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p-NITROBENZALDEHYDE AND OF o-NITROBENZALDEHYDE WITH 
TRIALKYL PHOSPHITES-NEW ROUTES TO GLYCOL PHOSPHATES* 
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Mrbrt-Trialkyl phosphitu induced a carbon-bon condensation reaction inpnitrobcnzaldehydc 
and in o-nitroba&dehydc, at 20”. The products were Z.L2-rriaUlox~,S-di(n/l~~nyC)1.3,2- 
dioxapiuqholaaes. Both diastaeo mcrs at carbon were produced; the major isomer had the mfso- 
con5guration. The phcqholancs were hydrolyzed to glycol phosphotriuten of known configuration. 
The phospholancs were converted into dinitrostilbenc oxides of known configuration by hot alcohol. 
m-Nitrobcnmldchyde. the chlorobcnzaldehyda, and aromatic aldchydu with daztron-releasing 
groups, failed to react with trialkyl phosphitcs at 20’. A previous report of the course of these 
rcactioru WBJ shown to be in error. 

INTRODUCTION 

A RECENT study3 of the reaction of trialkyl phosphites with unsubstituted ulipharic 
aldehydes’ disclosed that the phosphorus of the phosphite attacked the carbon atom 
of the carbonyl function at 20”. The 1: I-adduct I, however, could not be detected 
since it reacted further with more aldehyde to give a 2,2,2-rriulko.~~-1,4,2-dioxa- 
phospholme (II). 
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I* Organic Compounds with PentavaIenr Phosphorus, Part XXV; ’ Part XXIV: F. Ram&z. S. B. 
Bhatia and C. P. Smith, 1. Org. Chetn. 31.4105 (1966). 

* This investigation was supported by Public Health savics Grant No. CA-M76947 from the 
National Cancer Institute and by the National S&XXX Foundation (GP 3341). 

’ F. Ramirer, A. V. Patwardhan and S. R. ?Iclla. 1. Am. Gem. Sot. 86.514 (1964). 
( For earlier literature see: l V. S. Abmmov, Dokl. Akad. Nauk. U.S.S.R. 95,991 (1954); ’ V. A. 

Ginsburg and A. Ya. Yak&o&h, J. Gcn. Chem. U.S.S.R. 30, 3936 (1960); ‘Zh. Obsch. Khim. 
30,3!X37 (1960). 
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Unsubstituted aromatic aldehydes are said’e5 to be inert toward trialkyl phosphites 
at 20”. At elevated temperatures, this reaction atforded small amounts of olefins, 
produced by a reductive dimerization of the aIdehyde!*’ 

Unsubstituted aliphatic and aromatic monoketones did not react with trialkyl 
phosphites at 20”.6*’ At elevated temperatures, aromatic ketones were converted into 
diarylmethylphosphonic esters by certain types of trialkyl phosphites.’ 

Kukhtin and Kirillovaa claimed to have isolated the z-alkoxyphosphonates, III, 
IV, and the a&al-phosphonates V, VI, from the reaction of trialkyl phosphites with 
pnitro- and o-nitrobenzaldehydes. They concluded that these products were formed 
riu 1: 1 and 2: 1 adducts of type VII, VIII, and IX, X, respectively. In fact, they de- 
scribed the isolation and characterization of one of these 2,2,2-trialkoxy-1,4,2- 
dioxaphospholanes, X. 

H-C-OR 
I 

O=P(ORt: 0 -PfOR+ tt 

111. X = p - NO, ’ 
IV. X - o - NO, I 

L 

V.X=p-NO, / 
VI.X==o-NO, 

! VII, X -p .- NO, 

RO’ 1 ‘OR 
OR 

1X.X -p-NO, I 
_VIII. X = o - NO,, - X.X=0-NO, _ 

The results described by the Russian investigator&would lead to the conclusion that 
the phosphorus of the phosphites added to the carbonyl-carbon of the nitrobenzalde- 
hydes, just as it added to the carbonyl-carbon of unsubstituted aliphatic monoalde- 
hydesa However, there is now a great deal of evidence showing that phosphites 
tend to attack the oxygen atom of a carbonyl function &enecer the latter is surrounded 

L A. Arbuzov and V. M. Zoroastrova, Izv. Akod. Nank. U.S.S.R., Old. Khim. Nauk. 1030 (1960). 
* The reductive dimaiza don of phthalic anhydride to biphthalyl by tricthyl phosphita at elevated 

tanp, has been reported. This reaction was much faster when the anhydride carried ekctron- 
withdrawing groups. Cf. F. Ramircz, H. Yamanaka and 0. H. Basedow. 1. Og. C&m. U, 1838 

(1959); Ibid. 1. Am. Chem. Sk 83. 173 (1961). 
’ A. C. Poshkus and J. E. Hcrwch. 1.0~. C/tern. 29.2567 (1964). 
ti V. A. Kukhtin and K. M. Kirillova, /. Cen. C’hem. U.S.S.R. 31, 2078 (1961): ’ Ibid. Zh. Obsch. 

