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Abstract. The diversity of products in the reaction of diethyl azodicarboxylate (DEAD)/diisopropyl
azodicarboxylate (DIAD) and activated acetylenes withcBmpounds bearing oxygen or nitrogen sub-

stituents is discussed. New findings that are useful in understanding the nature of intermediates involved

in the Mitsunobu reaction are highlighted. X-ray structures of two new compoutdu{2-MeGH;O)P
(4-N-t-Bu),P [(NH-t-Bu){N[(CO,-i-Pr)(HNCQOx-i-Pr)]}](CI ) (2-t-Bu-4-MeGHsOH) (23) and [CH(6-t-
Bu-4-Me-GH,0),P(O)C(CQMe)C-(CO,Me)CCINC(O)CI] @3) are also reported. The structur&8fis
close to one of the intermediates proposed in the Mitsunobu reaction.

Keywords. Mitsunobu reaction intermediates; X-ray crystal structure; phosphonates; pentacoordinate

phosphorus.

1. Introduction
‘dfo X But

A combination of triphenylphosphine (§) with a Y \p./ .-P<N>P'-
dialkyl azodicarboxylate (RCMI=NCO,R) or an QO/' x" N “heu!
activated acetylene (R=CCO,R) is a very versatile
reagent system for a variety of synthetic organi& Y X = Cl[13, 8(P) 135.4, 200.3
transformations (scheme I} There are several in- NH-tBu S [7,5pP)1382] =NH-z—BZJ[(f4P)5?P§tg T]Z]
termediates (e.gl-6) proposed in this reaction but NH-tBu CH, [8, 5(P) 141.9] ' '
most of them do not have structural proof. Our in-N<© 2:2 [i’bégli;gé
terest in phosphorus chemistry prompted us to invesgs, s [[11: 6((P)) 136_'1]]
tigate the related basic reactions utilizing oth€r P ncs CH, [12, 8(P) 121.2]
systems in an effort to (i) isolate ‘intermediates’
from the reaction of 'P precursors with electron- Chart 1.

deficient alkenes/alkynes/azo compounds, and (ii)

probe the reaction pathways of known reactions that _

utilize P" compounds. In this direction we have util-2-1 Synthesis of (2-t-Bu-4-MesH;0)P

ized precursors of the typle-14 (chart 1). Herein we (H-N-t-BupP"[(NH-t-Bu){N[(CO,-i-Pr)

highlight some of the interesting results using thedEINCQOx-i-Pr)}](CI 7)(2-t-Bu-4-Me-GHsOH) (23)

precursors. In addition, we also report the synthesis . _
and structural characterization of two new com! NS compound was prepared in the same way as re-

pounds 23 and33) based on these precursors. ported piewously under (2Bu-6-Me-GH;O)P (-
N-t-Bu),P [(NH-t-Bu){N[(CO»i-Pr)(HNCQO-i-Pr)]}]
(CIN) but with the phenol to compouriB molarity
ratio of ca 32.°" The crystals (ca 75% yield) were
_ _ obtained from toluene arf8.'H NMR: & 125-155
Details of experlrrj(laontal methods and solvents afﬁmny lines, 57 H), 23 (s, 6 H), 478-509 (or, 2
reported elsewhere: H), 6(72-760 (many linesca 8 H), 104 (br, 1 H).
13C NMR: 4 208, 215, 217, 218, 220, 296, 3035,
308, 310, 311, 312, 344, 349, 563, 564, 573,
*For correspondence 704, 733, 1158, 1166, 1168, 1270, 1272, 1293,
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1328, 1355, 1400, 1505 (d, J = 192 Hz), 1553.

¥P NMR: 6 913, 1146 (d each,J = 102 Hz).

