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CARBAMATES : A METHOD OF SYNTHESIS AND SOME SYNTHETIC APPLICATIONS 
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Abstract: Alcohols are converted into unsubstituted carbamates by treatment with trichloroace- 
tyl isocyanate followed by hydrolysis on Al 0 . 

33 
This extremely mild procedure tolerates various 

labile functional groups. The synthetic uti i y of the carbamate moiety as a control element is 
demonstrated on epoxidation and epoxide opening. 

The carbamate group (-OCONH2) constitutes a typical structural feature of certain classes 

of natural products, e.g. bleomycins and mitomycins. Furthermore, -0CONHR and related groups 

have frequently been used as control elements in th e synthesis of natural products and their 

precursorsl. Thus, for instance, -0CONH.CH2Ph can control the opening of the oxirane ring* and 

the reaction may be directed either to introduce an 0- or an N-substituent'. 

Among the methods of the carbamate synthesis the most versatile are the addition of alco- 

hols to isocyanates3 and the reaction of alcohols with p-nitrophenyl chlorocarbonate followed 

by aminolysis4 (Scheme I). However, if an unsubstituted carbamate (-OCONH2) is to be prepared, 

the first method suffers from the fact that the R* group (usually CH2Ph) has to be removed, 

which may pose the problem of chemoselection. On the other hand, ammonolysis in the second pro- 

cedure may be non-compatible with some functional groups present in the molecule. 

0 
a Or II 

R-OH ) R-O-NH-R' 
b 

Scheme I : (a) R-N=C=O ; (b) 1. p-N02-C6H4-OCOCl , ‘2. R-NH2 

We now report a general, two-step method of preparation of unsubstituted csrbamates from 

alcohols. The alcohol is first treated with trichloroacetyl isocyanate (TAI) in an aprotic sol- 

vent (C6H6, CHC$, CH2C12, dioxane, or a mixture thereof) to produce in situ the correspon- 

ding trichloroacetyl carbamate (Scheme II). We have found that filtration of the reaction mix- 

ture through a pad of neutral A1203 results in a clean hydrolysis leading to an unsubstituted 

carbamate5. 

a R b 
R-OH - R-O-NH-Ccl3 - R-OlNH 2 

Scheme II : (a) C13CCO-N=C=O, CH2C12, r.t., 10 min ; (b) A1203 filtration 
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Since IA1 is known to react readily ever with tertiary alcohols at r.t. OVCI' !;%eral ml- 

6 
nutes , t.his procedure may be applied to a variety of substrates. Mnreov~~.. tflf' rmtiltlOrlS of 

both the reaction with TAI and the following hydrolysis are extremely mi!j. l/~nc:'. it was @f 

interest to explore the rompatibility of this method with the /)resenc? c.f other [>orentially l:;- 

bile groups. To this errd, a brief study of several polyfunctinnal :ilcohois was I‘iiTT‘, rd OLJI.. W? 

have found that ester, tosyloxk, silyloxy, acetal, and epoylde moletl?s :~TF stable rlndt>r the 

reaction conditions '. and we always isolated products (i-ij9-11 1,) qcro~-i to r-\c~l lent ylrlds 

(see the numbers in parentheses in Scheme 111). 

0 

OKNH 2 

Scheme III - 

The preparation of epoxycarbamates 

the epovide derived from geraniol gives 

is worth further interest. As fellows from Scheme III, 

the correspgcdiny carbamate 6_ I:, higil ~solatfd yield. 

Slrlce the startinq epoxy alcohol is available in high optical purity ln rlthf>r rnarlt lomrric 

fn;nr through the Katsuki-Sharpless epoxiaatlnn 12 
of qeran.Lo112’13, the carbamai P & rliiijtlt become 

a suitable starting material in the synthesis of various natoral producrts. lhiii;. For lnstanc*P. 
arid treatment ofi leads to thr correspondiny carbonates? an0 ti in a &:l I,jt104 I ';chernp IV) . 
ihe strroldol epoxidez IS cleaved to afford the hydroxycarbonate lO_ as the ori!y product 9,14 . 
In this respect the carbamates behave similarly to carbonates 16,17 16 (e.q., 11: . liowe~e~, csrha- 

~3t.e~ seem to be superior for they react faster and formation! t)f- by-prodilct’; ic ~x~pprcssed. 

There is another noteworthy feature of carbamates coritalninq a double bond. Tlhr carbamatr 

group itself offers a potential for roordination to transition metals and other ~~le-ctropt~llir 

reagents. This might, possibly, influence the reactivity, e.g. the murSP of epo~ldailor~ 18,19 . 
lil order to verify this hypothesis epoxidation of the carbamates 

and l2, however, turned out to be inert to standard 1Rb 
1 ano g was attempted. 130th i 

t-BuOOH/(acac)zL'U t reatrnent . On the othpr 

h:jnd, the steroidal compound 2 (Scheme V) reacted smoothly with in-cRlorop~rc;uyb~l~~olc acid 

!ilCPBA> to afford the 5(3,6&epoxide g as the major product (6:l) 9 while th= correspondlnq 19- 
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AC0 

Scheme IV : (a) BF3.Et20, Et20, O'C, 15 min ; (b) HC104, H20, 

-carbonate is known to produce mainly 5a,6&diastereoisomer 16 

cc-side attack by MCPBA. 

EtO. 

AcO 

11 

dioxane, r.t. 15 min. 

resulting from the ordinary 

0 

ti NJ- 2 O 
7 

J35 \ L 
AcO 

p (11%) 1,3 (71%) 12 

Scheme V : (a) MCPBA, CHC13, r.t. 30 min. 

In light of the above results, we believe that the simple and mild procedure we have de- 

vised represents a useful method of carbamate synthesis. Since it tolerates a large variety of 

functional groups it may find application in synthetic chemistry. Furthermore, the carbamate 

functionality thus created can control subsequent chemical transformations, as we have demon- 

strated in several instances 20 . 
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