Khim. 31.2226 (1961). 
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by groups which are capable of stabilizing a negative charge at fhe carbonyl-carbon.e 
In general, the reaction of a trialkyl phosphite with an activated carbonyl function 
followed two extreme patterns. In reactions of type I, two molecules of the same 
carbooyl compound Xl were converted into a 2,2,2,-trialkoxy-1,3,2dioxaphospholane 
(XII) without detectable intermediates.lSIP 

R’ R’ 

7’ 
R’ R--R 

R. c, . (’ -R 
I\W,P* 0 

i, , \/” 

0 ‘0 MCO’ I ‘owe 
0% 

XI XI XII. $9’ = ;S0 10 +52 ppm 

In reactions of type 11 one molecule of the carbonyl compound XIII was converted 
into a 1,3,2-dloxqvhospholene (XIV). Thelattercould then be condensed with the same, 
or with a different carbonyl compound to give the 1,3,2dioxaphospholane XV.**@ 

The two types of oxyphosphorane condensation differ only in the relative rates 
of the two steps involved. The reactivity of a phospholene XIV toward a given car- 
bony1 compound is related to the tendency of the phosphorus to acquire penta- 
covalency.= A rather stable phospholcne will display a comparatively low reactivity 
toward a carbonyl compound, and vice-versa. Several factors appear to contribute 
to the stability of the phospholenes XIV,*’ one of them being the stereoelectronic 

w. F. Ramircz and S. Dashowitz, J. Og. Glum. 22,956 (1957); b Ibfd. 22,1282 (1957); ’ Ibid. 23, 
778(1958); . Ibid. J. Am. Gem. Sot. 81,587 (1959); l F. Ramircz. E. H. chcn. and S. Daxhowitz, 
J. Am. Chem. Sot. 81, 4338 (1959); t E. A. C. Lucken. F. Rarnircz, V. P. Catto, D. Rhum and 
S. IMshowitz, Tetruhedron 22.637 (1966). 

I* F. Ram&z and N. Ramanathan. J. Org. Chcm. 26.3041 (1961). 
” F. Ramira, N. B. Dcaai and N. Ramanathan. Terrahe&on Lerrers No. 5. 323 (1963). 
Ia. F. Ramircz. C. P. Smith. A. S. Gulati and A. V. Patwardhan, Tel&e&on Lrrrers No. 19. 2151 

(1966). b E. M. Rokhlin. Yu. V. Z&man. Yu. A.Cheburkov, N.P.GambqanandI. L. Knunyanta, 
Do&/. Akad. Nauk S.S.S.R. 161, (6). 1356 (1%5); Proceedings p. 393. 

Iti F. Ramirez and N. B. Dcsai, J. Am. Glum. Sot. 82.2652 (1960); ‘F.Runircr,N.RuMnathall 
and N. B. bi, Ibfd. 84, 1317 (1%2); c F. Ram& and N. B. w J. Am. Gem. Sot. U!$ 
3252 (1963); ‘ F. Ramircz, N. Ramanathan and N. B. Dtsai, Ibid. 85.3465 (1963). 

I’ The formation of 1: 1 adducts (but not of 2: 1 adducts) from the reaction of biaatyl with trialkyl 
phosphites was reported also by two other groups of investigators: l G. H. Birum and J. L. Dever. 
Absrracrs, Divirbn of Oganic Chemitrry, 135th Narional &fee@ of rhe American Chemical 
Society. p. 101. Chicago. III. Sept. (1958); ’ G. H. Birum and J. L. Dcvcr. U.S. farenrs 2,961. 
455 (1960); ’ V. A. Kukhtin. Do&l. A&ad. Nauk. SSSR. 121, 466 (1958); ‘ V. A. Kukhtin and 
K. M. Orekhova. J. Gen. Chem. U.S.S.R. JO.1229 (1960); ’ V. A. Kukhtin. K. Kirillova and 
R. R. Shagidullin, Z/I. Obsch. Khim. 32,649 (1962); t V. A. Kukhtin and K. M. Kirillova, J. Gen. 
Chem. U.S.S.R. 32.2755 (1962). 

ly F. Ram&z, A. V. Patwardhan and C. P. Smith. J. Org. Chem. 30, 2575 (1%5); ’ Ibid. 31,474 
(1960). 

I@ F. Ramira, A. V. Patwardhan. N. Ramanathan. N. B. Deb. C. V. Grcca and S. R. He&r, 
J. Am. Ckm. Sue. IV.543 (1965). 

I’ F. Ramira. A. V. Patwardhan and C. P. Smirh. 1. Org. Chem. 31, 3159 (1966). 
I’ F. Ramircz, A. V. Patwardhan, N. B. Dcsai. N. Rarnana0w1 and C. V. Grcco, J. Am. Chm. Sot. 

855, 3056 (1933. 
I’ F. Rnm&z, H. J. Kug&r and C. P. Smith. Term&e&on Lcfrer~ No. 4. 261 (1965). 
*F. Ramira, PureandAppL Chcm. 9, 337 (1964); * F. Ramira. Bull. &c. Chim. Fr. No. 6. 2443 

(1966). 
*I* F. Ramir~, A. V. Patwardhan and C. P. Smith, 1. Am. Gem. Sbc. 87.4973 (1965); ’ F. Ramim. 

A. V. Parwardhan. H. J. Kugkr and C. P. Smith. Tetrahedron Lerrrrs No. 26. 3053 (1966). 
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characteristics of the carbonyl compounds. The high reactivity of the 1: I-adducts 
derived from acenaphthencquinonc,lo methyl pyruvate” and hexafluotoacetone** 
suggests that these adducts have open dipolar structures, XVI, XVII and XVIII. 

Evidently, the report by Kukhtin and Kirillova was not in accord with these 
views; consequently, we reexamined the reaction of the nitrobenzaldehydcs with 
trialkyl phosphites. 

RESULTS 

Reaction of trial&y1 phosphites with p-nitrobenzaldehyde 

Trimethyl phosphite reacted with pnitrobcnzaldehyde at 20”. Slightly more than 
one mole of phosphite was required to cause the disappearence of two mole of the 
aldchyde. The main products were the meso- and the racemic forms of 2,2,2-W 
me~ho.~~-4,5-di-pnifrophen~~l-I,3,2_dioxaphospholane, (XIXa and XIXb). 

