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The Mitsunobu reaction is 4 mild way fo convert an
aleohol mto 3 wide range of functionakity.! In general, this
method proves efficacious for the acidic component {p&a ~
8) of the form of amides,® plithalimides, M-alloplsulfon-
wmides,” Atmethyliiflaore methanesulfonamides” or hydrazoic
acid,® providing asefa] vields under newiral teaction condi-
tions, Im the intramolecular Mitsuncbu reaction of AR(2-
hydroxyethyDamides  and  N-(2-hydroxyethylhicamides
having ambident nucleophile, O-cyclized products’ and 5-
cyclized product™ are generally obtaingd in preference to M-
cveclized products, respectively, Recently we reported that 2-
phenylatmint--oxazolines were prepared by the cyciization
of N-(2-hydroxyetnyl)-¥"phenylthioureas using TC and
NaOH.® This reaction procesded via cyclodesulfurization o
repiotonuolled Chalkylation products. To the best of our
ktwowledge, o0 Misunobu reaction af AW 2-hydroxyethyl-
N-pbenydnioureas s been reportad in the literature so far?
Therefire, the belavier of ambideny mucleophile n the
Miswrobw-mediated intramolecular ovclization of N-(2-
hydeoy yethyDhinuress 2 was investigated to compare the
regults ysing TsCl and MaDH (Scheme 1) In addition,
mechanistic nvestipation of Misunobu condidons and
T=CUNaOH system was also disclosed,

N{2-hydroroyethybihioureas 2 as substrates were readily
prepared from reaction of the corresponding [,2-amino-
aleohols with poeny! isothincyanae in THF at roam deaiper-
ature in good yields. " The Mitsuniobu reaction was achicved
with diisopropyl szodivathoxylate (DIAD} apd triphenyl-
phosphine in THF, The reactions sverc complete within 30
o at oo temparsture. The inframpleculsr Milsunoby
reaction of various substratcs 2a-2h was examined, The
resulls are shown in Table 1. The Miwunobu reaction
Rimished mainly the mixure of N- and S-cyelization fentries
1-8), In the case of 2d and 2e a small arount of O-alkylaton
products were formed (onthies 4-5). On the oiher hand, using
Tst and WaOW the regioselectivity of cyclizaten was
depending oo the N-substituted group. That 5, 2a-2e

3
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“The eetic of the crone Tnidtores was detepnined by TH MME, "Far
isolaled yiglds, sev: Ref. 8. For procedure for Mitsunobu tesction, soo:
Ref, 14

prepered  from  N-umsubstiowted  aminealcobols (R =H}
procezded to the regivcontrolled J-cvclization (ontries 1-5)
and 26-2h prepared ffom N-substituted smincslochels gave
the mixture of &% and Scyclization a¢ the Misunobu
reaction tather tan Q-oyclizatie feniries 6-8). The signifi-
cant differegce of the resction pathway of various thigureas
2 was umique o TsCWNaQH system and was not observed in
the Mitsungby condition,

Mitsuncbo of thiouress such s 3 altost might proceed
through M- or S-mucleophilic attack of thiourea upon the
oxvphosphonum niermediate to produce the mixtuee of A~
and S-alkvlation product as delineated in Scheine 2. 4 smal!
amount of O-alkylation in 2d-2e might occur throagit catbe-
diimide intermediate.? Using TeCl and NaQH the meckanism
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Scheme 3

tor the formations of &-, V-, and J~cyclized products covld
be progosed 45 fallows, The reaction might proceed to two
drtections such as the cyclodesulfurization o the eyclo-
dehydration 1o be strongly influenced by the R* group of
thioureas (Scherne 2): (i) in the case of 2a-2e (R=H), the
reaction pathway of carbodiimide’’ intermediate s leading
to oxazoline derivatives 5. (ii} in the case of 262k (R'=Me,
Et, and Bn). the tosyiate s formed and amion delocalized on
nitrogen and suifur can attack the fesylate to provide the
mrixture 6F Mopelized prodoct 3 and S-cyclized produet 4.
The remarkable O-cyclization selectivity in A-phenylthinureas
2a-2e may be due to a cathbodiimide intermediate because a
carbodiimide intermediate can be formed only in case of
R*=H, To confirm the provosed pathway, O--butyidiphieryl-
silyl (TBDPE) protected thiouren T was preparcd from O-
TEBDPS protected amimalcoliels § and phenyl sofjo-
cyante,'t fotlowed by eychizaiion using TsCl and NaOH
{Sckeme 30, 1o the pase of Ta the cafbodiimide intermediate
was isolated as expected” With Th no reaction such as
tosylation occurred and the starting material was recovered.
Thus, Th prepared frorn N-substituted anincalochols did not
provide carbodiimide or tosylated thiourea. From these
resilts oor proposed reaction mechanison in T5O and NaOH
might be possible.

In conclusion, our stady on N-(Z-hydroxyethyl-A-
phenylthioieas demonstrates the main formation of N-
evelized product from thiourcas 2 under Mitsunobu condi-
tions, Cyelization of 2a-2¢ under TsCYNaOH results in
regioconuolled  Z-amino-2-oxazolings wia  carbodnmide
intermediate.
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(0.2 g, .43 mmoly in THE (3 mL) under nitregen & reene lem-
perature was mided aad thefhylamipe (U] mil, 076 monol) and
phemy] isothiogyanate {08 ml, 0,76 mmol). The reaction mix-
ture was stirred for 5 min and vvaporated. The coude product was
purified by column chromatography o give the reguisite prodigt
P& Yield 0% Br= 0.5 (ethvl ocotatehexane | 4% 'H NMR (300
WHz, CDOCL) 8 8,02 (1H, bs, PhNH), 7.34-7.23 (13H, m, 3Ph),
667 {VH, bs, 0L, 382376 (4H, m, Cafia), 392 (FH, 5, {THahk
T NMR (75 MHz, COChy & 1804, 360, 1353, 1302, 1259,
1278, 0273, 125.3, 620,475, 266, 190,

Phenyl butbldiphenylsilanylokyethylcarbodiimide 8a. To a
stieredh selution of thianren Ta (0,00 g, 323 wrtol}ie THF £5 mL)
dt rucit temperatie wias kdded » solution of aOH (.02 g, (.53
mmmaoby in water £1 mL) and TeCl {005 g, 0.28 mmol} in THEF (2
mL} dropwise for 5 main with o sytinge. The veaction mikiuns was
stitred ior [ af room tomtpetanre, quenched with water (20 mL),
and expirareed with ethar (30 mL 3. The arganic layer was dried,
Dltered, evaporated, and purified by flash calumn chromatapra-
phy to give the carbodiimide product B Yiehd 2% &= 03
Cethsl ucctateiteaans 17 4% TR (CDOL, em™ 2142 (N-C=NY); 'H
MY (300 MHz, CDC & 7.68-7.65 (4H, m, 2P, 7.42-712
{60, 1, 2Ph), 7.28-7.22 (3H, m, Ph), 715708 (34, m, Phj, 3.54
(YH, 1, OCH:, o = 5.4 Hey, 148 (2H, 1, CHN, J =34 Hz), 1.02
{9H, 5, {CHnk TC NME {75 MHz, CDCL) & 1405, 1369,
1356, 1313, 1297, 1293, 1277, 1245, 1238, 63 %, 494, 28.7,
9.1
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that the esadey ba cogaisant of the material in the fwe
unrifer veviews M Dewipg the period under conaidseaticn
sevaral lnrga fislda have opened up, mudh g in perioesen
inhibition whers carbodiimides have hese yad exten.
eively and where parbodiiznide chemistey is not of

WiNams and Jshim
TABEL Some Hetvzomipplnts
o= Ral Oulcg R,OC=o=0
Orfu F2 0l R CuCmE
RNmB=NR Brlcl P eg=g
RN S} 5=U=NR R;{:nsﬂi
RN=gd, T Ca iR Byl =R
A=, RN=(=NE Qe
RHBFO 0=Pa0 Eﬂglrsrm
R, NE,

B e iniR,  RBHNep=S RL-N-0

- RO NER ﬂ

T—N= R

A-E-Na}

primary imporiance; referances ol relovast o the
chemnintoy of carbedimites will therefore only be
mentionad in pusing
Protably the most important feakere of carbodi-
imsides ralating to sheiy wide voe in their relatlbvely low
uteatalyzed reactivity which allowe eusy wiorage, The
driving force Tor most of B reastions js the vary pow-
orfi) saturating shikity of the Ce=M hpnd axd in the
cadp of da! the very stabla product. The
Bulfiltls mest of e properties of
reagent 7t in ynreactive until a catalyst ia bt
provides a powerful driving force for & maction te
po;uf-lul kmwt:ﬁmaﬂgga {pmimlulh
thajr action a8 cop 0 v
the tipid-sohuble reagenis)® this need cnly be obtrualve
o the carelesns worker.

11, Synihesis and Formation of Cartodlmites

A. General

A unpfi roview on carboditrmide rymthesis has bass
Py o s byt
may he cONBLAY rop major
protessen, including o preformed H-C-N sheleton, ad-
ditive of Nto O-N, andan N + C -+ N scheme,
The dussionl b3 frvvolvey slimingtion of ligande
from the N-C~N sheleton; mory recently alactrophille
substitution o An sideting carbodiimide has hesn
amﬁmihddﬂi;ndufﬂmmhm%;fﬁa
motdurh pxchange ud catalytic proceases. +
+ N meethod polves of © aod N fol-
1owad by further addltion of the M grouping,

2. Mas) and pheral Delie Praperations from
Thioumgas '

Lead, gilver, and wmarcury oxides hivre boen used 1o
Mﬂgﬁmwlmmmu
Active guminium oxjde hea elan been utilized with
thlouressd A povel mwthod has involved the Sortoation

" of the anvides salt frem aiourans and O

Srignard 1eagent
o butylltkius followed by ottack of pulfus dioride (eq
1
4 Pyt § mathod involying metals in the
mpmmm galt to yield metal sulfide
S
metion r ik
o machanim similar 1o eq 1 A efmiio m:mi Involven
trialkyitin oxide ar the “metal aakt 328 M.Sneoby-
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N phenylcarbodiinside ke besn prepared frotn the
ﬁu by heating %3tk lithium carbonags. ™

. Oxidatlon of Thioureag

Qodium ypochleriie has continued 1o be a good oy
idizing sgent for wretion of carhodiitides from
Shipuress {eq 357 and N-hromoeuecinimide has begn

RNHCSNHR 272 RNCNR (3

uaed to good effact.” Dabydrosulfuration snth & qui-
mane has provided an interasting pathway bo carbodi-
tanvides® with the facmation of a quingd sod slemet ta)
auliay; the stelohiometrie equetion Jeq 4) masks a

h 1
ANHEENHR ——
&l '

Ci )
v FHENR e iRy (4}
L= A
W

yomewhat compiicatad mechasivm, The mechanism
fmvoives & 17 adduet of thipurea with the quinone, and
» possibla gchame i outlined {eq ), ‘Ths initied ve-

g

R
— ] e
g H ch ey /L:
e
o el z 2l

action of thiovred and quinone vields a sulfenate aster
frwhich acts s & cartier, Tha fhnal wep in tha resction

Chemical Rejews, 1381, Wel, 41, Ho- 4 BT
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(3 PR et Cruttredd Uhher D, GOMEOR Lo o 1554,
i Foye By gt et S0es JDES mnd Rae Suding Bt Monhwastern
b Bramdals ey WM Joncks.
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Trmityrs TN Lpr ik wdg BO0m b Lridg in 1952 mgomﬁhh
B.5:c, oM Bagiod Untversty In 1974, Ha aitained hiy W 5c, from
BEgaet 41 1976 Lncer Ina supsnigion o1 OF. M. Shanshet grd Ha
PELD. froah 1 rd 1 1BE0.

et involve quinone (g 63 In g eyelisetion o aplit out
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PR o G B B el =

i 7
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AHGHRE &+ Sg -+ quinal

Another wathod with p-quine! involves pddition of
the thinurta to the ring ollowed by eliminstion leg .1
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Digthy] arodicarhoxylate reacte with thiourea in the

presance of triphenyiphoiphing ty yield carbediimide
in goud yield {eq 3157 The sulfer is recovered ay
e snifide,
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0. Repcliong of Yhicursap with Ackd Madldes

