported to be quite suitabic for 
the dkknt oxidation of bcnzylic alcohols and sccon- 
dary alcohols into the corresponding carbony 
compounds. ’ O 

Thw the CO groups were smoot hty formed at room 
temperature by treatment of hydroxy compounds with 
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R>cH-*H ~,JBOI 3b/CH3~tr/roun temp. 
) R\C=O 

R’ 

the reagent in a molar ratio I : 1.5. In this way. the Me 
groups attachad to aromatic rings art not oxidized 
into the respective formyl groups. The carbonyf 
compounds were isolated by distillation of the crude 
reaction mixture, after the evaporation of the hexa- 
methyld~ilox~c formed during the work-up. 

Simihtrty, dimcthykhloros~lane~hrom~um trioxide 
3a and diph~nyldichforosilanc~hromium trioxidc 3b 
reagents give the corresponding carbonyl compounds. 
From the fonmr reagent 30, the oxidation reaction is 
comparable to the trimethy~~iyl chlorochromatc 
reagent 2; however, it proceeded much siower in the 
case of the latter rcagcnl, and it was conveniently 
attowed to stir overnight at room temperature totnsurc 
thecompleteoonsumptionofstartingmaterials.ineach 
case, the conversion was easily monitored by TLC 
analysis of the crude mixture, and the work-up was 
simple, Thus, on compktion, moist silica ge1 was added 
to the mixture; filtration of Cr compounds gave a 
nearly colorfess solution and evaporation of the 
solvents followed by distillation of the crude mixture 
BBordcd thc~~~~nding~r~nyl compound. In the 
case of dimcthyIdich~or~i~ane-chro~um trioxide 
reagent 3a, the mixture was treated with 48% 
hydrofluoric acid in methanol under refiux conditions 
before distillation, in order to decompose the siloxane 
hydrolysis products. For the latter reagent, this 
treatment was not necessary bccausc the formation of 

high boiling siioxanc compounds, and the reaction 
products are easily separated by reduced pressure 
distillation. 

The results are compiled in Table 1. As can be seen 
from the table, diphenyldich~~rosilane~hromium 
trioxidc system 3b is kss efficient than the former 
reagents, probably due to the long reaction time, which 
permits overoxidations. 

Wehavcfound thcmtthod to~in~m~ti~cfor the 
oxidation of primary aliphatic alcohols to the 
corresponding afdehydes affording complicated mix- 
turca of products. probably on account of their relative 
facility to undergo secondary oxidations. 

In contrast to most oxidizing agents used in the 
literature procedures,‘* -Is the Cr (VI) reagents have 
been virtually ignored for the oxidative coupling of 
thiols to disuliidcs; there are, however. two brief 
reports.“** In our methods, thiois reacted smoothly 
with the reagents to give sckctively the corresponding 
disulfidcs without overoxidation. 

R-SH 
2013s 

c R-S-R 
Cl&Cl, 

Thtrcaction iscarriedout byaddingasoIutionofthc 
oxidizing agent to the corresponding mtrcaptans in 

Tablt 1. Oxidarion of alcohols 

Suhstratc 
I--. -.---I_ 

C,H,CHIOW 

CCH,OC,H,CH,OH 

4-CH,C,H,CH@H 

60,NC,H,CH@H 

(C,H,),CHOH 

OH 

F”cs- 

?z.F- 
OH 

cl-- OH 

RtagtnI Time 
-__----ll_ 

k 45 60 min min 

5 6Omin 22 hr 

k 1.5 40 min hr 
31 60 min 

2 3 hr 

3r 1.5 hr 
Jb 4 hr 

2 50 min 

: 
40 min 
1.5 hr 

u l? hr 

2 50 min 

Jb 20 hr 

YitWb 
Et 

--- 
81 
66 

76 
53 

93 
69 
57 

?J7 

92 
01 

82 

95 
fi 
5% 

90 

50 

‘Isolated yicJdofpurepr~uc~s.Thepuri~y asdelcrmimd by GLCand 
TLC analysis was ir 96”’ 2.7 

b M.ps wcrc in agremcnt with the iitcratun valuca.** 
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T&e L Oxidatios d mercaptans 

