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Abstract - N-Renzoylperoxycarbamic acid (BPC) was found to react generally 

with imines and asines to form oxasiridines rather than N-oxides. The 
imine products were stable, but those found from asines apparently were 
unstable and converted to ketones or aldehydes plus diazo compounds. 

N-Bensoylperoxycarbamic acid &SC) has been reported by Rebek et al. to be an effective 

epoxidation agent, with an advantage over typical peracids that it yielded as co-products only 

neutral moieties.' This made it a potentially very useful reagent when dealing with acid-sensitive 

systems. 

We have in the past been interested in the thermal reactivity and photochemistry of asine 

monoxides 2 and thus have been interested in new, potentially useful oxygen transfer reagents for 

the synthesis thereof. In this regard, we found that txrffered trifluoroperacetic acid was useful 

in the preparation of a number of phenyl-substituted azine monoxides, i.e. k and P, while for the 

alkyl-substituted analogues, only decomposition products could be obtained.2 Other workers, before 

and since, have also attempted peroxyacid oxidations of arines with similar results.3r4 

- 

RR’C=N-N=CRR’ 
~H.~%Sf?J P 

RR’C=NfN=CRR 
WJ 

la (R=R’=Ph) 2s (91%) 
lb (R=Ph.R’=H) 2b (83%) 
Ic (R=nC&,R’=H) - nC3H7CHO + nC4H9Qm3 

Although no intermediata azine monoxide was able to bs detected in the latter case, it was 

considered reasonable that one might have formed and then undergone acid catalyzed decomposition to 

the products ohserved. Indeed H2S04-catalyzed decomposition of P resulted in analogous product 

formation. It was anticipated that use of Bpc as the oxidizing agent might lead to a reaction 

mixture more conducive to the isolation of asinemonoxide products. 

Bw, like other hydroperoxy oxygen-transfer agents, is very sensitive to the medium of 

reaction, being 200 times more reactive in an aprotic solvent such as CHC13 than it is in hydrogen- 

bonding solvents such as THP or alcohols.' Therefore most of cnir reactions were carried cut in 

==13, generally reacting the asines with aliquots of crystalline BPC until reaction was complete 

(no further gas evolution). 
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The oxygen-transfer action of peracids such as Bpc is thought to be facilitated by 

intramolecular H-bonding,'~5~6 such as in the BI'C structure 3. Usually there is competition in the 

oxidation of C-N double bonds between n-bond reaction to form oxasiridines and nitrogen lone-pair 

reaction to form N-oxides. 

It was found in the present study that asine monoxide formation surprisingly was not the - 

prevalent pathway followed for x of the asines studied, even for la and lb. Nevertheless, a 

careful examination of the products actually formed provided considerable insight into the nature 

of the WC reagent and how it compared with other peracids, in its reactions with C=N systems. 

RESULTS ANO DISCUSSION 

The reaction of bensophenone asine with SEC gave isolated 

bensophenone and benzophenone asine monoxide, respectively, with the 

room temperature and being complete after 19 hours. 

Ph,C=N-N=CPh, 
BK! 

c3JCl3 ) PhHLPh 
la 19h (68%) 

Reaction of bensaldehyde asine with BFC was rapid and 

bsnsaldehyde azine monoxide being formed in 622 and 20% isolated 

PhCH=N-N=CHPh 
lb 

Bpc 

ClJc13 
+ PhCHO 

(62%) 

+ 

yields of 68% and 25% for 

reaction proceeding slowly at 

;P 
Ph2=N-N=CPh2 

28 (25%) 

exothermic, with bsnsaldehyde and 

yield respectively. 

P 
+ PhCH~N-N=CHPh 

2b GW 
Reaction of butanal asine lc with SIC in chloroform gave 25* butanal (NMR yield using internal 

standard) in addition to 14% butyl N-bensoylcarbamate, and 7.5% butyl bsnsoate, but no asine 

monoxide product. It is interesting to note that the unstable carbamic acid produced from 

nC,H,CH=N-N=CHqH7 

lc 

reaction of BFC was apparently 

decarboxylate. 

BK! 
8 R 

b hWfl0 + PhCNHcoc,H, (14%) 
ac!b 

(25%) c 
+ PhCOC.& (7.5%) 

stable enough to be trapped by diasobutane bafore it could 

Under these conditions it seemed unlikely that the ketone and aldehyde major products could 

have derived from asine monoxide decompositon. Indeed it was found that both 2a and 2b were stable 

to the reaction conditions. To explicitly rule out the possibility that trace amounts of HCl often 

present in chlorinated solvents like CHC13 might have catalyzed the conversion of asine monoxide to 

carbonyl compound, the reaction of bensaldasine with BPC was carried out in benzene wherein the 

reaction proceeded similarly although with reduced yields: bensaldehyde (40%) and asine oxide 

t4*1. 

In related experiments bensaldazine was allowed to react with buffered meta-chloroperbensoic 

acid, a more classical oxygen atom donor, and with dimethyl dioxirane , a recently exploited oxyqen- 

atom donor which has no acidic properties, 7 vith the result that similar ratios of bensaldehyde and 

asine oxide were formed in each case. 

PhCH=N-N=CHPh 

lb 

MCPBA 
~.W'.N31cq ;P 

Fllcki2h3cl 
w PhCHO + PhCH=N-N&HPh + lb 

(17%) (9%) (34%) 

(Fw=o ) 

k_ 

(33%) + (1046) + (47%) 

OCq 
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Likewise bensophenone asine was oxidized with various reagents with similar results. It was 

found moreover in a separate experiment that the product, benzophenone axine oxide, was relatively 

la 

CH$sNIHq ;9 
b PhcPb (41%) + 2a 0%) + 18 (44%) 

Phcn2h3ci 

BPC :: 
) 

‘J’%CVFz” 
(53%) + (9%) + Ph&IWCCF3 (62%) 

stable to acid and converted to bensophenone and benshydryl trifluoroacetate only slowly when 

treated with trifluoroacetic acld/CH2C12 (34% conversion after 15 hours). In conclusion, it does 

not appear that a mechanism involving conversion of asine oxide to carbonyl product can bs involved 

in these reactions. 

