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(BuO)P(OXOH),1, aromatic diamines, such as 4,4'-methylendianiline (MDA) or 2.4-dimminotoluene

(TDA), react thh diphenylcarbonate (DPC) to afford in a very selective way momno- and dicarbamate
phenyl esters. The carbamation process is strongly influenced by the temperature aad solveat. The

influence of both these factors on carbamate vield and selectivity has heaen investi cated and we neesont in
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this study the kinetics of formation of both mono- and dicarbamate esters. © 1998 Elsevier Science Lid.
All rights reserved.
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agrochemicals, dyestu
dicarbamates afford dx-lsocyanates which are precursors of polyurethanes. The current methods of synthesis of
carbamates are based on the use of phosgene.2 Much effort is currently being used to find new alternative clean
synthetic methodologies based on the use of less noxious starting materials. We have shown that both carbon
dioxide3 and carbonic acid diesters*> are good substitutes for phosgene in the synthesis of carbamate esters.
Aminolysis of organic carbonates (eq. 1)¢ has become a very attractive synthetic route to carbamates’
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RR'NH + R"OC(O)OR" —» RR'NC(O)OR" + R"OH (R, R'=H, alkyl or aryl; R" = alkyl oraryl) (1)
since non-phosgene routes to carbonic acid diesters are now available. In fact, dimethylcarbonate (DMC

currently produced on a large-scale by oxidative carbonylation of methanol.® Organic carbonates of high boiling
aicohois® or phenoisi® can be obtained easily by trans-esterification of DMC or diethyicarbonate.

Reaction 1 usually needs a suitable catalyst to observe a good conversion rate and selectivity. Recently,
we have shown that CO9 is an effective catalyst for the synthesis of N-alkyl-methylcarbamates from aliphatic
amines and DMC.4 This methodology cannot be extended to the carbomethoxylation of aromatic amines, most
probably because of the low reactivity of the latter towards carbon dioxide, due to its low nucleophilicity.

Carboalkoxylation of anilines, and more generally of aromatic amines, is usually achieved using metal-

, Co, Sn, Al, or Ti derivatives), 11 a5 well as strong bases (Group 1 alkoxides) under harsh

0040-4020/98/% - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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of aromatic amines with diaryicarbonates. The reaction conditions are usuaily severe and the side-formation of N-
alkylation products and/or ureas represents a major drawback of these synthetic procedures. We have shown that
aromatic mono-amines can react with DMC or diphenylcarbonate (DPC) in the presence of organophosphorus
acids [Ph,P(O)OH, (PhO),P(O)OH, (BuO),P(O)OH, (BuO)P(O)(OH), ] to give carbamate esters with very high
selectivity.3 The catalytic role of the P-acid has been rationalized. The reaction mechanism shows intriguing
analogies with the mechanism of formation, in living systems, of carbamate anion from ammonia and
hydrogencarbonate catalyzed by the carbamylphosphate synthase (CPS) enzyme. 14
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We have now extended this investigation to aromatic diamines focussing our attention on 4,4'-
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methylendianiline (MDA, 1a) and 2,4-diaminotoluene (TDA, 1b), as the corresponding dicarbamates are suitable
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isocyanates 2a and Zb are useful monomers for the synthesis of industriaily reievant polyurethanes. In this paper
we show that, in the presence of selected P-acids and under mild conditions, both MDA and TDA can react with
DPC affording the corresponding dicarbamates 3a-b, selectively and with high yields.15 Under controlled

experimental conditions, the same reaction can be used for the selective synthesis of monocarbamates 4a-b.

RESULTS AND DISCUSSION

Reactivity of MDA towards DPC in the presence of "P-acids"
When a THF solution of 1a (0.85 mmol) and DPC (1.75 mmol) is stirred at 363 K, under dinitrogen, for

24 hours, in the absence of any catalyst, no reaction is observed. Noteworthy, when PhyP(O)OH is added to the
system, mono-carbamate 4a is immediately formed in very good yieid foliowed by dicarbamate 3a. In order to
find out the correct conditions for the synthesis of both 3a and 4a, we have performed an extended kinetic work.

The kinetics of formation of 3a and 4a from DPC and MDA, in the presence of Ph,P(O)OH as catalyst

and THF as solvent, at the temperature of 393, 363 and 323 K, respectively, are reported in Figures 1-3 . The
ingpection of the kinetic curves shows that, depending on the reaction time and working temperature, is possible
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to address the reaction towards the preferential formation of either mono- 4a or dicarbamate 3a. The shorter the

olhae vhiwraduy 2rned thha mamemn Anelnmanta da
gl I Uy CLUYILY Wwwadlu UK 1t UG UalLIals ‘em. I“
™

PPN Sy P e l_--.-_ S Ty

reaction time and the lower the reaction temperature, the
.
1

a (2.67 mmol) and DPC (5.30 mmoi) coniaining aiso

-t

instance, after 8h at 323 K, a THF (10 mL) solution

PWavaY r-

Ph,P(O)OH (0.2° mm01‘) gives 4a seiectively (100 %), aithough in a yieid of ca. 20 % (Figure 3). A generai
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Fig.1. Kinetics of formation of 4a and 3a from 1a (0.535 g,

2 M) meemnl) and NP (1 150 o § 41 mmn]\ in the nresence
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of PhpP(Q)OH (0.058 g, 0.26 mmol), in THF (10 ml), at
393 K. Internal standard: biphenyl (0.193 g, 1.25 mmol).
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Fg. 2. Kinetics of formation of 4a and 3a from 1a (0.511 g,
2.58 mmol) and DPC (1.101 g, 5.14 mmol) in the presence

of PyP(OYOH (0.057 g, 0.26 mmol), in TOF (10 ml), at
363 K. Internal standard: biphenyl (0.206 g, 1.34 mmol).
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Fig. 3. Kinetics of formation of 4a and 3a from 1a (0.530 g,