2905 

m.p. (‘1 or h.p. (‘:torf) 

Pfoduct 
I_ - .-- - 

C,H,SSC,H, 

CClC&SSC~H&%4 

dCiI&.H,SSC$i,CI1>-4 

4-Cfi,M3,lt.SSC,H.O1L’H,-4 

n-C,iiGC,H,-n 

C*H*SSC,H, 

H~CH*)~~~~~)*C~H 

C,H,CH ,SSCH&H) 

2 

2 

Time 
(minf 

,- - 

-13 1s 
-15 60 

- 13 IS 
- $5 60 

- 10 IS 
-15 60 

- tf3 IS 
-’ IS 61) 

-78 30 
-15 60 

-13 IS 

78 30 

13 30 

44 

95 

l Yield of isolated pure products. The purity ( ia 97%) of ail compounds was confirmed by TLC and GLC analysis using a 
Carbowax ZOM column. 

di~hloromcthane as solvent. If this order is inverted, 
yictds become very poor. As shown in Tabtc 2, this 
oxidation method may bc applied to alkancthiols as 
well as to arcncthiols. 

Similarly to the oxidation of4-mtthylbcnzyl alcohol 
by means of these ruigcnts,Cmethylbtntenethiol gives 
~rncthy~~he~y1 disulfide with no further oxidation of 
the MC group attached IO the aromatic ring. 

We next examined the use of these reagents for the 
oxidative cleavage of some oximcs. The generally used 
proccdurc for the recovery of the parent ketones or 

R’\ 2 or 3 

R’~C=N----OH - 

Ri\ 
R1/C==0 

aldthydcs from oximcs involves treatment of such 
compounds with pyrid~nium ~hJor~hrornate”.~ 7 or 
triethyl~monium chlorochromatc.’ The PCC pro- 
cedure ia not very suitable for the regeneration of 
aldehydcs from aldoximcs, because ovcroxidation 
occurs with this reagent. Pyridinium dichromate also 
was used for this oxidative dcavagc, but carbonyf 
compounds were not isolated. ’ 8 

The oxidative cleavage ofoximcs with tr~rncthy~~~~y1 
chlorochromatc 2 and dimcthyldichlorosilane- 
chromium trioxidc 2a in dichtoromethanc oc- 
currcd more quickly than with pyridinium chioro- 
chromate (12- 19 hr). The reaction was compietc in 
a brief time in all the cases studied. The results are 
summarized in Table 3. The gcneratity ofthe method is 
indicated by the fact that even bcnr.aIdoximc gave a 
high yield of bmzaldehydc without further oxidations; 
as weli as for the other aldoximes tested. 

One of the most important apphcations of the 
oxidation of arylmethana in organic chemistry haa 

been iIfustratcd by the oxidativr cleavage of C-N, 
C-U, C-C and C-H bonds, which has synthettc 
value in dcprotcctivc methods.rp*zO 

Although chromyl chloride is the most popular 
reagent for the oxidation of ary)methancs,zl there are 
some disadvantages associated with its use: high cost. 
difhculty in handling, lack of sensitivity, toxicity and 
instability. The synthetic utility of 2 aa oxidizing agent 
under homogeneous conditions in non-aqueous 
solvents, has led us to explore the bchaviour of this 
reagent in the oxidation of some arylmethancs. 

As described above, the ragems exhibit an excellent 
selectivity in the oxidation of 4-mcthyfknzyl alcohol 
and 4-mcthylbcnr..nc thiol without further oxidation. 

TaMc 3. Oxidative clcavsgc of oximes with 
ha~~ilan~~~b~~~ trioxidc reagents 

Rfact10n YicWb 
Oximc Rt!#lgent time Pb) 

~.-_-.- 

C,H,--CH=NOH 2 10min 72 
3a 2 hr 45 

4_O,NC,H,--CH=NC)H 2 15min 60 

CClC,H,<H=NOH 2 35 min 79 
3e 60mm 66 

(C,H,),C=NOH 2 105 tin 65 

(I=== 
NOti 2 POrnin 45 

l Y&d of pure Mat& carbonyl compounds. Carboxylic 
acids have not ban dctadcd by NM R and TLC analysu from 
the nude reaction mrxturc. 