Mechanism of Aldshyde and Ketone Formation - The likely pathway for carbonyl formation in 

these reactions involves initial formation of an unstable oxaziridine intermediate (5) as shown 

below in Scheme I for lb. 

Scheme I 

O? 
lb a Phdi&CHPh \ e PhCHO + PhCH=N, 

5 6 

PhCHO 4 
-N2 

-Is+ 
Pg-Nj ABPC 

8 

Oxasiridine 5 apparently decomposes largely via N-O bond cleavage to form a dipolar species such as 

6 which can convert easily to bensaldehyde and diazospecies 7. Phenyldiasomethane (71, in the 

presence of excess BPC would be expected to be oxidized to benzaldehyde, probably via 

hydroxydiazonium species 8. 

The thermal behavior of oxasiridines has been of interest since the initial report of their 

synthesis and chemical behavior by Emm0ns.S In his classic study, Emmons reported that 3- 

phenyloxaziridines rearrange in a general process to nitrcnes, i.e. via C-O bond cleavage, while 

0N- R %; mL + 

alkyl oxaziridines behaved quite differently, undergoing 

@ 

N-iBu A 
3ooo 

+ 

P\ 
~PICH-N-&I $, b 

preferential N-O bond c1eavage.S 

0 c N-iBu (83%) 

0 

in-&I-W (63%) 

Finally, Schmitz and Schramm found that when electron withdrawing substituents were placed on 

the oxasiridine nitrogen, C-N cleavage occurred:' 

/4 H 0 
-w Y 

‘N 

Ph 04 
(48%) 

-Ph 

Therefore, there are published examples of thermal rearrangements of oxaziridrnes wherein 3 

one of the different bonds in the three-membered ring can be seen to be preferentially cleaved. - 

Interestingly there have been "0 reports of oxaziridines having been synthesized with donor hetero- 

atoms such as 0, N or S bound to nitrogen. It might be expected that such species would be 

reactive with respect to N-O bond cleavage for the reason implied in Scheme I. 

Indeed Walborsky discovered that dimathyl hydrasonee could be converted to their respective 

carbonyl species upon treatment with KPBA.lo It seems likely that this process would have 

proceeded via an intermediate oxaziridine. In order to test this and Perhaps have the chance of 
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Me 
\ 

N 
/N-Me MCPBA 

DhIF,& 
0 (95%) 

isolating such an oxaairidine, hydrazone 9 was treated with BIG. While no oxaairidine could be 

detected, products which might have been expected to have derived from the oxaziridine via a 

M 

‘)- 
Me 

N/%h A; w re)= 0 Me + PhMeN-N=N-NMePh (37%) + 
9 

4 

302 

ph$;J168) 
Me Me 

Me -“6h - 

possible nitrena extrueion were clearly observed. There are a number of other examples of peracid 

or hydrogen peroxide oxidationa of hydrazone species which lead to carbonyl formatico."-'3 

In conclusion it seems probable that, as depicted in Scheme I, the carbonyl products which are 

formed from peracid oxidation of asines derive frcm precursor oxaxiridines such as 5 which undergo 

N4 bold cleavage leading to subsequent extrusion of a diasoalkane coproduct. 

Azine Oxide Formation - None of the results which ws have obtained give particular insight as 

to whether the azine oxide product which is usually formed in competition with the carbonyl product 

derives fram direct formation via reaction with the nitrogen lone pair, or via ccmpetitive C-C 

cleavage of the intermediate oxaziridine. 

One result which favors the latter explanation is that treatment of imines 1CIa and b with RPC 

leads only to oxaairidine products lla and h It was found, using a IO-fold excess of each imine, 

IOR X=Nq x BFC 

lob X=OMe 'tBU CHC13.RT 
@J-R@bl 

'tBu 

that lob reacted at a rate 1.8 times that of lOa, a rssult consistent with the rate-determining 

step being an electrophilic attack on the imine. Whether oxaziridines lla and b, or for that 

matter the proposed unstable oxaziridines such as 5, are formed directly via one-step, epoxidation- 

type addition" or via an addition-elimination (Baeyer-Villiger type) mechanism such as that 

proposed by Dgata and .9awaki6 cannot be inferred from the present work. 

Pate of the Diasoalkane Coproduct - It wouid be expected that BFC should convert any 

diaaoalkane to a second equivalent of carbonyl product as shown in Scheme I. There is precedent 

for the conversion of diazo compounds to carbonyl species upon treatment with peracids.15 The 

intermediacy of diazoalkanes in cur reactions was moreover demonstrated by carrying out the 

oxidations in the presence of excess carboxylic acid which is known to react rapidly to trap diaxo 

species. Thus ester 12 is formed in a yield comparable to that of tensophenone when BFC 

BFC.CHCl3 R - 
4 

R 
Ph,C=N-N=CPh* 

F@?zR 
) PhCPh + Ph&= -N=CPh, + Ph,CHOCCF3 

(53%) (9%) 12 (62%) 

oxidation of benzophenone axine is carried out in the presence of trifluoroacetic acid. 

Similarly, cyclohexanone asine was treated, in the presence of excess benzoic acid, with 1.2 

equivalents of BFC with the result that cyclohexyl benzoate was formed in 87% yield (%23 of 

o=N-N=o z3 ) 00 + (-JLWh (87%) 
PhcozH t; 

unreacted asine was also recovered). 