The crystalline isomers were formed in the approximate proportion of 70:30, 
XIXa:XIXb. The major isomer is thought to be the meso-form XlXa with two 
hydrogen atoms in cis- relationship. This assignment of configuration is based on the 
‘H NMR data given in Table 1. The two equivalent protons in the phospholane 
ring of the major isomer were at significantly lower magnetic field than the corre- 
sponding protons of the minor isomer. Therefore, the latter protons are probably 
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adjacent to the aromatic ring, as in racemic-X1Xb.‘5-20 The ring-protons of the meso 
form XIXa were more effectively coupled with the phosphorus than the ring-protons 
of the racemic form XIXb. Apparently, the dihedral angles between the planes defined 
by the atoms H-C-O and P-O-C are rather different in the two isomers.D*lo*m 

XIXa. R = MC XIXb. R - MC 
XXa. R EI XXb, R = Et 

The $iP NMR signal of the major isomer XIXa was at slightly lower magnetic 
field than that of the minor isomer XIXb. The signals were strongly positive relative 
to H,PO, (Table 1). The evidence linking a positive 31P NMR shift with quintuply- 
co~ccted phosphorus in these compounds has been presented elsewhere.” 

Our results are quite different from those reported by Kukhtin et uI.*.~ who 
claimed the isolation of dimethylpnitro-a-methoxybenzylphosphonate (III, R = Me), 
m.p. 132-134’. from trimethyl phosphite and pnitrobenzaldchyde. We can offer 
no explanation for this wide discrepancy. 

The reaction of triethyl phosphite with pnitrobenzaldehyde was analogous in 
all respects to the reaction of trimcthyl phosphite and gave over 80 % of the meso-XXa 
and the rucemic-XXb phospholanes in the proportion of 70:30. Kukhtin er uI.~.~ 
claimed the isolation ofpnitrobenzyl-p-nitroberuoate, m.p. 171-172” and of diethyl 
p-nitro-a+‘-nitro-z’cthoxybenzyloxy) benrylphosphonate (V, R = Et), from the 
reaction of triethyl phosphite with p-nitrobenzaldehyde. 

Reaction of rrialkyl phosphites with o-nitrobenzuldehyde 

The reaction of trimethyl phosphite with o-nitrobenzaldehyde gave the meso-form 
of 2,2,2-rrimerhoxy-4,5o-nifrophenyl-1,2,3-dioxuphospholane (XXIa) in about 70% 
yield. Small amounts of the racemic-form XXlb were also detected. The spectral 
data are given in Table 1. 

a- F. Ramiru. N. B. Dcsai and N. Ramanathan. /. Am. Glum. Sot. 85.1874 (1%3); ’ F. Ramircz, 
0. P. Madan. N. B. Duai. M. Neycrson and E. M. Banas. Ibid. 85.2631 (1%3); l F. RAIT&I_ 
A. V. Patwardhan. N. B. Dcaai and S. R. Hdlcr. 1. Am. Gem. Sot. 87,549 (1%5). 

n W. C. Hamilton. S. J. La Placa and F. Ramire2.I. Am. Gem. Sot. 87. 127 (1%5). 
‘a The formula (o-O,NC,H,CHOhP(OEt), given in Chum. Ahsrr. 54,3707g (1962) doa not appear in 

tha original Russian article of Ref. 8. Kukhtm l r 01. referred explicitly to 2.2.2~rrkrlkoxy-1,4,2- 
dioxqhsphohus, IX and X, with a P-C bond, and did not mention the 2.2.2~rriufkoxy-1,3,2- 
dioxaphospholunc structure. 
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Tricthyl phosphite behaved like trimethyl phosphite toward o-nitrobenzaldehyde. 
The nreso-form of the dioxaphospholane XXlla was isolated in 75 % yield. 

XxIa. R = Me XXIb. R = Me 
XXII& R - Et XXIIb. R - Et 

Kukhtin et al.* reported the formation of the phosphonate IV (R = Me) from the 
reaction of trimethyl phosphite with o-nitrobenzaldehyde. They claimed the isolation 
of the 1,4,2dioxophospholane X (R = Et) and of the phosphonate VI (R = Et) in 
the case of triethyl phosphite. We found no evidence for the formation of these 
substances. 

Behaviour of other aldehydes toward trialkyl phosphites 

m-Nitrobenzaldehyde gave no evidence of reaction with trimethyl phosphite after 
48 hr at 20”; some reaction was noted after 8 hr at 100”. Benzaldehyde andp-chloro-, 
mhloro-, p-methoxy- and p-acetamido~nzaldehyde. as well as furfural, failed to 
react at 100” (48 hr). 

I?ydro[wis of I ,3,2dioxaphospholanes to glycol phosphates 

The major isomer obtained from pnitrobenzaldehyde and trimethyl phosphite, 
XlXa, was converted into a crystalline. neutral glycol phosphotriester XXllla, by 
water in methylenc chloride at 20”. The elemental analysis, the a*P NMR shift 
and the IR spectrum support the phosphate structure. Since the hydrolysis was very 
mild, the glycol phosphate probably has the erythro-configuration, XXllla. 

‘lxa Ha’ &__ ___ L H 

- GL, I I 
OH 0 

0 p’ 
’ \ 

RO bR 
XXIIIa, R - Me; dP = +@8 ppm 
XXIVa, R = Et 

The ttiethyl phosphite-adduct XXa gave the corresponding glycol phosphate 
XXlVa, on hydrolysis. 
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The adducts XXla and XXlIa derived from o-nitrobenzaldehyde, were converted 
into the corresponding phosphates, XXVa and XXVIa, by one or two mole equivalents 
of water. 