& Phoggena

Rmmmoimwﬂhphoawmtmgm
hmgtmvmpudﬂddwfmmdhmﬂm
weckanizes of the reaction is not upderstood but

irevalve forration of & fpur-mambered ving ful'.h:mdby )

expulsion of COB (e %) of gothmu;hncblminﬂﬂa
mtertnediate {eg 10%

RNHCSTnR SEEL HN“B"-“NR ——

Y
={F
Y
)
m:u(s)gn o RNCKR (9]
RMHEINHR EEE Rt MR oo BHCHA (10}

b, Soltur Aid Hailitas

Carbodiimides ey be obtained by véaction of thie-
u:nu with thlony) chlorids, mlfenyl chioride, Jtlare-

lﬁ%ﬁﬁhnﬂdsﬁfﬂﬂcﬂh}'mﬂmﬁm
with base,

¢ Phispharuy Hafdes

Ureag and thicureas may be debydrated or de
diremuiforatad halides, which moet
pravide 3 gmdbymm funstion (eg 11).9-49

preipig. SyNma T B —
1;{:1;
RHOE + B ELEL 111)
wariatior of the abowve method el
tha mm rarcon tetrachlocide,
ard baytigry gmivs on yreps angd thiouzess {eq 12).%
Py o GEle —= Fh,pmccq,-—ﬂ,ﬁccn;u

e
/g;:s(-\m; S m%«eiop—‘ﬁ'

RNONA + PR PSicl (12)
The stahility of the PO and P8 honds provide the
driving foree for theds peactions,

E, Symhesis rom Uregs and Thioureas by
Elrmination

4. Halwroepele Hefttas

Cyenuric chloride ssaets nith thioursss to yleld an
S- m'lhmma which may b6 oplit with hess
thiol; thin procadare i the besie of a

{ac; 1 viglda of up to POk S
{ﬂIEJ. Bumih:m mm chleropyrimidines,’”

Willams ARG [eain
N-phenylhenzimidoy! chioride ! 2-chlorohenzo-
of carbodifmide.  1-Chlorobenzathieeo ™ and M-

RMHM!S\( \rsotmm

lHH!NH'R

,):ﬁl + YAMONR (13}

chinrosmidines™ furve bosr used ssagntially t oxidizing
aganti; o ypanomable mechanist i poatuluhadinaq 14.

133

ARy 4 AMHCSNHA —=s n'b&' —

ARCNR + m'sh [14)

b, Ermple Elmination Réacting

Elimination of thicl Erom S-alkyl- or -arylisothico-
mmhannutmw;pmnﬁwlymm
thess spocies e intermpdistes; earbodiinidey me

Whmmmﬂmwﬁ
(#q 1B

ANHLRMeNCH ———+ [REONCN]-——
* cyanoguanidine (15
Trirept pliminetion of O from ehloroftamamidines
l-mbwn:aad mﬁ%m&mﬂmbﬂmﬁ&am Pt

ArS0;N=T{CNHR -2 ArSONCNR {16}

‘The debydration of uress with POy and by exectrofic
dhﬁﬂm.iqn hes nlza been used to prepare carbodi-

Tﬁamuh.m&mdthhlfmathnﬁnmbuthi&
wapnlum palts i baye has haen ghown to jnvolvo cyan-
amidsin the caee of tha parent tiipurea™ wod preom-
shly a carbudiimide in the caie of pymietrically A
ﬂubﬂﬁmtﬁﬁumim 17

RSCINHR),* ~2% REH + RNCNR  {17)

SRNHCENHR SEEE

Carboditmide is itrvalvd 26 s intermedinte
in tie eyclization of s wlethpls to glve Z-amino-
Soxazolines [y 18158 There ls, hoererer, no dafeitivg
svidence for this mechanism.

T
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Cartadimics Chamitey

F. Fragmantation Reactions
8. Five, Sle and Spven-Mermbered Rings

Feagaenvations of heterocyelic species to yield car
hiodlivide und esaily renroved byproduct bave baen
soplited axtopnively For syuthestn Totrazoles have
bammadtosynﬂmhunmﬂ?-mmheredmdnqaﬁin
rarbodiinide (ag 19} through n proposed nitrene ™ A

T, =0~
M " N# [[H
=

M

ehondled reaction vvebving corbodiimide formation is also
thought o invoive a nitrone interorediats.
Tettatils speciss kave alae buon usad it the wyithesly
of carbodiimides; photolysis of 2-tetrasclines vislde
carhodiinides in reaponable viekd (eq 25 and 2{1% The

HHHR 2o AkCHR ¢ 5+ W (703
WM
A

m’""pn e mucHR + SH-HR RNy rgit

W=t
. wiide from » tetrazoliym fon alse fragments to yviald
carbodiimide (ng 22),%
mfﬁ“' =R o 4 (1)
__-“ r
A llmited syntheels related to &g 22 is of a5 acyl-
carbodiimide frvan an oxadigestivm lon |ag 23}'%3,

”*@Eﬁa — PG (a8}
H -

W of 80, frotn 1,2,3.5-o¢athindiazote 2-
involyes rearrangement, probaldy we o
multicaniey trataftion sy (pg 2404
Y
L y
kg -}‘TI-"- Ruse 2HE ‘;}"": ——
¥ A -

l“"iﬁw

1,534 Thintriazoline have besn wsed Lo propare
ﬁ?&ﬁuwﬁmwﬁnuﬂmumw
e 20 )

x
e BMCHR' 3 S0, (94)

wo
ATSOMCY - RN, B
Eﬂzﬂf
Blimination of 00y from 1.9 4-txadipznlin B-ones and

their N-plkyl sa)t® yields & carbediimide in good yield
(eq 2619

mwm shetryste stifur frome a thisdla.
23] .

-5
T FNCHSDAr  {28)

Chpmicsl Rgviows, 1081, Vol 89, No. 4 253

s
M TR ML e e R R {15)
o

I

a?“f I AN CPENCRRY 4 Mz {27}
N

2]

A oovel degradation of & <iezepine has been teportad
whierw the prodoct i n oarbodiimide; the mechanion i
belbwved ta invoive & hicyclo derivative (eg 281.%

)
C N‘J r /.
ELLI™ ]
Fﬁlﬂl :‘-::: ;J [} [—
: hY

Ph
hi]

@:ﬁm + PN (28)

de%wmﬁ&;ﬁﬂm
elda an gxadlaxaling opexs Pro
fmhmhmﬂﬂewﬁw;mbadﬂmida {eq 26),7

m?n Ackhg Ej-’,&—m _"%{m
G Y

4 stnlar wyckeddition reaction of Bb weiries with
arylisathloeysnate yiskls 2 carbodiinids, probahily
Wﬂxw&gﬁnﬁﬂﬁmhﬂwﬁh{m
30

. I, LY
sy 2= AP
H 4 Wit
(1

L}
I'bu+

b Four-Mgmberad-Ring Heteraoyelas

“This fragetentation reection i sasentially the teverse
of 2 I2 + 2] aycloaddition which ls considered iater in
thia roview. A simple reaction whdch, kowsver, gires
poor yields 8 the couplisg of Nanlfinylamine with
isothiocyenates to pve p fm-mernbered heterncycle
which aztyides 5 and [80) (pq A1™  Difbjocorbamates

R
i .
RS0+ ANCS o \I_i — MCNA 4 8+ ISR
P
(81)

und varbodilmides gre the products irom the reaction
of tsothlowres detivatives and wothiooyanates (e 323
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ABCHA & WgHCESME (3D

A= W= L=l

k
i
I ]ﬁ'—- wuCr  130)
Ak=={ ==h

may be ¢a by compounds with Pe=X groupe,
This t0 pyothesis has & major dleadvantage
in that only symmetyical carbodiimides may be pre.

paved. Thare is tow ronsideralila seidemee in fsvor of
the origion] mechanfser {ag 34)."%%  The reection is

[543

which

The formation of the MR interme-
disis fs conffrnsed by ity synihesin and use sith RN
a8 & method for roheetd sarbediimiden (o 36
jn up to T0% vleid ¥H This method allows the for-

CICH(CCIINCD + PhyPe=NPh ~
- CICHCCIONCNPD (35)

matinn hm‘mdiimldm mﬁﬁ
wnihhluimmthﬂimt £ catalytic T

boen yeportead * The machania of e 34 12
convigtent with the thet ched

gheervation Rt )
%mmwmmmmm

Arginee®® and vassdiym and ngsten yxidee™ have
proved 1o be officiant cotalysts of the decarboxylation
of isocyanntes,

b, Soi-ase Sytmhats Based on Phosphorus

Attachmant, of the phorphorus ratalyst to & solid

phage hus befn . B0d pn exampla of suth &
catabyet in glven (TN in which <he phospharus
Foe—o

Wiarns mred fumhem

beterocycle is covalantly attacbed to a styrene/di-
]mnm An alternative wllﬂ-phmwim-

vinylattens
l}wmﬂmhhdinqmmmapaﬁmtamm*
(ITN).

™ Aveine oxider bood cevee

_@

exchangs resin

=47

Fowsie == Mgy -+ D

P
| el
R u hin
141
hmﬂrmfolmﬂ mptrices hnve giso besn gucomas.
fally uwhut;ﬁmi&ﬁfmiﬂiuhmm

o. Crpenamatafe Cofmbsls

Sron pentacer booyl and gihar wefal oar honds cate
iyze the decarbexpistinn of inpcyanates. 1t i thought

that n c¥dloaddition reaction oocurs with the
of carbon divxdds leq 560,95 Mewllic sallz of aleo-
M0 -2 MelCNR + CO; (38)

MetCHR o Mot 00 + RNONR

hots are alno effective catalysts for the decarhoxylation
of Isgcysnates, and carbamute patets have been pro-
paosed ga repctive intermedintes (pq 37;7%% up 10 90
yieita have boon pbesrved with these calsiizoe.

. s "
Awen 2 m?—{m LN ma:nl:,_:% e
Hf"
RMINR + Oy + MOR {373

M. Tiamann Resrangementy

Several usaful syntheses of curbodifmides utillize an
wlartron-deficient rasrrangument {oq 39).  Amidazlmes

L
Nam
n-% ZL mmchnr 48y
WH’
Fany
% = -OPOCE,, <780, P, ~DCCEh
in the presance of phosphyi iutidesT® and bass give

casbodiimides i ug to 80% yiald. O-Bengoyiatlon of

J{i

ACENHE L.l RTM‘IFE —
Ny
Ph
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i
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Cutrtexiride Chpmistry

an araddnaie folfomgd y hase-optalyzed sisinathp?
als? gives 8 yiold of rarbodiimide, Recently a
vernatily of carbodlimide fommation from sm-
idrazones has hoeo foq SR srinhany).
carresponding pyridininm
epacies which then eliminates with rearrangemsent 4

carbodiimide. Resction of N-chlproarmidings with sitver
oXile yielda carbodiimides, probably through ¢ pitre-
wiamh ion (6q 40},

m—IrNHHﬂ—A' (m e aone  {40)
(v

K=y

L. Synibeses through Combination of § + CN

.;T??M ﬁh@!;rn ;hmpbanw
- L) Loy
cigalynix s ptricily s N 4 O pathway but s beet dealt
with separately. ’I‘hanmtlmufmirmmthaﬁda-
Theativea with lsocysnides dne bevn exploited on & waghul
synthesiz. - Pallsdivm dichiorikle has been 1uxed wa e
mﬂﬂfwthsrucﬁmn:ummmhlm with fape
of Ehe raattion
wm%%mﬁﬁhﬂahtﬁuﬂhﬁmmﬂw
mﬂﬂummm Actde and Bbocyanide i the

RNE, + RNC L
PICHRNCHCINHRINER] —2v RNCNR {41)

srregenee of irom pentacarbonyl cotedyet ghes a H0-80%
¥ield of carbodlimite (sq 42).77 Carbodiimides are

BN, + KNG~ BNONR  4®)

mmmwmm%mwmmwmam

G- groupa (eq 4231 aliph'.tmmm requirs
AsNHq + F,C—~Ne=CF, -5 R, 0~NONAr

RNH, + Fol—NerCFy -
F,CN=<CP--NHR — 2 FL—NONR (49)
o distillation step to expei th# secan HF molscule,

Clegvage at a ON hond vecurs when the amise in sec-
om'lary (eq 441.'%  Rescton of amisosiinmea with

Ay

A, Ry
‘{;m Loty \Eﬂ_mﬂm

TR R LHNORAr (4o}

cygnugenhnlidau loyanamide which tauton:-
mm%m 4&1“"-”‘

By T by miMyy Wee RuCNSMDy  (48)

o
]

J. Eachsngs Réactions

Elmple pxchange of o mzhndﬂmﬂemthhnﬁﬂﬂhw
mmhwmwhmwmm
Baustiop §& exeraplifier o Wpical procose.