2.68 mmol) and DPC (1.151 g, 537 rﬁmm; in the presence

of PmP(O)OH (0.059 g, 0.27 mmol), in THF (10 mL), at
323 K. Internal standard: biphenyl (0.205 g, 1.33 mmol).
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Fig. 4. Kinetics of formation of 4a and 3a from 1a (0.508 g,
2.57 mmol) and DPC (1.100 g, 5.14 numol) in the presence
of PhaP(OYOH (0.0566 g, 0.26 mmal), in Et>0 (10 ml), at
323 K. Internal stindard: biphenyt (0.212 g, 1.37 mmol).
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Fig. 5. Kinetics of formation of 4a and 3a from 1a (0.252 g,
1.27 mmol) and DPC (0.545 g, 2.55 mol)m thcprumce
of PhyP(OYOH (0.028 g, 0.13 mmol), in PROH (5.061 g), at
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Fig. 6. Kinetics of formation of 4a and 3s from 1a (0.267 g,
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of PhoP(O)OH (0.0299 g, 0.135 mmol), at 363 K. Internal
standard: bipheayl (0.121 g, 0.785 mmol).
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trend is that the concentration 1um (Figures 1 and 2), and then decreases with time due io
the conversion of 4a into 3a.

The temperature strongly affects the selectivity of the carbamation process: high temperature (above 373
K) favours the formation of urea § (generated by reaction of 4a with 3a). At 393 K (Figure 1), this species is
formed and, being poorly soluble in THF, separates from the reaction mixture and can be isolated easily. It is
worth noting that after § appears, the concentration of 3a remains practically constant despite the fact that the
concentration of 4a decreases to analytically negligible values. This fact may suggest that 4a converts into § by

reaction with 3a at a reaction rate comparable with that of the formation of 4a from 1a and DPC. The formation
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THF was a particularly suitable solvent in these reactions. We have also investigated diethyl ether at 323
K (Figure 4), and phenol at 393 K (Figure 5).

The utilization of diethyl ether was suggested by the fact that 3a is poorly soluble in ether. It would, thus,
separate from the reaction medium as it forms, making the isolation procedure easier. In fact, we have found that
the concentration of 3a in solution is practically constant and very low all through the reaction time. However,
comparison with the results obtained in THF at the same temperature (323 K) clearly demonstrates that, despite
this positive aspect, diethyl ether is not a good solvent as the process is much slower than in THF. Under the
working conditions Ph,P(O)OH is converted by reaction with the excess of 1a into (HMDA)(O,PPh,),, which

is sunnosed to be the (‘amlvtwall activ

s supposed to e catalytical ive species.16 At 293 K the phosphinate salt is poorly soluble both in THF
and in sther and immadiataly conaratac from the reactinn madinm aftar mivinag tha raacante Wa o tha ran~hine
CARINS S5 WAMNLA g CAARG LLLIIVAMARALY O €Al 1ANJREL LG L WAR RAVZEE RRENALLIMELL Gl N XRL R iLagiiiws. vy (unuus WV 1Al VI
mixture to 323 K ca complete dissolution of the salt if THF is used as solvent, but the reaction system still
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and THF, at 323 K, can be related to the different s Olublllty of the nospmnate salt, (HzMDA)(UzPth)z, n

each of the two solvents at the working temperature.

The use of phenol as solvent is very attractive as this species is a reaction co-product. Figure 5 reports the
results obtained at 363 K. The presence of a strong excess of phenol has an inhibitory effect on the formation of
both 3a and 4a, that seems to be more prominent in the case of the dicarbamate 3a. A much stronger inhibitory

effect can be observed with alcoholic solvents, i.e. methanol. As a matter of fact, no formation of carbamate 3a
or 4a is observed when a methanol solution of 1a (2.51 mmol), DPC (5.06 mmol) and Ph..P(O\OH (0.025

o~ 1w tiira kmurn tha frematinm ~f hath
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PhOH and methylphenylcarbonate, MeOC{(O)OPh, obtained by transesterification of DPC by methanol.

Conversely, very interesting results are obtained using DPC itself as solvent. Figure 6 illustrates the
kinetics of formation of 3a and 4a from MDA (1.35 mmol) and DPC (26.1 mmol), used as reagent and solvent,
in the presence of Ph,P(O)OH (0.135 mmol), at 363 K. Under these conditions, the carbamation process is very
selective (100 %), and the conversion of MDA into 3a is practically quantitative within 4 hours.17 The kinetic of
formation of 3a reveals a short induction time during which a fast increase of the concentration of the mono-
carbamate 4a can be observed. This feature ensures that by stopping the reaction after 30 minutes, the mono-
carbamate 4a can be synthesized with good yield (50 %) and selectivity (> 90 %).

Other grgangphgsphgrn 18 acids, such as (PhO),P(O)OH or a commercial equimolar mixture of
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than PhyP(O)OH, while the equimolar mixture of (BuO),P(O)OH and (BuO)P(OXOH), catalytic activity
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Fig. 8. Kinctics of formation of 4a and 3a from 1a (0.275 g,
1.38 mmol) and DPC (5.501 g. 25.7 mmol) in the presence
of a cquimolar mixture of (BuO),P(O)OH and
(BeO)P(OXOH), (0.031 g, 0.170 mmol), at 363 K. Internal

PG SIS N T NS, N7, O]

standard: biphenyl (0.133 g, 0.86 mmol).
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Fig. 9. Kinetics of formation of 4a and 3a from 1a (0.252 g,

1.27 mmol) and DPC (5.686 g, 26.5 mmol) in the presence
of a equimolar mixture of (BuO),P(O)OH and

(BuO)P(0)(OH), (0.00300 g, 0.016 mmol), at 363 K.
Internal standard: biphenyl (0.102 g, 0.66 mmol).
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Fig. 10. Kinetics of formation of 4b and 3b from 1b (0.221
g, 1.81 mmol) and DPC (5.851 8 273 mmol) in the
presence of PhyP{O)OH (0.041 g, 0.19 mmol), a 363 K.