XXla lit0 
XXIfa CII,CI, OH 

I 
0 

/ 
0 ‘. P’ 

RO’ ‘OK 

XXVa, R L- Me; bP’ : ‘. 0.1 ppm 
XXVIa. R - Et 

There was no evidence for the formation of j-membered cyclic phosphates in the 
hydrolyses of these 1,3,2dioxaphospholanes.~ 

Kukhtin and Kirillova* reported the formation of a hemiacetalphosphonate, 
XXVII, from the hydrolysis of the 1,4,2dioxaphospholane, X. Since the latter struc- 
ture is incorrect, the hemiacetal phosphonate XXVII, if at all formed, could not 
have resulted in the manner indicated by the Russian authors.” 

Conversion of 1,3,2dioxaphospholanes to dinirrostilbene oxides in boiling alcohol 

The major diastereomer XIXa, made from p-nitrobenzaldehyde and trimethyl 
phosphite, was converted into trans-p,p’-dinirrostilbene oxide XXVIII, m.p. 202-203”. 
by hot ethanol. 

NO, 

/= ( 

Both diastereomers of the epoxide have been reported;= the rrmrs-isomer was said 
to melt at 201-202°. and the cis-isomer at 153154”. Since the dioxaphospholane 

ti F. Barrowand E. D. Griffiths./. C/urn. .%c. 212(1921); ’ E. Bergmann and J. Harvey. Brr. Dersch. 
Chtm. Sot. 62B, 893 (1929); ‘S. Bodfow. Liehi@ Ann. SW, 243 (1938); * S. B. Hanna, Y. 
Iskandcr and J. Riad. /. Chrm. Sec. 217 (1961). 
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XlXa had the mesoco+uration, and since epoxide formation is probably a rrans- 
substitution, the formation of the trunr-epoxidc XXVIII is reasonable. 

The adducts, XXIa and XXIIa, derived from o_nitrobcnzaIdehyde were converted 
into a diastereomer XXIX, of o,o’dinitrostilbcne oxide, m.p. 169-170”. by hot 
ethanol. 

Kukhtin and Kirillova8 reported that the adduct prepared by them from 
o-nitrobenzaldehyde and triethyl phosphite, and to which they ascribed the 1.4,2- 
dioxaphospholane structure X, R - Et, was converted into an o,o’dinitrostilbcne 
oxide, m.p. 163-165”. The formation of an epoxide from a 1,4,2dioxaphospholane 
would require the cleavage of a phosphoruscarbon bond. Although, in principle, 
such a P-C bond cleavage is not impossible, our experiments show that, in the present 
case, the epoxide is derived from a 1,3,2dioxaphospholane, in ~/rich rhe carbon-carbon 
bond of the epoxide had already been established. For the reasons given above, the 
formation of the rransepoxide, XXIX from the meso-1,3,2dioxaphospholanes is 
reasonable. 

The Russian authorsS@ reported the isolation of the epoxide XXIX when triethyl 
phosphite was added to o-nitrobenzaldehyde in hot ethanol solution. Evidently, 
their interpretation of the formation of the epoxidc in this reaction is in error. 

DISCUSSION 

o_Nitrobcnzaldehyde was more reactive than p-nitrobenzaldehyde toward trialkyl 
phosphites. In both cases, 1,3,2dioxaphospholanes, XIX-XXII, were produced in 
high yields. The ratio of meso to racemic isomers was significantly higher in the 
o-nitro than in thep-nitro case; in fact, little racemicdioxaphospholancs, XXIb and 
XXIIb, were formed from o-nitrobenzaldehyde. m-Nitrobenzaldehyde did not react 
with the trialkyl phosphites under comparable conditions (20”). The chlorobcnzalde- 
hydes, and aromatic monoaldehydcs with electron-releasing substituents were also 
inert to trialkyl phosphites below 100”. 

The present investigation does not exclude the possibility that the phosphorus 
of the phosphites could have added, reversibly, to the carbonyl-carbon of the 
nitrobenzaldehydes. 

H 
i I+, 

O,NC,H,C-H + p(ORh -c 0,NC.b~~-P(OR), 
jl 
0 ’ 1 0 t-, xxx 



2076 F. R,uamz, S. B. BHATXA and C. P. Sum 

However, the data show conclusively that thejrst observableproducrs of these reactions 
are derived from intermediates which were formed by an attack by phosphorus on 
carbonyl-oxygen; i.e., XxX1. 

H 

OINC,~C-H + &OR), -0 0,NCJi.h - ) 
I! I c-b 
0 O-&OR), 

xxx1 

The 1: I-adducts, XXXI, appeared to be too reactive for detection. They added to a 
second molecule of the aldehyde and gave the 1,3,2dioxaphospholanes with a new 
carbon-carbon bond, XIX-XXII. It is conceivable that 1: I-adduct XXX with 
a carbon-phosphorus bond could rearrange to a 1: I-adduct XxX1, with an oxygen- 
phosphorus bond, either directly or via an intermediate with a three-membered ring. 
It should be emphasized, however, that in the case of the reaction of afiphatic mono- 
aldehydes with trialkyl phosphites,’ where the phosphorus did attack the carbonyl- 
carbon, a rearrangement of the 1: I-adduct analogous to XXX did not take place. 
Therefore, it seems very probable that the initial attack was on oxygen in the case of 
the nitrobenzaldehydes. This matter could be more complicated than these statements 
might imply. At the present state of these investigations, it is safest to assume that 
changes in the structure of the carbonyl compound and of the phosphite, as well as 
variations in the nature of the solvent, could alter the relative rates and equilibria 
of the steps that might be involved in the reaction of trialkyl phosphites with carbonyl 
compounds, namely, the attacks by phosphorus on carbon or oxygen, and the forma- 
tion of 1,4,2dioxaphospholanes or of 1,3,2dioxaphospholanes. 