Reaction of BFC with Unsymmetrical Axines - Interestingly, when the unsymmetrical aaine 13 iS 

treated with BIG in the presence of benzoic acid the only carbonyl product is acetone, a result 

which clearly indicates specific oxidation at the azine nitrogen mart proximate to the dimethyl- 

substituted carbon, with the result that diphenyldiazomethane would be specifically formed and 
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trapped as shown below. 
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Ph2C=N-N=CMq BFC 

cHc13.RT 
) r'h2C=0 + MezcIo 

IU A 

(BEphcolHb fl via Ph&=N-6-b 

CHCIJ. RT Ph&HOCPh + MqC=O 

In a more subtle test of the selectivity of azine oxidation, u$symQatrrcal azine 14 was 

treated with BPC. ~gain carbonyl production dominated, but some azine oxide (15) was formed. 

Ph,C=N-N=CHPh Bpc ) 
?- 

CHC13.RT 
Ph,C=NfN=CHPh + PhCHO + Ph*C=O 

14 15 (23%) (74%) (76%) 
When the reaction was carried out in the presence of excess benzoic acid, the ratio of carbonyl 

products and ester products clearly indicated a preferential oxidation of nitrogen closest to the 

monophenyl-substituted and of the azine, such that oxaziridine 18 was by inference formed 

preferentially owr oxazitidine 19. 

14 BFc b 
CKIj. RT 15 (21%) + PhCHO (70%) + Pit&=0 (10%) 

WCqrH 
8 R 

+ Ph&HOCPh 16 (66%) + PllCHp!Ph 17 (10%) 

A A 
Ph&=N-N-CHPh 18 > Ph$!-N-N=CHPh 19 

Reaction of BPC with a Cyclic Azine - When cyclic azine 20 vas treated with excess BE, 262 of 

the expected diketone 21 was formed along vith 212 of a new type of cleavage product (22). 

Ph -A- \ I ph + N-N z:, RT n+f$%) + Ph$-NH-N5_ (21%) 

0 0 2 

20 21 22 Me 
Formation of 22 can be rationalized as occurring via oxaziridine 23 by a process such as that 

depicted in Scheme II. 

When this reaction uas carried out in THP, the yields of 21 and 22 were 60% and 30%, respectively, 

with sane azine oxide (7%) also being observed. 

CONCLUSION 

The results presented above are all consistent vith oxaziridines being involved as the 

primarily-formed, short-lived intermediates in the oxidation of azines with N-benzoylperoxycarbamic 

acid. The major products observed in these reactions, presumably resulting from the decomposition 

of such oxaziridines, yBre aldehydes or ketones and diazoalkanes. Mine oxides were formed, but 

never as major products, in contrast to expectations. 

While the use of BFC as an oxygen-transfer agent with azines did not provide us with a 

synthetic entry into new azine monoxide systems, the observed chemistry provided considerable 

insight into the nature of this reagent via-a-via other hydroperoxy and peroxy oxygen-transfer 

agents. The differences in regiosalectivity, i.e. oxaziridins vs. N-oxide formation, between 

various oxygen-transfer agents is an area worthy of further investigatron, both from a mechanistic 

and a synthetic point of view. 

EXPRRM~TAL SECTION 

Benzophenone Azine (la) Raaction with BPC - Into a 25-nL round-bottom flask equipped with 
magnetic stirrer and glass stopper were aMed 744 mg (2.06 -1) 1a.16 10 mL CHZl,. and 2.298 a 
(15.7 mmol) BFC. The- yellor mixture was allowed & 8-r at ambient temperature f%r 19 h. Th; 
reaction mixture was filtered to give a white solid and a yellow filtrate. The solid - washed 
with two 2-i& portions of CHC13* The combined filtrates were concentrated to give a yeller solid 
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tiich was then subjected to flash chromatography on silica gel, eluting with 20% ethyl acetate/co% 
hexane. 

The first eluted compound (Rf-0.73), a pale amber oil, was bensophenone. me yield was 509 rag 
(68%). The second eluted compound (R -O-46), 

f 
an amber Solid, was identified as benzophenone asine 

monoxide (2a). The yield waS 195 mg 25%). 
1510 (lit.17 mp 157O): 

Recrystallization from chloroform/hexane gave mp 148- 
IR (KBr) 306Ow, 303Ow, 248Ow, 159Ow, 1565m, 1525m, 149Om, 14408, 1315m, 

1295w. 12408, 1130m, 1075m. 970m, 960m, 7609, 69Ovs Cm-'; 'H NMR (300 MHz, CDC13) 6 7056 (m, ZH), 
7.47-7.36 (m, 6H), 7.33-7.24 (m, 10H). 7.08 (m, 2H); 13C W4R (75 MHz, CWl3) 6 172.0 (C=N), 135.8 

(quat), 134.3 (quat), 133.6 (quat), 133.1 (quat). 131.8 (CH), 130.8 (CH), 130.5 (CH), 129.9 (CH), 
129.7 (cH), 129.1 (CH), 128.7 (CH), 128.2 (CH), 127.8 (CH), 127.7 (CN); ~5 (m/e) 376(M+, 5), 
360(13), 283(28), 196(11), lSO(50). 165(100), 105(34), 77(69). 51(19). 