Stennylemines axchange #ith mathincyanate to give

Chemical Reviiws, 1895, Vol 31, Nz 4 §Bl

stannyl aulfides upd carbodiimides in up to 80%
(eq 4NIN* 4 similsy nﬂuwm@lﬂ iﬂmhwﬁ;lﬂ

RySnNONSafly ~— e RSnNCNBMe, + R“g’;ﬁ;

(RaSnNR &+ RNCE ~—ov RNCNE + {RyBunS
41

WMWM&WM{W
{ReBin)s0 + AYNGO —

REnOCONArEER,)

NG
o VRNCNAz (48}
~tRfnlf

B novel methed involves exchangs of the
a sflylamine for oxiyen of an ivecyanats (eg 4911

AWRn + RpSIPRILART .....( 1 2 ] vl RHCRR
HA

N. Symihesia from Cyanamide and His
Darivaliven

iam

Thnprupmﬂnnufmquiinﬂdumhnffmad
epubrtipiion on the preformed
snaimilgs using roansive licee bas hos ot

[+
(nq&ﬁmdﬁlim for phraphyl (X = 8, 0} and ailyl
PR P 4 AgCNg —~ PhoP (RINCNP(X}Ph; (50}
RoBiCh + KNCNED ~ MeSiNONPh  (51)
carbodiinid Mﬂmhmﬂumm&m
muda"“-"“u?ﬂmldﬂmmmdium to give
mndumm:u%\:’rlad Mmhndimﬂa:mmw
prestnce of huse bas also givan good yislds of carho-

. Rllcide bise

Onidex apd amides of group 4 slementa tam ot ax
%;;mwwm to give
Car In good yield {eq 52).718-16

(Red0 ~==r R MNCNMR,
EMINE 20 R MNCNMBy  (52)
M w Pb, 5, Gis, S0
may be prepared Erom cyanatnide and

akﬁmwthmhuwlhymhdu
a frae-Tadita) process (agq 5317 &m”ynthm

B G HGRy

W“/
HHOR F fe D {63}
PI-\\‘\‘ o~
h PHEHCH HAEN

giving & 22% yiald of carbodiimide i» aléo thought to
fzrvolve Prop tedlcals fag ey 14

Phytn +Nﬂﬂ—j9 154}
/
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{1, Structurs and Physioal Proparties

A. Shusturs

The nllene-type situcture of carbodlimides was well
entzplisbed by the thne of the lest review? Recent work
wis dimed at detaled sfeuntaral The inter.
eating fopture of X-ray crystalloges phicstodips iy tha
ths eabodiftrida bard i241f is nonlinear, with NCN
bend angles varying from 186 to whout 170° for both
sromotic and mized-aliphatic-aromatic speciss
(IV). W T fikecre} arngle datwron e sobsbtenta

1V, R = Meld; o = 189°
A= NO,: 0= 1547
BeHias 1702
R = Me;ax 170,47

ramges near PO, s the GNAr anglé I lasger than the
sxpected 130%; values from 323 w 185°. The

apemadous KON be attritutad 1o i
W&% ,butthﬂfactthntﬂ;lllw

es muﬁla‘wdpm
faakes this ‘The bending of the
MON bood may be dua & sterie ipteraptions betwsen

haz of coureg » wmum:r;he-

of {OINCT mwa
epproximately 172°%, This sngle fpa bawy tcpd
by sb initio studies® gnd CNDO/2H caleviations.
Mireonave stucios'¥® piae indicate n bertt séraoture

{(4NNN ~1727) or chlorips azide [DIN. Ab initio
sapcadations’ i yeedict trans bant stractuzes for HON-
£0 (£NCQO ~170%), HNCO (NCO = 188.77), MeNCO
(ZNCO = 168"), H.BNOG (2NCO = 171,8% and
tha Dirkled casboditasle yrout ey rocsh o an
: oup s
slentronic effect such ay ntg:i.n urm-wh‘ repulaiom
rather thao from orywial packing.
Etuctm}gtlmwﬂngm studivs u;h::é:&;ﬁﬂum:}
p hodjimides indicate n di g
Eﬁh:?u’um . ¥ ghand

X-ray eryeinliograpiic'®® studice ndicate s nonlinesr
ﬁ&{n&umﬁﬂr mﬁE for digaroay}- (VIE ai‘:e-d
wron.diffraction studier alae indicate A ﬁ::u EANCNE
canfiguratipn for disilylearbadilnide ¥ The crystalline

Wikiarmr a0 ] protien

HE=L==H_ Phy%h —= K== LN —8iFhy
f e’

by G ety 1808
Vir ¥l

his(trimethylnannyticerbadiimide has been shosm by
K-ray erystallography 1o possess o highly aggregated

strueture with an NCN group in Detwomn
¢yenpmide, carbodiimide, end iotie NON™ GX)18
e e o, -
".‘],th . _un AR i 01 nkny
Svmcamn] St
f,m;srf Sotney MRS Bl
- L *
Wy Ser  awasn, Sty
H\J‘Eﬂ::{::ﬁ:;li . .-: =N L]
Bk Shheey, SR Snire

¥4

’;rﬂ?ﬁ:ruhnethﬁﬂ ﬁmmhg Iﬂ;ﬂﬁuﬂm t.'.hmf
R FTOUps : khe

dihedral anglo hetween the Sn NC planes te 68°, 2nd

thye SnNC angle 8 [17.5° The CN bood in 124

A, cloas to that in £a2,C, art the Suld 023 A

Sanger than that In Me,SnMNCE.

8. Eletiranic Stuclune

Molecuiny orbitat caleviniiong heve heea cerried put,
on & momber of 4 carbodibmides, A airy
aearst aing the mpthod!™ for din b
Hiimidels haz revealed thut tha lowext, energy singlet
tate bas g dibedral of P07 and o angle for
CHy—N=={! {CN) of 80°; tha latter value is 120° for
difereearbodlimide and parent carbodiimide, Enar-
gy-optizilzed geometrien ware obtained by using the
Guyustan 70 program!™ sod BT0-30 and 6310 basis
pebs, and the Mhadrat angle of carbodtinide was found
to he 93?7 and thet of HNC 111475 Molemday orbits)
mluﬂnﬁm;}ia“ﬁimtu MWM
ay pspumed to be 90, and energy minimizatinn of the
HNC apgls gave & value of 115%.2° The cypausmlde
ohoule was Ahown fo be paors stabls than carbrodi-
iatide amd the squilibrivm sonstamnt (e 55} caleulated

NH,ON = HNCNH (56)

i be lﬂi‘ﬂtnmlthlthngumﬁgl. 'I‘hh n:;l
ParBINtary: uadrupale peupling ¢onstan
i avscspubility, mojeoaar

MoRRL, SPErAde A
quadsupele moment, and diamegnetic have
beatt calguinted from moleculsr arbitsl theory 1#
Mutecular orbital Srawings have been published for
the parent carbodiimide ™ The two Gffed or-
bitels correwpond to the o albctrens and bave veanish-
ingly stoall copfficivmts on the comtra) carbon, The
Jawest vacamt erbital (BB} has e lazge coefficiant on the
central mtotg. Thers i a al similazity bopren the
SO, e, o theBearoimlns GO CH.CO
m .
detaited compuriaon, and thy differences lio in the ex.
istence of degeneracy ead tha typé of the highest oo-
cupied mclectlar orbital,
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Cartodiride Chermriry Cramical Rovlows, 1934, Yot £4, Ne. 4 25T
TABLE 1L Molsvlar Orbitalt o f Speciei Fopeleotronic with Canbodimbda
atherre etsne " disgomethane €0, carbodiimide
- 8B, B8-n
m'—i' &y En._ﬂ'“'n BA-n
e —rmgp 1B, A= opn It = BA—r
iE— — e, 18,—~n CR, 18 —-x Mt 45—
AB,~rueten, TA~Treg 1B, =" o, Joy— iBrnauun
1A, ~ocn oo &4, ~top oge 84 - 4oy~ Aoy pong
2B ec, SA-TogTop, & -2 Eeog—™ ¥B—oxA
YA ~aon 4o R fo,— BA—Txg
Eneryl Cifecrrtarbodlivg
C. Starwochemisizy Cwmeimitar o e wnd

Molseular arbital thaery hae been gpplind %o the
m of meemization of carbodiimides. Bince ear-
ides wro analogows t0 aflenes, they shauld in
prinvipls be resotvabie. An ab initie LCAD MO
study of nitroges inversion bn carbodlimide mdkcates
a harrier to racemization of sowe 84 Real/mol ¥ An
DO etudy which afin mininfzed geametry o give a
dibhedral sngle of 3¢° raleulated the energies of stroc-
tares of parhodiizolde on pouglble patha of recemiza-
timt¥  Two paths exist—ibe rotational and the
invereion—bath with very similer energies: ‘Table 11
collacts the eneryies for acrocarbodiimide and carbe-

B was goncduded tha, the CNR vlenes anples ppened
out slightly fn ¢he planar (rotational} teansition stste.
‘The Jowest triplet state is 60 koal/mol higher than
i\ i S i v
1 izafion. nierasting 1 i
forongrbodlimide with for roceroiaation of
bt 20 looal fmal shoul be soaolvalile. The low soeegy
for matemization of the pareit of 8 keal /me] 7 corpa-
mﬁﬁwﬂwhrﬂﬂamw&mhﬁawaf
the FNCNF mcsmization paradists the high bartiar for
mveraion st WF; 9 Bimfiar low becriere for reoemmizs-
tion have been caloulsted for dimethylcarbodiipaids (k
kea)/mdl for inveralon and 4,5 kealfmol for rotasion),
The dicyapocar struttive is fexibia, with even
Yean arrier Sor moomieative it ropular mebodiinddag,
aod & Nzesr resopance stroctyre @ proposed 01

Nouit—Na C=H—Ca n NSC—N=C-N= DN

Ne G N NOm N
kg

The dipminocarbodiimids hes & [caltnlated) barrler g
tcorsivn of 305 and to ratation of 41,5 beal/mol 1S A
restipmtiirical medhod conftrza the low burrier to rao
wmitytion B carbodiltatdes of €26 keal fpool 1%
Mafﬂamﬁgmaﬂmﬂ Instability of
s hat recantly been reviewed, /¥ Despite
the low bafristy to the optical isomerintion calruloted
tormuhrwbmﬂnﬂd%bmmmmﬁtbndﬂmﬂam
beant resolved:™ application of Lows"s nda for
allenest® § thet the resoived corponents have
the absolute configuation X There sesms to be no
L

LT
t/
=T —] H=p o= H
errocpne Hwrpean.

‘ (R %1 f+ &)

reason why the fercocenyl derivative should be any
diffarent from the parens with cagard i $he regemlear

A=H _.R =F
dihedenlf Ef(koal  dibedealy  Ertkcal
et rec) deg el

! Ty

e YT BlA
s 163 0 456
[ ]

e pemR— B 224
N

UL 75 80 298
" .

bl SRH=--Fy a
o B4 0 e 1]

tipn process, apd we suggest thet the relatiyely stoall
papscted dikedrsl angle of about 90° pllows an inter.
prfion atabiliaing either of the ground-stais feems to
Doout, mmimmwm
n the cousa of the JifeeCrml and )

The species sl h hodiimide bas
also een repolve d by wring partia(ly acetylated cello-
Troan, i of the Hrewutsr rondel o

chiral ellonse™ in with Lowe's nlows
w . %de have been
s Xy sonavenie, bt hat i =
7y
Chzl, ©
xn

1118 not. Tha cause of the relatively high barriet to

zacemization is the reatraint sffectod by the medivm-
sized ting (n = T); a# these rentrainty are PRed {7 = 11),
rotation or inversion becomse pasaible. ]

Manmranonts of thee harrier of mesmidatlon
have beso maeds by ualng techpiques ™" gnd
found t0 be In the tange -8 lyal/mod, jn remarkabin
agresment »ith theory,

. Ruclper Magnelic Restharcs

The ke of WMR technitques hap bten muiniy afued
at the racemization rrobiam g sbovey, but atrustural
probisms have baen sttacked. 20 NMR chemical shift
mﬂmhmummmnmmnfmmtgﬂ
carbron of carbodilroiden ooours at an wmsaally high
fiuld (f = 140 porat whereas that of silenea is at ebout
910 ppm I NN Disllylearbodlimide hias s #C reso-
nange &t 180 ppm ™2 and thi of the ¥8i g5 -0 8 ppin, '
Taus UM reaonsmoes of carbodlimldaes vecur (e those
of MC) ot high fislds due possibly to the contribution
from polar resonknca styuctures #hich inersese the

&
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TABLE IV. A Valus of Groops Afashed to Crolahekams
SRbL et A —
'H["‘“UEHH

NGO
~~N{8

i
LR
0.
“N=G 0.
1.
i
0.4

Wﬁl‘ﬂ e B
Ll m--g

N0,
—G‘H(-‘H

shiekding of ni
mbudihni‘:hm

o " k -
JH"-—WN‘ —— L "'"N"
f ;! i{ L"R
s |

on the 0 chemical shift of the central carben but

bl Ak Gt AR g B e
1 to -4 [1]

and i1 lupk at the carbon.

