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(71) We, UNION C A R B I D E CORPORATION, a corporation organized 
and existing under the laws of the State of New York, United States of America, 
whose registered office is 270 Park Avenue, New York, State of New York, 10017 
United States of America, do hereby declare the invention, for which we pray that 

5 a patent may be granted to us, and the method by which it is to be performed, to be 5 
particularly described in and by the following statement:— 

This invention relates to isocyanates useful for forming synthetic antigens 
receptive to radio labelling. 

For a variety of clinical purposes such as, for example, monitoring dosage 
10 schedules, monitoring hormone levels, checking for recent ingestion or following 10 

pharmacological dynamics of bioavailability, absorption, degradation or excretion, 
it is of great advantage to measure the concentration of various drugs or the like to 
the nanomolar or even picomolar level. As is known, radioimmunoassay can 
accomplish analyses of this type. To carry out an analysis, an acceptable kit or 

15 system must include an antiserum, a standard of the compound to be measured, the 15 
radiolabeled derivative of the compound to be measured, a buffering agent or 
agents and, often, a displacing agent. As is known, the antiserum is produced by 
bleeding animals which have been immunized by inoculation, for example, with 
the hapten-protein conjugate (immunogen) corresponding to the compound to be 

20 measured (typically termed "antigen"). 20 
As is known, in general, the technique of radioimmunoassay measures the 

competition between radioactively labeled antigen and unlabeled antigen for 
binding sites on the antibody in the antiserum. By adding to the antiserum known 
amounts o f t h e antigen to be assayed and a radiolabeled analog, a dose-response 

25 curve for bound or f ree antigen vs. concentration of antigen is constructed. After 25 
this immunocalibration has been carried out, unknown concentrations can then be 
compared to the standard dose-response curve for assay. Crucial to this type assay 
is the existence of radioactive antigens which compete effectively with non-
radioactive antigens. Accordingly,1 in order to obtain the maximum precision, 

30 accuracy, sensitivity, specificity and reproducibility of the assay, purified, well- 30 
characterized synthetic radioactive antigens are required. The sensitivity refers to 
the ability of the assay technique to respond to minimal concentrat ions of the 
antigen (viz., the hormone, drug or the like being assayed). Maximal sensitivity is 
attained when the concentration of free, radiolabeled antigen is negligible, and the 

35 concentration of unlabeled antigen approaches zero. When the synthetic, 35 
radiolabeled antigen is pure and closely matches in conformation the antigen 
whose analysis is sought, radioimmunoassay is potentially of the highest sensitivity 
and specificity. 

Synthesizing satisfactory radioactive antigens thus involves certain guidelines. 
40 Pure reagents with a minimum concentration of by-products should be utilized. In 40 

addition, high-yield, gentle reactions which do not rearrange the antigen or hapten 
are desired as are reactions which cause only minimal structural alterations o f t h e 
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hapten or antigen. Still further, it is desirable to use derivatizing chemistry that 
minimizes differences in affinity toward the binding reagent, e.g. — antibody, of 
radiotracer and native hapten or antigen so that effective competitive assay is 
possible. 

5 Tagging of the hapten or antigen being assayed can be achieved, as is known, 5 
with 14C or 3 H. However, analyses involving haptens or antigens tagged by this 
technique are slow and tedious and can generally only be accomplished by liquid 
scintillation methods. It is accordingly desirable to radiolabel by tagging with an 
iodine radioisotope such as, for example, l25I. However, most compounds which 

10 are of interest cannot be labeled by this technique and must accordingly be reacted 10 
with an iodine-accepting group. Aromatic rings and some heterocyclic rings, 
especially those activated for facile substitution, are thus preferred constituents for 
coupling two compounds to provide derivatives receptive to iodine labeling. For 
this reason, tyrosine methyl ester and tyramine, both containing an activating 

15 phenolic hydroxyl group, have been used to provide derivatives which can later be 15 
radiolabeled. 