Bensaldehyde Asine (ib)18 Reaction with BPC, M4R Yield - Into a lo-mL beaker were added 55 mg 
(0.264 mmol) lb and 2 mL CDcl,. To the pale yellow solution were carefully added 259 mg (1.43 
mm&) 8PC a little bit at a tim'e. The exothermic reaction liberates C02. The reaction had a short 
induction period. After addition was completed, 27.5 mg (0.376 mmol) DNP were added as an internal 
standard. Integration of the 60 MHZ NHR Spectrum gave 5.12 for the bensaldehyde proton and 35.4 
for the W methyls. This translates to an tR4R yield of 62% for the bensaldehyde. 

Bensaldehyde Asine (lb) Reaction with BPC - Into a 25-mL round-bottom flask equipped with 
magnetic stirrer ware added 800 mg (3.84 mmol) 1b18 and 10 I& CHc13. To the stirred solution were 
carefully added 2.50 g (13.8 mmol) BPC a little at a time. Gas was evolved and the flask became 
warm. After completion of addition, the solution was allowed to cool to ambient temperature and 
bansamide precipitated. 'Ihe mixture waS filtered and the solid washed with 2 mL chloroform. 

'Ihe combined filtrates were subjected to flash column chromatography using silica gel and 
eluting with 20% CW13/80% hexane, then switching to 50% CHc13/50% hexane, and finally pure 
CHC13. The first compound to elute waS bensaldehyde (Rf=0.32). The second compound to elute was 
an amber semi-solid (Rf=0.12). A total of 175 mg (20%) of this compound was obtained. It was 
identified as bensaldehyde azine mcnoxide (Zb) by comparison with an authentic sample. A second 
flash chromatrogra hy 

R 
using CM313, followed by recrystallization fraa hexane gave colorless needles 

mp 127-128O (lit. 1 "p 130-131'): IR (KBr) 1660, 1610, 1580, 1555, 1450, 1410, 1210, 1095, 1070, 
820, 755, 690s cm- t H NMR (300 NHs, CDCl ) 6 9.40 (1H. s), 8.28 (2H, dd, J-2.1 and 7.3 Hz), 7.86 
(3H, m), 7.44 (6H. m)~ M8 (e/m) 224 (M+, 13, 207(3), 131(6), 103(100), 90(3), 76(43), 51(20); Mean 
of 8 scans is 224.0977+0.00235 (+lO.S ppm)~ Calc. adss for C14H,?N20 is 224.09496 dev + 0.002824 
(+12.6 ppm). 

Nitrobensaldehyde-t-butyl Imine (1lW Reaction with BPC - Into a 25-mL round-bottom flask 
eouiowd with wanetic stirrer were added 812 mu (3.94 mmol) 10e and 10 mL CHcl,. To the solution _ ~__ < 
were carefully added 876 mg (4.84 mmol) BPC a little bit at a time. Gas was ev:lved upon addition 
of the BPC and the flask became slightly warm. After addition wan completed, the dxtUre was 

allowed to stir for 20 minutes, then it was filtered and the insoluble solids were washed with 1 mL 
CHC13. The cabined filtrates were concentrated to give a yellow solid which was dissolved in a 
minimum of ethyl acetate and purified ky flash chromatography using 10% ethyl acetate/go% hexane. 
A total of 755 mg (86%) white solid oxaziridine (lid (Rf=0.53) were obtained: q p 63.8-64.8O 
(lit.8 mp 64-65O)j IR (KBr) 312Ow, 2970m, 287Ow, 249oW. 194Ow, 1805w, 16lOm, 1520s. 147Om, 13506, 
131:m, 1290m, 1255m, 1245m, 1210m, 1185m, 1105m. lOlOw, 915w, 865~. 835s. 820m, 750m, 720m, 69Om 
cm . 'H NNR (60 MHz, CDC13) 6 8.3 (2H. d, J=8.5 Hs). 
s); '13, tBlR (75 NHS, 

7.7 (2H, d, J-8.5 Hz), 4.7 (lH, s), 1.2 (9H, 
CDCl,) 6 148.9 (quat), 142.8 (quat), 128.6 (CH), 123.6 (CH), 72.3 (CH), 58.9 

(quat), 25.2 (CH3). 
a 

Methoxybensaldehyde-t-butyl Imine (lab) Reaction with BPC - Into a 25-mL round-bottom flask 
equipped with magnetic stirrer were added 805 m-g (4.21 mmol) of lob and 10 mL CHcl,. To the 
stirred solution were carefully added 1.008 g (5.56 mmol) BPC a little bit at a time. E'jolution of 
CO2 was immediate and the flask became warm. After addition of the BPC was completed, the mixture 
was allowed to stir for 20 minutes, then filtered and the white Solids washed with 2 mL CHCl3. The 
combined filtrates were concentrated to give a pale yellow semi-solid which was dissolved in a 
minimum of ethyl acetate and purified b flash chromatography on silica gel, eluting with 5% ethyl 
acetate/95% hexane. A total of 699 mg (80%) clear, pale amber liquid was obtained (Rf=0.54) which 
was the oxasiridine (11b):6 IR 2980m, 1615m, 1515m. 139Ow, 136Ow, 12508, 1170~1, 1035m, 830m cm-'; 
'H WR (60 MHs, CDC13) 6 7.4 (2H, d, J=9 HE), 6.9 (2H, d, J=9 HZ, 4.65 (lH, S), 3.75 (3H, S), 1.15 
(9H, s). 