Internal standard: naphtalene (0.130 g, 1.01 mmol).
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immﬁguus \ngurc 8) to that repornea 10r diph henyiphosphinic acid. The order of caxalyuc acuvnty is simiiar to that
described for aromatic mono-amines.> Very interestingly, the mixture of (BuO),(O)OH and (BuO)P(OXOH),
shows a good catalytic activity even when the concentration in the reaction mixture is about 1 mol% with respect

to MDA (Figure 9).
Reactivity of TDA towards DPC in the presence of "P" acids

Ph,P(O)OH or the equimolar mixture of (BuO),P(O)OH and (BuO)P(O}OH), have also been
investigated as catalysts in the case of the carbamation of TDA with DPC. The acids were found to promote the

f"3
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formation of 3b with a very interesting yield and selectivity.
CHs3 CHs

e Ty

NHC(0)OPh h]mt(O)oph NH,
ib 2b 3b 4ib éb’

The formation of 3b from TDA and DPC requires the carbamation of two non-equivalent amino groups of
the aromatic diamine and raises the question about which is functionalized first. In principle, two mono-
carbamates, 4b and 4b', can be obtained. In order to answer this question, we have synthesized pure samples of
and 4b'. We have demonstrated that the amino group in the para position is carbamated more rapidly than that in
ortho. HPLC analysis has allowed us to conclude that 4b' is formed in a very low yield and does not accumulate
as it reacts very fast with DPC to give 3b. The steric hindrance of the methyl group can induce the faster

reactivity of the amino group in the para-position
. oo ~ o A Limating AF Frcoentinm ~F A need Ah Foee T'TY - I 0% 5 ¥ o [ e Sy
Figures 10 and 11 repoit the Kinetics of formation of 3b 4% fiom TDA and DPC used as reageni and
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solvent, at 363 K, in the presence of PhhP(O)JOH or an equimolar mixiure of (BuO),P(O)OH and

S
(BuO)P(O)(OH),, respectively.!® Under these conditions the carbamation process is very selective (100 %), and
no formation of ureas was observed.!? Inspection of the kinetic curves shows that both catalysts have a similar
activity. However, comparison of Figures 10 and 11 with Figures 4 and 8, respectively, clearly demonstrates that
the conversion of TDA is slower than that of MDA.

Synthetic and mechanistic aspects. Fate of the catalyst

The kinetic study has been of great help for setting the most suitable experimental conditions for the

synthesis of carbamates 3a-b and 4a-b with satisfactory yield and good selectivity. The full set of details is

et tan $la wremnaet can v b ] bl e
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The mono- and dicarbamaies of both TDA and MDA can be prepared in good yieid by heating for a
convenient time at 363 K a mixture of the amine and DPC, used as solvent and reagent, in the presence of
Ph,P(O)OH. All the products have been isolated and characterized by NMR spectroscopy and elemental analysis.
The monocarbamates can be obtained in quite good yield if the reaction is stopped after 40-50 min. Only in the
case of 4a have we found some difficulties in isolating the mono-carbamate in an analytically pure form - this
species, the unreacted amine la, and 3a have similar solubility in many solvents. It is worth noting that isolated
carbamates are not contaminated by phosphorus derivatives.

LRk LR LG 218 3 oL

Interestingly, the catalyst is still active at the end of the run as fresh amine added to the reaction mixture
1 3 Ja th 1 o A tha fient T - h i ¢l o
converted into the dicarbamate with a similar rate as during the first run. In part, however, the catalyst converts
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into Py P(O)OPh, which has been detected by GC-MS in the reaction mixiure. We have ascertained that this
specics can also act as a catalyst for the carbamation process, but its catalytic activity is lower than that exhibited
by Ph,XO)OH or the (BuO),P(O)OH/(BuO)P(O)(OH), mixture.20 A specific study allowed us to rule out that
the phenyl ester is formed by reaction of Ph,P(O)OH with DPC.2! The formation of Ph,P(O)OPh can be
rationalized in terms of the mechanism previously proposed for the carbamation of aromatic mono-aminesS and
involving the intermediacy of a phosphocarbonate species Ph,P(OYOC(O)YOPh formed according to reactions (2)
and (3). Ph,P(O)OC(O)OPh can react with the aromatic diamine to give the carbamate (eq. 4) or also
decarboxylate (eq. 5)° to give the ester Ph,P(O)OPh.

Ph,P(O)OH + H,NATNH, s——# Ph,P(0)O *H3;NArNH, (HyNAINH, = MDA, TDA) (2a)
D BYANCY LT NJASNILT & Dl DY YOH (H.NATNH. O, PPh,) TY ATA AWy P T RY
FHar\U)J TIgINALINTp T Fi P V)V w—5 (T3INATINMg U T Jp (FipNAINI g = M.UA} (<)
Ph,P(0)0" *H3NArNH, + (PhO),C=0 — Ph,P(O)OC(O)OPh + PhOH + H,NArNH, (3a)
(H3NATNH;3)(O,PPh,), + (PhO),C=0 —» Ph,P(O)OC(O)OPh + PhOH + Ph,P(O)O *HyNAINH, (3b)
Ph,P(O)OC(O)OPh + H,NArNH, —— H,NArNHC(O)OPh + Ph,P(O)OH 4

Ph,P(0)OC(0)OPh ———— Ph,P(O)OPh + CO, )

The inhibitory effect of PhOH or aliphatic alcohols (methanol, for instance) as solvent has been explained.