One of the conventional methods previously utilized to prepare tagged steroids 
involves the initial formation of an intermediate adduct by treatment of the steroid 
with a chloroformate of succinyl, maloyl, fumaroyl or phthaloyl ester or anhydride 

20 followed by a subsequent reaction with the iodine acceptor. This approach is 20 
described in Oliver et al., J. Clinical Investigation, Vol. 47, p. 1035 (1968) wherein 3-
O-succinyldigitoxigenintyrosine methyl ester and the corresponding 125I derivative 
were prepared for use in the radioimmunoassay of digitoxin in humans. A further 
approach of this type is shown in United States Patent No. 3,810,866 wherein 

25 digitoxigenin is linked to derivatives of tyrosine, 4-hydroxyphenylglycine, 3- 25 
hydroxy tryptophane, tryptophane and histidine by means of a succinyl, maloyl, 
fumaroyl or phthaloyl group. In British Patent No. 1,508,018 degoxin is linked to 
tyramine using a carbamoyl group. 

The preparation of such derivatives is lengthy and can take up to several 
30 months. 30 

A further technique is described in German Patent application No. 2,'331,922, 
dated January 10, 1974. In this procedure, there is shown derivatives of 14 different 
cardiac glycosides which are radiolabeled by first opening the terminal digitoxose 
ring and oxidizing to the dialdehyde with periodate. The dialdehyde is then coupled 

35 with a reagent such as L-tyrosine methyl ester hydrochloride. The resulting adduct 35 
is then reduced with sodium borohydride to reduce the remaining hydroxyl groups 
on the end sugar ring and, incidentally, to saponify the ester to the acid. This 
adduct can then be radioiodinated on the aromatic ring. This method tends to be 
cumbersome, subject to by-products at the various intermediate stages and further 

40 employs relatively strong reagents. 40 
Yet another technique is shown in South African Patent application No. 73-

8312, dated October 16, 1973. This coupling technique may be employed with 
steroidal ketones such as testosterone by first forming the carboxymethyl oxime. 
The iodine acceptor such as, for example, tyrosine methyl ester, is then caused to 

45 react with a typical carbodiimide such as N,N-dicyclohexyl-carbodiimide in the 45 
presence of triethylamine in methylene chloride to produce the tyrosine methyl 
ester amide of the original O-carboxymethyloxime. 

According to the present invention there is provided an isocyanate having the 
structural formula: 

50 (R) 3 SiO—R'—N=C=0 50 

wherein each R is independently selected from alkyl, alicyclic, aryl, alkaryl and 
aralkyl groups each having no more than 10 carbon atoms and being optionally 
substituted by one or more halogen atoms, and R' is selected from 

CO2CH3 

< 0 > C H 2 C H 2 - 5 and - / ^ C H J J C H -

55 In general, the present invention is predicated on the discovery that novel 55 
isocyanates may be made from compounds containing moieties known to be 
receptive to tagging, as by radiolabeling, such as, for example, tyramine and 
tyrosine, by a technique involving inherent blocking of the functional, reactive 
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group other than the isocyanato radical so as to allow preparation of derivatives of 
such isocyanates with compounds of clinical or other interest. The resulting 
derivatives may then, after suitable deblocking, be readily tagged and used in 
techniques such as radioimmunoassay to provide reliable, precise, sensitive assays. 

5 Such derivatives, tagged and untagged, and radioimmunoassay methods using the 5 
tagged derivatives form the subject of our copending application No. 20472/77 
(Serial No. 1586185). 

