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Disilanes have been found to represent a new class of deoxygenating agents for aryl nitro compounds. Semi-
quantitative investigation of the effect ¢f disilane structure on the deoxygenation of 2-nitrobiphenyl (1) at 240°,
which yielded 2-aminobiphenyl (3) and carbazole (4), indicated only moderate reduction rate differences among
those disilanes studied, with hexachlorodisilane (Si;Clg) and hexaphenyldisilane (Si;Phg) being the most and
least reactive, respectively. In contrast, the relative ratio of 4:3 was markedly dependent on disilane structure and
varied between limits of ~70:1 and 1:35 for reduction with, respectively, cyclic 1,2-disilacyclopentene derivative 6
and SisCls. Deoxygenation of nitrobenzene (7a), o-nitrotoluene (7b), and p-nitrotoluene (7¢) with hexamethyl-
disilane (SioMeg) gave their corresponding amines and azo coupling products, with AG?¥sg0e = 41 kcal/mol for the
pseudo-tirst-order reduction of 7a in excess SioMeg. Qualitative comparison of SipMeg deoxygenation rates for 1
and 7a-c at 240° revealed that relative substrate reactivities were not in accord with expectations based on simple
steric considerations. Failure of 2-nitrosobiphenyl to undergo deoxygenation by SisMeg has led to the suggestion
that disilane reduction of 1 and, by extension, other nitro aromatics does not proceed in a stepwise fashion via ni-
troso intermediates. Mechanisms which accommodate this restriction and account for the observed stoichiometry
and products are discussed in terms of possible transient nitrene species. Attempts to carry out low-temperature
photochemical deoxygenation of 1 with SioMeg proved unsuccessful.
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Deoxygenation of nitro compounds (RNQOy) with appro-
priate reducing agents can, in principle, lead to generation
of nitrenes (RN:) as transitory reaction intermediates (eq
1). Early attempts to utilize metallic salts? for this reduc-

RNO, — RN: — products oy

tion process have been followed by more recent work with
metal carbonyls;® however, the majority of synthetic* and
mechanistic® investigations related to eq 1 have employed
Cadogan’s*® phosphine method (eq 2) to effect nitro group

RNO, + 2R,/P — RN: + 2R/PO @

deoxygenation. The proven ability of disilanes (X38i-SiX3)
to function as efficient reducing agents for various organ-
icéac7 (and inorganic®) nitrogen oxides, as well as phos-
phine oxides®26® and sulfoxides®® (eq 3), suggested to us
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that disilanes might also serve as useful deoxygenating
agents for nitro compounds.® In addition to the possibility
that such a process might hopefully proceed at tempera-
tures lower than those necessary with known nitro group
reducing reagents, other advantages were envisaged. Thus,
use of disilanes would preclude complications due to exten-
sive formation of unwanted phosphorimidate (RN=PRy’)
side products,*b10 which oftentimes accompany reduction
with phosphorus reagents, and limitations placed on deox-
ygenation of multifunctional nitro compounds due to the
well-known!! reactivity of phosphines toward halide, epox-
ide, and keto groups might also be removed by use of non-
nucleophilic disilane reagents. With these potential bene-
fits in mind, we undertook the exploratory investigation of
nitro group reduction by disilanes that is presented in the
following sections.!?

Results and Discussion

Deoxygenation of 2-Nitrobiphenyl with Hexameth-
yldisilane. Commercially available hexachlorodisilane
(SisClg) has been generally used in disilane deoxygenation
studies;® however, the somewhat detrimental characteris-
tics (H20 and Og sensitivity) of this reagent relative to hex-
amethyldisilane (SioMeg), which is readily prepared!® and
convenient to handle, led to selection of SisMeg for initial
evaluation. Our choice, like others,3#4a14 of 2.nitrobiphenyl
(1) as a prototypal substrate for deoxygenation was
prompted by the expectation that the nitrene (or nitre-
noid) intermediate derived therefrom, viz. 2-biphenylylni-
trene (2), would produce thermally stable products from
relatively well-defined reaction modes: 2-amincbiphenyl
(3) from H abstraction and carbazole (4) via formal intra-
molecular C-H bond insertion (¢f. eq 4). Nitroalkanes were

O ——»'Zi‘:gﬁe‘ @ @ + 2Me,SiOSiMe,
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not considered in the present study since similar reaction
modes with alkylnitrenes possessing a-hydrogens are gen-
erally low-yield events, due to efficient competition by in-
tramolecular «-hydrogen abstraction!® yielding imines
which subsequently undergo rapid polymerization.