The A value of carboditeide eftached to 8 cyde-

herams ting het Boen extimarad b NMR tachitbpoms

with C8; polrant, {eq 6.1 *‘i"uuduanmhmmpmd

N =y

.
i::;)\* = I:_“{ (56)
=g =HR
Hg

A = RTI K00

with thut of othwr substitvents Tabk V), The con.
formafinnal requirenyent of the nonbonded lone pair o
the pitrogen of the cerbiodiimide i not us tevers o5 that
of the hydrogen in the ﬂnylpm:plm

H=s=H

[Sal e

The ”Nmmmminwbodhmidﬂilh&lrmba-
pwoen that of ON and NR; in cynnumides!™ NMR
studies with N-sthyl-N'-{(dimethyiaminajpropyh}-
mbod]',ﬁnﬁa indicate the pravence of a apbcies
o soluthon, ™+ snd we shall return v this problem
Intat.

E TIntrarsd Spectrescepy

mmpmmmmmmmm
wed to chearve the infrared spectrum of carbodiimide
and ita dvuterto awnalomis far the first Hooe™ The 27
Aardporental vfatstions in dimethy

and the ceptral carbon of the
Vi Polar aolvents heys ile affact

TN The saymmeteis
qmwﬂmﬁmmfimwmwg
mng[{ad spproprigts Hammett o or % v
1. ““MHmmttmhlﬂu:nntmmm
been determined for the MNCNPh group an o plieny? ring
making gse of the selationsbip of eg 51" whete A Te

) eg” = 0.00THA Y - 0007 (67
the ares andes the prok for the ry tlng band in me-

Wiy gty fveim

m{u_ir&mhdm‘“ dig

hronic wpectrom of digerthyloarbadiineide in.
dmmthﬂthuﬂmhtmhndﬂmidnmﬂmu
rvaramlde (XV and ¥V 1% Tha selection rutey are

Tt =l = Wk
Ko GaHy

congisient with g linesr heavy atoro sisleton. The
apam-mnd whm{mwmammmnwm-
fima§

TIH .Etﬂ!ﬂ-ﬂl! m‘ld hﬂ-im s of bis{irl.
ity K o have studind by waing

26 1) ‘%ﬁ infrarer

mumlm mhﬂhdﬁmﬂuhﬂnhmiﬂm.

{ignbed 1%

F. Photoglaciron Spactrosoopy

He{l photoelwetron ppoctes of distkeylrarbodiimides
mahamamdhd&ﬂ-“ A distinet pani dhes i bme-piiy
mmﬁupmﬂdﬁmthamtdthuimmu
Dimethylearboditmide shows bands st §.5, 11.56, sid
12,94 «V; the Hret magitonm consgdate af teo jonkeatitus
ummﬁnsmmhlubmm}mﬂmrtwi&m
sMnM%MBMVwMW
of B chamgoter ansigted by the o or-
bitals deacribed in mﬁ

G, Umrsviclet Spectrascapy

The ulkraviolet urmuulaMI-nndml-

mbod:imﬂuh Tlsstirad 1915 'Iht;;hw
in

phm am:immnltlﬂlmumﬂunt
i, and three maxbme wt 5484, 2525, and 2684 nmy
Iy Bephane soltion thees i & atrony hand gt 2086 om
und thees gt 247.5, 254, and 26¢ om dus o the atiowsd
Tw* tranaitionn polarized perpendicslerdy to the plane
ahecrption spectron
ﬁNﬂdeﬂmdﬁmlhﬁmhaMMut
sitevia wndl oeries syntemratically with »1%

H. e Bpaciriecopy

The meass spectra of both nll!r'!- and arylearhodi-
{mides Tave hean i
have rabativels stable .mn]mﬂlaﬂanrthmhnllﬂh
mg-mnt-nﬁundmpmiﬁmmhmnmpdhm
midazols for 4- or S-ayhaituted phunyl groupe. The
dm[hlmrh:dﬂmﬂuluwmh?mdwﬂumm
mﬁarhl—nlnim a-ﬂmﬁwmaﬁm
The oo paiiern of d
. Pearbodliznides are

Tearbpdimide fragrvaniy

%‘ :;E&F&NFI!IKE " C:F'Eﬁir GWFSN! ﬂaﬂim ¥ c&'

L. H'ihﬂ'llnmm- Phymical Propertie
Gﬂgﬂpa‘liﬁ \vispcaity, sutface tension,
mmm-adtor
bia.itnhu limiﬂi“" Tie Sp-¥ bond
ey la uftlnmder of 100 kol /mob 82 determsized



Carbodemide Cherdsiry
TABLE ¥. Pathopys for Resciions of Carbodiinides
Addition

Ry E— mzHA
L] / PR *\
T—=biyp — E“ ‘.h e AKECHHR

AN

AR GMUNRS Tone on Turthr reeOtign wilh

tariiimbde
BElestrocyelic Addiion
R-—I-—-E#m
s N
AHCHL ¢ --H.F!i ru Ha
Exentiy ~ é:un
R—H 1=INR
e
froes baats of tormakion in the liquié and otatee

A Bpnersl Propartion
The cprbodiimide molecule has ten conters of re-

nctivity, the ootz carbon ators, is wectrophilic and ths

Mminn]ﬂuuwntmm:fﬁt. By ler the most -

'E—'Hu %Wc attack of o

wlmh shepwiae or conceried
m i Robion eunertlally ooodre

iy
intarastion of thy cloculnr crbital of
MWMWMWmMmMW
wﬁmmm;mmmmm
ony

Tahle VI lusteptes & pomypaarizon babsnmn metivtw

%“ﬂ“ﬁmm mum ot di-

w -

axide and isceprnnss, 2 souch s teactive than
earbodlimide.

N, [aomerigatton

The fomerzatin of Nphaoyh¥-intvicyansoids to
curbodimids has heot studied kinstically (eq 58), 1%
PR(CEWICH - FINCRCP i (58)

and an lonle mpchanism was poswidated to gecount for

Ghamics) Ryvowy, 1951, Woi 84, No. & 5

the geeslerated rate constant lo polar nalvenis. Tha
Formativn of cyanam!tes frotn mbodihmld&wum
attadied, buk che machanim f axosetntr, ™ Popthiities
invalve radicals k2 enges or pn iptraencipcine
cydlorsma‘mimﬂm o or x electzone (g 56371

BNCHE —- R ¥ fhe=Cs WY —= SCGNR'A

Nroy( ol

H’ﬂ':ﬂﬂ.

Risg-chaio cautors: nrhm has bién desonatratad in
the well-known water-soluble carbodiimide 1 -?»
(- dimethylaminc)propylicatodinide (v 607,

Eﬂlﬂﬂﬂ-ﬂwz _,'“_, . ({14

*HNE

munalpﬂthawdleinmmﬁhmmu?ﬁ of tha

toial meterin!. Animﬂnrtom Mumnathmhﬂu-
thiocarbumid lﬂqﬁl}’“ 'whnm infd'u-

—

I:‘FE {81}
A

|
WAz
o
malecilar poarvangem o thizzcdidize which
mmﬂmm&qm [I\‘I‘H".R,}bu!h'lﬂa.thh-
A noval form of teatomerian hea baets ohsarved be-
tween aziridines and carbodiimidne (ag B2)°

f i
c}zm, A Ark ==t =#;-§H;—7( 152

BiaitriftpnromethyDcarbodiiteide may ba prepared
FW#W&W A-pentadieny
oq

CFg=NCFN==CFy = OF,NCNCF; (83}
£. Atdtion of HX

@ biarer gl Acchwly
‘e, hydraiyais of carbodiimides is » relstively stow

)4

TAMLE ¥T. Raactivily of Boms Huboroenronlenes to Nuchenphibes®

fumterogurmulens by diM l"j hm;,I{ gty Ry ot Rpgu /M .
HNCT 018 0,078 15005
5;’2:*1%“?’“ i awngf" ﬂg:l;ﬂﬁ' “mauw
E;.:g:: 1.%2: 1p-2f 1‘ T
n-BuNe Cu g 0,GRE8 47> 10

% 56 *C aguagus sololion, ¥ Methylymine. © Bthylymine. © &6 & Jaseetr, dode Chem, Seand., 14, 289 (190%). * B. R,
W._ finsent, L Prateon, end £, 5 W, Ragghton, Tries, Foradey Soo, 54, 161% {15e) B mupn sid FL Pakisen beng,
2. Py Cham, {Leipzig), £31, 270 [1966), T B. Prilipn ehd K. Dantzenbarg, Faoesrizach, Textiisoh, 19, 33 {1858).
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£02  Cwomieal Raviens, 1961, Vob 81, My, &

G rgutity teact with the chotral carbots
m ':&Ii Bﬂ]’"m A eitnlier reaction ia

RLi(MyBY, Znfc} S P B AlNw=CH{R/\NHE, (30}

obearved with alirylpiobium(V) and tantadum (Y} elo-
rdes {8q 91 Rametron of the dimethy] rulforide

R, MOk, (M = Nb, Tas x = 1, 2, 0t 8~
MOLJANCIRNR)- (1)

J};ﬂdumlduﬂﬂcbmdﬁthurbod}imﬁuhq
2]
m:‘i-'ﬁh e Ha,?——'t'n -{

ki

““?w?"_{mm\
o CtC
o SUlfor Alackeainian:
Thicphenols react d with pavbodiimides to gald
S-arylincthieurens (eq whlch nay be comveniamty
R
Arsh i—% A —{+ Hegler (ed)

mlatuduthanuhumlta. RuMnn{mmmhiu-
carDorylic apids mwmnmmmm
thiumh;-dﬁm’“mddithimmmﬂ l.rum-
WM&{MW}M

magssn L ot ssxaxs"-‘”' @_ (96)

Dﬂmmmw&mmu
undergt elimiration of tha slemerma of hydrogen salifde
to give lacthlocynnatea (eq 255711 Direct attack of

“‘m L]

byt Cfig = /L

M"'"‘J’i!-} 3
H

= AMEGE——THA 5

arMcs (B}

thiok o1 carboditputde s fallomed by slimination of

thisran f 8 muitably scidic 3 hydrogen is availnple
e W e e

o FOORH 2 —
i e ol
COpH
RICKIF '
}"’ » REMCHNHR (58)

oo

Wilkems ynd Torehi

the nitrils {ag 871 7™ Amyanniom thioeyamaoe 2epche
Mthmmhnﬂuofwbaﬂwdsmamﬂﬁmumm
a-crapogaavidine. ¥

(ot
ook, SERL I§_<-n - RN

SRHCTNHR (97

Teaction
mmmmmmm@
fhetic poute to earbodiimities {1 tad%
thn{uw ufthnﬂuﬂfbnummmm}'iaqﬂl

R'NHCENAR" O, RNCHR” + RMNHCEN -

mﬂ;mumnfmmmmbﬁmm

divyclohaxyloarbodilmide probably involves

m;matunkiuqm’“mhﬂthanthatnfmm;r

> ke ]

Fid

o, + oy T --lsu-'ﬂ—{ — Ag= B
% ) W ﬂ

[k

le anid forms the N
B an eouten tammdists g 1007

4

%ng
RHERE i — o0
1RO, ﬁtﬂ"l} —— - mmgmmﬁ«m' a0y

sz
S -
which s been detacted iry uring Jow- Lo perainte FT'
P NMR ,ﬂdumofphmpmwnhhm
and carh heve Weel ussd as aotioxidanig ¥*
w. Pl

Acidie phazolr Add 1o wbndﬁnﬁutupwthnﬂ‘
phenyluzes {e M4 Bame acidic phupols yield

HR
arge ML {%} e BERECONNE {109

w85 ynd 9 f-Mrhlornitrophenol.
?&dﬁﬂﬁnhﬁﬂya—aﬁ%whﬁﬁmﬁmhﬂnﬁ
tha wial O3 ahlft in the luiter
ﬂmwmﬁmmﬁwdpmeh
withwhuﬂimid‘

W /
ahﬂm!tomldmm wwhi eq 102}"?‘1

H - RNHCNRIOA Sl
i BMHCONER + ArH (102

““M'“ﬂwmm‘mﬁﬁ
arylinouros tather than $he Nvmfium.