While the invention of said copending application is concerned primarily with 
assays carried out by radioimmunoassay techniques, it should be appreciated that 

10 the coupling agents of the present invention are equally applicable to use in any ' 0 
type of assay involving similar principles. Still further, while most proteins and 
many peptides can be radioiodinated without coupling an iodine acceptor thereto, 
it may be advantageous to employ the novel coupling agents of the present 
invention to add additional iodine-accepting sites to the protein or peptide to allow 

15 for greater specific activity. Additionally, in cases where the strong oxidizing and 15 
reducing conditions frequently employed in radioiodination procedures may be 
detrimental to the structure or properties of the proteins, it may be desirable to 
preradioiodinate the isocyanate coupling agents of the present invention, which 
then may be subsequently reacted, after purification, if desired, with the protein or 

20 peptide under chemically mild conditions. Similar considerations may also apply to 20 
the larger entities containing proteins such as viruses, bacteria, cells and the like. 

In accordance with the present invention, novel isocyanates are provided 
which contain a blocked moiety functioning, after deblocking, to provide a reactive 
group receptive to either tagging or coupling to a substrate of interest. The 

25 utilization of the novel isocyariates provides distinct advantages over prior 25 
techniques since the reactions forming the derivatives are straight forward, gentle 
in nature and entail little alteration of the structure of the compound of interest. As 
will be appreciated, to allow the desired reactive group to survive the preparation 
of the isocyanate, it will typically be necessary to suitably block or protect the 

30 reactive group. 30 
The silylated isocyanates of this invention may be prepared by the method 

described and claimed in our copending application No. 20471/77 (Serial No. 
1573170) i.e. by forming the carbamic acid salt from the appropriate primary amine 
and then reacting to form the corresponding halosilylcarbamate, as the isocyanate 

35 precursor. The isocyanate is then formed by gently heating the halosilylcarbamate. 35 
The formation of these isocyanates may be carried out at temperatures ranging 

from ambient to about 150°C, with lower temperatures in the range of from about 
30° to about 60° C. being preferred to minimise side products. The reactions may 
be carried out in the presence of either a nonpolar solvent or a polar solvent such 

40 as, for example, a tertiary amine. 40 
Where blocking is needed to prevent polymerization, internal cyclization or 

other reactions forming undesirable by-products in the isocyanate synthesis, it is 
preferred to utilize an exchange process which inherently achieves blocking of the 
reactive, functional group of the amine. The formation of the corresponding 

45 blocked isocyanate from tyramine shows the blocking action. As illustrated 45 
hereinafter, the trialkylsilyl carbamate is formed by reaction of tyramine with 
carbon dioxide and a halosilane, the reaction being carried out in triethyl amine as 
the solvent: 

W > - ( ^ C H 2 C H 2 N H 2 + C02 + 2 ( C H 3 ) 3 S i C t 1 | j ^ j L 

( C ^ O ) CH2CH2NHCOOSi(CH3)3 

50 As can be seen, the formation of the trialkylsilyl carbamate results in blocking the 50 
hydroxyl group of the tyramine. The isocyanate is then formed by a trans-silylation 
reaction to form the halosilylcarbamate, followed by heating. This reaction 
sequence is set forth below: 
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(CH 3 ) 3 SIO-^ ) -CH 2 CH 2 NHCOOSiCt3 ^ ^ ( C H 3 ) 3 S i O - ^ ( ^ C H 2 C H 2 N = C = 0 

While, in the above illustration, the blocking radical is trimethylsiloxy, this is 
only by way of illustration. The particular siloxy blocking radical will depend upon 
the organic moiety of the silylating reagent used to form the silylcarbamate in the 

5 exchange process. The organic moiety may, conceptually, be any one which allows 5 
formation of the silylcarbamate, subsequent trans-silylation and conversion to the 
corresponding isocyanate. 

Representative useful organic moieties include lower alkyls containing up to 
ten carbon atoms such as methyl, ethyl, propyl or tert. butyl. Alicyclic groups such 

10 as cyclopentyl, cyclohexyl or cycloheptyl may also be utilized but should contain 10 
ten carbon atoms or less. Still further, aryl and alkaryl groups containing up to ten 
carbon atoms may be used. Suitable examples include phenyl, tolyl and xylyl. In 
addition, aralkyl groups containing up to ten carbon atoms such as benzyl may also 
be used. Any of these moieties may be substituted with one or more halogen atoms. 