As indicated by eq 4, deoxygenation is simply achieved
by heating an o-dichlorobenzene (ODCB) solution of 1 (0.7
M) containing 2 molar equiv of SizMeg (1.4 M) at 240° for
ca. 2 hr, using a sealed (in vacuo) glass ampoule. Analysis
(vpc) of the darkened reaction mixture revealed that only a
small percentage (~10%) of unchanged starting material
remains under these conditions and that near-quantitative
production of hexamethyldisiloxane (5) occurred. Work-up
led to isolation of 4 (42%) as the major product and a small
amount of 3 (4%). Only a trace amount (<1%) of an addi-
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Table I
Deoxygenation of 2-Nitrobiphenyl (1) with
Various Reagents

Product, %@

Reagent:1,

Reagent molar ratio Conditions 4 3
Si;Meg® 2 240°, 25 hr 42 4
(EtQ), PMe® 4 100°, 2 hr 85  Not reported.
FeC,0,° 13 210°, 0.5 hr 63 Not reported
Fe(CO)s® 1.4 142°, 24 hr 15 58

@ Isolated yield. ® This work. ¢ Reference 5c. ¢ Ferrous oxalate,
ref 14. ¢ Reference 3a.

Table IT
Deoxygenation of 2-Nitrobiphenyl (1) with Disilanes®
Product, %Y
Disilane Registry no, Unreacted 1,%0 .4 3
Si, Phy 1450-23-3 100°
Si,Me, 1450-14-2 90 4 1
Si,Me;(OPh) 32286-27-4 85 6 1
Si,Me; (Ph) 1130-17-2 27 37 7
PiMe; 40662-22-4 22 71 1
SiMe,
S8i,Cl,? 13465-77-5 13 10 47

o Sealed ampoule with o-dichlorobenzene (ODCB) solvent; [1]
= 0.7 M; [disilane] = 1.4 M; 240°, 1.5 hr. ? Determined by quan-
titative vpc after addition of triphenylmethane internal standard
and corrected for thermal conductivity differences. ¢ 95% after 15
hr, with 5% 4 and no detectable (<1%) 3. ¢ Vpc analysis preceded
by alkaline work-up of reaction mixture,

tional and as yet unknown compound was detectable by
vpc.

More accurate appraisal of the true product distribution
by vpe techniques gave 86% conversion of 1 into 68% 4 and
8% 3, with ~20% material loss attributable to intractable
“tars,” which were evident by tlec and are commonly en-
countered? in nitrene chemistry. Appropriate control ex-
periments confirmed that neither starting material 1 nor a
1:1:2 mixture of 3:4:SigMeg (or 3:4:5) react significantly
under the reduction conditions employed. These facts
suggest that the deoxygenation stoichiometry is as shown
in eq 4, which is a conclusion consistent with earlier stud-
ies®a.7 indicating that each Si-Si linkage in a polysilane is
capable of extruding one oxygen atom from the oxidant.

Comparison of the above data with typical results re-
ported for other deoxygenating agents (Table I) indicated
that SioMeg competes reasonably well with ferrous oxalate
and is superior to Fe(CQO); for production of the syntheti-
cally more significant ring closure product 4, but is not as
efficient as the phosphonite reagent.

Attempts to investigate possible acceleration of the disil-
ane deoxygenation rate of 1 by solvent variation were re-
stricted by the unavailability of media which are consid-
ered to be strongly solvating but yet inert toward SixMeg at
elevated temperatures. This dual criterion excludes sol-
vents such as hexamethylphosphoramide (HMPA) and di-
methyl sulfoxide (DMSO), as well as various alcohols. Con-
sequently, it was not surprising that substitution of ODCB
with either n-nonane, p-xylene, chlorobenzene, or bromo-
benzene, which are all relatively nonpolar substances, re-
sulted in little or no improvement on reduction velocity.'8

Modification of Disilane Structure. Variously substi-
tuted acyclic disilanes (Table IT) and the novel 1,2-disilacy-
clopentene derivative 6!7 were next explored in order to (a)
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Table ITI
Deoxygenation of Aryl Nitre Compounds with Si;Meg®

Products
Rxn  Unreacted

Compd time, br compd, % Amine (%) Azo (%)
1 13 0 4 (67°) Not determined
Ta 43 16° 8a (229 9a (119
(s 42 22 8b (14) Not determined
Te 45 50 8¢ (30) 9¢ (10)

¢ Sealed ampoule; molar ratio compound:SizMeg = 1:3, no sol-
vent; 240°.  Determined by quantitative vpc with addition of
authentic material, unless specified otherwise. ¢ Isolated yield.