’ Yields of redistilled products ; xitoxanc products have not 
ken daoad from NMR spectra at high smpiitude. 



Similarly, we have found that when tolucne wasshaken 
with 2 (molar ratio 1 : 3) at room temperature for 24 hr. 
only Z%conversion intobenzaldchydc wasobservcd by 
GLC analysis of the crude reaction mixture: however. 
we have found that the oxidation takes place when the 
reaction is carried out in boiling 1,2-dichlorocthanc. 
Under these conditions, we have observed that bcnzyl 
chlorides are formed in a competitive reaction process. 
In order to provide information to consider the likely 

mechanism of these oxidations, WC examined the 
oxidation of benzyl chlonde under similar conditions 
to those used in the oxidation of tolucna. and we have 
found that bcnzaldehyde was obtained in 65% y&id. 
From these results, we assume that the reaction 
mechanism can involve intermediates such as 4, 5 
and;or 6, which in the presence of water give the 
corresponding aldchydcs. 

The molar ratio of arylmcthane to reagent 2 

OH 

I 
CI- CrO+(C)i,), t Ar-CH, - AtC+&O--Cr-OSi(CH,), 

I 

OH 

2 I 
Ar-CH,Ct - A~CH(CL)O-C~-~~I(~~)~- 

I 
CL 

s 

OH 

I 
ArCH(O-Cr -OSi(CH,),), 

Hz0 
- Ar-CHO rC- 

I 

Tabk 4, Oxidafton of arylmethants with ~~rne~hyf~~yl chlor~hromaIe reagent 2 

SUbW8IC 
Yolar ratio T 
(2,;substratc) t ) TImC 

YlCld 
C-J ProducI* 

-. -. -. - -_, _- 
C,H,-CH, 

KiC,H,CH> 

4-NO,C,H,CH, 

CH,O CH&HrCX, 

CH,O+==&CH=CH-CH, 

C,H,--Cff,<:I 

-.. - - 
4:l 80 4.5 hr 

4:t 80 4.5 hr 

4: 1 80 6 hr 

6:l 2u 55 min 

IO:1 IS 4.5 hr 

S:i 0 1 hr 60 

3:t 80 6 hr 65 

- - -_. .- - 
57b 

55’ 
< 

C,H,-CHO 

4-ClC,H,-CiiO 

6NO&T,H,CHO 

60 

83 CH,O CHO 

C,H ,-CHO 

‘Al) compounds were tdentified from their physical and spFctroscopic pro~ics. which were in agreement with the htnature 
valucs.2P 

b Isola~d as 2,4-dinitrophcnylhydrazone derivative: bcn~yl chlonde and 4-chlorobcnzyl chloride were charactenxd as by 
products from the crude reaction mixture m a molar ratio (chloridc,‘aldehydc) 1: 6 and I : 7 rapcctivdy, dctermincd by NMR 
analysis. 

‘ The starting material was recovered in 979; yield. 
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‘I’ahte 5. &nq4 esta &avtd 

zvot 

Time Y icld’ 
Subsmlte RCSgcFlt (hf) C&) 

5 

s 
5 

4s 

75 
30 

*Yield of isolated pure prod~~ct. The putit) checked by NMR and cornyrisen with authentic 
%tm@cs. 

necessary for an &kicnt oxidation was found 1:4, 
when the motar ratio dccrcasui, the corresponding 
benq-4 chloride was produced in a greater amount. 