Pigrle peid
!fl.ﬁldl- N.arylures with carbodiimide, elthough the

{6



Pt hemigny
m&nhmi'tﬁ probebly involves gn Darviisturea inter-

L Carbaxyic Ackls
* The reaction of carbesyilc ackds with carbodilmides
ia & very imposiant & ot of peyi

ProCbGT eyTihakin

ks, Tha Xinesles of rapetion of carbodiimidus with
moni~ mwmm have been axtansively
Povestignted. Beaclivity, in gareral, increass
Ermagon o s bt g o oo
i an O-acylisouren

" (eq 103) mad by copapticated by an O+N ghift. A further
complcation in the sequemos (eg 100} is the formatlon

N
AT -ﬂﬁ&- m.-n——‘q 5‘-:-# HeoHRmoNuR 11093
A .

hlﬂ'w
RO

of an fsoeyiabe ANCO) froro the ntermedixis prob-
oly via the maghanism of ey 10459 gi-n-butyigmine

R0 = FOMHR &+ PHCD
e [l {204)
L Bugh GO — HA

H

wpl G & trup for the incyanaie (aq 10412
St *

WWMMP-Q‘HW {106)

iy
Chacyhinguras have been pre it thair roxetions
investigated (eq mﬁ”f’mm for an 8-
s alzeady baen mentioned 3%

chioride aze soxtic suhydride, NN T
not Neaoetyl-N N dicydoharyluren. The idretics

ook

e

]

i :NHmNH;

Chortcal Peadewrs, 181, vl B Mo 4 B8

intsrpreted according to {eq 163}, and in acetonitrils
the retio fo/ke ™ 60 M™ and in pavbon tatpachloride 400
of seaction fo parbun tetrachlorids &

taq
acid dimsr with sarbodilmits wes pe

SOHCOH w (CHC0M); e A0 + e

reartion in acetontirils fz slowsr thao that in carbon
tetracioride, comleimnt with scetic peid being targely
dimetls In the latter solvent. The ity that an
N-acetyluren I8 obtained from acetylation of the per-
bodifmide by asotic anhydrids is sxcluded by contm]

§ andl Kinetic evigatiee for the formation
of y hubmnobh?udihlhamﬂimuf
1-ethyl 5-[3-{wimethylammonio Eﬁﬁﬂmhﬂdﬂmm
Em:ﬂmnhswhhmtﬂahnﬂsm The Fermation of

termediate i followed by mantring the absorption
at 250 nan, when an Lacrasse Follomed by ms 43
dacay is phencved. 2! Kinetica of formation of the {n-
terme dists and ita decny ware studied wnd the fernwer
shown to be generdl mcid cstalysad {og 2085)5%

L

B :;_bﬂ'h--ﬂ-v-"; *
by T - 'A&‘“cﬁh l —
e
R
ﬁm-—-—cfﬂ (igdy
HHR

The existence of u copcaried proton transfer in
agusous sofwiions & tutfonelzed o e grounds that
both shepiis medsniamy (eq 108} nvolve highly

5}
- !ME (rof}

nuwﬁaﬂpm

voginble charged intermediates and would glve

Brooated o values of sithar D or —1.0 instead of the

obentved value (@ = ~0.41 The mechanism has

partiulss relevanca througholt carbdiindds chemde-
, 8 the charged futermediates {og 108} ars even lnss

ﬁdymfmhummﬁcmmumdhmdin
iops, Intramclecylar

their rearions,
ST o
!

(106}

B



Wk Clewrica) Redews, 1081, vk B1, Moo &

ohaerved ju the yesodon of dicarbhorylle aedds with
corbodlimides (eg 114). 78

[+] { &
" - " ﬂ—<ﬂ
] >!:°- oy
] -
Et A
n

The watpr-soluble carbodiimide 1-sthyl3-{3-(di
Fprapyljearbodiimida Tas been ehown to

5

’HH'E'I

XV
hrmmwlm ufthhuacﬁﬁw“'iﬂt that of the gua-
toroaty ammonjum angiogue -nthﬁps-{a-{mmﬂ;ﬁ-

anumorie)propyl ) carbodiinide P This veection
wuyhurﬂnvu]nntnthamndnnfmﬁmuﬂhap‘tﬁ.

jomerin tarbodiindde we & agibnt for bic-

Iogicad godyiers,
Disthvimalonic sctd anhyilride has been detetted
epectroscopically in the renction of the wcid with di
eyclohaxylcarbodiimide foq 110s).5%

Vol L. E“\m} —a Ry }m

E!I
\W:H

+ 110
f‘ﬂ;’ i3
NH
ity }:n E1p £ty
g
E.,.-z«wcx-——@-muﬂv-: o+ MOGOICHy g
m-z%}qﬁ:u-@—-nﬁ byt

]
LTS Y Hhe

!) (I ldby

Winamy qrad Mendim

An i syutitpis of & in cbialned from
g e A e
liﬂw sxplotta the O+ acyl shift reaction log

Reaction
acids with pliphatic carbodiimvides in fateahydrofuran
yialdn & vezlety of rearzunged products {eq 131),5%

u»/‘k:t o/—%:;
L *
=l TIR HT
.’ i S %ﬁ*ﬂ.ﬁt,{ 4‘111}

HTH.R!J‘GN:GH

Phenylpropiotic acid undergoes 8 novel cyclipation
mwﬁu%mnﬁm‘nﬂﬁmﬂahﬂaﬂ 1-

phenyinaphthalene-2,8-dicarboxylic anhydride by &
mmumwwm’mj’
Thammimiuhnmiﬂnndhynm“mhyﬂﬁdt“

X

G Rudothns with Metale
ﬁmmmm&m‘ﬂemmtbﬂmﬁ:ﬂ

(£

g XX
Alimides?'? allow tha sclogion of the ayixmetrical is-
termedinte XXH Tha that pome delry-

oazplaxes witpogean

droguaniding
bexring the same pulmtitoent in net congivteny. with the
ahove inbermectiste, and » Sackarifor (aq 113} nvehving
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Carbodimidy Chamistry

slio extruded to pisld 8 tarbodiimida s Try
erparheints are not conctosive foe the th!u‘irim
intermadiate.

drmymtbeflmbmlchmmiumm]
repcty with

dimyeioherylearbodiimide, possdbly through
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conthlex W
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B. Incorparsilon of Carbodimides intt
Helyrocycles

Ir: thip sevtion am review the synibesis of
where carbodifnide &+ ibeorporated in
catbodiinide niucleus hee been frund to inoorpomate all
WWMEM.WMMEMM
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w%;mmmm&dmﬂy
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& Fud Intorperation

Heterooyelie sypthegse involving full
havs bests noted for eyetems auch ae XLIT KLIII
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xn nm v
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wne with carbodimide in acotone to yield n chicve-

rmaroldine which cyclizes by the pressnep of dlyzy.
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teq 0N
ML RHTLGE
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{203
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pe'e
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by XLII1 (n & 1) to yirid aflogans #06% Ie i thopght
that the carbodibnide flmt gehvdrates the malonic
ecid ¥ thm anhydride then acylates the carbodiimids
o the yaald way and the geychie dnbermedizte presum.
ably s furthe? dehydrated by it carkodibmide (ag
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Glhinrica! Apvaws, TBE1, Yol §4, Mo, 4 413

e
Po >

i 2
% 1-

j\m /5:0 j\ {204)
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b Ingorporation of CN
Tabie VII illustrates pchomati the synphetle
&f CCNand

£CO with carbadlimides

mﬂ]“‘r‘md oxazofidines ("mldl ﬂ;% regpantivaly. (e
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CH; +,% Y?:’«I fé:ﬂﬂ (309}
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Thioglyealle soid gives thinzofidinones and thiazell-
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frofo. 9. hadides nrd carhodiieaides (g 214,
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Reaction of G-iming-a% 1,24 thisdianolinse with car-
Mﬁﬂﬂaitmmmﬁammul foq
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¢ Inccrpoakion of gve Siemend

The schemen of Table VT bave basty obaarved for
incorporation of ons elgwent from the carhodlimide
skolston. ‘The stolo imvidved in wuslly C but ean be

N.
LV1is obsrved in the sxplosive decompraition ofa

wmiztute of thirtyl cywnarnide with E&djmath-{‘l
tatadisae to give o siz-membored addost feg 220,
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LV i invoived in the pyntheats of ininporwsolidinones
{vq Z211% catalvoed by OugCly  Tha reaction path
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TABLE YIII. Svbemes [or Licomoratio inie
e Byernant from tha

Carbod El#leton,

uL“ -
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03 04 O )
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b

Mrazones with carhodiiméde follows LYTH by yisld 3-
aubstituted 5-{arylamine)-1,2.4-triadoles {og 732).00%40

e o (L] =
““{I (a0

Dimpthyl iminabiscarbimidate reacta with diaryl-
carbodliznides via LIX to yield trigsines (eq 225). 49

1,34 Thiadiszoley may be prepared by the inderseiion
of acetylated corbodiimides with thicecylhydrazides
CLVTIT ey £5483 80

& Qenwrgl

The ;y;thﬁﬁc uu%nhub@ﬂ:ﬂkiu wnai:r“aé
Mmp: bocausy of application to peptidy
wileotide chemigtry; other biological propertles were
mwmﬂ-knm al the tinse of the previous com-
D vien of work dresty miated 1o abyaliogs Tt an
carda wor top gy It
since been recognized that corbodiimides may play &
rolo as affaciors In biclogy other than thet of synitwth
toole, for nnmh - pmtah:-modifying aEents ar ks
aite-divected madii
'I‘howb-:dﬂmdumnhtyhﬂmmhwh puitylated
as an inteymediate in hiologice! trazaformutions; how-
gver, itnpntmbla in view of previous work un BlcB
m&?ﬂm thmm';hbflﬁumldﬂ Pnl? a tole inﬁ?:
ciu::numuﬁ'l'l’ aod argininoeuceingte ?ynth-artam s

o Lo ]
pefo =

; m——‘r- o {2%4)
.Ik'-.:::!"

arglrinoeucaie 2eid

Wilinma and Tenahim,

lkely % involve o earbodiimlde {eq 234},

Itiahwamunhkdyth&tthawhndilmiﬂawmﬂd
mnfmmmwﬂdmrmhab]ybg
bound in an sheyme cotaples.

B. Wodieation and Inactivation of Proteins and
Etryrms

Pm% carty g nermal compleraent of mﬂm

grenaps thersfore will react with carbodlimides
Targely ip the samne fashion as with gizple
[oem caslier). o haubm ihackivated wiih

a watu-m]ubla carby which resely with the
sctive-ilte norine {residue 188) (eq 258).%* The O-

o, H—M — urfo {dasy

Bor-1, 0%

acylisauras alsn rascts with cysteamize (eq 2367 and
bydroxylamioe (sq 237h thnmmmﬁunmmﬂnsmw
that causad by cyinats and Iesepansts. 7

E}/\o—{n F E}EM“‘* 1236)
}

Pmt-ai tl'dnlpoupamnt-mﬂwntm-mhbhmho-
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Iﬂoi‘ buckwhest a-ghoco-
widees Ta protected fag 238).
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I'vipaine residues may be modified carhpdi-
jrodeq, P ond the rrmﬁmﬁun of whgﬂokhm
ia revigeed by hydroxylamine which ?zuumabhr Eorma

the N-hydryryguanidize leq 25805

R e e
}«-ﬂtiﬂﬂ

For the poasibllity of ﬂt.hH ELOUPE reacting
with carbodiimidee ey, i . ataies), vee the
gection on cheatical

& Mod¥icatlan ot Carboxy] Groups in Frotaine

Carhoxyl gronps may he maodifled by uaing carpodi.
irvide pud & 2 gucdt a3 gm amins.
bt hoen aitached to the carboryl grou Bﬂnofnﬂﬁmﬂg
10 Temove: the nagative charge (eq 240).