Si—Si
Me™/ ' {\\Me
Me Me
6

assess those structural features which might afford in-
creased deoxygenating capacity toward 1 and (b) possibly
elucidate mechanistic aspects of the reduction under con-
sideration. Moreover, there has been only one systematic
investigation? of disilane structure with regard to deoxyge-
nation potency, and this was primarily restricted to remote
electronic effects of ring substituents in phenoxypenta-
methyldisilane [Si;Me;(OPh)] derivatives.

The relative amounts of unreacted 1 listed in Table II in-
dicate that only moderate deoxygenation rate differences
obtain for the disilanes studied, with the exception of hexa-
phenyldisilane (SizPhg), which was effectively inert under
the specified standard reaction conditions.'® These roughly
comparable deoxygenation rates for 1 stand in contrast to
dramatic disilane reduction rate inequities which may be
extracted from available literature data. Thus, we estimate
that SioMes(OPh) is on the order of 1000 times more reac-
tive than SisMeg toward conversion of trimethylamine
oxide to trimethylamine? and that SisClg is capable of re-
ducing phosphine oxides ~500 times faster than Si;Meg.62
It may therefore be concluded that those factors which ren-
der SisMes(OPh) and SipClg considerably more reactive
than Si;Meg in amine and phosphine oxide deoxygenations,
respectively, are unimportant in the present context. In
similar fashion, the enhanced reactivity (>95-fold) of
“strained” 1719 disilane 6 over acyclic model compound
SisMes(Ph) toward Si-Si bond oxidation by m-chloroper-
benzoic acid is not translated into a comparable deoxyge-
nation rate difference toward 1 (¢f. Table II).

Deoxygenation of Other Nitro Compounds with
Hexamethyldisilane. Reactions at the ortho position in
biphenyl systems may, on account of steric effects, be
subject to pronounced rate retardation. It was of interest,
therefore, to determine whether sterically less encumbered
nitro groups, relative to that in 1, undergo disilane deoxy-
genation under more mild reaction conditions.

Reduction of 7a-c with SizMeg (eq 5) gave the expected

NO-_) NH‘Z
@ excess Si;Me; @ + @_N= N—@
240°
R R R R
7 8 9

+
Si,OMeq (5)

a, R=H; b, R=0-Me; ¢, R=p-Me
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amines as major products in addition to somewhat lower
yields of azo coupling products (9) (Table III). However, in
contrast to expectations based on simple steric arguments,
comparison of reaction times and amounts of unreacted
starting material listed in Table III for 1 vs. 7a and 7¢ re-
veals that deoxygenation of the more accessible nitro
groups offered by 7a and 7c is actually slower than that for
1. Unimportance of steric effects is similarly indicated by
comparison of the data tabulated for 7b and 7¢, since the
crowded o0-NO3 group in the former system undergoes more
extensive reduction than its para-positioned counterpart in
7c. At this point, we can only speculate that “electronic
factors” may play a dominant role in governing relative
disilane deoxygenation rates.

Causative factors underlying the production of 9 are dis-
cussed in a following section dealing with mechanism.

Kinetic and Mechanistic Considerations. The kinetics
for deoxygenation of aryl nitro compounds with disilanes

were briefly studied using 7a and SigMeg (20-fold molar ex- -

cess) as model reactants. The pseudo-first-order rate con-
stant (k') calculated for disappearance of 7a from duplicate
runs is k’gepe = 5.6 £ 0.1 X 10~ gec™! (12 =~ 34 hr), which
corresponds to AG¥agpe = 41 kcal/mol. This value for AGH
is significantly lower than the ~51 kecal/mol energy of acti-
vation reported for thermal decomposition of 7a20 and
other?! aromatic nitro compounds into aryl and NO; radi-
cals via initial C-N bond homolysis.21:22 These facts, in
conjunction with the demonstrable thermal stability of
SisMeg under the present reaction conditions, lead us to
conclude that free-radical disilane deoxygenation paths ini-
tiated by C-N and/or Si-Si bond fission are not likely.