After several months at ambient temperature in a clear glass vial, lib had rearranged 
completely to N-t-butyl-p-methoxybnsamide: IR (film) 341Qn (br), 308Ow, 2980m, 294Ow, 284oW. 
2500~. 1680~. 16039, 1580~. 156Ow, 1508s. 1463m, 1408m, 1363m, 1323m, 1304m, 1255~6, 1196m, 11708, 
11228, 1109m. 1030s. 91Ow. 840s cm-'; 'H ta4R (300 MH~, CoC13) 6 8.30 (2H d, J19.1 Hz), 7.48 (1H, 
s, NH). 6.91 (2H. d, J-9.0 Hz), 3.80 (3H, S, GCH,), 1.58 (9H, s, t-Bu); j3C tU4R (75 MHZ, ClXl,) 6 
160.8 iquat), 130.7 (CH), 124.1 (quat), 113.7 (CH); 70.0 (quat), 55.2 WH3)r 28.3 (t-Bu). - 

Competition Experiment Reaction of BPC with Imines - Into a lo-n& flask were added 191 mg 
(1.00 ~1) 11& 205 mg (1.00 pmol) lOa, and 0.5 mL CDCl,. To the solution were carefully added 20 
mg (0.11 r0aol) BPC. Gas was vigorously evolved and a cl'aar solution was formed. The solution was 
analyzed by 60 MHz 1~ NMR and the products identified by their methins chemical shift. Integration 
gave 3.7 for the nitrophenyl oxasiridine (lla) and 6.7 for the methoxyphenyl oxasiridine (Olb). 
l’%is translates to 64% for llb and 36% for lla. lt~e mthoxy derivative llb reacts 1.8 times faster 
than the nitro derivative llr. 

Benxaldehyde Asine (lb) Reaction with 8PC in Benzene, NMR Yield - Into a 5-mL roundl-iottom 
flask equipped with magnetic stirrer and glass stopper were added 100 mg (0.480 mmol) lb, 2 mC 
bsnsene~d6; _ and 261 mg (1.44 mmol) BFC. The yell- mixture was allo& to stir for 46 hours at 
ambient temperature. To the mixture were added 57 mg (0.780 mOl) CPIF. The mixture was filtered 

and the 60 MHZ 'H Ep(R of tne filtrate wa.s taken. The integration for the benzaldehyde proton was 
5.8 and the PIP methyl groups were 70.0. This works out to an M4R yield of 40% for bensaldehyde. 

Bensaldehyde A&h (lb) Reaction with BPC in Benzene - Into a lOO-mL round-bottom flask 
equipped with magnetic Stirrer and glass stopper were added 800 mg (3.84 ma101) lb and 10 mL 

benzene. To the clear, yellar Solution were carefully added 2.50 g (13.8 mmol) BE* only a little 
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88-89”) : ‘H tWR (60 MHz) 6 8.2 (ZH, 181, 7.4 (13H, m), 6.6 (Iii, br s). 

Zbe only product present in the final residue after evaporation of Ccl4 was diphenylaethyl 
bensoate which formed in quantitative yield. 

tube. 
When thi6 reaction was carried out in CDC13 in an WR 

it was also observed that as the lsethyl hydrogen signals of 13 disappeared, the msthyl 
hydrogen signals of acetone appeared. However in this case no bsnsophenons was detected at all. 

Reaction of N-Benxylidene-N'-diphenylmsthyleneasine (141 in Chloroform vith BPC - Nixed azine 
1423 was dissolved in CHcl, and BPC was added in small portions to the solution. Reaction was 
immediate with the 1iberat.G of gases. Sufficient BPC was added to consume all of the asine and 
then the solvent was taksn off in vacua. 'lhe residue was taken up in CC1 
removed by filtration. Analysis of the filtrate showed that it was % 

and the bsnsamide was 
ea e 

and asine mcnoxide 1517 as solutes. 
up of bsnsophenone, 

bensaldehyde, The yields were 76% for bensophenone, 74% for 
bensaldehyde, and 23% for 15. For 15: 

Reaction of Nixed Asine (14)23 
'H W (6ONHsl 6 9.6 (lH, 81, 8.0 (2H, ml, 7.3 (13H, ml. 

with BPC in Chloroform in the Presence of Bensoic Acid - Nixed 
asine 14 and benxoic acid were dissolved in CHc13 in a 112 molar ratio. Solid BPC was added to the 
solution in portions until all the axine was consumed. During the reaction, the solution turned 
reddish and gases were given off. lhe solution was extracted with aqueous NaHC03 until all the 
benxoic acid was removed and then it was drisd with Ma2S04. The solvent was taken off in vacua, 
the residue was taken up in CC14, and the bsnsamide was separated 
filtrate showed that the solutes present were azine monoxide 77 

filtration. Analysis of the 

diphenylmsthyl bsnsoate (161,22 and bensyl bensoate 17. 
15, bensophenone, benxaldehyda, 

The yields were 21% for 15, 10% for 
bsnzophenone, 70% for bsnsaldehyde, 66% for 16, and 10% for 17. For 17: LR 305Ow, 302Ow, 293Ow, 
1720s. 16OOw, 149Ow, 14401~. 137010, 13101, 12608, 1170m, 1105s. 1060m, 102Om, 7109 cm-'1 'H NMR (60 
MHZ) 6 8.0 (2H, ml, 7.4 (8H, ml, 5.25 (2H, 81. 

Reaction of 4,4-Dimethyl-3,5-diphenyl-4H-pyrasole (Ml with BPC in THP - 'Ihe asine 2D,' 
dissolved in THF at ro(3Q temperature, was treated, while stirring, with an equivalent of solid BR: 
added in small portions. After addition was complete, the reaction mixture was stirred for an 
additional hour. Tbs reaction mixture was diluted with pentane and the precipitated bensamide was 
separated by filtration. TIC on the filtrate revealed the presence of four compounds including 
unreacted asine. The mixture was separated by coluam chrowtographj. 
dibenxoylpropane2' obtained in 60% yield, 

The main product was 2,2- 
but the axine monoxide also formed in about 7% yield. 