2.2 Synthesis of [CK6-t-Bu-4-Me-GH,0),P(0O)

C(CO.Me)C(CQMe)CCINC(O)CI] @3)

Compound30a (055 g, I0 mmol) in excess CHgI
(10 ml) was heated at 70 for 1 day with continu-
ous stirring. Removal of the solvent afford&glas a
white solid. This was crystallized using a mixture
dichloromethane (2 ml) and hexane (1 ml). Yield:

)

2.3 X-ray structural analysis

X-ray data were collected on a Bruker AXS SMART
diffractometer (for23) or an Enraf-Nonius-MACH3
(for 33) using Mo-K, (A = 071073 A) radiation. The
structures were solved by direct meth8ds] non-
hydrogen atoms were refined anisotropically. For
hydrogen atoms except the NH atoms 28, the
riding model was used; the methyl carbons of the
#sopropyl groups 23 showed disorder and hence
or one of the isopropyl groups, refinement was

036 g (70%). M.p.: 142-14€. IR (KBr): 1750, done using a model with three positions for the (ex-

1730,1458, 1375, 1260, 1211, 1100 ¢nH NMR:
5142 (s, 18 H,t-Bu-H), 229 (5, 6 H, ArCH), 351
(d, 2J(HH) = 135 Hz, 1 H, ArGH,Hy), 306, 398
(2s, 6 H, OQH;), 425 @dd, °J(PH) = 28 Hz,
2J(HH) = 135 Hz, 1 H, ArCHHy), 706 (or, 4 H,

Ar-H). *'P NMR: 6 -38.

(A) Mitsunobu reaction

Ph,P + ROOCN=NCOOR

R'COOH + R"OH » R'COOR"
-Ph,PO, - RO,CNHNHCO,R

R =Et (Diethyl azodicarboxylate; DEAD)
i-Pr (Diisopropy! azodicarboxylate; DIAD)

Main Intermediates
(o] (0] (o}
| ] |

I:Ph3;—OREI [R'COO]
3

(B) Phosphine catalysis

H P
Sc=c=c Nu
H “coMe NuH —
or 2
Ph,P (5 mol%) CO,Me
H,C—==—CO,Me NuH = nucleophile
Main Intermediates H
+ H
+ u Ph,P H
Ph.P CO,Me |
4 MeO,C” 5
N
Nu u -
+ \ Php
PhP”  coMe S e 0Me
Scheme 1.

(with inversion)

H -
RO—C—N—N—C—OR|[R'CO,]

pected) two carbons keeping a total occupancy of 2;
the remaining parts of the molecule were fine. The

next highest residual density was close to the second
isopropyl carbons.

2.4 Crystal data

Compound23: C;H74CINsOP,, M = 84245, tri-
clinic, space group P1, a=10.0975(8), b=
158105(13), ¢=160880(13), a =82314(1), B=
790987(1),y= 854710(1),V = 25025(4) A, Z = 2,
p=1118 g cm®, F(000) = 912, u = 0185 mm?,
Data/restraints/parameters: 8782/1/539all data) =
1[068. R indices ( > 20(1)): R1 = 00583, wR2 (all
data) = @1792. Max./min. residual electron density
(eA™) 0727/-0311. Compoun@3: C3;HzCl,NOgP,

M = 65248, monoclinic, space groupP2/n, a=
9(284(2),b = 17582(8),c = 20665(3),3 = 10266(2),
V=32912(17) B, Z = 4,p = 1317 g cm®, F(000) =
1368, u = 0295 mm?, Data/restraints/parameters:
5773/0/398. S (all data) = 1054, R indices I(>
2a(l)): R1=00626, wR2 (all data) =@074.
Max/min residual electron density (e 0325/
—0[481. Further details as CIF files are available
from the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1EZ, UK on re-
quest, quoting the deposition numbers CCDC
297195 and 297196.

3. Results and discussion

The reaction of7—8 with DEAD/DIAD led to the
imino-phosphorus compounds5-17 that have a
structure halfway between the classical MBH betaine
1 and protonated betaine in the Mitsunobu reaction
(scheme 2§.A low temperaturé'’P NMR study on
compoundsl6 and17 revealed an unprecedented so-
lution state behavior wheret least fourisomeric
phosphoranesA() are present. Thus there is an ap-
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parent inconsistency between the solution state afid627(2) A] are slightly shorter than that in tbie

solid-state structures. Interestingly, even the solidompound22 [1670(3) A]. In all these three struc-

state®’P NMR spectra of6-17 exhibited a peak at tures the tetracoordinate phosphorus [P(2)] has