Mechanistic studies of nitro group deoxygenation with
phosphorus reagents have prompted the suggestion5#—< of a
stepwise process (eq 6) involving monodeoxygenation of
RNOg via 10 to produce nitroso intermediates (RNO),
which then undergo relatively rapid deoxygenation to gen-
erate nitrenes (or nitrenoids). An analogous series of trans-
formations (eq 7) is reasonable for disilanes, wherein 11 is
similar to the intermediate (12) postulated?® for disilane
oxidation by peracids (eq 8).

o
|2 | RP0
l A,

RN | = &N RNO
P . P ’ +PR3 S’Pl—RKPPO
RNO, 10a 10b e
NN RN: (6)
I SlX3
RN—0," 0% pNo Sike, s“’é;s RN:
* SIX3 N
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We have investigated the above possibility and have
found that 2-nitrosobiphenyl (13) suffers essentially com-
plete decomposition to mainly “tars,” without forming de-
tectable amounts of 3 or 4, when heated at only 90° (19 hr)
in ODCB containing a 20-fold molar excess of Si;Meg (eq
9). These observations, coupled with high (80-90%) materi-
al balances obtained for Si;Meg deoxygenation of 1, mili-

”

@ @ excess Si,Meg Z “tars ©
90° 3-5
NO
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tate against the intermediacy of 13 during reduction of
with disilanes and, hence, eq 7 or any other monodeoxyge-
nation variant thereof.24

An alternative deoxygenation scheme, which bypasses
nitroso compound intermediacy and is a simple extension
of the disilane reduction mechanisms previously consi-
dered®7 for amine oxides, is shown in eq 10. In this scheme

|
RNO, + Si;Xg —> RlﬁOSiXa
o-

+ _SiX;g —_

- -81,0X¢
RN(OSIX)SiX; Si¥e, RR(OSIX),SIX, + ~SiX, —e%,

50
RN(OSIX,SiX, —2% RN: 0

14
(>0SiMe,

oo
@“Nn\

14a

SiMe;

initial nucleophilic attack? of RNO; at silicon and concomi-
tant Si-8i bond heterolysis is pictured as being followed by
a sequence of steps which features ultimate nitrene genera-
tion via a-elimination of disiloxane (Si;0Xg) from bis(sil-
yDhydroxylamine intermediate 14, We have recently ob-
tained evidence that supports the feasibility of this novel
“a-deoxysilylation” proess®526 (14 — RN: + Sip0Xg) and
demonstrates, inter alia, that expulsion of Si;OMeg from
14a takes place rapidly (r1/3 =~ 4 hr) at only ~100°, which
is far below those temperatures needed for nitro group re-
duction by disilanes. Thus, to the extent that eq 10 actually
reflects the mechanism for RNO; deoxygenation by disil-
anes, we conclude that the rate-limiting step occurs prior to
fragmentation of 14,

In an attempt to obtain more direct evidence for the in-
volvement of 14 in the present reduction studies, 14a was
pyrolyzed in a threefold molar excess of SioMeg at 240°,
which are the same conditions listed in Table III for SisMeg
deoxygenation of 7a. As expected on the basis of eq 5 and
10, 14a yielded 8a and 9a; however, in contrast to the ca.
2:1 ratio of 8a:9a obtained from 7a, compound 14a pro-
duced a ca. 4:1 mixture of these common products. As
shown in eq 11, the relatively high yield of 9a which is ob-

several H abstraction

7a + Si)Meg oo PhN:

(70\ Y (on (11

l
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served with 7a may be rationalized by assuming that for-
mation of 9a involves addition of phenylnitrene to unreact-
ed 7a? followed by deoxygenation of 1530 a similar path in
the aforementioned study with 14a is not operative. Con-
sistent with this mechanistic rationalization, it was found
that heating an equimolar mixture of 14a and 7a with
SigMeg results in a substantial increase in the relative
amount of 9a, viz. 8a:9a ~ 1:1.