H H Ar Ar 
I(-) I 

ArX ,+B ’ !H +Ar--C;:H . 
I P(OR), I I 
I/ 0 0 0 

0. 
‘P’ 

xxx1 /\ 
I RO OR 
OR 

XIX-XXII 

xxx ‘P “H 
/\ 

RO OR 
OR 

IX. x . _. 

The hydrolysis of the five-membered cyclic pentaoxyphosphoranes gave exclusively 
open-chain glycol phosphotriesters. No cyclic phosphates were obtained, in contrast 
to the behavior of other pentaoxyphosphorane+= of type XV in which one or two 

H H Ar 
I (+) I 

Ar-C--PfOR), -I ArX z HI 

b-1 
I’ 
6 
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carbonyl functions were attached to the 1,3,2dioxaphospholane ring. These hydrolyses 
could proceed oiu an intermediate of type XxX11. Possible reasons for the differences 
in the final products that are obtained in the hydrolyses of the various types of oxy- 
phosphoranes are being investigated. 

)(. c-_.. c_-), 

I 
0; ,o 

/ph RO ,_I 
Ii- 0 xxx11 

Another difference between the 4,5diaryl-1,3,2dioxaphospholanes XIX-XXII 
and the 4,5diacetyl- or 4acetyl-S-alkyl(aryl)-1,3,2dioxaphospholane, such as XV, 
is the tendency of the former to form epoxides and trialkyl phosphates when heated 
in alcohol. Compounds of type XV, including 4,5diaroyl- and 4,5dicarbomethoxy- 
1,3,2dioxaphospholanes, showed little or no tendency to give epoxides under similar 
conditions. A number of reasons could contribute to these difTerences. (1) Steric 
interference to the intramolecular substitution required in the formation of epoxides. 
(2) Electronic effects associated with the “benzylic” positions of the phospholane. 
(3) Differences in stability in the phospholane rings. (4) The existence of other 
solvolytic pathways in the case of carbonyl-containing phospholanes. Some of these 
possibilities are being explored. 

EXPERIMENTAL 

Analyses were performed by Schwarzkopf Microanalytical Laboratory, W&de, N.Y. 

Rcacrion of pnirrotunxal&hydc with trimthylphoqhitr 

(a) In rhc absence o/soItwnt. Tritruthyl phosphite (7% g, 61.7 m-moles) was added to pnitro- 
benzaldehyde (9.33 g, 61.7 m-moles) at 20” under N,. An exotbcrmic reaction was noted afta 
l&15 min. Themixture wuatirred for 20 brat U)“,duringwhich timepakydlowcrystals~. 
The excess of phosphite was removed at 20” (1 mm), and the residue was crystalliz& from benxm+ 
hexane. The fint crop of crystals (8.6 g, 66% yield, m.p. 12&133O) consisted of a mixture of meso- 
and raccmic phospholanm XIXa and XIXb, in about 8O:ZO proportion, according to tba iH NMR in 
CDCl,. One recrystallization from benzen+hexane gave mao_ff2lrlmcr~x~,~-~~tropknyl- 
1.3,2&x4uho~pho&nc (XIXa). m.p. 138-139” (6s g. 46%). (Found: C, 47.7; H, 4.2; N, 6.30; 
P. 7.2. CI,HIIOINsP requires: C, 47.9; H, 4.5; N, 4.5; P, 7.3x.) The iH and *iP NMR shifts are 
given in Table 1; the uomtic protons gave a multipkt at a T 2.4. The IR s-rum had bands at 
6.25 (w), 6.56 (s). 7.43 (I), 8.u) (w), 940 (v.s.) and 9.1 S (shoulder) p (in CH,ClJ. The mother liquid, 
from which meJo_XIXa was runovcd. was concentrated somewhat and was allowed to stand, yielding 
ncanio2,ltrrlnwrhox~,~-pnf~ropCunyl-l.3,2-dbxophoJpholaru (XIXb). m.p. 131-132” (la g. 
8 %). (Found: C, 48.1; H, 4.5; N, 6.3 %. P. 7.6) The ‘H and the”P NMR shifta are given in Table 1; 
the aromatic protons gave a multiplet at ca. r 2.2. The IR spectrum had bands at 6.25 (w), 6.56 (s). 
7.43 (s), 8.SO (w). 940 (v.s.). and 9.1s (shoulder) /r (in CH&lJ. There were some differences in the 
IR spectrum of mzsc~XIXa and ruccmic-XIXb in the 1 l.Sl2.5 p-region. 

When two moles of himethyl phosphitc were added to one mole of pnitrobenzaldebydc at 20”. 
similar results were obtaid. The crystalline mixture of mcso - roccwtic 2: 1 adducts XIXa + XlXb 
was obtained in about 61MS ‘/. yield. 

(b) In methylenr chIorti. One mole of trimethyl phosphite was added to two moles of pnitro- 
benzaldehyde in QSM C&Cl, solo at 20”. under N,. The IR speurum of an aliquot was exanGed 
after 48 hr pnd after 6 days; both speztra were ides&al and showed the presence of small amounts 
of unreacted aldehyde (C==C band at 590 14). The CO band due to aldehyde completely disappeared 
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when more trimethyl phosphite (~a. OS mok) was added. Therefore, in CH,Cl, soln, it taka bctwan 
I.0 and 1.5 moles of phosphite to cause the complete disappearance of 2.0 moks of pnitrobcmal- 
dchydc. 

