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Structure of N,N'-Dibenzyl-N-(4-methyl-2-ox0-1,34%, 2-dioxaphosphorinan-2-yl)thiourea,
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Abstract. M, = 390-44, monoclinic, space group P2,/a,
a=17-423(9), b=15-089(3), c=7-582(2) A, B=
112.96 (4)°, V=183536A% Z=4, D,=
1-337 g em™, A(Mo Ka) =0-71069 A, u=2-36 cm™,
F(000) =824, T= 153 K. Final R =0-051 for 1663
observed reflections. The atoms forming the thiourea
system are coplanar. The 1,3,2-dioxaphosphorinane
ring has a chair conformation with the N atom in an
equatorial position. There is an intramolecular hydro-
gen bond between the phosphoryl O atom and the
secondary N atom.

Introduction. As a continuation of a research pro-
gramme on the reaction of carbodiimides with
phosphorothio(seleno)ic acids (Mikolajczyk,
Kielbasinski & Goszczynska, 1977) we have syn-
thesized two diastereoisomeric N-phosphorylthioureas
(2), starting from N,N’-dibenzylcarbodiimide and both
cis- and trans-diastereoisomers of a model cyclic
thioacid: 2-hydroxy-4-methyl-2-thioxo-1,3,2-dioxa-
phosphorinane (1).
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The aim of the present study was to determine the
stereochemistry of the rearrangement of S(Se)-
phosphorylisothio(seleno)ureas (3), which are formed
in the first step of the reaction between carbodiimides
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and phosphorothio(seleno)ic acids, to the stable and
isolable N-phosphorylthio(seleno)ureas (4).
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In this paper we report an X-ray analysis of N-
phosphorylthiourea (2a) obtained from cis-(1). The
analysis was undertaken to compare the configuration
at the P atom in the adduct and in the parent thioacid.
Recently we have also described an X-ray analysis
of N,N'-dibenzyl-N-diphenoxyphosphorylthiourea
(Karolak-Wojciechowska, Wieczorek, Mikotajczyk,
Kielbasinski, Struchkov & Antipin, 1979).

Experimental, Space group and approximate unit-cell
parameters determined photographically using Cu Ka
radiation and the latter adjusted by a least-squares fit of
the optimized diffractometer setting angles of 15
selected reflections; Syntex P1 diffractometer, no
absorption correction applied, 20 < 50°, #-260 scan
technique, Mo Ko radiation; intensities of three stan-
dard reflections monitored at frequent intervals showed
no significant fluctuations during data collection; of the
2323 reflections measured 1663 classified as observed
using criterion |F,| > 40l|F,|, these 1663 observations
used in final refinement of the structure; structure
solved by the automatic centrosymmetric direct
methods from SHELX 76 system of programs (Shel-
drick, 1976); structure refined by full-matrix least
squares for non-H with anisotropic temperature factors
and with isotropic temperature factors for H atoms,
which were located in a difference map in the expected
positions; isotropic thermal parameters of H atoms

© 1983 International Union of Crystallography



588

taken as for their parent C atoms not refined; process of
refining stopped when changes in all parameters
became less than & of their respective e.s.d.’s; final
conventional R =0-051 and R, =0-046, weighting
scheme w = k/|0%(F,) + gF?l; in final difference map
no significant density observed; atomic scattering
factors from International Tables for X-ray Crystal-
lography (1974); all calculations performed on an
ODRA 1305 computer using SHELX 76.

Discussion. Table 1 lists the final positional and
isotropic thermal parameters.*

The numbering scheme of the compound investigated
is presented in Fig. 1. The bond lengths and angles are
listed in Table 2.

The molecule contains the six-membered 1,3,2-
dioxaphosphorinane and two benzene rings joined by
the thiourea skeleton. The deviations of the atoms from
the weighted mean planes for both benzene rings and
the plane of the thiourea moiety are listed in the
Supplementary Publication.*

An analysis of the thermal vibrations of both benzene
rings was carried out in the TLS approximation of
rigid-body motion (Schomaker & Trueblood, 1968).
Bond lengths corrected for libration do not differ
significantly from the uncorrected values (the deviations
do not exceed the corresponding e.s.d.’s). The changes
in bond lengths are given in the Supplementary
Publication.* Nevertheless, only uncorrected values will
be used in the following discussion.

The atoms N(1), N(2), C(1) and S from the thiourea
skeleton form a plane and the remaining atoms C(2),
H(3), P and C(3), bonded to N(2) and N(1), are slightly
out of this plane. The benzene rings are inclined to this
plane at 85-1 (6) and 75-2 (6)° respectively.

The conformation of the 1,3,2-dioxaphosphorinane
ring can be described as a chair on the basis of torsion
angles (Table 3). The ring is flattened at the phosphorus
end and the angle between the planes passing through
the atoms (i): O(1), O(2), C(4) and C(6) and (ii): P,
O(1), O(2) is 36-5 (8)°. This flattening can be found in
other compounds containing the 1,3,2-dioxaphos-
phorinane ring (Cameron & Karolak-Wojciechowska,
1977). The phosphoryl oxygen occupies an axial
position. The angle between the bond vector P—O(3)
and the plane defined above as (i) is 72-1 (6)°. The
bonds P—N(1) and C(6)—C(7) are equatorial and the
angles between these bonds and plane (i) are 39-8 (8)
and 29-3 (8)° respectively.