30



CasbocTimide Chemiiny
ENOHRA .
o) w00, B GGG, aall w-LONKCH CONR,
{240y
ghydize Tas bean used to Iabed carboayl groupa in blood
coagalation Factor YIIE carbodiimide®® and

m eihiyl ester or N- inigzapbenylidistiine-
e i i

m

ﬂ{:‘;q ﬁamd:fhd with giycing® sulfanitic

Pegain has betn couplad o solored hydrophobic
amiten (o 24T Beaction of yeant hezokinam with

Kty e Ty

g CO,H

and atmmonis (eq 2435

W OH,C0,4 ﬂ':‘i RCH,CONH, (848}

Active-gite earboxyl groups may be mﬂ'&'hd %
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Cheimical Renisver, 1089, VoL 81, Bo, & 2117
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The total number of cerbixy) gronpe i 2 protein may
be determined by tanting the material wiih 5 denstu.
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’i‘humim 2ci gralyels with that of the origtnel

pmia’pmm&mmhudénmh;biﬁm this can be
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B O e ot e
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of ponsubatraces pach as phmphn‘beu:ulmﬂ-phus-
phata protacted the snayme epalnst tnactretion; thess
Fpecied were axiumted to 1a0it with the carbediinp!de in
mmﬁmaﬁhmmm An inwect mid-gut
trahalige, ¥ tepase S bovine f-lacte-
mmﬁnmmmmmmmmwu
%rl.\;gmnte ST and o acld protaisase
{iur awameri™ have been wodified at

tosential carhoxyl wi:ihﬂ::.lrbnddmidv.
lnn;bn 18 ™ laj"clﬁhﬂ
imfd?ntﬁuraihsmd atthm‘“%nenfﬂu

carbodiimides is atteched at the Nierminal of
pogen apd hrw Lt?Mr with & paptide)
th CUTBOT i ECiva
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TABLE IX. Cojjection of Sequencey of Some F, Lipoproteine
- orgal jame T Mo caThOLY] gaquesace o
Neurgzpora £rasig® 81 Tyr Alw-Phe-Vol-Oh-Ap-lleGly Thr
boripd hesct® - AP Ala-La Aliat-Cly Bk
Sncehromyces cernyinioe” T4 M AlnrLau-Ber - d- Ada-Thr-LHly Yol
spinach? Bi (it Als-Pra-Met-Olc-Ala-Lavu-Thr Val
E. tnrfe i sl Gly-Lou-Vel-Aag- Ag-Tie-Pro Ala
pB-3¢ 72 Mut AlaeCpus VadaTiy- Ado- fati-Pro Arg

* Mitechondrie, * Chloroplast, © Hacteria) plusms membrane, @ Heslduss in protein, * ¥ teeminal. [ C termingl,

COC. =~

|Muprescent)

mm& mﬂ:ﬂﬁyofw T
P P may be
roalized it proteit modification studion'™ we shall pwn
Eﬁumaﬂmﬁﬂﬁmﬁm hanomesntd Which ia vtilized

glactyon microscony, to three carboxy] resifiues
of satine have been shown to be modiSed by
tritium-1a dicyelohexyicarhodlimige with the loss
mﬁmﬂnaﬂ? W80 af the activity to hemeglo-

D. Moditication of Cathexyl Groups in ATPanss

Sitnce it waz discavesed some 13 Yoars #go,5* there
hes beans activity in yrudies on the imbibition
¢f mepmieane ATFase by carbodiimides. There fa
conslderable h?ﬁh&ﬂm“mmm&hl
enIyTee gystan: is an Important factor in qxi
dative Lation; ft has & role jn paacle oon-
traction sngd in the traneport of lgne across mem-
branes, B0

The Inhibition of ATPases was early shown to be
emsocinted with membrans lipoprotsls, ™ and carbo-

Thaﬁpowuﬂhﬂ’n}whhhhd!

nmembranes was
tahlvanmu!nula:wﬁ;ht of about 10000, 55 kam
thauﬂvlmmmudwdinuohﬁl}gmmhp&
proteing axd setabliched the aming ackd roquence for
thmfmmumﬂwmmhwmhhnh;mm
of aspartate resilue in the cemiral position of the F
prateins i respotathin For the proton trmmmﬁmm;
W &mdruau of the ATPase com-
o Talte Fmﬂacﬁtbamimmldm
quﬁmﬁ poxae aokatad gpromhu
Carbodiimide bigdlng proteins have now heen iso-
hwdmdpmmmﬁumnhwhrﬂmmin
luding bacterinl membranes,®% chlgrapimts #4-0
animal Hver miuwhmd!w‘mmbwﬁwhuﬂmrto-
chondria ! moulds ¥ ang yeants B
Spin-1ahafid mrhodﬂmjthhMbum utifized
tubinﬂwthn!ﬂ?mmph.mdmmuﬁuhm
indicated n distante hatwosh the ATP hinding uite for
MnEt andl the inhlbthor sits i the F, prateln: of the
order of 20 A. The inbibitar site In mitochondrial AT
Page has charactorletior of low . and there is a
siTong Testraint on rotational motion of the probe, T
The site of carbodiitalde attack in the F, protein is
probebly in s hydrophobie region ve only Hpophilie

Omeni s

LXI

carbodilmides are effectve inhibitors b7
et S B i e 2
L ton v A
ophﬂ-‘&’ and in
euluium‘“-‘“ A nlkali metal teanapart ™% Ton
pum':ﬁbﬁit}'hahuﬂ’md by carbodiimlde inbitition
of ATPan
ATPurs complerey have hean Bolated and ptud-
iad“"‘“ The samoplex consts of a fragmeat (F,) and

m&iﬂu{h‘ of moleruiar waight
G0 The bwtk h:nmlﬁatnwho—
ﬂimdmﬂmﬁ

"Tha chacafatzy of the Fo stbumits hes bean the subiack
of inteoiive resenrch. Muatant wizaing of K. coll hactocin
rosiatant to corbodiimides have been shown to posatss
an aitered wrpartuts ln the Fy paptein end blocked
D b ks b boset tudios,
§anlema yeointant $0 cax
and the F, protein hus been inolated K% Ths
tection by Ce?t of ATPase froma)
mwnrdwbodﬁmddaiuhtbﬂhnm silvanped an
evidence for a Cat littlnthnhﬂmphnhn

mmwhnmﬂm. butmtatth&l‘q.

Thnd:ﬁthnofmdﬁ'l
mnmhtm AT m b}' curbudi-
thnushzm formation nﬂwl[ummnpn{u
{pilowed by attack of an sdjacent oucleophlly to cause
loss of ures, covalent binding of the rucleophile with
the binding site o produce cross- inking, and no loss
ufinhibitiau““ P:pmﬁunnfthunmuhymthﬁ
glycinnge this muctaphils is addad
ajmal ﬂththnwbudilmidmmblaqmtnd
Altjon to lhpnm-lanphﬂa does not oiiee regapsration.

that the inhibitory sction of carbodlimide in an
acylahﬂ’t-“‘ The binding aites of cachodlimige in
membyané-bound ATFase of E, Mﬂmﬁbﬂfhmt
mittochondela=¥ o have aleo bpen characterized,

E. Use of Carbodimide as o Blotogiesal Tool

a. Atachment of Blionical Materkify to Soid or
Fafrier Supcors

Enzymes such wtine Kineee have baen grafted
on wun;anm[‘;lm? f;; using weter-aoloble enrbodi-

52



" Cargodimide Chomisiry

imides,™ gnd the carbediimide musthed of binding
nhpmkyp&nmwhumthyhuﬂuhwhuhm
The Hutamum

ovalunted. for conpling ;ﬂmﬂ
tﬂlﬁrﬁﬂldﬂwlrmm ﬁ' ﬂ%
arboxyl groigw ara ectlve,
hwnmmdmm;phwalhmhhmm m
cells®™® and melibionic aeid to asrum albumin.

munclogically astive ppecies hajmﬂtngtm
ttmahﬂ-ttrivﬂwhihﬂ}prmhn:im(aqw}“ Car-
okt m.l... ‘#“'ﬁw %ﬁ-

ass-g R (247)

bodilrmide has also been taumntgla.“bunﬂn
with polyamines ¥e50

or modified polyacrylamide
b, Cprdodimide A4 a " Fixdng Agsn”
Carbodiimidss have bean uaed s fixatives for im-

ultrastructurs preservative for eleotron micvacopy 52
and the quality of tha peatilt is similar to that froi the

anﬂmﬂﬁumﬂuhydaammﬂmﬂ‘m
aotions of the sarhodiinyide in thess procseacs ia probably
to effact cross-linking between carboxyl and amino
graups,
o Cross-Linking of Froheins

Lysmuytip and o-clymotrypain when trasted with
water-solubls carbodiiraide underge Inumnlwulu
atability has b’zun fndoeed in hamoglobln md in
ttwwimuhy ctoea-Linking with wabet.soluble carbo-

dlimides.®™ Intermolecular crose-linking caused by
carbodlimnides Joads to an inevensa in visconity of col-
lagen filwen B9k Carhodiioides hove besn utilized te
mmn—ltnkwml,“‘“hnirﬁnupmnmtwmmpo-
pition}, ¥ and bovine Jubatropin S5
. Spiniabatng with Carbodimides

We havo diuwnmdm of spin-la-

beling in the
of &TPMW Water-soluble npin lamm

diimides bave bean synthesized and reacted
clpoaldoa -0 'puly{midylic lmid} is mudiﬁﬂi on tha
pyrimidm nitrogan (L3CIID), %
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. Paptife Sequence Lelemanstion
N-'Termipal glutamic ackd or saspartic acid mey bs

Chidont Revdews, 1831, Y'ol, BY, No. & 54

medlfied with carbodiimide and methylglyrivats to
yiold g residus which mey be distinguished readily from
2.H;:ll.mhl.en or siparagine in the Edman method (eg
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i Carboctirnides a5 Biologion! Eftectors

Carbodiizides have heen shown 1o act s heebic
mdas:"'" inwlwmnt h::ﬁ Amw with inithﬂm
Anhl’dimt,‘“ fl.lhxlclda BT gngd antiturmno® lcﬁ?iﬁu.
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Mmﬁmmw
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sratlon of a controtlad-relensy mechanlsm producing
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5. Othar Mambrang Activities of Carbocfimides
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b Action on Nuclgolias ard Muckecsiios

Water-soluble caybodilmidae have beer shown > ins
hﬂﬂtmh-:.];ﬂpﬁmﬂf PA2 DNA with E. soli
ERNW Reacton of carbodiionites
withe mﬂ-ﬂm:ﬂdﬁmnﬂduﬁwﬂm
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to give an N- mﬁﬁ“ﬁfh produet I;LJ{IIIJ Ho-sizle
poluble egrbodbimides much faster than dl} thg mono-
mira owing to the aisctrostatic effect.™:

¥1il. Carbodiimides and Polymer Chamislry
A, Goneral
8lnce the discovery of cataiytic methods for the
of carboditmides froca tha reedily gyvaiteble
E%matal. carbodiinides have been increasingly
gtudied s precursors for polymer materials, At the

eaind tlpe the vae of s ar reagents o
polymer chemistry hea heon Incrensing, and we have
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already dealt with this aspect for hiological polymers.
Carbodiimides may participate in polymer structures
;:;:tufthﬁ hackbone [{bhair;arnnwm} or l;na_
apt grovy, Incorporation o polymers by po
erlzatinn of H:hudﬂmdmisdmltpa with alpewhare in the
mrimmﬂiragarﬂtot!immmdtrimampﬂl?mﬂrim
ticn by condemsation with an iate reactive prowp
wmuﬁminnudhmmaiﬂ swica) propertiss.

8. Moditicalion of Palymismn

Syndiotactic polyimethacrylic aoid) jn esterifed by
aicoholé in the pressnce of carbodiimides to give al-
ternate estor links¥2-98 Sogng acid catalysts viedd
randorn estetification; the explapation I8 believed to
isrvolve anhyidrids formation from the isoiner, yielding
" tne ester for every two carboxyl groups (eq 260). The

LLeTC B
®m-—® £ ®mﬁ?\m—® {250}

vimple sxplangtion {eq m}maﬂybaputia]lymr-
rect, as it requires the formation of aitarneting lmoures
Thlscuﬂﬁmmarhﬂhmmhmm&m{d
m discoverad recently (eq 1500, and we
Wmmﬂﬂmﬂmmhnmhﬂqzﬁl

% ®‘T“"\Ll‘® a1

Wawbnolubh carbodiimides have heut used to soue
sthy] ester with poly{acrylic add], it is
t that the mtnﬁnn procasds through th
bexylle anhydride %

Carboxyl group site-site intezactions have recensly
besn shown to oecur jn functigoalized cross-linked
pobyatyrens meins. Dievelobarydcarbodiinlde freatmaent
of the carboxyl resin was followed by infrared aper-
trogoopy, and the sppearance of & band at 1786 em™!
indicutes a towar Hunlt for anhydrida formation.®® A
band at 1660 et wea to be due to the N-
seyluLed group, Previous ti this work™® there was no
definitive evidence, and it wea generally nsgumed that
there wae Witks or 1o intetaction betwmenn groupt io
crous- tinked polymers.