Rractbn o/pnitroknzal&hyak with tricthylphosphitr 

(a) In diethyl ether. Tricthyl phosphitc (7.5 g. 4S.l m-moles) was added to a suspension of p 
nitrobcnzaldchyde (74 g. 46S m-moles) in anhydrous ether (100 ml), at 20”. under N,. The mixture 
was stirred for 20 hr at 20”, and the resulting colorkss crystals of meso-2,2&tricthoxfl,S-&p 
nltrophcnyl-1,3,2_dioxuphospholmu (XXa) (3.2 g, 30%. m.p. 13&138”) were filtered. The *H NMR 
showed the presence of one diastcrcomcr. One recrystallization from bcnznc-hcxanc (1:2) gave 
meso-XXa of m.p. 138-140” (2S% yield). (Found: C. 51.4; H SS; N. 6.2; P, 6.6; mol. wt. 546 
(isothermal distillation.) C,.H,,O,N,P requires: C, S1.3; H, 5.3; N, 6.0; P. 6.6%; mol. wt. 468). 
The NMR shifts are given in Table 1; the aromatic protoru gave a multiplet at ca. T 2.4. The IR 
spaztrum had bands at 6.2s (w). 6.50 (s). 744 (s), 9.56 (v.s.) with shoulders at 9.10. 9.30 and 994 18 
(in CH,Cl& The ether tiltratc, from which 30% of meso-XXa had been removed, was concentrated 
to ea. SO ml, yielding 5.3 g (Sl %) of a mixture of XXa + XXb. The iH and ‘iP NMR spectra showed 
that the proportion of the isomers was roughly 40: 60, XXa: XXb. The shifts arc included in Table 1. 
One recrystallization from Whexane gave 4.4s g (40%. m.p. 10&l IO’) of a mixture of XXa + 
XXb, similar to the previous one (by iH NMR). No further attempt was made to separate the 
diastercomer. Therefore, this reaction afforded ea. 81 ‘/< of XXa -t XXb. in the approximrrtr pro- 
portion of 70:30, of which about 30% of meso-XXa was obtained in pure form. 

The ether mother liquid had thra P-nuclei: XXa. W* = +-S2.S ppm (4 parts), XXb. Wi .- 
+S3.4 ppm (1 part), and a phosphate ester (vi& in@). dF1 = -i- I.1 ppm (5 parts). 

(b) In methylme chloride. Tricthyl phosphitc (4.8 g, 28.8 m-moles) was added to a clear soln of 
pnitrobenxaldehyde (7.9 g. S2.S m-moles) in CH,Cl, (85 ml). The course of the reaction was followed 
by means of IR spectra. After one hr there was some aldchydc left unrcactcd (5.88 p-band). The 
aldchyde continued to disappear and was nearly absent after 5 hr. The Hi NMR of the residue 
obtainul after 24 hr at 20- showed the signals due to meso-XXa and racemic-XXb. in about 70:30 
proportion. It was atimatal that. in CH,Clx soln, it takes bctwan I.0 and 1.2 moles of phosphite to 
cause the complete disappearance of 2Q moles of pnitrobcnzaldchyde. 

Reaction o/o-nitrobetuaIakhy& with trimthyiphosphitc 

(a) In the absence of sobent. The addition of two moles of trimethyl phosphitc to one mole of 
o-nitrobcnzaldchydc at 20’. under N,, kd to a very exothcrmic reaction The mixture reached its 
b.p. within a few sec. The black viscous gum thus obtained was not investigated further. (Compare 
this reaction with the milder one ofpnitrobcnzaldehyde with trimcthyl phosphitc.) 

(b) In methy/ene clrloride. Trimcthyl phosphitc (2.2 g. 17.7 m-moles) was added to a soln of o- 
nitrobmzaldehydc (S.37 g, 35.6 m-moks) in CH,Cl, (35 ml), at O”, under N,. The sola was allowed 
to reach 20” within 3 hr and was stirred for 18 hr at 20”. The IR spectrum of an aliquot showed small 
amounts of unrcactcd o-nitrobcnzaldehydc (band at 590 cc). The soln was stirred for 24 hr at 20” 
and was then evaporated at 20” (20 mm, 1 mm). The thick oil was crystallized from bcnrcn&cxanc 
to give muo-2.2.2-trimethoxy-4.S-di-o-nitrophenyl-1.3,24oxaphospho&ne (XXla) (51 g, 67 %, m.p. 
108414’). The iH NMR showed the presence of one diastercomcr. One crystallization from 
bcnrcnc-hcxanc gave the colorless mcso m.p. 120-121” (60%). (Found: C, 48.1; H, 4.5; N, 6.1; 
P. 7.6. Ci,H,,O,N,P requires: C, 47.9; H, 4.5; N, 6.6; P. 7.3x.) The NMR shifts arc given in 
Tabk 1; the aromatic protons gave a multipkt at ca. T 2.4. The 1R spectrum had bands at 6.23 (w). 
6.3s (w). 6.S4 (s), 6.8s (w). 6.92 (w). 7.41 (5). 7.70 (w). 9.48 (v.s.) with shoulders at 9.30 and 9.62 14 
(in CH,CI,). The benzene-hcxanc filtrate from which 67 % of nvs&CUa had bocn rcmovad, showed 
the presence of very small amounts of racemic-XXIb. The NMR shifts of the latter arc included in 
Table I ; no attempt was made to isolate this isomer. There was cvidcncc for the formation of small 
amounts of a phosphate ester (ride in/k). 