* Lists of structure factors, anisotropic thermal parameters,
deviations of atoms from weighted mean planes, benzyl-group bond
lengths corrected for libration and distances involving H atoms have
been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 38297 (15 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Table 1. Positional (x 10% for H x 10%) and isotropic
thermal parameters (x 103)

_ Uy + Upsin®B + Uyyeos f

eq =

3(1-cos? B)
x y z Ueq /U (AY)
P 7474 (1) 9403 (1) 2695 (2) 22(1)
S 7043 (1) 12040 (1) 440 (2) 26 (1)
o(l) 8322 (2) 8938 (2) 2992 (4) 27(1)
0(2) 7506 (2) 9568 (2) 4757 @) 26 (1)
0(@3) 6731 (2) 8946 (2) 1408 (4) 28 (1)
N(1) 7590 (3) 10419 (2) 1912 (5) 20 Q)
N(2) 6222 (3) 10525 (2) —321(5) 20(2)
C(1) 6927 (3) 10939 (3) 661 (6) 21(2)
C(2) 5446 (3) 10978 (3) —1431 (6) 22 (2)
C(@3) 8432 (3) 10824 (3) 2794 (6) 22 ()
C(4) 8609 (4) 8201 (3) 4399 (7) 29 (2)
C(5) 8664 (4) 8545 (3) 6309 (7) 29 (2)
C(6) 7849 (4) 8880 (3) 6279 (6) 28 (2)
C(M 7883 (4) 9317 (4) 8101 (7) 32(2)
C(11) 5262 (3) 11145 (3) —3533 (6) 20 (2)
C(12) 4525 (3) 11538 (3) —4638 (7) 26 (2)
C(13) 4304 (3) 11697 (3) —6573(7) 29 (2)
C(14) 4858 (4) 11474 (3) —7423 (6) 26 (2)
C(15) 5608 (3) 11091 (3) —6317(7) 27(Q2)
C(16) 5821 (3) 10919 (3) —4380 (6) 22(2)
c(@2n 8724 (3) 11090 (3) 4890 (6) 24 (2)
c(@2) 8180 (3) 11485 (3) 5619 (6) 22 (2)
C(23) 8463 (3) 11741 (3) 7524 (7) 25(2)
C(24) 9292 (4) 11624 (3) 8721 (1) 31(2)
c(25) 9842 (4) 11247 (4) 7991 (7) 37Q2)
C(26) 9537 (4) 10977 (3) 6096 (7) 31Q2)
H(l) 496 (3) 1064 (3) —138 (5) 23
H(2) 548 (3) 1152 (3) =71 (6) 23
H(@3) 620 (3) 997 (3) —26 (6) 20
H(4) 841(3) 1138 (3) 190 (6) 22
H(5) 893 (3) 1041 (3) 276 (5) 22
H(12) 415(3) 1166 (3) —417 (6) 28
H(13) 378 (3) 1197 (3) —738 (6) 29
H(14) 468 (3) 1160 (3) —880 (6) 25
H(15) 600 (3) 1089 (3) —688 (6) 27
H(16) 643 (3) 1069 (3) —359 (6) 25
H(22) 769 (3) 1156 (3) 488 (6) 21
H(23) 804 (3) 1202 (3) 791 (6) 28
H(24) 954 (3) 1174 (3) 1014 (6) 28
H(25) 1049 (3) 1117 (3) 902 (6) 37
H(26) 988 (3) 1079 (3) 552 (6) 31
H(41) 815 (3) 768 (3) 378 (6) 28
H(42) 923 (3) 814 (3) 471 (6) 28
H(51) 891 (3) 808 (3) 738 (6) 26
H(52) 919 (3) 907 (3) 693 (6) 26
H(61) 738 (3) 836 (3) 589 (6) 25
H(71) 821 (3) 892 (3) 925(7) 29
H(72) 830 (3) 983 (3) 830 (6) 29
H(73) 716 (3) 951 (3) 772 (6) 29
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Fig. 1. The molecule of N,N’-dibenzyl-N-(4-methyl-2-ox0-1,34%,2-
dioxaphosphorinan-2-yl)thiourea (2a).
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Table 2. Bond lengths (A) and angles (°) with e.s.d.’s in