In fact, these nucleophilic species can compete with the diamine for the phosphocarbonate, to give, respectively,
DPC or mpfhvlnhpnvl nate { en 6\ However, the stroneer inhibitorv affact of MeQOH with regnect to PhOH
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be explained taking into account the higher nucleophilicity of aliphatic alcohols with respect to the aromatic.
(O)YOC(O)OPh + ROH — PhOC(O)OR + Ph,P(OYOH R = alkyl, aryl) (6)
CONCLUSIONS
In this paper we report the first example of the synthesis of carbamate esters from diamines and carbonates

promoted by non-metal catalysts. We have investigated in detail the aminolysis of DPC by MDA or TDA and

shown that the synthesis of mono- and dicarbamates of both amines is promoted by orgar nophosphorus
Broe
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similar, quite good catalytic activity. Other Broensted acids, such as HCl, CF;SO3H, CF;C(O)OH,

CH;CH,C(O)OH, are less effective than the P-acids investigated here. The best temperature range is around 363

K. At temperatures higher than 363 K the selectivity of the carbamation process is reduced as the formation of
ureas takes place. In all cases, the utilization of DPC as reagent and reaction solvent is recommended.

EXPERIMENTAL SECTION

3

X a3 <=, s L = TRTWY
ana stored unaer mnurogen Amines 1a-b and DPC

w
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{BuO),(OYOH/(BuO)F(0)(OH), (i:1 mol/mol) was from Strem Chemicais.

IR spectra were obtained with a Perkin Eimer 883 spectrophotometer. iH and i3C NMR spectra were
recorded with a Bruker AM 500 spectrometer. Proton and carbon chemical shifts are in ppm vs TMS and have
been referenced to the solvent peak. GC-MS analyses were carried out with a HP 5890 gas-chromatograph linked
to a HP 5970 sclective mass detector (capillary column: 30 m SE-30, 0.25 um film thickness). GC analyses were
made with a DANI HR 3800 gas-chromatograph equipped with a SE-30 packed column. HPLC analyses were
performed with a Perkin Elmer Series 4 LC connected with a LC 290 UV/Vis spectrophotometer detector.

Kinetic measurements

The reaction vessel was a 25 mL tube sealed with a two-way valve that allowed the solution to be
withdrawn ualng a ulrumdngapny § Tx“ ge oui of contact wiih air. The reaction mixiure Olmwmng the reactants
(DPC and 1a or ib), the acid catalyst (if used) and the internai standard was heated up to the worlung
temperature (+1 K). At fixed times the reaction mixture was cooled to room temperature (293 K) and the liquid
phase analyzed by HPL.C. The following HPLC analysis conditions were used.

- Reactions involving DPC and 1a: biphenyl (internal standard); Supelcosil LC8, 5 um, 250 x 4.6 mm
(column); acetonitrile/water 50:50 v/v (mobile phase); 2 mL/min (flow).

- Reactions involving DPC and 1b: naphthalene (internal standard); Supelcosil LC-DP, 5 pm, 250 x 4.6 mm
(column); acetonitrile/water 47.5:52.5 v/v (mobile phase); 2 mL/min (flow).

Darnrtinse nf AAT A with NP in tho nroconrs nf Dh DICWNH Qunthscic nud fonlntinm nf AANA Ai_rnvhiamots 3=

AN SBUITE LF LVEL LR TVEREE £00 No UL WO LIFCOTIILT U LA (W) NA L J JTHIRC DN WIS RIS U IVERIY WL VTR

A mixture of DPC (1.16925 g, 5.46 mmol), MDA (0.56760 g, 2.87 mmol) and Ph,P(O)OH (0.06265 g,
0.286 mmol) was stirred at 363 K for 7 h. The meited mixture was cooled to room temperature (293 K) and
extracted with diethyl ether (1 x 10 mL and 1 x 5 mL). The white residue, poorly soluble in diethyl ether, was
pure dicarbamate 3a. Yield: 1.14030 g, 91 %. Anal. Caled for CqHpyN,O4: C, 73.96; H, 5.06; N, 6.39.
Found: C, 73.99; H, 4.99; N, 6.36. M.p.: 442-445 K. IR (Nujol, KBr disks, cm-1): 3337 (s, br, vyyyy), 3062
(w), 3040 (w), 1719 (s, vcp), 1610 (m), 1589 (m-s), 1526 (s), 1491 (s), 1410 (m-s), 1312 (m-s), 1231 (s),
1206 (s), 1180 (m), 1160 (m-w), 1107 (m-w), 1070 (m-w), 1028 (m), 1018 (m), 995 (w), 910 (m-w), 893 (m-

w), 849 (m), 808 (m), 786 (m-s), 755 (m-s), 722 (m-s), 710 (w), 687 (m-8), 647 (m-s, br), 630 (m), 610 (m),
550 (m-w), 507 (m), 495 (m). 'H NMR (THF.dg, 500.138 MHz, 293 K): 4 3.87(s,2H,CH,), 7.10(d, 4 H,

—rAINre RarhD AVRA LT =y Ay

8.41 Hz, MDA muu‘:'y aromaiic pro oiis), 7.14 Ull 2H, nmoph), .10 (i, 4 H, no,ﬁ,, OPh), 7-32 (i, 4

H, Hpew,oPn), 7.44 (d, 4 H, 3/ = 8.41 Hz, MDA moiety aromatic protons), 9.16 (s, br, 2 H, NH). 13C NMR
(THF-dg, 125.760 MHz, 293 K): 6 150.98 (Ciy50,0pn, 150.86 (slightly broad, C(0O)O), 136.74 and 135.61
(C1 and C1', C4 and C4', MDA moiety), 128.61 and 128.46 (Cperz.0pe and C2 and C2' of MDA moiety),

124.31 (Cpara,0ps)> 121.08 (Cormo,0pn), 117.84 (br, C3 and C3', MDA moiety), 39.92 (CH,). The above
assignment was supported by a DEPT experiment.