About 30% yield of rearranged product 22 formed in the reaction. During the course of the 
reaction, a red color appeared. For 4,4-dimethyl-3,5-diphenyl-4(Hl-pyrasole-l-oxide:2 IR (Ccl41 
305oW, 297Gw, 166Cw, 1585w, 1555m, 152Os, 1440m, 1140m. 760m, 695s cm-‘; 'H NNR (60 MHZ, C!cC13) 6 

8.4 (2H, ml 8.1 (ZH, ml, 7.5 (6H, ml, 1.13 (6H, m). 

Bensophenone Asins (la) Reaction with HCPBA - Into a IOO-!aL rcund-bottom flask equipped with 
magnetic stirrer and cork stopper were added 721 mg (2.00 mnol) l&l6 100 mg (0.44 am011 
bensyltriethylammonium chloride, 4.0 mt CHCl , 

8 
and 30.0 I& saturated aqueous sodium bicarbonate. 

To the mixture was added a solution of 2. 70 g (9.60 mm011 W-85% m-chloroperoxybensoic acid 
dissolved in 30.0 I& CHC13. After four hours rapidly stirring at ambient temperature, the organic 
layer was separated and concentrated by rotary evaporation at reduced pressure to give a yellow 
solid. Purification by flash chromatography using silica gel and eluting with 20% ethyl 
acetate/802 hexane gave 54.5 mg (7%) pale yellow solid benzophenorle asine oxide (Rf-0.25).'7 This 
material was found to decompose to bensophenone upon standing several hours at ambient 
temperature. All spsctra wBre identical to authentic bensophenonone azine oxide. 

There were also obtained 1.0314 9 pale yella, solid (~~=0.54-0.651 which was further purified 
by flash chromatography on silica gel eluting with 30% CHC13/70% hexane to give 316.9 mg (44%) 
bensophenone azine (R,=O.OS), 299.9 mg (41%) bsnsophenone (Rf=0.201, and 327.5 mg white solid which 
was mchlorobensoylperoxide sp 121.0-121.8° (hexanel (lit.24 mp ;25.0°1: 'H @4R (300 MHZ, CDCl,) 
6 8.04 (lH, t, J=l.8 Hz), 7.95 (1H d of t, ~~'7.8 HZ and ~~~1.3 Hz), 7.64 (lH, ddd, J=8.1, 2.1 and 
1.1 Hz), 7.47 (lH, t, 5~7.7 Hs); "C - (75 HHZ, CD=1 ) 6 161.8 (Cdl, 

7 
135.1 (quat), 134.5 (CH), 

130.3 (CH), 129.8 (CH), 127.9 (CH), 127.1 (quatlr M9 m/e) 312 (M++2, 31, 310 (M+, 41, 266(10), 
249(71, 186(4), 156(g), 139(100), lll(411, 75(36), SO(l51. 

Henzaldehyde Asine (lb) Reaction with MCPBA - A IO-mL round-bottom flask was equipped with 
magnetic stirrer and pressure-equalizing addition funnel. 
mmol) lb,‘* 7.1 mg (0.031 

To the flask were added 59.5 mg (0.286 
mm011 benxyltriethylammonium chloride, 0.50 mL CDC13 and 2.00 mL 

saturated aqueous sodium bicarbonate. A solution of 148 mg (0.686 mm011 80-85% m-chloroperoxy- 
benzoic acid (MCPBA) in 2.0 mL CDC13 was added over a period of four minutes. After stirring for 
two hours at ambient temperature, the organic layer was separated and dried over anhydrous sodium 
sulfate. 'PD the solution were added 43.6 mg (0.3025 mm011 dimsthylmaleate as internal standard and 
the 'H PMR (300 MHZ) was taken. The absolute yields were determined by integration of the 
bsnzaldehyds resonance at 10.01 ppm, the bensaldehyde azins oxide resonance at 9.41 ppn and the 
benzaldehyde asina resonance at 8.66 ppm relative to the dimethylmaleate resonance at 6.22 PPP. 
There were obtained 0.9755 mm01 (17.1%) bensaldehyde, 0.02465 mmol (8.6%) benzaldehyde asine 
oxide,"l and 0.09577 mmol (33.5%) bensaldehyde asine remained unreacted. 

Bensaldehyde Azine (lb) Reaction with Dimethyldioxirane - Into a small vial were weighed 5.0 

=I (0.0240 mm011 lb. To the vial were added 1.00 mL (0.055 mv+oll of a 0.055 M acetone-d6 solution 
of dimethyldioxirane-d6 prepared according to the literature. 'Ihe clear, colorless solution was 
added to a small vial containing 6.2 mg (0.0430 mm011 dirmthylmaleate as internal standard and the 
'H tR4R (300 MHz) was taken. Integration of the bsnsaldehyde resonance at IO.06 ~1x0, the 
benzaldehyde asine oxide resonance at 9.42 ppa and the bensaldehyde asi- resonance at 8.70 ppm 
relative to the dimethylmaleate internal standard at 6.41 ppa gave the absolute yields. There vere 

obtained 0.0161 mmol (33%) benzaldehyde, 0.00243 mm01 (10%) bensaldehyde asine oxide, and there 
remained 0.0113 mm01 (47%) bensaldehyde asine. 

Bensophenone Asine (la) Reaction with BPC in the Presence of Trifluoroacetic Acid - IntO a 25- 
a& round-bottan flask equipped with magnetic stirrer and nitrogen inlet stopcock, ware added 600 mg 
(2.22 IMao 18, 10 mL CHC13, 506 mg (4.44 mmol) trifluoroacetic acid, and 1.206 g (6.66 mm011 
BPC. The yellow mxture was allowed to stir at ambient. temperature for 17 hours. lhe insoluble 

white solid was removed by suction filtration and washed with 1 mL CHC13. The CHCL3 sol"tio" was 
concentrated by rotary evaporation at reduced pressure to give a mixtUr8 Of liquid Containing a 
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pale yellow solid. The mixture was purified by flash chromatography using silica gel and eluting 
with 20% ethyl acetate/BO% hexane. 
oxide (till7 (Rf-0.46) were obtained. 