%dm&mﬁmhmhmmwmmm
et with ditolviearbogiimide £ yield films
Butadisne/actylonitrile copolymets with $.08% car-
boxy] group content have been cross- Hoked with g bi-
fanesional carboditmide (LXI1V16%  Wager-sctuble

PhNEN(L)lE.[R’NGNPh
carbodiinides auitable for polymer modification have

bean mynthegized from basle carbodiimides and sltones
legq 252).%%

Willasmia and lorakim

[:f" R - BCHEH,) e Ty 50, [252)

Hemin hubﬂndmvaﬂ:admamldeanduwh}' -

using water-soluble carbodiimides®t H puly-
mers may be mnd:ﬁad to yield more hydrophobic

ey i ik

to contain dimmg‘l‘hnhmrapmuﬁth
MMuﬂmnﬁrlintha tinuofpul.?-
u;ﬁmmm Wﬂnmmm

to impart oil- and weter-repallent finlehee to nylon
and polyeater fubric™ and alan to leather ™%

2. Polymarization Catalysis and Reagents

Cearbodtimides may be usad o polymerize malic soid
to yisld & protanse inhibitor {eq 253.%"

I mm o
Dt i H
: iy
COAMER MO b e ey o (253)
Ha
Protamine suliste may be polymerized by carbedi-
imides:t™ Jj arbodikmide indumnt;ra fcm
wation of » farky fize-veslutant MWW
from dlymines nod incrgabic phaaphate. Cuhod:

imidea catalyze the polymerisation of Iactones:®® the
reaction requires a catabyiic amount of sodium,

D. Polymers with Pusclional Carbodiinides

Polyne mth pendant carbodiimddes lmra heen
und used 25 delydrating agents {eq 26451 and

) :‘u T

E. Intdators and Heal-Recietenl Plastics
Crove-linked organmilicon carbodiimide polymers

have been prepszed and fourd o be ussful for electriol
jnoulating costiogd and high-temperahore paints.t®
Cross-linked carhodismlde polymers with electriesl in-

aulating pmp-m:iu ma.'.' be mpmd by using bii{iw
cyanatophenyiimethan catalysi.™ Iso-

w-@*w—@%

cyeruzate foams® and other piastica W"“"ﬂ“!g‘,?_]g;
carbodiimides are gosful an haabmbh matetipls.

/et



CarborBride Chermittny
Tha fire resistance of carbodiimide foams based on

E:?ols' from trichlorebutens oxide or epichlorchydrin
been reviewsd, ™

F. Reiniorcemants

Poly(4,4'<diphenyimetbanerarbediimid s} (LXVI) at
1% in oylon {ncremses the relative melt s ang
wiscosity ¥l Polyoarhxliimides have hoen ne fber

Ot OO

i girength
ocnpodltions ™4 The wirengthuning sfuct
eotves fromm the rigid natore of the polymer carbodi-
imide which hea relatively faw degiees of rotational

Q. Adhesivas antl Microcapeion

P imiles heve heen vaed pn athesive prim-
mm.b‘lﬁm formlag carbodlimide homo- or co-
polyrasrs have heen veed in microcapsulation tech.
nigues for pressurs-aensitive cOPY pajwer 58704

H. Foams and Microosiuiar Bastomaers

Catalytly formation of polyearbodiimites From his-
ispeyannte monomers reatio in carben dioxide Hbera-
tion foq £58% wae i made of this phenotaenon i the
oo——tire T (DB F oo {256)

prodeation of rigid salinlar fowme for moulbiings, eeating
oom\mdu. reinforcementa, #Rd other ussful purpos-
L] "

I. Slabitzatien of Polymors with Cerbodiinides

Thw instability of crose-Tinked polyiaters iz dus ta the
hyirolysia of the eater tiak which fs scoelaimted as the

Tomst wod roupe with carhodiimide bas bean ghwwa to
W.W'm Monomaric carbodiimidest-"#
and onr bodHrmides)#¢-" have bean suggonted as
stabilizing additives for pelyesters. The blocking
function noay be due 1o formation of N-acyiurea oz to
fermation of ester Lnka with djscent hydroxy] groups,

The stabilizing sffect i Falt in both aqueons emul-
slons™ or solutiona™ of polyestar as well & in the bulk

palymer,

The atorage lifs of Uguld polvileocyanates) BB im-
proved by the addition of carhodilmides which pre-
smahly scavange water, ™"

IX. Photography and Reloled Subjects

Carbodiimitlsg have been used extensively &8 gelatin
hardenera® -1 (b setion of the carbodiimide s to Enk
tarboxyl and pmino groaps en the ghﬁn chaing, sf-
fectively croas-linking the polymer. ™ Carbodiimidss
alea have applicetion aa "aptifgganta™ nre

Applicatione far cerbodiimides have been found in

Chamical Paviows, 1637, Vol BF, No. 4 821

the ganerstion of axo-dye images from Vght-seneitive
heat-developnbls dlazotype compasitions. Thess som-

bo e ﬂpmw o with the rarbo-
dijmddes by motting). The light process con.
verty dinzo apesien to o phenol (eq 257), and the re-

MN,K—HJ%-MUH-!-N,i*Hx (257

msining disze cxmpound eouples with the oxazolone leg
258, 268) in the developing procesa effected by heat.

P’—&D (2B8)

Gl coupling:
Qg
{eolored apacies)

(360)

'The procesi may e sovisaged a8 in eq 260; the light.
exposed areas are poloriess, ™
] (38

Pl o o
114 ool b Wopelan]

Sl + PRDORMEH,C0pH

o "
ﬂhﬂﬂ— C
b

nuoled rollnrg

daElnpng 1o
WORIE Fagh

A thermrographis process develye printing by Infrered
radiativn; the hast warms gl moixes solld carbediimide
T&%&T#ﬁm#ﬁhwﬂﬂlmﬁwﬂwm
eq 361),

-y T
0%
o

mAgenkn relor

Carbodiimides have hesn used an pabilizing aganta
compoasd of cinnameta

attached to 2 polyather chain through ester Links, The
corbodiimide acts a3 g wata? scavensior, ™
Adbanion of the goletinens meterial to
Thees been fiviprevned

pelynthylnne fupports
Lbloll%l the addition of earbodilmides; the mechanism
probably

Titanium (V)

fnvolves the formation of estar linkages, ™

oxide slegirodss may be dye sensltisad

by couphlng with & bipyridyltuthenium complex; satar
Links are formed [rom the TiOH group and car

groupa tkrougk the acticn of carbodifmide (LXVID.

N



132 Chanos! Revdews, 1981, Vol 61, Ho. 4
Efacirodn

Ti Ti

X. Dyeing and Relsted Subjects

Mout of the applications of carbodiimides to dyeing
refor to :mpmwingstha wosh-faatnees of the dye.
Wool™™™® andt hair'™ dysing is imppoved by treatment
with oarbodilmides,  1-Ethyl.3- H-{tﬂmath:.rl-
mmm%ulpmwllm bodiizni imide ﬁuni g Ie red dye {2
nibro—d=[(S-amiroethy aniling] to b.b];r
via an amide link (eg M”J Nauiral or uﬁn

0
Hait~=COsH + mﬂﬂ;ﬂu—d\ﬂm —_—
0y

Huir—m-—-ﬂuﬂmﬁﬂﬁh—dwz (262)

hmmhundmwupluphmphmmdmﬁmth
o colholosic muterial by using carbodiipide

LXYIl

The cosmetio gualities of bleached buwmen hair may

be imprwad prezumably by some form of internal

crom-linking, by treatmant with 1-cyelohexyl-3-(M-
maﬂwlmnrpholim'imbodnmlda.m

X1, Ansiyshe
A. Asseys lor Carbodfimise
The egtizaation of carbodifmitler hoa heen reluttvely

ir that no reltable, ponsitive, color pasay
hes been available. Despits use of carbodi-
imifdes at Jow poncentrations A cal effectors, the

ﬁ&uﬁm nagaye gyaileblo until the prosent iovelved the
of carbon monmide from ozalic acid under
anbydrowa conditions or of wxcesss oxalic acid I:-;r
back-titratlon (ag 283).7 The litter methed was ueed

RNCNE + mn,m, ~+ RNHCONHR + CO + co,}
(283

Yamew enl Thpahin

acid 4o give an Anrgunt ashdride
whinhmthmmllﬂedbyﬂmm Paper ar thin.
Inyer chromatograms of free dicycloheryloarhodiimide
were exposad to iodine vapor; cebored spote formed ot
the carbodilmide which dicappeared it the free sttoo-
sphere™

Recentiy a censitive method for estimasion of carbe-
dijmides haa bpen reptrted to iovolve a color davelop-
ment (400 nxa} when the water-sobzble carbodiimide is
added iz a p buffer #t pH 7 contsining sthyl-
aryediaeming, ™ The caves of the ¢olor i not apparent,
bt cotcentrations In the aysmy miviurs dowm ta 50 aM
of carbodilmide may be eatimated,

Two methods of asasy based on the known chemistry
of carbodiimides have besn developed.™ The first
method invohes graniding fvmation by zezotien of the
cerbodlimide with 1 M anilinkumn hydrochioride fol-
Jowed by quenching in 1 M HCL reaging the al-
sotption at 230 nm {eq 264). The phenylguanidios

PhNH, " -——— Phl¥==0 HHRHC 264

spectrum has g very larga abrorbance st 296 nm, and
the large extinction coefficlent at 230 oo {1 X 194
allows coneantrations to be measured down: to 0.2 gM.
Thasectu d techirlgue® rolina on the fanmation of en
amount of spetle anhydride equivalent te the carbo-
ditmida by mdditiee of nceti acid. The scetic antopdride

fa quenched kn afkaline hydroxylamine and the color-

W nm) forrle chlorids sehgHon
ﬁwﬁmwo&ﬁmwm

RNCNR L. AcyO i AcHNHOH BN
colored forric complex {286}

claimed for the pyeidine] etylensdignine teehnigue™

8. Dstorminatlon of Carboayllc Acids

Carboxyiic acids have bheen asaayed by waing carbo-
ditmidn to promote estar formation followed by GLPC
analysie’™ Am[mknammthuduﬁﬁnumrhodlmjdc
uuemlplin;mnttn I acfd with by-

; colar Is geveloped with farric chioride-
and the chemical beais of the methed is as de-
ncribed in og 265, The pusay of carboxylic acide in

blologica) polymars is dealt with sartier.

©. Carbodibnide 0 Biclogical Assays

g &nha\fﬂbmmdummc
Sremm vTfogates butwem denaids

specici: thess act ue the basis for an aesay of plasme
pregesterons ant{body-enhanesd chonzliumi-
nescense.™ Coojugate formation through carbodi-
miﬂuhthuhuilofﬂwimmunnmofuuﬂﬁnmd
IB0, ™™ Apsibodies have been eoipled to carboxy-
mwmwmwm.mrmmm
of an immunoasary.™ The preparation of titivm-1a
boled diwclahnﬁ*icarhodiimds for the aseny of bio-
loglcal spacies han basn desczlbed ™
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Carbodimida Chemistry
X1l Usss of Carbodiimide by Synihesis

A. Paplids Synthasls

Paptide eynthasis cantinnea to yilize the carbodi-
Imilln‘mthod and ite major coupling procedure, -
mmﬂhﬂn\fﬂlmﬂwmﬂ
scheme given in eq 266 (see aluo og 103). There are two

F

A'NCHR

oo XML pog—o =8 peonn'conHR” (366}

HHR"

/-

ACD-—OCoR - g NMAGR

mﬂdammmumhmmnmmmfm
N—aicylummdue:;uimﬁTN

M.‘rurﬂpﬂwwnrl peptite romaln a8 protagonista.
Reaction of dicycloheaylearbodiimlde couples monomer
amines to & ¢ross-tinked polymer contalning pendant
carboxyt groups; it i unlikaly that anhydride formation
¢NHWW5WWMmemmW
cpolymer resetion feqg 267).%%  Howsver Yaear poly-

e ol
E—H_ X ¥ (267)
3
G

Er—co—o—co(F)

(pcrylic acids) appeat to form knhydrides readly ¥ and
Ametionaliged polyaty

d polyatyrenes form

anhydrides.™ The product distribution
tn the resction of aamickure of thres amine acd amines
withbmvlmwbm anhydride ((Z-Gly)y0}

Wﬁ&wﬂhﬂ Gly) with car
imide is difierent ldnnth[flr mh'n::liﬂnm, thie in-

dicates that the O-acylisoureq predonsinates for
the carbodiimide method in wolution (ey 208)%¢ A

E-Giy)0 -2 g GINHR, ()
Z-GlyNHR,; (a;)

Z-GlyNHR, (b))

Z-GlyNHR, (b
EGiyNHEB (g}
{268)

evan some carboryl
ingremoleclay

Z-Gly

(Ayaging 1 bbby

similar mpthed involves the e of an pptically active
carbodilsnide coupling on opdenlly inactlve acid

{PHCOy H) with an active amine, The anhy-
dride pathway #h involve no seluctivity
b-muathuﬂ_wdﬂdahm ical, The

milbain;fuﬂuwi lﬂi
268"  Carbodlimidva with anly one

nuhlﬂhnnthﬂhﬂhfmnﬂmbamﬂy%h
the of cyelehexylamine with reoetnle carboxylic
acide. ™™ The presamce of exemes acld in the coupling

Chemice! faows, 49B1, Vol 31, No. 4 439

n.‘
PR . g

R] llKl AnCoNHR,™
m' M'J.PHFJJ?
jpreas
PRGO—0—COPh 2k EACONKR, (289}
o npthid
iy

reaction leads ta anhydrids baitig the major path; whan
acld is prassnt in squimolar smount with teapect to
carbodiimide, the linguren patkiway p!adoml
naies,  Tke loolatlon of the (-acylispzes bas been
Mdduﬂntghuhpupﬁdnmthﬂinnd%'“ﬁ
anhydride path is not & neoe requinstsant g
mdmaﬂmwummu

el

LXIX

trﬂquirathcmmnuhwhmlpminurdurm
20 M5 {lndar the eandivions of wolid:

Hz

amfia) bodiimide fuvolves a Id at
H.IMH$IMMm%mﬂtEMcM.