o~ -50%1 phosphonium character similar to intermedige
In a manner analogous to that id17, we could

readily prepare the compount8-20 by starting

with the diphosphazane precursdr3-14.>° Inter- C(o)oR

estingly, in the reaction o8 with the trifluoro- R /l—ﬁqom

ethanol and 2-butyl-4-methyl-phenol we obtained . P\guf N\ gy

products21 and23, respectively, in which the origi- R=iPr X= O (18 5F) many signa]

nal t-BuNH group on phosphorus igans to the R=iPr, x= N__ 0 [19, 5F) -51.6,69.7]
alkoxy/phenoxy group, but with 2,6-dichloropheno R=Et, X= NHBu' [20, 3(F)-28.7, 68.9]

we obtained®2 in which the phenoxy group s to qoser

the P-NH¢-Bu group (scheme 3)” However, in22 CF,CH,0H CFLCH.0_ /EL/ T 21 (et. 2)
and 23 there is an additional phenoxy group in th P\ N L BRI A1
crystals. The X-ray structure (figure 1) 28 clearly o, ¢ Z AN

shows the hydrogen bonding and the disposition Clj@ au i‘o_l:/rcoz-i—Pr 22 (ef. 19
the substituents. The phenoxy grou@Bistransto ™|~ _ & e >T< \ (3(F) 9.9 (o 1159 (o]
the t-BuNH group on the tricoordinate phosphoru: Q" Bu }“\H~..:‘:C,:...Hg°j©

as observed fo21 but in contrast to theis orienta- R o el

tion observed fo22. This difference is rather unex- ME\Q B | T COpr 23 (This work)
pected and at the moment we do not have a clear- HOI:L O\ NN AN N\H [5(P) 9.4, 114.6; 2J = 10.4 Hz]
'Bu M R

P
explanation for this observatidh.The geometrical e \S: \/v\H _____ o0
parameters ir23 are close to those observed &i Bt D\
and 22; one noteworthy point is that the P-O dis 'Bu Me

tance in therans compound1 [1637(2) A] and23

(I)(O)OR
0 N
d N N
/
_C

Scheme 3.

Y P\ +
QO NHBu' |
0” Mor
Y=8 (7
=CH, (8)
C(O)OR o
d N NC(0)OR
2 Figure 1. A Platon drawing oR3. Selected bond pa-
= R=Et [15; 3(P, 298K) -56.3] rameters (A°): P(1)-0(5) 1637(2), P(1)-N(2) @34(2),
Y=CH, R=Et [16; &P, 298K) -56.3] P(1)-N(1) 1738(2), P(2)-N(3) B92(2), P(2)-N(1)
S ' 1631(2), P(2)-N(2) B41(2), P(2)-N(4) B95(2), N(2)—
Y =CHy; R=#Pr[17; §(P, 298K) -57.6] P(1)-N(1) 8@50(9), N(3)-P(2)-N(1) 1189(12), N(3)-
“ P(2)-N(2) 1198(11), N(1)—P(2)-N(2) 860(10), N(3)—
(O)OR P(2)-N(4) 10@6(11), N(1)-P(2)-N(4) 1184(10),
? N(2)-P(2)-N(4) 11®5(10), P(1)-N(1)-P(2) 9B7(10).
‘dq N— Hydrogen bond D-H, HA, D...A and D—HIIA parame-
Y /P\NHBU‘H ters (symmetry equiv 1%, y, 2 (A, A, A, °): N@3)-
Qo o—& H(3)...N(5) 0B81(3), 237(3), 2742(3), 110(2); O(6)—
OEt H(6)...Cl 082, 228, 3062(3), 16, N(5)-H(5)...Cl
(A) 0B9(3), 224(3), 3040(3), 149(3); N(3)-H(3)...Cl