Reaction of MDA with DPC in the presence of Ph,P(O)OH.Synthesis and isolation of MDA mono-carbamate 4a
A mixture of DPC (238185 g, 11.1 mmol), MDA (0.99020 g, 4.99 mmol) and Ph..P(O)OH (0.106 g,

LA SRS L 4 g 2010 ] 2R AL

0.486 mmol) was stirred at 363 K for 35 min. The melted mixture was cooled to room temperature (293 K) and
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10t show aiy uuuunpum due to C=0 groups in the infrared
spectrum. The etheral soiution was concentiraied in vacuo. By cooiing to 253 K and fiitering the precipiiaie, a
solid was obtained in which the major component was 4a as established by HPLC. Other fractions, containing
4a contaminated by 1a and 3a, could be isolated from the mother solution by addition of hexane and cooling to
253 K. All the fractions containing 4a were collected together and, by recrystallization from THF/hexane, 0.242
g (15 %) of 4a, slightly impure mainly for 3a, were isolated. Anal. Caled for CogHgN,0,: C, 75.45; H, 5.70;
N, 8.79. Found: C, 75.24; H, 5.86; N, 8.40. IR (Nujol, KBr disks, cm-1): 3396 (m), 3324 (m), 3221 (m, br),
3170 (m-w, br), 3104 (m-w, br), 1710 (s, vop), 1602 (m-s), 1590 (m), 1540 (s), 1511 (m-s), 1491 (m-s), 1412
(m-8), 1314 (m), 1303 (m), 1260 (m), 1228 (s), 1204 (s), 1160 (m), 1126 (w), 1110 (w), 1084 (w), 1068 (w)

\=a=TEgy A2 [LLLY PO RO LVN 7y =& (R ERACCA LT IR 2 b 2 a2Vt ASFS R AP\ 4

1025 (m), 1013 (m-s), 994 (m), 907 (m), 3 ( ), 812 (s), 794 (m-s), 755 (m-s), 722 (m-s), 707 (m-s), 690

(THLIC A &N 12Q WALTS ‘)mV\XQ"F’l.. ALY MIN £ &8NnA

faon o\ &N (o) :1(\/ N\ &N {0\ 11T NIAA N
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{ii-8), SO0 (i), J1U (M), SWU (i1-8).
2 H, 3J = 8.43 Hz, H2' or H3', MDA moiety), 6.86 (d, 2 H, 3/ = 8.43 Hz, H2' or H3’, MDA moiety), 7.09 (d,
2 H, 3J = 8.40 Hz, H2 or H3, MDA moiety), 7.16 (m, 3 H, Hortho,opx and Hnm,op;,), 7.33 (m, 2 H,
Homewa,oP1), 7.43 (d, 2 H, 3J = 8.40 Hz, H2 or H3, MDA moiety), 9.16 (s, br, 1 H, NH). The NH, protons give
a very broad signal around 4 ppm. 13C NMR (THF-dg, 125.760 MHz, 293 K): 4 150.98 (broad) and 150.93
(C(O)O and Cjpso,0pn), 146.07 (C4Y), 136.62 and 136.37 (C1 and C4, MDA moiety), 128.75, 128.72 and
128.46 (Cpeta,orr and C2, C1'and C2' of MDA moiety), 124.30 (Cpara.0ph), 121.09 (Coras,opn), 117.68 (C3,
MDA moiety), 113.76 (C3', MDA moiety), 39.74 (CH,).

Isolation and characterization of urea 5

The formation of urea 5§ has been observed when a THF solution of ia and DPC was heated at
temperatures higher than 373 K in the presence of Ph2P(O)OH. Urea § can be easily isolated by filtration as it is
not soluble in THF. The yield depends on the temperature and reaction time. 5 has been characterized by
clemental analysis, IR and NMR spectroscopy. M.p.: > 503 K. Anal. Calcd for C4,H34N,O4: C, 74.31; H,
5.17; N, 8.45. Found: C, 74.26; H, 5.01; N, 8.24. IR (Nujol, KBr disks, cm-!): 3335 and 3316 (s, br, vNH).
1718 (vs, carbamic vc), 1631 (s, ureidic vo), 1609 (m), 1589 (m-s), 1534 (s), 1510 (m), 1491 (m-s), 1410
(s), 1314 (m), 1302 (m), 1237 (s), 1218 (m-s), 1203 (s), 1182 (m), 1160 (m-w), 1108 (m-w), 1072 (m-w),
1027 (m), 1017 (m-w), 995 (w), 959 (w), 907 (w), 847 (m), 816 (m), 787 (m-s), 753 (m-s), 726 (m-s), 688

ANS 7 H ,,,.. AWy S 7y 2N AR2jy T2 Turu? \A22TGge F NS (II2TSy

61()(:1«\ 530 (m-w), 5807 (m). 4 (m\ TH NMR (DMSQ.d. 500 138 MHz 203

{m_c) RAT (m hr) 626 (m)
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Hz, MDA moiety aromatic protons), 7.19 (m, 4 H, Hormo,0pPh), 7.24 (m, 2 H, Hpara,0pa), 733 (d, 4 H,3J =
8.55 Hz, MDA moiety aromatic protons), 7.41 (m, 8 H, Hynew,0ps and MDA moiety aromatic protons), 9.54 (s,
br, 2 H, NH), 10.15 (s, br, 2 H, NH). 13C NMR (DMSO-d¢, 125.760 MHz, 293 K): 8 152.57, 151.72,
150.65 and 150.56 (ureidic and carbamic C(O) and Cipso,0pn), 137.69 and 137.64, 136.51 and 135.25, 134.90
and 134.78 (C1,C1', C4 and C4', MDA moiety), 129.52, 129.39, 129.02 and 128.90 (Cypese.orx and C2 and
C2' of MDA moiety), 126.36 and 125.36 (Cparg,0rp), 121.93 and 121.18 (Cormo,0rn), 118.65 (br) and 11835
(C3 and C3', MDA moiety). The resonance of methylene carbon atoms is obscured by the signals of the solvent