Comparative studies of 1 and SixMeg vs. 16, which were
considered as an additional probe for the validity of eq 10,
have been foiled by our inability to prepare 16 via bis-tri-
methylsilylation of its unusually unstable3! precursor, 2-
biphenylylhydroxylamine.32

We note that while the thermal instability of 14a under
reaction conditions needed for SisMeg deoxygenation of 7a
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N-—O0SiMe,

Me,Si
16

precludes a search for residual 14a expected from 7a and
SigMeg on the basis of eq 10, derivatives of 14 where R =
alkyl and X = Me have been shown?5 to require fragmenta-
tion temperatures (~200°) which approach those presently
reported (220-240°) for deoxygenation. Consequently, disi-
lane deoxygenation studies with nitroalkanes, which we are
pursuing, may lead to isolation of derivative compounds
with structure 14 and thereby provide partial support for
the heuristic mechanism represented by eq 10.

Unequivocal mechanistic conclusions, especially with re-
gard to the question of nitrene intermediacy, are beyond
the scope of the present exploratory study and a detailed
interpretation of the variable product ratios listed in Table
IT would be premature. By way of a starting point and for
the sake of simplicity we have assumed, nevertheless, that
a nitrene intermediate is produced by disilane deoxygena-
tion of 1 and that the relative proportion of 4 and 3 is qual-
itatively indicative of singlet and triplet participation, re-
spectively, in the reaction manifold. The uniquely high per-
centage of triplet product 3 produced by SizClg (despite the
absence of abstractable H atoms), relative to the organo-
disilanes, can be accounted for on the basis of a “heavy
atom effect” associated with the chlorine nuclei in 8isClg.
Such an effect could accelerate crossing of initially pro-
duced singlet 2 to triplet 2 by efficient intermolecular in-
terag;ions immediately following nitrene generation (eq
10).

To test the preceding hypothesis, deoxygenation of 1
with 2 molar equiv of 6, which had produced the highest 4:3
ratio (71:1), was carried out (240°, 1.5 hr) in the presence of
4 molar equiv of CCly as a potential heavy atom donor. Ex-
pectations for a CCly-induced increase in the relative pro-
portion of 3 over 4 were confirmed hy our finding that 4:3 =
1:35. Control reactions (see Experimental Section) demon-
strated that this product ratio change was not due to selec-
tive decomposition of 4 by CCl.

If heavy atom effects associated with SigClg and CCly do
play a role in the deoxygenation of 1, the inefficiency of
ODCB and other aryl halides that we have used as solvents
toward inducing similar effects is not understood.??

Attempted Photochemical Deoxygenations with
Hexamethyldisilane. Ultraviolet absorption by nitroaro-
matics in the region of ~800 my is generally ascribed to an
n — 7* transition which produces a short-lived photoexcit-
ed state.?® The diradical character and increased reactivity
expected for this excited state species is further believed to
manifest itself in bimolecular photochemical transforma-
tions with a vaiety of reaction partners that are not ob-
served under thermal conditions.?® We have therefore ex-
plored the possihility of photoinduced NO;y group reduc-
tion®” with disilanes; however, results obtained with 1 and
SisMeg as a model system were discouraging (see Experi-
mental Section).

Conclusions

Aside from fundamental mechanistic questions which re-
main unanswered, the present results clearly demonstrate
that deoxygenation of nitro compounds can be accom-
plished with disilane reagents. Our results also suggest that
reaction temperatures necessary for these deoxygenations
may severely limit practical applications earlier envisaged
for this new method in organic synthesis. Development of
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more reactive disilanes to overcome this current restriction
is in progress.

Experimental Section38

Preparation of Disilanes. Hexachlorodisilane was purchased
from Alfa-Ventron and was used under anhydrous and oxygen-free
conditions without further purification. The procedure of Wilson
and Smith!® afforded Si;Meg containing <~5% contamination by
SigOMeg and “xylenes” (vpe, column A, 60°, 60 ml/min). Purified
SisPhg was obtained (50%) by slow recrystallization (hot benzene)
of crude material that was prepared (85%) according to literature
directions.?? Phenoxypentamethyldisilane? (bp ~60°, 1 mm) was
synthesized from chloropentamethyldisilane?® by analogy to stan-
dard procedures! and was purified by preparative vpc with col-
umn A (150°, 60 ml/min). Standard reaction of phenylmagnesium
bromide with an equimolar amount of chloropentamethyldisilane
gave crude SisMes(Ph),*2 which was purified in the same manner
as SipMes(OPh). Compound 6 was synthesized according to proce-
dures described elsewherel? and was purified!? prior to use.