The results obtained arcr summsrizcd in Table 4. 
Gndet simifar reaction conditions, activated aryt- 
methanes (entries 5, 6) undergo facile oxidatin 
dealkylation into the corresponding aldehydcs. This 
fact has s&al intcrat for the deveioprnent of a new 
deprotcctive methodology. For example, benzyl cStcrs 
are oxidativcly cleaved into their corresponding 

carboxylic acids under mild conditions. Thus, 
treatment of a 4-mcthoxybcnzyl cstcr or a 3,4- 
dirn~hox~~~~tcr withthe~~nt 2or3inamoIar 
ratio 1: 4 at room t~~ratu~, gives after work-up the 
~~~odjn~ catboxytic acids in good yickis_ Some 
examples are given in Table 5 to illustrate this 
procedure for dcprotecting bcnzyl esters. It can bc seer+ 
from the tabk that the use of the latter reagent gives 
lower yields th~thefo~rone.On theotbcr handA is 
noteworthy that under simi~ar~ndit~ns to those used 
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for thisoxidativeci~vage,py~diniumchlor~hromate 
was found ineffective for such transformation. Thus, 
treatment of 4methoxyknzyl knzoate with pyri- 
dinium chlorochromate [molar ratio 1: 3) in boiling 
dichloromethane for 4 hr gave the unchanged starting 
knzyl ester. These results assumt added significance in 
view of the fact that knzyt esters are often cleaved by 
reductive methods. One report*’ has ken recently 
described toward oxidativt cleavage of knzyl esters by 
means of Friarylamine cation radicals; consequently. 
our proccdurerepresentsthefirst oxidativeclcavage for 
this class of compounds promoted by chromium (VI) 
reagents. 

The synthetic utility of reagent 2 is further shown 
by its potential use as a source of iodonium ion by 
combination ofthis reagent and molecular iodine in the 
absence of catalysts. Recent works showed that silver 
acrtate.z’ thallium acetate” and copper (II) acetatezf 
in combination with molecular iodine are efficicnl 
sources of iodonium species. The use of trimcthylsilyl 
chlorochromate 2 resulted in a great enhancement 
of iodine toward iodination reactions under homo- 
geneous and neutral conditions, probably by the 
generation of positively polari7d iodine. 

EXPERIMENTAL 

Prqarafron ofreagents 
Trimclhylsilylrhlorochro~c 2 Finely powdered CrO,( I .O 

g 10 mmol) 1s exposui to almospheric moisture for 5 IO min 
and then chlorotrimethylsilane (l..u) ml, IO mmol) is added. 
The mixture is uirred at 30-35” until the formation of a 
homogeneous orange red soln (%I0 min) which is diluted 
with 20 ml of Ihe appropriate solvent (CHsCI,, CCI, or 
CICH,CH,Cl) i;inally,dry N, is bubbled through thesoln to 
climinarc the traces of HC7 formed. 

UimPrhy~ldirhiorffsilc~omrwr trioxrdt 3a. Fmely 
powdered 00, (2.5 g, 25 mmol) is exposed IO atmo- 
spheric moisture for 5 mm and then dimc~hyld~~lor~~lanc 
(1.X ml. 15 mmol) is added. The mixture is stnred at 30 35 ’ 
until the formation of a heterogeneous orange-rod sus- 
pension (5 IO min) which is dilutaf with CH,C12 (IS ml). 
Fmally. dry N, is bubbled through the suspension to dimi- 
natc traces of HCI. 

Drp)len~ldiehic~~clsrlone-chromiun trwxide 3). Fmely 
powdered Crt), (2 g. 20 mmol) is exposed to atmospheric 
moisture for 5 mm. then diphcnyldichlorosilanc (2 ml. 
IO mmol) is added and the mixture is heated at 4>50’ for 
5 min The resulting mtxturc 1s dilumd with <‘H&i, (IO ml) 
and dry N;, IS bubbled through the suspension. 

(;ener& prcxedurefor r~agenr 2. Over a cooled (0 ) soln of 2 
(I5 mmol) prepared In CH,Cls as above, the corresponding 
alcohol(lOmmol)~dropwi~add~in~he~~~iv~I(5ml~ 