When one mole of trimethyl phosphitc was added to one mole of o-nitrobcnzaldchydc in CH,CI, 
at &lo’, similar results were obtained. Most of the aldchydc had been consumed after 30 min; no 
aldchydc was left unrcactcd after 20 hr at 20”. ThciH NMR spectrum ofthccrudcproductshowcd the 
two diastcrcomcrs nuso_XXla and ruccmic-XXIb in roughly 9O:lO proportion. Mcso-XXla was 
obtained pure in about 6%6S % yield. 
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(c) In crher. Trimethyl phosphite (25 g. 20.2 m-moks) was added to a dar pak ydlow soln of 
o-nitrobaualdchydc (3G g, 20 m-moles) in anhya?oys ether (5Q ml). No signitkam color change was 
noted. No ppt was observed within 24 hr (Kukhtin and Kirillova’ reported the formation of a pt~+ 
cipitate after SO min). The IR spectrum had a weak CO band a1 590 /r after 24 hr; there was no 
aldehydc left after 48 hr. The so111 was cvaporatcd and the crystalline residue was exam&d by *H 
NMR-spectroscopy. The majority of the product was the mcto_XXla, but there was evidence of very 
small amounts of r~mic-XXIb plus a phosphate ester (Gic In@). 

Reaction of o-nitrobenzabhydc with triethylphosphite 

(a) In merhylene chloriak Tricthyl phosphitc (2.4 g. 14.3 m-moles) war added to a soln of o-nnro- 
bcnzaldehydc (4.4 g, 28.7 m-moles) in CH,Cl, (30 ml), at 0”. under N,. The soln was stirred for 4 hr 
at IO” and 48 hr at 20”. The IR spectrum showed very small amounts of ahkhy& (590 &. The 
solvcot was removed (20”. at 20 mm). The crystalline residue was rccrystilizd from bcmznc-hexanc 
giving m*ro-~~2-rrierhox~,5~i~nitrophcnyl-l,3,2d~x@ospholoru (XXlla) (4.2 g. 65 %. m.p. 
llCl27’). One recrystalliration from bcnznc-hcxanc gave the mc=XXlla of m.p. 133-134’ 
(55%). (Found: C, 51.5; H, 5.6; N, 5.6; P, 6.1. C&f,,O,N,Prcquims: C, 51.3; H, 5.3; N, 5.9; 
P. 6.6x.) The NMR shifts are given in Table I. The aromatic protons gave a muhiplet at ca. r 2.4. 
The IR spectrum had bands at 6.56(s). 7.41 (s). 95O(v.s.) with shoulders at 9.17 and 9.62~ (in 
Cl&Cl,). No c!Tort was made to isolate the r ecanioXXllb. which was formed in small amounts 
according to the rH NMR spectrum. 

(b) In ether. Triethyl phosphite (7.5 g, 452 m-moles) was addal IO a soln of o-nitrobenraldchyde 
(7.0 g, 46.3 m-moles) in anhydrous ether (80 ml). at 20”. under N,. The cxothamic reaction brought 
the soln to its rcflux temp. The soln was stirred for 24 hr at 20”; the aystals that ptipitatai w-cm 
found to be meso-XXlla (6.5 g, 60x, mp. 122-132”). The ‘H and *rP NMR spcotra showal the 
presence of one diastcrcomcr only. One crystallization from bcnmnc-hexark gave mrso-XXlla. mp. 
134-135”. The ether filtrate was evaporated giving a r&d= which was shown to contain a mixture 
of mc~XXlla + rucrmic-XXllb io roughly 70:30 proportion. The NMR signals of the isomers arc 
given in Table I. One recrystallization from be nz.cn+hcxanc gave mcsu-XXlla (1.6 g, IS%, m.p. 
127-135”). The reaction. therefore, afforded 75% of nuso-XXIla and an estimated SlO% of 
r-&c-XXllb, which was not isolated. 

Hydrolysis of the pnirrobcntoldchydclrimcrhylphosplrirc o&uct (mrso-XIXA) 

Five mole cquivs (@6 g) water was ad&cd to a @l8M soln of the mere-XlXa (2812 g) in CH& 
(40 ml) at 20”. The mixture was stirred for 18 hr at 20”. and the pak ydlow crystals (ca. 2.4 g) which 
precipitated were filterad off. One rcuystalliration from EtOH-water gave a tirst crop (I.24 g, m.p. 
179-180”) and a second crop (0.6 g. m.p. l75--180”; total yidd, 67 %) of crythro-dimcrhyl @hydioxy- 
I .2di-pnirrophenyf)ethyIphosphorr or ay~rhylphosp~~~~~p,p’_dinir (XXIlla). 
(Found: C.46.8; H. 4.2; N. 74; P. 7.5. C,,Hr,O,N, requires: C.46.6; H, 4.1; N. 6.8; P. 7.5%) 

The phosphate was sparingly soluble in CH.CI, acetone. aoztonitrik and cold MeOH. The 
spaztral characteristics were: bands at 3~1,6~25,660,7~43,8*1-8~2 (broad), oa. 8.8 (broad) and 950 p 
(in Nujol mull). dF’ = +@8 ppm (in dimethyl formamide). 

Hydrolysir of the p&r oimuabhy&triethylphosphite ad&t (meso-XX& 

The hydrolysis was performal as described above for the Me analoguc. The crude ppt (2.1 g. 
m.p. 9&120”) was rcorystallirzd from aqueous-EtOH giving c+hrodkrhyl pAos$o~%Ay&o(p,p’- 
dbftro)knzoin (XXIVa) (I.52 g, 57%. m.p. 13Gl45’). One more crystallization gave XXIVa of 
m.p. 149-l5OO” (3572. (Found: C, 49.2; H, 4.7; N, 6.6; P. 7.2. C,,H,,O,NsP requires: C. 49.1; 
H. 4.8; N, 6.4: P. 7*0%.) The spatral characteristics were: bands at 2.87, 3.10, 6.20, 668. 7.45. 
7.8 (broad), 8.10 and 9.70 p (in CH,Cl,). A 4H* multipkt at T 24; a 4H’ multipkt at T 2.7; a IH’ 
doublet, J, = 7.2 c/s. of doublets, Jar, Y 5 c/s, at T 440; a IHr doublet. Jaa = 5 c/s at T 4+tO; 
a lH* singlet at T 560; a 4H* pair of doubkts of quartets at T ca 64; a 3H’ doubkt, Jar = I.5 c/s. 
of triplets. J,, = 7.2 c/s at T 8.78, plus a second 3H* doubkt. with similar couplings, at T 8.85. 