Scheme 2. 0B1(3), 258(3), 3358(3), 164(3).
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shown in scheme 1; in place of the carboxylate resilteaved and then addition across the P=N (double)
due in2, we have a chloride ion. Also, since the NHbond takes place. When 1-4i-2-naphthol is used,
hydrogen of the azodicarboxylate residue is irthe reaction leads to tetra-coordinate compounds
volved in hydrogen bonding interactions, it is likely25a-b. With catechol, addition across the P=N bond
that a similar situation is prevalent in the Mitsunobalso takes place to lead to the pentacoordinate com-
reaction also. Further studies are needed to substppunds26a-b (scheme 5). The structures28b and
tiate this assertion, however. 26b have been confirmed by X-ray crystallography.
The P(lll) isocyanate Ci6-t-Bu-4-Me-GH,0), It should be noted that the betaihe@eacts differently
P-NCO Q) reacted with DEAD/DIAD in an entirely with catechol to lead to the pentacoordinate com-
different way resulting in the formation of the cyclicoound PBP(1,2-QC¢H,) with the elimination of the
products24a—h presumably via betaine in a stephydrazine derivative EtS@NHNHCO,Et.*?
wise fashion (scheme 4)The corresponding iso- We have shown earlier that a major pathway in
thiocyanateCH,(6-t-Bu-4-Me-GH,0),P-NCS (2) the reaction of cyclic phosphites present with
also gives a similar heterocycle along with an un-
usual tri-phosphorus compouff.

We have recorded variable timfi® NMR spectra O
for 24b. After 15 min of the addition of DIAD to a O 0
solution of CH(6-t-Bu-4-Me-GH,0),P-NCO ©) in (2o 9, L
CsDe, we observed a peak &P) —649 in the penta- s o/'\N H
coordinate region along with the peakd@®) 286 in o=¢"
the tetracoordinate region. After 25 min the intensity RO,C,_ /,‘q\
of the down field peak a®(P) 286 increased at the NT OO
cost of the up-field peak; after 35 min, the down- R=Et [25a; 8(P)-7.4]

field peak até(P) 286 was the most predominant R=£Pr[26b; 3(F) -7.6]

one. This corresponds ®4b; the slight difference
in &(P) values in CDGI[d 274] and GDg [0 286]

r1 ,1-binaphthol

is likely to be due to solvent effettsThese results o 0/@
suggest that a pentacoordinate intermediate may be >,L_o
involved in the formation o24b. e o { o h',H
Compound4a-b can undergo a two-step addition O\P/N\ ” Catechol o C/
. iSIFi . . RN —_— =
depending on the diolFirst, the P—N single bond is { 0" =N !
roc  com PO\ /Tcom
H
13(0)0R R=Et [24a; 5(P): 26.7; X-ray] R=Et [26a; 5(P)-59.2]
O o = i-Pr [24b; §(P): 27.4] R = iPr [26b; 5(P) -59.3]
N4 SN R=Et (DEAD)
S /" “Neo (|: =Pr (DIAD) Scheme 5.
° 04 “OR
9 C|>(O)0-i-Pr
2 o___X Ny
Vet + c|;
o 07 No-ipr
—— DIAD,
Q ) o\% _ N=C=0 (DIAD)
G
;N @
ROC COR O o X O
o
| N S & i
O | \C O-iPr /O/T_NHMe | \N
=0 o o //
W, °\ //N R=Et [24a;5(P): 26.7; X-ray] *Pf°°{°> W *Pr“C\\N/N\C(O)O_FPr g
= i-Pr [24b; 5(P): 27.4] O-i-Pr
Q 0 X= NCS 27a[5(P): -67.3] 27¢ [8(P): -61.0, -61.7] 27d [3(P): -51.7]
RO C CO,R N, 27b [3(P): -61.0, -69.7 (1:1)] (1:3)

Scheme 4. Scheme 6.
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DIAD/DEAD is the formation of pentacoordinatewhich alcohols or any acidic components can be
compound27a—d (scheme 657 It can be noted that added® It may also be noted that there is aJB-
three stereochemically different isomers are isolateshsaturated ester group in these compounds. The
and in many cases more than e NMR signal is first feature is realized in the reaction3ffa—bwith
observed in solution. In favorable cases, when the2e2,2-trifluoroethanol to lead to the pentacoordinate
is an additional donor atom is present on the suphosphoranes8la-b (scheme 8). The structure of
stituents, hexacoordination is also possible (88¢. 3lais unambiguously proved by X-ray crystallogra-
29).> Here also isomerism is possible, as shown lphy and shows an interesting feature: The carbon
the 3'P NMR spectrum o£8, but we have not been (bearing a bulky substituent) and not the nitrogen of