and the resulrmg mixture IS stirred al room krmp until the 

2/I,/soIv. 
- -_C-_c-R’ 

f \ 
‘R’ 

The results obtained from a variety of substrates are 
listed in Table 6. According to them, the reaction 
mechanismcan kexplained through the iodonium ion 
formation and subsequent attack ofa nucleophile such 
as chlorochromatc anion. This hypothesis is supported 
by the results recently repotted by IYAuria and 
D’Onofrio”’ on the nucl~philic reactivity of 
chlorochromatc anion toward m&nation reactions. In 
this case, reagent 2 also seems to k more reactive than 
py~diniumchlor~hromatc,~showninFhci~ination 
of anisolc (entry 2, Table 6). Instead this last reagent 
gave 4-iodoanisole in 30% yield as the only product in 
12 hr. the former reagent produces in a brie-f time a 
mixture of iodocompounds which were isolated in 
comparably higher yields. 

CONCLUSIONS 

The easy preparation and the synthetic versatility as 
good oxidizing agents of the reagents reported is 
obvious as demonstrated here by a rather limited 
number of examples, and may k readily extended to 

further applications. Finally. in our opinion, from the 
results reported reagent 2 seems to k more suitable 
than reagents 3a and 3b. 

substrate can no longer be detected by TLC (silica gel pIales; 
elumt : n-hcxane!AcOEt 3: I). Then, moist silica gel (5 g) is 
added and the mixture is filmred through a pad of silica gel. 
dried with Na,SO, and evaporated to afford the crude 
carbonyl compound. which is punfied by r~yst~l~l~on or 
distillation. 

tienerai procedure for reayenr 3a~ Over a cooled (0’) 
sus~~ionof~inCH~~~.pr~~asa~vc,Ihcalcoho1(10 
mmol) is added in the same wlvcnt (5 ml) and the resuhing 
mixture is stirred at room tcmp umil the alcohol can no longer 
lwderected by TLC.Thcn,moist silicagel ~add~(5g)and the 
mixture is filtered through a pad of silica gel. Evaporation of 
the solvent gives a crude mixture of the carbonyl compound 
and siloxane products. !&OH (10 ml) and W: HF (1 ml) arc 
added to the mixture and reguxed for 15 mm. Cfi,Ci, (%‘I ml) 
and water (2Oml)are added and the orgamc phaa separated, 
washed with sat NaHCO, aq and dried with Na,SO,. 
Evaporationofthesolvcntsgrvaacrudecarbonylcompound, 
which is punlkd by distillation IO afford the pure product. 

General procpdurcjor 3b. The same procedure as that for 2 
is followed. In this case, for 10 mmoi of subalrate 3b is prrpu#f 
from CrO, ( 1 g. IO mmol) and diphenyldichlorosilane ( 1 ml. 5 
mmol) m the same way as described in the prcparafion of 
reagcnls. 

Oxtdatim of mercrrprm to distdjidv* 
~~erhs~p~~~~~~de. Typical procedure for 2. A soln of 2 

(12 mmol) in CH,Cl, prepared as above is dropwise added 
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Table 5. Iodinations with t~tby~~~yl ~~or~brom~tc~i~i~ system 

O~Si(CH,), ‘ 

3.5 

3 

1.2s 

2 

2 

unstabfe 
2, 

unsrabk 

l The molar ratio aryl substrate:Zjlz Usat was 1: 2: 1.2; the molar r8do t~hylsilyl cnof erhtr&G, used was i : 2 : 1.5. 
cRca&on time at room tcmpcraturc; for entrim f and 3 rutction was carried out at 407 
* lsotatcd yields of pun pr~4ucts, the purity u determined by GK and NMR an&yss was 3 9P!4. 
d Al compounds were identified by their physical propcrtia (m.p.. b.p., IR and NMR spectral characteristics). 
’ Is&ted by fractwnd distiliotton of the crude restion mixture. 
“H.NMR(CDCI,)6mnn:a-iodoocrt : ?.3% 7.65 (m, ns UI. UI. arom.). 4.2% 2H. C&j ; ~-~~o~o~o~~o~ : 

7.RO,7.32(m.m,2W, 3~.arom.~~a-i~~o~: Idt oxmtrl. 
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