29 .50 nom. The fact that the resonance of some car
MWy b A WO/ RAWRA AW L W W
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presents two close signals may be interpreted considering the presence of two different rotamers 5
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of the solvent (THF), the residue was extracted several times
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carbamate 3a. In fact, after evaporation in vacu

Q



14154 M. Aresta et al. / Tetrahedron 54 (1998) 14145-14156

nnl‘h diathul athar in nardar th ramava DA and iinroantad NDO Tha woatdual an!-t‘ inaniubhla ien athae aftor decrionas
VY I WMWARS ,l w“wl .ll VI W LAV Y LY 1 LWL L (UM W VOLAL LY e BN INAOLIAMAE ANV A ULAY 12 VUKL, Gl A4 u.’ B

in VGCio, Iiiulyacu as purc 3a.
Reaction of TDA with DPC in the presence of Ph,P(O)OH. Synthesis and isolation of TDA di-carbamate 3b

A mixture of DPC (11.63150 g, 54.30 mmol), TDA (0.5475S g, 4.49 mmol) and Ph,P(O)OH (0.09790
g, 0.449 mmol) was stirred at 363 K for 15 h. The reaction was monitored by HPLC: after about 10 h the starting
amine had completely reacted converting into a mixture of the mono- and di-carbamate. The melted mixture was
cooled to room temperature (293 K) and extracted with CCl, until complete solubilization of the DPC excess. The
white residue, poorly soluble in CCl,, was pure dicarbamate 3b. Yield: 0.97140 g, 60 %. Anal. Calcd for
C,H,gN30,4: C, 69.60; H, 5.01; N, 7.72. Found: C, 69.53; H, 4.93; N, 7.68. M.p.: 422-424 K. IR (Nujol,

KRr digke em- 1\ 2366 and 2308 (¢ hr vir) 3208 (w) 3146 (w) 00 (w) 304D (w1746 and 1606 (ve

Lisr digke ©m 606 ang 23U8 (g, VS S22 (W), 0 (W), 30 (w), 30e0 {w), A0P0 (vs,
154 1807 fm-5). 1880 Im). 1840 fvg). 1481 {5} 1443 75} 1411 (e 1702 FIRN

V(x)}, 104 \uq 1607 (m-s), 1589 (m), 1540 (vs), 1481 (5), 1443 {8), 1411 (-3 ;, 1326 \m‘b), 1253 \m—wh

1247 (s), 1220 (s), 1200 (vs), 1188 (vs), 1158 (m-s), 1121 (m), 1066 (m-w), 1042 (m-w), 1025 (m-s), 1015
(m), 1002 (m-s), 950 (m-s), 904 (m-w), 876 (m-w), 864 (m), 834 (w), 814 (m), 790 (m), 755 (m), 728 (m),
721 (m), 706 (W), 688 (m), 645 (W), 623 (W), 606 (m), 500 (m), 495 (m). 'H NMR (acetone-dg, 500.138
MHz, 293 K): é 2.33 (s, 3 H, CH3), 7.21 (m, 7 H), 7.39 (m, S H), 7.91 (s, 1 H, H3), 8.44 (s, br, 1 H, NH),
9.18 (s, br, 1 H, NH). 13C NMR (acetone-dg, 125.760 MHz, 293 K): 6 153.13 and 153.06 (both slightly
broad), 152.53 and 152.46 (both slightly broad), 152.39, 151.96 and 151.95 (C(O)O) and Cipss.0pra), 137.98
and 137.89 (C2 or C4), 137.30 and 137.20 (C2 or C4), 131.49 (C6), 130.02 (Cesz ors ), 126.04 and 126.00
(Cpsra.opn), 12271 (C1), 122.66 and 122.58 (Cyriho,0p4), 116.13 and 114.64 (both very broad, C3 and C5),

~ \~O0r. lIlU
17 43 (CHy). The above assignement was supported by a DEPT experiment. The doubling of the resonances of a
few carbon aioms may suggesi the presence of two different conformers.S More di-carbamaie 3b (overall yield:

84 %) was obiained Dy furiher pl’OLCbSll’lg the k.l.,l4 soluiion. This sotuiion was CVIIPO(EM in vacuo and ihe

residue extracted with diethyl ether (2 x 5 mL). The ethereal phase was evaporated and the solid obtained washed
with hexane (6 x 30 mL). The residue insoluble in hexane (0.390 g, 24 %) was mainly 3b slightly impure for 4b
and PhyP(O)OPh. No attempt to optimize the purification of this fraction was further undertaken.

Reaction of TDA with DPC in the presence of Ph,P(O)OH. Synthesis and isolation of TDA mono-carbamate 4b
A mixture of DPC (5.263 g, 24.6 mmol), TDA (1.024 g, 8.38 mmol) and Ph,XO)YOH (0.192 g, 0.880
mmal) was stirred at 363 K for 50 min, The melted mixture was cooled 1o room temperature (203 K) , extracted