The eacaniration iuanu.tainmbodﬁmld&
medlaied ling.

}phen,mmt:mmmcﬁ%ﬁ

Coupling with catbodiinider ta nccelerated by netalymis
wuch a8 N-hydroxybaneptriszole and A hydicasuedn-
tmide which alap tend to suppress racemisation S-52
The ection of thess catalysts is usttzmhr
agent {eq 270], but it i not certatu

M
ALDH ;%*@E;) = @?—m {270
Lom i

mﬂnhydmmmiﬂﬂmismmd{ﬂ

problem of M-pcyhoea hrmaslon m{maapb-
whmlunemﬁtinnﬁmminwlvd e in
huas methods. This hhmmbﬂrﬂdwdif
nmunﬁwnudmphﬂuwchnﬂﬂﬂh:ddndhrm

Hacares to viold & secondary reactn o
; H}ﬁmwhumtrbda
{ t& uf uct, namaly, the digsat-
mnh:nﬂ?ﬂ}nma wmfmmmm probably by a
gtegwiee cycicaddition reaction fovolving the acyl by-
drmhanmm“uﬂn.

2
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Ao
R

P Ll o,
- H {211)

e
R'CONRCONHR R NHEAR:
AH

awcnn L r\?ﬂ \_‘ﬁ:,} — p?n (278}
Pl b
Sclid.-phase ml'.;:diimidu have been wtillzed as
pﬂlymﬁ mm have bepn
aged {LXX** and LXXI®),  The cyclic peptide
---l-cum—{-umc-uu—mu,y,-i:n:g.—_-.u-,_

oG

gramicidin § has baen ayntheslzed hym%aruin-

B Pﬂ'uﬂﬁmﬂﬂlﬁ utitlzed car .
{mides for coupling: renstion with radloadtive \
hexylearbodbiveide has showr that lesy than 0.2% of the
polymaer-Bound amine reacts

with the reag-
ent e Sindies have been meda of the ayallebllity of
carbodiimbde-activited N- amine acids io

aolid-phane symthesis, Carbodilmide has been
shoom to be supetipr to the miwad anhydride or
Woodsard mpthod of pepside in uold-phase

mm The evalustion of imida atoi-
i hhmﬂwﬂﬂtﬁmﬂlﬂdhﬂ

been made by “resin analyels (aq 273a). The

realn-{0COCH,NH,), + aming acid ---;;m
rsin-(OCOCHNHCO-CHR'NHL, ~ e
resin-OH + (n-2)Gly + £Gly (273a)

mﬁgmﬁghmﬂmmmﬁm
Pressnog o

clanved from the yeein: the ratio of fres ghycine to
geptide 20 dotermined by umine acid analysis (1
measure of the soi of the rosciion. The
method of cquree suffors frmd the pxeve dissdventage
that saome of the glycine eaters will bo protected from
rasction by the polymer architectiize, A psntapeptide
fragmant of substance P has heen symibesized by uying
Bephudex LH-2( g2 the polymer support.se

B. Amiis Synthosls

Diryctohsxylcarbpdiimide ban by used to conple
nftroxide labwlad specles with mencescchariden
{sllmit an expensive cne) fmmmnmd acid

Al il
toeal angathetics from

Wl and Torehim

Al
o)
ar
Nuj'-m—<j—o—o
LRXIT

Kiretic studies on Negrylamide formation indicate
that anhydride production is the rate-limiting stap,*
A complicating festure in gmide aynthesis iu & eide
tesation, presutmnably cmwed by the attack of amine on

- the M-acylures. In the dicyclphexylearbodiimide cou

1] ufa;a;'iﬂdinawiﬂa B fattynddﬂnm 22% cﬁl;;
- h"y‘lmiﬂ' Hﬂd _mhm <N
aziriditurea {eq 2753h and 274184

W] e HE] 4 zzvmooiA, RO (273b)

R' = oyclaheyl

nm,n—-un—n—{:r—-mnmﬂ

ACONMR + CHMOOHHR (74}

The very high mid (“supornuclesphile™ of
the pxiri m probably sccaunte for the
ulnuvﬁortbaﬁ-mlmw wild therefore not re-
gard thie problem as genoraily vary troublesoine, as
st amines aTe hot "supernaciecphlles” A new
tachnlqee for formylating sensitive amino aclds has
bean reported to work efflaiontly {eq 276).%¢
ZHOOH -2 HEp-0-COH Tt

HCONH-CHRCOH {275)

€. Esler ant Anbydeide Formailon

Carbedlimide contimees to provide & useful route to
aster; the praparation of thiol ssters hae been axpin-
plified®™ and the gifficulty expsrienced with simple
alcobols muy ba relisvad by the usa of pyridine cata-

which probebly act by formation of acyl-
pyridinfum intarmediates (aq 278). Ap alternative

R e m—@—»{ BN aoer (376}
&=

priding derivative is the 4-hydroxy epecie; acylation
gtill occura ai ﬂuﬁw giva the ﬂcyl—-@—pyridlm
spacien (LXXHI).

o=

LXAIN

Teluemesilfonk: acid has been employed a6 a catalyet
for sater formation using carbodiin:ides; ™ the eateri-
floation method ja genarally used for exotic asters on
account of the Coat of the reagent 3654

Carpodisldes have boen used s ts for the
avorébests of rare m&ym::""“ and
formile aohydrids,

b. Fhoephovus Eglers
Resction of dicyelohexylearbodipmide with phos-

3¥



Cartdiride Chamiery

pharic geid leada to an
wpbmphmmpmmu:

Lxxw
th¥lenephosphonic acid ui.D,PCH:Pﬂggal yields the
The eeter-

LXXVL

munfmhmamimthutrimrmminha
hmphiuumadim :ﬁ'{hmm
P mw copdermation to form
acids and their esters. Mﬁﬁ’dnj;
hpmmudhymmmedmdiq' mnlllrsha ad in-
cronsed conrentration of the alcohol®% Pyndj
phuphmhaﬁdnhnuhmaﬂuiﬁnﬂ'ﬂwthamnf
carbodiinide™ and the pentacoordinate phodplormss
(s 297 from phosphorous acith ¥ Carbodjimides

H
- Resplit

continus to be uweed in nyeleotide synthesis ™88 gngd
seypral vuperta bave indieated plwaphonde anhydrlds
intormed|ates, M 50

E, Misvellanoous [vhydeaiion Reactions

Tolwenesulfonic estera have been ayntheslzad from
tolnenesulGnie aclds and sleobols®® A ver¥ powerful
:gnt for & number of dahydration reactions Involves

lipear MN.alkylated di-terp-butylearbodihmide
{XX VD) or the diroeric snalogue (FXK HEH0 (ag

18).
'l'—e"" Hooghn, 5.

a.nn(:" T
widy_ aien iokier  (278)

Eﬂb@ﬁmﬂwwgabﬂnﬂnnlgfﬂ-mmg
earbonyl moisties 2 presumably through the
iuhamndhtam%
AninmmadhunimﬂlrmLXX?Eiupmhablﬂn-
ydved in the, forzmtion of & tertiary amine from

Bazole wnd (2. ﬂlﬂ?mn'?m!da .’epﬂu
presence of tolusneauifonle wold (g 2800,

LKKW}."’“” Ma.

Chaonical Ferdiwn, 1981, Vol 81, Mo, ¢ 428

e
3

(379}

F. Usa In Oxidailan
a‘t-’fﬂlhlhwﬂhthumdmbla literatuze on the di-

ide with carbodizmide hos heen shown
tﬁ%mm@um
mblzam nhmguuiﬁhwww
r carcinogevicity E““‘"""”" .
aroynatit hydoocar bous! The mechariom iy
ﬁmwﬂmmmmmmn

grades io urea and oxidation products (eq 281). The
LRXEX
(b toy ~ e e
RHOOM {251}
oidation pposed to involve singlet
Mﬁ%hmmmmﬁmmm

rrw dehypdration of an oxims
nq ml“ Hyiroxy subetituents blosk the oxj-

AcHD b= nhu% — RN 4+ e {202)
" Lo

Q. Plazoketons Syhihasiy

The pynthesis of diazoketones from acld chlorities
with dipzomsthane & rot always posdble dus to the

2

o
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g0 Chomicdl Revews, 1981, Vo, B1, Mo 4

senai vty of the pobd, neylamin ackd shbrides give the
oxazolinone. Intaraction of disreslkads with 8 mirture
of acld and carboditmide sffecta the aynthoain 24 The
nmhnwﬁuﬁyxwﬂmbhamhrdriﬂn 6 an Fhter
mediate in the casa of simple sctds,™

H Helsrocycle Formalion throwugh Dehydestion

Onzpolinones are well-kpown an treubleanme inter.
madiates in peptide synibases througl the N—{ ter.
minal etrategy end have been prepared from N-acyl-
penind acids by interaction with whudilmjdaa%
2gg) Jo-ae mmm;;mmmmdh

RCONHEHR, 0 M~ \é"{ {283)

ensoxazinons syntheads (py 264]. 299 The symtheris

m;“ . I
Hucw J\“ (284

of dlbinmlmm hea heen sccomplished for 2.

b oty oo ritne

0= 00

(286)

sulfide ban been effocted Gom bia{thionatylamido-
methans) using wn acebiated carbodiimide ey 258) W7

AN , . {RE3NMIE
aegr NEERL o rIC MR (I (255}
_HL-\. J‘\H

The debydsation of phihalamic scida yields the iso-
phihalimide if the nittogen substitusnt is mothyl or
pheny] and the imide when the substituet ls electron
withdrawing (aq 287).%%  Bentimidasoles, bepz-

L 400
R = alegtron with dpawing

{287y

K = Mo or Py

thiszoley, end betoxazoles have been obtalned by de-
sulfurizatlon of thicamides.® The reaction probebly
involves the formation of a carbediipide intermediate

{eq 283; peo, 0.8+ EG 14175,

Moy o affocts an intramoloculsr
Fupneerpr reactict in a suifone to yisld the 1,5-bens-
thiotan-4 gne LEXX Ouygen 19 tranafer takes place
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L Alkyialion Reactions

Carbadibmides have besh employed as precumsors of
Dna¥kylisourena which are preving to be valunble al.
hﬂhﬁngqant:aﬂt’“mﬁamwm
that $-alkylisoursas may be used in the formetion of

mntnqaﬁm.phmylmu{eqmn and phosphate
aaters (aq 292), The driving force of thess reactions

RCOGH + R'OC{NR)NHR
R'CO-OR” + RNHOONHE (2600)

ArOH + R*OC(NR)NHR —
AYOR” + RNHCONHR (301)

ROYPOH + R*OC(NRINHR —
(RORPOSH (ROYPOOR” + RNHCONHR {202}
aiability of the yres; sulfur, ni.

may also be alkylated, N-Alkylated
%ﬁu{wbuhmpwhm clizers) ray be wwad
sn alkylating #agents (eq 263).5

pRCNR ML [RfamsLamNR T 1 =

nu&%%sumn B g & auekciem [208)
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