parentheses
o(1)-P 1.572 (4) 0(2)-P 1-562 (4)
0(3)-P 1.456 (3) N(1)—P 1.684 (4)
c(1)-S 1.690 (4) C@#)-0(1) 1.487 (6)
C(6)-0(2) 1.493 (5) C(1)-N(1) 1-412 (%)
C(3)-N(1) 1.486 (6) C(1)-N(2) 1.320 (6)
C(2)-N(2) 1.455 (6) C(11)—C(2) 1.519 (7)
c@21-C@3) 1.522 (6) C(5)—C(4) 1.506 (8)
C(6)-C(5) 1-499 (9) C(7)-C(6) 1.511(8)
C(12)-C(11)  1-365(7) C(16)-C(11)  1.402 (9)
C(13)-C(12)  1.385(7) C(14)-C(13)  1:395(9)
C(I15-C(14)  1-375(7) C(16)-C(15) 1391 (7)
C(2)-CQ1)  1-403 (8) C(26)-C(21) 1363 ()
C(23)-C(22)  1.386(6) C24)-C(23)  1-385(7)
C(25)-C(24)  1-401(9) C(26)-C(25)  1.384(7)
0(2)-P-0(1) 105-3(2)  O(3)-P—0O(1) 115:2(2)
0(3)-P-0(2) 115:0(2)  N(1)-P—O(1) 102:7(2)
N(1)-P-0(2) 104-2(2)  N(1)-P-0(3) 113-1(2)
C(4)-0(1)—P 118-1(4)  C(6)-O(2)—P 120-7 (3)
C(1)=N(1)—P 124:3(3)  CG3)-N(I)-P 116-7 (3)
C(3)-N(1)-C(D) 118-6 (4)  C(2)-N(2)—C(1) 123-6 (4)
N()-C(1)-S 121.0(3)  N(2-C(1)-S 122:1(3)
N(2)-C(1)-N(1) 116:9(4)  CUD-C(2-N@2)  116-9(5)
CQI-C@)-N()  116:6(5)  C(5)—C(4)-O(1) 108-0 (4)
C(6)-C(5)—C(4) 113.4(4)  C(5)-C(6)-0(2) 1097 (5)
C(1)-C(6)-0(2) 105-4 (4)  C(1)—-C(6)—C(5) 115-8 (4)
C(12-C(11)-C(Q)  118-6(5)  C(16)-C(11)-C(2)  122-7(4)
C(16)-C(11)-C(12) 118-7(4)  C(13)-C(12)-C(11) 122-1(6)
C(14)-C(13)=C(12) 119:4(5)  C(15)—C(14)—C(13) 118.9(5)
C(16)-C(15)—C(14) 121.4(6)  C(15)—C(16)=C(11) 1195 (4)
C(22-C21)—C(3)  121-4(4)  C(26)-C(21)-C(3)  120-3(5)
C(26)-C(21)—C(22) 118:3(4)  C(23)-C(22-C(21) 120-5 (4)
C(24)-C(23)-C(22) 120:3(6)  C(25-C(24)-C(23) 119-4(5)
C(26)-C(25)—C(24) 119-0(5)  C(25—-C(26)-C(21) 122:5(6)

Table 3. Torsion angles (°) in the 1,3,2-dioxaphos-
phorinane ring

E.s.d.’s are in the range 0-5~1-0°.

P—-0O(2)-C(6)—-C(5) 47-8 C(5)-C(4)-O(1)-P —56-7
0O(2)-C(6)-C(5)-C(4) —55-0 C(4)-0(1)-P-0(2) 45-17
C(6)-C(5)—C(4)-0O(1) 59-8 O(1)-P-0(2)—C(6) —41-2

As in other N,N'-dibenzyl trisubstituted thioureas
(Karolak-Wojciechowska et al., 1979, 1983), the P and

H(3) atoms are trans oriented with respect to sulphur.
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The molecular configuration in the present structure is
sterically favoured and is stabilized by an
intramolecular hydrogen bond between N(1) and O(3)
of 2:623 (6) A.

The C=S bond length of 1-690 (4) A has a similar
value to that found for thiourea [1-70 (1) A, Truter,
19671

In the molecule there are two C(sp?)-N bonds. The
C(1)—=N(1) bond of 1412 (5) A is longer by 0-09 A
than C(1)-N(2) = 1-320 (6) A. This lengthening is a
consequence of the presence of the electronegative
phosphoryl group bonded to N(1). For the same reason
the P—N(1) bond of 1.684 (4) A is shorter than the
generally accepted single P—N bond (1-77 A).

The configuration at the P atom in N-
phosphorylthiourea (2a) is identical with that in the
parent thioacid [cis-(1)] (the methyl group in the
4-position of the dioxaphosphorinane ring is in both
cases trans with respect to the phosphoryl oxygen).
This result proves that the S—N migration of the
phosphoryl group in S-phosphorylisothiourea (3) pro-
ceeds with retention of configuration at the P atom.
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Abstract. (I): M, = 167, orthorhombic, Pna2,, Z =4,
a=17-899 (3), b=28-670(2), c=12-956 (6) A, V=
887.2 A3, D, =1.25, D, =1-250 Mg m~3, u(Mo Ka,

2=0-7107 A)= 0299 mm~!, F(000) =352, T=
293 K. (II): M,= 164, orthorhombic, Pcab, Z =8,
a=17876(2), b=14-430(4), c=16-312 (5) A V=
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