Hydrolysis of the o-nitrobrtualdehyai+Mmr~hylphosphite oddvcr (mr%GZla) 

One mok cquiv water (@I4 f$ was addad to a O2M soht of the mrroXXla (3.46 g) in CT&Cl, 
(40 ml) at 20”. The mixture was stirred for 24 hr at 20”. The crude aythrodimethyf phosphodi 
hy&o(o,o’dinirro)brnzoin (XXVa) (2% g, 85 %, m.p. 158-165”) was recrystallized from EtOH giving 



2080 F. RAMIREz, S. B. BHATIA and C. P. Shah 

eryrhro-XXVa of m.p. 169-170” (70%). (Found: C, 46.8; H, 4.2; N, 6.7; P, 7.6. C&HI,O,N,P 
requires: C, 46.6; H, 4.1; N, 6.8; P, 75%.) The spectral characteristics were: bands at 2.85, 3.1, 
6.25, 6*35, 655,7*45,7.8 (broad) and 9.56 ,u (in very dilute CH,CI,). 6P81 = +0.12 ppm, a doublet, 
J, = 8.5 c/s, of septets, J, = 11.3 c/s, in DMF. 

Hydrolysis of the o-nitrobenzaldehyde-triethylphosphite adduct (meso-XXIIa) 

Two mole equivs water (0.128 g) were added to a 0*12M soln of the meso-XXIIa (1.673 g) in 
CH,Cl, (30 ml). The mixture was stirred for 24 hr at 20” and the solvent was removed at 20” (20 mm). 
The residue was crystallized from aqueous EtOH (1: 1). The erythro-diethyl phosphodihydro(o,o’- 
dinitro)benzoin (XXVIa) (0.84 g, 52 %, m.p. 120-141”) was recrystallized and gave erythro-XXVIa of 
m.p. 150-152” (35%). (Found: C, 49.1; H, 4.8; N, 6.5; P, 6.6. &,Ha108NsP requires: C, 49.1; 
H, 4.8; N, 6.4; P, 7.0x.) The spectral characteristics were: bands at 3.85, 3.1, 6.25, 6.32, 6.55, 
7.45, 7.8 (broad) and 9.70 p (in CH,Cl*). An 8H’ multiplet at r 2.3 ; a 1H’ doublet, Jax = 55 c/s, 
of doublets, J, = 8.5 c/s, at 7 3.32; a 1H’ doublet, Jxn = 5.5 c/s, at 7 3.95; a 1H’ singlet at 
T 5.30; a 4H’ pair of doublets of quartets as ca. 7 5.9 (unresolved); a 3H’ doublet, J,, = 1.2 c/s, 
of triplets, J,, = 7 c/s, at 7 8.75 and a second 3H* doublet of triplets with similar couplings at 
7 8.92. 

Reaction of the p-nitrobenzaldehyde-trimethylphosphite adduct (meso-XIXa) with hot ethanol 

A suspension of the meso-XIXa, (1.27 g) in EtOH (60 ml) was kept for 18 hr at reflux temp. 
The initial mixture became a clear soln within 20 min; the latter deposited a solid after 3 hr. The 
trans-p,p’-dinitrostilbene oxide (XXVIII) (0.77 g, 90%, m.p. 197-203”) was recrystallized from 
AcOEt giving colorless trans-XXVIII, of m.p. 202-203”. (Found: C, 58.8 ; H, 3.7; N, 9.5. &H1,06N, 
requires: C, 58.7; H, 3.5; N, 9.8 %.) The spectral characteristics were: bands at 6.20 (w), 6.55 (vs.) 
and 7.42 (vs.) @ (in dil CH,CI,). The epoxide is sparingly soluble in chf, acetone and DMSO. 

Reaction of the o-nitrobenzaldehyde-trimethylphosphite adduct (meso-XXIa) with hot ethanol 

A suspension of the meso- XXIa, (4.9 g) in EtOH (70 ml) was kept for 18 hr at reflux temp. The 
suspension became clear and then deposited crystals of trans-XXIX (3.0 g, 94%, m.p. 159-164”). One 
recrystallization from EtOH gave trans-XXIX of m.p. 169-170”. (Found: C, 58.4; H, 3.7; N, 9.8. 
Cl,H,,O,N, requires: C, 58.7; H, 3.5; N, 9.8 %.) The spectral characteristics were: bands at 6.20 
(w), 6.32 (w), 6.56 (s), 7.45 (s) ,U (in CH,CI,). An 8H’ multiplet at T 1.9, 2.4; a 2H1 singlet at 7 5.50 
(in CDC&, in which it is sparingly soluble). 

Reaction of the o-nitrobenzaldehyde-triethyfphosphite adduct (meso-XXIIa) with hot ethanol 

A suspension of the meso-XXIIa (1.34 g) in EtOH (50 ml) was kept for 18 hr at reflux temp. The 
trans-o,o’-dinitrostilbene oxide (XXIX) (0.83 g, m.p. 164-166”) was recrystallized from EtOH giving 
XXIX of m.p. 169-170” (55 % yield). 