successful in isolating isomers. the five-membered ring occupies the apical site of
. trigonal bipyramidal phosphorus. This ‘reversed
(O)C|°""P' (°)|C°"'P' apicophilicity’ is against commonly advocated prin-

o, N—N Imidazole ‘do N ciples using Bent’s rulg™'" The *'P NMR spe-
S—;PTQ/C — S—;P\R Il ctrum of 31a—bat room temperature shows that the
Q O-FPr Q o— C\) pentacoordination is retained in solution. Low tem-

FPr - perature spectra recorded f@la showed three

= _N\;N peaks P(P) —714, —699, —643] in tolueneds solu-
28; 5(P) -71.1, -90.3 29; 5(P) -89.8 tion. Although it is difficult to assign the peaks to

individual isomers, this feature suggests that the
The reaction of Ck{6-t-Bu-4-Me-GH;0),P-NCO isomerization is frozen at low temperatures. The
(9) with dipolarophiles like dimethyl acetylenedi-above results prompted us to check the reactivity of
carboxylate (DMAD) and diethyl acetylenedicarthe P=N bond irBlawith acids. From the reaction
boxylate (DEACD) in toluene yielded produ@6a-b  with mesitoic acid, a solid that shows(P) at -6 13
(scheme 7§. The structure of30a was unambigu- (>85%) [other peak at 2] was obtained, but could
ously proved by X-ray crystallography. This gives @ot be crystallized.
convincing demonstration of the 1,3-(P,C) dipolar na- |n contrast to the above, the reaction of 2-methyl-
ture of P(lll) isocyanates. It is also interesting taminoethanol wittB0a leads to a ring expansion to
note that the reaction &with RO,CC=CCO,R (see lead to the nine-membered heterocy8R (scheme
above) and RECN=NCO,R leads to similar hetero- 9)!¢. This type of reaction is unprecedented.
cycles. Chloroform also has an acidic proton and therefore
Compounds30a-b are useful substrates for fur-it was of interest to see whether a compound of type
ther reactions. They have a P—N double bond acr@&8 could be obtained by heatirg@pa with CHCL.
However, the isolated compour@B had the struc-

Lo 9 9 2o

P—NCO + RO—C—C=C—C—OR P =0 3 ?oneCO M
— + —C—C=C—C— —_— c= e
s SN NHMe C—CH 2
O o R = Me (DMAD) ¢ 0" Y={ AN ¢ o N -
—Et RO-( G—OR  20a HO Q \P4 ?H
9 ~N
0O O e _NMe
R=Me [30a; 5(P) 56.7] Q © O\CHZ—CHZ
=Et [30b; 5(P) 57.3]
32 [3(P): -13.0]
Scheme 7.
Scheme 9.
OCH CF,
<) O AN __o CFcHOH O o N
/ |
"= { o (|; \c=o c
RO-C  C—OR / %C/ O ccl o N
] ] ROC o 8 0 A\
0 o * com \FIJ—H O ~N // c—al
R=Me [30a], Et[30b] R = Me [31a; 5(P): -65.0, -72.5; X-ray] Q O/ | \ o O / \C—C/
=Et [31b; 3(P): -64.7, -71.9] = /
/C%C/ MeO,C COQMe
MeO,C \
CO,Me

Scheme 8. 33 33 [5(P): -3.7; X-ray]
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Table 1. Selected bond lengths [A] and angl&sfpr 33 with esd’s in parentheses

P-O(1)
P-0(2)
P-0(3)
P—C(24)
C(30)-CI(1)
C(31)-0(8)

O(1)-P-0(2)
O(1)-P-0(3)
O(1)-P-C(24)
O(3)-P-0(2)
O(3)-P-C(24)
0(2)-P-C(24)

1578(3)
1582(3)
1343(3)
1794(4)
1727(5)
1165(7)

10B0(16)
11@83(18)
9B1(17)
1186(17)
1186(19)
OR4(17))