15 Availability and cost will often dictate the particular silane utilized. A further 15 
consideration is the ease of conversion to the isocyanate, larger and bulkier organic 
molecules may provide a less facile conversion. 

Accordingly, for isocyanates based upon tyramine, the structural formula is as 
follows: 

20 (R) 3 SiO — ^ Q y C H 2 C H 2 N = C = 0 20 

wherein R may be any of the organic moieties described in connection with the 
silylating reagent. Also, R can be a single moiety or mixed (e.g. — tert-
butyldimethyl). For isocyanates based on L-tyrosine methyl ester, the 
corresponding structural formula is: 

C0 2 CH 3 

25 (R)3si0 - V o V c ¥ H N = c = 0 25 

R being defined as before. 
While in most cases, as has, been discussed with tyramine, the use of the 

exchange process will provide adequate blocking, there are situations where this 
type of blocking may prove inadequate. For example, where an amino radical is to 

30 be blocked, this can be carried out by the exchange process; however, when the 30 
resulting isocyanate is reacted with the compound of clinical or other interest, 
premature deblocking (e.g. — as by hydrolysis) may occur, causing undesirable 
side reactions. This may perhaps be avoided by selection of silylating agents which 
will provide relatively bulky blocking groups, or by modifying reaction conditions. 

35 Alternatively, other known blocking techniques can be employed. For example, 35 
the reactive group could be blocked by utilizing trifluoroacetoamido radicals. 

The isocyanates may then be reacted with any compound of interest capable, 
of course, of reacting with an isocyanato radical. Typically, for example, any 
compound containing, in the classical sense, an active hydrogen group may be 

40 coupled to the isocyanates, e.g., any compound containing a hydroxyl, amino, 40 
sulfhydryl or carboxyl group may be utilized. As is known a wide number of 
proteins, amino acids, polypeptides, enzymes, steroids, drugs, nicotine derivatives, 
pesticides, various natural products, plant and animal hormones, viruses, 
polyamines, bacterial cells and other metabolites contain groups reactive with 

45 isocyanato radicals. Specific examples of compounds of clinical or other interest 45 
include angiotensin I and II, digoxin, digitoxin, digoxigen in dihydrotestosterone, 
testosterone, aldosterone, Cortisol, corticosterone, estrone, estradiol, estriol, 
gentamicin, penicillin, theophylline and 1 la-hydroxy-progesterone. 

It should also be appreciated that the present invention may also be utilized in 
50 connection with compounds of interest not containing a radical reactive with 50 

isocyanate radicals. This requires modifying the compound to incorporate such a 
reactive radical. As an example, nicotine can be utilized by first preparing 6-amino 
nicotine and then reacting with the desired isocyanate. The resulting adduct is a 
suitable analog for use in assaying nicotine. 

55 The isocyanate-compound of interest adduct or derivative may be prepared 55 
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utilizing, in general, known process conditions for the reaction of isocyanates. 
Further details will be found in our copending application No. 20472/77 (Serial No. 
1586185). 

The following Examples are illustrative, but not in limitation of the present 
5 invention. 5 

Definitions 
As used in the Examples appearing hereinafter the following designations, 

symbols, terms and abbreviations have the indicated meanings: 

mol mole A 
1 0 ~ ml milliliter 1 0 

bp boiling point 
g gram 
ppm parts per million 
m multiplet 
q quartet 
7 coupling constant 
t triplet 
d doublet 

20 Hz hertz 2 0 

eV electron volts 
Rf In thin layer chromatography, 

the proportion of the total 
length of climb of a solution 

25 that is reached by a spot 25 
characteristic of one of the 
constituents present. 