Nitro Compound Deoxygenation with Disilanes. General
Procedures. Vpc scale reaction mixtures (~0.2-0.3 ml total vol-
ume) were sealed (in vacuo) in thick-walled Pyrex tubes before
heating in a calibrated, preequilibrated, Bichi (“Kugelrohr”) hot
air bath furnace. Reaction mixtures which were heterogeneous at
room temperature were found to be homogenous at temperatures
(200-240°) required for reduction. Preparative scale reactions
were run in the same manner as vpc scale studies using an appro-
priate number of glass tubes. Caution: in all cases a ratio of tube
volume to liquid volume (at room temperature) of ca. 4-5 was used
without incident, except for one spurious tube explosion with 1
and SizMeg in o-dichlorobenzene (ODCB). Additional details are
reported in Tables I-IIT and under specific headings which follow.

Deoxygenation of 2-Nitrobiphenyl (1) with SigMeg. Vacuum
(0.3 mm) short-path distillation of a reaction mixture, which was
obtained by heating 1 (50 mg, 0.25 mmol) and SigMeg (0.1 ml, 0.5
mmol) in ODCB at 240° for ca. 2 hr, led to isolation of an oil (frac-
tion A, bp 50-100°) and a less volatile solid (fraction B, bp 100~
140°). Tle [silica gel P¥-254, petroleum ether (bp 30-60°)-ether
(90:10)] comparison with authentic materials indicated that frac-
tions A and B were 8 and 4, respectively. Thick-layer chromatogra-
phy of fraction A, followed by recrystallization from ethanol, gave
pure 3 (4 mg, 4%), mp 46°, which was positively identified by ir
and vpc comparisons with genuine 8 (mp 47-48°) prepared from
zinc reduction of 1 according to the method of Kuhn.4® Recrystalli-
zation of fraction B from CHoClg-petroleum ether (bp 30-80°)
yielded pure 4 (35 mg, 42%) with melting point, ir, and vpc charac-
teristics identical with those of purified commercial material (mp
243°).

Quantitative vpe analysis (column A, 60°, 60 ml/min) of a dupli-
cate reaction mixture indicated a ca. 90% vield of 8isxOMaeg, based
on the amount of reacted 1 (88%). The latter quantity and correct-
ed vields for 3 (8%) and 4 (68%) were determined by vpc (column
D, 170°, 60 ml/min) after addition of triphenylmethane internal
standard. Material balances in this and subsequent runs were be-
tween 80 and 90%; slow-eluting dark-colored “tars” were evident
by tic, and a minor (~1%) unidentified component eluted (vpc) be-
tween 1 and triphenylmethane.

Relative Disilane Deoxygenation Rates for 1. Solutions of 1
(0.7 M) with the various disilanes (1.4 M) listed in Table II were
heated at 240 £ 5° for 1.5 hr according to the-above general proce-
dures. Quantitative vpc analyses (column D, 170°, 60 ml/min) for
all of the organodisilanes were carried out after dissolution of sol-
ids in CHClg and addition of triphenylmethane internal standard;
the presence of unreacted disilane was confirmed by vpc. In the
case of SiaClg, vpe analysis of the reaction mixture was preceded
by dilution with CHoCly and then vigorous stirring with 20% aque-
ous potassium hydroxide solution. Control reactions demonstrated
that 1, 3, and 4 are not effected by this hydrolysis procedure,5
which removed corrosive and bhighly reactive silicon-based com-
pounds. Results are summarized in Table II. Vpc precision was
judged to be ca. £5% and duplicate runs with 1 and SizMeg gave
ca. £5% relative precision error for the yields of 3, 4, and unreact-
ed 1. Control studies with 1 and SigMeg demonstrated that dou-
bling the usual tube volume:liquid volume ratio (vide supra) did
not significantly effect the extent of reaction or the ratio of 3:4.

Deoxygenation of Other Nitroaromatics with SixMes. Vpe
analysis (column B, 100°, 60 ml/min) of a solution of nitrobenzene
(7a) (0.2 ml, 2 mmol) in SixMeg (1.2 ml, 6 mmol) that was heated
at 240° for 43 hr indicated a 1:1 ratio of 8a and unreacted 7a.