ath hawvana 1in N1 Aanmnlata anhithilizatinn Af hath nhannal and NDO avnaces and tha rath Adiatherl Aﬂ-\nf Tha athar
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solution was evaporated in vacuo, and the residue dissolved in dichloromethane (30 mL). The CH,Cl, solution
was exiracied with distiiied waier in order io eliminaic ihe unreacied amine, dried over MgSOy,, filiered out and,
then, concentrated in vacuo. By cooling to 253 K, pure carbamate 4b precipitated that was isolated by filtration,
washed with hexane and dried in vacuo. Yield: 0.853 g, 42 %. Anal. Calcd for C,4H;(N,O,: C, 69.40; H, 5.82;
N, 11.55. Found: C, 69.50; H, 5.88; N, 11.60. IR (Nujol, CsI disks, cm-1): 3409 (m), 3318 (m-s), 3249 (m-s,
br), 3204 (m), 3130 (m, br), 3070 (m), 3031 (m), 1738 and 1725 (vs, vp), 1625 (m-s), 1611 (s), 1592 (m),
1554 (vs), 1511 (m), 1490 (m-s), 1452 (m-s), 1427 (m), 1338 (m-w), 1292 (m-s), 1249 (vs), 1220 (s), 1207
(vs), 1194 (s), 1161 (m), 1151 (m), 1091 (m), 1069 (m), 1021 (m-s), 989 (m-s), 976 (m-w), 962 (w), 923 (w),
010 (w), 877 {s), 855 {m-w), 834 (w), 810 (m-g), 785 (s), 762 (m), 740 (s}, 721 (m-s), 706 (m-s), 686 (s}, 619
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Hz, HS5), 6.89 (d, i H, °J = 8.04 Hz, H6), 7.01 (d, unresoived, i H, H3), 7.i9 (m, 3 H, Hpara,0Ps and
Hortho,0P8), 739 (m, 2 H, Hypera,0pPn), 8.80 (s, br, 1 H, NH). 13C NMR (acetone-dg, 125.760 MHz, 293 K): 8
152.09 (C(0)0), 151.79 (Cipso.opPn), 147.06 (C2), 137.92 (C4), 130.67 (C6), 129.65 (Cuesa.orPr )» 125.56

(Cpara.oPh)s 12232 (Corthoopn), 117.19 (C1), 108.16 (CS5), 105.31 (C3), 16.62 (CH,).

Synthesis of Ph,P(O)OPh

A THF (2 mL) solution of Ph,P(O)Cl (0.46 mL,, 2.41 mmol) was added dropwise to a solution of PhONa
(0.28415 g, 2.45 mmol) in THF (10 mL). The reaction mixture was stirred at 293 K for 3 h and, then, filtered
out. The mother solution was concentrated in vacuo. By adding n-pentane (40 mL) and cooling to 253 K, a white
solid separated, that was isolated by filtration, washed with more nen:nne (2 x10 mL), dried in vacuo and

identified as pure Ph, P(O)OPh. Yield: 0.630 g, 89 %. Anal. Calcd for C;sH;sPO,: C, 73.46; H, 5.14. Found:

" Mmo1- 1 sn1 1D I\T:nnl KRe diclka ~rm-1N 2NQN ()Y AUYTIN 7oy AOEN £0) 1 RQDE fwa) 1AQD (aa)l 1420 7o)
oy Fhdue TRy Ly o\ Ji. LI l‘“JUl’ ANAI1 UIONRD, Wil } ST \"” [WAV AV, ‘"l, T NT \"}, l—w \lll” A™ OV \lll]’ 1920 \0’,

1315 (w), 1220 (s), 1195 (m-s), 1185 (m-s), 1165 (m), 1125 (m), 1110 (m), 1070 (m-w), 1023 (m-w), 995
(w), 920 (s), 900 (m), 763 (m-s), 755 (m-s), 745 (m-s), 738 (m-s), 732 (s), 698 (5), 692 (m-s), 683 (m), 610
(m-w), 582 (m-s), 535 (s), 513 (m-s), 493 (w), 455 (w), 435 (w). IH NMR (CD,Cl,, 500.138 MHz, 293 K): &
7.10 (m, 1 H, Hpgra,0pn), 7.21 (m, 2 H, Hortho,0pn), 7.26 (m, 2 H, Hmewa,0pw), 7.49 (m, 4 H, Hppy), 7.56 (m,
2 H, Hpgra pph), 7.89 (m, 4 H, Hppp). 13C NMR (CD,Cl,, 125.760 MHz, 293 K): é 150.74 (d, Jp = 7.62
Hz, Cips0,0pP1), 132. 10 (d, Jop = 2.86 Hz, Cpara,ppn), 131.39 (d, Jop = 10.25 Hz, Coppo prr). 130.96 (d, Jop =

138.34 Hz, Cipso,ppPn)s 129.28 (S, Cieta.orn, 128.29 (d, Jop = 13.35 Hz, Cyreta,prr), 124.24 (s, Copara.0Ph),

120.36 (d, Jop = 4.76 Hz, Cypipo.0Pn)-

This work was upported by the MURST through the "Piano Nazionale della Chimica" and, in part, by

the 40% and 60 % Programmes. We thank ENICHEM Synthesis for a ioan of DPC and DMC.
REFERENCES AND NOTES

1. (a) Barthelemy, J. Lyon Pharm. 1986, 37(6), 297. (b) Tai-Teh Wu; Huang, J.; Arrington, N.D.; Dill,
G.M. J. Agric. Food Chem. 1987, 35, 817. (c) Kato, T.; Suzuki, K.; Takahashi, J.; Kamoshita, K. J.
Pesticide Sci. 1984, 9, 489. (d) Picardi, P. La Chimica e l'Industria 1986, 68 (11), 108. (e¢) Rivetti,

nmann I7- ancn"l \/! II(' pﬂf A814230Q 1185.

oy MNULUGUIIT, .y Saoouv v

D.l..1 1LY A

. T ilan n e DD
pavada, ri.; LEHET, AU, i.

Wb

(a) Aresta, M.; Quarania, E. ChemTec
1988, 53, 4153. (¢) Aresta, M.; Quaranta, E. Ital. Pat. 119&06, 1988. (d) Aresta, M.; Quaranta, E. J.
Chem. Soc., Dalton Trans. 1992, 1893. (¢) Aresta, M.; Quaranta, E. Tetrahedron 1992, 48, 1515. (f)
Aresta, M.; Quaranta, E. Ital. Pa1. 1237208, 1993.