EXAMPLE 1 
This Example illustrates the synthesis of an isocyanate from 2-(4'-

30 hydroxyphenyl)ethylamine (trivially-tyramine), which may be coupled to a 30 
compound of clinical interest to introduce a moiety capable of being 
radioiodinated after deblocking. 

Into a 250 ml, three-necked flask fitted with a reflux condenser, gas inlet tube and 
magnetic stirrer and kept under a positive pressure of dry nitrogen, there was 

35 charged 100 ml of dry tetrahydrofuran, 1.4 g (0.01 mol) of tyramine and 5.0 ml of 35 
triethylamine. 3.0 ml of trimethylchlorosilane was then added at ambient 
temperature, dropwise and with stirring over a period of 30 minutes. Carbon 
dioxide was thereafter slowly bubbled into the reaction mixture, via a syringe 
needle for four hours while the mixture was allowed to reflux for the same period. 

40 Introduction of carbon dioxide was then terminated, and 1.5 ml of silicon 40 
tetrachloride was added slowly using a syringe. After 30 minutes of additional 
heating, the reaction mixture was allowed to cool, and triethylamine hydrochloride 
was removed by filtration. The solvent was then removed at 35°C. in vacuo (12 
torr), and the resulting oil distilled at 88—90°C. (0.05 torr) to give 2-(4'-

45 trimethylsiloxyphenyl)ethyl isocyanate as a colorless liquid. 45 
The infrared spectrum of this novel compound showed absorption bands at 

3.39. 4.41, 6.17 and 6.58 /u. The nmr spectrum in CDC13 showed absorptions at S 
7.08 and 6.77 (A2B2q, 4, 7=8.4, Hz, aromatic 3'-,5'- and 2'-, 6'-protons, 
respectively), 3.43 (t, 2, 7=6.6 Hz, —C#2CH2—N), 2.79 (t, 2, 7=6.6 Hz, 

50 —CH2C#2N) and 0.25 ppm (s, 9, —OSi(C#3)3). The mass spectrum showed a 50 
molecular ion at m/e 235, additional peaks at 179,163, 107 and 73, and a metastable 
peak at 163.3. 

EXAMPLE 2 
This Example demonstrates the synthesis of methyl 2-isocyanato-3-(4'-

55 trimethylsiloxyphenyl)propionate (trivially-blocked L-tyrosine methyl ester 55 
isocyanate), a compound also capable of being radioiodinated after deblocking. 
The general procedure described in Example 1 was followed. 

Through a stirred mixture of 9.75 g (0.05 mol) of L-tyrosine methyl ester, 
suspended in 200 ml of dry tetrahydrofuran and 45 ml (0.30 mol) of triethylamine, 

60 there was bubbled a stream of dry carbon dioxide. After 30 minutes, 20 ml (0.16 60 
mol) of trimethylchlorosilane was added slowly; and the mixture, with carbon 
dioxide continuously bubbling through, was allowed to reflux for four hours. The 
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reaction mixture was then allowed to cool to room temperature, the carbon dioxide 
bubbling discontinued, 8.5 g (6.0 ml, 10.05 mol) of silicon tetrachloride slowly 
added, and the mixture allowed to stir at ambient temperature for 20 minutes. 

The mixture was thereafter allowed to reflux for one hour, then cooled to 
5 ambient temperature, and 50 ml of /erf-butyl alcohol was added. The mixture was 5 

then allowed to stir at ambient temperature for 30 minutes. The mixture was then 
filtered under nitrogen, the filter cake washed with 30 ml of dry THF, and the 
combined filtrates concentrated in vacuo and distilled using a short-path column. 