Deoxygenation of Aryl Nitro Compounds

These vpc component identifications were confirmed by Kugelrohr
distillation of the reaction mixture to give an oil (bp 30-150°, 160
mm) from which 8a (22%) and 7a (16%) were collected by prepara-
tive vpe (column C, 135°, 60 ml/min) for ir comparisons with genu-
ine samples. Column chromatography [silica gel, petroleum ether
(bp 30-60°) with increasing proportions of ether] of the distillation
pot residue led to isolation (11%) and characterization of 9a by ir
comparison with commercial material. Heating at 1:3 molar mix-
ture of 9a:SizMeg under the above reaction conditions afforded re-
covered 9a in 90% yield, and a similar control study with 8a led to
quantitative recovery (vpc) of unchanged 8a.

Repetition of the above experiment (42 hr of heating) with
freshly distilled o-nitrotoluene (7b) yielded (vpc, column B, 100°,
60 ml/min) 22% unchanged nitro starting material and 14% 8b
which was identified by its vpc retention time. Column chromatog-
raphy (same as with 7a) led to isolation of a trace quantity (<5%)
of unidentified dark red colored crystals (mp >300°) and pale yel-
low colored crystals which rapidly decomposed.

The above procedures were carried out with p-nitrotoluene
(7¢) using a 45-hr heating period. Quantitative vpe analysis re-
vealed 50% 7c and approximately 30% 8¢, which eluted as a peak
extensively overlapped with a lesser amount of an unknown com-
ponent having a slightly longer retention time; isolation of this
later material was not successful. Column chromatography of the
reaction mixture gave a yellow-colored oil which crystallized from
petroleum ether (bp 30-60°) as light orange colored crystals (mp
140°) that were identified as the thermodynamieally more stable*4
trans-9¢ azo product (10%, lit.44 mp 144°; lit.** mp 105° for cis-
9¢).

Deoxygenation of Azoxybenzene with Si;Me¢. A mixture of
recrystallized azoxybenzene (99 mg, 0.5 mmol) and SizMeg (0.3 ml,
1.5 mmol) was subjected to the same reaction conditions as those
reported above for 7a. Tlc analyses [silica gel PF-254, petroleum
ether (bp 30-60°)-ether (90:10)] indicated that very little (if any)
azoxy compound remained and that a major product was accompa-
nied by at least three minor, strongly fluorescent, slower eluting
components. The major reduction product was isolated by thick-
layer chromatography and was identified by ir comparison with
authentic material as 9a (36 mg, 40%).

Kinetics for SizMeg Deoxygenation of 7a. Three sealed am-
poules containing aliquots of a stock solution of 7a (0.25 mmol) in
SisMeg (1 ml, 5 mmol) containing ODCB (0.05 mmol) as a vpc in-
ternal standard were heated in a constant temperature oil bath
which was preset and maintained at 220 + 3°. Tube removal after
4, 19, and 31 hr was followed by duplicate vpc measurements of
relative values for {7a)] given by (area 7a)/(area ODCB). A value for
r1/2 = 33.8 hr (k'2000 = 5.7 X 1078 sec™!) was obtained from a plot
of In ([7a):/[7a];) vs. time, which was linear and passed through
the origin. A duplicate kinetic run gave 712 = 34.7 hr (R’2000 = 5.5
X 10~ sec™1), Use of the average psuedo-first-order deoxygenation
rate constant (R’a20e = 5.6 £ 0.1 X 1076 sec™!) in the Erying equa-
tion gave AG¥g90e = 41 keal/mol.

Attempted Deoxygenation of 2-Nitrosobiphenyl (13). A so-
lution of 1345 (0.17 M) and SioMeg (3.3 M) in ODCB was heated in
the usual manner at 90° for 19 hr, as was a separate control sample
of 13 (0.17 M) in ODCB. Tlc [silica gel PF-254, petroleum ether
(bp 30-680°)—-ether (90:10)] of both the reaction mixture and con-
trol sample gave essentially the same spectrum of components,
which featured a spot having the same Rf value as 4 and indicated
the presence of at least five additional components, plus residual
“tars.” Only a trace amount of 13 was apparently present and 3
was not detected. Thick-layer chromatographic (same conditions)
isolation of the component initially thought to be 4 (mp 243°) gave
a 10 w/w % yield of dark brown colored crystals (mp 148-151°)
after crystallization from CHyCls-petroleum ether (bp 30-60°).
Further characterization of this unknown product was not pur-
sued, although it was found to have the same vpc retention time as
authentic 4 (column D, 170°, 60 ml/min).