4. (a) Aresta, M.; Quaranta, E. Tetrahedron 1991, 47, 9489. (b) Aresta, M.; Quaranta, E. Ital. Pat.
1237207, 1993.

5. Aresta, M.; Berloco, C.; Quaranta, E. Tetrahedron 1995, 51, 8073.



14156

N

®

10.
il.

12.

13.

16.

17.

18.

19.

L 72 Y

L\,

21.

N
9

M. Aresta et al. / Tetrahedron 54 (1998) 14145-14156

Loy Mol A A TQAE ££ NEL W Al AT L Y aeabria ¥ A Wwr ¥
(O WIWID, £ LA LORO, JU, L\ | } DUl llll\al\, 1., LAISAILIL, L. O ﬂul wxu., M~U l\yum., A.VW. J.
- ~y -~

Am. Cnem. Soc. 1956, 78, 4358, (¢j Hagemann, C. Koniensaure derivaie. in AMeifoden der
Organischen Chemie; Houben-Weii, Eds.; G. Thieme Veriag: Stuttgart, 1983, 4th ed.; Band E4, p. 159.
Adams,P.; Baron F.A. Chem. Rev. 1965, 65, 567.

Massi Mauri, M.; Romano, U.; Rivetti, F. Ing. Chim. Ital. 1988, 21, 6 and references therein.

Kock, P.; Romano, U. Ital. Pat. Appl. 20264 A/82.

Romano, U.; Tesei, R. US Pat. 4045464, 1977.

(a) Frulla, F.F.; Swber, A.F.; Whitman, J.P. U.S. Pat. 4550188, 1985; Chem. Abstr. 1986, 104,
224725u. (b) Giumioln A.E. U.S. Pat. 4268684, 1981; Chem. Absrr. 1981, 94, 97407k, (c)
Giurgiolo, A.E. U.S. Par, 4268683, 1981; Chem, Abstr, 1981 95, 168832h (d) Romane, U.;

DrAvaAYS T NIy AT LAUIEr s R my Sty LUMAAS SRR M J ENATBERCGAELSy

Tesei, R. Ger. Offen. 2716540, 1977, Chem Abstr, 1978, 88, 37459. (e) Onoda, T.; Tano, K.,Hara,

..........

Y. Jup Lat. Appz 04316, 15980. Ul Duybul, H.J.; muluu, H.; mwwx W. Eir. Pai. /‘lppl'. %71,
i982. (g) Romano, U.; Fornasari, G.; Sgambaio, U. itai. Pat. Appi. 22967 A/82.

(a) Anon., Res. Discl. 1987, 275, 162; Chem. Abstr. 1988, 108, 167429g. (b) Romano, U.;
Fornasari, G.; Di Gioacchino, S. Ger. Offen. DE 3202690, 1982; Chem. Abstr. 1982, 97, 144607d.
(c) Mukai, T.; Suenobu, K.; Masago, M. Japan Kokai T7 14745, 1977, Chem. Abstr. 1977, 87,
52961e.

Yamazaki, N.; Higashi, F. Int. Prog. Urethanes 1980, 2, 61.

(a) Knight W.B. Carboxyphosphate: Predicted Chemical Properties, Synthesis and Role as an

Intermediate in
ae1!

aasven as. 2e3

Emvmln Reactiong, In F; n7\1rnnhr and Model f'nrhnwlnhn- and Redurtion Reactions lhr

N Niawida TTeilinatinm. A cncta M. Qrlil~ao ' VUV CAdo « Phnwae A rodamein Dhdaliohacas ThAcdanndat
G UV LIVAKUL Ul“»lLWEU"v, Miwaia, ivi. ﬂ\alllUDﬂ « ¥ o LARD. , uIUWTI MAUAVGEHILIN T UURISIRAD. LJUIITULIR,

1990; NATO-ASI Series C, Vol. 314, p. 239. (b) Rubio, V. Biochem. Soc. Trans. 1993, 21, 198.
Aresta, M.; Bosetti, A.; Quaranta, E. Itai. Pat. Appl. 002202, 1996.

Aresta, M.; Dibenedetto, A.; Quaranta, E. forthcoming paper

A mixture of 1a (0.585 mmol) and DPC (12.2 mmol), heated at 363 K for 4 h in the absence of any
catalyst, produced only traces of 3a, while 4a was obtained with a yield of 10 %.

When 1b (0.655 mmol) was heated in DPC (11.2 mmol) at 363 K for 10 h, in the absence of any
catalyst, only traces of 3b were obtained. 4b yield was not higher than 20 % (by HPLC).

The formation of ureas was observed when a THF (7 mL) solution of TDA (4.09 mmol) and DPC (8.18
mol) was reacted in the pregence of Ph.,P(OYOH (ﬂ 400 mmnl\ at 302 K for 72 haourg,

mmol 1,P(O)
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mmoi), DPC (11.0 mmol) and ripoiUjuri {(U.u55 1iniol) were reacied at 363 K for 4 h. ADAIOGOUSTY,
a mixture of TDA (0.776 mmol), DPC (12.0 mmol) and Ph,P(O)OPh (0.083 mmol) heated at 363 K for
10 h afforded 3b and 4b with yield of 20 and 80 % (HPLC), respectively.

No reaction was observed when a mixture of DPC (3.0 mmol) and Ph,P(O)OH (0.30 mmol) was heated
at 363 K for Sh hours. Analogously, PhyP(O)OPh was not found when a MeOH solution of the acid

and DPC was stirred at 343 K for several hours. In this case, the GC-MS analysis of the reaction

mixture revealed the formation of traces of PhOH and methylphenyicarbonate.
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