A total of 74.2 mg (92) pale yella, solid benzophemme azine 
There vere also obtained 810 mg pale yellow liquid (Rf=0.73) 

which was a mixture of benzophenone and yhydryl trifluoroacetate, which could not be further 
separated by chromatography. Analysis by H WR (300 MHz, CDC13) was performad. The amount of 
benxophenone was determined by integration of the arowtic resonance at 7.76 ppsl, while the 
benzhydryl trifluoroacetate was determined bu integration of the benzhydryl rethine resonance at 
6.96 p. In the mixture there were 426 mg (53%) benzophenone and 384 mg (62%) benzhydryl 
trifluoroacetate. 

Bensophenone Axine Oxide (Za) Reaction with Trifluoroperoxyacetic Acid - A 25-u&, single- 
ne&ed, ramd-bottom flask was equipped with mgnetic stirrer and rubber septum with a needle 
attached to a source of N2. To the--flask were added 22.7 mg (0.601 mmol) 90% H202 and 0.100 a& 
CH2C12. The flask was cooled in an ice water bath and then 151.2 mg (0.720 -1) trifluoroacetic 
anhydride were added & syringe over a period of two minutes. The ice bath was removed and a 
solution of 112.9 mg (0.300 ml) ti in 1.00 mL CH2C12 was added, follawed bj 223 mg (2.08 mmol) 
anhydrcus sodium carbonate. The pale yeller mixture was allowed to stir at ambient temperature for 
two hours. To the mixture were added 5 mL water and 5 mL CH2Cl2. The organic layer was separated, 
washed with 2.0 mL 15% sodium carbonate, dried over anhyd sodium sulfate and concentrated by rotary 
evaporation at reduced pressure to give a pale yellcv oil. The 'Ii NMR (300 MHz, CDC13) was 
taken. Integration of the bensophenone aromatic resonance at 7.80 pm, the benxophenone asine 
oxide aromatic resonance at 7.08 ppm, and the benshydryl trifluoroaceate benshydryl resonance at 
6.98 ppm gave the relative amounts of each compound. There were obtained 29% benzophenone, 21% 
benzhydryl trifluoroacetate and there rerained 49% benzophenone mine oxide. 

Benzophenone Azine Oxide (k) Reaction with Trifluoroacetic Acid - Into a lo-mL screw-cap vial 
were added 68.4 mg (0.600 mmol) trifluoroacetic acid, 1.0 mL CH2C12, and 112.9 mg (0.300 mmol) 
h. After 15 hours at ambient temperature, the solvent was removed by rotary evaporation at 
reduced pressure to give 159.2 mg pale yellow oil which was redissolved in 10.0 mL CHC13, washed 
three times with 5.0 I& portions 15% aq sodium carbonate, dried over anhyd sodium sulfate and 
concentrated by rotary evaporation at reduced pressure to give 110.0 mg pale yellow oil containing 
some solid. The 'H NMR (300 MHz) was taken. Integration of the benzophenone aromatic resonance at 

7.80 ppm. the bensophenone asine oxide aromatic resonance at 7.07 ppm, and the benshydryl 
trifluoroacetate benxhydryl resonance at 6.98 ppm gave the relative amounts of each compound. 
There were obtained 23% benrophenone, 11% benshydryl trifluoroacetate, and there remained 66% 
benxophenone arine oxide. 

Reaction of Cyclohexanone Asine with 8PC in Chloroform in the Presence of Excess Benroic Acid 
- Cyclohexanone asine (0.0100 ~1, 1.92 g) and bsnsoic acid (0.0200 mol, 2.44 g) were dissolved in 
about 50 ml of CHC13. 'ID this solution at room temperature while stirring was added in portions 
3.39 g of BPC of 80% purity (0.015 1~01). The CHC13 reaction mixture was extracted with a saturated 
aq N&CO3 solution until all the unreacted bsnxoic acid was taken out. The CHCl3 solution was then 
dried with anhyd HgS04 and the CHC13 taken off in vacua. The residue was taken up in hexane and 
the solid benramide filtered out. The hexane was then evaporated. The reddish liquid residue 
weighed 2.12 g. An FWR spectrum and a thin layer chromatograph shmed that the residue was a 
mixture of unreacted azine, cyclohexanone and cyclohexyl bensoate. Column chromatography of the 
residue on silica gel allowed the separation of the ester as the first fraction (1.38 g, 0.0067 
mol) and the unreacted asine (0.44 g, 0.0023 mol). The yield of ester based on reacted arine was 
87%. 

Acetone Methylphenylhydraaone (9) Reaction with Peroxyacetic Acid - Into a 10-c& rcllnd-bottom 
flask equipped with rubber septum and magnetic stirrer were added 187.1 mg (4.95 mmol) 90% hydrogen 
peroxide and 0.50 mL of a CH2C12 solution prepared by adding one drop of concentrated H2S04 to 50 
mL CH2C12. The flask was cooled in an ice bath for 10 minutes, then 673.8 mg (6.60 mmol) acetic 
anhydride were added by syringe over a period of five minutes. After 15 minutes at ambient 
temperature, the clear, colorless peracetic acid solution was added to an ice-cooled solution of 
811.2 mg (5.00 mmol) acetone methylphenylhydrazone26 in 10.0 mL CH2Cl which was in a 25-mL round- 
bottom flask equipped with rubber septum and wgnetic stirrer. Ad ition d was completed in five 
minutes. The ice bath was removed and the amber reaction mixture, which contained some insoluble 
globules of liquid, was allowed to stir for 12 hours at ambient temperature. Concentration by 
rotary evaporation at reduced pressure gave a dark amber oil which was purified by flash 
chromatography using silica gel and eluting with 50% ethyl acetate/SO% nexane. There were obtarned 
153.0 mg (22%) amber liquid (Rf 10.71) which was N-methyl-N-nitrosoaniline: 27 IR (film) 306Ow, 
293oW, 241Ow, 166Ow, 1600m. 