Deoxygenation of 1 with 6 in the Presence of CCly. A solu-
tion of 1 (1 M), 6 (2 M), and CCly (4 M) in ODCB was heated in
the usual manner at 240° for 1.5 hr. Quantitative vpc analysis
(same as above, with triphenylmethane internal standard) indicat-
ed the presence of 33% unreacted 1 with 35% and 1% yields of 3
and 4, respectively. Material loss of 32% was associated almost en-
tirely with a reaction product that eluted shortly after 1 and could
not be isolated in a pure state for further characterization. Heating
4 (0.04 mmol) and CCly (0.22 mmol) in ODCB under the above
reaction conditions led to an ~10% (vpc) loss of 4, while a similar
control experiment with 3 (0.05 mmol) and CCL; (0.22 mmol) led to
an ~60% decrease in the concentration of 3.
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Pyrolysis of 14a in the Presence of 7a and Si;Mes. A 1:1:3
molar mixture of 14a2%:7a:Si;Meg was simultaneously heated (23
hr, 240°) in the usual manner with a second tube containing a 1:3
molar mixture of 14a:SigMeg. Duplicate vpc analyses (column B,
170°, 120 ml/min) of each reaction mixture, using appropriate
thermal conductivity cerrection factors, gave molar ratios of 8a/9a
= 1.3 and 3.7 for the three- and two-component mixtures, respec-
tively. Heating a 1:3 molar mikture of 7a:SioMeg under the above
reaction conditions gave a value of 8a/9a = 3.5, while a duplicate
experiment with a 42-hr heating period gave a molar ratio for 8a/
9a = 2.5, which was more in accord with earlier data obtained with
7a listed in Table III.

Attempted Photochemical Deoxygenations. Approximately
3-ml aliquots of a cyclohexane stock solution of 1 [0.05 M; Amax
(CeHi2) 290 my (log € 3.2)] which contained a fivefold molar excess
of SizMeg and tetradecane as an internal vpc standard, were irra-
diated at 3000 A in stoppered quartz tubes using a Rayonet photo-
chemical reactor equipped with a “merri-go-round” apparatus.
After 4 and 18 hr, vpc analyses (column B, 160°, 120 ml/min) re-
vealed that the concentration.of 1 decreased by ~5 and 20%, re-
spectively, without detectable (vpc) formation of 3 or 4. Repetition
of the above experiments using solutions that did not contain
SioMeg gave essentially the same results, within experimental
error. Analogous data were obtained by use of 2537-A light.
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Dihydrophenophosphazine Ring System!
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The reaction of diarylamines with phosphorus trichloride followed by treatment of the reaction mixtures with
water has been employed to synthesize the secondary phosphine oxides 1, 3, 5, and 7 and the spirophosphonium
chlorides 2, 4, 6, and 8. A mechanism for the formation of the oxides has been proposed. Phosphinic acids have
been prepared by oxidation of the oxides. The N-methyl derivative 12 has been obtained by a variant of the
Friedel-Crafts reaction in which N-methyl-di-p-tolylamine and phosphorus trichloride were heated together in the
presence of aluminum chloride and the reaction mixture was then hydrolyzed and oxidized.

It has long been known that the reaction of diphenyl-
amine with phosphorus trichloride followed by treatment
of the reaction mixture with water yields a heterocyclic
phosphorus compound with the empirical formula
C12H1oNOP.2 In 1960 Haring® published detailed direc-
tions for this reaction and showed that the heterocyclic
compound is a secondary phosphine oxide, viz. 5,10-dihy-
drophenophosphazine 10-oxide (1). On attempting to re-
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peat Hiring’s method of preparation, we found?! that the
phosphine oxide 1 was invariably admixed with a chlorine-
containing compound Cg4H;sCINsP. The chemical and

spectral properties of the latter substance showed that it
did not contain a P-H bond and that it was not a derivative
of trivalent phosphorus. The structure of the unknown sub-
stance was unambiguously shown by an X-ray study*® to
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be 10,10’(5H,5 H)-spirobiphenophosphazinium chloride
(2). This was the first spirophosphonium compound re-