C(24)-C(27) B35(6)
C(24)-C(25) B10(6)
C(27)-C(30) @97(6)
C(30)-N(1) R29(6)
N(1)—-C(31) B93(7)
C(31)-Cl(2) 15(6)
P—C(24)-C(27) 123(3)
P—C(24)-C(25) 118(3)
C(25)-C(24)-C(27) 129(4)
CI(2)-C(31)-0(8) 123(5)
N(1)—-C(30)-CI(1) 172(4)

(b) 10

10

o
\P/
MeO,CC=CCO,Me —N—N7 N0
P—N, |
4 =C_
MeO, C COQMe

34 [3(P): 46.0, -3.7]

N—N
(i-Pr,N) P// \\N
"N T _ T
MeO,C CO,Me
(35)
8 cl) ? 8
O—P=—=N—~P—0
0 o)
’L H [+ another product] O = @
| [8(P) 2.8] o o)
o—f—N=f—o -
Y
36 [O(P): -24.1] (X-ray)
Scheme 10.

Figure 2. Molecular structure 083 showing all non-
hydrogen atoms (bond parameters in table 1).

ture shown below. Formation &3 could involve
addition of phosgene (COfLlormed by the air oxi-
dation of CHC}) to 30a At the moment the details
are not clear. It is also possible tl3&is formed via
33, but again we could not formulate a logical path-
way.

The X-ray structure of33 (figure 2; table 1)
clearly shows the presence of two chlorines attached
to C(30) and C(31) and the N(1)=C(30) imino bond.
The other bond parameters are in the normal range.

The reaction of the P(lll) azidé0 with DMAD
also leads to a heterocycle, but there are two phos-
phorus residues per DMAD (scheme 10). This reac-
tion pathway is completely different from that
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observed for ﬂ(.Pr)zN]ZPN318 or the organic azide 5. Praveen Kumar K, Chakravarty M and Kumara

PhN:.'® In the reaction using the former, the six-

membered heterocycl@s was formed® An attemp-

Swamy K C 2004. Anorg. Allg. Chem6302063

6. Kumara Swamy K C, Praveen Kumar K and Bhuvan

Kumar N N 2006J. Org. Chem71 1002 (see 7 also

ted extension of this reaction to less reactive acety- o correction)
lenes was not successful because the precursor azidein ref. 6, 2tbutyl-4-methyl-phenol and not 2-methyl-
10 is thermally unstable and leads to a mixture of 6-t-butyl-phenol was used to prepare compouGg

cyclophosphazene derivatives from which [Qgt-
Bu-4-Me-GH,0),P=N], (36) could be isolate&’

4. Summary

We have shown that the reactions of many P(lll)
compounds with dialky azodicarboxylates or dialkylg
acetylene dicarboxylates lead to products different
from those normally assumed in the first stage of
Mitsunobu reaction or those involved in phosphind-:

catalysed reactions of activated acetylenes respe

vely. We have also characterized X-ray structures of’
two products thus obtained in these reactions. One
of these is similar to the type of intermediate pro-

posed in the second stage of the Mitsunobu reaction.

in the structure given R should parato the pheno-
lic oxygen

. Programs used are: (a) Sheldrick G M 1S2®ABS

Siemens Area Detector Absorption Correction, Uni-
versity of Goéttingen, Germany; (b) Sheldrick G M
1997 SHELX-97 A package for structure solution
and refinementUniversity of Goéttingen, Goéttingen,
Germany; (c) Sheldrick G M SHELXLTL+ 1991
Satish Kumar N, Praveen Kumar K, Pavan Kumar K
V P, Kommana P, Vittal J J and Kumara Swamy K C
2004J. Org. Chem69 1881

Satish Kumar N 2004 PhD thesis, University of
Hyderabad

For cis-trans isomerization in cyclodiphosph(lll)
azanes, see: (a) Reddy V S, Krishnamurthy S S and
Nethaji M 1992J. Organomet. Chem438 99; (b)
Reddy V S, Krishnamurthy S S and Nethaji M 1994
J. Chem. Soc. Dalton Tran2661

12. Kumaraswamy S, Senthil Kumar K, Satish Kumar N
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