82Ow, 7558, 690m cm-'; 
1500111, 1470m. 144Os, 14OOw, 1315w, 1295w, 1205s. 1090s. 103Ow, 950m. 

Hz), 3.42 (s, 3H); 
'H NNR (300 MHZ, ctX13) 6 7.54-7.42 (m, 4H). 7.33 (t of t, J-14.4 and 1.4 

13C t&lR (75 MHz, CW13) 6 142.3 (quat), 129.4 (CH), 127.3 (CH), 119.1 (CH), 31.4 
(CH3). 

There were also obtained 291.3 mg (39%) pale yellow solId (Rf-0.40) which was N-methyl-N- 
phenyl-acetamide.28 Further purification by flash chromatography using silica gel and eluting with 
5% ethyl acetate/952 hexane gave 166.4 mg pale amber solid (Rf=0.39) mp 95.8-97.2' (lit.2g mp 102- 
1040): IR (ERr) 304010, 2930m, 191Ow, 1655~s. 1590m. 14909, 14159, 13759, 1290m, 1135~1, 1080m. 
1020m, 96Ow, 770~1, 700s. 585w, 550m cm-'; 'H NMR (300 NHz, CbC13) 6 7.46-7.39 (m, W), 7.37-7.30 
(m, lH), 7.20 (m, 2H), 3.27 (s, 3H), 1.87 (8, 3H); 13C NNR (75 MHz, CDC13) 6 170.5 (C=O), 144.6 
(quat), 129.7 (CH), 127.7 (CH), 127.1 (CH), 37.1 (NCH3), 22.4 (CH3CO); MS m/e 149 (M+, 62). 134(l), 
106(100) 77(43), 65(S), 56(17), 51(26), 43(63), 39(19). 

From the original chromatography using 50% ethyl acetate/SO% hexane were also obtained 154;: 
mg (19%) amber solid (R =0.20) which was 2-methyl-2-phenylacetic acid hydraxide3' mp 87-92O (lit. 
mp 92-930): IR (KBr) 3 609, 1 3030m, 296Ow, 289Ow. 281Ow, 16658, 16001, 1525m, 15009, 1445w, 1370m, 
1325w, 128Om, 12lOm, 1185w, 1120m, 11101, 1035m. 
49ow, cm-'; 

102Ow, 99Ow. 975m, 875m, 745s, 6908, 600m, SlOm, 
'H Np(R (300 MHx, CDc13) 6 8.24 and 7.33 (lH, two broad s, NH), 7.27 and 7.19 (2H, two 

m), 6.94-6.72 (3H, m), 
(75 MHZ, 

3.09 and 3.05 (3H. two 8, NCH3), 2.01 and 1.92 (3H, twD s, CH3CO)i 13'C NMR 
CfC13) 6 176.1 (C-O), 169.4 (Cd), 149.4 (quat), 149.3 (quat), 129.4 (CH), 129.0 (CH), 

120.6 (CH), 119.5 (CH), 113.3 (CH), 113.0 (CH), 42.0 (NCH3). 40.6 (NCH3). 20.9 (CH3CO). 19.1 
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(CH3CO)r MS (m/e) 164 (M+, 681, lZl(lOO), 105(76), 92(57), 77(77), 65(19), 51(42), 43(511, 39(15). 
Acetone Methylphenylhydrazona (9) Reaction with BPC - A 50-mL round-bottom flask was equipped 

with magnetic stirrer. 
hydrazone 

To the flask were added 811.2 mg (5.00 mmol) acetone msthylphenyl- 
and 10.0 mc CHC13. To the clear, colorless solution were slcwly added 996.3 mg (5.50 

mmol) BPC, a little bit at a time, over a period of seven minutes. The reaction was immediate and 
axothermic with the vigorous evolution of gas. After 30 minutes at ambient temperature, 
concentration by rotary evaporation at reduced pressure gave an amber solid which was purified by 
flash chromatography using silica gel and eluting with 101 ethyl acetatepO* hexane. There vere 
obtained 224.5 mg (37% pale amber solid 

31 
(R 10.62) which was l,I-dimethyl-l,I-diphenyl-2-tetrazine 

np 138.3-140.0° (lit. IQ 141-142O): IR f KBr) 305Ow, 293&v, 15909, 1490s. 145Om, 1430m, 1195m, 
1175m, 1150w, 10906, 102Om, 995m, 88Om, 750m, 7406, 685s. 615m, 605w, 520~ cm-'; ‘H N4R (300 NHz. 
CDCl,) 6 7.33-7.21 cm, 4H), 6.92 (t of t, 1H. J-7.0 and 1.4 Hz), 3.45 (8, 3H, NCH3); MS (m/e) 240 
(M+, 36), 212(l), 197(3), 120(6), 106(100), 77(65), Sl(12). 

nitrz::Ii::" and 
also obtained 107.9 mg 

159.8 mg 
(16%) amber liquid (Rf=0.39) which was N-methyl-N- 

methylphenylhydrazone. 
(201) amber liquid (Rf=0.2) which was recovered acetone 
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