The fraction collected at 100—145°C. (0.05 mm) was redistilled to give 5.8 g 
10 (39%) of methyl 2-isocyanato-3-(4'-trimethylsiloxyphenyl)propionate as a viscous, 10 

colorless oil: bp 139—40°C. (0.1 mm), ir (neat smear) 3.38, 4.45 (N=C=0), 5.73 
(ester C=0) 6.22, 6.64, 10.9 and 11.8 /u; nmr (CC1J S 7.00 and 6.70 (A2B2q, 4, 7=8.6" 
Hz, aromatic 3'-, 5'- and 2'-, 6'-protons, respectively), 4.10 (t, 1, 7=6.0 Hz, 
— C H 2 — C H - ) , 3.66 (s, 3, —OCH 3 ) , 2.91 (d, 2, 7=6.0 Hz, _C#2—CH—) and 0.22 

15 ppm (s, 9, (C#3)3Si—); mass spectrum (70 eV) m/e (rel intensity) 293 (5), 278 (1.5), 15 
250 (1), 234 (2.5), 218 (0.75), 179 (100), 163 (2.3), 149 (2), 107 (2), and 73 (40). 

EXAMPLE 3 
This Example illustrates the synthesis of methyl 2-isocyanato-3(4-'-/e/-/-

butyldimethylsiloxyphenyl)-propionate, a further compound receptive to 
20 radioiodination after deblocking. 20 

The procedure of Examples 1 and 2 was, in general, followed. Into 100 ml of 
dry tetrahydrofuran, there was added 8.0 g (0.04 mol) of L-tyrosine methyl ester. A 
slow stream of dry carbon dioxide gas was bubbled into the stirred reaction mixture 
for 30 minutes while 50 ml of triethylamine was added dropwise. 15 g (0.1 mol) of 

25 ferf-butyldimethylchlorosilane was then added, and the reaction mixture was 25 
heated at reflux for four hours. After cooling, 8.5 g (6.0 ml, 0.05 mol) of silicon 
tetrachloride was added, whereupon the reaction mixture was stirred for 30 
minutes and heated at reflux for one additional hour. 50 ml of tert-butyl alcohol was 
then added to decompose any silylchlorides and stirring was continued for an 

30 additional 30 minutes. 30 
After filtration, washing, and concentration of the reaction mixture as 

described in the prior Examples, 2.7 g (20 percent yield) of colorless isocyanate 
boiling at 180°C. (0.5 torr) was isolated. Infrared absorption peaks (smear) were 
found at 3.38, 4.44, 5.71, 6.17 and 6.53 //. The nmr spectrum (CDC13) was 

35 characterized by signals at S 7.13 and 6.83 (A2B2q, 4,7=8.6 Hz, aromatic 3'-,5'- and 35 
2'-, 6'-protons, respectively), 4.26 (t, 1 ,7=6.0 Hz, — CH2CH—), 3.83 (s, 3, — O C H 3 ) , 
3.08 (d, 2, 7=6.0 Hz, —C//2CH—), 1.03 (s, 9, — C(C#3)3 and 0.26 ppm (s, 6, 
—Si(CH3)2). The mass spectrum showed peaks at m/e 335, 278, 250, 236, 221, 205, 
172, 73 and 57. 

40 WHAT WE CLAIM IS— 40 
1. An isocyanate having the structural formula: 

(R)3SiO—R'—N=C=0 

wherein each R is independently selected from alkyl, alicyclic, aryl, alkaryl and 
aralkyl groups, each having no more than 10 carbon atoms and being optionally 

45 substituted by one or more halogen atoms, and R' is selected from 45 

< 0 > 
CĈ CHj 

C H 2 C H 2 - } a n d ) ~ C H 2 C H -

2. An isocyanate according to Claim 1 in which R is a methyl, ethyl, propyl or 
tert.-butyl group. 

3. An isocyanate according to Claim 1 or 2 in which R is a cyclopentyl, 
50 cyclohexyl or cycloheptyl group. 50 
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4. An isocyanate according to Claim 1,2 or 3 in which R is a phenyl, tolyl, xylyl 
or benzyl group. 

5. An isocyanate according to Claim 1 substantially as described in any one of 
the Examples. 
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